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5- FLUORO- 2' - DEOXYURI DI NE FOR USE | N THE TREATMENT OF CANCER The present

i nventi orwoebetas460 cheni cal conpoundg useful in the trpeatgBant2/wbiscancer
5 1n 1957, the antitunour activity of 5-Fluorouracil (5FU) was discovered.
More than fifty years since it was first synthesised, 5FU remains w dely
used in %Qc?s %Eﬁ}ﬁﬁ% 3%1\%%&;& ”9%%0%@%' “S‘é&%ﬂ&ﬁﬁ FORQG?]E rQ %&EG%EEMENT
system E ovary and i n parti cul ar orectal cancer,
approved by FDA |n 1962. The 10 fluoropyrim dine 5-fluorouracil (5 FLD and
5-fluoro-2'-deoxyuridine (5-FdUrd) are used in conbination with folic acid
as standard treatnent for a variety of carcinomas, as stomach, col on and
breast. MNoridevRiesent byeplipatektesoto skamigl RompgrpdoHpeful Lrv}hfi freabRentdel ed
as standar% ﬁgqnntherapy for colon cancer. The drug 5FU is usually

adni ni st er &§ y intravenous bolus or by continuous infusion. 15 The
antitunosir activity of 5FU is conparable to that of its analogue 5- FdUr d,
which partly acts as prodrug of 5FU._ 5-FduUrd approve y FDA in 1970,
and has bedh 18§@dh@>amélﬁ%moér yetiaty efpeFlaorouasil (%Eléﬁ\tv?r%ﬁtsceﬁrer@@r Mok Hanof
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by the liver than 5FU. A problem exists, however, in that act|V|t¥ of both
t he agentsa@ﬁuﬂamﬁnyﬁFHUrGfdﬁﬁnﬁgﬁﬂNﬁﬁW?édabyNHH@Vﬁ%ﬁ@fJ: N dP6kesihgt ance
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cause neuro OXI XIC S cts oxl clt derives from

the | ack ofussel mctbmbﬁn/amfn SFth tfoMaradﬁdtasn’@ta‘rﬁiardlttre:stnaamtofnjreatva)‘ietyhef
present invention to prOV|de conmpounds derived fro
f1 uoro- 2' - GAEEIRMAL AeSERRChsEIN é‘ﬂ%‘?ﬂf?&ﬁ‘é%"@@’t’?rwat ?%W&PBP“ R AfLkyith

toxicity i rl]eli;c%vbﬁﬁ rL.Vj fse(g)tn'gﬁ%ﬁ‘ed)gs gﬁgﬁ%rd’ ck&?ﬁmﬁéw r EBh cSRAVTRY drug

5-fl uoraci l eoxyuri1dune per se

2012/ 117246FQTik GBaAL24 dbdSéredl byt intmvanbus bbias oobj esthtimioushiafysiesent
invention to provide conpounds derived from5- fluoro-2'-deoxyuridine that
show a Low | evel of resistance in tunour cells, in particul ar a resistance

L obuour S8 g Ayt Tl R AT B R B SR haliBs BV,
(I): I o pantigaeisas prodrug of 5FU. 5-FdUrd was approved by FDA in 1970, and has been
used extensively for the clinical treatment of carcinoma of the ovary, breast and
gastrointestinal tract. Moreover due to extensive hepatic extraction 5-FdUrd is a
20 useful drug for hepatic arterial chemotherapy of liver metastases thereby it is more

efficiently metabolized by the liver than 5FU.

A problem exists, however, in that activity of both the agents 5FU and 5-FdUrd can
be impaired by the development of resistance in tumour cells. Treatment of cancer
25 with 5FU has also been found to cause neurotoxic and cardiotoxic side effects.

Toxicity also derives from the lack of selectivity of 5FU towards tumours.

It is an object of the present invention to provide compounds derived from 5-
fluoro-2’-deoxyuridine that show an enhanced activity and/or reduced toxicity in
30 their treatment of cancer, compared to that shown by 5-fluoracil or 5-flucro-2’-

deoxyuridune per se.



Ar is a fused bicyclic aryl noiety or a nonocyclic aryl noiety, either of
which aryl noieties is carbocyclic or heterocyclic and is optionally

substi t utwo20R31TB6al kyl , which is optionally substitut @dT/dB20i25b450r

al koyl; and 20 R and R2 are independently selected fromthe group
consisting of Hand alkyl or Ri. and R2 yogether forman al kyl ene chain so
as to provide, together with the C atomto which they are attached, a
cyclic syst fr R : j ; i dto
N “the H et o B R Oy U S Bbe LBEr e
al kyl , any fiuforaM2l -dhogticidineahet iskewon lahk yéveheofcleaistanaeain lbemabr cells, in
substituted; 2012/ 117246PCT/ (B2012/ 050457 3. or ﬁ arnageggbcal

accept abl e PAEHFH]AE p VeSTganGR i BENOYCells thak iniess than t WQ&}O&T}] Y (,‘Hr%%%'nd i's
not a conpqﬂﬁgdhaving, in conmbination, Ar as 5 unsubstituted phenyl, R3 as
CH3, R4 as and one of R and R2 as H and one of R and R2 as CH3. It has
been fouhmd that the conpounds of the present invention show activity that
renders them useful in the prophy|laxis or treatnent of cancer i no

sapi ens. | MCERrding tq &) pgﬁ?erttH%V%?éb@et:l?ﬁr%%enﬁaggéfmnﬂwﬁwﬁ%m@?Zﬁ:
properties which indicate their ability to treat cancer in patients whil st
showi ng reduced resistance in tunour cells. Notably, conpounds of the
present indention can show a cytoactivity conparable to or better than that
of 5-fluoracil, but with a resistance that is conparable to or |ess than
that of each of 5-fluoracil and®-fluoro-2'-deoxyuridine. 15 By
"resistance" in the present appllicaticon is neant a |l ow or di m ni shed
response to therapy. Resistap e innate or acquired. An innate
resistance is a reduced respornsivepess relative to other specinens or
patients. An acquireddesis S a reduced effectiveness over the course
of time in a giyga pat|| ent,“whether or not 20 acquired in conjunction wth
t herapy conpri si gg @hd-adh ig;ration to the patient of a drug regine to
treat cancer, for| exanple reg regime conprising 5FU and/or 5-FdUrd.
Each of inrfe i agquired resistance can correspond to the
domnregulationoor l/ow activitfy—of transporter proteins, including

nucl eosi de transport protetps, or necessary anabolic enzynmes or the

upregul ati on of 25 catabolj e enzynes. Although the applicant does not w sh
to be bound by any theory,4it is postul ated, as discussed further bel ow,

t hat causes of resistance in tunour cells to the activity of 5FU and/ or
5-FdUrd could be: a) deletion of activating kinase as thym di ne ki nase 30
(TK), al®ey enzyne required for the initial phosphorylation step from

5- FdUr d tovgirggpNP; b) overproduction of thym dyl ate synthase (TS); and/or
c) deficien Efransport into target cells. WD 2012/117246PCT/ GB2012/ 050457
4 Surprisingly it has now been found that conpounds of the present

i nvention can show significant cytostatic activity in cells with a | owered
| evel of nud¥ligadnsed hiewehs guylmapiehr o 2MeEosYIcs Y MNPIetn githebef which aryl

ki nase- def i gienbs &&hl5oGoMH 8F ndtBrdByeRPAAS Bt nGAY S &Rble, S
15
R3 is alkyl, which is optionally substituted;

R4 is H or alkoyl; and

20 Riand Ry are independently selected from the group consisting of H and alkyl or Ry
and Rz together form an alkylene chain so as to provide, together with the C atom to
which they are attached, a cyclic system, or one of R1 and Rz comprises an alkylene
chain attached to N, the H atom attached to N is absent and one of R; and Rz
comprises H or alkyl, any of which alkyl moieties or alkylene chains may be

25 substituted;



The beneficial property of conmpounds of the present invention to retain

mar ked cytostatic activity in nucl eosi de ki nase-deficient cells may confer
in vivo avolznmuaad46advant age in cellul ar environnments | ackigaroiznsmscl eosi de
ki nases or having decreased | evel s of nucl eoside kinases and thus unable to
efficiently activate 5- 10 FdUrd. Mycopl gsma-infected cells greatly reduce
the activity of nucl eosides such as 5- FdUrd due, it is believed, to the
over production of thymdylate synthase (TS). The presently proposed use of
the present conmpounds in mycoplasma-infected cells 15 thus, it is

post ul at ed,ordgrhavescéutrally hecdpeaieteideriabtipe operetabaite bﬁ&)rpmézsbnt conmpounds
to act additionally as a TS inhibitor and so permt the present conpounds
to retain their cytostatic activity in nycoplasma-infected cells. The
prodrugs CopRikf Nfet ul@dﬁo fa téb@n@alﬁﬁﬁn{avmgveﬂlt 'c‘aﬂiblﬁiéftﬁ)rf opthgi r

|'i pophylic nature may e en up y the target cells in an at | éast

partial |y 2msnbstitacsi plleertyrl thaqsd]H3, Raas Hemdiongagdn dedtR2way amhdné¢ bl anvay
circunvent potential resistance nechani sns due to | owered | evel s of

nucl eosi de "BrS | eobases transport carriers in the target cell nenbrane.
Additionally, the prodrugs conprising the conpounds of the present
invention are 25 surprisingly insensitive to the action of the catabolic
enzyne ThydtHhmbe&hﬁﬂphbﬁymab@c@ﬁﬁpunhabfﬂEﬁpmﬂemtUwee@uhahe@ekﬁvﬁuﬂbms

and thus, the grug %ﬁ nqﬁg .ndependent o& the sence of t
catabol | ¢ D oot duutn® BroPhdeib 08 b GRey Bheaiar Moo geras. In
I nfecti g g{allég%lrlgﬁ %g n%ngarsgﬁtt LY¥mpedHEs e‘kHﬁn@@eﬂ@ﬁéléﬂ' bYortiByIGLIReR | iH8Rate

i ncl udi ng nistration of a TP inhibitor restores the cytostatic
activity oﬁh&rﬁdﬂhﬂt@neaycnmbasn@aummemmmdtﬁHWhngmédmxﬂsesmhmwedlhgnour
evi dence of ghe deteriorating,rol.e of TP in the eventual

to
activity ofc€ » SHPROWEYS 198 T PRESERE ‘SHe?HO‘ba‘ﬁneﬁP%‘X’ ﬁafytﬁ?%t“”ty

nycopl asma 5&;91}5%?5&9 toUB¥ 'H&%teﬁ thafQ@ndP 2/ F-h(éARACTHUERA Qégééﬁcé s,
t he 5- FdUr odr ugs of e present invention can retain high activity in

t hese nycombammablateot hads tlednl that of eathef pribsmntil endp dlias- 2 Higexnavdinehe
pot enti to overcone many of the 5 |imtations of 5-FU and 5- FdUrd.
5-Fluorodracil (5FU) is one of the first exanples of an anticancer drug.

The desi gn gf«resibidnw@sinhtas gges%'ﬂt bpBli @RI i &nPkhIGWEIA diAinis R PFRbh &0 a
fluorine atom and a hydrogen atom have a simlar size, however a

car bon- f | usherm@ybBesistascengah bEOingtteonyerquineth An umabeme:hytdno@ma beddced

Thym dyl at th | aci t he 5-hyd f di
monophos phaE SIS PE R R 1E bt 6 GBEATiSaa F PAHF et R) PO ELt SRR at o

to make thyghQdalfectEle &X&FdrSthkbl ®uedd of %ecuﬁafg@&én bt augivHe@or not
di fferent pat hvvays The nucl eobase 5FU and

20 acquired in conjunction with therapy comprlslng the administration to the patient

of a drug regime to treat cancer, for example, a drug regime comprising 5FU and/or

5-FdUrd. Each of innate resistance and acquired resistance can correspond to the

downregulation or low activity of transporter proteins, including nucleoside

transporter proteins, or necessary anabolic enzymes or the upregulation of

25 catabolic enzymes.

Although the applicant does not wish to be bound by any theory, it is postulated, as
discussed further below, that causes of resistance in tumour cells to the activity of
5FU and/or 5-FdUrd could be: a) deletion of activating kinase as thymidine kinase
30 (TK), a key enzyme required for the initial phosphorylation step from 5-FdUrd to 5-
FAUMP; b) overproduction of thymidylate synthase (TS); and/or c) deficient

transport into target cells.



deoxyri bonucl eosi de 5-FdUrd enter cells through facilitated nucl eosi de
transport 15 systens. One of the nechanisns of action of these agents is

i nhi bi ti onoab1hedenzyne thym dyl ate synt hase (TS). TheprouudBotrxzsess5FU i s
converted to the deoxynucl eosi de 5-fluoro-2'-deoxyuridine (5-FdUrd) by

t hym di ne phosphoryl ase. Subsequent phosphoryl ation of the deoxynucl eosi de
5-FdURd by thym di ne kinase results in formation of the cytotoxic

nucl eoti de sﬁq%ﬂlém -ig hagefwB@wmﬁdatha%Qowm@whﬁ& SréntdPkion! dunt he
presence of t ced folate, 5, 10-nethylene- tetrahydrofolate (mrHF),

t he nucl eotshde elgnﬁdclalh/P)cytqsmtm tstivityy i d}ellat\eltbymﬂmgeed( Tesel dfieucteostie

inability of the enz rretonetheS ige atﬁ Thus hémf{/lrs't and
t he forenoslfaqsﬁﬁbtfef Dtchos o Bithaatrshode BeSanatentR ce4s [ FH/6l tion o
t he enzyrre :%}ﬂaafn?e ¥athase (TS). Thymi dylate synthase (TS) has two 25
substrates 6} UWP a mMrHF) , both of which bind in the catalytic site to

enabl e the synt hesis of dTMP. 5-FdUMP forns a coval ent ternary conpl ex vm'th
t hym dyl ate, synthase (T ibiting,this enzynme activjty and Ieadl

ool et on. HedRREPEIY Ry O cpiosHdE &f The eeear Fivestionie Ernpere

Al ternati V%&I?’lsta(tﬁ: adeiiyPh mléasm&ema%e@eﬁ&%ﬁf cARNYS) SoRRrah VAot ERREUMP

by OPRT, to uorouridine 30 di phosphate (FUDP), fl uorodeoxyuridine
d| phosphat ed¢&satede)OR) chNulai b@numrementdelacbmmirastwdm)darh(dnaseencomehah/ylgt o

-FdUWP. It has en observed that. after sure U or. FdUrd
The coll 5 desirop TOGSORRLERDs P iad s bhey SHBTE e uhQaply et
over expi@ssigepgof thym dyl ate synthase (TS) reduces the therapeutic WO

2012/ 117246PCT/ GB2012/ 050457 6 effect of TS inhibitory drug leading to
resi st ance. It was observed that sonme individuals are nore resistant to TS

t t ed t th th S )
52 Puor o- 2 MQRIARA e Soha BT e e MG noai B o GURECSErs SHER RfaTe
5- FdUTP forpaum'dela iths wn&;&iaeo B bNGBEFRAI @B Rl MiBNALCAMSh NG (TS ette

damage. Thirdly, 5FU may al so inhibit RNA synthesis by it$S conversion to
FUMP by OPRTesmmlyspivpegedniskyof the presest epepourglst irumy@apiadmaenfetcttho@bhate

(FUTP) 4020k neeretabed AR, E TR, kRaBEhacvethldy 5 209! Bhen
optimal TS HyoRhEOTY HEUAIAREAMAS 44 d IS inhibitor and so permit the present
compounds to retain their cytostatic activity in mycoplasma-infected cells. The

prodrugs comprising the compounds of the present invention, due to their

lipophylic nature may be taken up by the target cells in an at least partially

20 nucleoside transport carrier-independent way, and thus, may circumvent potential
resistance mechanisms due to lowered levels of nucleoside or nucleobases

transport carriers in the target cell membrane.

Additionally, the prodrugs comprising the compounds of the present invention are
25 surprisingly insensitive to the action of the catabolic enzyme Thymidine
Phosphorylase (TP) that is often upregulated in tumors, and thus, the prodrugs

would be more independent of the presence of this catabolic enzyme than 5-FdUrd.

It has been observed that mycoplasma infection of cells can greatly reduce the
30 activity of nucleosides, including 5-FdUrd. Administration of a TP inhibitor restores
the cytostatic activity of 5-FdUrd in mycoplasma-infected cell cultures, providing
evidence of the deteriorating role of TP in the eventual cytostatic activity of 5-

FdUrd. This may be a limitation in patients that are mycoplasma infected. Unlike 5-



10 inefficiently converted to 5- FdUWP due to the several netabolic steps
required for netabolic activation of 5FU. Further resistance can occur if
the cel |l woadixas24excess quantities of dUMP to conpete wCTiGH2hE/0d0459 f or
the active site. 5-FdUrd is a relatively good substrate for thym dine

ki nase, which converts it 15 directly tog5-FdUMP. In vitro studies, in
several cancer cell lines have denonstrated that 5-FdURd is about 5000 fold
nore pot ent [ | f rug
B FAURT Shos o A do s, e o caf e AR B
cyt ot oxi ¢ cheszanycqgtlaons-infectedicelds.st udi es showed that a significant anount
of 5-FdUrd is degraded to its relative base 5FU by thym di ne 20
phosphoryl ase, enzyme for which 5-FdUrd shows a good affinity. This rapid
phosphor ol yieC ,el g Qéurﬁrs':@}%sd HaQe © g’&téﬂdaﬁ P elddn¥d URakERIERRNL S @
maj or obstacle'in delivering intact 5-FdUrd to ceI for enhanced cytotoxic
action. 5n laitatiorsmf Sté adé §rEdatd. on of 5-FdUrd in rat i ntestina
honogenat es and in humans, after oral adm nistration, suggests that 5-FdUrd
woul d scarcely be absorbed as 25 intact 5-FdUrd. According to a further
aspect of dpuBrEREEH (SAYPRRLE hOr GBI & ar ARiGRESCHug MRS
provided for use in a net prop ylaxis or treatnment o ancer |

sapi ens. Smﬁﬁdﬂﬂymsﬂheedanaheawsﬂdﬂébuﬂﬁdnﬁuﬁmmﬁmmmgonumﬂuonpeasnngnda

| eukem a, 30 pancreatic, prostate, |lung, breast and cgrvrcal (Fcer

2012/ 11724 RSB0 8% 0459 SGH eiits OW%Ve&e%/ean pon-Hupuipg on
cells wigh s_ErS;%%@PEhafn Eari‘ﬁoﬁ@lﬁrﬁiéé%e% BUnd5‘I‘hfylrrH§$l%€%§eyrﬁﬁase acts by replacing the

5-fl uoro- 2 xyuridine In rophyl axi's treat ment” of cancer. For
exanpl e, t hehypdiogen rod cteabxylhmdmreersenmphowhata onthcamdibylf groupsebtiamed fremhod

of prophyl axi ortrea nt. of cancer in g, patie wth ce
Dover od | evafthgens tﬁtré felate £ rrhérrms?laf%i EEUa%rwrlthﬂaegfsgr de

ki nase- def ig} CGEh+e% anglfrofentd t Ba st | fRfddsce! bpy Papdi cilear!y
where the cancer is | eukema. The conp und of t he present 1nvention can

i nst ead of depxmsbaweldemsleb-Hdbirduseer nelds thebhgld fafiliptep hytlarside drartspest nent

of canc in a patiient who has, cells th a raised | evel  of .th
oynt hacts (Festenie. RBE ARG AFS (AR R HTSE q8RBt ooy En e,

there is prg yﬂ@dt@ n%l@@é’ s%trﬁfs@quﬂs?“ ?h@rnddi&ﬁ}a?{@rﬁmpfls %H@@Jte&ocﬁpmesl ng

adm ni sterr ng to a ho sapiens patiéent in need of such treatnent an
ef f ecti ve desgynfclenstdenpdlodo-f-debeypidiserfhb- Hdﬂllréhbydhymﬁmeajhloyphchglasa,ncer

ung. . br eaSt b CE PUPSRI Ty 2ReRror i dearinici i TRECREMS e Fin e
conpri ses Q‘eﬁﬁEShQH fmdtRAIIMhé RRSIoRIM nYeRoBAS g%r@@?—@ie@ﬁ f18§inkfre

potential to develop resistance in“tumur cells wth respect to t he
activitg0 ofmc’ﬁadrjhmephanel(Sd?dLB\AP] dortbe mescdeeoa9fmhed1edecadrfoh1tem&,m>mabhylme—

hyl t F th t
ARy e SR T N I RN G R R D AL R
nucl eosi de (rEpRgPRS LRE (UL BSuRNEH é'\’cé Perﬁar;éa%sqﬁldﬂrrea%nﬂqmu%l gt

cells and/ or wi th mycopl asma-i nfected cells, particularly where the cancer
is | eukem dirstlmsl ulnetfhmdn(mt 1mperqan9wnhamlammﬂarcban DOSFY prA DR 1aupiab1tmmt can

i nstead of qr_as well s or 25 treatli atient that h wrtha
rai sed | ev® Bf YR 3{3{{’@ Li}ﬁtW%}éas(eT@ﬁg@Mﬁ’é‘ﬁﬂlate py™ ﬁ?ﬁ)@?s)cg‘
used inyt h%uewg»t%gtfoﬁrzmMp%uqupr lLgsis opwfmwrn%a iheé eahBic sﬁt%ft%re‘%labfé bot h

solid tumours and cancers such as 1eukem a. Conpounds of the present
i nvention ¢he $ymthesid dfodTMReat brigilMBataremnt a\/\ncoralemnctetrnaeytdmnplakowethde

novo or in _conjunction wt t her.. canc et t hera For ,, C unds of
he_ presenth TRt oRTEise 058 hoBb R s e f sl el FaR o R preTion
conj uncti 0%f‘@e\¥;\%7t98ﬂﬁﬂm@@riflﬁ§ ESk, HEAESaryStee DR sHnfrdsRNAARErmativalyr f5-
either, with 12/117246P /GB2012/ 050457
FAUMP) is synthesized after conversion of 5FU to5-FUMP by OPRT, to fluorouridine
30 diphosphate (FUDP), fluorodeoxyuridine diphosphate (5-FAUDP) by ribonucleotide
reductase (RR) and eventually to 5’-FdUMP. It has been observed that after drug
exposure to 5FU or 5-FdUrd, the cells develop resistance to these chemotherapeutic

agents. The overexpression of thymidylate synthase (TS) reduces the therapeutic



8 or without |eucovorin (LV), and/or other anti-cancer drugs.

Al ternatively, conpounds of the present invention can be used where a

pati ent hae 2bmyiiedét o respond to ot her anti-cancer drug®CTAAB2N12080450r
exanpl e 5FU and/or 5-FdUrd either with or without |eucovorin (LV), or where
t he patient has shown resistance to 5 otfer anti-cancer drugs, such as for
exanpl e 5-FU and/or 5-FduUrd either with or without |eucovorin (LV).

Corpounds  offetef PFLSENbithAY @bk qgad’i’h?rt% Pdsidtinde. NRRRANBhseVRBLIRGE some
substituted or unsubstitutéd, are particularly suitable for use in the

above uses indididvetshads mofre T@sistamt g €€ targetedethterapy, thpar oihews. didcyndly, the
pati ent who, has devel or has the pat ial to devel op, resistance
in tunour @@PT‘%?‘?@%HPGQ??ﬂf‘B’fo'zgg‘?Pﬁﬂy&”d&“epa@f@ﬂ'ﬁrﬁj £ ] I@_“\)(F‘Etﬁd a9 dier ed
level of n%ﬂ@g@&pﬁ% SLANF PR T4i%h vﬂﬁa:l $n 3BEH €4n WeliRcdripbasedshic DRI RS

and/or with | asma-1 nfected cells and/or a patient who has cells wth a
rai sed | gvekll dhmagyg T dydlgt &% yay ésenhits) RNASyAdesisdiynigs tanvarsion thhEUMEspect

of the present_inpvention, there is provided a pharnmaceuti cal it
corpr | ng B WAkDStck BT R bria Bt etr i, Sh i HBH RGO HOPHPRar (hL ahat"
phar naceut 'iQQCBVQ(ﬁ%&Q})ﬂh?@kﬁA?@Ei%'i?Bel_iéii'eH‘é@ B aQbHF PoldR1M act?éh fepy di ng to

anot her aspect of the present 1nvention, there is provided a nethod of
prepari ng a pharnaceutical conposition conprising the step of conbining a

conpound of_ the pres invention with a pharnmceuticall cceptabl e, .
oy pi ont . o BEIE S il Apes Bk RsbBiGrRgPAB-L Ao HP et LeE Wi is
pr esent 1§ NYRLitRAtly (BRTE e tR5 PHUIEH dReRb AWESSvr A mehoRE %%s%gﬁﬁe@ﬁcora
conpound of the present invention conprising reacting a conpound of fornula

(1) WO 20ieabdliC4aaPaTbeBZ O FD/ Patda7registdnd@ dabctur if the cetipraduces ¢xcpes

with a Con%%gplgtigg 01I (% Wltg C rlnlple%e \|/v¥t|h the drug for the active site.

5-FdUrd is a relatively good substrate for thymidine kinase, which converts it
15 directly to 5-FAUMP. In vitro studies, in several cancer cell lines have demonstrated
that 5-FAURd is about 5000 fold more potent as inhibitor of cell growth than 5FU.
Furthermore, the prodrug 5-FdURd shows no significant conversion to
ribonucleotide metabolites at cytotoxic concentrations. In vivo studies showed that
a significant amount of 5-FdUrd is degraded to its relative base 5FU by thymidine
20 phosphorylase, enzyme for which 5-FdUrd shows a good affinity. This rapid
phosphorolytic cleavage of 5-FdUrd to 5FU in vitro and in vivo represents a major
obstacle in delivering intact 5-FdUrd to cells for enhanced cytotoxic action. In
addition, the degradation of 5-FdUrd in rat intestinal homogenates and in humans,
after oral administration, suggests that 5-FdUrd would scarcely be absorbed as

25 intact 5-FdUrd.

According to a further aspect of the present invention, the compound of the present
invention is provided for use in a method of prophylaxis or treatment of cancer in
homo sapiens. Suitably, the cancer is selected from the group comprising leukemia,

30 pancreatic, prostate, lung, breast and cervical cancer.

In particular, the compound of the present invention is for use in a method of

prophylaxis or treatment of cancer in a patient who has developed or has the



wherein Ar, R3, R4, Rl and R2 have the nmeani ngs descri bed above and in
claim1. 10 The group Ar conprises a substituted or unsubstituted aryl
group, whwoepry/tihaet erm "aryl group” and the possi bl e seostdr0tzmBms0f said
group is as defined herein. Suitably, Ar is a 5 to 14 nenbered aromatic
ring noiety. Preferably, Ar is carbocyclyc. Alternatively, the one or two
rings may include 1, 2, 3 or 4 15 heteroatons, preferably 1, selected,
'ndependenyoywaﬁqm&vefégaf& &lané‘érﬁ,fﬁf ryc IR with @ ”%é'c%edé @l%rmmtgzy&isc
aryl noi et re prefe : IS nap even re preferably

1- napht hyl fluoeacilnap$rflupio-2i- dkeqrm"cdlﬁb m dle()pﬂlmhgfbnhsamr ﬂieetr&atrmqmlhtolﬁyimcer

osition. Suitabl r can alt i veI en three or
1|‘Oour subst if Pﬁ@ﬁ%@)}/’ QA/Q?%FPWH?“‘H@ F to‘lm’g'i‘ %F@h?e ‘?1‘%51'§lseb‘é1 ap‘inég?%{ on Ar
and are selg Bﬁlﬁﬁaﬁg%@“t}&ﬁ e 'p c%ﬂé&%ﬁh%l ggtlé}?tl WQEQeI]Wlﬂha Wef&l level@f - Br

or -1; - otlonaly substitute G _3alk opt 1 onal
substi t us emuc@oglallekmylqumerf grratdiys rmltdhoxw(thOﬁJHSaeost)tkmmHﬂq,ﬁMSteltsut ed

-SC _3al kyl ; - optiqgnal ly ubtl uted - 1 3al ky and aop |1y
substi t ut e&nd@@f?lgﬁb’k%ﬂqas%'é?é |‘i§’16rﬂa\r8ﬁ T@lﬂﬁﬁtt}’? &?]é%erdﬁi?}g‘senﬁﬁy be

substitute I Jepd
i ndependenﬁ‘l \gctggr@gl?lgddfft% %Z’tté‘?‘é%%%’%’o‘%%ﬁ‘geﬁg Oﬁ Fgég\f“ell whi Cﬁfrﬁﬁg}(; HBS F

d, Br andnhethaddfN@Bphiaxisi autr@atmenr ef earrced is wbpati¢ntemhs haw catls avich a

el ectron w thdraw rou such as Iogen (preferably chlorine or 10
fluorine), FPFP%%VSE& W“E F‘Eﬁ‘%’r“é}l?ﬂ% 1f1 uoronet hyl ), cyano and nitro

groups. {Jhe substituents nmay be at any position on the Ar aryl noiety.
Where Ar is 1- naphthyl, a single substituent at any of positions 2, 3, 4,
5, 6, 7 or Acoslipg &f efueter ¥pece othd sresbeniylventorsitheteeis qurbgidied wemethaid t he
2 (ortho) or 4I§<}gara) position i.s 15 preferred, nore preferr d at the 4
posi tion. B6PTRRARHF O thgrtmEACS an%rm&rﬂ%ﬁ% eAMEHSRTING tRra Agmoppiens

3, 5-di chl Or%tlgﬂ@%ﬂleecg f Ehdn HLOREII o PEeR¥! dosB df it b tH¥ present
p-nitro- phg ulrta P R3 is a Cl-16 primary, secondary or tertlary

al kyl gr oupmaﬂmhomatSultabllyudEa 2hceariboelectad from éhe esoup @ﬁ@p?lmwgllew(emlk,yl
group; r a G .6al kylCs ||ar§/b %q?oug Mor. e swtably R3 is a Cl-10 al kyl
group o Ci’agc%ﬂak‘ﬁ'l Stte, IURE, Br¢ash 2R cprvi@l b¥MEy1 (-CH2- CBH5). A cyclic
al kyl group can be carbocyclic or can contain, in total, one, two or three
ring heteroatons sel ected i ndependently fromO, N and S. Preferably R3 is
unsubsti t uﬂe@arthéme tlseu ps&s'entltreméntien hrstrinriseataSIIMdsfet treating el asien ho
Suitably R4 is Hf) al 1), wher e al kyl |sC|1Eo Citbh;).
When R~ andpdrdegslops (Prk;{/‘las tbﬁé%})tﬁ? ale‘é’cﬂe R JENGETCE YN WAl GelSeVddt ed
fromQ to %%ct D" the Skl glé'f ﬁffﬂ%gll bP 5Buorre iy é‘ﬁanBth Q%E’JE%H of

conprise an Kyl ene 30 ch the chain is swtably Cl C6 may
cont ai n2@npabpindaxienoanckatinent eif atancenefort ‘mamplet rtheemla'ehoeir oﬁttberspneaem‘me

chain independently selected fromO, N an e of
attached t SM¥ENHORSANSORIPTSEfGeal i P%@r&avlﬁ*g St anevered rdtdiostd w
and R2 ar e (@ {B6ReF piUtdiAP|ad POt @i clhobRle kiNBENEERcieMPE&ls and/or with
mycoplasma-infected cells, particularly where the cancer is leukemia. The method
of the present invention for treating a patient can instead of or as well as be for

25 treating a patient that has cells with a raised level of thymidylate synthase (TS).

“Tumour” or “tumour cell” as used in the present application, unless otherwise

indicated, refers to both solid tumours and cancers such as leukemia.

30 Compounds of the present invention can be used for treating a patient with cancer
either alone de novo or in conjunction with other cancer therapy. For example,
compounds of the present invention can be used in a cancer treatment regime in

conjunction with other anti-cancer drugs, such as 5-FU and/or 5-FdUrd either, with



WO 2012/ 117246PCT/ GB2012/ 050457 11 suitably 5 nmenbers. Any al kyl or

al kyl ene chain conprising R and/or R2 can be substituted with one or nore
substi t uenbD2o0peti7dt herein. Wen R1 and R2 are differerCI/aHre12058450m t 0
which they are attached is chiral. 5 Preferably, the stereochem stry at an
asymmetric centre -CRLR2 corresponds to gn L-am no acid. The

stereochem stry at an asymmetric centre -CRLR2 can, however, correspond to
a fl-am no Ackdn ikt RLEETIYE! QL\Q,maﬁHr&esot%r CAMREMRSS GATLsDE ﬁ%@ﬁ@gy,
havi ng asymmetric centres corresponding to L and D am no "aci ds.

Sui tably, RongrdnB2 afathecmesezstpbwdntlon tdae Ioueed eﬂae&btaapheelnu bag ﬁaaleal tp)ha C
atomin a naturaJly occurrin ha am no Cld r

al pha ani ndesRAN"to YN RRAR-cA %eﬁ.cgegs APE}?%% éexa@ﬁ %@? d7%%53§r(¥
Cysteine, Gysf 'o'?e\mtgoﬁ(ﬂ ul%ovcglh't(@ Cor’hdre Eha! éﬁ%ﬂ?hay'sﬁBM' Fistance to
Hydr oxyl ysi ne, Hydroxyproline ‘euci ne, Leu Lysi ne, Methioni ne,
Phenyl al aniotker fitblcamesr dsags,seich BisrfeoekamaplelsAFbt anpdyam,5- E&Uﬂ@/emhemmtzhmrk
Valine. One of Ri and R2 can thus be H and one of R and R2 can thus be H
or al kyl séY‘é}&‘?Uéde‘fcr%’HTlpk(éV?ol | owi ng noieties or R and R2 together can
forman al kyl ene chain selected fromthe follow ng noieties: CH3-as present
in Al ani ne 20 H2NC(=NH) NH CH2] 3-as present in Argeni ne NH2C(0) CH2- as
present i n CAspangidsefHoR Qrdseans imeafsmmtwhareﬁépa‘asr tiaphiyl,dvHSEER salsstjintesient

in Cysteine NH2 CH2SSCH - res in stine 25 H as pres

Gyol ne. HOPEMBCHDA RS 6r G RETcH TP e o RRDIRsoRpiRe 58 i Bewhel | n
G utam 16 CRNDFCIdAT ?I?V@rl)i?l%ﬁe rticﬂldf'l il QRQ@ MW%%"GQ/‘QI ﬂ%Hé@ﬁ%nt In
Hydr oxyl ysi ne" 30 - CH( OH) rese i n Hydroxypr ol

CH3CH2CH( Chidyerarial pcn dseﬂfibp,l masisgcriceun tmao (e )s2 GHOHD; fis qxaes)daema patiebewdthne
CraSOH2CHo KBS FY Bl cn v e e b AT A IHEIE. S8 MGG ST PRy PAPakiiee-
deficient cells and/or with mycoplasma-infected cells and/or a patient who has
cells with a raised level of thymidylate synthase (TS).
15
According to a further aspect of the present invention, there is provided a
pharmaceutical composition comprising a compound of the present invention in

combination with a pharmaceutically acceptable carrier, diluent or excipient.

20 According to another aspect of the present invention, there is provided a method of
preparing a pharmaceutical composition comprising the step of combining a
compound of the present invention with a pharmaceutically acceptable excipient,

carrier or diluent.

25 According to another aspect of the present invention, there is provided a process
for the preparation of a compound of the present invention comprising reacting a

compound of formula (II)



- CH2CH2CH2- as present in Proline OHCH2-as present in Serine 5 CH3CH(OH)-as
present in Threoni ne CBNH6CH2-as present in Tryptophan HOC6HACH2- as present
in Tyrosiwe 22H3yR&H as present in Valine. 10 By "a phaPocaaBiaghdsy
acceptabl e derivative" is nmeant any pharmaceutically acceptable salt,
ester, salt of such ester, hydrate, solvgte, or crystalline formor
netabolite or any other conpound which upon admnistration to a recipient
is capabl e pf providing (directly or indirectly) a conpound of fornula (I).
15 Reference in the present specification to an al kyl group neans a
branched or unbranched, cyclic or acyclic, saturated or unsaturated (e.qg.
al kenyl or al kynyl) thydrocarbyl radical. Were cyclic, the al kyl ene group
is preferably C3 toJCl2, fmore preferably C5 to Cl10, nore preferably C5 to
C7. \Were acyclildN tha al kyl group is preferably G to Cl16, nore preferably
C to C6. 20 Refefence|in the present specification to an aryl group neans
an aromatic gr aining, suitably, 5to 14 ring atons. For exanple Ar
i s phenyl or The aromatic group nay be a heteroaronmatic group
cont ai ni ng three or four, preferably one, heteroatons sel ected,
i ndependent |y, t he group consisting of 25 0, N and S. Exanples of such
het eroaromati ¢ groups include pyridyl, pyrrolyl, furanyl and thiophenyl.
The al kyl and ar groups may be substituted or unsubstituted. Were
substituted, thefe will generally be one to three substituents present,
preferably on§/8 substituent. Substituents may include hal ogen atons, by
whi ch is neant4F, C, Br and | atons, and hal onet hyl groups such as CF3 and
CC13; oxygen containi ng groups such as oxo, hydroxy, carboxy,
carboxyCG _mal kyl , al koxy, al koyl, al koyl oxy, aryloxy, aryloyl and
aryl oyl oxy;with & com@euad of armHg (BPoups such as ami no, Ci-6al kyl amino, WO
2012/ 117246PCT/ GB2012/ 050457 13 di G _6al kyl am no, cyano, azide and nitro;
sul phur contai ning groups such as thiol, G _6al kylthiol, sul phonyl and
sul phoxi ge; heterocyclic groups which may thensel ves be substituted; alkyl
groups as defined above, which may thensel ves be substituted; and aryl
groups as defined above, which nmay thensel ves be 5 substituted, such as
phenyl and ;substituted phenyl. Substituents on said heterocyclic, alkyl and
aryl groups are as defined i medi ately above. Substituents in R and/or R2
i nclude noieties to provide conpounds in which R and R2 correspond to the
noi eti es attachqg to the al pha C atomin a natural occurring al pha am no
acid. 10 Reference dnp-heipresent specification to al koxy and aryl oxy
groups neans, resgpectilvely, alkyl-0- (for exanple where alkyl is G to C16,
preferably jg_to aryl-0- (for exanple where aryl is a 5 to 14
menber ed ar oma®i ¢ o- or bifused ring noiety, optionally containing 1, 2,
3 or 4 heteroaton8/sd&lected, independently, 15 fromO, S and N, preferably
aryl is phenyl). Reference in the present specification to al koyl and
aryl oyl groups neans,

wherein Ar, Rz, R4, R1 and Rz have the meanings described above and in claim 1.

10
The group Ar comprises a substituted or unsubstituted aryl group, wherein the

term “aryl group” and the possible substitution of said group is as defined herein.
Suitably, Ar is a 5 to 14 membered aromatic ring moiety. Preferably, Ar is
carbocyclic. Alternatively, the one or two rings may include 1, 2, 3 or 4

15 heteroatoms, preferably 1, selected, independently, from O, S and N. Preferably, Ar
is a fused carbobicyclic aryl moiety. More preferably, Ar is naphthyl, even more
preferably 1-naphthyl i.e. naphthyl linked to P via O bonded at the 1-naphthyl
position. Suitably, Ar can alternatively be phenyl.



respectively, alkyl-00- (for exanple where alkyl is G to Cl6, preferably
C to C6) and aryl-CO (for exanple where aryl is a 5 to 14 nenbered
aronmat i ¢ worneo120n746f used 20 ring noiety, optionally contarmBrgi2losos; 3 or 4
het er oat ons sel ected, independently, fromO, S and N, preferably aryl is
phenyl). Reference in the present specifjgation to al koyl oxy and aryl oyl oxy
nmeans, respectively, alkyl-00-0 (for exanple where alkyl is G to C16,

pref erably glo iof @%rgaﬁlr e, whath ﬁé?@é'tﬁe%ﬁfeeoraﬂﬁﬁerét% thay BO 14
menber ed nono- or use aromatic ring system optionally containing 1, 2,
3 or 4 het giresdmns Elehmd:amlselea’uetéfmndémgryoupfcomprﬁs,mﬁldngemw}pclehayalﬁly

aryl is phenyl Referenc in the nt speci ion ta hetero
groups mearfd éﬁﬁ%p& @@z'c ZaPH‘P?i@al éFlt‘H’Bﬁ G ﬁé}?yioqgﬂonaﬁ%sa %tﬂ)tluyl?%/& dl
pyraziolyl . a{){%’xﬁlz .r¥ era I?ny kRS 3('0 Z@Jtﬁ@nall?y&ﬂ%b‘tﬁ‘eﬂyI—SCi]pQém}m '@Nl

i mdazolidin azo pyr azo rahydr of ur an pyranyl ,
pyr onl y, 5pyaptibylally pybsununyj CQinrgaldta]z mnyllqptmnpéy sdlyét;tumdpé}()aﬁi sykyl; where

nmor phol i nyl hi on th benzof ura i sobenzof ur i ndolyl, WO,
0151 11724 PSP EBON DR 70y RSB SUREBAAASR one R e 10 Six
i ndol i nyl, r{yyl feq“gf&l?gg'ir)é{a, rde?r?de'?'gQﬁﬁ%ﬁ{énde‘i’i@lgzﬁé@t@@%{mmcE}i-é”%%d}y lcomprising

i socounar i I soqui nol napht hridi nyl, cinnolin
qui nazol i nyia,logz,ylr Mm@ymagiyje F, i nBroxak I, rayld, NQUlPlaobnadarﬂuy Iprefehredrmlﬂ.‘vyﬁltuents

chr omanyl chroman and carbolin rrbod nt. of .th re ent
Crvontion. 08 ArQre meamy ERRRgE Bluinsciuchl S Boagh Thrye b, RloRi:
l'inked 48 Ry\grfhe 2 tpﬁlﬂﬁﬁﬁletﬁXI theretam Qﬂﬁﬁﬂorﬁ&ﬁ}ﬁ)' %no'aﬂdmbg%u&nbom ment

of the present vent | on IS sul ab y pheny I'n one enbodi nent of the
pr esent |nvent|on Ar is substituted. Suitable substltuents are set out

herein. In gne nbodl nent of the present invention, i s u ubst] t ut

1- napht hyI ‘gb%lt%?fﬂédp%r}?? Hra "F )hBOFPQB M ey (L Ay qu s‘{fb? fut ed
phenyl . gnbgg Eu&fma&% z&r 8 86§M§1@§ o8B, 4, Fs4 e g &eis eghe@#eﬁream the
group COI’ISI H™and acetyl . especi al R4 is I n one

enbodi nent Whetehér ps @henyl, lammgimsabstlmnt sat stbd: éc(@dld)r@‘nﬂt(per@rmmtion is
consi st

| d b f th i
copect allPy TRSTSTEAG DR Al P othg LB IO T eRITRIE SEfTS Ardna sHof '
nore es pec'}ﬁ{elnﬁ}’,]%}’ ch® b@?ﬂﬁﬂf&ﬁloro%e'ngl Q0L FRITPOR I Mphehyl ?Qy?ﬁ@%ﬁ@ﬁ ], or

i nvention R2 correspond to the noieties attached to the al pha C
atom in a mahitr@aphyngccurring al pha am no acid, as set out herein. A
particularly suitable naturally occurring al pha amno acid is L-al ani ne
such that suitably one of R and R2 is H one of R and R2 is CH3 and the C

atom to 30 yhi-bly, tHIgY ﬁtﬁﬁaﬁﬁﬁﬁﬂﬁ%em&y%' &%Myblkﬁ%ﬂu@%n@@%ﬁ’mm S,

Ri and R2 correspond to the noi eties attached pha C atomin a

non- nat @faldaybeuyclic maigtied; phés-aaiaio adlgilgrofipr orex AmpaleyRis-1 syl &vugr Mbiust h

sui tably Clg:l)’iitably, R3 is a Ci1-10 alkyl group or Ci3 alkylCs.7 aryl group such as benzyl (-CHz-
CeHs). A cyclic alkyl group can be carbocyclic or can contain, in total, one, two or
three ring heteroatoms selected independently from O, N and S. Preferably Rs is
unsubstituted. Where substituted, substituents are set out below.

25

Suitably R4 is H or alkoyl i.e. alkyl-C(=0)-, where alkyl is C1 to Cio.

When R and/or R is alkyl, they are each independently suitably selected from C1
to Ci6, more suitably from C1 to Cs. When R: and Rz together comprise an alkylene
30 chain, the chain is suitably C1 to Cs and may contain unsaturation and, in total, one,
two or three heteroatoms in the chain independently selected from O, N and S.
When one of R1 and Ry is attached to N, the total ring size including N and the C

atom to which R; and R are attached suitably comprises 4 to 7 members, more



WO 2012/ 117246PCT/ GB2012/ 050457 15 The specific features nentioned in the
above enbodi nents are specifically disclosed to be conbined together in any
and all owohlwrativakes i n conpounds of the present inventipomGERORarsb4scul arly
sui t abl e conmpounds of the present invention are conpounds where Ar is
1-naphthyl, R3 is benzyl, one of Rl and /2 is H, one of R and R2 is nethyl
and the C atomto which R and R2 are attached has L-chirality and
conpounds | Salctee RER TR Rinddd RcahShd
one of Ri gr{:l %sfhérrgtﬂ’ﬁ Rnkgﬂlh% Jra gmeto i\t/‘% rﬂ&qugng d RZ(B/gre atat ached
has L-chi radubtsututE«bmean’m mcrrrpmmdqsthélentssérQ)ummeisui tably H Conventi onal
treatnent of cancer using chenotherapeutics is |argely based on the use of
nucl eosi de anal ogues. These nol ecul es are designed to mimc natural

byr 1 ol e Wit BUTAe pusbaRRbAge. ufdf EefiohPlAbdly (e aReblpclde gyls
phosphoryl at e uI ar enzynes such as (deoxy cytl I ne |nase CK) ,

t hym di ng M?mﬁebl@ﬁﬁ)e aadioohemistiyea(®) §dynmdetrkd cases-CRiResor@apomist @l i t es
can subsequently interfere with the de novo synt hesis of DNA/RNA}E(grecursors
to event uallir§minthagid MWWEW@@@WWW GeRtigy T RibRiCANsR AW FEer
activity ( 9 r 20, b

Fl uor opyri n@gfﬁggﬁgﬁgdaaﬁt?qﬁngoggk ra?tAel{anslg%%ég ng&gg%uorfammp%?dg yar be
capeci t abi renplogedhiving noyidinetidoxgntrésdioneespdn &ihigrtd ). aardeD amiimé ycuised in the
treatment of colon, breast and ovarian carcinoma (de Bruin et al., 2006;

| shi kawa et al ., 1998; Walko et al., 2005). Intracellularly, these drugs
are met gjol ot oretisl AlthhddnBiché Py CABRI B Wi th
t hym dy?gt eguzt;lﬁ%gée g%gwgﬁ%eﬁﬁbre ucggnco-1 ﬁtgstra te o :

5, 10- net hylenetadlyratchydngpblphatagninb eide By ‘ibhtokllngcbimoigrgpbd amtiieo aaidirid
substrate dUWP to the enz eck et al 199 anaka et al

Longl ey et Mfantyfipgyne pygl %‘nPhBSBWﬁW I’@BB%%I%]% BiteiRe Cé’B‘ﬁ%r&inWeof
duwP to T SaLiRe GRIthfiné NAIERENS | 1Yok ‘h%' HyREQlypr6HR, | RBreubg! N9
it an int gﬁgﬁi‘rﬁg tg?ge t%orn30 dsflug de@%gr? 7 Sl tyﬁe fs}pEor opyr | I%udl nes
ment i oned dizpoeing, Bysmet,JMIethﬂmmef ®henylblanome Pmnaliraebﬁénine dbmeearise,diryptophan,

i o obibabPSIng R5aNg! Qs BhR: angRpGAnthEs PaiLald ARG PG SROp: (R ERE

t abol
gglg / 21'72216% }WC%W%;] %g%%ﬁé fbﬂ%vvﬁﬁé‘ﬁllo‘r’é{ié%g)rﬁh R og@R8r L fo¥R an

alkylene chain selected from the following moieties:

CHs- as present in Alanine

20 H2NC(=NH)NH[CHz]s- as present in Argenine
NH2C(0O)CHz- as present in Aspargine
HO,CHz- as present in Asparctic Acid
HSCH2- as present in Cysteine
HO2CH(NH2)CH2SSCH2- as present in Cystine

25 H- as present in Glycine
HO2CH2CH>- as present in Glutamic Acid
H>N(O)CCH2CH2- as present in Glutamine
C3N2HCHz- as present in Histidine
H>NCHCH(OH)CH2CHz- as present in Hydroxylysine

30 -CH2CH(OH)CH:- as present in Hydroxyproline
CH3CH2CH(CHz3)- as present in Isoleucine
(CH3)2CHCHz- as present in Leucine

H>NCH2z(CHz2)s3- as present in Lysine



therefore still one of the limting factors for the therapeutic use of

nucl eosi de anal ogues. Hence, different strategies to inprove the antitunour
ef fi cacy wO 2o1¢lieasi de anal ogues have been investi gat ed PCGHBTArZ 03045t al . |
2002). 5 The charged nature of nucl eosi de nonophosphat es under

physi ol ogi cal conditions results in poory,, if any, penetration across the
cell menbrane (Mehellou et al., 2009). Therefore, the direct adm nistration
of phosphory.atg )l ecules to circ Aledthe MdthShiRhosphoryl ation step
has Iittle%eragceu i ¢ advant age. Henge, ecﬁ l?erent 1strat egi es for bypassing
t he rate-|iRWCGH2ng phosphoryl ati on usasngesattiobhenylplairgf 10 nucl eosi de

5' -mnophoighate(ilrodrugs for nore efficient drtig-del i very have been

expl ored (HeBRG2G2Eri on, 2008). TherSRURFHILdR PERIIh of i pophilic

phosphor am _nucl eoti de prodrugs {.Pradi proved successful for
sever al rmlde*ﬁﬁ?zes Wi th anti-viral /caaglségrg;éarg??éf"l?@é( Harris et al., 2001,
Congi at u5etCHICH{OHPO6; M Cui gan et als.pre@ht@) ThByonimski ng t he char ges of

t he phosphate mptif, good passive nenbrane 15 diffusion of the prodrugs can
be acconpl i&NEECH2t er "whi ch the prodSWeFtiRITRYPEHhver t ed

intracel | ul At o the nucl eosi de ;gltjﬂ.g SRk iy enzymatic cleavage
(Mehel | ou eh?éa(;éﬁftg%)w). Mycopl asmas are %ﬂg srrg{-ﬁlast self-replicating
organi sms HepCHh and are 20 char actsgregzed ibyalihe | ack of a cell wall and
a strongly reduced genone (600-1,200 kb). Many of these bacteria have a
parasitic lifestyle and reside in the human body causi ng asynptonatic

I nfecti gns gyRazi g, G RbuticatyOGeceptdbl¥aFerFReNR” Li§ah hHE Sy P l@:%ﬂ%a)é@&ﬁéal nd
to pref eger@)i?a%lé}lcgq onllnzlce ]?Iﬁnoclfp t}? ssue: I—Iluangl et eaﬁw.e ?‘%0%1 reported that
39. 7- 56% ofacbeprablegssdt, reister, sall @fi,sucke sstHraggdfate,| sodgatandr breséstin® Sooanoer s
are infected wth copl asyras conpared to 20.9-30%i.n non- tunourigenjc
tissue. pewt\é%ﬂhf@%%ﬁ.n%ggrsyomaahﬁ Y8 B O YREYS TR, &0 @a'ff-‘ﬁr@gmofs
pati ents sybfenkRgnf RGN RIrkcHRECIRRTRY Pa BN BESELEG riui STV Copl asnas
conpared to %4 %?R contnﬁg(ﬁ rt fg}guensarer%% %ﬁgn et aLr(199g6§Tyr eported a
59% infection rate in ovarian cancer tissues and other studies also report

a high coplasma infection 30 rate in gastri (ivéSasaki et al., 1995, Yang
ot al. 150F6fcRRGe dBrDF IS Edn A Shmtonat a8 JKIIG#ALPemeans @ PETSHE! Wla to

their reducel $&hed cPGRES) aBYGRPLARIRRd! ACndNGrR8d gwgy afkghyldsr a8 R1)

pyri m di ne and purine synthesis and therefore expres w de” array ‘o
sal vage nudlydog¢e)ybyl)iadeahreWaleod cydlingtheradigytese gsaughisgsrefdmyiblydizrie Ciynore

2012/ 117246PCT/ GB2012/ 050457 17 phosphoryl ase (TP), deqxycytidi pe .

a2 e atlas 0. Coomore oy oy dttante: Piere p6Ba1c, Rl ny L Erogp is

1983; Tham ) j it was observed that
p‘?Efe%dtgﬁ c1998)., gr%?é ES&XI_‘I%)')T& &P8rcd

mycopl asma-enco enzyne present in contam nated cell
cultureg) | ead to decreased dTTP incorporation in |ynphocytes (Sinigaglia &
5 Tal madge, 1985). Recently, it has been denonstrated that these,enzoyl/lrlges,

in parti culBEeTeRES iy SYpPEEITAL SAROUH A hiPniHARE E5RBR BRI s arorafiosT
interfere %hbdn?ipgb f})éf[aﬁ) ,@tﬂoq@ﬁh%&t&rxs% SENRhA ACRSMRNY LS PREMHh IS The

r
i ncluding 5-tri mdine, ih vitro (Bronckaers et al., 2008} Jette et
al ., 2008; arbmkdngraip alay,be2®dojerodtveraticgreup tcohtsningemehpotthess aeurhat

the elimnation of nmycopl asmas by antjbioticg or 10 suppression of .

mycopl as rra-pé'ﬁ@li%tgﬁ Oé‘ﬁzk}%%oqtﬂnﬁu%ﬁt‘i(ia epﬁeg‘i!pé &y tggtgf OHE ORISRt of
cancer ti s¢n i AW ealal i a ideeSuikdsi e t
N e R e G S S SRt A GG
assessnent fofanyKand thiophenyl.

The alkyl and aryl groups may be substituted or unsubstituted. Where substituted,
there will generally be one to three substituents present, preferably one
30 substituent. Substituents may include halogen atoms, by which is meant F, Cl, Br
and I atoms, and halomethyl groups such as CF3 and CCl3; oxygen containing groups
such as oxo, hydroxy, carboxy, carboxyCi.1salkyl, alkoxy, alkoyl, alkoyloxy, aryloxy,

aryloyl and aryloyloxy; nitrogen containing groups such as amino, Cs-salkylamino,



15 i ndependent phosphoram date prodrugs of 5-FdUrd and provi des conpounds
that can also be insensitive to the TP-dependent inactivation of its free
nucl eosi awoanelague. Conpounds of the present inventi onPCaUGHR2012H05M50VI de
nycopl asmai nsensitive nucl eosi de anal ogue prodrugs which nay optim ze
treatnment of cancer patients using a pyriam di ne anti metabolite. From anong
the presently synthesized 20 phosphoram date prodrugs of 5-FdUrd, CPF-373
(identifiedg;pe i AhaY i ! af i und
of “the | nvac R AR PAAe AR AR RLRS BRGNS TRR SR
Thi s nol eculigalkgithial, 38l phongpimt iyl phod d beretgtoal ein grpupsg whigh may bleesks el s

charged 5'-phosphate on 5-FdUVP. 25 Varj ous nechani sns of tunour cell

resi st ance ¥od Efétuf¢‘ﬁo?§$¥$r$rrﬁuﬂ’§né§ g?flg}?%as?‘b;f}i’—‘& ‘@‘F}élupﬁlyalﬁjl&emsewes be
trifluorot hygiding. (IR aRAYErRERN adeashiide dpovaC WigkRInRyderE8ases b
activity o?ﬁﬁﬁﬂ&@ﬁ’ grgg?%t ¥/ati ng enzflrres e.g. TK angﬁi rotate y
phosphor § beapktituaed f enasels pirenyhcaedssudbstitttiedi tpheofl. dSuigstitnerdsi vat isaigl
enzynmes (i.e. thym di he phosphoryl ase) and/ or .an upregul ation _of the target
enzymes (e.h@!‘-ervsycq%oalﬁlgb&qaé& éfg s are peglsing iy latgfy %?O.V,e' ’zSGB?f}tuRBESaka
et al., 20%5}% éhg%r %gﬁcﬂae' £ t%sprssiowaeS&%%aln&syﬂﬁ%vméh q@nged 1, ssue
were reporte Yo be predictive of a poorer prognosis upon treatment with

f | uor opyr i rodiespsnd Kartbe hdiaties astlache®0®5he GlEpat rasom Bt a alatyra? @06yrrikgopnan
et al., 2009), althou ot her studi es have not WO

2012/ 11724 WRPOrS/H50457 18 confirned these findings (Ciccolini et al.,
2004; Kegprman et al., 2009). The present invention derives fromthe

devel opnent of a prodrug for 5-FdUrd, to circunvent possible resistance
mechani sns Rafieteats deptheipresentt spadégpatidat forallkoxyc ahdbatyl @xye gzgurss mganes ent

in the tunour m.cro-envjronrent. 5 Coppou .enbodyi ng the presen

i nventi on, rF?i?ecé‘Y‘é]?Fp?elgnyéF( §1?§f‘ar§f)l§ WHM@&%&}&? 1%85@?@6’8}' §¥ t%{-:q&cﬁl}ldd and
are descri %@ﬂ-@ﬁg& @xﬁﬂgle%mrfe%fyi s 4 5859 4ahBRbefld Sfomii@enbNbObiRd
tumour cells, CPF-373, tor exanmple, generates 5-FdUMP intracellularly upon
enzymat i ¢ cirgawagey, d@tbilly cynwinidg ds2 ahdr ¢meyeraticanserlected Ondepatidestlpy 31P
NVR t echpol o reveal ed that the prodrug CPF-373, for exanple, is fully
stabl e ilﬁ 4ed Oaganall\ﬁﬁr?%@tbé%ﬁ’ail%@Pﬁ“,yﬁ;)but subj ect to hydrolysis in the
presence of serum or carboxypeptidase Y, resulting in the formation of the

nucl eosi de 5' - phosphoram date derivative. Wiereas TK is a key enzyne in
t he acti vatReferenfe 5n EoUrptes«RFsBaSficdtion éxampbd, andsafdoyldgraipgse nmaoh, | ess

d dent TIC t 15 it tostati ti in both i L1210
and hunan (CEIECEM SR ba det eRreleanidit Mo S PiccomFisr B E: BT 690s
these nol ecylego C@hr SelhMe widie! £95is SN 2R hasRPataSrdhfa8etrhond St BirkdR

intact tunmour cell after conversion to their nucl eoside phosphoram date
deri vat 2@ e ring moryyyeptonely asnwaribgdy 8si er ddeserontoras hadegtpéindeleselently, e.

car boxypept.i dase . elimnating the need for an initial 20 phosphoryl ation
by specifi cfr(mai)v égﬁﬂaﬁpké?ﬁ?ii%a&w Y. In this regard, CPF-373, for
exanpl e, may be an adequate tool for the treatnment of tunour cells with a

nodi fied TK activity (be it acquired or inherent). Al so, since TK

expr essi on Refersncehias éhelepeasdent sperificagore xpe cllleaylotyatan@PrRrgipgloxy omeaxanyl e,
can also efficiently de|ive - FAUMP.i n tunmour. cell s f.hat are.nof |n.the
S- phase of rF%CFIV?IXpFI%th¥b¢1 (g’g eé‘%“lpée "‘f}q‘gr%éﬁ‘%ﬁ {}1 9 {i’cfl Bge%?ré\?g’a{:’eh) Eat |
CPF- 3735 f hdex9ebey (RRSexadklfe tbhdrBRirl &s aT§ toMm P dmmired-thyRe @Bifused
TK-deficient tuhour cell lines, pointing again to an efficient

i ntracel | ulasomdst ineg pysent, mptBnakip nophospigaie 208 6r Adbetroatmsi sededtedt ual
i ndependence, of cel | ul ar for t abol.i.c activation. 30 Conpounds of the
present i nVRYERES, ?ng%gﬁorayfé@ggﬁ,rg}graebl&m}ﬁ%p}g,er{y ‘be inactivated by
catabolic enzynes involved in nucl eoside netabolism |ndeed, whereas

5-FdUrd is highly susceptible to enzymatic hydrolysis by TP resulting in

t he for mat iReferefcé-iRUtln preseidosyedifieson tphogetmayeic igreups odeang, sf@rps
exanpl e, WO 2012/ 117246PCT/ GB2012/ 050457, 1 F- 373, ,is_not substrate for
o okar ya0 1 CoGIARNEEIEH o s o hAa Al 2Ry, oAby EWAGUyE dFRR1S.
uridine phogRhAyly! 3R oHARN1,NYyrtERBAN iFRdaddlidiBX AMRi8atdtingY 3 pydSzofidinyl,
substrat e, V\her%gsﬁg- I(:)dUlr%é' i géy(rpogrg?y,l buz'jt1 mezlargﬁrabllys1 h;grolp?/,zed bi/ yt hi s
enzyme. Sevetrahydrofidiasyg], rieymeaykdpytvaty, npyrydylumywaziogl, | pyridazényel eiearetyl,

level's piperazinyl, morpholinyl, thionaphthyl, benzofuranyl, isobenzofuryl, indolyl,



5 of TP, which also acts as an angi ogenic factor (Koopman et al., 2009;
Bronckaers et al., 2009). Moyreover, there are several reports on the

pr ef er entwal2ooiioaaszat i on of tunour tissue by mycopl asmeeT(GIRemkis0&r al .
1995; Chan et al., 1996; Huang et al., 2001; Pehlivan et al., 2005) which
interfere with the cytostatic activity gfy several conventional

chenot herapeutics in vitro through its encoded TP (Bronckaers et al., 10
2008; Jett . iv1 L , 72 - t hons
that 5 Facpamagly isgRUBLhELRNR, Buofih TR ol G RURSaT, DERRaRYEI2
activity whrenniahimyt, unsetoueedrisylar guinofydct sdqbiynolylP- exprthsiging) cpodpidsnas,
isin full agreement with these observations., Ther_eforﬁf the adm ni stration

of a TP-i n<BMRZON{El At OREEY ] pheRoNRZI B HIHROEEE7 ShToTBeRs CREATRH 0 be
chemcally . t : pH conditions, may further inprove cancer
chenntheraﬁ%%ﬁPﬁﬂgolc%@é%ggsné?oTides, such as CPF-373, provide an

i nteresttsng new approach towards the devel opment of nore resilient

anti-cancer drugs. For instance CPF-373 may have at least everal .

advant ages B¢ qreRoOGEICBHO! Hhe BreseRYUMENtIPD, @k iSr§udtab ysn%@htggk sepecialgtfvity
i ndependen : (AT LN i li1C )i TP, an
enzynme tha?m% ﬂﬁngngﬁhagiggg?g?ggﬂ%%%9Bg§%?§9§9“%agﬂggﬂ%¥?g?¥alIy
expressed by nycopl asnma infection of the tunour tissue. The conpound
having fornula | or the phar eutical  conposition according to the present
i nvention éﬁﬁnﬁ@eéﬁmbrﬂdém%‘é&atg% PEEKBEHV giB‘PBné“ isSpitaby pg‘y?nglny 25 suitabl e
means. fhe nedi caments enployed in the present invention can be

adm ni stered by oral or parenteral routes, including intravenous,

i nt r amuscullappeientboaii@ent ofitha lpre sl cuteanieapsr, istsubsisoiéednibjtablerswhytituents
(aerosol), rectal, vagi nal and topical (including 30 buccal and sublingual)
admi ni st r aFBAEL OUiBESYR2/ 117246PCT/ GB2012/ 050457 20 For or al

adm ni stration, the conmpounds of the invention will generally be provided
in the formof tablets or capsules, as a powder or granules, or as an
aqueous sollnbnernmirodsmspesthe present ableationf Arisamalibugetaval-naplkthytie t he
active ingredient mxed with pharmaceutically acceptabl e excipients such as
i nert dﬂ$uents, di sintegrati ng agents, binding agents, |ubricating agents,
sweet eni ng Iﬁ%ﬁ@%ﬁ}bofdlirﬁ}é%f’t 6 pPERAL PuvehBbAYAS RUn30SHERc@PHeRfIESEr vati ves.
Suitable inert diluents iInc uge sodi um and cal ci um carbonat €, sodi um and
cal ci um phosphate, and | actose, while cornstarch and alginic acid are 10

ool e Wb Oh¢ R RET e e e RSO ool R HE ] 1%
magnesi um %Bﬁé‘i‘sﬁﬁgofﬁ}aﬁaraicﬁtyggéfgﬁ(g%gi—@:e%ﬁ% iflgRSisned, the tablets may be

coated with a nmatérial suc nostearate or gl yceryl

di steara®e, to delay absorption in the gastrointestinal tract. 15 Capsul es
for oral use include hard gelatin cagsules i N ﬁQiCh tre %ﬁkive i, ngr edi ent

i s mixed wilPhoRe LRefipent étit thea RECSEHE t NYBIAN Nkt ApSGIeete i e BOURCt i ve
I ngredi ent dg6i@ixehbEi, MRl nPEmBErsObt thECatoRs RAAPHSING! €; tbi Q! dkyls,
paraffin or oflve oll. 20 Formulations for rectal admniStration nay be
present ed aspecisliypfasis celectid Hircan sorprapyle bhswyl,comenitdi agd f mherxamdre
cocoa butter or, ﬁalicglatﬁ. Formul ati ons suitable for vagi nal
adninistraf?BW“#%@ b HPe¥¥ht ed as pessaries, tanpons, creans, gels,

pastes, ofoanms or spray formulations containing in addition 25 to the active
i ngredi ent such carriers as are known in the art to be appropriate. For

i nt r anuscullaoneiembaberent ohdel preseficiny eméouRizand Rntarasspoodgo tbe maieides
conmpounds of the invention will generally be provided in sterj]e agueous
SOl bt 1 ons SREHEh R LROHER e rios S5 a4 GEr st BB ARIRD S i SPe 1Y

Sui t abl e agiae@us A3PaHRNIF]yeSuitdHie YEeWRIP IS 180 hPHaORm A adi8 Ok ANhGnaRdI UM
chl ori de. Agueous suspensions according to the Tnvention may include
suspendi ng sagemh® ssitahlyasneef Rubond &: deHi vae bf/Bs and &diisifHalagd whe €,atom to

pol yvi n%-%ﬂiz}?léh%?fngreaggtagﬁég t}{aasgic?:ﬂf[rg]l’ity. In other embodiments, R1 and Rz
correspond to the moieties attached to the alpha C atom in a non-naturally

occurring alpha amino acid, for example R1and Rz are both suitably CHa.



WO 2012/ 117246PCT/ GB2012/ 050457 21 and a wetting agent such as |ecithin.
Sui tabl e preservatives for aqueous suspensions include ethyl and n-propyl
p- hydr oxyWwenapatie246 The conpounds of the invention rmay alPsb/dB20riEsssnt ed as
| i posome fornulations. 5 In general a suitable dose will be in the range of
0.1 to 300 ng per kilogram body weight qgfc the recipient per day. A
preferred | ower dose is 0.5 ng per kil ogrm body wei ght of recpient per day,
a nore prehglre eélﬁweaﬂf%?@ tninfo @ RAT akd 'a%%g%mgmmtgh re0 é&ﬁ&agrge

per day, an €even nore erred Tower dose 15 10 ng per |Io ram bod

wei ght per dﬁﬁ%s}@d&ﬁﬂoemmmﬁs’d toeshdrtinbhg addsd dommnﬂi(ﬁ’rsablcymm)uhﬂedﬁmge of
6 to 150 ng per Kkilogram body wei ght per day, and nost preferably in the
range of 1PresrMdavengiofer kil ogram body wei ght per day. The desired dose is
preferably presented as two, three, four, five or six or nore sub-doses
adm ni stered at appropriate intervals throughout the day. These sub-doses
may be agimiparstaadd shiable conipoudds afehd pregent ihoenttxaatd mmp@ntcaivmlhmgm:o to
1500 ng, preferably 20 to 1000 ng, and nos%ﬁgreferably 50 to 700 ny o

active i ngiedinaphtivdrRyisibengdsapeof by and By i e offRyanel By isdeeihy} ?‘Rﬁ%ﬁ{el on
wll nowb C Y.

accompanyi g BT Raeh Shanils e fERTRIRaOR: chirghhs Jf EOBRBOGE: PR is
structural 1feaphthg, Ri is- deuydj oau@cbfiRa an¢ Re $pHporeend fdkatam dok 06 megh @RREARRE C

Fig. 2 shows the effect of thym dine phgﬁghor I se and ur.i di ne

phosphor yl @&6@mde wBicTRyandyRe, ans_ataghg r ﬁ@ Fanereh aampouprd Rnis mean
of at |eas ent experinments ( S.D.); Fig. 3 shows the inhibition
of TS b$@5 tsgﬂ ngCj:PF-?JS as neasured by tritiumrel ease from
[5-31-1]dUrd (panels A and B) and [5-3I-1]dCyd (panels C and D) in 30
L1210/ 0 cel|l cultures and b{ tritiumyrel ease from][5-3]- %gg¥d anel s

and F) in (Cepyentipnal dgaatmey PGF%QFM@@ ?‘68%‘)& %ﬁaéef”ﬁg isdatge rR:IbB\?ndent
experi ment J) sed
Ut at i ve mushat Sadgpdg AR et EnbPOR! o I Tendt W EE, RacRa
carboxypep@wd@mdﬂﬁedmaieﬁuﬂheamadeoaﬂeprdﬂhug1@ﬁ§k878yndnitoﬂbdtb%z&ﬁ@ NVR,

5 Fig. 6_shows 31P. NWR spectrum of conpou CPF-373 in serum, Fig hows
3113 Nl\/hs sﬁ)@@ﬁpmﬁY&ﬁm‘éo%oﬁﬁ%ﬂ@PFenémleﬁns fasr ( T~P>91')(i}’tld1@e F‘iﬂgas% (éiﬁ 31P

NVR spect r i afqif@ TR TR Fnd 78 nhcRB{d) fidRkifias. These antimetabolites can

subsequently interfere with the de novo synthesis of DNA/RNA precursors to

eventually inhibit DNA/RNA synthesis resulting in cytotoxic/static activity (Hatse
et al, 1999; Galmarini et al., 2002).

20
Fluoropyrimidine-based antimetabolites such as fluorouracil (5-FU), capecitabine
and 5-fluoro-2’-deoxyuridine (5-FdUrd) are mainly used in the treatment of colon,
breast and ovarian carcinoma (de Bruin et al., 2006; Ishikawa et al., 1998; Walko et
al., 2005). Intracellularly, these drugs are metabolised to 5-FAUMP, which forms a

25 stable inhibitory complex with thymidylate synthase (TS) and the reduced co-
substrate 5,10-methylenetetrathydrofolate, thereby blocking binding of the normal
substrate dUMP to the enzyme (Beck et al.,, 1994; Tanaka et al.,, 2000; Longley et al,
2003). TS is the enzyme responsible for the conversion of dUMP to TMP and is
therefore indispensible for cell proliferation, making it an interesting target for

30 drug design. Among the fluoropyrimidines mentioned above, 5-FdUrd requires only
one metabolic conversion, a phosphorylation catalysed by TK to generate 5-FAUMP
(Longley et al, 2003). This obligatory phosphorylation is often the rate-limiting

step in the metabolism of many anti-cancer drugs (including 5-FdUrd), and is



Fig. 9 shows spectra of nucleoside and rel ative base by 19F NVMR a) 5-Fdurd
submtted to the phosphoryl ase assay (A); b) 5-FdUurd and the base 5FU under
condi ti orwof2tme7assay i n absence of the enzyne (TP) (BpCTAB2Ri2p5040 shows
spectra of nucl eosi de and base in potassi um phosphate buffer (205 nM by
19F NVR a) 5-FdUrd submtted to the phogphoryl ase assay in absence of
enzyne (A); b) Result after the addition of enzyne (TP) (B); and 20 Fig. 11

shows spectya. i £ Oﬂnﬂu E&&ér RorPRRS BRQYL é@é@ueé%@y o odrug
% ? ass I'n 0 ﬁe enzyme ( fgg

CPF373 under con sence

pr odr ug CPE&ZB)gauanbheéj ﬂﬁfetdstﬂ; an-tategﬁesoftotllnypnode nhephotphmowl asicacif R)f (B)
Compound synthesis 25 Wth reference to Fi 1 and Schenes 1 to 3 bel ow,
conpounds drctegsidgraaglagues Ryenbeininvastiss almpgigi ghaly RBOEbnpound CPF- 373
(1), have been synthesized using phosphorochl oridate chem stry, which
phosphorochl ori date chem stry has previously been reported by MGuigan et

al . (1998, THRUhard&@P3turéof naaqaﬁslaem(ﬁrqﬂhpbp}sanhguﬂdéxcﬂaﬂl}mi@pgmslpdmd&u(x&) has
been prepared coupling 1-naphthol (3) 30 with phosphorus oxychl oride S in
the presenceswts imtpoqr(iSame penetratag agigss thincelanppReng 6\’1‘?1759&%‘%1 efat-r009

L- al ani ne %@%yégaﬁﬁeealra Ive?sgx%)% opéffﬁth%?pl%@?#ﬁ&ﬁm% RSN §RuARRA! A the

phosphor ochlori e deri e nucl eosi (7)

was conver tfget tphotsbbo@lat?j’ro'@téke Hnas ¢iotlp| thegapdutic beantage. Hence, different
phosphorochl oridate derivative ( in THF, in the presence of N nethy

i m dazol e ENMIgSIeD g b@%Sﬁ@gttaﬁgr@Fe BHHBB&MOWFZYB’%IOPP)‘STS&’HE‘HES iypeswfe

sanpl b
the presindBRiPs e HombsRtbii EhakiR B ARhE'RRGRTRLS Al LA AR Y
Condi ti ons exblo)red{lﬂ@cﬂ&&ﬁ* f&OErl()B)ZOO]SDIOEdemmlﬂwuiﬂ (cfrllpﬂ)@h(ltb)phaéphorﬁhﬂﬁatedr y

Et3N, -78 FC., 530mn. then R T 3h. Schene 2. Reagents and Conditions: (i)
dry Et3N, awglgopideprgdruss (PraTidsshhps proveshsucearsiilelon sqvenab mpleguesapith

Condi tions: (i n ki ) :
o 2o e T D HJEBRDOL B0 ke f
2010). By masking the charges of the phosphate motif, good passive membrane

15 diffusion of the prodrugs can be accomplished after which the prodrug is rapidly
converted intracellularly into the nucleoside monophosphate by enzymatic

cleavage (Mehellou et al,, 2009).

Mycoplasmas are the smallest self-replicating organisms on earth and are
20 characterized by the lack of a cell wall and a strongly reduced genome (600-1,200
kb). Many of these bacteria have a parasitic lifestyle and reside in the human body
causing asymptomatic infections (Razin et al, 1998). It was shown that these
prokaryotes tend to preferentially colonize tumour tissue: Huang et al. (2001)
reported that 39.7-56% of human gastric, colon, oesophageal, lung and breast
25 cancers are infected with mycoplasmas compared to 20.9-30% in non-
tumourigenic tissue. Pehlivan et al. (2005) found >80 % of kidney tissue samples of
patients suffering renal cell carcinoma to be infected with mycoplasmas compared
to 14 % in control tissue samples. Chan et al. (1996) reported a 59% infection rate
in ovarian cancer tissues and other studies also report a high mycoplasma infection
30 rate in gastric (Sasaki et al, 1995, Yang et al.,, 2010) and cervical condyloma tissues
(Kidder et al, 1998). Due to their reduced set of genes, mycoplasmas lack the
pathway for de novo pyrimidine and purine synthesis and therefore express a wide

array of salvage nucleo(s)(t)ide-metabolizing enzymes, such as thymidine



Anhydrous sol vents were obtained fromAldrich and used w t hout further
purification. Al reactions were carried out under an argon atnosphere.
React i onswoene/mmonst ored with anal ytical TLC on Silica @elr/doRaBd4s7
precoated al um nium pl ates and vi sualised under W (254 nm and/or with 31P
NVR spectra. Columm 5 chronat ography was-perforned on silica gel (35-70
uM. Proton (1H), carbon (13C), phosphorus (31P) and fI uori ne (19F) NMWR
spectra wer a n p tr 2 pgctra
wer e aut o- (EPI ISI%}E&SQ @)heﬁggg%}ﬁgd&%ﬁ fi}g?ﬁg gg:ak an }@813%h§N;AI{/(I)?§a%d 31P
NVR wer e prlahgéelietpco8pl NealeArtahlyt 1983, THRIRC enas., d6A8cAleehdyyinvap8auit Rrasst ar
(LC Workstation-Varian prostar 335 LC detecto ) 10 using Varian Pal ari.s
C18- A (10 @Rperyed dhakmaicpplasmotifeded SOV ESa ﬁgngPﬁeEFﬂSG{l?BhCﬁﬁ?ém%f@étra

wer e per for, Qﬁ%uf’cﬁr(fsy%eardv{ocge@éagdr Fr 8 hAM B MRS I Ko PRI EClserbigePraYy

(ES). CHN mcroanalysis orned as a service urrey.

15 St andar d‘aﬂh@@@jur%sey ROy exi thye it Shaf b@emfﬂ@mmmmﬁ@dhathet (tB&se E’hzgapémrms
oxychl oride (1.0 a“d—‘e was added to a sol uti og of hoI i V)
in diethyl paftiapar Py RS HMATaRSHHE Fymidias PARTRIGY. Iﬁléée' ?%’crﬁ W%rrﬁW (1.0

equi v) was t?zg?ﬁg t%ﬁg%%ﬁgy@fsevz?al @Irlllgtﬁé}gli)élﬁ‘?&l itn'cﬂﬂhr‘i “H’lh %ﬁx}ﬂxﬁe was

stirred 20 uent | e reaction mxture to slowy
war m up t o o@ra @mﬁpd{a&wemﬁ (2|008 httel%bmm(mﬁ) Lidkehk et db,s'dOtOéﬁi "E}mnﬁouemt was
nmoni tored by 31P NVR The resulting m xture w%s filtered and t

evaporat ed hep ResayBYReIGEsZed ttbabéh.e teHpRidey AT hRYEPRIAEMRY) uPP%Q‘QUS? 10Tas
d 25
product 4 ]flﬁq %@%Hgaﬁ%ge@%mp eﬂ%m CAt hAhan! t&ﬁ%upeegsuét ﬁféy

Synt he5| s o] ate ). Prepared according t

St andard Protpcladms a‘eétmémmﬁcﬂmnamﬁtmts ﬁﬁn@@ugme%ﬁhd&ﬂyrrmmﬂn)e arpﬁrmsmlbohtls
oxychloride (1.94 nm, 20.81 mmol), triethylamne (2.9 nL, 20.81 nmol) and
anhydr ous &L’@f‘ﬁ%e’&lh%w?ho m.). After 1 h at -78 0OC the reaction was |eft
torise to roomtenperature and 30 stirred for 3 h. The crude product was
obtained as an oil. The resulting m xture was filtered and then evaporated
in vacuo, dheeprepetit fiveatibnns b;gerweddmmncﬁreodm@mmpmyaedi wissesgment fof TK-

hexane- Et OAc, (1:1) to afford col o ess , 849 Rf =.0.93
(hexanelEt dndependgRy phasppoggRi ﬁ‘b?r @f)%ll%)drﬁ @Y’defl-qokﬂﬂ?ung\bthat

i?l%i)Z/ 1%752@5’?%@%9%915&6% t35th$5919 d@g@?deqt)q%%mvaﬂén ofsgts7frgéL n(u'?ﬂeoﬁde

ArH) . St andaak&gﬁ’eoﬁenhqmen&s oSyul’ntehpxsassntoin\mespthmd:thsnrpr«zisade r(mﬁ)opl&rwa
solution of aryl phosphor odi chI ori date éﬂ%(g gﬂ% and apg %)r{ﬂ?zt e ani no
aci d ester I%S&T‘F‘t("f ckAside 3nalegus RIedsy iRy, AREMIZE JEAmy SRBTE was
added dro N r 1h
t he react:o ﬁﬁqnis& &gﬁgﬂﬂﬁfﬁr{e‘ ﬁ{t{}%{)&g%&%ﬂ/ég‘\gg%ﬁw r%% tE%erIrlFJ% %Gt}}egf%‘egr 3 h

and t he2d ompiatplooranfididteerddsugseet $-6dijod P RABE3 mnhtiﬁe@dbehw 3@ nNWRiorEde
reaction 10 m xture was oncentrglt ed under ézgéilgllced ressur the esi due

was redi ss@Po¥e as i greiplarlesyEabler cqrppound &va Pﬁr’e?ﬁ” W¥ider
nitrogen t%hﬁéeérnorf& % &heﬁqnceé,ﬁ&xt hﬁﬁﬁesowrhlsvmbr&uren céﬁﬂaﬁqs‘?%s% M§l ysad

wi t hout furt purl I cation e next step. The aryl phosphor ochl oridate
synt hesi zebenadaluini geaifoto meslutie ahhrgeuet’ gdroaphyte enui-FagMiL t h
hexane- Et OAc, (7:3) to afford the title conpound as a
25 Various mechanisms of tumour cell resistance towards fluoropyrimidines such as
5FU, 5-FdUrd and trifluorothymidine (TFT) have been described, including a
decreased activity of crucial drug-activating enzymes (e.g. TK and orotate
phosphoribosyltransferase), an increased activity of drug-inactivating enzymes (i.e.
thymidine phosphorylase) and/or an upregulation of the target enzymes (e.g. TS)
30 (Agarwal et al, 1999; Murakami et al., 2000; Kosaka et al., 2004). Also, high TP
levels found in several types of cancer tissue were reported to be predictive of a
poorer prognosis upon treatment with fluoropyrimidines (Kamoshida et al,, 2005;

Ciaparrone et al, 2006; Koopman et al, 2009), although other studies have not



15 colorless oil. Synthesis of 1-Naphthyl (benzyl-L-al aninyl)

phosphorochl oridate (6): The phosphorochl ori date was prepared using

1- napht hywodnlio4ephosphate (2.50 g, 9.57 mmol ), L- al arCmaH2e12208D45@St er
tosylate salt (3.36 g, 9.57 nmol ), dry 20 triethylamne (2.66 nL, 19.14
nol ) and dry dichl oronethane (35.7 ni) qgccording to the general procedure
B. Purification by colum chronat ography eluting with hexane-Et0Ac, (7:3)

fforded t I 0
hesanese: g P IO R 08| LS 2RRo bl B, 409, st
di ast er eoi sgv@itin déves. Pam t&eldbv(elanmentloﬂ)aopﬂocﬁﬂg fol B-INNR d( 50 Oirbdinye@DC1 3,

m xture 25 of diastereoisoners with a ratio of 1:1): 6x1,42-1 45 (t 3H,
CHOH3), 4. 20sgible3resistanse nepghanismsy ang_susgapiibility (p dgayadagiong by scataholic

OCH2Ph t1H A St andard
Pr ocedLre é)l%gé gﬁ)éélggglté%Hz%ﬁ%wuglrélggqgevéﬁosp or ami d;ri)e (1) aHSSrA sol ution

of the appropriate nucleoside (1.0 equiv.) in dry THF (10 nL) was added to

NM (5.0 eg}ﬁ)lv ) at roomtenperature under argon atnosphere. After 10 mn
the reacti ngse oo dyiRE ot h@r JURFEY (BVentiay), ufqrorexgmple CPF-373, “are

phosphoroc ) Jred
B Fbom ¢ ertprafihiletyBiMeVars W%%&E%@?@Q‘Sﬂ%ﬁﬁ%& R 1R
evapor at ed gims v[Efcelmth@lmb Ith@hIraomecleaGPEl—B%pﬂovedampleCE@ﬁ?élrﬁtesv@EdﬁMPt Wi ce

with H20, then with HC10.5 Mor in alternative the ¢rude product, was washed
with di et hyhtracalyarlyri@ant szyeratife clgptrase ORISR Se AN LIEgMgHR/ serum

chromat 9gr si ?‘Fd?a@ aff ord
t he phogghgggﬁlegg e. IJ ynt hgélloggo}%%ﬁ uor(])t Iﬁgg%i@@dlgzgqug%ﬁﬁéﬁlﬁa%ht hyl
(benzyl - L- dhldnitayple) ih aattba@alﬂ(elu(xel&ondrhenyhmplhin;eamod@zdeolws iptleppiresenaesi ng

5-Fl 2'd di (0. 25 nL, 5.07 muol d
naph?g;lo(bé’gg)ﬁ(ﬂy‘ijr{}l%l ga?fbﬁymepfs %HOF%%EDB% |“Elgﬁﬂ% f‘(‘@n%t?'b(’f @%Huﬁﬁﬁ?lﬁig 5%

chr omat ogr AP RSB BRI T TN B Rt BLAES R Rlonce e
g |5 t I5e corrlecﬂalmlgl}d,a(swli\llziamtsfggvek?gslagjzaggomcvt(ﬂbamgc?oe)&isl[ depe:ndenﬂ@n (F@-ﬂ@(éicm:ztl:\),/;aOH
3113 Nwilé(%gcyww%@t?n% thrgugpe ﬁ#%@@%%ﬂ%&éﬁbéwaé@re& 101 o
NVR (470 m W&_ggtu}§7 L‘;’quoTéfé% ]tﬁeselﬂnga{éc @;ondtm.?%r Nﬁg@sﬂé}'

1.34-1.38 m IH H2 2.08

H2'), 4. 03ndndghosphat2d dir€HgHRto Hhe' Intact. Brtndur36el{ mlfteBH;orﬂbm tbi—ﬂhe)r
5.08 (d, 1H, J = 12.0 Hz, HPh) 513g3d 1H, J—é acHHPh) |
6.09-6. 16 (wclepsiderphesphoramirate ﬂlsrltf?ﬁw% Y eNEYRES SHCh RSB RO G teRREes 9Ty

6 2 n_irik
130 R (188 iR PRty S e S PnYnftth o s BlAing e ael Rob i Miarr 1)
Séc g =26. Fg)hIdZ%h@yl&)tg_lrlglﬁy &%e(cmé@)uclékguﬂ?e kiGkigds, sush.a8 Tdu(iﬂz-i) Ihlgge%r(im—BF 36%86
J =5 Hz 7 , 2J Hz, l
ECHZ) 7. 601( expmple nlaY( bepan B‘éeqﬂa((%l tg@J@r&?‘e tgeatingnt %ﬁHd)’ ithye p =
8.1 Hz, @ﬁe%@t&\gyﬂ% CI-E) njrkd%r2iy grerﬁgcAJQo 51§ce3THZeXp%str{]-i15685 (d

3Jc_p = 3. 25.3 (

(CH), 126. phpaEHepdiders, (tAd) exRstell6h @K]Z-l)%73,12071‘ 6xa(rﬂbl)e c&ﬂblsb (afﬁ%d)gntM? 8
O, 127.9 (C 12

120" 5 () delbe: 5 el Tsimpig oyt Bhisas pey int S ples of gaet seplgations . &

(7d71‘|1_|(2:’ E%) %§%ﬁ'§T fgé(ztn@yﬁtééljes %e&éﬁl:tléld] thak, (3?12§§33 E%o!"'éxan%le \Jvﬂg a@le(tg m}%gft_"[)@ =

159.3 (d, 2hdoph wﬂzﬁtybem),d TX-deficiénb tl@dpﬁl‘] celblmess p@lnﬂmg :ﬁga,m 1(74n93ffqd¢13210 p

20/ MEOH FREATABID de4VoILD) 0 HamARARosERB Tt o JRRKSTEE e ual

di ast er eoi mn. Anal. Calcd for
QgHngmogg‘?@éld\g%wOF@ﬁﬂ"ﬁ%ﬁrﬁfe@m@ﬁt%ﬁgg C 56.57. H 5. 06 N,

6.72. WD 2012/ 117246PCT/ GB2012/ 050457 27 Radi oactive pyrim di ne

(5310 | FhOramnaas fbck %é’sy%%'v&? ) e BT e B DB W ek

Bi ochemi cal; d 0 Ofndeed,
phosphoram %%tgzgte(f\l%'ye%atﬁ@%g To a gt ?{V?}‘%g ggﬁg{cfegn@idg?}’rgﬁtgﬁgm (nl 6 0 eq.)

i n anhydr owsherklrs 5didUadpis dypghlatsasceptible to enzymatic hydrolysis by TP resulting in
the formation of 5-FU and 2-deoxyribose-1-phosphate, its prodrug, for example



phosphorochl oridate (3.0 eq.) dissolved in anhydrous THF was added dropw se
under an Ar atnosphere. To that reaction mxture at -78C was added dropw se
10 over 5Swoinira3246M (5.0 eq.). After 15 m nutes, the PeawB20r2/050457Ur € Was
let to rise to roomtenperature and stirred overni ght. The sol vent was
removed under vacuum and the residue wasgre-dissolved in DCM and washed
with 0.5 M HCl1 three tines. The organic layer was dried over MjySO4,

or adt ent of T Vet [EERTREDRe Gofor Helalyelis e By u AR EHIGH ARONUMAGD |
E: synt heSleSyt‘hf*o@hf’DhQ&l@tﬁmdﬁhﬁé phbﬁbﬂ\djﬂasaﬂbhﬁdbt ﬂ'@ognaé) for iengmptd CRF-on of

5-FdUrd (1.0 eq.) ssol ved i n anhydrous THF, tBuMy é} 1 no] eq. 1M
sol ution i B73HE awbsHatRe dViRTepnds Urddisr(PATIRy bk m?@ﬁ%”ﬂb ) eirplyged by

addi ti on (%ﬂlts%:%zﬁ y del‘alogtuq.{ég lé)cp Eﬁa%trﬁ ; xﬁhﬂﬁﬁ&?ﬁ ORI E MRt dP1cDe P!

eq.) dissolVvé r Ous resul reactron mxture was stirred

at room % empaPaivliic AVEhEs@btan aﬂgﬁ)g%ﬁic\/faﬁﬁor\@ﬁSopmaﬂ\eedl urodex; Bremtkaerk et
pressure and the residue was purified by colum chromatography using
gradi ent ofaleRQ@h Mosepysovisgarogeverabreports pp the prgfesertial splpngzation of

-d B WO
ors s BB Spu bR bR AR LR RV cPRBSRIR! SLLREEREE)
5-f 1 uor o- 2'20deoRyhlivagh &real(, (20@9) @vhidh ﬁ&erfmi )Nltht et eyhodtyticraguesy afseterar i de

in tetrahydrofuran (tBuMgCl) (1.0 M 2.43 , 2.43 mml% and
phenyl ( ben£eRryentioga ﬁhwpshew%wwwm%@vea%ltﬁ engwleg TR (Brpnskagrsef al.

di t f b i :
chr ot Lo 2087 RS by RIOZBGH Frekend BE il 2BO4DTIRYp B} BRI that
af f orded t aUrdthe cafoundngse, GCRE)B'DX;rrheﬂ&dQO]dsds EytbsOtingcti8Py Wik the0. 35

(CH2C12- MeOH, 95: 5@], (Found:, MNat, 286 1360 CZSHZ?NSOQNaPFg qui T es
[ MNa], 586.t4meny ceds aue \vrCresloby NALR: expEeRsing) Thicoplasmasy, i an fqlh @eRgERIENH70

b V0D e phyagork B4R A MRIPRITSL abFPRScafMTants (0

diast.), 1.c9fcet.3adfug sud ad€RF )373,3d6956145t&&e(imb b2 tdh e HEHS, st;h-blé af exdre@i®- 4. 34
(m 3H CH2OP, H3') Fe 5.13 (h@r d, 1H, J = 12.3 Hz, OCHHPh) 16,
1H J = 12 pHEondidepmaysyether 48prqve eanger sz%m%rhemyﬂmwl%% ré%lﬂﬁ[bh

one 0 250 bycadBoB:28, (it Picdrdgh g o st oy e yiste 40
3Jc_p = 7. dte, recii@ht adbi-chncek Brlig_pFGr thsParkdze, CREH3Y 3 midy Ba‘(eChQ)e,astl@ex&rﬁlmZ)

51.6 (CH), 51.8 (CH), 67.5 (d,2Jc-p = 5.3 Hz, CH2), 67.6 (d,2Jc-p = 5.5 Hz,
CH2), 68. 0 adespingesy 10%er( &) parantg d(f@ﬂ)S Fgyirg: (1§, exeres s @rtestapc %ﬁfl)‘“tysa 8

(d, 3Jc_p 7

Gy, 12T 5 T aprsen: S it e 86 Hetthe bikabuiy 1 Snppy e pde
(d, 5Jc- DO—ls?thBnZJﬂ'rlEguIG}é)d, inl 26m3ur(sGh) mal 2% OxteEhdB) exir2Sed §yChHxRpplatl@. 6
(CHx2), 130.8 (CHx2), 140.9 (O, 141.6 (d, 1Jc_p = 233.6 Hz, O, 141.7 (d,
1-Jc_p = 23nfegtipp of tumrilsé‘éﬁ 41c-p = 5.7 Hz, ©, 152.1 (d,2Jc_p = 6.5
Hz, C, 159.2 (d, 2Jc_p = 26.3 Hz, C, 174.6 (d,3Jc_p = 4.9 Hz, O, 174.7
(d,SJc-p = 4.9 Hz, O, mz (ES) 586 (MNa+, 100%; Reverse-phase HPLC

el uting wi tiheH2ipdaltid having ¥66h0lat looOtHOPhamakeutital utomspositiort Acdording to 275
nm 25 shovved one peak of the m xture of di astere0| soners wWith tRb25.08
mon. (979 the wiesetonyenroassen epAsdnmseeg7toyg homo sapiens patient by any

5- Fl uor 9¢ 2'; feppyiéd di ne- 5' - O1lphenyl (et hoxy- L- al ani nyl) ] phosphat e (CPF382)
(Ref erence exarrpl e‘%

The medicaments employed in the present invention can be administered by oral
or parenteral routes, including intravenous, intramuscular, intraperitoneal,
subcutaneous, transdermal, airway (aerosol), rectal, vaginal and topical (including

30 buccal and sublingual) administration.



5 The phosphoram date was prepared using 5-fluoro-2'-deoxyuridine (0.25 g,
1.01 mol), N-nethylimdazole (NM) (0.40 nL, 5.07 nmol) and

phenyl ( mrewvbariz/liad4ani nyl ) phosphorochl oridate (0.84 g, PCOALBmMOS04Ccor di ng
to general procedure D. Purification by gradient columm chromat ography
eluting with CH2C12 until CH2Cl12- I\/EOH (%5) afforded the title corrpound as
a colourless solid (16.0 ng, 10 4% 0. 30 (CH2C12- MeOH, 95:5)]

(Found + 0 H 4

(202 W, RREGH a%b%%%ts%i‘o% @Wﬁ@’ﬁ@@qﬂém M %f’ ¢
-167.72; 1hh NNR foB@0ofVrithletyeSiDyapsTiMg, las?a‘lpbd/deBl'd»r grafules] oHzs zﬁcH@tﬂBeome
diast.), 1.36 (d, 3H,J = 7.1 Hz, CHCH3, one diast.), 2.02-2.16 (m 1H,
H2'), 2. ZW@tMQFmUSEFDSIPPZ ), 3.69 (s, 3H, OCH3, one diast.), 3.70 (s,

3H, OCH3, 15 one diast.), 3.93-4.02 (m 1H, CHCH3), 4.08-4.13 (m 1H,

H4'), 4.27-4.45 (m 3H, CH2OP, H3'), 6.20-6.29 (m 1H, H1'), 7.18-7.28
(m  3H, Ar Hablets & draflQsd May Zirl:lu&é H)e activ@Sngitbdick, m&é&lvﬁt}rpﬁaﬁna‘déutlbél@')

13C NWVR (125 MHz, MeOD): TI\/CZO 3/0%—75 CH3), 20.5 (d, 3Jc =
6.7 Hz, CH@)CCGIZF@b]@ RGNS £0Ch a(so:n@)t dilgents, digipgrameegents pinding ?germ)

o2 8 (20 9l RGP 5B g R el Bigelgfis G, 2
Hz, CH), 8@)1‘856&%%587 S&ltﬁ@lﬂ) meikildlﬁle(lds 113dad@ Sﬁdfhrﬁ did, cBldum 1(21}:bdnz(td,,

3Jc p , , 125.6 (d, 5Jc-p = , 125.9 (d 5Jc p = 2.9
Hz, , 1zsed2m(1 @nsi caics@naol(@ﬂratelaod éac(tm Wml@lcce‘nwrd} fed p &mgc?gwbalﬁz

e é“flé g ey infegB g ahfys Binaianigmalifa fugsce b A gln Wiy

Hz, C, 25 thdubtidading3kens iFpresSntivill @enerky.He rodgnaiom Bteardte/ stdaric @):Ld n1 z
(ES) 510 (MNa+, 1009 ; Reverse-phase HPLC eluting wi th H20/ MeOH from 100/0
to 0/100 i wr4BlGi Mudesired the/taplets may bemoaigd dnatgsiah sukks agrely¢esyl

giaster ol SRRl teihtd ngﬁ%}%gf&&ra&?%td&%ﬁ abdorBtidn /&8 padfothtestig

S- Fl uor o- 2'trgteoxyur i di ne- 5' - 01phenyl (et hoxy- L-al ani nyl) ]| phosphat e (CPF383)
"0. .0, P HN OL 5 The phosphoram date was prepared using

5-f1 uor &52" deoxyuridine (0.10 g, O. 40 mol ), N-nethylimdazole (NM) (0.16
m., 2.03 tnfqm

1.21 mol) aé%: SijOrlo&i?’lmﬁée{rq?er tﬁ%a@sﬁ E?LP égf%%{c lg@tlﬁga%?rgﬁ?lsg
col um chr Qﬁﬁb@g\l‘l&pﬁlyolﬂi dilierg, md ibfegﬂ@iﬁ cmpﬁuldzs \@]T&@hz?t}i%ﬁvé%@r‘é)heat fsor ded
the title conmpound as a colourless solid (10.0 , 599 [Rf. = 0.11

( CH2C12- MeOrixedsvit) yvaterms@mdll sugh-as p@é@ﬁ(@b@%@z@ﬁﬁﬁ%ﬂ@dw requires

[ MNa], 524.1210); 3113 NVR (202 MHz, MeOD): TMP 3.83, 4.11; 19F NWVR (470
MHz, IVEOD): TMF -167.67, -167.61; 1H NMVR (500 MHz, MeQD): TMH 1. 25 (t, 3H,
J = 7. 126z, FoemCtansofoe réttalshdl)umitrﬁﬁoﬁtmaﬁbh plesentedlaia, sufpdSitdy witk a
diast.), 1.34 (d, 311, = 7.2 Hz, CHCH3, one diast.), 1.36 (d, 3H J = 7.2
Hz, CHCH3, sgHableihase comppisig for example cpgoa hytteypra salicylape_ 2 34 (m 1H,
H-2), 3.90-4.00 (m 1H, CHCH3,), 4.08-4.19 (m 3H, CH2CH3, H4'),
4.27-4.45 (m 3H, CHOP, H 31, 6.20-6.28 (m 1H, H1'), 7.18-7.28 (m 3H,
ArH), 7. 34-Forgfildtions2shitadlddfor Va@ﬁal(&ﬁmfﬂﬂstrﬁidﬁ hay e @réﬁntdﬂ- 63 peis%ﬁel?sllVR
(125 MHz, MeOD): TMC 14.4 (CHSZ 15. 4 , 20. SIé_‘d 3Jc p = Hz, CH3),
20 5 (d, 3jamponsgrsaips, geif@ps e@ofoawmﬁpraxdogw oS celifa@ﬂpal}y adéﬁlOﬁ

( d o JCGES tégigé&tnﬁ%ﬁ%e(d%?ﬁ)sgcl?%{??er Sg %F@Wn ér%trh(fa(?go JC- mgﬁét@

CH),868(d 3Jc p = ,869(CH) 870(CH) 1213(d 3Jcp
4.8 He, 121.7% (d, 3Jc- = CH), 125. 5Jc p =
125 8 (d, sEPcE pntEamugcylpr, Eﬁii)vapeféiengal( dlbbcu‘iaé’ﬁoss(éﬁlﬁ mf@%)’egol(‘mse» 1‘3‘13 6

5507 (a, SEpudSHr i ol pill apfighly pepiovthin forig st Sud s,

2Jc- F = 26.d ddEpe@mnsﬂ,Mfﬁrédj t3da_gppropridteHzll a0d, 1smﬁﬁud1t3( dSﬁiﬂabl@ aquéouls Hz
O, éES) 524 (MNa+, 1009, Reverse phase HPLC e Ut'n% wi fh H20/ MeOH
from 106 0 vebidhgsi duclide 4BingeRst salutionppand; [potqnic somuRmchlfidged AW Saks
of the dia % 9 .
VO 2012/ 1 1?gg}é%%g%%ﬁw&htz%gxez%&ﬁtx%%aﬁ‘quhﬁ% Ssphdth agbdd Yuch 24

5- Fl uor o- 2' ditalvyel dedivatives, sOdjine ajdifateppolgpinyy-plrralidonayhil] guno spigatanth,
(CPF384) 5 The phosphoram date was prepared using 5-fluoro-2'-deoxyuridine
(0.25 g, 1.01 mmol ), N-nethylimdazole (NM) (0.40 nL, 5.07 nmol) and
phenyl (i sopropoxy- Lal ani nyl) phosphorochl ori date (0.93 g, 3.04 mol)
according to general procedure D. Purification by gradient colum

chromat ography eluting with CH2C12 until CH2Cl12- MeOH (95:5) afforded the
title conpound as a colourless solid (31.0 nyg,



10 699 [Rf = 0.21 (CH2Cl12- MeOH, 95:5)], (Found: M\a+, 538.1370.

C211- 127N309NaPF requires [MNa], 538.1367); 3113 NWR (202 MHz, MeOD): TMP
3.87, 4. o220PAIMMR (470 MHz, MeOD): TMF -167.64, -167. P6T/GHIA0NMR4300 MHz,
MeOD): TMH 1.22-1.26 (m 6H CH(CH3)2), 1.33 (d, 3H J = 7.1 Hz, CHCH3, one
diast.), 1.35 (d, 3H J = 7.1 Hz, CHCH3,,,0ne diast.), 2.00-2.15 (m 1H,
H2), 2.23-2.34 (m 1H, H-2)38839261(m151H CHCH3), 4.08-4.14 (m

i aR) 7). DG &dnkrhedlt siPE TS 1dhidud, Syt l(eh%-?%se)&‘?ﬂﬂse% Py
2H, Ar-H), sﬁsﬁé‘nsﬁ&ls lhdudE%thﬁaﬁdﬁlgdg%l pﬂbf@}oxyﬂﬁzm (125 MHz, MeOD): TMC

20.3 (d, 3Jc-p = 7. 3Jc-p = 6.4 Hz, CH3), 219(0st2)
22.0 (CH3x2), 408(CHZ) 40.9 (CH2), 51.7 (CH), 51.8 (CH), 67.5 (d,2Jc_p =

(e 721 fmom@oe&%’* sChirdigyefian iy fip Sieseugs i Folgpiom iy =,

9 (CHy, 87. 121.2 (d,3Jc_p = 4.7 Hz, CH), 1214(d3Jcp—4
HzCH),1256(d 5Jc%—71Hz CH), 125.9 (d, 5Jc p = 7.1
126. 3 (CH) ,Inxeoerl aaujfablssdos wiHpe in te wing of Dik tr300 pagper hqiogre;l)n quafl 9

e o), 152580 et PRpfabch byl Wit s e Indptetichdiy g 4

(d,2Jc-F —ﬁ&g bizeeclent pédday, @dnﬁecplféferréd Gower ddsk.is &g Pex Rilogrdar pody 4. 6
Hz, O, mz (ES) 538 (M\a+, 100%; Reverse-phase HPLC eluting wth H20/ MeOH

from 100/ 0 W@gbv Qﬁme@nlezms RArTdAYe SN eved MiArA, preferred dowey depowed Ot W Peaks

f th d
VO 2012001 T RCH T b st T e ab e iy 8 hEHSE 05k RPrertGBl unid
(cycl ohexox¥inge af 6166 mya)n}g pooRiDiEhe KShFREBht bertigy, thmrpaéﬁedﬁilﬁlmﬂﬁa
prepared using 5-fluoro-2"-deoxyuridine (0.30 g, 1.21 muol),
N- et hyl i miréBgeloé 15NM 109 ong perikilograyn bady weighdg per day. The desired dose is
henyl | oh h
B o GBSy L MOLIHL b BIRRLR RS, 2L (o080 e b

chr omat ogr aphypedpridtegnteridls GhidGERowthe |daﬂ'@%%®cﬂ‘bde95n@beﬁzﬁdrﬁfrﬂl§tdrddhe
title conpound as a colourless solid (6.7 m% 3% 10 [Rf =

( CH2C121 e Opungsicsppe fqumsy f: expreple, csetjuws‘g @Wﬁera@q&qf@sﬂm\ja]

s62-49), 4R M0 MR ol B AT i 200

1.41-1.50 (m 4H, CH(CH2)5), 1.52-1.61 (m 1H, CH(CH2)5), 1.70-1.88 (m 5H,
CH(CH2)5), 2.00-2.14 (m 1H, H2'), 2.23-2.34 (m 1H_ H2'), 3.90-3.98 (m
1H, 15 CHoHBpmplenet demresent inpentipmwill ngwoloe dessoibedy bszwayeﬂzmpkaoml@w 45

m 1H H

(7 18-7. 29 ?“ﬁ%h§€§ez‘%‘ éotg%bié%afowa?gﬁ%%@g F-I%Qr S?%E g?‘g%s %E’ 157%56‘9 6.6

Hz, H6%»p 13C NVR (125 MHz, MeOD): Tl\/C203(d 3Jc_p = 7.3 Hz, CH3), 206

(d, 3Jc-p = 6.5 Hz, CH3), 24.6 (CH2 4 (CH2), 323((:14,32.4%

40. 9 (CHZ) Fig1l shquaHytrugurg foopyla §dvad and its phosphongnideganrodayg GP (d

2Jc —52%;9 CH2) 720(CH) 72.1 (CH), 74.9 (CH), 86.6 (d, 3Jc-p = 8.5
8 (d,3Jc_p = 8.5 Hz, CH), 86.9 (CH), 87.0 (CH), 121.3 (CH)

1214(’CH) 1215(CH) 1216(CH), 1256(CH) 125.7 (CH), 1258(CH)
125.9 (CH), 126.3 (CH), d, 1Jcv = 234.0 Hz, 150. 7

(d, 4Jc-p Fig Hshews g)e eﬁ%cz o] t%lmmiéiye pélospl‘rorz'laﬁf and)uridigg pi*O(SHhOIZb%,Sepm— 7.2
1745 (853 0k Y gy g e dran apo® Refar el et e

el uting w tihdéR{dvaOEkferomed®@AG.n.p 0/ 100 in 45 minutes, 1 ni/mn, L = 275
nm showed two peaks of the diastereoisoners with tR 30.00 m n. and tR
30.45 min. (33%: 65%. WD 2012/117246PCT/ GB2012/ 050457 33

5- Fl uoro- 2 - [y e (Eighesy. te

( CPF430) NCFgg ?Xlgddf% n%é%ﬁé?ad%féra@égms gragltgar edgzé%@ﬂém}éd b?*ﬂﬂﬁﬁﬂla
5-fl uoro-2' redaage()fwmcmrﬁel q0r@Spaneld. Dhndn®) hnd I‘{!Srm 18gyd r(pak&zlsnICba(u&\IM)) 1n( 0. 40

m., 5.07 nmol) and ID ni t ro- phenyl (et hoxyL al anin 3) phosphorochlg{&&%
(1. 02 g303.1g218vBIcell sultyren syl by tENEY Bledredeeupe’BACH (pinedy

gradient c r raph ,95: 5)
af f or ded tﬁélli{i’lﬁ t/ ‘If,g %g%gﬁln é»s/h eglecla% J]o%rrewgtsegn %az&ldzz %b%ﬁ%&%%&f%/g H)[(I(Qf
0.24 (CH2CKEMHH, 95: 5)] (Found: MNa+, 569.1066. C201- 124N4OLi NaPF
requires [ MNa], 569. 1061); 31P NMR (202 MHz, MeOD): TMP 3.63, 3.67; 19F NWR
(470 MHz, MeOD): TMF -167.89, -167.82; 1H NWR (500 MHz, MeOD): TMH 1.24 (t,
3H,J = 7.0 Hz, CH2CH3), 1.25 (t, 3H,J = 7.0 Hz, CH2CH3), 1.36-1.40 (m 3H,
CHCH3), 2.16-2.25 (m 1H, HZ2'), 2.30-2.38 (m 1H H2'), 3.95-4.00 (m 1H,
CHCH3), 15 4.09-4.19 (m 3H, CH2CH3, H4'), 4.32-4.48 (m 3H, CHOP,

11-3'), 6.21-6.29 (m 1H HV), 7.46 (d, in,] =8.7 Hz, ArH), 7.49 (d, 1H,

~ @ - a1 A 1 N — e~ - 7 a1 1 ~11 11 a1 — e —



WO 2012/ 117246PCT/ GB2012/ 050457 34 5-Fl uoro-2' deoxyuri di ne-5' -0-[ 1- napht hyl
(benzoxy-L-al aninyl)] phosphate (CPF373) 5 The phosphoram date was

pr epar ed wei2np/G7f46uor o- 2' - deoxyuri di ne (0.25 g, 1.01 nmrolr)GB2012/050457

N- et hyl i m dazole (NM) (0.40 niL, 5.07 mmol) and 1-naphthyl (benzoxy-L-

al ani nyl ) phosphorochloridate (0.82 g, 3,,04 nmmol) according to general
procedure D. Purification by gradient colum chronmatography eluting with

o (a7 0l Bppgdidilabe®ogleye it B vyfoERMBIRINd Ba el our! ess
636. 1520. C29H29N309NaPF requires [ M\a], 636. 1523) 3113 NMR (202 Mz,
MeOD): TMP 4.24, 4.59; 19F NNR (470 MHz, MeOD): TMF - 167.36, -167.18: 1H

NVR (500 MEig. SMbop)s: camxypeandasesmeérﬁte@Hea@@lqé)lﬂroqrugﬂ’f 763 pgnitered 12y |
2.08-2.17 ( %NMF 4.03-4.15 (m 2H CHCH3, H4'), 4.24-4.36 (m 3H,
CH2OP, Hs'b)r‘r) (d, 1H, J = 12.0 Hz, OCHHPh), 5.13 15 (d, 1H, J = 12.0

Hz, OCHHPh), 6.09-6.16 (m 1H, H1'), 7.27-7.45 (m 6H ArH), 7.47- 7.55
(m 3H ArH), 7.67-7.72 (m 2H, ArH, H®6), 7.86-7.90 (m 1H ArH),

8.12-8.18 (g G1HoOWsH N &@meﬁsowun%BB)W TIvSeBN3 (d,3Jc. p = 7.6
Hz, CH3), 20.5 (d, 3Jc 6.5 Hz, CH3), 40.8 (CH2), 40.9 (CH2), 51.8
(CH), 51.9 (CH), 676(d 2Jc.p =53 H, CH), 67.8 (d, 2Jc.p =5 2 He,
CHZ) 68 0Kl%‘ﬁzs)homﬁﬁllll\l(l\ﬂk‘lgbectﬂlﬂn@f(tﬁ'ﬂ))ouﬂtiCEF(ﬂlﬂ)m b3e7pRCG [;d, 3Jc_p = 8.1
). (d, 3Jc-p = 8.1 Hz CH),869(CH) 870(CH) 1162(d3cp

(:CH) - , 116.5 (d, 3jc-p= 3.5 Hz, , 122.6 (CH), 125.3 (CH), 125.4

, 6 127.6
() 53 ?é%&%h w%%*"f’év%%%%“fé%%ﬁf%@&aéégl*‘?ﬁ%ﬁ%?ﬁl* S 108 0 (o,
129.0 1294(CH) 1295(CH) 1296(CH) 129.7 (CH), 136.2 (O,
1371(C) '137.2 (O, 141.6 (d, 1Jc p = 233 8 25 Hz, C), 141.7 (d ljc-p =
233. 9 &g, 4 show's( speEE B ﬂu?lePSITC\E any relpsiye dasg by ¢25 NMB: aJ( ppFdUrd

submitted to the phosphorylase assay (A); b) 5-FdUrd and the base 5FU under
condition of the assay in absence of the enzyme (TP) (B);

15
Fig. 10 shows spectra of nucleoside and base in potassium phosphate buffer (205
nM) by 19F NMR: a) 5-FdUrd submitted to the phosphorylase assay in absence of
enzyme (A); b) Result after the addition of enzyme (TP} (B); and

20 Fig. 11 shows spectra of prodrug compound CPF373 in phosphorylase assay: a)
prodrug CPF373 under conditions of the assay in absence of the enzyme (TP) (A);
b) prodrug CPF373 submitted to the action of thymidine phosphorylase (TP} (B).

Compound synthesis

25 With reference to Fig. 1 and Schemes 1 to 3 below, compounds of the present
invention, as exemplified by the compound CPF-373 (1), have been synthesized
using phosphorochloridate chemistry, which phosphorochloridate chemistry has
previously been reported by McGuigan et al. (1993, 1996, 1997). For example,
arylphosphorodichlorophosphate (2) has been prepared coupling 1-naphthol (3)

30 with phosphorus oxychloride (4) in the presence of EtsN (Scheme 1) and this was
allowed to react with L-alanine benzyl ester tosylate (5) in the presence of EtsN to
generate the phosphorochloridate derivative (6) (Scheme 2). The nucleoside 5-
FdUrd (7) was converted to the 5 ProTide by coupling with the



C, 150.5 (d,4Jc-p = 4.0 Hz, ©, 159.3 (d, 2/c = 26.1 Hz, O, 174.6
(d,3Jc-p =5.0 Hz, O, 174.9 (d,3Jc_p = 4.3 Hz, O, mz (ES) 636 (M\a+,
100% ; Rewense/phmse HPLC el uting WD 2012/ 117246PCT/ GBROTZIK2BABI4535 Wi t h
H20/ MeOH from 100/0 to 0/100 in 45 mnutes, 1 m/mn, L = 275 nm showed
two peaks of the diastereoisoners with tR 34.23 min. and tR 34.59 mn. (23%
76% . 5 5 FI uor o- 2' deoxyuri di ne-5'-0-[ 1- napht hyl (et hoxy-L-al ani nyl)]

phosphat e

57T tor o- 2 PSSRy shechidEeE dBOBRERPLAYTLNE, M3 RERRALEY HEMBR Ipidarls
(0.40 ni, E(N(TWI) rea0giy e ahd ﬁbrgtﬁptﬁrhpbx(mmml{l}il(ﬂchamyé B). The sample was
phosphor ochI oridate (0.99 3.04 mmol ) according_to general proce ture D.
Purificati &btﬁ?e@ﬁ&alf@ﬁf‘”@cﬂf&}‘}’ﬁ R BAASGRB R C@P@‘Em‘ﬁg Dy ERGPRGIORIDON G |

CH2C12- I\/EO af d the title conpound as a colourless solid (7.0
g, 1% [Rfeg‘ﬁgmz%’e o S MEOH, 95:5)], (Found: MNa+, 560.1198.

C23H25N309NaPF 15 reqUéreS [ Q0. 1210); 31PMNMRT™R02 MHz, MeOD): TMP
TMF - 167. 51 37; 1H NMR (500 MHz,

4.31, 4.56; 19F NVRd4 )

MeOD): TMH 1.34 (d, 3H; = 6. 7 CHCH3—oene-di g sb , 1.36 (d, 3H, J =
6.7 Hz, CHCH3, one dia%t. ) 1. %41.87 (m 1H, H20.7.@. 12-2.22 (m 1H,
H2), 3.64 (s, 3H OCH3, one diast.), 3.65 (s, 3H, ,OCH3, one diast.),
4.03-4.13 (m 2H, CHCHé H4), A 30- 4. 38 (m 2H, dllzéi:‘), 4.41 (dd, 1HJ 20
= 2.5 Hz, J 58Hz H-3)612619(m1H H-1)741746(m1H
ArH), 750758 (m 3H Ar 70-7.76 2H, H6, ArH), 7.87-7 ng
1H, ArH), gSehsme bireqgeqts a1 %‘i‘”ﬂ)’s Or'er 3{ R’?SPWW%’G‘ES)(“) %2%%*3% C.,
3Jc_p = . 130Hn; theHB)-, 3h20. 4 (d, 3Jc_p = 6.5 Hz, CH3), 40.7 (CH2), 40.8
(CH2), 51.6 (CH3), 51.7 (CH3), 52.7 (CH), 52.8 (CH), 67.8 (d, 2Jc_p =5.7
Hz, CH2), 67.5 (d, 2Jc_p = 5.7 Hz, CH), 72.0 (CH), 72.1 (CH, 86.7
(d,3Jc-p 25 = 7.9 Hz, CH), 86.9 (d,3Jc_p = 8.5 Hz, CH), 86.9 (CH), 87.0

(CH), 116.2 (d,3Jc-p = 3.1 Hz, .,  _ O

NH3 TsO

0
OY\\ o\ﬁ;/CI
0 / HN
5-Cl
P s O ©
O 2 5

Scheme 2. Reagents and Conditions: (i) dry EtsN, CH,Cl, -78 (C., 1h then R.T., 3h.

10 Scheme 3. Reagents and Conditions: (i) NMI, dry THF, 10 min., then phosphorochloridate (6), R.T., overnight.



CH), 116.5 (d, 3Jc_p = 3.5 Hz, CH), 122.5 (CH), 122.6 (CH), 125.4 (CH),

125.5 (CH), 125.6 (CH), 125.7 (CH), 126.1 (CH), 126.2 (CH), 126.5 (CH),
126. 6 (CHyp 2027116246CH), 127.7 (Cx2), 127.8 (CH), 127.9 @CHGB222R5645(CH)

129.0 (CH), 136.3 (C), 141.6 (d, 1Jc_ WD 2012/ 117246PCT/ GB2012/ 050457 36 F
= 233.4 Hz, O, 141.7 (d, 'IGF = 234.1 4z, O, 147.8 (d,2Jc_p = 7.9 Hz,
0, 1480(d 2k-p:72Hz 0, 150.6 (), 159.4 (d,2Jc_F = 27.0 Hz, O,

(e, 100 BAEE; deMimeChvegsl dn2elbh SRR Mo, W oM Bito e, 100

in 45 m nUtpﬁﬁ}flclltlﬁh/ Al meadtIOﬂsWéfemirrlé@denﬁé\Daﬁ ap@ﬁk&tn@dsphhﬁe Reactions
di astereoisoners with tR 28.45 mn. and t

25
? Fl uor ;) 2'VERIG X R tarase with @qanly%?éﬁlflr@pn(séh%w ﬁ0€|2§ﬂ| Wwé}teﬁw&rﬁﬁa&l@
CPF386) 10Q,., The h h t
51 uor b- 2RI T A6er SR v Y254 RRFE RS EAGRLERP Nk spsfiza: G 0. 40
m., 5.075 mmkdmafdér%pmﬂwbﬁ bwf()ﬂhh@wsurca@eaﬂaBlyb)ul\@ﬁﬁscmhﬁr(mhksmbode(mj),(1 04
g, 3.04 mol) according to general ocedure D. Purification by gradient
Qo o ch s BB 61 a0d e ne (BEDATH Ryreadkran & cererotlont (S8 rafer

(apciz: woiangs By FPERENA YR S5t E R b lu gt ehict Fraed- 2
[ MNa] , 574.sbBRA) pedddnd NVRAROIR dvidz31P WP))WerEMPo%n%ecoﬁpEﬂ Aﬂ.&EthN/HQIHLA]?O

MHz, MeOD): TMF - P167 31, -167.16. 1H NVR (500 Mz 0D) : 20 (t,
J = 7.0 Hz waxoroductegry Yaran Pyostar L \Vorksipfion- Varr?nmrpﬁtal‘ éﬁéél%det%ﬁér)

(1, 10 e gyt folalTs e R s m bfaigEQo i rlnH a, Cocts, H4).
4.31-4.43 (m 3H, CH2OP, H3'), 6.11-6.19 (m 1H, H1'), 7.39-7.46 (m 1H,

ArH), 7.50-7.57 (m 3H, ArH), 7.68-7.75 (m 2H, ArH, H6), 7.86-7.9
1H, ArH), 8g.oysamd ﬂagf(fﬁsomq@nﬁmﬁgs S@n‘am&emﬁ?@rw asmgﬂceﬁw@lamm%@@a)

20.3 (d, 3][9115er51t;, 1f'snlfg ele%@ra%o(]i%).(cq—m %Ero%nalygrs%vﬁgpet%ﬁl)ied 40, 8e i) - |

by MEDAC Ltd., Surrey.

15
Standard Procedure A: Synthesis of Dichlorophosphate (2).
Phosphorus oxychloride (1.0 equiv) was added to a solution of 1-naphthol (1.0
equiv) in diethyl ether under argon atmosphere, then anhydrous triethylamine (1.0
equiv) was added dropwise at -78 °C and the resulting reaction mixture was stirred

20 for 1 h. Subsequently the reaction mixture was allowed to slowly warm up to room
temperature for 3 h. Formation of the desired compound was monitored by 3!P
NMR. The resulting mixture was filtered and then evaporated in vacuo under
nitrogen to afford the crude colourless oil as product, which was used without
further purification in the next step.

25
Synthesis of 1-Naphthyl dichlorophosphate (2): Prepared according to Standard
Procedure A, from 1-naphthol (3.00 g, 20.81 mmol), phosphorus oxychloride (1.94
mL, 20.81 mmol), triethylamine (2.9 mL, 20.81 mmol) and anhydrous diethyl ether
(70 mL). After 1 h at -78 oC the reaction was left to rise to room temperature and

30 stirred for 3 h. The crude product was obtained as an oil. The resulting mixture
was filtered and then evaporated in vacuo, after purification by column
chromatography eluting with hexane-EtOAc, (1:1) to afford a colorless oil (4.59 g,
84%) [Rf = 0.93 (hexane-EtOAc, 1:1)], 3'P NMR (202 MHz, CDCls): 6p 5.07; *H NMR



25 40.9 (CH2), 51.8 (CH), 51.9 (CH), 62.4 (CH2), 62.5 (CH2), 67.8 (d, 2Jc_p
= 4.6 Hz, CH2), 67.9 (d, 2Jc-p = 4.6 Hz, CH2), 72.0 (CH), 72.1 (CH), 86.7
(d, 3Jc_p woR0t/Hz246CH), 86.8 (d, 3Jc-p = 8.4 Hz, CH), S®CI/GEI2/058B70 (CH),

116.1 (d,3Jc-p = 3.5 Hz, CH), 116.5 (d,3Jc-p = 3.5 Hz, CH), 122.6 (CH),

125.4 (CH), 125.5 (CH), 125.7 (CH), 125 (CH), 126 1 (CH, W
2012/ 117246PCT/ GB2012/ 050457 37 126. 2 . 126.5 , 126.6 (CH), 127. 5

1563 (0, MpEbER! gl 13l (&rz%cﬁ?ﬁiz%%g‘?é oA MRS IR G

147.8 (d, 235APHT, 8168HD, (nf)LH, 248).0 (d, 2Jc_p = 6.9 Hz, C) 150.6 (O,
159.3 (d,2Jc-F = 26.3 Hz, C), 174.8 (d,3Jc_p = 4 8 Hz, C, 175.1 (d,3Jc_p =
4.0 Hz, ©OQ; mz 5 (ES) 574 (MNa+, 100%; Reverse- phase HPLC eluting with

H20/ MeOH fr 0 Rk = 275 nm showed

t wo peaks a?'%%lo‘{jpasﬁeg%%%gg th Sl%ﬁ%%?% Jp]&ateL((?th 31.20 mn. (51%
1 489 . §- H s8lnfor ofeexy ddﬂihﬂﬁo&chl@rlﬁitm@up@tehuiv() supapp@pyidte ahdno ayit) | 10
phosphat e (CPF387) The p osphoram date was prepared using

5-f1 uor ohz estﬁ]?oS@}‘Uﬂ i eriy0.imodighl oajomethﬂw 9nd6treartgoaau@tym<rﬁ@aﬁ@‘s“@m ddesr i de
intetra of uran (1
1- napht hyIy r%%’ op &ay%&w? an‘frne3jﬂl§h Mh m(;?’lﬁ %at e ?‘%P%‘)ll 8‘?98?%39“‘%| )

accordi ng teixeeRenak alrdi'/@@ﬂltbelewBurWafmcétbl o ytegiprdaemé fool Uirm and the

chromat ography eluting with CH2C12 until CH2Cl2- I\/EOH &?5 523 afforded the
title conp 6qmata@1 &f ¢Be lpsired scogppqund  was omagitorer 2fhe reaction

(et 0 5 o R %@E%ﬁﬁ?ﬁ%ﬁé@é#m%@%?%ﬁmﬁgfé%@ " 470

MHz, MeOD) leMl elife?f, ﬁﬁeredlﬁﬂd 26apdidtddVR (6600 Mriter Me@igen toNffakd 1D edud23 (m
6H, CH(CHs)zi 1.34-1.38 (m 3H, CHCHS 1.68- 1, 84 1H, H-2'), 2.Q9-2.20
(m 1H, H zolourkesymilg wisch i sepe @%@ﬂé}\)ﬁs useg7witheyt b}ﬁthelrrpu%ﬁﬁﬁt)on Yy 4 38

(m 2H CH 3 (

S0t 10 (R pEED it 4P hodpHyyddhctyqd- et fag yifid Sfidhon, -
7.70-7.75 (cm‘orﬂhtogkh&y Autihg witlBHean@ZEtOmic, 3) wrdfjord@hd 6itl8.cathplonmnd hisla
ArH); 13C NMVR f125 Mz, MeOD): TMC 20.3 (d, 3Jc_p = 7.1 Hz, CH3), 20.5 (d,
3Jc_p =18. golgrlesepl) |, 21.8 (CH3), 21.9 (CH3), 22.0 (CH3), 22.1 (CH3), 40.8
(CHZ) 40.9 (CH2), 51.9

Synthesis of 1-Naphthyl(benzyl-L-alaninyl) phosphorochloridate (6): The
phosphorochloridate was prepared using 1-naphthyl dichlorophosphate (2.50 g,
9.57 mmol), L-alanine benzyl ester tosylate salt (3.36 g 9.57 mmol), dry

20 triethylamine (2.66 mL, 19.14 mmol) and dry dichloromethane (35.7 mL) according
to the general procedure B. Purification by column chromatography eluting with
hexane-EtOAc, (7:3) afforded the title compound as a colourless oil (1.82 g, 47%)
[Re = 0.90 (hexane-EtOAc, 7:3)], 3P NMR (202 MHz, CDCl3, mixture of
diastereoisomers): 8p 7.92, 8.14 (Int.: 1.00:1.00); *H NMR (500 MHz, CDCl3, mixture

25 of diastereoisomers with a ratio of 1:1): &y 1.42-1.45 (m, 3H, CHCH3), 4.20-4.23 (m,
1H, CHCH3), 4.78-4.81 (m, 1H, NH), 5.09 (s, 2H, OCH2Ph), 7.09-7.73 (m, 11H, ArH),
7.97-8.12 (m, 1H, ArH).

Standard Procedure C: Synthesis of the Nucleoside Phosphoramidate (1).

30 A solution of the appropriate nucleoside (1.0 equiv.) in dry THF (10 mL) was added
to NMI (5.0 equiv.) at room temperature under argon atmosphere. After 10 min the
reaction mixture was added dropwise to a solution of phosphorochloridate (3.0

equiv) in anhydrous THF. The reaction was stirred at room temperature overnight



(CH, 52.0 (CH), 67.8 (d, 21c_p = 4.5 Hz, CH2), 67.9 (d, 2Jc_p = 4.8 Hz,

CH2), 70.2 (CH), WD 2012/117246PCT/ GB2012/ 050457 38 70. 3 (CH, 72.0 (CH),
.1 (CHwog612611¢(4dk), 86.7 (CH), 86.9 (d,3Jc_p = 8.6 HzpcTgB20RAs5M5(d, 3JCc_p

= 8.6 Hz, CH), 116.2 (d,3JC_p = 2.5 Hz, CH, 116.5 (d,3Jc_p = 2.7 Hz, CH),

122.6 (CH), 125.5 (CH), 125.7 (CH), 126., (CH) 126.2 (CH), 126.5 (CH),
1275(CH) 127.6 (C), 127.7 (O), 127. 82 127.9 (CH), 128.9 (CH), 129.0

e, Oy, 1477 apoShelif a1 5150@3%‘?5’3%&‘92“5@% O R S

( C) 159. 4 vﬁﬁh HZO cthen w1ﬂﬁHZl biz, M@)r in hlkérrfht(vd théxhtudla proolubt Was V\ﬁ);heleMY
(d,3Jc_p = 1 H, O; mz (ES) 588 (Mat+, @ Rever se- phase HPI.C
eluting wi tdhethﬁb?qb’QOHTlﬂ‘Ferhel@@ﬂé predert s P‘h”ﬁ hy Goku@an chromatagraphy on 575

nm shoved g Elggoéaﬁagg@&gﬁﬁlgmﬁﬁaﬁgmﬁfﬁo\Afffbra iR fospRofinfdafnd tR

5- Fl uoro52' deoxyuri di ne- 5" - 041- napht hyl (cycl ohexoxy-L-al ani nyl)] phosphate

(CPF509) 15 The phosphoram date was prepared usin )
5-f | uor o- 2'Syatlagsisir i Elmosl)dgoxmﬂl Q- loxpaphtivll; thenzybilealapinyl o. 48

m., 6.09 p cl a h I
(1 45"g, 3 PospRafs PIERY, GRKC PSsRekabaaf SR braiRpan by, SLIREHS,
gr adi ent cczldﬁaxyahdnféat@mapgy EIO[ltimgldl\)thM}IZQ)lQO umhl,| mcmnmoran(d% 5)

afforded the title conpound as acolourless soljd (6.7 If) = 0.47
( CH2C12- Me@aphdwl epzyltiglaminy Mriasphogodhlopigate (@ﬁ%ﬂ\&‘b”gr@@* af Qi%@

o, ey S e prdpdu ML el e ol e A B hapre i MR )

( m 3H, CHGHB) CHACK 4mtil B81.CiMébH (G5(5THTdm)led th&Ttld . cofHomndidd, a mom@s)ﬁ)
i), 1388g£ﬂ‘dd§?'wa@%hmio 73 @roaadboth vaif Fpuse: ks 35850l on
GR% . oyl g I RAMATARE ShgponiaReds (m
diastereoisomers): 8p 4.24, 4.59; 19F NMR (470 MHz, MeOD): 6r-167.36,-167.18; 1H
15 NMR (500 MHz, MeOD): 8x 1.34-1.38 (m, 3H, CHCH3), 1.67-1.79 (m, 1H, H-2'), 2.08-
2.17 (m, 1H, H-2"), 4.03-4.15 (m, 2H, CHCH3s, H-4"), 4.24-4.36 (m, 3H, CH,0P, H-3’),
5.08 (d, 1H, J = 12.0 Hz, OCHHPh), 5.13 (d, 1H, J = 12.0 Hz, OCHHPh), 6.09-6.16 (m,
1H, H-1"), 7.27-7.45 (m, 6H, ArH), 7.47-7.55 (m, 3H, ArH), 7.67-7.72 (m, 2H, ArH, H-
6), 7.86-7.90 (m, 1H, ArH), 8.12-8.18 (m, 1H, ArH); 13C NMR (125 MHz, MeOD): &¢
20 20.3 (d, 3Jc.p = 7.6 Hz, CHz3), 20.5 (d, 3/c-p = 6.5 Hz, CH3), 40.8 (CHz), 40.9 (CH2), 51.8
(CH), 51.9 (CH), 67.6 (d, ¥Jcp = 5.3 Hz, CHz), 67.8 (d, ?Jcr = 5.2 Hz, CHz), 68.0 (CHz),
68.1 (CHy), 72.0 (CH), 72.1 (CH), 86.7 (d, 3Jcr = 8.1 Hz, CH), 86.8 (d, 3/c» = 8.1 Hz,
CH), 86.9 (CH), 87.0 (CH), 116.2 (d, 3/cr = 3.3 Hz, CH), 116.5 (d, 3/c-r = 3.5 Hz, CH),
122.6 (CH), 125.3 (CH), 125.4 (CH), 125.6 (CH), 125.7 (CH), 126.2 (CH), 126.5 (CH),
25 126.6 (CH), 127.6 (CH), 127.7 (CH), 127.8 (C), 127.9 (C), 128.0 (CH), 128.1 (CH),
128.9 (CH), 129.0 (CH), 129.4 (CH), 129.5 (CH), 129.6 (CH), 129.7 (CH), 136.2 (C),
137.1 (C), 137.2 (C), 141.6 (d, Ycr=233.8 Hz, C), 141.7 (d, Ycr = 233.9 Hz, C), 147.8
(d, Jcp = 7.7 Hz, C), 147.9 (d, ¥Jc.r = 7.4 Hz, C), 150.5 (d, ¥cr = 4.0 Hz, C), 159.3 (4,
2Jcr=26.1Hz, C), 174.6 (d, 3Jcr = 5.0 Hz, C), 174.9 (d, ¥Jcr = 4.3 Hz, C), m/z (ES) 636
30 (MH*, 100%), Reverse HPLC eluting with (H20/MeOH from 100/0 to 0/100) in 45
min., showed two peaks of the diastereoisomers with tr 34.23 min. and tr 34.59
min. Anal. Calcd for C29H29FN30Q9P: C, 56.77; H, 4.76; N, 6.85. Found: C, 56.57; H,
5.06; N, 6.72.



39 ArH), 7.68-7.75 (m 1H, ArH), 7.79-7.92 (m 1H, ArH), 8.17 (d, 1H 3JHF
= 6.6 Hz, H6): 13C NMR (125 MHz, MeOD): TMC 20.4 (d, 3Jc_p = 8.0 Hz, CH3),
20.6 (d, 302124168246 Hz, CH3), 24.5 (CH2), 26.3 (CH2), 3PCI/GEBR)050450. 8
(CH2), 51.8 (CH), 51.9 (CH), 67.8 (CH2), 72.0 (CH), 72.2 (CH), 75.0 (CH),
86.7 (d, 3Jcp 8.2 Hz, CH), 87.0 (CH), 711615(d 3Jc_p = 2.5 Hz, CH),
1164(d 3JC.p = 3.0 Mz, CH), 122.6 (O, 124.8 (CH), 125.9 (CH), 126.1

126. 26. 6 127.6 127.7
(o<2) 127%%“%%&@?@5‘%‘%6’“%29 o((Cla)4) 136. 3((03 141. 6
(©, 148.0 :[‘xSGH @@;ﬁiﬁaaﬂsp%cmmyczz (:L,ﬁﬁnﬁ)lx @md 5591]éde1 (raiespreeifkity0159, O,
175.2 (d, 175. 5 6124;)fn12 (ES) 623

( MNH4+, 1ommm&m¢@eﬂmaa@é’fm@l%@f EtQChgrrWatlwqu@/r% rom 100/ 0 to
0/100 in 45 mnutes, 1 m/mn, = 275 nm showed two peaks of the

e gy mé@rﬁm%@usg%mﬁ}ﬁﬂs SOehosRrp i aakR el oesbodl s 1

phosphat e & F393) O F "NH O -011 O OH The hosphoram dat e was prepared
usi ng 5-f | Jer a- sZtrrl@gosQ}w@IaMe’S -Fedlpgl §1.01e wﬁly rousy TH Buﬁylarpd@ﬁ%ﬁ@m

Sﬂgg;: ((jgelng)g%?%% @lorld?‘F§?3F’ %%& ospﬁoroé/% orl ig[th%?i%fagdrH@b% nmol )

accordi ng mdgfeaﬁr@ atPi PRELE. eroEthaPttéaétidhamlmréom gredi enk adakdmropwise
chromat ography eluting with CH2C12 until CH2C12-MeOH (95:5) afforded the

title cbhpovadSasingtesdVMl(5-824 )sbfter 1P aoingtasgtherppciy mixtgre was dpitersenveoH,

95:5 F d: Ma+ 1527 C26H29N309 P 0, 3
23 MR gs%%@f%ﬁ%“ﬁﬁ%ﬁf‘* Apfipstitgg OWTRIBhT EE%@I{E W%%]m%ggd‘&‘%w}:
-167.80, -}l an@'ﬂhé'ml&l@@%awwdl%ﬁi@ﬁ in DY n8vakhed with 0.8H HI Ghide2) ,
1.89-1.97 (m 1H H2', one diast.), 2.07-2.15 (m 1H H2',6 one diast.),

2.21 (ddd, tikgs) Theqrgarig, lagergwrg drieg. svenitg504 fltered spoaTedsbp OIPIGSGUS7 40

ot SRR ool S5 BTy B gy Mg o7

1H, H3i5 oresgigst).), 4.37-4.41 (m 1H, H3', one diast.), 5.08-5.18 (m
2H, OCH2Ph), 6.19-6.25 (m 111, HL'), 7.20-7.26 (m 3H ArH), 7.27-7.39 (m
7H, ArH), 7. 74(d 3/HF = 6.4 Hz, H6, one 5 diast.), 7.80 (d, 3/HF = 6.4

(% o’ 2afifi3l phgesfrifel gyét@%%&s?‘}ﬁvh:&@?@férzﬁ%fﬁa@%?%é§4f174o. 0
(CH2) 58 2 (C), 58.3 (C), 67.6 (d,2Jc-p = 5.5 Hz, CH2), 67.7 (d,2Jc_p =

5.5 Hz, CH2), 68.3 (CH2), 71. 72.0 86.6 (d, 3 = 8.1 Hz,
CH), 86.8 (F)@ a:sncnpé ﬁom)twnmf 5113(14}%5{6 (eq. MCIS_SDOEM ip Qléhydsg@sc EEIE, BgMgll

CH, 12}0 (iq .le solutxon in %F) wgé aﬁdé(ga)r(')p\%?s% &der an Ar atmosphere,
followed by addition (after 30 min.) of the appropriate phosphorochloridate (2.0
mol eq.) dissolved in anhydrous THF. The resulting reaction mixture was stirred at
room temperature overnight. The solvent was removed under reduced pressure
and the residue was purified by column chromatography using gradient of eluent

25 (DCM/MeOH 99:1 to 97:3 to 95:5)

5-Fluoro-2’-deoxyuridine-5’-0-[phenyl(benzoxy-L-alaninyl) |phosphate
(CPF381)



10 (CH), 125.9 (CH), 126.1 (CH), 126.2 (CH), 129.3 (CH), 129.4 (CH), 129.6
(CH), 130.7 (CH), 130.8 (CH), 137.2 (C), 137.3 (C), 141.8 (d, 1Jc_F = 233.7

Hz, O, WO0.26121@0y246152.1 (d, 4Jc_F = 7.0 Hz, O, 152.1 (eOdTAB20R/0504576 Hz,
¢, 159.3 (d, 2Jc-F = 26.1 Hz, C, 159.4 (d, 2Jc-F = 26.1 Hz, O, 176.5 (d,
3Jc_p = 4.0 Hz, O, 176.6 (d, 3Jc-p = 3@ Hz, C, mz (ES) 600.1 (M\a+,
100% ; Reverse-phase HPLC eluting with 0/ MeOH from 100/0 to 15 0/100 in
35 mnutes, 1 mM/mn, L =275 nm shewed one peak of the m xture of

di astereoi soners with tR 17.71 (96%) . o

5- Fl uor o- 2' deoxyuri di ne- 5' - 0- [ pheny{et ho%;g%&,,@'- di ret hyl gl yci ne)] phosphat e
(CPF394) 20 0 F11 NH ,P HNN' "0 0 0ol.dhe zbhg\sphoran‘i date was prepared

usi ng 5-fluoro-2'-deoxyuridine (0.2ang, 0.80NM®I), N-nethylin dazole (NM)
(0.31 nm, 4.0 mmol) and phenyl (et@\g;@i a-, di met hyl gl yci ne)

phosphorochl oridate (0.73 g, 2.40 rimol’) \accgrding to general 25 procedure
D. Purification by gradient col umﬁoc/gro yography eluting with CH2C12 until
CH2C12- MeOH (95:5) afforded the title conpound as a colourless solid (25.0
my, 6% [Rf = 0.24 (CH2C12- MeOH, 9?%}, (Found: MNa+, 538.1367.
C21F127N309NaPF requires [ MNa], 53831367); 31P NWVR (202 MHz, MeOD): TMP

2.49, 2.52; 19F NVMR WO 2012/ 117246PCT/ GB2Q12/ 050457 41 (470 :
TVF - 167. 62he. @ﬁgggrar& AN YEERE S ,“%6%‘3“%?1.%&3%‘?“%&" «SM;%?)HL
CH2CH3, ong,QihaStkenk- - Tinl ' _

T aa 1 5a (o oBperthulydfghbsiugticdpie intctfony Bt (BAMAIPYLOM, 243 )
(m 1H, H 2hl, Zoéie noheld tanyl, phengUbeuzicy-LtManinyy) hdspherdchiorgdage @.0B g-329. 5

Hz, H2 5 %]r%oﬂl %gédr)dingz'tg 1g«.—(zr9e(¥‘gl’ procedure E. Purification by gradient column

chromatography on silica, eluting with CH2Clz until CH2Cl>-MeOH (95:5) afforded
the title compound as a colourless solid (71.0 mg, 8%) [Rr = 0.35 (CH2Cl>-MeOH,
95:5)], (Found: MNa*, 586.1360. C25H27N309NaPF requires [MNa*], 586.1367); 31P
NMR (202 MHz, MeOD): ™p 3.74, 4.14; 19F NMR (470 MHz, MeOD): ™f -167.57, -
10 167.46; 1H NMR (500 MHz, MeOD): ™y 1.35 (d, 3H, J = 7.4 Hz, CHCHj3, one diast.),
1.37 (d, 3H, J = 6.9 Hz, CHCH3, one diast.), 1.96-2.32 (m, 2H, H-2’), 3.95-4.08 (m, 2H,
CHCHs, H-4"), 4.23-4.34 (m, 3H, CH20P, H-3"), 5.13 (br d, 1H, / = 12.3 Hz, OCHHPh),
5.16 (br d, 1H, J = 12.3 Hz, OCHHPh, one diast.), 5.17 (br d, 1H, / = 12.2 Hz, OCHHPh,
one diast.), 6.16-6.22 (m, 1H, H-1"), 7.17-7.25 (m, 3H, ArH), 7.26-7.40 (m, 7H, ArH),
15 7.81-7.85 (m, 1H, H-6); 13C NMR (125 MHz, MeOD): ™¢ 20.2 (d, 3Jcr = 7.5 Hz, CH3),
20.4 (d, 3Jc.p = 6.2 Hz, CH3), 40.6 (CHz), 40.9 (CH2), 51.6 (CH), 51.8 (CH), 67.5 (d, ?/c-r
= 5.3 Hz, CH2), 67.6 (d, ¥Jcr = 5.5 Hz, CHz), 68.0 (CH2), 71.8 (CH), 71.9 (CH), 86.6 (d,
3Jc.p = 8.0 Hz, CH), 86.8 (d, 3Jcr = 8.3 Hz, CH), 86.9 (CH), 87.0 (CH), 121.4 (d, 3Jcpr =
5.1 Hz, CH), 121.5 (d, 3/c.p = 5.6 Hz, CH), 125.5 (d, 3/cp = 3.2 Hz, CH), 125.8 (d, >Jc.p =
20 3.2 Hz, CH), 126.3 (CH), 129.0 (CHx2), 129.3 (CHx2), 129.6 (CHx2), 130.8 (CHx2),
140.9 (C), 141.6 (d, Ycr = 233.6 Hz, C), 141.7 (d, Ycr = 233.6 Hz, C), 150.7 (d, ¥cr =
5.7 Hz, C), 152.1 (d, 3Jc.r = 6.5 Hz, C), 159.2 (d, 2Jcr = 26.3 Hz, C), 174.6 (d, 3Jcp = 4.9
Hz, C), 174.7 (d, 3Jc.r = 4.9 Hz, C), m/z (ES) 586 (MNa*, 100%); Reverse-phase HPLC
eluting with H20/MeOH from 100/0 to 0/100 in 45 minutes, 1 ml/min,L =275 nm,

25 showed one peak of the mixture of diastereoisomers with tr 25.08 min. (97%).



51H J =3.2 Hz,] =6.1 Hz,] = 13.7 Hz, H2', one diast.), 4.08-4.19 (m
3H, CH2CH3, H 4'), 4.33-4 . 49 (m 3H, CHZCP H-31 6.20-6.30 (m 1H H1'),
7.23-7.28V0rmp123H7246r H) , 7. 33-7. 40 (m 2H, ArH), 7.80 (dpC3udB2p122056454 Hz,
H 6, one diast.), 7.88 (d,3/ H F:64Hz H 6, one diast.); 1BCNI\/R(125
MHz, NEOD) TIVCl44(CHB) 14.5 (CH3), 22375(d 3/c-p = 7.3 Hz, CH3), 27.7
(d, 3/c_p=7.6 Hz, CH3), 27.8 (d, 3]c_p =7.6 Hz, CH3), 40.8 (CH2), 10

40.9 (CHZ)

677 (d, 2k Spriodo mw@%ai b &?@f?ﬂ»‘l%‘%h?%%@ﬂéhﬁd ar c PRosPy

CH), 86.8 ((dPBBBZF(Reférénwexéﬂﬂ})le)86 9 (CH), 121.4 (d, 3/c_p = 4.4 H,
121.6 (d,3]c_p = 4.4 Hz, CH), 125.6 (CH), 1258(CH) 125.9 (CH), 126. 1
(CH), 126.2 (CH), 130. 7 (CH), 130.8 (CH), 130.9 (CH, 141.8 (d,= 233.5 Hz,
0, 150.6 (C), 150.7 (C), 152.2 (d, 4[c-F = 7.3 Hz, O, 152.3 15= 6.9 Hz,
C, 159.2 (d,2]c_p = 20.3 Hz, O, {59 |4 (d, ic F= 20. 4 Hz, C, 176.6 (d,
3/c-p = 4.2 Hz, O, 176.8 (d,3]c_p =f4.6 Hz, nmz (ES) 538.1 (M\a+,
1009 ; Reverse-phase HPLC el uting V\A(Eh 820/ NEQ,H from100/0 to 0/100 in 45
mnutes, 1 m/mn, L =275 nm showed i wo pedksOof the diastereoi soners
with tR 18.76 min. andtR2044m>n 58%. 8099 . 20

5- Fl uor o- 2' deoxyuri di ne-5' - 041- napht hyl N be y20Xxy-cc, a-di met hyl gl yci ne) ]
phosphat e (CPF395) 25 The phosphor&m dateriwas prepared using

5-fluoro-2' -deoxyuridine (0.40 g, 1.62 mmr% N-net hyl i m dazol e §NI\/I) (0.64
m., 8.0 dmdlhe mphowpwtaﬁﬁ/wa@a?rfeﬁsﬂ&l Bsigg flthgZy@eqw)lndme (0.25 g 1.01

prospher STt 8,8y SRuB0 o AR SFEE AN Al oyl imspgy -

gr adi ent C@'latﬂmy?bh@@micﬁ@t}ﬂbh‘ﬂaﬂd W.840g, 304 GbRGE2ordihg ko W&me@&hl(e95 5)
afforded the title conpound as a colourless solid (16.4 ny, Ié E = 0 15
(CH2C12- MedM, Bymi 5)apon(hbﬁadlewlumwhremtogmhy R SNEPE L lunntds

e oo CHibk Me@ QS ka y Nei o R M # fatoly Pty d Yoty oy

6H,  C(Ct3) 2pp) IROL-I3EICK - MéOHJrQS 5)]0(BowWlidASMIN)*, 5110799435 azglemlgamaﬂﬂz
one diast.), 2.06 (ddd, 1H, —30H258—61Hz
di ast.), zrmﬁul(fdﬁﬂ\/INm-], ]5191952) HZPINMRg(29 2}/ H, Me )7”14423 71#‘?09 %)9ﬁe1\IMR

(11 oo i Moy -FRe gt absatptf oo aligpbop 1 @ 9> 5

7.28-7. 40
el dl({;?é tﬂ%ﬂ cﬁth% .oné- cﬂ§st§ ’1556((513132:2 76\'1@2? Clgﬁglgdol(ﬂaé&lé}é)tm_gog 6261671@15% (m

1H, Ar H) 8HLH-8)222b18. SAEH;G Z\HHﬂ 2 lﬁb%m%ﬂmmne NiGD), :3. M, 37, QCHGI

3Jc-p i’@eﬁlﬁﬁqﬁ 932%02 M/E%QHQ gy(g% 5%; @_Bi}-’l éﬁc) 4(27 é%écﬁﬁ g%HZ)

68 3 CHZ 0 6: = 88 (d,
88.3 (_ _) .CH,OP h@b*)s 25%(%9_5{51 (1<FH)H 1% 7618(32'%83(41@_% A&qﬁwﬁ?s Z%kg?%m %H (

3lc p = 2. 9\rHZ 73;mxd nmzham( GH)HZ y@a) 9% SR (IIZ?:SMéHz( M&jOD)fL%.ZEQ.Z( @HH}lcr E25. 6

(O 127, 71 8 UMb 05 [ier 157 biz 1) 98 I gD o B8 icktransls”
HZ 5 129. ?}cgg*gz 71?6‘%1)65é %H_}léﬁs%d(%% ]5337H§ ((1?)33#63@82]&9: 5.1 Az, "'c)141=z)2~°'>61 ‘71
(d, 4. 1EDF 72. CB((YH]—|Z72 I:ICH)],% 75(«1 cFchz =) &2 IHZ;CPB 86 BiA(d, éjr,v =188. 16z, (GH) BRI =

rever s prabu LR EITi21 Wl A0 BoT) dtdoeh OFte 87166 U1 185 ilfut s

1 mM/mn, Ig;=2 Bh e f S
Sogn é 3 Zg rgilnco ?w;d (fd\ﬂgg); ai«sﬂ% CHE,elZ@ 25¢18, a30P(EI)S 130 biTcHR
5- Fl uor o- 2' Md@(&d;ﬁ]cdl—nk%% H@ @)1 lﬁaﬁl"(tdh}dlcpééﬁﬁcﬁ(ﬁz A)al o). Md-it § & s )),
phosphate (BF390)y . - 6.8 1y, C), 152.2 (d, Yer = 6.8 Hz, C), 159.4 (d, Zer = 26.0 Hz, C),

25 175.2 (d, 3Jcp = 4.8 Hz, C), 175.5 (d, 3Jcr = 3.7 Hz, C), m/z (ES) 510 (MNa*, 100%);

Reverse-phase HPLC eluting with H20/MeOH from 100/0 to 0/100 in 45 minutes, 1

ml/min, | =275 nm, showed two peaks of the diastereoisomers with ¢r 23.11 min.

and tr 24.11 min. (74% : 24%).



WO 2012/ 117246PCT/ GB2012/ 050457 43 The phosphor am date was prepared using
5-fluoro-2'-deoxyuridine (0.40 g, 1.62 mol), tert-butyl magnesium chloride
in tetrahyonofumnaie(t BuMgCl) (1.0 M 2.43 5 nlL, 2.43 nmmplCX/GB2012/050457

1- napht hyl (et hoxy- a, a- di net hyl gl yci ne) phosphorochl oridate (1.14 g, 3.20
mmol ) according to general procedure E. jgurification by gradient colum
chromat ography eluting with CH2C12 until CH2Cl12- MeOH (95:5) afforded the

title conp Y 0.10 MeOH,
95:5)], (F%P@"’?‘Mff&%@’ﬁ@%? %Eﬂﬁéﬁé&%ﬁ@& r%%‘&lu["ﬁ [ MNa] , 5@?519}%(5
31P NVR 10 (CRP38BJz, MeOD): TMP 2.91, 3.03; 19F NVR (470 MHz, MeOD): TIVF
-167.38, -167.21; 1H NVWR (500 MHz, MeOD): TWMH 1.24 (t, 3H, J = 7.1 Hz,
CH2CH3, one diast.), 1.25 (t, 3H J = 7.1 Hz, CH2CH3, one diast.),

1.50-1.55 (m 6H, C(CH3)2), 1.68-1. YQ\(m 1H H2', one diast.), 1.87-1.94

(m 1H, H2', one diast.), 2.09 did 1H J&29Hz J 6.3 Hz, J = 13.4
Hz, H2', one diast.), 219(ddd 1k : J-63Hz, J = 13.8 Hz,
H2', one 15 diast.), 4.07-4.10 (m 416(q, 2H, J = 7.1 Hz,

CH2CH3), 4.36-4.41 (m 3H, CH20P, H-n3”f 6 1'9/%018 (m 1H H1'), 7.40-7.46

(m 1H, ArH), 7.50-7.59 (m 3H, Als\H),\
7.85-7.91 (m 1H, ArH), 8.18-8.24 (im 1K AiH); 13C NVR (125 MHz, MeOD):

TMC 14.4 (CH3), 27.5 (br s, CH3), 9 (g 3Je_p = 6.1 Hz, CH3), 28.0 (d,
3Je p = 6.1 Hz, CHB) 40.7 (CH2), a0l 8 (CHZ) 58.2 (C), 58.3 (0O), 62.6 20

(). ok RlfoRghnd 5, p S sl Syt eyt a0 B8 72
CH), 87.0 (&bl 3 N-ﬁ]éﬁh}éldnﬁib@gl}é 509% (bizm &), . 2.046mbdl . .addc ]@er’ryl?etﬂo*jzlu- :

122. 8 125. 4 125. 6 125. ., 126.0
126. 1 E&)ﬁ almmzl%p Q}phormgkrlomd( 0.33.g71.81 Ergnj)pl) afzqrdmé @genqzhpwc(%e

S S A gl it o 1 e O
150.6 (O, Cib®1,3ve0H (95:5) afforded the title compound as a colourless solid (10.0 mg,
10 5%) [Rf = 0.11 (CH2Cl2-MeOH, 95:5)], (Found: MNa*, 524.1202. C20H25N309NaPF
requires [MNa+], 524.1210); 31P NMR (202 MHz, MeOD): ™ 3.83, 4.11; 19F NMR
(470 MHz, MeOD): ™ -167.67, -167.61; 1H NMR (500 MHz, MeOD): ™y 1.25 (t, 3H, J
_ 7.1 Hz, CH2CHs, one diast.), 1.26 (t, 3H, ] = 7.1 Hz, CH2CHj, one diast.), 1.34 (d, 3H, ]
= 7.2 Hz, CHCHjs, one diast.), 1.36 (d, 3H, J = 7.2 Hz, CHCH3, one diast.), 2.02-2.15 (m,
15 1H, H-2"), 2.24-2.34 (m, 1H, H-2’), 3.90-4.00 (m, 1H, CHCHs), 4.08-4.19 (m, 3H,
CHoCHs, H-4), 4.27-4.45 (m, 3H, CH20P, H-3'), 6.20-6.28 (m, 1H, H-1"), 7.18-7.28 (m,
3H, ArH), 7.34-7.39 (m, 2H, ArH), 7.85 (d, 1H, 3/yr = 6.4 Hz, H-6); 13C NMR (125
MHz, MeOD): ™ 14.4 (CHs), 15.4 (CHz), 20.3 (d, ¥Jcr = 7.6 Hz, CHs), 20.5 (d, ¥cp =
6.5 Hz, CH3), 40.8 (CHz), 40.9 (CHz), 51.6 (CH), 51.7 (CH), 62.4 (CHz), 62.5 (CHs),
20 67.5 (d, 2Jcp = 5.4 Hz, CHy), 67.6 (d, 2Jc.p = 5.4 Hz, CHz), 72.0 (CH), 72.1 (CH), 86.7 (d,
30 = 8.1 Hz, CH), 86.8 (d, 3Jc.r = 8.3 Hz, CH), 86.9 (CH), 87.0 (CH), 1213 (d, ¥Jcr =
4.8 Hz, CH), 121.4 (d, 3Jcp = 4.6 Hz, CH), 125.6 (d, 5Jc.p = 4.6 Hz, CH), 125.8 (d, 5 =
4.8 Hz, CH), 126.3 (CH), 130.8 (CH), 130.9 (CH), 141.6 (d, YJer = 233.7 Hz, C), 141.8
(d, Yer = 233.8 Hz, C), 150.8 (br C), 152.0 (d, Jer = 7.1 Hz, C), 152.1 (d, ?/cr=7.1 Hz,
25 (), 159.6 (d, 2. = 26.0 Hz, C), 174.8 (d, ¥Jcr = 5.4 Hz, C), 175.1 (d, Jcr = 4.4 Hz, C),
m/z (ES) 524 (MNa*, 100%); Reverse-phase HPLC eluting with H.0/MeOH from

66; 7,72 (m 2H A'H H6),

100/0 to 0/100 in 45 minutes, 1 ml/min, L =275 nm, showed two peaks of the
diastereoisomers with tgr 25.63 min. and tr 26.40 min. (71% : 27%).



2k-r = 26.2 Hz, C, 159.4 (d, 2Jcv = 26.6 Hz, O, 176.8 (O, 176.9 (O; mz
(ES) 588.1 (MNa+, 100%; Reverse-phase HPLC eluting with H20/ MeOH from
100/ 0 to WOR0O/11Vd62012/ 117246PCT/ GB2012/ 050457 44 in 4BCEGBEHN50467m / m n,
L = 275 nm showed one peak of the m xture of diastereoisoners with tR
16.05 mn. (969%. 31

5- Fl uoro- 2' - deoxyuri di ne-5' - 04phenyl (benzoxy- L-prolinyl)] phosphate 5

<1 nor o 25 HRERT.2 HeBEARGHISSSE- pheySFRIRPOR TGO " OFhgshate,

0.40 nL) amgdpppsay! (benzoxy-Lprolinyl)-phosphochloridate (0 77 g, 2.03
nmml) in THF (10 nL). Columm purification followed by two preparative TLC
purifications gave the product as a white solid (0.010 g, 2% . 31P-NWR
(MeOD, 202 MHz) 5 1.82 15 19F-NWR (M0OD, 470 MHz) 5 - 167.91 1H NWVR (MeOD,
500 MHz) 67.84 (d,J = 7.18 Hz, 1H, {H—ljase) .39 - 7.33 (m 7H, HAr), 7.22
- 7.19 (m 3H HAr), 6.26 - 623(m 1HFH,» Nh, 5.22 - 5.13 (m CH2Ph
ester), 4.40 - 4.35 (m 3H, NCH, 2on-6) 1 4.33 - 428(m 1H, H-3'), 4.06
-404(m1H I—I—4)336-332(mx»2H NGH230226- .19 (m 1H H2'),
2.18 - 2.13 (m 1H, 20 CHZLPro)o 21\ O1.81(m 4H, 3xH CH2-L-Pro, 1
x H 11- 2 ) 13C-NWR (MeOD, 125 M—|z) 5°1%4.8Y (C=0, ester), 159.40 (C=0,
base), 152.0 (d,2Jc_p = 6.32 Hz, OS~Arf),onb0. 71 (C=0, base), 141.88 (1Jc-F
= 232 Hz, CF, base) 137. 23 (CAr) 181. 33, 129.70, 129.48, 129.45, 129 30

126. 45 5 80 125 53 (2 = 290

120. 96 § 1@ ph"e?? BEATpidale jvas eBrY c%h%ff%? Zz%é%ﬁu%&agﬁ‘i@ ? PPh),
67.64 (d, %ohﬁo Nﬂe@%hﬁﬁdai&lé (NMIﬁ? 40 i, 5.87 enPoly mdPhdnigl(idpPrbpo48L-03
(d, 2Jc-p = g 41.07 2'\4)“9432 18, 32.11 gCHZ L-Pro), 26.29,

26. 21 ( CHz-alanbryd) phwf(@sql)lowﬂ@te mm@%ccosbog qBRnerabprosedieat e

C27HROF
s COTHSEROSEFALLY a5 T r%fﬁ?%l?%en%%‘lff shgie g CoRERnaR
(CPF577) 5 cﬂzeeaw@oHa@g%)damdtea thieitgd aﬂﬂ@bdn@rascaédulroﬁrl@ssf golid (31.0 mg,

5- Fl uor o- 2' - deoxyuri di ne 1.01 nmo NM  ( 5.07 mmol, 0.40
nm.) andl@- G&philvy+ (Oo?ehiﬁliWILM %:n%?)]plﬁmdm“éhﬁﬁﬁg N BN Frmo| )

B S S D N AR
(MeOD, 202 MMz, METD): ™: -167.64, -167.56; H NMR (500 MHz, MeOD): ™y 1.22-1.26
(m, 6H, CH(CHs)z), 1.33 (d, 3H, J = 7.1 Hz, CHCHs, one diast.), 1.35 (d, 3H, ] = 7.1 Hz,
CHCH3, one diast.), 2.00-2.15 (m, 1H, H-2’), 2.23-2.34 (m, 1H, H-2"), 3.88-3.96 (m,
15 1H, CHCHs), 4.08-4.14 (m, 1H, H-4"), 4.27-4.45 (m, 3H, CH>0P, H-3"), 4.98 (hept, 1H, J
= 6.1 Hz, CH(CHs)2), 6.20-6.29 (m, 1H, H-1), 7.17-7.29 (m, 3H, Ar-H), 7.34-7.40 (m,
2H, Ar-H), 7.84 (d, 1H, 3Ju.r = 6.4 Hz, H-6); 13C NMR (125 MHz, MeOD): ™ 20.3 (d,
3Yer = 7.6 Hz, CHz), 20.5 (d, 3Jce = 6.4 Hz, CHz), 21.9 (CH3x2), 22.0 (CH3x2), 40.8
(CHz), 40.9 (CHz), 51.7 (CH), 51.8 (CH), 67.5 (d, 2Jc.r = 5.4 Hz, CHz), 67.6 (d, 2Jc.p = 5.2
20 Hz, CHa), 70.2 (CH), 70.3 (CH), 72.0 (CH), 72.1 (CH), 86.6 (d, 3/c» = 8.2 Hz, CH), 86.8
(d, 3Jcp = 8.2 Hz, CH), 86.9 (CH), 87.0 (CH), 121.2 (d, 3Jc.r = 4.7 Hz, CH), 121.4 (d, ¥Jcp
= 4.9 Hz, CH), 125.6 (d, 5Jc.r = 7.1 Hz, CH), 125.9 (d, 5c-» = 7.1 Hz, CH), 126.3 (CH),
130.8 (CH), 130.9 (CH), 141.8 (d, Ycr = 234.5 Hz, C), 141.9 (d, Yer = 234.4 Hz, (),
150.7 (d, 4Jcr = 3.7 Hz, C), 152.0 (d, 3Jc-p = 6.2 Hz, C), 152.1 (d, 3Jcp = 6.2 Hz, C), 159.3
25 (d, YJer=26.3 Hz, C), 159.4 (d, JJc.r = 26.0 Hz, C), 174.3 (d, 3Jc.p = 5.6 Hz, C), 174.6 (d,
3Jcp = 4.6 Hz, C), m/z (ES) 538 (MNa*, 100%); Reverse-phase HPLC eluting with

H>0/MeOH from 100/0 to 0/100 in 45 minutes, 1 ml/min, | = 275 nm, showed two
peaks of the diastereoisomers with tr 28.93 min. and tr 29.45 min. (44% : 52%).



19F-NMR (MeOD, 121 MHz) 6 - 167.46 1H NVR (MeOD, 500 MHz) 6 8.14 - 8.12 (m
1H HAr), 7.90 - 7.89 (m 111, HAr), 7.74 - 7.71 (m 2H, 1 x HAr, 1 X

H base), wW02612/1172442 (m 4H, HAr), 7.36 - 7.33 (m SH, PETA&B2012005037(t, J =
6.38 Hz, H1'), 5.22- 5.13 (m 2H CH2Ph), 4.49 - 4.46 (m 1H 15 NCH),
4.42 - 4.33 (m 2H, H5), 4.25 - 4.23 (@u 1H H3'), 4.06 - 4.04 (m 1H,
H4"), 3.36 - 3.34 (m 2H, NCH2), 2.23 - 2.15 (m 1H, CH2-L-Pro), 2.10 -

2.02 (m 2 J 2

G- - Pr o) >itghol g8k mifliy. 5 opHonh, Cayaidhfors-aBihif ) “Fhpsphass
(C=0, estenrpPr368.52 (C=0, base) 150. 54 (C=0, base), 147. 84 147.78
(d,2/c-p = 6.03 Hz, 0CAr), 141.75, 139.97 (2 x= 232 Hz, 20 CF, base),
137.20, 136.34 (CAr), 129.76, 129.65, 129.44, 129.36, 129.27, 129. 06,
128.95, 128.04, 128.75, 126.56 ( 125. 41 (d 2/c_p = 30.0 Hz,

CH- base), 122.13 (CH Ar), 115.76 (d%\éJc p 203 Hz, CH Ar), 87.06 (C1'),
86.79 (CG4'"), 72.23 (C3"), 68.15 (¢ /2/cﬁ»/-\ . 46 FE C5), 68.08
(CH2Ph), 62.53 (d, 2Jc_p = 5.60 Hz, B 6 (d, 2Jc_p = 5.34 Hz, NCH2),
40.97 (CG2'), 32.16, 32.09 (CH2-L- an% 26. ?Q’\QG 15 (CH2- 25 L- Pro) WO
2012/ 117246PCT/ GB2012/ 050457 46 o,

5- Fl uoro-2' -deoxyuridine-5-0-[1- né/hth 3"w di met hyl - 1- but oxy- Lal ani nyl) ]
phosphate (CPF585) 0 5 Prepared acébfdkp wto the standard procedure D from
5-Fl uoro-2' -deoxyuridine (0.25 g, 1.01 jmol), NM (0.41 g, 5.07 mmol, O0.40
nm.) and 1-naphthyl-(3,3- dinethyl-1-bufoxy-L-alaninyl)- phosphochlorldate

(1.21 9,53.194 paBbhotdmilidte WHQ preparddohisifB PHNbI0-ZadddxHutiaideopeEso by 11210

preparative TLC purifications ?ave the product as a white solid (0.010 g,

299 . 10 31PanR, Vheetbylipodaade [NBIN(143 rrxL 8PN mgrl Nl plwmsrb(cmmemwybs -

167.30, - 167.47.1-11-NWVR D .91
2 7.89 (m %qupl,) Rp§sphore bR %5%6%)6%}3{}3%%“?0?%‘ t‘gg%‘ler%ﬁn?‘l%ﬁﬁare
Hbase, 2 )y, Hﬁfr)ﬁca?loﬁGby g?‘ad%nf %oﬁlrﬁm clx'rbml\t rdpBy HIuting AVith (B1.LH un’@l 13

(m 1H Hr), m&f 1 x H5), 38-15432(£m2H 3,1
X H5), 4CII¢CL2 MeOH ((9515) or@echtheml@ﬁmpw&mﬁz(cmws soli &67rrg,§%)(m

Sevoirol Gy 0 bR los' Sy teiellfing, 36745 G Fu{MePrpauires

OCH2 CH2 ( CHMR)a+ [L 3EsMYY, GIEERNIR %2@2 N2, MedBP. 1P .3 96 4. B% 1@12 NMR, (430MBz=
4.75 Hz, C=0, ester), 159.56, 159.35 (C=0, ester), 150.61 (C=0, ester),

148. 00, 14MEWD): 2V -167.88,c-197-65.2b NZNDR I-QSDOG@-HAr MeOMi 8 1.2041.403(n§,23H, d,

Ko 232080 G B e 106 B 52 %8 08, st s B %S,
iy 55?%&%@232 2482 PPN 183 404 fOTAOH() 6,00, 3R, )0

72.18, 12. THQH33' 4.07-@71.48(m, B, B3’), 2.29- fﬁ391ﬂr;-2;bl €H20D), I424;0 42-4‘5 ()n 16141-138.)
o4 05 (ORI Sl oo B H e s oty 73 4
R T S
2012/ 11724@RGT(dBROE27 8304 EH3% 20.6 (d, 3/c-p = 6.5 Hz, CH3), 24.6 (CHz), 26.4 (CH2), 32.3
(CHz), 32.4 (CHz), 40.9 (CH2), 51.7 (CH), 51.9 (CH), 67.5 (d, ?Jcr = 5.3 Hz, CHz), 67.7
20 (d, ¥Jcpr = 5.3 Hz, CHy), 72.0 (CH), 72.1 (CH), 74.9 (CH), 86.6 (d, 3/cr = 8.5 Hz, CH),
86.8 (d, 3/c-r = 8.5 Hz, CH), 86.9 (CH), 87.0 (CH), 121.3 (CH), 121.4 (CH), 121.5 (CH),
121.6 (CH), 125.6 (CH), 125.7 (CH), 125.8 (CH), 125.9 (CH), 126.3 (CH), 130.1 (CH),
141.5 (d, Yer = 234.0 Hz, C), 150.7 (d, Ycpr = 4.0 Hz, C), 152.0 (d, ¥Jcr = 7.2 Hz, C),
152.1 (d, ¥Jcpr = 7.2 Hz, C), 159.4 (d, ¥Jcr = 26.3 Hz, C), 174.3 (d, ¥Jcr = 4.6 Hz, C),
25 174.5 (d,3Jcp=4.3 Hz, C); m/z (ES) 565 (MNa*, 100%); Reverse-phase HPLC eluting
with H20/MeOH from 100/0 to 0/100 in 45 minutes, 1 ml/min,l_ =275 nm, showed

two peaks of the diastereoisomers with tr 30.00 min. and tr 30.45 min. (33% :

65%).



5- Fl uoro- 2' - deoxyuri di ne-5' - 0-[ 1- napht hyl - (cycl obut oxy- L-al ani ny1)]
phosphate (CPF578) 5 Prepared according to the standard procedure D from
5- Fl uor o-w0-2deomyusi di ne (0.23 g, 0.93 mmol), NM (0. 38PpgT/GB2672/05m37, 0. 37
m.) and 1-naphthyl (cycl obut oxy-L-al ani nyl) - phosphochl oridate (0.85 g, 2.33
mml) in THF (10 mL). Columm purificati o foll owed by preparative TLC
purification gave the product as a whitée“solid (0.010 g, 2% . 10 31P-NWR

570 1% g UL ) b e

HAr), 7.74cpr436)1 (m 2H 1 x HAr, X Hbase), 7.60 - 7.53 (m 3H,
HA), 7.46 - 7.43 (2 x t, J—80Hz 1H H Ar), 618- 6.12 (m 1H HV),
5.00 - 4.95 (m 1H, UGH ester), 4.41 - 15 4.36 (m 3H, 2 x H5, H3),
4.11 - 4.00 (m 2H, H4', CHCH3), 2.§§ - 2.27 (m 2H, CH2), 2.18 - 1.98 (m
3H, CH2 ester, 1 x H2'), 1.82 - 1.56 { rn 3H CH2 ester, 1 x H2'), 1.36 -

1.34 (m 3H, CHCH3) 13C NWVR ( MeOD, alsﬁ 175.97, 173.34 (C=0, ester),
159. 88 (C=0, base), 151.64 (C=0, b 1;46 ,58 (OC-Ar), 141.15 (d, 1lc-F =
220 Hz, CF, base), 136.28 (G 20 Ar) Mb7.89, 127.54, 126.52,

126.18, 126.14 (CH Ar), 125.53, 125;{%’ 2 x‘\g “gJc-F = 32.5 Hz, CH base),
122.63 (CHAr), 116.46, 116.44 (2,x @,03Jc-p = 2.5 Hz, CHAr), 86.98 (d,
3Jc-p = 6.25 Hz, C4'), 86.71 (C 2.,143 72.04 (C-3'), 71.07 (OCH
ester), 67.83 (d, 2Jc_p = 7.38 Hz, oC-5 .66 (d, 2Jc_p = 8.75 Hz,
CHCH3) . 40.89, 40.83 (C-2'), 31.03 (bCHc?fé) 20.43 (CHCHB), 14.23 (CH2
ester). 25 M5 (ES+) me: 600 (MNa+, 100%, 578 (Md+, 109 Accurate mas
026H29F|\3091Fheremﬂphedarsmm6wasvmep@11€y uging 46 Bagyecgsdeamyosidis7 (485 g o1

5- Fl uoro- 2' de |- e nyl
phosghate (r@al‘i' I@ﬁ}y@a“é? 8 k%@@%&ﬁ’%é%&?ﬁé ﬁdﬁgﬁgrﬁ)&ﬁg&@ﬁg& Dy )]
from 5-Fl UCL'iéla%nygeW%h@daﬂlo(rﬁia% g..02. 81 30W! hamdiM a((c@rdhiqgg to Sgéheranol ,
0.40 nl) and 1-naphthyl (cycl opropyl net hanoxy-L-al ani nyl) - phosphochlorldate

(0.93 g, 2r34cedm|e)l) i PurTiqrtionooyhgrpdians calwinip ghiomatagiaphy gavieng withdele@lect  as

for R ?O %ggﬁ}’ﬂg?%&@ﬁ%‘gd@ b AP %%%‘Bﬁléég%ﬁ/ﬂéﬁ& 8. 18
(d, J =14. Qngiz 141%} [RF A) ,0.74 8QCHzcﬂzMed}m dstd)], H(wu)nd 71\/7I‘$a+- 6920661 2H,

HA), 7.58 % 7.53 m3H H—Ar)745- 7.40 (2 x t 1H, HAr),
6.17 - 6. 1£26hh4N1Qﬂ1NaHFIt391ulre1$ AgNa‘] 45@&1%4) ' NMR5(2)02 MH38V160B) 3% 363, 2H

cster). 2. Fot 3 MR o7 B Med g mes A %ﬁﬁm@fﬁl%%%ﬁi
(()25)(; ?m JzﬁMS%%Qllﬂésté{) 7%(;%‘3&}’12%1 ;'ZSI[ %5& gﬁ )(Icr:ly-lg]%%tcer) 3C— SEk %K/EOQHSQ :

MHz) 8 175. @EH@?ZMQQ 12 (x, U, Bdx), 2.39-2.389nti4H, G=P'), 29500 (rﬁDlH,HQ“I(Hiﬂa)
=7 S 1S oD i, B2 520 [T féz@f"i&ﬁéz?@aé%g e, 55"
Giar) 127786, 47-‘%96@ W87 B B T U (LT M IR 1 e
(2dc_p = 34.6MHz, %)basae)(d 182362 —(6361—11%){ 6)18&95(41. 2H16=347 d2, ArH); MIBMR =
N L R I (. R R e N
(opear e, 205 B Ry R Pk B0 L R 0 P O
( OCH2CHzestEHY), 6830 za 23 65%.4 BzXCHF2718s{#IxR), 86.4 (CH), 86.5 (CH), 87.0 (d, 3Jcr =

7.5 Hz, CH), 122.1 (d, 3Jcp = 5.2 Hz, CH), 122.5 (d, 3/cpr = 5.0 Hz, CH), 125.7 (CH),

126.0 (CH), 126.6 (CH), 141.3 (d, Ycr = 233.6 Hz, C), 141.5 (d, Yer = 233.7 Hz, (),

146.2 (C), 150.6 (d, 4Jcp = 4.6 Hz, C), 156.9 (d, ¥Jcr = 2.6 Hz, C), 157.0 (d, %Jcp= 2.6

Hz, C), 159.3 (d, 2Jcr = 26.3 Hz, C), 174.6 (d, 3Jc-r = 4.6 Hz, C), 174.9 (d, 3Jc.r = 3.7 Hz,

25 C), m/z (ES) 569 (MNa*, 100%); Reverse-phase HPLC eluting with H20/MeOH from

100/0 to 0/100 in 45 min,, 1 ml/min, | = 275 nm, showed two peaks of the

diastereoisomers with tgr 31.63 min. and tr 31.89 min. (11% : 85%).



WO 2012/ 117246PCT/ GB2012/ 050457 49 M5 (ES+) mfe: 600 (MNa+, 100%, 578
(MH, 159 Accurate mass: C26H29FN309P required 577.50. HPLCb

(H20/ Acetwoizbrydie2dsr om 100/0 to 0/100 in 35 min) R 12. @CTAB012050457

5- Fl uoro- 2' - deoxyuri di ne-5' - 011- napht hyl - (t et rahydr opyr oxy- L-al ani ny1)]
phosphate (CPF580) 10 Prepared accordingsto the standard procedure E from
5-Fl uoro-2' -deoxyuridine (0.25 g, 1.01 mml) tBuMpCl (1.1 nL, 1.1 mol)

and 1-napht t r I 2.03
ol ) 1 T PO ROUE MRS b A | RESRIRELRIIATHE podhdte P
purificati quPF8@8F t he product as a whi te solid (0.010 g, 1.6%. 15 31P-NWR
(MeOD, 202 MHz) 8 3.77, 3.22 |-9F-NWR (MeOD, 470 MHz) 8 - 168.27, -168.35

1-H NVR (MeOD, 500 Miz) 8 8.60 (d, J = 7.0 Hz, 2H HAr), 8.22 - 8.19 (m
1H, HAr), 7.92 - 7.91 (d, J = 5,50 Hg, 1H, HAr)., 7.60 - 7.45 (m 4H,

HAr, Hbase), 6.29 - 6 25 (m lH 1) 5.2Z6 - 5.17 (m 1H, H31, 4.96 -
4.87 (m 1H, CHester), 4.28 - 4.26 (M 2(5»\%44?#41, 4.11 - 4.03 (m 1H,
CHCH3), 3.88 - 3.66 (m 4H 2 x OCH2@. este x H5), 3.55 - 3.50 (m

2H, 2 x OCH2a- ester), 2.63 - 2.30 (HNPZH HEA ' 1.91 - 1.85 (m 2H, 2 x
CH2b, ester), 1.65 - 1.54 (m 2H, oQHZQO esg)er) 1.39- 1.35 (m 3H, CHCH3).
13C-NVR (MeOD, 125 MHz) 8 174.34 (CEO,  eSteéer 159. 24 (C=0, base), 150.76
(C=0, base), 148.03 (0C-Ar), 141.97°¢d, Id,,p_F 238 Hz, CF, base), 136.37
(C-Ar), 25 128.97, 128.56, 127.61, 127.57, 126.58, 126.23, 126.16, 126.12,
125.84 (CH Ar), 122.70 (d, 2Jc-F = 4.@ Hz, CH base), 116.62, 116.37

(CHAr), 87.54 (d, 3Jc_p = 5.40 Hz, "&4'), 86.60, 86.57 (C1'), 79.82,

2013/ 1(17 4#@@6&%‘6&%&%7‘)‘”5‘% SO ﬁ”o%zv@"(’%‘lgd ne £h2ag 8(9131(:143)
39.97, 39. %m()gg& &eth%ﬂnﬁéazo'i@ (1517[11@) 4‘0 28, 0sthaiol) a1 %phﬂ@/lﬁﬁn(z

VS (ES+) ni e: 00%, 608 (M, 10% Accur ate mass: C27H3 FN3010P
required 6@17arﬁrzyl) phosphorochlorldate (0. 82 g, 3.04 mmol) according to general procedure

(5(::;::282;) 2I elpti(ﬁ/fu cratlcci)lnn graccl)lent thylhrg% gréghy e?tll A r\]/ylgi"} ]CI-BEBSBH@Ite

CHzClz-MeOH (95:5) afforded the title compound as a colourless solid (47.0 mg,
10 8%) [Rf = 0.19 (CH2Cl2-MeOH, 95:5)], (Found: MNa*, 636.1520. C20H20N309NaPF
requires [MNa*], 636.1523); 3P NMR (202 MHz, MeOD): ™p 4.24, 4.59; 1°F NMR
(470 MHz, MeOD): ™y -167.36, -167.18; TH NMR (500 MHz, MeOD): ™y 1.34-1.38
(m, 3H, CHCH3), 1.67-1.79 (m, 1H, H-2"), 2.08-2.17 (m, 1H, H-2"), 4.03-4.15 (m, 2H,
CHCH3, H-4"), 4.24-4.36 (m, 3H, CH20P, H-3’), 5.08 (d, 1H, / = 12.0 Hz, OCHHPh), 5.13
15 (d, 1H, J = 12.0 Hz, OCHHPh), 6.09-6.16 (m, 1H, H-1"), 7.27-7.45 (m, 6H, ArH), 7.47-
7.55 (m, 3H, ArH), 7.67-7.72 (m, 2H, ArH, H-6), 7.86-7.90 (m, 1H, ArH), 8.12-8.18
(m, 1H, ArH); 13C NMR (125 MHz, MeOD): ™c 20.3 (d, 3Jc.r = 7.6 Hz, CHz3), 20.5 (d, ¥/c-
p = 6.5 Hz, CH3), 40.8 (CH2), 40.9 (CH2), 51.8 (CH), 51.9 (CH), 67.6 (d, ¥Jcr = 5.3 Hz,
CH2), 67.8 (d, ?Jc.r = 5.2 Hz, CH2), 68.0 (CHz), 68.1 (CHz), 72.0 (CH), 72.1 (CH), 86.7
20 (d, 3Jcr = 8.1 Hz, CH), 86.8 (d, 3Jcr = 8.1 Hz, CH), 86.9 (CH), 87.0 (CH), 116.2 (d, 3/cr
= 3.3 Hz, CH), 116.5 (d, 3Jcp = 3.5 Hz, CH), 122.6 (CH), 125.3 (CH), 125.4 (CH), 125.6
(CH), 125.7 (CH), 126.2 (CH), 126.5 (CH), 126.6 (CH), 127.6 (CH), 127.7 (CH), 127.8
(C), 127.9 (C), 128.0 (CH), 128.1 (CH), 128.9 (CH), 129.0 (CH), 129.4 (CH), 129.5
(CH), 129.6 (CH), 129.7 (CH), 136.2 (C), 137.1 (C), 137.2 (C), 141.6 (d, Ycr = 233.8
25 Hz, C), 141.7 (d, Yer=233.9 Hz, C), 147.8 (d, ¥Jc.r= 7.7 Hz, C), 147.9 (d, ¥Jcr= 7.4 Hz,
C), 150.5 (d, ¥Ycr = 4.0 Hz, C), 159.3 (d, 2/Jcr = 26.1 Hz, C), 174.6 (d, 3/c-r = 5.0 Hz, C),
174.9 (d, 3Jcr = 4.3 Hz, C), m/z (ES) 636 (MNa*, 100%); Reverse-phase HPLC eluting



10 Prepared according to the standard procedure E from

5-Fl uoro-2' -deoxyuridine (0.25 g, 1.01 mmol), tBumgCl (1.1 n, 1.1 nmol)
and 1- napwohyi2/ipmat oxy- Lal ani nyl) - phosphochl ori dat e (OPZ&/GR202/B&45mol ) in
THF (10 nlL). Colum purification gave the product as a white solid (0.047
g, 8% . 31P-NWR (MeOD, 202 MHz) 8 4.48, 4 32 15 19F-NWR (MeOD, 470 MHz) 8
-167.18, -167.29 111-NWR (MeOD, 500 MHz) 8 8.25 - 8.17 (m 1H, HAr), 8.05

3 hary B s R 170 of oo REs Hihees™t RISy L 47% g/ sHby

4.28 - 4. 0Quwlonpedid, ofttift diaSldet&so b 2EHACH2EHASHR )N, aBd3% 34.29 IRin( R3%H
H2'), 1.95- 1.75 (m 1H H2'), 1.70 - 20 1.55 (m 2H, OCH2CH2CH2CH2CH3),

1.50 - 1.286M. 7H, 4 x H OCH2CH2CH2CH2CH3, CHCH3), 0.83, 0.82 (2 x d, J =
7.9 Hz, 3H, OCH2CH2CH2CH2CH3) 13C-NWMR (MeOD, 125 MHz) 8 175.22, 174.91
(C=0, ester), 159.5 (C=0, base), 150.54 (C=0, base), 147.90, 147.88
(CC-Ar), 5 1%lpﬁﬁ>&d2'dédﬁ;aﬁian?e2§'-gzP-ﬁIph@gﬁ eImelB@xﬁZ-dlﬁ‘nin&l)g, phdSphate
127.90, 127.56, 126.55, 126.19 ( Ar), 125.64, 125.53 (2 x d, 2Jc_F = 25
34.0 Hz, CHCPBES8p) 122.65 (CH Ar), 116.51, 116.21 (CH Ar), 87.03, 86.96
(CG1), 86.85 86.74 (C4'), 72.16, 72.05 (CG3'), 67.87 (d, 2Jc-p = 5.0 Hz,
C-5), 66.54 (OCH2), 51.87, 51.81 (d, 2Jc-p = 7.5 Hz, CHCH3), 40.87, 40.80
(G2'"), 29.35, 29.10 (CH2 ester) #2383 (CH2 ester), 20.60, 20.43 (2 x
d,3Jc_p = 6.5 Hz, CHCH3), 14.28 (CH3, ester).Y WD

2012/ 117246PCT/ GB2012/ 050457 51 M5 (ES+) fire” “&l6 (MNa+, 1009, 594 (MH+
10% Accurate mass: C27H33FN309P reqi-p€tl 5 3.34. HPLCb (H20/ Acetonitrile
from100/0 to 0/100 in 35 min) R 18058 nin. %5 ©

5- Fl uoro- 2' - deoxyuri di ne-5"-011-n I+ (oycl opent oxy-L-al ani nyl) ]
phosphate (CPF582) INH 1 9 N NH cC3,10-0 Prepared according to the
standard procedure E from 5-Fl uoro-2"-dedyuridine (0.25 g, 1.01 nmol),

tBumgCl (1.2 ni, 1.1 I and 1-napht hvl - (cycl open =l 10

al ani ny1) - SBIE%S&?IOS?r Aé%me V‘(a(i W%P“%z?‘%‘&&%ﬁ?%g %398‘?81#1502%& t}rpnl

(Ne0D, 302 Ty e AR (MoODy. 470 M) B 267207 e 10
’ alaninyl) phbspflorobhloridate (0.99 g, 3.04’mmol) according to general procedure

—

D. Purification by gradient column chromatography eluting with CH2Clz until
CHCl2-MeOH (95:5) afforded the title compound as a colourless solid (7.0 mg, 1%)
[Re = 0.23 (CH2Cl2-MeOH, 95:5)], (Found: MNa*, 560.1198. C23H25N309NaPF
15 requires [MNa*], 560.1210); 31P NMR (202 MHz, MeOD): ™p 4.31, 4.56; 1°F NMR
(470 MHz, MeOD): ™g -167.51, -167.37; tH NMR (500 MHz, MeOD): ™y 1.34 (d, 3H, J
= 6.7 Hz, CHCHs, one diast.), 1.36 (d, 3H, J = 6.7 Hz, CHCH3, one diast.), 1.76-1.87 (m,
1H, H-2"), 2.12-2.22 (m, 1H, H-2"), 3.64 (s, 3H, OCH3z, one diast.), 3.65 (s, 3H, OCH3,
one diast.), 4.03-4.13 (m, 2H, CHCH3, H-4"), 4.30-4.38 (m, 2H, CH20P), 4.41 (dd, 1H, ]
20 =2.5Hz J=58Hz H-3), 6.12-6.19 (m, 1H, H-1"), 7.41-7.46 (m, 1H, ArH), 7.50-7.58
(m, 3H, ArH), 7.70-7.76 (m, 2H, H-6, ArH), 7.87-7.91 (m, 1H, ArH), 8.15-8.20 (m, 1H,
ArH); 13C NMR (125 MHz, MeOD): ™¢ 20.3 (d, 3/cp = 7.1 Hz, CH3), 20.4 (d, 3Jc.p = 6.5
Hz, CH3), 40.7 (CH>), 40.8 (CH2), 51.6 (CHz), 51.7 (CHs), 52.7 (CH), 52.8 (CH), 67.8
(d, ¥Jcp = 5.7 Hz, CHz), 67.5 (d, ¥Jc.r = 5.7 Hz, CHz2), 72.0 (CH), 72.1 (CH), 86.7 (d, 3/cp
25 =7.9 Hz, CH), 86.9 (d, 3Jcr = 8.5 Hz, CH), 86.9 (CH), 87.0 (CH), 116.2 (d, 3/c-r = 3.1 Hz,
CH), 116.5 (d, 3Jcr = 3.5 Hz, CH), 122.5 (CH), 122.6 (CH), 125.4 (CH), 125.5 (CH),
125.6 (CH), 125.7 (CH), 126.1 (CH), 126.2 (CH), 126.5 (CH), 126.6 (CH), 127.6 (CH),
127.7 (Cx2), 127.8 (CH), 127.9 (CH), 128.9 (CH), 129.0 (CH), 136.3 (C), 141.6 (d, Y



1H NWVR (MeOD, 500 MHz) 8 8.18 - 8.16 (m 1H, HAr), 7.89 - 7.85 (m 1H
HA), 15 7.70 (apparent t, J = 6.50 Hz, 2H HAr), 7.57 - 7.50 (m 3H, 2 X
H Ar, H bseep12/idi2ws - 7.40 (m 1H, HAr), 6.16 - 6.11 (wCTA#20t4/0594575. 15 -
5.09 (m 111, OCH ester), 4.41 - 4.30 (m 3H, 2 x H5, H3), 4.11 - 4.08
(m 1H, H4"), 4.04 - 3. 98 (m 1H, CH , 2.19 - 2.10 (m 1H H2'), 1.86
- 1.73 (m 3H, OCHCH2 ester), 1.73 - 1. (m 6H, H2', CH2 ester), 1.35,

(0, ' estert f%%F%%C?é%ﬁ@@éfZ%éé%%é%”agﬁ’gsi%i e 13448 G247 o
7.5 Hz, OCpAr).2 HAL), 180. aet:g, 1729 (dexz]@k 270}& @)2325 Hed, 3}@17_:~=b33.9€1)z C)136550

(C-Ar), 128.95 128,54, 127.56, 127,17, 126. 80
126. 54, 12dd1%¢r 336 g Q)cm/Ar(ﬁS) &é% (M&W 112‘%)%13 P(eze%ewhazg RECElalingith

Gt Aoy o5 1500t BosbTobf 1B g Bimddg BRLG i S8 et

79.61 (@Hp%%k?b?tahelﬁas%éreo?%n@eﬁ‘s@@t}f’m)% £7mB9, an@7tR§5 85amih. €73%@J5po)= S 0
Hz, C-5'), 51.92 (d, 2Jc-p = 5.0 Hz, CHCH3), 40.92, 40.86 (C.2'). 33.65,
33.61, 33.52, 33.47 (2 x CH2 ester), 24. 68 24.66 (CH2 ester), 20.45, 20.30

(2 x d,3Jc- 72 04
R T A o TP (e eSE?%!( FHRAEMRD 7 RhesRud:
required SQtpﬁgga?LCb (H20/ Acetonitrile from100/0 to 0/100 in 35 mn) Rt
14.03 mn.
5- Fl uoro- 2 deoxyurldlne 5'-011- napht hyl - (2-i ndanoxy- L-al ani nyl) 1 phosphate
(CPF597) o0 Prepared accordlng/LQ{phe standard procedure E from
5- Fl uoro- 2' - deoxyuridine 10 (0. 30 gl 1 22 nwm)) tBuMgCl (1.34 nL, 1.34
mrol ) and 1-naphthyl - (2- |ndanoxy“Eaf |nyfyﬂphg§phochlor|date (1.06 g, 2.43
mml) in THF (20 nmL). Col um purlflcailnﬁ gdvejthe product as a white solid
(0.045 g, 6% . 31P-NVR (MeOD, 202 Muay" 8 4.6 430 1-9F- NMR (MeOD, 470
MHz) 8 - 167.14, - 167.34 15 11-1oN 0 }500 MHz) 8 8.15 - 8.12 (m 1H,
H Ar, Naph), 7.89 - 7.87 (m 1H, HA R 7“7.72 - 7.67 (m 2H, H Ar,
Naph), 7.56 - 7.46 (m 3H, 2 x HA9“Hbase), 7.40 - 7.37 (m 111, HAr),
7.20 - 1012 (m 4H, HAr, Ph), 6. 14 -l 6.08 (m 1H H-11) 5. 49 - 5.46 (m
1H, OCH r 2 H,
i 510 g TSR0 e s pptF o ey BB Y
est er) 20 ngm% N-saethfylinidaddle (NMA) )1(0 40 mD, 5.0 Bhol ncﬂ-'ﬂrndgh'@hﬁl(etﬁo;%ﬁk
1 29 (m 3H, CH3) 13C- NMR (NbOD 25 MHz) 8 175. , 174 (2 x d, 3Jc_p
= 3.75 Hz, abaOpyRphesphorvsbloagate(lc04g=3.04 nomep), acceoling te gynerabpraedye=0,
base) 147. 1 141. 7 6 X
0VE LD tions By rdicRt FoRuin ‘oo Y i yfith, bR Hote
136.26 (& 'Q@'I—)z(llzll‘ag()gl(?ﬂ?ﬁaﬁ&de@zﬁegﬂﬂe 13 é}%lmdla%7a %310112155&3811@547 b2rhg80,
127. 77, 127 , 127.5 127.50, 126.20, 126.18, 125.69 (CH Ar 125.50,
125.43 (2 Je 2 b o a 2 :
X4o) [RIe-0r25 (EH26k-MatHl bdsE)], (EowndsMNas 25 B0l 3602 Cogh NePpNehF

(2xa 31aeguuts tyer, STERe B iR G2 ke P 5 43555, Syl ©°
(€7 ), LA TRIRL g AR STy St
40. 38, 40. 347.02Hz (EHEZHesdrer Jias2) 1301, ((2BH1B= () szcmCdatgpone dia26),Hz33 ¢mHs)
20 (m, 3H, CHCHs), 1.73-1.86 (m, 1H, H-2)), 2.12-2.21 (m, 1H, H-2"), 4.01-4.07 (m, 1H,
CHCHs), 4.08-4.13 (m, 3H, CH,CHz, H-4), 4.31-4.43 (m, 3H, CH>0P, H-3"), 6.11-6.19
(m, 1H, H-1"), 7.39-7.46 (m, 1H, ArH), 7.50-7.57 (m, 3H, ArH), 7.68-7.75 (m, 2H, ArH,
H-6), 7.86-7.91 (m, 1H, ArH), 8.15-8.20 (m, 1H, ArH); 13C NMR (125 MHz, MeOD):
™¢ 14.4 (CHs), 20.3 (d, 3Jcp = 7.4 Hz, CHz), 20.5 (d, 3Jce = 6.2 Hz, CH3), 40.8 (CHz),
25 40.9 (CHz), 51.8 (CH), 51.9 (CH), 62.4 (CHz), 62.5 (CHz), 67.8 (d, 2/c.r = 4.6 Hz, CH2),
67.9 (d, >/c.p = 4.6 Hz, CHy), 72.0 (CH), 72.1 (CH), 86.7 (d, 3Jc.r = 8.4 Hz, CH), 86.8 (d,
3Jc.p = 8.4 Hz, CH), 86.9 (CH), 87.0 (CH), 116.1 (d, 3Jc» = 3.5 Hz, CH), 116.5 (d, 3Jc-p =
3.5 Hz, CH), 122.6 (CH), 125.4 (CH), 125.5 (CH), 125.7 (CH), 125.8 (CH), 126.1 (CH),



5- Fl uoro- 2' - deoxyuri di ne-5' . - 04phenyl - (benzoxy- L- net hi oni nyl )] phosphate 5

( CPF586)

Prepared according to the standard procedure D from

5- Fl uor o-w0-2de20y246i di ne (0.25 g, 1.01 mmol), NM (0. 41pgr/dB20i2/050m37, 0. 40
enyl - (benzoxy-L- 10 net hi oni nyl) - phosphochl oridate (0.7 g, muol)

m.) and ph
in THF (10
(0.014 g,

8 - 167.40
7.74 - 7.7
611, H Ar,
5.18, 5.13
H3), 4.3

(MH+, 1089
5-Fl uoro-2
phosphat e

m.). Columm purification gav§7t he product as a yellow sh solid

29 . 31P-NWR (MeOD, 202 MHz) 4.34, 3.94 19F-NWR (M0OD, 470

MHz)

3267 iy 12550 SRR, 180 ol 7, e Tl

1370R68), 178.8§CH), 1.250 (AH), 28%.3H6),)1416 @b 1jr-+6.28B.3 Hy, QHIATF 1d) |

AB system Ph

JAB = 12.0 Hz, 2H, CH2 , 4.40 - 4.35 ( 114
e 353, CHAATS Gl 66 5. £J05H (e KBS 7 E 15064 Cha,
2.36 (2 , = 50 S) w4 & - 2 H 24 higl 1.82
(611, 1 %0 b ety & Boies ¢ty O B3 L G o6 2

(RST 97 ABINMRSE) 0%F M3t FNEHIRRS HERqUEIueidg62iBh $B60/MeOH from 100/0
' -deoxyuridi ne-5" -011- na{;ht hyl - (benzoxy- L- phenyl al ani }r;yl)f] h
e

(tCPEAEID) in WS Z0mmitast 7D 48PCTNGR2H127 D50B5Phowed  tym gvaked)

according to the standard re D fro ~Fluoro-2' - deaxyuri di ne (0.25
g, 1.01 mwéﬁﬁ‘%te‘iﬁﬁi”(‘tfrw‘ﬁ?{kgﬁ)oeg}]%PPd&?i]éir%‘%a %]1(% ré%g t hyl - (benzoxy- L-
i nyl) - phosphochl oridate (1.45 g, mmol) in THF (10 nL). Colum 5

purification gave the product as a white solid (0.007 g, 1% . 31P-NWR
(MeOD, 202 SvFiore-2degxyuridinetsEFONIFapidy] 470 Mz )(isppropesydealaningdy] 13

1-1-1-N 0D, 50 8811 - 8.00 (m 1H HAr, Ar), 7.89 - 7.85 (m
1H, H-AW, %‘@@h?g’eig%‘%e%ﬁ) 1H HAr), 7.60 - 7.49 (m 3H 2 x HAr,

phenyl al an

H base), 7.37 - 7.33 (m 2H, 10 HAr), 7.25 - 7.12 (m 10H, HAr), 6.09 -
6.04 (m 1H H1'), 5.11 - 5.01 (m 2H, CH2Ph), 4.29 - 4.18 (m 11-1,
CHCH3), 4.15 - 4.08 (m 1H, I—I—3L’;ﬁ’/ﬁz - 3% (m 2H H5'), 3.86 - 3.67
(m 1H, H4"), 3.14 - 3.10 (m 1H; '\%’JNHGIﬂngPh), 2.91 - 2.82 (m 1H 1 x
NHCHCH2Ph), 2.12 - 2.06, 2.00 - 1.952)(2& % 1?!5* H2), 1.68 - 1.62, 1.42 -
1.36 (2 x m 1H H2") op* g R,

15

20

25

HN'
O%é/\ 0.
O\( OH

The phosphoramidate was prepared using 5-fluoro-2’-deoxyuridine (0.10 g, 0.40
mmol), tert-butylmagnesium chloride in tetrahydrofuran (‘BuMgCl) (1.0 M, 0.61
mL, 0.61 mmol) and 1-naphthyl(isopropoxy-L-alaninyl) phosphorochloridate (0.31
g, 0.89 mmol) according to general procedure E. Purification by gradient column
chromatography eluting with CH2Cl; until CH2Cl2-MeOH (95:5) afforded the title
compound as a colourless solid (71.0 mg, 17%) [Rf = 0.21 (CH2Cl2-MeOH, 95:5)],
(Found: MNa*, 588.1521. C25H29N309NaPF requires [MNa*], 588.1523); 31P NMR
(202 MHz, MeOD): ™p 4.38, 4.58; 19F NMR (470 MHz, MeOD): ™f -167.43, -167.26;
1H NMR (500 MHz, MeOD): ™y 1.19-1.23 (m, 6H, CH(CHs)z2), 1.34-1.38 (m, 3H,
CHCHs), 1.68-1.84 (m, 1H, H-2"), 2.09-2.20 (m, 1H, H-2’), 3.96-4.05 (m, 1H, CHCH3),
4.07-4.12 (m, 1H, H-4"), 4.29-4.38 (m, 2H, CH20P), 4.39-4.42 (m, 1H, H-3"), 4.93-5.01
(m, 1H, CH(CH3)2), 5.10-6.18 (m, 1H, H-1’), 7.40-7.46 (m, 1H, ArH), 7.50-7.57 (m,
3H, ArH), 7.70-7.75 (m, 2H, H-6, ArH), 7.87-7.92 (m, 1H, ArH), 8.16-8.20 (m, 1H,
ArH); 13C NMR (125 MHz, MeOD): ™¢ 20.3 (d, 3/cp = 7.1 Hz, CH3), 20.5 (d, 3/c.p = 6.6
Hz, CH3), 21.8 (CH3), 21.9 (CH3), 22.0 (CH3), 22.1 (CHz3), 40.8 (CHz), 40.9 (CHz), 51.9
(CH), 52.0 (CH), 67.8 (d, 2Jcr = 4.5 Hz, CHa), 67.9 (d, ¥cr = 4.8 Hz, CHz), 70.2 (CH),



15

5-Fl uoro-2' -deoxyuridi ne-5' -011- napht hyl - (2, 2- di et hyl pr opoxy- Lal ani nyl)]
phosphat ewQCPRHE8M469 NO O0=p-O CIIH OH 20 Prepared accoPrdirm@B2r/osms7
standard procedure D from 5-Fl uoro-2'-deoxyuridine (0.25 g, 1.01 nmol), NM
(0.41 g, 5.07 mml, 0.40 nL) and 1-naphtgyl -(2,2- WO

2012/ 117246PCT/ GB2012/ 050457 55

di met hyl p - ' ; i A ) | 0
mL)- ol nCut i S4BT g% BT B RTCeh, S8 P pinb R R T 96 Gl o by
31P- NMR ( MgQDy;.298.0VHEZ,)CH), 4168,(d4388= LH-HWNRT ) We6D, (d49Q» Miz) HB, €H)1 622382, -
167.43 5 11-1-NMR (MeOD, 50 -

é OIVHZ%68.19-8.16( 1H,_ H Ar A([d])g, 7.91
7.89 (m 1HCHH{IRS)S (GH)7425.74CH), 12R-1 261, 243 (CH), %6-5 (FH31127:% (G, 1376

H Ar, Hba A - r -1 B \ 42 -
4.30 (m 31@ 1374 EC)21§7'&W 1%§®ﬁ42%§6%)'%§'¢#&ﬁm8é{w {%1?%2‘,1’ 3.75
(AB syst emi JAB 33 3 01750), Ha.1. 72(d, LFH2Q3BHBH) C), 2418 (d, A0 7(61Hz, 1), 147.2'(J,

1.81 - 1.70 (m 1H, H-2'25, 1.41°- 1.38 (m 3H CHCHS)7, 0,95, 0.94 (2 x s,
10 9H, CH2@@BY3)Hz ), 150.5°(C), 159.4 (d, Jcr = 26.2 Hz, ), 1744 (d, 3cr = 5.0 Hz, (),

5-Fl uoro-2'- i dine:5' ~19- - j

( CPF589) 1517(2‘%0@%]&‘ ;53?5{2@%» 3}/{%@?@9%@*@%&%@%? 8%‘6%]3%%3}’{%){%%%%@ ©
5- Fl uor 0- 2'vigle sy e dHTeoh0.0850 o 01100 in® hinutdd] 1 (l)/ i, b= 27507 /ehokuedO. 40
m.) and 1-naphthyl -(butoxy-L- al aninyl)-phosphochloridate (0.75 g, mmol) in
THF (10 ni)twoQp¢aksrofpilnei dinstgr¢adsomersgaitéd ﬁRhﬁé@damtandstRéWtr@nsm% :

(0. 0069, 1 1%y, 3113- NVR (MeOD, 202 Mrz) 8 4.52, 4.35 19F-NWVR (MEOD, 470 M)
6 - 167:369%%67. 49

5-Fluoro-2’deoxyuridine-5’-0-[1-naphthyl (cyclohexoxy-L-alaninyl)]
phosphate (CPF509)

HN N” 0
Oy\ s By
O‘r OH
15 N

The phosphoramidate was prepared using 5-fluoro-2’-deoxyuridine (0.30 g, 1.21
mmol), N-methylimidazole (NMI) (0.48 mL, 6.09 mmol) and phenyl(cyclohexoxy-L-
alaninyl) phosphorochloridate (1.45 g, 3.65 mmol) according to general procedure
20 D. Purification by gradient column chromatography eluting with CHClz until
CHCl,-MeOH (95:5) afforded the title compound as a colourless solid (6.7 mg, 3%)
[Re = 0.47 (CH2Cl2-MeOH, 95:5)]; (Found: MNH4*, 623.2261. C2gH37N4O9NaPF
requires [MNH4*], 623.2282); 3'P NMR (202 MHz, MeOD): ™p 4.35, 4.52; 1°F NMR
(470 MHz, MeOD): ™g -167.31, -167.17; 1H NMR (500 MHz, MeOD): ™y 1.30-1.43
25 (m, 3H, CHCHs), 1.44-1.56 (m, 4H, CH(CH2)s), 1.57-1.66 (m, 1H, CH(CHz)s), 1.67-
1.83 (m, 5H, CH(CH2)s), 1.84-1.93 (m, 1H, H-2"), 2.09-2.20 (m, 1H, H-2’), 3.98-4.06
(m, 1H, CHCH3), 4.07-4.15 (m, 1H, H-4"), 4.29-4.38 (m, 2H, CH20P), 4.39-4.44 (m,
1H, H-3’), 4.67-4.76 (m, 1H, CH(CHz2)s), 6.09-6.19 (m, 1H, H-1’), 7.38-7.57 (m, 5H,



1H NVR (MeOD, 500 MHz) 6 8.19 - 8.16 (m 1H, HAr, Naph), 7.1 - 7.89 (m
1H, H Ar, Naph), 7.75 - 7.72 (m 211, HAr, Naph), 7.58 - 7.51 (m 3H 2 x
HAr, Hbaeep12zi546.46 - 7.41 (m 1H HAr), 6.18 - 6. 1PCErgB2AbIns0d4711,
4.42 - 4.40 (m 111, 1 x H5'), 4.37 - 4.32 (m 2H, 1 x H5, H3), 4.12 -
4.01 (m 4H, H4', CHCH3, OCH2 CHZCHZ 2. 20 - 2.12 (m 111, H2'), 1.85
- 1.73 (m 111, H2'), 1.61 - 1.54 (m

ccrocoGodd) Chersy b 6/A%D) @fﬁﬁiﬁg%@ B ol 65T fssays

S Experi rrera)aizccma (2w Mgz, Mm@ Tﬂcczoc@(@emdrss 0'H9 VL)) Q0IR, Pr-eSeN Hz,
invention are described bel ow. cul tures Murine | eukaem a L1210/0 and

human T-| yriiihocyte CEHD.Cc8I (Célzﬂsefﬁ& dista), nei8 (6He}), o8 HEHANBE. ﬁcﬂ'ﬁﬂ)TW@

wer o ki naly CBebyRet Bl 7o (0 Fain Eron iy (TP R Bl tR A0k

Thym di ng ltun%s—d@?,lm M), CEMATHE 368l 8, ovxﬁﬁecn) kl'Z'ZdS g@rg} 1f2wfcm((m f125$
Eri ksson (currently at Uppsal a University psal a, Sweden of . A
Kar | sson (K@H@IlZﬁskéCfﬂhﬁﬂﬁtMt@ﬂ BlodKkaH), rih26 51267@{@17]1) 3’7@6 (CH) 127.7

Sel ot on 1GF2} 427 BBt ot i 12s BRI AR ol L T (L B0 ()

I nfection of. ebevantc CQBb 6| es5oM t(h, Yy cont7as g, Cl arbinids 3(-AECEY HAY) t ed
in chroni cafcly i nf ecte) GCPI nes (ur%er ref erre% to aﬂs L[f210 Hyor and

Us7. Hyor. AI75. ':'cédl Y v\er%‘?nﬁi,n@)alméﬂj (E9) 688 HMRH" s 19{6%)f Reversagihese Hddi um

B ShT 2 LR LM D 4B BndPsSbH FTE

(Invitr Oge%ow%lﬂv% peile of %dﬁ%te@@m%ﬂn@r@mnh{dm 56%inn%¥19%031 ¥8 tina gas
phase of 5 % CO2. Cytostatic assays 25 Monol ayer cells (U37 and U87. Hyor)

were seeded2ito 4B%pl |1 mcrotiter plates (NuncTM Roskilde, Dennark) at
10,000 cells/well. After 24 hours, an equal volume of fresh nedium
containing the test conmpounds was added. On day 5, cells were trypsinized
and counte r S ensi on
cel I s (le?’or &E%%f)gf(uﬁat&%%oﬁ orl"'ygzl?v! U MTK-)&\AH;E% yeRgpens

96- wel | 130 phasphtate EEPE3R)es (NuncTM at 60,000 cells/well in the presence
of a given anmount of the test conpounds. The cells were allowed to
proliferate for 48 h (L1210) or 72 hours (CEM and were then counted in a
Coul ter counter. The 50% i nhibitory

The phosphoramidate was prepared using 5-fluoro-2’-deoxyuridine (0.40 g, 1.62
mmol), tert-butylmagnesium chloride in tetrahydrofuran (‘BuMgCl) (1.0 M, 2.43
20 mL, 2.43 mmol) and phenyl(benzoxy-a,o-dimethylglycine) phosphorochloridate
(1.17 g, 3.20 mmol) according to general procedure E. Purification by gradient
column chromatography eluting with CH2Clz until CH2Cl2-MeOH (95:5) afforded the
title compound as a colourless solid (69.0 mg, 7%) [Re= 0.27 (CHz2Cl2-MeOH, 95:5)],
(Found: MNa*, 600.1527. C26H29N309NaPF requires [MNat], 600.1523); 31P NMR
25 (202 MHz, MeOD): ™p 2.42, 2.47; 19F NMR (470 MHz, MeOD): ™ -167.80, -167.62;
1H NMR (500 MHz, MeOD): ™y 1.51-1.60 (m, 6H, C(CH3)2), 1.89-1.97 (m, 1H, H-2’,
one diast.), 2.07-2.15 (m, 1H, H-2’, one diast.), 2.21 (ddd, 1H, / = 3.4 Hz, 5.9 Hz, 13.5



WO 2012/ 117246PCT/ GB2012/ 050457 57 concentration (1050) was defined as the
conpound concentration required to reduce the nunber of viable cells by 50
% Assay WO 20t113mapl es were assayed for biol ogi cal act PCTIGB2EYBSMS7a r ange
of tunmour 5 cell lines with data recorded in Table 1 below. Data are
expressed as CC50 in 04, i.e. cytostatiggconcentration required to inhibit
cell proliferation by 50% The cell Ilnes enployed were L1210/0 (a | eukem a
cell line), C e ) (

yrphobl ast % ok dia e e (RESRL 32, B 38 He (02, Biioese, 400 ¢

1 al so cont4a;m§mgqmpafa’glwezdmmfrprz}bmzoﬁa F@IBJZdL %’l@m[ eﬂemmene@mnnmds
CPF 382, CPF 437 and CPF 438. The structure of i ven above. The
structure df3%4dd &1 1Ehe- 33?“9@&?‘5@9#3 03818 (ms2H, d?@f&%l) 61 -6.2p @Plﬂd’é:d’ As

can be seen.from b4t fyespr esent

can exhi bi P”c ??Sfag( tgﬁ’ {da})%ﬁ 33 Qﬂcon‘par b 74@ clp be?tEeHri % hat
of 5-FU, svvfalésﬁat) 280I8] P8 fmirﬂszen & YWnesdiadt) £ 13ac MR GDZSIMHIZUMEQD§SIT@|@Z75

ki nase-deficient cells. Such a C}éaOStatl c activity 1n nucleotid

ki nase- def i(EHeh27deldl Ycp 5 7 hHai GRedt 268 hd.rPhst= 1.3 Hm&&bﬂ%o(%%d@%(%& can

fhel oresentd e altlsr e ld Scdey vioud), 4F 7 v Pr 8 §RRErRRa RIS N9
conpounds GRFy (() a3y svw @F?ECASESl Hz, CH[) €8 (d, 3/cp = 7.3 Hz, CH), 86.9
2012/ 117246PCT/ GB2012/ 050457 61 Assay es were al so ass

. a
their % ret(6H)i bhl-dfdatcr 7i 4-§ Hm C@céél és(ﬁla cnfetOeldz, i) §25‘ﬁh@}lﬂ)e§af5{8$ are

t t t t
Thventi o SRR R Re ddB 0N TP £ ICR) dan AL’ PapaLPEY £ (G889
contrast tqchiel 304 [G/fll)t 13320, 187.5(EURDS (ﬁﬂmphszeeazm@rt)oﬁ%$C)Th5m1d| ne
Phosphoryl ase (TP) 1nhibitor restores the cytostatic activity of 5-FdUrd in

myocopl asnddi #eeVddHedD 1eult(dr Yer = grootie. cﬁ)néS%%(de?d@@— 36k Ha (aei%?f}éﬁiratl ng
| f TP, 1 t 57,FdU
ot ecti on alrerPd e R aa S Thai kel RuesuEr sl $9 16 CRURPRLES S

i ncl udi ng Fesolﬁdlu(MNat h®036); Imwbmeoéha%@wm@maagwdas HzO/M&éOBIpﬂraﬁlnﬁ)O/I@ft@Ct ed
cells provides a potenti al
15 0/100 in 35 minutes, 1 ml/min, | = 275 nm, showed one peak of the mixture of

diastereoisomers with tr 17.71 (96%).

5-Fluoro-2'deoxyuridine-5’-0-[phenyl (ethoxy-a,a-dimethylglycine)]
phosphate (CPF394)
20

‘} OH

The phosphoramidate was prepared using 5-fluoro-2’-deoxyuridine (0.20 g, 0.80
mmol), N-methylimidazole (NMI) (0.31 mL, 4.0 mmol) and phenyl(ethoxy-o,o.-
dimethylglycine) phosphorochloridate (0.73 g, 2.40 mmol) according to general
25 procedure D. Purification by gradient column chromatography eluting with CHzCl>
until CH2Cl2-MeOH (95:5) afforded the title compound as a colourless solid (25.0
mg, 6%) [R¢= 0.24 (CH2Cl2-MeOH, 95:5)], (Found: MNa*, 538.1367. C21H27N309NaPF
requires [MNa*], 538.1367); 3!P NMR (202 MHz, MeOD): ™p 2.49, 2.52; 1F NMR



10 benefit in patients that are mycoplasma infected. Table 2. CC50 val ues
iniiMfor 5-FdUrd and conpounds enbodyi ng the present invention in 15
nycopl asrsionrerpatirzae and positive cells, and % ret enti onPofi/GB20iMmisv4570n
nmycopl asma infection. "%retention” is a nmeasure of the ratio of the CC50
val ues neasured with respect to L1210 with respect to those for L1210/ Hyor
and is calculated as CC50L1210 x 100 C&l 1210/ Hyor Cpd L1210 L1210/ Hyor %

oL e o0 S8, A7, 1 210a0%aST SRR SO0, L I, BP0

= 7.1 Hz, CHzCHg, one diast.), 1.26 (t, 3H, ] = 7.1 Hz, CH2CH3, one diast.), 1.44-1.54

(m, 6H, C(CH3)2), 1.95-2.04 (m, 1H, H-2’, one diast.), 2.13-2.21 (m, 1H, H-2’, one
diast.), 2.24 (ddd, 1H, J = 3.1 Hz, J = 6.3 Hz, ] = 13.5 Hz, H-2’, one diast.), 2.31 (ddd,

5 1H,J=3.2 Hz, /= 6.1 Hz, J = 13.7 Hz, H-2’, one diast.), 4.08-4.19 (m, 3H, CH2CH3, H-
4’), 4.33-4.49 (m, 3H, CH20P, H-3"), 6.20-6.30 (m, 1H, H-1’), 7.23-7.28 (m, 3H, ArH),
7.33-7.40 (m, 2H, ArH), 7.80 (d, 3/u-r = 6.4 Hz, H-6, one diast.), 7.88 (d, 3/u.r = 6.4 Hz,
H-6, one diast.); 13C NMR (125 MHz, MeOD): ™c 14.4 (CHs), 14.5 (CH3), 27.5 (d, 3/c-p

= 7.3 Hz, CH3), 27.7 (d, 3Jc.r = 7.6 Hz, CH3), 27.8 (d, 3Jc.r = 7.6 Hz, CH3s), 40.8 (CHz),

10 40.9 (CHz), 58.1 (C), 62.6 (CHz), 62.7 (CHz), 67.6 (d, 2Jc-r = 6.7 Hz, CHz2), 67.7 (d, ?Jc-pr
= 5.8 Hz, CH3), 71.9 (CH), 72.0 (CH), 86.6 (d, 3Jcr = 8.1 Hz, CH), 86.8 (d, 3/c-r = 7.6 Hz,
CH), 86.9 (CH), 121.4 (d, 3/cp = 4.4 Hz, CH), 121.6 (d, 3/c-p = 4.4 Hz, CH), 125.6 (CH),
125.8 (CH), 125.9 (CH), 126.1 (CH), 126.2 (CH), 130.7 (CH), 130.8 (CH), 130.9 (CH),
141.8 (d, Yer = 233.5 Hz, C), 150.6 (C), 150.7 (C), 152.2 (d, YJcr = 7.3 Hz, C), 152.3

15 (d, Ycr= 6.9 Hz, C), 159.2 (d, ¥Jc.r = 20.3 Hz, C), 159.4 (d, ?Jcr = 20.4 Hz, C), 176.6 (d,
3Jc.p = 4.2 Hz, C), 176.8 (d, 3/c-p = 4.6 Hz, C), m/z (ES) 538.1 (MNa*, 100%); Reverse-
phase HPLC eluting with H20/MeOH from 100/0 to 0/100 in 45 minutes, 1 ml/min,

| = 275 nm, showed two peaks of the diastereoisomers with ¢r 18.76 min. and tr

20.44 min. (68% : 30%).

20
5-Fluoro-2’deoxyuridine-5’-0-[1-naphthyl (benzoxy-a,a-dimethylglycine)]
phosphate (CPF395)
/\{”\3
//L\ = F..

‘ NH

\\T»\ U\

g

25 The phosphoramidate was prepared using 5-fluoro-2’-deoxyuridine (0.40 g, 1.62
mmol), N-methylimidazole (NMI) (0.64 mL, 8.0 mmol) and 1-naphthyl(benzoxy-
a,0-dimethylglycine) phosphorochloridate (2.00 g 4.80 mmol) according to
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general procedure D. Purification by gradient column chromatography eluting with
CH2Clz until CH2Cl2-MeOH (95:5) afforded the title compound as a colourless solid
(16.4 mg, 6%) [Rr = 0.15 (CH2(l>-MeOH, 95:5)], (Found: MNa*, 650.1678.
C30H31N309NaPF requires [MNa*], 650.1680); 31P NMR (202 MHz, MeOD): ™p 2.87,
5 3.03; 19F NMR (470 MHz, MeOD): ™f -167.95, -167.13; TH NMR (500 MHz, MeOD):
™y 1.37-1.42 (m, 6H, C(CH3)2), 1.61-1.69 (m, 1H, H-2’, one diast.), 1.79-1.87 (m, 1H,
H-2’, one diast), 2.06 (ddd, 1H, J = 3.0 Hz, / = 6.1 Hz, ] = 13.6 Hz, H-2’, one diast.),
2.15 (ddd, 1H, J = 3.2 Hz, ] = 5.9 Hz, ] = 13.7 Hz, H-2’, one diast.), 3.98-4.04 (m, 1H, H-
4", 4.19-4.35 (m, 3H, CH.0P, H-3’), 5.09-5.13 (m, 1H, OCHHPh), 5.18-5.19 (m, 1H,
10 OCHHPh), 6.05-6.15 (m, 1H, H-1"), 7.28-7.40 (m, 7H, ArH), 7.48-7.55 (m, 3H, ArH),
7.62 (d, 3/u-r = 6.4 Hz, H-6, one diast.), 7.70 (d, 3/u.r = 6.4 Hz, H-6, one diast.}, 7.86-
7.90 (m, 1H, ArH), 8.17-8.22 (m, 1H, ArH); 13C NMR (125 MHz, MeOD): ™¢ 27.5 (d,
3Jc.p = 4.4 Hz, CH3), 27.9 (d, 3Jc.p = 7.3 Hz, CH3), 28.0 (d, 3Jcr = 7.3 Hz, CH3), 40.7
(CHz), 40.8 (CHy), 65.2 (C), 67.8 (d, ¥Jcpr = 6.5 Hz, CH2), 68.3 (CHz), 72.0 (CH), 72.1
15 (CH), 86.6 (d, 3/c-r = 8.2 Hz, CH), 86.8 (d, 3/cr = 7.8 Hz, CH), 86.9 (CH), 116.3 (d, 3/c-r
= 3.2 Hz, CH), 116.7 (d, 3Jc.p = 2.9 Hz, CH), 122.8 (CH), 122.9 (CH), 125.4 (CH), 125.5
(CH), 125.6 (CH), 126.0 (CH), 126.1 (CH), 126.4 (CH), 126.5 (CH), 127.4 (CH), 127.5
(CH), 127.7 (CH), 127.8 (CH), 127.9 (C), 128.0 (CH), 128.9 (CH), 129.3 (CH), 129.4
(CH), 129.6 (CH), 136.2 (C), 137.3 (C), 141.8 (d, Ycr = 234.4 Hz, C), 147.9 (d, 3Jc-p =
20 7.7 Hz, C), 148.0 (d, 3Jcp = 8.2 Hz, C), 150.7 (d, Ycr= 3.7 Hz, C), 159.5 (d, %/c-r = 25.8
Hz, C), 159.6 (d, ?Jcr = 25.8 Hz, C), 176.5 (C), 176.6 (C), m/z (ES) 650.0 (MNa*,
100%); Reverse-phase HPLC eluting with H20/MeOH from 100/0 to 0/100 in 45
minutes, 1 ml/min, | =275 nm, showed two peaks of the diastereoisomers with tg
20.80 min. and tr 21.00 min. (72% : 24%).
25
5-Fluoro-2’deoxyuridine-5’-0-[1-naphthyl (ethoxy-o,a-dimethylglycine)]
phosphate (CPF396)



WD 2012/ 117246PCT/ GB2012/ 050457 62 CPF 580 0.048 0.41 12 CPF 581 0. 0037
0.017 22 CPF 582 0.035 0.042 83 CPF 583 0.387 11.9 3.3 CPF 585 0.021 0.051
41 CPF 5880Q01/07846 PCT/GB2012/050457

The phosphoramidate was prepared using 5-fluoro-2’-deoxyuridine (0.40 g, 1.62
mmol), tert-butylmagnesium chloride in tetrahydrofuran (‘BuMgCl) (1.0 M, 2.43

5 mL, 2.43 mmol) and 1-naphthyl(ethoxy-o,a-dimethylglycine) phosphorochloridate
(1.14 g, 3.20 mmol) according to general procedure E. Purification by gradient
column chromatography eluting with CH2Clz until CH2Cl>-MeOH (95:5) afforded the

title compound as a colourless solid (54.0 mg, 2%) [R¢ = 0.10 (CH2Cl2-MeOH, 95:5)],
(Found: MNa*, 588.1528. Cz5H20N309NaPF requires [MNa*], 588.1523); 3P NMR

10 (202 MHz, MeOD): ™p 2.91, 3.03; 19F NMR (470 MHz, MeOD): ™r -167.38, -167.21;
1H NMR (500 MHz, MeOD): ™y 1.24 (t, 3H, / = 7.1 Hz, CH2CHs, one diast.), 1.25 (t, 3H,

] = 7.1 Hz, CH2CH3, one diast.), 1.50-1.55 (m, 6H, C(CH3)z2), 1.68-1.76 (m, 1H, H-2,
one diast.), 1.87-1.94 (m, 1H, H-2’, one diast.), 2.09 (ddd, 1H,/=2.9 Hz,J=6.3 Hz, ] =
13.4 Hz, H-2’, one diast.), 2.19 (ddd, 1H, / = 3.0 Hz, J = 6.3 Hz, / = 13.8 Hz, H-2', one

15 diast.), 4.07-4.10 (m, 1H, H-4’), 4.16 (q, 2H, J = 7.1 Hz, CH,CH3), 4.36-4.41 (m, 3H,
CH,0P, H-3"), 6.10-6.18 (m, 1H, H-1’), 7.40-7.46 (m, 1H, ArH), 7.50-7.59 (m, 3H,
ArH), 7.66-7.72 (m, 2H, ArH, H-6), 7.85-7.91 (m, 1H, ArH), 8.18-8.24 (m, 1H, ArH);

13C NMR (125 MHz, MeOD): ™¢ 14.4 (CHs), 27.5 (br s, CHs), 27.9 (d, 3/cr = 6.1 Hz,
CHs), 28.0 (d, 3Jcr = 6.1 Hz, CHs), 40.7 (CHz), 40.8 (CHz), 58.2 (C), 58.3 (C), 62.6

20 (CH2), 67.8 (d, ¥Jc.r = 4.9 Hz, CHz), 67.9 (d, 2Jcr = 4.5 Hz, CHz), 72.0 (CH), 72.1 (CH),
86.7 (d, 3Jc-p = 7.7 Hz, CH), 86.9 (d, 3/c.r = 7.3 Hz, CH), 87.0 (CH), 116.3 (d, 3Jcr = 3.2

Hz, CH), 116.6 (d, 3Jc.p = 2.9 Hz, CH), 122.8 (CH), 122.9 (CH), 125.4 (CH), 125.6 (CH),
125.7 (CH), 126.0 (CH), 126.1 (CH), 126.5 (CH), 127.4 (CH), 127.5 (CH), 127.7 (CH),
127.8 (CH), 127.9 (C), 128.0 (C), 128.9 (CH), 136.2 (C), 141.8 (d, Yc-r = 233.5 Hz, C),

25 148.0 (d, 2/Jcp = 7.3 Hz, C), 148.1 (d, ¥Jcr = 7.6 Hz, C), 150.5 (C), 150.6 (C), 159.3 (d,
2Jcr = 26.2 Hz, €), 159.4 (d, 2Jcr = 26.6 Hz, C), 176.8 (C), 176.9 (C); m/z (ES) 588.1
(MNa+, 100%); Reverse-phase HPLC eluting with H,0/MeOH from 100/0 to 0/100
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Furt her experinents (Assays 3 to 8 below) were carried out wwth respect to
t he conpowooQAR7883 enbodyi ng the present invention. 5PATEGBROR/OSGTOSt ati C
activity of 5-FdUrd and its prodrug CPF-373 agai nst TKconpetent and
TK-deficient tumour cell lines The cytosfatic activity of 5-FdUrd and

CPF- 373 was determ ned in di fferent TK- expressing and TK-deficient tunour

cell lines., shown | 5- rd i tro d d e
expressi on B 5I' KOpEes, '[LJS B tn?)lgt ti cggbchtng{l/‘i ? hg&’?? Jr}eg%ﬁé{k n%fgr%séﬁ&%% &h

4, 000- f ol d fig¥tedebBbMFEwiaek 5.4 £59:(98% (1M versus wild-type L1210/0

ceI s (I1Cso: 0.0008 IiM and by 50-fold for CEM TK- cells (1Cso: 1.51IM
versus CEM O cells (1C50: 0.028 1.1M. In contrast, the cytostatic activity
of the 5- FdlJFbiqroedlrdepxghiriding- 5 dirjpheayl{benzoayti-probnghjed i nphosphate
TIC-deficient cells when conpared with 15 wld-type cells (1C50: 0.027 and
0.011 [tM f(6PFP83) 0/ TK- and L1210/0, and 0.32 and 0.089 ii Mfor CEM TK- and
CEM O cells, respectively). Al though the cytostatic activity of CPF-373 was
3- to 10-fo|d inferior to 5-FdUrd agai w | d-type L1210/0 and CEM O
cells, it proved 5- to 100-fold superi o 5:Fdyrd in the TK-deficient
tunour cell lines (see Table 3). WD 2 1175 GB2012/ 050457 63 Tabl e
3. Cytostatic activity of 5-FdUrd and CRF- 373 a Nr)ipéesent ed by the 1C50

value in different cell lines o= P o l

Prepared according to the standard procedure D from 5-Fluoro-2’-deoxyuridine
10 (0.25 g, 1.01 mmol), NMI (0.41 g, 5.07 mmol, 0.40 mL) and phenyl(benzoxy-L-
prolinyl)-phosphochloridate (0.77 g, 2.03 mmol) in THF (10 mL). Column
purification followed by two preparative TLC purifications gave the product as a
white solid (0.010 g, 2%).
31P-NMR (MeOD, 202 MHz) 6 1.82
15 19F-NMR (MeOD, 470 MHz) 6 - 167.91
1H-NMR (MeOD, 500 MHz) 6 7.84 (d, ] = 7.18 Hz, 1H, H-base), 7.39 - 7.33 (m, 7H, H-
Ar), 7.22 - 7.19 (m, 3H, H-Ar), 6.26 - 6.23 (m, 1H, H-1"), 5.22 - 5.13 (m, CH>Ph
ester), 4.40 - 4.35 (m, 3H, NCH, 2 x H-5), 4.33 - 4.28 (m, 1H, H-3’), 4.06 - 4.04 (m,
1H, H-4"), 3.36 - 3.32 (m, 2H, NCHz), 2.26 - 2.19 (m, 1H, H-2"), 2.18 - 2.13 (m, 1H,
20 CH2-L-Pro), 2.00 - 1.81 (m, 4H, 3 x H, CH2-L-Pro, 1 x H, H-2")
13C-NMR (MeOD, 125 MHz) § 174.81 (C=0, ester), 159.40 (C=0, base), 152.0 (d, ?/c-p
= 6.32 Hz, OC-Ar), 150.71 (C=0, base), 141.88 (Ycr = 232 Hz, CF, base), 137.23 (C-
Ar), 131.33, 129.70, 129.48, 129.45, 129.30, 126.45 (CH-Ar), 125.80, 125.53 (2 x d,
2Jcr = 29.0 Hz, CH-base), 121.00, 120.96 (CH-Ar), 87.80 (C-1), 86.80 (C-4'), 72.02
25 (C-3), 68.16 (CHzPh), 67.64 (d, ¥Jcp = 4.65 Hz, C-5’), 62.40 (d, ?/c-r = 5.60 Hz, NCH),
48.03 (d, #Jc.p = 4.80 Hz, NCHz), 41.07 (C-2’), 32.18, 32.11 (CHz-L-Pro), 26.29, 26.21
(CHz2-L-Pro).
MS (ES+) m/e: 612 (MNa*, 100%), 590 (MH+, 1%) Accurate mass: C27H29FN309P
required 589.51
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5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl(benzoxy-L-prolinyl)] phosphate
(CPF577)

Q 5 N/go
0=P-
OH

5 Prepared according to the standard procedure D from 5-Fluoro-2’-deoxyuridine
(0.25 g, 1.01 mmol), NMI (0.41 g, 5.07 mmol, 0.40 mL) and 1-naphthyl(benzoxy-L-
prolinyl)-phosphochloridate (0.84 g, 2.03 mmol) in THF (10 mL). Column
purification followed by two preparative TLC purifications gave the product as a
white solid (0.006 g, 1%).

10 3!P-NMR (MeOD, 202 MHz) & 2.27
19F-NMR (MeOD, 121 MHz) § - 167.46
1H-NMR (MeOD, 500 MHz) § 8.14 - 8.12 (m, 1H, H-Ar), 7.90 - 7.89 (m, 1H, H-Ar),
7.74 - 7.71 (m, 2H, 1 x H-Ar, 1 x H-base), 7.56 - 7.42 (m, 4H, H-Ar), 7.36 - 7.33 (m,
5H, H-Ar), 6.13 (t, ] = 6.38 Hz, H-1"), 5.22 - 5.13 (m, 2H, CHzPh), 4.49 - 4.46 (m, 1H,
15 NCH), 4.42 - 4.33 (m, 2H, H-5), 4.25 - 4.23 (m, 1H, H-3"), 4.06 - 4.04 (m, 1H, H-4"),
3.36 - 3.34 (m, 2H, NCH3), 2.23 - 2.15 (m, 1H, CH2-L-Pro), 2.10 - 2.02 (m, 2H, 1 x H,
CHz-L-Pro, 1 x H, H-2"), 1.97 - 1.77 (m, 2H, CHz2-L-Pro), 1.63 - 1.57 (m, 1H, H-2")
13C-NMR (MeOD, 125 MHz) 6 174.82 (C=0, ester), 159.52 (€=0, base), 150.54 (C=0,
base), 147.84, 147.78 (d, YJcp = 6.03 Hz, 0C-Ar), 141.75,139.97 (2 x d, Ycr = 232 Hz,
20 CF, base), 137.20, 136.34 (C-Ar), 129.76, 129.65, 129.44, 129.36, 129.27, 129.06,
128.95, 128.04, 128.75, 126.56 (CH-Ar), 125.41 (d, ?Jcr = 30.0 Hz, CH-base), 122.13
(CH-Ar), 115.76 (d, 3Jcp = 3.3 Hz, CH-Ar), 87.06 (C-1), 86.79 (C-4"), 72.23 (C-3'),
68.15 (d, 2Jcp = 5.46 Hz, C-5"), 68.08 (CHzPh), 62.53 (d, ?Jcp = 5.60 Hz, NCH), 48.26
(d, 2Jc-p = 5.34 Hz, NCHy), 40.97 (C-2"), 32.16, 32.09 (CH2-L-Pro), 26.22, 26.15 (CHz-
25 L-Pro).
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I nhi bitory concentration or conpound concentration required to inhibit

t umour cewb 2proiirf4er ati on by 50 % Assay 4. Effect ofPCcmGBepi2asms7

i nfection of tumour cell cultures on the 20 cytostatic activity of 5-FdUrd
and its prodrug CPF-373 The L1210/0 cell 6cultures were infected with the
mycopl asma species M hyorhinis (cells designated: L1210. Hyor). 5-FdUrd

mar kedl y | it 0 i Y i g | -infected
U210, ryor “eEMerdes AdRomb|dind el bbb o- inGRO8R-RaRRY Pocr 71
cytostati Ca@&ﬁinﬂﬂ?ﬂb}s A€ fCHREES) UB7. Hyor cell cultures when 25 conpared
w th uninfected cePI S (see Table 3). In sharp contrast, the 5-FdUrd
prodrug CPF-373 kept a simlar cytostatic potential in both L1210/0 and
L1210. Hyor cell cultures (1C50: 0.041 and 0.025 p.M respectively). A

sim | ar observation was made for @ drqu en evaluated for its
cytostatic activity in U837 and U8’Hyer=cel | NHes (1 C50: 0.035 and
0.039 p.M respectively). Thus, 30 whegeas the frge nucl eosi de 5- FdUrd
markedly lost its cytostatic potential fagai nst copl asma

hyor hi ni s-i nfected tumour cel] |i nes®=Fh nté prijol i ferative potential of
its prodrug CPF-373 was i ndep ent of Nthhe copl asma i nfection. 64 Assay
5. Experinments were carried oat t @%%éss t tability of CPF 373 in the
presence of Thym di ne Phosphoryl ase ([TP). e experinents are illustrated
with reference to Figures 9 to 11, edeh of which conprises NVR spectra, as
di scusse . The,. S a i | i Yyl :
compounds SHEBHIE P RuREr Ok ARG PRARABRE R, FOARER-Frttddpline
enzyne TP, (ofrisch, 1.910Mneds]),upNEgybatied, 507t el 9,40 eiidessd tiheaglahploBRis of
t he present invention nore indeBendent of the catabolic enzyne TP than

5- FdUrd. 10limegupriobytossd-dasimyophosphachlaridate (k41 gr dPtgentdhpbdRY @BF 373
D g | e b e ron: ohi e oas i
D Fara calh CRanRpEREoT FIBYEd byt bATLERRICTLE MubirBlim YR de

1 C

reaction, ysbagcttaRyunikiteasolph@s@iogyd%ere purified from Escherichia coli as
wel | as 15 uridine phosgho&]cyﬁl ase purified fromEhrlich ascite tunor. This
br eakdoh HEsNHER (MelBgeds Milz) & 4t8.dnE3 of the reasons for the linited

tzggr ggleJlrJ;:ng UNWH,%GB%% 9[sz§8':—%7‘?|3@90%7‘?|”‘9 to the follow ng schene:
1H-NMR (MeOD, 500 MHz) & 8.20 - 8.17 (m, 1H, H-Ar), 7.91 - 7.89 (m, 1H, H-Ar),
7.77 - 7.72 (m, 2H, H-Ar), 7.58 - 7.51 (m, 3H, H-base, 2 x H-Ar), 7.46 - 7.41 (2 x t,
1H, ] = 7.8 Hz, H-Ar), 6.19 - 6.13 (m, 1H, H-1"), 4.42 - 4.40 (m, 1H, 1 x H-5’), 4.38 -
15 4.32 (m, 2H, H-3’, 1 x H-5"), 4.14 - 4.00 (m, 4H, H-4’, CHCHs, OCH2CH2(CH3)3), 2.21 -
213 (m, 1H, 1 x H-2"), 1.91 - 1.76 (m, 1H, 1 x H-2’), 1.52 - 1.48 (m, 2H,
OCH2CH2(CH3)3), 1.37 - 1.35 (m, 3H, CHCH3), 0.92, 0.91 (2 x s, 9H, OCH2CH2(CH3)3)
13C-NMR (MeOD, 125 MHz) 6 175.16, 174.84 (2 x d, 3Jcp = 4.75 Hz, C=0, ester),
159.56, 159.35 (C=0, ester), 150.61 (C=0, ester), 148.00, 147.86 (2 x d, ?Jcp = 6.25
20 Hz, OC-Ar), 141.78, 141.73 (2 x d, Ycr = 232 Hz, CF, base), 136.28 (C-Ar), 128.98,
128.95,127.92,127.90, 127.58, 126.57,126.20, 126.14 (CH-Ar), 125.63, 125.55 (2 x
d, 2Jc.r = 34 Hz, CH, base), 122.65, 122.63 (CH-Ar), 116.48, 116.15 (2 x d, 3Jcp = 3.0
Hz, CH-Ar), 87.01, 86.94 (C-1"), 86.73, 86.68 (d, 3Jcp = 7.75 Hz, C-4"), 72.18, 72.07 (C-
3), 67.87, 67.85 (2 x d, 2Jc-p = 5.0 Hz, C-5’), 64.08, 64.05 (OCH2CH2(CH3)3), 51.86 (d,
25 3Jcp = 5.5 Hz, CHCH3), 42.74 (OCH2CH:(CHs)3), 40.91, 40.83 (C-2’), 29.96
(OCH2CH2(CH3)3), 20.50, 20.34 (2 x d, 3Jcp = 6.5 Hz, CHCH3).
MS (ES+) m/e: 630 (MNa*, 100%), 608 (MH+, 10%) Accurate mass: C2gH3sFN309P
required 607.56



Schenme The phosphoryl ase assay was carried out towards phosphorolysis by
Thym di ne 25 Phosphoryl ase purified from Escherichia coil using in situ
| - 9F NVR woOhe1zmpisscati on to the ProTi de conpound CPF 3P8TERIENSA4STenpt to
prevent the cleavage of the structure and thus circunvent the action of the
enzyme. WO 2012/117246PCT/ GB2012/ 05045765 Two pot assi um phosphate buffers
at pH = 7.4, 200 nM solution and 300 nM sol ution respectively, were used as

phosphat e _Uni N_ Nk € fi pe I£10) - nzyme
required tgﬁﬁg{d)rrgr?s&eéoéﬁigﬁ&é}é% drgig}a%?lr%gfﬁcﬁ goeﬁrdlgxﬁmgg%yllg@)gt andar d.
Assays wer gHuspided ¥378)30 mi nutes. 5 Phosphoryl ase assay on 5-FdUrd
Initially, 19F NVMR (470 MHz) spectra of 5-FdUrd and 5FU previously

di ssolved in deuterated nethanol, were recorded. 5-FdUrd showed a singl et
at - 8-167.21 ppm 10 and 5FU at - .30 ppmgx Thus, the phosphoryl ase

assay was carried out by dissolvi UrdFi noeut erated nmethanol, in the
presence of potassium phosphate bW 200 solution; pH = 7.4),
th

recordi ng the bl ank before of the addition of enzyme t hym di ne
phosphoryl ase (TP) (20.7 UNI). 19F M?_iaoectra,Nre@orded at 25 C, showed
the singlet of 5-FdUrd at - 6-165. 17 nd.a hew 15 peak at -

8-169. 50ppm attributed to 5FU, as sh ure 9 at spectrum A Then,
[

i i
to prove the cl eavage of the nQ;}e i 'nbﬂ e relative base, a new
experinment was perforned by dissolvihg equal noles of the nucl eoside
anal ogue 5- FdUrd and the rel ative bdse 5FU, at the same condition
descri be i . t | &_dl & SIRERL rum
B hi s Spadrriredstoatiing o' R tnfdiFycoies BOMAnl BITLGHL2 ety

previ ousl y (olzsergy e@l9B nnrhal)y &NMI PSS rpund. A7 Tihmsle @ar andgnbnd nechaphdtylt he
5FU has a chem cal shift at - 8-1

action of éﬁ‘éﬁ}ﬂ@l@malwarﬁﬁﬁggfﬁgﬁgggoén%%tgg%i%&tﬁgqqqﬂt?‘g%?ﬁgﬁwtgg‘ base
but for v GoARRAREcR AR ONKLE bERPERBHIR TPC pBIRMATELBISIIARA |
converted ivilige §dlRl [@GK §-P4b).as shown in the Figure 10. WO
P B TR te0D. 207 Rkiz) b 4.54, 436
19F-NMR (MeOD, 470 MHz) é - 167.12, - 167.29
1H-NMR (MeOD, 500 MHz) & 8.18 - 8.17 (m, 1H, H-Ar), 7.81 - 7.87 (m, 1H, H-Ar),
7.74 - 7.71 (m, 2H, 1 x H-Ar, 1 x H-base), 7.60 - 7.53 (m, 3H, H-Ar), 7.46 - 7.43 (2 x t,
] =8.0 Hz, 1H, H-Ar), 6.18 - 6.12 (m, 1H, H-1"), 5.00 - 4.95 (m, 1H, OCH ester), 4.41 -
15 4.36 (m, 3H, 2 x H-5', H-3), 4.11 - 4.00 (m, 2H, H-4’, CHCH3), 2.36 - 2.27 (m, 2H,
CHz), 2.18 - 1.98 (m, 3H, CH ester, 1 x H-2"), 1.82 - 1.56 (m, 3H, CH; ester, 1 x H-2'),
1.36 - 1.34 (m, 3H, CHCH3)
13C-NMR (MeOD, 125 MHz) 8§ 175.97, 173.34 (C=0, ester), 159.88 (C=0, base),
151.64 (C=0, base), 146.58 (0C-Ar), 141.15 (d, Ycr = 220 Hz, CF, base), 136.28 (C-
20 Ar), 128.93, 127.89, 127.54, 126.52, 126.18, 126.14 (CH-Ar), 125.53, 125.44 (2 x d,
2Jcr = 32.5 Hz, CH-base), 122.63 (CH-Ar), 116.46, 116.44 (2 x d, 3Jcp = 2.5 Hz, CH-
Ar), 86.98 (d, 3Jcp = 6.25 Hz, C-4"), 86.71 (C-1), 72.14, 72.04 (C-3), 71.07 (OCH
ester), 67.83 (d, 2Jcp = 7.38 Hz, C-5), 51.66 (d, 2Jc» = 8.75 Hz, CHCHs), 40.89, 40.83
(C-27), 31.03 (OCHCH>), 20.43 (CHCH3), 14.23 (CH ester).
25 MS (ES+) m/e: 600 (MNa*, 100%), 578 (MH+, 10%) Accurate mass: C26H29FN309P

required 577.50



Phosphoryl ase assay was applied to benzyl L-al anine phenyl derivative CPF
373 in order to investigate the stability, follow ng the procedure and the
condi ti onsoabvia7descri bed. ProTi de conpound CPF 373 pr ®@CEaR20120850457
conpletely stable as showed by conparing chenical shifts of sanple anal ysed
wi thout TP enzyne, as shown in 5 Figure gl spectrum A, and in the presence
of TP, as shown in Figure 11 spectrum B. 19F NVR was repeated after 4 days

axper | ment & EUO el DR ding 5 AT AL R GRS BRANEE 5 TR0

10 its rel lanim dspHaky (ePrBTHphorol ytic reaction, in the presence of
t hym di ne phospr}{g}??/?lasg with a half-life of |ess than 30 mnutes, while

prodrug conpound CPF 373 showed an evident stability against TP enzyrrati C
activity, at longer time exposure up to 3 days. This inportant result
showed that 5-FdUrd ProTides deri vati ves enbodyi ng the present invention

coul d favor the therapeutic effe 15 FdeDd Assay 6. Exposure of
5-FdUrd and CPF-373 to E. coil - P apd man- encoded TP and UP The
substrate specificity of thyni d| ne phoSphor yl gse Ntowar ds natural thymni di ne
20 (dThd), wuridine (Ud), 5-FduUrd and d:PF 373 bnvestl gated by high

pressure liquid chromatography (HPL@=p-Reaction| m Xtures containing 100

1, 1M test conpound and reconbi nt TP\ n TP. 8.6 ng/1l.1L; E. coil
TP: 3.0 ng/1AL; human UP: 4 ng |nat

ol une of 500 p.1 , reaction
buffer (10 mM TrisHC1; 300 [i M Na TA, 2 mM KH2PO4/ K2HPO4 ) were
i ncubated at room 25 tenperature. different tinme points (i.e. 0, 20, 40
m n) 100°! I L al i quots of the reactlon m xtures were withdrawn and heated at
95 C for 3 Preparted adtaﬁdlhgatbethtehﬁaﬁdir)drrproc'éﬁerd’ Bsfﬂotn ngFlneﬁﬁm-d)afbxmﬂdUret s

were separated on a reverse-phase RP-8 Mer ck, Darnst adt,

and quanti f(0€d By HPLCranal)y NMI (B4 @C%O%WOIV\&Q épsmLﬂ/l F‘F‘é)r?il namsh The

separation Yo® rom

58% Separ at(f?{sdg%l‘%?)efer#@%h%%aﬁﬁﬁ%a PO P 0B L S o neh
3.2) and 2 (Y9agt)e0siufi b@nﬁtancﬁﬂgy@vsebapmdwnabuwme sbhaQ%oae;eg, obitYile (8
mn 98% separation buffer + 2% acetonitrile; 5 mn |linear gradient WO

2012/ 1119 46HENMIREMeO P02 BHZ P 98,9838 separati on buffer + 2% acetonitrile
to 20% sepgg 0 10 m n 20% separation buffer +
80% acet oni tls?\]:h&e)@(l?gppb%%]\ﬁ%%gaﬁl%lﬂ é|34622at 98% separation buffer + 2%

acetonitri IleDNMlR\(M@@BcB(Id)eIt/IH@y Smalxais] pe’rd He, e Hmr)ZGB()er 8’mm sHpHrM); on
of Ud fromuracil PEerformad near ient from1l

separ at i on b} f8r70((§7@e2 %x’i\é)' 758 6%‘5’54%5%%%@ %651“e7r40r(246%/a'c%9 ol e
3 10009 b | t

57 100y scparolLon PHEC i Ty TSR ratER Rha1ogSeponelien

buf fer +54Q¥%B3cetani 4.04(a, ZHQIHI-QV\EHCHZY) 89Gid B BSE('m Qﬂ’ﬂ 8C HL @08y €k alildn

buffer). UV-based detection was perforned at 10
(m, 1H, H-2"), 1.84 - 1.72 (m, 1HH2)138 136(2xd] 5.0 Hz, 3H, CHCH3), 1.15

~1.07 (m, 1H, OCH2CH ester), 0.59 - 0.50 (m, 2H, CHz ester), 0.30 - 0.24 (m, 2H, CH>

ester)
13C-NMR (MeOD, 125 MHz) 6§ 175.25, 174.94 (2 x d, 3Jcp = 4.75 Hz, C=0, ester),
20 159.54, 159.35 (C=0, base), 150.60, 150.56 (€=0, base), 148.05, 147.86 (2 x d, ?Jc.p =
7.5 Hz, OC-Ar), 141.79, 141.73 (2 x d, ¥Jc.r = 232 Hz, CF, base), 136.29 (C-Ar), 128.94
(d, 3Jcp = 4.4 Hz, CH-Ar), 127.89 (d, 4/cp = 3.7 Hz, CH-Ar), 127.56, 126.55, 126.52,
126.19, 126.16 (CH-Ar), 125.64, 125.53 (3Jcr = 34 Hz, CH-base), 122.65 (CH-Ar),
116.54, 116.24 (2 x d, 4Jc-» = 2.6 Hz, CH-Ar), 87.04, 86.99 (C-1'), 86.90, 86.73 (2 x d,
25 3Jcp = 7.1 Hz, C-4"), 72.18, 72.07 (C-3"), 71.21, 71.18 (OCH, ester), 67.87, 67.84
(apparent t, 2Jc.p = 5.0 Hz, C-5), 51.88 (d, 2/c.r = 10.0 Hz, CHCH3), 40.91, 40.83 (C-2),
20.60, 20.46 (2 x d, 3Jc.p = 6.5 Hz, CHCH3), 10.69 (OCH2CH ester), 3.70, 3.65 (2 x CHa,

ester).



Phosphorol ysis of 5-Fdurd and CPF-373 by thym dine and uridine

phosphoryl ases 5-FdUrd and its prodrug CPF-373 were exposed to purified

t hym di newphopihorgl ase derived fromE. coli or human eryChar2gt2esp4sand t o
purified uridine 15 phosphoryl ase derived from human tunors. Whereas E. coli
and human TP rapidly converted dThd and &y FdUrd to their free bases,

CPF- 373 kept fully stable in the presence of these enzynes (Fig. 2). Under
simlar ex i tal, c i hQNSEnadf | t .acli n
P bat ot hyPE el 7 R UNa o0l B BTANES SEORY REC e Bl e U Y
UP, dThd andqéiPéd 873.50ere not affected by the 20 enzynme, whereas 5-Fdurd
was slightly hydrolysed (Fig. 2, panel C). Assay 7. Thym dyl ate synthase
(TS) activil‘{RL Hs@ﬂéfl‘fﬁéﬁltl@“%kfé()@étoiwptt?06106\‘813%“11%1}&'&{2-81?!90/0 and

L1210/ TK- cells was neasured by evaluation of tritiumrel ease from
[5-31-1]dUMP (formed in the cells from[5-31-1]dUd 25 or [5-3FI]dCyd) in
t he reacti GhrRAfrel ¥ sésbyuridine 81 G- 1Biadpdhdhyhfebedydiepyroiel-adlmiagi)di | by
Bal zarini & De Clerc 1984). Shortly, cell cultures (500 pL DMEM cul ture
medi um \Aeriﬁlqspbpﬁﬁéa) Jaining - 3 x 106 L1210 cells and appropriate
anounts of the test conpounds (5-FdUrd and CPF-373). After 30 mn, 2 h and
4 h pre- incubation of the cells with the conpounds at 37C, 1 p.C of
[5-3FI]dUrd or [5- 30 31-1]dCyd gded to theocell cultures. After 30
m n incubation, 100 [tl, of the ce ensi:on were wthdrawn and added
to a cold suspension of 500 p.L act¥vat@d WD H012H117246PCT/ GB2012/ 050457
68 charcoal (VWR, Haasrode, Bel gium (100 ny/ NNECA 5% . After 10 min,
t he suspension was centrifuged at 13¢0gpmfor; 10 nmin, after which the
radi oactivity in 400 pL supernatant wag;£oynte naliquid sinctillator
usi ng Opti Phase Hi Safe (Per ki(é’ d ). 5 Inhibition of

thym dyl ate synthase (TS) by 5¢ FdUr nd~> CPBH373 The nmjor target for the
cytostatic activity of 5-FdUrd is thywi dylate synthase (TS). The activity
of TS in intact tunmour cells can be directly nonitored by neasuring the
tritiumrelease in intact L1210/0 cell cultures that were exposed to [5- 10

3H|] deoxyurigdi ne 5-311]1dUrd), or - i dine - , . deed,
arter 1 A0 SEPT e Rbtb e etk SRR HeBS IR E Y s e
the C-5 trighizem gt omoen mAIPy rdBaivEChe (basemils rel eagrel) dumidngl iaghthyl-
TS-catal ysed reductive nethylation. The ability of 5-FdUrd and its prodrug
CPF- 373 t o (tethalsidropyioxydUnsliasinyhsphespberporigete (B sak @3] muml) M&Rﬁﬁ@

concent rat 1BAs LR TAB0Rd 8 EL bY S8} bRETaRe Tt RSk ST AT, o
| Cso for trgrbitepdsel whge sdlid(0.0b0 gH.6%yd and [5-311] dUrd was around 0. 0007
© 0- 0009, P S X3TR (20D, 202 MHzZ) § 3.7, 3.22
19F-NMR (MeOD, 470 MHz) § - 168.27, -168.35
1H-NMR (MeOD, 500 MHz) & 8.60 (d, J = 7.0 Hz, 2H, H-Ar), 8.22 - 8.19 (m, 1H, H-Ar),
7.92 - 7.91 (d, ] = 5.50 Hz, 1H, H-Ar), 7.60 - 7.45 (m, 4H, H-Ar, H-base), 6.29 - 6.25
(m, 1H, H-1"), 5.25 - 5.17 (m, 1H, H-3"), 4.96 - 4.87 (m, 1H, CH-ester), 4.28 - 4.26 (m,
20 1H, H-4), 4.11 - 4.03 (m, 1H, CHCH3), 3.88 - 3.66 (m, 4H, 2 x OCHzx ester, 2 x H-5"),
3.55 - 3.50 (m, 2H, 2 x OCHza" ester), 2.63 - 2.30 (m, 2H, H-2’), 1.91 - 1.85 (m, 2H, 2
x CHzp ester), 1.65 - 1.54 (m, 2H, CHzp» ester), 1.39 - 1.35 (m, 3H, CHCH3).
13C-NMR (MeOD, 125 MHz) & 174.34 (C=0, ester), 159.24 (C=0, base), 150.76 (C=0,
base), 148.03 (0C-Ar), 141.97 (d, Yc.r = 238 Hz, CF, base), 136.37 (C-Ar),
25 128.97, 128.56, 127.61, 127.57, 126.58, 126.23, 126.16, 126.12, 125.84 (CH-Ar),
122.70 (d, 2Jcr = 24.0 Hz, CH-base), 116.62, 116.37 (CH-Ar), 87.54 (d, 3Jc-p= 5.40 Hz,
C-4"), 86.60, 86.57 (C-1"), 79.82, 79.47 (C-3"), 71.45 (CH-ester), 66.12, 66.08 (2 x




Table 4. 1CH values of 5-FdUrd and CPF-373 against TS in intact L1210/0
tunour 20 cells (as determned by tritiumrel ease from[5-3H dUd and

[ 5- 3H] dCywtoabt2rn 780 mi n exposure to the drugs). |Csoa PPW)GBZorgusmsd
Tritiumrel ease fromdUrd* Tritiumrel ease fromdCyd* 5-FdUrd 0.0009

0. 0002 0.0007 0.003 CPF-373 0.16 0.05 19 0.08 25 a 50% Inhibitory
concentration or conpound concentration required to inhibit tritiumrel ease

10 2015/ 11 Pbee e Gt e U ARIFIRRREr G e DRt o S R Bt

tr|t|un1rekgggy;MaggamQN)mﬂﬁghg 200-fol d) pronounced than t hat of 5- FdUrd
especially after only 30 mn preincubation of the cells with the drugs
(1C50: 0. 16\4@(11@*)011;(e 6&9@4@@ 108Mgep O (Mithte dB%Di Asisutathrerasst CoResPid (up
to 4 hr) with 5- 58@53 and CPF-373 before neasuring TS activity in the 5

i ntact tumsGf"¢e '§Vealed a much nore pronounced inhibitory activity of
the prodgug against TS in situ (Fig. 3). Indeed, whereas the inhibition of
3H rel ease was only 2-fold increased upon Ionger prei ncubation tines of

5- FdUrd, t HeFlumon? tdeaxypaidiner ut0-41-raphtbyk (pentogydealaniuyly] § phosghate
panel s A agggg ngd C and D). 10 Preincubation of the tumour cells with
5-FdUrd an IE’ 3 for at least 4 hrs results in TS inhibition in the
intact tunour cells at drug concentrations that are very conparable with
the 50% cytostatic activity concentratigns of these drugs. The present
observations thus indicate that the FdOnd prodrjig needs several 15

net abol i ¢ conversi on steps before ng g TSF Rg target enzyme for

i nhibition, and support the view that CRF-373 agts|as an efficient prodrug
of 5-FdUrd to exert its eventual cytost&ic act™"Wfyo The activity of TS in
the presence of 5-FdUrd and CPF-373 w&sPallso neasjured in 20 intact

L1210/ TK- cells using [5-3H dCyd as an axt el nafP supplied substrate (due
to TK deficiency, [5-3H dUd cannot e ed)? denonstrated in Table 5
and Fig. 3 (panels E and F),/fﬁe/Ebﬁce tr tl@H of 5-FdUrd required to cause
50 % inhibition of TS decreased by a factor 5,700 in TK-deficient L1210/ TK-
cells (1C50: 1.4 pM when conpared to wild-type L1210/0 cells (1C50: 0.0003
pM . | nleortrenated a¢serding; 1o ‘f}t?r vazéa@cpr%e@yr%fl? Epm 373ugkps? n%%OX‘YSHId%l ned

virtually thgcz%hg%fbf g(ixjsgﬂél%ﬂﬁggpﬂllsm@ 0 mBoB5Zn @ M-hipchglflehoxyep! | s

versus 0.0
alaninyl)-phosphochloridate (0.78 g, 2.03 mmol) in THF (10 mL). Column

purification gave the product as a white solid (0.047 g, 8%).
31P-NMR (MeOD, 202 MHz) 6 4.48, 4.32
15 19F-NMR (MeOD, 470 MHz) 6 -167.18, -167.29
1H-NMR (MeOD, 500 MHz) 6§ 8.25 - 8.17 (m, 1H, H-Ar), 8.05 - 7.95 (m, 2H, H-Ar),
7.85 - 7.60 (m, 2H, H-Ar, H-base), 7.65 - 7.48 (m, 3H, H-Ar), 6.30 - 6.18 (m, 1H, H-
1), 460 - 437 (m, 3H, 2 x H-5, H-3), 428 - 4.00 (m, 4H, H-4’, CHCH3,
OCH.CH2CH2CH2CH3), 2.32 - 2.12 (m, 1H, H-2’), 1.95 - 1.75 (m, 1H, H-2"), 1.70 -
20 1.55 (m, 2H, OCH2CH2CH2CH2CH3s), 1.50 - 1.28 (m, 7H, 4 x H OCH2CH2CH>CH>CHs3,
CHCH3), 0.83,0.82 (2 xd, ] = 7.9 Hz, 3H, OCH2CH2CH2CH2CH3)
13C-NMR (MeOD, 125 MHz) 6§ 175.22, 174.91 (C=0, ester), 159.5 (C=0, base), 150.54
(C=0, base), 147.90, 147.88 (OC-Ar), 141.75 (d, Yc.r = 225 Hz, CF, base), 136.37 (C-
Ar), 128.95, 127.90, 127.56, 126.55, 126.19 (CH-Ar), 125.64, 125.53 (2 x d, ?Jcr =
25 34.0 Hz, CH-base), 122.65 (CH-Ar), 116.51, 116.21 (CH-Ar), 87.03, 86.96 (C-1'),
86.85, 86.74 (C-4"), 72.16, 72.05 (C-3’), 67.87 (d, ¥Jcr = 5.0 Hz, C-5’), 66.54 (OCHz),
51.87, 51.81 (d, ¥Jc-p = 7.5 Hz, CHCH3), 40.87, 40.80 (C-2"), 29.35, 29.10 (CH; ester),
23.33 (CH: ester), 20.60, 20.43 (2 x d, 3/c.p= 6.5 Hz, CHCH3), 14.28 (CH3, ester).



Table 5. 1C50 val ues of 5-FdUrd and CPF-373 against TS in intact L1210/0
and L1210/ TK- cells (as determned by tritiumrelease from|[5-3H dCyd after
4 hours oWo201preisacubati on with the products) WO PCT/GB2012/050457

2012/ 117246PCT/ GB2012/ 050457 70 | Csoa (11M Conmpound L1210/0 L1210/ TK-
5-FdUrd 0.0003 0.00003 1.42 0.09 CPF- 713 0.013 0.008 0.053 0.0009 a
SO% I nhi bitory concentration or conpound concentration required to inhibit

or e- exposulls B UHe) bk a0 Pk S FERE PR EAGR Rafitindss R T F

Stability aggaired €aslaxypeptidase Y (EC 3.4.16.1) assay The enzymatic
stability of the prodrug CPF-373 towards carboxypepti dase Y was studied
usi ng i n siHRLGIH30 \ertomiozileNFpm. 10016 teRp&e o hbﬁgnﬁakahiﬁﬁé‘@lnout by 15

di ssolving CPF-373 (3.0 ng) in d6-acetone (150 ; AL) and addi ng TRI ZNVA
buffer pH 7.6 (300 1AL). The resulting solution was placed in an NVR tube
and a 31F- MVR®teer L dedilyudidide- 5> 0 s-aphh e feyzfopiftoRy-dRilag j ment. The
enzyme Car boxypept i daseyY (0.2 ng?qwasﬁggl gblﬁiy{%se% in ilI'RI ZI\/AX%%]O p,L) and
added to tiphasphaté¢ (GPEF82)he phosphorani date derivative in the NVR tube.
Next, the tube was 20 placed in the NMR machine, which was set to run a

31P- NVR experinent (64 scans) ev nutes fior 14 hours at 25 C. Data
Brtiker SpNHY 2. 1 program
ere pur ha;@d from Si gma- Al drich. 25
N™ ~O

were processed and anal ysed with ¥
Car boxypepti dase Y and TRI ZMA buf f er
Hurman serum

Prepared according to the standard procedure E from 5-Fluoro-2’-deoxyuridine
(0.25 g, 1.01 mmol), tBuMgClI (1.1 mL, 1.1 mmol) and 1-naphthyl-(cyclopentoxy-L-
10 alaninyl)-phosphochloridate (0.77 g 2.03 mmol) in THF (10 mL). Column
purification gave the product as a white solid (0.030 g, 5%).
31P-NMR (MeOD, 202 MHz) § 4.53, 4.37
19F-NMR (MeOD, 470 MHz) 6 - 167.07,-167.19
1H-NMR (MeOD, 500 MHz) & 8.18 - 8.16 (m, 1H, H-Ar), 7.89 - 7.85 (m, 1H, H-Ar),
15 7.70 (apparentt, ] = 6.50 Hz, 2H, H-Ar), 7.57 - 7.50 (m, 3H, 2 x H-Ar, H-base), 7.45 -
7.40 (m, 1H, H-Ar), 6.16 - 6.11 (m, 1H, H-1’), 5.15 - 5.09 (m, 1H, OCH ester), 4.41 -
4.30 (m, 3H, 2 x H-5’, H-3"), 4.11 - 4.08 (m, 1H, H-4"), 4.04 - 3. 98 (m, 1H, CHCH3s),
2.19 - 2.10 (m, 1H, H-2"), 1.86 - 1.73 (m, 3H, OCHCH: ester), 1.73 - 1.56 (m, 6H, H-
2’, CH; ester), 1.35,1.34 (2x d, J = 6.57 Hz, CHCH3)
20 13C-NMR (MeOD, 125 MHz) § 174.68, 174.64 (C=0, ester), 159.27 (C=0, base),
150.51 (C=0, base), 147.86 (d, ¢Jc.r = 7.5 Hz, OC-Ar), 141.78, 141.72 (2 x d, Ycr =
232 Hz, CF-base), 136.30 (C-Ar), 128.95, 128.54, 127.94, 127.80, 127.60, 127.56,
127.17,126.80, 126.54, 126.19, 126.16 (CH-Ar), 125.66, 125.53 (2 x d, ?Jcr = 34 Hz,
CH-base), 122.65, 122.61 (CH-Ar), 116.53, 116.22 (2 x d, Ycp = 3.75 Hz, CH-Ar),
25 86.99, 86.96 (C-1"), 86.70 (d, 3Jcp = 7.50 Hz, C-4"), 79.64, 79.61 (OCH ester), 72.21,
72.07 (C-3"), 67.89, 67.85 (2 x d, ?Jc.p = 5.0 Hz, C-5’), 51.92 (d, ¥Jcr = 5.0 Hz, CHCH3),
40.92, 40.86 (C-2'), 33.65, 33.61, 33.52, 33.47 (2 x CH: ester), 24.68, 24.66 (CH:
ester), 20.45, 20.30 (2 x d, 3Jc.p= 6.25 Hz, CHCH3).



The stability of the prodrug CPF-373 in the presence of human serum was
studied using in situ 31P NWVR (202 WHz). The ProTide CPF-373 (1) (5.0 ny)
was di ssowvoeedizn7is0 (0.05 nL) and D20 (0. 15 nl). ThenPChaBRarpisesShas
transferred into an NVR tube, which was inserted in the NVR chanber at 37 C
(wi th enough solvent 30 to obtain a contgol NWR reading of the blank). Then
0.3 M human serum was quickly added to the sanple in the NVR tube. NWR
experi ment r ry}rraﬁ Q12437 o 4 f rd
data ever yﬁ\/{%ﬁ?ﬂfﬂﬁi@% ?aior E‘a%\gﬂ% s/g)géé%ég/ﬁfnfggft@ggg eggéﬁ@é?%fcye{i%gggs&%i se
and poor sheguireg591.60il es (nost |ikely due to the biological nedia and
concentration), individual spectra were further processed, After nornal
Fourier trdmiiflolHe@riresanitile ramdif04Bde Y 199 Whdd> BdebRYGH-08 8N( Lor ent z- Gauss
5 deconvolution) to reveal solely the frequency and area of spectral peaks
w t hout the baseline. Data recorded were processed and anal ysed with the
Bruker TopHFluotol2’ fapiyaridiBefs’ ap-[ tinaphthyll (2 -Tivdasdgblialayingl)]t he prodrug
CPF- 373 towards h¥drol sis at pH =1 was studied using in situ 31P NWR (202
MHz). The mhospha edﬂéﬁ?)(l) (2.6 my) was dissolved in MeOD (0.1 mL) after
which 0.5 nL buffer (pH = 1) (prepa om equaly parts of 0.2 MHCl and

Q74

0.2 M KCl) was added. Then the sanp trapsf rred into an NWMR tube, and
a 3113 NWR experinment was perfornedxa C retprdNmg the data every 15 12
mnutes for 14 hours. Data were processgd and a alked wi th the Bruker
Topspin 2.1 program Buffer at pH 8 ngls_;abi | ity ofOthe prodrug CPF-373
towards hydrolysis at pH = 8 was studre us(sn in situ 31P NWR (202
MHz) . The ProTide CPF-373 (1 4,9 ny) s dfssofyved in MeOD (0.1 nlL) after
which 0.5 nL buffer (pH = 8) Il epare m &, sol ution of 0.1 M Na2HPO4,
whi ch was adjusted by 0.1 M H Was added. Hen the sanple was transferred
into an NMR tube, and a 31P NMVR experi®ent was performed at 37 C recording
the data every 12 minutes for 14 hours. Data were processed and 25 anal ysed
with the Bruker Topspin 2.1 program Stability studies Chem cal stability
st udi es on RrbpanedosticogdiGPRo3ihe {thhdial prdrednre & fronmseFlbyreR pdaixygritde

T 3118 RO e e uechBESRan e mrad) B Tl iRghare BT e

o™ PR IS S atuseierLopnd, anelveia LA ATLgS Y ol
resol uti on purifghtiah gaWrh20drdd b d746RETEE GE20 (2005 GADD).
31P-NMR (MeOD, 202 MHz) 6 4.62, 4.30
19F-NMR (MeOD, 470 MHz) § - 167.14, - 167.34
15 1H-NMR (MeOD, 500 MHz) & 8.15 - 8.12 (m, 1H, H-Ar, Naph), 7.89 - 7.87 (m, 1H, H-
Ar, Naph), 7.72 - 7.67 (m, 2H, H-Ar, Naph), 7.56 - 7.46 (m, 3H, 2 x H-Ar, H-base),
7.40 - 7.37 (m, 1H, H-Ar), 7.20 - 7.12 (m, 4H, H-Ar, Ph), 6.14 - 6.08 (m, 1H, H-1'),
5.49 - 5.46 (m, 1H, OCH ester), 4.32 - 4.26 (m, 3H, 2 x H-5’, H-3), 4.04 - 3.98 (m, 1H,
H-4’, CHCH3), 3.30 - 3.24 (m, 2H, 2 x CH ester), 2.99 - 2.91 (m, 2H, 2 x CH ester),
20 2.14-2.07 (m, 1H, H-2"), 1.75 - 1.64 (m, 1H, H-2"), 1.33 - 1.29 (m, 3H, CHCH3)
13C-NMR (MeOD, 125 MHz) 6§ 175.02, 174.66 (2 x d, 3Jcp = 3.75 Hz, C=0, ester),
159.48 (¥Jcr = 25.0 Hz, C=0, base), 150.57 (C=0, base), 147.97, 147.80 (2 x d, }Jcp=
7.5 Hz, OC-Ar), 141.73, 141.68 (2 x d, Ycr = 232.5 Hz, CF-base), 141.54, 141.49,
141.48, 139.10, 136.27, 136.26 (C-Ar), 129.01, 128.94, 128.91, 127.91, 127.87,
25 128.85, 127.80, 127.77, 127.60, 127.57, 127.50, 126.20, 126.18, 125.69 (CH-Ar),
125.50, 125.43 (2 x d, ?Jcr = 25 Hz, CH-base), 122.64, 122.60, 121.85 (CH-Ar),
116.57, 116.26 (2 x d, ¥Ycp = 2.5 Hz, CH-Ar), 86.96 (C-1"), 86.87, 86.66 (2 x d, 3Jcp=
7.50 Hz, C-4’), 77.85, 79. (OCH ester), 72.21, 72.07 (C-3’), 67.77, 67.75 (2 x d, ¥Jcp =




72 spectra (lower graphs) and deconvol uted ones (upper graphs) are
reported. The stability assay of the phosphoram date CPF-373 (1), after

i ncubat i omoizni2mmas serum showed 73% of unchanged conpeameBEbi2050452 hour s
and 30 m nutes as shown in Figure 6. 5 The spectra displayed a singlet peak
inherent to the human serumat - 62.00 apd the double peak of the parent at
- 64.50 which after 4 hours and 15 m nutes was hydrol yzed to the am noacyl
phosphor am i Ri-ar Ha i nalegt (P i

Chem cal - myeoizr S IE oL T CRNENCHRE 48, 21 1eR (225 b MOER 40RO,
at pH 1.0 qnd QI 8td),®0.37 C0. 1% (2 d, 3ftpadé b Hy, OHCHE)dr ug CPF-373 (1) in
both aci dic and basic buffer conditions was observed. Spectra were recorded
for 14 hours acquiring scans every 12 minutes at regular intervals as shown

const ant deuhsroRt Heyltfne SO TpRE bR 1At pARERae
time of shqcesssg)(Figure 7). Also, at pH 8.0 the spectra displayed a

persi stent peak of the prodrug (1) at 64.48 and a singlet peak at 62.55
corresponding to a buffer peak (Figure 8). 20 Metabolismof 5-FduUrd

phosphoram dates As shown in Fig. 4, putatiye nmechani smof activation
of the ProTides inside the cell, aft take, ijnvolves a first enzymatic
activation step nedi ated by a carboxy i dasert yNe enzynme whi ch hydrol yzes

the ester of the am noacyl noiety (step a) fol |0\¢@I by spont aneous
cyclization and subsequent spont aneogglg di spl &cenent of the aryl group
(step b) and opening of the unstable~rhn ¢y atled by water (step c). The

| ast step involves a hydrolysis of t heNB- NKpond/medi at ed by a
phosphor am dase-type enzyne (step wm;ase of the nucl eosi de
gl 4)

nmonophosphate in the intact ceg (Fi igan et al., 2009; Mehellou
et al., 2010). 30 WD 2012/ 11§24pPCT/¥B20 50457 73 i ncubation experi nent
was carried out that was designed to mimc the first stages of the putative

activation grgpiRe dd*bAGhg tNBr staRHAE pridt@dGRIMPOHBeh 6IDlues2Ldedkpati@chen t h
car boxypepti dase Y (al so known as cathepsin A) in TRI ZMA buffer and the

conver si on (625(4)1.0&snmoh), NV E0.6Y B HONNRnobieed mal. werd phesyr @edzdwrl-14 5

i gure 80" RePTiedyanorubiidiofe ol a inou BatF oo Tt nd Rl
deconvol ut %gvé)ﬂg‘éspl(dd]ggﬁés Egg,@m);h%]@d gdqgwpg, zﬁ%%_t he 31P NMWR _the p_rodr ug
CPF- 373 (1) appeared as two peaks 84.07; 4.23 10 corresponding wth the two

di ast er eoi SERrRIMR (MeeD, 282 Mdtzadt4.94.t304 he characteristic doubling-up of the
chiral pho nt.re ph ram e. After the addition of

cat hepsin Z%mgﬁﬁéhnﬁywzél_&%?@ﬁj{%@ed after 4 mnutes to

i nt er medi atgsNRkR Rp0D,-500 MALES 7!%7.@%@@&1{?&&9}1?4 arydz71 fth S1H,/H-@aFredi at e

did not persist as it was in turn quickly netabolized to the am noacyl 15
phospholani7det e 7.6 enntldi Hitte), 1.5e -f4.7a(mppBdddir, Hrbask).s/ s sdyl7 ma2lihé | oss

of the aryl, gr S t LN oFi . . The inter I at s a
ci ngl ot - pededt 2568t Helto e S v (Al dliiay® St ZPhGeRrgha Ao
enzymati c assay (speAt H@,'Ehfgfzed4@_zf(@§_tzmw_§szai,.1§m4m‘3 e IDANIETW, H-4842.8@, Wi th
conpl ete conversion to the putative internediate within 26 m nutes, which
further st&3(Zohdi=st-2htlzyCilrS9sbhe -2008 tnolighoxit-2 hd -9~ A.83f(m, 16dl, dssldry .

The cl eavagg ‘ﬂi@ﬁ%@&g d rel easing the nucl eosi de nonophosphate was not
detected it 8 riment, as expected. This experinment indicates
that theof IM§SE§thy@ta4@qu@p 100943 674 QﬁHGPf@%? Acthrat@yhads: GullfiFakesmy v
efficient, and therefore, may allow the eventual delivery of the nucleoside
nonophosphaeeuired 88356t e in the intact tumour cells. 25 Conclusion In

concl usion, the present invention provides novel phosphoran date nucl eotide
prodrugs of the anticancer nucl eosi de anal ogue 5-fl uoro-2'-deoxyuridine (5-

5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(benzoxy-L-phenylalaninyl)]
phosphate (CPF587)

25



FdUrd), which were synthesized and evaluated for their cytostatic activity.
Whereas 30 5-FdUrd substantially lost its cytostatic potential in thymdine
ki nase ( Wp-2defiici4ent nurine | eukaem a L1210 and human IPgm@B2e12008043EM cel |
cul tures, conpounds of the present invention, for exanple CPF-373, markedly
kept their antiproliferative WO 2012/1%k3246PCT/ GB2012/050457 74 activity
in both the wild-type and TK-deficient tunour cells and are thus largely

i ndependent of intracellular TK activity to exept their cytostatic action.

CPF- 373, for exanple, was found t t tlpyrri dyl ate synthase (TS) in the
dr ug\E/oUhNEntrati ons that
yli

TK-deficient and wild-type cell | re
correlated well with its cytostatic 5 gctivitylinkthese cells. CPF-373 does
L8n by catabelic enzynmes such as

not seemto be susceptible to inactiég
t hym di ne phosphoryl ase (TP) and uri e oscph rylase (UP). These findings
rd, > but not CPF-373,

are in line with the observations thatNQ-_F

___
(1

substantially loses its cytostatie Qo iah,Tn the presence of
TPexpressi ng nycopl asnas in the={uno cell “cultures. Therefore, conpounds
of the 10 present invention s &p 3 are novel 5-FduUrd
phosphor am dat e prodrugs that may unmvent potential resistance
mechani sns of tunmour cells (e.g. decreaséd TK activity) and (ii) is not

degr aded bPr@ﬁér@H%de@r&ﬂ%%ﬂ%e%@ﬁda’iﬂ piRcehese Dagbi 6tBlubi-DEdéxyuridine
upregul ated in tunour cells or expressed in CO£| asmai nf ect ed_t unour
n

tissue. |nd82pe atlddnmplhNMkflet eac®07 mmek 0 sand ilsnaphilpd-(bebrary;L-15 J.
ta! Bi ochemical , Ph (201 41- ' fo t t
P oo SR TBERUAP PR RO R, ARTTE et o BfufigEer

W, are I gan,

Chem 2041,pup#icdddd gd@She(robhitsRedvibretelide0.00bg, 241.1), the contents of
which in their entirety are herebz i ncorporated by reference. 20 Table 6
bel ow r ecort’sNMiR (M9PBst@d MHRSt4 41,4yl f 5- FU, 5-FdUrd, reference exanple

CPF382 and nl)ﬂjj i t S jhvention agai nst tunmour cell
lines in tégﬁmm@?nﬁggﬁ or Pgllgfr%ggﬁn %%%cglﬁa'%?i on required to inhibit tunour
cel | proli figeruirqMdoD,50%M Ba) &8drie- 8.be (nean, HS0) Ae), 789 1 a5 (mt WH, Harfour

i ndependent 25 experinents. Table 6 identifies the hosr))hor am date notif of
ref erence exthpl/é7dms3dh P&ﬁﬁ)ﬂﬁ%oﬁﬁ@dﬁ@§%rﬁ)’éﬁy¢héﬁbw pré6ert33 Hoedli on

with respe 7 ol W1 [ I, %Rgpg r ~Oh 1 d-is-gither
phenyl ?@h?}'éﬁffiznsgph%t'%%l(w?@@} ?PAFe)gt er 86\/\?1?5@ clgilf’ r}gg gﬁgg tg%ﬁ%’fzﬁ
Fornul a |; @n#h),AA9 - whisqiin,siel, € HOM:),4hES ami08o(macli) HMYse02k 3% Gnallbm-and
substituents on the al pha C atom corresgond to 30 CRIR2 of Formula |, Table

6 di scl ose$ eamboundd @bdtyi-Ag #4é praldat LthvenNEHGHBPhbrRsti 0ddiz/(m
Compounds ety oD ARk - A S1 VBB BB 1o} 6B0A T2 it ) osa1
HeLa/ TK- 0.128p (Ox &} 1M, A-2’P. 4 4.7 0.4 9.8 1.4 2511 5.9 0.4
15
5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(2,2-dimethylpropoxy-L-
alaninyl)] phosphate (CPF588)

O

0=P-0
NH O

oY B

20 Prepared according to the standard procedure D from 5-Fluoro-2’-deoxyuridine

(0.25 g, 1.01 mmol), NMI (0.41 g, 5.07 mmol, 0.40 mL) and 1-naphthyl-(2,2-
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dimethylpropoxy-L-alaninyl)-phosphochloridate (0.77 g, mmol) in THF (10 mL).
Column purification gave the product as a white solid (0.006 g, 1%).
31P-NMR (MeOD, 202 MHz) & 4.56, 4.33
19F-NMR (MeOD, 470 MHz) 6 - 167.32,- 167.43

5 1H-NMR (MeOD, 500 MHz) § 8.19 - 8.16 (m, 1H, H-Ar, Ar), 7.91 - 7.89 (m, 1H, H-Ar),
7.74 - 7.71 (m, 2H, H-Ar), 7.57 - 7.51 (m, 3H, 2 x H-Ar, H-base), 7.46 - 7.41 (m, 1H,
H-Ar), 6.17 - 6.10 (m, 1H, H-1"), 4.42 - 4.30 (m, 3H, H-3’, 2 x H-5"), 4.13 - 4.07 (m,
2H, H-4’, CHCH3), 3.86, 3.75 (AB system, Jag = 10.50 Hz, 2H, CH2C(CHs)3), 2.18 - 2.10
(m, 1H, H-2"), 1.81 - 1.70 (m, 1H, H-2"), 1.41 - 1.38 (m, 3H, CHCH3), 0.95, 0.94 (2 x s,

10 9H, CH2C(CH3)3)

5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(butoxy-L-alaninyl)]  phosphate
(CPF589)

15

e
M%w

Prepared according to the standard procedure D from 5-Fluoro-2’-deoxyuridine

(0.25 g, 1.01 mmol), NMI (0.41 g, 5.07 mmol, 0.40 mL) and 1-naphthyl-(butoxy-L-

alaninyl)-phosphochloridate (0.75 g, mmol) in THF (10 mL). Column purification
20 gave the product as a white solid (0.006g, 1%).

31P-NMR (MeOD, 202 MHz) § 4.52, 4.35

19F-NMR (MeOD, 470 MHz) 6 - 167.36, - 167.49

1H-NMR (MeOD, 500 MHz) & 8.19 - 8.16 (m, 1H, H-Ar, Naph), 7.1 - 7.89 (m, 1H, H-

Ar, Naph), 7.75 - 7.72 (m, 2H, H-Ar, Naph), 7.58 - 7.51 (m, 3H, 2 x H-Ar, H-base),
25 7.46 - 7.41 (m, 1H, H-Ar), 6.18 - 6.11 (m, 1H, H-1"), 442 - 4.40 (m, 1H, 1 x H-5'),

437 - 432 (m, 2H, 1 x H-5, H-3"), 412 - 4.01 (m, 4H, H-4', CHCHs, OCH>

CH2CH2CHs), 2.20 - 2.12 (m, 1H, H-2"), 1.85 - 1.73 (m, 1H, H-2"), 1.61 - 1.54 (m, 2H,
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OCH2CH>CHzCH3), 1.39 - 1.31 (m, 5H, OCH2CH2CH2CH3, CHCH3), 0.93 - 0.89 (m, 3H,
OCH2CH2CH2CH3)

Biological assays
5 Experimental data having regard to compounds embodying the present invention

are described below.

Cell cultures
Murine leukaemia L1210/0 and human T-lymphocyte CEM/0 cells were obtained
10 from the American Type Culture Collection (ATCC) (Rockville, MD). Human
glioblastoma U87 cells were kindly provided by Dr. E. Menue (Institut Pasteur,
Paris, France). Thymidine kinase-deficient CEM/TK- cells were a kind gift from Prof.
S. Eriksson (currently at Uppsala University, Uppsala, Sweden) and Prof. A.
Karlsson (Karolinska Institute, Stockholm, Sweden). Thymidine kinase-deficient
15 L1210/TK- were derived from L1210/0 cells after selection for resistance against
5-bromo-2’-dUrd (Balzarini et al, 1982). Infection of relevant cell lines with
Mycoplasma hyorhinis (ATCC) resulted in chronically-infected cell lines further
referred to as L1210.Hyor and U87.Hyor. All cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) (Invitrogen, Carlsbad, CA) with 10 % foetal
20 bovine serum (FBS) (Biochrom AG, Berlin, Germany), 10 mM Hepes and 1 mM
Sodium Pyruvate (Invitrogen). Cells were grown at 37 °C in a humidified incubator

with a gas phase of 5 % COa.

Cytostatic assays

25 Monolayer cells (U87 and U87.Hyor) were seeded in 48-well microtiter plates
(Nunc™, Roskilde, Denmark) at 10,000 cells/well. After 24 hours, an equal volume
of fresh medium containing the test compounds was added. On day 5, cells were
trypsinized and counted in a Coulter counter (Analis, Suarlée, Belgium). Suspension
cells (L1210/0, L1210/TK-, L1210.Hyor, CEM/0, CEM/TK-) were seeded in 96-well

30 microtiter plates (Nunc™) at 60,000 cells/well in the presence of a given amount of
the test compounds. The cells were allowed to proliferate for 48 h (L1210) or 72

hours (CEM) and were then counted in a Coulter counter. The 50% inhibitory
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concentration (ICso) was defined as the compound concentration required to

reduce the number of viable cells by 50 %.

Assay 1. The samples were assayed for biological activity versus a range of tumour
5 cell lines with data recorded in Table 1 below. Data are expressed as CCsp in puM, i.e.
cytostatic concentration required to inhibit cell proliferation by 50%. The cell lines
employed were 1L.1210/0 (a leukemia cell line), FM3A/0 (a breast cancer cell line),

Cem/0 (an acute lymphoblastic leukemia cell line) and HeLa (a cervical cell line).

10 Table 1 also contains comparative data for 5FU, 5-FdUrd and reference compounds
CPF 382, CPF 437 and CPF 438. The structure of CPF 382 is given above. The
structure of each of CPF 437 and CPF 438 is as follows:

O O
CPF437 CPF438

o A | 0 4KN

| O | O
_ IID—O 0
N

| HO..
o | O O
B\OJLT/NH /l\oJLf* ¥
OH OH
15

As can be seen from the data in Table 1, compounds of the present invention can

T
O
/———-—

exhibit cytostatic activity that is comparable to or better than that of 5-FU, whilst
exhibiting marked cytostatic activity in nucleoside kinase-deficient cells. Such a
cytostatic activity in nucleotide kinase-deficient cells is in direct contrast to that of

20 5-FdUrd.

As can also be seen from Table 1, the activity in TK- cells of compounds embodying
the present invention can be markedly greater than that of reference compounds
CPF 382, CPF 437 and CPF 438.

25
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Assay 2. Samples were also assayed for their % retention of activity in mycoplasma

infected cells. The results are set out in Table 2 below. The results show that
compounds of the present invention can retain high activity in mycoplasma
infected cells, in contrast to the activity shown by 5-FAURD. Administration of a
5 Thymidine Phosphorylase (TP) inhibitor restores the cytostatic activity of 5-FdUrd
in myocoplasma infected cell cultures, providing evidence of the deteriorating role
of TP in the eventual cytostatic activity of 5-FdUrd. As mycoplasma infection of cells
is known to greatly reduce the activity of nucleosides, including 5-FdUrd, the
activity of some nucleosides in mycoplasma infected cells provides a potential

10 benefit in patients that are mycoplasma infected.

Table 2.

CC50 values in uM for 5-FdUrd and compounds embodying the present invention in

15 mycoplasma negative and positive cells, and % retention of activity on mycoplasma
infection. “% retention” is a measure of the ratio of the CC50 values measured with
respect to L1210 with respect to those for L1210/Hyor and is calculated as
CC50r1210 x 100 + CC501L1210/Hyor.

Cpd L1210 L1210/Hyor % Retention
5-FdUrd 0.00051 0.278 0.2
CPF 373 0.011 0.025 44
CPF 381 0.026 0.15 18
CPF 393 0.029 0.02 145
CPF 394 0.030 0.26 12
CPF 395 0.019 0.045 42
CPF 396 0.056 0.17 33
CPF 576 1.4 2.73 51
CPF 577 0.23 0.63 36
CPF 578 0.015 0.048 31
CPF 579 0.019 0.045 42
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CPF 580 0.048 0.41 12
CPF 581 0.0037 0.017 22
CPF 582 0.035 0.042 83
CPF 583 0.387 11.9 3.3
CPF 585 0.021 0.051 41
CPF 586 0.1 0.87 11
CPF 587 0.022 4.2 0.5
CPF 588 0.237 0.39 61
CPF 589 0.02 0.063 32

Further experiments (Assays 3 to 8 below) were carried out with respect to the

compound CPF 373 embodying the present invention.

Assay 3. Cytostatic activity of 5-FdUrd and its prodrug CPF-373 against TK-
competent and TK-deficient tumour cell lines
The cytostatic activity of 5-FdUrd and CPF-373 was determined in different TK-
expressing and TK-deficient tumour cell lines. As shown in Table 3, 5-FdUrd is
10 strongly dependent on the expression of TK for its cytostatic activity. Its ICso
increased by 4,000-fold for 1.1210/TK- cells (ICso: 3.1 pM) versus wild-type L1210/0
cells (ICso: 0.0008 uM) and by 50-fold for CEM/TK: cells (1Cso: 1.5 pM) versus CEM /0
cells (ICso: 0.028 uM). In contrast, the cytostatic activity of the 5-FdUrd prodrug
CPF-373 remained virtually unchanged in TK-deficient cells when compared with
15 wild-type cells (ICso: 0.027 and 0.011 puM for L1210/TK- and L1210/0, and 0.32 and
0.089 uM for CEM/TK- and CEM/0 cells, respectively). Although the cytostatic
activity of CPF-373 was 3- to 10-fold inferior to 5-FdUrd against wild-type L1210/0
and CEM/0 cells, it proved 5- to 100-fold superior to 5-FdUrd in the TK-deficient
tumour cell lines (see Table 3).

20



1.8 0.11.5 0.62.2 1.3 CN 32 261.3 0.91.4 0.47.12.12.5 1.3
-T- 912. 9 7.5 0.4 ;71.-T .17.6 6.6 0.5 T- 89 8.3 0.0
WO 2012/117246 PCT/GB2012/050457

63
Table 3. Cytostatic activity of 5-FdUrd and CPF-373 as represented by the ICs value

in different cell lines

1Cs0? (LM)
5 Cell lines 5-FdUrd CPF-373

L1210/0 0.0008 £ 0.000095 0.011 £ 0.0065
L1210/TK- 3.1+0.14 0.027 +0.0028
L1210.Hyor 0.24 +0.054 0.025 £ 0.0073

10 CEM/0 0.028 £0.0014 0.089 = 0.030

CEM/TK- 1.5+0.071 0.32 £0.049
u87 0.007 £0.001 0.035 = 0.0005
U87.Hyor 3.0 +0.55 0.039 £ 0.0025

15
a50% Inhibitory concentration or compound concentration required to inhibit

tumour cell proliferation by 50 %

Assay 4. Effect of mycoplasma infection of tumour cell cultures on the
20 cytostatic activity of 5-FdUrd and its prodrug CPF-373
The L1210/0 cell cultures were infected with the mycoplasma species M. hyorhinis
(cells designated: L1210.Hyor). 5-FdUrd markedly lost its cytostatic activity against
the mycoplasma-infected L1210.Hyor cells by 300-fold (ICso: 0.24 uM). Also, 5-
FdUrd lost its cytostatic activity by 400-fold in U87.Hyor cell cultures when
25 compared with uninfected U87 cells (see Table 3). In sharp contrast, the 5-FdUrd
prodrug CPF-373 kept a similar cytostatic potential in both L1210/0 and
L1210.Hyor cell cultures (ICso: 0.011 and 0.025 pM, respectively). A similar
observation was made for this prodrug when evaluated for its cytostatic activity in
U87 and U87.Hyor cell cultures (ICso: 0.035 and 0.039 uM, respectively). Thus,
30 whereas the free nucleoside 5-FdUrd markedly lost its cytostatic potential against
Mycoplasma hyorhinis-infected tumour cell lines, the antiproliferative potential of

its prodrug CPF-373 was independent of the mycoplasma infection.
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Assay 5. Experiments were carried out to assess the stability of CPF 373 in the
presence of Thymidine Phosphorylase (TP). The experiments are illustrated with
reference to Figures 9 to 11, each of which comprises NMR spectra, as discussed
5 below. The present assay shows that the insensitivity of compounds embodying the
present invention to the action of the catabolic enzyme TP, which is often
upregulated in tumours, renders the compounds of the present invention more

independent of the catabolic enzyme TP than 5-FdUrd.

10 Phosphorylase assay on 5-FdUrd and its ProTide compound CPF 373 by
Thymidine Phosphorylase (TP) purified from Escherichia Coli.

Nucleoside 5-FdUrd can be degraded to its relative base 5FU by a phosphorolytic
reaction, using thymidine phosphorylase purified from Escherichia coli as well as
15 uridine phosphorylase purified from Ehrlich ascite tumor. This breakdown has
been suggested to be one of the reasons for the limited therapeutic effectiveness of

5-FdUrd according to the following scheme:

20 5-FdUrd 5-FU
0
F\KKNH
PN 0
N O F
Ho r T 0.l _OH ' | NH "o o) 3
° co T N No 7 on
i
H
OH OH H OH
Scheme

The phosphorylase assay was carried out towards phosphorolysis by Thymidine
25 Phosphorylase purified from Escherichia coli using in situ 1°F NMR. The application
to the ProTide compound CPF 373 was an attempt to prevent the cleavage of the

structure and thus circumvent the action of the enzyme.
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Two potassium phosphate buffers at pH = 7.4, 200 nM solution and 300 nM

solution respectively, were used as phosphate donor. Units of enzyme were defined
as the amount of enzyme required to hydrolyse about 0.25 mg of inosine per min

used as standard. Assays were conducted for 30 minutes.

Phosphorylase assay on 5-FdUrd

Initially, 19F NMR (470 MHz) spectra of 5-FdUrd and 5FU previously dissolved in

deuterated methanol, were recorded. 5-FdUrd showed a singlet at ~ 3-167.21 ppm
10 and 5FU at ~ 3-169.30 ppm. Thus, the phosphorylase assay was carried out by

dissolving 5-FdUrd in deuterated methanol, in the presence of potassium

phosphate buffer (200 nM solution; pH = 7.4), recording the blank before of the

addition of the enzyme thymidine phosphorylase (TP) (20.7 UNI). °F NMR spectra,

recorded at 25 °C, showed the singlet of 5-FdUrd at ~ 6-165.17 ppm and a new
15 peakat ~ 8-169.50ppm, attributed to 5FU, as shown in Figure 9 at spectrum A.

Then, to prove the cleavage of the nucleoside into the relative base, a new
experiment was performed by dissolving equal moles of the nucleoside analogue 5-
FdUrd and the relative base 5FU, at the same condition described above without
20 the TS enzyme, as shown in Figure 9 at spectrum B. This spectrum showed two
singlets with the same chemical shifts previously observed in Figure 9 spectrum A.
These data confirmed that the 5FU has a chemical shift at ~ 8-169.50 ppm and thus
the phosphorolytic action of enzyme (TP). Conversion of nucleoside 5-FdURd into
the free base 5FU was 66%.
25
When the initial concentration of potassium phosphate buffer was increased from
200nM up to 205 nM, substrate 5-FdUrd was fully converted into the base 5-FU as

shown in the Figure 10.

30 Phosphorylase assay on ProTide compound CPF 373
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Phosphorylase assay was applied to benzyl L-alanine phenyl derivative CPF 373 in

order to investigate the stability, following the procedure and the conditions above
described. ProTide compound \CPF 373 proved to be completely stable as showed
by comparing chemical shifts of sample analysed without TP enzyme, as shown in
5 Figure 11 spectrum A, and in the presence of TP, as shown in Figure 11 spectrum B.
19F NMR was repeated after 4 days and the ProTide compound CPF 373 was shown

once again to be stable.

These experiments confirmed that the nucleoside 5-FdUrd is rapidly degraded into
10 its relative base 5FU by a phosphorolytic reaction, in the presence of thymidine
phosphorylase, with a half-life of less than 30 minutes, while prodrug compound
CPF 373 showed an evident stability against TP enzymatic activity, at longer time
exposure up to 3 days. This important result showed that 5-FdUrd ProTides
derivatives embodying the present invention could favor the therapeutic effect of 5-

15 FdUrd.

Assay 6. Exposure of 5-FdUrd and CPF-373 to E. coli-encoded TP and human-
encoded TP and UP
The substrate specificity of thymidine phosphorylase towards natural thymidine
20 (dThd), uridine (Urd), 5-FdUrd and CPF-373 was investigated by high pressure
liquid chromatography (HPLC). Reaction mixtures containing 100 pM test
compound and recombinant TP or UP (human TP: 8.6 ng/uL; E. coli TP: 3.0 ng/uL;
human UP: 4 ng/mL) in a total volume of 500 puL reaction buffer (10 mM TrisHCl;
300 uM NaCl; 1 mM EDTA; 2 mM KHzP04/K:HPO4 ) were incubated at room
25 temperature. At different time points (i.e. 0, 20, 40 min) 100 pL aliquots of the
reaction mixtures were withdrawn and heated at 95 °C for 3 min to inactivate the
enzyme. The resulting reaction products were separated on a reverse-phase RP-8
column (Merck, Darmstadt, Germany) and quantified by HPLC analysis (Alliance
2690, Waters, Milford, MA). The separation of dThd from thymine was performed
30 by a linear gradient from 98% separation buffer (50 mM NaHzPO4 and 5 mM
heptane sulfonic acid, pH 3.2) and 2 % acteonitrile, to 20% separation buffer + 80%

acetonitrile (8 min 98% separation buffer + 2% acetonitrile; 5 min linear gradient
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of 98% separation buffer + 2% acetonitrile to 20% separation buffer + 80%
acetonitrile; 10 min 20% separation buffer + 80% acetonitrile, followed by
equilibration at 98% separation buffer + 2% acetonitrile). UV-based detection was
performed at 267 nm. The separation of Urd from uracil was performed by a linear

5 gradient from 100% separation buffer (see above) to 60% separation buffer + 40%
acetonitrile (3 min 100% separation buffer; 6 min linear gradient of 100%
separation buffer to 60% separation buffer + 40% acetonitrile; 6 min 60%
separation buffer + 40% acetonitrile, followed by equilibration at 100% separation
buffer). UV-based detection was performed at 258 nm.

10

Phosphorolysis of 5-FdUrd and CPF-373 by thymidine and uridine
phosphorylases
5-FdUrd and its prodrug CPF-373 were exposed to purified thymidine
phosphorylase derived from E.coli or human erythrocytes, and to purified uridine
15 phosphorylase derived from human tumors. Whereas E.coli and human TP rapidly
converted dThd and 5-FdUrd to their free bases, CPF-373 kept fully stable in the
presence of these enzymes (Fig. 2). Under similar experimental conditions, uridine
was converted to uracil by human UP, but not by E.coli TP, or human TP. When both
compounds were exposed to UP, dThd and CPF-373 were not affected by the
20 enzyme, whereas 5-FdUrd was slightly hydrolysed (Fig. 2, panel C).

Assay 7. Thymidylate synthase (TS) activity measurements
The activity of TS in intact L1210/0 and L1210/TK- cells was measured by
evaluation of tritium release from [5-3H]dUMP (formed in the cells from [5-3H]dUrd
25 or [5-3H]dCyd) in the reaction catalysed by TS. This method has been described in
detail by Balzarini & De Clercq (1984). Shortly, cell cultures (500 uL. DMEM culture
medium) were prepared containing ~ 3 x 106 L1210 cells and appropriate amounts
of the test compounds (5-FdUrd and CPF-373). After 30 min, 2 h and 4 h pre-
incubation of the cells with the compounds at 37°C, 1 uCi of [5-3H]dUrd or [5-
30 3H]dCyd was added to the cell cultures. After 30 min incubation, 100 pL of the cell

suspensions were withdrawn and added to a cold suspension of 500 uL activated
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charcoal (VWR, Haasrode, Belgium) (100 mg/ml in TCA 5%). After 10 min, the
suspension was centrifuged at 13,000 rpm for 10 min, after which the radioactivity
in 400 pL supernatant was counted in a liquid sinctillator using OptiPhase HiSafe

(Perkin Elmer, Waldham, MA).

Inhibition of thymidylate synthase (TS) by 5-FdUrd and CPF-373
The major target for the cytostatic activity of 5-FdUrd is thymidylate synthase (TS).
The activity of TS in intact tumour cells can be directly monitored by measuring the
tritium release in intact L1210/0 cell cultures that were exposed to [5-
10 3H]deoxyuridine ([5-3H]dUrd) or [5-3H]deoxycytidine ([5-3H]dCyd). Indeed, after
intracellular conversion of [5-3H]dUrd or [5-3H]dCyd to [5-3H]dUMP, the C-5
tritium atom on the pyrimidine base is released during the TS-catalysed reductive
methylation. The ability of 5-FdUrd and its prodrug CPF-373 to inhibit tritium
release from [5-3H]dUrd and [5-3H]dCyd was therefore evaluated in L1210/0 cell
15 cultures at a variety of compound concentrations. 5-FdUrd proved to be a potent
inhibitor of TS in situ. Its ICso for tritium release from [5-3H]dCyd and [5-3H]dUrd
was around 0.0007 - 0.0009 uM (see Table 4).

Table 4. ICsp values of 5-FdUrd and CPF-373 against TS in intact L1210/0 tumour
20 cells (as determined by tritium release from [5-*H]dUrd and [5-*H]dCyd after 30

min exposure to the drugs).

ICs0? (uM)
Compound| Tritium release from dUrd* Tritium release from dCyd*
5-FdUrd 0.0009 * 0.0002 0.0007 £0.003
CPF-373 0.16 +0.05 0.19+£0.08

25 250% Inhibitory concentration or compound concentration required to inhibit
tritium release from [5-*H]dUrd or [5-*H]dCyd in drug-exposed L1210/0 cell
cultures by 50%.
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The inhibitory activity of CPF-373 on tritium release was much less (~ 200-fold)

pronounced than that of 5-FdUrd, especially after only 30 min preincubation of the
cells with the drugs (ICso: 0.16-0.19 uM). However, longer preincubation times of
the cells (up to 4 hr) with 5-FdUrd and CPF-373 before measuring TS activity in the
5 intact tumour cells revealed a much more pronounced inhibitory activity of the
prodrug against TS in situ (Fig. 3). Indeed, whereas the inhibition of 3H release was
only 2-fold increased upon longer preincubation times of 5-FdUrd, the inhibitory

potential of CPF-373 increased 10-fold (Fig. 3, panels A and B, and C and D).

10 Preincubation of the tumour cells with 5-FdUrd and CPF-373 for at least 4 hrs
results in TS inhibition in the intact tumour cells at drug concentrations that are

very comparable with the 50% cytostatic activity concentrations of these drugs.

The present observations thus indicate that the 5-FdUrd prodrug needs several
15 metabolic conversion steps before reaching TS as the target enzyme for inhibition,
and support the view that CPF-373 acts as an efficient prodrug of 5-FdUrd to exert

its eventual cytostatic activity.

The activity of TS in the presence of 5-FdUrd and CPF-373 was also measured in

20 intact L1210/TK- cells using [5-*H]dCyd as an externally supplied substrate (due to
TK deficiency, [5-3H]dUrd cannot be used). As demonstrated in Table 5 and Fig. 3
(panels E and F), the concentration of 5-FdUrd required to cause 50 % inhibition of
TS decreased by a factor 5,700 in TK-deficient L.1210/TK- cells (ICso: 1.4 pM) when
compared to wild-type L1210/0 cells (ICso: 0.0003 uM). In contrast, the inhibitory

25 activity of CPF-373 against TS remained virtually unchanged in L1210/TK- cells
(ICs0: 0.053 uM in L1210/TK- cells versus 0.013 uM in L1210/0 cells).

Table 5. ICso values of 5-FdUrd and CPF-373 against TS in intact L1210/0 and
L1210/TK- cells (as determined by tritium release from [5-*H]dCyd after 4 hours of
30 preincubation with the products)
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[Cs02 (UM)
Compound L1210/0 L1210/TK
5-FdUrd 0.0003 £ 0.00003 1.42 = 0.09
c CPF-373 0.013 +0.008 0.053 +0.0009

a 50% Inhibitory concentration or compound concentration required to inhibit
tritium release from [5-*H]dCyd in drug-exposed L1210 cells by 50% upon pre-
exposure of the tumour cells for 4 hrs to the drugs.
10
Assay 8. Stability assays
Carboxypeptidase Y (EC 3.4.16.1) assay
The enzymatic stability of the prodrug CPF-373 towards carboxypeptidase Y was
studied using in situ 3'P NMR (202 MHz). The experiment was carried out by
15 dissolving CPF-373 (3.0 mg) in d¢-acetone (150 pL) and adding TRIZMA buffer pH
7.6 (300 puL). The resulting solution was placed in an NMR tube and a 3'P-NMR
experiment at 25 °C was recorded as the blank experiment. The enzyme
Carboxypeptidase Y (0.2 mg) was solubilised in TRIZMA (150 pL) and added to the
solution of the phosphoramidate derivative in the NMR tube. Next, the tube was
20 placed in the NMR machine, which was set to run a 31P-NMR experiment (64 scans)
every 4 minutes for 14 hours at 25 °C. Data were processed and analysed with the
Bruker Topspin 2.1 program. Carboxypeptidase Y and TRIZMA buffer were

purchased from Sigma-Aldrich.

25 Human serum
The stability of the prodrug CPF-373 in the presence of human serum was studied
using in situ 31P NMR (202 MHz). The ProTide CPF-373 (1) (5.0 mg) was dissolved
in DMSO (0.05 mL) and D20 (0.15 mL). Then the sample was transferred into an
NMR tube, which was inserted in the NMR chamber at 37 °C (with enough solvent
30 to obtain a control NMR reading of the blank). Then 0.3 ml human serum was

quickly added to the sample in the NMR tube. NMR experiments were programmed
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BufferatpH 1
10 The stability of the prodrug CPF-373 towards hydrolysis at pH = 1 was studied
using in situ 31P NMR (202 MHz). The ProTide CPF-373 (1) (2.6 mg) was dissolved
in MeOD (0.1 mL) after which 0.5 mL buffer (pH = 1) (prepared from equal parts of
0.2 M HCl and 0.2 M KCIl) was added. Then the sample was transferred into an NMR
tube, and a 31P NMR experiment was performed at 37 °C recording the data every
15 12 minutes for 14 hours. Data were processed and analysed with the Bruker

Topspin 2.1 program.

Buffer at pH 8

The stability of the prodrug CPF-373 towards hydrolysis at pH = 8 was studied
20 using in situ 3P NMR (202 MHz). The ProTide CPF-373 (1) (4.9 mg) was dissolved

in MeOD (0.1 mL) after which 0.5 mL buffer (pH = 8) (prepared from a solution of

0.1 M NazHPO4, which was adjusted by 0.1 M HCI) was added. Then the sample was

transferred into an NMR tube, and a 3P NMR experiment was performed at 37 °C

recording the data every 12 minutes for 14 hours. Data were processed and

25 analysed with the Bruker Topspin 2.1 program.

Stability studies

Chemical stability studies on the prodrug CPF-373 (1) have been performed by

exposing the compound to human serum and to aqueous buffers (pH 1.0 and 8.0)
30 using in situ 31P NMR. Each experiment has been carried out dissolving the ProTide

in the suitable deuterated solvent and analysing the samples at 37 °C for about 14

hours, acquiring scans at the regular time intervals. For a better resolution original
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spectra (lower graphs) and deconvoluted ones (upper graphs) are reported. The

stability assay of the phosphoramidate CPF-373 (1), after incubation in human
serum, showed 73% of unchanged compound after 12 hours and 30 minutes as

shown in Figure 6.

5
The spectra displayed a singlet peak inherent to the human serum at ~ §2.00 and
the double peak of the parent at ~ 64.50 which after 4 hours and 15 minutes was
hydrolyzed to the aminoacyl phosphoramidate intermediate shown as a singlet
peak at 67.20.
10

When chemical hydrolysis was evaluated at extreme experimental conditions, i.e. at
pH 1.0 and pH 8.0 at 37 °C, a full stability of prodrug CPF-373 (1) in both acidic and
basic buffer conditions was observed. Spectra were recorded for 14 hours acquiring
scans every 12 minutes at regular intervals as shown in the Figures 7 and 8. The
15 ProTide (1) examined at pH 1.0 showed constant doublet peaks of
diastereoisomers at 64.35; 4.50 throughout the time of the assay (Figure 7).
Also, at pH 8.0 the spectra displayed a persistent peak of the prodrug (1) at 64.48
and a singlet peak at §2.55 corresponding to a buffer peak (Figure 8).

20 Metabolism of 5-FdUrd phosphoramidates
As shown in Fig. 4, the putative mechanism of activation of the ProTides inside the
cell, after uptake, involves a first enzymatic activation step mediated by a
carboxypeptidase-type enzyme which hydrolyzes the ester of the aminoacyl moiety
(step a) followed by spontaneous cyclization and subsequent spontaneous

25 displacement of the aryl group (step b) and opening of the unstable ring mediated
by water (step c). The last step involves a hydrolysis of the P-N bond mediated by a
phosphoramidase-type enzyme (step d) with release of the nucleoside
monophosphate in the intact cell (Fig 4) (McGuigan et al., 2009; Mehellou et al,,
2010).

30
To prove the proposed metabolic scheme for CPF-373 (1) and whether the ester

motif of the 5-FdUrd phosphoramidate derivative is cleaved-off or not, an enzyme
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incubation experiment was carried out that was designed to mimic the first stages
of the putative activation in the intact tumour cells. The compound (1) was
incubated with carboxypeptidase Y (also known as cathepsin A) in TRIZMA buffer
and the conversion of (1) was monitored by 3P NMR. Spectra were recorded for 14
5 h acquiring scans at the periodic intervals every 4 minutes as shown in Figure 5.
For a better resolution original spectra (lower graphs) and deconvoluted ones

(upper graphs) are shown.

At the 3P NMR the prodrug CPF-373 (1) appeared as two peaks 64.07; 4.23
10 corresponding with the two diastereoisomers noted as parent with the
characteristic doubling-up of the chiral phosphate centre of the phosphoramidate.
After the addition of cathepsin A the compound was quickly hydrolyzed after 4
minutes to intermediates 64.95; 5.16 which lack the ester motif and this
intermediate did not persist as it was in turn quickly metabolized to the aminoacyl
15 phosphoramidate intermediate, the final product in this assay, via the loss of the
aryl group (steps a to c in Fig. 4). The intermediate appeared as a singlet peak at
86.85 due to the achiral phosphate centre. Thus, the enzymatic assay spectra
showed a fast metabolism of the parent ~ §4.00 with complete conversion to the
putative intermediate within 26 minutes, which further stayed consistently present
20 throughout the 14 h of the assay. The cleavage of the P-N bond releasing the
nucleoside monophosphate was not detected in the enzyme experiment, as
expected. This experiment indicates that the first activation step of ProTide CPF-
373 (1) may be sufficiently efficient, and therefore, may allow the eventual delivery
of the nucleoside monophosphate metabolite in the intact tumour cells.
25
Conclusion
In conclusion, the present invention provides novel phosphoramidate nucleotide
prodrugs of the anticancer nucleoside analogue 5-fluoro-2’-deoxyuridine (5-
FdUrd), which were synthesized and evaluated for their cytostatic activity. Whereas
30 5-FdUrd substantially lost its cytostatic potential in thymidine kinase (TK)-deficient
murine leukaemia L1210 and human lymphocyte CEM cell cultures, compounds of

the present invention, for example CPF-373, markedly kept their antiproliferative
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activity in both the wild-type and TK-deficient tumour cells and are thus largely

independent of intracellular TK activity to exert their cytostatic action. CPF-373, for
example, was found to inhibit thymidylate synthase (TS) in the TK-deficient and
wild-type cell lines at drug concentrations that correlated well with its cytostatic

5 activity in these cells. CPF-373 does not seem to be susceptible to inactivation by
catabolic enzymes such as thymidine phosphorylase (TP) and uridine
phosphorylase (UP). These findings are in line with the observations that 5-FdUrd,
but not CPF-373, substantially loses its cytostatic potential in the presence of TP-
expressing mycoplasmas in the tumour cell cultures. Therefore, compounds of the

10 present invention such as CPF-373 are novel 5-FdUrd phosphoramidate prodrugs
that (i) may circumvent potential resistance mechanisms of tumour cells (e.g.
decreased TK activity) and (ii) is not degraded by catabolic enzymes such as TP
whose activity is often upregulated in tumour cells or expressed in mycoplasma-
infected tumour tissue. Incorporated in by reference in its entirety is Vande Voorde,

15 J.etal Biochemical Pharmacology 82 (2011) 441-452.

Embodiments of the present invention, as set out below, are disclosed in McGuigan,
C. et al ]. Med. Chem. 2011, 54 7247-7258 (published September 05, 2011), the
contents of which in their entirety are hereby incorporated by reference.

20
Table 6 below records the cytostatic activity of 5-FU, 5-FdUrd, reference example
CPF382 and compounds embodying the present invention against tumour cell lines
in terms of ICso or compound concentration required to inhibit tumour cell
proliferation by 50%. Data are the mean (+SD) of at least two to four independent

25 experiments. Table 6 identifies the phosphoramidate motif of reference example
CPF382 and of compounds embodying the present invention with respect to: “aryl”,
which corresponds to Ar of Formula I and is either phenyl (Ph) or 1-naphthyl
(Nap); “ester”, which corresponds to Rz of Formula I; and “AA”, which sets out the
amino acid whose alpha C atom and substituents on the alpha C atom correspond to

30 CR:R; of Formula I. Table 6 discloses compounds embodying the present invention
not previously mentioned above in Table 1, as well as additional data for some of

the compounds mentioned in Table 1.
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Table 7 below records the cytostatic activity of 5-FdUrd, reference example CPF382

and compounds embodying the present invention in wild type murine leukemia
L1210 cell cultures (L.1210/0) and L1210 cell cultures, infected with Mycoplasma

5 hyorhinis (L1210.Hyor) in terms of ICso or compound concentration to inhibit cell
proliferation by 50%. Data are mean (*SD) of at least two to four independent
experiments. Table 7 identifies the phosphoramidate motif of reference example
CPF382 and of compounds embodying the present invention, as discussed above
with respect to Table 6, but with “Naph” standing for 1-naphthyl. Table 7 discloses

10 compounds embodying the present invention not previously mentioned above in

Table 2, as well as additional data for some of the compounds mentioned in Table 2.
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Table 8 below records the cytostatic activity of 5-FdUrd and compounds
embodying the present invention in CEM cell cultures containing (Cem/hEnt-1) or
lacking (Cem/hEnt-0) the hEntl transporter in terms of ICsp or compound

5 concentration required to inhibit tumour cell proliferation by 50%. Data are mean
(xSD) of at least two to four independent experiments. Table 8 identifies the
phosphoramidate motif of compounds embodying the present invention, as
discussed above with respect to Table 6, but with “Naph” standing for 1-naphthyl.

The data of Table 8 show that compounds embodying the present invention are less

10 dependent on the presence of the hENT1 transporter, than 5-FdUrd, since they lose
only 7- to 15-fold antiproliferative activity against the hENT1-deficient CEM cells.
These observations are in agreement with an only 2- to 7-fold decreased cytostatic
activity of compounds embodying the present invention in the presence of
transport inhibitors (i.e. dipyridamole and NBMPR), compared to a 20- to 60-fold

15 loss of antiproliferative activity of 5-FuDrd and FAUMP under similar experimental

conditions.
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Studies were performed on compound CPF 381 as follows:

An enzymatic phosphorylase assay was carried out using thymidine phosphorylase
(TP, purified from Esherichia coli) in the presence of potassium phosphate buffer
(300 nM solution, pH 7.4). The 1F NMR spectrum after 5 min, 14 h and 72 h did not
show any evidence of phosphorolysis. In contrast to 5-FdUrd, CPF 381 is at best a

very poor, if any, substrate for thymidine phosphorylase.

A chemical hydrolysis was evaluated under experimental conditions at pH 1 and pH
8 and monitored by 31P NMR. During the assay (14 h) under acidic conditions (pH
1) only two peaks representing the two diastereoisomers were recorded. Lack of
formation of new signals in the 31P NMR spectrum indicates that compound CPF
381 is highly stable in acidic medium. The same result was observed when

compound CPF 381 was subjected to the assay under mild basic conditions (pH 8).

Studies were performed on compound CPF 581 as follows:

A enzymatic study using a carboxypeptidase Y assay was performed in which
compound CPF 581, carboxypeptidase Y, and Trizma buffer (pH 7.6) were dissolved
in acetone-ds and 31P NMR spectrum (202 MHz) spectra were recorded at regular
intervals (every 7 min) over 14 h. Compound CPF 581 was rapidly hydrolyzed to a
first metabolite lacking the ester (R3) moiety, both diastereoisomers being
processed at roughly similar rate. Further processing of the first metabolite led to
the formation of an anionic second metabolite, lacking Ar, within about 45 min with
an estimated half life of less than 5 min. The rate of the initial activation step might
thus be considered in general as one of requirments for good biological actrivity of
phosphoramidates. Chemical hydrolysis of compound CPF 373 in the presence of
triethylamine and water produced the diammonium salt of the anionic second
metabolite, which was added to the final assay sample derived from compound CPF
373, i.e. containing only the enzymatic second metabolite derived from compound

CPF 581 in Trizma. The sample had a 3P NMR spectrum showing only a single peak
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Studies were performed on compound CPF 386 as follows:

The stability of compound CPF 386 in the presence of human serum was
investigated using in situ 31P NMR. A control 31P NMR data of compound CPF 386 in
DMSO and D20 were recorded. The NMR sample was then treated with human
serum and immediately subjected to further 31P NMR experiments at 37°C. The 31P
NMR data were recorded every 15 minutes over 14 h. The spectra displayed a
single peak inherent to human serum at ~6p 2.00 ppm and two peaks
corresponding to compound CPF 386 at ~6p 4.59 and 4.84 ppm. After about 6 h and
45 min the compound was hydrolyzed partly to an intermediate, lacking R3 (Et), as
a single peak at 6p 5.79 ppm. After 11 h and 30 min, the formation of the second
metabolite, lacking Ar (1-naphthyl), shown as single peak at ép 7.09 ppm was
observed. After 13 h and 30 min the reaction mixture contained 96% of the parent
compound CPF 386 together with the proposed first metabolite (3%) and second
metabolite (1%).
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CLAIMS
1. A compound of formula (I):
I
@)
E
O
Ar< _II_ O N
R3\0)7<NH
Ri R, 0
RY

wherein

Ar is a fused bicyclic aryl moiety or a monocyclic aryl moiety, either of which aryl

moieties is carbocyclic or heterocyclic and is optionally substituted;

R3 is alkyl, which is optionally substituted;

R4 is H or alkoyl;

R1 and R are independently selected from the group consisting of H and alkyl, or R1
and Rz together form an alkylene chain so as to provide, together with the C atom to
which they are attached, a cyclic system, or one of R1 and Rz comprises an alkylene
chain attached to N, the H atom attached to N is absent and one of R: and R>
comprise H or alkyl, any of which said alkyl moieties or alkylene chains may be

substituted;
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or a pharmaceutically acceptable derivative thereof wherein said pharmaceutically
acceptable derivative is any pharmaceutically acceptable salt, hydrate, solvate, or

crystalline form,

wherein the compound is not a compound having, in combination, Ar as
unsubstituted phenyl, R3 as CH3, R4 as H, one of R1and Rz as H and one of R; and Rz
as CHs.

2. The compound according to claim 1 wherein Ar is naphthyl and is preferably
1-naphthyl.

3. The compound according to claim 1 wherein Ar is phenyl.

4, The compound according to any one of claims 1 to 3 wherein Ar is
substituted.

5. The compound according to any one of claims 1 to 4 wherein Ry is selected

from the group consisting of H and acetyl and is preferably H.

6. The compound according to any one of claims 1 to 5 wherein R3 is selected
from the group consisting of benzyl and members of the group comprising C1 to C1o
alkyls, is preferably n-propyl, n-butyl, n-pentyl, or n-hexyl, and is more preferably
n-pentyl.

7. The compound according to any one of claims 1 to 6 wherein R: and R>
correspond to the moieties attached to the alpha C atom in a natural occurring
alpha amino acid and preferably the natural occurring alpha amino acid is L-

alanine.

8. The compound according to claim 7 wherein Ar is 1-naphthyl and R; and R;

correspond to the moieties attached to the alpha C atom in L-alanine.
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9. The compound according to claim 1 wherein Ar is 1-naphthyl, R3 is either
benzyl or n-pentyl, and one of R1 and Rz is H, one of R; and Rz is methyl and the C

atom to which Rj and R; are attached has L-chirality.

10.  The compound according to claim 1 selected from the group comprising:

5-Fluoro-2’-deoxyuridine-5’-0-[phenyl(benzoxy-L-alaninyl) | phosphate (CPF 381)
5-Fluoro-2’-deoxyuridine-5’-0-[phenyl(ethoxy-L-alaninyl)] phosphate (CPF383)
5-Fluoro-2’deoxyuridine-5’-0-[phenyl(isopropoxy-L-alaninyl)] phosphate (CPF384)
5-Fluoro-2’deoxyuridine-5’-0-[phenyl (cyclohexoxy-L-alaninyl)] phosphate
(CPF508)

5-Fluoro-2’deoxyuridine-5’-0-[p-nitro-phenyl(ethoxy-L-alaninyl)] phosphate
(CPF430)

5-Fluoro-2’deoxyuridine-5’-0-[1-naphthyl (benzoxy-L-alaninyl)] phosphate
(CPF373)

5-Fluoro-2’deoxyuridine-5’-0-[1-naphthyl (methoxy-L-alaninyl)] phosphate
(CPF385)

5-Fluoro-2’deoxyuridine-5’-0-[1-naphthyl (ethoxy-L-alaninyl)] phosphate
(CPF386)

5-Fluoro-2’deoxyuridine-5’-0-[1-naphthyl  (isopropoxy-L-alaninyl)] = phosphate
(CPF387)

5-Fluoro-2’deoxyuridine-5’-O-[1-naphthyl (cyclohexoxy-L-alaninyl)] phosphate
(CPF509)

5-Fluoro-2’deoxyuridine-5’-0-[phenyl (benzoxy-a,a-dimethylglycine)] phosphate
(CPF393)

5-Fluoro-2’deoxyuridine-5’-0O-[phenyl (ethoxy-o,a-dimethylglycine)] phosphate
(CPF394)

5-Fluoro-2’deoxyuridine-5’-0-[1-naphthyl (benzoxy-a,a-dimethylglycine)]
phosphate (CPF395)

5-Fluoro-2’deoxyuridine-5’-0-[1-naphthyl (ethoxy-a,o-dimethylglycine)]
phosphate (CPF396)

5-Fluoro-2’-deoxyuridine-5’-0-[phenyl(benzoxy-L-prolinyl)] phosphate (CPF583)
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5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl(benzoxy-L-prolinyl)] phosphate
(CPF577)
5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl(3,3-dimethyl-1-butoxy-L-alaninyl)]
phosphate (CPF585)
5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(cyclobutoxy-L-alaninyl)] phosphate
(CPF578)

5-Fluoro-2’-deoxyuridine-5’-0-[ 1-naphthyl-(cyclopropylmethanoxy-L-alaninyl)]
phosphate (CPF579)
5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(tetrahydropyroxy-L-alaninyl)]
phosphate (CPF580)
5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(pentoxy-L-alaninyl)] phosphate
(CPF581)

5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(cyclopentoxy-L-alaninyl)] phosphate
(CPF582)

5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(2-indanoxy-L-alaninyl)] phosphate
(CPF597)

5-Fluoro-2’-deoxyuridine-5’-0-[phenyl-(benzoxy-L-methioninyl)] phosphate
(CPF586)

5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(benzoxy-L-phenylalaninyl)| phosphate
(CPF587)
5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(2,2-dimethylpropoxy-L-alaninyl)]
phosphate (CPF588)
5-Fluoro-2’-deoxyuridine-5’-0-[1-naphthyl-(butoxy-L-alaninyl)] phosphate
(CPF589)

and a pharmaceutically acceptable derivative of any thereof wherein said
pharmaceutically acceptable derivative is any pharmaceutically acceptable salt,

hydrate, solvate, or crystalline form.

11. A compound according to claim 10 which is 5-Fluoro-2’deoxyuridine-5’-0-
[1-naphthyl (benzoxy-L-alaninyl)] phosphate (CPF373) or a pharmaceutically
acceptable derivative thereof wherein said pharmaceutically acceptable derivative

is any pharmaceutically acceptable salt, hydrate, solvate, or crystalline form.
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12. A compound according to claim 11 which is 5-Fluoro-2’deoxyuridine-5’-0O-

[1-naphthyl (benzoxy-L-alaninyl)] phosphate (CPF373).

13.  The compound according to any one of claims 1 to 12 for use in a method of
prophylaxis or treatment of cancer in homo sapiens, preferably wherein the cancer
is selected from the group comprising leukemia, pancreatic, prostate, lung, breast

and cervical cancer.

14. The compound for use according to claim 13 in a method of prophylaxis or
treatment of cancer in a patient:

(i)  who has developed or has the potential to develop resistance in tumour
cells with respect to the activity of 5-fluoracil or 5-fluoro-2’-deoxyuridine
in the prophylaxis or the treatment of cancer;

(ii)  with cells with a lowered level of nucleoside transporter proteins;

(iii)  with nucleoside kinase-deficient cells;

(iv)  with mycoplasma-infected cells; and/or

(v)  with cells with a raised level of thymidylate synthase (TS).

15. The compound for use according to any one of claims 13 to 14 in

conjunction with other anti-cancer therapy.

16. A pharmaceutical composition comprising a compound according to any one
of claims 1 to 12 in combination with a pharmaceutically acceptable carrier, diluent

or excipient.

17. A method of preparing a pharmaceutical composition comprising the step of
combining a compound according to any one of claims 1 to 12 with a

pharmaceutically acceptable excipient, carrier or diluent.

18. A process for the preparation of a compound of formula I according to claim

1, the process comprising reacting a compound of formula (II)
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wherein Ar, Rz, R4, R1 and Rz have the meanings described in claim 1.



