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ENZYME CATALYZED THERAPEUTIC ACTIVATION
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority under 35 U.S.C. § 119(e) to the following U.S.
proy_risional applications, U.S. Serial Nos.: 60/145,356; 60/145,437; and 60/191,315,
filed July 22, 1999; July 23, 1999 and March 21, 2000, respectively, the contents of
which are hereby incorporated by reference into the present disclosure.
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TECHNICAL FIELD

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

15

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

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

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

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

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

solid tumor types (Dorr and Van Hoff (1994)). Progress in discovering therapies that



function and/or selection resulting from previous exposure to chenot herapy.
I n anot her enbodi nent, the pathol ogical cell contains a t{hfaeeyetfne t hat
i s an expression product of an infectious agent in the cell . Further
provided by this invention is a method for treating a subject by

del i veri ngwomiotes subj ect a prodrug as described herei n. POHES00RWES ugs of
this invention may be used alone or in conbination with other

chenot herapeutics or alternative anti-cancer therapies such as radiation.
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chromosome deletions, rearrangements, loss or duplication beyond the normal diploid

number. (Wilson, J.D. et al. (1991)). This genomic instability may be caused by

several factors. One of the best characterized is the enhanced genomic plasticity which

15 occurs upon loss of tumor suppressor gene function {(e.g., Almasan, A. et al. (1995a)

' and Almasan, A. et al. (1995b)). The genomic plasticity lends itself to adaptability of
tumor cells to their changing environment, and may allow for the more frequent
mutation, amplification of genes, and the formation of extrachromosomal elements
(Smith, K.A. et al. (1995) and Wilson, LD. et al. (1991)). These characteristics provide

20 for mechanisms resulting in more aggressive malignancy because it allows the tumors
to rapidly develop resistance to natural host defense mechanisms, biologic therapies
{see, Wilson, J.D. et al. (1991) and Shepard, H.M. et al. (1988)), as well as to
chemotherapeutics (see, Almasan, A. et al. (1995a); and Almasan, A. et al. (1995b)).

In addition, the clinical usefulness of a chembtherapeutic agent may be severely

25  limited by the emergence of malignant cells resistant to that drug. A number of cellular
mechanisms are probably involved in drug resistance, e.g., altered metabolism of the
drugs, impermeability of the cell to the active compound or accelerated drug
elimination from the cell, altered specificity of an inhibited enzyme, increased
production of a target molecule, increased repair of cytotoxic lesions, or the bypassing

30  of an inhibited reaction by alternative biochemical pathways. In some cases, resistance
to one drug may confer resistance to other, biochemically distinct drugs. An altemative
mechanism of resistance to cancer chemotherapeutics occurs via the functional loss of

tumor suppressor genes. The best characterized of these are p53, RB and pl16. (Funk,
2
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Bertino, I.R. ct al. {1996)

Tyrosine kinases TNF-alpha Hudziak, R.M. et al. (1988)
: Multidrug resistance | Stithlinger, M. et al. {1994)

MDR.-associated proteins Muitidrug resistance | Simon, SM. and Schindler, M. (1594)

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

Yen, Y. et al. (1994)

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

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

20 antibody-dependent enzyme prodrug therapy (U.S. Patent No.4,975,278)) or gene
3 ‘
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Particular attention has also been paid to halogenated nucleoside analogs such as
15 (E)-5-(2-Bromovinyl)-2’-deoxyuridine (BVdU). These types of compounds were
originally developed as anti-viral agents based on the observation that they required
phosphorylation to the monophosphate nucleotide form in order to elicit cytotoxic
responses and this phosphorylation was preferentially accomplished by herpes virus
thymidine kinase (TK) enzymes. BVdU and related compounds have consistently
20  shown limited toxicity to normal mammalian cells, while they have been effective at
killing virally infected cells. (DeClerq, E. et al. (1997)).

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

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

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

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

target enzyme that confers resistance to biologic and chemotherapeutic agents. The
4
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and previous exposure to chemotherapy. In another embodiment, the pathological cell

10 contains a target enzyme that is an expression product of an infectious agent in the cell.
The expression product can confer antibiotic resistance.

Another aspect of this invention includes assays for screening for new prodrugs

 that can be activated by target enzymes. Kits to perform such assays containing the
7 reagents and instructions necessary to complete the assay and analyze the results are also

15  provided by this invention.

Further provided by this invention is a method for treating a subject by &elivering
to the subject a prodrug as described herein. The prodrugs of this invention may be used
alone or in combination with other chemotherapeutics or alternative anti-cancer therapies
such as radiation. '

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

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

25 the cells with at ]east one of the prodrugs of this invention, and then identifying which
of the one or more prodrugs inhibits the proliferation or kills the cells, thereby
identifying the optimal therapeutic for the subject.
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wherein if ais 0 or 1, providing that if a is 0 and R"* is oxo, then a double bond
10  exits between position 3 and 4 and R* is NHNH, or
if a is 0 and R'? is oxo, then a double bond exists between position 2 and 3 and
R"? is NHNH,; or
ifais 1, then R'? and R" are both oxo;



target enzyne that confers resistance to biologic and chenot herapeutic
agents. The 4 19 January 2004 WO 01/ 07454 PCT/ US00/ 20008 Selepiiply 200tts on a
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5 19 January 2004 WO 01/07454 The prodrugs of this invention have the
following structure: R12 5 PCT/US00/ 20008 or tautoners t¥elasggey 2084rei n R12
or R13 may be the same or different and are selected fromthe group

consi sting of oxo, OH or NHNH2 ; wherein if ais O or 1, providing that if
a is 0 andwRPB07484 oxo, then a double bond 1o exits bet vEA9064 on 3 and
4 and R2 is NHNH2 or if ais O and R12 is oxo, then a double bond exists
bet ween position 2 and 3'and R 3 is NHNH2i or if ais 1, then Rig and R13
are both oxo; 6 19 January 2004 WD 01/07454 wherein R is a substituent

havi ng the fornula: PCT/USOQ 20008 FZ2 R3 R4 n mwherein R2 and R3 are

i ndependently an ﬁﬁs‘%ﬁ“ﬁfﬁt'&l‘iz*ﬁp“a_%%@t ed hydrocarbyt group; wherein n
isOor an integer froml to 10 and mis O or 1, and wherein R4 is sel ected
fromthe group co SIStI F, d, Br, 1, CN, SO3H, C02H, CO2CH2CH3,
CO2CH3, SI(CH3) 3, P32 CC13, CH= C(R 5}i or a substituent having
the structure: }} X 4asP- N :

wherein X, and X, are independently the same or different and are selected from
5 the group consisﬁng of Cl, Br, 1, and a potent leaving group;
wherein Y,, Yy, or Y, are independently the same or different and are H or F; ‘
wherein Z, Z, and Z,, are independently the same or different and are O or S; and
wherein R is H or F, providing if R' is F, then 2 is 1 and R* and R"® are both
oxo; and |
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 IB
ﬁsing the example of the thymidylate synthase enzyme and the compound NB1011™.
Figure 1A shows how higher levels of TS in tumor cells can lead to preferential
generation of toxin. Figure 1B shows the conversion of NB1011™ to BVAUMP, and
subsequent interaction with TS to generate nucleotide toxin.

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

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

a comparison of average TS mRNA 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.
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MODES FOR CARRYING OUT THE INVENTION
The practice of the present invention will employ, unless otherwise indicated,
conventional techniqués of molecular biology, microbiology, cell biology, organic

chemistry, medicinal chemistry and recombinant DNA, which are within the skill of the

- art. See, e.g., Sambrook et al., MOLECULAR CLONING: A LABORATORY

MANUAL, 2" edition (1989); CURRENT PROTOCOLS IN MOLECULAR
BIOLOGY, F.M. Ausubel et al. eds., (1987); the series METHODS IN
ENZYMOLOGY, Academic Press, Inc.; PCR 2: A PRACTICAL APPROACH, M.J.
MacPherson et al., eds. (1995); Spector, D.L. et al. (1998) CELLS: A LABORATORY
MANUAL, Vols I to 1T, Cold Spring Harbor Press; and ANIMAL CELL CULTURE,
R.I. Freshney, ed. (1987).

As used in the specification and claims, the singular form “a,” “an” and “the”
include plural references unless the context clearly dictates otherwise. For example, the
term “a cell” includés a plurality of cells, including mixtures thereof.

As used berein, the term “comprising” is intended to mean that the compositions
and methods include the recited elements, but not excluding others. “Consisting
essentially of” when used to define compositions and methods, shall mean excluding

other elements of any essential significance to the combination. Thus, a composition

consisting essentially of the elements as defined herein would not exclude trace

contaminants from the isolation and purification method and pharmaceutically
acceptable camiers, such as phosphate buffered saline, preservatives, and the like.
“Consisting of”’ shall mean excluding more than trace elements of other ingredients and
substantial method steps for administering the compositions of this invention.
Embodiments defined by each of these transition terms are within the scope of this
invention.

The term “overexpression” shall mean at least 2 fold, preferably 3 fold, and
more preferably 4 fold and most preferably 5 fold or more expression over normal
levels or levels measured from nommal or non-pathological cells.

A “composition” is intended to mean a combination of active agent and another
compound or composition; nert (for example, a detectable agent or label) or active,

such as an adjuvant.



PCT/ US00/ 20008 wherein X. and Xb are independently the SRATE,.OF | £ferent
and are selected from 5 the group consisting of O, Br, JJanuay 29084t ent

| eavi ng group; wherein Ya, Yb or Y. are independently the sanme or different
and are Hor F; wherein Z, Z. and Zb are independently the sane or
different wod1/441484 0 or S; and wherein R14 is Hor F, pr®<i/diongeos R 14 is
F, then ais | and R 2 and RY3 are both oxo; and 10 wherein Qis selected
fromthe group consisting of a sugar, a carbocyclic, and an acyclic
conpound, or a masked phosphate derivative or phosphoram date derivative

t hereof. BRI EF DESCRI PTI ON. THE El GIRE The concepts described herein
are displayed grd %ﬂ?cgl}lfcgﬁngﬁlgoﬁﬁséﬁ@]dﬁf%m 'E}‘é]l“%@‘?‘f fembinatiogofaty ¢ he
thyni dyl at e sotive bgenewiina yarseriigrtion ective pakineckh B Bhositiba suitdbledfF € | A shows
how hi gher.'l evel s.of TS in.tumr cel]s can lead to preferential generation
of toxin: Fi aﬁﬁé’sﬁ%"é%%‘ﬁ‘%’é“d’bﬁffgr'give’ﬁ BE*NEL011TM 0 BVdUWP, and
subsequent i nt er ag$ isedhatkin)thd R CpBABREGATIEAIN W6l BRbledreP XinBompiseE agyr €S 2A
and 2B are flow chayts illustrating a high throughput screen of thi's

i nventi on FPEF sanslardahaimaceuical qagriersy suqhaas ajphosphatg hpffesedsalipesiutiors s ues.

Fi gure 3B sheugr, aAd SRORBHS, SRR a95n SYELRIE: Wateri d1§8£'aﬁdpa% esyg mal - and
human col on tunor tissues. 25 Figure 4 shows the synthetic sChene for the

fiiro[ 2, 3-d] pitingpaantso fle compasitions deascagfinaidestabilizensandpreseftagvesy fohet i ¢

e Usoos 20008 b i AR A Eiifetls AT RIpRE NG BRAE",

present i nveBE€l-obtvEd. (MackpPuby. CaHaston (BX7hBr wi se i ndi cated, conventi onal
t echni qu of nol gcul - pi hie I CI QDI O] cel.l biology, ,organic 5
chemi st r3e/iﬁ medi ci‘ﬁ%léf%%%‘%%oﬁ%yé%%q%%"&mfﬁg t ,té)ﬁ‘?Fé“ﬂggf‘é hin the

ski | | ~of theresults. An effective amount can be administered in one or more administrations,

applications or dosages.
“Target” or “pathological” cells include hyperproliferative cells that are de-
differentiated, immortalized, neoplastic, malignant,_ metastatic or transformed. Examples

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

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

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

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

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

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



art. See, e.g., Sanbrook et al., MOLECULAR CLONI NG A LABORATORY MANUAL,
2"d edition (1989); CURRENT PROTOCOLS I N MOLECULAR Bl Q1&G#pudry 00Ausubel
et al. eds., (1987); the series METHODS IN ENZYMOLOGY, Academ c Press,
Inc.; PCR 2: A PRACTI CAL APPROACH, M J. 10 MacPherson et al., eds. (1995);
Spector, Dwybowetssal . (1998) CELLS: A LABORATORY MANUAL,pcdmsssotdnes |11, Col d
Spring Harbor Press; and ANl MAL CELL CULTURE, R I. Freshney, ed. (1987).
As used in the specification and clains, the singular form"a,lV 4"an" and
"the" include plural references unless the context clearly dictates

ot herw se. For exanple, the 15 term"a cell" includes a plurality of

celI's, incl udPHd ardsTamesk LRI2YP): and AfE=ispendensimultidryg resistanse sseeigtadsi ng” i s
i ntended to s {S1on 19101, GRINBHIdl NIS(19 ' i i ted

el enent s, buI{}E%ottexcl udi ng others. " éq@f}%‘ﬂﬁﬁ?@ﬂ%g];ﬁ%%ﬁﬁg&ggcél%en used
to define cowg@sestatenisceafaraiomesss I (Husainet pled98cl udi ng ot her el enents of
any essential’ si g fifcaisi ' | ] nQsition 20

consi sting essentg?gélifglé of -tftﬁie}]ye Zor%gtg?%ug%é ef | nggw\%{g}%itﬁ%ﬁﬁ%tgot excl ude
trace cont antthetrexstefwhilmampbfiGation of the gengrericouling thymiylatrsynthash dorebired

phar maceuti cal WIS uch as phpsphate buffered saline,
preservat i ve@,r%r%@€ﬁ§%?%esnﬁ%%t§iszf%ulogod)?’g?“é]%%a&f’ ﬁ@ﬁﬁmb &UGi ng nore
than trace edssovetddsvidf drog tesistancegme te detededand maiitbsddypaingddiffedt hod st eps for
adm ni stering,the coppositio this..inveption. 25 E L ents defined by
each of thes@’lwgo{ﬁsfic. 8583{31&9’?@(:3535 S?‘meﬁ"fﬁ?hg’é@ﬁ t’cﬁtgl?ﬁgég?l nvention. The
t erm " over exyISasnoNs. 5085|983 e die méthdE@stribdd heleth. Avgaltey &) ¥sitade@! d, and

nore preferably 4 fold Snﬂ)@gst,prﬁgferablg 5 fold or nore expression over
normal . Ry efal bgmopiiered by 15FR of PYRETIGRGmoBRalitsh swrivap Bormegenequs ce| | s. 30

A "conposi t | @Romésdmb BlaRitbadgibAs 478 ABulsle RANEM ARbrh&BnRf bk b WRicRAEeNt and
anot her conpound or_conposition, inert (for exanple, a detectable agent or

| abel ) or ac#spepiated wiffegeng amplificatipn,Alfgrmatiye assagsineladsdiczonr indoed Enaymas 4
PCT/ US00/ zoogﬁvity assays and each of which are associated with gene amplification (e.g., Carreras

and Santi (1995)); other methodologies (e.g. polymerase chain reaction, Houze, T. A. et

15 al. (1997) or immunohistochemistry (Johnson, P. G. et al. (1997)).

The enzyme glutathione-S-transferase has been shown to be occasionally
elevated in some human tumors (Morgan, A. S. et al. (1998)), but nevertheless is
excluded from “target enzyme” as used herein because it is a member of a gene family
encoding enzymes with overlapping specificities.

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

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

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

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

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



A "pharmaceutical conposition” is intended to include the conbination of an
active agent with a carrier, inert or active, making théScErpdyi200n
suitable for diagnostic or therapeutic use in vitro, in vivo or ex vivo.
As used herein, the term "pharnaceutically acceptable carrier” enconpasses
any 5 of WR&YEHihdard pharmaceutical carriers, such as ZTFHRSYHN% e
buffered saline solution, water, and enul sions, such as -an oil/water or
wat er/ oil enul sion, and various types of wetting agents. The conpositions
al so can include stabilizers and preservatives. For exanples of carriers,

‘stabilizers } [t (ﬁ%\f#%ﬁ] ' RM CL. 15t h Ed.
(Mack Publ . ?J%HO&QE’?;{%‘%&E lfég)gt%%igh Rn “erte tal‘\%/ngylg%ébaﬁf) yerﬁgplgﬁ anount
suf fici ent 't eubsiriteepecifieities,ivdiichimakes ddgficutio deggud substralreedtive atithwalyamount
can be admi ni red. i ' - inistrations | i cations or
dosages. - " Ta%‘%l 'E%fels Bg%?%’é‘ﬁ%%ﬁa@%ee PSSR E) &t cﬂﬁﬁ‘i&g?'é?‘?’fﬂbgé‘?ﬂve cells
- that are de- (1998))eBesatisecthetirpet enypmesdfi thedyrenEapntisi («0z., thphidglRgnt |,
nmet astati ¢ or_ tyransf.or . anpl es, .15.i.ncJ.ude, but,L are . not lim.ted to
cancer ce |55£@&§3=§&Yg%?°gﬂﬁ§%8§$ﬁe§?dfbgﬂ%%ﬂ?}gn@§} T umigue Wit BRectMtSs . or
adenocar ci nosguchet kil subfeed shbafcia héild to absiEtuniqud butikes Oevhhai ted to
breast: cancer c?l 193 he g’;f?) ce(g:ls, liver cancer cells, pancreatic
carci noma ceff¥IPIE 6‘&%‘&'8 rg‘éﬂ’é‘f Forathes arepropdedisép. cancer cell s,
- gastrointestinal g?ncqﬁs&ﬁéé@estaagen\eaﬂcoaﬁ@wm&eé éﬁymegég Nhixaghle Cell s,

prostate cancer cells, and gastric¢ cancer cells. 20 Target or pathol ogi cal
cel | s over expydlase)apayi iave wndersons mutatien \prgive tpmistarice toq ighibiters, Berboemi. Wf a | oss

of Lunor ,§UPR! S33092) GRiSicRELAUE bt JiF033)Phl v Uit SESbINAN Gl SE1CL ! ©

instability. Alternatively, ‘resista rug nay con resistance to
ot her, bi oc rraptiesawithnogriskibiarisubiraigproddrdsi ke prior art therapies directed

to creating nore ten il hi - ous.. intracel |l ul.ar .enzynes,
this invention ex@?oi tén ?*Wg%§ﬁ;%§§%%%g% P{/ f%%e&ﬁ"éf%‘a“% th

t her apy-r esi staiticalde deabpucnel pligmdcy. | Beweoritg bfmsor ks mave I6glohsoand

ti ssues and doe rely on inhibiting.the enz : e term"target
enzyne" is ugt?d’%%’e%f’we&%‘"&%fﬁ“ﬁ%méﬂ& "ﬁa@f"ﬂ@%gﬁéwﬁ;mge&fﬁt _hg above
noted char a¢l9og); ahd Teh, BOR BEal (1 999))C tSucks idsy bl i0 incRMeXfreatmned and
related to drug. resistance iﬂlcl u%g 30 byt, are not Jimted to thym dyl ate
synt hase ( TSTeSEIffenzymesde-g, fhymd @%7@“1@6"3*&1‘9 pRdent pf preyious expasyigd®) - and
Jackman, A khentheddpy. (Thfouls deibdbedheded] WilldeuSSHIGH ASRidgRBAMP i RS of D.

malignancy, as well as disease previously treated with chemotherapy. Substrates for

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

approach in infectious disease.

12



et al. (1995) and Bertino, J. R et al. (1996)), tyrosine kinases (TNF-a,
Hudziak, R M et al. (1988)) and nultidrug resistance '0enHeyZ§8#, M et
al . (1994)); Akdas, A. et al. 10 1 9 January 2004 WO 01107454 PCT/ US00/ 0008
(1996); and (Tannock, |.F. (1996)); and ATP-dependent nultidrug resistance
associ at edwopresmi ns (Sinon, S.M and Schindler, M (19%CFjusean#oosi n sone

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

thym dyl ate synthase is related to resistance to tunor treatnent with
5-fluoropyrifmdine. Anplificall on gipydenes assocl ated w rihrdyug resi stance

(Pr  as e SR bl it Bl i AR TRRSENR | o201 "

T INXCAOoTTr it

5 085 983, dr _the i HAF descr i hed | RRFHS RoreasdBesseeatog U 1 esi bt ance to can
be noni t or ed Bisyladdresedet ect i on of cyPodrdlivatd ahectbabitumndontibings, spch as
honogeneous | chronpbsone st ai ni ng r ¢g¥dwéss and doubl e mi nute chfonosones both
of whi ch ar ¢ Amasgpeilat, eGminbghtosgiene | Affioglfch<da hitbittics (AL seépbadny €] assays

i ncl ude dir ¢oddifprg epzpmisr ect enzyne |aotamydidy assays and each of which are
associ at ed wcmhmgﬁmommugﬁwatl on (cﬂmgmhmﬁ;arreras and sant1}(1995));

ot her met hoc f‘ﬁﬁ“&dgmgc POt ymer T §eLaL- TeactTom,—Houze,—Tf A et 15 al.
(1997) or irm =5 RS04 ,_;7_“_________; _____ The enzyne

gl ut at hi one ﬁ@ﬁ%‘i‘é off #EEE%’%H Bl |y  Elevated in
sone hunan tg ?F”E:’ig iy tﬁ%ﬁ ?3‘198& neverthel ess is

excl uded from target enzynme" as used her ei n because it is a menber of a
gene famly O In sum

t he prodrugs o the&guﬁ%%gﬁ?ﬁﬁyg%?fﬁﬁgreg I stl %ﬂ,ﬂ?hﬁ Ehhé%&g oF

convent i orad Disparerssd geippeymdnhaving thastrusturesat t he target enzymes of this

i nventi.on are comonly overexpressed, over-accumnul ated or activated in

pat hol 6gi cal cells versus normal cells. The nost inportant principles that
di stingui shes the Icurrent iavention flom other oapproachedllare: 25 (1) This

invention describes the synthesis of substrates for enzynes I{:w
t hym dyl ate synt hase The overexpressed enzyme will convert p t{rugs to
t oxi n,
or
. o
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preferentially in diseased cells. Previous approaches have nostly relied on
inhibitors of these enzymes. The inhibitors |ead to aml¥Jaayed8tessi on
of the enzynme, and subsequent resistance to treatnent (see, e.g., Lunn, U.
et i1. (1996); Paradiso, A et al_ 30 (2000); and Edler, D_(2000)). (2)
The currenWodyt6tch is al so di stinguishable from ot her PENU0RHNIE-
prodrug" approaches, e.g_, the glutathione-S-transferase enzynes (see, -
e.g.,.Mrgan, A S et at. (1998)). The enzynes of the GST famly are
expressed at increased levels in it 19 January 2004 WD 01/ 07454

PCT/ USOQO' 20008 response to toxic insult to the cell. The GST fanmily of
enzynmes has over| aﬁ%f‘ﬂq substrate specificities, which nakes it difficult
to design a substrat e R'dacinbiesy oftticlforimlay a singl e species of enzynme with
el evated expression in-a cancer cell (Mrgan, AS. et al. (1998)). Because
the target enzynes of the current invention (e.g., thymdylate 5 synthase,
di hydrof ol ate reductase and t hym di ne/ki Rase) are unique wth respect to
its structure and substrate s-pecg i ' b;__La,@i l e to design unique
substrates. Several exanples of Substrat/gs Fo o hym dyl ate synthase are
provi ded isnfra. (3) I'n sone cases the gene encoding the target enzyne
(e.g., thymdylate synthase) may have undergone nutation to give
resistance to i nhivith thepsoviso Bt uempolfadl ntgh ®io.al . (1992) and Di cken, A_P.
et al. (1993)) ‘bgéz_will till be capable of carrying out reaction with
non-i nhi bi tor sub®tFady b‘ﬂ?CHg%?f{d&)tﬂm%éﬁ}@rﬁiéé@ SIMp songirgata i s t hat
| oss of t unounsbPREERIRVC U@ Bn ar i d

mal i gnancy. The majority o%ﬁr?ﬁr??)r g%ﬁaﬁé%%ﬁc%{’ogg o%c‘éﬂg?ﬂﬁ??};&eg@?rems or
pl6 tunor suppicbsaiethydrsabylgreups; andniheterom@pmgtiogoyp coBymising ere odnord 5 ( 1998) ;
and Teh, 8. Tyn@hurfdd hylidod@B)groupdCh @ 1 0ss results in i ncreased expression
of resistance enzymes (e.g, thynidylate synthase), independent of previous
exposure to chenibtinsslegted frophthe gromgconpistisgofr i bed herein will be useful in
treating early stages of smalignagcy; as well ag di sease, previously treated
wi t h chenot her apy. Substra%t“e‘§“fe‘0‘r? e%‘z“yﬁé%s‘l' ke$ GSHRNmTHude many conpounds
unrel ated to chenot herapy. (Walen and 20 Boyer (1998)).

$—0—§ {—s—} f—w—} ana §—-—NR5—§;

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

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

B e

g CH,0
g CH,S

O ===C

5 E*Cst—j : cw_!sl_g

12}

) ————
[YaVaVa W
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The concepts descri bed above are displayed graphically in Figure 1A and 1B
usi ng the exanple of the thynmidyl ate synthase enzynme andSdJeguay@98tnd NB
1011TM In an alternative enbodinent, the target cell is defined by its
resistance to a drug or conmpound unrelated to cancer. In this case, the
cell is. Iimosmpedawith a microorganismthat 25 confers PEFUSHENHR t o0 an
antibiotic, e.g. beta-lactamse. Organi sns include bacteria, yeast and
parasites, such as trypanosones. Table 2 provides a list of enzynes
targeted by this approach in infectious disease. 12 19 January 2004 WO
01/ 07454 PCTI USOQO 20008 Tabl e 2 Enzynes Overexpressed in Infectious

Di sease, and whi cPF U8C¥R*but e to Drug Resi stance EnzyneProvi des increased

- Resi st ance to: Beta-lactanasesPenLgillin ang ot her beta-lactam containing
anti bi oti cs Am nogl ycosi dase, or amn nogl ycosy de Am nogl ycosi de anti biotics
(e.g., streptomycin, mdifying enzyhesgentagycin) fOr d&npheni col
ttansacet yl aseQ | or anpheni col, Di/Aydrof ol af e reduct/dseTri nmet hopri m

Ref erence: Mechani sns of M céo lal Disease, rd Ed.\.M Schaechtet; G Medlo
f B.l. Eiseastein, Editor TS Satterfiel d.~Publ . VWfTians and W1 kins, p.
973 (1993). The prodrugs of this invention are selected fromthe group

consisting of the L and D isoners of conpounds, having the structures: 5 L
or Rt or 13 wherein n 1s 0 or an integer from 1 to 10and mis O or I;

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

0
—0 R"
X
Z
o 21—
A NH, \—\x

i
g —O~—NH—C—NH,
10

CH,
=0
NH OH
% —Z-—CHZ—(I3H—(|3H—-CH=CH—(CH2)120H3

il
i —7—CF,—CH,y—CHF—C—OH

Il
% —7—CF,—CHF—CH;—C—O0OH
15



19 January 2004 WD 01/07454 wherein: R is a noiety of the fornula: 5 4R ?
R3 ~.m PCT/US00120008 R4 with the proviso that in conpd@n@mary2084n pe 0.
R2 is a divalent electron conduit noiety selected fromthe group consisting
of an unsaturated hydrocarbyl group; an aromatic hydrocarbyl group

conpri si ngwowgemss nore unsaturated hydrocarbyl groups; BIvSoe20008

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

15 atons, or a hal ogen (e.g. $-Fz—Cbs,—BeH,Hc—on the group: CH20 -- -CH2S -~
~N =N- 00 CHROC!I CHRS Cl!sCcRSCSII
- CHy ©

1 Il
% —2—CF;—CH—C—OH
{
%——i?"CF["ﬁP“Y
Y

% —Z_CFZ_CHz_CHz—NOZ
5 .

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

and

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

oL

| w1~ )t
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CH20 -C 4 19 January 2004 WD 01/07454 or the group: PCT/US00/ 20008 wherein

nis 0 or an integer from1l to 10 and mis 0 or | ; 5 wiérienHamRZ084n be a
substituent selected fromthe group consisting of x Rao R8O CO2Et9 N RID
x 010 x zzEEIl -Zi ---NZ-P-N NNH2 X0 11 -ONHCNH2 CH2 C=0

NH OH - Z- V@PMEHHCH CH=CH (CH2) 12CH3 0 11 -Z-CF2 CH2 CIGEErY,q00s

In an altemnative aspect, mis 0 and R?isa heteroaromatic group selected from the

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

NRA™. and wherein R*¥ is a linear or branched alkyl having 1 to 10 carbon atoms or a
cycloalkyl group having 3 to 10 carbon atoms.
In one specific aspect, R* is selected from the group consisting of:

j ]
i "‘—O—T—‘N and % ~—0—il9—N
N N
AN VAN

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:

R0 " R—o— v RO T

o

rR® R® R® R® R® R®

R'—CH, T, R—o— \I‘LH.
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0 11 -Z--CF2 CHF-CH2 C--OH 15 19 January 2004 WO 01/ 07454 PCT/ USOQ 20005
0 Il Z-CF2--CH2--G-OHCH3 0 .1 it -Z-CF2--CH G OH W9Japuap2004 | ..y vy
_Z-CF2-CHZ CH2-NC2 NO2 5 and wherein R8 and R9 are |ower al kyls and R1L is H
or CH3 and each X substituent is independently the sane or different from
the ot her wodiomss+ Cl, -Br, -1, or other potent |eaving RETRSP20808 h t he
proviso that when R is -H and mis zero, then R4 is not a 1lo hal ogen- or
when mis zero and n is zero, then R4 is not a hal ogen; wherein each Y
substituent is independently the sane or different fromthe other and is

i ndependently -H.gr | tuent nd ntI t he same or
different fromthe OEIE % édéﬂg%esémeofﬁh%ﬁ%{%’gggﬁf’& és 0 and R2 is
an aromatic i&mﬁaﬂlﬂ}dg!mpSlﬂmgeﬁ&EdOH[@G(#@}EHﬂB,agdaﬂﬁ-pﬁﬁé},&ldstI ng of and
16 19 Januarﬁ/dm

Xyl group; and,

R’ is hydrogen, a phosphate group, a phosphodiester group, or a phosphoramidate
5  group attached to Q at the 5° posttion. |

It should be understood, although not explicitely stated that any of the prodrgs of
this invention may be in any enantiomexic_, diasteriomeric, or sterecisomeric form,
including, D-form, L-form, a-anomeric form, and B-anomeric form.

In one embodiment, R* is or contains a chemical entity selected from the group

10 consisting of: -Br, -I, -O-alkyl, -O-aryl, O-heteroaryl, -S-alkyl, -S-aryl, -S-heteroaryl, -CN,

-OCN, -SCN, -NH,, -NH-alkyl, -N(alkyl);, -NHCHO, -NHOH, -NHO-alkyl,
NH;CONHO-, NHNH;, -N3, and a derivative of cis-platin, such as:

In one embodiment, Q is:

R—0—y%

15 ' OH

20
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WO 01/ 07454 PCT/ USQOn0008 In an alternative aspect, mis 0 and R2 is

het eroaronmati c group selected fromthe group consisti ndgdﬁnuwgp%‘%n J IS
selected fromthe group consisting of -0-, -S-, -Se-, -NH, and - NRALK-

- and wherein RALK is a linear or branched aI kyl having | to 10 carbon atons
or a cyclwealokyissggroup having 3 to 10 carbon atons. |n aorex/espezdcds c aspect,
R4 .is selected fromthe group consisting of: 0SS ----0- P-_N and -0-
P-N1 U110 Qis a selected fromthe group consisting of a sugar, a
carbocylic, an acyclic conpound and rmasked phosphate or phosphoram date
derivatives thereof. The nmasked , phosphate or phosphoram date derivation is
attached to Q at the 5°f 3fQEpPRNshaye tiestrugyinound, shown in nore det ail

bel ow. For exanple, Qis a noiety selected fromthe 15 group consisting
of: R7 and R7 R7 O-- i 17 19 January 2004 WD 01/ 07454 PCT/ USOOR0O008 wher ei n
each R6 is independently the me or different fromthe ot her and is

sel ected fromthe group COﬂé_]\ |n of H -OH, -0OC(-0 F, and ot her
protected -hydroxyl r : 1 i s hydrogen, a hate gooup, a
phosphodi ester gr oup, phor am dasrel 5 gr at hached f{ o at the 5
posi ti on. / O—p—
/ (CHy),,CHy OH
wherein Ry is an aromatic substituent.
5 In an alternative embodiment, R’ is a phosphoramidate group derived from an

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

&N
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



It should be understood, although not explicitely stated that any of the
prodrugs of this invention may be in any enantioneric, 18iJasuayi288enc, or
stereoi soneric form including, Dform L-form a-anoneric form and
P-anonmeric form In one enbodinent, R4 is or contains a chemcal entity
sel ected f WO group 1o consisting of -Br, -1, -0-al¥HUSO9BW&y -
O-heteroaryl, -S-alkyl, -Saryl, -S heteroaryl, -0OCN, -SCN, -NH2,
-NHal kyl , -N(al kyl')2, -NHCHO -NHOH, -NHO al kyl, NH2CONHO-, NHNH2, - N3,
and a derivative of cis-platin, such as: In one enbodinent, Qis: 15 2' CH
wherein R7 is as described above, or re spec{fically, a structure such
as: 20 18 19 January 2004 WO 01/ Ogéﬂ_@bgg_ég havi ng the structure:
Rd 5 CH3 COOCH3 10 The above group, aRd thods,for its preparation, are
descri bed in MQigan, et | . (1993), .and McGuigan, et al. (1996), This
i nvention al so pr‘?ﬁ'gq‘?ﬂ’ég‘ ﬂﬂfg-aﬁrtﬁﬁmq?ﬁﬂ’ggwﬂtfa“%ﬁ@"&%ﬁﬂﬂﬁﬁg ID5eetehe
structure: -Qoﬂﬁsaﬁﬁ-at%xagyaf@m gtdup] Wihein RMRIseledted ot $hetorSsunkibtide@TF, havi ng
'20008}qd—l 0 G '

the formula: PC 1US
Cl’ Brs I: CN: SO3H: COZH’ COZCHZCH3’ SI(CH3)3, CHO, NOZ: CF31 CCl3r C(RS)Z;

5 whcrcm R’ is selected from the group consisting of F, Cl, Br, and I; whereinnis 0 oran
integer from 1 to 10 and m is 0 or 1; and Q is as defined above.

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

g _..._CHZO é g —_—'CHZS_— g g —"""‘N=N—"""§
S T SV B § R T
g CH,S Ij) g
o &
,/—/> / (//- |
g / 2 4
10 o o

% —CH—3% § —CHRO—$ %——C(Rs)z—i

ot fs—t fw—] ae fowed

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

§f§§J§IW§ =i
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and Il 0l OP (CH}17CH3 OH wherein Rd is an aromatic %’u tlt%@ﬂf l.n an
alternative enbodi nent, R7 is a phosphoram date group dé an
amno acid, including, for exanple, the twenty naturally occurring an no
acids. In one enbodinent, R7 is a phosphoram date group derived from

al ani ne. | WOW8™Ehbhodi ment, R7 is or contains a group HANYRGORNE
structure: 19 19 January 2004 WO 01107454 Rz R3 n m R4 PCT/ US00/ 20008
wherein R2 and R3 are the sane or different and are independently an
unsaturated or a saturated hydrocarbyl group, wherein R4 is selected from
the group consisting of F, Br, I, (BH, CO2H, CORCH2CH3, Sl (CH3)3,
CHO, N2, CF3, CC13, C(R5)2 5 Meln R5 sel ected fgkomthe group
consisting of F, d, Br, and 1; whgrein n ig 0 or an/intieger from1l to 10
and mis 0 or 1; and Qis as ,defimed aboyg.” In ong/ aspect, in is 0 and R2
is selected fromthe group cé 1sting of\ GHZo CHRS N=N 0 O S zO_ | CHI -
amC S CHAS-C 10 ---CHR5- ~ -C(R)2 --~ Cw~ --S- T~ ~ .. NH - ~ and ~ -NR5

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

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

m ned

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

consisting of:
10

NRA™. and wherein R** is a linear or branched alky! having 1 to 10 carbon atoms or a
cycloalkyl group having 3 to 10 carbon atoms.
For these embodiment, R’ is as described above.
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wherein R5 is independently the same or different and is selected fromthe
group consisting of a linear or branched al kyl group hd@iJaguav@®04 to 10
carbon atons, a 15 cycl oal kyl group having from3 te 10 carbon atons, CN
and a hal ogen. In another aspect, R2 and R3 taken together is an alkenyl or
al kenyl angoietom8d ected fromthe group consisting of 2Gch@ussetoges y 2004 WO
01107454 and In another aspect, mis 0 and R2 is an aronmati c hydrocar byl
group selected fromthe 5 group consisting of and In a further aspect, m
is 0 and R is a heteroaromatic group selected fromthe group consisting

of 10 mherein J is selected fromthe group consisting of -0-, -S, -Se-,
~ -NH, and - NRm and mherein Ris a linear or branched al kyl having 1 to 10
~carbon atons or having 3 to 10 carbon atons. For t hese
enbodi nent, k' |g‘“§§g %@Wé PCT/ USOQ 20008 ,.rte ‘rte 21 19

January 2004 MD 01/ 07454 PCT/USOO/20008 I n apspecific enbodinent, R7 is:
The above group, and nethods for its preparalli on,s are described i n Abraham
et 5 al. (1996). In one enbodi nent, R7 @—=aPphogphate group or is or
contains a group having a structure ﬁﬁlecteh fromthe group consisting of
-000

&

" NcoocH,

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

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

a

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

group consisting of:
| 0\" : o
0
——
and //__4<;__ H
\ Y ) 7 O_T_E
. 0
F;{/ ~ | (CHCHs  OH
15

where R is an aromatic substituent the first of the two above groups, and methods
for its preparation, are described in Meier, et al. (1997). The second of the two above
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0O .0 ; OO0OO0OO0OLO) S-,) The first of the two above groups, and nethods
for its preparation, are described 10 in Freed, et al. 1@v38u3ry 2884t ry, et
al ., (1992); Farquhar, et al. (1994), and Farquhar, et at. (1995). The
second of the two above groups, and nethods for its preparation, are

descri bed \'\rﬂﬂgﬁks‘%tte’ et al. (1996); and Benzaria, et alpmgﬂsgmlg In one

enbodi nment 'S or contains a group having a structure s fromthe
group consisting of. 15 Rand and O OP (CH2)17CH3 OH where Ris an
aromatic substituent the first of the two above groups, and nmethods for

Its prepagatlo i k=N ler. et .al. 997). . The second of the

two above #SZ%dfgg tﬁoé%g%(r}% pgeg’gﬁ’h%lggiﬁﬁﬂ% lﬁé?ft%,ée@(ﬁt Qb@@g%g%ps and

- met hods  f Hostétles, epalg pebriizhéddntenaiond ®aeni Apslichfior 16.1W0I08r20088 (19d6). (1997); and
Hostetler, et .al, ubl i shed J.nt ernati.onal Patent Application No. WO

96/ 40088 (199&5‘?“‘?%%%5“"8%&4 ,acﬁ'%@?“?f‘ﬁ‘ﬂﬁ%éaoéﬁqcpémﬁ?@ﬂﬁm\Mthi nQ

One such. enitanktivdibr its pesperationytsshown b&6w ivEer® DRPR, 4 QinethSkyRit@n  bel ow

(where DMIr is, 4,4 -di mahqf{géé/tri tXil , .5 Boc is_t-butyloxycarbonyl, DCCis

1, 3- di éycPWékW}ila’Wﬁﬁ'hP‘?Y' - 5y ﬂmwlp@bwmmymém obyridine): HO

dimethylaminopyridine):
BCC, cat. 4-DMAP o O
CH;

“HO 'OL"-I. DMTr—0O
_‘\/_j DMTr-CI
H
0
HO—y 7
0 o——o—y _ ™
1. HCI PhOP(O)Cl, |

— NH, NH

2. Base Imidazole
¢ O 0
Ny o
- CH, CHy

6] o
In one embodiment, the compound may be in a salt form, or in a protected or

DMTr—O LL"L
O

Boc
Boc-L-alanine NH

T
O.
H

Ol
Ollllu

prodrug form, ora combination thereof, for example, as a salt, an ether, or an ester.

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

Synthesis of the above noted 5-substituted pyrimidine derivatives can be
accomplished by methods that are well-known in the art. For example, treatment of 5-
15 chioromercuri-2’-deoxyuridine with haloalkyl compounds, haloacetates or haloalkenes
in the presence of Li;PdCl results in the formation, through an organopalladium
intermediate, of the 5-alkyl, 5-acetyl or 5-alkene derivative, respectively. Wataya, et al.
(1979) and Bergstrom, et al. (1981). Another examp.le of C5-modification of
pyrimidine nucleosides and nucleotides is the formation of C5-trans-styryl derivatives
20 by treatment of unprotected nucleotide with mercuric acetate followed by addition of
styrene or ring-substituted styrenes in the presence of Li,PdCls. Bigge, et al. (1980).
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OHL DMIr O DMIr-Cl 1. HCl r 2. Base Imdazole NH c' | n one

- enbodi ment, the conmpound may be in a salt form or in a1|9r‘16‘f‘6%'ﬁ’@806r
prodrug form or a conbination thereof, for exanple, as a salt, an ether,
or an ester. 10 In a separate enbodi mant t he above structures are further
- nodified ttwqm@wm t hi ophosphodi azi ri d| ne instead of pHIEPHOANEYiridi ne
groups, using the nethods described below Synthesis of the above noted
5-substituted pyrimdine derivatives can be acconplished by nethods that
are well-known in the art. For exanple, treatnent of 5- 15

chl oronercuri-2'-deoxyuridi ne hal oal kyl conpounds, hal oacetates or
hal oal kenes in th@’rﬁw\g’é‘éﬁﬁ‘ﬁ‘yﬂwrwg%@im@%ﬁ%‘? Yére dervatizad yth mercuy Bk ough an

or ganopal | adigt pdsitfos bithe b tdlrféfnntghﬁ u‘éaﬁléﬁvklm RieREARL Yetal in Aokt B@f?e‘?
derivative; respectively. aXr% et "al (1979) and Bergstrom et al

(1981). Anot [es0° dxrhoves. Delecer 7B) cudhdreaisrent gsa wenldbnexpacied ©dsi des and
nucl eoti des 'ge&ne r%d?i?flchf?&h &fm&‘épﬁgsamess;wraﬁnvglgﬁ g&@ﬁ &gam treat ment

of unprotected nuc eotl e wth nmercuric acetate t1 on of
styrene or ricowdbebunvertedteoaymatizalbyloa medifi¢tempnophesphate, dor ﬂxa@ﬁhﬂw Bi gge, et

al. (1 980)_ g_inn%?l%d lrea%@tﬂ Wﬁ Mﬁ &o@pha%gg foli\lwed by purification of

monophosphate. Other moieties, organic or nonorganic, with molecular properties
similar to mercury but w1th preferred pharmacological properties could be substituted. -
For general methods for synthesis of substituted pyrimidines, see for example, 1.8,

10 Patent Nos. 4,247,544, 4,267,171; and 4,948,882; and Bergstrom, et al. (1981). The
above methods would also be applicable to the synthesis of derivatives of 5-substituted
pyrimidine nucleosides and nucleotides containing sugars other than ribose or 2°-
deoxyribose, for example 2°-3’-dideoxyribose, arabinose, furanose, lyxose, pentose,
hexose, heptose, and pyranose. An example of a 5-position substituent is the halovinyl

15 group, e.g. E-S-(Z-bromqvinyi)—Z *-deoxyuridylate. Barr, P.J. et al. (1983).

Alternatively, 5-bromodeoxyuridine, S-iododeoxyuridine, and their

monophosphate derivatives are available commercially from Glen Research, Sterling,
VA (USA), Sigma-Aldrich Corporation, St. Louis, MO (USA), Moravek
Biochemicals, Inc., Brea, CA (USA), ICN, Costa Mesa, CA (USA) and New England
20 Nuclear, Boston, MA (USA). Commercially-available 5-bromodeoxyuridine and 5-
iododeoxyuridine can be converted to their monéphosphates 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 uracil are referred to as the tethers because
they connect the proposed leaving group (toxophore} to the heterocycle. Upon
activation of the heterocycle by reaction with the Cys residue in the active site of a
human enz, TS, for example, a negative charge is conducted from the 6-position of

30 uracil into the tether. This mechanism has been described for the 5°-
monophosphorylated verstons of (E)-S-(bromovinyl}-Z’-deoxyuﬁdinc (BVdU) by Barr,
P. J. et al. (1983) and of (£)-5-(3,3,3-trifluoro-l-propenyl)-2’-deoxyuridine (TFPe-dUrd)

by Wataya, et al. (1979), Santi (1980); and Bergstrom, et al. (1984). :
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DCC, cat. 4-MAP CH33 0 L~ 11 PhOP(OQClz 23 19 January 2004 WD 01/ 07454
PCT/ USOON0008 Pyri mi di ne deoxyri bonucl eosi de tri phosphati&anpgaw 2984i vati zed
with mercury at the 5 position of the pynimdine ring by treatnment with
mercuric acetate in acetate buffer at 50 for 3 hours. Dale, et al. (1973).
Such treatweminoabso woul d be expected to be effective fROT/ARSORGDE At on of
nonophosphates; alternatively, a nodified triphosphate 5 could be converted
enzymatically to a nodified nonophosphate, for exanple, by controlled
treatnment with aI kal i ne phosphat ase followed by purification of

nmonophosphat e. er L‘et e cCo an| wi t h nol ecul ar
properties sinmi I YT E‘HS9 %a‘gﬁ%"p?@w'amﬁ 5 MREERtEY P thpt it
properties ceilcdnduet thelsin-lebitigitg neéﬁﬁﬁeﬂﬂfg@sﬂfg)h@@bfﬂﬂﬁsfst Ofs-suypdigsi s of
substituted lI&rTégl nes, see for. exanple 10 Patent Nos. 4,247, 544;

4,267,171; a e Signy unsprated qreanicfypctigpalities ayailolds for thif pupassote met hods
woul d_al so bﬁn?lpﬂlyn Qﬂ@bﬁpix@yltdﬂﬁs 806 BinkiAS Isﬁla@fan@l?eraama&dcé@%ﬁ,wéynﬁeé&h tituted

pyrini di ne nucl eosi des and nucl eoti des contai ni nggsugars of her than ri bose
or 2'- dedxyFhotad and gliyl anitghavethe advaatage hatthey gap b prepancd i ¢ithsrof tvar anose,

| yxose, pent gseinterdf¥QHle sRARERSSom@RGoME ARAS Frey A BXRIR b lbed ot POSI ti on

substituent 1s the haIOV|nyI 15 group, e.g.
E- 5- ( 2- br orroptodspe pecpmmpdaiiop hyi thie trayae a@iye site. FOnjthe eﬂlealhand(mempargyl

Al t t I )
et vel e s PSR KPS Aol SR I B AR B . 1,
Sterling, \fldatsSigm thBi typepofAdtbieridos 160 dependibpomrits oﬁ&ntat[mm reMfeac(tb/SA) |,

Mor avek i 0 caI | nc.., .Brea USA) ., | sfa Mesa, CA (USA) and
New Engl éﬁd Lfcqmécérmgisa&é%glﬁcaﬁ?/i&"% .ﬁﬁ‘i’w@l@?@ﬁ' S-avai | abl e
5- br onodeoxyur i di Tveo distthcbapptoadied davebiten Ak&rto @agigDsr 608 ek abdcttqidehei r

m)nophosphatbes flr%cri]r%éso ﬂ%@m%gllmo% %ncxsbasedonﬂ)esu'ucmreofBVdU

monophosphate and features a leaving group/toxin directly attached to the terminus of a
(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 similar to the first but has a methylene unit A
separating the leaving group/toxin and the unsaturated unit and thus contains an allyl or
propargyl unit. This is the allyl tether approach.

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

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

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

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

demonstrated by trapping studies (Barrett, et al. {(1998)).
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enzymatical ly, though the action of a kinase enzyne usin conner0|al :
avail able reagents from d en Research, Sterling, VA (U§%} agHAYI 4 cost a
Mesa, CA (USA). These hal ogen derivatives coul d be conbined with ot her
substituents to create novel 25 . and nore potent antinetabolites. The
struct ur esWOOWHH 5 position of uracil are referred to FCHYNEWRer s
because they connect the proposed | eaving group (toxophore) to the '

het erocycl e. Upon - activation of the heterocycle by reaction with the Cys
residue in the active site of a human enz, TS, for exanple, a negative
charge i's conducted fromthe 6-position of 30 uracil into the tether. This
mechani sm has been described for. the 5' - nonophosphoryl ated versions of

( E) - 5- ( br onovi ny|Bartirulagaabegdiments in@ude ghepomppyndshaving thel of Detructires $haws3) and
of (E)-5-(3, t MRS e-dUrd) Dby

Wat aya, et alﬁel&l‘g"&?é), S%f\étllaa1rt11ﬁ %;A%C@ﬁaggrgé%%%d&éa?g (1984). 24 19
January 2004 WD 01/ 07454 PCT/USOO/20008 The tether "spacer" between the
toxin and dNVWP nust be unsaturated so thag it can conduct the

t oxi n-1abilizing negative charge supplied|by the TS-Cys-sul fhydryl attack.

O the many unsaturated organic functig €% available for this purpose,
the vinyl, ally], and propargyl unitsfare §inple, small, and readily
accessi bl e synthetlcally 5 The V|nyI d |yl units have the advant age

oR
=

that they can be prepared in ei they_% o,
i someric forms. Thus, they can be usktl as} "probes" of prodrug
accommodati on by the enzyne active si¥e. fOn the other hand, the propargyl
unit has the advantage of being cylig rically symetrical, so that
enz-catal yzed toxin release fromt®is type of tether does not depend upon
its orientation with respect to to dUM' s uracil ring, as is the case with
the vinyl and allyl nolecules. Two distinct approaches have been taken to
design of sone of the nucl eotide- based prodrugs of this invention. One is
based on the structure of BVdU nonophosphate a d~featpres a | eaving
group/toxin directly attached to the term nus c @p )vinyl substituent
at C of dUMP. This is the vinylrtether appsoach hetui S 15 based on
the structure of TFPe-dUWP and is simlar to the fﬂ?ﬁr but has a net hyl ene
uni t Br

NBiQL NBiO1S
(BvVdU)
s -NBI012 -
By

a .
: /_/ NB1613 NBI020

— NB10#4 NBI1027

non-interconvertible geonetric

NBID16 NB1021

Br
/_/='! NB1017 NB1024
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separating the | eaving group/toxin and the unsaturated and t :
contains an allyl or propargyl unit. This is the all yI B?Wzﬁgggoach

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 - ¥o-odensyuri di ne 5' - nonophosphate 20 (EdUM ') pawiusen/20008

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

5- Al kyl i denat ed Qcﬁnﬁh&yﬁljﬂ%ﬁghgﬁgéj mlar in structure to the internediate
common to both the vinyl and allyl "tether approach nmechani snms have been
synthesi zed recently (Anglada et al. 1996) _ These were shown to be highly
el ectrophilic. Their ready reaction with et to g%ner ate

5- (et hoxymet hyl )uracil is a precedent for th@'?@ +tion that
regenerates catal ytically gonpetent TSy.Even rec lyy_ghe 30

exi stence of the |ong-elusive C5 nethyl ene internmdi-gte pr oduced by TS was
denonstrated by trapping studies (Barrett, et al. (139 m) 25 19 January
2004 WD 01/ 07454 PC /USOQ 20Q0s Parti cul ar enbodi nents” 1 ncl ude the
conpounds havi ng the_L-ee=D skpiict ures N§J§g,wn bel ow. . H%‘rg&ggnds are :
identified by structure and a nunerical designation. 11 QP 1 YR -
KH Y-H IN ~ Co2Me —

—— H NB1010 NB10623
————=—CgHyy - NB102
H NB1025 NB1026

“CaHyy - NB102

Preferred embodiments are shown below:

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

wherein X4 and X, are independently the same or different and are selected from
10 the group consisting of Cl, Br, I, and CN or the nucleoside analogs thereof. In a more
preferred aspect, X4 1s Cl or Brand X, is H.
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NBI Ol NBID S (BvdU) NB1012 NB 1013 NB 1020 -CF3 NBI D14 NBJ 027 NBI D16 .
NB1021 NBI O 7 NBI 024 26 19 January 2004 WO 01/ 07454 ( Cortt®-Januarvi408th

Previ ous Page) Y= SiMe3 . NB1018 H NB1019 COH17 -H -CaHl7 NB1025 Preferred
enbodi nents are shown below. 5 A conpound having the structure: NB1022
NB1023 NSWORIONMBI 026 NB102 Xd 11 ON . CORCH3 wherei n )XXCHHWIR0W0E,, o

i ndependently the sanme or different and are selected from 1o the group
consisting of C, Br, I, and CN or the nucl eosi de anal ogs thereof In a nore

A compound having the struciure:

O

H
\
. N
0
o . o N/ \ |
O\B/ g

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

CO,CH,
X9

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

wherein each X is selected from the group consisting of Cl, Br, I, and CN;
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preferred aspect, Xd is O or Br and XX is H PCT/US00/ 20008 O | _NH Y=H
CO2Me Euu~~ 27 19 January 2004 WO 01/ 07454 A conpound hdVidRguame&08¢r uct ure:
PCr/ USO0r 20008 wherein X1 and Xg are independently the sane or different
and are selected from 5 the group consisting of C, Br, I, and CN or the
nucl eosi dewanabags thereof. In a preferred enbodi nent, XpcrosboXesesmr e t he
sane and are each is O or Br. A conpound having the structure of the-
formul a: CO2CHg wherein each X is selected fromthe group consisting of O,
Br, I, and CN;, 28 19 January 2004 WD 01/07454 PCTI JSO00t 2000S or the

nucl eosi de anal ogs thereof. In aﬂgr eferred embodiment, X is CE or Br and
in a nore pref er CEthe@pelensideaprlogsithersoipdn a prefarpdsmbadiment, Xgs Cher Brandct ure: 5

Q0 2CH3 - wherigi, i J@Pplefen@d bAWGimSdt R or brainched chain alkyl, or the
nucl eosi de'alnal 0gs tﬁg‘?eo i Aé%t’orrpou.hd having the structure: 10
o A compound having the structure:

H 0
\
N
():::::::1<::
| / \
0 o 0 N OR?
satalin
L \
‘ < HO

1 TLE
5 CO,CH,q

wherein R® is a lower straight or brainched chain alkyl, or the nucleoside analogs
thereof.
A compound having the structure:
16

H\ 0
o c;:<w / \ OR®
0w ,
@ ﬁ \ CoR®
G | |

§—'u<-"o

JEttesene-

CO,CHy
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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cooR9 CQRCH3 R o wherein R8 and RO are | ower straight or branched chain
alkyls and R0 is Hor CH3 or the nucl eoside anal ogs tH&dgpary2049 19
January 2004 WO 01/07454 A conpound having the structure: CO2CH3 wherein
R10 is H or CH3;or the nucl eoside anal og thereof. A conpound having the
structure: WO00%s4L3 0 1! PhO-P | NH Mein,,, ( | 1 HOB FCT/HSU2H0§;3 A

conpound having the structure: 0 tt PhOP-O t Wt.. NH COZCH3 10 or 'the
nucl eosi'de anal og t hereof. '

A compound having the structure:

H o
N\
N .
0=<
o o o 7/ \
o\IF!/
_NH
HbEbres- HO
CO,CHy

wherein R'® is H or CH3;or the nucleoside analog thereof.

A compound having the structure:

Q SiMeg

HN

CO,CH;

A compound having the structure:

0 O~ N
1l .
PhO—E;O—] o I
Men,.(
OH

CO,CH3

10  or the nucleoside analog thereof.
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OH 30 PCT/ US00/ 20008 19 January 2004 WD 01/ 07454 PCT1USaan0008 A.conpound
as described herein, wherein the conpound has the struct'dr8ua280¢n one
aspect, R = H 1In another aspect, k7 is a substituent having the
structure: 0 |i PhOP-Oj Met,..(NH COZCH3 to A conpound as descri bed
her ei n wheW@ioh0¥pe conpound has the structure: r R? O OFPOBUSMHEH8E n R7 = H
or R is a substituent having the structure 0 ra PhOP--Oj NH Met,,;.(
COzCH3 31 WD 01/07454 A conpound having the structure: 0 O

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

O Br

N

T_
RO—IOI

OH

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

i
PhO—P—0—}
i

Mes:.. NH

COzCH3

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

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

Meu.. ]
COxCH3
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'i PhOP-ONH Me,,., 1 OH CO2CH3 5 A conpound havi ng t e stru%éﬁ :
CORCH3 PCT/ US00/ 20008 COR2Et wherein each X is sel ected f o’ﬁPPﬂE ‘6up
consisting of CO2Et, C, and Br, or the nucleoside analog thereof. 10 A

conmpound having the structure: 0 Is PhOP --O0 NHI -:j Met,,. f = OH
CO2CH3 or wWoiamss eosi de anal og thereof. 32 19 January 2800uso@@e3 07454 A

conpound having the structure: 0 It

A compound having the structure:

o) ____CO,Et
HN
)\J‘T—/—/
o) 0] N
[] ’
PhO—IID—O—l o I
NH
Me’h.
(
COsCHy
5
A compound having the structure:
X
(o}
1
Il o N
PRO —-rIJ——o &%,
NH \ f
Meﬂﬁu,._ ]
(o
CO5CHy
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:

0 CgHyz
ol
HN | ‘
0)\

? N
PhO— P 0—1 o ’
Meh..( NH

OH

CO2CH3

or the nucieoside analog thereof.
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PhO-P-O E Met,..( NH OH CO2CH3 PCT/ U$00/ 20008 5 or the nucl eosi de anal og
t her eof The prodrugs can be conbined with a carrier, sudR Jagugy 2004
pharmaceutically acceptable carrier, for use in vitro and in vivo. This

i nvention al so provides a quick and sinple screening assay that will enable
initial idWBCMHati on of novel conpounds with at | east P&AMHSIMI008he desired
characteristics 10 (see Figure 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 low level, e.g., a normal cell. The

second cel | typeJiam% ﬁ%igﬁ“mﬁﬁi#gﬁﬂT¥hiCh the target enzyne is expressed

at a detectable leve evel. This cell can be a tunor cell
line that is selected for enhanced |levels of target enzynes.
Al'ternatively, a cell genetically nodified to 5 differentially express the

target enzyme or enzynes (containing the appr riége speci es of target
~enzynme) can be used. Transfection of host c ?ls)\/lrw t*h pol ynucl eoti des
encoding the target enzyne is either trangigent’/or pernmanent using
procedures well known in the art andﬁ?desc?ib in Chen, L. et al. (1996);
‘Hudziak, R M et al. (1988); or CEMd-0R. _ef |lal. (1992), and in the
experinental section below. The |,] SNrca rocaryotic (bacterial such as
E. 20 cola) or eucaryotic. The cells can loa nmanmal i an or non- mammal i an
cells, e.g., nouse cells, rat cellst%faman cells, fungi (e.g., yeast) or
‘parasites (e.g., Pneunpcystis or Leishnania) which cause di sease. Suitable

vectors for MaSkicie8fddnaloBenerddiA are commercial ly available from
Stratagene, La Jolla, CA and other vendors. The anount of expression can be

regul ated 25 by Theerodmgnean bsrombipedovithyf camries sushos @ phimaceotsdipt t e i nt r oduced

into the cell. . Yir sk R £k sasage. The level of expression of
enzyne in each transfected cell Iine canh be nonitored by i munobl ot and

enzyne assay in Cld#dinyeptien aso prawidess quinkcwd simplle soreening hssay taawvillentbleody
previousl yr @ﬁtﬁf ﬂerﬁgﬁ.iﬁﬂ)%tof hg%l &g%%qusf \%rth z«izt @a‘léltns%ﬁl%%tf gl%tdiesqped characteristics
| 10 (see Figure 2A and 2B). The assay requires at least two cell types, the first being a control
cell in which the target enzyme is not expressed or is expressed at a low level, e.g., a
normal cell. The second cell type is the test cell in which the target enzyme is expressed
at a detectable level, e.g., 2 high level. This cell can be a tumor cell line that is selected
for enhanced levels of target enzymes. Alternatively, a cell genetically modified to
15 differentially express the target enzyme or enzymes (containing the appropriate species of
target enzyme) can be used. Transfection of host cells with polynucieotides encoding the
target enzyme is either transient or permanent using procedures well known in the art and
described in Chen, L. et al. (1996); Hudziak, R M. et al. (1988); or Carter, P. et al. (1992),
and in the experimental section below. The cells can be procaryotic (bacterial such as E.
20 coli) or eucaryotic. The cells can be mammalian or non-mammalian cells, e.g., mouse
cells, rat cells, human cells, fungi (e.g., yeast) or parasites (e.g., Preumocystis or
II Leishmania) which cause disease.
Suitable vectors for insertion of the cDNA are commercially available from
Stratagene, La Jolla, CA and other vendors. The amount of expression can be regulated
25 by the number of copies of the expression cassette introduced into the cell or by varying
promoter usage. The level of expression of enzyme in each transfected cell line can be
monitored by immunoblot and enzyme assay in cell lysates, using monoclonal or

polyclonal antibody previously raised against the enzyme for immuno-detection.
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33 19 January 2004 WO 01/07454 PCT/ USOQ 20008 (Chen, L. et al. (2‘%’996)).
Enzymatic assays to detect the anount of expressed enzyr® JaaNEY 209% be
performed as reviewed by Carreras, CW and Santi, D.V_ (1995), or the

met hod described in the experinental section below In a further aspect,
nmore t han eneospsei es of enzyne can be used to separ at el pcusena0essiuce
separate host cells, so that the effect of the candidate drug on a target
enzyne can be simultaneously conpared to its effect on another enzyne or a
correspondi ng enzyne from anot her species. |In another enbodiment, a third
target cell is used as a control because it receives an effective anount
of a prodrug (Empbrhdl 3PN Bnzymabnassas to deipel theramoyhtnicxpressed enzpmet i cul ar | y
useful to scr, , ' Yyl QY| synt hase.
Cyer ot or fRorTaapelioe s iyl By UGt W BhE YDA OB o, PY ot
to test the meheddgicgbeddn ghstexperinagntad ectibmbelowt t her apeutic in conbi nation

w th a known ther qgap F . of this iLnvention, the
successful candi dg{ye rclﬁg W #Dﬁltg%k&r{g%g&?%%?gﬁﬂeﬁa%pe‘kﬁPosteﬂaémf st cell
type, . but 5l esrassdutesepaaic hast cals) do that e affebieoiniBccandidaiviiing @8 2a3tget@Aynive
performed by st ndargagrret ods as geagelr& bed b§ MIler 31992 ; Sugarman, B.
5 et al. (16855 SRyasslSphiged fo s et on anyersnnys O AGoRS ORI e hods
descri bed i n ehtyne fronpeiottizeseales.sect i on below. It will be understood by
those skilled in h%LPgrt that the s,cd;een can be applied 20 broadly for the

di scovery of anti grembediment, 3 third-target seltitziused pva epirolhesanse pasrelyenst

coul d be subsh effethieah@int bigrofthg BAHFINA bf fhis ifRntiod. OfHi®erodifigt &NZYNe. This
would allow the discovery of specific antifungal antibiotics targeting

yeast rel ¥t e@asisulabyussiil to screen ey spentsbpiare achystedly thumidylatesynthesst ed t o
this treat meny yehQhrafeX AFR:L St 1R QML H&ﬁtioanht%ét ki bHRn & Q@‘Q‘H‘i%?‘lz‘@é' the

di hydrofol ate Teductase activity of infectious ‘agents, Pneunocysti s
carnii, coul gynsegistisipetenieal of thyéestthergpawtic ivgdnibinpsion sfith etkeovii therapperi ficity
for the tar ggént_enzyrre, and can be shown not to activate the enzyne of the
natural host Dy enploying the screening assay described herein. The
control cellul ar Eorthepupsisss oftkis thvemton] thie sudckssful candelaiecing widl bkaknied human

enzyme, if oldGhn bOiifl B2ed 85Ky Sd, b ddcontrol cell type unharmed. Growth
assays can be performed by standard methods as described by Miller (1992); Sugarman,
B. J. et al. (1985) and Spector, D. L. et al. (1998), or using the methods described in the

experimental section below.

It will be understood by those skilled in the art that the screen can be applied

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

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

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

the host cell such that human TS is expressed. The “control cell” does not express the
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when only the normal human enzyne is present. 30 Figures 2A and 2B show how
one may conduct at |east one enbodi ment of this aspect 1§fJarHaryid®@énti on. A
foreign gene, e.g., a human gene encoding TS, is inserted into the host
cell such-that human TS is expressed. The "control cell"” does not express
the 34 19 ¥RP¥4¥5* 2001 WO 01/ 07454 PCT/ US00/ 20008 t ar getP EARIHEY ™ 1 sone
enbodi ments it may be necessary to supplenent the culture nedia wth the
protein product of the target enzyne. The candi date prodrug can be directly
added to the cell culture nedia and the target cell or the culture. nedia

is then assapgg &@ymd "R seh®UModBhentslBhy Beile@a88 Mol hRbdAEine CRRAM HakL

prodrug if the Elquodrug contains a detectable I abel.""Alternatively, cellular

upt ake nmay Wéh ﬁ&%@%“b@b&@@eﬁ"@m prodrug into |iposonmes using the
ot 100 descr i Ded 1 caleibldprocH bl 896 Qoo T B8 b1 BELA S

described in Lew s, TG et al. (1996)_ "An alternative e or a
prodrug t aki Rl cagheeniagmedis isE®nggeyedor be snomt pflabclirdvaseddiloinghé s a

deoxyuri di ne I €18 {ggglj E ti qns (cited herein 10
conj ugat eél vmcatgﬁﬁgtgp Eergﬁﬂgﬁ c rgaﬁﬁﬁ% I'de. iiir%’%'nélkg%ﬁ%mgﬁx %‘fn{ﬁﬁre‘%pé%%ut ic
radi onucl i demaybe ¢nbmcedibyliB8kagiigahe rodrogmtodiposdnees aying the sicthed dasdedin al | y as
descri bed by, Cal t al. (1989 Alterpatively, 1t _gan t ai ned
commer ci al | y?”f°ob%§3gbr?8f%‘°ﬂ‘%%“ﬁ)ﬁ1%rf%?f8%¥‘“ﬁ6§&ﬁ"@ mé\?‘,m?l'% ‘Néfﬁlé’g ands. The
fj her apeyéI ic radi Qﬂ;uﬂtmﬁa' 'v@@ﬁbd&nmﬁmgﬁ&&dgh dﬁaki_hﬁ ad‘d.ﬁagagm'simeegp&gsioln
SOy A R ORI T

r adi onuclyp decorfiated withaghatGRUNd Falidhiideh A% PRRHAS Cith&aydulit rdifnuctide is

preferentially taken up into the DNA of tunor cells overexpressing
t hyni dyl at e SRER-SE. dhciselgpeeantbs synthesizad pesentiglly assdesaibed by Eallabas. gt on of

beta and ganpp(1basli AlikeRBtively, 1R 8E bMSintAH LGk | by 186,
and ot hers. n%oﬁ%ner, D.‘KN(l%? ) 20 The coﬁ%lg%zﬁgk%gﬁggf% ﬁ\{E:}(!ga&predi ct

whet her a subjedice! BY.|The hietherlandsh The therapgusia rasjonsiclidgrean beigpniygate withi nvent i on
by deliverin ?,de il IsRl g.gmﬂg | _t odrug and
assayi ng forg%ot(’a( &gﬁ?ﬁ&%r | niﬂ%gi H}%ﬁho : ce':c’lorp?r oePl?rEa‘{ag |’§ﬂ.s%a%fi cants
provi de iki t mefhods igecamplentsrigsaibed he Lig Wt dtal. §i93n| Theetdiomiclide- pat i ent wi | |
be S_UI tably Mn‘?ﬂiﬁgd&xym&e phosphoramidate will be preferentially taken up into the DNA

' ' of tumor cells overexpressing thymidylate synthase and cause their death via

concentrated emission of beta and gamma radiation. Altermative radionuclides include
rhenium-186, and others. (Troutner, D.A. (1987)).

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

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

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

prodrugs of this invention can reverse resistance to the prior therapy, subsequent to
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therapy by providing at |east one prodrug of this invention and
instructions for use. 25 This invention also provides a 'ReleRBay2op4
inhibiting the proliferation of a pathological or target cell in vitro or
in vivo by delivering to the cell an effective amount of a prodrug of this
i nventi on. WOWEHH acticed in vivo, the nmethod is useful RGGUPUH008,

pat-hol ogy characterized by target cells in a subject by delivering to the
subj ect an effective amount of a prodrug of this invention. 30 Wen the

target cell is target cell is resi stant to a chermt herapeutic drug, the
met hod  can bg e actl or .ISt ring to the cell
or patient anczel“il F’\I/neglg‘gndﬁuﬁfo ‘f ﬁ'é}ﬂ{no ‘(°H8 @SIP VIP¥8 devel oped

resi stance. fBempucm dghm mmhlogtbwgﬁor@:ietéstnsﬁ of fiifd. | XAmPRE wheré @iiSRay €Si st ance
to the prior thergg% subseq(}ﬁent to 35 tﬁQ Jan%g]:y 2004 WO 01/Q7454

PCT/ USOQl 20085 ¢ A% P4 e 79f At i whignthe SHHFCHES THSYTAPRHE on,

admi ni strati mimedaherq@mew sl¢tiontih anlbﬁ cﬁéiﬂotﬁ&ﬁpyrbrhxfh@ﬁ e ftardt @MykheQé |
met ast asi s of tLdm)rs r’rﬁl es where this nmay ‘occur include, but are not

limted to WHER ?$Fé‘°‘ESdP%‘F Ha) qnzymethatds egerw@ﬁpﬂywettﬁaqt cf:ll-, Aw;ampiq ed as a
result of sebmgbi ¥is\ByrRy 168 VAR 1AL b Sl 1B 1t TSV 1S 5

an endogenous intracellular enzyne" that i s overexp resse |n t e targ

cel | . An exa#fif ssuligr peorghempthempy ard qosfermtimayqsataet mhymtipesa thigetito has been
shown to be AYH ﬁg@{lgssed as a result of prior chenotherapy and confers a
drug resistant enotype on the cell to the prior drug. The prodrugs of
this invention céﬁeﬂ@mmef@smmemmmmmmmmmmtol 0

Ehor api 640 or SPRicdof Fbidlee WARABEM ol (b oF bof o RerBies BPR: "t her ap es
i ncl ude, but therpeutiotffict ofithaysiodrog. Slﬁhpﬂﬁrthﬂﬂmhﬁtﬂifdﬂ,mﬂtaréﬁdlhﬁﬁm& t herapy and

surgery. \Wen deI vered to %} ‘i]he net hod al so is useful to further
confirm efffaé“éc&'ﬁ Fotherp 'd?‘g 0331% BHBDhpl e of an ani mal nodel , groups

of nude mice 15 (M@v&ﬂ%a@hﬂhﬂ&ﬁ@b&hocﬁﬂ@@ﬁ&@éﬁlt@ﬁhﬂ@wmnm are each
subcut aneousl |no at ed th abogl ?,05 to about 109 hyperproliferative,
cancer or taf 8‘!“3’8 %%aalﬁ F f #p anipppiapodel grouphefinudemisst apl i shed,

the prodisig (BaraeNCRi rﬁﬂ@rfaﬁlﬂe f Snof¥%AGilrBy, (W) are each subcutaneously inoculated
' with about 10° to about 10° hyperproliferative, cancer or target cells as defined herein.
‘When the tumor is established, the prodrug is administered, for example, by
intraperitoneat or intravenous routes. Tumor measurements to determine reduction of
tumor size are made in two dimensions using venier calipers twice a week. Other
20  animal models may also be employed as appropriate. (Lovejoy et al. (1997); Clarke, R.
(1996); and Pegram, M. D. et al. (1997)). '

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

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

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

: ingredient in pharmaceutical compositions.
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intraperitoneal or intravenous routes. Tunor neasurenents to determne
reduction of tunor size are made in two di nensions usi A§ Jaeua2084] i pers
twice a week. Ot her 20 animal nodels may al so be enpl oyed as appropriate.
(Lovejoy et al. (1997); Carke, R (1996); and Pegram M D. et al.
(1997)). AWRIMPME¢ ation in vivo can be effected in one dUSESOBYNP nuousl y
or intermttently throughout the course of treatnent. Methods of
determning the nost effective neans and dosage of administration are well
known to those of skill in the art 25 and will vary with the corrposition

used for therapy, her et cel |l . being
treated, and the gﬁ%ﬁ‘. lf %gil%%gcg[“rpé ggéqnémﬁ?cw piganaslle i st rati ons
can be carri gdmahﬂwﬂh:hﬁa@Mnﬂmrdpgyﬁdealpabéefmdﬁﬁbm sebges ed by the
treating physr C

f l. hod f
adni ni steri nﬁmf’rﬁlgs cﬂ’jhllﬁ? gméaaﬁn eg’ceﬁﬁﬁggs%%fﬁ}g%% ﬁ’émg%@?ﬂay OE%WB‘? nati ons

of drugs, ort}ﬁ:dhmsﬂshmﬁﬁozﬁmmioﬁsﬂgl@ﬁ:ﬂﬁ@{sdfﬁﬁabﬁve:ﬁﬁ@deﬂt%hc{h@oﬁ%m acture
for medi caments for é@}ee tr eat nent “@{5 humans and ot her ani mal s

adni ni st r 3t i GAPAARCOUR RSBGPS A RCVEFS In rﬁfl@é‘%tﬁ’r"e@mwmpfg%e an
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In general, a sumitable dose for each of the above-named compounds, is in the

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

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

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

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

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

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

intravenous injection of the prodrug, optionally in saline, or orally administered, for
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I ntravenous and intradermal) and pulnmonary. It will also be appreciated
that the preferred route will vary with the condition dffaagay@00the

reci pient, and the disease being treated. 15 In general, a suitable dose
for each of the above-naned conpounds, is in the range of about 1 to about
100 ng perWRiMBHF4am body wei ght of the recipient per daypClWysoeRMsably in
the range of about 1 to about 50 ng per kil ogram body wei ght per day and
nost preferably in the range of about 1 to about 25 ng per kil ogram body
wei ght per day. Unless ot herw se indicated, all weights of active
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predetermined amount of the active ingredient; as a powder or granules; as a solution or
suspension in an agueous or non-aqueous liquid; or as an oil-in-water liquid emulsibn or
a water-in-oil liquid emulsion. The active ingredient may also be presented a bolus,
electuary or paste.

20 A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-flowing form such as a powder or
graﬁules, 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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i ndi vi dual therapeutic conpound or drug is used alone, thereby reducing
adverse effects. Wiile it is possible for the prodrug i'8geeda?0040 be
adm nistered alone, it is preferable to present it as a pharnmaceuti cal
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therefor and optionally other therapeutic agents. Each carrier nust be
"acceptable” in the sense of being conpatible with the other ingredients of
the fornulation and not injurious. to the patient. Fornulations of the
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5%I’l
PCT/ t 1SOO 20 to a out w/w and most preferably about 0.5 to abou IO/o w/w. When
15 formulated in an ointment, the prodrug may be employed with either a paraffinic or 2

water-miscible ointment base. Altematively, the prodrug ingredients may be

-C

formulated in a cream with an oil-in-water cream base.
If desired, the aqueous phase of the cream base may include, for example, at

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

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

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

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

basg which forms the oily dispersed phase of the cream formulations.
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Forrmul ati ons suitable for topical admnistration in the th include

| ozenges conprising the active ingredient in a flavored uary ally
sucrose and acacia or tragacanth; pastilles conprising the active
ingredient in an inert basis such as gelatin and glycerin, or sucrose and
acaci a; an¥MB@#{¥hashes conprising the active ingredi ent PCHUS0820008 ;i { ap| e
liquid carrier. Pharmaceutical conpositions for topical admnistration
according to the present invention nay be fornul ated as an oi ntnent,
cream suspension, |otion, powder, solution, past, gel, spray, aerosol or
oil. Alternati veI BabiRYerS QERE ssi ng such
as a bandage or “é%f’%g‘ﬁ%?%"gg |rrp¥eég§;nat 15?&“??11 %lo\?guffooﬁ%ﬁedl ents and
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i ncl ude a conpound t hat enhances a tion or penetr e prodrug
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conpri se rrerel ier rwi.se kpow an..emul

desirably corﬁ%i{" émglmé]s ‘twﬁr h¥ cqP gémg?f\em’élﬁﬁ &to t&f‘ﬂf}‘?{a‘f at or an
oi |l or wah dibiclmBedsad. and an oil. Preferably, a hydrophilic emulsifier is
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so-cal | ed emul si f |ng ?
especiall ¥ queous 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% wiw.

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

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

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

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

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

aqueous or oily solutions of the prodrug ingredient.
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the wax together with the oil and/or fat make up the so-called enul sifying
oi ntnent  base which forns the oily dispersed phase of tlRelaopanR004

formul ations. 39 19 January 2004 WO 01/ 07454 PCT/ US00/ 20008 Enul gents and
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branched thaf¥iPading pgenkyitihigkening agenisnand Hipgsomss onnther mudroparididcast t hree

bei ng pref er §ye@me Whehre dSRAK 1BR%pRehdSRTboudd @ ModdcomPoreBidldl BALdroN
dependi ng on'the properties required. Alternatively, high nelting point

| i pi ds such meregFgane T formyiations may daaresented igynitdpseroatmulthdese setleder i ner al
15 oil's can %ﬁ?ﬁ@fm%ﬁ&ﬁﬁlé%}d Q%M%Mﬁﬁgltaﬁgﬁiaﬁgbé OBt 2 AETLSI ration to

the eye also include eye  drops wherein'th trve ingredient 1s dissolved
~or suspended(yephiizedlicondilion requnngenly thesddition bf the starikdiquidwsmsnlforent for t he

prodr U9 1§9" SBward16: iRfeAB G BER Fllesb fee. BARLALARLARGERERT 1 such

fornmulation I'n concentration o
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For mul ati ons fg{gdre%toall dm'.ETiﬁﬁtration may be presented as a suppository
with a suittgﬁ Qéeséuég%cfj g, for exanple, cocoa butter or a

salicyl ate. For mit stouldite udéritadd taf in bddifigh dahe mehietients paudbilady meytioheal
presented as . suppositaqries, .tanpons, Ccreans, | s, pastes,  foans or spray
fornul atio nsali%?r[‘% ﬁf‘ﬂ atiqqs °§§“5§gﬁiﬂf‘?’bﬁ‘a¥ B’ZF‘WE% comyghtinpaldRthe such
carriersi9s atRavipQéfard b th§pabt fohfiuldon in question, for example, those suitable of

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

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

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

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

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

used to synthesize compounds substituted with toxic leaving groups at the 5 position,
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appropriate. Formul ations suitable for nasal adm nistration, wherein the
carrier is a solid, include a coarse powder having a pdPtiepray£084 for
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For nmul at i onsétggi[ta_l e fol?&p%r%gﬁ? g:?g:lf Xtatg%g;b?%%‘g%%‘g%%ﬁﬁl&g%gﬁ% uedgezus and
non- acqueousSPRES Mty befwesr thecleeirancondiit andiths towin deawing grpupa Fhe BETAI n

ant i - oxi dant Wids@hS b 6LRbi 5 L ehs.render., t he
formul ation ‘l'%éntonisc W ?ﬁ@h@%ﬁ%ﬁfgfm?ﬁ%hﬁlﬁht%ﬁ%gﬁ%ggql%ﬁeé’n%? and aqueous
and non- aquerrasscted €intaskedS) depenidines ontrnarabinderimativeslef dtesusypendi ng agents

and t hi ckeni . i t he i croparficul ate systens

whi ch ar eﬁde%%g%g{egn?g%eaf dF %geé%ér%%‘n%o{%{eg %%%%%%%ﬁWr gne or

nor e or gans. mitnphbsphate derivatine anahoteain prbichahd gobsphate inditty haskeen blodkedt | - dose
seal ed containe or. _exanpl anpoul es and vials, _and may_ be stored in a
freeze-dri ed&%ﬁé%ﬁ%ﬁhﬁﬂsgp&ﬁ%’ﬁ %ﬂ“ gﬂ@&f’?’f?gg%msy Proteetiond ti on of the
sterile |iqui-subentredeleoxybfidiné hoRylisppiateMitiodtiveOtaniimpRVE kolislity] APBMiat el y
prior to use. t enpor aneous injection solutions, and suspensions_nay be
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particularly mentioned above, the fornulations of this invention may
i ncl ude ot heRhosRjist SOy 1y annthes smbodiments &-subsgtused; ursrahar yrjdine derivatives atehe t ype

of formul at i fihiBted 95 Ed10 Bonthiftin ideki Vil ];{%RJ"F - -

admi ni stration _ma;_i ncl_udeoéuchgﬁg?%%%%%ﬁ%%vgg’ swee tggfgrsgl,gﬁ.nﬁ?dckeners
and f| avor i wacikgumederipatygagepnvertad te o fpubitititeheridiie mérophasphait a of t he
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* Action of thymidylate synthase upon 5-substitted uridine monophosphate

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

20 proliferation.

Svnthesis of ECTA compounds with propargyl tethers

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

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

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

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

employed (Robins, M. J. et al. (1982)), Asakura, J. et al. (1988) and (1990)). High-
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The follow ng exanples are intended to illustrate, but not limt the
invention. Materials and Met hods Synthesis of Nucl eosi déglﬁaﬂ?ﬂar@(ﬂﬁiﬁéunds 25
Synt hesis of the above noted 5-substituted pyrirnidine nucl eosides can be
acconpl i shed by nethods that are well-known in the art and briefl

descri bed MtAH87454 n one enbodi nent, the present inventi oRCT/H$AER f our

cl asses of conpounds. Each class is defined by the structure of the uricil
base, or nodified uricil base present. 30 These classes are ECTA conpounds
where: 1) the base is a furano-pyrimdinone derivative of uracil; 2) the

base 1. oo YAt il o DR 3100 £ BRRNE AUURL Al o1 |
basehieSS' ug g@ﬁmrgyyﬂhdné@mhanma@@gggﬁ Ds@h&‘ti?lgeut;}gd%mt tethdgrep Odrg;&wh&gcﬁ re gugs
gtn teI ectr gn t ]ﬁtrjklot” Et%altﬁ el%p'éopﬁrvq a??"&‘ft?’tsifﬂfgw % &ﬁ Sgﬁﬁ‘fopri at)é

spacer noi et )Gdaetmueeml (1993)3Ihem155@n actikvadli Ihamﬂydrbﬁy-l-pﬁbpﬁxyll Qubgtinaentgr oup. The

ECTA d h hat
phosphod dot ansodtieesy Bl BaRRH on S oG8 B PSRBT esdicsonetpar abi o

derivatives QhctiakiyRid\@bup(€nbd, ¥.aubahy dimup, Mlﬁh‘sﬁ? foAsthélgsermkpd bel ow.
Protected 5-substi tut ed deoxyuri dine_ npnophosphate derivatives are those

in which the FABSpHsd @WY@WI&%%BB@%TB%@RMW Btalyend f?%éowaﬁ%t@hnent of
sui tabl e cherfegatie MaOh& dah Beddh CoRfEnseReA B mla;fomst%(%] ﬁ.t

deoxyuri di ne nonophosphate derivatives can T nprove faC| litate
cel | ul ar pene@rerateybbased tgtprsite driedopt Sisegairidimes SE.ivakeetial. 6t9¢92]:m1d|Hoblxar rier,

and prevept R I r ﬁgﬁb 15%9 t as whi ch
m ght ot hfebr vﬁ?eglggegt?_m% bﬁ"l%géésmﬁar? g%%io p %P Lerﬁélr uﬁ).%grpa%méﬂgft her
enbodi ment,, Propaigyhi¢ precuswr averdindiap catalystdRoleng df.iJvettal. ‘(m3)3w&xereaﬂmb ®)stered
(o el Cont b AL EBRY HepltLOBOR AT s T Shityeplyp o 111
nonophosphat e:thytbae(@m;p;(\t%%).lrl di ne derl vatl ves may al so be m)dl f| ed to
i ncrease their solubi.l I enet [ or ity t cross the
bl ood- brai n barri Le?f". cl @(’8’?{‘ FWﬁ‘Fﬁ tmgg‘%%lgﬁ%ﬂ t ut ed
uri di ne npBnorkeseduiped 3°, 5°-di-O-protected 2’-deoxy1mdmc (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)-tributylstaltnylated ethylene (Crisp

(1989)).
N
o< ) o=( C~ ~C~CHy OH
N

PG-O PG-O
S, f/,,, propargyhc
\ y - {E)-allylic, or
. {Z)-allylic

25 _ PG“'S ‘ PG‘_(%
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derivatives can release the substituent attached to the 5-position

("1 eaving group") of the pyrinidine ring. The rel eased gu%QP@V&@ﬂ? is then
capabl e, either inherently or following reaction with another cellular
conponent, of acting as a toxin or an inhibitor of cellular 20
proliferatwoml/or@sant hesis of ECTA conpounds w th pronaryy?CT/esoi#ees The
synthesis of propargylic and allylic al cohol -equi pped 2'-deoxyuridines is
straightforward. Many of these and their close derivatives are reported in
t he Ijterature 25 and sone have even been studied in connection with TS

For | al dUWPs. i ncl ud 5- t hoxy-| - | d
o hyar oxy- |- pUSTRAITS TSt o DL EIER f A SHO bt Wesdes ( Ba
~and Robi ns ((49@1;) mmasgguemﬁ(sga@@@)lmyﬁc alOGRRE 2Ot tHRRME

incorporated into the DNA of TS-deficient cancer cells (Balzarini, J. et
al . (1985)).conesnepding B‘ST?E'PEWIP ofplipramidaies ¢r thisphogphorgmidates o thatdS .
5-1odouri di nﬁéce@@éﬂiﬁe 5 Mmdonﬁéleotﬂle vex(;ﬂaﬁ§3v}]i re[e@ﬁaddnl i eIRARbR dﬁ"tﬁch al kenes .

and al kynes in the presence o al l adium catalyst to afford
t et her - eqi ppyéastatie MB%E@PA?h@PEEFéI(Dﬂm et 4ly(19999), mspestivély.en errpl oyed
(Robins, M J. et at. (1982)), Asakura, J. et al. (1988) and (1990)). High
42 WO 01/07454 19 January 2004 PCTJUS00120008 vyi el di ng condensati ons of
protected 5-iodo-2'-deoxyuriddnes vth t-butyidimethylsilyl propargyl
ether (Graham et al. (1998); ercq, et al. (1983), nethyl propargyl
ether (Tolstikov, et al. (199 nd even propargyl alcohol itself
(Chaudhuri, et al. (1995) @ =etCat-CH;t998) ) have been achi eved.
- The 3- hydroxy | - ggnyl t S5uintrpduced by the latter reaction
can al so be acc reducticg;ﬁggﬁk nmet hacryl ate group (Cho, Y.
M et al. (1994)), itseN arysing from tfg, Ae,-Heck reaction used in the
synt hesi s of BVdU. These\palg adi um cat al gzzeMiieeacti ons are so versatile
that they can used to cogdense very |long and el aboratel y-functionalized
propar gyl - based tet?@;5§§o 5-i 0odo-2' -deoxyuridines. (Livak, et al. (1992)
and Hobbs to (1989) A lyl- bas tetHers are generated by the partial
hydr ogenation of a propargylic pr eClN over Undi ar cat al?ﬁ) (Robins, M

_.J. et gl (1983)) whereas the (Eb=< / C= =C—CH,—0—P—N

PG—O0— o N T r!x
N, propargylic, / \
(E)-allylic, or

— ——

(Z)-allylic

PG—

! O”m.,
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al Iyl -based ones are best prepared by Heck coupling of an

(E)-tributyl stannyl ated ethylene (Crisp, (1989)). O osdiSWahypty@ilfg t he
literature procedures, a t-butyldimethylsilyl propargyl 15 ether-equipped
3", 5 -di- 0 rotected 2' -deoxyuridine (Gaham et al. (1998 and De

Cl ercq, et W fbeS)) I's prepared and a portion of it, PE®® to the
correspondlng (2)- allyl ether, (Robins and Barr (1983)) I s reduced.
Because the TBAF-nediated renoval of a TBDVB group generates an oxyani on
that can be functionalized in situ, these TBDMS-protected propargyl- and
(2)-allytic-tethered nucleosides will serve as 20 convenient precursors to
sone of the toxophore eqU|pped_targets For the (E)-allyl al cohol equipped
“nucl eosi de, ¢ PRHIERG-BYTEARRIRE yr any|l et her derivative is prepared by
the literature tHall {riihi I ene (Crisp
(1989)) . C - m}r%&p}igr gyl | C, ‘(JE%SE‘%JQIPP@% %ﬁ&nsy&%é%darﬁ y%/yhc 25 43 19
January 2004“9@”@9%@%&63*W@XR&S@@RG@G@ olpyTimidizone wompduds hrettlemdeur e pr ot oco

(Phel ps eg r t he argylic and
(E) and ( 2) é’f‘f‘&i f éc;EQmetf coﬁeujf_‘w g‘n@@%‘tdé’g‘%t“b’é% %%"')d 328 esoé’B‘g‘%ﬂ
bi s-aziri di npﬂocqwﬂmmthmﬂ&be@ond carborgfhiespbmrgirbotal with 6@ okfih TS
processing o non cl ept.i de .ver.si ons w el ease an active
net abol i te o%mfgﬂ% tg g'?n Ph} 55'”’1‘[5?9 ﬂﬂhﬁ{ﬂ' et Pane- et al .
(1995)), r espﬁ@ﬂnﬁh@wﬂé&@ﬂ%r&ﬁi?&p@a&%ﬁ fierdactlorRfix: Quch compounds

provide an additional basis for synthesis of ECTA compounds through various

10  combinations of specific electron conduits, spacers and toxic leaving groups.

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

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

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

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

methods similar to those employed to attach toxic leaving groups to the hydroxyl on the
CS5 propargyl uridine compound, as explained with the synthesis of the TEPA and
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propargylic, (E)-allylic, or (2Z)-allylic 44 (S _CC#2 O, NJ N
propargylic, U (E)-allylic, or (2)-allylic 19 January ~AS0Rrvey@0047454
PCTI US00120008 Synt hesi s of furano-pvrim di nones Synt hesis of

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

al cohol - eq¥PAYEW %’ - deoxyuri di ne. Fur ano- pyri ni di none cd’ﬁ%ﬁ{fﬂ%‘m‘gre t hen be
5 fornmed fromthe O-tetrahydropyranyl ether derivative described above.

Synt hesi's proceeds by reaction of the second carbon of the propargyl bond
with the oxygen attached to the C4 position of the pyrimdine ring to
yield a flUuotgseerh dbivaline desyibéddbdid OR Gariity smt@ﬂanmom%wng grated
fromthe reaction m x. Such conpounds provide an additi onal for

synt hesi s of aRP@FR! te gppHilleddn thead age envasionsds In @dltmﬂmldlﬁ@atlommdhe specific

el ectron congyi *%nd &fisn #19= ROk 0!

furo[ 2, 3-d] p & I none r:ucl eo?silldes \Rgr%@dﬁlreO%P%EafdggﬁﬁgomPosm
15 O p-tol uo?leOFPaZerﬂilﬁmeéitaf@ala@mV}ﬂw@dl odo-2' -deoxyuridine with

S arm noethyl pyy acy EERK olp@apiRg dn Ao PElRiRnel Rl dSR T of .,

condi ti ons kmmslymoﬂlﬁadﬁQénmhaes‘. Mmmskmbsmﬁteﬂbmmcﬁme&eﬁnt conpounds

( Robi ns, - p3aSECa val of .1 car.bohydrate
‘protecti ng g? ffbaiesglé}gm ér)KBbEit W@r é{e/'f‘yé{‘]“rrq hﬁt%ﬁ?’ﬁy‘l@@ﬂgtltut ed 20
bi cyclic nuChﬁ)ﬁuﬂﬂoWelaﬁbxdepﬁn&{Bhﬂﬂ,&f Jsotbi eOREY. The BCRAGmPowdAs inC THP group

hydr ol ysi s TFA i n Cl was .regi osel ectively 5 hosphoram dat ed by
the same prol&¥aadeEe 3, (25160"9’1333 mpagRko @A%ﬁ@sﬂm‘iﬁ%?‘ﬁﬂa@@h@%@

phosphor gy daitdu@ive é4MohYitiBte groups. A novel method for synthesis of such
' phosphoramidate compounds is accomplished by reacting a 2-deoxy 3’-hydroxy, 5’-

3

hydroxy unprotected nucleotide with a phosphochloridate in the presence of an HCI
“scavenger. In a preferred embodiment, the phosphochioridate comprises a phosphorus
substituent which is derived from an amino acid such as alanine. For example, the

15 phosphochloridéte can be phenyl-L-methoxyatanine phosphorochloridate.

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

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

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

_ between the substrate and TS. For instance, a 4-hydrazone substitution on the uracil (as
25  described by Les, A. et al. (1998) facilitates formation of the thiol with TS. Itis

important that the resulting nucieotide-thiol (TS) intermediate rearranges in such a way

as to release the altered nucleotide which can be accomplished passively via hydrolysis.
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group could be renoved by acidic hydrolysis, as shown in Figure 4. 25 TS
ECTA conmpounds based on furana-nvrim di nones Toxic R4 | d@danyaryr280fs can be
attached to the furan-2 nmethyl alcohol using nethods simlar to those

enpl oyed to attach toxic |eaving groups to the hydroxyl on the C5

propar gyl WA®OHE4 conpound, as expl ai ned with the synt heBfHUYP2PE TEPA and
45 19 January 2004 WO 01/ 07454 PCT/ USQOt 20008 Thi oTEPA deri vati ves

descri bed above. A variety of alternative toxic |eaving groups, apparent
to one skilled in the art, are envisioned. In addition, nodifications to
the length and conposition of the R2 electrqg,conduit conponent and of the
conposition of the R3 spacer elenent are algo envisioned. 5 TS ECTA
conpounds based on furano-pyrim di nones ,gcan/al so consist of variously
nodified "Q noeities. Mny 5-substitutfd 2\- deoxyuri di nes are not

substrates for human TK, but inter gl y R,
5-(4- hydr oxyl - butynyl)-2'-deoxyuri di ne \ was
P. J. et al. (1981)). The ECTA conpoun caN have a free 5 hydroxyl, a 5
nonophosphate, or a 5 phosphoranidatgﬁgroup ttached to 10 alternative
car bohydrate groups. A novel nmethod f syntHesi s of such phosphoram date
conpounds is acconplished by reacting a 2-deoxy 3'-hydroxy, 5'- hydroxy

unpr ot ect ed nucl egti.de ..t h hosphochl oridate in the presence of an HC
scavenger. In a Sﬁ‘@f’%@%ﬁ'o@ﬁggﬁﬂ?gﬁw’?t é’oﬁ‘ﬁB% %d‘(?h'?%????éf’t"é‘s%‘??ﬁf‘?%es a
phosphorus  utlsan beigmthesibdddy folioviag ihéenthétRMeaRipBetisROKagEwkkas i as’

al ani ne. For_exa the 15 _phosphochl ori date can be, )

phenyl -L-%twg@ﬂ@%?mﬁg?%gﬂtgﬁ%%@t mbegofiy sybstigpted wasitasdand ¢4 hydo;
one based conmBaslogitg. neutral thiol addition to the pyrimdine C5-C6
.doubl e bond proceeds as an. exothermc reaction (3-9 kcal per nol; see

review by Les, A Chemistyy facilitefpg)substitytioas pidhe/gd positpnpSthepyrmidine bt e d UVP.
Al ternative Subpidwnitythese SQ1IER tHeard. FBGlnple oPM@faﬁE@%sﬁ{:ﬁ{oE%m@lu@@Si tion that

can facilitate the formation of the sulfydryl bond enzyne, via the
acti ve humanWaliseyalt @PB; Megishb cbg o 896% Birbatg st .9899D, Barbatastdl) (1989)c| ude

f I uor i ne., Sugla i sta (458) Smitke Bhllehic ROBLAIORSo bdbblod5mBYAEkgEne Ting can

10
al so faC|?|tate the reaction
substitutions, for instance at the C4 and C5 positions of the pyrimidine ring (Pluta, et al.

1999) or the C2 and C4 poﬁﬁons of the pyrimidine ring (Zeid, et al. (1999)).

ound to be an exception (Barr,

H,N

\NH
o=<N§v—R1
/ .

Q
15

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

20  employed for synthesis of such molecules.
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bet ween the substrate and TS. For instance, a 4-hydrazone substitution on
the uracil (as 25 described by Les, A et al. (1998) fd& Janvatye®Oftor mati on
of the thiol with TS. It is inportant that the resulting nucl eotide-thiol
(TS) internediate rearranges in such a way as to release the altered

nucl eot i dewoahimMmsscan be acconplished passively via hydr atorsusee/ 2086 19 :
January 2004 WO 01/ 07454 PCT/ US00/ 20008 OH R1L The i ntroduction of fluorine
at the C6 position has not been previously reported, but it can be

synt hesi zed by follow ng the synthetic descri ptions of Krajewskas and 5
Shugar (1982), V\/no descrl be the synt hesi s of a nunber of 6 substituted
uracil and ' O gk iS vihdethoxyalariimy iPhosphbic daubstltutlons at the
C4 position of t t hos Skl led in the
art. Exanples of hﬁ 1%5 hgg ‘e”g‘g&‘“aasg‘h"smga%PW@S‘gs\fM}“P?‘? Y999) :
Negi shi, et mborte(dlﬁ'%g(}mm Battal. ét99613 anc(MBGﬂl)gmBa&tM.t(wgat 'mdse aﬁtﬂ&sg) 10

and Holy et These synt hetic techn es so enabl e conbi nations
of substi tugllobvﬁé a‘%?@}os? ﬁ%ﬁ%@xﬂva i °é&“‘édﬁ\%§5 ﬂb@?ﬂ”b‘ﬁ]@ the

pyri m di ne rumaﬁﬁhmmseummﬂ&&aammaéme@almpﬂl&ﬂe BR&E ekt of the
pyri m di ne ri 99 NH 15 I n anot her enbodi nent of
the inventi oﬁ° f‘fﬂ‘ﬁﬁiﬁ%‘&g"’é&‘@ 'B%’E%@%‘rmawmamﬂw@rﬁimd taltheer nat i ve

el ectron conﬁtwsplﬁ:eg?r@@ﬁ@ﬁdmmg% ﬂﬂd%}%b@\fﬂﬂ&nﬂi PURSI. Kl@%)ﬁ/éﬁﬁer the

C6 fluoro-uridine base or the razone nmodi f1ed pyrim di

descri bed abEQPe“FB%s et {1 1789} STheph %p hyamidates Waresmtbesizsd bFGRoiieg?Pounds can
agai n be MSIH&UWWmeH%%&&aEH&?IﬂﬂBLp%BH;'cﬁ]%ndﬁg(Pﬁpé)an“ary 2004

V\D 01/ 07 454
10 Since only one hydroxyl group is present, these reactions usually proceed

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

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

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

phosphinic acid 3-[2-deoxyuridin-5-yl}-prop-2-ynyl ester was synthesized and
analyzed by '"H NMR to yield the following result: 'H NMR ((CD3),S80) complicated
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OH Synt hesi s of Nucl eosi de Phenyl Methoxyal ania |y Phosphoram dates The use
of phosphor anmi dat es as phosphat e prodrugs for nucl eoti dd§ Jangaryi2094
reported by McGQuigan, C. et al. (1993) and McCGuigan, C et al. (1994).
These aut hors showed that phosphoram date derivatives of antiviral

2', 3 -di depxygheosi de 5 derivatives such as d4T ret ai rctrhusborzesast | vi r al
activities in thymdine-kinase deficient cells. Further studies showed

t hat the phosphoram date group was hydrol yzed to the phosphate group
inside cells (McGuigan, C. et al. (1996); Balzarini, J. et al. (1996); and
‘Saboul ard, et al. (1999)). The phospharam dates were synthesized by '
reacting 2' dgeto mpisdeBaientichtosi a8 (d, L HH@H6.A) Kpsemedokto kA 626 yin,

phosphor ochl or.i date . (R . ' onl.y _one .hydroxyl, qro IS sent,

t hese react ieéﬂ?“%?gtﬂéjll%\f/gﬁ’géégg’sg'gfn@&teﬁf .g‘?sﬁm@fv)ﬁbcgﬁn%ié&%\)ngl%é(‘?rﬁ‘?‘%ft han one
hydrpxyg'__grsguprobﬁﬁﬁw‘% gt_%z:(me,HmPprsonmamﬁlQHZp:zqtsep%@d,muﬁﬁmﬁec@gh'l ).m ght be
required. Since {he 5. roup .of 2 - de cl eosides js nu ess ‘
hi ndered than th '?ﬂwarigﬂ%? lé’éﬂ"&ﬁprwl‘%ﬁggmwamna%ﬂlw“ yYbvPC i s
possi bl e sundgrer wad AfdHyhthiedifaah@ bhadited BY Hil NMR $o yiBattke BiovaXE tsard'ipFUIR

condensed with PMPC in the presence of N-nethylimdazole in anhydrous

CH2Cl 2 to giNMR{EKD:1:80) euplicated dugiaawispobaientisatures: § 8.286d.H, HE: 640 t he

desired pro A ' S . t he A L ak+. USi ng
col unm. oy SpbhT 6732 (P GRARE, Wik DR 25080 3010 (Rl B ° 10
bel ow. 0 O MO0 SRPHP4BG ok id,.2, propargyNEHEOR Ve (sh)- I#i3Ny 3. 5 2ving &7 £'F@EH,),CH2C1 2-

25C 0 Ph- 055 fd (m, 3, aziridine-CHy).

10
| Examples 3 to 8
Synthesis of furano-pyrimidinones
Using the general synthetic procedure described supra, the following
compounds were preparei
15 Example 3
| 3-(2-Deoxy-p-D-ribofuranosyl)-6-(tetrahydropyran-2-yloxymethyl)furo[2,3-
d]pyrimidin-2(3H)-one. 'H NMR ((CD:),SO) & 8.80 (s, 1, H4), 6.74 (s, 1, H5), 6.16
{pseudo-t, 1, H1", 5.27 (d, exchanges with D;0, 1, 3'-OH), 5.12 (t, exchanges with
D;0, 1, 5'-OH), 4.72 (m, 1, THP-H2), 4.56 (g, 2, CH,OTHP), 3.92 (m, 1, H4"), 3.64 (m,
20 2, 5-CHj), 2.40 (m, 1, H2'a), 2.03 (m, 1, H2'b), 1.68 and 1.50 (m, 8, THP). Low-
resolution mass spectrum (DCI-N¥;) on bis-TMS derivative, m/z 323 (B+TMS+H"),
511 (MH"), 583 (M+TMS™).

Example 4
25 3-(2-Deoxy-B-D-ribofuranosyl)-G-(hydroxymethyl)furo[2,3-d]pyrimidin-
- 2(3H)-ome. "H NMR ((CD3);S0) & 12.0 (bs, 1, OH), 8.24 (s, 1, H4), 6.53 (s, 1, HS),
5.51 (pseudo-t, 1, H1", 4.42 (m, 2, CH,0H). Low-resolution mass spectrum (DCI-
NHa), m/z 167 (B+2HY), 184 (B+NH4").

49



NH CO2Me OH PCT/ USOOx 20008 O The foll owi ng exanples are intended to
illustrate, but not limt the invention. Exanples 1 and 2 J3pHeNedPd of ECTA
conmpounds with propargyl tethers 25 Using the general synthetic procedure
descri bed supra, bis-aziridin-1-yl" phosphinic acid

3-[ 2- deoxywa diemssd- yl | - prop- 2-ynyl ester was synt hesi zedremuseoasmas yzed by
'"HNVR to yield the following result: 'H NVR ((CD3)2SO) conplicated 48 19
January 2004 WO 01/07454 PCT/ USOQ 20008 due to noise. Salient features: S
8.28 (d, 1, H6), 6.10 (pseudo-t, 1, H1'), 5.26 (m exchanges with D20, 1,
3'-0OH), 5.13 (m exchanges with D20, 1, 5 -OH), 4.81 (g or dd, 2,
propargyl -CH2), 4.24 (m |, H3'), 3.57 (m 2, 5 -CH2), 2.15-2.0 (m 8,
aziridine-CH2) . Bis-aziridin-1-yi-phgsphigposhioic acid

3-[ 2-deoxyuri di n- 5- Iﬂ]_-progr- 2-ynyl 5. ester was al so synthesized and

anal yzed by 'H NI\/RIQV- ejiabydropyeanyloxyinathyDurai23-dipirinNiViR-2(3 TBe) -2 S0l)

conplicated dL Dp P I o 29 . (.d HG 6,,10
(pseudo-t, 1%{%?&?&&@{12@“(%@5 ﬁ:‘h&%‘g@yﬁfw %?g’,n"i’fllgl\’:ﬂs?%ﬂ!(ﬂn%#‘i'ou%m
exchanges swi tNMR [2D3)250) somfilidated4iu8 & fresente afaliastePeonipb Faligt feafir) 5 4. 31 (M
1, H3'), 3.5 ' - CH2 - aziridine-CH2). 10 Exanples
3 to 8 | synt MEZP £ Fafih hchyh b 68 SR e sy PR |«
EL oc eflu_r g de sy, idsqms UH B, 4556 €q, 20plopMirIOCHE0 BB HAdS sARL6h Hesipd, ed. 15
anpl e ‘ ] .
3- ( 2- Deoxy- ( $BMa7d} 482D 126 (s Seatapydodys) dmvoreselutionmash yperEwnol 2, 3-
a]5|)0yr iemlgi n- SOSLNNIN Az 16BAMRY (6B 2BNd+8nl. (s, 1, H4),6.74 (s, 1,
T T o
Example 6
1-{6-(Hydroxymethyl)furo(2,3-d}pyrimidin-2(3H)-on-3-yi}-2-deoxy-p-D-
ribofuranos-5-yl phenyl methoxy-L-alaninylphosphoramidate. 'H NMR (CDCls)
complicated due to presence of diastereomers. Salient features: 5 8.5 (s, 1, H4j, 74-7.1
15 (m,5, PhO), 6.36 and 6.30 (cach s, each 1, H5), 6.23 (m, 1, H1"), 3.67 and 3.65 (eachss,
each 3, CO;Me), 2.69 (m, 1, H2'a), 2.10 (m, 1, H2'b), 1.35 (m, 3, alaninyl-a-Me). Low-
resolution mass spectrum (DCI-NH3), m/z 525 (MH"), 595 (MNH.").

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

i o
HO — O, N
\107/ Ve m\j

= ' =N' b
& : c/" &
- Ho 1PrOyf HO

PhyP ON

50



(pseudo-t, 1, H'), 5.27 (d, exchanges with D20, 1, 3'-CH), 5.12 &I _
exchanges with D20, 1, 5 -OH), 4.72 (m 1, THP-H2), 4.38 Jaguary 200420THP) ,
3.9 (m 1, H4'), 3.64 (m 20 2, 5-CH), 2.40 (m 1, H'a), 2.03 (m 1,
H2'b), 1.68 and 1.50 (m .8, THP). Low resolution mass spectrum (DCl - NH3)
on bi s- TNOVEEMMSHt i ve, ink 323 (B+TMS+H+), 511 (Al), SEETUHTMYE Exanpl e
4 25 3-(2-Deoxy-[3-D-ribofuranosyl)-6-(hydroxynet hyl)furo[ 2, 3Apyri m di n-
2(3H) -one. tHNWR ((CD3)i2S0) S 12.0 (bs, 1, OH), 8.24 (s, 1, H4), 6.53 (s,
1, H5), 5.51 (pseudo-t, 1, H"), 4.42 (m 2, CH2OH). Lowresol ution nass
spectrum (DCl - NH3), mlz 167 (B+2Ht+), 184 (B+NH4+). 49 1 9 January 2004 WO
01/ 07454 PCTI USCon0008 Example 5

1- 16- ( Tetrahydr opyran- 2-yl oxynet hyt) furo[ 2, 3-d] pyri m di n-2(3H) - on- 3-yl |

2- deoxy- (3-D-ri bof uranos-5-y1 phenyl _net hoxy-L-al ani nyl phosphoram date. 1H
5 NWR ((CD3)2SO conplicated due to Fﬁ‘@g%'ﬁ e of diastereoners. Salient

features: S 8. 63 [3qaNbrophdnorPhl-propsaP2Ldeddusidifie 4A Gothtibbf pre-aREL) , 6. 61
and 6.60 (each s, each 1, H5 '

Zg),, 6.2__(n% 1, H'), 4.5635(3, 2,
pr opar gyl CH2{3-hygrexg-LprapyyhA -deyypndine Rekins, M. Jeatphelf 983) (I5mg, 21, H2' b) ,

1.22 (m 3, ;ﬁlnagk:wd mB oV BihydbeR¥TEE SRRk WR SRt PG th B iHrophbdd (¥63) . M Z
167 (.+2H{), 184 (B+WNH4+-THP). 10 Exanple 6

1- ( 6- ( Hydr oxmesst hgpph)ftaplkeaylpBospping £75Fineg. 3-1@pgli)and diigpsopyl 2Zodieahgxylate-- D

ri bof uranos- | 25 = - ' ) . CDd 3

conplicated E%Ltjgag{raééence%ﬁ ng%@#yeﬂc%#ee?g{)&ggﬁl{“ gﬁt}'g?&elg?ounr‘g%ye%’gl 5 (s?
1, H4), 7. 4-ahdihen]%h onger5ThPnBre ag@licwed 16 caDto 2% € and thepdoimasl, H5), 6. 23

(n, 1, 1 by Reepiedin 0wy BRSOy SREckmmny s e M PRH ool fum T
(DCl - NH3) ,  ndfford P& /39D DB thieddbired etheFpratmitany 112-118 °C. 'H NMR
((CD3);S0) & 11.65 (s, exchanges with D;0, 1, NH), 8.29 (s, 1, H6), 8.24 (d, J= 9.3
Hz, 2, m-ArH), 7.23 (d, J= 93 Hz, 2, o-ArH), 6.09 (pseudo-t, 1, H1"), 5.17 (s, 2,
propargyl-CHy), 4.22 (m, 1, H3"), 3.80 (m, 1, H4"), 3.59 (m, 2, 5'-CH,), 2.13 (pseudo-t,
15  2,2-CH;). Low-resolution mass spectrum (DCI-NHj3) on per-trimethylsilyated material,
m/z 547 [M(TMS),H '}, 565 [M(TMS),NH,'], 620 [M(TMS):H"].

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

A shurry of 5-(carbomethoxyvinyl)-2’-deoxyuridine (3.0 g, 9.6 mmol), 3,4-
dihydro-2H-pyran (22 ml,, 21.3 mmol) and pyridinium p-toluenesulfonate (PPTS, 0.242
g, 0.96 mmol) in dimethylformamide (DMF, 5 mL) was stirred at 50°C for 18 h. The
25  resulting solution was concentrated in vacuo (bath temperature 45°C) to give a thick,
 pale yellow oil. The oil was dissclved 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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20 The 4-nitrophenyl ether derivative of

5- (3- hydroxy-I-propynyl)-2'-deoxyuridine was prepared dfobngdang004
standard et her synthesis as shown bel ow. Ph3P 50 19 January 2004 WO

01/ 07454 PCT/t SO0/ 20008 Exanpl e 8

5-[ 3- (4- Ni MOIAHERbxXyY)-- 1- propynyl ) - 2' - deoxyuri di ne. A sol REVEHVE08r e dri ed
5 5-(3-hydroxy-1-propynyl)-2'-deoxyuridine Robins, M |. et al., (1983)
(565 ng, 2 nmmol) in 40 nL of anhydrous THE under argon was treated with
4-ni trophenol (696 ngy, 5 nmmol), triphenyl phosphine (787 ng, 3 mml), and
di i sopropyl azodi carboxylate (590 L, 3 mmol), and the reaction m xture
heated at 60 C until the solution was clear, and then | h |onger. The

m xture was al l omﬂ(&m@bmm@&eﬁymddédiﬁmﬂﬁwms -bis(t@vanaratgd onto Si 02
and purified %é‘dg ﬁqg aphy usi ng MOH CH2C12 as eluent to afford 107
my (13% of P SEYY dher .product: np 112-118 C. 'H NVMR ((CD3)2SO 6

11.65 (s, exchangg&ombxho@m?, $,g, Nhﬁ mn&:l)29 cﬁﬁ(:lzJ(u #16) wadeodted(tsl. 789 e 3 _Hz,
2mArH) 7.23 eudo-t, 1, H' ,517(5

2, "brovatay {5 e3eetone bh, Phscbyy i yaie RO ED mtojiens 15

-CH2), 2.1 e m
( DCl - N)Hs) On%g% E???ﬁngﬁwai?fi &a?réd‘v%?%err ? g%remkﬂb&%ﬁ(@?w%aé Mﬁédv"’“%S

[ M TVS) 2NH4 +]-78°@2 f;‘hf W(lqtm)v@ﬂsqmqug affp(-dorgn additional 2 h and MeOH (2.5 mL) was

5- (4- Car bet hgxy Q%HG

5- E Car bonet hgxysld%\ofg?g% 2}{1'3? |’%§sﬁ§q§&§§ gﬁé}?tcﬁtgr gan%) u]ate%-
2-yl) et her ( into Amdxturcrof 3¢ cBm{ acid bdutisni{(6X L), ned (25 2) andmgxu (30dnh)eav@'8 0 g,

gy?| m! ﬁzn 5 tg%gxesu?lﬁkéﬁge %%%ﬁ%“%%%@”%ﬁtﬁdﬁnm

di met hyl f or mEd.de(-DhFmLy Tile)comidined biganie ghat vﬁ@@aﬁﬁﬁu&tﬁsﬁma@ﬁﬂaﬂ@(ﬁesﬁl t ikng |
sol ution was congentrated in vacuo (bath tenperature 45C) to give a thic
pal e yel | ow &Y "llgz)liﬁ’él b5re 9%8&%3@?&%8‘8394 gderpcegirated 19resni-388 84490%) | t er ed.
The sol uti ogrymisieagei N concentrated. The oil obtained was purified by

col um chronat ography on S|I|ca gel using 50-75% Et CAc/ hexane as eluent ‘'to
give 3.81 g

15 (¢} 5-(3-Oxeprop-1-enyl)-2’-dexoyuridine-3’,5’-bis(tetrahydro-2H-pyran-2-
yhether (1I1)
To a solution of crude (I} obtained from above (1.988 g, 4.4 mmol) in CH,Cl,
(9 mL) was added solid pyridinium dichromate (PDC; 1.82 g, 4.8 mmol) with water
cooling. The suspension was stirred while acetic acid (0.4 mL) was added dropwise.

20  The water bath was removed and the reaction was stirred at room temperature for 1 h.
The crude product was filtered throngh a pad of florisil {2 x 2.5 cm) and the florisil
washed with 35 mL EtQOAc. The brown solution obtained was filtered through another
column of florisil (3.5 cm diam x 2.5 cm height). The filirate was concentrated to give
1.273 g (64% yield) of very light brown oil. ' |

25 '

(d) 5-(4-Carbethoxy-1,3-butadienyl)-2’-dexoyuridine-3?,5’-bis(tetrahydro-
2H-pyran-2-yl)ether (IV) '
(Carbethoxymethylene)triphenyiphosphorane (0.32- mg, 0.92 mmol) was added
to a solution of the crude aldehyde (III) (0.344 g, 0.77 mmol). The solution darkened
3¢  and turned rust color. After 1 h, (IIl} was completely consumed as judged by thin layer

chromatography. The solvent was evaporated and the crude product was purified by
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(85(/10) of pure product as a colorless oil. 51 19 January 2004 WO 01107454
PCr/ 11500120008 (b) 19 January 2004

5- (3- Hydroxyprop-1-eny!)--2'-deoxyuridine-3",5" -bis(tetrahydro-2H
pyran-2-yl)ether (11) A solution of (1) (3.5 g, 7.27 nunol) in CHzZCI2 (14
m) was coWOP0Wst -78C in a 5 dry icelacetone bath. Dii ®P8ni num
hydride (DIBAL-H) in toluene (1.OM 24 nL, 24.0 mmol) was added dropw se
over 2 h while the tenperature was nmaintained at -78C. The solution was
stirred at -78C for an additional 2 h and MeOH (2.5 nL) was added dropw se

to destroy a e as eann ated. into
a mxture of @é\%@ﬁ%ﬁ%ﬁa@% d so‘lc rh%lﬁ&?g%’%ﬁ/ E}@izﬂ%”df uﬂ@?@ﬁ? (30 m)
over to ca. pgfvdnetii0.31he 7phasdd) wasrobtairepgas edlatesasitl t he aqueous phase was
extracted with EtOAc (2 x 25 nL). The conbi ned organi c phase was washed
Wi th saturated NaHCO3 (20 nmiL) and brine (20 nL), dried over MgSH and

concentrated to g('ey5—(fSCBB&tlgax@éIlQﬁ%tad&hthﬂéio?ﬁﬁdﬁ:lem5 ((2:?4- ,
t et r ahydr o- ran 2-

- (3- Oxc Sl - di b
iy ether BT Tol A CapHBR S BGaE 2 o st PGSO 1 055 g
4.4 ol ) in gm)a)emeﬁmoo 633g, ﬁdﬂﬁﬁh&ﬁbdsdhé&&l%&h%é@ﬁﬁf S Bl § 9% BpP0C,

1.82 g, 4.8 wat er cooling. The suspension was stirred while

acetic acid (Q)O‘i?) W)lﬁwlhﬂéﬁﬂldﬁﬂ*69%39@‘1012?935%‘3%&5@%@%h\,aly“ﬁ@ﬁbved and
the reaction ﬁﬁ?eq) 0 r ide product
was fil teredret{é%?gu & aélveﬁlcl) f@ﬁ@g@ﬁ&@y@f&gg@#g h’gﬁcofyl‘}?mﬁ orisil

washed with 3@595191@@& amf-fdterpdoousive phust(Vdas owhite sobid (RS &)i Thefiledtet hr ough
anot her gol [ o eflltrate was
concentr at ed U{Eoc%lfcsl{et}a%? agdiéﬂéﬁ?tgﬁégﬂyﬁqeo ?[%Ré% é“"@%‘%‘g]s P qg@t” %Q%@di & 25 (d)
'5- (4- Car bet helynt1g givbafisthiceh 30 g frodatex Thetoiatlyisld-o3 ’the@rodncts.(réselaﬁargydr o-

2H pyr an- Zin?b)g} her (LV) (Carbethoxynet hyl ene)tri phenyl phosphorane (0. 32

ing, 0.92 Wwas added to a solution of the crude al dehyde (111) (0.344
g, 0.77 mol). Thi SMREOMBOd): tengiH, t,J = 7Hz), 2.17 (2H, brt, = 5.5 Hz), 3.55-

3.75 (2H, m), 3.81 (1H, m), 4.12 (2H, q, § = 7 Hz), 4.25-4.28 (1H, m), 5.19 (1H, t, J =
15 4.8Hz), 527 (14, d, J=4.1 Hz), 5.98 (1H, d, J = 14.5 Hz), 6.14 (1H, t, ] = 6.3 Hz),
6.75 (1H, d, J = 14.5 Hz), 7.18-7.30 (2H, m), 8.30 (1H, 5), 11.56 (14, s).

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

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

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

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

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

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




30 and turned rust color. After I h, (111) was conpletely consuned as
judged by thin layer chromatography. The solvent was evdfckaatany 2864 t he
crude product was purified by 52 19 January 2004 WO 01/ 07454 PCTI USOCOf 20008
- colum chromat ography on silica gel using 35-45% Et QAc/ hexane as el uent.
The pure WeeHTd¥ (0.3 10 g, 78% yield) was obtai ned as FEATUSPI2080E oj | . (e)
5- (4- Car bet hoxy- 1, 3- but adi enyl ) - 2' -deooyuridine (V) 5 5-(4-Carbethoxy-1,3
but adi enyl ) - 2' - dexoyuri di ne-3',5" -bi s(tetrahydrro-2H pyran-2-yl)ether (1V)
(0.637,9, 1. 22 mmol ) was dissolved in MeCH (1.5 nL) and PPTS (0.049 g,

0.16 mmol) S g 50C f.qr 5 | eft at
room terrper @g‘gﬁg]r n?ﬂ%ﬁfﬂq\%ﬁmﬁgr estsz‘li iﬁ‘r"@%%ﬁf‘#ﬁé&gﬂﬂ@ ?Sgcti on

m xt ure V\/as(ZEbni),eﬁﬂa(mHDQ,B]lﬂ(ﬂHl,t)ered to give pure (V) as a white solid
(0.188 g). The fi S concentrate raphed on silica
gel using 50- 100&'@@3‘7%@?% e 48S cRpiRingte %(fg{}‘é“ o sificaigsh g
product;.. Theusimy 60- 1000 AR hekdivs B @bneio Mar@ﬁ%ﬁ@?@g of%@&ﬁc’t as zH)

( DVBO- 4) : 2.17 (2H, br t, 3.55- 3.75

(2H m, 3 .séﬂHﬁﬁmemﬂW?*éwagbosgm %), 4. 25 4.28 (1H, rr) 5.19 (1H,
t, J = 15 4.8Hz),5.27(1H d,J=4.1

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. %@neuﬂll s). Exanple 10

5- (4- Car bonet hoxy- 1, 3- by{s 26,8 _? % ‘%Bf cg@g A sol ution of
trlethylamne(39m_ ?@é X* ’}u ane %ﬁ'ré V\g%?deparated'by
bubbl i ng nitrogen through for 15 m n| Mxﬂioddi um acetate (0.60 g, 0.26
nmol ) and.triphe 1&9%?%@’ ,0; 70 re add d
sol uti onqwas heanjt[L %elf%gul%‘g%mlz dex ngg)%gﬁ %%%%
5-1o0do-3' - dehz&mommd(ssolﬁemzmm{(ﬁm) mﬂbﬁnﬁ@hﬂﬂ;ﬁPCZAﬁcﬂMph enoat e
(2.5 g, 22.3 mml) was. ad xture was .heated u r reflux for
15h. The sol V&R '25?1‘5&%;8 ?%eﬂﬂgﬁg:ﬁégﬁgﬁ‘gg ?t%mn%{?&%;\é’faé&"ﬁﬂﬁﬂvg"cuo and the
resi due was @msinéd dmeduhﬁiewmmoa!edﬁrmeﬁdﬁéxmﬁam%;ﬂ%zmlme The
phases were separated, and,the ue was extracted twice with EtOAc
(10 L each)T®s @ﬂ‘é‘%%fgﬁbl %H’da’fagiiffegsifa‘gﬁ%é harieerdsned Phracte omte
: - 15 0.225 g (54%) product.
"H NMR (DMSO0-dg): 2.12-2.19 (2H, my), 3.50-3.70 (2H, m), 3.75-3.85 (1H, m),

4.24—4.29 (1H, m), 5.19 (11, t, } = 4.8 Hz), 5.27 (1H, d, J = 4.2 Hz), 5.80-5.95 (1H, m),

6.14 (1H, t, J = 6.4 Hz), 6.60-6.75 (1H, m), 7.15-7.25 (2H, m), 8.26 (1H, s), 11.56 (1H,

5), 12.16 (1H, br s).

20 The filtrate and washings were combined and evaporated to dryness. The

resulting sticky yellow solid was dissolved in MeOH from which a white precipitate
was formed. The solid was filtered off to give an additional 0.200 g of product.

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

comparable yield as mentioned above,

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

0.62 mmel) in DMF (1 m1) was added KHCO; (0.185 g, 1.84 mmol) and the mixture
54




concentrated. The residue was dissolved in MOH (IS nL) and all owed to cool
enperature. The solid forned was col |l ected By Jantany004n,
a small quantity of MeOH and dried in vacuo to give 0.38 g

to 30 roomt
washed with

brown powder. IT NVR (DVBO-d6): 2.17 (2H, t, J = 6.4 Hz), 3.55-3.70
m, 3.66 (wdo1sMss PCY/UiS00/20008
3.82(1H, q, J=3. 6Hz) , 4. 27(111, ), 5. 18( 1H, t, J=49Hz) , 5. 26( 1H, d, J=4. 5Hz) ,

January 2004 WO 01/07454 Pcr/USOOr 2G 05 5.99(1H,d, J=

14. 4Hz) , 6. 14(I1 H, d, J=6. 4Hz) , 6. 74(1H,d, J= 14.8 Hz), 7.20-7.35 (2H m,
56 (1H, s). The filtrate from above was concentrated and
chr omat ograpﬂ&f

(1H, s), 11.

£r20 an ged5°Cy & selytion off HowermesereinimideAd37 as0.63 uent

(2H,
53 .19
8. 30

to

g1 ve anot hel ulhofila BN 0PF )Gk ABLABHIE, SEOAYTNBUEONTEOSehe I, vos

1.08 g (22.6% . Exanple 11 " 5-(4-Carb

(VI') Method
Exanple 1) (

Xy-1
thronghayt the additios t Fhpegsulting ﬁymdmemiop ~ais siiteodofpu? hdi 268C v,

exoyuri di ne

from

Eroee) NNI\% nm.). and
stirred at 2 %éﬁi?ag C%sggﬁe amjé@gscﬂg&ﬂﬁ)?&%lig F%r OQO(%%'I) showed t hat
the start$ ngaddadmthasuspmonemqaihemhmngsmumakexﬁmedmBmd/qaa 1gool ed to

f | wi,th, 2N HCl.. Th sulting off-white solid was
miﬁg?r?eea P (Ve Mg st R s Y3PRRipd in vasuqyiop s g

(5499 producgivea %l%oﬁ@bﬁ@n@g@ho%%uél&)‘o%ngﬁlrfg%a nhﬁﬁne of ’a5915§m219 aé 2H,
3.75-3.85 (IH 4. 24-4. 29 m, 5. 19 (1 He), 5.27 (1H,

d, 3 = 4.2 k&*?“mé’ysﬁ NMBs The gy mmd“%weaswm@wseml-mmvmﬁ% 60-
(IH fT) 7. 1R v%rs%épﬁa%kbl@lozuﬁn)?&ﬂg'id% a?%to%ﬂmﬁgn Grddek as thd m 8&%0&35&&"'

0C and aci di
filtered off

20 The filtr

ate and washji ngs were conbi ned and evaporate ryness.

m,

6. 75
br s).
The

- resul ti nd? st gl¥theyellowdng isener was di ssol ved in MeOH from which a white

precipitate

was i@ﬁ%@,ﬁ@%ﬁ%ﬁ’fdeusﬁ.rrﬁﬂ..m&u}u%n%%%% TGl ¢

0.200 g of product

15

20

25

'H NMR: (DMSO-dg): 2.11-2.18 (2H, m), 3.50-3.70 (2H, m), 3.80 (1H, distorted q, J =
3.5 Hz),4.25 (1H, br s), 5.08 (1H, brs), 5.25 (1H, br s), 6.15 (1H, t, ] = 6.5 Hz), 6.40
(1H, d,J=7Hz), 6.53 (1H, 4, ) =15.6 Hz), 6.83 (1H, dd, J= 7, 10 Hz), 7.39 (1H, dd, J
=16, 15.6 Hz).

5-(4-Bromo-1E,3E-butadienyl)-2’-dexoyuridine: retention time 15.1 minutes;
"H NMR (DMSO-dg): 2.12-2.16 (2H, m), 3.50-3.70 (2H, m), 3.80 (1H, q, I = 3.2 Hz),
4.26 (1H, m), 5.13 (1H, brs), 5.25 (1H, br s), 6.14 (114, t, J = 6.5 Hz), 6.36 (14, d, J =

15.6 Hz), 6.67 (1H, d, J=13.1 Hz), 6.84 (1H, dd, J = 11, 13.1 Hz), 7.04 (1H, dd, ] = 11,

15.6 Hz).

Example 13
Using the procedures mentioned in Example 11, Method I, the following
compounds can be obtained in a similar fashion: 5-(4-chloro-1,3—butadieny_l)—2’-
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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25 The title conmpound can al so be prepared from 5-(4-carbonet hoxy-1I, 3-

but adi enyl ) - 2' - dexoyuri di ne (Va) (prepared according to18RenuwayR604 i n
Exanple 2) in conparable yield as nentioned above. Exanple 12 30

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

5- (4- Br oncWOWEIT3A but adi enyl ) - 2' - dexoyuri dine (VIIb) To BFTEH0R4 of

5- (4-car boxy- 1, 3-but adi enyl ) -2' -dexoyuridine (VI) (0.200 g, 0.62 mml) in
DVF (1 mL) was added KHCO3 (0.185 g, 1.84 nural) and the m xture 54 19
January 2004 WO 01/07454 PC fUS00120008 was stirred for 20 nun at 25C. A
sol ution of N bronmosuccinimde (0.117 01465 mmol) in DM (0.3 nlL) was
added dropw se. Snooth gas evolutio IE%BE) occurred throughout the

addi tion. The resulting bsqBremspiapyi20Devyuriding Pahyf or 2 h at 25C at

whi ch tinme: TLC showed t hat I ompletely consuned. Water (10 nL) was
5 added to the suspension %%‘%?%’%@Eﬁ'%’i‘%%%‘?[ﬂ%ﬁ“vvas extracted with

Et CAc (2 x 15 niphenyl NeVRMtokPI  aliiiiaylPliosphdreclilofisied and the sol vent was

evaporated in vacug to ive a yellowsolid (178 ng, 80%yield) consisting
of a m xtlure of @v@é"“ﬁ@dﬂ%‘i"ée%‘ﬁ‘hYQ*%Wﬁnﬁ%/(mﬁisPﬂwwﬁﬂ?@Wlm%w& was

separ at ed byng8Rbetb@iadRbM iRsH {RéppddvanEd S86haRR RSBl A d RBRedyST Ng 20%
acetonitrile in water as the nobile phase to to give the follow ng

i soners: 5- (lleyesihy- 4. sidighlomaiethays. ) The migayayas stisred éor 15 sripytes aroom me 10. 5
m nutes; 31%5 DVRGh ’ ] - ] P 3.80
(112, Zi st orHt e t?l(e\'] = ygﬂ%sosﬁ}%dﬂcﬂﬁo%g%@éﬁ"é%?7§)1§01296§m??1{o%g% s), 5.25
(1H, br s), #di8mripgMas ¢ontigued for B min)at re@mii@mperature. The flask was placed in the
1H, d, J=7Hz . 5 A, Jd3L5. 6 R =7.. Hz)., 7. 39(1H,dd,3 15 =
(10, 15. GZﬂigbagﬁw%&&‘gﬁ%ﬁ%a%%Sg %ﬁ%%&%@?ﬁgﬁgg%ﬁ%%uﬁm'rllne’:%‘?]et ention tinme
15. 1 mi nut essuspentionR f6EAEO- d6) : 2. 12-2.16 (2H, n), 3.50-3.70 (21-L m),
3.80 (1 H g, J =3 A 26(1H. 3 1, , .
5. 25( (1H, br s? 6. 14 ?’td‘,k’%ﬁ!%‘? %"ﬁ%’)“&éf“é'g(ﬂ?@% ,g'fsﬁglmﬁ "Wk hdded dropwise (~90

15. 6Hz) , 6. 6 7iblyhvéth Jigbrdud kiyintodH4 febbtidd mixthie sokbat theethperduf¥dndde the dd, J =
11,

flask was held at ~0°C. The bath was removed and the stirring was continued for 6

15  hours at room temperature. The solution was concentrated to ~2.84 L by evaporating
several portions of the mixture on a rotary evaporator and the mixture was sealed under
argon and stored at -20°C. The product was 85% pure by phosphorus NMR to give an
estimated concentration of phenylmethoxyalaninyl phosphochloridate of ~0.5 M.

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

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




20 15.6 Hz). Exanple 13 Using the procedures nentioned in Exanple 11,
Method. I, the followi ng conpounds can be obtained in 18 Jhuaya004#ashi on:
5-(4-chloro-1, 3-but adi enyl )-2" 25 dexoyuridi ne (using N chlorosuccininm de
in place of N-bronosuccinimde in Step B);

5- (4-i 0do-MOWH adi enyl ) - 2' - dexoyuri di ne (using i odi ne FCRUSHA®M i dodi de
in place of N bronmosuccinimde). 55 19 January 2004 WO 01/ 07454

PCTI USOOR0008 Exanpl e 14 5-(2-Bronovinyt)-2'-Deoxyuridi ne Phenyl

N- Met hoxy- L- al ani nyl Phosphor ani i date Phenyl N-Met hoxy- L-al ani nyl

Phosphor ochl.ggd i el ihai d rj .8 q, 1.76
nol ) IOwas pl fé‘gg&i%&gﬁ f‘gﬂ gbpgt}h%:gg-'nec kdl?gﬁ%ogﬁ%ﬁ%\&&ﬁpkgsr E&?ee‘étéf}%%g’ wth a
mechani cal - SVBYM&rwaspdssehiiranghBtesolumirf diring whedofinglan@ finalhf thelielmkibooH et hane.

The m xture j ] e room, .t erature. enyl
phosphodi chI%@@ézyg‘E %@%;tgd'ﬁaf%%yrifoﬂ%)s%ﬁgg%ﬁéndﬁf PHE e)‘(tﬁﬁre. and
stirring wadracoersiconteiding VB 1051 were catebined and evspenet t & oill e rédidiglwagas pl aced
inthe io bath with i.ce a t stirring was cqnt.jnued for .20 m nutes
until a unif ﬁsﬂkve‘}s’ﬂs%%ﬁfsﬁ%ﬁaﬁﬁgage ?“@r%ﬁ‘?mﬁfé‘gﬁfswpgﬁ‘ I"éatﬂerté?‘-zrﬁbutyl am ne
(626.5 g; S.MO@hklmsWaﬁﬁﬁdudtth&mﬁﬁu(fa@,Qilf&aﬂm\ﬂﬁrﬂh&d@iﬁié&ﬁﬂa@&&téri ng to
t he reactioR( m@&m@g tgﬁ)t tﬂiitntge erature inside the flask was held at -
0C. The bat H3 e onpgped ¢ VR weresyaomiedfoprduge a Yghtiyour s at
roomt enper Q{O;&@wﬁ{bqoﬁgltw\@agm/as4@gncentrat ed to -2.84 L by evapor ating
several - portions _of the mxture on a_rotary evaporator and the m xture was

“seal ed under ar d8ncmfePredest was purifidby tap silige gl grpmajasrapinesingrle5 By

phosphor : i i : C j h oxyal ani nyl
osimochf o e G, 8 Polf O NS Ao FRHATLH
S product (>98% pure) was 64 g.

Example 16

Using the methods described in Example 15, the phenyl N-methoxy-L-alany]
: 15 phosphoramidates of the following nucleosides were prepared:
' 5-(4,4-dibromo-1,3-butadienyl)-2°-deoxyuridine,
5-(2-chlorovinyl)-2’-deoxyuridine,
5-trifluoromethyl-2°-deoxyuridine,
5-(4-carbethoxy-1,3-butadienyl}-2’-deoxyuridine,
| 20 5-(4-carbomethoxy-1,3-butadienyl)-2’-dexoyuridine,
5-(4-bromo-1E,3E-butadienyl)-2’-deoxyuridine,
5-(4—bromd—1E,3Z-butadieny1)—2’-deoxyuridine,
5-(trimethylsilylethynyl)-2’-deoxyuridine,
5-(ethynyl)-2’-deoxyuridine,
5-(1-decynyl}-2’-deoxyuridine,
3-(2’-deoxy-f-D-ribofuranosyl)-2,3-dihydrofuro[ 2,3-d]pyrimidin-2-one

12.  32°-deoxy-A-D-ribofuranosy)-6-octyl-2,3-dihydrofurof2,3-

d}pyrimidin-2-one.

© ° NS v AW

—
e
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.30 Derivatives
Salts, esters, and ethers of the above compounds disclosed herein are also within

the scope of this invention. Salts of the prodrugs of the present invention may be
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5-(2-Bronovi nyl ) -2'-Deoxyuridi ne Phenyl N-Methoxy-L-al ani nyI

Phosphor ami date (NB1011) The reacti on was perfornmed undétg-lang@fm'%ﬂﬁosphere
5- (2-bronovi nyl)-2"- deoxyuridine (BvdU) (204 g; 612 mmol ) was placed in
three-neck 3 L round bottom 25 flask equi pped with nmechanical stirrer. The
flask was WPALEESH n ice-water bath and 1600 nL (- 800 MBUSORA0008
phenyl nmet hoxyal ani nyl phosphochl ori date reagent were added using an
addition funnel over 15 min with vigorous stirring of the reaction

m xture, followed by the addition of 100 nmt of N nethylim dazole over 5

m nutes usi S e. After tes.the 'xt re becgane ¢l ear and after
10 m nutes t‘%gv?dyé% O{ﬁaa?lgrorgrgf"ﬁc %?’Z’Wéd 'ﬁJ\%F’fCif] %ture to warm
up to room tlgmemaﬁumpdmnsmm sl fuiric! hifiy, paaﬂwmﬁmectm?aq)ﬂomht on was
noni tored by  reyersed HPLC .and. was lete.in 3 hours. The reaction
was quenchec’ghﬂﬁ‘}’ﬁlc %‘”ﬁd ‘E’i’c fr SyECIRigGOlNEneR- alBRTic AFFYC+RBChi xt ure was
evapor ated tfetRdhesilinic, cthatesuioniv,S0rmhi6, Bentoi® malinid) hherRLB2NAIf66HEand6 19
January- 2004 WO 01/ 07454 PCT] USOOR0008 passed t hrough 800 g of silica gel.
The maj or® pd-’fef“FeBFF“B‘PmB%‘UL FRISTEFIdRSBEh A5 Rliss while B  lipmedves was passed

Lhr ough the gignsBidaly dSkrtdbe, baAS cithidad il kD BlchtaddiborSittis il & | NB1011
was conpl eted by paSSI ng 5% rret hanol I ororret ane.

fractions coptap %wtmsﬂmp@pemuoﬁ@@um@m@@ma@erm@emaib«| the
resi due was t

extracted vvlatlé éz‘\lt/\algﬁgf;ﬂ?gd]h éﬂ# E@l@&fgﬁ%&g %@g?&\%é}sng@r{ge% Sg&ﬁﬁ sodi um
“sul fate; filhydroxdles,alkdlingestik thetal (dg. ,etlmmaubll)dmidee,&mﬁﬁuhnﬂ_) The

conbined |It n to produce a lightly
col ored |t8 é‘gnrﬁg Efo}q@‘ﬁgv\e bh rgﬂgvbsrto' @‘y rude product was purified by _
two si-lica gel clExanpitosfisalpivcludd: ﬂgat:ﬁe iﬂipaté,mlm-lakpmﬁkm%awd 10% MeCH i n

o Exanpl o TecrRE SisdilE Ruomisitan comomd faborslnte phenyl
N- met hoxy - L-@tlepatitanepopipins Mmmtd%e&yﬁﬁlfd:@eﬂMMawﬁM@osl des were

pr epar ed:

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

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

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

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

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

- L-valyl or L-1soleucyl); (4) phosphonate esters and (5) mono-, di- or triphosphate esters.
58



5- (4, 4-di brono-1, 3-but adi enyl ) -2' - deoxyurldlne 2.
(2-chl orovinyl) - 2" - deoxyuridine, 3. 5-trifluoronethyl -12Jaguary?0P#di ne, 4.
(4- car bet hoxy- 1, 3- but adi enyl ) -2' - deoxyuri di ne, 20 5.

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

- br omgyd l3kBabut adi enyl ) - 2' - deoxyuri dine, 7. PCT/US00/20008

- br ono- 1E, 3Z- but adi enyl ) - 2' - deoxyuri di ne, 8.
trimethylsilylethynyl)-2'-deoxyuridine, 9. 5-(ethynyl)-2'-deoxyuridine,
5 10. 5-(i -decynyl)-2'-deoxyuridine, 11.- 3-(2'-deoxy
-fl-D-ribofuranosyl)-2, 3-di hydrofuro[ 2, 3-d] pyri m din-2-one 12. 3-(2'-deoxy
-fi- D ri bof (ihapbesphate estegempy b fuBheti estedfiest by, &fr 2x8npleljagSirzh alcaliohe2- one. . 30
- Derivatives ’ r f th bov ormounds dj scl osed

herein are. a%%mesdepﬁﬁ‘% ﬁ?% eoqtgog (t))gt;ear}g)’f'&t(ﬁ%‘sﬁcﬁ\ﬁg#tefog‘nﬁl & §m§1f"nieffe pr odr ugs
of the presetiervisgpetified) anpylkyiandidty pfschaadvantagaifly-coiiaind FOR06 18
PCTI US00/ 2000 derlved fr |nor ani c.or ani c _aci d bases Exanpl es
of acids in Cﬁ'f)a‘réi]?' ﬁ&‘?g’ir"&?%ﬁﬁ" - IOPTEPETCR aﬂﬁ%ﬂ”l lod perchioric,

fumari c, sn’alcﬁbﬁn atBhl@.S ahybydtoalkyghlybw ﬂrb&ntlh@fdhleﬁters%a{/dxﬁg@bﬂs!y cohta@si Ni C,
t ol uene- p-sul fom c, tartaric, acetic, citric, methanesulfonic,

et hanesul f orifom 3 jodt ¢ATRon ARms, Sy arylmaisty presentimspehygsierpadyanipgerssly ¢ and 5
benzenesul f Qgin n@@i'a(ﬁﬁeny%laﬁﬁ E\ﬁh@fesoﬂyﬁaﬁﬁrﬁn&g@récﬁugmvhevé%men thenmsel ves

phar rraceutlcal y .accepta can be enployed 1n preparation of salts
useful as iPESEHBERBIEECINE, Ssexamnl %@loﬁh@tbéhmmm@ﬂéﬂtmdmwbnt i on and

their phar NB%«;%%&@%O_%&%&HS? S&glagéag%%}gpﬁ}xé%sﬁgml .of bases

i ncl ude al k tal ., sod [2] ear rret al

(e.qg., ntgndgtoufyanhspdr350- ml-lmfnmmsyl 2h3f-didD-awtybdynocforanbsyt andrul a NWA*
wherein Wi 4 -ahl Eﬁggﬂm jof salts include: acetate, adipate,
al gi nate, a?pz%?%??l%%%lz at e, %e'nzenesul fonate, bisulfate, butyrate,
citrate, canphor &thers aféirpieopewdds ofithe present invention include methyl, ethyl, propyl,

‘ - butyl, iSobutyl, and sec-butyi ethers.

ROGaG oo

In a further embodiment, the substrate may not be chemically related to
- 15 pyrimidines or folates, but rather synthesized based upon known parameters of rationat
drug design. See Dunn, W.J. et al. (1996).

Chemical assays for products, for example, where a reaction product is an anti-
metabolite of the bromovinyl-derivatives of JUMP, are described in the Examples
provided below or by Barr, P.J. et al. (1983).

20

Assays for Amount of Nucleoside and Monophosphate In Cells

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

25 The cell lines MCF7 (breast cancer cell line); MCF7TDX (Tomudex resistant
- breast cancer cell line) and H630R10 (5-FU resistant colon cancer cell line obtained
from Dr. S. Copur, Yale University, see Copur, S. et al. (1995)) in RPMI medium
supplemented with 10% FCS and antibiotics were plated in 100 mm Petri dishes at the
~ amount of 750,000 cells per dish and were incubated overnight at 37°C. 100 pM of
30 BVdAU was added to each dish and the cells continued to grow for 2 days at 37°C. Afier
that, the medium was aspirated and the cells were washed twice with phosphate
. buffered saline (PBS). Then 1 mi of PBS per dish was added and the dishes were
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cycl opent anepr opi onat e, digluconate, dodecyl sulfate, ethanesulfonate, .
fumarate, flucoheptanoate, glycerophosphate, hem sul f atl® Jaruay2004t e,
hexanoat e, hydrochl ori de, 15 hydrobrom de, hydroi odi de,

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

2- napht hal woesol4fonat e, nicotinate, oxal ate, pal npate, RETTISHYR0808

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

i ncl ude ani ons of the conpounds of the pr esent invention conpounded with a

sui tabl e cat QD SucC wher.ein. Wi s Cl4 al kyl
group). For” EIﬁerapegtk ﬁ(:%'e:}%}é Tge y%ee t%gfﬁﬁ%@ ﬁ@mﬁ %nt

i nvention V\Ik&;ieatbcéhvxq:ﬂ“laﬂlﬁndédﬁbnsai ﬂhyreanlnemt&bénsmnlvmﬂp&ﬁ down(13p0of aci ds and
bases ‘whi ch_are non- ceut i al so find use, for
exanpl e, i nH Oﬂ?lgbtﬁw ‘? ‘&Rﬁma%'(ﬁ‘k Qf‘i Zﬁ* aﬁ%%'ﬁ’ﬁ%’lﬁ ically
acceptabl e mﬁmﬁxg@mna@&ﬁ:b@cam@&eet hmow@@bﬁgmwonpwmumg&ubﬂant i fied by

t he met hod -of carboxylic acid esters

h t
-0 (O R} oétoaﬁﬁ'gﬁf%g 3@%@%% lﬁlvaﬂ‘%lwentyﬁlse (Botor Sfra0-ds lvgszghﬁélr oxy

groups, in W@Wﬁa&:—tﬁﬁh@?ﬁ@c&é@ﬁa{e&}o &b Ll b 960 ,hrﬂaraq edefid th al kyl
(for exanple, n-propyl, t-buty al koxyal H for exanple,

met hoxymet h{ABEC C@F‘H‘Pﬂéﬁds‘{fp‘éﬁph@‘k%pég 5b’é’hfygl}lm %?@Imyé ®eh). Thor exanple,
30 phenoxy@%ﬂmbgw&@mﬂe&e;mgeae@mmﬂe gAY Wit .gt%hlag B ed by, Tor

exanpl e, Cl al kyl C . 4al’koxy or amn te esters,
such as al kycléuiih@wks wreﬂetec&MIBQO npethh s oorng of‘qblst)rpbtm dtfﬁ\}'du‘:yl sul fonyl ;

- (3) am a el J( uc 4)

bhosphond: o deayRes il he oA Bhiippunts YBlcorBlsed il 3k GEFY H0miy) |
January 200Zhy\denmifidatiekber cmpbma@@&m&yfhmpﬁsos phihtie repsition imewandbe - f ur t her
esterified b for. exa o al cohol or reactive derivative
t her eof , s%? Sh n&l(aeglcg% fmlﬁl ycerol. In such esters, unless
ot herw se speC| fi ed any all cyl rml ety present advantageously-contains from
| to 18 carfon g orai11 Eqrgtlculg g froml to 6 carbon atons, nore
particul arl “yA?".“‘g. i tons. Any cycloal kyl noiety present in
such esters adva ousl from3 rbo y aryl

moi ety pPesent ﬂ{“§8% %/‘5‘?& the SoRRUR %B%ff‘a“dtﬂe &“gs"m

invention. Cells growing exponentially were transferred to 384-well flat bottom tissne

culture plates. All cell types were plated at a density of 500 cells per well in 25 pL of
complete medium (RPMI 1640 + 10% fetal bovine serum + antibiotics/antimycotics).
After 24 hours (day 0), 25 uL of complete medium containing the compounds over the
20  dose range of 107 to 107'° M were added in triplicate. Drug exposure time was 120
hours (day 5), after which growth inhibition was assayed. 5 pL of the redox indicator,
alamarBlue, was added to each well (10% v/v). After 4 hours incubation at 37°C,

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

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

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

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

subsequently into the first wells of the 96-well microtiter plate. Each concentration was
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conprises a phenyl group. Exanples of |yxo-furanosyl prodrug derivatives of
‘the present invention include, for exanple, those with18HanyaraRPQ4
protected hydroxyl groups (e.g., with O acetyl groups), such as

2' -0 acetyl -1yxo-furanosyl; 3'-0Oacetyl 10 |yxo-furanosyl;

5' - O acet yWOOAH54 ur anosyl ; 2',3' -di - O acetyl - | yxo- f ur anBsYVSAZHs >+ 3+

5 -ti i-0Oacetyl-lyxo-furanosyl Ethers of the conpounds of the present

i nvention include nethyl, ethyl, propyl, butyl, isobutyl, and sec-butyl
ethers. In a further enbodi nent, the substrate nmay not be chemcally

related to 1 ' ' ' r ' : | ze pon
known par ame 5‘% Hoﬁ?%ﬁe% ntg{ mf-%# g%ﬁgjg's %Eﬁlpo@g;&&%%?o gnefpgﬁg @%96) )
Cheni cal asbs?a_)mwére;esmﬁodgdstmre fmutlng;ﬂi eompulaad e;}raélljewrge,tth@platgsw&up}) ids_ an
anti- netabolite.o e promvi. -derjvatives, o ,.are descgribed in
the Exanpl es 2PFtvt & 6 ﬁ@’fﬁ c‘ﬁ‘%e L?nadtﬁtaj“@tmg}‘.’ryﬂgg%t.as TREEs for
Anmount -of Nushe®ahs)®. ArdalMiogs)hatinhatihah)D Gkl $1998).s assay was perfornmed

with the conpound NB 1011. However, it understood to those of skill in the
art ‘that fhe bel ow nethod is easily nodifed for application or use wth

the prodr ugs wisieh BISt ARMARS 4K aRETShsveRh Lell RS MOF7 (breast cancer cel |
l'ine); MCF7T onudex resi st ant reast cancer cell line) and H630RI O
(5- FU resi stant cW¥egamblolesperiments Worgeerfopmed wing humagmomnal cgon epjphghum va| e
Uni versity, gapy6oeeh18ca (ofthinéd &g@ﬂﬁé | N AYTES b MenSdRiloRRAA €d W th
10% FCS and ant |otPcs.vsgre p ate in ’)%%ﬁsrrsr%gPeth Jé’résq?’és at the  amount
of 750, 000 cdin¢ H6HIR10desztantiiochb-Id (ebtineglifbern &4. 3 \(opni, Jlale Urivedstg, se¢00 pM of 30
BVdU was gdd 0 h dbsh ), N1 .qr ays at .
s1c. At nmps TRl ShAraRINIRE sabcted bl GHER PR P MRS T i o
wi t h phosphatkeal. (957 rCils wate lped (IPRIA bulffee (S0mM Tod-HEBPH S, 10w was added
and the dish r 9 a _ 2004 _\W0Q 01/ 07454. PCTL USOQY 20008 pl aced
in a -80C fri@?ﬁ:ﬁﬁ'ﬁ@(’%ﬁl ?0501%?@%? g‘}“ﬁ%?é’ ee’fy§g?]fcea§ j ﬁ’é‘}%%“ﬂ procedur e,
* protease inhibitors). Protein concentrations were determined by using BCA-200 protein
assay kit (obtained from Pierce, Rockford, IL). 10 ug of protéins from each cell line
15  were resolved by 12% SDS-PAGE. The separated proteins were transferred onto PVDF
membrane {obtained from Amersham, England), followed by immunoblot with human

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

analysis {Molecuiar Dynamics Storm).

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

were quantified by using RT-PCR. Oligonucleotide primers for amplification of the
human thymidylate synthase and B-actin were designed as follows: Thymidylate
synthase sense primer (SEQ ID NO:1) 5-“GGGCAGATCCAACACATCC-3'
{corresponding to bases 208-226 of thymidylate synthase cDNA sequence, Genbank
30  Accession No. X02308), antisense primer (SEQ ID NO:2) 5'-
GGTCAACTCCCTGTCCTGAA-3' (corresponding to bases 564-583), P-actin sense
primer (SEQ ID NO:3) 5-GCCAACACAGTGCTGTCTG-3' (corresponding to bases
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. repeated twice. The cell debris in the resulting suspension were spun_ down
(13,000 rpm 10 minutes) and the supernatant was depr otl@iJangas 2004 passi ng
t hough a Centrifugal Filter Device (Centrifree, 30,000 cut-off, Am con) by
centrifugation at 5 5,000 rpmfor 30 m nutes on Sorvall Super T21
centrifugeNQRUeidsd SL-50-T, 1,912 g) at 20C. The pass-t HIHMOZHRE
concentrated to the volune of 100 pl, and injected onto an HPLC colum
(Adsor bosphere HS, C18, 5 m 4.6 mmx 150 nm Alltech). The  sanples were
anal yzed using acetonitrile gradient in water containing trifluoroacetic

acid. The p etected at 300, n the naxi bsorption of BvdU
1o derivati %g,izﬁﬁﬁﬁ”é’t“%ﬁfrﬂ“e&fe’g”&ﬁﬁ%‘&ﬂéeﬁﬁmﬁ@d%@%‘? g@‘sﬂﬁ%k area at
300 nm  Therintte ($EG 0B 8095 CTCONGEIITISI GAFCOA0S' rrepbRdns HHasel their
retention tines and spectra with those of authentic standards. Al amarBl ue
Cel | Prolife®dfi8)assay 15 This assay was performed with the conpound NB
1011 and the prOoGGHYRNGs wekd iSolafed HB R deRdusitERAcdsydhAMaP hbexRaHR | al |y were
transferred to 384-wel| flat bottomtissue ~culture plates. Al cell types
were pl ated Qiege. Yalsagiz.wAdf Tompnitar fo5 pessiblefNA cppiamipationy the pristept fox e nedi um
(R PM 1640 + 13%.f et ak havi ] + i bi.of ' cs). After 24
hours (day Ofnp%%égté) og‘b ag%yngptgtdg&%g}tﬂ#g%e?éggﬁlﬁgé@%%%ﬁ%éﬂﬁ%ds over the
20 dose rang@cromicd DNA templie1dads id adindpaisteid fapmeit] 4idicOMNAterdplaty exposur e
time was 120 hours fd]g&/ 5), after which growth inhibition was assayed. 5
liL of the resagRtes adtEbRYPLuct 5 anar Bl ue, was added to each wel | (10% v/ v).

After 4 hours i nQéhatd Rseptidn Foactidrs WRAFEKERALAI, UaSe SRidcAped at 535 nm
excitation and 595 nm em sspi on. 25 Crystal Viol etﬁgCeI I Prgl i feration

| nhi bi ti ¥h /reamplifivation sysien (Gihee/BRE; Gaitherduig, MP): hies walkBdinwasvppliel 1 and
the prodrugs_Qf fhis sl Lon LLity of.the fes onpounds to bl ock
proliferati olﬁ%gf’h’énéaﬂfgb%@[ﬁbég %P%&Eé%gﬁflhf‘%gn%'royg?aé:fm{i}f%}ﬁ)&%procedure.
(Sugar man, Bnanhfacairer8lprot¢cb®85); and Antelnman, D. et al. (1995)). 30

Compounds were di ssol ved in dinethyl _sulfoxide to a concentration of 1M
They were further ﬁmwﬂwﬁggﬁ&mrﬂw leanfaming 3 4l & Al um  and

subsequent | Yiixfif® frbiGeverse Handfibtich ehetiol S Mt NECl,, 50 GMOKCL, 20 nddk &1ig.CLEach
concentration was 60 19 January 2004
15 pH 8.4, 0.2 mM of each dNTP, 0.4 TM of thymidylate synthase sense and antisense
primers and 3 units of Tag DNA polymerase (obtained from Promega, Madison, WI).
The reaction mixtures were incqb_a_ted 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 §$-actin primers in 2 pi were added to achieve a final concentration of
20 0.2 pM, bringing the final reaction volume to 50 pl. PCR reaction was continued to a
total of 28 cycles, followed by a 7 min incubation at 72°C.

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

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

Northemn Blot Analysis
Northern blots were obtained from Invitrogen (Carlsbad, CA) and hybridized to
a cloned TS cDNA probe. Hybridization signals were normalized vs. ribosomal protein
30 S9 as a housekeeping transcript. A tumor was considered to overexpress TS mRNA if
the normalized signal was enhanced at least 2-fold as compared to the normal tissue
control. |
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WO 01/ 07454 PC 1 USO0On0008 tested in triplicate on the target cell line.
Conpound concentrations froml gMto 3000 gM were test €@ Jagsaty0@dr e
i ncubated wi th conpound for 72 hours, the plates were washed, and the
cells fixed with nmethanol and stained with crystal violet as described in
Sugar man, BVO®/74¢ al . (1985); and Antelman, D. et al. (ROBBY00248&tern Bl ot
Anal ysis of TK and TS Levels in Cell Lines Western bl ot experinents were
per formed using human normal colon epithelium cell type CCD18co (obtai ned

from ATCC, Manassas, VA), colon adenocarcinoma cell. |ine H630R10
resistant to 5-FU (obtained fromDr. S. Copur, Yale University, see 10
Copur, S. et al. (1995), and a HER2-transfected breast cancer cell |ines

(Pegram M [Elonifd, FapressichdDd Phrifi€atibh 6f MBen Tha@dyiae sRhilaebuf fer (50 mv
Tris-HQ, pH 7.5, 150 M NaCl, O.5% Triton X100, 0.1% SDS and 0. 5%
~deoxychol i ¢ aci d, TSUHPIERTIYHAE: saffithe seraplstedwman 15 IR Was) sub@ersddntp the

concentrat i oy pieheteRprii P YE I 8oBEA 200). PRRt&ufl %ﬁﬁi lebtof OPt @i ned
from Pierce, Rockford, bI L). 10 j ?g of r[[g)[r otei ns %rom eacﬁjf?g?e |&ntg£ 15 were

resol ved By 1popdsHie mythesis of g argeqmbinagi fisiopgrasein withafsix hisidinent o PVDF
menbr ane ( obtgnied vl AT MBRIHABe sEE‘.ngﬁE] ﬁ)sion{p%téiﬂ%% aggtaj 5??6%9?2'& Qg L
a oay and antl

‘human ~ t hym dyl ate Synt hase nonocl on primary anti Bul i n 7
nmonocl onal @&k wobganine famnies of kundagyTS\Sko\rpduee sscofEbipamproteifAre hidmms er adi sh

CArer sham . TeiprepselaBofied fBYRE 1 B2 SOCSBPRRRRHTE Yl b B
i munor eact i VI7tBNA phiymbmseigene nsertsiiotodhexghrdroosoind yifitet Weadositral\oii tHadee Wer e

quantifieg and normalized to that of tubulin by inmage analysis (Ml ecul ar

Dynani cs St orBJT°RT- PCR Anal ysis of TS nRNAin Cel | Lines 25 Expression

level of human t hyhi hiyhatES-polpEhiatusion bRRGR WaPhiiificd usthf  Ble@DEnef@hy | i nes
were quantifi .by usqib&% RTle;fCE g@i onuc] eotide prinmers for anplification
of the humarft ERYHFERANAREByWEHra ‘eg‘hﬂlfﬁcat&ni%%veéégiegfﬁwhaseﬂﬁep| ows:
Thym dyl ate mvmmﬁay@@u@ﬁd@%ézmo{eﬁmne&umu%e% dcEAKREREARCACATCC: 3
(correspondi QPg t o_bases .208-226 of t h%/rri dyl ate synt hase cDNA Sequence,

é e

Genbank 30 ACEwesPoh PrEen 520 0dpprosimetclciives pf human TSdmeion protd wis 5' -
GOTCAACT CT GGt o 'a 506 81 cRRROBEE D1t WHRASREaREMRE Sver sdmdGhy dk Sense

band corresponding to human TS was apparent. The ideﬁtity of the human TS band was

confirmed by performing a Western blot with the anti-TS monocional antibody TS106
{(NeoMarkers).

- 20  Thymidylate Synthase {TS) Enzyme Activity Assay

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

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

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

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



primer (SEQ ID NGO 3) 5'-GCCAACACAGIGCTGICTG 3' (corresponding to bases 61

19 January 2004 WO 01/ 07454 PCT/ USOQ' 20008 2643-2661 of 18-Jacuany 2§8he
sequence, Genbank Accession No. ML0277) and antisense priner (SEQ ID NO 4)
5' - CTCCTGCTTGCTGATCCAC- 3' (corresponding to bases 2937-2955). Total RNAs
were i sol aPé&WP074M cel | s using Rneasy mni kit (obtai nedFYHHBN agen,

Val encia, CA). To nonitor for possible DNA contam nation, the priners for
anplification of P -actin were designed to span the exon4/ i nt ron5/ exon5
junction. Genomic DNA tenplate leads to a 313 bp Ractin fragnent, and

cDNA tenpl atge nerates a 210 r.odyc erse, transcription reactions
wer e perfor nﬁ’&mgglg‘l“ﬂ g T BRseaEPt %{?‘hﬁ{) L}E’fﬂ%?ﬁs or amydatsinie e &m (G bcoBRL,
Galthersburgmoﬁ@hospﬂoxjyigmle@maé Rélp\vmaaptl%d) Héweved tidiBchahisa@ pl  buf fer
to conduct. revﬁ‘@‘; irEl SCri t"a reactlo(ﬂd 8 gvved manuf act ur er' S

pr ot ocol . &% PERROS R ib FPERaTEEnE 9f ol p pramiglatemsed  cont aining 3 VI

of cDNA' m Tﬁx@ﬁﬁ;lefoﬁ@éﬁl F@Nﬁc&ﬁlﬁletidiﬂ%ﬁeht lﬂédhﬁﬂsﬁl%h_l%ﬂsed:fo 1MC12, 50 v
KCl, 20 mM Trijs , 8.4, 0.2 mM of each d of thym dyl ate

synt hase %enEIPS@W&I%ﬂ?SF‘% erﬁlyéte;;’rch enednwplypg the ssmpledisectponversion akr ase

(obtained fr h&RSfidatRsline maéﬁ I ncubat ed
at 94C for 3@;%1})&’659]( ol gawed y?d%go%%%phgtsgg&lés%%farﬁ Hoshh a#@%dﬁgg gleC 1 mn

i ncubat i on asc%B@m@mﬂak ﬂ@ﬁ")lanﬁfﬁeﬁ Qﬁéhb@@ﬁer&sardm{Df tié mechanigi@ farycl es,
human (i - act eqmaﬁes@qci n s@%{? e ehid Qe eegccégo%uré I ncentration

of 20 0.2 p r|n I ng t I’'on VO reaction
was cont i nuecbnversian of the iaitracﬁﬂluESnmy@hesghafem bpmerdic lympoundswithin tieldeft | on at

72C. 5 plL_.of PCR duct s .resol '{f,‘g g‘}/ ectro si.s.in agar ose
gel, f b? owed oy T aienetdted wih phpraiug 8?‘81"5’8&-%‘%@%1‘““&%{02 (obt ai ned
f rom Mol ecul grlowttHnhibition oEhige T8 ,ex;@’:s%glg)cell s (ke TOENSESays Suipre)S Bakitllohg t O
thym dyl ate Wg wer e ZI'I-'; ua% %?%[S d nor Ilze)d to that of P-actin
by Mol ecul ar EXPESHT 17 KA XF4930R10). Time course
studies are performed in which treated celis are processed according to the method
described by Mclntee, 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 suitabie activity do inactivate the TS enzyme under in vitro

25  reaction conditions.

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

30 identify the actual molecules formed. '




Northern blots were obtained fromlnvitrogen (Carlsbad, CA) and hybridized

to a cloned TS cDNA probe. Hybridization signals were r@rdmbayeflss.

ri bosomal protein 30 S9 as a housekeeping transcript. A tunor was

considered to overexpress TS nRNA if the normalized signal was enhanced at

| east 2-folydy @nrspnpared to the normal tissue control. g2rasednebasiuary 2004

WD 01/ 07454 PCT/1 SOQ 20008 C oni ng, Expression and Purification of Human

Thym d, ‘| ate Synthase For expression in E. coli the conplete human TS ORF

was subcloned into the T7 pronoter expression vector pET28a (Novagen,
Inc.). The resulting plasm d vector 5 encodes the synthesis of human TS as

a reconbi nant fusion protein with a six histidine followed by a thronbin

~ cleavage site. This fusion protein adgg‘:ij total of 20 extra amno acids to
the amino term nus of human TS. To pr ¥E 1 econbi nant pr otein, the human

TS expressi omSyisiaphly exwsssedlinisodbit @ndrietidiihdd@ndpriti@lyinnfid ai N BL21( DE3), a

strain wth the neri se nserte |ntothe chr gnosone under
~ the control of tﬂim@ﬁi%%%‘éﬁ%mﬁs%rﬂ?%}ﬁﬁ hupan brajpcheafikidieYpr ot ei n
~was purified sysenmuv@ d&ﬂiﬂ?ﬁm% fsﬂiaﬂ&ntéwne fofriabh ersdlee%sﬁ"s GMyaﬁ@rﬂs }d3Ge) -
Protein purification was followed el ectrophoresi s on BS

pol yacryl ani $¥rqdgland, salpiag 813‘15’@?@' gland. g8, m@placraé»!@ﬂﬁm@wams, hepet he
Pi erce BCA ph&h@h%@%ﬁ%mﬂ%ﬂ%l%bx(@ﬁ;@tl:%dln@mﬁﬂn&ﬁai‘ﬂ%& wers dMSthffkaPr Ot i n

was 15 recovered froma 500 nml cul ture of nV|sua|zed W th
silver stainugng quathmwe BEfR!ZR;@JB d@gp@d@bmg ﬁ’urrhmfmﬁ -F@invage desggedt . - The

identity of the uman confir ng a. W\estern bl ot
with the ant® n%xﬁgﬂf exon lglo'a%/ t?gmfge foy @@%MQ AP v i dyl at e
Synt hase 1()TS)1‘h&Bﬂ:ye;raesﬁhs‘.mpﬂrtcﬁ mm T GreabiovnyastrylahBEsTSRRIA RokelsiSFipget he

spectrophoto I C assa ba, et.a 61). .In this assay, TS
activity is ?‘6?’(?@’ B%//T Pﬂ@p*wr‘ééz‘&mﬂnﬁﬂ%rﬁﬁ%ﬁ%@ % 340 tun
that occurs wbtﬁﬁnrkb@omeﬁagsrs’mlémeetweémﬂﬁﬂanaﬁh{@hﬁﬂﬁ@w&ﬂ@sshe% oxi di zed
to dihydrofolate as dUTP is converted to dTTP, Enzyne prepared by this

method has a 25 spH¥Eidiae getasAly) yptew lavels iy vemous ariussdwprmaland itmorane uni t
is defined agel igsWeRfittdrin@Rd &fllowing procedures described above. Protein levels were

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

Table 3.

TS protein level in haman normal and tumor cell types

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

_ CCD18co ' Colon epithelium, fibroblast 100

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

30
Average 156124

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

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

2. Standard error
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one mcronole of dTMP per mnute- This value is simlar to that reported by
Pedersen- Lane, J. et al. (1997). Deternination of Intrd@elepuai20Ptoducts
of TS Prodrug Metabolism 30 It is inportant to determ ne the intracellul ar
products. of TS prodrug nmetabolism in order to substanti ate proposed
mechani sm wh ox@ib4/at i on and action and to define agent SPGTHEROZN0 candi dat e
t herapeutics. One acceptable view of intracellular nmetabolism of aryl
phosphodi est er am dates i nvolves enzymati c conversion into a carboxylic
acid, 63 1 9 January 2004 WO 01/07454 PCTI USOOn0008 i ntranol ecul ar
rearrangenent of the phosphononoester am date into to a 5 - nonophosphoryl
nucl eosi de. See, Valette et al. (1996). However, this nechanismis
unlikely to describe intracell J‘ﬁ?“"p?'ﬂl?é%é?‘ﬁﬁs)of al | phosphor am dat e- based
pronucl eoti des. .For exanple, a different nmechani sm vvasTprop gsed for aryl 5
phosphomnoest er Cablingst e pr oced24stiptiopne ,nvol ving theTSileyste direct
conversioh of tH&3 pho@@ﬁ?:&&@é‘%mg msisBphosphat é7bpeci es by a
phosphor ani dat e % Ghat esCOlOl!;ééYCHmaan@a@dT& (1997)2%nd Fries et al.
(1995). Regar dl eMCFIDXe Maﬂpmﬁcmomauﬁﬁﬁskﬁm@ntt he 198 eosi de
nonophosphat e, t H630Ri§say Gelph, cdwinopia, pFblssistantof TS @306ver si on of the

i ntracel | ul ar nonophosphate to cytotqoxic conpounds within the cell. 10

Cel | s areaoi ncubateetage t h an anount of prodrug conpoundgssg¥sat nduces 50%
grow-h inhibition of high TS expressing cell lines (in the 72H assay,
“supra). Both | ow. Taydidila@/SyRBa(DSESESIevele Wefe REcEninSEBy (SndWestBBIRBCO VS.

H630R10) . Tine cawlysis, th iffed eRpressiRl1ERdWate exprididdd vilealeREveRlthat are
processed accor difRell ithid neédpod described by McIintee, E. J. et al.

(1997). &ells areThye®d Wi th 60% net hanol in water at 15 -20C, and
~particul ate resifygnigsmaeqd by centrifugation. The supernatants are dried
and stored at -20G.ndh&Eahi quots are evaluated initially by RP-HPLC and
then by LG MS to docunent the intracellular conversation of the

phosphor am d@geﬁgﬂggmﬁéwg?g%w%' w&!@@e he ensuring transformation
of the nonop ate by ym dyl ate sy 0

20 The amounts of BVAUMP or BVdU present in lysates cell lines MCF7,
MCF7TDX, and H630R10 each treated with BVdU, are expressed as an area of a
corresponding HPLC peak at 300 nm. Note that extinction coefficients of these

compounds at 300 nm are the same, therefore the comparison of the peak areas allows
direct comparison of the amounts formed.

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

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

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

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

BVdJUMP most prominently in MCF7 and MCF7TDX cell lines. Little conversion
occurs in the H630R10 cell line.
In a separate experiment, MCF7TDX and H630R10 cell lysates were used to
35 caﬁalyzc BVdU phosphorylation in a cell free system with ATP added as a phosphate
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Docunent ati on of Substrate Activity Utilizing Purified Thym dylate S.

nthase This assay deternines the specific activities of 1040wy 2804nzyne
preparations, to assure the activity of such preparations over tine, and
to determ ne whether conpounds screened for suitable activity do.

i nacti vat EN@REOMH enzyme under in vitro 25 reaction codd{yS8HEeTo

determ ne what reaction products are produced when prodrug conpounds are

i ncubated together with purified reconbi nant TS enzyne, reaction conditions
simlar to those enployed with the TS activity assay are used to generate
reaction pr I anal yzed
R L A Ay B b e e LS R S A
- January 2004y26 B £p0gareditoftiBoREOcY D8 'RéserlrﬁtGSF@Pﬂsdhﬂ@aftryb%xpressed in

sever al tu v E;@Ey %iugg T s Xpressi on
| evel s in nor rré:a‘t‘lj%dhun%%ie 5"2 B—LIS rt ar nggm‘gmgé%ﬁhﬁygéﬂa egn Iung,
smal | int estqand;siatsmmﬂmelﬂe)rmédbmpn@ whtthe,a givearpptient tser candidge tﬁxmacleqsxdet hyr oi d
gl and, s |var§% 91?0 | and, skin, peripheral blood |ynphocytes,
bone marY ow and Sﬁp h and matched human normal tissues were

det erm ned usi ng‘hemaémttmhowahﬁtnmmcwsmdmwpu@phd?ﬂiaﬁm& for

| -actin were m gned to hehexo S@él ntr n5/ exon5 _junction to nonitor
for possi bl &* SHF‘BH‘?% B‘FPP PE et F%‘g’ﬁ‘f‘i?‘?‘ S?CPB’HWPW gures 3

- are shown aSin'HiSBGRIO/&IlJ&cHBB&ph&Yﬁhﬁng@s@ﬂ&i@mﬁ%ﬁn righai i ve TS mRNA in
the multiple normal human tissues. g ure 3B is.a arison of average TS

MRNA bet weerMREFHRK. Bisinnorant tomsatic &H@T&%&abw edklinesiint hase

(TS) proy@i nyak g¥elreporiBd Mt in@rdasGiiinbiécfd a TR WAk pl%ﬁéiuééﬂfﬁérent(h%hl €S Wer e
determ ned foll owm ng procedures described above. Protein |evels were

15measur.ed bIK fenyashen tigqupis fawnd. (Madec, Ahet al. {308 ThiscsIK might borespomsibiEabl e 3.
TS protein |§}/ ﬁVdU'ﬁhS%H@r?laﬁQﬁ.%e@Bgtﬂe?&Hfts ﬁ%&e’nteﬁ%g&% it is expected that

nucleosides, such as BVAdU, might be especially useful for treatment of certain types of

cancer, including breast cancer, where BVdU can be phosphorylated. Moreover, the
15 experimental procedure described above, allows in vitro determination of feasibility of

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

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

20  opposed to phosphoramidate derivatives.
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20Cel | strainsDescriptionTS | evel' NHOSTBone, osteobl ast51 NPRSCProst at e,
stromm98 CCD18coCol on epithelium fibrobl ast 100 25W38LUAdane@m208hi c150
DET551Ski n, fibroblast-1ike, enbryonicl77 MRCOLung, fibroblast-Iike,
enbryoni c211 NHDFSki n, fibroblast224 NHLFLung, fi broblast236 30

Aver agel56Rdo1otass Thym dyl ate Synthase (TS) - TS | evel s werasoetogssmi ned by
using Western blot analysis, the quantified expression |evels were
expressed as values relative to that 35 of cell strain CCD | 8co. 2.
Standard error 65 19 January 2004 WO 01/07454 PCT/ US00120008 Tunor Cells
(> 4X TS) Cell linesDescriptionTS | evel' H630/ TDXCol on, carci noma, TDX2
resistant671 HCTC(+) Col on, carcinom, i rkabbeSed TS1276 MCF7/ TDXBr east,

d i . TDX | st ant 1980 H630R10Co! qn, | ,
S FUGr asi st ant 2305 Avchae Blis iRy Assaarigmal wedfReecels rs) - 7o

| evel s wer ¢ det erjnmMoEsdDiYy| 10sa (i) VEEEE0N DMed: |anal S0 gL Ne Jgumesl 1] ed
expression | evel s were eXppgpgpd]| as val uegLel Bbiye.t © bhah | ¥fGe!|l strain
CCD 1Sco. ifp2. TJlomidex

NBI011 2 82 182 88.7 414 398 406

BVDU 0.02 201 719 306.7 1000 ND 1000

NB1012 127 82 - 104.5 ND 110 110

NBI0I3 % ) ND 59.0 ND 570 570

NB1020 048 326 1000 4422 1000 ND 1000

NBi1014 396 287 ND 3415 ND 239 239

NBI1016 877 337 ND 607.0 ND 338 338

‘| NB1021 637 141 1000 5927 1000 ND 1000

NBi017 55 52 ND 53.5 ND 137 137

NB1624 4 14 258 92.0 1600 ND 1000

NB1018 115 164 ND 1395 ND 412 412

NB1022 8 0.03 3 37 9 ND 9

NBi019 251 95 ND 173.0 ND ND -

NB1023 5 0.11 2 24 1 ND 11

NB1626 1000 1000 1000 1000.0 1600 ND 1000

NB1025 49 192 454 2317 378 ND 378
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3. 5-Fluorouracil 4. Standard Error The Amounts of BVdUWP and BvdU
Measured In Cells 20 The anopunts of BVAUWP or BVdU presdBtlapyary¢88d es cel |
lines MCF7, MCF7TDX, and H630Ri O each treated with BVdU, are expressed as
an area of a corresponding HPLC peak at 300 nm Note that extinction
coef fi ci enW99HPT4¥hese conpounds at 300 nm are the same, PEHENREWPE t he
conpari son of the peak areas allows direct conparison of the anounts
forned. 25 Table 4, below, shows the |level of BVdUWP and BVdU neasured
inside the cells after 2 days treatnent. Cells were incubated in conplete
media with 100 iin BvdU Lysates were prepared and BVdUW and BVdU | evel s
wer-e determ ned. Table 4. Cell LinesBvdUvFBvVdUBvdUMP/ (BVvdUWP + BVdU) x100
MCF763. 790. 844. 2 MCF7TDX10. 939. 021. 2 H630R10< 126. 3<4 30 The table shows
that BVdU can penetrate all three ceII %%gles but appears as BVAUMP nost
prom nently in MCF7 and MCF7TDX cel | 6 ittle conversion occurs in

t he H630R10 cell Iine. cmsmlmwﬁseymmmaaTMW and H630R10 cel |
| ysates were used to 35.catalvze BVAU phosphorylation in a cell free ‘

systemw th ATP added aﬁ@%ﬁ ('@%‘%@t# 56 1\1‘@9"\161]
NO Ao :'EEI? BBH |Fﬁ.é :E

PCT/ US00/ 200 i 5 #hi s
reaction in | Eg%c |___lyrate as_cpnpared [ e. | Tunor
| ysat es prepare®VRY descrtbed (ook, | K6t |al -100099f) ) 628an |be8Bdepar ed

and used in h| s assayjwith BvVdU (or pther candidate|nucl eogide) to

| det er m ne wheth édﬁ”' rFefyPa ient” HS—h c&ﬂ-)di dﬂtezgsor *.ueisgosi dezzgg V@I sus
phosphoram dat e ther apy. .

NB1024 92 3 41.7 784 460 622
NBI1018 248 20 134.0 254 431 3425
NB1022 33 03 21 0.7 36 2.15
NB1019 220 24 122.0 162 824 493
NB1023 27 0.2 L5 09 33 21

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

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

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

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

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

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

20  Cytotoxicity results with the nucleosides, especiatly BVdU, NB1020™ (C1VdU) and
NB1024™, are surprising since the literature teaches that 5- substituted cdmpounds like
BVdU are not efficiently monophosphorylated by human cells unless they express viral
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These results show that in MCF7TDX cells BvdU can be phosphoryl ated to
yiel d the correspondi ng monophosphate, a substrate for s§o'88HaR#04S
reaction whereas in H630RL0 cells such phosphorylation goes on
significantly slower than in MCF7TDX. It is inportant to nmention that
MCF7TDX i swaobedast tunor cell line. It lo has been repdXCT&FYHAE i n breast
tunor cells a TK with properties different fromhunman TK from other tissue
is found. (Madec, A. et al. (1988)). This TK m ght be responsible for BvdU
phosphoryl ati on. Based on the results presented above it is expected that
nucl eosi des; such as BVdU, m ght be especially useful for treatnent of

certain typeBygiinekingss See, Balsags, ¢t #y 2839) and RecHlerquibet al. @98T). Fhnsehe
phosphoryl aegnH50¥8hosed it due sx?ggﬁ' %5/, GRS ' bove,
allows in vitro déat eir‘n‘np%sat I on _o? e s(%rgilafélht t}%][lﬁﬁ%& ng e@%?i%& g?:’eg]teﬁer

nucl eosi des dubstitefedpnglentidedeciustive garebind tathe TRenfymid apdiinagtiegopitoBah. | a
tissue sanmpl .S ; [ *'Eg Ry t In vitro wth BVdU and
possible f orrgsrrdw!ltt§ fﬁﬁg}si&% cgeel;\h{g?] m)ntl lpg?’téﬂc??gtégohﬁoaueg%%wf 8¥ati on be
regi stered havean unmswal thypedinelsnash ectivity Saphbleasd phesphorghatinlyg Slaiitetifuesd successf ul
nucl eosi de treatment as .20 0 t hgsphoram date deriyvatives. 67 19
January 2004 eﬁ&ﬁ%i“%i 9%%%&5% %P‘é"‘@“ﬁlﬁﬁi‘ﬁ?‘m%m- Cytotoxicity
Assay of . Nor Aldmaively,lsometurhig ckils ivEFRATEX: GGudIN highlAtRBlRA @O (PM Mean
H630RI OTunor CCd] Det 551 Nor mal 128218288, 7414398406

BVDLD. 02201 ARSBG 1S SHPORBIGO. RishO L5k Ao Robame st Fotibs5) leading fo 2
N1310132692No&dmi Me¥éien 4etivation of nucleosides to their corresponding monophosphates.

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

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

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

activity in comparison with the E isomer.

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

The first two cell lines, TS HT1080 #12 and MCF7TDX express high levels of
TS, while the other two, CCD18co and Det551, are normal cells.
While the invention has been described in detail and with reference to specific

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

70




NBI 0200. 483261000442. 21000ND1000 NBI 014396. 287ND341. 5ND239239
NB1016877337ND607. OND338338 NB10216371411000592. 71000NDII@0&nuary 2004
NB10175552ND53. 5ND137137 NB102441425892. 01000ND1000

- NBI 018115164ND1395ND412412 NBI 02280. 0333. 79ND9 NB 1 01925195ND173. ONDND- NB
102350. 112¥OMAMEH11 NB 10261000100010001000. 01000ND100QFCTUS0020008

NBI 02549192454231. 7378ND378 68 19 January 2004 WD 01/ 07454 PCT/ USOQ 20008
Tabl e 6. Crystal Violet Assay of Normal and Tunor Cells 1C50 (uM Mean | C50
(tM Mean H630RI 0 HT1080 #12Tunor CCD18co Det 551Nor rral

NB10111301. 265, 6408356382 057206. 62581

NB10171111765 %3 %gﬁg’?&%% ﬁ%ﬁg’ﬁ YIQ}&"}‘% n the spirit and scope
NBl 018248201 Wbrdd254431342. 5 NB10223. 80. 32. 10. 73. 62. 15 NB
101922024122, 01628244
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NB10232. 70. 21.50.9332.1 5 Nunbering in Tables 5 and 6 refer to the .
structures, shown infra. Results from testing using thd%laavay2i0dé assay
are shown in Table 5, and results fromcrystal violet based assays are
shown in Table 6. MCF7-TDX was derived from MCF7 breast tunor cells via
sel ection woegelss culture in the presence of Tonudex, a miwwspb/zaeoei bitor of
TS.. 10 Such selection often results in high intracellular levels of TS
(Freemantle, S. 'J. et al. (1995)). Simlarly, H630RIO is a 5FU
(fluoropyrimdine) resistant colon cancer epithelial cell line derived
from H630 col on cancer cells. See, Copur, S. et al. (1995). HT1080, ##12,
i s a fibrosafodeah.tNMdpet dd1999 Vfdin RacolekIP)2382648 gh | evel s of TS via a

transgene in , i | 5. | cell lines used in

t hese assaysbﬁﬁgﬁg%ﬁa%&g{gﬁﬂggﬁ%ﬁ'é}ﬁ IzsﬁSdngfltqﬁel ium and Det 551
(normal ski nEopuflie et { HPI5 nBibcieh. Riadpine4d(M)AAD-6426ndi cat e t hat nost conpounds
are active as_. 1 €sS_and,! i des. One exception is NB
1026Th, "whi cﬁ“??gg*?f-ng@"?@%"é’f’%’bﬁ%ﬁiﬂ'?&%ty as a phosphoranmi date, but is
active assa Gnidkelemk e A( MBI YOI Wetrahedhond el c293221i50284 cat es that NB1026Th
may not be agtivat LWl ar, to NB1Q11T Q. Cytotoxicity results with the
nucl eosi des?ﬁﬁpeééfgﬁgﬁ?/)r%%@{mﬁlémfégﬂm é’%@ﬁ%z%d NB 1024Th, are _

sur pri.si ng speCRrchTE. ek hit QOB Bl aFhe 36:-b6Rb6e>- substituted conpounds |ike

‘BvdU are not_efficiently m)no(}'ghoiphor | ated by human cells unl ess they
express vi r aPeClswa15 ey ain(18P () CivoMicney Review ADN-63PPRIS00120008 t hyni di ne

ki . - Sep: 1N . . , E. et al. 1997) .
i nase e&ck&éh?ﬁ?ét‘aﬂh%ﬂ)d P’t%f’] m&:.%&%ﬁb&%.@@ﬂgﬁgy et al. ( )

These authors have propose at once osphorylate t he
her pesvi ffs - Brees HoA-EKal- (1985 anseriResi 3504708170 | eot i de deri vative can bind

to the TS en i ' e .k (=3 ' | @s AsH .denonstrate,
for the fi rs?xgﬁng%?ﬁg?ﬁg%ﬁ%égy gg;rr@ tC l#n%?&(l:égﬁtﬁs&ﬁgép ag&r?géefngr?g unusual
thynmi di ne ki nase (@ppleteniagyd bangedopre 768-7fhosphor yl ati ng 5-substituted wuridine

L eeu & 5| BB L6 PR IR AL cos 005 ohown Teren
the nornal Edier, Bneyadeg2¢M) Klin. GancotReal 62)-4R8902; and Rormain, S. et al.
(1995)). \Leaging 19 Brtino, J. (1987) Oncogene 14:1191-1200
Farquhar et al. (1994) J. Med. Chem. 37:3902-3909
Farguhar, J. et al. (1995) J. Med. Chem. 38:488-495
Freed, et al. (1989) Biochem. Pharmacol. 38:3193-3198
Freemantle, S.J. et al. (1995) Br. .J. Cancer 71:925-930
20  Fries, KM, et al. (1995) J. Med .Chem. 38:2672-2680
Funk, J.O. (1999) Anticancer Res. 19(6A):4772-4780
Goodwin, J.T. et al. (1993) Tetrahedron Lett. 34:5549-5552
Gottesman, M.M. et al. (1995) Annu. Rev. Genet. 29:607
Graham, D. et al. (1998) J. Chem. Soc. Perkin Trans. 1:1131-1138
25  Haskell, CM. ed., (1995) Cancer Treatment 4th Ed., W.B. Saunders Co., Philadelphia,
PA
Hobbs, F.W. Jr. (1989) J. Org. Chem. 54:3420-3422
" Holy, et al. (1999) J. Med. Chem. 42(12):2064-2086
Hostetler, et al. (1997) Biochem. Pharmacol. 53:1815
30  Houze, T.A. (1997) Tumour Biol. 18:53-68
Hstao and Bardos (1981) J. Med. Chem. 24:887-889
Hudziak, R M. et al. (1988) Proc. Natl. Acad. Sci. US4 85:5102

Husain, et al. (1994) Cancer Res. 54:539
12



| ow, but sufficient activation of nucleosides to their correspondi ng
monophosphat es. 10 The conpound NB1024 as tested above déngngary 26043

m xture of two isoners, 5-(4-Brono-1E, 3E-butadienyl)-2'-dexoyuridine
(Vila), (lsonmer 2), and 5-(4-Brono- | E, 3Z butadienyl) -2'-dexoyuridine
(M1b), (Iwooressk). These two conpounds were separ at ed Hyrassooogy eparati ve
APLC (reversed phase C18 columm) using 20% acetonitrile in water as the
nobi | e phase as descri bed above (Exanple 12). The ability 15 of each

i sol ated conpound to block cell proliferation was then determ ned by the
crystal violet procedure. Results are shown in Table 7. The two isoners
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each RS is independently -H, -OH, -OC(=0)CH,, or F; and,

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

group attached to ) at the 5' position;

(i1) compounds having the structure:
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19 January 20% eCI_I_AI.I\/IS 1. A conpound. selected from (i) conpounds having
the structure: Werein: R is a group selected from R4 R4 is O, Br, I,
or CN; 76 19 January 2004 L
X4 and X, are independently the same or different and are

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

(iii) compounds having the structure:

b9
N

i 0=< 7\
PHO—P——0 \
Me., NH O X

X
CO,CH,
HO

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

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

B-anomeric form.

2. A compound according to claim 1, wherein the compound has the
structure:
O
HN | R
O)\I\IJ
Q
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wherein le selected from R7-O R7-0 and each R6 is in ?? pendent | OH,
-O(=Q)CH3, or F; and, R7 is -H a phosphate group, a 3 J?BH%‘HlQQéﬁer
group, a phosphoram dat e group derived froman am no acid, or

phosphoram date group attached to Q at the 5 position; (| i) corrpounds
having the structure: 0 11 PhO-P-O ~, M,,, NH COZCH3 OH 77 19 January
2004 wherein: ‘Xd-and Xe are independently the same or different and are

sel ected fromthe group consisting of d, Br, I, and CN; (iii) conpounds
havi ng the structure: HO wherein each X is sel ect ed fromd, Br, I, and CN;
wherein the conpound may be in the formof a pharmaceutically accept abl e

ic f
Thcl uding D 1 orm L FEPROCA® IR kEne 1 PRl % winktein Bip b BT 5 1O

conpound accorstwgure:o cl aiml, wherein the conpound has the structure: I Q
78
o]
R
HN | 1
Ay
Q

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

acid alanine or the amino acid tryptophane.

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

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

phosphoramidate group derived from an amino acid.
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19. January 2004 3. A conpound according to claim1l or gperelg :
. conpound has the structure: and wherein RCis a phosphJP OB?oup
~derived fromthe amno acid alanine or the amno acid tryptophane. 4. A
conpound according to any one of clains 1 to 3, wherein Qis: R7T CH 5. A
conpound according to any one of clains 1 to 3, wherein Qis: 6. A conpound
according to any one of clains | to 5 wherein R7 is -H 7. A conpound
according to any one of clainms 1 to 7, wherein R7 is a phosphoram date
group derived froman amno acid. 79 19 January 2004 8. A conpound
according to any one of clains 1 to 5, wherein R? is: 0 11 OP- 1 NH |

' HI0. A capouna aporar Aol sd fufBe nfl (e Sideblh s "B Q1Y

A conpound  according to claim10, wherein R7 is -H 80 19 January 2004
|
O

-
.
K \

H,C COOCH,

H

IO—-Z2—10

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

n

H

i
P
H
N 2 _
N
_ 3 COOCH,

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

HO—

0 Br

OH

11. A compound according to claim 10, wherein R’ is -H.
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12. A compound according to claim 3, having the structu S ﬁl& 13. A
conpound according to claim 12, wherein R7 is -H. CJBH%M@ %ccordl ng
to claim3, having the structure: 0 11 PhO-P-O l\/e.,, NEB -~ U 'O CO2CH3
OH wherein Xis selected fromd and Br. 15. A conpound according to claim
3, having the structure: --,-1Br 0 11 PhO-P-O 1 Me.,,. /NH CO2CH3 OH 81
19 January 2004 16.- A corrpound according to claim 3, haV| ng the structure:
0 it PhO-P-O MNH O CORCH3 OH 17. A conpound according to claim3, having
the structure: 0 11

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

— Br

OH

13. A compound according to claim 12, wherein R’ is -H.

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

O X

CO,CH, OH

wherein X is selected from Cl and Br.

15. A compound according to claim 3, having the structure:
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PhO--P-O i Me,,, (NH CO2CH3 OH wherein X. and Xe are H%ﬁfgend%ﬁb y the
same or different and are selected fromd, Br, |, and éonpound
according to claim17, wherein Xd is O or Br, and Xe is H 19. A conpound
according to claim3, having the structure: wherein each X is selected from
a, Br, I, and CN. 82 19 January 2004 20. A conpound according to claim 19,
wherein Xis O or Br. 21.- A conpound according to claim119, wherein X is
Br. 22. A conposition conprising a conpound accordi ng of any one of cl ai ns

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

(e)-5-(2-bro nyl -5-uridyl, phenyl .L- .al ani nyl phosphoram dat e.
24. Use of ams)lu st I‘%.t émg %?%%COE&O{H%%{YJH]&PIBT% gﬁvn%#?%fu E’Y@ﬂ m 1to 21 or a
nmet abolite thereof, or a conposition of y one of clains 22 or 23, for the
preparation of ‘a rredl canent for sel ectlve y inhi fng the proliferation of
pat hol ogi cal cells that overexpress any nous, i ngracellul ar

activating. enzyne and wherein the en%\m&l s not inactivated by a
substrate prodrug conpound. 25. g'lhe @ claim 24, wherein the

activating enzyne is overexpr a esult of pri'or chenot her apy. 26.
The-use of claim 25, wherei % not herapy is fluoropyrimdine or
Tonmudex. 27. The use of clai i1 the pathological cell is a

CO ,CH, OH

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

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

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

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

boo
N
0 o= )\
PhO—P—0, N \
‘Me,, _NH 0 X
| X
CO,CH,

wherein each X is selected from Cl, Br, I, and CN.
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hyperproliferative or neoplastic cell. 28. The use of cl 2&3 rei.n the
neopl astic cell is selected fromthe group consisting o “BQ?t cancer
cell, a breast cancer cell and a colon cancer cell. 29. The use of claim
24, wherein the activating enzyne is thym dylate synthase. 83 19 January
2004 30. The use of claim 24, wherein the activating enzynme is selected
fromthe group consisting of thym dylate synthase, tyrosine kinase or

di hydrofolate reductase. 31. The use of claim?24, wherein the selective
inhibitionis in vitro, ex vivo and in vivo. 32. The use of claim 24,
wherein the selective inhibitionis in vivo. 33. The use of claim 24,

of ol &l m 24, am%%YZT' B ReR R T SR dY, e RSB i thoan
ef fective armug{ #ﬂld that dimnishes intracellular thymdine or
purine. 35. Th useAcFPnH’I pepoprding de glaim:19e wiheenie XsBr. i s used in

conbination wth an ef fecti ve anount of 6-nercaptopurein, thioguanine, or
2' deoxycof or i n. ARSMppRitionsenyfisirigs mﬁwndracaﬁrdmglefm}noﬂdﬁ@f dgisidiscanent s

are used sequ 7. The .u 34 or 35, wherein the

medi canent s arg%gg’ nﬁ?ﬁﬁf@ﬁ%&@ﬁéﬁﬁ/“@@ﬁk%‘ﬁod for screening for a

t herapeutic a onprisjing: (a) cont actl a sanpl e containing a target
cell with a cgﬁ;oun‘g n%l?é’é’t“@ﬂ Cf %|canmsnna@qffeqawea

conposi tion of 0f r b OB ting a separate
sa%l e ‘of the Etlrg%rg?f 2 :f & lb?(?{Hgvm% 2 de%%y.sﬁ Hayi PRLAT

alaninylphosphoramidate.

24.  Use of a substrate prodrug compound of any one of claims 1 to 21 or a
metabolite the;eof, or a composition of any one of claims 22 or 23, for the
preparation of a medicament for selectively inhibiting the proliferation of
pathological cells that overexpress an endogenbus, intracellular activating.
enzyme and wherein the enzyme is not inactivated by a substrate prodrug

compound.

25, The use of claim 24, wherein the activating enzyme is overexpressed as

a result of prior chemotherapy.

26.  The use of claim 25, wherein the prior chemotherapy is

fluoropyrimidine or Tomudex.

27.  The use of claim 24, wherein the pathological cell is a

hyperproliferative or neoplastic cell.

28.  The use of claim 27, wherein the neoplastic cell is selected from the
group consisting of a gastric cancer cell, a breast cancer cell and a colon

cancer cell.

29.  The use of claim 24, wherein the activating enzyme is thymidylate

synthase.
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potential therapeutic agent; and 84 1 9 January 2004 (C)19k%nBa“ n the

sanples for inhibition of cellular proliferation or cell ?9@?

met hod according to claim38, wherein the target cell is characterlzed as
resistant to a chenot herapeutic drug. 40. A method according to claim 38,
wherein the target cell is characterized as expressing a target enzyne
that is anplified as a result of selection in vivo . by chenotherapy. 41.
A met hod according to claim 38, wherein the target enzyne is an endogenous

intracel lular enzynme that is overexpressed in the target cell. 85

30.  The use of claim 24, wherein the activatihg enzyme is selected from the
group con_s‘isti:r'lg of thymidylate synthase, tyrosine kinase or dihydrofolate -
.reductase. '

31.  The use of claim 24, wherein the selective inhibition is in vitro, ex vivo

and in vivo.
32.  The use of claim 24, wherein the selective inhibition is in vivo.

33.  The use of claim 24, wherein the activating enzyme is overexpressed at
least 4 fold.

34.  The use of claim 24, wherein the medicament is used in combination
with an effective amount of a compound that diminishes intracellular

thymidine or purine.

35.  The use of claim 24, wherein the medicament is used in combination
with an effective amount of 6-mercaptopﬁrein, thioguanine, or 2’-

- deoxycoformycin.

36.  The use of claims 34 or 35, wherein the medicaments are used

sequentially.

37.  The use of claims 34 or 35, wherein the medicaments are used

simultaneously.
~38. A method for screening for a therapeutic agent, comprising:

(a) contacting a sample containing a target cell with a compound
according to any one of claims 1 to 21 or a composition of any one of claims
22 or 23;

(b) contacting a separate sample of the target cell with a

potential therapeutic agent; and
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(c) comparing the samples for inhibition of cellular proliferation

or cell killing.

39. A method according to claim 38, wherein the target cell is characterized

as resistant to a chemotherapeutic drug.

40. A method according to claim 38, wherein the target cell is characterized
as expressing a target enzyme that is amplified as a result of selection in vivo.

by chemotherapy.

41. A method according to claim 38, wherein the target enzyme is an

endogenous intracellular enzyme that is overexpressed in the target cell.
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