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WD 2005/ 085268 PCT/ BE2005/ 000032 1 PHOSPONATE
NUCLECSI DES USEFUL AS ACTI VE | NGREDI ENTS I N

woRWIRMASARTI CAL COMPCSI TI ONS FOR THE TREATMENT POF/BYL6451000032

| NFECTI ONS, AND | NTERVEDI ATES FOR THEI R PRODUCTI ON 5
FI ELD OF THE | NVENTI ON The present invention relates
to a series of novel phosphonate nucl eosides and

t hi ophosphonat e nucl eosi des, nore specifically
phosphonate nucl eosi des and t hi ophosphonat e

PURHSPEINICRE cmmmoeqmspmgeh@ﬁa' AsxyAcwr_st mgi@bmms IN

or phosphonot hi oal kyl -substituted five-nenbered
PHARMASE GFICAL LGOMROSIBONS X QIR - Ebilt aTREAJMENT OF VIRAL

ReFLTIGEE. BB MIEREOPHRS ROB P rIR SRERidG o,

invention further relates to certain phosphonate

nucl eosi des and_t hi ophosphonat e nucl eosi des havi ng
A LR QR THECINYENYIONor e specifical ly H V (Human

| mmun f| replication jnhibiti

prope?ﬂ equ’e%y ﬁ\(/‘gér#f& onreié}g% ?él %t eéserpiég rféc ﬁg)alglfgposphonate

hb@leb&d@ée@ml ghiophosphonigte phclepsiaps! endrecspadiickly pAdsphonate
hi ophosphonat e _nucl eosi des, as wel 1 as novel

ﬂHP'@Pﬁ@@Sa@@% thigph@sphanaliee NYEleasides s e@iperisings ac Rhosphonalkoxy-
%Bétﬂﬁt%%s or oéémb%'aﬂ#l%‘lkgl' %sﬁlﬁlt@& e?lvé%emfbfe Jsaturated or
conposi ti on

arnaceuti ca nprisin
am;ammt'ateﬂ exygj@rpdmstahmmbewlﬁmc&nﬁalde@ mgicoupled to a heterocycllc

t hi op honat e nucl egsi des as ctlv I ngredj.ents.
ﬁ*HP@OB SHFB RS PYHBICIPG | % tRIEINE TieoMyentio fusher relates to

e
O esEhgHateC ARSI 4 %Wnaﬁ“?*géﬁ%r”eUC'?os'des having
aBti‘i/imirTm:tlvmsefmd)re‘ ospednﬂa:ajlyed‘ﬂWer(ﬂ-chrﬁamraﬂmmaﬁmodeﬂc:lency Virus)
rom viral |nf_?ct|ons arti.c

| HV
aplicafioR dnhibiiPG Piaries T hey ifveitians pRpo EIStes fautHefagds for the
P%pérﬁﬁ’oﬁ b?@h&‘?'bho@f)hahétélndcﬁgcﬁﬁdésoﬁﬁd ‘tﬁioﬂﬁmcﬁ‘uaﬁé nucleosides,

he adm ni stration a therapeutical anmount of such
paosplheaatavehi umtleéngd@é@ sreful lin oprosphonatsieps of such syntheses.

THELTRGIGE A0 G0BkE o€ HERELeA, Rt qorepriing an
&ffectiVeVENhbOM Aoff &duchvi phispABRbEN &l dBid®® and  thiophosphonate

I mmunodeficiency virus (HV) is the 30 etiological
ayeleosigestascadivapngsedipris abias imention duiiaesrahateg e e wee of such

ARELEMEHES hulecdied IR0 ARREAB s PdAREARATE 88098 2s medicines or in

the manufacture of a medicament useful for the treatment of mammals suffering

from viral infections, in particular HIV infection. This invention further relates to
methods for the treatment of viral infections in mammals by the administration of
a therapeutical amount of such phosphonate nucleosides and thiophosphonate
nucleosides, optionally combined with one or more other drugs having anti-viral
activity.

BACKGROUND OF THE INVENTION

A retrovirus designated human immunodeficiency virus (HIV) is the

etiological agent of the complex disease that includes progressive destruction of
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2 the i mmune system (acquired i mune defici ency
syndrone, hereinafter AIDS) and degeneration of the

woenisrias26and peri pheral nervous system There RCE/BEM®HS/000032

types of HV, H V-1 and H V-2, the latter producing a
| ess severe disease than the forner. Being a
retrovirus, its genetic material is in the formof RNA
5 (ribonucleic acid) consisting of two single RNA
strands. Coexisting with RNA are reverse

fH@ﬂﬁﬁ{urBEt é\?s&feﬁwhfée Ggeaqmﬁ@so%ﬂ@% WGﬂn%a%relnaﬁer AIDS)

activit I nteg a protease and ot her “protei
and idegemevatiomof ke aehtralhand yenpherdlinarvalis sgal;emmnﬁbere are two

h i nhi bj |, ti are
S L. 330t e HiY2. e deltaib cbiiokiens Tavi svera disease than
R AR8E Soin YaTelAASEIR KoAMROARMIARAT RYSY B8 (4HE of RNA

treatnent of H V-infect ed ients g to one of
(rl’c@rfu@Idi@mw@ O@hal§geg of twa MQJQSRNA steansiss €oexisting with RNA are

(VRS a5 Eotab dbsy RS asp A Hpikcipdie thyie, integrase, a
gfdj@maﬁg,otW@téms adef OVIr and the like, 15 -
nucl eoti de reverse transcriptase inhibitors (NtRTI)

such Hd$ kpawnnbithe arithatiserse arttwrrakwnpom@w@m att s inhibitors
W%l%P%ﬁngﬂgﬁratlehSﬁé&%ea \fﬂ tﬁgdt)re&rx]tn})er}t ?f A4D§hand similar

non- nucl eosl reverse tra SCriptase I n

dSeab@é Daigd that tzed known asy iapppoverl forftagi tredtmenn &f tHIY -infected
- protease inhibitors such as, but not limted
P@tlerﬁabﬁlmtqon%aﬁmerfaw\wmgrq 2¥OBi r, 20 i ndinavir,

ATERRNde 65 TREERR B B (ST My ol bt imited to,

araz;aadothymidma,szfdouudleé dembhaidéiey dlslahbsanemaegcama adefovir and
%Em; H 'V, while al so many other proteins acting
R {?ﬁes or co-factors are being investigated. 25

Remdc%tldé‘“ré?/ﬁerééqﬁaﬁé’dmaéérmmgﬁg (Rt Ysueh! & ath Rfvt dimited to,

(hereinafter referred "as H V-1) can be’'drasti ¢
r edeneiovir{cominerciatly pagilabie sinder twrtrade ngrrm)\/araad)
antjviral viral tar

7 eiolieiBgSE AR ks et RibTols Sty buthof fmited to
CherRirBpine, etB9@hzYnt8hediRd;, Ml tiple-drug conbination

regi mes can reduce viral | oad bel ow the detection 30
t i rAretegsetinbibitost suenest butenetdimited krvrelfineyie saquinavir, ritonavir,

| e\fﬁémgwoérﬂgrénea%r fsah prerqg\?r and the like, and

- fusion inhihitors such as enfuvirtide.

A relatively new target that was focused on lately is the integrase enzyme of
HIV, while also many other proteins acting as enzymes or co-factors are being
investigated.

Replication of the human immunodeficiency virus type 1 (hereinafter referred
as HIV-1) can be drastically reduced in infected patients by combining potent
antiviral drugs targeted at multiple viral targets, as reviewed by Vandamme et al.
in Antiviral Chem. Chemother. (1998) 9:187-203.

Multiple-drug combination regimes can reduce viral load below the detection

limit of the most sensitive tests. Nevertheless low level ongoing replication has
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WD 2005/ 085268 PCT/ BE2005/ 000032 3 been shown to
occur, possibly in sanctuary sites, leading to the

wenersgemese of drug-resistant strains, accordi RQTBE2005/000032

Perelson et al. in Nature (1997) 387:123-124.
Furthernore the selectivity of many antiviral agents
is rather |ow, possibly making3themresponsible for
side-effects and toxicity. Moreover, HV can devel op

5 resistance to nost, if not all, currently approved
BBE \Shiodln €& YgBur i) shRctus @hés %aan £t f
Prract 0 5 C3098) 1% 96- 968, ﬁh Tocument go°noe ©

tinm-rqsﬁanfaﬁrams yaQﬁORﬂinQ’t@ Ferelpon |ey 2o IN&tum (u]@97) 387:123-124.

fr om kBtarapBoRte Rt SRk sl uPEd e S Fahet 10w, possibly
acirig thaah r@é;ﬁﬁfsﬁﬂe fbr sieelefféctstdndfoxasty. Morbsver, HIV can develop

summary, there is still a stringent neéd in the art
retﬁlst%@%rtp MeBk bif tnatsalbfcurmgnily Fpeioyedr antivirgbadrugs, aneording to
t ur
BRI 4 é/”}heﬂ It it Bd 3@@6&3@%9{32 o8, 18 W 888uMEnted that the

ablgtyedf Hh‘t/stot tmildlyrea/dl\@ﬂragmeslst@ﬂdéotogdméle witeStoxicit problems
than existing antiviral drugs and

[ ru at i on
Q%‘Yt'f@a OHb NQWe a'IUQSe|f%qi+éFeSamﬁ1éieM?|0PinErﬁ2fl itigpal classes of
ﬁhﬁ\ﬁra‘PHHﬁ? active ingredients, for the 15 treatnent of
retroviral infections, in parti cular lentiviral
| nfAscaismsmagy dhere is stiflaa stringeat ngetlliv thefaet forgstent imhibitors of

R 5 SRS o cob BB ncd b
i@éhﬁiyllr@eﬁ%dt%ﬁa@ha@buﬂéalI‘ynac?tN/%hngove SBInts AL taFk?less toxic and/or

resultln? drug conbi nati on"has i acti vi
ao8ig a‘éﬁosvlam:mutamns thamamatm@rartthaal eleugs aﬁdtthat can be

%{&w P8 R i oinciBnG P Bitiroedfye, paregients, for the

trégtmdritawf vefrusies alectidme, hﬁpééhhéUfalHS%?\tI@ii‘QI ?Hfé@tlons and more
contains the hepatitis G virus (HGV/ GBV- ) that has

mlcyl@ﬂybéﬁ\v{ eriipnsl o raagerals . amdsmorer gpesifisaliyh imshumans.

' 7€ Vi . t he Bovi ne -
Angine, ottt ol i ESahGToveighy e EipdEment existing
aftiviral RIS ircausk d Wa@cﬂ']lat)ﬂ% eésUl® el donMRRARSK has improved
respectively pigs, cattle and sheep) and are
i‘g nQf W@fq\(ﬂd seejplance det Viseprpdiation| fggesach of the individual
MW QuﬁMéje Vaccines are used in sone countries with
varying degrees of success to control pestivirus
di §'é1&sﬁamily1 oftﬂmr Feaoavitidaee ssongistsralf 8ugenera, and pestiviruses, the

aught er are dto contain pestivirus disease
fgq)@ ajéa epacnwruses ang also contains the hepatms G virus

(HGV/GBV- C) that has not yet been assigned to a genus. Pestiviruses such as
the Classical Swine Fever Virus (CSFV), the Bovine Viral Diarrhea Virus (BVDV)
and the Border Disease Virus (BDV) cause infections of domestic livestock
(respectively pigs, cattle and sheep) and are responsible for significant economic
losses world-wide. Vaccines are used in some countries with varying degrees of
success to control pestivirus disease. In other countries, animal culling and

slaughter are used to contain pestivirus disease outbreaks.
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WD 2005/ 085268 PCT/ BE2005/ 000032 4 The World Heal th
Organi zation estimtes that world-wide 170 mllion

woeoslss268% of the worl d's popul ati on) are chr ear@akéng/000032

infected with HCV. These <chronic carriers are at risk
of developing cirrhosis and/or liver cancer. In
studies with a 10 to 20 year followup, cirrhosis
devel oped in 20 - 30 % of the patients, 1 5 to 5% of
whom may devel op |iver cancer during the next then

1e2r . TRRCVRRIY HAAGECTE SR EBuRYALt e RGeS 170 it

pedibler(38d of¢howarlidipopdiatiohh afé b,hmrrd:amy inévetge rwith HCV. These
sust ai ned response is onI?/ observed. i n apout 40% of
q

elengacardats aghat fipe f seelopicskdesis dad/Rr diMer sapeeyudn studies
gcﬁgf)?(\;eﬁfc%lmﬁ bl?rth%Sqé)adH flode 5/06 the patients, 1

ctive ors the rep |ca
fof 5%hef WBImM may develop liveeadancef eicmngrthevwem thEN. years The only

Furt hernore, the study of specific inhibjtors of

treaimentt PrRIPM a¥alRbla todaydertba lk'ﬁﬁ eﬁén €fon e {qr Ii% pegylated
R 9 d.C

08y il PRI AL P, AP3Bbl rogponse i

anhyusbéeamadi yinagtsbut 0% ofmtingy ptaltlefnisaenﬂlt&satment is associated with

%%ggﬁgag%fisg q%ﬁhfpgr%gb%%agr? lH? ééﬁg&?@%f) ! o%%%tasnd selective
E@%@fo@é’ #Sth@ ‘éé i b SHE' ﬂ@@f % dPler W\l’rea"foim‘_%)f))%ﬂgl \glth HCV.

is close re ated to hepatitis C vi
beddernasrea ther stght eofvspedfic ninbibitgrsl efelRipyre neplicatiomiCivas  been

bamgered B hS 8 haBldS Gt hasTRE [ RtnrgRlA Ty AgirERnty) in cel
agiturgi SYnc@F‘IU‘!ﬁbnM'ﬁé&ﬁﬁu&@é BBINGYtot et Sembanitsyfadhily and share
Fl avi viridae 20 incl udi %g hepatitis C virus.

ma@ryeelmlkagltnaer(k)rgﬁmsat@m rthet ggnasne pRosiPlgonat gene products and

PRieEfe Siehsanivr IS nal BheBiiddrtes 88la Ay Hd €ifogate for

BIOVs e plecB ¢DY deslosdly reitevt® hephtitie & VirufdCV) and used
bi ol ogy of phosphorous- nodified nucl eoti de anal ogues

78 aSHETagale wrtﬂ%rn drygr denatoprnemt far HeeY ynfeatioivances 25

B e I,

haviagoaintivirag activity rugirstsiidsesnodlogyieg & tiee fatdiigyof Flaviviridae
contain a nucl eobase and a sugar noiety. A second

@&f@g‘%ﬂpe%?t'tlspgd@b'ﬁonate nucl eosi des, represented for
PREEIRY ik RS Ry B BIRKUSHING) A 0Bes s acacy
been carried out and includes certaln important reactlon schemes to synthesize
phosphonate nucleosides. A review of chemistry and biology of phosphorous-
modified nucleotide analogues is available for instance from A. Holy in Advances
in Antiviral Drug Design (1993) 1:179-231. Phosphonate nucleosides can be
devided in two categories. A first category are real nucleoside analogues since
they contain a nucleobase and a sugar moiety. A second category of
phosphonate nucleosides, represented for instance by 9-(2-phosphonyl-
methoxyethyl)adenine (adefovir), can be considered as alkylated nucleobases

since their sugar moiety is replaced by an alkoxyalkyl moiety. Surprisingly, up to
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30 since their sugar noiety is replaced by an
al koxyal kyl noiety. Surprisingly, up to WO 2005/ 085268

WEOCHsBE2WBO5/ 000032 5 now, potent antiviral i nPETABE2005/000032

activity (HSv, Cw, HBV, HV) has only been

associ ated with certain phosphonal koxyal kyl

nucl eobases and not with sugar5 containing phosphonate

nucl eosi des. Several attenpts to discover antiviral

nucl eosi de phosphonates have |led to synthetic schenes

AW, Hbeermr aRail 1i8™Viob éctf\frtpag@s\@; CNAY! wm?-ler’)ndhas only been
eosli de e

car bocycl i ¢ phosphonate nuc s, all of'th

FRsReried | withi asgtao tihosphonalkoxydlkycniusleolyases and not with sugar
J ylati on ki nases, and.i ncorporation i nto o

HERRMY RRebRBoctt, ARG aaRRG o cotapR to" bRcover aniviral

ARl So31ae Iphdsphen&REHARS RY /S sithefl® &chafes™RFABI Si@baration of

whi ch may explain the antiviral activity of _

fHIRNQSSsi dwEanopee and kcasboeyalicy phasphanatei nycleesides, all of them
. . the first category is

@ﬁ%@ﬁ?@@% gﬁ%nﬁgﬁt'g@&t%&ivt‘y'poor substrate

pr Bhesphes/ldtion belkindsys and intdpbrationales .nudlkit Ntids (eventually

ot her hand, the potent antiviral activity of _ _

IsRdEghBhghainelerainaiion) de Gonsidssed fss apf imppstant cprehanism which
crd b Qi kntr | : -

SR Pt hE R 3561 N PLORLE, TR AR e actny o

phosphpoete nocleosides ef thedfifst edtegocy mogersrally ekplaime by ¢heir poor

B BTRLTE R RSBl o Sob e S hadd e poen

SARFENLERS %f%ﬁhb@ﬁﬁl&ﬁé’lﬁl@%{%flbaBé@éz{ éf e gécond category

grow h. A di sadvant age of I'c nucl eosid

heisobeen rscelbedite theirintracellulae phosphorylationdeto diphosphates and to
el.lular screenjng systens. The .selectivity of the )

i Borats 281 koA g eouie ania A petiar denzymatic

ihEEPBEAtiaM ARE MRS SadTis Wiy Hirdkt RNVARIYEE WGP hag negative
usual Iy 20 regarded as an |nEor'ta_nt factor determ ning

Gonsepvenees fevngtreamuand iegreby snkibits Iviral gravetth. iAn disaevantage of

16 2ol it E806' HOLBRO A oare” W £ B s iy ‘It in cettutar
ssteerihyrsystams The ise|dutioBERY the thiPRospHEtE® f ARTI-HIV nucleosides

phosphonates is considered to inprove both binding to
fabHiWeeNssse Haasyintase vomusuRitaekendrigl dINAvpelymerases is usually

|V i t LAl ni their . .
L T TN e T T
reeeds irr tneg astnfarvdugl camiidatdat iesving Buitablke soleetigns FSter IV reverse

have .been previously synthesized because they can be _
tCRNSCHBIESE- A drvdieuibls SHHEalPSBHC@ReRuPEaseNt Mt nucleosides

p?mg?%hgﬁgflégii‘g;ﬁva%t drblio ghgirgﬁi%&whﬁmiﬁ%g%&ay&@@es and viral-
versus-host selectivity. Consequently, nucleosides phosphonates retaining their
HIV reverse transcriptase affinity are considered as strong antiviral candidates.
Threose nucleosides have been previously synthesized because they can be
assembled from natural precursor molecules. It has been demonstrated that
threose nucleic acids (TNA) form duplexes with DNA and RNA exhibiting a
thermal stability similar to that of the natural nucleic acids association.

Triphosphates of threose nucleosides are accepted as substrate by several
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thermal stability simlar to that of the natural
nucl ei ¢ aci ds associ ation. 30 Tri phosphates of threose

wauols@ssicsles are accepted as substrate by sevepral/Bi05/000032

2005/ 085268 PCT/ BE2005/ 000032 6 pol ynerases and can
be enzymatically incorporated in DNA. A few

2, 5-di hydro-5- (phosphononet hgxy) - 2-f ur anyl

nucl eosi des derived fromthym ne and adenine wth
antiretroviral activity have been di scl osed by Kim et

RbroBass 10 GaT R Bnay ARl MorrRcliyBNA A fon g ssdinyaro-6-
(npshbbpmymmhbwoxwrzwum{r@d/rnuaebguesiaenvednwm thwﬂge and adenine
effective in conbating viral _infections at a dgs

Wity entisetaeviral/agivis diANei been disapsesh PYHKIND &) alci .Jorprg Chem.

@@912}%%%@3@2?%@ LR GRS ES1 @eggl%dé?% @abf phosphonomethoxy-
0 sitron conprising a nucle€o anal

r}mbﬂmodymtahel pugy patimitina rdarivatiedd exa]mg/eeftenmtlvehnbcdmbatmg viral

ilscions B2 okt 001 6 30 medko Boduwelat: Dt &57§pt Bubfcation No.
Q’OGzﬁbogﬁd)Q’W &‘F@sé&f tﬂh%rﬁ%ewl%élscorﬂ&%r?%ﬁ?pnsmg a nucleotide

describes a famly of nodif
mmibgowntl:leasphosprpnm@rgmap ahiarh amneuntneffective dooinhibit a viral
bstrates ynerases .and antdi vir,al
BVRGHE DL BERSRas st Be” (ietreHats DGR phfp act as a
ijgtnﬂe fwmb 'V'lré(i yblwerage Bf & HEE WfushWeN9s/20017 describes a
ocytes. Although, as is apparent fromthe prior

mnﬁloﬁf madifiet] nudeesidas -tiphesphstem wdicke pee mtulp@y&pr substrates

(EENE i35 3 B0 RO eSS G SPRL e

RPISd @étidneithe duesarEINV eires svialcugard sf ladlan lymphocytes.
consequently, there is still a stringent need In the

art fﬁﬂhﬂ@gh,ccﬁﬁpdﬁné@%@rﬁgf@m etheo Riary @rt fsgecord, numerous
?&REBS oun%gu%@sg EA_"E resen I%\e\ﬁ,t%?igngl ‘é&b?glgggmentioned

mqunememgemenhedaffretrdwr@ ﬂtﬁeaépy htewzdmubsemedithatmone of them
| ved by a novel cl ass

probl ens can be s T ni'p
%%? 8rh leb/ﬁé‘:%ﬁ(ﬁ%(i%@@g; Qgg%%y tere is siill a st ngent need in the
BRSSP Yol RIS be@ﬁ@gpne%zsgn\g&ngfé%ej&os ghgosi de

phosphonate "(or 1ts erein furanyl
is replaced with thienyl) is bound at the 3'-position,

e nh horous atom and t he nucl eobase
gM ?%Eelg‘yéh K than in the previously
Knownyitd @ s itiRg RO IPHON BF-thdBityS thé“yﬁ?é‘éérﬂﬁmk&t@nsl@ based on

based on the unexpect ed finding that the absence of
theduoexypastiéey Ifindings that dhatabove-mentioned problems can be solved by a

novel class of compounds wherein the phosphonoalkoxy group or

phosphonothioalkyl group of a furanose nucleoside phosphonate (or its sulfur
analogue wherein furanyl is replaced with thienyl) is bound at the 3'-position, thus
bringing the phosphorous atom and the nucleobase much closer to each other
than in the previously known nucleoside phosphonates. This invention is also
based on the unexpected finding that the absence of a hydroxymethyl substituent
in the 4’-position of this class of compounds avoids steric hindrance during the

enzymatic phosphorylation reaction, therefore avoiding the poor substrate
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in the 4" -position of this class of conpounds avoids
steric hindrance during the 30 enzynmatic

wohosplsrey| ati on reacti on, therefore avoi di ng POE/BRER@S/000032

substrate WO 2005/ 085268 PCT/ BE2005/ 000032 7
properties for cellular and viral kinases (leading to
poor antiviral activity) of the nucl eoside
phosphonates of the prior art. In addition, depending
on the length of the carbon-based |inking structure

- i h
TREERRSR e B SR Gl Bl fepdfin BTR0E, BhBHRB Het) of the
@@@@ﬁdﬂé@h@dFﬁ@naﬁeQ@f théipriopertt i pidisiphatiependingson By length of
varying the length of this |inking structure, the
theesarton-haged i BKing@aIGirep btV eRE e %amﬁ@erﬁdn@ng and the

L Viral o | _ _
BAE s My 8 pBSLi ot Aeaiuel ! #55 flnion can bo
coresigeretieas horw-ngi-t dratrighosppates simieso Byamagimgrehé dength of this
b B amn She el ST E LSRG el ne o
@ﬂé@g@i Bty PSR dVRP clelsdi@briloun@sUARo, kie!iResHPSis based on

on t ove unexpected findings, the present '
fhevenexpected dindirgs thatetheaptasence 20f ageamamers wepirel inythis novel

nti-retroviral ents, .and nore particularly anti- .
BPes bt nusfSHe pRBSaRcItEs BgkisEs: el oI 'similar stereo-
BleetreaR ﬁéﬁerﬁ%@r‘t@ thaesfiristwafhlidleosides.
phosphonoal koxy- substituted and

phospBased innotiiekgbowr bsexperted findingse tee 4irgeent invention provides

SRV i S Sy AR S, Mty e
Hpy etempdlydsi hpkkssy usampbundst ahyshiaspioanad , nucleosides, more

di hydrot hi enyl or tetrahydrothienyl), or anal ogues or .
particularlyv ezhaspbpesalkoyrsthstitiiae Baén Phmsrhonatiroalidypubstituted

H@&éSSc'iaeQn&%{héhéiﬂb ?Cﬁ\in%(-hféfn 'gf]ssfatﬁﬁ%rt'éwér. %!ngéﬁﬁéteﬂf oxygen-
viruses such as, but not Timted to, retriviridae,

tbrtalning iof asilfandoptahang rimpérefavally 2dihgiedifanyhl tefrahydrofuranyl,
agai nst. t he human I—(I{V. 'Thﬁ preseéﬁt i nvention .. .
aﬂwsr@meavbgrttﬁﬁ@hy "RE¥RNV b RIoBRASIEPF i ERYafivERNihsrgOf. which
ﬁﬁ\?e %%@h'ﬁ%@ﬂ}é%fth%lﬂdsge@ﬂﬁﬁjvﬁal Eeﬁfify Qg?éinst {B&S® classes of
phosphonat e nucl eosides constitute a uséful class of
niewsgzosecit asnbut-natrlimhited trywelninttisl aeh daviviidaeeand pdpoviridae, more

%a&a qr: fé‘S&bgﬁ’%ﬁé%@ﬁéﬁ}’@R} Iaﬂge %ﬁ%{e}étairwéﬂ 'gﬁt(iié)r%nstrates that
B4, rbbd e e IRerepRaten ot Crveni 4. Thercor
the seopipeapigsateanlalgoaites \donatituée i usafileelassiof meve pptast anti-viral
%:gr'n%ﬁgﬁaé it@;c%gott)g TSe iirq steetsfeastlrjr?ehnt%Sh’d/c?ruﬁrer\}g}ﬁi&% g]f WS\ infections
in animals such as mammals, and humans, more specifically for the treatment
and/or prevention of HIV in humans.

The present invention also relates to compounds having antiviral activities
with respect to one or more other viruses such as, but not limited to, hepatitis B
virus, hepatitis C virus, papilloma virus, flaviviruses, picornaviruses and the like.
The present invention furthermore relates to the use of such compounds as

medicines, more specifically as anti-viral agents, and to their use for the
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virus, hepatitis Cvirus, papillom virus,
flaviviruses, picornaviruses and the like. The
wonesass2eg nventi on furthernore relates to the BE®EBER005/000032

such compounds as 30 nedicines, nore specifically as
anti-viral agents, and to their use for the WO

2005/ 085268 PCT/ BE2005/ 000032 g 8 manuf acture of

nmedi canments for treating and/or preventing vira
infections, in particular retroviral infections such

e MR8 oA g AR, mrBnehd TR} Retions, i
FEHEUIEP TEROVIES iRfedtiohs SRIBAT ARCEUE heRlimitedmosiHIVOmS humans. The
conprising themin an anti-viral effective anmount. 5

imventinreslsatrelatee ta mathads forrtbparreparaiion ofedlhsdctycompounds and
R AP BYERL g B 8y Bectve amount
|i m tRige beesdrit ¥nventiohwism selbled trea anethotsifrisgatorendfor prevention
P e S B NI e EIPRARs .
iB Mg | %goédm%ﬁﬁ:@t bFHhé‘rclrymHFe‘EEHb%%%g@fdur@fs, tobonally in

resent invention i1st provision of 1
qombipatioatdthnord eosiode stheomgntirgral@gants, to a patient in need thereof.

phosphonoal koxy-substituted o . S -

P hos HBRGER GARRY Hsctvb cspett Bithe peesestinention is the provision of
u , i . LC i t .

RGP NS cotmingh BrarEiEhiginitied o

phosphenobdsalkylrsubstitted r fiyeameantherad) ysaligieted or unsaturated, ring
e di nent, of, the jinvention  the five ed. .. ,
BeBrsCBHPR tfelerals el bRse Sl BRE BSflriging g @ purine
badtd FHGEhASer bartulifly afsefr@nsmbyiimest rad thed inaéntiond the five-
nyl . An enbodi nent of the invention relates to novel,
penireseghaataratesyor wasiviated.edngis an oxygen-containing ring such as

- phespho i Qal kvl - ituted, saturated or
%Hﬁ'ﬁoglr’%ngig'%ﬂegmt%faﬁ%ﬁ'eosi des conprising a purine

or pyAhnegibadirheste of othiel @tldntiohheclates posndvedn3ephasphonalkoxy-
furanose, whereby the 3' position of the furanose i

suhsitutedt f Vﬁ’tnhogghgn@wmggsu@;@ﬂ,grs&yga@ﬁd a0r ?Jnsaturated,
i.oal i )
GPATRPBELIRE B Ry o BERRe WIS 4589 colh (o ho

positiehyf aubediridset edhendby thee32pgsition bbthenurbnaese is substituted with
het erocycl i c base such as,

but not |imted : :
B PToRb Rl Ee oA i pResRonglaoay] bistp. gRseinuipleosides can
i . hi | .
é‘l’rsguh%@ d%@Q%@F@EH%E@%EY%@T%H O(:?rlr %ﬁﬁ@lﬂé@ﬂﬁu%‘h tHeablky lsubstituted at
the 2 position with a heterocyclic base such as, but not limited to, pyrimidine and

purine bases, and at the 4 positon with a phosphonoalkoxy group or
phosphonothioalkyl group.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 to 15 schematically show a number of alternative synthetic

routes for making various embodiments of the nucleoside phosphonates of this
invention, as well as intermediates involved in such synthetic routes. More

specifically these synthetic routes relate to 2’ substitution and, still more
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Figures 1 to 15 schematically show a nunber of
alternative synthetic routes for naking various

wendsseat s of the nucl eosi de phosphonat es of PCIiBE2005/000032

invention, as well as internediates involved in such
synthetic routes. More 30 specifically these synthetic
routes relate to 2' substitutigon and, still nore WD
2005/ 085268 PCT/ BE2005/ 000032 9 specifically, to a
di fferent stereochem stry at the 1' and 3' positions
: egu b LAt S i h | gUIeS

ShetlEatae S ec O SRABARREIVEL 108 1hepl, 8°pfSitons o ne
plédulal Abbrevidiion$ uskdrnnshé figuesnarel defplad in.theé specification herein

FINI TIONS As used herein, and unless stated
gtiRk APSEicWare #@Pwﬁtanﬂﬁrf%ﬁé‘é'deqp@ﬂ@fs to
five-nenbered cyclic nonosacchari des and, by
extension, to their sulfur anal ogues. The nunbering
DERNhOENS hari des starts at the carbon next to the

oxygen inclpsed.in the rin nd i.s indicated wifh a o

o A e BSR. ric R RiAed e oher gl furdnose * refers
&3 FREWNSMbere8 &yRIIE moRBeseiHRRIEkOANd, by Bk&INSId® ® their sulfur
phosphonat e coupl ed via an al kyl group (such as defined
Realogrearf The)numlbering ok upnoesaccmridescsiartssall thecearbpe next to the

o) ther. nol ecul.e .or. aroup. As used herein,
GRUB el BB b8P RsE u Coed AP e B phono.
t hi oalNeyilsed Mk, aindourile £ ORPED BEHR W) phe tervit @ pRidsphonalkoxy *
al kyl%roup (such as defined 15 herein after) to a

sfpfufo amhesphpeate; qaupled vianamallviarphedsueh arstetised herein after)
PhE Y G oo P 4 S RSBl A el bPBroun

nucl edsi deed Herkiey, said unldsy etatey cotherbizee the ughmas phosphono-
uri Ee or _pyrimdjne base, coquI ed to the 1' position i

throalkyly 47552 WQurePRESPRANIALS coypga Vignan AdkdgrogRi uch as defined
i Y.

R L T SRl A Ree B A e et W iR molecule or

grdugt.er ocyclic nucl eobase " and " pyrim dine and

puri ne bases," i.nclude, but are not limted to, . .,

Ddent Ne. 0597 ferein, apigunines sHSe mheguSn: fie iim  3-phosphono-

bfkoRy diMPsBORIIAAHAS UCRISS BBy he?@roﬁ?é”&dbé%, such as a purine or

natural |l y-occurring nucl eosides. The term al so

pydmiciiee basel oguled 26 thend’ pesitiontdf\veefurahese wfhergly the 3’ position
apal.qque t her.eof i base ich,mmecs such

AE St HHartoRgis BlipsluRetREs P hebBnOhOuie T Biln

st rucpgr gséd herkinndhaolinRis8MStated otherwise, the terms “ heterocyclic

nucleobase “ and “ pyrimidine and purine bases “ include, but are not limited to,

adenine, thymine, cytosine, uracyl, guanine and (2,6-)diaminopurine such as may
be found in naturally-occurring nucleosides. The term also includes analogues
and derivatives thereof. An analogue thereof is a base which mimics such
naturally-occurring bases in such a way that its structure (the kinds of atoms
present and their arrangement) is similar to the above-listed naturally-occurring
bases but is modified by either having additional functional properties with
respect to the naturally-occurring bases or lacking certain functional properties of

the naturally-occurring bases. Such analogues include, but are not limited to,
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present and their arrangenent) is simlar to the
above-listed naturally-occurring bases but is
woudisfoseds by ei t her havi ng addi tional functi onaCT/BE2005/000032
properties with respect to the naturally-occurring
bases or |acking certain functional properties of 30
the natural ly-occurring basesi0 Such anal ogues i ncl ude,
but are not limted to, WO 2005/ 085268
PCT/ BE2005/ 000032 10 those derived by repl acenent of

tibseChierivEY %Xyréﬁfa@erﬂéﬁtr 8H8N_&1-PM f8icly by a nitrogen atom (e.g. 5-

azapyri m di nes such as 5-azacyt osi ne) of vice-Versa
a@apmm@m@sa@m esrfeazacyiosinehor Viatewaraa dedghi firdesrapurines, such

a% 7"erraacPoben fataranroniey or O Toas dSEA. 82dpurines). A
deRMREIF AdteFRI9 occufriy BRIRBEURH an & "ﬂhér‘é@)f is a compound
heterocyclic ring of such bases is substituted Wi th

wheseior thep heteroeyshisnting refl syeibdiasegeist subsiteleenwiht ppe or more

SRl AT A5 R EPRLT S0 1, BB Broue consisting of
hialdgési, hgdioxgl, exeinplaee @f.ealkpl Sontedddiiohbkillustrative examples are
specification herein after, Such purine or pyrimdine

pradded inathe syeedicatien dwrelaaEiess StUﬁBr Bufine #pre PyEMidine bases,
gg%ﬁl‘g LU 885 atives 'tﬁ?reo@ ér%ewé’l Rao@n%\}\%g%%%g@éa% the art, e.g.

nts such as, not
frangl dM\QnﬁéhstMﬂas bt nos Bnhltbd rte,l WO 96@93@963331$V\A{D €d/028481.

O e Wb e iated AT e BeiobLl RG0T " as used
h@?éf‘nh ri@f r§ ‘Pmnl\eéroor %n&ﬁécﬁ’%ﬁt@é@%ﬁ&&brﬁén cﬁﬁ'éfnsnl%vmg from 1 to
1Bmarbon2;tumsfgdohla$3rb1ﬂy10t(hnmtqni tnqoyhéthytzahhlylyn propyl 2-propyl, 1-
bR c20pethvb SEREY (apiopih s Rbult, Tids PlyDp iethyl-2-propyl (tert-
bﬁtw)eﬁh?xéntgr lw&)é%tyl % ﬁ@rﬁtpl\/ "2 r%etﬂ%}#@&utglz?ﬁﬁewl—’zlb@w ¥d-methyl-1-
bstm:eﬂﬁveﬂwl-wlaﬁylyn hebcyirreEmelxylz ?pbﬁl()ﬂl 2- methyl -2-pentyl, 3-methyl-2-

cenls Psetufieidigh ST S TeRRln methERd g2 adimethyi-2-

bOtWeiBJB%lmé’ﬂh)ﬂﬁZ-Mhtyl m-p@myl ,n—ﬁeﬁﬁcﬁihepfyl M@@twyﬁ-nonyl n-decyl, n-
n- dodecy n-tri dec |, n-tetradecyl pent adecy
undﬁ@%adén@ndecw 2@-ﬂﬁléssﬂdewﬁtraﬁe@dx aerdeptadesyty tfhhexadecyl n-

hegt‘agd g?f)ﬁéﬁa%}[lt Qﬁdatlnéwa ?@P&#’f J@}f’tﬁé gﬂeyﬂghghor?has from 1 to 8
catiwrsatofss, uaere m@faabl,y feard 1umi £sartrincaterhsot her wi se,
the term" cycl oal ky nmeans nonocycl i ¢ saturat

hydr datEef @waﬂ%tumg@ﬁ @é@teﬁawhﬂwﬁeonthg feym 1gcycloalkyl X
Cycrf%og rﬁéﬁ&@chg l‘égg.l@%dlf Hy%ﬂ%@bﬂﬁ g)%?él@cy@%al r{avmg from 3 to
10y chrhmrt )dtomlsd suck bekfyr orstandg’ c&@lopubg;yt,yccbzclobutyl cyclopentyl,
c?gl Hexyl cycloheptyl, cyclooctyl and the like, or a Cr.19 polycyclic saturated
hydrocarbon monovalent radical having from 7 to 10 carbon atoms such as, for
instance, norbornyl, fenchyl, trimethyltricycloheptyl or adamantyl.

As used herein, and unless stated otherwise, the terms “ alkenyl ¥ and
“cycloalkenyl “ refer to linear or branched hydrocarbon chains having from 2 to

18 carbon atoms, respectively cyclic hydrocarbon chains having from 3 to 10
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hydr ocar bon nonoval ent radical having from7 to 10
carbon atons such as, for instance, norbornyl,

wobemshvgs2est ri met hyl tri cycl oheptyl or adamant yl PCASER@S@00032

herein, and unless stated otherw se, the terns "
al kenyl " and "cycloal kenyl " refer to |inear or
branched hydrocarbon chains hgying from2 to 30 18
carbon atons, respectively cyclic hydrocarbon chains
having from3 to 10 WO 2005/085268 PCT/ BE2005/ 000032

coE o AT o ekl o TR g0 0L 2 caghgy-oarbon sp2

@Mﬂulﬂg lﬁm’}d)b@h}oh h’@@ 6& Sin Qhetdflélrtﬁr eand lc@hflgﬂﬂatﬁﬂnsswdh as, but not
as, but not |i

h @@@t@‘m chpgbbn@%)(fmﬂz@di;ﬂ"z) a%'@eméﬂlé'ngrpsf‘l? and 5-

%—% used herein, and unl ess
s? d thzervm Se? E.:E%Hernés al kynyl " and

Céd Aalugqedyhei’elm eéﬁd L.tntl)eés:c seted @thdmase hibaé terms “ alkynyl © and
, ar ai ns_havin rom?2 to 18 carbon afons,

h&ﬁf@ﬁkw | yreg%iq 6y rceanBaed aygr%arhfamq%@mfsg b3 from 2 to
18 polr BRI %Qﬁ@ctw@la; E}éé}fc he@dtaftith 8R&HY! ﬁ%z)irﬁ]%)from 3 to 10

unsaturation (i. nsp triple
smbbnaﬂpmmtwrdr et faist bhaiaoetylénic wtslaxjumtlon (Ogcai)qarbon -carbon sp

BHEE i, et . B omengingiteRs e G dr it Proparayl (-
GFRER G 0k oBIBHYA KLoPRR %?5'Pp$”§/"¥'“'0‘?%?%'8*%““

mono- Aetusedl hergir with aegpet ite angubatialtent radivaly asduhres otherwise
radical having from6 up to 30 carbon atons such as

pigtechdbe term ¢ e’i‘fy' t 6e§la@ﬁ§ﬂs a%mwﬁy |0r pgmcupabématlc monovalent

ﬁ?@ﬁgﬁ{,ﬁ@f?’é@c& ||~t¢g,nr@‘lﬁ5lﬁ,l 7 up tﬁ oy atB%{se:ﬂ)Qh’ :?Q'But not limited

tonpgaeryly haphbiagl entlelacboyle pi bnanﬂnmyd oﬂum‘anﬂ@*ryh ydh resehyl, pyrenyl,
e cycl oa

bighepubl terpliemiaplienyb g e DRk hAB6RY: eRogucobutenyl,
BQﬁ cﬁﬁcﬁ%@@nyl rﬁ‘i‘\@ ?He’ Lké ehf: Ry ﬂib%‘&hbéhzo-@«,%%ﬁf‘délkyl radicals

e |like e sal radi cal s bel
_(ibel dati¢t ybeingbsast wtefidedi tdbave¢ @uchoras, sufost iimgfancs, indanyl,

e ERe TRl Mooy for cREtlg: o dPerspid Fadicals, B8 optionaly
§u"6’stﬁ!uthQNltl$ %E oﬂ%of@%ubé’tﬁbéﬁl@%&eﬁéhﬂ&rﬁ hﬁl‘é!éted from the group

4- chl or ophen 4- di chl or opheny anQP
f&'@ﬁ'@b‘bhaé@@nyﬁmlmfﬂrlﬂuqblwh@hyll, ,hygr @[ydrwland nitro, such

R Rt e R e T R A T S
cyanophenyl,  2,6-dichlorophenyl,  2-fluorophenyl,  3-chlorophenyl, 3,5-
dichlorophenyl and the like.

As used herein with respect to a substituting group, and unless otherwise
stated, the terms ” arylalkyl “, * arylalkenyl ” and  heterocyclic-substituted alkyl *
refer to an aliphatic saturated or ethylenically unsaturated hydrocarbon
monovalent group (preferably a C4.45 alkyl or C,.1g alkenyl such as defined above)
onto which an aryl or heterocyclic group (such as defined herein) is already
bonded, and wherein the said aliphatic group and/or the said aryl or heterocyclic

group may be optionally substituted with one or more substituents independently
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25 stated, the terns " arylalkyl ", " arylal kenyl
and " heterocyclic-substituted alkyl " refer to an

wahogvasiege sat urated or ethyl enically unsaturarPet/BE2005/000032

hydrocarbon nonoval ent group (preferably a C _18

al kyl or C2_18 al kenyl such as defined above) onto
which an aryl or heterocyclic %roup (such as defined
herein) is already bonded, wherein the said

al i phatic group and/or the sald aryl or heterocyclic

spieled BafPheofied HAASini B Rdldnsh Gtuitbe BydBSol sulthydry, C1s
By, rmamwﬂ%d ﬂa&rdﬁ@u@ﬁta@bum@ﬂmhi@ecgrt@mnzyl 4 ~chlorobenzyl,

consi sting of hal ogen, am no, hydroxyl, sulfhy

Suprobana. . 2raqarabpBas: A AsiRNIoRbE07isuch Sudichigrobenzyl,  3-

R4S, FEROHABERAY pranirgpu s pophinimeny.

ghénylethy, W-Qhﬂmaﬁ-phéaylethyhyll mwmmwmpb@mwthw 1-amino-

4-ter-hutyl benzyl hen ro napht hyl met hy
BHEGAI- g? hyI,1sZt§ml n(?yrgi imp Féﬂcﬂyqjmg all i |somers thereof) pyrldylethyl

5@ HisofraXAT k00BN Sy irhedf." Byrolylethy, morpholinyi-

atHyl, imn‘azoir‘lt-yl&}tbxdf benmdlbmblylmd’lWI,and 2-furylmethyl.
2- 2 r | dyI ?a?rp r@pwétatﬁ% )éha%tﬁtém gﬁ%lp, %]chypless otherwise

2- th|
bfﬁt&?zﬁ'l rle\ "eh@lféroc;l?’cﬁi’&zﬁ ox @} ¥ metdsbyd@Rd” means a mono- or

2-furyl me . As used herenvvlthrespect to a
palysycliot satyrghedupor andnorinestiratele rati s,:e)lyurtsamratexﬂj monovalent

G5 RS SHE) g0 1 o 26, rarBEhPRESHS ctuding one or
Rfore thet@icRfordl iRnE! BF #hoteah&dratyaRy aings! eaBMfo%eﬁd Bfys having
roup having from3 up to 15 carbon atons and

rAg) é’rdﬁméjocﬁi@rr@r (antb petiorallyr buthendnelndingeone aromere heteroatoms

BEASHRENE oS 85, S B R T R A fom o

garRNpetEr mbcmoh§l airt sekedchdoPyE GoupPréndier tenone or more
atons of said ring, for instance in the formof a

bataseripmsoel said gtner homipstanee da tha kgt %aﬁulfgn@uwlfomde N-oxide,
BRO5 Gtk pBEpRonAIB! &1, sOEMIT A o dhcl BF,sgld heteroatoms

b?m@phﬁenﬂbnﬁp@@tgd oﬁrometrémlgm%pmodxelsgmlgupﬁ nétec?gwetn oxygen;

of _sai etero ei ng ependen sel ected from

?H'@Jrgﬁﬁlﬁ'%r%nilpggépﬁ@mﬁr g'@ﬁ'“dﬁ'ﬂ@%&ca Is gvaerein @ heterocyclic
%‘ B P oﬁé‘%?ﬁﬂ?féjéron?étﬁoh d@bé‘r@gﬂgrlﬁ%@f&%&ance in the form
rein a heterocycli ring R ne or

af bemzo-fudepd dimnzosiused remsl diaphto-fisteahheterocydiie radicals; within this

AeFo8 P BoascATEroClR crou? SUCAAS Yl Bt mted to, pyridyl
Hﬂ%mndﬁ}ﬁteﬁéﬁﬁﬁﬁldr@p%&wps §|':5%F]d§?\§ bcHFaz%Wl "!@tr‘a@:?rdrothlenyl
tetrahydrothienyl sulfoxide, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl,
tetrazolyl, benzofuranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl,
isoquinolinyl, benzimidazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl,
pyrrolinyl, tetrahydrofuranyl, bis-tetrahydrofuranyl, tetrahydropyranyl, bis-
tetrahydropyranyl, tetrahydroquinolinyl, tetrahydroisoduinolinyl, decahydroquino-

linyl, octahydroisoquinolinyl, azocinyl, triazinyl, 6H-1,2,5-thiadiazinyl, 2H,6H-
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di hydropyridyl, tetrahydropyridyl (piperidyl),
thiazolyl, tetrahydrothienyl, 25 tetra hyd roth ienyl

weoeubdsmssxde, furanyl, thienyl, pyrrolyl, pyrazoPgi/BE2005/000032

i mdazolyl, tetrazolyl, benzofuranyl,

t hi anapht hal enyl, indolyl, indolenyl, quinolinyl,
i soqui nol i nyl, benzi m dazol yl ,{3pi peri dinyl,

4- pi peridonyl, pyrrolidinyl, 2-pyrrolidonyl,
pyrrolinyl, tetra hyd rofu ra nyl,

? 'eﬁsg-f,gﬁb[?%ﬂ'i@: grﬁgﬁﬁ?%rb{l ;)S( tH ayé,gﬁ?dqprﬂ%zﬁzﬁrgnﬁylChrgimse'nyl xanthenyl,
beénamtaingi, s@ﬂupwolynyl |sodﬂgzdslyplr qgwmmo biyradinyl, pyridazinyl,
oct ahydr ol soquj nol i nyl , azocin triaziny o

dolizinyks - + isoiiokdi nyi\( H-inq9lgH v%iﬂzodgz@zszwnyl 4H-quinolizinyl,

Eyrany ?é%@qﬂgacf,lm& |'%X%hﬂg| , ¥]l Emn%ﬂﬁw PWdinyl, 4aH-

pdm@m@byl hi carbaz@it, pyy-caﬂbplhnyu s@hbnambirwinyll satxmﬂnylyl pyrimidinyl,
gﬁéam }/ Pyrl dazi n [ ndoI i zinyl, isoindolyl
FRIBIgfiny le,y pOpneiiazioy. quN1'f@F?"2Y'nyl phenoxazinyl,

%Bkhﬂirﬁ%hﬂylchr&ﬁgml Yihl zBWim}/ﬂghm%%hhg%l %yrazolldlnyl pyrazolinyl,

qui nazolinyl, cinnol i nyl, pteri
pmeb:mnylyl mduijnpbza*scylhdolﬁq;dar kqulnumydjmyphernarnhmhngli n)dxazolldmyl

6 @;F%-I[ %‘%M nyPe W;%pn%quwl, pheggﬁteﬂlrol Int%nzoxg Ilny% ybenzothlenyl

béﬁféﬁh%‘i%ﬁ&"an@hfs@ﬂﬁ@ l hé@é@%ﬁ&'gfd"wﬂs rhé@' d@éobuﬁédlwded into
ﬁsrazolldln pyrazo |ny I perazi nyl

isiroaromaticl (Ol’qw hﬁtel’daiylnj/lgroum shehi ag) but not llmlted to, pyridyl,

SESARAE o BERSEIE RO pBERRU S Fé2iY. oxazolyl, imidazoly.
gAY |hI igéRAdlylanshrasalyi, n%\dth.aﬂ@%:lerﬁ%ﬁw Cth@sfQrY/I, 'T'W)enyl and

be sub-divided into heteroarona (or h het er oaryl
pysolys Mnoagarommmterqqyph@@rwps pyheriyd heteroatom of the said

gbﬁ%é?é@%%:hg%}egg& &%‘70#) n‘]¥ n@%’éﬁ ”Eh%' Iﬁﬁé rrf@y gé'sﬂ)éstltuted with a

samau@htyéelemdafmhyﬂwe gr@ub%@m@tﬂg off alkymdycloalkyl aryl, arylalkyl
t hi of uranyl, thienyl, and yrrolyl, and non-aromatic

aad ealkyaryli (sughl s defined Ber@@i)erlzyaw?m 6f axaenRlg; ¢atipon-bonded
t
SRy 3ERIB! i Y BEATI 05O B 14,028, of '€,of 4 pyridine, at
posxtm?kme 4grEQng &Pﬁsi ﬁynczlla;mﬁ ?Ibpgdmodm?pnpgl Eylfs ofaa)a)ﬁyrlmldme at
a ar chb as in erein
RASIGR L rireOr (B 1of BERAE. HoPEEGEPCEs G il Bag! @ furan,
t eﬁ*@@%ﬁqreﬁ{ tﬁ%@homlg?héne Joyrrole Yr t@tr%ﬁg&rog)zf/f'r‘ofg,n& position 2,

sition 3 a pyridazin
posr 5|aﬁmr120xaa:ole3 imidtaz®leor dhipyoleratipasifioat3, 20 op&sof amisoxazole,
J ne

a 2, 3, 4..0r_.5
Btraoleyos ibotRiegpleh f foBFian o oF PrtcAipERG i B meSHion 2.3, or 4 of
BN '-atigine! af ﬁéélﬁ(ﬂb{Qr 9p4r5o$e7 #8 B8 glLireMnd ora‘ipo@ftlo?M 3,4,5,
of an oxazole, imdazole or thiazole, at position 3,
d, 7orors5800f an Isoguinobine; still more speC|f|c carbon-bonded heterocycles
include 2-pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-
pyridazinyl, 5-pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl,
6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-
thiazolyl, or 5-thiazolyl; by way of example, nitrogen-bonded heterocyclic rings

may be bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-



pyrazol e, or isothiazole, at position 2 or 3 of an

aziridine, at position 2, 3, or 4 of an azetidine, at
weoasistossas 2, 3, 4, 5, 6, 7, or 8 of a quinol i NeCD/BE2405/000032

position 1, 3, 4, 5, 256, 7, or 8 of an isoquinoline;

still nore specific carbon-bonded heterocycles

i nclude 2-pyridyl, 3-pyridyl, 4 pyridyl, 5-pyridyl,
6- pyridyl, 3-pyridazinyl, 4- pyrlda2|nyl
5-pyridazinyl, 6-pyridazinyl, pyrlnldlnyl

éyrgélr 4T ﬁﬁyﬁ)%ro; rﬁyfﬁg#d%gllenylr%j%glfcﬁ% m% rB%i,athr}R” 3-imidazoline,
ByraBoR? Ogbwbzolﬂ’re t higgedafihe, Lpyrabblirs Oﬂ)%bndf?ﬂéOWﬁMel‘é&me indole,

exanple nltro?en bonded heterocyclic rings 3
indieliee, Hr-indazale ot nosionsd ofian isaindele axisqindoling, at position 4 of a

%@gg@o%%gtfgsﬂfm f?f%%%ﬂ)egz%géﬁq}-gﬂti%me still more specific

nitfiogencdendedni eteeddydieze, indhidei daéQinUpB, 1-azetedyl, 1-pyrrolyl, 1-
3-.i.m dazaline, yrazol e, pyrazoline, 2-pyrazoline,
@ﬂﬂ%@ybﬂrwaazghygamqi arm@e”fﬂjﬂwer azi ne, indole,

i ndol TRE te dt r dlfg/ﬁz’oé§ usBH P&%‘ir* | Heds Qiftﬁéﬂwéé@té't@gl ‘??fers to a
or isoindoline, position 470 ol'1 né
mnbonylogrcﬁjpoﬁlracﬂmattaz}mécb t@ranRakkyr bzdlkem,, aEktynyl anyly éxeterocyclic,

3Bk Gom1Akonder BufaRmy belsromite 2l caslsromycic-alkenyl or
HeﬂéYcB ARk g¥0@¢ P& 8 Y{or éﬂé@n%’@r né’;ﬂ%alkyl@a?bonyl) aroyl

used here| n,” Unl'ess ‘ot herw se state ers
@aylaibgnyr eupatkaneyt by edtltylat@ryb@rmup awharekyltheabamml group is

180 it B I oo oncb bt el roter

af akd @@élﬁ:ﬁ @@MFlddWi@' K Kyg8h Oé\’@m /Gh afkyf @Fo@d(at'ﬁ%' Ritter being
al kanoyl (‘al kyl carbonyl), "aroyl (aryl carbony

f&r@ne&me\ﬁl@wtoanoﬂnwyn@he@yle Qraiam. V\,herel n the car bonyl

The Tap A SRR e fRATERERLER." ForeSid A RATRCTOI0-alkeny

gmupl ¢l Bacarbonaiey substitodt &t eme aidey withr e Ralkyl hd on the other
tter being further couEI ed to anot her nol ecul e or

%l Bt an gdkenyl.enmpl the alkyi and alkeanyyreapsdieing further coupled to
érﬁftﬁérsrrb@ecﬁu%‘blﬂékon@(q(}al kenyl ~group, thus a
carbonate substituted at one side with an al kyl and on

t he o4\$1eusedsheute|r1v\and1ualesaldﬂ®a§ry\hse stagedfthehterras k’vélk@Qd" “ cyclo-
oupled to anoth

kenyl ., [ oy bei, her ,c I
%%@éycﬁl eg cgiyo ,éylé‘ﬁﬁé/ Nerei XYABAPEELS ot hé’i"@ﬁ@‘é" thio
¢ he o ab Gy 02 o
arylagl% hQ{H;F/ﬁlri;oal Kyl o ké}gbélky-ltmo %igte er o@y@{l&@?‘é’cychc refer to
suhs@wema; whereint aAnocalkyygioogl kgﬂ;peqtlvélyaayct}tclna}kyl a}‘yl arylalkyl or

tglro%lylé clztglFf)t(J)p egllcr:]ﬁI of t glmogﬁ(t:l'?ra%c C}lned herem? are attached to an

oxygen atom or a sulfur atom through a single bond, such as but not limited to
methoxy, ethoxy, propoxy, butoxy, thioethyl, thiomethyl, phenyloxy, benzyloxy,
mercaptobenzyl and the like.
As used herein and unless otherwise stated, the term halogen means any
atom selected from the group consisting of fluorine, chlorine, bromine and iodine.
As used herein with respect to a substituting radical, and unless otherwise

stated, the term * amino-acid * refers to a radical derived from a molecule having
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substituents wherein an al kyl group, respectively a
cycl oal kyl, aryl, arylalkyl or heterocyclic group
woeashssdst hem such as defined herein), are atpatBedooso00032
an oxygen atomor a sulfur atomthrough a single
bond, such as but not limted to 25 net hoxy, ethoxy,
propoxy, butoxy, thioethyl, tis onmethyl, phenyl oxy,
benzyl oxy, nmercaptobenzyl and the |Iike. As used
herein and unl ess ot herw se stated, the term hal ogen
e t : IS4
tlﬁaﬁﬂém‘%&f foﬂf\ﬁ’@ gN E%%%agn dbﬁ%r%ﬁrgé'ﬁls‘:%@ Sgoteé dBQ)LFH of atoms
charaetarizing the asyes-aciddype ssmmalatmlagnaﬁdbmie ofathd 20 naturally-
unl ess ot herwae 30 stat, t he terl% am. no- ac

OFgYrEing anaing-aCcids PLANY &M d’an'ﬁﬁ‘ﬁ”? GUid ﬁHU”?\é‘IC\%
20%?%&%%48&6%!‘1@%%%@/ &HQ%ﬁ% s@a’ie& h@eCReM CaleréQEOMER ¢ refers

wherein Ris t e group of atons
te redlr possiblez idifferent isorheric s dVEtHype ccsrafodnabowufcarmﬁayvhuch the
be one of the, 20 naturall occurri ng am no- aci ds

CORPOUTHRT 7 bR RVERLTT y TR LPPRFRF amiNo-BRrTGIaRs &l - possible

sty8EcHEhRNy aBfdu r&cﬁﬁémﬁ’éthﬂ W}/ Sgsgthatied foﬁﬁ‘ﬁ tr ndliastereomers,
stereoisoner " refers 5 to all possible different

ehgoliemets agndver| casfasmersr ahit thenavadior moloetlan stiwcture. Some

o5fPRR B g the bUSed R YSINER Y IRERESpob R BRI s, o
thes Riter beirfgointiidedl withilh #sd ecqTef the presant moaﬁtrcn and/ or
conforners of the basic nol ecul ar structure,

cohpdlaedsherein padgniessmethepyisatsiaiedmilye i qnanﬂomer ” means
f. I
%Ef‘ Hg&ﬂ]&iﬁéjﬁhg’g dQérmﬁ{ E?tﬁ\; dFfh ofhlc cg?p(t)#)d 978l FhiéHtion, having an

e scope pr esént
obtivalngurity orMauaemelmereaacessu(lab deterasned bgrme’etmdstaae@brd in the

2 of @bl T3t SO0 b 1 3 S Lo ATBURRBRHO TN SRS AROR10% of the
g?é’r'é?%nﬁagne?gtdréﬁﬁ%@gdﬂéésg D09aRY 'n%%rpﬁr%f‘fég&%gttlééé 98%.

term ne standard 1n the ‘art
| easAsaEed herein andl wdsss @’(b%wtsem’(ateeinam temel sohdtat” includes

P emiagafiamaich &l bedoaBRy it & ebpodifioT i8R uhtion with o

sUﬁélﬂb”méF@aﬁi@'s‘%ﬁ@erﬂt(@Q"‘h?&ra@é@t&doréélﬁctﬁ]\’i@nt %Qbﬁaés? but not
I ncl udes any conbi nation whi'ch f or ned

ligited da mdcadfols, Hiedones; exstdére mngi tha ll&e SUI tabl e inor ganl c

sl VS (i, QYA SRy 2B TVED oy BIEER,  oo useo

hetdig - re?é?sTb%lﬁyeﬁmterlmfmfm%decwithwlﬂ@ﬁQﬁéaéﬁtﬁe principle, i.e. a
carrier or excipient " as used

compound of this invention may be formulated in order to facilitate its application
or dissemination to the locus to be treated, for instance by dissolving, dispersing
or diffusing the said composition, and/or to facilitate its storage, transport or
handling without impairing its effectiveness. The pharmaceutically acceptable
carrier may be a solid or a liquid or a gas which has been compressed to form a
liquid.

As used herein and unless otherwise stated, the term ” tetrose “ refers to
any of a class of monosaccharides containing four carbon atoms such as, but not

limited to, erythrose or threose with the general formula C4HgOs. Tetrose
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herein refers to any material or substance wi th which
the active principle, i.e. a conpound of this

wonvesrssws may be fornulated in order to facil PCMBE2005500032

application or dissem nation to the |Iocus to be
treated, for instance by dissolving, dispersing or
di ffusing the said conpositiong and/or to facilitate
its storage, transport or 25 handling w thout
inmpairing its effectiveness. The pharnaceutically

BFHBONAR *(catBoidibid MoREnaaRRt] Jof AnbiiHEN b named as

en conpresse forma

tesratybf@ianyhodmpoueds (tURAChsmentiztwe) ditee teynshare the five-
tetrose " refers to  any of a class of rmnosaccharl des
Rembarad 9¥YgRncoptainpg fkﬁt%r@gygach as, but not

O TS SRR e e o cr

reESrsBE? b6/ 00MB2 atdié contwunglsth@ca:aﬁnjrwdjrfanetlonahty of a sugar

nonmencl ature), ca alternat el aned, as . .
TG i gt Comd iR AR AR PR sdnkglied in the
ﬁé‘l%)/aoﬂi‘ﬁr& Heh‘ﬁlkfetéf %rnﬁ@d&’%@ﬁa@t’@/@ﬁ@ f&QﬂbaélIgtjaﬁ*gmg structure. This
eterocycle. As used herein and unl ess otherw se

sarbbeyl, carhentie refetrednionas the apemeric Sarkdgrebecausea iHds non-chiral in

bon a cont a e carhbaon functionality of a
glg}ea ﬁiﬂjg r?,eanipé%aql "%FI%‘? PUiC; %XJ% Ur§- car bohydr at e.
Thi's aar besd ahergimh Sah@Vghl\égg bthdriBe Resmedcethal tefm * selective
hem ketal formation characteristic for the sugar ri

ng
pratectian ¢ antthi selegtiverdaprotectiopon refers & ther ingrodyictien t fiespectively

RO TEoef 2508 sPSERARE dbubofi 8, S0 By Jyngtonatty i o
| dsulels egntagiing nsevetalinfuastiosdlitiesyd I%Sp&t:meﬂyd cbhtining several
term" selective protection " and " selective

peyiecied dunetipnalifigs eprd deaving thetegdRfdhpgrolecule unchanged. Many
h%?é’&ﬁéé vedad |Ehﬂ1:% ﬁ;?%%@ht | ?rﬁlow %ﬁfélhn%&ﬁo%rpnoﬁe reactive

speciftic reactive 1 Oha na nolec
ﬁmaimnalityg Fse\@aaahplémbobyc&‘etés es ohem&emlsacéltw more than one

cont aj ni ng sever al ro ected func onalltles
ﬁ@@b H@ etenal crpupst i @ter necsersany; m&g%&a ewﬂy Of§ or some) of
{Fﬁig% %llo%%suéteg tlnﬁ‘et\:{ﬂﬁwo‘?!t‘?ﬁt‘ae?fterlhgv\ﬁlﬂﬁ il diﬁ’é‘rt firttiGRaRtes. This is

ne reactive functionallt For exanpl e
oaiybqnlm;adlbia&elsyamrmaslrrag aa t eariaty dobyproteatinghgroops which can be

al coh functiopal ou IS ofte necess

AT OP i UTH arTen SFasesoBHionat® (reapapraletting oroups in
5, 8% aMvalyombt '|tnfseq_6§§|blﬁgto\/\h{dalf§/®fL‘Mdii%hallty independantly from the
functlonalltles his is onl ym%ossm e by choosing a
otirarefunctionalitisise préseant ginotipss, mallecule iarrefrred to as ” orthogonal
protection “. The development of orthogonal protecting group strategies makes it
possible to remove one set of protecting groups in any order with reagents and
conditions, which do not affect the groups in other sets. An efficient protecting
group strategy can be critical for accomplishing the synthesis of large, complex
molecules possessing a diverse range of reactive functionality. This protection
reaction can be chemoselective when selectivity is due to chemical properties,
regioselective when due to the location of the functionality within the molecule. A

reaction or transformation can be “ stereoselective “ in two ways, i.e. (1) because
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The use of protecting groups in such a way that it is
woassilss®wst o nodi fy a functionality independanPCy/BE2@31000032

the other functionalities present in the nolecule is

referred to as " orthogonal protection ". The

devel opnent of orthogonal protecting group strategies

makes it possible to renove one set of protecting

groups in any order with reagents and 25 conditi ons,

whi. he i t r . . .
90 Brlp o0 LA SRS BB oF 03 3P8LF flfop-griomaton o
therfuactemlity,sdr (29 bebausy it sesulefin bargene epapifie)sterecisomer. A
nol ecul es possessing a diverse range of reaciive

RrofRatiopntaaction cam haselore @ls e sleirasalprtivenfoseexample in a way
PS e n: VAR i ] hem . .

R B Pt P PR 1 3 PRSP IR i & cortain

adnfoimatiamcti onal ity within the nolecule. A 30

ir(ra]a;: ! g\?\;é%thqeﬁ'g[snf ?ari‘;(r:latl Y Cztnmbe' ggtg eog Ieecstnlalég-like symbol

FERGSFEOIUIMPOURR spbbifict stbtdd-oREMALSR Bt 18 whicHPBEIH btions are

stereol somer or at a specific stereo-orientation of

possiilanice.i fonahy sigreochdmicabarangement of $aidibesdl t i n

only one specific stereoisoner. A protection reaction

can therefore also be stereoselective for exanple in a

DEYAILEBIDESCRIPTIONIOF mefu|NVERTRORE ection of a

functionality when tn a certain 5 conformation. As

used Qeeeembadimen et thetesentsmventiordelatee to novel compounds

G080 3B Saidtife SR TielatEofubhriBRerirbSented by the

abfoemula @) for any stereochem cal arrangenent of
said bond. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
One enbodi nent of the present inve Qwon rel Qt es to
novel conpounds being 3'-phosphghat e ituted

furanose nucl eosi des ©epresented oy th gener al
formula (1): OB \\/\\ﬁ\-

Rlo—p~ 2 °©

-

OR

wherein:

- B is a heterocycle selected from the group consisting of pyrimidine and purine
bases;

- the snake-like symbol means any stereochemical arrangement of the bond
linking B, or the phosphonalkoxy group, to the furanyl group.

- R'" and R? are each independently selected from the group consisting of
hydrogen; (-POsR'®)-POsRR™: alkyl; alkenyl; alkynyl; cycloalkyl;
cycloalkenyl; cycloalkynyl; aryl; arylalkyl; heterocyclic ring; heterocyclic ring-
alkyl; acyloxyalkyl; acyloxyalkenyl; acyloxyalkynyl; acyloxyaryl;
acyloxyarylalkyl; acyloxyarylalkenyl; acyloxyarylalkynyl; dialkylcarbonate;
alkylarylcarbonate; alkylalkenylcarbonate; alkylalkynylcarbonate; alkenylaryl-
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15 (I') wherein: - Bis a heterocycle selected from
the group consisting of pyrimdine and purine bases;

wo 2003@sseake- | | ke synbol neans any st ereochem eait/BE2005/000032

arrangenment of the bond 20 linking B, or the
phosphonal koxy group, to the furanyl group. - R and
R2 are each independently selggted fromthe group
consi sting of hydrogen; (-PO3R16)mPO3RL7R $; al kyl;

al kenyl ; al kynyl ; cycloalkyl cycl oal kenyl ;
ﬁ ?éerﬁgbéc{?’a{ék}pﬁ‘ﬁé’r&/}caﬁdﬂai‘e ken r]ka?{l‘;ﬁf‘iéﬁ‘ﬁdn‘ﬂa’cé'cﬂQI’kenylcarbonate

acdiaﬁogm&l keﬁmﬂnatacwhemléejm)dlkylaewmam alkydyl can contain a

6| ox%%\oiﬂ 0 k§ﬁ§/ Cé?%&@'ﬁ%g m%%%tléc;)n chain, said heteroatom being

I 1
) BIPER for oo SR P 0 g i nd e

a&eda&heoee@ztedmoaasmm@)tsmmawﬂyfqrMszh@oatﬁSedescnbed
aI ken hal I% § rbonat e; dial kenyl carbonat e;
di 3?@/ 2PB0Kat e; wherein said al kyl , al kenyl and

al Ry kefedfed ABhRhid@dgeRchA802hAIBHER (pref@tamneﬂmd &fano, alkyl,
the hydrocarbon chain, sajd heteroatom being selected

fraHneﬂM'eaﬁ?Y@NbSanﬁnﬁit@Rg of oxygen sul fur and

ng %?g%'ﬁ?%%kﬁ%m% rég% thle e@ﬁ\:yﬁ céé/g%aﬁlé\ﬁ Rycloalkenyl;

ant:ycwa|k9hylagemyl$ het@Bc%/dlcseh@grt edrylailkyly hm@@eychc ring-alkyl;
azi do, hal og en (preferably) fluoro, cya
aI neyiyxyalbylk reingRidia éaéha@fwl andnilaynygcamceaf%aaheteroatom

@'{%P% ﬂgeé‘nd ?6|‘tﬁecn)g)‘a{§€§%5n e{fﬁ( né’él I?é(t%"%bw being selected

eterocyc
r| frgm malgraiulp)danMMgrojwygen srulﬁmgaadkyirogen
l,©X wher ei.n said al Kyl e nd al kynyl . .
#1@ %t ai daRhetaé‘? dagepsndently s ‘%{?&PE Hé%%&? Qrﬂ%g donsisting of
0 a [ e b t
£y BOIERERE MRS Ellorst Il CRIARID QUERARCAR, Bfcloalkynyl; an
n| aryb@knl het@b@yclmmng,nheﬂm&whe rln@elalbghmy{dxyalkyl wherein said

;e{g vl %}( y:F\ncE1 Qll%yqytgaﬁ 80?93@5}% e?er&e% E(r%ro %F the end of the
cyﬁy@ﬂiclaywk chainy said Rétstcttbml belﬁgts%lélﬁé!@ Ifr*o‘{?n td gioup consisting
het érocyclic ring-al kyl; acyloxyalkyl; wherein said

al RYbxygerkswiur and ruimgmyl can contain a heteroatomin
or n% amﬁteedeq s%fecttg(?from 1,2, 3,4, 5 o0r6;

- misOor1,

including pharmaceutically acceptable salts, solvates, and isomers thereof.

In one embodiment, the invention relates to compounds according to the
general formula (1), wherein B is selected from adenine and thymine. In another
particular embodiment, the 3’-phosphonalkoxy substituent or the purine or
pyrimidine base (i.e. the heterocycle B) coupled to the ring of the compounds
according to the general formula (I) are in the R or S configuration.

[n its more general acceptance, the invention relates to a first class of
compounds including a heterocyclic nucleobase attached to a first carbon atom of

an optionally substituted five-member saturated heterocyclic group selected from
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hydr ocar bon chai n, said heteroatom being selected from
the group consisting of oxygen, sulfur and nitrogen;

waQoo5/085268 an i nteger selected from1l, 2, 3, 4PCHBER006/000032

- msQorl, including pharnmaceutically acceptable
salts, solvates, and isoners thereof. In one

enbodi ment, the invention rel aiges to conpounds
according to the general fornmula (1), wherein Bis
sel ected from adenine and thym ne. In another 25

rticular [ e 3'-ph ona )

R AR S AR E R by ol eV A PR & I8 Poosepenoatkony
frib st spreine aoxg.0uphesplishdthialkyng opf thi@@_h@@ﬁﬁ@hmﬁﬁ)allgl group
according to the general fornula (1) are in the R or ]
ataehefditatg sacondh Garkommtemgeh saig| five-mamberc saturaled heterocyclic
' ti . firs I
G0 45| BEBR 2einlbEf BRSSP e EETRAMRSgm of sad fue.
femberc aahoateat detarbcydR growpt endasdid sebtsid tedrbdn atom being
five-nenber sat lFJtEgt ed heterocyclic gr olgg se]l ected fraom

APa5605 /6459640 PaY/ BEeHeAPBLARBIC the ikt reathan oRigrumy| said five-

t Qi t e i i<ag
R o, TR yAR ol s st Ulsa9of! compounds: may be
phospeaiedtbyi thal dgrieralrformulaplhigis phonot hi oal kyl gr oup
attached to a secon? carbon atom of said five-nenber
sat urat ed het er ocyBIN gxdup, s@i d first carbon atom
bei ng adj acent to the of said five 5 nenber

sat ur at ed he%ﬁroc Gl gﬁsai d second carbon
b

at om bei ng jacgént nekther/to e heteroatomnor to
the first ca 0 five- menber saturated
het er & HeRjroum >$hi firist 'Rfass of conpounds may
be representled by the géneig? fornula (11): R8 X1 B
X3 R7T RB R2 Fii> 'n X2 R4 R6 RS X4R1 10 (I1)
wherein: - X1, X2, X3, X4 and X5 are each each

i ndependent |y sel ect €d) from the group

wherein:

- X', X% X% X* and X° are each each independently selected from the group
consisting of oxygen and sulfur,

- B s a natural or non-natural heterocyclic nucleobase,

- R'" and R? are each independently selected from the group consisting of
hydrogen; (-PO3R™)n-POsRR™; alkyl; alkenyl; alkynyl; cycloalkyl:
cycloalkenyl; cycloalkynyl; aryl; arylalkyl; heterocyclic; heterocyclic-alkyl;
acyloxyalkyl; acyloxyalkenyl, acyloxyalkynyl; acyloxyaryl; acyloxyarylalkyl;
acyloxyarylalkenyl; acyloxyarylalkynyl; dialkylcarbonate; alkylarylcarbonate;
alkylalkenylcarbonate; alkylalkynylcarbonate; alkenylarylcarbonate; alkynyl-
arylcarbonate; alkenylalkynylcarbonate; dialkenylcarbonate; dialkynylcarbo-
nate; wherein said alkyl, alkenyl and alkynyl optionally contains one or more
heteroatoms in or at the end of the hydrocarbon chain, said heteroatoms
being independently selected from the group consisting of oxygen, sulfur and
nitrogen;
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consi sting of oxygen and sulfur, - Bis a natural or
non- natural heterocyclic nucl eobase, 15 - Rl and R2

wanres@astss i ndependent |y sel ected fromthe gr oupCT/BE2005/000032

consi sting of hydrogen; (-PO3R16)m PO3R17R18; al kyl ;

al kenyl ; al kynyl; cycl oal kyl; cycl oal kenyl ;
cycl oal kynyl ; aryl; aryl al kyl pghet erocycli c;
het erocyclic-al kyl; acyl oxyal kyl ; acyl oxyal kenyl ;

acyloxyalkynyl acyl oxyaryl; acyl oxyaryl al kyl ;

d| a kﬁ“ﬁgﬂﬁ%ﬁﬁg’y bnd 38¥ kyI é?éﬁé%gﬁ ﬁhéﬁfé%l%ly selected from the group

al lepheiskagy bt aryeleogdrs; aaidbyllﬁféllsg@rw@ﬂéfmabiyeﬂuoro) cyano, alkyl,
al kenyl ar kynyl - aryl carbonat e;

al I@@?%ﬂ%lgjl ol bonﬁcﬁﬂﬁ @R'di al kenyi car bonat e;
di ?img{%aé%fébofrpﬁgﬁfdmp@ﬁr §l'kglh%ﬂ{e‘i’1yf‘ Pétn aémkylaegcloalkenyl

al kyn opt1 ona con het’er oat ,
I n cycloatkynlge and; dﬁeter(mybydrmeb«yh (Hemm»pydw-ailkyl acyloxyalkyl

he&ﬁﬁoatorrs be%yq %ﬁgzag Ilk%ilelgﬁﬁgn% fro %B:ﬂne or more
af5tAs G cE’rCE{ B35 Qo Q@Q%‘zn d%@carbgﬁ cl%hn Bﬁld Reteroatoms

R an R8 are each independently se ected fromthe

gr taing twlepestenty s¢lehiadr iigraintheagrodp, canaisdiggrof oxygen, sulfur and
(pretf erably fluoro), cyano, alkyl, alkenyl, alkynyl,
SRIWRHfd"or14; - R14 is selected from hydrogen al kyl ;

al ey IR adrgy R ,aré)’ﬁljéﬁéllﬂ?}’éntlycyélle@@d(ﬁrﬁvd ,the Syroup consisting of
cycl oaI kynyl ; lai/li het erocyclic; ary

hetweeegan;i akyi enyhcwkmxlawylpalkyw@fcmik@wldcaqzlfa?lkynyl aryl;

al an t Iy

oL P En e, YRR LeR IR A BB, iRy peic o
saiglkd sl eindaslepmyl distionglly mdmmndfrm by nssreelétecodtonts in or at the
t he grou conS|st|ng of oxy sul fur and  nitrogen;

10 endrafgheydregaiben ghaine S?Iﬁ’d'@?ﬁ@&ﬁiﬁmsyb%lﬁg indeneniiestly selected
th 0g8 kenyl ;

al o SRR s e S SdtooBhr ol Ly
ar y(“abhyll R1heireX6cami |R2 rhay etogei;helrliorml Iayﬂ amino-acid reS|due or
acyl 15 wherein saly?l al kenyl and, al k

edihereima s i alcg%ﬁé%feﬁ%? O-@gichFesk ugkemg ata
t h%lstgﬁge &ond {(;heené%ﬁfa‘?é "f\ft%?ancrtftﬁ'fUrthélaﬂh‘éR@éanﬁ’@Fsoé@tenﬂed'

bei ng I ndepen sel ect’ed fromthe group
conéli and g’ of X% ygdrR suay togather fomr eggrup thﬂ!lr‘:g}me formula —

resq)gt@%(gq&ng ﬁl%l %%hergﬁwer Nf or81 an. gn When %fls Oanda=1o0r2
when Y is N;

- R% is selected from the group consisting of hydrogen, alkyl, aryl, alkenyl,
alkynyl, alkenylaryl, alkynylaryl or alkylaryl, wherein each of said alkyl, alkenyl,
alkynyl and aryl groups is optionally substituted with one or more atoms or
groups selected from the group consisting of halo, cyano, azido, nitro and
OR™:

- R" is selected from the group consisting of hydrogen , alkyl, aryl, alkenyl,
alkynyl, alkenylaryl, alkynylaryl and alkylaryl, wherein each of said alkyl,
alkenyl, alkynyl and aryl groups is optionally substituted with one or more
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15

pol ypepti de wherein a carboxyl function of said

am no-acid residue being at a distance fromthe
weamaasseni t rogen not further than 5 atons i s PCT/BE2005/000032

esterified; - X4 and RL or X5 and R2 may together form

a group having the formula - 20 OC(R9)20C( O Y(R10) a

wherein Y = Nor O, a =1 whepiYis O and a =1 or 2

when Yis N - RO is selected fromthe group

consi sting of hydrogen, alkyl, aryl, alkenyl,

al , I l.a 0 : ryl ,
o BB oy sloarh et cPEol et e . oo
gr dites OR“a@md NRAIRY ; substituted with one or nore
el f h i sti
8 8 B SR 0 Bt St of
sehﬁgb@@nﬁhgﬁém | group consisting of hydrogen

al kyl', "aryl, al kenyl, alkynyl, alkenylaryl,
-al Ryspnaniegeaepegsienting yihe nuhmbesial neetbiylene graugs ddhyeen and P,

al k | . _al kynyl and aryl groups..is tionall :

Subgeh PR Rl oG iy BPsotah aad Blepbndenty substituted

PCtBESY o QR0 stifilerié QBTeciEd FoPh RRe TGS I sistiRF of halogen,

t he grou ConS'St“QP of hal o, cyano, aZido, nitro,

ORydreul, [sRiiyErg: and Q1.4 aliti arcpndreing setectedipendeft By4, 5 and

se eﬁﬁgd fromthe group consisting of hydrogen and

al Kyr'; "5 - n is an integer representing the nunber of

-metrhigl ®oe1gr oups between and P, each of said

.met hyl ene groups being optionally and i ndependently

iaelyding: @h@ﬂnawwtwaéhea@epﬁawesa@l}é%i solyates, sep@eredand prodrugs

tﬁéﬁ%ﬁthe group consi sting of hal ogen, hydroxyl,

sui hydryl and Cl1.4 al kyl, and n being selected from1,

2, 3,Mére Sspmuific @mibodimbdts off SKBT Inventioh utic@e sub-classes of

E;gharnaceuticalI%@acceptable salts, .solvates, isoners
FIGORORESJePredepiecby ay b the idioping tarawdaertHi o efVII):

i ncl ude sub-cl asses of stereoi soners

thegBollowing fornulae (I11) to

the inventiops
represent ed Ey
(XM'11): R8 X1

7

(Iv),



R2 X5 PX2 R4 R6 R5 15 X4RL (111), R8 X1 3 R7 R3 R2X5

| | '1~~X2 R4 R6 R5 X4Rl (1V), WD 2005/ 085268
WOCTsBE2685/ 000032 22 R8 X1 B X 3 R7 R3 R2 KETIBE2005/000032
nX2=R4IBGR 4Rl (V), RE1XB x 3RT R3 R X5

P~ Il X2\ gR4 R6 RX4RL (M), R8 1 XB x 3 R7 R3
ROX5 | n X2 R4 R6 R5 4Rl 5 79

R2X®

(VIII),



(M1), RBXBxXx 3R/ ~"~i~3 RX5 Pn X2\~ R4 R6 R5
X4R1 (VI11), WO 2005/085268 PCT/ BE2005/ 000032 23 R8
W&2005/085268 R3 R2 XS || X2 R4 R6 5 14R1 (I X) PCT/RE20081D00032
X 3RTRB R X5 PnX2" R&A RE RS X4Rl (X), X1 B x
3R RXS PnX2 _ R4 R6E RS S5 4RL (XI), X Bx 3

, ~~~77R3 R2X5 P n X2\\ R4 RG3R5

(XIH)



X4R1 (XI 1 ) WD 2005/ 085268 PCT/ BE2005/ 000032 24 X x

3RB R X5nX2 R4 RE RS 14R1L (XI1l) X1 x 3 (RB3 R2
wWi30hsme8 X2\ R4 R6 RS X481 (XIV), R8 X1 BPETBERW5/000032

2X51 24 RPnXR 141 RR R 5XR(XV), R3 X1 B

X 3 R7T RRX5 P n X2\\ R4 >6R5 X4Rl (XVl) WO

2005/ 085268 PCT/ BE2005/ 000032 2425

(XVI)
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R RR24 XSR6 RS 4Rl (XVI),

R8 XI x 3 Rt P."~n X
I RR XSP" ' X2\ R4 R6 RS X4R1

and R X1 x 3 RY

wOxMIsIo832685 wherein n, m B, X1, X2, X3, X4, XBCTRE2005/000032

R2, R3, R4, R5, R6, R7, R8, RO, R10, R11l, R12, R14,
R16, R17 and R18 are defined as in formula (I1),

i ncludi ng pharnmaceutically acegeptable salts, o
sol vates, isomers and prodrugs thereof. In a specific
enbodi nent, this invention relates to conmpounds

represent ed any of1theforrrulae(||) to (XVill),
wherein R4 is X 10 IQBa preferred enbodi nent,
this invention re ‘torrpounds represented by

any of t f (I1)/to (XVI11), wherein at |east
one of R8 I\s hydrogen, nore preferably both R7
and -R8 ' n s jore general acceptance,

Rh& Fvent i om aXso Hel afesRo a second class of
conpounds i ncl udi ngR% MY erocyclic nucl eobase attached
to a fingR' 15 carbon atom of an optionally _
substituted five-nmenber nmono-unsaturated heterocyclic
group sel ected from di hyd@ofily andl and di hydr ot hi enyl
and further igucluding a phosphonoal koxy,
t hi ophosphono%l oxy,X hosp(]gmot hi oal kyl or
t hi ophosphonot hi kyl r\‘Bup attached to a second
carbon gBom gf menber nono- unsat ur at ed
het er ocyjcl } ¢, ‘grou sai/d fi rst carbon atom being 20
aglj acen ,t/@t\he )

%OTW at ur &t &d

gya ic
xR’
(xXvi
wherein n, m, B, X', X%, X%, X%, X°, R", R% R®, R*, R%, R®, R, R®, R°, R, R"" R"2,
R™, R™ R and R" are defined as in formula (Il), including pharmaceutically
acceptable salts, solvates, isomers and prodrugs thereof.

In a specific embodiment, this invention relates to compounds represented
by any of the formulae (1l) to (XVIII), wherein R* is hydroxy. ,

In a preferred embodiment, this invention relates to compounds
represented by any of the formulae (Il) to (XVIII), wherein at least one of R” and
R®is hydrogen, more preferably both R” and R® are hydrogen.

In its more general acceptance, the invention also relates to a second
class of compounds including a heterocyclic nucleobase attached to a first
carbon atom of an optionally substituted five-member mono-unsaturated
heterocyclic group selected from dihydrofuranyl and dihydrothienyl and further
including a phosphonoalkoxy, thiophosphonoalkoxy, phosphonothioalkyl or
thiophosphonothioalkyl group attached to a second carbon atom of said five-
member mono-unsaturated heterocyclic group, said first carbon atom being
adjacent to the heteroatom of said five-member mono-unsaturated heterocyclic

group, and said second carbon atom being adjacent neither to the heteroatom



10

15

20

25

group, and said second carbon atom bei ng adj acent
neither to the heteroatom WO 2005/ 085268

WOCTsBE2WGO5/ 000032 26 nor to the first carbonrPart@Eza@s/ 000032

said five-nmenber nono-unsaturated heterocyclic group.
This second cl ass of conpounds may be represented by
the general fornmula (XIX): R§ggX B X3 R7 R3 82X5 |
~X2 R4 4R1 X 5 (XIX) wherein: - X1, X2, X3, X4 and
X5 are each each independently selected fromthe group

consi gt f r

Fh i i e Shully S8 oA Vanadr oMo RSy feued heterooyoii
chmpeanhsls"mlnendle@slcf serhpelieds imeymbeheegieasnted by the general
consi sting of hydrogen; (-PO3R16)m PO3R17R18; al kyl;

farrerts (XIXa1 kynyl ; cycl oal kyl ;  cycl oal kenyl ;

cycl oal kynyl ; @ryl; arylalkyl heterocyclic;

heterocyclic-gi l; onxyBIkyI acyl oxyal kenyl ;
acyloxyalkynyl a ; acyloxyarylalkyl;

acyl oxyayayl aI I al kynyl ;
d| aI kyl 3% te | kyl gryl car bonate; 15
I al ;

g ; ynyl car bonat e;
nyi—-d?yl cambK at e;

a | k

alkydﬁﬁ- aryl car bonat e;

alkenyl | kynyl car bonat e; di al kenyl car bonat e;

di al kyn icar bonat e; wherein said al kyl, al kenyl and

al kynyl “optionally contain one or nore heteroatons in

or at the end of the(XWdgrocarbon chain, said

hsteroatons bei ng i ndependently selected fromthe
Wh6RNconsi sting of oxygen, sulfur and 20 nitrogen; -

R3,XR4¢2 P &\ chridB XA e Oth éé@enﬁ%eﬁabm@%b%dte@ filoh®Ahe group

the group consisting of hydrogen, azido, hal ogen
( prasineisdibpyoffaxygen pndasdfon, al kyl, al kenyl, al kynyl,

S R]éhs a na%ﬁbr non-natural heterocyclic nucleobase,

- R' and R? are each independently selected from the group consisting of
hydrogen; (-PO3R'™),-POsR'R™; alkyl; alkenyl; alkynyl; cycloalkyl;
cycloalkenyl; cycloalkynyl; aryl; arylalkyl; heterocyclic; heterocyclic-alkyl;
acyloxyalkyl; acyloxyalkenyl; acyloxyalkynyl; acyloxyaryl; acyloxyarylalkyl;
acyloxyarylalkenyl; acyloxyarylalkynyl; dialkylcarbonate; alkylarylcarbonate;
alkylalkenylcarbonate; alkylalkynylcarbonate; alkenylarylcarbonate; alkynyl-
arylcarbonate;  alkenylalkynylcarbonate;  dialkenylcarbonate;  dialkynyl-
carbonate; wherein said alkyl, alkenyl and alkynyl optionally contain one or
more heteroatoms in or at the end of the hydrocarbon chain, said heteroatoms
being independently selected from the group consisting of oxygen, sulfur and
nitrogen;

- R3% R% R’and R® are each independently selected from the group consisting
of hydrogen, azido, halogen (preferably fluoro), cyano, alkyl, alkenyl, alkynyl,
SR'and OR™;

- R™is selected from hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl; cycloalkenyl;
cycloalkynyl; aryl; heterocyclic; arylalkyl;~ heterocyclic-alkyl; acyloxyalkyl;
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- R14 is selected from hydrogen; al kyl; al kenyl;
al kynyl ; cycl oal kyl; cycl oal kenyl; 25 cycl oal kynyl ;

wanyisioskes er ocycl i c; aryl al kyl; heterocycli c- aPkYIBE2005/000032

acyl oxyal kyl ; WD 2005/ 085268 PCT/ BE2005/ 000032 27
wherein said al kyl, alkenyl and al kynyl optionally
contain one or nore heteroatogys in or at the end of
t he hydrocarbon chain; said heteroatons being
independently sel ected fromthe group consisting of

r d Lo 8

U RiE g 2B iRy 8RR ki DSreBALy Shighoptec or more

hydfeigm‘tombkml or at Keaydnd af I«the?/hydroyg.:b@ialkk?{ém said heteroatoms
ary al ky

cycl oal kenyl ; cycl oal kynyl

hgtt@l%yﬁg@nﬂﬁﬁﬁy Sﬁ@@ﬁﬁ%ﬁs’m fhe grawg- %mawtmg of oxygen, sulfur and
acyligsyahkyl; wherein said alkyl, alkenyl and al kynyl

option Iy contain one or nore heteroatoms in or at

theR@ndR Sfandwé? Ryateoindependerithi selestad filvat eheagomp consisting of

be | ndepe n 10, sel ecte m t he

o DReRSsiT SRVb ks i Seloaler biicaiReRS cydlgalkynyl; aryl

R1, 0

resﬁﬁﬁé@irﬁé‘@fﬁg@%ﬁ“ %%‘é‘?‘é.y‘ﬂ%*”e%‘?b@f“ﬁ%?ﬁ’%?‘f%nwhfefe'" said

salaiksdnaﬂsenalc&l atlkyndueptirially cantain alesonmose thetenoatmms in or at
further.than

oot Frd " By Eficartin, MPiir &l Pn &Rk beio insigpendenty

a HeshteO IO the @t%uprfdﬁélis@l\Aﬁ &%@é@é@ﬂ%@hﬂﬁé@é@
vvherel nys=s = N or I'Ss

V\,héﬁ wnds RG or K9 and sj%ﬁ Eme)édtogetjmrt fmrrrgre@u@mmo aC|d residue or

B%n%éﬁﬁﬁe(k\&lﬁéﬁéﬂ{ 3%%'?%9)& %Céc j}\lrgi! a@la@f‘ ﬁéﬁﬁld residue being at a

Wthl@UaﬁCé?iI@ﬂn tHfe smidhtaniydgerahsiefoyther thinky aldmeaidestelified;
grqQups is_pptignally ubstltuted with one or nore

at he 2 B Oér%.équ B@ds%? dea\e dogethar foren ¢ GiipHR dyaying they formula —
of @@kl@i}z@?g@nf&t’(hiz)é%eraint?o- ANGr 093144 \gh&q{ IO and a=1or2

sel ec roup consisting’of h
aI Iw?hen &rigIN; al kenyl, al kynyl aI kenyl aryI

l ! Zﬁq@cﬂ%org legé upg\ﬁgﬁég lr?g;e o {qgglﬁl;,glk?/ll kallfyl alkenyl,
::Ikéz%){ﬁg}gftéiﬁermlé g%gfygg/{)a nfall ?Iaﬂgqgﬁer%;n %éQHB?sald alkyl, alkenyl,
azialkynyl @ndr aryl @?mmsarsdopmmsubstmﬂedammh R&% ar enore atoms or
eacgn’ohpr)]g es%?ecqgg tfll' m laegcrto(a% écgnosr{%t}n%eog V(P gy%r}]sél Satzln%l, nitro and

OR™:

- R is selected from the group consisting of hydrogen , alkyl, aryl, alkenyl,
alkynyl, alkenylaryl, alkynylaryl and alkylaryl, wherein each of said alkyl,
alkenyl, alkynyl and aryl groups is optionally substituted with one or more
atoms or groups selected from the group consisting of halo, cyano, azido,
nitro, OR™ and NR''R"?;

- R" and R™ are each independently selected from the group consisting of
hydrogen and alkyl;

- nis an integer representing the number of methylene groups between and P,

each of said methylene groups being optionally and independently substituted



hydrogen and al kyl; - n is an integer representing the

nunber of nethyl ene groups between and P, 30 each of
weabw/oss2ehy| ene groups being optionally and PCT/BE2005/000032

i ndependent|y substituted WO 2005/ 085268

PCT/ BE2005/ 000032 28 with one or two substituents

sel ected fromthe group consisging of hal ogen,

hydr oxyl, sul hydryl and C1_4 al kyl, and n being

selected from1, 2, 3, 4, 5 and 6; and - msQorl, 5

i ncl.udin [ ly,accent abl.e s , L vat e

 DGHTRE B ETRREHEL O 8RB BB 3 BrodsH oSt naogen
emh?@fd!?lﬁﬁjll@idrﬂlhﬁnd o glk@Nand ¢l bsiag sdectbasess 192, 3, 4, 5 and
conmpounds bei ng stereoi soners represented by any of

t h&® 8BHl owi ng fornulae (XX) to (XXVI): R8 X1 B x3 R7

3 LIn . X2 R4 110 481 (XX), RS X1 B x3 R7
/'ﬁE%H§§E1F n X2 R4 4R1 1X (XXI'), 15 X1 B x3 3

iR2kiding pharmas2utidallyl 48de MEbIROBAILO8SBRAItes, isomers and prodrugs

PCT/ BE2005/ 000032
thereof.

More specific embodiments of the invention include sub-classes of
compounds being stereoisomers represented by any of the following formulae
(XX) to (XXVI):

X! B
X3 'I"///RB
[N



29 (XXI' 1), Xx3R3 RX51 , " nX2R4 4Rl (XX
I 1), RRXB x3R72X511.~2R4 RPN X4RL 5
WOIMISE5268R8 X 1 x 3 R7 R2 X5 11 "'~ X2 R4 n 2EL/BE2005/000032
(XXV), and RB X Bx 3 RT RB RX5PII~ n- X2RA4
14 1 XR 10 (XXVlI) WD 2005/085268 PCT/ BE2005/-000032
30 wherein n, m B, Xl, X2, X3g X4, X5, Rl, R2, R3,
R4, R7, R8, R9, R10, R11, R12, R14, R16, R17 and R18
are defined as in formula (Xl X), and wherein the
snake-1i ke synbol stands for &%I st ereochem cal
arrangenent of the respective (lj)

1
X ‘\\\\\\B
x3 R®
R2X5——P/Hn\X2 R4
>|<4R1
(XXII,
8
R X! B
R2X®
R2X5
(XXV), and
R8 x1 B
X R R3
R2X5—pP n X2 R

X*R!

(XXVI)
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i ncl udi ng pharmaceutically acceptable salts, solvates,
isoners and prodrugs 5 thereof. In a specific

wendsseat , this invention relates to conpoun#@€T/BE2005/000032

represented by any of the forrmulae (XIX) to (XXVI),
wherein R4 is hydroxy. In a preferred enbodi nent, this
invention relates to conpoundgg represented by any of
the formulae (XIX) to (XXVI), wherein at |east one of
R7 10 and R8 is hydrogen, nore preferably wherein

; 1 are By grogenst | te ad e Jander skoachs 12 14
KON PPt il I o e iy gﬁ,ﬁ PR R R,
REVR" camtp 1P dwe adefirasl definnferimu @XK)0fandhwheesiar b snake-like

wherein: - each of the

formJI!a ). to &nxxv%ﬂ _ _
YIBRYY planesTas, any | strecockemisal axgngemenkof B reapective bond,
Rélud pﬂérmﬁé@ut’f@allge%té?%'tgble%é}ts E%apafgs45is§?1$e§§ Eégd prodrugs

[

and 8 may i ndepen correspao 0 any

thereafi ti ons gi ven above, in particular with any of the
mean s (such as

referred rapges_ or,. individual in

P T L& bR e iment s ERntiohareldea t¢ pmpounds represented
85y bf thd ' Boky i is hididkgd to, "

O} of e BEMLRE dAPIEvRNVASHSin RO hidihGe 1© 7.

aryl In a peafefredy enlzodiment,hahisgeinvention cyelhtesl klenydompounds

SpITOmRL Y A bt e, e tXbo, to GofSowhataigatisast one of R
ard Rbishydfogeantiotd prdfefedly wheasii both RARndRegRS Rydfogen.

and n may independently correspond to any of the

i ndi Vit @havidvbe weserstoed thabinethel abewe: Bmifodimentsoofiteainvention,

) . i d th
k1 Eo¥blnad B AL RERg 5380 N B URSR SRR o oo
whéreipreferably 1 or 2. This al kylene chain may al so
i ncl ude_gne or nore subs,t i tuent s Slleh1 as, hall ogen,

“hy 8RO O thessihsfitiisnts Ba ek Xt Ry X't 8t RhRamceR R, ¥, R8, R®,
anp1ofpHCYY?2 -p14- -p17- 18 CYO YS! - - ' -

eazeh 'oﬁs Y,?QYQY'FF Vﬁ‘t\(’nﬁ Yat'@%gei %%yp}ne ggggpafvchegpond to any of
i nthepdefiitiony gbeineabeek, fin qrartitydag ndthpaeyo b$ itisé iprefepfed ranges or
fl uor o hl oro, hydroxyl, . 30 sul hydryl and nethyl. WO
20043 eBBINGSEERYGH! Bb dasirated 4hovg) gall BeBeric terms used for
UNEgH O rhditall f i defjpitio o o
phosphonate ro?jr u%?f&?ﬁ bgg ei@ll%bote(lfﬁf o%ﬁ@aﬁpl &%@glkW ’
U. @kepglt'snt allgnyl ”, * aryl *, * heterocyclic *, ¥ halogen “, “ cycloalkenyl “,

“alkylaryl “, “arylalkyl “, “ alkoxy”, * cycloalkoxy “, “thioalkyl “, * thiocyclo-

alkyl ', ¥ amino-acid “ and the like,

- each of the integers m and n may independently correspond to any of the
individual values given above.

In each of the formulae (1) to (XXVI), the alkylene chain between X2 and the
phosphorus atom P is preferably a short chain, i.e. n is preferably 1 or 2. This
alkylene chain may also include one or more substituents such as halogen,
hydroxyl, sulhydryl and methyl, for instance it may be any of -CYY’-, -CHY-, -
CYY'-CY"Y"- or -CHY-CY'Y”"-, each of Y, Y’, Y’ and Y being preferably
independently selected from the group consisting of fluoro, chioro, hydroxyl,

sulhydryl and methyl.
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6, 225,460 and U S. Patent No. 5,977,089. Specific

enbodi nents of bases B suitable for inclusion into the
woaopmesds of 5 the present invention includepChDBE2&05000032

not limted to, hypoxanthine, guanine, adenine,

cytosine, inosine, thymne, uracil, xanthine, 8-aza

derivatives of 2- am nopurinez; 2, 6-di am nopuri ne,

2- am no- 6- chl oropuri ne, hypoxanthi ne, inosine and

xant hi ne; 7-deaza- 8-aza derivatives of adeni ne,

ri.ne,

9 Bvehous” L GG oRE. RSB A ne 4% de ey definitions of
p?ffﬂi%bgbﬁﬁte brddrugsazaclesd V@ééchﬁédoforze&mTWUhl 0ES. Patent No.

I am nopuri ne, 2-am no-6-chl oropuri ne,

G&?ﬁb@)@ﬁﬁtaﬂdﬂé Sf iRalenioaR@7X 8N ne; 7- deaza :
5. .
e oGBS el AT GBS0 compounas

thénybr‘@s@ﬂt idverRAZ cllRId, VIRit MRS rioft Igniesd ropiyboganthine, guanine,
, 6-di am nopuri ne, 2-am no-6-chl oropuri ne,

nEWosEe, i iResinAe tayimineantiache Xapthidec Praza derivatives of 2-
ag'rj o§§D| 8ygg§ﬁ%%|gg%éﬁ y|%%rn%éﬂt()oéhlg?opﬁldeodrﬁfp‘b&gﬁimﬁe inosine

cyt
dridoxavthimg; UF@éajarSQZEIdwwanoi adénind) gua‘mna,cz-lammopunne 2,6-
5-i odour aci | ; 5brom?1l[1ra0|l - trlfIHoror:reth %pil; .
HaminaR e hgMinabia OFQPEE“F\?:nWB@% Ingpdnosine and xahthine; 1-

o%a‘%raO&XWétWe@%# 2-armhEH & 2 6- @ghﬁ’n HnRU T Qleno 6-chloropurine,

resi due sel ected rom guanyl eazaguanyl, 1-
gpaxagthamng,| moSmazagﬂamythme‘* E@&aagmry/lanvasi@ﬁﬂ aminopurine, 2,6-

SRR b 28 FESBRRRGR. by SRBRE B antin: <
S Qeﬁvé’tme@%’luﬁaw hoBiMh&- 2 BLAaRIRSPUHIRL M- ameo-G—chloropurlne

particul ar enbodi nent of the present ‘i nvention
roxadthine, hemlsm@phan@t exanghipet i 6@2@@%%os$iﬂggrocytosme -

RIS SRR, o e " S tgeie: =

mlm@ﬁacﬂf 5-gordBrauile s&ith|drovereili @no@fo@vacdessrmwouracn 5-
phosphonate substituted threose nucl eosides, nore

tﬁﬁu@nomtavluya@f SometsomathyiaciluBsethyylueaailanch §epropynyluracil.

prgé%ﬁw dﬁv'@n%ﬂ o%ﬂ%ﬂle%s'@e%géseg%ﬁg k@%ogb%ﬁﬂ t%ée%%uanw 1-

d¥ai@apyl, i n8-axtaghyhyln o7 deabagesnygoupddeshyt, o Btmeazaraglenyl 1-
of the congounds of the invention are in the R o

denazagdanyh Brzaagienyl 05l essadsnHC A BEET0EL BBRY 02- ammopurmyl 6-
HIFrcPs SR g B R S RS o hg the

c ouh saartiéulameofoadimentgf theepresembirevestionhgrovides the phosphonate
substituted nucleosides having any of the formulae (I) to (XXVI) wherein B is
selected from adenine and thymine. Another particular embodiment of the
present invention provides novel 3'-phosphonate substituted threose nucleosides,
more particularly 3'-phosphonalkoxy substituted threose nucleosides. In another
particular embodiment of the present invention, the 3'-phosponalkoxy substituent
or the purine or pyrimidine bases coupled to the ring of the compounds of the

invention are in the R or S configuration.
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phosphonat e substituted nucl eosi des having any of the
formulae (1) to (XXVI). Such novel internedi ates nay

woeorsagswsent ed by the foll owi ng general formuPa@®BE2005/000032

(XXVIT) to (XXXVi): O HO OV (XXV 11), O UO OV 10
(XXV 1 11), 0o OV UO OV (XXIX), 0 OV HO OV (XXX), WD
2005/ 085268 PCT/ BE2005/ 0000323533 O OV PhosO OV
(XXXI), $1:11233.Jow PhosO OV (XXXI | ), OOQUS
PhosO QU (XXXI | | ), O ONPhosO QU (XXXIV), O BP

Phchsw(e) p%sent invention also relates to certain novel intermediates that are
made and used during the course of manufacturing one or more of the
phosphonate substituted nucleosides having any of the formulae (l) to (XXVI).
Such novel intermediates may be represented by the following general formulae
(XXVIN) to (XXXVI):

O

Ro

HO oV
(XXVI),
go
uo oV
(XXVII,
uo oV
(XXIX),

ov

jQO

HO oV
(XXX),



10 (XXXV), and WO 2005/ 085268 PCT/ BE2005/000032 34 O
Bp PhosO OV (XXXV I ), wherein: - Uis an acyl group,
wo 2005¥85%8a silyl group, - Wis an al kyl gr oupPCI/BRR005£00032
an optionally protected heterocyclic nucl eobase,
wherein the protecting group may be acyl, silyl or
benzyl ether, and - Phos is aR3;0-protected
phosphonoal koxy or thi ophosphonoal koxy group or an 10
S- prot ected phosphonot hi oal kyl or
thlophoseponothl??lkyl group, wherein the protecting

group i e QVabl e for the protection of hydroxyl
group phosphoni ¢ or thi ophosphonic acid. The
prese invéntion relates in a particul ar enbodi nent

ounds and internedi ates sel ected from
t he gsoup censisting of: 15 -
PhoAD- benzoylmgeni n- 9-yl ) - 2- 0- benzoyl - 3-0- (d
i i sopropyl phosphononet hyl )-L- threose (11),
1-(thymin-1-yl)-2- O(%%% -3-0-(d
||soproptjphospEgMonethyl) L-threose (12), -

O benzoyl - 3-0-(d
i i sopfopyl phjosphononet hyl ) - L-t hreose (13), 20 -
1- (N4-wacetyfcytosin-1-yl)-2-0-benzoyl - 3- 0- (di i sopropyl
hyl)-L- threose (14), -
1- (adgni n-9+yl ) - 3-0-(diisopropyl phosphononet hyl )-L-thr
PheeO al so n@wed
(2R,3R,4S)-hB-[tetraaég%ﬁ-s-hydroxy-4-(di-O-isopropylp

(

hosphononet hoxy) - fu radeni ne (15), 25 -
1-(thym gy 1-yl ) +370-

di i sop py h ononet hyl )-L-threose, also named (2
1-[tetrahydro- 3- hydroxy-4-(d

i-C)is prop | phosphononet hoxy)- furanyl]thym ne (16),

PhosO ou
(XXX,
O oW
PhosO ou
(XXXIV),
O BP
PhosO ou

(XXXV), and
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25

WO 2005/ 085268 PCT/ BE2005/ 000032 35 -
1-(uracil-21-yl)-3-0-(

wdiosmgswpy| phosphononet hyl ) - L-t hreose, al so nage@E2¢02/000032
R 3 RA4S)-N 1 -[tetrahyd ro-3-hyd roxy-4-(d
I - O-isopropyl phosphononet hoxy)- furanyl]uracile (17),
- 1-(cytosin-1-yl)-3-0-(diisopgopyl phosphononet hyl
)-L-threose, al so naned
(2R, 3R, 4S) - N1- [t et rahydr o- 3- hydr oxy-4-(di - O i sopropyl p
hosphono&et hoxyéE furanyl ] cytosine (18), -

1- (ade yl deoxy- 3-0- (di i sopropyl phosphononet hy
)-L-¢hreos also nanmed (2 R4 R - NI9-[tetrahyd
ro-4- [ i so pro pyl phosphononet hoxy)-fu ranyl]
adeni n 10 -

1-(thym n-1&¢yl)-2-deoxy-3-O (diisopropyl phosphononet hy

Ppodot hreoseg\al so  naned

(2R, 4R) - N1-[tetrahydro-4-(di - O i sopropyl phosphononet ho

xy)-furanyl] thym n@<>@§z\6§ - 1-(uracil-|

wP(ér)anZ deoxy-3- O (diisopr opyl phosphononet hyl ) - L-t hr eos
al'5o  naned (2R, 4R)-N '-[tetrahyd ro-4-(d

-| - (}lswpaqmgromosphononet hoxy) -furanyl] 15 uracile

1 g
-1- Vd§ 2ogiYh 9iQUR. ) - 2- deoxy- 3- O (di i sopr opyl phosphononet h

vl yﬁnwget@éhydrgagegdl O- i sopr opyl phosphononet ho

-xyB»pflwramngpﬁonailytmstemeec( Béjeroeyclic nucleobase, wherein the protecting
adeni n onet hyl )-L-threose sodi um

sa fou%m%%ﬁéﬂ S'B’bgFE Wﬁﬁ éé[tetrahydro 3- hyd

E OF’f)ﬁbé i$ BROSMIeRR RS b%&fofn@éwy]owﬁiapn%pma%%rbup or an

1- (Sfmahea'ted MO)sptaomommusfbmﬁbmhngpbomothmmer@miuwmrem the

CoproipBlil BB s qnmn switabls oy dPe,RrotRstisR 2D by gEoups of a
y) ﬁéé@h‘t\/ﬁll‘,bﬂrﬂb BospHhid/aeigal t (3b), 25 -

1-(uracil-1-yl)-3-0O'(phosphononet hyl)-L-threose sodi um
sallhe presenhianeation Q&d@i@g in g padicplesenpgdiment to novel compounds

nod %’tér}n)ﬁgécﬁé%(s%e) @&8& %ﬂpm@égﬂﬁyeons%tfnﬁrﬁl Juracile
-1 0@(W%rrzoiﬁade)m@%émbahm@mwu)seprd;iytmmhonomethyl) L-

sodi um sal t al so naned
(2frepsa &) Tho- [ t et r ahydr o- 3- hyd

T O4YakrhiRDPS AR RRBEL AL O | iEsRrbb§khBS bRGnomethyl)-L-threose
(12),

- 1-(uracil-1-yl)-2-O-benzoyl-3-O-(diisopropylphosphonomethyl)-L-threose (13),

- 1-(N*-acetylcytosin-1-yl)-2-O-benzoyl-3-O-(diisopropylphosphonomethyl)-L-
threose (14),

- 1-(adenin-9-yl)-3-O-(diisopropylphosphonomethyl)-L-threose, also named
(2R,3R,48)-N°-[tetrahydro-3-hydroxy-4-(di-O-isopropylphosphonomethoxy)-
furanylladenine (15),

- 1-(thymin-1-yl)-3-O-( diisopropylphosphonomethyl)-L-threose, also named
(2R,3R,4S)-N"-[tetrahydro-3-hydroxy-4-(di-O-isopropylphosphonomethoxy)-
furanyljthymine (16),
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30

30 sodiumsalt (3d), WO 2005/085268 PCT/ BE2005/ 000032
36 -

wo-20@8sen- 1- yl ) - 2- deoxy- 3- O (phosphononet hyl ) PCTBER@E500032

e sodiumsalt, also naned

(2R, 4R) - N9- [ t et r ahydr 0- 4- ( phosphononet hoxy) - f ur anyl ]
adenine sodiumsalt (3e), - 35

1- (thym n-1-yl)-2-deoxy- 3- O (phosphononet hyl ) -L-threos
e sodiumsalt, also 5 naned

( 2 ﬁa (i RlciNp: a/r}]tfbr f?&‘f\é@er%pw%ﬂ%%BR&R&HS{H‘yBXLVMeBEQ”V bld named

sodi

1 (zmaﬂ 1S N et2xhyd meg- r@d@bxmqapm@omﬁww%bhbhomOXw
e sodi um salt, ﬂl so naned
(2#@@@){ yigcy Qé1 rlahydr o- 4- (phosphonomet hoxy) - f ur anyl ] ur

17 GREm SR LieRlopihgsphpnometn Jtpope, iy named

se(%l%,tismS}&al {[tetmhydro -Behyeldoxy-4-(di- O-lsopropylphosphonomethoxy)
F%éﬁ%&c%%t ekmjgﬂ o( gh§ ph?sphonorret hoxy) - furanyl |

( 3 R(ﬁ@énﬁ\e@fyﬂm 9[987(%3%% @%Tépﬂbﬁ@éé%ﬁdfhé‘t‘h%%hbf{rébéé’ also

furan- 2-
onan@dbemflR -3\5 Qt@tealnydu@w @iHO—lsopropylphosphonomethoxy)—furanyl]

ﬁ?éms' Idé furan-2-one, 15 -

(2 3R, tetrahydro 4- O benzoyl -2-O nmethyl -3-O- ter

_tRbZ{;S )?m{’iﬁ Zb)gz&dédky%f@ (@igdplopBhodphondmethyl)-L-threose,  also
et r ahydr o-

i - oAned: b(RR, H&ﬁ)%rﬁﬁ@hr@hym “A4(dintisopxgpiiphesghanomethoxy)-furanyi]

(2 ﬁﬁn 3% Letrahydro 2,3-di-Otertbutyldinmethylsilyl-
dr ? rane (2S, 3R, 4S) -tetrahydro- 2, 3-d

- - @-(Uﬁid]lbuywﬂdé’ewlﬁl@l Hiyéop‘ﬂomdph&pmn@émklmomré’&e also
phonomnet ho

( 2RamRd ﬁ%‘?%'}l aﬁw%yctrog’c (Ai=Giseprepviphpephenanpetsioxy)-turanyl]

propylphos- phononet hoxy) -fu rane, -
(2%%’%% ) ~'t et r ahydr o- 2, 3-di - O benzoyl - 4- (di - O-i soprop

-yI 1f1byix;>}smah{yh)92-hlemxy 3 ®h(da$tmr0|’zljilphosphonomethyl) L-threose, also

R 3R, A4S i - nzoyl -4-(di - O-i sopro
Bﬁ@?ﬂho%@hﬂ&y eth rmdgm- -(d?— -?soprgpylphosphonomet oxy)-furanyl]
B35t kz - benzoyl - NO- [Tetrahydro 3- O benzoyl - 4- (di
- O—I sopro phos- phonomet hoxy) - f ur anyl ] adeni ne,
- 1-(adenin- 9-yl)3 O-(phosphonomethyl)-L-threose sodium salt, also named

(2R,3R,4S)-N9-[tetrahydro-3-hydroxy-4-(phosphonomethoxy)-furanyl]adenine
sodium salt (3a),

- 1-(thymin-1-yl)-3-O-(phosphonomethyl)-L-threose sodium salt, also named
(2R,3R,4S)—N9-[tetrahydro-3-hydroxy-4-(phosphonomethoxy)—furanyl]thymine
sodium salt (3b),

- 1-(uracil-1-yl)-3-O-(phosphonomethyl)-L-threose sodium salt, also named
(2R,3R,4S)-N9-[tetrahydro-3-hydroxy—4-(phosphonomethoxy)-furanyl]uracile
sodium salt (3c),

- 1-(cytosin-1-yl)-3-O-(phosphonomethyl)-L-threose sodium salt, also named
(2R,3R,4S)—N9-[tetrahydro-3-hydroxy-4-(phosphonomethoxy)-furanyl]cytosine
sodium salt (3d),
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(2R, 3R, 4S) - N1- [t et rahydr o- 3- O benzoyl - 4- (di - O i sopr opy

woOphsagfesonet hoxy) - 30 furanyl]thym ne, WO 20061T®B&2@6800032

PCT/ BE2005/ 000032 37 -

(2R 3R 4S)-N -[tetrahydro-3- O benzoyl -4-(di - O i sopropy
| phosphononet hoxy) - fur anyl Jurgcil e, and -

(2R 3R 45)-N6-acetyl -N -[ Tetrahydr o- 3- O benzoyl - 4- (di -
O i sopr opyl phospho- nomat hoxy) - furanyi ] cyt osi ne.

e e B HRERT BB Gen h?f@'aﬁiﬁfﬁf‘r-i@fgoaésg‘% B, gatt, also

forathée (1 2R, OR{-KRNEtahgaraatbrhbsghorsemioR )ifuraﬁ}il]e adenine
particul arly as conpounds active agai nst H

i neoskiyresalii(8e).rel ates to the use of phosphonate

?g?ﬁtﬁ@ rf;gﬁfld%‘&%-%@@-@%oggﬁoﬁ%%ﬁq_ r)aogg &88?&%' )salt also

act ur Ine O

phafameda(aﬁidﬁ JHyP- aeﬂralvydro%(pﬂﬁlsphbnoriﬁtl@%{fmmnly},]tr@fmlae sodium

Vi ru ?pl ication inhibitor, preferably a retrovirus
repﬁqtc@ i nhi bitor, for i nstance for the

Tl aaEYY &1 PR ofG e OB pRENEBIINACHIGESe sodium  salt, also
pr en&med leacﬁa) - [mltrebtydmaﬂ (phoszphcaiqmetbme?)eﬁuaﬂxhyl]uracue sodium
ret Vi i nfections in humans and manmal s. The

tn(l3 nventlon further relates to a nmet hod of

“eﬁ(dﬁatn o ]3_/ aQ—be -3L®f(9ﬁbé15’rﬁbnd?ﬁ@tﬁ%ibﬂ#e@se sodlum salt, also
retroviral i nf egtion in a manmal , “1'ncl uding a

humme@orrp(QPs4RbNadtﬂtﬁafwdm—ﬂf(ghoaphm"@mafhnm-furanyihed cytosine
g h trg%g&snt a therapeutically effective anount
of :9 'of any of formulae (1) to (XXXVI) as an

aCt(BR&lSSP@ltr%ﬁnyH-4 e/ M-Yemsut |aﬁ1%msfwl9l-ﬂxarémzaéne

| east a pharnaceutically acce e carrier. The

i n\@Rt;‘i%Heltf@th@-%Q-lb@ﬂé@ylt% db@@wdmﬁthvlﬁéyl-furan 2-one,
f
OB oA P R0 Bnaot e bR sk Rideimagpvisi-

sukfetart—moﬁ@ nucl eosi des of the present invention
r| ses ;he steps of selectively Q/tgrot ecti ng t he
r

§x§R f4§ el "97%%&'110 tRubddimetaylsivifshydroxyrfgrane,
t iAat '
R A e AR o D [ B A0l -4 HR0I AT
¥ i r(@Sv@R HSMeiraﬂw&Ed aomﬁtmwmylﬂmhethﬁllslljllewenﬂ-(bysdwopylphos—
reacgtion eﬁ‘@lmdi ne or purine base,
ﬁﬁlﬂ”@&q 9X3QTU five-nmenmbered ring protecti ng
9r QURS3RIAY \ e shy 8- LY} A& -
prgt ecting gr oup%Hr i Hdﬁg%éés}g%%lﬁ%@g% gﬁ (gnlsoprogylphos
of phomohyethoxy)-flitarst,i ons present on the f| ve-
- (28,3R,4S8)-tetrahydro-2,3-di-O-benzoyl-4-(di-O-isopropylphosphonomethoxy)
furane,
- (2R,3R,4S)-tetrahydro-2,3-di-O-benzoyl-4-(di-O-isopropylphosphonomethoxy)
furane,
- (2R,3R,4S)-N®-benzoyl-N°-[Tetrahydro-3-O-benzoyl-4-(di-O-isopropylphos-
phonomethoxy)-furanylladenine,
- (2R,3R,4S)-N1-[tetrahydro-3-O-benzoyI-4-(di-O-isopropyIphosphonomethoxy)-
furanyl]thymine,
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menbered ring and finally a deprotection of the

phosphonat e protecting groups. W 2005/ 085268
WOCHIsBER2685/ 000032 38 The invention al so rel aPes/BER005/000032

phar maceuti cal conpositions conprising a conpound of

the invention according to any of the previous

formulae (1) to (XXXVI) as ay active ingredient in

adm xture with at |east a pharmaceutically acceptable

carrier, the active ingredient being in a

o e@if Q% Zg'tg) lﬂm[tg rsﬁgqrggi-ﬁpgg?&fl gcﬁ:(%-iqﬁéprﬁ%ﬁ{:ﬁé@ﬁdﬁo"i‘ﬁethoxy)_

prﬁg,f(@rq Ig}rycﬁi angeast 5% by weight of the conposition.
Preferadﬁ%/)éJ e active_ingredient is i

col2RARAS i aepyk TR RIATaS-Eobanz M dreigPspRyPhospho-
ot nOREOR v odhE Thienti on further relates Lo a
phatcs@efy iocalsecompaspédtpthecionpnticn rejatesdo thg usa @f@hosphonate
A B ) AL B s
nh| ?r{tlg?{gﬂgea{%@érﬁ%gl Caﬁo%cm §9élﬁ§f AW I Bhe fVENEBN also relates to

y active agents, in adm xtu
tlwe useaif pmmphoaawarbmuﬂed incialdogidessofbedprravlae (1) to (XXXVl) for

e caeiasiares G ol i Aaeaapopfop S UERRT chiB, ingredient,
e%%%'cl%fﬂ stéré‘llrué %Eﬁéétfb‘f‘u Grﬂﬂsf«ﬁ* affeYerablyer! irgtrowtus replication

ectfon and nore preferably a retroviral infection)
innibioneiondhstambe sor ctlmmmnufagw re of @ reedicamandorpeharmaceutical

an%ﬂ{gh%@é{%gﬁggtmrﬁ?@]cf \élﬁ}o ?%'atiupgﬁrg&gbtl?ri{a'ﬁgﬂlllc?r?ﬂ%’tﬂ?ent of viral,
ﬂr@feﬁ‘ﬁbl‘y%tr‘ohﬁéﬁﬁb(fecﬁ&wé/\m Rumdnearhd angemaTdls.ofhé Ipresent invention

mbodi ment of the i nvention, the retroviral

frthebralates tprﬁama’fh@d pé tregtraeriso & iabietion, Weégiirﬁw@ retroviral

nt r ti
BESPE, bl A NS B, SRR SmAahg o e
GHETAS i Sicewedl dueh treatrasnte ai Ithéf@peomallfyléﬂféctl\% amount of a
reverse transcriptase inhibj tori»such as,

¢ampeed obanyer Sumulamél) to ¢K¥EYL), asi@RRGtive, Thoelianty areferably in
S AT b UL OA B cppleapine and

i nfinel hoesticn Glrthes, relatés tomdthads &t the, preparation of compounds of
formulae (I) to (XXXVI). The process for preparing the phosphonoalkoxy
substituted nucleosides of the present invention comprises the steps of
selectively protecting the hydroxy functions present on the five-membered ring
that can not react in the following step, reacting the remaining free hydroxy of the
protected five-membered ring with protected phosphonylalkyl, followed by
reaction with a pyrimidine or purine base, deprotection of the five-membered ring
protecting groups and possible purine or pyrimidine base protecting groups, if
necessary a deoxygenation step of the hydroxy funstions present on the five-

membered ring and finally a deprotection of the phosphonate protecting groups.
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I nstance azi dot hym di ne, zi dovudi ne, | am vudi ne,

di danosi ne, abacavir, 30 adefovir and the |ike, WO
waQoB/88%268 PCT/ BE2005/ 000032 39 - nucl eot i deCTBERH05000032

transcriptase inhibitors such as, but not limted to,

for instance tenofovir, - non-nucl eoside reverse

transcriptase inhibitors suchzas, but not limted to,

nevirapi ne, efavirenz and the like, 5 - H V-1 protease

inhibitors such as, but not limted to, saquinavir,

SRS S e . bR deadB] SBfitions comprisig =
ddmb&uﬂcpro‘r’ thec hvantienf abtordihgeto aRg ohlndigreviduef forindlae (1) to
menbrane fusion such as described in U S. Patent

&>8498) Er0annactiyesingredignt in memigtuga Wity At qust@h@?al\rkr)naceutlcally
c‘;ﬁep\ﬂthjglcgHg%{ﬂea%ctﬂ%el%?ec{lé)ﬁtré)éiﬁéEﬁ b%n’c@hﬁ'a{ 8% ofBP¥st about

osittrons “or co

0.1 ¢l Beefbrably ¢ st f &’&Mﬂbm/pfefemb@DbDWast SC% emaktl meferably at
edoxudi ne, fancticlovir, floxuridine, ?an0|c QVvi

Ip@hxdYe dvhweight i tBeoimposiien. Dirietably the pClive dﬂg{@d'ent is in a
(%’Tog'lrc%)%rg |8|¥ '(Sf' af’ 'rﬁﬁsrta?b@?t 588N % Bte ﬂ@fé?éﬁ@zgf‘%ost 30 %, most

oxI'n, ‘"ribavirine, rinmantadin
m’eﬁérbbiy%fa:tlmest 20 % by wmghtbﬁthe oompbadhone and xenazm c
acid. The i.nven | so.re es to CO
o Dpaimentgn Hohere ﬂssg%ﬁ@?armapevm ReT{Gsitiqn comprising:
((a I9r RS0 Fc having Rin er@ér‘é\ lfcﬁr%ﬂbeqr) #f XXXV,

her viruses than HV, prefgrab 'y hepatitis B virus,
hep\adl tis Cvirus, human papilloma virus or
@aw Vi ruses, i aﬁ)?g_r ul ar el | R fever virus or
QBEETVIBIR D QMR U S98PS. We ARV Rt MoRe irgyie enzyme
to,ﬁm@it&@n'pounds of fornmulae (1) to (XXXVlI) being
useful as agents having biological activity
dprislegigslly activeyiagentssrin agmixturerwith ot ||Qﬂ3iy§i phargaaceutically

S0 e and BRABAa RS RREt lioge s o

d prvided eghettistic affecnaghimet apeithl infastion gpreferably a lentiviral
non- di agnostic use, or exclusively an in vitro use,

infagtien 2ndr anakesdpieierablyl r@ﬁ@tvgahlafﬁoalﬁnémw mammal. This
é&‘ﬂﬁ{) ﬂoﬁ%?%st‘%céhﬁa&nﬂg% e 'Fc%’r?tcﬁs t(’:"orﬂblned preparation for

eutrca conprisin
simdtpheoas bowq%nhtﬁl iusetiediral; preferably retrowral infection therapy.

phoV\P’R]?r? Ot 2‘ rgrlnlgvo_rl%ug %hllst; uetmbodlment of the invention, the retroviral
enzyme inhibitors that may be used as therapeutically active ingredients (b) for
co-administration include, among others, the following:

- HIV-1 integrase inhibitors such as reviewed for instance in WO
02/051419,

- reverse transcriptase inhibitors such as, but not limited to, delavirdine,
dideoxyadenosine, foscarnet sodium, stavudine, suramin sodium,
zalcitabine and the like,

- nucleoside reverse transcriptase inhibitors such as, but not limited to, for
instance azidothymidine, zidovudine, lamivudine, didanosine, abacavir,

adefovir and the like,
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nucl eosi de of the invention according to any of
formulae (1) to (XXXVI), nore in particular having

wanviswssmB activity, yet nore in particul ar agaCmsiE2005/000032

H V. WO 2005/ 085268 PCT/ BE2005/ 000032 40 A further
aspect of the invention provides for a nethod of

treatment or prevention of ajyiral infection in a
manmal , conprising admnistering to the mamal in
need of such treat msnt a therapeutically effective

h | K b d
onos phyiseRe P RS SRt FbtsBRR bR, SPe os s but pe imifg to. for

to anmg@éné@fémlfm (1) to (XXXVI). The conpounds of
t he i nvention optlonall are bound covalently to an

i nsol GBNNUAIRASIde Eaueres banseaiptase intibiorsiiusherss Guapry limited to,
(sepabggg%@ hgﬁr‘)’ﬁ‘?ﬁi afoifers Il%ge nature of the groups
ou ,

of th or “exa ‘conpounds with aryl are

usef uHI/M pysteaph pibilsitors fsudh tas, Hapacelimites to,18adbiaavir, ritonavir,
conpounds of the invention are enpl oyed for, the
t r eat HEHDAGF NeFingyHy RRIBrENaHIr, JesanpraryEashide likss and

parti ?—H{/%E%th%b'itBFseﬂidho% gp@ﬁ@ldgs LRE iRR®] t?gér of BN\f membrane

conmpounds according to an ornul ae
(XXXVIfl)SIaB stiehiasedesdrdresl im U-St Ratead tNov.e6,8r §7ddi andsU S. Patent

of th rr@))dggﬁs) may be admi nistered to the 15
rramml |Qn g a human) to be treated by any neans
%ﬂ"{) r s'ﬁ‘?c@% ér‘iln)ir*é?a 8hfs: fo - n?cluflbﬁllh’bb tHe”ét‘S&f@ﬁﬁh\Wal compositions

ubcut aneousl'y, Pramuscul ar i ntradernal l'y,
drnmmbmwim@parahmmmrmim@e ifat Inystapee emyeloaiirl wdnfow, cytarabine,

SRR By JErEER S b BB e, penciconr
eI, | virdffidinae twa&.&mtr OfwMéfameé nf elicaas, | Methisazone,
humans and ot her mammals, 20 preferably is a

meraydinel pedephyiotexinbi tibaviringouimanteeing, pstalényeing, statolon,

't ' .re ' . j cation inhibiting anbunt or a

I:Oép%ﬁ\?% rgq ééc%é'ﬁ%q' %BHH ng amount of the conpounds

of Ties mMWettiohl élsboreﬂéfé%(\tb) c@ppdehds etcbriigg o any of the general
t he pat hol ogic condition to be treated

fgeﬁaﬁkg@wgm ()8)@2VI5) hedrguseddor inhibiting the eraliéesatipa of other viruses
GRLY. BROBBIEREARE BRsSRUE B bolfama vius o
flaw\ﬂma\sebsm parécyaepeliw feveenirusorDeriguervinel. ates to a
e 2P T s Sl o S 5 0 1
(R?@X\ﬂ?tbélﬁb 08&flI as agents having biological activity (preferably antiviral or
antitumoral activity) or as diagnostic agents. Any of the uses mentioned with
respect to the present invention may be restricted to a non-medical use, a non-
therapeutic use, a non-diagnostic use, or exclusively an in vitro use, or a use
related to cells remote from an animal.
Another aspect of the invention relates to a pharmaceutical composition
comprising a phosphonalkoxy-substituted or phosphonothioalkyl-substituted
nucleoside of the invention according to any of formulae (I) to (XXXVI), more in

particular having antiviral activity, yet more in particular against HIV.
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t hereof a therapeutically effective anmount of
phosphonat e nucl eosi des of the present invention. 30

w856 85268 PCT/ BE2005/ 000032 41 The PCT/BE2005/000032

t herapeutically effective anmount of the preparation of
the conpound(s), especially for the treatnent of
viral infections in humans anggot her manmmal s,
preferably is H 'V protein/enzyme inhibiting anmount.
More preferably, it is a HV replication inhibiting

anoyn r a HV.enzyne .i nhi,biti ng.anoynt of the. 5

o Aoy abbect B TG spvitiign' pEidH HBY o meififd Sof treatment or
PRIEAEHA JofUBOiIrd NRfRAORO PG trarfi@Rfli Eb@Prisidgbadiifsietilg to the
and the patient's condition, the effective anount may
memmeliideteechtd seshertegatmenbt initherapetieally effeptiye rmount of a

1,00 St th 0 o IS :
@g%qﬁa%og&ﬁbsmsgr t ,%P t h@ﬁg@;gﬁngtﬁléﬁrkgﬁggbstﬁted nucleoside
ayaedipigstol anyedf feahulae @ tar(XXX\VAR conbi nati on may be
made by anal yzing the quantification of the
i nt dngcePBPOUNdst e die i IRYERLicu APtianalhs aras PAgNd neovalently to an

S, S o BB SR i, dipenaing on

Hteatatsre bathe gnrw@saﬁtthengrr(pwndsgfo;raxaaqﬂé {cp?rqug,nds_with aryl are
tag {, g e uantified usin

oL R ORIy Sasrarnst ror reforred s a)

defoH'éedc&)ﬁpg@lms 15 ftRé! We‘ﬂgoﬁq'é?éi Qﬁwgclc%@&(: ffgpx’theC| tfeatment or

EDxa + EDx erein EDx is the dose the first or

peepbeyteiisy of yirakeindertiosumare eearticwady HiVainfectians. ¥¥hém using one

SRR B Al oL B RLRe o MGERSNUE U LRI et

Abeisai d first and second drug have synergistic 20 or
addi tive or antagonistic effects depending upon O <
1, top active dagredienty | of tke peampoend(s) Sya¥r geseadministered to the

c ot g Rr BTREEY 1o R rEATRDY Sh e welh kgwn i the
i nfegtt i.on ofally, ahganssalliyeaslidoutardiueiyyi inedntuscaralys iafradermally,

one or nore tests such as, but not l'imted to, the 25

i soplsR R bR rterslly majedigsally erdaceatheteriatieni on

€t (AL - thbPapbutiBaf effSPAB amount of the preparation of the compound(s),
especially for the treatment of viral infections in humans and other mammals,
preferably is a retroviral enzyme inhibiting amount. More preferably, it is a
retroviral replication inhibiting amount or a retroviral enzyme inhibiting amount
of the compounds of formulae (I) to (XXXVI) as defined herein. Depending
upon the pathologic condition to be treated and the patient’s condition, the
said effective amount may be divided into several sub-units per day or may be
administered at more than one day intervals.
The present invention further relates to a method for preventing or treating a

viral infections in a subject or patient by administering to the patient in need

thereof a therapeutically effective amount of phosphonate nucleosides of the

present invention.
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(1954) 208:477-488 and by Baba et al. in Antim crob.

Agents Chenot her. (1984) 25:515-517, using EC50 for
woabaswsstes ng t he fracti onal inhibitory concent pariBE2005/000032

(hereinafter referred as FIC). Wen the mninmumFIC.

i ndex corresponding to the FIC of conbi ned conpounds

(e.g., FICX + FICy) is equal %]8 t he conbi nati on

is WD 2005/ 085268 PCT/ BE2005/ 0032 42 said to be

additive; when it is beween 1.0 and 0.5, the

F8e tbaeipa gy Steciie Saaunat (e MEDALTIRET 486 Combound(s),
ea%?%%ffﬂgsfbtk Ehe \thanmche d‘F‘\ﬂ*amM?eEﬁ&lé W%m:ﬁéo%we@tﬁeil rRammals,

, conbination 1s defined as
mafeablygertilst proteimdsnaymen inhibitisg lingeunt. Mere referablye it is a HIV

5 t def d {

efietion arhiinge Afprieert g TTREIBPARRT olnnliiide Py of the

diéﬂ\/a‘l’{/é(%') ArtHeForMlilabhes HBNSE iHerei! DepeadaRyTipbatthepathologic
the antiviral drugs of the invention wth other

degm teabe dsasted @ndnihe- patienistgondition, the afiective iagrount may be

OB SR B B P 6 Tl BEPASLIH 2R gt oo than one

dgpintsitalg. viral infection and containing: (a) a

conbi nation of two or nore of the hos honate, ) .

nucl edsisgeanventional iprtbeant the gvalHation én‘i_}’n@E'Q'St'C effect in a drug
A r u 21.0i . .

SRR 0% 8 P AREABEL P R IGHoR R6 ineractons

Betrmlehan@lomal ey, albingtheseqdiant éfidct ysiacipte described by Chou et

treatme prev tion of a,..vira fe t on,
ne'norq‘ﬂb é” §9%al Q’?&éﬁt g2 ?—i}dbflaf a h'lsez%'PClE’llé %t@tes that
cl S e t

lhfég l(“["tg?\%g 9\?\%1‘?,5{9@ gﬁgﬁgﬁﬁmﬁa% Cgﬁt?\fecééﬂ‘t% dAllys can be
@Jant;ﬁledntmg)thqohrarmbm»ommdex gheremmﬁec egferiedeas Cl) defined by the
{: rriers, for simultaneous, separate or sequential use
PHOVIRNG ¢3uatOfent or prevention of a viral infection.
SUI tab@f_rcm hZcal agents for inclusion into the
gyneL ral conpositions or conbined
préparEDIGns ED %his invention include practically all
25 known *anti - H*V conpounds known at this nmonment such

REeIE IFMSS diee AddenEthe first or respectively second drug used alone (1a,
2a), or in combination with the second or respectively first drug (1c, 2¢), which is

needed to produce a given effect. The said first and second drug have synergistic
or additive or antagonistic effects depending upon Cl < 1, Cl = 1, or Cl > 1,
respectively.

Synergistic activity of the pharmaceutical compositions or combined
preparations of this invention against viral infection may also be readily
determined by means of one or more tests such as, but not limited to, the
isobologram method, as previously described by Elion et al. in J. Biol. Chem.
(1954) 208:477-488 and by Baba et al. in Antimicrob. Agents Chemother. (1984)
25:515-517, using ECso for calculating the fractional inhibitory concentration
(hereinafter referred as FIC). When the minimum FIC index corresponding to the
FIC of combined compounds (e.g., FIC, + FIC,) is equal to 1.0, the combination is
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nucl eosi de reverse transcriptase inhibitors, protease
inhibitors and integrase inhibitors. The

woheorsmasmsit i cal conposition or conbi ned prepar aCTMBE2005/000032

with synergistic activity against viral infection
according to this invention may contain the 30
phosphonat e nucl eosi des of thgypresent invention,
compounds according to any WO 2005/ 085268

PCT/ BE2005/ 000032 43 of the fornmulae (1) to (XXXVI),

ﬁ{%ﬁgf’%qo@tﬁ/%%eiﬂ@ % ﬁgal%)?ﬁ ﬁ ea%dn(?f’segl?é Qﬁmtblg]natlon is defined as

AURNAEATISHY) . artE edigh itQist veerPBidn 08, athee ob@Biration Q;‘ deflned as
the i nvention, the conpounds of the _invention nmay

pmsrgistier (hednthiendningRum tlﬁl%tlnéeXtWerb@éwaﬁnc%eﬁ@@ 2.0, the
«%cﬁébl‘i’lgﬁon s tore??ﬁgfég SBBaHtragBF?’éltle)% %hé’”\% |§P%§%‘r%§n 2.0, the

i nvent ore re es t use O
mbmatnbmmde@qﬂasantago@aéncone or m)re conpounds

Eg)p r oﬁglgfﬂerg %Wx/%fpng&rlg%t%:%%Mir?@f;ﬂxmb?fgergggantiviral drugs
& BCVERtOY Rb!Y BoRfifRdtor B the SRAGTAINGUBEPOIE fiYention with

as to provi a synergistic effect against a
whheatjrljlgis that extibb@ntigdiM activitgr | y a HI'V i nfecti on in a

¢
ot epal B8 igfetGR SFyeldinedie PhabErasluics) Coptpsiianspr combined
BEPakation Hé\}lng b%@@éti‘é‘bﬁéﬂ% é@ﬁms@é’ Qhaﬁﬁfé‘d%tkfn éNbeébntammg

using a combined pfeparation (a) and
@@ mbm@tlenmrﬁwg qranoeen of @hg phasypmwaé@lmuﬂeﬁs&%d the present

the ma 5 (including a human) to be treated by
anyn\f?éf% @BY1 known in the art, i.e. orally,

ib)loptibaam) | dne SbbCHio@@e‘ph&wacemﬂdaan‘éﬁ@iplemé Yor pharmaceutically
Intradermal ly, intra- venously, intra-arterially,

pa@@ﬁﬁ@’iebﬂﬂ gamieryy cat heteri zation. - the

SRR, SSpEF Bl BTl WIS BELAEE: revention of o
Vlraaﬂif@eﬂén(ﬁr viral infections in hurmns and other 20

manmal s, particularly is a H'V enzyne inhibiting
(smecor Wﬁf%a'btéﬂ"tr?@g%\'ﬁ%ﬁth is a HVreplication

1dqt5tki’ée§ét%emh'é‘§3hg$pl il %EHUIC}% b(fe? @ﬁﬁﬁ‘)rﬁ%érfg‘?%ﬁ’fﬁ)n, and

hi brti ng anoun itor
(@ rdptionblly | gnahen tiwee s phdrdbbveutioat y srcipiemtdi bor phbdimaceutically
IS a reverse transcriptase inhibitor, its effective
an@g:,q:?pai)egar,r@\l;%r se transcriptase inhibiting amount.

heimuitensalsd ddo¥ B2 EaduiiMiBl 186 in the treatment or prevention of a
viral infection.

Suitable anti-viral agents for inclusion into the synergistic antiviral
compositions or combined preparations of this invention include practically all
known anti-HIV compounds known at this moment such as nucleoside and non-
nucleoside reverse transcriptase inhibitors, protease inhibitors and integrase
inhibitors.

The pharmaceutical composition or combined preparation with synergistic
activity against viral infection according to this invention may contain the

phosphonate nucleosides of the present invention, compounds according to any



10

15

20

25

30

25 (b) is a protease inhibitor, its effective anount

is a protease inhibiting anount. - ingredients (a)
wandds(si2egay be admi ni stered sinmultaneously buPCTBE2&S5/000032

al so beneficial to adm nister them separately or

sequentially, for instance within a relatively short

period of tine (e.g. within agput 24 hours) in order

to achieve their functional fusion in the body to be

treat ed 30 WD 2005/ 085268 PCT/ BE2005/ 000032 44 The

| h
LS bty b8 GRIRP HAgeaf o8 cmspeing on
ddr&emgldtMé)anwfthéféxﬁ@&eaeefﬁédt eetRsipfeparatiori bi ti on

of the proliferation of other viruses than HV,
pafcreiding ty af particwar emiladinenbafl g '@Nﬁ@vom dhegwarpRds of the

.5 S5 Lot AP g o o
tesatfARnt A Kirephylaxis .of i iVhinfédtiopar Theuhmnty:ei thevefoey eelates to the

virus, Dengue virus, hepatitis B virus, hepatitis G
l’lﬁle(QIfSa couwgioeﬁonmﬁam Fever virus or the Border

@ﬁ?ﬁeas rﬁ%{?uéo&@ggr}]% %?i"eé’ér{téé &Y a{Fﬁyof fBAnLRRI (W tbe(QXXVI) and

FS-virus. resent i'nventio
(bliiohbeor provei ldRS /p/retezemenmaymec miiltirs |amb|abmgmllys anirgveaagents in
10 | east. one actjve ingre above

L oERAIRGVE RIADSI 0B Moo (2 BoVIae & SHEpiBRgeSiToct against a vira
Vel FEEIH, o BEUIARY & I-ﬂVelnfE&ESH'l@b%éﬁ%é{' er%stéHé’e mbthe form of a

pur pose of admnistering the conposition and
sobomblmedqlmrelpanatlglas‘eownuﬁmmotm sepairate ar §equentlal use in viral

oth se.inert or. acc able in the veterinary art
andf’ 3&%0%81%35’3( bﬁugh\ﬂstﬁR{ active ingredient. These

WA ¥ OPIFIASH réﬁﬁaﬂ@dob ahd (W)st ered oral |y,
15 parsﬂzgt5 erally orb by any ot hg) des(lfbr)ed route. More

geﬂee adtiye trrgéedlﬁv@m(abranda@)t gray da tesineipisiRygddto the mammal
s SRGHAlS Bfifénpls ooy 2y nbehd, dgf bR 8 art, L.

(p@i'éllyCUirﬁfdnesan%I \subalitanebuylyl VMt@mmudthgnbﬁtadermally, intra-
agents. An the uses nentioned wth respect to the
pr é@eﬁvsIVnmérﬁrar&eﬂaHﬁyp%r@nﬁ%"@Hy PEb¥gathetarizafitnedi cal

USEhe q‘hgl%pgapcél%éﬁ@&%' &mdaift of tﬁ@'bo%@ﬁ@@j#rgﬁael%?lt‘%g of (a) and

or exclus rve Fo use
cellby eﬂmﬁlalyf famtlen teesitmeint Ghosal affeskiond in nhamanarand other

AT RACARNEE Pr NSRS i B e UTtaMasg particulary, it
St &5 HIJeRMELfSh MhibBAG "emBUAELS derivative (a) and a HIV enzyme
inhibiting amount of inhibitor (b). Still more particularly when the said HIV
enzyme inhibitor (b) is a reverse transcriptase inhibitor, its effective amount is
a reverse transcriptase inhibiting amount. When the said HIV enzyme inhibitor
(b) is a protease inhibitor, its effective amount is a protease inhibiting amount.
- ingredients (a) and (b) may be administered simultaneously but it is also
beneficial to administer them separately or sequentially, for instance within a
relatively short period of time (e.g. within about 24 hours) in order to achieve

their functional fusion in the body to be treated.
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things, the pH of their environnent. Wile the

structural fornul ae provided herein 25 depict the
woaopmesds i n only one of several possible prorPon@E2@E/000032

states, it will be wunderstood that these structures

are illustrative only, and that the invention is not

limted to any particul ar projpnation state, any and

all protonated forns of the conpounds are intended to

fall within the scope of the invention. W 2005/ 085268

PCT/ BE2005/ 000032 .45 The,t h i ;

ncLBpUARE LA reldes LE i GPmRANEE G fife Venitén, compounds

dBBFARGUb! 8AY |of B forendIae- 101 qx$©d\x|)fmmm vdni e tsbesened for

conpounds according to the fornulas of th

llaipipltlloﬁapf dhel pradifgnation( of yothgn viryses ethap é‘”Vo Ragtieylarly for the
f ds.. of

WRRRBRCGE sahbS e OFRBHASADehlifsed 4RuLAR00Rk Bebinbiion o

frawmégldrlmairhavmmpém &s BYDY, omcv $HBY or Coxsackle virus, with
cont ai ni ng, for exanp Na+, Li+

invparticutaic yelloay f%unﬁna%‘SHetW%ehGB? Al oy Bis, Nepatitis G virus,
(EI?\E? Pgﬁ‘é{/vﬂ{b f%(/elagﬁ’ %"r 3l Bt BTLsea%BO\Vlr@é Akkgthkr dtdses may

ne ear I'ons or ammoni um and quaternary
tminhtbiiednsuch ashHSrV LMY canli DarsAoiust y, typically a

carboxylic aci ounds of the inventi ma -

o ThorATPEP BYRRUP L S rPradges: (e Ry g TPatfhe Shmprising at
IE0&Y 8fe 050t|§l§%§@3?&%“3§ #Bovk t’tﬂ“eﬂn‘é\z‘jef&iéje‘ﬂ*ﬂer"'ﬁ,'}’chbéf vetdritiry carrier
positive or gative. Any associated counter ions are

thg piford. Meteliimarytoadridrg arhenatyanalﬁeﬁ%ul fantheoputipose &f |a@lmmlstermg

85, R3S, P SRR SR FPAARET R wrich are

GHBRALE Thed WH Qé&e&%lésm'tﬁ@ vétbﬂhér*ynért 41l iafe compatible with the
acetate, trifluoroacetate, etc. m xtures thereof.

activei Iﬂgr@@euhdEh@SQ)U@tG_.@&fﬁalomwlﬁlmtm@X/ ke ashyinistered orally,
asso e ount er, 1.0 critical feature of
‘?”H@ngqrﬂﬁ)é 5%3“3’&#&” ﬂ%%"%tdr}g)hlfeﬁventl on enconpasses the
CoMpsrengsndralisipecingehtion vlbtes @nthe gpmpolindsuadcerding to any of
i on. Moreover, as_the conpounds can exi st |n a y
\Eéologlc | activity

P Tarmaas bt 4KV fReiicn sl A8 208N diRing
@%@Z@%ﬁgﬁﬁ’&v{{aﬁ 'élcl’lv{t}ﬂrcﬂsasoalag;ﬁﬁstlcc 95@@%9 %]Xlt 3;1 Q.Ls%s' Mentioned

ter

ItlSCPeQ@ecfthrmetﬂsr@fseﬂ’w mvention maas beaieatriched o Bhncmmmchcal use, a
ions (e.g., aqueous o[, organi c sol utions

%@H%erﬁ%v%uﬁ@ AneNHiagaslig usp, Pésé?'vﬁe{eimn i flo use, or a use
@&gaﬁb%@[g\?‘%,ﬂoﬁ%ﬁ{g&}?gﬁgﬂéﬁ this invention. Exanples

net al e prepared in this way are
sal'ltrmsemﬂsklllnnrtge lairthyillNdsg renagnize that §wescemipabnds aéthg invention

é%:yfj@}%g dg| ma@&eéﬁé r%t ﬁpq;{)ﬁé)q% h? ,%g]mu 'p%?wdlng %n, arﬁong other

things, the pH of their environment. While the structural formulae provided herein
depict the compounds in only one of several possible protonation states, it will be
understood that these structures are illustrative only, and that the invention is not
limited to any particular protonation state, any and all protonated forms of the

compounds are intended to fall within the scope of the invention.



10

15

20

25

30

25 nmetal conpound. In addition, salts may be forned
fromacid addition of certain organic and inorganic

weaeidnssws basi ¢ centers, typically am nes, or POTBE2ESM00032

groups. Exanples of such appropriate acids include,
for instance, inorganic acids such as hydrohalic
acids, e.g. hydrochloric or hygrobromc acid, sulfuric
acid, nitric acid, phosphoric acid and the Iike or
organi c acids such as, for exanple, acetic,

D B BB ol HeRERLA 9?3%5%@%825%@8@&% means the

Perapaaaiy @Qﬁ%ﬁon%x@@lﬂ forrb vmlcﬁ&ﬁ@ﬂﬁmp@iuﬁhs accordmg to the
mal oni ¢, succin t anedi oi ¢ aci

Feifradas of e siplicatipn dikee ()l 1)) g Mk d01 oo, Therefore, the
eéﬂﬁgeﬁﬁbﬂé PR n\%ﬂéﬁr@ﬁ}ﬁ a‘ﬂp'c%(ﬁ]&éget ohveBei E8MpBuUnds herein,

Cyclro exanesu aﬁlC _
ésmtdalq/prammen)tlpauy agcepiabid inopHogricasalid benfaikeg, for example,

A DAL o b it BoNgd ot
épﬁbﬂ)r%%h!aféncéﬂd?% édc)h a$ lkali éﬂd é?(ahﬁ'é 4t m@ﬁay d@ﬁé br ammonium

salts are able to orn] such or exanp e rates,
and sheterney amind one withkan ahldwahlqn moletystypccaﬂy a carboxylic acid.

derstood th t t he ositi,ons h n co
155 Soniraihgs "iiné MavRBRoREY, ek st mistiajor Geggliyg charges.
The Zvdtt &1edr ?@%fctﬁeobmnpébﬂﬂds CEMPcN MHvieRBSN V\‘hb? be elther positive or
stoi chionefric anounts of water as in

pegfivien A @gsofiateach cohetesd@p@ ae tylpi@”b/n@lé’f&te@rb)arﬂee synthesis

f t a nds with one or
AFRE AR mBATL N on 1 EPRIAROY e sBingo. bt counter
osdmcludendbdts ape aicti Imitedpenenironilhe aodin, aEbﬁbssium lithium,
typically is one bearing a side chain with a basic or

halidase ageiaite, trifugroacpiaie netc. sl mlx{grQﬁtk@rQ@fallﬁ will be understood
l?ﬁ%'t d[he%eﬁ‘tlt e('J‘II éﬁt &MY téd‘%uﬁ?erg'dﬁclssnﬁot Saefzhpc?qlhfgature of the

reoni ne, I'SO eu0|ne 1 eucl ne
mu&ptlmmdmdoﬂwt the inngetidn encahpasseaxcthed®mpounds in association with

i ol ogically acceptable salts thereof. Exanples of
S 353 B coane) (e UBranies. Sa11hS cAMPREIS BB ors variety of
[ [ a
%g%;eodgﬁpgﬂg E"gas émsnﬁlgﬁ %Sﬂngénno%‘?{('tc?’ ‘ae‘l‘ilcf)ﬁﬁ’a“s@ not only forms of the

ecrapplirds $ati ang) in assadiatidn métheeourte( fians teengrrpdjleyl ialts)) but also
nesi a nium 20.. and wherein Xis a . )
BRTS BeD g 4t Raassasiatith i CoutEr dhhyiarbgaeatistir organic
%Fgcgh?uwa@ach ;giégtgﬁ%/bleéilwgéﬂenEgl%p{:a?e@fbg%géﬂ?%mﬁah%?élyw&omde with
a gpmpoupd afdhisi ioyemtidno iixampras iof metaksaitsowhich are prepared in this

TSR S0 BB b SRR S Mial sat can e
precipitated from the solution of a more soluble salt by addition of the suitable
metal compound. In addition, salts may be formed from acid addition of certain
organic and inorganic acids to basic centers, typically amines, or to acidic groups.
Examples of such appropriate acids include, for instance, inorganic acids such as
hydrohalic acids, e.g. hydrochloric or hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like; or organic acids such as, for example, acetic,

propanoic, hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic, lactic, pyruvic,
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benzenesul foni ¢ and p-tol uenesul fonic acids; and

i norgani c acids, such as 25 hydrochloric, sulfuric,
wohospsses ¢ and sul fam ¢ aci ds. Physi ol ogi cal | pCT/BE2005/000032
acceptable salts of a conpound containing a hydroxy

group include the anion of said conpound in

conbi nation with a suitable cg4ion such as Na+ and

NX4+ (wherein X typically is independently sel ected

fromH or an al kyl group). However, salts of acids or

bases. whj 0 I : :

B8 T Bl G ISP RIC T B EBE A [ kaleic, fumaric,

rRalid, f iteddriqn oitfica pbiteinesabdosia) Isfthaneemfcabd:e BB zenesulfonic, p-
2005/ 085268 PCT/ BE2005/ 000032 47 conp und. Al | B
tolvenrevigHC n oty RN EXARGSHbAMIG prRlisYlis oér%a@pydroxv enzoic),  p-
AfiHBRL Ilg arﬁf'tﬁe Qi Eﬁﬁthe‘?ﬁﬁré@"' Hfi r’ceFrH%l%QH@la@Estﬂﬂ% solvates

present ‘i nven I'somers as used herein
wmemh@bbnmslsdblaecomwgato me‘fmnmsllas ofrtbewepiptigation like (1), (1), (111)

taut ric. ang ster cal wh h
Wobedbo SE0P aragble0 ' o HAN 8 o1 FXaBRSCRXdHtesegicoholates
#%gﬁ%slﬁe %QOH i F&?bléqlH&rﬁt%%ﬂtthQPtHeséHFﬁbésnlons herein comprise

I ca structures s herein exenplify only
m&pamldsoubmeclnuentlmmm treeic anfamizadofast well m&tﬁﬁeﬁ@mc form, and

but the correspandi ng.alternati onf i ns are
othibfe S hf S RRPRR i PR HEwafdEul bl eEh

chand HcludiRs Withmt tl"féns&f € BMRAY ntﬁi\ﬁerﬂi%ﬂoér%stﬁe"'%ltﬁ 6t tee parental
of all possible st ereochem cally 10 i sorrerl c forms

GoanRPUNGS Withs openeaimiragaalino dAcds, eewanialy e naturally-occurrlng

enant i_or i.n e S 0

0L BRI BB GBEPRBHAE TS B0k ety is one
Bdiringas skieEHAE Withra BasidOréchiic @ﬁomﬂe Q$ l)tsme arginine or glutamic
stereochem cally pure or enriched conpounds. Mre

Eb‘éﬁLthc@ ngiral grousrBishers elvsine: se8NawireRRiBe calaREe, igpleucine, or
ﬂ S-configuration, and nultiple bonds nay have

E‘I? ef cis- or trans- 15 configuration. Pure isoneric

f oiTe Gﬁmpdnm@abﬁtheqnpemmmds aoeindietiengd/sidogisalte asceptable salts

subst a enant| omeric o

1y f f h
BPrR oPsamA 6% of B CKBICHIlY SHeHb gl ealtsyf g cqmpounds of the
|ﬁ\t/éﬁ’tfddjfn%ludens£%r &érﬁ}édafrqmt&‘?abgf] e\t? base u?%Ch as an alkali metal

stereol sonerica ure
(fal exarapleo sodrqm),l radsaﬂkahmm@aathstfelr emalsmteermagleezsmms), afmmonium

at, | east t | east 90Y% I soner,
S NI 00X dp i 2 RsiSlpaisdy asceplabin 3afts' AR hydrogen
ﬁ'f 8f ah!amib éreagtmém%(@ SARE %fﬁfr@ér%%'r%@lm'a?ﬁfé s@&Yas acetic,
most preferably at least 97% The terns
b;m;zmc; dactia, fernagic,darteric, mateic, ma@gmrrmﬁc isethionic, lactobionic and
succinic acids; organic sulfonic acids, such as methanesulfonic, ethanesulfonic,
benzenesulfonic and p-toluenesulfonic acids; and inorganic acids, such as
hydrochloric, sulfuric, phosphoric and sulfamic acids. Physiologically acceptable
salts of a compound containing a hydroxy group include the anion of said
compound in combination with a suitable cation such as Na* and NX;* (wherein X
typically is independently selected from H or an alkyl group). However, salts of
acids or bases which are not physiologically acceptable may also find use, for

example, in the preparation or purification of a physiologically acceptable
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merically pure " should be understood in a simlar
way, having regard to the enantioneric excess,

woesp@ssicsel y t he di astereoneric excess, of theCWBERWSM00032

in 25 question. Separation of stereoisoners is
acconpl i shed by standard net hods known to those in
the art. One enantioner of a genpound of the invention
can be separated substantially free of its opposing
enanti onmer by a mat hod such as formation of

d| ast er Ogﬁg%%t t@@ PF%&F act \.@6 eég&ﬁ@i/sn@gg%?ﬁ%}cceptable

Emd lor bHalskehre \Nﬂﬁin&We Hcbbée of¥he2 PRIYRB Ir@8tion.
PCT/ BE200b/ 000032 48 Lochmuller, C. H., (1975)

Chridveaterg ", isome:rg 3) asggsesh hereige eeasi ah Qqssmlgdﬁ@mnc forms,
fﬁg[tﬁlgga f%tuxé ege%nﬁ t%b%ﬂgm&aﬁl?&qn? REH tﬁ@'cbﬁ%o%nds according to

tono

forasiley qoymes i C’OSK‘VI)S mayt (poskiess| b@onp@wmd@luamg posmon isomers.
separation by fractianal cryst al l'i zatl on &r)
hepigals, the) direstHiRs thawn diereine, @HaRNRY on nefaﬁmt?éﬂome"c or

?éé}sg)ggﬁgér %rrﬁerdfvatgbz'cﬂﬁn pEAREN 5‘butS@H‘?ér q{dr%p%dﬁw'@e alternative

er eoners conversion'to the
eodliguratiens aremohﬁa)mda’wdt asvalls Ldraesebetlw’pmastmed the chemical

a‘%?éggt%{l%bﬁgdﬁ%b@ qdl ttl'm? gﬁlﬁ%ebc? @lgitgggig}é %\);e’reochemically
%Bﬁigrlco%iaéém Hﬁktﬁré‘é“cbﬁkalﬁﬁ@eﬁllSéﬁ‘éQte@éoMék@'d?ﬂ enantiorners

qgui ni ne, edrine, strychnine,
é&lmmi the ebnpbangls acngarohmg m@tm@mbbee daimelpe kawe ableast one chiral
a ds bearin idic
PReE) o DY SuRuEr RPRES,y Fr el ary T lelepgnsmigall pure or
éﬁh&wedﬁ@m@b@ﬁ&@ﬂﬂ@?@ bﬂlcﬁﬁdrtys stBt¥o§6nic s may have either the
separate g fractiona éstalllzatlon or ionic
9

8hr©ﬁa$-@gﬂ Wxﬁtloﬁora@bﬁﬁﬂ iPleorbasrds iRy dpaviec fithes ofier sor trans-

onmpounds, addition of chiral carboxylic or
g%”%?@or?am ds, such as canphorsul fonic acid,

t arp@el Gs@nefic fmﬁ%ﬂdfctl@i@hldobohmuhdsa@'r@l dsfigsth as isomers
result in formation of the di astereomeric salts.

wb@aﬁmllwféqag, of gw%ﬁnﬁagorpg}lc or dinstaigesnsria ring qf dhe same basic
Ffﬁ‘ﬁ quldst?@é‘curée Aﬁ %%?@&ﬂarwltﬁc?té} » SRA8bisBARIicAlly ?)I"—_llr? -~ or " chirally

conpour orma d a ereoneric pair
pureaahdeltéeno cOmicioRi4) ha\&ngreeetzehemsstrrqnooéx@sgsaoi at least about

ﬁmﬁnﬁg%@%%‘ﬁwwﬁﬁw%%?{oﬁﬁe%anéﬁmﬁwsi 7P g hagother possible
I%{HND d o h aae=T) r €40,

cEi raE ’dgfr:elf%atl zrar}}g%raéggggn%s rﬁ(g%g&ras nﬂt)elg?ﬁ/lyeﬂ §4% and most

pesferedtly o deastodT Wnethe yersep drexiandionudricalig pure " and " diastereo-

Pr;e?'ﬁ:% Br/epourl[gr,s sﬁggldh%grl?rll esflstséod lny

a sllrgmlar way, having regard to the
enantiomeric excess, respectively the diastereomeric excess, of the mixture in
question.

Separation of stereoisomers is accomplished by standard methods known to
those in the art. One enantiomer of a compound of the invention can be
separated substantially free of its opposing enantiomer by a method such as
formation of diastereomers using optically active resolving agents ("

Stereochemistry of Carbon Compounds " (1962) by E. L. Eliel, McGraw Hill;
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the free, enantionerically enriched conpounds of the

invention. A nethod of determning optical purity
wonvwlogess maki ng chiral esters, such as a nment RgI/BE2€08000032

or Mosher ester, a-methoxy-a-(trifluoronethyl)phenyl

acetate (Jacob II11. (1982) J. 25 Og. Chem 47:4165),

of the racem c m xture, and agg@l yzing the NVR spectrum

for the presence of the two atropi someric

di astereomars. St abl e di astereoners can be separated

ated by - an Ver se;

Bhafaphy’ (TGl Eretibts” TR @52paa0g) separation of
|s'8rh@.@ m(&fﬁflktﬁré‘@QHHéYécdcﬁﬁﬂLQh@@ hy&asy caitgble met—:hod mcludmg (1)
W96/ 15111). Under nethod (3), a racem c m xture

f@mt@yﬁﬁ@nrq,@@e@qmﬁqcoﬁ@lisswng cé'@rggpg[r@@uggs and separatlon by

QSR SR, 0 o D Rtene o Bastreomr

cohgidumier withheties derivatifioy eegrplss, semﬂra’&modfahhedéﬂa,stereomers
in particular cellulose or anyl ose derivyatives
apshheRvaralnyoalie Pets engeligagts ir (B ensadigers Hianpe separated

oﬁ%ﬂlb@ﬂﬂu‘éﬁ&@?%ﬁn%’i@z@%hgk b rgﬁa&m( %ﬁ%@%%m% salts can be
famie Ty ) readidqn ogfr eabrti@hedoally quuré cluital | bammhf @S brucine,
e DS S S S8 PR SRR P Bhetgmine), and

t h I n e
tri’é ﬁké@m\/v@1 g‘;ﬁhrﬂ%gﬁc?d&ﬁncm%Lﬁ@({%gt?eaagI@FﬁdiltgggﬁlncﬁBﬁaﬁtb such as

daub@tyllc &aid amhpuhﬁmmaratld-laThe q\mtemmen@sahﬁtrﬁay be induced to

SR P Tectonal G aleponat e PRI BRAF, G spparation of

tHé'dEﬂlcéplsBPr%W lof @nﬂﬁﬂﬁioﬁ@p&fnd%obﬂaﬂ@ﬁftﬁf(srﬁ@ casbdxylic or sulfonic
chiral stationary phase", J. o Chr omat ogr .

aids, mreas)camn’f@rstdfqmc (acs;i datarie i, anandelic) apisk @rdactic acid

d‘ﬂ?b?qcs& | |U§f§?r58¥m %rﬁ 2}5 ﬁ& {Hégﬁhgeoﬁgsi I@%I:t]sc’ o/}&l?%‘ﬁgﬁvé?\g/,u b§ method (2),

tAEbSiddtRatts beRegolved dnapitrt yeactbe witts anet enantiomer of a chiral
st ereochem cal configuration, of the_conmpound

cRreRPWIth(fot i ea agigstereamarica®aln YEbQ), (5ooan q]\aﬂyn S. (1994)
b t
%%Aeéhl?gﬁ ﬁgﬁvvel préﬁg'\%mbr?enﬁ ods éu‘chn l‘%orwg‘g{g e, p. 322).
Diastergomhetit resrhpoumds calh/Fbe ﬂa’rmembbpcreadmg)fasyhmetrlc compounds
i nvention may e fornul FI with conventi onfs(L car(M ers
0

Wil BRENUPTERNGAINATLER TP bECRNA it dAFoRE: o sdC £ menthy
A0S, RIS, EORALD PP IE and e o i
tAgufrees ehantirhaticallys enriched compounds of the |nvent|on A method of
determining optical purity involves making chiral esters, such as a menthyl ester
or Mosher ester, a-methoxy-a-(trifluoromethyl)phenyl acetate (Jacob Ill. (1982) J.
Org. Chem. 47:4165), of the racemic mixture, and analyzing the NMR spectrum
for the presence of the two atropisomeric diastereomers. Stable diastereomers
can be separated and isolated by normal- and reverse-phase chromatography
following methods for separation of atropisomeric naphthyl-isoquinolines (e.g.
see WO096/15111). Under method (3), a racemic mixture of two asymmetric

enantiomers is separated by chromatography using a chiral stationary phase.
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are prepared in sterile form and when intended for

delivery by other than oral admnistration generally
wai2hds/08g268 sot oni ¢c. Formul ati ons optional |y conParmE2005/000032

exci pi ents such as those set forth in the "Handbook of

Phar maceuti cal Excipients" (1986) and incl ude

ascorbic acid and ot her .antiqgxi dants, chelating 25

agents such as EDTA, carbohydrates such as dextrin,

hydr oxyal kyl cel I ul ose, hydroxyal kyl et hyl cel I ul ose,

Sgg%%sq;waagﬁgatgqnn%Pgalsﬁ%gam ’ %’ﬁ e%%ﬁ{ 2%,9[?&&%§&%1arides in particular

CQﬂlﬂ?g(lé gﬁsarﬂglg)sﬁ}fd;h‘%’rn}gﬂvéélZ%Eﬁﬂ@alga?ﬁm@Wsacchande based

Chmalostaltlenas'u@lpam ot Chral ol GA, Brociss, DD, OF, 06, 0J
2005/ 6 0

B8 O bl SR AP A P r oo QT ERE P etuents or

nfcHileé Fﬁ@ééﬁiﬂﬂLGstﬁﬂ corﬂbmamehtwwmsaahﬁolybabccharide chiral stationary
formu ation are well known to_ﬁlé se Skl||

pheses :ate hexaie ang e dket ineedited rudh A deand Siieps ethanol,
|S%§Jr§[§%ﬁ d s i her ir‘%ﬂ5 \%uu‘j W%Hé%ﬁ?ra Fg/eX'lQ@g) W .S® Lough,

tlves suc tting agents | Sper si ng
EaQeOhSprrférstandkHatl M@Ne¥odesOkamﬂte; f(y%@) é@@ﬁcal resolution of

SO| VS&%}IB{Q oeégat@&pgl 1 ?r@r%;hyngqa g%t-grgi:fg;rggrg%f (lllaﬂlt LRRSALography using
%@b?lrcgpé%rﬁgféls) éf ' g&g@@%&ar@%m& &S UhitapSstatio®dly Phase”, J. of

orid 1 ke, provided the sane are
Gmnmadd)gmﬁh'&{&?lﬁ PR3k naceutical practice, i.e. carriers

SO0 e M BB BBt BTSN i
AFHS%%%&I nbﬁw‘é@ﬁ%tdt@ﬂé ARY ifudy egfareitd 1o ey pdsitiom ofrwrmeubstltuents

for 1nstance ay honogeneousl y m xi ng, coating and/o
agr arriggnaiely. dde QIQSQM@ %’f@i’%‘m@mlpﬁl ‘éO'@fWagQ%@féFe compounds

nul legltgpﬁ@pa%@? g&%}ﬂ @r J;t?x%‘{\ﬁg'i—ﬁ%h%%’ég gj’e determmed by

tﬁé‘§é‘ sRifled Un ftiné ertawhiley @singentls knawnahsthods SLmheeszarfed ebnample X-
i nicronisation, for instance in view to obtain themin
raheilffrach@@prm\/l% crospheres usual |y having a di aneter

gﬁg clgmfg drﬂjslcg)f tﬂ@ln@gﬁmrgggrbetfgﬁnu@éwmtéﬁrﬁ/eﬂtlonal carriers

caps for con sustal ned rel ease of
a*r’(@Eeﬂ@bie\rﬁs wh%eﬂlllem selctted dablaecord f/\&he@ﬂitmarvepractlce Tablets

il Ganisin e it nalsats. AP Binsaes B b k! AgLBpdStgymutations
ér@vﬁ%b'afélj M S8 HOR Snd va%r?ﬁ{téﬁ@éd: fé‘rngémfer?rbypﬁth‘er than oral

mat'erial s having good emul'sifying, dispersing and/or
administration generally will be isotonic. Formulations optionally contain

excipients such as those set forth in the "Handbook of Pharmaceutical
Excipients" (1986) and include ascorbic acid and other antioxidants, chelating
agents such as EDTA, carbohydrates such as dextrin, hydroxyalkylcellulose,
hydroxyalkylmethylcellulose, stearic acid and the like.

The pharmaceutical compositions of this invention can suitably be prepared
and used in the form of concentrates, emulsions, solutions, granulates, dusts,

sprays, aerosols, suspensions, ointments, creams, tablets, pellets or powders.
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wetting properties. Suitable anionic surfactants

i ncl ude both water-sol uble soaps and water-sol ubl e
wepmishesics surface-active agents. Suitabl e soapeT@ER005/000032

al kaline or alkaline-earth netal salts, unsubstituted

or substituted anmonium salts of higher fatty acids

PO C22), e.g. the sodiumor pgtassiumsalts of oleic

or stearic acid, or 25 of natural fatty acid m xtures

obt ai nabl e form coconut oil or tallow oil. Synthetic

surfactants i | ud di I . .

R R I R I

c% Qﬁfbﬂ eshd et foratalon sleridmkhy®p t8rtHose skilled in the art, and
sul phonates. Fat téesul phonat es or sul phat es

tlaene ussnal particular restristion 6o thkkaselaetias \A&ﬂhud'alth@]dar@awthmventlon

t?'gl 33;’3%@ ﬂuns bSt({cﬁﬁ{/?%dgﬁggD%WEtﬁ a@eﬁ%gm@gmﬁ@ agents,

JiaNeRy ddisivest cerAdist@ingoagehBsolergs, tdoatingsli amtibacterial and
WD 2005/ 085268 PCT/ BE2005/ 000032 51 cal ci um sal t

anitigmegall p?mis(: (fati exasnPlgo RBEPPls USRI aCiGe Chl ocsqablgagol) isotonic
q.raﬁ)ﬁ&] g§euc$1a?% %bg%{s d@l §§{ﬁg}q cibRaay Sﬁ?(‘?ﬁé %k@egrcf\flc%ﬁ the same are

Irne or’ a I ne-earth
comlsisterstl wiiy [pplaumiacevticas Wradtios, cea(cedlea‘staa‘rds addiligbs a\sshlch do not

di um | auryl sul phat d f fa
EpatoRA AT SRR tsoalss |8 HEEIAg Ll aabetans o the

6}89 AT HRARbA E\)’é} Bat PY%J%rQH eﬁe%\gpl ?(n&\ﬁﬁ‘t Riamn@r! forlthstance by

car on at ons. al kyl sul phonates are
Hdrogerkbously uaklngunwmngabndﬁmolgamldm thel aetive ingredients, in a one-

%é’gf@.y l bﬁgﬁg‘ﬁjﬁ zﬁlg(gqff%ﬁoma@ g&q Felgctgd carrier material and, where
é&ﬁﬁggﬁé@“@c sUbpReNhddiave/slien nad delvate-sandengahisomay also be

so suitable are the corresponding
mepapEthbysinicrogisation,t foransismeepihoview i iabptaist ey tha form of

%ddum 183 %L%qu}#@&h a@(gn?t%r é)i J%)dﬁt ab n;pd Ym, namely for the

RBAGRRAIePbUmidretapdiles FoF BORROIRIE of @stﬁh@kﬂ aklease of the active
(originating fromaniml or plant cells) or synthetic

ippagientsi pi ds of the cephalin or lecithin type such as

ph%g\btﬁﬁﬁ §€H§%%§W%]%ER{ ;‘S@(l) ) kn ?ﬂﬂsé@%mﬂ%féﬁter Bfulsifier, to be

G iamhd phaspdeddtidsl compbsitions aif rpré@eyrhtphmeﬂnladn d;é non-ionic,
- 15 choline and their m xtures. Swtabl?lp 8
eationi e |aﬁ!9ﬂj‘élé“9tﬂr5¢é9( {1 0eada Enulsitying, dispérsing and/or

aig ﬁ O[?rBBé%{ ltaﬂgé?{@fwlc"ﬁﬁ'{ég‘taﬂ%KM&IBH@%tﬁ wateF-5¥luble soaps

acl I'c amines or am des
arﬁmmwn-srguble $wﬁbetld§umebautnm agsntsnSulteblessaans are alkaline or

S eSOy Do S e d i K BB B R 6sls of e
fatty acids (C10-C22), €.9. the sodium or potassium salts of oleic or stearic acid, or
of natural fatty acid mixtures obtainable form coconut oil or tallow oil. Synthetic
surfactants include sodium or calcium salts of polyacrylic acids; fatty sulphonates
and sulphates; sulphonated benzimidazole derivatives and alkylarylsulphonates.
Fatty sulphonates or sulphates are usually in the form of alkaline or alkaline-earth
metal salts, unsubstituted ammonium salts or ammonium salts substituted with

an alkyl or acyl radical having from 8 to 22 carbon atoms, e.g. the sodium or
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20 cycloal i phatic al cohols, saturated and unsaturated
fatty acids and al kyl phenols, said derivatives

wonefsasstoBy containing 3 to 10 glycol ether gredapsE20d/000032

8 to 20 carbon atonms in the (aliphatic) hydrocarbon

nmoi ety and 6 to 18 carbon atoms in the alkyl noiety

of the al kyl phenol. Further suiltable non-ionic

surfactants are water-soluble adducts of polyethyl ene

oxi de wi th poyl ypropyl ene gl ycol, 25 o
@élmdn%aﬂId%ﬁ@@@hﬁ@h@%@%@ c@d\é%ﬂ V\/H%%h% gbiagorla Wxttfe of fatty

carbon atons in the al kyl chain,
al@ﬁhai ﬁumataﬁ Dbmlﬂe%yfr@negatjawil fattyhacidgy calkmlnandf alkaline-earth

P S s e Bkl 6Bt 1k, 3% Sectivgn (asesy! sulphate)

amu S8lpPohidAEdy be Rt MesholithjlenBIMRS884@ S VSuitable sulphonated
exarrplpglg Iof non- Fgﬁ)lc sucr) ac%gﬂts are nonyi3 ﬁu tfe uiphon

beRriidansks efvatives mr@&rablywontpml § 4o ﬁ@oﬂ:arboﬁcatetriseExamples of

I dduct s,
ERAHORNGASS DRROhR (Rt hERe RS, stpmrmsmine sats of
@mxﬂ@cg/lﬁmmxeatehwun}bhorﬁ@ XﬁekihYdrertﬂlutyr-ﬁépﬁt@%nesulphomc acid or a
oct@/)@ henox ol.yet hoxyet hanol . Fatty acid esters of

?Biotde{f?”(f%h}’% @ﬂdﬁﬁﬁ%@mw@dmt Also suitable are
ﬁl%réBrFégb h r@ ;Fl%ﬁghat glé/ fsf%g I’Pq%glﬁ'l% 985 Han adduct

pentaeryt are e no
@ﬁp-ﬁanylahesol \BltrSetHWérheean@/br pmpwléné bridkeant th@,saw@ms Suitable

Gl dﬁﬁngolgr@?ﬁ%?'atcﬁsre S o ipcbing eamewimal or plant
ddilsh dradyh th@ﬂil‘? (/)hélﬁo §¢ ids4hgd E?Jlf%{‘l}ﬁl oP e quye duth as e.g.

i ns ance uate nlun1sa cont al ni ng

W@mﬁtldylaﬁmﬂmmlmst omo@am@dmwe r adi c;afhos(oﬁha@dylglycerme

Ryt CatdoylRy b tnpebEaBady-ofnlin. Airasmiaviehosnatiy! -

dolinalpeehalredixtupagr al kyl, benzyl and/or
hy droxg | ower al kyl radi cals A nore detail ed

deS¢itaple aen-ignie L&Lﬂ'@@@rﬂetlm&ledagmhyesthewlawdl and qjoly;ifrbpoxylated
f tcheon's
T LN XN T e

darm@mngFﬁtdlgeww calNsan 2E3rRE Y tﬁ@%c)lecule alklylarenesul%honates and
nS| d Taschenbucw , 2 d ed. (Hanser Ver

di@' Iphgsuesipgiese suishi as o@olmlvccdcemetrsdem@weehefmahahatuc and

8 f the
‘?DVE?EH e alrol Pl hd et GRRTHARY aflas' dfp aiphenls,
s(alrbrdeaﬂamres:préfe:ablweiohta’mhgrii ed magaﬁ;ot Ren&CHiotps and 8 to 20

di ent ma adm ni stered by any route
%rrﬁie ‘?efﬁ@% the ¥¢4@ rihydresathepmoiety £insd te & ewben atoms in

thOUWIRF Mdfdty Bfthe alkylphenol. Further suitable non-ionic surfactants are
water-soluble adducts of polyethylene oxide with poylypropylene glycol,
ethylenediaminopolypropylene glycol containing 1 to 10 carbon atoms in the alkyl
chain, which adducts contain 20 to 250 ethyleneglycol ether groups and/or 10 to
100 propyleneglycol ether groups. Such compounds usually contain from 1 to 5
ethyleneglycol units per propyleneglycol unit. Representative examples of non-
ionic surfactants are nonylphenol -polyethoxyethanol, castor oil polyglycolic
ethers, polypropylene / polyethylene oxide adducts, tributylphenoxy-
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oral, rectal, nasal, topical (including ocular, bucca

and sublingual), vaginal and 20 parenteral (including
weubiswssweeous, i ntranuscul ar, intravenous, i ntPaUBE®IS/000032

i ntrathecal and epidural). The preferred route of

adm nistration may vary with for exanple the

condition of the recipient. Wle it is possible for

the active ingredients to be adm nistered alone it is

preferable to present them as pharmaceutica

PoBied Rt e e lsol 3hg oipREhdoliRivethonygthanol. Faty

a%méﬂe% oBbolyeaslernoditahveutn Gisashl ponyectiadead mebltan tnoleate)
descri bed, together with one or nore har maceut

iysosph opbitaa, r9UBTaS HRT BRRaRANGS | Sital 450 oBHigble. on-onic

tic ingredients. The carrier(s) optimally are
s“ngg%g'ﬁjabl e " in the sense of being conpatible with

t hSu@éHﬂ@rcatlbgrceslhrﬁﬁtantsfmtlmelefcquatetrwy @mmndiunotsalts, particularly
del eterioqus to the 30 reci.pient thereof

ebras BeVibad MdIOFaE e GSubet: PRuanall Giubsfiiied vith helo. phenyl,
pﬁ%ﬁ{ut%ﬁ%@acal 5%g§r >§/T I R&20R aﬁ@@o%ate'?ﬁaiyo%m&ﬁomum salts

bl i ngua vagi nal or
cpatainingr aé N-snostitdentyat fadst dren€8G22 akyt radieaulesg., cetyl, lauryl,

ATt SR oISV Re i k) tich s TiEDer SRoaiPaie! 9“%%bst'tuted or
an‘iﬁ‘%‘?@ﬁ |diertilky), géw%ndfdﬂﬂ?d%@/ mérmwrr@«maled by

e nmet hods we known in the art of
phAr macy detiled dmchp’den iofh sMtfaeeaglve LgeNts Swtab\gufwgthls purpose

regy :Eﬁezf?a If@r%]fng . he M%C\flgtﬁgécgr% %tgﬂ;fd @‘é\%tgggﬁéﬁulsmers Annual"
M‘@'Pifﬂih@mr?? Crdp? Hi@i@%@bdt hew gerselyat D8Ns "Tﬁe&mm'mmuhedbucw 2

uni f and’lntlrmtely bringing into associ
d hed ac(Hnaveeﬁ néertad, e vienaa, h 1PBdLi ant ,ﬁqcypg)p@pdfa y%urfac’cants

& i dgglré&l’llkgﬁgﬁa{;’é ﬁe p@gﬁﬁéﬁ)lgngoﬁ Pnejlnat : ]:)ns of the

Pr exeMbolriticetfi die sinvéntidre 4ot thieal pagmmmgm:albyt iacceptaple salts
be presented as discrete units such as, ca

(beeeriter eileetiyaler %feér&é’htoc%ﬁ A ”‘Qr?ﬁ“@fi&?&‘ﬂ%{ hgpdministered
tgmé ltrgg{e é&?rogﬁ%fevf?) {HRIE&THIGEN to B FedtBWISHItaBle routes including

Ut 'on or a suspension in an aqueous
énaqunedta)r nasalptorﬂcaje(mtsudlmgLocxﬂxjarobuasalaand subhmgua,{ht\aglnal and

qui d emrmul sign or ter-ln Is ion,
LT 80 0L PS8 Al L9 80, Tadermal,
m%'tl*?eca? 'aﬁ@tégﬁcwraﬂr TRe8Yreferfed ﬁfﬂt@tof 'é@%lﬁi%trﬁﬁgﬁ Ry vary with for
conpression or nol’ding, optionally with one or nore
exaraplechg dong'rtiedicn‘rthe re«:]pmmtessed tabl ets may be

Pr %ﬁﬁee Ollt lgypgsos or the active ingredients to be administered alone it is
preferable to present them as pharmaceutical formulations. The formulations,
both for veterinary and for human use, of the present invention comprise at least
one active ingredient, as above described, together with one or more
pharmaceutically acceptable carriers therefore and optionally other therapeutic
ingredients. The carrier(s) optimally are " acceptable " in the sense of being
compatible with the other ingredients of the formulation and not deleterious to the

recipient thereof. The formulations include those suitable for oral, rectal, nasal,
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a suitable nmachine the active ingredient in a

free-flow ng formsuch as a powder or granules,
wopbiswasdeBy i xed with a binder, [ubricant, ineCct/BE2005/000032

di l uent, preservative, 20 surface active or dispersing

agent. Mol ded tablets may be nade by nolding in a

sui tabl e machine a m xture ofsg he powdered conpound

noi stened with an inert 1liquid diluent. The tablets

may optionally be coated or scored and may be

f ar nul at dso V|d sIo or I S ;
SRETERGE Pt oot eGR) oL. fetshb  roucin
shB@ut%M@oGé FPn‘tlﬁﬂ’ﬁus@Slteﬁ?r nﬂ.lavbhsagemtrgdgrmapunﬂnamdasan@ epidural)
5 the formul ations are optlonally applied as

atdﬂpnkSHIatIOhn'ﬂ'hérf@ffﬁwaaplé%m%)bﬁpavfﬁﬂlﬁg N beeprgsenipd in unit dosage

Eﬁ,red en@g Z’)& gy%rbed}egogflé é ﬁﬂf‘@ %Et%ptkno‘mﬂ? in the art of

phafbEy NS aciw methvas éncludes tidbiepoofnbrireging fiateeassociation the active
Alternatively, the active ingredients nma

ingrestandtvdth fhe sawies Jhich CRNEIMUERS oD@ Orvﬁgé‘? agrR3aATY ingredients.
Iﬁg}ﬁerélfth%?ér‘n@gg loﬁg‘ Sreaﬁ‘l"ﬁ%%‘r‘é ﬁggfgg% gﬁoﬁﬁd ‘Fﬁtﬁﬁé‘?eﬁ%mqgmg into

% w w of
agsbyilidnitke alctmehmgredneet with |liﬂ]l1(d)b@ﬂrleln$10r ﬁBetyvdeM@d solid carriers
2005/08I_§ﬁ&}8€B /BE2005/OQOQ32 54 nore hydroxyl
na & NSCSRSRINENY)E dne p[ﬁf{ Uhe 1.3 diol,
mapg‘, gﬂatlon§9ﬁk¥hé @res&tﬁﬁ%&lo@%tdﬂé Y6it il eqeniglsyiedbn may be

i nc m Xt ures hereof . The topi cal
pfresmtbdtammscm@/ wmdsusuab@ ¢EmSIUiQﬁe cacb@wp@ruw@lemue@ﬁh containing

T R e anerns BayRl oh i€ BRAVE Mardhidhl, b8t BEWIEF orgrenules; as
JdenaiBy 86 auspefbioneihd apesels ﬁ@u@rbreahwmc@cq@eouMmd@ or as an

di net hyl sul foxi de and rel ated anal ogs. The oily phase
Qﬂﬂntweteedmusi emylsion phRVatRTENP bﬁuwtaﬁ;mldlé‘»l%r?shq fefivegingredient

knovvn Wi | h
BBl PRt EEs oy YR AR PLBRREE o hervi se
KnpwabRs ndy Bewhgganby cohtpré&ﬁmn @blnyoldm@pbphexsalh/ with one or more

m xture of 10 at | east one erruIS|f|er wth a % or
asicesserwingredients. Lompreased iaplels mayRe BreRargd y,Compressing in

%%g%&ﬂg thhénifB4he ch'tﬁé V\r}ﬁ?eﬁfé?\'t W%Gfréé’%\?vh‘g%fdﬂﬁ Such as a powder

. e emul si acts as a st lizer.
¢rSgr®|nﬂ!Esorc¢ftlenan niived mdihua doitabert Iubriaaink, laad diluent,. preservatlve

e saie inemel b o Pl gy moving in
ST el ind BORIAR bl b pagaErdd sadgbeparbprared g an ner
lmjuig diiuepéer Sed fadate iyt hptionalynbeocoaiked: Porasoredand may be
fggyéga?% fsgi%%stéslbr:){evo | Slow oF %E)ﬁtroﬁ)ed BRab9" 3t L fhgredient
therein. For infections of the eye or other external tissues e.g. mouth and skin,
the formulations are optionally applied as a topical ointment or cream containing
the active ingredient(s). When formulated in an ointment, the active ingredients
may be employed with either a paraffinic or a water-miscible ointment base.
Alternatively, the active ingredients may be formulated in a cream with an oil-in-
water cream base. If desired, the aqueous phase of the cream base may include,

for example, at least 30% w/w of a polyhydric alcohol, i.e. an alcohol having two
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desired cosnetic properties, since the solubility of

the active conmpound in nost oils likely to be used in
woheorsmasmsit i cal erul sion formulations is very POWBEZ§E500032

the cream should optionally be a non-greasy,

non- st ai ni ng and washabl e product 20 with suitable

consi stency to avoid | eakage §4 om tubes or other

containers. Straight or branched chain, nono- or

di basi c al kyl esters such as di-isoadipate, isocetyl

BB BRI 8 ToGIEGF Gedi e, b1 mannitol,
s@?dlfﬁlt ?@er&ubﬁh pbRRIMAlIERe Z?I%dﬂyklh@%ﬁdingoai’lﬂ@ﬂeb? ad mixtures
S

of branched chain esters known as Crodanol CAP
th@rﬁoﬁeTbgetppnfa{efozml%t@tnSt maske desiragivpindlede e epepdnd which
e
egﬂgﬁggg%ﬁggg}tt&ﬁegr @%@%’t?erntgcf& bf! tl’tfeo %{l?@ﬁrﬁﬁdleﬁ?ﬁﬁ%'gﬂgthe skin or
otiedrt bfigctedi aveaki Exdmpies lof mh\/\ﬂertrﬁaISpémetmmf thhancers include
and/ or I|qU| d paraffin or other mneral oils can be

dirpethylstbioridesancralatedianal®@s.f or topi cal admi ni stration
toTﬁQ‘jJ@y?h gf RS | RIS oP"ErﬂQj nYARIG thays rﬂs\fi‘ﬁxted from

ngr edi ssol ved or suspended in a s tab
kogmwn |agredaemtean a knovem rrammuwmlelthe rphafsermah e:oamrlseanerely an
. Fornul ati ons WD 2005/ OE;S
SR BiED GO BB FONSESS ANt BIGSbr Tdstaly comprises a mixture of

AWBAicHd é‘ﬁwb%“ﬁérr\‘mfﬁ'ﬁ FAPSE Bn 1N Drugith bea£AaISSand an oil. Optionally,

conprising the active ingredient in a flavored basis,
eubyﬂhbpyllISL&Inuiséleal&jlnab@@datogeﬂ’ten’a{yﬁtaﬂllpbphlllpzﬁgﬂlullslf@é which acts

R aalidh 16 o eteirid ap ke 'yl AnL 8P Bhd L ke Tgoether, the

é‘ﬂ@sﬂ'@k(’g?%h@ﬁwﬁﬁam tabllige ébpm@ Ve th® soriledi emlsifiing wax,
a suitable liquid carrier. Formul ations for rectal

anghihe Mammgﬁihmwlﬂjeﬂ]ﬂ od can@ dat enakes uppthsi sercplledi emulsifying

Suij t
1 SR G (b B RS (T 2Bl EfmSions
TETChoisE ¢t sutabwh eileion fatiefoe ahé ifermulatian $9lbiaded iare bulieving the
a coarse powder having_ a particle size for exanp

cterwedawén@t@ pEPSOies) Gihe Hisngolupii&r atthey apkva P@F@O‘Uﬂd in most
cﬁlszlﬁé o@égielnb@ﬁm&mﬁgggn@ o@f&fnﬁlﬂéh%@b is very low. Thus

| ncre ons suc m crons
the oreas, slﬁiufbd optidmaily besa r&nh?gmasyeneld-stmnmgeamhwaehablﬂ product

whi ch snuf f t aken, i. nhal ati o
Wig} mtﬁm%§d$§§5¢ncga§g;%\@l@r%ﬁi(gg%oﬁ%% lékpesgfort pther containers.

FEAES of BShcHLEETul, oty 1858 Y1 AR gucp s drisondpat
|a<ntmtyll steaategnpamyfene myce)tadplsharaoﬁacgwonsuprfajtyoac@g, |sopropyl
rg?rsls‘?’tate rdoelcc);yl oleafe UI(SjOepr% %er?a ?nlt%rte,qbutgfl 5tgla%&'e OE etr%lhéxﬁ palmitate
or a blend of branched chain esters known as Crodamol CAP may be used, the
last three being preferred esters. These may be used alone or in combination
depending on the properties required. Alternatively, high melting point lipids such
as white soft paraffin and/or liquid paraffin or other mineral oils can be used.
Formulations suitable for topical administration to the eye also include eye
drops wherein the active ingredient is dissolved or suspended in a suitable

carrier, especially an aqueous solvent for the active ingredient. Formulations
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active ingredient. Formul ations suitable for aerosol

adm nistration may be prepared according to
woams@ssicenal net hods and may be delivered w t RCOBIERE05/000032

t herapeutic agents. Formul ations suitable for vagi nal

adm ni stration may be presented as 20 pessaries,

tampons, creanms, gels, pastesgsfoans or spray

formul ations containing in addition to the active

i ngredi ent such carriers as are known in the art to

si@tﬁgfﬁoéq ptrgkvfc%lﬁ adﬁﬁpra a4 onﬁqu%héllgﬁlrﬁglﬁagdgg%f@és%ghprising the

#tiok1 ihgrddigscini @Wlasr@reld b§§1§ wbiglly s@orosendrid Acacia or tragacanth;
anti -oxi dants, buffers, 25 bacteri ostats and sol utes

nasitiles conidising éhe Gckive dpgrediant do g éelf PRSISHBUEN §qdelatin and
cérn] bPt&Ng6ds T S84 \A%c?%fr]a, %ﬁ@ ?ﬁ%\ﬁﬁgésﬁgg E@prﬁQM@oTﬁe active

er| e “suspensi ons suspendr ng
rﬁgr@dﬁ@ntanda suifablequid cagtsrt s. The fornul ations may be
presented in unit- dosai or nulti.-dose containers,

gxawpr%rnada inp krgsaiad @dminigiratian snay RE rrr&;sersf@ds%faewpposrory
\Aéiﬂ? %lﬁ%@e dp ke {rYﬁﬁfHds'féﬁ ﬁl@' cbeBa F B r 'o'?ga 3Qalicylate.

eaddrtron teri |qur carrier,
I?aarmqidaimr\mtserrtabmr fomjpasdali admrnrmmﬂawm@ﬁﬁahe carrrer is a solid
or to

.PCT/ BE2005/ 000032 56 d )

B ERgLraRles ROV GRVING A BAIRS Sire Tah aalBis g ange 20 to 500
MRYo R (WcﬁRﬂﬁ@dpafrﬁélE‘ Sik&4 iih 6 RAWES' Betw@eAN2DeaN@BD0O microns in

tabl ets of the kind previously escri bed. Preferred

Ilmrlen'nQNiSagé § omiandns | ueh ase 3Ohm9rqnsm%15 ninigjoas.d&t¢)y which is

S8RRThroch 1 IhS o Snor 14 ABRCa0 S TTekpR, e o rapid inhatation

tAfdugretHenaa sl gadsagbtfread cenkinaemefethet pesidéhheld tlose up to the

addition to the ingredients particularly  nentioned
ngsey Suitable wrmylations vhesein thescarieiistd dvideipr @dmipiglation as for

SRR o ADHEBD A obeL DRARIS ol P or v

ddtivee irsgretiphite Formulatidnsadoitablet fat i asrosaly a‘dmihm:retion may be
flavoring agents. Conpounds of the in entl be )
Rregarach asr:@wraré te sionventienpl rraetiods a@% s, dpbgred with other

tfr@FééBéLﬁ‘rE' tgontai ning as active i ngredr ent one or
nor conpounds of the invention ("controlled rel ease

f or mlFraﬂniudaBdr)s i suitablec ffiort haginak| azhsiaistfativhe eyt ibee presented as

%grsen rr?ggnsbe c?é)anr%\'g,o'gleg ar?éjstcrag Q%S‘Fn%d ct)rO sapray formulations
contarnrng in addition to the active ingredient such carriers as are known in the
art to be appropriate.

Formulations suitable for parenteral administration include aqueous and
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation isotonic with the blood of
the intended recipient; and aqueous and non-aqueous sterile suspensions which
may include suspending agents and thickening agents. The formulations may be
presented in unit-dose or multi-dose containers, for example sealed ampoules
and vials, and may be stored in a freeze-dried (lyophilized) condition requiring

only the addition of the sterile liquid carrier, for example water for injections,
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15 frequency dosing or to inprove the pharnmacokinetic
or toxicity profile of a given invention conpound.
waanisrossdeed rel ease formul ati ons adapted for oprait/BE2005/000032
adm ni stration in which discrete units conprising one
or nore conpounds of the invention can be prepared
according to conventional metdyods. Additiona
i ngredients may be included in order to control the
duration of 20 action of the active ingredient in the
conposi |on ntrol. rel ease conpos
Iramﬁdéa;@ Bor & by ot pRPEeP iR bR e el Bd SutBensions
ﬁé}éd fRofa SR rie PRlWAesd, )rSnulBs ardnfabrtasf # kind previously
yV|n pyrrolidone, ethyl'ene-vinyl acetate
d@epmbghers met hyl cel | ul ose, carboxynet hyl cel | ul ose,

P;Fé?népe&ema(sﬁyl s Cfsgﬁgdﬁot IE@ 4‘(#%3%%%0%@%@&%@%&% daily dose or
uPRH il duBdddie, la@d@ér@ﬁf abdvegrddited aet aiv @pprgsredé drictionttivereof, of

particCl es, i@% m cr ocapsul es, of a pol ymeric
asmﬁw&nn@resi as hydrogel s poI ylactic acid,

Ny ar LBl be GRUSHIARE |rV%'dSH6Y1' gﬁﬁ%ﬁpﬁ%@éﬁﬂﬁgmculaﬂy

t he above- escr mers.

rheetioe) ebb{/@ItHedfbuguimlbnsemfytms/sim\mrﬁldni mayl inuhsaderesher agents
m cr ospheres, m croenul sio

t
ceaneptigraliiadha it S8V, re@@r%éggﬁ e &if i TpifUlagigp dn guestion, for

bl I
Bl Tudsbe /e 18 R STRERS G mag RS Bty adbhts

coat iCwapokhds midbatingahtidroicas kriiusedl © pmwde controlled release
i.nj ecti onabl ncl ude steri ueous sol uti
rtnar@ags%%akfo?@"&ﬁatm%rqqnialamdeqss FGIVE; daoredient’ Gné or more
forﬁatﬁwt 2BEAHE MVRRAGAL c"@éhﬂrdlréae@éleagdpﬂoemhleﬁ@wsv)eirs which the

I's purpose therefore include bioconpatib
relpaseusl thef betive irgredivntt ,cagl he esaitroligdopyd dﬁ@u@lt%dﬂ) allow less

bR B 5 7Bl e b R S g o over

ihEHtRA €BbmpaluAdUS britidlle€ OrBigagkl ofdrmulaiondo addpted for oral
necessarily br| ng out their joint therapeutic effect

afimiaistrajionzin whieh gigasets writs pompESiAERRE OFf Mase compounds of the

SO be in
T T A T LR T s i
two iAddigehanhgredients rmapdeaineludet indpraeend control the duration of
repositories or conpartments. In the |atter context

aglion Ofzihes a@wm&@%t il epPestpe. LONEY felPase Fonppositions
rﬁag’aﬂﬁyﬁ%é a#gh:ﬁ?] & bﬁ&el?%ﬁd‘; d—:{?)@h?p?ﬁ IS&gFr%rd(?érﬁﬁFse%ch as for

araynle Ipmlyd%er%prpnkybrranm oaalkjsprpq)iymeyt gpyatolidone, ethylene-vinyl
gc%rtarlrtlél 35;5&%2"95 rr%%fqhyﬁceﬁlu?ose cairboxymetnylcellulose protamine sulfate
and the like. The rate of drug release and duration of action may also be
controlled by incorporating the active ingredient into particles, e.g. microcapsules,
of a polymeric substance such as hydrogels, polylactic acid, hydroxymethyl-
cellulose, polyniethyl methacrylate and the other above-described polymers.
Such methods include colloid drug delivery systems like liposomes,
microspheres, microemulsions, nanoparticles, nanocapsules and so on.

Depending on the route of administration, the pharmaceutical composition may
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form of an anpoule for intravenous injection or an

aerosol. 15 The present invention also provides
weynisiesicge net hods and processes for making ceap@ERES/000032

according to the general forrmulae (1) to (XXVl), as

detailed herein after. The processes descri bed

further are only neant as exagples and by no neans

are meant to limt the scope of the present invention.

For a better understanding of the follow ng

d i ptj f ' de. fi 15 20

Ehafe yHbilre SefbitePrafpRburicel Ll thtatte By Megfonable use
iavobBeswesilcofaguBeus’ sdluticgho o h@iBpéidred Bpgesiiile powders for the
3' - S- phosphonat e-tetrose nucl eosi de derivatives of

eigRaPoraRapus| Prepatation thegeefu diveinsh sesrigradenitiie, purpose therefore

_ S g o, _ ; : :
DML BlostPlbie RIS oo R0 Blench VIS0, | BRBene gl
molydtheleas glyeoh ahd theldike eddtrmixéngs iedrephcycl i c

nucl eobase w t ouf inventive effort. Each 25 figure )
wi | 1 RoViede ofi dber fastdhah wheR; savergy ggHye |ingtedients are used in

SRS BB SSTARCRBEL) Byt B ol RATGLAGRLAL et vty
&' the gdme ghoaan ¢h@' mamonal - tbebe dseateduibleecmirelsponding composition
deriyatjves,of_ 4 naturally-occurring nucleobases ) .

MU ARHRS T e PR Of aapedichh R O papktis containing fieytwg igredients

| | oclicatf (
S E A ug O PR TGOk CRpaf et ) {ne it gontext cach

qaiive tingredienhyohayxhesiefone ibe Jotroglatac| i @r ovayt editable for an

TR e PR BRI R e G EFAARL .. ome of them
RBg ®efih@Ré koot Bn driledripdtehigraldbftiaYiba Whdreas the other is in the
(hereinafter referred to as TBDMS) group using

fopps-aorapedle fohistrevaapue injediosrerean aerosel. TBDMVSCI ) i n

the STk redlet iRlerfiohS4ts ridBE § {%Il Ynbth gzé)AaeprAé%sses for
an orgahfc’s Vet 1o P Qtﬁlmlo
robRihgi c@hpeundsehecarhg © te §6hbral %l@rﬁLﬂééi(QntoO(fXX\ﬂle, as detailed

hydroxy group on this paosition does not affect the
hare engaroepssestdascohed furthRy argranhn maashastegmples and by

ﬁt?“ﬁ'?eé?%s%];é %‘ea%rﬁr f RS s&idey b @ﬁ@:ﬁ?ééﬁninyénﬁgﬁ.r ESPa better
out Starting at 0OC up to room tenperature. nthe
welarsigndingpofdhe fbloveing dessristiorn, refdreree isyelade o figumsp1 to 15.

o PSP e SR R I G5 5 leses o the 3:0-
@gﬁ?gyﬁa’gé%ltoeﬁi‘ri))‘éib:éd@ﬁ’usﬁfﬁsﬁhéﬁé%-@c’mgé MREHidO BeriViiRves of five
naturally-occurring nucleobases (adenine, thymine, uracil, cytosine, guanine)
starting from commercially available lactone compounds, but these syntheses
can be adapted to any heterocyclic nucleobase without inventive effort. Each
figure will now be described in details.
Figure 1

The synthetic scheme as shown in figure 1 comprises 11 steps for the
synthesis of the 3-O-phosphonate and 3-O-phosphonate,2’-deoxy-tetrose
nucleoside derivatives of 4 naturally-occurring nucleobases (adenine, thymine,

uracil, cytosine) starting from (R,S)-2,3-dihydroxy-dihydro-furan-1-one (4).
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I ntroduced using benzoyl chl ori de under basic

conditions in an organic solvent, for exanple in
woypoisdisses Deri vati sati on of the hydroxygroup eqQT/BER&S/000032

position does not 15 affect the stereochem ca

orientation at the carbon atomthat same position.

Preferably, acylation (here bgpzoylation) is carried

out starting at OC up to room tenperature. In the

third step the lactone is reduced to a hemketal. This

;Sgﬁt tg,% J@r;%nsgqgrfée((é; % ilzggdr%xgygrro'u%e|sb%<§l%%tlvaguﬁrlolté’&ed The
hg/HPO%Q)PQ ddr?ln“;%éﬂléﬁrﬁhy @éle@ﬁvél?%@te@:@éd &jrefe@biolyBdsikiation, more

, preferably in a solvent such as
stpecrﬂaaur;dr\mtmrartel(twsdu dianatbylsidf erareimafter Heferrgd tgras TBDMS)

t ol

cipids Ugno T EPVERnd G, (RRbAp e JeBiRF by g gBEMSE) in the
dPESSRIcABl ¥ reabrint,- Breférablyoimigx2dip] th ah orgéfic Sdieent, for example
fourth step involves two subsequent reactio fn \I\Q

goetanitriie éhereinaies refaredhipdas ¢ N rigtestion,e é‘@c g{roxell group on
tg%sp%?lgﬁn %E@&%ﬁgﬁgrtﬁg #Q%&%gﬁg(}%u&ﬁ%%?rg% rth% cilarbon atom
thas@nbasbsiich Rrbferablye silypooiectionds garigu ast stading at 0°C up to

hydroxy group on position 2. For exanple also with a
MPYEBIrEsi ng TBDMSCI in the presence of a

reactlﬁn[he s%rc‘%@rﬁ@;}) %fl\l’g\rlgﬁiﬁﬁ%ﬁathé‘ fieB fcH85YIgroup on position 3

sol vent, for exa se-labil’e protecting
i8@hem mmepmmq;mﬁytprohecﬁad spremlvlgobwadmset-lla ile protectlng group for

SelE 655 asaveD: B TesabBnL0y | PGFAIFIS r Dhgy B GPLn Jroup s

iﬁﬁ‘é&ué’écFGﬁlﬁ roxz@ llcﬂldnabh%%r badROFondHiGHLRt 4P Breinid Belvent, for

anoneri c y group, two stereoisoners are forned
atampiatin mmlsime &erivatisatiora afi thse hydroxpgraugsen thisgosition does not

a'ﬁeé:& Uti;le (chfqtnalﬁgle]%nt{aﬁtg?% oﬁg %%tceaitﬁct)ﬁ eé:tg Ft‘héth §ame position.

Bicf&@bly) écs}%tlbhf(ﬁeﬂi bénzyMtitRDiis cantsl oot staﬂfrtg:at 01® up to room
stereochenmi stry of the final conpounds. Deprotection

tempetatuigdr oxygr oup on p05|t| on 3 does not affect the

ster el%cﬁ%"‘rﬁ}dt %tggfthghlgc@ nre?ihﬁgli% é%‘iﬂlﬁé‘t’é‘? This reduction is

pOSItIO next s ste Ffve 1 n schene 1,
&stitedy iRy P 20N hpersdd i cnrasam sredpbnsm)hcagmit kyfoat eetample using

%E&g@&lgﬁnﬁ%ﬁhﬁ {/@%ﬁik %T%ﬁ&g&;%@i&honﬁ%k@, pgeferably in a
adlltés@ggg@sl 'c’gé‘tg?llyb%ﬁfr (‘Nef%lﬂ for referred to as THF) or toluene.
'Dafdugatthmﬂea@howfantdlmmenc centre is created This reduction is carried out
below 0 °C, preferably below -60 °C, for example at -78°C.

The fourth step involves two subsequent reactions whereby first the
anomeric hydroxyl group is protected prior to deprotection of the hydroxy group
on position 3. The anomeric hydroxy group is preferably protected with the same
protecting group as the hydroxy group on position 2. For example also with a
TBDMS group using TBDMSCI in the presence of a reactant, preferably
imidazole, in an organic solvent, for example ACN. The base-labile protecting

group on position 3 is removed under the appropriate conditions. For example the
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hydr oxygroup on this position does not affect the

stereochem cal orientation at the carbon atom of that
woasistossees Pref erably, this phosphonylation reaCTiBER005800032

carried out starting at -78C up to roomtenperature.

15 The sixth step of the synthesis in schene 1

consists of replacing the prqtection groups on the

anoneric centre and on position 2 by a different one

conprising first, a deprotection step and second, a

R SSH S8 At LA ST S Mtharel, Uon

protb¥ion B %@%ﬁbﬁﬁer@ﬂ%ﬁ%oxf@?é aloystetdsisImBIES ags forpsed at that
are renoved by treatnent wWth ZO acid, preferabl

pagiieousipha dnddiaiai bhe reeultleganpmgetdq)eq net H5eet Q%Cbe separated

35 LB BN B8 ARaFRTEBh B lhoge in e e o

sPhPRSAUr foslesast baftediothst e’@réocﬁerhistry quntthet rﬁoal compounds
pat hway. Preferably the di-benzoyl este
Deprotestinaxtofstted, NYHEONMIEPEHABe W%Sltllanéd HOt affect the

o) t ect ed
PR ENty Y the SelbiD atohy aERRA SBMEBSStioRT O B0¢ O
t hat In ane n@m st@palsltep N/eawischmm dc¢ theal hydrca«mgrpup on position 3 is
oyl adeni ne,

m ne, - ac et ?1' ?1 L8
pﬂ‘qo,sghogq)alwlgte@d usw,g& 8BPYP pwla{e{y egi%/cﬁ]é) osphonoalkyl reagent.
Fkb“?x : gEHSXé digsi ) hoﬁg?é el‘uﬂ@ﬁ er ISr Eiﬁi%dil%éd Ouﬁﬁg HM%S)trlflate of

esence ammoni unsul phate. Usin
ohleoﬂrdmftpﬁiqsphonpm'eﬂwl aaibghcﬁnamt NBHelth-lrd'ﬂ ob&ﬁlvﬁﬁsatlon of the

rﬁy%“ %g@w%,o@ugug I&):ogitztrlgﬁs ﬁgaﬁ% gtce%&gf%ﬁ%ap%gntatlon at
tﬁQO&{rB@ﬁz&énP gﬂtﬁﬁ?%’é‘t@ﬂoq:&aferﬁﬁlxahh|@V\§hosphonylatlon reaction is

stereosel ective introduction in the presence of a
dagrieéd oat:s’tdlr’mﬂg ahd 83@gp tonisios tﬁm@r@turﬁe anomeric

centr it gstt h' S ”%O lé h I%i%aee r?3|sts of replacing the
ot r oHIR & st s

Hféﬂlbh?@h @rbrpmse bh@Fhe?lc cdrites ehdttbry poBlmIneBthysa different one
Introduction is carried out starting at 0C U{)c&o r oo
aGi

®nopigieg dirat, e2 qem'otgcgﬁﬂhstepegn@fsqqq)@dsyaﬂmg ogcﬁgﬁewﬁh the
%@ﬁ%ﬂ eﬁﬁ.‘ﬁéﬁﬁ] 9'&/@ ftfa \'\?ﬁlﬁ,ﬁg F;ﬂ’ aﬂfa BFdBﬁ’réiH‘aces the silyl

ase o ot Ct

T &ﬂ@@@&pﬁ?r@‘@ﬁ@ﬂl@l thedf@DMS gemcbscateoseme\)ed by treatment with
deprotection of the nucl eqQbase.

aaid miefesal)dsanprabeRys rif! eﬁ‘%‘HWn’oSO'a@é‘taym Iﬁrgﬂﬁ‘?r%qceet'c acid
@%rc% ﬁg@%ﬁjgg replfo oece{‘sonﬁjﬂ)' ASwat SuBSRent’ @EPMAbN is done
analogous to the procedure descrlbed for step 2 of this synthetic pathway.
Preferably the di-benzoyl ester is formed.

In the next step, the nucleobase is introduced on position 1 of the thus
appropriately protected phosphonylated tetrose derivative. The nucleobases that
are optionally N-acyl-protected (uracil, thymine, NC-benzoyladenine, N*
acetylcytosine) are first silylated, preferably with TMS using hexamethyldisilane
(hereinafter referred to as HMDS) in the presence of ammoniumsulphate. Using a
Lewis acid catalyst, preferably SnCly, the nucleobase is coupled with the tetrose

moiety. The presence of a 2-O-acyl group, preferably the 2-O-benzoyl group,
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groups is done with saturated ammoni a i n et hano
(yi el ding conpounds 15-18). |In order to obtain the
wa@203/sfw8 phonat e tetrose derivatives, the fi naCT®BER@S/000032

now i s renoval of the phosphonate protecting groups by
hydrol ysis. For exanple, hydrolysis of the preferable

di i sopropyl protecting groupsghs achi eved successful ly

15 by treatnent with a trinet%yIS|IyI hal ogeni de
(hereinafter referred to as TMSX) (giving 3 a-d).

OB GRS TRIBT DU GTD Bt FRAEAEEr o 7 1He3is i ff dhe base
rﬁﬁi'e’t’;ﬁnérgéuﬂlﬂe a8nGthERE OESRRE NANENg | hi®T ARhG®, aké ah[lc;leobase is

eoxygenat ed anal ogues (3 -Ophosphonate 2'
inirodycacetatothe dide veppasite) to hime2 hydroxyr @Mbsbmens any p@smon 2.

BB RSPl MR LG 3 gp o oo

tbﬁ-}ﬁéryﬂu@ derivatisation of the hydroxy group into a
t hi onocar bonate or dithiocarbonate prior  to radical
r eductheneighthvistgp 19f 2the myniigdicopchame rigaéhpmfterized by the

t f
B 85e0ob o DGR AL PBRUFED 2955 (0BT, Mooy, protoces
mittsotdsell 44 pdédibgcaddrimatamd cyté§iNe) nlebl‘rﬂeptncms eﬁd:hae tmﬁcleobase
25 a catalytic anmobunt of dinethylamn i di

e 2o Pl crobie; ahd dulephAs ORI CINGPEHEPdoPy acefylsgroups are
Je'rrﬁovedr ?f“b'é'sﬂ:n cBhdftiBRs PRk Oé‘xé?ﬁ?l’éy ggﬂﬁ)t\/ap bfl fhe&B hbfdprotecting

sta roomtenperatu resulting
gmupeumdomsvmtl’lesatmnadaed emmmmlla it meihalyd)lt(yrelkydg mmpmmdis 15-18).

252A| Sﬁé’r%ﬁ't@og ggglﬁt%r -pﬁgégﬁéﬁ?ﬁtg oge(zrgir%ﬁr@{%e%, the final step

e
hnejfer?)lyisrs{nfdheanefetmlemiﬁsdnmpybprﬂmtmg grgupam pebieyad ssiccessfully
reflux te t

Y teBoR e eSSl etk she B haEl etarred dg,as TMSX)
%j)‘(\ﬂ nd 3 éiayxymtr@ay uhask! colapbypds dte treakido wmherms bromide

ygen on position of the pyrimdine 5 base
@SB aidobm henmra’eme iman lpraamic selueat gech as dlchloromethane

;nﬁ gllpgrglggeuoﬁqt P@t grgqo ?ggf)gig%ﬁf%g ga‘?{ah&g@eés{‘ g@yé'pro%Shonate 2'-

4668 BYse dérivatigaBPtHea2vas gidip of r|5|-175tseremﬁvédleln case of the
synthesi s of these 3 -Ophosphonate 2' - deoxy -tetro

adeninat ithwsines af\ﬁeufaéﬂodaﬂVﬁifVeﬁhéhﬁh@s@QBI%(@Q by' & mild method
RYMERY < e HHEn 8 ChiRRy gkt € B BhBnggarbonate or
ditisioparbonate prior to radical reduction, giving 19-21. An appropriate reaction
process is known as Barton deoxygenation where for example the compound is
first added to a solution of phenyl(chloro)thiocarbonate in ACN in the presence of
a catalytic amount of dimethylaminopyridine (hereinafter referred to as DMAP).
Preferably, this first reaction of the barton deoxygenation is carried out starting at
room temperature. The resulting compound is then treated with tributyltinhydride
and 2,2'-Azobisisobutyronitrile (hereinafter referred to as AIBN) in a dry organic

solvent for example dry toluene and allowed to react under reflux. Preferably, this
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achi eved successfully by treatnment wwth a TMBX
Preferably, the adenine derivative is treated with
wohBBrossaeel t he t hymine, uracil and cytosi ne dePCYBE2008500032
are preferably treated with TMS-iodi ne (hereinafter
referred to as TWMsl). Al the resulting conpounds of

this synthetic pathway are pugified using 15 one or a
conmbi nati on of several nethods known to the person
skilled in the art such as chronat ographi c met hods on

I

SROYGTeRelaL of ild Baudr el St TP ARl Ut Al fomporature
dfdhglseh/ent:ugenie 2 The synthetic pathway shown in

scheng on ure ustrates the 20 synthesis
the 3 rEIEheb Bhg @ﬁg@t@cla neytosine derivative i obtained frrom the 2'-

%erx?geﬁg%@n%éﬁ ﬁeﬁvat%o%rét%t FIRS Bxy JBPER PbBRion 4 of the pyrimidine

atives starting
l:(a%,eR)& actdradiedhyoyr ‘m&qtmbn’(y\mmtrm-a‘ mignrd of dn2,4-fflagole and phosphorus

onyl ated and otected tetrose starting material
Gr RIS paniig rof sEbSndethofiaiteg BhbtEReRedde &S treatment
Veith bh—ﬁnétygtd’é%tl c pathway given in Figure 1. 25 From
there on, simlar to the pathway in figure 1, the

guanthewénalastepu@ the ayntbeeiseaf thase 3f-ﬁbpbo@@rormte 2- deoxy-tetrose

e e T o K
RsWekafpld, Wﬂﬂilyé,‘& opftﬁéeb%?bbéblcsn@is‘bpré[ﬂﬂ RS @m@sﬁoups is

is coupled with the tetrose noiety presence of a

gehievest ygucgessglly FmgftgqﬁmwttwghzaoTMoﬁre@rggw, the adenine
Frhae 55 FeaRREhARTNERE BrhNah) B bty BRE BAESE0HRrivatives

Lew s "acid ase noi e ofito

arengreferah¥ t2died Q&ﬁzﬁ‘aSRﬁai’nBRH@@@hQﬁ)@Géferr@cﬂtdbs nyISI).
this method, the nucl eobase is . introduced at the side

oppost dhe gesyting pmraundsueithis sypthedic pribMayoarexpurified using
oﬂébBP%“ bﬁj\%%ﬂto?cste'v@ A%efﬁ%t%ﬁ%vw)/o %é)g@rs%?\ sklged dn the art

posi t I'S achieve e same wa
suw am:hlamatogrfap@w meihods dmeofhverdionst slpca gebad@/bricm -exchange
tain th O phosphon tetrose r_8uanos ne

e e A T B A K

hydrol ysis. For exanpl e, Flgmpé olysis of the preferable
di i sopropyl protecting groups is achieved successfully

by t r'Eae neynthetia rpa&lwa)ﬁ)shavm einspebemiecanl figure 2 TN@Brates the
%/I E‘{H‘%@? Otﬁgnﬂ%agu 6%H hosphona rgar%c 3$8 pﬁgépﬁouncatei -deoxy-tetrose
guanosine derivatives starting from (R,R)-2,3-dihydroxy-dihydro-furan-1-one.

The phosphonylated and protected tetrose starting material of this
pathway is obtained following the steps 1-5 of the synthetic pathway given in
Figure 1.

From there on, similar to the pathway in figure 1, the guanosine base is
introduced onto the sugar on position 1 optionally after silylation for example with
HMDS together with ammoniumsulphate. Using a Lewis acid catalyst, preferably
SnClg, the nucleobase is coupled with the tetrose moiety. The presence of a 2-O-
acyl group, preferably the 2-O-benzoyl group, allows stereoselective introduction

in the presence of a Lewis acid of the base moiety onto the anomeric centre.
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10 In order to obtain the 2'-deoxygenated anal ogues

(3' - O phosphonat e, 2' - deoxy tetrose derivatives) the
wa'2003H8speuUp i s renoved in a simlar way as foPCTBE2005/000032

deoxy conpounds of in figure 1: by a mld method :

i nvol ving derivatisation of the hydroxy group into a

t hi onocar bonate or dithiocarbgnate prior to radica

reduction, preferably using the reaction process that

is known as Barton deoxygenation. 15 The final step in

h hesi he 3': . - ,
st o Btidvolne ABeohesd J8 RUSHALSY G0 e pppostte to the
ARSIt Gregdditish 29r oups by hydrol ysi s,
Hydrol ysis of the preferable diisopropyl protectin

gr ou@Jbwqugehdep@ae@@@c@‘steemwdy%ygwa@mr@ﬁﬁlt'@pttw% is achieved
TSI, T Ik L hisssynthetic
'Bgﬁs%aﬂvgiyéf%grsﬁé]gﬁg@gﬁ%%%% Egater% 'aycorrbi nati on of
SeVﬁFIEHe ﬂﬁ%lhgéﬁ ihrmweL t® obl’a?bnh flee SHO-phdbplechate tetresarguanosine
suc as chr omat ogr aphi t hod ti l
VR gel PhORANONGis) GIRIRIECUR | 2epigad DYy @oIVSis. For example,
ih@g%lgéigkgﬁﬂg pg%’f)%t@rl‘ﬁmaﬁ dﬂ%@%l@%&%@@éﬁ@u% ri’é_rﬁgﬁlb%d successfully
tryé’geaiinlwntsmﬂe aeT IgSXe mone $paypificallg vatnMSRisatlmam égmperature in
and illustrates ,the synthesis of 3'-0O phosphonate and
LPIIREEC srlveNLgYahes ch\é rB’i“P#réerr@nt subst it Eent s on

posi tj,0 t ' Q 0- .
Phe s ey LIt pabasigenalod apdoaugs, (470 gposetonite
ey tefrosbelesiyativas)itee @5@i o iswemevst inom sinpifagtway as for the
dentical to, the two fjrst _steps h TR
%quegcgnpgwqﬁ,ogpb i Lgeli_. b%g rg@cg ghegﬁg{l élgvcg\%a%ﬁv%gsatlon of the
RO RE §FSUAINED 2 GRIBRBES®BNEIOF Gigfbcabonafe phvrab ralbiieal reduction,
first” one is identical to WO 2005/ 085268 i
TeﬂGrBEWﬁl}ﬁm@Um)@ctlge pseegss3hphist kovwaas Rajtosr degxygeaation.

. I nthe. S en CL| theca i .

gr ougni“iﬁ Bﬁ%‘?éﬁ? édf‘“f gfeaeé%\'ﬁ'ﬁ?%'gw%tfh@tgér:egl_%ﬁ)ﬁ%%rgﬁéte’z ~deoxy

WnoskTbBoset dotivativey iscii camalvpsed the phosphonate protection
ransacetal i sation (for exanple in nethanol en, the .
greuRg by MehiplyaisaHydeolsis ol e Rrefaranla ﬁH@OF%F@PmthC“”Q groups Is

' [ [ i : vent such 5 as DWF
%‘?ﬁ%&% §L|.¢]ée’e%:§f6@§ @ﬁé%ﬁgge rrrg?\%@re—gm§é'pr otection on
posi t Tlee r8sifltihy) @oethdundspfdhjshoymthetid pathevaypars pukifiedBusing one

e TR o) Do B SR SE sh L5h H n RE art sucn
ROShidMEtodr&PHE AftRodd'8n conventional silica gel, reversed phase silica gel
and/or ion-exchange columns and/or macroscopic synthetic beads from a dextran
polymer.
Figure 3

The reaction scheme given in Figure 3 comprises 10 steps and illustrates
the synthesis of 3’-O-phosphonate and tetrose derivatives with different
substituents on position 2, starting from (R,S)-2,3-dihydroxy-dihydro-furan-1-one.

The first step of the synthesis comprises two reactions that are identical to
the two first steps of the pathway represented by Figure 1. The second step of

the synthesis also comprises two reactions of which the first one is identical to
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renoval of the base-labile protecting group. For
exanpl e, the O benzoyl group is 10 renpbved with

weabesroaswel anmoni a i n nmet hanol . Subsequent |y, POEBE2005/000032

phosphonoal koxy group is introduced on position 3
foll ow ng the sane procedures as described for step 5
in the pathway of Figure 1. Igsthe fourth step, three
subsequent reactions lead to tﬁe coupling of the
tetrose wi th the nucl eobase. t hree

B L SBS ALPETT R0 dD BB 4 avomenc
l?yd?f)x? laPowRIhRYedted Hod lé’x@rrible Al a“@@bréﬁb* for example methyl,

i'ntermedi ary product’s (before introduction
biy) @cisb bakedysedi rarsacitalisatinosiEon exangler e me&hamCHeWhewéhe methyl

Rl 7R850 PSS BPe s B e oy soent s

&3 DME ot ACN) Hence, the first 4 steps of this
synt hesi s pat hway can be consi dered as another new
orthoﬁ%aﬂeﬁfr o?t@Et COMRSisest alpprotaction: syntiesiion o3 followed by

sgih%ﬁﬁﬁ%w 8'8 I(Bﬁt?)r ThEsE Véé&fbﬂs%e ﬂ)@eﬁ Q‘élsgr‘fﬁ(éd in detail for

ect’ion group on posi
menp)arted/algyyre@resmﬁd;mabyaﬁguiestr Degrbtéctior GﬁD[V@éltl@’ﬁ 3 Bfbraces the

Sl P e ol Btie Ao tednddoup. Eebsampp, thm O-bnzoyl group s
RhSlRId © |¥h"‘kessa QA58 mbibiia. SR rHQﬁh'a'hPPn 'ngb'é@ﬁuently, the
step 6. The oxi Naen on position 2 1's achieve

mmbnoalkexymgyoupealgenmtsomm @ro phstlpﬁr§orfo§<kwinlgecthe same
roup of a

olcb b dfsel bl aton ™ it il nelpu P BT ety | do

Undefln%ea@uﬁhcstéﬁnmréé %%s@&u&t%éét@ﬁé lddy IEBREBbUMNg of the
treament with di nmethyl sul foxide WO 2005/ 085268

tetrps 8Bty the ook base. Meﬁh&mea@trorr-pmdsnest araknown from the

By B ERIR bRl bt S EEr BB SEITE S8 € and 7 of the

pmhdftaynﬁ un% UsAReitAh8ONR] intdrafRlify products (before introduction of
O phosp | ated tetrose nucl eosides i s obtained

mﬁeﬂuql@%@sq) iffae witio dpfenin Rigweettatntheglayebofaderivatisation on

55661 194100 0908, BRSSO T B 11-14 of

FEng:hJM of step 6, is used for t he synt hesi s of other

gcner :Odgt?rlﬂggs gyfgg{ Elsé’telpg torfq[ﬂ:Jschn hgséega(mv?/a?/ ucbasnt Ibzeuc%r%tSIdered as
another new orthogonal protection strategy in the synthesis of 3'- phosphonylated
tetrose nucleosides.

In the next step, the acyl protection group on position 2 is removed by a
method as described for removal of the same type of protecting group in step 4 in
Figure 1.

Following the deprotection of the 2’-OH, an oxidation takes place at this
same position in the step 6. The oxidation on position 2 is achieved using one of
the many reagents known to the person skilled in the art to oxidize the 2’ or 3'-
hydroxy group of a nucleoside, for instance chromic acid/acetic anhydride under

acidic conditions or a Dess-Martin reagent or treament with dimethylsulfoxide
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nucl eophilic addition. For the nucleophilic addition

reacti on, reagent and reaction conditions are chosen
wappsmgsicat e for the desired substituent. For egamERes/000032

the 10 nethyl group is introduced using

met hyl I'i t hi unf et hyl brom de magnesi um the

trifluoronmethyl group is intrgguced using

trifluoronmethyltrinmethylsilane (hereinafter referred

to as TMSCF3) in the presence of a catal ytic anount of

A AT UTSOP R SRt RS ' Ghulhphiauoaimice
(hBdiRsiusiadratred i &8 DU N IHdErladicit bRyt dsed.

magnesi um 15 The nucl eophilic addition reaction ) .
pr oceedwovel eflass p¥fcd FPgRasphonplateth detresp niydeegides kg obtained

fromthe | east ' j j a ' t

AT 086 e, BRSO BePeRISG Hodhiies Bao iRy Posoony

derotertiBn $h @ pathevayustliigophil e  attacks at the

opposite side, resulting in the stereoconfornmation .

i | | ushlternatively, theeoxiflaliel erogust (d siter &e i sisedrior fae synthesis of
; iped _a t e i BE , pasit

FREERAFDMySE 0 75, PRRRLERED o 3050 oLk By positin 2 by

kb shilioaddition. Ber frer necletyhilicl edyifioat ieantidet wagent and reaction

position 2 and position, rior to.ph h I
Sapitianaopicoanoseh SRPRERlR Frdhe vt RTD S ieRt, For example, the
' i QN thiS: ] ' d ; :
AT 050 e L R SR rickPagnesiu. the
tfifleominmethy/legroupfis intextiuced asirgptriforenethyltrietiayisiane (hereinafter

Thou in a r.ed di t, this is.d

TR oo Ra MED) 81 B3 aNSEnte: i DeGPNTar Bl of tetran-
SRV MBIhoBlFR f8SridE1 (RBlMFTER lefdieed he TRl TBAFgTandefdrdxetnple, the
to” as . Figure 4 The reaction schene given in

athinyt group islinoducaskusing tripatiisilylstbinytpromidesmagnesium.

g Eg:ﬁ] l?%ghﬁgﬁe%%hgﬁgir%sﬂg%od@r %‘bﬁ??ﬁ?&é@%g' fs{eq‘ésgﬂecifically: the
MecTéSHRROBHAROEIM e 1o wirically Hihesrat side pad hsiaye the bulky

The synthesis of these conpounds is achieved in JF]O )
sithspitiends an pegitiensm and 3 are both on the same side, the nucleophile

L e e L S
figuret 5 steps of the pathway in figure 3 resulting

posi t PRTGISGHoN R $n% iANGSRBATUL GToTR 3% FlescBeByABRVe 3t this point,
%ﬁ@é% t?—%ﬂ%uﬁ%ﬁ?feo‘ é\\f?%lo&" MYerﬁaf?\&@t,eQ%hbiébond can be formed by

stituthon option y-after activVation of the
tettydvatjory between position 2 and position 3 prior to phosphonyl deprotection.

in a preferred embodiment of the invention this is achieved by base treatment, for
example by treatment with sodium methanolate (hereinafter referred to as
MeONa) in methanol. Though in a preferred embodiment, this is done under
aprotic conditions for example using DBU in an aprotic solvent such as
dichloromethane (hereinafter referred to as DCM).
Figure 4
The reaction scheme given in Figure 4 illustrates the synthesis of 3'-O-

phosphonate and tetrose derivatives with different substituents on position 2
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as a |l eaving group. Activation of the hydroxy as a
good leaving group is preferably done by nesyl ation,

woaoosagsaspl e by reacting the hydroxygroup w t hPCT/BE2005/000032

nmesyl chl oride (hereinafter referred to as MsCl) in a
base catal ysed environnment 10 with for exanple TEA in
an organic solvent such as DClik The (activated)
hydroxy group is substituted by nucl eophilic attack
resulting in inversion of the configuration at that

3508 apySap iR 5, PSSRk bR EFuBouRBs s achioved i
) fs%;:féafstéfﬁﬁgfr@nf (R @)lzjg-dhlﬁldr@iy agyarsifran-prepst i on 2

repl aci ng the rox?‘/'ater reacti on with
N, N - @he lr@n%ﬁie@@sqﬂt apathway in figurer4 aee {dondivpl tasthe first 5 steps

é\e @?ee g:r?y%vgﬁg it Sﬁ I%ggylh%tgl Elr g'ﬁee c'\sta'n?% lie?v ﬁ\rtg‘rnwcﬂate The

ﬁym’rbgy Rt poyitiort 2tckfethlsy|dt@med¢a1en©$eplaoed Dyad stibstituent other than
-internmediate is , also inverted
@H By Bwelpepilie .SHHSWHB@@@@“OF@M%@ft%acié\@&p@uﬂfdtheshydroxy group

o% :a;‘t %g@? gﬁ%pf?g@efsf\{égio%' B¢ tﬂ?ﬁﬂ&dr‘o?ﬁnééc gc?é’dtIBSwEg group is
plfdf@mbtwaoneltmme:sy]athme fmoemmpté by nead’un@dhegwdnoxygroup with

I,%[’l@)?l 51 @@ﬁ@mp er gtt;;@(\ém §%%Sawﬁn§bdﬂy% Iralg(jlceatalysed environment
\(\/hﬁrﬁirg?térﬁ}%ler FEN rlﬁdaﬁ Qar gﬁ%ﬂ'&%?te;éﬁggl & DEMP  The (activated)

met han eresutlngc ) o )
b)(drdayugmwp esilwblsbttut@d dwerstsclmiﬁx: aﬁaclscraﬁlulhagimnnwrs:on of the

SELFHIH SIS RERN 08 el ALY 8 BB an acio

gfle%péﬁerbﬁéé%émGNlm@é@fwﬁmﬂld@f@ﬂ@ﬁbtlw eGHQéﬁée ifirRroduced on
renoved by the same treatnment as described above.

posiioma? i Keplacing hthe mydrarydiediee eastioni wight Noh-gieghylaminosulfur
[ | OR/ t] rocess undergoes nucl eophilic
@E’Bgﬁ%w{\%ﬁg%% H&é@%?fbed for an earlier step in WO
2005/ 88b26gueNET pBESEHE YD 088)F8tedtibnt Riverp athiavaiext ASHdyphonylated

subsequent phosphonyl protecting group renoval,
taosRaNclansidef novel 3' - phosphonyl ated tetrose

nucl e L ; ta i
Feact 1 g CoMIRAER SCRRIdER) Bhcpodidzral ' fey-ntermediate is
sigotimesrtesd by aanmtitietion/fedietionprétesd: piresiiwocanpound is treated by
tetrose nucle slde d ri rent

ST 08 RAST GHERUER 1P SR oTie: GeeibeRotcRHHoR & Hudye pathway of
ﬂéﬁepé?%eﬂepékméﬁ%n,c‘?ﬁ@rdo?ﬁﬁod‘ﬂ?ftlé Yreduced again, preferably by
treatment with a metal hydride in an organic solvent for using sodiumborohydride
(hereinafter referred to as NaBH,4) example THF or methanol.

The resulting compound of this oxidation/reduction process has a
combination of configuration on positions 1, 2 and 3 that is novel. Therefore, in a
next step, the remaining protecting groups, being the phosphonyl protecting
groups, are removed by the same treatment as described above.

Alternatively, the intermediate resulting from the oxidation/reduction

process undergoes nucleophilic substitution as described for an earlier step in
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steps or reactions that were used at sonme stage in the
synthetic pathways of figures 1-4 and which are

wdesisrosixesl above, except for two reactions or BCEBE2005/000032

Starting with (R S)-2, 3-di hydr oxy-di hydro-furan-1-one,
the first three steps are 10 identical to the first
three steps in figure 3. In tbe next step, the first
reaction is a new one and is an alternative way of
removal of silylprotecting groups nanely a nethod

: L4 ’ ¢ : :
R BRIy o SupRERTE BB Broto g ey a0, another
sutiafaioveh3’ grhgsphbtylate tetmsewhictdodide analioge ds basthesised.

descri bed above for figure %5 3. _.The next step is

nucl eophilic addition on p 2 as described for

fi gurend résction®ddhentd 8ivepsitl ribne Brinicied %@s%tgbgﬁ%f another

of two diastereoisoners that are separated base )
seéfeofdl f0-phesplonsgte telsose hyeleosickeldrvatives widr diffegent substituents

0S8 2 BHTREIROB Ypl, 3B SREE el e s mosty
$tepb enpiiactisnathackerd usbl Satnssthecibge iie tA8ddyniteétic pathways of
reaction is not stereospecific 20 because the position

figuraschd | ah whie peadepcribed @benedgxcert fandweytgactions or steps.
SR i SO K SRy RRR g S LEbl: O Hres stepo are

inenfiesl abkhye filze tireglstépoim fiduskl3owed by introduction of
the nucl eobase, on position 1 and subsequent renpval .
of t hid theinexhatapadee fitghireactionie A ReWPNGr dUPIS am gtemptive way of

r o ko0 of n t r gt |

fepovel g ShAsotetting! ofdiost HEHRAPRP fatfed BB & B! reagent,
prederablynssing \eenineaiund dlsioridbdn THF. The gecbod reactibrf inv this step is
in. figure 3... The resulting c nds are_then .
iz PS edsitan hidsavhies (a7 BrNGRJIES hepriRsagiesi aave for figure
311 nekefep i RuPABBPRNE AR A H ESEi'tiBH ﬂ%@g%m‘%e‘ﬂ for figure 3 as
renoved usin the same nethod as descri bed for

welbs ghenaesulirgrpoduct da anmixtyie eof 1 iwa\Oli2805£085a68s that are

SRPHEREARSGT APhan B oBn S 02 T IbSRemRAC Frpéies vielding
abytaelly Puré starbdisBRidre Byi rmetbds kaodetol thatderadm QRilled in the art.

the hydroxy group into a thionocarbonate or .
the musleapbiisat@csrafdhis nucleaplilic addiivnt leastiomis not stereospecific

GEBLR 8! FofOE L 0L RESSSl il ReRS B R0 smater
Ubsstiasdrit 0@ sitigrs1.by the net hods descri bed above
%i el ds another set of 2'-nuclophile substituted

ext Jhe fReeshydraxy aheywRl ARaposiHBI2, issprotected by acylation, preferably
benzoylation, followed by introduction of the nucleobase on position 1 and

subsequent removal of the all the base-labile protecting groups, namely the

protection of the nucleobase and the protection of the hydroxy on position 2. All

three of these reactions have been described for steps four and five in figure 3.
The resulting compounds are then derivatized in three different ways.

In one possible final step, the phosphonate protecting groups are removed using

the same method as described for phosphonate deprotection in figure 1.
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a dehydration step as described for a final step in

figure 3. In a preferred enbodinent of the invention
woOheososfgelr ati on i s achi eved by base treat ment pCTmE2005/000032

exanpl e by treatnent with sodi um net hanol at e

(hereinafter referred to as 10 MeONa) i n net hanol .

Though in a preferred enbodi ngnt, this is done under

aprotic conditions for exanple using DBU in an aprotic

sol vent such as dichl oronethane (hereinafter referred

t . Fi 6, Th
{1 guriiessesarsh e ShametdFReHeC By 14 HFArly goposition 2
T‘Pfls ?S g@’u%k)@é HeaFhiR] hRithed SnVBIGihg asdriletiggtiry af ftWéB$1ydroxy group
I fferent substituents on position 2 throug

ndnotawethl@mdaannateudrf ditbiocaghanate t paAf sto smadl B%ductlon An

understood both in terns , of fe C
oA B! trclen et S T iloutt BB (A7 R ption Supseauent
réﬁho@aﬂbf tres pROSEH TS PRsteeting igromps Eb&herrﬁs&mﬁeotiescnbed above
pat hway conprises onlp%ﬂste S.or reactions

yuadda a@ptl'gegfrf@tgfa?g-@upp @ stbptityisag gegy)atﬁlgtsh&g%thv\g way involves
a{ lo%b&?rsat s da\é'h Eertle f&z%r h?@ere OYiE-fi E'Pé%sﬁheemi)referred

es” How t e Use o t 'St & eoi Soner
s?ﬁbcbdimaﬁajftthegnvmttnenltab dlewdisaii(m i Stkiceed by base treatment, for

DRFRIo 6D patroRnts M. SoRiuRb: MEMASHIRIS s pisler cliferrgd to as
hggéuoaf\kelhs}‘ne‘ﬁwdéﬁcﬁp? heﬁgﬁ hﬁ Yt %fé‘#éoc eRAJIRENLT thid ®/id®ne under

etot fact at the 25 orientation
apfrotiteconditi@ub dee emmplev&lstr‘@ tBUoin ean aaproticosolvegt such as

stitu op position. 3 t he dat i duct i
dempireeanehebiaterPiaarlion BRAET on of Tthe  sam
conpound in figure 3, subseg gfg ghucl eophilic

addi tion, although perfor n%ﬂ'aer t he sane
conleme)msactloelastﬂlemﬁ givsneippligured dlustiatest thensyihesis of another

gﬁ%o@ pbgﬁ) V(?r{a&}h\el\%%(trqs'ﬁ ébggggldlgnd:e%&ta |9%§/ y\ét?l &Egrent substituents

&t efdsitidh NEirdeggh diehel ffaahwage “Different substituents” should be
st er eoconf i guratl on of this WD 2005/085268

\wrrgerdostddodems 68 dﬁéqreﬂt eherainah cempesiipn ag wellas the same
SHiRbE B SEE A8 SHEPANCReRloddifortidiidh. Tthe/ Bledehld pathway

roxy uran -one.

damptised onlyadteps oﬁfremtbdntsrthabf/veré medlaisﬁoemeetagﬂmrme synthetic
that can be separated as descrl bed

F
Pateways©f diseemf > ARd whlgu,aée fle§§rlb§$ %X’Pﬁﬁr Jgﬁ@ sgk\]qme illustrates
KRG thE ! G5 aiffeht Stefdiisomer of the starting material leads to different

possibilities for synthesis.

More specifically, the first 6 steps of this synthetic route are identical to the
first 6 steps of the synthetic pathway of figure 3. However, due to the fact that the
orientation of the nucleobase relative to the orientation of the substituent on
position 3 in the oxidation product is different from this relative orientation of the
same compound in figure 3, subsequent nucleophilic addition, although
performed under the same conditions, leads to nucleophilic attack from both
sides in the pathway of figure 6 contrary to the stereoselectivity of this step in
figure 3 (due to steric hindrance). The difference of stereoconfiguration of this
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synthetic pathway of figure 7 are already descri bed

for the other synthetic pathways. However, due to the
woacds/oskm8 t he orientation of the nucl eobase reCaBEZ@S5/000032

to the orientation of the substituent on position 3 in

the oxidation product is different fromthis relative

orientation of the same compgynd in figure 3, 10

subsequent nucl eophilic substitution, although

performed under the same conditions, leads to

Svigisrareniatedn Ay thg RoR: SptscaniutrBR, A8 Gyl materiat
(%{E%%EQ,'B-rHile}HR)e-dﬁ)&j%@uﬂaﬂrﬁbﬁéi Thidi|1BE8&KS e forfizgion of mixture of

ference of” stereoconfiguration of this key
ta tkastertioigamers thakcambe isepatated @asalascribed above.

stereoconformation of the st.artiqg material,
(S, S) -2, 3-di hydr oxy- di hydrgﬁ@éﬁe-f—ﬂr an-1-one. This |eads

t o t e urAakicesudts foF igures aé fanfiyude @S tAdirtheireactiors used in the
that can be separated_as described ab [

[ . F 8 .
syhthetieapaihurays Oheigiirgi | e qirepgr GosrTinetuda Hieothgr synthetic
p%lg\%v%)gszzl-g%ﬁ%vearnggg §5 the Bict Matdha GrieResRiCsahe ﬂuﬁﬂéd%%%e relative

eri i'ves with a second substituent _
t&ntheosiiéntatiod.of Tthe pabstitagnic onppositien Bl isttbpsoxidation product is
total, start with

(R’g{rz 3 - d in figure 3
differpar drgmd ity dreletivg Hientaied Aldtesiaee fompagnd In figure S,
S??%Q?%”FZS@C'%% @L%Hgféiongrﬂmﬁgggﬁen%m% under the same

pr esent pat prises nostly _
whejtionspleadedotnumieppHilin atierkefromeabthtsidesin theaprthwiay of figure 7

coBiierY BodveserBoRTPCaweDt theastePringiasfe 2 uHa i fieflghindrance)
THd fﬁﬁ&%hcétéﬂ%tééoeénﬂ WalidH BToHpQiKEd! imedaediate tidedue to the

synthetic pathway) and fTor sonme of thé reactions to i
differcnt stereacaifbrroatiomof the stading sadetials ($ )t 3tdiaydroxy-dihydro-

nol ecul e en, co r gd t Vi ' .
Brvieare: TG R B ol UL, Jebsérepisgmers that
carPhe tBBarabad BYdestEbeé@abo@sl out under the same
conditions as described above (see figure 3) but is

used to oxidi ze at positionfigureAp 2005/ 085268

P 0TS AN oI LRSSt anter

ﬁtqﬁmgﬁagﬁh@@btéyetrbge neelebsidesdalaativedadthi @ sabbnd substituent
figures

o0 Gnsiion B (T painueey RETEYRERGL] S1BHS 4 dBopErE Wit (R.S)-2.3-
%p%&og(pgﬁ@rq%ﬁg’hg%ﬁ&g%%ﬁ?nau%%' e terdfhési€Sof 4 end product
groups (see boxed structures). The presented pathway comprises mostly steps
or reactions that were used at some stage in the synthetic pathways of figures 1-
7 and which are described above but used in a different order (at a different stage
of the chronological order of the synthetic pathway) and for some of the reactions
to execute a modification at a different site of the molecule when compared to the
previous synthetic pathways. For example, the oxidation reaction in step 3 of the
pathway is carried out under the same conditions as described above (see figure

3) but is used to oxidize at position 3.
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resulting fromthe synthesis in figure 8 but with

di fferent stereoconformation due to the use of the
weaos/stmgti ng material but in a different PCT/BE2005/000032

conformation. The starting material is

(S, S) -2, 3-di hydroxy-di hydro-furan-1-one. Figure 10 10

The reaction schene given in dgure 10 illustrates the

synthesis of a set of 3' -0 phosphonate tetrose

nucl eosi de derivatives simlar to the conpounds :

R L O A0S\ Byl O By o
e@%{ﬁ?‘oﬁﬁ&%%ﬁé@)lé@ﬁﬂﬁ@fea‘wbné dedcibdd Br &infigures 1 to 15.

ormati on. The” starting material is (R R)-2,3-d i
hyd roxy-d i hyd ro-fu ran-kFigureghe. 15 Figure 11 The

reaction schene given . n_Fi o rat.e ;

cynt AL weppod seetrol g ToEfe s uslrdRis feSRirtiteis of  set of
FuerbRespitshaAe tetrisev erickidsiderrddrivatibes csimilauntts the compounds
resulting fromthe synthesis in figur 6bugeWth .
resulieg Siom e HBERRUNTIAUTS S BULWILh giikerent, stergpopigrmation due

arti i DUt . i ffer .
PSRRI T SRy bl G415 Bitorpp conformaton. The
sﬁimaﬁ%g&eﬁbvi@ (882 3-dihhadxyatifiydrodfarant1-amee.  Fi gur e
12 The reaction schene gi v%n in Figure 12 illustrates

the synthesis of a set of _—ﬁi’i@ﬁ&]osphonate tetrose
nucl egsi l%%rc%ﬁ 's\’;ﬁéh\éegﬁ%/ﬁh R i:@uréqotim‘?st%gﬁ’%@??tﬁesis of a set of

resulting tromthe sy esisin figure 7 but w
340-phpsphorsiter txirosef arutktdside dderivziives singlans éo othet leompounds

SomiBs i ahe sTRtesis i Btrg' Sl Mt i€t stegeogonfogmation due
tbnd (18 f d thdEBnie startingmaterizP bRt il D@ifferdAt Boaformation. The

reaction schene in figure 13 illustrates the synthesis
stértimgaeatedial B' (ROR)-gtibdjhtydraxyedihgdiooksamcor®si de
derivatives characterized h 1absence of a 30
substituent other than Ho +t1on 2. Al though

si ni |'Bie FABBOHRERehRY Giver oM Fifard 0aSII0&RRAES the synthesis of a set of
PCT/ BE2005/ 000032 70 S){nt hesi zed t hrough one of the

P mhagehonates tetsased micleoside ederivatiyes 2 Sinpilas  tQ cHgmecompounds

i i i.he I RY :
S e SFRBERER, A6 S0P BgeR fghponidifiation aue
ot thiet USg ofatties isaime tatihg n@ateranbRu Hy da akffenent conformation. The
but yrol actone which is comTergii ally_ avail able. For the

dxaing algripbis (RR)-2girdinydroxy- hydro-furan-1-one.
Figure 12
The reaction scheme given in Figure 12 illustrates the synthesis of a set of
3-O-phosphonate tetrose nucleoside derivatives similar to the compounds
resulting from the synthesis in figure 7 but with different stereoconformation due
to the use of the same starting material but in a different conformation. The
starting material is (R,R)-2,3-dihydroxy-dihydro-furan-1-one.
Figure 13
The reaction scheme in figure 13 illustrates the synthesis of a set of 3'-O-
phosphonate tetrose nucleoside derivatives characterized by the absence of a

substituent other than H on position 2. Although similar compounds have been
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5 13, the stereoisoner (S)-R Hydroxy-y-butyrol actone

is used. In the first step, the hydroxyl group in
woaeistsses 3 i s protected by benzoyl ation (reaBCTmE2005/000032

conditions see figure 1, step 2). In the second step,

the lacton is reduced (reaction conditions see figure

1, step 3). The anoneric hydﬂfxyl group is protected

by acyl ation, preferably acetylation for exanple using

10 acetic acid anhydride in triethylam ne as the

solvent and a catalytic anoynt of . DMAP starting a
semihasizechironhone 1 theadpitaiexs "L&&SH@@ G Fples™t % 12, the
' t4 : inesis of th
SEREMAR, ) Lt GO0R STRAGHAIR, pAMIEGISE G sl o those
gongfauraisl yusising Siftbréntsstadings roatesiay s stargngi figma p-Hydroxy-y-

e s s e A bl 25 P SR Hph i fours
. . ’

i S L T

pref ellhalﬂhe/ first r@ephrthﬁﬁh%}b&phigroﬁpchnipnsﬁbr{] as ils pr?]tected by
exanpl e reparative thin |ayer chronmataqgr . In the
heseoyitiep. i oRmTRRE SERAEIS Tepreiaci die secpRd Step, the
IRBHOYY redl CfPébo‘PiBE' EbRdtiGn & S figlife SAMBtY BYEdWe anomeric
as previously described renoval of ~20 base _
Hyatbokye-guoap & pratectgd duypacylations regfesabiy acetylationt for xample using
S P S S kSl 55 R g 8B mount o
@MWFDQ%H% aPDOICRALiLIS BNE NP tHY RodcBBRME pradsed pile warming up

conpounds purified follow ng the sanme procedures as )
titr eodwUSEypaeatrd. bSubseguarily, donprif@srtnnstep, gihee ucleobase is

1-13. 25 Figure, 14 Figure, 14 _exemal ifies.the.synt heti
plkpriesr s prefiiplt daney o Pl e TR baERBt ARy AL HBkfe of two
slerdoigdrneas withi e sasdnfoigyria @ and busdrfiguestian respectively. This
possi bl e way to synthesize the triphosphate 30 . )
mixilireyisesenaratas based enpihesdiferenneopt ilogwcgec\h@mal properties of

r r 1 nNA.: .
e h8eh B3R AbY i, (ArGRROERARD tochniques for example
prebapdthenhit leyer ehlonmtogitaphiyhe person skilled in the
art and all these nethods are suitable for introdu

fio piotionaeK! SERosh B e S, HOBHSN JRPERBRATLP! (g hydroxy
HROHRH OSSN U S IHLSSmBYrbESRIESs previously described removal of

base labile-protecting groups for step 4 in figure 1. Next, the phosphonate
function is introduced using the same procedure as step 5 in figure 1. Finally, the
phosphonate protection groups are removed and the compounds purified
following the same procedures as previously described for the compounds in
figures 1-13.
Figure 14
Figure 14 exemplifies the synthetic pathway illustrated by figure 13 for the
adenine derivatives.
Figure 15
Figure 15 illustrates a possible way to synthesize the triphosphate

analogue of the of the present invention. Several methods for transforming a
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anal ogs of the present invention. Preferably, a
di phosphate is introduced onto the 5 phosphonyl group

wohodasiesehosphonyl at ed tetrose nucl eosi de deri variBEe&s/000032

synt hesi zed foll owi ng one of the pathways as
illustrated by figures 1-14, by first treatnent of a
solution of the conpound in amjorgani c sol vent for
exarrpl e DMF,  with dimethylformam de di nmethyl acetal
roomtenperature overnight. After subsequent

ﬁﬂa§§g'§%gr§§f'§ﬁ%§@&?€i%?r%gaﬁﬁ&éf?%?d#‘%ﬁow g freon siled

I eed ettt wiridh all, tiNese ametiodsdbigrisditablee forAfrtthducik'S] lwe phosphate
sol ution of diputyla ni um pyrophosphate is ad
grIRF QRigr 18 ehO%%*pﬁn Yagrowy ﬂ@@:ﬁ&\o&pbsa@owbvlozmtrowerwchOSIde

Eﬁﬁog‘ﬁ)gflt'ﬁ tSsdnft ‘ﬁﬂfe?lgow P%f%g" gtﬂﬁ%'lj?ét%q# ﬁﬂh&g&ﬁced onto the

concéntrat under uced pres e resu
phosnﬂmwjll graliphos ptret ephesghonyfated bgtross hadslebsiolen derivatives

SentbASzBa lnynSr one Bt ik, et as il BY fbufés 1Tk, by fist
ﬁ’Béﬁl‘?@ﬁto&‘r@@Bbﬁtmﬁ%ﬁ%é'coﬁﬁi&ﬂﬂsmféﬁ of8Hri¢ isbRkent for example DMF,

screeni ng Ceneral nethods that can be used for testing
witb dimethylforanamiclel dinngthyk acatal Horawnpiemparatfret dvernight. After

POSTRRE, ARt Sng BMRE I rasidlus Jo Airfiire ipyan organic

seBRUAgaInO oréfeeablP\EVIFT @RdCpentba Wils NeN-carbdriRiiimidazole. After
potential to inhibit the replication of HV and SIV in

42 dep| scdutianu pé disddpmmeenis@upyophesplidtedsiasisled and the mixture is

FRPRR R b 2T R8R)  Ybard€ Raudiftpn.on ana

smﬂméqdermy efncentrated 0ddee fedursidopriseud.t The ﬁewtlﬁ% phosphonyl-
cells (or CEM or, C8166 or Molt4/C8 cells), usin

ékﬂheﬁph@t@r it Rusilied dey cEdSLENPADWE dhetPerson; sidlied in the ar,
tlerf&l et pggls, 19%@0%&0%% 2leqr a % b%scofél sed  phase
eva

nvest |gat|on 0 geni c ef Fac ation
bleriontat8frapigye 4 to 5 days post-infection. For exanple
mcrotiter 96-well plates containing WO 2005/ 085268
PCT/ BE2005/ 000032 72 3 x 105 CEMcells/m, infected

_aggﬂ_r—vgﬁggé‘p?ﬁ%ﬁgh%&uﬂﬁgﬂays e ag? gg%glugldggcan be

Geaeral- matheds thatl cant beatsed fassiaytnpg othedania virah dwdivity of the
S pDds oF fis Ruslin aoias Hut e Ret fiflisa stnerSliadin:
previously shown to be highly

Anti-HIV assay:

The inhibitory activity of compounds of the invention can be tested for their
potential to inhibit the replication of HIV and SIV in a cell culture model for acute
infection. Compounds can be tested against HIV-1 strains (NL43, lllg), HIV-2
strains (ROD, EHO), and SIV (MAC251) for inhibition of virus-induced
cytopathicity in MT-4 cells (or CEM or C8166 or Molt4/C8 cells), using the
colorimetric test described by Pauwels et al. in J. Virol. Methods (1988) 20:309-
321 or a microscopic investigation of the cytopathogenic effect, evaluation being

made 4 to 5 days post-infection. For example microtiter 96-well plates containing
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5 susceptible to and perm ssive for H 'V infection, can
serve as the target cell line. [Inhibition of the

weolkdosiossheged cyt opat hogenic effect is used as POE/BERES/000032
point. The wviability of both H V- and nock-infected
cells is al so assessed spectrophoto- netrically via in
situ reduction of

. . 72
3(4, 5-di net hyl t hi azol -2-yl) -2, 5-di phenyl - tetrazolium
brom' de (MIT). Methods conprise for exanple the

%ﬁ%ﬁfﬂ% am D&Y te'fjgvagf IO %ﬁﬁw lpgpfgﬁlgé% containing
a%}:réﬂ?é#@@ﬁlu%hsﬂbf ﬁ%stﬂ c@m@@@n@@%bhcﬁé esed UNlrdp'Hl aﬂﬂi automated

nmosphere. The 50 % cytotoxic concentration
a@gaynp)ro¢@tmefqameaea§eldh rdbadertirasvaliasion Qo%fbhw agents An

LA o Ty REE S ol PR R B ffown to be highly

saebbsittg tdynthseransgivs ok HV ifyetion, amhesbroeldssthestardét cell line.

cal cul ated by the follow ng fornul a (.0DT

lr(*@b@pﬂl(\ﬂbﬁ lé/s@sac% cyto RITeC '%@geﬂuaﬁmfeﬁewomt The
\V [

LR, 1, L R S 8yt S

neetrically ( (ZEC)/HI \&itus tedrictiphi il 3¢ dsditnethytidazae-yip,5-diphenyl-
RS S5 Y et SRl e B B ioscopc
ék'é |ﬁ§ﬁd:"djof@g ] 'eér‘lé?@é g)ﬁjé\{‘?&{SAiA/r@B drhht Tﬁghbﬁﬁlm}jéé‘lﬁfdr)hahon after 4

ues are m ne dose ‘achi evi ng
t5c5 gays of xubation @t &7dCnig a @@daeontmjk@aiehtﬂmmchatmosphere The

53’9/' n?‘%@ﬁ%tcggggl?s%/l@n z¢8l & E‘/Q@%F lril(tecla ?@E’l ﬁggé%%&entratlon of
dorfpiflceiat Yeducdd X abs%rbané‘@ lof the Miock-Reédted (ddny@s Rample by

et ‘al., 1982) are grown and nmmintained in RPM 1640

5%, uihe wm@mﬂot@@twmhme@bb}em& ¢orapeund ity dptgcted cells is
f f - tam ne, 0.1 % sodi um
%g,pgﬂhe%gr%bg fga{Hu%f gent am ci% per m . Viruses:

(@Eer J,—l,M(Q;UCI)IJ,I\I,B NL4. 3) strain (Adachi et al., 1986)
m) ecular clone 30 obtained fromthe Nati onal

t EPBRssRskifa% MD). The HI V-1 strain
(%005/ §§56? PCT/ BE2005/ 000032 73 S0561945 ( RT,
MPCKy1 Vs a strain resistant to non-nucl eosi de

wiesrebg €O Dk fip/is tiié pptisal demsithintearstired ndthid ywén(cﬂﬁaentratlon of the

Bar r e- Sj nous oc obt
tfa%fpﬁréewn o in %\6@%&%?% (ﬂbaizv |Sn§1@c9ra§t?aié’rensa ' %Sured for
tWBC28Mtrb untreated HIV-infected cells; (ODc)wock is the optical density

measured for the control untreated mock-infected cells; all optical density values

are determined at 540 nm. The dose achieving 50 % protection according to the
above formula is defined as the 50 % inhibitory concentration (ICsq in pg/ml). The
ratio of CCsoto [Cs is defined as the selectivity index (SI).

Cells: MT-4 cells (Miyoshi et al., 1982) are grown and maintained in RPMI 1640
medium supplemented with 10 % heat-inactivated fetal calf serum, 2 mM L-
glutamine, 0.1 % sodium bicarbonate, and 20 pg of gentamicin per ml.

Viruses: The HIV-1 (1B, NL4.3) strain (Adachi ef al., 1986) is a molecular clone
obtained from the National Institutes of Health (Bethesda, MD). The HIV-1 strain
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a SIVstrain. 5 Cytostatic activity assays: Al assays

are perforned in 96-well mcrotiter plates. To each
worbds/oas®wsadded 5 - 7.5 x 104 cells and a gi veRCIBER0VE/000032

of the test conpound. The cells are allowed to

proliferate for 48 h (nmurine | eukema L1210) or 72 h

(human | ynphocyte CEM 10 and pplt4/clone 8) at 37C in

a hum dified CO2-controll ed at nosphere. At the end of

the incubation period, the cells can be counted in a

T %
Subidts BRYTKTOAN Vi 43U PRebEl rongndlposing reverse
tmpﬂpﬂa@e Ir’nh&iltoi'§dTllhédHt\hQ (F@@DerEHOR/g(Edrﬁe Bmo&@% e15a| 1983)
Anti - BVDV assay: Cells and viruses Bovi n

Ko< 8y AIDBR B QUES BRGNS SaFleacea) ies. Mac251 is

%%{/&I{ (| Eagl e medi um (DMEM suppl emented with
ree 5% fetal calf serum (DMEM FCS) at 37Cin a

hum di fi ed 5% CO2 at nosphere. BVDV-1 (strain PE515)
¢Yé‘ é? ? ssess the antiviral activity in MDBK
P$ ’CE'G NfBr &5Fi's (ATCC CCL81) are maintained in
AR SRPHEIEARA W ¢ B, Mpb&sh %'nf dded 5 —
seruny, 1 % L- gl utam ne \g)r% lcgé%ﬁﬁ%g?ﬁnate elrea ©
7cB X 10¢ ddliarandm gives ameusiasfdbe testtdonyRRIOE &H%celis are allowed to

PRERTaiEdeE 461 & unBecstupive driedn or i B iffHR Midiaavte cEM
drideVbREICIGRIPOMER Chea RdRRSfidHD Cﬁ)zlf-éﬁrﬂfoll\é@éiﬁ%s%eﬂé)()\t the end

ul, after which 25 the virus i nocul um (100 ul can be
cfdbie dneubatignpakisd, thasells can e ﬂ@d;m):sdnn @s@@ultereggtumtgr The 1Csx

P AP A5 W S Bl 68 bmpouna

th&l fedluasd tieehlimbeeoecallgby $0P4Is Wi t hout  conpound can
be included in each assay plate. After 5 days, nedium

S rem)ved and 90 pl of DMEM FCS and 10 ul of MIS/ PM5
,@}* AP o6Espmega) are added to 30 each well.

OW ng a~’2hours incubation period at 37 C, the
Cqifs andl vikerses:t Ma@in Dartap Bo\iHd RithyCIVIBBR) (5118 08@3haintained in

Helbodt S,Taedibed DS COPERY (AMERD g@g%@g@.{@%@%v-ﬂee 5%
6 b T EE ) Sy ORI 0, oo
RyDUpht(sirainePESESD) is used to assess the antiviral activity in MDBK cells.
Vero cells (ATCC CCL81) are maintained in MEM medium supplemented with
10% inactivated calf serum, 1% L-glutamine and 0.3% bicarbonate.

96 well cell culture plates are seeded with MDBK cells in DMEM-FCS so that
cells reach 24 hr later confluency. Then medium is removed and serial 5-fold
dilutions of the test compounds are added in a total volume of 100 ul, after which
the virus inoculum (100 ul) can be added to each well. The virus inoculum used
results normally in a greater than 90% destruction of the cell monolayer after 5
days incubation at 37°C. Uninfected cells and cells receiving virus without
compound can be included in each assay plate. After 5 days, medium is removed
and 90 ul of DMEM-FCS and 10 ul of MTS/PMS solution (Promega) are added to

each well. Following a 2hours incubation period at 37 °C, the optical density of



10

15

20

25

5 Anti-HCV assay/ Replicon assay: Huh-5-2 cells [a
cell line with a persistent HCV replicon

wa28Bbas26sibi - neo/ NS3- 375.1; replicon with fire€rBE2005/000032

| uci f erase-ubi qui ti n-neomyci n phosphotransferase

fusion protein and EMCV-I RES driven NS3-5B HCV

pol yprotein] are cultured in 78PM nedi um (G bco)

suppl enented with 10% fetal calf serum 2nML 10

glutam ne (Life Technol ogi es), 1x non-essential am no

tﬁ%‘ dRli6Lis" Ped@ChnAoBINGS)in algqcrlo 4tk P@dHe?' ITH BNy, effective
O ug/m streptonycin and 250 ug/im (418 (CGeneti ci n,

Qdﬁoenﬂrebhncﬂﬁ@o)sy)alueca defined a@éid@obcmcedtraﬁm aft compound that

Si,.ti.es rticularly in.a densit 7000 cel
PR D% P8 il mhplbyepir A R necRl PRI ety
cont ai ning the sane conponents as descri bed above

except for (A418. Cells are 15 then all owed to adhere
AléHEr\b Bssay/dReplicen essayours. At that time, culture

[ e serl
MBS cs1R JoCERY 0 SEeRbati e 0rpibot EeegEhbinoonss-
3'18. ¢r frephicoral With Zare(fr?'yomjduié)ra@é-ablommimdedrr@ema m@%phbtransferase
control Pl at es are urt her incubated at 37 C and %

fagpn; protein ansl FMCVARES dryern N 5Bh|éCNooolwemte@&>@re pultured in
Pp%?é%inurﬁ (&Y Ss l{ﬁblél’ﬁ%‘hf@c{ A5t a’Féd/V'féﬁél d%zlf *k%égrch 2mM L-

Luci f rase’activity I's neasure
gjﬂtatnme(b‘l_rﬁe IT)auhsokngiése),r 1X @Bneam@allalf anmriUSaords L(LEES Technologles)

RLUSHT Fostesla e oouolr sEatnich a)Si250,aalaiRgaS (Geneticin

\Vifed h’e%hhémgwt@éllsaﬁpe tsﬂfede%l' apadif é?rrén?a&éhélt‘ﬂéjé Vb%’ﬁ@hlarly in a

well is expressed as a percentage o he un rea

dansityr efs 709@ra¢IISepet urvelbrre%oweuumew Pletd I‘”s(Pam(emb)dm medium
a _den of 7000 ce | s/ we f class

Gt finlt it sopPRretts a cPsrnsc aPrud oBpE Rar Adia ools are

then ailisiveldl @radHe?s Rinenpreikeeate fohau ﬁtSUr@ At Ehé?'tﬁné’ttmlﬁfre medium

or Steady-d o Luciferase reagent is added. Instead

ig H@”@f@#@ﬂy epdoserialedibifiongr ef itke neak o dydseares agidedhin culture

R o Yo BHESEOTEE55) o, g o  posive

&ﬁﬁml | leéé arel futther fhedigstet satsggded amd 15 Yer @05efdrs72 hours.
M nedj um contajning 10 fetal calf serum (F

%%Olmapn dithe HeY drBlicashin ldéhc@cgus fasulls indueitcrase @zctlv'ty in the
dt@g' VR 2sENSE Vi "Evﬁﬁgg[]gec?:gﬁ/ delﬁgoﬁb q,db Htkodq:?) -Rkis buffer

e test conpound are vol une o
(Podmeba) &drt 85 nuihiuiels folewed rays50 b wiltbenStéady-810 Likiferase assay

dded
rgaggnt (Promega). Luciferase activity is measured with a luminometer and the

signal in each individual well is expressed as a percentage of the untreated
cultures. Parallel cultures of Huh-5-2 cells, seeded at a density of 7000 cells/ well
of classical 96- well cel culture plates (Becton-Dickinson) are treated in a similar
fashion except that no Glo-lysis buffer or Steady-Glo Luciferase reagent is added.
Instead the density of the culture is measured by means of the MTS method
(Promega).
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to each well. The virus inoculumused results normally

ina 90 - 100 % destruction of the cell nonol ayer
waho@rsseglays i ncubation at 37 C. Uninfected eerBE2&05000032
cells receiving virus w thout conpound can be included

in each asay plate. After 5 days, the nmediumis

renmoved and 90 pl of DVEM FCSjsand 10 pl of 10 MIS/ PMS
solution (Promega) is added to each well. Follow ng a

g hours incubation period at 37 C, the optical

nit f. II,canbereadat 498 nm in a
/\ﬂ?" g%ﬁq‘e&zg%%? he 50 % effective concentration
QGE&Eﬂ)EeN@UH@rd latf isrﬁi;édedswitﬂﬂée/e(t@@eﬂmn BNBK wiedium contalmng
npound that protects 50 % of the cell nobno

1@. fe\t@J ¢altigeadm d{jp@@aqqﬂr@téqeﬂlgdpacﬁ% CRRfiveney %gy‘co 4é hours later.
l\iﬁ@#‘eérq\/iﬁé{? reni@Ved Sh ase?:%?%%ld’ Hﬂt?{ﬁin%ngf the test compounds are

OVi r us assays: e anti vi assays
adQ¥dan aMdtal valdmaroé 1basﬂzobfm winibh e visus aﬁocxulurns(i 00 Wl) is added
i nduced Cﬁti athicit HEL c

toepscr il 455, i ey tsgd tasilts hgffancad 4 66"~ 100 %
dteﬁ%ﬁ |5‘rtlecﬂl Il%nggy@?%fféfr y 'da §.indulsdlidePat BFi nQ. Uninfected

e VIrus ose O requi'red to iInf ect 50% of the cell
oell*atancbsellsAfdemwag Virbe uwithautcdropesnd icensbe drleded ipeach asay

er resi V|ru3|srerm
£, Btes 588 ol i S T g MDY FoS and 10, o
PSR s%ﬁﬂféﬁm(lr’@m ff ddaedt ﬁﬁtea\fmmwmllndsolldvﬁnhgl a 2 hours
cyt opat hi mt(i: iS recorded as soon as it reac
a

incuhEtion periachat $ié °*Cother eptical dggsity ﬁf thwe"%@ﬁnsbe read at 498 nm

.cul tures e t t ; :

i 2 @éqrpﬁg\tt%gé%cﬁ% \'/I'ﬂg 50§ Sg‘éfl(g&\)g %I 1ce aﬁlsg (F@%@ﬁ%ﬂfé‘sls defined
a?seiHeSCm@rﬁ@@@ﬂobﬂommoum thatripeotetts 80 %lddtths call monolayer from
24,000 cells/well. Then, 24 hrs later, an appropriate
vinsdnfusedeyiooathiasfieet.  added together with 5-fol d

dilutions of the test conmpounds. After 4 days, a 30

MI'S/ PVMS sol ution can be added to each well. Follow ng
Anﬂ@fem‘pas i st vivos, \W2a 2041GI- 0326 8irRSTABEANIGNOQE03AUS assays:

period at 37 t he tic of the wells .can .
o B St T Bl o e
lﬁﬁﬁ g%t@&‘ d} t Q& 6?9‘?1 (ﬁﬁr’t%?@@ ConiRRNREN cliitGFert intrlcrotiter 96-
rowm till confluency. Then, an
wewptmes ateiriqeataiedimitaf1 ARSI DsorofVinist 4 G6lDe beingthe virus dose
required to infect 50% of the cell cultures. After a 1 hour to 2 hours virus
adsorption period, residual virus is removed, and the cell cultures is incubated in
the presence of varying compound concentrations of the test compounds. Viral
cytopathicity is recorded as soon as it reaches completion in the control virus-

infected cell cultures that are not treated with the test compounds.

Feline corona virus assay:

Feline Crandel kidney cells are seeded in 96-well microtiter plates at
24,000 cells/well. Then, 24 hrs later, an appropriate inoculum of FCV can be
added together with 5-fold dilutions of the test compounds. After 4 days, a
MTS/PMS solution can be added to each well. Following a 90 min incubation
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cell culture (cytopathicity) within 72 hrs can be
added together with 5-fold dilutions of the test
woaopmesds. After 3 days, a MIS/ PMS sol uti on caaTisE2005/000032

added to each well. Followi ng a 3h incubation period

at 37C the optical density of the wells can be read

at 498 nmin a mcroplate reager. 10 Anti-Hepatitis B
Virus assay: The tetracycline-responsive cell lines
HepAD38 are used (Ladner et al. |n Antim crob. Agents

pegpHsat Sk Ty LPHEARIERIB o the WHECpah v TREY Anige nm in a
r@@%ﬁg r5B§ePr egenom ¢ RNA of 15 WI | d-type virus.

of tetracycline fromthe culture medi um
results in the initiation of viral replication. Cells

Sifsctin a1 oeBn ol Deeknnrs Rl Mitrgpigy, plates and
g%\ﬂﬁ'tlﬁ%ﬁﬂ@énw t'I"heho an° Yopiidte iodutatn-off B RBwatusdable to kill the
fetal calf serum m_penicillj

cgﬂretpjtmﬁyéqwhopqtb@;lty)igmphm K& dmecpﬁn Q@Oa(gcgqcﬁ&o%t{\gr awitn 5-fold
t

Aot 28 e 5t LORUELRDS. AR IHpOS! SRIESAS Gl e aca

t§6kHeh/ well.| Folkiwirg 223h cbnéﬂbwy)a psdmadcaﬂ Bm@iheuo@tmalddwmﬁy of the

for viral production h prewarmed PBS
wellg canebe sepdiat ﬁ9§@@b|n %ggqppl?g% ?ﬁl‘? 'seeding nmedi um
wi t hout tetracycline and (418) with or w thout the

antiviral conpounds. Mediumis changed after 3 days.
ArtbHephtitis BaVires éesdy:i s quantified by measuring 25

:og\sl,? lfhé{pé%’e‘;c&%lln%\yl\em%dqr}g&%l %&L@wessgﬁer M %@:t ﬁYLaGdner et al. in
AltikicRah. AbéntS EXémbepel QQ’ﬂ)"Zﬁm ™ SJ’I 720). THeseuhiteli@patoma cells

supernatant 1 n a reaction volunme of 25 pl using the
tfﬁa’q Nave bieevnestably tPamsfestedtwith | sSDNAppeRy:af Bie Hjegenamic RNA of

SRy o thd o SR, A8 8 it n e

|hff‘i‘éﬁbﬁ%¢|vﬁéi fERlicaforl. CelRGre GouASI TN ° mﬁaTFruxnﬂmedAA% COy/air
final concentration: 600 WO 2005§ 085
encmsBEeo@m soatisg mediumyPMEMHamEER (PE/BE) s8P gme@éﬁs# with 10

e

PO 1 O@ﬁ@@ﬂrﬁl%n@h@&yﬁtm%/ﬁds@éﬁ 8 @indly ). Smg/mlAetracyclme
Gt cont g e Pl e ot 8 4oy
ARPERLeIPT AHLYF 8l to 3 days the cultures are induced for viral production by
washing with prewarmed PBS and are fed with 200ul assay medium (seeding
medium without tetracycline and G418) with or without the antiviral compounds.
Medium is changed after 3 days. The antiviral effect is quantified by measuring
levels of viral DNA in culture supernatant at day 6 post-induction, by a real time
quantitative PCR (Q-PCR). The Q-PCR is performed with 3yl of culture
supernatant in a reaction volume of 25 ul using the TagMan Universal PCR
Master Mix (Applied Biosystems, Branchburg, NJ) with forward primer (5’-CCG
TCT GTG CCT TCT CAT CTG-3’; final concentration: 600 nM), reversed primer
(5'-AGT CCA AGA GTY CTC TTA TRY AAG ACC TT-3’; final concentration: 600
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5 DNA produced in treated cultures is expressed as a
percentage of the nock treated sanples. The
wovisassies c ef fect of the various conpounds i SPETBEIESM00032
enpl oyi ng the parent hepatonma cell |ine Hep&. The
effect of the conpounds on exponentially grow ng
Hep&2 cells is evaluated by means of the MIS net hod
(Promega). Briefly, cells are seeded at a density of
BOOPlreII (96 mell plate) and 10 are allowed to
o | at
drgera Bl (RFAN-EOE TEr PRI JETFIEnc TeT oC -

T%%hﬁjt\ﬁfuﬁﬁ%orﬁéatmh@n 250V e rTihel ieastioh geaealgzed usmg a SDS 7000
('gr eparation nmethods For all reacti OBeC anal

pelirsl Bisisysiens, drasterselty. GA). Anplagy %ﬂl@f%’g {h@ Wigength insert
?@%W@gﬁg% f%au dfh ﬁpép%re tﬂ¥e§?aﬁdér8d%lﬂbé5$wéreﬁnount of viral

er a n| roge nosphere ydrous T
DI retilioee dn dweted anlilungs én zxpressedeasrad pedtanttage eaf. the mock

A V. Unity 500 NHz d
tipatsdh soEPhi ThaRAPsiAlic GHEch Qlcbg YETOUS CRRBOLHES is assessed
Nﬁfﬁgyﬁéoﬁe arem H(_)Ef:@ %rﬁ%ﬂtlﬁev‘ﬁéﬁGZP%é%T@@'opfheﬂcompounds on

i ght mass spectroneter (Q Tof-2

e&ﬁowénmmlyagmwm@rhdﬂ‘pﬁﬂ arells UK)evaluatg@etd/ mieamsaok then 8F S method

(ﬁlFﬁefﬁt%é%)s %:qaq¥ly Z??[tﬁl)gge% a % d&rj ?%@pgilggf ngas wifi"plate) and
e WloRie t%hﬁr%hferét%' féﬂf% ghid aRteebbdbiees aF @'ﬁeseﬁﬁ;@ﬂm compounds,

were used f spots were exam ned with
afuegmhncmmmellmrm&uﬂ@gewm}n%s perforned on ICN
silica gel 63-200 60A. 25 The nucl eosides (3 a-h) were
synt hesi zed starting from (R R)-2, 3-

@dmﬂé%mﬂbhmrm@@mﬂpmrét@n metwods ng to figure
The hydroxyl group position 2 can be

Fsiél sl treastignsr apalytieal arade &OMEORE gipouped TRY fmaigture sensitive
U e e o Sl G By et iogen

dimgbhétd. nAhhdrolise THFOneais CreﬂwiascbX(y\}ergsodquml/benzophenone and

%ﬁf@%ﬁé%&%&%ﬁ%@?@ﬁ% tqpo,l{n EO@O Wz Varian Gemini
%ﬂ)%?élﬁl %@rﬁ% @E@WQO&%EC Klﬂ/lft ExAt8 rﬁé@ﬁ‘lé&fsu?ements were
sphonat e

unction is introduced using t
;Ie‘rfdrhmde oh i gaagupoie pltlmﬁshﬁaﬁghbt massal spfmttoraﬁ’r@r (Q-Tof-2,

NaH T
Vicraas aNen-apsbe ki, SuRREy Mkt 6 SETPAY ?ﬁlé?%b%gsp"’r‘momzahon
(E@fﬁﬂ@ﬁa&f G %Q\T@E}faQMfus@HQHH-F&UWPﬁOWH%ﬁB\Lﬂ_lmln Precoated

I nt uction o se noi et
aluminum sheets (Fluka Silica gel/TLC- cards 254nm) were used for TLC; The

spots were examined with UV light. Column chromatography was performed on
ICN silica gel 63-200 60A.

The nucleosides (3 a-h) were synthesized starting from (R,R)-2,3-
dihydroxy-dihydro-furan-1-one (4) according to figure 1. The hydroxyl group in
position 2 can be selectively protected with a TBDMS group. The free hydroxyl
group of 5 is then protected by benzoylation and the lacton is reduced to the
hemiketal using Dibal-H in THF. The anomeric hydroxyl group is protected with a
TBDMS group and the O-benzoyl group is removed with ammonia in methanol.
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5 in the 3-configuration. The nucl eobases (uracil,
thym ne, N6-benzoyl adeni ne, N4- acetyl cytosine) are
wonoospdsesed after silylation and using SnC 4 aBCLBERES/000032

catal yst. Deprotection of 11-14 is done in two steps,
first, renmoval of the benzoyl protecting groups wth
amoni a i n et hanol (yi el di ngygl5-18), and, second,

hydrol ysis of the diisopropyl protecting groups with

TVSBr at roomtenperature 10 (giving 3 a-d). In order

ASGREAEEP 408, 5 SPABSRAM B0 8 B8 o vt o
dilﬁodprbﬁymih‘dsbﬂoﬂ&ngﬂnyl @Mm\@m@(ﬂidZQaHSm DhiFai Mae Md)ﬁﬂ)ﬂlprotectmg

ol yS| s of the phosphonate ester function of 19 was
ge@tmsm oRfE mmﬁvadmrd aeplpeeth e Msazaylu peotecking \@pups.  The

!
LT e T
i thel PRlontigaratioed Ties nbMébbéS@e @ratil,tthgmine, N°- benzoylademne N*-

(dii sopropyl phosphono) - net hyl group of 20- 22. Afte
asehvieytesinepareinteduced ajtar <ii ﬁataﬂﬁ HpiRg, SnCls as Lewis catalyst.

DZejJQE?e%‘ﬁénDEfA‘ﬁ'IA"IZ5ISr BhB i oD%ﬁ\%?%atsﬁ’i%'tU?éMBQal f the benzoyl

ange resin, nucl eosrde pho acrd
pn@ueetm@t@ndm@é wihndimmaetia frDlrneihahoIS(yﬂpldo‘fg f1$w8)3 and, second,

hYHfQJﬁiélngf qﬂaﬁ/&hqug%o%%& fg(r)cl)tlegmg gf%tg)scyvnb:zﬁzgg:q atyppmyjemperature

I I '
ngo%'r'égdpjy Ithnggj 4l tﬁ'gg %&Qﬁ?ﬁ%ﬂ Edc L%so‘cthe ZgS)H group
061161-1[7 isM=@hoVed by Be@ﬁ(nSI)édxyg@MAﬁbn nzn@uysaﬂ CNT%Nund 22 is

@i@ﬁé@égrﬁﬂé Yg&liéglsa bre blg?gaﬂ\onﬁsé%es%w@oh oPT¥'was carried
oV ARIEN SERAk, ro&%\/@?hpel?@ttre 3o aem kS tRe dOngRAIRIsi 20122, TMSBr

of I nternedi ate conpounds
rapidiyt claaveg! tersuelgpbbase Ifram tthe esugaragvamat (&C. Tiooi Hds reason,

g §¥'§$”Lbﬁ%}9k/fa’mygf°m% % s AJiSoPERRYR BRSPIOR QY| group of 20-
zz Af9e?r c)at@nob mn@a I%Hréﬂ}e@og}a ﬁ§4sgpmaex_DE;@ A_25 resin

vvas adde (31 g, 17 mol) at
8®d| E)QWQ?( ~pRituMin W@h@f%%trﬁélﬁ mw@iwwwonat% aCId 3 e-h

\@eggnéqqgﬁé 8 PCT/ BE2005/ 000032 79 slowy warned to

fature and stirred overnight. The reaction

m Xt \Cendithaiss ¢@ﬂéam rs@é;f@f ffgnee r1ema1ueevmmwrlzeu| améollows a)
bet ween H20 a gani c ﬁer was__was

NRRMSKelt é’?"@%@'%rMﬁ@N ahcﬁz&in@aﬂ@mst@d Bk hoTiBE q*h&at NH3 in

MeOH e) Trifluoromethanesulfonate of diisopropylphosphonylmethanol, NaH,
THF f) TFA/H,0 g) SnCly, MeCN h) 1. $OC(S)CI, DMAP, MeCN 2.Bu3zSnH, AIBN
i) P(O)Cls, 1,2,4-triazole, DCM 2. j) 1. TMSBr, DCM sephadex-DEAE, Dowex-
Na™ k) 1. TMSI, DCM 2. sephadex-DEAE, Dowex- Na™.

Example 3: Preparation of Intermediate compounds

2-O-tributyldimethylsilyl-L-threonolactone (5)

To the solution of (3R,4S)-dihydro-3,4-dihydroxyfuran-2(3H)-one 4 (10.8 g,
92 mmol) and imidazole (12.5 g, 184 mmol) in 250 mL MeCN was added
TBDMSCI (31.2 g, 3.17 mmol) at 0 °C in one portion. The reaction mixture was
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resi due was purified by chromatography on a silica gel
colum (n 5 hexane/ Et QAC=6:1) to afford 5 (15.2 g,
w63005/08708, yield 71 %9 as a colorless solid ROTMBE2008500032
characterized as follows: 1H NVR (200 MHz, DMSO d6) bH
0.12 (s, 6H SiCH3), 0.90 (s, 9H, CH3), 3.86 (dd, J1
=6.96 Hz, J2 = 7.70 Hz, 1 H~74(4')Ha), 4.11- 4.36 (m
3H, O—| C(3)H C(4)Hd), 5.82 (d, J =5.13 Hz, 1 H,
C(2' H; 10 - 13C NWR (200 MHz, DMSO d6) Sc

s@/vlg @r%_g )tgééé@(g%ré&% gﬁgés%*@( Eﬂergecf %)(/%%%%3%18 r%actlon mixture

vgagésé%cfi%wtré%&m@smﬁ@w{awwmom waenfmwmnd EtOAc. The

arganicrlayen wae washeg with yater ang driney AnE -qancepHatestinoyreuo- The
églb &2 Tgstgm%nﬁgamﬂggdﬂén%éé%r%ﬁﬂg Q)@zélg ?sllfi@:'gz’l #Ll Neolumn  (n-

f%(aaerEﬂﬂA)C% 1) t€.affbine 5 ékﬁ:tlgqrﬁmmm’oé, vield Rdr ¥ das accolorless

roomtenperature and stirr overni ght. The reaction
salidiwhieh was chasaeleres @é&olf%s ‘coevaporated with 20 ni

t oh ot S sl egi
IR PRCLIRE DSBS, TH2 (o1 69) SIBUPD g0, 51 Ot 386

Th@j@r@mﬁ@&lﬁzJ dpyer7 V\&stwai;hébM\Mth Aot 3§n(ain br&hzaéJH C(3 )H

e i

n“@XNmREt(@ee 8MiLDz t‘DMSDf-dB‘)d @0(24598(910%7 01790l ) (C(CHa)a),
as a colorless solidin 99%vyield whic

ch2b&d(e(Cle)), £9.62(0-80sf2.62 2&!\/@(59(()@ CMrlz1 TASHG- ae)

Oy 5ol fob Eqtig0as e Ml “S%élé%&ofﬁé nd 355,1019,,2
Ha)468(dd J|=73Hz —93Hz 1HC(4

Hkg} 48 (dd, J1
tré)ufwdlm@tﬁyésﬂzlﬁ@ Pﬁnzqylﬂ-thcg@?qlwi}?neﬂ%ﬁ 8.01 (m

Af(g lf[‘né Eo&l&%ﬁcg%é%% Gr! 82 RE@CE@?Q? mL5py]'i§i ne was added

c% pWReCBZEB) B).2 B, 96.9 Gin®l) at 31 7(He Begction mixture was warmed
75.46(C- 3'), 128.65 2005/ 085268 PCTL E2005/ 900032
tgo rpgpbnggr@yerai@r@ r 8teed) ovggggrgﬁ( lon ~mixture was

éé’l’%e%ﬂ'é E%%\%@g%d WRE - S8mL kbRief (\ﬁo ]’clrhes “in vacuo. The

mass ca GbSI 1 [MH + 337.1471, found
r&@ﬂubéhﬁés paﬁltloned between H,O (100 mL) and EtOAc (350 mL). The organic

Igyg &/gls%ats}ﬂe% m:%hwltselr Ia ?ﬁn(e} %%Bz%lnce trtape{ %S\(?ac(,uc} The residue

was purified by chromatography on a silica gel column (n-hexane/EtOAc=38:1) to

afford 6 (25.9 g, 77.0 mmol) as a colorless solid in 99% yield which was

characterized as follows:

- "H NMR (500 MHz, DMSO0-d6) &4 0.14 (d, J; = 13.2, 6H, SiCH3), 0.87 (s, 9H,
CHs), 4.23 (dd, J1 = 6.8 Hz, Jo= 9.3 Hz, 1H, C(4’) Ha), 4.68 (dd, J;=7.3 Hz, J>
= 9.3 Hz, 1H, C(4’) Hy), 4.96 (d, J = 6.8 Hz, 1H, C(2’)H ), 5.48 (dd, J; = 7.3
Hz, J>=13.0 Hz, 1H, C(3")H ), 7.57 -8.01 (m, 5H, Ar-H’);

- ®C NMR (500 MHz, DMSO-d6) &, -5.16( SiCHs ), -4.84 ( SiCHsz ), 17.84
(C(CH3)3), 25.42(C(CHs)s), 67.20 (C-4"), 71.67(C-2’), 75.46(C-3’), 128.65
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To the solution of 6 (10.0 g, 29.7 mmol) in 100 nL dry

THE was slowy dropwi se added 1.0 M dii sopropyl
wahlowsosseshydride (37.1 nk , 37.1 nmol) in toPUEMBE2@E/000032

-78 C. The reaction m xture was stirred at -78 C, and

as soon as the starting material was conpletely

consuned (TLC, 4 to 10 hours)80 net hanol (10 10 m -)

was added over a period of 5 minutes in order to

quench the reaction. The cooling bath was renoved,

18@7&[&\“0? 28, Q(RQrorﬁQ-@é ”W@B@(ﬁbhﬂ@-@”“@@t@l(aroma C), 165.08

tion and 20 wete added and 't
m B2E0)s 8 V278G gor ousl y for 3 hours. The or gani ¢

cNEBR CPIRRY GrrHipcien Thitd Pad BT T RTRRT 1488 oy

chromat ography on a silica gel colum (n 15
hexane/ Et OAc=8:1) to afford 7 (7.40 ?, 21.8 nmmmol ) as a
Z6Hsbubddimeshylailyi3- @Sb/G”%ﬂVéthfG)WEdﬁ was characterized

T Ul MR CGEELEy BRIP4 8 e s

dTBleb% ad@ed6 .62V duégp;_(ﬁ(ﬂ a)llhi&)nlur'ﬁihi@rlcd@r(3$1 ﬂnIH A mmol) in
4. 24 =1 Hz

elugne -t § 7(80I %, O'éqegrqutlpﬁ]mlgWre@(ag §tpired6 at)- 7(§( 3C apg as soon as the

Syl Aot B oL I ort

mll) ®#as (fldad3pverld pétiod (E(EHBNBEes 12 raddr (cC(quB@nlS)the reaction. The
67 .06

|qg) ac%ﬁ]zyaggzegp%\f@ Cfo&nﬂ%ﬁfog ?%ﬁ'oéf’g alhrl@l p@gassmm tartrate

SAORERSL 2 G it S o oy 5

rpues.dTl h@argamotlgyen was ashied Wwith wettercanae b(rlsla) aadoboncentrated in

o2 1 SV BB 31l el A B 58 oo -
K&aﬂé/ao(ﬁé&slmmbﬁom@@ vm)olgoznﬂs ki) \@@Sa aditstbss solid in 73%

Cin one

VA d5WORB288S pwmwammﬂgws 81 portion. The

3N 30 Y RSOV B SDASTERA 61, or,

COBW(chU?d: 9. BoeHr 34 5%6\1&& n&rtG(ﬂl)Blg)?dﬂf 1be{bweemHHm1 ), 4.24
and Et OAC The organic
br (G, J1 art)-26rdends at @§6| 'ﬁz,vé'ﬁlu&(‘l'bh'e )F @5@%‘@6}0_@\/&@1 2H C(2)H,

di d t b 1

alngﬁ?:)w %ggg't(:ggngim&%ﬂﬁg ﬁgs@g )IH ged at %@g{] A, KH_I

4 efiGrNMR €200 MHz, DMSO-d6) 8¢ -7.39 (SiCHs), -7.30 (SiCH3), 15.41
(C(CHa)s), 23.27 (C(CHs)s), 67.06 (C-4")), 77.14 (C-2’)), 78.87 (C-3"), 100.23
(C-1"), 126.58(aroma-C), 127.09 (aroma-C), 131.40 (aroma-C), 163.18 (Bz-
CO);

- mass calcd for C47H2605Si1Nay [M+Na]* 361.1447, found 361.1452.

1, 2-di-O-tributyldimethylsilyl-L-threose (8a) and 1,2-di-O-tributyldimethylsilyl-L-
threose (8b)

To the solution of 7 (7.30 g, 21.6 mmol) and imidazole (2.94 g, 43.1 mmol)
in 100 mL MeCN was added TBDMSCI (0.98 g, 23.8 mmol) at 0 °C in one
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overni ght. The m xture was concentrated, and the
resi due was purified by colum chronmat ography
wonedsassee: Et OAc, 20: 1, 10:1) to give conmpoundP8IBE2002000032

g, 1.40 nmmol) as colorless oil in 42 %yield and 8b

(1.00g, 1.40 mol) as colorless oil in 19 %yield

whi ch were characterized as fgllows. 10 Conpound 8a: -

1H NVR (200 MHz, DI\/BOdG) 5H 0.06-0.08 (m 12H, Si-
087(s 18H 3.59-3.65 (m C(2')H, 1

CH3)
pp{:} ony 3I'helreﬁc ﬁ@tﬂ ?ej w)agséovg@ v% fr&gcﬂn n%%#n )te@ga{atg%l%%i stirred

0 é@o&h%ac%@%&ﬁjrehﬁas Zohéehivhted3 The re,‘hldl?e was partitioned
(Si 4. 65 15(T , -4.38 (Si

b(et.w@m-tap and ESOAC d)qsp@)amczsay@i we@( maggﬂssi wittpgvater and brine,
.%‘f:)e?‘ka 7d)1 33&.% 4Tﬁe lrgsgdﬁ?és V\fa% als)solvéé iRAVIEEHP shturated with

aﬁirﬁbﬁ@%@OZ ) 3gd 2tﬁ5 Oreaf:ﬁomﬂ nixflire 2029 stlrr@dma’o voom8temperature
“"1H NMR (200 MHz, DNVBO d6) 6H 0.0 ep%
oyeuughid Thgin%ttgezva%commt@tqﬂmnd t%]?sréspy,e wib Pefied by column

cgr@a@@m&ﬁ@%a&ﬁEﬁAé d%) }J’{Bz’?) giazei;/@?oﬁ@gnész 212 g, 1.40

né31))as) coldri@st dil D42 %y anG(8b {'HAO0G( #4PHb)nol) as colorless oil in
5.12-5.15 (m 2H OH C(1')H. .- 1H NVR 200Mz
1@[%8@9'9@*1!%““@%@6?%91?0%2%}2%%TO"@M(,S- Si CH3), 0. 04(d, J2 =

CH3), O.84 18H, CH3), 3.39(dd, J1—77
Gufegifid 83" 70) &5 (S; 25 3. 79)(dd N
32" NMR @00 Mf(-lz DNJSOadEQZSmO@ﬁQﬂﬁ <2fH12t048w@43) 87 (s, 18H,

(obbiors. k88 [ Clodht AFb T4 e (it gy Br SN i) )

23 %} (d §'=CH3)HZ Jdgll)ﬂg( SR @)(m7?1$11§yH1 . C( C)H3) 3),
e )th@?(z_qo (e )Dmg&-ds}r@,s B dhcBiChs ), -4. 3 (SiQH3), -4.65

o%*@%%si%%éégéﬁgz 66 WHEHS, 7P <é’k‘él~¥3‘30>5’é%8§?%<c:|43)3>,
a, 254di3- (I@ CH: P71, d (eLAY 76,68 (G 20868 ORPIIBEHALPHY;

th
-Q?ge@&ﬁal@floﬂ'daéggssajé )3I7§r20ﬁo found @'l <89%py! phosp

SEl T e b R R

- "H NMR (200 MHz, DMSO-d6) 34 0.05 (s, 6H, SiCHs), 0.06 (d, Ji = 5.2 Hz,
SiCH3), 0.86 (s, 9H, CHa), 0.87 (s, 9H, CHa), 3.41 (dd, J; = 8.0 Hz, J, = 3.7
Hz , C(2)H); 3.81 (dd, J1 = 5.2 Hz, J» = 3.7 Hz, C(3)H), 3.94-4.07 (m, 2H,
C(4")Ha C(4")Hp), 5.12-5.15 (m, 2H, OH, C(1")H);

- "H NMR 200MHz (DMSO-d6 + 1D D,0) &y 0.02(s, 6H, SiCH3),0.04(d, J2 = 4.4
Hz, SiCHs), 0.84 (s, 18H, CHa), 3.39(dd, J1 = 7.7 Hz, J» = 3.6 Hz, C(2')H);
3.79 (dd, J1 = 4.4 Hz, J; = 4.4 Hz, C(3)H), 3.92-4.07 (m, 2H, C(4")Ha
C(4)Hp) 5.10 (d, 1H, J2 = 3.6 Hz, C(1")H);

- BC NMR (200 MHz, DMSO-d6) d¢c -4.95 (SiCHs), -4.74 (SiCHs ), -4.67
(SiCHs), 17.45 (C(CHa)s), 25.64 (C(CHa)s), 25.79 (C(CHs)s), 70.80 (C-4'),
74.17 (C-2'), 79.45 (C-3’), 97.11 (C-1°);

- mass calcd for C1gH3604Si2Naq 371.2050, found 371.2052.
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sodi um hydri de (80% di spersion in mneral oil 0.56 ng,

19.6 mol ) at -78C. Then the solution of the triflate
wohoaiosswepr opyl phosphononet hanol (5.80 g, 19. 6PCTBER()05/000032

indried THE (10 m -) was dropw se added, and the

reaction mxture was slowy warnmed to room

tenperature. The reaction wagoquenched with sat. 10

NaHCO3 and concentrated. The residue was partitioned

between H20 and EtOAc. The organic |ayer was washed

with water and brine, and concentrated in vacuo. The

resi due was purified by chromat ography on a silica gel

_HB - b ;ﬁ? e hbepRofseméthylaLthreose (9a

1%’(50&’&‘;04%”82@ a@jll?:@{lorl eggéabli)l Em chb was ) 92/
apbar 3@ zui-Oetibaty/dimdtopsilyl-B5O0-(disbpRyfopospheromethyl)-L-threose
DMSO-d6) bH 0.06-0.10 (m 12H, SiCH3), 0.86 (s, 9H,
(AW)cH3) 3), 0.87 (s, 9H, C(CH3)3), 1.22-1.26 (m 12H,

C( 2), A 21992 i g@l’ 7 5(ﬁ'bl_ Jvas added
9. gﬁ)&),gfo ,t'oaéfjﬁéfms%glg;%g”é& m 1 oH Tlgl(Fs@%H), ) )
s8dReh hyslridé (80%C(dspdrbiondinimirietd| of,0.569mg, HP.6 jpmel) at -78°C.

8.6 Hz, ] *YHQ) ,, 4.52:4. 68 2 0

o, 15 adln Sk BBt Selhed oo ilnpelfiBo o, 196
e 10f syd ites réactfonImixt

”ﬁf‘gw géﬁ %raofnﬁgg“(o 2@58%@ 2%.0 aﬁ%})la?bg?fqyf ol | oil;\i%l tor?e * Lfre was

skavitg waooedutce rasmf temperatgient Hee i reagtiomaves oaenehed with sat.

NaFlbs ol SRt T G feshiyg, s, oo Horleh HaO and
Efltgh\lc‘?"sﬁé g_rlgje\nicgbgé\ﬂ\ﬁaé 245 HddzwitiCiaES) ahdi bBin@8afd LbnEentrated in
h I , .

3 (br s, 18H C(CH3)3), 1. 3%_ (ad’ J =
vaco Hz he Irgsidug( m)mrlfleg_@ecgrmapg{aw opy a'sjlig; gel column (n-

e E R G iard a7 elo bl p2BL g Bloreps of whir

Whs SKdrattdrized asHolbRs( 200 MHz, DVBO d6) 6H 0. 06- 0. 93
12H, SiCH3), 0.87 18H 0 CH3 , -
(1 NI (i) DMSa s 400l 2l lgHes 088 (5. on,

ol G008 BRSO RO W00PD, TRy, L9 . = 02

Hb) |
Hiz, BH ACBIZ), (3178 (@H) =COIRCHS) 2), (B4)8.) &.88-3:9%8 (M, mk? Q(3)H), 3.99

Al 5 S5, o B0 9 g 248 m 2

1H §( g,q (OCH(CH3) 2), 25.62 (C(CH3)3), 25.71
é%%% ’ % .12 (d, JP,c = 173.6Hz, PCH2), 68.38
Efadt tass 6or80,:HaP(RaRE) [B)+HI7 Caled. 527.2989, found 527.2988.

The synthesis of 9b started from 8b (2.00 g, 5.7 mmol) and followed the

same procedure as for the synthesis of 9a from 8a resulting in a product (2.7 g,

5.1 mmol, yield 90%) as a colorless oil that which was characterized as follows:

- "H NMR (200 MHz, CDCl3) dy 0.08-0.11 (m, 12H, Si CHs), 0.93 (br s, 18H,
C(CHs)s), 1.33 (d, J = 6.2 Hz, 12H, C(CHs)2), 3.66-3.94 (m, 3H, C(4)H,
PCH,), 4.02-4.22 (m, 3H, C(2)H, C(3)H, C(4)Hy), 4.67-4.83 (m, 2H,
CH(CH3)2), 5.13 (d, J = 3.7 Hz, 1H, C(1")H);

- "H NMR (200 MHz, DMSO-d6) &y 0.06-0.93 (m, 12H, SiCHjz), 0.87 (s, 18H,
C(CHa)s), 1.22-1.26 (m, 12H, C(CHs),), 3.58-3.65 (m, 1H, C(4’) Ha), 3.78 (d, J
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(OCCH(CH3)2), 78.88 (CG2'), 85.68 (d, Jp,c = 12.0 Hz,

G3), 97.3 (CG1'); - mass calcd for C23H5207P1Si 2
wOkbddloss%B27. 2989, found 527.2972. 1 PCT/BE2005/000032

, 2- O-benzoyl - 3- O (di i sopropyl phosphononet hyl )-L-t hreo

se (10a) and 1/3,2-0- 10

benzoyl - 3- OG- (di i sopropyl phospgpnonet hyl ) -L-t hreose

(10b) A solution of 9a (4.25 g, 8.1 mmol) in TFA-H20

(3:1, 20 mM-) was allowed to stand at room

IRy Bl F B BBl R S T A E] 4a-eo7
m ZHUCfH(@?«{% 25 tbt(bosed payxeen ¢H9H)DCM (400 ni) and

0 . The_or anlcla was washed with wat er _
'andaclﬁ(“_/ﬁ? ) Mz, deM ﬂ6h@6€§1224§&|ﬂhbn5&7n@ﬁf‘héréd58 (SiCHs;
VTP, GRS AHOARIGHRE ) o2 B R PT2PY ClCHo)

di B8 Ar GhydnhosATBIBHE PEH2). 68680®-4()2 7, (CLR(CH;)2), 70.96
OGHT éﬁpb‘f,"?'@?éa 8% FEPI0YE oL b2, @38 %625 (oY

'209‘?%'6 o? r@)r/%aﬂ%gfwgggﬁﬁﬁﬂy b7 looBlr £5p5979,

ridrne was added dropw se
BzCl (0.67 g, 5.8 nmol) at 0 C The reaction m xture

%?a%‘é- : %Z?Sw?ﬁé isper %ﬁ%@éa?&%{@ﬁ-éﬁﬁﬂe@%é%@ﬁzm 15,2-0-
S s R Ao h S Sbnog R e (TOBLLCS! (150
) AT IseluhogaoﬂQa (g6rg, kats mash)ad TWA-hGafd, aﬁdnL) was allowed

B o1 RE SR o7 Rt R re o B WS ceutrtiz

\Mﬁ’?( §Qﬁ*fr§t‘é@°ﬂaﬂ+C@3 581uAbA OTHerl YR %Qtu}Q széé g%rl@uon%dobetween the

mmol ) as colorless oils in 87 %yield wh wer e
REGHY @O0emL y add arateo(2md.). 'Uaﬁrpcgamlc leger waslwam@d with water and

b%mgel\éjzégl oe/ﬁ{ hﬁ%%og:a%g%l 26:3{&3%%% Afln%aglu% 4)('%1 residue was
Y4 / -
%’@?ﬁ%&?&?ﬂ%é’%&mf’w 43r565u4ca) dl WED@M M‘é@@!@@@ﬂ)%%b%e 3-0

diisopnoryphespiiongmethyl - m(rqogq-b( 2049, 87537 r(nmol) sl a colorless
a@ﬁ%?%t'a Soﬁg% % g% WPGEJ)E/)SO gg) 58e( éﬁ( ?31243§ §:H3)73 23
(G 4o 18 sdbiitioq 8f &O&@nsﬂbré@l?hdsiplﬁﬁmﬁ%thﬁ)i Shreose (687 mg,
21%%%%83&21%%@% pylrizdslane8 :\j,va%raodrgaedcdropwme BZCS ?6 %r%ag )5 8 mmol) at 0
°C. The reaction mixture was warmed to room temperature and stirred overnight.
The reaction mixture was concentrated and coevaporated with 20 mL toluene two
times in vacuo. The residue was partitioned between H,O (20 mL) and EtOAc
(150 mL). The organic layer was washed with water and brine, and concentrated
in vacuo. The residue was purified by chromatography on a silica gel column (n-
hexane/EtOAc=1:1) to afford 10a and 10b (1.0 g, 2.0 mmol) as colorless oils in
87 % yield which were characterized as follows:
Compound 10a:
- "H NMR (200MHz, DMSO0-d6) &y 1.20-1.26 (m, 12H, C(CHa)z), 3.40-4.11 (m,
3H, PCHy, C(4")H,), 4.40-4.54 (m, 2H, C(3)H, C(4)Hy), 4.56-4.71 (m, 2H,
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165.07 (Bz-CO; - mass calcd for C25H31OP1Nal [ MtNa] +

529. 1603, found 529.1601. Exanple 4 - preparation of
woioslsswepounds 10 PCT/BE2005/000032

1- (N6- benzoyl adeni n-9-yl)-2- 0O benzoyl - 3- O (di i sopr opyl

phosphononet hyl )-L- threose (11) To a m xture of 10a

(425 ng, 0.83 mmol) and silylgied N6-benzoyl adeni ne

(401 ng, 1.6 mmol) in dry MeCN (30 niL) was dropw se

added SnCl 4 (0.3 ni, .5 mmol ) under N2 at room

e e SR ﬁ?aﬁé%ﬁg“‘?ﬁéﬁ HE Z5Bi0T m. 10H, A

vvaﬂ quenched with saturated NaHCG3. and concentrated.
%wsom“@@wgamﬁ@mmma
d- Theo ;
1R R IR B e RE Pz e Yo 0T, 00 70 -1,
geHzgdwmnﬁ@cw MI3-83Qirdinat ©), aftBdridt 1(ar¢maiCyy,16d.69 (Bz-CO),

% as a 20 colorless anorphous solid in 83 %yield
V\hﬂ@ QelBZEDact eri zed as fol l ows: - 1H NMR (500VHz,

e@f c%fog%H%@ WNS%::fMa N%tr%zg 3684, foudld 5h71dah 0

4.01 (dd, J1= 14.0 Hz,
=86 H, 1 H, PC Hb) , 438 (dd Jl1 = 11.0 Hz, J2

, ), 4.50-4.52 (m 2H C(3)H
, 5.08 (s, 1 H,
ﬂf?[f_—&vb’hgoﬁaé@n%% {I}-Z'Zb-&éﬁzdyﬂb O-gdﬂs%p%pylp%s,&mn&hbthyl)-b

thoeodee(1d()8) -H), 8.82 (s, 1 H, Adinie-C(2)-H), 9.07

g?:rre) 02"4"‘8(1“%9@{3308 %%%Iﬁ‘g(' éﬁ%’ Wﬁgl) ggg%?d @ﬁ%&zoyladenme

= M dropwisgel Cls (0.3 mL,
‘%)“5@?&]@8'“9“‘“%'8 2%0'\7 S 8%% Jﬁ‘zc' = gmsn «(0.8m

2;53m)no|81|ngsr (Nz- at ygom 1tgmpp2éf4.1,n@ c(bp) reaggoq Jpixggre’ was stirred at

R B o R S, bR 28y

$§RupITed @aH@@% and %mt@ted 1BRe 98sidae aves ﬁ‘z)irtltlmnéd detween Hy0

ézﬁi %_j 1d SoA 451(&@3 %351 5?1 i &IB&% %ed water and
)and E@Ae( mtdc)) e qigznicr lay Wi

tg@l&g%r&g ﬁégrﬁ?astélaQﬁp\;aduWHﬂhJé Retieleds 6&#@3 by chromatography

on a silica gel column (DCM/MeOH=40:1) to afford 11 (431mg, 0.69 mmol) as a

colorless amorphous solid in 83 % yield which was characterized as follows:

- "M NMR (500MHz, CDCl3) &y 1.31-1.36 (m, 12H, CHa), 3.94 (dd, J;= 14.0 Hz,
Jo>= 8.6 Hz, 1H, PC Hy), 4.01 (dd, J; = 14.0 Hz, J>= 8.6 Hz, 1H, PC Hy), 4.38
(dd, J; = 11.0 Hz, J; = 4.6 Hz, 1H, C(4')Ha), 4.50-4.52 (m, 2H, C(3')H, C(4’)
Hp), 4.73-4.80 (m, 2H, OCH), 5.08 (s, 1H, C(2")H), 6.56 (s, 1H, C(1)H), 7.48-
7.65 (m, 6H, Ar-H), 8.02-8.08 (m, 4H, Ar-H), 8.50 (s,1H, Adinie-C(8)-H), 8.82
(s, 1H, Adinie-C(2)-H), 9.07 (br s, 1H, NH);

- 8C NMR (500MHz, CDCls) 8¢ 23.97 (CHj3), 24.01 (CHa), 24.03 (CH3), 24.06
(CHa), 65.36 (Jpc = 168.9 Hz, PCH,), 71.45 (POCH), 71.51(POCH), 73.55(C-
4')), 80.27 (C-2’)), 83.74 (Jpc = 9.8Hz, C-3'), 87.86 (C-1)), 122.72 (A-C(3)),
127.80 (aroma-C), 128.65 (aroma-C), 128.67 (aroma-C), 128.86 (aroma-C),
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1-(thym n-1-yl)-2-O benzoyl - 3- O (di i sopropyl phosphonom
ethyl)-L-threose (12) Thymne (0.34 g, 2.7 mol),

wanvssesul fate (10 ng, 0.07mml) and 6 nL oPCHBR3005/000032

were added to dried flask. The m xture was refl uxed
overni ght under nitrogen. HDMS was renpved in vacuo.
To the flask with residue was g0 added the sol ution of
compound 10a (0.92 g, 1.8 mol) in 10 nL of dry MeCN
fol | owed by dropvm se addition of SnCl4 (640 pL 5.4

t td
m%gr%@ s sti r%’edg)? (éf%ﬁ%ﬁpi %‘?%eé@g(gc@ﬁg cbﬁg;m 98 (A-C(8)),
quebhedl (ME(6) 38t .5%B ¢A- cmawc@rsza@m (AC@entIeat 4 (OBZCO)), 165.17
rrg}\b?L Bbﬁge The residue was partitioned between H2
(3 ;f Et OAc (150 nlL). The organic |ayer 15 was
wasfiggs wWhitH f&%%ﬁéﬁ&b% iatr) %%4“22’2%9%6&} 694! 2822
ie phy" on

vacuo. The residue was puri by chromat ogra
a silica gel colum (n-hexane/Et OAc=1:1) to afford 12

0,76 or| h d
-1 e e Lo TRt RO ehi) tbrppse (12)
%) (?ﬂ?mMéZ (0 @ﬁré 3. 76rHrﬁol§’>5arﬁﬁwonﬂa suﬁat% Ho rrgf;%"(b O7mmo|) and 6
[ szrlﬂMB@rmoere 4ad1i.ed4tq61r(e1d1 flaslH TI@ 4mbxﬂar)e waszmﬂwed overnight

ﬁn@%}' Hlt@gegm)ﬁ_%l}qsél Wé%—&e(dﬂjﬁ‘feg lnlg/aggg% g’ o) Teﬂﬂa él?ljf’l_br%Qdue was

éda@d (the sdmoa of ddZn %urgﬂ71ﬁé 0)92 g, 1: 84ﬁm?{o|§% 1@an4& dry MeCN

fql#pwed %@rﬂmsezéédlm ofcé@%) (G0 yiszézl mmom;nder Nz at room

@fﬁ% %%@fﬂ&% fﬂ%&%&\{%&%&%ﬁ 3f§r1 goﬁﬁs (fhe JRaGtion was

(@i cTreR) BiXh s7R .a62 [\KaH@C()}Can?Q:)oaae(lt@‘at%d)to BSmal vbﬂjihg% 'Ehe residue

%’gFSQ?eHFF@”GOﬁbngW BB ML) 1and @tOAF 6(5@) mL)1§bel<zr9amc layer
\(vﬁé %I‘@d wﬂtrﬁglgé‘t%g %;r_:gct# i é@&?ﬁ&@@%? m}\_/'%géo.?”?he residue was

Blltlﬂemw chaumato§laphy8dh. a Sillca\@&068lLABEZ6hexane/EtOAC=1:1) to

PCT/ B 000032 8 I , ,
'ﬂl‘}r f%%% gh4 éma°§e%§zaﬁ0'%f less@MPeuSHsAlighBsfh hyigld which
ﬁbbbh)aréctéﬁe@é@fdnb&bs Uracil (0.81 g, 7.2 mmol),

mj[onla sul fate (10 ng, 0.07 mmol) and 20 nL of HMDS

r bl Rt (RQOMitZ, &D@hhék 1.3héd,nd %62 EHzapd2H, @tiy)xe®9 (d, J = 1.5
To M dsKiE 2 aBL0RER" 2He PGl For BT, ThICE R, 4.26 or
t, 1H, C(3')H), 4.40 (d, J = 10.6 Hz, 1H, C(4’) Hp), 4.70-4.86 (m, 2H,
OCH(CHa)2), 5.38 (s, 1H, C(2')H), 6.29 (t, J = 2.2 Hz, 1H, C(1')H), 7.43-7.66
(m, 4H, Ar-H, T-C(6)H), 8.02-8.07 (m, 2H, Ar-H), 9.13 (s, 1H, NH);

- BC NMR (200 MHz, CDCl3) 6¢c 12.42 (T-CH3), 23.83 (CH(CHa3)3), 23.92
(CH(CHa)s), 64.48 (d, Jpc = 168.5 Hz, PCHp), 71.29 (CH(CHs)3), 71.45
(CH(CHa)s), 72.72 (C-4), 80.28 (C-2’), 83.70 (Jpc = 10.6 Hz, C-3’), 89.02 (C-
1), 111.39 (T-C(5)), 128.60 (aroma-C), 129.90 (aroma-C), 133.84 (T-C(6),
136.12 (aroma-C), 150.42 (T-C(2), 163.86 (T-C(4), 165.32 (Bz-CO);

- mass calcd for Ca3H31N20gP1 [M+H]* 511.1845, found 511.1831.
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5 conmpound 10a ( 2.43 g, 4.8 mmol) in 50 nL of dry
MeCN foll owed by a dropwi se addition of SnC4 (1.7
wai200504548 ol ). The reaction m xture was stir PEWBERHOSAH00032

hours. The reacti on was quenched with sat. aq. NaHCO3

and concentrated to small volunme. The residue was
partitioned between H20 (30 idg) and EtOAc (100 nl).

The organic |ayer was washed with water and brine, and
concentrat ed in 10 vacuo. The residue was purified by

1f@lr%qa ?—gﬂ%ﬁﬁ&ﬁ-f-bl d‘;g?{%g)pyﬁ%logéﬂ ér@%ﬁ%ﬁiﬁ%@é@ﬂ 3)

?mlolr FUI@@FF . mlgl\ld’ 2 mrﬁél)%mmdrha \saﬁat@r(aoaag,emoz'amms) and 20 mL
ol I OWs:

oiﬂMD@—w)e_re Fdgied(te, ered:?I/gEI’@ TDIPNQB(r}nI%%reg&é elg?l@(efé ér@lght under
thgo 1€ %éyl@z\ya%eregﬁeg Hﬁacu}f) H'go ﬁ{e‘l 8)5@ ‘ﬁféﬂ%gg%g t?e:] solution of
cérrgﬁnﬂﬂdﬁﬂﬂ IQSHﬁEHB)) i#)50 mL4df (Qrty MéCN, foo@epiHyy, a ‘dropwise
aqqghtlop pf S@@Lt jﬁ)? n7L 5@471 Wtﬁ&?’?’% reg_x\q:thxb gﬂl)?tUé% vYaHs st0 rred for 4
@Ugﬁ 'gllf% Z{e%c%r&wascéé%‘;'@hefwﬁﬂ gat7%q( rNaHCUg aﬁﬁd ancentrated to
shelDvditime. muscnedﬂpemaszaarmoo@m(oemw) Hz%(3®4mL) and EtOAc (100

&(%Bé&@gﬁ%egs\y%g ds@éd4w‘ih V\;%tgg@’(izgrém? Cl_ﬁ%é:opgentrated in
\%@Ué )th%géuécbvés)purﬂf% ) &I’#oﬁ(éb grab?§- 8R a silica gel column

aroma- ar oma- , 134, 07 (aroma-C), 140.72
(DGR QO HERS; Boto( eff a2y 3, (21 q1gh.2ungl) as a ggloriess amorphous

T8 TS Wil vl apizsg gEaNGEt Mat (el +

e I B oLy, J = 9.0
COizs 251, BOHAMAS (dehlr oA, ra\zsum&e%wzmkﬁgo AFEy 4.36 @, J =
”“Eb’ et Tt PR 4673 L0, “HaGEI), 28a416% (m. 21,

MgSH& BV (s, M H B(YH), Th6Y rqe Jle=s8 d iz, vk uwo(s)H) 6.02 (d, J
2005/ e 0G5! oooos

of =cofpdandHid1()0).08-9§;7.60 fmm%ﬁ) i1 1@%:{ %?%% , 1H, U-

PR T RYT o Py RN, SEQBLSI0 (B o, ASIRD M ( SWQH NH):

St TG SdMROI(580 Witz . DVISO BRES @8, T GhilEihad 28,84 (CH(CHs)s),

S8, fd, Jo o= 168.5 Hz, PCHz), 70.53 (CH(CHa)s), 72.32 (C-4), 79.83 (C-2),
82.78 (C-3'), 89.06 (C-1), 101.91 (U-C(5), 128.95 (aroma-C), 129.63 (aroma-
C), 134.07 (aroma-C), 140.72 (U-C(6), 150.39 (U-C(2)), 163.19 (U-C(4),
164.73 (Bz-CO);

- mass calcd for CaoHaoN20gP1Nay [M+Na]* 519.1508, found 519.1506.

1-(N*-acetylcytosin-1-yl)-2-O-benzoyl-3-O-(diisopropylphosphonomethyl)-L-
threose (14)

N*-Acetylcytosine (0.41 g, 2.7 mmol) and ammonia sulfate (10 mg, 0.07
mmol) and 6 mL of HMDS were added to dried flask. The mixture was refluxed

overnight under nitrogen. HDMS was removed in vacuo. To the residue was
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NaHCO3 and concentrated to small volune. The residue

was partitioned between 5 H20 (30 nlL) and Et QAc (150
wohdes/oskes or gani ¢ | ayer was washed with wat er aam/BE2005/000032

brine, and concentrated in vacuo. The resi due was

purified by chromatography on a silica gel colum

(n-hexane/ Et OAc=2:1) to afforgh 14 (0.51 g, 0.94 mmol)

as a colorless anorphous solid in 52 %yield which

was characterized as follows: - 1H NWR (200 MHz,

AR5 i I Ry kel ) P gt iy Py
fSHidved By & dropilise Aad%o‘h 63 stémlc&bﬂlloﬁdél (B4B|b|.JL 5.4 mmol). The

OCH(CH3)2), 5.44 (s, _I) .04 (s, 1 H,
remqtlo)n-m;xtarezwas stirred fert}vhpupc& hp;@a @o@q_guenched with sat. aqg.

%%?9)’ C&éﬁfté%rtf}_%ma%[@ﬁn% 9%18 ﬁwﬁﬁ%z\gﬁg %ﬁzrﬂ'floned between

mﬁ%)%dﬁg/gc 21(5'_6(& ﬁltlgéﬂjae oﬂéﬁﬁldyécv@éav)faslﬁai With water and
b(rloﬁ( @Hg) %ncce}nyaw rt;ygcyo TI’;% resjd @;vgﬁ% pgcreéﬁydchryglagography
g a%%ﬁléagel %f%?ﬂ_ﬂl A{ﬁ %e&éné@éé&mg% t§%ffo(|:dq(45 Q. 51%805@: mmol) as

ar oma- ar oma-
a( mIOﬂ@sto lB*Bsol(dalncﬁ?a%G)leldMlﬁlch@ve(@t@rﬁ):terﬂzﬁd a&dfollows:

 SITbBk @bl bREE e e A Bt GRG0, 210 5.3

53 f -
1P ool R 300, 02020 o 2, LA Gy ot 0

eoera BHSC( 4\)5H1>I QC(CHE)2)1 D.44 61 b, C B0, B §s, i, p@(d].)H) 7.27

Celfbelat ?Ba@ﬁmb%khﬁ%% A D A5 . 85-4 6P . 31, Ar-

copcent, 10206l (4 g4 gy due vvas purlfl ed by col urm
chf’gnat%(g?lqg CHZCI 2: )(‘]—I: %I ve co

(27éCrngR)(m )DM§Qad@h§té23 HolUICn s RSB (8P EH:), 63.77

th,\&gas 1583 A! el G4 f@H@% 7%5@3@@%?%% 56 (C-4"),
2Hro. 7 (@12)).621830d 4JP]0°’= (‘W RkC- 30490) MA(C-©) 394 A, (C-C(5), 128.86

S ChararEn03 080092 areba b 107 ROORR 20 6 dapya-C). 1342
aetolfsgl, 3454 Rigfe) é%ég( AOg) 2053 g Qi 16477 (-

1(334;;{ 87 HPB ( Ac;lGO_NI\/R (200 MHz, DMSO- d6): be 23.82
(i S b i B Pt

1-(adenin-9-yl)-3-O-(diisopropylphosphonomethyl)-L-threose (15)
A solution of 11 (431 mg, 0.80 mmol) in MeOH saturated with ammonia
(100 mL) was stirred at room temperature overnight. The mixture was
concentrated, and the residue was purified by column chromatography
(CH,Cl;:MeOH=9:1) to give compound 15 (278 mg, 0.67 mmol) as a white
powder in 84 % vyield which was characterized as follows:
- "M NMR (500 MHz, DMSO-d8): &y 1.21-1.26 (m, 12H, CHa), 3.85-3.94 (m, 2H,
P CH,), 4.10-4.13 (m, 2H, C(4’) Ha, C(3")H), 4.24-4.27 (m, 1H, C(4’) Hp), 4.57-
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5C3), 89.53 (C1), 118.79 (A-C(5), 139.39

(A-C(8)), 149.47 (A-C(6), 152.90 (A-C(4)), 156.24
WO0A03(085268 - mass cal cd for CLE6H27N5C6P1 [ M+H| PCT/BE2005/000032

416. 1699, found 416.1681. 1-(thymin-1-yl)-3-0-(

di i sopropyl phosphononet hyl )-L-threose (16) 10 A

solution of 12 (715 ng, 1.7 wgol) in MeOH saturated

with anmonia (100 nL) was stirred at roomtenperature

overni ght. The m xture was concentrated, and the

el el ok dé%ﬁ“?%@%'“"“’*“yc“ 1,6.05 (brs,
m”'FNI)OtH§ B2uME LM, mllalmlemsrqS 711!4%@&?/{);8 ABi(sh1Mag(8)H);
- bl}]| & NvRi(269 Mz, @mg\&f@) 50 2382 (o) 1688) o 1685, paty),
7@@9%%;‘5 &daﬁg%%‘s‘z(c 24 78”2?}(@2 )4815362( o d = 13.6 Hz,
HC@()Z 8093 (8-B)- wasm((mcimzt;ﬁfa@gﬁp?)) 549(1)47(2 Cb(ﬁ) 152.90
= 10. 27
s (AC&@K?-T)G 24?&&& (200 MHz, CDcf(s))EDe 2.42 (br
68. 5
Rl A TR A 5 g e
cz) 85.33 (d, Jp,c = 10.6 Hz, C3'), 93.12

7&@5’37 ”16’4’?)5%5%#&’&0%?2’))”9"%@% 5’(’9@%) thé%‘g%‘fzg@ospl

[ MtH] sﬁQﬁnoﬂnE’&sﬂf(WB%ﬁoﬁ A58 0l) iABMeOH saturated W|th ammonla
1-(uracil (dllsopropylphosphononeth

I
(@@&en(l.‘b?)/vas sajntm @At gpoma tempesalyre 40veiigh y e\e Ng@qure was

t t 0 t
SEHARTAEH, L8, BRSO 0 5 ety
(@%We(ﬁﬁﬂ@ﬁ) ws@wmdmpwm:y 183I(5m$1 robr ondt lmmd))iqs a white

MeOH=20: 1) gi ve conp ]]Ml 52¢g

pmde)r lras‘;'w/omrﬁld@vrp@was qhar@@eﬁy@@ﬁf FdOUEh was

Shug i it (i, PO PRIy 180 6,1 17 b

1 39| I- 3()n$ 752&1, JEHRB,HA. 28 P @H,)4.13 (081,91 H pé(3 1, 4.24-4.31

Pcénﬁ) B O o oS Tt Ces 1880 2 FoHiG o)), 5.81 ¢

C( H) @ﬁéeﬂﬁ %c'ﬂ \J CH(A%"@Z ,'I'5CO€!|§)3H§d10 Q?i‘b|8501I-|=r|ZNH91- w

-C( 1 pPHNMIR (360 cMHzl eur,l@) Bz, 2.48 (W—QH@)) 3 89" CH(CH3)3) '64.46 (d,
Jo.c = 168.5 Hz, PCHy), 71.26 (CH(CHa)s), 73.54 (C-4'), 78.94 (C-2), 85.33 (d,
Joc=10.6 Hz, C-3"), 93.12 (C-1), 110.12 (T-C(5)), 136.40 (T-C(6), 151.08 (T-
C(2)), 164.56 (T-C(4));

- mass calcd for CgH2sN208P1 [M+H] 407.1583, found 407.1568.

1-(uracil-1-yl)-3-O-( diisopropylphosphonomethyi)-L-threose (17)

A solution of 13 (2.03 g, 4.0 mmol) in MeOH saturated with ammonia (300
mL) was stirred at room temperature overnight. The mixture was concentrated,
and the residue was purified by column chromatography (CH2Cl:MeOH=20:1) to
give compound 17 (1.52g, 3.8 mmol) as a white powder in 96 % yield which was

characterized as follows:
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- 13C NMR (200MHz, DVBO-d6) be 23.70 (CH(CH3)3), 23.79

(CH(CH3)3), 63.29 (d, Jp,c = 166.3 Hz, PCH2), 70.34
WOCHE@8RYS), 70.47 (CH(CH3)3), 72.29 (C-4'), PCT@®%£2005/000032

(C-2'), 85.23 (Jp,c = 10.7 Hz, C3'), 91.68 (C1"),

101.12 (U-C(5)), 141.12 (U-C(6), 150.72 (U-C(2)),

163.46 (G- C(4)); 10 - mass cagged for CL5H26N208P1

[ MeH] + 393. 1427, found 393. 1425.

1 (cytosin-1-yl)-3-0-(diisopropyl phosphononet hyl )-L-th

SR SR RLAR], B 46508, S b Ay 1 = 159
H@OJ}H tgmtqrzgpmrgd@%/st? iy = : T8O M xJk ©.2vekz, PIBH,), 3.98-4.28 (m,
A b GGy QLo £ S0 At I GBS b Tha 1.0 Hz, U-
GRION W8 t S e AT R P P TBHE /= 80 e
LDMQGMQﬁ) 6H 1_18 1.25 (m 12H, CH3), 3.72 (dd, J1 =
359 MR é&omu%%M%og%??@%f 784cHilrsh). 2 48 GHiera)), 63.20
R Sﬂé?)ﬁéﬁ 6&&? 34*0%@@35*270 5 i}CHt'ng %), 72.29 (C-4),
c Y BUH|(C-B), 785.23 Use £. 50Hz HzOHP-3'5. 8668, (G-1')= 131.42 (U-C(5)),
7 uatd2 Qo) go Pl Sl 19346 G5EPRaR Dok,
D'\’ﬁ%cf@@alcd)for & HQQJ{S%F'Q g\ﬂa}@ 39234728, {0ardQ4R). 33254. 46

70.30 (CH(CH3)3), 70.42
(CH(CH3)3), 72.00 (C-4'), 78 19 (C-2'), 85.66 (d,

Vafegn b - Hsgolppy phoipabomely B Albdis, 69
gg;slg%dﬁﬂld‘rpbf G45HBONBQ7 B184 Mrhbh i3 MedbB6aturateddwith ammonia

(10Qadek) nvas yB'9lrIQd dabxipos oerapesigeo BYepHEEhhdiemenigure was
q%m? Lljé e&f (dlgt)nevpegf&?é/ %65526?%% BEgOQ:Q Lﬂﬂlgo%%rorﬁgtography

'Cf phenyl (chl oro) t hi ocar bonate
OTyMe)OIaﬂEIO 1PMBPg42 6ompoufd 518m@B)! nig) lr72emm9[):l\las a white
2 mmol ) at

( -) _was .added. conpound 15

P%ﬁ@&'@rﬁ@e%aﬁt"@tdewmmé"’ %g@rpgpr&pgtqﬁmwg stirred for

22 RS COURRZ Bl 73, gty 4 e M) 1572 (. s = 130

(Cm&cw%&mopcmoa@(m Ji = 13.6 Hz, J, = 8.8 Hz, PCHp), 3.95-4.05

B ath e G0, LBy s Chm Srf iy O e 8- 464 (

aSzﬁﬂ OLEELHS8.65 {d, J278z, C-C(5)H), 5.70(d, J= 1.5 Hz, OH), 585(d J
= 15.4 Hz, C(1")H), 7.04 (br s, NH.), 7.14(br s, NHy), 7.50(d, J = 7.6 Hz, C-
C(6)H);

- 3C NMR (200MHz, DMSO-d6): 8. 23.68 (CH(CH3)s), 23.78 (CH(CHs)s),64.46
(d, Jpc = 164.8 Hz, PCHy), 70.30 (CH(CHa)s), 70.42 (CH(CHa)s), 72.00 (C-4'),
78.19 (C-2), 85.66 (d, Jpc = 12.2 Hz, C-3"), 92.30 (C-1"), 93.46 (C-C(5)),
141.63 (C-C(6), 155.47 (C-C(2)), 165.94 (C-C(4));

- mass calcd for C45H2;N3O7P1 [M+H]* 392.1586, found 392.1577.

1-(adenin-9-yl)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (19)
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sol ution of

1- (adeni n-9-yl)-2- O phenoxyt hi ocar bonyl - 3- 0- di i sopr opy
wopbgghweao- net hyl -L-threose in dried 50 nL oPCT@E2@5000032

was added tributytinhydride (339pL, 1.2 nmol) and

Al BN (48ng, 0.3 mmol ). The reaction m xture was ‘

refluxed for 6 10 hours and egncentrated in vacuo. The

residue was purified by colum chromatography

(CH2CI2 MeOH 10: 1) to give conmpound 19 (110 ng, O0.27

char i@t @r? \é@%ﬁgorff @I%rg&@hldr&tﬁ%g%@@@t% (%50 %i% mmol) and
DM/?cﬁf (Azéflng({ 8.5 Wog(ﬁh@ned2\A56N2(235nL)TWangdde@(®m‘(2c)und 15 (483

, 4.04 (dd, J1 = 10.3 Hz, J2
mcg 01 E|zmnpl)-|at 1@orn(t$n)pq§aturq Ebe(r@ac’gon nsiyepwas stirred for 12

hoprs A M%@g 4;9'(‘{% tflatg!d &&ﬁbébres %Zwéaﬁfh Eﬂ@d by column

cﬁro?né‘!égr H,Clz: MeG)HHO 0f 1t9 H)glveS $Ia(ien|nl-9-|yil) -2-O-phenoxy-
oo P-4 I RrePy Bhe s SLbii-( ABOSE 48y SOIqEeS oil. To the

é@q‘éw 3;5?3%“%‘89 @g%ph%o?(%tgfﬁ%%@@ O-dilsdtopylphosphono-

néthyld:=-rkos@3n 4RiedCa0 'mL. oil@luéﬁe(w@as:(aﬂ)ﬂ)ed thBtthBhydrlde (339pL,

1(£ng§p(g§)and_l ﬁﬁ%ﬁﬁ%é@ ﬁ(f Bm@% é@g%( %Hfé%v%sqzeﬂuxed for 6
h%gﬁs 15#?(9 C 1#6%??%&9@ ﬂﬁ74\pacuo The residue was purified by column

2- deoxy (di 1 sopropyl ph osphononet 5
ch}erhatdglranme(@ﬂﬂ)lz%@w@ thMﬁ@OWLmdeiﬂr(bbo , 0.27 mmol)

d d f 1

Sroprgssal in 7% YR S S ePlraid BRI ot o

O MR 300 aPEMOL I 18,027 . 20
% Vi e I C

ChB(AEbbra 6eB.88 (o2 :Chia) A-0dvidd. 260= Wb Mz 4z, 1H,

1 Gl s ]gogé‘grﬁzlgf(g'*)Hcf@ﬁho&{éﬁ% 1%13(&%@1 ), 4.62-4.84
0 1Qm §H4@C?l§@2«'im7> Bi21 02095/118552681 ) BE%ODgllgioggz 2.7 Hz,
315 Gt o, dranCiar. doRe aflia Ch > 2

'OCHQ%M@%% Bck) 602380 ailo:h *ge 0P -2), 68410 (d, Joc=

C( 169) HHz, 7P651%)j 713% GHlCHl;)a ), 71.46 écrHccsl);)g) 7&36&8@34) $80.49 (d,
23Jv9<z = @4(7d1ﬂ|§) §;W§§ %3 1751 f&% _Agg'f?)é,’ ‘1?5@%&?@%&», 149.73
Hz (A RGEH) 153.6F %%@t%ch%éz KTL@§KC4'), 80.23 (d, J =

- mass calcd for C1gHzzNsOsP1 [M+H]* 400.1750, found 400.1740.

1-(thymin-1-yl)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (20)

This compound was prepared as described for 19, using 16 (450 mg, 1.1
mmol) as a starting material. Column chromatographic purification
(CH2Clx:MeOH=10:1) gave compound 20 (275 mg, 0.70 mmol) as a colorless oil
in 64 % yield which was characterized as follows:

- "H NMR (200 MHz, CDCl;) 84 1.31(d, 6H, CHs), 1.34(d, 6H, CHs), 1.97(d, J =
1.1 Hz , 3H, T- CHa), 2.16(d, J = 15.0 Hz, 1H, C(2") Ha), 2.46-2.62(m, 1H,
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10.5 Hz, CG3"), 84.83 (C1I"), 110.72 (T-C(5)), 136.55
(T-C(6)), 150.57 (T- C(2)), 163.80 (T-C(4)); - nmss

woabsisfws CL6H27N207P1Nal [ MkNa] + 413. 1454, f ®@dmaE2005/000032
413. 1447. 10

1-(uracil-1-yl)-2-deoxy-3-0O (diisopropyl phosphononet hy
| )-L-threose (21) This conpoupyd was prepared as
described for 19, using 17 (1.1 g, 2.8 mol) as a
startlng materi al. Col umm chromat ographi c purification

C&"éz%pﬂ%oz%@"a oF k. PR LR et ey QB e 37 v,
aCCgr 2ﬁ9> aa zfgnhlm 2H1H03W5< (—%OOCMB‘I;I-I) CIZCM»M &tim, 2H,

1 29 1.34 CH3)

C(QOHH&H3)2, ﬁ4242ddsol1(m8 ¢ He, 42(2 2>¢+ﬂsz 1:«!466(1 }H) ¥.55(d, J = 1.1

9 . J1=10.6 H, J2 = 3.3
’Z'ZWH %&@5)%48(% ig 2788 (m 2H, C(4')Hb, O(3')H),

-4 6“@ Nl\m (200 M.’rl'Hz CDEI(]W 22 ASS(TZEH3Y, 23.92 @:H(thzs)s; 38.27 (C-

b 2@%9%@ ¢—-7@9<2dHZJP% To7 iR B C-4 89123 (0, v =

P etk s 8488 FEYN) W82 R @3B 58 (), 150.57 (T-
%?4@;21—%3080%123?(4;5)0;( cHe) 3)1 71.36 (OH CH3)8 g),4 73. 94

-{ Grash caligh 5.6+t o8y o1 Na B il 116 £454, 0 34,1447,
(UC(2)), 163.47 (UL C(4)); - mass calcd for

C15H26N207P1 [I\/H-H]+ 377.1478, found 377.1479.

Tl(b(ra WM 5ilh2-Depky-32Od(etizgpep@inhdispBopespiiyihodpeose 1 h
Y b TS SRl Yap pressrad g5 deibBedarof 8 (i 3711 9. 28
rﬁﬁm@r’f’)ph%%‘)u%ox%t?dﬂl% d@vated . plGol@mﬁ ”%Pdméb%gggb 9Burlflcatlon

tenperature. The 2005/ 085268 PCT/ BE2005/ 0
(BiHCle: Mefii=4:1) gave tomppoingi 2L{230 Moheh3 tm@molops @i eplorless oil,

.of . 289 0.8 L), .to the m xture.

#ﬂé&%’ﬁ: W%%?%?Q%&grﬁeﬁs gﬂg g'g 4 hours. Then
-an"FHfNMRg(QQOVMHZbGDiﬂI@OBA Mm.2001 Bhe(mr efH, i OH; )22 (g for5.4, 1H,
1-3 hours and the reaction mXx was_concentra

| nOEAdD, 2 He2 0L NG Ji 3 p‘aadby b 2 BERR), 3.86 (aq,

CBUDTASS AT, LIS NZ MG, Sy AR com

yi @l@5-4\8i @hy WRSOCHHCH)Rr 5. 7éc(dasl =f8)|1| temstH, U-C(5)H), 6.21 (dd, J
= 8.0 Hz, J>= 2.0 Hz, 1H, C(1))H), 7.71 (d, J = 8.0 Hz, 1H, U-C(6)H), 9.16 (s,
1H, NH);
3C NMR (200 MHz, CDCls) 8p 23.98 (CH(CHs)s)), 38.42 (C-2")), 63.86 (d, Jp,c
= 170.7 Hz, PCH,), 71.26 (CH(CHs)3), 71.36 (CH(CHa)s), 73.94 (C-4’), 80.11
d, Joc = 11.2 Hz, C-3'), 85.44 (C-1’), 101.95 (U-C(5)), 140.92 (U-C(6)),
150.63 (U-C(2)), 163.47 (U-C(4));

- mass calcd for C1sHN207P1 [M+H]" 377.1478, found 377.1479.

1-(cytosin-1-yl)-2-deoxy-3-O~(diisopropylphosphonomethyl)-L-threose (22)
To the solution of 1,2,4-triazole (662 mg, 9.6 mmol) in 15 mL pyridine was

added phosphorousoxychloride (223 uL, 2.4 mmol) at room temperature. The
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- 1H NWMR (200 MHz, CDCI3) bH 1.22-1.30 (m 12H, CH3),
2.27 (d, J = 15.0, 1H C(2')Ha), 2.41-2.55 (m 1H,
W(i(zms)obltn)ss 3.63 (d, J = 9.5 Hz, 2H, PCH2), 3. 9RCtaa2005/000032

, = 10.3, J2 = 3.5, H C(4')Ha), 4.22-4.36 (m 2H,
C(4)Hb C(3')H, 4. 4.76 10 (m 2H, OCH(CH3)2),

5.77 (d, J = 7.3 Hz, H C&p)H,6.17 (dd, J, = 7.3,
J2:1.8,1H,C(1)H) 767(d J =7.3 H, 1H,
CC(6)H) 8.18 (s, 2H, NH2 - 13C NWR ( 200 MHz,

r’glétu(ge waslgé'%g E&r( @%Eé?t) Ihgg té@g%)@_@‘%ﬁf f’éé’%}% 0.80 mmol)

wideHaEHBY 3b, thé lmBGuleCHie idabtion fktd (as4stired@ortd Kalrs. Then

Jp,c =11.2 Hz, C3'), 86.68 (C1'), 94.21 (C-C(5)),
ansnoAiR ga@QN@@e;l;gbblq@eng@ the: ceagtion yxiuge f p(;'kg% l;qurs_ and the

r%%@?%%{?&ﬂré Was%%%ﬁﬁggapﬁ%ubwm reé%%e]\fé%? quiﬁé'(iri‘ %y column
chrdmdwyrapﬁy {CHCl MdDHes pMY O @mdmbmpbumm eec(geo smgil mﬁs mmol)
salt (3a) To a sal utlon of 15 rmP 2)

as a3 rplotlers fgampinpve eidy which ggggg@ged as follows:
bf%‘ﬂIMRU@beﬁk' 0%14 2001 Pb.1.30 2 MRIH, @Hl1,) 9. (d, J = 15.0, 1H,

ten‘perat reatlon m Xt ure was Stll‘l‘e
hoG(Z)H.Jhe. 4He&66|(ﬂn W C@LbtaY A3 i1 h=19.6 Hi, ZFEAEBSHz) 3.91 (dd,

5221“8' o e8P0 G4t 46 et iy C(3)H). 4.56-4.76

1 2 _
OundM@PTﬁPU Iflg’c')slﬁdy )73Hz nMeccc )tGW‘%dd J1 7.3, Jo=

ation usin aex E'A-25'with
gréuﬂi dht, CREEAB) sbB(d oh=253 Zbr‘h B C(RMH)o 801 &(svi2ithdNHDn

exqg}gm% (b%%d &ﬁ%DQ%}ﬁf]é@C %ﬁ% (Cﬁﬁéﬁ%leyf ﬁ%aﬁléi?é\ﬁfﬁﬁ 66 (d, Jrc

f
\gﬁssﬁﬁzgq% gPCH%P' BE48 é%l(@%)g% 71*60%(@99%1 TRQTH(CHa)a),

C(214)1F42 C4{)3'80:40 d éf20(=dd1 21 Hzs C‘m ;éfs 68 ( ¢-1z> ®4-21 (C-C(5)).

5. W ?((?C ?% ‘f@@?@ﬁﬁ@f 1§%08§ (qCE%))Aquz) Ei)( 0
_zowsgmf&@e%mwpm@mmp%m 1687, Wold 306ME38,

D20): 6,,70.1(d, JP,c = 164.6 Hz, PCH2), 75.38 (C-4'),
80.70 (C-2'), 87.56 (Jp,c = 9.8 Hz, C3'), 91.93

ey ML Aoy o g st R,

( 500Nz a §220fon b 153288;mg, 6. a‘mmncotl)aland EN (1mL) in DCM (9 mL)

C10H 6P1 330. d 330
wag @ﬁagé 3or9n3ﬂ[t5'm§ ftylsvleﬁss@%n fﬁymm@) ﬂ? regektarpRprgiyre. The
ré8tfiord AfRture was stirred for 48 hours. The reaction was quenched with 1.0 M
TEAB solution. The mixture was concentrated, and the residue was purified by

1
56-
1

column chromatography (CH.Cl.:MeOH /2:1, 1:1, 1:2) to give crude title

compound. Purification using sephadex-DEAE A-25 with gradient TEAB solution

from 0.01 M to 0.5 M and ion exchanges by the Dowex-Na+ resin offered 3a (96

mg, 0.25 mmol) as a colorless solid, in 45% vyield, which was characterized as

follows:

- 'H NMR (500MHz, D,0) 8y 3.54-3.62 (m, 2H, PCH,), 4.32-4.39 (m, 3H,
C(4")Hz, C(3")H), 4.82 (dd, J; = 2.4 Hz, J>= 2.0 Hz, 1H, C(2")H), 6.09 (d, J =
2.4 Hz, 1H, C(1)H), 8.23 (s, 1H, A-C(8)H), 8.45 (s, 1H, A-C(2)H);
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Thi s conmpound was prepared as described for 3a, using

16 (220 ng, 0.58 mmol) as starting material. Conpound
wGeho(5985268, 0.24 mmol) was obtained as a 10 ceCOMBER&S/000032
solid in 42 %yield, which was characterized as

follows: - 1H NWVR (500MHz, D20) bH 1.89 (s, 3H,

T-CH3), 3.60-3.68 (m 2H, PC%) 4.16 (d, J = 4.1 Hz,

1 H C3)H, 4. 24(dd, J, 7 J2 = 4.1 Hz, 1 H
C(4'YHa), 4.42 (d, J = 10.7 Hz, 1H C(4')Hp), 4.45

ey S S8 g 1 o 2Bt R 8 0,

D T _
2&) 70%7%5*7%#3?(% (6 )9 86‘1~Tz 9(? 3)0' 91Jgi8 g}m )15172122H<A (5), 143.74

11(NC|&&)) G649 (ALQ(622 15@4& 6\0(11131%30(% );), 140 66

T > 69.39 (T-C(4)): - 31P NMR

§538 n@ﬂq @m"%% [%j)cg B80T oal bd for) BLomiaNDOSPT
-[ Mnbks card. f@ﬂ@onaNHO@'PSN-I-QﬂI??JO 0688, found 330.0602.

1-(uracil-1-yl)-3-0-(phosphononet hyI) L-t hreose sodi um
salt (3c) This corrpound was prepared as described for

Pl P oB R P P Ble ot sais) o
I( 23431% ;iﬁrglagunghwlbz)s paspaokd abnledcAlsed faBaristsg 16220 mg, 0.58

mmep qq\ﬁa(tmmm;@n Fﬁ‘é’asngné @B&@act N Infﬂre %}rﬁgla;%; obiained as a
%Eﬂ'@ Fg—lz%l@ 4 T43: "%m \}vhféh was §h:§r’é'2: er&e@ﬁas(ﬂ)%w%‘ :: 10. 7
-Hz'H NMR, KC(OMHEIbDQCﬁ} 64471 (8@ (s 3, uczHa H)3 6@% ((m 2H, PCHy),

(ol Bt e ST By Rt A9, £ 8 e
g@ﬂg%h@@ggﬂé 13;17 HFz)gﬁFz?t W&H@OQ Mli moezgéamg 5.85(d, J =

(C12I)12. 1817 C(3' ), 7.59- 71@07?mH2H C@(@)HS% 63 (C-1')

e8IV = By PSR, ST e i’é’i 2.Hz, PCH,)

gg};@gga(lo:d)f@m 1QEL2NOBRT (M = 1307 HB3TL3')f 04rm (C-1'), 113.36

L QB .G (St o 48 30T
~Gos EAMERGOMEL, BT R 1B 160 g, To 38

- mass calcd for C1oH14N20gP4 [M-H] 321.0488, found 321.0474.

1-(uracil~1-yl)-3-O-(phosphonomethyl)-L-threose sodium salt (3c)

This compound was prepared as described for 3a using 17 (200 mg, 0.53
mmol) as a starting material and TBMSBr (200 mL, 2.1 mmol). Compound 3¢ (93
mg, 0.26 mmol) was obtained as a colorless solid, in 49 % yield, which was
characterized as follows:

- "H NMR (500 MHz, D,0) &y 3.58-3.67 (m, 2H, PCHy), 4.16 (d, J = 3.3 Hz, 1H,
C(3')H), 4.26 (dd, J;=10.7 Hz, Jo,= 3.9 Hz, 1H, C(4')H.), 4.45 (d, J = 10.7 Hz,
1H, C(4")Hp), 4.47 (s, 1H, C(2")H), 5.85 (d, J = 8.0 Hz, 1H, U-C(5)H), 5.85 (s,
1H, C(1)H), 7.80 (d, J = 8.1 Hz, 1H, U-C(6)H);
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nmmol ) as a starting material. Conpound 3d (58 ng, 0.16
mol ) was obtained as 10 a colorless solid, in 43 %

we@izelshgsaski ch was characterized as follows: 1 PCKBR2005/000032

(500MHz, D20) bH 3.53-3.62 (m 2H, PCH2), 4.15 (d, J =

3.7 Hz, 1 H, C(3)H),4.27(dd,J,:107Hz,32:

3.7 Hz, 1 H C(4')Ha), 4.42 (g4 1 H C(2')H, 4.44
(d,J:107Hz 1H C(4)Ho), 5.86 (s, 1 H, C(l)H)

6. dJ=7 Hz, G C(5)H, 7.77 (d, J =

C C 5 Q) 68.0 J

© G0\ SBEC 5, S PR B P o,

87 -8 104)09 (U-C(5)), 145.23
o 88%5? é@;uzgrsﬁwidu ol% H£@3W ggaﬁsogc?é()& )ga (U-C(5)),

168)-846 ) t:@za)z;s (U-CER 1@&:12%5 D20) bP 15. 28;

306§’dﬁ@{g&®8{7lk&9516')\%0¥§§7[ M |‘|] 306. 0491, found
-1- frede Riaftdlfoy CyHZNMERY {BHI9Y (307 G380 fauret BYT J03R5t hr eos

e sodiumsalt (3e) This conpound was prepared as
described for 3a, using 19 (70 ng, 0.23 mol) as a

TP ES Bhog RIRINGRY T - IidodBso it sp T o

was Clis soinpound dvass pfapdredss défscnb&d—lfmm,(lmmw (150 mg, 0.38
60C) bH 2.63 = 15

r@p@-l))q.%§1 )s tarting J‘Qatgﬁ_la ,&;‘[]orrl\pcp_pncb?g}?sz)ﬁ %1%@@1’%}4weﬁqobtamed as

aé%’!%pﬁﬁ%'@él id, ir&@? J@%m J\ibhrch v&&s Qhé‘#écte}%ea afbféubla/s 1 H,

-(db NMR 5051\/542%@@)26;3535392 (m 2A=H Blz |4) 5@39 3.7 Hz, 1H,

1 fio i%%gﬁﬁ il -(07 Rl Bt i BlbM4325 W cm,

5/ 5 5@9 1 .06¢d, J = 7.6 Hz, C-
39 78 Q/Z) @@ng%fl? ct H"? W?s(g NEK gwgcﬂ, ‘€76. 53
)51) 82776, ¢ 7 e, G—Q(ﬁ)*é) Hz, C 3 ), 86.32 (G-1'),

o

%%Dgé@s’ G@‘Ff} 465 22 gd 'TB\:S@ =Cﬂl|1 @H&QTC -GINHISNBOER ") [48:23(C- C(5))
oun
1- (#ByMH(B=G(B)), )169- Qﬁ(@x?(%)) 368BHEHRENINet hy! ) - L- t hr eos
f It f 20 (260 , 0.67
ﬁ%ﬁ?“%%@%% bﬁ§9) in I(()250m -) (vvas ggded
4 ogtedssi amdd s i eNAO:PLIMAH] FE64MMTbUNABOBMAS1. The

reaction m xture

1-(adenin-1-yl)-2-deoxy-3-O-(phosphonomethyl)-L-threose sodium salt (3e)

This compound was prepared as described for 3a, using 19 (70 mg, 0.23
mmol) as a starting material. Compound 3e (38 mg, 0.11 mmol) was obtained as
a colorless solid, in 43% yield, which was characterized as follows:

- "H NMR (500MHz, D20, 60°C) &4 2.63(dd, Js = 15.5 Hz, J, = 1.3 Hz, 1H,
C(2)H,), 2.75-2.81 (m, 1H, C(2")Hy), 3.55-3.64 (m, 2H, P CH>), 4.09 (dd, J1 =
10.0 Hz, J>= 4.0 Hz, 1H, C(4')H.), 4.33 (d, J = 10.0 Hz, 1H, C(4’)Hp), 4.51 (dd,
Js= 5.5 Hz, J;= 4.5 Hz, 1H, C(3')H), 6.39 (dd, J; = 8.0 Hz, J>= 2.0 Hz, 1H,
C(1)H), 8.22 (s, 1H, C(2)H), 8.49 (s, 1H, C(8)H);



5

10

15

20

25

10 was stirred for 2 hours. The reaction was quenched
with 1.0 M TEAB sol ution. The m xture was
woansasszwat ed, and the residue was purified byPCoBERIDS/000032

chromat ogr aphy (CH2Cl 2: MeOH /2:1, 1:1, 1:2) to give

crude 3f. Purification using sephadex-DEAE A-25 with
gradi ent TEAB sol ution from 1 Mto 0.5 Mand ion
exchanges by the Dowex-Na+ resin offered 3f (95 ng,

0.27 mmol) as a colorless 15 solid, in 40 %yleld

-Dos M (GAPRSR.Ches 59 740 hes 344 o 1108 2, PoHy)

-1 2 51
g(H?s ggigs 4%3@8 57% et %m 11"9 Qé ow?) 86352 (e:i )6512(1rr13 (A-C(5)),

C( 3. 8@)(4“\ QA(&3B 12314613 (An‘ﬁ(@))i, 1@2'5)(%(4@& 3? 53—08 (A C(2))

"7, 7%(@'9‘31(%905’.‘%2'@!8)16 iz5"1_'4%20 (6) &o b ad R (500

-Was@%@)cd@@r@r @QNI@W% 93620652. foun@B1BL0G3R. J =
Hz, PCHD) C—'),8266(d J = 11.3 He,

,88 41 (C-1'), 113.94 (T- (C(5)), 141.32

1&@&;0%)%%5%)3@ @%E&on%@t@%ﬁ%&?& Sodiun? 3£t (30

Cl?HJ]'@\BQESI%hohMﬂZU (ZB05ma58& 7 frmuwld aRATEIPSIT.mL) in DCM (25 mL)
1-(ur

was) a@d%%wtrgn@hyﬁu‘ﬁﬁep%ﬁ%ﬁ@f R/P§ Mmehat §s &-si (rAction mixture
wé% ktikd@or ?'r%ltggnﬁﬁé‘qgaﬁqfn %ar%f’?hé‘r%h%% WRACT.HDACTERB solution.

, using as a starting
Titmest emlxajrealwias mdmcentmteldysahdnthe( Oregiduel wess purifigld) .by column

chEPrgOLIRNG 4 s MR Ac o 520 3 SACGUOBaHs fuliftion using

s%ﬁ/?é‘édék SIEhE Whbs W\/:M@%ra@'@{taFERB's%ﬂﬂlﬁﬁfr&%' o, QVI\EM to &t5'M and ion
, 2. 31-2, 35 C(2') Ha

ezctjamge$ by ¢Im@ Dgwex N@Qr@sﬂbpﬁemds%f 8% mg, .22 ML a colorless
5 C(4')Ha),

Hiddnifts | Yikid: i %F% Ci’éfadﬁ'%ﬁéj %gou%ﬁs' - 10.5 Hz, J2
= HNMR ( z@!ocHMH}él4{3.);o)4las)4 1@1&8 $|€IJTJCFI3)8 .B28, J=H154 Hz, 1H,

q&z; b 25852 64 (s CAPUT 357 68 Gprph. PGl as(dd, Jy =

(G905 FPDL0lei2 9, g 136851 f. 4, B co

C- 8:20(d88J5% & 8-HZ) J; £02.44B1z( WHI(GN))H), ¥O78(d548% 1.0 Hz, 1H, T-
(uce)(@, 169.23 (U-C(4));
C(6)H);
3C NMR (500 MHz, D,0) 8¢ 14.50(T-CH3), 39.62(C-2'), 67.81 (d, J = 158.1
Hz, PCH,), 76.63 (C-4"), 82.66 (d, J = 11.3 Hz, C-3"), 88.41 (C-1"), 113.94 (T-
(C(5)), 141.32 (T-(C(6)), 154.68 (T-(C(2)), 169.51 (T-C(4));
3P NMR (500 MHz, D;0) 8y 16.02;
mass calcd for C1oH14N207P4 [M-H]" 305.0538, found 305.0537.

1-(uracil-1-yl)-2-deoxy-3-O-(phosphonomethyl)-L-threose sodium salt (39g)
This compound was prepared as described for 3f, using 21 (154 mg, 0.41

mmol) as a starting material and iodotrimethysilane (0.47 mL, 3.3 mmol).
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- 31P NWR (500 MHz, D20) bP 15.72; - mass calcd for
CgH12N207P1 [ M H] - 291.0382, found 291. 0391.

WaQ-200sy088%8 N- 1- yl ) - 2- deoxy- 3- O ( phosphononet hyl peLBERE0S000032
se sodiumsalt (3h) 15 This conpound was prepared as
descri bed for 3f, using 22 (200 ng, 0.53 mol) as a
starting material and iodotriggethysilane (0.6 nlL, 4.2
mml ). Conpound 3h (130 ng, 0.38 mmvl) was obtai ned
as a colorless solid, in 73 % yield, which was

Conapsihe 3’ B0, 8%, honwﬁ@pzw? 5 O0Eiea00s MEohRRs R, in 34%
y?egi Qﬂ%oh W&s cfi’arﬁ@te?lz@é a@ffblléihb I:’CHZ) 2 01 (dd, J1 =

L HONMRHE00AMHE () G 51813 35 e M, Fl2 @)43 $TBd2 (m, 1H,
200 35702 (R 2 RCRS BN B A s 1. 2 A 7 Hz, 1H,
H C@J%@)sts 4. 4m3(@1 N C@WW@ [20) Jﬁe 1975 fl (@—SQ)Q Hz, 1H,
(dC("J) 3) oh .96 (4. w548 Hie, 85, PLO(@FR) § 21d8od: {8ty 22 2.0 He,

SRR TS S e ‘*I%(@@(G-Hﬁisé 22&5‘?22
gg@gmgoo NYiHE: DRX). az,sas ;61‘ (:ﬁ‘g@cb) 280.565uk2 J =31H6/@ Hz, PCH,),
AntSFily g¢ éct&%é%%@oﬁ'p 8\%3 51’?’ WZV(&?J& e1(91f or (U-C(3)),

t hej 2 i the replication of HV in
a ?%??Rgﬁﬁ%@r eHPrg 3I @Pgm)gcute infection. The H V-1
-(1'PE)MR (560 Mz eQande 1&2H V-2 (ROD) stock were

by S BRI E-BY DR BB nape dadt o1

inhibitory effect of the conpounds on H V-1 and HI V-2
replication were nonitored by neasuring the Jél?blﬂt

Tofoykasia- 1c)é’l)-ld23d®>d/a§-§3 éf?/t@phpﬁp@}gth)dhth ysal(3h)
:hg mng%ﬁnmpf’puﬁﬁs%%@%%gfa% dﬂi%heq‘? Saof%?gf W%H&QQLKQDO%Q 0.53

rAnfoBt rRZ & lsiaitb@seﬁlat@ﬂbbrarfmtmd@tan&IthWIahe ¢epermt, ne4 2 mmol).

t he 'nunber of viable 10 cells. I\/DTA bbre ti o
Gompeuns du (F9 mmhas aﬂmp&sma%n tringd Zﬂ%?s solid, in 73 %

yield, which was characterized as follows:

- "H NMR (500 MHz, D20) 8 2.32 (d, J = 15.3, 1H, C(2')Ha), 2.56-2.61 (m, 1H,
C(2')Hp), 3.52-3.61 (m, 2H, PCHy), 4.01 (dd, J; = 10.5 Hz, J> = 3.6 Hz, 1H,
C(4')Ha), 4.39-4.40 (m, 1H, C(3)H), 4.44 (dd, J1=10.7, J2= 1.7 Hz, C(4’) Hp),
6.06 (d, J = 7.6 Hz, 1H, C-C(5)H),6.20 (dd, J1 = 7.8 Hz, J, = 2.0 Hz ,1H,
C(1")H), 7.95 (d, J = 7.6 Hz, 1H, C-C(6)H);

- BC NMR (500 MHz, D;0) 8¢ 37.22 (C-2'), 64.88 (d, J = 157.2 Hz, PCHy),
74.37 (C-4"), 79.99 (d, J = 11.7 Hz, C-3'), 86.71 (C-1"), 95.99 (C-C(5)), 143.02
(C-C(6), 157.56 (C-C(2)), 169.2 3(C-C(4));

- 3P NMR (500 MHz, D,0) &, 15.96;

- mass calcd for CgH13N3OgP+ [M-H]" 290.0535, found 290.0542.
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both against H V-1 and H V-2. PMDTT (abbreviation for
conmound 3f) has an I C50 value of 2.4 pg/nL agai nst
woélkdsbssaeel H V- 2. No cytotoxicity was observedpPEDBE2005/000032
PMDTA nor PMDTT at the highest concentration tested
(125 pg/ L), giving the 15 conmpounds a SI of > 125
(PMDTA) and > 50 (PMDTT) in tdywese cellular systens.
In the cellular test system both conmpounds are as
active as PVMEA and PMPA, and their cytotoxicity is

ower,. Exa % The nucl eosi des 106a and 106b were
%ﬂ%&i&@m from(S)-f3-

Hy dr @ompolmisy r! &4t ansre( felngUa@ed)forTl’lfBWyptFtenwl g:bolmublt the
in position 3 is protected b[y benzoy] ati on
replinabing qfé'WéBLﬁ:é@“ G4iiwg mpdal fopacHteripfect: fﬂﬁ‘e olﬁié?u(ma) virus

spycs{ %ﬂn LF§PBQ ‘bﬁgg(g{ ﬁ%&%‘p@%lﬁ@@?l‘o?n %@%ﬁﬂ%&e sifernatant of

enzoyl adeni ne
HIwt 1 QﬁUHB;dZUMfeStgeéBrMIIF 4 a:elld;,emsspec’amlyys’ﬂ'hegunhmiﬂ@r;a effect of the
mxture 25 %104a an ﬂ 104b with.the %
cRpIRaUNd FSnOTR g?uf%‘?licé‘ on r\%%f&emqw@r?ﬂ y measuring the

v%-’tf?ﬁtgto?%*l’qf‘ ﬁs 5 é@/saﬁﬁerlﬂf@:ti'oﬁ @3}?&05(&’(9% tﬁbeébmpounds was

renolngthe enzo protecting groups w th anmoni a
dertemanbdlm)paraﬂlehbylmeamhmgaﬂmwhbﬁtyt ef moaktinfestadscells on day 5,

i ntroduced .us the triflate . .
a8 e Biresl nleriatRt Fadhes! ta setRamming dne iy of viable
oA 2005/ 085268 PCT/ BE2005/ 000032 98

(S)-13-Benzoyl oxy but yrol actone (101) To the
sol utR\RTéF (a(b@re\aa%wn‘@x@oryowm pedishewsran (Gsoovajue @f d.0 pg/mL

ARkl g TP HV 3 IR AP SR8l 8 e an

VaRIgTBfl 2tP p@mm dGATRET AT\ Ealid GHIWE2, rNedcwm@xmutghNas Biwerved for
reacti on was concentrated and coevapor at ed

RMP#éneott RMQTH@& they highasd comﬁ@nhr@tyru t@@§125 uglmL) giving the
%ﬁdl}n'd%rbegl B?L‘A%'(Aﬂﬁﬁ'lﬁ]}%nﬁ@ 5018 @f‘fg{fh%sgi'éellglg?%ystems

anic la th water and
Inoh@@@tlmlat mbtlwsmubothTmpesmMar@\/as aqhivei 48 PMEA and PMPA,
chrorrat %on a silica gel colum
OW)er-to afford 101 (1.78 g, 8.6 mmmol)
as a vvhlte solid, in 89%yield, , which was 10
characterized as follows: - 1H NWR (200 vHz, CDCl 3) 8H
Exanpl8.808 (m 2H, C(2')H2), 4.58-4.70 (m 2H,

The nucleosides 106a and 106b were synthesized starting from (S)-B-
Hydroxy-y-butyrolactone (figure 1). The hydroxyl group in position 3 is protected
by benzoylation and the lactone is reduced using Dibal-H in THF. The anomeric
hydroxyl group is protected with acetic anhydride in pyridine. The nucleobase
(N®-benzoyladenine) is introduced using SnCl, as Lewis catalyst, giving a mixture
of compound 104a and 104b with the base moiety in 8 and a configuration
respectively.

Deprotection of 104a and 104b is done in one step, removing the benzoyl
protecting groups with ammonia in methanol. Finally, the phosphonate function is
introduced using the triflate of diisopropylphosphonomethy! alcohol and NaH in
THF.
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C(4'")H2), 5.70-5.75 (m 1 H C(3')H), 7.49-8.07 (m

5H, Ar-H); - 13C NWR (200 MHz, CDCI3) 8H 33.21 (C-2'),
wo20Bdsges4' ), 71.73 (C3'), 127.24 (arom C), PCEBE4AB®S/000032

(CGarom, 132.43 (C-arom, 169.05 (Bz-CO; 15 - nmss

cal cd. for Cl1H1I0O4Nal 229. 0477, found 229.0435.

3- O benzoyl - 2-deoxy-t hreose (df2) To a solution of 101

(0.780 g, 3.8 mml) in 13 nL dry THE was slowy

dropwi se added 1 0O M diisopropyl alum niumhydride (4.7

. oI u at -78 C. The reaction

and as soon as the

start | i el T

hour ;‘)0“9‘ 'E}%'%ﬁ‘ OJW@%E?“&E*&&G* BufiPSatiRe (118, £8 mmon in 25

miuwndjmbh/eas addéd dropwise Bx@il (M rgnibatii2. B/\umobrm\ﬂe‘tc 'ﬂlﬁe reaction
nL. of a saturated ageous sodi um ssiumtart e .

g1 s b K LOHR SBPORU TR BS SAaeH ONRH g | N6 reaction was

c@hééHtrrﬁteﬁtérH %E%'p%%t@&l%% foflie J‘?ebﬂWﬁﬁesm CalliSahe& résidue was

ayer was washed wt wat er an rine, and

peotittsed: beweam tie? (/Hi:lumL) ahe EtOfd mﬁa mias The iorgaticdayer was

h to |
WA hRABRY. 85 e 5Ra " SRnse Dbt I vaauo, T residue was
pRirified oby Qﬁﬁo@n‘akogrbth 06 & 'sﬁltc‘é ﬁ\éh'c‘éiurﬂﬁsl\’j_lZ-hexane/EtOAFSﬂ) to
characteri zed as MR (200 3)

affosd-0UQ1 7§ 9218 6cr(nm9'Hza>s a4wmﬂe4s®@ (im 89%4 vield, , which was
ﬁ(#a gﬁéﬂéﬁf&] 82 (m 2H, C(1' + 3')H), 7.40-8.07

"2005/ 085268 PCT/ BE2005/ 000032 99 -
- 13 INNGRR( M-z, GG ?BH’CZWEY 8. @(m@l—ﬁi}(z?%}m 58-4.70 (m, 2H,
74.97, 12 4(aromC 69 (aromC
(afEIY), 5766543 (MBAHOG (S’ )H)naég &Y &, SHoAr-H);

C”"%%ﬁ@éﬁ%p%@bépﬁéﬁﬂ%%ﬁ%&@ﬂﬁéﬁseflf’%%sz TREP). 127.24

@r@ﬁﬁb)(' 128 43 ?@%8%'%91 3. qgg@aﬁoh'i)e%g 0@(%% oo the

ution of 102 mEt 3N was
—adma?‘os adas b rs@+1Ha B0 2229.04 34, fmmgi 2@19@04350\P (8.8 ny,
0.072 mmol ) at 0 C. the reaction m xture was war ned
to roomtenperature and stirring for 3 hours. Then 10

FOs&dvRPafboxydRFedsRC1M@23Nnd the resi due was purified
by chromatography on a _silica col um

(n- hebResTuiige 061011 (B780 s 3c8n13mﬂhhlm®§anthry HgF was slowly
q?gé\zlsemgghégam%%’ggﬁgoﬁ& r?|8@lﬁﬁ]®&l‘l8&d(4.?n91L:,|'043.9 mmol) in

toluene at -78 °C. The reaction mixture was stirred at -78 °C, and as soon as the

starting material was completely consumed (TLC, 2 hours), methanol (2 mL) was
slowly added in order to quench the reaction. The cooling bath was removed, 15
mL of a saturated ageous sodium potassium tartrate solution and 25 mbL of
EtOAc were added and the mixture stirred vigorously for 3 hours. The organic
layer was washed with water and brine, and concentrated under vacuo. The
residue was purified by chromatography on a silica gel column (n-
hexane/EtOAc=8:2) to afford 102 (590 mg, 2.8 mmol) as a colorless oil, in 75%
yield, which was characterized as follows:

- "H NMR (200 MHz, CDCl3) 8y 2.30-2.40 (m, 2H, C(2’)H,), 4.05-4.36 (m, 2H,

C(4')Hy), 5.30-5.82 (m, 2H, C(1’ + 3')H), 7.40-8.07 (m, 5H, Ar-H),
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oil, in 18%yield, which were characterized as

follows: Conpound 103a: 15 - 1H NWR (200 MHz, CDCl 3)
wekh@3/08726¢s, 3H, CH3), 2.48-2.52 (m 2H, C(2') PRY/BE2005/000032
4.14 (dd, J1=10.6 Hz, J2=2.2 Hz, | H, C(4')Hb), 4.26

(dd, J1=10.6 Hz, J2=4.2 Hz, 1H, C(4')Ha), 5.61-5.65

(m 1H C(3')H), 6.49 (t, J=%0 Hz, 1H T(1')H),
7.40-8.05 (m 5H, Ar-H). Conpound 103b: 20 - 1H NWR

(200 MHz, CDCI3) 6H 2.07 (s, 3H, CH3), 2.41-2.46 (m

&) MMF! Booyity CoSI fo 410, 731555 73947 £ 7128 44 (arom-C),
C({’Qq 6%)(’3@1"@%_ 53@%;((5}0&}(':()9%@ 4)4"?52—@0‘30 (d, J=4.4 o

. 251
-6 mhss za;ddattmﬁﬂngQAl\)aﬂNBWﬂniﬁwmdwz?hT @@2%
(104a) and 1 a-( N6-

benzoyl adeni n-9-yl ) -3- O benzoyl - 2- deoxy-t hreose (104b)

L _O-acetyl-3-O-b /-
TRORBUH o0zl 4G ol Slasaprond O acel5,0:pensoy

qu:’ec)xymeaise)m%é added SnC 4 (0.3 nL, 2.5 nmol)

il SIS IR e o

fs@ NS hnd DiVIARL (8N @0¢2\£@mol) at 0 °C. the
d%%%\%’/SOS 268 E2005/ 800032 100( concentrat ed,

reastiatumixtees wamwammdatp mmé@wpﬂm«ezenms}lrrmdf%&j&eurs Then
nL
P Rar Tl v R LRI Rl & gty on &

sﬁlk';b' éleéjolbmmh’f RERARYEEDAY=9N) 0 Ve cengmundomﬂm (117 mg, 0.47
(CH2 40: Og&to affordanz ture o{ orl
mm@h)easscql@des&@ll i GaPoryioln) 2501193533, 1ide Ol SATEReN@solorless

fllcljrb@% ﬁglwm§% glg?r%%q?%atdﬁﬁ“ﬁ%g agd as el uent

(rdjmp@gh@ﬂoaad as follows: Conpound 104a: - H NWR (500

'm’m i\lcﬁg : S%%D@'S)@H (anb7 s %%@@%}8@3 553m A, C2)Ha),
& 394, L8560 T 0 PCPuto) .26 (G4, JER0.6 Hz, Jo=4.2

C( Hz) HH, 44)$+33; 551( 5165 aﬁ}ﬂ HAG(B)H),- 61490(tNN4524 0508, 1H C(1H),

MHz, CDCl3) SH 38.59 (C2'), 73.43 (CG4'), 74.34

(C7a#0:8.0g5m,zH, Ar-H).

Compound 103b:

- "H NMR (200 MHz, CDCl3) 84 2.07 (s, 3H, CHa), 2.41-2.46 (m, 2H, C(2')H2),
4.22 (dd, Js=10.6 Hz, Jo= 2.6 Hz, 1H, C(4")Hb), 4.36 (dd, J+=10.6 Hz, J>=5.2
Hz, 1H, C(4’)Ha), 5.61-5.65 (m, 1H, C(3")H), 6.40 (d, J=4.4 Hz, 1H, C(1)H),

7.43-8.09 (m, 5H, Ar-H).

1-(N®-benzoyladenin-9-yl)-3-O-benzoyl-2-deoxy-threose  (104a) and 10-(N°-
benzoyladenin-9-yl)-3-O-benzoyl-2-deoxy-threose (104b)

To a mixture of 103 (210 mg, 0.84 mmol) and NE-benzoyladenine (405 mg,
1.62 mmol) in dry MeCN (30 mL) was dropwise added SnCl, (0.3 mL, 2.5 mmol)
under N, at 0 °C. The reaction mixture was warmed to room temperature and

stirred for 1.5 hours. Then the reaction was quenched with sat NHCO3 and
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(G1), 127.88 (aromC), 128.45 (arom(C), 128.73

(aromC), 129.64 (aromC), 132.69 (aromC), 133.40
woaommsss 164. 74 (Bz -CO, 166.00 (Bz-CO; 15PETMBEI®S/000032

calcd. for C23HI9NSO4Nal 452.1335, found 452.1339.

Conpound 104b: - 1H NMR (500 MHz, CDCI 3) 5H 2.90-2.96

(m 1 H C(2)Hd), 3.05 (d, thpl5.4 Hz, 1H C(2')Ha),

4.40 (dd, J1=4.4 Hz, J2=10.0 Hz, | H C(4')Hb), 4. 46

(d, JlOO Hz I H C(4)Ha) 574(m I H C(3)

cigentieied T 1@2% £ sttt bl 0 @8@@)@8&5 OAc (100

€k ridZE I%E t t d under
m@ fgé?hll% éayégv%ér\gén‘?ﬁc’sd WIltggNé?tgr ah&oking, a o ntrated un

om C
vdczuwm The relsmueGWa(sapunﬁle{c) bylgig'ogmtpgm@n al@,grlm@gel column

(céj @%@g—iﬁ%gégs ocgﬁj%xtg%zgiggﬁ%%niég (187 mg, 0.44 mmol)

|n15% égﬁ'&ﬂ'\ﬂhl%w/{/érez %I?@éﬂa‘ﬂét%@sl%lﬁ%%@ba@nde TLC and as eluent
nin deoxy-t hr eose 5b) A sol Ptl on of
(Q1a4Gl @Oy 4001 ):{3 times)), wmchrmﬁbareﬁa@r
ammnl 636 nm.) was stirred at roomtenperature

'ﬁm ¥he solution was 30 concentrated under

7, e5hay s 8dier 1y, C ), B(23-3.28 (m, 1H,
2%%@8 E’@T/ BE200 /68(325032 1cﬁgchr onggg?

( @&@Hz), ma{ow;)mmgﬁ VE, EHADDhdt-094dd (A& 415 Ji= 46 Hz, 1H,

Craiy e Tl SHE Gy, 650X B 1, BUNRR 745815 (m.

sw@_,zﬁ( P34 (m 1H, C(2 )Hb) 2.78- 2. 85 (m 1 H,
3.76 (d, J=8.

-31133 NMFM&O@ I\ﬂ—lz—JzQDQfg) ﬁHqs 59 4&:)3,95)73 é@‘ },2714 %ﬂch 3), 85.15

OH(C i%,ﬁ?éa% ()a,[Bm &), 5%8 %@érgﬁf»%hﬂs 78 @meé 1o), ‘]29_[661 (arom-C),

H 835 68- BRorhe), 1384 0HaRdm-OprBaLny B@@owamao@@paz@o)
as escrlbed f'or 105a usi 104b (110 nmol )
-asmesarogiaty fmm@aHﬁﬂsQuﬁ‘tﬁw&sZ bBi%ifaend nga 1339- O 22

[) a ite solid |n86%y|eld,v\h|chvvas

Capdutd BBy Ls Follovs: 10 - 1H VR (200 Me.

D'Vﬁq)l\ﬂ\ﬁbza @gavl%g goo’fﬂg)(anz .06h2.G6 2iv), Hib), C(2 )6iB).23.05 ((m/=15.4 Hz,

H, 1B|,—|)C(25H801)‘( 40 (ddAJ14=4|-&(Hz J2—10%(Hz) 1H, C(4)I§lg) (A{n46](d J=10.0
Hz, 1H, C(4')Ha), 5.74 (m, 1H, C(3")H), 6.56 (d, J=7.1 Hz, 1H, C(1)H), 7.38-
8.03 (m, 10H, Ar-H);

- 13C NMR (500 MHz, CDCls) & 38.63 (C-2'), 73.45 (C-3'), 74.80 (C-4"), 85.19
(C-1"), 127.90 (arom-C), 128.59 (arom-C), 128.76 (arom-C), 129.36 (arom-C),
132.69 (arom-C), 133.54 (arom-C), 164.67 (Bz -CO), 165.79 (Bz -CO);

- mass calcd. for CosH1gN50sNa1452.1335, found 452.1334.

1-(adenin-9-yl)-2-deoxy-threose (105a) and 1 a-(adenin-9-yl)-2-deoxy-threose
(105b)

A solution of 104a (90 mg, 0.21 mmol) in methanol saturated with
ammonium (26 mL) was stirred at room temperature overnight. The solution was

concentrated under vacuum and the residue was purified by column
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| H C(3')H), 6.26 (dd, J1=2.2 Hz, J2=8.0 Hz, 1H,
C(1')H), 7.28 (s, 2H, NH), 8.13 (s, 1 H H8), 8.35

wO02005bsst6s H- 2) ; - 13C NVR (200 MHz, DMSO d6) SPCBBE4A®)S/000032

(G2), 66.99 (CG3'), 74.04 (CG4), 15 80.90 (C1),
137.54 (G 8), 150.19 (G 2), 153.90 (C6).

1/ 3- (adeni ne-9-yl ) - 3- (dii sopfgpyl phophononet hyl ) -t hreo
se (1 06a) and | a-

(adeni ne-9-yl)-3-(diisopropyl phophononet hyl ) -t hreose

chrroaiobis i g o8By RO o183 P o, ‘Gt mmol)
aé%efv;%ﬁ@sow&snasm%dyué@dwmﬁwds chQra%ﬂéhz(eBlaéfo‘r@ws 0. 46

he m xture was stirred for 10 m n

-soﬁthMR @00t MiHZ, IRNMB&-ds) PhaLFhdR4t @, 1H6 CR% )Hb) 4%78-2.85 (m,

L G 38 3, 95b% CEOPRE G s A3, G100, = 09

ﬂg cod’ ?1445) Alée (BLad, I@mrvmo (@meemz ViiH rcgaam) 6.37 (t, J=8.6
d ‘Concentr at ed he resi due was

partiti onece_i
25Hpet e’ W0 726 (IEH2E), NHAh@. 14r(gahie HI'%)}/@@Q/\@?S TH, H-2).

%E%Sn¥ﬂbgpe%é%b5&%§8 | nc?%sc‘g@gg f8P %SQ sﬂ'ﬁggf%hﬂ (110 mg, 0.26

ninbl )G gtahurcg)mmaﬂ@daqwaé Wb eiraB (425 n’(g) Ca22 mmon)@aaaa a.shlte solid
a white solid. npound 106b S prepared as

ll@lé@c%l}’dﬁd f\’ﬁ?lcﬁ@)@é %rﬁ%}eﬂé@baﬁ OllgWFting rmateri al

o e AOVEC PR, Rl A S %ﬁ%og AOAHCAHI2)Hb), 2.63-2.71 (m,

qu— @Bé%@géép%)@@% 93103 2H1E(ANR)( 206 (Whizl H CDEN.35.88Hd, J=4.4 Hz,

3 18, (8, )HS,162§ (ddeh ’,@Aﬁz,gjﬁ%o%q( m¢t£1 )»—B( %ﬁ{'ﬁ% 2H, NHy),
o Btk e 8 G A % b s

OCH(@WR) (2507lﬁH(szl\ZSIO HHI2n 3@497(0;42@ BBLOD (C-3,74.04 (C-4),

J2=7.0
H, 86+99) (C- EXAN@’T_E-M(Q) g%dﬁ@o@a@é -8 1)53 Q‘R/ﬁg)r n?osgl\l,(AS '

using reverse transcriptase The antiviral activity of
t he phosphonat e nucl eosi des of the invention nay be

Fédléhlﬁé‘-@'—)g) _Bediisopropgibhophéncmettyl) tarecset ab(ll6=at i amd  1a-
I'nto their

phosphates 10 (hereinafter referred as
(apleninet-9-yhedH(disopieriipiarianemathylirthreese(188byenome

eyt 6 i, SR ot ofhoa B4 RS, G MFFOATH, FIRLH, which was

dsdIEd St%lﬁq @‘ﬁ%dd @hdS@cétﬁdeth@smwfwd @bﬂltmmlhymldas&@% (11.4 mg,
Q,éﬁ-g%?lfcg nThe) ngjs 9_v§aese S’Inl'rgcljJ Irfgr %%) m"ljlnS a%dst%%sécglahon 'of thrifluorate
phosphonate (136 mg, 0.46 mmol) in THF was slowly dropped to the reaction
flask. Then the mixture was slowly warm to room temperature. The reaction was
quenched with sat. NaHCO; and concentrated. The residue was partitioned
between H,O and CH,Cl,. The organic layer was washed with water and brine,
and concentrated in vacuo. The residue was purified by chromatography on a
silica gel column (CHyCl/MeOH=98:2) to afford 106a as a white solid.
Compound 106b was prepared as described for 106a using 105b as starting

material and was obtained as a white solid, which was characterized as follows:
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adenosi ne tri phosphate (hereinafter referred as dATP).

This will provide us with 15 suitable information
weahaowostossdee sel ectivity of the anti-H V conpoundgCoBERNS/000032

i nvention since the hunman DNA pol ynerase-a is nmainly

involved in replication of the nuclear genone while

the H'V reverse transcriptasgpl ays a key role in the

replication of the viral genone. The foll ow ng

i ncorporation study was effected with a DNA tenpl ate

8 B T A e
sid@nasy L6 28, (8] UPOUGR HAVEER® HABHE POHEROH D4 (@dsali=4.2 Hz,

esi ze DNA Strand usin

t Pl Gz, BRI P, ded G4BTt T, BCEH, 4.71-
th
ﬁ%?f‘f (1002 n ST el s 5o NGB BT RS2t K om 7O
| B4R, ST, W%Bm@semH 2% Only a high enzyne
f

Tation (0.4 resulted in the incorporation
PMDTApp, i.e. a concentration nore than 100 tines

| RERFROfr8hScrigi8se
anscri pt ase,

q"het EﬁtnﬂH?%fctlbW@f tﬁéqm@tsﬁﬁom@Tmprpedesﬁ ithg ingentlon may be
natural buil ding bl ock. These

ng)atlgnexpiaw@glsgystheyo inteacell g@ﬁfmpfﬁii}pthﬁ {l(?rll]emfooltﬁew g]IBhosphates
t d P
(@’Eﬁﬁﬁt‘%ﬁ égfegrned\é\g %%S %?’y \)ﬁé@?@gﬁ ?ﬂgQﬁé vill®3enome and

chamofdﬂgﬁrﬁétldw Vgé mia‘éeEPagmmeﬁmﬁAppm aswwmoms}qy‘r oy cpEypare the
carri ed out under steaystatec ons
appdigy of Bbe th @@r@gt@ﬁnqglp@se aR ,\}gp bg@a B%ﬁ%{m(arase o to

1995 2 e t o deoxy-
cfirppo PP TARRCIS Jidtfe 167 B3, A0 REbMAS, i Lthiiicon, to deoxy

ddenesihé- thi waﬂet(ﬁecblnﬁdaauddfesrr@ﬂ aerdAEP pw his avitl pgovide us with
aver age oP t hree i nde ende

S0, grformatian ety M SeBtR pinaepn FEfY) §Pfpound of the

| 5 ) .
AT RDSns I neast DAL 5%"2“%%% %2%?‘2%'?2?@3"'(%?@% "aPipation o

the/AleRar @ﬁ:{hﬁ?@twm@l the. HWheeWaepltaIrmcuptqawnpleyaraj key fgle in the
pri mer seguence used in this experinment are shown
erIlQﬂNOHTCPf he yial 99MPWMEs 10 quenched after 1, 2 and 3

PS5 Pl PR 18 i R gt and 2 DN

awhénneawaml FigmefaseM. Eﬁﬂ'@evemmrmﬁsmt@earﬂfﬁyb@w able to

gel el ectrophoresis on a 16 étp
syntheS|ze double stranded DNA (although reve se

o

scrlgtase is also able to
synthesize a DNA strand using RNA as template). Both enzymes were able to
extend a DNA primer with the phosphonate nucleotide, but the modified
nucleotide was only a very poor substrate for the human DNA polymerase o.
Only a high enzyme concentration (0.4 U/uL) resulted in the incorporation of
PMDTApp, i.e. a concentration more than 100 times higher than the
concentration used to incorporate the natural dATP substrate.

The HIV reverse transcriptase, on the other hand, accepted PMDTApp as
easily as the natural building block. These results from primer / extension assays

were confirmed by the following kinetic data.



10

15

20

25

30

ureumgel in TBE buffer (89 nM Tris-borate, 2nM EDTA
buffer, pH 8.3) after heating the sanples for 5
woimses268t 70 C. Products were visualised by BET/BE2005/000032

phosphori magi ng. The anmount of radioactivity in the

bands corresponding to the products of the enzymatic
reactions was determ ned using the Optiquant | mage

Anal ysis Software (Packard). Rate profiles were

determ ned usi ng GraphPad Prism(r) software. Results

Hettaiaiohs 8t Ropcrfhakendaliss: 201 e of eBIRFARS o5t P and
PHMDYTABY eihSé? [DNAnﬁWridJMﬂfsecameﬁﬁaht under My—state(mondltlons as
val ue but also a slight increase_in kcat
deserhacky Coeilghtom Stral ) Makamasiasmiymasiooy ThEELA63:732-266. For
e%%lf\ td%tér I%tlc% lrgﬂm Hicre Péut?é?re%?'EBEPé‘ﬁt?ﬁfcfmnMOﬂh%%hgé of 0.1 to

nven ower, the overa

128 gl Wiefe @isbC ReRalts @1\férebslowl bpe thvé bliemgeaot threefindependent
2.5. 25 Since PMDTApp was such a poor @h@s’” ate for

detesinatiqns. erregetien mixiee centaipgchde?d PelgiATiematgeeomplex

Ogﬁﬁgbﬂﬁwggf%%%%wg{é 't%s@%f% nuleotides to be

'E@ TPCH kel PRI TA VeR5268e template d
BEZOOg@&OOO32 104 'PXBLEQI%%? 85l\/D Kc:t ?&Ia[} sequence an
thﬂ prlerERﬂ@ @Sﬁdl’w H‘"S eXW)ﬂqu]A—am @ and)%% Be reaCtlon was

qblgnpﬁ%@ ragigrr glt, %dgﬁﬂ %’:OW@E?@] g?&ﬁ’wﬁlsg %gyégboﬁhwléf &b solution

(D@ rAIfBARhAMide 010818k Bremophenobbiuket OLO‘S &6 okylen’eocyamilﬁmd 50 mM

i nteractions bet 5 th |
RITA. SAmBIBs RTRSNANAEARD) STt ARGTORSTERE SiBrithe Polvacylamide

@%ﬁ@eg&”ﬁ# PRRUGLA déma‘%rm@}%@bbgtét 2ivng EDTASLIRS, phe8.3) after
and paire I ne nucl eotide in
Heatinaitee sangids fohi S miriees raiv@ﬁl &@. tAratuctse warngayisualised by

ST ik ot o e B9 A5 RR LHR Deggepponaing to he
UL e 0 AR Phcton o St e ot mace
Nmalj?snmaman&s (Ragksrdp dRate m@fajes were determined using GraphPad
Prism® software.

Results of this experiment are shown in the Table below. These data show, for
the incorporation of PMDTApp by the HIV reverse transcriptase, a small increase
in K, value but also a slight increase in ke value, compared to dATP. This
indicates that, although the affinity of the enzyme for the phosphonate nucleotide
of the invention might be slightly lower, the overall catalytic efficiency differs only
with a factor of 2.5.

Since PMDTApp was such a poor substrate for the DNA polymerase-a, kinetic

parameters could not be determined under steady-state conditions.

+dATP or PMDTApp
P1 5’ CAGGAAACAGCTATGAC 3’ >

T1 3’ GTCCTTTGTCGATACTGTCCCC 5
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during transl ocation. This nodel visualizes the
experinmental results of the incorporation study of
woONNWEAsSF52e8 0 DNA usi ng reverse transcriptase. 1BCTBE2008000032
2005/ 085268 PCT/ BE2005/ 000032 105 CLAIMS 1. A
compound i ncludi ng a heterocyclic nucl eobase attached
to a first carbon atom of amggptionally substituted
five-nmenber saturated or nono- unsaturated
het erocyclic group selected fromtetrahydrofuranyl,
tetra hyd roth ie nyl I hydr of uranyl and
di hydrot hienyl and fu i ncl udi ng a phosphonoal koxy
or phosphonot hi oal kyl group attached to a second
carbon atom of said five-nenber saturated or
nono- unst urated heterocyclic group, said first carbon

atom-betng—adiacent—tothe heterpatom of sai

five- menbBr (9at\dk at ed or nofre-WhS¥r bt ed het'g‘latéiﬂy(g] i, M)

group, and sai d second car bon at o i ng adj acent
n@ﬂﬁer to the 'Het er oat om nor {So&?he first carbord®
atom of said five-nmenber saturated or npno- unsturated
PV EAREYCl i ¢ graup9 said conpoundOb2® ng represent ed 232
one of the general formulae (I1) and (XIX): RS X B

X3 RT RB RX5 1 ii = ' Tl )(2 RA RE RS X4RL (I1),

a{]r?eselgat?s%(ov% thgﬁsPl\Dﬁ?Dﬁg caﬁszeSinlclor;i)ci)r‘ate'd Pnt?)( [?NR ?‘unctioning as a
chain terminator. A model was then built in order to analyse interactions between
the incorporated nucleotide and reverse transcriptase. Therefore the adenine
phosphonate nucleoside was built at the 3’-end of the primer and paired with a
thymidine nucleotide in the template strand. This model revealed that the sugar
ring is puckered in the C3’-endo conformation. Hydrophobic interactions between
the phosphonate nucleotide and reverse transcriptase are occurring at Leu74,
Tyr115 and GIn151, while no steric hindrance with Met184 is expected to occur
during translocation. This model visualizes the experimental results of the

incorporation study of PMDTA into DNA using reverse transcriptase.
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(XIX) [14R1 wherein: - X, X2, X3, X4 and X5 are each

each independently selected fromthe group consisting
wohoogspes and sul fur, 20 - B is a natural or PCT/BE2005/000032

non- nat ural heterocyclic nucl eobase, WO 2005/ 085268

PCT/ BE2005/ 000032 106 - Rl and R2 are each

i ndependently sel ected fronkig§ group consi sting of

hydr ogen; (-PO3R16) m POBR17 ; al kyl; al kenyl;

al kynyl ; cycl oal kyl; cycl oal kenyl ; cycl oal kynyl ;

aryl; arylal kyl; heter ocycl;'iL%I! get erocyclic-al kyl ;

acyl oxyal kyl ; acyl oxyal ken | oxyal kynyl ;

acyl QxyRraply cilmd 4 3 Indteroeyary hoskabukael &esed to a first
acyl g)’(yﬁgrd)é:méﬁ) yny?ﬁ;i}‘{%{la%J kyl car bo%at_ e;

caitbon atyinc afbenabptionallyk pubbsitetsd divenmember saturated or mono-

uﬁ%%{u&%{e@ﬁ{%{%r?@%g/glﬁ)q(n&%ewpa%lﬁ%ﬁgﬁ l(fgqrjﬁ l(g%tg%}gﬂﬂg‘hﬁanﬁl @ﬁ%\ﬂyd rothienyl,
d(fﬂy?'r{fﬁ?é(r‘uﬁ ag PR RIroMieHyk i furissh proiiding v grheispheaoalkoxy or
yl,

al’kenyl and al kynyl optionally contains on_g or
phosphoratbiosdityb groumaitached tore serenGLathan i gt arigdiye-member

chai said he ' ' pender .
sellfali 37 rPafiFLRRREIBHEnEIRTES drOgFPEdr et karbon, atom being
a@fgtentith rtheensterodfom &8 saidbfivinerRierasdiuratedr er ea@io-u nsturated

r?éither to the

i ndependent|y sel ected fromthe grqu c.onsi tiq%
hejerosyelis, geotipd @ndngaid @goNdyeaBon A 951 beinp,adigee

' 1 i Sfives or mono-
Ryoan e 8 Mt Opn o O el BRI Soated
ubsalratdck Retdrocydliy roab kyaigl corapgund Ibeirgy cepreséenrted by one of the
aryl al kyl ; heiero yc&hg-alkyl; acyl oxyal kyl ; wherein
9@@@&“59?9W?GA|REH§KX d al kynyl optionally contain one
or nore heteroatgg& in or,at the end of the
hydr ocar bon chai n, id eroatBns bei ng
i ndependent|y sel ecte e group consisting of
oxygen, sul fy¥ a O\ nitrogemg3 R16, R17 and R18
are independgntd y sel ected ffromthe group consisting
of gé?r@geng/éréyL'z ; Kynyl ; cycl oal kyl ;
cycl &éﬁVT cycpoglky yl; Laryt; arylal kyl;
het erocyclic|ring; hetéRocyB?ic ri ng-al kyl ;
acyl oxyal kyl X*mher ei n sai d

(1, and
R® X! B
x> R R®
sz5—|F|>/Hn\x2 R*
>|<4R1 (XIX)
wherein:

- X', X2 X3 x* and X® are each each independently selected from the group
consisting of oxygen and sulfur,

- B is a natural or non-natural heterocyclic nucleobase,
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al kyl, al kenyl and al kynyl optionally contain one or
nore heteroatons in or at 25 the end of the

woyadispssasbon chain, said heteroatons being PCT/BE2005/000032
i ndependently selected fromthe group consisting of
oxygen, sulfur and nitrogen; - X4 and R1, or X5 and R2
may together form an am no-agjgd residue or
pol ypepti de wherein a carboxyl function of said
am no-acid residue being at a distance fromthe

- o eAng Bh arac bR e By S BB S orqup congisting of
ﬁgdf%gre?f X@P@éq §§>IJ"(‘35/I?T719@@t harkyf;or alkengt; oualklyayll; ngcycloalkyl

O Y(R10)a wherein Y, = ?
acyclbaﬂdeﬂyl Y cysloalkynul; aale,]_ agylagkyl; V\H@fqemcyghq\, he q:ggcyglc—alkw

R L s e

a'é‘&){/l&?fﬁ tylalkBRYIe| ébyﬁﬂ@hryﬂélkyﬂyld calalkylcarlacbrhaiaylalkylarylcarbonate
al k and aryl groups IS

o redkyta kernyloasaRES oAb b Baiee RPN TR "alkynyl-
consj st h -
raioatdibudy eﬂ?@%ﬁ%ﬁ@%’?‘@’?ﬁi‘%n?l‘l‘?'?*ﬁéf"%ar% Jialloynyt-
al daybonatey Wwheréikeswid ,alkyl,Oalabkylngmd aﬂiylmghgap’mml?g/ con ains one or

2: éé%}\&%a@g% |?\Lgl}£t 35% lpnawg L?]E)% h?@%%‘éfbcg{]gﬁeﬁb OIsa% lﬂ(elteroatoms
f:{gejm i g‘lﬁfghﬂ%%'éf‘ec@éd %hﬁth@?ﬁjﬁ) O EtHEPST @@g@w; edifur and

_ nsi sting of ha cyano, azido
nifitroge®R14 and NR11R12; - R11 and R12 are each

AT A T AR oo
dﬂf&erﬁ%d&eﬁblogen Ncyandnalkgl; edieanyl, alkynyl, SR™

represen1t| ngh?he nunber of nethyl ene groups between
anah®ORYch of said net hyl ene groups bei ng optionally

gﬂiggt gtﬁfg‘ﬁ‘ﬁQSE "éé}ygggé%ng%ﬂgﬁ al%ﬁﬂpg& n &%alkg cycloalkenyl;
be| ho s eY”W dé@Kylhetéif@bW@F ybr}ﬂ’d‘ﬂylplhétead)wdhc eﬂq&ﬂ; nacyloxyalkyl

ect ed
 swbotsn 1$ald§@lhyb| ﬁé(eﬁmbrarf’é’can‘fwb'bl ‘PRIOé‘@gbépP%@'@@ oné or more
sal L8 oSO ESr ASHEBERA AR AYaRERrbdM&haR], - said heteroatoms

being independently selected from the group consisting of oxygen, sulfur and
nitrogen;

. R', R and R"™ are independently selected from the group consisting of
hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl; aryl;
arylalkyl; heterocyclic ring; heterocyclic ring-alkyl; acyloxyalkyl; wherein said
alkyl, alkenyl and alkynyl optionally contain one or more heteroatoms in or at
the end of the hydrocarbon chain, said heteroatoms being independently
selected from the group consisting of oxygen, sulfur and nitrogen;

- X* and R', or X®° and R? may together form an amino-acid residue or
polypeptide wherein a carboxyl function of said amino-acid residue being at a

distance from the amidate nitrogen not further than 5 atoms is esterified;



25 2. A conpound according to claim1l1, being

represented by one of the general fornmulae (111) to
wOxMisoB3z68 WO 2005/ 085268 PCT/ BE2005/ 000032  108CTREZ00X100032
Bx 3R/ s RZX5s X2 R4 RER5 4RL (I11), R8 X1 x 3
R7 RB R2X5 X2 R& pn/ R R5 X4Rl (1V), R8 XI B

Xx 3R7T R3 11l RZX5 Pn X2 R6 R 4R~ 51 (V),

RB X1 B x3RZT R3 11 (~\\\**, R2 X5 P'~n 2, R4

- X* and R' or X® and R? may together form a group having the formula —
OC(R?),0C(O)Y(R"), wherein Y =N or O, a =1 when Y is O anda =1 or 2
when Y is N;

. RYis selected from the group consisting of hydrogen, alkyl, aryl, alkenyl,
alkynyl, alkenylaryl, alkynylaryl or alkylaryl, wherein each of said alkyl, alkenyl,
alkynyl and aryl groups is optionally substituted with one or more atoms or
groups selected from the group consisting of halo, cyano, azido, nitro and
OR™

- R'" is selected from the group consisting of hydrogen, alkyl, aryl, alkenyl,
alkynyl, alkenylaryl, alkynylaryl and alkylaryl, wherein each of said alkyl,
alkenyl, alkynyl and aryi groups is optionally substituted with one or more
atoms or groups selected from the group consisting of halo, cyano, azido,
nitro, OR™ and NR''R"?;

. R" and R™ are each independently selected from the group consisting of
hydrogen and alkyl, provided that at least one of R"" and R'? is not hydrogen;

- nis an integer representing the number of methylene groups between and P,
each of said methylene groups being optionally and independently substituted
with one or two substituents selected from the group consisting of halogen,
hydroxyl, sulhydryl and C1.4 alkyl, and n being selected from 1, 2, 3, 4, 5 and
6; and

- misOort,

including pharmaceutically acceptable salts, solvates, isomers and prodrugs

thereof.

2. A compound according to claim 1, being represented by one of the general
formulae (l11) to (XVIil):



R6 R5 X4R1 (VI), WD 2005/085268 PCT/ BE2005/ 000032

109 Rs X1 Bx 3 R7T/R3 2X51 ri X2 = R4 R 14 R6 RS
WORM0s(0852d63, R 8 X1 Bx 3 R7 ""~iis r'" R2XS5PEF/BER005/000032
X2~~ RA R RS RL X4 (MIl), R8 XL x 3R/ RB R X5n
X2 RA R6 RS 5 14R1 (IX), R8 X1 x 3 RT RB 2 X5 1 ii
T tri XRA >6R5 R 1 4Rl qp3

(IV),

VD),



(X), WD 2005/085268 PCT/ BE2005/ 000032 110 X1 B x 3 3
RRX5 1.'Cn X2 = R4 RE R5 14R1 (XI), X P x 3

wORoOs/IBRES R2X5 P n 4 1 X2\\ R4 R6 R5 XR ( Xl PCTBE2005/000032
Bx3RZI R X5~ X2=RA6R 14R1L 5 (XIIl) X1 x 3
R3 R2 X5 Pn XR4 R6 R5 4Rl (XIV), WD 2005/ 085268
PCT/ BE2005/ 000032 111 109

(viny,

(1X),

(X),



RB1XB x3R/2X5PII nR R-RE R X481 (XV), R

8 X1 Bx 3 R7 11 "~' R2X5 Pn X2 R4 >6R5 )4Rl (XVI)
We2805%%52683 R7 R4 R2 XS Pn X2 R6 R5 14R1 5 ( K¥TIBE2005/000032

and R8 X1 x 3RT RR X5 Pn XR4 R6 RS 14R1 (XVIII)

wherein n, m B, X1, X2, X3, X4, X5, Rl, R2, R3, R4,

R5, R6, R7, R8, R9, R10, R11;;R12, 10 R14, R16, R17

and R18 are defined as in fornmula (11), including

phar maceutical |y

X3

(ESN

RZX°——P n X

N

xR’

(XN

(XIV),
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acceptabl e salts, solvates, isomers and prodrugs

t hereof . WD 2005/ 085268 PCT/ BE2005/ 000032 112 3. A
woaopmesds according to claim1l, being represenPet/BER005/000032

any of the followng fornulae (XX) to (XXVI): R8 X1 B

x3 RT //IRB R2 X5 Plr X2 RA nl 4Rl (XX), R8 xi B x3

("l RT RB R X51 'Xn szifluS 14R1 (XXI), X B x 3

R3 82X5 n X2 R4 14R1 10 ( 1), x x 3 RB R2 X5 nX2

R4 14R1 WD 2005/ 085268 PCT/ BE2005/ 000032 113 (XXl

11), RS 8

RZX°—FP n

(XVIII)
wherein n, m, B, X', X2, X3, x4, X%, R", R%, R%, R*, R%, R®, R7, R8, R®, R', R", R,

R™ R', R' and R are defined as in formula (Il), including pharmaceutically

acceptable salts, solvates, isomers and prodrugs thereof.
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XB Xx 3R7T RX5 11 [""n X2 R4 14RL (XXIV), R$ X 1 x
3RII"' nX2R4 X5 R 14RL X 5 (XXV), and R8 X1

wW82005/085268R3 R2X5 Il P~ n X2 R4 14 1 XR ( KXVIBE2005/000032

wherein n, m B, X1, X2, X3, X4, X5, Rl, R2, R3, R4,
R7, R8, R9, R10, Rl1l1l, R12, R14, 10 R16, R17 and R18
are defined as in fornmula (I} including
pharmaceutically acceptable salts, solvates, isoners
and prodrugs thereof. 4. A conpound according to any
of cl.ai s wherei n

o b o) ot RGPS, SO AT by any of o

fcgmﬁé RSmUISE X R Bto ?@a/u);hym ne, uracil, xanthine,

-aza derivatives of 2-am nopurine, 2,6 WO 2005/ 085268
PCT/ BE2005/ 0@0Q32 144 dia
2- am no- 6- chl or i n
xant hi ne; 7-_;1

nopuri ne,
oxant hi ne, i nosine and
wg;p§vatives of adeni ne,
guani neX” 2- &inopyri ne/ 2,®° di ani nopuri ne,

2-am noy 6-(eX] or o hypoxant hi ne, inosine and
Raxt-hiney o R*

I,

i
R2X® L/H\
L
(XXI1),
X3
R2X® ILl/Hn\x2
|,
XX,
X aN&B
x3 | R®
RZXS—!DI/Hn\XZ R*



1-deaza derivatives of 2-am nopuri ne,

2, 6-di am nopurine, 2-amno-6 5 chloropuri ne,
woyppoasichi ne, i nosi ne and xant hi ne; 7-deaza PCT/BE2005/000032

derivatives of 2- am nopurine, 2,6-di am nopurine,

2-am no- 6-chl or opuri ne, hypoxanthi ne, inosine and

xant hi ne; 3-deaza derivativepzf 2-am nopurine, 2,6-

di am nopurine, 2-ani no-6-chl oropurine, hypoxanthi ne,

i nosi ne and xant hi ne; 6-azacyt osi ne;

5-fl uorocyt osi ne; 5-ch|orocyt§§kE§; 5-iodocytosine; 5

10 bronocytosine; 5-nethyl cytdsine;

5-bronovi nyl ygacil; 5-fluorouracil; 5- chlorouracil

5-i odouraci | ; br opBug aci [gB5-trifl uoronet hyl uracil

5- et hoxynet hyl >et hynyl uracil and

5-prop | ur agit” onpound represented by one of

t he foljljow gene ormul ae (XXVI1) to 15 (XXXVI):

O HO dk;%é;%j% O UOQV 20 (XXV I 11), WO
R2005+088568 BCNBE2005/ 000082 115 O OV A UO OV

(XXIX),] Oov HO OV (XXX), O OV 5 PhosO OV (XXXl),

$1:112zJ hlgw
(XXIV),
R X! B
X R “
R2x5——!3|/wn\x2 R*
)|(4R1
5 (XXV), and
R® X! B
X3 7 R3

X*R’
(XXVI),
wherein n, m, B, X', X2, X3, X4, X%, R", R R®, R%, R", R%, R%, R, R"", R'%, R",
10 R'™ R and R are defined as in formula (Il), including pharmaceutically

acceptable salts, solvates, isomers and prodrugs thereof.

4. A compound according to any of claims 1 to 3, wherein B is selected from the
group consisting of hypoxanthine, guanine, adenine, cytosine, inosine,

15 thymine, uracil, xanthine, 8-aza derivatives of 2-aminopurine, 2,6-



PhosO OV (XXXI | ), O OU PhosO QU 10 (XXXI | | ), WO
2005/ 085268 PCT/ BE2005/ 000032 116 O OW PhosO QU

WO XN081083268 O Bp PhosO QU (XXXV), and O $JJSJBBCPBE36S/000032
OV (XXXV I ), wherein: - Uis an acyl group, - Vis
a silyl group, 10 - Wis an alkyl group, - the
snake-1i ke synbol neans any sgjger eochem cal arrangenent
of the respective bond, - Bp is an optionally
protected heterocyclic nucl eobase, and - Phos is an

AR S R BRPS HE RS R ahd xantine
acLQLLiNg. 42 chakivatveds 8N baesinepdigabeirdfeyr 2rakiingpwine, 2,6-

conpound according to any of clainms | to 4. WO .
2 (EMDREREE e PCTABIF0SiTopwine, 1nypoxaniipg njsie and xanthine;

? ﬁégég%g dtegig%ﬁ?/%oif ﬁ)gl %-gfni&oﬁlﬂin%, bepNfasfh Sk, f rR28mino-6-
5 éhdgﬂgg'ﬁgggﬁg%’m}??@ﬂhi'ﬂey||r)f)s%é33heln>.zanthmfé-; (Z—(lela.za;Wwp’Wes 01.° 2-
aminopurine, 2,6-diaminopurine, ~ 2-amino-6-chioropurine, hypoxanthine,
inosine and xanthine; 3-deaza derivatives of 2-aminopurine, 2,6-
diaminopurine, 2-amino-6-chloropurine, hypoxanthine, inosine and xanthine;
6-azacytosine;  5-fluorocytosine;  5-chlorocytosine; 5-iodocytosine;  5-
10 bromocytosine;  5-methylcytosine; 5-bromovinyluracil;  5-fluorouracil;  5-
chlorouracil; 5-iodouracil;  5-bromouracil; 5-trifluoromethyluracil, 5-

methoxymethyluracil; 5-ethynyluracil and 5-propynyluracil.

5. A compound represented by one of the following general formulae (XXVIl) to
15 (XXXVI):

O o)

HO oV
XXV,

uo oV
20 XXV,



10

wa-200sr088268 - | -yl ) - 2- O benzoyl

threose (11); 5 1-(thymn-1 -yl)-2-0 benzoyl-3-0(d
i i sopropyl phosphononet hyl ) -L-threose(12);

ethyl)-L-threose (13);

1-(N4-acetyl cytosin-1-yl)-2-0O benzoyl -3-0(d

i i sopropyl phosphononet hyl ) -L;;4 hreose (14);

1- (adeni n-9-yl)-3-0-(diisopropyl phosphononet hyl )-L-thr

eose (15); 10 1-(thymn-1-yl)-3-0-(

diis%gropylphosphononethyl)-L-threose (16);

il- -3-0-(

phosphononethyl)-L-threose (17);
1-yl)-3-0-(d iisopropyl phosphononet hyl

-9-yl) - 2 deoxy- 3- O (dii sopropyl phosphononet hy

(19)
(thym n- ?ﬁ -2 deoxy- 3- O (di i sopropyl phosphononet hy
l)-L- threose (20) (XKDO

1-(ur ciI-I-&V) 2-deoxy-3- O (dii sopropyl phosphononet hy
l)- 21)

1- -1 -yl)- 2 deoxy-3- O (dii sopropyl phosphononet h
yl) t hf eose (22)

1-( n-9-yl)-3-0-(phosphononet hyl )-L-threose sodi um
sabPt (3ay,;

(thyn1ncﬁfyl) 3- 0- (phosphononet hyl ) -L-t hreose sodi um

hi%t (3b);

1- (uraci | - 1-yl ) - 3- 0K¥¥dsphononet hyl ) - L- t hr eose sodi um
salt (3qi; 20 vV
1- (cyt @S] 9 3- O (phosphononet hyl ) - L-t hreose

3d)

phéyW|unwsalov(3f)
1-(uracil-1-yl)-2- deg§5q? O (phosphononet hyl ) - L-t hr eos

e sodiumsalt (39);

1-(cytidhn-1- ylégﬁ deoxy- 3- O (phosphononet hyl ) -L-t hreo
] ); 25 a pharmaceutically acceptable

salt,{an isgner, a solvate or a prodrug thereof. 7.

manuf acture of a medi canent for the

r treatnent of a viral infectionin a
Pleos@l . 30 WDV2005/ 085268 PCT/ BE2005/ 000032 118 8.
The use according toeéb@'n17, wherein said vira
infection is an infe by the Human
Innunoda©|0|en0é Mirus (H'V). 9. A pharnmaceutica
conpositi o I sing a conpound according to any of

PhosO ou
(XXX,

-3-O (diisopropyl pROSBECIVSV0032
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15

5 the claims 1 to 4 as an active ingredient in
adm xture with at |l east a pharnaceutically acceptable

woaoosios5268 10. A phar maceuti cal conposition accordir/Bg2¢05/000032

claim9, further conprising an antiviral agent. 10
11. A nethod of treatnent or prevention of a viral
infection in a manmal, conpyjsing adm nistering to
the mammal in need of such treatnment a
therapeutically effective amount of a conpound
accordirc‘bg to an)<Nof claims 1 to 4. 15

O

PhosO ou
(XXXIV),
@) BP
PhosO ou
(XXXV), and
O BP
PhosO oV
(XXXVI),
wherein:

- U is an acyl group,
- Vs a silyl group,
- Wis an alkyl group,

- the snake-like symbol means any stereochemical arrangement of the

respective bond,

- BPis an optionally protected heterocyclic nucleobase, and

- Phos is an O-protected phosphonoalkoxy group or S-protected

phosphonothioalkyl group.

6. Use of a compound according to claim 5 as an intermediate for making a

compound according to any of claims 1 to 4.
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7. A compound according to any of claims 1 to 4, being selected from the group

consisting of :
1-(N®-benzoyladenin-9-yl)-2-O-benzoyl-3-O-(diisopropylphosphonomethyl)-L-
threose (11);
1-(thymin-1-yl)-2-O-benzoyl-3-O-(diisopropylphosphonomethyl)-L-threose(12),
1-(uracil-1-yl)-2-O-benzoyl-3-O-(diisopropylphosphonomethyl)-L-threose (13);
1-(N*-acetylcytosin-1-yl)-2-O-benzoyl-3-O-(diisopropylphosphonomethyl)-L.-
threose (14);

1-(adenin-9-yl)-3-O-(diisopropylphosphonomethyl)-L-threose (15);
1-(thymin-1-y1)-3-O-( diisopropylphosphonomethyl)-L-threose (16);
1-(uracil-1-y1)-3-O-( diisopropylphosphonomethyl)-L-threose (17);
1-(cytosin-1-yl)-3-O-(diisopropylphosphonomethyl )-L-threose (18);
1-(adenin-9-yl)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (19);
1-(thymin-1-yl)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (20);
1-(uracil-1-yl)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (21);
1-(cytosin-1-yl)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (22);
1-(adenin-9-yl)-3-O-(phosphonomethyl)-L-threose sodium salt (3a);
1-(thymin-1-y1)-3-O-(phosphonomethyl)-L-threose sodium salt (3b);
1-(uracil-1-y1)-3-O-(phosphonomethyi)-L-threose sodium salt (3c);
1-(cytosin-1-yl)-3-O-(phosphonomethyl)-L-threose sodium salt (3d);
1-(adenin-1-yl)-2-deoxy-3-O-(phosphonomethyl)-L-threose sodium salt (3e);
1-(thymin-1-yl)-2-deoxy-3-O-(phosphonomethyl)-L-threose sodium salt (3f);
1-(uracil-1-yl)-2-deoxy-3-O-(phosphonomethyl)-L-threose sodium salt (3g);
1-(cytidin-1-yl)-2-deoxy-3-O-~(phosphonomethyl)-L-threose sodium salt (3h);

a pharmaceutically acceptable salt , an isomer, a solvate or a prodrug thereof.

. The use of a compound according to any of the claims 1 to 4, for the

manufacture of a medicament for the prevention or treatment of a viral

infection in a mammal.
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8. The use according to claim 7, wherein said viral infection is an infection by the

Human Immunodeficiency Virus (HIV).

9. A pharmaceutical composition comprising a compound according to any of
the claims 1 to 4 as an active ingredient in admixture with at least a

pharmaceutically acceptable carrier.

10.A pharmaceutical composition according to claim 9, further comprising an

antiviral agent.

11.A method of treatment or prevention of a viral infection in a mammal,
comprising administering to the mammal in need of such treatment a
therapeutically effective amount of a compound according to any of claims 1
to 4.



