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~t (57) Abstract: This invention provides novel substrate compounds that selectively inhibit the proliferation of pathological cells, for

example, pathological cells that endogenously overexpress a target enzyme that confers resistance 10 bielogic and chemotherapeutic
=~ agenis. The enzyme acts on a substrate compound to 1) convert it to a cellular toxin andfor 2) release a toxic byproduct, In one
embodiment, the activity of the target enzyme has been greatly enhanced in a targes cell as a result of Yoss of tumor SHppPressor
function and/or selection resulting from previous exposure to ehemotherapy. In another embodiment, the pathoclogical cell contains
a target enzyme that is an expression product of an infectious agent in the cell. Further provided by this invention is 2 method for
treating a subject by delivering to the subject a prodrug as described herein. The prodrugs of this inveation may be nsed alone or in
combiration with other chemotherapestics or alternative anti-cancer therapies such as radiation.
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function and/or selection resulting from previous exposult9 to Cgﬁ t her apy.
I n anot her enbodi nent, the pathol ogical cell contains a 3438 ggme t hat
i S an expression product of an infectious agent in the cell . Further
provided by this invention is a nethod for treating a subject by

del i veri ngwh@4#ae subject a prodrug as described herei n.pchingsopesaos ugs of
this invention may be used alone or in conbination with other

chenot herapeutics or alternative anti-cancer therapies such as radiation.
19 January 2004 WD 01/ 07454 PCT/ US00/ 20008 ENZYME CATALYZED. THERAPEUTI C
ACTI VATI ON CROSS- REFERENCE TO RELATED APPLI CATIONS 5 This application
claims priority under 35 U.S.C. 119(e) to the following U S provisional

applications, US | X 4 6 45 437 and 60/ 191, 315,
filed July 22, 195@&% é@i‘%%iﬂm EIONel y, the
contents- of mhich'are her eby i ncorporated by reference |nto t he present

di scl osure.” 10 TECHNI CAL FI ELD The present invention relates to the field
of drug discovery andCROSS-REEERENCE T© RERATED AFPIICARKINS t hat are

substrates for endogenous intracellular enzynmes that are overexpressed in
pat hol ogi ¢al cells. 15 BACKGROUND OF THE | NVENTI ON Throughout and wit hi n

Ej hi s di scl osur erIb slapplii:anli;cluiﬂlmﬁxabh&ﬁt? nugdae% EIS%CB@QBB@%)h% ltheffbn@imﬁgtth]OF and
ate, patent nunber i i on iblio ic citation
for each ref éﬁf‘e‘ﬁ%‘é’a&%\%h 10p% #ﬁ?’% g&fe‘*gg%ﬁcﬁa 1 EF1 AR 86’5?01 -lRe end of

this 20 appligeafgm2, nmmlﬁwmwm%@m tbeo %s?bdiﬁelyﬂﬂ@c&lt&ﬁi&sures of
t hese publications are hereby |ncorporate by reference into this

~ di scl osure t ovhigvase haphyinepmasatpdly tefrgense intethepreseridisglosure-o which thi s
i nvention,pertains. Cancer is one of the nost commonly fatal human di seases

wor | dwi de Treatnment with anticancer drugs is an option of steadily
i ncreasi ng i nportance, TECHNICAL FIELD

The present invention relates to the field of drug discovery and specifically, the
design of prodrugs that are substrates for endogenous intraceilular enzymes that are
overexpressed in pathological cells.

15

BACKGROUND OF THE INVENTION
~ Throughout and within this disclosure, various publications are referenced by
first author and date, patent number or publication nuﬁlber. The full bibliographic
citation for each reference can be found within the specification or at the end of this

20  application, immediately preceding the claims. The disciosures of these publications
are hereby incorporated by reference ito this disclosure to more fully describe the state
of the art to which this invention pertains.

Cancer is one of the most commonly fatal human diseases worldwide.
Treatment with anticancer drugs is an option of steadily increasing importance,

25  especially for systemic malignancies or for metastatic cancers that have passed the state
of surgical curability. Unfortunately, the subset of human cancer types that are
amenable to curative treatment today is still rather small (Haskell, C.M. (1995))
r.esulting in about 600,000 deaths per year. See, Cancer Facts & Figures, 1999
American Cancer Society. Progress in the development of drugs that can cure human

30 cancer is slow, with success limited to a few hematological malignancies and fewer

solid tumor types (Dorr and Van Hoff (1994)). Progress in discovering therapies that
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tumor cells to their changing environment, and may allow for the more frequent

mutation, amplification of genes, and the formation of extrachromosomal elements
(Smith, K.A. et al. (1995) and Wilson, LD. et al. (1991)). These characteristics provide
20 for mechanisms resulting in more aggressive malignancy because it allows the tumors
to rapidly develop resistance to natural host defense mechanisms, biologic therapies
{see, Wilson, J.D. et al. (1991) and Shepard, H.M. et al. (1988)), as well as to
chemotherapeutics (see, Almasan, A. et al. (1995a); and Almasan, A. et al. (1995b)).
In addition, the clinical usefulness of a chembtherapeutic agent may be severely
25  limited by the emergence of malignant cells resistant to that drug. A number of cellular
mechanisms are probably involved in drug resistance, e.g., altered metabolism of the
drugs, impermeability of the cell to the active compound or accelerated drug
elimination from the cell, altered specificity of an inhibited enzyme, increased
production of a target molecule, increased repair of cytotoxic lesions, or the bypassing
30  of an inhibited reaction by alternative biochemical pathways. In some cases, resistance
to one drug may confer resistance to other, biochemically distinct drugs. An altemative
mechanism of resistance to cancer chemotherapeutics occurs via the functional loss of

tumor suppressor genes. The best characterized of these are p53, RB and pl16. (Funk,
2
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agent may be severely 25 limted by the emergence of malignant cells
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by anti - cancét® “(Oé“tf CNECNco Enjate redugtage)is relnjad tayasistaacetynt hase
and met hot r exaufheidly Wk ol @t résSonahpsed ) Lenz,
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resistance to ¢ ﬂotrexatse %ieFe ové:&r exprgéss oe{ E"?“C‘cazf’;‘l’tbll%hﬁg]of’mfhe gene

encodi ng mhywhmlmr@)ﬂ synthase is related to resi stance to treatnment with
S-fluoropyrimdines. (Smth, KA et al:y (1995)). Table 1 summarizes sone
prom nent enzymes in resistance to bi o%@ﬁ—c and 1o chenot her apy.

EnzymeBi ol ogi ¢_or Ref er FFEs PYereipised dy Resiftance o fagearGhermieraPHy | at e

synt haseUr aci| - bas&diyman, U. | et Blologi¢ ®996)| Fol at Refrasd (ioiphyashi , |H. et al .

( 199 5) Chemothempy
Thymidylate synthase Uracil-based Lonn, U. et al. {1996)
Folate-based . | Kobayashi, H. et aL. (1995)
Quinazoline-based Jackman, A L. et al. (1995a)
Dihydrofolate reductase Folate-based Banerjee, D. et al. (1995)
Bertino, I.R. ct al. {1996)
Tyrosine kinases TNF-alpha Hudziak, R.M. et al. (1988)

Multidrug resistance | Stithlinger, M. et al. {1994)
MDR.-associated proteins Muitidrug resistance | Simon, SM. and Schindler, M. (1594)

{ABC P-gp proteins) Gottesman, MM. et al. (1995)
CAD* PALLA** Smith, K A_et. Al (1995)
Dom, R.T. and Von Hoff, D.D., eds. (1994)
Topoeisomerase 1 Camptathecin Husain et al. (1994)
{Colon & Prostate Cancers)
Ribonucieotide reductase Hydroxyurea Wettergren, Y. et al. (1994)

Yen, Y. etal. (1994}

* CAD = carbamyl-P synthase, aspartate unnsmxbamylase dihydroorotase
** PALA =N-(phosphonacetyl)-L-aspartate

The poor selectivity of anticancer agents has been recognized for a long time
15 and attempts to improve selectivity and allow greater doses to be administered have
been numerous. One approach has been the development of prodrugs. Prodrugs are
compounds that are toxicologically benign but which may be converted in vivo to
therapeutically active products. In some cases, the activation occurs through the action
of a non-endogenous enzyme delivered to the target cell by antibody (“ADEPT” or

20 antibody-dependent enzyme prodrug therapy (U.S. Patent No.4,975,278)) or gene
3
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by anti body ("ADEPT" or 20 antibo dependent enzyne prodrug therapy (U

Pat ent No. 4,959%yupidige (SEJJAR) bage bP&’bIWédeiY Eﬁémﬂmmmceggéﬁbasm %5| st ance
4
to Cancer ChedpLEL Y nddh e%%glmlégﬂgm\é\@u%r%ﬁﬁe gﬁ&ﬁt{gﬂ%@% -

targeting ("GDEPT" or gene rodr ug
and (TS) enzyme. As with many other enzyme inhibitory chemomerapeutlc agents, cancer

10 therapy using 5FU frequently leads to selection for aggresswe drug resistant tumor cells
which are refractory to further treatment with this drug. (Aschele, C. et al. (1994);
Mader, R.M. et al. (1998); Lonn, U. et al. (1996); Paradiso, A. et al. (2000); and Edler,
D. et al. (2000)). _

Particular attention has also been paid to halogenated nucleoside analogs such as

15 (E)-5-(2-Bromovinyl)-2’-deoxyuridine (BVdU). These types of compounds were
originally developed as anti-viral agents based on the observation that they required
phosphorylation to the monophosphate nucleotide form in order to elicit cytotoxic
responses and this phosphorylation was preferentially accomplished by herpes virus
thymidine kinase (TK) enzymes. BVdU and related compounds have consistently

20  shown limited toxicity to normal mammalian cells, while they have been effective at
killing virally infected cells. (DeClerq, E. et al. (1997)).

Throughout the extensive testing of nucleoside analogs such as BVDU as anti-
viral and anti-cancer agents, they have consistently been reported to have minimal
toxicity to both normal and cancer cells. These observations have been supported by

25  resuits demonstrating the preferential phosphorylation of such compounds by viral
thymidine kinase enzymes, which explains the low toxicity of these compounds for
mammalian cells. Thus, BVdU and related nucleoside analogs have not been developed

as anti-cancer therapeutic agents. (De Clerq, E. et al. (1997)).

30 ' DISCLOSURE OF THE INVENTION
This invention provides novel compounds that selectively inhibit the proliferation
of pathological ceils, for example, pathological cells that endogenously overexpress a

target enzyme that confers resistance to biologic and chemotherapeutic agents. The
4
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have not been devel oped as anti-cancer therapeutic agen Cerq, E
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novel COWOUQﬂ%dFJ‘@mﬁ dnvely inhibit the proliferation of pathol ogical
cells, for exanple,” pathological cells that endogenously overexpress a

Further provided by this invention is 2 method for treating a subject by delivering
to the subject a prodrug as described herein. The prodrugs of this invention may be used

alone or in combination with other chemotherapeutics or alternative anti-cancer therapies
such as radiation. '

20 A further aspect of this invention is the preparation of a medicament for use in
treating a subject suffering from a pathology characterized by cells expressing a target
enzyme. ’

A still further aspect of this invention is a method for identifying the optimal
therapeutic for a subject, by isolating cells expressing a target enzyme and contacting

25 the cells with at ]east one of the prodrugs of this invention, and then identifying which
of the one or more prodrugs inhibits the proliferation or kills the cells, thereby
identifying the optimal therapeutic for the subject.



target enzyne that confers resistance to biologic and chenot herapeutic
agents. The 4 19 January 2004 WO 01/ 07454 PCT/ US00/ 20008 9ea8yars 288¢s on a
prodrug conmpound of this invention to I) convert it to a cellular toxin
and/or 2) release a toxic byproduct. In another aspect of this invention,
t he producwoef07ass initial reaction with a resistance ereGamEs0/2908
subsequently fully activated by a common. cellular enzynme such as an

acyl ase, phosphatase or ot her "housekeepi ng" enzyne (Voet, et 5 al.
(1995)) or comon cellular constituent (e.g., water) to release the toxic
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contains.a target enzyne that is an expression product of an infectious
agent in the cell. The expression product gan confer antibiotic _
resi stance. Anot her aspect of this invention includes assays for screening
for new prodrugs that can be acty target enzynes. Kits to perform
such assays containing the reagefts ands N\astructions necessary to conplete
t he assay and anal yze the result 15 provided by this invention
Further provided by this iRPest ff treating a subject by
delivering to the subject a proqdrug as deglribed herein. The prodrugs of
this invention may be used alone\on in g ination wth other '
chenot herapeutics or alternative aRt er therapies such as radiation.
20 A further aspect of this invggyion is tNoe preparation of a nedi canment
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for use in treating a subject fering freth a pathol ogy characterized by
cells expressing a target enzyne. A still further aspect of this invention
is a nethod for identifying the optimal therapeutic for a subject, by
isolating cells expressing a target enzyne and contacting 25 the cells
with at | east onergL t@gtﬁéggyugs of this invention, and then identifying

which of the on& BFOfSFe prodrugs inhibits the proliferation or kills the
cell's, thereby i cbteid B’ ogRY neaydpthesaneohdif@pauiidoaré iecteddropith goip
consisting of oxo, OH or NHNH,; ;
wherein if ais 0 or 1, providing that if a is 0 and R"* is oxo, then a double bond
10  exits between position 3 and 4 and R* is NHNH, or
if a is 0 and R'? is oxo, then a double bond exists between position 2 and 3 and
R"? is NHNH,; or
ifais 1, then R'? and R" are both oxo;



5 19 January 2004 WD 01/07454 The prodrugs of this inventi-on have the.
following structure: R12 5 PCT/US00/ 20008 or tautoners t¥elasygry 209érein R12
or R13 may be the same or different and are selected fromthe group
consi sting of oxo, OH or NHNH2 ; wherein if ais O or 1, providing that if
a i s 0 andwRlmt4s4 oxo, then a doubl e bond 1o exits bet WweEkU§98249%% on 3 and
4 and R2 is NHNH2 or if a is O and Rl2 is oxo, then a double bond exists
bet ween position 2 and 3 and R 3 is NHNH2i or if ais 1, then Rig and R13
are both oxo; 6 19 January 2004 WD 01/07454 wherein R is a substituent
having the formula: PCIjUSOQY 20008 FZ2 R3 R4 n mwherein R2 and R3 are
i ndependent | y an WheseR By isasubsgiucnt haying thedermulay dr ocar byt group; wherein n
isOor an integer froml to 10 and mis oy 1; and wherein R4 is sel ected
fromthe group consisting of F, 2§: <Chb S03H, CO02H, CO2CH2CHS,
CO2CH3, SI(CH3)3, CHO NO2, CF3, 13, . mP}1 Or a -substituent having
the structure: }} ﬁ( . ﬁz-P-I{JI 4a P-l}i
wherein R* and R are independently an unsaturated or a saturated hydrocarbyl
group;
5 wherein n is 0 or an integer from 1 to 10 and mis O or 1; and
wherein R* is selected from the group consisting of F, Cl, Br, I, CN, SO:H,
CO;H, CO,CH,CH;, CO,CH; SI(CH3)3, CHO, NO,, CFs, CCls,

CH=C(R'®), or a substituent having the structure:

' Xa
I r
b ety

N NH, \_\

A %
10 % —'O—NH—(I%"‘”NHz
CH,
=0

NH OH
3 ——2Z~—~CH;—CH~~CH—CH==CH—{(CHj);sCH,

il
% —7—CFy—CHy—CHF—C—OH

0
il
§ ~—Z—CF;—CHF—CH,—C—O0H

il
§ —2—CF,—CH,—C~0H
Ya
§ —7—CH—C—Y,

Y.
CHy O

s § —Z—CF;—CH—C—OH
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and

wherein X, and X, are independently the same or different and are selected from
the group consisﬁng of Cl, Br, 1, and a potent leaving group;

wherein Y,, Yy, or Y, are independently the same or different and are H or F; ‘

wherein Z, Z, and Z,, are independently the same or different and are O or S; and

wherein R is H or F, providing if R' is F, then 2 is 1 and R* and R"® are both
oxo; and |

wherein Q is selected from the group consisting of a sugar, a carbocyclic, and an
acyclic compound, or a masked phosphate derivative or phosphoramidate derivative
thereof.

BRIEF DESCRIPTION OF THE FIGURES

The concepts described herein are displayed graphically in Figure 1A and 1B
ﬁsing the example of the thymidylate synthase enzyme and the compound NB1011™.
Figure 1A shows how higher levels of TS in tumor cells can lead to preferential
generation of toxin. Figure 1B shows the conversion of NB1011™ to BVAUMP, and
subsequent interaction with TS to generate nucleotide toxin.

Figures 2A and 7B are flow charts illustrating a high throughput screen of this
invention.

Figure 3A shows relative TS levels in varions human tissues. Figure 3B shows
a comparison of average TS mRNA lévels between normal and human colon tumor
tissues. .

Figure 4 shows the synthetic scheme for the furo{2,3-d]pyrimidinone

nucleosides of this invention. The synthetic protocol is described in detail, infra.



PCT/ US00/ 20008 wherein X. and Xb are independently the same or different
and are selected from 5 the group consisting of O, Br, 19Jandaiy 28040t ent

| eavi ng group; wherein Ya, Yb or Y. are independently the sanme or different
and are Hor F; wherein Z, Z. and Zb are independently the sane or
different WOd18M& 0 or S; and wherein R14 is Hor F, prRSIVGEIMPHE R 14 is
F, then ais | and R2 and RY3 are both oxo0; and 10 wherein Qis sel ected
fromthe group consisting of a sugar, a carbocyclic, and an acyclic
conpound, or a masked phosphate derivative or phosphoram date derivative

t hereof. BRI EF DESCRI PTI ON OF THE FI GURES 15 The concepts descri bed herein
are di splayed graphically in Figure 1A and 1B wusing the exanple of the

t hyni dyl at e synt hase eMQDES#GR CARRANGOUT MBEINVENTION gure | A shows
how hi gher |l evel s,.of TS in.tunor cells can |lead to preferential eneration
of toxin. Figure TE MRS HEPERLEVERion o CRELSLRH ShEvESPLAs

subsequent i Béfemidnaltechniqiés oﬁd&u&ﬂﬁﬁl@?,&ni&tﬂbﬁcﬂé%ié&lﬂi&&éﬁ orgdflicFi gures 2A
and 2B are flow chartsg jll lljlstratiﬂr;(g a high throughput screen of this
i nvention® FFRRAETRA sy WW%W%MW%WWWHQ@%@%.

Figure 3B shgussede g0 SRMrb&Os 20fMAYECRIAR'ELORMG! £YAFORET¥REN nor mal  and
hunman col on tunor | ssues. 25 E‘éﬁﬁéﬁlﬂg‘ shows the synthetic schene for the
g .

fiiro[2,3-d] PANEA Hopdtion{}2FRsk PROFQCORY BhMAIECULARSsy Nt het i ¢
PCTI Us00r 20005 FRBRe PR SRRk Bty s BRI RRAS Bt co of -t he
present i nveBNZOMOLOGYeApidewpic Riedselpe.; BERSr Wi RRACTICAZARRROACHNMeNt i onal
echn avgh obBlagaley, uehoms, oL o8iolSpiosib Mol ORBRR © .
skill of theMANUAL, VoisIto Ii, Cold Spring Harbor Press; and ANIMAL CELL CULTURE,
R.I. Freshney, ed. (1987). '
As used in the specification and claims, the singular form “a,” “an” and “the”
include plural references unless the context clearly dictates otherwise. For example, the
15 term “acell” includés a plurality of cells, including mixtures thereof.
As used berein, the term “comprising” is intended to mean that the compositions
and methods include the recited elements, but not excluding others. “Consisting
essentially of” when used to define compositions and methods, shall mean excluding
other elements of any essential significance to the combination. Thus, a composition
20  consisting essentially of the elements as defined herein would not exclude trace
contaminants from the isolation and purification method and pharmaceutically
acceptable camiers, such as phosphate buffered saline, preservatives, and the like.
“Consisting of”’ shall mean excluding more than trace elements of other ingredients and
substantial method steps for administering the compositions of this invention.
25 Embodiments defined by each of these transition terms are within the scope of this
invention.
The term “overexpression” shall mean at least 2 fold, preferably 3 fold, and
more preferably 4 fold and most preferably 5 fold or more expression over normal
levels or levels measured from nommal or non-pathological cells.
30 A “composition” is intended to mean a combination of active agent and another
compound or composition; nert (for example, a detectable agent or label) or active,

such as an adjuvant.



art. See, e.g., Sanbrook et al., MOLECULAR CLONING A LQ@ATCRY NUAL,
2"d edition (1989): CURRENT PROTOCOLS | N MOLECULAR Bl OUE8c#nu@yi0Causubel
et al. eds., (1987); the series METHODS I N ENZYMOLOGY, Academ c Press,
Inc.; PCR 2: A PRACTI CAL APPROACH, M J. 10 MacPherson et al., eds. (1995);
Spect or, Dwo.o1/eMsal . (1998) CELLS: A LABORATORY MANUAL, PCRSES9026088 | | |, Col d
Spri ng Har bor Press; and ANl MAL CELL CULTURE, R I. Freshney, ed. (1987).
As used in the speC|f| cation and clains, the singular form"a,IV 4"an" and
"the" -include plural references unless the context clearly dictates

ot herw se. For m,, a. cel‘#ig i nc| d s a plurality of

cells, includi ngxﬁn%am)mg&f%?oé’gfosmﬂg e °e'|"ﬁl“ & CQPIRIORGEH} i sing” i s

i nt ended to maagdnammhwﬁaﬂmﬁlotmm m#kisk e toagiition chivale hihe reci ted
el enent s; |t%not exc] udi ng others. "Consisting essentially of 'when used

to define cofipBEsHs YiReransuicse iy Yo, BYROIOF FEWHO-excl uding ot her el errents of
any essenti aI si gl dsed RéeA, t’het&h%ﬁ@ﬁ%dﬂﬁ&l@&cce};&ﬁ&caﬁn&%a&ée@

consistin entlaII of the. el enents as defined herein would not exclude
trace co ta yipacentcal fagists suchag aphesphate Auffered *Fétlfh%’éilt@nd _

phar maceut i Ca:hiey an@&ﬁﬁ%ﬁ.bhﬁh%@ﬁﬁ&%ﬁm éméler?o?uﬁﬁlﬁ 9&%&4?%6[4%&% gsal i ne,
preservatives, and t he "Consi stin mean exc I ng nore
than trace eMeWBgagents Tb? Pﬁéﬁpqsﬁ’gﬂ%ﬂﬁfewsn@m stabilizers and p1a$er\rmtr¢sodfost eps for
adm ni sterin t 9\ lefined by
each of thesgxt gerslg’?%gllllg%h tsg?ﬁn%mgffre&m% %ﬁé&%ﬁ%@%ﬁgﬁ Veéntion. The

t er m " over ex Cbskitokd. (hfhwll’ubﬂr&m}"atsmhéwgﬁ)n fold, preferabl y 3 foI d, and

nor e pref rably 4 q s ef era e .ex i on over
nor nal Igvel s or [H’?s rreasu{r'eld a'%ou" 5#%@:89 dfFP&Lbeﬂﬁé%ﬁI"B cells. 30 .
A "conposi t i oaatiltsi s\maﬁeﬂm&aﬁoﬁmmh&m&m@mt&&dﬁﬂbﬂ@&@&e@&hﬂnﬁé&aﬁﬂgm and

anot her S|tion I nert (for exanple, a detectable agent or
| abel ) or ag%#ggmn ?l”ﬁ’ S-an adj uvant. 9 19 January 2004 WD 01/ 07454

PCT/ USO0/ 20008  “Target” or “pathological” cells include hyperproliferative cells that are de-

differentiated, immortalized, neoplastic, malignant,_ metastatic or transformed. Examples

15 include, but are not limited to cancer cells such as sarcoma cells, leukemia cells, carcinoma
cells, or adenocarcinoma cells. Specified cancers include, but are not limited to breast
cancer cells, hepatome cells, liver cancer cells, pancreatic carcinoma cells, oesophageal
carcinoma cells, bladder cancer cells, gastrointestinal cancer cells, ovarian cancer cells,
skin cancer cells, prostate cancer cells, and gastric cancer cells.

20 Target or pathological cells overexpress an intracellular enzyme that is related to
any of a loss of tumor suppressor gene product fuhction, drug resistance or genetic
instability. Altematively, resistance to one drug may confer resistance to other,
biochemically distinct drugs. Unlike prior art therapies directed to creating more potent
inhibitors of endogenous, intracellular enzymes, this invention exploits the higher

25  enzyme activity associated with therapy-resistant diseased cells and tissues versus
normal celis and tissues and does not rely on inhibiting the enzyme. The term “target

‘ enzyme” is used herein to define enzymes having one or more of the above noted
characteristics.
Gene products activated or overexpressed and related to drug resistance include,

30 but are not limited to thymidylate synthase (TS) (Lonn, U. et al. (1996); Kobayashi, H.
et al. (1995); and Jackman, A. L. et al. (1'995b)), dihydrofolate reductase (Banerjee, D.
et al. (1995) and Bertino, J. R. et al. (1996)), tyrosine kinases (TNF-o, Hudziak, R. M.

et al. {1988)) and multidrug resistance (Stiihlinger, M. et al (1994)); Akdas, A. etal.
10



A "pharmaceutical conposition” is intended to include the conbination of an
active agent with a carrier, inert or active, making thd9enpyi200é6n
suitable for diagnostic or therapeutic use in vitro, in vivo or ex vivo.
As used herein, the term "pharnaceutically acceptable carrier” enconpasses
any 5 of wbewsmsindard pharmaceutical carriers, such as mcipisbemioest e
buffered saline solution, water, and enul sions, such as -an oil/water or
water/oil enulsion, and various types of wetting agents. The conpositions
al so can include stabilizers and preservatives. For exanples of carriers,
stabilizers and adjyvants, see Mart REM NGTON' S PHARM  SCL, 15t h Ed.
(Mack Publ . @00y s dT B0t 6 S99 s 0nA TP epercm: unltidnse rsisianes gpotidnt

suf ficient tgoRink iR &0f hﬁ&hﬂﬁ[erqasﬂlgﬁg% ald® b msé&efﬁxéﬁ&h ¥&oRMOUNT

can be admi ni stered in one or nore adm nistrati ons, cati1ons or
dosages. . " TaAngProstals canesa pRstisomesase I (Ruspingt plnCOBH hyper prol iferative cells

that are de- diffghg rﬁcammuyms?ae%@kédémﬁgigﬁ%&a&m%ls 1Y

nmet astatic or transftorned are no mtedto
cancer cef | smethetrexats V@dﬁ@@phﬁ@émh of tht gercentalingghymidyhbtersynthasais zelatelds or

adenocarcin ncl ude ren limted to

br east cangtg?es?s %t,o tﬁgga .%%&}:gﬁﬁg?ﬂqom\%m (g%e ef?m é‘? MG tPeatic

carci nonma cedsbcs:;atede;sidpdmgmistanemnbadetactecbdﬂd&norﬁﬁ)ﬂad@mnﬁﬁiﬁbar cells,
gastrointesti can er cel. an.cancer cells, ancer cells,
prost at e canQ:Z)Fm %F?‘y ‘#F gﬁhgl‘ S?'EF"F&F‘gQBS r pat hol ogi cal
cells over exmsel&senaNoJS;\oasase | dritherhetRO JeBritel Abreins Acghidddaitug Rsistamty Oof a | oss
of tunor suppr ssor . gg@g‘,&roduct fynction, drug resistance or genetic

i nst abi | 1 y. ¢ dptectionyod Aytazenstic,shnorpalifes ayehas HeBoEERRYB st ance t o

other, bi ocmé‘sainlextaﬁmﬁgtrb Biis 30 dBSble Huik@rthdRmedbdth bf\whiaphes directed
to creatl ng nore potent i_bi tors of endogenous, intracellular enzynes,

this i nvent | ¥peciakss) with geng H@Phﬁ‘g‘ﬁﬁff MWH@%&:’P@WQ@B%@W‘@&WQ h
t her apy-r esi ghiafy asdh %ﬁ&é‘ééh%ﬂvbﬁh%%&dcﬁ?éd%ﬁmvg%éﬁﬁ &{}Pgh r%,,, ahrerand

ti ssues and does not l'y on inhibiting the enzyne. tar get
enzynme" is ug@@m@f@ﬁﬁ))xﬁh@meﬂwéobﬂzym polymerase dhain reactlmn Hougd, Tt Aeetabove

noted char aﬁt§§97étoi-ﬁﬁnum%c ‘f“%g‘y&%%%'ﬁ'@ gtcLl rexpressed and

relatedto dr sI stance 1 nc are |mtedtothymdylate
synthase (TS) ( LUfheentymeeglutathiong- SQ%}femK@hmybamhpwhim beertccaional@ﬁg%) ; and

Jackman, A éleva?e% is &dme( l%.!?‘l%l?l%ﬁl's ﬁl{h /I c§ atta‘i (E&S%Sl)cgu néverihe gsesri.i: ee, D
excluded from “target enzyme” as used herein because it is a member of a gene family
encoding enzymes with overlapping specificities.

20 In sum, the prodrugs of the subject invention are distinguishable from
conventional therapeutics on the basis that the target eﬁzymes of this invention are
comionly overexpressed, over-accumulated or activated in pathological cells versus
normal cells. The most important principles that distinguishes the current invention
from other approaches are:

25 ' (1)  This invention describes the synthesis of substrates for enzymes like
thymidylate synthase. The overexpressed enzyme will convert prodrugs to toxin,
preferentially in diseased cells. Previous approaches have mostly relied on inhibitors of
these enzymes. The inhibitors lead to amplified expression of the enzyme, and
subsequent resistance to treatent (see, e.g., Lonn, U. et al. (1996); Paradiso, A. et al.

30  (2000); and Edier, D. (2000)). o

| 3} The current approach is also distinguishable from other “substrate-
prodrug” approaches, €.g., the glutathione-S-transferase enzymes (see, e.g., Morgan,

A.S. et al. (1998)). The enzymes of the GST family are expressed at increased levels in
11



et al. (1995) and Bertino, J. R et al. (1996)), tyrosine kinases (TNF-a,
Hudziak, R M et al. (1988)) and nultidrug resistance ‘0denuayR§e# M et
al. (1994)); Akdas, A et al. 10 1 9 January 2004 WD 01107454 PCT/ US00/ 0008
(1996); and (Tannock, |.F. (1996)); and ATP-dependent nultidrug resistance
associ at edYOIMB¥& ns (Sinmon, S.M and Schindler, M (199}’4)'ij53?{%790§ n some

di seases including colon and prostate cancer, topoisonerase | (Husain et
al. (1994)). Anplification of dihydrofolate reductase (DBFR) is related to
resistance to 5 nethotrexate while anplification of the gene encoding

‘thym dyl ate { { eRTSLANG & [ treatnent with

5-fl uoropyrim |A§§&qgﬁ%ﬂsﬁkg’at§?%er¥' g}hggenes ggg%"%?'%?%}) v rﬁap%’%g resi st ance
can be det ectwhdirain spenibiities wdechyakgs itddiifuletd depgl ¥ mbstasereadtviewithaabitd on

PCR) as desgs ' shiniz al.. (1988 . Pat :

(5, 08)5, 983, ogmﬂggﬁjﬁgp ﬁ%@éﬂ'ﬁ%@ﬁ&ﬁﬁ}. i %’cf'u‘fafl)éé(i cﬂf@g‘“ﬁ@b?&%&ﬁ@e to can
be noni t or ed(1998)) hBeahpseahe facpet afzymys afgbnainent intundaontlg. tthasidyktch as
honobgeneoys chro 0 t.ai ni r egi.ons..and doubl e m nute chronmgsones both
of whi ch ar em&%ﬁyﬁfg"&s‘w “Q%?eaﬂghm ¢hinasghare ppigus Kb respechlodisy s

i ncl ude di r eeiuchire kittiub®eite PELFHR, it afadildth MeshmsdiueamsbutRe s @fmahi ch are
associated with ;Eem% @) liflcati o(iwéaéee.g., Carreras _and Santi (1995));

ot her net hod S¥BYIELLE gﬁ?‘ Y@‘Wé‘fy YhdRi Fepevidehinfpouze, T. A et 15 al .
(1997) or | mnunoh{ayt 0GGHthSidst tho BHR SR harsE ctime (ch0 Wnhiayifae enzyme

ally e

gl ut at hi one-S-transferase has been shown t'o be occasi oI evated in
sone hunan t &vdhase)mayrhgynundargon: mutatien to givegedytynce b inhibisors, Batbers K. Ws

excl uded b1 ogi 41! @56 inEDENIE A B8t 4 ' BHEBad of ArrnflGPET O @
gene famly en(_:(o I ng eniéé%rr_r;s vvith's(g\glgej;f‘éllglp“ﬁ%émgpec #%?Iic?ﬂerg'?gggbl n sum

t he pr odr ugs resetianwticngs;inkibitorsyksiretegrodags. di sti ngui shabl e from

conventional thergpeutj | S. t.the target enzynes of this
invention are co n|f§,§%d\y§l?aeé;%?g§§§g?°%€§r@%t§°gaPm oéﬂ’pgfegfgﬁmg‘f%d in
pat hol ogi cal isowitica to developmentof maligmaaty. SThe Hwority of tuinap etk e IpstioneoH! es t hat

di stingui sheg_t rrent invention .from ofher ches are. 25 (1) This
i nvention de?ﬁeﬁgg’e@l%@%stg}'ﬁ?rhsé’g?rgssg’fﬁ’ﬁm r(gf’@% 1?38?{9%%%@%1%%3

thyni dyl ase ¢)998))askTeh] BEY. evats (@S9M)E Suckla 8537 pesilts\ih icreas\eRpressin@dr Ugs t o

t oxi n,

resistance enzymes (e.g., thymidylate synthase), independent of previous exposure to
chemotherapy. The prodrugs described herein will be useful in treating early stages of
malignancy, as well as disease previously treated with chemotherapy. Substrates for
enzymes like GST include many compounds unrelated to chemotherapy. (Whalen and
20 Boyer(1998)).
The concepts described above are displayed graphically in Figure 1A and 1B
using the example of the thymidylate synthase enzyme and the compound NB1011™,
In an alternative embodiment, the target cell is defined by its resistance to a drug or
compound unrelated to cancer. In this case, the cell is infected with a microorganism that
25  confers resistance to an antibiotic, e.g. beta-lactamase. Organisms include bacteria, yeast
and parasites, such as trypanosomes. Table 2 provides a list of enzymes targeted by this

approach in infectious disease.

12



preferentially in diseased cells. Previous approaches have nostly relied on
i nhibitors of these enzynes. The inhibitors lead to arrﬁlglJF!Pé@N@%Bﬂesm on
of the enzyme, and subsequent resistance to treatnent (see, e.g., Lunn, U.
et il1. (1996); Paradiso, A et al_ 30 (2000); and Edler, D_ (2000)). (2)
The currenyoapgusaach i s al so di stingui shabl e from ot her PCIisst/20808¢e-
prodrug" approaches, e.g_, the glutathione-S-transferase enzynes (see,
e.g.,.Mrgan, A S et at. (1998)). The enzynmes of the GST famly are
expressed at increased levels in it 19 January 2004 WO 01/ 07454

PCT/ USOCQ' 20008 response to toxic insult to the cell. The GST famly of
enzynes hasf[overlrappi ng substrateggpecificlities, which rraKes it difficult
to design a %d?% ;ggg g,m illj Q I enzynme wth
el evat ed expea cfe{_‘(_ﬁ&l‘l% . n'g.!\l}!nv fi %ﬁwﬁch éonﬁﬂutetoﬁ)omécﬂms 8)) " Because
the target gnzyoes nfE"Flﬁ‘E current il RN peessdResance fop i | at b 5 synt hase,
di hydr of ol at| 8ew-sareease and t hym dij Benickliinraadsater lan-ctanéogeisingM t h} r espect to
its structyre and substrate specifiiegtbeiics it is facile to des|gn uni que
substrat es. |3eineghedsidase ianipbgh@osidé S | Badiogijcosde hiibiodcd (W B s@ploddih, Sy Nt hase are
provi ded i nflmidifyifg3izyis sone cases {]lgemaggai® encodi ng the targef enzyne
(e.g., thym L,aﬁ,ﬁmcayﬂﬁah@,a@a nmay rwmgone rrut atlon to gi ve

resi stance t R Ldlse ¢ Bar bour 1R Wi ‘ Di cken, A _P.
et al . (199\. 777777 :"'"‘:"-"‘:‘:"‘ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ i ——--——---———-- On \M t h

non- i nhi bi t ¢ ‘3‘%‘“}? ' Mefofi Bl s approach i s t hat
| oss of tunt F“‘E’fﬁ’ﬁ\g;@ @ﬁaﬁwaﬁ%ﬁ%am Yevel opnent | of

mal i gnancy. The majority of tunmor cells have | ost one of the p53, RB or
pl6 tunor S UPPERSHOdrud BT G .15 (1998);
and Teh, B.T. et -al. %1999!):%%%18% a leggg@roéé%?%%hPﬁ‘ﬁ?‘%%%ased expression
of re3|sm1@esogwmfsgmp@m§shqvmmhﬁmwssynt hase), 1 ndependent of previous
exposur.e to chenot herapy. The prodrugs described herein will be useful in
treating early stages of malignancy, as well as disease previously treated
with chenot herapy.L Substrates for enzlnes |ikeo&ST incl ud® many conpounds
unrel ated to chenot herapy. (Whalen and 20 Boyer (1998)). HAN

ol md}a e
/ { N d

or
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The concepts descri bed above are displayed graphically in Figure 1A and 1B
usi ng the exanple of the thynidylate synthase enzyne and%J38Utay#96tnd NB
1011TM In an alternative enbodinent, the target cell is defined by its
resistance to a drug or conmpound unrelated to cancer. In this case, the
cell is. | WMOQHH with a mcroorganismthat 25 confers PEKVANEE to an
antibiotic, e.g. beta-lactamase. Organisns include bacteria, yeast and
parasites, such as trypanosones. Table 2 provides a list of enzynes
targeted by this approach in infectious disease. 12 19 January 2004 WO
01/ 07454 PCTI USQQ §000_8_ Tabl e 2 Enzynmes Overexpressed in |Infectious

Di sease;, and whi Bt ribute to Drug Resi stance EnzyneProvi des increased
Resi stance to: Beta-| &tisamsieydftedbrduian and ot her beta-|actam cont ai ni ng
anti bi otics Am nogl ycosi dase, or am nogl ycosi de Am nogl ycosi de antibiotics
(e.g., streptonycin, mdifying enzynmesgentanyci n) Chl oranpheni col-

ttansacet yl aseQ | oranpheni col Di hydrofol gt esreduct aseTri met hoprim
Ref erence: Mechani sns of M crobi a Jl.é@a%_egeg ¢ M Schaechtet; G Medlo
f B.l. Eiseastein, Editor TS Sattérfi&ld/, 1/ WTliams and WIKkins, p.

973 (1993). The prodrugs of this invention are selected fromthe group
consisting of the L and D isoners of conpounds having the structures: 5 L

or Rt or 13 with the proviso that in compound I, n can be 0.
| R? is a divalent electron conduit moiety selected from the group consisting of an
unsaturated hydrocarbyl group; an aromatic hydrocarby! group comprising one or more
unsaturated hydrdcarbyl groups; and, a heteroaromatic group comprising one or more
10 unsaturated hydrocarbyl groups; -
R’ is selected from the group consisting of:

§—cn—3%  §—onro—} §—CRO—}
$—0—§ {—s—} f—w—} ana §—-—NR5—§;

R’ may be the same or different and is independently a linear or branched alkyl

group having from 1 to 10 carbon atoms, or a cycloalkyl group having from 3 to 10 carbon
15  atoms, or a halogen (e.g., F, Cl, Br, I);
or the group:

B e

g CH,0
g CH,S

O ===C

5 E*Cst—j : cw_!sl_g

12}

) ————
[YaVaVa W
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19 January 2004 WD 01/07454 wherein: " R is a noiety of the fornula: 5 4R ?
R3 ~.m PCT/US00120008 R4 with the proviso that in conpd@ni@ngary2084n be O.
R2 is a divalent electron conduit noiety selected fromthe group consisting
of an ~unsaturated hydrocarbyl group; an aromatic hydrocarbyl group

conpri si ngwarm/eosssa nor e unsat urated hydrocar byl groups; BOTUSG/20008

het eroaronmati c group conprising one or nore 10 unsaturated hydrocarbyl -
groups; R3 is selected fromthe group consisting of: --CH2 --CHR
RrRS),----G ~~--5- ~~=--NH- ~and ~ ---NRa RS may be the sane or
different and is independently a linear or branched al kyl group having
from1l to 10 car b@rthu8eME, or a cycl oal kyl group having from3 to 10 carbon

- 15 atons, or a halogen (e.g., F, Q. Br, 1);- or the group: CHO0 -- -CH2S- -~
~ N =N-- 00 CHR20G-C ! CHZSC!SJJCI—lZSCS I ]
- . Y Y 4
. i/ % ¥
N -

wherein n is 0 or an integer from 1to 10and mis Oor I;

5 . wherein R* can be a substituent selected from the group consisting of

0
—0 R"
X
Z
o 21—
A NH, \—\x

i
g —O~—NH—C—NH,
10

CH,
=0
NH OH

% —Z-—CHZ—(I3H—(|3H—-CH=CH—(CH2)120H3

il
i —7—CF,—CH,y—CHF—C—OH

Il
% —7—CF,—CHF—CH;—C—O0OH
15



CH20 -C 4 19 January 2004 WD 01/07454 or the group: PCT/ US00/ 20008 wherein

nis Oor an integer from1l to 10 and mis 0 or | ; 5 wH@lsrHam2084n be a
substituent selected fromthe group consisting of x Rao R8O CO2Et9 N RID
x010x zzEEIl -Zi ---NZ-P-N NNH X0 11 -ONHCNH2 CH2 C=0

NH OH - Z- -Wblo1/6MbsCH CH=CH- (CH2) 12CH3 0 11 -Z-CF2 CH2 GHrrso®kboos

il
% ——Z—CF;—CH;~—C~~0H
i
% —2—CF;—CH——C—OH
i
§ —z~—-c1=2——<|:—~v
Y

% —Z_CFZ_CHz_CHz—NOZ
5 .

wherein R® and R® are lower alkyls and R'® is H or CH; and each X substituent
is independently the same or different from the other and is -Cl, -Bz, -1, or other potent

and

leaving group, with the proviso that when R” is -H, and m is zero, then R* is not 2
10 halogen or when m is zero and n is zero, then R*isnota halogen;
wherein each Y substituent is independently the same or different from the other
and is independently -H or —F and each Z substituent is independently the same or
different from the other and is -O- or -S-.
In one aspect, m is 0 and R” is an aromatic hydrocarbyl group selected from the
15  group consisting of:

oL

| w1~ )t
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ISR 8 i el

0 11 -Z--CF2 CHF-CH2 C--OH 15 19 January 2004 WO 01/ 07454 PCT/ USOQ 20005
0 Il Z-CF2--CH2--C-OHCH3 0 .1 it -Z-CF2--CH G OH Y9dapuap2004 | ..v Y
-Z-CF2-CHZ CH2-NO2 N2 5 and wherein R8 and RO are |lower alkyls and RL is H
or CH3 and each X substituent is independently the sane or different from
the other W@e/4784. 0 -Br, -1, or other potent |eaving *§T8EEY2 8 h t he
proviso that when R is -H, and mis zero, then R4 is not a 1o hal ogen or
when mis zero and n is zero, then R4 is not a hal ogen; wherein each Y
substituent is independently the sane or different fromthe other and is

| ndependently -H ek - P .S 1.1 ngly t sanme or
different fromt r?gg%?tlﬁer an |gn%8%%g§k é%%@ﬁa%ﬁgﬂ%%%ﬁ@?e?&%dﬁgmgﬁeand R2 is
an aronatic gmuprcopastipgbfigr oup selected fromthe 1s group consisting of and

\p\@/

5 wherein J is selected from the group consisting of -O-, -S-, -Se-, -NH-, and -
NRA™. and wherein R*¥ is a linear or branched alkyl having 1 to 10 carbon atoms or a
cycloalkyl group having 3 to 10 carbon atoms.

In one specific aspect, R* is selected from the group consisting of:

T i
§—o—p—n ad  §—o—rn
N N

10
Q is a selected from the group consisting of a sugar, a carbocylic, an acyclic
compound and masked phosphate or phosphoramidate derivatives thereof. The masked
phosphate or phosphoramidate derivation is attached to Q at the 5’ position of the
compound, shown in more detail below. For example, Q is a moiety selected from the

15  group consisting of:

RT—O—WL“L R’—owi& R'—0 by

rR® R® R® R® R® R®

R'—CHj T, R—o— \I‘LLL

O

RG RG RG
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WO 01/ 07454 PCT/ USQOn0008 In an alternative aspect, mis 0 and R2 is a

het eroaromatic group sel ected fromthe group consistind9'eruamef8tn J is
selected fromthe group consisting of -0-, -S, -Se-, -NH, and - NRALK-
and wherein RALK is a linear or branched alkyl having | to 10 carbon atons
or a cyclwalekgMsagr oup having 3 to 10 carbon atons. |n onE/gyeerReds c aspect,
R4 is selected fromthe group consisting of: 0S ----0- P-_N and -0-
P-NI U110 Qis a selected fromthe group consisting of a sugar, a
carbocylic, an acyclic conpound and rmasked phosphate or phosphoram date
derivatives ther - T at e or ..ehosphor am dat e derivation is
attached to Q at the Qg%lg??tl 0 en@%ﬁgesmgg%%gﬁg?t%ﬂb O\g‘ﬂaﬁ‘é)fse det ai |

bel ow. For eselntpd &omGhd goup awpsigting of &, eOHeDT(+OYCHE, and Sth@ipedtgtedonsi st i ng
of : R7 and: 3}7{, RZ( 10- i ]d,7 19 January 2004 WO 01/07454 PCT/ USOOR0O008 wherein
each R6 is i %p%r%%ur?t?ny the sane or different fromthe other and is

sel ected from t h&’ gsipdmgenaphedphiag gohip, b phodphbdieshro, Ord phdsphorisias her
protected hydroxyl ro&g; aﬁ,d, .Rl is hydrogen, a phosphate group, a
phosphodi st “pg"r%‘"d‘ﬁgmo Uhe RGOt ani date 5 group attached to Q at the 5

posi ti on. It should be understood, although not explicitely stated that any of the prodrugs of

this invention may be in any enantiomexic_, diasteriomeric, or sterecisomeric form,
including, D-form, L-form, a-anomeric form, and B-anomeric form.
In one embodiment, R* is or contains a chemical entity selected from the group
10 consisting of: -Br, -I, -O-alkyl, -O-aryl, O-heteroaryl, -S-alkyl, -S-aryl, -S-heteroaryl, -CN,
-OCN, -SCN, -NH,, -NH-alkyl, -N(alkyl);, -NHCHO, -NHOH, -NHO-alkyl,
NH;CONHO-, NHNH;, -N3, and a derivative of cis-platin, such as:

In one embodiment, Q is:

R—0—y%

15 ' OH

20
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It should be understood, although not explicitely stated that any of the
prodrugs of this invention may be in any enantioneric, 13i"§§¥%¥i2é%nc, or
stereoi soneric form including, Dform L-form a-anoneric form and
P-anonmeric form In one enbodinent, R4 is or contains a chemcal entity
sel ect ed fwomtfass group 1o consisting of -Br, -1, -0-aliginysocsooes vyl ,

O- heteroaryl, -S-alkyl, -Saryl, -S- heteroaryl, -0OCN, -SCN, -NH2,

-NHal kyl, -N(al kyl)2, -NHCHO, -NHOH, -NHO al kyl, NH2CONHO-, NHNH2, - N3,
and a derivative of cis-platin, such as: In one enbodinent, Qis: 15 2' CH
‘wherein R7 is as described above, or nore specifically, a structure such
as: 20 18 19 January 2UGFORPPEH Ky thegtrugiuesonpound having the structure:
Rd 5 CH3 COOCH3 10 The above group, and nethods for its preparation, are
described in McCGuigan, et al. (1993), and McCuigan, et al. (1996). This
invention al so provides an L-di D- isomer of the compound having the
structure: Q15 or tautomeré\t| ere§0f, wherein R is a gdBstitutent having

the fornula: PC 1USOY 0
and G I
O
(CH,),,CH,
. ok
wherein Ry is an aromatic substituent.
5 In an alternative embodiment, R’ is a phosphoramidate group derived from an

amino acid, including, for example, the twenty naturally occurring amino acids. In one
embodiment, R’ is a phosphoramidate group dertved from alanine. In one embodiment,

R’ is or contains a group having the structure:

\\"CQ
CH; COOCH;
10 The above group, and methods for its preparation, are described in McGuigan, et
al. (1993), and McGuigan, et al. (1996).
This invention also provides an L-or D- isomer of the compound having the

structure:

15
or tautomers thereof,

wherein R' is a substitutent having the formula:
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and Il 01l OP (CH2}17CH3 OH wherein Rd is an aromatic substituent. In an
al ternative embodi nent, R7 is a phosphorani date group ddPiJeedary 2884 an
amno acid, including, for exanple, the twenty naturally occurring an no
acids. In one enbodinment, R7 is a phosphoram date group_derived from

al ani ne. | Wa@7hbodi ment, R7 is or contains a group 0

structure: 19 19 January 2004 WO 01107454 Rz R3 n m R4 PCT/ US00/ 20008
wherein R2 and R3 are the sane or different and are independently an
unsaturated or a saturated hydrocarbyl group, wherein R4 is selected from
the group consisting of F, , a3 CO2H, CO2CH2CH3, SI(CH3) 3,
CHO, N2,  CF3, CC13, C(R5)2 5 wh Lm_é sﬁ_e_cg{aed fromthe group

consi sting of F, CI Br, and 1; ere ni @f an integer from1 to 10

and mis 0 or 1; $S defined a oneaspec inis 0, and R2
is selected fromY c'%o%q%ﬁéf'%iaf‘ﬁ 8’%‘%@2 ageplepqudrpity apumsatwgtyd | oy o

am C S CHAS- 6r dQturatedHyRocarbyl gfufR) whereimRGs selectedfrom the group dsisting FPd ~ - NRS
Cl, Br, 1, CN, SO;H, CO.H, CO,CH,CHs, SI(CHs);, CHO, NO,, CF3, CCl3, C(R®),;
5 whcrcm R’ is selected from the group consisting of F, Cl, Br, and I; whereinnis 0 oran
integer from 1 to 10 and m is 0 or 1; and Q is as defined above.

In one aspect, m is O and R? is selected from the group consisting of:

g _..._CHZO é g —_—'CHZS_— g g —"""‘N=N—"""§

S T SV B § R T
i

g .CHZS C g

o &
,/—/> / (//- |
g / 2 4
10 o o

% —CH—3% § —CHRO—$ %——C(Rs)z—i

ot fs—t fw—] ae fowed

wherein R’ is independently the same or different and is selected from the group
consisting of a linear or branched alkyl group having from 1 to 10 carbon atoms, a
15  cycloalkyl group having from 3 to 10 carbon atoms, CNanda halogen.
In another aspect, R” and R? taken togefhcr is an alkenyl or alkynyl and is selected
from the group consisting of:

§f§§J§IW§ =i
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wherein R5 is independently the same or different and is _selected fromthe
group consisting of a linear or branched al kyl group hé%%ﬁ@“?w %4 1o 10
carbon atons, a 15 cycl oal kyl group having from3 to 10 carbon atons, CN
and a hal ogen. In another aspect, R2 and R3 taken together is an al kenyl or
al kenyl anWO%0M& ected fromthe group consisting of 20FCTSHG% y 2004 WO
01107454 and In another aspect, mis 0 and R2 is an aronmati c hydrocar byl
group selected fromthe 5 group consisting of and In a further aspect, m
is 0 and R2 is a heteroaromatic group selected fromthe group consisting
of 10 wherein J is selected fromthe groupdponsisting of -0-, -S, -Se-,
-NH, and - NRm and wherein R is"™a |inear”yr branched Zlkyl having 1 to 10
carbon atonms or. a  cycl oal kyl groug having to 10 cgf bén atonms. For these
enbodi nent, k' is as described e.- P OO 20Q08 ,.rte "rte 21 19
January 2004 WO 01/ 07454 PCT 0/ 20008 Nn a speciNfic enbodinent, R7 is:
The above group, and nethods for its prepd?ation,‘ﬁ}e descri bed in Abraham
et 5 al. (1996). In one enbodinment, R7 is a phosphate group or is or
contains a group having a structure selected fromthe group consisting of

P
g__f/__// %_*j/r/ and %__455__/;i

In another aspect, m is 0 and R? is an aromatic hydrocarbyl group selected from the
5  group consisting of:

e
=) = =Xt

In a further aspect, m is 0 and R? is a heteroaromatic group selected from the group
consisting of:
10

wherein J is selected from the group consistmg of -O-, -S-, -Se-, -NH-, and -
NRA™. and wherein R** is a linear or branched alky! having 1 to 10 carbon atoms or a

cycloalkyl group having 3 to 10 carbon atoms.

For these embodiment, R’ is as described above.
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0O .0 ; OO0OOO0OLO) S-,) The first of the two above groups, and nethods
for its preparation, are described 10 in Freed, et al. 1@&@899fy2§9§try et
al ., (1992); Farquhar, et al. (1994), and Farquhar,-et at. (1995). The
second of the two above groups, and nethods for its preparation, are
descri bed woovals€ite, et al. (1996); and Benzaria, et alpcrise@fopes | n one
enbodi nrent, R7 is or contains a group having a structure selected fromthe
group consisting of. 15 Rand and O OP (CH2)17CH3 OH where Ris an
aromatic substituent the first of the two above groups, and nmethods for
its preparation, are described in Meier, et al_ (1997). The second of the
~ two above OH 22 19 January 2004 WO 01/ 07454 PCT/ U500/ 20008 groups, and -
-methods for its eparatio are scribed in Hostetler, et al. (1997); and
Hostetler, et al. pé‘ faé° H'E’Bd’ﬁ'“ﬁ’i' n&ti onal Patent Application No. WO

96/ 40088 (1996) . In one enbodi ment, the R7 fgrns a cyclic group within Q
One such-enbodinent, and a nethod for its pleparation, is shown bel ow
(where DMIT is 4,4'-dinethoxytrityl, 5 Bd@TB—t=RButyl oxycarbonyl, DCC is
1, 3-di cycl ohexyl carbodiim de, and 4-0yAP is Ny di ‘et hyl am nopyri di ne): HO

L

" NcoocH,

The above group, and methods for its preparation, are described in Abraham, et
5  al. (1996).

In one embodlmcnt, R'isa phosphate group or is or contains a group having 2
structure selected from the group consisting of:
o 9 S *
o - I

a

The first of the two abdve groups, and methods for its preparation, are described
10 in Freed, et al. (1989); Sastry, et al., (1992); Farquhar, et al. (1994), and Farquhar, et al.
(1995). The second of the two above groups, and methods for its preparation, are
described in Valette, et al. (19965; and Benzaria, et al. (1996). _
In one embodiment, R_“r is or contains a group having a structure selected from the

group consisting of:
' 0\" % OH
0
I
and /_<; H
89 G L

. O

F;{/ ~ | (CHCHs  OH
15

where R is an aromatic substituent the first of the two above groups, and methods
for its preparation, are described in Meier, et al. (1997). The second of the two above
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OHL DMIr O DMIr-Cl 1. HCl r 2. Base Imdazole NH c' In one
enbodi nent, the conpound may be in a salt form or in aﬁ?r-@ﬂé@‘ﬂ/é@ r
prodrug form or a conbination thereof, for exanple, as a salt, an ether,
or an ester. 10 In a separate enbodi rrent, t he above structures are further

nodi fied tyg ss thiophosphodi aziridine instead of m&(}agg@%h @ziridine
gr oups, u5| ng tf’?]sg nmet hods descri bed bel ow. Synthesis of the ove noted

5-substituted pyrimdine derivatives can be acconplished by nethods that
are well-known in the art. For exanple, treatnent of 5- 15

chl or oner e hal oal.k unds oacet ates or
hal oal ken ﬁﬁsth{ he p%%g%ﬁ%gp%%gglﬂrﬁcs%% I"E'EI%?E“F b’gﬁé&% t hrough an
~ or ganopal Hasietlgrnct alp pebrlisheli lateeatiofial PaenbA pplicktion No.aWO195/40088 (59993)I cene

derivative, r ectlv | 1979) .and Bergstrom et al.
- (1981). Anoth %ﬁ'@y %g%?ﬁw’&\*‘ﬁc&gt %?Pg’dﬂﬂ“‘bgr Pr¢ tHch embefingitsi des and
nucl eot i dest alrﬁetﬁ(ﬁéforflfslpf@hnaﬁ(ﬁh,Msh@nbél&ﬁ%wﬁér&’bmr@ﬁ PVRhiNESA, by treat ment
of unprotected n@%@%‘{ﬁé\é&éh mercuric acetate followed by addi ti on of
styrene oP°%is g Wr%ﬁ’é&cl?l}?xﬂﬁ%b?ﬂﬂéﬁ@n@@%@mmm Bi gge, et
al . (1980)mef¥laBaopyidiiepni ne DMIT-O O Boc® NH

DMTr—O LL"L
O

DMTr—0O
Boc\
DMTr-CI Boc-L-alanine NH
DCC, cat. 4-DMAP )
CH;

Ollm
Ollllu

0
HO— _ v 7

0 @vO-—P——-O ™
1. HCI PhOP(O)Cl, | o
— NH, NH
2. Base o Imidazole

& 0
CH; CH3 ‘\n/
| A !

In one embodiment, the compound may be in a salt form, or in a protected or
prodrug form, ora combination thereof, for example, as a salt, an ether, or an ester.

10 In a separate embodiment, the above structures are further modified to possess
thiophosphodiaziridine instead of phosphodiaziridine groups, using the methods
described below.

Synthesis of the above noted 5-substituted pyrimidine derivatives can be
accomplished by methods that are well-known in the art. For example, treatment of 5-
15 chioromercuri-2’-deoxyuridine with haloalkyl compounds, haloacetates or haloalkenes
in the presence of Li;PdCl results in the formation, through an organopalladium
intermediate, of the 5-alkyl, 5-acetyl or 5-alkene derivative, respectively. Wataya, et al.
(1979) and Bergstrom, et al. (1981). Another examp.le of C5-modification of
pyrimidine nucleosides and nucleotides is the formation of C5-trans-styryl derivatives
20 by treatment of unprotected nucleotide with mercuric acetate followed by addition of
styrene or ring-substituted styrenes in the presence of Li,PdCls. Bigge, et al. (1980).
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DCC, cat. 4-MAP CH33 0 L~ 11 PhOP(OClz 23 19 January 2004 WD Q1/ 07454

- PCT/ USOON0008 Pyri m di ne deoxyri bonucl eoside tri phosphat@s’aﬁlé?’é‘ 248t vati zed
with mercury at the 5 position of the pynimdine ring by treatnment with
mercuric acetate in acetate buffer at 50 for 3 hours. Dale, et al. (1973).
. Such treat megtoasso woul d be expected to be effective RET/HOREMDEAt | on of
nonophosphates; alternatively, a nodified triphosphate 5 could be converted
enzymatically to a nodi fi ed nonophosphate, for exanple, by controlled
treatment with al kali ne phosphatase followed by purification of

nonophosphate. OQther npieties, organic or nonorganic, wth nol ecul ar
properties sinil PWPW’E‘& #i¢ WeBrwhutry ere Senvatized otithgpersyry at
properties ce FipdiRio bbb pirithidthe ring®y t28RRMANIHRERAAS adeBfe if WO HFer Of
substituted pyrimdines, see for exangl e, U S 10 Patent Nos. 4,247, 544,
4,267,171; anbS¥ fgfdosey Dalenet ab41 YD Svah teptragnt alsow@ilg be epecteditodee et hods
voul d al s0 begaRRk i Ahlafichffor ditshUBARERIS: Mlerfifbiy A hy@fiedifipRospiaet 1 L ut ed
pyri m di ne nucl eosi des and nucl eotides contal ning”sugars ot herfthan ri bose
or 2'- dedxycpwidbeconvertedergymatically to meflifiabrynaphesphate, forayamplechy f ur anose,

| yxose, pent An pl e of a 5-position
subst i tuont anqpe? fEfRE wRANARR: pRAMhBLE AIRNEa b PurliEER ot

E- 5- ( 2- br onoviamgphosgtated €iiher mdielieh, at ganicBarmonorBanic, wéth ndlecula Pdpdrties

Al ternatively, .5- Prormde xyur.i di ne, .5-i ododeoxyuridi.ne, and thejr
nonophosphat éi“HEI’ QRYFYE Butth 135%?" %&W@%ﬁ?@?%ﬁ@ﬁ@b@s@f“ﬁ@ear ch,
Sterling, VAofkiaéal mEhedsHorydthesifoGabaimitad parimidiBes, sdedtl skame, (IUSA) ,
Moravek Bio hegﬂﬁal _} %._ , E,; ?ﬁm %&USA%% | CN, Costa Mesa, CA (USA) and
New Engl alfd FeRiRpsed47-1s 307 T {haapd 5348553, apddcresiiomy st &1 981h e
5- br onodeoxy ypdwéi ik@halis dobld akse Be ARFHENBIE kdih Syrftitiis BEAGRANRE bESLsiRudhkal
nonophosphates either chemcally or, . )
pyrimidine nucleosides and nucleotides containing sugars other than ribose or 2°-
deoxyribose, for example 2°-3’-dideoxyribose, arabinose, furanose, lyxose, pentose,
hexose, heptose, and pyranose. An example of a 5-position substituent is the halovinyl
15 group, e.g. E-S-(Z-bromqvinyi)—Z *-deoxyuridylate. Barr, P.J. et al. (1983).
Alternatively, 5-bromodeoxyuridine, S-iododeoxyuridine, and their
monophosphate derivatives are available commercially from Glen Research, Sterling,
VA (USA), Sigma-Aldrich Corporation, St. Louis, MO (USA), Moravek
Biochemicals, Inc., Brea, CA (USA), ICN, Costa Mesa, CA (USA) and New England
20 Nuclear, Boston, MA (USA). Commercially-available 5-bromodeoxyuridine and 5-
iododeoxyuridine can be converted to their monophosphates either chemically or
enzymatically, though the action of a kinase enzyme using commercial available
reagents from Glen Research, Sterling, VA (USA) and ICN, Costa Mesa, CA (USA).
These halogen derivatives could be combined with other substituents to create novel
25 and more potent antimetabolites.
The structures at the 5-position of uracil are referred to as the tethers because
they connect the proposed leaving group (toxophore} to the heterocycle. Upon
activation of the heterocycle by reaction with the Cys residue in the active site of a
human enz, TS, for example, a negative charge is conducted from the 6-position of
30  uracil into the tether. This mechanism has been described for the 5°-
monophosphorylated versions of (E)-5-(bromovinyl)-2’-deoxyuridine (BVdU) by Bar,
P. J. et al. (1983) and of (£)-5-(3,3,3-trifluoro-l-propenyl)-2’-deoxyuridine (TFPe-dUrd)

by Wataya, et al. (1979), Santi (1980); and Bergstrom, et al. (1984). :
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enzymatical ly, though the action of a kinase enzynme using conmercial
avail able reagents from d en Research, Sterling, VA (U3R)Jaanaryl208 Cost a
Mesa, CA (USA). These hal ogen derivatives could be conbined with other
substituents to create novel 25 . and nore potent antimnmetabolites. The
struct ur eswso1phes 5-position of uracil are referred to RCWURSIRGOer S
because they connect the proposed |eaving group (toxophore) to the

het erocycl e. Upon activation of the heterocycle by reaction with the Cys
residue in the active site of a human enz, TS, for exanple, a negative
charge i s conduct omt acil into the tether. This

s 05|té| on. of .3
nmechani sm has bee e&f*‘&& © foxin a4 OTPTOE Prsotutted 8 Witdhs of

(E)-5- (brOrTDb'dnn:yshducﬂthc e idybitikieli; ﬂégaﬁ%ia!}gebﬂmﬁaﬂ by theA'S-CysLulldryl 1983) and
of (E)-5-(3,3,3-t fluoro | - propenyl ) deoxyurldl ne T'I‘éPe d rd) by
Wat aya, et afttack.q '@5’ magg PR Bﬂmam%tﬁé? st F‘tﬁ‘h”bléf"féﬂ“s PRrpomathe 24 19

January - 2004viig, i, Qﬁééﬁpﬁgﬂhﬂﬁﬁ%%ﬁﬁﬂﬁ sthelE, 2h&@Fabifiy ace B3R synﬁ@ﬁé&ﬁ? n the

toxin and dNMP nust be unsaturated so that it can conduct

t oxi n- 1 ab? | i The i apdaliv anitshave e adysptage thaijheyt gqe by grepyred gmxﬂ:nwfrtyb at t ack.

O the many ysiterioiebiOhaAite iathtid iRl mﬁl g\éé.h!,a]tg'e& rotlel o PUr pose,
the ~vinyl, ally], prop rg units are si d readily
accessibl e sWﬂWélﬂﬂ@mOﬁm@ bmée SHZYMpE aciivd sig. IQrI thanﬂleshzhdmhe pivgargglv ant age

Lt NSy, oy SR b Ao W80 B SR o0 €
acconmodat i orclda.;e ﬁ‘dmﬁm‘lmerm' teth¢ridoes moit ﬂmend)lpdnhe onhlﬁ&lonh&zﬂd;es;tebﬁopr opar gyl
uni t has age. of be ri.c trjcal, so that

enz- cat al ﬁ&%’ rrgﬁgeaé‘é%{bfg%sﬁ#%qg ﬁ %?ﬁﬁg{‘gﬁcﬂdeﬁoes not depend upon
iL S ori elnt at i on vﬂ‘»trd‘\dlstﬁﬁp@lptoablcesh@vaiﬂdmd erltb dedign cﬁﬂsﬁ@e oﬁ&ehﬁ%&&ﬂc—caie with
t he viny nmol ecul es | oaches have been taken to
desi gn of soﬁ% %?M??fd@?%ﬂ@é‘%és%s ft?dﬁ%@cmcq Y nvention. one is
based on t hemshdphesphste ad feRVEES/a 130G RAAGAGE Srng alft&ﬁéd%Qﬁe Rrrhif@Vdfg

group/ toxin di rectly attached to the termnus of a pol %%w nyl substituent

at C5 of dUMPOIYIRPY spbstipugat %Pﬁyfd‘t)whéﬁlsaﬁbﬁm}feth?wpw The gthesisphased on
the strugk ur gased oltaE SR el dUMP tid @ 5intifdr foltfe fifst tilt hAU mbfiieRe B hY! ene

unit

separating the leaving group/toxin and the unsaturated unit and thus contains an allyl or
propargyl unit. This is the allyl tether approach.

The mechanism of activation of a propargyl version of the allyl tether approach
has a precedent in the interaction of both 5-ethynyi-2’-deoxyuridine 5°-monophosphate

20 {(EAdUMP) and 5-(3-hydroxy-1-propynyl)-2’deoxyuridine 5’-monophosphate
(HOPdUMP) with TS (Barr, et al. (1981); Barr and Robins 1983). EQUMP is a potent
inhibitor of TS (Ki = 0.1 TM), and likely forms an allene-based species at the active
site. HOPAUMP (Ki = 3.0 TM) shows unusual inhibition kinetics, which might be due
to formation of a2 cumulene-based species at the active site.

25 5-Alkylidenated 5,6-dihydrouracils similar in structure to the intermediate
common to both the vinyl and allyl tether approach mechanisms have been synthesized
recently (Angiada et al. 1996). These were shown to be highly electrophilic. Their
ready reaction with ethanol to generate 5-(ethoxymethyljuracil is a precedent for the
water addition that regenerates catalytically competent TS. Even more recently, the

30 existence of the long-elusive C5 methylene intermediate produced by TS was |

demonstrated by trapping studies (Barrett, et al. {(1998)).
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separating the | eaving group/toxin and the unsaturated unit and thus .
contains an allyl or propargyl unit. This is the allyl YetEeY48foach.
The nechani sm of activation of a propargyl version of the allyl tether
approach has a precedent in the interaction of both

5- et hynyl - WOS¥&¥X uri di ne 5' - nonophosphate 20 (EdUM ') Brf§Ps0020008

5- (3- hydroxy-1 -propynyl)-2' deoxyuridi ne 5 -nonophosphate (HOPdTIMP) with TS
(Barr, et al. (1981); Barr and Robins 1983). EdUMP is a potent inhibitor
of TS (Ki = 0.1 TM, and likely fornms an all ene-based species at the active
site. HOPdUW (Ki = 3.0 TM shows unusual inhibition kinetics, which m ght
be due to formation of a cunul ene-based species at the active site. 25

5- Al kyl i denat ed SPasticlapgratodinents incudsithy qompopnds baving:theE or Detradtires showm nedi at e

common to bo{,go&_t_\gm%{%/om({ds AN ek by gughgéran?g B{Fﬂm J@‘%{gﬁéh sns have been

synt hesi.zed receéent Angl ada et "al . 1996 ese we own to be highly

el ectrophilic. Their - ready reaction with ethanol to generate

5- (et hoxymethyl )uracil is a precedent forothe water addition that

regenerates catalytically conpetent TS. en nore recently, the 30

exi stence of the long-elusive C5 nethyl, { pt'ermedi at e produced by TS was
t

denonstrated by trapping studies (Barrgtt, @t al. (1998)). 25 19 January
2004 WO 01/07454 PC /USQOQ 20Q0s Part i;}l\ar nmbodi nents include the
conpounds having the L or D struyct °es\o§h wn bel ow.. Conpounds are
identified by structure and a nuneri Al signation. HOB R0 11 QP! | YR -
KH Y-H |IN ~ Co2Me

[+)
",

(o]
i
O—Ii'—
R Y= NH Y=H
lm....(
8r
NB1011 NB1015
(BVdU)
Br
S— - NBI012 -
Br
a .
/_/ NBi012 NBI1020
———CF NB1014 NB1027
CO2CHCHy
/_/—/ NBI016 NB102
Br
/_/='! NB1017 NB1024
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NBIO | NBID S (BvdU) NB1012 NB 1013 NB 1020 - CF3 NBI D14 NBJ 027 I%lﬁ
NB102I NBI O 7 NBI 024 26 19 January 2004 WD 01/ 07454 (Con119| Haryi4t8

Previ ous Page) Y= SiMe3 . NB1018 H NB1019 COH17 -H -CaHl7 NB1025 Preferred
enbodi nents are shown below. - 5 A conpound having the structure: NB1022
NB1023 N8w@d1/oMB1026 NB102 Xd-11 ON . CORCH3 wher ei n XecwmushoXpoomr e

i ndependently the sanme or different and are selected from 10 the group
consisting of C, Br, I, and CN or the nucl eosi de anal ogs thereof In a nore

(Continued from Previous Page)

[{H11TE8
COMa
————SiMe, . NB1018 NB1022
_— H NB1019 NB10623
==——CgHyy - NB102
H NB1025 NB1026
“CaHyy - NB102

Preferred embodiments are shown below:

5 A compound having the structure:
Xd
0 —
Xe
HN ’
0
I o N
PhQO —FI’—— a) .“\\\\\0_/,,’”'
NH
Melin,,,, L
e
. CO,CH;

wherein X4 and X, are independently the same or different and are selected from
10 the group consisting of Cl, Br, I, and CN or the nucleoside analogs thereof. In a more
preferred aspect, X4 1s Cl or Brand X, is H.
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preferred aspect, Xd is O or Br and XX is H PCT/US00/ 20008 O | NH Y=H
CO2Me Euu~~ 27 19 January 2004 WD 01/ 07454 A conpound hahJa§ueWe08¢ uct ur e:
PCr/ USOOr 20008 wherein X1 and Xg are independently the sane or different
and are selected from 5 the group consisting of O, Br, I, and CN or the
nucl eosi deW@PaPHes thereof. In a preferred enbodi ment, XCEHWIM0He t he
sane and are each is O or Br. A conpound having the structure of the
formul a: CO2CHg wherein each X is selected fromthe group consisting of O,
Br, I, and CN, 28 19 January 2004 WD 01/07454 PCTI JSO00t 2000S or the

nucl eosi de anal og . referred enbodinent, X is CE or Br and
in a nore preferr%@%ﬁ%@gﬁlﬁ‘gﬁfﬁi&% r. A conpound having the structure: 5
C0 2CH3 wherein R$ is a | ower straight or brainched chain alkyl, or the '
nucl eosi de- anal ogs thereof. A corrpounq* havi ng the structure: 10

\
N
o
e Ya W
O\B/ '
: ILH i _\—Xf

,..........<

CO;CH,
X9

wherein X and X;; are independently the same or different and are selected from
5  the group consisting of Cl, Br, I, and CN or the nucleoside analogs thereof. Ina
preferred embodiment, Xy and X, are the same and are each is Cl or Br.
A compound having the structure of the formula:

wherein each X is selected from the group consisting of Cl, Br, I, and CN;

28



co0R9 CQRCH3 R o wherein R8 and RO are | ower straight or branched chain
alkyls and R0 is Hor CH3 or the nucl eoside anal ogs tH&r@ppary£8049 19

January 2004 WO 01/07454 A conpound havi ng the structure:

CO2CH3 wherein

R10 is H or CH3;or the nucleoside anal og thereof. A conpound having the
structure: w@owpfsde3 0 1! PhO-P |1 NH Mein,,, (| 1 HOB p¢r/oso@c@eH3 A

conpound having the structure: 0 tt PhOP-O t Wt.. NH COZCH3 10 or-the

nucl eosi de anal og t her eof.

or the nucleoside analogs thereof. In a preferred embodiment, X is Cl or Br and

~ in amore preferred embodiment, X is Br.
A compound having the stcture:

H O
\
N
O
=M
o\\E/’
I
NH
1 TLE HO
5 CO,CH4

OoR®?

wherein R® is a lower straight or brainched chain alkyl, or the nucleoside analogs

thereof.

A compound having the structure:

10
H 0
\
N
o=—= _
(s} O. / \ 8
(6] N OR
oL’
T 7
NH \ CO.R®
|Itun""< HO R
CO;CH,
wherein R® and R® are lower straight or branched chain alkyls and R' is H or
CH; or the nucleoside analogs thereof. -
15 '
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OH 30 PCT/ US00/ 20008 19 January 2004 WO 01/ 07454 PCT1USaan0008 A conpound
as described herein, wherein the conpound has the struct'@dnuam 2904, one
aspect, R = H 1In another aspect, k7 is a substituent having the
structure: 0 |i PhOP-Oj Mt,..(NH COZCH3 to A conpound as descri bed
her ei n wheM&®OMiEt conmpound has the structure: r R? O OHPGEUSREPNEn R7 = H
or R is a substituent having the structure 0 ra PhO-P--Oj) NH Met,,;.(
COzCH3 31 WD 01/07454 A conpound having the structure: 0 O

A compound having the structure:

0

o\IF! A

NH

HO
CO,CH, )
wherein R'® is H or CH3;or the nucleoside analog thereof.

A compound having the structure:

0 SiMeg
A
HN |
0 )\
I o N
PhO—Ii'——O ™,
NH
M Elirey,, v 3
\Q‘\“
Co,cH; O

A compound having the structure:

0 O~ N
1l .
PRO-P-0— o I
Men,.(NH
OH
CO,CH3

10  or the nucleoside analog thereof.
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'i PhOP-ONH Me,,., 1 OH CO2CH3 5 A conpound having the structure: .
CORCH3 PCT/ US00/ 20008 COR2Et wherein each X i s sel ected fPoRM¥d¥ 29Pdup
consisting of CO2Et, C, and Br, or the nucleoside analog thereof. 10 A
compound having the structure: 0 Is PhOP --O0 NHI -:j Mt,,. f  OH
CO2CH3 or WPe#1/i4ed eosi de anal og thereof. 32 19 January 20OUUSAPRTYY 07454 A

conpound having the structure: 0 It

A compound as described herein, wherein the compound has the structure:

In one aspect, R’ =H. In another aspect, R is a substituent having the structure:

i
PhO—P—0—}
i

Mes:.. NH

COzCH3

10 A compound as described herein wherein the compound has the structure:

15 wherein R’ = H or R’ is a substituent having the structure
H
PhO—P~0—$
i

Meu.. ]
COCHs
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PhO-P-O E Met,..( NH OH CO2CH3 PCT/ U$00/ 20008 5 or the ﬁucleosbgg4analog
t hereof The prodrugs can be conbined with a carrier,

pharmaceutically acceptable carrier, for use in vitro and in vivo. This
invention also provides a quick and sinple screening assay that will enable
initial ideaprssati on of novel conpounds with at | east BOrgsooRosdhe desired
characteristics 10 (see Figure 2A and 2B). The assay requires at |east two

cell types, the first being a control cell in which the target enzyne is
not expressed or is expressed at a low level, e.g., a normal cell. The
second cell type is the test cell in which the target enzyne is expressed

at a detectable lgvel . e. g vin hi evel. This cell can be a tunor cel
line that is selec‘%gmowgﬁm ﬁgﬁégHtP§Vels of target enzynes.

Alternatively, a cell genetically nodified to 15 differentially express the
target enzyne or enzynes (containing the aBpropri COfdci es of target
enzyne):can be used. Transfection of hogi S W th pol ynucl eoti des
encoding the target enzyne is either trdnsijent or permanent using
procedures well known in the art @and d&sclNibed in Chen, L. et al. (1996);
Hudzi ak, R M et al. (1988); cmochroer, P.|et al. (1992), and in the
experimental section bel ow. The chil sk€an>be procaryotic (bacterial such as
E. 20 cola) or eucaryotic. Th%”télls e mamal i an or non-mammal i an
cells, e.g., nouse cells, rat cebiesly human cells, fungi (e.g., yeast) or
parasites5(e.g., Pneunocystis or Leishmania) which cause disease. Suitable
vect ors for i nser Aicompodndthaeing idAtractarecormerci al |y avail able from
Stratagene, La Jolla, CA and other vendors. The anount of expression can be
regul ated 25 by the number of copies of the expressibn cassette introduced
into the cell or by varying pronoter of expression of
enzyne in each transfected cell line itored by i mmunobl ot and
enzyme assay in cell |ysates, using onal or polyclonal antibody
previ ously raised agai nst éhe enzy i mruno- det ecti on.

o) N

I
%o——T—_O_W”SQ%hI
NH
Meﬂﬁu,._ b

CO,CH,

wherein each X is selected from the group consisting of CO,Et, Cl, and Br;

or the nucleoside analog thereof.

10 A compound having the structure:
O CeHy7
HN | ‘
. P
i
pho—zgo~] o ’
Mer.,
(&
CO2CH3

or the nucieoside analog thereof.
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33 19 January 2004 WO 01/07454 PCT/ USOQ 20008 (Chen, L. et al. (25996)).
Enzymatic assays to detect the anount of expressed enzyr® Jaavay 2094 be
performed as reviewed by Carreras, CW and Santi, D.V_ (1995), or the
met hod described in the experinmental section below In a further aspect,
nmore than WREV&HHci es of enzyme can be used to separ at elPFTASPYHEduce
separate host cells, so that the effect of the candidate drug on a target
enzyme can be sinmultaneously conpared to its effect on another enzynme or a
corresponding enzyne from another species. In another enbodinent, a third
target cell is us se it receives an effective anount
of a prodrug.corrplggorlfgﬁg?dt I tfl?érf\}@g@?%n. This enbodinent is 1o particularly
useful to screen for.-new agents that are activated by thym dyl ate synt hase.
In yet a further aspect, at |east one additional test cell systemis set up
to test the synergistic potential of the tesyjh@r_r apeutic in conbination
3)

“wWith a known therapy or agent. For the pur 0f this invention, the
successful candidate drug will block the ?5 rowth or kill the test cell
type, but |eave the control cell typd& unharmed. Growth assays can be
‘performed by standard nethods as 8¥&cti%gd by M Iler (1992); Sugarman, B.
J. et al. (1985) and Spector, D. Men.(e"" al 98), or using the nethods
described in the experinental sectilon beloew. It will be understood by
those skilled in the art that the sct®efs can be applied 20 broadly for the
~di scovery of antibiotics. For exanple, thym dylate synthase from yeast

coul d be subgtihd MicRdsiiOdnaloBMer@f. human or E. coli forms of the enzyne. This
woul d- all ow the di scovery of specific antifungal antibiotics targeting

yeast related patTegwrses cabe sombinedovith anarvier, mebarmareutieliy ubj ected to
i hydr of ol at e PR reeEkE R af OBl X ue agent . 1 ke 25 Preumocysti s
carnii, could be B iemtien alsthprewdesgequick anii bimplesceehing hesdy that wilzmabléi ci ty
oL B BRI R, AR BBk B,
control cel | {stefigweAstandi2ZBy Thewubsly rejpirtsait featthwo cell typaspme dirsd Gein® b B&itrohUMaN
enzyme, in OtenGh wLx%h ﬁx%%vg'ét%gzmmg is 5&@:&&& or is expressed at a low level, e.g., a
normal cell. The second cell type is the test cell in which the target enzyme is expressed
at a detectable level, e.g., 2 high level. This cell can be a tumor cell line that is selected
for enhanced levels of target enzymes. Alternatively, a cell genetically modified to
15 differentially express the target enzyme or enzymes (containing the appropriate species of
target enzyme) can be used. Transfection of host cells with polynucieotides encoding the
target enzyme is either transient or permanent using procedures well known in the art and
described in Chen, L. et al. (1996); Hudziak, R M. et al. (1988); or Carter, P. et al. (1992),
and in the experimental section below. The cells can be procaryotic (bacterial such as E.
20 coli) or eucaryotic. The cells can be mammalian or non-mammalian cells, e.g., mouse
cells, rat cells, human cells, fungi (e.g., yeast) or parasites (e.g., Preumocystis or
II Leishmania) which cause disease.
Suitable vectors for insertion of the cDNA are commercially available from
Stratagene, La Jolla, CA and other vendors. The amount of expression can be regulated
25 by the number of copies of the expression cassette introduced into the cell or by varying
promoter usage. The level of expression of enzyme in each transfected cell line can be
monitored by immunoblot and enzyme assay in cell lysates, using monoclonal or

polyclonal antibody previously raised against the enzyme for immuno-detection.
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when only the normal human enzyne is present. 30 Figures 2A and 2B show how
one may conduct at |east one enbodi nent of this aspect '8rapHaYi2R98ntion. A
foreign gene, e.g., a human gene encoding TS, is inserted into the host
cell such that human TS is expressed. The "control cell" does not express
the 34 19 Jayoimr4ss 2001 WO 01/ 07454 PCT/ US00/ 20008 t ar get permaspamesed N SoOne
enbodi nents it may be necessary to supplenent the culture nedia wth the
protein product of the target enzynme. The candi date prodrug can be directly
added to the cell culture nedia and the target cell or the culture. nedia
I's then assayed for the anmount of || abel released fromthe candidate
prodrug if t ikehgr beht alg(18M- aFramatieiasseysite Betect tieratountaifiexprassed snzhme cel | ul ar
upt ake may Qhﬁﬂﬁggngﬁ | I & L0 sing the
met hod deseri gg In Lasic?Q%?D. ?89 9ggcg§£ |n%%&aP9%eg§$g§§%#ins as
descri bed i nmetwdglescobed in gte experiniengd 4ctiomhelawt er nat i ve enbodi nent for a

prodrug- t aki ng adﬁﬂﬁﬁﬁﬁﬁ TS overexpr o in tunoy cells is
deoxyuri di ne phosphoram Q%e%%ﬁggtgﬂé@sﬁ%%f#ca ons™ (el eé’ﬁ%‘f’%‘?ﬁ) 10
conj ugat ed wittahsdacet saparaipbest tallsy sadhas theodffedieof thencaadidatp imgoh adargétenapeut i
radi onucl i de | rheq un11§8. The.jsotope can be synthesized essentially as
descri bed by céli’ﬁsgﬂ'é#ﬁeoé'fycgﬁn.p B’g‘gﬁc_%%"@,ﬂﬁ f € 05 3 COgESPOBRAB bt ai ned
commer ci al | y endynfe frontutier §pecies. Mal | i crodt  Medi cal BV, The Netherlands. The
t herapeuti c radiopucl ide gan. be conjugated with deoxyuridine, or.
deoxyuri di ne 5'- pﬂcﬁ'm&rgreg?ch‘ﬁ'&e@& a %ﬂgéfrceéla pspd o %@"&K/"%P&ﬁ&é‘?“@”ﬁ%
met hods for ey afethi%e andunt 66 Tb@as coiipdund of Ms¥nveitioR ! Thid énl%%égnenme

e

radi onucl i de- contai ni ng deoxyuri di ne phosphoram date w |
pr ef er ent{%al WW&M&@? forfersen fog neyagenss thet appactivated by thymidylatersyatbiseg

{hym dyl at e Sl bshcPidled ¢ Ras GRS hdsiiRal o ooy GATR AL B £ 1 SS1 N of

beta and gamm radi ati on. Al ternative radi onucl’ides inc ni um 186,
and ot hers. Emeagistisootenil af the taybthyrppaugic theonahivgtion with admewnthefapy ot o pr edi ct
whet her a sug'h&ﬁ:_t will be suitably treated by a prodrug of this invention
by delivering"to a sanple containing the cell to be treated a prodrug and
assayi ng for cel | Forgbe purprses ofithib invemtivnpthe swdckssfiul canidfdateainigomill bigklithec ant s

provi de iyt Brdufth 8@@@3{% L 2Ly B B ek PR 2ff 33 unfiBhba. Srofaf 2t 1 BN W1
assays can be performed by standard methods as described by Miller (1992); Sugarman,
B. J. et al. (1985) and Spector, D. L. et al. (1998), or using the methods described in the
experimental section below.
It will be understood by those skilled in the art that the screen can be applied

20  broadly for the discovery of antibiotics. For example, thymidylate synthase from yeast
could be substituted for that of human or E. coli forms of the enzyme. This would
allow the discovery of specific antifungal antibiotics targeting yeast related pathogens.
In addition, other enzymes can be subjected to this treatment. For example, prodrugs
that target specifically the dihydrofolate reductase aﬁtivity of infectious agents, like

25 Pneumocystis carnii, could be selected. These agents will be selected for specificity for
the target enzyme, and can be shown not to activate the enzyme of the naturat host by
,emploﬁng the screening assay described herein. The control cellular constructs would
contain the corresponding nonmal human enzyme, in order to show lack of toxicity
when only the normal human enzyme is present.

30 ‘Figures 2A and 2B show how one may conduct at least one embodiment of this
: aspeét of the invention. A foreign gene, e.g., 2 human gene encoding TS, is inserted into

the host cell such that human TS is expressed. The “control cell” does not express the

34



t herapy by providing at | east one prodrug of this invention and
instructions for use. 25 This invention al so provides a TWelargdryiZ604
inhibiting the proliferation of a pathological or target cell in vitro or
in vivo by delivering to the cell an effective amount of a prodrug of this
i nvent i on. WAYA74pt acticed in vivo, the method is useful chxqﬁ&%qoosa |

pat hol ogy characterized by target cells in a subject by delivering to the
subj ect ‘an effective anount of a prodrug of this invention. 30 Wen the
target cell is target cell is resistant to a chenotherapeutic drug, the

met hod can bgrdeti; ¢ IS dnssbabye dg%% , (}glyr,{;grﬁ,_tn | ' ae cel |
or patient: aﬁfgeefn?ggt_i ve anount ofn&?flﬁe@g‘%éug to V\l/%i C 1t eﬁ%gﬁﬁmtegg%c}ivel oped
resi stance. Withigooteimerodyst ofdhelggelomzymg.s i nvention can reverse resistance
to the prior ther . i 4

PCT/ USOWY 20008 s Urtse ittty Rakp %QE‘%Q%&%F%@%&%%?&%?@%%%%%&

adm ni st r at i el otherchlorgmedia isiken apsapedfoythe amovatyef label refvassd frogrtbert h or

netastasi's o ﬁ‘dﬂgmﬂg)ﬂ’ | cqur i ncl ud but .are not
limted tg eIrill{dtﬁgg target ce E@%@ﬁs@@?‘%ﬁlxgﬁ%m@ﬁ%ﬁe“%ﬁm alkFi ed as a
resuIEI of seim}_cbe':mmcmwﬁmk@gah@mdrhgm@p@ommmmgmbmgﬂﬂdgem&ﬂtyne is 5
an endogenous_i nt.r ar._enz t i s _overexpresse nt r get
cell. An ex a%ceb'r'ggf\ds? hjé?{ cﬁ’ﬁglgﬁ%%cﬁ%&fuﬂwﬁ %“g?‘gm%mshﬁéeet\?ﬂf@h%has been
shown to be over expilesmeide eralsodimémn $ofl atprafruPakias a6aampE BETDPrapassanf ers a
.the prior drug, The prodrugs of

drug resistant phenqtype, on the cell to J

this ihventi'W‘gﬁﬁceﬁféd‘dﬁg"y&‘B f REQFPhFTRIRIdgte R other mpAificaiians (itled hergin) | o
enhance @p S&’dlﬁlﬁ'ea%&bﬁhdtﬂﬁﬁﬁ@ﬁﬂiohﬁclﬁ&f Rf btanfle 6f 4 H&hpfic RRIBudMaL &
therapies or the therapeutic effect of the prodrug. Such prior therapies

i ncl ude, but TEPETISE. Thedslarr ¢28 be sxpbesized rasrtinie cribed By Gellaban,teher apy and
surgery. \Wep dekdy aliefhatiia c%ﬁbé@l!stainé&‘@onﬂi‘?érf]%, ?Ar%?a&q%le %Fxfl\%lg&@dtf urther
e ‘'of an ani mal nodel

confirm efficacy ‘of the prodrug. As an exanp , groups

of nude m ceMedictigRY.gihe Nethrrlangs n dihe taggpentic Sidipmmiclide catht eamjugaedwithr e each

subcut aneousjjy . 3 8t gd j 58 hordRi gligg- i ferative,
cancer or targ()ac celTs as lﬂefdﬁr%gadgﬁe el n. dg@\h@%%g uﬁg‘%’lefél%%.rdabl i shed,
the prodnfig isthednfonéempleeas desatbedkp i, ¥.Ybat al. (1997). The radionuclide-

' ' containing deoxyuridine phosphoramidate will be preferentially taken up into the DNA

of tumor cells overexpressing thymidylate synthase and cause their death via
concentrated emission of beta and gamma radiation. Altermative radionuclides include
rhenium-186, and others. (Troutner, D.A. (1987)).

20 The compounds are useful to predict whether a subject will be suitably treated by a
prodrug of this invention by delivering to a sample containing the cell to be treated a
prodrug and assaying for cell death or inhibition of cell proliferation. Applicants provide
kits for determining whether a pathological cell or a patient will be suitably treated by this
therapy by providing at least one prodrug of this invention and instructions for use.

25 This invention also prdvides a method for inhibiting the proliferation of a
pathological or target cell in vitro or in vivo by delivering to the cell an effective amount
of a prodrug of this invention. When practiced in vivo, the method is useful to treat a
pathology characterized by target cells in a subject by delivering to the subject an effective
amount of a prodrug of this invention.

30 When the target cell 1s target cell is resistant to a chemotherapeutic drug, the
method can be further modified by contacting or adnﬁnistering to the cell or patient an
effective amount of the drug to which the cell has developed resistance. Because the

prodrugs of this invention can reverse resistance to the prior therapy, subsequent to
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intraperitoneal or intravenous routes. Tunor neasurenents to determnne
reduction of tunor size are made in two di nensions usi i§ JABHARR0B4] i per s
twice a week. Other 20 animal nodels may al so be enpl oyed as appropri ate.
(Lovejoy et al. (1997); Carke, R (1996); and Pegram M D. et al.
(1997)). AUROHIEE4 ation in vivo can be effected i n one JFSTAISOUHAEE nuousl y
or - intermttently throughout the course of treatment. Methods of

determ ning the nost effective neans and dosage of adm nistration are well
known to those of skill in the art 25 and will vary with the conposition

used for therap age af th hera I cell. being
treated, and t] I’]'Qeésfuslt ejggjgﬁﬁglel namtdfuega e'ﬁ‘é’[%“@’f’“‘ﬁﬁ%‘("ﬁﬁ? the PIEYiURi st rati ons
“can be carr|th&ap;utanmgmhutﬂﬂﬁtgtowﬂxdra\méstaaﬂsdfﬁmdrﬁrmﬁ@leﬁ@h&@uﬂ@ﬁz@ﬁ by the
treating physici an | at i ons and net hods of

“admi ni st eri n&ftHE® “%eggiﬂttagg) c’ir‘i‘ §g?° fortguqaw cellxpissehAbarLTse thebifbi nat i ons

of drugs, Ora:ﬁlﬂfﬂa:&&tﬁt@ﬂSoﬁs@I&Et@dnﬁklﬂﬁ’oﬁybhﬁﬁoiﬁﬁ?y@whﬁﬁﬁﬂtd:EetEHﬁ-;ﬂEE}glUf acture
for medi caments for the tr@gt ment of hunmans and ot her ani mal s

adni ni st r it i herdpeeaersIpResittan fopyme that e AYSrenpasssedrip the darpe sell. s%ﬁ‘aalﬁlﬂan

active i ngrechugiin do2yMORIIRGENEL GMthdz0 WARRIHaL 0L shothh 15 Be JARLR K004 VO
01/ 07454 PCF/ USOCQ 20008 The hgr magéaut | cal corrposFt I ons gan %g) éésm’ ni st ered

orally, int rﬁrf’fﬁ%!lq%f PrioryAeEA il copfersa dmg wsistaniphendtmeamythe celide may t ake
t he form of. {h@g I ozenges, granules, capsules, pills, anpoules,
suppositories aer sol form They may al so take the form of suspensions,
sol utions and emilksippsugs pf thisenvantidnen alseybesimbined with adadomoen trerapiesitnaqueous

di | uents, Ln addition.to a coppound of the

present i nve&%*iglgcﬁ?%yﬁg@ﬁgglr%%a%ﬁ@%ca t%‘(’)frﬁl) %riofg%‘hg o RTS8 Want ai n ot her
har maceut i cthkdapentic eﬁ‘aceOfalnafmahugi SSuch pAorphenipidsiiiciudefbuc aepalingsd @f t he

p

I nvention. Mire E rti.cul ar%‘%?’tgjp rrg ‘?d of the fornmula of the present

i nvent i on al S8 FATRHTRY EYHEETEti ve ingredient, may be

adnmi ni stered for Wherdsliyelsytoanninid), helinb@bll gisé Ruiberl 1o airibdi A@fignal . rectal ,
nasal , topic (in Iud transder aer gsol , buccal and subllngual)
vagi nal , par%hf ? En WEWQHQB%M%W%MPWW““ mice

15 (Balb/c NCR nw/nu female, Simonsen, Gilroy, CA) are each subcutaneously inoculated
with about 10’ to about 10° hyperproliferative, cancer or target cells as defined herein.
‘When the tumor is established, the prodrug is administered, for example, by

o

intraperitoneat or intravenous routes. Tumor measurements to determine reduction of
tumor size are made in two dimensions using venier calipers twice a week. Other

20  animal models may also be employed as appropriate. (Lovejoy et al. (1997); Clarke, R.
(1996); and Pegram, M. D. et al. (1997)). '

Administration in vivo can be effected in one dose, continuously or
intermittently throughout the course of treatment. Methods of determining the most
effective means and dosage of administration are well known to those of skill in the art

25  and will vary with the composition used for therapy, the purpose of the therapy, the
target cell being treated, and the subject being treated. Single or multiple
administrations can be carried out with the dose level and pattem being selected by the
treating physician. Suitable dosage formulations and methods of administering the
agents can be found below.

30 The prodrug, combinations of drugs, of compositions containing either can be
used in the manufacture for medicaments for the treatment of humans and other animals
by administration in accordance with conventional procedures, such as an active

: ingredient in pharmaceutical compositions.
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intravenous and intradernmal) and pulrmonary. It will also be appreciated
that the preferred route will vary with the condition dfd28gery@00¢the

reci pient, ‘and the disease being treated. 15 In general, a suitable dose
for each of the above-naned conpounds, is in the range of about 1 to about
100 ng per WRiBYFam body wei ght of the recipient per dayPCT/{0eEWPply in
the range of about 1 to about 50 ng per kil ogram body wei ght per day and
nost preferably in the range of about 1 to about 25 ng per kil ogram body
wei ght per day. Unless otherw se indicated, all weights of active

i ngredient are c ale. ren nd of. the for | a of the
present inventi ora#l?gdh saq?'gi%%lrclaﬁ??glpgn% &ggc%%g%%‘ g Pd be

i ncr eased prppmntbnabylaxttah;zhalzﬁiloatltbemyrmﬂ:ﬂqstakdtﬁeﬁfrﬁfo(ﬂa%lﬂtsyld@éﬁg@@nt ed as
two, three;, four sub: doses admini stered at appropriate

intervals tfF s S%HS‘%Fﬁgl]féa%}npogﬁr’gsé'p%cffﬁ‘”ﬂﬁf%%er form- R MRE s @8 i n unit

dosage .forns meffomn ofusyemdiens, Sbimioﬂs mdragmﬂéamtofﬁxetaeu@qﬁgfedlm% E??u:o&ro?f erably
about | to above abo nost preferabl y about 5 above about

25 ng of dct PORAIRGRYS g%‘ie@ﬁts Fgﬁ?ﬂ at‘ifd’é&@‘é‘ ery.ofnypddifipn {g 3 qompeundgiitheci at ed
that appr opr pakén deemRBASthepharhSaHeHD BotskEItRA canGRIR B i oARE Of the

i nvention may depend on the type and severity and stage of the disease and
can vary froRppaesateally actyscrneundper spialinf compounds PHe invernsiene wi | |
general Iy i nvol veriphs,-RRLWBAEG 119 EEQQ] fit against
any risk or 30 del eter| ous Si de“@Bf ect sth‘g#b% lgt){]tihgg ?E‘Wﬂ%& g present

i nvention. | &ferradyto herpia apihe deting lsﬁe@lm mevbﬁjaﬁrmmsttr:@dém‘thmmrdiymye peak
concentrati o O\ s of di seas Thi,s may be
achi eved%f O%ﬁgﬁ%m}t@ﬁm@%ﬂﬁlﬁ@é@? avehot's lcif(ﬁ. udpms nﬁ'nsfm?aﬁ’ea Ao ug.
optionally i husal mdaublmgu@); a:ignyﬂ drental emciuchnlg SIiJaItaIﬁBuslﬁm;lﬁmuﬂlay, 2004 WO

01/ 07454 PCTJ S 00 as, a t abl et sule aq cont ai ni ng
the active i ngrgnas ﬁégﬁ athF oo petd] é(,\gﬁllsa?sg% tB%%G'Q‘B fray be

mai nt ai ned bpre&rmdmmmuﬂlmymﬂuemmdlﬁom\agdeftac r&ipwnammwxsaﬁeunt of the
active i ngregagnt wi fhin disease tissue. The use of operative conbinations
Is contenpl a ovi de therapeutic conbinations requiring a |ower 5

tot ﬁl dosgge of emGRnaaPLNEHIE daddifordach bf e ShtivelniABd S8iYpoRfids] RGnineed when
eac

r(u

range of about 1 to about 100 mg per kilogram body weight of the recipient per day,
preferably in the range of about 1 to about 50 mg per kilogram body weight per day and
most preferably in the range of about 1 to about 25 mg per kilogram body weight per
day. Unless otherwise indicated, all weights of active ingredient are calculated as the

20  parent compound of the formula of the present invention for salts or esters thereof, the
weights would be increased proportionately. The desired dose is preferably presented
as two, three, four, five, six or more sub-doses administered at appropriate intervals
throughout the day. These sub-doses may be administered in unit dosage forms, for
example, containing about 1 to about 100 mg, preferably about 1 to above about 25 mg,

25  and most preferably about 3 to above about 25 mg of active ingredient per unit dosage
form. It wili be apprecmted that appropriate dosages of the compounds and
compositions of the invention may depend on the type and severity and stage of the
disease and can vary from patient to patient. Determining the optimal dosage will
generally invoive the balancing of the level of therapeutic benefit against any risk or

30  deleterious side effects of the treatments of the present invention. _

Ideally, the prodrug shouid be administered to achieve peak concentrations of

the active compound at sites of disease. This may be achieved, for example, by the

intravenous injection of the prodrug, optionally in saline, or orally administered, for
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I ndi vi dual therapeutic conpound or drug is used al one, thereby reducing
adverse effects. Wiile it is possible for the prodrug il§gle8deR #0040 be
adm nistered alone, it is preferable to present it as a pharnmaceuti cal
formul ati on conprising at | east one active 10 ingredient, as defined
above, togWOHWEP4G4 t h one or nore pharmaceutical ly acceptROVus002080% | er s
therefor and optionally other therapeutic agents. Each carrier nust be
"acceptable” in the sense of being conpatible with the other ingredients of
the fornulation and not injurious. to the patient. Formnulations of the
present invept.li i I oral admnistration b 15, esented as
di screte uni @émg%c%%ééﬁgﬁ‘g?%‘ﬁgegf SYCEH e % ?gﬁv&"ég?&iﬁ'&ﬁ)isﬁﬁ?lﬁg[?@g a

pr edet er m nekivelsoiitht prodrup iy &e triainaihciddiyerbotilvoustfigsidgnavwpRiidea gr anul es; as
a solution o suspensiqQn,tj.n an aguepus O0r.nQn-agqueou iquid; or as an

oi | -i n-wat ermﬁaﬁ?ﬁ%ga‘é‘ﬂ’m ?f%‘ﬁa ven%r%ﬁfxgmtﬁngg?qasq 1Sgs zméﬁfﬂ%fi"aﬁ?twﬁwe active
i ngredient egmbAksiondie cRianRMEEH pRovidd therapeulit 86hbiaATond Feqimnk 8 lowd A tabl et
may be made b onpressi.on or nolding, optionally with one or nore
accessory?i nfj’}/"éa‘?sgg‘i%fs

a suitable ﬁi&ﬁrﬁﬂuﬂl&hér'ﬁﬁéu_ﬁ&édn%ub@&r&gg BRked dlorf?, bRy fdafuh I gvEQE M Such as a
powder or granules, optionally mxed with a binder” (e.g.7 povidone,

‘gel atin; hyd®®eFpropyl methyl cellul ose), lubricant, inert diluent,

preservative, di S‘i’ﬁilé?ﬁr blé Bor her r%ﬂ' % Ercﬂ ar ﬂ§ , . eross-1inked
povi done, cross-lin eld g%%umﬁgareﬁ’oxy Itﬁ%}y cetﬁlrﬂ’ﬁ%éorge syeg%ua?(%%tlé-sacti ve or
di sper si ng apreferableNb présent ttabk phamacephienl fobalabyn cwhptising at least onsaditivabl e

machi ne m f nd noi stened wi.th an inert liquid .
i 1 uent . Mneltpieag ts deafet 80 e BB B orhbes Bttt s

formul at ed scardas therefqyand opliensllyosher thecapetticdgents. Eflheaster ahstbbe active

I ngredi ent therein, usi f or..exampl e,...30 hydro ropyl net hyl cellul ose in
varyi ng propo"}pﬁp})ﬂﬁge f‘b@‘gF%‘? ‘afebeﬂg?gﬁ'ggtfﬁ"eﬁ’q\{&e ﬁ"g“‘g FI"E&“’TabI ets may
optional | y bfompnlatércmd ned injariaws te tegratientcoat i ng, to provide release in

parts of the gut Pot her .than.the stomach. 38.1 9 January. 2004 WD 01/ 07454
PCT/ t 1SO0 20008 Fommulations of the present invention suitable for oral administration may be

15.  presented as discrete units such as capsules, cachets or tablets, each containing a

predetermined amount of the active ingredient; as a powder or granules; as a solution or
suspension in an agueous or non-aqueous liquid; or as an oil-in-water liquid emulsibn or
a water-in-oil liquid emulsion. The active ingredient may also be presented a bolus,
electuary or paste.

20 A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder (e.g., povidone, gelatin, hydroxypropylmethyl
cellulose), lubricant, inert diluent, preservative, disintegrant (e.g., sodium starch

25  glycolate, cross-linked povidone, cross-linked sodium carboxymethyl cellulose)
surface-active or dispersing agent. Molded tablets may be made by molding in a
suitable machine a mixture of the powdered compound moistened with an inert liquid
diluent. The tablets may optionally be coated or scored and may be formulated so as to
provide slow or controlled release of the active ingredient therein using, for example,

30  hydroxypropylmethyl cellulose in varying proportions to provide the desired release
profile. Tablets may optionally be provided with an enteric coating, to provide release

in parts of the gut other than the stomach.
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Formul ati ons suitable for topical admnistration in the nouth include.

| ozenges conprising the active ingredient in a flavoredoasuary 2084al | y
sucrose and acacia or tragacanth; pastilles conprising the active
ingredient in an inert basis such as gelatin and glycerin, or sucrose and
acaci a; anWof@Mpthashes conprising the active ingredi entPCBUSON240% i t abl e
liquid carrier. Pharmaceutical conpositions for topical admnistration
according to the present invention nay be fornul ated as an oi ntnent,
cream suspension, |lotion, powder, solution, past, gel, spray, aerosol or

oil. Aternativel . tlen, may. conprjse a .patch or ressi ng such
as a bandage or am@}aégﬁﬁg%lég)r fo%%ﬁﬁ@ﬁ%ﬂ'ﬂﬂ%&q‘\t}b‘"‘fﬂﬁ? ’??6?“@8? ents and
optional | y omempuisingtheactive ingrediensinarflatbled dasis usifally sitirsse at€scatia ok he eye or
ot her external tissues..e.qg.,.0mouyih and.ski.n, the faornulations are
preferably ag‘aﬁ"@iﬁé’é‘“ﬁk’? S%P%rﬁf“g&f'ﬁﬂ%ﬁ{“gfﬁd‘e@?‘é'éﬁﬂ%ﬂaalﬁ tgseratinet i ve

I ngredi ent i andgiyeenaldiisuerbse sho beiea i HoutRPRHEs QnfdfiSink thedROVY ing@dfey W,

preferably about O.i t,g ahout 25% w w and nost preferably about 0.5 to
about 109w/ WA 2 NHePre PUEGYRE: at ed in an oi ntnent, the prodrug may be

enpl oyed with ei t dgimaceR@dabédnigisioR foRtoplal fbrittstetioR Lz&:ofﬂgﬁg {581 prP@5E -

Alternatively, the prodrug ingredients may be fornulate na-creamwth
an oi | - i n- wat@eniqngngy, hsfeanulated agag opnigent; dreany quapousionp letion, pofvdehe cr eam base.

may i ncl ude, : : bgf# ]ﬁ 9 dri c_al cohol,
i.e., an al cgﬁg?orﬁg%%ﬁﬁl\? ’S?B&rrg?ltemg y rg@"\l’\g %ﬁ%‘ﬁ%@ﬁ%%& nﬁ?%pyl ene
g: yco: , but a_rmetcllp@masing Sndrmiatbghdags_olrzbﬂle?*qplg;[:ajdzlapmgnatdnﬁdﬂpadn. 'ye';) IhyI ene

gl ycol ang mi. 4 e topical .for ations may desirably

i ncl ude aﬁgcol édiél%%tahgt%f’tgon £ %_%sorté%og%? ':H’%‘ﬁsog}é‘}ﬁ%tration of the prodrug
i ngredi ent  t hr ouBdér diseases &f the eye ablher exadrhal Gisals, 215 asouttBxc@iRinetheof such

dermal penetration enhancers,incl.ude dinethyl sulfoxi de and rel ated

anal ogues. 2307TEUGHS AE %ﬁ%?i’lyoﬁppl‘?‘fgas@ﬂﬂ?‘g ‘ 8%?’"3? Of Ffeam FORFIRIELhF ATHYE be
constituted ﬁﬂgﬁéﬂimkiﬁ@ﬂirﬂoﬁ?fo@,dbﬂﬁaﬁpieﬂg&uk?}%o%&ﬂ@O% v%: befddily phase may
conprise nere mul sjfier t herwi se known as an enul gent it
desirably coﬁh‘%ﬁtg\gé"%‘ﬂ‘ﬁ%/ﬁww&égﬁPStheé%@Ymtgéﬂ?WFé‘iM’N/YVh fat or an
- 0i | or wifsh b@fdmmfiﬁhuaiﬂﬁlneaﬂwﬂmm&ﬁafba%moyamw&ﬁmmnﬁwhsifier i s

i ncl uded together with a Iigophi lic emul sifier that acts as a 30
stabil i zer- Mater-gisgibloigimenebase jAlgnatively, the prodrug ingredipats manbe f at .

Toget her,  t Ngofiitbkedliih b 8fchd it dn'dil0h-witdr R 13201 | 1 zer (s) make up the
and

so-cal |l ed enul sifyi ng wax,
: : desired, the aqueous phase of the cream base may include, for example, at

least about 30% w/w of a polyhydric alcohol, i.e., an alcohol having two or more

| 20 hydroxyl groups such as propylene glycol, butane-1,3-diol, mannitol, sorbitol, glycerol
and polyethylene giycol and mixtures thereof. The topical formulations may desirably
include a compound that enhances absorption or penetration of the prodrug ingredient
through the skin or other affected areas. Examples of such dermal penetration
enhancers inclede dimethylsulfoxide and related analogues.

25 ' The oily phase of the emulsions of this invention may be constituted from
known ingredients in 2 known manner. While this phase may comprise merely an
emulsifier (otherwise known as an emulgent), it desirably comprises a mixture of at
lease one emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a
hydrophilic emulsifier is included together with a lipophilic emulsifier that acts as a

30 - stabilizer. It is also preferred to include both an oil and a fat. Together, the
emulsifier(s) with or without stabilizer(s) make up the so-called emulsifying wax, and
the wax together with the oil and/or fat make up the so-called emulsifying ointment

basg which forms the oily dispersed phase of the cream formulations.
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the wax together with the oil and/or fat make up the so-cajled eré‘r%l si fying
oi ntment base which forns the oily di spersed phase of t Eleatlie

formul ations. 39 19 January 2004 WO 01/ 07454 PCT/ US00/ 20008 Enul gents and
emul sion stabilizers suitable for use in the fornulation of the resent

i nvention M@IMIHE Tween 60, Span 80, cetostearyl al cohol PCHS%24%¥ 4| cohol ,
gl yceryl nonostearate and sodium |l auryl sulfate. The choice of suitable
oils or fats for the forrmulation is based on achieving the 5 desired
cosnetic properties, since the solubility of the active conpound in nost
oils likely to | ?’gﬁﬁ | cal ' nul af.i o IS very

| ow. Thus the cr?gnnl#& gﬁgtlj?gﬂf)@é erag%éyrg é‘a@gﬁ%ﬁ‘?g?’e‘gﬁ‘{mﬁgﬁﬂsﬁﬂleni ng and
washabl e pr quesent ipventorsiniladtoecen®@nSpas 80 netostearyhalodtob], Inpalsag elcfliiohm t ubes or
ot her cont ai qz eg,lmgkgsg%gal{g rsogmqg@qmﬁ%]gi n,. nono- or dibasic alKkyl
esters such 5 I -1soadl pate, 1socetyl” sté€arate, propylene glycol 1o

di est er of cocon(The tlatideyof awitabile, oils sofatsdpaythe fiyrmiukitiai 3, bastdomlackibving e

i sopropyl_pahnitate, .. butyl. steargte,, 2-et hexyl palmtate or_a blend of
br anched % ha‘*%ﬁlmélgcfﬁ? PR e%émcﬁ:&'SdS‘Hé’ih%’%W%&g%& MIRSSLPUASt ¢ hree
bei ng pref erlfiely to b¢ tded in pHaaff eyl dtulsioe brmalaftE iOVery fove OTHYs BRlcr&h

dependi ng on_t properties required. Alternatively, high_ nelting point
lipids such SQQ‘“&HT#%%Y)#V%%F?N@&W‘B% #dgrashablapradudt withsuitabléer i ner al

15 oil's can dgsistery o MIdTEAAEE RES nfbés bAdthé chRhinkQPsrRbna BlAbALkhon to
the eye also include eye drops wherein the active ingredient is dissolved
or suspendedn9n9- gr dibasicalivb esters pych s di-isapdinateaispsetd steargicepropylensiglyont for t he
prodrug {Narfsis 8 cocdhift % A8 Gso 4,1@%,;( [ r e t in such
formulation in a c%or?centd?tgt i on S&%ggﬂ %dtécoylgl?gi&eis%@&ﬁ@;@&

advant ageoudiuyl stserate, Dethythexyhpawitate 096 bland ofhrhnched chaboastersknb%nag w.

For nmul ati on eaipl, U St 18 | sent as_a su sitory
with a sui 'f%;g?{em(gase canprl g‘#’%,lgs?g"?&exa %?Q%:(g%sgeés ‘gﬂ{&feelpayo?e%%

sal i cyl at e. dkgrernn indombmstiouddpeisling drohe pmgertied requirddniAdtermtivaly) highy be

presented as uppesi.t ori es, t 0 Gl.ea el stes, faoans or spray
f or mul at i onsm%l%nr#)%l"%ihﬁ’g{sls%&aig%lggmﬁq%%?gnﬁ?fé%ﬁ% PrefPEaEsl such
carriersisas dilseakeoowead.i n the art to be

Formulations suitable for topical administration to the eye also include eye

drops wherein the active ingredient is dissoived or suspended in a suitable carrier,

especially an aqueous solvent for the prodrug ingredient. The prodrg ingredient is

preferably present in such formulation in a concentration of about 0.5 to about 20%,
20  advantageously about 0.5 to about 10% particularly about 1.5% wiw.

Formulations for rectal administration may be presented as a suppository with a
suitable base comprising, for example, cocoa butter or a salicylate.

Formulations suitable for vaginal administration may be presented as
suppositories, tampons, creams, gels, pastes, foams or spray formulations containing in

25 addition to the prodrug ingredient, sﬁch carriers as are known in the art to be
appropriate. '

Formulations suitable for nasal administration, wherein the carrier is a solid,
include a coarse powder having a particle size, for example, in the range of about 20 to
about 500 microns which is administered in the manner in which snuff is taken, i.e., by

30  rapid inhalation through the nasal passage from a container of the powder held close up
to the nose. Suitable formulations wherein the carrier is a liquid for administration as,
for example, nasal spray, nasal drops, or by aeroso! administration by nebulizer, include

aqueous or oily solutions of the prodrug ingredient.
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appropriate. Formul ations suitable for nasal adm nistration, wherein the
carrier is a solid, include a coarse powder having a pdStieoharysi084, for
exanple, in the range of about 20 to about 500 mcrons which is

adm nistered in the manner in which snuff is taken, i.e., by 30 rapid

i nhal ati orW@BYE#$h t he nasal passage from a contai ner ofPGTHEHer hel d
close up to the nose. Suitable fornulations wherein the carrier is a
liquid for adm nistration as, for exanple, nasal spray, nasal drops, or by
aerosol adm nistration by nebulizer, include aqueous or oily solutions of

the prodrug ingr uar 11074 4 PCT/ (J$00120008
Formul ati ons sui t%(aagﬁ&%?onég%%aggn g?*é%%%%%?&?ﬁ R 2838 us and
non- agueousSagus®isevtaicsdteile inﬁctlm sudittions whirh uiidy@dataintantiloxidayts, Gafftm@) N

anti - oxi dant buffers act er,i osta nd sol utes . whjch r er. .the

fornul ation ??WS%?%“W?H’ Srvdug ISB%" Eﬁ“? a‘f%@ﬁ%ﬂ%& ﬁﬁgﬂf’f thshd aqueous
and non- aquemtiadéitretipiest; mm&aﬁmeﬁ@nwaa@homnnmkpeﬁﬁo& WwigPaadinomdagent s
and thi ckenlggmgent S, posones or other mcroparticulate systens

which are’d e 28 él?“”“ FREASHES GRd lipesomer e ptics mgPRAQIAS one or

nor e or gans. syliefs Wdﬁl&e?ddsigﬂéi ma&ga%@éoﬁfp%nﬁ@fé Hl(fbd‘éﬂin])orﬁzﬁt%%r Bfie gful ti - dose
seal ed contalners for exanp ngou es and vi al s, may be stored in a

freeze-dri edmor(ewygfipﬁ. Ihezfeal}ulet&ﬂamav ﬁpffé%qmdrmﬁgn@nwrm@ desgisedlesn of t he
sterile 1 QUlGhSRIY ik exardyIE, ahfofIKQRRI Eal/Bh ol B bl §Fd hODR.aribamTed! At ey

prior to use. Extefporaneous Injection ons an suspensions may be
~ prepared frﬁmﬂﬂ)sommwnmmuﬂggd@mnbﬁm stmsle(m;mdtchmeklfmd previously

deser bty St LRSS AR o GIAL Kol oLl G o1t

particul arI y *HERti one
-incl ude ot hesolwtipasisi susprugonsiroaycie prepatddefrond Stedie powders, geannieg adddatilets bhe type

of formul ati uest exanpl e, those suitable of oral
adm ni strati ‘g‘ﬁ‘%@y&i hoélffaglgscg&g{‘l further agents as sweeteners, thickeners
and flavoring agestosld Hermddrstasd ﬁﬂdn@@c[iﬁﬂﬂotth@iﬁﬁreﬂfen& patibsdghentidhed he
present inventio | so b esentedto use I n the form of
veterinary f&”ﬁfr%ﬁnﬁ\éﬂ@anq}aﬁpgﬁmsﬁﬂfﬁq}gﬂﬁ‘%% ﬁ’?agf@ts FetveRimakinthe o e
conventi @oal art RavidpGre@did to the type of formulation in question, for example, those suitable of

oral administration may include such further agents as sweeteners, thickeners and

flavoring agents. _
Prodrugs and compositions-of the formula of the present invention may also be
presented for the use in the form of veterinary formulations, which may be prepared by
20 methods that are conventional in the art.

The foliowing examples are intended to illustrate, but not limit the invention.

Materials and Methods
Synthesis of Nucleoside ECTA Compounds
25 Synthesis of the above noted 5-substituted pyrimidine nucleosides can be
accomplished by methods that are well-known in the art and briefly described above.

In one embodiment, the present invention invoives four classes of compounds.
Each class is defined by the structure of the uricil base, or modified uricil base present.
30 These classes are ECTA compounds where: 1) the baseis a ﬁJfano-pyrimidinone
derivative of uracil; 2) the base is 6-fluoro uracil; 3) ihe base is 4-hydrazone substituted
uracil derivative; 4) the base is uracil. The uracil or modified uracil derived base is

used to synthesize compounds substituted with toxic leaving groups at the 5 position,
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The follow ng exanples are intended to illustrate, but not limt the .

i nvention. Materials and Methods Synthesis of Nucl eosi dd°Hemsag@®gbunds 25
Synt hesi's of the above noted 5-substituted pyrirnidine nucl eosi des can be
acconpl i shed by nmethods that are well-known in the art g"ndﬂﬂ{?{ﬁw

descri bed %B8YE*4 n one enbodi ment, the present inventi i+ s four

cl asses of conpounds. Each class is defined by the structure of the uricil
base, or nodified uricil base present. 30 These classes are ECTA conpounds

where: 1) the base is a furano-pyrimdinone derivative of uracil; 2) the
base is 6-fluprRkd¥yAielectroh coniit RARE af his 4 pAYHLR2RA " jatelll aCi |
derivative; 4) thelb?base Is uracil. The lﬁré’gill ‘gr n%&???lgéhhéﬁé%mderived

base is use®agsmHlY haweadhe elagitmrenduiandithe toxie deawing lgraupx Tbe E@BAI ng gr oups
at the 5 posiji s P 008, attached b
2 electron coraastin buROAbAHES. ihdbhoabas. s bhdkohbd a3 !

at t posi thon, and-i I'ng’ an appropriate

spacer noi etgrotsetedEarskads) depxptridines coemepatablerttrivatives ofdlternateyi Ng group. The
ECTA conpoupngs. . , po! 0 hate, 5!. '
phosphodin}e)st er, hg'?rggpﬁm%&g’?ggg%gg%d‘%@E‘eﬁmﬁwﬁgf%ﬁ?\%&‘ﬁ%@wdﬁﬁmar abl e
derivati ves ménaphosphatetierivatiGesciae thotvyidmdiich thopleisplase méisty haskdeh bRgkdde! ow.

T wh ch t he g B A E S RCRTatle Shemict PRt BowRo S RBOL: t achiment of
sui tabl e chesmubatinpddeacuiidige glos®sptatcica¢itivesicafimpRve shistilityUta6itltate
deoxyuri di negﬂoggghogghatég?.fleri vatives can inprove solubility, facilitate
cel |l ul ar pen®tPat pagratiogfariitals passage acrgss thehlpedsbrigbagiepad predenh 2¢ienr i er |
and prevest @Gkinla ok@x@icemhl phodhaREeseWhicR ARt bintfwiR 1eSRNAIRS 6fme Whi Ch

m ght otherwise result in |loss of the phosphate group. In another

enbodi nent, Bospigegreyp: o anpthasiembediment, disnkstinad; ueniliof agdiae derivatives afest er ed
to cells conigiimiafd cs eshalRink nDASS R/ AML Lok W&ﬁa’u? Suikyiist 1 tuted
uracil/uridine derivative is cog\?ert&g% to-a 5- SuBstity %‘5@35}]?5 ﬁ%s

nmonophos phat @acihapdinederiyative iy ¢ogiveréedde piSvabstied vridmeahewpbesphateli fi ed t o

I ncrease thegr: ubi ] 4 . | . ability ta cross the
bl ood- brain ezlii]rv ?@g r I?HE? ?i)&gﬂgaq(;#fvl%f %@%&%F%E]g&g%%@%g&g%gﬁ S%IP %‘h%’sﬁ ut ed

uri di ne mnopsnetsationst and/or ability to cross the blood-brain barrier.

* Action of thymidylate synthase upon 5-substitted uridine monophosphate

derivatives can release the substituent attached to the 5-position (“leaving group”) of the
pyrimidine ring. The released substituent is then capablé, either inherently or following
reaction with another cellular component, of acting as a toxin or an inhibitor of cellular

20 proliferation.

Svnthesis of ECTA compounds with propargyl tethers

The synthesis of propargylic and allylic alcohol-equipped 2’-deoxyuridines is

straightforward. Many of these and their close derivatives are reported in the literature,

25  and some have even been studied in connection with TS. For example, 5-alkynyl-
dUMPs including the 5-(3-methoxy-l-propynyl) and 5-(3-hydroxy-l-propyny!) ones
have been examinedl as TS inhibitors (Barr, and Robins (1981)) and some of these have
been shown to become incorporated into the DNA of TS-deficient cancer cells
(Balzarini, J. ef al. (1985)).

30 Both 5-mercuri- (Ruth, J. L. et al. (1978)) and 5-iodouridines (Robins, M. J. et
al. (1981)) readily condense with alkenes and alkynes in the presence of a palladium
catalyst to afford C5 tether-equipped uridines. The latter route is the more often

employed (Robins, M. J. et al. (1982)), Asakura, J. et al. (1988) and (1990)). High-
42




derivatives can release the substituent attached to the 5-position ‘
("leaving group”) of the pyrimdine ring. The rel eased 19ulastany @804 i s t hen
capabl e, either inherently or followng reaction with another cellular
conponent, of acting as a toxin or an inhibitor of cellular 20

proliferat WH10B5ht hesi s of ECTA conpounds with pronaryyPCT/E$A429088 The
synthesis of propargylic and allylic al cohol -equi pped 2'-deoxyuridines is
straightforward. Many of these and their close derivatives are reported in
the literature, 25 and sone have even been studied in connection with TS.

For exanple, .2 ' LnRg, the, 5-(3-.met h l-pro A and
5- ( 3- hydr oxy-ﬁe}%#%%@%ﬁ%gggggrgﬁg\ggk E‘g’&i)édé’%(“ﬁ‘é%‘“aé’ﬁ%bwﬁﬁ%“ﬂ%ﬂw (Barr,
and Robi ns - ( Peghigyl @lmd (Swhan,of ak (K9E); DevBercqeenl. Q98N mEthyR60Ey) 1 ether

oot Ron 2t o (OB NE R i L8 SROE B b R e
5-i odouri di n@ofwimbétrak (1998)) hawt beea hehidvE8The 3-hedoky-Ypophtensetmbdth al kenes
and al kynes i.n tdhe resence of .a a:ﬂ{ agi um sggbalggﬁ%;to afford C5 '
t et her - equi ppetP H‘ﬁ‘@?’ﬁ&g‘?‘ Gfﬁe@ml“ﬁ‘tctgﬂ SP BB fEFeFSEd PR 21 peuction ofap| oyed
(Robins, M Jnetikryhite grodd@RD) Y. M.salsur(m%?; itRf a®iking EHRGHEL satdd990) ) . Hi gh
42 WO 01/07454 19 January 2004 PCTJUS00120008 yi el di ng condensati ons of

protected 5- iteAgBemusediwdhg synihgsts alsB Wi Thess paljadiimreatplyzed;reagtionsregear gy |

et her (G aha ; Ghry fﬁ"ﬂﬁ pr opar gyl
ether (Tol strﬂerlfgs}? mgttmé}laf%g(%%eggtg%ﬁcgg fehe Q[ldpdébé?ﬁq é%t co % Y'%eidsel f

_)g and even propar

(Chaudhuri, @ropaigyl-paserbisthers te)S- wiepxyuaidings. . (LivieBOg . (198%manddtobbsaichi eved.
The 3- hydy,0x r R édﬂ. %l_.y ' l.atter reaction
can al so Oe §%§c33?s§9y%¥?,18?%§\3 r%gggﬁ%%%?ﬂgg%ﬁﬁaco g‘faé‘?'éo oup (Cho, Y.
M et al. (19gbpigyli¢preairfor avérdindipr tatalysti(Rebisn e JHa @k (1988 ctheras s @E)-i n t he
synt hesi s of U T | adj um catal yzed reaction e s ersatile
that they car?ﬁi@}e dtoggscsz%%gé’e%hg%&v%% 8%9 5%8"%(7 &B@b&?’gvvﬁ?&ﬂﬂﬁ?‘ nal i zed
propar gyl - bastiche (Crisp(1989)h- | odo- 2' - deoxyuri di nes. (Livak, et al. (1992)

e HoDDS, 10 (198 e o S el P2 o
J. et al.15( 1983)-}quifped 8°2S’-8iN®-ptdRicted 2’-deoxyuridine (Graham, et al. (1998), and De

Clercq, et al. (1983)) is prepared and a portion of it, converted to the corresponding (Z)-

allyl ether, (Robins and Barr (1983)) is reduced. Because the TBAF-mediated removal

of a TBDMS group generates an oxyanion that can be functionalized. in situ, these

TBDMS-protected propargyl- and (Z)-allytic-tethered nucleosides will serve as

20 convenient precursors to some of the toxophore-equipped targets. For the (E)-allyl
alcohol equipped nucleoside, the known O-tetrahydropyranyl ether derivative is
prepared by the literature Heck coupling of an (E)-tributylstaﬁnylated ethylene (Crisp

(1989)).
H\ 0O H\ e
N N
o< ) 0= )—C-=C~CHyOH
PG-O N PG-0~ o N —
S, S, propargylic,
. —— 4 {E)-allylic, or
{Z)-allylic
s PG-O PG-0
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al Iyl -based ones are best prepared by Heck coupling of an

(E)-tributyl stannyl ated ethylene (Crisp, (1989)). d osdPyangyaiPhg t he
literature procedures, a t-butyldimethylsilyl propargyl 15 ether-equipped
3", 5 -di-0-protected 2'-deoxyuridine (Gaham et al. (1998), and De
Clercq, etwealn1/07a:983)) is prepared and a portion of it, WUMGH20E to the
corresponding (Z)- allyl ether, (Robins and Barr (1983)) is reduced.
Because the TBAF-nedi ated renoval of a TBDMS group generates an oxyani on
that can be functionalized in situ, these TBDVS- prot ect ed propargyl - and

(2)-allytic-tethered nucl eosi des wil as .20 convenient precursors to
some of the toxo%ﬂ’rgé’tgaﬁfcﬂz' t\"&rp&g?%o &Fb&ﬁ’sl‘eh@ @%%PWPWO&!@%%?S equi pped
-nucl eosi de, @bk tR\Wopakdyiit bt () bapiz)anylic AtREs AeEdnvatddtees Prepared by
the literature Heck coupling of an (E)-tributylstannylated ethylene (Crisp

(1989)) . C= Soespepgingpisrisigmyighosphoramigateson thiophosphpramidates s that|TSc 25 43 19
January 20044 GRS ROFRISOR0BS RS Wicalo SRk B Pr ot 0COl

(Phel ps et al and Hsi ao and Barri os e propargylic and
(E) and (%) tamsganp érua$ TBRY 105 ThipEERH DBV ene 6t ald ?%é) FeSPQf;BWIESpondl ng

bi s-aziridi nyl phosphoram dates or thiophosphoram dates so that TS .
processi ng of the 5'-nononucl eotide versions wll rel ease an active
netabolite of the 5 cytostatild dru TEPA or Thi oTEPA (Dirven, et al.
(1995)), respectively. =C CHZ-\ﬂ—i OPG-OPGO1 PG-0

o=< C= =C—CH,—OH

PG—0O '
‘\\\\‘0_’14/ propargylic,
(E)-albvlic, or
(Z)-allylic
A\
N (S)
Il
o=< )—C- =c~—CH2—~o—|T—NQ
PG—0 O, N propargylic, N
S (E)-allylic, or LA
(Z)-allylic
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propargylic, (E)-allylic, or (2Z)-allylic 44 S) _CCH2 O, NJ N,

propargylic, U (E)-allylic, or (2Z)-allylic 19 January 28clanwmy@p047454

PCTI US00120008 Synt hesi s of furano-pvrim di nones Synt hesis of

furano- pyrim di nones begins with synthesis of a C5 propargylic -

al cohol -eqmoﬁb‘glfsﬁ' - deoxyuri di ne. Furano-pyrim di none ¢ &2%%% e then be

5 fornmed fromthe O-tetrahydropyranyl ether derivative described above.

Synthesis proceeds by reaction of the second carbon of the propargyl bond

with the oxygen attached to the C4 position of the pyrimdine ring to

yield a fluorescent furano- pyrimdinone which can be readily separated

fromthe reaction m x. Such_conpounds provide an additional basis for

~synt hesi s of Senthesisof frangmpinidingneh, vari ous 10 conbi nations of specific
el ectron condui t im§ﬁ§ yxtinﬁiﬁ'i ' Qroups . .

furo[ 2, 3-d] pyri m'SS [ nonegf;\uglﬁg-g_si_des&\?eksre%\%l'rggvﬁ%ﬁg%ﬂ%;/s %ﬁcéepﬁg?aﬁ@mﬁ", 3'-di-

15 O p- t ol uodirohei-equipped 2ddeogyuridine, | Fubanp goimitlinahe osmpainds are tivintbl

| -(tetrahydr %@_ - ' hods of .synthesis of

S- am noet T{yl g’g‘%azo lg'és' Jf)%gg},y %5 %yiﬁlﬁ%\ﬁeﬁ%&fﬁfgﬁf%d%ﬁ% ﬁ‘ﬁ%ler

condi ti ons kprovgeds by ysaction bEtht kesohdcarbdn afithefrofidngd dond Wigpthe se@ih  conpounds

(Robins, M t 83).). Base-catal.yzed re al of th car bohydrate

protecting gg%aﬁ%esd tgg&é& t%%)ﬂgx-l ?{ig}er"éﬂ?’é‘i’%ep@q%fﬂy%?‘% h&%’?ﬁ?ﬂ?\“ﬁ“—‘%ubst ituted 20

- bicyclic nucpgisiittensnhicicande reidiif egpamtiajfRed e rdabrici mixd Buech asigdusdsTHP group
hydr ol ysi s TFA in 2C .0r._was_ regiosel ectively 5'-phosphoram dated by

" the sane pro&@ﬁ@?éﬂ 8‘]‘]?85%?-0&5&}”@%@\?&%.%@& RO WSk vappRser t he

phosphor agm dednhisiatiohd 6F spddHic electron conduits, spacers and toxic leaving groups.

The furo[2,3-d]pyrimidinone nucleosides were prepared by condensing 2',3"-di-

15 O-p-toluoyl or 2',3"-di-O-acetyl-5-iodo-2'-deoxyuridine with 1-(tetrahydropyranyloxy)-
2-propyne ("New methods of synthesis of 3-aminoethylpyrazoles” Jones, R. G. and
Mann, M. J. (1953)) under conditions known to prémote the formation of these
fluorescent compounds (Robins, M. J. et al.(1983)). Base-catalyzed removal of the
carbohydrate protecting groups gave the 6-(tetrahydropyran-2-yloxymethyl)-substituted

20  bicyclic nucleoside which was either sﬁbjected to standard acidic THP group hydrolysis
(TFA in CH,C)) or was regioselectively S'-phosphoramidated by the same procedure
used to prepare BVdU-PA and SFUdAR-PA. After the phosphoramidation, the THP
group could be removed by acidic hydrolysis, as shown in Figure 4.

25 TS ECTA compounds based on furano-pyrimidinones
Toxic R* leaving groups can be attached to the furan-2 methyl alcohol using

methods similar to those employed to attach toxic leaving groups to the hydroxyl on the
CS5 propargyl uridine compound, as explained with the synthesis of the TEPA and
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group could be renmoved by acidic hydrolysis, as shown in Figure 4. 25 TS
ECTA conpounds based on furana-nvrinidinones Toxic R4 | d@vlanyary280fs can be
attached to the furan-2 nethyl al cohol using nethods simlar to those

enpl oyed to attach toxic |eaving groups to the hydroxyl on th

propar gyl WPP4PH& conpound, as explained with the synt hé’ﬁrél’SB‘meWe TEPA and
45 19 January 2004 WD 01/ 07454 PCT/ USQOt 20008 Thi oTEPA deri vati ves

descri bed above. A variety of alternative toxic |eaving groups, apparent
to one skilled in the art, are envisioned. In addition, nodifications to
the length QPatitald ‘ J and of the
composi t1on SRoT e anall A taliind olt: £ VaReY QIERA S HVERSHnET
conpounds ba2Rrpareaifo Opg Py the @t cire gvisionedn Inpaddisiop onedificatiohs tohyy i ousl y

modi fied " Q' cpRehid & Poﬁﬁ@ﬂoﬁh@i@é&dﬁoﬂ%ﬁfﬁuﬁ coftBOREN drla Y B oA EsifisH of
substrates for- human I nteresti

5- (4- hydr oxylheBusgmsrle}enz-’nt@reekqmamé was found to be an exceptl on (Barr,

P. J. et al. (19 can_.have a free 5" droxyl, a 5'
nonophosphat e, o%aﬁg"[‘lleﬁmg&%or am date gr Sﬁmma‘{{?oé%% e SSCRﬁs‘séf’(er native
car bohydr at ev@moslpmodxﬁedbQétnocmeshddaddesubgmmhési &eo@iurﬁh&barephosphor ani dat e

conpounds is_acc i,shed cti.n hydr oxy
‘unpr ot ect ed ﬂ‘@fﬁtfag%ﬁjf’ t’lﬂé{g I G rpﬁé‘r?ﬂg‘?’é l?i?l“’f“ﬁg @“‘E)f an HC
scavenger . Imsafop:ﬁme:émdxoepmqmem I &hﬁgl@h@)ﬁ)pmﬂ@ncp}\lc&aﬁanﬂ@%rl ses a
phosphor us substltgg t h t} d roman am no acid such as

al ani ne. Forha¥g a/dse Yy 8 pﬁ‘Bg?H% PiSrQrda) Ehesghorpmidate group attached to

phenyl - Lyget hoysalaaksihyda 5.0 Rb®¥1 hidBHol forsinthbiifQudtf | di ne and C4 hydo;
one based conpounds The neutral thiol addition'to the pyrimdine C5-C6

doubl e bond Phasehosamidae compougdss ﬁ@PﬁP’éShF@bHﬂia@ﬂ?g(@-@okt Fhyssexymdl; see
review by Legy, o%cyxﬁbro?éctedﬁ&a&ﬁl)de WanhhRonA Qﬂ%g pséfe 0?%1 Mt h duve.

Al ternative substl tuents to the TS reac rogen PRt position that
can facilit asxavenger. fipa prefarsd e@boctﬂﬁeutstht p@QﬁpMChboddemmWSbhepmlwm via the
active humangFL 98 ? i ncl ude
fluorine. Suc%§l&%§§vﬁcgzsnée§9§t%%’?%§r posi t%%t}sajsl n éb%rye%%?ig)%e ring can
al so facithi t phiosphidebloridsde¢anda phenyl-L-methoxyatanine phosphorochloridate.

Cé6 Fluore uridine and C4 hydozone based compounds
The neutrat thiol addition to the pyrimidine C5-C6 double bond proceeds as an

exothermic reaction (3-9 kcal per mol; see review by Les, A. et al. (1998) in the normal

| 20 TS reaction with dUMP. Alternative substituents to the TS reactive hydrogen at the 6
position that can facilitate the formation of the sulfydryl bond with the enzyme, via the
active human TS cysteine (homologous with cys-198 of L. casei), include fluorine.
Suph substituents at other positions in the pyrimidine ring can also facilitate the reaction

_ between the substrate and TS. For instance, a 4-hydrazone substitution on the uracil (as
25  described by Les, A. et al. (1998) facilitates formation of the thiol with TS. Itis
important that the resulting nucieotide-thiol (TS) intermediate rearranges in such a way
~ as to release the altered nucleotide which can be accomplished passively via hydrolysis.
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bet ween the substrate and TS. For instance, a 4-hydrazone substitution on
the uracil (as 25 described by Les, A et al. (1998) fd&Janvaryed0for mati on
of the thiol with TS. It is inportant that the resulting nucl eotide-thiol
(TS) internediate rearranges in such a way as to release the altered

nucl eot i deWH€HS¢an be acconpl i shed passively via hydr oP§RVEZHEE 19
January 2004 WO 01/07454 PCT/ US00/ 20008 OH R1 The introduction of fluorine
at the C6 position has not been previously reported, but it can be

synt hesi zed by follow ng the synthetic descriptions of Krajewskas and 5
Shugar (1982), who describe the synthesis of 4, nunber of 6 substituted
uracil and wuridine analogues. Chem stry facylitating substitutions at the
C4 position of the pyrimdine base are ygellV known by those skilled in the
art. Exanples of literature descriptio indlude Wallis et al. (1999);

Negi shi, et al. (1996), Barbato etQEFFZ?lQQ > tbato, et al. (1989) 10
and Holy et al. (1999). These synthetic\teclhi ques al so enabl e conbi nati ons
of substitutions, for instance at the aRd C5 positions of the
pyrimdine ring (Pluta, et al. 1999)Q r the\C2 and C4 positions of the
pyrimdine ring (Zeid, et al. (1999)).” HZN\ fNH 15 I'n anot her enbodi nent of
the i nvention, ECTA conpounds are synthesized by addition of alternative

el ectron, condui t spacer.. noi.et i es d_toxic | eavi roups to eifher the
C6 fluoro-uridi nZ“‘Sé‘@’e 8‘%“°Pﬁtﬁ'dﬂl"ﬁﬂgﬁ%?&?é’s‘%ﬂﬁ?si“@gﬁﬁgPf FlpEerofeb hods
descri bed abiuté chnbe smihictiedits following tie@yhdticdicneiphas o gPmaounds can

again be 20_enml for. synthesis,of such nol ecules. 47 19 January 2004
V\% 01/ 07454 Sh“ggr ((fggeﬂ who dgsegl])e Iaxe synthesis of a number of 6 substituted uracil and Y

uridine analogues.

Chemistry facilitating substitutions at the C4 position of the pyrimidine base are
well known by those skilied in the art. Examples of literature descriptions include
Wallis et al. (1999); Negishi, et al. (1996), Barbato et al. (1991), Barbato, et al. (1989)

10 and Holy et al. (1999). These synthetic techniques also enable combinations of
substitutions, for instance at the C4 and CS positions of the pyrimidine ring (Pluta, et al.
1999) or the C2 and C4 poﬁﬁons of the pyrimidine ring (Zeid, et al. (1999)).

H,N

\NH
o=<N§v—R1
/ .

Q
15

Tn another embodiment of the invention, ECTA compounds are synthesized by
addition of altemative electron conduits, spacer moieties and toxic leaving groups to
either the C6 fluoro-uridine base or the C4 hydrazone modified pyrimidine. Methods
described above for synthesis of 2, deoxyuridine based ECTA compounds can again be

20  employed for synthesis of such molecules.
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OH Synt hesi s of Nucl eosi de Phenyl Methoxyal ania |y Phosphoram dates The use
of phosphor ani dat es as phosphat e prodrugs for nucl eoti dd$ Jgavaryi2064
reported by McGuigan, C. et al. (1993) and McGuigan, C et al. (1994).
These aut hors showed that phosphoram date derivatives of antiviral

2', 3" -di dewnymrasscosi de 5 derivatives such as d4T ret al redingses/2oees i vi r al
activities in thymdine-kinase deficient cells. Further studies showed
that the phosphoram date group was hydrolyzed to the phosphate group
inside cells (McGuigan, C. et al. (1996); Balzarini, J. et al. (1996); and
Saboul ard, et al. (1999 ) The phosphar am dat es were synthesi zed by
reacting 2', Spnthe fexPecinpii X 3 Foiug

phosphorochlorld . ' ro, resent,

t hese reactions %a ?&%scéﬁhgﬁg&%?ﬁ %’ha 0%%8({{%139%@%@&5 t han one
_hydroxyl gr oreporitasl yrMe@ngan, Chet al. ﬂ:ﬁ%bmdlﬂt@hlgaxp(bﬂem(wbﬂuwh@esmﬁ@sm ght be
i nder od t naffor 1 BheptoraiHe orafycs s SRBL S AP RRP IR th PVPC | s
pOSZI bl edﬁlnd?énvlgﬁvesﬁuﬁh|a¥d¢'bfﬁtﬁ@ﬂieﬁdnﬁ?%béﬁvgﬁﬁlmtB?xtndhhﬂéial 'B,}éggleﬁd;\%tgFUdR
condensed wi re 0 me i m dazol e in anhydrous
CH2Cl 2 to gi ﬁ/‘g‘%&m‘ HP‘iﬁ* 'p‘ﬁﬁ %ﬂfl{ﬂ%&e&omw%@rﬁ lygedstodhe t he
desired prod%mgémdmhycm(me@ﬁ?@ i et @@@té’ﬂiahﬁﬂlr@ﬁﬁfﬂ@@ b Ng

colurm chronat glgr ap@/ on silica ge he synthéetic schene s sufmari zed
bel ow. 0 0 HEFboplapsh,etEh-pl VM) 'The Ph@hﬂmda@ww synthesized by méaddng?’ @'~ CH2C12-
25C 0 Ph- O gedRynucleosides with phenyl methoxyalaninyl phosphorochloridate (PMPC).

10 Since only one hydroxyl group is present, these reactions usually proceed

smoothly. In compounds where more than one hydroxy} group is present, the
appropriately protected nucleoside might be required. Since the 5°-OH group of 2’-
deoxynucleosides is much less hindered than the 3’-OH group, selective
phosphoramidation with PMPC is possible under carefully controlled conditions. Both
15 BVdU and SFUdR condensed with PMPC in the presence of N-methylimidazole in
' anhydrous CH,Cl; to give the corresponding phosphoramidates. In both cases, the
desired product was readily separable from the starting material using column

chromatography on silica gel. The synthetic scheme is summarized below.

0 0 O
—O =P R
e SR Pho-P-al HN
Py | NH Py l
0~ °N """( o 0~ °N
CO.Msa o n '
HO o Ph 0 li’*O 0
N-methylimidazofe ‘ <NH
CHCl,, 25°C "
OH zre CO,Me OH
20
The following examples are intended to illustrate, but not limit the invention.
_ Examples 1 and 2
Synthesis of ECTA compounds with propargyl tethers
25 Using the general synthetic procedure described supra, bis-aziridin-1-yl-

phosphinic acid 3-[2-deoxyuridin-5-yl}-prop-2-ynyl ester was synthesized and
analyzed by '"H NMR to yield the following result: 'H NMR ((CD3),S80) complicated
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NH CO2Me OH PCT/ USOOt 20008 O The foll owi ng exanples are intended to
illustrate, but not limt the invention. Exanples 1 and12 Jgpuam&fP4 of ECTA
conmpounds with propargyl tethers 25 Using the general synthetic procedure
descri bed supra, bis-aziridin-1-yl" phosphinic acid

3-[ 2- deox i s1eb7a52 5- yI ] - prop- 2-ynyl ester was synt hesi zescansoomonzl yzed by
"HNWR to yield the following result: "H NWR ((CD3) 2SO conplicated 48 19
January 2004 WO 01/ 07454 PCT/ USOQ 20008 due to noise. Salient features: S
8.28 (d, 1, H6), 6.10 (pseudo-t, 1, HLl'), 5. 26 (m exchanges with D20, 1,
3 -0H), 5.13 (m exchanges with D20, 1, 5 -0OH), 4.81 (q or dd, 2,

propar gyl - Cid2$ to obis4S¢lient featusel: 3 §.28(5 7, Ki6), 6.20 (dseudor?), HD), $362mp (m 8,

d CH B t h i :
3712 Geoxyurraines AP0, GIOHRS 1208 BeBR B B d 3 Snmnast o dhg
anal Iyzedt bé zdﬁobh@ltﬂﬂzylmdctnt th,eHj'p I3lso\t@mg, 3€3H), .15t (nNWlféﬁiB&m)
Cco I cat e ue noL Se ature
(pggudo t, 1, H fww@-l(ﬁphe fole 3iq 3 I%éeminﬁers-ﬂlwr fyiw

exchanges Weﬁt@rwﬁ?@so@nth&:ze@ﬁxdaﬁalﬁ%dﬁ IIQNM!Khoylg]dtﬁHEB Iresgt"Z)H 4 31 (m
1, H3") 15- 2, 0 aziridi ne- 10 Exanpl es

3to 8 SyntNMéna?Ibfzsﬂh?WM Ayg i@inaisee all9§¥ f@gﬂl{ehea §anéd.d H)éluﬁtlﬁet iC

pr ggﬂe}dur e dRSehddey BHP532 (hNeh Rl B,0 C0 REHI 45 0GR, ExdheRahad: 15

3- ( 2- Deoxy- ([BODLr-Déf) -8 gy 4.2 plopertzy lbblis) 4Y (rayl, B3Y) H5Q/me2h§HJHAY of 2, 3-

ﬂ:))pyrlemlglnz%(s?,zl&? azmdmE&ﬁ((CD@ZSO) 8 8.80 (s, 1, H4),6.74 (s, 1,
10

Examples 3 to 8
Synthesis of furano-pyrimidinones
Using the general synthetic procedure described supra, the following

compounds were preparei

15 Example 3

| 3-(2-Deoxy-p-D-ribofuranosyl)-6-(tetrahydropyran-2-yloxymethyl)furo[2,3-

d]pyrimidin-2(3H)-one. 'H NMR ((CD:),SO) & 8.80 (s, 1, H4), 6.74 (s, 1, H5), 6.16
{pseudo-t, 1, H1", 5.27 (d, exchanges with D;0, 1, 3'-OH), 5.12 (t, exchanges with
D;0, 1, 5'-OH), 4.72 (m, 1, THP-H2), 4.56 (g, 2, CH,OTHP), 3.92 (m, 1, H4"), 3.64 (m,

20 2, 5-CHj), 2.40 (m, 1, H2'a), 2.03 (m, 1, H2'b), 1.68 and 1.50 (m, 8, THP). Low-
resolution mass spectrum (DCI-N¥;) on bis-TMS derivative, m/z 323 (B+TMS+H"),
511 (MH"), 583 (M+TMS™).

Example 4
25 3-(2-Deoxy-B-D-ribofuranosyl)-G-(hydroxymethyl)furo[2,3-d]pyrimidin-
- 2(3H)-ome. "H NMR ((CD3);S0) & 12.0 (bs, 1, OH), 8.24 (s, 1, H4), 6.53 (s, 1, HS),
5.51 (pseudo-t, 1, H1", 4.42 (m, 2, CH,0H). Low-resolution mass spectrum (DCI-
NHa), m/z 167 (B+2HY), 184 (B+NH4").
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(pseudo-t, 1, H'), 5.27 (d, exchanges with D20, 1, 3'- Og 5.12 (t,
exchanges with D20, 1, 5 -OH), 4.72 (m 1, THP-H2), 4. 56 deguary 208dpcrHP)
3.9 (m 1, H4'), 3.64 (m 20 2, 5 -CH2), 2.40 (m 1, H2'a), 2.03 (m 1,
H2'b), 1.68 and 1.50 (m. 8, THP). Low resol ution mass spectrum ( DCl - NH3)
on bis- TVowiemiowas i ve, ink 323 (B+TMS+H+), 511 (Al), 58BCY/NSRBIS Exanpl e
4 25 3-(2-Deoxy-[3-D-ribofuranosyl)-6-(hydroxynethyl)furo[ 2, 3Apyri m di n-
2(3H)-one. tH NWMR ((CD3)i2S0) S 12.0 (bs, 1, OH), 8.24 (s, 1, H4), 6.53 (s,
1, H5), 5.51 (pseudo-t, 1, H'"), 4.42 (m 2, CH2OH). Lowresol ution nass
spectrum (DCl - NH3), m(z 167 (B+2H+), 184 (B+NH4+). 49 1 9 January 2004 WO
01/ 07454 PCTI USCon0008 Exanple 5

1- 16- ( Tet rahydropyran- 2-yl oxynet hyt ) fpyaald. 8- d] pyri m di n-2(3H) - on- 3-yl |
2-deoxy-(3-D-ri bofuranos-5-y1 phenyl net oxy L- al ani nyl phosphoram date. 1H
5 NMR ((CD3) 2SO bﬁfﬂqf@arwpmm-z-ahw@s@ubéxrofz,ﬁdh:errwémﬁm}o@amue nt

[oabTES (Sl BR-B o EAN hon oLy oy bBade. O O ©1

pr opar gyl 5CI—IM\;1R({CBB)2&® cGmpHcatedaint topresacdofiasterddiieys. Saliéht furds: sH2 D) ,

. 6%2( ( TzH?) %gﬁﬁ@ ﬁg}"%ﬁ%"gi’ s TS, €Bmd 648 (oichs, canh ) - M

17 bot ur anoa. B B L R e e 0 A s aetes, SR R [ coc 3
@SﬁM“g ené%éms 0X ani nyl phosphor am dat e ( )

conpl i cat ed nEebhil Qal(ﬁ’s§’éﬁ1%%ﬁsMe)Sd-PQ“éW§°lﬂ@ﬁtfﬂ?sé§Pecﬁme 5 (s,

1, H4 7. 4- each s, each 1, H5 6.23
(m 1) H1'), @élN%%%ﬂll@@E%}hlg@Eﬁﬁ}@+%%ﬁ%) 2.69 (m 1, H2)a) 2.10

(nn, 1, H&b), 1.35 (m 3, alaninyl-a-Me). Low resolution mass spectrum
(DCI -NH3), mz 525 (VH) 595 (MNH4-). l@&ﬂf{m@ 7
1-{6-(Hydroxymethyl)furo(2,3-d}pyrimidin-2(3H)-on-3-yl}-2-deoxy-B-D-
ribofuranos-5-yl phenyl methoxy-L-alaninylphosphoramidate. 'H NMR (CDCls)
complicated due to presence of diastereomers. Salient features: 5 8.5 (s, 1, H4j, 74-7.1
15 (m,5, PhO), 6.36 and 6.30 (cach s, each 1, H5), 6.23 (m, 1, H1"), 3.67 and 3.65 (eachss,
each 3, CO;Me), 2.69 (m, 1, H2'a), 2.10 (m, 1, H2'b), 1.35 (m, 3, alaninyl-a-Me). Low-
resolution mass spectrum (DCI-NH3), m/z 525 (MH"), 595 (MNH,).

Example 7
20 The 4-nitropheny! ether derivative of 5-(3-hydroxy-1-propynyl)-2'-deoxyuridine
was prepared according to standard ether synthesis as shown below.

{jﬁ {% " ;45%0
e

/°°""’

N=N L
e ¢
_HO 1 HO

PhyP ON
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20 The 4-nitrophenyl ether derivative of

5- (3- hydroxy-| -propynyl )-2' -deoxyuridine was prepared d@clopdamg0Pd
standard ether synthesis as shown bel ow. Ph3P 50 19 January 2004 WO

01/ 07454 PCT/t SO0/ 20008 Exanple 8

5- [ 3- (4- Nl WP&p#EeFoxy) - 1- propynyl ) - 2' - deoxyuri di ne. A sol T ERVY08r e-dri ed
5 5-(3-hydroxy-1-propynyl)-2'-deoxyuridine Robins, M |. et al., (1983)
(565 ng, 2 mml) in 40 nL of anhydrous THE under argon was treated with
4-nitrophenol (696 ng, 5 mmol), triphenyl phosphine (787 ng, 3 nmol), and
di i sopropy!l azodi carboxylate (590 L, 3 mmol ), and the reaction m xture
heated at 60 C until the solution was clear, and then | h longer. The

m xture was allowed to coot to 23 C and then it was i o evaporated onto Si 02
and purified by chromatography using_M %HZClZ as eluent to afford 107
mg (13% of the desired ether produc{‘:’;‘a'%ﬂle 12-118 C. 'H NVMR ((CD3)2SO 6
11.65 (s, exchanggs-aiNitropRéoty)-Nrbopydyl9'-§éoxydridide) A Sludén bfpre-diied. 3 Hz,
2, mAH), 7.23 (d, J= 9.3 Hz, 2, o-ArH), 6.09 (pseudo-t, 1,6 H'), 5.17 (s,
2, propar gytCelpyoxyz -propynyl-2-deoxypridine Bolps, M., ctal, (1983) (563 mg2(m 2,

5 -CH2), 2. Tja Ty HF A a]r M- rum
(DOl - NH3) 0%&9?}9 " et tﬁi@?ﬁé’giﬁ ZA1F el argfl %%&%@m%wg 565
[ M TMB) 2NH4 +hg, Sepmol) Ny phpsphing« &ifsng; 3gnmol), and diisopropy! azodicarboxylate

5- (4- Car bet 1- - u&ﬁgh )= 2% (el .
5- (Car bonet h %1\71 ny 092 - e%f%%%olng% ne- gi%{%a%gdldﬁtlé@%%%ﬂ%@fﬁs&%n;
2-yl ) et her (d4ndtikndlhiongeroThEmixtae besaidwedyty tovf ko 232°C addbeputrwati ne (3.0 g,
9.6 mol 3,.4- di I Qs r (22, L. . 21. 3 mmol
oyt a1 i 15 . eydpostied il i B B anltasidanty TR LictRfcrnCry g cuent o |
di et hyl f or naferdl €07/, 395 ofthe degisdsthiet preducimp 012-f I3°C18HINMRhe 25 resul ting
sol ution was,concentrated in vacuo . th tenperature 45C) to give a thick,
pal e yel | ow & P@)zsfﬁ@ ﬁrq% (M§°}&P§E§W§’g@q’ﬁ’@%§@%ﬁd*3ﬁé 8528I(T]~d’g=v\%§ filtered.
The  sol uti of,vas.-A%8i TRF@FEBLI S, odo-ATHE 609l(pRBaRL eIV 7RYYL f i ed by
col um chrgﬁgtogra h on@%ilicggaefﬁhs?ﬁ 56?75%)EtOAcr%exgne as eluent to
give 3.81 g propargyl-CH), 4.22 (m, 1, H3"), 3.80 (m, 1, H4"), 3.59 (m, 2, 5'-CH,), 2.13 (pseudo-t,

15  2,2-CH;). Low-resolution mass spectrum (DCI-NHj3) on per-trimethylsilyated material,

m/z 547 [M(TMS)H', 565 [M(TMS),NH;"], 620 [M(TMS):H'].

Example 9
5-(4-Carbethoxy-1,3-butadienyl)-2’-dexoyuridine
20 (a) 5-(Carbomethoxyvinyl)-2’-deoxyuridine-3°,5’-bis(tetrahydro-2-pyran-
2-yhether (I)

A shurry of 5-(carbomethoxyvinyl)-2’-deoxyuridine (3.0 g, 9.6 mmol), 3,4-
dihydro-2H-pyran (22 ml,, 21.3 mmol) and pyridinium p-toluenesulfonate (PPTS, 0.242
g, 0.96 mmol) in dimethylformamide (DMF, 5 mL) was stirred at 50°C for 18 h. The
25  resulting solution was concentrated in vacuo (bath temperature 45°C) to give a thick,
pale yellow oil. The oil was dissolved in EtOAc and the solid was filtered. The
'solution was again concentrated. The oil obtained was purified by column
chromatography on silica gel using 50-75% EtOAc/hexane as eluent to give 3.81 g

(85%) of pure product as a colorless oil.
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(85(/10) of pure product as a colorless oil. 51 19 January 2004 WO 01107454
PCr/ 11500120008 (b) 19 January 2004

5- (3-Hydroxyprop-1-eny!)--2'"-deoxyuridine-3',5 -bis(tetrahydro-2H
pyran-2-yl)ether (11) A solution of (1) (3.5 g, 7.27 nunoli i n CHZCI2 (14
m.) was coWOHOMBd -78C in a 5 dry icel acetone bath. VPA UM num
hydride (DIBAL-H) in toluene (1.OM 24 nL, 24.0 mmol) was added dropw se
over 2 h while the tenperature was nuintained at -78C. The sol ution was
stirred at -78C for an additional 2 h and MeCH (2.5 nL) was added dropw se
to destroy any excess |}1BAL-H The reaction m xture was cannul ated. into
a mxture of 30%citric acid solution (50 nL), ice (25 g) and EtQAc (30 nlL)

over to ca. 20 ni(b)S{ddydiroypsopretyl2paéayeddined’ sHs@anagdfo-phase was
extracted with _5#% I&Z@ 25 nlL). The conbi ned organi ¢ phase was washed

with saturat 84" m.). and brine (20 nlL), dried over MgSO4 and

concentrated to gA\seluaoxzaﬂnqs 6530920 mnedl) ﬁ@mclze(&smm Wasld@ofe@)o -78°C in a
5-(3- Q(Oprop I-enclgz - dexoyuri di ne- 3' gﬁ’etrahy ro-2H pyran 2-
J1) ot her 811 75y icskans bt BrRaSmO gD %ammeam&y 068 g

4.4 mol) i nn@'@%%nm&l?wﬁﬂ-ﬁddw&oﬁgﬁégvé olhivhilR¥id 1EaPlratBedl 4 M-AMBhGs 4

1.82 g, 4.8 mmi) with water coomg The suspension was stirre Wmle

acetic acid (@@ ﬁ?swg’ﬂdﬂéém@r%p € dor anpdditienahd hand MeOH @ebsmk)wasved and
the reaction, no oduct
was filteredthrough s;qug or| Si %%%ﬁ%&aﬁﬂﬁxﬂ% F#ﬁrgllam |

washed with asommmfsommmmlmuﬁmmm,mm gmd\Ea@Af: (3(1ret.)e:d/et hr ough
anot her ol f a X 2.5 cm hei The filtrate was
concentr a edggg g‘{’%eﬁ%ﬁ%‘&%ﬁ(%ﬁ a?ueslésr@afew ST . 25 (q)
5- (4- Car bet hfmma(zacbmmaﬂlﬁmdobhmﬁ:eddm%@fmsdw)aewaswwﬁmﬁﬁh @EN&H}U@ ?-

2H pyran-2-yl)ether (L t. hoxynet ene)tri phen osphor ane (0.32
ing, 0.92 mﬂh@“&’ &?(0 et M b?ﬂdt%ceeg?}&% a1 & (@99%) (0. 344
g, 0.77 mol ))fcon&l ution dar kened

15 (¢} 5-(3-Oxeprop-1-enyl)-2’-dexoyuridine-3’,5’-bis(tetrahydro-2H-pyran-2-
yhether (1I1)
To a solution of crude (I} obtained from above (1.988 g, 4.4 mmol) in CH,Cl,
(9 mL) was added solid pyridinium dichromate (PDC; 1.82 g, 4.8 mmol) with water
cooling. The suspension was stirred while acetic acid (0.4 mL) was added dropwise.
20  The water bath was removed and the reaction was stirred at room temperature for 1 h.
The crude product was filtered throngh a pad of florisil {2 x 2.5 cm) and the florisil
washed with 35 mL EtQOAc. The brown solution obtained was filtered through another
column of florisil (3.5 cm diam x 2.5 cm height). The filirate was concentrated to give
1.273 g (64% yield) of very light brown oil. ' |
25 '
(d) 5-(4-Carbethoxy-1,3-butadienyl)-2’-dexoyuridine-3?,5’-bis(tetrahydro-
2H-pyran-2-yl)ether (IV) '
(Carbethoxymethylene)triphenyiphosphorane (0.32- mg, 0.92 mmol) was added
to a solution of the crude aldehyde (III) (0.344 g, 0.77 mmol). The solution darkened
3¢  and turned rust color. After 1 h, (IIl} was completely consumed as judged by thin layer

chromatography. The solvent was evaporated and the crude product was purified by
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30 and turned rust color. After | h, (111) was conpletely consuned as
judged by thin |layer chromatography. The sol vent was evaSolamuey 2004 t he
crude product was purified by 52 19 January 2004 WO 01/ 07454 PCTI USOOF 20008
col utm chromat ogr aphy on silica gel using 35-45% Et OAc/ hexane as el uent.

The pure POMIEE4 (0.3 10 g, 78% yield) was obtai ned as RIIGIOPEWE o | . (e)
5- (4- Car bet hoxy- 1, 3- but adi enyl ) - 2' -deooyuridine (V) 5 5-(4-Carbethoxy-1,3
but adi enyl ) - 2' - dexoyuri di ne-3', 5" -bi s(tetrahydrro-2H pyran-2-yl)ether (1V)
(0.637,9, 1.22 mmol ) was dissolved in MeOH (1.5 nL) and PPTS (0.049 g,

0.16 mmol) 0C for 5.0h and left at
room t enper a u@ggﬁgpﬁ%&gﬁﬁf%%%{%w@%{ %’ggg&‘%\%g x?’berarﬁ?a‘em’l'ﬂg‘e P8%cti on

m xture was prododté@l310g, & gneld)f wistobtabtd aocajortds pilr e (V) as a white solid
(0.188 g). The filtrate to was concentrated and chromat ographed on silica
gel using 50-100% Et OAc/ hexane as eluent to give a further 0.180 g

product . The t ot afe) su‘wr:drmihdﬁya,s;badutehymsdﬁm?ﬁﬁdﬁe@6%- “H NMR
DVSO-4): 1.22 (3 = 7 2.17.(2H br't, J =55 Hz), 3.55- 3.75
EZH rr)) 5. 81( 1|(4 3 153 Eafkﬂtkw(bmﬁmeaﬁﬁ%gqxevmrdmez%ﬁ&brzﬁeww)oﬁf- 5.19 (1H,

Ct, J = 15 436D Reil 6374, 1.22 mmo was dissolved in MeOH (1.5 L) and PPTS
I—|z)598(al 35 (117*)?4 1%t 3) 15H § J)an5Hz),

7.18-7.30 (2 @ 04%& Og 3611‘{1)1‘#?5 agiyled. 1@3581“(121}-?”3559}111\‘—‘9%15%43 éorﬂos h and left at
5- (14- Car bonet ﬁém})ﬂ%ﬁ)@&@ﬁﬁﬁ@yh)w}gte pﬁj féua? 'fcgﬁﬁévfﬂe r%Qcth‘nﬁ'gJ(tH{ i on of

trlethylamne(3 m., I n"di oxane rated: by
bubbl i ng nit M@gmlﬂip&@mdfﬁitereﬂaomvnmrem hsaiwhbite mbé((m@ g)OTB@ﬁlg'ateO 26

nol ) andg,tr | d, and t he

sol uti onqwas %S%L@g%tﬁa%%ﬁ?&gmég&& ongi 3‘%) mm&aﬁﬁ{%&@g‘%%ﬁﬂﬁ? Fon.

5-1 odo- 3' - deelaynirto gdivae fighe00.430 g fréddct.nind tptabyieldoé tHeyproddctdv REABR68E enoat e
(2.5 g, 22.3 ) was added and the 25 m xture was heated under reflux for
15h. The sol \9% and vol atil e conponents were evaporated in vacuo and the

resi due was parti tH NMROCSOrle) 1122 (3, t,(]l-'-57l’!l|z) 2an 25 ¥RT = £.3 BLz)13)55- The

phases were h s extracted twice with EtQOAc
(10 . each) STARUTaOhaRhEHL PR Clhhele i SadhetOB v i 6 i
15 4.8 Hz), 527 (14, d,J=4.1 Hz), 5.98 (1H, d, J = 14.5 Hz), 6.14 (1H, , ] = 6.3 Hz),
6.75 (1H, d, J = 14.5 Hz), 7.18-7.30 (2H, m), 8.30 (1H, s), 11.56 (11, s).

Example 10
5-(4-Carbomethoxy-1,3-butadienyl)-2’-dexoyuridine (Va)

20 A solution of triethylamine (3.9 mL, 28.2 mmol) in dioxane (12 mL) was
deareated by bubbling nitrogen through for 15 min. Palladium acetate (0.60 g, 0.26
mmol) and triphenylphosphine (0.183 g, 0.70 mmol) were added and the solution was
heated at 70°C for 20 min to give a dark brown solution. 5-Iodo-3’-deoxyuridine (5.0 g,
14.1 mmol) and methyl 2,4-pentadiencate (2.5 g, 22.3 mmol) was added and the .

25  mixture was heated under reflux for 15h. The solvent and volatile components were
evaporated in vacuo and the residue was partitioned between water (15 mL) and EtOAc
(15 mL). The phases were separated and the aqueous phase was extracted twice with
EtOAc (10 mL each). The combined organic phase was washed with brine and
concentrated. The residue was dissolved in MeOH (15 mL) and allowed to cool to

30 room temperature. The solid formed was collected by filtration, washed with a small
quantity of McOH and drted in vacuo to give 0.38 g brown powder. .

"H NMR (DMSQ-ds): 2.17 (2H, t, ) = 6.4 Hz), 3.55-3.70 (2H, m), 3.66 (3H, s),

3.82(1H,q,J=3.6 Hz), 4.27 (1K, m), 5.18 (1H, t,J 49 Hz), 5.26 (14, d, J =4.5 Hz),
33 .




concentrated. The residue was dissolved in MOH (IS nL) and all owed to cool
to 30 roomtenperature. The solid forned was col | ect ed U@ Jantany2004n,

washed with a small quantity of MeOH and dried in vacuo to give 0.38 g
- brown powder. IT NWR (DMSO-d6): 2.17 (2H, t, J = 6.4 Hz), 3.55-3.70 (2H,
N, - 3.66 (WL PCT/US00/20008

3.82(1H, q, J=3. 6Hz) , 4. 27(111, ), 5. 18( 1H, t, J=49Hz) , 5. 26( 1H, d, J=4. 5Hz), 53 .19
January 2004 WO 01/ 07454 Pcr/USOQr 2G 05 5. 99( 1H, d, J=
14. 4Hz), 6. 14(1 H, d, J=6. 4Hz) , 6. 74(1H,d, J= 14.8 Hz), 7.20-7.35 (2H, m, 8.30

(1H, s), 11. ). faltrate fr S, €O I d d

chr omat ogr apﬁg%é%gdsfl ?%@g&ﬁ"“dgﬁh‘g%ﬁﬁg&gé? éﬁ%ﬁgigﬁggﬁg '&'ngﬁt to

gi ve anot her (28, #), 830 Hps)otluss (1Hss)a brown foam The conbined yiel d was
1.08 g (22.6%. anpl 1 - (4- Car boxy-1, 3- but adi enyl ) - 2' - dexoyuri di ne
(V) Method | 10%‘-%3@%%‘8?& ‘&W%,@%@B‘?Wﬁ“?m%kﬁym?’%ﬁs{( V, from
Exanpl e 1) (&sirkdd-100% BOAR/Hawaies aslSentioshied adthet 07@NoNaelihet 35 Mbrbwand
stirred at 25C. ter 20 ma a ﬁrecifotate was formed and TLC showed t hat
t he start?ngé’ﬁ%t £ sgmbiped ¥ ﬁf}’la%f B§ 2c®Rbumed. The mixture was cooled to
OC and acidified to pHI with 2N HCl. The resulting off-white solid was

filtered off, washed with water and dried in vacua to give 15 0.225 ¢
(54% product. 'H NVR (DVBO-d6): 2. 1BxamplelY2H in), 3.50-3.70 (2H, m),

3.75-3.85 (IH, m), 4.24 .g,gog}#&méadlign,?%,&é&?ﬁrﬁd@e— .8 Hz), 5.27 (1H,

d, 3 =4.2 Hz), 5.80-5.95 (I H Hz), 6.60-6.75
(IH, m, 7.15-7.25 (2H, n), 8.26 (I H sMetiodds (1H, s), 12.16 (1H br s).

20 The filtrate an | QS 4V -gw',_ndan.e porated to dryness. The
resul ti ng:ljJ)st i cky%&%@%&ﬁﬁg@% sol’:{\%’}ec | W‘W %W{}m? E:}foéﬂgﬁﬂ te
preci pi t at e 1.2&smfobywasdlissdlied in AN MaQ#i 63 i) hrad sticted 2500, gitere20aRinggldi t i onal

0.200 g of produ.

precxpl(fa € wal\ée opn? alnh TLC showed that the starting material was completely

consumed. The mixture was cooled to 0°C and acidified to pH 1 with 2N HCL. The
resulting off-white solid was filtered off, washed with water and dried in vacuo to give
15 0.225 g (54%) product. '
'H NMR (DMSO-dg): 2.12-2.19 (2H, m), 3.50-3.70 (2H, m), 3.75-3.85 (1L, m),
4.24-4.29 (1H, m), 5.19 (11, t, } = 4.8 Hz), 5.27 (1H, d, J = 4.2 Hz), 5.80-5.95 (1H, m),
6.14 (1H, t, J = 6.4 Hz), 6.60-6.75 (1H, m), 7.15-7.25 (2H, m), 8.26 (1H, s), 11.56 (1H,
s), 12.16 (1H, br s).
20 The filtrate and washings were combined and evaporated to dryness. The
resulting sticky yellow solid was dissolved in MeOH from which a white precipitate
was formed. The solid was filtered off to give an additional 0.200 g of product.

Method I
25 The title compound can also be prepared from 5-(4-carbomethoxy-1,3-
' butadienyl)-2°-dexoyuridine (Va) (prepared according to the method in Example 2) in

comparable yield as mentioned above,

Example 12
30 5-(4-Bromo-1E,3E-butadienyl)-2’-dexoyuridine (V1Ia) and
5-(4-Bromo-1E,3Z-butadienyl)-2’-dexoyuridine (VIIb)
To a solution of 5-(4-carboxy-1,3-butadienyl)-2’-dexoyuridine (VI) (0.200 g,

0.62 mmel) in DMF (1 m1) was added KHCO; (0.185 g, 1.84 mmol) and the mixture
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25 The title conmpound can al so be prepared from 5-(4-carbonet hoxy-1I, 3-

but adi enyl ) -2' -dexoyuri di ne (Va) (prepared according to 1OhiandenyiZe84i n
Exanple 2) in conparable yield as nentioned above. Exanple 12 30

5- (4-Brono- | E, 3E-but adi enyl )-2'-dexoyuridi ne (Vfla) and

5- (4- Br oncwolokz@gs but adi enyl ) - 2' - dexoyuri dine (VI1b) To pcrsusowtdoes of

5- (4- car boxy- 1, 3-but adi enyl ) -2' -dexoyuridine (VI) (0.200 g, 0.62 mml) in
DMF (1 nL) was added KHCO3 (0.185 g, 1.84 nural) and the m xture 54 19
January 2004 WO 01/07454 PC fU800120008 was sti rred for 20 nun at 25C. A
sol ution of N bromosuccininide (0.117 g, 0.65 mml) in DVF (0.3 nL) was
added dr opwi ¥es stiged &R0 gus 26 u 5(9!11“@(13@1)\’ boermenupainimide(Dd g BOUES t he

addi tion. Thg s NLLYRasS4A0P &}Eg%fv‘ﬁxﬁ?c?th H&gm@lgﬁ(@%ﬂ @Juf% C at

which time TLC showed that (VI) was c ete Eonsune ) was
5 added to tﬁ@%ﬁ&wﬂ@iﬂoranﬂlqrn@mmq>w ﬁgpg@ioume numvalsfoexhnam@dt with

Et CAc (2 X soI vent was
evapor at ed }ﬁh’\‘/’g@%“STtI?s“g‘?%‘feﬁg‘tQ 1 | oW S ?Et‘gy%"?%gm% dX consi sting
of a mi xtsir eadikd tosbe suspamsion aadsthe sdsolting bylutidt WiRextrddiel WitluEﬂMH(Qd:uGt was
separated by epar ati,ve, HPL se hase C18 col um) using 20%
acetonitril em?‘ﬁw Frgcéévaf fired gyt ﬁ@séhggﬁé‘? 6‘51"‘{) b Was vaPeTRisd froyaceiliong

i soners: 5-( givBﬁs)ﬂw5113&7!3%@@0%@1&1&)0%;1515{%%?5Emﬁihf&%ft&@{ssmﬂs% time 10.5
mnutes; 'HNVR (DVMSO-d6): 2.11-2.18 (2H, m), 3.50-3.70 (2H, m, 3.80

(111, dist or%@&n&’y H NMR3’ eFEﬁ'ePrad%Weama@Fe@yse@-mwmme BLG), 5.25

1H b
ElH d 3= %z)é%‘%%g%ﬁsemgéo}mlﬁ—fzé’ﬂgzss(%égﬁ“ 's 1o watgtas e mobilepfigsele 5 15 =

- 10, 15. 61‘Hz)gWSﬂ’G IRMaREISEIEISE- but adi enyl ) - 2' - dexoyur i d| ne: retention tine

oo (H oy BBl Aol ol il 113 bk

5. 25( 1H, br s) JeNMR:{(PMSO-tet 251 112,18 QIB6&()1345@+3 39 (2H, m), 3.80 (1H, distorted q, J =
ﬁ 6Hz) . 6. 674 10l o5\ P %), sOeR IR S o i by 6l i ¢ F =95 i, Eho 99 I
(1H,d, J=7Hz), 6.53 (1H, 4, ) = 15.6 Hz), 6.83 (1H, dd, T = 7, 10 Hz), 7.39 (1H, dd, J
15 =19, 15.6 Hz).
5-(4-Bromo-1E,3E-butadienyl)-2’-dexoyuridine: retention time 15.1 minutes;
"H NMR (DMSO-dg): 2.12-2.16 (2H, m), 3.50-3.70 (2H, m), 3.80 (1H, q, I = 3.2 Hz),
4.26 (1H, m), 5.13 (1H, brs), 5.25 (1H, br s), 6.14 (114, t, J = 6.5 Hz), 6.36 (14, d, J =
15.6 Hz), 6.67 (1H, d, J=13.1 Hz), 6.84 (1H, dd, J = 11, 13.1 Hz), 7.04 (1H, dd, J = 11,
20 15.6 Hz).

Example 13
Using the procedures mentioned in Example 11, Method I, the following
compounds can be obtained in a similar fashion: 5-(4-chloro-1,3—butadieny_l)—2’-
25  dexoyuridine (using N-chlorosuccinimide in place of N-bromosuccinimide in Step B);
5-(4-iodo-1,3-butadienyl)-2’-dexoyuridine (using iodine in sodium idodide in place of

N-bromosuccinimide).
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20 15.6 Hz). Exanple 13 Using the procedures nentioned in Exanple 11,
Method. II, the follow ng conpounds can be obtai ned i n1& Jehuwary 2004 ashi on:
5-(4-chloro-1, 3-butadi enyl)-2" 25 dexoyuridine (using N-chlorosuccinim de
in place of N-bronobsuccinimde in Step B);

5- (4-i odo- WORBMs4adi enyl ) - 2' - dexoyuri di ne (using iodi ne FGEHRUM | dodi de
in place of N-bronbsuccinimde). 55 19 January 2004 WO 01/ 07454

PCTI USOCORO008 Exanpl e 14 5-(2-Bronovinyt)-2'-Deoxyuridi ne Phenyl

N- Met hoxy- L-al ani nyl Phosphor ani i date Phenyl N-Methoxy-L-al aninyl
Phosphorochl ori date 5 L-al ani ne net I e&n@r hydrochl ori de (245.8 g; 1.76
nol) was placed in a 12 L three-ne bottom fl ask (equi pped with a
mechani-cal stirrer and thﬂ(mmehhyl}fzmemﬁduhnyenhﬁﬂ of di chl oronet hane.
The nixture was stirred f éﬁéoﬂ’?& te erature Phenyl
phosphodi chl ori date (370. 8} “)“ % he nixture. and
stirri ng was conmwwm{ho&ﬁmmmaylFmﬁhdreemeﬁa;ture The flask was pl aced
in the io bath with dry ice and the stwﬁrglﬂgg was continued for 20 mnutes’

until a uhiform Ltiappsiestiyn extghydtchiegde 1% y-"8maly wasplaced inad2dut y | ani ne
(626.5 0 3. i R roMROASHI T IcRRIbASilr M aRibalthibl MUGREABSGSY 11 N0 10

the reaction mxture so that the tenperature inside the flask was held at -
0C. The bat hioleredtyriel e af diefeloromsthans. r Theppixtiesswasrinied fsd S gputes at 1®nhour s at

room t enper a&z&i &am%h%éﬂmc{s@%dm&m&@@tdﬁﬁ% xﬁ& was Sfted1ole BUARQ al | NG

several portionhs reonar evapor tor and the M Xture was
seal ed underandatiging wanebnsineadddr H m@mmﬁhempmum t Thecflasig %24 paned irbthe

Do o M Y8 B T S Lo SRNEE S8 RTe GRS o2l iy

suspension was formed.

Freshly distilied tri-n-butylamine (626.5 g; 3.38 moi) was added dropwise (~90
min) with vigorous sturing to the reaction mixture so that the temperature inside the
flask was held at ~0°C. The bath was removed and the stirring was continued for 6
15  hours at room temperature. The solution was concentrated to ~2.84 L by evaporating
several portions of the mixture on a rotary evaporator and the mixture was sealed under
argon and stored at -20°C. The product was 85% pure by phosphorus NMR to give an
estimated concentration of phenylmethoxyalaninyl phosphochloridate of ~0.5 M.

20 Example 15
5-(2-Bromovinyl)-2’-Deoxyuridine Phenyl N-Methoxy-L-alaninyl
Phosphoramidate (NB1011)
The reaction was performed under a}gon atmosphere. 5-(2-bromovinyl)-2’-
“deoxyuridine (BVdU) (204 g; 612 mmol) was placed in three-neck 3 L round bottom
25 flask equipped with mechanical stirrer. The flask was bfaced in ice-water bath and
| - 1600 mL ¢~ 800 mmol) of phenyimethoxyalaninyl phosphochloridate reagent were
 added using an addition funnel over 15 min w-ith vigorous stirring of the reaction
mixture, followed by the addition of 100 mL of N-methylimidazole over 5 minutes
using syringe. After 5 minutes the mixture became clear and after 10 minutes the ice-
30  water bath was removed to allow the mixture to warm up to room temperature while
| stirring was continued. The reaction was monitored by reversed phase HPLC and was
complete in 3 hours. The reaction was quenched by the addition of 100 mL of methanol

and the mixture was evaporated to an oil, re-dissolved in 6 L of dichloromethane and
' ' " 56




5-(2-Bronovi nyl )-2'-Deoxyuridi ne Phenyl N-Methoxy-L-al anin

Phosphor ami date (NB1011) The reacti on was perfornmed undéﬁuéng@NZQﬂﬁnsphere
5- (2-bronovi nyl)-2'- deoxyuridine (BvdU) (204 g; 612 mmol) was placed in
three-neck 3 L round bottom 25 fl ask equi pped with nmechani cal stlrrer The
flask was WPYEH4in ice-water bath and 1600 nl (- 800 MU
phenyl met hoxyal ani nyl phosphochl ori date reagent were added using an

addi tion funnel over 15 min with vigorous stirring of the reaction

m xture, followed by the addition of 100 nmL of N-methylim dazole over 5

UL eSS  Po fcl H ol ot SRR PR o

10 m nutes the Ice was r mxture 0 warm
up to room thsd i avasmassodhihraugh dteicohimmydumag tlminadimmﬂ findlhethe elmtivn ofh was

nmonitored b S i.n 3 u The reaction
was quencheﬁq%ﬁ)\{?he ad%ntl oﬁ#gﬂ%giﬁ\?@/&mg Oéhno lchlo &’ﬂ‘é rﬁ]&ture was
evapor at ed tiiacatmsconiltammgl\ﬂi 9% bmxed:ombnﬁd ndévagoratel oo ﬂmﬂ, fienesiduadvas56 19
January 20 | O,7 ssed thro 800 of |Iica gel .
The mgj or25 podf‘“%/s\q"r é?fdﬂyg%wg ﬁ%?’ﬁ"ﬁ? %'Nél"(ﬁfff 'passed

t hr ough It he Thelorgmicdayet was driee vdlmesdﬂmg; sarfﬂejﬁlfb@édd mndh \lbﬁhéﬂ \uﬁurl] &HleEetatBIBIO 11
was conpl ete 5% e i n di chl or onet hane.

fractions cdgf‘%ﬂﬁﬁé kﬁfgwe@&l‘?‘w#owg&gawarww%&fearqdaceamhﬂﬂv t he

resi due was o%;@mg{e\&egnltaaﬂw&gmgmgyl acetate and the m xture was
extracted with water (2 Xx L). The organic layer was dried wth sodium

“sulfate, filteredhe em@%wwmﬁcétbw o giigg s&lehromstograamlsmg)ﬂ-%he

conbi nedyf il 09081 ptly
col ored \1/9;1| t%E?%?méngt hllWE| gﬁpﬁflgd?g—té@gofeﬁ%&%él 39%1?0 u?lféal(/]\gggpurl fied by

two sili.ca gt!?dué'r@@&%tp@ma’ph@“&m ng 0-5% 1o MeOH in CH2CI2 and 10% MeOH in
CH2C12, respectively, as eluent. The yield of product (>98% pure) was 64
g. Exanpl e 16 Using the nmethods described in Exanple 15, the phenyl .
N- et hoxy- L- al anyl 15 phosphor am d#xempdd1& he fol | owi ng nucl eosi des were

pr epar ed: Using the methods described in Example 15, the phenyl N-methoxy-L-alany]
: 15 phosphoramidates of the following nucleosides were prepared:

' 5-(4,4-dibromo-1,3-butadienyl)-2°-deoxyuridine,

5-(2-chlorovinyl)-2’-deoxyuridine,

5-trifluoromethyl-2°-deoxyuridine,

5-(4-carbethoxy-1,3-butadienyl}-2’-deoxyuridine,

| 20 5-(4-carbomethoxy-1,3-butadienyl)-2’-dexoyuridine,

5-(4-bromo-1E,3E-butadienyl)-2’-deoxyuridine,

5-(4—bromd—1E,3Z-butadieny1)—2’-deoxyuridine,

5-(trimethylsilylethynyl)-2’-deoxyuridine,

5-(ethynyl)-2’-deoxyuridine,

5-(1-decynyl}-2’-deoxyuridine,

3-(2’-deoxy-f-D-ribofuranosyl)-2,3-dihydrofuro[ 2,3-d]pyrimidin-2-one
12.  32°-deoxy-A-D-ribofuranosy)-6-octyl-2,3-dihydrofurof2,3-

d}pyrimidin-2-one.
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.30 Derivatives
Salts, esters, and ethers of the above compounds disclosed herein are also within

the scope of this invention. Salts of the prodrugs of the present invention may be
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5- (4, 4-di brono-1, 3-but adi enyl ) - 2' - deoxyuri di ne, 2.

2-chl orovi nyl) - 2" - deoxyuridine, 3. 5-trifluoronethyl -12 Jageaw200#di ne, 4.
4- car bet hoxy- 1, 3- but adi enyl ) - 2' - deoxyuri di ne, 20 5.

4- car bonet hoxy- 1, 3 -but adi enyl )-2' -dexoyurdi ne, 6.

4- br onOWBLFES4put adi enyl ) - 2' - deoxyuri di ne, 7. PCT/US00/20008

4- br onp- 1E, 3Z- but adi enyl ) - 2' - deoxyuri di ne, 8.
trimethylsilylethynyl)-2'"-deoxyuridine, 9. 5-(ethynyl)-2'-deoxyuri di ne,
5 10. 5-(i -decynyl)-2'- deoxyuridine 11.- 3-(2'-deoxy

-fl-D-ribofuyra di drofur -d p rln1d| -2-one, ,12. 3-(2'-deoxy
-fi-D-ribof ﬁ%@%?%“%m%mf %m§-8?§£ﬂw 9#?WFHP% 2-one. .30
Derivatives lﬁa}othipnﬁaytﬁ'bﬁpmm;ldﬂﬁﬂ&emmcoﬁerﬂi’l@@hm&ﬁﬂﬁx@% hdHs.Cl osed
herein are also mg%hln scope of this ipvention. Salts of t he pr odr ugs
of the prese¥olisasHc ?5’11?" G e ge, to e%?fﬁ‘ﬁ&?‘%@ﬁ@%ﬂ?iﬂ%‘?‘&’m

PCTI US00/ ZOQQ&hﬂ&ﬁﬂféﬁd, eltfoQE8ulfOAIE, JoRI0, Hefizdi, Grilink:, AGihtalcAR-AASAS andEXaNp! es
of acids |nclude ydrochlorlc hydro rom g, | furic, nitric, perchioric,

su
fumari c, 5mall Bup g Othergeids, sneh a5 oxpligs e naf A themselyes, succi ni c,
t-ol

ol uene- s%&mycamcwéc@épt&;e é‘eﬁﬁéééﬁx l@eﬁﬁdﬁcgwﬁﬁ%%_s ‘19@’1;. e and 5

et hanesul fonic, formc, benzoic, malonic napht
benzenesul fdﬁ&@n@&t@snom’égﬂmomwsia@ﬁmaWMma@dtlwinnhemmcuncailyt hensel ves

phar maceut | Gbdolan RCERRLARDE salSO PRI E W A%E thohide bl RLAPAIALLBILPT SAl LS
useful as int ates I n obta |n|ng t he conpounds o i*Rventi on and
“their phar rmlwdmtbalalhyhneaﬁ@nbmeab(@amgmadd)llydmxx@a,latmnoxfa;amal es of bases
i ncl ude ka ] £s, al kal i ne earth netal
(e.qg., nggné?“E$§E§§5&§¥@8’“ﬁ gﬁﬁ%n 39% conpounds of formula NW*,
wher ei n Wis Cl- Exainplyd ofsamnqﬂhm atﬂtat@&ﬁbﬁe;dh@hﬂd&spaﬁﬁteimﬁoamadl pat e,

2! ?Lg?g? ﬁ%ﬁ%eﬁlatgb a@:aﬁﬁﬁ@ gﬁ% e %?es&'uﬁp 08k camphorsulonats, DY ate:

cyclopentanepropionate, dlgl_uconatc, dodecylsulfate, ethanesulfonate, famarate,

-
-
-
>-
- (.
- (

N U1 01010101 01

flucoheptanoate, glycerophosphate, hemisuifate, heptanoate, hexanoate, hydrochloride,
15 hydrobfomide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, palmoate, pectinate,
pemulfaté, phenylproprionate, picrate, pivalate, propionate, succinate, tartrate,
thiocyanate, tosylate and undecanoate. Other examples of salts include anions of the
compounds of the present invention compounded with a snitable cation such as Na*,

20 NH,", and NW," (wherein W is a C, 4 aikyl group).

For therapeutic use, salts of the compounds of the present invention will be
pharmaceutically acceptable. However, salts of acids and bases wlﬁch are non-
pharmacentically acceptable may also find use, for example, in the preparation or
purification of a pharmaceutically acceptable compound.

25 Esters of the prodrugs or compounds identified by the method of this invention
include carboxylic acid esters (i.e., -O-C(=0)R) obtained by esterification of the 2°-, 3’-
and/or 5°-hydroxy groups, in which R is selected from (1) straight or branched chain
alkyl (for example, n-propyl, t-butyl, or n-butyl), alkoxyalkyl (for example,
methoxymethyl), aralkyl (for example, benzyl), aryloxyalkyl {(for example,

30 phenoxymethyl), aryl (for example, phenyl optionally substituted by, for example,
halogen, Cj4alkyl, or Csalkoxy or amino); (2) sulfonate esters, such as alkylsulfonyl
(for example, methanesulfonyl) or aratkylsulfonyl; (3) amino acid esters (for example,

- L-valyl or L-1soleucyl); (4) phosphonate esters and (5) mono-, di- or triphosphate esters.
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cycl opent anepr opi onat e, digluconate, dodecyl sul fate, ethanesulfonate,
fumarate, flucoheptanoate, glycerophosphate, heni sul f atl® Janepy064t e,
hexanoat e, hydrochl ori de, 15 hydrobrom de, hydroi odi de,

2- hydr oxyet hanesul fonate, |actate, maleate, nmethanesulfonate,

2- napht halygpgggisshonat e, nicotinate, oxal ate, pal noate, pesisirioss

persul fate, phenyiproprionate, picrate, pivalate, propionate, succinate,
tartrate, thiocyanate, tosylate and undecanoate. O her exanples of salts

i ncl ude ani ons of the conpounds of the present invention conpounded with a
sui tabl e cation such as Na}, 20 NH4+, and NW* (wherein Wis a Cl4 al kyl
group) .  For Thighesphai¢ esterumay bs&llrthsr e@tbriﬁwdm Gmerammls, ad?) b hleolpl esent
“invention w t e ver alts. of acids and
bases whi ch %araelp %eﬁlg gﬁ%ar@ ?rrgogeéﬁli) a&gﬁeac{blaggw %S&’%?ﬁ WBlse, for
exanpl e, i n otheewipe meanﬁad,laomalhyl mqjetypfasmnd\mntagéouﬁy@bﬁmﬁeuﬂl waily -
acceptabl e congpound t.er.s of the . prodrugs or co ds |dent|f|ed by
Che et hod GROPRAGTS: RRiCERYR EOmL Lo, dartRn AEBRTPE PaicteR fardl

-0 (O Rs olkabnedmby Aag tyldalliyt aioigtpredent if uch estersadvantipdbhiidly &ntamédr OXy
groups, in which Ris selected fang qu% straj ght or branched chain al kyl
(for exanpl é0MhI BroAon atomy, ARy ary m arﬁﬂnjmsa? hesieyadygntageonsly exanpl e,

met hoxy et hydan priges alpkadyl msam&s%ﬂyhmxﬁokyx ;%cuhg)&efﬁlaiwés offgr exanpl e,

30 phenoxynet hyI) aryl for exarrpl e, phen optional |y substituted by, for
exanpl e, hallr%sgér\nve@lowﬂyqle, fos exampp Qléhq%%) ehenamlbrmyoteqt@h)@cnxﬁ/bnat e esters,

such as alk A P I sul fonyl ;

(3) am no aéglr {)é;%/\l;m??- exa ISESUME P%Iéé{gf@?_y ) {ui ﬁ)ag

phosphont e lm@r@owhcﬁ (@)ccmw&ﬁl@nosybﬂ 3I‘d11ﬂf@®pm-é!w-hsma$3¢am58 19

January 200 / 10008 The phosphate esters may be further
Y, 20049004 91450 1060 hHHRR0E phosphat e esters may

esterified by, ’Tor ex o al cohol or reactive derivative

t hereof, or by aEmeﬁmfmhe(tﬁﬁlpﬁﬂ)daoﬁhegtewnehanﬁohﬁnmmeﬂgﬂ&ltl@/,l puspyES S
ot herw se S%H@I %d aqu al I @X noi ety present advantageously-contains from
| to 18 car UKo Vil F'g?rfy from1l to 6 carbon atonms, nore

particularly fromiﬁitﬁerfbuﬁoﬁﬂbﬁlaheﬁmmmé}mﬁtw&bﬂ&hﬁyielamdlt@ty present in

such esters adv st co tain fr to. .6 carbon ato Any aryl
moi ety pt esém’mi‘a‘ﬁ“ g‘éﬁ ﬁﬁ%@égﬁ&ﬁf'wm known parameters of rafio
drug design. SeeDunn,WJ et al. (1996).

Chemical assays for products, for example, where a reaction product is an anti-

metabolite of the bromovinyl-derivatives of JUMP, are described in the Examples
provided below or by Barr, P.J. et al. (1983).
20

Assays for Amount of Nucleoside and Monophosphate In Cells

This assay was performed with the compound NB 1011. Hoﬁever, it
understood to those of skill in the art that the below method is easily modifed for
application or use with the prodrugs of this invention.

25 The cell lines MCF7 (breast cancer cell line); MCF7TDX (Tomudex resistant
- breast cancer cell line) and H630R10 (5-FU resistant colon cancer cell line obtained
from Dr. S. Copur, Yale University, see Copur, S. et al. (1995)) in RPMI medium
supplemented with 10% FCS and antibiotics were plated in 100 mm Petri dishes at the
~ amount of 750,000 cells per dish and were incubated overnight at 37°C. 100 pM of
30 BVdAU was added to each dish and the cells continued to grow for 2 days at 37°C. Afier
that, the medium was aspirated and the cells were washed twice with phosphate
. buffered saline (PBS). Then 1 mi of PBS per dish was added and the dishes were

59



conprises a- phenyl group. Exanples of |yxo-furanosyl prodrug derivatives of
the present invention include, for exanple, those w th 1&hlanban 2004
protected hydroxyl groups (e.g., with O acetyl groups), such as

2' -0 acetyl -l1yxo-furanosyl; 3'-0Oacetyl 10 |yxo-furanosyl;

5' - O acet ywoloymds4 ur anosyl ; 2',3'-di - O acetyl -1 yxo- f ur arRsSYUSOeEHg0s 2' 3
5 -ti i-0Oacetyl-I|yxo- furanosyl Et hers of the conpounds of the present
i nvention include nethyl, ethyl, propyl, butyl, isobutyl, and sec-butyl
ethers. In a further enbodi ment, the substrate nmay not be chemcally
related to 1 Ag) r hesi zed based upon
known par an@fe&g gpkdrig{}?egﬁcgl '[{mdé'c'.i’lg recgﬁ“npte V‘&W&Wﬁ%‘%@%‘ (1996).
Chemi cal assq:y:aedm;can'lmdudleh:bm%nrthemmphgsusphﬁfoﬂv&rd@aﬁﬂbm(mﬁnduc't is an
anti- netaboli QnoVvi n I-der vati.ves of dUMP, are described in

t he Exanpl e§p""p1$0 EgaB‘g g\wpgpra t§as eprﬁmzabya?ass‘?gl@@ﬁhazo Assays for
Amount. of Nqrh€i@salElieDEvide rooeﬁm@smam 000 dut-Gf AﬁncBh) By @a&aﬂgawaﬁ aper f or ned
with the cog%génd NB_1011. understood to those of skill in the

art that3th FRSGqTe %ﬂ‘?§“§§#k§“ﬂﬁdﬁ%‘é’&m¥’8¥o’c@?}ﬂ $leallohob ke with
the prodrugsoq, THeipassltoaph wa¥vonddntriied @b k,elbme%ﬁé&?ﬁ?anﬁbﬁj@&é& otgacer cell
line); MCF7TDX (Tonudex resistant breast cancer 1 né) and H630RI 0
(5- FU resi stHRC by Adgerbespharg HS, €16 P@bﬂeﬁwlﬁor@m Hjitecty, Ttlbpur Yal e

University, gﬁglg Hﬁgigﬂl nted with
10% FCS and gﬁ@fﬁ%}??&% %%ﬂﬁcgttoe ?mbégplﬁ%%trl ?hes at tgtﬂJe anmount
of 750, 000 eeif %@makwgndetn@edma@nmcthtbataaunmefabsgptmmfwm- 100 pM of 30
- BvdU was,  ad e or 2 days at
a1, A Spplitess BB NE chAfE: b N BB b il 0 ¥ i ce
with phosphahexdebmﬁdaamm@f csabmmds @ﬁB&)ne b¥lvempdnisoh obtheiPRfengien titkesindwas added
and t he dishes vvertg 9, ci]maﬁn éﬁ 2004 WO 01/ 07454 PCTI USOQ 20008 pl aced
in a -80C f rEETAN #hé S Were d’grupt ed via freezing/thaw ng procedure,

AlamarBiue Cell Proliferation Assay

15 This assay was performed with the compound NB1011 and the prodrugs of this
invention. Cells growing exponentially were transferred to 384-well flat bottom tissue
culture plates. All cell types were plated at a density of 500 cells per well in 25 pL of
complete medium (RPMI 1640 + 10% fetal bovine serum + antibiotics/antimycotics).
After 24 hours (day 0), 25 uL of complete medium containing the compounds over the

20  dose range of 107 to 107'° M were added in triplicate. Drug exposure time was 120
hours (day 5), after which growth inhibition was assayed. 5 pL of the redox indicator,
alamarBlue, was added to each well (10% v/v). After 4 hours incubation at 37°C,

. fluorescence was monitored at 535 nm excitation and 595 nm emission.

25 Crystal Violet Cell Proliferation Inhibition Assay
This assay was performed with the compound NB1011 and the prodrugs of this

invention. The ability of the test compounds to block proliferation of cells was
determined by the crystal violet procedure. (Sugarman, B. J. et al. (1985); and
Antelman, D. et al. (1995)).

30 Compounds were dissolved in dimethyl sulfoxide to a concentration of 1M.
They were further diluted as necessary into DMEM cell culture medium, and

subsequently into the first wells of the 96-well microtiter plate. Each concentration was
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repeated twice. The cell debris in the resulting suspension were spun. down
(13,000 rpm 10 minutes) and the supernatant was deprot"@iJﬁFm?BS)fpassi ng
t hough a Centrifugal Filter Device (Centrifree, 30,000 cut-off, Am con) by
centrifugation at 5 5,000 rpmfor 30 m nutes on Sorvall Super T21

centrif ugeWORMWF* SL-50-T, 1,912 g) at 20C. The pass-thF 0iFR008
concentrated to the volune of 100 pl, and injected onto an HPLC colum
(Adsor bosphere HS, C18, 5 m 4.6 mmx 150 nm Alltech). The  sanples were
anal yzed using acetonitrile gradient in water containing trifluoroacetic
acid. The pegks;weley ' ?ﬁqﬂ: n BX] . Of S ' f BvdU
1o derivatives, gﬁé@%@%&nﬁ%{%{% cg'rrpou gndm%?g%%&ggggjdpég%ga area at
300 nm  ThepMfeat idicd.aCeliswaé incobgaimits congudd e 7D Yows, thaplateoneef t hei r
retention tine nd,.spectra w.th those of authentic standards. .Al.amarBl ue
Col | Profi t ePaTFRRAdERS T SRt e sty Bl iRt AR S g N
1011 and t he Spgandan) Bs).ef alt (1085); indvemtinaa, D Gekl. 61995W ng exponential |y were
transferred to 384-well flat bottomtissue culture plates. Al cell types
weré platéd at a density of 500 cells per well in 25 L of conplete nmedium
(R PM 1640 +wekiafe Biet Ahal ROV SRYTE eveRih CBIl PhdegS/ anti nycotics). After 24
hours (day 0), 25 gL of conplete nedium contalning the conpounds over the
20 dose range of Wg@ﬁgntbéptf@:wemsweqr@ea@a@advamahqnpﬂninean@.colme@ﬂ@kmsure
time was 120 {11%5 : i L04E Ry Avipdial 1d HY@’T% yed. 5
liL of the rggox |%8Pg§%6é?%m§g%# m(gm%as art}(d?a&%}%l %dggﬁb we FE(%%]S% v/iv).
After 4 hour $n¢ HEIWRAOiresstant toFFEY] (olthinest Ters Enc® Gomur, Yalei Undvassityatee 535 nm

excitati a 9 h&S | -Pr ol | i-on

i bt o Acou S-rh AZDOERA Ry btecly bl Shed Bl R RE MR o

t he prodrugsetdl. (19878). Gelly wateilpeed i REP Aabuiffar (50 oM TieHCE H THijdanMds t o bl ock
proliferatio S et erad ned, by, the c tal, viol et procedure.

( Sugar nan, B?\la?j?, O@t% Jgf't.c\éﬁb%)gﬁ‘? % %@gﬁrﬁﬁ"y c@/hsceﬁmdafo.d“f’l . 30
Conpounds we pmichksmbibitad). | Brotdinehdeytrationt verd dieeninined bg asiceBCASIN0 Proteih 1M

They were further. dil ut as_necessary.into DVEM cel| culture pedium and
subsequent | y 25aY E‘t E‘ll? %ﬂ“ WF&‘%&F"% dLh 6l 0ua of preteinpfrom gpchygell e Each

concent r afsi ORyeYASsoPitd b 194 BIR-FPASBO The separated proteins were transferred onto PVDF
membrane {obtained from Amersham, England), followed by immunoblot with human

thymidylate synthase monoclonal primary antibody and anti-tubulin monocional
antibody (manufactured by NeoMarkers, Fremont, CA). Horseradish peroxidase linked
sheep anti-mouse Ig was used as secondary antibody (Amersham). The ECL plus kit
20 (Amersham) was used for detection of immunoreactivity. The bands corresponding to
thymidylate synthase were quantified and normalized to that of tubulin by image

analysis {Molecuiar Dynamics Storm).

RT-PCR Analysis of TS mRNA in Cell Lines
25 ‘ Expression level of human thymidylate synthase transcripts in different cell lines

were quantified by using RT-PCR. Oligonucleotide primers for amplification of the
human thymidylate synthase and B-actin were designed as follows: Thymidylate
synthase sense primer (SEQ ID NO:1) 5-“GGGCAGATCCAACACATCC-3'
{corresponding to bases 208-226 of thymidylate synthase cDNA sequence, Genbank
30  Accession No. X02308), antisense primer (SEQ ID NO:2) 5'-
GGTCAACTCCCTGTCCTGAA-3' (corresponding to bases 564-583), P-actin sense
primer (SEQ ID NO:3) 5-GCCAACACAGTGCTGTCTG-3' (corresponding to bases
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. WO 01/ 07454 PC | USOON0008 tested in triplicate on the target cell line.
Conpound concentrations from|l gMto 3000 gM were testd&.Jagadry200&r e

i ncubated with compound for 72 hours, the plates were washed, and the
cells fixed with nmethanol and stained with crystal violet as described in
Sugar man, WO o0ge7Tagt al . (1985); and Antelman, D. et al. (PAFGSPO20stern Bl ot
Anal ysis of TK and TS Levels in Cell Lines Western bl ot experinents were
performed using human normal colon epithelium cell type CCD18co (obtai ned
from ATCC, Manassas, VA), colon adenocarcinoma cell. |ine H630R10

resistant t ai.ned from Dr Y see 10
Copur, S. e'?mg? 9?1(1‘88%3“““5%? SRR qeggwgg%éfsé'ﬂnﬁp %ﬁfgﬁﬁﬁ%‘l& l'i nes
(Pegram M gamer SEQID NOMHSLLICCREG I GETIGATFSAA-F gboﬁ’éd%mhhﬁ ioqarase(s50 mv
Tris-HC, pH 7. 5 150 mM NaCl, 0.5% Triton X-100, 1% SDS and 0. 5%
deoxychol i ¢ 287d%5Bodi um salt and protease inhibitors). Protein
concentrati.ons W&lﬂ%%ﬂ@&a@&ﬁﬁﬁﬂd&ﬂs&@&ﬁ&@sﬁmﬁﬁk&mﬁoﬁt (obt ai ned

from Pierce, Rockford, IL) jig of proteins fromeach cell line 15 were

resol ved by QpsssPalemiGEA Tﬁe H@ﬁﬁ?@f@@%l@@ﬁgn%mtmh@mme@rom o PVDF
menbr ane ( b gikestiohls? BlaOPH SR Uil ditline S %S/%% g1 ot W L

human thym ate syn hase nonoc primary an fi-tubulin

monocl| onal @ﬂbtﬂﬁﬂﬁMA(tmjﬂBﬁeaﬁaﬂﬂfoefBlb)bpl‘ﬂemrﬂagmmg ﬁrd&mbm tenﬁ&)e Hor ser adi sh
per oxi dase |inked queﬂgp tl-m)use lg was used as secondary anti body
- (Amer shan . ePREraeRt R{YCL-20 (Amershan) was used for detection of

i mrunor eact i vi ty ReVige @&B&ﬁnnﬁm&a@ﬁ&ﬁ%fﬁf&rﬂbﬁncé ByiRg Shﬂe?gcﬁ synthase were

gquantified and normalized to that of tubulin anal ysis (Mol ecul ar

Dynami cs 105t arregmplifivatiogRysiera (Gibro/BBL, %mmhmgnhfém puomé&%wgmb@su on
I | of h t (11
wg\rlg qlcj)ant :J][r:aggo y l?g&%g %ﬁ%%&a&é%ﬁ% e%'fsg'aémﬂ ??‘gnP”eS?r& i fi Lg'?lson

of the hunanardufacrirelislpadtecokynt hase and B-actin were de5| gned as foll ows:
Thym dyl ate synthase sense priner ((SEQ I.D NO 1@ - GEGCAGATCCAACACATCC- 3
(correspondi ng t@&a’?@‘%“’%‘g‘a E&WW@WSPE“ n‘f%?é‘éﬂ%m"fs"glﬂfénce

Cenbank 30 Agxegse ko ré\nme@zs%ﬁéﬁon RESHA SRR MeCIHES0 lﬁﬁﬁ@:i, BY hiwr #is-el,-
GGTCAACTCCCTGICCTGAA- 3' (corresponding to basés 564-583), (3-actin sense

15 pH 8.4, 0.2 mM of each dNTP, 0.4 TM of thymidylate synthase sense and antisense
primers and 3 units of Tag DNA polymerase (obtained from Promega, Madison, WI).
The reaction mixtures were incqb_ated at 94°C for 3 min, followed by 10 cycles of 1 min
incubation at 94°C, 1 min incubati-on at 58°C, and then 1 min incubation at 72°C. After

10 cycles, human §$-actin primers in 2 pi were added to achieve a final concentration of
20 0.2 pM, bringing the final reaction volume to 50 pl. PCR reaction was continued to a
total of 28 cycles, followed by a 7 min incubation at 72°C.

5 pL. of PCR products were resolved by electrophoresis in 2% agarose gel,
followed by staining with SYBR Gold nucleic acid gel stain (obtained from Molecular
Probes, Engene, Oreg.). The DNA bands comresponding to thymidylate synthase were

25  quantified and normalized to that of B-actin by Molecular Dynamics Storm.

Northemn Blot Analysis
Northern blots were obtained from Invitrogen (Carlsbad, CA) and hybridized to
a cloned TS cDNA probe. Hybridization signals were normalized vs. ribosomal protein
30 S9 as a housekeeping transcript. A tumor was considered to overexpress TS mRNA if
the normalized signal was enhanced at least 2-fold as compared to the normal tissue
control. |
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prinmer (SEQ ID NGO 3) 5'-GCCAACACAGIGCTGICTG 3' (corresponding to bases 61
19 January 2004 WO 01/ 07454 PCT/ USOQ' 20008 2643-2661 of 18 Jaouany 298de
sequence, Genbank Accession No. ML0277) and antisense prinmer (SEQ |ID NO 4)
5' - CTCCTGCTTGCTGATCCAC- 3' (corresponding to bases 2937-2955). Total RNAs
wer e i sol aMoe745¢n cel | s usi ng Rneasy mini kit (obtai nedPEF/BEHA0300F agen,

Val encia, CA). To nonitor for possible DNA contam nation, the priners for
anplification of P -actin were designed to span the exon4/intron5/ exon5
junction. Genonmic DNA tenplate leads to a 313 bp Ractin fragnent, and
CDNA tenpl ate generates a 210 bp product. Reverse transcription reactions
were performed, using SuperScript io preanplification system (G bcoBRL,

Gai t her'sbur g,Cldhe, E3piessibnl a8 RuriffbdfionesHapM TIREnidVIReXvii@bddme of 20 pl buffer

to conduct reverse transcriptjon reaction, followed ~manufacturer's
protocol . PCR rea&f} GRESHIMA £,604 e ergplets hymge TS QRIwasmbeloneddrie fieni ng 3 VI
of cDNA . mi Xtz RohéteraxpryYSsiSeclor BEEET (Rbl£8en, 18EF TR Fesullin M@L?ec 0 mv
KCl, 20 nmM Tri sﬁ-?CI i5 pH 8. 4, g 2 #Mmgf&g[}dch j(;_NTP, 8 4% of t htfl)rpn' dyl ate
synt hase - Sen<Beodesiths symthesis @EbRInES 2 ansepmbinast fusionfprorein wiha spdtistidimeas e

(obt ai ned fr qEnRFRHR A@nroNBAl S0 - Thid 8 - ' re incubated
.at 94C for 3 mn, ;Egl | owed by 1t °\§§%|£%Jg‘§‘°§$gq&%‘59?dﬁc@&§%w@§eé 2921 nin 7
i ncubat i on atac®gw thegraing keeminus af knmancifh dfd wodwte rez8Bbinddtipestein, e ynedne s,

human (i.-acti | ' : e chie L.nal concentration
of 20 0.2 pl\/lfsbéri&r?glg Jnnave%' lé%f’gl %lﬁ?&“r%g‘ggl?? o.ﬁ%s%%us%mt\%‘ﬁgg % 12 Stﬁﬁﬂi’”ﬁb tion
was cont i nuedlRNA polyniemke gene Aeitedihioshe dhodrhavome ubder thelcofiirs] off thetdzat i on at

72C. 5 pL 0of DP%products were resol ved by el ectrophoresis in 2% agarose
gel, Iol]oweErB 'staining with SYBR Gold nucleic acid gel stain (obtained

from Ml ecul ar  Prhoananfisygsle-HisHusion hrotcih &aiPiifRandhg & Rlcl2pSRMAHE NY t O
t hym dyl ate synt.hase @-e %Rgu%t . fled and normalized to that of P-actin
by Mol ecul ar S ArsEL(NevRgeR, Ingeyy Figleinpusitisption yas fallawed by electrophoresis on

10% SDS polyacrylamide gels. Protein concentrations were determined using the

Pierce BCA protein assay. Approximately 10 mg of human TS fusion protein was

15  recovered from a 500 ml culture of £. coli. When visualized with silver stain only- the
band corresponding to human TS was apparent. The ideﬁtity of the human TS band was
confirmed by performing a Western blot with the anti-TS monocional antibody TS106
{NeoMarkers).

- 20  Thymidylate Synthase {TS) Enzyme Activity Assay

TS activity was measured using the spectrophotometric assay of Wahba, et al.
(1961). In this assay, TS activity is monitored by measuring the increase in absorbency
at 340 nm that occurs when the co-factor 5,10 methylene tetrahydrofolte is oxidized to
dihydrofolate as dUTP is converted to dTTP. Enzyme prepared by this method has a
25 specific activity of 0.5 - 0.65 units/mg protein. One unit is defined as the production of
one micromole of dTMP per minute. This value is similar to that reported by Pedersen-
Lane, J. et al. (1997).

Determination of Intracellular Products of TS Prodrug Metabolism
30 It 1s important to determine the intracellular products of TS prodrug metabolism

in order to substantiate proposed mechanism of activation and action and to define
agents that are candidate therapeutics. One acceptable view of intracellular metabolism

of aryl phosphodiester amidates involves enzymatic converston into a carboxylic acid,
_ P ,



to a cloned TS cDNA probe. Hybridization signals were rérkmiiarg@004s.

ri bosomal protein 30 S9 as a housekeeping transcript. A tunor was
considered to overexpress TS nRNA if the normalized signal was enhanced at

| east 2-f oM WH74Ebnpared to the normal tissue control. REUSZWyary 2004
WO 01/ 07454 PCT/1 SOO 20008 d oni ng, Expression and Purification of Human
Thym d, | ate Synthase For expression in E. coli the conplete human TS ORF
was subcloned into the T7 pronoter expression vector pET28a (Novagen,

Inc.). The resulting plasmd v r . 5.encodes the synthesis of human TS as
a reconbi naning?xﬂgﬁe%'ﬂﬂﬂ?weﬁeﬂf‘fcftﬁg%pWomog?‘?sgel' ARG MBI A By a t hr onbi n
cl eavage si t monophbsphbiybineleogidat Sve\V slettset al. (1908). Mwerer, Bid mechambme acids to

the amino term.nus Qf human TS. To produce reconbi nant protein, the hunman
TS expr essi o}‘f%‘ﬁ tt%ges\ﬁ}g@ ‘P‘ﬁ‘i"f"@ﬂﬁd’ eﬁ%&f’ftaﬁé’ﬁﬁphefmdagerbaa% BL21(DE3), a

strain wth pddgucleblidBNRoP&XatiR! 4 SiffeBaNBednamieh vAd pidpbsdliliearphr omosome under
the control of the lac 10 operator, The human TS-poly-H s Tusion protein

was puri f# edPhPsPhoFpogosHer amidalerogessig. ongrinyalying thestmpie diresteapersionat . ) .
Protein puri LRSaRS : resi - a?céih{?o

pol yacryl am {:Ihg?’ﬁ%s?s. Pr O?E‘?ﬁk%ﬁg%%ﬁgﬁﬁﬂg&%%ﬁgg@g%%e Sgﬁ) %és't he

Pi erce BCA pbes: Mchnteess aly(19XDnd Xriecat al- (1995). Ryzaridldssofiie M&hpuisndor pr ot ei n

was 15 recovgr ] }Egﬁﬁ . I en, Vvis ized with
silver stai n&gﬁﬁgﬁgﬁgﬁﬁlg%gdc%?ngg%p n |’%s %g)a}f\‘gljrlrlef‘r?t %‘g{sggggrent . The
identity of tduwersionafithd Bitlzealivianmonophosphatene dytbtyxipeohpouniisgithin Mesder n bl ot
with the anti-TS acl.o nti body TS 106. (NeoMarkers).. 20 Th ym dylate
Synt hase 075) ~ En S8 ke Wik B SowkPaferpomet it e bRt Wiy |\ ho
spect r ophot ogmetvth iahibition pf high V8 lekpgressinig cell lines (hQBelJ2H dstayt, hipsa)a BoftylowTS
activity is noni.t d by neasurin he I ease _| n _absorbenc at 340 tun
that occurs W‘iig’ﬁglﬁ:éc S%T%E%%‘rar%“%b{er%’t#;ﬁ%ﬁ VP‘eﬁ‘%&mfér JtiBf ¥ s oxi di zed
to di hydr of ghditsaréperfbhill inSviGeheatet @elis 0e prbddssedE0&ariiBg By BPReREdDY this
met hod has a, 25 specific activity of 0.5 - 0.65 units/ng protein.. One unit
i s defi ned agﬁf"llh?ﬁ ¥ Mednies, EnJ. s al- (1997). Cells are lysed with 60% methanol in water at
15  -20°C, and particulate residue removed by centrifugation. The supernatants are dried
and stored at -20°C. The aliquots are evaluated initially by RP-HPLC and then by LC-
MS to document the intracellular conversation of the phosphoramidate to the
monophosphate and also the ensuring transformation of the monophosphate by
thymidylate synthase.
20

Documentation of Substrate Activity Utilizing Purified Thymidylate Synthase

This assay determines the specific activities of future TS enzyme preparations,
to assure the activity of such preparations over'time,‘and to determine whether
compounds screened for suitabie activity do inactivate the TS enzyme under in vitro

25  reaction conditions.

To determine what reaction products are produced when prodrug compounds are
incubated together with purified recombinant TS enzyme, reaction conditions similar to
those employed with the TS activity assay are used to generate reaction products in
vitro. These reaction products will are then analyzed by GC-mass sﬁectrometry to

30 identify the actual molecules formed. '




one mcronole of dTMP per mnute- This value is simlar to that reported by

Pedersen- Lane, J. et al. (1997). Determ nation of |ntrd@lanhuai20Pdoducts
of TS Prodrug Metabolism 30 It is inportant to determne the intracellular
products. of TS prodrug nmetabolism in order to substanti ate proposed
mechani sm Qfp dftdyation and action and to define agent spdfHadendsess candi date
t herapeutics. One acceptable view of intracellular netabolism of aryl
phosphodi est er am dat es i nvol ves enzymati c conversion into a carboxylic
acid, 63 1 9 January 2004 WO 01/07454 PCTI USOOn0008 i nt ranol ecul ar
rearrangenment of the phosphononoester am date into to a 5 - nonophosphoryl
nucl eosi de. See, Valette et al. (1996). However, this nechanismis
~unlikely to describe intracellular prgﬁegsl?%ng of all phosphor ani dat e- based
pronucl eoti des. For exanple, a differ chani sm was proposed for aryl 5
phosphormnoesnseghl y eRdressal iaGekrdl Aanoreelplind3\wed pimsrytahsorgi npl e direct
conver si on of H,; ?‘ osphor m date to . th m)nophosphate species by a

~ phosphorani dat e %@éprwnﬂ?‘@ ig rooyal hymapgrsinghearigadneys et al |
- (1995). R@Qaﬁﬂkﬁﬁv@fcoltﬂeluﬁgcshﬁﬂhﬁ&hﬁ@%todd&ﬁﬁﬁlﬁld‘%sﬁi‘%vzﬂ'y'q{t% bfifRtate,

monophosphate, this assay w | detect products of TS conversion of the

i ntracel | ul aﬁhyﬁ%ﬁé%§ﬂﬁéﬂeglm adrensl g S}E‘W&Bhfd@bhoﬂwmﬁﬁe%bwe 10
Cells are 'nﬁﬁh«a%ﬁaﬁbmuﬁﬁnweﬂmdIﬁxm&amngsn&ﬂﬁm a4 t%@eéﬁrwgbgces 50%

grow h inhibition of high TS expressing ce I 1 nes say,
supra). Bot hu$ms\ﬁ1uaém¢i\'hR§fPCFSaeo’(epclelméebow@elf’hmeazrfer firs@nh ware design@D18c0 vs.

H630R10). Tine urse |es are erfor r eat ed ceIIs are
processed ac &S] eexo Mll}%ﬁ el Flb cright gé‘i“’l“b%ﬁf"f)?/"%‘ m al .
(1997). Gel | S"hemﬁrd ysehk mpdrhdaﬂﬂigmet Blane@howmasmalh&vemnmﬁkﬁﬁa‘s lagtde
particul ate si due reno %aﬁ%‘} tr| atlo The superpatants are dried
and stored af 35& W[fﬂﬂgeig ‘FE‘“ ?g&‘ AR fifsUEST JFimYe 28199 C and
then by LG h@np:msdm@meﬁge THHMRNK bétﬁ'@édﬂd)hﬁﬂ 26@ i B hiPEbIG tidshR.
phosphor anm dat e to t he hat e, and_al so_the ensuring transfornmation

ph os
of the nonophos p §Pte %Yﬁ gbﬁrgtcwia\fqlﬁg &ariopg cultured normal and tumor

cell lines were determined following procedures described above. Protein levels were

15 measured by Western blot analysis; the results are shown below.

Table 3.

TS protein level in haman normal and tumor cell types

20 Cell strains Description TS tevel’
NHOST Bone, osteoblast 51
NPRSC- Prostate, stroma o3

_ CCD18co ' Colon epithelium, fibroblast 100

25 WI38 Lung, embryonic ' 150
DET551 Skin, fibroblast-like, embryonic 177
MRC9 ~ Lung, fibroblast-like, embryonic 211
NHDF Skin, fibroblast 224
NHLF Lung, fibroblast 236

30
Average 156124

1. Thymidylate Synthase (TS) - TS levels were determined by using Western blot

analysis, the quantified expression levels were expressed as values relative to that
s of cell strain CCD 18co.

2. Standard error
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Docunent ati on of Substrate Activity Uilizing Purified Thymdylate S. .
nthase This assay determines the specific activities of PuenraryR80énzyne
preparations, to assure the activity of such preparations over tine, and
to determ ne whether conpounds screened for suitable activity do

i nacti vat ewpD#®078& enzynme under in vitro 25 reaction corRETVGSEHZ008To

determ ne what reaction products are produced when prodrug conpounds are

i ncubat ed together with purified reconbi nant TS enzyne, reaction conditions
simlar to those enployed with the TS activity assay are used to generate
reaction products in vitro. These reaction products will are then analyzed
by GC-nmass spectronetry to 30 identify the actual nolecules forned. 64 19
January 2004 WO 01/ 07454 PCTI U@%ﬁé(ﬁémﬁk TS is highly expressed in
several tunor cell lines and prinary tunors Thym dyl ate synthase expression
level s in normal CHUME brajn, H&EHRUOR| dney, 5 spleen, TSilewst, col on, |ung,
smal | i ntestine, HEIBHAXh nyelen.carcinoma; EDXotagistant ut er us 67prostate, thyroi d
gl and, salivary HCAR) adr‘é@lall,cg:cmal,a,'@mencha‘g:i pher al 1876®od | ynphocytes,
bone marrow andMGFGRDK meBreass adenasanginomtac FRA” tesistant noH80 tissues were
determ ned usi nH6HRID; t at Colen,RFEcirORa, HFUdesistritbed abo2d05 Pri mers for

| -actin were designed to span the exon4/jntronS/exon5_junction to nonitor
for possidl e DNAAsemgeani nation. to Therefore, results nespgmss4’d in Figures 3
are shown as relative TS nRNA | evels. Figure 3A shows relative TS nRNA in
“the nultiple norm‘hydaid;msyhs:ssee(m)Frsgwﬁras&_sra@teﬁ;ﬁne@wasmﬁswast&hwerage TS
NMRNA bet ween norlysig ek quebifified Ryprosicaabais Wérs SxRSssedlAWalueyteRlife SR hase

(TS) protein | evglcal érin@rCDQ8&.cul tured normal and tunor cell lines were
det erm nggl fol | oywrggudxocedur es descri bed above. Protein |evels were
15nmeasured by Vestafiprdlil anal ysis; the results are shown bel ow. Table 3.
TS protein | evely igpnidBRoNOr mal and tunor cell types _

The Amounts of BVAUMP and BVdlJ Measured In Celis

20 The amounts of BVAUMP or BVAU present in lysates cell lines MCF7,
MCF7TDX, and H630R10 each treated with BVdU, are expressed as an area of a
corresponding HPLC peak at 300 nm. Note that extinction coefficients of these
compounds at 300 nm are the same, therefore the comparison of the peak areas allows
direct comparison of the amounts formed.

25 Table 4, below, shows the level of BVAUMP and BVdU measured inside the
cells after 2 days treatment. Cells were incubated in complete media with 100 pym
BVdU. Lysates were prepared and BVAUMP and BVdU levels were determined.

Table 4.
CellLines | BVdUMP { BVdU BvdUMP/(BVAUMP + BVdU) x100

MCF7 63.7 90.8 4.2
MCF7TDX 10.9 39.0 21.2
H630R10 <1 26.3 <4

30
The table shows that BVAU can penetrate all three cell types, but appears as

BVdJUMP most prominently in MCF7 and MCF7TDX cell lines. Little conversion
occurs in the H630R10 cell line.
In a separate experiment, MCF7TDX and H630R10 cell lysates were used to
35 caﬁalyzc BVdU phosphorylation in a cell free system with ATP added as a phosphate
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enbryoni c211 NHDFSki n, fibroblast224 NHLFLung, fibroblast236 30 .

Aver agel156¥@01407454Thy i dyl at e Synt hase (TS) - TS | evel s WP SE¥%Bni ned by
usi.ng Western blot analysis, the quantified expression |levels were.
expressed as values relative to that 35 of cell strain CCD | 8co. 2.
Standard error 65 19 January 2004 WO 01/07454 PCT/ US00120008 Tunor Cells
(_> 4X T9) BeSG TDX2
resi st ant 67%&6#&%3% Ohgﬁ%ﬁ%@ﬁ%}é?g%ggg@&Zbgﬁw&%%r east,

- adenocar ci ndyzate @Dﬁ@?ﬂé&i@@ﬁﬂi@%l b0 oGy lysates prwd\@ﬁn@scnbed

evel s wer o ORISR AL o AP Hrabdsdond W0 B 66, PBNES Tordll | o5

expressi on |cendiase m@ﬂ@mé&)pto dstsmawhvhqunqiaa'entm daoditlite for noéleccselel strain

CCD 1Sc0. 5 i 5,2, TOMUACK - 2te therapy.

These results show that in MCF7TDX cells BVdAU can be phosphorylated to
yield the corresponding monophosphate, 2 substrate for subsequent TS reaction whereas
in HH630R10 cells such phosphorylation goes on significantly slower than in
MCF7TDX. 1t is important to mention that MCF7TDX is a breast tumor cell line. It

10  has been reported that in breast tumor cells a TK with properties different from human
TX from other tissue is found. (Madec, A. et al. (1988)). This TK might be responsible
for BVAU phosphorylation. Based on the results presented above it is expected that

nucleosides, such as BVAdU, might be especially useful for treatment of certain types of
cancer, including breast cancer, where BVdU can be phosphorylated. Moreover, the
15 experimental procedure described above, allows in vitro determination of feasibility of

using BVdU or other nucleosides for a given cancer type using the following approach.

If a tissue sample is available the cells may be treated in vitro with BVdU and possible
formation of BVAUMP can be monitored. Should BVAUMP formation be registered
the tumor type must be considered as a candidate for successful nucleoside treatment as

20  opposed to phosphoramidate derivatives.
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conpari son of the peak areas allows direct conparison of the anounts
fornmed. 25 Table 4, below, shows the |evel of BVdUWP and BVdU neasured
inside the cells after 2 days treatnent. Cells were incubated in conplete
media with 100 iin BvdU. Lysates were prepared and BVdUW and BVdU | evel s
were determ ned. Table 4. Cell Li nesBVdL']I‘dB&\&jUBvdUI\/P/(BVdUI\/P + BvdU) x100
MCF763. 790. 844. 2 MCFT7T, %(10.%?9.%1 2. HG?VRlo 0 Th abI e shows
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prom nent | y[ T n MJFMCEmOXNGETOD) { afTic861 neSleanl1 [ T | emsonmg__r STan Maecgrs in
the H630R1( cel | {line. Irl genRpAlate expey n c M%?T%&nd lﬁﬁ‘gﬁlo cell
| ysates werfe_used to 35 lcatalyzeée BVdU jphosp arlon . 1n ce Ilee
system wi t h WI‘?’“agdded"‘ as fa pfosphat¥2 66| 1883an ar“94 20]04 3%) d1/ %454
PCT/ US00/ 20@&Wwgnoro.azet ffod.20MhT $~ caat 1 N&ms. 7T N Nigimer |ratgeoof| this
A m' HtHygateras Tunor
) ibed ( 7)) can be prdpared
assay wifth BvdU nucl egsi de) tlo .
det er m ne wWhe& a @o6ver| pasx en UGHEOSH 0870 D |ver sus
Y hf\l’ AN\ L
phosphor am EgigmtFrer SRy 326 ND 1000
NB1014 396 287 239 239
NBI1016 877 337 ND 607.0 ND 338 338
| NB1021 637 141 1000 5627 1000 ND 1000
NBi017 55 52 ND S3.5 ND 137 137
NB1024 4 14 258 92.0 1000 ND 1000
NBI0i8 115 164 ND 1393 ND 42 412
NB1022 8 0.03 E 37 9 ND 9
NB1019 251 95 ND 173.0 ND ND -
NB1023 5 0.11 2 24 1 ND it
NB1026 1000 1000 1000 1000.0 1000 ND 1000
NB10Z5 49 192 454 2317 378 ND 378
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These results show that in MCF7TDX cells BvdU can be phosphorylated to

yi el d the correspondi ng nonophosphate, a substrate for d8HaBeREAEOAS
reaction whereas in H630RL0 cells such phosphorylation goes on
significantly slower than in MCF7TDX. It is inportant to nmention that
MCF7TDX i sSWQOHPHMESt tunor cell line. It 1o has been repd?GFH88 i n breast
tunor cells a TK with properties different fromhuman TK from other tissue
is found. (Madec, A. et al. (1988)). This TK m ght be responsible for BvdU
phosphoryl ati on. Based on the results presented above it is expected that
nucl eosi des, such as BVdU, m ght be especially useful for treatnent of
certain types of cancer, including breast cancer, where BVdU can be
phosphoryl aed. Moreover, the 15 experinental procedure described above,
allows in vitro determ nation of feasibility of wusing BVdU or other

nucl eosi des for a given cancer type usiﬁ@“ﬁﬁe foll ow ng approach.. If a

ti ssue sanple is avai |l aOlwgtdl VioleAdsay oEYordealtan@dtuesbriCellyi t ro wi th BVdU and
possible formation of BVAUMP can be ponitored Should BVAINMP fornmtion be °

. f : : N
registered the tunor tﬁ&}, ﬁgﬁ% #ff 1SLP§°§EIed aé&:i'g%mg%ﬁ,i f ‘C}Egﬁycg essf ul
v LU

nucl eosi de t reatei—e oppoese ph afdat-er- et vatHv 61 19
1 3 POSTS v“ﬁ. 1.
January 2004 |WO u?} 074b4 ]-K’)CT USOO 20008 Tabl el 5 amaf B?slﬁe (Nt-gtszom gity
Assay of Norfral BYRY Tuphof®Cel| s NMCF7TDXI%69 (||vp 1% cspMved | ¢50812PM) | Mean
H630RI OTunor €Cdl 8co Def 551Nof mal NBI O | 28218288. 74143p8406
BVDUO. 022017 }9306-—7100DND1009NBLO121 2782104 ENDL1 0110 :
- N1310132692Nb59 BN 706 70" 7 s 25 253 2295
. NB1024 92 33 477 784 460 622
NB1018 248 20 1340 254 431 3425
NB1022 38 0.3 21 ¢.7 36 2.15
NB1019 220 24 122.0 162 824 493
NB1023 27 0.2 1.5 09 33 21

Numbering in Tables 5 and 6 refer to the structures, shown infra. Resnlts from
testing using the alamarBlue assay are shown in Table 5, and resﬁlts from crystal violet
based assays are shown in Table 6. MCF7-TDX was derived from MCF7 breast tumor
cells via selection in cell culture in the presence of Tomudex, a direct inhibitor of TS.

10 Such selection often resuits in high intracellular levels of TS (Freemantle, S. J. et al.

' (1995)). Simitarly, H630R10 is a 5FU (fluoropyrimidine) resistant colon cancer
epithelial cell line derived from H630 colon cancer cells. See, Copur, S. et al. (1995).
HT1080, #12, is a fibrosarcoma tumor cell line that expresses high levels of TS via a
transgene introduced into HT1080 tumor cells. Normal cell lines used in these assays

15  1include CCD18co (mormal colon epithelium) and Det551 (normal skin).

The data in both Tables 5 and 6 indicate that most compounds are active as
phosphoramidates and nucleosides. One exception is NB1026™, which has little
detectable activity as a phosphoramidate, but is active as a nucleoside (NB 1025™).

* This result indicates that NB1026™ may not be activated similar to NB1011™.,

20  Cytotoxicity results with the nucleosides, especiatly BVdU, NB1020™ (C1VdU) and
NB1024™, are surprising since the literature teaches that 5- substituted cdmpounds like
BVdU are not efficiently monophosphorylated by human cells unless they express viral
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NBl 02549192454231. 7378ND378 68 19 January 2004 WO 01/ 07454 PCT/ USOQ' 20008
Table 6. Crystal Violet Assay of Normal and Tunor Cells 1C50 (uM Mean | C50
(tM Mean H630RI 0 HT1080 #12Tunor CCD18co Det 551Nor nal

NB10111301. 265. 6408356382 BVDU4057206. 01000625812. 5

NB101711117chymiggkigse Ses, Balranniqd z8ala(1939)cad §5d7ierq, E. et al. (1997). These

Tgllg 53(2) 4212%(2) %%g,f%?%gﬁ%g&%d thal¥t0 gcdpRiy Bred b9 tfedeBRsvitus WRcoded TX, the 5-

substituted nucleotide derivative can bind to the TS enzyme and inactivate it. The
results in Tables 4-6 demonstrate, for the first time, that at least some tumor cells may
5  have an unusual thymidine kinase activity capable of phosphorylating 5-substituted
uridine molecules similar to BVdU, and the other nucleosides shown herein.
Alternatively, some tumor cells may have an nnusually high amount, or form the
normal TK enzyme (Suki, S. et al. (1995); and Romain, S. et al. (1995)), leading to a
low, but sufficient activation of nucleosides to their corresponding monophosphates.

10 The compound NB1024™ as tested above consists of a mixture of two isomers,
5-(4-Bromo-1E,3E-butadienyl)-2’-dexoyuridine (VIIa), (Isomer 2), and 54-Bromo-
1E,3Z-butadienyl) -2’-dexoyuridine (VIIb), (Isomer 1). These two compounds were
separated by semi-preparative HPLC (reversed phase C18 column) using 20%

~ acetonitrile in water as the mobile phase as described above (Example 12). The ability

15 of each isolated compound to block cell proliferation was then determined by the crystal
violet procedure. Results are shown in Table 7. The two isomers display markedly
different activities with the Z isomer, showing significantly greater growth inhibiting

activity in comparison with the E isomer.

20 Table 7. Cytotoxic Activity of NB1024 Isomers
TSHT1080 71z | MCF7IDX | CCDiSco | DetS51
NB1011 i3 42 461 263
BVdU ND <0.8 >1000 >1000
NB1024 Mixture 10.7 64 >300 >300
NB1024 Isomer 1 10.1 0.8 >300 >300
- [ NB1024 Isomer 2 >300 >300 >300 >300

The first two cell lines, TS HT1080 #12 and MCF7TDX express high levels of
TS, while the other two, CCD18co and Det551, are normal cells.

While the invention has been described in detail and with reference to specific

25  embodiments thereof, it will be apparent to one skilled in the art that various changes
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wherein:

R' is a group selected from:

R*is CI, Br, I, or CN;
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19 January 2004 CLAIMS 1. A conmpound. sel ected from (i) conpounds having
the structure: 0 wherein: is a group selected from R4 R4 is O, Br, I,
or CN, 76 19 January 2004

R—O‘w —O‘Igij% Ila?u_o LLL’
R o \Tﬂ
. and '\'
RB RG g6

each RS is independently -H, -OH, -OC(=0)CH,, or F; and,

R is -H, a phosphate group, a phosphodiester group, a
phosphoramidate group derived from an amino acid, or a phosphoramidate

group attached to ) at the 5' position;

(i1) compounds having the structure:




wherein Qis selected from R7-O R7-0 and each R6 is |nde ndent
-OC(=0Q)CH3, or F; and, R7 is -H a phosphate group, a p Hﬁﬁr?ééf‘er

group, a phosphoram dat e group derived froman am no acid, or

phosphoram date group attached to Q at the 5 position; (| i) corrpounds
having the structure: 0 11 PhO-P-O ~, M,,, NH COZCH3 OH 77 19 January
2004 wherein: Xd and.Xe are independently the sanme or different and are
selected fromthe group consisting of C, Br, |, and CN, (iii) conpounds
havi ng the structure: HO wherein each X is selected fromd, Br, |, and CN,
wherein the conpound may be in the formof a pharmaceutically acceptable
salt or ester or any enantioneric, diasterioneric, or stereoisoneric form
including D-form L-form a-anoneric form and P-anoneric form 2. A
conpound accordhnlg to claim1, wherein the conpound has the structure: I Q
78 , :

X4 and X, are independently the same or different and are

selected from the group consisting of Cl, Br, I, and CN;

(iii) compounds having the structure:

b9
N
i 0=< 7\
PHO—P——0 \
Me., NH O X
CO,CH,
HO

wherein each X is selected from Cl, Br, I, and CN;

wherein the compound may be in the form of a
pharmaceutically acceptable salt or ester or any enantiomeric, diasteriomeric,
or stereoisomeric form, including D-form, L-form, a-anomeric form, and

B-anomeric form.

2. A compound according to claim 1, wherein the compound has the
structure:
0
HN | R
7y
Q
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19 January 2004 3. A compound according to claim1 or \g%ﬁr elg .
conpound has the structure: and wherein RCis a phosphdr9 Ob‘?oup
derived fromthe amino acid alanine or the anmno acid tryptophane. 4. A
conpound according to any one of clainms 1 to 3, wherein Qis: R7T OH5. A
conpound according to any one of clains 1 to 3, wherein Qis: 6. A conpound
according to any-one of clains | to 5 wherein R7is -H 7. A conpound
according to any one of clains 1 to 7, wherein R7 is a phosphorami date
group derived froman amno acid. 79 19 January 2004 8. A conpound
according to any one of clains 1 to 5 wherein R7is: 0 11 OP- I NH |

H3C COOCH3 9.:4 A coO an e of cl erein R7
is: H10. A conpounlgEBH]g’glrI@d: 3@50? &Hg %?‘ﬁ%‘ﬂ&i (f]i-ng re[uﬁ es(foﬁmqqﬁlpglas OH 11.
A conpound- acotrudiurg to claim 10, wherein R7 is -H 80 19 January 2004

-and wherein R’ is a phosphoramidate group derived from the amino

acid alanine or the amino acid tryptophane.

4. A compound according to any one of claims 1 to 3, wherein Q is:

5.
6. A compound according to any one of claims 1 to 5, wherein R is -H.
7. A compound according to any one of claims 1 to 7, wherein R is a

phosphoramidate group derived from an amino acid.
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12. A compound according to claim 3, having the structu 8 §15< 13. A
. conpound according to claim 12, wherein R7 is -H. CJS'HB?)'MI? 4ccording
to claim3, having the structure: 0 11 PhO-P-0O I\/E.,, NEB -~ U 'O CO2CH3
OH wherein Xis selected fromd and Br. 15. A conpound according to claim
3, having the structure: --,-1Br 0 11 PhO-P-O 1 Me.,,. /NH CO2CH3 OH 81
19 January 2004 16. A. corrpound according to claim 3, haV| ng the structure:
0 it PhO-P-O M\H O CORCH3 OH 17. A conpound according to claim3, having

the structure: 0 11

- 8. A compound according to any one of claims 1 to 5, wherein R is:

H,C ~ COOCH,

9., A compound according to any one of claims 1 to 5, wherein R7 is:

n

H

i
P
H
N (’i; |
N
_ 3 COOCH,

10. A compound according to claim 2, having the structure;

HO—

HN

oA
_Ow
0
OH

11. A compound according to claim 10, wherein R’ is -H.
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PhO--P-O i Me,,, (NH CO2CH3 OH wherein X. and Xe are inde endgﬁb y the
sane or different and are selected fromd, Br, |, and onpound
according to claim17, wherein Xd is C or Br, and Xe is H 19. A conpound
according to claim 3, having the structure: mhereln each X is selected from
a, Br, I, and CN. 82 19 January 2004 20. A conpound according to claim 19,
mhereln Xis d or Br. . 21. A conpound according to claim19, wherein X is
Br. 22. A conposition conprising a conpound according of any one of clains

| to 21, and a pharnaceutically acceptable carrier. 23. A conposition of
claim 21 or 22, further conprising an effective anmount of

R A e TR AT L e A

met abolite thereof, or a conposition of any one of claims 22 or 23, for the
preparatlon of arredlcarrent for selectif ely_in iting the proliferation of
pat hol ogi cal cells that overexpress ous, ®ntracel | ul ar

activating. enzynme and wherein the epzy is not inactivated by a
substrate prodrug conpound. 25. T of claim 24, wherein the

activating enzyne is overexpreﬁagg as result of prior chenotherapy. 26.
The use of claim25, wherein the pri henot herapy is fluoropyrimdine or
Tormudex. . 27. The use of claim 24, In the pathological cell is a
’ OH
13. A compound according to claim 12, wherein R’ is -H.

14. - A compound according to claim 3, having the structure:

O X

CO,CH, OH

wherein X is selected from Cl and Br.

15. A compound according to claim 3, having the structure:
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hyperproliferative or neoplastic cell. 28. The use of clgtp1 Fw@ rei-n the
neopl astic cell is selected fromthe group consisting & cancer
cell, a breast cancer cell and a colon cancer cell. 29. The use of claim
24, wherein the activating enzyne is thynmidylate synthase. 83 19 January
2004 30. The use of claim 24, wherein the activating enzynme is selected
fromthe group consisting of thymdylate synthase, tyrosine kinase or

di hydrofol ate reductase. 31. The use of claim 24, wherein the selective
inhibition is in vitro, ex vivo and in vivo. 32. The use of claim 24,
wherein the selective inhibition is in vivo. 33. The use of claim 24,
wherein the acgd vat .qver ressed a as 4 foId 34. The use
of cl aim 24, der elAn%?ﬂlgBﬁr%%lg% Hg%?gaﬁggdﬁ?vﬁn%hmﬁ%ﬂ% with an

ef fective anount of a conpound that dim nishes |ntracellular t hym di ne or
purine. 35. The use of claim 24, wherein fhe nedi nt is used in
conbination wth an effective anount rcapt opufei n, thioguani ne, or
2' deoxycoformycin. 36. The use of claggﬁ d or 35, wherein the nedi canents
are used sequentially. 37. The use op*Chgi'ns 34 or 35, wherein the

medi caments are used sinultqqu#hL 38.|A nethod for screening for a

t herapeutii c agent, conpri si (%%{co tacting a sanple containing a target
cell-with a conpound accor any of claims | to 21 or a
conposition of any one of C|algg; a2 o] 23; (b) contacting a separate
sanple of the target cell wth a2 8

17. A compound according to claim 3, having the structure:

wherein X, and X, are independently the same or different and are
selected from Cl, Br, I, and CN.

18. A compound according to claim 17, wherein X is Cl or Br, and X, is
H.

19. A compound according to claim 3, having the structure:

boo
N
0 o= )\
PhO—P—0, N \
‘Me,, NH o X
| X
CO,CH,

wherein each X is selected from Cl, Br, I, and CN.
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potential therapeutic agent; and 84 1 9 January 2004 (c%ngnB Bl the
sanples for inhibition of cellular proliferation or cell gn éﬂlﬁ

nmet hod according to claim 38, wherein the target cell is characterlzed as
resistant to a chenot herapeutic drug. 40. A method according to claim 38,
wherein the target cell is characterized as expressing a target enzyne
that is anplified as a result of selection in vivo . by chenotherapy. 41.
A nmet hod according to claim 38, wherein the target enzynme is an endogenous
intracel lular enzynme that is overexpressed in the target cell. 85

20. A compound according to claim 19, wherein X is Cl or Br.
21. A compound according to claim 19, wherein X is Br,

22. A composition comprising a compound accbrding of any one of claims

1 to 21, and a pharmaceutically acceptable carrier.

23, A composition of claim 21 or 22, further comprising an effective
amount of (e}-5-(2-bromovinyl)-2’-deoxy-5-uridyl phenyl L-

alaninylphosphoramidate.

24.  Use of a substrate prodrug compound of any one of claims 1 to 21 or a
metabolite the;eof, or a composition of any one of claims 22 or 23, for the
preparation of a medicament for selectively inhibiting the proliferation of
pathological cells that overexpress an endogenbus, intracellular activating.
enzyme and wherein the enzyme is not inactivated by a substrate prodrug

compound.

25, The use of claim 24, wherein the activating enzyme is overexpressed as

a result of prior chemotherapy.

26.  The use of claim 25, wherein the prior chemotherapy is

fluoropyrimidine or Tomudex.

27.  The use of claim 24, wherein the pathological cell is a

hyperproliferative or neoplastic cell.

28.  The use of claim 27, wherein the neoplastic cell is selected from the
group consisting of a gastric cancer cell, a breast cancer cell and a colon

cancer cell.

29.  The use of claim 24, wherein the activating enzyme is thymidylate

synthase.
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30.  The use of claim 24, wherein the activatihg enzyme is selected from the
group con_s‘isti:r'lg of thymidylate synthase, tyrosine kinase or dihydrofolate -
.reductase. '

31.  The use of claim 24, wherein the selective inhibition is in vitro, ex vivo

and in vivo.
32.  The use of claim 24, wherein the selective inhibition is in vivo.

33.  The use of claim 24, wherein the activating enzyme is overexpressed at
least 4 fold.

34.  The use of claim 24, wherein the medicament is used in combination
with an effective amount of a compound that diminishes intracellular

thymidine or purine.

35.  The use of claim 24, wherein the medicament is used in combination
with an effective amount of 6-mercaptopﬁrein, thioguanine, or 2’-

- deoxycoformycin.

36.  The use of claims 34 or 35, wherein the medicaments are used

sequentially.

37.  The use of claims 34 or 35, wherein the medicaments are used

simultaneously.
~38. A method for screening for a therapeutic agent, comprising:

(a) contacting a sample containing a target cell with a compound
according to any one of claims 1 to 21 or a composition of any one of claims
22 or 23;

(b) contacting a separate sample of the target cell with a

potential therapeutic agent; and
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(c) comparing the samples for inhibition of cellular proliferation

or cell killing.

39. A method according to claim 38, wherein the target cell is characterized

as resistant to a chemotherapeutic drug.

40. A method according to claim 38, wherein the target cell is characterized
as expressing a target enzyme that is amplified as a result of selection in vivo.

by chemotherapy.

41. A method according to claim 38, wherein the target enzyme is an

endogenous intracellular enzyme that is overexpressed in the target cell.
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