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

20  application, immediately preceding the claims. The disclosures of these publications
are hereby incorporated by reference into 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))
resulting 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



are based upon di sease nechanismoffers opportunities for future success.
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20 for mechanisms resuiting 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. (19952); and Almasan, A. et al. (1995b)).
In addition, the clinical usefulness of a chemotherapeutic agent may be severely
25 limited by the emergence of malignant cells resistant to that drug. A number of cellular
mechanisms are probably invblved 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 alternative
mechanism of resistance to cancer chemotherapeutics occurs vig the functional loss of

tumor suppressor genes. The best characterized of these are p53, RB and p16. (Funk,
2



mechani sm of resistance to cancer chenot herapeutics occurs via the
functional |oss of tunor suppressor genes. The best characterized of these
are p53, REOM4416. (Funk, 2 WO 01/ 07454 PCT/ USOQ 20008 PCT/USN0AWE!. ,ng
Teh, B.T. (1999)). Loss of function of these gene products |eads to
depressed expression of enzymes commonly targeted by anti-cancer drugs
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Tyr osi ne ki ngs Hudzi et  al 1 I ti I stance
St ani 1 nger . S50, TPEEEEE? Sl eymst RSt HigHLFR, 2 e
Si mon, Mg anghemotheragver, M (1994) (ABC P-gp proteins) Gottesman MM et
al . (1995) CAD* PALLA** Smith, K A et. A. (1995) Don;, R T. and Von Hoff,
D.D., eds. (1994) Topoisonerase | Canptlhecin Husain et at (1994) (Colon

& Prostate Cancers) Enzymes Overexpressed in Resistance to Cancer Chemotherapy

Q

. Enzyme Biologic or Referenced (Examples)
- Chemotherapy _
Thymidylate synthase Uracil-based Lann, 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. et al. (1996)
“Tyrosine kinases . . TNF-aipha Hudziak, R.M. et al. (1988)

Multidrug resistance | Stiihlinger, M. et al. (1994)
MDR-associated proteins | Multidrug resistance | Simon, S.M. and Schindler, M. (1994)

(ABC P-gp proteins) Gottesman, M.M. et al. (1995)
CAD* PALLA** Smith, K.A. et. Al (1995)
Dor, R.T. and Von Hoff, D.D., eds. (1994)
Topoisomerase I Camptothecin Husain et al. (1994)
(Colon & Prostate Cancers)
Ribonucleotide reductase Hydroxyurea Wettergren, Y. et al. (1994)

Yen, Y. et al. (1994)

.* CAD = carbamyl-P synthase, aspartate transcarbamylase, 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 therapg (U.S. Patent No.4,975,278)) or gene
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Ri bonucl eoti de reductase Hydroxyurea Wettergren, Y. et at (1994) Yen, Y.
et al. (1994) * CAD = carbanyl P syntbase, aspartate transcarbanyl ase,
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halogenated n cIe e analogs such as
(E)-5-(2-Bro I# deoxyurldlne (BleJ) These types of conpounds were
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order to & i c(B)-%( vinyDr2 sisonpuidine (BVdU)s Thesetppesiof compamdsmere
preferential | y; ALGR R biBP& hs Wit VitaPf5inté'balkSi 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  results 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 cells, for example, pathological cells that endogenously overexpress a

target enzyme that confers resistance to biologic and chemotherapeutic agents. The
4



t hym di ne ki nase (TK) enzynes. BVdU and rel ated conpounds have consistently
20 shown limted toxicity to normal mammalian cells, whi :Elgc{gpg% m e been
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enzyne acts on*a pPodrug conpound of this invention to 1) convert it to a

cel lular toxin dndhoemtibdiment,dhsartinity ofthe tatgepenzyme has been greathyhenharmceginct of
this invention, th r oduct ..of initial reaction W th a resjstance

enzyme, 15 SUBESLTLAL P FotIL 056 o Rrmarsumpreipor funom gulicr seleriprpeuiing O s ch
as an acyl asfevipld@potaieds chetiotiidhy! In Aiie eadpdinent, teatidldgiagtell et 5 al .
(1995)) or common cellular cgnstituent (e.g., water) tQ release the toxic
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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.

o)

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 least 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.
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Further provided by this invention is a nethod for treating a subject by
delivering to the subject a prodrug as descri bed herein. The prodrugs of
thi s i nvent wonimwresd be used alone or in conbination with otEEUS00/20008
chenot herapeutics or alternative anti-cancer therapies such as radiation.
20 A further aspect of this invention is the preparation of a nedicanent
for use in treating a subject suffering froma pathol ogy characterized by
cells expressing a target enzyne A still further aspect of this invention
is a method for i deietrrodrngrpfithis inysntiophavethefollowing grutwe:a subj ect, by
isolating cells expressing a target enzyne and contacting 25 the cells
with at | east one of the prodrugs of this invention, and then identifying
which of the one or nore prodrugs inhibits the proliferation or kills the
cells, thereby identifying the optinmal therapeutic for the subject. 5 WD
01/ 07454 PCTI USO0/ 20008 The prodrugs of thi ®R%®nvention have the foll ow ng
structure: RI2 H N3 4RI3257RlL | 6 R14 Q5 or tautoners thereof;
wherein R12 or R13 nmay be the sane ;dr TTenent and are selected fromthe
group consisting of oxo, OH or NHMH2™; where\n if ais O or 1, providing
that if ais 0 and RI3 is o th a doubl e nd .10 exits between
position 3 and 4 and R12 is if ais3g/an 2 is oxo, then a
doubl e bond exi sts between positio Zland § d R13 is NHNH2; or

/ \u

or tautomers thereof;,

wherein R' or R" may be the same or different and are selected from the group
consisting of oxo, OH or NHNH; ;

wherein if a is 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 0X0;



if ais 1, then R12 and R13 are both oxo; 6 WD 01107454 PCT/ USOQ 20008
wherein R is a substituent having the fornula: n Rs R4 ?6@43&5 iy R2 and
R3 are i nINQUMA#t |y an unsaturated or a saturated hydroc? ogboup 5
wherein nis 0 or an integer from1 to 10 and mis O or 1; and wherein R4

I's selected fromthe group consisting of F, d, Br, I, CN, SGBH, CO2H,
CRCH2CH3, CO2CH3. SI(CH3)31CHO, N2, CF3, CCl3, CH=C(Rr)2 or a substituent
havi ng the structure; Z P--N~ Zia,P-NV.NHS Xb O. Il 10 -O NH C NH2
CH2 C=o0 | NH OH™ EFEM‘%@Z)‘%%% Il Z-CF2 CH2 CHIG-OH | |

-Z-CF2 CHF-CH2 C—O—I 0 II
.
n m

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 m is 0 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,CHs, SI(CHs)s, CHO, NO,, CF3, CCls,
CH=C(R1 s)z or a substituent having the structure:

N
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AN *\_\
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10
CH,
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NH OH
§ ——2—CHy—CH—CH—CH==CH—(CH);2CHs
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%—z—cs —CHF—CH,—C—OH

il
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g —Z—CR—C—Y,

Yy
CHs O

15 % ——Z—CF;—CH——C—OH



-Z-CF2 CH2-COHis -Z-CFACYb CH3 O15 --CF CHCOH 7 WO 01/07454

PCT/ USO0/ 20008 -Z-CF2 CH2 CHZ NO2 and -Z \ / NO2 wherein Xa_and X?@ re

i ndependent WP 98458ane or different and are sel ected from BCVHREIYH §p
consisting of C, Br, I, and a potent |eaving group; wherein Ya, Yb or Yc
are independently the sane or different and are Hor F;, wherein Z, Z. and
Zb are independently the sane or different and are O or S; and wherein R 4
is Hor F, providing if R4 is F, thena is 1 and R12 and R13 are both

oxo; and 10 wher ei Eﬁzl?c@e—l'%%?&”?'r_o\'ﬂ?tﬁa group consisting of a sugar, a
carbocyclic, and an acyclic conmpound, or a nmasked phosphate derivative or
phosphor am dat e degi vati vE ereof. BRI EF DESCRI PTI ON OF THE FI GURES 15
The concepts descri%b‘e—(}’ a‘@ arMOi spl ayed graphically in Figure 1A and 1B
usi ng the exanpl e of the -v/'dylaue synt hase enzyne and the conpound
NB1011TM Figure 1 A shows how higher levels of TS in tunor cells can |ead
to preferential generation of toxin. Figure | B shows the conversion

of NB1011TM o BVdUMwherehtlX, mﬁﬂaﬁmegéﬂﬂeﬁﬂﬁﬂieisﬁhe& Hiffefent bkt 418 Sl Pirom
nucl eotide toxin. 20 Figures_2A an B are flow charts illustrating a high

t hr oughput SsctBgroBR cqngising Pmbm’ilg%ﬂd FPYeEntdeaynggrows rel ative TS levels in
evel s between nor napreit taibe ¥ e BependchlyHELRAG ddiiabBBR B P |1
synthetic schene f ovheteineZsZyanflZ, sreipgependéntlyrthersamenoralifferentéad arefO binG sand
invention. The syntheth CrPiOOSY, plovidiSe FRPET, WtndSE Tahd RV MG are both
oxo; and
10 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

15 The concepts described herein are displayed graphically in Figure 1A and 1B
using the example of the thymidylate synthase enzyme and the compound NB101 1™,
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 BVdUMP, and
subsequent interaction with TS to generate nucleotide toxin.

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

Figure 3A shows relative TS levels in various human tissues. Figure 3B shows

a comparison of average TS mRNA levels between normal and human colon tumor
tissues.

25 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.



s WD 01/ 07454 PCT/ USOCQ 20008 MODES FOR CARRYI NG OQUT THE | NVENTI ON The
practice of the present invention wll enploy, unless ot ' L.pdi cat ed,
convent i oN¥} OO0 ni ques of nol ecul ar biol ogy, mi crobi ol 03&5‘%@&@({0@10' ogy,
organic 5 chem stry, nedicinal chem stry and reconbi nant DNA, which are
within the skill of the art. See, e.g., Sanbrook at al., MOLECULAR

CLONI NG A LABORATORY MANUAL, 2"d edition (1989); CURRENT PROTOCOLS I N
MOLECULAR BI OLOGY, F.M Ausubel et al. eds., (1987); the series METHODS IN
ENZYMOLOGY, Academic Press, Inc.; PCR 2. A PRACTI CAL APPROACH, M J. 10
MacPherson et al ., edsMODESFOR CARRYVINGOUT THE INVENRION CELLS: .

ALABORATORY MANUAL S rin $S:._an NI MAL
CELL CULTURE, Rﬁ? p‘l?@és%%ﬁeﬂf/% 8‘8%?“ {“1’%‘7’9‘% ““,%M{%‘g&&%&‘@?‘gﬁi on and
cl ?i s, thhe cohvegatibmel ltéchiiilqué'sgxf'indlanlar biixrl]bgyt microbiblogy, et bidllogﬁbrhgaﬁi‘cer ences -
unl ess the context clgarly. dictates otherw se. . Foy. exanple, the 15 term"a
cel I " i ndl udbemistry, medi¢ial chemisiry pnd recom mmfﬁv F@s%%ﬂ&fgn‘léhﬁsed

herein, the jerum. :?mmai.mmmmmmzwmmﬁgmsi tions

and nethods I ncl ud€the recited el enents, but not excludi ng ot hers.

" Consi st i ng MANERALL,i23] editionf (1940 CUBRENIFRETOROLSINMOLE nd net hods,
shal | nean | S | jqpi ficance to the
conbi nat i onwy’?%%&%&eﬁ%ﬁ%’ ggg@?@%isﬁgég\g%%ﬁh% y of the elenents
as defined ENZYMOULOGY, AcidemicPresicine:; ROR 2: OPRACTICAL AFPROACHsM K0l at i on
and purificatiqn nethod and rgaceutical | c | such as
phosphat ¥ bM P@‘ﬁ%}%ﬁ n?é‘{; gggée%%tg" QJIQ%%@%L%WBXQ of !
shal | mean enaNIAI) WoBIEII, 0BM Spring Slafior PREE; an® ANTME! CEDDICUStiFORE, and
subst anti al t hod stegtsi for adm nistering the conpositions of this

i nvention. 2&3 _ k”_?é-f ined by each of t 'rllese transiti on terms are
Bt least 2 ol d. Aduepdinine (PR ind Chim e bingl o St and “B8% nost
pref erabl y Snélodejplural referencescymiess shetontextelearly dictates bthoxwise. dfor lexample, theasur ed
oo o (B AP by g B ke 1 o 1t ended to
As used herein, 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 carriers, 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 normal or non-pathological cells.
30 A “composition” is intended to mean a combination of active agent and another
compound or composition, inert (for example, a detectable agent or label) or active,

such as an adjuvant.



conpound or conposition, inert (for exanple, a detectable agent or | abel)
or active, such as an adjuvant. 9 PCT/US00/20008 WO 0lro7454 A

" phar maceut Wep/0845aposi ti on"-i s intended to include the conBCHUSIZM008f an
active agent with a carrier, inert or active, nmaking the conposition
suitable for diagnostic or therapeutic use in vitro, in vivo or ex vivo.
As used herein, the term "pharmaceutically acceptable carrier” enconpasses

any 5 of the standg har maceuti cal. cgrr.i er y s.a phosphate

buf fered saline soﬂu%’gﬁ‘ﬁ’ Wmﬂﬂﬁﬁ‘°§n{ﬁ‘§?e83%d é%‘g "a@eS?Fn binationefan or
wat er/ oi | enulagivdhgeRAth/PEdrAerS ineitidR actiVe, mm%k SPE& ositions
al so can include stabilizers and preservatives. For exanpl es of carriers,

stabi | i zers adipgBestiownhempeuticusen vitme, mONvaRTRRNGOPHARM  SCL, 15t h Ed.

gﬂ/?fclkcrglr)\lt to éffecthg&k(e#ialél a% O‘gem regﬁﬁéxﬁ@@lﬁﬁwgﬁ%ﬁvﬁ&gﬁ%ﬂt

can be adniésni of ﬁ:eettnda‘dphamuceuumbcaaﬂers,rsudl aﬁtphusphate bufiered sdliné BSlutivn,

?ﬁzgggfé ;l’?r g‘fea}%agﬂ%é " ugstéholé)lghﬁgl 3’?/3' | s | ncI ud egq%‘(l)l iferati \éseof(_:el S
netastatic or v&&tﬁi@ﬁg@ﬁtﬁ@h&éﬁ‘ﬁﬁﬂsﬁﬁmiﬁob%&lﬁﬁe stﬁ'ﬁhz&gﬁn séﬁiﬁvﬁfdﬁh

cancer cells such as sarcoma cells, | eukem a cel , carclhona cel
adenocar ci nomgx¥eplessof capiess, F@W@E@@P@UV% g@el\/lanmRMGE‘ON's RHARM! o

breast cancer (ﬁehg Bdh@qmlﬁl Yﬁ’fsp ancer cells, pancreatic

carci nona ceIIs > 0oesoph Car ¢ nora \cel bl adder cancer cells,
gastroi nt asti nal ca\md‘eﬁ'ecmrlelamonmfas ammmmnsuﬂicteﬂtﬂo&effecﬁﬂehaﬁdiﬂnﬁa&s@w | s,

prostate cancer el astric ells. 20 Tar r pat hol ogi cal
cel I's overexpf® a%“F’Ff?a‘i”é{SgPP § em uﬁ%ner"é G‘E'P’é"suéﬁ?l’sof a | oss
of tunor supp ord®didogagesluct function, drug resistance or genetic

instability. ternati vel Y. Lesistance to one drug may confer resistance to
ot her, bi ocheni cafT’ig“Jl %"[‘Pﬂ@? °E!°ﬁ'g§e mﬁrm?lfmvetenlésfm@%dqﬂ. rected

to creati Ng MaffRrd@hed ]5&( E,g%ﬁ,g %‘EIFE%%E@S
this invention epr0|ts the er- 25 énz ctivi y a5500|a

t her apy- r d§i smmemwa&mﬂlmmcmrtdEMWehdemm& Tareintma

tissues and dogf B%iefehntindtha!cBfl. WpbliAh LdASer BEMAE, tuf 6 nbiSiriited o bSk
cancer cells, hepatoma cells, liver cancer cells, pancreatic carcinoma cells, oesophageat
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 function, drug resistance or genetic
instability. Alternatively, 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 cells 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) (L&nn, U. et al. (1996); Kobayashi, H.
et al. (1995); and Jackman, A. L. et al. (1995b)), dihydrofolate reductase (Banerjee, D.
et al. (1995) and Bertino, J. R. et al. (1996)), tyrosine kinases (TNF-c,, Hudziak, R. M.
et al. (1988)) and multidrug resistance (Stiillx%)inger, M. et al. (1994)); Akdas, A. et al.



enzynme" is used herein to define enzynes having one or nore of the above
noted characteristics. Gene products activated or overexpressed and

rel ated t VQIW4¥esi st ance include, 30 but are not Ilrntéh?wwme W% dyl at e
synt hase (TS) (Ldnn, U. et al. (1996); Kobayashi, H et al. (1995); and
Jackman, A L. et al. (1995b)), di hydrof ol ate reductase (Banerjee, D. et
al. (1995) and Bertino, J. R et al. (1996)), tyrosine kinases (TNF-a,

Hudzi ak, R | sl ' L M et
o (1obay) (o0 f‘t\m@“g?P oSN A A R R e it T ©
(Ta[mock (Ispﬁtel(ﬂ&ﬁ)n),Smgldfdh;%t@ﬂwm&iidmedkms&hmgmsshni ated -
roteins i chi ndl er in sone di seases

Pncl udi ng c@%@%@%?ﬁm?%ﬁgémuiﬁ%@gm | (Husain et al.
(1994)). Anpl Iflm&plmaaﬁ&n@dnwafaﬁlaie&mcwseaumysréladﬁlﬁsrdsﬁtaﬁedtat ed to

resistance to 5 nethotrexate while _anplificatjion of the gene encoding

t hym dyl &t e msfhatiexaie while amplification Péthpgsn%m@egmmw synthasedgrelated t h

5-f 1 uoropyrig fs_ Ci resi stance
can be det ect?}‘%i tﬁn%‘t’%r egﬁ%f?@éﬁr?og”i @’é i rf[glrrlm;se (hn)%reactlon
(PCR) as desassociamd with d(agreststanmﬂ)e deteclaﬂamlmast)rpd byja ;icdifiednt No.

5, 085, 983, or,the thod LI r stance to can
be moni tore(!"’weﬁﬁ d?&@?ﬁéix? %ﬁ?ﬁ&gﬁ%gﬂﬁg#g‘e@ﬁ tich as
h]g)rrl\j\ﬁenﬁous Usw&téﬂm&rﬁossmsmrnme memomaescﬁbea kipeih) Achiifedidugiesisiceomes bot h
o] ich are aSSOCIat

d wth gene a i fication. Alterpative assays
i ncl ude @i r €a» bymoniiere Bﬂheéﬁ?g'?@ fzfg'?’ﬂ ag% itis, $uCh 28 ROTIPEERAPUSH ar e
associ at ed wo?me&ii@saﬂmlgé@ﬁgaﬂmoﬁae%mut%mommtﬁaf%cﬁ &:%95)) ot her

met hodol ogi e pol yimerase chain reaction, Houze . A et 15 al
(1997) or uammat;dsquamp ficationhAlfermative asgays inclugde. dnpqtgw)d)recnqnéyrehzyrre

gl ut at hi one el din
Some hunan tﬁ%mﬁmmifﬁﬁ%éﬂ%%ﬂﬁ%w Heon e 25 BlehE
excl uded fr cuml Sttt @995)9;rml;armmm&iolom (dxz poiymdrasexhain reactiors Housw T etof a
gene fam|ly Z W I rla cities. 20 I n sum

the prodlrf’ug§J g?&gﬂgp@%ﬁ"ﬁ’é %’ﬁ&}'&égﬁﬁpg’pg @%ﬁgmﬁhbl e from
conventional t heuaeewym&lmhidn&som@résbms been shmtbtbeemasmsupf this
i nvention are copmonly overex ver - ac ted or ctlvated in
pat hol ogi calelevated i sp@jedipenan tum gm%M% R§ad &ngg))ﬁ’“tne"eﬁh eless is

excluded from “target enzyme” as used herem 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 enzymes of this invention are

commonly 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 treatment (see, e.g., Lonn, U. et al. (1996); Paradiso, A. et al.
30  (2000); and Edler, D. (2000)).
(2)  The current approach is also distinguishable from other “substrate-
prodrug” approaches, e.g., the glutathione-S-transferase enzymes (see, ¢.g., Morgan,

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



normal cells. The nost inportant principles that distinguishes the current
I nvention from other approaches are: 25 (1) This invention describes the
synt hesi s oWOMMIEBStat es for enzynes like thym dylate synt Q008
overexpressed enzyme will convert prodrugs to toxin, preferentlally in

di seased cells. Previous approaches have nostly relied on inhibitors of
these enzynmes. The inhibitors lead to anplified expression of the enzyne,

and subsequent reS|s1 anc.et t onn, U .et.al.
(1996): Par adF&BONSK 10 Igxic jos P?éf' (giﬁ?#ggfye&éngmf%e@ﬁrlapgw The
current happr O@gbstrafe specificitless wmmnadeahl difficult 1o Qési}ey a subbtafté featiive WHIDOHIYY
appr oaches

g the gI ut at hi one- S-transferase enzynes (see, rgan
A S. et al. f%!g o Bappewith glevated ewvssmmwaa% celi mdg St etal.

i ncreased | ev tﬂe%% %,ﬁ SLE}?M& ic insult
to the cell. ?I,LQSEE_IE%E% y O enzyrregé-éﬁﬁs overl app| ng&cgg trgiﬁé(
speci fi ci t ses synthasehdihpdrofoldte redn¢tasecnd thymidineXinpse)are uhigue with respect o ite wi t h

(bt gan, S Sl 58 s B SHORat) 0 e o des B Ui lbelee L SERBH et
i nvention (e @xampley OF sipbtedies for thymiidyase syrihddy dreyiroVidédinkaduct ase and

thym di ne kinase) are unique with respect to its structure and substrate

specificity, it is®@aci i['ésqf’ée??éiﬁtbﬁg?}}ﬁﬁ&%d‘%&u thetargetenzyme (- oth Ymédb’éﬂfpl es of

substrates for, EﬁnPé
t he gene encogrﬁgt Hﬁ%'ar get g%éﬁléﬂm%ﬁéﬁiﬁ(rh%ﬂ ate synt'n@ § rfay ave
urdezgone)muta#abﬂwa)gld\mckm &hde(l@ Sj)bmmnsjllll&eqaﬁ”lwg\tﬁm t]? et
a 1992) an ut w sti e capable o
carryi ng out rrggéﬁ "g\f‘ n@%orl nl?fn%get ﬁ&ﬁgstrate prodrugs. (4) An

advant alge of dt hi f z@p)oromwva'luhéeaiftlneag:roichtwmtlow@mm%ﬁﬁfppfdsﬁtlﬁ'ltﬂm h'oni S
critical to deve mal i gnapnc maprlt tunpr cells have

| ost one of t‘ﬁ%mffgge @8?’“5‘16’ ﬂ?ﬂﬁg‘“’g %P 3 h(’F‘EuW"“&.%
(1999); Baner jigepsIDRBIG 16 388dr su Funconk. ho (lbggﬁh)anenﬁ# a | oss

results in increased expression 0 re5|stance enzynes (€ ym dyl at e

synt hase) , 15i ndt9candiTed; B emldﬁgw)ep%y:braéoqsaesr%mmmed@premw odr ugs

wei | s di Seadetdies endindl ey ol e Bl Hdobemt il ou Hpd R 2

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 unrejated 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



enzynes |i ke GST include many conpounds unrel ated to chenot herapy. (Whal en

and 20 Boyer (1998)). The concepts descri bed above are di spl ayed

gr aphi cal Wwoo178sgure | A and | B using the exanpl e of th@WWP’hte

synt hase enzyne and the conpound NB 1011TM In an alternative enbodi nent,

the target cell is defined by its resistance to a drug or conpound

unrelated to cancer. In this case, the cell is infected with a

m croorganismthat 25 confers resistance to an antibiotic, e.g.

bet a- | act anf Organi sns 1 nclude b@pkeer! a, yeast and paraS|trs, such as
Qp. . I's approach

Over ezpr essk T DI e 3 D ug
Resi st ance | Beaayctmaskd ovi des i ncreas dﬁm&hsuﬂhﬁa@e»hamnuﬁhmﬁgIac1f|a ases
Penicillin |nd ot her bet a-1 aet am corendhiatiésng anti bi oti cs Ami nogl ycosi dase,
or mﬂnoglycmgs&smmmﬁd NArhifgBtdsi@Santibiotics (e.g. SirdpRRYRLY ¢ N,

m di fyi ng ejmidiffng eggiies anyci n) chl orjcgemiadeincol transacetyl ase
Chi or anphenfr &5 ] ' ngarea Q@ﬁﬁﬂmﬂﬁkaE[hOprlﬁ]HETerenC,Z Mechani sns
of M crobi a ,“ -‘ . ‘ . Eenst ei n,
Editor TS Sal . | dkins o . The
prodrugs of Relferescei M#M&M%‘mmg f MedppffoRlsi st {ng of the L
and D i sone} Eiseoeincksiites 36 Saterfisidy Publ Wifliyres aod Willins i ¥3 (199 or IL orfIll. H2N O
NH OO< R 0==< -R_QF

The prodrugs of this invention are selected from the group consisting of the L
and D isomers of compounds having the structures:

L ' c& IL or .
HN

< <
/ /

13
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or lv. o 13 WD 01/07454 PCTJUSO0/ 20005 wherein: R is a noiety of the
formula: (RR) RBRA nd m 5 with the proviso that in conpound I, n can be
0. R2 is a Wowabaasd el ectron conduit noiety sel ected from tHEI/HBRA008
consisting of an wunsaturated hydrocarbyl group; an aromatic hydrocar byl
group conprising one or nore unsaturated hydrocarbyl groups; and, a

het eroaronmati c group conprising one or nore to unsaturated hydrocarbyl
groups; R3 is selected fromthe group consisting of: --CH2-1 | -C'R5- -C(R
--0- ~ ~ -S- ~ ~ -Wherein:and | - NRS R5 may be the sane or different and is

I ndependently a |inear Qf. group having from1l to 10 carbon
atons, or a cycl oal kyl 18‘835‘@&& ng ro*na?, to 10 carbon 15 atons, or a

hal ogen (e.g., F, d, Br, or the group: CH2O- CH 2 S - N=NII Ti
CH2O G CHZQ C G20 C CHZQ C 14 WO 01207454 PCTI USOO’ 20008 or the group:
wherein nis O or an integer froml5to %dEmil r 1; 5 wherein R4 can

be a substituent selected fromthe
with the proviso that in compound I, n can be 0.

S

R? is a divalent electron conduit moiety selected from the group consisting of an
unsaturated hydrocarbyl group; an aromatic hydrocarbyl group comprising one or more
unsaturated hydfocarbyl groups; and, a heteroaromatic group compris@ng one or more

10  unsaturated hydrocarbyl groups;
"~ R%is selected from the group consisting of:

i {—ow—] et
f—o—} }—s—} }—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:

oot fo} et

Q===
NN,

° ii
S B Oy NEDWAE B B

O==wn
VWV

g CH,S

14



X RPW NHZF ZRlo /-OOO O10 X z Il ~/ -Z-P-N~ -Z-P---N N NH2 X

010 -ONHGCGNHR2 H2 C0 H?H H -Z-CH2 CH-CI—I-CH:CH-(CI-%%%%é -Z-CF2
CH2- CHF- CW$0147#547 CF2 CHF- CH2--C-OH 15 WO 01107454 PCTI 0 11

-Z-CF2 CH2 CGOH T3 0 -Z-CF2 CH G OH

or the group:

| R ;
g,//—/> // </I
-

J,,.r'

wherein n is 0 or an integer from 1 to 10and misOor1;

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

T\ o g_t>={,,,o

o
-0 R'"
X
4
$ N $ ——Z——}ﬁ-—N/_/
i e\
YAN X

% —O0—NH—C—NH;
10

e
C=0
NH OH

§ —Z—CH;~—CH—CH—CH==CH—(CHy)i2CH;
§ —2Z—CFy—CHy—CHF—C—OH

|
Z ——Z—CF ;—CHF—CH,—C—OH
15




Y -Z-CF2-r-Y Y -Z-CF2--CH2 CH2 N0O2 and 5 Z \ / NO2 wherein R8 and R9 are
| oner alkyls and R is Hor CH3 and each X substituent is independently
the sanme orw@ioipasént fromthe other and is -C, -Br, -1, OFCHUMIRIMWS: ent

| eavi ng group, with the proviso that when R7 is -H, and mis zero, then R4
is not a 1o halogen or when mis zero and it is zero, then R4 is not a

hal ogen; wherein each Y substituent is independently the sanme or different
fromthe other and is independently -H or F and each Z substituent is

i ndependently the sanme or different fromtheﬁot her and is -0- or -S. In
one aspect, mis 0 and R2 is als—a-rza-nfeFi-e-m-;édﬁﬂ-ceaolbyl group selected from
the 15 group consisting of. \ '/ and 16 WD 01/07454 PCT/ US00/ 20008 In an
alternative aspect, mis 0 and R is a h ro@romati c group selected from
the group consisting of: J J % 7-L-cP, rei HS selected fromthe group
consisting of -0-, -S, -Se-, “*NH, and - NR [x- and wherein R is a |inear
or branched al kyl having 1 to 10 car bon atons or a cycloal kyl group havi ng
3 to 10 carbon atons. In one ilgec:% I:as ec R4 is selected fromthe group
consisting of OS --0- ? - NN!~U 10 Qis a selected
fromthe group consisti ng of a sugar, a (Yar bocylic, an acyclic

§ —2—CF ;—CH;—CH,—NO,
O
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, -Br, -1, or other potent

and

leaving group, with the proviso that when R’ is -H, and m is zero, then R* is not a
10  halogen or when m is zero and n is zero, then R* is not a 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:

o

| - )t

16



conpound and nmasked phosphate or phosphoram date derivatives thereof. The
masked phosphate or phosphoram date derivation is attacgegmtsﬁb &t the 5'
position we conmpound, shown in nore detail bel ow. For exanp Qis a
noi ety selected fromthe 15 group consisting of. Lt. R7-O S R— O 'R 0 RB
Re RS Rs Rs 6 W CH R/ 0 OJ\ and RB RB RB 17 WO 01/07454

PCT/ USDQ' 20008 wherein each R6 is independently the sane or different from
the other and i sysglfehathelassd, i 0%he RP isarsadmisticProup delectlifrom@id =0 CH3,
F, and other protected hydroxyl group; and, R7 is hydrdgen, a phosphate
group, a phgswphoofisisingef: gr oup, or a phosphor am date 5 group attached to Q
at the 5 position. It should be understood, although not explicitely
stated that any of the prodrugs of this invention nay be in any
enantionmeric, diasterionmeric, or stereoisonmeric form including, D-form
L-form a-anoneric form and nomeri c _form,dJ enbodi nent, R4 is or
contains a chemcal entitys¢ ad from 10 consisting of, -Br,
-1, -0-alkyl, -Oaryl, 0-het aryl, -S-heteroaryl, -CN,

_OCN, -SCN, NH2, - NH-al kyl, ¢yl )2, -NH UNHH, ' - NHO- al ky!l
NH2CONHO-, NHNH2, - N3, and g derivative of CIS pl atin, such as: O=C C=O O
H3N " INH In one enbodinment, Qis: W OG5 3 2

5 wherein J is selected from the group consisting of -O-, -S-, -Se-, -NH-, and -

NRALK. and wherein RA™® 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:

$ ——-o—n%—N and  $ —o—l?’—N
A A

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:

R—O T R—0O he R—O0O Ty,

o) S

R® RS R® R® R® R®

0.

Y A Y A

and

R R® R®

17



15 OH wherein R7 is as described above, or nore specifically,
such as: \ G0 PO 20 18 WO 01/07454 PCT/ USOCQO 20008 or a conpo

a structur
und havi ng

the structum0oi®74s@pp OH end o 0-F, o i (L, 7C OH Rd wher ei RCRYS§0L2080§

aromatic substituent. 5 In an alternative enbodinent, R7 is a
phosphoram date group derived froman am no acid, including,

the twenty naturally occurri ng am no acids. In one enbodinent,

e

for exanpl e,

R7 is a

phosphor an date gr gxe{atg I gen 7. 1S or

contains a group hgj\t}l ng e s{ rﬁwﬁw@sﬁ‘{ﬁﬁﬁﬁww% The

above group, 3electetirdmthe group donsistinganfaHHOHROCEHG)CHSE, and 6thet profebted!i gan,

al . (1993) E‘d |VC?J ?ﬂS’gt al. (1996). This invention also provides an
I%‘gl@o

L- or i some

15 R7 is hydrogen, a phosphate group, a phosphodiester group, or a phosphoramidate

5  group attached to Q at the 5’ position.

It should be understood, although not explicitely stated that any of the prodrugs of

this invention may be in any enantiomeric, diasteriomeric, or stereoisomeric 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, -NHz, -NH-alkyl, -N(alkyl), -NHCHO, -NHOH, -NHO-alkyl,
NH;CONHO-, NHNHj, -N3, and a derivative of cis-platin, such as:

oy
O,;Pt i0
HiN NH
In one embodiment, Q is:
R—o—y® _
4' 1 [ ]
3! é 2’
15 OH

20

18

et

und having the structure: O HN3 4 2 5 Rl 6/



or tautoners thereof, wherein R is a substitutent having the fornmula: 19
WO 01/ 07454 PCT/ USO0/ 20008 R2nR3 R4 wherein R2 and R3 are_the sane or

di ff er ent Whe1/03454 | ndependent |y an unsaturated or a sat JFJ(‘@&“% ocar byl
group; wherein R4 is selected fromthe group consisting of F, d, Br, I,
CN, SG8H, CO2H, CXRCH2CH3, SI(CH3)3, CHO N2, CF3, Cd 3, C(R5)2; 5 wherein

R5 is selected fromthe group consisting of F, d, Br, and |I; wherein nis
O or an integer from g g and Q is as defined above.
In one aspect, mis Oogﬁggﬂégl S se (ﬁ? E'%érnthe group consisting of:
CH20CHzS NeN---~ 11 11 Il - SIl CHRS-C 10 -CH2- j ~ -CHRS-- ~ -C(R9) 2--

-O ~ -5 t ~~-NH- ~ and --NRS- wherein R5 is independently the sane or

different and is sel ected fro the group consisting of da}_il i near

branched al kyl group havin to 10 carbon atons, 5 cycloalkyl

group having from3 t car aé I'n ot her

aspect, R2 and R3 tafen t'getﬁ (S an admdknyl or and | ect ed

fromthe group consi 0 WO 01/ 07454 PGT/ESOO’ 20 Pand _ In
| gr ou% el ected

anot her aspect, mis is an aromatic hydr
fromthe 5 group congd sting of \ / and In a further aspect, s 0 and Rz
is a heteroaromatic group selected fromthe group consisting of:

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 occﬁrring amino acids. In one
embodiment, R’ is a phosphoramidate group derived from alanine. In one embodiment,
R’ is or contains a group having the structure:

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:

19



10 J J wherein J is selected fromthe group consisting of -0-, -S, -Se-,
-NH, and - NR'- and wherein Rux is a linear or branched al%ﬁﬂg&(ﬁg Ito
10 carbon aW/03#54a cycl oal kyl group having 3 to 10 car boh

t hese enbodi nent, R7 is as descri bed above. 21 WD 01/07454 PCT/ USOQ 20008
In a specific enbodinent, R7 is: Il HO NH NH COOCH3 The above group,
and nethods for its preparatlon are described in Abraham et 5 al.

(1996). In one enbodinment, R7 is a phosphate o p or is or contains a
group having a structure ‘sel ect ed COFh%I stingof 00 ~ O-0
-0 00 and OO OSTheflrst of t et% oe u and nethods for its
preparation, are descrlbe2 |n Fr eed, et aI m} Sastry, et al.
(1992); Farquhar, wherginR (32934?“ same-or diffeson epillﬂwbl)anmm@dond

Val otte, at alt® (1ouE T ERAp whan e &2%5%6?“"“?“ s nBRii .

i s or contai n€lByk,N, SGH, £§.H, €O:0H;Cilg SIHEHY, CHO, NOy, CRs, CQls, QR):;
consi sti N9 of %erenglsseectedﬁ'omthegmupconmstmgofF Cl, Br, and I; wherein nis O or an

integer from 1 to 10 and m is 0 or 1; and Q is as defined above.
In one aspect, m is 0 and R? is selected from the group consisting of:

oot o} et

SN NI S N
S
éf/> // </://‘§

10
§—cH—3§ §—ciR—} §—cR—}
§—0—% §—s—} §{—N—} ana §—nRO—}
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, CN and a halogen.

In another aspect, R? and R? taken together is an alkenyl or alkynyl and is selected
from the group consisting of:

§I§ %‘) §_/—/_§ =

20



O and 0Ol O-POI I (CH2)17CH3 OH 15 Rwhere Ris an aromatic
substitue irst of the two above groups, and netho i

preparati %?B‘Z"?’ég‘descri bed in Meier, et al. (1997). The ?Z('Z:r{)él B%q‘ob?he t wo
above 22 WO 01/07454 PCT/ USnan0008 groups, and nethods for Its
preparation, are described in Hostetler, et al. (1997); and Hostetler, et
al ., published International Patent Application No. WO 96/40088 (1996). In
one enbodinent, the R7 forms a cygkic groupgswithin Q One such embodi nment,
and a nethod for its preparation, Ns shown | ow (wher z)l\/ITr IS

4,4' -di met hoxytrityl, 5 Boc is t-bgtyl oxycagbonyl, [

1, 3-di cycl ohexyl car bodi i m de 4-DVAP #s 4- d t hyl am nopyri di ne) :
DMIr-O H DMIr-0O Bc DMrh Cl ;:: MAP ' YO HXB 9. HOOO0-0-P O 1HANH
PhOP(O)Cl~ | Hz 2. Base z Olnidazole @ C C 3 O0 In one enbodi nent,
the conpound may be in a salt form or in a protected or prodrug form or
a conbi nation thereof, for exanple, as a salt, an ether, or an ester.

iy o
g_/_/ g_/j and %——E—/R

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

ey |
| - = )

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

O
wherein J is selected from the group consisting of -O-, -S-, -Se-, -NH-, and -
NRAK. 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.
For these embodiment, R’ is as described above.

21
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10 I n a separate enbodi nent, the above structures are further nodified to
‘possess thiophosphodi aziridine instead of phosphodi azi ri di ne groups, using
t he nmet hodswoigmddsisbed bel ow. Synt hesis of the above not ed Becpusmiodnst ed
pyrim di ne derivatives can be acconplished by nethods that are well-known
in the art. For exanple, treatnment of 5- 15 chloronercuri-2'-deoxyuridine
wi t h hal oal kyl conpounds, hal oacetates or hal oal kenes in the presence of

Li 2PdC14 results in the formation, through an organopal | adi um

internedi ate, of the 5-al kyl, 5-acetyl or 5-al kene derivati ve,
respectively. Wataya, et, al 1972ﬁ|and Bergstrom et al. (1981). Another
exanpl e of C5-nodi %%FﬂgﬁﬂmMAﬁﬂﬁﬁ ¥i ne nucl eosi des and nucl eotides is
the formation of C5-trans-styryl derivatives 2@yby treatnent of unprotected
nucl eotide with nmercuric acetate followed by aa)ltl n of styrene or
ring-substituted styrenes in the presence HQO-+ 24. Bi gge, et al.
(1980). 23 WD 01/07454 PCT/ US00120008 , Pyrim di ne &eoxyri bonucl eosi de

~ triphosphates were derivatized with ne N at NHe 5 position of the

pyri mdine ring by treatnent vvlthric acetlte in acetate buffer at 50

for 3 hours. Dale, et al. (1973). trre;ﬁHaI so woul d be expected to
be effective for nodification o phosphat es;CoOGHati vel y, a nodified
tri phosphate 5 couI d be converted &= fmatically to a nodified

nmonophosphat e, r CO ed treatpent wi t h_al kal i ne
phosghat gse foll O\Agg Wﬁm“ﬁ%m@ﬁ @’Tfl : FoProparetign, areddescribed in Abrabameat
organi ¢ or snogpywe).c, W th mol ecul ar propert| es simlar to nercury but

wi th preferred pharnacol ogi cal 7opertl es could be substituted. For
general nethods foh%ﬁﬁﬂb@él%f 3813 phosphate gropp ot isoricontains asgrourf kavingeanpl e,
US to Paten tnNﬁEE ﬁﬁ?é né%ﬂl nd 4,948, 882; and Bergstrom et
al. (1981). e above ne gleg%;%@é a sg ge appl icable to the synthesis of
derivatives of 5-sull&tituted pyrimdine nucl e@sides and nucl eoti des

cont ai ni ng sugars ot @an ri bgge or 2'- deox |b se for EXgyTp

2' -3' -di deoxyri bose, nose, fljurangse, |yxosg, nt he“ose
hept ose, and pyra . An % 5- posj 'on substl —ps—+
hal ovi nyl 15 group,/ &. g. E-5- (2 Hr ono eoxyuri dyl at e. IBar

) - 2
rormdé%&xyurl di ne, 5Qi ododeoxQur i d| ne and

|ves/lare avai l abl e comre?/r”slly fregmd en
o

The first of the two above 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. (1996); and Benzaria, et al. (1996).
In one embodiment, R is or contains a group having a structure selected from the

et al. (1983). Alternativ
t heir nonophosphate deriv
Research, Sterling,

group consisting of:
) and 0 I
Lo -
/ (CHCHs  OH
15 R

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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VA (USA), Sigma Aldrich Corporation, St. Louis, MO (USA), Moravek
Bi ochem cals, Inc., Brea, CA (USA), ICN, Costa Mesa, CA (USA) and New

Engl and 2Qud\w@h#ar. Boston, MA (USA). Commerci al | y-avai | gigTeuseo/20008

. 5-bronodeoxyuri di ne and 5- iododeoxyuridine can be converted to their
nonophosphates either chemcally or enzymatically, though the action of a
ki nase enzyne using comercial available reagents from d en Research,

Sterling, ,ggfgtﬁ, yﬁ%

derivati #§@ebﬂg&€gé§|wr?e W t Rl\%té?ees% gseﬁé) st}eet}l%%gg(cr Zg?‘g&lnovel 25
and rore I'Msteﬂnt, etals pwﬂxshedﬂnmwmnmwn Application Na. WOS6B0080E0P6N Of .
oyt ng. g oup 1 PR anediradin MR’ B SreHE ERMR Vit Y OB RISE ShubhgieRt (o
het er OCyCana%%ﬁ&:ﬁ@hpﬂaﬁ&,ﬁ&kho%%efo&%ﬂﬁﬁmmma&imuﬁo%@LOf a human

enz, TS, for exarrpl e, lLve charg conduct ed fromthe 6-position of
30 ur di IBacisip é‘f’ﬂ@ﬁvegé{:n’% 1,3dicxgloh qm PMiUsfor the 5' -

nonophos l%ﬁﬂq ons of (E)-5-(bronovinyl)-2'-deoxyuridine (BvdU) by
Barr, Qﬂ@ i’ P 19 3) and of

(E)- 5 (3-3 3-trifluoro-I|-propenyl)-2'-deoxyuridine (!{Mgr %Urd) b)g_iV\ataya,
i % 0

et al. (1979), Santi (1980); and Berg{g/\gm et al. 2 [/ 07454
PCT/ US00/ t et hBMT? b en the toxin and dN t be
unsaturated s t it _can condu - | ahl I I ziffrg\negat\ ve fchar ge
supplied by the 75 cyDMInGhydryl\ at ac rr&ny ubht u d organic
functionaliti ailable for thi rposljbctcg , allyla and

propar gyl uni t§ are sinple, small .2 2 and readi y access ?het ically. 5
The vi nyl anin'lIyI units have t h&Mdvant age t hat they ¢an |be prepared in

either of two non-interconvertible geonetric isomeric forf®. Thus, they
can be used as " probes" of prodrug accommodati on by the_enzyne active
site. On the other handy ; 5
cylindrically symetrical,

type of tether does not dep'nd po i ent'y with respe 10
dUMP' s uraci ;M g, asyps t }Wﬁﬂﬁlhe vinyl and a I |l ecyl es. Two

di stinct apm Basees hav 2'oee take &z&gm gn of sone of tide-
based prodrugs of this I on. € IS based on the st Oe of BvdU
nonophosphat e and f re a leaving group/toxin diregHty tached to the

term nus of a o o

In one embodiment, the compound may be in a salt form, or in a protected or
prodrug form, or a 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 chloromercuri-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, S-acetyl or 5-alkene derivative, respectively. Wataya, et al.
(1979) and Bergstrom, et al. (1981). Another example 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).

23
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(poly)vinyl substituent at C5 of dUMP. This is the vinyl tether approach.
The other is 15 based on the structure of TFPe-dUMP and is simlar to the
first but ha¥OBM¥é¥4hyl ene unit separating the |eaving grouBFTERPM20R t he
unsaturated unit and thus .contains an allyl or propargyl unit. This is the
allyl tether approach. 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 - 2' - deoxyuyri di.ne g nopophos g ate . 20 EdUlVP) and,
5- ( 3- hydr oxy- | - pr o%?’ﬁ’ﬂ‘;‘“ 8‘@@?&8‘? SRS derivatizgebyithmyercyry gt TS
(Barr, et al. &&%amoﬁanheﬁ Wﬁ%ﬂeﬁwmbﬁuﬁc B&Ut48in acefifd Biiffer”

of TS (Ki = forms an all ene-based species at the active

site. HCPdUI\/P f1180° for 3 muﬁl\/PaéﬁhM (1R Suck treatiient also world be expecidditobeni ght

be d to f

5leAI Esl [ dgna? r%?e? g&g?&'&flr our acﬁ'}g @ﬁﬁ%h ?ﬁdlg? ragg?lgﬁm ?&kﬁﬁjﬂﬁ%@aﬁdl ate
com"rﬁn to (t}s)t mwl&be/con{épr\tdmdzﬁhit;chllymbmgxﬁcnﬂmbhd@hite,ﬁbsmnhﬂe;g bﬁgnhl
synt hesi zed recen n ese, were o be hi

el>/ect rophilic. °°PF|'8 %i’ ﬁpmqpﬁ Mﬂﬂ?’“f@'&%@aﬂ?’é t o
5- (et hoxymet hylhhadphesphates (’ﬁhd?rxﬁﬁ@dé@rﬁ §£ﬂé of AéhorfRiE Wit Mdibubit g&%n

regenerates catal ytically conpetent T Even nore recently,

exi stence of tmlaUngn@m bumpm|Macnmmmmmbwum@ was
d trated { 07454
P%_rrr})rdzog;a 2800? 01'Igael:il%}l cular ;{ﬁ% | ment ggt?gﬁgfu?%iﬁpﬁméégig%%fﬁﬁgﬂ&% q‘éét he L

or D structaur cRataitdNogs. 4)247)544; mmmmmadams;ssem:dmagktﬂom, etalL(QDBI)e Thed a

nunerical  desi 8)%% Im%ﬁmds woﬁd aﬂo be apphcab e tg tl?e soy}lthesl?s of del}'ux;'la’t\l(veslze.I of Sl-sluhlstl(tuted

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 hatovinyl
15  group, e.g. E-5-(2-bromovinyl)-2’-deoxyuridylate. Barr, P.J. et al. (1983).
Altemnatively, 5-bromodeoxyuridine, 5-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 S-position of uracit 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 Barr,
P. J. et al. (1983) and of (E)-5-(3,3,3-trifluoro-1-propenyl)-2’-deoxyuridine (TFPe-dUrd)

by Wataya, et al. (1979), Santi (1980); and Bergstrom, et al. (1984).
24



CO2Ms NB1011 NBIOS (BvdU or NB1012 - CI NB1013 NB1020 -CF3 NB1014
NB1027 c02CHICH3 NB1016 NB1021 Br NB1017 NB1024 26 WO Q:ﬁjll%mli?%

PCT/ USOQ XW#74%Cont i nued from Previous Page) 0 R Y= NF OIEO00R. Il p
CO2Me  SI Me3 NB1018 NB1022 H NBIO 9 NB1023 CO[17 - NBI 2 -H NB1025
N81026 -CBH17' - NB102 Preferred enbodi nents are shown below. 5. A
conpound having the structure: xd O xe HN

10

15

20

25

30

The tether “spacer” between the toxin and dNMP must be unsaturated so that it
can conduct the toxin-labilizing negative charge supplied by the TS-Cys-sulthydryl
attack. Of the many unsaturated organic functionalities available for this purpose, the
vinyl, allyl, and propargyl units are simple, small, and readily accessible syntheticaily.
The vinyl and allyl units have the advantage that they can be prepared in either of two
non-interconvertible geometric isomeric forms. Thus, they can be used as “probes” of
prodrug accommodation by the enzyme active site. On the other hand, the propargyl
unit has the advantage of being cylindrically symmetrical, so that enz-catalyzed toxin
release from this type of tether does not depend upon its orientation with respect to
dUMP’s uracil ring, as is the case with the vinyl and allyl molecules.

Two distinct approaches have been taken to design of some of the nucleotide-
based prodrugs of this invention. One is based on the structure of BVAU
monophosphate and features a leaving group/toxin directly attached to the terminus of 2
(poly)vinyl substituent at C5 of JUMP. This is the vinyl tether approach. The other is
based on the structure of TFPe-dUMP and is similar to the first but has a methylene unit
separating the leaving group/toxin and the unsaturated unit and thus contains:an allyl or
propargy! 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-ethynyl-2’-deoxyuridine 5’-monophosphate
(EAUMP) 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 a cumulene-based species at the active site.

5-Alkylidenated 5,6-dihydrouracils similar in structure to the intermediate
common o both the vinyl and allyl tether approach mechanisms have been synthesized
recently (Anglada et al. 1996). These were shown to be highly electrophilic. Their
ready reaction with ethanol to generate 5-(cthoxymethyl)uracil is a precedent for the
water addition that regenerates catalytically competent TS. Even more recently, the
existence of the long-elusive C5 methylene intermediate produced by TS was
demonstrated by trapping studies (Barrett, et al. (1998)).
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OO0~ N f PhO 0., a NH {1 HO CO2CH3 wherein Xd and X. are independently
the sane or_different and are selected from 1o the group c ISt of d,
Br, I, and PRB®fhe nucl eosi de anal ogs thereof. In a nore p%‘?%?@??@é .
aspect, Xd is d or Br and X. is H 27 WO 01/07454 PCT/ USCQO 20008 A
conpound having the structure: HO NO fI/OON ON 1 H-Xf HO o02cH3
X0 wherein X f and X. are independently the sane or different and are
selected from 5 the group consisting of G, Br, I, and CN or the

nucl eosi de anal ogs_thereof. “In a preferred enbodiment, Xf and X. are the

same and are each Partigylarsmbedimentsingluda thel comapdunds havingshe L or Drstructares shown
formila: H O yN,&= Eomgoﬁdgay identified by structure and a numerical designation.

0
R
HN I
o N
Y—0
|
w4
)
O~
O—T—
R Y= NH Y=H
Fidtease,
Be COMe
NB1011 NB1015
(BVdU)
Br
— NB1012 -
er
o
/__/ NB1013 NB1020
—Crs NBI1014 NB1027
CO,CHCHy

/_/—/—" NB1016 NB1021
Br
/_/='r NBI017 NBI1024
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Il x NHttw,,....~ HO CO2CH2 wherein each X is selected fromthe group
consisting of Cd, Br, I, and CN, 28 WO 01/07454 PCTI USOCQO 20008 or the
nucl eosi dVQWIAT4s thereof. In a preferred enbodi nent, XBCI/g§0020008, 5n(
in a nore preferred enbodinent, X is Br. A conpound having the structure:
O NO 0,11 NHPH alllllllS...~ F 5 COR2CH3 wherein R8 is a | owner
straight or brainched chain alkyl, or the nucl eoside analogs thereof. A
conmpound having the structure: 10 HO NO OONM 2\ OTrP HO ?~

R10
(Continued from Previous Page)
o}
0—1'3—
Y= NH =
R “"Illo( Y=H
CO;Me
== SiMes . NB1018 NB1022
=—H NB1019 NB1023
== CyHy7 - NB102
H NB1025 NB1026
CeHyz - NB102
Preferred embodiments are shown below:
5 A compound having the structure:
Xd
o ———
Xe

e
NH
M"”'ho..(
CO,CHy
wherein X3 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, Xg is Cl or Br and X is H.
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\ CO2CH3 wherein R8 and RO are |ower straight or branched chain al kyls and
R10 is Hor CH3 or the nucl eosi de anal ogs thereof 15 29 WO 01/07454

PCT/ US00/ 2000801084840 rpound havi ng the structure; H O N O ~BCTEBS0030088) ¢
NI ORo NH CQR2CH3 wherein R10 is H or CH3;or the nucl eosi de anal og
thereof. A conmpound having the structure: 0 SIMe3 HN O ON PhO PO NH
Melur,.,,/ HQ/ 5 A conmpound having the structure: OH HN OA ON

A compound having the structure:

H C

o /7 \

=<
() Wﬁ o

Xg

wherein Xy 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, X; and X;; are the same and are each is Cl or Br.
A compound having the structure of the formula:

o /\
S8 Pl j“%

.L

CO,CH,

wherein each X is selected from the group consisting of Cl, Br, I, and CN;
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u PhO-P-O Met,../NH °~ OH C02CH3 10 or the nucl eosi de anal og thereof. 30
WO 01/ 07454 PCr/ USOON0008 A conpound as descri bed herein, wherein the
conpound W¥RO¥W#4structure: OBr HNRT OO OH 5 In one‘i é‘b@%‘,"’o’h? = H
In anot her aspect, R7 is a substituent having the structure: O if '
PhO-P-O1 Maw. (NH CO2CH3 10 A conpound as descri bed herein wherein the
conpound has the structure: HN 8 O-NE R7 OO OH 15 wherein R7 = H or

R71's a subst Cugie BNl ke iofd b IS preBHEY BiidmedlEkls N REHE 31

in a more preferred embodiment, X is Br.

A compound having the structure:
H 0
\
N
ﬁ }
°\
THtnece- . F
5 COch,

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

thereof.
A compound having the structure:
10
H o)
\
N
o%
o\“/
z
\ cozRB
fnanese R
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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WO 01/ 07454 PCT/ US00120008 A conpound having the structure: O CO2Et HN O
O~ N n PhOP-OO0 Mis..(NHOH CXR2CH3 5 A conpound having the structure:

x 0 HN O @O0LoMs® -P NH Merin,,,, HOB CO2CH3 wherein eaRFT/HSQ02008| ect ed
fromthe group consisting of CO2Et, C, and Br, or the nucl eoside anal og"

t hereof. 10 A compound having the structure: O C8H17 HN O O-N | PhO-P-O O
Mers. . (NH

A compound having the structure:
H o]

)\ {

ol =< —
@\ ﬁ Y

[THTIIER
COzCHs
wherein R!° is H or CH;;or the nucleoside analog thereof.

A compound having the structure:

0 SiMes

FZ
1)
BN
PhO | o, |
NH
Melm,..,_<

o

CO2CH3

A cbmpoﬁnd having the structure:

2
Pho—z;o—l o I
Mern.,

r( s

COxCHg

10  or the nucleoside analog thereof.
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OH CO2CH3 or the nucl eosi de anal og thereof. 32 WO 01/07454 PCT/ US00/ 20008
A conmpound having the structure: 0 HNCF3 O GO/'"Nn Ph%ﬁ,@o&owt , ../ NH
1 OH C02MB04[¥, ( he nucl eosi de anal og thereof. The prodrugs can be _
conbined with a carrier, such as a pharmaceutically acceptable carrier,
for use in vitro and in vivo. This invention also provides a quick and
sinple screening assay that will enable initial identification of novel
conpounds with af dofipdlnday dsétibell Rerefl WheRsh he bAHHRid Hak iHeStrudtiref Se€ Fi gure
2A and 2B). The assay requires at least two cell types, the first being a
control cell in which the target enzyne is not expressed or is expressed at
a lowlevel, e.g., a normal cell. The segond cell tygpe is the test cell in

which the target enzyme is expressed at dete e level, e.g., a high
| evel. This cell can be a tunmor cell Ii tyrat is selected for enhanced .
| evel s of target enzynmes. Alternativel )\a ell genetically nodified to 15

differentially express the target enzy enzynes (containing the
appropriate species of target ®=9mrp) garl be used. Transfection of host
cells with polynucl eoti des encodi ng arget enzyne is either transient
or permanent using procedures well kn in the art and described in Chen,
L. et al. (1996); Hudziak, RM et al. (1988); or Carter, P. et al. (1992),
and in tBe experinental sectiogn below The cells %an be_ pr.ocaryotic
(bacterial such soneaspest.dy;T 5. éﬁ‘%%%g isrgsubstifpent b wﬁw@%m} i an or
non-manmal i an cells, e.g., nmouse cells, rat cells, human cells, fungi

(e.g., yeast) or parasites (e.g., Pneunmffystis or
PhO—lI’—O—%

Me,,

CO2CH3

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

9
HN
l
07N

R’-—o—' o I

OH
15 wherein R’ = H or R’ is a substituent having the structure

0
[
PhO—P—-0—}

Meu..
CO2CH3
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Lei shmani a) whi ch cause di sease. Suitable vectors for insertion of the cDNA
are commercially available from Stratagene, La Jolla, CA and other
vendors. Thavaessa#sd of expression can be regulated 25 by tREST/HSHRE0080f
copi es of the expression cassette introduced into the cell or by varying
pronot er usage. The |evel of expression of enzyme in each transfected cel

| ine can be nonitored by i nmunobl ot and enzyne assay in cell |ysates,
usi ng nonocl onal or polyclonal antibody previously raised agai nst the
enzynme for imuno-detection, 33 WO 01/07454 PCT/ USO0/ 20008 (Chen, L. at
al. (1996)). Enzy F@n3§9§$§“P%ﬂH€¥%E?“?he anount of expressed enzyne

al so can be perforned as reviewed by Carreras, CW and Santi, D.V. (1995),
or the nethod described in the experinental &ection Et |n a further
aspect, nore than one species of enzyne c to separately 5
transduce separate host cells, so that the gffgct of the candi date drug on
a target enzyne can be sinultaneougly coaﬁgr to its effect on another
enzynme or a corresponding enzyrgofflog) anot her species. |n another

enbodi ment, a third target cell is pusédLas® ontrol because it receives
an effective anount of a prodrudec Héoun this invention. This

enbodi nent is 1o particularly usef & OFreen for new agents that are
activated t hym dyl at e synt hase. fnayet a further aspect, at |east one
additional test cel ' .test the synergistic potential of
t he test therapeuti%cﬁ%&%gg%%na ?%ﬁﬂ%f ‘a known therapy or agent. For the
purposes of this invention, the successful candidate druyg will bl ock the
15 growth or kill the test cell type, bug |eave the rol cell type
unharnmed. G owmh assays can be perfornegl by standdrd net hods as descri bed
by MIler (1992); Sugarman, B. J. et nd Spector, D. L. et al
(1998), or using the nethods describ e experinental section bel ow.
It will be understood by thgse skille e art that the screen can be
applied 20 broadly for the djscoves i biotics. For exanple,

t hym dyl ate synthase frem Oo-epulsd,bp substituted for that of human or
E. coli forns of the enzyne.| This Woul d*7 all ow the di scovery of specific
anti f ungal antibioticsmﬁﬂLg Hng yelst fel ated pat hogens.

.Hd§
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] CgH1z
ogl
HN |
o o
11
Pho—z;o—] o I
M (I
1) ( o
CO2CH34

or the nucleoside analog thereof.
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In addition, other enzymes can be subjected to this treatnent. For exanple,
prodrugs that target specifically the di hydrofolate red ivity of

i nfecti ouglod’d@?ﬂs@;, | i ke 25 Pneunocystis carnii, could bei;g"gil?%@ ed. These
agents will be selected for specificity for the target enzyne, and can be
shown not to activate the enzynme of the natural host by enploying the
screeni ng assay descri bed herein. The control cellular constructs would
contai n the corrgeempe Ritiglthe sthi¢ti@e: enzyne, in order to show | ack of
toxicity when only the normal human enzyne is present. 30 Figures 2A and
2B show how one may conduct at |east one enbodi ment of this aspect of the
invention. A foreign gene, e.g., a human gene gncoding TS, is inserted into
the host cell such that human TS is expressed. IThgg.control cell' does not
express the 34 WO 01/ 07454 PCT/ USOQ 20008 r)gégeﬁzyms. In sone .
enbodi nents it may be necessary to supple culture nedia wth the
protein product of the target enzyne.yThe candidate prodrug can be directly
added to the cell culture nmedia aRflOt¥eOtprgrt | cell or the culture nedia
is then assayed for the anmount of, | abeti r d fromthe 5 candi date
prodrug if the prodrug contains a defectabdwe | abel. Alternatively, cellular
upt ake may be enhanced by packagi ngC®#8sprodrug into |iposones using the
nmet hod described in Lasic, D.D. (1996) or conbined with cytofectins as
described in_Lew J (1996). An alternative enbodi nent for a

pr odr ug gakf’ﬁ © H@gﬁﬂdgg%galgg cf).'verexpressi on intunor cells is a

deoxyuri di ne photThdprodraggian®de cambinedwith avairiéy smh aosnphafmadeaticalter ei n) 10
conjugated with a\ t her apeutic radqingnuc.l i de. An exanple of a therapeutic
radi onucl i d@cqeRtabls CAPEMIOT B3 i YR 38 JL B can be synt hesized essential ly as
descri bed by Cal rRi3#fventidn alsd protii@SPduiciiaridasimpleissebning adsay thit Wil cablai ned
comercially, for exanple from Mllicrodt  Medical @E% The Net her| ands. The
t her apeut i ¢ mitigliidantiGration of nevel sompeynds, With gt lgast gome afias desired gharacteristics
deoxyuridin ' %FQEQ ' rreﬁﬁx'&? YRV

met hods lgor?seeggi e, g’?@égﬁegagﬁgby Li n?tl%%(. etdl\éﬁﬁ%%gg%?p@%gca&d

radi onucl i deell inowhich thie tayget sozymg is aotexppsseson iy exprassadeat alow level, e.g., a
preferenti al

R
bet a and gamn@détectabld jevel, e.d| 4 highdéviek cThiscktlovan b iadwnor cellllind ¢hat istselectedn 186,
and others. f(ngerrxﬁaux;[cgf {e’velE bﬁarée% %%He's. 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 polynucleotides 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. ct 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, ¢.g., mouse
cells, rat cells, human cells, fungi (e.g., yeast) or parasites (e.g., Pneumocystis or
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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20 The conpounds are useful to predict whether a subject will be suitably
treated by a prodrug of this invention by delivering to a sanple
contai ni ng tW@oKei4 to be treated a prodrug and assayi ng f BETHSN20008at h or
inhibition of cell proliferation. Applicants provide kits for determ ning
whet her a pathological cell or a patient will be suitably treated by this
therapy by providing at |east one prodrug of this invention and
instructions for ﬁfF@ﬁ ;%ﬁ nvention al so, provides a nethod for

i nhi biting t hdChs AL P oFnzymatig assayig detget the amountaf expressed engyme o or

in vivo by delﬂ%nggp%ﬂggaggﬁeﬂa@é% |‘?T%g§u Ob@(% rcg,qhé)f this

i nventi on. V\hen@gractlced in vivo, thé ne to trea
pat hol ogy charm Qﬂrdegmbeﬂynthgregpmmtﬂ@emonabe&mm ect by del ivering to the

subject an effecti of. this |nvent

target cell is tar é‘g?f@ﬁ%?%egégg t?lgtﬂ?ﬁ'??eglegﬂ ?ﬂﬁ’ﬂ‘ér"&% fl’t‘?egqﬂfﬂ’ﬂm‘ftlﬁe

met hod can sbe tfansduge separats lidsecellsysoctharthe effed of theadndidite tRig onth farget &Ryme! |

or patlent an fective anpunt of _the dé‘ to which the cell has devel oped

resi stance. é'éﬁggé‘mcq#é“ &Pmpared fo ity,eifect A anathersnayime pra,eqrEspondingst ance
to the prior tmhm%bﬁ@%ag&to 35 WO 01/ 07454 PCT/ US00/ 20008
successful treathent wth a prodrug of this invention:~adm nistration of
the previous ther dpynﬁbﬁteagaﬂhndnhmtbirdt@g&tweﬂlimedrasamlbeoaﬁsetmmses

Exanpl es where td r bu £.not t.ed {o..when the
target cell exaﬁr?eg%s an"gﬁ&Lii @rﬁ gﬁ‘?"%’%"&“ﬂ%ﬂa G faqdqypntgg ection
in vivo byic hq&ﬁdnﬂl&wefﬁrto\sbman foraetvaigests titin dxietivaiedbythy R A6 SRMtse.

i ntracel lular en hat is oerexp sed |nt etarget cell. An exanple
of such an enﬂ#ﬂ%ﬁﬁ?%l% Pﬁ‘i‘&‘ %%éﬁetélﬂm%‘ebe

over expr essed syAdrgidtié Stential M%E&%ﬁ?%ﬂ%ﬁ%bﬁ&ﬁw&@@%@éﬁnug

resi stant phenotype on the cell to e prior drug. T this
i nvention can a8Fafo be conbi ned with other knovvn therapies to to enhance or

f%gre;giaﬁtei Ehgf;ggi %?H{e %ﬁﬁ}% ﬂ&’ Mp]rl or erap| glgg{er#&l ‘ggﬂ’lﬂfc}f&r L
not |imtets t growthrorill ﬁlhmsbcdib:ym}mt leavt the contrdi bell typy unltamed. Geswih V\hen
el vered 10, APl o iondES S St St s NG5BS
m ce 15 (Bal b/B, JMEBI [{1983) aidSFdctor, I5) D 8E (1998), lok G3ing ﬁe)meﬁ&is%%bed in the
subcut aneousl y i npcul at ed,
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 activity 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 natural host by
employing the screening assay described herein. The control cellular constructs would
contain the corresponding normal 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 thi.s
aspect of the invention. 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
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with about I OS to about 109 hyperproliferative, cancer or target cells as

defined herein. Wen the tunor is established, the prodr ls30/20008

adni ni st MOV} exanple, by intraperitoneal or i ntravgr%u,dssa? outes. Tumor

measurenents to determ ne reduction of tunor size are nade in two

di mensi ons using venier calipers twice a week. O her 20 ani mal nodel s may

al so be enployed as appropriate. (Lovejoy et al. (1997); Carke, R

(1996) ; andtﬁﬁ&%%?}ne!vknﬁnﬁnb%hinlﬁlﬁg%ﬂbeﬂ_ $6 Supblefitni the Miltf: fata be
one dose,

effected in o , continuously or ‘intermttently throughout the course
of treat mentwithithe protdin pssdugtafdhefprgetfZYme nost effective means and dosage °

of adm nistratio 1%5"|:i’389@'@1ﬂ dﬁ&xﬂg Y En&? wi ||
vary with the co%%éﬁ% ron-use otrbgt er -gﬁgdt‘ﬁgkﬁhlrl%@gépg@? e Fler py, the
target cell céiborthe ¢ultareimeiia istientabsaysi for the ambwitioflabeloeleastd fisimithe e or :

1 it e o, il

formul ati ongnahd ithe prodrug o ligtBomeaieiigthe Mmethbe@ déseritied ibel ow.

30 The prodrug, conbi nafions of drugs,_ or conpositions containing either

can be used.asin DRe(1986)er sembiped With Cieferting rpdnserited/in Lewis @At A P9OF hurmans

and ot her ani nal 'bﬁdﬁrﬁéd. '&0&9 %:q%rm, | pﬂ]&@p&c &gﬁ},
procedur es, such%gsaﬁ}éxr?%%e | né?se}(ﬂ ent gn p arrr‘%%&e Jtll)ca corr805| tll1 ons.
36 WO 01/ 074héinkectelisSOndesxyaridinib phosphoramidate, orethermodificitions (vited hereiip):

adm ni stered orally,.intranasal | renteral |y, or | nhal at.i on .t.herapy,
2nd. my Paksopmsed it §iepipg sy edionfidR A8 Rarmpie o Berkd B AlucBlongdy °'
anmpoul es, syRGMEH 198.i B iSdtopedaabelsyithesined Eirentialiyyas descpibed s Calldhen feor m of

suspensi ons, solutions and, enul sions of .the active_ingredi ent .in.agyeous or
5 nonaqueou®l.d1989ndlfernatinely, it cap ps Abpined commengially for ?gwqagam@m%—t a

conpound of MS@ al BRETRENeihRM &tk The tHeRBoRRIBABARNHE 641 bE SRRl WahS Can

al so contain o f“ler pharmaceutically active conpounds or a_ plurality of
conpounds ofdedkparidinecordeoxyuriines -phespheamidats; or ethevdasivative, by standard or nul a of
the presgnt | | O 0, : j 4\h s BqQr edi ent,
may be atfni %@i‘gg@#@ l?h%sr({ggy eeggr%ﬂ‘q??uél]tgg?‘g ?gg'?ﬁedl ?iﬁlgh{}gl ng oral,
rectal, nasajontaininy deakyitridinel phosphgranridate wilhbeprefesentially kakeh up o theiRNA

subl ingual )., v agh Nahs oRALERsahe fyRSyisl: BhutidP it GRECHS: deith VAMUSCU A
| concentrated emission 6_f beta and gamma radiation. Alternative radionuclides include
thenium-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
its 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 provides a method for inhibiting the proliferation of a -
pathological or target cell iri 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 deﬁveﬁng to the subject an effective
amount of a prodrug of this invention.

30 When the target cell is targei cell is resistant to a ch'emotherapeutié drug, the
method can be further modified by contacting or adnumstermg to the cell or patient an
effective amount of t.he. 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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I ntravenous and intradermal) and pulnmonary. It will also be appreci at ed
that the preferred route will vary with the condition and a 0&81%&’%

reci pi ent, MAPUOFS4di sease being treated. 15 In general, af dose
for each of t he above-naned conpounds, is in the range of about 1 to about
100 ng per kil ogram body wei ght of the recipient per day, preferably in
the range of about 1 to about 50 per kil ogram body wei ght per day and

nost preferabl t.he _ f ram body

ver ght per oo deatgp gt ﬁ%fﬁﬂ SPaEh: SRRl Eos

i ngredi ent ar e;@@ywahagﬁduﬂﬁbltmmmmasxsommm miantpuaavfmmgnsy the
present invention,f salts or esgeﬁ her eof ; vve| ghts woul d. be

i ncr eased proﬁ@‘i‘-\‘i1 eyt arent limuted to °’Elg’seéa‘ig§t gu ghrymethads a5

two, three, 1ﬁédxseare§:m< m&%@u@%mm &weﬁ%@&:gapafzsmi@te
I nterval s th(raglt?glhout t he % y These sub-"doses mayﬁbe adm ni stered |nlun|t

dosage for &s, ahendogeneusjintgace dmmnmmm@s@mmemwy, Amrexpmpleb| y

about 1 to abo u to aaove about
52%my of act i 36 SRR St Fihnpniy AR syllRate REEh RRFBlet i to b dyreRBRGAC
that appropri as e reiah af priorheinbtherapynand coltfers adirug fisizpat plieRdtypObn tHeell to

I nventi on may depen%pi)n the type and severity and stage of the disease and

can vary from &0 patient. Deternmining the optimal dosage Wi II

general ly involve g of thik iVentibifcan®il<d| beRbmbiiiel ¥k eP 8R! nst

any risk or 30 del ete?| ous side effects of the treatnents t he present

i nvent i on.10| deshdnge on sypergize thedheragentis Qﬁ%&ﬁd@mpsb@hedonmmm peak
concentrati on 0 y be
achi eved, for %%%p&%%h%ep r&lﬁﬁgr g‘\%‘?ﬁjs%%%%ﬁ%@?ﬁ@%h dr 8

opt i onal I y i ncaﬁderd&mottferaw,a’a&mmrﬂmm rsafgerst or 37 WO 01/ 07454

PCT/ USOQ' 10008 ex | e, ..as t abl et aps S cqnt.ai ni

active ingredient. ] HBF@SEWE d‘ﬁﬁb‘ 5‘1’%& 3’% | nt ai ned
by a conti nuogfidaby uﬁﬂheprd&ugorwmﬁ&a&plé&f%wwo@% of midagnieet i ve
ingredient within disease tissue. The use of operative conbinations is

cont enpl at¥éd @ﬂbm@u{mémys&m@na@nﬁvm QM@‘? eagh FﬂbcﬁQﬂ@$b\/m9°®t%t al

dosage of each;GO4R Wk YO e@ﬁﬁﬂ‘ém Pﬁ]@gr
i ndi vi dual th&lapeug{l]@wé%rrpomg %’P rug 1s dse a on ef er egg/ regum ng
adverse ef f ecWhen the tumor is established, the prodrug is administered, for example, by -

intraperitoneal 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 treattnent. 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 pattern 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, or 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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VWiile it is possible for the prodrug ingredient to be adm ni stered al one,
it is preferableto present it as a pharmaceutical for ® rising
at | east IHROMF#HMye to ingredient, as defined above, m@ &’[ﬂpone or
nore pharnmaceutically acceptable carriers therefor and optionally other

t herapeutic agents. Each carrier nust be "acceptable" in the sense of
being conpatible with the other ingredients of the fornulation and not

injurious to the Ral E‘dh%%m tﬁgm&% 3e£é‘anﬂi ' v&mj‘mlg' K ui tabl e
for oral adm nistration lL;'i;gir&gseggrlllte as ﬁl scrroedfl units ltich as
capsul es, capmaﬂmﬂyonwmmonehm@mammantakgthefopneﬂmbbts;iazengea,rmunt of
the active ingr dlent 0 or nul es; tion

suspensi on i é@ﬁ%pgﬁ %BW ﬂopaim]der%f)l §ma WPaYﬁéwgr
liquid enul Sthet’orﬁfofsaspemars sdmﬁanlsai:danutdaoﬁﬁmfmeeénveﬁtgeasﬁtw ieb@y &di ent

may al so be present ed a bol us el ectuary or paste, 20 A tablet_ may be made
by corrpresssmm‘a@%w Rpdiinents, syamemﬁm‘mw Weleﬁdwlb°%&9§§§§@ﬂ9f

i ngredi ents é‘gﬂﬂn ng in a
sui tabl e ma I ne the aq’t Ive I'n ?%Etmpﬁﬁg%?g%%ow ng formsuch as a
powder or gplermacesticaliy tactmca:bmyomdsw apiurality 05commun¢eofgh¢ lqyemono ne, "
gel atin, hydroxypro | ul br i cant uent
preservati ve, ?YI %W{e ‘6’ Wgﬂ‘ggﬁﬁt“é Ii%oég gt“af‘é on a?sg’ss | i nked
govi done, Crﬁf&mﬁh@ﬁ?ﬁn?@dﬂe&ﬁhﬁ&h@@d&ﬁﬁiﬂﬁ?e@&ﬂn{nﬂtﬁefmtﬁemi;fyagm@ct |b ?/e or

i spersing agent Mol ded .t ab mg nol di ng, i n sujtable
machi ne 0 niSuitgblgr m&@&‘gﬁéﬁaﬁmﬁi&ﬂ H‘W%ﬂﬁn al,pergsgh ¢ | qui d
di l uent. Th &é&'aﬁmumguﬂpwﬁmlﬁm fie s@bcutARbRdinafustar e |

formul ated so as to provi de sl ow or control ed rel easé of the active

i ngredi ent  tinbesnous andrinfradermal)-snd pyimonagy) KWHGR?P?W@MW‘@GI | ul ose in
t
oot} onal |y DelsSE Foutiwilf B in ooiftoh S gt GH¥ETeolicht, shdfhe ERAdR! °, Y

parts of thebeing redtdder than the stomach. 38 V\D 01/ 07454 PCT/ US00/ 20008
Fornulatlons sui t bIe or t. on_in h.i.ngl ude
.| ozenges %On’pl’l Si 1%@5%%@28?" "?‘P%%‘#%%&E sluﬂ ally

sucr 03 e and ﬁﬁg@bﬁbﬁﬁt 1 tgraBﬂﬂQGOﬂBpeﬁkﬂbgrhﬂn%dy oight of thgrecipient péri dag, : d
i ngr edi ent in an i ner asi s crose an
acaci a; and Preferably 'rn]lg' ’P%B“%E‘g{i{@yw"‘gh tper 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 5 to above about 25 mg of active ingredient per unit dosage
form. It will be appreciated 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 involve 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 should 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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51in a suitable liquid carrier. Pharmaceutical conpositions for topical

adm ni stration according to the present invention may be fornul ated as an
oi ntrent, cMEHHO7¥4spensi on, |otion, powder, solution, pas??Tﬁﬁﬂqwmyﬁray,
aerosol or oil. Alternatively, a fornulation may ‘conprise a patch or a
dressing such as a bandage or adhesive plaster inpregnated with active to

I ngredients and optionally one or nore excipients or diluents. For diseases

of the eye or other externa ' . t h.and ski.n he
f or nul at iyons SFERPP 8’&%%&%13/&3%%? ?’g%‘? 7a°3ﬁvﬁl‘%?#'e%‘r b(?f’éag}ﬁ blood
cant ai ni ng t hgevaistof v prodigg frdydemdintained by eotirbous infiisicitoppdvide about 0. 075

to about 20% w w, pr_eferablﬁ about, 0.2, to out 25% w w _and nost .
preferably abdkffapsutic yrountg ﬂ'efe%wss.egwew disspse Hsshee Therise pf epemtivent |

the prodrug WX%Finﬁﬂms%(@dﬁtéﬂlﬁl&e& td provide tipehiit Brhibifthtidhs ; dowfet D! €

oi nt nent base. ternatively, the prodrug ingredients nmay ornmulated in
a cream w h setalgiosagerof wachecomponentiaptivital agént thapimayche requaredvleneactphase of

t he cream base i,ncl ude,. r . | east . about 30% w,w of a
pol yhydric al &%ﬂ%ﬁ?al&@p%ﬁ%%éogv%ogxﬁggph@igilgésefi\ﬁgon&thﬁzﬁzﬁ%r CREAIYRA  gr oups
such as propyleg&ts.gl ycol, butane-1,3-diol, mannitol, sorbitol, glycerol

and pol yet hyl ene gl ycol, and?ﬁiglé ures thereof. The topical fornulations may

desirably include Yiledhis®g tthe:pme sotip be administered alopgyitisn of

the prodrug i ' ' ﬁﬁﬁatqﬁgp@e | es
of such derm%@%‘é@%ﬁ%ﬁigﬁ?ﬁ%@&é@rﬁgﬁgﬂ%‘?ﬁe‘%ﬁ{ﬂfxsu Xide and rel at ed
anal ogues.1025 ifigredient] as definedeabove, itogetharwith ane or ofore phamacenticallyacceptablédr e
constituted from ' i ' nngr, Wiile this phase may
conpri se ner elcwgﬁ@% ?F ‘?{;pgir%n?@ ﬁ%ﬁ%@%ﬂl&%ﬁ% g??hecﬁmeégf’i’ts{ife it
desirably conaéceptabla™ in thé sense of beditg confyeatibleovich theotifer irigesdietits ¢fthe f at or an
oil or with b&thu? fat and .an .oil.éﬁreferably, a hydrophilic emulsifier is
i ncl uded t ogetEAHORAD npt IPWERRS o Emﬂegf'fier that acts as a 30
stabilizer. It is %bﬁﬂﬂ&i&ﬁ%fﬂﬂ%és@nﬁﬂﬁéﬂﬁéﬁsﬁ%lbﬁ?oﬂlh&ﬁiﬁf&nﬁﬁéﬁag{gee

Together, the emulsifier(s) with or without stabilizer(s) make up
so- cal | ed 8nulpeesentedias digsrete ynigs such as gapsules, gachetsror jablets,tench esntaininglaor f at

G spor Sed phadRneiief bl of URkeploffalen: 423 BoRilns sl de o Bitot o5

suspension in an aqueous or non-aqueous liquid; or as an oil-in-water liquid emulsion or

=9

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
suitabie 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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Enmul gents and enul sion stabilizers suitable for use in the fornulation of
the present invention include Tween 60, Span 80, cetoste éﬁj@é@@é)l
myristyl ¥QBMB#S4 gl yceryl nonostearate and sodium | aurﬁ . The
choice of suitable oils or fats for the fornulation is based on achieving

the 5 desired cosnetic properties, since the solubility of the active
conpound in nost oils Ilikely to be used in pharmaceutical enul sion

non- gr sasy. - non- donpafthe shiitle ot ored MfRiaRHS pE Hihdintuiioteneet oy 1o

avoi d | eakag@xﬂpmmgtthd:nzave)mgrﬁdimt hwﬂa\mretbbms,maﬂygmoseand)mhed chai n,
nono- or di basic esters.such as. di.-i sqadi.pate, i,sqcet stearat e,
propyl ene gl YRE3F %’o é"é‘gf‘é‘?’n & AgHve f‘%&rF‘g‘e%* me}'tga $ I asgelatin ot o
decyl ol eat eydighrfif)or suddddetint ab4tia; ahdinohthWaSlis 3bf: ﬁngfﬂi&)él:ﬁ'@% eidhtT tate

or a blend of Dbranched _chain esters known as Crodarml CAP may e used, the
| ast thre® M|aﬁgll§ﬂ%h@ﬂ‘ﬂéﬂn@'sters These may be used al one or

conbi nati on depengi r e I

mel ting point |ipids sglgth %OQF@ sooﬁoﬂlar ar "gmg%orc | ctiyppar aeﬁ?l n or
ot her m ner ahvenhﬁnmayiaefamﬂmmm&uhmmmbmhmpaspmmmabhm fpowdé:opl cal
adm’nistratlo 1o the eye also i clue rop wherein the active

i ngr edi ent .%0%0352%5@ W&ﬁ?ﬂi‘ﬁ@éﬂl ﬁftémgm FRQUJpaY COBYRER Ral |y an
aqueous sol vigydh &Qraésbﬁgaﬁwks%ahaugewwfe&}veEMepm edReeRtieant 1 s

preferably present in _such fornulation in a concentration of about 0.5 to
about 2098 zmmdmtﬁmmﬂ}yamm@esxmealﬁemm‘m% part i cuI arI y about 1.5%

w w. Formnul ation Eﬂ,m E%hﬁi‘n&ﬁ%% e
supposi tory wth%gfl'g{ssﬁ%stgg%ﬁh asebéorrprl Sl ng, xarrp e cocoa butter or.
a sal i cyl at eforrralatiorisate praferably apphi an)mpmabumenmtmrmcmgthmnbe -
presented as, s Qsi tories e or spray.

for mul at i onsBSHE n%@ﬂﬁ‘xﬂoﬁnmfség%ffﬁm%ﬁﬁ?gwgq% &Fgg'; ‘ﬁi‘r S?en Y such

fcar rier SI as a’rHoﬁtOmny\iboumr,\?\gv/ﬁrahdmsqﬁ-efeﬁbmauwtmseoaulaut m%w/wlorvghaui table -
. for nasa ni stration he carrier.is.a.so ueacoarse
powder ha&¥i ng “lﬁ'ﬁiiﬂ?ﬂ%‘hg??g Y bs emploved 'i‘zﬁ‘fbga(ﬂ 30 to '
about 500 mﬁﬁt&nﬁwuecanﬁﬁenmnm&ﬁaﬁfbly,mhmedﬁigwémﬂisww snuff i's -

taken, i.e., by 3o rapid inhalation through t he nasal passage froma _
cont ai ner of formulated e erepmvath-anpibingpater geamm Basgose. Suitabl e fornul ations

wherein the carripphedisdané hitidbsh fike GERE Besth bade Ay AStude, 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 glycol 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 include dimethylsulfoxide and related analogues.

25 The oily phase of the emulsions of this invention may be constituted from
known ingredients in a 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 actsas a

30 stabilizer. Itis 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

base which forms the oily dispersed phase of the cream formulations.
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for exanple, nasal spray, nasal drops, or by aerosol admnistration by
nebul i zer, include aqueous or oily solutions of the prodr gredlent
VO 01/ 07454 WemHopBe0N0008 - For mul ati ons suitabl e for parentg?"étp 0008
adm ni stration include aqueous and non aqueous i sotonic sterile injection
solutions which may contain anti-oxidants, buffers, bacteriostats and
sol utes which render the fornul ation isotonic with the bIood of the

i nt ended i pi ent; and terjle whi ch
my 1ol ude 5 s s FERERSS SLRHUSN F=biipeR SHARL GF b o e aanon e "o
ot-her mcr opaﬁrhgeﬁuhaéﬁonmﬁ@nmadnlsohsmesogeabge@ﬂ d160hoR miRistyl E&omrrpound

to blood conponents or one or —nore organs. The formulations may be
presented in glmerylmstsmm#m%@éa%w%@te cont ai ners, for exanpl e,

anpoul es and vi al sy,

condi tion requiring onﬁ‘ fogllﬁgﬂ ilc')%]foil e sterltl%di?l qui carr| eg for 1o
exanpl e ves erddsmcd casmenc pmpsr,ues,lsmelﬂmtselupﬂny pﬁﬂmetaotuérs?mpﬁnnémp?smds\llj\g

i nj ection s ensi.on ared fromstgarile powders,
granul es and ﬁ'bu B‘éﬁ?&%&}‘%&lﬁ ‘8’@""

under st ood t hs%uldrprafdﬁbtym rod-gréy) it tathinglabid m&ﬁabrdﬁraadcy w'm%hitﬂﬂ@d
above, the fornulations of this invention may include other agents

conventi onal ¢amsistecy tomvaidileakags figm tubes opother ¢ontainers cStsgightr brangkedphaing

e furt ner BEAER ibast dR3Festa itk of jooRlipie T i AOpBI: AR 1

Prodrugs amd diestgraxficocomutfatty acids; wqproml myn‘statehdecglelsatn,tisoptmﬂphkmtatay al so
be presente Lt et.er.. nar rmu t|ons whi ch may
be prepared g?}“ﬁf&afi? %‘é"ﬁﬂ‘yrpﬂ‘ 6’5\7 W&ﬁkﬁ%“‘ﬁﬁ%&‘“ﬁ B38| | owi ng

exanpl es are CfHdﬁth@APmdylHellﬁéd,ﬁeﬁasﬂmﬁeBﬁhgbtdmﬁedtebﬁrd mtegam@ﬁbeused

Materi al s and Met hqds S NucI eosi de,  ECTA Corrpounds 25 Synt hesi s
of the above HEReRFIncembi ? @E‘ |PH@’°FRF§I"€‘B§‘F€€§1 tiyely, high
acconpl i shed Jyigp ?Bﬁ@ﬁ h@aich%emehéﬁgmmana/&n oPbthé&f hiheral
descri bed above. n one enbodi nment e present |nv ntion 1 nvolves four

cl asses of5 cowbmanbgm@ach class is defined by the structure of the uricil
base, or nodified Mﬁ%&o@?ﬁﬁaﬂ%?%xcal administration to the eye also include eye

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

especially an aqueous solvent for the prodrug ingredient. The prodrug 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% w/w.

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 mgredxent, such 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 aerosol administration by nebulizer, include

aqueous or oily solutions of the prodrug ingredient.
40



30 These cl.asses are ECTA conpounds where: 1) the base is a
furano-pyrimdinone derivative of uracil; 2) the base i 7 hﬁﬁﬁ uracil;
3) the ba?@”ﬂ@w%ghydrazone substituted wuracil derivativ??qﬁ& t eﬂ%ase S
uracil. The uracil or nodified uracil derived base is used to synthesize
conpounds substituted with toxic | eaving groups at the 5 position, 41 WD
01/ 07454 PCT/ US00/ 20008 attached by an el ectron conduit tether at this 5

posi tion, and i NghyalilRhnS SuitibRY P pareiteral SRARRAIralGH AEMAO &S inliA8ne! €Ct ron
conduit and the toxic |eaving group. The ECTA conpounds can be

unphosphor ylaguests isgtoniestasileinigshion solutipns srhichynaycantaie anti-oxidants, byfemsect ed
"masked" i di | [ MAL] f . | ¥8..5
Car bohydr at SNt (IREPERAG o Kfinbfbn 5Bnft il P blERH of fhe

deoxyur i di nentended a¢diysienm)aideaqdeous and noresqueoes stérile suspensidns sthichmaayinokdbat e .
noi ety has been bl ocked thr.ough the attgchnent of suitable chem cal

pr ot e%:/t i Ag éPiﬂﬁb‘gFg Wﬁ%@fﬁaﬁk%fﬂs Mﬁ?BTWS%SWCW%%%phOSphat e
derivatives sgﬁ&né Which 4R &Qﬂtghéu folthrget thé'6drhpduti €0 blo6d tothiFdneB BLbASH ON,
facilitate passage across the blood-brain barrier prevent action 10 of

3 an -
cel l ul ar or more organs.| Theformytations maybe presapied in unitgdnse or multifose spaled| ¢ | n
| oss of the h ﬁmﬂ%h{%"d raofieabidkibg ed uracil
or uridine §8$ f@égxﬁé&%ﬁmﬁﬁggﬁ’ to cells contﬁal ni nghir’llgézl eosi de
ki nase act i \iyophiliné® cenditidnrequiring balyithe additionof thei sterile ligliid cander, forat i ve is
converted to a 5-substit.utfed ur.idi naphosphate derivative.. Uridine
deri vat i Wes SFAPIS LR (50 isEROns I eintely PHEL (O Ut T FeruBoragats jnjection | ) 5
penet r at i on,goRMidALAndRREJehsivns Maybesepdribfrbr ategildyiovrders) grafimles andAables of Of
t hym dyl ate synthase_upon 5-substituted uridi ne nonophosphate derivatives

can rel ease thevind previcuslydatcribed.ached to the 5-position ("leaving group”) of
the pyrimdine rI* $9u1d YaQmA&sBac® At mbadiioh 1ok ingtedidité pAAcaktmeRidnbe

inherently or followng reaction with another cellular conponent, of
acting as a dbowd, thedformarlations ofthissinvertion may inclade otherggents convemtional indent hesi s

of ECTA conmpounds. wi I .S ' j€ and

allylic B coﬂ{}favgéﬁ%ﬁ%%qggfyggg%un |§%ylﬁlse§%sh% ﬁ%ﬁ?@é’r%&%ﬂ%ﬁ?ﬁof '

t hese and t hahlradfilisisteation mayadndludesuch farthepagentsds sweaténers, thickenersaml. 25 and
some have even heen studied in connection with TS. For exanple, 5-alkynyl
dUVPs i ncl udfaYgrRs28e8%( 3_ net hoxy- | - propynyl ) and 5- (3- hydr oxy- | - propynyl )
ones 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 following 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 involves 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 base is a furano-pyrimidinone
 derivative of uracil; 2) the base is 6-fluoro uracil; 3) the 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 tt_xe 5 position,
41
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have been exam ned as TS inhibitors (Barr, and Robins (1981)) and sone of

t hese have been shown to becone incorporated into the DNA]Q:E %@{o%m ent
cancer cel | WOOMBESYarini, J. et al. (1985)). 30 Both 5 mer cu

L. et al. (1978)) and 5- |odouridi nes (Robins, M J;. e al . (1981)) readlly
condense with al kenes and al kynes in the presence of a pal | adi um cat al yst
to afford C5 tether-equi pped uridines. The latter route is the nore often

(1990)) .+ gneguePyin o5 ot Rl 3t B9 HfionamdiheiBling eh it dde
of-protected SSpamdmﬁietymwganrthdelmmmddnﬂuit aﬁd:ﬂty'itdm leatihg lgroupy The ECTAar gy |
ot her (%ﬁf‘iﬁmﬁbou%@s cig e YeberpporyIgiet &, mengissabel 3 bhesppgtépemsary 7
(Chaudhuri, tec( (B5ked eyt xﬁiﬁhﬂs%rc&hp&hbleﬁ%iséﬁﬂﬁnﬁﬁ%‘ achi eved.
The 3- hydroxy I gynyl substi tuent I ntroduced by the latter reaction

can al so bé acad F‘P?FEH%P?BW é’rotsptedr%svmamded@x@m (Cho, .
M et al. (19 t t he
synt hesis of B %l)plﬂ]sése pa Phgéstr}?ﬁ{gg yzegﬁﬁ@c Irons n%‘?%gygg%}ga&?e

t hat they can ﬂuseghtheanmmerlsﬁ'sxmwechmgcdmdotedtmg@mipsl ?miemonlof)nal i zed
propar gyl - based t et her J odo- nes Liv 92)
G Fobbs 10 CeybEjried AedSwidine TRRaRospIALS Herlvalis can EPREDE bolBhilih Blilaie,
hydr ogenat i on cefiular peRétedtioh JitilifatdpaRsdge atfosOiR bidddchraih barter il prdvetiticisn M
J. et al. (1983)) V\/nereas the (E)- .allyl-based ones are best prepared by

Heck couplPngoéeelinlar orpxtraceiinlannhosphatasess which might otherwiseaesudtin lgss oftie) |

Closely follo egﬁ,g st I
pr opar gyl 15%§%er ?Adpppeﬁagﬁ& | - E’g’f%“tbg'm ed %lg,ggﬁ%%idg#ne férgham
et al. (1998) administ@ed tatells coptainingaiucle¢sideRinpsei astiyity; wdrerein ﬁnd-smb;ﬁtumdon of

(1088)) 1 5 1 oA IR AE SRR fo b Bl RododBbe ot oup

gener at es an @éivdtivenUriditle defivatives ﬂaym%aﬂu&ﬂwﬁn@eﬁam&mmﬁth cell

TBDMS- pr ot ect ed prgpar - d (2)-all tei ered nucl eosides wll serve
as 20 convéni é’ﬁl“%ﬁpgﬁ’@gé)& gmﬂ@‘éﬁ%ﬂ?s e- equi pped targets. For
the (E)-allyl al c%ﬁbnsmyﬁmt@%m&hsﬁs-&&m{ﬁmﬁéxﬁsﬁ@n yranyl
ether derivative is prepared by the literature Heck coupl I ng an

(E)-tri butyl stdsrivatives ean releasg|theubstitpent attached to the S-position ( leavmg group ") of the
pyrimidine ring. The released substituent is then capable, either inherently or following
reaction with another cellular component, of acting as a toxin or an inhibitor of cellular

20 proliferation.

nthesis of ECTA compounds with propareyl 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-propynyl) ones
have been examined 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. et 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-
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(1989)). HOHO NN O=1 O= C =CCH2-OH PGO0 PGO N ~Y.0 props vi k,
(E)-allyli. allylic 25 PG O PG O 43 WD 01/ 07454 gg“@g 708008
Using a tv@ogﬁé7ﬂs4\/:terature protocol (Phelps et al. (1980 I'ao and
Bardos (1981)), the propargylic and (E) and (2)-allylic alcohols are

converted to their corresponding bis-aziridinyl phosphoram dates or
t hi ophosphoram dates so that TS processing of the 5'-nononucl eotide

versi ons Wi | biefdftlgRafidensdtions bf tee&aatiehd-nedé&ymﬁn ie&gﬁm&h s TEPA
or Thi oTEPA 5 rvgg'? et al. fﬁﬁ 239@)%3 ectively ﬂ{f - - CH2- CH

PG O ., yam ppiopareyhetheg (Graham, qslah( Qg Cleyep, etal. |(9/?$3). pethy) proprrgylethey  O=<
/PG% 7 O GV, ot 571957)) RAP AR P¥dpafizyl Ncbiiol i@h1Y {Cifaudiv, of 4) (18b4)%hit

Goodwin, et al. (1993)) have been achieved. The 3-hydroxy-l-propynyl substituent

5 introduced by the latter reaction can also be accessed by DIBAL-H reduction of a
methacrylate group (Cho, Y. M. et al. (1994)), itself arising from the same Heck
reaction used in the synthesis of BVdU. These palladium-catalyzed reactions are so
versatile that they can used to condense very long and elaborately-functionalized
propargyl-based tethers to 5-iodo-2’-deoxyuridines. (Livak, et al. (1992) and Hobbs

10 (1989)). (Z)-Allyl-based tethers are generated by the partial hydrogenation of a
propargylic precursor over Undiar catalyst (Robins, M. J. et al. (1983)) whereas the (E)-
allyl-based ones are best prepared by Heck coupling of an (E)-tributylstannylated
ethylene (Crisp, (1989)).

Closely following the literature procedures, a t-butyldimethylsilyl propargyl

15  ether-equipped 3°, 5°-di-O-protected 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)-tributylstannylated ethylene (Crisp
(1989)). '

H O

‘N
o=( :l>70= ~C—CH-OH
PG- \)y‘ araporgylic
—_— — {E)-allylic, or
{Z)-allylic

25 PG"‘O§ G—

o”lh
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WO 01/ 07454 PCT/ USOQ 20008 Synt hesis of furano-avri m di nones Synthesis of
furano-pyri m di nones begins with synthesis of a C5 propargylic -

al cohol - equimoma®7484 - deoxyuri di ne. Fur ano- pyri m di none conpoREHYSHW28008hen be
5 formed fromthe O-tetrahydropyranyl ether derivative described above.
Synthesis proceeds by reaction of the second carbon ofthe propargyl bond
with the oxygen attached to the C4 position of the pyrimdine ring to

ield a fluorescenf. furano- ri m di none eadil y separ at ed
1¥r om the reaction f#l;gga i‘FﬁSﬂWﬁ?F%%hép%ﬂ%g%qr)&ﬁ HS%Q@EWS
synthesis of HgRfy)REB H&?h&ﬁﬁ@(ﬂ;%&@)-ﬂ!ﬂm ai&hsemé&ba%o%ﬁpem fic

el ectron condwts m;l)acers and toxic leaving groups N1O/ N 7

The fuao[z 3- cqTpsspending biseeinidingl elw»pbtz;gmm moephommmemmah@s )
2', 3 I W
1:- (tet rahydr og“’gséﬁﬂ’ig?%" 2 %‘?08{8‘3191%& &*ﬁﬁﬂﬁﬁ tﬁ?%lgx%g&g?"%e t

S- ami noet hyl pyytastaticodrags TERA or RhioBEPANirvieh, et al. M995)) fel‘ﬁé'tﬁ)rélyunder
conditions known to pronote the formation of these fluorescent conpounds
(Robins, M J. et al.(1983)). Base-catal yzed renoval of the carbohydrate
protecting groups gave the 6-(tgtrahygyopyran 2-yl oxymethyl)-substituted 20
bi cyclic nucl eoside which was either gsSubjected to standard acidic THP group
hydrolysis (TFA in CH2C12) or gi osel ectl vely 5'-phosphoram dated by
the sane procedure wused to ﬁléd.Eb . After the
phosphoram dation, the THP grou e rermved sby~acidic hydrolysis, as
shown in Figure 4p@s ds basedYon_Turano ovri m di nones Toxi c
R4 | eavi ng groups can be d to the f@gropAmligret hyl al cohol using

met hods similar to those | ofed to attacKEr®iiiGor eqvi ng groups to the
hydroxyl on the C5 propar ri di ne conp&Hrftt %S expl ained wth the

5 WD 01/ 07454 PCT/ US00/ 20008

O
Q)
)= =c—Cr—0—5—N]
prop:rgylic. :NE
(E)-allylic, or
(2)-allylic




Thi oTEPA derivatives descri bed above. A variety of alternative toxic

| eavi ng gr, apparent to one skilled in the art, are sl . In
addi tion, %gﬁ%ﬁé‘at ions to the |ength and conposition of theﬁgg&g?ect ron
conduit conponent and of the conposition of the R3 spacer elenent are also
envi sioned. 5 TS ECTA conpounds based on furano-pyrim di nones can al so
consist of wvariously nodified "Q" noeities. Many 5-substituted

2' -deoxyuridines are not substrates for human TK, but interestingly

5- (4-hydroxy-|-butynyl)-2'-deoxyuridine was found to be an exception
(Barr, P. JMLL@-&&IMQ—&TA compounds can have a free 5'

hydroxyl, a &' B3$ G TataRo-pPFimidironel B Qg\ﬁ{ E%d&?és 5@52‘, ed to 10
alternative cargg rate gr 0?1 5. A noveIQ%E tg or fsasfgth |r§ﬁ%$ﬁ{s&uch
phosphor ani dhuoholeequmpqrha’s dinone comppundardghenybe3' - hydr oxy,

yeridingyJuranosplyring __
o ap e SRR e Rab el A PRERISEHEA sholB Sublieli 0t 22"
comﬁri sesI ap@&&édﬂgyrru&uoﬁumuéma%mbncﬂthﬁprat?lﬁgnyvmhtdfwmnhagxyg&mo acid
ch as al anl ne or e ocni oyl e can e
;S)Eenyl SL me taftached fothe nﬁ&?’bﬂéﬂ&ﬂﬂ“&ﬁ g?"égmﬁﬁdﬁ RN and 4
hydozone ba &h G De PEAallY dbpardtbPlrom dkk kh&i%ntnﬁxt REcH¥Ingbufiagne C5- C6

doubl e bond "procee as an exothermc reaction (3-9 kcal per nol; see

revi ew by Leprqwd!e aneaddaional(bms&r whcmﬁﬁﬁ%bommwvamum th dUwP.

Al ternat] e r position that
can faci |ta élgﬁﬁgs &E ﬁf%né]gé g%&gﬁ%#ﬁ%@@%@%ﬁﬁg%&zym, via the
active human TS cystel ne (honol ogous with cys-198 of L. casez'), include
fluorine. Such substituents at other positions i the pyrimdine ring can
also facilitate the reaction between the te and TS. For instance, a
4-hydrazone substitution on the uracy descri bed by Les, A et al.
(1998) facilitates formation of the/thioN wiffh TS. It is inportant that the
resul ting nucl eotide-thiol (TS)O+F&er nedi . rearranges in such a way as
to rel ease the altered nucl eotide I.ch/an be acconplished passively via
hydrol ysis. 46 WD 01/ 07454 PCT/ US 8 GHN ORL

Q

The furo[2,3-dJpyrimidinone 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 promote 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 subjected to standard acidic THP group hydrolysis
(TFA in CH;Cl;) or was regioselectively 5'-phosphoramidated by the same procedure
used to prepare BVAU-PA and SFUdR-PA. After the phosphoramidation, the THP
group could be removed by acidic hydrolysis, as shown in Figure 4.

25 IS 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
C5 propargy! uridine compound, as explained with the synthesis of the TEPA and
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N F The introduction of fluorine at the C6 position has not been

previously reported, but it can be synthesized by follow hetic
descripti on&'o&FmHs&J ewskas and 5 Shugar (1982), who descri &%@ﬁiooé}‘@%hesi S

of a nunmber of 6 substituted uracil and uridine anal ogues. Chem stry
facilitating substitutions at the 4 position of the pyrimdine base are
wel |l known by those skilled in the art. nples of literature descriptions

(1901) . Bar bal BOTEPA 1m°%t?v§3§sw¥§&¥%“ﬁo$; o O e, .
t echni ques al agpasensitnl eneckilled imtheartsarefenvisiohed. | Inuaddition, mbdifications tonthe at t he
a1 o g bl £ R oblt o tsrals g
O==< R N 15mem3egp§3eh%nﬁﬁm3hmeﬁwg5néme i nvention, ECTA conpounds are

synt hesi zed by addition of alternative electron condU|ts spacer noieties

and toxic $eaving § 5@9}3'3“9‘611?%@4“@%@ PYFERIGINONESicancalsoconsishoft he C4
hydr azone m)d ,qpeg esis of 2,
deoxyuri di ne bas&g oun%@ can §§5s%1hﬂ§tg% Xﬁlﬁ: %” or ‘gynt hesi s
of such nol ec uhbs&ateﬂﬂ)rmmm bﬁﬂnﬁféﬁﬁnww(mmxy&bmﬁbz-dmbxy\h@mm de
Phenyl Met hox ni Pho hot ami dat hor am dat es as
phosphat e proé'ﬂﬁgg*DRXQb ‘H{s{? gﬁfﬁgtdagggo "gﬁ&g fa0C. et

al . (1993) anﬁa&&mﬂamydﬁxyﬁh 52inoné ate, Bhssepmbmda attdoBdd to

phosphor ami dat e derivatives of antivira - di deoxynucl eosi de 5
derivativd8 salemativesarbohydrate,groupsi A noel rasthad foxsyRtbess algurih

bhosphor a dap e nided bomyigss obpdpigighedty Khdiing Y ARy s Byl -
hydroxy unprotected nucleotide with a phosphochloridate in the presence of an HCI
scavenger. In a preferred embodiment, the phosphochloridate comprises a phosphorus
substituent which is derived from an amino acid such as alanine. For example, the
15 phosphochloridate can be phenyl-L-methoxyalanine phosphorochloridate.

C6 Fluoro uridine and C4 hydozone based compounds
The neutral 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 JUMP. Altemative 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.

Such 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 nucleotide-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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phosphate group inside cells (McGuigan, C. et al. (1996); Balzarini, J. et
al. (1996): and _Saboulard, et al. (1999)). The phosphar gpn §S00bE" ©

synt hesi z Hﬂ"ﬁ%aoting 2',3" - dideoxynucl eosides with pheny

met hoxyal ani nyl phosphorochl oridate (PMPC). 10 Since only one hydroxyl
group is present, these reactions usually proceed snoothly. In conpounds
where nore than one hydroxyl group is present, the appropriately protected
nucl eosi de m ght be required. Since the 5 -Opgroup of 2'- deoxynucl eosi des
is much |l ess hindered than the 3 -OH group, gelective phosphoram dation
with PMPC is possible under carefully c |1 ed conditions. Both 15 BVdU -
and 5FUdR condensed with PMPC in the pr sence of N- et hyl i m dazol e in
anhydrous CH2Cl12 to give the corre ing p ram dates. In both cases,
the desired product was readily separa®|e omthe starting material using
colum chromat ography on silica gel. The swthetic scheme is summari zed
below 000 RPh-OP-C1 HV R 07 <NH co2Me -7~ HO O Ph-O-P-O O
N-net hyl i m dazole NH OH CH2Cl 2, 25C ~-~. .. cPMe OH 20 The foll ow ng

exanples are intended to illustrate, but not limt the invention. Exanples
1 and 2 Synthesis of ECTA c ounds wit opar et hers, 25 Using, t he
general synt het | Ehgige %99%0%@ élﬁdg‘émﬁlhg!’?ﬁ F‘F‘H?rﬁ‘"? Y PR, phi ni ¢
acid 3-12- dgg isPrth P S wAn ﬁ,\éls}mg&r dedGriptivhs icvatlaidd  anal yzed
by HNI\/RtoyléehH’qsgn gaird b7 g

owmng result? 1H NWR ‘(éCDB)ZS conplicated 48
VO 01/ 07854 Skgat (J982)1 2bo describie thetsynthesisof a Rabeon agd28 (d, 1,

H6), 6.10 ( udo- H1'), 5 26 (m exchanges with D20 1, 3-0H), 5.13
(m exchanggg& f“#‘?ﬁ%s 1, 5 - , 4.81 (q or dd, 2, propargyl-CH), 4.24

(m 1, H3"), 3.5Chémistry facﬂitatﬁggilbstlﬁltibhs at the C#]poﬂuomaf the gyrimmiditéhase are
well known by those skilled 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 Holyetal. (1 999); 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 positions of the pyrimidine ring (Zeid, et al. (1999)).

HoN

.

Q
15
In another embodiment of the invention, ECTA compounds are synthesized by
addition of alternative electron conduits, spacer moieties and toxic leaving groups to
cither 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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Bi s-aziridin-1-yl-phosphi nothioic acid 3-[2-deoxyuridin-5-yl]-prop-2-ynyl

5 ester was al so synthesized and analyzed by "H NVMR to yield the foll ow ng
result: 'H wd\dtnoi4s¢D3) 2S0) conplicated due to noi se. Sal i eneCT/usaozee®s: 8
8.29 (d, 1, H6), 6.10 (pseudo-t, 1, H'), 5.22 (m exchanges wth D20, 1,
3'-0H), 5.10 (m exchanges with D20,1, 5 -0OH), 4.88 (q or dd, 2,
propargyl-CH2), 4.31 (m 1, H3"), 3.52 (m 2, 5-CH), 2.15-2.0 (m 8,
aziridine-CH2). 10 Exanples 3 to 8 Synthesis of furano- pyri m di nones Usi ng
the general s\Syntiesisof Nucleeside Phaiok Methragialan Fdikidaiss Ng conpounds
were prepared. 15 a

3- D-ri bof ur anosy| ) gﬁéﬁﬁ'&’@ﬁ’gﬁgﬁzﬁsm°m?w&qr@glegudwwa first

dJ di n-2 6.
HS;Jyr |6 m16l n( pgm% MchF&M?c( é@?()lﬁﬁ})agégﬁcad;!g%éé c é@algbsm]? ﬂése(qag)tho}s

(t, exchanges wlthmog‘phosam@tpdenvm of antivirgi 3,3 mlideoxymglepsi

(m 1. o1y, Reriuivhesithahae? rifn g ey g resoiﬂu?l?%%?saéepdgﬁm -

EDCI Ngl—l;%) on ' rieHs. TRthelestidies showed tiat thafhoghofaiakte groupSids Hyltkdlyded t&Hhe
M+TMS+

N 2 Benzy- fsi%'om@fsa?mg«r Pl Qe Sion oo (999 sl 9

2(3 ' oéfmmn;, readihe 26303
1,( |I:Il)5)f)ne5 51 ud(c)a?al % (m %ﬁ Lowb}esol u |o?1 rrag:

se
spect rum (DCl -dlq?msynuchog qsamﬂe mythgmlmammhogphommgm&
PGTNS00/ 20Q08  Exargg

1-[ 6-( Tetrahydropyran- é)ﬁlyoneh%ed{oﬁ% %r?ﬂ? ls[piesgntdihpfl?zl'eﬁ?n ik m)procﬁe% ylj-
2- deoxy- P-D-r |mbmﬁnh$oﬁpym¢hm¢mmmgndhmmﬁnnpmtm date. 1H 5

Foat ur cs: & (PROPREDFraeipd fusiaskle TR e rSpufed” B o OH &R 6. 61
and 6. 60 (eachiesxynudlebsides is much less hindered than the 3’-OH group, selectlve
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 syntheti_c scheme is summarized below.

o] 0 o
HN R Ph—0-P—Cl HN R
P | NH PR |
o N Ilm.< o o N
CO,Me 0
HO o Ph—O-I?-O o
N-methylimidazole ' <NH
CHCly, 25° e
OH 20 25°C 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),SO) complicated
48



H5), 6.25 (m 1, H1'), 4.56 (q, 2, propargyl-CH2), 3.56 and 3.54 (each s,
each 3, C2Me), 2.0 (in, 1, H2b), 1.22 (m 3, alaninyl-

Low r esol WO B/@7454ss spectrum (DCl-NH3), mlz 167 (B+2H4) PCI /500120008
(B+H++NH4+- THP) . 10 Exanple 6

1-[ 6- (Hydroxynet hyl )furo[ 2, 3-d] pyri m di n-2(3H) -on- 3-yl ] - 2- deoxy- p- -

ri bof uranos-5-yl phenyl nethoxy-L-al ani nyl phosphoram date. 1H NVR ( CDC13)

T o e it L B o L o
(in, 1, H' dJ(,@ ‘1353'-@905' 13 (m, é&ﬁihg%swﬁ%i{@i 5.0, 431 ora@ a),

2. 10 (m 1, H2b) 1.35 ni nyl - a- Ve Low resolution ma S spectrunﬁ
(DOl - NH3) , 2 promegyCa), 4%9(51,(19& 57@%&:151-&7), @Stmnnsnm@ph@rﬂab et her

derivative of 5-

according to staég'%%@)%ﬂ'p Es}i&'é&cagugho %&*'ﬂl“%o‘ yﬁli’ﬁ&g' s%gg W - -~

OH 0 OHs HOest aldd@ynﬂﬁéﬁdd@ndﬁhﬂ?ze@by HNNRE éMd tHedoliwinhPéshlr:0O R 8

Exanpl e 8 5- ervgzs Nltrophe rop n;Q&L gg ﬁé%gﬂyAsolutlon of

(prISBg;I (ec5165 (EDa)EP)erup ‘Eé@ﬁ%&‘)ﬁ ent AsH6)6.19 tet ?td,
dj_pE reate

with 4-ni tr 02( 1?@652%13[!1 %‘ M@P&%S% pHosphi nee)%i}gga W?tﬁ3 mol ),

ﬁnd dljl SOpgDﬂ@Jl éZﬁH}xﬁS&@oyldd;k propegy, l-|CHz)3 Wm,al,ﬁh’bi %Sﬁﬁrrf,éaﬁ'tﬁlﬂﬂ%w xture

eated at t he..s on was clear, and then onger. e

ni xt ur e msgéﬁzgaébstmgﬁf'%i 23 Cand then it was )

Examples3to 8
: Synthesis of furano-pyrimidinones -
Using the general synthetic procedure described supra, the following
éompounds were prepared.
15 Example 3
. 3-(2-Deoxy-B-D-_ribofuranosyl)-ﬁ-(tetrahydropyran-z-yloxymethyl)fnro[2,3-
djpyrimidin-z(sn)-one." 'H NMR ((CD1),S0) 5 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 (q, 2, CH,OTHP), 3.92 (m, 1, H4"), 3.64 (m,
20 2,5-CHy),2.40 (m, 1, H2'a), 2.03 (m, 1, H2), 1.68 and 1.50 (m, 8, THP). Low-
resolution mass spectrum (DCI-NHj3) on bis-TMS derivative, m/z 323 (B+TMS+H"),
511 (MH"), 583 (M+TMS").

Example 4
25 3-(2-Deoxy-B-D-ribofuranosyl)-6-(hydroxymethyl)furo|2,3-d]pyrimidin-
2(3H)-one. '"H NMR ((CD;),S0) 5 12.0 (bs, 1, OH), 8.24 (s, 1, H4), 6.53 (s, 1, H5),
5.51 (pseudo-t, 1, H1"), 4.42 (m, 2, CH,OH). Low-resolution mass spectrum (DCI-
NH;), m/z 167 (B+2H"), 184 (B+NH4").
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to evaporated onto Si2 and purified by chromatography using McOH CH2CI 2 as
eluent to afford 107 ng (13% of the desired ether product 112-118 T.
1H NVR ((CHMBOOMO¥548 11.65 (s, exchanges with D20, 1, NH), P‘Z%@%‘m&‘!s H6) ,
8.24 (d, J=9.3 Hz, 2, mArH), 7.23 (d, J= 9.3 Hz, 2, o-ArH), 6.09
(pseudo-t, 1, H'), 5.17 (s, 2, propargyl-CH2), 4.22 (m 1, H3"), 3.80 (m
1, H4'), 3.59 (m 2, 5 -CH2), 2.13 (pseudo-t, 15 2, 2'-CH2).

Lowresol ution. mass spectrum (DCl-NH3) onper-trinethylsilyated material,
mz 547 [MTMS)2H ], 565 [ M TMS) 2NH41, 620 [I\/(TIVS)BH}] Exanpl e 9

5-(4- Car bet hoxy- 1, 3- but adi enyl ) - 2' - deooy k% ‘b 20 (a)

5- ( Car bonet hoxyvi nyI) 2' -deoxyuri di ne-3' i s(tetrahydro-2H pyran-

2-yl)ether (1) A s|1ulﬁs(gremahsdr(mrmmmmﬂ)mrolzwwﬁmidnmn(aﬂ)@ﬁ&y&

gy?I di : erp tg? Hdl h%ﬁf'ﬂﬁ&'@'{‘%&r h‘?%ﬂ%m&%osphoramxdate 1H

di met hyl f orgranyom «@yﬁ)zs@)%ﬂlpneh&@due% edce%@@aﬁﬁfeo&x%rsh Sahi& féature sy tlk ng

sol ution was concentrated in vacuo (bat nperature 45C) to give a th

pal e yel | ow 0i$§.62 ande8.39 (eaches; e&%bé‘l e'lal417ri (El! OAPhQ), 6.61Haad S0 (daqheﬁ; edchi I er ed.

ol um ohr onciUbs R D) P e Zprophif e S Rt 50, Y

gi v/e 3.8 /1 g (COo2Menl2. Qdm, .H%)mczz (as 3aalamhpr-&-M6) Biolw-reSdiutitfn $MadsQGpédtrim
PGT/ US00/ 2000

5- (3- Hydr oxypr@#%@#ﬂnfz 567%"3%”@‘%?{?}1%“"@@1 etrahydro- 2H
pyran-2-yljether (11) A solution of (I) (3.5 9, 7.27 mml) in CHC12 (14
nil,) was cooled to -78C in a 5 dry icelacetone bath. Diisobutyl al um num
hydride (DIBAL-H) in toluene (1.0 M 24Exsmple®; 0 nmol) was added dr OpWI se

2 h whil h
g;/ﬂred at I—?SthgrtWé%Bﬁnm?ﬁW ?‘@%ﬂ%’zz@% %2@.258%,&&9 ropvm se
to dest ro]y ggy;;mﬂhmsa-ﬁ?hegtlﬂ ?momggﬂangnymhggm{«g;m?wﬁhn%gmca mtm?) a
t %citric,acid sol uti I
over 10 ca. Eamy FSenoR s diskiempammitt St EHUBARS (S 1A T 4l
extracted yj QK fg@, 6.%6&135.36‘(lach13,h€acﬁ‘iﬂﬁ5ﬁ%Sis%ﬂfi,”l-lf'),@?@ﬁ&d"fés {ased

wth satur at e
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.

°=Z ) — QN——@— OH
nop/ | .m‘c/FN /co,m

HO
PhyP

50



(20 nL) and brine (20 nL), dried over MgpSO4 and concentrated to give 3.288

g (100% lorless oil 15 (c)
5-(3- mop%‘"i“?ésﬁyl )-2'-dexoyuridine-3",5 -bis(tet rahydropcérﬁ:]smg/l%(};lmr,lii -

yl)ether (111) To a solution of crude (I1) obtained fromabove (1.988 g,
4.4 mmol ) in CH2C12 (9 nlL) was added solid pyridiniumdichromate (PDC
1.82 g, 4.8 nmol) with water cooling. The suspension was stirred while
acetic acid (0.4 nm.) was added dropw se. 20 The water bath was renoved and
the reaction was stirred at roomtenperature for 1 h. The crude product
was filtered through a pad of florisil (2 x 2.5 cm) and the florisi

washed with 35 nL Et QAc. The brown sg&yﬁkﬂnaobtalned was filtered through
anot her colum of florisil (3.5 cmdra 5 cmheight). The filtrate was

concentrated to gi[mmuaiﬁbmxy)snympywﬂ)r&omﬁdlm gAsolationof preddrie®@5 (d) *

S pyr ands. Siuiny eyl e KPRl L e i RA HSRE e 0o 2
ng, 0.92 oqjﬁﬂﬁﬂﬁa anHy@roas TPIFUinder urgén Whiréateddpitied-Arkoptendd (69%6) (0. 344

g, 0.77 mmo e solution darkened 30 and turned rust color, After 1 h,
(111) was congsbamael), tiphenyipbesphme ({87 as Jspmob) and rbgsepmeﬂraéﬁﬁsﬁgw&w The
sol vent was ctioh t

01/ 07454 P %g@ +%r§m cl#rﬁg Q%Fggp ’9@%9&5 I'ca g&}?ﬁﬁasil%rllégma% 45%
Et OAc/ hexanenm&xeﬁlmflungeﬂ'lﬁbemmmemsauommw@oema%°Ciﬁd/<thpneﬂ\@s was obt ai ned

2 e S T St AR
pyran-2 yl )%h’amobhﬁ%a@%%memesﬂed%mdhcﬁm maaem.eéﬁmcm (1.5 rrL)
and PPTS (0.04 was added. The solution was stirred at 50C

for 7.5 h ar((ﬁl’ )étllﬁsd&r%t‘l@ﬁﬁ&w&dvm» 329 (s, A HF), B4 (T DBt at e was

f d. Th t |

(V"o o v HARAAED 2 9 oo PR DL, G0 B L HEY SH7E 21 E Pure
chr omat ogr awl-gmcﬂz),m%(gell H3s'),|3g80£(ﬁ}, 10849, 39, ReXeCH,) 2313 @sensdott, t 0 gi ve
a further 0,180 8 A SUSh ot ekl Bt BOCI-REs] SR alisted matifiald

mlz 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 H-pyran-

2-yDether (I)
A slurry 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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(86% . 1H NNR(DIVBOdG) 1.22 (3H, t, J =7 Hz), 2.17 (2H, br t, J = 5.5
Hz), 3.55- 3.75 3.81(1H, m, 4.12 (2H, q, J =7 H -4 28
(1H ), 5.!@'{‘@&1‘5 J = 15 4.8Hz),5.27(1H, d, 3=4. 1 perlsioroios
Hz) . 5. 98( 1H, d, J=14. 5Hz) , 6. 14(1H,t,J=6.3Hz), 6.75 (1H, d, J = 14.5 Hz),
7.18-7.30 (2H, m), 8.30 (1H, s), 11.56 (1H s). Exanple 10

5- (4- Car bonet hoxy- 1, 3- but adi enyl ) - 2' - dexoyuri di ne (Va) 20 A sol ution of
triethylamne (3.9 nL, 28.2 nmol) in dioxane (12 nL) was deareated by
bubbling nitrogen through for 15 mn. Palladium acetate (0.60 g, 0.26
nmol ) and tri phenyl(p)s:a Hydfoxyfropt83ngl)-22-déoxyuridine-355bisgeteshyire-2rhe

solution was heated_at 70 for 20 mn to give a dark brown sol ution.

5- | odo- 3' - deoByEaR-drybethes (B) g 14 1 mmol ) and net hyI 2 4- pent adi enoat e
(2.5 9, 22.3 mol) AghuRpdEn hgvaﬁnmﬁen?c as oot -780 >§ f0f |
15h. The sol vent and volat| onents Wwere ora I'n vacuo an

resi due was pmmmwmvamwaémmmmmaﬂammmm;owms

(10 mi each) . BnZACompen Pyt iaRY s BYEGE ile Rl et Vinalpnsa o' O

concentrat ed. -T$rC. rEieisdlutionMas stirindt VESPO for Meddditichal 2h and MEGH (25va.) iw@s C 0Ol
to 30 roomterrper solid forned was_collected by filtration,

washed with a ‘i’gp‘ﬁﬁam estroy, Ay EerssAHE Aly-He I he feastion minxtare vascapnuia

l;; ovvg ggv\&(ig; s W/ﬂ @%?c &1&201{18& Ffzsbmxgg rce@%s‘l%jﬂ %tézé%l(gm{.?o%'*

4.9 Hz) 105 za zmmun ﬁeymammﬁmmwmmmwm
599(1H )y 6.~L4 ).6. 74(C1 H d. J=14. 7. 20-.7 (2H,
m 60" (1n EPAR %8 b The fom A bt até Vi et W s BeaNNRHRO01 oo
and chromat Ogrwmgaﬂdlbﬁndaomlgﬁ&nedWeBMg@bAaﬂ@%ﬂﬁm 288g elogog)t to
gi ve anot her 0 of _product as a browmm 5 foam The conbi ned y| el d was

1.08 g (22. 6%°f '-'@?gﬁsﬁl o 11 5-(4-cCarboxy- 1, 3- but adi enyl ) - 2' - dexoyurid ne
(M) Method | _

15 (c) 5-(3-Oxoprop-1-enyl)-2 ’-dexoyuridme-S’,5’-b|s(tetrahydro-2H-pyran-2-
yDether (IIT)
To a solution of crude (II) 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 through a pad of florisil (2 x 2.5 cm) and the florisil
washed with 35 mL EtOAc. The brown solution obtained was filtered through another
column of florisil (3.5 cm diam x 2.5 cm height). The filtrate 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-ylether (IV)
(Carbethoxymethyiene)triphenylphosphorane (0.32 mg, 0.92 mmol) was added
to a solution of the crude aldehyde (IIT) (0.344 g, 0.77 mmol). The solution darkened
30 and turned rust color. After 1 h, (IIT) was completely consumed as judged by thin layer
chromatography. The solvent was evaporated and the crude product was purified by
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10 5-(4-Car bet hoxy 1 3- but adi enyl ) -2' -dexoyuridine (V, from Exarrpl e 1)
(0.449 g, ) was dissolved in 2N NaCH (3 L) an ;l{ gt 25C.
After 20 Pf‘f%“l’o&‘s‘prem pitate was formed and TLC showed t hat %e s?arti ng
material was conpletely consunmed. The m xture was cooled to 0C and
acidified to pH1 with 2N HCl. The resulting off-white solid was filtered
of f, vvashed wth water and dried in vacuo to give 15 0.225 g (54%

product. 'H 4 5- 3
I, AR Py sy e ofngdd e o

Hz), 5.80- 5p9&1u¢ﬂ(l&,3lﬁg,78%yﬁﬂ)(vzaslo tamedascﬂotleslslp)l .60-6.75 (I H n,
7.15-7.25 (2H, m, 8.26 (1H s), 11.56 (1H, s), 12. 16(1H, br s). 20 The
filtrate and washi ngs were conbi ned and evapor at ed to dryness. The

resulting sti cky(?sl.@cmumthody-\wga;bﬂadbﬁwm-deﬁo (\Qm which a white

t at d. Th | | t dit |
B 56070 3t pr oo St GaBtethory b 2B ER L7 HiogBrBE A (BB 2D cpar od
f 5-(4- d
rom 5- ( c%@%@% 65?%1122-‘%%]@“&%%%9&0@1 @\%L RERRrs

according t n Exa arabl e d as” nenti oned

above. Exany(D£49 8, B Bmol)-vmisadded. Q‘I@Eomgamaemgimo fop/rh anddeft et/ | a)
and 5-(4-Bronp-| E 37-but I VI I on of

5- (4- car boxyoq™ mgxwy}%vexo v %ew%\’?%{do%gﬁu&ﬁ% nmol) in
i s S o e o i et [

stirr or n.at tion o
N- brormsl?cm"!’ﬁsﬁ%‘i?n@e‘ﬁ V%W‘Ba 85“1’ siljcg 83\)75%&#"%?9?% é‘@‘g"lg
dropw se.  Srgghiiodave £iftheto. mg@ﬂctomlfoiﬁ?ﬁldﬂtﬁél ﬁabea%dgltlon The
irr

resul ting brown suspension was ed for 2 at 25 which time TLC
showed t hat (8&%). was corrpl etely consuned. Water (10 m_) was 5. added to the

suspension and t F‘tg 0 pﬁg X 15
m.). The extracthﬁ rre dg’ h’?/%é% tvxps-,q#g Q%#%gé@evapogétsed in
vacuo to gi3/Fs @Hyal)) 28t @8, m), 4.17 @Hyy, ] §0H2); 4254.281H; 8),i54F @H, &I m xture-
Of tWo | SOME) $1B% 5,27 (1H, d, T = 4.1 Hz), 5.98 (1H, d, J = 14.5 Hz), 6.14 (1H, 1, ] = 6.3 Hz),

6.75 (14, d, J = 14.5 Hz), 7.18-7.30 (2H, m), 8.30 (1H, s), 11.56 (1H, 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 triphenyiphosphine (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-pentadienoate (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 MeOH and dried in vacuo to give 0.38 g brown powder.

'H NMR (DMSO-dg): 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 (1H, m), 5.18 (1H, t, J= 4.9 Hz), 5.26 (1H, d, J = 4.5 Hz),
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shown by 'H NMR The crude product was separated by sem -preparative HPLC
(reversed phase Cl18 col um) using 20% acetonitrile in water_as the nobile
phase to 1%QWNK4She fol | owi ng i soners: PCT/US00/20008

5- (4-Brono-| E, 3Z-but adi enyl )= 2' -dexoyuri dine: retention tinme 10.5 m nutes;
"H NWVR (DIVBOd6) 2.11-2.18 (2H, m, 3.50-3.70 (2H, m, 3.80 (1H
distorted q, = 3.5Hz),4.25(1H, brs), 5. 08(1H, brs), 5. 25(1 H, br s)

O oM ggglg@y@@# WA S, o SR F ok P B A 357

:5 (4- Brono- | E,(2H; n)t8&30 (@Hys)) 1256 (Hka)uri dine: retention tine 15.1 m nutes
o (000 ki Sy b e St o e
6. SHz) , 6. 36(1|ﬂs %-l@%ﬁtdﬁ&hexﬁnéﬁs@ﬂénﬂﬁ’gw]emoﬂf&éﬁ'@of foddft 4sbbro@fl: J =
11, 13.1 Hz), 4 (1H, dd, Ie13US|ngt

procedures 5rrerf9$®n cqm@zeﬂwplémaﬁl%s(?&ﬁ%) the foI | owi ng corrpounds can
be obtained in a simlar fashion: 5-(4-chloro-1, 3-butadienyl)-2" 25

dexoyuri di ne (using N-chlorosuccinimde in place of N bronosuccinimde in
Step B); 5-(4-iodo-1, 3 but adi enyl ) - 2' Biampetl di ne (using iodine in sodium

| dodi de in place of r ci nim WO 01/ 07454 PCT/ USOCOR0008
Exanpl e 14 5-(2- Bronovi nyﬁmé &MQ%E’PE‘%‘Y%M“W F“Qy- L- al ani nyl
Phosphor am date Phenyl N- Met hoxy- L- al ani eretH?:h sphorochl oridate 5

L- al ani ne net hyl ester drochloride (245.8 g; 1.76 nol) was placed in a 12

L three-n¥ck round- (ﬁtﬁﬂf HyabR-bptadienyh2rdexaymriding€¥ hirom Example 1)1(8.44%2d
e oo ) M ed NP A M B0l
1.76 nmol) was prebipritite wast formed andFIeC showebdthatithe stayting matesiat waslaﬂnﬁlablyIS mn
o 0o eToer S, ThE kv tn TS e kbgad i) A . S o
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 (1H, m),
4.24-4.29 (1H, m), 5.19 (1H, t, = 4.8 Hz), 5.27 (1H, d, J = 4.2 Hz), 5.80-5.95 (1H, m),
6.14 (14, 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 5).
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 I1
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 (VIIa) 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 mmol) in DMF (1 mL) was added KHCO; (0.185 g, 1.84 mmol) and the mixture
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suspension was forned. Freshly distilled tri-n-butylamne (626.5 g; 3.38
nol ) was added dropwise (-90 mn) with vigorous stirring to the reaction
m xture sOV@PH74%he tenperature inside the flask was hel 0020908 Tho pat h
was renoved and the stirring was continued for 6 15 hours at room
tenperature. The solution was concentrated to -2.84 L by evaporating
several portions of the m xture on a rotary evaporator and the m xture was

hosphor us. 1 SEBAbfEa0 i SLAFCTA sefbion o PR GInHRE AR RO R ) a1 i

phosphochl ormygial) én DMF @.35mD) wadadded ﬂrlipens”b'S Smooth gas evolution (CO2) occurred

5-(2-B | 2' - DeqQx h N- Met h L- al
oroshor e OB IS o pseiTe, HRPEPYEE TR oLe BaR2ECbspher e.
5-(2- bromv'vaﬁéﬂﬁﬁen@%ﬁwwmth?Wéd& 1%%&&&12 Wit 104R1) wasaced in

three-neck 3 L round bottom 25 flask equi pped with nechanical” stirrer. The
flask was pladde;ﬂmtheswmm@dﬂ&mu&msgmnm_aséxmmﬁnmp&n‘ax15

phenyl met hox hos hIo agent were added.usin
addi tion furﬂ@ aﬁw}é{rﬁ M&%@ ﬁ&‘t%"i]re%‘&"so"f"a?% VgD
m xture, f olgxwwhmw sbh&(ﬂ@dng I80% ¥ikld} Séhsiting bf ANt Y twid ﬁaﬂ:eisas over 5

m nutes usi ng Sg”x After m nutes the m xture becane clear and after
10 ni nutes tshewppg B &he sa#ﬁpwégctrwa@aa%bm%wrwwA tihle to warm

lrJrEmt ?O;ggmbt} revé@éﬁ%gcﬁgg(g H %:d“één%“‘@és cgﬂrrg ete In 3 8&? . e \rl\g:tctidn
was quenmhe@tgnhefﬂloammwmmof 100 nmL of nmethanol and the mxture was
BB o0 P an et 3t -t R AR oX fist©
polrtlondof Bnmml MSQ-dMlehE(mmﬁSSOABMD&H,mb@SS@eH-EMM@ygh tlhe .
t
bypassi ng 5 05 B8 4o DRk o 1B br ot a5l drel AR e Lo 84t 2t v ng

NB 101 | wer(m,ce,rjmw (EMaRI=21 526/ Hiz}) 683 (PH dd, TRe7, 10 H)\UR39'asl, ad, J

£e), $
di ssolved in 4 of et%yl acetate and tﬁe mxture was extracted with water

(2 x 2 L35 . —W;é5<§r%ﬂn|c | ayer was dried with sodiumsulfate, filtered, and

washed with .ethyl 2 2 L shi ngs
vver e evapor at ed t%@-gﬁﬁce a&I l?htﬁ&ﬁ@niﬁ-h -dab?uﬁﬁiﬁé fiRdieibh ikfeA'59 Iﬁ&qua
HNMR(DMSO-d.;) 2.12-2. 16( m), 3.50-3.70 (2H, m), 3.80 (1H, q, J = 3.2 Hz), :
4.26 (1H, m), 5.13.(1H, br s), 5.25 (1H, br s), 6.14 (1H, t, J = 6.5 Hz), 6.36 (1H,d, J =
15.6 Hz), 6.67 (1H, d, J=13.1 Hz), 684(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 11, the following
compounds can be obtained in a similar fashion: 5-(4-chloro-1,3-butadienyl)-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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colored white foam total weight -540 g: The crude product was purified by
two silica gel chromatography using 0-5% 10 MeOH in CH2C12_and 10% MeOH in
CH2Cl 2, resPERO4SHy  as el uent.. The yield of product (>9BCHHNEMRas 64
g. Exanple 16 Using the nethods described in Exanple 15, the phenyl

N- net hoxy- L-al anyl 15 phosphoram dates of the follow ng nucl eosi des were
prepared: 1. 5-(4, 4-dibrono-1, 3butadi enyl)-2"'-deoxyuridine, 2.

5-(2-chl orovinyl)-2"deoxyuri di ne, trlflqaronethyl 2' -deoxyuridi ne, 4.
5- (4- car bet hoxy- 1, 3 but adi enyl ) - 2' dem 20 5

5- (4- car bonet hoxy- 1, 3- but adsqmmmnﬁvi@gxpyuéoﬁummemenyl

5-(4-brono-I| E, 3E- but adi enyl ) - 2" - deox i din

5- (4- br ono- | E, 3Z- but adi enyI 'Meth imlqaypm@’hosghoramdate

5-(trinmethylsilyl VIS yl)-2'-deoxyuridi ne,
25 10. 5-(1- decynﬁ YN oxy |d| nein‘}lpﬁosl% gﬂ‘(‘ﬁt‘m

fl-D-ri bofﬁranosylé m&ﬂ»dlestﬁlhxdﬂ‘@;hbnﬂp;(%S 8gul. ﬂémod))mspl&edmalzL

o pyr i m i . 2OBRERkS %@%ﬁ?&%‘f@a@f@m@d%@eﬁ%&% f SR e ove

conpounds di Sfdnewedby @04l of ditllomhfethant ! Thé'mitthe vﬁfs%ﬁﬁe@i‘ortlblrﬁmhﬁy 8iYobmN.
Salts of the odrugs of the present |nvent|on 8\6/ be 57 WO 01/ 07454

PCT/ USOQ' 2000 bphasplndihipridats (349.0 gnil IO mallyasadded tsthe mixtigap| es

peefyre.cBh
f d | s , |
Fumar o, mal el mﬁﬂ%ﬁ%ﬁ%cﬁﬂf°*“mﬁ*magﬁc A Tk Was pREIIE | ©

t ol uene- p4sul batht,hdmxceandﬂ;e salmtgwasqontmued for 20:mimmesautil mnuxlbrm
et hanesul f oni ¢ m&&@%g ic, malonic, naphthal ene-2-sulfonic and 5
benzenesul fonf'{sp I -acids, such as oxalic, while not in thensel ves

phar maceuti cal | y aFesily distied t?ﬁm-bhmaﬁiiné (6263 g;13.381ol) wap addekidespwite G301t s
useful as min) with vigorous stirring 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 &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 placed in ice-water bath and -
1600 mL (~ 800 mmol) of phenylmethoxyalaninyl phosphochloridate reagent were
added using an addition funnel over 15 min with 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
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I nternmedi ates in obtaining the conpounds of the invention and their

phar maceuti cal | acceptabl e acid addition salts. Exanplgé?£$o s include
al kal i néVQP”?éxb sodi um) hydroxides, al kaline earth ne 5

magnesi um hydrOX|des, ammoni a, and 1o conpounds of fornmula NW , wherein W
is Cl.4 al kyl. Exanples of salts include: acetate, adipate, alginate,
aspartate, benzoate, benzenesulfonate bi sul fate, butyrate, citrate,

canphor at e, aa§ ﬁ% s‘?hca Y bApéR HBfﬁVﬁﬁ@AfBMQ%@Feﬁxas

dodecyl sul L nat fumar at €, | ucohept anoat e,
gl ycerophoslpBMld whepass&dﬁlmmghtm@m\m@mgth%kadmamdﬁwbrtb@ﬂnmnd% 15

met hanesul {RIY W AinpleL S She S iR bR bRt AT PTS

pecti nate, ﬁivﬁbﬁsléd‘nmiﬁng NB10Y1 werepbmbiredand pvapbmtm tofan 0il] the eesidnewasonat e,
succinate, tartrate, thiocyanate, tos Iate and undec oate r exanpl es
e BT TesHECS Aol P 2 A

of saltssi rfbﬁﬁ?&@d&hﬂéﬂrﬂf"@ﬂ
conmpounded métf} gﬁ&%&%ﬁ%&ﬁkmemm&%&lmeﬁm A hcdugerein W
grou

is aCl. 4 a For therapeutic use, salts of the conpounds of the

present i nv(ént.’pﬂﬂmln) |Themembp1¢dmmtemdweﬁhlqgsm¢taam@dtmméma lightlyt s of
aci ds and base I,C eut ically acceptable nay also find
use, for exﬁ’iﬁ%mﬂtﬁ?ﬂaﬁé?‘b@g’ga at | on or purification of a pharmaceutically
accept abl e comonr&bm&ﬁamewaspinﬁeumypwodnmggelmmmmmgmw i ed by

f?}ec(rretc);&;j VsOH ind @entl %ﬂeﬁﬁmgﬁ* zr'?‘f%é jve ?‘g"e?“%ﬁ ryl di ﬁydroxy

groups, %Y’%Hﬁéi ;E§go,§ %ﬁgg from (1) straight or branched chain alkyl
(for exarrpl , N propy butyl, or n-butyl), al koxyal kyl (for exanple,

met hoxynet hyl ), aral kyI (for exanple, benzyl), aryloxyalkyl (for exanple,

30 phenoxynethyl), aryl (for exarrpl G aﬁﬁﬂg% optionally substituted by, for
exanpl e, hal ogen, Cl1.4al kyl, or 1 oxy or amno); (2) sulfonate

esters, such as Hklhgﬂmuhéﬂmdpldesc@bed mEBqu]nﬂQal,S mm&mﬂ:@yﬁbwﬂ

ar al kyI sul f L-val yl or
L-isol edﬁyl Oﬂ&?ﬁﬁ%@ﬁﬁgﬁg?% o@gﬁéﬁ@l%ﬁ@x&%&fﬁ?%%& di - or triphosphate
esters. 58 WO 011074 Pﬁlibﬂmzqﬁﬂﬁlen?l)afdeosmﬁm,esters may be further
esterified by, for ex ﬁ2_(()1G$1I CQBW reactive derivative
t hereof, or by a 2., 3- , - In -such esters, unless
3 S-u'iﬂuoromethyl-z -deoxyuridine,
4 5-(4-carbethoxy-1,3-butadienyl)-2’-deoxyuridine,
20 5. 5-(4-carbomethoxy-1,3-butadienyl)-2°-dexoyuridine,
6. 5-(4-bromo-1E,3 E-butadienyl)-2’-deoxyuridine,
7 5-(4-bromo-1E,3Z-butadienyl)-2’-deoxyuridine,
8 S-(trimethylsilylethynyl)-2’-deoxyuridine,
9. 5-(ethynyl)-2’-deoxyuridine,
25 10.  5-(1-decynyl)-2’-deoxyuridine,
11."  3-(2-deoxy-f-D-ribofuranosyl)-2,3-dihydrofuro[2,3-d]pyrimidin-2-one
12 3-(2’-deoxy-ﬁ-D-riboﬁxranosyl);6-octyl-2,3-dihydrofuro[2,3-

d)pyrimidin-2-one.

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

57



ot herwi se specified, any al kyl noiety present advantageously-contains from
| to 18 carbon atons, particularly from1l to 6 carbon atonp 00008
particul arl WXBEM4 to 4 5 carbon atonms. Any cycl oal kyl nDiéFvH%{esent in
such esters advantageously contains from 3 to 6 carbon atonms. Any aryl

noi ety present in such esters advantageously conprises a phenyl group.
Exanpl es of |yxo-furanosyl prodrug derivatives of the present invention

i nclude, for ; ' ' roups

(o g it oSSR b Oy b baptd3Bia B barkl PRI SR g

3O ag etyl Ihydr?fohlrborlcc hydvef lat’omics'lsuhraac::;]I nitﬁb,-ﬂewhlbrfS wﬁmmmo' yinalelic, lphosph?ric, |
2',3 -di-0Oace =l yxo-fur.anesyl an ', 3,5 -tri-0Oacetyl-1yxo-furanosyl.
Et hers of thegé’gﬂbﬁﬁm’ %["clf“ﬁ%' %‘F‘é‘g@np%‘?%%’ﬁst%ﬂ‘ci %%é‘%& ﬁ‘&l“':' ethyl,
propyl,  butyinethiafédiifénié, etiifesusfoficPfimbic, 86401cs maldhic nhphthdlaie-RShRMIE! -
the substrate may not be chemcally related to 15 pyrim dines or folates,

but rat her 5 syhenzergsulfonigreidsd Qberacidsosush 98 pxalisc; while not in themsalyes dr ug
design. S L cal . f
exanml e, wher Shampstiealfyscfiptae Saltbe cHPERLAR RO e AP fuRSs o'
br onovi nyl - deirteratediates irndbtaihiup thescompbmnads ofithel inventidnean@theipplessmadeuticaliyre d
bel by Barr, P.J., al . 9 . 20 unt .of Nuc) eosi de
and Monoohs pAcEebtably sei afdifes, s, EXhpoiea of Bord Bethde ek Mets e sofUAMY N5
1011. However pydrbxides)siRhlfde@asth imetdl 18,8 S makneskin) hydfoxidi8, Afuhohilaingt he bel ow

met hod is easﬁ'y modi fed for _application or useé wth the prodrugs of this
i nvent i on .10 25campounds of formuda NWy-ywhereinaWtis Eamelkyl.cel | |ine); MCF7TDX

Tomudex resi st ant i . 5. EL si st ant
(col on cancer cell le‘%ﬁe*ﬂo t_asl neg F%?fngﬁef@at%owé% hP%??étlgt y, Ssee
antibi ot ce. hmm| { de"bls 0 ; P. | di shes at tﬁdnﬁ t%fc%gngoo
anti biotics wer ed i.n . et ri. di a e unt o :
cell's per di sﬁyciﬂ’f‘}“\am??&%‘&%%%i%@ﬁ?‘%ﬁf‘s‘gfat%fé?n%lﬁ%@@?@‘%wu was
added to eachfidésheptasishtd, b@c&%bhé‘spﬁite,tlieﬁﬁﬁﬂfatd,?h@%ﬁiﬁafe?heﬁn%%yﬁiqcﬁé@deﬁf ter

that, the nedi umwas_asglra,te,d and the cells were washed twice wt

phosphat e 15 huhyd&rplrgmide, hydroiogide) 2-hydroxyethapesulfonptedactate, maleatesas added and

the di shes Ve hfzthaResulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, palmoate, pectinate, -
persulfate, 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 suitable cation such as Na",

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

For therapeutic use, salts of the compounds of the present invention will be
pharmaceutically acceptable. However, salts of acids and bases which are non-
pharmaceutically 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(=O)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), aryloxyalky! (for example,

30 phenoxymethyl), aryl (for example, phényl optionally substituted by, for example,

~ halogen, Cy4alkyl, or Calkoxy or amino); (2) sulfonate esters, such as alkylsulfonyl
(for example, methanesulfonyl) or aralkylsulfonyl; (3) amino acid esters (for example,

L-~valyl or L-isoleucyl); (4) phosphonate esters and (5) mono-, di- or triphosphate esters.
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WO 01/ 07454 PGT/ USO0/ 20008 placed in a -80C freezer. The cells were

di srupted via freezing/thawi ng procedure, repeated twice. The cell debris
in the reWQOOT§4 suspensi on were spun down (13,000 rpm PEHUSPIANPEs) and

t he supernatant was deproteinized by passing though a Centrifugal Filter
Device (Centrifree, 30,000 cut-off, Am con) by centrifugation at 5 5,000
rpmfor 30 mnutes on Sorvall Super T21 centrifuge (Rotor SL-50-T, 1,912 Q)

"hi ected onfeb omsoHa ecumanRe FRAE PSR By oo ettt o floatl oy 150 mm
Al I tech) .. Thgctive@eRvAive R0t ¥yu531diC15)ad glyesrol." In| Acldésiéts, Anless N Wat er -

containing trifluoroacetic acid. The peaks were detected at 300 nm the
maxi mum of etherisstspesified, anyalkylomejety;present adyantagegusly-contaips from bto 1onpounds

wer e expr ew&ﬁo@amﬂgg,@ﬁﬁﬁay%n?% @enrbonua&né,gg&& gsﬂnﬁamyﬁp 1 py¥pounds was

done by conparison elr“retention tines a pectrawth those of
aut henti g stabateatoies. Ahycycldalid moity present irf sxch estens advantagediislyienntainsssay was

f d with th d 1011 dth .od f, thi ' tion.
ol | s gr ow FORGE EREP AIGMS. Y| Aey orese th Sicheemadvariageontly om 1 ssue
cul ture pl agﬁﬁpr%ség Apﬁ@?d growp CExanilés afihypiocfirabsyl } detivafives@Btieel | s per

co

well in 25 gL of npl ete nedium (RPM 1640 + 10% fetal bovine serum + _
ant i bi ot i cspresant inyensiandnglude, forexample, thesg vaitly chemicly proteqtedhydeaiyh| et e nedi um

cont ai ni ng - HRSL.4. 10 . Qégm%,_ re added
in tripli caycabﬁp%%%%sfgﬁr#%)’% lzoéﬁogjr slp%oday SOE?’ %fter \A’r,:?ch

growt h itahi bixbifaranesyl 53 acetyd-ly®-furapbsylii2?, 3 -dirExacetydrlceat sylaedvar Bl ue, was
added to eagh,well. £10%,\u/ ftar 4 hours incubation at 37C, .

fl uor escencg%\gg’ f '?‘Eeéfl}eiﬁ’wé%%ﬁhm excitation and 595 nm eni ssion. 25
Crystal Viol et Cefhersifeie dompaitmdsiof thelprésent invenfien inchillb ntetlad setylymepyler f orned

w th the conpound NB 1011 and.the prodrugs of this invention. The ability
of the test behiobpril apdsegr tiferation of cells was determ ned by

the crystal vi ol g, fafRGepibb@mentSihs Sib¥aaRte nidy ndt betheically refitddlto and
Antel man, D. et al. (1995)). 30 Conpounds were dissolved in dinethyl

sul f oxi d& t pyEmidines erfolates, tut ragher sypthesizedhasedamen knewnparameters obgtignal necessary
into DMVEM cgl W etadphoogpbsequently into the first wells of
t he 96-wel | %@?ﬁoﬁ;’%ﬁ% pla vgm%ac cgﬁcent ration was
Chemical assays for products, for example, where a reaction product is an anti-
metabolite of the bromovinyl-derivatives of dUMP, 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. How;ever, 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 BVdU was added to each dish and the cells continued to grow for 2 days at 37°C. After
that, the medium was aspirated and the cells were washed twice with phosphate
buffered saliné (PBS). Then 1 ml of PBS per dish was added and the dishes were
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60 WO 01/07454 PCT/USOQ 20008 tested in triplicate on the target cell

|l i ne. Conmpound concentrations froml pMto 3000 gMwere t
wer e i ncubaWOPR45h conpound for 72 hours, the plates V\/ereepgc}/&zg%ogﬁ%gnd t he

cells fixed with nethanol -and stai ned W|th crystal :violet as described in
Sugarman, B. J. et al. (1985); and Antelnman, D. et al. (1995). 5 Western
Bl ot Analysis of TK and TS Levels in CeII Lines Western bl ot experinments

were perfor .80V Ra r I n&%@ty@

(obt ai ned fﬁ;‘i&cﬁ@@gﬂ sp/anasg%g m‘i col on Ea;gégﬁlﬁglh%?’ I ne H630R10
resi st ant tor@eﬁwdmhbaﬁheeblfdabmmtheﬁsumpemmwdm spun down (13,000 i o
Copur, S. et aI 199 cted hreast .c cell lines
(Pegram M }sé §2s &‘%‘%%‘P@#(‘%@?&” bXﬂQf a@’ﬁ?%?’ (50 mv
Tris-HC, pH dm&ﬂgﬂﬁﬂdrﬁmm&tﬁﬂ%é; 30J000 c%d&mm&oﬁj’b)&ﬁﬁuﬁﬂgh&ni%
deoxychol | c acid, SOdI um salt and { ea%i I nhibitors). Prot

concent r aiSi ords00RaP® fge3 “F@(PDM ﬁ@’eB EW@BB(@W%Q’)T ﬂtﬁlz&ﬁt ai ned
from Pierce, Jgegk gafgs trafdd3b ﬁ;’g\“xg F

wer e resol ve&Bby ?gé DS- P, ogmg{epar at?i rl%?g?rn r%ﬁtl{rlglrzl erréﬂg onto
PVDF nenbr a&ﬂ’l(@bolamnéddmm%@ﬁ Faml ﬁﬁdl)m xf 150 InumeAlltesh)i Bhenobl ot
with human th hase rlma ant. bo and

At - bl i n SRS TRl VEREe TRl e Riettin VBl elamet afoterastic o,

CA) . Hor ser adichih Thepealistaiedéteaibdsat 3oehﬁgmmnaxmmﬁwfeabk HefofBVdUAS

secondary antjbody (Anersha &F’E' us kit Zﬁqﬂ(Arrershan) was used for
det ect i ontOof derwgtivss.and theamau s W5rs expessed aspeakoares pt3R0AM.at o

synt hase wer Felferftibn hittes
anal ysi s (Nblel‘eﬂggwlﬁ%ﬁrfgs % t or W&%é%&d@f?ﬁqé of TS rrRRlA | ngnd‘el I

Li nes 25 Expmpmthféoﬁoﬂﬁlltuﬁmand% dyl ate synthase transcripts in
different cell lines were quantified by using RT-PCR digonucl eotide
prinmers for anplification of the hunman thym dylate synthase and B-actin

wer e desi gneAlamafBli¢ Celt ProliferaticvAssay synt hase sense prinmer (SEQ I D NO 1)
5' - GGECAGATCCAACACATCC- 3" (corresponding to bases 208-226 of thym dyl ate

synt hase BDNA seqRhixasayGeasprnionial with drdonpodind NBIOBO&M, thepiodAgs dethiy | ner
(SEQ 1D N 2)mventlon 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 pL of complete medium containing the compounds over the
20  doserange of 10 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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GGTCAACTCCCTGTCCTGAA- 3" (corresponding to bases 564-583), (3-actin sense

primer (SE@)IB@F% 3) 5' - GCCAACACAGICGCTGICTG 3' (corr espongtmgsobecesses 61
WO 01/ 074 SOO 20008 2643-2661 of (3-actin gene sequence, Genbank

Accession No. ML0277) and antisense priner (SEQ ID NO 4)
5' - CTCCTGCTTGCTGATCCAC- 3' (corresponding to bases 2937-2955). Total RNAs
were isolated fromcells using Rneasy mni kit (obtained from5 Q agen,

Val enci a, . .CAgstedlifl tfiplitate®n thefar Séll Idee Coipounid teritentdtions fromieuMrtd 380G f or
anplifi cation of -actin were g’ged to span the exon4/| ntron5/ exon5

junction. csd\rimtem%#pvm@cu efswith componmdifor 72 kours, therplatesere, and

cDNA t enpl at t| ons
were por for nandE AR B gk hitinfs préén%ﬁ“ﬁﬁ@%?%@*@?@*%%%%
Gai t her shur gSughﬂﬁ)an.B lgetalt(ADSSi:\wxd/MehranDeetall(w%)vol umre of 20 | buf f er to

conduct reverse transcription reaction, followed manufacturer's protocol.
PCR react’ ons were performed in a volune of 48 |, containing 3 | of cDNA

m xture frOWEQ%H&%%C&MMSE&%IM&?H&,M MyCl2,. 50 mM KCl, 20 nmM
Tris-CG, 15p mV of eac NTP 4 TM of thym dyl ate synt hase
sense and anti serWestesn blobexperiments wese parfasmed ysingphpmanpnqrmel gelen eritbeliym e d
from Proneg 94C
For 3 mne ol oyscl(dotaingd ok 2ECC Wailhdis ¥ 7, 8RR b R0 oo
i ncubati on dine&mpRMrhststaahtoJS-HU ifobtainebfromdir. St Capt,. Yale Upiversity, segcl es,
human R-acti ri | I ded to,.achi gve inal ncept rati on of
2002 MO bromith o Al PesRamd KRR SR G et BB e el (RERET B "
goEt i Pug((]_l:R t Q:t&ld(IgDV))l Oéﬂsﬁ&eQ)lrahﬁsR[HmbhmmﬁmanZ-Hdlmﬂgm&mMn atI 72C.
o products were_reso phoresis.in 2% a e ge
fol I owed by NaGh &s%olriter X- @%I%ﬁﬁﬂ%ﬁ?g’g E%P‘”Qﬁt% ‘%E &ned from
Mol ecul ar — Rygia mﬁw&&é)e PréifGotcentitforPWerdddieinined yAkRR BT A200 Brotein

t hym dyl ate synthase were 25 quantified and normalized to that of P-actin

by Ml ecul arasByrkitfobsingd fiom Pittse.(Raskfords|Ib). Whag 9fproteinsfomeeachiselbline wer e
obtain Ed f ' Ovrvnerle rllevsloltve&) 9? TZ‘%%%H—?R@% ﬁ%ep%?ﬂe&%{eﬂ'm%fm onto PVDF
membrane (obtained from Amersham, England), followed by immunoblot with human
thymidylate synthase monoclonal primary antibody and anti-tubulin monoclonal
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 ﬁsed for detection of immunoreactivity. The bands corresponding to

thymidylate synthase were quantified and normalized to that of tubulin by image
analysis (Molecular 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), B-actin sense
primer (SEQ ID NO:3) 5-GCCAACACAGTGCTGTCTG-3' (corresponding to bases
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a cloned TS cDNA probe. Hybridization signals were normalized vs. ribosomnal
protein 30 S9 as a housekeeping transcript. A tunor was considered to
over expr essWOIIRRIRA i f the normalized signal was enhanced XCYESIORI9E( ) g
as conpared to the normal ti-ssue control. 62 W01/ 07454 PCT/ US00/ 20008
Cl oni ng. Expression and Purification of Human Thvnidvl ate Svnt hase For
expression in E. coli the conplete human TS ORF was subcloned into the T7

Deotor ' 5 oncoofei oF Bt BEneseghet, GetBRae ARSesbion NG MIRED sl ol ot i
wi-th a six hi gt @8Q1 NOMS-LTCETAUPRECTGATEUROS @ohEpoflind 1d bibo

protein adds a total of 20 extra amno acids to the amno termnus o
human TS. To P?3JRAS8)-r econbi nant protein, the human TS expression vector

was i ntroduced int i ' ] ' - T7 RNA
pol yner ase gene i n‘goet%pgﬁﬁls‘r#%gl%%%%%ﬁ%%#égg%g@trﬁ%{@%mb\rﬁc’)#&o%}?he | ac
to operatos. QiugesWalencBSCA)! e bonitbrifor possible DNA comaminatiord, itleechrimérs fora
metal chel ating _ aff.ini resin (Nqvagen, Inc.). Protein purification was
fol | oned by eF’@Ek‘E@Bﬁ%P ‘P%mbwerefe*‘lﬁ%%@ﬁﬁﬂ/&ﬁ??m%@lm?%i n
concentration ' | P ' :
Appr oxi mat el y&f%mng%&&%%lﬂs%@t@??n r%-tagﬁ]ﬁg S ?S%QF@%\éom a 500
m cul ture of géneratedd 210\Bpamoducsual i zed With silver stain only the band
corresponding to hyman TS was .apparent. The i.dentity of t human TS band
was confirned by EYWrWPPE‘E?F@?‘ﬁWSPeWWdt Eaéme&%gpﬁonocl onal
ant i body 1 ; ' ivity
1o @@gy@hﬁ&%{% ) (Gﬁ%/ﬁktf,*ﬂiiﬁn&&ﬁugmgm &Ta’imwy %

Assay TS acti was neasured using the spect tric ass hba,
et al. (1961jn a volumbbf2Gpkmffer ionductreveyse transariptibn readtidny folkaweedr i Ng t he

I ncrease in absorpenc ai 340 nmthat occurs when the co-factor 5,10

net hyl ene t et F’éﬂ‘f)@?ﬁ%f?@ 9c0l oxi di zed to dihydrofolate as dUTP is

converted to dTTP. pERz¥iEHoRY Wite pedored!iila ol UTU8hA Scomtatiing B E bf IINA
activity of 0.5 - 0.65 units/ng protein, One unit i's defined as the

product i on of mixsues frrne reyetse trapscriptionrepetions 3 mM Mgl 5O M K€L, 20 miFriseCl, t o
that repo rlg ed_pﬁy&‘f: ?ﬁel;:ff of eacLliiQﬁTP,‘] 04 qJM %i‘ myf;&d%%% synthase sense and antisense
primers and 3 units of Taq DNA polymerase (obtained from Promega, Madison, WI).
The reaction mixtures were incubated at 94°C for 3 min, followed by 10 cycles of 1 min
incubation at 94°C, 1 min incubation at 58°C, and then 1 min incubation at 72°C. After

10 cycles, human B-actin primers in 2 pl were added to achieve a final concentration of
20 0.2 puM, bringing the final reaction volume to 50 ul. 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, Eugene, Oreg.). The DNA bands corresponding to thymidylate synthase were

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

Northern 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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Determ nation of Intracellular Products of TS Prodrua Metabolism 30 It is

i nportant 40, @5 rmne the intracellular products of TS pg&ggssenetes abol i sm
in order to Su anti ate proposed nmechani sm of activation and action and to
define agents that are.candidate therapeutics. One acceptable view of

I ntracel lul ar nmetabolism of aryl phosphodi ester am dates invol ves

enzymati c conversion into a carboxylic acid, 63 WO 01/07454 PCT/ US00/ 20008
i ntranol ecul ar rearrangenent of the phosphom)noester amdate into to a 5' -
m)nophosphorél nucl e03| de See VaI ette et al . . However,; this
mechani sm i and Buyi , 21 q pyiitagseg of al l
phosphor ani dat e- Bag sgpr?gf g s&m@%am lﬁgﬁrﬁ% énp%glsaﬁc%n%aamsrﬁ&ham sm
was proposed for ary osphom)noest ram processing, one iInvolving
t he sinpl e dT7 pomotep nmessmmreobr PET28a(MNovageny hm)d&'hemdungnplamxdaphmsphat e

os ot b1 -pogsBr HARAPH it S B Srumbiin SRl prinpidie °

nucl eosi de nﬁne@bdwbﬁmbmmeav@g@%ﬁa Thi fustti fréfeintidds b &tal 0720 Extra &RIABE! Si ON
of the intracellular nonophosphate to cyt ot oxi ¢ -conpqunds wi_ithin the cell.

10 Cel | s ar eacidsde tgammeyfeppings okhusaan TS Toproducegecasnhivant proteipthe humaRces 50%

growt h i nhi ' [

Supra). Bot Ty Sopesion Vet wip RELESAPURT, ok MAERPLINTES, o<t |
H630RI 0) . Ti TERMApalymerate gene nserted ipterthechremtosomentridenithe conttol of thelldcs ar e
processed accor |ng to the nethod described by McIntee, E. J. et al.
(1997). || Iysed wi th 60% net hanol in water at 15 -20C, and

pa(rjt i cul afje resggpc?wﬂ}scb&ymeﬁrsbnfpugahmguﬂﬂﬁ | m&‘aBdHeﬁuﬂgg dr :jed
and stored at_- e all s.are evaluated ipitia RP- HPLC an
then by LC ¥NBnitpreggdimeageny S Protein pynt a&?“&'ﬁ% QP!’&'EL%# Hhﬂ"?ﬂsm

phosphor am dﬁd ES W&Pﬁﬂ§pm&ﬁx&ﬂﬂmﬁhﬁ6n§@&e%&%ﬁﬁh8&u§lﬁgﬁ$§form“On
of the nonophosphate thymdyl ate s&t ase. 20 Docunentati on of

Substrate Acl’lpmﬂBFMmteiﬂzﬁﬂ@' pApprexigatel 1Gvmg of hum ﬁlﬁmmmfswﬂfssay
det erm n f . &:U BiveP Ehlﬁ
assure t ag?l Vi t%y Esucﬁ‘%@%ﬁ?ﬁ%%&s%@r&t I e, an to %&ﬂ ne
whet her . conm:lmdr_respomhwmcmm 't-ﬁmasapbaeat;t'lrhc|1depuuoofﬂmhm1amT83bmdevﬁﬁs
enzyme under i@ ¥id ¥ performing a Western blot with the anti-TS monoclonal antibody TS106

(NeoMarkers).

20 Thymidylate Synthase (TS e Activity Assa
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 STMP 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 is 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 conversion into a carboxylic acid,
63



25 reaction conditions. To determ ne what reaction products are produced
when prodrug conpounds are incubated together with purified reconbinant TS
enzyne, reaMOeWMP7#dnditions sinlar to those enpl oyed wi t "PEHUSOBZ0008; /i ¢y
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 nol ecules fornmed. 64 WO 01107454 PCT/ US0al120008 Results TS is

Cyat hase oxpr MR E, Geamngrig ol phpmoEpaeser HERe A ARS). 5 opl Sen.
l'tver, colon, roxBgho 1 nuclebsias.i S, ValeRBRELL (1996). Howeves, thiis nid¥igin¥sm 8t €1 US,

prostate, thyroid gland, salivary gland, adrenal gland, skin, peripheral
bl ood Iynphocwldﬁf,lyWWW‘HHP@?%W&QWhPMP&MtMed human -
1

nornal tissue eg L usi ' : - scri bed
above. Pri rrergm\fﬁgé -a%t?é?é\?\‘gggleaégl gnegﬁ?gﬁﬁéﬁga%g(égn@ﬂ ron5/ exon5
junction te nmphosphomémoestenasidbieprdaisssing, oneinvohingthe singpld Bir¢ot tonversioresful t s
reported in Fiqures.3 ar.e s oyn as relative TS opRNA | eyel s., Figure 3A
Chows. el at i v IS RBORARERETALE HEALA FDPPHQS A Sastios DyaPhombSTaudae AYPlatess | 5
conpari son of sy MdfRe &alRDYV)aaE FHESCH(1995)2 RAzAHIER of tHdRRCHAl Aok | SSUes.

Thym dyl ate synthase (TS) protein levels in various. cultured normal and

tunor cel | | iaaskipgtae gurleasidesaenopbespbaip. thismswy svilldetectmadyatnfTSbove.
choun bel ow . Teyeiton o e RASHier ptnibilsgidte ) GhorBHE otBhoima NRSHBEHE, [0
20 Cel | stinai ns De€elis gt ingnbaai with ah amodi@F prddomecomypiuaddihatindicks SOBRSC
crbr yoni ¢ 160 W ISR o gt {5 SRpraGins (N, (B AL by SR PR
fibroblast-Ii kfd highiPS\eRpresser délls are used (e.g., CCD18co vs. H630R10). Time course

studies are performed in which treated cells are processed according to the method

described by Mcintee, E. J. et 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 suitable 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 spectrometry to

30 identify the actual molecules formed.



NHDF Skin, fibroblast 224 NHLF Lung, fibroblast 236 30 Average 156242 .
Thym dyl ate Synthase (TS) - TS levels were determ ned by usi méern bl ot
anal ysi s, WORI/Q#4nt i fi ed expression levels were expresseo"%’g"%’

rel ative to that 35 of cell strain CCD |8co. 2. Standard error

- "L NDW. ,.t. WD 01/07454 PCT/ US00/ 20005 Tunor Oel ls (>_ 4X
TS) Cel I I i nes Descrl ptlon TS level' 5 H630/ TDX Col on, carcinoma, TDX2
resistant 671 HCTC(+) Colon, carcinongm, increased TS 1276 MCF7/TDX
Breast, adenocarcinonma, TDX2 resistant 1980 H630RI 0 Col on, carci noma,

5- FU3reS| stant 2305 10 Average 1558354Iesuks Thym dyl ate Synthase (TS) - TS
| evel s were determ ned b ] sis, the quantified
expressi on |G MEDNKAI SRS, > DeS INC POMALY WMOL ot of cell strain
CCD 18co. 15 2. gn 'W ormh3fuehh brdsh "Hehrt T mount s of
BvdUMP and BvdU NEasgﬁed mtﬁaégl l's 20 u'Irj]'lﬁtzél?31lrlrl;hunts of BVdUWP g? lg% pr esent
in |lysatés csplem.mvnngolmﬁmg. smejt impessine, stomach BORGle, testishovary atesus, prostates\/d U,

axt i noti on bupR AR FEvxY e, SRbiTRRAE SRt P ARG RmpifBnBball” © 1171

therefore thﬁarﬁWWﬁmhm&ntdimm&hhaﬁh&HmﬂnlmmﬂtﬁsuesW&dammneﬂon of the

anounts formed. 25 Table 4, bel gw, sho the.l ev of .BVdUMP and, BvdU
measur ed i ndisig qualitative RT-PCR, as escnbela ove. rbﬂ.mers B-actin were des1agned

span the exond/intronS5/exon5 junction to monitor for possible DNA contamination.

10  Therefore, results reported in Figurés 3 are shown as relative TS mRNA levels. Figure
3A shows relative TS mRNA in the multiple normal human tissues. Figure 3B isa
comparison of average TS mRNA between normal and tumor human colon tissues.

Thymidylate synthase (TS) protein levels in various 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 human normal and tumor cell types

20 Cell strains Description ~ TSlevel
NHOST Bone, osteoblast 51
NPRSC Prostate, stroma 98
CCD18co Colon epithelium, fibroblast 100

25 WI38 Lung, embryonic 150
DETS551 Skin, fibroblast-like, embryonic 177
MRC9 - Lung, fibroblast-like, embryonic 211
NHDF Skin, fibroblast 224
NHLF Lung, fibroblast 236

30
Average | 156:24°

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

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

2. Standard error
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cells after 2 days treatnent. Cells were incubated in conplete nedia with
100 m BVdU L S were prepared and BVdUW and BVdU | eve

dot er i nod. ORI, O Pl he s S BvaLNP BYdU BvdUNP/(BVdUNPi’éTW(Y&owsloo
MCF7 63.7 90.8 44.2 MCF7TDX 10.9 39.0 21.2 H630R10 <1 26.3 <4 30 The
tabl e shows that BVdU can penetrate all three cell types, but appears as
BVAUWP nost prominently in MCF7 and MCF7TDX cell lines. Little conversion
occurs in the H630R10 cell line. In a separate experinent, MCF7TDX and
H630R10 cell |sates were used to U phosphorylation in a
cell free systemw th ATP added agﬁg pﬁ%spﬁ;?X%¥§6 WO 01/07454

PCT/ USO0/ 20008 d A net hod. Thi conflrned the much hig )

Wsﬂe'mmr

reaction in MOF7T %[D ta H630R10 c
| ysates prépared Ibe&}& Leio g tTeSiptant 1997)) &dn be prepared
and used in this CRFAINQIRg, dpcreas 'Jtsdate nucll2d8i de) to

det er ni ne whet her MCJ palPreast; adegocarcinema,JX regiptantyc| d980de 5 versus
phosphor ami dat e t 3 B}O The@@onmmmm tn MCF7TI220%8el | s BVdU can
be phosphorylated o _yield the corresponding npnophosphate, a substrate
for subsequoent TSA\ceeagbl on whereas ‘'in H630RL O cells suchSﬁ&ﬂﬁaﬁoryl ation
goes on significantly slower than in MCF7TDX. It is inportant to nention

that MCF7TDX i.s @ Thypdaylate SyRhaseq(TS) L TBQevels wére deRfmine® by usSiREWRGm bt 1 n

fe of this

breast tumor cell mﬁ&w@&&n&m&sﬁss&lt&a&%ﬁ@ szﬁi%sreﬁﬁvfert& ther
tissue is found. [MefieainECBisdl.- (1988)). This TK m ght be responsi

for BvdU osphor "I"Jd: Based on the results presented above it is

expect ed t nu ]§e ﬁsuch as BvdU, m ght be especially useful for

t r eat ment of cert ﬁaﬂ%ﬁﬁ cancer, including breast cancer, where BvdU
can be phosphoryl a’[ reover, the 15 experimental procedure described

above, allows.in., 1 h _ ity of using BvVdU or
ot her nucl eost -”‘i oimmn-amvim A 2 imm eyt A 5 =2 foll ow ng approach.

20 The amounts of BVdUMP or BVdU present in lysates cell lines MCF7,
MCF7TDX, and H630R 10 each treated with BVdU, are expressed asanareaof 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 BVAU measured inside the
cells after 2 days treatment. Cells were incubated in complete media with 100 um
BVdU. Lysates were prepared and BVdJUMP and BVdU levels were determined.

Table 4.
Cell Lmes | BVdUMP BvVdU BvdUMP/(BVdUMP + BVdU) x100

MCF7 63.7 90.3 442
MCF7IDX | 109 39.0 212
HG30R10 | <1 263 <4

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

BVdUMP 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 cafalyze BVdU phosphorylation in a cell free system with ATP added as a phosphate
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If a tissue sanple is available the cells my be treated in vitro with BvVdU
and possi @} £oq0044 Mt on of BVAUMP can be nonitored. Shoulpgry

formati on be registered the tunor type nust be considered as a candi date
for successful nucleoside treatnment as 20 opposed to phosphorani date
derivatives. 67 WO 01/07454 PCTI USOO 20008 Table 5 Al amar Bl ue
Cytotoxicity Assay of Normal and Tunor Cells MCF7TDX 1C50 (M HT1080 Mean
| C50 (pM Mdaror nteflidd RThis tonfirmed@h¢ fimch ﬁigh&‘&item‘mteabtﬁiﬁﬁMeF*Bﬂ)X&EH% 7

414 398 406. BVDU 0. 02 0 0 NB 27.82 - 104.5 ND
110 110 NBl¥Fa8 aseo j@é@ﬁ,@ é‘ié’si% ’(%!?g %é’é“%&%’ 42.2 1000 -
ND 1000  NIjlfkdg 306t 289 RraBihdAed inNBi Gk With BOTUNR G O ND
338 338 NBg.ﬂO:Z!l’ 637 14? 1%@ 592, 1ooo ND 1000 NBIO17 55 52P(Jlg\l}D 53. 5 ND

137 137 NBewwigate mglepside)do determipe wheshermelver\patisatis @ candidate fypnucloosidenp 412
0.11 2 2°4 Yasggiphorigiasts By, 01 000 1000”1000 0 1000 ND 1000 NBI 025 49
192 454 231. 7 37Bhds®re3idlis slﬁﬁr th® i MCFZIDK mbmosﬂ}mbyleteﬁ to Cryst al
Violet Ass agieﬁf theNg(;rrrg{) ggf%% os%%age, a su%5strat£ ?owsug/b sequent II\'g &HM wll\{gt%gs
in H630R 10 cells such phosphorylation goes on significantly slower than in
MCEF7TDX. It 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
TK from other tissue is found. (Madec, A. et al. (1988)). This TK might be responsible
for BVdU phosphorylation. Based on the results presented above it is expected that
nucleosides, such as BVdU, might be especially useful for treatment of certain types of
cancer, including breast cancer, where BVdU can be phosphorylated. Moreovér, the
15 experiméntal procedjn'e described above, allows in vitro determination of feasibility of
| uéing 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 BVdUMP can be monitored. Should BVdUMP 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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H630RI 0 HT1080 #12 Tunor

CCD18co Det 551 Nor val

382 BVDU 405 7 206.0 1000 625 812.5 NBI017 111 17 64.0 206 253 229.5
NB1024 92 3wROoAB71484 784 460 622 NB1018 248 20 134.0 254 431PCH{YSH82000% 022
3.80.32.10.7 3.6 2.15 NB1019 220 24 122.0 162 824 493 NB1023 2.7 0.2
1.50.93.32.1 5 Nunbering in Tables 5 and 6 refer to the structures,

shown infra. Results from

Table 5, and results from crystal

NBIO'1 130 1.2 65.6 408 356

testing using the al amarBl ue assay are shown I n
based assays are shown in Table
6. MCF7- TDX was derived from MCF7 breast t&ableS cells via selection in cell

vi ol et

culture in the presence Eﬂﬂeéll uch
sel ection often resul tsA% EP rg%xgﬁye&sa&:&g\i;@ ?&i'gxa?lrt& ntl e,
1. et al. ( R ]T1¢50 G PRATI08G [ a Ndah) ([T | uolccspyuM)m d| NE Mean
resistant colon cafcer epi tﬁgjok;)d cell Tin rijv om QR cancer
cells. See, S et all (1995)  HT1080- #1 E&HE& rosa coma-t (ror
cell line thg ess@s hijgh fevells ¥ T V88 a tﬂ%sgené”nt od#f€ed |i nt o
HT1080 t unor 51 Napoael [CETA011T1 fESTISE 6y NgSC1e005ayS ND 1 ITCITo00E |
CCD18co (nor -gn—?-t-b ' 4 a.lﬁla_n Ja.t..ﬁ_l_n. L bot h
Tabl es 5 and 3 tilcat ¥t hat t _donpounds gcti've ap osphot'3ni dat es
and nucl eosi e exceptli on | s B 10261M whidh has Ijttle f{letectalle
activity as @ FyhoTggTdgte Ut .DWW—WW.
This result i es that INB1O26TN naot i adtivatedi simlar to
NBl 011TM 20 | 8PI®BPdxi By rlesuds i tlr‘? h¢ rfdttedsi #98 EsPh®i af | yO8VAY, NB
1020TM ( C1VdNB01d | NEBBEZZ M 2BF€ JUr NDI SI| N®456s Nqe INDE 1] L €381 U[ € 13eaches
that 5- substHtut-es ' e c-epty
nmonophosphor yl at ed ress vikal 69|WD 01/ 97454
PCT/ US00/ 2000 3B1Q1hy JNIet hl .3331985)33&nd | De
Clerq, E et 102 FOHUSToot NEt BICE| 1000
5.

phosphor v at by’ e s

'NB1024 4 4 258 92.0 1000 ND 1000

 NBI018 115 164 ND 1393 ND 412 412

'NB1022 8 0.03 3 37 9 ND 9

NB1019 251 95 ND 1730 D ND -

| NB1023 5 0.11 2 24 11 ND" 11

' NB1026 1000 1000 1000 1000.0 1000 ND 1000

'NB1025 49 192 454 2317 378 ND 378
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substituted nucl eotide derivative can bind to the TS enzyne and inactivate

it. The
| east sone

i

BvdU, and th

cells may have an unusual ly hi gh anmount,
and Ronai n,

(Suki, S. et

54l N Tabl es 4-6 denonstrate,
ceIIs may 5 have an unusual
capabl e of phosphoryl ating 5-substituted

um)r
e ot her

al. (1995);

or fo
S. et al.

Al ternatively,

rmt he

(1995)),

nor nal

for the firstpdigRonsddgt at
t hym di ne kinase activity

uridine nolecules simlar to
nucl-eosi des shown herein.

sone tunor

but sufficient activation of nucleosides to their corresponding

TK enzyne
| eading to a

| ow,

nmonophosphates. 10 The corrpound NB1024TM as tested above consists of a
m xture of two isoners, '5-(4-Bronp-IE, 3§% adl enyl)-2'- dexoyur|d| ne
(Vila), (lsonmer 2), and 5- (4-Brono- 1E, 3 ut adi enyl ) -2' - dexoyuri di ne
(VW) , (Isorrer 1)

Theserxsmvcdanmugfw@mal cmb’é?nmoea-‘e!iy sem preparative

NB1024™, are surprising since the literature teaches that 5- substituted compounds like
BVdU are not efficiently monophosphorylated by human cells unless they express viral
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HPLC (rever sgee > A—t-et—as—Hhe
mobi | e phase T i 15510 ole\'miih h
i sol ated con et PR Ot T gs5uu WSS 'I'I'E@%ﬁg_the
crystal vio Results arg chnwn dn Table The fwn i sondrs
di spl ay mark ré??t activities w9 the 2%0%onkr,%22hoWi n8t2-
significantl I’O\Nthlnhlbltl acti ityin corrpariscm with tthe E
i somer. 20 T e v , " o “
MCF7TDX CCDL % 110881400
"NB1024 M xtu 300 €300
NB1024 | sone TS HT1080 #12
and MCF7TDX 4nd
Det 551, are il € ed dgt ai |
and wi th refprexgio2z o spéc&flc 05 enﬁodlzvrbnt< t hefeof| 136w ||l BdSapparent
to one skillged in the frt thixt varioug changeg 70 WO pP1/07454
PCT/ USOQ 200p8 __and nmidi ficafli ons canlbe nmadeltherein Wit hout rlppar L 19
fromthe spifi tNBY¥ scppé2® t fher edf. 1220 162 824 493
NB1023 2.7 02 1.5 0.9 33 2.1
5 | - .
Numbering in Tables 5 and 6 refer to the structures, shown infra. Results from -
testing using the alamarBlue assay are shown in Table 5, and results 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 results in high intracellular levels of TS (Freemantle, S. J. et al.
(1995)). Similarly, H630R10 is a SFU (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 include CCD18co (normal 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 (NB1025™),
This result indicates that NB1026™ may not be activated similar to NB1011™.
20  Cytotoxicity results with the nucleosides, especially BVdU, NB1020™ (CIVdU) and
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20 Table 7. Cytotoxic Activity of NB1024 Isomers
TSHI1080#12 | MCF7IDX | CCDiSco | Det551
NB1011 43 42 461 263
BVAU ND <0.8 >1000 >1000
 NB1024 Mixture 10.7 6.4 >300 >300
NB1024 Isomer 1 10.1 9.8 >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 celis.
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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consisting of oxo, OH or NHNH2 ; wherein if ais O or 1, providing that if

ais 0 and R13 is oxo, then a double bond exits between i j, 83 and 4
and Rig i VO S4or if ais 0 and RI2 is oxo, then a double Z)égng exi sts

bet ween position 2 and 10 3 and R13 is NHNH2; or if ais 1, then R12 and
R13 are both oxo; wherein R is a substituent having the fornula 4 4R
(RBA)m R wherein R2 and R3 are independently an unsaturated or a saturated

15 hydrocar r OHD; Wﬁﬁﬂ b OPfkici LtheRaRl 259,10 and mis O
or 1; and %lelsf"g’?jr)iﬁﬁtl S se g%%é‘ﬁ'romct“ﬁ%%%up clginy St r% of’F, d, Br,
I, CN, SG3H, COMtGraedhliel3pp. Q121819981 (CH3)3, CHO, NO2, CF3, CCl3, 76 -

R5F WD 01/ 07454, PCT/ / 2000 = or a substituent having the
structure: ﬁ@ﬁeFﬂ-Q%-@c”%”'%&%@f ANHZ xb 0 11 -ONHCNH2 H2
C=0 | H ?H zZeid b¥al Gb90)iNGdiessties Biilbdtiies 18(1):95-111 ' .

5
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0 11 -Z-CF2 CH2 CHF--C5-O—|'II Z CF2 - CHF-CH2 CGOH Il -Z-CF2 CHZ C—O—l
Ya -Z_ CF C Yb | % I -Z-CF2 CH-COH -2Z-CFl CH2CH2 N(gc_ﬁ,ggo
NO2 10 wher ¥9P1R 5énd Xb are independently the same or differe 28 are_

selected fromthe group consisting of C, Br, |, and a potent |eaving
group; 77 LYLELEP 1 12222 11 1t L M WO 01/ 07454 PCT/ US00/ 20008
wherein Ya, Yb or Y. are independently the sane or different and areHorF;
wherein Z, Z. and e | endently the same or different and are

selected fromthe group consisting of 0 and S; and 5 wherein R14 is Hor F,
providing if Rl4 is. F, Aleempeundshavingtie sthitheed R13 are both oxo; and
wherein Qis selected fromthe group consisting of a sugar, a carbocyclic,
and an acyclic conmpound, or a masked phosphate derivative or

or tautomers thereof:

5 wherein R'2 or R' may be the same or different and are selected from the group
consisting of oxo, OH or NHNH, ;

wherein if a is 0 or 1, providing that if a is 0 and R' is oxo, then a
double bond exits between position 3 and 4 and R is NHNH, or

if ais 0 and R'? is oxo, then a double bond exists between position 2 and
10 3 and R" is NHNH;; or

ifais 1, then R"? and R? are both 0XO0;

wherein R! is a substituent having the formula:

)

wherein RZ and R® are independently an unsaturated or a saturated
15 . hydrocarbyl group;

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, C, Br, 1, CN,
SO;H, CO.H, CO,CH,CH;3, CO.CH;, SI(CH3)s, CHO, NO;, CF;, CCls,

NI



phosphoram date derivative thereof. 10 2. The compound of claim 1, wherein
Qis selected fromthe group of substituents having the _structure: R7-0 $
~t R7-0 WOQUOMS4 R Rb Rot, R b R7 CH2 O ~t R -0 an§CRUSMWMRerein Ra
and Rb are independently the same or different and are selected from 15
the group consisting of Br, d, F, I, H OH OC(=0CH3, and a protected
hydr oxyl group; and wherein R7 is attached to Q at the 5 position of Q and

is selected fromthe grou consi sting of .a hydrogen, a phosphate group, a
phosphodi est er- group ﬂgwﬂ?ﬂf@rﬁ%?%mg{“én%%ﬁﬁ!‘gmz and wherein the
conpound may be in any enantioneric, diasterioneric, or stereoisoneric ]
form including D-form L-form a-anoneric form and f i- anoneric form 78
Lt~ e r~ere et 1 1l CL MS W 01/07454 RET/ USOQ' 20008 3.
The conpound of claim2, wherein Qis: 3 7 CH, 5 4. The conpound of claim

1, wherein mis 0 gnd R2 i|s sel gcted fromthe H ouy consi sting of cH20- s-
"Il 11 ccH2s' ¢ c|§_cw 2 Nﬂ éﬂ

AN e\
, %
?
§ —O0—NH—C—NH,

H
c=0
I!IH H
% —7—CHy— CH—CH—CH==CH—{(CH,);2CHs

0
Il
§ —27—CF,—CH;—CHF—C—OH

% ——Z—CF;—CHF—CH,—C—OH

I
. % —Z—'CFz_CHz_C—OH
Ys
§ —z—CR—C—Y,
Yo
CH
§ —2z—CF,—CH—C—OH
§ —2—CF;—CH;—CH;—NO,

e
10 ’

and

wherein X, and X, are independently the same or different and
are selected from the group consisting of Cl, Br, I, and a potent leaving

group;
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10 Frr -CH2-- -CHR$- | -C(R-1 -O | -S| Zand | -NRS j wherein R$ is
I ndependent | the sarre or different and is selected fromt

consi sting fiear or branched al kyl group having fromhgcﬁggd}.{gowgr bon

atons, a cycl oaI kyI group having from3 to 10 carbon atons, CN and a

hal ogen. 79 1!1111211111211 114J1 21222 11 '11l * C WD 01/ 07454

PCr/ US00/ 20008 5. A conpound of claim1l, wherein R2 and R3 taken together

is an al kenyl or alkynyl a t he 0 con5| of ,all,
51} and 6. A conpound of crkgh%gif%e‘vﬁgg’g?ﬁ%%asepﬁ‘dgﬂgy% agﬁ%é
hydrocar byl group sel ese&dorfF,om t he group consi sting of. H\ and 10 7. A
conpound of claim1, wherein mis 0 and R2 is a heteroaromati c group

sel ected fromthe group consw]séremgz @‘.aﬂ&ZW&eriﬁlepenhehﬂ ﬂﬁ|sﬁﬁﬁgﬂdﬁ]‘m§ﬂ@
group consisting of-O, -S- and, - NRAso IHIIIIIIIIIIIIIJI

11111 111111 C L WO 01/ 69 ae)s @Mmem%amu is a linear or

branched al kyl having 1 ta 10 carbon atonms or a cycl oal kgf grouQ havi ng 3
to 10 carb®n at ongwhereinR" is H or F, providing if R is F, then a is 1 and R™ 3 are both

oxo; and
wherein Q is selected from the group consisting of a sugar, a carbc;cyclic, and an

acyclic compound, or a masked phosphate derivative or
phosphoramidate derivative thereof.

10
2. The compound of claim 1, wherein Q is selected from the group of
substituents having the structure:

W Y R,_ojq

Ra Rp

__W _k o

wherein R, and Ry, are independently the same or different and are selected from
15 the group consisting of Br, Cl, F, I, H, OH, OC(=0)CH3, and a protected
hydroxyl group; and
wherein R’ is attached to Q at the 5’ position of Q and is selected from the group
consisting of a hydrogen, a phosphate group, a phosphodiester group or a
phosphoramidate group;
20 and wherein the compound may be in any enantiomeric, diasteriomeric, or
stereoisomeric form, including D-form, L-form, c-anomeric form, and B-

anomeric form.
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8. A conpound of claim2, wherein R7 is: O | OP- NH 5 CH3 "COOCH3 . H

9. A conpound of claim?2, wherein R7 is: 0 HO N NH COQCH3 W A
compound MOMB#%h 2 wherein R7 is selected fromthe grOLﬁ?T ?ng of :
O pO NNOP- -0-P OOand 0 O 11. A conpound of claim2, wherein R7 is
selected fromthe group consisting O .. 15 OPO Rd 1111111112121 11111
11212 11 1111 CL M81 WO 01/07454 PCT/ USOQ 20008 or a conpound havi ng
the structure: 0 GIPOHS5,x A _

3.  Thecompound of claim 2, wherein Q is:

4.  The compound of claim 1, wherein m is 0 and R? is selected from the
group consisting of:

poo—i fee—f e

10

o} {—ow— {—omn]

§—o—1} }—s—} }—n—} ana §—nrO—}
wherein R? is independently the same or different and is selected from the group
15 consisting of a linear or branched alkyl group having from 1 to 10 carbon
atoms, a cycloalkyl group having from 3 to 10 carbon atoms, CN and 2
halogen.
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| and 0 O'P 10 _ 1 I Rd OH wherein Rd is an aromatic substituent. 5 12.
A conmpound of claiml, wherein R4 is selected fromthe group consisting
. OS %{8%‘,9(% and -O-P"-N~ AN 10 13. A conpound haviPGg/iSa/20003

e

structure: HNI1lI ON PhOPONH MIAHe./ 1 HO CO2CM3 wherein Xd
and Xe are independently the same or different and are selected from the
group consisting of d, Br, I, and CN;, 15 or the nucl eosi de anal ogs
thereof. 14. The cgnpound of claim 13, erein Xd s C or Br and Xe is H.
82 11 11111 i1 8i 11 Acomppynd afclainyl ewixerin B 604 B, ke fogeibenis salkenyier A
conpound having the str ki 8ad is selected from the group consisting of:

— e =
5—//—/> (j (ﬁ

o

S .
N i e "
z o= _

6. A compound of claim 1, wherein m is 0 and R? is an aromatic hydrocarbyl
group selected from the group consisting of:
-

. i w1 >—§ |

7.  Acompound of claim 1, wherein m is 0 and R? is a heteroaromatic group
selected from the group consisting of:

ﬁv

wherein J is selected from the group consisting of -O-, -S-, -Se-, -NH-, and -
NRALK.
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HO NO OOONPN\ ~VW Xf HOCXCH3 Xg 5 wherein Xf and Xg are

I ndependently the sanme or different and are sel ected fro%‘l‘%l.ﬁﬁﬂ @Jp

consi stin¥ MH54 Br, |, and CN; or the nucl eosi de anal 0gs ereo 16. Th
conpound of claim 15, wherein Xf and X. are the sane and are each 10
isCorBr. 121 Il 21111 1 2111 111 1 11 M 111111111 83 W .01/07454
PCT/ USO0/ 20008 17. A conpound having the structure of the formula: HO N

O oup consi Sting of o, B Phesic s ¢ enor el o Bt R, T

thereof. 18. The cowmﬂaﬁfm@kabyeldamyxmpaaﬁng@t&mamﬁm 19. The
conpound of claim 18, wherein X is .

8. A compound of claim 2, wherein R’ is:

CH3 'COOCH;

9. A compound of claim 2, wherein R’ is:
(o]
i
HO—P— §
L A
COOCHS;

10 10. A compound of claim 2, wherein R’ is selected from the group consisting

i A
Z)k(l Zjl\s_/

11.  Acompound of claim 2, wherein R is selected from the group consisting

of:
15
o)
0\ Z
D
/ Z 9]

* [+ L M S *
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10 20. A conpound having the structure:

[11ltiv\\ F COZCH3 11111111111121111111211111 1|

HO NOO N CRe

Z NH\

1111 * C
01/ 07454 PCWOUBINH40008 wherein R8 is a |ower straight orl][#lé%?s/ﬁ%@ chain

al kyl ;
structure:

or the nucl eosi de anal ogs t hereof.
HO NO OON/ ORe O}P |

CO2CH3 wherein R8 and R9 are | ower straight or

5 21. A conpound having the
/H CO2Rg allnm.

"( HO "~ R10
branched chain al kyl s and

R10 is Hor 10 CH3; Oror%régmgggxldehavin%ethanal gg_e t her eof .
o]
I OH
o—3 g o
) and 4 u
o)
{CHo)417CHy OH
Rd
wherein Ry is an aromatic substituent.
5
12. A compound of claim 1, wherein R* is selected from the group consisting
of:
0 S
i ]
§—o—P— ma  §—o—r—
N
A A
10
13. A compound having the structure:
Xd
Xe
&
il o)\n
PhO_T—O'ﬂ . f |
NH
MOIIIm.._<
ws
CO4CH3
wherein X, and X, are independently the same or different and are selected from
the group consisting of Cl, Br, I, and CN;;
15 or the nucleoside analogs thereof.

14,  The compound of claim 13, wherein X4 is Cl or Br and X, is H.
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22. A conpound having the structure: HO N~O OO 'VONI ORIO NH HO
ajjjj"l..-<CC2CH3 15 wherein R10 is H or CH3;or the nucl eosi de anal og
t her eof . WaDIO748S *' | 85 WD 01/ 07454 PCT/ US00120008 2FCTASMHENR/ind
having the structure: 0 SSM3 HNOJ Il ON PO i NH Mem ,...( COR2CH3

HO 24. A conpound having the structure O H HNOON u PhOP-OO0 M,,../
NH

15.  Acompound having the structure:

H O

o /7 \

=<

co-_.cns
Xg
5 wherein X¢ and X are independently the same or different and are selected from
the group consisting of Cl, Br, I, and CN;
or the nucleoside analogs thereof.

16. The compound of claim 15, wherein Xy and X, are the same and are each
10 isClorBr.

-
g
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OH 5 CO2CH3 or the nucl eoside anal og thereof. 25. The conpound of claim1,
wherein the conpound has the structure: 10 OBr HN O-N Rl O O CH

The conmpoundvV@PIMH m 25, wherein R7 = H 1111111 - . «  PCT/US00/20008
111111111111111111111 L p s *11 86 WO 01/ 07454 PCT/ US00/ 20008 27. The
conpound of claim 25, wherein R7 is a substituent having the structure: O

PhO-P-O1 Mes,,

.~NH CO2CH3 5 28. The conpound of claim1l, wherein the

conpound has the structure: O HNBr O- RT O0 OH 10 29. The conpound of
claim28, wherein R7 = H 30. The conpound of claim 28 wherein R7 is a

substituent havingijhe Agbmpéindhaving the structure of the formula:

10

o es %

coch3

wherein each X is selected from the group consisting of Cl, Br, I, and CN;
or the nucleoside analogs thereof.

18.  The compound of claim 17, wherein X is Cl or Br.
19.  The compound of claim 18, wherein X is Br.

20. Acompound having the structure:

o N OR®
ol
'l’ Z- \
~ NH
|Ill|u----< HO F

CO.CH,3

LT



0 PhOP-Oj) Met,,.( NH 15 CO2CH3 31. A conpound having the structure: O

C02Et HN O ON n PhOP-OO NH OH CO2CH3 | I1111111112121221 11 11111 ||
1111 87 WOO0We748%454 PCT/ USOO 20008 32. A conpound havi RETUSR2908,ct ure: x
OHN OON PhO NH Meli,,,,,a H~r O CO2CH3 wherein X is selected from

t he group consisting of CO2Et, O, and Br, 5 or the nucl eoside anal og
thereof. 33. A conpound having the structure:

wherein R® is a lower straight or brainched chain alkyl;

or the nucleoside analogs thereof.
5 21.  Acompound having the structure:
H o]
\
N
o
= )\
OR?
O\"!/
I Z
NH \ CO,R®
|IIIIII""< HO R10
CO,CHs

wherein R® and R® are lower straight or branched chain alkyls and R’ is H or
10 CHs;
or the nucleoside analogs thereof.

22.  Acompound having the structure:

H o)
\
N /—o
O%
o
9 o O N / \ —
o/
NH
1i1snnse- HO
CO.CH;
15 wherein R'? is H or CHj;or the nucleoside analog thereof.
-
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OCgH7 HNI OO-N u PhOP-O Meg,../NH OH CO2CH3 10 or the nucl eoside
anal og thereof. 34. A conpound having the structure: 150 HCF3 OO U
PhO-P-O O M001/07434H OH CO2CH3 or the nucl eosi de anal og t hBEEGE00/29008,
Freerer reerer e rreer e il ea s WO 01/07454 PCT/ USO0/ 20008 35, A
conposition conprising the compounds of clains 1 to 34, and a carrier..
36. The conposition of claim 35, wherein the carrier is a pharnmaceutically
5 accept abl e carri%. 37. Anethod.for screening for a therapeutic agent,
‘act E’é‘ﬁlﬂﬂ

conprising: (a) co mpo VIR SUNGHETy a target cell with any of
t he conpounds of clainms 13 to 34; o SiMes
Z
HN l
o)\n
PhO-—Fl’_ S,
NH
Mednm,,,,
4
CO,CH,

24. A compound having the structure:

(") 0~ °N
Meh..(
OH

5 . COxCH3
or the nucleoside analog thereof.

25.  The compound of claim 1, wherein the compound has the structure:
10

8] . Br

26.  The compound of claim 25, wherein R’ = H.

g
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10 (b) contacting a separate sanple of the target cell with a potenti al

t herapeutic agent; and (c) conparing the sanples for inhihjit] cel | ul ar
proliferaﬂmﬂmgﬁﬁ4cell killing. 15 38. The net hod of clakg#égﬁﬂﬂﬁéﬂein t he
target cell is characterized as resistant to a chenotherapeutic drug. 39.
The nethod of claim37, wherein the target cell is characterized as
expressing a target enzyne that is anplified as a result of selection in
vivo 20 by chenotherapy. 40. The nethod of claim 37, wherein the target
enzyne i s an endogenous intracellular enzyne that is overexpressed in the
target cell. 2524]. Uhe compound oficlaime5;whireinRfsis akulsstinienchavihgthe 34 for the-
preparation of a mnedicanment to treat or inhibit the proliferation of a

pat hol ogi ca¥tru€B¥s:. 42. A method for inhibiting the proliferation of a

pat hol ogi cal cell, conprising contactipg the cell with an effective anmount
of any of the conpounds of 30 clai rgolP-po-i34. 43. The method of claim 42,
wherein the pathological cell is resistgnt t'o a chenotherapeutic drug. 89
FETTEEE THErrr HJE 11111 11 1111 Meg 01/ 07454 PCT/ USO0/ 20008 44. The
met hod of claim42, wherein the pathol egigal cell expresses a target enzyne

that is anplified as a result of selection_in vivo by chenotherapy. 5 45.
The net hod of cl2§ m Jthe camppend pfickaim: 1, whereinsthe sompouid-has the SEUEHES s

intracellular enzyne that is overexpressed in the target cell. 46. The
met hod of clai m 45, wherein the enzyme isQ®thyni dylate synthase. 10 47. A
met hod for treating a pathol ogy charactg vV théBrproliferation of
target cells in a subject conprising adminilstering to the subject any of
t he conpounds of clains 13 to 44. 48. Nfret hod of claim47, wherein the
target cell is resistant to a gr_g
o
OH
10 29.  The compound of claim 28, wherein R’ = H.
30.  The compound of claim 28 wherein R’ is a substituent having the
structure :
1]
PhO—P—-0—
|
Mevr..
15 CO2CH3

31. A compound having the structure:

0 —_COqEt
HNJ]/_/—/
o OJ\N
Meis,. NH
OH

* 4 L M s *
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15 chenot herapeutic drug. 49. The nethod of claim47, wherein the target
cell expresses an enzyne that is anplified as a result of selection in

Vi vo by cheW®t®#743py. 20 50. The nmethod of clai m 49, wherei FCVHE028008 ot
enzyne is an endogenous intracellular enzyne that is overexpressed in the
target cell. 51. The nethod of claim50, wherein the enzyne is thymdyl ate
synt hase. 25 52. The nethod of claim48, further conprising contacting the
cell with the prior chenotherapy after resistance to the prior

chenot herapy has been reversed. jiliii "Il L 90
. 32. A compound having the structure:

X
o]
HN I
o]
N
PhO —pP—0 . \‘\\\Qr,,,". _
NH '
MeJsim,,, )
&
HOQ
CO2CH;

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

5 orthe nucleoside analog thereof.

33. A compound having the structure:

9 I
Me'h- .
(  on

CO,CHg
10

or the nucleoside analog thereof.

34. A compound having the structure:
15

2 ,
PhO—E;O fo)
Me,ln(
CO.CH3

or the nucleoside analog thereof.
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WO 01/07454 PCT/US00/20008
35. A composition comprising the compounds of claims 1 to 34, and a
carrier.

36.  The composition of claim 35, wherein the carrier is a pharmaceutically

5 ~ acceptable carrier.

37. Amethod for screening for a therapeutic agent, comprising:
(@  contacting a sample containing a target cell with any of the

compounds of claims 13 to 34;
10 (b)  contacting a separate sample of the target cell with a potential
therapeutic agent; and
(c) comparing the samples for inhibition of cellular proliferation or cell
15 38.  The method of claim 37, wherein the target cell is characterized as resistant
to a chemotherapeutic drug.

39.  The method of claim 37, wherein the target cell is characterized as
expressing a target enzyme that is amplified as a result of selection in vivo
20 by chemotherapy.

40. The method of claim 37, wherein the target enzyme is an endogenous
intracellular enzyme that is overexpressed in the target cell.

25 41.  Use of any of the compounds of claims 13 to 34 for the preparation of a
medicament to treat or inhibit the proliferation of a pathological cell.

42. A method for inhibiting the proliferation of a pathological cell, comprising
contacting the cell with an effective amount of any of the compounds of

30 claims 13 to 34.

43.  The method of claim 42, wherein the pathological cell is resistant to a

chemotherapeutic drug.
AR )
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45.

47.

48.

49,

50.

51.

52.

PCT/US00/20008

The method of claim 42, wherein the pathological cell expresses a target
enzyme that is amplified as a result of selection in vivo by chemotherapy.

The method of claim 44, wherein the target enzyme is an endogenous
intracellular enzyme that is overexpressed in the target cell.

The method of claim 45, wherein the enzyme is thymidylate synthase. |
A method for treating a pathology characterized by the proliferation of
target cells in a subject comprising administering to the subject any of

the compounds of claims 13 to 44.

The method of claim 47, wherein the target cell is resistant to a
chemotherapeutic drug.

Themeﬂ:odofclaim47,whereinthemgetcenexpmanen2ymethatis
amplified as a result of selection in vivo by chemotherapy.

The method of claim 49, wherein the target enzyme is an endogenous
intracellular enzyme that is overexpressed in the target cell.

The method of claim 50, wherein the enzyme is thymidylate synthase.

The method of claim 48, further comprising contacting the cell with the

prior chemotherapy after resistance to the prior chemotherapy has been reversed.
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