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1 PHOSPONATE NUCLEGSI DES USEFUL AS ACTI VE | NGREDI ENTS
IN PHARMACEUTI CAL COWPOSI TI ONS FOR THE TREATMENT OF
VI RAL | NFECTI ONS, AND | NTERMEDI ATES FOR THEI R
PRODUCTI ON 5 FI ELD OF THE | NVENTI ON The present
invention relates to a series of novel phosphonate

nucl eosi des and t hi ophosphonat e nucl eosi des, nore
speci fically phosphonate nucl eosides and

t hi ophosphonat e nucl eosi des coqprising a

phosphonal koxy- substituted or
phosphonot hi oal kyl - substituted five-nenbered,
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nycl eosi des. as dicines..or in he manufacture of a .
R B8R PiHEERISE , el PrGrPhsae) Bucieosides having
s unkigiralingictifityornvdre alspioifiegityl Ay, @Hunkad tirhuAbddiicency Virus)
i nfecti.on.. glgl S inventjon_further relates to nethods
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destruction ) _
phosphonate nucleosides and thiophosphonate nucleosides as 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 refrovirus designated human immunodeficiency virus (HIV) is the
etiological agent of the complex disease that includes progressive destruction of




the i mune system (acquired i mune deficiency
syndrone, hereinafter AIDS) and degeneration of the
central and peripheral nervous system There are two
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
transcriptase (having pol ymeras® and ribonucl ease
act|V|ty) integrase, a protease and other proteins.
known in the art that sonme antiviral conpounds
%'@W”ﬁ?yﬁw kpgired igTmney defigieneyasyraiionee hereinafter AlDS)
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nluf:éﬁfgotl de rgi gargg\gh%‘hﬁﬁggl ,ﬂb%rgg%apﬂﬁtﬁ)gpygggse( ﬁﬁtWV) integrase, a
sukiotegse dnutothett prioteimg.ed to, tenofovir (commercially

1 t Vi
non- noct B8 ﬁ@r'PJBFEagtréﬁ%fscﬂ”ﬁﬁ‘%?'nwfr%ieomﬁﬁuqaﬁe[ uhihsstme nnbiors

asQf bl replicdtioni ér@deﬁébtlvenﬁ’@{érftﬁﬂhnﬁe ﬁé@t)’ﬂern@ EA}% similar
e i nhi bitors such but not

ot ea
g%aeﬁersr F?é{\’/ﬁlsr ﬁ]ﬂéé&%ﬂaw randy @I@Rj’ﬁ‘e‘m for the Graamjenhvi HJV-infected

-ammrt@naamzoné ESSRPEERE YhilovRg clhlged | ke, and - fusion

i nhi hitors such as enfuvirtide. Arelatively new

t dr gBUCIpRSife faverse faneeintasa mhitlitprs GNRTR siioh gt bsenot limited fo,
enzy agidethyntiltiNe. Wab thar proteins acti

as enzyrreg or Co-t a{c’:'tﬁjc;rs ar e e?(?fgaﬁﬁﬂg%g?l 8@?%53’" f‘ﬁ’%fo‘”r and
Repl fEdtEon of the human |mTunodef| ciency virus type |

5 ggngié%]é(Ftﬁ]nﬂl %egvggst%rté&%cp niyé?t%rgzgllﬂgflﬁ %Lglgtaéﬁgut r‘\)/ot limited to,

anti tﬁnpﬁ)wro[r:@@maraalgeamiahle umdlelr it Sadé h@llnet\ﬂfe%jt) S

reV| dame iviral em
q”%‘(’%{ggé)‘a"@?ﬁgﬁawptﬁl ‘?F%rf%@d?w @snbihaet dimited fo,
regl mmsraom e&oiresz ¥hd e filgad bel ow the detection 30
sitive tests. Neverthel ess | ow

: |é\r/n rogéﬁi&gl 'HB’EBS%I ﬁSL@thSoHUh get limited to, nelfinavir, saquinavir, ritonavir,
indinavir, amprenavir, fosamprenavir 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 ef al,
in Antiviral Chem. Chemother. (1998) 2:187-203.

Multiple-drug combination regimes can reduce viral load below the detection
limit of the most sensitive tests. Nevertheless fow level ongoing replication has
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3 been shown to occur, possibly in sanctuary sites,

| eading to the energence of drug-resistant strains,
according to Perelson et al. in Nature (1997)
387:123-124. Furthernore the selectivity of many
antiviral agents is rather |ow, possibly making them
responsible for side-effects and toxicity. WMoreover,

HI 'V can develop 5 resistance to nost, if not all
currently approved ant|V|raI dgugs according to
Schmit at at in J. Infect. (1996) 174:962-968. It
is well docunented t hat the ablllty of HV to rapidly

e h toxi.cit
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Ienbl viral infections, and nore
AEWFR! GRGS. i n nmanmal s and nor e speC|f|caIIy in

humans e r ese
| ﬁvent Fosﬁﬁﬂgé@gﬁﬂg?éeﬁ%ﬁﬂpg%ﬂﬁ‘[qeﬂ?%e@ n VhI 3 °p gn‘ iphibitors of

stith- Aheggforermeoainef W@sl@lﬁﬁemtgnd&ni@nusrtblm&fwtmmaﬁgent need by

i resi stance. t
wﬁ%riﬁf&@r%b tﬁigfeh{’gﬁ%m?z;ceuﬁgélﬁ/ detive dla%’fedleggs %”l]% toxic and/or
TR®Ore datistanbfto wviras mtm]mtu?rs mmﬁemmg ahﬁ»vmﬁl dPugeB@HAhat can be
t stivi.r the aviviruses
noaeah b 368 or FE SoutA e ih b aciee snaradients, for the
(H@MB\V 1)) r@tl’calhrahatsfeﬂtiﬁnsy &h PREBuIAF ILUIAE) liRfeRiGRNUShd more
the O assical Sw ne Fever Virus

P@&w’aﬂ?s h as
h f6545%%. i eEFR A rare( ByBofically dmdhumans.
t ﬁert%md:&e lalnstih@&‘s egdélr o5 tﬁ@%séxﬁuﬁﬁehi'm? G&i @ﬂﬁpl‘éﬁpem existing
d%t r\é i ves tch' respectlvei/ 3 catt

REIF! SHESInsUcosH ¥Ry gk theore t@ml fugaenmbioetiomhes improved
| actbtg oOIhshovbd Gesi¥Rfeh BSviRle nilRSkhd Tha? Bicke Eﬁe'r ﬁdlwdual

wi th varying degrees of success to control pes
dv¥BEREUSt n ot her countries, ani rral cull'ing and:

sl aggat %rmz@rr Bf WRE FIAAIAGNS HoRsRES rg%rslel%l *hass pestiviruses, the

out br eak
ﬂawwruses and the hepaciviruses and also contains the hepatitis G virus

(HGVIGB\_/~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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4 The World Health Organi zation estimtes that

worl d-wide 170 mllion people (3% of the world's

popul ation) are chronically infected with HCV. These
chronic carriers are at risk of developing cirrhosis
and/or liver cancer. In studies with a 10 to 20 year
foll owup, cirrhosis developed in 20 - 30 % of the
patients, 1 5 to 5% of whom rmay devel op |iver cancer
during the next then years. The only treatnent option
avai | abl e today is the use of 4nterferon a-2 (or its
pegyl at ed fron) ei ther al one or conbi ned Mﬁth

ri bavir \Y; t ai.ned response is
observed fn V\@ ﬁeﬁ@% ?'ﬁ@'%ﬁ?@ﬁ?@esaﬁ'@t t"Y%'é‘t‘M'ﬂﬁt 17 milfion
apeo;mea(BeEdofl\itHdTwoﬂ@'é l mipala@fanﬁé&,ec%h%nﬁ mférét@a %thSHcv These

an ur ent need for potent and sel ective
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ed
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| Puthermopd, tRei studymsr &@é&fsdofmﬁme' Boi@Y vngéiggtavcint yhas been

there is a need for dr ugs awngz anti viral
i)

ARAPReted Ay thedachihad itds ﬁgt pessiltle mmesgai@ HCV (efficiently) in cell
Rty | $xhgé340@%ddnﬁt%1éﬁ9?é sr@é?&jiyé t((# ?hehs%fﬁl rus family and share

Pi oneeri ng work em str phospho
nBenE cimberdiasatorannieatipn obéen geanmeemmwgoaaogenecpmsts and

C@bligdtidn! é]}&f?sﬂuégétlvfrﬁ%%[ hﬁ\% 5&4¢ 288%538 é egntrrgcf | Zaﬁﬂ Furrogate for

phoi;Jhonat e eos| revi ew
qpr ekapiptes Bldaf\lovss:#osand rdlated taueipatitis d)eVlﬂ.ma(HIg\wpénd used

[ nst ro Advances 25

.g?s %\é? Erb@é}eanfﬁg ﬂﬁf? rﬁ@é’*ﬁg@) ‘Phosphonat e

nuclrea@lwdeé thesiin 1rb]®orta‘m\phdﬁﬂa¢dlo§j|&§l LS It 55 aAnééd fdr drugs
nucl egvl de ana‘oﬁlgues si nce

VR Rt A e S0iRE YOSy Rt §o e el Flaviviidae

datladipghepbiitipagmBonat e nucl eosi des, represented for
inséance b&/ 9- %2 phosphonyl - met hoxyet hyl ) adeni ne
(adefRFRIRY Wy %t%ﬁaerawéopfa@m pkonateetucerdidrsbhae slready

been carried out and includes certain important reaction 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 nucleohases
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 5 now, potent
antiviral in vivo activity (HSV, CwW, HBV, HV) has
only been associated with certain phosphonal koxyal kyl
nucl eobases and not with sugar containing phosphonate
nucl eosi des. Several attenpts to discover antiviral
nucl eosi de phosphonates have |l ed to synthetic schenes
for the preparation of 5 furanose-, pyranose- and

car bocycl i c phosphonate nucl eosi des, all of them
however [acking potent antiviral activity.

PH&&P@Bféﬂtaé i aP¥n K \Pﬁa%&?w ?ng—(ﬁﬂg?{h@\?c%\?nﬂ\ﬂ Ras only been

nucl ei ¢ aci event u
t @ysacieded om;h |C$rtamnphtnim1‘xedala8xﬁlkyl Wé@ﬁseﬁ%ﬁbﬁ With sugar

the. antivir
nucrﬁgigél d %éﬁlb]@%?%&u%? 0si0gs ngﬂ‘éﬁ?fag(ﬂﬁevﬂ%/ﬁ@ 19 diggover antiviral
phedebritapbospiodrstes Have (dd teyhthbts SEREMBESTYT ih2 preparation of
9eR& A IIy e‘ﬁ%l ai ned bé %helr poor substrate
propertre8YEgrsee@nd) Sarberyclici phpsnhioRate suctessides. all of them
didmvdnamlungﬁtﬁeﬁpérﬂmra; @ﬂﬁ,n}r_l ral activity of
pho ho Ia al kl¥|l at ed nucl eobases of the second

cat OBéé’n B3%95 BRd ineprphksitionintor aveeicudcds (eventualiy

pbasin otbyd; i 5 and t . .
| ncorb t*ﬁ!ﬂéqﬁﬁ“"'?&‘?’ﬁdﬁ?ﬁ%%@%ﬁ%% Sodh ifBeodt aghanisrp which
L RS E’@Wt%ﬁﬂ’%‘"% actidbyr plonatiéesidésit Bhen lackemfwramrdlsactwny of

tlﬂidéﬁh@ﬁé@%cléo%%.@ro? ikl ﬁ%a%ggd}gsqeﬁ%%ﬁ?& §<p(ﬁu}e£ by their poor

consequences downstream an
gﬁ“&‘ﬁkrﬁte mopediggvancelyaraind vitad km}aﬁebl ©Omtied ethsi Bend, the potent

ct t d
ce | u{a\%ﬂ/f;’c’% Pg ﬁo#ﬁ%%lgt On%lﬁﬁ%ﬁzéi ét\éc;l%cgqa{sggl%yﬂ@ sgqogd category
haspressphstribsddd theit In{ddbwlﬂhalcbﬁcﬁé}:}l’@%ﬂatuérﬂntd"ﬂ\éhb%@@ and to
an e Versus ochondri a merases | s
E“?ugf‘ OERAE AT Ut BT tasiies flel DRt arienlargymati
iimcorpemationxint hyclefBhusids ft%rrm |a$m§§t' irtevarsitl8E YHidh hQ@ negative

druqg, candi dat es suitable selectivit
EBS«%?I{(;@@ strepm,and t rg@éinmplir'se\ggalfgr@wﬂb|Aedrsadvantage of |

she weyelie nadebsias ;bfﬁ:)SBhSﬁﬁ@& a8 kg IBHFE?E@%\F#{? dmdex in cellular

hosphonates is_considered to inprove
BIRrREIGa Sydemsd The rselectiviby efithan b‘mh0§9h@feslofl ar;tL—H!V nucleomdes

MaRA RS Y 1raRY&HReS JesuRNAR %%Eﬁls 2 g'g{é tegsgls "usually

25 H 'V reverse transcriptase aftini
RoadedRg Ahimrertant f@@ﬂddﬁ@ewng ﬁhmostexumtgclﬁmsltﬁem is still a

has 180 84 048] NIBE SO HRRYS Rl AR rovore
Haescripdasm sArlase dlexinde strubiueo smichugs s %r@@érﬁsm( th¥Ahucleosides
bROPHUAREX &S M idrBN, m%roF\{fe Sth tlalgldftnlgnto golymerases 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 subsirate by several
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thermal stability simlar to that of the natura
nucl ei ¢ aci ds associ ation. 30 Tri phosphates of threose
nucl eosi des are accepted as substrate by several 6

pol ymerases and can be enzymatically incorporated in
DNA. A few 2, 5-di hydro-5- (phosphononet hoxy) - 2-f uranyl
nucl eosi des derived fromthym ne and adenine wth
antiretroviral activity have been disclosed by Kim et
al. inJ. Og. Chem (1991) 56:2642-2647.

EP- A- 398, 231 describes a fam Iy of phosphononet hoxy 5
met hoxynet hyl purine/pyrimdine derivatives being

S5 A Mo oSS ol 507

I\mhosﬂﬁlﬁﬁnﬁ@a&%éjiz-ﬂlr@ﬁ)ll Qﬁﬁfe@ldﬂ%aﬂgﬁ\?e@ﬂfrbﬁﬂlthymme and adenine
ri.sing a nucleotide analog wth

1
ﬁ%%@*féf@ Hyityihave heeusisciasedcly Wimt ef alnhn M tOrga Chem.
vu@eh) 5B IETATE Eﬁ-Aaaga'@?ﬁHbEér‘ib@E N iehiiy *P%}%bﬂﬁ%ﬂi&ﬁethoxy

referred as HCV) or to act as a subst rat
ViR 10Xy magiegyrimicine deryatives, b@ogogifetige 7in combating viral

JRfetibRe st & dosa'drloo Pl ﬁ@g@/}%gow eight. Hﬁsb tent Publication No.

nucl eosi de-5' -t ri phosphat
W@%@é” disciopes paihameesdi:ahcdmposition rcaim]:ﬁrgamg 8, nucleotide

oL PP NP GEnL' b b0 Abohrcb s R o vi
| Baiphempeay. arAhepatdghC \mssl(hemﬁrmreerrbfe‘rwe@naé PEC\DY ¢ d)lOi'o act as a

boltatl FRI0E wrdl B Bistosanslt FBR Wht VP BRRBETE esories 2

i fantilg rofenedifis® huokebside-F-AgRYhatek \Wﬂéh %zé fhnSiEbrk Mt substrates
oal s, an

them does achieve such

(BN RN lasehens R ppsatss beingge nariedar phle tgeihibit the
a’ebrddmbt!@ew m@rmﬂé}dﬂ:\behﬁwma@b@tdrs of Ali¥e tlﬂﬁaﬁo%yt

probl e 20 SUMVARY OF THE | NTI ON W't out W Shi ng

to be HbBHENLYES HEoRPPaTERE fml@sélnﬁ prigfertrt oof irectyds eumerous:
Qi Nexact h b nt d
prc%‘lsdmﬁcan be Fggf){)/éeégpb@gaqﬁ%lvg ethFa?sé%gpg db%(}s nde entioned
v()ﬁ@‘iﬂ”éﬁ”ﬁe'ﬂtﬁénﬂﬁﬂﬁ@hﬁﬁ@@%mkyhgwpupltcwas observed that none of them

el I d
phosp%p'nat e l%% é%%ls abfl) foritegile %%{3\ e C#graggtﬁhg%? fRd in the
iast fog 9%’@@7%@3&%@%!9& tcn solbetﬂmkeqbrobl%nsa posi ti on,

thus bringing the phosphorous atom and the nucl eobase
much closer to each other than in the previously

Wm%ﬁﬂﬁamwat es. This invention s also

based t nexpected finding that the absence of a
hydr oﬁﬂg}qﬁw %yggg? ,%9 d by th%ory, the present invention is based on

the unexpected finding that the above-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 ﬁndihg 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 enzymatic
phosphoryl ati on reaction, therefore avoiding the poor
substrate 7 properties for cellular and viral kinases
(leading to poor antiviral activity) of the
nucl eosi de phosphonates of the prior art. In addition,
dependi ng on the length of the carbon-based |inking
structure between the 5-nenbered ring and the
phosphorous atom the phosphonyl ated nucl eosi des of
the invention can be 5 considered as nono-, di- or

e length of this

| PR R el 50y KBk Vehdiutp ochau ek activiy) o the

pmslebbﬂetphofspﬁddmés bf 1 pridrane 18 Bédméﬁ‘tdéﬂernﬁing on the length of
t| Vi t%w L@t he novel class of conp ounds t hi

I e sesh digkingn Stmﬁéreu r&@)z\fﬁ%%i dhef $mﬁ=rﬁ§elﬁdatnngh@nd the
pfpﬁ&@ﬂi}ﬁﬁo@i RS 2RI c?rﬁﬁét@d'ﬁhdé&is éegoéi e %\Sﬁﬁ:oﬂfcan be

t hreose nucl eosi de phosph tes provi emw t
sichidpredt as gwnosodie ok dtiphnspbaisr Byyeicsi BY wasyinpdhe déngth of this

n%Hh@'strUb{ﬁFée Qﬁé gﬁe%enpﬁ'ﬁfgﬁtl mtatlgs ﬂ\k’;:%\é? bfént%xfﬁﬁ%?ﬁnely tune the

findi hgs sent |nve
adntivicy naaitvﬂargﬁ riiln@ noes phasisalf| oprrmmnds e%lso,vthmhvemmm is,based on

2%@&% Eﬁzg{%‘:}e 'ﬁ%’#hg th%thg{] 'pﬁehsce:n ?g%g%ﬂ ch cen?re in this novel
palask cafl ’@réqsephmﬂwmquiﬂmpueltsmé@tpnbmw tleerel with similar sterso-

p I t tu ed .15 .nucl eosi des

c%?re%?'{&g'ic?%c’%e %’%ﬁ% %Hra DUPEPSFeY or unsat urat ed,

oxygenBasmlbﬁlthe RGOVE L&@k{)@&teﬁﬁﬂﬁmgﬁl g preBent invention provides
(preferahl y dihydrofurany t et r ahydr of ur anyl

dPRY A i AYPNIS, esragall antigelPYr) iagentsy aad an@wﬁrwaﬂy anti-
deivvabinpesnddemaete Eﬁhﬁﬁun&haVz?reb PRBs S t HGEIeEQiEé!s more

POSSESS anti-viral activi ty a nst vari ous cl asses of

vPPU@H@rgumothOWk%tsubﬁw ansl  phasphenethiealkyl-substituted
f havie¥sifbs Q;%nﬁﬁ%lr%a%oﬂfé nf8fherd! %a%@atéﬂe& fdn%@ldréfted oxygen-

agai nst the human "HI V. The present 1 nven
déﬁ%tﬁglﬂfrehpé§Uf!‘u1“aﬁ0ntalwe§eﬂngo€meﬁ@rﬂj:éy elfwldmferariyy tetrhhjtdrofuranyl

t BRyaRRhIEAAT €
AR Ry B ook ot whic
nBW@be@fmshawmthm thay poseaaspaoamtdmralrmlv:magmesUsambusrnlasses of
t t vent,.on . of i nfection
DS, A P A 88 b8 dce, o
s peediiidatipl dgaidsbrthe Neurhae HIVe the aﬁes%ﬁﬂﬁmenﬁbﬁv@érhb@ﬁrates that
o&‘ H.V in hugan%. Tf\ehﬁs?ﬁ}é i nvention al so rel ates
t B1EE8 BRSO SUICIRUY Ahibi fhg replcation ¢fddlV iy mamrealpeBierefore,
: ?&B@?&p?@i&ﬁ% PLBRDsE UBASIEHCH udSiul Blks Mthdw Pbleff anti-viral
It
compo:ﬁ)n s that can be used in the treatment and/or prevention of viral 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, picornaviru'ses 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
present invention furthernore relates to the use of
such compounds as 30 nedicines, nore specifically as
anti-viral agents, and to their use for the s
manuf acture of nedi canents for treating and/ or
preventing viral infections, in particular retroviral
infections such as, but not |imted to, HV in humans.
The invention also relates td nethods for the
preparation of all such conmpounds and to
phar maceuti cal conpositions conprising themin an
aﬁ'ﬁ“ﬂfﬁlcltla'ﬁ eff medicanentmfamtreatihgraedjor aweventingvéra unﬁectlons in
0 f . Lreatmen e

op SR Flutel iRelRrI ot o B FE Arpfés R R Rlmans. The

i mN@ﬁU@mab:ogataESm mbtiode dor ihlel’pl'epdrdtlon dflia¥ such coomaoads and

ot OEREGL T bhithbaf eGiitho Bt iy 4R BpE ERRgpCive amount.

anti - vT!nabr@gaamm/enﬂcm alspatiatsy td & nitRed bhees@lent Gi@revention
resent inventj

p usef u t of .t

PREVS Ptk BrP e aERThHER veRutns S an JHEBe! feedo, Hiv
cNMimahs Gy ahe ReispfieRa koK ¥ns Wh TholeUs R étimpounds optionally in
photho ot hi,_ aI kyl -substituted five-nenbered

sSRrasEdn 8’|‘ @RS mofe ahernantigrirahAgeinsi 19 apalianin needihereof.
het er 0©M§|ﬁa@trdﬂﬂé?rlyel%%%ﬁeasp%&@f)leﬂ%bﬂ)%séntpiyﬂr?ﬁfrcﬁl‘ 8%h&"prévision of

purine base. In’another particularly use
eRP¥dphesihopate meciepsidas i @qmprtsm f4 \Mmsnbnm&my -substfituted or

Sﬁﬁéﬁp@kﬁgth%alkﬂpi%ﬂﬁé‘t[]ﬁ% ?Vé h‘{éﬂ?ﬂe?eé‘n 1@1&%8 E@éﬁﬁl@d ring

ring such as Uranyl and t drof Ur an
Awhightis épulad tof ftetﬂirocyohe mlclenbam greferady acwermdme or a purine

3 o] Lut,e
SPa8onf RERHaE P dHE et SrBoimaant ot i tgyention. the fve-
umemhered eshturated an oamtummomgjesam oRPydrstagamirpuring euch as

| ed he 1' It f
LSRR RRF SRRl on of che furanose |

,s ubst i At @dbaditien? Gfatheh Qﬁd@hﬂ@@ Alcknxy o ﬂ@ﬁeIOBtﬁhosphonalkoxy-

cbfgm @thl 0 ]k @ These nucl eosi des can
YiGLd Of r %/%“tn%ans% fasfkyt-anbesituted - srtHiRIPG OF aHnsaturated
tﬂ%r&ﬁ)é AudIeddides §&n9ﬁ31n§ %e &iROs} b}/%ld%é Bage coupled to the 1°

het er ocycl | c base such ut not imted
pResiiRPhe lérﬁaosq;dvherﬁ@bxbﬁ@e% pogitignaaf thﬁéumnpsﬁ, ist subistituted with

T

aiso be derived from tetrahydrofuran or 3,4-dihydrofuran thereby substituted 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
enbodi ments of the nucl eosi de phosphonates of this
invention, as well as internediates involved in such
synthetic routes. More 30 specifically these synthetic
routes relate to 2' substitution and, still nore 9
specifically, to a different stereochenmi stry at the 1'
and 3' positions of the nolecule. Abbreviations used
in the figures are defined in the specification herein
after. In particular, " Nu " stands for a nucl eophile.

5 DEF{MNIT g\ls Aqs used herein, and unl ess stat ed
otRRFFall, o dilerent slaraprigiistry gtethe 1t @nd 3™ positions of the
f h‘\dﬁetmbé’rbﬁitﬁ*ﬁv;@ﬁ&{sl \FoelOA A5 RGHRE 'a‘?@%eﬁﬁl%ﬁ ine s eGIfI(I;%tion herein

h ion, to their sulfur “analogues. The nunberi
Ratichlari ‘i * standsdora nugleophilbon next to the

oxygen inclosed in the ring and is indicated wwth a
pr| ne (rg 10 As used herei n, and unl ess stated
he term phosphonal koxy " refers to a

ph h ' ,
ﬁe?Z."nRE?’ISé? R “Ehd oS oBAE bMeR VB MBS ARER" rerers

cu @vednembem hmhcnmbeo&’ace:hartdeg cami s eutm:dwertel their sulfur

{ t he .t
AR U S o Beniab S By P8 8 ot o o
ad»:a?cgegrloclpseéd; m:thﬁals? d\af:i:cm brdicat&d hﬁh%: pﬁl’arﬁ? 8r) : g a
n
ool couh e S R A cnscdRedoib avismdne dere o Phosphanalkoxy ”
ortefiers\tb saeph(bshﬁ)ohaﬂerﬂoup%d- B8 @PPAIRVIGroup (‘éﬁéﬁ/ ab Lﬂeﬁﬁé‘é Berein after)
nucl eosi de ' fers..to a heterocyclic base, such as a

prThgen %9?1 Whigh feelbeansbe E%He@ao B0NREMPIeqyissPR GraHP.

. of a fAg apedeh¥aer, ey UhRs3' st@ﬂe‘dh Pﬁ:\g[s%o Eé 2fhd LE)hosphono—

A@raoels substituted with a noal Koxy gro
nefIsHo s Rploshosste 6@1&119@ vig keralkder Oupt(eucieraﬁsdeﬂned

"hdreincafesy ¢ 'aCsu]ﬂ]Héi g?%gﬁt itsef \Chn ?Q#Hﬂeg C}Bfa&%ﬂger molecule or

purine bases " inclu are no
#leHPne, thynmi ne, cyt03|ne uracyl, guanine and

(2,6-) @%89@&%8@ s@sst eé\}tv&%ép ﬂ? fc%r81 3'-phosphono-

naturally-occurrihg nuc eosi
i Allemiydieisararsl DYmiessids” aeftral by BMGmycltdWBﬁ%)fsucﬁras a purine or

PR S BBt SR e R iherey o 3 posiin
sif st furanddetie skbstifisted fwithtDpBosphonoalkoxy group.

As used herein, and unless stated 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
natura!ly—occijrring 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
nodi fi ed by either having additional functiona
properties with respect to the naturally-occurring
bases or |acking certain functional properties of 30
the natural ly-occurring bases. Such anal ogues i ncl ude,
but are not limted to, 10 those derived by
replacenent of a -CH noiety by a nitrogen atom (e.qg.
5- azapyrimdi nes such as 5-aiécytosine) or vice-versa
(e.g. 7-deazapurines, such as 7-deaza-adenine or

eazaguani ne) or both (e.g. 7-deaza, 8-azapurines).
Athoa%rqaevé(?@\ﬁé’ EﬁPIWLﬁrawfyaoéadn rnaigth RYed Nilgpgen atom (eg. 5-
aRad i
SR S6a0 ke 5.2, AR 3-HIBS 100, Miapytoe. suh

' o@fe tﬂeaﬁaﬁ@lenmrﬂre?rdﬁamuam@torthwn(@gl hdgeend8mzapurines). A

Jﬁ% ﬁr%i Jfgl?né@]%hg ogﬁ%xlﬂgcgﬁiéftdrn QO%UO% %ﬁ)egnal' is a compound
|\{vh@r§trr e \hetmﬂxtauthgmgaloé smholvasmsdim sulidtibuted with one or more
2085 ORTEAL B BB T B g Ping o

bases, ana ogues an
khrﬂiwert dnydhxxsle aglind hed G4 dllhﬁ &ﬂhe a&dt@onél@lhfsltl@tﬂ\re examples are

ts ch _as ut t WD 03/ 093290
R o, B85 BaStineation, BRtpin s Sughupyieds Bitkuidipe beses,
Cﬁﬁ%gue‘s@and diviagives therbdfy bre was kHéﬁﬁ o R sEklI[é?f iﬁrtﬁe art, e.g.
branched sat ur.at ed rocarbon

t
BRI RGNS UCD 561 Bt A B4 A & 191004890 B0e VHB04/028461.

lblu{n t %Zbé?eci ﬁ&f&y [anoehhhélss slatBHQﬁB{érw;s% Rg@ﬁ&ﬂm “Lalkyl * as used

op |sopropy
(@Emtf@f%ﬁ fo hrgaqm Iﬁ’yﬂ' C%Leﬁ oc_mb@mpgams having from 1 to
%T?rgé}t%ﬁr at&gﬁ%&hbf 'ag %UPﬁBf Wr&irte%td'"?'fl&yngr 2 h’t ‘f/ 'pio%/lljtZ propyl, 1-
1buhélx>2rmemyhé->pyq>r3yl :{:mqpyx) z.z~bewhy$ec2bq¢gm ;z+methy|~2~pr0py: (tert-

P ;’ @y’pgﬁ:{g’w 3% %@ @%’3@% 7, 3-rgefvkaiulyl, Smethyl-1-

Battyd) 2-rﬁet&yla|1-|butyhy1l—héxjalu12yfhexyn 3}691@3! 2—meih§1x2-lpentyl 3-methyl-2-
t t
T T

' rbUhyﬂxa,ﬁe:hly‘ieﬂ\ymélﬁltﬂemp@d%n,yﬁ—hem Qﬁhéﬁ?ﬁﬁ—oc’cﬂnﬁ -tdM8, n-decyl, n-
r

K f bl h | kyl I
é‘lg\de 8¥fp2ﬁ éﬁ’ﬁ‘a yr’té‘ g gbﬁ%ya\ﬁ St 1n~pgr?t,r§p egylboﬂahexadecyl n-
depraiechl madw &Mﬁ th@nﬁke“ Préfefabhf el @%UWI%% from 110 8

the term" cycl oal kyl nmeans a nonocyclic” saturated
W&W%é@mmﬁsﬂ@m&@h’ymm ti 4 pardopgtemem 3 to 10

g ;‘/‘LFSb'?\us?elQ@& le;/eg A B yPﬂfeiér‘%ﬂé\%ﬁg %K{&llsgp[tﬁﬁ?%hrm N cycloalky
dpeansod yonaeydia $rjursdted hydrocarkon- monmﬁlgmiwatiloal havsng from 3 to
S afldid atoms, such as for instance cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl and the like, or a Crao polycyclic saturated
hydrocarbon monovalent radical having from 7 to 10 carbon atoms such as, for
instance, norbomyl, 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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pYirtady the

hydr ocar bon nonoval ent radical having from7 to 10
carbon atons such as, for instance, norbornyl,
fenchyl, trimethyltricycl oheptyl or adamantyl. As used
herein, and unless stated otherw se, the terns "
al kenyl " and "cycloal kenyl " refer to |inear or
branched hydrocarbon chains having from2 to 30 18
carbon atons, respectively cyclic hydrocarbon chains
having from3 to 10 11 carbon _atons, with at | east
one et hyl enic unsaturation (i}é. a carbon-carbon sp2
doubl e bond) which may be in the cis or trans

as, but not limted to, vinyl

conf [ at ion %h
?mSaWIt6F (eastiporathdenic dpspiypioncthe: a(cadscpwyarbon sp2

aﬂduﬁle g MicK a2 beHR GHE (e GrfdR) con'% g&%tféﬁe&ch as, but not
af?‘jﬁﬂ}ltgand unl ess stated ot herw se,

 VIgH (-CHEGdpanlig HyGH:CHlzE ldy), tcmclppmtanylof ~CsHy), and 5-
brhageiied M@@m}g&q;@@g having from2 to 18

carbon atons, res y“cyclic hydrocarbon chains
havi ngh$ Mgad hereing @nd giréssnstatashethenwiss, tite tazast * atignyl © and

2t PS8 10 BhdbrCbeaindy FIBRBER FBI<SRagng fom 2 1
( 1&arhon atcﬁmrr@;sbecctwemmmmﬁcarm Icharreplyaimhg from 3 to 10

I I |.oh
LR v KRB el SRR o S5 Sonon o
utriptss boatipesushses, stbtd, ndthEmiied Mo, e@rﬁyﬁyr (-ds@Hgn@hﬁfargyl -
pol ycyclic aromati c nonoval
h%*ﬁgo Q%ﬁr&ycloamayawi FEeIPhigyRYlopiaoRep by, mcu@pb@wnyl
t .
o SR T B v
bi aykhdeyibnates rqmlyemgmq qui [Iodywbl;c amimmd monovalent

b@%}g%’%%oﬂ Wkn@d#c?ﬂzé)ﬁﬁf ﬁoegg %oﬁosi\tﬂg\sfwgoas but not limited
b@n}zher&l r@pbyiod, cmﬁkl;alcenﬁdpl@@iamtra(:frlhﬂud)t@hﬂ@nybthﬁﬁse@?I pyrenyl,

uch._as,
E) ’ro‘?{gﬁ%ﬁ?% p'@ﬂﬂoﬂ%‘ﬁ%ﬂy\’ Mdﬁgen)g; begrogyslobutenyl,
sfmretocado@caéﬁyib@rﬂgtr@pukeonmmmng Srué%ﬁi bbHEGD, Wi éﬁ:ld?slﬂ@t radicals

no stituents in pendently selected fromth
g&%%piag %ﬁg]gst?ﬁgd&ﬁ”?fi 88eYe) attoho,as, for instance, indanyl,

- tietrBhydroaaritiy lﬂuo{é)‘ugf ay |the ﬁk& famysh t}‘nb S réﬁ:&!ﬁl@ 'bet§ Bptionally

as f { |nst ance uor ophenyl’, 4-chl orop

39@5 uted i Baﬁ\@rgn moms h@mw;ependently selected from the group
gccgrs%'gﬁg ﬁg‘??@%ﬂ}’h ghl‘l{ﬁ:g&ﬁ@g&ylh'xg?b)@; C@?}fﬂ?m )‘é\l/]md {ifro, such
rass pdeit t@t%r\%bétﬂmnheg\ybro@phlomenm es3datididomiphenyl, 4-
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 * arylatkyl ¥, * arylalkenyl “ and * heterocyclic-substituted alkyl
refer to an aliphatic saturated or ethylenically unsaturated hydrocarbon
monovalent group (preferably a Cq.45 alkyl or Cz.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
al i phatic saturated or ethylenically unsaturated
hydrocarbon nonoval ent group (preferably a C-18
al kyl or C2_18 al kenyl such as defined above) onto
whi ch an aryl or heterocyclic group (such as defined
herein) is already bonded, and wherein the said
al i phatic group and/or the said aryl or heterocyclic
30 group may be optionally sulstituted with one or
nore substituents independently 12 selected fromthe
group consisting of hal ogen, am no, hydroxyl,

steladisdifpm the grpupasangisting rdf Halegesmethinb, hdroyt lsul,fhydryl Cirz
dg
IR EfuBiomdi apidfhirelaich SEBAY ot fafich ¥ BRARAY 4 eniorobenzyt,

~ﬂuc¢rpb,mzw ob&rlugrobahzyhet &,yﬂd)emﬂ:;dbenéylnetmﬁkb@mamlbenzyl 3-

A"H%‘ﬁ;’ﬁbgt‘%‘?ﬂ Q%Tétxk,lb ﬂg %ﬁ%&%bﬁ%yl S}Penyl rogﬁ 0y, aphgwylmethyl

phenyletingd- 1~érrmw2q)qean1yyl’] -8iring-2- [4—@@?6)@ phenyl]ethyl 1-amino-

?% {njlclﬂng % ﬁ@éﬁ)}tl hSZ %Wn%ﬂé«gﬁﬂ,p@%ﬁr é}:ﬂ)é all fsot¥|ers tlhrc]e(r:cl,ollj‘) pyagtdylethyl

2—(2pypwlyl)l§¢bbdx:§@pbmylbmwa@ﬂh‘!ér@ﬂhéihyl pyrrolylethyl marpholinyl-
2-.t hi.en th)X yrrolyleth , | - et hyl,
T sl bergatiogely s xnamt eIy

2-furpk ﬁ]%*eh)ﬂereﬁswftﬁ fskpael @ é‘slﬁbét ufirke?P 9%13‘%53’5{'%%9 otherwise

ﬁags‘i& {Iﬁtl ng group, and unless erw ' _
terRet ehefeirayrlic finag’ or or hetateeyaliocy ehéans' a mono- or

FRRABFCIR, ”Qé@rat@ﬁ POH%%QJHSQ urate ugﬁn%% ﬂrﬁsatu[rated monovalent

nono- unsat ur at ed or p unsa urate
Wa'ioaem%rogmypdwm@rpngsmmm 35 uarban hﬁamardm!nmahdn‘:g one or
el r [ ne.or

e DA it i Bu8or ARHCHABLIL B RBer ot ShrGRG having
fiomL8 tat thrmigran o(ao@tomnaallyyfuhhet ezluding | oith Bf novre Isteroatoms

r r
SRS, LSRR ik A SBR oSr 0E80 o o of
cawﬁoomh/loromlmdarb@raﬂ bo:n)dele@abcﬁﬂoﬂw@%&}@n)élndﬂirow one or more
ﬁﬁ% &# (ﬁneh{gn fr etceroatoms of sai !d rlg ¢ oxid
{&HRDs R TR Iptace i fhsnermsefi 3 sulfene, Ml@seﬁi@el\l e,
phoafmm ephcliﬂpb@ﬁhw aF @eRhidre|Sild! Braip)d@a8h Oéfl“p%alg Q?éigroatoms

8 roat ons = bei ng |ndependently sel ecte

ﬁ'é'gg'P EBG Wseelagteds et thegefpurogpgeiating ®f sitrbgen, oxygen;
selfeNbslBhRd qﬂm? d

S Suhint tagFocyc Iﬁégﬁl’sr ?'ﬁ%%blﬂﬁiﬂ? ﬂ?&%&?%g%gé?aﬁ a heterocyclic
HRQ fratised 9 dneceir iere arcn'@@mf hydrocarbanaingsriot Im:térmemn the form

ﬁife ?%}fng%ﬂg{a# i&?grééjd ﬁ.Fs'%ﬁ Qand ﬂtqaﬁi%gﬂqgegégorﬁ;wls G fpdicals; within this
ﬁﬁfb‘llm areh éncludal dnbtarowobml [BoLg4C Bueis ashiiut TRit linkitadt 84 pyridyt,

Biﬂydl%}{)%(‘m ' tetrahydropyridyl  (piperidyl), thiazolyi, tetrahydrothienyl,
tetrahydrothienyl sulfoxide, furanyl, thienyl, pyrroiyi, pyrazolyl, imidazolyi,
tetrazolyl, benzofuranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyi,
isoquinolinyl, benzimidazolyl, piperidiny, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl,

- pyrrolinyl,  tetrahydrofuranyl, bis-tetrahydrofuranyl, tetrahydropyranyl, bis-

tetrahydropyranyl, tetrahydroquinolinyl, tetrahydroisoddinolinyl, decahydroquino-
linyl, octahydroisoquinolinyl, azocinyl, triazinyl, 6H-1 ,2,5-thiadiazinyl, 2H,6H-




di hydropyridyl, tetrahydropyridyl (piperidyl),

t hi azolyl, tetrahydrothienyl, 25 tetrahydrothienyl

sul f oxi de, furanyl, thienyl, pyrrolyl, pyrazolyl,

i mdazolyl, tetrazolyl, benzofuranyl,

t hi anapht hal enyl, indolyl, indolenyl, quinolinyl,

i soqui nolinyl, benzim dazolyl, piperidinyl,

4- pi peridonyl, pyrrolidinyl, 2-pyrrolidonyl,

pyrrolinyl, tetrahydrofuranyl, bis-tetrahydrofuranyl,

tetrahydropyranyl, bis- tetrahl@ropyranyl,

tetrahydroquinolinyl t et rahydr oi soqui nol i nyl,
octahydr0|squ|noI|nyI

fg 0,30 |i nyI
@3 é/i hia *w adiiggihrenyiy &yr@nmaa@wzamrawl chForBenyL,3 xanthenyl,

| 1 &&oﬂaﬂnmwﬂ wlpyrrbﬂl a%&hﬁﬁlﬂl 61?é%lylheﬁ%razmﬁl >Hyridazlnyl
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1lg@e)nzofuran hr onenyl, Xa xat
by | 'SQ'@?{S{'W a@bl-ipdoiy, soﬂéﬂzlotiytqu py wagnyly | ,4H-quinolizinyl,

PYGHE | H.ln

H)ifﬁnﬁiﬂé%lﬁy’ nggi’;tﬁﬂﬁ{hhﬁ EE( ba)I(::'H Qﬂ o!ln hglﬁg&gﬁﬁ?ndmyi 4aH-
éi?ﬁ'?ﬁ%ﬂly di @f;fbazcd)dl n 8xcarbalipiyt, qnhegaltbilndlnwl ac;kr)ldlny1 pyrimidinyl,
i t

C'éf_Hgﬂ rl_wlm)ylo € &@Rg%lwlh d:EWPC%[ G5 Ixyfurgz%rn nzo B/henoxaz:nyl
pWQQ*ﬁmmaWI chysimearg/ht ii'rﬂ(bdutdllydinyl ﬁhﬁiﬁ@z@hﬁw pyrazolidinyl, pyrazolinyl,

P SRR DR, Mot o G SEBFUIRY * rmorplielia i feroliiny

p}heaZOﬂﬂEﬂ@l!&'M bpytisaezony| | oxmdléﬁﬁl aZIHéYIIZOXéMQMI NYbenzothienyl,
nucli yl, norpholiny

d
o%&bgﬂﬂfﬂzﬂi}/’ﬂ a’%éﬁ?*&t%’ija%tey@cyctﬁngroslaﬁamyy|be sub-divided into
ohletuiohndmaﬂ@e(&ov(amrbam ) g%?@ﬁ%@téﬁ'cﬁné(é » bkOnot limited t>9 pyridyl,

[]9’ ot hi azol yl .and isatino eterocyclic groups
QBOFB’“@WH@(X”@@E"&V[ ﬁﬁé’t*’@'ﬂﬁ‘aﬂ ansRinyl( Sﬁrlaztmdt exayaty) iidazotyl,
g&maﬁa IS UgBix b L 0, d

di hy drsc/)pyﬂ dE‘;Z%,iyl y%?r%efgl “{HﬂtllSQO[?l falpgryi ¥I]1|0furanyrlfylthlenyl, and
s Pyiplyki and non@ﬁmatyq heﬁemqyaizcolgmups Mheaazalndteroatom of the said

t
| Re A Ginilic nBIBERAY brod RG] Yhe gAY be syhstituted with a
hé&vlesties] seiecgewpm thehgmougp mmtuogtcﬁmuo,ﬂ w@meﬁ@i dardh arylalkyl
n er C [ nitro en,
|§ﬁ?2él%@{))' ge subogg %%W@g &?“P abysWﬁgt‘? wp@em@&%bonded
fhetwmmhgmgp mayISb:esmdrrt@dOét ﬁdééwdm gcxaclazogd hkd/rl 6 o@ra)/b%ndme at
a SucC as efi ne er el n

&'@‘%'J'( éxén% ?%Bﬁ%&ir&&t PRsttieRcb Yo 12 ©rr§ A3 nyamldme at

baoilﬁamielj 3t SPCtﬁ'l Bi @InaZp r%zmé; & pS&itiéh &, & RY'drdENEs 4 furan,

%% tion or 6 0 yridazine,' at |
""‘F'Va'i? a”4th"5fu'"%}s tejogheng, mefOEﬁ @F hetrahydropyrietss i ati mosition 2,
24 & 5 of aR'oxBzok, ﬁm@&io?é op ?ma:?&i% PASIdsiti i% 4, %r 5401‘ M idxazole,

of a furan, tetrahydrofuran, uran, t’hi’ophe
phYesgple. ef ‘$§Ilﬁmoﬁtd}@ﬁﬂlﬂal2bor atof yaosaztmldme 2at po‘s;tionrz 3, or 4 of

Oén @Eeﬁ%:ﬁﬁ% Oét%ositﬁhdzaéoh% %, 7 - 8788 qumolm% St posmoh 1,3, 4,5,
6 7, or 8 of an isoquinoline; still more specific carbon-bonded heterocycles
include 2-pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-
pyridazinyl, 5-pyridazinyl, 8-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl,
8-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2—thiaiolyl, 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-
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pyrazol e, or isothiazole, at position 2 or 3 of an
aziridine, at position 2, 3, or 4 of an azetidine, at
position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or at
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- pyridazinyl

5- pyridazinyl, 6-pyridazinyl, pyrlnldlnyl

4-pyrim di nyl, 5-pyrin1diny| 145 pyr|n1d|nyl
2-pyraziny| 3- pyrazi nyl, pyra2|nyl 6- pyrazinyl
2- thl?20| 4- thlazolyl or b5- thlazolyl by way of

extyipHRe. Wrﬁﬁ@ﬁ UB’H@W[%eﬂ@K@@9NIn% PHmidazdtinemyB-midazoline,

baiyiesiat prashined n
pyrrol e ﬁ@?r o;n|e :?nﬁéylﬁfzolﬁ-% aszbgrﬂa%iﬂ% ;ﬁé pdﬂér Oﬁiperazme indole,
i inerlingl H-indazele: ¢t pesitien 22f aniiszzddle e [somdolme ‘at position 4 of a

3-rhép ﬂ@ﬁrﬂi | M at éfelﬁlﬁtg?beof Bycrgzb%zlz: ﬂgr 2 ?%ﬁplz%eo i Snore specific

3- pyrazo I'ne,
i itisrganebontier |moy@es ainchmisi t1—anr|aylpf 1-aizeteRiyl, ndobﬁrolyl 1-

f hol d
amlcRb 3Pzt o R e it 5. car bol 1 b, st 11 mor o
speci f TheZermt't agﬁn‘ Iaenw@di hetet, O.ﬂ*}l@éseﬁtﬁeﬂgiséd'ﬁated refers to a
ro i m dazo

c%éﬂrogeyp?ﬁ&ﬂupaﬂae %@hpé tﬁyﬂn alﬁgle ke, -allginyy, arylageterocycllc

u@esdathﬂr eany!alk&ﬁyﬁssarﬂblk?hw Sﬁet%?@éy@ﬁbaﬂ@lf e‘h%tér@ )%hc-aﬁlkenyl or
on Rllrectl attachedto an yl,

E%ﬁﬁ}‘}lyc"‘g?@ﬁy Vh%"Pé'Poéya hias Ofaﬁwmlﬁﬁikawyl(%lk%@awbwl) aroyl

a(:wyahmmyl), alwlﬁéw@rlﬁkﬁér Y g J!@t YRS ks Egb‘?ﬂ-?{'{ group is

‘éﬁh?eroccllcalknl or ex

aPQ 8¢ ffo eapiier mpleaHs] AS aaresmple, athwtelam boaqxdlc)walkyi " refers to
I t

aréguagiylkgf’dlgﬂoﬁtgtlfpléﬁ tﬂ/gel gﬁg )h/g%oéfﬁ @Sﬁ GAA;}/I atﬂseé ﬁ]&o@ter being

tﬂ&fheépﬁweﬁ&q/a@&tyarmiecu!a@fmm to an acyl group

coupl eflg \has Vg l._gr.ou th
oLl SNy AR Rt e 8P il oipro-aony
at—l’gﬁﬂp imisag talbcmmrpljb‘stltmedl ktydn&l kﬂeydvmrahﬁélﬁyleand on the other
r gfighsitrt t hus
car gﬁat% glk%h{ﬁ Pu%%ef a W argi?’@lge;%{l SFOURS BeiRg furkhrr eaypled tfo
t érotbehmplecsied® atbinh an al kenyl, one of the al kyl and
al keny oups bein t her coupled to anot her
ol cous SR B ond uplssh Hor o ihebinerehoess *ov-
Zalhqu t’ftﬂ’}l,lflbﬁ I’f;f‘»(;l krgilaigé)?lyky - y et?ré)rcgalca" KOXMioalkyl “, * thio
‘F}yck% L)Y n " a I'Hq) 0+ ‘(’;y@y@gqynpqo “and gy )tlmphef@rdqycl'ic * refer to
agubstitueyitd Wh@reln dafkyit &ﬂoﬁB??@srp%%Wély% cy&EERIL Y, arylalkyt or
heterocyclic group (each of them such as defined herein), are aftached to an
oxygen atom or a sulfur atom through a single bond, such as but not limited to
methoxy, ethoxy, propoxy, butoxy, thicethyl, 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
(each of them such as defined herein), are attached
to an oxygen atomor a sulfur atomthrough a single
bond, such as but not limted to 25 net hoxy, ethoxy,
propoxy, butoxy, thioethyl, thionethyl, phenyl oxy,
benzyl oxy, nmercaptobenzyl and the Iike. As used
herein and unl ess otherw se stated, the term hal ogen
means any atom sel ected fr om he group consisting of
fluorine chl orine, bromne and iodine. As used

Eﬁre E,q @5% a substituting_radical, and

%m{*}@ g ﬁ‘ﬁ"&o%é""ﬂ%ﬁm Brisribe side) group of atoms
tﬁé@ceertzmg&hé@mﬁaladiﬁgkg%;& e e LA e 8?2@ ef’ihﬁgzoléaturauy-
the chem cal formula COOH,

wherel n
SCRYTIRY GIPNGRCISATENY SHala g1y hatiragy-OheurRing reomama@rd

tYPRs usah hehBh el fhidRYothEnAbts sPJtelaJ rlﬁe %Qmp A 8bikYmer * refers

occurri ng am Nno-acl ds or any
tatallr a@$§vbi@c@r€fﬁfanﬁgsqnﬁn© aa:muell as amwmaénoeahfmm which the

h stere
% één@é wat pOSSI %T PYgé?f f éarsgegne 51 s%'rnegé'ilggg \/\/g"l possible
@f@@rﬁmﬂwbﬂ cafa‘l tanfosnativinally t isamarmrm‘ounsi,s aif dihtereomers,

ﬁ A A cf)rss%ﬁ\iosr@gﬁsf anerat%‘ lg'lg{cy a'linlg@ﬁﬁlus""?lcgtf‘g(ftﬂ@ Some

abinpdinacs efrthermresent ievemtibn ongy éx@ﬁd/(ﬂﬂfer@ﬁﬂfa@tdd!ﬁér?c ﬁ{rﬁms all of
| c r structure ounds of the
p%:@g%f b?'%gﬁq(&ﬁﬁﬁ'ﬁ h #i§ sgoneof h? PB?W”PWVSUF%EH c
f or A usaﬂ hepdin ahd dr’ﬂ@sd ahbAlisdeified thelard é’Mén'ﬂbﬁ]eP Reneans
qgggjo LII19ge%ﬁ ent i nvention. As used herein and
fRgL ndigd %?ﬁ%\@dfm%‘éf 2 &OmPoUgd Bft the rieyentiope Aawing an
@ﬁﬁdﬂlf bDﬂ!WdﬂE@nti@ﬁiéri%%ﬂc&s@(éé H&efrﬁfn@ﬂ‘gy RefYIRULAHLE in the

nvent | Orl, havi ng opt i cal purl
@H)aﬂft 2tdrast 20%kesat l(ea%t B &f ehaecanaptiomer Iﬂbd st sneat dQY% of the

bihel BRantRirbar), re%raﬁl?%ﬂe&%) o?‘%' ahr% Tg];e b%?én%b@oaﬁ@gst 988,

enant i omer anh
enantAoHBed hefaie fadalrisssaethbadse s@0ed,dhd temn & soivate * includes

B LBt B e 850 B L o v«

@uﬁﬂb’im ndrpaniotsaiventefe.dehydoates)l doyorgasiongvard, alich Rissbut not

t abl | t
Il 0o andi bR i TR o but not i i t e
to al Hohdésn kphammeuﬂﬁdll@r accambm@ ecdriiée or Zcibiéntt €68 used

_ har nmaceut i cal la¥ cicept gbl e carrier. or excipient
| %%'Bﬁgree rs 10 any material or substance with which the active principle, i.e. a

25

30

compound of this 1nyenhon 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
invention may be fornulated in order to facilitate its
application or dissemnation to the |Iocus to be
treated, for instance by dissolving, dispersing or
diffusing the said conposition, and/or to facilitate
its storage, transport or 25 handling w thout '
impairing its effectiveness. The pharmaceutically
acceptable carrier may be a 48lid or a liquid or a

gas whi ch has been conpressed to forma |liquid. As
used her E ess ot herwi se stated, the term"
¢ BYpauds yegate o pomenclatuseh searpf aligsnativeli hag i amed  as

Ctemfa&ymloﬂﬂaﬁﬂuéorﬁﬁé@% aupPRe ﬁ%@néﬁtur@ﬁ%m@@ttheﬁ%hare the five-

limted to, erythrose or threose wt e genera

f Blemhesedakpas Kedsi-caniainiigehaterocydepounds (car bohydr at e

NONENCARLYE® hefdi 2Rk Rl %b
tetrahgr of urgny acon'poél]s%éjtw A e‘nor‘renc%at - &jongeric.carbon

Fedgrss it tae t easben vatommmebiinicy dkg gearbooplt finstingality of a sugar
h%?écﬁfé’%#% re‘?éTétffodaQSrc%ﬁbhggfaD%nnl'@g q e?zseopwgétyf%sis%volved in the

st at ed erm” anomeril
chgminsetl omheaniltedalforgatidrecteaadtonstic fouties sagea ridgystafctae. This

B TR i ) Ml Tom e Sarhafiiasaie s non-ohiral in

h@mnneaaastrdmumtandrmhmanm &fdiskirgeiips. the sugar ring
carbon is referred to as the

struct s .carbgn
anolrjrer#% 1 I(ﬂ‘?r%@céﬂgeﬁﬂ'f%? Othenviss; stafed, nthe farm 7 selective

I pm@tloﬁt"rami iselecisl depiotadtioh ™ refsts QY Thé %tﬁ:’du‘éﬁ&ﬁ”r@spectwely
1@PAS use re| n and unl ess ot herw se st ated

n{em%‘é'ﬂ |€\‘/é3f0$§>f38%cﬁfp'ém on gn@gpecifig| leaciive functlonahty in a

Chﬁbre@hl%CtddPﬂfe;n:nEefs%(/érai Ofuhaﬁoriaﬂﬁés"d%g ettivel contammga several
resg?fectlvel e renoval a protecting éro

syetgded functienalitiesy an@ﬂ@aym theyresho‘éthmmmuee unchanged Many
C n v oRaA) S P

C@E{egyfﬁlbngségvg g{. %ﬂ’é%ht h n'&rﬁc ?r{gﬁznl ?rﬁrgs?h%/{h pne reactive
Iféﬁvﬁ!%@“tyhdzqfe%xammietmbdmdemtab earar:d*aagedsed%yymbﬁe than one

esent |nv nti on ta nor.e :

ﬁgﬁrﬁg lrf]Lngccrtigggegrjoﬂp l? NIRRTy %8?3%&@1?]% caﬂy oné (or some) of

dheso lgyelnst ab aadlracla OdTlﬁ‘mCﬁlﬁéﬂf@ﬁ'@ hr%th rthe ecthBafur@tienalities. This is
C al _gr is_often pecessary to,

Ry SR tos S oy yEResed ¥ ey’ S piofeicg Baghs atbigh can be

trhamipulatetb usingndiffereat radtivh IBndiien IR use of protecting groups in
funﬁtlonal tles This is only possible by choosin

VR R yayr thatt &t @c???ﬁbb'@ rte upedlyww@ﬂcmhwemdependa %y from the

other functionalities present in the molecule is referred 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 iwo ways, i.e. (1) because
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The use of protecting groups in such a way that it is
possible to nmodify a functionality independantly from
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 ch do not affect the group§7in ot her sets. An
efficient protecting group strategy can be critica

i shing the_synthesis of |arge, conplex
\g@ '@%ngﬁ%‘gs%i PRECHC glefepisemeragat @fsne@af@tste@o-onentahon of

f mfurmnahamy orﬂa) §e(£HL%b61PM[P:‘ésufthhlg %ﬂeckﬂ“ﬁ: stereoisomer. A

che sel ective when selectivit

EFQ‘?%?E‘C“"?‘%gﬁ’ﬁﬁs@?'@@@@v@sﬂmsﬁwmdlm foroexarnple in a way
Of:ha*thﬂ N nabit ¥ YnWFH{é&;Jnh%S”Q!. ﬁﬁ}lﬂ: ignal(sﬂél fhen in a certain

reaction _or transformation can er eo
i RORIREMAkGE, he. (1) because 17 it will only occur at

- a specpbi gsesf 61, e?éihs&ﬁﬁf l{rﬂéseatoﬁ@ew@em ftz%t%d dhe (sppke-like symbol

.stereo-orientation o

bélends éOIi @ bontiwittesprdifid steced-grientetiseat foravhich both options are
rotection reactio antherefore
PEETLERTH o) BBl BT alrggoment ot St nae i

wil onIy result in protection of a functionality when
5 As_used herein and
KN ke symbol st ands

for a tbnederﬂbmbdlm‘éﬁﬁ@ﬁth@ ;ﬁb@é:&%%ﬂuﬁm 'f’élét%@ t%uhoxfé?fcompounds
: y

mﬁ 3 oth options are_ possible, for an

sPPd of RRBASPRPNRIEY ﬁH'@%ﬁ@ﬁfi Branesal Mysiosides pETesered by the
Dipstefb FbhklNa@; THE | NVENTI ON One enbodi nent of the

present invention relates to novel compounds being

3' - phosphonat e substituted furanose® ucle05|des

represented by the eneral for BB R O ""

ol 5 ORZ 15 (I)
\ﬁ\

ORZ

(1)

wherein:

- Bisa heterocycle selected from the group consisting of pyrimidine and putine
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'®)n-POsR™R™;  alkyl; alkenyl; alkynyl;  cycloalkyl:
cycloalkenyl; cycloatkynyl; aryl; arylalkyl; heterocyclic ring; heterocyclic ring-

_ alkyl; acyloxyalkyl; acyloxyalkenyl; acyloxyalkynyi; acyloxyaryl;
acyloxyarylatkyl; acyloxyarylalkenyl; acyloxyarylalkynyl; diatkylcarbonate;
alkylarylcarbonate; alkylalkenylcarbonate; alkylatkynylcarbonate; alkenylaryl-
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.al kyl al kynyl carbonate; al % aryl

wherein: - Bis a heterocycle selected fromthe group
consi sting of pyrimdine and purine bases; - the

~snake-1li ke synbol neans any stereochem cal arrangenent

of the bond 20 Iinking B, or the phosphonal koxy

group, to the furanyl group. - R and R2 are each

i ndependently selected fromthe group consisting of

hydr ogen; (-PQ3R 6) m POGBR17R78; al kyl ; al kenyl ;

al kynyl ; cycl oal kyl; cycl oal kenyl ; cycl oal kynyl ;

aryl; arylal kyl; heterocyclic ging; het erocyclic ring-

al kyl ; acyloxyalkyl -acyl oxyal kenyl ; acyl oxyal kynyl ;
acyloxyarylalkenyl

ggz:c%@//og@% éqll%}}gl@ ﬁé%{g%;' %gg%yldalgy@ﬂcarbonate dialkenylcarbonate;
al kytlem @élb@ﬁé’tbe’wh%'rdﬁbﬂﬁl&ed? §IC§fk%ﬂﬂaéﬁd aﬂﬂmlyl can contain a

car bo

al k ﬁﬁﬂr%?t?%'&'r%cﬁ?éh%e“ﬁlqém stiiogagtonaeHsimasaig heferoatom being

di akk 0 S

aI ké i%@ﬁdoklg(%re%%gg)ug c@n@islﬁ}{gﬂ‘o éﬁ Befﬁﬁ" arﬁ;ﬁ Ergggt %ad R* and

ae furkeresalecied frnen hv@tm&nowh a‘onn phesphdnates described

het selected fromthe group consisting
Z%%g%pﬁ% and nitrogen; and RL and 5 RZ are

f"ur ¢ selettecifeun fhydrogsnbatido,Uexidgerk (rreferdisly) fluoro, cyano, alkyl,

- pho a f4l as anti-viral agents; R5 is
sel é@{éﬂgl %ﬁgnﬂ’ﬁ% ro%'éﬂORam do, hal ogen (preferably)

f- uBbis syenteq fralrkiydrogen: ket atk@w{yzﬁlk nyl %ﬂ)aﬁ@ﬂ cyctoalkenyl
selﬁcte from hydrogen; yl ;

al k%‘i/‘PR]‘kW | oWy NEIOEYAS) kréh?yl afy%yby&%%ﬂowﬂw - ring-alkyl;
ar yhcﬁh@ﬁy@%ﬁémm §d|d1lﬁkrlahl{deﬁﬂllké/ﬂd alh%gﬁ Q;Qﬁ)ﬁ%h‘ca‘?n a hetelaroatom

ereln sal

I
glng'%af) %;"/he @Hﬁy‘?fgt)ﬁﬁjnﬁﬁ’y%?%fé@réﬁbam@ﬁaid he@m%’c@m h@mg)r/ﬁ,elected
of frbm thﬁ‘b"r@tﬁﬁé&%’btfﬁb%f Bxy§H, duftst ﬁ@@i@%ggkngs U fur

sel qu from he group consistin
and™ni-t og@i‘ﬂ R RIS, 'nfﬂﬂpﬁf@ﬁdﬂm&@i@ ode plesn geoup wonsisting of

I t
S go S Bl AR B o VR iy arv
ﬁy:ﬁ"diﬁ ,nmter@yyluc ﬂn@rly&tal‘dcythc hﬂ@ﬂ“@tﬁylcmyaﬁkwg V\(/jherem said
e Cc erein [
Al g1 She, PhE LB ban R5HR B e o abisnn of the
or lydrotarben d:hefn shid hdh@rdatnmabbm sEiatied frod the group consisting
het&g&@bgm Qﬁfurr]%né nkt%%teﬁd fromthe group consisting

- nis an integer selected from 1, 2, 3, 4, 5 or 6;
- misQOori,
including pharmaceutically acceptable salts, solvates, and isomers thereof.

In one embodiment, the invention relates to compounds according to the
general formuia (I), 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 (1) are in the R or S configuration.

In its more general acceptance, the invention relates to a first class. of
compounds including a heterocyclic nuclecbase attached to a first carbon atom of
an optionally substituted five-member saturated heterocyclic group selected from
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of oxygen, sulfur and nitrogen; 20 - n is an integer
selected from1l, 2, 3, 4, 5 or 6; - msOorl,

i ncl udi ng pharmaceutically acceptable salts, solvates,
and isomers thereof. In one enbodi nent, the invention
rel-ates to conpounds according to the general formula
(I'), wherein Bis selected from adeni ne and t hym ne.
In another 25 particul ar enbodi nent, the

3' - phosphonal koxy substituent or the purine or
pyri m di ne base (i.e. the heté?ocycle B) coupled to
the ring of the conpounds according to the genera

f | re jin,the Ror S configuration. Inits

ngértg%g‘ifﬁ’éf éﬁ‘ﬁa?@éietﬁfra Yirothignyl ﬁﬁ@émﬁhg&snmﬁ@qirag@sph@p@onoalkoxy,

f thigihosbla@fatioxy 0 FRESHHEoH [

nugl ogb e at togghegﬁto a ?lr{r%’k&ga?%oﬁhg‘?hsgl ? %8alir<1yl group
{E"f'%}? atf)ya SE690Y Carkanr playe ofseiskfivemamberesaturated heterocyclic

. hgmpo@}a@' firgt era% %ﬁirﬁcﬁeﬁﬁa’%fdgfﬂz‘t ht f the heteroaiom of said five-

tet ydrofuran and tetr |eny
Frr"j‘ ya X’ﬁFﬁ!’ﬁ@mﬂko&WUp. Bhdoahdsp&mmﬂalchmoyl atom being

COET t oup
afk?ac eg%tgbgqé?é%n car hﬁ?{? @‘g Hg?%a(kt?%%mbg said five-
s@?mbﬁf satuiatedr befpeddyclic @r@mo Tisifilstf tlest ofacdrapowdeNay be

qﬁgﬂ atom of said five 5 nenber
Q%Pﬁ%gﬁgﬁ Efﬁﬁykﬁ m@b%ﬂ@ and said second carbon
atom bei ng adj ac nei tyyer to the heteroatomnor to
the first carbon ato d £Bve- nenber saturated
het erocyclic group., cl ass of conpounds nay
be represented bR rmula (I1): R8 Xi B
Xa R7 R35 R XZ 5 X4R1 10 (11) wherein:
- X, B3P X4 ‘anu?X5| ar €] € rfh each |ndependently

" sel ect ed frorhthe groumr® RS

X‘R’
(In)

wherein:

- XL X% 3, X* and X® are each each independently selected from the group
consisting of oxygen and sulfur,

- Bls a natural or non-natural heterocyclic nuclecbase,

- R" and R? are each independently selected from the group consisting of
hydrogen;  (-POsR™)-POsRR'™;  alkyl; alkenyl; alkynyl; cycloalkyl;
cycloalkenyl; cyscloalkynyl; aryl; arylalkyl; heterocyclic; heterocyclic-alkyl;
acyloxyalkyl; acyloxyalkenyt; acyioxyalkynyl; acyloxyaryl; acyloxyarylatkyl;

acyloxyarylalkenyl; acyloxyarylalkynyl; dialkylcarbonate; aikylarylcarbonate;'

alkylalkenylcarbonate; alkylalkynyicarbonate; 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;; '




10

15

20

25

consi sting of oxygen and sulfur, - Bis a natural or
non- natural heterocyclic nucl eobase, 15 - RlL and R2

are each independently selected fromthe group

consi sting of hydrogen; (-PO3R7fi)m PBR'Ri 8; al kyl;

al kenyl ; al kynyl; cycl oal kyl; cycl oal kenyl ;
cycl oal kynyl ; aryl; arylal kyl; heterocyclic;
het erocyclic-al kyl; acyl oxyal kyl ; acyl oxyal kenyl ;

acyl oxyal kynyl ; acyl oxyaryl; acyl oxyaryl al kyl ;
acyl oxyaryl al kenyl ; acyloxyarﬁpalkynyl;
di al kyl carbonat e; al kyl aryl carbonate; 20

al k I r nate al kyl al kynyl car bonat e;
al k&?léeﬁg K bR ane: Raaes ieeh léﬁ%ﬂ%@ﬁbﬁha@@cted from the group
al kesykitity nod ﬁ?{!] Bﬁ‘t %znd%' A6 d‘igei? I’ﬂl%ce"ﬁo ; cyano, alkyl,

di al kynyl car bo- reln S

al kﬂﬁ”ybﬂhyaﬁlaﬁﬁ/ @%Qﬂ s one or nore het eroat ons

in 4
ot X oy stiBeteford hydRiefly A1 A1BR0; PN iyt cvcioatkenyt
gr osycleshynyt i ayl: ohetergayelic; snfillayl; almtercﬂﬁclm-alkgdgeacyloxyalkyl '
4 5 re ea dent
sel ect edlﬁf rsgﬁw ?lr@(sg?lgép‘ﬁ %%&r?s IV PR glpnﬁ dr‘%’é‘ one or more
azi deferpalootein Oprabftee adidy of ko h90|r,ocebb@hoct|1£h k)‘égldf heteroatoms
is.selected fro

ﬁ;5?’%A&m%ﬁﬁéﬂ“&ﬁ%ﬁﬁww%ﬁw OURGRIINGyAT oxvgen, sulfur and
cyclmiajgeanyl 5 cycl oal kynyl; aryl; heterocyclic;

aryl , het egocycli.c: al kyl ; acylox al kyl ; mhereln
saj ‘iFE' n%% aﬁap%ﬂqeyﬂylseéﬁﬁ%ﬁrm 9%&{9@ [soppisting of
or mﬂmgeheb Rafliediyl; | Ak@iyl:abyddifia®n i

&Eal n, said eter%atoms Eg()elani(éﬁ%lI cycloalkynyl; anyt;

hyd
| %dé&%ggnthe}e@@"é‘&t dpteroayslicratklr équoﬁmi@lswhﬁjelof said alkyl,
OXy@ﬁdényﬁé'hd 4 tyl'ﬁl*,?!dopt'@:'n%nﬂy@gSI'fn‘tzurELQn o?tn(?ore%e?ﬂéqonﬁ;% or at the

are | ndepen ently selected from th group consi

of ©RY & Hrhydresarhon Cbalﬂeﬁgnﬂ he&mgh@ms beigg Ilru:MpIey\Uently selected
cyck al ky

het e@?o{f’%@fb”p Eéé'}t%elérlg{gy Ifur %ﬁ{% Y] kyI

wheréi and Ry e Ky1and eRZkeTqu toyed:he&l foymylanommmabnhyremdue or

con ter or at the of

C bR HoBE: et 8 ARSI R a8 b lry St t o

in dé;s&msberftdny tmdaraﬁﬂtaw nltribgeﬁ hﬁmut'thér Ufaﬁ LEpa‘@ﬂ’FéSl‘s Hetdified;

of gxag} 1sul f4u ﬁ?:}r_.gznltro {1 R1, or X5 and

Rz ey togetfer P8 ey {ods h&&lf‘éfrﬁ’ é’sgffﬁ’@ Baving the formula —
OC(RROC(O)Y(R™), wherein Y =N or O, a =1 when Yis Oand a =1 or 2
when'Y is N;

- R® s selected from the group consisting of hydrogen, alkyl, aryl, alkenyl,
alkynyl, atkenylaryl, alkynylaryl or alkylaryl, wherein each of said alkyl, alkenyl,
alkynyt 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'M-_

- R™ s selected from the group consisting of hydrogen , alkyl, anyl, 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

am date nitrogen not further than 5 atons is

esterified; X4 and RL or X5 and R2 may together forma
group having the formula - 20 OC(R9) 20C( O Y(R70) a

wherein Y = Nor 0, a =1 when Yis O and a =1 or 2

when Yis N RO is selected fromthe group consisting

of hydrogen, alkyl, aryl, alkenyl, alkynyl,

al kenyl aryl, al kynyl aryl or af ylaryl, wherein each of

said al kyl, al kenyl, alkynyl and aryl groups is

opti | y substitut th one or nore atons or 25

gr oug@ﬁ%é?‘ SEPERE ??féﬁ%eeghf\gé@rkh@pgi%tﬁsc@ﬁtsi@go@f halp.ocyano, azido,
cyanio, m‘d@tndmlm*r"ﬁmand OR14; R10 is selected from
theg%{ égﬁSlStlng of hy droF , alkyl, aryl,

al kEny P 736 pacthjindgpendangly, selpatedyiremytheagraup consisting of
alkhyabgbnathﬂ@ﬂn each of said al kyl, alkenyl,

alkx and aryl” groups is optionally substltuted Wi th
anel'd? 2Rdrlegen repsesamiing theynambsr S\érrmmydehé gmnptsfb@tween and P,

t
I ERett On S8 bntviBno, Bk LNRL GouctTlfi e iepyety substited
sel Wib eher polwa nebsjﬁwps selestest from tie giw@rmrsna@ @f halogen,

et ITreR By B GEE R RnE Belngrecipcied ipm . 2. 3, 4, 5 and

met Byarghe groups being optionally and i ndependent!|y
S“bﬁF%YHSQP with one or two substituents sel ected
fromihe group consisting of hal ogen, hydroxyl,
mlmdgyphmc@mﬁcamykydoe &ibik Msdpel %I\F‘a%é c 1

S 4, 5 and 6; and 18 m sOor | |nc5'eu§891ng Uhd” prodrugs
W%?Rﬁceutlcally acceptable salts, solvates i soners

-and piMuteugpecitid eérﬁ%dlmyﬁfse o? Pefd fihferﬁigﬂo %d@&g Ssu%—classes of

e invention include sub-classes o0 er eol soners
rsg‘ﬂ?ﬂé@@meé% represanjedby aneof el folhwigg ffommlaadiif td VI
(XVI11): R8 Xb B X)%T , 3

X3 R7 ”//Ra
Ry AN »

|4 1 RE RS

xR ()

(v},



RZXS-PI" n'X2 R4 R6 5 15 X4RL (111), R8 X1 1110 X3
~—~R7 R3 R2X5_J '/n 'X2 R4 R6 R5 X4RL (1V), 22 R8
X1 B (I3 RT RB RX5-PnX2 R4 f Re R5 X4R1l (V),
REXBII3RT R3 R X5-Pn X2~ RA 1 R6E RS X4RL (M),
RS X B X3 R7 3 RZX5-111"n X2 = R4 R6 R5 5 X4R1
(VI1), R8 X1 B

22

m"“lla
[o7]

A
<n

priiing
>

X
o

(VI




X R7 jpRs R2X5_||
23 R8 X1 X3 R7 R3
(1X),
X3 "I11/R3
R3 X3 WR4 RZXS-

n

pelRElE
&

'x rffRA R6 R5
Ry XSIIl XZ R4

Ra X1 ,.00B X3 R7T R3 Rs RS
RZXS-111"
III

\ X2 R4 R6 R5 5
"X R6 5 X4R1

23

A
)

(IX),

XIn)

14R1L X (M 11),

R6 R5 X4R1
X4R1 (X), X1 B
X4R1 (XI), Xi

B




(XI1) 24 X X3 R3 R2X5 [1,"n X2 R4 R6 RS X4R1
R

(XI11) (XBX3 R3 25 - 2\\~~4 RXPn X R6 R5
X4RL (XIV), R XL B X3 R7 RZX5-11 XZ R4 RR5 5 x4 R
(XV), R X1 BX3 (,~R7/° ~\ :\V, RZX5-P n X\ R |

Rs R5 X4Rl (XVI) 25 R8 X1

24
X1 \\\\B
o 3
PR "
R2X0—p T R
)l(4 1 R R
R

o)

(XVT1)
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X3 RT RZX5. XZ =R4 R6 5 X4RL (XVIl), and R6 X1
..00B 3 'yyRT 252\P4 RX-pnx R R6RS X4RL
(XVII1) 5 wherein n, m B, X1, X2, X3, X4, X5, Ri,
R2, R3, R4, R5, R6, R7, R8, Rs R10, Rl11 R12 R14, RI16,
R17 and R18 are defined as in fornmula (11), including
phar maceutically acceptable salts, solvates, isoners
and prodrugs thereof. In a specific enbodinent, this
invention relates to conpounds represented by any of
the formulae (11) to (XVIII), %herein R4 is hydroxy.
10 In a preferred enbodi nent, this invention rel ates

t o compounds égpresented by any of the formulae (I1)
to (XVI11), wh in agll east _.one of R7 and R8 is

hydr ogen, nore prgfefa ,b@Ph R7 and R6 are hydrogen.

Inits £ gene accegtance, the invention also
rel at esn—?ﬁ
hetgrocycli cl

s of conmpounds including a

o0 ttached to a first 15 carbon
atorfo opti ofial Ey substRtuted five- menber
mono- unsaf ur at ed heReroryclic group sel ected from
di hydr of w*mlyl and di hydrot hienyl and further
i ncl udi ng a phosphonoal koxy, thi ophosphonoal koxy,
phosphonot hi oal kyl or thP%ﬂHb@ﬁﬁonothioalkyl gr oup
attached to aggecond garbon atom of said five- nenber
mono- unsat ur at e\ het-érgcyghBBc group, said first carbon
at om bei ng 20 adjjCent %0 the heteroat om of said
five-ne r nRi0- upsat uf at ed heterocyclic group, and

sai d Wbo\@- bei ng adj acent neither to the
hﬁzéqs n X2\

xR

{(XVIIl} ‘
wherein n, m, B, X', X% X%, X%, X%, R, R2, R%, R*, R, R%, R, R?, R®, R'®, R"! R'2
R™, R™ R and R" are defined as in formula (in), including pharmaceutically
acceptable salts, solvates, isomers and prodrugs thereof.

In a specific embodiment, this invention relates to compounds represented
by any of the formulae (11} to (XVill), wherein R is hydroxy.

In a preferred embodiment, this invention relates to compounds
represented by any of the formulae (l) to {(XVIIl), wherein at least one of R? and
R2is 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 heterocydlic 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
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26 nor to the first carbon atomof said five-nenber
nono- unsat urated heterocyclic group. This second
cl ass of compounds may be represented by the genera
formula (XIX): RB X1 B X3 R7T R3 R2X5-11'" n X2 R4
[4R1 5 (XIX) wherein: - X1, X2, X3, X4 and X5 are
each each independently selected fromthe group
consi sting of oxygen and sulfur, - Bis a natural or
non- nat ural heterocyclic nucleobase 10 - Rl and R2
are each independently selecté&d fromthe group
consi sting of hydrogen (- POBR76) m POBR17R18; al kyl ;
al kenyl ; al kynyl; cycloal kyl; cycl oal kenyl ;
cyer h@yﬁ@# cag}ow atomy of gﬁuﬂ)ﬂve-m@m%ﬁmq-l@nsaturated heterocyclic
h [ I I L,
A Ch U2 P e phd Ko ) KPP Imal B RUFESSTE by the gonora
adgmudg GED:al kenyl ; acyl oxyaryl al kynyl ;
di al kyl car bonat,g; alkylarylcarbonate 15
al kyl al kenyl ca X! al kyl gl kynyl car bonat e;
al kenyl aryl car bon yl - aryl carbonat e;
al kenyl abRyny kenyl car bonat e;
dialkynylr ar bonat rei h said al kyl, al kenyl and
%@ o x égeor more het er oat oms i n
0 q endMf*t he hydrodarbon chain, said
het er oat bei ng i ndependently selected fromthe
group coisRsting of oxygen, sulfur and 20 nitrogen;
R3, R4, R7 and R8 ar? 5§Ch i ndependently sel ected from
t he group consisting hydr ogen, azi do, hal ogen
pﬁeﬂﬁmably fluoro), cyano, alkyl, alkenyl aIkynyI
5i S _se cte from ogen
aI keny 1234 ?T%Xﬁﬁo%ﬂ ?‘C'VQ?B%n Wi 99[9928‘1 fmm the group
cycMOaHKMbefQﬂ@mhanhaamnﬂcycI|c aryl al kyl ;

het ey ocycl.i c-al kyl ; | oxyal ky|; 27
SLHRS natural or n n—natu Ihetgrocyghc nucleobase,

- R' and R? are each independently selected from the group consisting of
hydrogen; (-POsR™)-POR'R™, alkyl; alkenyl; alkynyl; cycloalkyl;
cycloalkenyl; cycloalkynyl; aryl; arylalkyl; heterocyclic; heterocyclic-alkyl;
acyloxyalkyl; acyloxyalkenyl; acyloxyalkynyl; acyloxyaryl; acyloxyarylalkyl;
acyloxyarylatkenyl; acyloxyarylalkynyl; dialkylcarbonate; alkylarylcarbonate;
alkylalkenylcarbonate; alkylalkynylcarbonate; alkenylarylcarbonate; alkynyl-
arylcarbonate;  atkenylalkynylcarbonate:; 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;

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

- R%is selected from hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl; cycloalkenyl;
cycloaikynyl; aryl; heterocyclic; _arylalkyl;. heterocyclic-alkyi; acyloxyalkyl;




10

wherei n said al kyl, al kenyl and al kynyl optionally
contain one or nore heteroatons in or at the end of

t he hydrocarbon chain, said heteroatons being

i ndependently selected fromthe group consisting of
oxygen, sulfur and nitrogen; 5 - R b, RL7 and R18 are
i ndependently selected fromthe group consisting of
hydr ogen; al kyl; al kenyl; aIkynyI cycl oal kyl ;
cycl oal kenyl ; cycl oal kynyl ; % aryl al kyl ;

het erocyclic ring; heterocycI|7 ring-al kyl ;

acyl oxyal kyl ; wherein said alkyl, alkenyl and al kynyl
op t|oHaIIy contain one or nore heteroatons in or at

t he WRerest spik ahpdhr alk@nybomneh allynyls aptiotradye contesn®ne or more
bei I 0 | acd ed
NGtbRAERAN IS Wrl Mt thb e cﬁ fiaw% dh%({r{}(g%égﬁ &‘Qﬁp n%d I_Jgfteroatoms

consi sting of oxy

or Yoriag W@Qeﬂﬁ%ntg’cﬁﬁ%ﬁ@d fifoon theagroapicoasiatingl of egyge sulfur and
rmﬁ}b%é}?ptl de wherein a carboxyl function of said

am no- resi due being at a distance fromthe

am dat’e R tandgﬁﬁ At ifdepehdenttyh aalebteat fmﬂh e grou conszstlng of

est gf X5 and ether forma

ar ol a’d&%cf/eq'rh ;ﬁif lg tﬁu%g(ynyil §y&%%g§% ploafkenidi pysloalkynyl; aryl;

wherasyialkyl; i:eNarocyd})ic ringe Hetéihﬁ@j?ch}é rirfy- Qlkﬁn‘écﬂoxyé}ksﬂ* wherein said
ected fromthe group consisting

\(/)\Af']er.l-.ﬂ 635?{“/’ gpgﬁ?kyngl ptlor@llp(&ﬁptam OB joy yere heteroatoms in or at
al kéhglérrd] bf tid H‘Mﬂycb@fmdm Q:{haﬁi kééié@%@t&ﬁfb‘?ﬁ@ 'Héllfba%e‘ﬂtendently

said Kk al al kynyl and ar
opt i% F%t%ff%éé? &%%@%l&fwgdﬁ @xmemﬁﬁﬁuraa !tr@gelxo
0¥ oxffs argl REt gl X Qﬂdtﬁ@ r%_\;guteg&tﬂgﬁ' éﬁh ﬂ@la%'i residue or

cyano, azi dO nitro and I'S se ecte

fr orﬂolﬁﬁ’épﬁﬁ’%lﬂ’bet%ﬁ@ carbergyl fndtipd b geid amulokz;dld remigie being at a

15

20

25

30

| k
ZI kﬂ'%{a:;c@#&%ﬁﬁé annﬁ‘éeé;tghr}wcr)@éﬁ no&%ﬁé}%% §I6\E%rﬁﬁ fis esterified;
at k% %ﬁﬂ @rr%i agidoBP snag tmﬁth@nﬁirﬂnya subsp i Havired the fdrmula —

one ¢ Quys Iect dfr

gr oup Eofis) S(Pﬁ(g@hgﬁh‘?qemg{éya SCZ'ZEil do’ Whﬁ’f‘?\?lbs B@@Ejéla =lor2

and WHRDTRIBAY; - R17 and R12 are each i ndependent Iy

sel ted t consi stin dr ogen and
%ﬁ@ g Sé“g&gba oinig §P UPe st Wr hw’%gﬁum&wl oAryl, atkenyl,

met Iaﬂdyayieaigemjdals/!,@ltyl@%mylaﬁtbll@laryl, 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
OR14‘

-~ R'.is selected from the group consisting of hydrogen , alkyl, aryl, alkenyl,
afkynyl, 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''R2;

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

- s an integer representing the number of methylene groups between and P,
each of said methylene groups being optionally and independently substituted
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30 each of said nethylene groups being optionally and

i ndependently substituted 28 wth one or two

substituents selected fromthe group consisting of

hal ogen, hydroxyl, sulhydryl and Cl_4 al kyl, and n

bei ng selected from1, 2, 3, 4, 5 and 6; and -

m sQorl, 5 including pharmaceutically acceptable

salts, solvates, isonmers and prodrugs thereof. Mre

speci fic enbodi nents of the invention include

sub-cl asses of conpounds bei M stereoi soners

represented by any of the followng formulae (XX) to
(XXVI): R8 X1 B X3 R7 ,///R3 RZ x511 XZ R4 n 10 X4R1

( XX) Y ith penexgr mﬁquxem@xglepted{romﬂne HBURLonAistvg of halogen,
(XX ﬁydroiﬁiéﬂhﬁi%@nﬁ/ Ry | bhinfieid¥ed ffont, 235, 4, 5 and

(XXI']

- misOort,

including pharmaceutically acceptable salts, solvates, isomers and prodrugs
thereof.
More specific embodiments of the invention include sub-classes of

compounds being stereoisomers represented by any of the following formulae
(XX) to (XXV1):
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RZXS- 11/ n"' X2 R-4 X4R (XXII1), R8 X1 B X3~"R7
R2X5-i' n~X2 R4 X4R 5 (XXIV), R$ X X3R7 RZXS-P n
X2 R4 X481 (XXV), and R8 X1 B X3R3 R2X5-i' X, 2 R4
k4R 10 (XXVl) 30 wherein n, m B, X1, X2, X3, X4,
X5, R, R, R3, R4, R7, R3, R9, R10, R', R12, R14,
R16, R17 and R18 are defined as in formula (Xl X), and
wherein the snake-1ike synbol stands for any

st ereocheni cal arrangenent of the respecti-ve bond,

i ncl udi ng pharmaceutical ly acé®ptable salts, solvates,
isoners and prodrugs 5 thereof. In a specific

enbodi ment, this invention relates to conpounds
represented by any of the for@iflBe (XIX) to (XXVI),
wherein R4 is hydroxy,1ln a preferred enbodi nent, this
invention relates t % ounds represented by any of
the fornulLae (X X){to (XR wherein at | east one of
R7 10 add R8 is h dr oge te preferably wherein

o),
R8 XT B
xR
Rsz !:l)/%xz R4
>|<‘*R1
| (XXIV),

R2XS
R® x! B
xR R3
| N =
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It should be understood that in the above enbodi nents
of the invention, the novel conpounds are as defined
in any of the general formulae (1) to (XXVI),

wherein: - each of the substituents B, X1, X2, X3, X4,
X5, R, R, R3, R4, R5, Rs, R, R8, R9, 15 R10, R,
R12, Rl14, R16R17 and R18 may i ndependently correspond
to any of the definitions given above, in particular
with any of the preferred ranges or individual

meani ngs (such as illustrated ¥bove) of generic terns
used for substituting radicals such as, but not

[i.m to, o I eyclaoal kyl ", " alkenyl ", "

a}v{éﬂﬁ%ﬁm ’m,..B,‘,XJy }% ,x@,..xﬁe)g%'eg%cggJ RE RYRY, R BGeR'; R™ R, R%,
cyRT,0RMkamy R'2@ré aldinbarad in fornfliy [ RbKY land! in th i
C%& aLkFX 4 "ntahi o kyzlyé t"'hlftggﬁi:é?/ éﬁb&;l I?)'?? \lfﬁﬁéxem the snake-like
a nﬁ;ﬁ] ol § d§ gﬁoer:&)gétqarm@bemlceh@tradogembetioft?mﬁesp@ctive bond,
airsbludin b t Y rehe

i ndi Vi Rl rees g%eér]dégg%{'}’é‘?e%?’ﬁaegéﬁag?gt'ﬁ%"‘PB? Afida@rodrugs
(FE®Y- (xXv1), the al kyl ene chain between X2 and the

25 pho ; ' f. ly a short chain,  i.e.

i & oray et ABLdnicht S Bl el Birlet e pemaayicg iprosented
i RépOYef Bredomnulae (X6 tb XKVDewhereiuRh istBydiakpgen,

g or T @ BefRiftd RBBaEARtY spisymnverdion ciates o compounds
eRPressnted by'any\6f thadoMiulabeiX redar ;

[ Wﬂe@l@ﬁrl sel ect eg fLrlgmqt @_tgr oup 'ﬁgkbs“?%j"? r?aleéfﬂ one of R’
fTuoro, %g%' FERIREArably wihegsin hoty Bl and R raseftyidrogen.

|1 shdukhilia bendederteod thbein Ko M RembBLRRSHIS DIHE vention,

dt%]:ei nitLrgqns of phosphonat e prodru%s suc escri

£Or "EXENATBPUNAS e asdefiedNg anyel 226 gaserahfiormiulSe (1) to (XXV1),
Rabemein: No. 5, 977, 089. Specific enbodi nents of bases B

sui tabl e t%or i ncl usi on i1ntc2) the conpounds of 5 the
pr eSBH? O the shbelitHentsdd.utle X bxit Xdr 6", R RPj R tret] R%RS, R7, R, R®,
hy ppthmhi pe, ggugmisng17 B t 0si ne,,, i NoOSi ne,
thypi ne, 'uracil,” xahthi %Q&i% g(gaé’ @'ﬁ??ﬁ%‘?ﬁ"v{é{s&gf@%‘md to any of
ami definfionsgieenahavedipupdrtieylar with any of the preferred ranges or

2- aaRanBi Ghba0 ri hypoxant hi ne, inagsi ne _and
xant hi ne= 7 dag'glg@é_’é%lgb?faaa elﬁlix%)g{g?(%@gog?i L Ganssic terms used for
guaw@;ué:ggammmspm,asﬁ,bﬁt nat ?E‘iitﬁ@pl%ﬁ I"NGikyl ", " gycloalkyl ©, ©
- = G Urslu ne £ M oxan I'net nl nOSI ne “aﬂ
xaﬁf{hlé}%; ; 1'14“8%% , ©arl ¢, %eterocycllc , * halogen “, * cycloalkenyl “,
alkytaryl *, “arylatkyl ©, © alkoxy”, * cycloalkoxy “, “thioalky! “, ° 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 (XXV1), the alkylene chain between X 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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10 deaza derivatives of 2-am nopurine,

2, 6-di am nopurine, 2-am no-6-chl oropurine,
hypoxant hi ne, inosine and xant hi ne; 7-deaza
derivatives of 2-am nopurine, 2,6- diam nopurine,
2-am no- 6-chl or opuri ne, hypoxant hi ne, inosine and

~xant hine; 3- deaza derivatives of 2-am nopurine,

2, 6-di am nopuri ne, 2-am no-6-chl oropuri ne,
hypoxant hi ne, inosine and xant hi ne; 6-azacyt osi ne;
5-fl uorocytosine; 5 15 chl oroéytosi ne; 5-iodocyt osi ne;
5- br onocyt osi ne; 5-net hyl cyt osi ne; 5-
bronovi nyl uracil ; 5- quorouraC|I 5-chl orour aci

5-i ddstipdlei Ibe stdemiend abat ;R5-and iR Lrefezﬁﬁetqntherdeﬂmttons of

SPWyny\@EFam Féé‘cﬂc& g?e%%;%%éalrgﬁgg &e 'n US Patent No.

r@@?ﬂ&éowﬁdo&ﬁeﬂ’atem iNag 5&97)71,0893 deaz aguanyl 1-

deaeég)% g yt?o%nﬁz u03 é)\ég?%é %ﬁtpél%g% %&@éﬁ-&%@/ {He compounds of

Ttheepzaeadie mventian Gnduasm batparel mpt lrnﬁteaﬂtdjotmﬂdxamhme@ guanine,

0= 2- t hi 0= 2-
A0l o ONAE Mok, B SrelorambRonrre, dervatves of 2
paiminlodaﬁné hEBFmQﬁ“mnﬁﬁ@ Z%ﬁlﬂﬁ@iiitcbm@@pﬂﬂﬁé eRppdi@hthine, inosine

havj n f the for wherein B is
de’é%ﬂ@”%f_gﬁiue%% R e Haf'éﬁﬁﬁfr?@enm%ﬂlﬂi@Fmﬁa?ﬁ"@!m’l%ﬂme 2,6-

ecﬂib@%dﬂiﬁﬁhe Oob-driifoPctRb@paRke, | th%é’ﬁ%étﬂ@%ﬂ@%&ﬁthme 1-

|d%ﬁe’(p)zlgio phonat e substltut ed t hr eose nucl éosi des, nore

ryefiyes of grayaibREHEN% ck§-damieppiiine 2-erieSehloropurine,
NWHoRAGIFRS inddin@BAL h%rnghnﬁ’@rf HEH%@EEF?@%E R, ﬂ*fzndd?.r?me 2,6-

present | nvention, hospo OXYy subst glent
oqifawr@pyunena awmp;ﬁ«@hha@pnen@alsmxanumeednosme hendr kawthine; 3-

e fﬂéedéi%[-}@é@ Q,g goénftfl?%u Ve td:é?ﬂmggaﬁmlx@ a% Dl c[h(fosropunne,

I gurat | on resen Imventron af'so re
thypouanthine, naveding naed ne@natimes traracytesinade5dlndracytedine;  5-

BB SRe RIS c Peter e 1o st Sioiqtine: 5
fhmmmlvmglL(rdaolt t B-fsdOdracil; &hlhrdlﬁaﬁl brdbdduradi; abasomdyraci; 5-
Wrgr ee?zy ﬁe%d (\bﬁ t?%)t@%e{t%l@gg!{ %(ﬁ%yﬁlylufrggdn%ldag-prgpynylurac:i
Preferably, B is a 9-puriny! residue selected from guanyl, 3-deazaguanyl, 1-
deazaguanyl, 8-azaguanyl, 7-deazaguanyl, adenyl, 3-deazaadenyl, 1-
dezazadenyl, 8-azaadenyl, 7-deazaadenyl, 2,6-diaminopurinyl, 2-aminopurinyl, 6-

‘ chloro-2-aminopurinyt and 6-thio-2-aminopurinyl.

A particular embodiment of the present invention provides the phosphonate
substituted nucleosides having any of the formulae (1) to (XXVI} wherein B is
selected from adenine and thymine. Another patticular embodiment of the
presént 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 basés coupled to the ring of thé compounds of the
invention are in the R or S configuration. |




10

U0 OV 10 (XXVII1l), OV W OV (XXIX), OV
33 OV PhosO OV (XXXlI'), row PhosO OV ( XXX
PhosO Cu (XXXI 11), O OWPhosO QU (XXXIV), O Bp
PhosO QU 10 (XXXV), and 34 BP PhosO OV ( XXXVl),

wherein: - Uis an acyl group,

32

The present 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 (1) to (XXVi).

Such novel intermediates may be represented by the following general formulae
(XXVII) to XXXV

~

HO

o
ov
XXV,
g
Uuo oV
0
ov
0
oV

XXV,

Q )
uo
| XXIX),

q )
HO
(XXX),
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5- Visa silyl group, - Wis an alkyl group, - BPis
an optionally protected heterocyclic nucl eobase,
wherein the protecting group nmay be acyl, silyl or
benzyl ether, and - Phos is an O-protected
phosphonoal koxy or thi ophosphonoal koxy group or an 10
S-protected phosphonot hi oal kyl or

- thiophosphonot hi oal Kyl group, wherein the protecting

group is one suitable for the protection of hydroxyl

groups of a phosphonic or thi38phosphonic acid. The

present invention relates in a particular enbodi nent

to novel Epnpounds and i nternedi ates sel ected from
nsis8¥ng of: 15 -

1Pfos@ci | - 1- yOy- 2- 0- benzoyl 3- C>(d||sopropylphosphonom

et hyl)-L-threose (13),

1- (N4- acetylcyt03|n £X§¥ 2 O benzoyl - 3- C>(d||sopropyl

I threose (14), -

- 3-0- (di i sopropyl phosphononet hyl ) -L-t hr
aned (2R, 3R, 4S)-N9-[tetrahyd
-4-(di - C>|sopropylphosphononethoxy)

adeNi ne (15), 25 - 1-(thymn-1-yl)-3-0-(
Qsphononet hyl ) -L-threose, al so naned

-[tetrahyd

f O- 3- hydroxy 4- (di - Oy, opyl phosphononet hoxy) -

furanyl]tayn1ne 16), 35 1-(uracil-1-yl)-3-0-¢(

di i sopr h nonet hyl ) -L-t hreose, al so naned

(2R, 3 4S)- -[tetrahyd

r o- 3- hydr oxy- 4- (di - O-i sopr opyl phosphononet hoxy) -

sin-15yl) - 3- 0- (di i sopropyl phosphononet hyl
)P'I‘_O&ereose é'IJso naned 5

(2R 3R, 4S)-N -[tetrapégk 3- hydroxy-4-(di -Oisopropylp
hosphonoqgthoxy)- fu anyl}cytosine (18),
Oow

PhosO ou
(XXXIV),

PhosO ou
(XXXV), and
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- (adeni n-9-yl ) - 2-deoxy- 3-0- (di i sopropyl phosphononet hy
-L-threose, also naned

R, 4R) - N9- [t et rahydr o- 4- (di - O i sopr opyl phosphononet ho
)-furanyl] adenine (19), 10 -

(thym n-1-yl)-2-deoxy-3-0O (diisopropyl phosphononet hy
)-L-threose, also naned

2R, 4R)-N -[tetrahydro-4-(di-Oisopropyl phosphononet ho
y)-furanyl] thym ne (20), -

1-(uraci | -1-yl)- 2- deoxy- 3- O ( &fi sopr opy! phosphonomet hy
| )-L-threose, also naned(2R 4R)-N -[tetrahydro-4-(d

i -Oisopr 8py| phogphonorret hoxy) -furanyl] 15 uracile

1

I

(
X
1-
I

(
X

1- (cytgsi n- 1yl ) - 2- deoxy- 3- O (di i sopropyl phosphononet h
al so naned

‘( 2R, 4R) tetr ahydr o- 4- (di - O i sopropyl phosphononet ho

cytosine (22), -

1Phad@ni n- 9- yOM 3- 0- (phosphononet hyl ) - L- threose sodi um
salt, also naned 20

(2R, 3R 4S) - N9- [tetraﬁml)s hydr oxy- 4- (phosphononet hox
ywhareamyl ] adeni ne sodiumsalt (3a), -

1- ym n 1-yl)-3-0-(phosphononet hyl } L-t hreose sodi um
: saI t é?ré%cﬂgﬂizéﬂ’
R,Sl?né@sﬂwg{dt@trahydro 3- hydr oxy- 4- (phosphononet hoxy)

-fu nyljthym ne sodiumsalt (3b), 25 -
1= (¥ &can alkylgpug, 0- ( phosphononet hyl ) - L-t hr eose sodi um

sal BP jalsp0s tect
(2R e 4L ORERBl, protectad hoterpoyp r"SWCA?OP R pRg RO tecting

y) - mtahmaylh&aawl @l!ylswdxennylﬂner vt
L- ( @Hoe54 ?b-érate&eg %\QW&&BQ}? Bpmigp%spnonoaslﬁoxy group or an

sodi um sa

( 2 R%Romempsmqmmlbyl &rhlyldpbwspmn()tﬂimﬁm Qoups tWiestein the

1) DibtePihe bECR BEe MaB8ton TS Bioiabil oy yciroowh geses of o

e spl:iospshamt or th&igﬁ@gplnmﬂ@dmﬁ ) ) . |
2RA4R) - tetr ro-4 os gnonet hox ur an
gdeﬂ'ﬁﬁé)reg u&\fﬁrg gﬁtrel(agg@ apa Hcutar embodm@nt o novd c]ompounds

1ar(d inyermmdiaws )sell%cﬁﬁ@@m %@&Qb%ﬁﬁmi hyl) -L-threos

al so

Coriah BedZpviassainbodo e psn@@ﬁdadmwpmpaawmewn—

ym gesSs 14N

- 1-({thymin-1-y1)-2-O-benzoy!-3-O-(diisopropylphosphonomethyi)-L-threose
(12),

- 1~(uracil-1-y1)-2-O-benzoyl-3-O-(diisopropylphosphonomethyi)-L-threose (1 3),

- 1-(N4—acetylcytosin—1 -yI}-2-O-benzoyl-3-0-(diisopropylphosphonomethyl)-1.-
threose (14), ,

- 1—(adenin-9-yl)—3-0-(diisopropylphosphonomethyl)—L—threose, also named
{2R,3R 4S)-N°[tetrahydro-3-hydroxy-4-{di-O-isopropylphosphonomethoxy)-
furanyf]ladenine (15),

- A-(thymin-1-y1)-3-O-( diisopropylphosphonomethyl)-L-threose, also named
(2R,3R,4S)—N1—[tetrahydro-3uhydroxy-4~(di—O~isopropylphosphonomethoxy)—
furanyllthymine (16),
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salt (3f),

1-(uracil-1-yl)-2-deoxy- 3-0-(phosphononet hyl )-L-threos
e sodiumsalt, also naned

(2R, 4R) - N9- [ t et r ahydr 0- 4- ( phosphononet hoxy) - f ur anyl ] ur
acile sodium salt (3g), 10 -
1-(cytidin-1-yi)-2-deoxy-3- O (phosphononet hyl )-L-threo
se sodiumsalt, also naned

(2R, 4R) - N9- [tetrahydro 4- (phosphonomst hoxy) - furanyl ]
cytosine sodiumsalt (3h), 35

(3R 4S}t et rahydr o- 4- hydr oxy-3-Otertbutyl di net hyl silyl

(3R R4 ‘Eg?ﬁ)é%%ﬁ o diseyraryiphgaphenanetwduthyeeiaretaiyd sinamed
Iyl €& -3

(gRlzﬁS:U%!E 3 ii\ﬁf[;&@tt; ():i/ror% hxdrox%endg)(l)ris%prgpyrgpﬁ y;[)h%lo&_etthoxy)-

t butyAnyil H@CH?I('ETI-yI - furan- 2- one,

L2 £

|(- g @fﬁl Ei dl {cﬂ%?gnﬁpﬁl{pﬂﬂs%honomeﬂ}ylf Jikzhieose, also named
(2F( 8!:3&3)3) t[teéwud@r&hgdmy@ (tieOtiboprpbatbresthdmintethoxy)-

(28 3“%%? %m%r(‘ﬁ?‘?ydro 2,3-di -Otertbutyl di nethylsilyl-
4 (H(actenurew)éa;aglemea-o-@ms@mop;ﬂpﬁbm?ombnfeﬂﬁﬁpmhr(eas@ 3 also
S%cgﬁ v %ﬁg\g%tegﬁg'ﬁg%‘i‘%@’j l d ) osp l)rszé%g‘lhbﬁy_f)(—fgrany!]
(23@%@3)19) etrahydro-2, 3-di - Obenzoyl 4- (di-Oisoprop
o H R Uiy 6 el e dehecpponametii)i- ivepsapy also
I p maswEb N (ARl %th)[tetlfaﬁkgﬁ% (di- O—lsoplr'o&)yéohosghonomFthEX)() dfuranyl]

(Z%BR 43% zoyl [ Tetrahyd enzo
) phos- phononet hoxy) - f ur anyl ] adeni ne, -

( 2 Rr@lfhcﬂisi—yl)[Z (ﬁé&@yt@bﬂ@f‘ [QO&O@IFﬁ%%hoéﬁe rﬂh)317 tl%r%ggé OPY aiso

hononethox
( 2#33!?{)@ ARY):- r%@tm{gmx@ -Oispnayiphobphdhe@ettsng)-panyl]

I plmgz{gwet hoxy) - furanyl Juracile, and -
2R, 3R, 4S)-N-acetyl -N -[ Tet rahydr o- 3- O- benzoyl - 4- (di -

i d dgy@gw’bﬁag’qaﬂ@xy% O-(diisopropylphosphonomethyl)-L-threose, afso
-named (2R,4R)- N1-[tetrahydro-4—(dJ-O-|sopropyIphosphonomethoxy)—furanyi}
cytosine (22),

- 1-(adenin-9-yl)-3-O-(phosphonomethyl)-L-threose sodium salt, also named
(2R,3R,4S)nN9-[tetrahydro—3—hydroxy-4—(phosphonomethoxy)—furanyl]adenine
sodium salt (3a),

- 1—(thymin—’t—yI)-S-O—(phosphonomethyi)—L—threose sodium salt, also named
(2R,3R,4S)~Ng-[tetrahydro~3—hydroxy—4—(phosphonomethoxy)—furanyl]thymine
sodium salt (3b),

- 1—(uracil—1-yl)~3—0-(phosphonomethyl)-l_-threose sodium salt, also named
(2R,3R,4S)—NQ-[tetrahydro—3—hydroxy—4-(phosphonomethoxy)—furany{]uracile
sodium salt (3¢},

- 1-(cytosin-1-yi}-3-O-(phosphonomethyl)-L-threose sodium salt, also named
(2R,3R,4S)-Ng—[tetrahydro~3—hydroxy~4—(phosphonomethoxy)—furanyl]cytosine
sodium salt (3d),
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nonmet hoxy) - furanyl ] cytosine. 5 According to a second

aspect, the invention relates to the use of

phosphonat e substituted nucl eosi des of the fornul ae

(1) to (XXXVI) as antiviral conpounds, nore

particul arly as conpounds active against H V. The

invention also relates to the use of phosphonate
substituted nucl eosi des of the fornulae (I) to (XXXVI)

for the manufacture of a WEdI% ne or as a

pharmaceutical Iy active |ngre£ ent, 10 especially as a

Vi rus repllcat|on i nhi bitor, preferably a retrovirus

replj i on i.bito stance for the

o SRR LR s R R A e sodium sa, aio
Conmpasined on @R\ﬂﬂm%néﬁmy@b 4%hb¥[bﬁdho§ﬁgthé)a§ furanyl] adenine
prevent.i on d/or treatnent of viral pref erab

retrd ’WHF“ %ﬁectlons in humans and mamal s. The

pr-eSﬂOﬂlthW)LzoﬂeoM tﬁ&fho%ﬁh@ﬁ@rﬁetﬁ@l?—%ﬁﬂ%&%d sBliium salt, also
treat ment of vi;ral i nfection

r et r'?ﬁﬂ‘?‘é(zi:iém -he-Sietrabydrord-fpheas Omaﬂwm)dﬁur@'lsdithymme sodium
humeggjt @pypri sing adnini stering to the manmmal in need

of such treatnment a therapeutically effective anount
of al-(¢8ahbwhc-deoams-Cofphosphumamethyl)- Lt—i:hreé@ékéX\éo):luﬁB salt, also

"o e d QORI RV BFER Ao dhino Rtk rutedifbcite. sodium
mve&ﬁlh(ég)further reI ates to rzrgtpods f or tre

0
L PRI OL SAUROAS e BOTULEGCLL L0 i o s

s ubgtdned ed (2RARYOE[iramhgtird-hep M@ﬁ@ﬂbﬂeﬂ%&%-ﬁﬁﬁnyl} cytosine
conprl 203 tlEf @t eps of selectively protecting th
hydrod H §Ae 3 Bns present on the five-rmenbered ri ng

t hat(saaqsmetramm@m hyar&aﬁ?,f@kérm«tmn%ﬁ,gsiw fiRah! 'Zprgné he
5 free hydroxy of the rot ect ve- menbered

ri 23 %ﬁ&%—tﬁf%@s@'é@vé‘oo&%g@ﬂo’h?rfgmytyldlm@thymkafubgn-»z:sme

r eaqRRIB3RI49) tétrwd'rémdo%nQ ylpéig-r‘ﬁ%t 1350- t?dbtftis,fidlmethylsﬂyl-

deprotection of the five-nenbered rin pr ot e
gr od¥&@N418NBossi bl e purine or pyrim di ne base

.ro ggtgﬁn% QY if nati on ste
{ e o Pt rot2 3 A A D U BARV PR D
m ngzra fr$h’@ltﬂatly@roe%%id@@iﬁnbotyldlmetﬂws@héémhQf)@tferane
[ 066 i tes to
Shatr(gngc ??)g‘%ﬁgﬁidn%%}df@%’@sﬁ% ﬂwg'sﬂag%éﬁlp TpRPrEpYIphos-
#henhnnemeﬁmmyhmmmﬁﬁing to any oftthe previgus t
or n active ingredient in
%é?‘eé\%f &eﬁr%ﬁr?ﬁ%’ﬂ - {?@Hm%@thy&\'w ~4-(di@dapprapylghos-
car phenombfn@xgy:ﬁ_,ra@ i ngredient being in a
Conff§%ka¢{é on, of at | east about
Hetrahydro-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}-NS—benzoyI-N9-[Tetrahydr0-3-O-benzoyl-4~(di-O-isopropyIphos—
phonomethoxy)-furanylladenine, ‘
- (2R,3R,4S)-N1—[tetrahydro~3-0-benzoyl—4«(di-O-isopropyIphosphonomethoxy)—
furanyfjthymine,
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50.1 % preferably at least 1 % nore preferably at

|l east 3 % nost preferably at |east 5% by wei ght of
the conposition. Preferably the active ingredient is
in a concentration of at nost about 50 % nore
preferably at nost 30 % nost preferably at nost 20 %
by wei ght of the conposition. The invention further
relates to a pharmaceutical conposition conprising: 10
(a) one or nore conpounds having any of the general
formulae (1) to (XXXvi), and’(b) one or more other
anti-viral agents, preferably one or nore retroviral
enﬁegée inhibitors as biol ogi call%i active agents, in
adnk2kt 3R &SN Hiekiehydast-Obgsayhid

accepiumciigrdier, (a) and (b) preferably being in
respective preoporti Qns such as to provide a

sy P8 tdiSg-Neracetl-Nard Betrahiydso-dr @ -dienizeytdcdi-eHisopropylphospho-
(pr g kvi-ral infection and nore

pre e@g@%y)afafég?ﬂ%ﬂyérii' infection) in a manmal. This
conpogirdingrio baecombagpect thaynvsation relatesfiotha wée of phosphonate

j: r -at i f j r..s 2Nt i
SUEBHRE RLABSR: bR FADRKRYD gt SRR Cohnpounas,
rireg@yticl2iWild tompdungsfactive worinsd HIV hite: avbddinnaat relates to

he invention, the tetrovjral enz i nhibito t

$ us8 b Bhostont el Afbieo S0 Fne KRR SNP PP for
]{tmf lmamfadm@il_cﬂ & i\h@adﬁﬂinbn@f lai-ﬁ,ah@g_gﬂﬂaﬁdﬁeélﬁ/, atiée ingredient,

ol | owj, ng: - -1 integrase.inhibitors such as, .
P@Q?@%\ﬂ gﬁﬁoﬁ ViR é?i?,‘lé"at"gf‘ ibg9Y, OB"PHQES)IVZG retio¥ifgs s@plication
THABSSHT it RSBt RbDIHORBNEHEUBSef BUhed@®imbhtTbi BHafRaceutical
del avi rdi ne, di deoxyadenosi ne, foscarnet sodiu

SeHRgItRe, hayingaartiyiraorrtivity forz HiecPreaBntiRn andlot Healmee, of viral,
PrevaFAuRP St e iRE SRS A MY 858 n'lsmgﬁngl?t. %g. prE&EhtdRvention
but not" limted to, for 1nstance azidothym dine, )
fthsruelates 1o amelind ofdrealingah ot véal infratieni profergly a retroviral
L |4 - e \Y . . -
HHEEEH i L0 el S, pONER " Eoriefoh8) Bliffigtorig to the
fammiahdn amesel OB soth traatmenh en tmerapeutidalle effectivasamount of a

%ﬁﬂ)%%h %tf %ﬁ? o% Po%ijiateod )Stost%&\ﬁf as gHtac%\% inlg,ir<~r=}c11IE}r‘?’c‘,j p%é)fErably in
admixture with at least a pharmaceutically acceptable carrier.

The invention further relates to methods for the preparation of compounds of
formulae (l) to (XXXVI). The process for preparing the phosphonoalkoxy
substituted nucleosidés 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 proteciing 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.

cPiizoproRylphpsphonomethoxy)-




nevirapine, efavirenz and the like, 5 - H V-1 protease
i nhibitors such as, but not limted to, saquinavir,
ritonavir, indinavir, nelfinavir, anprenavir,

| fosanprenavir and the like, and - HV fusion

i nhi bitors such as enfuvirtide, and inhibitors of HV
menbrane fusion such as described in U S. Patent No.
6,818,710 and U.S. Patent No. 6,841,657. 10 O her

suitable antiviral agents for inclusion into the above
antiviral conpositions or cofBined preparations

i nclude for instance acyclovir, cidofovir, cytarabine,
edoxudi ne, fanticlovir, floxuridine, ganC|cIOV|r

i doxJﬂwedmwentr%misQﬂr@!etas to poaimaciutieal confdosttiods neymprising a

13bBESHE I ot R o RISy SFAL SO e 0t

- sttaKKVhyas me, adfivet ingradient 16 adrointuné adithn et dewiktxe phaohaceutically
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a%icgep ;ﬁ% C{aﬁqu'n{Heo%tgl it?%'gﬁ 8p£ﬁ€§1nt % &% ggg%]t?%ﬁqrbof at least about

accordr ng
( R )prbbratgy ats &shst dr%i niord Ipi'd;f@@?qbﬂ)h at et Bf %I aldsepréfbrably at

oY &,g;? ;ﬁjyz‘?\f\%fqh&]g?qﬂ Y Vﬁlpggt {)ﬂ '(?’i ﬁgﬂt%\taét?veBm\élrédlesnt isin a

flcam:aﬂtn’altiSﬁSof A st tabout B0 Y& heve fRERraMy Skt 30 %, most
Den b|rus ég)%?re general ly, the invention rel ates
ﬁ'@

DY el ofdhe pr@s'tlexxxw ) being

usef Cl"he%@e%ﬂ@ﬁﬁ‘t&tﬁb?‘féi@ﬁa kb el
(?r eferably antiviral orS anq}%rﬁ%?g@dég?ﬁt‘%?smm o g's'“g

AFNEPN BogR EAMPoungds hgring my@fe@en@enerah@mmaeh(t) to (XXXVi),
respget to the present invention may be restricted to
a non-nedi cal use, a non- therapeutic use, a
n&m _qiiea@ripets ethes antiwirakagsints iprefeyatiy one aritore teseyiralrenzyme
qﬁ bk €l ated to cells renote froman ani mal .
Anot er aspect of the invention relates to a
pﬁarhlabelmllycadxctwenpgmtsl On adadxipre switly e least a pharmaceutically

| . . .
DASZARANE A Ry bY biably beine m.rsnaetivg prapertions such as
i twem'mdm aaepsrdistig éffechrrigabist 0Nl Rfedtibh (;ﬂefe@@(}”é lentiviral

eretJn rtlcular%{h %g antivjiral activity, yet
MUY °H § tun?:‘UF’aP gEAhs 12 Hiefoviig  infeptipn)dp asﬁwlma' This

otombes;t:dsw 4ot intamieovidiebe firiha Rihed échoH}ﬁi?édT%?épé?étlon for
pre ntion of a viral infection in a mamma

ARG AgtRGvestialysegn visal ﬁ@ferﬁammrqmaln indection therapy.
SUCthW‘tﬁ@ FrarfeWwd&r 8PaHS | Rbddimehi &FtLCiIndBRESH, @k fetroviral

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 inhibifors such as, but not limited to, delavirdine,
dideoxyadenosine, foscamet sodium, stavudine, suramin sodium,
zalcitabine and the like, N

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




10

15

20

25

phosphonal koxy-substituted or
phosphonot hi oal kyl - substi tut ed nucl eoside 5 according
to any of formulae (1) to (XXXVI). The conpounds of
the invention optionally are bound covalently to an
i nsoluble matrix and used for affinity chromatography
(separations, depending on the nature of the groups
of the conpounds, for exanple conpounds with aryl are
useful in hydrophobic affinity separations. 10 The
compounds of the invention ar¥® enpl oyed for the
treatnment or prophylaxis of viral infections, nore
particularly HV infections. Wen using one or nore
conpouitlediidledeueisg transariytasé intieitdre rsuoh as, bul natdimited to, for
(XXXVI E?S? herein: - the active ingredients

th éhﬁ%ﬁﬁgﬁﬁ may be admi nistered to the 15
rrarrmalnqu nadlensiteg ravammtiansdriptdse ihhibitbedsueh ) putmetribnited fo,

wel | € raIIy, intranasally,
subcu@%ﬁéﬁ nlgyg%%ﬁ?&a%%% y, intradermally,

i nt ; audiveu protease inhibird em¢lrﬂia$ Yout Pt fimikted ad,| ¥aquiindir, ritonavir,
cat het.er.i zat i

h |1 ff
amount GP s AOPIAF: ORETBRIAEe ke, and

es pec it Msfohhnhh&o:tsfeﬁﬁhw&niﬂfnrﬁdé &nd RABESISOFHIMmembrane
urmn and ot pre ef er abl

retr o psigp Sé'ﬁgﬁ% PHH Efjt'ﬁ" %Samt N‘R/b%@"%f?épeﬁ‘%pys,- Patent
it isNoreg4pgsral replication inhibiting anount or a
retrow ral enzyme inhibiting anount of the conpounds
Sfh qroﬁwlﬁﬁbt?eawtl\')ra{ agentoty inclusioneinton b aleqn@ antiviral compositions

BeRaRfia PPE&)%H&:MH% mgm%' ﬂﬁ'lﬁﬁ@ﬂﬂg'éd Vi [ﬁ%fé\ﬁreaéy?aqabme

and the patient’s condition
Qﬁmnmyfaﬁ@cldow,deﬂoxmtdmes evgariclevih- uuldxsrl@lee daenciclovir,

Sorivifdhe?© trﬁ]ﬁnaﬂ@ ni a?cflcggvnat (RE FaLH {a]?afgr Eg]o Xl . methisazone,

I nterval i nventi on
Ff’@rtkwdlrfeor ppdep!wltbtm oribavieagj ndgmantadireal statfrepdinegnstatolon,

{rgm%m Imee é] %q%ée?e(g(gf by administering to the

patie a therapeutically effective
armi]hdz lm\fembnsaibonatawglttﬂc@ﬁﬁiodﬁ&s GfccbRfing R6 &FENGf the general

nve The therapeutically effective amunt
@r@pé&%?&'& helo ysed fop fPBEQmw #e prolifgrationpf gthep viruses
ihbﬁ HlVe@téTéfﬁbl)Pﬁeﬁatma'B ViRl € Hepattfs CViRIATRDMaANShRIdR® virus or
%%sgé, in particular yellow fever virus or Dengue virus.

More generally, the invention relates to the compounds of formulaé () to
(XXXVI) being useful as agents having biclogical 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 (1) to (XXXVI), more in

particular having antiviral activity, yet more in particular against HIV.
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preferably is H'V protein/enzynme inhibiting anmount.
More preferably, it is a HV replication inhibiting
anmount or a HV enzyne inhibiting amount of the 5
derivative(s) of the formnmulas as defined herein.
Dependi ng upon the pathologic condition to be treated
and the patient's condition, the effective anount may
be divided into several sub-units per day or nmay be
adm nistered at nore than one day intervals. As is
conventional in the art, the el uation of a
synergistic effect in a drug 10 conbination may be
made by anal yzing the quantification of the

i nt erfadurtosrs aspral vefethei ilﬂianiicduqdrmddexgsﬁor asimathadhef treatment or

f d . o b N,
TEHORBBL! 5 b BRI J5°8 Y B ssiniiging to e
straaremal Hat needwtoérml traztrrq@unartgé?muﬂcbjwt éftfédtb(re amount of a

r n ntifi sin
PSR DR, Pl oI LhEERY  Albosie
deaﬁcmmgm) arhyeof fadmilaé |(k)‘m pgCedyation: EDx” EDz O X
a wh h d f the first
rospdita FaRpOUEES. A FRLinGeler arnaab aie boyt caraipatty to an
C idilutAié infetridviahd UsBE feresTamne) Mroﬁﬁﬁi@?ﬁéh;}’(%'e}éafdtlbﬁé dH;iéﬂdmg on
Zc%e ich is neededto produce a given ef
T%‘éé 8aiuiie Pf 1y 9reHBs SEBGHEPTERQIdE alns expme wnp@urw \wth aryl are
ad@emwehwmﬁﬁﬁtﬂ@gﬁinﬁ%e &hlissd s depending upon O <
respect Ively. Synergistic

act f@hq yCfo‘P@lFféjspHﬁr ﬂmem’erﬁ@n estrpesployeds far the treatment or
CORHYRskis B @P@r.ﬂecﬂaﬁs Fho dxfel 9511%.51%5&?%\9% %%ﬁéﬁ?twﬁéﬁ gsmg one

i nfection nay also be rea

ORE remnnepewsissaceontingdo abutof ise fdmrrmlznfedl)tto (Wi)zes defined
| pahgl.ogram nmet hod, as previously described by Elion

et at. in J. Biol. Chem (1954) 208:477-488 and by

Babahet adlive |1mgrédientsi-©|f ohe - égapbsndibemitheaie ddh@fdlered to the

i BRT (osHlli FoRr toigh BB B aps sargquakhoun in the

FI Oart, hen otdilg, mtmmmlfl chm@»eoe@%eﬁ PARCEA Tty ‘hﬁﬁdermally,
FI C.of conbi B(ed Cco t% FI Cy) is equal
to ITGRVEIRUSY, e y,‘ %arﬁﬂ rallyjqr by sathetgfeationye:

\ngerﬂﬁe Stheﬁapl@aﬂ\%l? éﬁ&tn@@%n%lfm dfftfie GREPARAbA UF the compound(s),
especla?ly 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 (1) 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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subsynergi stic, and when it is lower than 0.5, the
conbination is defined as synergistic. Wen the

m ni mum FI C i ndex is between 1.0 and 2.0, the

conmbi nation is defined as subantagoni stic and, when it
is higher than 2.0, the 5 conbination is defined as
antagoni stic. This principle my be applied to a

conmbi nation of different antiviral drugs - of the
invention or to a conbination of the -antiviral drugs
of the invention with other 4rugs that exhibit

‘anti-H V activity. The invention thus relates to a

pharmaceuti cal conposition or conbined 10 preparation
hdhengempesticallyt ¢itcative eameunigaf fist peeparatiin iofiftee téanmpound(s),

I i..on _of r re, of
2R B D0hedler o L b ™, Ao <RSAE! et
apreferably O@Hl\érmdr)]ﬂemlmmmm tnhlﬁ‘lﬂmg)hﬁfouat Q.gn?riec'm’eferably, it is a HiV

exci.pi.ent s .aor...phar maceut i ca acceptabl e carriers

TEBIE0T, TR B i & Yy, EEqRen MGG cafRbh of the
tdervaties(s) of ther vellasofs dbfifed Wb, méﬁewatrigoapomhé @hthologic
one Br mor.e ant, | east one of

P&stﬁt% ?@eﬁvﬁadzé@@a%@@% cpn%t'?fﬂ Joe rﬁﬁePH‘(I% AfogRt may be

%ddé@)nt@ Rl ereblb uAle paf d 6? @%@ﬁﬁﬂlet%?éd at more than one
excipjents or pharnaceutica O acceptable

Yriptenels.f or si nul t aneous, separate or sequential use

in thed |§%ﬁ€‘@ﬂfon9{ln|%§‘éﬁnﬂ#eoé\/a%at n ofiaf & nelrdggktﬁﬁéﬁél‘?m a drug

Suitable anti-vira ent s I ncl usi on i nt
SSaRtipatian g1aynbe ynadg byCemjmngutbasqmtlﬁazﬂmnneﬁ the interactions

HIAREEA AN gt Bl AR Qllah BECUITIRIAC HeEAIoN B Chou et
afﬂ ﬁUcHdwsiEmeylaJﬁdRe@n ﬂ@ﬁﬂbo&‘l #e r&mﬁys&hrﬁranadpiepte@es that

R eRe S o BRRIRS AN RleSoRRC PLABIR Pog misnegon ve

pneqmﬁed using \Whe bomtotmatngn $idex (hensimaﬂetryefagéﬂ nst CNidefihed by the
3inlv%lon ccording to this invention may contain the
§ % gﬁﬂﬂﬂ L nucl eosi des of the present invention,

corrpou%lﬂaccwcng to any 43
Cl, = + %
ED;

EDIQ
wherein ED, is the dose of the first or respectively second drug used alone (1a,

X

2a), or in combination with the second or respectively first drug (ic, 2c), which is
needed fo 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 Efion et al. in J. Biol. Chem.

(1954} 208:477-488 and by Baba et al. in Antimicrob. Agents Chemother. (1984)
25:515-517, using ECs 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, + F ICy) is equal to 1.0, the combination is
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of the formulae (1) to (XXXVI), over a broad content
range depending on the contenplated use and the
expected effect of the preparation. According to a
particul ar enbodi rent of the invention, the conpounds
of the invention nmay be enployed in conbination with
ot her therapeutic agents for the 5 treatnent or
prophyl axis of H 'V infections. The invention therefore
relates to the wuse of a conposition conprising: (a)
one or nore conpounds represerf?ed by any of formul ae
(I') to (XXXVl), and (b) one or nore HV

/ pr ot ei n-enz i nhibitors as biologically active
a@é‘ﬂﬁ to b&]addlé\&péﬁtawéi%b@pmrt n@nmdsﬁlxéhtmscamblpamm ttedafined as

S%ﬁ%ﬁﬁf{f@bﬁc eérftﬁ?\&)eﬂg? i255w8r \ﬁ’xéna 1%%?%&?%1518{?% is, defined as

particu ectron in Instan
| Syneegistior eren athec omibinmed ﬁt@pmdakl ion biebween 1.0 and 2.0, the

t I
*PHMAIERSE o 008 SN e, 4R e 0Bl e 2. e
preepwirtioons défirfed)asamtagdmistic. t he active ingredients
b d dt t.h
%?%C?ESLP&& ity 8% e Lie sampyralig SroereR entvival drugs

K \the iinvehtien af to a cdmbin@tidh lof thé Bhfi ﬂféﬁﬂbd;é’ of the invention with
suﬁcusqane sI y, Jdntramuscularly, intradermally, intra-

that @dibji erli-HAY egtiviyar ent eral Iy or by
cat het ghbZMldr®bn thud ?@a%é%%a&%‘ﬁtahﬁééédl m}j&ﬁbbé’ g%n or combined
amount of the conbined preparation of )
e OpRRATANIINNIRY Sergitiaeliests agringi a wiraliinfestion sne chptaining:
hygpa %oﬁ‘lﬁﬁla%lli‘ f twe@ Or Wﬁhe Bﬂ&n%l‘ﬁ)lﬁlaf’%h?fclbésn?ey'o}/the present

enzyme i nhibiting anount. Mre
H Vv lﬁ‘é@IltIO@aaﬁdJn i nhibiti ng amount of derivative (a)

nhi_bi t

S8 PP (G For, il Rl BRRMEL, Sitsg, iy psfhaceutioaty
[ nhiariwptab(&()amersa reverse transcri pt ase | nhl b| tor,

ff e ano n rse anscr.i pt ase .
3 S RRAPolR, ATl sedhertal Homin A gsseRnt i iregntion of a
25ﬂréh)1facﬁora, gpr ot ease inhibitor, its effective anmount
is.a protease inhibitin unt. - ingredients (a
ai%l) ?r%orr@9reb@t'a‘ﬂ'fﬁ ﬁ%'t"gr @'g‘?m mul taneogsl y but i t( i)s
al(@)Qat IEseht of e prospabhieSiRledshiRNE %ﬁ@bﬁﬂs@hi{ in?&ntion, and

q}uentl ally, for instance within a relatively short
p&7) oppilyt fone (@, gnony haRmapeniicab4exririeats iaT phaenaceutically

:?egdgbg%[eég}gé,% functional fusion in the body to be

for simultaneous, separate or sequential use 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 inhibitdrs, protease inhibitors and integrase
inhibitors.

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

phosphonate nucleosides of the present invention, compounds according to any
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44 The invention also relates to the conpounds of the
i nvention, conpounds according to any of the fornul ae
(1) to (XXXVI) which can be screened for inhibition
of the proliferation of other viruses than HV,
particularly for the inhibition of other retroviruses
and lentiviruses and also for the inhibition of 5
flaviviruses or picornaviruses such as BvVDV, HCV, HBV
or Coxsackie virus, with in particular yellow fever
virus, Dengue virus, hepatiti$3B virus, hepatitis G
virus, Cassical Sw ne Fever virus or the Border

Di sease Virus. Als other viruses nay be inhibited

s @ fihey dompae (Vo YO8 ovpr rrubroarh eoptest eangel dersnding on the
1gbnlﬁtléﬁ{plﬁéews€%%d‘{ﬁé Sibé‘bi’édd’ g %&T@gﬁ%g@@%ﬁ@ﬂm ising a

east one active Ingredi en | hed
t ogetaverding i agparticidar erabgdiant pEthe inventaiotiee compounds of the

V js . arj.al I th
VSRR P B BRI Sy gl g or
sdkeatentiauirdploylaxjs ot biik infaka)t::tmrisafrhﬁ\ﬂiﬂr@ﬂioartaerefore relates to the
' ' iy I [ t t [ t
2&535%%8#9@[“98%@"%%%@3 able in e veterinary ar

are co e the active ingredient. These
v i )emer@mioeocposiUnds Reprasantbe bedmyrifsoengse a5 & HEKXVI), and

SENERE B, R VD puctbingiiiay e bisTiogs fh.bioRseln geive agents in
accoeshargivb propottioihs stiditas @ Hdade @ syddgicie¥ibit Relind a viral

usef.Ly as agents havjing biol ogical activity )
(par® FEW%H%?'%%M Fa{ infrdtipy in gynammed, far ligiasseinthe form of a
agerombirty ppdpdrAfort & SsimBithd sed ngéFaﬁe r&mgﬁz@;ﬁ&ein viral

present invention may be restricted to a n

use Infgcion tsramhepapastié use, a non- di agnostic use,
OvHRRG S X&b 1 b Lk .use related to

cells réﬁr%t e ﬁ%‘{rﬁdaé}}egﬁaﬁg? BF@C?E@ @? skill in the art

wi | they| adive eingigiliends t (ahtardh éb)c orpo bed sdofinistesed to the mammal

in i ' ' L fferen r.otgnat i on .
ot el M b SO 1ERRY Y, abS " FRprE SRR e art ie.
t heioralbypvintanaealty, sidutariebeslgs rinraoustulbdy, mihtegdermally, intra-

royi erein 25 depict . the conpounds in.only one of
P v LAY b berea it Brn e SoPR St eteriRrio,
undédres tremdpédiidally keefeetivet amolinl 65 tHY eoiblriést prabbitlion of (a) and
onl and t hat @he mveiltlon is not, limted

. to any
par {0 drsReckiy: hdbp ofe Ik Of aYifAl aiffeddions pnohdmapeand other
f or marafald) ?armra@@u@ dsHIgr &mﬁ@%ﬂﬂﬁﬁ@aﬁéhht. WidrBigrticularly, it
t he,scope of the invention. 45
is a HIV replication inhibiting amount of derivative (@) 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 fo achieve
their functional fusion in the body to be treated.
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forms which the conmpounds according to the formulas

of the application like (1), (Il), (Ill) are able to

form Therefore, the conpounds of this invention
optionally conprise salts of the conpounds herein, 5
especi al ly pharmaceutically acceptable non-toxic salts
containing, for exanple, Na+, Li+, K, Ca2+and Myt +.

Such salts may include those dérived by conbi nation

of appropriate cations such as al kali and al kal i ne

earth nmetal ions or ammoni um and quaternary am no

i onsThei bivestioraalsed widton todhetgompoypidsadl theainvantiox yddarspounds

e T U ey

¢ mhilgigorofof tthe proliferaticls off othbe vilcgentthan Hily, barteulahgrfor the

poLtlve negati ve. assqci ated counter, |

F PRl o7 e rdiosehahe) RAALRSS aff BrS 1'ebitas fbtion of
Wﬂéﬂﬁﬂ&eb)br\fd’&cﬁha\hhs@ QUBIP B ¢B/3V eHo &iEﬂBdr Cﬁx@ackw virus, with
count clude, but are not linjte

al,l{ffll‘ ¥ m%%vebgmég,s[p%uq Yigus; Uﬁpatltﬁalﬁlvd{gg hepatitis G virus,

aGﬁsﬁFcﬁl Shvirld FEGEOARRLGH Be MirBer DRRAGsETSEUY. 89 bitey 9Rlises may
It will be understood 15 that the identity of any

aBg ddikitespush st ldBVi 6NV andhgarsavirusi t i cal feature of
the THenHJ%QéﬁtQHverﬁlBi’i {URREr eﬂ%‘%#e@"\%‘%ﬁ ﬁ%ﬁ‘g fnﬁiggﬁﬁﬁg%ofrlb‘ﬁsmg at

conpoun S I n assocl ation unt er
i bast poe awilee ingrediehié a@oaﬁﬂyarﬁi@mdntoggtmr with a vedetirary carrier

gﬁhggéifbg% yeﬁé]inécrﬁ [:Qﬁgeretf %@e ﬁa?i\.é?iﬁfs' l?!éfﬁl?%rtj tﬁ\%ﬁﬂ?ﬁ%& & administering
aﬁ‘@ocoalpioelhom ahd cnnaylt -5 scxhd,s ligaidg or glmgecaual nﬁa)teraebsutwhlch are

0 f.orns that no associ a
i on%n%lge dnert éj(ﬁlfec&ﬁg%gfe LN n %tengwuee arel\;é?rgpgt%e with the
ﬁagﬂ\& trggmdiahﬂhyrwge mtaﬁﬂ%r?d?dm%cﬁsimw mayt be w’hﬁnﬁstelzred orally,
r oxi Wi |t a conpound, of this invention. Exanples
o¥ lﬁé ?%a%PﬁﬁnEfa%‘r%ré’b‘Eﬁ'ed inthis way are
sal tl\ﬁoréogérﬁéréllyﬂ%éhd\sen&i@d‘ reRfdd {6 thd é@ﬁﬁo@ﬁﬂé@b@rﬂﬁg&b any of
|t can, be premg S\ted fromthe solution of a

s eufraudag (1) D deing uselil A5 egents beviRg: taploglcal activity
Cgﬁ?ﬁh‘ﬂl‘é}ly éﬁflvﬂgﬂééﬁ\fﬁg) 0P34 HiaghB¥id8gd s RAy bf 418 %s%entioned

addition of certain “organic and inorganic acids t

bwih degract & $he pyesephlingention may, berestocted igi e ngﬂtm@@cal use, a
ExamRi&s péﬂtcﬁ&’s%haarqu{ & Iﬁgg@ststﬁ:ctﬁa%' g?eiﬁ&lgéiyﬁgian iR’ Vitro use, or a use

i nSt ance’, 1 norgani c ac
erquateﬂy@ineﬂﬁmemmte from By dnimaloni ¢ aci d sul furi c aC| d

glcf T % %ﬁggg i? Pbesé)rg%t,égggecggﬁ{z% éﬁa@t&l pcrc)g%oﬁ;&dgrog?n 8 fhvention

hWOGMGEM |man32d1Wa+qupmomtrmi gtatds,odopeethad aits , among other

| ﬁﬁrtldsc ‘théo El!’-luc%ltﬁéir environment. While the structural formulae provided herein

depict the compounds in only one of several possible protonation states, it will be
understood thét these structures are illustrative only, and that the invention is not
limited to any particular protonation state, any and ali protonated forms of the
compounds are intended to fall within the scope of the invention.
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46 oxalic (i.e. ethanedioic), malonic, succinic (i.e
but anedi oic acid), maleic, fumaric, mlic, tartaric,
citric, methanesul fonic, ethanesulfonic,

benzenesul fonic, p- tol uenesul fonic,

cycl ohexanesul famc, salicylic (i.e.

2- hydr oxybenzoic), p- amnosalicylic and the I|ike.
Furthernore, this termalso includes the solvates 5
whi ch the conpounds according to the fornulas of the
application like (1), (11), (#21) as well as their
salts are able to form such as for exanple hydr at es,
al cqhol ates, and the like. Finally, is to be

und Qlf T RhermpareLtisalo sresninie f’ﬁﬁ”@l ‘hag dsmgedi berein means the

| Cﬂ@%@ﬁéalﬂf adikig do‘i\\‘t%ﬂfc' il Ot fbﬂnn% Wf'ﬁc{h MB'&%@%S%%C% hg fo the

as zwitterionic
sfametgsoakths épalmﬂﬂsllkﬁ (WaflBr (#3 dre dityelrtatimm Iherefore, the

Al::ér‘ﬁgb&lt suo f s%@%&g%@ﬁlo%%ﬁg%%ﬁ%g's%lt netelcgﬁlpﬁbpgs herein,

a%%ﬁpl?M rrermesgdicially laccebtebleahoi-ibdiy salee ¢ohiatgng,afdr example,
t

2B RS B0k 8RBT S 124863 coinatin

acl atbpromajel patienggsucH s iall@li a@aﬂg’dtlmuﬁi@ éﬁﬂrghiétél%ﬁs or ammonium

8 gy B S Sl P e S Sy oy ac

cOingp comgsurids dit@eliiMtiondRapbesr hﬂﬂip!@?'ﬁosmve or ne ative harges
acceptabl e salts thereof ? ?

Si 0 cal |
pﬁi)(%l L&B;’"@&I Pﬁj '@c&@%‘P&HP@S $h|thg ipyentine l@ewﬂ@m m@tbebfposmve or
tﬁ@gatlwévﬂﬂyléb%oblﬁfédl%uﬁ@ tlénsd%té Y}%’Jcél a{iﬂcﬁ%?d by the synthesis

appr.opri ate base, such as an

e%?fk?:’p \golatigny P’lﬁ?‘?OdSahy ahiel th@eCWQUﬂd(Sf&re abtainptl eTypical counter
TBEH GHHUM m'ﬁaﬁ oNifincie §

g}ya ol ogi cg accepit a‘b?d; hH'&ﬁ‘ogé‘“% g%gih lithiurn,

lﬁ'ﬁSaﬁﬁer’ﬁaiegtﬂﬂuprqanetah@eetsaland mlﬁctt.mesgﬁmreofc #rithiyd nederstood
Afbfthe ﬁb‘%’ﬁﬁ%%@%ﬁ{/'a%spcg?ébz %ﬁgnt]eg %:r% ésngF &Fefz’ucaﬂ feature of the

tartaric Gnl C
liaversionoand thahthe isvention enatiissed tgacimpsutdsOfiassociation with

'Xd@ %PJ ﬁts net Ic“]ﬁnesul f oni et hanesul f oni c,
Re & Py ey 89l 4R FYMPRULHY gan ey in a variety of
|d1ﬂ°03ﬂ!rgahfarmp ithiks ,!n\@mﬁhn as lﬁ@nhédr’t@%ﬂtﬁh‘lﬂé’ss%tf &ty Forms of the
onl éh%gd sul fam ¢ .aci ds. Physi ol ogi cal
ORI SR E BScatBR A cottier dons o ' diycmatiey but also

gomm-ap thtaicdtred@ott Measetcidtion waRl &unfé?”’%ﬁﬁ aqueo%ls or organic
co[{ﬂ nvmthaswtable cation suc
'Ot’ @*rﬁaﬁs tYR}ﬁ@'b’a@ﬂ%Prpﬁafeﬁdiéfp@ﬁém tlya sekal dydepxide with

o esmpbaid h@! |K\Yéntﬂfn°\’_:5aa o | Carﬁ{:tal sS4 st\f’lp%l ar@:ﬁagﬁal%d in this

bases whi ch are not h SI acce
HNWoarg salts sentaining Lx Na and K. A less soluble metal salt can be

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. hydrochioric or hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like; or_organic acids such as, for example, acetic,
propanoic, hydroxyacetfic, 2-hydroxypropanoic, 2-oxopropanoic, lactic, pyruvic,
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30 exanple, in the preparation or purification of a
physi ol ogi cally acceptable 47 conpound. All salts,
whet her or not derived forma physiologically
acceptable acid or base, are within the scope of the
present invention. The term" isonmers " as used herein
means all possible isoneric forns, including
tautoneric and sterochem cal forms, which the
compounds according to 5 fornulae (1) to (XXXVI) may
possess, but not i ncluding poﬁﬁtlon i soners.
Typically the structures shown herein exenplify only
one uto ric.or. resonance form of the_conpounds

el pRefoicHimgoric: everinicke. butanadipie apiddrsalice fumaric,
cmh@mbﬂémﬂ %ﬂrld\/e'methéﬁésﬁﬂﬁ)nﬁt h%fh‘éi'né&lﬁ)tn% egenieth%sulfomc p-

chem cal _ desi gnation of compounds denotes the m xture

ofoiugnesyiiaricy| eyciahexanesibiante, | selicplia sGger i2chydspatbenzoic), p-
SainfhdSaléyit esnd 9 fikdl ﬁgﬂﬁ‘éﬂmcﬂba .§ft8:‘?ﬁf%r Iudes,_the solvates

enant| or ners (SI nce € conpounas accordi ng to the
avbigl th@ﬁﬁmpagn%e@ccmdmgéashe tonmuletsi ofdhe applinadion ithé n, @, ()

t é‘f?m}éﬂc%lﬁcthgﬁl ?ﬁé‘ bAS alib Y G0 S Z@V@tﬁg mh%&yd@tg& alcoholates

st ereochem ca pure”or S
pamd fheulike: IF}naIIg;t ib tsefogmmnd@emoelrtﬁamhﬁ doaymsttiohb dreréiheomprise

cqfibpatids 8y 8D R m ARGy TR e velbar SwitiSigiq form, and
f eymisinafionshwitls aio@bmnmnu ResoLATtS offhicn ad iMBydraf¥er s
of other enantioneric

substanti or

di abt® @8%9 Witgh 18° PR of Bifdnystdipn arpghe alts of the parental
se¢orpdurds. with W ok QHbRY andiRe dcign espemally the naturally-occurting
stere0|so i C pure " or " chirally ure

r PO 805 {E)Hﬁao%%d%Otﬁ%lcﬁ@P&”§f‘@r eld1es ARG @cik dugalbf is one
dedrRasd sr@BQSﬁbmz\QIt@Q%h‘slc & acﬁ’dlc ?ﬁﬁgf e /IXQiEe é‘r?lrhﬁé’g]aélutamlc

and at nost 10% of the other

pﬁ%eqraamutﬁi qreus sUgD9s ghmr@ setnerthtsoping, alardn, igdoacine, or
a8dcippst preferably at least 97% The terns "
enantionerically pure " and " diastereo- nerically

pur dhe conmgiuads of el vention alse incledeiphgsiolgicallhaccemable salts

RSN, £y GRTBAASTEA, 2 LIRS Skl ot ve
Sayentieni iodudé saite dedvesbirensan appopdat! hakedully as an alkali meta!

nan%&%&%&g‘g%&g%mﬂkﬁh”%feagﬁe(??rn@@w&%ﬁ%gﬁeﬁém) ammonium

-WN%TE@NB@W Anisi dloty. Pﬁs@ol@éucﬁﬂsﬁa@ﬁ%@&bl@%alts of an hydrogen

ant i oner a met hod such
4 om.or an aml 0 group include salts of organic carboxylic acids such as acetic,

benzoic, lactic, fumaric, tartaric, maleic, malonic, malic, 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 grou_p). 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




10

15

20

25

30

~of the racemc m xture, and analy
- fignensy prefehbe abfleaste90%o raora)mrsblmrly cat least 94% and most

formati on of diastereoners using optically active
resol ving agents (" 30 Stereochem stry of Carbon
Compounds " (1962) by E. L. Eliel, McGaw HiIl; 48
Lochrmul ler, C H, (1975) J. Chromatogr., 113:(3)
283-302). Separation of isomers in a mxture can be
acconpl i shed by any suitable nethod, including: (1)
formation of ionic, diastereoneric salts with chira
conmpounds and separation by fractional.
crystallization or other methdds, (2) formation of

di astereoneric 5 conpounds with chiral derivatizing
reagents, separation of the diastereoners, and
c@?fﬂ@@@cb Al §8ﬁ$1ewb@h@r enawt idenwed foon g Bhy@dagbamcseptabie

nder chiral .conditions.
d %? bé %aécfak“ﬁ"" g{ ast !ra}é’(f) E’fésg*a‘i 'Pge@ﬁ)ﬁ‘ be forned
by rT da&ctelrmn " d$oreamnt iasmesed: dlerein puéanze Hllr pbsditsls 6sorad forms,

ai?\cmfrjﬁly §f°5'ﬁ ' n|({1 %{o&ﬁ?ed“ gqui ﬁﬂtgt;anc%muggs fReording to

| fokraulatet I(ll) am/lf}(w(k/il): neOPRYBESs, bBay ind® Aeluding position isomers.

ti ty ch a carbox lic acid and sulfonic
SR S, S hose IS s oBlih dibe e automeric. or
srepanaice bforin astt | wealcopdptringl) | Bat | ¢ Oéorha%%bﬁdm% mearl’[éama‘cive

chr %r aph For separation of the optical
"g'EH’F?g' B8 Lﬁ?&&em%la%ﬂtﬁl&‘oweﬂf U@IﬂSﬁaﬁhewmﬁiﬁt% the chemical
Sdésﬁgm%iti@n cﬁ%&ﬁpo&%%éﬁnt&s’" Rlixt Plléc B4 g%%éﬂ&stereochemically

tartaric acid, mandelic aci actic

rigamerc | farmay said orixtyrest h@ntdlmm aélle dimstareomats and enantiorners

A(‘sh%ériﬁé'c\bﬁll unB¥ d&%%%e atidie %Vllt%ﬁ @;}e\lgf% 18§st one chiral

resol ved be reac one €nan
cdeinter) of étmrpaalndnolecmier atractdieq stseweloae the stpadochéRidatly, pure or

%onri;%ggﬂ zﬁ)hﬁgmgﬁsVé'l?)?egéé'tig@%rﬁ?,eﬁqg%%gegfcr%az%rs mc%/ Rave gither the
IR-asr ePemmnfiguatioonpoundwulide bendormed e @bl G- or trans-

qﬁ% F (li:fl‘% conmpounds 20 with enantionerically pure
erivatizing reagents, such as nenthyl

der Purt i is@merit ofdreiee df bifies SRR AohPbudldst B defined as isomers
§{%%E]ﬁ€)ﬂs ? 8@hydrol ysis to yield the free,
e'3H i rearr g ﬁPP%WEWQ‘W&J%F@TWQMWW@BWWmG basic

Ansletiiad s@iictudetie hartRuRY, BBtbGa M s@él’(ebfs\srﬁé?’%gily)’ Eﬁre " or " chirally
esters, such as a menthyl ester

maki hi ral
M%ere@%%?o cRMROUREK J1axing: @ |Src¢ra@r6@mﬂw¢>mﬁemf |at least about
e e 4V Ra%\%p gobd of Gha8igdmér ahd Q %osﬁ%ﬂﬂ?\lﬁé%hé’ Jo?l"i_’gr %%)SSIb!e

ectru

S 2Ty 320 SRyl 8 P o

mmngxrap'hyhouid be understood in a similar 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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foll ow ng nmethods for separation of atropisoneric
napht hyl -i soqui nolines (e.g. see WX»6/15111). Under
nmethod (3), a racem c mixture of two asymretric 30
enantioners is separated by chromatography using a
chiral stationary phase. 49 Suitable chiral
stationary phases are, for exanple, polysacchari des,
in particular cellulose or anyl ose derivatives.
Commerci al ly avail abl e pol ysacchari de based chiral
stati onary phases are Chiral C&8 TM CA, OA, OB5, OC5,
D, OF, OG QA and OK, and Chiral pakTM AD, AS, OP(+)
and OT(+). Appropriate eluents or 5 nobile phases for
Usechnpulles . nbit i Gr97) th %r@@b@ysaﬂd@t{éh i 2B8-302) abeparation of

A PeR R B R ScOTARTASY pAP st Bl fluana: (1

| fiokmati¢r! Ghionid, didstpredmeEtic aaitd adthaging! c:ﬁrizBG@n)déMndl separation by

l(-@%(g@j\a, &Yﬁt@cﬂg @28? Bg h%? @Pfh'\@%vghy@ W}rlﬁg?rh of diastereomeric
e:ranpmwmsr mtbycHrﬂag depettizing patentd, Baparatino R R dRidRdreomers,

bamat f I h d
USICF gpn\éqrg gﬁatﬁgr%ﬁga@ea%tlgmeg oyr‘a%cgﬁxp%{'ll ecsarsars;aﬁ’j1 be separated

Sdifs By umnd(eB JchirdhGoridions, CirdlefMSkthbdN$), & é‘sté@%ﬁ‘léﬁ@@éﬂ% can be
aﬁ; accordance wi th Chem cal Abstracts nonencl ature

EMEACcPudeastiane o R@ntigmeniealpo aure othirgl hases such as brucine,
ﬁﬁiﬁbt é&ﬁ’écﬁmeogtnﬁ:fhﬁln‘ég oL S/bél? p-ﬁt%ﬁylé oun% éaTghetamme) and

reochem cal con uration the’ co
dbeoligs nyith oa&mnaﬂﬂcveompﬂwm!eadaqar)wgt acidicOlungtiomalty, such as

ﬁ?b&&lz@%éﬁ&%ﬂpgﬁgﬁgﬁg{ E@%edia?&énleoﬁ%ric sél&em%kptfe induced to

e usin such as, for “ex
Xepeggtedi fradcnnab nrystalideRon 'ﬁneomorqumdmgmmyh &or Separatlon of

i mu) at ed nve iers
LA E B A e, BB A f i Suroric
mcdhimaauchpasac.ﬁmgbors‘urmheﬁmd Ztﬁrt%\md bci@lplﬁ’ﬁa&g]&luﬁ aclzd kor lactic acid
exci i,da ers in t he e.

L Bsti3 radhatEoiEing, disiiemedls soltes ADRMA Sy b Taptiod (@)
Whersumtr@fﬁiﬁﬁ bfaorfesdﬁbd \iRAY HaY retche] whithabnéedlantiomer of a chiral
admm%{qr ngenerally w |l be isotonic.

0(5'& PoiAstsreppiena pairelidiohi Ent and uilegs S. (1994)
tS’t@EéimﬁéFmétﬂ{ tof @.@ahi&e COH%B%@QK JBhn RAAEYBE e86AS Alnc p- 322).

Exc:| i ents" (1986) and include ascorbic acid and ot he
QBfAtE cormelads Agn 15 Wyeedsbys mﬂctlag Eymetric compounds

DDA AL B S 5
| grivatives, followed by separation of the dlastereomers and hydrolysis to yield
the free, enantiomerically enriched compounds of the invention. A method of -
determining optical purity involves making chira! esters, such as a menthyl ester
or Mosher ester, a-methoxy-a-({trifluoromethyl}phenyl acetate (Jacob lll. (1982) J.
Org. Chem. 47:4165), of the racemic mixture, and analyzing the NMR spectrum

for the presence of the two afropisomeric 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 W086/15111). Under method (3), a racemic mixture of two asymmetric

enantiomers is separated by chromatography using a chiral stationary phase.
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The pharmaceutical conpositions of this invention can
suitably be prepared and used in the form of
concentrates, emrulsions, solutions, granul ates, dusts,
sprays, aerosols, suspensions, ointnments, creans,
tablets, pellets or powders. 50 Suitable

phar maceutical carriers for use in the said
pharmaceuti cal conpositions and their formul ation are
well known to those skilled in the art, and there is

no particular restriction to4fheir selection within

the present invention. They may al so incl ude
additives such as wetting agents, dispersing agents, 5
Suitaibierm;rahsibmma@sphaeﬂm ks, fiyd axaragenpslysamhaddes in particular

B BTE O AEIe2 Ga s ChamERy B BLR Y PobPAT B based

apiealt aficiizen paasésuaw ehaalce® om, @AO(DBdeDCEJCOiDh@F 0G, 0J
li ke row%gd the. same are _consi st

SR e 0t CarpAI (s, AS, OF Gyl ehiapiat duents or

Wobab HasBStor @ée,eﬁﬁt SorRBMBBGE Oﬁthdﬁ'@%ﬁlyrsﬁcélﬁm&' ¢hirall BRitionary
phar maceut i cal ositions of the 10 present

phwﬁ iBéh h@é?"%@ teafike medified withvan wigakel suplras ethanol,
B QMd thOTRge eyl Mlqmdxbﬂﬂjméteéitdpﬂg“ @m’gyrw J. Lough,

[ ng he active'i ngredl ents, 1In one- Step

l t(l';h%iitr@% audo dtadlu ridew wy erl; t%%@pedﬂ e)c 5@9’1‘@(’ resolutlon of
Hﬁ]&/ﬁfdgghdiﬂ@denéﬁﬁﬁ rs TPH ﬂmﬁ'fo‘?mahpée hagf&eéhrﬁﬂﬁftédegﬁi% using

surface-active ag repar
pherylcarbasatesn of f pmlysatmhand% ias \d eshireb stbticriany t pleasel’.n J. of

ospheres usual ly having a di aneter

g$ﬁgﬁ%%gk%§¥%§h§§éﬁﬁ nanmely for the manufacture of

m CFhec @t el faod tran:t rarel aebcbrhewat mi medonlaheasseittofChemical
55ROk EYRORRIEN! i Goguostiserts
vAed rihg rhbietyp Wmtec&ére@@nmmt t:@ﬁfﬁgug?udmef hees@npounds
i nvention are non- on| c c and/ o

rasating © fhe, ahovey somuian (Gitey ot o Fesi, B iftpimined by
Wise! dilicRriARRE tahaﬁh||e%%:hgw3m WA Ethods fsteh &l for example, X-
i ncl ude both water-soluble soaps and water- 'sol ubl e

s)hdiffeactienonNMRe- acti ve agents. Suitabl e soaps are
al kpld &ﬁmt% %l dfthé PReRrGA Fndg%éafolg L'iéd \AMH%H:FI\?ér'l’cIdr‘l'éPQamers
te

or substi anmoni um sal t fatty acids

aed excipints,ewlichtwil t@oaelamedrinmslca with erdinesy praciice; ¢ablets
WI tzgrﬁ% :eéccﬁ)gérrﬁns ccgi{ggﬁ%f ﬂioelz aﬁlH&f;\Jal n%tt];léé IlF@'%/lf%cﬁl%%ﬁﬁulatlons
al’H baanaam $n isterilel fwrng adiduwhen nutahdeou lfmrsdéltveryoby other than oral
B8nX.%§tH’uon° é’lé:nega ly \ﬁ“il sul gt%?l%?t Etsarmulations optionally contain
excipients such as those set forth in the "Handbook of Pharmaceutical
Excipient_s" (1986) and include ascorbic acid and other antioxidants, chelating
agents such as EDTA, carbohydrates such as dextrin, hydroxyalkylcellulose,
hydroxyalkylmethyicellulose, 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.




and sul phates; sul phonated benzi m dazol e derivatives
and al kyl aryl sul phonates. Fatty sul phonates or

sul phates are usually in the form of alkaline or

al kal i ne-earth netal salts, unsubstituted anmmoni um

~salts or amoniumsalts substituted with 30 an al kyl

10

15

20

or acyl radical having from8 to 22 carbon atons, e.g.

the sodiumor 51 calciumsalt of Iignosul phonic acid

or dodecyl sul phonic acid or a mxture of fatty

al cohol sul phates obtained frem natural fatty acids,

al kaline or al kaline-earth netal salts of sul phuric

or sul phonic acid esters (such as sodium | auryl

sul @Akl FPEmabbmiRni camiersfopf ub@t iry 'the said pharmaceutical
al cohol / et hyl ene  oxi de, adducts. Suitabl sulgh?n%\_t eg 5
bERPPRHRNGRRI Hisi 1PEPHIRERN gre el kppyn do thegasidligeingpe art, and

C 8 Ns HoOPRtichsANBIUASIA to BldiY SabiionuivRRPNHeL BredkRt invention,
t he sodium cal cium or al canol am ne salts of )
da‘a@)tyn%@@n@@{q%ﬁgmtwegﬁughoas wetting agents, dispersing agents,
di fi’(ﬂre)‘ - BaRhaRlse [ | e B ; ; ;

ngp ta%'ene- sﬁﬁghﬁﬁ%’%@‘ﬁ%/%ﬁ% dehyde gg?]ti egr;‘ss’aetlriltlci):’ra1cter.Ial an.d
paotfungal agerds siier sixample ephenbk swrbice gpish detigrobutanol), isotonic -
0 i . ; - _
DABARE 70 sl RURFRUEBAE 1A GipBpeR e Bmo ar
p comsistentewitx iplaymaceyiicak placticeiids caBiars abHeadditives which do not

e e
pbmhogtﬁ\rﬂndﬁn g?aly hlﬁ anFaie!dnim Iantr(] eimdhml ngamm dochinstance by
e . 0S at |, e nol am, ne, ., 0Ss al l 1.seri,ne .

BRSBTS GoBn0 A SiBEh e P T SisETts, in @ one-
dbtf;g)t anyhHierpeapidbebiufd) Okith ehe et tcavrigthashiaidl dild, where

choline and their m xtures. Suitable non-ionic
saPPmpraie: dhe rihag @dgdilivee wisky Parifagactive agents may also be

gPI'éﬂé’rétP%yih%P@rﬁsat%[ ¥Rt eOh AbkYioPBsnm ﬁh%&aiht the form of

cohol s, "fatty acids, aliphatic amnes or am des

c Brerappiieigs asupbadaving 2 sliarsatentadabouh 1t te 1Rpgre wegely for the
a | . j t £
o P P pIca o PPN, 2L SRR oo actve
2thgegdiental | phatic al cohols, saturated and unsat urat ed

fat ty .aqid I I ' er i i e

pr eféleL}'%%‘eyg%on%éﬁ?‘#ﬁégg%%?% E_EL%P léﬁ%rgla%e%@éfgtea}’gﬁ p()asm ua{%'ger’ to be
8used FDthecphidromacatiticed compiositiohalof fieaprezenb yrdentian laosm non-ionic,

moi ety and,6 to 18 carbo tons in ,the alkyl i ety
oPafinte AN hlnBt FRie e Nt i ABnRilp. Berehing andior
s wiettiett ropertiat eSuiaie anfovlid Dlrtackaiy dicludd bewl WatdhsbRibke soaps
oxi de wt propyl ene glygol, 25

o) Ao SYBIRBE s restatins, dasnte cHitable fgeRs @ alsaline or

© Calkbffe-8bAndtAl 4418, ahkitstituted or substituted ammonium salts of higher

$ 25

30

fatty acids (C10-Cz2), e.g. 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 io 22 carbon atoms, e.g. the sodium or
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chai n, which adducts contain 20 to 250 et hyl enegl yco
et her groups and/or 10 to 100 propyl enegl ycol ether
groups. Such compounds usually contain from1l1l to 5
et hyl enegl ycol units per propyl eneglycol unit.
Represent ati ve exanples of non- ionic surfactants are
nonyl phenol - pol yet hoxyet hanol, castor oi
pol ygl ycolic 30 ethers, polypropylene / polyethyl ene
oxi de adduct s, trlbutylphenoxy 52 pol yet hoxyet hanol ,
polyethyleneglycol and octylpﬁ'noxypolyethoxyethano
Fatty acid esters of polyethylene sorbitan (such as
eat e) gl ycerol,

p%%ﬁ{%%&ﬁéﬁ @glg%szj?]%}?ﬁcggﬂ%i;%o ﬁpyquélphgwg agidser a mixture of fatty

salqohbl eulpbatensonbtameau&émt:hatmaﬁ falty Sékh&@bérﬁaﬁ?et bP Uiline-earth
er nar almoni um Sa

par t ?Uf&ﬁﬁp? Gégu'p e @&'Meﬁ?@r (Gush Bersodiui taird sulphate)

optd enlphbyicHei ditfk LLut

o o AR
mi (ﬁ'fv,%v%% prefenablyt ¢andaints to 22 e:aettonoaﬂen@S ExXdmples of

aélkYIbl’W@ﬂﬂJfﬁiHaté&ﬁ fre Cﬁbylsodh?h” y%alcuuﬁlal e :%Iggmolamme salts of

ristyl, oleyl and as fur
s ‘B‘iﬁtqy ere - pupherici mgide drodibutg- mrm@em@smdn@wscud or a

ahdpHtal i cal
n@%ﬂ %gl?g{%mﬂho es cﬁ#%?%‘%%%dé &Ppg%résaﬁ)pl Rfe 'é"éeﬁ'ﬁ@ smtable are
S Ptogmegp@@mng phesphatenseg. sally diehbepherid atid 'e'%fér%i?ﬁean adduci
|(5f Mgﬁ,’ ﬁ'%% “"% la??;ler%a%(&s and rrul si.fiers Annual'
et FIIT ;@ Iﬁ:bnrgm o dgg@iz eﬂ@yﬁ?xm é%fhoqugnilplds Suitable
a puipos@ ar€l Rl natlian e&Hgina; érﬁrﬁ%ﬁﬁ r plant
ycl o ed| of Surfact ants gaﬂ?%w P
P&Jhti sﬁ%g’“"@g pcrﬁé Oié'%%)cepbekﬂa@md@@ﬂm typee suich as e.g.
i nhahﬂyl@hahalhmirr phyS| ab cept
(gg%ree §1t er cq ll.ecti kS ely Pefg‘ﬁéggwt%ngé t he ac Cﬁp\ﬁgbcﬁﬁglycenne
% ght & Wg?'%e‘xﬁgﬁpwpﬁ@wdylb@h(ﬁw ipsimitoylphoshatidyl -
aqbnphnwan@tf&;utmlx&lhescondl tion to be treated, suitable
rou% including oral, rectal, nasal, topical

(in '%@OBdQW'SrSU@%@ IW%pbﬂye’m@wﬂa)ed ua@lmq,lpr@td(yrated

20 ripahRBLAT; Q uSC

o S G i e s

H RBtaRNRG af fasst A3 aebast atadrs ini &Ermbﬁeonlenﬁll(yléaélyesullﬁl“&nates and
C t recipi ent

f ?lkyéf.Wuﬁ?ig?fﬁshgﬁgia t.‘%l\/@oﬁ' B/rcgg ethats iegvsgiges of aliphatic and

ﬁm@hp@at}e @icaiiolm esaturates amt ehestakited tatp erRMnd B&bhenals,
%idp&@fﬁﬁggéjﬂéfg}abfly% la%%ngog fo 1T 61 eg;l)f/c%rl rggrl};t érgﬂgs and 8 to 20
carbon atoms in the (aliphatic) hydrocarbon moiety and 6 to 18 carbon atoms i in
the alkyl moiety of the alkylphenol. Further suitable non-ionic surfactants are
water-soluble adducts of polyethylene oxide with poylypropylene glycol,
ethy!enedlammopofypropy!ene 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. Stch 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 7/ poiyethylene oxide adducts, tributylphenoxy-
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25 both for veterinary and for human use, of the
present invention conprise at |east one active

i ngredi ent, as above described, together with one or
nore pharmaceutically acceptable carriers therefore
and optionally other therapeutic ingredients. The
carrier(s) optimally are " acceptable " in the sense
of being conpatible with the other ingredients of the
fornmul ati on and not deleterious to the 30 recipient
thereof. The fornul ations inclsgade those suitable for
oral, rectal, nasal, 53 topical (including buccal and
subl i ngual ), vagi nal or parenteral (including

S pblythaRrpeanot] pblyamymn@b@bol amd bawmwxwioﬂytetlaﬂqeﬂwnpl Fatty
i ntrathecal and |dural dn1n|strat|on

| Bl TP e SkAR (5 dbeey palaniyient gebitan tioleate),

dgreemt, fseftfaddsuthysd earRy Wﬂ@&y@vtcﬂnﬁr@falé&esmﬁblwdﬁ)n—xomc
wel'l known in the art of 5 pharmacy. Such methods

i feragianithe step of bringing into association the
act i Btapld SaRMiE Qﬁﬁé(&téﬁlstlnﬁu@@ﬁﬁb@mm'é?ﬁ\n@ﬁiﬂﬁ'{ héltg articularly

one Oor nore accessory |ngre I ents. eneral t

f bpkdgsathaying ﬁmdmcgﬂmneead@gﬂlwm@ﬂaﬂyys jtuted Mﬂtate lealg, phenyl,
b%b@& g I'E)'i”ngngla neI 3 di‘opelr% dc\ée %rﬁéyye@m%ﬁﬂm salts

I|qU| carrier vi ded sol | carriers
b oomkairdmg %Mubsﬁtuwﬁc@s@aw ons GGG 21 atiye rasticsd (e10. cg_a@l lauryl,

Fgé{m{a@f,ﬁlgﬁl éle& cﬁ,@%ﬁg@g ab?,‘é%&gmr@%r §Hb§c}ﬁlpérﬁsf19{substituted or
uhalogenated Iasexcﬂlaﬁubmzyl amdibehﬁdroxy-tcatﬁreiﬂejl eeatidals.

oo, RSl SEHSEM B PAReR bR ARl i gurvose
fﬁw@f@md' for mteﬁﬂﬂelaﬁ UMdOumheanr D?teﬂ_ﬂ;iﬁsﬁgﬂ@@rﬁulsﬁ“ ers Annual”
iguid; or as an Qi

Wl iR Gl RtiPeT O AN et 06D Tigritanehenbucw, 2

19 way Maﬁﬁepe\/é’ﬂi:ﬁfem&ﬂaastﬁobHé "@{@@w@waow Surfactants,
paste. A tablet may be nade béﬁcon'pressn on or | di ng,

oﬁ@h%’ﬁiﬂai ?UW'&WFQJG@ dlevppk, 188essory i ngr edi ents

Cont&s, Slgn&e.a feiﬁe rnﬁnp%ﬁea{% gshgsram@ﬁ@aﬂ?l Recddlable salts
a suitabl e nmachi ne t e active | nt tn a

f ferepftenpoligetiviyrefaand 4e aa tb@ ve ingredjeais) sy, be administered

' gpﬁfidsgw,oh gri ettja tﬂﬁgz'oﬂgfﬁ n t!)lbl%rftrgé’cga sdlgiﬁfé routes including

20
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30

of <EPe

sur ace active or dispersing
agealt reowil deslalt td;dl(mi s(ln:mrﬂimgsouﬂahe Hugcalohntl ag)hngual) vaglnal and

mBrhEnEn e " bR OGP RERE" P PRBIS: tredermnal,
mintratixédad @Akl apidiealy Ot graferred et ofrdiminigtraon may vary with for

f or nul ?ea@% so s f‘cga?é%\glpqgnsl ow or controlled rel ease

While it is poss:ble for 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 comprisé 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 fo the
recipient thereof. The formulations include those suitable for oral, rectal, nasal,
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therein. For infections of the eye or other external
tissues e.g. nmouth and skin, 25 the fornulations are
optionally applied as a topical ointnent or cream
containing the active ingredient(s). Wen fornul ated
in an ointnment, the active ingredients my be
enpl oyed with either a paraffinic or a water-m scible
oi ntment base. Alternatively, the active ingredients
may be fornmulated in a creamwith an oil-in- water
cream base. |f desired, the ¥gueous phase of the cream
base may i nclude, 30 for exanple, at |east 30% w w of
ol yhydric al cohol, i.e. an al cohol having two 54

plcﬁbr(@chgdmgomccgk (ﬁnﬁis sblinguad), pragipdle os ga;:&r&ral (including

%F?%?‘ﬁ%?% nlgfr%’r:nus lr'it %Vegoﬁg & EE@%‘&E‘Q' it S{hoe E‘{Qg% epidural)

adiainistatioT e fsmm;ltﬂ’ﬂohe rmay abnmenﬂyyb@l epsesrmibéql in unit dosage

' | bso
5L o SR o LSRR B g, o
@rardiaoy. uchahbthods dnelndashe epraileinghl |&t¢ffhssdﬂgatmh the active
| sul f oxi de

. rati. enhancer di net h
PERGIER Wifldng So™ e eNoh onaiidies HiE bhincEscreey Goredionts
Ih Igesserahﬂ@tdrmmaﬁaus bﬁe paspsirdd by adifdritany Wﬁﬁﬁately bnngmg into
E ts 8\/\/n manner. Wil e the P ase
ﬁﬂﬁ [h’?ea?“e'l"? Ingredignt; wih figuid ‘{%‘E“Pfér%f@é Wgied 58lidgarriers
d?fﬂditrq%ﬁ)them tif kRisE AR ¥h§;§?ﬁ@3fHe9&%d@ctm xture of 10 at

Ie st one emulsifier wth fat  or an oil or with both
aimylaipnsrofdhe pr@ﬁﬁntdmﬂntlyn suifabledpb pral ladginistration may be

| ;ﬁ@é@rﬁétﬁ he ‘aléc?eté riﬁllltg %ﬁgh ta%%%b@&l%gv‘ﬁ:z%dzﬁg?s. lnt @%fésié lgkng% containing

enul si fier which acts as a sta
& prgdeterainac ametint 6& thw ahtiveningr¢diamt aa 4 powdeogetdranyles; as

srohﬁfo S §u§aﬂe|?1%gﬁ) V%rf Qg@éod@ I VJ\Bﬂa‘i)dJBr 3trg)l?xt %%&eeoru(sﬁ quf@kcﬁ as an

up the so°¢
alggavaier liguid Bmutsioroot aazvajerf-lat-omwue:l amutsien. slhvecadtivedngredient

f LNt t base which forns the oily
W%‘g?sb)eédﬂg %‘981‘3 atrﬁoiu%rezg.{ﬁfq%loﬁﬁﬁg rons. The choice
of Asabletibbe belrip]ade)gy baﬁ'@géssi‘ori dremblairily) bptideilyithesedr more
t he esire

on_achi evi netic ertie si nce
RReSOYY Mo PipyrsoFomizossad (hiets s briplepaia By raressing in
d sliable tachiae l!h‘@dactnﬂa W@%d@lﬁﬁﬁtd £8¢-6WHgSoRR such as a powder
f ormul ati ons us the cream shoul d

Th
o5 raigies: I%P*'BBE‘@Y W%W@B@bm%h Iabrigant. Jped silugals pagsasvative,
sRFaeEy attviloMiis PerSihgt AR, MBRIRHSLRBEYm g b%Vi‘Px'aH% bgatjﬁﬁﬁg'xg ina

fromtubes or other containers. Strai
sgitabla, magitiee agnixiireithe siondered cempoynd imeistened with an inert

il 8@?@’& PFhHE table‘i@‘iﬁ%%’ lopﬂ)ﬁ% ftb% 085t88y+|e§80|%|dy8% may be

I ester of coconut fa 1'SO
formulated so as to provide slow or controlled release of the active ingredient

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% wiw of a polyhydric alcohal, i.e. an alcohol having two
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nyristate, decyl oleate, isopropyl palmtate, butyl
stearate, 2-ethyl hexyl palmtate or a blend of
branched chain esters known as Crodanol CAP nay be
used, the 25 last three being preferred esters. These
may be used al one or in conbination depending on the
properties required. Alternatively, high nelting point
lipids such as white soft paraffin and/or liquid
paraffin or other mneral oils can be used.
Formul ati ons suitable for topiddal admi nistration to
the eye al so include eye drops wherein the active

i ngredient is dissolved or suspended in a suitable 30
c &F mere, hydipedi giblys suckacase prapykmievgiptolf butanee 1 Sedibly anannitol,

[ i € ryoal at i 55 uitable for i cal .
9698 oo PRSI bl DRl fr8009) ana misuros
cthepedtsiThe ttdw'calaﬁdémmtibngr ey edésitablya i;f]dnaiea re @plhlfmhﬁd which
u sucr and acacia or. tragacanth; . tille .

c e ARt v RPadtrehe e marigeh Biasa e siin or
sotfier adfegildaaigasa EtamplasCef bilch ABRACHEFRr=HBH @fifkais include
agd tr} scres 0 r|S|npthe active 5 ingredient in

a Enpﬁqgﬂﬁ‘l’ﬁ&_’ qﬁrpcgr P PBAIOGROr nul ations for rectal
adniThesbilyabhase BRYhd @rRlIGSR 07 dhidSinfertidRPRRY Y YonWithied from
a, sui tabl e base conprising for exanple cocoa butter or

akiin Fgregignts i grlsgacmanaers Whilshe phese mayagomprise merely an
aguifdr (St ARisYAbEH Bt A8 e%ﬁd%n?)r, it o%sﬁflﬁlyldoﬂ?risﬁglaurqlﬁcture of
a coarse powder having a particle size for exdnple 1n

t Adlepsime emulsifies edth 20fatios aprnil ¢n with bohrayfabandian ell. Optionally,

Si 1.0 - t. i i - .
S8 15AIR OGROPE TG R I TGO bfhsiner wrich st
nag acstsbilizerct, is whsocprefesredaininoiude drotid anrilt drel adan dogether, the
j X f s e i..6._ by.rapid iphal ation e s
BB withSol T sharizoRis) ket T s cHREY pruisitying wax,
]Pamﬂere {vgﬁm tagetiser with ttgetdIEan@Cfae_mﬁléi ltiphh_@dso~?alled emulsifying
i ons erein e.carrier is aliquid, for .
aﬁhﬁ?@ﬁa&ﬁ%ﬂm@% rméﬁﬁﬂg"léaﬁﬁﬁfsédd’?ﬁagﬂ ﬂ'sepqr%md‘fﬂfag'atwn&
NEis@lchdicepst, suitableUslie GOREDTST tAE fQInhMati®] 14t b O abhRving the
a t|.v% in retdl ent. Formul ations suitable for aerosol
A9 Ml PRRgrss. SIpPe i sBluBLRkiRGRalive compound in most
coiRVIgRly anab dﬁahﬁq}ﬁaﬁﬂgc&ﬁb&ab@mqﬁéidnvﬁrﬁgl OBE i@VBﬁia jow. Thus

t herapeutic ﬁgnt s. Formul ations suitable r vagl
daRisrean shoukhoptippalhebe paremgrasysnorpstaping and @@shable product

SR B o, SRS BaLddS Torf L Yy oty comtaers

i ‘Plgright enbranebid chein, exncaoratibagimaligl estetshsuch as di-isoadipate,

isocetyl ‘stearate, propylene glycol diester of coconut fatty acids, isopropyl

myristate, decyl oleate, isopropyl palmitate, butyl stearate, 2-ethythexyl 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 cils 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 agueous solvent for the active ingredient. Formulations
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art to be appropriate. Formnulations suitable for
parenteral adm nistration include agueous and

non- aqueous sterile injection solutions which may
contain anti-oxidants, buffers, 25 bacteriostats and
solutes which render the formulation isotonic with the
bl ood of the intended recipient; and agueous and

non- aqueous sterile suspensions which may include
suspendi ng agents and thickening agents. The
formul ati ons may be presenteﬁsin uni t -dose or

mul ti-dose containers, for exanple seal ed anpoul es

and iﬁa{rs, and .be stored in a freeze-dried .
(FYabls T JaBieal Bainatisfon éniha megtischiley opReORsIERTPEHINg the
Oécmbqngﬁeeﬁédt anld Ssiored BaSik eﬂsud‘l@rs&ﬁ%@lﬁd WeL&h drQfagacanth;

injections, 56 |mmediately priof to use
stifle CORRSENY thecrativeingrepient @mgnamartmawbae gelatm and

A
B G0 S5 SRR A RN o s
ungliedtﬁﬁa”ge sudpiiglliguidsagienr e those containing a dal |y

dose qform'iﬂé{féﬂn% fgnafelci’af Saldfh rqgtr? orf on tet%eebrreggﬁt%gfas g suppository

recited, or
auith vae Suﬁgb@d |beae cdmprﬁngJIfm‘ lwampdtercs;tcoadbmttm“[ of ra sallcylate

IR0 s 5L TR, Bhblen 52, R 2 sona

dutlede agma(rse pmmdmdfﬁvir@rmbantlﬁletef‘@ ﬂ:rrtexhﬁweﬂﬁ the @a’ﬂgé 2®to 500
t iqQn in questio for

trﬁ%rc%?ép ﬁpiﬂgmn%r fr’%rrt' 8r%iFeSaHTn nl&19e, ?W?%ﬁolﬁ?féa nB@ microns in
fiherententg @fg6Nhicron£asRAUASS3®T midhénd, nsenﬁﬁ&&@a@tcpewmch is

- used t rovi de controll ed rel ease har maceuti cal
et

gnd BEhMARehd Jdhich SnpE jsn i dft ynearid inhalation
ﬁbro@lghctﬁmﬂ{éa&fagbﬁﬁ)rh %V&mtélﬁﬁr bf wp&wﬁé@ﬁeaa RUKRSED to the

forrrulatlons) which the release o e active

oGP et dah! eé%mtﬁ@thsemlmmélw eaier isgliquiddor edmirigvation as for
legample alRAVEHGY oF9S 'nBQalero;S on‘f\tfl?&é’\éﬁue&?s or oily solutions of the

phar macoki netic_or toxicCi
.W@nmr&c&eﬁpmuw@nsmﬂw@w rfer eweszblonan‘m;rasﬁratm may be

Hapired éc%rorcﬂﬁﬁlto &ﬂ%ﬂlo%f ﬂ{egrgc?gps gﬂ@'h ' %{2 tk%lqéé:hvered with other

units co or nore
|ﬂﬂﬁfénwmagw8be prepared accordi ng to conventi onal

net ho redients i ncl uded i
or der %t% (r)m@fégi rolgl@ﬁ%i ﬁ)lr afq9g1? O?W%Q%Wo'ﬁ'% be ngsented as
petsarees, ndarepors)t craantid)e gelTPESdtes,0oafNtdrOlspffyl Gaffulations

ositions, ... s .
&8h aliing in a%ldltlon 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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may thus be achi eved by sel ecting appropriate pol yner
carriers such as for exanple polyesters, polyam no

aci ds, polyvinyl pyrrolidone, ethylene-vinyl acetate

copol ynmers, nethylcellul ose, carboxynethylcellul ose,
protam ne sulfate and the like. The rate of drug

rel ease and duration of action may. also be 25

controlled by incorporating the active ingredient into
particles, e.g. mcrocapsules, of a polyneric

subst ance such as hydrogel s, éélylactlc aci d,

hydr oxynmet hyl - cel | ul ose, pol yni et hyl nethacrylate and

t he ot her above-described polyners. Such nethods

i mmﬁa@t@wm@r do diseg Eatampappeayss ingention| sadutiansosrdnsgspensions
TeEPRP RS R cBATR bBly 0, oRRRAR% EbEls ot theding previously
adh$¢ﬂbaﬁrat|on t he pharnaceutlcal conp03|t|on may 57

e ! B Sl SR IR AEE! GBS daty dose or
a@u&m!afiy subh-dosares [reit stpaesecits], anan Hpproprizate Gaddsrsthereof, of

ext or aneous preparation thereof. Typi cal
cz?rnﬂc Y%'"ﬁ&?ﬂe‘%ﬁi s purpose therefore include

bi oconnaéhdmlce baquegarstoadf frait Sn Kidtroke 186 )’iﬁQ:fe@Iients partlcularly

pr 5 poI et hyl ene gl ycol and fhe lik

Hbé)'ﬁlp ﬁl@? dBrhulefiont & e pvan P&‘cf"?tyh'é‘tc'“dﬁh%'il?er agents

S%Mﬁieﬂtloﬁélt inifle | 1 ha@dhg barl H'r%et?ﬁé bt EAMRLHG i Question, for

they do not necessarily bring out eir joint

t REABRpEhpee ayitable fog pr@cadwmsﬁathrh@a'm@cie fevaringragents.

manmel chpBeindd %?tt ?wn\kﬂfﬁ qﬂ%’d () BFHU%S' Eh@&led release
also be iIn ormo kit or

c@%ﬁ&maﬁaugcaihéomwbatmgr @antawsg 1esmctwpamg"edlelmutone or more
adj t " ter
o 6oFE8has AL BLGor? (ERTBR] TERGSe foPubisfighf) iR which the
f oeleageapbdhe actwam;grsd:eh’abdaue lfeocomtmlieddainmlregulateidoim allow less
ferent romtha er. i ngredi

Hebfofty Aiihbrio OIS e bpnagidiile A4oGRY Bisle of a given

pawentlm alcolﬁ'mnm:udi at Contruifeel easeddee fiMaativhsi adabed for oral
e for .intravenous, |2(Ja1ect| on or

= 8HBUBrrTon TTRATE) dsErte LATE ROMBAS OGS EPbTgR Sompounds of the

s§Hvehedn canBé Ipe@bsar@m acaframgas %&nw{uonaﬁlﬁb%d%onpounds
accordég to the genera f or nul ae

det ai | BedtieRA! dngredients mayHe mcé@@gslesoraeeéﬂ Foe the duration of

f uefidrebs ﬁfeea&ﬂﬂeymgﬁ‘eﬂgént% e %B’ﬁ'lp%ﬁrtzéﬂ d CBMtroPFélé?s%néomposmons

are neant to scope resent Inventi
FeRryatiwst be rachiavedr by aﬁ!ﬁohgg cﬁpptﬂbm’lat@mcdymﬁg carriers such as for

dgR&GhbRt Ifyestdil T Sliining R, ¢ Boll Vil §%/rbiiliSnd;-ethylene-vinyt
acetate copolymers, methylcellulose, carboxymethylcellulose, protamine sulfate
and the like. The rate of drug release and duration of action may. also be
controlled by incbrporating 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 colioid 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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20 The synthetic schemes in figures 1 to 15 illustrate
synt heses of the 3'-0O phosphonate-tetrose and

3' - S-phosphonat e-tetrose nucl eosi de derivatives of
five naturally-occurring nucl eobases (adeni ne,

thym ne, uracil, cytosine, guanine) starting from
comercially avail abl e | actone conpounds, but these
synt heses can be adapted to any heterocyclic

nucl eobase wi thout inventive effort. Each 25 figure
will now be described in detdi1s. Figure | The

synt hetic schene as shown in figure 1 conprises 11
steps for the nt hesis of the 3'-0O phosphonate and
Jequre, ﬁfﬁ?f%‘ﬁeﬁoé‘ ings. deloyraceutiod dormsi sbidaisle der injectionable use

(adeni ne, uracil
(eRt@PQ'aﬁeQﬂSthemOdlthszmdﬁ Typicairestriaseof 4)is poBpodantherefore

t"“??‘écét 30 3“‘%?‘8(‘9 a{qé‘tggs%ﬁB“ dro %fﬁﬁ?ﬁyﬁer% FoepyieRs giyeol,

@Oiwtméérmogllffqoélalwli Iﬂli&)!ﬂe;:a@cﬂimm[l@;s&h@:@log by ﬁ i : yl iat: on,
nor e | t atert ut I et Sl
(her el S oF 1B b ity Wiishsexis! agisnargripgts are used in

TBDkatibh ohiyldo (rh&héd:éb@:fah@fbrﬁ'@fcﬁftrtl%ir fomt QﬁerEE&'}@%ﬁedt @lirectly
Eﬁb é)r estence a reactant, preferably i m dazol
gh 'St §amediag iy m%maba‘éhﬁﬁféeat%eﬂw@rﬁqrrasp@ndmg composmon

(s fEaBé ‘irﬁﬂherféﬁﬁ’ bf 8 ?nécﬁceﬂ%tﬁ:?&%go X &écﬁﬁéih % t\%vﬁ Shgredients

g%/drox% 3?“ hi s posit S not a
i t@ﬁjacem @@pamrm cathmieer&m:ﬂsninathenaﬂemtext each

88iiR: NAgretieAR- m ge{r@r&t}w b ok r%wu'%rtézg 96t L OQVAJYO ﬁ%ﬁaﬁl €dor an

out startln room era ure
§€@(HH§F%HO§HOU¥G @lffereswy fitoine $hat, oftthe cﬁm@enggeﬂiemtyb gromepof them

Ay forth of o SIAPP: bAAERSANBAN Ml ShETERne other is n the

éferab
E)(Eh@i%\ amp@tdglfmlnmuemueﬁmeaiﬁryomn @@mgofyl ation. The
benzoﬂ] duced. usi ng, benzoy| chl ori de

_ql%lud’é‘tétééﬁé eéué‘aéoi.gﬁ’)nsyo:o%‘fs %{&'tcgrgsf ﬁ%@ g{ég e(S I%??&/dpfsb,f(?r the

“under ag Fe%léﬂgwgﬁﬂmgﬁ]é SPPTQHdEY Suithetic Grefaeds apg processes for

meing eompoynyisi aticoriinddes itv@geaeral imRlad 0§ g tcf) / XXYI) as detailed
af fec he

BB PhE skres pichbpe dirtiere anbomoation erampios and by

Barraeamsate! adant 5 GheF 8 YeoRC ¥ #id %Fbs{éﬂ? u?vent:on For a better

is carried out starting at OC up to room
'ﬂ'éf%i{ 8‘?55%9@%enfc’!lﬂwmsmersgr@m refieeenceds orasle to figaer & do 15.
to a Tiebyifthétic scHenfed RS {0515 illustrate syntheses of the 3-O-
phosphonate-tetrose and 3'-S-phosphonate-tetrose nucleoside derivatives of five
naturally-occurring nucleobases (adenine, thymine, uracil, cytosine, guaning)
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 th_e 3'-O-phosphonate and 3-O-phosphonate,2’-deoxy-tetrose
nucleoside derivatives of 4 naturally-occurring nucleobases {adenine, thymine,
uragcil, cytosine) starting from (R,8)-2,3-dihydroxy-dihydro-furan-1-one (4).
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effected using a hydride based reduction agent for
exanpl e using 20 diisobutylal um ni um hydride
(hereinafter referred to as Dibal-H), preferably in a
sol vent such as tetrahydrofuran (hereinafter referred
to as THF) or toluene. Through this reaction an
anoneric centre is created. This reduction is carried
out below O C, preferably below -60 C, for exanple at
-78C. The fourth step involves tw subsequent
reactions whereby first the 28 anoneric hydroxyl
group is protected prior to deprotection of the
hydroxy group on position 3. The anoneric hydroxy

gr oup irs tipe dirsir siiepy(ar thice2tiairoky lyrélpe is amctlvely protected. The

PAPAES cHPuBIT BBie & S sSRERRY piRBac el i Tefon, more
f lsgeqnﬁmlqnwhoﬁ farttasnglt ainiothyhsini qhasinatir mggfml & lasnTBDMS)
P S GBuoHe, JEFmes TeTeoeds udokalY in the
appiseptt Afer KeREirit] SreforabiglimfIcoR, n téheoréamc%dwm G&sr example

moved with saturated anmo i n nmet hanol

Uﬁ'ﬁﬁ‘%“}ﬁ?'@[@@f‘?'%ﬁ%ff e’ieﬁf@datﬁoaﬁeﬁpel)h?mt@‘kﬂpng?foﬁbﬁ hydy@xy group on
stifs pRLFBRBISeLhE HRidTERe %ierébéﬁem'ﬁ@ﬁbﬁérﬂﬁtzor@'a?% &on atom

~beta. The resulting m xture does not need to

Mﬁé{f@im%@a@r@ arally stiyl-petestioans seiind ot ata@mg at 0°C up to
kdppSeife at this stage in the line of 5
synt esi s does not affect the stereochem stry of the

f i nal bolhsosentad st@epf teepyntimsis fthe Hikechlyyiroxy graypon posmon 3

DR SRR o bty BB Bl oup o
sewnblevdoy racytdieny p’lrefdrehtﬁy hwlr bagza@ylatign. oMh@oberoyh group s

pr oliogg?% Ggﬁ%@ﬁéﬂ@ ﬁlw# 3! n(g%retﬁmg 8@69 E?f:'s |Q%ﬁzag@nic§o!vent for |

phmarppmm wrfdsmtuewnangetaontdfmd@ mdrdx?gﬂﬁ:ptdnetmé pbsifdredoes not
of ..di,i rfqp% hosgg’onorret hyl al coh and NaH in THE
C staren 5

paffectathe OraTeask pl B8 EASHOR Htemp et 15 position.

d pesferdily, aldyRtiont(REreB -8 6HEM iS Mar®dd 8 s’ﬁaﬁiﬁ@ Aloeclpto room
carbon atom of that position. Preferably, this

pHERHBRYPat i on reaction is carried out starting at

- 78C upy e fff?r@i”étbﬁ 'TF?@ I&SSis flu }Bﬁ 5 éthlénﬁlliéiﬁle‘ﬁwi s fiuction is

synthesis in scheme 1 consists of replacing t
pebecled dising omﬁoshmﬂdleheb@ednerad@(:h@mt rageahdfan example using

p@ﬁé&ﬂugﬁ?lanﬁﬂlu&e@/&{ EI’eu‘? r :%%’Fpe{ (%lggn ?%E%),vﬁgﬁarably in a

depr ot Ion's econ
t halvent such as tetrahydrofuran (heremafter referred to as THF) or toluene.

- Through this reaction an anomeric 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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alternative protecting group. In a working exanple an

acyl group replaces the silyl protecting group.

Preferably, the TBDMS groups are renoved by treatnment

with 20 acid, preferably an aqueous acid solution, for

exanpl e trifluoroacetic acid (hereinafter referred to

as TFA) in water. Subsequent acylation is done

anal ogous to the procedure described for step 2 of

this synthetic pathway. Preferably the di-benzoyl

ester is formed. In the next 58tep, the nucl eobase is

i ntroduced on position | of the thus 25 appropriately

protected phosphonyl ated tetrose derivative. The

RreEaEWAsHeUR higt rerae\wdo witho saturgten amymona oinemediganol.  Upon

; e

oREHon of BTt RBEP YR 1 rerbispmers pre forme ot that
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[ e. nr C nond_u phat e. in .

BRer 0ol Aol PR ERBAE B PR TN rrdt B ne of

isynibesis| elbewni hbt t Afed ethreoseteBibchomidiny. ofheher @sainwangfounds.

Dbl &, B DL GRSOREPL s POIOR Brtesloticiaet the

 atdrevdindistrglobhetdaehdrestem atthet sared positie. anoneri ¢

centre. Usin hi s. met hod, the nuc| epobase is .
oy DR stame SSPdv B sshome 1dhe RUARyGRYP on position 3 is
phbspHdricanylatst ReRG! iheNaphropiditelyepdiddted %@bﬁmw reagent.

i ntroduction is carried qut starting at up to room

$Of effriPRIEUr®. PhARPhENGR: funatiop &F infredugad nising: tendifiate of
'dﬁs@d?_@ﬁﬂﬁﬁﬁphéﬁé’m@%y‘ rﬁcohf@?ﬁngiﬁﬁi—l ik ﬂ-ili.hléﬁbﬁ?iéﬁis%ﬂon of the

position 2 and (in case o protecte

MYEFXYerRYR Lrathip position yloge art rasfesh the: gederahgmical orientation at

AP QSRS é@?h %k thhe Béiﬁ&l?og%?&ably?-%isz'ﬁ'%ﬁﬁh Bt Reaction is
ase pr otg % g?/ re

and nucl eo cting benzoyl’’ or atce oups a

-rerriedmy stariing 8IBEC apridiredrotempémmturexanpl e, renoval

f th I [ . is._ d ith .
Sat ur APS o i8h D, ki 1P SohSment it pigenlacing the
potedjon %mnpsrcdpma anan’ﬁmn' _nemilhe a?‘c!-@; pbsiiphdnby e diffefrent one
tetrose derjvatjves, the final ,ste ow IS renoval of .
BRI RR B ished debfietal slieh B ot By Pepbeiay Sty with the
eftampatige protydinglgreiys. 1af wdiRingrabaipddha adi @@?E‘P@thes the silyl

' BF@%&%@VQ’WQ}{ ﬁ}* g@bﬁ’wﬁ%ﬁéﬁ%&%ﬁ@#@ﬁvw by treatment with

abielr qirarkanly aef fquethst acias sdiion, (@ ekBdpk arifloroacetic acid
Preferably these conpounds are treated with
fhatehalies geferred to as TFA) in water. Subsequent acylation is done
analogous to the procedure described 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 fetrose derivative. The nucleobases that
are optionally N-acylprotected (uracil, thymine, NC®-benzoyladenine, N*%
acelylcytosine) are first silylated, preferably with TMS using hexamethyldisilane
(hereinafter referred to as HMDS) in theApresence of ammoniumsulphate. Using a

Lewis acid catalyst, preferably SnCly, the nucleobase is coupled with the tetrose

h’noiety. The presence of a 2-O-acyl group, preferably the 2-O-benzoyl group,
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(TMSBr) at roomtenperature in an organi c solvent such

as dichloromethane. In order to obtain the

2' - deoxygenat ed anal ogues (3' - O phosphonate, 2' - deoxy
tetrose derivatives) the 2'-CH group of 15-17 is

renoved. In case of the 20 adenine, thym ne and

uracil derivatives, this is achieved by a mld nethod

i nvol ving derivatisation of the hydroxy group into a

t hi onocar bonate or dithiocarbonate prior to radical
reduction, giving 19-21. An appropriate reaction

process is known as Barton deoxygenation where for

exanpl e the conpound is first added to a solution of

pledinys (eneoseipetvieciotindactirein theA@Nsincd beaprexgisrenid of the base
2 t t ..of_di e | ami nopyr,idin .
(indteih il hB ABINEHe Dot TR hAT BGIhG She  pugeobase s
f itmtseducedcat dine ofidé heppeadttoto otaexmﬁﬁay i sumSitimeﬁardsﬁ gsbsition 2.
0 rting . at, roomtenperature, The resulting.,
cSireRANY; Beifonaer BEPUTCH i carisg git SRS A QEC ¥R room
2 t@mpdedlriesi sobut yronitrile (hereinafter referred to

as AIBN) in.a,dry organic solvent for exanmple dry,

t ol uenaq‘ﬁn&@g'lth o%@'a 8€ th@a@bmhh%lﬁrs?m%xiﬁ pharasterineg, by the
t lieprdidctione @P NRydr6RF LdrP p&itid €2 DARd Offh 8%y WNRLAGR protecied

is carried out at reflux tenperature " of the sol vert

uswglecbagesas gessihyasiening ayd syiasinalelapretestion pithe nucleobase.
0 | 0 ! . ' er | j

O DO, naOKHSE T G ALt YL Ygoups ar
b&s@oved de thagin ednditions. eBomeampla, hremoviak taiirthese acyl protecting

1 Ctri L Or ] . o

S LS O\ rRURSRHAIAe RVERLRH Gulg LA 15-10)

t r eat mmordenite lobkainntire 8-@ashosphenfieniatrosé eprivativielse the final step

S ' these 3' - O phosphonate, 2' - deoxy-tetro

SUBA Dl U Bt PR i BRI P cxampe

ﬁhgﬁm;tysis_oaf @?@ﬂﬁfereﬁh}e ?Wpﬁbw gﬁg’cecﬂaﬁg Jj@:ﬂp@i@ﬁﬂﬁi@yed successfully

rolysis, of the.pr I ii.sopro rotectin

oS ftiieh s el BTk aousnils (hpiharERrclaad B as TMSX)

T{EMingPs eh-ef. abPisfetabsy aGkesd REmpdRNHY adrbVRehtedt WRBL BIS-bromide

V\nﬂ)’ g{rl\/SBr and the thym ne, uracil and cytosine

dEPVTEY) dfdeomdpmpgratprie igmnomoasis selvant suchrasdichinramethane.

(her ei nabkdr thedthned t?—c?e%g ated Arlal dgf% r@sid. b g

conmpounds of this ls nteheti A thvvgy arae(S Ur i @isgidbhgﬁhé)nate,Z

159egnRe teffosg dasiveiiva itba 250K greumiof 18t ossrekmmiad. tw case of the

t BBeRBES WSk i Bei arg .S S t,qgr.aphi

met ﬁ'g@s' o[nwr@g]ﬁvén idgﬁ%{f téigiﬂIefralt(l:\i%:"sggLe{}:'ga%dl"’] g%?@%%&&i‘%’g method
involving derivatjsation of the hydroxy group into a thionocarbonate or
dithiocarbonate 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 tributyitinhydride
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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col uims and/ or macroscopi ¢ synthetic beads froma
dextran polynmer. Figure 2 The synthetic pathway shown
in schenme on figure 2 illustrates the 20 synthesis of
the 3'-O phosphonate and

3' - O phosphonat e, 2' - deoxy-tetrose guanosine
derivatives starting from

(R R) -2, 3-di hydr oxy-di hydro-furan-1-one. The
phosphonyl at ed and protected gtrose starting materi al
of this pathway is obtained Il ow ng the steps 1-5
of the synthetic pathway given in Figure 1. 25 From

i h h f , th
et A N AT I S—

mfstheisolneﬂtrmﬁd onally after silylation for exanple
W th §2t et her with anmoni unsui phate. Using a
Lewi s é)@%ﬂate%r eytepigp| ylerigpives ist pbtaingsd dobaséhe 2-
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3568 %@l&%@@'sgx &epigent; with sduddienc30,2, 4’rtrtarzelepams ehoephorus

s 33100 ) Al 0B e
ity B0Ne8ER 9@S-t he si de opposite to the hydroxy
subst 'T%%%I Qfe Prﬂsrhé sgékggeégyﬁ?lf%&e?to rot ek ?nde?c;.]%!—tetrose

t he dro
!asthst lemc&abbf e phodysiopaten pfcbt@cﬁcﬁr droups Biehydrolysis.

f, bt phosph t

i f‘%s%*’@%an'%‘?%@? 5 o0 68 BioBerhliS AsicprBid: Brotocting groups is

wblewtaéci;mmsamﬂyemedréam%?ﬂr\,g{rysj Sk Mgﬁlr F@r?é?e{mbl the adenine
S. ra e |11 SOPro ro eC|n

Ig@régig%é‘;é '§St‘éecﬂ’i‘?‘i Wé‘&%ﬁ%éé 854 the W"Bge:t ‘%ﬂaﬂ E-‘éﬁ tcywsmeg@envatwes

ﬁk@hrefemb@ egetel WimalMg-ivdins (ﬁé\@ﬁbﬁer rdfoP %r&@?@yr e

B{l F}ganl c _solvent such as dichl oronet hane
order ot

gestiling H@"@Wéﬁ&éﬁa&)@@ﬂﬁmp@f@m are purified using
()ae &EP bombhrivh %f?seVelda? PAhbE f(lﬁ’ en 16 Srtl’lé( ?ekso‘?\s%lﬂ ¥in the art

group is removed In a sim
8@6‘9(9‘3 85%@@9@@%’!0 mﬁﬂfngmﬂecolwebt}orml mlrbai gekafidr ion-exchange

B iy BianLYAILAE el hhus INALLAL OB Ot 0

t hi onocar bonate or | ocar
reduction, preferably udiggetthe reaction process that

50, SR SR A L e . el B e
synthesis of the 3-O-phosphonate and 3'-O- -phosphonate,2’-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 ammoniumsuiphate. 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, allows stereoselective introduction

in the presence of a Lewis acid of the base moiety onto the anomeric centre.




guanosi ne tetrose derivatives is the renoval of the
phosphonat e protection groups by hydrol ysis.

Hydrol ysis of the preferable diisopropyl protecting
groups is achieved successfully by treatnent with
TVSI . The resulting conmpounds of this synthetic

pat hway are purified using one 20 or a conbination of
several nethods known to the person skilled in the art

. such as chromatographi ¢ net hgds on conventi onal
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silica gel, reversed phase si Pfca gel and/or
ion exchange colunns and/ or macroscopi ¢ synthetic
ds froma_ dextr pol ynmer. Figure 3 25 The
gHs <eh é}"ev SHCRRbASe i introdusadratsthe sidesenpsite to the

alﬁgdﬂob(ygabgtﬁggﬁt orf pésitio hesi s of 3' - O phosphonate and
tetrose derivatives with different substituents on

posi ti SHb Qeqlgqnéfippﬁ@etha@f the hydroxy group on position two is achieved
(h fRk-gants dial e Ry s OF ﬁ'bédécﬂeﬁ%rlﬁ@"\%éréme The first

step of the Synthesis conpris reactions that are
i dent i the fingl stepdntarger for chtaipt thps3'dd- phbepljm'ta‘lmm,trose guanosine

I QRAiGsRAL R héfsdﬂoglﬁfe dt]z ogl:‘f’oﬁe&:g‘[i‘l ons%gf RW?@% Egr example,

synthesi's al’so conp t\Wo rea
f hydrolysiseofi thelm@atatﬂmdustopnﬁﬁ! pmt@cnm@ groupd iz alﬁutémd)suoéessfully

F uent

oA sRytent fih BorgeeT ERE dhed i vt Thr i Pemdppprature in
gao@pgalfwsoleﬁatmloa amildfmd)roméWar%}l d catal ysed

transag etai ati npl e in et hanol when  the ,
met hyI E*ﬂﬁ a’i'“ "—é&é@ﬂ“a&? @é‘?l%@”ﬁ%t(ﬁyaphosi)ho“ate 2-
i debxieletioby lerioniie) | tﬂé 201 lpsurs Rl reRHvedus i similaswiVBs for the
or, ACN. The next ste co rises deprotection on

pagPHH 6?{’1@0%(1?% sladigsge 1o bé;m%gnaih@fb invelvingbdervagaatipn of the
The®exy ersild PeSa W%&ﬁ%ﬁa@@é%nﬂﬁ%rhﬂn&@pﬁﬁ td Ridical R&iuction,

pat hwa represente by figure protection on
pBEﬁf@‘r I wlegieeastonroceeibatis koowrhas Baten Habiygenation.

pr ot ecthd9fighPWep Y 1FX 20D Resib NBf Qfl%epﬁ% &h%&llﬂ?xa'té 2'-deoxy

10 renoved wth saturated anmonl a
sg%@aﬁmntevosq r@rl\fpmmoﬂmlrkmmyalg pbupe i ghosphooatecpebtection

?3§ 'b&&ﬂ@g@y&z ﬁﬁdof}gistog Zh g{@ﬁ%\&g Oe?i%%ﬁé%}fﬁ%%%tethg groups is

ta@‘ué\tﬂﬂ $llm(meimllybtameetmm’m$m¢;um8| reactions lead to

i co. | e, hoBaatikls st ifis Shihareinfienare puined using one

~or a combination of several methods known to the person skilled in the art such

- as chromatographic methods on 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 representéd 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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15 pathway in Figure 1, nanmely the reaction conprised
by step 6 and 7 of the pathway in Figure 1. Al beit
that the intermediary products (before introduction of
t he nucl eobase) differ with those in Figure 1 at the

| evel of derivatisation on position 1. However, the
resul ting products correspond to conpounds 11-14 of
Figure 1. 20 Hence, the first 4 steps of this

synt hesi s pat hway can be consjdered as another new
ort hogonal protection strateé? in the synthesis of

3' - phosphonyl ated tetrose nucl eosides. In the next

- Lhe ac rotection _group on position 2 is

fsté%ve{ﬁ' ﬁ&? Bgtl“}‘}%?’h?fgg'%mdésd?itgéoﬁ%mv%ﬂ%nﬂm fhiseanomeric
dgrdexyypeupfs protscted,ifog i ' !
é}. Fall o iﬂ Yy the depr ot ggrﬁgﬁ vgl;h tﬁﬁgﬂ%ﬂgk wp,ﬁ’r&a%ﬁl& methyl,

Wi G #'Sfﬁ%ﬁ'eféa'tﬁa&e?i'a@ﬁqm(f@r examplepiisinettemol whehethe methyl
$icapkdial id BAvieAGSALdrQR; ) 1 ' A usj
onﬁ?lﬁéa tho. rrg%?/tﬂr égjg%émgﬁﬁiomm%&tvhéogégérg%%g’ﬁrﬁo nt such
i O5ACN-0 oxidize the 2' or 3'- hydr oxy group of a
nucl epgkd f. y n 2 j [ d/aceti.c anhydride
upder 30 ggﬁd%e%gﬁ%'ﬁpﬁ%nsg %%ﬁﬁgéi-éﬁr ? #ﬁﬁ?ﬁageg‘l’ﬂoﬂed by
Phesphanyiafipe iencasiiom 3. siidsextdeticin haviedseaindddosibed in detail for

t N, copbination. with .
5%5%{“@%%{%’@%?@0& |¥n!f'ggpe ?Jﬁ P@Mﬁ‘%}loé'r o Hositica B egbyaces the
rreapvaledithe basediabile prudettingngroup. Beeskaniple el oxﬁ_eaiegyl Yroup is
%}m&@ow{p}ongl ﬁ}g tetrose .nuc) eosi des i s obtaine

en renovi ng the %ﬁosﬁ'm‘?ﬂ"apr& e E8tHFNYr oUprEbspquently, the
ﬂb@mhbbedi;(m_r @bﬁﬂpﬂmgmrod@ceg?MrFtﬁ%tiﬂ%&ﬂ éngdﬂtB_ﬁrinlg the same
of, fiqure 1. rnatively, e oxidatio
g&tg%}é@%ésgfs c];qsggé%d h”?“ﬂ%&ﬂ‘ rPatiheag ohrigss . of ot her
der Viatths deuttty stdp, ShraeniunReléideacRFRIBL S L Idblififly of the
rt18g03|.fh|ﬁ]n Zay nucl eophi I'i c addi tion. For e
%‘J Bl Mecnuclarhassn Aledees spactionayepedurns aredaononfrom the
hial/ i igSigaree 1C I j~at . desired
‘s’gﬁst?’{u e 3 Nty PO TR CoraBlisdd By otigei € and 7 of the
PHEYVEY i Ewua% ith Qb gt ther intarmetieey pyddunto (hafere introduction of
BONAS: tyhiut | 0 I §_introdquce .
usi_ng t%%?ﬁeﬁeﬁ( @I#‘?gle?reﬁfmdg‘?l aﬁg%%j?\éé]nqga%qva%satmn on
RSty &dHpweuer, ThMEBS)tincn ptduleictsr esresupondf toacaap@indsi ¢1-14 of
BAGY. of tetra-n- butylamonium fluoride (hereinafter

referred to as TBAF) and for exanple, the
Hence, the first 4 steps of this synthesis pathway can be considered as

another new orthogonal protection strategy in the synthesis of 3'-phosphonylated
tefrose nucleosides. '

In the nexi 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 o 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 dimethyisulfoxide
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et hinyl group is introduced using
trimethylsilylethinylbromde nmagnesium 15 The

nucl eophilic addition reaction proceeds
stereospecifically: the nucleophile attacks fromthe

“least sterically hindered side and, since the bul ky

substituents on positions | and 3 are both on the sane
side, the nucleophile attacks at the opposite side,

resulting in the stereoconformation illustrated by the
figure. 20 Deprotection of th&phosphonyl group as
descri bed above at this point, |leads to

2' -di-substituted anal ogs. Alternatively, a double L
iiseeipaeTE a2, MAO) o rcamtdaiiserWikb AigysBhedrerkodiimide
alerdRGHABRrAARHIAIDEE) ARASPIIAL cofGREN BYdel). I N 2

preferred enbodi nen invention this 1s achieved

by bask novshiaksst of fO-phasahonylabsd teteesenwwclonisides is obtained
VAR T E G HifospiShit f18ldcRho ORI BE debeaf Yo phosphonyi
t ferrotestido inetherigdinwawpf dgure 1condi ti ons for exanpl e
' j ' t h . .
i e draaptehf 8 oaldefoR HlGRh hdh BLls used fqpthe synthesis of
Fd)ﬁlj,)er eieﬂivéfﬂims; bytclﬁﬁsbhmt&mm : @i \éecnn'ga sﬁggﬂimﬁnﬂ otn position 2 by
[ str.ates e nt.hesis, of, 3' -0... sphonat e, an .
t 'i'f“iaj%%pé‘ﬁ%?e?‘i“{—}té?q' \7/3/& tﬂi}ﬁ FHCIEPP‘P@? éi%‘t'% B‘Q‘E‘QQPBe Foest a“g reaction
pasiditions dreGhoskh rappedprizite bt @endddired dﬂ@bhﬂ%hi.oﬁé}?example, the
ste

synthesis of fhese ¢ ounds is_achieved in . S,
SRV P SrintROaped Uee RO aY P PR agirsium, tho
Tinfubrohfdthyl gedRP® iffrod RARAIHY RN ubionidtairfndthlslane (hereinafter

identical to the first 5 steps of the pathway in
fiedfiFed dor @8 ulYPRgabdt nhenptasensansd Regaiahtier mawiuat «of tetra-n-

rTlg\ﬁYIa%rﬁWrﬂﬁﬂxﬂhd? P ?éih%@re?érréﬂ%oﬁa%ﬁ%ﬂi&%@?& bample, the

nqg_ aced by a substituent other t
In¥bgeupiie indiggueed usingdrimpthyaiigiethinydfrosmida crdgresivom

f th d . i _ : ! ‘
oF | harly hARoBRLP g T LERIRS pitakRs AGblibigc: e
deiieappilesatiacks ifiom the least steploallpyindesed isidp Bhd, since the bulky
CABEBGERRUR, iclibios E 202 6 ot i B e Sig it ndcieophile
fastacks airfheeofiohitersids) resgtng i el steriocsnfoimatioRP@Mstritee by the

( %Itrivat ed) hydroxy group is substituted by
n %‘ophi lic attack resulting in inversion of the

conf i Mmbicetioftof tthatpheaphemyt drelip exaded fibkReathing 8Kihis point,
Ilgaése%l %‘i%?su%)éﬁt%?edazzarllgggs. Alternatively, a double bond can be formed by
dehydration between position 2 and position 3 prior to phosphonyl deprotection.
tn a preferred embodiment of the invention this is achieved by base treatment, for
example by treatment with sodium fnéthano]ate (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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group after treatnment with sodi umazi de. Alternatively

a fluoride is introduced on position 2 replacing the

hydroxy after reaction with N, N -diethyl am nosul fur

15 trifluoride (DAST) as reagent. Subsequent

phosphonyl deprotection |evers the next phosphonyl ated
tetrose nucl eoside. The conformation of the hydroxy on
position 2 of this key-internediate is also inverted

by an oxi dation/reduction process. First the conpound

is treated by 20 an oxidisinB5agent identical to the

ones described for step 6 in the pathway of figure 3.

a}ter the oxidation, the conpound is reduced again,
pHupLghuan gltemative pathwal The synthesie pbihery éoingounds israchieved in

(hoRars, satheTion 0% 1% SR A e Fong. o,

et hanbhe firsh & stepsuet the patiovmyoinrfiguod 4tare sdentical to the first 5 steps

0X4 ' Cki r a 5 conbi.nation of..
ot ¥4 ABISCHE D 8'R5005 109 Ty 58 SRR 0 iRl e
Thedrexioee pokidon 2 efdkis isteepedinteisrrepliced by DeabERIdMSther than

i H * t t i » 1
DOR 23 iSIeRBnhE SuBORRAGE Rt R et ePfmutinatdhe iy group
ABS e hesarvinge |ggou;§. hAciivattien nefditas eytiesy! b g sfddanrl]éa}wg group is
0 reguctl on, .orocess undger goes nucl eo I11C
b HolnE B A o el &, 166G e ApHrogroup with
tinesylgtdotdetheréhbRér reforase LSS MdOTOHPY ?)5¥Jﬁ o@f%s%ﬁltélﬂggnment

rQUR renoval , ot her set of novel 3'-phosphonyl a
3&@? g%"e CHAOP o;%gé I3 GEARICs salyaith sYPk eap fohdur%reS(activated)

Thelro:gagioup s Sbe iRt Mﬁrﬂmb@oﬁhiﬁ{:‘ l@ack b lﬂﬁr?%m GReldiSh of the
synt.hesi.s of another 5 set of 3'-0O phosphonate
tEWPRtRR Gt dBal errbger faraerammle he thydrayeisereplaced by an azido
e ke bt bAdiQRaZiabh A9t ! vay,
T RS o IR ok 3 Mikoduced on
rROSE10N0 s retegingwelhe  hydigxwt afrmeastiagewitin NiM-dicthylaminosulfur

SHidHek! D ARAY WaYs,Gf; figures 1-4 and which are
' (gve, excel

descri bed ab cept for two reactions or steps.

St ar t Sugseduent ( Fh@phang- depsotization- iveydrinef Bext phosphonylated
rtﬁt%%r‘fmﬁe Hbe first three steps are 10 identical to

the Tirst I

ree steps in figure 3. In the next step,
the fiThetcon&aotaiion dftha hpewxples: @ikidrs 2adt tRistiafydatdri8diate is

%@gera%qe géﬁlom? ifsah}&éclitfc{ggta ?a%c‘écl’;eg%. Igirrgtut esacg?nrjr:gusr/}d ails treated by
an oxidising agent identical to the ones described for step 6 in the pathway of
figure 3. after the oxidation, the compound is reduced again, preferably by
treatment with a metal hydride in an organic solvent for using'sodiumborohydride
(hereinafter referred to as NaBH,) 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.

Altematively, the intermediate resulting from the oxidation/reduction

process undergoes nucleophilic substitution as described for an earlier step in
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preferably using amonium fluoride in THE The second
reaction in this step is oxidation on position 2 for
whi ch the nmethod has been descri bed above for figure
15 3. The next step is nucleophilic addition on
position 2 as described for figure 3 as well. The
resulting product is a mxture of two diastereoi soners
that are separated based on the difference of their
fysi cochem cal properties yielding substantially pure
stereoi soners by nethods know to the person skilled in
the art. The nucleophilic attack of this nucl eophilic

addi t ] reagtion is not ,stereospecific_ 20 because the

pggiﬁ pawRE Rl gFé%%q“&“éﬂ éngﬁmﬁ%ﬁw gRep; Eemaygl, another
mseh of nevd] 8f-phasphehylateartetrose RESLEIAS adaloe i synti@ised.

free hydroxy group on positign 2 is protected by

acyl ation, preferably benz bn, followed by
i nt r odutiel reActtn ddenfRUGIVER hﬁ%{&é‘ SARRE S GRAthesis of another
| the base-labile

subseguent renoval of the all "t e
prsé‘? Qggrﬁdﬁ@ﬁﬂiﬂﬁi@e Frifpseynudirosite deriebivey wiih eliffereit substituents
NgR PRRTHE %dﬁ%&ﬁ&i [%%ﬁ\{vﬁﬁ Hie pldgeited rg%m%ﬁ%oye%rises mostly

position 2. three ese reaction
dEERS Bepachens thas wersumseshat some stagé i the sgnthefit @athways of

gﬁgtﬂé&' 19 SRS 2884 Ben %JJ@’%%{;&@%%%N{) R’rgg&ions or steps.

ferent ways. In one possib

pRBiing neitie (Br9tedihygrayedipypd ra#faralzlemme,d gh& firng thidee steps are

S t or osphonat e deprotecti on

i%tfgglrtgq%ﬁ%&ﬁﬁ%é{eggg%ﬁ%u% is characterized by

Lem)V a_lr: thie H%Shpﬁmﬁ%rsmabﬁmi Isi é)lt‘it_a\a otn_ﬁhjn@ i%‘ %Pﬁﬂt%hﬁa\tﬁ'@ way of
od j.nvol ving derivatization o e

hylzgﬁg%} ‘gfr g{r‘y roFEﬁblag égr?w%ﬁ@g%ﬁ%@m%hgﬁi using a fluoride reagent,

dptefebly baingeenonion AwbrdeGhCRYFT BrIcEEdHY rRtion in this step is

aggrlgo riate regaction B_r ocess i s known as Barton

d

§i¥h AL iPeRtoBGHeRYhER the mathed es bpen Kespitmchauvetfor figure
PBOTRE heRiGstep %Jtﬁlﬁzlébbl'ﬁlf&eadﬂ?ﬁdw&ﬁ Pﬁ%ﬁ@fj %%%dd&%ﬂ%@d for figure 3 as

y anot her set of 2'-nuclop stitute

i el.d
_d\é’th ey &esultinge Profucl isag mivtores e two digsiereaisooters that are

B 8 Ao fiBrercZbe BP sbocb L yapdliPs etaing
i SUkRiantialiy purs stetasisomearsthyemethotis knowtathe pedsgn skilled in the art.

2R B L IRCTLRORPL So6055 Sl % opstcrospoctc
phegasisecbieqmisiiitnnis mhuctt hiss étericiyehiiasied dRPEPE much smaller
St S BB et hane (ner el naf ter roferred to as
DAt, the free hydroxy group on position 2 is protected by acylation, preferably
~ benzoylation, followed by introduction of the nucleobase on position 1 and
subsequent removal of the all the base-abile 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 resuiting 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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Figure 6 The reaction schene given in figure 6
illustrates the synthesis of another 15 set of

3' - O phosphonat e tetrose nucl eoside derivatives with
different substituents on position 2 through anot her
pat hway. "Different substituents” should be

understood both in terns of different chem ca
conposition as well as the sane chenical substituents

in a different stereoconformation. The presented

pathway conprises only step87or reactions that were

used at sone stage in the synthetic 20 pat hways of

figures 1-5 and which are described above. This schene

i | T ustheafeondivay isnehaigetedredhbriréthevamf the bv@r@m onwosition 2.

?ﬁlstlg%cﬁte@bﬁ'ﬂﬂfga %fdefn'eﬂ'l od i ﬁ@glﬁ}opodéjrhfaﬁf c])f the hydroxy group

possibilities for synt pec
infa st Gienegasberfate hDs @lﬂ’rnmt)mmateouner ailoe ratdieait weéahcttoo An

gy RSl B Ao e B, Yfen
rsimaved oh the pbbsphenatl (ant)ltegcmng Qrobes by itlean hradthods désdrbed above
t t t
RS ot oe Br BERU oo b B, AR tRnS orRE figd Sk fvoives
&aiﬁmdrsdlannlst;eﬁgas; &1&cnls¢tb$@|qgeﬂﬁ%lnu@FﬁmphgumCS In a preferred
ou rmed under e s
ﬁaé 5'?@?“'% gﬂ?%ﬂo ﬁ&&%@ﬁ?%'sa@%%\@df by hagsptraatment, for

@(&ﬂﬁ&!el by t heathhbWaith Cﬁcodfum’l%@trﬁan%@fér@kyelﬁﬁtérhﬁeferred to as

selectivity of this step in 30 ure 3
@?‘Z’WBS 'Hu'ﬂ@%’?@b? Thorgl i8i & fRepkeHies @mbodlgr]nent thls( is done under

SIrefi€ ossHiticbiar & @RaRpld RishP DBl W %ﬁnefaﬁ\?&ica%slvbﬁt deh as

to the different stereoconformatlon o) startin

Jieflaranagth a“?ﬁ’%?m’z‘ﬁ@”@f?rﬁﬂ@@ﬁ@%dro f ur an- 1- one.
This |l eads to the forrmtlogEF gnxture of two

di ast ereoi soners that can arated as descri bed
abov el heFrangiien Bckema qgivamia figire inilisstrates they aymihésnasnf another

80 504 gofble 05,4 BEASHS LBERNED B b dfone

ant It@Sltlwlnﬂ}elunough pamcbtharyspﬁﬂhiowavélmgethm éllﬁbstélh@niﬁctshould be
{ t he ,nucl eobase r. ati ve

FrBesbOg KBl Fhfefioh S rertm oA CaRboiar b el 45,the same

dhieenicadi simshtmntsr mdm eftffdrent sdefe‘oebﬁr@tmémm Ty §rerseh@tdl M&hway

orientati oun igure 3,
BB Y Aferas Srecuons JREHFEASGhat St sige n the synthetc
nwmw\cﬁeﬂf“ gurdert-4 BAd YA a@ﬁgéérlm%bdﬁa%!st&heme illustrates

nuc h|||c attack from both S|deS|nthep hwa %l

ge of a different stereoisomer of the starting materlal leads to different
pOSSIblhtleS 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 fo the fact that the
orientation of the nucleobase relative o 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, aithough
p.erformed 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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contrary to the stereoselectivity of this step in

figure 4 (due to steric hindrance). The difference of

stereoconfiguration of this key internediate is due to

the different stereoconformation of the starting

material, (S,S)-2,3-dihydroxy-di hydro 15 furan-1-one.

This leads to the formation of mxture of two

di astereoi soners that can be separated as descri bed

above. Figure 8 The reaction scheme given in Figure 8

illustrates the synthesis of &hother set of

3' - O phosphonate tetrose nucl eoside derivatives wth a

second substituent 20 on position 3. The pat hwa

c beyinfessediate istdysstojthe diftesent sﬁrgcpqonﬁpwatpn qf,)thqs%rtmg material:
r -40 I

gntéﬂeg?(}sﬁhgph%&cﬁ O Aahz00%. ML fBa8kd ?né f&dﬁgﬁon of mixture of

pro uct gr oups see
stwai diastegsgisoMets thatcambe deprrttenas cd,@mbed ebovdst | y

steps or reactions that Wepe us d at some stage in
the synthetic pathways of frémgeg 1- 7 and which are
descr i Pad sala\varcountsifsefibure 7asdof figurert Adirthe rea(cmbnsaused in the

diff rent 5. of t e chronol o i cal er

S SHREE aRhERl a1 GrE SR dof@ioedL i 1 ofrf syntnetic

exetiviags aHoweér, @ablt@ mealac’ﬁthdt fricadrRimtationt of thé ntxb’leobase relative
| ecul e when co t he revi oys S){gt het dﬁ‘f‘ duct

nﬁ%%ﬁ‘e“ PRl %t'ﬁ@“&ﬂ"d Cadlind ﬁ’bé&t BrPaRligR doduc is

3dﬂlferéd'tefroﬁﬁttﬁ?éa)’elhﬁvecanéh@ﬂoﬁ’%f Hﬂéjeéarﬁ@eccﬁﬁﬁﬂimd in figure 3,

condi tions as descri bed above (see figure S

usubsaasienk rgleophilic seibelittiors. alligougthi %ergymeﬂeﬂmeef the same
p%% 4 s @*d@&?ﬁll?ﬁ%‘cﬂack lfHoH?Bétﬁts‘*?@eé #Flethe pathway of figure 7

|verS| I'cati on roducts enabl ed
r sauiranyrie th@ﬁ@nebedecwﬁworf this gtapeln figure 41éue i gerehigdrance).
T r Fi S;t
S"i‘ﬁtehg@:ééér%f% of %?%E%o@éﬁf@ﬂ?u@& 6fﬂ g{ﬁ hlge airléé’xﬁ;%&ét@ ist 8 to the
n ldo‘feemtl s:leredeonfmahatms obihai dtamng ma’tbaalc BpBonRtgihydroxy-dihydro-

ATt U Y ket g B pbgisomers that

Saar betsebhbiratgd astdascabedoabboven a di fferent
conformation. The startingmterial is '
(S, S) -2, 3-di hydr oxy- di hydro—Fa‘[oT@L%ﬁ—l one. Figure 10 10

The r eafﬁélr@ac’c&ﬁh&ﬂ‘%nﬂi gioen Imeﬁuws Giluk@raitdd w@tmﬂmlg Sfeanother
synthesis of a set of 3 hosphonat.e tet

nget ot i ehgephonate jeftoss nﬁcﬁeas'd@odqrr\'@t%%wﬁ figecond substituent
on position 3. The pathway comprises 11 steps in total, start with (R,5)-2,3~

“dihydroxy-dihydro-furan-1-one and results in the synthesis of 4 end product

-groups (see boxed structures). The presented pathway comprises mostly steps
or reactions that wére 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 5 but with

di fferent stereoconformation due to the use of the
same starting material but in a different
conformation. The starting material is

(R R) -2, 3-di hydroxy-di hydro-furan-1 -one. 15 Figure 11
The reaction schene given in Figure 11 illustrates the
synthesis of a set of 3'-O phosphonate tetrose

nucl eosi de derivatives simlar to the conpounds
resulting fromthe synthesnsqn figure 6 but with
different, stereoconformation due to the use of the
same starti nﬁ]etmaterlal but in a differe

conf orlhig pnhetipathyay dherefare yera el |’f543t‘?§es the diversification of
(é%d%rbauéis @th’l@H SY¥né kdaedbRs f:l%écﬁ'ﬁ)etlj in an ﬁ @sglufoefl 5-2
he reaction schenme given in Figure [ustrates the
synt hesi s of a set of 3 @Qﬂi@&)honate tetrose '
nucl e ”Qﬁ& .
resul ??]ng rom t e sy }ég E@”ﬁég lﬁﬁl}?g?; E vvlli'%s‘s of a set of
cﬁﬂ-ehmhosa’a deltess gucheosicie d@év&tﬁfeso smhréaruma thé tompounds
) , " '
tlﬁggrgrpﬁotﬁ_% %g%'sgsta#gr@ﬁh% '8:%@ ézﬂ#ha{!ﬁf:'egéhtt stereaconformation due
(tﬁz,tﬁ@a -UBe3efdi thy dvamxey -sthrtiygl meatéialainut] inoa eliffédregticenfbinatien. The
r tion.sc Lo fiaure 13 Qllustrates the synthesis
SEATNG BEGal 5 Cop R RS VR B TR 05 de
derivatives characteri zed bwuteheoabsence of a 30
subst it uent other than H on_posi n 2. Al thou
si mi | dPedBRPORRECNQAVELBT ig¢e i@\?’ pledies & ?W?gtb'aﬂﬁ of a set of

P©-phodghenaRt MeRYse ducledkidat edribtivies94itifar 1td @hd2 compounds
the _schenme in figure 13 describes an alternative

ﬁswmﬁ/fwrth@rﬁemﬁﬁ%@sf red utedth diferass sirrgosgnfognatipn due

46 ftﬁg&%@t ofSUAB L ddile TRIrBAY %s&ﬁﬁél%ﬁt' % [difehent c?nformatlon The

P- E’Y roxy-y- butyrol act one I's conmmer ci al
ing pageniatéy (R.Re-2edivptioxgidihadrefuranguere. 13, t he
st ereoi somer (S)-(3-Hydr oxylglﬁrgﬁyr ol actone is used.
hy

In the first step, the roup in position 3 is
pr ot edhededstiontrehzug givéroin Kigemct1 Binstardithe syniheﬁe of a set of

f3|é g@@%‘;PZ‘Pﬁé%f.f%‘){PS&ﬁ‘a&[é%Sﬁ?cggg"%‘@ : S'I"%E‘rsk %] cbrshpounds
Tesul@npiremi the dynthesisyih Fg;umuﬁ bt withotlifeteed sbareoconformatlon due
AR U SR B A SR e ETBAE cHSalaton. e
atalting oateray id (R,Rﬁﬁgtﬂlaah%roxy-dlhydro-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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DVAP starting at O Celsius and allow the reaction to
proceed while warmng up till roomtenperature.
Subsequently, in the fourth step, the nucl eobase is

i ntroduced, preferably using SnCl4 as Lewi s catal yst,

giving a mxture of two stereoisoners with the base

moiety in R and a configuration respectively. This 15

m xture i s separated based on the difference of

physi co-chem cal properties of diastereoisoners

preferably using chromatographifc techni ques for

exanple preparative thin |ayer chromatography. In the

next step, both conpounds undergo deprotection of the
hyunibrgized tompgb oo sif tthenpathuwslys gliusiestedhy fgeesdlrie 12, the
a Is I

"SRRG 7 8Dl P SGCORES A SRR pafitl B e pymigeglp of these
t lsemploasgd dnatusinfgu reiéferent |s$aritmgr oahtariztt wtartigg t fiems adydroxy-y-

5 f Fi ly, the. . )
RIS EABHEnE RO B obmesealip Svalabiv o, e SHATPlRegiven in figure

CQBPPKHSreBldbirier £5h-p IRk QW auiyl?aaaaﬁs iPaespdures as
preV|ousIg$descr|bed for the conmpounds in_ figures

1-13 ofiret step. Fihsy rrydméxgr@ypu in @wsitipy ¥/ ris hedotected by
PBEA aﬂdn Hé% i%h%n?élo'g'sgééreef 9@ ﬂﬁépe%t ﬂgﬁ% QEcond step, the

derivati ves gure ure
plasctorplie mdycad (@,antlcbnesmelltme sed (figusehbt etepse) The anomeric

BRI Elo sl 6y 608000, NS Ao BB oxompo vin
rren@qhhasnmﬂrgdnm c:]n ﬂ]e;chjrla?ﬁrgeﬁ pbg’lnf m;]\&rk rmowina taataiiic amount of
DPAPAR sy 50 PBistis 2 ISV T santinn 16 sPoae! Bhis werming up

t ik mbas ﬂbmpséiatlgeo WGubssequbatiRhps phe oattkybepy tikr Ag€leobase s

nucl eosi nal ogs .of the present inventiaon,
PGS B, PreSPTEPY HIRRH A &9 hEWSIERIEShrgiingha mixture of two

pEReEIotYErsOWRN Bhé babl ansiess M Brard besbriigtifarm respectxvely This
nucl eos| de derjivatives synthesized follow nggone of

RUxtHeR negrarated; trasl?gt%ﬁ% dif{erencg, Pk physigarchpipigal pepperties of
t tirdtdrBMisoRbra p?@ﬂekﬁﬂ SK’/Fuéiﬁgt Bﬁro ﬁlc‘ @e&mugl&a%lc example

sol vent for exanple formam

dpfﬁ@aﬁ@ﬂveatb@tlayerahr@mammmzer at ur e over night. After
S ubseqmeg.;e ﬁc‘;‘ﬂp&é?t gﬁt:?lc%mbgﬁn@é) Wh8Sgo G8Sot&toAUSH #2 hydroxy

di ssolved in an o
group on position 3 using the same procedure as previously described removal of

hase labile-protecting groups for step 4 in figure 1. Next, the phosphonate
- function is infroduced 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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10 sol vent again, preferably DMF, and treated with
N, N - carbonyl dii m dazole. After 12 h a solution of

di but yl amoni um pyr ophosphate is added and the m xture
is kept at roomtenperature for 2 h. Then the m xture
is treated with NHAOH and . subsequently concentrated
under reduced pressure. The resulting phosphonyl -

di phosphate is purified by nethods known to the person
skilled in the art, 15 preferg@ly col um

chr omat ogr aphy, for exanple reversed phase
chromat ogr aphy. General nethods for Antivira

b d f t est
ts %@%ﬁ%ﬂ%\;ﬁ?@fﬂ@g%’%ﬁ@%& ttrf R ogpigt%gpﬁggﬁq@g %gfthqe %pés%% skilled
i vahé izoh andCdaIUﬂ&asebﬂtetf&icﬁ: B8R sLitaBlé §8r irodddhg two hosphate
faollown oténtl- The inhibitory activit op
c&ﬁ%‘b‘l?n‘a’g SP'P%’E eBHl%eh@%moeaaMexyﬂ&érpse nucleoside
g ahaligs aff tHeOpreB&mtIhverkiba. Pl%‘?éﬂaﬁ@tz% Qi?brqgggﬁ%stg r{g fiftroduel Bnto the

ell culture nodel for acute
RN cHRUBe of et dPhesphasylaiady-tetrese a'nnsle(JNdeB derivatives

Il
| ShhesSERY TcoRMAORS of T palfiiels o8 TflsRated b o, 19%, by first
cé’PF‘f@%Pf esqlgioncy1be comprbhd 4 ee oc:@mms)splvaat fuy dthple DMF,

P | { at
oM A Y SIS, B B omian. e
i Avksadugat Perpasatiaef tya splaehbghenres:dﬁé 8¢ tdissRaldu Rt BA rbrganlc:

80085y SR SR T oSG, At

cdZlhsa WblUtanfCédltﬂﬂy[mﬁOn]lﬁﬁ r@ﬁl%@?ﬁétel'ib\édﬁéﬁ #Hd Medmixture is
riate.,.dil t he test conpounds

Rl TR ERRERE IS Aoh o s BATHES iy Dpptsct BHLOH ond

caubseguestydchiosentiated Ondert feduddlphastipn i :
transformed TA-cell I nee%jémfz‘ﬁzIJ Bhosphonyl

agepts.. An. HILV-
mﬁﬁ@'ﬂs%’é‘a o8 e‘i’H%ﬁél by JneiiAds dnewrnigihy merses cidliedbire the art,
tprewrdbiperrﬂo&&hrve ERonidtdgraphgct | ﬁ@;&, rv e
8et ceI | Iine. [Inhi bl%l glﬁfof fteﬂe ?1% ere@érs%ﬁ phase
@? c effect is used as the end poi nt. The
Vi ab|I|ty of both H V- and nock-infected cells is al so
a sessed spectrohot o- rretrl cally via in situ
8 gths saragningi azol - 2-yl ) - 2, 5 di phenyl -
t@éﬁé’éP' T) rise
SLhaE b I Bt M sl FIol HeSd RGr SRl caeaty of the
d?onml{nlﬂﬁ@ﬂ‘g$ wenii@yinclyts Lipgt are Inbt raftedid, efe folblvig: 4

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, illg), HIV-2
strains  (ROD, EHO), and SIV (MAC251) for inhibition of virus-induced
cylopathicity in MT-4 cells (or CEM or C8166 or Molt4108' cells), using the
colorimetric test described by Pauwels ef 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




10

15

20

25

30

to 5 days of incubation at 37C in a CO02-controll ed
hum di fi ed at nosphere. The 50 % cytotoxic
concentration (CC50 in pg/m) is defined as the
concentration of conpound that reduces the absorbance
of the nock-infected control sanmple by 50 % The
percent protection achieved by the conpound in

H V-infected cells is 15 calculated by the foll ow ng
formula: (ODT)H V- (ODC)H V e§?ressed in % (0ODc) MOCK
- (ODC)H v whereby (ODT)w is‘the optical density
neasured wth a given concentration of the 20 test

oY Galt gerheieslgl o i To,E bk phHN pef i containing

Hb]s{plropﬁélétcﬁldtlcﬁé bbthe(tebCddvhbdurids dfepoRbid ah réi;ﬁa $inYautomated
measur ed f r the ‘%ont rol_untreat ed nock-infect

c 8PP PRCP wﬁt?aé'a © YisRY ey theain  wgo %\\feéuai@ne@fnamfeﬁi\étagents An
541.0m trﬁﬁﬁoﬂﬁé&ﬁ%llqweﬁﬂTw Wit %%%Heg;gug}ij%@lbg)n% be highly

to the above formula is defined
i ﬁ%%ﬂ'@'ﬁﬁo@@Ho@fﬂv%&r\r%fw(lﬂtsofaqiowaﬁ ;:ervmﬁs thegarget cell line.

|r ﬁfﬁéliitlc?'f oﬁ@éq{!\ﬂnh% bﬁoﬂ@ﬁb&% %ﬁe&h% !.fs‘aeJ %8‘%8 point. The
aviabijyoah baﬂuﬂ% andi modk-infectpi caligis alve diasessed spectrophoto-
d t 1 t- [f
SHPRSTETLES, i SRR 47 SR SR oL svhon-
atedrazoliyng brbngmlt(MﬁTc)l rM@ieD(_jsn' con\ﬁarls&ésr ekampld ¥hd microscopic
eratnptn o SR Gtk ERRBY B 9t (nRdlyroleh formation, after 4
|7 fes b idays eg ngub!aﬁm hhs(rﬁeﬁrhesdiazc-cb@}ouem?uﬁﬂd\ﬁeh §ﬁﬁ0t%|pﬁ?re The
a strain resistan

g"f %‘%8@%@“@ '\%é‘é?so i Hazgela i dglaed githe (onsentration of

TeempbiicP tHaReBudesGhe (BROARMSE r&%ﬁé'm@&k—%‘feoteé—%@ﬁﬁoi sample by

5 e}< obt ai ned from cul ture supernatant of
$ (i EEB dergent iprisctijpagiiavedsby thespampevng i Héf~tnfected cells is

%l@@h@mﬁ/tﬁéw}ﬂwna{gﬁﬁﬁw&s Al assays are perforned
-well” mcrotiter plates. To each well are added 5

(QDﬁHIX {@Wchat | s and a gi ven ampunt of the test
canmpound. The cells to proliferate for 48
Bieed

h (murine |l eukema L h (human | ynphocyte

d@PcImock — (ODcy _
whereby (ODr)nyv is the optical density measured with a given concentration of the
test compound in HIV-infected cells; (0D is the optical density measured for
the control 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 (iCsp in pg/ml). The
ratio of CCsoto ICspis defined as the selectivity index (Sl).
Cells: MT-4 cells (Miyoshi ef al., 1982) are grown and maintained in RPMt 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 (liIB, NL4.3) strain (Adachi et al., 1986) is a molecular clone
obtained from the National Institutes of Health (Bethesda, MD). The HiV-1 strain
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10 and Molt4/clone 8) at 37Cin a humdified
C02-control | ed at nosphere. At the end of the

i ncubation period, the cells can be counted in a

Coul ter counter. The 1C50 (50% i nhibitory
concentration) was defined as the concentration of the
conpound that reduced the nunber of cells by 50% 15
Anti -BVDV assay: Cells and viruses: Madin-Darby Bovi ne
Ki dney (MDBK) cells are nmmintggned in Dul becco's

nodi fi ed Eagl e nmedi um (DVEM) suppl enmented with
BVDV-free 5% fetal calf serum (DVEM FCS) at 37C in a
heotdl 942 4R TS K0168K: %W@?E&eéestl’a: ?él st!ap{ﬁat Bgﬁwggggg&é?e reverse

is used to assess the anfivira
dENseTPEse hilo. | Ehg ANiee (BOBL) EBOY oamrm&nom| iet al., 1983)
1R t.ed
i R e Slebag P e e 8o g flags: Macast is
@PIV slifinur e pl ates are seeded with MDBK cells in
DMEM FCS so that cells reach 24 hr later confl uency.
Then nediumis renoved and serial 5-fold dilutions of
thidosieic activifyoassdgs:are added in a total vol ume of 100

cul um (100 u]) can

LpAS o Heaee Wi o gt bl Tesach melaresiaed 5 -

Yo% med 0* y;aua and @rgiaéreambbamf&ﬂ%(otgﬁafdmﬂddne TR céltéear‘éeel d!bwed to
&0{] r% %ﬁ‘s days i ncubati on at 37C. Uninf

BRSPS dof 4P L (P FEukgMia 112103 ondach (ewmpolimaphsayte CEM

edi molwd&ﬂel ak3EIT #55 Al f

I S, reno a?)nd 90 | al of nﬁgll\l/ﬁEé@C% 5&@0%@9’?@031,0%% Allne end

ﬂ?@%&?@@é‘ﬂ% PEHo¢.Hhereliaranrke eenrded iroadbouiee koweet.. The ICs

Yoomhibitody cdied t

?I cal de%’sm gfﬁaﬂ%&ﬁ%\pﬁta&n‘eﬁgé @%r%bgéét{&%‘éﬂ E’ﬂ? Iccﬁmpound
#Hiredupgdihe ﬁ%’é@r()fcﬂkébﬁﬁo% effective concentration

(EC50) value is defined as the concentration of

conpound that protects 50% of the cell nonol ayer from

ﬁW’u@VDrYdr’&mﬁ cytopathic effect. 5 Anti-HCV assay/

l1s [a cel ine wth a .
per SI st er‘éjl %M@FP@&@ %’éiﬂe {c(qJ“r?V WWS gfpomgintained in
Pareacois miodifieti Eagléyndeauom‘ mra&zm@mgmemaeﬁﬂwevmv free 5%

t rotein an
B 08 S A i S airosphore
BY@O\VHN (sBiake PESIBPIM e8Bate thatlekh tﬂ.@%rftﬁtrﬁl a&tﬁ/tt{/ it MBBK cells.
f{'"\é') & gll_ﬁ:agg Lﬁ SLI fe Technol ogi es),
§h cela HLA3) fee aaipteines ﬂ’eMﬁleﬁgﬁ"é@) 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 confiluency. 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 normaily in a greater than 90% destruction of the cell monolayer after 5
days incubation at 37°C. Uninfected cells and celis receiving virus without
compound can be included in sach assay plate. After 5 days, medium is removed
and 90 pl of DMEM-FCS and 10 ul of MTS/PMS solution (Promega) are added to
each weill. Following a 2hour_s incubation period at 37 °C, the optical density of
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100 TUmM penicillin and 100 ug/m streptonycin and
250 ug/ M (A18 (CGeneticin, Life Technologies). Cells
are seeded at different densities, particularly in a
density of 7000 cells per well in 96 well View Pl ate
TM (Packard) in medium containing the sane conponents
as descri bed above, except for (418. Cells are 15 then
all owed to adhere and proliferate for 24 hours. At
that tinme, culture nmedium is pgnoved and seria
dilutions of the test conpounds are added in culture
medi um | acki ng 6418. Interferon alfa 2a (500 IU) are

nbe t t four t o
i udells &s maﬂogt ;r?ge gng/OQH éohcrgﬂ;}lgff%éﬁe? e B o effective

bat at
IRQ%%"%%‘?? &ééﬁﬂl)n &alyeviy dpfinedmsi tﬂlnel—nm@ntretidns of esupaind that
b :
Ly Rk R balt hofolaoy o By S e rYBeefieRist,

buffer (Pronmega) for 15 m nutes foI | oned by 50 pl of
tb@‘;tﬂ-{@@dé’gﬁ//@RVHﬁdokqsgg . assay reagent (Pronega).

‘asured with a | um noneter and

i ferase acti
ﬁ@ h-3i2yaells [<':h C@&dlhel\mﬂl wi Hersisteve] HCMVS repfiosre $38Hu@bBrieo/NS3-
s. Parall el

t .1,
iR L L i e—
cié‘l'i'ﬂ@l? prRiein 31521 WQ\V-&%EBQHEW&Q\ISMB Hcﬁﬂ P& bﬂo%ﬁ] are cultured in
0 i nson) are in a siml
1I‘O zﬁ{u lzr?(' %@g@pRGﬂéF SHPPEgaenicd; y'tﬁuﬁ Per Tefal Waé?ﬂ@,o 2mM L-
Lahltﬁren‘@s(é_lfeélé@;anblog@sﬁdﬂﬂ%n eéﬁﬁi@ﬁgmfﬂbewﬂﬂ@é‘ ng‘ fquTé’cfhnologles)
E@OQH turg ﬁ’“ﬁﬂ%sw% by nmeans of the
(Er Sredd) Penig Ye/ad istreptamypin asd 260 WEMWEITS (Geneticin,
11::) 'ﬁ&dfﬁm t
b %“E‘i'd?)amibé'}ifi‘?@%&aﬁt HU? qesliRs, Rty in a
(r:rg Py Qg @0 ‘Eﬁqu%I PRl Jn 9% wisll Niaw é’ia@ir“ér(PacMﬂb i medium
tty I
test gﬁ‘g IRy SNAG cafiolérs B dskindls Shol |88 dor Bfe. Cells are
ﬁ' 'log‘)?dv\ﬁﬁ’l adhersang iprelgerate tul dnhqurS OApthjt tlmeaddlaﬂ'e medium
IR aRRoveldhg Jé}%lvdi!bﬂén %QQH%%Pﬁgggm%ﬁs% 2%%@] W culture

|na90- O/odestru ion
afnedjurm l@%&@g iGrElibdniedierart afd B (b0 nUpetrednciaedd Sasaag)osmve

C(%Htl%lreg?%é 9 \ﬂn[tﬁ' mcéggtga%dgﬁg?o“(ﬂgmﬁgg, He I(gzcgour 73 hours.

in each p

r Bewfiretionnd tee HOV odplibbitiv FIGE—EB@!ISH&SQI’[S f lu%@e%éléj&ﬁty in the
&#gt |L9&fép§8n%g .S added %geach wel | . Fol ng

Sy raciferase I EGA5Yr 7a@|ngh"@ optof c1al>< Glo-lys:s buffer
deneinegapfort tsemiveltés faioveB &y S8 &F tHt?8tdUlly-Glo Luciferase assay
reagent (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 celfs/ well
of classical 96- weil cel culture plates (Becfon~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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in a mcroplate reader. The 50 % effective
concentration (EC50) value is defined as the
concentration of conpound that protects 50 % of the
cell nonolayer from virus-induced cytopathic effect.
15 Anti-Herpes sinplex virus, varicella-zoster virus
and cytonegal ovirus assays: The antiviral assays
HSV-1, HSV-2, VzZV, CW are based on inhibition of
virus- induced cytopathicity4sn HEL cell cultures.
Confluent cell cultures in mcrotiter 96- well plates
are inoculated wth 100 CC D50 of virus, | CCl D50
9@#ﬁ@w&ﬁ%%ﬁh&%§a%&%ﬁ 20 required to infect 50% of the
cultures. Arter a | hour to 2 hours virus ‘
Q8sweibeelonuiipee piades iscwsiedediwith Vers delis e BWEM, medidnt bentaining

I bat f '
8 b b UL el e 08, RLBERSE 42 o Yo e
Metdum‘ataredhely rersovm: and edrials5-faid ltﬂ_llaf]:chodst szrj ﬁ@d}&les compounds are
- { C .
S8 L0l FohE 990 L e hE VRS R ipqhts e
ch deehi well.c Gihenairyd rmmﬁausedFeésume froanalBl irkidmey - 100 %
in 96-wel otiter plates

d
%%S{S%'%%g? : eqlI mofRigKer 2 erﬂbs‘quét’@\;“baéwnaﬁb%pﬁ afniected
coliyc dhdieens r&@&lﬁ@ﬁhrl@@ wittidde BompegidIean Wd hchided! ifl each asay

PRS AR S s B earupeetaaeNed snd 20 s TVIERF Cvahey10 wl of
MNP sloﬂﬁlé}ha(Pr‘éﬂnégta) 8 adfRd ‘P(‘}j @Jch%@il Hfotd S22 hours

density of _the | s“can be read nmin a

HCHPBW%P@ K?Cbafd%? °CSARQWpaI@n§§sa§themt@ eaft be reathabtls nm

- FP8$RErdphitd @ei@nl GO AR @cgn%%gg'gﬁ eggj"%éﬁé id defined

conf | uency an appropriate in
o6 the CQM@tltaBquf lcompeund dhat profletisr 0 fe y)f tpacdl mionglayer from

U Agéda o fsEcded Together wh 5ol

utio ‘conmpounds. After 3 days, a
MI'S/ PVM5 sol uti on can be added to each well. Foll ow ng

Al R B, B S8 i e iRl assars
Thadmtivirdl Gassays HSV-1, HSV-2, VZV, CMV are based on inhibition of virus-
induced cytopathicity in HEL cell cultures. Confluent cell cultures in microtiter 96-
well plates are inoculated with 100 CClIDsg of virus, 1 CCIDsg heing the 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 cellsiwell. 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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Anti-Hepatitis B Virus assay: The
tetracycline-responsive cell |ines HepAD38 are used
(Ladner et al. in Antimcrob. Agents Chenother. (1997)
41:1715-1720). These are hepatoma cells that have
been stably transfected with a cDNA copy of the
pregenom ¢ RNA of 15 wild-type virus. Wthdrawal of
tetracycline fromthe culture nediumresults in the
initiation of viral replicatign. Cells are cultured at
37 Cin a humdified 5% C02/air atnosphere in seeding
medi um DMEM Hanis F12 (50/50) suppl enented with 10 by

h i@ac e 1
p[@rqilﬂgf 8P, 418 &tyc%; enlif] gk 58 o3 Mpol 997%54 Y 258 nm in a
Hanmﬁaiemeadmo pg/m 418 and O 3 Iag/m tetracycl i ne.
20 When the assay is started, the cells are seeded in
48-wel | plates at a density of 5x105/well. After 2 to
Ifm&wilr;jseasmlyt Mezs czile dagdtb@%éeﬂgcﬂ i igﬁi'lrvewrrﬁidzjlitﬁﬁéropllates and
ing Wt r ewar e PB an e {th 20 .
Baul B SR haney T SREtPRIAA IR GI OB Sy U abI8 kil the
%l%ulu\lré f(c?!’op‘a/tkfé]@d)ltwiﬂhﬁ BOHY I a1 tfeomaaadﬁ)getﬂ\é?dwwim 5-fold
r 3 days. The antiviral effect

;
@ﬁam an&ége E%tr@wﬂqnﬁa Aiien 3 0arss M TS/PMS swlalin.can be added

ek GveliU PBNARINA Y Sﬁtln&ﬂ}\éu@n Fb%‘ﬁbd IAHFOE 8B oftitaPdé of the
time quantitative PCR ( l?@tﬁThe Q PCR is perforne

wrelis cgpibegrag @t tgpam | Mé’ﬂfﬁ"@? reedeR reaction vol une
of 25 pi using the TagMan Uni versal PCR Master M X
(Appl i ed Biosystens, Branchburg, NJ) with forvvard
dntnfdepgtiis BgmIs 36Ta)GTG CCT TCT CAT CTG 3'; final

onc E_T[b’é%[?fég%k\ﬁ%%%g%g .Ih%%g Wéi}’{&éﬁ %pe (iRed ’?L%n%t al. in

a‘bﬁmmbaﬂgents Ghémadther. (rMQ?) dnd 7Tagia0 ) priobs: are hepatoma cells

(iha R SRR G RS 4D &opy S the HbGionig RNA of

weldAgpa visiSs WihGraviahos tetratyBiresysietiie, cutosd ateditivh ¥esults in the

t the full lenath i _
TRketin A gBRD T RetRt CPIP s FBPY 2 BE B B Bahiind 8% COgair
Bmoanmetin ebedihg aﬂnecﬁurﬁmmwg FHp (50%@? §Qp|§I@Hereﬁﬁwith 10

S/s gressed as. a percent a?e of the nobck reat ed
arky eumﬁqéIGEW% vated felef salf Scﬁ"umhe‘l%wfmjspemcﬂhn 50 pg/ml

c@@ %%ﬂa?nga‘nl @mf) el ehgg@é"a% 0 BeRFHR Wtracydline.

ce I|ne The effect ounds’ on

é’%b@h&hﬁ a%ﬁayylsgat@mda ghmp@awem@adsme%mﬂtm@tes;at a density of
d I

A0k AL, 18 T e B TRO % JSH) Y GEL dcgiion 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

quantitatve PCR (Q-PCR). The Q-PCR is performed with 3ul of culture
supernatant in a reaction volume of 25 pl using the TagMan Universal PCR
Master Mix (Applied Biosystermns, 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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10 are allowed to proliferate for 3 days in the
absence or presence of conpounds, after which tine
cell density is determ ned. Exanple 2: Mterials and
general preparation nethods For all reactions,

anal ytical grade solvents are used. Al noisture
sensitive 15 reactions were carried out in oven-dried
gl assware (135 C) under a nitrogen atnosphere.
Anhydrous THE was refl uxed ouer sodi um benzophenone
and distilled. A Varian Unity 500 MHz spectroneter
and a 200 WMHz Varian Gem ni apparatus were used for'H

% SR e o e PR AP R B BE oo ace ToT ac -

s‘r;mnRAoﬂm enncée(@{r'ﬁdlﬁﬁ zsozw)wmrecraaasm ivanalesd ebingdEBDS 7000

SR, PLFRCRIS ChFA DRSSP igencth o

Lf 1h@1HB§/ geihome lé?[l@@dmi gﬁbpa@é e BramdaReeiFe ( Fhekfnount of viral
an were used for TLC, The

i}%‘& etlé*/dlj@ac‘ﬁ?%%g %"ﬁlﬁew eryepsedap Anpercentage of the mock
Qﬁm@t&mbmﬁ%@h%éﬂ@t@%f@w@& 8P thd hlicid 'cSe gaﬁ g@%.o, 2Messed

601. 25 The nucl eosid (3 a-h) were synth

smpleying they Rarerpiapaioms celliling diepcz- a]hﬁ)ﬁiie@t plihercdmpounds on
%ﬁﬁ)oﬁ&ﬂ@flg'gﬂgmhg I-iéspﬁ?ﬁé %eﬂ‘s TB%uU&@ elaﬂé%?u& tlh%EMI\/g method

osition can

@?@Qbegan@fl@ﬂ%@ell%@m@ﬂdedgrt@@erm’lty@f 3800/t (SBovelt platk) and

Blo ARY \ERIBrAR o Bt B0 dRehE U Bk e sopppouncs.

Qﬁ@UWhiCBtlpl&)@&l[c:lenrmty\nsdleterrﬁmeﬂ'BDl\/B group and the

O benzoyl group is renoved with amoni a i n nethanol .
78 At the stage of 8, the phosphonate function is
Exermiug d‘daﬂeﬂahsmrﬁftmﬁeralfdremﬁaﬂén methods

i.sQpr hos ononet h al cohol and NaH in THE The
Fob B Tt e SRl Grlapsomts aPcisampbamgingre sensitive
reexuitions dvedy daﬂl’b@bht P QVBRIdBE gasRFe (TBS ~AY @RRNICE nitrogen
;mﬂélc}bn group all ows sel ective introduction
Bimsiege ahiTerS EHansaﬁerqﬂumfw”@@dw/bermphenone and
aiggllen R sRsiah lUrﬂﬁ/' 560 M]é{ffhﬁsctrd}ﬁ BPRAQY: e} 9?6%9‘2 v&¥in Gemini

aceﬂyl cyt 0Si ne 1e i ntrod Uq:t? ter Si ation an
BRPHGIUS g %@d feintENOER ang stC NN[%rﬁmcémasemneﬁsmemmts were

i Gnt ir a i
bR | ont 5 RSl il MV, PSSR, (0-Tr
FQB‘;aSS,a aﬂch%@b MK) ehvigped ywiths aosﬁtatldim'ddellestmpsmayhon|zation

SN SR oA WhlinhMR [in3lpb2IMS HTPEE & bl /fnin. Precoated
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.




10

15

20

25

30

10 (giving 3 a-d). In order to obtain the '

2' - deoxygenat ed anal ogues, the 2'-OH group of 15-17
is renoved by Barton deoxygenation' 16.17 giving 19-21.
Conpound 22 is obtained from21. Hydrolysis of the
phosphonate ester function of 19 was carried out wth
TMSBr at room tenperature. However, for the conpounds
20-22, TMBBr rapidly cleaved the nucl eobase fromthe
sugar even at OC. For this reagon, 15 TMSI was used
for hydrolysis of the (diisopropyl phosphono) - net hyl
group of 20- 22. After purification by silica ge

CNQH@%%%@BPEB tﬁ@@tﬂﬁg@%rﬁg@%ﬁb&% %ﬁ’ék@dl&%ﬁdusing the triflate of

um i on e e resin
pHésqeRndplesphonamaty alcoher andNati ireTHFCOMHE tivonsilyf erotecting

ZgF%I\/gP BOErJ r%]gl cg an%g@%?% &lr tl)ezr%g)ylaarqji%ctg)g group?s The

pr%ﬂ}elnela oTHQ—@}b@&bylf@dep Iaﬂow%&écﬁbe introduction of the base moiety
ane

W@“&ﬁj 81&'”3““13 % Sﬂaﬁ ?%gtrﬂﬂes (Neagl!, thymine; N hsszpwiarignine, N*-

Saﬁ‘ét?lcyﬂb%fﬂ&) Eh}e Introdeé Dby s%ﬁm Muﬁg%@n Hs%vfﬂ\'catalyst

Ibﬁﬁ&ﬁé&%@ﬁ ’b@ﬁvtegﬁl gélgflﬂelﬂ) twio stm& filsCMemoval of the benzoy
OE ectivy BRfes Qﬂﬁveé‘m la i? SEthABI ?ylédi o 48313 '3, second,

I nt ernmedi ate conpo
warelsisveli ﬂ?@tchlyp@ropyh pspteqtmg ol With NMSBr @b rddre temperature

%ﬂﬁ%@%—&i} ig ordr;g;tg oé)t% the >2<'y eoXy el}?g%na@gugs tlig 250H group
gOf 5)'2 mmowemblby Brdaz dbex;(gﬂw.aﬁog, %émtgb-)z'll :ﬂ:)o&’i:{ibu&d 22 is
PRer a .
2:% o porzﬁ gﬁg 01%2 ?‘BCBNE %ﬁgﬁ?%%ﬁgét%%ncfg’?ﬁlﬁW?S carried
V\Q’ﬂmlth TMSBr:ahrmmmGnaem&ea?dmt/%ﬂ fﬁgh@\t@mpgghas 202, TMSBr
concen e e residue
P, Mt e el P oM e isar i ool S o FPajele reason,
mwalmlmbeu foh hmba/cs.samhbr U%pré\ﬂﬂbfﬁ%ﬁﬁ@ﬁé)tﬁbﬁﬂd gfbuf of 20~
" ? 'Pn% v;fas puri f| ed by chrormtog
s?? é’ge IgRYMCE APy (Hlice delxelemategerisy. 19ephadax-LirAE \-25 resin
(drid chve)@&&ur?miéh eXdhahde 7r1331@ rﬁﬁ:le%s I—IBWEBI?QN@O' 3 e-h

whi ch was characteri zed
‘E‘:@j"" 0.12 (s, 6H, SiCH3), 090(s 9H, CH3)

2 2(15 (ﬁ&ﬂiltlo]}]% f’ér%a%%_%’f’é ci%"gﬁrg 1791avzbe SubimsdA Jé?)fc)llom.rs a)
TBDMSCI, nnndazole MeCN b) BzCl pyridine c) Dibal-H, THF d) Sat. NH; in
MeOH e) Trifluoromethanesulfonate of diisopropylphosphonyimethanol, NaH,
THF ) TFA/H20 g) SnClg, MeCN h) 1. ¢OC(S)CI, DMAP, MeCN 2.BuaSnH, AIBN
i) P(O)Cls, 1,2,4-triazole, DCM 2. j) 1. TMSBr, DCM sephadex-DEAE, Dowex-

Na™ k) 1. TMS!, DCM 2. sephadex-DEAE, Dowex- Na".

-Example 3: Preparation of Intermediate compounds
2-O-fributyldimethylsilyl-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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C(4')Hpb), 5.82 (d, J =5.13 Hz, 1 H C(2')H; 10 - 13C
NVR (200 MHz, DMSO-d6) 6¢ -4.93(SiCH3), 17.99
(C(CH3)3), 25.61(C(CH3)3), 69.62(C4"), 72.62(C2"),
74.59(C3"), 174.60(C1"); - calcd for CLOH2004Si 1Nal

[ MkFNa] + 255. 1028, found 255. 1010.

2-O-tributyl di nethyl silyl-3-0-benzoyl -L-threonol act one
(6) 15 To the solution of 5 (18.00 g, 77.5 mml) in
200 nL pyridi ne was added drepw se BzCl (11.2 ni, _
96.9 mmol ) at 0 C The reaction m xture was warnmed to
roomtenperature and stirred overnight. The reaction

re1oi YT WatRsd t@%&ﬁﬂémﬂb%@%cg%Y&P%%%tWﬁ@ réattiBlh mixture

toluene two tines in vacuo. resi due ‘was

pUPS icPf‘%‘?f_gfﬁt%t e fesigds (mEsOPatifionedl betveyen HaGoand FEIOAC. The
;:{]Pgaﬁibg%r%é)@ﬁa%@d Wﬂﬁ%&Yi@?ﬁﬁ&i b%é,haH@ESﬁcéml%t% ilnggacuo. The

concentrated I n vacuo. e residue was puri

bgsidhe oo gPUiSE oby a chiomalagrgehy ceinunm  silica gel column  (n-
IR ARUTTONES LR Mot (B2 diot e ftg 7 %'B°% lotortess
cipdid adtiehy wae ¢hasmdterizedwes: follovidd NVR (500 MHz, DVSO- d6)

5H 4, = 6 4 9

&y M $eod iy briggia o S5 ks, oy Yoty b 5, 5% oo 3.6
:gg (dcd 68 686l Hz) Uz =71.30 Wz, 19 C(#)%)%H)zs.- 4%36;(8m,22(§g4, DJHl C(3")H,
= 7{.3541)%5:‘4'%% d {é%ﬁﬁﬁf H"}ﬂzd%y YH ), 7.57 -8.01 (m

gIH 13&-m 200 -w;ﬂz.\lma)m%a%%c D%S%Hﬁ: 12.986(C(CHa)s),
zs%@&%ﬁé‘js%g é%??(éqﬁ’()d%i%(o%’i,. %470%%92333)., 174.60(C-1);

£5. ddiCfcr -0,
12656 arona & o135 04 (T 020, g HOTE

172.76 (G1'"); - mass calcd for C*H2506Si 1 [ MtH] +
3BO-thBdidi PRIk P
2_0”?%'{%"57?%?%5%#%%@ é?&rggﬁggﬂqnb(ts%reose (7) To

t he sdufegeldiorsof 3{18.08,g, 7.5 mmol) )in 200180 pyiidieywas added

IS LT ST oy SURPERR o wornes
I g repmTHempeeatuieorand xstimresl veseraight.r &theat reacolC, mitidre was
?22@%&3‘1{ ﬁ_r%e caé*ag)ro&%}gﬁ o@i ?‘b' '?ﬂlé-[ ﬁ)@lz%}ceo ?}%%eﬁ,ﬁég’ in vacuo. The
residue was partitioned between H,0 (100 mL) and EtOAc (350 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=8:1) to
afford 6 (256.9 g, 77.0 mmol) as a coloress solid in 99% yield which was
characterized as follows:

- "H NMR (500 MHz, DMSO-d6) 84 0.14 (d, Js = 13.2, 6H, SiCHa), 0.87 (s, 9H,
CHg), 4.23 (dd, J1 = 6.8 Hz, J,= 9.3 Hz, 1H, C(4") H,), 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 ), 548 (dd, J; = 7.3
Hz, J>=13.0 Hz, 1H, C(3")H ), 7.57 -8.01 (m, 5H, Ar-H');

- BC NMR (500 MHz, DMSO-d6) 8. -5.16( SiCHs ), -4.84 { SiCHy ), 17.84

~ (C(CHg3)a), 25.42(C(CHa)s), 67.20 (C-4'), 71.67(C-2), 75.46(C-37), 128.65
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10 m.) was added over a period of 5 mnutes in order
to quench the reaction. The cooling bath was renoved,
100nm. of a sat. ag. sodium potassiumtartrate

solution and 200 nL of Et OAc were added and the

m xture stirred vigorously for 3 hours. The organic

| ayer was washed with water and brine, and
concentrated in vacuo. The residue was purified by
chr omat ography on a silica geBocolum (n 15
hexane/ Et OAc=8:1) to afford 7 (7.40 g, 21.8 nmol) as a
colorless solid in 73% vyield, which was characteri zed

as fabhens), -128|:$0§M§rr(620 wgsew&ﬁaaotﬁ) o58 @4@&?0&@403 165.08

or (Y%C%g)%% ﬁz(C-ﬁH o 4 )Ha) Z 22 ES? sJ’l H OH

5 A SRR L Wit

6.54 (d, J=476HzIHC(1 7.51-8.00 (m 5H,
-7.39 (SiCH3
Pedﬁnbutgféf%ét% gﬁ-&% b%o&ﬁgl\@%&g%ﬁgg G § : |) ),

-7.30
67.06 "gQ:ﬂlP $olution of & (16-0g) 29.77@n8) {FC180 yul. OOTHB was slowly

(cgﬁsg%s)e aé@é%g%lgﬂ ?E?Opcl:%l %%%rﬁ&o?ﬂ%a%d f‘i‘?l 9.1 mmol} in

GQIZIHES 78NE nmwNa@tmmMMéwasfmm RA6181853nd as soon as the

I I L
Startnd nélerel Wl Rl siainee L P S 26 ek rgthanol (10
tihk) wab wdded cwfer'é pé{r[o’sﬁloofgﬁ n%ugés rﬁrsgdé\rlaedweﬁggw}@cuon The
n was added
Bgliebef “uds JoRsked, Anby ‘Shoacrat pe. oatn  Retesiugh tartate
Hotutionaartd 200 MLXGUEOABSrE WY aWBHE thikiBrd §RFBd vigorously for 3
over ni ght, The reaction

t.enperature and stirred
‘%nﬁ ﬂ‘%@%@aﬁf WRE RS ?‘ﬂé’"‘%‘é’ﬁ%ﬁﬁ@ﬂﬁa@”rﬁarﬂmtqoﬁﬁ@ﬁmwd in
u@eﬂfhbﬁ&ﬂﬂé ﬁé@ﬁﬁﬂﬁéﬁ‘@ %ﬁﬂﬂﬂéﬁg}aﬁiﬁgror‘/\@%lw&ﬁ%ﬁlumn {n-

é%t and bri ne, concent I'n vacuo
P aatCasoBa Joiafei 7117 MO ShbumeobasatdolleaTsond dn 73%
(yj&@ Whikh v@ékdcﬁal?ﬁct%ﬁ%étb‘ é#ﬁ"‘%’%a ure was stirred at room

erature overni e m xture was concentrat ed,

angpﬁ INMR 08Ul Hra HMBOHIG) 6 Byl Ocls! Girh Slaﬁﬁﬁ)ﬂﬁtfﬁgfsam CH3),
( n- @9’38(8@ 5 Q‘écsg ?—&bﬁ%— %%slﬁiztﬁﬁggk’f)ﬁ;;b”@ g'}gr s ,égﬁz) 4.24

rI"éss oi
(1 @dg J1E 40 ZﬁTbllZ) Jas .86 did, edd, O(4)Hn), 5.02%07 ehd2H, C(2')H,

Whi S Py, .80 372 876758 125 NS0 51-6.00 (m, 5H, ArH);

- BC NMR (200 MHz, DMSO-d6) 8¢ -7.39 (SiCHj), -7.30 (SiCH3), 15.41
(C(CHs)s), 23.27 (C(CHs)s), 67.06 (C-4')), 77.14 (C-2")), 78.87 (C-39, 100.23
(C-17), 126.58(aroma-C), 127.09 (aroma-C), 131.40 {aroma-C), 163.18 {Bz-

- CO);
- mass calcd for Ci7H2s05S1Na; [M+Na]* 361.1447, found 361.1452.

10, 2-di-O-tributyldimethylsifyl-L-threose (8a) and 1 B, 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 mmoli)
in 100 mL MeCN was added TBDMSCI (0.98 g, 23.8 mmol} at 0 °C in one
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10 Conpound 8a: 1H NWR (200 MHz, DMSO- d6) 6H 0. 06-0.08

(m 12H, Si- CH3), 0.87 (s, 18H CH3), 3.59-3.65 (m

C(2')H, 1H), 3.87-3.99 (m 3H, C4' Ha C(3')H C(4')

Hb),” 5.00 (d, J =1.1 Hz, C(1')H), 5.07-5.10 (m 1 H,

OH): 13C NMR (200 MHz, DMVBO d6) 6¢ -5.14 (SiCH3 ).

4.92 (SiCH3), -4.65 15 (SiCH3), -4.38 (SiCH3), 17.66

(C(CHR) 3), 17.81 (C(CH3)3), 25.61 (C(CHR)3), 25.73

(C{CH3)3). 71.92 (C-4'), 76.66 (C-2'), 85.58 (C-3'),

103.91 (G 1'); mass calcd for Cl6H36(4SIi 2Nal1371. 2050,

found 371.2059. Conpound 8b: 1H NMR (200 MHz,

[P &he@éb&oﬂ%i&ﬁsre %3 s%ﬁ?‘%\)am'féd% r&&n tdrhpa aﬁun% al?'ﬁ stirred

20 SLCHB), 0,86 (s, cks)?

@ygmight. the reagion Umdla‘egwas cp@cent@gﬂ )"H)e rasidie (n@g pamtloned
(

T)e'éué’er\"ﬁ&c(ﬂa?}d;l%g’oﬂc Hehe Qﬁg%g)c!"?ayel?’ﬁ% a%as@%g \H‘th %J}ter gnd brine,

mm TORREAlEHNEUAEE0- +Tl1e redihey weibl dissodes, mGMeOH saturated with

%‘nﬁ?&i@%go(,;]g? JﬂL) ﬁ'd thé f}aaﬁzfgn @tﬁk%%gsl_&tﬁdéé ét ?}ﬁ?'ﬁ' tet?gerature

vegighddThe 'mlx:tuw wa$-|!zq>nc]921tr-ateti 4ntithe EsBigetas puditedibWdolumn
efloriipa e atdBiart Reiad fhip e comenidielfz2 o. 140
Mmal a(s%to(aﬁ%gé % 487 yichi @Tgﬁb 8%?)0%5 Z (ﬂﬁh%ﬁ%s;@&!@g‘s oil in
(@( g_y?glg%'ci@” e 0&‘% @%’Z‘:’?Plas(f(é' Iqws.. mass cal cd

ﬂmm Fold3A S 2Nal1371. 2050, found 371 2052 82

oﬁ%ﬁMﬁ éqr_o' DELY ERS mgﬁ'aﬁ% Nt R PR SR A L P
1 CHs)di3. @-BrsdD@ gc(t)@')meahml %'d?yé gégﬁ?rs (gﬂ' | sony 0?(‘38}6?141 @) Hy),

hononet hyl ) oé ti’) ution o
(3. 290 &d" b7 8-Tisl GUNR) ob-Déd. -, (T3 vvas added

Sod‘ﬁgmwf(zé@ PR ersliseese) 8e b“mm(@f?f 01408 &icll, -4.65

én t'he®sol utiorn of 't he

of (&@Haﬂprﬁﬁﬁl@@Bﬁhdﬁo&t‘em@wa}( 5780 (C(CHY)H, 2ted] JC(CHa)s),

vode TSGR BB e R R R gnl e T

te rrpefﬁ%taitctformé'l:{e@aﬁgblanamom donitbd70i2069s at .

Compound 8b :

- "H NMR (200 MHz, DMSO-d6) &y 0.05 (s, 6H, SiCHa), 0.06 (d, J1 = 5.2 Hz,
SiCHa), 0.86 (s, 9H, CHa), 0.87 (s, OH, CHa), 3.41 (dd, Jy = 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")Hy), 5.12-5.15 (m, 2H, OH, C(1)H);

- "H NMR 200MHz (DMSO-d6 + 1D D;0) 84 0.02(s, 6H, SiCHs),0.04(d, J, = 4.4
Hz, SiCHj), 0.84 (s, 18H, CHjy), 3.39(dd, J1 = 7.7 Hz, J» = 3.6 Hz, C(2')H);
3.79 (dd, J1 = 44 Hz, Jp = 4.4 Hz, C(3)H), 3.92-4.07 (m, 2H, C{@MHa
C(4)Hp) 5.10 (d, 1H, J2 = 3.6 Hz, C(1")H);

- B¢ NMR (200 MHz, DMSO-d6) &c -4.95 (SiCHg), 4.74 (SiCHs ), -4.67

(SiCH3), 17.45 (C(CHa)s), 25.64 (C(CHa)3), 25.79 (C(CHa)a), 70.80 (C4%,
74.17 (C-27), 79.45 (C-3"), 97.11 (C-17);
- mass calcd for C1sHz04Si:Nay 371.2050, found 371.2052.
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10 NaHCO3 and concentrated. The residue was

partitioned between H20 and Et OAc. The organic | ayer

was washed with water and brine, and concentrated in

vacuo. The residue was purified by chromat ography on a

silica gel colum (n- hexane/ EtOAC=2:1) to afford 9a

(4.75 g, 9.0 mol, 92% as colorless oil which was

characterized as follows: 15 - "H NWR (200 MHz,

DVSO-d6) 5H 0.06-0.10 (m 12 SiCH3), 0.86 (s, 9H,

C(CH3)3), 0.87 (s, 9H, C(CH3)3), 1.22-1.26 (m 12H,

c(CcH3)2), 3.75 (d, J =9.2 Hz, 2H CH2), 3.78 (d, J =

9.2 Hz, 1 H C(4")Ha), 3.88-3.95 (m 1 H C(3)H,

3.99 (s, 1 H C2')H, 4.10 (dd, J, = 9.2 Hz, J2 =

&ﬁzw-o-ﬂjbmylmmwm;rsm hfiisdpoBylpospidnontdthyl)-b- tﬁ)r%se (9a)

1H C%(l‘)[—%; 20 Exact mass for C23H5207P1Si 2 [I\/H-

&% o 1A F-Odgbutyidinetyisin-39ggisonrenydyhasnbs mgfihthreose
néted from8b (2.00 g, 5.7 nmol) and foIIovved t he

sa procedure as for the synthesis of 9a from 8a

r esul tliong spivtignmfdiut4{ 8, 2.5mmd) in dried THA 2% mdQoyas added

S5 bR 608 bl Fnrisef BSEIG LE800g0n gt o

1than e Thidtjon of @ (riﬂat&of dﬁdpro;@(;ﬁd%)aﬁ@momeﬂan()kjﬁ 80 g, 19.6

W“ ﬁéﬁ' TA’%?‘??}}% g\ﬁls %@gﬁi @(251 t%j‘ }a&n mixture was
éblcﬁﬂ[y4w86neédnto 2kdom GeihEEtae, ﬁel%écdionJ was3qieithedlidith sat.
%—l&é% 1{:'6'@%' r (t28 OIgHZ r‘es%E C(Véﬁs?gsﬂtlgﬂgfgzgqt\%ger(l n%l?o and
PSB?CCH_' %}és)mc %@8%&3%&1@1 V&BHQN?%G%EH th"ﬂieé apd GdntEntrated in

Mesug HTh@(@fSlsiuep_mas gurg”@d@;gghmato@ﬁphm@@%)a gef qajumn (n-

(HbxadeERACHE: 1590 ﬁffor@@a WS gb%rrNVsz‘e%S)QS Mdhﬂess oil which
DVMSO- d6) be -

("@iﬁ@f@faqtenaeﬂ 8%@'@:@%) 3)., 23. 98 (OCH( CH3) 2) 25 62
_ClEHaN 5 2,(d

oy Gmﬁ)goa Hz gﬁggb %ﬁ)@ 004 M%@%ﬁa) A8 s oM.
(OH:1BH3)-BY , (878H89(C(3|¢a)2) 1, 228$2sam( di2HIF(GHAD, 035 (d, J = 9.2

ﬁﬁ,_?“)H %Bﬁgg i, V= 9 B3 S1GLRAH.0"3 EEYBETRPIR, T(aH), 3.99

qa, TH.OCEHRY.0YN 03d0- (e 9.2, oI 8oh blzp hBin YY) 3 -52-4. B8 dm, 2H,

%%@% ﬁ%@‘)éaér 8py|18hosphononet hyl ) -L-threose

( ERdgt mass for CoaHs,07P1Si, [M+H]™ 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 characierized as follows:

- "M NMR (200 MHz, CDCl3) 34 0.08-0.11 (m, 12H, Si CHg), 0.93 {br s, 18H,
C(CHs)s), 1.33 (d, J = 6.2 Hz, 12H, C(CHy),), 3.66-3.94 (m, 3H, C{4)H,
PCHp), 4.02-4.22 (m, 3H, C(2)H, C(3)H, C(4")H,), 4.67-4.83 (m, 2H,
CH(CH3),), 5.13 (d, J = 3.7 Hz, 1H, C(1"H); : '

- 'H NMR (200 MHz, DMSOQ-d6) &, 0.06-0.93 (m, 12H, SiCHg3), 0.87 (s, 18H,
C(CHs)s), 1.22-1.26 (m, 12H, C(CH3)2), 3.58-3.65 (m, 1H, C{4") H.), 3.78 (d, J
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A solution of 9a (4.25 g, 8.1 mol) in TFA-H20 (3:1,
20 mL) was allowed to stand at roomtenperature for 2
hours. The reaction mxture was neutralized wth
saturated NaHCO3 sol ution. Then the m xture was
partitioned between the DCM (400 nL) and water (20
m.). The organic | ayer was washed with water and 15
brine, dried over MgSO4, and then concentrated in
vacuo. The residue was purlfgfd by chromat ography on
silica gel (DCM MeOH=20:1) to give 3-0-
diisopropylphosphononethyl L-threose (2.20 g, 7.3

mol.) ﬁehoy’ 58554 BBHPHASUE SR Gy, BEYLS! 3517067 (m,

t he so ut| 'on
Zooﬁwﬁtgsptahmﬂ %@S pmamezd O, )C(h‘)Hh(fj eosed( 687 nm,
3 I he S a rop W se

2 VIR0 s Bio B4 b0 8 S e ) ot (SRt hiea(SICHs
was mmsd(a(_ﬁsmﬂmm@o@}{@ﬁa)@ﬁdz@m f(t:?ér-@ gfﬁ HUC(CHa)a),
Th t t t &Q 3)3

o BRI Bt G BB et ety 708y (@eHdu)). 70.96
vvas ((DGH(CH&)@)” ) slae(mg? BB Re 'QEL'*)Z.GE&. ELSN7 4 169,

ni c er_was was wth water’ and

) rga
br | H@SSé’ﬁ@ % @@Hﬁ adidMHHE 92462959, Tound B27.8082.was

purified by chromat ography on a silica gel colum (n
Eﬁgane/EtOAc 1:1) to afford 10a and 10b (1.0 g, 2.0
?)O'anM’ﬁr@é@@oﬁmwﬂahmspmmmwﬂ)41~thf‘e®i@ maey and 15,2-O-

200?7%?6[55/@%‘? é'?y @’H]’s%\?’%o’i’%a%ﬂ’ég% )2)(

3. 40- A gdluifon of 30 (8RS d’Gl‘Qm P Hsb 142@411!_)%38 allowed
%@?gﬁb”&c{%ﬂg 2”“13? ‘z}ugal-n) eere@tzﬁqgmatﬂre ®ag' neytralized
WIth gBuitey l\(alh‘iCClaokb!ul‘?’dSn Hien $3mMER(989 % %@8% ggéen the

P AT Bt 1) Ghorrions i s Sookas o ter and

dEing B dtied 1o 9 3
132 14} \ber M ®%629%(1tﬁé[%2 %%ntrét%é 3 %@% residue was
PHEESE . Qma MO@nmma[WNﬂp@%morm 1)‘dund|ve 3-O-

?g&lp?f@ﬂ%%%sr%?gﬂ&hgﬂﬁ/}{—tgrre%g@r @ bgngof 7Ll nal mon)” 3s> olorless
gnprph %WQ@%Z%LSGBIM i sopropyl phosphononet hyl ) - L-
To the solution of 3-0-(diisopropylphosphonomethyl)-Lethreose (687 mg,

2.3 mmol) in 100 mL pyridine was added dropwise BzCl (0.67 g, 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 characierized as foliows:
Compound 10a;
- 'H NMR (200MHz, DMSO-d6) &y 1.20-1.26 (m, 12H, C(CHa),), 3.40-4.11 (m,

3H, PCH,, C(4')Ha), 4.40-4.54 (m, 2H, C(3)H, C(4")Hy), 4.56-4.71 (m, 2H,
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fhreose (11) To a m xture of 10a (425 ng, 0.83 mol)
and silyl ated N6-benzoyl adenine (401 ng, 1.6 mmol) in
dry MeCN (30 nmL) was dr.opw se added SnCl 4 (0.3 i,
2.5 mol ) under N2 at room tenperature The reaction

m xture was stirred at { 15 roomtenperature for 4 to
5 hours. Then the reaction was quenched with saturated
NaHCO3, and concentrated. The residue was partitioned
between H20 (20 nl) and Et OAg,(100 ni). The organic

| ayer was washed wi th water ané brine, and
concentrated in vacuo. The residue was purified by

o5 SOPLABFARNY SR, WSt Sk G Rt B RER DNt on,
armr!ﬂhous §o| idin 83 %yield which was characteri zed

25,0 "B Lo ABMSEU ., PR gl % UMt v
PC HAZH.¥ 70:59((@%(091%)3 13.28 (624) .2 g;@; )Fgo 30 (dz F@g 78 (0-1 ),

b =
Hp) | pgiaég(agp(rg@-q 51@9( (amrpa—g}a '5314 1dc(@fgma-ﬁ)b)164 61 (Bz-CO),
73?@5@1:) m;_rxcogH OCH) 5.08 (s, 1 H, C(2 )H) 6. 56

7.48 25 7.65 (m
8- 02'“85%85%%1‘ rAsHaPoPyNa g4l ! 529116%,.1‘@1@ 628y15Ay,
8.82 (s, 1 H Adinie-C(2)-H), 9.07 (br s, 1 H NH); -
13C NVR (500Mz, CDCI3) 6¢ 23 97 (CH3), 24.01 (CH3),
24 etz preparatiym of(fi B (Jp,c = 168.9 Hz,

S TR
12ize¢3e(14)<:( 5)), 30 127.80 (aroma-C), 128.65

(510725 e 03078500, 48 0 1 G Bl LB oviconie
1440'981g A—&Z(r&)ﬁo,l) mwp MECKABO(E).) Wad .dpépwide G}, SnClg (0.3 mL,
152, T 58] e A SRS P Bk U S s

6 Pdord 28nperaiute fohYIMd -5 hours. Then the reaction was c]flenched with
di i sopr o;}%l phosphonomet hyl)

es)s‘@f%tfé)q\?%%maﬁs C@%C%a trafed The ragifye waghaRitoneg) befiveen Hz0
(1) BOERORL 10010, i, i AR it it waer an
brine, and concentrated in vacuo. The residue was purifi eéJ 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:

- "H NMR (500MHz, CDClg) 8 1.31-1.36 (m, 12H, CHg), 3.94 (dd, J;= 14.0 Hz,
J2=8.6 Hz, 1H, PC H,), 4.01 (dd, Jy = 14.0 Hz, Jo= 8.6 Hz, 1H, PC H), 4.38
(dd, Jy= 11.0 Hz, J2 = 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);

- BC NMR (500MHz, CDClg) 8¢ 23.97 (CHa), 24.01 (CHa), 24.03 (CHs), 24.06
(CHs), 85.36 (Jpc = 168.9 Hz, PCH,), 71.45 (POCH), 71.51(POCH), 73.55(C~
4), 80.27 (C-27)), 83.74 (Jpc = 9.8Hz, C-3), 87.86 (C~1’)'), 122.72 (A-C(5)),
127.80 (aroma-C), 128.65 (aroma-C), 128.67 (aroma-C), 128.86 (aroma-C),
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under nitrogen. HDVS was renoved in vacuo. To the
flask with resi due was 10 added the sol ution of
compound 10a (0.92 g, 1.8 mol) in 10 nL of dry MeCN
foll owed by dropw se addition of SnCl4 (640 pL 5.4
mol ) under N2 at room tenperature The reaction

m xture was stirred for 4 hours. The reaction was
guenched with sat. aq. NaHCO3 and concentrated to a
smal | vol une. The residue m$%5partitioned bet ween H20
(30 m.) and Et OAc (150 ni). e organic |layer 15 was
washed with water and brine, and concentrated in

h fl.ed t h
Zf‘i:ig ;ﬁ ggm E BB aRas lapra CarRd g (a-C(e)),
0 i p9a@-a(4n| 16
( ﬁq%@(ﬂ i ch ﬁ\/\/aa? cﬁg?actge?‘?ié?gys)w 2143143R$Bﬂ0%65 7
(20 bDClS) SH 1.35 (d, J = 6.2 Hz, 12H, CH3),
t. 91ad caldd ForiCHH,RAR0:R, [M#H] Ws BB (fzz;%z(zm 2H,

PCH2), 4.11-4.16 (m 1 H C(4')Ha), 4.26
C(3')H), 4.40 (d, J = 10.6 Hz, | H" CQ(4') Hb)

_mymmsﬁy&mo%lénzomﬂb&d@%% ﬁ&ﬁ%@o ?gz{)%-?hr)agg_? (12)

6. 29
(ﬁﬁy 4(?;34 8. 857 groqh), (aMREHja sulifdip (19 Mg, §.87mindh and 6
gigll) é)é lzl%a(@ ng% @3,39%% Ng‘;dne%%%(%i%ﬁ,}(tu?%&v%g;%keg vernight

ungdgg ngragen. , WL FAQoYEHICHAL®)., T khdSlask with residue was

@%@T@ §%Iut1312 of gg&ggﬂ?%;ﬂ 0%%5)@&, ég%lzn? %{1;30‘3 Sr#_l@fgdrgd\/IeCN
(Cdﬁom by drqmswd@amnaf 8)1(3141(35‘310861. (504 %ﬁ%l) uﬂ&,@ N2 at room

4 163. 165,

(éﬁﬁ%;@ T@Qea&.gﬁc.@% I—@'ﬂ"@ogﬁl [ qu rfaqt&mn was

ﬁ@ﬁm@Qﬁll\&itM%laq I%HtS@g ai:d(cbha@mﬂatéd to a small vol e. The residue

Wa% @ZO%YV %z@?l cr)lg_mp hosphonorret T %

eosﬁ(ﬁgqﬂ betyvpe (5@0S QAG 46 mila). é"brafcagemc layer

Wa6 washed. with Wﬁtdr)arﬁﬂﬁ"r?é) el cadd

ﬁﬁli'ffed él a k. T e m xt urle was ?ﬁﬁe%dﬁe\%ﬁlﬁgh?%t@mdue was
A éﬂg 2Pe Ry adsilisn \agk welummo HexaasiEd0Ac=1:1) to

magmien?e Be1. S,%H'Idrl)oéb choﬁ){%gmﬁtgggé&sasé} E\A'?B 2’ ylela8 which

Wan© ?”é‘ﬁt%'?e%ﬁ@@'% 7 nL, 14.4 mmol). The reaction

i KEHUNRWRE0 HFE IS td

quilnchedvg?\nt Pg% @Cfspgﬁklaﬁ&]@ugndﬁghﬁ%‘e%a(#@g ¥\®§ (d,J=15

z, 3H T~CH3),386~4 05 (m, 2H, PGHy), 4.11-4.16 (m, 1H, C@")Hs), 4.26 (br
t 1H, C3)H), 440 (d, J = 10.6 Hz, 1H, C(@") Hy), 4.70-4.86 (m, 2H,
OCH(CHa)), 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);

- G NMR (200 MHz, CDClg) 8¢ 12.42 (T-CH3), 23.83 (CH(CHa)s), 23.92
(CH(CHz)s), 64.48 (d, Joc = 168.5 Hz, PCH,), 71.20 (CH(CHa)s), 7145
(CH(CHz)s), 72.72 (C-4'), 80.28 (C-2), 83.70 (Jpc = 10.6 Hz, C-3'), 89.02 (C-
1), 111.39 (1-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 Cz3H31N206Py [M+H]* 511.1845, found 511.1831.
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smal | vol une. The residue was partitioned between H20
(30 nL) and EtQAc (100 nL). The organic |ayer was
washed with water and brine, and concentrated in 10
vacuo. The residue was purified by chromat ography on a
silica gel colum (DCM MeOH=25:1) to afford 13 (2.09
g, 4.2 mmol) as a colorless anorphous solid in 84 %
whi ch was characterized as foll ovvs 1H NMR (500 MHz,
DVBO- d6) 6H123126(m 12}—% 3.97(d, J =29.0
Hz, 2H, PCH2), 4.16 (dd, %. 7 J2 = 4.2 H, 1
H, C(4)Ha) 4.36 (d, J = 15107Hz 11, C(4")Hb),

Hesh 32> bﬁ”@%low)ﬁif%e oGt dThefily hose (12)

Hz, 1 U1|ac 0385 nQi’) éﬁhm@hla su@at@ (|T|0 mé— |_[Iiz‘b'f ﬁ{rﬂol) b%d 20 mL

cf(fgﬁwz-’ %?‘é o rﬁ"e@ ﬂaskA}fh%mlxwrezw@ tﬁzﬂugw ozﬁrmght under

Afitr en lriDTﬁS(\ﬁas ferfibvddihiva R\t mg@olutlon of
6c 2 CH 3 23. 84 CHCH3f) ,206310(

Sprpoungetiat %)@é&wmqbln@mm CNollayed by a dropwise

(é&dﬁlc)n of/ @n@% ( @7% r%.s 1(4§er gynrﬁol%Q'ﬁb Eeaé%n%b&ﬁe wéss stirred for 4

1"5%-'@7“@%@@@%) waamemghe(cu-«@h@at @QON%K{Q} and cpncentrated to

ShbREeTE resiups rolffolEl bt AR 10 g end EipAc (100
1mU\I4ﬂ‘aacetgﬂnuytayer meas-whdhed- Wit evatery bnd- t(Ein@d iehd qonopytrated in
AR g HeDRasll s, hIFRRE Byl irbriadtaBtl g 368 et column
mmm1mmu4&2mmﬁ iR 18e2e0dmdded tnamah)i & af d:cﬂ@i@ssT@ﬂorphous
Lot B E oL oo b o2
a.ddémi NWIR (sobuMH@anfscc@ti]p@mdzaﬂ&d fn2219, CH.PB 3wPl4, J = 9.0
. 0l Bt 8l 5 TR b -
i XA017e 1S 184, C(&ﬂ-lbf) o o hag m, THE, T EROIIONU BBS64 (m, 2H,

guenched Wit nd concentrated t

smaPCHGH . 5%4&%@@%%&%@44fﬁohaa 3% waﬁ)r@ 6.02(d, J
nashed b SaeLPH g P Tl 2t A M ORBS J, PR 1R, 1, U-
vacGBIHThB 7Pe6 T3 (0, WdsAPU).ig028. 0y (re2ienditdy ridphgs, 1H, NH);

- ®C NMR (500 MHz, DMSO-d6) 8¢ 23.74 (CH(CHa)), 23.84 (CH(CHa)s),
63.10 (d, Jpo.c = 168.5 Hz, PCHjy), 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)), 163.18 (U-C(4),
164.73 (Bz-COY;

- mass calcd for CpHzaN,OpP1Naq [M+Na]® 519.1508, found 519.1506.

1—(N"—acety{cytosin—1—yi)—Z—O—benzoyl—3~0-(diisopropylphosphonomethyl)-L-
threose (14)

N*-Acetyicytosine (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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on a silica gel colum (n-hexane/ Et QAc=2:1) to afford
14 (0.51 g, 0.94 mmol) as a colorless anorphous solid
in 52 %yield which was characterized as follows: - 1H
NVR (200 MHz, DMSO-d6) 6H 1.17-1.23 (m 12H,
CH(CH3)2), 2.10 (s, 3H 10 CH3), 3.80-4.00 (m 2H,
PCH2), 4.24-4.36 (m 2H, C(4')H8, C(3')H), 4.48-4.63
(m 3H C(4') Hbo, OCH(CH3)2), 5.44 (s, 1 H C(2')H),
6.04 (s, 1 H C1)H, 7.27 d, J:77Hz, | H,
CC5H, 7.54-7.77 (m 3H, -H), 8.03-8.07 (m 3H,
Aro- H CC(6)H), 10.95 (s, 1 H NH); - 13C NWMR (200

O d6 23. 76 3),, 24.39 (Ac CH3
B0y MG S0t SRoaTogdnt ToRID b 8 Thgohdn (6 b sy MeCN
TéllodRd( g;lrj(a%i&) ise Ze:ﬁigﬁ@n(& §fa)1n|(c Zﬁox)?ée (648 A!)L B4 %?mon The
g%?t'se mixFe, Was é}lrreqi@" 41h0ler§r EShﬁngctlomawwemhw ysat. aq.
MO, & Qé%eﬁlraté&ﬁ strll VoI ?aT He re é%*lﬁ?@d between
154. 69 (C O( 2 2 95 (Bz- 0, 164 77 (c 4)
t7® (38 miga 0%(1@Q§§L)c3“h@d:r@wc EyereEN3vshedWithyater and

Dl ol RSPl Ve, Jhe psion oL BHETRA Ry ooty

én@snﬁ%gelmoﬁuhm(mhaxmﬁe/EtDAm?m kg, afmar@dzlr(ﬁrm)g ih9MEhRbl) as

FER IR R 90

e orlEENMIRAS0, Mamdomsm-de)sw ael 7wh a3 gy, i1RHe CHICHGR), @110 (s, 3H,

DT 29200 (P B T R B R B BB B 48-4.03

whi{oh Swasmha{bam(uﬁﬁ) @44 (& |G (2DH)NB4 (SOHNEENH), 7.27

MG DB AV G0 oy e ﬁ?ag{-'?)c@é3%¢19§ B, 34, Acy
4. 3-4 6(2(_6 IG)THO]Q’EB(SC@F‘{ NH')‘Ib) 4. 57 88 4 63 (m 3H,

?QNM% 2031% @msomm@@ 7@@H@l|;_l;))3) @4% ((\ﬁ'_&ia) 63.77

Dl\/é%( ﬁ) gg 4%:82 ( ﬁCH@%% 4@(é§9rthj)é¥ CENT ﬁR943'Yf)'Z73 56 (C-4"),
70.7897% 82748 6B J GEF&?‘ 7 rlz. B8’ S(@fl Z4)(C 78 9&774( (@@(5); 128.86

85 > r%n§a] eyc1Ze 1 (g dgﬁ%)c? S1487 Z{gro?ri . 59 T8I 13a23

( A-(@(Oﬂl')%—C) 1565-2@ (G*Q(:@R)'Daﬁl- fgE-C@)dl 62)95 QBEHCONSBRTT (C-
[ Mekfhsy, 47-P24 682 cdpund 416. 1681,

- mass calcd for C24H33N300P4 [M+H]+ 538.1954, found 538.1956.

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 sfired at room temperature overnight. The mixture was

concentrated, and the residue was purified by column chromatography

(CHzCI2:MeOH=9:1) to give compound 15 (278 mg, 0.67 mmol) as a white

powder in 84 % yield which was characterized as follows:

- M NMR (500 MHz, DMSO-d6): oy 1.21-1.26 (m, 12H, CH3), 3.85-3.94 (m, 2H,
P CHgz), 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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1-(thymin-1 yi)-3-0-(

di i sopropyl phosphononet hyl )-L-threose (16) 10 A
solution of 12 (715 nmg, 1.7 mml) in MeOH saturated
with anmonia (100 nL) was stirred at roomtenperature
overni ght. The m xture was concentrated, and the

resi due was purified by colum chromat ography
(CH2C1 2: MeOH=10: 1) to give conpound 16 (515 ng, 1.2
mol ) as a white powder |n é%‘%)yield whi ch was
characterized as foll ows: 1H NMR (200 MHz, CDCIS)
6H 1.27-1.33 (m 12H, CHB) 1 93 (d,. J =1.7 FE

T %%ﬁg g@ﬁiﬁ)ﬁki%g&?gﬁ) 1H4§éélqi, é 95 (brs,

H 724( b ®1154, 1 8(3’51 8)H)|
§ ot b HDr30 S Bt L B, po,
23 8@4@3&&23)76233(%:@? 7@;13355 g@@ )JC?%Q i‘clzgﬁgﬁs B2, (J . =136 Hz,
}B9.53 (-3, 1@8@9@-0@)3 18 3@3@1@(@@; 19,4 57 1k 1ASC(E), 152.90

gg@m @bg%)?( 151.08 (T- C(2)), 164.56
- 'd for CL6H28N206P1
~wnqass@alcm5®3c1sﬁwiyﬁ)s&’@w156‘8ﬁ6 1699] fqundaki6.1881.

'yi)-3-0-( diisopropyl phosphononet hyl)-L-threose (17) A

solution of 13 (2.03 g, 4.0 mol) in MeOH saturated

wi {ﬁlymmt)ﬂﬂ)eB-OQ(&&somb))yMBspm@nmmthﬂ}-L#mme ¢tPer at ure
over ni .The n%xfjére was once trate

. d,t . .
resid go?’lﬂf 5091% d'l %‘?@Hr %%ﬂgpteg Swith ammonia
((@H@%)W%ﬂn&d BD radhv eteﬁﬁm@étu&d dverfigh®2The3 rlixture  was

mol as powder in 96 %yj el d WhICh was = 30
‘Ff%TF)ﬁE'E’%‘Faze%P sthPol"P%‘ﬂ%e s P‘}f'ﬂe Y(?@ ,Chfoma"ogfaphy

H 1 781 &d
Weog 18: '%910 Eér@ Cl—lgém 15 %an 18 @hmdlazas a white

Jgowdey ip ‘7I'-'-Iz/ ylﬂ@%b!chwaﬁdmr@@e(lmd aqu!low(sz YH, C(3')H,
C( 4‘I)|*H?|Qn oéft’vmﬁ1 éﬁfic?%j,%b?-%ﬂfﬁ)d%ﬁ épl@édl 99 f(d 8@ 1.7 Hz,

4 43HzT PBHS (d7 J5A8 @ Ha, 218 B CHz), 4.8 (brey ﬁ)*HP(S )H)lééM -4.31

’5395?34 Wé’? 1 SR 4S54T iz, Sofforn) 581,

(Cl'l('ﬁng)(ﬁ)H) 76144, {EH(. @Bm%)f C(BHR I 0L r 3, 1H7N!r834

(&2 QIMO)( i}J/llQl’z(,: DAY &, HBao Grcts), 95:8° (EMidH). 64.46 (g,

20

25

30

o= 168.5 Hz, PCHy), 71.26 (CH(CHa)s), 73.54 (C-47), 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 CigHasNoOsP [M+H]" 407.1583, found 407.1568.

1-(uracil-1-yl)-3-O-( diisopropylphosphonomethyl)-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 mixiure was concentrated,
and the residue was purified by column chromatography (CHzCl:MeOH=20:1) to
give compound 17 (1.52¢g, 3.8 mmol) as a white powder in 96 % yield which was
characterized as follows:
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141.12 (U-C(6),150.72 (U-C(2)), 163.46 (CGC(4)); 10 -
mass cal cd for CI5H26N2C6P1 [ MkH] + 393. 1427, found
393.1425. 1-(cytosin-1
yl)-3-0-(diisopropyl phosphononet hyl )-L-threose (18) A
solution of 14 (450 ng, 0.84 nmol) in MeOH saturated
with amonia (100 nL) was stirred at roomtenperature
overnight. The mi xture was 15 concentrated, and the -
resi due was purified by colu chr omat ogr aphy
(CH2Q1 2: MeOH=20: 1) to give cgﬁ%ound 18 (281ny, 0.72
mol) as a white powder in 86 %yield which was

orr 0 R BB oieb Wiy 1 16158 12, B 58 () 1 = 109
JQIZ,—Jﬁ: 8. 2Ha2 FF’@F@NSsE(éd (Jz\d= 1§13 Fle =69 HZHz JﬁCHb)B3838~4 28 (m,
ot S, o0 £ T3, 88" Do T a0 GAMEHS S6D . 67 8.0 He, U-
(m(f“i)%gl e%légzb@* 1%|ﬁ§ éﬂ} 5393 {d @*24 &%@))l;ll} 7 54%)0(!@:8 0 Hz,
(HrC@®HNHa), 7. 14(br s, NHb) 7. 50(d J=7.6 H, C

o 6%‘%@ %ﬂ%\h{%{ [%@%?’@CEB %D&%%ighggs)e%s?% (CH(CH:)s), 63.20

164(@, iz, = PESR)Hz, RCISA), (THECEBYGY):) F04Y (THAEHY)3Y2.29 (C-4),

72 9’98(4 56&9 (857% ](9 éc jg)7 E%‘fé?)’( 6116%(@3?) Lood15%u-csy),
(c @@6)121(5150@53 {4D. z:ewao(zj)ﬁssams(@cqqm) mass cal cd

for Clgm?cgefmﬁ Azﬁﬁ%ﬁiﬁﬁﬁg&dé’%‘ ounc?gg'}ﬂZS 30

yI ) 2- deoxy-3-0O (diisopr opyI phosphononet hyl ) - L t hreose

(%E?%OW_ T)%) g_%%;)bgﬂ%’ phe r@réecm ro th| oc onate

dfl ed AVRGN16ADIM4 E45@aﬁga@®ldnﬁ%lpﬁlu%0¥5 s(aﬁf@tedn%th ammonia

nol) at room tenperature. The reaction mxture
W00S TR atpsr (TEH. AROIOR DA GvaEEt The mixture was

Cé\ﬂﬁ%ﬁfré%t:ledan@n%é hl% el Qe Vﬁl?nf BHr 'bfy' %Ilﬂ%nc%%mat%graphy
chr onat og 2: MeOH 1 grrv
OQP—QO;i)ztoogpqeeﬁ@mpound 18 (281mg 0 72 mmol) as a white

t ¥ yl -L-threose

i o g AR

1~ ( akd VIR (BOQNiHz2DEISSrefd Ry § HBoL 25 ron§2H3CH; (i 3.88 ffddpk = 13.6

| phegphon i, ed e

| neeRlong UEL Pl Lol 825, L1xtBi52 20 dh ol baliftatsos

Al Bn( 38G{(2'H,3C3001, C(4THE, £.28qt] 98 915 X2 H4VES ), 4.48- 4.64 (m,

"ot LuxediER), $.65 (d, J= 7.6 Hz, C-C(B)H), 5.70(d, J= 1.5 Hz, OH), 5.85(d, J
= 15.4 Hz, C(1)H), 7.04 (br s, NHa), 7.14(br s, NHp), 7.50(d, J = 7.6 Hz, C-
C@)H); _

- 3C NMR (200MHz, DMSO-d8): 5, 23.68 (CH{CHas)s), 23.78 {CH({CHgs)s),64.46
(d, Jpc = 164.8 Hz, PCHy), 70.30 {CH(CHa)a), 70.42 (CH(CHg3)3), 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(b)),
141.83 (C-C(6), 155.47 (C-C(2)), 165.94 (C-C(4));

- mass calcd for CqsHazN2O7P4 [M+H]* 392.1588, found 392.1577.

1-(adenin-9-yl}-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (19)
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10 hours and concentrated in vacuo. The residue was
purified by colum chromatography (CH2ClI 2: MeOH 10: 1)
to give conmpound 19 (110 ng, 0.27 mmol) as a
colorless oil in 23 %yield which was characterized as
follows: - "H NVR (200 MHz, CDC13) 6H 1.27-1.34 (m
12H, CH3), 2.54-2.75 (m 2H, C(2)H2), 3.62-3.82 (m
2H, P CH2), 4.04 (dd, J, = 10.3 Hz, J2'= 4.0 Hz, 1 H,
15 C(4')Ha), 4.35 (d, J = 10.3 Hz, C(4')Hp), 4. 43- 4. 48
(m 1 H C3)H, 462-4.84 (R 2H OCH(CH3)2), 6.21
(br s, 2H, NH2), 6.47 (dd, J, =7.2 Hz , J2 = 2.7 Hz,
1 H, 1')H), 8.31(s, H A-C(2) 8.33(2%,91H
A-C(8)1g @ solugien mq)r(eﬂyﬁcmp@)th@@;%r@ée 419 mL, 1.8 mmol) and

3
(G Dy SOl 30 (A8 kBl yfund 15 (403
(0842 ngpollgat( doomAgmperajues, Ilfhe7 ragctior: @'X)Uresgamgtarred for 12

gﬁb%? S\&]rﬁ gﬁﬂﬁ,ﬁz C&@%r&%%%‘?‘xg(tﬁﬁ% )\A'ég p@f; %d by column
cmromatcnmamiﬁleﬂwmqmmem 400 .41vk5 0 1-(Bdemid-9-yi)-2-O-phenoxy-
bty oo b Bghosshonametitaitieash o 2 polfipss dl To the
(fayticlb ofh r!s(ad@mp@ﬂylwmmqam@gﬂdmecb rasnylésOrdilsedrdpyiphosphono-

P PSR St gl e s Aobd igfinnyaide 3ouL.

( ﬁlzlaﬁh@:)l\@ﬁwﬁﬂ\l xdsrggve 300U MHe 28adtAbmi@ureOwdd refluxed for 6
r)asacolorl oil |nﬁl_%|ldvvh|ch |
ChiirS B8R T sercatraell | Buyacuay fibe (o9 uwaScB&%d ey column

10?3&6‘%10&5&?1;9@28_%%@@1 04 b"to gﬁ%)oonipcﬂjmwg g 1o n&%oo )27 mmol)

I—Bﬁ a colofigss oéﬂ P 7 ylﬁ|d \gt1|ch @(agv ghap:ﬁgten@d@q fplloyys.— 9.2
%ghwg?a % M4r$z2§"§[gég)7 d11-27LQ & Sﬂﬁ El &6@72 Ba.2 75 (m, 2H,

4 661( b %62%32 (mcatlcﬂapt*p) ‘BOM@@LM 3102 sizoJHz 4.9Hz, 1H,

oIk, 43V bl 1 Gl Ja Tade i (D gk B, 4.62-4.84

CDCl(m) 2B¢ QCHAE-)2)- €3 )(br Q.32P9.2|\1K'|£)H6@?IBMB!) J189.2Hz(,Gl= 2.7 Hz,

CH3) 3,
2o P EAMWISate sl p T2, 8598, . BT oL
(C 0 NMR Q2ORMHE, CCE)13) 50133689553*6@@0@) 38. OSQG—ZBY 64T1H0 (d, Jpc=
& o lb9P S b, TudicrieThig 2646 {obiferans 7368404, 8040 @,
" Jpe =107 Hz, C-3), 83.42 (C-1"), 119.50 (A-C(5)), 136.63 (A-C(8)), 140.73
(A-C(6)), 153.07 (A-C(4)), 155.62 (A-C(2));
- mass caled for CqgHayNsOsP4 [I\/l+H]+ 4(30.1750, 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
mmot) as a starfing material. Column chromatographic purification
(CH2Cl2:MeOH=10:1) gave compound 20 (275 mg, 0.70 mmol} as a colotless oil
in 64 % yield which was characterized as follows:

- "M NMR (200 MHz, CDCl3) oy 1.31(d, 6H, CHa), 1.34(d, 6H, CHa), 1.97(d, J =

1.1 Hz , 3H, T- CHa3), 2.16(d, J = 15.0 Hz, 1H, C(2’) Ha), 2.46-2.62(m, 1H,
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10
1-(uracil-1-yl)-2-deoxy-3-0O (diisopropyl phosphononet hy
| )-L-threose (21) This conpound was prepared as
descri bed for 19, using 17 (1.1 g, 2.8 mol) as a
starting material. Columm chromat ographic purification
(CH2C 2: MeOH=40: 1) gave conpound 21 (500 ng, 1.3 mmol)
as a colorless oil, 15 in 46 %yield, which was
characterized as follows: 1H NWR (200 WMHz, CDCl3) 6H
1.29-1.34 (m 12H, cH3), 2.2PLd, J = 15.4, 1H
C(2')Ha), 2.44-2.60 (m 1 H C(2')Hb), 3 69 (d J =
9.2 Hz, %H PCH2), 3. 86 &dd, Jr = 10.
Hz , CEH 0?125 = 942 Bz, 2F3® Chip). @@4(@,4Jf)=f450 Gdcia q.zH; 3.7 Hz,
4 6 4. 2 th
’iSH H) )21 dz%@w gh ég)“rﬁﬁ O}eéwﬁzltodqz_éah&m 2H,
H @@ﬂ@? ), ﬁ%(d@de 3 &Oszqulf 26 W, UHCO6Y M), 7058, J = 1.1
s, (200 MHz, CDCI3) op 23.98
gajlaﬁdﬁ'uz?:‘;?w)gé’ %B?Cﬁg%) 63. 86 (d Jp, c) :p170 7
Hz R, (200 Mgz ( CRCGHD:3) 2.45 1T I8HI)CAB O3 (CHRB3R 88.27 (C-
(0330 g PRt SCPay G20l 7 B 10802 0. -
(U-‘E( 2)*)12 6B, £A.83HC(Y),) 110.728FSCEY, ct36f56 (T-C(G)) 150.57 (T-
Nﬁgﬁgéﬁ_ + 377.1478, found 377.147
% (yTI\Z'l)‘rL rdeoxy-3- O (diisopropyl phosphonorreth

yI )mbsd baled iR Tidd)yNJO, P N IW+a] O {454, Zodnd 11104 E
(662 ng, 9.6 mmol) in 15 nL pyridine was 30 added

phosphor ousoxychl oride (223 pL, 2.4 mmol) at room
t qomRyiIat- ~Q~de'55tﬁ-39@~(dmaﬂraﬁﬁpﬂ\@s%h%hbﬁh@ﬁﬂ/l}f@fhrégse (21 ))

m nutes. Then the sol uti on of

was adf @ocq'”@mqméi Wﬁ%tﬂﬁ@@are‘ﬂh@ ﬂ@&féfthednfom'b& WSNAAE (1 1g, 28
e or, a d

ﬁ)m?l ede}géac?tl on m tul’ﬁ%@?lﬂ T&gmhﬁ‘ug%ﬁr&ﬁéﬁoﬁmig dd?lflcatlon

(CHEl:MeQH 40T roaws compound 24t(500 inrg,vih3 wemoljes a colorless oil,

{rp 26 %%%e}@g@q:%;w% Sl‘?arQXte?ﬁJe:HgQ fQ1cGiA: omat ogr aphy

I'veé conpound~22 (220 ng, 0.58
mmh) NMis(280ddHa G@%) fﬁaamgﬂ r847(3|% 1A G wRizdh(dwds: 15.4, 1H,

SIBIHEL A 83 (0 DSyl Y25 7 o RIT), B8 o

C( :‘-’ff):“'a@ﬁ Az Aly 2.355 Han1H, €485 4.801.38 (M3 204d .C(d")H,, C(3')H),
%584 &, PR erte el 34 (d, J = 8.1 Hz, 1H, U-C(E)H), 6.21 (dd, Jy
= 8.0 Hz, J;= 2.0 Hz, 1H, C(1")H), 7.74 (d, J = 8.0 Hz, 1H, U-C(E)H), 9.16 (s,
1H, NH):

- 13C NMR (200 MHz, CDCl3) 5p 23.98 (CH(CHs)s)), 38.42 (C-2')), 63.86 (d, Jp.c
= 170.7 Hz, PCHy), 71.26 (CH(CHs)s), 71.36 (GH(CHy)s), 73.94 (C-4'), 80.11
(@, Jog = 112 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 CgHasN207P1 [M+H]" 377.1478, found 377.1479.

1-(cytosin-1-yl)-2-deoxy-3-O-(diisopropylphosphonomethyi)-L-threose (22)
To the solution of 1,2,4-triazole {662 mg, 9.6 mmol) in 15 mL pyridine was
added phosphorousoxychloride (223 pL, 2.4 mmol) at room temperature. The
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J1= 10.3, J2= 3.5, 1H C(4')Ha), 4.22-4.36 (m 2H,
C(4')Hpo, C(3')H), 4.56-4.76 10 (m 2H, OCH(CH3)?2),
5.77 (d, J =7.3 Hz, 1 H C(C5)H,6.17 (dd, J, = 7.3,
J2 = 1.8, 1 H C1')H), 7.67 (d, J = 7.3 Hz, 1 H,
C-C(6)H), 8.18 (s, 2H, NH2); - 13C NWR (200 Mz,
CDCl 3) be 23.80 (CH(CH3)3), 38.46 (C-2'), 63.66 (d,
Jp,c = 172.2 Hz, PCH2), 71.48 (CH(CH3)3), 71.60
(CH(CH3)3), 71.75 (CH(CH3)3), 74.12 (C-4'), 80.40 (d,
Jp,c = 11.2 Hz, CG3"), 86.68 P& 1), 94.21 (C(C(5H)),
15 141.9 (C-C(6)), 156.58 (C-C(2)), 165.83 (CC(1));
mass cal cd for CL5H26N3O6P1Nal [ MtH] + 376. 1637, found
3rExtuaB®as stirred for 10 mmutes Then the solution of 21 (289 mg, 0.80 mmol})

“{atgd%gj%a %o a ngturteig I%‘O 8{%&{%% rSLP gnﬂars Then
Eemm’a ggs was D@mm&i ﬁﬂl tﬁ) théore\aaﬁoradldmﬂre for 1-3 hours and the
at roo

h | ane (,290 I
? LR RN ' APEatfaten vadist aTiaebidhi wspyified y column
hohmnatéi@%ph?@Hﬁ@ﬂmﬂl@mpﬁaﬁvd\tém durth ﬁ& (F20NRg, 0.58 mmol)
sol uti f} m xtéﬁe vvz?c? concentr at ed and the
; Badeloripss ORIF: i Tede pip Sileihyas ﬁh%r@ﬁt%@egwoﬂows
(cHZQ lQMMEng/I\ZHi ,Chch) 5112224 %og(lmfelzﬁ l@.ﬂ%)tQtZ'?E(d J = 15.0, 1H,

f t
O B -5 55 w3, B an s B WFtQa5 bize 261, Bt o1 (dd,

exchgropssby, e, E))Porl e?‘zﬁ ?Ms@g%e % 140.,9‘%;\%?}‘9%456-4 76

025mm|)asac

was (Bh2Ha QGH(GHak) a8 771(d) ¥ 563 Hz, 1H, NMR(E()HO),GM-?{z(ddDﬂ)y 7.3, Js=

6H i% §ond, g@ )§| 7. 8?'(%2J:H‘%2§s Hglﬁﬁzéﬁ%zﬁ)”gﬁﬂs 244, Nplo):

o I)!MR (E)Q)Dlr(zdcucl&) OBP3.B804CHICHDE), 3845 (G4)), B3.88 (d, Jpc

ol A 5 il il B o

75 ?8'(2{@4)) 8B0LO7 (U, (5,25 ) 1.8 HHEC-BIP, 8688 B1Hz94.21 (C-C(5)),

8%%)%9 (]Cfﬁﬁ)ﬁ %ﬁﬂ%ﬁfzﬁﬂéﬁ%ﬂ@%@ 3 158, 30

(A @fays) caled Bt B AMEN(OIMHZ [MER )37651%3373fc%d 376.1638.
mass cal cd for CloHL3N5O6P1 [ M H - 330. 0603, found

330.0602. 1-(thynin-1
y’fXa@erﬂn-@ﬂhﬁ%ﬁ%@&ﬁhbﬂ&ﬂve%}@-ﬁﬁ&%&&ﬂi s3ftl(Baf 30)

Thi s conpound repar ed descri r 3a [
16 (2269 Resongioneot H{A%0 e, Oy ) m&tawmmcamw@%a(e L)
3Ras HAED brEme iR LINRS (S ALNES Afdh at room temperature. The

reaction mixture 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

- column chromatography (CH.Cla: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% vield, which was characterized as

follows:

- "H NMR (500MHz, D,0) 8n 3.564-3.62 (m, 2H, PCHy), 4.32-4.39 (m, 3H,
C(4)Hz, C(3)H), 4.82 (dd, J1= 2.4 Hz, Jy= 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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15

10 colorless solid in 42 %yield, which was
characterized as follows: - 1H NVR (500MHz, D20 51-1
1.89 (s, 3H, T-CH3), 3.60-3.68 (m 2H PCH2), 4.16
(d, J = 4.1 Hz, 1 H C3)H, 4.24(dd, J1 = 10.7 Hz,
J2 = 4.1 H, 1 H C4)Ha), 4.42 (d, J =10.7 Hz, 1
H C(4')Hb), 4.45 (s, 1 H C(2')H), 5.85 (d, J = 1.2
Hz,IH, C(1')H), 7.59-7.60 (m 1H, T-C(6)H); 15 - 13C
NVR (500MHz, D20): 5c 14.28 (T-CH3), 67.95 (d, Jp,c =
157.2 Hz, PCH2), 75. 78 (C4'¥3 80.17 (C2'), 87.27
(d Jp,c= 11.7 Hz, CG3"), 94.22 (C 1), 113.36
140. 66 (T- 154.30 (T-C(2 169. 39
(1 QG R ol %@z&oé@ﬂ@z@é@ & 50z, Bl 75,38 (C4),
¢ gl @D, 1@(0-@%%#166'%@34 d ] ©-3%100488¢c-PUBd 21 (A-C(5), 143.74
1- (dﬁafé(ﬁb) 15969 (B-@6), ﬂl%s‘kﬁ']%ﬁﬁ@t hg8.BOUAIB2d0se sodi um
al 1 repared as described for
ga uslfﬁlga':ig %}8?@2@5 gﬁéﬁfﬁm;} as a :t arfl nlg
mat éndes CWOTBP@BBN:{Q@G [MEHT 330.0808] foun@S3pdHea. 3c
(93 ny, 0.26 mml) was obtained as a colorless solid,
in 49 %yield, which was 25 characterized as foll ows:
1?(4%\5]@”(-50@ m(phm,ﬂf)orﬁim&hwah%sémod&hg f&’@ﬁﬂj_ ),7 4.16
(2 =g spfzmppr_gs Wé?ff%_ﬁf&@f dﬁcmeé ?pr_:}alelsmg,_fzﬁ (2%'mg,058
Hnnéiyay stajtingdméteriah Colnﬁrd)ur@(% IQ@ 08_51 :G\?’nol)]was Bbfined as a

C%O&eﬁﬁzsové Cf@ @ w@g’-s P%%'cfgwas Char@et%zﬁd (aédg"cm D’zoil
be 6. BN EBOOM—IZI@;;C% bl; 1 a‘?ﬁt@)sH oA él%,g( gab. 3688@1 024, PCHy),

104%'0%5 CUt(:sj‘)(1 ![‘45“2'3 C(@QHt(fG?ﬁ dozlsh ?60(1!5‘@( k)= 4.1 Hz, 1H,

moas N AR BTSRRI SR R7E, 1B MaaD. s 0. -

307 1680, 1H, G(1)H), 7.59-7.60 (m, 1H, T-C(6)H);
1: (¢3¢ R4 éodg\hﬁ @]2%5)(8%92%% éi“éﬁgé d E‘(' €QSf57 2 Hz, PCHy),

sodi um saI rrpoun repa

des &PiSe(&-4 éxrBCBia? (G ng7 28 (@1&@0 mﬁ DP&SC—M%Z&&-& ), 118.36

| itbf‘ .93%)) St ooy bat (Che R oadrigglara) "

20

25

P MER CEi@@IV&dZ &) &g 1@6d;0l | ows:
- mass caled for C1gH14N20gP4 [M-H] 321.0488, found 321.0474.

1-(uracil-1-yl)-3-O-(phosphonomethyl)-L-threose sodium salt (3¢)

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 mmal). 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, D20} 64 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, J>= 3.9 Hz, 1H, C(4')Ha), 445 (d, J = 10.7 Hz,

1H, C(4')H), 4.47 (s, 1H C(2')H), 5.85 (d, J = 8.0 Hz, 1H, U-C(5)H), 5.85 (s,
TH, C(1")H), 7.80 (d, J = 8.1 Hz, 1H, U-C(6)H);
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- 1H NWVR (500MHz, D20) 6H 3.53-3.62 (m 2H, PCH2),
4.15 (d, J 3.7 Hz, 1H, C(3')H), 4.27 (dd, J1= 10.7
Hz, J2= 3.7 Hz, 1H, C(4')Ha), 4.42 (s, 1H C(2')H,
4.44 (d, J = 10.7 Hz, 1 H C(4')Hb), 5.86 (s, | H,
C(1')H), 6.01 (d, J =7.6 Hz, G C5)H, 7.77 (d, J =
7.6 Hz, C-C(6)H); 15 - 13C NWR (500MHz, D20) 6¢c 68.0
(d, JP,c = 156.2 Hz, PCH2), 76.17 (C-4')), 80.13
(CG2')), 87.27 (d, Jp,c = 11.8 Hz, C3')), 95.16
(CG1'), 98.23(C-C(5)), | 45.%4(cc(6)), -

160. 06(C C(2)), 168. 84(C C(4)); - 31P NWR (500MHz,
D20), op 15.28 ss_calcd for HL3N307P1 [MH "
306690V (GRh MDA o8e O7R8 (0( Sacprt bz, POl 76.22 (G-4),

yl)sd@od %QZQT'y 87495((@hes WWJQQ' 94 '63t(bt13§%4 @po) 145.23

hi s conpound pared ‘as descri bed

3a,{Ur ﬁ\@ 15g.267()- %2))(5'623322 fhhﬂ(ﬁl))as a starting

matee [ , 0.11 mml) was obtai ned
g%ﬁorgﬁess sg? %6 In 4’3% yi el d, which was

c h anass ealcd faf Gukl1ENdQeb M-I 307 083 NJ\IRU(\@ 80XA325020,

60C) bH 2.63(dd, J1 = 15.5 Hz, J2 = 1.3 Hz, 1H,
(2 )Ha), 2.75-2.81 (m 1 H C(2' )Hb), 3.55-3.64 (m
AHcytosbHPy|)-340aphoshondinethyii-D-tbradse sddium 4alo(3eh, 1 H,

?513 ) 8 oot dw%szpépggegolqg%é?c}riq%dé%g% Q@?&@éﬁ%@mg, 0.38
HiroB 28 d¥tartihg matérifl. Bompourd 3d3(58 o) 0.18. dhol)Swasl obtained as

g(f@} %Sé&@ll gé 632} ylel%g@é% ) ér?z%glg—} 5\:99? galz_m

- 76.BBNMER c)mvn&i ﬁzg?q(;i[ 3. égqacaztgihlzﬂ P@Hggzﬁié ﬁd ,86= 327 Hz, 1H,

C1 9 (A
&%w FEish A by 4357 Mg( R s Ry
( 50hkrizg, JP2Q). 7bM 1f4. 6@6)@) found 31'@(4‘%11[52”6 01(d, J = 7.6 Hz, C-

C10H13N505P1C[ @314
. 177 ( 6 Hz, C-C(6)H);

|
A RSP s a1 o
Et 30 53_ (ﬁt3 i B72EM, 26,0 - 1. 8vbda3 a&ne,dgs 16 (G-1"), 98 23(0-(:(5))

r egﬁ{ @L 1@6%{5&8 8@”&?? ?égéTcg?BE) hghr 8 CThl_-he

fe I?lWR\Aﬁ@OMHenlmpl ouin628l. 0 M TEAB sol ution. The

by C%%%ﬁ%{ragfﬂr@g%% rdabe?m l—?]n%é Bﬁg e\% é‘%o}g’%isqyri fied

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) 8y 2.63(dd, J; = 15.5 Hz, Jo = 1.3 Hz, 1H,
C(2)Ha), 2.75-2.81 {m, 1H, C(2)Hy), 3.55-3.64 (m, 2H, P CHy), 4.09 (dd, J; =
10.0 Hz, Jo= 4.0 Hz, 1H, C(4")H,), 4.33 {d, J =10.0 Hz, 1H, C(4")H), 4.51 (dd,
Jy= 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);
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chromat ogr aphy (CH2Cl 2: MeOH 12:1, 1:1, 1:2) to give
crude 3f. Purification using sephadex-DEAE A-25 with
gradi ent TEAK solution fromO0.01 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 %yield,
whi ch was characterized as follows: 1H NVR (500 MHz,
D20) 6H 1.91(s, 3H, T-CH3), 2.29(d, J = 15.4 Hz, 1H,
C(2')Ha), 2.58-2.64 (m 1 H, 2')Ha), 3.57-3.65 (m

2H, PCH2), 3.95(dd, J1 10.5 ¥, J2 = 3.4 Hz, 1H,
C(4')Ha), 4.38-4.41 (m 2H C(4')Ho, C(3')H),
6. 20

dgl, Ji =83 Hz, J2=24H, 1H C(l'%v%),

T 78{Cd, MR £6Q0Hzy D29) Be 30786266454 (da3dr.amRIFBBdHz, PCHy),
VHz 76320 7B0(T- 2¢GaR 184 TA-

e voB0lo g B4TSOT) 1P 62EE0F 58T (o Tt
C- 3113-884A4B)CT b183 (PaQ(BIN 165-25((8(Bl)), 148.182A-C(2));

(T- Wﬁmﬁ&@%ﬁz@%g@fﬁ: 169.51 (T-C(4)); - 31P

NVR (500 ;25 - mass cal cd for
CloPesNzalira ol @ioH 13NIBE: (B34, 3146.0664,3660D584.0632.
1-(uracil-1
yl )( 2- deoxy- 3- O (phosphononet hyl ) - L-t hreose sodi um
g?(thymgrymdel@qn@@S (pho&p.so“ rmmft&ylﬁd—tﬁmademﬂhhedaﬁ (87)

, usin . ) as tinpg.
ou er 19 @ satued a6 2B Rred s el By S RNl Bipgp g (25 mLy
%?s @Mmbiuddtrfﬁrgeﬂ(l)_ﬁﬂagﬁ (/0.@3 lALI dfﬂmm%rmﬁﬁam @l Tiesl ret:tian mixture
colorless.sq [ % yield, i ch was .
A ST 19 % st i ckactert Whs iguRne e ity 1 O GHE ARy solution.
211 -RixBhe (Was 1 bbnédriralddn) an@-cﬁl_%' 29%&5% mvg%"btjrilﬁeg fg 5column

| %%o%n'é@gr@iys@—ﬁofm(e&y%a 41P jpbge) tosgivg cgpdqﬁf( furification using

g‘%%%?@g@%itﬂ ??&%1@%8 s%l%lt_i'c?n ﬁo& E')%)']Dlih 50,5 M and fon
(Bghanaas ley therRowge-Nazegin igffered13f{95apg, §.8Y mmob&s(al coloriess

S oy rapat e MTAIS T 270 2°

(-C- 41 NMBX588 Mtiz, D-0) T8 89HEs, 36,3 CHB8228(d,Gf ¥ 154 Hz, 1H,

103G FoBR O Bl s 0 S etan .-

CoHIRR2BZPY: [FVi3H "H291HD IB@ ) HE o uhBis-291. QRQ12H, C(4')H,, C(3)H),
6.20(dd, J; = 8.3 Hz, J, = 2.4 Hz, 1H, C(1")H), 7.78(d, J = 1.0 Hz, 1H, T-
C(6)H);

- C NMR (500 MHz, D,0) 8¢ 14.50(T-CHs), 39.62(C-2"), 67.81 (d, J = 158.1
Hz, PCHy), 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));

~ %P NMR (500 MHz, D,0) 5p 16.02;

- mass calcd for CigH14N207P; [M-H]" 305.0538, found 305.0537.

1-(uracil-1-yl)-2-deoxy-3-O-(phosphonomethyl)-L -threose sodium salt (3g)
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).




10

15

20

25

30

1-(cytosin-1
yl) - 2-deoxy- 3- O (phosphononet hyl ) - L-t hreose sodi um
salt (3h) 15 This conmpound was prepared as descri bed
for 3f, using 22 (200 ng, 0.53 mol) as a starting
material and iodotrinethysilane (0.6 nL, 4.2 mmol).
Conmpound 3h (130 ng, 0.38 mmol) was obtained as a
colorless solid, in 73 % yield, which was
characterized as follows: - 1H NWR (500 WHz, D20) 6H
2.32 (d, J =15.3, 1H, C(2')M), 2.56-2.61 (m 1H 20
C(2 ) Hb) , 3 52 3. 61 (m 2H, PCH2), 4.01 (dd, Jl = 10.5

Hz, J2 = 3 C())439440‘( o
€osnpaynd 3;94@0 (n@w 0 Jﬂ::l]]]O‘IO']]) wgg objainedas TR oﬂe%)sohd in 34%

.5 6. 20 (dd, Jl = 7 8

gze%vg-ﬁeh%/ scﬁal%cf'gfﬁe&a foiﬁ ’)'7")95 (d, (J L
H 't B 500 MH@CDW(ISD@ ~RI35, (nm2oil, @éw‘?a)zz 5(76,2 QQ)(m 1H,

é@ ) plaF &%@7@3% PR %Eﬁd 193 hollr, Uy ="87 %0z, 1H,
(C CEHY), T3B-0210 (0T TAGE(3 7488 (AC; Gt 2)90.5 Hew J2 = 2.0 Hz, 1H,

oS capiru b (B0Ry Bousibb AP ln o i 0 e

30 B, CEENPI.89 T, SAnBiAHZ, dH, &lsC{8)H);y Conpounds 3 a-h

bj t
Fopr £ AN pUBi MRy o0 o 876 U, B ek % 61588 e PO,
l nfETT o4 WQBHI dl A & ﬁ@f}a Hzrta:ﬁs)sg?tsk @ndr)t he1. HiFV(UtLC(S))
S 0 romthe cul ture supernatan
152%1\/?@%%? pY23 @n@@gired MI-4 cells, respgctlvel y.
Th@1pqﬂmhl (500 e, reehy &f 14.he, corrpounds on HV-1 and
V-2 repllcatlon wer e noni tored measuring the

\7| dBpss eiceforiisthabdPs Y- lﬂbﬁ@%{} r fauRde&t;
Cytotoxicity of the conmpounds was determnined in
paral l el by measuring the viability of nock-infected

defleytosionT-giy?-@eoxy® Chiphasplhencmeshylivatbeeose sodium salf (3h)

70 ool T Cdoflid Vi, EpRRs F & PSR BHAEUufd 2200 fg. 0.58

h@EOI) vas ue sthrtihg0 npéridl abdt lodagmietbysilhg- (0.8ntlH ¥-22 mmot).
R B LR T RAR ol A BB b R 75

wizdd, oidelr wad characierized as foIIows

- "HNMR (500 MHz, D20) 84 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"Hz), 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(B)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));

- %P NMR (500 MHz, D20) 5, 15.96;

- mass calcd for CoHiaNsOgP [M-H) 280.05386, found 290.0542,
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PMDTA nor PMDTT at the highest concentration tested
(125 pg/ L), giving the 15 conpounds a SI of > 125
(PMDTA) and > 50 (PMDTT) in these cellular systens.

In the cellular test system both conpounds are as
active as PVEA and PMPA, and their cytotoxicity is

| oner. Exanple 6 20 The nucl eosi des 106a and 106b were
synt hesi zed starting from (S)-p

Hydr oxy-y-butyrol actone (figure 1). The hydroxyl group
in position 3 is protected ﬁV benzoyl ati on and the

| actone is reduced using Dibal-Hin THE The anoneric

g%droxyl %roup i's prot ected with acetic anhydride in
_ base (NB-benzoyl adenine) is
| Nt T O@KrRshuHsNG %Dr?l\ﬁeﬂes alated Jhf! K8l pBlRA0 18 inhibit the

m xture 25 of conpound 104a an

ePlEajion ef R iy aLel srftuggumadeldar ace@pe@ptlmlme HIV—1 (iflg) virus
0

%ﬁrﬁgﬁeh@l\f)g n(gi‘gf/@ &g%) t\]v%g%) obﬁaiﬁé)&ﬁo}rpth% (ﬁ_nltﬁ[‘mglﬁpematant of

iMVrbtidiiyh-2 infleated WT-4 h:eil@hxwplaohnM)e f'[ha:inmmtons effect of the

e SR T e T A ———
g@bil‘(tyg)of M;I-'-Belﬁle)ﬂ days aﬂéruh;ero@baCCthoXIdl@lof'l'metdaﬁnpounds was
SR8 B 03 AT SRS SR e i 5

msingl? teraotihn beise cCloriftitric ARZkdP b d8lehine@hd@®mber of viable
med to roomtenperature and stirred overnight. The

ng%tl on was 5 concentrated and coevaporated wth

t ol uePMITYR (hbBreSiation vmwnoumezé)eﬁmugeaw@& (/alue of 1.0 ug/ml.
gpg_hltl oned. bet ween 15 ni) and EtOQAc (40 mL). The

AgRInstAYr 1 wad HMe?er W abhigviation fer aameind 3 das an [Cs

vaReest p at ﬁ@'rdLnaéfﬁﬁé'toH ViR eaf{oefl'l\si“ﬁle NP Bytoliidid/ ik B¥served for
chrorrat ogr ap | ca ge
MR 105 i && = m? fwgheshf:@mtrmmn (testes (425 &gﬁ’nln)ngl\)lng the

?ﬁg@g\éﬁ?ﬁ% ?zsg gﬂf '>d1 1\58%\)/5% d, W?ﬁﬁ) W@esmhéljar systems.

e gellvdar tast wster@( QOtNdZ))'anrﬁS -gre s qotive2id PMEA and PMPA,
%ﬁé%%oéx%%%%ﬁ (200 M, D03} 8H 33.21 (C.2'),
68.88 (C-4'), 71.73 (CG3'), 127.24
Example 6

The nucleosides 106a and 106b were synthesized starting from (S)-p-
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
(N6~benzoyladenine) is introduced using SnCl, as Lewis catalyst, giving a mixture
of compound 104a and 104b with the base moiety in $ and a configuration
respectively.

Deprotection of 104a and 104b is done in one step, removing the benzoyi
protecting groups with ammonia in methanol. Finally, the phosphonate function is

infroduced using the triflate of dilsopropylphosphonomethy! alcoho! and NaH in
THF. '




(aromC), 128.43 (C-arom, 132.43 (C-aron), 169.05
(Bz-CO); 15 - mass calcd. for CL1HIOO4Nal 229. 0477,
found 229.0435. 3-0O benzoyl -2-deoxy-threose (102) To
a solution of 101 (0.780 g, 3.8 mml) in 13 nL dry THE
was slowy dropw se added 1.0 M dii sopropyl
al um niumhydride (4.7 nmL, 4.7 nmmol) in 20 toluene at
-78 C. The reaction m xture was stirred at -78 C, and
as soon as the starting material was conpletely
consumed (TLC, 2 hours), neth&hol (2 m) was slowy
added in order to quench the reaction. The cooling
b th was rennved 15 nL of a saturated ageous sodi um
1= IO egand 25 nmL of EtOAc were

added g, ¢ L stirred sly f
The or-ggﬂ} c&ggﬂ@?ﬁl‘gb\g H%%We%lflbaﬁf{‘ﬂu %‘ér(qzﬂwg E%UHE"OU in 25
amdl mfudmeMafmc&tbdmd)@w:smBHOI (1Thenl, negl ﬁlwoly\@ﬁo °C. The reaction
Hf){% %%s mal_t ogna% on a s I'i ca gv col um (n-t
hEXang/ ‘P £8 el and stiTed; Overnghim g regstion was
5 accnmleﬁkdat&d%ndldoeva{bbrﬁ&% with @dl@enéf\m&ﬁ]’né@% vacuo. The residue was
: as follo CDCl 3) 3H

Cteﬁgé%twgegmgq;((is)rgg; ang, r@tgys@ gg) (‘Ha) The orggnic layer was
G-(lésﬁeldﬂwth 5?J_D§t@r itk b(‘lme %Hd gﬂcegﬁ*ﬁﬁzd) mc%%gg Ogﬁ e Oesidue was
ﬂ"@@d WCB@W*QQ@WW@W& sﬂmegeu colym(ThexaneF0Ac=8:1) to

: 6 9
GO ot (R s By e AR IV g9 JRRE . which was
10 xheragerigedssdplowsacet yl - 3- O benzoyl - 2ddeoxy t hr eose
10
(Lodt R eHa M TEPE & 2 0l @@%*zﬁnﬁi%ﬁsﬁe 70 (m, 24,
gngcm_)iﬂ) Nmsrﬁa(ig,eg—;fw BQQ(%‘B@@%%g A??act [ on
o B e S éhﬁ%ﬁah B9 884Bc b7 1 73 (g3, 127.24
f or (a3oMaty, 928 1A @-é%n@o%ﬁ Fiinﬂ@i fY"(‘éi'% nd the

resi due was f|our| i ca
15 gel mass gad (far h‘ewn@mgaaaz&gam fom@zmoeaﬁpound 103a
(117 ng, 0.47 mol) as colorless oil, in 65%yield,
and 103b (32 ng, 0.13 mmol e) as col orI ess oil, in 18%
Y or-tredes gd2eri zed as fol | ows: Con'pound

103a: To a solution of 101 (0.780 g, 3.8 mmol) in 13 mL dry THF was slowly
dropwise added 1.0 M diisopropyl aluminiumhydride (4.7 mL, 4.7 mmoi}) in
20 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
mlL of a saturated aqeous sodium potassium tartrate solution and 25 mlL of
EtOAc were added and the mixture stirred vigorously for 3 hours. The organic
25 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%
vield, which was characterized as follows:
- "H NMR (200 MHz, CDCl3) dn 2.30-2.40 (m, 2H, C(2)Hz), 4.05-4.36 (m, 2H,
30 C{4')Hz), 5.30-5.82 {m, 2H, C(1" + 3)H), 7.40-8.07 (m, 5H, Ar-H);
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15 - 1H NVR (200 MHz, CDCI3) 8H 2.07 (s, 3H, CH3),
2.48-2.52 (m 2H, C(2')H2), 4.14 (dd, J1=10.6 Hz,
J2=2.2 Hz, 1H, C(4')Hb), 4.26 (dd, J7=10.6 Hz, J2=4.2
Hz, 1H, C(4')Ha), 5.61-5.65 (m 1H C(3')H), 6.49 (t,
J=4.0 Hz, 1H, C(1')H), 7.40-8.05 (m 5H Ar-H).
Conpound 103b: 20 - 1H NMR (200 MHz, CDCl3) 8H 2.07
(s, 3H CH3), 2.41-2.46 (m 2H C(2')H2), 4.22 (dd,
J1=10.6 Hz, J2= 2.6 Hz, 1H, C(4')Ho), 4.36 (dd,
J1=10.6 Hz, J2=5.2 Hz, | H ¥4')Ha), 5.61-5.65 (m |
H C(3')H), 6.40 (d, J=4.4 Hz, | H C(1')H),

33 8. 09 25 9/1i benzoyl adeni
) 5 iR 0 i S5 mn@ge?%ﬁma? i D7 TRt (arom-C),
benqgglsgc@mnqﬁ 11/%%2—;3&,%}8}}?@;0%168% %@mt hreose (104b)

To a m xture
NG- mz@@mdm%ﬂ@msanwwa] 821rﬁ668)foundaﬁy OGEN (30
m-) was dropw se added Snd 4 (0.3 nL, 2.5 mmol)
under N2 at 0 C. The reaction nm xture was warned to
r §BM-setpa3-G-bereogh-dadxBthressd (108a) lasd WeuOsacefih@O-benzoyl-
%e rea t| on eo@?‘ uenched with sat NHCG3 and 100
H@g’ﬂ‘f EUE resi due was partitioned between H20

(20 mJ)o #RAsGUEAE of 102 (160)mg, TOF2aRaRN & 6.8%6L F_Vtgﬁ was added
1@_ V%ﬁkga vgter and brine and concentrated unde o
BRtive (BT harl Jpanid PMAP 69 5o agmestyab °C. the

aedblidrcAdfl WA WaPmed @W&ln@ té{ﬁ%yatlﬂ'@ aQrd@tmﬁﬁQ ﬁfrfﬂpﬁéiur@ Then
m xture of R/a isoners 7& 0.44 mmol) 51n

yJascENied Ringler ¥aeumang \was ermﬁﬂ Y @bmtpgr@phy on a
Tife2P8 @hurkh YRMHexah '}]é&ﬂ{fa ’(\ﬁ , 0.47

were Characteri zed as

(U colaBsisil, mﬁﬁ%sweiﬁ 89d (lﬂi?'b 132 ey, 2. ’}$-|b)m0!e) as colorless
&?ﬁﬁ%‘%%é{&n \g&%‘é&le %hgn?%%erlzélt}%%é&gmﬁg: 10' 6 HZ’ 1 H
Campond 16382 (m | H . C(3' )H), 6.50 (t. J6,5Hz 1H,

S e Tt Pt a8l b B (01, 28 ANB AW e

(C 314, (d&5JJ=510 & Bzl =223, 8181 (@449%94 2@%8@451-10 6 Hz, Jo=4.2

(argl g%l O} gH73 (aromgcg‘_n P{ aromC), 69

(ar o 2¥iah %Gl 1'640@1) BE 4%t J—‘i@eHamH C(1)H),

(Bz740)8.05 (m, 5H, Ar-H).

Compound 103b: _

- "H NMR (200 MHz, CDCls) 8 2.07 (s, 3H, CHa), 2.41-2.46 (m, 2H, C(2)Hy),
4.22 (dd, J=10.6 Hz, J= 2.6 Hz, 1H, C{4)Hb), 4.36 (dd, J=10.6 Hz, J»=5.2
Hz, 1H, C(4’)Ha), 5.61-5.85 (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 ,B-(Ns-benzoyladenin—g-yl)—3—O-benzoyl—2~deoxy-threose (104a) and 7Ta-(N°-

benzoyladenin-9-yl)-3-O-benzoyl-2-deoxy-threose (104b)

To a mixture of 103 (210 mg, 0.84 mimol) 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 15 hours. Then the reaction was quenched with sat NHCOa and
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15 - mass calcd. for C23HLI9NSOU4Nal452. 1335, found
452.1339. Conpound 104b: - 1H NWR (500 MHz, CDCl 3) 5H
2.90-2.96 (m | H C(2"')Hb), 3.05 (d, J=15.4 Hz, 1H,
C(2')Ha), 4.40 (dd, J1=4.4 Hz, J2=10.0 Hz, 1H,
C(4')Hb), 4.46 (d, J=10.0 Hz, | H C(4')Ha), 5.74 (m
1H, C(3')H), 6.56 (d, J=7.1 Hz, | H C(1')H), 7.38- 20
8.03 (m I OH Ar-H); - 13C NWR (500 MHz, CDClI3) SH
38.63 (C-2'), 73.45 (C3'), 74.80 (C4'"), 85.19
(C-1'), 127.90 (aromC), 1281089 (arom C), 128.76
(aromC), 129.36 (aromC), 132.69 (aromC), 133.54
(aromC), 164.67 (Bz -CO, 165.79 (Bz é

geneantrafes. T@@SB&!QNBMN@EM@@Q%M$@UH@04 0 miaznd EtRAC (100

3 SRRy e S0 LA 5086, e, 388 et undor

vaamnt OThayesidue wasrphiifiéch bgmf:ramaltog;apmu gned silicehgel column
I r

BRI e O e o) B et S5l /oRRAENBRLA B fig, 044 mmob

HaER N yedld vitheh Werd fiely Vﬁ)al‘m&ﬂ queigomalp\a/::ltt:?'ngﬁﬁgd as eluent

(OHE M 1 sty whi woim dhassesdiven &5 RS,

yjom undoda: was characterized as follows: - '"H NWR

(200 Mz, DVBO d6 8H227234é 1H,_ (2 dzﬁ
2. MW85(5991MH11 PClrea 2 $4a2,89 51}(1{10(21’&@)83 -3 (m, 1H,

jc(;ztjapga) f‘2§%d %E% %\331%&%);4@0 g?z(dg g—"ztg'[ZJz-meHz 1H,
C( TIHa).6592 ((rt,, 1HI TH3BHNA.5Q (HJ=6(8LHeHi H, T(PBHY, s45-8.15 (m,
%_314(3 1H H8), 830 (s, 1 H H2.
Con1p u l_1i 5b was prepared as described for 105a using
184Bc(mgaa (45@0 MH26CDm§gv B3 33598(@12'()1 7\@4%@'@4 % a4, :amct:wé})s 85.15
obt sol i %
e 1S b (it A BRter ot Jad ob 5B Bteen Lo 0.8 Fom-c),
3(22@@ %@@g%m%lc% 2@4?4 8@2 (@D) (111515 OfEz-CHh) |

2 63 2. 7 é ;
CM“WEF"“C f@50¢3H19N5Q4Na04|;3 1§3§0f096d 452413@9Hz 1 H,

%éyg J1=2.2 Hz, J2=8.0 Hz, 111, O(1')H),
2 NH2 8.13 (s, | H H8), 8.35 (s, 1 H,

H ZH NMR (500 MHz CDC!3) 81 2.90-2.96 (m, 1H, C(2')Hb), 3.05 (d, J=15.4 Hz,
1H, C(2')Ha), 4.40 (dd, J1=4.4 Hz, J,=10.0 Hz, 1H, C(4")Hb), 4.46 (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);

- 3C NMR (500 MHz, CDClg) &1 38.63 (C-2'), 73.45 (C-3"), 74.80 (C-47), 85.18

(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), 1 64.67 (Bz -CQ), 165.79 (Bz -CO),
- mass caled. for Co3HigNs04sNa1452.1335, found 452.1334.

1p-(adenin-9-yl)-2-deoxy-threose (105a) and 1a-(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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- 13C NWR (200 MHz, DMSO-d6) 5138.49 (CG2'), 66.99
(CG3), 74.04 (CG4'), 15 80.90 (C1), 137.54 (C8),
150.19 (G 2), 153.90 (C6).

1/ 3- (adeni ne-9-yl ) -3-(dii sopropyl phophononet hyl ) -threo
se (106a) and | a- (adenine-9
yl)-3-(diisopropyl phophononet hyl )-threose (106b) To
the solution of 105a (50 ng, 0.23 mml) in 5 nL THF,
whi ch was 20 cool ed usi ng dr |ce and acet one, was
added sodi um hydride 80% (118l ny, 0.46 nml). The
m xture was stirred for 10 mn and the sol ution of
thrifluorate Egosphonate S136 ng, 0.46 nmol) in THE

\REogaigaraphy(Gheel: MeQHHE: 1) dasive gamppuad @ 05a 4R mgs 8. 18 mmol)

Hexd White YBIRI, 7l 98V0Y yieRy Wtﬁ&}}\ﬁr@g Bhé.%g%g@d HE %onome

reaction was I\%ﬂénc hed wi t
condeMNMB (80 PMSQHde) HwaB. 25284 (iinor bl CZQ )BB),\&Ed2.85 (m,

v P SR, %760 ABIE TS PR, ACREE a8, v 08 b

resi ldu@(év\kiﬁ),peuﬁﬁf(bs:cﬂ HyyO kI o () gE=a 18z, 01H,aC (39H)] 8.37 (t, J=8.6 -

o 16 U B i ot (bbb B Py b
fGUm;i(ﬂ.ﬁﬂ 105 ad Pebpared HsaddschiBed fRr11OGhAlSIRNIONRE110 mg, 0.26
obt aj nedté’lirggg n\%}pte solid, which was character| zed as

PR RS S Rlrend s Rilainedrid? 599,414 mmol} ag= white sofid

186 /nyé}d v?«h“:éﬁv?asfi&xa(réﬁteﬁiéd ae.%ﬂoxhé‘ﬂ) 3.70 (dd J1=
1. =8, 2H, PCH2), &dd J1=4.

4
12 I NMRUZ0G 0 BYISCrgron 225 2240 i, i, GERAHpHER63-2.71 (,

5 7GR, KB o A iR s G 15PN RAE, s e

C( 1M H§>(3’IH)26 Abs(dd] k2 2HD), | Jo88.84HE,sTH,1CH )X )28 (s, 2H, NHy),
t PVDTA into DNA usi
rever SE 'ﬂ%r@@ﬁ%{)ggr 3 1%2" gi\t iviral | QC?I Vi tyuzlf n?he

phoﬁgmm e(zmocMexzs IDMSO%) Bh @8!49/@1200 B6mRy (08), 74.04 (C-4),
%0%5 prl ain ﬁa | ul ar et abol i sation

i nt&P-PhEFH )dl'lﬁﬁééﬂ @&450 11§ (Fl’?dr éﬁ%g?)l(@ﬁ)r eferred as

pp) followed by incorporation into the viral genome

and chain term nation. W used a priner/extension

dﬁs(agfem!ﬁe&kfkﬁ (dsapsapdeleontiosomeliif)ithieose t H40BRN and  To-

e O A v A

conpa?rosl;ha $cﬂutni:$0mf/ 1 g&d e(ﬁgsnnge omh pinsip F‘?@ mL THF, which was
naf t rr ATP) . ' ' royi .
SR AL b e S Bnib B 865t 3114 mo

s amhdl).HINE eqxies WsOdtiriddefor 10 min and the solution of thrifluorate

-phosphonate (136 mg, 0.46 mmol) in THF was slowly dropped to the reaction

flask. Then the mixture was slowly warm fo room temperature. The reaction was
quenched with sat. NaHCOQz and concentrated. The residue was partitioned

‘between HyO and CH,Clz. The organic layer was washed with water and brine,

and concentrated in vacuo. The residue was purified by chromatography on a
silica gel column (CH:Cl,/MeOH=98:2) io 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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i nvention since the human DNA pol ynerase-a i s nainl
involved in replication of the nuclear genone whi
the HI'V reverse transcriptase plays a key role in't
replication of the viral genone. The foll ow ng

i ncorporation study was effected with a DNA tenpl ate
and a DNA 20 priner, as DNA pol ynerase-a and reverse
transcriptase are both able to synthesize double
stranded DNA (al t hough reverse transcriptase is al so
able to synthesize a DNA st¥&8nd using RNA as
tenplate). Both enzymes were able to extend a DNA

pri Jer wi th the phosphonate nucl eotide, but the
rodiH NMR (PO INdz,i @B Sroh§-1:35 fmy 1300 CHalb2 674262 (m, 2H,

o LR YRS WL 238 R PR RV bz

of LPMDAADN C(H)da), & 3:2)((:!: elnti 0 AtHIC(HYIHB), han (rdOOH! C(EER, 4.71-

b7 aRROLTHCTRES &7l ARG, el 3Bt st e o e

on ¢chieryidee (daml H-85@&Pt afd 1IBVETAPp -as  easily as the
natural building block. These results frompriner /
ext ensi on assays 30 were confirned by the follow ng

@WPEE FatiAcor Ql%flo%‘f ﬁ!\mﬂﬁmt@ DNN udfn ?é\iéré@ iraﬁﬁir

the 1 ncorporati o
hyBra anthdrgl aativityeef fbatphﬂsabﬁan@e éﬁ&k?ﬂﬂdgﬁé)fctbﬁdﬂ‘ﬁf@ﬁﬁ may be

h
Bt P aeRed Jot REIMABNYEL AHsbbRABRARE el dphosphates
éhg‘ﬁtnaﬁer fefewed as‘»un@tfbm»@ect bVi droorperetionintpthe viral ageme and

haﬁl\ l]erﬁwﬂwaﬁor]rZW%hMEY}? e 5‘?8?6“ ta 53 b Y Ordg! ﬁwc%gare the
t'he aver age of ree |n ent nati on
rabdity i0d mgnm‘t/uresemntrammmw%%ndvrdm |hnmdnt BiNA pblymerase-o to
(of0) 25 UL HV reverse tr ase, and the

B Epio EMITAST epe idufe o bR e | TRBRRIS, MR aReR i gioony-

Rdehdsine tistidRphtie/@leydinafldtaetcertal & GATRYUEMIS euimlpebwdeh s with
prlner sequence used in this experinment are sh

suftahle nfrrmadiga: AbeHtie f@'eﬁﬁ\éh’cﬁédhﬁf gaf-HV compgurgl of the
?ﬁ\réﬁttﬁﬁ sh%eatﬂg'hﬂgfba% Ogﬂ%b%ﬁyﬁﬁ 48T, @f ?Jhﬁpm@&lvéél P Peplication of

90 % formam de rom)p enol
>tly$ eueleay gandmarnwhiBotheNH IVERTA)se mrqﬂrleﬁsmmieyaﬁd@fz@dﬁ in the

r on a 16 % pol yacryl am de ureum
[I)ﬁ%%l Ioigﬁﬁ% \?%Pﬁér?%bgm Tris-borate, 2nM EDTA buffer,
pHﬂae E)Iowﬁtgancol’pemtlongstudgemaaeﬁﬁé@sd fvith sbDMANtetrgdatatandta DNA

C.. Produc vi sual i sed .
pnmer as bsf\l ymerase-a and rsgverse transcriptase are both able to

y
e
he

synthesize double stranded DNA (although reverse transcriptase is also able fo
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 .2 very poor substrate for the human DNA polymerase o.
Only a high enzyme concentration (0.4 U/pl) resulted in the incorporation of
PMDTApp, i.e. a concentration more than 100 times higher than tljé'
concentration used to incorporate the natural JATP substrate.

The HIV reverse transcriptase, on the other hand, accepted PMDTApp as
easily as the natural bui'lding block. These results from primer / extension assays
were confirmed by the following kinetic data.
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15 phosphori magi ng. The anmount of radioactivity in the
bands corresponding to the products of the enzymatic
reacti ons was determ ned using the Opti quant | nage
Anal ysis Software (Packard). Rate profiles were

determ ned using GraphPad Prisn(r) software. Results
of this experinent are shown in the Table bel ow. These
data show, for 20 the incorporation of PMDTApp by the
H V reverse transcri ptase, increase in Km

val ue but also a slight |ncré§ e |n kit val ue,

conpared to dATP. This indicates that, although the

affinit f th nzyne for the phos honate cleo
ot Dbfieon: PEICmiih Koa ltinio oy BromoRias, &F s ATP and
awarmbpqneéfmmewddw&é Qfaﬁ"uétﬂ lovit uieh seeatc@ogtatre @cﬁndmons as
was such a poor substrate f

eSorRed Bl CTRiahiBetal iR Mepgs i Ehanar/api (LSS 6r 325256 For
C@cﬁrdﬁtéﬁggmécg\ﬁi @iﬁ”@bén%%%sﬁré%@ %h&érﬁ?&ﬁronéqﬁ-{ﬁe Pnge of 0.1 to

PMDTAD r#
@Wﬁm@mlsen bemw msmzs mr(alﬂ a)thiasaindependent

el Rufenst TR ARy iRl sopliindt 280 M BBt Compex

He02H avphaist miregma‘i traﬁ%&k[pﬁésm?dc?ﬂimgl}:ﬁSSﬁha@hﬁmﬂe?tldes to be
erm na e t hen urlt ana
'mf’éPaf@ﬁ?%r@Bfgn ke R A ’??Rﬁﬁt'ﬁ%iygt'g ﬁ plats iqatience and

ang pkimée lsequehdaNesdd RUARxpERREAt AFeshdon BERMN. e reaction was
phosphonat e nucl eosi de was built at the 3'-end t he

of
;ﬂ*ieﬁ'ﬁhe diepdi 2eand tingtest iy adding & ﬁeﬁbl@o\tqmem &tm solution
team)k, %l‘?ﬂ%fd%n@ 51 ﬁroﬁ?ﬁﬂenf)ﬁyﬁ@l 8! Pt %ah{lérlﬂa'e cy&4and 50 mM

r|n_? uckere inth -enocon ornmati on
HE Lt &) lﬁamnmeas wees asalyursbpgehrlestronhesesit osphth & polyacrylamide

LRSI A PS8 ORIl BORECULIL R ater
vhelahn@/eth%éamlasx friecbeninue atur0 Wr ng;jucts were visualised by
ARIBAGAEbb B TR RO BV BB R o e
Usodurts @f ehs entymatie rdgetiasewas determined using the Optiquant Image
Analysis Software (Packard). Rate profiles 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 Km value but also a slight increase in ke value, compared to dATP. This
indicates that, although the affinity of the enzyme for the phosphonate nuclectide
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 couid not be determined under steady-state conditions.

+dATP or PMDTApp

P1 b’ CAGGAAACAGCTATGAC 3 —_—

T1 3’ GTCCTTTGTCGATACTGTCCCC 5’
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15 20 105 CLAIM5S 1. A conpound including a

het erocyclic nucl eobase attached to a first carbon
atom of an optionally substituted five-nmenber
saturated or nono- unsaturated heterocyclic group

sel ected fromtetrahydrofuranyl, tetrahydrothienyl, 5
di hydrof uranyl and di hydrothi enyl and further

i ncl udi ng a phosphonoal koxy or phosphonot hi oal kyl
group attached to a second carbon atom of said
five-nmenber saturated or noW¥- unsturated heterocyclic
group, said first carbon atom being adjacent to the
het eroat om of said five-nmenber saturated or

mono- unsturated hetetABMelic group, and said second
carbon atom bei ng adj acent neither to the 10
heteroatomnor to the first carbon atom of said

flve nenber saturated or nono- unsturated heterocycllc

general flSmﬁf[]IPé@ (II) and (<>ét mﬂR1B \ Xl BKC%@"‘W"RB M)

RZXQTT " X2 RA"1R6 RS XART (11), _and 15 R8 XI B_ X
AP R RXS- P2 Ra 2 14 (XI%® wherein: - x18©

X2, X3, X4 and X5 are each each independently sel ected
B hphe group O&$hsi sting of oxygéh and sul fur, 2.72

These data show that PMDTA can be incorporated into DNA, functioning 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 GIn1561, 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.




10

15

20

20 - Bis a natural or non-natural heterocyclic

nucl eobase, 106 R and are each i ndependently
sel ected fromthe group isting of hydrogen;
(- PO3R16) m POBR17R18; al kyl; al kenyl; al kynyl;
cycl oal kyl; cycl oal kenyl ; cycl oal kynyl ; aryl;

aryl al kyl; heterocyclic; heterocyclic-alkyl; -
acyl oxyal kyl ; acyl oxyal kenyl ; acyl oxyal kynyl ;
acyl oxyaryl; acyl oxyaryl al kyl; 5 acyl oxyaryl al kenyl ;

acyl oxyaryl al kynyl ; di al kylcpphgrat e;
al kyl aryl carbonate; al kyl al’kenytcar bonat e;

al kyl-afkgayinearoraledingl hehgleaogyaimr boobbasal Eated to a first
c nat e, alk | Kk l.carbonate; |
caft 4 (BT S oo apEfOtn Rl Bdre miareraturatad or mono-
unabkyratedihkmgbyardg@iueysubo i | r25y10 i
reskyeah sy 975 o GER R C08 iy
diyapfiirany anfeddwesetbinnyl ;camgifughiendeplenitentd phosphonoalkoxy or
; SLSLI of n, sulfyr.

phgﬁgﬁgﬁfg@%&g’gﬁé@%ﬁ%%ﬁ@& 5%@'}:%%91 %géﬁ%?%%og%%ﬁ five-member

salurdtesk odenohy-eitectted Haterodyetc giroup, eSSt tBBAH atom being
dggdrﬁ eqh 2ﬁ|do, halgginh cyano, alkyl, alkenyl,

0%k 3?, 8RGO GR1SAid 1 Bve-nrambes ssdliated ddrf momo-unsturated

hetergeRaRNgrodip Hnd Q%a#ﬁe%éon' !ﬂ@gﬁ:atﬁﬁfbg%@%ja&gnt neither to the

cycloal kenyl'; cycloa nyl ; aryl;

~ hetgroatenkyior theherfoey chibmrabiorh; ofaeyit diaienhber WARFSIER or mono-

' I kyl . al kenyl and al kynyl optionally contain one
“”%‘rﬁ}%ﬁ?ehé&ﬁé?% G RP] ﬁaEer ChMAaHEIch heing: rapresented by one of the
gerierdl aoaies (Fhahd.(xpat d heteroatoms  bei ng

i ndependent |y sel ected fromthe group consisting of

oxygen, sul fur amf_ 20 nitrogen; - RL16, RL7 and R78

are independently';b e I%he group consi sting

of hydrogen; aIKyI' ~al kynyl ; cycl oal kyl ;

cycl oal kenfi"; cyIoal aryR® aryl al kyl ;

het erocycl i ~ug; h lic ring-alkyl;

acyROXT-akA” i atggyl , al kenyl and al kynyl

optional |y [cont ai n ongy6or re heteroatons in or at 25

t he end ofxgﬁe hydr ocar bon chai n, said heteroatons

bei ng i ndependently selected fromthe group

consi sting of oxygen, sylif,Wincnd nitrogen; - X4 and

R1, or X5 and R2 nay together forman am no-acid

resi due or polypeptide wherein a carboxyl function of
“said anino-ﬁ@id resigue being at a

_ X B

| ﬁs R R3
41
X'R (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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di stance fromthe am date nitrogen not further than 5
atons is esterified; ................ 107 X4 and R
or X5 and R2 may toget her!%rm a group having the
formula - OC(R9)20C(O) Y(R70)a wherein Y = Nor 0, a =
1 when Yis Oand a =1o0or 2 when Yis N, RO is

sel ected fromthe group consisting of hydrogen, alkyl,
aryl, alkenyl, 5 alkynyl, alkenylaryl, alkynylaryl or
al kyl aryl, wherein each of said al kyl, alkenyl,

b In2a ' ' ' Ly, substituted with .
R0 S eaal 2 pURSNAERIPERRALL Y SHERIE (bGP i ting o
lmyiregenj ng-RO.RATA-POKRITR ®aziglRyl; ni dikenghd aFadi Riioalkyl:
i S s?l ected fromthe group consisting of " hydrogen, _
aragalkenyty | cydprbypyl.  aty: apyalisyl; heleragyalioyl heterocyclic-alkyl:
‘ hanyl [ i n,each.,of sajd al kyl,
T R e S
a?c:wmmta;mwnya;t taognp(yammfeyl; a.ﬂ@lﬁy!@érb@h@ws gﬂ@,ha?r?tc%%onate;
e rou consj st al O, cyano, azl do,
qiyirlsenyierd eNRaha/E"%g@ﬁ%ﬁfgomte:a%&eéw&wlcarbonate: alkynyl-
' t .gro LSh) of &
YRREINASL| ) UL % 0, MRUERREDHARSC!, iyt

qRrrbeateR¥hareimesaichatkvb galkenylmnd attyriyhopgienally contains one or
bet ween X2

r-epr nti.ng the nupper of t hyl ene grou £

rhER e I oBr TR eRy pEfe ¥y ihaTen RRadp srEbiRyoatoms
by inderendant ! Strd ; .
SlIJbSt it uen?s seléfé?ifgafﬁ%ﬁr%u%%ggrgp uhcp&ﬁ%@f%ijr\ﬁéy%?n sulfur and
MHEPGYEN, hydroxyl, sul hydryl and Cl.4 alkyl, and n

[ I d . . d 6;
T EDor s Fin (IR phEs sachricartgenft aptiasd fam e oroup
coobigtihgsof Byercepirgonzite, datbger, asianaS dik@r %mtenygS%s%ynﬁ SR

cogggl,m_d according to.claiml, being represente
AHAEBF -t he general fornmulae (I1l) to (XVIll): 1 .....

R'* is selected from hydrogen; alkyl; alkenyl; alkynyl: cycloalkyl; cycloatkenyl;
cycloalkynyl, aryl; heterocyclic; arylalkyl; heterocyclic-alkyl; acyloxyalky!:
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;

R™, R' and R' are independently selected from the group consisting of
nydrogen; alkyi; a!keny}; alkynyl; cycloatkyl; cyclbalkenyl; cycloalkynyl; aryl;
arylalkyi; heterocyciic'ring; heterocyclic ring-alkyl; acyloxyalkyl; wherein said
alkyl, alkenyl and alkynyi 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_1, 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;




10

15

20

25

108 R8 X B X3 R7///R3 11 i N R2 X5-pllP"k- f, x\1 X2
<IRI14RL RB RS X (111), RX X3 R R3 RX5.11 n X2
R& R6 R5 ~R4, (1V), PENX1 Bx 3 RT R3 R2X5-P nXz
=R R6ERE5I14RL (V)1 R8 X1 B X3 R7T R3 ~"~ R2 Xs_
i n Xz~\R4 R6 R5 X4RL (M), 109 RS

X" and R' or X* and R* may together form a group having the formula —
OC(R%),0C(0)Y(R'%), wherein Y = N or O.,a=1whenYis O anda=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, alkeny!,
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 gro'up 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, provided that at least one of R"" and R'? is not hydrogen:;
nis an integer representing the number of methylene groups between X, 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, sulthydryl and Cy_4 alkyl, and n bemg selected from 1, 2, 3,
4,5 and 6; and

misQori,

including pharmaceutically acceptable salts, solvates, stereoisomers and

prodrugs thereof.

2. A compound according to claim 1, being represented by one of the generai

formulae (1) to (XVHI):




Xg X3 R-'"VR3 R2X5Pn XZR4 R6 RS X4R1 (M), R8 X
B~i3 X3 R/ RX5-P" n'X2\R4& R6 RS 14R1 (VIII), R8
X 113~-R-7 2 - R3 R2X5™%n'X=R4 6 R5 5 4R
(I1X), RBX3 R R3 R2X511-Pn X2\ Ra R6 RS X
14R, (X), 110 X B X3 "///R3 R X5-PXZ~ | "R4 R6 R5

X

“ ()
R2 Xs___T/ e

X*R" an,
R2x5

m”“ll: b
(o]

A
[4)}

(IV),
RB x1 B
P SE Y R®
Rz X5 !il;k\)n\ R4

(Vl)n




|  X4R1 (XI), X B X33 R2X5-P' n X2\ R4 RGR5 X4R1
(XI1) .Xi X3 R3 RZXSI| X2 R R6 R5 n a= 5 | 4RL
(X111) x' .o00~B X3 R3 W°Rz: -PX2\ Ra RE R5 ~ R
41 (XIV), 111 RXL B X3 R7T RX5-Pn'X2 R4 R6 R5
X4R1

>|<4R‘ R
(v,
B
x* R A%
szsmﬁ/(/\)n\xz\\“
>|<“R1
(Vill),
R® X1 B
x> R7 ;§3
R x5 %k\)n\ R*

pajIITHE
[#>]

A
[4;]




RXP——P7 " nX

(XV), R8 Xt B X3 R7T R2X5-1 /~ 7n X2v R4 R6 R5 [|4R1
(XVI) R8 X1 X3 R7T Rz X5-1. 1) X2 = R4 R6 R5 1 4Rl 5
X (XVI1), and R8 X1 .,oA "X3 R7 Rz X5-P n X2 R R6
R5 X4R1 (XVII1) wherein n, m B, X1, X2, X3, X4, X5,
Rl, R2, R3, R4, R5, R6, R7, R8, RO, R10, R11l, R12, 10
R74, R16, R' and R18 are defined as in fornula (11),

i ncl udi ng pharmaceutically acceptable salts, solvates,
stereoi somers and prodrugs thereof. 112 3. A conpound
according to claim s being represented by any of the
follow ng formul a t XXVI): R8 X1 B X3 R7 3

R2 X5- LI ' Xz
X3 ’///RS
TR
H : "
RIS P Ty E | Sre
l ﬁs Rs
X*R1
(X1),

(Xl
X! \\\\\B
x3 ( RS
R* X5— !Ial%n\%(é R*
| R® RS
xR
(X1
X1 .‘\‘\\\\B
x3 R3
R xs_____Ll/(/\)n\Xz\\«- R
i - R® RS
X*R!

(XIV),




X4R1 5 (XX), R8 X1 B X3 RR7 RB R2X5-1P" n'X2 R4
XARL (XXI), XL B 3 X3 Z-4 RZXS-p n XZ 1 10 X4R1
(XXI'1), 1 X3R3 RXSHIl pnxz R4 ARL 113
(XXI'11), R8EXIBX3 R/ 2511 22 4R-Pn XR 14Rl X
(XXI V), R6 X1 Bx3 fi~R7 R2X5 li~" ')X2

(XV1)
R® 1
X _\\\\\\B
3 7
[
R* X5 P/Hn\ H R*
=6 5
5 >|( " R® R
(XVI1), and
RS 1
X .\\\\\\B
x3 R?
R% X5 P/%nK R*
| R RS
xR
XVl

wherein n, m, B, X', X%, X3, X* X5 R' R% R® R* R%,R®, R7, R®. R® R" R'' R'2
10 R™ R™ R and R are defined as in formula (1), including pharmaceutically

acceptable saits, solvates, sterecisomers and prodrugs thereof.




R4 nJ4RL 5 (XXV), and R8 X1 B X3 RT R3 IIl(-~~
RZXS-P n X2 R4 14R1 (XXVI) wherein n, m B, X1, X2,
X3, X4. X5, Rl, R2, REZ R7, RS, R9, R10, Rl1, Rr2,
R14, 10 R16, R17 and R18 are defined as in formula
(11), including pharmaceutically acceptable salts,

sol vates, stereoisoners and prodrugs thereof. 4. A
compound according to any of clainms 1 to 3, wherein B
is selected fromthe group consisting of

hypoxant hi ne, guani ne, adeni ne, cytosine; inosine, 15
thym ne, uracil, xanthine, 8-aza derivatives of

2 mmprd ?ac@oécuuﬂ ORI,
no- 6- chl or opuri nea] hypoxlant hl}"jnee!ng "N resentgﬁdby any of the

kmo%ﬁﬂ@ﬁ?%@Ub@iXX)ﬂDQéXi@}8 aza derlvatlves of adeni ne,
guanlne Zéﬁﬂ1nopur|ne 2, 6- di am nopuri ne,
2-am no- 6 or op ne, hppoxanthine, inosine and
xant hi ne; 1- atlves of 2-am nopuri ne,

. 2,6-diFam mfxy)& chl oropuri ne,
hypoxXanthine, inasing and *xant hi ne; 7-deaza
QerllgLévgs\ 0f am %g prine, 2,6-dian nopurine,

XQ am’'no- 6- %h*oropurine, ypoxant hi ne, i nosine and
xant Hi ne; 3-deaza derivatives of 2-am nopurine, 2,6-
dianﬁﬁﬁﬁurine 2- am no- 6- chl oropuri ne, hypoxant hi ne,

i nosi ne and xant hi ne; 6-azacyt osi ne;

5-f | uor ocyt osi ne; 5- chl{&9cyt osi ne: 5-i odocyt osi ne; 5-
bronocyt osjae; 5 nqthylcyt03|ne 5- bronovi nyl ur aci |

5-fl uorour X10 chlqgoura0|l 5-i odour aci |

5- br onour aci | ; [ -Uoronethylura0|l 5-

nethm%yneﬁﬁ nyl ur aci | and
5-pr ?g uraC| ——5-/ A conpound represented by one of
xahe Egnulae (XXXI') to (XXXVI):
x“R1
(XX1),
X3

(XXH),

RIxS—o
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O OV Phos OV 15 (XXXI'), O rOWPhos OV (XXXI'l), 115
QU cs~ -17 Phos QU (XXXI1 ), O OWNPhos QU (XXXIV),
O BP Phos QU ( XXXV), and 18 BP Phos OV (XXXVl), 5
wherein: Uis an acyl group, Vis a silyl group, W
is an al kyl group, 10 - the snake-like synbol neans
any stereochem cal arrangenent of the respective
bond, BP is an optionally protected heterocyclic

nucl eobase, and Phos is an O protected phosphonoal koxy

group or phosphonot hi oal kyl g(S&Lfﬁ)

R X! B
; R7>/

R4
>~I<‘*R1
(XXIV),
RZ X5
(XXV), and
Ry
R?-xs———-P/H\
>I<“-R1 |

(XXVI),
wherein n, m, B, X', X% X3, x* x5 R", R% R R% R’, R® R® R'® R!! R'2 R

R R' and R' are defined as in formula (1), including pharmaceutically

- acceptable salts, solvates, stereoisomers 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,
thymine, .uracil, xanthine, 8-aza derivatives of 2-aminopurine, 2.6-

. diaminopurine, 2-amino-6-chloropurine, hypoxanthine, inosine and xanthine;
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Phos

................... 116 6. Use of a conpound
according to claim5 as i nternmedi ate for making a
conmpound according to ansﬂbqlf claims 1 to 4. 57. A
compound according to any of clainms 1 to 4, being
selected fromthe group consisting of :

1- (N6- benzoyl adeni n-9-yl ) -2- O benzoyl - 3- O (di i sopropyl
phosphononet hyl )-L- threose (11);

1-(thym n-1-yl)-2-O benzoyl - 3- O (dii sopropyl phosphonom

Z%rzéc%ﬁ%?rs %@Eenégyla-%@?'di Qg%wpgpylzﬁﬂﬁgrbwml 2,6-
iahyihpplirindr 2eseinbIBEhlorbp(iNg ' i ine;
Y2 Cybsnacyl 0 (41 Copr ol ESHNCTGnBLAYS opd xaniine
] @5§e_ gq_@r\ja’tl es of .-.ammopurme, 2.6-diaminopurine, 2-amino-6-
éetgggﬂ%qgﬁg %y?b%(?ﬁ??nné]df{io%%?é %q%i ?Qﬁﬁ:?nheo; "PIRLN dafvdtves of 2-
anirsppriopy | phoésfiaoinomitiye,) - [2-amieesecHId@purinkd hypoxanthine
.1-§.ura0| | 1%%& 3- 0- ( o '
BPPEGpr éﬂg'l p Bﬁl?mon%tqﬁﬁ%a- L defivatiees ( 1f) ; 2-aminopurine,  2.6-
cﬁa;ﬁmﬁ@gggée 122-31@@§-60c16;6'r64§8ﬁﬁé’,%hﬁ’&%%ﬂﬁﬁ’.@?'?Eésﬂ%'e and xanthine:
gta{!%%émineg- yﬁafml’e‘;mtadwir&; 0- Edeihis ayeih@hosPIsERbSVe: 5.
ﬂg-ﬁ?%seos_e ElQ%é . , . )

1°T1 18- yPymstylegsisen. (erbremsviwiHaals ploficrreungci;  5-

chlorbutdyiieos&-{odBliracit;  5-br il; ~tri i
1-(uracil-1-yl)-2-deoxy- 3- O?Endoiulrg%'br op?/ltrf)fllwuo%rgﬁnoentgmé'{%?l' 5

mgihpxyRedpdaract1y-etronyiutasit asd A-gropynyluracil.

-yl)-2-deoxy-3-0-(diisopropyl phosphononet hyl ) - L-t hr eos
e (22); :
A-qosopoint EeprepeGted by orpbp tenRiibWing behBFASEmaRl ¥Rk XI) to

' (3a);
(’i’?@%m n-1-yl)-3-0-(phosphononet hyl ) -L-t hreose sodi um

salt (3b);
1-(uracil-1-yl)-3-0-(phosphononet hyl)-L-threose sodi um

salt (3e);

-(t hym'nbé,’l- yi ) - 2- deoxy- 3- O (phosphononet hyl ) - L-t hr eos
e sodiu alt (3f); .
1-(uracil-1-yl)-2-deoxy-3-0O (phosphononet hyl)-L-threos
e sodiumsalt (3gl :
1-(cytidin-1-yl) %‘-xc?é%w- 3- O (phosphononet hyl ) -L-threo
“se_sadi um g5 (3h); a pharmaceutically acceptabl e

w stereoi soner, a solvate or a pro-drug 30
t .

- Phos ov

(XXXIH),




117 8. The use of a conpound according to any of the

clains 1 to 4, for the uf acture of a nedi canent for
the prevention or treati of a viral infectionin a
manmmal . 9. The use according to claim8, wherein said

viral infection is an infection by the Human

| mmunodeficiency Virus (HV). 10. A pharmaceutica
conmposition conprising a conpound according to any of
the clains 1 to 4 as an active ingredient in

adm xpure with at |east a pharnaceutically acceptable
carpf ers ) phar maceuti cal conposition according to
further conprising an antiviral agent. 12.

: (XXVIT1) to (XXX). OO UO OV (XXVIIl), 118
Oé\’(ov%? UO Ov (XXIX), and O OV HO OV (XXX), 5
P_hoyyherei n. oWis an acyl group, - Vis a silyl group,

and - the snake-| ibspgﬁgbol means any stereochemn cal
arrangenment of the ective bond. 10 13. Use of a

conpgund acc(%\gi ng to claim12 as an internedi ate for

ng onpound according to any of clains 1 to 4.
Phos Oou
(XXXIV),
O BP
Phos ou
(XXXV), and
O BP
Phos oV
(XXX,

wherein:

- Uis an acyl group,

- Vs asilyl group,

- Wis an alkyl group,

- the snake-lke symbol means any stereochemical 'arrangement of the
respective bond,

- BPis an optionally protected heterocyclic nucleobase, and

- Phos is an O-protected phosphonoalkoxy group or phosphonothioalkyi group.
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6. Use of a compound according to claim 5 as an intermediate for making a

compound according to any of claims 1 to 4.

5 7. Acompound according to any of claims 1 to 4, being selected from the group
consisting of :
1-(Ns-benzoyladenin—9-yl)-2—0-benzoyI-B-O-(diisopropylphosphonomethyl)-L-
threose (11);
1-(thymin-1 -yl)—2-O-—benzoyl—3-O—(diisopropylphosphonomethyl)—L-th reose(12);

.10 1~(uracil-1—yl)-2-0—benzoyl-3-0-(diisopropy_{phosphonomethy!)~L-threose (13);

1-( N"-acetylcytosin-1 -yh-2-O-benzoy!-3-0O-(d lisopropylphosphonomethyf)-1.-
threose (14);
1-(adenin-g-y!)—3—0-(diisopropylph'osphonomethyl)—L-threose (15);
1-(thymin-1-yl)-3-O-( diisopropylphosphonomethyl)-L-threose (16);
15 1-(uracil-1-yl)-3-O~( diisopropylphosphonomethyl)-L-threose (17);

| 1 —(cyto-sin-1—yl)-S—O—(diisopropy!phosphonomethyl )-L-threose (18);
1 -(adenin-9—yl)—2-deoxy~3-0~(diisopropyiphosphonbmethyf‘—L-threose (19);
1-(thymin-1-yl)-2-deoxy-3-O-(diisop ropylphosphonomethyl)-L-threose (20);

- 1-{uracil-1 —yl)~2-deoxy-3—0-(diisc)propy!phosphonomethyl)—L—threose (21);

20 1-(cytosin—1—yi)~2—deoxy~3-0_-(diisopropylphosphonomethyl)-L-threose (22);
1-(adenin—9—yl)—3—0-(phosphonomethyl)~L—threose sodium salt (3a);
1-(thym_in—1 -y1)-3-CO-(phosphonomethyl)-L-threose sodium sait (3b);
1-(uracil-1-yl)-3-O-(phosphonomethyl)-L-threose sodium salt (3c);

_ 1-(cytosin-1-yl)-3-O-(phosphonomethyl)-L-threose sodium salt (3d);

25 1-(adenin—‘l-y!)—2~deoxy-3~0—(phosphonomethyi)—L-threose sodium salt (3e);
1-(thymin—1—y!)—2-deoxy-S—O—(phOSphonomethyl)—L-threose sodium salt (3f);

N 1-(uracil—1-yl)-2—deoxym3~0—(phosphonomethyl)-L-threo.se sodium salt (3g);
1-(cytidin-1—yl)—2-deoxy-3-0~(phosphonomethyf)-L-threose sodium salt (3h);
a pharmaceutically acceptable salt , an stereoisomer, a solvate or a pro-drug

30 thereof. |
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8. 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.

9. The use according to claim 8, wherein said viral infection is an infection by the
Human Immunodeficiency Virus (HIV).

10. 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. '

11. A pharmaceutical composition according to claim 10, further comprising an
antiviral agent.

12. A compound represented by one of the following general formula (XXVHI) to
(XXX): _

O 0]

uo OV pxxvi,
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O oV
& 2
uo OV
(XXIX), and
O oV
HO ov
(XXX),
wherein:

- Uis an acyl group,
- Vis asilyl group, and
- the snake-like symbol means any stereochemical arrangement of the

respective bond.

13. Use of a compound according to claim 12 as an intermediate for making a

compound according to any of claims 1 to 4.



