PHOSPONATE NUCLEOSIDES USEFUL AS ACTIVE INGREDIENTS IN PHARMACEUTICAL
COMPOSITIONS FOR THE TREATMENT OF VIRAL INFECTIONS, AND INTERMEDIATES FOR
THEIR PRODUCTION 5 FIELD OF THE INVENTION The present invention relates to a
series of novel phosphonate nucleosides and thiophosphonate nucleosides, more specifically
phosphonate nucleosides and thiophosphonate nucleosides comprising a
phosphonalkoxysubstituted or phosphonothioalkyl-substituted five-membered, saturated or 10
unsaturated, oxygen-containing or sulfur-containing ring coupled to a heterocyclic nucleobase
such as a pyrimidine or purine base. The invention further relates to certain phosphonate
nucleosides and thiophosphonate nucleosides having antiviral activity, more specifically HIV
(Human Immun icl I u3xr lication inhibiting properiies, T;?e [nvention also relates to
methods for the'1 %%fp%%\llo%w %@rﬂ'fgéﬁ@ ongt%‘%pd@redééieé‘g H/ gio%@?&%ﬁaﬁs IN
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invention also refatesctn ey TAARS WiselamPRSien s SRMpIISIRGREfissyg gmount of such
phosphonate nucleosides and thiophosphonate nucleosides as active ingredients. This invention
further relates to the use of such 20 phosphonate nucleosides and thiophosphonate nucleosides
as medicines orfitthe frantfadiiveE T Ediedicament useful for the treatment of mammals
sufering from viral infegions, doaartigularalv infegtion;cThis inysntio furthotelales g methods

for the treatment of viral infections in mammals by the administration of a therapeutical amount of
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didanosine, abagauiriddeie’ abthees to pharmaceutical compositions comprising an

effectivg amount of such phosphonate nucleosides and thiophosphonate

nucleosides as active ingredients. This invention further relates to the use of such
20 phosphonate nucieosides 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 adminisiration of
a therapeutical émouht of such phosphonate nucieosides and thiophosphonate

25 nucleosides, optionally combined with one or more other drugs having anti-virat
activity.

BACKGROUND OF THE INVENTION

A retrovirus designated human immunodeficiency virus (HIV) is the

30 etiological agent of the complex disease that includes progressive destruction of



15nucleotide reverse transcriptase inhibitors (NtRTI) such as, but not limited to, tenofovir
(commercially available under the trade name Viread), non-nucleoside reverse transcriptase
inhibitors such as, but not limited to, nevirapine, efavirenz and the like, protease inhibitors such
as, but not limited to, nelfinavir, saquinavir, ritonavir, 20indinavir, 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. 25Replication of the human immunodeficiency virus type 1
(hereinafter referred as HIV-1) can be drastically reduéed in infected patients by combining potent
antiviral drugs targeted at multiple viral targets, as reviewed by Vandamme et al. in Antiviral
Chem. Chemoth I §1m998 9:18%-20 .. Multiple-drug combination regimes can reduce viral
load below the detection 36 limit of the HSEEsEREI0E AsiaqeysRdiTe dlirTenatsndiing)
replication has #ekdetiacinocsuheossitdy indanaiphey ditesyleadingttortheremergenge of
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the selectivity Oftﬂ%?% antiviral agents is rather low, possibly ma them responsible for
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drugs. protease and other proteins.
It is known in the art that some antiviral compounds which act as inhibitors

of HIV replication are effective agents in the treatment of AIDS and similar

10 diseases. Drugs that are known and approved for the treatment of HIV-infected
patients belong to one of the following classes:

- nhucleoside reverse franscriptase inhibitors (NRT1) such as, but not limited to,
azidothymidine, zidovudine, lamivudine, didanosine, abacavir, adefovir and
the like, '

I3 - nucleotide reverse transcriptase inhibitors (NtRTI) such as, but not fimited to,

tenofovir {commercially available under the trade name Viread),

- non-nucleoside reverse transcriptase inhibitors such as, but not limited to,
nevirapine, efavirenz and the like,

- protease inhibitors such as, but not limited to, nelfinavir, saquinavir, rifonavir,

20 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.

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

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

30 limit of the most sensitive tests. Nevertheless iow level ongoing replication has



10As a summary, there is still a stringent need in the art for potent inhibitors of HIV. Therefore a
goal of the present invention is to satisfy this urgent need by identifying efficient pharmaceutically
active ingredients that are less toxic and/or more resistant to virus mutations than existing antiviral
drugs and that can be useful, either alone or in combination with other active ingredients, for the
15 treatment of retroviral infections, in particular lentiviral infections, and more particularly HIV
infections, in mammals and more specifically in humans. Furthermore, another goal of the present
invention is complement existing antiviral drugs in such a way that the resulting drug combination
has improved activity or improved resistance to virus futation than each of the individual 20
compounds. The family of the Flaviviridae consists of 3 genera, the pestiviruses, the flaviviruses

and the hepacw%@ﬁ%ﬁ&%@@&%ﬂ@%@g@?ﬁﬁgﬁ(ﬂ%tgi,tri,% G virléls( éyiw Q?%\r/ﬁg that has not yet been
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- 25 and the Border Disease Virus (BDV) cause infections of domestic livestock
{respectively pigs, cattle and sheep)} and are responsible for sighificant economic

losses world-wide. Vaccines are used in some countries with varying degrees of

success to control pestivirus disease. In other countries, animal culiing and

slaughter are used to contain pestivirus disease outbreaks.



5 now, potent antiviral in vivo activity (HSV, CMV, HBV, HIV) has only been associated with
certain phosphonalkoxyalkyl nucleobases and not with sugar containing phosphonate
nucleosides. Several attempts to discover antiviral nucleoside phosphonates have led to synthetic
schemes for the preparation of 5 furanose-, pyranose- and carbocyclic phosphonate nucleosides,
all of them however lacking potent antiviral activity.  Phosphorylation by kinases and
incorporation into nucleic acids (eventually leading to chain termination) is considered as an
important mechanism which may explain the antiviral activity of nucleosides. The lack of antiviral
activity of 10 phosphonate nucleosides of the first category is generally explained by their poor
substrate properties for cellular and viral kinases. On the other hand, the potent antiviral activity of
phosphonylated alkylated nucleobases of the second category has been ascribed to their
intracellular phosphoryldtin1Ae8tipRELprareanFRIRS S iteslo b nvarthyidfodifk dnilion
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Triphosphates of threose nucleosides are accepted as substrate by several 6 polymerases and
can be enzymatiGysHbRoItdash HiA 1A rehwossibinyararer3pREsprohSsRBRY) b-rihny
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Pioneering work on the chemistry of phosphonate nucieosides has already
been carried out and includes certain important reaction schemaes to synthesize
phosphonate nuclecsides. A review of chemistry and biology of phosphorous-
modified nucleotide analogues is availabie for instance from A. Holy in Advances

25 in Aniiviral Drug Design (1993) 1:179-231. Phosphonate nucleosides can be
devided in two categories. A first ca;iegory are real nucleoside analogues since
they contain a nucleobase and a sugar moiety. A second category of
phosphonate nucleosides, represented for instance by 9-(2-phosphonyl-
methoxyethyl)adenine (adefovir), can be considered as alkylated nucleobases

30  since thelr sugar moiety is replaced by an alkoxyalkyl moiety. Surprisingly, up to



Although, as is apparent from the prior art of record, numerous 15 compounds were proposed for
meeting the various above mentioned requirements in terms of retroviral therapy, it was observed
that none of them does achieve such goals and, consequently, there is still a stringent need in the
art for new compounds being able to solve these problems. 20 SUMMARY OF THE INVENTION
Without wishing to be bound by theory, 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 25 analogue wherein furanyl is replaced with thienyl) is bound at the 31-position, thus
bringing the phosphorous atom and the nucleobase much closer to each other than in the
previously kno u ' nates. %I in ion 'Ws erg! the unexpected
finding that thevi%\g’er?c?g gfag %‘"‘éﬁ%ﬁ%% %E RN " pasitio J?ﬂh%%l&&%?een
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the carbon-based linking structure betivesh the 5-mEMBRFES SIS phodSRerRILEEM, the

phosphonyfatedRRAsBsided Yiahe-irishtisricandie Poonsiterae awniensdedi- all tiphasphate

mimics. By varyingdher hﬂﬁ%b@fd@ﬁt'%ﬁ@ﬁa%&'ﬁw?, the present invention makes it possible to
further finely tune g}(]aoan{t}ivir?l acti#'g/ qf the novel class of compounds. Also, this invention is
t

based on the unexpectbd Thaing thiat HIEETE At ANGP S SHIBM AR cuHHRIGAEHS HBvenkiaks of
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that of natural mrglessias. ihe JRavRs BdNE WVeLBEHRECE dindings, éﬂ%\ﬁﬁaﬁsae’%.‘v"; vention
provides r(} W a tI-VII’%| agents, especially anti-retroviral agents, ané more particu arﬁ/ anti-HIv
compounds. THESE ?Hg&%@%%%ﬁ&fg% FRIERYYdregenrsathpaxataingyby their poor
phosphonoalkasypstibistinutedeied fivosphinathibalbeyiaubstituterh e RiseosidesRempEsINg a
five-membered %H&@%\Q{:W Xyaen: ining, or sulfur-containing ring (preferably
dihydrofu ranyl,a%etrahydrolfu ranyl, d%%%}ﬁe nyl éc}rk%ggtlr%%j rgci)ﬁ%%%%% 8%%553 a?%ﬁ‘gré% %g‘?'t(g%?f%tives

thereof, which RESEBERAHERA Pt iacdibiarahesiapaiaiony aiarisharinieckases of
viruses such asyrbutewoptinaited tof retdvindagietavivisidassend inapayiddae. spaee (20 jfically
against theshumpan Jhe. invention demonstrates that these compounds efficiently
inhibit the replicatiolﬁ%/? tI[--llslti/ Jﬁﬁiﬂn}:ﬁnéé s%ﬁ%rg?gfg , ﬁﬁnégg?p nbesvﬁrﬁ%'ﬁ%ti \ﬁﬁ'é?écfﬁae'%e&?ﬂgﬁtute a
useful class of HAFPBIET S HQMRT ERMD GiAdEarRibciah b sisdl iortveireatdimmivantiios of

prevention of vital infgctioms dreasimalsBeghanBanmalse AN W UBRAS orisReRifically.for the
treatment ZSa@%%R[ﬁ%%ng%n osf Veig }?gég\%ps. £ th Thetli)resent invention also relates to
compounds haV|n%ant iral activities with respect G BN FRBRE GhEE GRlidaY stierensidsst not
limited to, hepéﬂfi WWW@T%E)’@@@S’@W@SW@MIoﬁha:hbusﬁﬁawmmymmmvmﬁﬁ&&pd the
like. The preserganrilion A ResBrUR: "RISEISIQLRRINAE 3 SHD CUBRPUALE ere is stil a
need in the art for drug candidates having suitable seleclivity for HIV reverse
transcriptase. A less flexible structure such as is present in the nucieosides
phosphonates is considered to improve both binding to polymerases and viral-
versus-host selectivity. Consequently, nucleosides phosphonates retaining their
25 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 fo that of the natural nucleic acids association.

30 Triphosphates of threose nucleosides are accepted as substrate by several



30medicines, more specifically as anti-viral agents, and to their use for the 8 manufacture of
medicaments for treating and/or preventing viral infections, in particular retroviral infections such
as, but not limited to, HIV in humans. The invention also relates to methods for the preparation of
all such compounds and to pharmaceutical compositions comprising them in an anti-viral effective
amount. 5 The present invention also relates to a method of treatment or prevention of viral
infections, in particular retroviral infections such as, but not limited to, HIV in humans by the
administration of one or more such compounds, optionally in combination with one or more other
anti-viral agents, to a patient in need thereof. One pdrticularly useful aspect of the present
invention is the provision of 10 new phosphonate nucleosides comprising a

phosphonoalkoxy-substituted or phosphonothjoalkyl-substituted five-membered, saturated or
unsaturated, rifg WATCA 1S cot Fe%'t eaeﬂ@’g%h lﬁ% ‘,‘?88[886%%’3,‘ é”}\ 838&' yﬁsrﬁka r(?éoé(%"a
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saturated or unga{ULRIeEiENRE:IS /A%y 88ReCRBL NG HRg Suchiam Llediydrofurany! andm.

tetrahydrofuranyl. An embodiment of the invention relates to novel
3'-phosphona|I%%%?Jl?&iﬁ%%f%@ﬂsz-'p%%"sbpﬁgﬁ(?tﬁﬂogmfﬁﬁ?stﬁd?éa’%é‘lfuP&%@B?ng%f’éd,
furanose nécleositiescosipylsmgiagipyineidinpydisnichtiecsabeicg uiliedtieethe tbpdsitiop efral

furanose, wherlay e 3209300 of BB 4520956 R SUBSINLSG D 202 phesrhnpamiany. aroup

ora phosphonothioalkébggj)up. These nucleosidés can also be derived from tetrahydrofuran or

3,4-dihydrofuratPBHP8Ry & b sirGlesearamb o pesaBtcalitrea Rerdioey eAr Bl S GcRUteHitenot
limited to, py(irﬁieﬁlt@aﬁdkptgiqmbgﬂaﬁaaa@d@bme 4t pesitignoith afﬁ#mphemdaﬂik?ixysgrmqb or
phospho”"th'oié%%ﬂ%‘ég- %53';%5;%3%%5%%@&5%'}'@%aFﬁEE'E)e%ﬁe A@%&vagr FIgesl fo 15

schematically a number of alternative synthetic routes for making various embodiments of

the nucled$ide pHsiiRMatdboMimt ebentimseaci e HEWteieditfe PHEBRED I5IBRShthetic
routes. More 3@spagificatlydineaersinibstic routphealaate 2vsehsttstianicngts il snpse atks

of DNA polymerases and antiviral agents, being in particular able to inhibit the
reproduction of the human HIV virus in a culiure of human iymphocytes.

Although, as is apparent from the prior art of record, numerous

15 compounds were proposed for meeting the various above mentioned

requirements in terms of retroviral therapy, it was observed that none of them

does achieve such goals and, consequently, there is still a stringent need in the

art for new compounds being able to solve these problems.

20 SUMMARY OF THE INVENTION

Without wishing to be bound by theory, the present invention is based on

the unexpected finding that the above-mentioned problems can be solved by a
novel c¢lass of compounds wherein the phosphonoalkoxy group or
phosphonothioalkyl group of a furanose nucieoside phosphonate (or its sulfur
25 analogue wherein furanyl is replaced with thienyl) is bound at the 3'-position, thus
bringing the phosphorous atom and the nucleobase much closer to each other _
than in the previously known nucleoside phosphonates. This invention is also
based on the unexpected finding that the absence of a hydroxymethyi substituent
in the 4'-position of this ¢lass of compounds avoids steric hindrance during the

30  enzymatic phosphorylation reaction, therefore avoiding the poor substrate



specifically, to a different stereochemistry at the 1' and 3' positions of the molecule. Abbreviations
used in the figures are defined in the specification herein after. In particular, " Nu " stands for a
nucleophile. 5 DEFINITIONS As used herein, and unless stated otherwise, the term "
furanose " refers to five-membered cyclic monosaccharides and, by extension, to their sulfur
analogues. The numbering of monosaccharides starts at the carbon next to the oxygen inclosed in
the ring and is indicated with a prime (*). 10As used herein, and unless stated otherwise, the term
" phosphonalkoxy " refers to a phosphonate coupled via an alkylgroup (such as defined herein
after) to an oxygen atom which itself can be coupled o another molecule or group. As used
herein, and unless stated otherwise, the term " phosphonothioalkyl " refers to a phosphonate

coupled via an alkylgroup (such as defined 15 herein after) to a sulfur atom which itself can be
coupled to anotﬁg?/pr%'b%égu e 8&@8&8@ VIR, HE@S% m%%%c?%ﬁfé%s %‘féré\{o%té‘ﬂ%%ig,fcﬁg term "
3'-phosphonoalkeiehidacesticlessisof feferiaoathstaditielic dassdingradhe pentie of

pyrimidine basegeoupleiothed’ Iﬂ@@ni{@ms%ét&%a%%‘ﬁﬁéﬁheEﬁ@yghﬁéhﬁa@:%ﬂoﬁn?& afgaide
furanose is substgptéjte with a Qhosphonoalkoxy roup, As#ged herein, and unless stated
r

otherwise, the t&} §pgﬂé‘i’8%&ﬁ:'ﬁ‘c it BBBEREOMYRA pOHARAREEE N plifin B itRILBE, but
are not limited tepadgidaiad, 2hymrine;, cytose|pnaniatuanmiearitl (2:6y)dmthindpugiheos tith as
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derivatives thereof, An analogue thereof is a base which mimics such naturally-occurring bases in

such a way that%@%l&ﬁ%’%ﬁﬁ’é R GoW! fgsssof compounds. Also, this invention is baseg Ofi

the unexpected finding that the presence of an anomeric centre in this novel
class of threose nucieoside phosphonates provides them with similar stereo-
10 electronic properties to that of natural nuclecsides.
Based on the above unexpecied findings, the present invention provides
new anti-viral agents, especially anti-retroviral agents, and more particularly anti-
HIV compounds. These compounds are phosphonate nucleosides, more
particularly phosphonoalkoxy-substituted and phosphonothioalkyl-substituted
15 nucleosides comprising a five-membered, saturated or unsaturated, oxygen-
containing or sulfur-containing ring (preferably dihydrofuranyl, tetrahydrofuranyl,
dihydrothienyl or tetrahydrothienyl), or analogues or derivatives thereof, which
have been shown that they possess anti-viral activity against various classes of
viruses such as, but not limited to, retriviridae, flaviviridae and papoviridae, more
20 specifically against the human HIV. The present invention demonstrates that
these compounds efficiently inhibit the replication of HIV in mammals. Therefore,
these phosphonate nucleosides constitute a useful class of new potent anti-viral
compounds 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
25  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 fimited 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

30 medicines, more specifically as anti-viral agents, and io their use for the



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 30 the naturally-occurring bases. Such analogues
include, but are not limited to, 10 those derived by replacement of a -CH- moiety by a nitrogen
atom (e.g. 5- azapyrimidines such as 5-azacytosine) or vice-versa (e.g. 7-deazapurines, such as
7-deaza-adenine or 7-deazaguanine) or both (e.g. 7-deaza, 8-azapurines). A derivative of
naturally-occurring bases, or analogues thereof, is a compound 5 wherein the heterocyclic ring of
such bases is substituted with one or more conventiagnal substituents independently selected from
the group consisting of halogen, hydroxyl, amino and C1-6, alkyl. Some additional illustrative
examples are provided in the specification herein after. Such purine or pyrimidine bases,
analogues and UEHRREEIEBBLisRE AR KADFSAE® oK YR THRCaMrd ¢feotipae i
documents sucpzatchidt ROtdMiethiocit: G3EPIRIBbandHViA4028480/ in hdaamedrherein,
and unless stat wise, the term " alkyl *' as used herein refers tq linear or branched
saturated hydro%%%gﬁﬁcﬁgg%é%%\ensnggf%?n c%g 8 caert?(gﬁpgt@rtﬁcsns%c ﬂg'slfcgugor%?ﬂmi%‘da chj
methyl, ethyl, 1iprepimagsidisd, conmasitionameanyivignopheisopro pyll-doalefie@Eve-pognt.
g-metﬂy:-i@gopw gtenthéﬁf%%ﬁ},zlﬂvl@ﬁmw ,lazgar?@txfegﬁe@tﬁdezt%ﬁﬂ%hﬁflea@iém %ﬁ@&@hmirgnbu'[yhl
-methyl-1- butyl, 2-methyl-1-butyl, 1-hexyl, 2-hexyl, 3-hexyl, 2-methyl-2-pentyl, 3-methyl-2panty!,
& methyl-2-penigh BB e G I T S B DS S B2 By et 10
3,3-dimethy1-2ipyinansepitylh o -dexijlisiaigptyl! moetyt, matersdcn-ceophundsdepiipnstivdecyl,
n-tridecyl, n-tetiggagiafoRSMadReN: tbRXaiRnb- 29 ReRIdery) paasiaderkb i ibs: like;

preferably the alkyl group has from 1 to 8 carbon atoms, more preferably from Ito 4 carbon atoms.
As used herein, and U SZEGLABIHERI ERethrechEsaN P fIRR S o RERSEIRS Shturated
hydrocarbdh mowreygientpadicat havitephides 3domfrisarpon atarashsochiiasfesubstiauted or

cyclopropyl, cyclabutylo eeIRRRYA.BREHEIPNRIInEYSiRheRtL-gyclpactyl and.the ke o C7_10

polycyclic saturated hydrocarbon monovalent radical having from 7 to 10 carbon atoms such as,
for instance, notBBFAyF; fEHEH, iRriaHRAGETOHEPBATG B dRitiarYIY APHERISG €2 At tless
stated otherwiséatite termsctaticepyticangicyslealkenyboeiatcs lioeaner branabed thrbaarbon

chains having frr%%g?ed, saturated or unsaturated, ring is an oxygen-containing ring such as
15 dihydrofuranyl and tetrahydrofuranyt.

An embodiment of the invention relates to novel 3'-phosphonalkoxy-
substituted or 3-phosphonothiocalkyl-substituted, saturated or unsaturated,
furanose nhucleosides comprising a purine or pyrimidine base coupled to the 1’
position of a furanose, whereby the 3’ position of the furanose is substituted with

20 a phosphonoalkoxy group or a phosphonothioalkyl group. These nucleosides can
also 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 position with a phosphonoalkoxy group or
phosphonothioalky! group.

25
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

30  specificaliy these synthetfic routes relate {0 2’ substituiion and, still more



30 18 carbon atoms, respectively cyclic hydrocarbon chains having from 3 to 10 11 carbon
atoms, with at least one ethylenic unsaturation (i.e. a carbon-carbon sp2 double bond) which may
be in the cis or trans configuration such as, but not limited to, vinyl (-CH=CH2), allyl
(-CH2CH=CH2), cyclopentenyl (-05H7), and 5- hexenyl (-CH2 CH2CH2CH2CH=CH2). 5As used
herein, and unless stated otherwise, the terms " alkynyl " and "cycloalkynyl " refer to linear or
branched hydrocarbon chains having from 2 to 18 carbon atoms, respectively cyclic hydrocarbon
chains having from 3 to 10 carbon atoms, with at least one acetylenic unsaturation (i.e. a
carbon-carbon sp triple bond) such as, but are not lirflited to, ethynyl (-Ca:CH), propargy! (-
10CH2C----CH), cyclopropynyl, cyclobutynyl, cyclopentynyl, or cyclohexynyl. As used herein
with respect to a substituting radi and unless otherwise stated, the term " aryl "designates any
mono- or polycy&iic %%é‘ ati maoﬁcjévé%{ﬁér??t ﬁ%&?%g%ﬁﬁt%ﬁéa‘ aJin&‘f‘Fgrg] 6PI5' 18 %0 S%r n
atoms such as butiestitinfideregigimewisad phthyl figatbsavenytfiphd imttasyt dfiiint hensi

chrysenyl, pyregyth 15 biphanulyk ieiphenybstisenyh dideme biphenyl, indacenyl,
benzocyclobutenyl, benzocyclooctenyl and the like, including fused benzo-C4_8 cycloalkyl

radicals (the latter being as defined above) such as, for instance, indanyl, tetrahydronaphtyl,
fluorenyl and thRHkBidI@fthe said radicals being optionally substituted with one or more

substituents independentlyselggied om iAfarua20.905iRINgR! RAIROCRABIDOY refers

trifluoromethyl, hydroxyl, sulfhydryl and nitro, such as for instance 4-fluorophenyl, 4-chlorophenyl,
3,4-dichlorophelfyIM: B3rERBHIREh Y I BAMSASEHERTE 2 ALdrdph&XESiemoto ety Uy .
dichlorophenyl andidigedikeT A rugatdnerest withsespeaiidss siibsttutingeoratpnanskuess

otherwise 25 s@;&emﬁ&g%@';rﬂry&;ﬂgﬁ and Aylatkeny| ‘ﬂﬁy%?ﬂ%t% cyclic-substituted alkyl "

refer to an aliphatic saturated or eth cally unsaturate ocarboh monovalent group

(preferably}@ C1.18 alkylbieeDerginIReAHdaeh Hatadmibaryissvdy o EWhRIPaRNaRAlrxY
heterocyclic groefe(sush asdefineshhecein) s aleeadyahgnrmtedp anstwhereaismithe saidialighatic
group and/ Or_thﬁ‘»%%‘?ﬁ%}a%?%@r?%‘%%ﬁﬁﬁé?%% £IaY,88 gpiionall ?n‘éf‘i’éséi&i&%%%%ﬂqﬁne or more:
substituents independeritly selected from the group consisting of halogen, amino, hydroxyl,
sulfhydryl, C14 alkyl, fifiudgiefégiAimnanditianistrsidasuateeivsitedite Herryl, Sbpsofsbenzyl,
4-fluorobenzyl, @riflaniabepmehs3id-diphlyiahanty| c3frdichiorebenrytadup eindhRenzykfined
4-methylbc[4g] ZylhéF}e?rq_gHgabt%ngséuPgre%lr%r%%h ]itgealp Qgr]ﬂ)rgectgxl!jled {o another molecule or

group.

As used herein, and unless stated otherwise, the term “ 3'-phosphono-
alkoxy furanose nucleoside " refers to a heterocyclic base, such as a purine or
pyrimidine base, coupled to the 1’ position of a furanose whereby the 3’ position

20  of said furanose is substituted with a phosphonoalkoxy 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

25 and derivatives thereof. An analogue thereof is a base which mimics such
naturaliy»occhrring 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 fo the naturally-occurring bases or lacking certain functional propertiss of

30 the naturally-occurring bases. Such analogues include, but are not limited to,



5 phenylethyl, 1-amino-2-phenylethyl, 1-amino-244-hydroxy-phenyllethyl,
1-amino2-findol-2-yliethyl, styryl, pyridylmethyl (including all isomers thereof), pyridylethyl,
2-(2-pyridyl)isopropyl, oxazolylbutyl, 2-thienylmethyl, pyrrolylethyl, morpholinylethyl,
imidazol-1-yl-ethyl, benzodioxolylmethyl and 2-furylmethyl. As used herein with respect to a
substituting group, and unless otherwise 10 stated, the term " heterocyclic ring " or " heterocyclic "
means a mono- or polycyclic, saturated or mono-unsaturated or polyunsaturated monovalent
hydrocarbon group having from 3 up to 15 carbon atoms and including one or more heteroatoms
in one or more heterocyclic rings, each of said ringsiaving from 3 to 10 atoms (and optionally
further including one or more heteroatoms 15 attached to one or more carbon atoms of said ring,
for instance in the form of a carbonyl or thigcarbonyl or selenocarbonyl group, and/or to ope or
more heteroat SIS CHEing) TRRASERER I o T5rt of Bl Ao HORAE, RORidE e >
phosphate, phegphwriraidineselativm bxidecytosipk)eachos-saishhetaroatirngdirirgandsamindently
selected from the grauD £ORRIRHRIR LIS SRS ADRHIE Selgnium and RhGsRRYIYS, also

including radicals wherein a hetergcyclic ring is fused to one or more aromatic hydrocarbon rings
for instance in HFEYBHYEoPbERIYFNLOGCUINE AR RS PARPARIHE: f G Heth Gty RRPSHR s
within this-defivitiersarethecheledhetérodyglicfgsaieps sz ds, butsivdipaitedrtopmyrigylnore

dihyd ropyridy',58}5%?%@%&%@9&@dmaBH?J%8%;;%3@%)/9&%@%2gisyﬁm&rgﬂaiﬁg;ﬂf

sulfoxide, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyi, benzofuranyl, thianaphthalenyl,
indolyl, indolenifR BRI ORERANBRRIHerfitidasome Sdiaiw i sSRRIBrHT BT Sfitiny,
2-pyrrolidonyl, pyovialiaylidetrahygeafiitcatyh bisrigtrahyeroftnanyblatranydropirative bases,
bistetrahydrop |, tetrahyd inoli trahydroi inolinyl, dec roauing- 30li
octahydroisoq l)JQI' r’?é}é%igéggé néygﬂg%%%wgy%%%g f %%%%Igg(lagﬁk:}%Zﬁog éi‘@é%e%qg: gﬁ(%t%?éa}ly /l,
thianthrenif, pyframyfasemenorwensgs cataiaiyitsdithaHy0BReR8RAtANI WVEHARSHS -
isothiazollyl, iS?XaﬁﬂYff-spb(é@aiﬂwraﬁﬁ!iég@iOllyﬂeﬁngﬂa?t%wmiﬁémﬁkéy:ﬁ%@l'téﬂdm%iﬂ#’inﬁl%l@bﬁpuriny|,
4H-quinolizinyl, phthalazinyl|, naphthyridin inoxalinyl,,quinazalinyl, cinnolinyl. pteridinyl, 4aH-
Scarbazolyl el BN R TR PR T e e AT A 7Sl
phenazinyl, phéRotaraginalcinasaslylapharioxeizinyies dehrartiahy Etbkoriepylindduzptdiny|,
imidazolinyl, pysagplidinybupyirazatioyt. piperaginy. snsdalinykdsqingdelinyl.mugnuelidiayl mgraholinyl,
oxazolidinyl, ben o?rljzolyl treémsox zolyl, oxnédolyl ben%oxazo I%‘I bz zothi n%yl, 1§H |
benzothiabdlyl S s YN hrarOY ceriH ¥ HS W S Lt B Y bt T i
heteroaryl") grdups.sbehedsylbtibnbt limiteslyto 2elyexyl, SHhgrlyoBriusihyhaidarinly| Spyrdthidiby |,
pyrazinyl, s-trigzginyloxazolyh jimidazaly!, shiazplilsispxazov. aviaaolvbdaginiarelytiuranyl
thiofuranyl, thienyl, and pyrrolyl, and non-aromatic heterocyclic groups; when a heteroatom of the
said 15 non-arhslic RetbR e GOt 1 REp G At ATy R SRR wte ). ™
substituent selectaetfiomithedyrodp eninsistivig of-tkydeydloatkyt ey aryialoleand salidylamy|

(suchd as efined heiell): Py o XHRE. GREDBPShOOHEA EIOPYGUEAGS i e panded

at position 2, 3, 4, 5, or o of a pyridine, at position 3, 4, 5, or a pyridazine, at position 2, 4, 5,
or 6 of a pyrimiEMECREITBORBBHEEEraPly fTemBf hipyraamenatedsition 2, 3, 4, or 5 of a furan,

tetrahydrofuran, thiofxan,4Bioplees, RHdolenRIstetsRpsdrepBioiR At theskion 2; 4yeldalefian
oxazole, imidazole or thiazole aliigosi ion 3,4 8r5 ogan isoxazole pyra ol?hor.isot iazoeg%?at

position 2 or 3 RIEW Sa%rﬁﬁ?ﬁ@%(? po?s’ﬁlt%iﬁafffi St,worrﬁcgf a%nani'gﬁa?’r?e?a rﬁoé?ﬁ‘on 82\’,'%? r,ogj ,or8
of a quinoline otttqseBiioratoBs.488¢ch as for instance cyclopropyl, cyctobutyl, cyclopentyl,

25 cyciohexyl, cycloheptyl, cydlooctyl and the fike, or @ Crp polycyclic saturated
hydrocarbon monovalent radical having from 7 to 10 carbon atoms such as, for
instance, norbornyl, fenchyl, rimethyliricyclohepty! or adamaniyl.

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

30 18 carbon atoms, respectively cyclic hydrocarbon chains having from 3 to 10



25 6, 7, or B 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, 6-pyridazinyl,
2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl,
6-pyrazinyl, 2-thiazolyl, 4- thiazolyl, or 5-thiazolyl; by way of example, nitrogen-bonded
heterocyclic rings 30may be bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-
14 pyrroline, 3-pyrroline, imidazole, imidazolidine,3-imidazoline, pyrazole, pyrazoline,
2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1 H-indazole, at position 2 of an
isoindole or isoindoline, at position 4 of a morpholine} land at position 9 of a carbazole or
11-carboline, still more specific 5nitrogen-bonded heterocycles include 1-aziridyl, 1-azetedyl,
1-pyrrolyl, 1- imidazolyl, 1-pyrazolyl and 1-piperidinyl. The term " acyl " as used herein, unless

otherwise statefeHRPEEETS: c‘ﬂFﬁoWﬁGﬁﬁdﬁ‘%lPé‘EMV@&éﬂﬁ“@é"(é‘t&W 118y afesr EWQHVISB?yI
heterocyclic, argaliop, aoyldjkehigh angdalkgnid, ineteﬁewcltma&ybﬁf@emﬁmlmammylm 16t

heterocyclic-alkyLgrauiny s as et premple akanayl (lky Isamonyll AP rvicathonyD.

arylalkanoyl or alkylaroyi wherein’the carbonyl group | couple to ano her Molecule. As an
example, the teﬂ?f‘e% o@?‘ﬁl H"?Ct“é?@@ 5@9’1 group coupled via an oxygen atom to an alkyl
group, the latter belngfsa‘mnm@.eﬂ caupleddndannther metecuitnenatnirkbAsran exarpha, * and

alkylalkenylcarb g(rgg\wésm%g& c%(Ys ng)%] ‘)Cg) ra e@é/ g]rogrg]{:%génac %Egg :?'{}%n%pstltuﬁe%at one

side with an alky er sid ana eny e alkyl'and I groups being

further coupled 1§ éiﬁ’&ﬁ@r HTEcuresepaival, Aﬁ%§e@ﬁ@@%ﬁ@ﬁd%ﬁ!@§§@fﬁéﬂﬁ%t&téﬂ Mhe

terms " alkoxy "carbyeleroatl a»!flﬁﬂ?%t"iéé%%ﬂéyébé't@@ﬂ@K)fl@éw%’aiid??(ﬁr@tﬁr@ﬁ%@&a'ﬁﬂbip&%" "
thio cycloalkyl ", * ?ry thio,!, " ar IaIkyI "and " thjohe Srocycll (OL ‘%E tltuents rein
an alkyl group, re%pec |Véﬂ/ 3 cI831k alayrle a?yltal h&erd §’ acH %?EEF%/ uch

as def|nedilﬁereﬁi)b@ﬁ@&tlachécbtowmijyg@ntmtts«mybma:dmbﬁmﬁgaﬂghmoﬂmmlgheacmgIe bond, such
as but not limited to As used herein with respect to a substituting radical, and unless otherwise
stated, the term ” aryl * designates any mono- of polycyclic aromatic monovalent
hydrocarbon radical having from 6 up to 30 carbon atoms such as but not limited
to phenyl, naphthyl, anthracenyl, phenantracy!, fluoranthenyl, chrysenyl, pyrenyl,
15 biphenylyl, terphenyl, picenyi, indeny!, biphenyl, indacenyl, benzocyclobutenyl,
benzocyclooctenyl and the like, including fused benzo-Csp cycloalkyl radicals
{the latter being as defined above}) such as, for instance, indanyl,
ietrahydronaphtyi, fluorenyl and the like, all of the said radicals being optionally
substituted with one or more substituents independently selected from the group
20 consisting of halogen, amino, trifluocromethyl, hydroxyl, sulfnydryl and nitro, such
as for instance 4-fluorophenyl, 4-chlorophenyl, 34-dichlorophenyl, 4-
cyanophenyl,  2,6-dichlorophenyl,  2-fiuorophenyl,  3-chlorophenyl,  3,5-
dichloropheny! and the like.
As used herein with respect fo a substifuting group, and uniess otherwise
25 stated, the terms ° arylalkyl °, “ arylalkenyl © and " heterocyclic-substituted alkyl
refer to an aliphatic saturated or ethyienically unsaturated hydrocarbon
monavaient group {preferably a Cq.45 alkyl or Co.qg 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

30 group may be optionally substituted with one or more substituents independently



25methoxy, ethoxy, propoxy, butoxy, thioethyl, thiomethyl, phenyloxy, benzyloxy, mercaptobenzyl
and the like. As used herein and unless otherwise stated, the term halogen means any atom
selected from the group consisting of fluorine, chlorine, bromine and iodine. As used herein with
respect to a substituting radical, and unless otherwise 30 stated, the term "amino-acid " refers to a
radical derived from a molecule having 15 the chemical formula H2N-CHR-COOH, wherein R is
the side group of atoms characterizing the amino-acid type; said molecule may be one of the 20
naturally-occurring amino-acids or any similar non naturally-occurring amino-acid. As used herein
and unless otherwise stated, the term " sterecisomér” refers 5 to all possible different isomeric as
well as conformational forms which the compounds of the invention may possess, in particular all
possible stereochemically and conformationally isomeric forms, all diastereomers, enantiomers

and/or confornfSIEGAHEPBLEIE ABHRFAPSRivALAL Nelnge e GPBRN X BPRE BrABERMertion
may exist in diffsgénrifautometiyfeamdspidbobldihes|atienbeingiied| tm edwaithit-tihéostopedf the

present inventiph o, A3 4154 herein aRdlessomamis salst, he s enanioger "means

each individual optically active form of a compound of the invention, having an optical purity or
enantiomeric REEBERIEYe bIRTHBOE) e thdars R EVRATRYIn RRETH) BP % 16ASPEEN MYt least
90% of oné engintipneengntanmost-b0enabthg, 16 athes-enantipmery-piefeipihyiatleasihn80% and

ferab t 9890, i 4 I t ' { t " solvate "
includes any co et syl BRI AR MR e B T e
inorganic solventd@jidyfiareay\dr PgaayiBeivent- YirmyHasyincRYimotdatiyta ssiBROlidones,

esters and thedikgi, 2aiiaederi-<pharpacasticadyiaesapiable TanianeuXcipient " as used herein
refers to any materia}xgr su%sﬁance W'lm which E e active ﬁ{imi le,i.e.ac mRPund f this

invention may be formulatad i order Lo fachtate te aSpL)prisca itén o%‘*&“ defhination tothe 1ocus to be

treated, faP instidied bipdissotvingheliepsisitiy ordiffuging teissaryeldmposiion andlorto facilitate

its storage, traRsRRYcRE, saturated or mono-unsaturated or polyunsaturated monovalent
hydrocarbon group having from 3 up to 15 carbon atoms and including one or
more heteroatoms in one or more heterocyclic rings, each of said rings having

from 3 to 10 atoms (and optionally further including one or more heteroatoms

15 atached to one or more carbon atoms of said ring, for instance in the form of a
carbonyl or thiccarbonyl or selenocarbonyl group, andf/or to one or more
heteroatoms of said ring, for instance in the form of a sulfone, sulfoxide, N-oxide,
phosphate, phosphonate or selenium oxide group), each of said heteroatoms
being independently selected from the group consisting of nitrogen, oxygen,

20 sulfur, selenium and phosphorus, also including radicals wherein a heterocyclic
ring is fused o one or more aromatic hydrocarbon rings for instance in the form

of benzo-fused, dibenzo-fused and naphto-fused heterocyclic radicals; within this
definition are included heterocyclic groups such as, but not limited to, pyridyl,
dihydropyridyl,  tetrahydropyridyl  (piperidyl), thiazolyl, tetrahydrothienyl,

25 telrahydrothienyl sulfoxide, furanyl, thienyl, pyrolyl, pyrazolyl, imidazolyl,
tetrazolyl, benzofuranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyi,
isoquinolinyl, benzimidazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl,
pyrrolinyl, tetrahydrofuranyl, bis-tetrahydrofuranyl, tetrahydropyranyl, bis-
tetrahydropyranyl, tetrahydroquinofinyl, tetrahydroisoéuino!inyl, decahydroquino-

30 linyl, octahydroisoquinofinyl, azocinyl, triazinyl, 6H-1,2,5-thiadiazinyl, 2H,6H-



25 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 30 limited to, erythrose or threose with the general formula
04H804. Tetrose 16 compounds (carbohydrate nomenclature) can alternatively be named as
tetrahydrofuranyl compounds (IUPAC nomenclature) since they share the five-membered
oxygen-containing heterocycle. As used herein and unless otherwise stated, the term " anomeric
carbon " 5 refers to the carbon atom containing the dérbonyl functionality of a sugar molecule,
also referred to as a carbohydrate. This carbon atom is involved in the hemiacetal or hemiketal
formation charagtgrggggor .th(? s%ar Eilr;ﬁq]s{[ructure. This carbonyl carbon is referred to as the
anomeric carbon BECAUSA e nORLRITAT 1 tHY THRAr SRbaLFe AR PRGN oyt e tidture.
10As used herelhanexatiiess otABryswistatadothiadelyiy " seleativiy! pratecticmy!, and tidetiegtive

deprotection " refiegsiihife indERRYSHEN, Mmshesdively the.(emOoua); of SLAMIECIRD GIRLRARR

specific reactive HL% C ionaity in %moje,cule contain_lngLsev_eral functionalities, respectivel
containing sevefal p? UL IMAs SURP R h JtHeaE R RBNE e IRENATEE Many
15 molecules us@dhinzthy, presentzoléntidcatotain,metesthan oo peactivedioicti qrelinydiFrar

example carbohyglialesasgrnaracigased Ry mo&éﬂgm&gﬁ]ﬁlcohg& I%’gqnal %t oeﬁ%gégwften

necessary to manipulate only one (or some) of these groupsat a time withdut interfering with the
other functionalif@EN AT oA BEYIbte BY@7EELIRYG: dvidrasiiorbrawserlisipbupyravalienican be
20 manipulated piskgadifferentdeiastionicondiiens. Thaussiahproteatingharaups bxsxaiamway

that it is possiblg t_medify, fung 9&@&\(% pendantly.from the gther functionalities present in
the molecule is referre(]j to g’s’ ! ort%‘nogonaa\ prgfecti%%% ¥1Ié dg%?ggﬁéﬁﬁﬁfbrt%%%zﬁﬁ tSpci;:‘tlecting

group strat&fieLRIAEYIERYSsHIE tSriiRle bRessYBipraretitg grawpasin aydridedwitio

reagents and 2heterditipnsioviich dadeicaliact herounsin athengetmtARREicient pratseting
ossessing & oL R E A BT I THE ArSle BTN BIPEAN bE=Eo,
chemoselective fiRephd el Exti@EBpiY d eiezohbmizethropeitidsraegiosbiettivayivhtedy tortthe
location of the fignetinpalivisHnaemplemilge A eRclins At simationfABdRe said
stereosele(fg've ;rignt-yélpovmvaa%{g ’hié?élgolgy%ﬁgagllj’ggp is nitrogen, the latter may be substituted with a
substituent selected from the group consisting of alkyl, cycloatkyl, aryt, arylalkyl
and alkylaryl (suchb as defined herein); by way of example, carbon-bonded
heterocydlic rings may be bonded at position 2, 3, 4, 5, or 6 of a pyridine, at
position 3, 4, 5, or 6 of a pyridazine, at position 2, 4, 5, or 6 of a pyrimidine, at
20 position 2, 3, 5, or 6 of a pyrazine, at position 2, 3, 4, or 5 of a furan,
tetrahydrofuran, thiofuran, thiophene, pyrrole or tetrahydropyrrole, at position 2,
4, or 5 of an oxazole, imidazole or thiazole, at position 3, 4, or 5 of an isoxazole,
pyrazole, 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,
25 6, 7, or 8 of an isoquinoline; still more specific carbon-bonded heterocycles
include 2-pyridyl, 3-pyridyl, 4-pyridyl, S-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-
pyridazinyi, S-pyridazinyi, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyi,
B-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyi, 5-pyrazinyl, 6-pyrazinyl, 2—thiazoiy5, 4
thiazolyl, or 5-thiazolyl; by way of example, nitrogen-bonded heterocyclic rings

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



17 it will only occur at a specific stereoisomer or at a specific stereo-orientation of the functionality,
or (2) because it will result in only one specific stereoisomer. A protection reaction can therefore
also be stereoselective for example in a way that it will only result in protection of a functionality
when in a certain 5 conformation. As used herein and unless otherwise stated, the snake-like
symbol stands for a bond with specific stereo-orientation but for which both options are possible,
I.e. for any stereochemical arrangement of said bond. 10 DETAILED DESCRIPTION OF THE
INVENTION One embodiment of the present invention relates to novel compounds being
3'-phosphonate substituted furanose nucleosides reptésented by the general formula (I): 0 Mri *0
R10-P OR2 15(I) Wherein' B is a heterocycle selected from the group consisting of pyrimidine and
purine bases; sna§ e-like @/mbol means any stereochemical arrangement of the bond

20linking B, or th m?1os,ph AAIKER G rd0l 36 YRe RGRAYHMD. 2 misezainR2 Sreidagnline,
independently selséasieiraryraeligroudconsistting GHhydrogen; EHROBES) pisRR3RE2RIGIalky!;
alkenyl:alkynyl:%alaﬁuéyk H-indazole, at position 2 of an isoindole or isoindoline, at pasifion 4 of a

morpholine, and at position 9 of a carbazole or R-carboline, still more specific
5 nitrogen-bonded heterocycles include 1-aziridyi, 1-azetedyl, 1-pyrrolyl, 1-
imidazolyl, 1-pyrazolyl and 1-piperidinyi.

The ferm " acyl © as used herein, unless otherwise staled, refers fo a
carbonyl group directly attached to an alkyl, alkenyl, alkynyl, aryl, heterocydiic,
atylalkyl, arylatkenyl, arylalkynyl, heterocyciic-alkyl, heterocyclic-alkenyl or

10 heterooyciic-éikynyl group, such as for example alkanoy! (alkylcarbonyl), aroyl
(aryicarbonyl), arylalkanoy! or alkylaroyl group, wherein the carbonyl group is
coupled to another molecule. As an example, the term © acyioxyalkyl ¥ refers to
an acyl group coupled via an oxygen atom to an alkyl group, the latter being
further coupled to another molecule or atom.

i5 As an example, * alkylalkenylcarbonate * refers to a alkyt-OC(O)O-alkenyl
group, thus a carbonate substituied at one side with an alkyl and on the other
side with an alkenyl, one of the alky! and alkenyl groups being further coupled to
another molecule or atom.

As used herein and unfess otherwise stated, the terms alkoxy “,  cyclo-

", " aryloxy “,

cycioalkyi “, " arylthio “, © arylalkylthio * and © thioheterocyclic “ refer to
substituents wherein an alkyl group, respectively a cycloalkyl, aryl, arylalkyl or
heterocyclic group (each of them such as defined herein), are attached to an
oxygen atom or a sulfur atom through a single bond, such as but not limited to

£

20 alkoxy arylalkyloxy “, * oxyheterocyclic ©, ¢ thioalkyl , * thio

25 methoxy, ethoxy, propoxy, butoxy, thioethyl, thiomethyl, phenyloxy, benzyloxy,
mercaptobenzyl and the like.

As used herein and unless otherwise stated, the term halogen means any

atom selected from the group consisting of fluorine, chiorine, bromine and iodine.

As used herein with respect to a substituting radical, and unless otherwise

30 stated, the term “ amino-acid ” refers to a radical derived from a molecuie having



cycloalkenyl; cycloalkynyl; aryl; arylalkyl; heterocyclic ring; heterocyclic ring- alkyl;acyloxyalkyl;
acyloxyalkenyl;acyloxyalkynyl;acyloxyaryl; 25acyloxyarylalkyl; acyloxyarylalkenyi;
acyloxyaryialkynyl; dialkylcarbonate; alkylarylcarbonate; alkylalkenylcarbonate;
alkylalkynylcarbonate; alkenylaryl- 18 carbonate; alkynylarylcarbonate; alkenylalkynylcarbonate;
dialkenylcarbonate; dialkynyl-carbonate; wherein said alkyl, alkenyl and alkynyl can contain a
heteroatom in or at the end of the hydrocarbon chain, said heteroatom being selected from the
group consisting of oxygen, sulfur and nitrogen; and R1 and 5R2 are further selected from
substituents known for phosphonates described as &nti-viral agents; R5 is selected from
hydrogen, azido, halogen (preferably) fluor, cyano, alkyl, alkenyl, alkynyl, SR14 and OR14; R14

is selected from h)ég‘ro %Liglﬁgﬁll%%l%%#%m%glﬁ ﬁyﬁlcl)glg]engl %jogfl:r)écloal yr%g aryl;

heterocyclic ring; aryla eterocyc acyloxyalkyl; wherein sai yP alkeny and
alkynyl can coﬁfﬁi@@t%&@ﬂﬁl@ﬁﬂﬁ‘%ﬂﬁ@énlﬂ# thelaydrormben enaifl sedheritsalvm being

selected from the.@piep-caNSISRG of awmuwtﬂ%%a@m@ﬁﬂamgé&nW&S are
independently Sel?ﬁ\%t%%égo I[lgrtehl% grougnfe%gsé?lt{g%vzse stated, the term ” stereoisomer “ refers
5 to all possible different isomeric as well as conformational forms which the
compounds of the invention may possess, in particular all possible
sterecchemically and conformationally isomeric forms, all diastereomers,
enantiomers and/or conformers of the basic molecular structure. Some
compounds of the present inventton may exist in different tautomeric forms, all of

10 the latter being included within the scope of the present invention.

As used herein and unless otherwise stated, the term “ enantiomer ” means
gach individual optically active form of a compound of the invention, having an
optical purity or enantiomeric excess (as determined by methods standard in the
art) of at least 80% (i.e. at least 90% of one enantiomer and at most 10% of the

15 other enantiomer), preferably at least 0% and more preferably at least 98%.

As used herein and unless otherwise stated, the term " solvate ” includes
any combination which may be formed by a compound of this invention with a
suitable inorganic solvent {e.g. hydrates) or organic solvent, such as but not
limited o alcohols, ketones, esters and the like.

20 The term * pharmaceutically acceptable carrier or excipient * as used
herein refers to any material or substance with which the active principle, i.e. a
compound of this invention may be formulated in order to facilitate its application
or dissemination to the locus to be freated, for instance by dissolving, dispersing
or diffusing the said composition, and/or to facilitate its storage, transport or

25 handling without impairing its effectiveness. The pharmaceutically acceptable
carcier may be a solid or a liquid or a gas which has been compressed o form a
fiquid.

As used herein and unless otherwise stated, the term ” tetrose 7 refers to
any of a class of monosaccharides containing four carbon atoms such as, but not

30 limited to, erythrose or threase with the general formula CsHgO4 Tetrose



15 hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyf; aryl; arylalkyl;
heterocyclic ring; heterocyclic ring-alkyl; acyloxyalkyl; wherein said alkyl, alkenyl and alkynyl can
contain a heteroatom in or at the end of the hydrocarbon chain, said heteroatom being selected
from the group consisting of oxygen, sulfur and nitrogen; 20 - n is an integer selected from 1, 2, 3,
4,5 0r 6; mis 0 or 1, including pharmaceutically acceptable salts, solvates, and isomers thereof.
In one embodiment, the invention relates to compounds according to the general formula (1),
wherein B is selected from adenine and thymine. In another 25 particular embodiment, the
3'-phosphonalkoxy substituent or the purine or pyrimidine base (i.e. the heterocycle B) coupled to
the ring of the compounds according to the general formula (I) are in the R or S configuration. In
its more general accegn%nc ttr}g R c(jsﬁ%lon relates to a fsrst class ?f com unds mcludmg a

heterocyclic nuclaoBALE Bttag irst ca%%'ﬁoﬁ%ﬁ[ﬁ of 'arf o%ﬁ? )}’ S stlﬂﬂ@g
five-member sdﬁi@t&dm&wy@ﬂmgmp%élé&é@ fmemelaétraMMthaayl shade the five-

tetrahydrOthlenM‘ne%HQef#ér&hﬁiy%%ﬂ%ﬁqlﬁq(?ﬁﬁ@%@%igoxy’ thiophosphonoalkoxy,
phosphonothioalkyl or thi honothjoalkyl group attached to a second carbon atom of said

five-member saturateé‘%@ Sileg @%‘EH” A S B HELE O B iRG adARERELS FR ¥ %teroatom
of said five<5 miefaise s aheatedbivetestoyclimgi@umoatices ariseagnfLcativoni@foni keinggadjacent

neither to the hefgraaimLRer Aardhedis! sacbonalpgyehsaih eamem el alufriagkhgieieyclic
group. This first class of compounds may be represented by the general formula 01): R8X
X3 R2X5Pn X Nemiacetal or hemiketal formation characteristic for the sugar ring structure. Th:s

carbonyl carbon is referred to as the anomeric carbon because it is non-chiral in
the linear structure, and chiral in the cyclic structure.
10 As used herein and unless otherwise stated, the term 7 selective
protection ” and " selective deprotection ¥ refers to the introduction, respectively
the removal, of a protecting group on a specific reactive functionality in a
molecule containing several functionalities, respectively containing several
protected functionalities, and leaving the rest of the molecule unchanged. Many
15  molecules used in the present invention contain more than one reactive
functionality. For example carbohydrates are characterised by more than one
alcohol functional group. It is often necessary to manipulate only one (or some) of
these groups at a time without interfering with the other functionalities. This is
only possible by choosing a variety of protecting groups, which can be
20  manipulated using different reaction conditions. The use of protecting groups in
such a way that it is possible to madify a functionality independantly from the
other functionalities present in the molecule is referred to as " orthogonai
protection “. The development of orthogonal protecting group strategies makes it
possible to remove one set of protecting groups in any order with reagents and
25  conditions, which do not affect the groups in other sets. An efficient protecting
group strategy can be critical for accomplishing the synthesis of iarge, complex
molecules possessing a diverse range of reactive functionality. This protection
reaction can be chemoselective when selectivity is due fo chemical properties,
regioselective when due to the location of the functionaiity within the molecule. A

30  reaction or fransformation can be " stereoseiective ” in two ways, i.e. (1) because



x{4 10(ll) wherein: X1, X2, X3, X4 and X5 are each each independently selected from the group
consisting of oxygen and sulfur, B is a natural or non-natural heterocyclic nucleobase, 15 - R1
and R2 are each independently selected from the group consisting of hydrogen;
(-PO3R15),,-PO03R17R18; alkyl;alkenyl; alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl; aryl,
arylalkyl; heterocyclic; heterocyclic-alkyl; acyloxyalkyl; acyloxyalkenyl; acyloxyalkynyl; acyloxyaryl;
acyloxyarylalkyl; acyloxyarylalkenyl; acyloxyarylalkynyl; dialkylcarbonate; alkylaryicarbonate; 20
alkylaikenylcarbonate; alkylalkynylcarbonate; alkenylarylcarbortate; alkynylarylcarbonate;
alkenylalkynylcarbonate; dialkenylcarbonate; dialkynyicarbonate; wherein said alkyl, alkenyl and
alkynyl optionally contains one or more heteroatoms in or at the end of the hydrocarbon chain,
said heteroatorqs b?in independently selected from the group consisting of oxygen, sulfur and
25nitrogen; 20"H4) RAYRS K62 Ry Shaf s SRECoireMAE pehde ARy WMledRiamror trtigp orip
consisting of hydiroewiiaaidity, hal (eebeganeserablyiflear) ik yanooalkghalkienytatigomeSeand

OR14; R14 s splgetad iramdidraarnmalkyd-2lkany b &Ky, SYEIQAl CYSIQRIE N, way
that it will only result in protection of a functionality when in a certain
5 conformation.
As used herein and uniess otherwise stated, the snake-ike symbol
stands for a bond with specific stereo-orientation but for which both options are

possible, L.e. for any stereochemical arrangement of said bond.

10 DETAILED DESCRIPTION OF THE INVENTION

One embodiment of the present invention relates to novel compounds

being 3'-phosphonate substituted furanose nuclecsides represented by the

general formula (1)
o}
B
0
. O_}l/éi\o
| R’

OR?
15 (1)

wherein:

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

- the snake-like symbol means any stereochemical arrangement of the bond

20 inking B, or the phosphonalkoxy group, to the furanyl group.

- R' and R® are each independently selected from the group consisting of
hydrogen; {(-POsR™)n-PO:RR'™;  alkyl; alkenyl; alkynyl; cycloalkyl:
cycloalkenyi; cycloalkynyl; aryl; arylalkyl; heterocyclic ring; heterocyclic ring-

. alkyt; acyloxyalkyl; acyloxyalkenyl; acyloxyalkynvl; acyloxyaryi;
25 acyloxyarylalkyl; acyloxyarylalkenyl; acyloxyaryialkynyl; dialkylcarbonate;
alkylarylcarbonate; alkylalkenylcarbonate; alkylalkynylcarbonate; alkenyiaryl-



5 cycloalkynyl; aryl; heterocyclic; arylalkyl; heterocyclic-alkyl; acyloxyalkyl; wherein said alkyl,
alkenyl and alkynyl optionally contain one or more heteroatoms in or at the end of the
hydrocarbon chain, said heteroatoms being independently selected from the group consisting of
oxygen, sulfur and nitrogen; 10 - R16, R17 and R18 are independently selected from the group
consisting of hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl; aryl; arylalkyl;
heterocyclic; heterocyclic-alkyl; acyloxyalkyl; wherein said alkyl, alkenyl and alkynyl optionally
contain one or more heteroatoms in or at the end of the hydrocarbon chain, said heteroatoms
being independently selected 15from the group consfsting of oxygen, sulfur and nitrogen; X4 and
R1, or X5 and R2 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 esterifiga‘:b%ﬁtgnaﬁﬁfyo% SR RS R {%Eé%@?'l‘{‘%eﬂ Ky OL%SE‘E%”Q&?FPGOF&%UH-

200C(R520C(0) Y{RAG 2/ vtrebesinete = whered) s=idl athen ¥isr/andd alkyoi ZahewntddNg R5 is
selected from the grouiR ABRSIRIRGRTAY drrosnAlkYuAthBle Rihia k| nalkesiaty baliynylaryl

or alkylaryl, wherein each of said alk'yl, alkenyl, alkynyl and aryl ﬁroups is optionally substituted

with one or more SRS BTG E SRREFFHOM Tyt cHlGAnyBrPeRs: 804hs, 83fto,
nitro and GR14; R sredlethed seacidigroupubstisistity iofdwafogehgspllyhzaeyl dakerdd
alkynyl, aIkenylargsa‘gm[{x}gm@pﬁglkylatyl, wherein each of said alkyl, alkenyl, alkynyl and aryl
groups is optionalli%s,ubstituted with one or more 21 atoms or groups selected from the i%roup

consisting of halo tySrit!a7i88, TP ERIA ARG RIR Pitepsn (Preferably) fluoro, cyana, alkyl,
' alkenyl, alkynyl, SR™ and OR™;

- R™is selected from hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl; cycloalkeny!;
10 cycloalkynyl; aryl, heterocyclic ring;, aryialiyl; heterocyclic ring-alkyl;
acyloxyalkyl; wherein said alkyl, alkenyl and alkynyl can contain a heteroatom
in or at the end of the hydrocarbon chain, said hetercatom being selected
from the group consisting of oxygen, sulfur and nitrogen;
- R* RY and R"™ are independently selected from the group consisting of
15 hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl; cycloalkenyi; cycloalkynyl; arvl;
aryialkyl; heterocyclic ring; heterocyclic ring-alkyl; acyloxyalkyl; wherein said
alkyl, alkenyl and alkynyi can contain a heteroatom in or at the end of the
hydrocarbon chain, said heteroatom being selected from the group consisting
of oxygen, sulfur and nitrogen;
20 - nisaninieger selected from 1, 2, 3, 4, 5 or 6;
- misQOort,
including pharmaceutically acceptable salts, solvates, and isomers thereof.
in one embodiment, the invention relates to compounds according to the
general formuia (1), wherein B is selected from adenine and thymine. in another
25 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 nucleobase attached to a first carbon atom of

30 an optionally substituted five-member saturated heterocydlic group selected from



R11 and R12 are each independently selected from the group consisting of hydrogen and alkyl; 5
- nis an integer representing the number of methylene groups between and P, each of said
methylene groups being optionally and independently substituted with one or two substituents
selected from the group consisting of halogen, hydroxyl, sulhydryl and Ci4 alkyl, and n being
selected from 1, 2, 3, 4, 5and 6; and 10 - mis O or 1, including pharmaceutically acceptable
salts, solvates, isomers and prodrugs thereof. More specific embodiments of the invention -
include sub-classes of stereoisomers represented by any of the following formulae (111) to (XVII1):
24 19

tetrahydrofuranyl and tetrahydrothienyl and further including a phosphonoalkoxy,
thiophosphonoalkoxy, phosphonothioatkyl or thiophosphonothioatkyl  group
attached to a second carbon atom of said five-member saturated heterocyclic
group, said first carbon atom being adjacent to the heteroatom of said five-
5 member saturated heterocyclic group, and said second carbon atom bsing
adjacent neither to the heteroatom nor to the first carbon atom of said five-
member saturated heterocyclic group. This first class of compounds may be

represented by the general formula (1i):

8
R X1 B8
>I<|3 R’ RS
RZXS—P/H}XQ R*
X*R!
10 an

wherein: ‘

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

- Bis a natural or non-natural heterocyclic nuclecbase,

15 - R'and R* are each independently selected from the group consisting of
hydrogen; (-PO3R™)n-PO:RVR™; alkyl; alkenyl; alkynyi; cycloalkyt;
cycloalkenyl; cycloalkynyl; aryl; arylalkyl; heterocyclic; heterocyclic-alkyl;
acyloxyaltkyl, acyloxyalkenyl; acyloxyalkynyl, acyloxyaryl; acyloxyarylalkyl;
acyloxyarylalkenyl; acyloxyarylalkynyl, dialkylcarbonate; a!kylaryicarbonate;.

20 alkylalkenylcarbonate; alkylatkynylcarbonate; alkenylarylcarbonate; alkynyl-
arylcarbonate; alkenylalkynylcarbonate; dialkenylcarbonate; dialkynylcarbo-
nate; wherein said alkyl, atkenyl and alkynyl optionally contains one or more
heteroatoms in or at the end of the hydrocarbon chain, said hetercatoms

being independently selected from the group consisting of oxygen, sulfur and
25 nitrogen;



X R2X5-P n X X4R1x3 R3R4 (XI)R4 (XIV), R4 (XV), R4 (XVI) (XVII), and

10

15

20

25

20

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

R™ is selected from hydrogen; alkyl; afkenyl; alkynyl; cycloaikyl; cycloalkeny!;
cycioalkynyi; aryl; heterocyclic; aryialkyl; heterocydlic-alkyl; acyloxyalkyl;
wherein said alkyl, alkenyl and alkynyl optionally contain one or more
heteroatoms in or at the end of the hydrocarbon chain, said heteroatoms
being independently selected from the group consisting of oxygen, sulfur and
nitrogen;

R'" R' and R" are independently selecied from the group consisting of
hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl; cycioalkenyl; cycloalkynyl; aryl;
arylalkyl; heterocyclic; heterocydlic-alkyl; acyloxyalkyl; wherein said alkyi,
alkenyt and alkynyl optionally contain one or more heteroatoms in or at the
end of the hydrocarbon chain, said heteroatoms being independently selected
from the group consisting of oxygen, sulfur and nitrogen;

X* and R', or X® and R® may togsther form an amino-acid residue or
poiypeptide wherein a carboxyl function of said amino-acid residue being at a
distance from the amidate nitrogen not further than 5 atoms is esterified;

X* and R* or X° and R* may together form a group having the formula —
OC(R*)L,OC(O)Y(R"), wherein Y =NorO,a=twhenYisOanda=1or2
when Y is N;

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

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



(XVII) bwherein n, m, B, X1, X2, X3, X4, X5, R1, R2, R3, R4, R5, Re, R7, Ra, Ro, Rio, R11, R12,
R14,1 ti<R2 and R18 are defined as in formula (Il), including pharmaceutically acceptable salts,
solvates, isomers and prodrugs thereof. In a specific embodiment, this invention relates to
compounds represented by any of the formulae (II) to (XVIII), wherein R4 is hydroxy. 10In a
preferred embodiment, this invention relates to compounds represented by any of the formulae (I1)
to (XVIII), wherein at least one of R7 and R8 is hydrogen, more preferably both R7 and RB are
hydrogen. In its more general acceptance, the invention also relates to a second class of
compounds including a heterocyclic nucleobase attééhed to a first 15 carbon atom of an optionally
substituted five-member mono-unsaturated heterocyclic group selected from dihydrofuranyl and

dihydrothienyl and [g%hegincluding atgﬁl—ggp onoalkoxy, thiophosphonoalkoxy, )
phosphonothioalky! oF tlsnlorgﬁr SPRoROtTSAIKTIErdip SEn TS alisecBhdarsya o bisaid
five- nitro, OR* and NRVR';

R™ and R'? are each independently selected from the group consisting of
hydrogen and alkyl;

5 - nis aninteger representing the number of methylene groups between and P,
each of said methylene groups being optionally and independently substituted
with one or two substituents selected from the group consisting of halogen,
hydroxyl, sulhydryl and Cq4 alkyl, and n being selected from 1, 2, 3, 4, 5 and
6; and

10 - misDort,

inchuding pharmaceutically acceptable salts, solvates, isomers and prodrugs
thereof.

More specific embodiments of the invention include sub-classes of

sterecisomers represented by any of the following formulae (HD) to (XVII):

15

(Iv),



member mono-unsaturated heterocyclic group, said first carbon atom being 20 adjacent to the
heteroatom of said five-member mono-unsaturated heterocyclic group, and said second carbon
atom being adjacent neither to the heteroatom 26 nor to the first carbon atom of said five-member
mono-unsaturated heterocyclic group. This second class of compounds may be represented by
the general formula (XIX): 1 x4 R1 5(XIX) wherein: - X1, X2, X3, X4 and X5 are each each
independently selected from the group consisting of oxygen and sulfur, B is a natural or
non-natural heterocyclic nucleobase, 10R1 and R2 are each independently selected from the
group consisting of hydrogen; (-PO3R18),",-PO03R17R18; alkyl; alkenyl; alkynyl; cycloalkyl;
cycloalkenyl; cycloalkynyl; aryl; arylalkyl; heterocyclic; heterocyclic-alkyl; acyloxyalkyl;
acyloxyalkenyl; acyloxyalkynyl; %cyloxyar)(l acyloxyaryialkyl; acyloxyarylalkenyl;
acyloxyarylalkynyl; dlalkylcarbcgﬁ e; alk¥laryicarlgpnate; 15alkylalkenylcarbonate;
alkylalkynylcarbonate; allgenylarylc

R2 X

(VI



arylcarbonate; alkenyialkynylcarbonate; dialkenylcarbonate; dialkynylcarbonate; 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 20nitrogen; R3, R4, R7 and R8 are each independently selected from the
group consisting of hydrogen, azido, halogen (preferably fluoro), cyano, alkyl, alkenyl, alkynyl,
SR14 and OR14; R14 is selected from hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl,
cycloalkenyl; 25cycloalkynyl; aryl; heterocyclic; arylalkyl; heterocyclic-alkyl; acyloxyalkyl; 27
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 n%trogen; 5- R18, R17 and R18 are independently selected from
the group consisting of hydrogerttalkyl; alkényl; alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl;
aryl; arylalkyl; heterocyclic ring; hetergeyclic T ) kyl; acyloxyalkyl; wherein said alkyl, alkenyl
and alkynyl optionally contain opé toms in or at the end of the hydrocarbon chain,
said heteroatoms being iere dently 10selgcted from the group consisting of oxygen, sulfur and
nitrogen; - X4 aﬂdm,—gnp({%er;%ﬂg ma ~

wherein a carboxyl functign of said amigé-aqtgiresidue being at a distance from the amidate
nitrogen not further than xatéms is esterified; X4 and R1 or X8 and R2 may together form a
group having the formula - 150C(R9)20C(0)Y(R10)a wherein Y =N or0,a=1when Y is 0 and a
="'l or 2when Y is N; R9 is selected from the group cg&isting of hydrogen, alkyl, aryl, alkenyl,
alkynyl, alkenylaryl, alkynylaryl ar% lkylaryl wherein each of said alkyl, alkenyl, alkynyl and aryl
groups is optionally substituted with>ane-or mQrestoms or 20 groups selected from the group
consisting of halo, cyano,xazidoRmi of:

1)



R1 is selected from the group consisting of hydrogen , alkyl, aryl, alkenyl, alkynyl, alkenylaryl,
alkynylaryi and alkylaryl, wherein each of said alkyl, alkenyl, alkynyl and aryl groups is optionally
substituted with one or more 25 atoms or groups selected from the group consisting of halo,
cyano, azido, nitro, OR14 and NR11R12; R11 and R12 are each independently selected from the
group consisting of hydrogen and alkyl, n is an integer representing the number of
methylene groups between and P, 30each of said methylene groups being optionally and
independently substituted 28 with one or two substituents selected from the group consisting of
halogen, hydroxyl, sulhydryl and Cl_ey alkyl, and n b7é’ing selected from 1, 2, 3, 4, 5 and 6; and m
is 0 or 1, 5including pharmaceutically acceptable salts, solvates, isomers and prodrugs thereof.
More specific embodiments of the inventi%; include sub-classes of compounds being
wingermulae (XX) to (XXVI): (XXI), 29

w3

(XN

XV



(XX 1), X3

Il R2X5PX |, X 'R (XXIIl), X3 R R2X5Pa X X4 5(XXIV), (XXV), and X3 R

ILH R2X--P n X xl

10

15

20

25

xR

SV
wherein n, m, B, X', X%, X% x*, X%, RY, R% R®, R4 RS, RS, R, R8, R%, R, R'", R™2,
RY, R™, R" and R™ are defined as in formuia (1), including pharmaceutically

acceptable salts, solvates, isomers and prodrugs thereof.

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

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

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

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



10(XXVI) 30 wherein n, m, B, X1, x2, X2, .x4, Xs, R1, R2, R3, R4, R7, Rs, Rs, Rut, R11, R12,
R14, R16, R17 and R18 are defined as in formula (X1X), and wherein the snake-like symbol
stands for any stereochemical arrangement of the respective bond, including pharmaceutically
acceptable salts, solvates, isomers and prodrugs 5thereof. In a specific embodiment, this
invention relates to compounds represented by any of the formulae (X1X) to (XXVI), wherein R4 is
hydroxy. In a preferred embodiment, this invention relates to compounds represented by any
of the formulae (XIX) to (XXVI), wherein at least one of R7 10 and R8 is hydrogen, more
preferably wherein both R7 and R8 are hydrogen. 2% It should be understood that in the above
embodiments of the invention, the novel compounds are as defined in any of the general formulae
() to (XXVI), wherein a sub t|tue ts ) 2 X3, X4. xs, R1, R2 R3

Rs, Rs, 15Rio, ﬁ‘il Rt%%{ff an PS % r?iég" mée@rerh1 nbtimg%rtrjgg%gn FS%%’{?% the
definitions givei@@b@véﬁﬁﬁ Wtﬂaﬁi@ﬁﬂq @‘nmmrpﬁefenmu bantfsesEmgn B aln® 3iIRGS (such
as illustrated abgug)iaf@@rgric terms used for substituting radicals such as, but not limited to, "
alkyl ", " cycloalkyl ", " alkenyl ", " alkynyl *, " aryl " heterocyclic ", " halogen ", " cycloalkenyl
20"a|ky|ary| " "arylalkyl . alko@/ N lkoxy "gthioalkyl ", " thiocyclo- aIkyI " amino aC|d
"and the like, each of the integers m
values given above.

R2X5

xR

5 (XIX)

wherein:

- X1 X3 3, X* and X® are each each independently selected from the group
consisting of oxygen and sulfur,

- B is a natural or non-natural heterocydlic nucleobase,

10 - R'and R? are each independently selected from the group consisting of
hydrogen; (-POsR'®)-POsRVR™:  alkyl; alkenyi; alkynyl; cycloalkyl;
cycloatkenyl; cycioalkynyl; aryl; arylalkyl; heterocyclic; heterocyclic-alkyl;
acyloxyalkyl; acyloxyalkenyl; acyloxyalkynyl; acyloxyaryl; acyloxyarylalkyt;

_ acyloxyarylalkenyi; acyloxyarylalkynyl; dialkyicarbonate; alkylarylcarbonate;

15 alkylalkenyicarbonate; alkylalkynylcarbonate; alkenyiarylcarbonate; alkynyi-
arylcarbonate;  alkenyialkynylcarbonate;  dialkenylcarbonate;  dialkynyi-
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

20 nitrogen,

- R’ RY, R" and R® are each independently selected from the group consisting
of hydrogen, azido, halogen (preferably fiuoro), cyano, alkyl, atkenyl, alkynyi,
SR™and OR™; |

- R is selected from hydrogen; alkyl; alkenyl; atkynyi; cycioalkyl; cycloatkenyi;

25 cycloalkynyl; aryl; heterocyclic; aryia!kyi;‘ heterocyclic-alkyi; acyloxyalkyl;



In each of the formulae (I) to (XXVI), the alkylene chain between X2 and the 25 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-, - or -CHY-CY'Y"-, each of Y, Y', Y" and Y" being preferably
independently selected from the group consisting of fluoro, chloro, hydroxyl, 30 sulhydryl and
methyl. 31 It should be understood that R1 and R2 refers to the definitions of phosphonate
prodrugs such as described for example in U.S. Patent No. 6,225,460 and U.S. Patent No.
5,977,089. Specific embodiments of bases B suitablefor inclusion into the compounds of 5 the
present invention include, but are not limited to, hypoxanthine, guanine, adenine, cytosine,
inosine, thymine, uracil, xanthine, 8-aza derivatives of 2- aminopurine, 2,6-diaminopurine,
2-amino-6-chloropiififEeifly58khritiifie, HEEIHe 8Rd el eortineaba-goRsai S RatvedsFe
adenine, guanine, Bsdeniadpusine, &, Gt diaen imop winie2kFgaincahoh|ohaurissd hypexasithine,
inosine and xanthing}; 43 deAgR MR YaIKES O &AM ARAINEs S RAIBBINARERC suitur and

2-amino-6-chloropurine, hypoxanthine, inosine and xanthine; aza derivatives of
2-aminopurine, 2,6@'H%ﬁﬁﬂiopurine, 2-amino-6-chloropurine, hypoxanthine, inosine and xanthine;
3- deaza derivative’'bf R7anaindRifinere2ifddiseninafiyiseictaiing b wklagapuyinentigpexaithine,
inosine and xanthine;.6-azac ine;; 5-fluor ine: 5- 15 chlorpcytosine; 5-lodocvtosine;.
5-bromocytosine; g’?ﬁﬁ?ﬁé@ %é%‘lﬁneg?gg'glrﬁom%%ﬁﬁufgjgé!mjo? ﬁfr%aclﬁ?%ﬂdh%ﬁ‘)%arggﬁy -%ﬁféuracil;
5-bromouracil; 5- té@flvigiemmapiraaEicsiRstRGSTReRyturasHak St ARy adVEWherein said
S-propynyluracil. PxgitgrahianBi ism HiRuinYbiasichis selaeiebHOB auayhelfeasaatan .t-
deazaguanyl, 8-azaguanyl, 7-dea anyl, adenyl,.3-deazaadenyl, 1- 2Q dezazadenyl
8-azaadenyl, 7-d eaizﬁggafgﬁlyqf g%—fﬁ%ﬁ%pﬁﬁﬁrﬁyﬁyﬁgm?ﬁé%ﬁ}%ﬁ %t-ocr;rﬁﬁoopéa-'fgarw Fg%%irtijr?ﬁﬂg\nd
6-thio-2-arhthopuriggiected samititagreniboehiwieinobifyresesnifnventontimarides the

phosphonate substittitgdyeleesides hayingramaof ibgtaanulas (M40 AxRoVadavhetrinB ds
selected from adeninf: ne.,Anoth%r parélcula_r embodiment of the 25 present invention

and.thymi ,
provides novel 3'-phd¥phd Eié%ﬁﬁ%[ﬁt@tga iR G4t FTPe-paitiCaf P beng ata
3'-phosphonalkoxydisibstitufedntiire craidricl edsides. tntdndtee thparticalame risbadirifiat; of the

present inventian, e Rphosppnalkoyy Ra%%guqaggﬁhg}emi%&oagfim@f bRsesRampled to
the ring Oflt? © comg%u(r&g)szg&%e)\l(r(l‘g\é@tpatlgv%gﬁgirlln\;[h:eNRO?rg go__(] f‘%gvlél[\%rllo{]"iss() anda=1or2
when Yis N; '

- R® is selected from the group consisting of hydrogen, alkyl, aryi, alkenyi,
alkynyl, atkenylaryl, alkynylaryl or alkylaryl, wherein each of said alkyl, alkenyl,
alkynyl and aryl groups is optionally substituted with one or more atoms or

20 groups selected from the group consisting of ﬁalo, cyano, azido, nitro and
ORM;

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

25 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 alky!;

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

30 each of said methylene groups being optionally and independently substituted



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 (I) to (ONI). Such novel intermediates may be represented by the following
general formulae 5(XXVII) to (XXXVI): HOOV (XXVII), UOOV 10(XXVIII), (XCIX), (X)O(),

25

with one or two substiuents selected from the group consisting of halogen,
hydroxyl, suthydryl and Cy.4 alkyl, and n being selected from 1, 2, 3, 4, 5 and
&; and
- misDori,
5 including pharmaceutically acceptable salts, solvates, isomers and prodrugs
thereaf.
More specific embodiments of the invention include sub-classes of

compounds being stereoisomers represented by any of the following formulae
(XX to (XXVI):

10

15




RhosOV (XXXI), OW PhDsOV (>00(11), 5 Phos0OU (XXXII!), OW PhosOOU (XXXIV),

29
(XK,
\\\\B
RS
RZXS
XX,
8
R X1 B
RN
szf"wp/%xz rR*
>‘(4R1
5 OXXIV),
8 v
R X B
N
R <
>[<4R1
(XXV), and
8
ﬁB = R3
R2X® P)An\xz R
>|<4R‘

10 XXV



PhosOOU 10(XXXV), and 34 RhosOV (XXXVI), wherein: U is an acyl group, 5- V is a silyl group,
W is an alkyl group, BP is an optionally protected heterocyclic nucleobase, wherein the protecting
group may be acyl, silyl or benzyl ether, and Phos is an 0-protected phosphonoalkoxy or
thiophosphonoalkoxy group or an 10 S-protected phosphonothioalkyl or thiophosphonothioalkyl
group, wherein the protecting group is one suitable for the protection of hydroxyl groups of a
phosphonic or thiophosphonic acid. The present invention relates in a particular embodiment to

novel compounds and intermediates selected from the group consisting of:
30

wherein n, m, B, X1, X2’ Xf}, X4, XS, R?, RZ, RS, R4, R?, RB’ RQ’ R'&D’ Rﬁ, R12, RM,

R™, R and R™ are defined as in formula (XIX), and wherein the snake-ike

symbo! stands for any stereochemical arrangement of the respective bond,

including pharmaceutically acceptable salts, solvates, isomers and prodrugs
5 - thereof.

In & specific embodiment, this invention relates to compounds represented
by any of the formulae (XIX) to (XXV1), wherein R* is hydroxy.

In a preferred embodiment, this invention relates to compounds
represented by any of the formulae (XIX) to (XXVI1), wherein at least one of R’

10 and R%is hydrogen, more preferably wherein both R” and R® are hydrogen.

It should be understood that in the above embodiments of the invention,
the novel compounds are as defined in any of the general formulae (1) to (XXV1),
wherein:

- each of the substituents B, X', X?, X%, X%, X%, R" R R®, R%, R®, R®, R7, R%, R®,
15 R R", R™, R™ R' R and R* may independently correspond to any of
-the definitions given above, in particular with any of the preferred ranges or

individual meanings (such as illustrated above) of generic terms used for

substituting radicals such as, but not limited to, © alkyl 7, ” cycloalkyl *, ©
alkenyl ”, " alkynyl ", © ary} ”, © heterocyclic ¥, * halogen “,  cycloalkenyl *,
20 “alkylaryl *, "arylalkyl “, ¢ alkoxy”, cycloalkoxy “, “thioalky! ”, © thiocycio-

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 formuiae (1) to (XXVI), the alkyiene chain between X* and the
25 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, chloro, hydroxyl,
30 sulhydryl and methyl,



151-(N6-benzoyladenin-9-y1)-2-0-benzoy1-3-0-(diisopropylphosphonomethyl)-L- threose (11),
1-(thymin-1-y1)-2-0-benzoy1-3-0-(diisopropylphosphonomethyl)-L-threose (12),
1-(uracil-1-y1)-2-0-benzoy1-3-0-(diisopropylphosphonomethyl)-L-threose (13), 20 -
1-(N4-acetylcytosin-1-yl)-2-0-benzoy1-3-0-(diisopropylphosphonomethyl)-Lthreose (14),
1-(adenin-9-yl)-3-0-(diisopropylphosphonomethyl)-L-threose, also named
(2R,3R,4S)-NThetrahydro-3-hydroxy-4-(di-O-isopropylphosphonomethoxy)- furanylJadenine (15),
251-(thymin-1-yl)-3-0-( diisopropylphosphonomethyl)-L-threose, also named
(2R,3R,4S)-N1-[tetrahydro-3-hydroxy-4-(di-O-isopropylphosphonomethoxy)- furanyl]thymine (16),
35 1-(uracil-1-yl)-3-0-( diisopropylphosphonomethyl)-L-threose, also named
(2R,3R,4S)-N4tetrahydro-3-hydroxy-4-(di-O-isopropylphosphgnomethoxy)- furanyOuracile §17),
1-(cytosin-1-yl)-3-8-(&lie8f5top§IpHsss Ay RL-rdods, dRE Rarifedn® definitions o
5(2R,3R,4S)-NjasRstitalayelrp3enysl oxyor (disOdiseptiony| pho splromamethoyj- feetayt]oytosine
(18), 1-(adeninGQQ%%)Z%-&Igﬂgﬁg%pg{g@wNgvpé/,liygmqnomethyl)-L-threose,also named

a | 0

(2R,4R)-N9-[tetrahydro-4-(di O-isopropylphosp nomethoxy)-furanyl] adenine (19), 10 -
1-(thymin-1-y1)-2-8e6syianhabiosrspyibhesphnoifien L ighedes, N the compounds of
5

the present invention include, but are not limited to, 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; 7-deaza-8-aza derivatives of adenine, guanine, 2-aminopurine, 2,6-
“diaminopurine, 2-amino-6-chloropurine, hypoxanthine, inosine and xanthine; 1-

10 deaza derivatives of 2-aminopurine, 2,6-diaminopurine, 2-amino-6-chloropurine,
hypoxanthine, inosine and Xanthine; 7-deaza derivatives of Z-aminopurine, 2,6-
diaminopurine, 2-amino-6-chloropurine, hypoxanthine, inosine and xanthine; 3-
deaza derivatives of 2-aminopurine, 2,6-diaminopurine, 2-amino-6-chioropurine,
hypoxanthine, inosine and xanthine; 6-azacytosine; 5-fluorocytosineg; 5-

15 chlorocytosing;  5-iodocytosine;  5-bromocytosing;  S-methyleytosine; 5
bromovinyluracil; 5-fluorouraci; 5-chlorouracil; 5-icdouracil; 5-bromouracil; 5-
trifluoromethyluraci; 5-methoxymethviuracil; 5-sthynyluracil and 5-propynyiuracil.
Preferably, B is a 9-purinyl residue selected from guanyl, 3-deazaguanyl, 1-
deazaguanyl, 8-azaguanyl, 7-deazaguanyl, adenyl, 3-deazaadenyl, 1-

20  dezazadenyl, 8-azaadenyl, 7-deazaadenyl, 2,6-diaminopurinyl, 2-aminopurinyt, 6-
chioro-2-aminopurinyl and 6-thio-2-aminopurinyl.

A particular embodiment of the present invention provides the phosphonate
substituted nucleosides having any of the formulae (I} to (XXVI) wherein B is
selected from adenine and thymine. Another particular embodiment of the

25  present invention provides nove! 3-phosphonate substituted threose nucleosides,
more particularly 3'-phosphonalkoxy substituted threose nucleosides. In another
particular embodiment of the present invention, the 3'-phosponalkoxy substiiuent
or the purine or pyrimidine bases coupled to the ring of the compounds of the

invention are in the R or S configuration.



named (2R,4R)-N1-[tetrahydro--4-(di-O-isopropylphosphonomethoxy)-turanyl] thymine (20),
1-(uracil-1-y1)-2-deoxy-3-0-(diisopropylphosphonomethyl)-L-threose,also
named(2R,4R)-N1-Retrahydro-4-(di-O-isopropylphosphonomethoxy)-furanyll 15uracile (21),
1-(cytosin-1-y1)-2-deoxy-3-0-(diisopropylphosphonomethyl)-L-threose,also named
(2R,4R)-N1-[tetrahydro-4-(di-O-isopropylphosphonomethoxy)-furanyl] cytosine (22),
1-(adenin-9-y0-3-0-(phosphonomethyl)-L-threose sodium salt, also named :
20(2R,3R,4S)-N9-Retrahydro-3-hydroxy-4-(phosphonomethoxy)-furanylladenine sodium salt (3a),
1-(thymin-1-yl)-3-0-(phosphonomethyl)-L-threose sodium salt, also named
(2R,3R,4S)-N9-Betrahydro-3-hydroxy-4-(phosphonomethoxy)-furanylithymine sodium salt (3b), 25
- 1-(uracil-1-y1)-3-0-(phosphonomethyl)-L-threose sodium salt, also named

(2R, 3R, 4S)-N9-ReiranyeirsghyefeR{on- @R sphaitsnietse R rUpars irsemeedititm&iasc),
1-(cytosin-1-y1)r38<Phasnherormetng thdhrosesasiumasataalsmganied or more of the
(2R,3R,4S)-N9-[tetrahydro-3-hyd -4-(phosphonomethoxy)-fur, | sine 3 [ It (3d),
36 Hadenin-l-yl%%%jéo%fﬁ-g-ayé {'((i))%(tp do]—rgl%%neeot%f}%ﬁ_%\r”en g @o&%gn%scgﬁga‘l%%e 8?%9 Wﬁ

named(2R,4R)-Necftewaplyatermgpirbepitio hrethResgsefiieh dbe e wig aansir! (Geyuiae
1-(thymin-1y1)Gegenxys B0cxmpsphonomethyl)-L-threose sodium salt, also

O O
HO oV
XXV,
go
uo oV
10 XXV,
g OV
UG oV
(XXX,

oV

po

HO oV
(XXX),



5named (2R,4R)-N9-Retrahydro-4-(phosphonomethoxy)-furanyl3thymine sodium salt (3f),
1-(uracil-1-y1)-2-deoxy-3-0-(phosphonomethyl)-L-threose sodium salt, also named
(2R,4R)-N9-[tetrahydro-4-(phosphonomethoxy)-furanyljuracile sodium salt (3g), 10 -
1-(cytidin-1-y1)-2-deoxy-3-0-(phosphonomethyl)-L-threose sodium salt, also named
(2R,4R)-1\19-[tetrahydro-4-(phosphonomethoxy)-furanyl] cytosine sodium salt (3h),
(3R,43)-tetrahydro-4-hydroxy-3-0-teributyldimethylsilyl-furan-2-one, (3R,48)-tetrahydro 4
0-benzoy1-3-0-tertbutyldimethylsilyl-furan-2-one, 15(2R/S,3R,4S)-tetrahydro 4-0
benzoyl1-2-0-methyl-3-0-tertbutyldimethylsilyl- furans-one,
(23,3R,43)-tetrahydro-2,3-di-O4ertbutyldimethylsily1-4-hydroxy4urane,
(2R,3R,43)-tetrahydro-2 3 di-O- fertbutyldlmethylsnyl -4-hydroxy-furane,
3=0i-O-terfMtyldimethylsily1 4 (di O-isopropylphos-

(2R,3R,43)-tetrahydro -tertbutyldimethylsily1-4-(di-0-isopropylphosphonomethoxy)-furane,
(23,3R,43)- tetrahydro ©-benzoyl-4-(di-0-isopropylphosphonomethoxy) furane, 25 -
i-Q5benzoyl 4 (di O-isopropylphosphonomethoxy) furane,

(2R 3R 43) N6 benzoyl NO- Fetrahydro -3-0-benzoy14 (di

O-isopropylphosphonomethoxy)- furanyljéééﬁﬁ‘r)le,

(2R,3R,43)-N1-Retrahydro-3-0-benggyl-4-(di-O-isopropylphosphonomethoxy)-

PhosO oV
(XXX,
5 PhosO ou
(KD,
PhosO Qou
(XXXIVY,
Qf BP
PhasO ou

10 (XXXV}, and



30foranyltthymine, 37 (2R,3R,4S)-N'tetrahydro-3-0-benzoy1-4-(di-0
sopropylphosphonometho)<y)- furanyfluracile, and
(2R,3R,4S)-N6-acetyl-N1-ftetrahydro-3-0-benzoyl-4-(di-O-isopropylphosphonomethoxy)-furanylic
ytosine. 5According to a second aspect, the invention relates to the use of phosphonate
substituted nucleosides of the formulae (1) to ()O<XVI) as antiviral compounds, more particularly
as compounds active against HIV. The invention also relates to the use of phosphonate
substituted nucleosides of the formulae (1) to (XXXVI) for the manufacture of a medicine or as a
pharmaceutically active ingredient, 10 especially as virus replication inhibitor, preferably a
retrovirus replication inhibitor, for instance for the manufacture of a medicament or pharmaceutical
composition having antiviral activity for the prevention and/or treatment of viral, preferably
retroviral, infections in hyf¥ags anddhammals. The present invention further relates to a method of
treatment of a viral infgCtion, py&terably a retroviral 15 infection in a mammal, including a human,
comprising administering to the mammal in need of such treatment a therapeutically effective
amount of a compound-of-any,of formulae (I) to (XXXVI) as an active ingredient, preferably in
admixture with %&1'8 Sta phar utically acceptable carrier. The invention further relates to
methods for the preparation of compounds of 20 formulae (I) to (XXXVI). The process for
preparing the phosphonoalkoxy substitutétkaidleosides of the present invention comprises the
steps of selectivghgrigtecting the hydroxy functions present on the five-membered ring that can
not react in the follpwing step, reacting the remaining free hydroxy of the protected five-membered
ring with protected o BI‘?(? {/%rﬁéx}?,’followed by 25 reaction with a pyrimidine or purine base,
deprotectioh of theMfilzeansibyhbarer, ring protecting groups and possible purine or pyrimidine base
protecting groups, qu%sgg{w @Q@Qxygenation step of the hydroxy funstions present on the
five-membered ring and finally a deprotection of the phosphonate protecting groups. 38  The
invention also réla%s it HhIRHARRIHi BB SeiRneY elmprRRP Ao HPBLRT B tREHIGEMion
according to any ofitherprexjouis fdepnsiaso(lpto{X@IRL) aadn active ingredient in admixture with

ot least a pharmaceicalAcsepiabIE B IR AGRE IRIBIL IS sonFsITargn of

least about 5 0.1 %, preferably at least 1 %, more pre y at referably at

least 5%, B weight dFBietampRmbanethitalian g tHionhra inpeibienks sraeonbemiatien of at

most about 50 %, meteqiedetrbly at reast SGtabldnestpeeisisbliah MOk AR X! yravpightr of the
composition.

phosphonic ar thiophosphonic acid.
The present invention relates in a particular embodiment to novel compounds

and intermediates selected from the group consisting of:

15 - 1-(N®benzoyladenin-g-yi F2-O-benzoyl-3-O-(diisopropylphosphonomethyl)- -
threose (11),
- 1-{(thymin-1-yl}-2-O-henzoyi-3-O-{diisopropylphosphonomethyl)-L.-threose
(12),
- A-{uracil-1-y1)-2-O-benzoyi-3-O-(diisopropylphosphonomethyi)-L-threose (13),
20 - 1-(N*-acetyleytosin-1 “y1)}-2-O-benzoyl-3-O-(diisopropylphosphonomethyl)-L.-
threose (14),

- 1-{adenin-9-yl}-3-O-(diisopropylphosphonomethyl)-L-threose, also  named
(2R,3R,4S)—N9-[tetrahydro~3~hydroxy—4—(di-0~isopropyiphosphonome’thexy)-
furanyfjadenine (15),

25 - A-(thymin~1-yl)-3-O-( diisopropyiphosphonomethyl)-L-threcse, also named
(2R,3R,4S)-N1~{tetrahydr0—3—hydroxy-4~(di-O—isopmpyiphosphanomethoxy)-
furanyilthymine (186),



The invention further relates to a pharmaceutical composition comprising: 10 (a) one or more
compounds having any of the general formulae () to (>00(V1), and (b) one or more other anti-viral
agents, preferably one or more retroviral enzyme inhibitors as biologically active agents, in
admixture with at least a pharmaceutically 15 acceptable carrier, (a) and (b) preferably being in
respective proportions such as to provide a synergistic effect against a viral infection (preferably a
lentiviral infection and more preferably a retroviral infection) in a mammal. This composition for
instance may be in the form of a combined preparation for simultaneous or sequential use in viral,
preferably retroviral, infection therapy. 20 Within thasframework of this embodiment of the
invention, the retroviral enzyme inhibitors that may be used as therapeutically active ingredients
(b) for co-administration include, among others, the following: HIV-1 integrase inhibitors such as

reviewed for instahdE8 RN H31651 4 18soBRMlResbaRsaRibclinhiBREPs sal? asHlEfot

limited to, delavirdizre 3ddasoyhenasini: fpssaroel-sodivo.siaxigine ospramims i,
zalcitabine and th?ﬁ%l ural eCI %ide reverse transcriptase inhibitors such as, but not limited to,
thym c}ln

for instance azido e, zidovddine, lamivudine, didanosine, abacavir, 30adefovir and the like,

39 nucleotide Tevérs¥tanschibtade-{HiTBRETE RSB BRMEENimitedtRaeR indteh c83B1sFovir,
non-nucleaside reyatsariam)Scfiptasehiribiagdsueiasdibotisepimiteddes sviragingqefavirenz

and the like, 5- Hly}%rpr]gjstﬁase ir:d;li itors such as, but not limited to, saquinavir, ritonavir, indinavir,
a av

nelfinavir, amprenéfvw,}f Eﬁ"?b?% i and the like, and

- 1-(adenin-9-yl)-2-deoxy-3-O-{diisopropylphosphonomethyl)-L-threose,  also
named (2R 4R)-N-[tetrahydro-4-(di-O-isopropylphosphonomethoxy)-furanyl]
adenine (19),

10 - 1-(thymin-t-yl)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose, also
named (2R,4R)-N'-fietrahydro-4-{di-O-isopropylphosphonomethoxy)-furanyi]
thymine (20), |

- 1-{uracil-1-yl}-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose, also
named(2R 4R)}-N"-[tetrahydro-4-(di-O-isopropylphosphonomethoxy)-furanyl]

15 uracile (21),

- 1-({cytosin-1-yi}-2-deoxy-3-O-{diisopropylphosphonomethyl)-L-threcse,  also
named (2R,4R)-N'tetrahydro-4-(di-O-isopropylphosphonomethoxy)-furanyl]
cytosine (22),

- 1-{adenin-9-y1}-3-O-(phosphonomethyl)-L-threose sodium salt, also named

20 (2R,3R,4S)'Ng—{tetrahydrowS—hyciroxy—é?*(phosphonomethoxy}—furanyi]adenine
sodium salt (3a),

- 1-{thymin-1-y1)-3-O-(phosphonomethyl)}-L -threose sodium salt, also named
(2R, 3R,48)-N"[tetrahydro-3-hydroxy-4-(phosphonomethoxy)-furanyllthymine
sodium salt (3b),

25 - {-{uracil-1-y1)-3-O-(phosphonomethyl)-L-threose  sodium  salf, also named
(2R,3R,4S)-N°-[tetrahydro-3-hydroxy-4-{phosphonomethoxy)-furanyljuracile
sodium salt (3c), '

- 1#(cytosinﬁ—yl)—B—O—(phosphonomethy])-L~threose sodium salt, also named
{2R,3R 48)-N -[tetrahydro-3-hydroxy-4-(phosphonomethoxy)-furanyilcytosine

30 sodium salt (3d),



HIV fusion inhibitors such as enfuvirtide, and inhibitors of HIV membrane fusion such as described
in U.S. Patent No. 6,818,710 and U.S. Patent No. 6,841,657. 100ther suitable antiviral agents for
inclusion into the above antiviral compositions or combined preparations include for instance
acyclovir, cidofovir, cytarabine, edoxudine, famciclovir, floxuridine, ganciclovir, idoxuridine,
penciclovir, sorivudine, trifluridine, valaciclovir, vidarabine, kethoxal, methisazone, moroxydine,
podophyllotoxin, ribavirine, rimantadine, stallimycine, statolon, 15 tromantadine and xenazoic
acid. The invention also relates to compounds according to any of the general formulae (1) to
(XXXVI) being used for inhibiting the proliferation of dther viruses than HIV, preferably hepatitis B
virus, hepatitis C virus, human papilloma virus or flaviviruses, in particular yellow fever virus or

Dengue virus. 20More generally, he invention relates to the comppunds of formulag (J) tg (XXXVI)
being useful as ageQn%(%g{ﬂngy&gr;%&ég agct%s\)/?@h&sr% g?gbn?y?et gﬁﬁ wre&l1 Ber‘)gﬁtiﬁ?r%‘r‘l?u g@ﬂwé or as
diagnostic agents. AaRsF thel@Bed mbintisiaEh vith-feghosplrvensiasent- fuvemtbn nisipiee

restricted to a non-gesligabaisesa), non-therapeutic use, a non-diagnostic use, or exclusively an in

vitro use, or a use 25 related, to cells remgte from an animal,  Anpther aspect of the jnvention

relates to a pharma%c tﬂﬁ?é‘?%b’?ﬂb%gﬁ% 'cgéﬁ)fpgﬁg?nsé) OBHS%M%H%W%@%&T% gpit also

phosphonothioalkyl8uisstiRfetRindidiirabysirthé- (e miornacteiing femyiihfonmelseditno

(XXXVI), more in pagliqggr having antiviral activity, yet more in particular against HIV. 40 A

further aspect of th? invention ?proi\{ides for a method of treatment or prevention of a viral infection
s

in a mammal, comprsig adHrETHY TR ReSRTIRRP R oGRS Sihlerdutically

effective amount off@phospRofRIKeJtaistiutet- @hphrspionethiogkddraubititatiid moudieaside 5
according to any Ofsz{'(@,ﬁb?e (I) to 2000/1). The compounds of the invention optionally are
bound covalently to an insoluble matrix and used for affinity chromatography (separations,
depending’dn the nEtGrE ¥ roiprsrid GhInsmRs et daitprROEB niRslitEs §@th &5Pare
useful in hydropholiaradfinity (@Eparatithietaf e canpands b theiokeptionamr emglayassior the

treatment or sodium salt (3h),
- (BRA48)-tetrahydro-4-hydroxy-3-O-tertbutyldimethylsilyl-furan-2-one,
- (3R/48 tetrahydro-4-O-benzoyl-3-O-fertbutyldimethylsilyl-furan-2-one,
15 - {2R/8,3R48)-tetrahydro-4-0-benzoyi-2-O-methyl-3-O-tertbutyldimethylsilyl-
furan-2-one,
- (28,3R48)-tetrahydro-2,3-di-O-ferfbutyidimethyisilyl-4-hydroxy-furane,
- {2R,3R4S)-tetrahydro-2,3-di-O-terthutyldimethylsilyl-4-hydroxy-furane,
- {28.3R 48)-tetrahydro-2,3-di-O-tertbutyldimethylsilyi-4-(di-O-isopropylphos-
20 phonomethoxy)-furane,
- (2R,3R 48 Htetrahydro-2,3-di-O-fertbutyldimethyisilyi-4-(di-O-isopropylphos-
phonomethoxy)-furane,
- {25,3R4S)-tetrahydro-2,3-di-O-benzoyl-4-{di-O-isopropyiphosphonomethoxy)
furane,
25 - (2R,3R48Hetrahydro-2,3-di-O-benzoyl-4-(di-O-isopropylphosphonomethoxy)
furane,
- (2R,3R,4S)—N5~benzoyi-l\i9-{fetrahydro-3~0~benzoyl—4—(di—O—EsopropyEphos—
phonomethoxy)-furanyljadenine,
- (ZR,BR,48}-N1-[tetrahydro-S-O—benzoyM-(di-O—isapmpyiphosphonomethoxy)-
30 furanyllthymine,



prophylaxis of viral infections, more particularly HIV infections. When using one or more
compounds according to any of the formulae (1) to (XXXVI) as defined herein: the active
ingredients of the compound(s) may be administered to the 15mammal (including a human) to be
treated by any means well known in the art, i.e. orally, intranasally, subcutaneously,
intramuscularly, intradermally, intravenously, intra-arterially, parenterally or by catheterization. the
therapeutically effective amount of the preparation of the compound(s), especially for the
treatment of viral infections in humans and other mammals, 20 preferably is a retroviral enzyme
inhibiting amount. More preferably, it is a retroviral ¥éplication inhibiting amount or a retroviral
enzyme inhibiting amount of the compounds of formulae (1) to (XXXVI) as defined herein.

citbive Amoint HEy be ot BeHO N LA e e A2y o iy T Dot RorTH ot more

than one day intefwaisyliurdtie pragent invention further relates to a method for preventing or
treating a viral infegtiaps 18 @subiesi-& patiest yradnunisier g 1q dhepadirtbitnheedithereof a

therapeutically effective amount of f)hos honate nucleosides of the present invention. 41 The
therapeutically efREBGE SN SHHIPBY! %Op%ﬁaration of the compound(s), especially for the

treatment bf viral ifectitms tneenans ase:ctHbe inaanirisigirere B339t pResmyeiFme

inhibiting amoupt, Mot Peferale4t & SER FRalicatigndnhibiing amamiesaddhvbenzyme
inhibiting amount of the 5 derivative(s) of the formulas as ?J%R? herein. Dep Snod}régay&o%the

pathologic colBRIGHPRIIS fRGASHEHPIEFaRERYS 267N th SO ANt may bé divided

into several subeinils piestaaylasmiayshbstitiritisteriedsidenorettiednrongaddy) intéroard/!) for

the manufacture of a medicine or as a pharmaceutically active ingredient,

10 especially as a virus replication inhibitor, preferably a retrovirus replication

inhibitor, for instance for the manufacture of a medicament or pharmaceutical

composition having antiviral activity for the prevention and/or treatment of viral,

preferably retroviral, infections in humans and mammals. The present invention

further relates {o a method of treatment of a viral infection, preferably a refroviral

15 infection in a mammal, including a human, comprising administering fo the

mammal in need of such treatment a therapeutically effective amount of a

compound of any of formulae (1) to (XXXVI} as an active ingredient, preferably in
admixture with at least a pharmaceutically acceptable carrier.

The invention further relates to methods for the preparation of compounds of

20 formulae (1) to (XXXVI). The process for preparing the phosphonoalkoxy

substituted nucleosides of the present invention comprises the steps of

selectively protecting the hydroxy functions present on the five-membered ring

that can not react in the following step, reacting the remaining free hydroxy of the

protected five-membered ring with protected phosphonylalkyl, foliowed by

25  reaction with a pyrimidine or purine base, deprotection of the five-membered ring

protecting groups and possible purine or pyrimidine base protecting groups, if

necessary a deoxygenation step of the hydroxy funstions present on the five-

membered ring and finally a deprotection of the phosphonate protecting groups.



As is conventional in the art, the evaluation of a synergistic effect in a drug 10 combination may
be made by analyzing the quantification of the interactions between individual drugs, using the
median effect principle described by Chou et al. in Adv. Enzyme Reg. (1984) 22:27. Briefly, this
principle states that interactions (synergism, additivity, antagonism) between two drugs can be

guantified using the combination index (hereinafter referred as Cl) defined by the 15following

equation: ED,k ED 2" ClI - ED; -1- 2a EDx ED), wherein ED. is the dose of the first or respectively
second drug used alone (1a, 2a), or in combination with the second or respectively first drug (1c,
2c¢), which is needed to produce a given effect The said first and second drug have synergistic 20
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 infectioh¥ha§§atioBe 394K/ Hete fhiRBaBIPRAARE! oF BB VTIRGBT e TR K% &s, but
not limited to, thexapigseholegma imeiktat, asqievieusty depcstbékbyrelionetatrinide BIplicChem.

(1954) 208:477

- db imij ) ‘515-
using EC50 for miﬁ% ea r%ﬁ%?ﬁ% ipljgc?rﬁ r%%hﬁsggpésmeg%q%t Q%ﬁﬁhﬁé&iéﬁcég

When the mininffgerieingaxieprier gehigasd
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oncentration (hereinafter referred as FIC)
%:@nt being in a concentration of at least about

0.1 %, preferably at least 1 %, more preferably at least 3 %, most preferably at
least 5%, by weight of the composition. Preferably the active ingredient is in a
concentration of at most about 50 %, more preferably at most 30 %, most
preferably at most 20 % by weight of the compaosition.

The invention further relates to a pharmaceutical composition comprising:

{a) one or more compounds having any of the general formulae (1) to POXKVI),
and

{b) one or more other anti-viral agents, preferably one or more retroviral enzyme
inhibifors

as biologically active agents, in admixiure with at least a pharmaceutically

acceptable carrier, (2) and (b) preferably being in respective proportions such as

to provide a synergistic effect against a viral infection {preferably a lentiviral

infection and more preferably a retroviral infection) in a mammal. This

composition for instance may be in the form of a combined preparation for

simultaneous or sequential use in viral, preferably retroviral, infection therapy.

Within the framework of this embodiment of the invention, the retroviral

enzyme inhibitors that may be used as therapeutically active ingredients (b) for
co-administration include, among others, the following:

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

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

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



FIG of combined compounds (e.g., FIG, + FICy) is equal to 1.0, the combination is 42 said to be
additive; when it is beween 1.0 and 0.5, the combination is defined as subsynergistic, and when it
is lower than 0.5, the combination is defined as synergistic. When the minimum FIG index is
between 1.0 and 2.0, the combination is defined as subantagonistic and, when it is higher than
2.0, the 5combination is defined as antagonistic. This principle may be applied to a
combination of different antiviral drugs of the invention or to a combination of the antiviral drugs of
the invention with other drugs that exhibit anti-HIV activity. The invention thus relates to a
pharmaceutical composition or combined 10preparation having synergistic effects against a viral
infection and containing: (a) a combination of two or more of the phosphonate nucleosides of the
present invention, and (bz optionally one or more pharmaceutical excipients or pharmaceutically

acceptable carriers, 18#5QHIG EEVBEE:TeBpEHRtESS, 'BbRIeRiSHERAH B B & pidvention
of a viral infection, or {iegtanesaenadseianti-viral agents, and (d) at least one of the phosphonate

nucleosides of the presenl IVENan. 2o -4ELORNANAINAAE. A Sore BT AsEHRal ficipients

or pharmaceutically 20acceptable carriers, for simultaneous, separate or sequential use in the
treatment or preventidiP¥raPlifalaiétasnand igthite anti-viral agents for inclusion into the

synergisticantiviral conmposiiiersa6¢ sanninedspiepasaionsaelithiinkentiaquinehideipiastically all
indinavir, nelfinavir, amprenavir, fosamprenavir and the like, and

- HIV fusion inhibifors such as enfuvirtide, and inhibitors of HIV membrane

fusion such as described in U.S. Patent No. 6,818,710 and U.S. Patent
No. 6,841,657

10 Other suitabie antiviral agents for inclusion inio the above antiviral compositions
or combined preparations include for instance acyclovir, cidofovir, cytarabine,
edoxudine, famciclovir, floxuridine, ganciclovir, idoxuridine, penciclovir,
sorivudine, {irifluridine, valaciclovir, vidarabine, kethoxal, methisazone,
moroxydine, podophviloioxin, ribavirine, rimantading, stailimycine, statolon,

15 tromantadine and xenazoic acid.

The invention aiso relates to compounds according to any of the general
formulae (1) to XXXV being used for inhibiling the proliferation of other viruses
than HIV, preferably hepatitis B virus, hepatitis C virus, human papilioma virus or
flaviviruses, in particular yellow fever virus or Dengue virus.

20 More generally, the invention relates to the compounds of formulae (1) to
(XXXV1) being useful as agents having biological activity (preferably antiviral or
antifumoral 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

25  related io 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 OOXXVI), more in

particutar having antiviral activity, yet more in particular against HiV.



25 known anti-HIV compounds known at this moment such as nucleoside and non-nucleoside
reverse transcriptase inhibitors, protease inhibitors and integrase inhibitors. The pharmaceutical
composition or combined preparation with synergistic activity against viral infection according to
this invention may contain the 30 phosphonate nucleosides of the present invention, compounds
according to any 43 of the formulae (I) to (=NI), over a broad content range depending on the
contemplated use and the expected effect of the preparation. According to a particular
embodiment of the invention, the compounds of the invention may be employed in combination
with other therapeutic agents for the Streatment or pfdphylaxis of HIV infections. The invention
therefore relates to the use of a composition comprising: (a) one or more compounds represented

by any of formulae {) 16z~ 80P} ane.o0 mare Ll proteln-engumednbibliofs s,
biologically active agen s In resBectlve prop ortlons Ui as to rowde a synerglstlc e ect agalnst

aviral 10 infecRE¥epdpic@hdy WHIVisRiEToirpameamiakl Oﬁjﬂnﬁﬁaﬁcéqwmé’fﬂﬂﬂﬁ & dhe
combined prepaﬁaﬁﬂﬁaﬁorrsiﬁwmﬁouﬁetsawmsﬂr §em4ée5§ﬁ@1m¢n Misdtindechigsuthiesay, such
as HIV. When u combined preparation of (a).and,(b ei ients nd b) may
be admlnlstere(‘f to H%eo%are?r{nn?’a?%qg r?t(ﬁédmg a hOS é ng“?r Y Bg{zfr?y O!r;ea'(h("szj\lf/jlve ‘Khown in
the art, i.e. dralgsonteirctampyseiifermmed (s, Gﬁ?ﬁéh‘ﬁ)}scularly, mtradermally, intravenously,

intra-arterially, parefitralyiineatReterzalioBntion optionally are bound covalently to an
insoluble matrix and used for affinity chromatography (separations, depending on

the nature of the groups of the compounds, for example compounds with aryl are
useful in hydrophobic affinity separations.
10 The compounds of the invention are employed for the treatment or
prophylaxis of viral infections, more particularly HIV infections. When using one
" or more compounds according to any of the formulae () to (XXXVI} as defined
herein:
- the active ingredients of the compound(s) may be administered fo the
15 mammal (including a human) fo be treated by any means well known in the
art, i.e. orally, intranasally, subcutaneously, inframuscularly, intradermally,
intravenously, intra-arterially, parenterally or by catheterization.
- the therapeutically effective amount of the preparation of the compound(s),
especially for the freatment of viral infections in humans and other mammals,
20 preferably is a retroviral enzyme inhibiting amount. More preferably, it is a
retroviral replication inhibiting amount or a refroviral enzyme inhibiting amount
of the compounds of formulae (1) fo (XXXV1) as defined herein. Depending
upon the pathologic condition fo be treated and the patient's condition, the
said effective amount may be divided into several sub-units per day or may be
25 administered at more than one day intervals, |
The present invention further relates io 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.
30



the therapeutically effective amount of the combined preparation of (a) and (b), especially for the
treatment of viral infections in humans and other 20 mammals, particularly is a HIV enzyme
inhibiting amount. More particularly, it is a HIV replication inhibiting amount of derivative (a) and a
HIV enzyme inhibiting amount of inhibitor (b). Still more particularly when the said HIV enzyme
inhibitor (b) is a reverse transcriptase inhibitor, its effective amount is a reverse transcriptase
inhibiting amount. When the said HIV enzyme inhibitor 25 (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 fhem separately or sequentially, for instance
within a relatively short period of time (e.g. within about 24 hours) in order to achieve their
functional fusion in the body to be treated. 44 The invention also relates to the compounds of
the invention, céhmpdteidsedsrBing ety sfgienfonhiiae FPESBERX\A) {EicrEdIPBaiéEreened
for inhibition of dheRralifertian afathssnirssepdhanddiva partiaulaaydathetabibitiamebrther
retroviruses and lentiyi usejéspd also For the ingl&%jéiﬁn of 5 fIav#'v' ses or fpic Enai\{irusae%ﬁych as
BVDV, HCV, HBY BPE8XE m%?r'i?é? Wit mepa felae ﬁﬁg\ifvn ever Vi urse, aenEﬁUe \’/‘oirus, epatitis
B virus, hepatitisi@oziios, Ginssical Swinetever &irtdor enayBurdéntiidaseavioust A oitrer
viruses may bedoiiaHics SHEN fE PuGYs AR SiMIBIS: DBEMERENSBVEMEopindheic
provides veterinary compositions comprising at 10 least one active |?re ient as above %()aflned

together with a SIRHIRAAY R AEARE 8ROHS RRYGALR CORFIEPL o rillRsHiXfs YBRHI SN E Durpose
of administeringitledanip asitiemiand-maijsbees dhiy, diguieobgasevaseratt aaimevhitearene
otherwise inert @gﬁ%&gtﬁgle in the veterinary art and are compatible with the active ingredient.
These veterinary compositions may be administered orally, 15 parenteral_ly,or?gfy any other

|

desired route.  More/ eR&ANEHeAVEARB A Te a8 tHREULH SotEESiO IR 18 aHSF the
forr_nglae (Ipto @éﬁ%&ﬁz}ttﬂﬁiﬁge@ﬁ&f@l msmmt&hmﬁg@%gﬁaahﬁﬂﬁﬂtm(pﬂrﬁmIéﬁtg;antiml '
activity) or as diagnostic agents éﬂﬁ%gf 6@%@%@@%&!&%@%&@&8&?@% B8 PESSERbnyention
may be restricted to a non-medical Use, a 20 non-therapeutic Use, a non-diagnostic Use, or

exclusively an il vitfo 4§k; oF2zu&s rdtated (H9881s #imbte BRIy antifinkan ciPth o¥i88F skifin the
art will also recogsizerihiad thecompeyndsdxiihe iaveminnsmaysxistdn nany diflgrestpranation

states, depending ory aong qiher g, e b of hek epvironyment Wil e Syl
formulae provi erein epic e compounds In only one of several possible protonation

states, it Wifl befditénsteagalarthese structures are illustrative only, and that the invention is not
limited to any particulawtona ignzstate, any and all protonated forms of the compounds are -
intended to fall @ithia-the-sto invention. 45
X la a
ED~  ED

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

2a), or in combination with the second or respectively first drug (tc, 2¢}, which is

needed to produce a given effect. The said first and second drug have synergistic

20 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

25 ischologram method, as previously described by Elion et al. in J. Biol. Chem.
(1954) 208:477-488 and by Baba et al. in Antimicrob. Agents Chemother. (1984)
25:515-517, using 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, + FIC,) is equal fo 1.0, the combination is



The term " pharmaceutically acceptable salts " as used herein means the therapeutically active
non-toxic salt forms which the compounds according to the formulas of the application like (1), (H),
(1) are able to form. Therefore, the compounds of this invention optionally comprise salts of the
compounds herein, 5 especially pharmaceutically acceptable non-toxic salts containing, for
example, Nat, Lit K4, Ca2+ and Mg2+. Such salts may include those derived by combination of
appropriate cations such as alkali and alkaline earth metal ions or ammonium and quaternary _
amino ions with an acid anion moiety, typically a carboxylic acid. The compounds of the invention
may bear multiple positive or negative charges. 10 Th& net charge of the compounds of the
invention may be either positive or negative. Any associated counter ions are typically dictated by
the synthesis and/or isolation methods by which the compounds are obtained. Typical counter
ions include, bubFbAAIRAE Fo Uhem BHRAT SRR U BBthSstueIRRIR Hit&s (8RR ES
trifluoroacetate, etbsyandsgiistuias theeeoft swilke ungerstopdhd Stnatittediide itityaffiredy as

associated counterions.Nolaiitigal TeAfie,Af thadnveRtion AnskihaLne RVenion.o, e

encompasses thé cormpounds in association with any type of counter ion. Moreover, as the
compounds canceFSiHIRY il BPdifereHPRTRRONFEGIBRAIYNE iFtén BT SrdfadiSot
only forms of thesempeinds thahamen asago@son with counter ions (e.g., dry salts), but also 20
forms that are not in assQciation with counter igns, (e.d., agueo r i Lyt | salts
typically are prepared ?).?)}!Sre%[cqfﬁ%ethnéa%gt%lawygf?gxi{ae% Wi gni}@ogﬁogoﬁ:%ﬁéﬁ Flig %ﬁ/@;ﬁgw é%
Examples of me?althalisvwshtion Seipreambinptisn whiharemiirac8rtampigtite, fxenter Wil A
less soluble metakzaltcRR PRIEeGRItaiRAromddhaisolution of a more soluble salt by addition of
the suitable 25 metal ci)mpounq‘ In &additiorp,tsal%s may be formed f{om acid.pddition c%%claré%in
organic and inorganic gﬁjénﬁ? Pl RS g,%slp%agﬂ ?ﬁﬁﬂ%%?% NG <':1Cc(?f(1i‘Pcc'gs'r(‘)cl)JT:)SO.r xamples of
such approriaterecidstios baeinp sinstaittis, ¢ferdanigaimitis suehrdediparandlioaitiyng. g.
hydrochloric or hystobsamic-aeld oPulibris atde BRAEIb IR RIONG skt Rd tratikeresarganic
acids such as, for example, acetic, 30propanoic, hydroxyacetic, 2-hydroxypropanoic,
2-oxopropanoic, ladl¥eMRGVEC 46 oxalic (i.e. ethanedioic), malonic, succinic (i.e. butanedioic
acid), maleic, futhanptiomalig, tantarior citrirem etizanesigiitioil, ethapiestdfonic, Wernrenasiiltedic,
ptoluenesulfonic, cyﬂg@&ggge&p@mic, salicylic (i.e. 2-hydroxybenzoic), paminosalicylic and the
like. Furthermore, this term also includes the solvates 5 which the compounds according to the
formulas of fhe APpREARGANARET SRS FIM Usshaneiiigh s s irapmentomprerpiag fra
example hydrates;=alephaiatesrand the like. Finally, it is to be understood that the compositions

herein complse f@ﬁg)gg nds of g]%_iwgrgg%@ their unionized, as well as zwitterionic form, and
0

combinations with’stoichiometric amounts of water as in hydrates. 10Also included within the
scope of this invéhtRsieart eRe shife oherepareidudrmsilasd errerrent imsreligmiabteids,
especially the ngiyrafyoPeayImiig: antinenaeidsHieutnghas IreiriRcappeBeRis. pherarbaatasid
typically is 6;0’ bearinc%at Scti}?e chain with a basic or acidic group, e.g., lysine, arginine or glutamic
acid, or a tral gr(a)ﬁp Biit aacsabrlfffzslhe, serine, threonine, alanine, isoleucine, or 15leucine. The
compounds of tiferisientiamealso Fecladdepby sislogiiidlyuseceptad it thare ofeFsalinp| 66 of
physiologically agegniabigsalts of the compounds of the invention include salts derived from an
appropriate base, such as an alkali meta (for example, sodium), an alkaline earth (for ex r&%e,
magnesium), ammonkifP5 AHNIB4 RIRERINK is AR OPhyRiBI0giEalfYRELE %Ieagﬁﬁ fan
hydrogen atom amarpasitinosgooumpinblncd padisaofitmganié ddasbowdidiacidsciulh psaatedity, all
benzoic, lagyc, fymarie-{Atare alsicnmaloniEn MRl saNencsiRH dRiopiG ad R EAIGACIdS:
organic sulfonic acids, such as methanesulfonic, ethanesulfonic, benzenesulfonic and
p-toIuenesuIfoni@‘é@l%%?“é@\d%’@@%rﬁ@ﬁ%ﬁ%ﬁﬂ:ﬁ'H&bitorss protease inhibitors and integrase

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

30  phosphonate nucleosides of the present invention, compounds according to any



25 hydrochloric, sulfuric, phosphoric and sulfamic acids. Physiologically acceptable salts of a
compound containing a hydroxy group include the anion of said compound in combination with a
suitable cation such as Na+ and NX: (wherein X typically is independently selected from H or an
alkyl group). However, salts of acids or bases which are not physiologically acceptable may also
find use, for 30example, in the preparation or purification of a physiologically acceptable 47
compound. All salts, whether or not derived form a physiologically acceptable acid or base, are
within the scope of the present invention. The term " isomers " as used herein means all
possible isomeric forms, including tautomeric and stéBochemical forms, which the compounds
according to 5 formulae (I) to (X00:VI) may possess, but not including position isomers. Typically,
the structures shown herein exemplify onl {one tautomeric or resonance form of the compounds,
leﬁF§

but the correspB8hdfifg'aTBRERIVE &3 b &F AcBIRRH SREETLENER. IThridndnaie
stated, the chermcddaekitgabion oidcormpapadsdefietesititemishumidball possible

stereochemically 1QJsqRAMG oIS Raid MiER ORINING AL SIASIe RO AR B g ers

(since the compounds according to the a ormulae have at least o iral centegJ of the

basic moleculaiMRERITEN2% e AW e d i SoEMIRTBaM v OhrE iR BB RERE8 TR Misie

particularly ssteteegeinist ecenieishyayihiavel rithee thieds- th&iaoafigiratiersiandromidpi bionds
may have eithey cis-.0r trans- onfiguration. Pure isomeric forms of the said compounds are
defined as isom{je% %ﬁ%é%%ﬂ%%ﬁé?%egoég&ﬁgﬂenantiomeric or diastereomeric forms of the same
basic moleculaf3tRRAAERIH SACRPNGH SaRIReTies By BB feampisard r to X erirdinandre

relates to comp@yres haviRg-@ SIRIopicamess-oxee se-iliiricast baidi 2B Akilkeagieast 90%
of one isomer and at mo§1 10% of the other}PossibIe ISQ ers),frefer bl)éi% I{aast 90%, more
|

preferably at least @f‘%3 SNa o Opr'é)fésra%'lg/ ot Te P 783 S Th e YRR e RLK o Aratied Iidl‘ E)”Jﬁl:- " and
" diasteredhericallipisgiion, srestinabdvum HYstvedtiondrsmtitanwegl, lavirdaregarotbe fleem of a

enantiomeric excegsrigpRECHMEM MR AIastaramsnicoascashRhbeMbdHIRANA 2 S aatiAM:
Separation of stereojsomers is accomﬁlish?ﬂ y standard methods known to those in the art. One

enantiomer of a cofBoUNY BFHRRY; foh'¢an be separated substantially free of its opposing
enantiomer by d\inethednsuehastioer atiepaoéihasté (epamner $b)sing optically active resolving
agents (" - the active ingredients (a) and (b) may be administered to the mammal
15 (including a human) to be treated by any means well known in the ari, ie.
orally, intranasally, subcutaneocusly, intramuscularly, intradermally, intra-
venously, intra-arterially, parenterally or by catheterization.
- the therapeutically effective amount of the combined preparation of (a) and
(b), especially for the treatment of viral infections in humans and octher
20 mammals, particularly is a HIV enzyme inhibiting amount. More particularty, it
is a HIV replication inhibiting amount of derivative {a) and a HIV enzyme
inhibiting amount of inhibitor (b). Still more particularly when the said HIV
enzyme inhibitor (b} is a reverse transcriptase inhibitor, its effective amount is
a reverse franscripiase inhibifing amount. When the said HIV enzyme inhibitor
25 (b} is a protease inhibiior, its effective amount is a profease inhibifing 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 {o be treated.
30



30 Stereochemistry of Carbon Compounds " (1962) by E. L. Eliel, McGraw Hill; 48 Lochmuller, C.
H., (1975) J. Chromatogr., 113:(3) 283-302). Separation of isomers in a mixture can be
accomplished by any suitable method, including: (1) formation of ionic, diastereomeric salts with
chiral compounds and separation by fractional. crystallization or other methods, (2) formation of
diastereomeric 5 compounds with chiral derivatizing reagents, separation of the diastereomers,
and conversion to the pure enantiomers, or (3) enantiomers can be separated directly under chiral
conditions. Under method (1), diastereomeric salts can be formed by reaction of enantiomerically
pure chiral bases such as brucine, quinine, ephedring, strychnine, a-methyl-b-phenylethylamine
(amphetamine), and 10 the like with asymmetric compounds bearing acidic functionality, such as
carboxylic acid and sulfonic acid. The diastereomeric salts may be induced to separate by
fractional crystallizBierinyeidioie elronmeiiigrapshinFcoswpardivPbtikeivpitiiissarepowidmmino

compounds, adgitigriphchiralrsakronydicremsuiianip asidsosugh astamphersulfesissaciy, tartaric
acid, mandelic a i(é, or lactic acid 1 carl.resuI} igtgormation of%,he diﬁ?\tfere erjc

i 0 alts.
Alternatively, b)}" fﬁ%ﬁ? ),ﬂfﬁe%ru [fs At % Pe reseélvvérdl?ﬁgy g?eactedI\)/wt'c‘c})ra}égler%rnﬁg?ner of
a chiral compounilittidoref atiastertsorirepaindEhetMEuses Witbrals) (foodhy Stdvidichentistry of

Organic ComPauSIER VIiles SRS Bl 3BRD PiaRtarepOTs: COmpauRdsicaN henformed

by reacting asymmetric compounds 20 with enantiomerically pure chiral derivatizing reagents,
such as menthyl'FAUAHITEEISOIRE LY LEp MBI ot FRRFEHS MUY S RIS W yield
the free, enantiGiaesicall$emichedecornpeundsaoBthddnBstiase Aimethid oftdetarosiesngaptical

purity involves making ehiral gstars s suchas,amesthyl gster or Mosher ester,
a—methoxy-a—(trifluoromethyl%Ehenyl acetate (Jacob Ill. (1982) J. 25 Org. Chem. 47:4165), of the
|

racemic mixture, ahBSaRESRIR RIS RIRY Hi5s Mt pHesen COBPERIIRNS SHBpISItFertc
diastereomers. iStablerdiast@redmpetsikan be appasatiedrand tispiaited ytmermakrandy carrier

reverse-phase 0 lQwyir tj f ' G ey .
Bty son e o R T ae sy
asymmetric 30 SfartiHesd i saparateay bPeHeltatigidh ity ushsgeLehiaistiionaRchhase. 49
Suitable chiral siatipnary PBASEE ateefaBNaMEie, Pabmasgharidssd Iapastewatsellviasener

amylose derivatives. Commercially available polysaccharide based chiral stationary phases are
ChiralcelTv CACHR, BRBHHE: QBoar VR TaY BTt i b A SES O and
OT(+). Appioprizaecala@iiisasy aabiithphdsesisetbrage in combination with said polysaccharide

chiral stationary phases geadenang aneviifibkacmediiedndtbrnricaholsushing aianglof

i I the like. ("Chjral Liquid C t "(1989) W. J. L h, Ed. Ch d
e, Nevw Y ok IO 8005 ORAE roER S L RE R e R e
High-performangeitpidrohaotivitaigraiivily Lisings Xaghesiydcagbabatesyofijbly sace magifsnas a
chiral stationary,phasgpelt 95 GEQRARA! iVeh P méPhe rddRIRIMNE GS R IRASAIR4S8d

herein in accordance with Chemical Abstracts nomenclature and include reference to the position
of the substitue AR SRSBRAY IR RSy 2T AHRBNGRS iredheXrlLa ML AGURaYBR BFth& D HiSounds

refated to cells remote from an animal.

Those of skill in the art will also recognize that the compounds of the invention
may exist in many différent protonation states, depending on, among other
things, the pH of their environment. While the structural formulae provided herein

25 | depict the compounds in only one of several possible protonation states, it will be
understood that these structures are illustrative only, and that the invention is not
limited to any particular protonation state, any and all protonated forms of the

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



15 according to the above formulae (1) to (XXXVI) may easily be determined by those skilled in the
art while using well-known methods such as, for example, X-ray diffraction or NMR. The
compounds of the invention may be formulated with conventional carriers and excipients, which
will be selected in accord with ordinary practice. Tablets 20 will contain excipients, glidants, fillers,
binders and the like. AqQueous formulations are prepared in sterile form, and when intended for
delivery by other than oral administration generally will be isotonic. Formulations optionally contain
excipients such as those set forth in the "Handbook of Pharmaceutical Excipients" (1986) and
include ascorbic acid and other antioxidants, chelati#§ 25 agents such as EDTA, carbohydrates
such as dextrin, hydroxyalkylcellulose, hydroxyalkylmethylcellulose, stearic acid and the like.
The pharmaceutical compositions of this invention can suitagl be §re ared and used int}]hae form
S

of concentrates, ertfisiGHg, sBRATGIRS PRI RECHRIBRe S71Ys, ARrHEBit NGielReMGaRE,

ointments, credhesatahitts|petitts oppdwde isalt F0rmSwitadlehpharmacentsalaamers fothase in
the said pharmageyfical Gompasiipasanditieinformulatianace yell knawndothasgsiiliadin the

art, and there is no particular restriction to their selection within the present invention. They may

also include adBffURRUSHEPHE R tIGE iRy ARiIANEPE FI A ARiSs A Bk FORMEG T Serein,
emu!sifyings agmmdelmgmaaﬁm@mlgmﬁbamﬂba@anﬁm rsgag agamsdrig,%araxﬁmp!benol,
sorbic acid, Ch'ﬂ%’?‘ﬁ%’i@{)dg‘mgﬁ&cnﬁgﬁ“@!éﬁ‘ggn@srﬁ%{g%@ﬂe%ﬂgm8_nl%dt&’9 g%ﬂﬁﬂ%d&s?’

provided the same’are consistent with pharmaceutical practice, 1.e. carriers and itives which

do not create pBrARMERI#S AR fosH AR AL RN P IREFATEE AR reB RS G BV IREIWD
present inventiandnpabenprepaies i aawknanemarnes, feolsstatnetcaiyharagergpusiitmixing,
coating andor grinding, e agtive oredients; In Sne-SieR ALMULRISRS Riocedure, yif the
selected carrier material and, where appropriate, the Sther additves Such as Surace-active

agents may alsbt5e e pereat by iierwisupmdorohsantventidgawnsyo brishenPrEE BFm of
15 microspheres:gstizdly Nayingsacsiasnetyyuetabrislde 1) aminanelydor shemmanuiaciice of
microcapsules L%rd?grnltsr&g%dnor s%s;cgginﬁd _reQIeC S 8f Cth actir\l/ﬁisi%ﬁre%?r}tsé (Eijt%%lgl sc%ﬂ‘n %?-active
agents, also known as emu gerﬂfl malsifier o be TEE N e PRarmaceutical compositions of
the present inviéitiornatedaoubricg 200t aliviiciatul/emamoniomateiiais heviagsiyood dmrsifying,
dispersing andiosiwetlingJeneriesrcudiahie anioninswHreiRRITB-BHahRih walarsaldble
S0P A Y O S I o oy assoniated 2BENS: T A o2 RS AanE O the

invention, and that the invention encompasses the compounds in association with

any type of counter ion. Moreover, as the compounds can exist in a variety of

different forms, the invention is intended to encompass not only forms of the

compounds that are in association with counter ions (e.g., dry salts), but also

20 forms that are not in association with counter ions {e.g., agqueous or organic

solutions). Metal salts typically are prepared by reacting the metal hydroxide with

a compound of this invention. Examples of metal salts which are prepared in this

way are salts containing Li*, Na®, and K. A less soluble metal sali can be

precipitated from the solution of a more soluble salt by addition of the suitable

25  metal compound. In addition, salts may be formed from acid addition of certain

organic and inorganic acids to basic centers, typically amines, or to acidic groups.

Examples of such appropriate acids include, for instance, inorganic acids such as

hydrohalic acids, e.g. hydrochloric or hydrobromic acid, sulfuric acid, nitric acid,

phosphoric acid and the like; or organic acids such as, for example, acefic,

30 propanoic, hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic, lactic, pyruvic,



alkaline-earth metal salts, unsubstituted or substituted ammonium salts of higher fatty acids
(010-022), e.g. the sodium or potassium salts of oleic or stearic acid, or 25 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 30
an alkyl or acyl radical having from 8 to 22 carbon atoms, e.g. the sodium or 51 calcium salt of
lignosulphonic acid or dodecylsulphonic acid or a mi%fure of fatty alcohol sulphates obtained from
natural fatty acids, alkaline or alkaline-earth metal salts of sulphuric or sulphonic acid esters (such
as sodium lauryi suﬂ;

hate) and sulphonic, acids of fatty alcohol/ethylene axide adducts. Suitable
cuiphonated 5 BRI GaS T Ml BN BE o Fa i E S S o i es of
alkylaryisulphomziis, aterthacsodiltia,, cakihamasiudieainolarthiasesaltsrif.d dheepivesittemécsufphonic

acid or dib_Uty|'%BEP@@&M@M{%@&QQ&@M%@'e%@n%wi%hoﬂi@. acidiiermaldehysie), p- '
condensation product Alsq suitable are the_correspondin _phosphates,Bew.%‘.Hsalt of phosphorlc

acid ester and AN SFGEEYYH BPP-HEhisheheT RISty IdNE SHlo? B0 oxitfe Sglates
phospholipids. Stithdiecphwspbatigsdsctordiig putheserangdheiht egiploatoraticg (Hofi)atiimal or

plant Ce”S_) or SXQT\Q@H%Q%PQQH@Q%%&)‘%B%&W'iE‘u%F‘ lggim%%ﬁpwﬁpcﬁﬁt@_sg_aIcohotates )
phosphatldylethanolamlne,rghosphatld Iserine, phosphaﬂdg% iycerine, lysolecithin, cardiolipin,

dioctanylphospRatidyedifstind dipdinmty RshBersirRigrd5ea CRRPAREP AR REIRIS, conagiiishle
non-ionic surfacanisineleds polyethoxgkatediasic polyptepyadated derivatieasrot adaapbaaols,

fatty alcohols, f@&%gﬁi%é%@iR}&ﬁt&g&%ﬁgéﬁg%ggﬁtg%@@g%g}gaggﬂmtr SS:arbon atoms in the

molecule, alkylarenesulphonates an hosuccinates, such &s po Yg'lycol ether

derivatived®f aliphA§e arRueiedyibilipratsAeonbIsishveaian Al tssedifatidTatBRERIHE and

alkylphenols, saishaiesivativestareierablyreoriaimiigos 46idd) alysetaiyereraunerandsctaZgcarbon
atoms in the (aghatlc) hpéx):sifrc%gar%on m0|ett¥ and 6 to 18 (garb‘chn atoms in th %k%lammety of the

o ‘a nd_as protein. componenis. £ no  acl ! e .
alkylphenol. Further suitable Ron-ionic RUHACtants are water-Soluble 5d§itts ?po‘}'etﬁy?ene oxide

with poylypropylegengyeside chain with a basic or acidic group, e.g., lysine, arginine or glutamic
acid, or a neutrat group such as glycine, serine, threonine, alanine, isoleucine, or
15 leucine.

The compounds of the invention also include physiologically acceptable salts
thereof. Examples of physiologically acceptable salts of the compounds of the
invention include salts derived from an appropriate base, such as an alkali meta
(for example, sodium), an alkaline earth (for example, magnhesium), ammonium

20 and NX;* (wherein X is alkyl). Physiologically acceptable salts of an hydrogen
atomn or an amino group include salts of organic carboxylic acids such as acetic,
benzoic, lactic, fumaric, tartaric, maleic, malonic, malic, isethionic, lactobionic and
succinic acids; organic sulffonic acids, such as methanesulfonic, ethanesulionic,
benzenesulfonic and p-toluenesulfonic acids; and inorganic acids, such as

25 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

30 example, in the preparation or purification of a physiologically acceptable



25 ethylenediaminopolypropylene glycol containing 1to 10 carbon atoms in the alkyl chain, which
adducts contain 20 to 250 ethyieneglycol ether groups and/or 10 to 100 propyleneglycol ether
groups. Such compounds usually contain from Ito 5 ethyleneglycol units per propyleneglycol unit.
Representative examples of nonionic surfactants are nonylphenol -polyethoxyethanol, castor oil
polyglycolic 30ethers, polypropylene / polyethylene oxide adducts, tributylphenoxy- 52
polyethoxyethanol, polyethyleneglycol and octylphenoxypolyethoxYethanol. Fatty acid esters of
polyethylene sorbitan (such as polyoxyethylene sorbitan trioleate), glycerol, sorbitan, sucrose and
pentaerythritol are also suitable non-ionic surfactant? 5Suitable cationic surfactants include
guaternary ammonium salts, particularly halides, having 4 hydrocarbon radicals optionally
substituted with halo, phenyl, substituted phenyl or hydroxy; for instance quaternary ammonium

salts containingXeAAUh<HLUEATS RN & Gt SietiRA ot dl RyS eIl rar R,
myristyl, ()ley' and theblise) arelydbifuithecsphdstitenisesmsubssittited or 10halogenated lower

alkyl, benzyl andiag by dugyus kol el o defais dssariptin sfauasesactive

agents suitable for this purg:gﬁe may be found for instance in’ cheon's Detergents and
Emulsifiers Anfisegcapinenmane SporRRIGissbiImMeewnididby coogpunds according to
"Tensid-Tascheshugye, 2y esl. (Hansyr Meragoddesnna bL8Aanst!neyclepardia ebsuriactants,
15(Chemical Publishi , .. Compounds af the invention and their
physiologically%&%&gb%%al?s% Cgrj?eéaéft(:grg?(\)%ec Ve §nre?é(r$§c? t@oyag The 3gﬁy3?rl%?rgﬁg%t_§rmay
be administere®¥3an¢GodBppstopHiite (8O LBAGItIdH 0 Beetreeeasrenginge raliesaalictuding

oral, rectal, nagshftgpreabinciuslinshasHitidiasalandismbisauabyvaginalkandig0 preaniaral
(including subc(ytaneggghw&ramuseul%ré intrayenqus, intradermal mtrath?cal and%{)ldur . The

preferred route GF FHMIRIStrAtON | %Jynvar?/ev’?/ﬂ o hé"xg‘hxﬁféetr? 88,%}?58‘}} Sﬁﬁéer S@h(i? While

it is possiBie fostmessictiveringrewtishidusesadaniaistier il chiestere prefisrabid torprasanethem as
pharmaceuticaldaamylalieBfhpbiederautalieRsi?mBARIRE YSTRinRNAANd PTmaR.ussraf the

present invention %o{{)n ﬂ?‘eé’ ag least one active ingredient, as above described, together with one
cally ac

or more pharmacea BRYASIR REPRE A R rasa NG it M RPCRREP AR (e ©F
ingredients. Thendahdet (@)roptnnalty e padieplatie starehgesenseraéizeingydumpatithleniith the

other ingredients oftha_formdlatianAnd ot dalelerian: I hes0iesientibe et Theyans.
formulations include those suitable for oral, rectal, nasal,
contiguration.

Pure isomeric forms of the said compounds are defined as isomers
substantially free of other enantiomeric or diastereomeric forms of the same basic
molecular structure. In particular, the term " sterecisomerically pure * or " chirally
pure " reiates to compounds having a sterecisomeric excess of at least about

20 80% (i.e. at least 90% of one isomer and at most 10% of the other possible
isomers), preferably at least 90%, more preferably at least 94% and most
preferably at least 97%. The terms " enantiomerically pure " and " diastereo-
merically pure " should be understood in a simitar way, having regard to the
enantiomeric excess, respectively the diastereomeric excess, of the mixiure in

25 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 ("

30  Stereochemistry of Carbon Compounds " (1962) by E. L. Eliel, McGraw Hill;



53 topical (including buccal and sublingual), vaginal or parenteral (including subcutaneous,
intramuscular, intravenous, intradermal, intrathecal and epidural) administration. The formulations
may conveniently be presented in unit dosage form and may be prepared by any of the methods
well known in the art of 5 pharmacy. Such methods include the step of bringing into association
the active ingredient with the carrier which constitutes one or more accessory ingredients. In
general the formulations are prepared by uniformly and intimately bringing into association the
active ingredient with liquid carriers or finely divided solid carriers or both, and then, if necessary,
shaping the product. 10Formulations of the present kgvention suitable for oral administration may
be presented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as solution or a
suspension in &RAYHEEs fguid- ol 33Eh-dgueviesmiio:. of 43:60 cibiihdier Siopfiadiaiuision or a
water-in-oil liquishgiadsioa nTikeactive baosedipnbikhsaay,asn beiRinsentedods adelisg glectuary
or paste. A tablelmay be made by.compression - molding, aplionally wih ane. or make, agpessory
ingredients. Compresse(?ta lets may be prepa?g Sby cor%pffeissmgpln a suitablé machine the
active ingrediefieptiarfabectisiatigatom suchithsra peiiggsor @arorastiopticiatjasinieawaiiva

binder, lubgcaniyingst:fld Rt EpRarvaineatZihsuriac AClive-phHiIfRS reMthadspbiddaddeddablets
may be made b oIdinrg in a suitable machine a mixture o%ih%%gﬁ/dered compound m is&ened
e

RIBATS e PablEE Hiay BRHGHAR S e U5 &G niay BEBimulated

with an inert liqUi di
So as to providdistotly orretamtrblied coleditensf thedcactivetimpedisriitsteainncoicistEttions &fthe

eye or other exfgRaklissHes RbmortB-2Rd shitihhe farmulplions.ae aplianaly srRiiRd as a
topical ointment qr cream containing i .
quinine, ephedrine, sifychnine, a-methyl-b-phenylethylamine (amphetamine), and

10 the like with asymmetric compounds bearing acidic functionality, such as
carboxylic acid and sulfonic acid. The diastereomeric salts may be induced to
separate by fractional crystallization or ionic chromatography. For separation of
the optical isomers of amino compounds, addition of chiral carboxylic or sulfonic
acids, such as camphorsulfonic acid, tartaric acid, mandelic acid, or lactic acid

15  can result in formation of the diastereomeric salts. Alternatively, by method (2},
the substrate to be resolved may be reacted with one enantiomer of a chiral
compound to form a diastereomeric pair (Eliel, E. and Wilen, S. (1994)
Stereochemistry of Organic Compounds, John Wiley & Sons, Inc., p. 322).
Diastereomeric compounds can be formed by reacting asymmetric compounds

20 with enantiomerically pure chiral derivatizing reagents, such as menthyl
derivatives, followed by separation of the diastereomers and hydrolysis to yield
the free, enantiomerically enriched compounds of the invention. A method of
determining optical purity involves making chiral esters, such as a menthyl ester
or Mosher ester, a-methoxy-a-{trifluoromethyl)phenyl acetate (Jacob [, {(1982) J.

25 Org. Chem. 47:4165), of the racemic mixture, and analyzing the NMR spectrum
for the presence of the two atropisomeric diastereomers. Stable diastereomers
can be separated and isolated by normal- and reverse-phase chromatography
following methods for separation of atropisomeric naphthyl-isoquinolines (e.g.
see WOB6/15111). Under method (3), a racemic mixture of two asymmetric

30  enantiomers is separated by chromatography using a chiral stationary phase.



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, 30 for example, at least 30% w/w of a polyhydric alcohol, i.e. an alcohol
having two 54 or more hydroxyl groups such as propylene glycol, butane 1,3-diol, mannitol,
sorbitol, glycerol and polyethylene glycol (including PEG400) and mixtures thereof. The topical
formulations may desirably include a compound which enhances absorption or penetration of the
active ingredient through the skin or 5 other affectegbareas. Examples of such dermal penetration
enhancers include dimethylsulfoxide and related analogs. The oily phase of the emulsions of
this invention may be constituted from known ingredients in a known manner. While the phase
may compriseSniebly shihsiRinena(sherrrsEkRnoRh B AR EnIYERGCIEHES B RBIFFses a
mixture of 10 atieasiore smplsifieswvithd fat anwikaawitaodbr fabyadanitleOptmally, a

hydrophilic emulsifier is.included together with Iiﬁ)@p ilic emulsifier which astsgs ystabjlizer. Itis
also preferred %B’iﬁ’cﬁia‘éf’ﬁ%% gﬁa&?%r%ea A" %gethgéth%mﬁﬁéfiggi’wﬁ'or without

stabilizer(s) make @thersb GhitetbeiiMsiindwacrRirtd grdwakogdtRBIRIAEN & SAHh Pfat
make up the Sﬂiﬁﬂiﬁ@%i’%ﬁ@éﬁb@’iﬂsé%oi{&%ﬁ_ﬂéﬁlﬁ%vwhE&lé%ﬂﬂ?s&&lﬁ&'ﬁd@im@&ﬂaﬁhaawd the

cream formulations. The choice of suitable ? Is or faé for th&formulpt{i}g&is E&seé% oL} jeving
the desired coBRfSRS FEH &R %iAR tH@sé’TﬁbiW oﬁ]?ﬁe%'ctlv%ncgrﬁpouna in most oils likely to
be used in phasoaogatioabemdisidiéorfitiitbhaigddironatPaarhg 188 Yhodid-8p&dnally be
2 non-greasy, pgn-sialging enhwastiRbiaaioduRk 2 kil atsoopnaipiasey iasavaishlesage
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from tubes or other containers. Straight or branched chain, mono- or digl;asic {sllkyal esfers such as
di-isoadipate, SHYEEPERSiRgENGRIAMEE Y EHP BRI BISE I ) SUE AR T nyristate,
decyl oleate, isppropyhpaimitate, butybstearaberi@esthythexytpaimitiatioranblehassl branhed

chain esters k 0 ;ﬂ% 0 %g_éﬁg ay be used, the 25 last three being preferred esters.
These may ber&gé\{}([ed a gcélé g?% combinsgtion depending on the properties requirﬁgﬁﬁlternaﬁively,

high melting point Tifd4estigh @i PRt ERREpAFaHFER dISFTtuld pRrarin BBt mir S Gils can
be used.  Fopstiationssikitebiaferdepicalatimisistationtddithepeydiais iihel b Bifectiops

wherein the acgiveair} reg}iqerig is: qjﬁgol%%%l S 398%%% %“ﬂgjﬁé%%%agﬁ%ee@&%%%@n
aqueous solvent for the a(gflvglngre ien .‘I?-'{orrgn%?atlons )
15 according to the above formulae (1) to (XXXVI) may easily be determined by
those skilled in the art while using well-known methods such as, for example, X-
ray diffraction-or NMR.
The compounds of the invention may be formulated with conventional carriers
and excipients, which will be selected in accord with ordinary practice. Tablets
20  will contain excipients, glidants, fillers, binders and the like. Agueous formuiations
are prepared in sterile form, and when intended for delivery by other than oral
administration generally will be isotonic. Formulations optionally contain
excipients such as those set forth in the "Handbook of Pharmaceutical
Excipients” {1986) and include ascorbic acid and other antioxidants, chelating
25 agents such as EDTA, carbohydrates such as dexirin, hydroxyalkylceliulose,
hydroxyalkyimethylcellulose, 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, cintments, creams, tablets, peliets or powders.



55 suitable for topical administration in the mouth include lozenges comprising the active
ingredient in a flavored basis, usually sucrose and acacia or tragacanth; pastilles comprising the
active ingredient in an inert basis such as gelatin and glycerin, or sucrose and acacia; and
mouthwashes comprising the active 5ingredient in a suitable liquid carrier. Formulations for
rectal administration may be presented as a suppository with a suitable base comprising for
example cocoa butter or a salicylate. Formulations suitable for nasal administration wherein the
carrier is a solid include a coarse powder having a particle size for example in the range 20 to 500
10 microns (including particle sizes in a range betwegn 20 and 500 microns in increments of 5
microns such as 30 microns, 35 microns, etc), which is administered in the manner in which snuff
is taken, i.e. by rapid inhalation through the nasal passage from a container of the powder held
close up to the nosRyiBuitabpedaormuiations whetein tihe caster is athquidaior abiministeationl as for

15 example a ngg@%ﬁgﬁ%%@ﬁ HASAISHARSHIE LIS, AGUERKMAL A SOLHRRS iR HICAC R

ingredient. Formulations suitable for aerosol administration may be prepared accordin

)SC : ; {0
conventional m&REYE dittl PREFHEERIERIGWIh brlesaieripeutitiiyd T’spﬁ?ﬁ?ﬂbl@t\fgﬁgoéhitable
for vaginal administratian may hechresenddiias: 26 pessariestitagnpgasiscrdamssyelsapastes,
foams or spray farmulations containing in.additign to, th lye.in ient s HRLS agdre
known in thé art gl%eésapaﬁi%%sr%étg éwgﬁﬁﬁaggﬁs%éu%a%%\ﬁ%p%lér%%@fgdl g@%b%wqutration include

aqueous and némiEaesuacseiie(faje SIGMBIIURBRIAVhRI Pita PEht AN ART BB LS BaRiGrs, 25

bacteriostats anghsaistessmhiehsiepdecthecaumubationiisaiatienwitivaheblacedohithednterxed
recipient; and aquequs and non-aqueous sterile suspensions.which | & SusPending
agents and thic SH.SﬁSg‘"’Ea%gé‘Hﬁ.ﬂﬁ?e oarcr%l['?ﬁig% garon%ﬂgéo‘bléep%srgﬁiiseé mgn u%%é@ggg_oy_imulti-dose
containers, for exaaiplespalsdbaaportesampuiasiaitemaipaaterigahwmeeyionia the

(lyophilizedhcongitionirasuirinsndenly te gdgitien of thepteritlinuicheasierofoirrxanplewater
for injections, 56 immediat_eIP/ prior to lése Exte orarlle us i{]-ecati(mg?ij}utrig&gn Q‘d-r%%SB Q_sions
may be prepare ¥ SRR Gitiads. 8@?‘?&@?&8 BRI o th&%ina [SrEviously o'lescrlﬁed.
Preferred unit desmgeformitilatians arectthse, cwiitaitiingsaldaityi dossier Burikrdhilgsubidese, as
herein above regjied, pran appropiate fagion MRwedls Mudace-active .agents may also be
prepared by inicronisation, for instance in view to obtain them in the form of

15  microspheres usually having a diameter of about 1 to 10 gm, namely for the
manufacture of microcapsules for controlled or sustained release of the active
ingredients.

Suitable surface-active agents, also known as emulgent or emulsifier, to be
used in the pharmaceutical compositions of the present invention are non-ionic,

20  cationic and/or anionic materals having good emulsifying, dispersing and/or
wetting properties. Suitable anionic surfactants include both water-soluble socaps
and water-soluble synthetic surface-active agents. Suitable soaps are alkaline or
alkaline-earth metal saits, unsubstituted or substituted ammonium salts of higher
fatty acids (C10-Cz2), e.¢. the sodium or potassium salts of oleic or stearic acid, or

25 of natﬁra! fatty acid mixtures obtainable form coconut ofl or taliow oil. Synthetic
surfactants include sodium or calcium salts of palyacrylic acids; fatty sulphonates
and sulphates; sulphonated benzimidazole derivatives and alkylaryisulphonates.
Fatty sulphonates or sulphates are usually in the form of alkaline or alkaline-earth
metal salts, unsubstituted ammonium salts or ammonium salts substituted with

30 an alkyl or acyl radical having from 8 to 22 carbon atoms, e.g. the sodium or



an active ingredient. It should be understood that in addition to the ingredients particularly
mentioned above the formulations of this invention may include other agents conventional in the
art having regard to the type of formulation in question, for 10 example those suitable for oral
administration may include flavoring agents. Compounds of the invention can be used to
provide controlled release pharmaceutical formulations containing as active ingredient one or
more compounds of the invention ("controlled release formulations") in which the release of the
active ingredient can be controlled and regulated to allow less 15 frequency dosing or to improve
the pharmacokinetic or toxicity profile of a given invetition compound. Controlled release
formulations adapted for oral administration in which discrete units comprising one or more

compounds of thgdnueatiencaihbs AERIESALEY" é%%&@&ﬂ%%ﬁ%&ogaé @ﬁ%‘?qu' Additional

ingredients may be included in"order to control the duration o action of the active mgreaient in

the compositiort ©oRtrSHIRMeRs: Abiipedifeme malmuily asitevaikpnselec@litplippespiate

por:yTner ca_lrritlarmstmh;assf@fr ﬁ)!pimqﬁlemfﬂid&ﬁ}@ﬁl&: QGW@itm asids, Iémlllwdmmh Mrgdigggﬁaml)
ethylene-viny ymer yleellulose. carboxymethylcellulose, protamine sulfate
and the like. T%g%}a%tﬁéﬂm%l é?ﬁi%@%ﬁdg Eﬁ?&a‘f%@h& gfeancefig)r%(?ﬁa@géf‘é%‘bg) lﬁ'ga n’f@%ﬂ%ﬁg

LE | g releas
incorporating tHeaEdIRgRarsYatitespRitickabhe eprisier Sciipad esristaaulymErarsplsstahce

such as hydrogsils/pglylagticracid, hydroxyenetavineellulesaupohsrietiybmathassylalg@andthe
ther above-desgabtpehumers Syehymedions nlue colad g deluery svtcms ke

liposomes, microsphéres, microemulsions, nanoBértlc
naphtalene-sulphonic acidfforraldehyde condensation product. Also suitable are

the corresponding phosphates, e.g. salts of phosphoric acid ester and an adduct
10 of p-nonylphenol with ethylene and/or propylene oxide, or phospholipids. Suitable

phospholipids for this purpose are the natural (originating from animat or plant

celis) or synthetic phosphoalipids of the cephalin or fecithin type such as e.g.

phosphatidylethanolarnine, phosphatidylserine, phosphatidylglycerine,

tysolecithin, cardiolipin, dioctanylphosphatidyl-choline, dipaimitoyiphoshatidyl -
15 choline and their mixtures.

Suitable non-ionic surfactants include polyethoxylated and polypropoxylated
derivatives of alkylphenols, fatty alcohols, fatty acids, aliphatic amines or amides
containing af least 12 carbon atoms in the molecule, alkylarenesulphonates and
dialkylsulphosuccinates, such as polyglycol ether derivatives of aliphatic and

20 cycloaliphatic alcohols, saturated and unsaturated fatty acids and alkylphenols,
said derivatives preferably containing 3 to 10 glycol ether groups and 8 io 20
carbon atoms in the (aliphatic) hydrocarbon moiety and 6 to 18 carbon atoms in
the alkyl moiety of the alkyiphenol. Further suitable non-ionic surfactants are
water-soluble adducts of polyethyiene oxide with poylypropvlene glycol,

25 ethylenediaminopolypropylene glycol containing 1 to 10 carbon atoms in the atkyl
chain, which adducts contain 20 to 250 ethyleneglycol ether groups and/or 10 to
100 propyleneglycol ether groups. Such compounds usually contain from 1 fo 5
ethyleneglycol units per propyleneglycol unit. Representative exampies of non-
ionic surfactants are nonylphenol -polyethoxyethanol, castor oil polyglycolic

30 ethers, polypropylene / polyethvlene oxide adducts, tributylphenoxy-



30 Depending on the route of administration, the pharmaceutical composition may 57 require
protective coatings. Pharmaceutical forms suitable for injectionable use include sterile aqueous
solutions or dispersions and sterile powders for the extemporaneous preparation thereof. Typical
carriers for this purpose therefore include biocompatible aqueous buffers, ethanol, glycerol,
propylene glycol, 5polyethylene glycol and the like and mixtures thereof. In view of the fact
that, when several active ingredients are used in combination, they do not necessarily bring out
their joint therapeutic effect directly at the same time in the mammal to be treated, the
corresponding composition may also be in the form ef a medical kit or package containing the two
ingredients 10 in separate but adjacent repositories or compartments. In the latter context, each
active ingredient may therefore be formulated in a way suitable for an administration route
different from thatysttsinaniigreieityleng e ortHeR iRiEERXPIEEBRYSHEer A B
pafentefa'| formé!@éi%t%%ﬁ%%&ﬁ&ll@ isipithe foron r(?fsagﬁbwl&fg Mmoﬂmi@éw;isn or
an aerosol. 15The present inyention also provides synthetic.me I ) ing
compounds ac Y&ﬁ{aﬁo?ﬁig}éae[hersﬁ%rgrﬁuI%%G?I)pt%'%%g%?%gl (}te}tgai%%%]eggﬁgg%z)?#ﬁfedme
processes desctib&bfamther are only meant as examples and by no means are meant to limit the

_scopedof thg IOfese%hi@%@tﬁzéglgrﬁ@r@@&ﬁﬁﬁﬁt@ﬁ%\@lﬁﬁ@"@jaﬁaﬁfdﬂ?@lmgﬁ@rﬂ@mmmwm‘@)’e?Cﬁ
is made to figures 1 to 15. . e synthetic schemes in figures 1 t0.15 i te synt of the
31-0- phosphorf2ibdgstrday ‘59&3“%3-{%835%ﬁ%?éq?grgggoﬁﬁiﬁeggp & %?ﬁ/‘?{@e%%%ﬁ\?f 9
naturally-occurringpstitetedbabesyadenihegthyynirier uiasitroptosivetegimbin N SeaniHe! froas
commercially a‘ﬁ%ﬁlﬁ?ﬁA@%%”&EBH&@R&@?@%@%%Q%P&%%@&@?%? SRR adantediv@muryl,

eo

heterocyclic nucleobase without inventive effort. Each 25figure will n%\/‘ b descril%egﬂijrtme%?ggils.
Figure 1 TRE'S) A EnE Stheiey R EHBRHNR fhe?s EEMBHERRSTHeRR S R S Rthesis of
the 3'-0-phosphhsiigsant: 3 GvphabphdratePdndemiydetrosiewaciiodidelifetvatives of 4

turally- i b ine. : ¢ . ) e
naturally-occuring A ASEASERPHEDING VRS AORGIR RS RASIDEIAR purpo

thydro-furan-1-one (4 . "
may be found for instance in "McCutcheon's Detergents and Emulsifiers Annual
(MC Publishing Crop., Ridgewood, New Jersey, 1981), "Tensid-Taschenbucw', 2
d ed. (Manser Verlag, Vienna, 1981} and "Encyclopaedia of Surfactants,
15 (Chemical Publishing Co., New York, 1881).

Compounds of the invention and their physiologically acceptable salts

{hereafter collectively referred to as the active ingredients) may be administered

by any route appropriate to the condition to be treated, suitable routes including

oral, rectal, nasal, topical {inciuding ocular, buccal and sublingual), vaginal and

20 parenteral (including subcutaneous, intrarmuscular, intravenous, intrademal,

intrathecal and epidural). The preferred route of administration may vary with for
example the condition of the recipient,

While it is possible for the active ingredients to be administered aione it is

preferable o present them as pharmaceutical formulations. The formulations,

25  both for veterinary and for human use, of the present invention comprisé at ieast

one active ingredient, as above described, together with one or more

pharmaceutically acceptable carriers therefore and optionally other therapeutic

ingredients. The carrier(s) optimally are “ acceptable " in the sense of being

compatible with the other ingredients of the formulation and not deleterious to the

30 recipient thereof. The formulations include those suitable for oral, rectal, nasal,



In the first step (a), the 2'-hydroxy group is selectively protected. The hydroxyl group in position 2
is selectively protected, preferably by silylation, more specifically with a ter-1-butyl dimethylsilyl
(hereinafter referred to as TBDMS) group using TBDMS-chloride (hereinafter referred to as
TBDMSCI) in the 5 presence of a reactant, preferably imidazole, in an organic solvent, for
example acetonitrile (hereinafter referred to as ACN). Protection of the hydroxy group on this
position does not affect the stereochemical orientation at the carbon atom that same position.
Preferably, silyl-protection is carried out starting at 0C up to room temperature. 10In the second
step of the synthesis, the free hydroxyl group on pasition 3 is then independantly protected,
preferably by a base-labile protecting group for example by acylation, preferably by benzoylation.
The benzoyl group is introduced using benzoylchloride under basic conditions in an organic

solvent, for exXarigRé itinsiitinge oesRlamsitioptblitsedydregigrduprortirnBssitidinedsdshot 15

affect the steregshentical origttatiossaketarkotbatomitbat saneiResitiepaPiglesplyracylation
(here benzoylggon‘)t.lis% out starting at 0C up to room In the third step the
0

: m rgﬁorsqe.ih %0 uzglt%ns ay.conyenie E%H%Peegjartusrg.t n uniE{\ L 05ade.
lactone is reduced a heriketal. EIn?us reduchon iSerecteq using aehyc?rl e based reau%eflon

agent for exaiie @smhdRy difsGBPAE nini am:hyid e trthoidafiee!t dfomed to dBeDivhIOH),

preferablysin g:sehenysecRpmEHaY Hallambeenaftsnsgics pideasotHDPHOHane.
Through this r.eac%cgngn %ﬁ?ﬁweric centregi% creatﬁd. This reduction is carried out belpw 0 C,
BEC, Yore

preferably bel &\ Srﬁ?ﬁgeartvyl? RS BLIRR %’fgpofn%%eégﬁ%sg%’sg}%%ﬂ? P&ctions
whereby first theg2Bespichseidcrhyidiong aroppeisapedtbytadijornvivtantd proteatbntoingiachipéroxy

group on positieR3ifibe @eoga%cingmmgmm&z@r@s%f%b%?w@@%wga theFamRRLotecting
group as the hydroxy group on{)osmon 2. For example also with a TBDMS group using TBDMSCI

in the presencd BPREACHRE S ORGET ImRISPNIS Hedisiynic solvent, for example ACN. The
base-labile proteEtngB6tignsu dnepositiont Sisreimoweddne ésitbesh ppropiittetioonaditipns. For
example the 3Rsented as discrete units such as capsules, cachets or tablets each containing
a predetermined amount of the active ingredient; as a powder or granules; as
solution or a suspension in an agueous liquid or a non-agueous liquid; or as an
oil-in-water liquid emulsion or a water-in-oil liquid emuision. The active ingredient
15 may also be presented as a bolus, electuary or paste.
A tablet may be made by compression or molding, optionally with one or mare
accessory ingredients. Compressed fablets may be prepared by compressing in
a suitable machine the active ingredient in a free-flowing form such as a powder
or granules, optionally mixed with a binder, lubrticant, inert diluent, preservative,
20 surface active or dispersing agent. Molded tabiets may be made by molding in a
suitable machine a mixiure of the powdered compound moistened with an inert
liquid diluent. The tablets may optionally be coated or scored and may be
formulated so as to provide slow or controlled release of the active ingredient
therein. For infections of the eye or other external tissues e.g. mouth and skin,
25 the formulations are optionally applied as a topical ointment or cream containing
the active ingredieni(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 agueous phase of the cream base may include,

30 for example, at least 30% wiw of a polyhydric alcohol, i.e. an alcohol having two



0-benzoyl group is removed with saturated ammonia in methanol. Upon protection of the
anomeric hydroxy group, two stereoisomers are formed at that position, alpha and beta. The
resulting mixture does not need to be separated because the stereo-orientation of the anomeric
centre at this stage in the line of 5 synthesis does not affect the stereochemistry of the final
compounds. Deprotection of the hydroxygroup on position 3 does not affect the stereochemistry of
the carbon atom at that same position. In the next step, step five in scheme 1, the hydroxy
group on position 3 is phosphonoalkylated using the appropriately protected phosphonoalkyl
reagent. 10 For example, a phosphonate function is gatroduced using the triflate of
diisopropylphosphonomethyl alcohol and NaH in THF. Derivatisation of the hydroxygroup on this
position does not affect the stereochemical orientation at the carbon atom of that position.
Preferably, thishHoSphdhfEtoh sase risitaaricereritetartaiyeat -P8ENI tc3rdioh reampérature.

15The sixth stegvafithe SibRsISIRSERBRASRNSINEHT (RRiagiRg thearoisction gramasn the

anomeric centrg and osition 2 by a different one comprisipg first, a deprotection step.and
e ot P U SR BEn BTy M SRt AR

second, a protection step wit PHE A RS
group replaces&nBasifg psteitigy upsrReftoably, ttre SRPMSIRdisns tovghdvedkiy o

treatment with 2ghacidipcediaraRuan-agnemis acid salWionJopsxamals, tafiuareacstis asd
(hereinafter referre%%g@ TF@ in water. Subsequent acylation is done analogous to the

procedure desc%‘? f%i ﬁn[ﬂi?@?ﬁi‘?éﬂ%hway. Preferably the di-benzoyl ester is
formed. In the next btepilthease egbisedsinsioducadibis positidinn robthbdhus2Gtaipdr dpriately

protected phosphapylerielass derxalivenT NP UARARIRE S NAL A PRYGRRILE Mratyl-prptected

(uracil, thymine, N6-benzoyladenine, N4- acetylcytosine) are first silylated, preferably with TMS

using hexamet TS L CSRTIRSHG I RRroAN AL IARID S e Phesemedssis a mixture of
ammoniurhdul phictendt sing entiasifisrasith catalyst aprefesablit-Sndide theamdcleobiaseissaip)ed

‘é"(i)th the tetrose,3Q MBIAhc IMURIRRFICR Al act BASH S QM. PIBISIARY SR S PERFGY LgrouP:

as a stabilizer. i is also preferred to include both an oil and a fat. Together, the
emulsifier(s) with or without stabilizer(s) make up the so-called emulsifying wax,
and the wax together with the oil and fat make up the so-called emulsifying
15 olntment base which forms the oily dispersed phase of the cream formulations.
The choice of suitable oils or fats for the formulation is based on achieving the
desired cosmetic properties, since the solubility of the active compound in most
oils likely to be used in pharmaceutical emulsion formulations is very low. Thus
the cream should optionally be a non-greasy, non-staining and washable product
20 with suitable consistency to avoid leakage from tubes or other containers.
Straight or branched chain, mono- or dibasic alkyl esters such as di-isoadipate,
isocety! stearate, propylene glycol diester of coconut falty acids, isopropyi
myristate, decyl oleate, isopropyl palmitate, buty! stearate, 2-ethylhexyl palmitate
or a blend of branched chain esters known as Crodamol CAP may be used, the
25 last three being preferred esters. These may be used alone or in combination
depending on the properties required. Alternatively, high melting point lipids such
as white soft paraffin and/or liquid paraffin or other mineral oils can be used.
Formulations suitable for topical administration o the eye also include eye
drops wherein the aclive ingredient is digssolved or suspended in a suitabie

30 carrier, especially an aqueous solvent for the active ingredient. Formulations



allows stereoselective introduction in the presence of a Lewis acid of the base moiety onto the
anomeric centre. Using this method, the nucleobase is introduced at the side opposite to the
hydroxy substituent on position 2. Preferably, nucleobase introduction is carried out starting at 0C
up to room 5 temperature. The eighth step of the synthetic scheme is characterized by the
deprotection of hydroxy on position 2 and (in case of N-acyl protected nucleobases as possibly
adenine and cytosine) deprotection of the nucleobase. The 2-0-acyl group and nucleobase
protecting benzoyl or acetyl groups are 10removed in basic conditions. For example, removal of
these acyl protecting groups is done with saturated®mmonia in methanol (yielding compounds
15-18). In order to obtain the 3'-0-phosphonate tetrose derivatives, the final step now is
removal of the phosphonate protecting. groups by hydrolysis. For example, hydrolysis of the

p & @F g q ps.by, Y, é‘ﬁ?%?ee’ I}é
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such as dichloromethane. n order to obtain the 2'-deoxygenated analogues .
(3-0-phosphorSBtESHD d&SxFHStRsSe BRfiVARRRIE) AR Ty GHETR 6P 180T PIE T BVed®H Case of
the 20 adehindntinvytheme iardsuittilddgiidtigeisrthis is achieved by a mild method involving
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reduction, giving 19-21. An appropriate reaction &rocess is Known as Barton deoxygenation where

for example th¥EbripSURBLIE iRISEd e BT H €0 o A ST PRENPRERRBIFS caThBnSRITHABN in the
presence of 25-amairlytiaamattiof dimeltylanmpirstios (heenaftterefaried to as MAP).
Preferably, this first,reaction of the barton.deox tion | ' i
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ammor_ﬂa as. The final step in the synthesis of th_ese}B -0-phosphonag e_,Zéidgé)r%(g/g?H]%se
Corvativebs (TERIB A GRSTRA 451 (e BHERBSOT B S SR o G
active ingredient. Formulations suitable for aerosol administration may be
prepared according to conventional methods and may be delivered with other
therapeutic agents.
Formulations suitable for vaginal administration may be presented as
20 pessaries, tampons, creams, gels, pastes, foams or spray formulations
containing in addition to the active ingredient such carriers as are known in the
art to be appropriate.
Formulations suitable for parenteral administration 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 blood of
the intended recipient; and agueous and non-aqueous sterile suspensions which
may include suspending agents and thickening agents. The formuiations may be
presented in unit-dose or muiti-dose containers, for example sealed ampoules
and vials, and may be stored in a freeze-dried (lyophilized) condition requiring

3¢ only the addition of the sterile liquid carrier, for example water for injections,



10 For example, hydrolysis of the preferable diisopropyl protecting groups is achieved
successfully by treatment with a TMSX. Preferably, the adenine derivative is treated with TMSBr
and the thymine, uracil and cytosine derivatives are preferably treated with TMS-iodine
(hereinafter referred to as TMSI). All the resulting compounds of this synthetic pathway are
purified using 15 one or a combination of several methods known to the person skilled in the art
such as chromatographic methods on conventional silica gel and/or ion-exchange columns and/or
macroscopic synthetic beads from a dextran polymer. Figure 2 The synthetic pathway shown in
scheme on figure 2 illustrates the 20 synthesis of thé®31-0-phosphonate and
31-0-phosphonate,21-deoxy-tetrose guanosine derivatives starting from

(R,R)-2,3-dihydroxy-dihydro-furan-1-one The phos hqn lated a!ng gprotec ed tetrose startlng
material of this PRMRARTY SBIiHad Rftolmi TR BRESY "5’18 8 St Fathwa given in
Figure 1. 25Fromaihbecpespzsitifarrtosteepathwary sndiguvdes amé igheto sinibd kise Rritvevdhced
onto the sugar %g&%iggn 1 optionally after silylation for example with HMDS together with
ammoniumsulphate. Using a Lewis acid catalyst, preferably SnCl4, the nucleob gse i§ cou Ied

with the tetrose moiet " TRE G e4uh0e%% JBTHIZNYIS R3¢ JRates By THE 202 SO MSR

allows sterepselaativeiintaddotions3thisrdmegivese rasiaf, cot ewBppcigh Ghith & dss Iﬂi@!@gt;fogﬁpt’o the
anomeric Centre a%isve ingredient.
it should be understood that in addition to the ingredients particularly
mentioned above the formulations of this invention may include other agents
conventional in the art having regard to the type of formulation in question, for
10 example those suitable for oral administration may include flavaring agents.
Compounds of the invention can be used to provide controlled release
pharmaceutical formulations containing as active ingredient one or more
compounds of the invention ("confrolied release formulations”) in which the
release of the active ingredient can be controlied and regutated to allow less
15 frequency dosing or to improve the pharmacokinetic or toxicity profile of a given
invention compound. Controlled release formulations adapted for oral
administration in which discrete units comprising one or more compounds of the
invention can be prepared according to conventional methods.
Additional ingredients may be included in order to control the duration of
20 action of the active ingredient in the composition. Control release compositions
may thus be achieved by selecting appropriate polymer carriers such as for
example polyesters, polyamino acids, polyvinyl pyrrolidone, ethylene-vinyl
acetate copolymers, methylcellulose, carboxymethyicellulose, protamine sulfate
and the like. The rate of drug release and duration of action may. also be
25 controlled by inéorporaﬁng the active ingredient into particles, e.g. microcapsuies,
of a polymeric substance such as hydrogels, polylactic acid, hydroxymethyl-
celivlose, polyniethyl methacrylate and the other above-described polymers.
Such methods include colioid drug delivery systems like liposomes,
microspheres, microemulsions, nanoparticles, nanocapsules and so on.

30 Depending on the route of administration, the pharmaceutical composition may



Using this method, the nucleobase is introduced at the side opposite to the hydroxy substituent on
position 2 Subsequent deprotection of the hydroxy group on position two is achieved in the
same way as step 8 of the scheme in figure 1. 5The final step in order to obtain the
3'-0-phosphonate tetrose guanosine derivative is phosphonate deprotection achieved by
hydrolysis. For example, hydrolysis of the preferable diisopropyl protecting groups is achieved
successfully by treatment with a TMSX, more specifically with TMSBr at room temperature in an
organic solvent such as dichloromethane. 10In order to obtain the 2'-deoxygenated analogues
(3'-0-phosphonate,2'- deoxy tetrose derivatives) thes21-0H group is removed in a similar way as
for the deoxy compounds of in figure 1: by a mild method involving derivatisation of the hydroxy
group into a thionocarbonate or dithiocarbonate prior to radical reduction, preferably using the
reaction proceSRHE RIUAGIA 20BRREN duyBR s fas s Ry pRiPsiah e eshln &SR of the
3'-0-phosphonite Rled ecijegaanesine tolutisadenivatiyessiethe aatnetailof tHusvphasphottate
protection grog BBy AlS rbtals sl e AFGIRARIS HILROREPRY| PIRIGIRCALRLBRIS

achieved successfully by treatment with TMS sulting compounds of this synthetic pathway
are purified usiig'$ife DB PEERDIRIHET'SF SBYERES MRt kSHFRR tHEGRIEBhA ﬂﬁﬁ&ﬁin the
art such as chraryatageaphit/metnads e nieoave tienak sitieagdl, reversed phase silica gel and/or
lon-exchange columns %@%Oéﬁ%r?g&om%éymae&i%123&%? %8%?033”%?&%@5 %Bé%erut{eig%e 3

25The reaction scheme given in Figure 3 comprises 10 steps and illustrates the synthesis of
3'-0-phosphongf& Rt {efd88YRivativesasrpriiffearst Brtifiaistio auitie e Pec diasy rom
(R,S)-2,3-dihyetox-difydranfiaran theORtammal e Hestrstepdftie sHmiBesisieRMiisessinm
reactions that are identical to.the two first steps af.the pathway represented by Figure 1. The
second step of 50 tﬁ%’oséﬁfﬁgg?s?g g})oggmnaer:é%g%&%orrégacc% SPWAIC n?n%‘ |r?s%oo'r[?gﬁ%q!332r-lstical to
63 10 in separate but adjacent repositories or compartments. In the latter context, each

active ingredient may therefore be formulated in a way suitable for an
administration route different from that of the other ingredient, e.g. one of them
may be in the form of an oral or parenteral formulation whereas the other is in the
form of an ampoutle for infravenous injection or an aerosol.

15 The present invention alsc provides synthetic methods and processes for
‘making compounds according to the general formuiae (1) to (XXVI), as detailed
herein after. The processes described further are only meant as examples and by
no means are meani to limit the scope of the present invention. For a better
understanding of the following description, reference is made to figures 1 to 15.

20 The synthetic schemes in figures 1 to 15 illustrate syntheses of the 3-O-
phosphonate-tetrose and 3'-S-phosphonate-tetrose nucleoside derivatives of five
naturally-occurring nuclecbases (adenine, thymine, uracil, cytosine, guanine)
starting from commercially available lactone compounds, but these syntheses
can be adapted to any heterocyclic nuciechase without inventive effort. Each

25  figure will now be described in details.

Figure 1
The synthetic scheme as shown in figure 1 comprises 11 steps for the
synthesis of the 3-O-phosphonate and 3'-O-phosphonate,?’-deoxy-tetrose
nucieoside derivatives of 4 naturally-occurring nucleobases (adenine, thymine,

36 uracil, cytosine) starting from (R,S)-2,3-dihydroxy-dihydro-furan-1-one (4).



step 3 in the pathway of Figure 1. In the subsequent reaction, the anomeric hydroxy group is
protected, for example with an alkyl group, for example methyl, by acid catalysed
transacetalisation (for example in methanol when the methyl hemiketal is envisaged) or using
methyl iodide/silver oxide in a polar solvent such 5 as DMF or ACN. The next step comprises
deprotection on position 3 followed by phosphonylation on position 3. These reactions have been
described in detail for the pathway represented by figure 1. Deprotection on position 3 embraces
the removal of the base-labile protecting group. For example, the 0-benzoyl group is 10 removed
with saturated ammonia in methanol. Subsequently,sfhe phosphonoalkoxy group is introduced on
position 3 following the same procedures as described for step 5 in the pathway of Figure 1.

In the fourth step, three subsequent reactions lead to the coupling of the tetrose with the
nucleobase. All three tredbtiofrHrstaniiros tire Krovdomore a1 FisriPin RiRGReL: ntifely the

reagtion C(%mpriﬁﬁ%agﬁé%é ﬁngﬁgi%r‘iﬁ@i%%@l&&b&é@ﬁ@é&%ﬁéd&b@fémythﬁémi&l‘dined'fﬁﬂye
products (before introdyction of the nyc se). differ with those.in. Fi t

derivatisation oﬁp&?g(l)ﬁéirly 1W%v@e§%’?%H%?re%u ‘%%qa%rhéid&%?éeég?re%pgﬁg F’% %:c?rgn quﬁd%? %Wiéh of
Figure 1. 20Hemeeythedirst 4788 Sefttloiddsy rirersisaitanwalpoad be c@ﬁsfﬁ%@é&@)aﬁbtﬁ@r new

orthogonal protggtion,styaegydadhesyntissisiptainherhanviategddetaanengipesisemple  In
the next step, the acyl protection group on paosition 2 is remov dtbal a@ﬁtehﬂdd?s des%rtilbec()jnfor
removal of the S5HEHBE SFYR) JYres e &éé\ﬁ% ‘\b%ﬁ RIFET. Follswig the Yeprotection of
the 2'-OH, an oittationitakesaelacettifast shmetpusitbamctecstep@ioThel dkit aERPBR{GRItion 2
s achieved using.orie,qf (Be MBRYSRASENS KAOERLLA6 PR sanrekiled g to-axiize the 2

or 3'- hydroxy group of a nucleoside, for instance chromic acid/acetic anhydride under 30 acidic
conditions or a FRO§8 IRARFAEARent or treament with dimethylsulfoxide 64

10 in the second step of the synthesis, the free hydroxy! group on position 3
is then independantly protected, preferably by a base-fabile protecting group for
example by acylation, preferably by benzoylation. The benzoyl group is
introduced using benzoylchloride under basic conditions in an organic solvent, for
example in pyridine. Derivatisation of the hydroxygroup on this position does not

15 affect the stereochemical orientation at the carbon atom that same position.
Preferably, acylation (here benzoylation) is carried out starting at 0°C up to room
temperature.

In the third step the lactone is reduced to a heméketél. This reduction is
effected using a hydride based reduction agent for example using

20  diisobutylaluminium-hydride (hereinafier referred to as Dibal-H), preferably in a
solvent such as tetrahydrofuran (hereinafter referred to as THF) or toluene.
Through this reaction an anomeric centre is created. This reduction is carried out
below 0 °C, preferably below -80 °C, for example at -78°C.

The fourth step involves two subsequent reactions whereby first the

25 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-abile protecting

30 group on position 3 is removed under the appropriate conditions. For example the



(hereinafter referred to as DMSO) in combination with dicyclohexylcarbodiimide (hereinafter

referred to as DCC) under acidic conditions is used. A novel class of 3-0-phosphonylated
tetrose nucleosides is obtained when removing the phosphonyl protecting groups as described for
phosphonyl 5deprotection in the pathway of figure 1. Alternatively, the oxidation product of

step 6, is used for the synthesis of other derivatives by first introducing a second substituent on
position 2 by nucleophilic addition. For the nucleophilic addition reaction, reagent and reaction
conditions are chosen appropriate for the desired substituent. For example, the 10 methyl group is
introduced using methyllithium/methylbromide magifesium, the trifluoromethyl group is introduced
using trifluoromethyltrimethylsilane (hereinafter referred to as TMSCF3) in the presence of a
catalytic amount of tetra-nbutylammonium flugride (hereinafter referred to as TBATF) ri?d for

example, the EHRRPFEYOUIBALANtFo GRS R bintGrimR i RASH | SRR A 18 FEEA%sium PEE The
nucleophilic aggifiesticpastive praceeds sterepgpecifisatiy thernuclenehieattickefforhitaé least

e DS A, sineedle PHIY SRR IR RS Iek 804 A S bpkR AR e

same side, the’ %ﬂéﬁeé ile attacks at the opposite side, resulting in the stereoconformatio
illustrated by thedysrethPoBRBRRSRSAISH RE ARG GRS £ HussiBes BK80 8P Mis point,
leads to 2'sdi-syypstituied anrlogs: Alifsaatively, adeuthebiang can bidorfimed hyoohekyddion

between positign 2 and. position. 3 prior to ph onyl deprotection. 19 a prefgrreghenbagiment of
the invention t |§p|rsofcq‘|er§/e %f%’::ségﬁgg%éﬁggfo%xa%%ps?é%k&y _treatn%ent with sodium
methanolate (IHFwinelfsniesiercdecadon MeoRhA sEDRPRT "PRough in a preferred

embodiment, this is q’f@'ﬂ%H@?%@@E@i@;ﬁﬂ@éﬁmfﬁﬁ@xamlﬂmI@&idﬂmamapit&ﬂc&tﬁvent
such as dichlor%m

ethane (hereinafter referred to as DCM). Figure 4 T ion.scheme
given in FigureD iy ?r'é?@é“f%fe Hﬁﬁ%%ighgf %‘38%6’6}?5%5 O‘F])gf%l%g%dp {‘&?g@g‘&%%&%&gﬁ%h
different SUbstifeenexampesitiorpRogshtmaiegitastigteriativépRithadhyuFRe sisth&&stsr tese
compounds is rRisNehdbaRRnsRVNGBaM EREN&GE-FNyiexy-dibydsasktan-biote.
The first 5 steps of the pathway in figure 4 aé()e identicagl to t&%firft 5 stﬁgs .ogfh%ggttq%%ygp figure
3 resulting botRYAr LR e iRt ERALAAL PR HG oKW SHopBRiToN 2 3f this Intermadiate is
replaced by a substittient ottrer tfiahDHdejtamutledphitiy stbstitbtspteptideiily saataatiFation of

the hydroxy araypas & leayinacaseu- A RRRLAT i divdigry as a good leaving group is
preferably done by mesylation, for example by reacting the hydroxy%rou ng]er%’jﬁ lchl(égide

(hereinaftet referred IasSRIBCHSR #bie eWiissEd ‘Bnvatiftert TH RIS RHTER in an
organic solvenpsiiettias BohhsThe (acthrated)ibyenoky grouprispssiisiitu@etby diltheaphilie attack
resulting in inversi hg, confi ' rheg. dar.sxampl velraxysygRlaged by an
azido group af%;?‘{t‘%eas?ﬁéerﬁtr gvé)lté %ﬁﬁ%ﬁ%@%ﬁ%ﬁgﬁvé% a fIl'Jr(r)-%)i eﬁgi#%g‘ducedd on position 2
replacing the HREB RIS STRHA- N N WS A RTORIGIRR acy! group replaces the silyl

protecting group. Preferably, the TBDMS groups are removed by treatment with

20 acid, preferably an agueous acid solution, for example trifiuoroacetic acid

(hereinafter referred 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 infroduced on position 1 of the thus

25  appropriately protected phosphonylated tetrose derivative. The nucleobases that

are optionally N-acyl-protected (uraci, thymine, N®-bernzoyladenine, N*-

acetyicytosine) are first silylated, preferably with TMS using hexamethyldisilane

{hereinafter referred to as HMDS) in the presence of ammoniumsulphate. Using a

Lewis acid catalyst, preferably SnCl, the nucieobase is coupled with the tetrose

30 moiety. The presence of a 2-C-acyl group, preferably the 2-O-benzoyl group,



15trifluoride (DAST) as reagent. Subsequent phosphonyl deprotection levers the next
phosphonylated tetrose nucleoside. The conformation of the hydroxy on position 2 of this
key-intermediate is also inverted by an oxidation/reduction process. First the compound is treated
by 20 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 NaBH4) example THE or
methanol. The resulting compound of this oxidation/reduction process has a 25 combination of
configuration on positions 1, 2 and 3 that is novel. Thgrefore, 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 undergaé@sueiewssmedireskfiedircis s dribaerdsrare dirfek Stdp AréEtHR AR ay.
After, subsequenbRitpspheNYiHRroieetRgigraphiemavah@nphensehelinavel Jnhesphenyated

tetrose nucleos'%g rggﬂggs i§ %\gnthedséseod. Fi léretS ;I;}he Le%ction scheme | jtve%in gisqtuorg 52
illustrates the synthesis of Shother 5°Set 653 -phgsph%na¥erfje)f¥ose hucleoside dérvatives with

different substitfeaterapipositiirprRasw oofghduwditeripathvisy. The Pactenhtetl PathiRyiedRTFises
mostly steps or ggagtiensihat were used at some stage in the synthetic pathways of figures 1-4
and which are described above, except for two reactjons or steps. S,tarti%% witéle X h
(R,S)-2,3-dihydroxy-dimaroe?ﬁf?gh-ft%‘?}e? hifrsPHVEE e SRR ORI AR IS HEE Fir PN FER
steps in figure 3eprotactios neixtistépxthefirsposieiionds adeironmandds di-adtdrmeniesigdy of
removal of silylpateeing.granps NamE!% AMA g KNG Sl UideJieaasbPiricraRlkdEd

ammonium fluoride in THF. The second reaction in this step is oxidation on position 2 for which
the method has B¥erfdeSiib&icaBovRtdI iErEaTE 3P ARCHRt RR8pIY rilcrRupHiIigTauaRiGH on
position 2 ag dessaribeddar figase IasdvehsT Hresulimgleraduetis! aohitkiese afdyoprotecting

diast i ,  their fvsi ) :
yiing aubeta el B L A e RerA e CEIEA T the e

s know to the person skilled in the art. The

nucleophilic attack of tHisOfiR doshiRagitor reaaiRHos RSt 'Sleressisstintives, the final step

now is removal of the phosphonate protecting groups by hydrolysis. For example,

hydrolysis of the preferable diisopropyl protecting groups is achieved successiully

15 by treatment with a trimethylsilyl-halogenide (hereinafier referred to as TMSX)

{giving 3 a-d). Preferably these compounds are treated with TMS-bromide
(TMSBr) at room temperature in an organic solvent such as dichioromethane.

in order to obtain the 2'-deoxygenated analogues (3'-O-phosphonate,2’-

deoxy tetrose derivatives) the 2'-OH group of 15-17 is removed. in case of the

20 adenine, thymine and uracil derivatives, this is achieved by a mild method

involving derivatisation of the hydroxy group into a thionocarbonaie 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(chioro)thiocarbonate in ACN in the presence of

25  a catalytic amount of dimethylaminopyridine (hereinafier referred to as DMAP).

Preferably, this first reaction of the barton deoxygenation is carried out starting at

room temperature. The resulting compound is then treated with tributyltinhydride

and 2,2-Azobisisobutyronitrile (hereinafter referred to as AIBN) in a dry organic

solvent for example dry toluene and allowed 1o react under reflux. Preferably, this



20because the position is much less sterically hindered due to the much smaller substituent on
position I. Next, 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-labile protecting groups, namely the 25protection of the nucleobase and the
protection of the hydroxy on position 2. All three of these reactions have been described for steps
four and five in figure 3. The resulting compounds are then derivatized in three different ways. in
one possible final step, the phosphonate protecting groups are removed using the same method
as described for phosphonate deprotection in figure¢t. 67 The second way is characterized by
removal of the hydroxy on position 2. This is achieved by a mild method involving derivatization of
the hydroxy group into a thionogaybonate or dithiocarbonate priar to radical reduction. An
o T PR B SRR RS, PR IES FETRBVANS? the

appropriate redaction process is
phosphonate proteethalygrbupedy the methods described above yields another set of

2"-nuclophile substitueg derivatiyose ThigdhitgwaydnupivesRdelydsatianesteras deseribed for a

final step in figyre 3. in a preferred embodiment of the invention the dehydration is achieved by

base treatmenf IBPEEIAGR B tedtHaT Frith Lo MU REHIRNARRGIEPBIA AR T SREIFNE RS as 10
MeONa) in‘metbaswols Thbivghedh tay prefamedtemibodimenty¢his is, Adneiaimde raapr ptiogonreitons for

example_usingoQg&AeEﬁ@@ Wﬁ?ﬁﬁiﬁ@"éﬁﬂtéﬁ{gé@?&@‘@E%Eg&aﬁf Kesginafics ttepad pas
DCM). Figure 6 The reaction scheme given in figure 6 illustrates the synthesis of another
with ammonia gas.

The final step in the synthesis of these 3'-O-phosphonates,2'-deoxy-tetrose
derivatives is the removal of the phosphonate protection groups by hydrolysis.

16 For example, hydrolysis of the preferable diisopropyl protecting groups is
achieved successfully by treatment with a TMSX. Preferably, the adenine
derivative is treated with TMSBr and the thymine, uracil and cytosine derivatives
are preferably treated with TMS-iodine (hereinafter referred to as TMSI).

All the resulting compounds of this synthetic pathway are purified using

15 one or a combination of several methods known fo the person skilled in the art
such as chromatographic methods on conventional silica gel and/or ion-exchange
columns and/or macroscopic synthetic beads from a dextran polymer.

Figure 2

The synthetic pathway shown in scheme on figure 2 ilustrates the

20 synthesis of the 3-O-phosphonate and 3-O-phosphonate,2'-deoxy-tetrose
guanosine derivatives starting from (R,R)-2,3-dihydroxy-dihydro-furan-t-one.

The phosphonylated and protecied ietrose starting material of this
pathway is obtained following the steps 1-5 of the synthetic pathway given in
Figure 1.

25 From there on, similar to the pathway in figure 1, the guanosine base is
introduced onto the sugar on position 1 optionally after sitylation for example with
HMDS together with ammoniumsulphate. Using a Lewis acid catalyst, preferably
SnCly, the nucleobase is coupled with the tetrose moiety. The presence of a 2-O-
acyl group, preferably the 2-O-benzoyl group, allows stereoselective introduction

30 in the presence of a Lewis acid of the base moiety onto the anomeric centre.



15 set of 3'-0-phosphonate tetrose nucleoside derivatives with different substituents on position 2
through another pathway. "Different substituents" should be understood both in terms of different
chemical composition as well as the same chemical substituents in a different stereoconformation.
The presented pathway comprises only steps or reactions that were used at some stage in the
synthetic 20 pathways of figures 1-5 and which are described above. This scheme illustrates how
the use of a different stereoisomer of the starting material leads to different possibilities for
synthesis. More specifically, the first 6 steps of this synthetic route are identical to the first 6
steps of the synthetic pathway of figure 3. However,&ue to the fact that the 25 orientation of the
nucleobase relative to the orientation of the substituent on position 3 in the oxidation product is
different from this relative orientation of the same compound in,figure 3, subsequent nuclegphilic
addition, althoutf AT aFmE§ IR e?taﬁené"g(?%%%%ﬁd‘ﬁid O tc%[ nbﬁcefe%léjﬁilf) gﬁ%'t r}Por{ﬁ both
sides in the pathyvagafdigstéLcomtrapgitonit stereoselectivity of this step in 30figure 3 (due to
steno hindrance). Thesdifference: ebsietsacaniiowationokihiso 88 &eyinirpmagiate icaikeda the

different stereoconformation of the starting1 material: ($,S)-2,3-dihydroxy-dihydro-furan-1-one. This

leads to the for'R&BRYPMKRNBLTENS FRLR ASOREMENIHEE dan be separated as described
above. Figufe 7 5TheThaniezctepritsdatdigareb¥zas tfer BGreloddhtheie taitiviss B iinthe

synthetic pathway oL fure Taie gliaery desriiberbiorisaibersynst Batvays.Haneyer

due to the fact that the orientation of the nucleobase relative to the orientation of the sut@]ituent

on position 3 in A& XIS ErBEiIiaS BHSHNPRE RS TORMIRBRN ARILRYEE FIESaH
compound in figiyre-Satiidaudecu ot Sxicleorphilicsitbstijutith, BB gh perfotenasbrider the

same condition%hlgg%s?t? %f%%?g gﬁ Alta 13@8%14?95%5“65 in the pathway of figure 7 contrary to
i .

the stereoselectivi iS step In figure 4 (due to steric hindrance). The difference of

stereoconfiduration offthiertey intehininitie Z-geRvetnatatieralrgiseBoRBhrRruN Bk

starting materialidSapledcsdinyeiaxy=dinydro- 0B iyan: lsanedieis ieadsiitidhedgraationief
mixture of two d‘:i‘%stereoisomer{g hat can be egarate as d

t scribed.abave. Figure, he
1
reaction scheme g%%r‘f bich ElcéuureSSD ﬁl Ustrafes iheys?/n%gsrlgeo %Cr{értlﬁgirwsée% Co??r Yf%}-érﬂqﬁgipﬂ%rﬁl;te
tetrose nucleosisienhamuesniftia Shivseadsnpistiansiih Xoob ot oNS. 7 hedRiHRayEBMprises
11 steps in totalysiarbuif (RN, RS Fpxedimaiosiurand -Qns anshiessitigmdaersynthesis of

feactions that were veLbFat e Wk i1 SYRGAE pathvil o SotrEo D AR i eroare
described abovebutassesl kelsodiffaterivaiider {atthaliflerentétafethe phosphonate protection
groups by hydrolysis. Hydrolysis of the preferable diisopropy! protecting groups is
achieved successfully by treaiment with TMS1.
The resulting compounds of this synthetfic pathway are purified using one
20 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
25 The reaction scheme given in Figure 3 comprises 10 steps and illustrates

the synthesis of 3'-O-phosphonate and tefrose derivatives with different

substituents on position 2, starting from (R,S)-2,3-dihydroxy-dihydro-furan-1-one.
The first step of the synthesis comprises two reactions that are identical to

the two first steps of the pathway represented by Figure 1. The second step of

30 the synthesis also comprises two reactions of which the first one is identical to



25 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. 69 This
synthetic pathway therefore very well illustrates the diversification of end products enabled by the
reactions described in all figures 1 to 15. Figure 9 The reaction scheme given in Figure 9
illustrates the synthesis of a set of 5 31-0-phosphonate tetrose nucleoside derivatives similar to
the compounds resulting from the synthesis in figur€38 but with different stereoconformation due
to the use of the same starting material but in a different conformation. The starting material is

(S15)-2,3- dlhyg{ )édlh ro-fu an 1 o %jﬁ 10The reaction scheme given in Figure 10
illustrates the synﬁ1e3|s 1% RaTHRY e S RSRALRY SRRV ARG R SMAEE to the

compounds reSyHiRYf@AYENS Wﬁ’m@m‘, f@mgmmﬁi@mwmaommegmamr&nmﬂmwﬁmr@ue to

the use of the sgraeistastingsapiesiaihuiing g i fing ymateri
(R,R)-2,3- dlhys‘?ox&l c%. ydrgsfuran -one. 15Fi EE?Q%P %mﬁ%ﬁe%ﬁﬂaﬁgiﬁrﬁf g?ven nﬁh f\-fgure

11 illustrates the Synihie&iS By SR BB ! B@u@éﬁﬁéﬁh’&f@"t@ﬁé‘é@ Refledriaedan vatirss suelilar to
the compotind§¥é¥fiingAh the synthesis in figure 6 but with different stereoconformation due

to the use of the samg,gtagting ri d formation..The 20s [un erlal is
(R,R)-2,3- dlhde% #&}%E dro- fur;?r%tf o%b%?%ge gg%%% d&re(gpétlé)rc]%g em%e gﬁjerwgﬁéplg&e 12

illustrates the & SHUPRAHPLEEPdS f@ﬁ@%@eﬁ@ﬂ@l@@%éw bagviesdsitallderto the
compounds rethétipafivem thpreyathesisynifiguret 7 buprithediffetenpstaispcoriomnationgue 25to

the use of the gamg starting Gg%efé%@%rﬁ{e%ﬁ‘ﬁgeé%%‘pc Qfo é@é‘rﬁ%%?e,me? O-benzoyt group is

10 removed with saturated ammonia in  methanol Subsequently, the
phosphonoalkoxy group s introduced on position 3 following the same
procedures as described for step 5 in the pathway of Figure 1.

in the fourth step, three subsequent reactions lead fo the coupling of the
tetrose with the nuclecbase. All three reaction-procedures are known from the

15 pathway in Figure 1, namely the reaction comprised by step 6 and 7 of the
pathway in Figure 1. Albeit that the intermediary products (before introduction of
the nucleobase)} differ with those in Figure 1 at the level of derivatisation on
position 1. However, the resulting products coirespond to compounds 11-14 of
Figure 1.

20 Hence, the first 4 sieps of this synthesis pathway can be considered as
another new orthogonal protection strategy in the synthesis of 3'- phosphonylated
tetrose nucleosides.

In the next step, the acyl protection group on position 2 is removed by a
method as described for removal of the same type of protecting group in step 4 in

25 Figure 1.

Following the deproteciion of the 2'-OH, an oxidation takes place at this
same position in the step 6. The oxidation on posttion 2 is achieved using one of
the many reagents known to the person skilled in the art to oxidize the 2’ or 3
hydroxy group of a nucleoside, for instance chromic acid/acetic anhydride under

30 acidic conditions or a Dess-Martin reagent or treament with dimethylsulfoxide



starting material is (RR)-2,3-dihydroxy-dihydro-furan-1-one. Figure 13 The reaction scheme in
figure 13 illustrates the synthesis of a set of 3'-0- phosphonate tetrose nucleoside derivatives
characterized by the absence of a 30 substituent other than H on position 2. Although similar
compounds have been 70 synthesized through one of the pathways illustrated by figures 1 to 12,
the scheme in figure 13 describes an alternative pathway for the synthesis of these compounds by
using different starting material: starting from p-Hydroxy-ybutyrolactone which is commercially
available. For the example given in figure 513, the stereoisomer (S)-p-Hydroxy-y-butyrolactone is
used. In the first step, the hydroxyl group in positién 3 is protected by benzoylation (reaction
conditions see figure 1, step 2). In the second step, the lacton is reduced (reaction conditions see

figure 1, step 3). The anomeric h dro>éyl %{\?#e is_protected by acylation, preferably acet ,I@tion for
example using %?ﬁ@é&ﬁ%ﬁ%mi & IHatyRSPLEHRD WeACEHG YIRS LSRNt of
DMAP starting éts0e@eittuscdad:al low tHeGEa ctimieta@iceedditiits vsarssitig up till room

temperature. Subsequentlyindaedourts #epniagifaabasgds datraduced; ueferanlslieing

SnCl4 as Lewis catalyst, gl_Vlng a mixture of two stereoisomers with the base moiety in p and a
configuration ré¥pyRRtGaKYiFRiIs TS RRRIDREYSRIAPSHEY ISESRBo R BfBIRh &Y ghosphonyl
physico-chémicid prapditie &nahdipstereyi séfiwrs:preferably using chromatographic techniques for

example preparative i BRI IR oroc M LB SIER DA LAY

deprotection of the hydroxy group on position 3'using the same procedure as previously described
removal of 20 BABe R8s ctig b UpEIeHStap 2 iRarpne SURRIkYame PhoXpHidRate hction
is introduced usingdbgrirmeditoacduratas wierophiftgadifofrinallfidherphosphauniegekection
groups are remgved.and the ¢ unds. purified following the same, procedures revigusly
described for th%)rét(gﬁ%gggu%r s(“ing%ig%ﬁregg%rgfi'aé% (l)éu{réa fﬁ sired EFguSrtgL}LeZP gjye%ﬁl |Sg§pzﬁ’elt%%nthetic
pathway ili¥strateaiBy frpute B3imbothice@ianing dealifeisim/methylbromide magnesium, the

trifiucromethyl group is introduced using triflucromethyltrimethylsilane (hereinafter
referred to as TMSCFs) in the presence of a catalytic amount of tetra-n-
butylammonium fluoride (hereinafter referred to as TBAF) and for example, the
ethinyl group is infroduced using trimethyisilylethinylbromide magnesium.

15 The nucleophilic addition reaction proceeds stereospecificaily. the
nucleophile atiacks from the least stericélly hindered side and, since the bulky
substituents on positions 1 and 3 are both on the same side, the nucleophile
attacks at the opposite side, resulting in the stereocconformation liustrated by the
figure.

24 Deprotection of the phosphonyt group as described above at this point,
leads to 2'-di-substituted analogs. Alternatively, a double bond can be formed by
dehydration between position 2 and position 3 prior to phosphonyl deprotection.
in a preferred embodiment of the invention this is achieved by base treatment, for
exampie by treatment with sodium methanolate (hereinafter referred fo as

25  MeONa} in methanol. Though in a preferred embodiment, this is done under
aprotic conditions for example using DBU in an aprotic solvent such as
dichioromethane (hereinaiter referred to as DCM).

Figure 4
The reaction scheme given in Figure 4 illustrates the synthesis of 3-O-

30 phosphonate and tetrose derivatives with different substituents on position 2



Figure 15 Figure 15 illustrates a possible way to synthesize the triphosphate 30 analogue
of the of the present invention. Several methods for transforming a 71 nucleoside
monophosphate into a tri-phosphate are known to the person skilled in the art and all these
methods are suitable for introducing two phosphate groups onto the phosphonyl group of the
phosphonoalkyloxytetrose nucleoside analogs of the present invention. Preferably, a diphosphate
is introduced onto the 5 phosphonyl group of the phosphonylated tetrose nucleoside derivatives
synthesized following one of the pathways as illustrated by figures 1-14, by first treatment of a
solution of the compound in an organic solvent for egkample DMF, with dimethylformamide
dimethyl acetal at room temperature overnight. After subsequent evaporation of the solvent, the
residue is dissolved in an organic 10 solvent again, preferably DMF, and treated with

N,N'-carbonyldfFR#SHG18. KRERT S PR BYRY o H 6 Bt RRATPIRIPIGEIA A e SR and
the mixture is képsatpaatatemperat(Resc? 2-hinkhendhsnpixtuierss treaded with NI-140H and

subsequently concentfaleg e LRicad PARRHIRIT ,rgauéve%nkgggm%@m?%%% s

purified by methods known to the person skilled in"the art, 15 prefera . .
columnchromafdghap RV di PR e SEssliage Raffoinatoryrapme, Eandiammedinias foe
Antiviral scfeeniggroxyGenerationezhodsithaiteandaetsro-éptdesting theadinvisat aptbhtyaf the

20compounds of,this,invention. ik I limi 0 wing.. Anti-HIV. The
inhibitory activig %f o%]hﬁj{%ﬂg@tﬁﬁﬁ%{é&%oﬁn%ﬁ%}%gﬁegégdgg lrJt%L% r p%%ghrﬁ?ai/{%g)mﬁ%%%e
replication of HR} shd®3HNeh gren- cattivetinBdel readlitbey idfeioBThAsBBINEdSEHA be tested
against HIV-1 straiBsaNL4dadIR), Yy Rasains (RARpRHR) rems S HMARRSL) feiuinhiaition of

colorimetris el BEUCHSLA by BAUFLIE Car RO Ridbibcs (6B47 201350 SATLgen
microscopi€ invédtiggtiopxamitle dyitdpathegenicatiectoealuatioh being@dmite fai®athal)s
post-infection. hoaRx@gRIeMICKRIHEBRNVEN PlatREANEAENABK resulting in inversion of the
configuration at that carbon, for example the hydroxy is replaced by an azido
group after freatment with sodiumazide. Alternatively a fluoride is infroduced on
position 2 replacing the hydroxy after reaction with N,N-diethylaminosulfur
15 trifluoride (DAST) as reagent.
Subsequent phosphonyl deprotection levers the next phosphonylated
tetrose nucleoside,
The conformation of the hydroxy on position 2 of this key-intermediate is
also inverted by an oxidation/reduction process. First the compound is treated by
20 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
25  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.
Altemnatively, the intermediate resulting from the oxidation/reduction

process undergoes nucleophilic substitution as described for an earlier step in



72 - 3 x 105 GEM cells/ml, infected with 100 CCID50 of HIV per ml and containing appropriate
dilutions of the test compounds can be used.A rapid and automated assay procedure can be used
for the in vitro evaluation of anti-HIV agents. An HTLV-1 transformed 14-cell line MT-4, which was
previously shown to be highly 5 susceptible to and permissive for HIV infection, can serve as the
target cell line. Inhibition of the HIV-induced cytopathogenic effect is used as the end point The
viability of both HIV- and mock-infected cells is also assessed spectrophotometrically via in situ
reduction of 3(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (M I I). Methods
comprise for example the microscopic 10 examinatiofi of GEM, C8166 or Molt4/C8 giant
(syncytium) cell formation, after 4 to 5 days of incubation at 37C in a CO2-controlled humidified

atmosphere. The; 50,3 GUpto¥iEcangeatation Qéé?]awggmae&ng@%@ﬁm@n%ﬁ@von of

compound that reduces the absorbance of the mock-infécted control sample by 50 /0. The percent

protection achiéféd WW&%&H&WYW@W%@%@@E@%’%%%%&T&H’ I'E)“Q?F‘i\t?":fﬁlIOW|ng

formula: (00r)niv- (0Dc)itiv expressed in % (ODc)iiagxe $0Dc)niv whereby (0Dr)Hiv is the optical
density measured W“Wﬁb@&&&i&%ﬁﬁ@%@ 0 m%g%egt ﬁB%B?é@%@%jk%géﬁé%ﬁgrﬁﬁHér

(ODc)Fuv is the optical density measured rt e control untreated HIV-infected cells; (ODc)mock

is the optical detifyf %é&%%‘ﬂ)‘?@ﬂﬂﬁ% eI sl Arelivrscdth Qifierant spheiiraaissity
values are detesmingskiah mmghﬁre)d(w&anht@wﬁmé%%sammﬂ@mmgm;@éhﬁo&bpve

formula is defmg%fi the SO%H@ vz)é%o%ce a%tlogn(e ']%g%\/hyosm ;s aﬁ,%&; %a(%h(\?wa g%gto

IC50is defined as the Selée V|ty in T4 Cells are grown and

maintained in RiEMreseho %lﬁhﬂ%ﬂiﬂe‘?ﬁéﬁf@@@vﬁﬁ%’@ o FRERL AR IEE FERARCAIT S6Rim, 2
mM Lglutamineskifig Sagiur Birarbandigrahd #de-alrapntamicingeenrd. iMisisesepnardliV-1
(B, NL. 4 str {E (:t'&1 atﬁ 1986).is a. Pleculgr clone 30 obtained from the National
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in the next step, the first reaction is a new one and is an alternative way of
removal of silylprotecting groups namely a method using a fluoride reagent,
preferably using ammonium fluoride in THF. The second reaction in this step is
oxidation on position 2 for which the method has been described above for figure
15 3. The next step is nucieophilic addition on position 2 as described for figure 3 as
well. The resulting product is a mixture of two diastereoisomers that are
separated based on the difference of their fysicochemical properties yielding
substantially pure sterecisomers by methods know to the person skilled in the art.
The nucleophilic attack of this nucleophilic addition reaction is not stereospecific
20 because the position is much less sterically hindered due to the much smaller
substituent on position 1.
Next, the free hydroxy group on position 2 is protected by acylation, preferably
_ benzoyiation, followed by introduction of the nucieobase on position 1 and
subsequent removal of the all the base-abile protecting groups, namely the
25  protection of the nuclecbase and the protection of the hydroxy on position 2. All
three of these reactions have been described for steps four and five in figure 3.
The resulting compounds are then derivatized in three different ways.
in one possible final step, the phosphonate protecting groups are removed using

the same method as described for phosphonate deprotection in figure 1.



73 S0561945 (RT, K103N; Y181C) is a strain resistant to non-nucleoside reverse transcriptase
inhibitors. The HIV-2 (ROD, EHO) (Barre-Sinoussi et al., 1983) stock is obtained from culture
supernatant of HIV-2 infected cell lines. Mac251 is a SIV strain. 5 Cytostatic activity assays: All
assays are performed in 96-well microliter plates. To each well are added 5 - 7.5 x 104 cells and a
given amount of the test compound. The cells are allowed to proliferate for 48 h (murine leukemia
L1210) or 72 h (human lymphocyte GEM 10 and Molt4/clone 8) at 37C in a humidified
CO2-controlled atmosphere. At the end of the incubation period, the cells can be counted in a
Coulter counter. The IC50 (50% inhibitory concenteition) was defined as the concentration of the
compound that reduced the number of cells by 50%. 15 Anti-BVDV assay: Cells and viruses:
Madin-Darby Bovine Kidney (MDBK) cells are maintained in Dulbecco's modified Eagle medium

(DMEM) supplementé® WiFPBY oo e 5B Faared PESRIBIMERR FYEP 37 B P umidified,
5% CO2 atmospiheseaEhdIvdlbistaini® belimd it assesttitemantiiral metivity rddDBK
cells. 20 Vero,cells (A re maijptai ' M [ ith 4,0%
inactivated calf?%erém?%&%-%ﬁ%i%&ne@ng%ﬁ%% t%ggll%%ngpfgg%veﬂ%@%rﬁ%%%g%te&gre
seeded with MDBRREE1S iFEBMEMPESSSSoithbR s 78RR M GatYPRBAIRIENEY PFREMER e dium is

removed and sgrigl&-teldndilptionsnehihe testeamparings arg fddedtivastadariadateiv200 ul,

after which 25 the virus inocul 00 yl) can be a to, each.well. [rus | sed
results normai/Iif;t’ll‘?rjlsaaélfjetllzgl?errst‘l?:%a%r}c 0% (g(g%%ﬁ?c |%n5§g’§)éj c%eﬁﬁ%o'ﬁo%a;}rg Z?t'\{e}?»gj gg;/@%ig% ation at
37C. Uninfectedi@nsiegiipretiepeesiingeibas vgtheuiitampenth cBiie fhclldedelads assay

plate. After 5 daysudngehinrisiemeamhamek98:al atdaEM bk ridslOhabeftMAGIEA Ssolution
(Promega) are Aast 5 OpaShuel bl WingHR ZhoWsnsoAioRReiad aldng s gptca
10 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 {(hereinafier referred 1o as DCM).
Figure 6
The reaction scheme given in figure 6 illustrates the synthesis of another
15 set of 3-O-phosphonate tetrose nucleoside derivatives with different substituents
on position- 2 through another pathway. “Different substituents” shouid be
understood both in terms of different chemical composition as well as the same
chemical substituents in a different stereoconformation. The presented pathway
comprises only steps or reactions that were used at some stage in the synthetic
20  pathways of figures 1-5 and which are described above. This scheme iliustrates
how the use of a different sterecisomer of the starting material leads to different
possibilities for synthesis.
More specifically, the first 6 steps of this synthetic route are identical o the
first 6 steps of the synthetic pathway of figure 3. However, due to the fact that the
25 orientation of the nucleobase relative to the orientation of the substituent on
position 3 in the oxidation product is different from this relative orientation of the
same compound in figure 3, subsequent nucleophilic addition, ailthough
performed under the same conditions, leads to nucleophilic attack from both
sides in the pathway of figure 6 contrary to the stereoselectivity of this step in

30 figure 3 (due io steric hindrance). The difference of stereoconfiguration of this



the wells is read at 498 nm in a microplate reader. The 50 % effective concentration (EC50) value
is defined as the concentration of compound that protects 50% of the cell monolayer from
virus-induced cytopathic effect. 5 Anti-HGV assay/ Repl/icon assay: Huh-5-2 cells [a cell line with a
persistent HCV replicon 13891uc-ubi-neo/NS3- 375.1; replicon with firefly
luciferase-ubiquitin-neomycin phosphotransfecdse fusion protein and EMCV-1RES driven NS3-5B
HCYV polyprotein] are cultured in RPM' medium (Gibco) supplemented with 10% fetal calf serum,
2mM L- 10 glutamine (Life Technologies), Ix non-essential amino acids (Life Technologies); 100
IU/m1 penicillin and 100 ug/ml streptomycin and 25@#g/m1 G418 (Geneticin, Life Technologies).
Cells are seeded at different densities, particularly in a density of 7000 cells per well in 96 well

View PlateTm (Packard) in_meditgn cor%gﬁjrgg the same corgfpon%nts ﬁsﬂgestcri !%ed rgg%\ée _except
for 0418. Cells KR¥ G IR REY TRt S HRB FEeRE BN o B e Cilture
medium is rem@ges)ane-serataiutivnsgrofithenrtdsboeripourdssite thédedintultor et

lacking 0418. Inferfaron alfg;aa a0k aredncbded as apesiivesoatglePlates are further
incubated at 37 C and 5 % CO2 for 72 hours. Replication of the HCV replicon in Huh-5 cells

results in luciferase activity in the 20 cells. Luciferﬁ@é@e@ivity is measured by adding 50 pl of 1 x
Glo-lysis buffer (Promega)ktond acvinutesdiofiowed by &0 1ot tBe SttadpEiphs oferbisdtussay

reagent (Prome fh'éﬂgifgégﬁggf%\e%ﬁge;a%la%e%;\%igw npRetesand Re-sionghingach

individual well is expressed as a perce e untreated cultures. Parallel cultures of Huh-5-2

eoft |
cells, seeded atPaigRaiasisy *éwem@"c@%/twgwé@%ﬁ@é&%ali@@aw@éb%mﬁ%%%g clative
(Becton-Dickinsenjray e-esiabin & similaniashian excepisthat ri Blehlysisibaifer prdtecdy-Glo
Luciferase reagent is ed. Instead the densit the culture is me ] the MTS
method (Promegla?r‘:?%dgﬁﬁpc%%gagﬁ%ﬁugrhs%éé{){/? 6(3%/vé %eﬁﬁﬁtlﬁ% g@i?ﬁgﬁ edé with Vero

cells in DMEM reideigmienhtaiiiaprivifetstbalitedrom giticspio Besosas! redtifE cBIFAUERS 24 to
48 hours later. Meghstnraredhesnremerashiand serin Sofalgsilutiess wfthedesieampdgudsare 5

added in a total volume 01100 ul, after which the virus inoculum (100,pl) js added to ell.
The virus inocuIﬁ?ﬁt[%'é’ai?e%g'ﬁlt%t?{gﬁ%?}ﬁﬁtm& éﬁtt"‘fo% b 'Qe's?%%t]i%rgdgfg ﬂ{]% Sé%ﬁlcr;l*gﬂ%?%%?waﬂer 5
days incubation Bts8 difetgnirfectestaeticenigwelionectitiy irvsviamoediabmisodHd dantte

included in each;agayhlaie-AlishBHRRnRE MEediNENS Femauedensh. 90pitBMEMiR®and 10
plot 10 MTS/PMS solution (Promega) is added to each well. FOllO\?,,itg‘%a ours.incuba period

) 2 tjon
at 37 C, thé DptitARBehsit-of bk GslRs Rl L TERH U AoBTRH T X MR SIASIE FRELe {é)%’o '%
effective concenteation {E25&-valueltsadidfauoabagehe concentration of compound that protects 50
/0 of the cell monolayer from virus-induced cytopg}&i&eegect. 15

The reaction scheme given in Figure 8 fllustrates the synthesis of another

set of 3'-O-phosphonate tetrose nucleoside derivatives with a second substituent

20  on position 3. The pathway comprises 11 steps in total, start with (R,S)}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 were used at some stage in the synthetic pathways of figures 1-

7 and which are described above but used in a different order (at a different stage

25 of the chronological order of the sy:*nthetic pathway) and for some of the reactions
to execute a modification at a different site of the molecule when compared fo 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.



Anti-Herpes simplex virus, varicella-zoster virus and cytemegalovirus assays: The antiviral assays
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 CCID50 of
virus, 1 CCID50 being the virus dose 20 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. 25 Feline corona ¢ftus assay: Feline Grandel kidney cells are
seeded in 96-well microtiter plates at 24,000 cells/well, Then, 24 hrs later, an appropriate

inoculum of FCV can be added together with 5-fold dilutions,a th@ test compounds, ggr 4 days,
a 30 MTS/PMS solu?ﬁtl)%r’iscs i %eEtgd %T{]dh 5 \éé% re\?@%‘ﬁ I‘—%‘IYO‘\?A"Vf%?\l.gffgJ %ar%?ﬂ %ﬁ%u%%t fgﬂisc% peCr)iod at
37C, the opticairdeproityas greleddrdhaverebenaieserivediinairicripraleleeler. SARS virus
assay: Vero cells can be seeded in 96-well micratitpflates and 5 grown till confluency. Then, an

appropriate inoculumgof SARS viru% able to kill the cell c Itﬁjre '(ac%tsg aethsicg Withiq 723:9:% an be
added together with 5 FIEFATHIORE ST HTHEEE dO MBS ds At 3 dhy s 4 NFETPE didtion can
be added tb ea@FOnmihsBotioalingtetBlencubiaisitpedetvatis?e teriptidal deasikyopim@diells can

be read at 498 pgifha AT BRALGHBRLRT in AR SIERANIHE Bif¥dreatassAYoconfdieation due
tetracycline-respansive cell lines' HepAD38 are used (Ladner et ?ﬁg Antimié(i{ob. Agen

ChemoTher.(180%3%4 Y5879’ 19 G R Lating apgiEin g Welfs ThaliFE0R! SRR LR} ?rai@?ected
with a cDNA caefyiofdhetareg én (Bi)-RNAbdroxy-dihydro-furan-1-one.

Figure 10
10 The reaction scheme given in Figure 10 illustrates the synthesis of a set of
3'-O-phosphonate tetrose nucleoside derivatives simiiar to the compounds
resulting from the synthesis in figure 5 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-i-one.
15 Figure 11
The reaction scheme given in Figure 11 iliustrates the synthesis of a set of
3'-O-phosphonate tetrose nucleoside derivatives similar to the compounds
resulting from the synthesis in figure 6 but with different stereoconformation due
o the use of the same starting material but in a different conformation. The
20 starting material is (R,R}-2,3-dihydroxy-dihydro-furan-1-one.
Figure 12
The reaction scheme given in Figure 12 illustrates the synthesis of a sef of
3'-O-phosphonate tetrose nucleoside derivatives similar to the compounds
resulfing from the synthesis in figure 7 but with different stereoconformation due
25 fo 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 3-0-
phosphonate teirese nucleoside derivatives characterized by the absence of a

30 substituent other than H on position 2. Although similar compounds have been



15 wild-type virus. Withdrawal of tetracycline from the culture medium results in the initiation of
viral replication. Cells are cultured at 37 C in a humidified 5% CO2/air atmosphere in seeding
medium, DMEM/Ham's F12 (50/50) supplemented with 10 % by volume heat-inactivated fetal calf
serum, 100 IU/m1 penicillin, 50 pg/ml streptomycin, 100 pg/ml kanamycin, 400 pg/m1 G418 and
0.3 pg/m1 tetracycline. 20 When the assay is started, the cells are seeded in 48-well plates at a
density of 5x105/well. After 2 to 3 days the cultures are induced for viral production by washing
with prewarmed PBS and are fed with 200p1 assay medium (seeding medium without tetracycline
and G418) with or without the antiviral compounds. M&dium is changed after 3 days. The antiviral
effect is quantified by measuring 25 levels of viral DNA in culture supernatant at day 6

post-induction, by a real time quantitative PCR (Q-PCR). The Q-Pg%is\}perform gwi}g 3&1 of
culture supernatdhitFF 278 HBHIbIRTe Ut B pPEEIWG R MHSGRISH TN égrléfaeiSPg OMester Mix
(Applied Biosysiensspdamighburt Najailthfemvardprtiver (BHEEE HCTHETHIOSE TChSAT

CTG-3"; final tion:,60 , d grimer. 30.(5-AGT GAGTY, TRY
Vo AcC 115 AT oM, SHetsR i hahl HeAEER R el T
CGC TTC ACChRyPReanT ANNRA; firraressceatiampieheniprthe &8I €W d84Eing a

SDS 7000 (AppligdiRiceisdmbEOsier M &AvA Riemaisiaaniaiag the full length insert of the
HBV genome is used to prepare the standard %%rve. The amaount of yiral 5 DNA r&?gL{C%d in

treated cultures is expgPest&d 4t HEReMEg IS RY MY R e XAINRed. The Sftosta iCdtfect
of the various cbanpowiatisris{esseisse dopdiftoyirmg théguaeeht Bepatimia dbi Isetaepetan. The effect

of the compounglegh SXxReRSRUAIY GLaiNO dRRGAcelsds Ryaluaieddygmennsiaf taRMER:
method (Promega). Briefly, cells are seeded at a density of 3000/well (9¢ w%!iplateg%?nd 10 are

allowed to prolifRYSE¥RYays Rrefreissneerine Rt B ApiRRe R U cell
density is deteranistel dckaamled?idy ateriats dachigenss aher ephrationnt ethcatshfiorativesictibns,

analytical gradeomlyﬁf%%@@%%‘%ﬁi AU ARG IR RAHOBR RIS FRAAH NG uo

oven-dried glassware under a nitrogen atmosphere. Anhydrous THF was refluxed over
sodium/benzopHknoREatrmnstiniie A Suhreausmty 500 Hiaz st siree M dUHP A Y arian
Gemini apparatirsiecdsestdrirdibhyNMR ashE3CGBIMEYE xestanes sgnras arentents werevo
performed on a qg%%ﬁ%B%eré'%%hoﬁ'ﬂég :ElsmaS%i%P\f%%”&%S%%bﬁl?@é%%M%%Q&%Iy‘ This
Manchester, UK) equipped with a standard electrospray-ionization (ESI) interface; samples were
infused in HPrORIKMRE Is1sep3platinarse cntba diffemnrs ofsdtesirrBegiiR gEIPATEE TS,
254nm) were usgskiarebidomEns shetsraaie examineronitiddMaaly. cehiuehramatograply was
performed on ICN silic e(g 63-200 60A. 25tThe nucleosides (3 a-h) were synthesized starting
from (R,R)-2,3- %’iﬁ%‘i%%‘??ﬁ ﬂ%%%%’u? W—T%ﬁ%r? é{t:cording to figure I. The hydroxyl group in
position 2 can be selebtiibly pestesten witthacTBDMSdgroupieToe fleprpipditng(of the hydroxy

group an position 3 using the same procedure as previously described removal of

20 base labile-protecting groups for step 4 in figure 1. Next, the phosphonate

function is introduced using the same procedure as step 5 in figure 1. Finally, the

phosphonate protection groups are removed and the compounds purified

following the same procedures as previously described for the compounds in

figures 1-13.

25 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

30 analogue of the of the present invention. Several methods for transforming a



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 30 TBDMS group and the
0-benzoyl group is removed with ammonia in methanol. 78 At the stage of 8, the phosphonate
function is introduced using the trifiate of diisopropylphosphonomethyl alcohol and NaH in THF.
The two silyl protecting groups of 9 are removed and replaced by benzoyl protecting groups. The
presence of a 2-0-benzoyl group allows selective introduction of the base moiety 5 in the
p-configuration. The nucleobases (uracil, thymine, N6-benzoyladenine, N4- acetylcytosine) are
introduced after silylation and using Sna4 as Lewis catalyst. Deprotection of 11-14 is done in two
steps, first, removal of the benzoyi protecting groups with ammonia in methanol (yielding 15-18),
and, second, hy, ' frﬂa i l:protecting gro with TMSBr. at.room temperature 10
(gving 3 ). T Y L & LA 18 O R RIS

removed by Batfof'8editygahaalbi e85 7§Hiees 1910 1suitaRip dondtp iy ebeaiveel Foansarte
Hydrolysis of th@rﬁh@@@h@ﬁﬁe @atefp&mc;nd inipl 8RS gaa@ﬂ&wémﬁbl ' %I_%Bé@'flﬁ@%%sic}e )
temperature. H [, the compou 20-22, TMSBr rapidly cleaved.the nucleobase, from the
g oven at 0L L et Beaee R e e SR oD B
(diisr?péopygbgggsﬁmﬂm_etﬁwg?%% d%m.sgwwgawWw snmgﬁr@;fw@va@hy,
sephadex- AR TR RE Wex HIHJPVERE RRNHA P 1PPSBRGRALES
acid 3 e-h Weret!%btt%%rée .1Cond'tli{)nsf heach the %Ij;igure 1 ma be@gﬁ%@ arized sgfp lows: a)
20 TBDMSC], imuSazol%,?w%éR’%SOBz"gf, %fr?&"iWSE&S fbﬁﬁ#i’f%“légﬁ%gﬂ ﬁi’lfﬁ'ﬂéﬁﬁw
Trifluoromethan@8ulfReid\doansopesp yipdsphengtmetharolNerpEHE: f TRNRRMY) SteC14,

MeCN h) 1. 40G(BxebeMARappib2dB iSSAHBNHS FEGI3 sl & dlReols, DMk
TMSBr, D§5\/I sephadex-DEAE, DowexNa+. k) 1. TMSI, DCM 2. sephadex-DEAE, Dowex- Nat 25

Example 3: Prepar&hiod 7 ThiBiFeaite W fmath de o tiinhhmeapray iinidersaioifisie (5)
To the solution 6% (3R,4S)iihyofrdidd/dihyeroxyiupare@idshrate 4 EHRIEIgaR2 thenoliand is
imidazole (12.5,g,1 84 mRotein 22 ink- MeEN wasadde A TBRMRGE AN Hmmgh at 0

C in one portion. The reaction mixture was
subsequently concentrated under reduced pressure. The resulting phosphonyi-

diphosphate is purified by methods known to the person skilled in the art,

15 preferably column chromatography, for example reversed phase
chromatography.

General methods for Antiviral screening

General methods that can be used for testing the anti-viral activity of the

20 compounds of this invention inciude, but are not limited to, the following:

Anti-HIV assay.
The inhibitory activity of compounds of the invention can be tested for their
potential io inhibit the replication of HIV and SIV in a cell culture model for acute
25 infection. Compounds can be tested against HIV-1 strains (NL43, ilig), HIV-2
strains (ROD, EHO), and SIV (MAC251) for inhibition of virus-induced
cytopathicity in MT-4 cells (or CEM or CB8166 or Molt4/C8 cells), using the
colorimetric test described by Pauwels ef al. in J. Virol. Methods {1988) 20:309-
321 or a microscopic investigation of the cyfopathogenic effect, evaluation being

30 made 4 to 5 days post-infection. For example microtiter 96-well plates containing



79 slowly warmed to room temperature and stirred overnight. The reaction mixture was
concentrated. The residue was partitioned between H20 and EtOAc. The organic layer was
washed with water and brine, and concentrated in vacua The residue was purified by
chromatography on a silica gel column (n- 5 hexane/EtOAC=6:1) to afford 5 (15.2 g, 65.4 mmol,
yield 71 %) as a colorless solid which was characterized as follows: - 1H NMR (200 MHz,
DMSO0-d6) 6H 0.12 (s, 6H, S1CH3), 0.90 (s, 9H, CH3), 3.36 (dd, J1=6.96 Hz, J2 = 7.70 Hz, 1H,
C(4")H2), 4.11- 4.36 (m, 3H, OH, C(3)H, C(4")Hb), 5.82 (d, J = 5.13 Hz, 1H, C(2")H); 10 - 13C
NMR (200 MHz, DMSO-d6) 6c¢ -4.93(SiCH3), 17.99 1€(CH3)3), 25.61(C(CH3)3), 69.62(0-4"),
72.62(0-2"), 74.59(0-3"), 174.60(0-1); calcd for 010H2004S11Nal [M-i-Na] 255.1028, found
255.1010. 2-0-tributyldimethylsilyl-3-0-benzoyl-L-threonolactone (6) 15To the solution of 5 (18.00
g, 77.5 mmol) in 300 1AL PENuRisiek deegdmsignio B2 Ne 100 /Y, oY ARG arF e g he
reaction mixture Was HaMadisHEent-e epe rivkanesstisregeovesdightrapht aed clinonmatetire
was concentrated and coevaporated with 2 toluene twa ti ' cyQ. I idue yas
partitioned betﬁééﬁyﬁ?i%‘ﬁhf%o Cnalrl’_;?)gnLdsﬁfgE%L&QgOmm‘ﬁsr.aTﬁ\éa%&r%Eérﬂc\@oé‘g;g?\’/avéggvv‘%ags'hAe(Yé with
water and brine;Ehd-¢draefiorated Tt vatuéner e résiviehwsaspbifiiiel By ShRRaOGRPINYN a

silica gel cojumg (NN SEHIASEBMIO AR (RReBrgin! CohTBBId) s msappessatalickin 99%
yield which was characterized %géoll WS:

If: s;, -1 NMR.%'S% Hz, DMSO-c16) 8 Oﬁ4§j, J1 -=
13.2, 6H, SiICHY)BEE 81, ?%ﬁfé’i‘?fag,!tﬁ‘f@@. 709228 ﬁ%,&ﬁ%ﬂ")" 5, 468 (dd,
J1= 7.3 Hz, J2 %ShBitd i1 bhtO(HIVHIRd. 8©>(; 0Teweg Kelld iy GIS)395S348d(dbesiremgipiz, | 12=
130 Hz, 1H, CRI T8 03 (@ PHALHINLIE NUREEAMRBMSOrE) Saihaf SICH3
), -4.84 ( SICH3), 17.84 (C(CH3)3), 25.42(%CH3€%3), 67.20 (eO-4'), 71.676?-2'?1, 75.46&0-3'2},. 128.65
tetrazolium bromide” (MTT). Methods’ comprise for exampie the microscopic
10 examination of GEM, C8166 or Molt4/C8 giant (syncytium) celf formation, after 4
to 5 days of incubation at 37°C in a COp-controfled humidified atmosphere. The
50 % cytotoxic concentration {CCsp in pg/mi) is defined as the concentration of
compound that reduces the absorbance of the mock-infected control sample by
50 %. The percent protection achieved by the compound in HiV-infected cells is
15 calculated by the following formuta:

(OD)mv— (ODc)iw

expressed in %
(OBc)mock — (Ol
whereby (ODr)uv is the optical density measured with a given concentration of the
20 test compound in HIV-infected cells; (ODchuy 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 celis; all optical density vaiues
are determined at 540 nm. The dose achieving 50 % protection according to the
above formula is defined as the 50 % inhibitory concentration (1Cs in pg/mi). The
25 ratio of CCxto ICspis defined as the selectivity index (Si).
Cells: MT-4 cells (Miyoshi et al., 1982) are grown and maintained in RPMI 1640
medium supplemented with 10 % heat-inactivated fetal calf serum, 2 mM L-
glutamine, 0.1 % sodium bicarbonate, and 20 ug of gentamicin per ml.
Viruses: The HIV-1 (I1B, NL4.3) strain {Adachi &f al., 1988} is a molecular clone
30  obtained from the National Institutes of Health (Bethesda, MD). The HIV-1 strain



80 (aroma-C), 128.90(aroma-C), 129.36(aroma-C), 133.94(aroma-C), 165.08 (Bz-CO), 172.76
(C-1); mass calcd for C17H2505Si1 [M+Hr 337.1471, found 337.1465. 5
2-0-tributyldimethylsilyl-3-0-benzoyl-L-threose (7) To the solution of 6 (10.0 g, 29.7 mmol) in
100 mL dry THF was slowly dropwise added 1.0.M diisopropyl aluminiumhydride (37.1 mL 37.1
mmol) in toluene at -78 C. The reaction mixture was stirred at -78 C, and as soon as the starting
material was completely consumed (TLC, 4 to 10 hours), methanol (10 10 mL) was added over a
period of 5 minutes in order to quench the reaction. The cooling bath was removed, 100mL of a
sat. ag. sodium potassium tartrate solution and 200 fiL of EtOAC were added and the mixture
stirred vigorously for 3 hours. The organic layer was washed with water and brine, and

concentrated iR ¥aEuQ, Eh(ﬁﬁe%@%mvaﬁ%‘iféeﬂ %&QFHB“?Q&%%%P%’ ABRrRIlRR gak ol (n- 15
hexane/Et0Ac=8:1) to afford 7 (7 mmoé%sg a colorless solid in 73% yield, which was

characterized é@ﬁﬁ%\%Sfomr%«'rﬁ?@oEfm H2MoR §85286) BP0, {BAEe SHnaseel ). 2; 8795 IoH,
CH3), 3.93 (ddstdtk B.88thlaed2rord . 66ttte, ShbetH(ANA2YF 46 nfectd, @HIheb2d4dp5 iz 10.26
Hz, J2 = 5.86 Hzg 1 H,;G4")HD ), 5.02-5.07 (m, 2H, C(2)H, 20C(3")H ), 6.54 (d, J = 4.76 Hz, 1H,
C(1)H ), 7.51-8.00 (m, 5H, Ar-H); - 13C NMR (200 MHz, DMSO-d6) 50 -7.39 (SiCH3), -7.30
(SICH3), 15.41 (Q(CH3)3), 23.27 (CL H3)3), 67.06 (0-4")), 77.14 (0-2')), 78.87 (0-3"), 100.23
(C-11), 126.58¢yarvatiz)adid08sgmma-C), 131.40 (aroma-C), 163.18 (BzCO) 25mass calcd for

Cl7H2605811A|’ ?[SM+Na + 36 0;447 fogé:nd 391 14}%%@{ ;5? % OTIrlbut Id| ?g Lﬁhreose
(8a) and 1fi,2-di- Oa gﬂ?y;lad rr?ethyfmf}q [thréose (rékbc)\ 15the %o on o %
mmol) and md’a&@qéféé Gligyand 61mamgqﬁtmmﬁLBM@@NMH%JWWWS@Pw%Og 23.8
mmol) at 0 C ipfiferate for 48 h (murine leukemia L.1210) or 72 h (human lymphocyte CEM
16  and Moitd/clone 8) at 37°C in a humidified CO-o~controlied atmosphere. At the end

of the incubation period, the cells can be counted in a Coulter counter. The 1Csg

(50% inhibitory concentration) was defined as the concentration of the compound

that reduced the number of cells by 50%.

15 Anii-BVDV assay:
Celfs and viruses: Madin-Darby Bovine Kidney (MDBK) cells are maintained in
Dulbecco’s modified Eagle medium (DMEM) supplemented with BVDV-free 5%
fetal calf serum (DMEM-FCS) at 37°C in a humidified, 5% CO; atmosphere.
BVDV-1 (strain PES15) is used fo assess the antiviral activity in MDBK cells.
20 Vero cells (ATCC CCL81) are maintained in MEM medium supplemented with
10% inactivated caif serum, 1% L-glutamine and 0.3% bicarbonate,
96 well cell culture plates are seeded with MDBK cells in DMEM-FCS so that
cells reach 24 hr later confluency, Then medium is removed and serial 5-fold
dilutions of the {est compounds are added in a total volume of 100 ul, after which
25  the virus inoculum (100 ul) can be added to each well. The virus inoculum used
results normally in a greater than 80% destruction of the cell monolayer after &
days incubation at 37°C. Uninfected cells and celis receiving virus without
compound can be included in sach assay piate. After 5 days, medium is removed
and 20 ul of DMEM-FCS and 10 ul of MTS/PMS solution (Promega) are added to
30 each well. Foliowing a Zhours incubation period at 37 °C, the optical density of



81 portion. The reaction mixture was slowly warmed to room temperature and stirred overnight.
The reaction mixture was concentrated. The residue was partitioned between H20 and EtOAc. The
organic layer was washed with water and brine, and concentrated in vacuo. The residue was
dissolved in MeOH saturated with 5 ammonia (100 mL), and the reaction mixture was stirred at
room temperature overnight. The mixture was concentrated, and the residue was purified by
column chromatography (n-hexane:EtOAc, 20:1, 10:1) to give compound 8a (2.22 g, 1.40 mmol)
as colorless oil in 42 % yield and 8b (1.00g, 1.40 mmol) as colorless oil in 19 % yield which were
characterized as follows. 10 Compound 8a : 1H NMQ?ZOO 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, 04' H. C(3")H,

0(4') HD), 5.00 (ghelt drehidizs Claliato 4 Syh0 (M, AHn QA3 CrAME: (28R Midz «DMEQ:R) 6C
-5.14 (SIiCH3), -4.9(_)2@5.%3) -4.65 15(SiCH3), -4.38 (SICH3), 17.66%

“H3), CL H3)3), 17.81 (CL H3)3),
25.61 (C(H3)3), DBt A5 svh 6300 83588 @22 es687U8YC10% FPRPPMkE calcd
for C16F13604 Piiats TEL2060cfoshthaTila36SoGorpetindti8ba ditb MR @8EMHz, DMSO-d6)
6ry 0.05 (s, 6H, SICH3), 0.06 (d, J1 = 5.2 Hz, 20 SiCH3), 0.86 (s, 9H, CH3), 0.87 (s, 9H, CH3),

3.41 (dd, = 8.0 Hz, J2 = 3.7 Hz , C(2')H): 3.81 (dd, J1 = 5.2 Hz, J2 = 3.7 Hz, C(3)H), 3.94 4.07 (m,
2H, C(4")H2 C (4l ©Y13582Y5 TPISRN 882 (1)H); 1H NMR 200MHz (DMSO-d6 + 1D D20) 6H
0.02(s, 6H, SICHANGM (:1132]z 4at Hine SiiH3) pR:Stientl BIE\VCHB):3:3 el d L AFohis 32 =

> OH(Zd”Cl(j’lgg')g'?g?g;;%a%%q%ﬁnﬁ Hfefl? Tudid g GRMn 38873 (PhstinGiantis: &&)HD)

fusion protein and EMCV-IRES driven NS3-568 HCV polyprotein] are cultured in
RPMI medium (Gibco) supplemented with 10% fetal calf serum, 2mM L-

10 glutamine (Life Technologies), 1x non-essential amino acids (Life Technalogies);
100 1U/mi penicillin and 100 ug/mi streptomycin and 250 ug/mi G418 {Geneticin,
Life Technologies). Cells are seeded at different densities, particularly in a
density of 7000 cells per well in 96 well View Plate™ (Packard) in medium
containing the same components as described above, except for G418. Celis are

15 then allowed to adhere and proliferate for 24 hours. At that time, culture medium
is removed and serial dilutions of the test compounds are added in culture
medium lacking G418. Interferon aifa 2a (500 IU) are included as a positive
control. Plates are further incubated at 37 °C and 5 % CO» for 72 hours.
Replication of the HCV replicon in Huh-5 cells resulfs in luciferase activity in the

20 cells. Luciferase activity is measured by adding 50 pl of 1 x Glo-lysis buffer
(Promega) for 15 minutes followed by 50 ul of the Steady-Glo Luciferase assay
reagent (Promega). Luciferase activity is measured with a fuminometer and the
signal in each individual well is expressed as a percentage of the untreated
culiures. Parallel cultures of Huh-5-2 cells, seeded at a density of 7000 cells/ well

25  of classical 96- well cel culture plates (Becton-Dickinson) are treated in a similar
fashion except that no Glo-lysis buffer or Steady-Glo Luciferase reagent is added.
instead the density of the culture is measured by means of the MTS method
(Promega).



130 NMR (200 MHz, DMSO-d6) 6¢ -4.95 (SiCH3), -4.74 (SiCH3), -4.67 (SiCH3), 17.45
(C(OH3)3), 25.64 (CL H3)3), 25.79 (CL H3)3), 70.80 (0-4"), 74.17 (0-2", 79.45 (0-3"), 97.11 (0-1";
30mass calcd for C16H3004S12Nal 371.2050, found 371.2052. 82 |
a,2-di-O-tributyldimethylsily1-3-0-(diisopropylphosphonomethyl)-L-threose (9a) and 1/3, (9b) 5To
a solution of 8a (3.41 g, 9.8 mmol) in dried THE (25 mL) was added sodium hydride (80%
dispersion in mineral oil 0.56 mg, 19.6 mmol) at -78C. Then the solution of the triflate of
diisopropylphosphonomethanol (5.80 g, 19.6 mmol) in dried THF (10 mL) was dropwise added,
and the reaction mixture was slowly warmed to roof temperature. The reaction was quenched
with sat. 10 NaHCO3 and concentrated. The residue was partitioned between H20 and EtOAc.

The organic Ie%%_ 3%""%2%%%@ g\/aater and brine, and concentrated in vacuo. The residue was
purified by chfoma ograaﬁi‘ny ona S|ﬁcaygel column (n-hexane/ EtOAC=2:1) to afford 9a (4.75 g, 9.0

mmol, 92%) aSfcolelflest sillwriaialessitherdetemibd\asdotdivdn DMEV) RadiRiTR oo AiNg
DMSO-d6) 5H;8. @80 49 Qe rldHre e S kn8188:(8, Rl chd ChiHFn8yB8Z4s0 Us, R T8

1.22-1.26 (M, 12H. C(CH3)2), 3.75 (d. J = 9.2 Hz, 2H. CH?) 3.78 (d. J = 9.2 Hz, 1H. C(4)Ha),
3.88-3.95 <2, ’%ﬁ?‘&@'ﬂfﬁ,@%&?@‘iﬁf—?ﬁé&%ﬁﬁf 'iz‘.l%f‘('fé‘g,dﬁfé?&?z g(z%f‘ﬁiﬁsé.‘é"ﬁ‘z??&fﬁ?%?ﬁ Hatl;),
4.52-4.68 Im, 2¢4icOH), 5teafsclmnaCel 164) uR GESea o mivasth foriO2 35207 P { DPUIVE REdEhlcd.

527.2989, foupsl 52829, The.SYptResisqligh stauad Bom S99, & 7amsuol) anshfofowed
the same procedure as for the synthesis of 9a from 8a resulting in a'ﬁ)rodggt i%i&%ii(%lénmm’

yield 90%) as SeEBRHRLS i i CRhion iRy ehafieridausa L R 24 B9Hz,
CDCI3) 5H 0.88H8. bhdmelirscSiviig 3)ir: 98ittm 8, &BhhdD(@HB)B)el iBBifded n6eadHZa%RH,

C(CH3)2), 3.0094 3HGLANI KRN 071623 s 30,2 GOl 167-4.83
(d, J=3.7 Hz C(1YH); 1H NMR

(m, 2H, CH(C 3@, 5137(d, J C1H, G(IYH): (200 MHz, DMSO-d6)
OH 0.06-H93 Wﬁ) B Ssreliipr Erq@egah IBqrsidsiz) e2dp wele (RIRWIIICRCRIZINS
3,58-3.65 (M, ihdi6fonhba)icai 48 §d,°T, the optical density of the wells can be read at 498 nm

in a microplate reader. The 50 % effective concentration (EC50) value is defined
as the concentration of compound that protects 50 % of the c¢ell monolayer from
virus-induced cytopathic effect.
15
Anti-Herpes simplex virus, varicelfa-zoster virus and cytomegalovirus assays:
The antiviral assays HSV-1, HSV-2, V2V, CMV are based on inhibition of virus-
induced cytopathicity in HEL cell culiures. Confluent cell cultures in microtiter 96-
well plates are incculated with 100 CCiDsg of virus, 1 CClDg being the virus dose
20  required to infect 50% of the cell cultures. After a2 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.
25
feline corona virus assay:
Feline Crande! 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 fogether with 5-fold dijutions of the test compounds. After 4 days, a
30 MTS/PMS solution can be added to each well. Foliowing a 90 min incubation



83 =9.2 Hz, PCH2), 3.96-4.08 (m, 3H, C(2)H, C(3")H, C(4") Hb), 4.51-4.67 (m, 2H, CH(CH3)2),
5.15 (d, J= 3.7 Hz, 1H, C(1)H); 130 NMR (200 MHz, DMSO-d6) 6¢ -5.22 (SiCH3), -5.07 (S1CH3
), -4.58 (SICH3), 17.88 (CL H3)3),, 23.98 (OCH(CH3)2), 25.62 (C(cH3)3), 25.71 (c(ci-13)3),
565.12 (d, Jp,c = 173.6Hz, PCH2), 68.38 (C-4"), 70.87 (OCH(CH3)2), 70.96 (OCH(CH3)2), 78.88
(0-29, 85.68 (d, Jp,c = 12.0 Hz, 0-3"), 97.3 (0-1'); mass calcd for C23H3202P1S12 [M+HTr
527.2989, found 527.2972. 1 a,2-0-benzoyl-3-0-(diisopropylphosphonomethyl)-L-threose
(10a) and 1/3,2-010 benzoy1-3-0-(diisopropylphosphonomethyl)-L-threase (10b) A solution of
9a (4.25 g, 8.1 mmol) in TFA-H20 (3:1, 20 mL) was*ilowed to stand at room temperature for 2
hours. The reaction mixture was neutralized with saturated NaHCO3 solution. Then the mixture

was partitioned between the DCM (400 and water (20 mL). The organic laygewas yashed
with water andPEE%HAE, Hrid er‘g ﬁ}%’@@‘%@%ﬁt %r% goﬁvcegzrgltra%dgi% \%aC%o? he residue was
purified by chromatpipaptepder.silica gel (DCM:Me0OH=20:1) to give 3-0-

diisopropylphosphonomethyl-L-threose (2.20 g, 7.3 mmol) as a colorless amorphous solid in 92%
yield. To the solution of 3-0-(diisopropylphosphonomethyl)-L-threose (687 ma, 20 2. ) in
100 mL pyridin@A(Es 5’3&%6’ﬁ%v&{§£‘%§gﬁd’%ﬁ bk é%#o‘ﬂ é‘i&ﬁ“@ hééf%%atgtrid%%arﬁeig:g?r]g{lwas
warmed to Yoorrdemfiirainfecnag. Stiveed oveppighiidthdneattononBARe was @hedn it and

coevaporated wjth t I in.vasuQ, I es| paHitinaedprtwasa H20
(20 mL) and E;%%c_g(%%%m%@%%%gﬁcﬁ%@%r?asﬂ\rﬁa%%éd%v@:%@d V\\/S;étir gr“r};tgj}ﬂbrine, t%md d4ded
concentrated 28igaw.¢6 thenesEeRITRANASSHNiFE S Wﬁ@%@@%?ﬁﬂ P28 §&IFEOmn

(nhexane/EtOAg-aabhtasfforslid@mand A0mEbigoR Servial) 8% D libeesstivits Fe87900fiBl8 which

\(Nrs’ri é::ar&cct:ﬂgé% %,% 2{ [%’W%?%?WHH‘HQ%E%HH&%élZ.OOMHZ’ DMSO-d6) 6H 1.20-1.26
10

Anti-Hepatitis B Virus assay:
The tetracycline-responsive cell fines HepAD38 are used (Ladner et al. in
Antimicrob. Agents Chemother.(1997) 41:1715-1720). These are hepatoma cells
that have been stably transfected with a cDNA copy of the pregenomic RNA of
15 wild-type virus. Withdrawal of tefracycline from the culture medium resulis in the
initiation of viral replication. Cells are cultured at 37 °C in a humidified 5% COyfair
atmosphere in seeding medium, DMEM/Ham's F12 (560/560) supplemented with 10
% by volume heat-inactivated fetal calf serum, 100 tU/ml peniciliin, 50 pg/ml
streptomycin, 100 pg/ml kanamycin, 400 pg/ml G418 and 0.3 ug/mi tetracycline.
20 When the assay is started, the cells are seeded in 48-well plates at a densily of
5x10%well. After 2 to 3 days the cultures are induced for viral production by
washing with prewarmed PBS and are fed with 200u! 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
25  levels of viral DNA in culture supemnatant at day 6 post-induction, by a real fime
quantitative PCR (Q-PCR). The Q-PCR is performed with 3ul of culture
supematant in a reaction volume of 25 pl using the TagMan Universal PCR
Master Mix (Applied Biosystems, Branchburg, NJ) with forward primer (5-CCG
TCT GTG CCT TCT CAT CTG-3; final concentration: 600 nM), reversed primer
30 (5-AGT GCA AGA GTY CTC TTA TRY AAG ACC TT1-3'; final concentration: 600



303H, POH2, C(4"H,), 4.40-4.54 (m, 2H, C(3")H, C(4")Hb), 4.56-4.71 (m, 2H, 84 OCH(CH3)2),
5.51 (s, 1H, C(2)H), 6.47 (s, 1H, C(1)H), 743-8.07 (m, 10H, ArH); 13C NMR (200MHz, DMSO-d6)
tic 23.82 (CH3), 64.45 (d, J = 155.4 Hz, PCH2), 70.59 (QH(CH3)), 73.23 (C-4"), 80.12 (C-2),
80.30 (C-2), 99.78 (C-11), 5129.04(aroma-C), 129.83(aroma-C), 134.14 (aroma-C), 164.61
(Bz-00), 165.07 (Bz-00); mass calcd for C23H3103P1Nal [M+Nar 529.1603, found 529.1601.
Example 4 - preparation of final compounds 10
1-(N6-benzoyladenin-9-0)-2-0-benzoy1-3-0-(diisoPropylPhosphonomethyl)-Lthreose (11) To a
mixture of 10a (425 mg, 0.83 mmol) and silylated NG-benzoyladenine (401 mg, 1.6 mmol) in dry
MeCN (30 mL) was dropwise added SnCl4 (0.3 mL, 2.5 mmol) under N2 at room temperature The

reaction mixture was stirred at 15 roo re for 4 th i as
quenched witH 8 afePRERICHZ :ﬁ%‘ %m%rﬁ%tﬁé?ﬁé%éﬁ%%gs%&%iﬁ%g%%én 1-120
(20 mL) and ET0ASRAOGha chrithetariemitaaydt whsawestiteh vathnabradansiisria s nd 000

concentrated TA\@%@-JJ&%@?&Q%&Q&W%@AMWW%@W@ @siigagejnrahsan
(DCM/MeOH=40:1) to afford 11 (431mg, 0.69 mmol) as a 20 colorless amorphous ollgc\lljn 83 %
yield which wa dRa B 92808 fBIIRS: Wﬁﬁﬁi@(%m%ﬁﬁﬁ%ﬁ?ﬁq‘f hY i,

CH3), 3.94 (ddyNA=ptddQddd, id2Feitd rulibiel G Halprdsdedriss J pardadidge JOEIBEG RcKIH, PC
Hb), 4.38 treated samples. The cytostatic effect of the various compounds is assessed
employing the parent hepatoma cell tine HepG2. The effect of the compounds on
exponentially growing HepG2 cells is evaluated by means of the MTS method
(Promega). Briefly, cells are seeded at a density of 3000/weli (96 well plate) and
10 are allowed to proliferate for 3 days in the absence or presence of compounds,

after which time cell density is determined.

Example 2: Maierials and general pregaration methods

For all reactions, analytical grade solvents are used. All moisture sensitive

15 reactions were carried out in oven-dried glassware {135 °C) under a nitrogen
atmosphere. Anhydrous THF was refluxed over sodium/benzophenone and
distilled. A Varian Unity 500 MHz spectrometer and a 200 MHz Varian Gemini
apparatus were used for "H NMR and "*C NMR. Exact mass measurements were
performed on a gquadrupole ftime-offlight mass spectrometer (Q-Tof-Z,

20  Micromass, Manchester, UK) equipped with a standard electrospray-ionization
(ESI) interface; samples were infused in -PrOH/MH20 1:1 at 3 yLimin. 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 sifica gel 63-200 80A.

25 The nucleosides (3 a-h) were synthesized starting from (R,R)-2,3-
dihydroxy-dinydro-furan-i-one (4) according fo figure 1. The hydroxyl group in
position 2 can be selectively protected with & 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

30 TBDMS group and the O-benzoyl group is removed with ammonia in methanol.



(dd, J1=11.0 Hz, J2 = 4.6 Hz, 1H, C(4)Ha), 4.50-4.52 (m, 2H, C(3")H, C(4') Hb), 4.73-4.80 (m,
2H, OCH), 5.08 (s, 1H, C(2")H), 6.56 (s, 1H, C(1)H), 7.48- 257.65 (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); 13C NMR
(500MHz, CDCI3) tic 23.97 (CH3), 24.01 (CH3), 24.03 (CH3), 24.06 (CH3), 65.36 (Jp,c = 168.9
Hz, PCH2), 71.45 (POOH), 71.51(POCH), 73.55(0- 47), 80.27 (0-2"), 83.74 (Jp,c = 9.8Hz, 0-3'),
87.86 (C-1Y)), 122.72 (A-C(5)), 30127.80 (aroma-C), 128.65 (aroma-C), 128.67 (aroma-C), 128.86
(aroma-C), 85 129.93 (aroma-C), 132.31(aroma-C), 133.99 (aroma-C), 141.98 (A-C(8)), 149.45
(A-C(6),151.59 (A-C(4)), 152.93 (A-C(2)), 164.44 (07832(C0)), 165.17 (NESz(CO0)); mass calcd
for C33H35N508P1 [M+Hr 624.2223, found 624.2222. 5

1-(thymin-1-y1);2-0-benzoy1-3-0-(diisopropylphosphonomethyl)-L-threqse (12) Thymine (0.34
0,27 mmoD, i At (10 g B OTAAG) ol LS e i T e sk

The mixture wadirepixadrbasiigRetst e aitoyenamDNESiad FmoVBE ivoakilb PTefeRbrBask
with residue wagrdéhadsied thessaluiiar@f sampgincAd 05/ 8R-ay 1L Soupahyingdsupy. offtky
MeCN followed by drepuise addifion.of S (f0 L2 4 mmalh ynder N2 aiTpom tempgrature
The reaction mixtire Was stirred fof & Hodre: ;fheor\ggcsh(gn wéasiquenc ed with sat. aq.n&?a 03
and concerftratéuitts &-sordlovoitione. The resihisems(paditichytibetWEdret201@@ i, Ahd EtOAC
(150 mL). The oRaaNISAMRE) are introduced after silylation and using SnGl, as Lewis catalyst.

Deprotection of 44-14 is done in two steps, first, removal of the benzoy

protecling groups with ammonia in methanol (yielding 15-18), and, second,

hydrolysis of the dilsopropyl protecting groups with TMSBr at room temperature

10 (giving 3 a-d). In order to obtain the 2-deoxygenated analogues, the 2“OH group

of 16-17 is removed by Barton deoxygenation,®"’

giving 19-21. Compound 22 is
obtained from 21. Hydrolysis of the phosphonate ester function of 19 was carried
out with TMSBr at room temperature. However, for the compounds 20-22, TMSBr
rapidly cleaved the nucleobase from the sugar even at 0°C. For this reason,

15 TMSI was used for hydrolysis of the (diisopropylphosphono)-methy! group of 20-
22. After purification by silica gel chromatography, sephadex-DEAE A-25 resin
and Dowex-sodium ion exchange resin, nucleoside phosphonates acid 3 e-h
were obtained.

Conditions for each step of figure 1 may be summarized as foliows: a)

20 TBDMSCI, imidazole, MeCN b) BzCli, pyridine c¢) Dibal-H, THF d) Sat. NHj in
MeOH e) Trifluoromethanesulfonate of diisopropylphosphonylimethano!, Nak,
THF f) TFA/HR0 @) SnCls, MeCN h) 1. $OC(S)CI, DMAP, MeCN 2.BusSnH, AIBN
i) P(O)Cls, 1,2,4-triazole, DCM 2. j) 1. TMSBr, DCM sephadex-DEAE, Dowex-
Na™ k) 1. TMSI, DCM 2. sephadex-DEAE, Dowex- Na*.

25

Example 3: Preparation of Intermadiate compounds

2-O-tributyidimethylsilyi-_-threonofactone (Sj
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
30 TBDMSCI (31.2 g, 3.17 mmot) at 0 °C in one portion. The reaction mixture was



15 was washed with water and brine, and concentrated in vacuo. The residue was purified by
chromatography on a silica gel column (n-hexane/Et0OAc=1:1) to afford 12 (0.76 g, 1.4 mmol) as a
colorless amorphous solid in 78 % yield which was characterized as follows: 1H NMR (200 MHz,
CDC13) On 1.35 (d, J = 6.2 Hz, 12H, CH3), 1.99 (d, J = 1.5 20Hz, 3H, T-CH3), 3.86-4.05 (m, 2H,
PCH2), 4.11-4.16 (m, 1H, C(4")Ha), 4.26 (br t, 1H, C(3)H), 4.40 (d, J = 10.6 Hz, 1H, 0(4") Hb),
4.70-4.86 (m, 2H, OCH(CH3)2), 5.38 (s, 1H, C(2")H), 6.29 (t, J = 2.2 Hz, 1H, C(1)H), 7.43-7.66
(m, 4H, Ar-H, T-C(6)H), 8.02-8.07 (m, 2H, Ar-H), 9.13 (s, 1H, NH); 130 NMR (200 MHz, 00013) 6c
12.42 (T-CH3), 23.83 (CH( H3)3), 23.92 25 (CH( C17;9_[3)3), 64.48 (d, Jpic = 168.5 Hz, PCH2), '
71.29 (CH(OH3)3), 71.45 (CH(OH3)3), 72.72 (0-41 80.28 (0-2", 83.70 (Jp,c = 10.6 Hz, 0-3"),

89.02 (01), 114,39 {1504kt ePrBO ARG L0 A 8vin ikt SrhkT ilel@lord B8detre
(aroma-C), 150.42(1-0(2), 163.86T(h1-0(4), 165.32 (Bz-00); mass calcd for C23E131 Nzcgggl

[M-+Eir 511.1845?3‘0?9@%‘3?@%1. ggesidue was partitioned between HO and EtOAC.
1-(uracil-1-yl)e2g8shennay ivadOwdisepreity lph tsphoh orhethghd_ctweaseaig8)in vabracill(e.81 g,
7:2 mmol), ampgpia:sufaie (4mes O remoland 28 8 HUDSiereadedipfiioq flask:

The mixture was refluxed overnight under nltro%en. MS was removed in vacuo. Taq the residue
was adde@the%ﬂ%@%%ﬁh%&n@?%? 12959458 thifBTCin ¥6'%h ! bf g ERITBTved by
a dropwise addstith whioh ik (chatavleritdddamiviibwd:he reaction mixture was stirred for 4 hours.

The reaction was qyes gqg%ﬁr%igﬂgﬁg%%%%ﬁ ﬁg%&%g%?g%@% L)at’cb'séﬂ Q’VS&IH@%{ @%ggagidue

was partitioned between e organic layer was washed with

water and brine, 2§ contént@ida e TOVERGE: The féidideviatTpdrfedy SHrdiihtbdPdpny on a
silica gel column (D@MAMedldz 25 1)-ta ationd, 131(209)a1)4.2 mmol) as a colorless amorphous

i s 3F G BR TR G S B O B
4.36 (d, J = 15 10 Z5H7 (SHE G BDPABY 1 4D §r{CrH). GRS, 8581 44680(fr 12H, OCH(CH3)2),

5.41 (s, | H, C(2') kbbb )H5,8 /5 e L 453 (6D 1042 (doddd 265HD43H, C(1)H), 7.55-7.60

(m, 2H, Ar-H), 7.63 (d, J = 8.1 Hz, 1H, UC(5)H), 7.70-7.73 (m, 1H, Ar-H), 8.02-8.04 (m, 2H, Ar-H),

11.4 (s, 1H, NH); '
2-O-tributyldimethylsilyl-3-O-benzoyi-L-threonolacfone (6)

15 To the solution of 5 (18.00 g, 77.5 mmol) in 200 mL pyridine was added
dropwise BzCl (11.2 mL, 96.9 mmol) at 0 °C. The reaction mixiure was warme«!
to room temperature and stirred overnight. The reaction mixture was
concentrated and coevaporated with 20 mbL foluene two times in vacuo. The
residue was partitioned between H2O (100 mi) and EtOAc (350 mL). The organic

20 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 € (25.9 g, 77.0 mmol) as a colorless solid in 99% vyield which was
characterized as follows:

- "M NMR (500 MHz, DMS0-d8) 514 0.14 (d, J; = 13.2, 6H, SIiCHa), 0.87 (s, 9H,

25 CHs), 4.23 (dd, J1 = 6.8 Hz, J,= 9.3 Hz, 1H, C(4") Ha), 4.68 (dd, J;= 7.3 Hz, J2

= 0.3 Hz, 1H, C@') Hp), 4.96 (d, J=6.8 Hz, 1H, C(2")H ), 548 {(dd, J1 = 7.3
Hz, J2= 13.0 Hz, 1H, C(3")H }, 7.57 -8.01 (m, 5H, Ar-H');

- "BC NMR (500 MHz, DMSO-d6) &, -5.16( SICH; ), -4.84 { SiCHz ), 17.84
(C{CHa)a), 25.42(C{CHa)a), 67.20 {C-4"), 71.67(C-2"), 75.46(C-3"), 128.65



130 NMR (500 MHz, DMSO-d6) 50 23.74 (CH(CH3)3), 23.84 (CH(H3)3). 2063.10 (d, Jpic = 168.5
Hz, PCH2), 70.53 (CH(CH3)3), 72.32 (0-4"), 79.83 (C-2"), 82.78 (C-3"), 89.06 (C-15, 101.91
(U-0(5), 128.95 (aroma-C), 129.63 (aroma-C), 134.07 (aroma-C), 140.72 (U-C(6), 150.39
(U-C(2)), 163.19 (U-0(4), 164.73 (Bz-00); mass calcd for 022H29N209P1Nal [M+Na] 519.1508,
found 519.1506. 25
1-(N4-acetylcytosin-I-A-2-0-benzoyl-3-0-(drisoproPylphosighonomethy!)-Lthreose (14)
N4-Acetylcytosine (0.41 g, 2.7 mmol) and ammonia sulfate (10 mg, 0.07 mmol) and 6 mL of
HMDS were added to dried flask. The mixture was réfluxed 30 overnight under nitrogen. HDMS
was removed in vacuo. To the residue was 87 added the solution of compound 10a (0.92 g, 1.8

mmol) in 10 mL of dry MeEN fplowsd b2 dippwisepddition of,stanaie.hleride £640 pt.da 4

mmol). The reaction mixture was stirred for 4’hours. The reaction was quenched with sat. ag.
NaHCO3 and conégfitdted o <difvblume. The residue was partitioned between 5 H20 (30 mL)
and EtOAc (156 mihjadthestrg)&niClayeyOnas wastic g sathamatésantidsringigid concentrated in
vacuo. The residue was purified by chromatography on a silica gel column (n-hexane/Et0Ac=2:1)
to afford 14 (0.51% 0.94 mmol) as a colorless amorphous solid in 52 % yield which was

characterized & Sl SIOKXIN D MRZBMIBIRISPETL 1.17-1.23 (m, 12H, CH(CH3)2),
2.10 (s, 3H, 10CH3), 384 .80ftanltt, #Cld2) o4 .24-4 360N, iR HOC (di) HanyClBhHYad 4184163
dropwise added 1.0 M diisopropyl aluminiumhydride (37.1 mL , 37.1 mmol) in
toluene at-78 °C. The reaction mixture was stirred at -78 °C, and as soon as the
starting material was completely consumed (TLC, 4 to 10 hours), methanoi {10
10 ml) was added over a period of 5 minutes in order to quench the reaction. The
cooling bath was removed, 100mi of a sat. aq. sodium polassium tarirate
solution and 200 mL of EtOAc were added and the mixture stirred vigorously for 3
hours. 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-
15 hexane/EtOAc=8:1) to afford 7 (7.40 g, 21.8 mmol) as a colorless solid in 73%
yield, which was characterized as follows: .
- "H NMR (200 MHz, DMSO-d6) &4 0.10 (s, 6H, Si-CHa), 0.87 (s, 9H, CHa),
3.93 (dd, Jy = 9.89 Hz, J; = 3.66 Hz, 14, C(4)Ha), 4.16 (br s, 1H, OH ), 4.24
(dd, J; = 10.26 Hz, J» = 5.86 Hz, 1H, C@)H, }, 5.02-5.07 (m, 2H, C(2)H,
20 C(3)H ), 8.54 (d, J=4.76 Hz, 1H, C(1")H ), 7.51-8.00 (m, 5H, Ar-H});
- BC NMR (200 MHz, DMSO-d6) &¢ -7.39 (SiCHa), -7.30 (SiCHa), 15.41
{C(CHa)s), 23.27 (C{CHa)a), 67.06 (C-47), 77.14 (G-2%)), 78.87 (C-3"), 100.23
{C-17), 126.58(aroma-C), 127.08 (aroma-C), 131.40 (aroma-C), 163.18 (Bz-
(O)K
25 -~ mass caled for Ci7Hes0sSiiNay [M+Na]' 361.1447, found 361.1452.

1, 2-di-O-tributyidimethylsilyl-L-threose (8a) and 1. 2-di-O-tributyldimethylsilyl-L -
threose (8b)

To the solution of 7 (7.30 g, 21.6 mmol) and imidazole {(2.94 g, 43.1 mmol)

30 in 100 mi. MeCN was added TBDMSCI (0.98 g, 23.8 mmol) at 0 °C in one



(m, 31-1, C(4') Kb, OCH(CH3)2), 5.44 (s, 1H, C(2")H), 6.04 (s, 1H, C(1)H), 7.27 (d, J = 7.7 Hz,
1H, 0-C(5)H), 7.54-7.77 (m, 3H, Ar-H), 8.03-8.07 (m, 3H, Ara- H, C-C(6)H), 10.95 (s, 1H, NH); 130
NMR (200 MHz, DIV1S0-d6) 6¢ 23.76 (CH(CH3)3), 24.39 (Ac-CH3), 63.77 15 (d, Jp,C = 166.4
Hz, PCH2), 70.44 (CH(CH3)3), 70.59 (CH(CH3)3), 73.56 (C-4"), 79.75 (C-3") 82.83 (d, Jppe =
13.7 Hz,C-3), 90.74 (C-1"), 94.74 (C-C(5), 128.86 (aroma-C), 129.14 (aroma-C), 134.07
(aroma-C), 129.77 (aroma-C), 134.23 (aroma-C), 145.40 (C-C(6), 154.69 (0-0(2)), 162.95 (Bz-00),
164.77 (CO(4)); 171.26 (Ac-00); 20mass calor! for %‘%4H331\1309P1 [M+H] 538.1954, found
538.1956. 1-(adenin-9-y1)-3-0-(diisopropylphosphonometh0)-L-threose (15) A solution of 11
(431 mg, 0.80 mmol) in MeOH saturated with ammonia (100 mL) was stirred at room temperature

overnight. The,glxiHre Mas 2eicaReRAFateds andiDe Eprideovas R EEHRdRY.6o Wiarstired
chromatography (O_H2C12:MeOH,:9:1§E,to‘ﬁive compound 1t5<$_‘2 mg, 0,67 mrgogﬁé.anwhite
powder in 84 ST NIGR WRRSHRR ATt FoncRLraasy IR BHORIR® BRISES8): sH

1.21-1.26 (M, b2t 8 B Bt FEAAm, T, RABHIR)atet Ondsl 374 HWBTANARE, DB YN,
4.24-4.27 (m, 1Eh GUAIMBleh 3 434-63 0 MeSH SFUC Db diked) ) 1P (dediraied Wt 1H,
C(1)H), 6.05 (br's, 1H, OH), 7.24(s, 2H, NH2), 8.15 (s, 1H, C(2)H), 8.18 (s, 1H, 0(8)1-1); 130
NMR (200°M rﬁ%@i&%‘}{ §Lp38Y (63155768 (e fﬁﬁgﬂ%‘,"%éﬁ oot T(‘iéféfil:‘)f)‘? 70.53
(OCH), 71.65 (SrekDighB, 240D B5VER (Gmcentibse8, Hag 50e3ps8RE (8- DYilldBIRIAB(S),
139.39 (A-C(8Y), AR LN B2 R0 R 54001 582h (B @ Rompound 8a (2.22 g, 1.40
mrmol) as colortess ol in 42 % yield and 8b (1.00g, 1.40 mmol) as coloriess ofl in
18 % vield which were characterized as follows. )
10 Compound 8a :
- "M NMR (200 MHz, DMSO-d6) 3 0.06-0.08 (m, 12H, Si- CHg), 0.87 (s, 18H,
CHa), 3.59-3.65 (m, G(2)H, 1H,), 3.87-3.99 (m, 3H, C4' Ha G(3)H, C(4') Hy),
5.00 (d, J = 1.1 Hz, C(1HH), 5.07-5.10 (m, 1H, OH);
- BE NMR (200 MHz, DMSO-d6) 8¢ -5.14 (SiCHs ), -4.92 (SiCHa), -4.65
15 (SICHs), -4.38 (SiCHa), 17.66 (C(CHa)a), 17.81 (C(CHa)s), 25.61 (C(CHa)s),
25.73 (C(CHa)a), 71.92 (C-4%), 76.66 (C-27), 85.58 (C-3"), 103.91 (C-1");
~ mass caled for CigHas04SizNay 371.2050, found 371.2069.
Compound 8b :
"H NMR (200 MHz, DMSO-d6) 8y 0.05 {s, 6H, SiCHa), 0.06 (d, J; = 5.2 Hz,
20 SICH3), 0.86 (s, 9H, CHa), 0.87 (s, 9H, CHa), 3.41 (dd, Jy = 8.0 Hz, J» = 3.7
Hz , C{2)H); 3.81 (dd, J; = 5.2 Hz, J; = 3.7 Hz, C(3YH), 3.94-4.07 (m, 2H,
C{4 s C{4)Hy), 5.12-5.15 {m, 2H, OH, C(1")H);
- *H NMR 200MHz (DMSO-d6 + 1D D20} 6y 0.02(s, 6H, SICH3),0.04(d, J2 = 4.4
Hz, SiCHi), 0.84 (s, 18H, CHa), 3.39(dd, J4 = 7.7 Hz, J» = 3.6 Hz, C{2)H);
25 3.79 (dd, J1 = 44 Hz, Js = 4.4 Hz, C@HH), 3.82-4.07 (m, 2H, C(4),
C(4 )y} 5.10 (d, 1H, Jz = 3.6 Hz, C(1")H);
- BC NMR (200 MHz, DMSO-d6) B¢ -4.85 (SiCHas), ~4.74 (SICH3 ), -4.67
(SiCHq), 17.45 (C(CHg)), 25.84 (C{CHa)s), 25.79 (C(CHa)), 70.80 (C-4Y),
7417 (C-2"), 79.45 (C-3"), 97.11 (C-17);
30 -  mass caled for CigHas0aSizNa4 371.2050, found 371.2052.

i



mass calcd for C16H27N506R1 [M+H] 416.1699, found 416.1681. 1-(thymin-1-y1)-3-0-(
diisopropylphosphonomethyl)-L-threose (16) 10A solution of 12 (715 mg, 1.7 mmol) in MeOH
saturated with ammonia (100 mL) was stirred at room temperature overnight. The mixture was
concentrated, and the residue was purified by column chromatography (CH2C12:MeOH=10:1) to
give compound 16 (515 mg, 1.2 mmol) as a white powder in 71 % yield which was characterized
as follows: 151H NMR (200 MHz, CDCI3) 5H 1.27-1.33 (m, 12H, CH3), 1.93 (d, J = 1.7 Hz, 3H, T-
CH3), 3.75 (d, J = 8.8 Hz, 2H, P CHZ2), 4.13 (br t, 1H, C(35H), 4.24-4.31 (m, 2H, C(4")H2), 4.38 (s,
1H, C(25H), 4.61-4.80 (m, 21-1, OCH(CH3)2), 5.88%s, 1H, C(1)H), 7.41 (d, J = 1.46 Hz, T-C(6)H),
10.27 (br s, 1H, NH); 13C NMR (200 MHz, CDC13) Se 2.42 (T-0H3), 23.89-
(CH(CHZ3)3), 64.46 (d, 20JP,C = 168.5 Hz, PCH2), 71.26 (CH(CH3)3), 73.54(04"), 78.94 (0-2Y),
85.33 (d, Jp,c ri 10.6 Hz, 0-3"), 93.12 (C-1"), 110.12 (T-C(5)), 136.40 (T-C(6), 151.08 (T- 0(2)),
164.56 (T- C(4)1)amassocmndtwf@émmmﬁﬂqsm@mwpn@mmssemﬁfﬁm&mﬂm@% (8a)

251-(uracil-1-y1)- -01/[953 1o opﬁggﬁﬁ%ﬁrﬁ% 09)@&%%&;9&&%]&8%0%&%% o 05334203 9,

4.0 mmol) in M ['Jra stirred at'room temperature overnight.
The mixture wébdoncentrated, and the residue was purified by column chromatography

(CH2C12:Me0H=20:1)tq givaieamiIantb k4 (. 529 mbmincdiias ammitepeierds 86cd¥dyield

hich was 30 ch 89 - 1H NMR DMS (
100, Cris), 3 RS JUCTg 10D SR R MY gh (eI 108 o S 85 1k iy,
3.98-4.28 (m, AMeC (RYHOTEBL) Hf ¢@" )H@)emsmao@mwpﬁps@m@ﬂ@j@gb(ﬁﬁ%£8 Phz,
UC(5)H), 5.66 {ghndfy | ukizs PhB: P39 win Hitbhifise Eekkbl, 7zad(thel réhBibiz. mixture was

slowly warmed to room temperature. The reaction was quenched with sat.

10 NaHCO; and concentrated. The residue was paritioned between HxO and
EtOAc. 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=2:1) to afford 9a (4.75 g, 9.0 mmol, 92%) as colorless oil which
was characterized as follows:

15 - 'H NMR (2060 MHz, DMS0-d8) 8y 0.06-0.10 {m, 12H, SiCHa), 0.86 (s, 9H,
C(CHas)s), 0.87 (s, 9H, C{CHa)a), 1.22-1.26 (m, 12H, C(CHa),), 3.75(d, J =98.2
Hz, 21, CHy), 3.78 (d, J = 9.2 Hz, 1H, C4)H,), 3.88-3.95 (m, 1H, C(3")H), 3.99
(s, TH, C(2')H), 4.10 (dd, J;= 9.2 Hz, Jo= 8.6 Hz, 1H, C(4"}Hp), 4.52-4.68 (m, 2H,
CH), 5.02(s, 1H, C(1)H);

20 Exact mass for CagHs07P 1Sk [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 characterized as follows:
25 - 'H NMR (200 MHz, CDCly) 8x 0.08-0.11 (m, 12H, Si CHg), 0.93 (br s, 18H,
C(CHa)s), 1.33 (d, J = 6.2 Hz, 12H, C{CH;)y), 3.66-3.94 (m, 3H, C{@)H,
PCH,), 4.02-4.22 (m, 3H, C{2)H, C(3)H, C{4)H), 4.67-4.83 (m, 2H,
CH(CHa)), 5.13 (d, J = 3.7 Hz, 1H, C{1")H);
-~ 'H NMR (200 MHz, DMSO-dB) &y 0.06-0.93 (m, 12H, SiCHa), 0.87 (s, 18H,
30 C(CHa)s), 1.22-1.26 {m, 12H, C(CHa)), 3.58-3.65 (m, 1H, C(4") Ha), 3.78 (d, J



5U-C(6)H); 13C NMR (200MHz, DMSO-d6) 6a 23.70 (CH(CH3)3), 23.79 (CH(CH3)3), 63.29 (d,
Jp,c = 166.3 Hz, PCH2), 70.34 (CH(CH3)3), 70.47 (CH(CH3)3), 72.29 (0-41), 77.84 (0-2"), 85.23
(Jp,c =10.7 Hz, C-3), 91.68 (C-1"), 101.12 (U-C(5)), 141.12 (U-C(6), 150.72 (U-C(2)), 163.46
(C-C(4)); 10mass calcd for C15H26N208P1 [M+Hr 393.1427, found 393.1425.
1-(cytosin-1-y1)-3-0-(diisopropylphosphonomethyl )-L-threose (18) A solution of 14 (450 mg,
0.84 mmol) in MeOH saturated with ammonia (100 mL.) was stirred at room temperature
overnight. The mixture was 15 concentrated, and the residue was purified by column
chromatography (CH2C12:Me0H=20:1) to give comjfound 18 (281 mg, 0.72 mmol) as a white
powder in 86 % yield which was characterized as follows: - 1H NMR (200MHz, DMSO-d6) 6H
1.18-1.25 (m, 12H, CHs), 3.72 (dd, J1 = 13.6 Hz, J2 = 8.8 Hz, P! 3,84 (gd J1=13.6 Hz,J2 =
38 1z, PCHE), 3 Ss0 ot G S Eohh, BB DI D ICRIET, 4 48,
4.64 (m, 2H, CH(CGH3Y;B(65{0;)J578 (Hz/ E-LTG)H) 1 5. 70(#)33% 1.5 Hz, OH), 5.85(d, J = 15.4 Hz,

C(1)H), 7.04 (br siiak=cd 380 S NS /Y@ Js.Z@ﬁH@f%‘}@.‘d% (%3@%5!&(%8%5%7
DM80-d6): 6, 23.68 %C{écm)s), 2378 (CH§C 3)3),64.46 25 (d 8'Hz, POHZ), 70.30
(

,64. , Jpic = 164
(CH(CH3)3), 70.4% iaisi . 085891 O/ | ‘z‘@ﬁao?é&%é‘%ﬁ‘%ﬁb}@:%%ﬁ HZ (839992 30
(C-1'), 93.45 (C-C@))12144.. 68 (£C-C(B6),6H85. ALIEL (25) 38 66:94) (CECH4) X ey SEajed, fap.06
C15H27N307P1 [%ﬁﬁ(@?&% 88, oD 3918 (s 30 . = 12.0 Hz, C-37), 97.3

1-(adenin-9-y1)-2-deoxy-3- di|soprorg|%hqsphonoppé%hyl -L-threose 152 9(()0"1’%'0 a solution of
phenyl(chloro)thioB¥BOARIEE {0554 HE=r '8 RiniMy BhdPD PR 5Rirhol) in dried MeCN

(25 mL) was added compound 15 (483 mg, 1.2 mmol) at room temperature. The reaction mixture

was stred 01 42 HOug, THE KR AR COMSSUNRISE AR B 1RRISUE Wapufled py gotumn

chromatographya( 0
1-(adening-y|) LRzprehtk{diitorarbsng op/ouiissithsPyitrespt dhdmethyl-L-threose as a

colorless oil. To the sRIWHAMAS of 9a (4.25 g, 8.1 mmol) in TFA-HZO (3:1, 20 mL) was allowed
1-(adenin-9-y1 -Z-Q-EEenoxyth|ocarbon%1-3-0-dusoProp Iphosphonomethyl-L-threose in dried 50
mL of toluene Wag'88d & BT BRIRFERHES (PioulO¥Ts iR AR R BRAENG 0" WRBH The

reaction mixtureithasatefieieedNaii60; solution. Then the mixture was partitioned between ihe
DCM (400 mL) and water (20 mL). The organic layer was washed with water and
15 brine, dried over MgSQ0,4, and then concentrated in vacuo. The residue was
purified by chromatography on silica gel (DCM:MeOH=20:1) to give 3-O-
diisopropylphosphonomethyi-L-threcse (2.20 g, 7.3 mmol) as a colosless
amorphous solid in 92% vield.
To the solution of 3-O-(diisopropylphosphonomethyl)-L-threose (687 mg,
20 2.3 mmol) in 100 mL pyridine was added dropwise BzCl (0.67 g , 5.8 mmol) at O
°C. The reaction mixture was warmed to room temperature and stirred ovemight.
The reaction mixture was concentrated and coevaporated with 20 mi 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
25 in vacuo. The residue was purified by chromatography on a silica gel column (n-
hexane/EtOAG=1:1) to afford 10a and 16b (1.0 g, 2.0 mmol} as colorless oils in
87 % yield which were characterized as follows:
Compound 10a:
- 'H NMR (200MHz, DMSO-d6) &y 1.20-1.26 (m, 12H, C(CHa)), 3.40-4.11 (m,
30 3H, PCHy, C{4')Ha), 4.40-4.54 (m, 2H, CEH, CEYHy), 4.56-4.71 (m, 2H,



10 hours and concentrated in vacuo. The residue was purified by column chromatography
(CH202:Me0H/10:1) to give compound 19 (110 mg, 0.27 mmol) as a colorless oil in 23 % vyield
which was characterized as follows: "Fi NMR (200 MHz, CDCI3) 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, J1 = 10.3 Hz, J2- 4.0 Hz, 1H, 15
C(4Y)H2), 4.35 (d, J = 10.3 Hz, C(4")Hb), 4.43-4.48 (m, 1H, C(3)H), 4.62-4.84 (m, 2H,
OCH(OH3)2), 6.21 (br s, 2H, NH2), 6.47 (dd, J, = 7.2 Hz, J2= 2.7 Hz, 1H, C(1)H), 8.31(s, 1H,
A-C(2)H), 8.33(s, 1H, A-C(8)H); 13C NMR (200 MHz, CDCI3) 60 23.89 (CH(CH3)3), 38.05 (0-2",
64.10 (d, Jp,c= 169.4 Hz, PCH2), 71.31 (cH(OH3)3) 8%#1.46 (cH(cH3)3), 73.68 (0-45, 80.49 (d,
20JP,C =10.7 Hz, 0-3), 83.42 (C-11), 119.50 (A-C(5)), 136.63 (A-C(8)), 149.73 (A-C(6)), 153.07

(A-C(4)), 155.62 (A- ;,mass_calcd for 0 NS05PI (M+ f 0 40,
1-(thymin-|-y1)-2-d8’§s%}%—)§%5—a(hi%%rﬁp;?{ﬁh%%ngrﬁztﬁyﬂ-’ﬁtt @%%i%g%%%ﬁéc%%&nd was
prepared as describigd for 19, using 16 (450 mg, 1.1 mmol) as a starting material. Column
chromatographic pwgiq@ggn&éb@gg?m&j_——d@:J@Cg%g@qmqu@zggzycﬁ mg= 0.36 mpol) as a
colorless oil in 64 % yield which was characterized as follows; . . - 1]Bra)l Né\()g%io N}\F_z( % CI3)
6H 1.31(d, 6H, CHE-H2b4(8 S8HCLIGH N, §7¢42 <3089 (St PUS8AS % 16(d: T4B.0 Hz,
1H, 0(2) H2), 2.46-282(#terbka-G), C(29.88(r82(0).J $33.24H A=pin® COH2)64.84(d87332)10.6
Hz, J2= 3.7 Hz, 1H, 64 Hia) 4,294.37(m, 2H, C(4') Hb, C(3)H), 4.66-4.84(m, 2H, OCH(CH3)2),

6.24(dd, J1 = 8.0 Hz, J2 = 2.6 HZ, 1H, C(1)H), 7.55(d, J = 1.1 Hz, 1H, T-%%%E;)‘H 8.48(5, 1H, NH):
- 13C NMR (200 MP2SEested 395 8o i 8y 5426 2585109 #1395y 385, ﬁ%’-"*

Example 4 - preparation of final compounds

10 1-(N°-benzoyladenin-9-yl)-2-O-benzoyi-3-O-(diisoprop viphosphonomethyf)-L-
threose (11)
To a mixture of 10a (425 mg, 0.83 mmol) and silylated N°-benzoyladenine
(401 mg, 1.6 mmol) in dry MeCN (30 mL) was dropwise added SnCls (0.3 mL,
2.5 mmol) under N at room temperature The reaction mixture was siirred at
15 room temperature for 4 to 5 hours. Then the reaction was quenched with
saturated NaHCO,. and concentrated. The residue was partitioned between H;0
(20 mL) and EtOAc (100 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 (DCW/MeOM=40:1) to afford 11 (431mg, 0.69 mmol) as a
20  coloriess amorphous solid in 83 % vield which was characterized as follows:
- "H NMR (500MHz, CDCls) 6y 1.31-1.36 (m, 12H, CHa), 3.94 (dd, J;= 14.0 Hz,
Jo= 8.6 Hz, 1H, PC Ha), 4.01 (dd, J;= 14.0 Hz, Jo= 8.6 Hz, 1H, PC Hy), 4.38
(dd, J;= 11.0 Hz, J; = 4.6 Hz, 1H, C(4)Ha), 4.50-4.52 (m, 2H, C3)H, C4')
Hg), 4.73-4.80 (m, 2H, OCH), 5.08 (s, 1H, C(2)H), 6.56 (s, 1H, C(1")H), 7.48-
25 7.85 (m, 6H, Ar-H), 8.02-8.08 (m, 4H, Ar-H), 8.50 {s,1H, Adinie-C{8)-1), 8.82
(s, 1H, Adinie~C{2)-H), 9.07 (br s, 1H, NH);
- BC NMR (500MHz, CDCla) 8¢ 23.97 (CH3), 24.01 (CHa), 24.03 (CHy), 24.06
(CHa), 65.36 (Jpc = 168.9 Hz, PCHsy), 71.45 (POCH), 71.51(POCH), 73.55(C-
4"), 80.27 (C-2)), 83.74 (Jpc = 9.8Hz, C-3'), 87.86 (C-17), 122.72 (A-C(3)),
30 127.80 (aroma-C), 128.65 (aroma-C), 128.87 (aroma-C), 128.86 (aroma-C),



2", 63.99 (d, .1 =169.2 Hz, PCH2)" 71.26(CH(CH3)3, 73.36(C-4"), 80.23 (d, J = 10.5 Hz, C-3",
84.83 (C-1", 110.72 (1-0(5)), 136.55 (T-C(6)), 150.57 (1- C(2)), 163.80 (T-C(4)); mass calcd for
C16H27N207P1Nal [M-1-Na] 413.1454, found 413.1447. 10
1-(uracil-1-y1)-2-deoxy-3-0-(diisopropylphosphonomethyl)-L-threose (21) This compound was
prepared as described for 19, using 17 (1.1 g, 2.8 mmol) as a starting material. Column
chromatographic purification (CH2C12:Me0OH=40:1) gave compound 21 (500 mg, 1.3 mmol) as a
colorless oil, 15 in 46 % yield, which was characterized as follows: 1H NMR (200 MHz, CDC13)
5h, 1.29-1.34 (m, 12H, CH3), 2.21 (d, J = 15.4, 1H,&(2")Ha), 2.44-2.60 (m, 1H, C(2")Hb), 3.69 (d,
J=9.2 Hz, 2H, PCH2), 3.86 (dd, tit = 10.6 Hz, J2 = 3.3 Hz, 1H, C(4")Ha), 4.30-4.38 (m, 2H,

C(4")Hb, C(3)H), -4.81 (m, 2H, O H3)2), 5.74 (d, J = 8.1 Hz, 1H, U-C(5)H), 6.21 (dd, Ji
20= 8.0 Hz, J2= jﬁf’z% iﬁfgé‘ﬁ”@n, ﬁ?ﬁ%&?@g%f%%i%%-(@@ﬁ)p@t 1334(%%% A N30
NMR (200 MHz, AB&3) 615°83.98 (GPI (6H3)8)), BB 42 (@-ZJR)H3186.4d, (PRztE D). 7642 PCH2),
71.26 (CH(CF13)3NEALc¥$ K CH(CH3)3), 73.94 (C-4'), 80.11 (d, Jp,c = 11.2 Hz, C-3'), 85.44 (C-1),

e KT S AL LS s
5 .
1-(thymin-1-yl)-2-O-benzoyl-3-O-~(diisopropylphosphonomethyl)-L-threose (12)
Thymine (0.34 g, 2.7 mmol), ammonia sulfate (10 mg, 0.07mmol) and 6
mi. of HMDS were added to dried flask. The mixiure was refluxed overnight
under nitrogen. HDMS was removed in vacuo. To the flask with residue was
10 added the solution of compound 10a (0.92 g, 1.8 mmol} in 10 mi. of dry MeCN
followed by dropwise addition of SnCly (640 ulL 5.4 mmol) under Ny at room
temperature The reaction mixture was stired for 4 hours. The reaction was
quenched with sat.. aq. NaHCOj3; and concentrated to a small volume, The residue
was partitioned between Hy,O (30 mlL) and EtOAc (150 mL). The organic layer
15 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 12 {0.76 g, 1.4 mmol) as a colorless amorphous solid in 78 % vield which
was characterized as follows:
- "H NMR (200 MMz, CDCls) 84 1.35 (d, /=62 Hz 12H, CHs), 1.99 (d, /= 1.5
20 Hz, 3H, T-CHs), 3.86-4.05 (m, 2H, PCHy), 4.11-4.16 (m, 1H, C(4")Ha), 4.26 (br
t. 1H, C(3)H), 440 (d, J = 10.6 Hz, 1H, C(4') Hp), 4.70-4.86 (m, 2H,
OCH(CHa)z), 5.38 (s, tH, C(2)H), 6.29 (t, J = 2.2 Hz, 1H, C(1)H), 7.43-7.66
(m, 4H, Ar-H, T-C(6)H), 8.02-8.07 (m, 2H, Ar-H), 9.13 (s, 1H, NH);
- BC NMR (200 MHz, CDClg) 8¢ 12.42 (T-CH3), 23.83 (CH(CHa)), 23.82
25 (CH(CHs)s), 64.48 (d, Jpc = 168.5 Hz, PCH,), 71.29 (CH(CHs)s), 7145
(CH(CHy)s), 72.72 (C-4), 80.28 (C-2"), 83.70 (Jpc = 10.6 Hz, C-3"), 89.02 (C-
1), 111.39 (T-C(5)), 128.60 (aroma-C), 129.90 (aroma-C), 133.84 (T-C(6),
136.12 (aroma-C), 150.42 (T-C(2), 163.86 (T-C(4), 165.32 (Bz-CO);
- mass caled for CazHaiN2OgPy IM+HT" 511.1845, found 511.1831.
30



1-(cytosin-1-y1)-2-deoxy-3-0-(diisopropylphosPhonomethyl)-L-threose (22) To the solution
of 1,2,44riazole (662 mg, 9.6 mmol) in 15 mL pyridine was 30 added phosphorousoxychloride
(223 pL, 2.4 mmol) at room temperature. The 92 mixture was stirred for 10 minutes. Then the
solution of 21 (289 mg, 0.80 mmol) was added to the mixture. The reaction mixture was stirred for
4 hours. Then ammonia gas was bubbled in to the reaction mixture for 1-3 hours and the reaction
mixture was concentrated in vacuo. The residue was purified by column 5 chromatography
(OH2012:Me0H=12:1) to give compound 22 (220 mg, 0.58 mmol) as a colorless foam, in 73%
yield, which was characterized as follows: 1H NMRJ200 MHz, CDCI3) OH 1.22-1.30 (m, 12H,
CH3), 2.27 (d, J = 15.0, 1H, C(2"Fia), 2.41-2.55 (m, 1H, C(2')Hb) 3.63 (d, J =9.5 Hz, 2H, PCH2),

3.91 (dd, J1= 10.3, J2= 3.5, 1H, C(4')FI8), 4.22-4.36 b,,C 6 10(m, 2H,
OCH(CH3)2), &-taef- 14314 eheod-6 @) ?%’R’Pf(’gg) %ﬁgﬁ?ﬁl é%llf})'eéf%) )77 67 (d,J =
7.3 Hz, 1H, C- C(6)H)Jt8;.de((3582lg Naa)mdmcammmazmﬁfmeit‘!mm%mw%@méﬁ@cﬁs):s)
38.46 (0-2), 63,68{fhJRaabs a%%(?tézdrf’gw&k?lrﬁé (GHRHRIR) 260 CrHAIR) Dnddr 75

(CH(CH3)3), 74.12 (O- 4) 80.40 (d, Jptc = 11.2 Hz, 0- Si 86. 68 0-15, 9@5&4]? t1514
(0-0(6)), 156. 58*%9@2)?@@@8’?@%@7?%&%%&% ie "ﬁ/(f”%iﬁ Y6 1637,
found 376.4638empound 10a { 2.43 g, 4.8 mmof) in 50 mL of dry MeCN followed by a dropwise
addition of SnCls ( 1.7 mL, 14.4 mmol). The reaction mixture was stirred for 4
hours. The reaction was quenched with sat. aq. NaHCO; and concentrated to
small volume. The residue was partitioned between H20 (30 mL) and EtOAc {100
mL). The organic layer was washed with water and brine, and concentrated in
10 vacuo. The residue was purified by chromatography on a silica gel column
(DCMIMeOH=25:1) to afford 13 (2.09 g, 4.2 mmol) as a colorless amorphous
solid in 84 % which was characterized as foliows:
- "H NMR (500 MHz, DPMSO-d6) dn 1.23-1.26 (m, 12H, CHg), 3.97 (d, J = 8.0
Hz, 2H, PCHy), 4.16 (dd, J5= 10.7 Hz, J2= 4.2 Hz, 1H, C(4'Ha), 4.36 (¢, J =
15 10.7 Hz, 1H, C@)H.), 4.39-440 (m, 1H, C(3)H), 4.58-4.64 (m, 2H,
OCH(CHa)a), 5.41 (s, 1H, C(2)H), 5.61 (d, J = 8.1 Hz, 1H, U-C(5)H), 6.02 (d, J
= 2.0 Hz, 1H, G(1)H), 7.55-7.60 (m, 2H, Ar-H), 7.63 (d, J = 8.1 Hz, 1H, U-
C(BY), 7.70-7.73 (m, 1H, Ar-H), 8.02-8.04 (m, 2H, Ar-H), 11.4 (s, 1H, NH);
- BC NMR (500 MHz, DMSO-d6) 8¢ 23.74 (CH(CHs)s), 23.84 (CH(CHa)a),
20 63.10 (d, Jpc = 168.5 Hz, PCHy), 70.53 (CH(CHa)a), 72.32 (C-4'), 79.83 (C-27,
82.78 (C-3), 89.06 (C-1"), 101.91 (U-C(5), 128.95 (aroma-C), 129.63 (aroma-
C), 134.07 (aroma-C), 140.72 (U-C(6), 150.39 (U-C(2)), 163.19 (U-C(4),
164.73 (Bz-CO};

- mass calcd for CasHagNOgPsNaq [M+Na]® 519.1508, found 519.1506.

25 ' _ |
7—(N4—acetyfcytosin~'i~yi)~2~O-benzoyl—S~O—(diisopropyiphosphonomethyf)«-L—
threose (14)

N*-Acetyleytosine (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

30  overnight under nitrogen. HDMS was removed in vacuo. To the residue was



1-(adenin-9-y0-3-0-(phosphonomethyl)-L-threose sodium salt (3a) To a solution of 15 (220 mg,
0.55 mmol) and Et3N (1mL) in DCM (9 mL) 20 was added bromotrimethylsiiane (290 pL, 2.2
mmol) at room temperature. The reaction mixture was stirred for 48 hours. The reaction was
guenched with 1,0 M TEAB solution. The mixture was concentrated, and the residue was purified
by column chromatography (CH2012:MeOH /2:1, 1:1, 1:2) to give crude title compound.
Purification using sephadex-DEAE A-25 with gradient TEAB solution 25 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%
yield, which was characterized as follows: - 1H NMR (500MHz, D20) 6H 3.54-3.62 (m, 2H,
PCH2), 4.32-4.39 (m, 3H, C(4)H2, C(3)H), 4.82 (dd, J1= 2.4 Hz, J2= 2.0 Hz, 1H, C(2)H), 6.09 (d,

D20y 0. 701 E b LRI R PS AR0260, 360 GBS 0RE 6 . 5 BENEoD .
91.93 (C-1'), 120c6A00 (5) dld@nTek (AdBIR)), 45 EHa(A-EfBYidS564® (Al:cm; mBoTAeC(z))
31P NMR (50 éét'tzo %&gﬁ% %@é‘ﬂéed%sf&ﬂ?g fﬂ{e%%maﬁe%gamps@@% found

330.0602. 1- ( ymin- hosphonomethyl)-L-threose sodium salt (3b PIS compound
was prepared %léld@%rﬂféhcﬂj?@&” AlgAJoL B IRbERD BB RSN at R LRI RS & mpound

3b (90 mgs 0. Mzmmel)rwaammmad ASa H \cTlos esgasitithire @ 26 yimtti pd/hith weatsr and
POH2), 416 (T ALL TR AR aad h SRR Y oAb G,
J=10.7 Hz, 1F0 @(aﬂ)q;ﬂogehmﬁi(@n 1reheemplE G2 g ofpE 4 @8 0P80 th, 1H,
T-C(6)H); 1513G AR AAMbHa 3 2Qlide b4. W@kﬁhﬁdh@a@i&ér&@@z&ﬁfﬁs%&lﬁm@CHZ)
(T-C(6), 154,30 (HB) 208 S8 e RS TR b Cgoni ‘G gy » T H00
10 CHa), 3.80-4.00 (m, 2H, PCHy), 4. 24-4 36 (m, 2H C(4")Ha, C(3)H), 4.48-4.63
(m, 3H, C(4') Hy, OCH(CHa)), 5.44 (s, 1H, C(2')M), 6.04 (s, 1H, C(1)H), 7.27
(d, J = 7.7 Hz, 1t}, C-C(5)H), 7.54-7.77 {m, 3H, Ar-H), 8.03-8.07 (m, 3H, Are-
H, C-C(6)H), 10.95 (s, 1H, NH);
- BC NMR (200 MHz, DMSQ-d6) 8¢ 23.76 (CH{(CHa)a), 24.39 (Ac-CHg), 63.77
£5 (d, Joc = 166.4 Hz, PCHy), 70.44 (CH(CHz)s), 70.59 (CH(CHa)s), 73.56 (C-4),
79.75 (C-3') 82.83 (d, Jp,c = 13.7 Hz,C-3), 90.74 (C-1"), 94.74 (C-C(5), 128.86
(aroma-C), 1298.14 (aroma-C), 134.07 (aroma-C), 129.77 (aroma-C), 134.23
(aroma-C), 145.40 (C-C(6), 154.69 (C-C(2)), 162.95 (Bz-CO), 164.77 (C-
C(4)); 171.26 (Ac-COQ);
20 - mass caled for CaaHzaNaOoP1 [M+H]" 538.1954, found 538.1958.

1-(adenin-9-yi)-3-O-(diisopropylphosphonomethyl)-L-threose (15)
A solution of 11 (431 mg, 0.80 mmol) in MeOH saturated with ammonia
(100 mi) was stired at room temperature overnight. The mixture was
25 concentrated, and the residue was purified by column chromatography
{CH2Cl:MeOH=8:1) to give compound 15 (278 mg, 0.67 mmol) as a white
powder in 84 % yield which was characterized as follows:
H NMR (500 MHz, DMSO-dB): 8 1.21-1.26 (m, 12H, CHa), 3.85-3.94 (m, 2H,
P CHy), 4.10-4.13 (m, 2H, C(4") Ha, C(3H), 4.24-4.27 (m, 1H, C(4°) Hy), 4.57-



mass calcd for c10H14N208P1 [M-Hr 321.0488, found 321.0474. 20
1-(uracil-1-y0-3-0-(phosphonomethyl)-L-threose sodium salt (3c) This compound was
prepared as described for 3a using 17 (200 mg, 0.53 mmol) as a starting material and TBMSBr
(200 mL, 2.1 mmol), Compound 3c (93 mg, 0.26 mmol) was obtained as a colorless solid, in 49 %
yield, which was 25 characterized as follows: - 1H NMR (500 MHz, D20) 0113.58-3.67 (m, 2H,
POH2), 4.16 (d, J = 3.3 Hz, 1H, C(3)H), 4.26 (dd, J1= 10.7 Hz, J2= 3.9 Hz, 1H, C(4")H,), 4.45 (d, J
=10.7 Hz, 1H, C(4")Hb), 4.47 (s, 1H, C(2")H), 5.85 (d, J = 8.0 Hz, 1H, U-C(5)H), 5.85 (s, 1H,
C(1)H), 7.80 (d, J = 8.1 Hz, 1H, U-C(6)H); 94 130 RMR (500 MHz, D20) oc 67.98 (d, J= 156.2
Hz, PCH2), 76.22 (C-4"), 80.09 (0-2"), 87.15 (d, J= 11.7 Hz, 0-3), 94,63 (C-1"), 104.09 (U-C(5)),

145.23 (U-C(6)), 154.26 (U-C(2)), 169.22 (U-C(4)); 31P NMR (500 HZ 6 15.37; 5mass
calcd for COHi2NZDERi{ M $6H@Hx, % é%ﬁ‘d é)ﬁééﬁsd’ S5 M RARY 255 b

1-(cytosin-1-y0-3- @mpmgphmqmeuhywmmsqsmum(zm (8dp (s, 1Hhis{€Mpound was
P e oo bl 3200 FAP, 1\SPRBE. 4 33 mme 338@%%%@%%%1%“ 3d
as 10 a colo Iess soli

(58 mg, 0.16 mmol) was obtaine ield, which was charﬂ;terlzed

as follows: 1H NMRAS0OHE, 195) 6REB5I 58D (Gt 2 T185E 012418382 Lre 7 43 Priir-
C(3)H), 4.27 (dd, #7118 432,312+ 3% 170 1A &Y HS), SEZI(Z\(G{EIM,T@QZA)F{W@{@W&;QQO 7 Hz,

1H, C(4')Hb), 5.86 B]%% géj%gy %8?3 d,J=7.6 Hz, CC(5)H), 7.77 (d, J = 7.6 Hz, C-C(6)H); 15 -
13C NMR (500MH? d t = 156.2 Hz, PCH?2), 76.17 (0-4')), 80.13 (0-2)), 87.27
(d. Jpc = 11.8 Hz, B8 c@lsdl'@r(mwz%s@s&) sl 1&560’@@9@)(@5‘)7%660?5%@10(2)) 168.84(0-0(4));

1-(thymin-1-yi)-3-O-( diisopropylphosphonomethyl}-L-threose {1 6)

10 A solution of 12 (715 mg, 1.7 mmol) in MeOH saturated with ammonia
(100 mb) was stimed at room temperature overnight. The mixture was
concentrated, and the residue was purified by column chromatography
(CH,Clo:MeOH=10:1) to give compound 16 (515 mg, 1.2 mmol} as 2 white
powder in 71 % yield which was characterized as follows:

15 - 'H NMR (200 MHz, CDCla) 8y 1.27-1.33 (m, 12H, CHag), 1.93 (d, /= 1.7 Hz,

3H, T- CHa), 3.75 (d, J = 8.8 Hz, 2H, P CHy), 4.13 (br t, 1H, C(3H), 4.24-4.31
(m, 2H, C{@)H2), 4.38 (s, 1H, C(2)H), 4.61-4.80 (m, 2H, OCH(CHal), 5.81 (s,
1H, C("YH), 7.41 (d, J = 1.46 Hz, T-C(6)H), 10.27 (br s, TH, NH);

- BC NMR (200 MHz, CDCls) 8, 2.42 (T-CH3), 23.89 (CH(CHs)a), 64.46 (d,

20 Jpc = 168.5 Hz, PCHy), 71.26 (CH(CHg)s), 73.54 (C4'), 78.94 (C-21, 85.33 (d,

Joc=10.6 Hz, C-37), 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 CieHeaN20gPy [M+H]" 407.1583, found 407.1568.

25 1-(uracil-1-yi)-3-O-( diisopropylphosphonomethyl)-L-threose (17}
A solution of 13 (2.03 g, 4.0 mmol) in MeOH saturated with ammonia {300
mL) was stired at room temperature overnight. The mixiure was concentrated,
and the residue was purified by column chromatography (CH2Clx:MeOH=20:1) to
give compound 17 (1.52g, 3.8 mmol) as a white powder in 96 % vield which was

30 characterized as follows:



31P NMR (500MHz, D20) Op 15.28; mass calcd for COH131\1307P1 [M-Hr 306.0491, found
306.0481. 20 1-(adenin-1-yl)-2-deoxy-3-0-(phosphonomethylj-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: 25 - 1H NMR (500MHz, D20, 60C) obi 2.63(dd, J1 = 15.5Hz,J2=1.3
Hz, 1H, C(2)H,), 2.75-2.81 (m, 1H, C(2")Hb), 3.55-3.64 (m, 2H, P CH2), 4.09 (dd, Ji = 10.0 Hz, J2
= 4.0 Hz, 1H, C(4")H2), 4.33 (d, J = 10.0 Hz, 1H, C(4)Hb), 4.51 (dd, J1= 5.5 Hz, J2 = 4.5 Hz, 1H,
C(3)H), 6.39 (dd, J1 = 8.0 Hz, J2 =7 2.0 Hz, 1H, C(89H), 8.22 (s, 1H, C(2)H), 8.49 (s, 1H, C(8)H);
95 130 NMR (500MHz, D20) Oc 39.78(0-2"), 68.34 (d, Jptc = 155.2 Hz, PCH2), 76.53 (0-4"), 82.79

(d, Jp,c = 11.9 Hz, 0-3), 86.32 (0-1), 121.13 (A-0(5)), 143.89 (A-Q(8)), 15 -C(6)), 155.25
(A-C(4)), 158.18 %(*A-B LN %&%@1\%%?@5@3%ﬂ,‘%%mﬁ(@%n?s@iaﬁcﬁéﬁl N‘ﬁ%h 05p1
tivi-Hy 314.065Hz,foga@b@m@mﬂg}alﬁmﬂwyyﬁ;zaénmmﬁmmMﬁae@wﬁt&%é@e
sodium salt (31),, Cﬂ% @1 %‘&%E&(%”%ﬁé%éé@%ﬂl%ﬁﬁ fommnol-ane N € mi) ja BEMA25-mL)

was added iodotrime , .36 mmol) (at 0 C, The reaction mixtyre 10 g{s?éstirred
for 2 hours, Th&fkbiioR fR&lqdEnthdinithin DRt 1=AB ddldtons ThE AR whS Bdhdéntrated,
and the residue @ pyrified by column chromatography (OH2012:MeOH 12:1, 1:1, 1:2) to give

crude 3f. Purificati lmﬁﬁ X : it igat, | i : to 0.5
M and ion exch”an;y&es b owe?fﬁg@?gﬁ) oﬁe%%e'(? ng m 3%%7%%@ é%%gjcaglgﬁfé%séé 15
solid, in 40 % yielddwhiclF W88 eiitakiterized %§4M%§>Nﬁﬁ@é‘@mm@%ﬁ E ks, 3H,
1-CHB), 2.29(d, J 774844 (dz L H35CL2 )4 o 2586276 414 CLE), (2BEIBYC 3157 -B065 IM(LZR(TFCH?2),

A T S O o e

10 - mass caled for CqsHogNoOgP [M+H]T 383.1427, found 383.14265.

1-(cytosin-1-yi)-3-O-(diisopropylphosphonomethy! )-L-threose (18)
A solution of 14 (450 mg, 0.84 mmol) in MeOH saturated with ammonia
(100 mlL) was stimed at room femperature overight. The mixture was
15 concentrated, and the residue was purified by column chromatography
(CH,Cla:MeOH=20:1) to give compound 18 (281mg, 0.72 mmol) as a white

powder in 86 % vield which was characterized as follows:

Tt NMR (200MHz, DMSO-d6) 84 1.18-1.25 (m, 12H, CH3), 3.72 (dd, J; = 13.6
Hz, J, = 8.8 Hz, PCH,) 3.84 (dd, J1 = 13.6 Hz, J, = 8.8 Hz, PCHy), 3.85-4.05
20 (m, 3H, C(2)H, C(3)H, C(4)Ha,), 4.25 (d, J= 9.5 Hz, C(4)H, ), 4.48- 4.64 (m,
2H, CH(CHa), 5.65 (d, J = 7.6 Hz, C-C(5)H), 5.70(d, J= 1.5 Hz, OH), 5.85(d, J
= 15.4 Hz, C(1)H), 7.04 (br s, NHy), 7.14(br s, NHy), 7.50(d, J = 7.6 Hz, C-

C(6)H);
- BC NMR (200MHz, DMSO-d8): . 23.68 (CH(CHa)a), 23.78 (CH(CHa)s),64.46
25 (d, Joc = 164.8 Hz, PCHz), 70.30 (CH(CHa)s), 70.42 (CH(CHa)s), 72.00 (C-4),

78.19 (C-27, 85.66 (d, Jee = 12.2 Hz, C-3"), 92.30 (C-1"), 93.46 (G-C({5)),
141.63 (C-C(6), 155.47 (C-C(2)), 165.94 (C-C(4));
- mass caled for CisHarNsO7P4 [M+H] 392.1586, found 392.1577.

30 1-(adenin-9-yi)-2-deoxy-3-O-(diisopropyiphosphonomethyl}-L-threose (19)



20C(6)H); 130 NMR (500 MHz, D20) 6¢ 14.50(T-CH3), 39.62(0-2"), 67.81 (d, J = 158.1 Hz,
PCHZ2), 76.63 (0-41 82.66 (d, J = 11.3 Hz, 0-3"), 88.41 (0-1'), 113.94(1(0(5)), 141.32 (T-(C(6)),
154.68 (T-(C(2)), 169.51 (1-0(4)); 31P NMR (500 MHz, 020) 6p 16.02; 25mass calcd for
010H14N207E1 u\A-Hr 305.0538, found 305.0537.

Huracil-1-y0-2-deoxy-3-0-(phosphonomethyl)-L-threose sodium salt (3g) This compound was
prepared as described for 31, using 21 (154 mg, 0.41 mmol) as a starting material and
lodotrimethysilane (0.47 mL, 3.3 mmol). 96 Compound 3g (50 mg, 0.14 mmol) was obtained as a
colorless solid, in 34% yield, which was characterizegd as follows: 1H NMR (500 MHz, D20) 6H
2.31-2.35 (m, 1H, C(25Ha), 2.57-2.62 (m, 114, C(2")Hb), 3.54-3.62 (m, 2H, POH2), 3.97 (dd,
J1=10.5 Hz, J2 = 3.7 Hz, 1H, 5C(45Ha), 4.38-4.40 (m, 114, C(3)H), 4.42 (dd, J1 = 10.5 Hz, J2-
2.0 Hz, 1H, C(4) Hb)T&.88¢0)utic8. HpheryHchoE)Hjceapaoqmie =28 iz, 8=rampPangy

C(1)H). 7.99 (ghlsp %6 é%%&@w ark3VNMR 9%&@%@2@%%%@%(@56 d,J
=156.9 Hz, PCH2), 7

45,82.31(d,J=13.8 %ﬁ?o -3Y), 88 57, ég: ), 101, ﬁg %(5?%,
10145.81 (U-CY&; 16d f?@EU ét4)")0°§1|§9‘NW?5‘"60 Y5 RSN
CI9H12N207P IhiMrsiri2l 3@ 2efowrd 20t08@ded, and the reSidue was purified by column
5 chromatography (CHxClxMeOW/10:1) to give 1-(adenin-g-yl)-2-0O-phenoxy-
thiocarbonyl-3-O-diisopropytphosphonomethyl-L-threose as a colorless oil. To the
solufion of 1-(adenin~9—yi)-2—0~phenoxythiocarbonyi—S—O—diisopropyiphc)sphono—
methyl-L-threose in dried 50 mL of toluene was added tributytinhydride (339pL,
1.2 mmol) and AIBN (48mg, 0.3 mmol). The reaction mixture was refluxed for 6
10 hours and concentrated in vacuo. The residue was purified by column
chromatography (CH2Cla:MeOH/10:1) to give compound 19 (1 10 mg, 0.27 mmol)
as a coloriess oit in 23 % vield which was characterized as follows:
- "M NMR (200 MHz, CDCly) dy 1.27-1.34 (m, 12H, CHa), 2.54-2.75 (m, 2K,
C(2)H,), 3.62-3.82 (m, 2H, P CHy), 4.04 (dd, J; = 10.3 Hz, J;= 4.0 Hz, 1H,
15 C{4')Ha), 4.35 {d, J = 10.3 Hz, C(4")Hp), 4.43-4.48 (m, 1H, C(3)H), 4.62-4.84
(m, 2H, OCH(CHa)2), .21 (br s, 2H, NHyp), 6.47 (dd, Jy= 7.2 Hz , J2 = 2.7 Hz,
1H, C(1HH), 8.31(s, 1H, A-C{2)H), 8.33(s, 1H, A-C(B)H);
- 3C NMR (200 MHz, CDClz) 8¢ 23.89 (CH(CHa)s), 38.05 (C-27), 64.10 (d, Jec=
169.4 Hz, PCHy), 71.31 (CH(CHa)s), 71.46 (CH(CHa)a), 73.68 (C-4'), 80.48 (d,
20 dpc = 10.7 Hz, C-3'), 83.42 (C-1), 118.50 (A-C(5)), 136.63 (A-C(8)), 148.73
(A-C(8)), 153.07 (A-C{4)), 1565.62 (A-C(2)};
- mass calcd for CigHarNsOsP4 [M+H]™ 400.1750, found 400.1740.

1-{thymin-1-yl)-2-deoxy-3-O-(diisopropylphosphonometh yi)-L-threose (20)

25 | This compound was prepared as described for 19, using 16 (450 mg, 1.1
mmol) as a starting materal. Column chromatographic  purification
(CH2Cla:MeQH=10:1) gave compound 20 (275 mg, 0.70 mmol) as a colorless oil
in 64 % vyield which was characterized as follows:
< TH NMR (200 MHz, CDCla) 8u 1.31(d, 6H, Cis), 1.34(d, 8H, CHa), 1.97(d, J =

30 1.1 Hz , 3H, T- CHag), 2.16(d, J = 15.0 Hz, 1H, C(2') Ha), 2.46-2.62(m, 1H,



1-(cytosin-I-A-2-deoxy-3-0-(phosphonomethyl)-L-fhreose sodium salt (3h) 15 This compound was
prepared as described for 3f, using 22 (200 mg, 0.53 mmol) as a starting material and
iodotrimethysilane (0.6 mL, 4.2 mrnol). Compound 3h (130 mg, 0.38 mmol) was obtained as a
colorless solid, in 73 A3 yield, which was characterized as follows: 1H NMR (500 MHz, D20) 6H
2.32 (d, J = 15.3, 1H, C(2")H3), 2.56-2.61 (m, 1H, 20 C(21)Hb), 3.52-3.61 (m, 2H, POH2), 4.01
(dd, J1=10.5 Hz, J2 = 3.6 Hz, 1H, C(451-13), 4.394.40 (m, 114, C(3"H), 4.44 (dd, J1=10.7, J2=
1.7 Hz, 0(4") Fib), 6.06 (d, J = 7.6 Hz, 1H, C-C(5)H),6.20 (dd, J1 = 7.8 Hz, J2 = 2.0 Hz ,1H,
C(1YH), 7.95 (d, J = 7.6 Hz, 114, C-C(6)H); %1 30 NMR (500 MHz, 020) 5¢c 37.22 (C-25,
64.88 (d, J = 157.2 Hz, PCF12) 2574.37 (045, 79.99 (d, J = 11.7 Hz, 0-3), 86.71 (C-1"), 95.99
(C-C(5)), 143.02 (C-C(6), 157.56 (0-0(2)), 169.2 3(0-0(4)); 31P NMR (500 MHz, D20 ??0596;
mass calod for CH{2 3haGeFAdM.E%29biB53Y, fodridRobidéad. Yo7 EQfhiife & ARVITAl activity

Compounds 3 a-Rwere@valuajeddootheiv patemtial taiahibithedElicatidneot48¥(m,a 2!l culture

model for acute ﬁ%ﬁ%&ﬁ%ﬁ% ({51{1’]5% iﬁ%%f?%%{i% ¢ HIY-Z(RPR) slagk were pptained

from the culture T-4 cells, respectively. The inhibitory
effect of the comptauridis Srickfiyil &48(s. 11/ BHplication were monitored by measuring the

viability ofsMT:4 celisimsiays@fteninfection) Gatexsiy-aite, compooicwassiicaraingd in
parallel by measurj viability, K-l edce , YSi tet ' sed
colorimetric metr%ci:I %a%%%ﬁmujn‘éﬁ%e?]% tﬂ}%&&yﬂ{ééﬁ@&@ﬁ* ﬁ?’%@%ﬁﬁ%@?ﬁ? for

comound 3e) shoWsam20803al84-68 1(6-pginiLi Bath Ag&ife HIPEISENETHNED. PRIPTT(T-
(abbreviation for egmgung 39 @@[CSO value of 2.4 pg/mL against HIV-1 and HIV-2. No
MD

aimLy. giving B SEHEb R4S 1 GPS 108 ATy s 2 5b (BN I fese celcar
systems.ilx the cellular test system, both compounds are as active as PMEA and PMPA, and their
cytotoxicity is l?—"(‘iﬁ%oim ~yh-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (21)

This compound was prepared as described for 19, using 17 (1.1 g, 2.8
mmol) as a staring materal. Column chromatographic purification
(CHsCla:MeOH=40:1) gave compound 21 (500 mg, 1.3 mmol) as a colorless oil,

15  in 46 % yield, which was characterized as follows:
- TH NMR (200 MHz, CDCl) 8 1.29-1.34 (m, 12H, GHa), 2.21 (d, J = 154, 1H,
C(2)Ha), 2.44-2.60 (m, 1H, C(2)Hy), 3.69 (d, J = 9.2 Hz, 2H, PCHy), 3.86 (dd,
Jr = 10.6 Hz, J» = 3.3 Hz, 1H, C(4)Ha), 4.30-4.38 (m, 2H, C(4')Hy, C(3")H)},
4.65-4.81 (m, 2H, OCH(CHa)), 5.74 (¢, J = 8.1 Hz, 1H, U-C(5)H), 6.21 {dd, J
20 = 8.0 Hz, Jo= 2.0 Hz, 1H, G(1")H), 7.71 (d, J = 8.0 Hz, 1+, U-C(E)H), 9.16 (s,
1H, NH);
- C NMR (200 MHz, CDCls) 8p 23.98 (CH(CHa)s)), 38.42 (C-27)), 63.86 (d, Jrc
= 170.7 Hz, PCHy), 71.26 (CH(CHa)s), 71.36 (CH(CHa)s), 73.94 (C-4"), 80.11
(d, Joo = 11.2 Hz, C-3), 85.44 (C-1"), 101.95 (U-C(5)), 140.92 (U-C(6}),
25 150.63 (U-C(2)), 163.47 (U-C(4));
- mass caled for CqsHasN07P1 [M+H]" 377.1478, found 377.1479.

1-(cytosin-1-yl)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (22)
To-the solution of 1,2 4-triazole (662 mg, 2.6 mmol) in 15 mL pyridine was
30 added phosphorousoxychioride (223 pl, 2.4 mmol) at room temperature. The



Example 6 20The nucleosides 106a and 106b were synthesized starting from (S)-13-
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 SnCl4 as
Lewis catalyst, giving a mixture 25 of compound 104a and 104b with the base moiety in p and a
configuration respectively. Deprotection of 104a and 104b is done in one step, removing the
benzoyl protecting groups with ammonia in methanol. Finally, the phosphonate function is
introduced using the triflate of diisopropylphosphonosaethyl alcohol and NaH in 30 THF. 98
(S)-6-Benzoyloxy-y-butyrolactone (101) To the solution of (S)-6-Hydroxy-y-butyrolactone (1.0
g, 9.8 mmol) in 25 mL pyridine was added dropwise BzCl (1.4 mL, 12.2 mmol) at 0 C. The
reaction mixtureniisroveanetiteddon Gemipetasurehandnstinddtionerhigh{ZPRe e f8nrERDs

(t:)oncentrated ?Wa%oé)‘d@&g{ét%V%é‘ﬁﬂti@@!)eﬁ%t\@aﬂmﬁsrlmﬂé&@@ag@iﬁ%gdﬂdﬁ wmmrtit(ijmed
etween H20 (15 mL) and EtOAc (40 The organic layer was washed with water a rine,
and concentratéi i VAeuE? Wea?egllétfﬂéﬁa@ piiﬁ’rif?é% W%ﬁ%m@%ﬁ%pﬁ%{/ (ﬁggh Silica 82%5 coramn
(n-hexane/Et0Ae=81brtanidioned Vi q@nz8ry;:8<6 inrvetiias Bhwiniteidiotioydn BOTHSHdN ORIHIBA was

10 charactey izegrﬁ‘érif%!igéléb M&;&P&i\‘k@ﬁﬁa%]%%r%&@n%%(@z@H@%ZSJ@H@o!)
4.58-4.70 (m, 2H, C(4)H2), 5.70-5.75 (m, 1H, C(3)H), 7.49-8.07 (m, SAﬂ,Aﬁlg; 13C NMR (200

MHz, CDCI3) 8RSRPIols) a8 el (i #)y o iraNisIEuas SH3ALGIHRIEE 'I8YS (C-arom),
132.43 (C-arom), 169NIBRE2000)]HE GEsS Haladl . f- CAA kKo 002N a3 HAP 0207 T fdemtbAR 90435,

3-0-benzoy1-2-deqxys {8056 (192% (m, 1H, C(2')Hy), 3.63 (d, J = 9.6 Hz, 2H, PCHy), 3.91 (dd,
Jr=10.3, Jo= 3.5, 1H, C(4')Ha), 4.22-4.36 (m, 2H, C(4")Hp, C(3)H), 4.56-4.76
10 (m, 2H, OCH(CHa)), 5.77 (d, J = 7.3 Hz, 1H, C-C(5)H),6.17 (dd, J1=7.3, J2=
1.8, 1H, C(1OH), 7.67 (d, J = 7.3 Hz, 1H, C-C(B)H), 8.18 (s, 2H, NHz);
- "*C NMR ( 200 MHz, CDCls) 8¢ 23.80 (CH(CHa)s), 38.46 (C-2'), 63.66 (d, Jpc
= 172.2 Mz, PCHy), 71.48 (CH(CHa)s), 71.80 (CH(CHg)s), 71.75 (CH(CHa)a),
7412 (C-4), 80.40 (d, Jpc = 11.2 Hz, C-3), B86.88 (C-17), 94.21 (C-C(5)),
15 141.9 (C-C(B)), 156.58 (C-C(2)}, 165.83 (C-C(1));
- mass calcd for CisHagNzOgP1Nay [M+H]" 376.1637, found 376.1638.

1-(adenin-8-yl)-3-O-(phosphonomethyl)-L-threose sodium salt (3a)
To a solution of 15 (220 mg, 0.55 mmol) and EtsN (1mb} in DCM (8 mL)
20 was added bromotrimethyisitane (200 pL, 2.2 mimol) 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 chromaiography (CHoClxMeOH /2:1, 1:1, 1:2) to give crude fitle
compound. Purification using sephadex-DEAE A-25 with gradient TEAB solution
25 from 0.01 M to 0.5 M and ion exchanges by the Dowex—l\i.a%« resin offered 3a (96
mg, 0.25 mmol) as a colorless solid, in 45% yield, which was characterized as
foliows:
- "H NMR (500MHz, D20) 8y 3.54-3.62 (m, 2H, PCHyp), 4.32-4.39 (m, 3H,
C(4")Hg, C(3YH), 4.82 (dd, J;= 2.4 Hz, Jo = 2.0 Hz, 1H, C(2OH), 8.08 (d, J =
30 2.4 Mz, 1H, C(1)H), 8.23 (s, 1H, A-C(8)H), 8.45 (s, 1H, A-C{2)H);



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 mmol) 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 mL of a saturated ageous sodium potassium tartrate solution and 25 mL 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 (nhexane/Et0Ac=8:2) to afford 162 (590 mg, 2.8 mmol) as a colorless oil, in
75% yield, which was characterized as follows: - 1H NMR (200 MHz, CDC13) 8H 2.30-2.40 (m,
2H, C(2)H2), 4.05;4.36 (m, 2H, 30C(4)H2), 5.30-5.82 (m, 2H, C(1' 4- 3'%}%.40-8.87& ~OH,
Ar-H); 99 13C NMECOBIMARONE By8 71/ 86 (9o-Ba: 73164:67 5877 3k)ad Tat &-%,)129.69
(arom-C), 133.27 @rom+C)2'1,66146 (B2:00)9 maks caleyl ofosG ICHIRO2NZT M-ENa)Y 233.0633,

found 281)620. ST frhepsorezeryiirassesiiniand 1

a—O-acetyl-B-O-bemzo deoxy-threos d the solution of 102 (150 mg, 0.72 mmol) in
6.5 mL Et3N was adtbdyBroinidE P8t 0¥2696 %4 mL) and DMAP (8.8 mg, 0.072 mmol) at O C.

the reactiors mixturgs¥asarmed QD IEEMpetarEetansisifbngf@sd.nedks. Then 10
concentrated under vacuo and the residue was purified by chromatography on a silica gel column

(n-hexane/Et0Ac=9:1) to give compound 103a (117 mg, 0.47 mmol) as colorless oil, in 65% yield,
and 103b (32 mig{toyiBmimbieyadrtvrepbesosiciyisvdyrase warierd CHiracterized as follows:

Compound 103a: 151HNMRGAMIA 6raalid}ieH ddderBedittGH3lshda® E2mg2bl58
O ¢34 Wiine b e el e S SRS e
Compound @03tolorless solid in 42 % yield, which was characterized as follows:
- H NMR (500MHz, D20) &y 1.89 (s, 3H, T-CHs), 3.60-3.68 (m, 2H, PCHz),
416 (d, J = 4.1 Hz, 1H, CEHH), 4.24(dd, J; = 10.7 Hz, Jo = 4.1 Hz, 1H,
C{4)H,), 4.42 (d, J =10.7 Hz 1H, C4)Hp), 4.45 (s, 1H, C(2)H), 5.85 (d, J =
1.2 Hz, 1H, C(1H), 7.58-7.60 (m, TH, T-C(6)H);
15 - C NMR (500MHz, D20): 8¢ 14.28 (T-CH3), 67.95 (d, Jpc = 157.2 Hz, PCHy),
75.78 (C-4%), 80.17 (C-27), 87.27 (d, Jpc= 11.7 Hz, C-3"), 84.22 (C-1°), 113.36
(T-C(5)), 140.86 (T-C(6)), 154.30 (T-C(2)), 169.39 (T-C(4}));
- P NMR (500MHz, D20) 8p 15.68;
- mass caled for CspH1aN20sP [M-H] 321.0488, found 321.0474.
20
1-(uracil-1-yl}-3-O-(phosphonomethyl)-L-threose sodium saft (3c)
This compound was prepared as described far 3a using 17 (200 mg, 0.53
mmol) as a starting material and TBMSBr (200 mL, 2.1 mmol). Compound 3¢ (93
mg, 0.26 mmol) was obtained as a colerless solid, in 49 % yield, which was
25 characterized as follows:
- M NMR (500 MHz, D2O) 8y 3.58-3.67 (m, 2H, PCHy), 4.16 (d, J = 3.3 Mz, 1H,
C(3VH), 4.26 (dd, J;=10.7 Hz, J2= 3.9 Hz, 1H, C(4"}Ha), 4.45 (d, J = 10.7 Hz,
1H, T4 )Hy), 4.47 (s, 1H, C(2)H), 5.85 (d, J = 8.0 Hz, 1H, U-C(5)H), 5.85 (s,
1H, C(1H), 7.80 (d, J = 8.1 Hz, 1H, U-C{6)H);



20 - 1H NMR (200 MHz, CDCI3) 8H 2.07 (s, 3H, CH3), 2.41-2.46 (m, 2H, C(2\H2), 4.22 (dd,
J1=10.6 Hz, 12= 2.6 Hz, 1H, C(4")Hb), 4.36 (dd, J7=10.6 Hz, J2=5.2 Hz, 1H, C(4")Ha), 5.61-5.65
(m, 1H, C(3)H), 6.40 (d, 3=4.4 Hz, 1H, C(1)H), 7.43-8.09 (m, 5H, Ar-H). 25|
P--(N6-benzoyladenin-9-y1)-3-0-benzoyl-2-deoxy-threose (104a) and | a-(N6-
benzoyladenin-9-y1)-3-0-benzoyi-2-deoxy-threose (104b) To a mixture of 103 (210 mg, 0.84
mmol) and N6-benzoyladenine (405 mg, 1.62 mmol) in dry MeCN (30 mL) was dropwise added
Sna4 (0.3 mL, 2.5 mmol) under N2 at O C. The reaction mixture was warmed to room temperature
and 30 stirred for 1.5 hours. Then the reaction was#uenched with sat NHCO3 and 100
concentrated. The residue was partitioned between H20 (20 mL) and EtOAc (100 mL). The
organic layer was washed with water and brine and concentrated under vacuum. The residue was

purified by chromatediadiRy(e0aMitmalélcBiu M B bl MBahIE0 88y 1b dfard Aikture of
p/a isomers (187 goge® ddomraell § (@, 52 Y4 yield, which) 9a63 fcally, seganatad 0Ny préEdrative

TLC and as eluef}g%@g%%k é&%%?lg}éeﬁ)ﬁgg [ ’h were charactfarized as follows:
Compound 104a: ( Z, .84-2.89 (m, 1H, C(2")Hb), 3.23-3.28 (m, 1H,
C(2")Ha), 4.29-(d,*J2 W18 HROMIHT @RI, ¥63:(dd, J1= 4.3, J2=10.6 Hz, 1H, 10C(4")Ha), 5.92
(m, 1H C(35H), 63844, lirbi3dr B MENGEIHIMA-H528716am, IiidAoH3IRC NMR (500 MHz,
CDCI3) fie 38.59 (C-2), 73.43 (C-4"), 74.34 (C-3'), 85.15
1-(cytosin-1-vl)-3-O-(phosphonomethyl)-L-threose sodium salf (3d)
This compound was prepared as described for 3a, using 18 (150 mg, (.38
mmol) as a starting material. Compound 3d (58 mg, 0.16 mmol) was obtained as
10 a colorless solid, in 43 % yield, which was characterized as follows:
- "H NMR (500MHz, D,0) &) 3.53-3.62 (m, 2H, PCHy), 4.15 (d, J = 3.7 Hz, 1H,
C(3YH), 4.27 (dd, J; = 10.7 Hz, Jo= 3.7 Hz, 1H, C{4)Hy), 4.42 (s, TH, C(2')H),
4.44 (d, J = 10.7 Hz, 1H, C(@)Hp), 5.86 (s, 1H, C(1")H), 6.01 (d, J = 7.6 Hz, C-
C(5)H), 7.77 {d, J = 7.6 Hz, C-C(6)H);
15 - 3¢ NMR (500MHz, D20) 8¢ 68.0 (d, Jeg = 156.2 Hz, PCHa), 76.17 (C-4Y)),
80.13 (C-2)), 87.27 (d, Joc = 11.8 Hz, C-3"), 95.16 (C-1'), 98.23(C-C(5)),
145.04(C-C(6)), 160.06(C-C(2)), 168.84(C-C(4)};
- ¥1P NMR (500MHz, D20) 8p 15.28;
- rnass caled for CoHyaNaG7P4 [M-HT 306.0491, found 306.0481.
20
1-(adenin-1-yh-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 coloriess salid, in 43% vield, which was characterized as follows:
25 - 'H NMR (500MHz, D0, 60°C) dy 2.63(dd, J; = 15.5 Hz, Jo = 1.3 Hz, tH,
C(2)Ha), 2.75-2.81 (m, 1H, C(2)Hy), 3.55-3.64 (m, 2H, P CHg), 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)Hs), 4.51 (dd,
J1= 5.5 Hz, J,= 4.5 Hz, 1H, C(3)H), 6.39 (dd, Js = 8.0 Hz, Jo= 2.0 Hz, 1H,
C(1)H), 8.22 (s, 1H, C(2)H), 8.49 (s, 1H, C(B)H);



(C-1Y), 127.88 (arom-C), 128.45 (arom-C), 128.73 (arom-C), 129.64 (arorn-C). 132.69
(arom-C), 133.40 (arom-C), 164.74 (Bz -CO), 166.00 (Bz-00); 15 - mass calcd. for
C23H19hI304Nal 452.1335, found 452.1339. Compound 104b: 1H NMR (500 MHz, CDC13) SH
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, J2=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(1H), 7.38- 208.03 (m, 10H, Ar-H); 13C NMR (500 MHz, CDCI3) 8fri 38.63 (C-2'), 73.45 (C-3)),
74.80 (C-4"), 85.19 (C-1"), 127.90 (arom-C), 128.59 (arom-C), 128.76 (arom-C), 129.36 (arom-C),
132.69 (arom-C), 133.54 (arom-C), 164.67 (Bz -CO¥5165.79 (Bz -CO); mass calcd. for
C23E1131\1304Nal452.1335, found 452.1334. 25 1p-(adenin-9-yl)-2-deoxy-threose (105a) and

1a-(adenin-9-34)-2-deoxy-threose (105b) A solution of 104a (90 mg, 0.21 mmaol) in methanol
saturated with amm@nm%?(é@m‘ﬂ‘)%% Irfesd 38 FEEmaAenfierduife Remidhe- A i sbittish was
30 concentrated ungervasyymsandthe esidue wasHriied) bgesundr 1301 Thram@taymaphy

(CH2CI2: MeQH/9: e P 5 @9 r gj) %qglg)\t“ id, in 86 % yield,
which was characté%é%gg\s(?ﬁ')gwggg M% 03%’%1%% -d6) 8H 227-2.34 (m, 1H,
C(2')Hb), 2.78-2.85 {rhIMR (500MHz, Dz0) &, 154.46;

5 - mass caled Tor CiHiaNsOsP ¢ [M-HT 314.0854, found 314.0632.

1-(thymin-1-yl)-2-deoxy-3-O-(phosphonomethyi}-L-threose sodium salt (3f)
To a solution of 20 (260 mg, 0.67 mmol) and EtzN {1 mL} in DCM (25 mL)
was added iodotrimethysitane (0.73 mL, 5.36 mmol) at 0° C. The reaction mixture
10 was stirred for 2 hours. The reaction was quenched with 1.0 M TEAB solution.
The mixture was concentrated, and the residue was purified by column
chromatography (CHxClo:MeOH /2:1, 1:1, 1:2) to give crude 3f. 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 3f (85 mg, 0.27 mmol) as a colorless
15 solid, in 40 % yield, which was characterized as follows:
H NMR (500 MHz, D20) 8g 1.91(s, 3H, T-CHz), 2.29(d, J = 154 Hz, TH,
C(2')Hz), 2.58-2.64 (m, TH, C(2)H.), 3.67-3.65 (m, 2H, PCHQ),' 3.95(dd, Jy =
10.5 Hz, Jo = 34 Hz, 1H, C{4)Hz), 4.38-4.41 {m, 2H, C(d,, C{3')H),
6.20(dd, J; = 8.3 Hz, Jo» = 2.4 Hz, 1H, C(1HH), 7.78(d, J = 1.0 He, 1H, T-
20 C(6)H),
- BC NMR (500 MHz, D20} 8¢ 14.50(T-CHa), 39.62(C-27), 67.81 (d, J = 158.1
Hz, PCH,), 76.63 (C-4"), 82.66 (d, J = 11.3 Hz, C-3’}, 88.41 (C-1"), 113.94 (T~
(C(5)), 141.32 (T-{C(B)), 154.68 (T-(C(2)), 169.51 (T-C{4)};
- 3P NMR (500 MHz, D,0) 85 16.02; '
25 - mass caled for CigH4aN-O+P [M~H}' 305.0538, found 305.0537.

1~{uracil-1-yl}-2-deoxy-3-O-(phosphonomethyi)-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 mi., 3.3 mmol).



1H, C(2")Ha), 3.76 (d, J=8.8 Hz, 1H, C(4')Hb), 4.21 (dd, J1=3.6, J2= 8.8 Hz, 51H, C(4")Ha), 4.62
(bs, 1H, OH), 5.20 (d, J=3.6 Hz, 1H, C(3)H), 6.37 (t, J=8.6 Hz, 1H, C(1)H), 7.26 (bs, 2H, NH2),
8.14 (s, 1H, H-8), 8.30 (s, 1H, H-2), Compound 105b was prepared as described for 105a using
104b (110 mg, 0.26 mmol) as starting material and was obtained (48 mg, 0.22 mmol) as a white
solid in 86 % yield , which was characterized as follows: 10 - 1H NMR (200 MHz, DMSO-d6) 8H
2.23-2.30 (m, 1H, C(2)Hb), 2.63-2.71 (m, 1H, C(2")Ha), 3.90-3.93 (m, 2H, C(4)H2), 4.45 (m, 1H,
OH), 5.80 (d, J=4.4 Hz, 1H, C(3)H), 6.26 (dd, J1=2.2 Hz, J2=8.0 Hz, 1H, C(1')H), 7.28 (s, 2H,
NH2), 8.13(s, 1H, H-8), 8.35(s, 1H, H-2); 13C NMR¢200 MHz, DMSO-c16) 8H 38.49 (C-2"), 66.99
(C-39, 74.04 (C-4"), 1580.90 (C-1", 137.54 (C-8), 150.19 (C-2), 153.90 (C-6).
1,13-(adenine-9-A-3-(diisoProPylPhoPhonomethyl)-threose (106a) an?l ]é) fd i 349
a(adenine-9-yf)Engisesh Ay IBhEBh SrtthmsRgh- iAsoSBteivmsh AT & tREL3FSoF 1 B3 (é"o mg,
0.23 mmol) inqdml vithidn Whidhavasi@f-eacledouisiag dry-ice and acetone, was added sodium

e 3 CLATGR S, Bepmsimmenn Sy manmion

thrifluorate phosp mol) in s slowly dropped to the reaction flask.
Then the mixture GE3tiovayBarb2 tiodhh Brporatite. (Hhedeadtd Wﬁs‘&u‘ér?c?wg&zw%’sat.

NaHCO3 and conggpjraied.sEhe 4eSisa was parifioned @kipaiwerniH2e, ahd CH2EHR. THhe

organic layer was h ith water ring,, anc entrated in vacyo. (Fhe residyewas
purified by chromga%?jg%ﬂyérg QA sta%gﬁ%lﬁiﬂ%ﬁ;&?ﬁe%%E%é? % I:zg‘?fo{%j 106a as a white
solid. Compound 16866 (/3i8)predfatedas B@kbridet (b{®68:using 105b as starting material and
was obtained as aswhiig:8of igh waschrractarzat 2y feliones(d] 02=1 KRN RIE26EMAZ,
CDCI3) 8N 1.25-1?5“&?1&%%%),@5&%@? Z(ﬁi %253)%23 (3(§9( d10],iLﬁ§.§JI_—&,5 -8.8
Hz, 2H, PCH2), 418101dC11 24813, $h=1G4" 5%3)9% o830 216 4" Py "R A RRY 4. 47 (m,
1H, C(3)Hp4.71- AZRLM2E(ERCABKCANRLEFS (M, 2H, NH2), 6.47 (dd, J1=2.7 Hz, J2= 7.0 Hz,

5C(1)H), 8.2913,315,%%%&@%@21@@-&. FAMPLE 7 - incorporation of PMDTA into DNA
using reverse transcriptase The an’tivwa% activity of the §hos%gorr‘1@§9ql%qj’§93ides of the invention
O thait ¢

may be mostly-expHaitietpisy fREfr shnassiiiaiiEt: Holis 86 ciiphosphates

1-(cytosin-1-yi)-2-deoxy-3-O-(phosphonomethyl)-L-threose sodium salt {3h)
i5 This compound was prepared as described for 3f, using 22 (200 mg, 0.53
mmol) as a starting material and lodotrimethysilane (0.6 mb, 4.2 mmol}.
Compound 3h (130 mg, 0.38 mmol) was obtained as a colorless solid, in 73 %
yield, which was characterized as foliows:
H NMR (500 MHz, D;0) 8w 2.32 (d, J = 156.3, 1H, G{2)Ha), 2.56-2.61 (m, 1H,
20 C(2')Hp), 3.52-3.61 (m, 2H, PCHy), 4.01 (dd, J;= 10.5 Hz, J2 = 3.6 Hz, 1H,
C{4"Ha), 4.39-4.40 (m, 1H, C(3)H), 4.44 (dd, J1=10.7, J2= 1.7 Hz, C4"} Hy),
6.06 (d, J = 7.6 Hz, 1H, C-C(5)H),6.20 (dd, J: = 7.8 Hz, J» = 2.0 Hz 1H,
C(1H), 7.95 (d, J = 7.6 Hz, 1H, C-C(6)H);
- BC NMR (500 MHz, D20} 8¢ 37.22 (C-2'), 64.88 (d, J = 157.2 Hz, PCH2),
25 74.37 (C¥4’), 79.99 (d, J = 11.7 Hz, C-3"), 86.71 (C-1"), 85.99 (C-C(5)), 143.02
(C-C(8), 157.56 (C-C(2)), 169.2 3(C-C4));
- 3P NMR (500 MHz, D20) 8, 15.96;
- mass caled for CoH4alNzOsP4 [M-H]” 200.0535, found 280.0542.

30



10 (hereinafter referred as pp) followed by incorporation into the viral genome and chain
termination. We used a primer/extension assay in order to compare the ability of the HIV reverse
transcriptase and the human DNA poiymerase-cc to accept PMDTApp (see figure 15) as a
substrate in comparison to deoxyadenosine triphosphate (hereinafter referred as dATP). This will
provide us with 15 suitable information about the selectivity of the anti-HIV compound of the
invention since the human DNA polymerase-a is mainly involved in replication of the nuclear ..
genome while the HIV reverse transcriptase plays a key role in the replication of the viral genome.
The following incorporation study was effected witl#a DNA template and a DNA 20 primer, as
DNA polymerase-a and reverse transcriptase are both able to synthesize double stranded DNA
(although reverse transcriptase is alsq able to synthesize a DNA strand using RNA as template).
Both enzyme &R AR IRV A primer with the phosphonate nucleotide, but the
modified nucleotide Wasiemipdsveéry pboveubstrutifdethddu st Dpetepinterddeikit 25Only a

high enzyme capeentration (QAU/REiresiird i daeicarneratiepRin> MHATARD! iBlsR vius
concentration more than 100 times rgla%her than the conc_ent(tgh tion %ed t%lncor orateti;[h{eor%atural

dATP substraf@iock i fap/ 1elar 8 YUh SH e PIREBthEPRANG, ALRER R BVMBTADD as

easily as the natural fruilling hidekisBhSe4asuilts fesmeptinety./ ehtenisibibitsyagezd wletee

confirmed by t | ingtic X ati values felthse

incorporation gﬁﬁ&@’%ﬁ%ﬁ&%‘%ﬁ? ﬁl?] ﬁhﬁ%ﬁ%ﬁa&%&rm‘%ﬁ%ﬁ%r steady- ?ate

conditions as JEsHiHH YAl AEMELRBYS M gy ( 232-256. For
il M crplincn 08 ARPHIBIRBER I BRITREIBY (108§ DR2555. 365

each determingétemeight differenesupsiraisuconabatrédioitis/ infthecargledt0 dele $1218yM were

used. Results glyep below e (e vl agR ALY AeReRastAriRUHIANaRB.T Be vaBRION

mixture contained 250 primer/template complex U/1i1._ HIV reverse transcriptase, and
the triphoSphatélsucleotides to be incorporated (dATP and PMDTApp, respectively). The template

sequence and the prpngsseqUBBRSKSOH Bribperisegnineshoubshetive dhe.teagtion was
10 quenched after 1, 2 a inut ' ouble volume of ' 9
formamide, 0%@%%%% hoFB@E%T?‘SS%%%HC%%B%'gﬂgcgocénﬁ%@%%Eé%%rggéowere
analyzed by gebelecfopHaresislonaainsikiolyaos/idhfide DiemiyerFir BrDaRerRTeT il
Iris-bor ate,f%@@%ﬁwﬁ&;r}mﬂ 8t3hafipsiheatiagdbasamplesion b}minp%ﬂa@t iag Fﬂﬁ@dgcts
were visualised by 15 phosphorimagin ount i Ivjty in the S corr nding
to the pro]dsuct§%'f7ﬁ%l§?§§n%tfg ?eféﬁgﬁmigg%?é:%?hde%gﬁ%?ﬁé g‘& |8ucagr{1pﬂ?ﬁas g%?rﬁglysis
Software (Packatt}: Raiteaprififesyweme, detteingebusilgaBeagphPety P asii=bAvareMRésults of

this experimergr%%m{gﬁgﬁyﬁg%gvgglow. These data show, for 20 the incorporation of
PMDTApp by the HIV reverse transciiptase, a small increase in Km value but also a slight

increase in koai value, compared to dATP. This indicates that, although the affinity of the enzyme
for the phosphgratssrugleotide of the invention might be slightly lower, the overall catalytic

efficiency,giffers onhywith g {3ctoli 8L 21964510 CFoBN REAPR YR SR0RRS RIS L the

DNA polymerase-a, kinetic

Hydroxy-y-butyrolactone (figure 1). The hydroxyi 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 nuclenbase

{NS-benzoytadenine) is introduced using SnCls as Lewis catalyst, giving a mixture

25 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 benzoyl

protecting groups with ammonia in methanol. Finally, the phosphonate function is
introduced using the triflate of diisopropylphasphonomethy! alcohol and Nah in
30  THF.



parameters could not be determined under steady-state conditions. +dATP or PMDTApp
P15'CAGGAAACAGCTATGACS3 30 TI3'GTCCTTTGTCGATACTGTCCCCS' 104 TABLE Km (in
p.M) KCBS (in min-1) Kcat/km (in min', M-1) dATP PMDTApp 0.10 0.29

98

{(S)}-B-Benrzovioxy-y-bulyrolactone (101)

To the solution of (S)-B-Hydroxy-y-butyrolactone (1.0 g, 8.8 mmol) in 25
mlL pyridine was added dropwise BzCI (1.4 mL, 12.2 mmol) at 0 °C. The reaction
mixture was warmed to room temperature and stirred ovemnight. The reaction was
5  concenirated and coevaporated with toluene two times in vacuo. The residue was
partitioned between H,O (15 mL) and EtOAc (40 mL). The organic layer was
washed with water and brine, and concentrated in vacuo. The residue was
purified by chromatography on a siiica gel column (n-hexane/EtOAc=8:1) to
afford 101 (1.78 g, 8.6 mmol) as a white solid, in 89% yield, , which was
10 characterized as follows:
- 'H NMR (200 MHz, CDCl3) 84 2.76-3.08 (m, 2H, C(2)Hz), 4.58-4.70 (m, 2H,
C(4"Hy), 5.70-5.75 (m, 1H, C(3")H), 7.49-8.07 (m, 5H, Ar-H);
- BC NMR (200 MHz, CDCly) 84 33.21 (C-27), 68.88 (C-4'), 71.73 (C-3"), 127.24
(arom-C), 128.43 (C-arom), 132.43 (C-arom), 169.05 (Bz-CO};
15 - mass caled. for CyMHyOsNay 228.0477, found 229.0435.

3-O-benzovi-2-deoxy-thregse (102}
To a solution of 101 (0.780 g, 3.8 mmot) in 13 mbL dry THF was siowly
- dropwise added 1.0 M diisopropyl aluminiumhydride (4.7 mb, 4.7 mmol} 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
mL of a saturated ageous 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 vacuc. 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 coloriess of, in 75%
yield, which was characterized as follows:
- "TH NMR (200 MHz, CDCly) &y 2.30-2.40 (m, 2H, C(2)Hy), 4.05-4.36 (m, 21,
30 C{4')Hz, 5.30-5.82 (m, 2H, C(1" + 3")H), 7.40-8.07 (m, 5H, Ar-H);



0.66 0.79 6.6 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 5 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, 10 Tyr115 and GIn151, while no steric hindrance with
Met184 is expected to occur during translocation. This model visualizes the experimental results
of the incorporation study of PMDTA into DNA using reverse transcriptase. 15 20 105 CLAIMS

1. A compound including a heterocyclic nucleobase attached to a first carbon atom of an

optionally substitufé@ MaEaRGMHEatRESY B FiohdufbaRirdkeindtbfdey il A ddsseiebied
from tetrahydrofurapylstefaabmctothienyh %thy@jpfmg_rml andctihydrothienyl and further including

a phosphonoalkoxx}% pCha é&)l}gpgt&liﬁ?gé Ogrr]wg ﬁ%/a%%qdo%g §§Eon93cia§%%@.atom of said
ed or mono-u cfi

five-member satura erocyclic group, saladfirst carbon atom being
adjacent to the heteroatom of said five-member saturated or mono-unsturated heterocyclic group,

and said second.carbogyatom being adiasent neitbesda {ae 0 drieroatomag)- dheddislrarbon
atom of said five-member saturated or monounsturated heterocyclic group, said compound being

represented byoReosY tEegaR&taPRIrmulae (11) and (XIX):
To the solution of 102 {150 mg, 0.72 mmoi) in 6.5 mL EiN was added

dropwise (CH3CO)0 (0.34 mL) and DMAP (8.8 mg, 0.072 mmol) at 0 °C. the
reaction mixiure was warmed to room temperature and stirring for 3 hours. Then
10 concentrated under vacuo and the residue was purified by chromatography on a
siica gel column (n-hexane/EtOAc=8:1) to give compound 103a (117 mg. 0.47
mmo!) as colorless oif, in 65% vield, and 103b {32 mg, 0.13 mmole) as colorless
coll, in 18% vield, which were characterized as follows:
Compound 103a:
15 - H NMR (200 MHz, CDCl3) 84 2.07 (s, 3H, CHa), 2.48-2.52 (m, 2H, C(2')Hy),
' 4.14 {dd, J;=10.6 Hz, J.=2.2 Hz, 1H, C(4")Hb), 4.26 (dd, J,=10.6 Hz, J:=4.2
Hz, 1H, C(4)Ha), 5.61-5.65 (m, 1H, C(3)H), 6.48 (t, J=4.0 Hz, 1H, C(1"JH),
7.40-8.05 {m, 5H, Ar-H). '
Compound 103b:
20 - H NMR (200 MHz, CDCla) 84 2.07 {s, 3H, CHa), 2.41-2.46 (m, 2H, C(2")}Ha),
4.22 (dd, J=10.6 Hz, Jo= 2.6 Hz, 1H, C(4"}Hb), 4.36 (dd, J;=10.6 Hz, J»=5.2
Hz, 1H, C{4")Ha), 5.61-5.65 (m, 1H, C{3H), 6.40 (d, J=4.4 Hz, 1H, C(1"H},
7.43-8.09 (m, 5H, Ar-H).

25 1p-(N°-benzoyladenin-9-yl)-3-O-benzoyl-2-deoxy-threose  (104a) and  1a-(N°-
benzoyladenin-9-yl)-3-O-benzoyl-2-deoxy-threose (104b)

To a mixture of 103 (210 mg, 0.84 mmol) and N®-benzoyiadenine (405 mg,

1.62 mmol) in dry MeCN (30 mL} was dropwise added SnCls (0.3 mL, 2.5 mmal)

under N, at 0 °C. The reaction mixture was warmed to room femperature and

30 stirred for 1.5 hours. Then the reaction was quenched with sat NHCO; and



wherein: X, X2, X3, X4 and X5 are each each independently selected from the group consisting
of oxygen and sulfur, 20B is a natural or non-natural heterocyclic nucleobase, 106 R1 and R2
are each independently selected from the group consisting of hydrogen;
(-PO3R18)m-p03R17R18:alkyl;alkenyl;alkynyl;cycloalkyl; cycloalkenyl; cycloalkynyl; aryl; arylalkyl;
heterocyclic; heterocyclic-alkyl; acyloxyalkyl; acyloxyalkenyl; acyloxyalkynyl; acyloxyaryl;
acyloxyarylalkyl; 5 acyloxyarylalkenyl; acyloxyarylalkynyl; dialkylcarbonate; alkylarylcarbonate;
alkylalkenylcarbonate; alkylalkynylcarbonate; alkenylarylcarbonate; alkynylarylcarbonate;
alkenylalkynylcarbonate; dialkenylcarbonate; dialkymylcarbonate; wherein said alkyl, alkenyl and
alkynyl optionally contains one or more heteroatoms in or at the end of the hydrocarbon chain,
said heteroatoms 10being independently selected from the group consisting of oxygen, sulfur and
nitrogen; R3, RANRBIREI RhafesReanss aeniirnsschrivion) sided@d Wbﬁ?ﬂ%%%ﬁ%‘p@gﬂsisting
rychogen: Al Aoyt Sl oyeinale e alkemt Sycloalianyl Al heteropyele. ariaks)

ydrogen; alkyl; alkenyl: alkynyl: cycloalkyl alkenyl: cycloalkynyl: aryl.:hete - arylalkyl;
heterocyclic-a yae‘ylo;?aléﬁéﬁlv%é"r'ﬁn %é{i{?éa%llgw §fP<‘)e6r‘3"§/ and ?%/ri %t%%llé%ﬁ)yﬁgiirﬁne or
more heteroattBhiZINDNaHE 4hdl Bf thefiyurocarboneciaficsamnessetbdtons Betfignmol)

independently; sejgcied;fiam, i WePH5ISURg lexverry SHfrand 20niregeas eluent
(CH,Clz:MeOH/ 40:1) (3 times) , which were characterized as follows:
Compound 104a:
- H NMR (500 MHz, CDCl3) 8y 2.84-2.89 (m, 1H, C(2")Hb), 3.23-3.28 (m, 1H,
C(2¥Ha), 4.29 (d, J= 10.6 Hz, 1H, C(4")Hb), 4.63 (dd, Js= 4.3, S=10.6 Hz, 1H,
10 C(4"Ha), 5.92 (m, 1H, G(3)H), 6.50 (t, J=6.5 Hz, 1H, C(1)H), 7.45-8.15 (m,
10H, Ar-H); :
- B¢ NMR (500 MHz, CDCla) 8 38.59 (C-2), 73.43 (C-4), 74.34 (C-3'), 85.15
(C-1%), 127.88 (arom-C), 128.45 (arom-C), 128.73 (arom-C), 129.64 (arom-C}..
132.69 (arom-C), 133.40 (arom-C), 164.74 (Bz -CO), 166.00 (Bz-CO);
15 - mass calcd. for CosboNsOuNay 452.1335, found 452.1339.
Compound 104b:;
- TH NMR (500 MHz, CDCls) 84 2.90-2.96 (m, 1H, C(2')Hb), 3.05 (d, J=15.4 Hz,
1H, C(2')Ha), 4.40 (dd, J;=4.4 Hz, J,=10.0 Hz, 1H, C(4")Hb), 4.46 (d, /=10.0
Hz, 1H, C(@)Ha), 5.74 (m, 1H, C(3)H), 6.56 (d, J=7.1 Hz, 1H, C(1)H), 7.36-

20 8.03 (m, 10H, Ar-H});

- C NMR (500 MHz, CDCl3) 84 38.63 (C-2), 73.45 (C-3’), 74.80 (C-4"), 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), 164.67 (Bz -CO), 165.7¢ (Bz -CO};

- mass calcd. for CagHioNs04Na1452.1335, found 452.1334.

25 |
1-(adenin-9-yj)-2-deoxy-threose (105a) and 1a-~(adenin-9-yl)-2-deoxy-threose
(165b)

A solution of 104a (90 mg, 0.21 mmol) in methanol saturated with
ammonium (26 mL) was stirred at room temperature ovemight. The solution was

30 concentrated under vacuum and the residue was purified by column



R11 and R'8 are independently selected from the group consisting of hydrogen; alkyl; alkenyl;
alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl; aryl; arylalkyl; heterocyclic ring; heterocyclic
ring-alkyl; acyloxyalkyl; wherein said alkyl, alkenyl and alkynyl optionally contain one or more
heteroatoms in or at 75the end of the hydrocarbon chain, said heteroatoms being independently
selected from the group consisting of oxygen, sulfur and nitrogen; X4 and R1, or X5 and R2 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; 107 -
X4 and 131 or X5 and R2 may together form a grougi having the formula - OC(R9)20C(0)Y(R10)a
whereinY =Nor0,a=1whenYisOanda=1or2whenY is N; - R9 is selected from the group

consisting of hydrogen, alkyl, aryl, alkenyl, 5 alkynyl, alkenylaryl, alkynylaryl or alkylaryl, wherein
each of said afitypraesiph! PQWMP@@%Ubéqg'ﬁﬁﬁBHéqR}JESbgﬁﬁtL%{Jy\mﬁ @ﬁlég cr)r}%rr(%)i re
atoms or groups seiagteskirormtbe groldcansistingsoftzatmiayzmbaaaiowmsitro and OR14, Rl is

selected from theﬁmﬁzﬁ@g}smff 0%8%52‘?%%%7%)&43(%&1%’ E@Alkynys pikerylany],

alkynylaryl and al efein eac S Calkenyl, alkynyl andaryl groups. is optionally

substituted with ofld, a2 @iYre)atdifs G gl‘fﬁx§§‘%Iébte@(ﬁaﬁmhé@%lﬂfﬂﬁed@%gndzﬁf%gl Zcyano,
azido, nitrg, OR" gpd NRIAR126:RB3 and BLE yrecachrndependently(salecedfranhé group

consisting of 15hydrogen and alkyl, provided that at legst ong qf R12 is ,not hydrogen; n
is an integer repr)e%% &méﬂhrﬁggr(gﬁnﬁh %ﬁe%ﬁgﬁsk%%vgé}ﬁ%gbgﬁd%é?% of said
methylene groGpsbeing dpenatly anepmeependestpsdlistitAéa wiRd A8 (WS stbstirfents
selected from mﬁwgﬁoééos?%ﬁﬁmé}fiai and was obtained (48 mg, 0.22 mmol) as a white sofid

in 86 % yield , which was characterized as follows:

10 - 'H NMR (200 MHz, DMSO-dg) 81 2.23-2.30 (m, 1H, C(2)Hb), 2.63-2.71 (m,
1H, C(2")Ha), 3.90-3.93 (m, 2H, C(4"}Hz), 4.45 (m, 1H, OH), 5.80 (d, J=4.4 Hz,
1H, C(3OH), 6.26 (dd, J1=2.2 Hz, J;=8.0 Hz, 1H, C(1)H), 7.28 (s, 2H, NHg),
8.13 (s, 1H, H-8), 8.35 (s, 1H, H-2);

- 3¢ NMR (200 MHz, DMSOC-ds) 8y 38.48 (C-2'), 66.99 (C-3), 74.04 (C4),

15 80.90 (C-17), 137.54 (C-8), 150.19 (C-2), 1563.90 (C-6).

1 f-(adenine-9-yl)-3-(diisopropylphophonomethyi)-threose (106a) and To
(adenine-9-yl)-3-(diisopropylphophonomethyl}-threose (106b)

To the solution of 105a (50 mg. 0.23 mmol} in 5 mL THF, which was

20 cooled using dry-ice and acetone, was added sodium hydride 80% (11.4 mg,

0.46 mmol). The mixiure was stirred for 10 min and the solution of thrifiuorate

phosphonate (136 mg, 0.46 mmol) in THF was slowly dropped to the reaction

flask. Then the mixture was siowly warm to room temperature. The reaction was

quenched with sat. NaHCOs; and concentrated. The residue was partitioned

25 between H,O and CH,Cl,. The organic layer was washed with water and brine,

and concentrated in vacuo. The residue was purified by chromatography on a

silica gel column (CHxCl/MeOH=98:2) to afford 4106a 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:



ha!ogen, hydro>_<yl, sulhydryl and C1_4 alkyl, and n being selected from 1, 2, 3, 204, 5 and 6; and
m is O or including pharmaceutically acceptable salts, solvates, stereoisomers and prodrugs

thereof. 252. A compound according to claim 1, being represented by one of the general formulae

(Il to (XVIII): 109 X1 X3 i"IR 3 Pn X E -
(1 to ¢ R 1120.41-H 4 p6

102

_ H NMR (200 MHz, CDCls) 8 1.25-1.35 (m, 12H, CHy), 2.57-2.62 (m, 24,
G(2)Hy), 3.70 (dd, Ji= 1.4 Hz, J=8.8 Hz, 2H, PCHz), 4.04 (dd, J=4.2 Hz,
J,=10.4 Hz, C(4")Ha), 4.37 (d, J=10.4 Hz, C(4)Hb), 4.47 (m, TH, C3)H, 4.71-
4.78 (m, 2H, OCH(GHa)), 5.75 (m, 2H, NHp), 6.47 (dd, Ji=2.7 Hz, Jp= 7.0 Hz,

5 C(1H), 8.29 (s, 1H, H-8), 8.34 (s, 1H, H-2).

EXAMPLE 7 - incorporation of PMDTA into DNA using reverse franscripiase

The antiviral activity of the phosphonate nucleosides of the invention may be
mostly explained by their intracellular metabolisation into their diphosphates
10 (hereinafter referred as pp) followed by incorporation into the viral genome and
chain termination. We used a primerfextension assay in order {o compare the
ability of the HIV reverse transcriptase and the human DNA polymerase-a {0
accept PMDTApp (see figure 15) as a substrate in comparison to deoxy-
adenasine triphosphate (hereinafter referred as dATP). This will provide us with
15  suitable information about the selectivity of the anti-HIV compound of the
invention since the human DNA polymerase-c is mainly involved in replication of
the nuclear genome while the HIV reverse ranscriptase plays a key role in the
replication of the viral genome.

The foltowing incorporation study was effected with & DNA template and a DNA
20 primer, as DNA polymerase-o and reverse transcriptase are both able to
synthesize double stranded DNA (although reverse transcriptase is also able fo
synthesize a DNA strand using RNA as template). Both enzymes were able fo
extend a DNA primer with the phosphonate nucleotide, but the modified
nucleotide was only a very poor substrate for the human DNA polymerase o.
25  Only a high enzyme concentration (0.4 U/pl) resulted in the incorporation of
PMDTApp, ie. a conceniration more than 100 times higher than the
concentration used to incorporate the natural dATP substrate. :

The HIV reverse transcriptase, on the other hand, accepted PMDTApPD as
easily as the natural building block. These results from primer / exdension assays

30 were confirmed by the following kinetic data.
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Determination of K., and Ko values for the incorporation of dATP and
PMDTApp in a DNA hybrid was carried out under steady-state conditions as
described by Creighton et al. in Methods in Enzymolegy (1995) 262:232-256. For
each determination eight different substrate concentrations in the range of 0.11o
12.5 uM were used. Results given below are the average of three independent
determinations. The reaction mixture contained 250 nivi primer/template complex
0.025 Uful HIV reverse transcriptase, and the friphosphate nucleotides o be
incorporated (dATP and PMDTApp, respectively). The template sequence and
the primer sequence used in this experiment are shown below. The reaction was
guenched after 1, 2 and 3 minutes by adding a double volume of stop solution
{90 % formamide, 0.05 % bromophenol biue, 0.05 % xylene cyanol and 50 miM
EDTA). Samples were analyzed by gel electrophoresis on a 16 % polyacrylamide
ureum ge! in TBE buffer (89 mM Tris-borate, 2mM EDTA buffer, pH 8.3) after
heating the samples for 5 minutes at 70 °C. Products were visualised by
phosphorimaging. The amount of radioactivily in the bands corresponding fo the
products of the enzymatic reactions was determined using the Optiquant image
Analysis Software (Packard). Rate profiles were determined using GraphPad
Prism® sofiware.

Results of this experiment are shown in the Table below. These data show, for
the incorporation of PMDTApp by the HIV reverse transcriptase, a small increase
in K., value but also a slight increase in ke value, compared to dATP. This
indicates that, although the affinity of the enzyme for the phosphonate nucleotide
of the invention might be slightly lower, the overali catalytic efficiency differs only
with a factor of 2.5.

Since PMDTApp was such a poor substrate for the DNA polymerase-c, kinetic

parameters could not be determined under steady-state conditions.

+dATP or PMDTApp

P1 b’ CAGGAAACAGCTATGAC 3’ N

T1 3’ GTCCTTTGTCGATACTGTCCCC b’



111

5X4R (XVII), and

104
TABLE
Ken {m ;lM} Keat {In min—'!) Keat/iem iR min'*, M't)
dATP 0.10 0.66 5.6
PMDTApp 0.29 0.78 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

5 the incorporated nucleotide and reverse franscriptase. 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,

10 Tyrt15 and GIn151, while no steric hindrance with Met184 is expected to occur
during translocation. This model visualizes the experimental results of the

incorporation study of PMDTA into DNA using reverse transcriptase.

15

20



" (XVIII) wherein n, m, B, X', 10, -1467 t-cR1-, R1' and R18 are defined as in formula (Il), including
pharmaceutically acceptable salts, solvates, stereoisomers and prodrugs thereof. 112 3.A
compound according to claim 1, being represéﬁt?éd by any of the following formulae (XX) to
(XXVI1): R8X1 (XX), 10 X3 R2X8Pn X X R

CLAIMS

1. A compound including a heterocyclic nuclecbase attached to a first

carbon atom of an optionally substituted five-mernber saturated or mono-
unsaturated heterocyclic group selected from tetrahydrofuranyl, tetrahydrothienyl,

5 dihydrofuranyl and dihydrothienyl and further including a phosphonoalkoxy or
phosphonothioalky! group attached to a second carbon atom of said five-member
saturated or mono-unsturated heterocyclic group, said first carbon atom being
adjacent to the hetercatom of said five-member saturated or mono-unsturated
heterocyclic group, and said second carbon atom being adjacent neither to the

10 heteroatom nor to the first carbon atom of said five-member saturated or mono-
unsturated heterocyciic group, said compound being represented by one of the

general formulae (1) and (XIX):

RS\ x1 B
X R R3
RZx° Q/Hn\xz R*
!4 1 h6 RS
XR
(1, and
s
Ra x* B
x> R7 rR°
szs—wilvl/Pqn\xz R?
X*R’ (XIX)

wherein:
- X', X2 X3, X and X® are each each independently selected from the group
consisting of oxygen and sulfur,

20 - Bis a natural or non-natural heterocyclic nuclechase,



3 (XX,

10

5 -

20

X3 R2X8Pn X 1,, X-R' 113 (XXIV), X3R Il R2 X5Pn XR4

106

R' and R? are each independently selected from the group consisting of
hydrogen; (-PO3R"™)-PO;R'R™; alkyl: alkenyt: alkynyl, cycicalkyl:
cycloalkenyl, cycloalkynyl, aryl, arvlalkyl, heterocyclic; heterocyclic-aikyt;
acyloxyalkyl, acyloxyalkenyl;, acyloxyalkynyl, acyloxyaryl, acyloxyarylaikyi;
acyloxyarylalkenyt, acyloxyarylalkynyl, dialkylcarbonate; alkylarylcarbonate:
alkylalkenylcarbonate, alkyialkynylcarbonate; alkenylarylcarbonate; alkynyi-
arylcarbonate:  alkenylalkynyicarbonate; dialkenvyicarbonate;  dialkynyl-
carbonate; wherein said alkyl, alkenyl and alkynyl optionatly contains one or
more heteroatoms in or at the end of the hydrocarbon chain, said hetercatoms
being independently selected from the group consisting of oxygen, sulfur and
nitrogen;

R® R* R° R® R7 and R® are each independently selected from the group
consisting of hydrogen, azido, halogen, cyano, alkyl, alkenyl, alkynyl, SR
and OR™;

R' is selected from hydrogen; alkyl; alkenyt; alkynyl: cycloalkyt; cycloatkeny!;
cycloalkynyl, aryl, heterocyclic; arylalkyl; heterocyclic-alkyl, acyloxyalkyt;
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 RY and R’ are independently selected from the group consisting of
hydrogen; alkytl, altkenyl, alkynyl, cycloalky!, cycloatkeny!; cycloalkyny!, aryt;
arylalkyl, heterocyclic ring; heterocyclic ring-alkyl, acyloxyalkyl, wherein said
alkyl, alkenyl and alkynyl optionally contain one or more heteroatoms in or at
the end of the hydrocarbon chain, said heteroatoms being independently
selected from the group consisting of oxygen, sulfur and nitrogen;

X* and R', or X® and R? may together form an aminoc-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;



' X4R 5(XXV), and (XXVI), wherein n, m, B, X', 10R16, R17 and R18 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 Qherein B is selected from the group

- consisting of hypoxanthine, guanine, adenine, cytosine, inosine, 15thymine, uracil, xanthine,
8-aza derivatives of 2-aminopurine, 2,6- diaminopurine, 2-amino-6-chloropurine, hypoxanthine,
inosine and xanthine, 114 7-deaza-8-aza derivatives of adenine, guanine, 2-aminopurine, 2,6-
diaminopurine, 2-amino-6-chloropurine, hypoxanthine, inosine and xanthine; 1-deaza derivatives
of 2-aminopurine, 2,6-diamingpurine, 2-amino-6- chloropurine, hypoxanthine, inosine and
X H eéq of 89 gg p

xanthine: 7-d8azAefafly Al 6 A B S HiRe "8 ARGIHE B -HIB Burine,
hypoxanthineQiogrheoamn@xarttifewBeteary dervatives af2-aminapurine 2 frdiaminopurine,

2-am|no-6-ch\li%opé?neNhypoxanthlne, inosine and xanthine; 6-azacytosine; 5-fluorocytosine;

5-ch|orocytosme€? olaocytosine; 5-

- R® is selected from the group consisting of hydrogen, atkyl, aryl, alkenyl,
5 atkynyt, alkenylaryl, alkynylaryl or alkylaryl, wherein each of said alkyl, alkeny!,
alkyny! and aryt 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 is selected from the group consisting of hydrogen, alkyl, aryl, alkenyl,
10 alkynyl, alkenylaryl, atkynylaryl and alkylaryl, wherein each of said alkyl,
alkenyl, alkynyi and ary! groups is optionally substituted with one or more
atoms or groups selected from the group consisting of halo, cyano, azido,
nitro, OR™ and NRR' -
- R' and R are each independently selected from the group consisting of
15 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, sulhydryl and C4 alkyl, and n being selected from 1, 2, 3,
20 4,5 and 6; and '
- misfort,
including pharmaceutically acceptable salts, solvates, stereoisomers and

prodrugs thereof.

25 2. A compound according to claim 1, being represented by one of the general
formulae {(1I1) to (XVIHY:



bromocytosine5-methylcytosine; 5-bromovinyluracil; 5-fluorouracil, 5- 10chlorouracil;5-iodouracil;
5-bromouracil;5-trifluoromethyluracil;5- methq ethyluracil; 5-ethynyluracil and 5-propynyluracil.
5. A compound represented by one of the folf ng general formulae (XXXI) to (XXXVI). PhosOV
(XXXT1), (XXXI), eSjPhosOU (XXXIII),

xR’ (1,

(v},

Vi),



(XXXIV), (XXXV), and PhosOV (XXXVI), wherein: U is an acyl group, V is a silyl group, W is
an alkyl group, 10the snake-like symbol means any stereochemical arrangement of the respective
bond, BP is an optionally protected heterocycﬁ@%ucleobase, and Phos is an O-protected
phosphonoalkoxy group or phosphonothioalkyi group.

VI,

polFIEEET
93]

Pt
]




116 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. A compound according to any of claims 1 to 4, being
selected from the group consisting of 10
1-(N6-benzoyladenin-9-y1)-2-0-benzoy1-3-0-(diisopropylphosphonomethyl)-Lthreose (11);
1-(thymin-1-y1)-2-0-benzoy1-3-0-(diisopropylphosphonomethyl)-L4hreose(12),
101-(uracil-1-y1)-2-0-benzoy1-3-0-(diisopropylphosphonomethyl)-L-threose (13);
1-(N4-acetylcytosin-1-y1)-2-0-benzoyl1-3-0-(diisopropylphosphonomethyl)-Lthreose (14);
1-(adenin-9-y1)-3-0-(diisopropylphosphgnomethyl)-L-threose (15); 1-(thymin-1-yl)-3-0-(
diisopropylphosphonomethyl)-L-threg & 6); LB (uracil-1-y1)-3-0-(
diisopropylphosphonomethyl)-L-threose (17 -(cytosin-l-yl)-3-0-(diisopropylphosphonomethyl
lisbpropylphosphonomethyl)-L-threose (19);

201-(cytosin-1-y1)-2-deoxy-3-0-(diiseprogyfphosphonomethyl)4L-threose (22);
1-(adenin-9-y1)-3-0- 'sphonomethyl)-L-threose sodium salt (3a);
1-(thymin-1-y1)-3-0-(phosphonomethyl)-L-threose sodium salt (3b);
1-(uracil-1-y1)-3-0-(phosphonomethyl)-L-threose sd ium salt (3c);
1-(cytosin-1-y1)-3-0-(phosphonomethyl)-E -threose sodium salt (3d); 25
1-(adenin-1-y1)-2-deoxy-3-0-(phosp t[-threose sodium salt (3e);
1-(thymin-1-yl)-2-degxy-3-0-(phosphonomet ’yb),—)/_'-tpreose sodium salt (31);
1-(uracil-1-yl)-2-deo -3-O-§phosph nomet yI)-L-ﬁwreose sodium salt (3g);

1-(cytidin-1-¥1%-2-de XYA3"< hg@p onom I)-Iz-threose sodium salt (3h); a pharmaceutically
acceptabldisHlt - ereoisomer, a glvat or &pro-drug 30thereof.
R R
X*R’
(X11)
R2 x5
5

(X1

(X1V),



117 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 inféction 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 (XXVIII) to (X(X): UOOV (xxvi Il),
OV (XXIX), and OV HOOV}%XX), 5wherein:

X! B

(XVH), and

\\\\\ B

(XVIID
wherein n, m, B, X', X7, X* X* X° R' R? R® R* R® R® R’ R R® R R R'2
10 R™ R™ R and R" are defined as in formula (1), including pharmaceutically

acceptable salts, solvates, stereoisomers and prodrugs thereof.



U is an acyl group, V is a silyl group, and the snake-like symbol means any stereochem cal
arrangement of the respective bond. 13. Use of a compound according to claim 12 as an
intermediate for making a compound accordiﬁfﬂo any of claims 1 to 4.

3. A compound according to claim 1, being represented by any of the
following formulae (XX) to (XXVIi):

5 (XX,

10
(XX,
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L C— n X R
>|<¢‘r:a1
(XXIV),
RE ’e B
\\\\‘
x> R |
Ri’xs———lvl/(/ﬁnkﬁ o
>’<"*R1
(XXV), and
R® X' B
x> R’ Rr?
R2x5*lﬁiﬁn\x2 R
e
XXV,

wherein n, m, B, X', X% X, X xX* R' R? R’ R* R’ R® R® R RY R" R™
R'™ R and R'® are defined as in formula (It}), including pharmaceuticaily

acceptable salis, 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, Z-amino-6-chioropuring, hypoxanthine, inosine and xanthine:



1i4

7-deaza-8-aza derivatives of adenine, guanine, 2-aminopurine, 2 6-
diamincpurine, 2-amino-6-chloropurine, hypoxanthine, inosine and xanthine:
1-deaza derivatives of 2-aminopurine, 2,6-diaminopurine, 2-amino-6-
chloropuring, hypoxanthine, inosine and xanthine; 7-deaza derivatives of 2-
35 aminopurine, 2 6-diaminopurine,  2-amino-B-chlorepurine, hypoxanthine,
inosine and xanthine,” 3-deaza derivatives of 2-aminopurine, 2.6-
diaminopurine, Z-amino-6-chloropurine, hypoxanthine, inosine and xanthine:
6-azacytosine:  5-fluorocytosine;  5-chlorocytosine;  5-iodocytosine:  5-
bromocylosine,  5-methylcytosine;  5-bromovinyluracit;  5-fluorouracit:  5-
10 chlorouraci: S-iodouracit; 5-bromouracil: S-trifiuoromethyluracil; 5-

methoxymethyluracil, 5-ethynyluracil and 5-propynyluracit.

5. A compound represented by one of the following general formulae (XXXi) to

(XXXV):
O oV
Fhos oV
15
(XXX,
O oW
Phos Qv

(XXXID,
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DS
ou

Phos

{(XXXHi,
Phos QU

(XHXIV),
Phos OuU

(XXXV), and

Q, BP

Phos oV

(XXXV1},
wherein:

- Uis an acyl group,

- Vis a silyl group,

- Wis an alky! group,

- the snake-lke symbol means any stereochemical 'arrangement of the
respective bond,

- BPis an optionally protected heterocyclic nuclesbase, and

- Phos is an O-protected phosphonoalkoxy group or phosphonothioalkyl group.
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6. Use of a compound according to claim 5 as an intermediate for making =

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~(N6~benzoyladenin—9-yl)-2—0~benzoyl-S—O—(diisopropylphosphonomethyi)ﬁ{“-
threose (11);
"i-(thymin-?-y[)—2—O—benzoylw3moﬂ(di%sopropylphosphonome‘ahy[)»bthreose(“l2);

.10 1-(uracil-1-y}-2-O-benzoyl-3-O-(diisopropyiphosphonomethyl)-L-threose (13);
1-{N"-acetyicyﬁosin»1uyl}-2~O~benzoyl~3~O—(diisopropy!phosphonomethyi)mL-
threose (14):
1-(adenin-9-yl)-3-O-(diisopropyiphosphonomethyl)-L-threose (15);
1-(thymin-1-y1)-3-O-( diisopropylphosphonomethyl)-L-threose (186):

15 t-(uracii-1-yl)-3-0O-( diisopropylphosphonomethyl)-L-threase (17);
1-{cytosin-1-yl}-3-O-(diisopropylphosphonomethyl )-L-threose (18);
1-(adenin-8-yl}-2-deoxy-3-O-(diisopropylphosphonomethyi)-L-threose (19);
1-(thymin-1-y1)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L-threose (20);
1-(uracil-1-yl)-2-deoxy-3-O-(diisopropylphosphonomethyl)-L -threose (21);

20 t-(cytosin-1-yl)-2-deoxy-3-O-(diisopropyiphosphonomethyl)-L-threcse (22);
t-(adenin-9-y1}-3-O-(phosphonomethyl)-L-threose sodium salt (3a);
1-(thymin-1-yl)-3-C-(phosphonomethyl)-L-threose sodium satlt (3b):
1-(uracil-1-yl)-3-O-(phosphonomethyl)-L-threose sodium salt (3c);
1-(cytosin- 1-y1)-3-0-(phosphonomethyl)-L-threose sodium salt (3d):

25 1-(adenin-1-yl}-2-deoxy-3-O-(phosphonomethyl)-L-threose sodium salt {3e);
1-(thymin-1-yl)-2-deoxy-3-O-(phosphonomethyl)-L-threose sodium salt (3f);

- 1-(uracil-1-yl}-2-deoxy-3-0O-(phosphonomethyl)-L-threose sodium salt (3g):
i-(cytidin-1-yl)-2-deoxy-3-O-(phosphonomethyl)-L-threose sodium salt (3h):

a pharmaceutically acceptable sait , an sterecisomer, 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.

8. 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 pharmacsutically
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 (OXXVIHD to
{(XHKXY):

O O

UG OV (xxvi,
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O OV
e 2
Lo oV
(XXX}, and
O oV
HO oV
(XXX},
wherein:

- Uis an acyl group,
- Vs 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.



