METHODS AND COMPOSITIONS FOR TREATING HEPATITIS C VIRUS FIELD OF THE
INVENTION This invention is in the area of pharmaceutical chemistry, and is in particular, is a
compound, method and composition for the treatment of hepatitis C virus. This application 5 claims
priority to U.S. provisional application no. 60/206,585, filed on May 23, 2000. BACKGROUND OF THE
INVENTION The hepatitis C virus (HCV) is the leading cause of chronic liver disease worldwide.

(Boyer, N. et al. yrirepaiok IXBACHMPARIDECAR VAL IQRRAI NPT YIS (Bleglrs and is the

major cause of cirrhosis and hepatocellular carcinoma (Di Besceglie, A. M. and 10 Bacon, B. R,,
Scientific American, Oct.: 80-85, (1999); Boyer, N. et al. J. Hepatol. 32:98- 112, 2000). An estimated
170 million persons are infected with HEMWPHEMEA: MTﬂ)ﬁt al. J. Hepatol. 32:98-112, 2000).
Cirrhosis caused by chronic hepatitis C infection accounts for 8,000-12,000 deaths per year in the

United States, and J%g\/. infection is the leading jndication forfl%er,trans lant. 15 HCV is known to
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carriers, varying with geography 20 and other epidemiological factors. The numbers may substantially
exceed those for HBV, though information is still preliminary; how many of these persons have

subclinical chronic liver disease iBATKGERGUNDMEFCREMRINGERTION p. 901, 16th ed., (1992)). HCV

has been classified as a member of the virus family Flaviviridae that includes the genera flaviviruses,

pestiviruses, and hapageiyinuses mhichinoh HeRd\ERANTS (i LIRERoAR IBIERGaddwliayhridae: The
viruses and their replication. In: Fields Viro ogg, Editors: Fields, B. N., Knipe, D. M., and Howley, P. M.,

Lippincott-R&ABEHBRIMiEErd: Hrnaeb|phRs- HA, 2R8htdtEY, vgsensslovogmwine viral apfewtivaloped

virus containind & PRSH¥RISGISE o5 HeiEsSH anded RA BgReme-RbLARNMIOXIRALEH:S. 4k Thg viral
gengme congists of a 5' untranslated region g T@§%}L&n cspen reading frame encoding a polyprotein

tran )
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translation. Tanslafion BL}Q%#&YS»Q%S,”&%@)‘.”'E‘?‘é&%sﬁ! &SR fidependent witis C infection
accounts for 8,000-12,000 deaths per year in the United States, and HCV infection is the

leading indication for liver transplant.

15 HCV is known to cause at least 80% of posttransfusion hepatitis and a substantial
proportion of sporadic acute hepatitis. Preliminary evidence also implicates HCV in many
cases of “idiopathic” chronic hepatitis, “cryptogenic” cirrhosis, and probably hepatocellular
carcinoma unrelated to other hepatitis viruses, such as Hepatitis B Virus (FIBV). A small
proportion of healthy persons appear to be chronic HCV carriers, varying with geography

20 and other epidemiological factors. The numbers may substantially exceed those for HRV,
though information is still preliminary; how many of these persons have subclinical chronic
liver disease 1s unclear. (The Merck Manual, ch. 69, p. 901, 16th ed., (1992)),

HCYV has been classified as a member of the virus family Flaviviridae that includes

the genera flaviviruses, pestiviruses, and hapaceiviruses which includes hepatitis C viroses

25 (Rice, C. M., Flaviviridae: The viruses and their replication. In: Fields Virology, Editors:
Fields, B. N., Knipe, D. M., and Howley, P. M., Lippincott-Raven Publishers, Philadelphia,

PA, Chapter 30, 931-959, 1996). HCV is an enveloped virus containing a positive-sense
éingle—stranded RNA. genome of approximately 9.4kb. The viral genome consists of a 5'

untranslated region (UTR), a long open reading frame encoding a polyprotein precursor of



mechanism known as internal ribosome entry. This mechanism involves the binding of 5 ribosomes to
an RNA sequence known as the internal ribosome entry site (IRES). An RNA pseudoknot structure
has recently been determined to be an essential structural element of the HCV IRES. Viral structural
proteins include a nucleocapsid core protein (C) and two envelope glycoproteins, El and E2. HCV also
encodes two gaisiimsely; 4¥ihcudepeaddnt antetalbproleildse efibode AR the tiS28EBigblyion and a
serine pfote'%%ﬁsefstﬁgogss? L Be msr eﬁ%ﬂi%%ﬁhﬁsgé%%ﬁﬁi%?%@ SARAUERCIAr ciaavage of

specific regions o recursor tein into mature peptides. The carboxyl half of nonstructural

protein 5, NSBBYreogiaifensiainn Alsasktge of i ALRolarermscis TR aAdChv A emtiadesideihg
nonstructural proteiisnNGeHPRdiNSAR Anskihat aiiNSSfuithe aminrderRinetbait afidanstpctural

protein 5) remain unknown. 15 A significant focus of current antiviral research is directed toward the

devel8pmentBPHRIBES (R AR ARG G ERATER fo e FRALIER S FRIRS SHeHIREMs (8 B¥ceglie, A.
M. and BacopséhdRknSciatifiec Reriea PetenSBem{HAAPR) b easihtidharecara b elenpindry

tections n NEFY. PO bresOAE O HENPRAAE SRR LR R o (L) and beg 11
(1-0-D-ribofu m@e@h@%@l@B%rﬁ@xéﬂ&eM@ amyriksetv _pmieihama‘,ewinmaepﬁn@enbroad
spectrum antyieal cleaside analng seldunter e tradename, Jiazale THeMEIGkndRpL LN

edition, Editor: vari, & Co., Inc., Ra way, Ni, p1304, 1989). United States Patent No.
3,7983209 an¥f$3E29i @85 diews| oselarrie alrraBRIB VT theaRasa wifisP Peifledegivas pSisiRieeB glanosine,

and has in vitrg;actiity, agRinshreRVEEBERNA ehd BNANTUSES irdludingdiavivirdas (Gatgds Davis.
Gastroenterology 118: S 104-5114, 2000). Ribavirin reduces serum amino transferase leyvels to

normal in 40%08FichEs, Riftirdersadanbe RWRr salumeraskls of RCVERNR (inflie pewmining
Gastroenterol@gythkBimal Qotdss Nk 2000)NEhBS ardb e B ralBrAI S het eiiecti¢aimie during viral

RNA levels. Additionally, Ribavighn has significant toxicity and is known to induce anemia. 2 Treatment

of HCV InfectiSASHRA FEIGR TAGSHETS ﬁ'f—’mg) are compounds that have been commercially

avalggle forthe regient ol chionie heRalll I8 Aea L d56a0 o AIAROIRISI RipO oo

of improved methods of treatment of chronic HCV infections in humans (Di Besceglie, A.
M. and Bacon, B. R., Scientific American, Oct.: 80-85, (1999)). Currently, there are two
primary antiviral compounds, Ribavirin and interferon-alpha, which are used for the

treatment of chronic HCV infections in humans.

20 Treatment of HCY Infection with Ribivarin

Ribavirin (1-8-D-ribofuranosyl-1-1,2 4-tniazole-3-carboxamide) is a synthetic, non-

interferon-inducing, broad spectrum antiviral nucleoside analog sold under the trade name,

Virazole (The Merck Index, 11th edition, Editor: Budavari, S., Merck & Co., Inc., Raliway,

NI, p1304, 1989). United States Patent No, 3,798,209 and RE29,835 disclose and claim

25 Ribavirin. Ribavirin is structurally similar to guanosine, and has in vitro acti{/ity against

several DNA and RNA viruses including Flaviviridae (Gary L. Davis. Gastroenterology
118:5104-5114, 2000).

Ribavirin reduces serum amino transferase levels to normal in 40% or patients, but it
does not lower serum levels of HCV-RNA (Gary L. Davis. Gastroenterology 118:5104-
30 S114, 2000). Thus, Ribavirin alone is not effective in reducing viral RNA levels.

Additionally, Ribavirin has significant toxicity and is known to induce anemia.



immune cells in response to viral infection. IFNs inhibit viral replication of many viruses, 5 including-
HCV, and when used as the sole treatment for hepatitis C infection, IFN suppresses serum HCV-RNA
to undetectable levels. Additionally, IFN normalizes serum amino transferase levels. Unfortunately,
the effects of IFN are temporary and a sustained response occurs in only 8%-9% of patients

chronically infaetegein ¢ BN ¥ aifedtion auih. Iftesiroanterology 118:5104-S114,2000), 10 A number
of patents disclose HCV treatments using interferon-based therapies. For example, U.S. Patent No.

5,980,884 to Blatt ety isglpspeqethaos i falisaline sl neemALisiag wiiicViising

consensus interferon. U.S. Patent No. 5,942,223 to Bazer et at. discloses an anti-HCV therapy using

ovine or bovinBHTaFRrBh BT bemiitisnforiBeaspagiedto ATDE: B ARRIBELS RMBshMation
therapy of intejigkiia-b21ae B&E%le‘ﬁg@lfbl»%rf ﬁ?@c@nﬁﬁ%@ﬂ%ﬂtﬁﬂéﬂl@&%ﬂ isbases ineludjng HCV.
U.S. Patent No. 5,908,621 to Glue et at. discloses the use of polyethylene glycol modified interferon
for the%reatméﬂ??ﬁ‘ﬁlw&s”?“lga ‘bg.eé,é‘ﬁ K083 &?@%ﬂ%ﬁoﬁtgﬁ%"‘a%ge@ eﬁ%%nbf}‘?rfl\;mosins,
alone or in cosppneien satiimi FIEVeRIMA far trelatingablEMyvilsS. Rufidiondlly, SB3Aptbhleoey attuena et al.
discloses a combhination HCV therapy. ing.interfes n radi .S.
Patent No. 5. 70BN e o Hev,

Other interferonsbasscdtamsrire mey 8-V odradisticseehinallySnfeedwile HE G 1683 Ltdwdsta et at.,
U.S. Patent N@&ﬁj&éﬁ)ﬁ@%%b%lqggzbb@ Patent No. 5,849,696. Combination of Interferon

and Ribavirin 25 The combination of IFN and Ribavirin for the treatment of HCV infection has been

reportggl to be effectivein, e TeAIMARNUALIEN ReveRAIRNS (BREINRAMyALakn M es. For

Pharinacother. 34:487-494, 2000). Results are promising for this combination treatment both before

hepatitis develBaslewkch Re@ibdieald1seass te FHaterh tBFERGER Mthads) oA RIAAERALY °8(Suppl.
3):125-136, 1998kniideneifactsiaf govkinatiestaetapiningiioe B .8emalysisoflsidikersprapmms,
anemia, and fatigye, (Gary L. Davyi troenterplogy. 118:8104-8114,.2000). Addifigpal References
Disclosing Meﬁ’id’gsdfﬁgiﬁﬁtaﬂé‘%ﬁ ti%‘ﬁ?WHﬁﬁ%%%‘B? 8 %%Eﬁ%%rﬁ??gf%&?‘evqlgg\igf%?t Vinock et
at. in Antiviral €b2gd36ye b« beaiodivetery e cBnPao 000Ny of interleukin-12 and interferon
15 alpha for the treatment of infectious diseases including HCV. U.S. Patent No, 5,908,621 to
Glue et al. discloses the use of polyethylene glycol modified interferon for the treatment of
HCV. U.S. Patent No. 5,849,696 to Chretien et al. discloses the use of thymosins, alone or

in combination with interferon, for treating HCV. U.S. Patent No. 5,830,455 to Valtuena et

al. discloses a combination HCV therapy employing interferon and a free radical scavenger.

20 U.S. Patent No. 5,738,845 to Imakawa discloses the use of human interferon tau proteins for
treating HCV. Other interferon-based treatments for HCV are disclosed in U.S. Patent No.
5,676,942 to Testa et al., U.S. Patent No. 5,372,808 to Blatt et al, and U.S. Patent No.
5,849,696.

Combination of Interferon and Ribavirin

25 The combination of IFN and Ribavirin for the treatment of HCV infection has been
reported to be effective in the treatment of IFN naive patients (Battaglia, AM. ef al, 4nn.
Pharmacother. 34:487-494, 2000). Results are promising for this combination treatment
both before hepatitis develops or when histological disease is present (Berenguer, M. et al.
Antivir. Ther. 3(Suppl. 3):125-136, 1998). Side effects of combination therapy include



Several substrate-based NS3 protease inhibitors have been identified in the literature, in which the
scissile amide bond of a cleaved substrate is replaced by an electrophile, which interacts with the
catalytic serine. Attwood et al. (1998) Antiviral peptide derivatives, 98/22496; Attwood et al. (1999),
Antiviral Chemistry and 10 Chemotherapy 10.259-273; Attwood et al. (1999) Preparation and use of
amino acid daswalists ds-dikis-\WyalpgestsmGeimand #eged Udmatibn DEE9IidapdrEumgeet al.
(1998) Inhibitq[rlsgggf %ﬁ[jépﬁ {)rﬁ)ég es, particularly hepatitis C virus NS3 protease, WO 98/17679. The
reported inhibitors %ermlna &in"an electrophile such as a boronic acid or phosphonate. Llinas-Brunet
et al. (1999) Hepatitis C inhibitor peptide analogues, WO 15 99/07734. Two classes of
electrophile-based inhibitors have been described, alphalcetoamides and hydrazinoureas. The
literature has Als@idesar RedanuesDRELiReMuhsiieTiracHITViDitsidner example, evaluation of
the inhibitory effects of 2,4,6-trihydroxy-3-nitro-benzamide derivatives against HCV protease and
other serine proteases,hias heendepariat SHon K- 6L20ily Ko0RBiophemisalARARInRGysical
Research Communications, 238:643-647; Sudo, K. et al. (1998) Antiviral Chemistry and
Chemétherapfd-hgsotidiany alleve 2P REOHPLC assay, the two most potent compounds identified
were RD3-4082 and RD3-4078, the former substituted on the amide with a 14 carbon chain and the
latter processing a pafEeTBheHBRTPISEHPYrdls. 22otaarsz dnbibidonre ATty dsHavdepilsfidendhed as
micromolar inlgitaiiarss, USINgACKENR SeRIRSEHRL Coas sy Wik aRNSHGARISORprRIiNa s
NS5A/5B substrate. Sudo, K. et al. (1996) Antiviral Research 32:9-18. Com%?un%rﬁg)s‘#-azwr '
possessing a fISHEPPERHaRRSH bRt s RSt GRS RSy HORan auié HoYERt against
the isolated epzyide. Bwraihey, acivezexamplesovdresRD4.620%08yd Rivdi6d0 L ieAltiner |iketature
reports,screening of a relatively i Jil})rr ry_usin ssay _and the identification of gree
comptlo%l}mds as%’%?gﬁ%’ﬁ%%&io%ré a ig’zo %%138 afd %oﬁﬁﬁaﬁﬁﬁeﬁg% al%‘({:hlfsﬁ.o tcgﬁtﬁ? Ifé Letters
421:217-220; Fakeshita b avalvimvhalgtical GiookeRistny Pablizapop BE] 9951 Kédeiaing. 8. patents

disclose protesss yhiigrs [0'NS. P AIERLO AN ik 8 5-RARS 043 0

Spruce at al. oses a class’of cysteine protease inhibitors for inhibiting HCV endopeptidase 2. U.S.

Patent No. 5,980,2678 toTesaposies inhidvisscissyntinit MnAReirbilnspeiing & RIFBINE Y Pbtease.
phosphonate. Llinas-Brunet et al. (1999) Hepatitis C inhibitor peptide analogues, WO

15 99/07734.  Two classes of electrophile-based inhibitors have been described,

alphaketoamides and hydrazinoureas.

The literature has also described a number of non-substrate-based inhibitors. For
example, evaluation of the inhibitory effects of 2,4,6-trihydroxy-3-nifro-benzamide
derivatives against HCV protease and other serine proteases has been reported. Sudo, K. ef

20 al., (1997) Biochemical and Biophysical Research Communications, 238:643-647; Sudo, X,
et al. (1998) Antiviral Chemistry and Chemotherapy 9:186. Using a reverse-phase HPLC
assay, the two most potent compounds identified were RD3-4082 and RD3-4078, the
former substituted on the amide with a 14 carbon chain and the latter processing a para-

phenoxyphenyl group.

25 Thiazolidine derivatives have been identified as micromolar inhibitors, using a
reverse-phase HPLC assay with an NS3/4A fusion protein and NS5A/5B substrate. Sudo,
K. et al. (1996) dntiviral Research 32:9-18. Compound RD-1-6250, possessing a fused
cinnamoyl moiety substituied with a long alkyl chain, was the most potent against the

isolated enzyme. Two other active examples were RD4 6205 and RD4 6193.



The inhibitor is a subsequence of a substrate of the NS3 protease or a substrate of the NS4A
cofactor. The use of restriction enzymes to treat HCV is disclosed in U.S. Patent No. 10 5,538,865 to
Reyes at al. Isolated from the fermentation culture broth of Streptomyces sp., Sch 68631, a
phenan-threnequinone, possessed micromolar activity against HCV protease in a SDS- PAGE and

autoradiography assgihdr RuMual AbokeUabadhent SHRLE ATy st (R3%y 18R allFNgiesayample

by the same authors, Sch 351633, isolated from the fungus Penicillium 15 griscofuluum, demonstrated

micromolar actfnyif RERmMERENo5BERRifpRESHYCHuRgten: Wbiiersittazakdine drshiye
Chemistry Letteigiil49- 122NN B @iy IERSIRyeAgain st The 1dCTaRtS3thIaieask, elvayynieshas been

o Ioach. s 5 BUIENL AR 6 v N oo Rl AP TS EYETE MOAAAK B 6,

a-chyniotrypsingateah yhHEEVan o ubditisphe, QBSiRaidnd Nat. 2,0 BiG6R e Sty @61 398416081997 .

HCV heli inhibiters. h ' ~atal; PCT
publcation Ne_ I bR S et I ERSLTS, M EAIRNRaiidad's, A8 el
inhibitors: soma3lé6tielbans o wésdighiessxipyaihatininhBnies qirbensétticcruranin NSSraapiRsat al.,
Journal of Virolagy, £%464R-1 6tted990e bPOMARRN: oL RENER pAIRIREY% 24 i1 A8 L LT ldRB4Antisense

phosphorothioate oligodeoxynuclecotides complementary to sequence, stretches in the 5' non-coding
region of the HE%cFe rEp®MER %@Fﬁ%?é‘ﬁﬂiﬁﬁ%ﬁtﬁ%t@f“ﬁ%\ﬁééfné“ éiprissebiniVin-WietriaiSiation

and ligpG2 IICY sugHesasrepdseuliure systems. Alt M. at al., Hepatology 22:707-717, 1995. Recent
work has demonstrated that 30 nucleotides 326-348 comprising the 3' end of the NCR and nucleotides

371-388 located in therese eedintsegionnkibe HOMRNAMoEpehwaiaigetd fofch 68631, a
antisense-mediated inhibition of viral translation. Alt M. at al Archives%wrorlo%gsmz:% -599  1997.

U.S. 5 Patent 9@6%%%%&1?\%3565? A1, QiSEI0EEE 6 Fé%%{c?@gﬁl&és iDi m% the réplication of
HCV. PCT PulilitafiomMaithyoi88/28350sdiscldsels!cempoiitiorizdnd Ievethodls BRECARHIYor

hepatitis C infection rsi inistradi f ant se QWHSBQHQ?% tRIE i
complementareyj/(‘r:1 a%l(?%%g]n |z£ e%ﬁ@%é@%?éc@%ﬁé%% 5,922,857 10 ‘48%113 et at giszglrgse
nucleidacids ceriwgfidudingeoeneizstaiivinzenad i actastiirastioileloyy isoxmviaseafor Bnirblling the
translation of %%i.ﬁﬂ%ﬁﬁ@éﬁi(; and Medicinal Chemisivy Leiters 9:1949-1952. Nanomolar potency '

against the HCV NS3 protease enzyme has been achieved by the design of selective

inhibitors based on the macromolecule eglin c¢. Eglin ¢, isolated from leech, is a potent
inhibitor of several serine proteases such as S. griseus proteases A and B, a-chymotrypsin,
20 chymase and subtilisin, Qasim ML.A, ef ¢l., Biochemistry 36:1598-1607, 1997,

HCV helicase inhibitors have also been reported. U.S. Patent No. 5,633,358 io
Diana G.D. et al.; PCT Publication No. WO 97/36554 of Diana G.D. et al.. There are a few
reports of HCV polymerase inhibitors: some nucleotide analogues, gliotoxin and the natural
product cerulenin. Ferrari R. et al., Jowrnal of Virology 73:1649-1654, 1999, Lohmamm V.,
25 et al., Virology 249:108-118, 1998.

Antisense phosphorothicate oiigodeoxynucleétides complementary to sequence

stretches in the 5° non-coding region of the HCV, are reported as efficient inhibitors of

HCV gene expression in in vitro translation and IIcpG2 HCV-luciferase cell culture
systems. Alt M. ef al., Hepatology 22:707-717, 1995. Recent work has demonstrated that

30 nucleotides 326-348 comprising the 3’ end of the NCR and nucleotides 371-388 located in
the core coding region of the HCV RNA are effective targets for antisense-mediated
inhibition of viral translation. Alt M. ef al., Archives of Virology 142:589-599, 1997. U.S.



oligonucleotides as therapeutic agents have been recently reviewed (Galderisi U. et al., Journal of
Cellular Physiology 181:251-257, 1999). Other compounds have been reported as inhibitors of
IRES-dependent translation in 10 HCV. Japanese Patent Publication JP-08268890 of Ikeda N et al.;
Japanese Patent Publication JP-10101591 of Kai, Y. et at Nuclease-resistant ribozymes have been

targeted  at the JRES\ANGEI66EMY HePaadasinhibiasiian sieyrraliovis imamiplagureassay.
Maccjak D.J. et at, Hepatology 30 abstract 995, 1999. The use of ribozymes to treat HCV is also
disclosed in U?Q’.hp%ttéﬁt?ﬁ&.%k)43ﬁpﬁ RylicasianeNgr, Wiy 89898 e fERInes FSBRSRY U834

5,610,054 to Lyigperebatiienpaienipaiscl asentbeivsa-ahipising ehsysigtnispitioiaiingitamaounds
for the treatmepnt of HCV. For example, U.S. Patent No. 6,001,799 t ien e isclo a
method of treaH SRSt ﬁ{)eng? 8?%8%&%3{&*?8@?’%?0%‘%%?%%1%%? mir@é%%nmtsﬁ%mmune
systens potentiaéizty &G s cftny atosin discdiey mada fragdsecdrrehRnRaie rio Nbs . 20619228 4h¢0 Eder
et at and 5,969,109.t0 Bona gt at disclase antibody:- fortreptingHC A omh B atent
No. 6,034,134ptl:(3)_S oidt E}foé??ﬁjs%ogéé% ﬁrt%%g&D%%%%%%%?%%%% _%gviﬁg ﬁn@mpnﬁj gtory,
antimalarial, antigBorelestidssant themnqepmngss denvithess TReendisclwser s MBAdsEe florcagbnists

belong to a fa%%@iﬂof@éiﬂﬁd@ﬂ%@’ nes. bk$.195dyatent No. 6,030,960 to Morris-Natschke et
ce

at discloses the use of certain alkyl lipids to inhibit the production of hepatitis-induced antigens,

including those produsgg} iy HaB G RV BSeh rSoRBIERNALS22 TRESdGhalNE! ehatalissiases the

use of vitamin E and other antioxidants to treat hepatic disorders including HCV, U.S. Patent No.

5,8581489 to ESNerbl dacHisErigYs Thblisaloyr sHifkrteI0r tedlvls Mip&tité clBaess tdifi™No. 30
5,849,800 to Sraiihicetiah giscinsesdhetse: of asnantadicledar tsistmeribelHepatiis beeh) thigdRdtent No.

5,846,964 to Ozeki discloses, the use of bile acjds for treati CV. U.S..6 Patent No. 5.491,135
to Slough et algtﬁﬁ%%gés Iﬁcs?(?%bf ﬁpﬂfﬁ%?s %&8@@5-@3@%&%@%@?&?&5{ ?Ig%ll%ﬁ%%‘c’esgys'uch as
HCV. cher cavigojxhd3. hrapdséikiardieatit b ecirfi fdEopnTextrects (Lbcﬁyﬁasemtm.@g?f?,%?
to Tsai et at, Ui'ss' sgggg%[b%%dS %@@a‘%npﬁgr g,b%})’,@ﬁdty'émlgglteﬁt .!1\}9 a§d6f9§6'§9ﬁ91t %g_rldenes

(U.S. Patent No. , o Diana et at), benzenedicarboxamides (U.S. Patent No. 5,633,388 to
Dianalét al.), pbReRIedacid Qerd tribsapuesabatent No.
Other patents disclose the use of immune system‘potentiating compounds for the
treatment of HCV. For example, U.S. Patent No. 6,001,799 to Chretien ef al. discloses a
method of treating hepatitis C in non-responders to interferon treatment by administering an
immune system potentiating dose of thymosin or a thymosin fragment. U.S. Patent Nos.
20 5,972,347 to Bder et al. and 5,969,109 to Bona et al. disclose antibody-based treatments for
treating HCV.

U.S. Patent No. 6,034,134 to Gold e al. discloses certain NMDA receptor agonists
having immunodulatory, antimalarial, anti-Boma virus and anti-Hepatitis C activities. The
disclosed NMDA receptor agonists belong to a family of 1-amino-alkylcyclohexanes. U.S.

25 Patent No. 6,030,960 to Morris-Natschke ef al. discloses the use of certain alkyl lipids to
inhibit the production of hepatitis-induced antigens, including those produced by the HCV
virus. U.S. Patent No. 5,922,757 to Chojkier et al. discloses the use of vitamin E and other
antioxidants to treaf hepatic disorders including HCV. U.S. Patent No. 5,858,389 io
Elsherbi et al. discloses the use of squalene for treating hepatitis C. U.S. Patent No.

30 5,849,800 to Smith et al discloses the use of amantadine for treatment of Hepatitis C. U.S.
Patent No. 5,846,964 to Ozeki ef al. discloses the use of bile acids for treating HCV. U.S.



5,496,546 to Wang et al.), 2',3'-dideoxyinosine (U.S. Patent No. 5,026,687 to Yarchoan et al.),
benzimidazoles (U.S. Patent No. 5,891,874 to Colacino et al.). In light of the fact that the hepatitis C
virus has reached epidemic levels worldwide, 10 and has tragic effects on the infected patient, there
remains a strong need to provide new effective pharmaceutical agents to treat hepatitis C that has low

toxicity to the bast, Terefere: ikisamolinch i e BRee anNe o (9:BspN e R &M Dspamethod
and composition for the treatment of a host infected with hepatitis C virus. SUMMARY OF THE

INVENTION BSi&#hivsat ey iness sedas dleompositions for the treatment of hepatitis C infection are
described that include an effective hepatitis C treatment amount of a Q-D- or /3-¢;j§u%leosi(9§q of the
fi

Formulas (1) - (XVIINPBeaaRRadsRirean e Sseibe 5 SPPrsarlaphiEsts WL nrdPrintpal
embodiment, g goMBouRdTehiFarAIYIATIS OPAdphaNFGELE| e sl toa0aRptabIE. SalidoU oBaugtdNreof, is
provided: y /N.N_x--C NN xz R'O 20 ' rein: R' and are independently
H, phosphate ?rﬂéé%‘? bPr%fi’i@-‘?n&ﬁ@?%ﬁ*&%ﬁ’%g@%&ﬁﬁ% };ﬁ[fj:éﬁ%%gnproc rafﬁ?%lé@?s
(including loweé ac it atikio(in@aBIBRE lonwRiaaiket )yl ], sulfedeteiasteididehirditigealdylSoPatsta gl sulfonyl
including met fon b [, wherei r is Qpti tigrdted with,one or
more subAtUS e B e g Shassholpic

an amino acidi-d, barshiderates &' fe Prtrat NehdRESSd ioFatirpiathiaceutically acceptable leaving

5 group which when administered in vivo is capable of providing a compound wherein R1, R2 or R3is
independently H or phidigitiadthe fact that the hepatitis C virus has reached epidemic levels worldwide,

10 and has tragic effects on the infected patient, there remains a strong need to provide new

effective pharmaceutical agents to treat hepatitis C that has low toxicity to the host.

Therefore, it is an object of the present invention to provide a compound, method

and composition for the treatment of a host infected with hepatitis C virus.

SUMMARY OF THE INVENTION

15 Compounds, methods and compositions for the treatment of hepatitis C infection are
described that include an effective hepatitis C treatment amount of a 8-D- or 8-L-nucleoside

of the Formulas (I) — (XVIII), or a pharmaceutically acceptable salt or prodrug thereof.

Tn a first principal embodiment, a compound of Formula I, or a pharmaceutically

acceptable salt or prodrug thereof, is provided:

¥

N AN

Xl—</ ‘ /NL
N N/ y2
RO
0

CH,

20 OR?  OR
O

wherein:

R, R* and R? are independently H, phosphate (including mono-, di- or triphosphate and a
stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl);



Y is hydrogen, bromo, chloro, fluoro, iodo, OR4, NR4R5 or SR4; X1 and X2 are independently
selected from the group consisting of H, straight chained, branched or cyclic alkyl, CO-alkyl, CO-aryl,
CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, 10 OR4, NR4NR5 or SRS; and R4 and RS are
independently hydrogen, acyl (including lower acyl), or alkyl (including but not limited to methyl, ethyl,

propyl and cyclaprony) g %éﬁﬁﬂxgdaagwpﬁlﬂgm@@ﬁﬁw &mmggm%&mw dhdObzyl,

pharmaceutically acceptable salt or prodrug thereof, is provided: Y N ~N X1 N N't, Xz R'o HNC O4
15 ORz OR' (IWhewsierds: PenkoSiphP RS SREDHAE) i P s RIESTHBHIBTEDRSsphate,
g!ipf;ogphalte, &Qﬁ&?ﬁ)ﬁhﬁfﬁm%ﬁaﬁ%@w | d@ﬁ@ﬁ?&iﬁiﬁ!@d@%}(:iﬁﬂﬁﬁ%@ﬂ%@ﬁd@%ﬁmﬁw Ifl 2?
including lower alkyl); sulfonate ester jncluding alkyl or arylalky] sulfonyl.including m nesulfony
and benzyl, wAgfkif Tﬁ’é’ﬂﬁéﬁ%}?g?&?ﬁt}geéﬁtﬁ?’r‘? TRIeEeh & ﬂﬁ%ﬁ%@@”ﬂ%?géﬁ@j&@%
descrised in thecdefiriticnvaicarygiveschersin lipicipitiucipgoaiditps pholipidh dwlemrin RARY; a
carbohydrate;darg\@%i%%; a chol stgrol('ﬁgr o&@é&g, pharmaceutically acceptable leaving group which

eRign &gt o providing a compound wherein R1, R2 or R3 is

when administered in vivo is cap‘é '
0%%2%%?&@%%@& gryoro, iodo, OR4, NR4R5 or SR4; 8

independently.H. or phosphate; andP is hyd
X1 and X2 areﬁﬁsdfelggﬁgerht%os%?ég (l()cf ?ft)% group consisting of H; straight chained, branched or

cyclic alkyl, CQmalk ,gzo-ar l,.CO-alkgxyal hior ,,%%o bl UQLQs O%WﬂdSRS;
and R4 and R afear}élin epaé% e’(%ﬁ%? gf&%gséer{l(?\éalf%%l i%]%lu m%}?o er ac@%%gr alkyl (incfuding but’
branched or cyclic alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iode,
10 OR*, NR*NR® or SR’; and

R* and R? are independently hydrogen, acyl (including lower acyl), or alkyl (including but
not limited to methyl, sthyl, propyl and cyclopropyl).

In a second principal embodiment, a compound of Formula II, or a pharmaceutically

acceptable salt or prodrug thereof, is provided:
¥
N Xy
i/
X
— AL

HC
O~

15 or?  or?

uy
wherein:
R!, R? and R? are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
20 (including lower alkyl);, sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
~ pharmaceutically acceptable leaving group which when administered in vivo is capable of
25 providing a compound wherein R}, R? or R® is independently H or phosphate; and

Y is hydrogen, bromo, chloro, fiuoro, iodoe, OR*, NRR or SR*:



5 not limited to methyl, ethyl, propyl and cyclopropyl). In a third principal embodiment, a compound of
Formula Ill, or a pharmaceutically acceptable salt or prodrug thereof, is provided: Y XN N X~ R'O
cx, 0 ¢ OR2 OOR" (IM 10 wherein: R1, R2 and R3 are independently H; phosphate (including
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl (including lower
acyl); alkyl (ingluglipogower alidl-gulionate.asterialuaingalkybaistinaliof pultaayiinchidieg,
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one oy 15 more
substituents a@f%@@ﬂt%d’ﬁﬁltﬁéﬂg&irﬁﬁbﬁl%ﬂa oidnGlealpzyalion, shaTRyiREPRopFBEFh AR an
amino acid; a paheln/liaterxipeptide; a cholesterol; or other pharmaceutically acceptable leaving
group which when administered in vivo is capable of providing a compound wherein RI, R2 or R3 is
independentlyfd {PROSRRARpBACY S EEEE hchT ghsiuehigonitatgl)aga iR AntRAR Do SR4,
20 X' and Xz are indepgnden selggc ed froE tge rouP ccmsisting of H, straight chained, branched or
cyclic alkyl, CERARHE S BRI SR SRRk AT Brgtho, fluoro, iodo, OR4, NR4NRS or SRS:

and R4 and RS are independently.hydrogen, acyl incl’udin ower acyl),.ar alkyl (including but not
limited to methyl, eth@?, ap%ﬁ%@ﬂé‘%éc%@%%@ﬁné %nC%n%gﬁ?&éﬁ\rﬁlr?(%‘%%m oc()iri%Q% ) aaggmﬁta)&%d of
Formula N, or acgiptabhacdidicalityirag deptalils salviiegrodrug thereof, is provided: Y XL

Y
N AN
N
Xl—</ l /]\
-
. N N X2
RO CH;
-0
or* o’

10 wherein:

R!, R? and R® are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl iﬁcluding
methanesulfonyl and benzyl, wherein the phenyl group is optionally subsﬁtuted with one or
15 more substituents as described in the definition of aryl given hérein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a ‘peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R}, R? or R? is independently H or phosphate; and
Y is hydrogen, bromo, chloro, fluoro, iodo, OR*, NRR? or SR*

20 X! and X° are independently selected from the group consisting of H, straight chained,
branched or cyclic alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, chioro, bromo, fluore, iodo,
OR4, NRNR® or SR”; and

R* and R? are independently hydrogen, acyl (including lower acyl), or alkyl (including but
not limited to methyl, ethyl, propyl and cyclopropyl).



~N NIO n, '40R (N) 5 wherein: R', R2 and R3 are independently H, phosphate (including mono-, di-
or triphosphate and a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower
alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl,
wherein the phenyl group is optionally substituted with one or more substituents as 10 described in the

definition of ary! givep, eteiR: .E‘é%?é ANGHIIRG &P RASRRAIRIE, PRATICTAG s BicRMRRRYHERIS: 2

peptide; a cholesterol; or o aceutically acceptable leaving group which when administered
in vivo is capﬁ@%ﬂ@%iﬁgﬁ%@h&ﬁbﬁﬁ@fmﬁﬁ Rz or R3is independently H or phosphate; Y is
hydrogen, bromo, chloro, fluoro, iodo, OR4, NR4R5 or SR4; 15 X1 is selected from the group
consisting of H, straight chained, branched or cyclig: CO-alkyl, CO-aryl, CO-allcoxyallcyl, chloro,
bromo, fluoro, iodo, OR4, NR'~TRS or SRS; and R4 afid RS7are independently hydrogen, acyl
(including lower acyl), or alkyl (including but not limited!to VD@%L ethyl, propyl and cyclopropyl). In a
fifth principal embodiment, a compound of Formula V, or & pharfhaceutically 20 acceptable salt or
prodrug thereof, is provided: 10 Y XN N OF] "IC OR$ OR' () wherein: R1, R2 and R3 are
independently H; phosphate (including monopho phosphate,

CH,
OR* OF

Iv)
5 whereir:
R!, R? and R® are independently H, phosphate (including mono-, di- or triphosphate and a
stabilized phosphate prodrug); acy! (including lower acyl); alkyl (including lower alkyl);
sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl,
wherein the pheny! group is optionally substitated with one or more substituents as
10 described in the definition of aryl given herein; a lipid, including a phospholipid; an amino
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving
group which when administered in vivo is capable of providing a compound wherein R, R?

or R® is independently H or phosphate;
Y is hydrogen, bromo, chloro, fluoro, iodo, OR_4, NR*R? or SR

15 X! is selected from the group consisting of H, straight chained, branched or cyclic alkyl,
CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, flucre, iodo, OR%, NR*NR® or SR*; and

R* and R’ are independently hydrogen, acyl (including lower acyl), or alkyl (including but
not limited to methyl, ethyl, propyl and cyclopropyl).

In a fifth principal embodiment, a compound of Formula V, or a pharmaceuntically

20 acceptable salt or prodrug thereof, is provided:

10



5 triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower
alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl,
wherein the phenyl group is optionally substituted with one or more substituents as described in the
definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a
peptide; a cholesterol; or other 10 pharmaceutically acc

phosphate; and Y is hydrogen, bromo, chloro, fluoro, 5, ®R4, NR4RS5 or SR4; X1 is selected from
the group consisting of H, straight chained, branched @ cycli¢ alkyl, CO-alkyl, CO-aryl,
CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, QRa NR4NRY? or 8RS; and 15 R4 and R5 are
independently hydrogen, acyl (including lower agyl), of&lkyl (including but not limited to methyl, ethyl,
propyl and cyclopropyl). In a sixth principal embaéh & compound of Formula VI, or a
pharmaceutically acceptable salt or prodrug ther rovided: Y X--~N NO RIO Cnhy O OR'OR'
20 (VI) 11 wherein: R1, R2 and R3 are independently H; phosphate (including monophosphate,
diphosphate, triphosphate, or a stabilized phosph%Rte chI){drug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkylggéarylalkyl sulfonyl including 5 methanesulfonyl
and benzyl, w@ggfé%;he phenyl group is optionally substituted with one or more substituents as
described in the definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a

carbohydrate:  PEPURS: ROl SRHRERLAAAAL FHBRFAS IR GHERIRISIRAY M HARAA "

when administered in vivo is capa ) _
5 triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl

(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid, a carbohydrate; a peptide; a cholesterol; or other
10 pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein RY R% or R? is independently H or phosphate; and

Y is hydrogen, bromo, chloro, fluoro, iodo, OR*, NR*R® or SRY;

X! is selected from the group consisting of H, straight chained, branched or cyclic alkyl,

CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, OR4, NR*NR’ or SR®; and
15 R* and R® are independently hyd_ro gen, acyl (including lower acyl), or alkyl (including but

not limited to methyl, ethyl, propyl and cyclopropyl).

In a sixth principal embodiment, a compound of Formula VI, or a pharmaceutically

acceptable salt or prodrug thereof, is provided:
¥

Xl
\N

LA

r'e

20 (VD

11



providing a compound wherein R1, R2 or R3 is independently H or phosphate; and 10 Y is hydrogen,
bromo, chloro, fluoro, iodo, OR4, NR.4R5 or SR4; Xl is selected from the group consisting of H,
straight chained, branched or cyclic alkyl, CO-alkyl, CO-aryl, CO-allcoxyalkyl, chloro, bromo, fluoro,
iodo, OR’, NR4ANRS5 or SRS; and R4 and R5 are independently hydrogen, acyl (including lower acyl),
or alkyl (including-hit not limited to methyl, ethyl, propyl and cyclopropyl). 15 In a seventh principal
embodiment, a compound selected from Formulas VII, VIII and IX, or a pharmaceutically acceptable
salt or prodrug theregi; i Providest BaseRase BRsgnRORRER HondbrosRRBsdPRhaRmeEOR2 (Vi)
(Vill) (IX) wherein: 20 Base is a purine or pyrimidine base as defined herein; R1, R2 and R3 are
independentlyHhpIbSknAE @nelabilietn BHOTAIBIH R S ASEh AleeluiBR o WP &lkbilized
phosphate pregigisiinaCidwiichiging lewsnasytiiialkubiifiek dinglloveralky) sulfongtarsigmpcluding
alkyl or arylallcyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is optionally
ubstitted wAPFURBSOHISRThAPE BUR Rt LTS AL EaUSTBLEFTRE SRS P S EHERETE = lpic,
including a phasphabptic; s amidwaitie] inchbhdtidiaieod peoptgteralchelestclipiipirothding a
pharmaceuticall able leaving graup which, wh dmjnistered in vive | ble of providing a
compound wt‘%ﬁsﬁﬁ @%Z%} |sg|n eléén%leﬁ#g 3?%%?%08%[1%%{;1 R6 @ﬁ%gt%g(gén%ﬁya{?éeiy, alkyl
(including lowphaatkgdpusizatly, wyanteblReawhsatikowy wiichyinlnadniaibyredGrOyoN dkeapab&@H O (lower
2. Oy e flHds O leerelioNelalayl CHogiRiR oo, floro lodo,
NO2, NH2, -NH(loweF alkyl), -NH(acyl), -N{ower allcyl)2, “N(acyl)2; and 5 Xis O, S, SO2 or CH2. In a

eighthprincipg GRHAdIMEe Mot CMRRENELBE AIBUBR heNg ¥ii1.or a pharmaceutically

acceptable salt or prodrug thereof, is provided:
X! is selected from the group consisting of H, straight chained, branched or cyclic alkyl,

CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, OR*, NR*NR’ or SR’; and

R* and R® are independently hydrogen, zcyl (including lower acyl), or alky! (including but
not limited to methyl, ethyl, propyl and cyclopropyl).

15 In a seventh principal embodiment, a compound selected from Formulas VII, VIII
and IX, or a pharmaceutically acceptable salt or prodrug thereof, is provided:
Base Bage Base
R'O rR'0 rR'O
X ' X X
RS RS RS
or>  OR® OR?
(VID) (VIII) (IX)
wherein:
20 Base is a purine or pyrimidine base as defined herein;

R’, R? and R? are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower a]kﬂ); sulfonate ester including alkyl or arylalkyl sulfony! including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
25 more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R}, R? or R? is independently H or phosphate;

12



RIO Base RIO Base RIO Base R6 Rs X- X~ X OR2 ORs ORZ RR~R ~~rr7~~~Ra /lyV \'u) (Xil) 10
wherein: Base is a purine or pyrimidine base as defined herein; R1, R2 and R3 are independently H;
phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodnig);
acyl (including lower acyl); alkyl (including lower _ alkyl); sulfonate ester including alkyl or arylalkyl

sulfonyl incluging, 13 dnethanesriignviandinenayl: Wheseimdns piapyLaRsRitoptionailysustituted

with one or more substituents as described in the definition of aryl given herein; a lipid, Including a
phospholipid: @WhrREeg; LERI0EHkPard @Yinite: b atars: of G ﬁﬂﬁ}rﬁ‘;’é@}ﬂ@auy
acceptable leayingverouywhich ibesiadornistanecbinbybreds fapapidds, PIOY)dig, 2 ouResad
wherein R', R2 or R3 s independentl p hate, 20 R6 is hydrogen, hydroxy, allcyl (including
lower alkyl), aéﬁ'(])),’ 6397?%‘33’ Kken i’,“é“rzﬁﬂi)%%;ﬁfﬁ%’/ﬁ% )O(alkyl), -C(O)O(lower alkyl), -O(acyl),
-O(lower acyl -_O(%allgyé) -O(lgwer allcyl), -O(alkenyl), chloro, bromo, fluoro, iodo, NO2, NH2,
“NH(I6wer alk§i}® Ras( 8;|)or ower all(yl)2, -N(acyl)2; RC is hydrogen, OR3, hydroxy, alkyl

(including lower alkyl), azido, cyana, alkenyl, allcynyl, 25 Br-vi -C(O vy, -C (lower alkyl),
-O(acyl), -O(lower acyl}, ?@’?ﬁkﬁi‘,“—” |&W%P%é?-bfﬁiﬁ%ﬂ%&é#lgﬂ%%‘?%%ir%el, 3Bdine, NO3, NH2,
-NH(lower alkyhyrembiagdicyily abibprableaiky oy hroNifariiytsednd i@ vidisl0, S, SO2 or CH2. In a ninth
principal embodiment a compound selected from Formulas XlII, XIV and XV, or a pharmaceutically -

acceptable salt or predrug thereof¥ds providedid® 'O Base Base R'fBase R6 RE*X x R6
-1
X\Rﬁ x_,,_R X
or* R R

or?  or?

X) (XD) (XID)

10 wherein:
Base is a purine or pyrimidine base as defined herein;

R!, R? and R® are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower _alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
15 methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R', R? or R?is independently H or phosphate;

20 RS is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br-
vinyl, ~C(0)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), -C(lower
alkyl), -O(alkenyl), chloro, bromo, finoro, iodo, NO;, NH,, -NH(lower alkyl), -NH(acyl), -
N(lower alkyl),, -N(acyl)s;

R’ is hydrogen, OR?, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl,

25 Br-vinyl, -C(OYO(alkyl), -C(O)O(lower alkyl), -Ofacyl), -C(lower acyl), -Ofalkyl), -
O(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, NO,, NH;, -NH(lower alkyl), -
NH(acyl), -N(lower alkyl),, -N(acyl),; and

i3



OR' OR3 00 5 (XII) (XIV) (XV) wherein: Base is a purine or pyrimidine base as defined herein; R1, R2
and R3 are independently H; phosphate (including monophosphate, diphosphate, triphosphate, or a
stabilized phosphate prodrug); acyl (including lower acyl); alkyl 10 (including lower alkyl); sulfonate
ester including allcyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl
group is OpthB@lb{él.g)%u cb ith one or more substituents as described in the definition of aryl given
herein; a lipid, including a“p osphollpld an amino acid; a carbohydrate; a peptide; a cholesterol; or
other pharmaceutic r C of 15
providing a compoun %i%e%ﬁ% Rlﬁg%?%%%}%ﬁ%vé%gﬁ%%{rﬁ%%%ﬁ%%gf%%ygg? h%ﬁr?%llg
hydroxy, alkyl ¥iNcRicgaowseeirglly astapiablrossd, aRmdmeieaeh, BRIOWIsdC(0)0(alkyl),
-C(O)O(lower aIkyI) -O(acyl), -O(lower acyl), O(alkyl) -O(lower alkyl), O(alkenyl) chloro bromo,
fluoro, iodo, NO2, -NH(IOW@ssaIkyI) NH{@C ). - N(lowessallcyl)2, B\:¢
or CH2. In a tenth pringip
pharmaceutically acce
wherein: Base is a puring

phosphate (including mor||o ho phate diphosphate, trlphosphate or a stabilized phosphate prodrug);
acyl (including lower acy§®allcfi®’s (including lower &%¢yl); sulfonate ester including allcyl or arylalkyl

sulfonyq including methaneswifanyl and benzyl, wherein gigphenyl group is optionalligubstituted with
one or

wherein:
Base is a purine or pyrimidine base as defined herein;

R, R? and R? are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
10 (including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfony! and benzyl, wherein the phenyl group is optionalty substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is caiaable of

15 providing a compound wherein RLR?Por R is jndependently H or phosphate;

R® is hydrogen, hydroxy, alky! (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br-
vinyl, -C{O)YO(alkyl), -C(O)O(lower alkyl), -Ofacyl), -O(lower acyl), -O(alkyl), -O(lower
altkyl), -Ofalkenyl), chloro, bromo, fluoro, iodo, NO,, NH;, -NH(Jower alkyl), -NH(acyl), -
N(lower alkyl);, -N(acyl)s; and

20 Xis O, S, SO, or CHa.
In a tenth principal embodiment the invention provides a compound of Formula

XV1, or 2 pharmaceutically acceptable salt or prodrug thereof:

1
RO Base

14



more substituents as described in the definition of aryl given herein; a lipid, including a phospholipid;
an amino acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving
group which when administered in vivo is capable of 10 providing a compound wherein Rl or R2 is
independently H or phosphate; R6 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano,
allcenyl, alkyny, Bz vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl),
-O(lower alkyl), -O(alkenyl), chloro, bromo, fluoro, iodo, NO2, NH2, -NH(lower alkyl), -NH(acyl), -

N(lower alkyl)3asdN@CHh2ndor Byrian@RD e aanradeRil; hydrogen, OR2, hydroxy, alkyl (including
lower alkyl), azido, cyano, alkenyl, alkynyl, Br-vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl), -O(acyl),

Sl s Syl St o on e
alkyl), -NH(acyl), -N(lower alkyl)2, -N(acyl)2; R$ an re independently H, alkyl (incluging lower
alkyl), ch|orinélﬂ?8%ﬂ’?ﬁ£¢’orﬂ¥o&ir%?‘b%%ﬂtéﬁ?%?%}éﬁE%?"Eh%h@c,yh i %&%}‘é‘%ﬁ&g’ ’9,%‘9& and

R10 can comeiteeding ritavteralaipi fadhdatanektétsifeitdifd) alioy! Girl 2urjia byl excdfobhy D rimstipkit g
embodiment the jnvention provides a.compound of Formula XVII, or a.phar, utically acceptable
caltor prodrud At R b e R b e oo R e
base as definedtrerebstiRantine Re:aibeihde tan deftiyicd; pheasp eten(iokiting lipthdptiodipbate,
diphosphate, i te, rgg{g‘pil' pho rug). gncjuding dower. acyDalkyl 5
(including IO\A/%tfrla %%g%’lfoar%ate ester%?c ud%ngg%j%gyi/l?éﬂfa g%yllﬁkg?l ﬁlﬁ‘o’n;il inhcq}%dinggr[ﬁe%ar?esulfonyl

and benzyl, whleraaodissioracgpiileitcapneanyrsubithutdenadnsngsed foréeup sangbkshs
desciiped in tﬁ%ﬁﬁkﬁt@&ﬁ%@ﬁﬁh%&ﬂq{e%@UE&%&B@H&}H@?{ aheRpRiiRid; an amino acid; a

carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving group which

when adminisferadsiRiyehishsaraReml (including lower alkyl), azido, cyano, alkenyl, afkynyl, Br-
vinyl, -C(0)O(alkyl), -C(O)Oower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), -O(lower
allcyl), -O(alkenyl), chloro, bromo, fluoro, iodo, NO,, NHj, -NH(lower alkyl), -NH(acyl), -
N(lower alkyl),, -N(acyba;

15 R’ and R’ are independently hydrogen, OR?, hydroxy, alkyl (including lower alkyl), azido,
cyano, alkenyl, alkynyl, Br-vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl), -Ofacyl), -Olower
acyl), -O(alkyl), -O(lower alkyl), -Ofalkenyl), chlorine, bromine, iodine, NO,, NHj,
-NH(lower alkyl), -NH(acyl), -N(lower alkyl),, -N(acyl)s; }

R* and R are independently H, a]kjfl (including lower alkyl), chlorine, bromine or iodine;

20 alternatively, R’ and R’, R’ and R¥® R® and R®, or R® and RY can come together to form a
pi bond; and

Xi1s0,8, SO, or CH..

In a eleventh principal embodiment the invention provides a compound of Formula

XVII, or a pharmaceutically acceptable salt or prodrug thereof:

25
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10 providing a compound wherein R1 or R2 is independently H or phosphate; R6 is hydrogen,
hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- vinyl, -C(O)O(alkyl),
-C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), -O(lower alkyl), -O(alkenyl), chioro, bromo,
fluoro, iodo, NO2, NH2, -NH(lower alkyl), -NH(acyl), - N(lower alkyl)2, -N(acyl)2; 15 R7 and R9 are
independently hydragen, OR2, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl,
Br-vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), -O(lower alkyl),
-O(alkenyl), clﬁggg‘lﬁ,&tg%%l; RN BseME @t Hiouer alkyl), -NH(acyl), -N(lower allcyl)2,

-N(acyl)2; R10 is H, alkyl (including lower alkyl), chlorine, bromine or iodine; 20 alternatively, R7 and

R9, or R7 andiR1Q,gaRTome {asthaeia,form aHisbrnd; anculiisOndnSiR@htik2 dipnasphmelfth

principal embodiment, the invention proyides a.compound of ForEn la XVIII,Vgr a pharmac tilcally
acceptable saft By thefeSERAGBRLSTRARSTEERY 58! KT REFSiIP“Bast R a purine
or pyrimidine yast.amgabined herginsBbend Ri-indrpetsenilyyH ophoghtiate gitfdugdingcluding
monophosphate, diphosphate, triphosphate,.or a stabilized phosphate prodrug); acyl (including lower
acyl); alkyl 5 (i %‘%gﬁ%?% efra% (%(;BZ %SIUI ogr%%lé%et trﬁlf”rﬁlc‘,[ f?ld] é?k%%orng%iasf%ﬂ%g%gny {?r%ﬁ? |]f_19
methanesulfomybenshbeimsdisidsedescriira phdmy ldgfotiors ob tiohalyssubsinied lipih omdudimgrore

ﬁﬁ-i”aweaﬂﬁﬁ itigesOf AryhAINERNRLEN, G UpitkeIngluding.aRfospalipid: an

substituents ailgo%ﬁ%iﬁ
amino acid; a:carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving

group which wikateasitieslbrsacrpiavis isavinmBrevsr whichralrmgRinisardud iR dssirriicr R is

indepeggdently HQiRiosphaiuRSndva ISP RAYSIMshAte i g Ibsinademier; alkyl), azido, cyano,
alkenyl, alkynyl, Br- vinyl, -C(O)O(allcyl), -C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl),

-O(lower RS is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br-
vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), -O(lower
alkyl), -Ofalkenyl), chloro, bromo, fluoro, iodo, NO,, NH,, -NH(lower alkyl), -NIH(acyl), -
N(lower alkyl),, -N(acyl)a;

15 R’ and R® are independently hydrogen, OR?, hydroxy, alkyl (including lower alkyl), azido,
cyano, alkenyl, alkynyl, Br-vinyl, -C(O)YO(alkyl), *C(O)O(iower alkyl), -Ofacyl), -O(lower
acyl), -O(alkyl), -O(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, NO, NHa, -
NH(lower alkyl), -NH(acyl), -N(lower alkyl),, -N(acyl)y;

R'%is H, alkyl (including lower aikyl), chlorine, bromine or iodine;
20 alterpatively, R and R’ or R’ and R*? can come together to form a pi bond; and
Xis O, §, SO, or CHs.

Tn an twelfth principal embodiment, the invention provides a compound of Formula

XVIIL, or a pharmaceutically acceptable salt or prodmg thereof:

RO

25

16



alkyl), -O(alkenyl), chloro, brorno, fluoro, iodo, NO2, NH2, -NH(lower alkyl), -NH(acyl), - N(lower
alkyl)2, -N(acyl)2; 15 R" and R9 are independently hydrogen, OR2, alkyl (including lower alkyl),
alkenyl, alkynyl, Br-vinyl, 0-alkenyl, chlorine, bromine, iodine, NO2, amino, loweralkylamino or
di(lower- alkyl)amino; R$ is H, alkyl (including lower alkyl), chlorine, bromine or iodine; alternatively,
R7 and R9, or, Yéalnrll,d R9 can come together to form. a pi bond; 20 Xis O, S, SO2 or CH2. The /3-D-
and $-L-nucle03|c§es ‘of this invention may inhibit HCV polymerase activity. Nucleosides can be

screened for tggé% @g‘ﬁﬁ%&%@@ﬁ%@%ﬁr 8giuiin vitro according to screening methods set
y ne c iy 25

forth more particularly"herein. an rea etermine’the spectrum of activity by evaluating the

compound in the %Baayﬁquﬁg%%%g%%‘eiﬁ;orlyﬁggbﬁagth&ﬁag@g{énagg%ﬁﬁ kB, ORGoRApegdiment the

efficacy of the anti-HCV comp Is measured according to the concentration of compound
necessary to i&ghesphate,plei e sabiizsd oPRErbaigs WodHe; Avbrirgadnaclndes sevibrifore

particukarly heggify By 95,4+ 198 COMmBRUEdiStel itefaaRs |IBFETRITRYIBIMIOLIMGS Hhaueampound
exhibits an EC50 of less than 25, 15, 10, 5, or 1 micromolar. In another emhodiment, the active

compound carpbangH e e ReRBYhOTRETRIR P RIGE SEOTPARAPSABRE Y TR R AR AT
combination thesapstrntetiestivejdasage of thawefaitnereraggngivanchactininisigre indedher avhereas
during alternation therapy an effective dosage of h agent is administere rially.. The dasages will
depend on a&ﬁ%?ﬁﬁ%t?h?? ac%a%inlfoan%@kc??et%ﬁ%?ré%dg%?’th?é &r??gﬁf% waellc%lg ot e(reér/1 tactors known to
those of skill ipihenactuiidslty aeeptiblt leativp sagepvehics wikmsboipisrerad irhevoeiseritgabds tie

condign to DEANEHAIE bR IB LR AUPR UO0R SIORALI Ak ARY Y

ik 0 subject, specific
dosage regimens and’s

the professiongbudamenteti o sapAUSIRISELTARY SLOBNT) esecaisasien ol e

should be adjusted over time accordingto the individual need and
compositions. Non ng examples of antiviral agents that can be used in combination with the
compounds digsise @RI OIS (oyan HaserBlrarid oPHBESHFF B ar@ Gy k. MV, Ann.
PharmacotherM;ﬁSé(aﬂ{mﬂ), chloro, bromo, fluoro, iodo, NO,, NH;, -NH(lower alkyl), -NH(acyl), -

N(lower alkyl);, N{acyl);

15 R7 and R? are independently hydrogen, OR?, alkyl (including lower alkyl), alkenyl, alkynyl,
Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO,, amino, loweralkylamino or di{tower-
alkylamino;

R® is H, alkyl (including lower alkyl), chlorine, bromine or iodine;

alternatively, R’ and R, or R® and R® can come together to form a pi bond;

20 Xis 0, S, SO; or CH..

The B-D- and B-L-nucleosides of this invention may inhibit HCV polymerase
activity. Nucleosides can be screened for their ability to inhibit HCV polymerase activity in
vitro according to screening methods set forth more particularly herein. One can readily

25 determine the spectrum of activity by evaluating the compound in the assays described

herein or with another confirmatory assay.

In one embodiment the efficacy of the anti-HCV compound is measured according
to the concentration of compound necessary to reduce the plagne number of the virns in

vitro, according to methods set forth more particularly herein, by 50% (i.e. the compound’s
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494, 2000); Berenguer, M. et al. Antivir. Ther. 3(Suppl. 3):125-136, 1998); (2) Substrate-based NS3
protease inhibitors (Attwood et al., Antiviral peptide derivatives, PCT WO 98/22496, 1998; Attwood et
al., Antiviral Chemistry and Chemotherapy 10.259-273, 1999; Attwood et al., Preparation and use of
amino acid 20 derivatives as anti-viral agents, German Patent Publication DE 19914474; Tung et al.
Inhibitors of sgfng PRIGERER. PAHIBHIRILE RAMIR WIS NGIR BrOteaSe REs IO sI8EL 1679).
including alphaketoamides and hydrazinoureas, and inhibitors that terminate in an electrophile such
as a boronic &&idl BiEPIE8ptionate. Llinas-Brunet et al, Hepatitis C inhibitor peptide analogues, PCT
WO 99/07734. 25 (3) Non-substrate-based inhibitors such as 2,4,6-trihydroxy-3-nitro-benzamide
derivatives (Sudo K leeaptheisaradivsnhier BroyR remaPrassesy bR HEHIRSIH A0SR BEEBLY 647,

1997; Sudo Kyet-alibnthvifieGhiamistiy a0Y Ghamotheanyifilise (aes), ineteiigRiasgdse and
RD3-4078, the former substituted on the amide with a 14 carbon cgain aré?éthe latter, processing
r

apara-phenoxXyh&hyFGrELREES (A3eT RRRSBIRERE JORvLRve S IRER STRRY RN BTN i A
reverse-phaseffdiiive assay witheath NS&id A fadininipratdirsaidiiN S b Bosapstraiél (SydodKoet al., 18

Antiviral Research 32:9-18, 1996), especially.compound.RD;1-6 0SSESSI innamoy!l
moiety substitt) 5%’@%’5%%%%3?&}% @Iﬁ%?ﬁ}f%%lﬁnt}% gnglﬁgil%lgg%e 5)%51%%%‘%%&%%%5& nt'a
benzanilides ittentifiddkil Kakiaciri. Nt &t tl bg oS thetrdasageplpes7vill Glspayes HtibNbesaicialytical
Biochemistry £6 (‘%88 98 > AR bRBC RN CHR GIRRN A RASSBSE AL AGUY i A GBI CY
protease in a SDS- PAGE and autoradiography assay isolated from the fermentation Culture broth of
StrepiémycessshicSoreste tqeisa weiaeas, andipabrten shewis bnadinind 93ating gg5OLIRE Beh
351633, isolatgd frawiagafungus Remicliugmariacalulupamdichtlemonsimiesaastiiiteing or
scintillation proximity assay (Chu M. et at, Bjoorganic and Medicinal 10 Chemistry Letters
9:1949-1952):SEPPEEIREihE FEamITRAIAS AR SPB HY8 M racromolecule elgin ¢, isolated from leech
(Qasim M.A. et at., Biochemistry 36:1 98%607,%97); 8).HCV hglicasssmhibit%rs Dianagg D. et at,
Compounds, compoStBHRLHE AR YorIF A R0 Hsh SRt C S PRIRRTRIE S B Bg.

Diana G.D. et aimgduitipeticiosdaereqiiiresyqeharmaceutical compositions thereof and their use in the
treatment

15 (1) an interferon and/ot ribavirin (Batiaglia, AM. et al., Ann. Pharmacother. 34:487-
494, 2000); Berenguer, M. et al. Antivir, Ther, 3(Suppl. 3):125-136, 1998);

(2) Substrate-based NS83 protease inhibitors (Attwood et al., Antiviral peptide
derivatives, PCT WO 98/22496, 1998, Attwood et al, Antiviral Chemistry and
Chemotherapy 10.259-273, 1999; Atiwood et al., Preparation and use of amino acid

20 derivatives as anti-viral agents, German Patent Publication DE 19914474; Tung ef ol
Inhibitors of serine proteases, particularly hepatitis C virus NS3 protease, PCT WO
98/17679), including alphaketoamides and hydrazinoureas, and inhibitors that terminate in
an electrophile such as a boronic acid or phosphonate. Llinas-Brunet et al, Hepaiitis C
inhibitor peptide analogues, PCT WO 99/07734.

25 (3) Non-substrate-based inhibitors such as 2,4,6-trihydroxy-3-nitro-benzamide
derivatives (Sudo K. et al., Biochemical and Biophysical Research Communications,
238:643-647, 1997; Sudo K. ef al. Antiviral Chemistry and Chemotherapy 9:186, 1998),
including RD3-4082 and RD3-4078, the former substituted on the amide with a 14 carbon

chain and the latter processing a para-phenoxyphenyl group;

30 (4) Thiazolidine derivatives which show relevant inhibition in a reverse-phase
HPLC assay with an NS3/4A fusion protein and NS5A/5B substrate (Sudo K. ef al,
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of hepatitis C, PCT WO 97/36554); (9) HCV polymerase inhibitors such as nucleotide analogues,
gliotoxin (Ferrari R. et al. Journal of Virology 73:1649-1654, 1999), and the natural product cerulenin
(Lohmann V. et at, Virology 249:108-118, 1998); 20 (10) Antisense phosphorothioate
oligodeoxynucleotides (S-ODN) complementary to sequence stretches in the 5' non-coding region

(NCR) of the HeN, (A0t £h 8l sdepatalesy) 2&3&&@2@%@@&%@@@@9%&&%&& GReaprising

- the 3' end of the NCR and nucleotides 371-388 located in the core codin re%;lon of the IICV RNA (Alt
M. et at, ArcW%@ﬂWW%M}@?&@Q&%P@Q&%QM%% e&hlar Physiology 25

181:251-257, 1999); (11) Inhibitors of IRES-de_Sendent translation (lkeda N et at,é,g%ent for the

prevention and treatfk pigmatse b Paraifiedion &aldrchp b ed et d0lR A I at.

Prevention angbireatment oinisalidiseases dapanasiiatentRublivaton 471900101591); 19 (12)
Nuclease-resistant ribozymes (Maccjak D.J. et at, Hepatology 30 abstract 995, 1999); and (13) Other

miscelianeous compeyndiehiding depining: PhsdepaiohRxangsaddiss: Rawenirdie.6, 834, EBBio Gold
et al.), alkyl lipids_ (U.S. Patent No. 5,922,757 to.Chojkier. et 5 al.), vitamjn E and other, antioxidants
(U.S. Patent I\F&%%Qf?%ﬁ'l‘i%@hﬁmg Bti s gﬁfeé e,ﬁé) ar%@gdifﬁ’g?aﬁﬂt@a%%?dﬂ@’g Braa[%lntorgo.
5,846,964 to Grefi®iak),N; (ohasisonGhodtl|plabsPartibeei, L& s BAtEZRNE33,830008itb Diana
et al.), benzepedicarhgxamides (U.S. Patent No. 5,633,338 to Dj 1), el ' '
derivatives (U%&Fﬁg}én g\l&?‘%f‘f‘@%,?ﬂgt%mg&ﬁ ﬁ?lﬁagﬁﬁiagé%by%%%é (‘Bﬁsé@ %@giﬁl%&gio.
5,026,687 to Yafofiyain et akiniaintibemonidatokssag (ShradéneNel 5 BigergruitoatoMerientlal.).

BRIEFPESCRIPT I 9&;@;@@&{3@% Figure 1 provides the structure of various non-limiting
examples of nucleosides of the present invention, as well as other known nucleosides, FIAU and

Ribavirin, which are dbdiged as160MRRAHS SxaiMpleRiRiBRHebTIgUaR dsid g graphLEkhe

pharmacokinetics (plaSma concentrations) of R-D-2'- CH3-riboG administered to six Cynomolgus
Monkeys over{R#amabAatiriniieakspisty 36:1598-1607, 1997); |

(8) BCV helicase inhibitors (Diana G.D. et al, Compounds, compositions and
methods for treatment of hepavitis C, U.S. Patent No. 5,633,358; Diana G.D. ef dl,
15 Piperidine derivatives, pharmaceutical compositions thereof and their use in the treatment

of hepatitis C, PCT WO 97/36554);

(9) HCV polymerase inhibitors such as nucleotide analogues, gliotoxin (Ferrari R. ez
al. Journal of Virology 73:1649-1654, 1999), and the natural product cerulenin (Lohmann
V. et al., Virology 249:108-118, 1998);

20 | (10) Antisense phosphorothioate oligodeoxynucleotidés {S-ODN) compiementary to
sequence stretches in the 5° non-coding region (NCR) of the HCV (At M. et al,
Hepatology 22:707-717, 1995), or nucleotides 326-348 comprising the 3” end of the NCR
and nucleotides 371-388 located in the core coding region of the ICV RNA (Alt M. et al.,
Archives of Virology 142:589-599, 1997, Galderisi U. et al., Journal of Cellular Physiology

25 181:251-257, 1999);

(11) Inhibitors of IRES-dependent translation (Ikeda N et al, Agent for the
prevention and treatment of hepatitis C, Japanese Patent Publication JP-08268890; Kai Y.
et al. Prevention and treatment of viral diseases, Japanese Patent Publication JP-
101061591);
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Figure 3a and 3b are line graphs of the pharmacokinetics (plasma concentrations) of
(3-D-2'-CH3-riboG administered to Cynomolgus Monkeys either intravenously (3a) or 20 orally (3b)
over time after administration. DETAILED DESCRIPTION OF THE INVENTION The invention as
disclosed herein is a compound, method and composition for the treatment of hepatitis C in humans

or other host animals gt cluces edmIsLinG MLElReiyS. B ieaiiant Adaukala3;D- or

(3-L-nucleoside as described herein or a 25 pharmaceutically acceptable salt or prodrug thereof,
optionally in alpA&raReutically acceptable carrier. The compounds of this invention either possess
antiviral (i.e., anti-HCV) activity, or are metabolized to a compound that exhibits such activity. 20 In

summary, the presefiBhhtiorrisaliarsown e ramanng ealidiag (afriopalnlrysioberariotides, as

described hergip. Mg Phasmesewicail acsgpiabiersaisans prusiugs. themofsthh (@Hokand:
(3-L-nucleosides as described herein, and p%afwmz%ﬁ,eétiﬁa{?/ 5 Ccéﬁ %lﬁﬁfalts qﬂ(%%odrté%ithereof
for usé in the FeathiamisHBh s BFH: cti8 ,n@;b?%c' é i a6h&sdd as
having an HC¥infestjoamambring, ablisk afdisbeudmingténfetied BB46(964 (¢) uSedi these.j3-N- and
fl-L-nucleosides, a harmaceutically accepta alts, and.prod eqf inithe manufagture of a
medicament f@?éﬁ?ﬁ@%ﬁ% 1 'ﬁ%‘xfio it e’cti@Br?;S?d SeﬁFm§8éu ital ;gr&r%u?étig%%%n%rig A the
a-D- or (3-L-nbeteasidiesrbox phitenaGetiCaligun ddepiaiia, 338t it ray elthepebrasgrtisersidth a
pharmaceuticg| ptakle jerer dil : = Lyuclegs) e56rb ein
substantially iﬁét%‘éggge:se@:%'olggi%{?e%]%h%%g%%ﬁ&ngs%iﬁ% ?#clkggg%%?ﬁé%bgtzﬁi%%ﬁgolated
from &ther ché¥aica0¥ntRiede (Y Broeassesdok tﬁ@pbé%?&ﬁé@@ﬁ,ﬂbs-aﬂﬁ@jL%c?&%ﬁgg £
described in @Q[&ﬁg@ihpﬁlow; and (g) processes for the preparation of (3-D- and (3-L-nucleosides
substantially in the 20 absence of enantiomers of the described nucleoside, or substantially isolated
from other chemical entities.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 provides the structure of various non-limiting examples of nucleosides of
the present invention, as well as other known nucleosides, FIAU and Ribavirin, which are

15 used as comparative examples in the text.

Figure 2 is a line graph of the pharmacokinetics (plasma concentrations) of §-D-27-
CHj-riboG administered to six Cynomolgus Monkeys-over time after administration.

Figure 3a and 3b are line graphs of the pharmacokinetics (plasma concenirations) of
B-D-2’-CH;-1iboG administered to Cynomolgus Monkeys either intravenously (3a) or
20 orally (3b) over time after administration.

DETAILED DESCRIPTION OF THE INVENTION

The invention as disclosed herein is a compound, method and composition for the

treatment of hepatitis C in humans or other host animals, that includes administering an

effective HCV treatment amount of a 5-D- or S-L-nucleoside as described herein or a

25 pharmaceutically acceptable salt or prodrug thereof, optionally in a pharmaceutically
acceptable carrier. The compounds of this invention either possess antiviral (i.e., anti-HCV)

activity, or are metabolized o a compound that exhibits such activity.

20



1. Active Compound, and Physiologically Acceptable Salts and Prodrugs Thereof In a first principal
embodiment, a compound of Formula I, or a pharmaceutically acceptable salt or prodrug thereof, is
provided: 21 Y N x'-/iN N 31 RHO O cx, ORZ O/R' (I) wherein: R', RZ and R3 are independently H,
phosphate (including mono-, di- or triphosphate and a 5 stabilized phosphate prodrug); acyl (including

lower acyl); alky! (ingiidingnlov/en 2icullnSHienas ssterdnaluding wiky'esardalkyl sulfonyl including

methanesulfonyl and benzyl, ‘wherein the phenyl group is optionally substituted with one or more

substituents as des@bed H)ﬂheaggfggiLQH&nggy% h@g@dﬁb@dlimgfeﬁd%ﬁ]gﬂmgmw; an
amino acid; a carbo %/qdrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving 10
group which ViRl sHSRePTRARE fEafable of providing a compound wherein R1, R2 or R3 is

independently H or phosphate; Y is hydrogen, bromo, chloro,_fluff%%o,do, OR4, NRR5 or SR4; X1 and
a

X2 are independenti{Piele Ry frEM the GRIEIS ARSI sth g 5P HIE Fi8haffgd PEFERSERHE y clic
alkyl, GO-alkyhoGepranyl s£HO -alk gxyatiys, Beless, rorwiliier axiatent 1 PRZIRENREOHERS; and

R4 and R5 are independently hydrogen, acyl (including lqQwer acyl) lkyl (including but  not limited
to methyl, ethf'BrEBYI SREF I&%%%@?@%%?@@FF&% %?fﬁ‘e”r%%o i%%%%%r%gﬁggn of Iéto?r%}(ula |, or
a pharmaceuticalycanbepiabieeddy BIG¥odrug thereof, is:provided wherein: 20 R1, RZ and R3 are

independently H or phosphate (preferably H);
(c)  use of these f-D- and B-L-nucleosides, and pharmaceutically acceptable salts

and prodrugs thereof in the manufacture of a medicament for freatment of an HCV
10 infection;

(d)  pharmaceutical formulations comprising the $-D- or B-L-mucleosides or
pharmaceutically acceptable salts or prodrugs thereof together with a pharmaceutically

acceptable carrier or diluent;

(&)  B-D- and B-L-nucleosides as described herein substantially in the absence of

15 enantiomers of the described nucleoside, or substantially isolated from other chemical
entities;

) processes for the preparation of 8-D- and B-L-nucleosides, as described in

more detail below; and

(g)  processes for the preparation of 8-I)- and B-L-nucleosides substantially in the
20 absence of enantiomers of the described nucieoside, or substantially isolated from other

chemical entities.

I, Active Compound, and Physiologically Acceptable Salts and Prodrugs Thereof

In a first principal embodiment, a compound of Formula I, or a pharmaceutically

acceptable salt or prodrug thereof, is provided:
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X1is H; X2 is H or NH2; and Y is hydrogen, bromo, chloro, fluoro, iodo, NH2 or OR 22 In a second
principal embodiment, a compound of Formula H, or a pharmaceutically acceptable salt or prodrug
thereof, is provided: Y N X) N -<INNxz R'On3C O ORz OR' 5 wherein: R, R2 and R3 are
independently H; phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized
phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); sulfonate ester including
alkyl or arylalkyl sulfonyl including methanesulfonyl and bengyl, wherein the phenyl group is optionally
substituted with one or 10 more substituents as descyj & definition of aryl given herein; a lipid,
including a phospholipid; an amino acid; a carbd)| yaxate; ide; a cholesterol; or other
pharmaceutically acceptable leaving group which whefi admiiistereéd in vivo is capable of providing a
compound wherein R1, R2 or R3 is indepé&ndently H of phosphate; and Y is hydrogen, bromo, chloro,
fluoro, iodo, OR4, NR4RS5 or SR4; 15 X1 and yjdependently selected from the group consisting
of H, straight chained, branched or cyclic alk céfl’ CO-aryl, CO-alkoxyalkyl, chloro, bromo,
fluoro, iodo, OR4,NR4NRS5 or SRS; and R4 a . R5 are’independently hydrogen, acyl (including lower
acyl), or alkyl (including but not limited to meth)ﬁ, ethyl, propyl and cyclopropyl). 20 In a preferred
subembodiment, a compound of Formula 11, or a phﬁr)mac'eutically acceptable salt or prodrug

thereof, is pro%ﬂglgmz_herein:

R, R? and R® are independently H, phosphate (including mono-, di- or triphosphate and a

5 stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl);
sulfonate ester including alkyl or arylaikyl sulfonyl including methanesulfonyl and benzyl,

wherein the phenyl group is optionally substituted with one or more substifuents as
described in the definition of aryl given herein; a lipid, including a phospholipid; an amino

acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving

10 group which when administered in vivo is capable of providing a compound wherein R, R?

or R® is independently H or phosphate;
Y is hydrogen, bromo, chloro, fluore, iodo, OR*, NR'R’ or SR*

X' and X* are independently selected from the group comsisting of H, straight chained,
branched or cyclic alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, icdo,
15 OR*, NR*NR’® or SR’; and

R* and R® are independently hydrogen, acyl (including lower acyl), or alkyl (including but
not limited to methyl, ethyl, propyl and cyclopropyl).

In a preferred subembodiment, a compound of Formula I, or a pharmaceutically

acceptable salt or prodrug thereof, is provided wherein:

20 RY, R? and R? are independently H or phosphate (preferably H);
X'isH;
X? is H or NH;; and

Y is hydrogen, bromo, chloro, flucro, iodo, NH; or OH.
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R', R2 and R3 are independently H or phosphate (preferably H); Xlis H; X2 is H or NH2; and 23 Y is
hydrogen, bromo, chloro, fluoro, iodo, NH2 or OH. In a third principal embodiment, a compound of
Formula lll, or a pharmaceutically acceptable salt or prodrug thereof, is provided: -(/ Y X1 N 11 NN N
xz RHO CH3 OR'ORR" 5 (1ll) wherein: R', R2 and R3 are independently H; phosphate (including
monophosphate, dRIGSRBIY %ﬁ&%ﬁ@&%&jﬁ%&ﬂ%@ﬁéﬁ@%‘&%ﬁﬁm% hasyAdnaluling lower
acyl); alkyl (including lower a I?y ; onate ester including alkyl or arylalkyl sulfonyl including 10
methanesulforsfentritosnt o bwpdmgibgreobHenyraasdp is optionally substituted with one or more
substituents as described in the definition of aryl given-herem; a lipid, including a phospholipid; an
amino acid; a carbohydrate; a peptide; a cholesterol; or othgy pharmaceutically acceptable leaving
group which when administered in vivo is capab}l{e of sproyiding¥a compound wherein R1, R2 or R3 is
independently H or phosphate; and 15 Y is hydrogen,ipr 0 Iorzo, fluoro, iodo, OR4, NR4RS5 or
SR4; X1 and X2 are independently selecigd from the group €onsisting of H, straight chained,

branched or cyclic alkyl, CO-alkyl, CO-aryl, -alg\ Ikyl, chloro, bromo, fluoro, iodo, OR4,
NR4NR5 or SRS; and R4 and R5 are indepengdeéntly ipydrogen, acyl (including lower acyl), or alkyl
(including but 20 not limited to methyl, ethyl, p nd cyclopropyl). In a preferred subembodiment, a
compound of Formula Ill, or a pharmaceuticallyjaccgptable salt or prodrug thereof, is provided
wherein: R1, R2 and R3 are independently H or phosphate (preferably H);

4y

5 wherein:

R', R? and R® are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfony! including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or

10 more substituents as described in the definition of aryl given herein; a lipid, including a
 phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein RL R? or R’is independently H or phosphate; and
Y is hydrogen, bromo, chioro, fluoro, iodo, OR®, NR'R® or SRY

15 X' and X? are independently selected from the group consisting of H, straight chained,
branched or cyclic alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo,
OR*, NR*NR’ or SR’; and

R* and R? are independently hydrogen, acyl (including lower acyl), or alkyl (including but
not limited to methyl, ethyl, propy! and cyclopropyl).

20 In a preferred subembodiment, a compound of Formula II, or a pharmaceutically

acceptable salt or prodrug thereof, is provided wherein:
R', R? and R? are independently H or phosphate (preferably H);
Xt is H;

X2 is H or NH;; and
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X1is H; 24 X2 is H or NH2; and Y is hydrogen, bromo, chloro, fluoro, iodo, NH2 or OR In a fourth
principal embodiment, a compound of Formula 1V, or a pharmaceutically acceptable salt or prodrug
thereof, is provided: Y X1 1IN NO R'O Ocx3 50OR'OR' (IV) wherein: R, R2 and R3 are
independently H, phosphate (including mono-, di- or triphosphate and a stabilized phosphate

prodrug); acyly(lig(ﬂ# Qgeﬁ‘? cyégioqg(%ﬁggl%gggl\@vg{@%yl) 10 sulfonate ester including alkyl or

arylallcyl sulfonyl 1 ing met anesulfonyl and benzyi wherein the phenyl group is optionally
substituted with one rRQLE §H&§§ Hég, Sﬁr&ﬂ%bﬂﬁﬁ%p?gﬂﬂfwﬁ A gvemhersisns lipid,
including a phospho p|d an amin acar ohydr e; a peptide; a cholesterol; or other
pharmaceutlcwﬁﬁﬁé‘b@pﬁﬁ’b% I@&%W@ﬂ%%ﬁﬁ@ﬁl%ﬁen administered in vivo is capable of providing a
compound wherein R, R2 15 or R3 is independently H or phosphate; Y is hydrogen, bromo, chloro,
fluoro, iodo, OR4, NR4RS5 or SR4; X1 is selected from the oup consisting of H, straight chained,
branched or cyclic alkyl, CO-alkyl, CO-aryl, CO- ako IE‘ oro, bromo, quoro iodo, OR4,
NR4N'R5 or SRS; and R4 and R5 are mdepend‘entl acyl (including lower acyl), or alkyl
(including but 20 not limited to methyl, etlyl, propyl a Nd cyc‘IbproESyI) In a preferred subembodiment, a
compound of Formula 1V, or a pharmaceuticajl acce table salt or prodrug thereof, is provided
wherein: R', R2 and R3 are independently H phos ate (preferably H); X1 is H or CH3; and

3
(@)
Q

or* ort

> ey
wherein:
R!, R? and R® are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl), alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
10 methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vive is capable of

providing a compound wherein R', R? or R? is independently H or phosphate; and
i5 Y is hydrogen, bromo, chloro, fluoro, iodo, OR*, NR*R® or SR*;

X! and X* are independently selected from the group consisting of H, straight chained,
branched or cyclic alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo,
OR’, NR*NR® or SR®; and

R* and R® are independently hydrogen, acyl (including lower acyl), or alkyl (including but
20 not limited to methyl, ethyl, propyl and cyclopropyl).

In a preferred subembodiment, a compound of Formula I, or a pharmaceutically

acceptable salt or prodrug thereof, is provided wherein:
R R and R’ are independently H or phosphate (preferably H);

XlisH;
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25Y is hydrogen, bromo, chloro, fluoro, iodo, NH2 or OR In a fifth principal embodiment, a compound
of Formula V, or a pharmaceutically acceptable salt or prodrug thereof, is provided: Y Xx NO x,c 0~
4 RO ORS OR'5 (V) wherein: R1, R2 and R3 are independently H; phosphate (including
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl (including lower
acyl); alkyl (@ézlmgrlﬂﬁgaﬂgyl) sulfonate ester including alkyl or arylalkyl sulfonyl including 10
methanesulfonyl and benzyl wherein the phenyl group is optionally substituted with one or more

substituents ag desgrined inthe,defipfiomptandaienngren; a lipid, including a phospholipid; an
amino acid; a carbohy rafe; a peptide; a cholesterol; or other pharmaceutically acceptable leaving

group which when agmigisigrain; dﬂﬂ@ﬂ&&ﬁﬁ%@ﬁoﬂ&mﬁﬁﬁmwdﬂ&%@ﬁa&m&&w 123is
independently H or phos hate and 15 Y is hydrogen, bromo, chloro, fluoro, iodo, OR4, NR4R5 or
SR4; X1 is se?é?ﬁé@g%ﬁ% ’Eﬁ’é@ F&;PB?‘PFieStralght chained, branched or cyclic alkyl,

CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro,%odo, OR4, NR4NR5 or SR5; and R4 and R5
are independently hydrogen, acyl (including lower g alkyl (including but not limited to methyl,
ethyl, propyl and cyclopropyl). 20 In a preferred subenjpoditient, a compound of Formula V, or a
pharmaceutically acceptable salt or prodrug thereof, i ed wherein: RI, R2 and R3 are
independently H or phosphate (preferably H) X1isHor H3; @nd Y is hydrogen, bromo, chloro,
fluoro, iodo, NH2 or OH. 26

wherein;

RY, R* and R® are independently H, phosphate (including mono-, di- or triphosphate and a
stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl);
10 sulfonate esier including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl,
wherein the phenyl group is optionally substituted with one or more substifuents as
described in the definition of aryl given herein, a lipid, including a phospholipid; an amino
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving
group which when administered in vivo is capable of providing a compound wherein R, R?

15 or R? is independently H or phosphate;
Y is hydrogen, bromo, chloro, fluoro, iodo, 0R4, NR'R® or SR4;

X! is selected from the group consisting of H, straight chained, branched or cyclic alkyl,
CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, OR*, NR*NR® or SR’; and

R* and R® are independently hydrogen, acyl (including lower acyl), or alkyl (including but
20 not limited to methyl, ethyl, propyl and cyclopropyl).

In a preferred subembodiment, a compound of Formula IV, or a pharmaceutically

acceptable salt or prodrug thereof, is provided wherein:
R', R? and R? are independently H or phosphate (preferably H);

X' is H or CHa; and
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In a sixth principal embodiment, a compound of Formula VI, or a pharmaceutically acceptable salt or
prodrug thereof, is provided: Y - XI N LAO RtO CH3 O OR3 OR2 m~ (VI) 5 wherein: Rt, RZ and R3
are independently H; phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized
phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); sulfonate ester including
alkyl or arylalhy;%sgéﬂpg{ggjagcmbﬁ@@@y;K@ykqﬁcb{a@gyl, wherein the phenyl group is optionally
substituted with one or 10 more substituents as described in the definition of aryl given herein; a lipid,
including a phosphejipidianARinmpeitkRiEHRODMRLANSPHEeNAL D IestepalirPhodietally
pharmaceutically acceptable leaving group which when administered in vivo is capable of providing a
compound Wﬁ@?gmaﬁlf,*&%P%ﬁ%@%’gﬁagﬁ?ﬁ}%dﬁr phosphate; and Y is hydrogen, bromo, chloro,
fluoro, iodo, OR4, NR4R5 or SR4; 15 X1 is selected frony the group consisting of H, straight chained,
branched or cyclic alkyl, CO-alkyl, CO-aryl, CO-alk |, chloro, bromo, fluoro, iodo, ORA4,
NR4NRS5 or SRS; and R4 and R5 are independently P/dro en, acyl (including lower acyl), or alkyl
(including but not limited to methyl, ethyl, propyl and I[}o,ei:ap&d). In a preferred subembodiment, a
compound of Formula VI, or a pharmaceuticaly 20 acceptable salt or prodrug thereof, is provided
wherein: R', RZ and R3 are independently H or hospﬁ te (preferably H); X1is H or CH3; and Y is
hydrogen, bromo, chloro, fluoro, iodo, NHZ or OR" 27 In;a seventh principal embodiment, a compound
selected from Formulas VII, VIII

or* or?

5 V)
wherein:
R', R? and R® are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
10 methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R}, R? or'R® is independently H or phosphate; and
15 Y is hydrogen, bromo, chloro, fluoro, iodo, OR* NR*R® or SR%;

X! is selected from the group consisting of H, straight chained, branched or cyclic alkyl,
CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, brome, fluoro, iodo, OR4, NR*NR? or SR®: and

R* and R® are independently hydrogen, acyl (including lower acyl), or alkyl (including but
not limited to methyl, ethyl, propyl and cyclopropyl).

20 In a preferred subembodiment, a compound of Formula V, or a pharmaceutically

acceptable salt or prodrug thereof, is provided whersin:
Ri, R? and R® are independently H or phosphate (preferably H);
X'isH or CHs;; and

Y is hydrogen, bromo, chloro, fluoro, iodo, NH; or OH.
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and IX, or a pharmaceutically acceptable salt or prodrug thereof, is provided: Base Base Base R O
RIORO XX X R6ee ORS ORa ORZ (VII) (VI (IX) 5 wherein: Base is a purine or pyrimidine base
as defined herein; R', R2 and R3 are independently H; phosphate (including monophosphate,
diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyi; sziﬁiﬂi@i@@pieEﬁi&ﬂdﬂﬁ@tﬁﬂ@dﬁp@mﬁﬂﬂ&m&mwmdwﬁh@rﬁﬁm&tm}}esuIfonyl
and benzyl, wherein he hen oup is 0 tJonaI bstituted with one or more substituents as
described in tAEE gﬁ@?‘é\%ﬁh&ﬁg eihPR ] (;J including a phospholipid; an amino acid; a
carbohydrate; a peptlde a cholesterol or other pharma utically acceptable leaving group which
when administered in vivo is capable of providing #co und wherein Rt, R2 or R3 is independently
H or phosphate; 15 R6 is hydrogen, hydroxy, alky! (in IludinN lower alkyl), azido, cyano, alkenyl,
alkynyl, Br- vinyl, 2-Br-ethyl, -C(O)O(alkyl), -C(O)O(lo Na%@j -O(acyl), -O(lower acyl), -O(alkyl),
-O(lower alkyl), -O(alkenyl), CF3, chloro, bramg, fluoro, igdo, NO2, NH2, -NH(lower allcyl), -NH(acyl),
-N(lower alkyl)2, -N(acyl)2; and Xis 0, S, SO2, of CHg. 20 In a first preferred subembodiment, a
compound of Formula VII, VIl or IX, or a pharm eutic ly acceptable salt or prodrug thereof, is
provided wherein: Base is a purine or pyrimidine base as defined herein; R1, R2 and R3 are
independently hydrogen or phosphate; R6 is alkykzandsgb Xis O, S, SO2 or CH2. 28 In a second
preferred subembodiment, a compound of Formula VII, VIl or IX, or a pharmaceutically acceptable
salt or prodrug thereof, is provided wherein: Base is@purine or pyrimidine base as defined herein;,

5 wherein:

RY, R? and R® are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or

10 more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of
providing a compound wherein RL, R?or R? is independently H or phosphate; and

Y is hydrogen, bromo, chloro, fluoro, iodo, OR4, NR'R® or SR* ;

15 X! is selected from the group consisting of H, straight chained, branched or cyclic alkyl,
CO-alkyl, CO-aryl, CO-alkoxyalky!, chloro, bromo, fluoro, iodo, OR4, NR*NR® or SRs; and

R* and R are independently hydrogen, acyl (including lower acyl), or alkyl (including but
not limited to methyl, ethyl, propyl and cyclopropyl).

In a preferred subembodiment, a compound of Formula VI, or a pharmaceutically

20 acceptable salt or prodrug thereof, is provided wherein:
R!, R? and R? are independently H or phosphate (preferably H);
X' is H or CHs; and

Y is hydrogen, bromo, chloro, fluoro, iodo, NH; or OH.
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R1, R2 and R3 are hydrogens; 5 R6 is alkyl; and X is 0, S, S02 or CH2. In a third preferred
subembodiment, a compound of Formula VII, VIl or IX, or a pharmaceutically acceptable salt or
prodrug thereof, is provided wherein: Base is a purine or pyimidine base as defined herein; 10 R1, R2
and R3 are independently hydrogen or phosphate; R6 is alkyl; and XisO. In a eighth principal

embodiment, a compgy Formyia, X h Ol AR RCRISR SR eRIahiR SSloNBodug

thereof, is provided: Rt0 Base RIO Base Rt0 Base Rs Rs X X X Ra 15 OR'/ OR3 OR2 (XI) (X) (X))
(XI1) wherein: 3BhES [ & pimecsrisaiy rirre Bhkesals donrdan dianeins movided:R3 are independently
H; phosphate (including monophosphate diphosphate, 20 trlphosphate ora stablllzed phosphate

prodrug); acyl (including lower acyf), “alkyl (inglyding lower ff(yl) sulfonage ester |ncI ﬁ'ing alkyl or
arylalkyl sulfonyl includi

substituted with one or
including a phospholipid;

pharmaceutically acceptab e Jea |r;g group which w len administered in vivo is capable of providing a
compound wherein R', R2 or R3 9% independently H or phosphate R6 is hydrogen, hydroxy, alkyl
(including lower alkyl), a2|do(@/]%no alkenyl, alkynyl, d? yl, -C(O)O(allcyl), C(O(&SIower alkyl),
-O(acyl), -O(lower acyl), -O(al O(lower 5 alkyl), enyl), chloro, bromo, fluoro, iodo, NO2,
NH2, -NH(lowehatkil), -NH(acyl), - N(lower allryl)2i -N(acyl)2; R' is hydrogen, OR3, hydroxy, alkyl
(including lower alkyl), azido, cyano, alkenyl, alkynyl,

Base is a purine or pyrimidine base as defined herein;

R!, R* and R’ are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
10 methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R}, R? or R® is independently H or phosphate;

15 R® is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br-
vinyl, 2-Br-ethyl, -C{O)O(alkyl), ~-C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -Ofalkyl),
-O(lower alkyl), -O(alkenyl), CF;, chloro, bromo, fluoro, iodo, NO;, NH;, -NH(lower
alkyl), -NH(acyl), -N(lower alkyl),, -N(acyl):; and

Xis Q, §, SO,, or CHa.

20 In a first preferred subembodiment, a compound of Formula VII, VI or IX, or a

pharmaceutically acceptable salt or prodrug thereof, is provided wherein:
| Base is a purine or pyrimidine base as defined herein;

R!, R? and R? are independently hydrogen or phosphate;

R®is alkyl; and

25 Xis 0, S, SO or CHo.



Br-vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), - O(lower alkyl),
-O(allcenyl), chlorine, bromine, iodine, NO2, NH2, -NH(lower alkyl), - 10 NH(acyl), -N(loweralkyl)2,
-N(acyl)2; and Xis 0, S, 502 or CH2. In a first preferred subembodiment, a compound of Formula X, XI
or Xll, or a pharmaceutically acceptable salt or prodrug thereof, is provided wherein: Base is a purine

or pyrimicine base ag,definednotel 1. B0, AR RRRRIIRRIN IIROPIG] ptogphate: o

is allcyl; and Xis 0, n a second preferred subembodiment, a compound of Formula X,
XI or X, or a pisurassobcalbatiscerieblstaBiosatedmpiberens dsavesided PRRIIRd wherein: 20 Base is a
purine or pyrimidine base as defined herein; RI, R2 and R3 are hydrogens; R6 is alkyl; and X is 0, S,
SO2 or CH2. iRaactisiedpprisfe prarySubéinersmas Sefmebidpdtind of Formula X, Xl or XII, ora 25
pharmaceuticallty aé:cepta_jble salt or prodrug thereof, is provided wherein: Base is a purine or
pyrimidine bas® a8 defidedisdredeers:R2 and R3 are independently H or phosphate; 30 R6 is alkyl;
and Xis 0. In even more preferred subembodiments, a compound of Formula Xl, or its
pharméceuticaﬁﬁ%lféfbtﬁﬁe salt or prodrug, is provided: R'O Base BIC 05 o0Rz (XI) wherein: Base

is a purine or pyrimidine base as defined herein; optionally substituted with an amine
X is O, S, SO; or CH;.

In 2 third preferred subembodiment, a compound of Formula VII, VIII or IX, or a

pharmaceutically acceptable salt or prodrug thereof, is provided wherein:
Base is a purine or pyrimidine base as defined herein;
10 R!, R? and R? are independently hydrogen or phosphate;
R%is alkyl; and
Xis 0.

In a eighth principal embodiment, a compound of Formula X, XI or XII, or a
pharmaceutically acceptable salt or prodrug thereof, is provided:

o Base e Hase rlo ’ Base
1 Rﬁ
x\R by X
. s
15 orR* OR® OR* R’
(X) (XT) (X1
wherein:

Base is a purine or pyrimidine base as defined herein;

R!, R? and R® are independently H; phosphate (including monophosphate, diphosphate,
20 triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a

phospholipid; an amino acid; a carbohydrate; a pepiide; a cholesterol; or other
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or cyclopropyl (e.g., 2-amino, 2,6-diamino or cyclopropyl guanosine); and 10 R' and Rz are
independently H; phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized
phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); sulfonate ester including
alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is optionally

substituted wj Raﬁﬁ@aeﬁﬁﬂa%Sﬁaéb'&ﬁ%&@%&% deseribaskinvnedafinitinr-ebary ol en dagsis o lipid,
including a 15 phospholipid; an amino acid; a gcarbqhydrate; a pepté%%; a cho{?%st‘erol; or other
pharmaceuticeify 4Ee Eamaqul FeFEE db viieh Ry F P AvetS SLomPIR R Eapable of providing a
compound wherein R' or Rz is independently H or phosphate. In nint%{)ri%@i@al e odi*;ﬁnt a

compound sefecteAEEeRIMRIRX 249! ERetBiingoBPLaln; ButiciRy él&a &84 OF prodrug
thereof, is prayided:GGORARER-OBFSR & By, REBA)XOowdracHl), CBEIGR3-OfAGall)

independent ) BB (s NS loa, U A IR e e Uabizec

phosphate prottogsr atkyil (inaljatin.lower acyl); alkyl (including lower alkyl); sulfonate ester including
alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is optionally
substituted wil] arieydioSem @B s hiydtituprik d(dehditekhiretdpRiimiion ofayladiver drba lipid,

e Lo LSRG PIEL SRR, S ORSRRONESIS: SaslneicRhnle ey sppingD, -

pharmaceuticaﬁ-y accepta up which when’administered in vivo is capable of providing a

compound wHegelier aikdor-Q@leeniile pliterinnyPreBinshdepRate Re My arSHETT Ry XY alkyl
(inclugjng lo - '%&m@z a![l@wazalgy@yl, Br- 10 vinyl, -C(0)O(alkyl), -C(O)O(lower alkyl),
-O(acyl), -O(lower acy’l), -O(alkyl), -d(lower aikyl), -O(alkenyl), chloro, bromo, fluoro, iodo, NO2, NH2,
-NH(lower alkﬂk,s-@lirggq)c(yj)ofd}ﬁhqwer alkyl)2, -N(acyl)2; and

In a first preferred subembodiment, a compound of Formula X, XI or X1, or a

pharmaceutically acceptable salt or prodrug thereof, is provided wherein:
Baseisa purine or pyrimidine base as defined herein,
15 RY, R? and R’ are indcpendenltly hydrogen or phosphate;
RPis alkyl; and
Xis O, S, SO, or CHs.

In a second preferred subembodiment, a compound of Formula X, XI or X, ora

11

pharmaceutically acceptable salt or prodrug thereof, is provided wherein:
20 Base is a purine or pyrimidine base as defined herein;

RY, R? and R? are hydrogens;

R%is alkyl; and

X150, 8, SO, or CH,.

In a third preferred subembodiment, a compound of Formula X, XI or X, or a
25 pharmaceutically acceptable salt or prodrug thereof, is provided wherein:

Base is a purine or pyrimidine base as defined herein;

R’, R? and R® are independently H or phosphate;
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Xis 0, S, SO2 or CH2. In a first preferred subembodiment, a compound of Formula XIII, XIV or XV, or
a 15 pharmaceutically acceptable salt or prodrug thereof, is provided wherein: Base is a purine or
pyrimidine base as defined herein; Ri, R2 and R3 are independently hydrogen or phosphate; R6 is
alkyl; and X is 0, S, SOz or CH2. 20 In a second preferred subembodiment, a compound of Formula XI
l, XIV or XV, g r;r;lm:eutically acceptable salt or prodrug thereof, is provided wherein: Base is a
purine or pyrimid ne base as defined herein; R', R2 and R3 are hydrogens; R6 is alkyl; and 25 Xis 0,
S, SO2 or CHg.;lnra third preferred subembodiment, a compound of Formula XIIl, XIV or XV, or a
pharmaceutically acceptable salt or prodrug thereof, is provided wherein: Base is a purine or

pyrimidine base as dgfipa NerRin ,R%RY RidaRsdaRaie ndeRensantly fydwasmoxphespbate; R6

is alkyl; and Xis O. In a tenth principal embodiment the invention provides a compound of Formula 5
XVI, or a phaFREERRHEHANRSEREN s BPHRESdSrerE8riR10 Base Rio 4R R9 7 (X " it wherein:
Base is a purine or pyrimidine base as defined herein; 10 F{aa%nd R2 are independently H; phosphate
(including monophosphate, diphosphate, tripfi&sphate, or g stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sulfg\ t¢ ester including alkyl or arylalkyl sulfonyl
including methanesulfonyl and benzyl, wherein th enyjbgroup is optionally substituted with one or
more substituents as described in the definition of a n herein; a lipid, including a

5 or?

(XD)

wherein:

Base is a purine or pyrimidine base as defined herein; optionally substituted with an amine

or cyclopropyl (e.g., 2-amino, 2,6-diamino or cyclopropyl guanosine); and

10 R! and R® are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the pheny! group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a

15 phospholipid; an amino acid; a carbohydrate; a peplide; 2 cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R! or R is independently H or phosphate.

In a ninth principal embodiment a compound selected from Formula X111, XIV or
XV, or a pharmaceutically acceptable salt or prodrug thereof, is provided:

R'O Base R'0 Base R'O Base
[ 6
l Rl,,x: | ‘ R|,x: l X
. 26
20 cr*  oOr? o)
(X)) (XIV) (XV)

wherein:

Base is a purine or pyrimidine base as defined herein,
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15 phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically
acceptable leaving group which when administered in vivo is capable of providing a compound
wherein Rl and R2 are independently H or phosphate; R6 is hydrogen, hydroxy, alkyl (including lower
alkyl), azido, cyano, alkenyl, alkynyl, Br- vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower

aryl), -O(alkyhy- M2 V(L @:ﬁg@ , f thﬂ%)&g' 2, Nithhosplitiower
alkyl), -NH(a(:I%&/‘IS%@ Iel%%{o&w%r%%a})igcg%aryl)zrzﬂlg ar%i%té) ﬁg& indep _ngﬁ?@o%drggen, gsl%ih droxy,

alky! (includinERarehay T a2 idbilgsh PhomRiR, RIS BAYLANEENS (AT, 21B) er alkyl),
-O(acylzl, -0(lqu;erﬁgﬁﬁglhg(v@éﬁ%!kﬁl)i-%lmefalﬁéﬁh, h@i@d)k@w)kﬁhgirim@hbk@mmﬁoiqg im@cllﬁlﬁ%, |E F||2,

25 -NH(lower a , -NH(acyl), -N(lower 2, -N(acyl)2; Rs and R10 are independently H, alky
(including |om}8f’gﬁ%?ﬁ‘,ﬂé?ﬁé’ i E?Wn@%?%‘ih%?%&g I%?Hgt‘i%?f%@?n#ﬁ%%% ‘é"%\% 0"Rs and
R9, orsR8 anduetOsaaninems iogethabdd foriealgfinbnd phndXge6y BerSiD2:0hidH Antindifigst
preferred subembqdiment, a compound.of Formula XVI. or ifs harmaceyti cept salt or
prodrug, is pr%?&éiéol#]?ﬁhigﬁ: (‘Bﬂ gsgcfsgh %uﬁ%%%hy%gtﬁmiéiné a?é a% (?gi‘%rfléeﬂd%ogfr:e%? (2 gF\r>1 is
independentlykmoraphissphatectemibdingavinenephp skishewiipphebpintered ghodphieaeablehbilized
phosphate pradiialn e dpsthiinaduer asvliialkl tinhdine s aliadipsulonate ester including

alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 10

optionally subgity 'g%lgﬁﬁd?&@,ogﬁ{ﬁt@%im%&p%ﬁafﬁg%ei&b,ﬂa%%ﬁaiﬂasygfaﬁfyﬁrgimn herein;

a lipid, including a phosphalipid; an amino acid; a carbohydrate; a peptide; a chalesteral; or other

' pharﬁ%ceuticﬁwlacgéﬁg% WE@%@‘%P&WW@%MM@@@@Wﬁcvno"g(ﬁ%gbr@gf’ﬁﬁviding a
compound whegeif Ridfipgepeneantyomermbespbate NO), Rets atikilo@r REAnd Ra(ace), -
independently QR2, alkyl, alkenyl, alkynyl, Br-vinyl, O 15 alkenyl, chlorine, bromine, iodine, NO2,
amino, loweralSAZF AL Gl ng&fléﬁ%mino; (5) R8 and R10 are independently H, alky! (including
lower aicyl), chlorine, bramine, or iodine; and (6) X is 0, S, S02 or CH2. In a second preferred
subembodiméent? §t§’r§§6tﬂ’ﬁ? Formula XVI, or its pharmaceutically acceptable salt or prodrug, is
provided in which: (IinBaage IS a purine

st prei%rred su%%mbodiment, a compound of Formula XIII, XTV or XV, or a
15 pharmaceutically acceptable salt or prodrug thereof, is provided wherein:
Base is a purine or pyrimidine base as defined herein;
R!, R? and R? are independently hydrogen of phosphate;
R8s alkyl; and
Xis 0,8, SOz or CH,.

20 In a second preferred subembodiment, a compound of Formula XTI, XIV or XV, or

a pharmaceutically acceptable salt or prodrag thereof, is provided wherein:
Base is a purine or pyrimidine base as defined herein;
RY, R? and R? are hydrogens;
RCis alkyl; and
25 X i3 O, S, SO, or CHa.

In a third preferred subembodiment, a compound of Formula XTiL XIV or XV, or a

pharmaceutically acceptable salt or prodrug thereof, is provided wherein:

Base is a purine or pyrimidine base as defined herein;
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20 pyrimidine base as defined herein; (2) Rl is independently H or phosphate (including
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl (including lower
acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or more

substituents as;described in the definiti I lyenherein; a lipid, including a phospholipid; an
amino acid; :I%ar oﬁ%}dgataé? éngé%??éiee?%g g&ﬁ%‘é%ﬁﬁ or%ﬁ‘ne‘ﬂf’pharmaceutically acceptable leaving

group which esnaﬂ{driniar}{%tered in vivo is capable of providing a compound wherein R' is
independently H or p¥1bsp ate; (3) R6 is alkyl, alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,
chloro, brom ﬂg 0, iodo, NO2, amino, loweralkylamino, or di(loweralkyl)amino; (4) R7 and R9 are
30 independentfy )R2; (5) R8 and R10 are independently H, alkyl (including lower alkyl), chlorine,

bromine,or fodine: o G),15,0, Sy 5021 BHE AN B PIRIARS SRS o GaPOUNC

of Formula XVI, or its pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a
purineSor pyri¥avdires bpkermecgutienlty rerenteble prioTPRABIEMEERTY H or phosphate (including
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 5 (including lower
acyl); alkyl (including lower alkyl); sulfonate &8y including aligyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl drqup is gptionally substituted with one or more
substituents as described in the definition of aryl gijen ih; a lipid, including a phospholipid; an
amino acid; a carbohydrate; a peptide; a cholesteng]; pharmaceutically acceptable leaving
group which when administered in 10 vivo is capablg of prqvifing a compound wherein R1 is
independently H or phosphate; (3) R6 is alkyl, alkeryl, alkgmyl, Br-vinyl, hydroxy, O-alkyl, O-allcenyl,
chloro, bromo, fluoro, iodo, NO2, amino, loweralkylamino or di(loweralkyl)amino; (4) R' and R? are
independently OR2, alkyl, alkenyl, alkynyl, Br-vinyl, O-allggnyh chlorine, bromine, iodine, NO2, amino,
loweralkylamino or di(loweralkyl)amino; (5) R8 and R10 are H; and (6) Xis 0, 15 S, SO2 or CH2. In a
fourth preferredbsii@mbodiment, a compound of Formula XVI, or its pharmaceutically acceptable salt
or prodrug, is provided in which: (1) Base is a purine or pyrimidine base as defined herein; (2) R1 is
independentlyB46ipHhaBERAES MAEIIGAE baseAdFHIGHAFEBiphosphate, triphosphate, or a stabilized
phosphate prodrug); acyl
10 R* and KR

triphosphate, or a stabilized phosphaté prodrug); acyl (including lower acyl); alkyl

are independently H; phosphate (including monophosphate, diphosphate,

(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a
15 phospholipid; an amino acid; a carbohydiate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R and R? are independently H or phosphate;

R® is hydrogen, hydroxy, alky! (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br-
vinyl, ~C(0)O(alkyl), -C(0)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), -O(lower

20 alkyl), -O(alkenyl), chioro, bromo, flucro, iodo, NO,, NHy, -NH(lower alkyl), -NH(acyl), -
N(lower alkyl),, -N(acyl)a;

R” and R? are independently hydrogen, OR?, hydroxy, alkyl (including lower alkyl), azido,
cyano, alkenyl, alkynyl, Br-vinyl, -C(O)O(alkyl), -C(O)O(lower alkyD), -O(acyl), -O(lower
- acyl), -O(alkyl), -O(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, NO;, NH,
25 “NH(lower alkyl), -NH(acyl), -N(lower alkyl),, -N(acyl);

R® and R are independently H, alkyl (including lower alkyl), chlorine, bromine or iodine;
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20 (including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or arylalkyl
sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with
one or more substituents as described in the definition of aryl, given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically

acceptable leaying gro ich whelv a ' in, 25 Viyo | pafle idi und
wherein R1 is%ﬁ%fjg%ge%eg)gr%d;aﬂgogﬁﬁgsﬁ%;’g%g%%s’a?ﬁcy ,Ajﬁcegnyl, alké)grrlly?/{q é%q\%%/?oﬁ%?ﬁgy
O-alkyl, O-alkehy¢pdhierdo, bromo, fluoro, iodo, NO2, amino, loweralkylamino, or di(loweralkyl)amino;
(4) R7 and R9 are independently OR2, alkyl, allcenyl, alkynyl, Br-vinyl, O-allcenyl, chlorine, bromine,
iodine, NO2, Zriifih Jobferatiylamino, or di(loweralkyl)amino; (5) R8 and R10 are independently H, 30
alkyl (including lower alkyl), chlorine, bromine, or iodine; and (6) X is 0. In a fifth preferred
subembodiment, a cbmpoting apEEmed|asibembrdimepharmaenntuady elcdipmple Sttlor Protfug, is

providgd in whighy IS :RRUIRR LuPyipiding haseanidetnedhiaraiy $2ARA isjndependently
H or pﬁosphatt%ﬁ%ﬁé%g%in éé%%g%g%osphate, diphgps_p%ate, triphOSphatee,(lic})r a stabilizl,jed phosphate

prodrug): acylpﬁﬂﬁlﬁéfﬂﬁggﬁiﬁ/é\sa‘é%‘}eéll@?rﬁﬁélwr% |GV BIRERT oLt I 08 BRASPRAIS RSEILRS/ or
arylalkyl sulfonybighidinare)ethanapubienyipnessrisy | owhergibihephemupheny pisdapionaly

substituted with one or more substituents as described in the. definition of aryl 5 given herein: a lipid,
including a phggﬁh‘gﬁﬁﬁd]fog’ﬁ%ﬁ?rﬁ& gﬁqfﬁe&&@bmg?g’@ yt%g _tis g?"é‘a‘c S_f'eését.é]rlo o %tgl(ﬁegpr f ?r N
pharmac%utlci]adfyl@gz_@egtgﬁigyﬂewéngj-gl Epl_limmwiaﬁehﬂmm amlmszg‘ t,edv]:rg:{wdhs @hp!aﬂigl‘@mhprmndlng a
compound wherein R]is | ently H or phosp ' | : | RO ar
indepgﬁdently%%?o?%ﬂy Iilé%gnﬁtg?@lg%}}eofhed%rprgﬁa%e%?é?ﬁ%;{%}?(f%"c d%él ng%\%lé% r% kyl), é?fl%r?r%l,
bromine or iodjiesralme(6) Xlipid, Brisdireer whiphobipid; sy afad:cdcstindybasi A @8pPidsdmpound

of Formula XV s, o iACA e ARRSBIRhIc, salliordaniugots RIBMidRMIR atbishiidiase Is a
purine or pyrimidine l]t;ase as defined herein; (2) R1'is independently H or phaosphate (includin
monophosphatévalipssepiass EF@H@%@%@W%%W%h&WP@%@%@ o5 Mesiheitiding lower
acyl); alkyl (inqﬂdsiglgﬂ@ﬂ@(ﬂ?lwl)arﬁukf@ra&ﬁ&séﬂa@mimé,lkaakgr, IdkanyialkihsistioRyhingty ding
methanesulfonyl and benzyl, wherejn th_eé)hen | group is optionall substituheg witha n?}]or.r%gre
substit@ents adeRilsBIP T Eh BIaBRRRON Blfeagpﬁi%ﬁnﬂe}% AR RRIGHING B S HoShronpId: an
amino acid; a qaylhygltare’ arpeptielendently H, alkyl (inclading lower alkyl), chlorine, bromine, or

iodine; and (6) X is O, S, SO; or CH,.

In a second preferred subembodiment, a compound of Formula XVI, or iis

pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or

20 pyrimidine base as defined herein; (2) R! is independently H or phosphate (including

monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl

(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or

arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the pbenyl group is

optionally substituted with one or more substituents as described in the definition of aryl

25  given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a

cholesterol; or other pharmaceutically acceptable leaving group which when administered in

vivo is capable of providing a compound wherein R} is independently H or phosphate; (3)

RS is alkyl, alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro, bromo, flucro,

iodo, NO,, amino, loweralkylamino, or di(loweralkyl)amino; (4) R’ and R’ are

30 independently OR?; (5) R® and RY are independently H, alkyl (including lower alkyl),
chlorine, bromine, or iodine; and (6) X is O, 8, SO, or CHa.
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cholesterol; or other pharmaceutically acceptable leaving group which when administered in vivo is

capable of providing a compound wherein R1 is independently H or phosphate; (3) 20 R6 is alkyl; (4)
RC and R? are independently OR2, alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, O-alkenyl,
chlorine, bromine, iodine, NO2, amino, loweralkylamino, or di(loweralkyl)amino; (5) RS and R10 are

H; and (6) X is O, s,ﬁog, %qxgkg\e}a%dseg{%@mbg@gﬁgd aSUQﬁHﬂQQQ&mSPtF@rﬁQiEpWﬁ of-Fpsmula
XVI, or its pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
25 pyrimidinetbasesgertietiiicacreriahie G trx iBrtiepdndEntiied 8 phishpkhiSattcisdimyrine or
monophosphatg;siphespiiats, tinhrarhaienors stahiizeskphrrahaternsodibersiacy(iietatuging lower
acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or arylalk ésulfo?ﬁééudirﬁ
methanesulfoR§PaPRPERIE fre BIRBASISGUFTs aoﬁf%ﬁ]éﬁﬁf?sﬁhgf e # F¥hore
substituents gmgRgaiibaskie the e initip tiafladidBSbyie alkeleinilfotipiel cnealuititiading disphaetipid; an
amino acid; a carhohydrate; a peptide; a cholesterol; or other rmaceutically acceptable leaving
group which \ﬁ?%??lﬁ' rﬁ?f%%?é’fe%ﬁﬁ‘%o%%ﬁ%%gy Pg\%(?%ﬁ%&%ﬁ%tg% W eﬁreé:?ﬁ Rfsr
independentlyptioragplyosphiztacd3yiR Gie akylpfd sEbetanchik dsadeserimdemdéntieDiRibraditydrihcluding
lower alkyl), alken al ,:Brrviayl, O lorine. hromipe, iodi 0@
Ioweralkylamiﬁlc‘)?%%/ﬁ |%f%ﬁ/v%ﬁr}§%’/l agg%&n%yééf@%pﬁo%re }ﬂd&%qeﬁlﬁge%gt{lﬁgﬁ({a}h(%%%n.c lﬂ%eh’galower
alkyl), chloringholrsemiconptipkaramee@icdly @pmt@@émwwm&mgé}‘h%aﬂaﬁgﬁﬁeﬁeédmpound
of Formula X\(}, 0%dtsmambappassiicallvasseniaiia-al & REqdidperigsiayides hpichs; (&) Base is

a purine or pyrimidine base as defined herein; (2) R1 is independently H or hOS£hate (including

monophosphate 'oifRbspkersl %ﬂ%@pﬁéﬂé‘%’?ﬂ ity Sarbnts ek AR 2PN Hing lower
acyl); alkyl (ingJaslinsitpwvesaiiy]); iswéamaseesior incluiirgvaligtoyaiytalki)suforgdnaiiding
inethanesulfony| and_benzyl. wherein the phenyl group is 1 tionall stituted with one or more
substituents Bgﬁ?ﬁi’éﬁ'l}é ea%‘é’#i’n#%r‘?%; g%fn%ﬁi\/%%ﬂg?’i’ir%‘z %ﬁﬁ%ﬁ%ﬁ%@?ﬁg%ﬁ%‘%&pﬁo ipid; an
amino acid; aX@shatjelrateraslieptitécochidiestertyamather(Pharfmat BUlices Hiaodeiab s Raving

group which admipistered in vivo is capable of providing a compound wherein R1 is
indegeélr\lldentl\;/g;hl—sgf Bﬁr?s%hate; (3) R6 is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl,

giy(ﬁggvxe{a&;}')gyr# o 4§£g{f&ﬁl09&%&9@&%&%9&%&@0aNge?np«'ammoowmlhwamo & s
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R! is independently H or phosphate (including
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl

20 (including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or
arylalkyl sulfonyl incloding methanesulfonyl and benzyl, wherein the phenyl group is
optionally substituted with one or more substituents as described in the definition of aryl,
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a
cholesterol; or other pharmaceutically acceptable leaving group which when administered in

25 vivo is capable of providing a compound wherein R! is independently H or phosphate; (3)
RS is alkyl, alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chlore, bromo, fluoro,
iodo, NQ,, amino, loweralkvlamino, or difloweralkyl)amino; (4) R’ and R® are
independently ORZ, alkyl, alkenyi, alkynyl, Br-vinyl, O-alkenyl, chlorine, bromine, iodine,
NO,, amino, loweralkylamino, or di(loweralkylyamino; (5) R® and R" are independently H,

30 alkyl (including lower alkyl), chlorine, bromine, or jodine; and (6) X is O.

In a fifth preferred subembodiment, a compound of Formula XVI, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R! is independently H or phosphate (including
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and R9 are independently OR2; (5) R8 and R10 are hydrogen; and (6) Xis 0, S, SO2 or CH2. In a
ninth preferred subembodiment, a compound of Formula XVI, or its pharmaceutically acceptable salt
or prodrug, is provided in which: (1) Base is a purine or pyrimidine base as defined herein; (2) R1 is
independently H or phosphate (including 20 monophosphate, diphosphate, triphosphate, or a

stabilized ph%@%@g@gmmﬁmym@m@cw; Alkyldingladinglones abkydrusylfasgte ester
including alkyl or arylalkyl sulfonxl Including methanesulfcgr&]l and benzyl, wherejn the pﬂényl group is
|

optionally subShHEHSPERE B are s BElttmg et aloHb P FSifidBHSFE A58 herein:
a lipid, including/aleitosgpiralinidhandanginetanicksalcariomydiraies, pehtichi ahdSpbealdstesap dr other
pharmaceutically. acceptable leaving group which when administered.in. vivg is ble of prqviding a
Compounet wiBHTAL 2 RIEHE R R oF SHOS AL ) rth ST T o OEE kT ke
alkynys, Br-vingtydmlecey, QlipittyinChatioers bhotpboliphiomepflnom;idodeatoidydastine pkptideatkylamino
or di(loweralk N0 ( I .2 I3 ntly H,
alkyl (includin\géq%{\%e{%%éb%%ﬁ/ﬁ%_ o_r%%ﬁ%biégﬁgg%%?&gg%%%%% IS C%:il %%%%%%ﬁéﬁ%
subembodimerirodscerpptnt BPFeis A oBrdSsFrRRace dnéenspRibpthrbarrbrisr édlug, is
provided in whiehs (i) BIaeRS RWMEIhRFRYSMIANR besRASAERFHNRRIFHENRY 18, alkyl
independently H or phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized
phosphate pré8itigy W&h@l%ﬂ?n&ﬁ’&%’é%&é%}%@l‘?ﬁﬁﬁi&%@ﬁeﬁsgk§l’),sgalf’6rqg’l{éf ester including
alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is,5
optiortlly substitute&%ﬁh%ﬁ@o?@fﬁ?@%uﬂ%ﬂh?%’@%e%cﬁ%@ﬁ%é’ﬁeﬁ?ﬁﬁﬁ%o i v herein;

a lipid, includinganaiespblipid-an-aieinatasigraianbioivdvated mpenite (B Bhaldstefking other
Compound WHETH L S Radbe a1 ST gkl LA RE B (RO a0 SIS alkemst,
alkynyl, Br-vinydoimptraspiat@- adihophikenyiiphOsphideo, dorametalilionsl, ipblospha@?2 pandinig); acyl
. alkeny e BB b S el min, o
di(lowidralky!)samitadey( spReshinFinding ensitragaifoarid 48] keaezd, wWhercklehenihgraiaiep is
subembodimegytiacanRAAREREINBIR XY Qe ibstituents as described in the definition of aryl
given herein; a lpid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a
cholesterol; or other pharmaceutically acceptable leaving group which when administered in
vivo is capable of providing a compound wherein R' is independently H or phosphate; (3)
20 RS is alkyl; (4) R’ and R’ are independently OR?, alky! (including lower alkyl), alkenyl,
alkkynyl, Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO;, amino, loweralkylamino, or
di(loweralkyhamino; (5) R® and R'® are H; and (6) X is O, 8, SO, or CH,.

In a seventh preferred subembodiment, a compound of Formula XVI, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or

25 pyrimidine base as defined herein; (2) R' is independently H or phosphate (including
monophosphate, diphosphate, triphosphats, or a stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower allyl); sulfonate ester including alkyl or

arylalkyl sulfonyl including methanesuifonyl and benzyl, wherein the phenyl group is
optionally substituted with one or more substituents as described in the definition of aryl

30 given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a
cholesterol; or other pharmaceutically accepiable leaving group which when administered in

vivo is capable of providing a compound wherein R' is independently H or phosphate; (3)

RS is alkyl; (4) R7 and R’ are independently OR?, alkyl (including lower alkyl), alkenyl,
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15 pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R1 is independently H or phosphate; (3) R6 is alkyl (including
lower allcyl), alkenyl, allcynyl, Br-vinyl, hydroxy, O-alkyl, 0-alkenyl, chloro, bromo, fluoro, iodo, NO2,
amino, loweralkylamino or di(lowerallcyl)amino; (4) R7 and R9 are independently OR2; (5) R$ and

R10 are hydroggpy,angrfhi 1Dh1RnPOriab] Hréfit aléw&.@tmmgfaff%smmmm *
compound of Formula XVI, or |tség£ gmaceutically, acceptable salt or rod IS provid gﬁm which: (1)

Base is a puriié\gvemik B s tidriRed Feiddrreyent ila HIPFSsFRERe; (3) R6

is alkyl; (4) Réhath&} Broraipdeprdeatly @RRi{%).Rs and R10 are hydrogen and (6) X is 0, S 502,
or CH2. 25 In a thirteenth preferred subembodiment, a compound of Formula XVI, or its

Eharmacgufticalthacmp;abjglgﬁalb@émﬁ@drugbml' poditicie hq iR V\d@mbo@)i&ﬁs&?m' m4 rﬁ;glorr?j)gtgnidine
ase efined herein; "isin ntly H or phos a are
indep ndentI)P%aﬁﬁ ’lg%l%ﬁﬁcﬁ:ff réa’ﬁr‘n d&“%’tly (|n ‘iv mgﬂ?viv%ersga y?)puﬂ"?orlne
It:)romlnle )c<)\r/ llopljmmldnﬂ (s is @eBBeth efonrté2ni’ p%ﬁad?ﬁlstcbémlﬁbmmﬁmmd@rﬁpmhmgf
ormula or c OL.pr, r is a
purine or pyrlmlg3 r%Q %gﬂgl%s %?%%%erelﬁ%%g%% |é§e%e%1%gel%t§ §./B Ho%llrgg‘ﬁ%gg%hate R6 is aIkyI
38 (4) R7 and(m@w@mmmﬁtlwmzl@wﬁémmh@H@@B@rﬁﬁl@ﬁﬁt@mﬁwﬁmm BEYV By,
O-alkenyl, chigringrbramingyiogditeNOmcARinQ BN ralky iBenng %h&'éiﬁV\tﬁéaﬂﬁéﬁ@m@Quﬁ% R$ and

R10 are hydrogen; and (6) X is O. In even more preferred subembod ments, a compound of Formula

XV, &its 5 mﬁmﬁéﬁﬁﬁ%@tﬁ@é@ﬁéﬁ%@ SaIPerEpRRSHIGHE Ao oRED: ﬂ}? toymten of 8nine: (2)
R] is hydrogergi) Rédmraathi; ffbhRhaahbRApisib mxythith)Re;anchobyared) yoipegrde; and (6)

Xis 0; (1) Base |s uan ne; (2) R1 is dro eth R9 are, hydrox 5) BY

and R10 are %}g{l) ’é)ﬁd’ R]hr’% 3{%§§ée%? y?osm X%%)‘%EP ﬁ‘grogen (&%{E&é&méthyl (4)

R7 and R9 areiyireapdbicd Broaiting hocareptyetodenciarkl (8)intep idetiB dE enptioyphisie;; () R1 is

hydrogen; (3) K6, ISt iNbn (3 TR Q5 St ant) BRART, RIGALS, Budioae. akdh(R) X is O
15 chioro, bromo, fluoro, iodo, NO,, amino, loweralkylamino or di(loweralkyl)amino; (4) R’

and R? are independently OR?; (5) R® and R are hydrogen; and (6) X is O, S, SO, or CH,

In a ninth preferred subembodiment, a compound of Formula XVI, or its
pbarmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R! is independently H or phosphate (including

20 monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or
arylalkyl sulfonyl including metbanesulfonyl and benzyl, wherein the phenyl group is
optionally substituted with one or more substituents as described in the definition of aryl
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; 2

25 cholesterol; or other pharmaceutically acceptable leaving group which when administered in
vivo is capable of providing a compound wherein R! is independently H or phosphate; (3)
RS is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,
chloro, bromo, fluoro, iodo, NO,, amino, loweralkylamino or di(loweralkyl)amino; (4) R’
and R’ are independently OR?; (5) R® and R are independently H, alkyl (including lower

30 alkyl), chlorine, bromine or iodine; and (6) X is O.

In a tenth preferred subembodiment, a compound of Formula XVI, or iis

pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
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(1) Base is uracil; (2) Rl is hydrogen; (3) R6 is methyl; (4) R7 and R9 are hydroxyl; 15 (5) Rs and R10
are hydrogen; and (6) Xis O; (1) Base is adenine; (2) Rl is phosphate; (3) R6 is methyl; (4) R7 and R9
are hydroxyl; (5) Rs and R10 are hydrogen; and (6) X is 0; (1) Base is adenine; (2) R' is hydrogen; (3)
R6 is ethyl; (4) R7 and R9 are hydroxyl; (5) Rs and R10 are hydrogen; and (6) X is 0; 20 (1) Base is

adenine; (2) Loogu B8 e, () WABEaaIGacd (BB

hydrogen; an Xis 0; (1) Base is adenine; (2) R" is hydrogen; (3) R6 is butyl 4R and RO are
hydroxyl; (5)@@1&9@5@@@@@@}@@9% éﬁﬁh@;ﬁb@tg 091 1% B%%@lléeédéhﬁﬁé 9 RIEUE)drégen; (3) R6

is methyl; (4) R§1?% dmy Youle) %ﬁﬂaﬁa@é%&ﬁiﬂrﬁgﬁi&;@d ) &is 0; (1)
Base is adenl%}fisy 1'1?89,%35%@) 3) R6 |sﬂr$1§f[hyl 4R and e are hydroxyl; Rsma?nd R10 are

hydrogen; andm63]ssaenylping @nﬁd%‘?ﬁt}@n@@’iﬁs HhRsgER (‘?}’ﬁ%@s%ﬁ’%ﬁ“{’ PR RO are
hydroxsyl; (5) @%m&@:m@&dmgeﬁmw&dﬁ@%@sﬁa&@%{H)a&medsmﬁmmn(aeufebfmﬁydrogen

(3) R6is meth an are drox S nd R10 are hydrogen; and (6) X |s I—JZ; Ina
eleventh pnmﬁ%ﬁg’eﬁ’ﬁ"ﬁ ?Tj'é?\‘? h e| ve Bé \P}lggssga%?nnf)%ﬂr? & ogrrr%r)]u]?g%rl &8
pharmace utlcdhlgdmhtammgatﬂmrmcmw@nb@mﬁﬂle Badag RiovR @fh,loh%@l ?Ldl{i)wﬁt)ermrein
Baseis a purlne of p in r I sphate,
diphosphate, tr|6p é?’eg ofé%g?%ﬁgzg(?g&gg@?s%ﬁgﬁﬁpr%dlru Bﬁ?ﬁﬁ%lgp ow%m F};@?alkyl
(including lowBf m@kyiémmg b@@r%ﬁﬂ%ﬂ@@kﬁbﬂ&@lﬁﬂxﬂ%lmpﬁ?cl }r@th]éfﬁ’éﬂulfonyl
and bgnzyl, wharein »iBmANRMLIIeN NORIRRaLY RWRsikRth Hilh P ARIBHEINE SHRREL BA)IR BS

described in the ° N
and R” are independently OR”, alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, O-
alkenyl, chlorine, bromine, iodine, NO,, amino, loweralkylamino, or di(loweralkyl)amino;

(5) R® and R™® are hydrogen; and (6) X is O.

In an eleventh preferred subembodiment, a compound of Formula XVI, or its
15 pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R' is independently H or phosphate; (3) R® is alkyl
(including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro,
brome, fluoro, iodo, NO,, amino, loweralkylamino or di(fowerallkyl)amino; (4) R’ and R’

are independently OR%; (5) R® and R'? are hydrogen; and (6) X is O, S, SOz or CHy.

20 In a twelfth preferred subembodiment, a compound of Formula XV I, or 1ts
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R'is hldépendenﬂy H or phosphate; (3) R® is alkyl;
(4) K7 and R® are independently OR?; (5) R® and R'° are hydrogen; and (6) X is O, S, SO,,
or CHa.

25 In a thirteenth preferred éﬁbémbodiment; a compound of Formula XVI, or iis
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R’ is independently H or phosphate; (3) R¢ is alkyl;
(4) R” and R® are independently OR% (5) R® and R are independently H, alky! (including
lower alkyl), chlorine, bromine, or iodine; and (6) X is O.

30 In a fourteenth preféi’red subembodiment, a compound of Formula XVI, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R’ is independently H or phosphate; (3) R® is alkyl;
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definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a
peptide; a cholesterol; or other pharmaceutically acceptable leaving group 15 which when
administered in vivo is capable of providing a compound wherein R' is independently H or phosphate;
R6 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, allcenyl, alkynyl, Br- vinyl,

CO0(l GO0 Y Glaty e UG OISt Al akery).

chloro, bromo, fluoro, 1odo, N . wer alkyl), -NH(acyl), - 2 Ni(lower alkyl}2, -N(acyl)2; R7
and R9 are irdeyendtatipnsidroiéerimor raydnexy iedias. (indfdingmanter dryprelsiigrng/ans, alkenyl,

alkynyl, Br-vi b—&é@)&)@%ﬂr RIulpwieral SEHAGHR, qQwer acyl), -O(alkyl), -O(lower alkyl),
-O(alkenyl), clak%iﬂorine, bromine, 7c-)(gljne, NO2, NH%NI%%WG[’% kyl), -NH(acyl), -N(lower alkyl)2,

-N(acyl)2; 25 R10 isp ealky el ynipeHiovenrikubashiarine Brapiedosiocipamalteinatitels R7 and
R9, or R7 and R10 can come together to form a pi bond; and 40 X js 0, S, SO2 or CH2. In a first
preferfed sub@%ﬁ@&ﬁ?ﬁ@?ﬁu&%W%EPFW=M?W%%WMaceuﬁcaIIy acceptable salt or

prodrug, is provided in which: (1) Base is a purine or pyrimjdine base as definedjherein, (2) R1 is
independently H; pI"fé%%?és(mm%g%ﬁm%%éé?Uk?ﬁﬁgﬁﬁat@)lﬁpﬁ%‘fﬁﬁgfg%f%&gbiIized

phosphate prosjména®/F fedudingtower @peisalkyl (including lower alkyl); sulfonate ester including
alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is

optionally substituted yBisoRaamner @3 Rbstitydngas @5 ribecnthe pRfinitioR ctahyldgivgn herein;
a lipid, includi phospholipid;.an amin id;.a carbohydrate; a peptide; a 10 cholesterol; or other
pharmaceuticgﬁﬁgggp at?lreé]#’eszfad\;ﬁ‘f’gmgl%lgp@zl%clﬁ (\f/;\ihen administered in vivo is capable of providing a

compqund wherein Rl is independently H.or.phosphate: (3) is alkyl (including,to Ikyl), alkenyl,
allcy ?/l, Br-vinyl, hy@ﬁo}ﬁsb‘%%ﬁﬁ?ﬁflgm@?yf? cﬁlogr%%ggg%ﬁo@li%rol,siglcfg%o TR R e
loweralkylamimgiraxydj ()R atid RErminbydH) R, aadd B3 asdindependently hydrogen, OR2, alkyl
(including lower alkyl), alkenyl, alkynyl, 15 Br-vinyl, O-allcenyl, chlorine, bromine, iodine, NO2, amino,
loweralkylamino or ¢liflGesraliciiyamend2isk RiOlsdmesnd () RisOrsiisbA4bRCH2L IR a Fecond

preferred subgmbodimant @.camPANHAfSRHUHA )/ K i00LS

(1) Base is wracil; (2) R! is hydrogen; (3) R is methyl; (4) R7 apd R’ are hydroxyl;
15 (5) R® and R'? are hydrogen; and (6) X is O;

(1) Base is adenine; (2) R! is phosphate; (3) R® is methyl; (4) R and R® are
hydroxyl; (5) R® and R'" are hydrogen; and (6) X is O;

(1) Base is adenine; (2) R! is hydrogen; (3) R® is ethyl; (4) R and R’ are hydroxyl;
(5) R® and R" are hydrogen; and (6) X is O;

20 (1) Base is adenine; (2) R! is hydrogen; (3) R® is propyl; (4) R’ and R’ are hydroxyl;
(5) R® and R are hydrogen; and (6) X is O;

(1) Base is adenine; (2) R} is hydrogen; (3) R® is butyl; (4) R' and R’ are hydroxyl;
(5) R® and R™ are hydrogen; and (6) X is O;

(1) Base is adenine; (2) R’ is hydrogen; (3) R® is methyl; (4) R is hydrogen and R®
25 is hydroxyl; (5) R® and R' are hydrogen; and (6) X is O;

(1) Base is adenine; (2) R} is hydrogen; (3) R® is methyl; (4) R” and R® are hydroxyl;
(5) R® and R' are hydrogen; and (6) X is S;

(1) Base is adenine; (2) R’ is hydrogen; (3) R® is methyl; (4) R" and R® are hydroxyl;
(5) R® and R'" are hydrogen; and (6) X is SOz;
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pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or pyrimidine
base as defined herein; (2) R1 is independently H; phosphate (including 20 monophosphate,
diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylallcyl sulfonyl including methanesulfonyl
and benzyl, wherein {hg Roeny graun s roRapaibeahRssitacdtty o U MR Seasijarmiz;as
described in the dgeflnlthg of aryl given herein; a lipid, including a phospholipid; an amino acid; a
carbohydratef3 BeptidiB; s2psheHEtesiersl &9 sthtt-Brarmaceutically acceptable leaving group which
when administered in vivo is capable of providing a compound-wherein R1 is inde eggentl H or
phosphate; (3) R6 @ﬂWYWW%%?%IWY%?{Oﬁ%@EM? oipa
O-alkenyl, chiarg, bramiei-fhieeatindo. aNeRamIedaR oipatalkytarettd or di(loweralkyl)amino; (4) R7
and R9 are independently OR2; (5) R10 is H, alkyl (including lower alkyl), chlorine, 30 bromine, or
iodine; and (6) Xis 0, S, SO2 or CH2. In a thjrg preferred sul?ﬁsrglbodiment, a compound of Formula
XVII, or its pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
41 pyrimidine base as defined herein; (2) R1 is in mdently H; phosphate (including
monophosphate, diphosphate, triphosphate, or a [ hosphate prodrug); acyl (including lower
acyl); alkyl (including lower alkyl); sulfonate ester intludingjalkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl group is 3.optionally substituted with one or more
substifuents as described in the definition of aryl g'r??en he}{ein; a lipid, including a phospholipid; an
amino acid; a carbohydrate; a peptide; a cholesterol; orﬁt{; pharmaceutically acceptable leaving
group which when administered in vivo is capable of providing a compound wherein R1 is
independentlysiegsiphosphate; (3) R6 is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl,
hydroxy, O-alkyl, O-alkenyl, 10 chloro, bromo, fluoro, iodo, NO2, amino, loweralkylamino, or
di(loweralkyl)gming {4)dRicang Rmat@dndepandiitd hydiogen, OR2, alkyl (including lower alkyl),
alkenyl, alkynyl, Br-vinyl, O-allcenyl, chlorine, bromine, iodine, NO2, amino, lowerallcylamino or
di(loweralkyl)®Rimingr; (BJ3gidis fadtidihgineiudingdpiver, aipndsoireinaphrephite or dodiabdizadd (6) Xis
O. 15 |n a fourth preferred subembodiment, a compound .of,For Mold (mapgsiically
acceﬂ) able sa?i‘fi%&}%%ﬁfa%% Toa\?ge %%%%ﬁoﬁf)g E%Q’igjgﬂai)ﬁr%lé}{ I%&Saﬁgﬁm ¢

ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, whersin

the phenyl group is optionally substituted with one or more substituents as described in the
definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a
carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving group
15 which when administered in vive is capable of providing a compound wherein R' is

independently H or phosphate;

Réis hydiogen, hydroxy, alky! (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br-

vinyl, -C(0)O(alkyl), -C(O)O(lower alkyD), -O(acyl), -O(lower acyl), -O(alkyl), -O(lower

atkyl), -O(alkenyl), chloro, bromo, fluoro, jodo, NO;, NH;, -NH(lower alkyl), -NH(acyl), -
20 N(lower alkyl)s, -N{acyl)s;

R apd R® are independently hydrogen, OR?, hydroxy, alkyl (including lower alkyl), azido,
cyano, alkenyl, alkynyl, Br-vinyl, -C(0)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower
acyl), -O(alkyl), -O(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, NO,, NH,, -
NH(lower alkyl), -NH(acyl), -N(lower alkyl)s, -N{acyl)z;

25 R is H, alkyl (including lower alkyl), chlorine, bromine, or jodine;

alternatively, R” and R®, or R” and R'® can come together to form a pi bond; and
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pyrimidine base as defined herein; (2) R1 is independently H; phosphate (including monophosphate,
diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or 20 arylallcyl sulfonyl including methanesulfonyl
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents as
described in tf{qsd@flg’lw of é@ﬁz. given herein; a lipid, mclud_mg a phospholipid; an amino aC|d;_a
carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving group which

when administered i, Vs cBRALIE.P! RiRYARG AcOTIPUABUBRIEIR Ridsindopendesiyd or
phosphate; (3) 25 R6 is alkyl (including lower alkyl), a_I1<enyI,_ alkynyl, Br-vinyl, hydroxy, O-alkyl,
O-alkenyl, cHigpsnBseiealiiarecnblys P@@??Qﬁ‘?%’é&l%ﬁéﬂ@ﬂ%ﬁﬁ@tﬁhdﬂ RIS, A AHHRG O81) R7
and R9 are ingepansientbuORR; EERLO srblnang) (@ XdsildHeaanr SHnbpadisReagd
subembodiment, a compound of, Formula XVII, or its pharmageytically acceptable salt Qrgrqdrug, is
provided in W%H?R&?%g%isdg’}b?ﬁ%t%r BN PIAE e b%sét%éﬂ(fgﬁn H“ﬁ%‘?ﬁﬁ?’ic}gﬂ% ey

independentlyihtintingnbaie @oglyditigmondptiogibate, dlpinsphifvetérighas plaidingr dlsthbilized
phosphate prodrug);.acyil. (including.lower acyl); | (including low ) su e r jncluding
alkyl or arylaW&ggﬁoﬁ%fﬁ%g u |ﬁ§%ﬁ%h§ﬁ%§%§£{ﬁx é’%\ éejﬁlj)f){%yv%h‘e%g?r%%)g%hgﬁ?@%%r%?l?é‘f}sipﬂ
optionally subspifotaiiystrsitetat witreselostingen whaigestsrissederriheddafitivi daloitany o§iwdh herein;
a lipid, including & RRASANOIIRIE: ARAEHA% HEpASAACRY Arals &-RERIERhshy Al By qlher
pharmaceutically acceptable leaving group which when adm!nlstered in vivo Is capable of providing a
compdund widesstralisiedepahaantserieiyiseprishls, %Y@%%Pawctlﬁéﬁiﬁaiﬁg%ﬁéﬁrﬁwo,
i':llkenyll,k allkyn_ylvﬁfﬁééﬁsébﬂyéﬁgi%ﬁaﬁékyl(cgﬁr%mﬁ%a@&@1, %rma)e&ku@i&ggg%& %ﬂ@@ﬁ)@@@ o
oweralkylaming or di(lowerallcyl)amino; an are independent ; is H, alky
(including IOWBSéﬂl@yﬂiémﬁlﬁﬂ@@fﬁﬁ?f@kéﬁﬁm}’aﬂ]@@’ﬁgﬁ Vrﬂ%%yp%%g@d WS odiment,
a compound ahicesitans Vilueiojtiodd) Whey sasieetisedtylagtepial|ershllovqutidiignisop@yiBéd in
which: (1) Base s a purine or pyrimidine base asdefined.herein: R1 is,nde ntly H;
phosphate (in%?é mgarﬁ%l%ggﬁ%&{%tey%o e@é&%feﬁﬂ%ﬁ&%ﬁdé §( @rw aers’flzl‘é?ﬁie%%g%gééﬁ(ﬁg 1|f)rodrug);
acyl (iﬁqludin@ﬂ@ﬁwﬁ,a@mlalkyl,(imblbdnﬂg I@vmia@&y@@@uﬁﬂrié@zes@mldémgd]ﬁwl@marwalkyI
sulfonyl includifyg methanesnlfonyls3adoRenzyh i Bpsei0 §12 IS @ayP is

In a second preferred subembodiment, a compound of Formula XVII, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base 1s a purine or
pyrimidine base as defined herein; (2) -R' is independently H; phosphate (including

20 monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is
optionally subsiituted with one or more substituents as described in the definition of aryl
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a

25 cholesterol; or other pharmaceutically acceptable leaving group which when administered in
vivo is capable of providing a compound wherein R! is independently H or phosphate; (3)
R is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,
chloro, bromo, fluoro, iodo, NO,, amino, loweralkylamino or di{loweralkyl)amino; (4) R’
and R’ are independently OR* (5) R' is H, alkyl (including lower alkyl), chlorine,

30 bromine, or iodine; and (6) X is O, S, $O; or CHa.

In a third preferred subembodiment, a compound of Formmla XVII, or ifs

pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
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15 optionally substituted with one or more substituents as described in the definition of aryl given
herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or
other pharmaceutically acceptable leaving group which when administered in vivo is capable of
providing a compound wherein R' is independently H or phosphate; (3) R6 is allcyl (including lower

alkyl), alkeny. , Br=yinyl, -alk al 60, fro o902,
amino, Iowerg%@%oségd%o&%%%g%%ﬁﬁ R;Ear%%d%% are ir?dgée%%agﬁﬁ%? é%gdro.ger{;\tg(())RZ,

alkyl (includirgaBupspsahgty, dikehosphaiRy APheTRRHE, ootk TR PR sBhatA go A2,

amino, lowergkyiamip Qo ddpmvesalsyhrmingg (iR ifckl).and i isskr Iharstugniiyareterred
subembodiment, a compound of Formula XVII, oy its .25 gharmageu icalﬁ aEcce table salt or. prodrug,
N

is provided infRiURA (YR IElAme BRI e B sRoaE e FRETF e Fifi | E%Hiépendently
H; phasphateofifichatiingutnanaaneshhaie ot pbesplivatiendnishasidsatihedria diabibifieni@hosphyte
prodrug); acyl . (incjuding lower acyl);.alkyl (including lower alkyl): sulfonate ester. including alkyl or
arylalkyl sulfo%\gf?nc ﬁe@%ﬁ }%%éﬁélﬁlg&sﬁlﬁ nay{3 %Ons qﬁéﬁz%?l?%vﬁrg%%‘n)dﬁé{ Shcg’ﬁ%/?%]ré)r&%’lé 55" ct)nl%ﬁ’o%ally
substituted withotasteot; movtheuistitosmtsicallf eserteide ketiving efienporharbaricy ademitisiesnd; ia lipid,

including a p@?ﬁygoé%%éﬂae@épégﬁggq AR, RPEPHARH B ERAC HESPLIREHHAR! (3)

pharmaceuticaﬁy accept ' roup Which when administered in vivo is capable of providing a
compound wiersial (inohetipe fvemalelb e bradh alkianis Prusmnd kydnesy ifclish$raliendikyl),
el A e ) b ooty S (2 B30 S And (6) X
oweralkylamino, oy, di(loweralkyl)amino; an are independent ; s H; an
is 0. In an eigff Bre?&?ﬂ@&@ﬁﬂé?ﬂ%&’imﬁ@a O J’SPE‘%M&%%‘%’B&&@a%&@utically
acceptable. sait-ahprodiugikésaroviiedds, Whiehifd,) Batesls a0y inamnopyiowittieybasmasaefined
herein; (2) R1.is inde ently H te: (3) R6 is alkyl: (4) R d R9 are independently
hydrogen, Oliiia%‘ﬁ(?fg%yf&&ﬂ%o 106\5:}9%{5%%?&& e %/I,(I%ﬁ\%%‘% Er‘g’\%ny, -hl“k%?ﬁly}ﬁeéh %ortlﬁlerfeb%mine,
iodine, NO2, aing,aah@yatkigl@mino or di(loweralkyl)-amino; (5) R10 is H, alkyl (including lower alkyl),
chlorine, bromine or 10 iodine; and (6) Xis 0, S, SO2, or CH2. In a ninth preferred subembodiment, a
compdund of Formulia XViduchitsreftraed avbutibefimsoteptablersaindrqfrdtrme s Frolided ifswhich:
(1) Baseis a BHIRE Qlutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R' is independently H; phosphate (including

monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or
20 arylalkyl sulfonyl including methanesuifonyl and benzyl, wherein the phenyl group is
optionally substituted with one or more substituents as described in the definition of aryl
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a
cholesterol; or other pharmaceutically acceptable leaving group which when administered in
vive is capable of providing a compound wherein R! is independently H or phosphate; (3)
25 RE is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,
chloro, brome, fluoro, iode, NO,, amino, loweralkylamino or di{loweralkyl)amino; (4) R’

and R’ are independently OR% (5) R is H; and (6) X is O, S, SO, or CH,.

In a fifth preferred subembodiment, a compound of Formula XVII, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or

30 pyrimidine base as defined herein; (2) R' is independently H; phosphate (including
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is
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pyrimidine base as defined herein; (2) R1 is independently H or phosphate; (3) R6 is alkyl (including
lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-allcenyl, chloro, 15 bromo, fluoro, iodo, NO2,
amino, loweralkylamino, or di(loweralkyl)amino; (4) R7 and R9 are independently OR2; (5) R10 is H;
and (6) X is 0, S, 502, or CH2. In a tenth preferred subembodiment, a compound of Formula XVII, or
its pharmaceyficallnAceeniahla $alh meroriteispIavided iR whishndd )iBase dsmiuring afy
pyrimidine base as defined herein; (2) R1 is independently H or phgsphate; (3) R6 is alkyl, 20 (4) R7
and RO are ingiEpeREEM? GRS, ioofuding & mhospheligidxia dEnsazdye eibehirAlE PG dﬁr@ferred
subedmbdodim%ﬁgﬁe%g)‘@mpggﬁgIgfaﬁﬁgaa%{@gwﬁ%wg@ﬂewmﬂu;&weﬁmmd tededmpdrug, is
provided in which: (1) Base is adenine; (2) R'is ogen; (3) R6 is methyl: R'an are hydroxyl;
(3) R10 15 hycoBanaRA ) RIOORIS PR SR MU (S PERTeReh . @) b
and R9 are hydriwatky(Bhidig oydnogient) calilet6), llsyAyl BBasylidpitosine-(RyR Qsakigndgen; (3)
R6 is methyl; (4) R" and R9.are _hydroxyl..(5) R10 i is.0; Basg ine; (2)
R'is hydroger%’%llﬁj Olrsncr’ﬁgﬁfﬁ’(%{{&%ég% %Or’e%%%%%%iﬁ%%ﬁ%fgg Ee%}g%)gen; ér?ag](G Xis 0;
44 (1) Base isddtiexeinfepdadeytiogRi; (3)RRbisdhritnd Kingiing R Brdh ghicsing: browreeo is
hydrogen; angl(@dfﬁgsaga@é) Baseg)is adenine; (2) R1 is phosphate; (3) R6 is methyl; (4) R7 and R9 are
hydroxyl; (5) R10 is hydrogén; and (6) X is 0; 5 (1) Base is adenine; (2) R1 is hydrogen; (3) R6 is ethy!;
(4) R7 and R are yigxofSpRAR S NYAaaslaeeh(6) CinflobhBacrsadannsiio)R i
hydrogen; (3) R6 is propyl; (4) R7 and R9 are hydroxyl; (5) R10 is hydrogen; and (6) X is O; (1) Base
is adéfine; (PRIRAFGIIGHPoesPREGSHL SN Nafirg dhaTRGdebiR 1X1] Bess B 2R 8hen; and
(6) Xis 0 (1) PassitRdeainais(2eRdes Ridingen) (8) RS isdspetiiad4) By ginsbgRakarddeyatianyl, (5)
Riois hydroger, an (O)260s Spfhane Basnng: R usosPBLRAS et (A anc
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or

arylatkyl salfonyl including methanesulfonyl and benzyl, wherein the phenyl group is
15 optionally substituted with one or more substituents as described in the definition of aryl
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; apeptide; a
cholesterol; or other pharmaceutically acceptable leaving group which when administered in
vivo is capable of providing a compound wherein R’ is independently H or phosphate; (3)
R® is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,
20 chloro, bromo, fluoro, iodo, NO,, amino, loweralkylamino, or di(loweralkyhamino; (4) R’
and R® are independently hydrogen, OR?, alkyl (including lower alkyl), alkenyl, alkynyl,
Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO,, amino, loweralkylamino, or

di(loweralkyl)amino; (5) R™ is H; and (6) X is O.

In a seventh preferred subembodiment, a compound of Formula XVII, or its

25 pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2} R! is independently H; phosphate (including
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or
arylalkyl sulfonyl including methanesnlfonyl and benzyl, wherein the phenyl group is

30 optionally substituted with one or more substituents as described in the definition of aryl
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a
cholesterol; or other pharmaceutically acceptable leaving group which when administered in

vive is capable of providing a compound wherein R} is independently H or phosphate; (3)
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(5) R10 is hydrogen; and (6) X is SO2; or 15 (1) Base is adenine; (2) R1 is hydrogen; (3) R6 is methyl;
(4) R7 and R9 are hydroxyl; (5) R10 is hydrogen; and (6) X is CH2. In an twelfth principal embodiment
the invention provides a compound of Formula XVM, or a pharmaceutically acceptable salt or prodrug
thereof: RIO Base R6 4R'7 20 (XVIII) wherein: Base is a purine or pyrimidine base as defined

herein; R1 is mgmﬁad?@iﬂﬂmhﬁgmw@@@mmmm@ﬂﬂ@l@@&@hﬁ;mﬁh@h%omm,tmgmwﬂe, or a
cster inclucin G AT PR LGRSy e BERAS.FAE S CED) re B BESter it e phenyl
group is opticaglR°subsideesdaithy @R pishieisHb stit@h DS D described in the definition of aryl given

herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or
other pharmaceuticaty saceggtiablerdéavid gsudronipodiiett Wi ervagoninis & dtbimuly oN Bapablés of

. d wherein R1 is, 5 ir; | , alkyl
o lon A At Shamicn I GPERIEN bANRIRCH ol 1 BIE RO Bulieigpy ally
-O(acyl), -O(loyremizioyt) ba®(atkddind (fovein; @XR), isOxdtpendentbndrer, DopkatauGioRidasinD2, NH2,

“NH(lower allogh, gNEaGH) s Nilguier aliofha, viaex!) SrE0 Eﬁzyﬁmdﬁ%ﬁ@,le iedepengsntinaydrogen,

OR2, alkyl (including lower alkyl), alkenyl, alkynyl,” Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO2,
amino, lower aiR§MRGYHY1dRerioAReFR REIDR 19 (N e IRV IZRIBRISE,

bromine or ioainew@ﬁwﬁﬂr@hbﬂ?)an@ RO o As/pgidRR/Aieanieascatvgshgidadarrenphbaend, 15
Xis O, S, SO2 of CH2.Ina firs{:ﬁ{)réef 5ed S mbodiment, a compound of Formula XVHI, or its
pharﬁ%ceutic’&%c@‘é%ggﬁgﬁ t r% 3ufhy: ‘provided in which: (1) Base is a purine or

In a ninth preferred subembodiment, a2 compound of Formula XVII, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R’ is independently H or phosphate; (3) R° is alkyl
(including lower alkyl), alkenyl, alkymyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro,

15 bromo, fluoro, iodo, NO,, amino, loweralkylamino, or di(loweralkyl)amino; (4) R’ and R®

are independently OR?; (5) R'® is H; and (6) X is O, S, SO, or CHa.

In a tenth preferred subembodiment, a compound of Formula XVII, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R! is independently H or phosphate; (3) R® is alkyl;

20 (4) R” and R? are independently OR%; (5) R' is H; and (6) X is O, S, SO, or CH,.

In even more preferred subembodiments, a compound of Formula XVI, or its

pharmaceutically acceptable salt or prodrug, is provided in which:

(1) Base is adenine; (2) R! is hydrogen; (3) R® is methyl; (4) R” and R® are hydroxyl;
(5) R'? is hydrogen; and (6) X is O; .

25 (1) Base is guanine; (2) R! is hydrogen; (3) R® is methyl; (4) R’ and R’ are hydroxyl;
(5) RY is hydrogen; and (6) X is O;

(1) Base is cytosine; (2) R is hydrogen; (3) R® is methyl; (4) R” and R’ are
hydroxyl; (5) R ig hydrogen; and (6) X is O;

(1) Base is thymine; (2) R' is hydrogen; (3) R® is methyl; (4) R and R’ are
30 hydroxyl; (3) R¥ is hydrogen; and (6) X is O;
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pyrimidine base as defined herein; (2) Rl is independently H; phosphate (including monophosphate,
diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 20 (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including allcyl or arylalkyl sulfonyl including methanesulfonyl
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents as
described in the definitipasefimcBivenideksiyie lipid (i dinghphggpROlipis Rinmarhideoagid; a
carbohydrate; a peptide; a cholest ct#eor ther pharmaceutically acceptable leaving group which
when adminigé d i %%P’rsa%%gé ' ﬁ‘?providing a compound wherein R' is independently H or

phosphate; (3) R6 is alkyl; (?\%/R and ¢ independentl Fogen 2, alkyk (incluging lower
alkyl), alkenyl, a|kyﬁs}/),l‘%§%i |?‘Z’5‘3§fﬁe§§f%[h|bsriﬁe? nﬁ%grﬁrn)é?f iy(%i?]%,‘ﬁ%%i’a %rl% Fé‘v%élglky?amino or
di(loweralky!)apdinay(5)5 BN 4 hydtagtgirad @ lovi@r alkyl), chlorine, bromine or iodine; and (6) Xis

=0, S, SO2 or CH2. 30 In a second preferred subembodiment, a compound of Formula XVIII, or its

pharnfaceutically actBBalddssaltmingriiRbissptogaad ih Whickthel) @a8e md Rlandpiraxsl;
pyrimidine ba sdefined herein, R i@jndependently H; phosphate (including monophosphate,
diphosphate, ﬁp osﬂ%eég e? ernéggtha@i)z ﬁpﬁosphate prodrug); acyl (including lower acyl); alkyl

(including lower alky@g%‘l ggaiﬁeﬁﬁlt&r@%m%Q%%%éggz@bqg?ﬁﬂ[#ﬂylﬂm%mﬁ ulfonyl

and benzyl, wherein‘the phenyl groupis 5 option titut ohe or more substituents as
described in t6® BetisitiptrageanphdfopX iePsin: a lipid, including a phospholipid; an amino acid; a
carbohydrate; a peptide; a cholesterol; or Q(her pharmaceutiﬁcall acceptable leaying group which
when administered il VBaeeiis cdpaisrs 6P Sroladmecesrbotint %ﬁ%’r’eﬁffs R1 #4RiepEIermyH or

phosphate; (3@5)3@%%%{'0 inelydingjanerlkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, 0-alkenyl,
10 chloro, bromo, fluoro, iodo, NO2, amino, lowerallcylamino or di-(loweralkyl)amino; (4) R7 and R9

are independently ORP5(5) Radsniheally Rinsiuing daer R mehiarips Xiramine arohiadings; and (6)
Xis 0, S, S02 or CH2. In a third preferred subembodiment, a compound of Formula XVIII, or its
pharmaceuticRNRactEbidiErRae{Brédily, is provided in which: (1) Base is a purine or 15

pyrimidine base as defined herein; (2) R' is independently H; phosphate (including manophosphate,
diphosphate, triphosh&Eeds %@?&“ﬁﬁii%@o%ﬁ%%}ﬁ%ﬁ?@‘bléﬁr%gf %ﬁ% ﬁ?ﬂﬁ&%&é’%‘“’g‘&ﬂ%’g I
(including lowes) &Ky 1sdliaratenestey Ini gdagalkyl or

15 (1) Base is adenine; (2) R!is hydrogen; (3) R® is methyl; (4) R? and R® are hydroiyl;
(5) R" is hydrogen; and (6) X is CH,

In an twelfth principal embodiment the invention provides a compound of Formula

XVIII, or a pharmaceutically acceptable salt or prodrug thereof:

20 (XVIL)

wherein:
Base is a purine or pyrimidine base as defined herein;

R' is independently H; phosphate (including monophosphate, diphosphate, triphosphate, or
a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl);
25 sulfonate ester including alkyl or arylalkyl sulfony! including methanesutfonyl and benzyl,
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arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is optionally
substituted with one or more substituents as described in the definition of aryl 20 given herein; a lipid,
including a phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of providing a

compound whgrgig,Rinis Bh@ﬁfae tysHoprphasPbaigt3da Reis alkydinslogingibeweasalyl, alkenyl,
alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro, bromo, fluoro, jodo, NOZh mino, .
IoweralkyIami%??&?ﬂ@%ﬁ‘ér%@@%‘&ﬂwﬂ#ﬂgﬁﬁepﬁrﬁ% RepiftR IR HRAKP ab%ggéﬁ% alkyl
(including lowgsi@llyd)edkedicaikaid s & dhinlkstaralkenyihahphrinesdentimilip aiwditah 1@ sgnino,
loweralkylamino, or di(loweralkyl)amino; (5) Rs is H; and (6) X is.Q, S, S02 or CH2..1n a four
preferred subgﬂ%ﬁfgﬁgﬁ ,%3%8 U ééﬁzgc}??’ﬁu 2 AN ST iPé“Eﬁé%%%%%%ﬁS‘éﬂ% gggreeﬁ?a Ieg;alt or

prodrufy, is prindeeehdentlipithor(ildBgisses a purine or 30 pyrimidne base as defined herein; (2) R1 is
independently H; phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized
phosphate pradristhydoger(ingiiding stk (iacyiimkyeneligihpridoeriryl)2iketivnatisyasteBmcluding

Ikyl lalkyl sulfonylincludi | i QRIS T
oononeily s et B e el e
a lipid, includialird)pHoekmipideimamimsaciiorcstoSratdta piFiees Ardle REHACH Gther

pharmaceuticgjty,acrapiablejqaving; group which when administered in vivo is capable of providing a
compound wherein Rr is independently H or phosphate; (3) 5 R6 is alkyl (including lower alkyl),

alkenyh, alkyngl? ﬁ{a\@iﬂﬂném%géﬂd&f@l% -alKeRY], aH06a c KRR P ElicJOU IR ~BEHRD,
loweralkylamino, or di(loweralkyl)aminog; (4) R7 and R9 are independently hydro n, OR2, alkyl
(including lowSFXIRR, SrdkgtyAIKHGTIS - DG ES-a iR cﬁBﬁné%?Bmmg%d%ﬁ%é’, FREY: afhino,
loweralkylamiggjsarefifitoyenaeyl)amino; (5) R$ is H, alkyl (including lower alkyl), chlorine, bromine, or
iodine; 10 and (6) X is 0. In a fifth preferred subembodiment, a compound of Formula XVIII, or its
pharmaceuticgly sgcemiabiacsatiny iprad aikyls provite Giokari¢iinBase is a purine or pyrimidine
base as defined herein; (2) R1 is independently H; phosphate (including monophosphate,

diphosphate, wiphaapliteR biral R4 bitirédrah RS phnterpsocketyr acfrbb aiiduddg lower acyl); alkyl

(including lower alkyl); sulfonate ester including alkyl or
15 Xis O, S, SO, or CH,.

In a first preferred subembodiment, a compound of Formula XVIII, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or “
pyrimidine base as defined herein; (2) R' is independently H; phosphate (including
monophosphate, diphosphate, iriphosphate, or a stabilized phosphate prodrug); acyl

20 (including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is
optionally substituted with one or more substituents as described in the definition of aryl
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a
cholesterol; or other pharmaceutically acceptable leaving group which when administered in

25 vivo is capable of providing a compound wherein R! is independently H or phosphate; (3)
RS is alkyl; (4) R’ and R’ are independently hydrogen, OR?, alkyl (including lower alky),
alkenyl, alkynyl, Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO;, amino,
loweralkylamino or di(loweralkyDamino; (5) R® is H, alkyl (including lower atkyD),
chlorine, bromine or iodine; and (6) X is O, §, SO; or CHa.

30 Tn a second preferred subembodiment, a compound of Formula XVII, or its

pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
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arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is optionally
substituted with one or more substituents as described in the definition of aryl given herein; a lipid,
including a phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in 20 vivo is capable of providing

d . .. | . i Ikagl (i i | | ,
e SIS o s s S S

alkenyl, chloro, bromo, fluoro, iodo, NO2, amino,

loweralkylamroparharpbeier adigheentips; (HpRFEPhHE. RY afe fbEirsddshaspbater RiRgis #¥hnd (6) X

is 0, S, S02, ef:GitAndMmawrixth-pieieied GHRGMBOIMeNtng 5O%PRYAE QElePHMUHAIXY ke 85 25
pharmaceutlcaIIY acceptable salt or_prodru%, is provided in which: (1) Base is a purine or gyrlmldlne
base as definEd HkibisuisrRA 1nsins srsiBrIoBRo&ph dtenEHe ﬁ@%@ﬁoﬁ%ﬁéf R s

diphogphate, gphesshaiBsinBsiibiised @hasphabsprasits gl dayiribatinding defiustiacdy; ajky|
(including lower alkyl); sulfqnate .ester.including alkyl or arylalkyl sulfonylincluding meth nesaulfonyl
and benzyl, mﬁﬁ‘é?%%gﬁ‘él;p%%ﬁﬁ d%{‘féullsgﬁdj 0%%%@%/ Sﬁ%é%?ﬁgé cvl\%tha(%%a %‘E}Yr#g%’ &by Zu;ints as
described in tiedetnition oﬁmyﬂhgmewmdlm;wc&ptdblmkﬂmmph@dpmmd} aﬁmmm id; a
carbohydrate;w% Pe tlde'lae &ho%ga@rré%gaf%%%}%&aﬁgggﬁ%ﬂ@%%&re@nIg?%%g\ﬂﬂ&&g%p hich

when administere icnap\a}on IS Bapa providing a compound wh is independently H or

phosphate; (3° #safksli§rdkytine dousing eyl abwedy Beiiarly sty C1ajlore:q-atseandy |

O-alkgnyl, chigrg,brosme, iR, 1880, RS2.AmiN dolraraiiam nosiansiianersiamaminer4) R7
~and R9 are indepepdently OR2; (5) R$,is H, Qllgyg:?}cludlng lower alkyl), chlorine, brorglne,, or iodine;
and (6) Xis OunlR PECPSARSISRNEHRE s (Bt BoHmAlkT GPeIHRS Ch AN ERAC TR DS FRS:

pharmaceuticgliydigeeaialbin xak of predeug.dsiprovided in which: (1) Base is a purine or pyrimidine
base as defined herein; (2) R' is independently H; phosphate (including monophosphate, diphosphate,

triphosphate, or a stabilizegrhesghata piodimeddacmt, (isctugipgdaivertabyhnalky Xindludingitower
o) suonai s g ol 30 il e oo v apd ey,
definition of apgtrigiidie heseinas Hpithethdeding €pHRIsphdlidibeadeathinB;apkhsaluiebbhgiuding: a
Peplide; & Ch Rk QI I RR AT 5B RS BBl A RRYH SERUR HAC BRI R ypistered
(incloding lower acyl); alky! (including lower alkyl); sulfonate ester including alkyl or
arylalkyl sulfonyl inciuding methanesulfonyl and benzyl, wherein the phenyl group is
optionally substituted with one or more substituents as described in the definition of aryl
20 given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a_peptide; a
cholesterol; or other pharmaceutically acceptable leaving group which when administered in
vivo is capable of providing a compound wherein R! is independently H or phosphate; (3)
R is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,
chloro, bromo, fluoro, iodo, NO,, amino, loweralkylamino, or dilower-alkyl)amino; (4) R’
25 and R’ are independently hydrogen, OR?, alkyl (including Jower alkyl), alkenyl, alkynyl,
Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NOg, amino, loweralkylamino, or

di(loweralkyl)amino; (5) R® is H; and (6) X is O, S, SO, or CHa.

In a fourth preferred subembodiment, a compound of Formula XVIII, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or

30 pyrimidine base as defined herein; (2) R! is independently H; phosphate (including
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (inciuding lower alkyl); sulfonate ester including alkyl or
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is
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Vvivo is capable of providing a compound wherein Rl is independently H or phosphate; (3) 15 R6 is
allcyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, 0-alkenyl, chloro, bromo,
fluoro, iodo, NO2, amino, loweralkylamino, or di(loweralkyl)amino; (4) R7 and R9 are independently
hydrogen, OR2, alkyl (including lower alkyl), allcenyl, alkynyl, Br-vinyl, O-alkenyl, chlorine, bromine,
iodine, NO2, eatinng!lio sibsilajrdniiith, cre en(fovereshsyifennings dpibed i &S 28 of #0hin an
eighth preferigdeaubembadimaninAwemRrOoMRRRLERNHeYIY -eldls Risymassulicalyrrcgptable
€
I

salt or prodrug, is provided in which: (1) Base is a purine or pyrimidine base_as defined herein; (2) R1
is independefBgLtEIohI6 SHA Rh Ay IRE e Al AC RN G Toee SR T SRR ARAR B Hhy
hydroxy, O-alisyh (3-adsayl oEhpRraddibsamenipeond, iodeilNR2isimiegsdemeraik\da ghirphate; (3)
di(loweralkyl) minéié@(rﬁi.R? nd R9 25 ar irggg endently OR2;, 5% 8 js H; d%6 is,0, S, SO2 or
CH2. tn a ninth Frétert ]&@H%’é’ﬁlboo Fﬁ"é%@a oﬁ%ﬁ%ﬁ%ﬁ"&% XU g’ra%a #ar_ “aalggn leally
acceptable saltlorapiaaimiy, flaqreovidied NOwhioko| U Besdiid e di(lpyerdiiferbase @5 Refined
herein; (2) R'is endentl lﬁ% h etfé?) B i 8’1‘1941&&1 Réan a‘ﬁ% eg@ ptly ORZ2;
(5) R8 is H; aﬁn(fi ;gﬁ% is gegé{é%r%[)gr d?—%%o na tgﬁ}a pre erré% sgvbem oﬁ’lmentﬂ,%’ co p%’und of
Formula XVIIBrovijtsl, pRlxptiereutichiyinecdpaiecsalednproitiy, ianprsyvideamalineming) Bise is a
purine or 49 gy fiMILING HASEBS( ﬂﬁqmr%mﬁ%)ﬁiﬂg ipdersRIsntiv iRy, BhaspiRate ié3nR6 is alkyl;
(4) BY and R9 are independently OR2; (53 R8is H; and (6) X is 0. In even more preferred
subembodimé%@s@é%cﬁﬁf)ound of Formula XVIII, or its pharmaceutically acceptable salt or prodrug, is
provided in which: 5 (1) Base is adenine; (2) R' is hydrogen; (3) R6 is methyl; (4) R7 and R9 are
hydroxyl; (5) R$ is Fycdto§6H; &Ficayix TRy maEeisty SARIAMS) H E"ﬁ%&f’)ggﬁ’;%) P68 methyl;
(4) R7 and RQipsenhysioaly 460dpBis Rytregprdand (Sp6aied (h)vRade ig pHasINe a(BuRidor
hydrogen; (3) R6 is methyl; (4225(R nd R9 are droxyl; (5) Y.is gen, (6). Xis Q: (1) Base
is thymine; (YR Hd g@%n, 3‘%1%‘% eé?ﬁ?l;@)%? ]asn%'ﬁ%’)%r}%e%%%oﬁ(ﬁ%%%i lﬁ(ﬁ%f%h n; and
(6) X is 0; (1) Besepbogpheit, (Aifkomphatelrogphp{B)aRs isrmeetiiabildleR 7ohnshROeapeduiyugax syt
15 (including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or

arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is

optionally substituted with one or more substituents as described in the definition of aryl

given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a

cholesterol; or other pharmaceutically acceptable leaving group which when administered in

20 vivo is capable of providiné a compound wherein R' is independently H or phosphate; (3)

R%is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,

chloro, bromo, fluoro, iodo, NO,, amino, loweralkylamino, or di(loweralkyl)amino; (4) R’

and R’ are independently OR?; (5) R® is H; and (6) X is O, S, SO, or CHa.

In a sixth preferred subembodiment, a compound of Formula XVIII, or its

25 pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R! is independently H; phosphate (including
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or

arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is

30 optionally substituted with one or more substituents as described in the definition of aryl
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a
cholesierol; or other pharmaceutically acceptable leaving group which when administered in

Vivo is capable of providing a compound wherein R' is independently H or phosphate; (3)
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(5) R$ is hydrogen; and (6) Xis 0; 15 (1) Base is adenine; (2) R' is phosphate; (3) R6 is methyl; (4) R7
and R9 are hydroxyl; (5) Rs is hydrogen; and (6) X is O; (1) Base is adenine; (2) Rt is hydrogen; (3)
R6 is ethyl; (4) R7 and R9 are hydroxyl; (5) R8 is hydrogen; and (6) X is O; (1) Base is adenine; (2) RI
is hydrogen; (3) R6 is propyl; (4) R7 and R9 are hydroxyl; 20 (5) R8 is hydrogen; and (6) X is O; (1)
Base is adeni¥ds @R Grchidinaderer 3. ialkenyk dymit @Wﬁglabéfqai%?a@ﬂl%i elkerdrogen:
and (6) X is Qid )} BASES aRSRING;d) RS IAr0 I8 EiyREdman et w16 heR e RR o6 rydroxyl;
(5) R8s hydrogen; and ;@3) Xis &: 25 1) Base is adenine; (2) Rt is hydro}gi{w; (ﬁi? R6 i meth%l; (4) R7
g ' AUSHRENT

and R9 are hiftSxyate (89928mR{d/3Fer AR Bihelss islylipg) prea B R My drogen:

(3) R6 is methylodheRen@e) R3sape hydroxyl; (5) R$ is hydrogen; and (6) X is CH2. 50 The (3-D- and
(3-L-nucleosides of this invention may inhibit HCV polymerase activity. Nucleosides can be screened
for thair ability to inhibig HE&NnEO|pefRse abitiyodiméity aceargingiio «CiBenink HaHhdssés forth
more particularly herein. One can readily. 5 determine the s rum of activity, by evaluati e
compound in%ﬁ%%%%@sﬁ?%@g%gee§g}%ocgrp\mfﬁl Snot 5?"?(%1 i?ﬁ]gct%roy at@aé?%;e}%r?e%%%é{llmem the
efficacy of theyitiidizViesen pouifiisdn basimed2 cBordindepehdentiicBhtphivnhstc dingoding
necessary to reduce the pla her of4 [fus.InVitto . agearding to metho rf.ypore
particularly h@%?ﬁ?ﬁ%sg%#g’(ﬂ%&t%g@o%’po% 10 E00510 . Ir§1 preferre% er%Bg%dimgé?\ts tﬁg cog;nIIpound

exhibits an EGedditesotrarectordio! firsbwismiowsierbasutbade Staingtd e sd5inerase
assayndescried I Fetrat &l ahoifigf YikmdRdfibyi0hd 58991 shiletial ideprigiogyoup is
29:1227-1235,1999; Lohmann et aL, Al. of Bio. Chem,., 274:10%)7- C%%alS, 999;.or .Yamﬁshlfa et al,
Al. of Bio. Chepfionglinsybsivuiad el quroer REFpHURSERA S, ﬁﬁﬁﬁ} o eaé%ﬁﬁﬁé%r% %L any salt
or prodrug thai¢agRrasi ﬂiﬁﬁgﬁ@ﬂuﬂ%ﬂ@&p@e@l&ﬁﬂﬁmaﬁlﬁmﬁﬁ@ﬂdﬁrb@@éﬂﬂ& arpiepiil.’ﬁ_ecﬂy the
Parent Com P O S A 5 s TN O XRS5 Al DR RN RRA R Al

vivo is capable of providing a compound wherein R! is independently H or phosphate; (3)

15 RS is alkcyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,

chloro, bromo, fluoro, iodo, NO,, amino, 10we:ralky1gn_ino, or di(loweralkyhyamino; (4) R’

and R® are independently hydrogen, OR?, alkyl (including lower alkyl), alkenyl, alkynyl,

Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO;, amino, loweralkylamino, or

di(loweralkyl)amino; (5) R? is H; and (6) X is O.

20 In an eighth preferred subembodiment, a compound of Formula XVII, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine ot
pyrimidine base as defined herein; (2) R! is independently H or phosphate; (3) R® is alkyl
(including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro,
bromo, fluoro, iodo, NO,, amino, loweralkylamino or di(loweralkyl)amino; (4) R’ and R?

25 are independently OR?; (5) R®is H; and (6) X is O, S, SO, or CHa.

In a ninth preferred subembodiment, a compound of Formula XVII, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
pyrimidine base as defined herein; (2) R! is independently H or phosphate; (3) RS is alkyl;
(4) R and R® are independently OR?; (5) R* is H; and (6) X is O, 8, SO, or CHy.

30 In a tenth preferred subembodiment, a compound of Formula XVII, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
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acceptable salts (alternatively referred to-as "physiologically acceptable salts”), and a compound that
has been alylated or acylated at the 5'-position or on the purine or 20 pyrimidine base (a type of
"pharmaceutically acceptable prodrug"). Further, the modifications can affect the biological activity of
the compound, in some cases increasing the activity.over the parent compound. This can easily be

assessed by pyepading thes saldefinpiduiaia@d TestngdesadaiiahenabpmbebididhRo teliiethods
described he&ﬁn&ﬂ@e&m&gg@mmq fklgg)ge Rhilled dndig arp 25 H. Definitions The term alkyl,
e

as used herein, unless otherwisé specified, refers to a saturated straight, branched, or cyclic, primary,

secondary, or tertiagy, %o%o&%ﬁggj%gms agdc%?g{ﬂf@l&)f ingHRes ethyleetayl, propyl,
Yy

isopropyl, cyclopropyl, butyl, isobutyl, t-butyl, pentyl, cydo.pent , isopentyl, neopentyl, hexyl, isohexyl,
cyclohexyl, shasrsreisAlyassapabissak M ergros, s dmadsiBulidrd 2,3-dimethylbutyl. The term
includes both substituted and unsubstituted alkyl groups. Moieties with which thesalkyl group can be

substituted are seleldB6is HEFSUR)drISBING TR RIBxyt BRI, (HIRy12RiRo 2LHVMIARY: alkoxy,

aryloxy, nitro,(syahes sulfepis; asisl (§ukfaten;phosphonic 5 acid, phosphate, or phosphonate, either
- unprotected, or protected as necessary, as known to those skilled in the art, for example, as taught in

Greene, et al., ProtqeiyRdeiogmineQryanis Syntiesig3yalin\iiity i) Bonsd ReeantlyEditidn, 1991,

hereby incorpgorated %y reference. Ié?'te m lower alkyl, as used herein, and unless otherwise
specified, ref Pé?o Y :I'%)gffﬁ’ @Zf%ég et straight, branched, or if appropriate, a cyclic (for example,

cyclopropyl) alkyl group, including hoth substituted and uns ituted farms. s othgswise
specifically stated iﬁi%%aﬁf)ﬁﬁc%?f%‘ﬁ?%h glkﬁf%% StAtabl ?nﬁgéie@,%‘%vﬁg]}’a@%par%ﬁgreg%
Similagly, whetyaliylo(IpRieisalididgea; smidab)eXnosty, unsubstituted alkyl or lower alkyl is preferred.

15 The term alkylamino or arylamino refers to an amino group th?t has one or two7alkyl or aryl
substituents, respectiveBesthe thsmitprof@cRY indysegehe@n Rndsumebslp o rRisendeRnederefers to

a group thati itr .phpsphorus atom to prevent its further reaction or for
S T B A R |

other purpos nitrogen protecting groups are known to
(1) Base is uracil; (2) R is hydrogen; (3) R® is methyl; (4) R” and R’ are hydroxyl;
(5) R® is hiydrogen; and (6) X is O;
15 (1) Base is adenine; (2) R! is phosphate; (3) RS is methyl, (4) R” and R’ are
hydroxyl; (5) R® is hydrogen; and (6) X is O;
(1) Base is adenine; (2) R! is hydrogen; (3) R® is ethyl; (4) R” and R’ are hydroxyl;
(5) R® is hydrogen; and (6) X is O;
(1) Base is adenine; (2) R is hydrogen; (3) R® is propyl; (4) R and R’ are hydroxyl;
20 (5)R%is hydrogen; and (6) X is O;
(1) Base is adening; (2) R! is hydrogen; (3) R® is butyl; (4) R and R® are hydroxyl;
(5) R is hydrogen; and (6) X is O
(1) Base is adenine; (2) R} is hydrogen; (3) R® is methyl; (4) R” and R® are hydroxyl;
(5) R® is hydrogen; and (6) X is S;
25 (1) Base is adenine; (2) R' is hydrogen; (3) R® is methyl; (4) R and R’ are hydroxyl;
(5) R¥is hydrogen; and (6) X is SOy; or
(1) Base is adenine; (2) R' is hydrogen; (3) R® is methyl; (4) R and R? are hydroxyl;
(5) R® is hydrogen; and (6) X is CHa.
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20 those skilled in the art of organic synthesis. The term aryl, as used herein, and unless otherwise
specified, refers to phenyl, biphenyl, or naphthyl, and preferably phenyl. The term includes both
substituted and unsubstituted moieties. The aryl group can be substituted with one or more moieties
selected from the group consisting of hydroxyl, amino, alkylamino, arylamino, alkoxy, 25 aryloxy, nitro,
cyano, sulfonic acid, sulfate, phosphoric acid, phosphate, or phosphonate, either unprotected, or
protected as necessary, as known to those skilled in the art, for example, as taught in Greene, et at,

Protective Groups ir?gggﬁulﬂg ﬁﬁtﬁli%cié’&'i‘d\é\!“ﬁy AR SRS or eaend fsitio P Yol Fherigem
e

alkaryl or alkylaryl refers to an allcyl group with an aryl substituent. The 30 term aralkyl or, arylalkyl

refers to an amatyénpNuRisesiias eqard. fonibsashiialdo Sidd G RANMSERAZS IS, bromo,
iodo, and fluokgy. SR Ihete sy RS RUIRLLIRS Rasedskidesidauiis Retlimitoddeandening, N6-

alkylpurines, N6-acylpurines (wherein acyl is C(O)(alkyl, aryl, alkylaryl, or.arylalkyl), NG- benzylpurine,
N6-hafopurinedXeEEHRR firmes K Rk df Y‘f@’p‘?ﬁiﬁg?lmﬁﬁﬁﬁlﬁ@g Wg- (ﬁ?gx%g)ﬁ&l%esmgex

arine,
N6-thioalkyl pusiae & 2vatkaiputénesaiaaleyhiliopurines, 5 thymine, cytosine, 5-fluorocytosine,
5-methylcytosine, 6-azapyrimidine, including 6-azacytosine, 2- and/or 4-mercaptopyrmidine, uracil,
5-halouracil, including: rffugrbutaeitntChe alifidpyyiofitinestiGE-ecaylpymvh idiness @&l hatspdmigiduies,
C5-vinylpyrimiding, C5- acetylenic.pyrimidine, C5-acyl pyrimidi 2:hydroxyalkyl aMeng, < ;
C5-amidopyrirﬁg%e?o?fgggféﬁgp{%rﬁﬁl r(1)(1en,:1 Eeﬁﬁsr%r%%@g& éc}i)rﬁﬁg)pyrimidine, N2-alk§/Igurines,
N2-alkyl 10 6-thitop areeding-aracthisin gt Soahanraebprticizdlorsyaaiiy, TRz Bsyeaagnnd s
py"o_'ﬁ;)vrimidﬁm'qﬁnﬂl %f%%%?é&%@@!ﬂiﬂ&t?&@%&ﬁé&%ﬂi ngiieRs batare netlisiteshtas granine,
adenine, hypoxanthine, 2,6-diaminopurine, and 6-chioropurine. Functional o,xy%e_n and nitrogen

groups on the wiseedlarhEhsmaerEgasanevding 9 Grequlragrast rspic Ipebet g BrBapLare well
kngwq)to ﬁ%?sgrﬁ.kﬂ ? im ?@S}@Jﬁiﬂl@uﬂ@bﬁqs&g}mtﬁm‘% ﬁdéi{‘;“ﬂ'mwlbﬁ%m%}tﬂy@mﬁi_ .I lylsilyl,
and t-butyldiphenylsilyl, trityl, alkyl groups, an roups such as acetyl and propiony
methanesulforﬁh’, &td ﬁi%eﬁé@ﬁif&?ﬁ:1??1%7fépﬁ1?§e?/i;%§fe?§ L({(f %%?Baoﬁgﬁg é%ig ggtgé}ro i nc\);\zl fich the
non-carbony| myiety4gb-tBesssterogroup is selected from straight, branched, or cyclic alkyl or lower

alkyl, alkoxyallcyl including methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as
15 The active compound can be administered as any salt or prodrug that upen

administration to the recipient is capable of providing directly or indirectly the parent
compound, or that exhibits activity itself. Nonlimiting examples are the pharmaceutically
acceptable salts (alternatively referred to as “physiologically acceptable salts”), and a
compound that has been alkylated or acylated at the 5’-position or on the purine or
20 pyrimidine base (a type of “pharmaceutically acceptable prodrug™). Further, the
modifications can affect the biological activity of the compound, in some cases increasing
the activity over the parent compound. This can easily be assessed by preparing the salt or
prodrug and testing its antiviral activity according to the methods described herein, or other

methods known to those skilled in the art.

25 1. Definitions

The term alkyl, as used herein, unless otherwise specified, refers to a saturated
siraight, branched, or cyclic, primary, secondary, or tertiary hydrocarbon of typically C; to
Cio, and specifically includes methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl,
tbutyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, ischexyl, cyclohexyl,
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20 phenoxymethyl, aryl including phenyl optionally substituted with chloro, bromo, fluoro, iodo, C1 to
C4 alkyl or C1 to C4 alkoxy, sulfonate esters such as alkyl or aralkyl sulphonyl including
methanesulfonyl, the mono, di or triphosphate ester, trityl or monomethoxytrityl, substituted benzyl,
trialkylsilyl (e.g. dimethyl-t-butylsilyl) or diphenylmethylsilyl. Aryl groups in the esters optimally
comprise a plagsishergupetiiyie texmiionanacyl? rafartiobanyi2 araicy| Hdmpthylviiph tfigheidermarbonyl
moiety is a lowey alky). As used herein, the term "substantially free, of. gr "substantially.in bsence
of' refers to ,ﬂ‘fé{g&% | 58%%1837 oaﬁlqh%qﬁlﬁcﬁrﬁlalé%sﬂa%gﬁr %@%r%@%%@sv%l%hﬁv%%fg%&@ 5% to
98 % by weightoundavén mbtintefesablycBotdtdioB0%d emeightnekting dédigératad, enaintiomer of

that nucleoside. In a.preferred embadiment. i ] h% csm%ng )%9%'9%? uggfa%f j g &g&ion,the
compounds a%%ﬂgsgght%ﬁg reg’oggngﬁtio ngi'?%& é’lm larly, tlﬁe tnerm "ig)’olated" ’r?ﬁgs{)}%{) a

nucledside cowigositspheiatdnphaspboanite sthg3BPOBYEHy WEIGHC PITR REBAISIBHPE0UE™H By weight,
and even morg Rrelgiably ;P 4760 1o, 1R0% el aidheinusieaside: the remaiieer GRITRYISING other

chemical species or enantiomers. 5 The term "independently’ is used herein to indicate t% t the
variable whickrgameSyamhesisyoRppNialey and Sitfe Sertidh I Homn b AAERY P SPBREE8 P Thus, in

a compound gtshas. R"XYR", wherein R" is "independently carbon or nitrogen," both R" can be
carbon, both R" can be nitrogen, or one R" can be carbon and the other R" nitrogen. The term host, as

used herein, refers torRRMCSHHANGI, e helan) bpanisIRd B HDwlEepdtifedr usfaanrepljcate,
including cell lines and animals, and preferably a human. Alternatively, the host can be.catrying a part
of the hepatitiS CUHHIEEAGHR ﬁ%&%egeﬁﬁé ﬁ%‘?{%?n%ﬁ’cﬁg c({:lgiél% ‘%éi?é‘%@&’b‘if%%’é”%’é’ﬁ%gouﬁgs of the
present invengiamp] heletine hott spadificallyré fersistindeat ddroslls Lidtss tedingfeistegpadifcallior part of
the HCV_gengme,and gmaimJiBRigiia- PaLes daglilinmopipanzecahandsngrupisaln most
15 animal applications o thé’%resen invention,"the host is a human patient. Veterinary applications, in
certain indicafdméarimvdver 2bid @réawrM®mwmmp@§emﬁ\£@ﬁ%ﬁ alkybpr dewdiipthdnzees).

The term "phqgrﬁ%@&yg@_ally acceptable salt or prodrug” is used throughout the specification to
describe any pharmaceutically acceptable form (such as an ester, phosphate 20 ester, salf of an ester

or a redated group) of R RUGEARISGERMP AN NHNGR PR amino group that has one or two alkyl

or aryl substituents, respectively.

The term “protected” as used herein and unless otherwise defined refers to a group
that is added to an oxygen, nitrogen, or phosphorus atom to prevent its further reaction or
for other purposes. A wide variety of oxygen and nitrogen protecting groups are known to

20 those skilled in the art of organic synthesis.

The term aryl, as used herein, and unless otherwise specified, refers to phenyl,
biphenyl, or naphthyl, and preferably phenyl. The term includes both substituted and
unsubstituted moieties, The aryl group can be substituted with one or meore moieties
selected from the group consisting of hydroxyl, amino, alkylamino, arylamino, alkoxy,

25 aryloxy, nitro, cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or phosphonate,
either unprotected, or protected as necessary, as known to those skilled in the art, for
example, as taught in Greene, ez al., Protective Groups in Organic Synthesis, John Wiley

and Sons, Second Edition, 1991.

The term alkaryl or alkylaryl refers to an alkyl group with an aryl substituent. The
30 term aralkyl or arylalkyl refers to an aryl group with an alkyl substituent.

The term halo, as used herein, includes chloro, bromo, iodo, and fluoro.
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administration to a patient, provides the nucleoside compound. Pharmaceutically acceptable salts
include those derived from pharmaceutically acceptable inorganic or organic bases and acids.
Suitable salts include those derived from alkali metals such as potassium and sodium, alkaline earth
metals such as calcium and magnesium, among 25 numerous other acids well known in the
pharmaceutical art ’Pﬂhafmﬁoﬁuiiﬁaﬁy peeepiatl dapeogdthgietptent almoﬁipmmcbtrmleiﬁmeﬁbolized,
for example h ze @de ed, in., the host tq for 5 ?}? ention.
Typical exam Xfm ’(cjll(Lgs :lﬁulnh(fe O ecl)%%cq E&S §BLC(BI|6IE%’% abite pr ectl gﬁ)ups ona
functional mdvet;zyipwacméléopm@n vipgsiinc ¥ acetvisoienduiting: cah-beybxiizias,
reduced, 30 %@@?&F&ﬂ&%{“ e, vdimodiad, ey drex méqgﬂmrob@ea@ikﬁem

alkylated, dealky ated; acylated, deacylated, phos horylated ephosphorylated to produce the active
54 cofpoundTHEBoNTYESHIES oPtEROTACERTIBR: p IGHiOHEFac foaRpRgEmdinacvneprding

metabolized tg & qmBRALNE hal@HHRie SUGRAEHVTY. dYhcl b@@ﬁ&ﬁi@ﬁﬂh&h&%@lﬁ;&@wmﬂons In

cases where compounds are suffigiently basic,or acidig to form, staple ngntoxic. 5 acid or b e salts,

administratiofr fREREHEEH gs 3%%8&%@%"9 abelopiAbm Ff? ay Be" Bﬁ%’?ﬁﬁ]ﬁte Examples
of pharmaceuiieglyracqspiablmsalts aog @m&nﬂ&mﬂf&@dﬁmﬂhﬁﬁﬁmme@%ﬂmaﬁﬁmm form a

physiological agceptable. anjon, fof example, losylase, m methanesulfonate cetate, Litr, fllonate
tartarate, suc na&'egn nzoéljfél a8scor rflﬁ]ml é]tdg utarafé PAnd a- it yr;%ro ogmﬁ%té |ta e inorganic

salts thay alsé-feofi@ifesned- m@dﬂﬁdagylsulmanmtﬂp blm@om«hnﬂ,carbmﬁazelmmyh

Phafmaceut'é}@lkf ?&@-&ﬁ%@ Shiained sigandardRiasedies sl ko) the art,
for example by reacting a sutficiently ba5|c compound such as an amine ‘with a suitabie acid affordlng
a physiologicZiyraeecdriine WW&% mbtdiamsropapsprad SoepronYGRE SKIPCEPIRh ARS8 alkaline

earth metal (fofe I8 calcimhalke ﬂéé)fcﬁﬁrgg)%ﬁl&e%%dsﬁaﬁb%éhﬁe tﬁ"&ﬁ;@uéﬁy Suibdle

nucleosides described herein can be administered as a _nucleotjde prodr tivity,

crease the
bioavailabilityPEHSsHRg SFuRicinskelikrana ﬁ?&ﬁ@?ﬁe@&?%@" fRfcrbs BEPSHR R 6 tide
prodrig llgan@waﬂm@wnﬁlﬂ geﬁeyainﬁé&wmm aﬁd:)t%ﬂﬁ;ﬂd%pi@tﬁ}&ﬁlﬂﬂppﬁﬂ%; alioglification afdhe

mono, di or tri hate of the nu de 20 wi I inc ease abilit Nyele ide. Examples of
substituent gri(E)) gp% s ggﬁhraesp ac%’ propmny me i on}%t ‘Hﬁ( R flﬁenesﬁ%o 9}

The term acyl refers to a carboxylic acid ester in which the non—carbonyl motety of
the ester group is selected from straight, branched, or cyclic alkyl or lower alkyl,
alkoxyalkyl including methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as

20 phenoxymethyl, aryl including phenyl optionally substituted with chloro, bromo, fluoro,
iodo, Cp to C4 alkyl or C; to C4 alkoxy, sulfonate esters such as alkyl or aralkyl sulphonyl
including methanesulfonyl, the mono, di or triphosphate ester, trityl or monomethoxytrityl,
substituted benzyl, trialkylsilyl (e.g. dimethyl-t-butylsilyl) or diphenylmethylsilyl. Aryl
groups in the esters optimally comprise a phenyl group. The term “lower acyl” refers to an

25 acyl group in which the non-carbonyl moiety is a lower alkyl.

As used herein, the term “substantially free of” or “substantially in the absence of” .
refers to a nucleoside composition that includes at least 85 or 90% by weight, preferably
95% to 98 % by weight, and even more preferably 99% to 190% by weight, of the
designated enantiomer of that nucleoside. In a preferred embodiment, in the methods and

30 compounds of this invention, the compounds are substantially frec of enantiomers.
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one or more hydrogens on the phosphate moiety are allcyl, aryl, steroids, carbohydrates, including
sugars, 1,2-diacylglycerol and alcohols. Many are described in R. Jones and N. Bischofberger,
Antiviral Research, 27 (1995) 1-17. Any of these can be used in combination with the disclosed
nucleosides to achieve a desired effect. 25 The active nucleoside can also be provided as a
5'-phosphoether lipgiwatialy;-etbaertipitsasais aefsead in shentitoida goaferstion sheihiot el at

incorporated re rein.. Kucera, L.S. lyer, ake.A.Rahen, Modest E, JL.W., and
C. Piantados%%ggonrgg%ég ‘éfreﬁgﬁg er-e%flg?gf:ﬁ\% g&gﬁéﬁ%};@%& %gtei‘rfl_ %b%?%%&ﬁe%%b yIV-1
production aPPintiudeefbytiveightisofofimatienisoftiiBSiRe serkhindeReqrepuiingcether 4gmgmat 30

Piantadosi, C &iégl@{%ﬁgﬂu%ﬂeréL' Morris-Natschke, K.L. Meyer, F. Gumus, J.R. Surles, 55 K.S.
Ishaq, L.S. Kﬁ%era, N. lyer, C.A. Wallen, S. Piantadosi, and E.J. Modest. 1991. "Synthesis and

evalugtion of novel g{ierlipid. Smooniugates fosAnt RV astvit " b Mefinfeh@teh is
34:1408.1414; Hosteller, K.Y., D.D. Richman, D.A. Carson, L.M. Stuhmiller, G,M. T. van Wijk, and H.

van den BosdRdergodenttyrenpljesnrainsciiaprniraH s BrmuarRECHHATL Ho aapitaRien. vilty pé 2

prodag of 5 Sy ing S AniThereD. Agonts Chemather 36,2075 2006, ocetier K v LM
prodrug of 3,-deoxythymidine.” Antimicrob. Agents Chemothey. 36: . - Hosetler, K.Y., L.M.
Stuhmiller, H18.¢¢ Wi@%vﬁﬁ‘%?’é‘@géﬁ,‘ﬁr?éi"é?DPﬁ‘ia?rﬁgh?&@:@‘g&‘%?f%ﬁ{&i%?@%’ntiretroviraI
activity of phospholipid analogs of azidothymidin? and other antiviral nucl osiﬁels." .T. Biol. Chem. 10
265:61127. Nonlimiﬂ%ﬁ RS 25 fA5PS DB TS A f U AL RO SCL IR TR ﬂ&gtb?? RE BEHUERE that can
be cavalently-iniar psatedsinim the ivacte asitteipr efdt dblysatidieaiin@H, poditoefetiiyeanncienside or

lipophili fj include U.S, Patent Nos. 5,149.79 22,1992 Yatyi .); 4,654
(o, 16, 1605, FERIEHYr S BOSPo irned TR EThEE & YA UREe b0
1993, Yatvin m;ﬁh;;ﬁmmf@ﬂ@mgn@,e@@admm@mmyﬁ Bi1bs m@mm@mgé@emetler et
al); 5’543’38%&&%&@%%58?%%\égaoehﬁt-aieé,ée‘ﬁ’g,3&@1&%&&&%&%%}@%@5@!&_@@%@@% (Aug. 6,

1996, Yatvin et at), an 54, (Sep. 10, 1_996; Basava et at), all of which are incorporated herein

by reference. SESERI 4D Bl cattisiatn Il ERsodBCcHiyS B A fSRBRHER AL FYPAEH HB Bitsthed to

the 2fsnucleogides gl?cﬁ{%@'&‘ifi%Bﬂ&@n@[ﬂi&ﬁﬁbﬂﬂcﬁeﬂﬁalmﬁshm%{{g@.8%@%?%%0
90/00555, WO 91/16920, WO 91/18914, WO 93/00910, WO 94/26273, WO 96/15132, EP 0
applications, 1n certain indications, however, are clearly anficipated by the present invention

(such as chimpanzees),

The term “pharmaceutically acceptable salt or prodrug” is used throughout the

specification to describe any pharmaceutically acceptable form (such as an ester, phosphate

20 ester, salt of an ester or a related group) of a nucleoside comp‘ound which, upon
administration to a patient, provides the nucleoside compound. Pharmaceutically
acceptable salts include those derived from pharmaceutically acceptable inorganic or

organic bases and acids. Suitable salts include those derived from alkali metals such as
potassium and sodium, alkaline earth metals such as calcium and magnesium, among

25 numerous other acids well known in the pharmaceutical art. Pharmaceutically acceptable
prodrugs refer to a compound that is metabolized, for example hydrolyzed or oxidized, in

the host to form the compound of the present invention. Typical examples of prodrugs

include compounds that have biologically labile protecting groups on a funciional moiety of

the active compound. Prodrugs include compounds that can be oxidized, reduced,

30 aminated, deaminated, hydroxylated, dehydroxylated, hydrolyzed, dehydrolyzed, alkylated,
dealkylated, acylated, deacylated, phosphorylated, dephosphorylated to produce the active
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350 287, EP 93917054.4, and WO 91/19721. IV. Combination and Alternation Therapy It has been
recognized that drug-resistant variants of HCV can emerge after 25 prolonged treatment with an
antiviral agent. Drug resistance most typically occurs by mutation of a gene that encodes for an
enzyme used in viral replication. The efficacy of a drug against HCV infection can be prolonged,
augmented, Qprestored by.administatng the usrmpreunddncambinationwialimationwyith asecond,
and perhaps third, antiviral compound that induces a different mutation from that caused by the
principle drud?@ébﬂm&i%éﬂﬁﬂ%%@ﬁﬁm%&?‘E%H?étribution or other parameter of the drug
can be altered by such combination or alternation therapy. In general, combination therapy is 56
typically preferred over alternation therapy because it induces multiple simultaneous stresses on the
virus. Nonlimiting examples of antiviral age be used in combination with the compounds
disclosed herdh-Hdisatsle pAlL oL IGRIRE 3 rbavirin (Battaglia, A.M. et at, Ann. Pharmacother.
34:487- 494, 2000); Berenguer, M. et at Antivir. Ther. 3(Suppl. 3):125-136, 1998); (2) Substrate-based
NS3 protease inhiboreggstwiond eerapormd /sl pebeicatly davistiviescific to\iro gebe 9gntpseg:
Attwogd et at, Ayl Chamistinandrfhe Mehe i @mplEdSk 2 shat9eSaditigosteidbiRrenaration

and use of amino acid 10 derivatives as anti-viral agents, German Patent Publication DE 19914474,

Tung et al. |IARBitBFs BRI proteammle ahiRERgcRuicaths TRHPR S8Ib Sisa Lt 12

98/17679), inghastiog aiphakateammiges e onye Fshosraesictndeihibitpsbibahtetiinadeatnpa)
electrophile such as a boronic acid or phosphonate. Llinas-Brunet et al, Hepatitis C inhibitor peptide
analogues, PEF\i® 9578’7“?@@ Ty SR &bs%?%alb%% I}#ﬁ G pSagemate, ' benzoate

A 4 b b

ibi‘Eors such'as
2,4,6-trihydroxea@initzpcblenagnideted enivativhetspiosshat at SBiebhemicgirn ddio praysidsd Research

Communicatigns, 238:643-647.1997: Sudo.K. gt a AQHX@%C emisty and Chemotherapy 9:186,
1998), inclu |%%%?‘f6@%ﬁ&lé%§ﬁiﬁg%% tlﬁi(iex%lrlr%%’r substit&ea([j on t%e amide with a 14 carbon
chain and the latter grocessing apara- é’g ne geﬁ)%gtgg ta?n?ﬂﬁ#a&&l@ﬂ? ervativeswhich
show relevant inhib%%a%afg\%%e%ﬁ gae {I}{%C assay '\l}v%th a% N%B 4A 1usionp?)rotein and NS5A/5B
substrate (Sulsleo®n én ghe art, for example by reacting a sufliciently basic compound such as an amine

with a suitable acid affording a physiologically acceptable anion. Alkali metal (for
example, sodium, potassium or lithium) or alkaline earth metal (for example calcium) salts

15 of carboxylic acids can also be made.

Any of the nucleosides described herein can be administered as a nucleotide prodrug
to increase the activity, bioavailability, stability or otherwise alter the properties of the
nucleoside. A number of nucleotide prodrug ligands are known. In general, alkylation,
acylation or other lipophilic modification of the mono, di or triphosphate of the nucleoside

20 will increase the stability of the nucleotide. Examples of substituent groups that can replace
one or more hydrogens on the phosphate moiety are alkyl, aryl, steroids, carbohydrates,
including sugars, 1,2-diacylglycerol and alcohols. Many are described in R. Jones and N.
Bischofberger, Antiviral Research, 27 (1995) 1-17. Any of these can be used in

combination with the disclosed nucleosides to achieve a desired effect.

25 The active nucleoside can also be provided as a 5°-phosphoether lipid or a 5’-ether
lipid, as disclosed in the following references, which are incorporated by reference herein:
Kucera, L.S., N. Tyer, B. Leake, A. Raben, Modest EX., D.LW., and C. Piantadosi. 19990,
“Novel membrane-interactive ether lipid analogs that inhibit infectious HIV-1 production
and induce defective virus formation.” AIDS Res. Hum. Retro Viruses. 6:491-501;
30 Piantadosi, C., J. Marasco C.J., S.1. Morris-Natschke, K.L.. Meyer, F. Gumus, J.R. Surles,
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Antiviral Research 32:9-18, 1996), especially compound RD-1-6250, possessing a fused cinnamoyl
moiety substituted with a long alkyl chain, RD4 6205 and RD4 6193; (5) Thiazolidines and
benzanilides identified in Kakiuchi N. et at J. EBS Letters 25 421:217-220; Takeshita N. et at
Analytical Biochemistry 247:242-246, 1997; (6) A phenan-threnequinone possessing activity against
HCV proteasgig. asbRS 1 RAGRaRY ButDradicgsaiiyliessay Rialatddsiiomdtie leModetatici¥2Ulture
broth of Strepfomyces sp., Sch 68631 (Chy M. et.at, Tetrahedron Letters 37:7223-(232. 1996), and
Sch 351633, i é’l‘étge?ﬁl?l%% ?ﬁé%‘ﬁ%g%égﬁ?giﬁl i darllgcno l:i l?alr% Whick %Sm%rn%?%rlates 3?6%5‘7(# Vity in a
~ scintillation prbxiifty aSsay. (Ghi4s.¢4H; Biostglnic 0, MediciictBhombBtdy. | easrs.01949-1952);
57 (1) Selectug NSgnbibiors bepsd g e mogiompissuls clanc-plaigriamlasd@asm 1A
et at, Biocheréls ry ggr’l E(Y’?nl 57’);, g; HCV helicas%}'ﬁihhjbitdrs Diana G.D. et at, Compounds,
compdsitionsefrkimastiroastodefisignssrtiorhopattiseeliestionig s gnd B4 96sctia®y 8'D. et at,

5 Piperidine qeryaiveg paag icalisamResisnsihersobangriieiruse ndbskirepmnant. of
hepatitis C, PCT WO 97/36554); (9) HCV polymerase inhibijtors such as nucleotide analogugs,
gliotoxin (FerrHHiRicERL aistIhAF Bgy%%@%%@%%ﬂ"f%@), BntrtheMatd ta(tj(g,ii]i’!gerulenin
(Lohmann V 1@h8hg \irQloN 2496508380 1998 ki 1 0)oBntisynsesibasp harpstinatsl activity
oligodeoxynucleatides (S:ODN) complementary.to sequence stretches,in the 5. non-coding region
(NCR) of the Pf%%ﬂ(‘,ﬂﬂ‘)}c}iﬁgﬁﬁ? Offe %ﬁ@ﬂg :(A}Bei?'?‘fﬂt?ﬁﬁgﬁvcﬁa%ﬁ% é% e eess'szg-%ifg C(z:izzf%%rising the
3' endioof the REFB1a8T nucleotides 371-388 located in the core coding region of the IICV RNA (Alt M.

et at, Archives of Virology 142:589-599, 1997; Galderisi U. et at, Journal of Cellular Physiology 15
181:251-257, 1999)Ndrliithipitorsgii¢R ESLHeppridsntheirdikation GkicddeNipeniilis gubitivetic

prevention ang regiraen) of NSRAILES G lARARRSE P algnl Bublisaian. P 08205380 Kidty 6} ot

Prevention and treatment o seases, Japanese Patent Publication JP- 10101591); 20 512)

Nuclease-resisantieisosijenes lipankidiewrpirdicns, Hejleds| 047 3Patmbidles dbB494/98 ASehd
1992, Yatvin et al); 5,194,654 (Mar. 16, 1993, Hostetler ef al., 5,223,263 (June 29, 1993,

15 Hostetler ef al.); 5,256,641 (Oct. 26, 1993, Yatvin et al.); 5,411,947 (May 2, 1995, Hostetler
et al); 5.463,092 (Oct. 31, 1995, Hostetler ef al); 5,543,389 (Aug. 6, 1996, Yatvin ef al.};
5,543,390 (Aug. 6, 1996, Yatvin ef al); 5,543,391 (Aug. 6, 1996, Yatvin et al); and
5,554,728 (Sep. 10, 1996; Basava et al.), all of which are incorporated herein by reference.
Foreign patent applications that disclose lipophilic substituents that can be attached to the

20 nucleosides of the present invention, or lipophilic preparations, include WO 85/02733, WO
90/00555, WO 91/16920, WO 91/18914, W0 93/00910, W0 94/26273, W0 96/15132, EP 0
350 287, EP 93917054.4, and W0 91/19721.

IV, Combination and Alternation Therapy

It has been recognmized that drug-resistant variants of HCV can emerge afier

25 prolonged treatment with an antiviral agent. Drug resistance most typically occurs by
mutation of a gene that encodes for an enzyme used in viral replication. The efficacy of a

drug against HCV infection can be prolonged, angmented, or restored by administering the
compound in combination or alternation with a second, and perhaps third, antiviral
compound that induces a different mutation from that caused by the principle drug.

30 | Aliernatively, the pharmacokinetics, biodistribution or other parameter of the drag can be

altered by such combination or alternation therapy. In general, combination therapy is
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(13) Other miscellaneous compounds including 1-amino-alkylcyclohexanes (U.S. Patent No.
6,034,134 to Gold et al.), alkyl lipids (U.S. Patent No. 5,922,757 to Chojkier et at), vitamin E and other
antioxidants (U.S. Patent No. 5,922,757 to Chojkier et al.), 25 squalene, amantadine, bile acids (U.S.
Patent No. 5,846,964 to Ozeki et al.), N- (phosphonoacetyl)-L-aspartic acid, (U.S. Patent No.

5,830,905 to Riapaiet Aleferk@nzonedicarhaxamides(Ubscdiaient Neub S 3dulgidohianmenal.),
polyadenylic acid derivatives (U.S. Patent No. 5,496,546 to Wang et al.), 2',3'-dideoxyinosine (U.S.

Patent No. S%Y%SWWEﬁoan et al.), and benzimidazoles (U.S. Patent No. 5,891,874 to 30

Colacino et al.). 58 V. Pharmaceutic stlt ns HOE%? mcluﬁln h&Jmans mfected\% HCV, or a
gene fragment therég?nkﬁﬂ fﬁ‘@’&’éﬁ tﬂfn @W?E Fheep AL RREREHOR TR SShe active

compound Or@n@wmubgadlﬁ@mﬁmﬁhie prodrug or salt thereof in the presence of a
pharmaceutically 5 acceptable carrier or diluent. The active materials can be administered by any

appropriate route, fm&&aﬁﬁﬂﬂrﬁfaﬁﬁ{@ﬂmﬁ@aﬂm@mm@ﬂﬁyam_M@@@UMHSW or
topically, in |I%&l /2(6&%' f}%;qn%ﬁlA1 rr? dg‘%% %gﬁe?g)ﬁggmgz@rﬁgc}/ g,\gl be in the range from
y

about 1 to 50 Mg efora er day, more generally 0.1 to about

100 10 rug per klloiﬁgnéa% Fg_xt\évg zgh& oNgge rg(% egs%n} él&%%a CleVSIdoﬁﬁg%rr ' ?%J%éhe

pharmaceutically ac & and prod zgs can sed on’the weig the parent
nucleoside torbezdéimreﬁcffth‘éf@alf?&’@@#@éru@%ﬁhib%@"atﬁntﬁf inpltsettrifiirabféAeresdsate can be

estimated as @higwB:HaIag, e 159167500 Ui SAkaLRIAMD, PRy AUASh BRANSKNZkIRNRRP Skiled

in the art. 15 The compaund is conveniently administered in uni any suitable dosagﬁe form, |nclud|ng

but nd® limitedestuREaso Aty T80 rigBrRi BN Poblirauep IR b19MAVA ihgRedfértoer unit

dosage form. ﬁméﬁb@%%@téQ%%Qemg;@mw sRpreRiert Jepallysheasiinereogdisne should
be administered to achieve peak asma cancentr, | of the ac%‘}?a}?%l oun ffrom boutO 2to

70 M, preferaBRy 4860k inﬁhf.'tc}]% frctppR %1 98‘&',6?& ﬁfi%%lnolﬁls
injection of a @nl dedh¥rkikusioh ak thdackie anglredlﬁ%msmtwallﬂmmmeuﬂrachhlh@em &5 a bolus

of the active mgrggorpep tide analogues, PCT WO 99/07734.

15 (3) Non-substrate-based inhibitors such as 2,4,6-trihydroxy-3-nitro-benzamide
derivatives(Sudo K. er al, Biochemical and Biophysical Research Communications,
238:643-647, 1997; Sudo XK. et al. Antiviral Chemistry and Chemotherapy 9:186, 1998),
inclnding RD3-4082 and RD3-4078, the former substituted on the a.mide_with a 14 carbon

chain and the latter processing a para-phenoxyphenyl group;

20 (4) Thiazolidine derivatives which show relevant inhibition in a reverse-phase
HPLC assay with an NS3/4A fusion protein and NS5A/5B substrate (Sudo K. et al,
Antiviral Research 32:9-18, 1996), especially compound RD-1-6250, possessing .a fused
cinnamoyl moiety substituted with a long alkyl chain, RD4 6205 and RD4 6193;

(5) Thiazolidines and benzanilides identified in Kakiuchi N. et al. J. EBS Letters
25 421:217-220; Takeshita N. et al. Analytical Biochemistry 247:242-246, 1997,

(6) A phenan-threnequinone possessing activity against HCV protease in a SDS-

PAGE and autoradiography assay isolated from the fermentation culture broth of

Streptomyces sp., Sch 68631 (Chu M. ef al., Tetrahedron Letters 37:7229-7232, 1996), and

Sch 351633, isolated from the fungus Penicillium griscofiluum, which demonstrates

30 activity in a scintillation proximity assay (Chu M. et al., Bioorganic and Medicinal
Chemistry Letters 9:1949-1952);
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The concentration of active compound in the drug composition will depend on absorption, inactivation
and excretion rates of the drug as well as other factors known to 25 those of skill in the art. It is to be
noted that dosage values will also vary with the severity of the condition to be alleviated. It is to be
further understood that for any particular subject, specific dosage regimens should be adjusted over

time according to theringliidiahRrassans s pretssaionalusiament-aiihedeisenageinisiesing or
supervising the administration of the compositions, and that the concentration ranges set forth herein
are 30 exemd@?fﬂ%‘r%%nﬁ areBiothAtasie a0 ARl 6he %88[3}5 or practice of the claimed composition.
The active ingredient may be administered at once, or may be divided into a number, of smaller doses

to be administered 4BV AIGK ghirlierea nbibiisTe. B3R fatdrel Hho d&BPLEHEni SHERGHEFHh & ctive
compound is AEaho@gh-CHRPASHIONS Nikganerally IckilenaNnes, 6BIBss ODamedibi caruey. They

may be enclgsed in gelatin capsules or compressed into tablets. For urpose of agral therapeutic
admimstratior}, PEEHEGIE" 6%‘55%’6’33%%”#?{?03%@?&%@%t’fk%éfo|pcfgéll}§§ﬁ lfszéldgfﬁ e %fm of
tablets, trocheg resaplleCTPNa 9EB6tGHally compatible binding agents, and/or adjuvant materials
can be included as part of the composition. The tablets, pills, capsules, troches and the like can

contain any of the fqHINY rivkyrretesetshisitosypolrsswi@disiniaalngese ghobirite@smeh Bs e
microcrystalling Geuiaper SHLIRIATAIN BEAclal) A eHEIARPDAR AR, AR
disintegrating agent slc as%iglmc acid, Primoggél, or corn starch; a lubricant such as magnesium
stearate or St¥reted;. Bigldant4EPBabl8oli®i@al silicon dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring. When the

dosalfe unit form is &l8xpatirsnrecheubatathicriweliradertraleiides (the BN FeHRYEERBUR carrier

such as a fattygil.iB.adlitign, dasage snitdpreairaneapiaiNGEiows ateritymalrrits whigh modify
the physical form of the dosage unit, for example, coatings of sugar, .shellac, Qr other, enteric agents.
The compounﬁ%&W@&a%ﬁﬂ?s?é?ecf%@é 86%&?@&?%?2@“%4&??@%5%? ﬁ,3sﬁ%f£,°%v%ef g&]ewing

gum or tf:je Iik&ad%amu@i&e@mom@aimdaefmiﬁlwcmahed?%vw@ﬁmmwmmmw swvdetening
agent and certain preseryatives, dye, cqlorir nd flayors. The compo. a
pharmaceutic ﬁf?'ﬁ&fé’ &S?é"ﬁrolgéggﬁggﬁtg%@? cegﬁ]";)éc‘? tbaelg TER ?N??;]gg ular L iologtorials

that dé not imp&ir2ahie 2gsir@ebyction, or with materials

(11) Inhibitors of IRES-dependent translation (Jkeda N et al, Agent for the
prevention and treatment of hepatitis C, Japanese Patent Publication JP-08268890; Kai Y.
et al. Prevention and treatment of viral diseases, Japanese Patent Publication JP-

10101591);

20 (12) Nuclease-resistant ribozymes. (Maccjak D.J. et al., Hepatology 30 abstract 995,
1999); and

(13) Other miscellaneous compounds including 1-amino-alkylcyclohexanes (U.S.
Patent No. 6,034,134 to Gold et al.), alkyl lipids (U.S. Patent No. 5,922,757 to Chojkier et
al), vitamin E and other antioxidants (U.S. Patent No. 5,922,757 to Chojkier et al),
25 squalene, amantadine, bile acids (U.S. Patent No. 5,846,964 to Ozeki ef al), N-
(phosphonoacetyl)-L-aspartic acid, (U.S. Patent No. 5,830,905 to Diana er al),
benzenedicarboxamides (U.S. Patent No. 5,633,388 to Diana ef al), polyadenylic acid
derivatives (U.S. Patent No. 5,496,546 to Wang ef al), 2',3"-dideoxyinosine (U.S. Patent
No. 5,026,687 to Yarchoan et al), and benzimidazoles (U.S. Patent No. 5,891,874 to

30 Colacino et al.).

58



that supplement the desired action, such as antibiotics, antifungals, anti-inflammatories, or other
antivirals, including other nucleoside compounds. Solutions or suspensions used for parenteral,
intradermal, subcutaneous, or topical application can include the following 25 components: a sterile
diluent such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene
glycol or othey synfiglis,sebvsietd Gitibaaigsial agents such as benzyl alcohol or methyl parabens;
antioxidants Stch as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetriaes]ig:clidinp Uffetansy cifaschoetatHs \jtoate gaipiragpkateseand, agerits for the
adjustment of tonicity such.as sodium 30 chloride or%e trose. Th rent i %e
enclosed in agrrr?gtggltgg, E%flﬁ%%lg‘éeﬁneg g’;r%%é‘%{bern matﬂti% Y ggeaﬁg@n?a?&%eo%%gg %ﬁx_@é asfl?c?ﬁ]G If
administered pharanveeruiisilty prefpirblt qanderg arsphiisiviof)icabsatisecoee phios phanadsertiinagly saline
(PBS) In p%%g%ﬁ%ﬂlgm&' Gedtulle Y EROPRANRLR A BIPRASH Gt IRGSbilkprotect

the compoun ainst rapid elimination from the body, such as a controlled release 5 formulation,

including imprants £et srisiplen eapby aeerdErlsnaterysipi Jatadaaatie, srbcsiFpatse 95lymers

can be used, gchids gilylaae bk asgtate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters and polylactic acid. Methods for preparation of such formulations will be apparent to

those skilled in the st the-maaissialy aRNcalapobad abtainsd Wb el il had irddzaborpesaspon. 10
Liposomal suspensions (including liposgmes targeted, to infected cells with monaclonal an i}g)oodies to
viral antigensiP&H&Sa RS P et 29 BHakin LR BRERIt AR n?:%ﬁi%%‘?#ﬁ%?elrwa@ﬁg J epared
accoging to metpedsileannisithastrskidiethéndibipiant, fer dayariple sEsciesatisegtinhiSoPhtent No.
4,522,811 (which is incorporated herein reference in its entirety). For example, li

formulations M a@%‘%%%%%%"%?@%%as%\%ﬁgp 5%%}1(%%?}&%[@)}/ SS’C asae)éag%le%%‘f/l}l&p%hﬁgg%ﬁgtidyl
ethanolaminepstearytlqobidspieatic ativetine, afabhasabybposbhatieriibispsdvEndecHews &) in an
inorganic solyaglhatisdhen.aaparaiftlueainahebing aibindim ok drlediipid pdhg:surgpe of the

[ ution of the active compound or its monophosphate, diphosphate, and/or

container. An aqueous S0 tive
triphosphate Qérvaticss kerarqihogikdiehinthseontainer. The container is then 20 swirled by hand

to free lipid material from the sides of the container and to disperse lipid aggregates, thereby forming
the Iiﬂ)@somal Suspe'ﬁgfbﬁpmpound is conveniently administered in unit any suitable dosage form,

including but not limited to one containing 7 to 3000 mg, preferably 70 to 1400 mg of

active ingredient per unit dosage form. A oral dosage of 50-1000 mg is usually convenient.

Ideally the active ingredient should be administered to achieve peak plasma.

concentrations of the active compound of from about 0.2 to 70 pM, preferably about 1.0 fo

20 10 uM. This may be achieved, for example, by the intravenous injection of a 0.1 to 5%
solution of the active ingredient, optionally in saline, or administered as a bolus of the active

ingredient.

The concentration of active compound in the drug composition will depend on

absorption, inactivation and excretion rates of the drug as well as other factors known to

25  those of skill in the art. It is to be noted that dosage values will also vary with the severity
of the condition to be alleviated. It is to be further understood that for any particular

subject, specific dosage regimens should be adjusted over time according to the individual

need and the professional judgment of the person administering or supervising the
administration of the compositions, and that the concentration ranges set forth herein are

30 exemplary only and are not intended to limit the scope or practice of the claimed
composition. The active ingredient may be administered at once, or may be divided into a

aumber of smaller doses o be administered at varying intervals of time.
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VI. Processes for the Preparation of Active Compounds The nucleosides of the present invention can
be synthesized by any means known in the art. In particular, the synthesis of the present nucleosides
can be achieved by either 25 alkylating the appropriately modified sugar, followed by glycosylation or
glycosylation followed by alkylation of the nucleoside. The following non-limiting embodiments

illustrate some genefalpaethedolaai: te PRI Mde easidRs afthe poagunhventen. Adsgneral
Synthesis of I'-C-Branched Nucleosides 1'-C-Branched ribonucleosides of the foﬁgin}gﬁ;}t{r cture: 61
R10 BASE RAEPPSHERS Rl acnaadl inays i BPhy it BRsREEGEHAEH hefSh Yakd Ro are

independentlydaycedganRR2 cimwiexy: edkyhgnalidingtibieer. Hyfheppseypion! dloapgiiialkynyl,
Br-vinyl, -C(O)O(alkyl),.-C(Q)O(lower alkyl), -O(acyl), -O(lowe N,.- ), - yl),
-O(alkkenyl), %f%%lrlllne, %?%’n%%eéﬁ%v mtén?@/&%l%?&m I\llﬁé[f)pv?/léar{%ﬁfg} , )%Tg&(‘;%% %:gl(\ilc(zlgc%%v&\éﬁ{aﬁgl)z,
-N(ac§!)2; R$famal 6 18hie, itdependentysHenlEhgmscmineal bieemargie dirshing ageaihigediriodine;
alternatively, g&ulg%ﬂ %gtb%ﬁs%g &@0115@@&%590%@&) £ can come together to form a pi

bond; 10 R' an are independently H; phosphate (including monophosphate, diphosphate,

triphosphate, or a stﬁlaé'ligT% Bf‘ﬁﬁ%%ﬁ%&&ﬁ@g%ﬂ&@&%@Qﬁ@‘ﬁméﬁi"’ﬁn@ﬁﬂlwlﬁﬂ i eHdipg dower

alkyl); sulfonate ester including-alky! or arylalkyl sulfonyl including methanesulfonyl and benzyl,

wherein the phemdiersuprisomsmanesariuilae aae erlundermisie BupiTrEreBayetip% in the
definition of agyhoivanhgteisy a:lirie, inckidinenssishrbesrbo PR inmagitiiacasohyarate; a
peptide; a cholesterol; or other pharmaceuticag c%%;f)table Iﬁavin roup which twhe tadgﬁninistered
in vivi¥is capab SR PE A iERe S Rp BRIy &ilT R Y B 1R TR BEN TR S BrdESiate: R6 is
an alkyl, chiogoglibiamochfisedioidnlailipealdibtids; € FR}wikimgydgan aliond {ierosliytsaacith@ Xis O, S,
;Sé - CH2 can e Rrepared by, one of i folloning. Aaneial MRSyt MesbHicatomlom, the
dosage unit form is a capsule, it can contain, in addition to material of the above type, a
liquid carrier such as a fatty oil. In addition, dosage unit forms can contain various other
15 materials which modify the physical form of the dosage unit, for example, coatings of sugar,

shellac, or other enteric agents.

The compound can be administered as a component of an elixir, suspension, syrup,
wafer, chewing gum or the like. A syrup may contain, in addition to the active compounds,

sucrose as a sweetening agent and certain preservatives, dyes and colorings and flavors.

20 The compound or a pharmaceutically acceptable prodrug or salts thereof can also be
mixed with other active materials that do not impair the desired action, or with materials
that supplement the desired action, such as antibiotics, antifungals, anti-inflammatories, or
other antivirals, including other nucleoside compounds. Solutions or suspensions used for
parenteral, intradermal, subcutaneous, or topical application can include the following

25 components: a sterile diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agenis such as benzyl alcobol or methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as
acetates, cifrates or phosphates and agents for the adjustment of tonicity such as sodium

30 chloride or dextrose. The parental preparation can be enclosed in ampoules, disposable

syringes or multiple dose vials made of glass or plastic.
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The key starting material for this process is an appropriately substituted lactone. 25 The lactone can
be purchased or can be prepared by any known means including standard epimerization, substitution
and cyclization techniques. The lactone can be optionally 62 protected with a suitable protecting
group, preferably with an acyl or silyl group, by methods well known to those skilled in the art, as
taught by Greene etflafroiaiivg Giaupsoisy] JpRisamtiaesisrsiaie \MilgyodsrcSonalifieannd
Edition, 1991. The protected lactone then be coupled with a suitable coupling agent, such as an
organometall@ﬁ%ﬁ%ﬁﬁ’iﬁ%& @h as a Grignard reagent, an organolithium, lithium

dialkylcopper or R6- SiMe3 in TB ith the appropriate non-protic solvent at a suitable temperature,
to give the 1-alkylated R ?dl'ﬁ@%%ﬁfgﬁtg@lg@ﬁ%{%ecﬁ %BS%?cgaaﬁetﬁléeﬁ %gdc%hﬁl%aéqgrﬁl{?em%ﬁ}s& by
methods wellpinawehitharemskiledns thedelimmitogHtdy FewndenuidBrsmistntrolléduslisesides and
10 Nugleotides, Plenum Press, 1994 For example, an acviated sugar can.be coyplad ta assilylated
base v%ith algi‘g)v%lgé%l(fnél%%%s Dfne?%%qﬁ%?%ﬁ%%%%ﬁa tetrachlo.ridaeryorg%rime'thylsilyl riflate in the

appropriate sbivemtpatibkuiabimesnser i resedusset 36 neiivipre nviadosrgiagarP Py by fsidEted by
methods We“gﬂiygi%&(ﬁmﬁﬁ cgﬁﬁﬁeﬁ,iﬂo?grﬁﬂe&érﬁ%g £ahe BRI MR MBIRIRR e EHERDM
esis,

Organic Synt John 15 Wiley and Sons, Second Edition, 1991. In a particular embqdiment, the

1'-C-branche@¥ibdatarieisae vatidsiranamerb e jare L0 e JOB S RV 28 Rsme 1.

Alternatively, gaaxuiRenvelensidads: desiresmpba@itain these nucleosides, the formed ribonucleoside
can optionally be protected by methods well known to those skilled in the art, as taught by Greene et

al. Prgfective 20 Groupssim@raasiemisih agisiviohs iy aes SepaederondEdidorei99%;itand then
he 2, O e e A i UGB ey uen cnterel e e o e
R -M Optionatdeidrss Oltdd hhBrbtqotipndd ReRSQRI R®IAktivatidn those skilled in the art, for
example, as described in U.S. Patent No. 4,522,811 (which is incorporated herein by
reference in its entirety). Fbr example, liposome formulations may be prepared by
15 dissolving appropriate lipid(s) (such as stearoyl phosphatidyl ethanolamine, stearoyl
phosphatidyl choline, arachadoyl phosphatidyl choline, and cholesterol) in an inorganic
solvent that is then evaporated, leaving behind a thin film of dried lipid on the surface of the
container. An agueous solution of the active compound or its monophosphate, diphosphate,
and/or triphosphate derivatives is then introduced into the container. The container is then
20 sWirled by hand to free lipid material from the sides of the container and to disperse lipid'

aggregates, thereby forming the liposomal suspension.

V1. Processes for the Preparation of Active Compounds

The nucleosides of the present invention can be synthesized by any means known in

the art. In particular, the synthesis of the present nucleosides can be achieved by either

25 allcylating the appropriately modified sugar, followed by glycosylation or glycosylation
followed by alkylation of the nucleoside. The following non-limiting embodiments

illustrate some general methodology to obtain the nucleosides of the present invention.

A, General Synthesis of 1°-C-Branched Nucleosides

1’-C-Branched ribonucleosides of the following structure:
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1) Coupling 2) Optional Deprotection BASE 1) Optional BASE R10" ( Protection Ho ~41R OR2 R6 2)
Optional 6 Reduction OH OH Optional Deprotection 0 ASE HO, R6 OH 2. Alternative method for the
preparation of 1 '-C-branched nucleosides 5 The key starting material for this process is an
appropriately substituted hexose. The hexose can be purchased or can be prepared by any known
means including standard epimerization, such as alkalingegtment, substitution and coupling
techniques. The hexose can be selectively Br@ cfgd tq.glive the appropriate hexa-furanose, as taught
by Townsend Chemistry of Nucleosides and 1‘ gtictds] Plenum Press, 1994. 10 The 1'-hydroxyl
can be optionally activated to a suitable leaving grgsp=sfidla as an acyl group or a chloro, bromo,
fluoro, iodo via acylation or halogenation, respectiyely. Jkie optionally activated sugar can then be
coupled to the BASE by methods well known to those skilled in the art, as taught by Townsend

Chemistry of Nucleo ig§ and Nucleotides, .Plenum Press, 1 34. For example, an acylated sugar can
be coupled to'; egﬁﬂﬂg %é%%%ﬁﬁﬁ%@%@g%%&s&%ﬁ%%ﬁ% gier?al}fhloride, titanium tetrachloride or

trimethylsilyltriflate, indhe appropriate solvent at itahle temperature. Alternative halg-sugar can
be coupled t aa'gﬂ & E‘Paﬁsg (#vgé ntf%’e% éo enn(":e8 0 Trff%gerﬁ%{yfsﬁ@i?ﬁ?ﬁta Cg?‘ﬁﬁ%g’ ?[ré%?’@ﬂg?f
protected, carybeselketyehligeptoierad byGieittdbie i bR toretaliat. Thacddutdewamary
hydroxyl can ungi| jzec ' IQUS e (oI Of XMy theggrimary
hydrogyl can %Srlﬁéd?c@%%lgggg(/%af%e% ﬁethg/h?,’ usﬁj%%%a%%?gfbc?ri%ﬁgggn%Alte’mati\%’eI?/T%u’e
hydroxyl can BEistvetebnilioNB(rerict¥irtves #eilat @ Yeaction; i.e. via the Barton reduction. In

an alternate embodiment, the primary ] ' o
R® and R" are independently H, alkyl (including lower alkyl), chlorine, bromine or iodine;

alternatively, R’ and R®, R’ and RY, R® and R’, or R® and R™ can come together io form a

pi bond;

10 R! and R? are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a

15 phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
phanﬁaceuticaliy acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R! or R? is independently H or phosphate;

RS is an alkyl, chloro-, bromo-, fluoro-, or iodo-alkyl (i.e. CF3), alkenyl, or alkynyl (i.e.
allyl); and

20 XisQ, S, SO; or CH;

can be prepared by one of the following general methods.

1) Modification from the lactone

The key starting material for this process is an appropriately substituted lactone.
25 The lactone can be purchased or can be prepared by any known means including standard

epimerization, substitution and cyclization techniques. The lactone can be optionally
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hydroxyl can be oxidized to the aldehyde, then coupled with a carbon nucleophile, such as a Grignard
reagent, an organolithium, lithium dialkylcopper or R6-SiMe3 in TBAF with the appropriate non-protic
solvent at a suitable temperature. In a particular embodiment, the I'-C-branched ribonucleoside is
desired. The 10 synthesis of a ribonucleoside is shown in Scheme 2. Alternatively,

deoxyribo-n ide is: [ i the SQsidEs, f [ j

optionally b;%rgg%gggéﬁ Eﬁ%snél?ﬁ(%%[f v@g?k%n%%yr%&%?se skilled%h%?ﬁ%s%%%%ﬁggﬁe et al.
Protective %@m@d&m@ﬁﬁégi@%ﬁﬁl@ﬁm%@%@&ﬁ% @dﬁﬁ(ﬁ#&%ﬁ%ﬁ?@lﬂﬁen the 2'-
OH can be regdusedntvaauiiabiene Wreingaus s Neionalbaitie, 2 dmdrand sanbied 1acaskvated to
facilitate reduction; i.e, via the Bartgn reduyction. Sct%e%[?e 2 OR4 Alkaline treatment .rote%tion Rq01)
Halogenatior®3B-fAGRt38eco MBI L 2 S NIRIRSHR E Ty s Ao P RIBBRE RO T B 1T Barton
reducsion RIQudRBIEISetedtive REUGBACET ), Depoogentiithiih DitpeotediitrybappeOtt BH R20
OR3 R20 OR3,ln addjtion, the L-enantiomers corresponding.ta th f [ ion can

20 be prepa?gbl\?(%ﬂ%lv%g h‘énsam%aagﬁogr%&f ?nné%-gapsst?l%gvﬁg,téaiﬁﬁ%%ﬁﬁ%%%%%%& (\){’r% w%

L-sugar or nuCledsitited sogantiomer as starting material. 65 B. General Synthesis of 2'-C-Branched
Nucleosides 2'-C-Branched ribonucleosides of the following structure: BASE R10 R10 4R7 9 wherein
BASE is a purine orljpprimitinglyast wtcdsfigedche b Berorupied RO hireRrddpbridestigdsydeBgen,
OR2, hydroxy, gligyl inciding iewer kvl azidasmysnoraliRad eliexiviBiritiiedsid Aalky)).
-C(O)O(lower alkyl), -O(acyl), -O(lower_acyl), -O(a\]lcylf, -O(lower alkyl), -O(alkenyl), chlorine,
bronfifie, iodiRBicketides ﬁéﬂ%kﬁ!@%eei%ﬁ%ﬂ)?%ﬁ@@ £ IR STEY SRS ouHah R 4, alkyl
(including lowek, Ak b&ROWRR, PrmiReRIdOiRR; as tin tetrachloride, titanium tetrachloride or

trimethylsilyltrifiate in the appropriate solvent at a suitable temperature.

Subsequently, the nucleoside can be deprotected by methods well known to those
skilled in the art, as taught by Greene et al. Protective Groups in Organic Synthesis, John
15 Wiley and Sons, Second Edition, 1991,

Tn a particular embodiment, the 1’-C-branched ribonucleoside is desired. The
synthesis ofka ribonucleoside is shown in Scheme 1. Alternatively, deoxyribo-nucleoside is
desired. To obtain these nucleosides, the formed ribonucleoside can optionally be protecied
by methods well known to those skilled in the art, as taught by Greene ef al. Protective

20 Groups in Organic Svnthesis, John Wiley and Sons, Second Edition, 1991, and then the 2°-

OH can be reduced with a suitable reducing agent. Optionally, the 2’-hydroxyl can be

activated to facilitate reduction; i.e. via the Barton reduction.
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10 alternatively, R7 and R9, or R7 and R10 can come together to form a pi bond; R' and R2 are
independently H; phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized
phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); sulfonate ester including
alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is optionally
substituted with one or 15 more substituents as cgacﬁ%%efi in the definition of aryl given herein; a lipid,
including a phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving groug:which when administered jayivo is capable of providing a

compound wherein R2 s irsigpgndently gsphaﬁﬁ,-ﬂ6 is an alkyk.chlonss, bromo-, fluoro-,
iodo-alkyl (i.e. CF3), [, or alkenyl (l".e. aly=—=20 and X750, S, B02 0 an be prepared by

S

one of the following genegal methSei8ctioG lycosyaatgh of th@g?f?ﬂ@;lébase witk? ar’appropriately modified
sugar 25 The key starting material for this process is an app cﬁlﬁ%\ ?—:ﬂy substituted sugar with a 2'-OH
and 2'-H, with the appropriate leaving group (LG), for example an acyl group|as 8xgsghloro, bromo,
fluoro or iodo. The sugar can be purchased or can be prepared by any knowr2yneasslincluding
standard epimerization, substitution, oxidation and reduction techniques. The sOesttstse sugar can
then be oxidized with the appropriate oxidizing agent in a compatible solven¥ at a suitable temperature
to yield the 2'-modified sugar. Possible 5 oxidizingsagentsopeRadones r(é%gent (a mixture of chromic acid
and sulfuric acid), Collins's reagent ( 'dirg)e r(VIl) oxigei@arey's r nt(pyridinium
chlorochromate), pyridinium dichromate, agj 5hr6?‘“n“a’[i=,\',“"p"_(')'t”aié’s'l“l]m per ate, Mn02, ruthenium
tetroxide, phase transfer catalysts such asggharomic aci® G @’rﬁ’nanganate p §rted on a polymer,
Cl2- pyridine, H202-ammonium molybdate, ll\laBrOZ-CAI\F,{ %5 in HOAC, copper chromite, 10
copper oxide, Raney nickel, palladium acetatg, Meerwin-Pondorf-Verley reagent (aluminum t-butoxide
with another ketone) and N-bromosuccinimidigehemigoupling of an organometallic carbon

nucleophile, such as a Grignard reagent, ag organolithium, lithium dialkylcopper or R6-SiMe3 in TBAF
with the ketone with the appropriate non-protic golyent at a suitable temperature, yields the
2'-allkylated sugar. The 15 allcylated stigar can be optionally protected with a suitable protecting
group, preferably with ©

2. Alternative method for the preparation of 1’-C-branched nucleosides

5 The key starting material for this process is an appropriately substituted hexose. The
hexose can be purchased or can be prepared by any known means including standard
epimerization, such as alkaline treatment, substitution and coupling techniques. The hexose
can be selectively protected to give the appropriate hexa-furanose, as taught by Townsend

Chemistrv of Nucleosides and Nucleotides, Plenum Press, 1994,

10 The 1°-hydroxyl can be optionally activated to a suitable leaving group such as an
acyl group or a chloro, bromo, fluoro, iodo via acylation or halogenation, respectively. The
optionally activated sugar can then be coupled to the BASE by methods weil known to
those skilled in the art, as taught by Townsend Chemistry of Nucleosides and Nucleotides,
Plenum Press, 1994. For example, an acylated sugar can be coupled to a silylated base with

13 a lewis acid, such as tin tetrachloride, titanium tetrachloride or trimethylsilyltriflate in the
appropriate solvent at a suitable femperature. Alternatively, 2 halo-sugar can be coupléd to

a silylated base with the presence of trimethylsilyltriflate.
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an acyl or silyl group, by methods well known to those skilled in the art, as taught by Greene et at
Protective Groups in Organic Synthesis, John Wiley and Sons, Second Edition, 1991. The optionally
protected sugar can then be coupled to the BASE by methods well 20 known to those skilled in the
art, as taught by Townsend Chemistry of Nucleosides and Nucleotides, Plenum Press, 1994. For

example, an acylatgg syoaEcanPercaRigtiio.a silviaas bRSe WHR Adiayimatisisken s ia

tetrachloride, titanium tetrachloride or trimethylsilyltriflate in the appropriate solvent at a suitable

temperature IS A VK resulient Rt SAATBEYE GEb Redf B s AR doorels WaCHI S HrERshed of

trimethylsilyltpflatesidasS uhs eguepidy (b erieieasitle gt epraiec oty e thedyiwalingown to
those skilled in the art, as taught by Greene t% Pro ecti\i)e Grgupsjn rganic ?yng}% i(')sl,1 gghn
Wiley and SoH&2Rlg agtipaingit1 gbie tévﬁ?é'rt By ERBO G R A THE B PR A A HShilcleoside

is degired. THecilyntibsieatiambhenvisl@eskietn stiwiivin Sche ale:Baklterhadinetyf, the primary
deoxyribo-nugleoside is 30 desired, To oltain the | E’]ﬁg r] cleagide.can
optionally b:ﬁ &%&%X&E%%rﬁéﬁgas %é%ek%%v%% t%ﬂ;%ﬁég?% |H§té|%%ﬁc%’ as té%]%%’ﬁ%egnae et al.

Protective Gfigisih GrgeaticiSgrehedlidhidohriitviley dntndmpeesecBhd B tidn, TRYSH vfdthsen the 2

67 OH can b%{ﬁ%ﬁ&@ M%%?oﬁ*d%ﬂ!@n?%@%ﬁ%iﬁ@hﬁg?&hp%ﬂﬂ&al'y’ the 2'-hydroxyl can be activated to
facilitate reduction; i.e. via the Barton reduction. Scheme 3 HO HO 5 Rt0 R6 oO~y~LG Oxidation

\0OLG 1) R -M 5 LG, QUK Q2 BRURNaHSRZ BV Eraiesianlonalng Agaionshe
Deprotection RI BASE 1) Optional BASE R O O R~ Protection HO O R6_------ '---" OR2 2) Optional OH
OH 10 gynthesis of a ribonucleoside is shown in Scheme 2. Alternatively, deoxyribo-nucleoside is

desired. To obtain these nucleosides, the formed ribonucleoside can optionally be protected

by methods well known. to those skilled in the art, as taught by Greene et al. Protective

Groups in Organic Svnthesis, John Wiley and Sons, Second Edition, 1991, and then the 2°-

OH can be reduced with a suitable reducing agent. Optionally, the 2’-hydroxyl can be

15 activated to facilitate reduction; i.e. via the Barton reduction.
Scheme 2
ORy
Alkaline treatment . Protection R+ o 1) Halogenation
D-fructose » D-psicosg ————— 3 OH :
2) Nucleobage glycosylation
RO ORy
HO i ion_R10 i Selective RO B
0 __ 1) Barton reduction_ ™1 O elective 5 o -
CH;  2) Deprotection OH  Deprotection ORy4
OM OH R0 ORg RO OR,

In addition, the L-enantiomers corresponding to the compounds of the invention can
20 be prepared following the same general methods (1 or 2), beginning with the corresponding

L~sugar or nucleoside L-enantiomer as starting material.
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Reduction Optional Deprotection | BASE HOB O OH 5 2. Modification of a pre formed nucleoside
The key starting material for this process is an appropriately substituted nucleoside with a 2'-OH and
2'-H. The nucleoside can be purchased or can be prepared by any known means including standard
coupling techniques. The nucleoside can be optionally protected 10 with suitable protecting groups,

preferably with a iyl Sehy A n to those skilled in the art, as taught by
Greene et all.ﬁﬂ %g%;ﬁ Sber rgg}?ag 7 udé,o % n Wiley and Sons, Second Edition, 1991.
The appropriately protected nucleoside can then be oxidized with the appropriate oxidizing agent in a
compatible solvent At &-SiraedEhoprriaerdensfitn e YngSHIRYC15 sugar. Possible oxidizing
agents are Jones reagent (a mixture of chromic acid and sulfuric acid), Collins's reagent (dipyridine
Cr(VI) oxide, Corey's reagent (pyridinium cﬁgqﬁochr%mat6 , Bgridinium dichromate, acid dichromate,
potassium permanganate, MnO2, 68 ruthenium jetrgxiéie] phase transfer catalysts such as chromic
acid or permanganate supported on a polymer, ine, H202-ammonium molybdate,
NaBrO2-CAN, NaOC1 in HOAc, copper chromite, copper oxide, Raney nickel, palladium acetate,
Meerwin- Pondorf-Verley reagent (aluminum t-but@ideRdith another ketone) and N- 5
bromosuccinimide. Subsequently, the nucleoside can be deprotected by methods well known to those
skilled in the e tBAGH by BrienaGreandiot duRratdefiveddrseips in Organic Synthesis, John
Wiley and Sons, Second Edition, 1991. In a particular embodiment, the 2'-C-branched ribonucleoside
is desired. THR &6 &/nttesideptadeitbnbleesideORE Hovineiy, 808 tiaciding ey aligyl), azido,

deoxyribo-nugleosid@ s v atkynyl, Br-vinyl, -C(0)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower
acyl), -O(alkyl), -O(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, NO,, NH,
~NH(lower alkyl), -NH{acyl), -N(lower alkyl);, -N(acyl)z;

R is H, alkyl (including lower alkyl), chlorine, bromine or jodine;
10 alternatively, R” and R®, or R” and R'° can come together to form a pi bond;

R' and R® are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (incloding lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or
15 more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R! or R? is independently H or phosphate;

RS is an alkyl, chioro-, bromo-, fluoro-, iodo-alkyl (i.e. CF3), alkenyl, or alkynyl (i.e. allyl);
20 and

Xis O, S, SOz or CHz

can be prepared by one of the following general methods.

1. Glycosylation of the nucleobase with an appropriately modified sugar
25 The key starting material for this process is an appropriately substitited sugar with a
2’-0H and 2°-H, with the appropriate leaving group (LG), for example an acyl group or a
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desired. To obtain these nucleosides, the formed ribonucleoside can optionally be protected by
methods well known to those skilled in the art, as taught by Greene et al. Protective Groups in
Organic Synthesis, John Wiley and Sons, Second Edition, 1991, and then the 2'- OH can be reduced
with a suitable reducing agent. Optionally, the 2'-hydroxyl can be 15 activated to facilitate reduction;

.. via the Bagion radyaliom,82:56Nas 41 ﬁ(%%t%a%) @%&@%@&QB&%&&&@EW@X?&W;O
: ptional.

IR ASE
HO Rs 0 off {g-angiker enbadimeniiciibe daveion: thalzsnanti dpempriidesitd-ibg Hgesefore, the

R6-M o R OH on 2) Oxidation OR2 0 ORZ OH _
0 R6 ProtectigtPPie Rgans ineluding, standsrd pepimeriritioan StPesitien: sxdrEth

L-enantiomers can be cgorresponding to the compounds of the jnyention ¢ e prepare
same foregoiﬁ’gag%ﬁéﬁ%ﬁl%?%fﬂ oin Bg&ﬂﬁ%?%ﬁw%]ﬁ Eah?:rgrif%gﬁ%fﬁ g :%Sglgegrsﬁﬁ%ﬁ%aéﬁ

ional Deprotection 1 BASE 1%}0

g

9 gglléowing the

L-enafitiomenakisiagingniatetiitn: Capet 4k @iGenabtiByntitasisl ohg' saiBremsidd Crilhstsides of

3-C-Branched Nucleasides. 3. €-RrANGHed HRAOMCIERIAES Ahde R |HRR SOHE % BASEn

10

15

20

25

30

dichromate, acid dichromate, potassium permanganate, MnO,, ruthenium tetroxide, phase
transfer catalysts such as chromic acid or permanganate supported on a polymer, Cl;-
pyridine, HyOz-ammonium molybdate, NaBr0,-CAN, NaOCl in HOAc, copper chromite,
copper oxide, Raney nickel, palladium acetate, Meerwin-Pondorf-Verley reagent (aluminum

t-butoxide with another ketone) and N-bromosuccinimide.

Then coupling of an organometallic carbon nucleophile, such as a Grignard reagent,
an organolithium, lithium dialkylcopper or RS-SiMe; in TBAF with the keione with the
appropriate non-protic solvent at a suitable temperatuze, yiclds the 2°-alkylated sugar. The
alkylated sugar can be optionally protected with a suitable protecting group, preferably with
am acyl or silyl group, by methods well known to those skilled in the art, as taught by
Greene et al. Protective Groups in Organic_Synthesis, John Wiley and Sons, Second
Edition, 1991.

The optionally protected sugar can then be coupled to the BASE by methods well
known to those skilled in the art, as taught by Townsend Chemistry of Nucleosides and

Nucleotides, Plenum Press, 1994. For example, an acylated sugar can be coupled fo a
silylated base with a lewis acid, such as tin tetrachloride, titanium tetrachioride or
trimethylsilyltriflate in the appropriate solvent at a suitable temperature. Alternatively, a
halo-sugar can be coupled to a silylated base with the presence of trimethylsilyltriflate.

Subsequently, the nucleoside can be deprotected by methods well known to those
skilled in. the art, as taught by Greene et al, Protective Groups in Organic Synthesis, John
Wiley and Sons, Second Edition, 1991.

In a particular embodiment, the 2’-C-branched ribonucleoside is desired, The
synthesis of a ribormcleoside is shown in Scheme 3. Alternatively, deoxyribo-nucleoside is
desired. To obtain these nucleosides, the formed ribonucieoside can optionally be protected
by methods well knéwn to those skilled in the art, as taught by Greene et al. Protective
Groups in QOrganic Synthesis, John Wiley and Sons, Second Edition, 1991, and then the 2°-
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R10 X 10 9 7 wherein BASE is a purine or pyrimidine base as defined herein; R7 and R9 are
independently hydrogen, ORZ, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl,
Br-vinyl, -C(0)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower 70 acyl), -O(alkyl), -O(lower alkyl),
-O(alkenyl), chlorine, bromine, iodine, NO2, NH2, -NH(lower alkyl), -NH(acyl), -N(lower alkyl)2,
-N(acyl)2; R$gsiHaalby {acledinadpwaniatky)chianpebiemosteniadings attesasivdlal Band R9,
or R8 and R9 can come tog}_ether to form a pi bond; 5 R' and R2 are independently H; phosphate
(including maHEFRGE SRR itsSprias: 1'ﬁ‘i§ﬁ’0@5l%ﬁ%?’b’fe§%%ized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl
including methanesulfonyl and benzyl, wherein ﬁHEh%/I group is optionally substituted with one or
more substituents as described in the definition of aryl given herein; a lipid, including a 10

phospholipid; an 8fhipo gcid; a caégl%gyoqlra?& pgptide; a ghatagterol; thgrRi)harmaceutically
acceptable leaving g ich when-adminis {‘/(K/o-i?capabi?of 15 4 compound
Y

wherein R1 or R2 is i ently H or phosplugte;dR6 is & @diighathloro-, #, bromo-, iodo-alkyl
(i.e. CF3), alkenyl, or alkenyl (i.e. allyl); and 15 Xis O, S, SOF®EH2 can be prepared by one of the
following general methods. 1. Glycosylation of the nucleobase with an appro liija(t;gl%ﬂggdified sugar
The key starting material for this process is an appropriately substituted suggryzéhuitil a 3'.-OH and
3'-H, with the appropriate leaving group (LG), for example an acyl group or a8 chiegmdetiamo, fluoro,
iodo. The sugar can be purchased or can be prepared by any known meangyincluding standard
epimerization, substitution, oxidation and reductigg.techyygues, The substituted gugar can then be

oxidized with the appropriate oxidizing'@gent ipsa compaphlgselvent dt%.suitaple temperature to 25
entseare Jones-reagent ( fixtpire of chromic acid

yield the 3'-modified sugar. Possible oxidiz{§
and sulfuric acid), Collins's reagent (dipyridine Cr(V1) oxdepti@erey's reagef; (Ryyidinium
chlorochromate), pyridinium dichromate, acit Reduction

Optional
Deprotection

BASE
HO 6

O

OH

2. Modification of a pre-formed nucleoside

The key starting material for this process is an appropriately substituted nucleoside
with a 2’-OH and 2’-H. The nucleoside can be purchased or can be prepared by any known
means including standard coupling techniques. The nucleoside can be optionally protected

10 with suitable protecting groups, preferably with acyl or silyl groups, by methods well

known to those skilled in the art, as taught by Greene et al. Protective Groups in Organic

Svynthesis, John Wiley and Sons, Second Edition, 1991.

The appropriately protected nucleoside can then be oxidized with the appropriate

oxidizing agent in a compatible solvent at a suitable temperature to yield the 2’-modified

15 sugar. Possible oxidizing agents are Jones reagent (a mixture of chromic acid and suifuric
acid), Collins’s reagent (dipyridine Cr(VI) oxide, Corey’s reagent (pyridinium

chlorochromate), pyridinium dichromate, acid dichromate, potassium permanganate, MnO,
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dichromate, potassium permanganate, Mn02, ruthenium tetroxide, phase transfer catalysts such as
chromic acid or permanganate supported on a polymer, CI2- 71 pyridine, H202-ammonium molybdate,
NaBrO2-CAN, NaOC1 in HOAc, copper chromite, copper oxide, Raney nickel, palladium acetate,
Meerwin-Pondorf-Verley reagent (aluminum t-butoxide with another ketone) and N-bromosuccinimide.

Then coupling.gf-Amergepemmetaliscaraannucloeniile. Sugh 85 anfarapagedd sLausmkdanate
organolithium, lithium dialkylcopper or R6-SiMe3 in TBAF with the _ketone with the appropriate

, |
non-protic soRFERPEES BLABSIHE SerHeyidiaO s opimpmehbdat fitPite G . Afakthed sugar
can be optioniallyrpreée ciesh¥vitheorsliablegeotectiag Ruasp nitedtr abljawitt cavaay, dvisiykgroup, by
methods well_know hose skilled in the .art, as taught by Greene et at Protective Groups,in 10
Organic Syntf?ggi%),rgyt%é??(/iIeﬂ?aoﬁ?atsﬁsfmglé%%ndﬁ 3?%’5?1&%93&. h&" gp %nghflﬁfﬁ%iec e s%%par can
then b coupleditesheBitiideby methods well known to those skilled in the art, as taught by

Townsend Chemistry of Nucleosides and Nucleotides, Plenum Press, 1994. For example, an acylated
sugar can be couplSutequsiljiatie badeosith eatetdsdgpidicstahbysntiethedaviel lidewtitamitnse 5

tetrachloride QmeIMSIXUIRIFI BecioneRals sphiepiala s iabln: EeneialG Alginatvely, a
halo-sugar canqbe coupled fo a silylated base with the presence of trimethylsilyltriflate. Subsequently,
the nucleosidéobarfbieviapt Sesettenpdfidiioas \Well-known to those skilled in the art, as taught by

Greene et at Protective Groups in Organic 20 Synt@esis, John Wiley and Sons, Second Edition, 1991.
In a particular embolinseRtriigala -embrsierrls HisoRutidwanasd gibspedeqnde dyripdsd of Bhe

ribonygleosidgyisiahawn iniGGhiemsRcAlaBRivE YRR WibeaHEIResIda-sx et edbesaftain these
nucleosides, the formed ribonucleoside can optionally be protected by methods well knov%;gt those
S BRI

skilled in the Sfsised 1l RyPletos Hres o ties Profertod %@?ﬁ‘grﬁﬂhﬂ? “viley and
Sons, Secongybdéibnds1 @91, lane-thentioee Xxilidicanthe aeducedigitlba shtaieredubintctigent.

Optionally, the,g TN dosYESa0 R ASHISE WG Al el Slonid BaiRu R AN ES DN 72
OH can be reduced with a suitable reducing agent. Optionally, the 2’-hydroxyl can be

15 activated to facilitate reduction; i.e. via the Barton reduction.

69



Scheme 5 Ho 1) Optional R'O R10 6 LG Protection-O,LG 1) R6-M : LG 777 HO pg 2) Oxidation O/O
OR3 2) Optional OR2 OR3 Protection 1) Coupling 2) Optional Deprotection BASE 1) Optional HO
R6 BASE R10 R6 1, 0 Protection OR- 2) Optional OH OH Reduction Optional Deprotection BASE
O HO2~61 OH 2. Modification of a pre formed nucleoside 5 The key starting material for this process
is an appropriately substituted nucleoside with agd Qi ad 3'-H. The nucleoside can be purchased or
can be prepared by any known means including standard coupling techniques. The nucleoside can
be optionally protected withgutable protectlng groups, grgferably with acyl or silyhgroups, by methods
well known to thosgoskilled i the1 P‘H%”t ugh]p 0 by Greenekewl Pr ive Ggoups in Organic
Synthesis, John Wile . The apprapriately

rgted nucleoside can

then be oxidized with t 3 ropg@g&g@zmg agept¥y a compatible solvent afla suitable temperature
to yield the 2'- modified sugar Possible oxidizing agents are Jones reagent ?a mixture of 15 chromic
acid and sulfuric acid), Collins's reagent (dipyridine Cr(VI) oxide, Corey's

Optional
Deprotection
BASE 1) Optional BASE
L
RO RS Protection HO °
O e 0-
[ 4 2) Optional
. g
Ok Reduction OH OH
; Optional
: Deprotection
5O BASE
[
\ :0.?‘!
OH

In another embodiment of the invention, the IL-enantiomers are desired.
5 Therefore, the L-enantiomers can be corresponding to the compounds of the invention can
be prepared following the same foregoing general methods, beginning with the

corresponding -sugar or nucleoside L-enantiomer as starting material,

C. General Svnthesis of 3°-C-Branched Nucleosides

3°-C-Branched ribonucleosides of the following stiructure:

o BASE
5 8
R xR

wherein BASE is a purine or pyrimidine base as defined herein;

R’ and R? are independently hydrogen, OR?, hydroxy, alkyl (including lower alkyl), azido,
cyano, alkenyl, alkynyl, Br-vinyl, -C(0)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower
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reagent (pyridinium chlorochromate), pyridinium dichromate, acid dichromate, potassium
permanganate, MnO2, ruthenium tetroxide, phase transfer catalysts such 73 as chromic acid or
permanganate supported on a polymer, C12-pyridine, H202- ammonium molybdate, NaBrO2-CAN,
NaOC1 in HOAc, copper chromite, copper oxide, Raney nickel, palladium acetate,
Meerwin- Pongémfy SHRWIERIRKSALMInY, todiaxide withanhakeianejaneNBmMBECCinimide.
5 Subsequent| the nucleoside can be deprotected by methads well known to those skilled in the art,
as taught by ash el ot i B7 cﬁ(ﬁé’ Synthesis, John Wiley and Sons,
Second Editign, 1991, In a partlcular emb%é( t, the 3'-C-pranched ribonucleoside is desired. The
synthesis of aiboHu eFﬁB’%n%RMWN %@SXyrlbo 10 nucleoside is desired.
To obtain these nucle05|d the ormeg ri orgucleoade can optiopall otected by methods well
known to thoSlERAYFI ﬁweaﬁﬁltkasofa%g?ﬂ By Eretaede 8’&9{@‘ gﬂﬁﬁss in Organic Synthesis,
John Wiley and Sons, ,Second Edition, 1991, and then the 21 H can be able
i 6 TEGRE e

reducing agebt. @’&[(B’u Wtﬁ??pff?f)ﬁw RS Ra of |ﬁ?§fé°? & 15

Barton reducttﬁpha%phﬁmeoﬁ BA&EJA&E BAGHhAO ﬁr))@@glbnatﬁlmlﬁblﬁﬁﬁlgPIMManyis)RbMyR O HO

OH 2) Oxidation OH O nal De rotection BASE,1) O 1BASK rotection

ORZ 2) Optloﬁaf q—‘fl Vﬁeaau %h otrllg%ea eproCE catj% %ﬂéé B»Sl?aﬁl@y ﬁlﬁ&ﬁ?ﬂg
methanesulfonyl and benzyl, wherem the phenyl group is optionally substituted with one or

more substituents as described in the definition of aryl given herein; a lipid, including a
10 phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of

providing a compound wherein R or R? is independently H or phosphate;

RS is an alkyl, chloro-, fluoro-, bromo-, iodo-alkyl (i.e. CF3), alkenyl, or alkynyl (i.e. allyl);

and
15 Xis 0, S, 80, 0r CHy

can be prepared by one of the following general methods.

1. Glycosylation of the nucleobase with an appropriately modified sugar

The key starting material for this process is an appropriately substituted sugar

20 with a 3°-OH and 3°-H, with the appropriate leaving group (LG), for example an acyl
group or a chloro, bromo, fluoro, iodo. The sugar can be purchased or can be
prepared by any known means including standard epimerization, substitution,
oxidation and reduction techniques. The substituted sugar can then be oxidized with

the appropriate oxidizing agent in a compatible solvent at a suitable temperature to

25 vield the 3’-modified sugar. Possible oxidizing agents are Jones reagent (a mixiure
of chromic acid and sulfuric acid), Colling’s reagent (dipyridine Cr(VI) oxide,

Corey’s reagent (pyridinium chlorochromate), pyridinium dichromate, acid
dichromate, potassium permanganate, MnO,, ruthenium tetroxide, phase transfer

catalysts such as chromic acid or permanganate supported on a polymer, Cl-
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HO Re O OH 74 In another embodiment of the invention, the L-enantiomers are desired. Therefore,
the L-enantiomers can be corresponding to the compounds of the invention can be prepared following
the same foregoing general methods, beginning with the corresponding L-sugar or nucleoside
L-enantiomer as starting material. 5 Examples Example 1: Preparation of 1'-C-methylriboadenine via
6-amino-9-(10leonyR-R; DSiaamResy NRUIRAS, aRathies ataRatiMaotthad RMepasatiss the title
compound could also be prepared according to a published procedure (J. Farkas, andF. Sorm,

"N _uclfic acid cheBtapesrnns aridehSrenamighel. eiwiiveyaeriais dYlseaPRG LY D
Sicoturanos ! ) ] : X
c YARLERSu S ARG COMBNA S0 R AREARSR ik fiapkas”. Collct

Czech. Chem. eme 7). Scheme 70 NH_IC (NN
6-Benzamidopurine,..N_p-TolQ .Br chloromercuri saltp-To! I - p-Tol 1)
Bu3SnH, A1BN NHE%%(S?Q@&%&V%&I& ?ﬁ%ﬂﬂ@’ﬁ%ﬁ%@%&ﬁi’? %Lﬁéﬁﬁllsg ’Icngléggir;nrsu%f?na né?, but
using 5h§ apprepiéate sugananclitliimidiitinnp diskylespser tioe RiiSidihe; ninc[EBdFewihAbemula | are
prepared.

ketone with the appropriate non-protic solvent at a suitable temperature, yields the
3’-C-branched sugar. The 3°-C-branched sugar can be optionally protected with a
suitable protecting group, preferably with an acyl or silyl group, by methods well
known to those skilled in the art, as taught by Greene ef al. Protective Groups in
10 Organic Synthesis, John Wiley and Sons, Second Edition, 1991.

The optionally protected sugar can then be coupled to the BASE by methods well
known to those skilled in the art, as taught by Townsend Chemistry of Nucleosides

and Nucleotides, Plenum Press, 1994, For example, an acylated sugar can be

coupled to a silylated base with a lewis acid, such as tin tefrachloride, titanium
15 tetrachloride or trimethylsilyltriflate in the appropriate solvent at a suitable
temperature. Alternatively, a halo-sugar can be coupled to a silylated base with the

presence of trimethylsityltriflate.

Subsequently, the nucleoside can be deprotected by methods well known to

~ those skilled in the art, as taught by Greene ef al. Protective Groups in Organic

20 Synthesis, John Wiley and Sons, Second Edition, 1991.

In a particular embodiment, the 3’-C-branched ribonucleoside is desired. The
synthesis of a ribonucleoside is shown in Scheme 5. Alternatively, deoxyribo-
nucleoside is desired. To obtain these nucleosides, the formed ribonucleoside can
optionally be protected by methods well known to those skilled in the art, as taught

25 by Greene et al. Protective Groups in Organic Synthesis, John Wiley and Sons,
Second Edition, 1991, and then the 2’-OH can be reduced with a suitable reducing

agent, Optionally, the 2°-hydroxyl can be activated to facilitate reduction; i.e. via the

Barton reduction.
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75Y Nj"XINN Xz R'O O3 OR2 ORS3 Clff wherein:. RRRXX2Y HHHHHH HH-HHNH2H
H H H H NH-cyclopropyl HH HH H NH-methyl HHH H H NH-ethyl HH HH H NH-acetyl HHHH
HOHHHHHHOMe HHHHHOEtHHHH H O-cyclopropyl HHHHH O-acetyl HHHHH SH
HHHHHSMe HHHHH SEtHHHHH S-cyclopropyl HHHHHFHHHHHCI HHHHHBr

HHHHH I monophosphate HH H H NH2 mongamﬁ@lgate H H H H NH-acetyl monophosphate H H
H H NH-cyclopropyl 76

1) Optional R'0

R'O._ gt
\l;O?,. Protectlon w 1) R*-M bu}
HO

OH 2) Oxidation R3 2) Optional Or® OR®
Protection
1) Coupling
2) Optional
Deprotection
BASE 1) Optional BASE
R'O Protection HO- r° o
< _________________ -
2} Optional
Reduction OH O
i Optional
i Deprotection
BASE
HO. iﬁ 1
—~O
OH
2. Modification of a pre-formed nucleoside
5 The key starting material for this process is an appropriately substituted

nucleoside with a 3’-OH and 3°-H. The nucleoside can be purchased or can be
prepared by any known means including standard coupling techniques. The
nucleoside can be optionally protected with suitable protecting groups, preferably
with 'aoyl or silyl groups, by methods well known to those skilled in the art, as taught

10 by Greene ef al. Protective Groups in Qrganic Synthesis, John Wiley and Sons,
Second Edition, 1991.

The appropriately protected nucleoside can then be oxidized with the
appropriate oxidizing agent in a compatible solvent at a suitable temperature to yield
the 2’-modified sugar. Possible oxidizing agents are Jones reagent (a mixture of

15 chromic acid and sulfuric acid), Collins’s reagent (dipyridine Cr(VI) oxide, Corey’s
reagent (pyridinium chlorochromate), pyridinium dichromate, acid dichromate,

potassium permanganate, MnO,, ruthenium tetroxide, phase transfer catalysts such
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R R R X XY monophosphate HH H H NH-methyl monophosphate H H H H NH-ethyl
monophosphate H H HH OH monophosphate H H H H O-acetyl monophosphate HHH H OMe
monophosphate H H H H OEt monophosphate H H H H O-cyclopropyl monophosphate H H H H SH
monophosphate H H H H SMe monophosphate H H H H SEt monophosphate H H H H S-cyclopropyl

monophosphate 5k : W EIE?IQ n We i -
monophosphgée HH Hﬂf&ﬂ%spkﬁ% ﬁﬁi&h I}?wzéi C!iil ?\%SQ%H H H%ﬁﬁ%%&/lﬂég%osphate
H H H H NH-eyaiptopyl mipyiedsha AR | 18 AOPHE efffgper
diphospriate HyihE! Rapby B0 RRIE ki bELHO ot AIPBRIBAAAHEY dad il mdipfinaphate H
H H H OEt diphosphate -cyé]opropy di%%%% e Iﬁ

sphat H H H SH" diphosphate H H H H SMe

diphosphate HhsieixilSEithplotspHettoit HabtNVSrotwuepyimdishosphate H H H H F diphosphate
HHjHH Ci

5 Subsequently, the nucleoside can be deprotected by methods well known to
those skilled in the art, as tanght by GreeneGreene ef al. Protective Groups in
Organic Synthesis, John Wiley and Sons, Second Edition, 1991.

In a particular embodiment, the 3’-C-branched ribonucleoside is desired. The

synthesis of a ribonucleoside is shown in Scheme 6. Altematively, deoxyribo-

10 nucleoside is desired. To obtain these nucleosides, the formed ribonucleoside can
optionally be protected by methods well known to those skilled in the art, as taught

by Greene et al. Protective Groups in Organic Synthesis, John Wiley and Sons,

Second Edition, 1991, and then the 2°-OH can be reduced with a suitable reducing

agent. Optionally, the 2-hydroxyl can be activated to facilitate reduction; i.e. via the

15 Barton reduction.
Scheme 6
BASE . ASE BASE
HO D Optxongl RO p RIO -
O Protection 0 R-M e
Optional
Deproteciion
BASE 1) Optional BASE
1
RO g Protection HO ps a
-0 P -
2) Optional
* . OH
Ok Reduction OH
! Optional
1 Deprotection
BASE
HO. s
~0
OH
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77RRRXXY diphosphate HH H H Br diphosphate HHHH | triphosphate H HH H NH2
triphosphate H H H H NH-acetyl triphosphate H H H H NH-cyclopropy! triphosphate H H H H
NH-methyl triphosphate H H H H NH-ethyl triphosphate HHH H OH triphosphate H H H H OMe
triphosphate H H H H OEt triphosphate H H H H O-cyclopropyl triphosphate H H H H O-acetyl
triphosphate H H H H SH_ triphos . H e 1l Hh I—ljfl—gﬂﬂ%tr;ggo%&%@ HHH
H S-cyclopropyl trip#os%]ﬁ% ee #W@%tphoo@sg%téﬁ%ﬂa&H %ifetriphosphate HHHHBr
triphosphate Hlkidfbtd, tirohephusphate arohophossivating tn Sphessppriede of themvessapsadsphate
monophosphalg mengphosRiBia L HINH:a4EoRseR T opaRRASRAGIRARC alfith ihe

e p op

monophosphat OH monophdsphate monophosphate monqphosphéte H F 'monophosphate
monophosphaterrenesgingdpiiatararucieeidn dsprrrtomphesHrbieaFtbhate H H NH2
diphosphate diphosphate diphosphate H H NH-cyclopropyl diphosphate diphosphate diphosphate H H
OH diphosphate diphosphate diphosphate H H F diphosphate diphosphate diphosphate H H ClI

5 Examples

Example 1: Preparation of 1’-C-methviriboadenine via 6-aming-9-( 1-deoxy-B-D-

psicofuranosvlpurine

As another alternative method of preparation, the title compound could also be
prepared according to a published procedure (J. Farkas, and F. Som, “Nucleic acid
10 components and their amalogues. XCIV. Synthesis of 6-amino-9-(1-deoxy-p-D-
psicofuranosyl)purine”, Collect. Czech. Chem. Commun. 1967, 32, 2663-2667. I. Farkas”,
Collect. Czech. Chem. Commun. 1966, 31, 1535) (Scheme 7).

Scheme 7
i
s
N.
a4
6-Benzamidopurine N N)
p-TolO 0 Br chloromercuri salt p-TolO 0
Br i ~— Br
p-TolO  Op-Tol p-TolQ  Op-Tol
1) BuySuH, ATBN
N, Z) (MeO}y,Ba / MeOH
N
e
HO— o.M 1\2
CH;
OH OH
15 In a similar manner, but using the appropriate sugar and pyrimidine or purine bases,

the following nucleosides of Formula I are prepared.
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triphosphate triphosphate triphosphate HH NH2 78 RR R R X Y triphosphate triphosphate
triphosphate H H NH-cyclopropyl triphosphate triphosphate triphosphate H H OH triphosphate
triphosphate triphosphate H H F triphosphate triphosphate triphosphate HHCIHHHFHNH2HHH
F H NH-cyclopropyl HHHFHOHHHHFHF HHHFHCI HHHCIHNH2HHHCIH
NH-cyclopropyl HHHCIHOHHHHCIHF HHHCIH@ HIHHBrHNH2HHHBrH
NH-cyclopropyl HHHBrHOHHHHBrHF HHHBrH ¢l HHHNH2 HNH2 HHH NH2 H
NH-cyclopropyl HH HN~EI2HOHHHHNH2HF, HNM2HCI HHHSHHNH2HHHSHH
NH-cyclopropyl HHHSHHOHHHHSHH I'ST-TQ# Hétl\ )

X

N
R'C

CHL,
OrR* oOr®

wherein;

)
wu
|
=
)

Y

H

NH,
NH-cyclopropyl
NH-methyl
NH-ethyl
NH-acetyl

OH

OMe

OEt

O-cyclopropyl
O-acetyl

SH

SMe

SEt
S-cyclopropyl
E

Cl

Br

I

NH;
NH-acetyl

] [ee ] B~ ] Mun] u ) IS ool Q] I =] k<= et S <= Qe ] pac] i« = [y} =] IR un) e

monophosphate

monophosphate

e e e e e e e I I R
] ) ) B B ] Bt B e e e e e e R e R e
Y e e e e e et It It et et e e et e ===t =1 =1 -
ol o o om om o om o o e m e momom ] oml m| mom o

monophosphate NH-cyclopropyl
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acetyl HHH H NH2 acetyl HHH H NH-cyclopropyl 79 RR X XY acetyfHHHH OH acetylHHH
HF acetylHHHH CI acetyl HHF HNH2 acetyl HH F H NH-cyclopropyl acetyl HH F H OH acetyl
HHFHF acetylHH F H Cl H acetyl acetyl HH NH2 H acetyl acetyl H H NH-cyclopropyl H acetyl
acetyl H H OH H acetyl acetyl H H F H acetyl acetyl H H Cl acetyl acetyl acetyl H H NH2 acetyl

acetyl acety
acetyl HH C
NH-cyclopra

Réetyl HH OH

LN

manank

setyl a

onhat

Ca1Y/| acy

acabl

ookl bl Ll

2yl HH F acetyl

acetyl

HH NH-cycloproryl acetyl acety

[ a.acatvl acahvyd
V\JL]' MUUL]I

ﬂ??ﬂ%ﬁ%ﬁﬁ%phg acetyl acetyl

T™T IL MmTUTTOMI

IﬁH OH monophos

Sphail

Boew

Y

monophosp

Wii{@zap’ﬁéyj)mmy
H NH-cycloprepyl-diph

H H Cl diphosph#te acetyl acety!

| H H NI

B diph

oSphetteylacetyl acetyl H

acetyl acety

ﬁ?‘ﬁ‘@‘ 'siaoha‘i'é'“ \Hacctyl acetyt-H ECH diﬁhOSphoif abctyi_labcty GI_fI F—diphosphate
monophosphate | H H H H O-acetyl
monophosphate | X H H H OMe
monophosphate | H H H H OEt
monophosphate | H H H H O-cyclopropyl
monophosphate | H H H H SH
monophosphate | I H H H SMe
monophosphate | H H H H SEt
monophosphate | H H H H S-cyclopropyl
monophosphate | H H H H F
monophosphate | H H H H C1
monophosphate | H H H H Br
monophosphate | H H H H I
diphosphate H H H H NHz
diphosphate H H H H NH-acetyl
diphosphate H H H H NH-cyclopropyl
diphosphate H H H H NH-methyl
diphosphate H H H H NH-ethyl
diphosphate H H H H OH
diphosphate H H H H O-acetyl
diphosphate H H H H OMe
diphosphate H H H H OEt
diphosphate H B H H O-cyclopropyl
diphosphate H H H H SH
diphosphate H H H H SMe
diphosphate H H H H SEt
diphosphate H H H H S-cyclopropyl
diphosphate H H H H F
diphosphate H H H H Cl
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triphosphate acetyl acetyl H H NH2 triphosphate acetyl acetyl H H NH-cyclopropyl triphosphate acetyl
acetylfHHOH 80 R R R X XY triphosphate acetyl acetyl HH F triphosphate acetyl acetyl HH Cl H
HHHNH2H HHHHNH2NH2HHH H NH2 NH-cyclopropyl HH HH NH2 NH-methyl HHHH

NH2 NH-ethyl HH H H NH2 NH-acetyl HHH HNH2 OHHHHHNH2 OMe HHHH NH2 OEtH H

NH2
IH2 |
H NH2

H H NH2 O-cyglopropyl H H[HgH NHZ O-acetyH HH H NHZ2[SH H H i+ NHZSMe HHH
SEt HH H H-NH2.S-cvyclopropyl HH HHNHR EH HHH NH2 CL HH H H NH2.Br - H-H-H-N
monophosp ﬁi@hPPP-FﬁFNISZ Kiﬁlz monophosy Hate H H H NH2 II'\"ﬁ-|-a’1cetﬁ mon@ﬁhosphate HH
NH-cycloprapyprssyaarhosphaie H H H NH2 Ni-methyl monghosphgie H Hill NH2 NH-ethyl
monophosplhate-H-H—-{-OH
iriphosphate H H H H NH;
triphosphate H H H H NH-acetyl
triphosphate H H H H NH-cyclopropyl
triphosphate H H H H NH-methy
triphosphate H H H H NH-ethyl
triphosphate H H H H OH
iriphosphate H H | H H OMe
triphosphate H H H H OEt
triphosphate H H H H O-cyclopropyl
triphosphate H H H H O-acetyl
triphosphate H H H H SH
friphosphate H H H H SMe
triphosphate H H H H SEt
triphosphate H H H H S-cyclopropyl
triphosphate H H H H F
triphosphate H H H H Cl
triphosphate H H H H Br
triphosphate H H H H i
monophosphate | monophosphate | monophosphate | H H NHz
monophosphate | monophosphate | monophosphate | H H NH-cyclopropyl
monophosphate | monophosphate ; monophosphate | H H OH
monophosphate | monophosphate | monophosphate | H H F
monophosphate | monophosphate | monophosphate | H H Cl
diphosphate diphosphate diphosphate H H NH>
diphosphate diphosphate diphosphate H H NH-cyclopropyl
diphosphate diphosphate diphesphate H H OH
diphosphate diphosphate diphosphate H H F
diphosphate diphosphate diphosphate H H Cl
triphosphate triphosphate triphosphate H H NH;
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monophosphate H H H NH2 O-acetyl monophosphate HH H NH2 OMe monophosphate H H H NH2
OEt monophosphate H H H NH2 O-cyclopropyl 81 R R R X XY monophosphate HH H NH2 SH
monophosphate H H H NH2 SMe monophosphate H H H NH2 SEt monophosphate H H H NH2
S-cyclopropyl monophosphate H H H NH2 F monophosphate H H H NH2 CI monophosphate H H H

NH2 Br mongghosphate HHRFNHZ T diphosgifate H'H H NHZ{NHZ fighosphgte H H H NH2
NH-acetyl diphosphate H H H NH2 NH-cyclopropyl diphosphalte H.H-ELNH2 NH-methyl-dip f\;phate
HH H NH2 Ampéﬂﬁyhamphospﬁm@mwﬁ NH2 BRho ﬁ’ﬁﬁ@sphﬁ H H RH2 O NEs e BRebHate H
H H NH2 OVig; RittpasRnate i Hiide OEL q%mgmge H H B NH2|@-cyclgmmepy! diphosphate H H
H NH2 SH diphosphate H HIH NH2 SMe di NH2-SEt-diphesphate-H-H-H-NH2
S-cyclopropy%ﬁﬂ?ﬁ%ﬁﬁa‘re H BRI diph S84 H H NH2 Cl oﬁohosp t%te H H H NH2!Br
diphosphate ifiph&dgNHe T | triphosphate triphosphate H H Cl

H H H F H NH,

H H H F H NH-cyclopropyl

H H H F H OH

51 ' H H F H F

H H H F H Cl

H H H Cl H NH;

| H H H Cl H NH-cyclopropyl

H H H Cl H CcH

H H H Cl1 H- F

H H H C1 H Ci

H H H Br H NH,

H H H Br H NH-cyclopropyl

H | H H Br H OH

H H H Br H F

H H H Br H Cl

H H H NH: |H NH;

H H H NH; H NH-cyclopropyl

H H H NH; H OH

H H H NH; |H F

H H H N, H Cl

H H H SH H NH;

H H H SH H NH-cyclopropyl

H H H SH H OH

H H H SH H F

H H- H SH H Cl

acetyl H H H H NH,

acetyl H H H H NH-cyclopropyl
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triphosphate H H H NH2 NH2 tiphosphate H H H NH2 NH-acetyl triphosphate H H H NH2
NH-cyclopropy! triphosphate H H H NH2 NH-methy! tiphosphate H H H NH2 NH-ethyl 82 RR X XY
triphosphate H H H NH2 OH triphosphate H H H NH2 OMe triphosphate H H H NH2 OEt
triphosphate H H H NH2 O-cyclopropy! triphosphate H H H NH2 O-acetyl triphosphate H H H NH2 SH

triphosphat Megaiphosphate HiigH NH2 SET Tripgospha H{HR/NHZ S-cyclopropy!
triphosphate H H H NH2 F_tiiphosphate H H H NH2 Cl_triphogphate H H H NHM2 Br triphosphate H H
H NH2 | mdrispiibsphate mq %phosphate md rﬁ)phosphate H Nﬁz NH2Hmond ;ﬂ%sphate
monophosphgigyionophospigte H NHZ NH-¢yglopropyl monoghosphate mornigphosphate
monophosphate.H NH2 QH Imonophosphate - monophosphate 1 monoghospha |
monophosp 1é?§%onophosp hHte monophosp hakte H NH2 Cl dj %osphaﬁe dlphog]ohate diphosphate H
NH2 NH2 dighgsphate diphogphate diphosphage H NH2 NH-cygioprogyl diphpsppate diphosplhate
diphosphate-H NH2 OH..diphosphate diphosphate-diphesphate- H-NH2E-diphpbsphate.d u.,,..u phate
diphosphate peRiv2 i trlphc %hate trlphosphaﬁle trlphosphate NH2 NH2 trlpﬁﬁ os$phate
triphosphatg Et&¢12 NH-cyclopropyl H F 51

acetyl b H F H F

acetyl H H F H Ci

H acetyl acetyl H H NH,

H acetyl acetyl H H NH-cycIopropyl

H acetyl acetyl H H OH

H acetyl acetyl H H F

H acetyl acetyl H “H Ci

acetyl acetyl acetyl H H NH,

acetyl acetyl acetyl H H NH-cyclopropyl

acetyl acetyl acetyl H H OH

acetyi acetyl acetyl H H F

acetyl acetyl acetyl H H Cl

monophosphate | acetyl acetyl H H NH»

monophosphate | acetyl acetyl i H H NH-cyclopropyl

monophosphate | acetyl acetyl H H OH

monophosphate | acetyl acetyl H H ¥

monophosphate | acetyl acetyl H H Cl

diphosphate acetyl acetyl H H NH;

diphosphate acetyl acetyl H H NH-cyclopropyl

diphosphate acetyl acetyl H H OH

diphosphate acetyl acetyl H H F

diphosphate acetyl acetyl H H Cl

iriphosphate acetyl acetyl H H NH,

triphosphate acetyl acetyl H H NH-cyclopropyl

triphosphate acetyl acetyl H H OH
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triphosphate triphosphate triphosphate H NH2 OH triphosphate triphosphate triphosphate H NH2 F
triphosphate triphosphate triphosphate H NH2 CIHH H F NH2 NH2 H H H F NH2 NH-cyclopropyl H
HHFNH2OH83RRRX' XY HHHFNH2F HHHFNH2CI HHH CINH2 NH2 HH H CI NH2
NH-cyclopropyl HHH CINH2ZOHHHHCINH2F HHHCINH2 Cl HH H Br NH2 NH2 H H H Br

NH2 NH-cyctogropytHHHBRiH2Z O H H iR NH2F HH B NH&E! "HHH NHZ NHZNH2 H H
H NH2 NH2 I'\ﬁ -cyclopropyl I—FH H NH2 NH21OH H H H NH2 @ EHHHNH2NH2CIL HHH SH
NH2 NH2 Hirishgsminta2 NH-eyetdpropyl H H #8858 NH2 OH W H SHINH2 FFH H H SH NH2 CI
acetylHHH ”%Weacety 55&5’1_' NHZ N|—|~c¥g{3@ropyi 0 H Cl
H H H H NH; | H
H E H H NH; |NH;
H H H H NH, | NH-cyclopropyl
H H H H NH; | NH-methyl
H H H H NH, | NH-ethyl
H H H H NH, | NH-acetyl
H H H H NH, |OH
H H H H NH, |OMe
H H H H NH, {OEt .
H H H H NH; | O-cyclopropyl
H H H H NH, O-acetyl
H H H H NH, |SH
H H H H NH; |SMe
H H H H NH; |SEt
H H H H NH; S-cyclopropyl
H H H H NH, (F
H H H H NH; |(Cl
H H H H NH, |Br
H H H N, I
monophosphate | H H H NH; | NH;
monophosphate | H H H NH, NH-acetyl
monophosphate | H H H NH; | NH-cyclopropyl
monophosphate | H H H NH; | NH-methyl
monophosphate | H H H NH; NH-ethyl
monophosphate | H H H NH, |0OH
monophosphate | H H H NH; | O-acetyl
monophosphate | H H H NH; OMe
monophosphate | H H H NH, | OEt
monophosphate | H H H NH; | O-cyclopropyl
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acetyl HH H NH2 OH acetyl HHH NH2 F acetyl HH H NH2 Cl acetyl HH F NH2 NH2 acetyl HH F
NH2 NH-cyclopropyl acetylHH F NH2 OH acetylHHFNH2F 84 RRR XY acetylHH F NH2 Cl

H acetyl acetyl H NH2 NH2 H acetyl acetyl H NH2 NH-cyclopropyl H acetyl acetyl H NH2 OH H acetyl
acetyl H NH2 F H acetyl acetyl H NH2 CI acetyl acetyl acetyl H NH2 NH2 acetyl acetyl acetyl H NH2

NH-cyclopropyacetyt-acetyt ii tylHHNH2-0 "WI H VK2 F gogtyl acetyl acetyl H
NH2 Cl mondphosphate acetyl acetyl H NH2 INH2 monophosphate agetyl acetyl. H N'H2
NH-cyclopra wbmhwﬁe@ph acetyl acetyl HINH2 OH mon )Tﬁhosph acetﬁﬁclcetyl H NH2|F
monophosphgt %E&bgétgty g NHZCrdiphggphate acety acefyl H NHZHYHZ glighosphate agety!
acetyl H NHR2 NH-cyclopropyl diphosphate acetyl acetyl H NH2.OH dig hnenhaﬁe acetyl acetyl-H NH2
F diphosphatecephisabeis/| HENH2 Cl tnphoqﬁaate acetyl acetyfH NH2RH2 tibhosphate acetyl
acetyl H NH%M@SKSE&BE@&Y H H H NHz S-cyclopropyl

monophosphate | I H H NH; F

monophosphate | H H H NH; Cl

monophosphate | H H H NH, |Br

monophosphate | H H H NH, |I

diphosphate H H H NH: | NH;

diphosphate H H H NH, | NH-acetyl

diphosphate H H H NH; | NH-cyclopropyl

diphosphate H H H NH, | NH-methyl

diphosphate H H H NH; | NH-ethyl

diphosphate H H H NH, |OH

diphosphate H H H NH; | O-acetyl

diphosphate H H H NH; |[OMe

diphosphate H H H NH, |OEt

diphosphate H H H NH2 | O-cyclopropyl

diphosphate H H H NH; |SH

diphosphate H H H NH, |SMe

diphosphate H H H NH, |SEt

diphosphate H H H NH, | S-cyclopropyl

diphosphate H H H NH, |F

diphosphate H H H NH, {Cl

diphosphate H H H NH; |Br

diphosphate H H H NH; |1

triphosphate H H H NH; NH

triphosphate H H H NH; | NH-acetyl

triphosphate H H H NH; | NH-cyclopropyl

triphosphate H H H NH; | NH-methyl

triphosphate H H H NH, | NH-ethyl
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triphosphate acetyl acetyl H NH2 OH triphosphate acetyl acetyl H NH2 F triphosphate acetyl acetyl H
NH2Cl HHHHCIH HHHHCIH HHHH CINH2 IHHH H CI NH-cyclopropyl HHHH Cl
NH-methyl 8RR X XY HHHH CI NH-ethyl HHHH CI NH-acetyl HHHHCIOH HHHH CI
OMe HHHHCIOEtHHH H CI 0-cyclopropyl HH H H CI 0-acetyl HHHHCISHHHHH Cl SMe

(OF acétyl

HHHHCI HH H H CI'$gyciopropyl mangphosphate H Hd CTN2 mongphosphate H H H ClI
NH-acetyl monophasphate H H H Cl NH-cyc H L H CLNH-methy]
monophosphtEhesERsteC) NHiEthy monophc ﬁhate HHHCI moRYphos Pte H H H Cl
monophospngtsusFhiCT OVig monophosphage H H H CI OEt HnonophasphateieH H Cl
O-cyclopropy mnnnnthnh,|tg_H_H_Hml .
“triphosphate H H NH, |OEt
triphosphate H H H NH, | O-cyclopropyl
triphosphate H H H NH; | O-acetyl
triphosphate H H +H NH; |SH
friphosphate H H H NH SMe
triphosphate H H H NH; |SEt
triphosphate H H H NH; | S-cyclopropyl
triphosphate H H H NH, |F
triphosphate H H H NH, |C]
triphosphate H H H NE, |Br
triphosphate H H H NH, I
monophosphate | monophosphate | monophosphate | H NH; | NH;
monophosphate | monophosphate | monophosphate | H NHz | NH-cyclopropyl
monophosphate | monophosphate | monophosphate | H NH; |OH
monophosphate | monophosphate | monophosphate | H NH; |F
monophosphate | monophosphate | monophosphate | H NH, (I
diphosphate diphosphate diphosphate H NH, |[NH:
diphosphate diphosphate diphosphate H NH, | NH-cyclopropyi
diphosphate diphosphate diphosphate H NH; |{OCH
diphosphate diphosphate diphosphate H NH, |F
diphosphate diphosphate diphosphate H NH, |(C
triphosphate triphosphate triphosphate H NH; | NH:
triphosphate triphosphate triphosphate H NH; | NH-cyclopropyl
tri?ﬁosphate triphosphate triphosphate H NH; {OH
triphosphate triphosphate triphosphate H NH; |F
triphosphate triphosphate triphosphate H NH, |(Cl
H H H F NH; | NH;
H H H F NH; | NH-cyclopropyl
H H H F NH,; |OH
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monophosphate H H H C| SMe monophosphate H H H ClI SEt monophosphate HH H ClI
S-cyclopropyl diphosphate HH H ClI NH2 diphosphate H H H CI NH-acetyl diphosphate HH H ClI

NH-cyclopropy! diphosphate H H H CI NH-methyl diphosphate H H H CI NH-ethyl diphosphate H H H
CIOH86 R1R R X X2Y diphosphate HH H Cl O-acetyl diphosphate HH H Cl OMe diphosphate H

H H Cl OEt digimosphate HHgzCt 0=Cyclopropg tiphosphate i H GipH dipgosphate HH H Cl
SMe diphosphate H HH CI $Et diphasphatelH H H Cl S-cyclapropyl triphosphate H H H CI NH?2
triphosphate! HH H Cl NH-acel/l triphosphate B H H CI NH-cycﬁ)propJ Il\l‘ilﬁiahos%hate HHHCI
NH-methyl trighosphate H H[RyCINH-ethyl tiighosphate H H HCT OH| #rhospbate H H H ClI OMe
triphosphatelH H H Cl OFt_triphasphate H H H Cl0-cyclopropyl triphosphate H H H.Cl O-acety
triphosphate} I H H CI SH tridhosphate H H H#I SMe  triphosighate H AT

H H H Cl NH, | NH-cyclopropyl

H H H Cl NH; OH

H H H Cl NH; {F

H H H C1 NH; |Cl

i H H Br NH, NH;

H H H Br NH; | NH-cyclopropyl

H H H Br NH2 CH

H H H Br NH, {F

H H H Br NH, |CI

H H H NH; {NH; |NH;

H H H NH, |NH; |NH-cyclopropyl

H H H NH, iNH. [OH

H H H NH; {NH, |F

H H H NH: [NH, |Cl

H H H SH NH; NI,

H H H SH NH; | NH-cyclopropyl

H H H SH NH, (OH

H H H SH NH, |F

H H H SH NH, |Cl

acetyl H H H .NHZ NH;

acetyl H H H NH; | NH-cyclopropyl

acetyl H H H NH; OH

acetyl H H H NH; |F

acetyl H H H NH, id

acetyl H H F NH; |NH:;

acetyl H H F NH; | NH-cyclopropyl

acetyl H H ¥ NH; OH

acetyl H H ¥ NH, {F
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triphosphate H H H CI S-cyclopropyl monophosphate monophosphate monophosphate H Cl NH2
monophosphate monophosphate monophosphate H CI NH-cyclopropyl monophosphate

monophosphate monophosphate H Cl OH diphosphate diphosphate diphosphate H 7UNHz
diphosphate diphosphate diphosphate H Cl NH-cyclopropy! diphosphate diphosphate diphosphate H

CI OH triph sRna_te triphiosp e triphosphatg RECT NHZ trlprﬁﬁﬁe tgphosph@te friphosphate H Cl
NH-cycloprapyl triphosphate triphasphate trighosphate H Cl S7RRRXXNY HHHECINH2HH
H F CI NH-dy&eitopyl H H IHEE Cl OH H H HI&T cI NH2 H H H &l ¢l NA%cloptdpyl H H H cI|cl oH
H H H Br CIINFZ A H H BIr O NEgyclopropyl| kg Br CTOH[HH H NR@,Cl NN@,H H H NH2 Cl
NH-cycloprapyl HH H NH2 Cl QH H H H.SH'CINH2 H H H SH.ClL.NH-gycloprepyl-H-HH-SH-C| OH
acetyl H H H &I NH2 acetyl H3FFBILCI NH-cycldfBy! acetyl HH H CI|[OtH2ace %Wlﬁlﬁw}-l 4
acetyl H H B GT NH-cyclopropyketyt acetyl i NH, |OH

H acetyl acetyl H NH; F

H acetyl acetyl H NH; |Cl

acetyl acetyl acetyl H NH, |NH;

acetyl acetyl acetyl H NH; | NH-cyclopropyl

acetyl acetyl acetyl H NH, |[OH

acetyl acetyl acetyl H NH, i F

acetyl acetyl acetyl H NH, |Cl

monophosphate | acetyl acetyl H NH; |NH;

monophosphate | acetyl acetyl H NH, | NH-cyclopropyl

monophosphate | acetyl acetyl H NH; |OH

monophosphaie | acetyl acetyl H NH; F

monophosphate | acetyl acetyl H NH; |Cl

diphosphate acetyl acetyl H NH; jNH;

diphosphate acetyl acetyl H NH; NH-cyclopropyl

diphosphate acetyl acetyl H NH; [OH

diphosphate acetyl acetyl H NH, |F

diphosphate acetyl acetyl H NH; |[d

triphosphate acetyl acetyl H NH; | NH;

triphosphate acetyl acetyl H NH; | NH-cyclopropyl

triphosphate acetyl acetyl H NH; |OH

triphosphate acetyl acetyl H NH; |F

triphosphate acetyl acetyl H NH, |CI

H H H H Cl H

H . H 5 H Cl H

H H H H Cl NH;

H H H H Cl NH-cyclopropyl

H H H H Cl NH-methyl
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acetyl HH F Cl OH H acetyl acetyl H Cl NH2 H acetyl acetyl H ClI NH-cyclopropyl H acetyl acetyl H CI
OH acetyl acetyl acetyl EE ClI NH2 acetyl acetyl acetyl H Cl| NH-cyclopropyl acetyl acetyl acetyl H CI
OH monophosphate acetyl acetyl H CI NH2 monophosphate acetyl acetyl H CI NH-cyclopropyl
monophosphate acetyl acetyl H Cl OH diphosphate acetyl acetyl H C1 NH2 88 RR R X XY

diphosphatg tyacetyt HGh NH-Cyclopropypaiphosphate aceiy acesge H CIHgH triphosphate acetyl
acetyl H CI NH2_triphosphate acetyl acetyl HIC| NH-cyclopropyl triphasphate lacetyl acetyl H Gl OH H
HHH CINHBH H H H Cl NHEEyclopropyl H HH H Cl OH H H B H Bif KH2 H|AH-siis)
NH-cycloprogy HHHH BT Alternatively, fhe following nugigosides ot Forgafidare prepared,
using the agpropriate sugar and pyrimidine orlpurine.bases. Y.LX1 NN LAQ RIO Q
H H H Cl OH
H H H H Cl OMe
H H H H Cl OEt
H H H H Cl O-cyclopropyl
H H H H Cl O-acetyl i
H H H H |CI |SH -
H H H H Cl SMe
H H H H Cl SEt
H H H H Cl S-cyclopropyl
monophosphate | H H H Cl NH;
monophosphate | H H H Ci NH-acetyi
monophosphate | H H B Cl NH-cyclopropyl
monophosphate | H H H Ci NH-methyl
monophosphate | H H H Cl NH—ethyI
monophosphate | H H H CI OH
monophosphate | H H H Cl O-acetyl
monophosphate | H H H Cl OMe
monophosphate | H H H Cl OEt
monophosphate | H H H Cl O-cyclopropyl
monophosphate | H H H Cl SH
monophosphate | H H H Cl SMe
monophosphate | H H H Cl SEt
monophosphate | H H H Cl S-cyelopropyl
diphosphate H H H Ci NH;
diphosphate H H H Cl NH-acetyl
diphosphate H H H Cl NH-cyclopropyl
diphosphate H H H Cl NH-methyl
diphosphate H H H Cl NH-ethyl
diphosphate H H H Cl OH
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Cft3 ORZ OR3 5 (IV) wherein: RLRRX'Y HHHHH HHHHNH2HHH H NH-cyclopropyl HH
H H NH-methyl HH H H NH-ethyl HJ HH H NH-acetyl 89 RR2RXY HHHHOH HHHHOMe
HHHHOEtHHHH O-cyclopropyl HHHH O-acetyl HHHHSHHHHH SMe HHHH SEtHH
H H S-cyclopropyl monophosphate HH H NH2 monophosphate H H H NH-acetyl monophosphate H

H H NH-cyclopiopyl monophegphate H H H Nigimethyl monojpgbsphate‘H H HyNH-ethyl

monophosphate-H-H-H OH-monophasphate-H-H-H-O-acetd-magrephpsphateH-H-H-OMe

monophospn@ﬂgﬁﬁﬁl}WOEt n%nophosphate HH H O-cycloprppyl cl -acety
diphosphate H H H Cl OMe
diphosphate H H H Cl OFEt
diphosphate H H H Cl O-cyclopropyl
diphosphate H H H Cl SH
diphosphate H H H  1d SMe
dipbosphate H H H Cl SEt
diphosphate H H H Cl S-cyclopropyl
{riphosphate H H H Cl NH;
triphosphate H H H Cl NH-acetyl
triphosphate H H H Cl NH-cyclopropyl
triphosphate H H H Cl NH-methy!
triphosphate H H H Ci NH-ethyl
triphosphate H H H Cl OH
triphosphate H H H Cl OMe
triphosphate H H H Ci OEt
triphosphate H H H Cli O-cyclopropyl
triphosphate H H H Cl O-acetyl
triphosphate. H H H Cl SH
triphosphate H H H Cl SMe
triphosphate. H H H Cl SEt
triphosphate H H H Cl S-cyclopropyl
monophosphate | monophosphate | monophosphate | H Ci NH:
monophosphate | monophosphate | monophosphate | H Cl NH-cyclopropyl
monophosphate | monophosphate | monophosphate | H Ct - |OH
diphosphate diphosphate diphosphate H Cl NH;
diphosphate diphosphate diphosphate H Cl NH-cyclopropyl
diphosphate diphosphate diphosphate H Cl OH
triphosphate triphosphate triphosphate H Cl NH;
triphosphate triphosphate triphosphate H Cl NH-cyclopropyl
triphosphate triphosphate triphosphate H Cl OH
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monophosphate H HH SH monophosphate H H H SMe monophosphate H H H SEt monophosphate
H H H S-cyclopropyl diphosphate HH H NH2 diphosphate H H H NH-acetyl diphosphate HH H
NH-cyclopropy! diphosphate H H H NH-methyl diphosphate H H H NH-ethyl diphosphate HH H OH
diphosphate H H H O-acetyl diphosphate HHH OMe 90 RR R XY diphosphate H H H OEt

diphosphaté

triphosphate
O-cyclopropy

H H O-cyclopregyl diphosphatégt H H SH diphagphate #*H H 'S¥le diphosphate H H
H SEt diph H-H H S-cyclopropyl-triphpsphate-H-H-H-NH2-triphasphate -HH-NH=-acetyl
triphosphat:agllgﬁj NH-cycld ;};{opyl triphosphiate H H H NH-me ﬁ;yl triplfosphate ™ H H NH-ethyl

*H H HOH triphagphate H H H QMe triphosphate H H H [t triphdSptyatepkdpyiH
UI!rI triphosphate Hﬁ—! H-O-acetyl tli%huophal.c H-H FS= tr r&csphﬁ&;f—l—H—H—SMe—

H H H Cl Ct NH,

H H H Cl Cl NH-cyclopropyl

H H H C1 Cl OH

H H H Br a1 NH,

H H H Br Ci NH-cyclopropyl

H H H Br Cl OH

H H H NH, |Cl NH;

H H H NH; |Cl NH-cyclopropyl

H H H NH, |C1 OoH

H H H SH C1 NH;

H H H SH Cl NH-cyclopropyl

H H H SH C1 OH

acetyl H H H Cl NH;

acetyl H H B Cl NH-cyclopropyl

acetyl H H H Cl OH

acetyl H H F Cl NH;

acetyl H H F Cl NH-cyclopropyl

acetyl H H F Cl OH

H acetyl acetyl H Ci NH;

H acetyl acetyl H Cl NH-cyclopropyl

H acetyl acetyl H Cl OH

acetyl acetyl acetyl H Cl NH;

acetyl acetyl acetyl H Cl NH-cyclopropyl

acetyl acetyl acetyl H (1 OH

monophosphate | acetyl acetyl H Cl NH;
monophosphate | acetyl acetyl H Cl NH-cyclopropyl
monophosphate | acetyl acetyl H Cl OH

diphosphate acetyl acetyl H Cl NHa

88



triphosphate H H H SEt triphosphate H H H S-cyclopropyl monophosphate monophosphate
monophosphate H NHZ monophosphate monophosphate monophosphate H NH-cyclopropy!
monophosphate monophosphate monophosphate H OH diphosphate diphosphate diphosphate H
NH2 diphosphate diphosphate diphosphate H NH-cyclopropyl diphosphate diphosphate diphosphate

H OH triphgSpiiate triphoSphagg triphosphate]HkNHZ triphosphate triphg3phatestriphosphate H
91 R R X PAPERHROR, 1 R 2 111 JFERN-eyclopropbt 1] Bict O FBrRRAPE b 1 1
AP R LT - M e P Ul A RN W
R o = A L S 1S S S
triphosphate acetyl acetyl H Cl NH-cyclopropyl
triphosphate acetyl acetyl H Cl CH
H H H H Cl NHz
H H H H Cl NH-cyclopropyl
H H H H Cl OH
H H H H Br NH;
H H H H Br NH-cyclopropyl
H H H H Br OH

Alternatively, the following mucleosides of Formula IV are prepared, using the

appropriate sugar and pyrimidine or purine bases.

Y
1
X l Xy
N /&o
R'O
o}
CH,
OrR* OR?
5 (Iv)
wherein:
R! R’ R’ X! Y
H H H H H
H H p:! H NH;
H H H H NH-cyclopropyl
H H H H NH-methyl
H H H H NH-ethyl
H H H H NH-acetyl
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acetyl H H F NH-cyclopropyl acetyl HH F OH H acetyl acetyl H NH2 -H-"acetyl acetyl H
" NH-cyclopropyl H acetyl acetyl H OH acetyl acetyl acetyl H NH2 acetyl acetyl acetyl H
NH-cyclopropyl acetyl acetyl acetyl H OH monophosphate acetyl acetyl H NH2 monophosphate

acetyl acetyl H NH-cyclopropyl monophosphate acetyl acetyl H OH djphosphate acetyl acetyl H NH2
diphosphaté aRetyl acetyl H NB-cyclopropyl #iBhosphate acetyPacetyl M OH 92 RR R[X Y
triphosphate geetyt-acetyt H-{N& 2 triphosphafecetytacetyt H NF-CyClQREppy! LTiphoSphate acetyl
acetyl H OH Alternatively, the following nuclepsides of Formula VIl are prepared, usingithe
appropriate [sdgar and pyrimidthe or purine basés. Base Rt0 X B OR' ONs 5 wherein] R'RZR'R X
Base H H hH3 0240 Diaggtyluraci HH H3 O Hypoxaffiine | ORt

H H H H O-cyclopropyl

H H H O-acetyl

H H H H SH

H H H H SMe

H H H H SEt

H H H H S-cyclopropyl

monophosphate | H H H NH,

monophosphate | H H H NH-acetyl

monophosphate | H H H NH-cyelopropyl

monophosphate | H H H NH-methyl

monophosphate | H H H NH-ethyl

monophosphate | H H H OH

monophosphate | H H H O-acetyl

monophosphate | H H H OMe

monophosphate | H H H Ot

monophosphate | H H H O-cyclopropyl

monophosphate | H H H SH

monophosphate | H H H SMe

monophosphate | B H H SEt

monophosphate | H H H S-cyclopropyl

diphosphate H H H NH,

diphosphate H H H NH-acetyl

diphosphate B H H NH-cyclopropyl

diphosphate H H H NH-methyl

diphosphate H H H NH-ethyl

diphosphate H H H OH

diphosphate H H H O-acetyl

diphosphate H H H OMe
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H H H CH3 O 2,4-0 Diacetylthymine HH H CH3 0 Thymine HH H CH3 0 Cytosine HH H CH3 0
4-(N-mono- acetyl)cyto sine H H H CH3 0 4-(N,N- diacetyl)cyto sine HH H CH3 O UracilHHH CH3
0 5-Fluorouracil HH H CH3 S 2,4-0- Diacetyluraci H H H CH3 S Hypoxanthine 93 RR X Base HHH

CH3 S 2,4-0- Diacetylthymine HH H CH3 S Thymine HH H CH3 S Cytosine HHH CH3 S
4-(N-mono Acrlyl)cytosine H RPH CH3 S 4-(NRE diacetyl)cytos#e H ¥l CH3 S ' Uracjl I3HH CH3 S
5-Fluorour§1ui'. mgn“uhesph'z*ﬂ HH-EH30-2:4:0- Diabctyiwab Iﬂlunupi hateH#+HCTH3 0 N
Hypoxanthin osﬁ%%tﬁog:)h' € HH CH3 0 2,4-0- Diacetylthym | monﬂpﬁuﬁa&dﬂ:HS 0 Thyinine
monophosphditghésgdaBH3 0 CHitosine H H O-cyclopropyl

diphosphate H H H SH

diphosphate H H H SMe

diphosphate H H H SEt

diphosphate H H H S-cyclopropyl

triphosphate H H H NH,

triphosphate H H H NH-acetyl

triphosphate H H H NH-cyclopropyl

triphosphate H H H NH-methyl

triphosphate H H H NH-ethyl

triphosphate H H H OH

triphosphate H H H OMe

triphosphate H H H OEt

triphosphate H H H O-cyclopropyl

triphosphate H H H O-acetyl

triphosphate H H H SH

triphosphate H H H SMe

triphosphate H H H SEt

triphosphate H H H S-cyclopropyl

monophosphate | monophosphate | monophosphate | H NH;

monophosphate | monophosphate | monophosphate | H NH-cyclopropyl

monophosphate | monophosphate | monophosphate | H OH

diphosphate diphosphate diphosphate H NH:z

diphosphate diphosphate diphosphate H NH-cyclopropyl

diphosphate diphosphate diphosphate H OH

triphosphate triphosphate triphosphate H NH;

triphosphate triphosphate triphosphate H NH-cyclopropyl

triphosphate triphosphate triphosphate H OH

H H H F NH,

H H H F NH-cyclopropyl
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monophosphate H H CH3 0 4-(N-mono acetyl)cytosine monophosphate H H CH3 0 4-(N,N-
diacetyl)cytosine monophosphate H H CH3 0 Uracil monophosphate J H H CH3 0 5-Fluorouracil
monophosphate H H CH3 5 2,4-0 Diacetyluracil monophosphate HH CH3 S Hypoxanthine
monophosphate H H CH3 S 2,4-0 Diacetylthym monophosphate HH CH3 S Thymine

monophosphiafg H H CH3 'S Cosine monophggphate H H CH3E 4-(Nymono acetyl)cytosine 94 R’
RZ R R X Base_monophosphate H H CH3 S 4-(N N diacetyl)cytosine-mgnophosphate H H CH3 S
Uracil mono Jﬁrosphate HH CI-% S 5-FIuoroura§l diphosphate HH CHS(B'IZA-O- Diacetyluracil
diphosphate III{_H CH'3 0) Hypﬂ»@nthlne dlphoqpﬂate HH CH3 0214-0 tylthymine diphosphate H
HCH30 ThJ tosine A.nhncnhgm H HiCH3 0-4-(N-mero
acetyl)cytosin® diphosphate HH CH3 0 4-(N, \IHdlacetyI)cyto ) sirte ‘NH-cyclopropyl

H H _ H Cl OH

H H H Br NH;

H H H Br NH-cyclopropyl

H H H Br OH

H H H NH; | NH:

H H H NH,; | NH-cyclopropyl

H H H NH; ;OH

H H H SH NH;

H H H SH NH-cyclopropyl

H H H SH OH

acetyl H H H NH,

acetyl 51 H H NH-cyclopropyl

acetyl H H H OH

acetyl H H F NH,

acetyl H H F NH-cyclopropyl

acetyl H H F OH

H acetyl acetyl H NH,

H acetyl acetyl H NH-cyclopropyl

H acetyl acetyl H OH

acetyl acetyl acetyl H NH;

acetyl acetyl acetyl H NH-cyclopropyl

acetyl acetyl acetyl H OH

monophosphate | acetyl acetyl H NH;

monophosphate | acetyl acetyl H NH-cyclopropyl

monophosphate | acetyl acetyl H OH

diphosphate acetyl acetyl B NH;

diphosphate acetyl acetyl H NH-cyclopropyl

diphosphate acetyl acetyl H OH
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diphosphate H H CH3 0 Uracil diphosphate HH CH3 0 5-Fluorouracil diphosphate HH CH3 S 2,4-0
Diacetyluracil diphosphate H H CH3 S Hypoxanthine diphosphate H H CH3 S 2,4-0 Diacetylthym
diphosphate H H CH3 S Thymine diphosphate HH CH3 S Cytosine triphosphate H H CH3 0 2,4-0
Diacetyluracil triphosphate H H CH3 0 Hypoxanthine triphosphate H H CH3 0 2,4-0 Diacetylthymine

triphosphateg /I CH3 0" Thy triphosphategd HCH3 0Ty WWR‘R‘X‘B?{E triphosphate
H H CH3 0 4-(N-mono acetyl)cytosine triphasphate H H CH3 0. 4-(N N: diacetyl)cytosine triphosphate
H H CH3 0 UHEBliomRsosphdtaceiyl CH3 0 5-FRfSFuracil triphddphate N _CH-. 2,4-0 Diacetyluracil
triphosphate Hiph&shlate 1yP ine trphogpRefe H H CH3 51.4- NHMWQQH@;@H HCH3S
Thymine triphgsphate H H CH3 S Cytosine-monophosphate honophgsphate monephosphate CF3 O
2 4-0 triphosphate acetyl acetyl
Alternatively, the following nucleosides of Formula VII are prepared, using the
appropriate sugar and pyrimidine or purine bases.
Base
R'O
X
RS
OR* OR’
5 (VI
wherein:
R’ R’ R’ R® X | Base
H H H CH; 0 |24-0-
Diacetyluracil
H H H CH; O | Hypoxanthine
H H H CHs 0 |24-0-
Diacetylthymine
H H H CH; O | Thymine
H H H CHs O | Cytosine
H H H CHa O | 4-(N-mono-
acetyl)cytosine
H H H CH; 0O | 4-(NN-
diacetyl)cytosine
H H H CHs O | Uracil
H H H CH, 5-Tluorouracil
H H H CH; S |24-0-
Diacetyluraci
H H H CH; S | Hypoxanthine
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Diacetyluracil monophosphate monophosphate monophosphate CF3 0 Hypoxanthine
monophosphate monophosphate monophosphate CF3 0 2,4-0 Diacetylthytnin.e monophosphate

monophosphate monophosphate CF3 0 Thymine monophosphate monophosphate monophosphate
CF3 O Cytosine monophosphate monophosphate monophosphate CF3 0 4-(N-mono acetyl)cytosine

monophosphate llﬁuupllu:p te-monophos ‘?ate-CFB-O—tt—(Nﬁa diaceyyCyggige monopnosphate ~
monophosphate monophosphate CE3 0 Uracil_monophosphate monoghosphate monophaosphate CF3
O 5-Fluoroufdtil monophospHate monophosphate monophosgHate CF 2 2l‘-"f)(blacetyluracil
monophosphate monophospghate monophosphate CF3 S Hypoxanthing mangjhas

monophosphate monophosghate CE3 S 2 440 Diacetylthymine monophosphate mnnnnhgspk ate
monophosphdte CF3S Thyrnﬁle 96RRRR ®Sase monodk@gphate on pgﬁbﬂ%‘i"%\te

monophosplig ‘ phate monophosighafe moﬂwgph osplgiee CF3 S 44(N-mono
monophosp m‘e*“g“‘*’“‘ﬁate CF5 & UrdiiimonorRospHas FiGBphoshate
monophospt acetyl acetyl CF3 0 4-(N,N diapsjyd&d;);&tpcsine adetyl
acetyl acetyl ﬁcety! acetyla *“*“'3” bre T§ D A:": d\'ﬁ‘i}_

diacetyl)cytosine
H H H CH; Uracil
0 H H CH; 5-Fluorouracil
monophosphate | H H CHs 2.,4-0-

Diacetyluracil
monophosphate | H H CHj O | Hypoxanthine
monophosphate | H H CH; 0 [24-0-

Diacetyithym
monophosphate | H H CHs O | Thymine

| monophosphate | H H CHs O | Cytosine
monophosphate | H H CH; O | 4-(N-mono-
acetyl)cytosine
monophosphate | H H CH; 0 | 4-(N,N-

diacetyl)cytosine
monophosphate | H H CHas O | Uracil
monophosphate | H B CHs O | 5-Fluorouracil
monophosphate | H H CH; S 124-0-

Diacetyluracil
monophosphate | H H CH; Hypoxanthine
monophosphate | H H CH;s - 2,4-0-

Diacetylthym
monophosphate | H H CH; S | Thymine
monophosphate ; H H CHj S | Cytosine
monophosphate | H H CHas 4-(N-mono-

acetyl)cytosine
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vinyl diacetyl)cytosine acetyl acetyl acetyl 2-bromo- S 4-(N,N vinyl diacetyl)cytosine HHH CH3 0
2-(N,N-diacetyl)- guanine H H H CH3 0 6-0-acetyl guanine HH H CH3 0 8-fluoroguanine HH H CH3
0 guanine H H H CH3 0 6-(N,N-diacetyl)- adenine HH H CH3 0 2-fluoroadenine HH H CH3 0
8-fluoroadenine H HH CH3 0 2,8-difluoro adenine HH H CH3 O adenine HH H CH3 S

2-(N,N-diacetyt)- e H FRECH3S6-0- ety guanime 9 R R RR % BaggE H H CH3™S
8-fluoroguanine H HH CH3!S guanine H H I CH3 S 6-(N,N-diacetyl)- adenine. HH H CH3 S
2-fluoroadenjrieomnhaspleies [338-fluoroadeninél H H H CH3 S &8:difluofdadenffeNH H H CH3 S
adenine monophosphate H H CH3 0 2-(N,N4diacetyl) diacetyl)cytosine
monophosphate | H H CH; S | Uracil
monophosphate | H H CH; S | 5-Fluorouracil
diphosphate H : H CH; 0 124-0-
Diacetyluracil
diphosphate H H CH, O { Hypoxanthine
diphosphate H H CH; 0 |2,4-0-

' Diacetylthymine
diphosphate H H CH; O | Thymine
diphosphate H H CHs O | Cytosine
diphosphate H H CH; O | 4-(N-mono-

acetyl)cytosine
diphosphate H H CH; O ! 4-(N,N-
diacetyl)cytosine
diphosphate H H CH; O | Uracil
diphosphate H H CH; O | 5-Fluorouracil
diphosphate H H CHj S i 24-0-
Diacetyluracil
diphosphate H H CH; | S | Hypoxanthine
diphosphate H H CH; S 124-0-
Diacetylthym
diphosphate H H CH; S | Thymine
diphosphate H H CH; S | Cytosine
triphosphate H H CH; 0 }24-0-
Diacetyluracil
triphosphate H H CH; O | Hypoxanthine
triphosphate H H CH; O | 24-0-
Diacetylthymine
triphosphate H H CH; O | Thymine
triphosphate H H CH; O | Cytosine
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guanine monophosphate H H CH3 0 6-0-acetyl guanine monophosphate H H CH3 0 8-fluoroguanine
monophosphate H H CH3 0 guanine monophosphate H H CH3 0 6-(N,N-diacetyl) adenine
monophosphate H H CH3 0 2-fluoroadenine monophosphate H H CH3 0 8-fluoroadenine
monophosphate H H CH3 0 2,8-difluoro adenine monophosphate H H CH3 0 adenine

monophosplrateHE CH3 SN, N-diacetyt) sphate Ty Cllies 6-0-acetyl {guanine
monophosphate HH CH3 S B-Tuoroguanine manophosphate H H CH3!S gdianine mnnnphn}%phate H
H CH3 S 6-(Nmipkgisrhatgl) adeHine monophosphate H H CH3| $BsfluoropdenifdNi8phosphate H H
CH3 S 8-flugroadenine 98 R R R R X Base monophosphate[H H -CH-3 2,8-diéayevasarine
monophosphate HH CH3 S adenine diphosphate H-H CH3 0 2-(N.N-dincety}-guanine—diphosphate
H H CH3 0 6.BiBkeBkuaninddiphosphate HA CH3 0 8-fluordgianing] © | +0N-

diacetyl)cytosine
triphosphate H H CH; O | Uracil
triphosphate H H CH; 5-Fluorouracil
triphosphate H H CH; S 1{24-0-

Diacetyluracil
triphosphate H H CHs Hypoxanthine
triphosphate H &1 CH; 2,4-0-

Diacetylthymine
triphosphate H H CH; Thymine
triphosphate H H | CHs Cytosine
monophosphate | monophosphate | monophosphate | CF; 2.4-0-

Diacetyloractl
monophosphate | monophosphate | monophosphate | CF; O | Hypoxanthine
monophosphate | monophosphate | monophosphate | CFs 0 |24-0-

Diacetylthymine
monophosphate | monophosphate | monophosphate | CFa O | Thymine
monophosphate | monophosphate | monophosphate | CF; O | Cytosine
monophosphate | monophosphate | monophosphate | CF; O | 4-(N-mono-

acetyl)eytosine
monophosphate | monophosphate | monophosphate | CFs O | 4-(N,N-

diacetyl)cytosine
monophosphate | monophosphate | monophosphate | CFs O | Uracil
monophosphate | monophosphate | monophosphate | CFs O | 5-Fluorouracil
monophosphate | monophosphate | monophosphate | CFj S |24-0-

Diacetyluracil
monophosphate | monophosphate | monophosphate | Ck; Hypoxanthine
monophosphate | monophosphate | monophosphate | CFs 2,4-0-

Diacetylthymine
monophosphate | monophosphate | monophosphate | CF3 S | Thymine
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diphosphate H H CH3 0 guanine diphosphate HH CH3 0 6-(N,N-diacetyl) adenine diphosphate H H
CH3 0 2-fluoroadenine diphosphate H H CH3 0 8-fluoroadenine diphosphate H H CH3 0 2,8-difluoro
adenine diphosphate H H CH3 0 adenine diphosphate HH CH3 S 2-(N,N-diacetyl) guanine

diphosphate H H CH3 S 6-0-acetyl guanine diphosphate H H CH3 S 8-fluoroguanine diphosphate H

H CH3 S gui iphosphaigzHH CH3™S §-¢¥, N-diacetyl) aggnine dipRosphaie H H CI-13 &
2-fluoroadenine._diphospbateé H H CH3 S 8-fluoroadenine_ diphosphate(H HL.CH3.S-2,8-difluoro
adenine diphespeizhesehpiecHBomoRlermAEe trsprRsPhasebals (413 o 2-(N§\I j@ﬂ@ﬁ?ﬁeguamne 99 RR
R R X Base %Hﬁ%?ﬂaﬁﬁ%ty ohoh RotpHarCe Rl negphate Hd 1@H3-H&duoroguanine
t(r;lﬁgo(?g.]ﬁte HH I_—|3 0 guahine triphosphate H H CH3 0 6-(N,N-diacetyl) crdenlrﬁc}}{(l)ghosphate HH
udroadenine
monophosphate | monophosphate | monophosphate | CF3 S | 4-(NN-
| diacetyl)cytosine
monophosphate | monophosphate | monophosphate | CF3 S ! Uracil
monophosphate | monophosphate | monophosphate | CF3 S | 5-Fluorouracil
acetyl acetyl acetyl CF; O | 4-(NN-
diacetyl)cytosine
acetyl acetyl acetyl CF; S | 4-(NN-
diacetyl)cytosine
acetyl acetyl acetyl 2-bromo- | O 4-(N, -
vinyl diacetyl)cytosine
acetyl acetyl acetyl 2-bromo- [ S | 4-(N,N-
vinyl diacetyl)cytosine
H H H CH; 0 | 2-(N,N-diacetyl)-
guapine
H H H CH; O | 6-O-acetyl
guanine
H H H CH; O | 8-fluoroguanine
H H H CH; O | guanine
H H H CH; O | 6<(N,N-diacetyl)-
adenine
H H H CHas O | 2-fluoroadenine
H H H CH; O | 8-fluorocadenine
H H H CHs O | 28-difluoro-
adenine
H H H CH, O | adenine
H H H CH; S | 2+N,N-diacetyl}-
guanine
H H H CHa S | 6-O-acetyl
guanine
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triphosphate H H CH3 0 8-fluoroadenine triphosphate H H CH3 0 2,8-difluoro adenine triphosphate H
H CH3 0 2-(N,N-diacetyl)- guanine triphosphate H H CH3 S 6-0-acetyl guanine triphosphate H H CH3
S 8-fluoroguanine triphosphate H H CH3 S guanine triphosphate H H CH3 S 6-(N,N-diacetyl) adenine
triphosphate H H CH3 S 2-fluoroadenine triphosphate H H CH3 S 8-fluoroadenine triphosphate H H

CH3 S 2,8-di demine tgphosphate  H HE3H3™SadeninggmonophpgpiaggJnonophosphate
monophosphate CE3 0 2-(N|N-diacetyl) guanine monophosphate monophgsphate mongphasphate
CF3 0 6-0-acBtyl guanine mdAophosphate m&nophosphate %@phosoﬁat @?@@%@ﬁog anine
monophosphgfe Monophospate monophosphate CF3 0 guartpg Monpghosphagemonophosphate
monophosphate CE3 0 6-(NN-diacetyl) adenine | monophogphate monop r )sphate J
CF3 O 2-flupfdadenine 100{RIR R R X Basé fnonophosphat &ﬁbnopho%pmme CF3
0 8-fluoroadenine monophosphate monophgsphate monophpsphate CF3 0 %&;ﬁﬁworo aden ne
mnnnn 1osbhate a nine-—manhb Ve nhat
H H H CHa S | 8-fluoroadenine
H H H CH; S | 2,8-difluoro-
adenine
H H H CH; S | adenine
monophosphate | H H CHa O | 2-(N,N-diacetyl)-
guanine
monophosphate | I H CHa 0O | 6-O-acetyl
guanine
monophosphate | H H CH; 0O | 8-fluoroguanine
monophosphaie | H H CH;s O | guanine
monophosphate | H H CHj- Q | 6-(N,N-diacetyl)-
adenine
monophosphate | H H CH, O | 2-flucroadenine
monophosphate | H H CH;s O | 8-fluoroadenine
monophosphate | H H CH: O | 2.8-diffuoro-
adenine
monophosphate | H H CH; O | adenine
monophosphate | H H CH; S | 2-(N,N-diacetyl)-
guanine
monophosphate | H H CH; S | 6-O-acetyl
guanine
moncphosphate | H H CHj S | 8-fluorognanine
monophosphate | H H CHs S | gunanine
monophosphate | H H CHs S | 6-(N,N-diacetyl)-
adenine
monophosphate | H H CHjs S | 2-fluoroadenine
monophosphate | H H CH; S | 8-fluoroadenine
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guanine monophosphate monophosphate monophosphate CF3 S 6-0-acetyl guanine
monophosphate monophosphate monophosphate CF3 S 8-fluoroguanine monophosphate
monophosphate monophosphate CF3 S guanine monophosphate monophosphate monophosphate
CF3 S 6-(N,N-diacetyl) adenine monophosphate monophosphate monophosphate CF3 S

2-fluoroadenjme mﬂuuanb lﬁw nTonophosphate monophospRate CF %8 R@adenine
monophosphate monophosphate monophosphate CF3 S 2,84difluoro adenine monophaosphate
monophospk&!@ﬂﬂﬁkﬁﬁpﬁﬁi@phﬁte CF3 S adenifle acetyl acetyf&éetyl CF80 gztar%ﬁfﬂé"@cetyl acetyl
.acetyl CF3 § guanine acetyh acetyl acetyl 2-bromo- 0 guaning vinyl acetyl acﬁéﬂ]ﬁgetyl 2-bromo- S
guanine vinyl_Alternatively, the following nucleosides of Forrhula VI are prepared, using-the
appropriate suggoakesPRAtidkhe or purine badks. Base R'O YRS OR' §(V|ﬁjle§’éilf wherein RZ R X
Base H H CH3BiZgDiaceifiuracil HH CHg 0 HypoxantthIﬂ H CH30 224eN-Riaceeihyymine
guanine
diphosphate H H CH; O | 6-O-acetyl
guanine
diphosphate H H CHs O | 8-fluoroguanine
diphosphate H H CH; O | guanine
diphosphate H H CH; O | 6-(N,N-diacetyl)-
adenine
diphosphate H H CHs O | 2-fluoroadenine
diphosphate H H CH; O | 8-fluoroadenine
diphosphate H H CH;s O | 2,8-difluoro-
adenine
diphosphate H H CH, O |adenine
diphosphate H H CH, S | 2-(N,N-diacetyl)-
guanine
diphosphate H H CHs S | 6-O-acetyl
guanine
diphosphate H H CHz 8-fluoroguanine
diphosphate H H CHa guanine
diphosphate H H CH; 6-(N,N-diacetyl)-
adenine
diphosphate H H CH; 2-fluoroadenine
diphosphate H H CH; S | 8-flucroadenine
diphosphate H H CHs 2,8-difluoro-
adenine
diphosphate H H CH; S | adenine
triphosphate H H CHas 2-(N,N-diacetyl)-
L guanine |
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H H CH3 0 Thymine H H CH3 0 Cytosine H H CH3 0 4-(N-mono-acetyl)cytosine HH CH3 0

4-(N,N-(:hacetyl)cytosine H H CH3 0 Uracil HH CH3 0 5-Fluorouracil HH CH3 S 2,4-0-Diacetyluracil
H H CH-, Hypoxanthine H H CH3 S 2,4-O-Diacetylthymine HH CH3 S Thymine H H CH3 S Cytosine

H H CH3 S 4-(N-mono- acetyl)cytosine H H CH3 S 4-(N,N-diacetyl)cytosine H H -CH-3 Uracil H H
CH3 S 5-Flu luuwku TOTTOP

Hypoxanthi

monophosphatiehesehs 0 Cy

monophosphate H CH3 0 4-

CH3 O 5-Fl

Hypoxanthin
CH3 S Thym 08

4-(N-mono-

r]o sphate HCH _4,4-U-Diace acirm Rogrp‘gghateH CH3PD
e _monophosphate H CH3 0 2,4t0-Diacetylthymine_maonoy ghate H CH3 0 Thymine
tdsine monophp¥bhate H CH3 )QiH(N moné)a( &@féﬁ?@éme
(NN-diacetyl)cytosine monophosgphate H GH3 ( M@ﬁiemonophosphate H
rouracil mnnnﬁhncnhmp H CH3.S 2,4-0-Diacehyluraci--monephosphate H-CH3(S
BiHBsphate HCH3 S 2,4t @Dlacetylthymln@}%oz R RR )(%gg%mﬁ’r@ﬁ’é‘ﬁho sphate H
HapReRNosphpte H CH3 S Gytosine monophegphate H @ H3gfanine
cetvlevtasine
triphosphate H H CHs O | 6-(N,N-diacetyl)-
adenine
triphosphate H H CHz O | 2-fluoroadenine
triphosphate H H CH; O} 8-fluoroadenine
triphosphate H H CH; O | 2,8-difluoro-
adenine
triphosphate H H CH, O | 2-(N,N-diacetyl)-
guanine
triphosphate H H CH; S | 6-O-acetyl
guanine
triphosphate H H CHa S | 8-fluoroguanine
triphosphate H H CH, S | guanine -
triphosphate H H CH; S | 6-(N,N-diacetyl)-
adenine
triphosphate H H CHs S | 2-fluoroadenine
triphosphate H H CHs §-fluoroadenine
triphosphate H H CH; 2,8-difluoro-
adenine
triphosphate H H CHs S | adenine
monophosphate | monophosphate | monophosphate | Ck3 O | 2-(N,N-diacetyl)-
guanine
monophosphate | monophosphate | monophosphate | CFs O | 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CF3 O | 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CF3 O | guanine
monophosphate | monophosphate | monophosphate | CFs O | 6-(N,N-diacetyl)-
adenine
monophosphate | monophosphate | monophosphate | CFs O | 2-fluoroadenine
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monophosphate H CH3 S 4-(N,N-diacetyl)cytosine monophosphate H CH3 S Uracil monophosphate
H -CH--3 S 5-Fluorouracil diphosphate H CH3 0 2,4-0-Diacetyluracil diphosphate H CH3 0
Hypoxanthine diphosphate H CH3 0 2,4-O-Diacetylthymine diphosphate H CH3 0 Thymine
diphosphate H CH3 0 Cytosme dlphosphate H CH3 0 4 (N mono-acetyl)cytosine diphosphate H CH3

0 4-(NN-diacety Spidate H T3 Pgdduorouracil 3}‘
e H

diphosphatelH CH3 S 2,4-0- lacetvlura(‘ll di hosoharp H --1ff H-3 S Hypaxanthine diphgsph
CH3 S 2,4-0- Dierankmsnpaiie neRpavkysRisH crmPhysine Gphosphdle |PERasdsiRsin
diphosphate H T SARMN- OTPRES AU OS G sRizatedd, CH3 S 4-(NT fNadlasetyl) cytosine
diphosphateiH CH3 S Uracilidiphosphate H CH3 S'5-Fluorouyacil triphgsphate H CH3 0
2,4-0-Diacetyluracil triphosphate H CH3 0 Hypoxanthine triphosphate H CH34ERne

2,4-O-diacetr ﬂ{ggygﬂﬁgpgglﬁh %@}m@;ﬁ}ﬂé ﬁby@mpﬁa@(pmqate H QMS @cgmﬁe;zsine triphosphate

guanine
monophosphate | monophosphate | monophosphate | CFa S | 6-O-acetyl
gnanine
monophosphate | monophosphate | monophosphate | CF3 S | 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CFs S | guanine
monophosphate | monophosphate | monophosphate | CF3 S | 6-(N,N-diacetyl)-
adenine
monophosphate | monophosphate | monophosphate | CFs3 S | 2-fluoroadenine
monophosphate | monophosphate | monophosphate | CFs S | 8-fluoroadenine
monophoéphate monophosphate | monophosphate | CFa S 2,8-diﬂu0ro~
adenine
monophosphate | monophosphate | monophosphate | CF3 S | adenine
acetyl acetyl acetyl ' CF, O | guanine
acetyl acetyl acetyl | CFs S | guanine
acetyl acetyl acetyl 2-bromo- | O | guanine
vinyl ‘
acetyl acetyl acetyl 2-bromo- | S | guanine
vinyl

Alternatively, the following nucleosides of Formula VIII are prepared, using the

appropriate sugar and pyrimidine or purine bases.

Base
RO
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triphosphate H CH3 S 2,4-0-Diacetyluracil Hypoxanthine H CH3 S ne triphosphate H CH3 S
2,4-0-Diacetylthymine triphosphate H CH3 S Thymine triphosphate H CH3 S Cytosine triphosphate
H CH3 S 4-(N-mono-acetyl)cytosine triphosphate H CH3 S 4-(N,N-diacetyl)cytosine triphosphate H
CH3 S Uracil triphosphate H CH3 S 5-Fluorouracil monophosphate monophosphate CF3 0
2,4-0-Diacetylyragil, monophosphate monophosphate CF3 0 Hypoxanthine monophosphate
monophosphate CF3 0 2,4-0-Diacetylthymine monophosphate monophosphate CF3 0 Thymine

monophosp'mmmfﬁne monophgsphag,gaonopnosphate CF3 0
4-(N-mono-acetyl)cytosine monophosphate [monophosphate CE3 0 4-(N,N-diacetyl)cytosine
monophosphgte monophosplate CF3 0 Uracitmpnophosplate ninadphisatelesc#3 0 5-F|luorouracil
monophosp :fite monepheosphate-CF3-524-0-Piacetylurded dis rﬁ“hﬁi’,ﬁ}ﬁﬁ% monrephosphate CF3 S
Hypoxanthineé™ monophosphate monophosphateTF3 S 2 4-0-Diac ?t’ﬁymlne monophosphate
monophosp E[f EEE E Ih)gnv}vnf“ In’(‘):lgplrl(zs Eﬁﬂalp; mnE)noph?sphfi%@ﬁ%)&c&?gtbk%ma;nnlornnoE)‘hosphate
E?S&?gi?c%tl zy\gégn\é _rrr;a]gi‘ukllgs;;;éur;é;%ﬂirﬁcoslgr:;':}e I FEPISGH{%%#I ﬁgﬁsgﬁgﬁ;ﬁg}g A
monophosph#te CF3 S 5-Fludfouracil acetylaCBtyl CF3 0{4(N,N-didesnd)cytosine acetyl dcetyl CF3
S 4-(N.N-didegtyheytosine—364- R R RX Basey; 0 | Z-Nmono-acetyloytosie

H H CH; O 4-(N,N-diacetyljcytosine

H H CH; O Uracil

H H CH; 0 5-Fluorouracil

H H CH; S 2,4-0-Diacetyluracil

H H CH;s S Hypoxanthine

H H CH; S 2,4-O-Diacetylthymine

H H CH; S Thymine

H H CH; S Cytosine

H H CHi S A-(N-mono-acetyl)cytosine

H H CH, S 4-(N,N-diacetyl)cytosine

H H CH; S Tracil

H H CH; S 5-Fluorouracil

monophosphate | H CH; O 2,4-O-Diacetylaracil

monophosphate | I CHs O Hypoxanthine

monophosphate | H CH; O 2,4-Q-Diacetylthymine

monophosphate { H | CHs O Thymine

monophosphate | H CH; O Cytosine

monophosphate | H CH; 0 4-(N-mono-acetyl)cytosine

monophosphate | H CHz O 4-(N,N-diacetyl)cytosine

monophosphate ; H CH; 0 TUracil

monophosphate ;| H CHa 0 5-Fluorouracil

monophosphate | H CH; 8 2,4-0O-Diacetyluracil

monophosphate | I CH; S Hypoxanthine

monophosphate | H CH, S 2,4-0-Diacetylthymine
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acetyl acetyl 2-bromo- 0 4-(N,N-diacetyl)cytosine vinyl acetyl acetyl 2-bromo- S
4-(N,N-diacetyl)cytosine vinyl HH CH3 0 2-(NN-diacetyl)-guanine H H CH3 0 6-0-acetyl guanine H H
CH3 O 8-fluoroguanine H H CH3 0 guanine H H CH3 0 6-(N,N-diacetyl)-adenine HH CH3 0
2-fluoroadenine H H CH3 0 8-fluoroadenine HH CH3 O 2,8- dlfluoro adenine HH CH3 0 adenine HH

CH3 S 2-(N,N-diacek AiRerHH-CH3-S6:f-acetytguagine 'mskénos_g_ﬁUOTUgUaTﬂTTE HHCH3

S guanine H |acetyl)-adeni'le H H CH3 S 2-fluproadenine H H CH3 S
8-f|uoroa_den 1|@ﬁ3H HCHES adtﬁqwnophosphate H ‘“H3 0
2-(N,N-diacetyl)-guanine _maonophosphate -0-acetyl-gu _ CH3 0
8-fluoroguanjiectaBisphesphBte H CH3 O gudriie mono Jﬁ,ospr AtE98H3 0
6-(N,N-diacelhadeiagatBongpnosphate H 0 2-fluorogdening(eidaphrssirigokideH3 0
8-fluoroaden hate H CH3-0-2,8-difluore-adenine mf_?ﬁmhfﬁﬁ—r\l%-e—sdenine
105 monophosphate | H CHs S ,N-diacetyljcytosine

monophosphate | H CH, S Uracil

. | monophosphate | H CH; S 5-Fluorouracil

diphosphate H CHs O 2,4-0-Diacetyluracil

diphosphate H CH; O Hypoxanthine

diphosphate H CHs 0 2,4-0-Diacetylthymine

| diphosphate H CH; 0O Thymine

diphosphate H CH; O Cytosine

diphosphate H CH, O 4-(N-mono-acetyl)cytosine

diphosphate H CH; O 4-(N,N-diacetyl)cytosine

diphosphate H CH; 0 Uracil

diphosphate H CH; O 5-Fluorouracil

diphosphate H CHSs S 2,4-O-Diacetyluracil

diphosphate H CH;s S Hypoxanthine

diphosphate H CH, S 2,4-O-Diacetyithymine

diphosphate H CH; S Thymine |

diphosphate H CHa S Cytosine

diphosphate H CH; S 4-(N-mono-acetyl)cytosine |

diphosphate H CH; S 4-(N,N-diacetyl)cytosine

diphosphate H CH; S Uracil

diphosphate H CH; S 5-Fluorouracil

triphosphate | H CH; 0 2,4-0-Diacetyluracil

itiphosphate H CH: O Hypoxanthine

triphosphate H CH; o) 2,4-O-diacethylthymine

triphosphate H CHs G Thymine

triphosphate H CHs 0 Cytosine

triphosphate H CH; O 4-(N-mono-acetyljcytosine

triphosphate H CH, 0) 4-(N,N-diacetyl)cytosine
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R R X Base monophosphate H CH3 S 2-(N,N-diacetyl)-guanine monophosphate H CH3 S 6-0-acetyl
guanine monophosphate H CH3 S 8-fluoroguanine monophosphate H CH3 S guanine
monophosphate H CH3 S 6-(NN-diacetyl)-adenine monophosphate H CH3 S 2-fluoroadenine
monophosphate H CH3 S 8-fluoroadenine monophosphate H CH3 S 2,8-difluoro-adenine

monophospme diphosphatgsd CH3 T 24NN dﬁg@tyl)-gUanlne diphosphate H
CH3 O 6-0-acetyl guanine diphosphate H CH3 O 8-fluoroguaninge diphosphate H CH-3 guanine
diphosphate Ftl{r\@}i:fs@lﬁt@ (N \IHJIiacetyI) adenirm{ﬂighgipkafme H Gﬁ&ﬂ) 2- fluoroadenine di )hosphgte
gip%lggp(aa&ief I—tlr’g?‘—%‘% I?NUN Hoczi;lt)cg;llja\:r;l 1oe ‘ﬂ‘lép‘r:ousli)“ﬁ;;e I:ué '5;”@ b- Blrl ;gg&ftqcugn;rew adenine
diphosphate Hr@hb%;ﬁasefluoroguanme Iqlgfjesghgt‘elz H CHBS gu aﬁm@ﬁphcisfﬂ;hatd H CH3|S
gglltlj é)l\rlc-aglggn riﬁp%gm (I)Is; h:t: EII-IELUSZ ;3,'?1] IuoP(-)I-I;(Lj,laUnT; rgl(l:; |Irl3:r g{%thate I_ISKISm«';\jdznlnse
diphosphate Hrphidhad: (N,N-Hiacetyl)-guanin€Hsiphosphafe H (%4§H36a@e§é@wtlgmnme
triphosphate H lénefl_'é)’;p‘ﬁa?e"“U'“’ﬁua"i"e_t'ipi' b@ﬁgﬁe HCH3OTC afﬂ?x%i;ne

triphosphate H CH, S Cytosine

triphosphate H CH; S 4~(N-mono-acetyl)cytosine

triphosphate | H CH; S 4-(N,N-diacetyl)cytosine

triphosphate H CH; S Uracil

triphosphate H CHs; 5 5-Fluorouracil

monophosphate | monophosphate | CF; 0 2,4-0O-Diacetyluracil

monophosphate | monophosphate | CF3 O Hypoxanthine

monophosphate | monophosphate | CF3 0 2,4-0-Diacetylthymine

monophosphate | monophosphate | CF3 0 Thymine

monophosphate | monophosphate | CFa 0 Cytosine

monophosphate | monophosphate | CFs O 4-(N-mono-acetyl)cytosine

monophosphate | monophosphate | CFs 0 4-(N,N-diacetyl)cytosine

monophosphate | monophosphate | CF; O Uracil

monophosphate | monophosphate | CF: O 5-Fluorouracil

monophosphate | monophosphate | CFa S 2,4~0O-Diacetyluracil

monophosphate | monophosphate | CF; S Hypoxanthine

monophosphate | monophosphate | CF3 S 2,4-0-Diacetylthymine

monophosphate | monophosphate | CFs S Thymine

monophosphate | monophosphate | CF3 S Cytosine

monophosphate | monophosphate | CIfa S 4-(N-mono-acetyl)cytosine

monophosphate | monophosphate | CF3 S 4-(N,N-diacetyl)cytosine

monophosphate | monophosphate | CFs 1s Uracil

monophosphate | monophosphate | CF3 S 5-Fluorouracil

acetyl acetyl CF; O 4-(N,N-diacetyl)cytosine

acetyl acetyl CF; S 4-(N,N-diacetyl)cytosine
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106 R R R X Base triphosphate H CH3 0 6-(N,N-diacetyl)-adenine triphosphate H CH3 0
2-fluoroadenine triphosphate H CH3 0 8-fluoroadenine triphosphate H CH3 O 2,8-difluoro-adenine
triphosphate H CH3 0 adenine triphosphate H CH3 S 2-(N,N-diacetyl)-guanine triphosphate EH CH3
S 6-0-acetyl guanine triphosphate H CH3 S 8-fluoroguanine triphosphate H CH3 S guanine

triphosphateH CHRIS 6-(NN-giacetyl)-adeningetriphosphaig H CH3se 2-fluoroadenine triphosphate H
CH3 S 8-flugroadenine triphosphate H CH3;S 2,8-difluor¢-adenjne_triphosphate H CH3 Sjadenine
monophosphatetyhonophosghateyCF3 0 2-(NN-tiawetyl)-duanine 4idiiSphasiiateesionophosphate
CF3 0 6-0-acetyl guanine monophosphate m hosphdte CF3 0 8- quoroguanlne monophosphate
monophosphate CF3 0 quanine monophospghaté monophosphate CE -adenine
monophosphatetphonophosphayCF3 0 2-fluérdzatedine hfono %@B%@%ﬁ%ﬁ@%@ﬁate CF30
8-fluoroadenine monophosphate monophosp{gﬁgg CF3 0 R,8-difluoro-adenine monophosphate
monophosphate CF3 0 ine_maonophosphaté manaphasphate CE3 S 2-(N N-diacetyl)-guanine
monophospiéte monophospiéte CF3 S 6- 0{deBtyl guanif @mon@[{l‘\lbgﬁﬁéﬁét}%ﬁ‘baﬁ%ph hte CF3 S
8-fluoroguarniigeTMonopNosSHEite MonopnosSphgie CF3 S gganines- hasaRn € monophosphate
CF3 S 6-(NN:-diacetyl)-adenine _manophosphate monophpsphat fly '
monophospliate monophospHéte CF3 S 8-fléHadenine 8-flnoroguanine

H H CHs 0 guanine

H H CH; O 6-(N,N-diacetyl)-adenine

H H CH; 0 2-fluoroadenine

H H CH; O g-fluoroadenine

H H CH; 0 2,8-difluoro-adenine

H H CH; O adenine

H H CHj; S 2-(N,N-diacetyl)-guanine

H H CH; S 6-O-acetyl guanine

H H CH; S 8-fluoroguanine

H H CH, S guanine

H H CH; S 6-(N,N-diacetyl)-adenine

H H CH; S - 2-fluoroadenine

H H CH; S 8-fluoroadenine

H H CH; S 2,8-difluoro-adenine

H H CH, S adenine

monophosphate | H CH; O 2-(N,N-diacetyl)-guanine

monophosphate | H CH, 0] 6-0O-acetyl guanine

monophosphate | H CH; O 8-fluoroguanine

monophosphate | H CH; O guanine

monophosphate | H CHz O 6-(N,N-diacetyl)-adenine

monophosphate | H CH, O 2-fluoroadenine

monophosphate | H CH; O 8-fluoroadenine

monophosphate | H CH; 0 2,8-difluoro-adenine

monophosphate | I CH, O adenine
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monophosphate monophosphate CF3 S 2,8-difluoro-adenine 107 R R R X Base monophosphate
monophosphate CF3 S adenine Facetyl acetyl CF3 0 guanine acetyl acetyl CF3 S guanine acetyl
acetyl 2-bromo- 0 guanine vinyl acetyl acetyl 2-bromo- S guanine vinyl Alternatively, the following
nucleosides of Formula DC are prepared, using the appropriate sugar and pyrimidine or purine bases.

RRX

Base RIO SRy wWhergigz R R X Base [[REH3 U 2,4{0gDiacegdwacil H CH3 0 Hypoxanthine H
CH3 0 2,4-O-Diacetylthymine H CH3 O Thymine H CH3 D Cytosine H CH3 O
4-(N-mono-.aﬁﬁ;tyd?)ﬁ3&qﬁiﬂe !—I—I:HS @) 4-(N,N-d]H@e'§yl)cytcs$he H E&B&dﬁe&tﬂib—lg@ﬂ&i@ 5-Fluorouracil
gaC;SS S 2, 'ﬁf)m.ﬁr)é%ggégﬂ%{éac IH“ cH3-SHyp ""“.athine H C§3 S Zé&hgé%h“éﬁmg"”e 108,
' monophosphate | H CH; S 8-fluoroguanine
monophosphate | I CH; S guanine
monophosphate | H CH; S 6-(N,N-diacetyl)-adenine
monophosphate | H CH, S 2~ﬂuproadenine
monophosphate | H CH; S 3-fluoroadenine
monophosphate | H CH; S 2,8-difluoro-adenine
monophosphate | H CHa S adenine
diphosphate H CH; O 2-(N,N-diacetyl)-guanine
diphosphate H CH; O 6-O-acetyl guanine
diphosphate H CHs 0 8-fluoroguanine
diphosphate H CH; 0 guanine
diphosphate H CHz O 6-(N,N-diacetyl)-adenine
diphosphate H CHs O 2-fluoroadenine
diphosphate H CHs O 8-flnoroadenine
diphosphate H CH;s O 2,8-diflnoro-adenine
diphosphate H CH3 O adenine
diphosphate H CH; S 2-(N,N-diacetyl)-guanine
diphosphate H CH; S 6-O-acetyl guanine
diphosphate H CH; S 8-fluoroguanine
diphosphate H CH; S guanine
diphosphate H CH; S 6-(N,N-diacetyl)-adenine
diphosphate H CH; S 2-fluoroadenine
diphosphate H CH; S 8-fluoroadenine
diphosphate H CH; 8 2,8-difluoro-adenine
diphosphate H CH; S adenine
triphosphate H CH; O 2-(N,N-diacetyl)-guanine
triphosphate H CH; ) 6-0-acetyl guanine
triphosphate H CH; O 8-fluoroguanine
triphosphate H CHaz O guanine
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H -H3- S Thymine H CH3 S Cytosine H CH3 S 4-(N-mono-acetyl)cytosine H CH3 S
4-(NN-diacetyl)cytosine H CH3 S Uracil H CH3 S 5-Fluorouracil monophosphate CH3 0
2,4-0-Diacetyluracil monophosphate CH3 0 Hypoxanthine monophosphate CH3 0
2,4-0-Diacetylthymine monophosphate CH3 0 Thymine monophosphate CH3 0 Cytosine
monophosphate Gf3 0 4-(N-gono-acetyl)cyfqgine monopRosphaigse-H3 O 4-(N,N-diacetyl)cytosine
monophospphate CH3 0 Ura¢il monophosphate CH3 O 5-Fluoroyracil monophgosphate CH3 S
2,4-0-Diacetyighosplronophdsphate CH3 S|HEEoxanthineOmonopfigpitatesyhadenine '
2,4-0-Diacetyithymine—monophosphate CH3-S-Fhymineronoptwshiiate G 3. S Cytosine
monophosp hté%téﬁ(oj a§ 4-(|\-'¥tnono-acetyl)cwtgslliﬁe monaophasp 1ggaéﬁ§d§@f?N.N-diacetv )cytos
monophosphtiehGiaBa® Ura¢iHmonophosphat€i@H3 S 5-FlGorour&diluetiprdenpisate CH3 O |

2,4-0-Diace y'g%ﬁb%lp% itéhua}.iﬁlte CH3O i-iyp&eﬁlniiline d L{l)lpr BE EhR GamdEDiacetyithymine
3 5

diphosphate ymung diphosphate GH3 O Cytosipe diphosphate CH3 O

4-(N-mono-adepjiyesiaisine ¢liBhosphate CH3 ©H4-(NN-diadetyl)¢yaésife 109
triphosphate H CH; S 2-(N,N-diacetyl)-guanine
triphosphate H CH; 6-O-acetyl guanine
triphosphate H CH; 8-fluorogunanine
triphosphate H CH3 guanine
triphosphate H CH; 6-(N,N-diacetyl)-adenine
triphosphate H CH; 2-fluoroadenine
triphosphate H CHs 8-fluoroadenine
triphosphate H CH; 2,8—diﬂuoro~aderﬁne
triphosphate H CH; adenine

monophosphate | monophosphate | CF; 2-(N,N-diacetyl}-guanine

6-O-acetyl guanine

monophosphate | monophosphate | CI,

monophosphate | monophosphate | CF; 8-fluoroguanine

monophosphate | monophosphate | CF; guanine

6-(N,N-diacetyl)-adenine

monophosphate | monophosphate | CF;

monophosphate | monophosphate | CF; 2-fluoroadenine

monophosphate | monophosphate | CFs 8-fluoroadenine

monophosphate | monophosphate | CF; 2,8-difluoro-adenine

adenine

2-(N,N-diacetyl)-guanine

monophosphate | monophosphate | CF;

monophosphate | monophosphate | CF3

monophosphate | monophosphate | CF; 6-0O-acetyl guanine

monophosphate | monophosphate | CFs3 8-fluoroguanine

monophosphate | monophosphate | CF; guanine
6-(N,N-diacetyl)-adenine

2-fluoroadenine

monophosphate | monophosphate | CFs

monophosphate | monophosphate | CFs

monophosphate | monophosphate | CF; 8-fluoroadenine

wi v wv wul vl vl v v ol o o o O O C| O] O v w w v K L K ®

monophosphate | monophosphate | CFs 2,8-difluoro-adenine
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R R x Base diphosphate CH3 O Uracil diphosphate CH3 0 5-Fluorouracil diphosphate CH3 S

2,4-0-Diacetyluracil diphosphate CH3 S Hypoxanthine diphosphate CH3 S 2,4-0-Diacetylthymine
diphosphate CH3 Thymine diphosphate CH3 S Cytosine triphosphate CH3 O 2,4-0-Diacetyluracil
triphosphate CH3 O Hypoxanthine triphosphate CH3 0 2,4-0-Diacetylthymine diphosphate CH3 O

Thymine tri
CH3 0 4-(N,

hosphate CH3
N-diacetyl)cytos

ytoSie tripn

ne triphosphate

:igﬁwate CH3
CH3 0 Urac

Usg-(IN
| triphg

FRQQ0-acetyl)cytosine triphosphate
sphate CH3 0 5-Fluorourail

triphosphate

monophospk

fnktbphésfihird) Uaﬁ@ﬁdphagﬂhmp

2 ’4_0-Diacel%\7/|fh\ /mine tnphr‘

ehohafo Cld2

wsghate CH

ma_Cyt

35S Hypmemi)ilaine triphospahate

nea
e

CH3 S

P8RS mo monog

TATTEALT \./II\J\J

5 hate CF3 0

m
LLRLLE A2 \IyL

Egboxanthm

e monguﬁmnphate CE3 0

H3-Se—-0-24-0- UIaLULyIlJraC”

2,4-0-Diacef]

y&tt@y_mine mond

fad wis) TAN|

-\n'l-n

plaeisphate CF3

CFhpymine m&nophgsphiate CF3 D Cytosine

monophospha
monophospl

IUU“I'\I\I

1af5 X\'}FS O Urag

mone aCCtyI)byﬁiQC oot
ﬁcety -Dromo-

vinyl

Ji’blbpi

a‘éﬁ G 04N N=diacetyfjcytos

acetyl

acetyl

2-bromo-

vinyl

guanine

Alternatively, the following nucleosides of Formula IX are prepared, using the

appropriate sugar and pyrimidine or purine bases.

Base
R'O
X
RS
(IX)
wherein:
R R X | Base

H CHs, 0 2,4-O-Diacetyluracil
H CH; O Hypoxanthine
H CHs O 2,4-O-Diacetylthymine
H CH; O Thymine
H CHx O Cytosine
H CHz 0 4-(N-mono-acetyl)cytosine
H CH; O 4-(N,N-diacetyl)cytosine
H CHi O Uracil
H CH; 0 5-Fluorouracil
H CHs S 2,4-O-Diacetyluracil
H CH; S Hypoxanthine
H CHs ) 2,4-0O-Diacetylthymine

108



monophosphate CF3 O 5-Fluorouracil monophosphate CF3 S 2,4-0-Diacetyluracil 110 R R X Base
monophosphate CF3 S Hypoxanthine monophosphate CF3 S 2,4-O-Diacetylthymine monophosphate
CF3 S Thymine monophosphate CF3 S Cytosine monophosphate CF3 S 4-(N-mono-acetyl)cytosine
monophosphate CF3 S 4-(N,N-diacetyl)cytosine monophosphate CF3 S Uracil monophosphate CF3

S 5-Fluorouracit-agetytCF3-6 ¢ N-diacetyjpyosie acetyl CF3"S4=(NN-dipcetyl)cytosine acety!
2-bromo-vinyl 0 4-(N,N-diacetyl)cytosine acetyl 2-bromo-vinyl S 4-(NN-diacetyl)cytosine Alternatively,
the following Bucleosides of Eéfhula XVI are pfeparedbusity the appropriate sugar and pyrimidine or
purine pases,. ' Base RIRC{RRE 975 XVt ﬁﬁ?lﬂéifie“ RTRSXBaseRR9 H .CH3 HH 0_
2,4-0-Diacetyluracil OH Me_H CH3HHO Hypoxanthing OH Me H CH3 H H 02 4-0-Diacetylthymine
OH Me H CH3 H H 0 Thymin€BH jMe H CHBH H DAetaae-ensi ey PR3 H H 0
4-(N-mono-gggtylcytosine OHAyE S 4-(N N-diacetyl)cytosine

H .| CHs S Uracil

H CH;s S 5-Fluorouracil

monophosphate | CHj O 2,4-O-Diacetyluracil

monophosphate | CHj O Hypoxanthine

monophosphate | CHj 0 2,4-0O-Diacetylthymine

monophosphate | CHz O Thymine

monophosphate | CHj O Cytosine

monophosphate | CHj O 4-(N-mono-acetyl)cytosine

monophosphate | CHa O 4-(N,N-diacetyl)cytosine

monophosphate | CH3 0 Uracil

monophosphate | CHs O 5-Fluorouracil

monophosphate | CHas S 2,4-0O-Diacetyluracil

monophosphate | CHs S Hypoxanthine

monophosphate | CHj S 2,4-0-Diacetylthymine

monophosphate | CHj S Thymine

monophosphate | CHs S Cytosine

monophosphate | CHjz S 4-(N-mono-acetyl)cytosine

monophosphate | CHz S 4-(N,N-diacetyl)cytos

monophosphate | CHa S Uracil

monophosphate | CHs S 5-Fluorouracil

diphosphate CH; O 2,4-O-Diacetyluracil

diphosphate CHa 0 Hypoxanthine

diphosphate CHas O 2,4-O-Diacetylthymine

diphosphate CH; O Thymine

diphosphate CH; 0] Cytosine

diphosphate CHa O 4-(N-mono-acetyl)cytosine

Ldiphosphate CHjs O 4-(N,N-diacetyl)cytosine
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H CH3 H H 0 4-(N,N-diacetyl)cytosine OH Me 111 RR7 R XBase RR H CH3 H H O Uracil OH Me
H CH3 H H 0 5-Fluorouracil OH Me H CH3 H H S 2,4-0-Diacetyluracil OH Me HCH3 HH S
Hypoxanthine OH Me H CH3 H H S 2,4-O-Diacetylthymine OH Me H CH3 H H S Thymine OH Me
CH3 H H S Cytosine OH Me H CH3 H H S 4-(N-mono-acetyl)cytosine OH Me HCH3 HH S

-Fluorouracil OH Me
H H 0 Hypoxanthine

phate CH3HH O

y)cytosine OH Me
rouracil OH Me

H H S Hypoxanthine

phate CH3HH S

l)cytosine OH Me

ouracil OH Me

4-(N,N-diacetyt)cygsine OH HCHIHH SYTacl eI Me HCH3 HHS
monophosphate CH3 H H 0 2 4-0-Diaeetylurakil OHMe .monophosphate CH3
OH Me mondiphssphaite CH3 FHsi 0 2,4-0-Diaetylth}#fie OH Me monophos
Thymine OH JHRRAPhosHiae CH-3'H H O&ytosneiiiMecimonophosphate --CH-3HH O
4-(N-mono-acetyl)cytosine QH _Me.-monophosphate ICH3-H-H-O-4-(NN-diacety
monophosph&B"esasas H o [frkkil OH Me maﬁophogpﬁgté)@?%y}ﬁlrﬁfé 5-Fluo
monophosphaigieias H S: AarR- Dlaeetylurcp(§lm(\)lt| M&ﬁmhosphate CiH
?r:rll]ﬂiieng)lz nnhn%ﬁhgzp;@ §£é4HOHUSI éyt]u r?éCgh e Iw%‘#é%l%%s?ﬁéte CH3HHS
4-(N-mono-dcapteytasine OHAOWe monophosphate CHi$rdrd S 4-(N,N- dlacety
monophosph%;;hzls-'p%a;!-' S l'm";! OH-Me m\;:"sop. C%}'&gté?né,. 13-H-H-S5-Fte

triphosphate CH; Q 2,4-0-Diacetyluracil

triphosphate CH, O | Hypoxanthine

triphosphate CH; O 2,4-0-Diacetylthymine

triphosphate CH; O Thymine

triphosphate CH; O Cytosine

triphosphate CHj O 4-(N-mono-acetyl)cytosine

triphosphate CH; O 4-(N,N-diacetyl)cytosine

triphosphate CH; O | Uracil

triphosphate CH; 0 5-Fluorouracil

triphosphate CHs S 2,4-O-Diacetyluracit

triphosphate CHs S Hypoxanthine

triphospahate CH; S 2,4-O-Diacetylthymine

triphospahate CHs S Thymine

triphospahate CHs S Cytosine

monophosphate | CF3 0 2,4-O-Diacetyluracil

monophosphate | CFy 8] Hypoxanthine

monophosphate | CFs O 2,4-O-Diacetylthymine

monophosphate | CF3 O . | Thymine

monophosphate | CF; 0 | Cytosine

monophosphate | CF, 0 4-(N-mono-acetyl)cytosine

monophosphate | CF3 0 4-(N,N-diacetyl)cytos

monophosphate | CFs 0 Uracil

monophosphate | CF3 O 5-Fluorouracil

monophosphate | CF; 5 2,4-O-Diacetyluracil
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diphosphate CH3 H H O 2,4-0-Diacetyluracil OH Me diphosphate CH3 H H 0 Hypoxanthine OH Me
112 RR R R X Base R R diphosphate CH3 H H 0 2,4-0-Diacetylthymine OH Me diphosphate CH3 H
H 0 Thymine OH Me diphosphate CH3 H H 0 Cytosine OH Me diphosphate CH3HH 0

4-(N-mono- acetyl)cytosine OH Me diphosphate CH3 H H 0 4-(NN-diacetyl)cytosine OH Me

diphosphater&

Ll.O.-Llea

hata

CH3HHS?

V' IU

D 4-0-

II LIAYAAY AN e
L:ﬁ‘acetylura

'I_l IVIC UI}JI IG‘S}F\XT‘IL

OH Me dipho

sphate

C

[ +l
I3H-H-O-5=Fluorouractt

B

H H S Hypoxanthing

OH Me diphosphate
OH Me diphosphate

CH3HHS2
H H S Cytosjf

L dhcidplasphylthy

1.9}

Tﬁlfe OH Me dip

L.

NBsphd

~n

NENGLE AT RS Thymlne Oﬁ

Me diphosphate CH3

Hypoxanthlnemgll?

ITC UI IVIU LII )
R%e rhtrlph(

Id.l.U bI_IJ |l

ysphate CH3 H H

A
87

2.4

%%‘6%%&%

lacetylt

%Eéwe l
‘ﬁ%qmne OH M

phosphate CH3 HH O
2 triphosphate CH3 H

H O Thyminge

Jmiﬂqwmspiqatms

pﬁ&ie CH3 HH(

4-(N-mono-
triphosphate

OIAS

o

Urac

) Eytosibey@EMe triphosphate

CH3HHO

CH3IHHS 2

’ m@omvaenhyt@n ra

e ‘uiphusphjjg‘@ﬁ
I OI3—| Me triphosphate
HIBH Me triphg

sphat

) EASIFERPIPRINERMe

W(N'N:di'a'c—e‘[mynosine OH Me
CH3 H H 0 5-Fluorauracil OH Me triphosphate

» OH Me triphosphate

CH3HHS 24
CH3HHS

vtosdgm H

yﬂT’IdﬁE UH e Tip

mononhoqnhatp

T@Sphal;g o]
CE3

di'aEEt?l

O
2.4-0- Dlarpf\/lumml q

H Me triphosphate

CF3HHOH

yp@ﬂ@ﬂmn}@t%

A&

S

Uracll

H Me monophosphate

monophosphate

Crs

5-Fluorouracil

acetyl

CF3

4-(N,N-diacetyl)cytosine

acetyl

CF,

4-(N,N-diacetyl)cytosine

acetyl

2-bromo-vinyl

4-(N,N-diacetyl)cytosine

acetyl

2-bromo-vinyl

S
0
S
O
S

4-(N,N-diacetyl)cytosine

Alternatively, the following nucleosides of Formula XVI are prepared, using the

appropriate sugar and pyrimidine or purine bases.

XVID)
wherein:
R R [R" R® [X | Base R" [R

H CH: | H H O 2,4-0-Diacetyluracil OH | Me
H CH; (H H O Hypoxanthine OH | Me
H CH; | H H O 2,4-0O-Diacetylthymine OH | Me
H CH; | H H 0 Thymine OH | Me
H CH; 1H H O Cytosine OH | Ms
H CH; | H H O 4-(N-mono-acetyl)eytosine | OH | Me
H CH; 1 H H O 4-(N,N-diacetyl)cytosine OH | Me
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monophosphate CF3 H H 6- 2,4-0-Di etylthyinine OH Me monophosphate CF3 H H O Thymine OH
Me monophosphate CF3 H H O Cytosine OH Me 113 R R R R X Base R R monophosphate CF3 H
H 0 4-(N-mono-acetyl)cytosine OH Me monophosphate CF3 H H 0 4-(N,N-diacetyl)cytosine OH Me
monophosphate CF3 H H O Uracil OH Me monophosphate CF3 H H 0 5-Fluorouracil OH Me

monophospphateGESHH-512:4-0~ G4nprnophosphate CF3H RS Hypbxanthine
OH Me monhophosphate CF?%—I H ine OH Me_manaophosphate CE3HH S
Thymine Ok#/e monopho= dhHe incléasie monophosphate EE3 hiMes
4-(N-mono-gggtyf)cytosine u@ﬁ,'le i FE B oadciNN-diacetyl)cygnsine 191 Me
monophosphate CE3 HH S Uracil|lOH Me _ma hate CE3 H H S 5-Fluorojiracil-OH-Mg acetyl
CH3 H H O 4N, N-diacetyl)c{Bsin M-S Rigspdiracttyl)cytosiiié H Bf°adetyl CH3
OH H 0 4-(N§-diacetyl)Cytosipg NMisdicetyl)cytosinede Bil f¥ample 2:
Preparationiaf 2'-C-methylrihoadeni und WW to-a published
procedure (REE. Harry- O'ku&H:M, - WO RIEFRAH AR rout Bwaide
2'-C-branchgff 5 fibonucleosiges ™, , Pmline4-1759) (Scheme 8EI1Scheme|8 BzO 0
aBz00bcBzO==QRT"OBzd 0 32 BZIO-Z-NH2-NHBZ&1H-N-\N
H CH; H “Cytosine OH | Me
H CH; | H H 4-(N-mono-acetyl)cytosine | OH | Me
H CH; |{H H 4~(N,N-diacetyDcytosine OH {Me
H CH; | H H Uracil . OH |Me
H CH: 'H I 5-Fluorouracil OH | Me
monophosphate | CH; | H H 2,4-O-Diacetyluracil OH |Me
monophosphate | CHs | H H Hypoxanthine OH |Me
monophosphate | CHz | H H 2,4-0-Diacetylthymine OH |Me
monophosphate | CH; | H H Thymine OH |[Me
monophosphate | CH; | H H Cytosine OH | Me
monophosphate | CH; | H H 4-(N-mono-acetyl)cytosine | O | Me
monophosphate | CHy | H H 4.(N,N-diacetyl)cytosine OH {Me
monophosphate | CH; | H H Uracil OH | Me
monophosphate | CH; | H H 5-Fluorouracil OH [Me
monophosphate | CHy | H H 2,4-O-Diacetyluracil OH |[Me
monophosphate | CH; | H H Hypoxanthine OH |Me
monophosphaﬁe Ci; | B H 2,4-0-Diacetylthymine OH jMe
monophosphate | CHs | H H Thymine OH |Me
monophosphate | CHs | I H Cytosine OH |Me
monophosphate | CH; | I H 4-(N-mono-acetyl)oytosine { OH | Me
monophosphate | CH; | H H 4-(N,N-diacetyl)cytosine OH |[Me
monophosphate | CH; | H H Uracil OH |Me
monophosphate | CHz { H H 5-Fluorouracil OH | Me
diphosphate CH, | H H 2,4-0O-Diacetyluracil OH |Me
diphosphate CHs | & H Hypoxanthine OH Me




"R=CH3 HON ~~ e BzO~nN OH OH BzO BzO 114 (a) Dess-Martin periodinane; (b) MeMgBr /
TiC14; (c) BzCl, DMAP, Et3N; (d) bis(trimethylsilyl)acetamide, N6-benzoyl adenine, TMSOTT; (e) NH3
/ McOH In a similar manner, but using the appropriate sugar and pyrimidine or purine bases, the
following nucleosides of Formula Il are prepared. Y X.\N N X2 R O 4H, 5 OR2 OR3 (| wherein: R

R2 R3 X' X2~¥—H-HHHHH3+H IIIH?"IZIIIIHII# l"gH-L,ybiUplupyi HHH N thyl HH

H H H NH-ethyl H H H NH-acetyl HHH H H H OH HHHOMe HHHHHOEtHHHHH

0-cyclopropykiphésgai H OlaCBtyl| HH HHE H $B H H B4HO-DPSorsy Ehynia H SEIH | Me
diphosphate CH; |H H O Thymine OH [ Me
diphosphate CH; |[H |H |O |Cytosine OH |Me |
diphosphate CH: |H H O 4-(N-momno-acetyl)cytosine | OH | Me
diphosphate CH; |H H O 4-(N,N-diacetyl)cytosine OH |Me
diphosphate CH; |H H 0 Uracil OH | Me
diphosphate CH; |H H 0 5-Fluorouracil OH | Me
diphosphate CH; |H H S 2,4-0O-Diacetyluracil OH |Me
diphosphate CH; | H H S Hypoxanthine OH |Me
diphosphate CH; | H H S 2,4-0-Diacetylthymine OH |Me
diphosphate CH: ' H H S Thymine OH | Me
diphosphate CH; | H H S Cytosine OH | Me
triphosphate CH: |H H O 2,4-O-Diacetyluracil OH (Me
triphosphate CH: |H H O Hypoxanthine OH Me
triphosphate CH; H H 0 2,4-O-Diacetylthymine OH |Me
triphosphate CH; ' H H 0 Thymine OH | Me
triphosphate CH; |H H 0 Cytosine OH | Me
iriphosphate CH: |H H 0 4-(N-mono-acetyl)cytosine | OH | Me
friphosphate CH; | H H 10 4-(N,N-diacetyl)cytosine OH |Me
triphosphate CH; |H H O Uracil OH |Me
triphosphate CH; | H H O 5-Fluorouracil OH | Me
triphosphate CH; |H H S 2,4-0O-Diacetyluracil OH {Me
triphosphate CH; |H H S Hypoxanthine OH |Me
triphosphate CH; H H S 2,4-O-Diacetylthymine OH | Me
triphosphate CH; H H S Thymine OH |Me
tiphosphate | CHs |H |H |S | Cytosine OH | Me
monophosphate | CF; | H H O 2,4-O-Diacetyluracil OH | Me
monophosphate | CF; | H H 0 Hypoxanthine OH | Me
monophosphate | CFa | H H O 2,4-0-Diacetylthymine OH |Me
monophosphate | CF; | I H O Thymine OH |Me
monophosphate | CF3 | H H O Cytosine OH | Me
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HHHHH S-cyclopropyl HHHHHFHHHHHCI 115RRRXXY HHHHHBr HHHHHI
monophosphate H H H H NH2 monophosphate H H H H NH-acetyl monophosphate HHH H
NH-cyclopropyl monophosphate H H H H NH-methyl monophosphate H H H H NH-ethyl
monophosphate H H HH OH monophosphate H H H H O-acetyl monophosphate HHH H OMe

monophosplrate Hgi H O _IRGHO qgnospﬁate H %héé:ymopropyl monopncaﬁlmatFﬁﬂ’H'H H SH
monophosphate H H H H SMe _monhophosphaterH H H H SEt manaphosphate H H S-cy¢lopropyl
monophosphatenapkpephate [kdhofHdsphate H HH H ci-(loreshersibexiesine H mﬁr Me
monophoSHIIEFFLELE WPOSRTE T F g2 ATRSERRE o SifE NF-agety| Mpgsphate
H H H H NH:cycloprapyl diphosphate H H H H NH-methy dmhn ate H H H H NH-ethyl
diphosphate! FRFREPISBItipRBsphate HIFIH j H@-acplffacil’ OH | Me
monophosphate | CFs | H H |O 5-Fluorouracil OH |Me
monophosphate | CFx | H H S 2,4-0-Diacetyluracil OH |Me
monophosphate | CF3 | H H S Hypoxanthine OH |Me
monophosphate | CF; | H H S 2,4-0O-Diacetylthymine OH [Me
monophosphate | CF;  H H S Thymine OH |Me
monophosphate | CF; | H H S Cytosine OH |Me
monophosphate | CF; | H H S 4-(N-mono-acetyljcytosine | OH | Me
monophosphate | CFy | H H S 4-(N,N-diacetyl)cytosine OH | Me
monophosphate | CF3 | H H S Uracil OH |Me
monophosphate | CFs | H H S 5-Fluorouracil OH | Me
acetyl CH; | H H 0 4-(N,N-diacetyl)cytosine H Br
acetyl CH; |H H S 4-(N,N-diacetyl)cytosine H Br
acetyl CH; OH |H G 4-(N,N-diacetyl)cytosine H Br
acetyl CH; {OH ' H S 4-(N,N-diacetyl)cytosine H Br

Example 2: Preparation of 2°~C-methylriboadenine

The title compound was prepared according to a published procedure (R.E. Harry-
O’kuru, IM. Smith, and M.S. Wolfe, “A short, flexible route toward 2’-C-branched
5 ribonucleosides”, J.Org. Chem. 1997, 62, 1754-1759) (Scheme 8).

Rt}

Scheme 8

BzO O a BZO 0O b ¢ BZOWOBZ d
é 3 OBz E g OBz

BzO OH 8z0 (8] BzO OBz

NH> NHBz
e e
R T ot

OH OH BzO BzO
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diphosphate HH H H OMe diphosphate H H H 4H OEt diphosphate H H H H O-cyclopropyl
diphosphate HHH H SH 116 R R3 X X Y diphosphate HHH H SMe diphosphate HH H H SEt
diphosphate H H H H S-cyclopropy! diphosphate H HH H F diphosphate HH H H CI diphosphate H
H H H Br diphosphate HH H H | triphosphate HHH H NH2 triphosphate H H H H NH-acetyl

Eilghgti?/?ate HH H(I-jﬂ rc%c QH:L tri ho%&% ;HI%L\N &ylﬁm%t HHH

------------ iphosphate osphaie H H H OMé tri ho phate HHHH
OEt triphosphate Hol(kimeOyiyoibprepytidsphodshend @%%T@I%QE@K%}Méﬁgfﬁ?é{H HHH SH
triphosphate HH H H SMe triphosphate H H H H SEt triphosphate H H H H S-cyclopropyl

triphosphate H H H ¥ £simipiosphee biM wingdie piproniamsaand pypmidiphosphans PFSSH H |

the following nucleosides of Formula II are prepared.

Y

i /Nl \N
A

R'O

0.
5 or*  or’
(D
wherein
R R® R X' X* Y
H H H H H H
H H H H H NH,
H H H H H NH-cyclopropyl
H H H H H NH-methyl
H H H H H NH-ethyl
H H H H H NH-acetyl
H H H H H OH
H H H H H OMse
H H H H H OFEt
H H H H H O-cyclopropyl
H H H H H O-acetyl
H .H H H H SH
H H H H H SMe
H H H H H SEt
H H H H H S-cyclopropyl
H H H H H F
H H H H H Cl
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monophosphate monophosphate monophosphate H H NH2 monophosphate monophosphate
monophosphate H H NH-cyclopropyl monophosphate monophosphate monophosphate H H OH
monophosphate monophosphate monophosphate H H F monophosphate monophosphate
monophosphate H H ClI diphosphate diphosphate diphosphate HH NH2 117 RR R3 x Xy

diphoe_:phat giphosphate dighgsphate HH |\||]-|I§ycmpropyl di )Ij@sphqtggdlph sphate diphosphate H H
OH diphosphate diphosphate diphasphate HIH F diphasphate diphosphate d(lphggphate H-H L
triphosphatg ﬁiphosphate trlp%sphate HH NHZ trlphosphate cﬁ{)hosp Hate tripﬂ%rsphate HH
NH-cyclopropyT triphiosphatd ggphosphate trighgsphate H' H OHgtriphdgghate triphosphate
triphosphatd-H-H E_triphosphate trishospha iphosphate H H-CHE-H-H-F-H-NH2-H-H-H-F-H
NH-cycloprqgyPRapRoRPe QB H HH F H E HH H FHCl H L cl R WA ol v
NH-cycloprdpybddgiokatd HHHCIHHR# HH CIH Cl H3H H BriH NH2 ¥iHattisr H
NH-cyclopropyl-H-H-HBr-H-OH-H-H H-BrH-H-J&4-H-H-Br-H-Gl
monophosphate | H H H NH-cyclopropyl
monophosphate | H H H H NH-methyl
monophospbate | H H H H NH-ethyl
monophosphate | H H H H OH
monophosphate | H H H O-acetyl
monophosphate | H H H H OMe
monophosphate | H H H H OEt
monophosphate | H H H H O-cyclopropyl
.monophosp'hate H H H H SH
monophosphate | H H H H SMe
monophosphate | H H H H SEt
monophosphate | H H H H S-cyclopropyl
monophosphate | H H H H F
monophosphate | H | H H H Cl
monophosphate { H H H H Br
monophosphate | H H H H I
diphosphate H H H H NHz
diphosphate H H H H NH-acetyl
diphosphate H H H H NH-cyclopropyl
diphosphate H &1 H H NH-methyl
diphosphate H H H H NH-ethyl
diphosphate H H H H OH
diphosphate H H H H Q—acetyl
diphosphate H H H H OMe
diphosphate H H H H OEt
diphosphate H H H H O-cyclopropyl
diphosphate H H H H SH
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HHH NH2 HNH2 H H H NH2 H NH-cyclopropyl HHHNH2HOHHHHNH2HF HHHNH2HCI
HHHSHHNH2HHH SH H NH-cyclopropyl 118 R\ RRXXY HHHSHHOH HHHSHHF H

HHSHHCI acetyfHH HH NH2 acetyl HH H H NH-cyclopropyl acetyl HHHH OH acetyfHHHH
F acetyl HHHHCI acetylHH F HNH2 acetyl HH F H NH-cyclopropyl acetylHH F H OH acetyl H

HF HF acgetgifiHF H CI igeetylracetyl H H2 H acetyl dcetyl H |HgNH-cyatopropyl H acityl
acetyl H H QH.H acetyl acetyl H H F H acetylacetyl H H Cla¢
acetyl acety| HPBOsE2ES cloprioByl acetyl acety] Bcetyl HH OH hfetyl a:ﬁyl ace HF acetyl
acetyl H H Clyiphosphate H H H H SEt
diphosphate H H H H S-cyclopropyl
diphosphate H H H H F
diphosphate H H H H Ci
diphosphate H H H H Br
diphosphate H H H H I
triphosphate H H H H N,
triphosphate H H H H NH-acetyl
triphosphate H H H H NH-cyclopropyl
triphosphate H H H H NH-methyl
triphosphate H H H H NH-ethyl
triphosphate H H H H OH
triphosphate H H H H OMe
triphosphate H H H H OFEt
triphosphate H H H H O-cyclopropyl
triphosphate H H H H O-acetyl
triphosphate H H H H SH
| triphosphate H H H H SMe
triphosphate H H H H SEt
triphosphate H H H H S-cyclopropyl
triphosphate H H H H F
triphosphate H H H H Cl
triphosphate H H H H Br
triphosphate H H H H I
monophosphate | monophosphate | monophosphate | H H NH;
monophosphate | monophosphate | monophosphate | H H NH-cyclopropyl
monophosphate | monephosphate | monophosphate | H H - OH
monophosphate | monophosphate | monophosphate | H H F
monophosphate | monophosphate | monophosphate | H H Cl
diphosphate diphosphate diphosphate H H NH,
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monophosphate acetyl acetyl H H NH2 monophosphate acetyl acetyl H H NH-cyclopropyl
monophosphate acetyl acetyl H H OH monophosphate acetyl acetyl H H F monophosphate acetyl
acetyl H H Cl diphosphate acetyl acetyl H H NH2 diphosphate acetyl acetyl H H NH-cyclopropyl
diphosphate acetyl acetylHH OH 119 RR R x1 XY diphosphate acetyl acetyl H H F diphosphate

acetyl acety) te—acetytacetythrHNH2 - triph Y
NH-cycloprapyl triphosphate jacetyl acetyl H H triphosphate acetyllacetyl H H E_triphosphate
acetyl acety| GirHosphiteH H H fipisahater H H 6phesbaH H I NH2 RH-cy¢RBYSHSOBOmH H NH2
NH-methy PHEHIPINE? NFTEUIIGHEST T MR IARenT T H NHZ Of} GHTTTH T2 Qe H
HHHNH2 OEt H NH2 O-cyClopropyl H H HH NH2 Q-acetyl H HHHINH2 SH-H-H HH NH2
SMe H H H Miphaspisi H H Hiighqsshae cyclopfpprphate H F
- diphosphate diphosphate diphosphate H H Cl

triphosphate triphosphate triphosphate H H NHz

triphosphate triphosphate triphosphate H H NH-cyclopropyl

triphosphate triphosphate triphosphate H H OH

triphosphate triphosphate triphosphate H H F

triphosphate triphosphate triphosphate H H Cl

H H H F H NH;

H H H F H NH-cyclopropyl

H H H F H OH

H H H F H F

H H H F H Ci

H H H C1 H NH; .

H H H Cl H NH-cyclopropyl

H H H Cl H OH

H H- H Cl H ¥

H H H Cl H Ci

H H H Br H NH;

H H H Br H NH-cyclopropyl

H H H Br H 10)51

H H H Br H F

H H H Br H Cl

H H H NH, | H NH;

H H H NH, |H NH-cyclopropyl

H H H NH; |H OH

H H H NH. |H F

H H H NH: |H Cl

H H H SH H NHz

B H H SH H NH-cyclopropyl
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HHHHNH2FHHHHNH2CI HHHHNH2Br HiHHHNH2 | monophosphate HH H NH2 NH2
monophosphate H H H NH2 NH-acetyl monophosphate H H H NH2 NH-cyclopropyl monophosphate
H H H NH2 NH-methyl monophosphate H H H NH2 NH-ethyl 120 R R R X X Y monophosphate H H
H NH2 OH monophosphate H H H NH2 0-acetyl monophosphate H H H NH2 OMe monophosphate

H H H NH2 ©ttmonophosp .eﬁq; H-HHNH2-OgayclopropytmpRaphogaiete H{EH NH2 SH
monophosphate H H H NH2 SMe monophosphate H H H NH2 SEt _monophasphate H H H NH?
S-cyclopropyEmonophosphatéH H H NH2 F |fHonophosphate (8 H NH2 CI n¥¥#hophosphateH H H
NH2 Br mong; hospate ﬁ NH2Z T diphospiyate HH H NHZ &2 dighosphate H H H NH2
NH-acetyl diphosphate H H_t{ NH2 NH-cyclopropyl diphosphate H H H NH2 NH-methyl -diphesphate
H H H NH2 NH-ethyl diphospihte H H H NH2 8H diphosphateSﬁIH H&H2 O a@etyl diphosphate H
H H NH2 ONg e H H H H NI,

acetyl H H H H NH-cyclopropyl

acetyl H H H H OH

acetyl H H H H F

acetyl H H H H Ci

acetyl H H F H NH,

acetyl H H F H NH-cyclopropyl

acetyl H H F H OH

acetyl H H F H F

acetyl H H F H Cl

H acetyl acetyl H H NH;

H acetyl acetyl H H NH-cyclopropyl

H acetyl acetyl & H OH

H acetyl acetyl H H F

H acetyl acetyl H 'H Cl

acetyl acetyl acetyl H H NH;

acetyl acetyl acetyl H H NanycloiJropyl

acetyl - | acetyl acetyl H H OH

acetyl acetyl acetyl H H F

acetyl acetyl acetyl H I Cl

monophosphate | acetyl acetyl H H NH;

monophosphate | acetyl acetyl H H NH-eyelopropyl

monophosphate | acetyl acetyl H H OH

monophosphate | acetyl acetyl H H F

monophosphate | acetyl acetyl H H Cl

diphosphate acetyl acetyl H H NH;

diphosphate acetyl acetyl H H NH-cyclopropyl

diphosphaie acetyl acetyl H H OH
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diphosphate H H H NH2 OEt diphosphate H H H NH2 O-cyclopropy! diphosphate H H H NH2 SH
diphosphate H H H NH2 SMe diphosphate H H H NH2 SEt diphosphate H H H NH2 S-cyclopropyl
diphosphate HH H NTH2 F diphosphate H H H NH2 CI diphosphate H H H NH2 Br diphosphate H H
HNH2I1121rRR R X XY triphosphate HH H NH2 NH2 triphosphate H H H NH2 NH-acetyl

triphosphate R HH NHZNFIcgetopropyt triphggphate H H H K2 NHigethyT itgphosphate H H H
NH2 NH-ethyl triphosphate H H H NH2 OH. triphosphate H H H.NH2 Hl\/le_mphgsphatg_]__H_H H NH2
OEt triphospfighosahated NH2 ®&ytlopropy! tifts8phate H H HINH2 OFhcetyl Friphosphate H H H
NH2 SH triph@SRiRaEe:ET F H-NeH7Z SMe triphgsgiate H H HINHZ2 SEttriphosphate H H H NH2
S-cyclopropyl_triphosphate H H H NH2 E_triphosphate H.H-H-NH2 Chitrishosphate-H-H-H-NH2 Br
triphosphatg HiRRgsRAe | moﬁf&?fﬂosphate m Bﬁosphate moﬁophos ate HNB2 NH2
monophosp NgisHpReRNOSp nadernonophosphaderl NH2 NH-¢yelopropsl NH-cyclopropyl

triphosphate acetyl acetyl H H OH

triphosphate acetyl acetyl H H F

triphosphate acetyl acetyl H H Cl

H H H H NH, [H

H H H H NH, |NH;

H H H H NH; j NH-cyclopropyl

H H H H NH;  NH-methyl

H H H H NH; | NH-ethyl

H H H H ‘NH; NH-acetyl

H H H H NH, |OH

H H H H NH; | OMe

H 0 H H NH; (@)

H H H H NH, | O-cyclopropyl

H H H H NH; | O-acetyl

H H H H NH, |SH

H H H H NH, |SMe

H H H H NH, |SEt

H H H H NH; | S-cyclopropyl

H H H H  NH, |F

H H H H NH, |CI

H H H H NH, |Br

H H H H NH: 1

monophosphate | H H H NH; | NH;

monophosphate | H H H NH; | NH-acetyl

nionophospha’ce H H H NH; | NH-cyclopropyl

monophosphate | H H H NH; NH-methyl

monophosphate | H H H NH; | NH-ethyl
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monophosphate monophosphate monophosphate H NH2 OH monophosphate monophosphate
monophosphate H NH2 F monophosphate monophosphate monophosphate H NH2 ClI diphosphate
diphosphate diphosphate H NH2 NH2 diphosphate diphosphate diphosphate H NH2 NH-cyclopropyl
diphosphate diphosphate dlphosphate H NH2 OH dlphosphate diphosphate diphosphate H NH2 F

dehOSphate'd'RhprndLe aip lﬁapnale H-NH2 LRS[HpﬂObplldlb‘ .rm ripRgsprate HNH2 NH2
triphosphateltriphosphate Lru%hosohate H_NH2; NH-cyclopropyl itriphosphate triphosphate triphasphate
H NH2 OH 12@%@%9@9’@ tkbhosphate triph&sphate triphospte H F n@ﬁosphate
triphosphate gl 8@%%@%‘ NgZCrHHHTF ZNHZH HH VHZ NRgycla Qf,omg{ HHHFNH2
OHHHHFNH2 EINH2 Cl HHH CINH2 NH2 H H H CI NHR NH-cy looroml b H H Cl
NH2 OH H H meappiospizie (5 CI NH2 CI H B H Br NH2 NH2TH H H|BPRaH2{ 0¥ ey clopropyl {H H H
Br NH2 OH Hrﬁbﬁbﬁﬂo%ﬁﬁé‘ FHyH H Br NH2 Cl #ff H H NHZ NHZEINHZ H R/t NH@@YH2 NH-cyclopropyl

monophosphate | H H H NH; O-cyclopropyl

monophosphate | H H H NH; SH

monophosphate | H H H NH; |SMe

monophosphate | H H H NH; SEt

monophosphate | H H H NH, | S-cyclopropyl

monophosphaie | H H H NH, |F

monophosphate | H H H NH, (Cl

monophosphate | H H H NH; |Br

monophosphate | H H H NH, {1

diphosphate H H H NH; |NH;

diphosphate H H H NH, NH-acetyl

diphosphate H H 3= NH; j NH-cyclopropyl

diphosphate H aE:! H NH; | NH-methyl

diphosphate H H H NH; | NH-ethyl

diphosphate H H H NH, ;OH

diphosphate H H H NH; | O-acetyl

diphosphate H H H NH; | OMe

diphosphate H H H NH, |OEt

diphosphate H H H NH; | O-cyclopropyl

diphosphate H H H NH, |SH

diphosphate H H H NH SMe

diphosphate H H H NH> SEt

diphosphate H H H NH; | S-cyclopropyl

diphosphate H H H NH, |F

diphosphate H H H NH, |Cl

diphosphate H H H NH; |Br

diphosphate H H H NH; |I
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HHHNH2NH2 OHHHHNH2NH2 F HHHNH2 NH2 Cl HHH SH NH2 NH2 H H H SH NH2
NH-cyclopropyl HHH SHNH2 OHHHHSHNH2F HHH SHNH2CI acetyl HHH NH2 NH2
acetyl H H H NH2 NH-cyclopropyl acetyl HHH NH2 OH acetylHIHH NH2 F 123R R X X2 Y acetyl
H HH NH2 Cl acetyl HHF NH2 NH2 acetyl H H F NH2 NH- cyclopropyl acetyl H H F NH2 OH acetyl

HHF NH2 T&H—I—I—F—M—Eﬁ—ﬁm@a@i H-NHZ2 2 Rldbb‘l/ Ry NH2 NH=-Tyclopropy!
H acetyl acetyl H NH2 OH H acetyl acetyl H NH2 F _H acetyl acetyl H NH2 CI acetyl acetyl acetyl H
NH2 NH2 addtyptasehptacety] H NH2 NH-cyclagfopyl acetyl acelyl aceiyWBeNHABH acetyl acetyl
aceyH NH Ry ety N C [FpTop oSt e 2GR N A
tnphosphate H H H NH, | NH-cyclopropyl
triphosphate H H H NH; | NH-methyl
triphosphate H H H NH,; | NH-ethyl
triphosphate H H H NH; | OH
triphosphate H H H NH; | OMe
friphosphate H H H NH, |OEt
triphogphate H H H NH; | O-cyclopropyl
triphosphate H H H NH; | O-acetyl
triphosphate H H H NH; {SH
friphosphate H H H NH, |SMe
triphosphate H H || NH; |SEt
triphosphate H H H NH, | S-cyclopropyl
triphosphate H H H NH, |F
triphosphate H H H NH; - | Cl
triphosphate H H H NH; |Br
triphosphate H H H NH:; |1
monophosphate | monophosphate | monophosphate | H NH; |NH;
monophosphate | monophosphate monophosphaté H NH; | NH-cyclopropyl
monophosphate | monophosphate | monophosphate | H NH, |OH
monophosphate | monophosphate | monophosphate | H NH, |FR
monophosphate | monophosphate | monophosphate | H NH. |C1
diphosphate diphosphate diphosphate H NH; iNH;
diphosphate diphosphate diphosphate H NH, | NH-cyclopropyl
diphosphate diphosphate diphosphate H NH, |OH
diphosphate diphosphate diphosphate H NH; (F
diphosphate diphosphate diphosphate H NH; (<€l
triphosphate triphosphate triphosphate H NH; {NH;
triphosphate triphosphate triphosphate H NIl | NH-cyclopropyl
triphosphate triphosphate triphosphate H NH, |OH
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monophosphate acetyl acetyl H NH2 OH monophosphate acetyl acetyl H NH2 F monophosphate
acetyl acetyl H NH2 CI diphosphate acetyl acetyl H NHz NH2 diphosphate acetyl acetyl H NH2
NH-cyclopropyl diphosphate acetyl acetyl H NH2 OH diphosphate acetyl acetyl H NH2 F diphosphate
acetyl acetyl H NH2 CI triphosphate acetyl acetyl "H NH2 NH2 triphosphate acetyl acetyl H NH2

| NH2

| HH

HHH
2

NH-cycloprapgitriphosphate ggetyacetyt H N OHtriphosphigie ac I)ﬂzacet}/I‘_H NHZF
triphosphate acetyl acetyl H NH2Cl 124RRRXXY HHHHMCIH HHHHCIH HHHHC
H H H H CI Nsirdpsthstopyl HtHpkorp@inH-metishormbait H Gl NIH-ethyiH4 H H'H CI NH-acety
I h L o e cre o ie L1 LN

H H H FEORER > | NHp

H H H F NH, | NH-cyclopropyl

H H H F NH, |OH

H H H F NH; |F

H H H I F NH, [C]

H H H Cl NH: |NH:

H H H Cl NH; | NH-cyclopropyl

H H H Ci NI, | OH

H H H Cl NH, {F:

H H | H Cl NH, |[Cl

H H H Br NH; | NH;

H H 1 H Br NH; | NH-cyclopropyl

H H H Br NH, |OH

H H H Br NH; |[F

H H H Br NH; |(Cl

H H H NH; |NH: |NH;

H H | H NH, |NH; !|NH-cyclopropyl

H H H NH, |NH; |[OH

H H H NH, [ NH; |F

H H H NH; INH, |Cl

H H H SH NH; |NH,

H H H SH NH, | NH-cyclopropyl

H H H SH NH, |[OH

H H H SH NH, |F

H H H SH NH, |Ci

acetyl H H H NH; {NH;

acetyl H H H NH, | NH-cyclopropyl

acetyl H H H NH, OH

acetyl H H H NH, F
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monophosphate H H H Cl NH-acetyl monophosphate H H H ClI NH-cyclopropyl monophosphate H H
H CI NH-methyl monophosphate H H H ClI NH-ethyl monophosphate HH H Cl OH monophosphate

H H H Cl O-acetyl monophosphate HH H Cl OMe monophosphate HH H ClI OEt monophosphate H
H H CI 0-cyclopropyl monophosphate HH H CI SH monophosphate H H H C|l SMe monophosphate

HHHCI SET‘O‘I’I‘U‘p‘hOSp’ha&RH H T CIrS=cytigpropyt diphospRate HTgH CTIZ IZSRRRX XY
diphosphate H H H Cl NH-acetyl diphosphatd H H H Cl NH-cytlopropyl diphosphate H H.H Cl
NH-methyl gaskedphate H H|ECI NH-ethyl diphosphate H H HIéI OH Wﬁhospﬂbte H H H CI Q-acetyl
d@phosphate =8 Crome gghosphate H HIFfgCT OET diphogpahate H Wik Cl)@rgyclopropyl
diphosphate H H'H 7ZESH_diphosphate H.H 11H Cl SMe_diphosphate H H H Gl SEt ~j-diphosphate H
H H ClI S-cycRssgby! triphospikate H H H CI NH2 trlphosphate HHH C N#H atc@@TcYﬁ]ﬁ%%ﬂate HH
HC1 NH-cycmgﬁpyl =) 0 T

acetyl H H F NH; |F

acetyl H H F NH; | Cl

H acetyl acetyl H NH; | NH,

H acetyl acetyl H NH; | NH-cyclopropyl

H acetyl acetyl H NH; |OH

H acetyl acetyl H NH; |F

H acetyl acetyl H NH, |Cl.

acetyl acetyl acetyl H NH, NEH;

acetyl acetyl acetyl H NH; | NH-cyclopropyl

acetyl acetyl acetyl H NH; |OH

acetyl acetyl acetyl H NH, |F

acetyl acetyl acetyl H NH, |[Cl

monophosphate | acetyl acetyl H NH; |NH»

monophosphate | acetyl acetyl H NH; | NH-cyclopropyl

monophosphate | acetyl acetyl H NH; |OH

monophosphate | acetyl acetyl H NH; 1 F

monophosphate | acetyl acetyl H NH, Cl

diphosphate acetyl acetyl H NH; NH,

diphosphate acetyl acetyl H NH; | NH-cyclopropyl

diphosphate acetyl acetyl H NH, | OH

diphosphate acetyl acetyl H NH, F

diphosphate acetyl acetyl H NH: | Ct

triphosphate | acetyl acetyl I'H NH; | NH;

triphosphate acetyl acetyl H NH; | NH-cyclopropyl

triphosphate acetyl acetyl H NH, |OH

triphosphate acetyl acetyl H NH; |F

triphosphate acetyl acetyl H NH, |CI
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triphosphate H --U H CI N |I-methy! triphosphate H H H Cl NH-ethyl triphosphate HH H CI OH
triphosphate H H H Cl OMe triphosphate H H H Cl OEt triphosphate H H H CI O-cyclopropy!
triphosphate H H H CI O-acetyl iriphosphate HH H CI SH triphosphate H H H Cl SMe triphosphate H
H H CI SEt triphosphate H H H CI S-cyclopropyl monophosphate monophosphate monophosphate H

CINH2 mor NF-Ccyrigpropylymonophosphate
monophosphate monophosphate H Cl OH diphosphate diphosphate diphosphate H CI NH2 126
diphosphate| dphosphate H GI¥H-cyclopropyl Hiphosphate dipfbsphaté€H Cl GH R1 Wtdphosphate X
XY triphosphgte triphosphategriptiosphate tripfosphate H CINE-CyCIopopyT righosphate
triphosphateltriphosphate H C1OH HHHE CINH2 HH H F CI NH-cy¢lopropyl HHHECILQHHHH
CI CI NH2 H|#H CI CI NH-cycRpropyl H H HIGECI OH H H H BHCI NBIEH H jMECI NH-cyclopropyi
HHH BrCl HHHNHZ GIENHZ H H HNHZLT NH-cycloprapyl C1 NH-cyclopropyl

H H H H Cl NH-methyl

H H H H Cl NH-ethyl

H H H H Cl NH-acetyl

H H H H Ct OH

H H H H Cl OMe

H H H H Ci OEt

H H H H Cl O-cyclopropyl

H H H H Cl O-acetyl

H H H H Cl SH

H H H H C1 SMe

H H H H Cl SEt

H H H H Cl S-cyclopropyl

monophosphate | H H H C1 NH;

monophosphate | H H H Cl NH-acetyl

monophosphate | H H H Ci NH-cyclopropyl

monophosphate | B H H Cl NH-methyl

monophosphate | H H H Cl NH-ethyl

monophosphate | II H H Cl OH

monophosphate | H H H Cl O-acetyl

monophosphate | H H H Ci OMe

monophosphate | H H H Cl OFEt

monophosphate | H H H Ci O-cyclopropyl

menophosphate | H H H Cl SH

monophosphate | H H H Cl SMe

monophosphate | H H u Cl SEt

monophosphate | H H H Cl S-cyclopropyl

diphosphate H H H Ci NH;
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HHHNH2 CIOHHHH SH CINH2 H H H SH CI NH-cyclopropyl HH H SH CI OH acetyl HH H Cl
NH2 acetyl H H H Cl NH-cyclopropyl acetylHH H Cl OH acetylHH F CI NH2 acetyl HH F CI
NH-cyclopropyl acetyl HH F Cl OH H acetyl acetyl H ClI NH2 H acetyl acetyl H Cl NH-cyclopropyl H
acetyl acetyl H CI OH acetyl acetyl acetyl H CI NH2 acetyl acetyl acetyl H CI NH-cyclopropyl 127 R' R

2 X XY acetyfacetytacetyHtGHOH—monophggphate-acetytacetyt H G NHZ TRponophosphatg acetyl
acetyl H Cl NH-cyclopropyl mjonophosphate acetyl acetyl H Cl OH diphaosphate acetyl acetyl HICl NH2
diphosphatel digtyspiettyl H CENH-cyclopropy| Biphosphate aceHl ace1)ﬂI31—| Cl ﬂ‘lﬁﬁﬁésphate acetyl
i o N ) N Eciopromst H I TLEL Ot G P e B N b g repiopyi| OF H
NH-cycloprojpdiphosphate H H H Cl NH-methyl

diphosphate H H H Cl NH-ethyl

diphosphate H H H Cl OH

diphosphate H H H Cl O-acetyl

diphosphate H H H Cl OMe

diphosphate H H H Cl OEt

diphosphate H H H Cl O-cyclopropyl

diphosphate H H H Ct SH

diphosphate H H H Cl SMe

diphosphate H H H Cl SEt

diphosphate H H H Cl S-cyclopropyl

triphosphate H H H Cl NH,

triphosphate H H H Cl NH-acetyl

triphosphate H H H Cl NH-cyclopropyl

triphosphate H H H Cl NH-methyl

triphosphate |H H H Cl NH-ethyl

triphosphate H H H Cl OH

triphosphate H H H Cl OMe

triphosphate H H H Cl OEt

triphosphate H H H Ci O-cyclopropyl

triphosphate H H H Cl O-acetyl

triphosphate H H H Cl SH

triphosphate H H H Cl SMe

triphosphate H H H Cl SEt

triphosphate H H H C1 S-cyclopropyl

monophosphate | monophosphate | monophosphate | H Cl NH>

monophosphate | monophosphate | monophosphate | H Cl NH-cyclopropyl

monophosphate | monophosphate | monophosphate | H Cl CH

diphosphate diphosphate diphosphate | H Cl NH;2
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H HHH Br OH Alternatively, the following nucleosides of Formula V are prepared, using the
appropriate sugar and pyrimidine or purine bases. Y X~~-'" NO RHO x,c 0- OR'"'OR'5 (V)
wherein:RR2ZRXY HHHHH HHHHNH2 128RR XY HH H H NH-cyclopropyl HHHH
NH-methyl HH H H NH-ethyl HH H H NH-acetyl HHHHOHHHHHOMe HHHHOEtHHHH

TR TR TR = e o
monophosHhal F r 1 i R o e TP SHET R T PR T Seycioprony

diphosphate diphosphate diphosphate H Cl NH-cyclopropyl
diphosphate diphosphate diphosphate H Ci OH
friphosphate triphosphate triphosphate H Cl NH;
triphosphate triphosphate triphosphate H Cl NH-cyclopropyl
triphosphate triphosphate | triphosphate H Cl OH

H H H ' F Cl NH;

H E H F Cl NH-cyclopropyl
H H H F Cl OH |
H H H Cl Cl NH;

H H H Cl Cl NH-cyclopropyl
H H H Cl Cl OH

H H B Br Cl NH,

H H H Br Cl NH-cyclopropyl
H H H Br Cl OH

H H H NH;. | Ci NH:

H H H NH, |CI NH-cyclopropyl
H H H NH, |Cl OH

H 1 H H SH Cl NH;

H H H SH Cl NH-cyclopropyl
H H H SH Cl OH

acetyl H H H C1 NH;

acetyl H H H Cl NH-cyclopropyl
acetyl H H H Ci OH

acetyl H H F Cl NH;

acetyl H H F Cl NH-cyclopropyl
acetyl H H F Cl OH

H acetyl acetyl H Cl NH:

H acetyl acetyl H Ci NH-cyclopropyl
H acetyl acetyl H Ct OH

acetyl acetyl acetyl H C1 NH;

acetyl acetyl acetyl H Cl1 NH-cyclopropyl
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monophosphate H H H NH-acetyl monophosphate H H H NH-cyclopropyl monophosphate H H H
NH-methyl monophosphate H H H NH-ethyl monophosphate H HH OH monophosphate HH H

O-acetyl monophosphate H HH OMe monophosphate HH H OEt monophosphate HH H
O-cyclopropyl monophosphate H HH SH monophosphate H H H SMe monophosphate H H H SEt

ate H H

e HH

monophospfigte++HH-S=cygtgpropyt diphospigate HH HNHZ Fiphogpgate H g H NH-acety
diphosphate ﬁH H NH-cyclopropyl diphosphate | H H T---NH-methyl 129 R RIR Xy _diphasph
H NH-ethy! |digsitidsphate 7FH 39€©H diphosphae® H H O-acet diphdsbhate BFH H OMe
diphosphat Eldﬂo'ﬁ'hb’ﬁﬁa@gp. RAtE HHH Qyglppropyl diphgsphatedil H H §H, diphosphat
H SMe diphasphate HH H SFt diphosphate H H H S-cyclopropyl triphosphate H H H-NH2
triphosphatd FMAROPhRERbERE 1yl 2¢ARhosphate H PPﬁYNH-cycloproa/l Cl NH-cyclopropyl

monophosphate | acetyl acetyl H Ci OH

diphosphate acetyl acetyl H Cl NH,

diphosphate acetyl acetyl H Cl NH-cyclopropyl

diphosphate acetyl acetyl H C1 OH

triphosphate acetyl acetyl H Cl NH,

triphosphate acetyl acetyl H 1Cl NH-cyclopropyl

triphosphate acetyl acetyl H Cl OH

H H H H Ci NH,

H H H H Ci NH-cyclopropyl

H H H H Cl OH

H H H H Br NH;

H H H H Br NH-cyclopropyl

H H H H Br OH

Alternatively, the following nucleosides of Formula V

appropriate sugar and pyrimidine or purine bases.

Y

xl
\‘N

LA

are prepared, using the

RO 1o
O
or?  or®

V)

wherein:
R R’ R’ x! Y

H H H H H
H H H H NH;
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triphosphate H H H NH-methy! triphosphate H H H NH-ethyl triphosphate --H- H H OH triphosphate
H H H OMe triphosphate H H H OEt triphosphate H H H O-cyclopropyl triphosphate H H H O-acetyl
triphosphate H H H SH triphosphate H H H SMe triphosphate H H H SEt triphosphate H H H
S-cyclopropyl | monophosphate monophosphate monophosphate H NH2 monophosphate

monophospr@mphusphﬁfe‘ﬁﬁﬁmmyi MonophosgHate mgnopnosphaté monophosphate
H OH diphasphate diphosphate diphosphateH NH2 diphosphate diphosphate diphasphate H
NH-cycloprog¥l diphosphatg &iphosphate diphBsphate H OH tr%hosp%?ﬁﬁiﬂ%}ﬂﬁété triphosphate
H NH2 130 [ R Ry triphospgate triphosphalggriphosphate H KH- cycl@.g{qu!h}pphosphate
triphosphate_triphosphate H OH H H H E NH2' H H H E NH:cyclopropy HEOHHHHCINH2H
H H CI' NH-gy&lopropyl H H HEEI OH H H H BrIH2 H H H Br Nﬁ-cycloﬁ@p“gﬂl&m HH Bj OH H H H
NI-12 NH2 |'g H H H NH-acetyl

H H H H OH

H H H H OMe

H H H H OLt

H H H H O-cyclopropyl

H H H H O-acetyl

H H H H SH

H H H H SMe

H H H H SEt

H H H H S~cyclopropyl

monophosphate | H H H NH;

monophosphate | H H H NH-acetyl

monophosphate | H H H NH-cyclopropyl

monophosphate | H H H NH-methyl

monophosphate | H H H NH-ethyl

monophosphate | H H H O

monophosphate | H H H O-acetyl

monophosphate | H H H OMe

monophosphate | H H H- OEt

monophosphate | H H H O-cyclopropyl

monophosphate | H H H SH

monophosphate | H H H SMe

monophosphate | H H H SEt

monophosphate | H H H S-cyclopropyl

diphosphate H H H NH;

diphosphate H H H NH-acetyl

diphosphate H H H NH-cyclopropyl

diphosphate H H H NH-methyl
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H H H NH2 NH-cyclopropyl HH HNH2 OHH H H SH NH2 H H H SH NH-cyclopropyl HH H SH OH
acetyl HHH NH2 acetyl H H H NH-cyclopropyl acetyl HH H OH acetyl HH F NH2 acetylHH F
NH-cyclopropyl acetyl HH F OH H acetyl acetyl H NH2 H acetyl acetyl H NH-cyclopropyl H acetyl
acetyl H OH acetyl acetyl acetyl H NH2 acetyl acetyl acetyl H NH-cyclopropyl acetyl acetyl acetyl H

iyl H NH-cycClopropyl 131 RR R

b acetyl acetyl

hosphate

iygly, the following nucleosides

WO Base R6

OH monopliogphate acetyl gggtyl H NHZ mpRophosphate acegyl ace

XY monophosphate acetyl acetyl H QH_diphosphate acetyl acetyl H NH2 diphosph

H NH-cyclog r@ﬁbpﬂ?bﬁéspha dlacetyl acetyl H @H trlphosphat Iécetyl &ggtﬁﬂHlNHZ trip

acetyl acety P EEksRIOPTropyiiphosphate aCefyT acetyl'H OH #lterna !

of Formula X_are prepared. .using the appropriate suga+r-and p})ﬂ;ml_d_l_n_(:\
diphosphate H H H O-acetyl
diphosphate H H H OMe
diphosphate H H H QEt
diphosphate H H H O-cyclopropyl
diphosphate H H H SH
diphosphate H H H SMe
diphosphate H H H SEt
diphosphate H H H S-cyclopropyl
triphosphate H H H NH;
triphosphate H H H NH-acetyl
triphosphate H H H NH-cyclopropyl
triphosphate H H H NH-methyl
triphosphate H H H NH-ethyl
triphosphate H H H OH
triphosphate H H H OMe
triphosphate H H H OEt
triphosphate H H H O-cyclopropyl
triphosphate H H H O-acetyl
triphosphate H H H SH
triphosphate H H H SMe
triphosphate H H H SEt
triphosphate H H H S-cyclopropyl
monophosphate | monophosphate | monophosphate | I NH;
monophosphate | monophosphate | monophosphate | H NH-cyclopropyl
monophosphate | monophosphate | monophosphate | H OH
diphosphate diphosphate diphosphate H NH;
diphosphate diphosphate diphosphate H NH-cyclopropyl
diphosphate diphosphate diphosphate H OH
n"iphbsphate triphosphate triphosphate H NH;
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X~ V7 OR2 OR3 5 (X) wherein. RRR R XBase HHH CH3O0 2,4-0 Diacetyluracil HHH CH3 0
Hypoxanthine HH H CH3 0 2,4-0 Diacetylthymine HH H CH3 0 Thymine H H H CH3 0 Cytosine H
H H CH3 0 4-(N-mono- acetyl)cytosine H H H CH3 0 4-(N,N- diacetyl)cytosine HH H CH3 0 Uracil
132 RRZR R X Base HH H CH3 O 5-Fluorouracil HH H CH3 S 2,4-0- Diacetyluraci HHH CH3 S

Hypoxanthine—sH+HH-EH3-52-4-0-biacetylthymne -+ CHF)é Thy Hfu—,‘ HHHCH3
H H CH3 S 4-(N-mono acetylcytosine. H H HICH3 S 4-(N,N- diacetyl)cytosine
triphosphate triphosphate triphosphate H NH-cyclopropyl
triphosphate triphosphate triphosphate H OH
H H H F NHE;
H H H F NH-cyclopropyl
H H TH F | oH
H H H Cl NH;
H H H Cl NH-cyclopropyl
H H H Cl OH
H H H Br NH,
H H H Br NH-cyclopropyl
H H H Br OH
H H H NH; |NH;
H H H NH, | NH-cyclopropyl
H H H NH; | OH
H H H SH NH»
H H H SH NH-cyclopropyl
H H H SH OH
acetyl H H H NH;
acetyl H H H NH-cyclopropyl
acetyl H H H OH
acetyl H H F NH;
acetyl H H F NH-cyclopropyl
acetyl H H ¥ OH
H acetyl acetyl H NH;
H acetyl acetyl H NH-cyclopropyl
H acetyl acetyl H OH
acefyl acetyl acetyl H NH;
acetyl acetyl acetyl H NH-cyclopropyl
acetyl acetyl acetyl H OH
monophosphate | acetyl acetyl H NH,
monophosphate | acetyl acetyl H NH-cyclopropyl

S Cytosine H
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HHH CH3 S Uracil HH H CH3 S 5-Fluorouracil monophosphate H H CI-13 0 2,4-0- Diacetyluracil
monophosphate H H CH3 0 Hypoxanthine monophosphate H H CH3 O 2,4-0- Diacetylthym
monophosphate H H CH3 O Thymine monophosphate J H H CH3 0 Cytosine monophosphate H H
CH3 0 4-(N-mono acetyl)cytosine monophosphate H H CH3 0 4-(N,N- diacetyl)cytosine

+ 1.1

monophospleagaHHCH3 0 Ut@:ii monophospgate HHCH3 G g It

CH3 S 2,4-0 Diacetyluracil monophosphate

H CH3 S Hypoxanthine

gpiracirmonophosphate H H
monaphosphatee H H CH3 S

2,4-0 DiacetyiuepaphegehfieR7 RIVIX Base momsepiiibsphate H

HEEHS T

‘¥hine monophosphate H H

CH3 Cytosi

[oSphate; CH3S 4

N=EAQn0 acetylqygpsine

Rppophosphatef H H CH3 S
sphate HH CH3

8
4-(N,N- diacetyl)cyfosine manophosphate H

CH3.S Uracil mnnnphn

5-Fluorouradifeigptiihate H #eH3 0 2,4-0 DAEBY luracil H NH-cyclopropyl
diphosphate acetyl acetyl H OH
triphosphate acetyl | acetyl H NHy
triphosphate acetyl acetyl H NH-cyclopropyl
triphosphate acetyl acetyl H OH

Alternatively, the following nucleosides of Formula X are prepared, using the

appropriate sugar and pyrimidine or purine bases.

5 &
wherein:
R’ R’ R’ R’ 1X | Base

H H B CH; O |24-0-
Diacetyluracil

H H H CH; O | Hypoxanthine

H H H CH; 0 124-0-
Diacetylthymine

H H H CH; O | Thymine

H H H CH; O | Cytosine

H H H CHa O | 4-(N-mono-
acetyljcytosine

H H H CHs O | 4-(NN-
diacetyl)cytosine

- H H H CH; O | Uracil
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diphosphate H H CR3 O Hypoxanthine diphosphate H H CH3 0 2,4-0 Diacetylthymine diphosphate H
H CH3 0 Thymine diphosphate HH CH3 0 Cytosine diphosphate HH CH3 0 4-(N-mono
acetyl)cytosine diphosphate H H CH3 0 4-(N,N- diacetyl)cytosine diphosphate H H CH3 0 Uracil

diphosphate H H CH3 0 5-Fluorouracil diphosphate HH CH3 S 2,4-0 Dlacetyluracn diphosphate H H

CH3 S Hypoxanthige UI|JIIU¢ WWHI dipt prn.i’gsgi HCH3S Thymine
diphosphate H 3 S Cytobsine_tiphosphate HH CH3 0 2.4 Diacetyluracil tiphosphate -1T- H CH,
0 Hypoxanthﬁe 134 R R R RX Base triphosBhate H H CH3 6H34-0- DifcetgHFemisagibhosphate H
HCH30 Thytrfine' triphosphgte 1+ CH30 t,gosi_ne triphos @g,je FHGEHT G 4=gy-mono .
acetyl)cytos|ne triphosphate H H CH3 0 4-(N,N- diacetyl)cytasine triphosph a})elgegﬁgg 0 ‘Uracn

H H H CH; Hypoxanthine

H H H CH; 2,4-O-

- Diacetylthymine

H H H CH; Thymine

H H H CH, S | Cytosine

H H H CH; 4-(N-mono-

acetyl)cytosine
H H H CHj S | 4-(N,N-

diacetyljcytosine
H H H CHs Uracil
H H H CH; 5-Fluorouracil
monophosphate | H H CH; 0 |24-0-

Diacetyluracil
monophosphate | H H CHs O | Hypoxanthine
monophosphate | H H CHa O | 2,40

Diacetylthym
monophosphate | H H CH; O | Thymine
monophosphate | H H CH; O | Cytosine
monophosphate | H H CH; O | 4-(N-mono-

acetyl)cytosine
monophosphate | H H CHa O | 4-(N,N-

‘ diacetyl)cytosine
monophosphate | H H CHs O | Uracil
monophosphate | H H CH; O | 5-Fluorouracil
monophosphate | H H CH; S |24-0-

Diacetyluracil
monophosphate | H H CH; Hypoxanthine
monophosphate | H H CH;z S 12,40

Diacetylthym
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triphosphate H H CH3 0 5-Fluorouracil triphosphate H H CH3 S 2,4-0 Diacetyluracil triphosphate H H
CHS3 S Hypoxanthine triphosphate H H CH3 S 2,4-0 Diacetylt3ymine triphosphate HH CH3 S
Thymine triphosphate H H CH3 S Cytosine monophosphate monophosphate monophosphate CF3 0

2,4-0 Diacetyluracil monophosphate monophosphate monophosphate CF3 O Hypoxanthlne

monophospha(e—mqnephesﬁ‘hage—meﬁepheﬁgtc CF3-0-24-0-Ptacetyjtyymige-monophosphate
monophosphate n%nophosp Hte CF3 O Thyfline monophosphate monophospﬁate monophpsphate
CF30 Cytoslﬂlenapﬁﬁgﬂimsp hate monopho%l;ate monophospitdie CF3 D 4 Ihb!mmno acetyl) cytosine
monophOSp te-mo ||u || SH :ﬁ te |||On0pl 119 L‘ate €36 4'( NI did.bU I)b gi'nélull(.)[.)”()g phate
monophosphﬁ't%l%’ gesp te CF3 O Uracil monophospha 1eq:’monoa osp ate monophosphate
CF3 0 5-Flupnemadibspiarmopibsphate monopHosphate mono@i&phate&:F%ﬁ&-@@%acety uracil
135 R R R R X Base monophosphate mongphosphate mongphosphate CF%&W@Q@H ing
monophosphate monophosphate monophosphate CE3 S 2,4-0 Diacetylthymine _manophosphate
monophosphatesnpboepiasste CF3 S Thykine monophoste mohSpHasie monophdsphate
CF3 S Cytosine monophosphate monophosphate monophosphate CF3 S 4-gMdeioneasatyl)¢ytosine
monophosphate | H H CH; S Ulfacii
monophosphate | H H CHs S | 5-Fiuorouracil
diphosphate H H CH; 0 | 24-0-
' Diacetyluracil
diphosphate H H CH; O | Hypoxanthine
diphosphate H H CH; 0O | 24-0-
Diacetylthymine
diphosphate H H CH; O | Thymine
diphosphate H H CH; O | Cytosine
diphosphate H H CH; O | 4-(N-mono-
acetyDeytosine
diphosphate H H CH; O 1 4-(NN-
diacetyl)cytosine
diphosphate H H CHs O | Uracil
diphosphate H H CHs 5-Fluorouracil
diphosphate H H CH;z S | 240
' Diacetyluracil
diphosphate H H CH; Hypoxanthine
diphosphate H H CHs 2,4-0-
Diacetylthym
diphosphate H H CH; S | Thymine
diphosphate B H CHs S | Cytosine
triphosphate H H CHg_ O 124-0-
Diacetyluracil
triphosphate H H CHs O | Hypoxanthine
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monophosphate monophosphate monophosphate CF3 S 4-(N,N- diacetyl)cyto sine inonophosphate
monophosphate monophosphate CF3 S Uracil monophosphate monophosphate monophosphate CF3
S 5-Fluorouracil acetyl acetyl acetyl CF3 O 4-(N,N diacetyl)cytosine acetyl acetyl acetyl CF3 S 4-(N,N
diacetyl)cytosine acetyl acetyl acetyl 2-bromo- 0 4-(N,N vinyl diacetyl)cytosine acetyl acetyl acetyl

2-bromo- S A=\ vyt diagetytjcytosime Hig A CH3 0 2-(N ijediacetylx gigiige H HH CH3 0
6-0-acetyl qguanine HH H CH3 0 8-fluorogyanine HH H CH3 0 guanine HH H CH3 0
6-(N,N-diacetyiphesgbaine H H H CH3 0 2-flydfoadenine H HEHHEH3 0 gXlyordadenine HH H CH3 0
2,8-difluoro jadenine H H H|CH3 0 adenine [136 RR R X Base HH H CH3 %&My&ﬁ@{ﬂﬁ@tylj-
guanine H HH. CI-13 S 6-Ojacetyl guanine H H H CH3 S 8-fluoroguanine ‘
triphosphate H B 3 O | Thymine
triphosphate H H CH, O | Cytosine
triphosphate H H CH, O | 4-(N-mono-
' acetyDcytosine
triphosphate H H CH; O | 4-{N,N-
diacetyl)cytosine
triphosphate H H CHa O | Uracil
triphosphate H H CHs 5-Fluorouracil
triphosphate H H CH; S |2,4-0-
Diacetyluracil
triphosphate H H CH; S | Hypoxanthine
triphosphate H H CH; 2,4-0O-
Diacetylthymine
triphosphate H H CHa Thymine
triphosphate H H CH; Cytosine
monophosphate monopho'sphate monophosphate | CFs 2,4-0O-
Diacetyluracil
monophosphate | monophosphate | monophosphate | CFs O | Hypoxanthine
monophosphate | monophosphate | monophosphate | CF3 0 | 24-0-
Diacetylthymine
monophosphate | monophosphate | monophosphate | CF; O | Thymine
monophosphate | monophosphate | monophosphate | CF; O | Cytosine
monophosphate | monophosphate | monophosphate | CH, 0O | 4-(N-mono-
acetyl)cytosine
monophosphate | monophosphate | monophosphate | CF3 O | 4-(N,N-
diacetyDcytosine
monophosphate | monophosphate | monophosphate | CF; O | Uracil
monophosphate | monophosphate | monophosphate | CFs O | 5-Fluorouracil
monophosphate | monophosphate | monophosphate | CFs S |24-0-
Diacetyluracil
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H HH CH3 S guanine H H H CH3 S 6-(N,N-diacetyl)- adenine HH H CH3 S 2-fluoroadenine HH H
CH3 S 8-fluoroadenine H-HH CH3 S 2,8-difluoro adenine HH H CH3 S adenine monophosphate H
H CH3 0 2-(N,N-diacetyl) guanine monophosphate H H CH3 0 6-0-acetyl guanine monophosphate H

H CH3 0 8-fluoroguanine monophosphate H H CH3 0 guanine monophosphate H H CH3 0

6-(N,N-diaCu:_tyI) aclﬁmillc monpphosphate-t+i '3CH3 6-2-fluorpgetemime ”jé’”Uﬁg' sphate#H+HTH3 0
8-fluoroadenine_monophosphate H H CH3 O 2,8-difluoro adénine mor ophosphate H H CH3!0
adenine maroptrpdobeiteid HNGHBIBPHMEN-diaeeribsplreindinonoph&sphEiees4atirs S §-0-acetyl
guanine mo ‘Bﬂjﬁg &%}F‘at'é' i-ingr"' '§p§o -ﬁ%r( Qﬂéﬂbiﬂﬁ)s oD _q%phate FEjH LH3S guanine137wiR
R X Base monophosphate HH H CH3 S 6-(N,N-diacetyl) adenine "monophosphate H H CH3 S
2-fluoroadenine | Diacetylthymine
monophosphate | monophosphate | monophosphate | CF3 S | Thymine
monophosphate | monophosphate | monophosphate | CFs Cytosine
monophosphate | monophosphate | monophosphate | CF3 4~(N-mono-
acetyl)cytosine
monophosphate | monophosphate | monophosphate | CF3 S | 4(NN-
diacetyl)cytosine
monophosphate | monophosphate | monophosphate | CF; S | Uracil
monophosphate | monophosphate | monophosphate | CFa S | 5-Fluorouracil
acetyl acetyl acetyl CFs O | 4-(N,N-
diacety)cytosine
acetyl acetyl acetyl CFs S | 4-(N,N-
diacetyl)cytosine
acetyl acetyl acetyl 2-bromo- | O | 4-(N,N-
vinyl diacetyl)cytosine
acetyl acetyl acetyl 2-bromo- | § | 4-(N,N-
vinyl diacetyl)cytosine
H H H CH; O | 2-(N,N-diacetyl)-
guanine
H H H CH; O | 6-O-acetyl
guanine
H H H CHa O | 8-fluoroguanine
H H H CHs O | guanine
H H H CH; O | 6-(N,N-diacetyl)-
adenine
H H H CH; O | 2-fluoroadenine
H H H CH;s O | 8-fluoroadenine
H H H CHj O | 2,8-difluoro-
adenine
H H H CH; O | adenine
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monophosphate H H CH3 S 8-fluoroadenine monophosphate H H CH3 S 2,8-difluoro adenine
monophosphate H H CH3 S adenine diphosphate H H CH3 0 2-(N,N-diacetyl) guanine diphosphate
H H CH3 0 6-0-acetyl guanine diphosphate H H CH3 0 8-fluoroguanine diphosphate HH CH3 0
guanine dlphosphate H H CH3 0 6- (N N dlacetyl) adenine dlphosphate H H CH3 0 2-fluoroadenine

diphosphate; : 8- 0 nine dipho$phate H
H CH3 0 adenine diphosphate HH CH3 S -(N N-diacetyl) quanine diphosphate H H CH3 S
6-O-acetyl | éﬁaniné dipﬁospﬁate H H CH3 SH- fluoroguanln Tt*l'ﬁphosp]h%te %3 WMasewan ne
diphosphateiH H CH3 S 6-()\,N-diacetyl) adenine diphosphate H H CH3 S guﬁgﬁg)@denlne
diphosphate(H H.CH3 S 8-fluoroadenine- diphosphate H H CH3.S.-2,8-difly RRR X
Base diphosphate H H CH3 Hadenine H CH; 6-O-acetyl
guanine _
H H H CH; §-fluoroguanine
H H H CH; guanine
H H H CH; 6-(N,N-diacetyl)-
. adenine
H H H CH; 2-fluoroadenine
H H H CH; 8-fluoroadenine
H H H CH; 2,8-diftuoro-
adenine
H H H CH; S | adenine
monophosphate | H H CH; O | 2-(N,N-diacetyl)-
guanine
monophosphate | H H CHs O | 6-O-acetyl
guanine
monophosphate | H H CH; O | &-fluorognanine
monophosphate | H H CH; O | guanine ]
monophosphate | H H CH, 10 | 6-(N,N-diacetyl)-
adenine
monophosphate | H H CH; O | 2-finoroadenine
monophosphate | H H CH; O | 8-fluoroadenine
monophosphate | H H CH; - | O |2,8-difluoro-
-adenine
monophosphate | H H CHs O | adenine
monophosphate | H H CH; S | 2-(N,N-diacetyl)-
guanine
monophosphate | H H CH, S | 6-O-acetyl
guanine
monophosphate | H H CH; S | 8-fluoroguanine
monophosphate ; H H CH, guaning
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triphosphate H H CH3 0 2-(N,N-diacetyl) guanine triphosphate H H CH3 0 6-0-acetyl guanine
triphosphate H H CH3 O 8-fluoroguanine triphosphate H H CH3 O guanine triphosphate H H CH3 O
6-(N,N-diacetyl) adenine triphosphate H H CH3 O 2-fluoroadenine triphosphate H H CH3 O
8-fluoroadenine triphosphate H H CH3 0 2,8-difluoro adenine triphosphate H H CH3 0

2-(N,N-diac¢tyl)-"gganing tripiesphate H H Cigd S 6-0-acetyl gtianine ftgphogpate H H CH3 S
8-f|uoroguarhuWinmA hiphasphate H H CH3 Si6-(N,N-diac denine
triphosphate FH%: 3§Qflpgroadenine trighbsphate H H ¢3S 8-fltﬁo$o o%’%@'@?ﬁ?ﬁ@ﬁ"hate HH
CH3 S 2,8-difluoro adenine {triphosphate H H CH3 S adening monophpsphaig=manophosphate
monophosphate-CE3-0-2-(N\N-diacetyl)-guatine—~monophosphate-mont gphate
CF3 0 6-0-acBgRoBRRsRCmdhophosphate m&hophosphate morbphosp v foglianine
monophosphaienapdasihagsphate monophosphate CF3 O guadiee 139 | § | 8-fluoroadenine

monophosphate | H H CHs S | 2,8-difluoro-

' adenine
monophosphate | H H CH; S | adenine
diphosphate H H CH; O | 2-(N,N-diacetyl)-

guanine
diphosphate BH H CH; O | 6-O-aceiyl
| guanine
diphosphate H H CHs O | 8-fluoroguanine
diphosphate H H CH; O ; guanine
diphosphate H H CH; O | 6-(N,N-diacetyl)-
adenine
diphosphate H H CH; O | 2-fluoroadenine
diphosphate H H CH; O | 8-fluoroadenine
diphosphate H H CH; O | 2,8-difluoro-
| adenine
diphosphate H H CH; O ) adenine
diphosphate H H CH; S | 2-(N,N-diacetyl)-
guanine
diphosphate H H CH; S | 6-O-acetyl
| guanine
diphosphate H H CH; S | B-fluoroguanine
diphosphate H H CHs S | guanine
diphosphats H H CHa S | 6-(N,N-diacetyl)-
adenine
diphosphate H H CH; S | 2-fluoroadenine
diphosphate H H CHs S | 8-fluorcadenine
diphosphate H H CH; S i 2,8-difluoro-
adenine
L
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R R R R X Base monophosphate monophosphate monophosphate CF3 0 6-(N,N-diacetyl) adenine
monophosphate monophosphate monophosphate CF3 O 2-fluoroadenine monophosphate
monophosphate monophosphate CF3 0 8-fluoroadenine monophosphate monophosphate
monophosphate CF3 0 2,8-difluoro adenine monophosphate monophosphate monophosphate CF3 0

adenine m@nophggphate mquphosphate qfophosphate CRS S 2-(N,X-di®a#y/l) guanine $
6-0-acetyl m@,n@p%%%?hai& -monophesphate-Cl/3-guanine mecnonhosphat
monophospnda’@lﬂﬁ f)hospl%te CF3 S 8-l Jrci]roguanine manophosphate m %osphate
monophosp guanige monophosplate monophospiiEte morndpholphaie G#atH)-
6-(N,N-diacetyl) adenine m@nophosphate monophosphate mionophosphatg %E - eZ-quoroac enine
monophosphate monophosphate monophosphate CF3 S 8-fluoroadenipne_monophosphate
monophosphaighasphaphospliate CF3 S 2,81d#luoro adenineg @ibnophddphateerstphosphate
monophosphate CF3 S adenine acetyl acetyl acetyl CF3 0 guanine agetyl agetyl acetyl CF3 S
guanine acetyl acetyl acetyl 2-bromo- 0 guanine_vinyl acetyl acetyl acetyl 2-bromo- S guanine vinyl
Alternatively, ttihdeplosang npiHleosides of Forfula X| are prep@Fed, usin§theBaiprmsHassugar and
pyrimidine 'ﬁiﬁﬂ&%ﬁ’ﬂ?eb 11{10 ROBase |3 CH, O | guanine
triphosphate H H CHs O | 6~-(N,N-diacetyl)-
adenine
triphosphate H H CH; 0O | 2-fluoroadenine
triphosphate H H CH; O | 8-fluoroadenine
triphosphate a H CH; O | 2,8-difluoro-
adenine
triphosphate H H CH; O | 2-(N,N-diacetyl)-
' guanine
triphosphate H H CHs S | 6-O-acetyl
guanine
iriphosphate H H CH, S | 8-fluorognanine
triphosphate H H CH; S ' | guanine
triphosphate H H CH; S | 6-(N,N-diacetyl)-
adenine
triphosphate H H CH; 2-flyoroadenine
triphosphate H H CHj S | 8-fluoroadenine
triphosphate H H CHz 2,8-difluoro-
adenine
triphosphate H H CH; S ! adenine
monophosphate | monophosphate | monophosphate | CF; O | 2-(N,N-diacetyl)-
guanine
monophosphate | monophosphate | monophosphate j CFz O | 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CFa O | 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CFs O | guanine
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X~ OR2 R7 (XI) wherein: R1 R R7 R X Base HH H CH3 0 2,4-0-Diacetyluracil HHH CH3 0
Hypoxanthine H H H CH3 0 2,4-0-Diacetylthymine HH H CH3 0 Thymine HH H CH3 0 Cytosine HH
H CH3 0 4-(N-mono- acetyl)cytosine H H H CH3 0 4-(NN-diacetyl)cytosine HHH CH3 0 UraciHH H
CH30 5-Fluorouracil H HH CH3 S 2,4-0-Diacetyluracil HH H CH3 S Hypoxanthine HH H CH3 S

2,4-0-Diacefylthyngde H HHgH3'S Thyminegd H H CH3 S Cgtosine H i HBdd8 S
-(N- - voviosi . vilevtetine H-H 4 -CH3 S
5 Fluorourag PTG BTSSR e noh OO IREEHICHS 0
Hypoxanthine monophosphate HH CH3 0 2 4-0- Dlacetylthy nine 141 R R RddeXikase
monophosp 'ﬁc?lrophospi;ten deéﬁf}'gﬁos;ﬁ;{ ophe oio ﬁbcsﬁhate '(’3%‘30 YO S Fuoroadenine
monophosphate | monophosphate | monophosphate ; Cls O | 8-fluoroadenine
monophosphate | monophosphate { monophosphate | CF» O | 2,8-difluoro-
adenine
monophosphate | monophosphate | monophosphate | CF3 O | adenine
- | monophosphate | monophosphate | monophosphate | CF3 S | 2-(N,N-diacetyl)-
| guanine
monophosphate ﬁ:onophosphate monophosphate | CF3 S 1 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CFs 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CFs guanine '
monophosphate | monophosphate | monophosphate | CFs 6-(N,N-diacetyl)-
adenine
monophosphate | monophosphate | monophosphate | CF; Z—Euoroadenine
monophosphate | monophosphate monophosphate CF; 8-fluoroadenine
monophosphate | monophosphate | monophosphate | CFs S | 2,8-difluoro-
adenine
monophosphate | monophosphate .monophosphate CFs S | adenine
acetyl acetyl acetyl CF, O | guanine
acetyl acetyl acetyl CF; S | guanine
acetyl acetyl acetyl 2-bromo- | O | guanine
vinyl
acetyl acetyl acetyl 2-bromo- | S | guanine
vinyl

Alternatively, the following nucleosides of Formula XI are prepared, using the

appropriate sugar and pyrimidine or purine bases.
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monophosphate H H CH3 0 4-(N-mono acetyl)cytosine monophosphate H H CH3 0
4-(N,N-diacetyl)cytosine monophosphate H H CH3 0 Uracil monophosphate HH CH3 0
5-Fluorouracil monophosphate H H CH3 S 2,4-0-Diacetyluracil monophosphate HH CH3 S
Hypoxanthine monophosphate H H CH3 S 2,4-0-Diacetylthymine monophosphate HH CH3 S
Thymine monophosphate HH CH3 S Cyto§|ne monophosphaie H H CH3 S 4-(N-mono
acetyl)cytosine monophosphate H H CH3 &% ,N-diacetyljcytosine monophosphate H H CH3 S
UraC|I monophosphate H H CH3 S 5 Fluorourau diphospifate H H CH3 0 2,4-0-Diacetylurac

. B 0 2,4-0-Diacetylthymine diphosphate H
_ gSphate H H CH3 0 4-(N-mono
acetyl)cytosine diphosphate HH CH3 0 4-(NN-diag etyl)cy osine diphosphate HH CH3 0 Uracil
diphosphate H H CH3 O 5-Fluorouracil diphosphate H H CH3 S 2,4-0-Diacetyluracil diphosphate H H
CHS3 S Hypoxanthine diphosphate H H CI-13 S 2, z?% Dlaé{etylthym diphosphate H H CH3 S Thymine
142 R R R'R X Base diphosphate H H CH3 S CytqXifje

wherein:
R R R° R X Base
H H H CHa, O 2,4-O-Diacetyluracil
H H H CHj O Hypoxanthine
H H H CH; O 2,4-0-Diacetylthymine
H H H CH; O Thymine
H H H CHas O Cytosine
H H H CHs O 4-(N-mono-
acetyDcytosine
H H H CH; 0 4-(N,N-diacetyl)cytosine
H H H CH; 0 Uracil
H H H CH; QO 5-Fluorouracil
H H H CHa S 2,4-O-Diacetyluracil
H H H CH; S Hypoxanthine
H H H CH; S 2,4-O-Diacetylthymine
H H H CHz S Thymine
H H H CH; S Cytosine
H H H CH; S 4-(N-mono-acetyl)cytosin
H H H CH; S 4-(N,N-diacetyl)cytosine
H H | H CH; S Uracil
H H H CHs S 3-Fluorouracil
CH;
monophosphate | H H CH; 0 2,4-O-Dracetyluracil
monophosphate | H I CH; O Hypoxanthine
monophosphate | H H CH; O 2,4-0O-Diacetylthymine
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triphosphate H H CH3 O 2,4-0-Diacetyluracil triphosphate H H CH, 0 Hypoxanthine triphosphate H H
CH3 0 2,4-0-Diacetylthymine triphosphate H H CH3 0 Thymine triphosphate H H CH3 0 Cytosine
triphosphate H H CH3 0 4-(N-mono acetyl)cytosine triphosphate H H CH3 0 4-(N,N-diacetyl)cytos
triphosphate H H CH3 O UraC|I triphosphate H H CH3 0 5-Fluorouracil triphosphate HH CH3 S

2,4-0-Diace ylurdcw triprosphate HHCH3 $ poxAhthine Trplospligigdd H CH3' S
2,4-0-Diacetylthym_triphosphate H H CH3 S Thymiine triphosphate H H CH3 S Cytosine
monophosphaepbembasspibte Br CF3 0 24-0-Di&Ebtyluraci) onoph¥siRate monophosphate Br
CF3 0 Hypo Q{I&msﬂﬂ@ﬁo gpsphate monaphosphete, Br CF3 B 2,410egetylthymine
monophosphate maonophaosphate Br CE3 0 Thymine monophgsphaté mgnophosphate-Br-CE3 O
Cytosine moPpPRISSEERS méhophosphate BRCF3 6% (N-mof@acely )@ shfs monophosphate
monophosphate Br CF3 O 4-(N,N-diacetyl)cytosing monophosphate rmmﬁpds;msﬁﬁate Br CF3;0 Uracll
monophosphate-monophosphate Br CF3-0-8-Fluerpuract-—meone phe CF3S
2,4-0-Diacelﬂﬂ%‘8?h%%t?ph&phate monoph%spha rCF3 5
monophosp 1&1@18@1@@3&2 410-Diacetylthyfrihe mgraephosphade m Mmhbsphate Br CF3 S Thymine

ata monabnbaocnbhate. Bt CER2 S.0viacidae 142 R R
monophosp lﬁfgnap Osﬂﬁalileor IHAI.\.; A7 MW e J \Jﬁudll %ng NTNT \(5\ /\ ﬁfuoromcﬂ

monophosphate | I H CH, S 2,4-0O-Diacetyhuracil

monophosphate | H H CH; S Hypoxanthine

monophosphate | H H CH; S 2,4-O-Diacetylthymine

monophosphate | H H CHj3 S Thymine

monophosphate | H H CH, S Cytosine

monophosphate | H H |CH; S 4-(N-mono-

acetyl)cytosine

monophosphate | H H CHj S 4-(N,N-diacetyl)cytosine

monophosphate | H H CH, S Uracil

monophosphate | H H CHa S 5-Fluorouracil

diphosphate H H CH;s O 2,4-O-Diacetylurac

diphosphate H H CHjz 0 Hypoxanthine

diphosphate H H |CH; O 2,4-O-Diacetylthymine

diphosphate H H CH; O Thymine

diphosphate H H CH; O Cytosine

diphosphate H H CHa O 4-(N-mono-

acetyDeoytosine

diphosphate H H CH; 0O 4-(N,N-diacetyl)cytosine

diphosphate H H CH3 10 Uracil

diphosphate H H CH, 0 5-Fluorouracil

diphosphate H H CHa S 2,4-O-Diacetyluracil

diphosphate H H CH; S Hypoxanthine

diphosphate H H CH; S 2,4-O-Diacetylthym

diphosphate H H CH; S Thymine
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monophosphate monophosphate Br CF3 S 4-(N-mono acetyl)cytosine monophosphate
monophosphate Br CF3 S 4-(N,N-diacetyl)cytos monophosphate monophosphate Br CF3 S Uracil
monophosphate monophosphate Br CF3 S 5-Fluorouracil acetyl acetyl NO2 CF3 0
. 4-(N,N- dlacetyl)cytosme acetyl acetyl NO2 CF3 S 4- (N N- dlacetyl)cytosme acetyl acetyl NO2 CF3 0

4-(N,N-diacet yl)b sine—acetytacetyl-NO2 -ﬁwnuka A=(NIN= IXL,El |)§¥§(e)sme vinytAfterratiyely, the
following nucleosides of Formula Xl| are prepared,using the appropriate sugar and pyrnnidine or
purine bas_es@h@%?eﬂx‘RﬁS_ CXIl) vyhergiﬁi RI F@ili??ase H @I_—|3 ()Q}f!lﬂﬁi@iacetyluracil HCH30
e mono- R T N cei St dosine. LY o 1 A 5. Eldprouracil
144 R Base| WIOPRBIB® 4-0lBlacetyluracil H BH3 508ypoxanthfe H|ERBOS2tAR Diacetylthyimine

triphosphate H H CH, O 2,4-O-Diacetylthymine

triphosphate H H CH; O Thymine

triphosphate H H CH; 0 Cytosine

triphosphate H H CH; O 4-(N-momno-

acetyl)eytosine

triphosphate H H CHa O 4-(N,N-diacetyl)cytos

triphosphate H H CH; O Uracil

triphosphate H H CH; ) 5-Fluorouracil

triphosphate H H CH; S 2,4-O-Diacetyluracil

triphosphate H H CH; S Hypoxanthine

triphosphate H H CH; S 2,4-0-Diacetylthym

triphosphate H H CHa S Thymine

iriphosphate H H CH; S Cytosine

monophosphate | monophosphate | Br CF; O 2,4-0O-Diacetyluracil

monophosphate | monophosphate | Br CFs O Hypoxanthine

monophosphate | monophosphate | Br CF; O 2,4-O-Diacetylthymine

monophosphate | monophosphate | Br CFs O Thymine

monophosphate | monophosphate | Br CFs O Cytosine

monophosphate | monophosphate Br CFs O 4-(N-mono-

acetyl)cytosine

monophosphate | monophosphate | Br CF3 O | 4-(N,N-diacetyl)cytosine

monophosphate | monophosphate | Br CF; 0O Uracil

monophosphate | monophosphate | Br CF; O 5-Fluorouracil

monophosphate | monophosphate | Br CFs3 S 2,4-0-Diacetyluracil

monophosphate | monophosphate | Br CFs S Hypoxanthine

monophosphate | monophosphate | Br CF, S 2,4-0-Diacetylthymine

monophosphate | monophosphate | Br CFs S Thymine

monophosphate | monophosphate | Br CFs3 S Cytosine
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H CH3 S Thymine H CH3 S Cytosine H CH3 S 4-(N-mono-acetyl)cytosine H CH3 S
4-(NN-diacetyl)cytosine H CH3 S Uracil H CH3 S 5-Fluorouracil monophosphate CH3 0
2,4-0-Diacetyluracil monophosphate CH3 0 Hypoxanthine monophosphate CH3 0
2,4-O-Diacetylthymine monophosphate CH3 0 Thymine monophosphate CH3 0 Cytosine

monophosp

ate Lﬁld U 4- (I
ate CH3 Q Ura

“Rono-acetytcy

fqeine

monophosp
2,4-0-Diace
2,4-0-Diace
monophosp
monophosp

yREsRphasatphaspmepkoebe
ylthymine mond
(N

il manophosph

= acatvNey
MoRo-acetyhe

S
yphosphate CH3

Hfposdnihine marbphdsHiits 8993 s

tnr\inn maohonh 7T 7N

S Thymine mond phosphadetﬁddﬁcﬁlﬁéytosine

m@nopnosﬁgate CHZP 4-(NN-diacetyl)cylosine
1 = cil mone hncnhafe CR S

T TO™O)

hERPeRESSRIEIFa

L IORSIRGS

fat

FaYel
DITTCO L IIUPI Vo alc

'CHB'S 5-Fluordracil

éimp(}%l‘l I‘l |a Ul.yl)b)

tosine

2,4-0-Diacet
diphosphate

CL-130-H

Vi AGHhdHFHRs

hatadpht3thidyp

145 R 11 YX-Rac

aBganthigF; diphos

md M La)

pRate CH&412,4-0- Dlacetylthymine

4(N-mono-a

\lml%

CEOARhaRe

LTI TN L L7\ D

monophosphate

1]~

se—diphasphate-cH3-0Eyt
Br TN CHRY 'S gt

B RRpsPateCh

- 30

acetyl

acetyl

NO2 | CF3

o

4-(N,N-diacetyl)cytosine

acetyl

acetyl

NOZ | CFs

4-(N,N-diacetyl)cytosine

acetyl

acetyl

NO2 | CFs

4-(N,N-diacetyl)cytosine

acetyl

acetyl

vl o] w

NQ2 | 2-bromo-

vinyl

4-(N,N-diacetyl)cytosine

Alternatively, the following nucleosides of Formula XII are prepared, using the

appropriate sugar and pyrimidine or purine bases.

r'o

Base
X
R6
(X1
wherein:
R Rr® X | Base
H CH; 0 2,4-O-Diacetyluracil
H CH; 0 Hypoxanthine
H CHj O 2,4-0O-Diacetylthymine
H CH; O Thymine
H CHs O Cytosine
H CH;s O 4-(N-mono-acetyl)cytosine
H CH; O 4-(N,N-diacetylycytosine
H CH, O Uracil
CH; | 0O 5-Fluorouracil
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diphosphate CH3 0 4-(N,N-diacetyl)cytosine diphosphate CH3 0 Uracil diphosphate CH3 0
5-Fluorouracil diphosphate CH3 S 2,4-0-Diacetyluracil diphosphate CH3 S Hypoxanthine
diphosphate CH3 S 2,4-0-Diacetylthymine diphosphate CH3 S Thy nine diphosphate CH3 S Cytosine
triphosphate CH3 0 2,4-0-Diacetyluracil triphosphate CH3 0 Hypoxanthine triphosphate CH3 0

hate CH3 0 Uracil
hosphate CH3 S

'hymine triphosphate

§F3 0 Hypoxanthine
monophosphate CF3

2,4-O-Diaceftylthynpihe _trlphosmhate CH3O0T 1y(n|n mwosphate CH3 0 Cyto ine triphosphate CH3 0
:1rié)lw10r2p?rrl]§té BH3 0 5-Fluorolfddl triphosphaté CH3 234204%1 FREBER acil trip
Hypoxanthirﬂ?iirlpr):lfc‘)fgra:[i :,B%S 2: ;1 r? ’E)Laces;\xzﬁyﬂ?%%mhﬁﬁphate CH3 S 7]
rionophosphile CF5 0 2.4-0[bieetylhymine | MonoTh AL RIS Tmine |
0 Cytosine pmnophosphate GER3:0 4-(N-monbfacetylbytoiine monophosphate CF30
4-(N,N-diacetybeytosine-146 PCéSBase Rono J§03“E‘."*$t0\s,ﬁq O-Uracit

H | CH, S 4-(N~mono-acety)cytosine

H CH; S 4-(N,N-diacetycytosine

H CH; S Uracil

H CHs S S-Fluorouracil

monophosphate | CHa O 2,4-O-Diacetyluracil

monophosphate | CHa 0 Hypoxanthine

monophosphate | CHa O 2,4—0~Diacetyl1:hymine

monophosphate | CHa 0 Thymine

monophosphate | CHj 0 Cytosine

monophosphate | CHs O 4-(N-monc-acetyl)cytosine

monophosphate | CHj O 4-(N,N-diacetyl)cytosine

monophosphate | CHjy O Uracil

monophosphate | CHj 0 5-Fluorouracil

monophosphate | CH; S 2,4~O-Diacetyluracil

monophosphate | CHj S Hypoxanthine

monophosphate | CH; S 2,4-0O-Diacetylthymine

monophosphate | CHs S Thymine

monophosphate | CHy S Cytosine

monophosphate | CHa S 4-(N-mono-acetyl)cytosine

monophosphate | CHj S 4-(N,N-diacetyl)cytosine

monophosphate | CHs S Uracil

monophosphate | CHj S 5-Fluorouracil

diphosphate CH, O 2,4-O-Diacetyluracil

diphosphate CH, 0 Hypoxanthine

diphosphate CHj O 2,4-O-Diacetylthymine

diphosphate CH; 0] Thymine
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monophosphate CF3 0 5-Fluorouracil monophosphate CF3 S 2,4-0-Diacetyluracil monophosphate
CF3 S Hypoxanthine monophosphate CF3 S 2,4-O-Diacetylthymne monophosphate CF3 S Thymine
monophosphate CF3 S Cytosine monophosphate CF3 S 4-(N-mono-acetyl)cytosine monophosphate
CF3 S 4-(N,N-diacetyl)cytosine monophosphate CF3 S Uracil monophosphate CF3 S 5-Fluorouracil

DN-= dlar‘pf\ll\m/fncme_éug;pﬁivew, the following
%ﬁﬁ?late sugar and pyrimidine or purine

2,4-0-Diacetyluracil

NHAc Me HCH3 HO

"?—ICHBHO

acetyl CF3 2-(N,gIdiacetyTosine acetyl T S AgRLN-adiacetyl)cytosine acdetyl 2-bromo-vinyl 1 O
4-(N,N-diacetyl)cytosine acetyl 2-bromo-viny| 'S 4-(N
nucleosides P%?FHBP&GXVII a@%repared usm8 the
bases. R10 obpRalR6 9 1 BlXVII) whereinpR rR R RRe6-Edtyiitfddindd O
NHAC Me HL.CH3 HO H\/nny,mfhinn NH2 MeH.CH3 H 0 2 4.0-Diacetdthvmine
Thymine 1VHSRIEPEAR R RSEBase R R H|GH3 H &Aoo
4-(N-mono-acgibiieytasine NHagtMe H CH3 HO 4-(NuMdkigliacetyl)cytosine NHAc Me H CH3 H 0
Uracil NH2 Mediphosphate CH; O 5-Fluorouracil
diphosphate CHa S 2,4-0-Diacetyluracil
diphosphate CH, S Hypoxanthine
diphosphate CH; S 2,4-0O-Diacetylthymine
diphosphate CH, S Thymine
diphosphate CH, S Cytosine
triphosphate CH; O 2,4-0-Diacetyluracil
triphosphate CH; O Hypoxanthine
triphosphate CH; 0 2,4-0-Diacetyithymine
{riphosphate CH, 0 Thymine
triphosphate CH; 0 Cytosine
triphosphate CH, O 4-(N-mono-acetylycytosine
triphosphate CH; O 4-(N,N-diacetyl)cytosine
friphosphate CH; 0O Uracil
triphosphate CH; O 5-Fluorouracil
triphosphate CH; S 2,4~O~Diacety1urapil
triphosphate CH; S Hypoxanthine
triphosphate CH, S 2,4-0O-Diacetylthymine
triphosphate CH, S Thymine
triphosphate CH; S Cytosine
monophosphate | CFa 0 2,4-O-Diacetyluracil
monophosphate | CFs O Hypoxanthine
monophosphate | CF; O 2,4-O-Diacetylthymine
monophosphate | CFs; ) Thymine
monophosphate | CF; 0 Cytosine
monophosphate | CF3 O 4-(N-mono-acetyl)cytosine
monophosphate | CF; O 4-(N,N-diacetyl)cytosine
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H CH3 H 0 5-Fluorouracil NH2 Me H CH3 H S 2,4-0-Diacetyluracil NHAc Me HCH3 H S
Hypoxanthine NH2 Me H CH3 H S 2,4-0-Diacetylthymine NHAc Me H CH3 H S Thymine NH2 Me H
CH3 H S Cytosine NH2 Me H CH3 H S 4-(N-mono-acetyl)cytosine NHAc Me HCH3 H S
4-(N,N-diacetyl)cytosine NHAc Me H CH3 H S Uracil NH2 Me H CH3 H S 5-Fluorouracil NH2 Me

monophosphate CI3 H 0 Z2,4-ReDiacetyluracil MHAC Iﬁgsgmonophosphate CH3 H 0 Hypoxanthine NH2
Me monophosphate-CH3 1 H.0Q 2 4-0-Diacetylthymihe-NHAc-Me ite CH3 H 0 Thymine

AAAYD lIIU'IIUrJI IUJHIIQ

NH2 Me moﬁ%ﬁi’l‘?ﬂ%‘ﬁﬁ'@%f@% 0 Cytosine \Pi2 M Ufﬁ‘ahophosphate CH3H O
4-(N-mono-aggiyhshiosag N Me monop ospha&ltmdﬁohkﬁbﬂ (N N -diacetyl)cytosine NHAc Me

monophosphate-CH--H-0-Uraci- NH2-Me—monpphe \,. H3-+H-10-5-FHueregracil NH2 Me
monophosp menenasphie, Al-gfblacetyluram HAG a%‘qlnohag% %ugs iate CH3 H S Hypoxanthine NH2
Me monopmﬁmt@ﬂm@ﬂﬁdﬂ a(}l«“ﬁ -0- Dlacetylt1$mine Hmdkztbmmonophosphate CH3 H S Thymine
NH2 Me m(nl ||u T LU_\/I T I O \/yLUDIITC \\il I2 '[\V T 5

4-(N-mono-a %%ﬁ jE )—FA(? Me monoph c?sphate’%gét)-ﬁgsgy m ﬁ-égcet [)cytosine NHAc Me
monophosp watmﬁpﬂasphswraﬁiﬁ‘NHz Me 148 8 R R ThyrBase R R monophosphate CHs H S

5-Fluorourac¢it-NtH2-Me—diphosphate CH3HG ,4-0-%’ n—se%'gjrdcii NHAT Mediphosphate CH3 H 0
Hypoxanthir é’ﬁﬁf}m?ha% : e

wo

monophosphate | CFs S 4-(N-mono-acetyl)cytosine
monophosphate | CF3 S 4-(N,N-diacetyDcytosine
monophosphate | CF3 S Uracil
monophosphate | CF3 S 5-Fluorouracil
acetyl CF, O 4-(N,N-diacetyl)cytosine
acetyl CF; S 4-(N,N-diacetyl)cytosine

| acetyl 2-bromo-vinyl O 4-(N,N-diacetylcytosine
acetyl 2-bromo-vinyt S 4-(N,N-diacetyl)cytosine

Alternatively, the following nucleosides of Formula XVII are prepared, using the

appropriate sugar and pyrimidine or purine bases.

5 (XVIT)
wherein:
R R® R” X |Base R’ R"
H CHs H O 2,4-0-Diacetyluracil NHAc | Me
H CH3s H O Hypoxanthine NH2 [ Me
H CH;, H O 2,4-O-Diacetylthymine NHAc [ Me
H CHs H O Thymine NH2 | Me
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diphosphate CH3 H O 2,4-O-Diacetylthymine NH2 Me diphosphate CH3 H O Thymine NH2 Me

diphosphate CH3 H 0 Cytosine NH2 Me diphosphate CH3 H 0 4-(N-mono-acetyl)cytosine NHAc Me
diphosphate CH3 H 0 4-(N,N-diacetyl)cytos NHAc Me diphosphate CH3 H 0 Uracil NH2 Me
diphosphate CH3 H 0 5-Fluorouracil NH2 Me diphosphate CH3 H S 2,4-0-Diacetyluracil NH2 Me

diphosphate CH3R'S Hypokafthine NITMe [phosphate CH3 H S 2,4-0- Dlaiqtf}lthymm’é NHAc Me
diphosphate—GH&hLélhymtn@NHz—Me' ﬁpﬁ@%&a‘é e—triphpsphate CH3 H
0 2,4-0-Diag éi]yluracil NHACc I\%htriphoso te H3 H 55’)‘?anthine NHAc Me odphate CH3 H
0 2 0 Diassy Ty e NFFGHe MTsMalc i3 O e s g a0 1O
Acf-{}\(l):sl\llrjgi;\lct%l)cyt23|r?e NHR vltlr~i,plhlos _;1;[; l Ulg I—% L\ﬁ{%ﬁyb\élﬁ: ILH:SEO;LI) r;lg T écl-TO
5-FluorouraCiHNH2 Me trip (Eﬁlglate CH3H S 2@-0- Dl‘afcaimuracn NH2 Me tnphbﬁ;ﬁhaﬁl\@ﬂ HS
2 NH2 Me tFIp%:‘“ c oD a0 A
?K}F/)r%)i(r?gtpllli Me triphosphaté F Oli;; :‘ ;/'[:’)SII’(]I%(;-U NH ﬁlyl%‘%rlr;;g;(;\;gﬁa{:éccz'w I T~ ShS
2,4-0-Diacetyuracil NH2 Me| @dnophosphiate CE3 H &Hy@eﬁmﬂw‘ﬁNHZ [\\/Ipen L}?{E}R' M—‘Bq&e RR
monophosp ; -&:Euabctyi iﬂllllllt: g\iHZ vi_ﬁlﬁé%ﬂﬁﬂﬁgbpnate CF3 hyripe NH2 Me
H CH; H S 2,4-O-Diacetylthymine NHAc | Me
H CH; H S Thy_mine NH2 i Me
H CH; H S Cytosine NH2 | Me
H CH; H S 4-(N-mono-acetyl)cytosine | NHAc | Me
H CH; H S 4-(N,N-diacetyl)cytosine NHAc | Me
H CH3 H S Uracil NH2 |Me
H CH; H S 3-Fluorouracil NH2 | Me
monophosphate | CHs H C 2,4-O-Diacetyluracil NHAc | Me
monophosphate | CHs H 0O Hypoxanthine NH2 [ Me
monophosphate | CHj H O 2,4-0-Diacetylthymine NHAc | Me
monophosphate | CHs H O Thymine NH2 | Me
monophosphate | CHs H O Cytosine NH2 | Me
monophosphate | CHa H O 4-(N-mono-acetylycytosine | NHAC : Me
monophosphate | CHs H O 4-(N,N-diacetyl)cytosine NHAc¢ | Me
monophosphate | CHs H 0O Uracil NH2 | Me
monophosphate | CHs H 0} 5-Fluorouracil NH2 | Me
monophosphate | CHs H S 2,4-O-Diacetyluracil NHAc | Me
monophosphate | CHs H S Hypoxanthine NH2 |Me
monophosphate | CHj H S 2,4-0O-Diacetylthymine NHAc | Me
monophosphate | CHa H S Thymine NH2 |Me
monophosphate | CHj H S Cytosine NH2 |Me
monophosphate | CH; H S 4.(N-mono-acetyl)eytosine | NHAc | Me
monophaosphate | CHj . H S 4-(N,N-diacetyl)cytosine NHAc | Me
L;fonophosphate CH, H S Uracil NH2 |Ms
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monophosphate CF3 H 0 Cytosine NNH2 Me monophosphate CF3 H 0 4-(N-mono-acetyl)cytosine

NH2 Me monophosphate CF3 H 0 4-(N,N-diacetyl)cytosine NH2 Me monophosphate CF3 H 0 Uracil
NH2 Me monophosphate CF3 H 0 5-Fluorouracil NH2 Me monophosphate CF3 H S
2,4-0-Diacetyluracil NH2 Me monophosphate CF3 H S Hypoxanthine NH2 Me monophosphate CF3

H S 2,4-0- _Elacetthymlne ﬁ% Me mdrP'EEodfpnate @aseH S Thymln? NHZKM 2R .onodﬁosphate CF3
CFa 1S 2[R REARAE BTGt NH2 M. marSohoss Bl & Urach NV rieaptiosphats
CF3H S_5-_HiﬁﬁompMH NHZ (e, acetyl (:.E’H’i% !_|\®,4,-(|\ wa@mme !—IHBr M‘_CP*@ HS
+ (NN Sioc LOASARERG B Birmpil Predaton oh e hoaclenic e 4 comfpound
can be prepai:@ﬁcapbaﬂfdlng {CHpublishediproce@ure (R.4ONbircekglinbikinson, XHE. HAMg, ahd E.
Walton, "Brat é %g hh% s ucteosiges: iii.é‘-_C- hiyladenine ™, J.0T1Q. _ IRES, 33,
1789-1795) ). 150 Scheme 9 BzO~IOF jalBz0bcBzOROdOCHIN)/0A OHQAXR =
CH3 NH2 NI-*ﬂBﬂlON@&N N( N €&-OR N 558203 & f BzO@o®1 OH BzO BzO 0BNBB NRUD2 |
NalO4; (b) w‘l((_ﬁ‘ I Eﬁﬁi@"‘ (,)(ﬁfg,l VeQ THZg: (d BRI PG ESIARR | Tk E AsR f)
chloromercuyri-6-benzamidopurine; (g) NH3 / MeOH
diphosphate CH; H 0O 4N, N-diacetyl)cyios NHAc | Me
diphosphate CH; H 0 Uracil NH2 {Me
diphosphate CH; H o) 5-Fluorouracil NH2 | Me
diphosphate | CHs H S 2,4-O-Diacetyluracil NH2 | Me
diphosphate CHs H S Hypoxanthine NH2 |Me
diphosphate CHa H S 2,4-O-Diacetylthymine NHAc | Me
diphosphate CH; H S Thymine NH2 |Me
diphosphate CH; H S Cytosine NH2 | Me
triphosphate CH; H O 2,4-O-Diagetyluracil NHAc | Me
triphosphate CH; H O Hypoxanthine NHAc | Me
triphosphate CH; H ) 2,4-O-Diacetylthymine NHAc | Me
triphosphate CH; H ) Thymine NH2 |Me
triphosphate CH; H o) Cytosine NH2 | Me
triphosphate CH, H 0 4-(N-mono-acetyl)cyiosine | NHAc | Me
triphosphate CH, H 0 4-(N,N-diacetyl)cytosine NH2 |Me
triphosphate CH; H O Uracil NH2 |Me
triphosphate CH; H O | 5-Fluorouracil NH2 [ Me
triphosphate CH; H S 2,4-O-Diacetyluracil NH2 | Me
triphosphate CH; H S Hypoxanthine NH2 | Me
triphosphate CH, H S 2,4-0O-Diacetylthymine NH2 | Me
triphosphate CH; H S Thymine NH2 |Me
triphosphate CH; H S Cytosine NH2 | Me
monophosphate | CF; H O 2 A-O-Diacetyluracil NH2Z | Me
morophosphate | CF; H (0] Hypoxanthine NH2 | Me
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5 In a similar manner, but using the appropriate sugar and pyrimidine or purine bases, the following
nucleosides of Formula Ill are prepared.y X N N N X~ RHO cx, ORZ O~R733 (lll) wherein:RRR
XX2Y HHHHHH HHHHHNH2HHHHHNHcycIopropyI HHHHHNHmethyI HHHHH

11411 0dyclopoud 1041 1 0-aqdh [ PG 1 11 St PO SECE H 11
H S-cycloprpmpindghdsphideH] ©F H H H HICI H B H H H4BD-Bisddtykhyanine
monophosphate | CF; 1H O Thymine NH2 |Me
monophosphate | CF; H O Cytosine NH2 |Me
monophosphate | CF; H O 4-(N-mono-acetyl)cytosine | NH2 | Me
monophosphate | CF; H O 4-(N,N-diacetyl)cytosine NH2 |Me
monophosphate | CFs H. |0 Uracil NH2 |Me
monephosphate | CFs H 0 5-Fluorouracil NH2 | Me
monophosphaie | CF; H S 2,4-O-Diacetyluracil NH2 |Me
monophosphate | CF; H S Hypoxanthine NH2 |Me
monophosphate | CFs H S 2,4-0O-Diacetylthymine NH2 |Me
monophosphate | CF; H S Thymine NH2 |Me
monophosphate | C¥s H S Cytosine NH2 {Me
monophosphate | CF; H S 4-(N-mono-acetyl)cytosine | NH2 | Me
monophosphate | CFz H S 4-(N,N-diacetyl)cytosine NH2 | Me
monophosphate | CF; H S Uracil NH2 | Me
monophosphate | CFs H ) 5-Fluorouracil NH2 | Me
acetyl CH, H |0 | 4-(NN-diacetyloytosine |H | Br
acetyl CH; H S 4-(N,N-diacetylcytosine H Br
acetyl CH, OH |O 4-(N,N-diacetylhcytosine H Br
acetyl CH; OH S 4-(N,N-diacety)cytosine H Br

Example 3: Preparation of 3’-C-methylriboadenine

The title compound can be prepared according to a published procedure (R.F. Nutt,
M.J. Dickinson, F.W. Holly, and E. Walton, “Branched-chain sugar nucleosides. Ifl. 3’-C-
methyladenine », J.Org. Chem. 1968, 33, 1789-1795) (Scheme 9).
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monophosphate H HH H NH2 monophosphate H H H H NH-acetyl monophosphate HHH H
NH-cyclopropyl monophosphate H H -jH NH-methyl monophosphate H H H -:=NH-ethyl
monophosphate HHHH OH monophosphate H H H H O-acetyl monophosphate HHH H OMe
monophosphate H H H H OEt monophosphate H H H H O-cyclopropyl monophosphate HHH H SH
monophosphate H H H H SMe monophosphate Sckemd? SEt monophosphate H H H H S-cyclopropy!
monophosphate H H H HF monophaosphate HH H H CI monophosphate HHH H Br
monophosphate . iphosghgfé) =] Nﬁ@ﬁ%@%%?_?@lmggh H H H NH-acetyl
diphosphate HHHH cfopropyl diph t&®&H H H H NHimethyl diphosphate HH H H
NH-ethyl diphosphate H H OH dipthphate HH O-ace%rl & hosphate H{H H H OMe
diphosphate HH H H OEt diphosphate H H H H'O-cyclopropyl diphosphate HH H H SH

diphosphate H HEH H.SMe
i, -
N SNy NIL\N
< | o ¢ ] A

Y

HO— R - BzO—R ..(i’.fm BzO—R ocH
3
OH OH BzO BzO OBz OBz

(a) RuO, / NalOy; (b) MeMgl / TiCly; (c) HCl/ MeOH / Hy0; (d) BzCl / pyridine; {€) AcBr,
HBr/ AcOH; (f) chloromercuri-6-benzamidopurine; (g) NHz / MeOI.

5 In a similar manner, but using the appropriate sugar and pyrimidine or purine bases,

the following nucleosides of Formula HI are prepared.

b4

N Xy
e
’ -<N ] N//‘LXZ

Rrlo
CH,

- O
orR*  OR?
(1)

wherein:

R R R’ x! X? Y
H H H H H H
H H H H | NH;
H H H H H NH-cyclopropyl
H H H H H NH-methyl
H H H H H NH-ethyl
H H H H H NH-acetyl
H H H H H OH
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diphosphate HH H H SEt diphosphate H H H H S-cyclopropyl diphosphate HHH H F diphosphate
HHHH CI diphosphate HH H H Br diphosphate HH H H | triphosphate HHH H NH2 triphosphate
H H H H NH-acetyl triphosphate H H H H NH-cyclopropy! triphosphate H H H H NH-methyl
triphosphate H H H H NH-ethy! triphosphate HH H H OH _triphosphate H H H H OMe triphosphate H

H H H OEt {rigtlosphate H H|BtH O-cyclopropyllstriphosphate H¥ H ﬁgacet_ Xtriphosphate HH H H
SH triphosphateHHHH-She—triphosphate HHH-SEttriphgsphategt +H HgzCyciopropyl 153 R
R X XY triphosphate H H H triphosphate H 14 H H CI_triphosphate H H H H Br_triphosphate H
H H H I mon&hosphate monBbhosphate mon&phosphate H H NH2 m&hophd<$pBate monophgsphate
monophosphgge 1 NH-Tyciggropyt monophpgphate monoptipgphate qalonopn@_gpa;%fap@ OF
monophosphate monophosphate monophosphate H H F mongphosphate monophosphate
monophosphde H H CI diphpBphate diphosph&te diphosphatel H H NHiZT O-acetyl

H H H H H SH

H H H H H SMe

H H H H H SEt

H H H H H S-cyclopropyl

H H H H H F

H H H H H C1

H H H H H Br

H H H H H 1

monophosphate | H H H | H NH,

monophosphate | H H H H NH-acetyl

monophosphate | H H H H NH-cyclopropyl

monophosphate | H H H H NH-methyl

monophosphate | H H H H NH-ethyl

monophosphate | H H H H OH

monophosphate | H H H |H O-acetyl

monophosphate ; H H H H OMe

monophosphate | H H H H OEt

monophosphate | H H H H O-cyclopropyl

monophosphate | I H H H SH

monophosphate | H H H H SMe

monophosphate | H H H H SEt

monophosphate | H H H H S-cyclopropyl

monophosphate | H H H H F

monophosphate | H H H H Cl

monophosphate | H H H H Br

monophosphate | H H H H 1

diphosphate H H H H NHz
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diphosphate diphosphate diphosphate H H NH-cyclopropyl diphosphate diphosphate diphosphate H H

OH diphosphate diphosphate diphosphate H H F diphosphate diphosphate diphosphate H H ClI
triphosphate triphosphate triphosphate H H NH2 triphosphate triphosphate triphosphate H H
NH-cyclopropyl triphosphate triphosphate triphosphate H H OH triphosphate triphosphate

H NH2 H NI

triphosphatg BRH F triphosphaé triphosphate] ®phosphate H HX! H H¥fFHNH2 HHH F H
A TRTREE =N W (TR TR TN RN =R N = PN RN =N R = B RN RIS N TR NN PR

N cyctopQPRRCCI 1 OF £ £ 6 Lt £ FLEL ol H < L 11 By B N2 SR B 1

NH-cycloprdpliphbsghieR X X ¥ HHHBrHQB HH H BrH F| HH H B H CI | N dschp@psINH2 H H
ldfiﬁﬁi)%gh%@} ~H ”}'f: NH2H-OHH ﬁ H-NH HH N H-C W—xﬂeﬁ’ﬁ'l” NH
diphosphate H H H H NH-ethyl
diphosphate H H H H OH
diphosphate H H H H O-acetyl
diphosphate H H TH H OMe
diphosphate H H H H OFEt
diphosphate H H H H O-cyclopropyl
diphosphate H H H H SH
diphosphate H H H H SMe
diphosphate H H H H SEt
diphosphate H ‘H H H S-cyclopropyl
diphosphate H H H H F
diphosphate H H H H Cl
diphosphate H H H H Br
diphosphate H H H H I
triphosphate H H H H NH:
triphosphate H H H H NH-acetyl
triphosphate H H H H NH-cyclopropyl
triphosphate H H H H NH-methyl
triphosphate H H H H NH-ethyl
triphosphate H H H H OH
triphosphate H H H H OMe
triphosphate H H H H OEt
triphosphate H H H H O-cyclopropyl
triphosphate H H H H O-acetyl
tlliphosphate H H H H SH
triphosphate H H H H SMe
triphosphate H H H H SEt
triphosphate H H H H S-cyclopropyl
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HHH SH H NH-cyclopropyl HHHSHHOHHHHSHHF HHHSHHCI acetylHH HH NH2
acetyl H H H H NH-cyclopropyl acetyf HHHH OH acetyfHHHHF acetyt HHHHICI| acetyfHHF
H NH2 acetyl HH F H NH-cyclopropyl acetyl HHFH OH acetytHHFHF acetyt HHFHCI H
acetyl acetyl H H NH2 H acetyl acetyl H H NH-cyclopropyl H acetyl acetyl H H OH H acetyl acetyl H H

F H acetyl acrlylH H CI_acgtgFacetyl acetyl R NH2 acetyl Aty a:}l:éiﬁ/l H HIH-cyclopropy
monophosy IR SR acery B 1 N2 monihosphate acety] Beety LFL Ni{dpelapropyl
monophosphaighasgiyteacetyl H H OH monoprﬁ)sphate acetyl petyl H H F mbfbphosphate ad
acetyl HH Citn%:?fgé‘ﬁﬁgfg“tc a:ﬁ‘yi acetytHt I"q"ﬁz H 5 B
triphosphate H H H H I
monophosphate | monophosphate | monophosphate | H H NH;
monophosphate | monophosphate | monophosphate | H H NH-cyclopropyl
monophosphate | monophosphate | monophosphate | H H OH
monophosphate | monophosphate | monophosphate | H H F
monophosphate | monophosphate monophosphate H H Cl
diphosphate diphosphate diphosphate H H NH;
diphosphate diphosphate diphosphate H H NH-cyclopropyl
diphosphate diphosphate diphosphate H H OH
diphosphate diphosphate diphosphate H H F
diphosphate diphosphate diphosphate H H Cl
triphosphate triphosphate {riphosphate H H NH,
triphosphate triphosphate triphosphate H H NH-cyclopropyl
triphosphate triphosphate triphosphate H H OH
triphosphate triphosphate triphosphate H H F
triphosphate triphosphate triphosphate H H Cl
H H H F H NH:
H H H F H NH-cyclopropyl
H H H F H OH
H H H F H F
H H H T H Cl
H H H Cl H NH;
H H H Ci H NH-cyclopropyl
H H H C1 H OH
H H H Cl H F
H o H < |H |C
H H H Br H NH,
H H H Br H NH-cyclopropyl

154



diphosphate acetyl acetyl H H NH-cyclopropyl diphosphate acetyl acetyl H H OH diphosphate acetyl
acetyl H H F diphosphate acetyl acetyl H H Cl triphosphate acetyl acetyl H H NH2 triphosphate

acetyl acetyl H H NH-cyclopropyl triphosphate acetyl acetyl H H OH triphosphate acetyl acetyl H H F
triphosphate acetyl acetyyHHCIHHHH NH2H HHHHNH2 NH2 HH H H NH2 NH-cyclopropyl H

H H H NH2 Nigsmethy H H Hg N2 NA-ethyigd H H H NHZ NiacetyixH H i NH2 OH H HH H
NH2 OMe HHHHNH2 OFt HH H.H NH2.Q-cyclopropyl H H H H NH2 Q-agetyl-H-H-H-HNH2 SH
HHHHNHHBSMe HHHH|NH2 SEt 156 R FHR XI;( lej-| H H BNH2 éicycloa%yl HHHHNH2F
HHHHN ' HHHHNHZBr HHHHNH2 I monophosphmte H HiH NHPENH2 monophasphate
A H HNH2 filacey H H Br | H |C

H H H NH. |H NH,

H H H NH, 1H NH-cyclopropyl

H H H NH, |H OH

H H H NH,; |H F

H H H NH, |H Cl

H H H SH H NH,

H H H SH H NH-cyclopropyl

H H H SH H OH

H H H SH H F

H H H SH H Cl

acetyl H H H H NH>

acetyl H H H H NH-cyclopropyl

acetyl H H H H OH

acetyl H H H H F

acetyl H H H H Cl

acetyl H H F H NH;

| acetyl H H F H NH-cyclopropyl

acetyl H H iy H i OH

acetyl H H F H F

acetyl H H F H Cl

H acetyl acetyl H H NH;

H acetyl acetyl H H NH-cyclopropyl

H acetyl acetyl H H OH

H acetyl acetyl H H F

H acetyl acetyl H H Cl

acetyl acetyl acety] H H NHa

acetyl acetyl acetyl H H NH-cyclopropyl

acetyl acetyl acetyl H H 0H
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monophosphate H H H NH2 NH-cyclopropyl monophosphate H H H NH2 NH-methyl monophosphate
H H H NH2 NH-ethyl monophosphate H H H NH2 OH monophosphate H H H NH2 O-acetyl
monophosphate H H H NH2 OMe monophosphate H H H NH2 OEt monophosphate H H H NH2

O-cyclopropyl monophosphate H H H NH2 SH monophosphate H H H NH2 SMe monophosphate H

H H NH2 SEtghonophosphat@H HH NH2 S{cgélopropyl mor@;[hosp hate H HWA NH2 F
monophosp Qa-te—H—H—H—-NH;Ql—WOQ@QW}SBb@ H H-H-NH2 Br moenophesphate-H-H-H-NH2
diphosphate FFEPH NH2 NH2 aﬂﬁf)ﬂosphate HIHSSH2 NH- -ace tgl dlpf phate‘la H H NH2 :
NH-cycIoprcmdetgiiphosphate Hclsh,lﬂ NH2 NH-mHayll dlphosph H HENHZ2 INBH-ethyl diphosphate
Ciphosphate FREHRHOBE tibhbsphate H KEPNHE O, cytiopiopyl BhoSDIAIET: L H NED §H-
diphosphate khdndghispRaEMe adqajrlosphate HiHdetNH2 SEt dipHosphatd H H HNYH2®pyagivbropy

monophosphate | acetyl acetyl H H OH

monophosphate | acetyl acetyl H H F

monophosphate | acetyl acetyl H H CI

diphosphate acetyl acetyl H H NH;

diphosphate acetyl acetyl H H NH-cyclopropyl

diphosphate acetyl acetyl H H OH

diphosphate acetyl acetyl H H . |F

diphosphate acetyl acetyl H H Cl

triphosphate acetyl acety! B H NiH;

triphosphate acetyl acetyl H H NH-cyclopropyl

triphosphate acetyl acetyl H H CH

triphosphate acetyl acetyl H H F

triphosphate acetyl acetyl H H Cl

H H H NH, |H

H H H H NH; |NH;

H H H H NH; | NH-cyclopropyl

H H H H NH; NH-methyl

H H H H NH; | NH-ethyl

H H H H NH; | NH-acetyl

H H H H NH, [OH

H H H H NHy |[OMe

H H H H NH; | OEt

H H H H NH, | O-cyclopropyl

H H H H NH; | O-acetyl

H H H H NH; |SH

H H H H NH, | SMe

H H H H NH, |SEt
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diphosphate H H H NH2 F diphosphate H H H NH2 CI diphosphate HH H NH2 Br diphosphate H H
H NH2 | triphosphate HH H NH2 NH2 triphosphate H H H NH2 NH-acetyl triphosphate H H H NH2
NH-cyclopropy! triphosphate H H H NH2 NH-methyl triphosphate H H H NH2 NH-ethyl triphosphate
H H H NH2 OH triphosphate H H H NH2 OMe triphosphate H H H NH2 OEt triphosphate H H H NH2

O-cyclopro yiREFiphosphate ¥ H NH2 O-acéiyP triphosphate[xH H N2 SH yiphosphate H -| H
i el i o e L oo
monophosphgte monophosphgte monophospfigte H NH2 NH2 ¥honophaiph te«“monophosph e
monophosphate-H-NH2 NH-¢ycloprepyl-menophosphate-monpphosphate-menaphesphate HNH2 OH
158 RR R X & y monophosphate monophosphiate monophosphate H F r%nophosphate
monophospl TonopHospl T2 CT ifosphale dpnsfhate fBgerfme HNFENKD
ﬂllagog&hatb diphosphate-aipRgsphate-H-NHZHiH-cyciopropytHhosphgte o

monophosphate | H H H NH, |NH;

monophosphate | H H H NH; | NH-acetyl

monophoéphate H H H NH,; NH-cyclopropyl

monophosphate | H H H NH; | NH-methyl

monophosphate | H H H NH, | NH-ethyl

monophosphate (H H H NH, ;OH

monophosphate | H H H NH; | O-acetyl

monophosphate | H H H NH; |OMe

monophosphate | H H H | NH, | OEt

monophosphate | H H H NH, | O-cyclopropyl

monophosphate | H H H NH; |SH

monophosphate | H H H NH, |SMe

monophosphate | H H H NH; | SEt

monophosphate | H H H NH, | S-cyclopropyl

monophosphate | H H . H NH, F

monophosphate | H H H NH; Cl

monophosphate | H H H NH; |Br

monophosphate | H H H NH, 1

diphosphate H H H NH; . | NH,

diphosphate H H q NH; | NH-acetyl

diphosphate H H H NH, | NH-cyclopropyl

diphosphate H H H NH, | NH-methyl

diphosphate H H H NH, | NH-ethyl

diphosphate H H H NH, | OH

diphosphate H H H NH, | O-acetyl

diphosphate H H H NH; | OMe
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diphosphate diphosphate diphosphate H NH2 F diphosphate diphosphate diphosphate H NH2 CI

triphosphate triphosphate triphosphate H NH2 NH2 triphosphate triphosphate triphosphate H NH2
NH-cyclopropyl triphosphate triphosphate triphosphate H NH2 OH triphosphate triphosphate
triphosphate H NH2 F triphosphate triphosphate triphosphate H NH2 Cl HHHF NH2 NH2ZHHH F

NH2 NH-cydlogfopyl HH H F¢fH2 OH H H HHRNH2 F H H HIFNH2 CixH H HYCI NH2 NH2 H|H H ClI
NH2 NH-cyC““"‘g;" H-H-H-CENH2-6H-H-H-H-CHNH2-FH-HH-CHNHZCH-H-H-H - Br-NithNH2-H H H
Br NH2 NH- yclfop pyF HH r NH2 OH H Br NH2 F H{H'H Br 2Cl Ig H NH2 NH2 NH2
H H H NH2 Néighhdabeteclopragyl H H H NH2 NH2 OH H H H NH2 NHZ NHL59 FORRIdbpyH I-‘i H
NH2 NH2 CI Ei};'f';oig';l)gai’?é NH2NHZ2HHH-SH ?'IﬁZ NH= byuupuuﬁ' H-HH “;ri NHZ-OH

diphosphate H H H NH, | SMe

diphosphate H H H NH, | SEt

diphosphate H H H NH, | S-cyclopropyl

diphosphate H H 21 NH, |F

diphosphate H H H NH, (d

diphosphate H H H NH; Br

diphosphate H H H NH; I

triphosphate H H H NH; NH;

triphosphate H H H NH; | NH-acetyl

triphosphate H H H NH, | NH-cyclopropyl

triphosphate H H H NH, | NH-methyl

triphosphate H H H NH, | NH-ethyl

triphosphate H H H NH, |OH

triphosphate H H H NH> OMe

friphosphate H H H NH; OFEt

friphosphate H H H NH; O-cyclopropyl

friphosphate H H H NH; | O-acetyl

triphosphate H H H NH- SH

{riphosphate H H H NH; | SMe

triphosphate H H H NH; | SEt

triphosphate H H H NH, S-cyclopropyl

triphosphate H H H NH, |F

triphosphate H H H NH, |Cl

triphosphate H H H NH, | Br

triphosphate H H H NH; I

monophosphate | monophosphate | monophosphate | H NH; -|NHz

monophosphate | monophosphaie | monophosphate | H NH:; j NH-cyclopropyl

monophosphate | monophosphate | monophosphate | H NH; OH
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HHHSHNH2F HHHSHNH2CI| acetyl HHH NH2 NH2 acetyl H H H NH2 NH-cyclopropyl acetyl
H HH NH2 OH acetyl H H H -NH-2- F acetyl H H H NH2 - |-acetyl H H F NH2 NH2 acetyl H H F NH2
NH-cyclopropyl acetyl HH F NH2 OH acetyl HH F NH2 F acetyl HH F NH2 CI H acetyl acetyl H

NH2 -14R2 H acetyl acetyl H NH2 NH-cyclopropyl H acetyl acetyl H NH2 6H H acetyl acetyl H NH2 F

H acetyl acgtykH NH2 CI actB& aceEyI acetlyl I—RRIIHZ NH2 acetyKéf:ety é?etyl HYWNH2 NH-cyclopropy!
?nccfr?(l)lpi%?ghlgt%n %(fi’)f édc%tyl ﬁ%ﬁ%ﬁ@%ﬁ? Jr%pl ‘%?%ﬁ%%%ﬁ%{'aﬁ ;@CNETZ NH-cyclopropyl
monophosphakesnagissyblatety] HasRGphamonopiresbhsteetenfiacety| MNHZ F monophosphhte
A Y Y W e

diphosphate diphosphate diphosphate H N, | NH-cyclopropyl

diphosphate diphosphate diphosphate H NH; |OH

diphosphate diphosphate diphosphate H NH, {F

diphosphate diphosphate diphosphate H NH, Cl

triphosphate triphosphate friphosphate H NH; | NH;

triphosphate triphosphate triphosphate H NH, | NH-cyclopropyl

triphosphate triphosphate friphosphate H NH, |OH

triphosphate triphosphate triphosphate H NH, |F

triphosphate triphosphate triphosphate H NH, |

H H H .. F NH; | NH |

H H H F NH; | NH-cyclopropyl

H H H F NH, |OH

H H H F NH; |{F

H H H F NHz

H H H Cl NH; | NH;

H H H Cl NH; | NH-cyclopropyl

H H H Ci NH; |OH

H H H Cl NH; |F

H H H Cl NH; |Cl

H H H Br NH; |NH;

H H H Br NH; | NH-cyclopropyl

H H H Br NH, |OH

H H H Br NH, |F

H H H Br Nif, (I

H H H NH, | NH; |NH

H H H NH; |NH; | NH-cyclopropyl

H H H NH; |[NH; |OH

H H H NH, [NH; {F
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diphosphate acetyl acetyl H NH2 F diphosphate acetyl acetyl H NH2 CI triphosphate acetyl acetyl H
NH2 NH2 triphosphate acetyl acetyl H NH2 NH-cyclopropyl triphosphate acetyl acetyl H NH2 OH
triphosphate acetyl acetyl H NH2 F triphosphate acetyl acetyl HNH2Cl HHHHCIH HHHHCIH

HHHHCINH2HHHH C1 NH-cyclopropyl HH H H ClI NH-methyl HH HH CI NH-ethyl HHHH
Cl NH-acetyl ®FH H H Cl OH R*H H H Cl OMEREI H H H Cl OB H H F°Cl O1&clopropyl I-m HHCI
O-acetyl H HHH-EHSHHHHH-CEFSMe+HH-EHH-FESEtHFHHCHS topggpytTmomnophogphate
HHHCI NHl}Z"!'[ monophospha% H H H CI NH4aCetyl monophosphate HH H C NH-cyclopropyl
monophosph&te H H H CI NHHnethyl monoph&sphate H H H CBNH-etAYH161RIHR R X X y
monophosphgte HHH€+-OftmonophosphategHH-CHO-acei NH, | NH-cyclopropyl
H H H SH NH, ;0H
H H. H SH NH, |F
H H H SH NH, |Cl
acetyl H H H NH; | NH;
acetyl H B H NH; | NH-cyclopropyl
acetyl H H H NH, QOH
acetyl H H H NH; ¥
acetyl H H H | NHz Cl1
acetyl H H F NH, |NH;
acetyl H H F NH, | NH-cyclopropyl
acetyl H H F NH, [OH
acetyl H H F NH, F
acetyl H H F NH, Cl
H acetyl acetyl H NH, | NH:
H | acetyl acetyl H | NH,; | NH-cyclopropyl
H acetyl acetyl H NH; OCH
H acetyl acetyl H NH, |F
H acetyl acetyl H NH, |C
acetyl acetyl acety! H NH. | NH:
acetyl acetyl acetyl H NH, | NH-cyclopropyl
acetyl acetyl acetyl H NH; OH
acetyl acetyl acetyl H NH; |F
acetyl acetyl acetyl H NH, |l
monophosphate | acetyl acetyl H NH; |NH-
monophosphate | acetyl acetyl H NH; | NH-cyclopropyl
monophosphate | acetyl acetyl H NH, :0H
monophosphate | acetyl acetyl H NH, |F
monophosphate | acetyl acetyl H NH; |Cl
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monophosphate H H H C| OMe monophosphate H H H C| OEt monophosphate H H H ClI
O-cyclopropyl monophosphate HH H CI SH monophosphate HH H Cl SMe monophosphate H H H
Cl SEt monophosphate H H H CI S-cyclopropy! diphosphate H H H CI NH2 diphosphate HH H Cl

NH-acetyl . diphosphate H H H Cl NH-cyclopropyl diphosphate H H H CI NH-methyl diphosphate H H

H CI NH-ethyfr#iphosphate Fi&FH chl OH dip wgéphate HHH c,xlg-ei exg%l didrMsphau? H H H|CI OMe
S:BES:SEZEEMM@@W ‘Swe (ibhphate H HIFERLE ciohosplate B CIIS Jeoptopyl
triphosphatg H{ﬂﬂdsbﬁHtNHZ ﬂrqﬂaqépha}ts HH I-d.c@inH acetyl 1rﬁlihosth£ézH l-l@@ﬁlﬁbmpﬂate HH
O trphoLABERHEE 1 O P60 1. | MISCY iphbsoale L1 H Loy lapyl. tiphaophate
H H CI O-acefyphosphate acetyl acetyl H NH, |F

diphosphate acetyl acetyl H NH; |Cl

triphosphate acetyl acetyl T H NH, |NH

triphosphate acetyl acetyl H NH, | NH-cyclopropyl

triphosphate acetyl acetyl H N, OH

triphosphate acetyl acetyl H NH, |F

triphosphate acetyl acetyl H NH, |Cl

H H H H Cl H

H H H H Cl H

H H H H Cl NH;

H H H H Cl NH-cyclopropyl

H H i1 H Cl NH-methyl

H H H H Cl NH-ethyl

H H H H Cl NH-acetyl

H H H H Cl OH

H I—I H H Cl OMe

H H H H Cl OFEt

H H H H Cl O-cyclopropyl

H H H H Ci O-acetyl

H H H H Cl SH

H H H H Cl SMe

H H H H Cl SEt

H H H H Ci S-cyclopropyl

monophosphate | H H H Cl NH,

monophosphate | H H H Cl NH-acetyl

monophosphate | H H H Ci NH-~cyclopropyl

monophosphate | H H H C1 NH-methyl

monophosphate | H H H  Cl NH-ethyl
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triphosphate H H H CI SH triphosphate H H H CI SMe triphosphate H H H CI SEt triphosphate HH H
Cl S-cyclopropyl monophosphate monophosphate monophosphate H CI NH2 monophosphate
monophosphate monophosphate H ClI NH-cyclopropyl monophosphate monophosphate
monophosphate H CI OH diphosphate diphosphate diphosphate H CI NH2 diphosphate diphosphate

diphosphate HRCJ NH;cycIop'cll{fyI diphoipha}lelﬁiphosphate dipkbsphat&*H CliOH triphosphate
i atrinboacnhata Ol N trinhacnihata teialhacnlhanta +enala laa o - A 1
tiphosphatd DD EBERAS ripbsphate 1 OI OB £ H H E CI N H ERE Gl N Mycloprop T4 H F
CIOH H H ihiopRkgiH C| C NF-oycdony H T H CIIC O HOTH of Ot HHHBrel
N 4114 51 CIRPOREPUTEL (] b -eyclopropld 1 +1 1 St O OF acetyt 1| SRz 162 B11R R X
XY acetyl H Hddoghddphatyclopfopyl H ' H Cl OEt
monophosphate | H H H Cl O-cyclopropyl
monophosphate | H H H Cl |SH
monophosphate | H H H Cl SMe
monophosphate | H H H Ci SEt
monophosphate | H H H Cl S-cyclopropyl
diphosphate H H H Cl NH>
diphosphate H H H Cl NH-acetyl
diphosphate H H H Cl NH-cyclopropyl
diphosphate H H H Cl NH-methyl
diphosphate H H H Cl NH-ethyl
diphosphate H H H Cl OH
diphosphate H H Bk Cl O-acetyl
diphosphate H H H Ci OMe
diphosphate H H H Cl OFEt
diphosphate H H H Cl O-cyclopropyl
diphosphate H H H C1 SH
diphosphate H H H C1 SMe
diphosphate H H H Cl SEt
diphosphate H H H Cl S-cyclopropyl
triphosphate H H H Cl NH,
triphosphate H H H Ci NH-acetyl
triphosphate H H H 1 CL NH-cyclopropyl
 triphosphate H H H Cl NH-methyl
triphosphate H H H Cl NH-ethyl
triphosphate H H H Cl OH
triphosphate H H H Cl OMe
triphosphate H H H Cl | OEt
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acetyl HHH CI OH acetyl HH F CI NH2 acetyl HH F Cl NH-cyclopropyl acetylHH F CIOH H
acetyl acetyl H CI NH2 H acetyl acetyl H Cl| NH-cyclopropyl H acetyl acetyl H Cl OH acetyl acetyl
acetyl H CI NH2 acetyl acetyl acetyl H Cl NH-cyclopropyl acetyl acetyl acetyl H CI OH
monophosphate acetyl acetyl H CI NH2 monophosphate acetyl acetyl H Cl NH-cyclopropy!

monophosphaR% acetyl acety HZCI OH dlpho [R?ate acetyl acet)?(’H Cl I\PETZI di Jh'osphate acetyl acetyl
{phosphate BLLLAAE! 1 (T o phosphate ackiut aceby b ol LB T B R ik H
HHHCI NI--Y}:%}IHWI H _'H-I H C.l OH .H H [H'_H Br NI_H2H HHHj B’rS&lH-pyu@ﬁF@m}I HH HiH Br
;ﬁ)ﬁpﬁﬁg@%ﬂzﬁg !gZIeYOS)I(C:‘SISN {I_IN-U\l(l)nuléé(_)Vl arergreparegUSing dg appropriate|sugar

triphosphate H H H Cl SMe

triphosphate H H H Cl SEt

triphosphate H H H Cl S-cyclopropyl

monophosphate | monophosphate | monophosphate | H Cl NH;

monophosphate | monophosphate | monophosphate | H Cl NH-cyclopropyl

monophosphate | monophosphate | monophosphate ;| H Cl OH

diphosphate diphosphate diphosphate H Cl NH;

diphosphate diphosphate diphosphate H Cl NH-cyclopropyl

diphosphate diphosphate diphosphate H Cl OH

triphosphate triphosphate triphosphate H Cl NH;

triphosphate triphosphate riphosphate H Cl NH-cyclopropyl

triphosphate triphosphate triphosphate H Cl OH

H H TH F i INE,

H H H F C1 NH-cyclopropyl

H H H F Cl OH

H H H Cl Cl NH;

H H H Cl Cl NH-cyclopropyl

H H H Cl Cl OH

H H H Br Cl NH;

H H H Br Cl NH-cyclopropyl

H H H Br Cl OH

H H H NH, |C1 NI,

H H H NH, |Cl NH-cyclopropyl

H H H NH, |Cl OH

H H H SH Cl NI,

H H H SH Ci NH-cyclopropyl

H H H SH Cl OH

acetyl H H H Cl NH;
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OR2 OR3 (VI) wherein:RRRX'Y HHHHH HHHHNH2HHH H NH-cyclopropyl HHHH
NH-methyl HH H H NH-ethyl HHH H NH-acetyy HHHHOHHHHHOMe HHHHOEtHHHH
O-cyclopropyl HHHH O-acetyl HHHHSHHHHHSMe HHHH SEtH H H H S-cyclopropyl
monophosphate H H H NH2 monophosphate H H H NH-acetyl monophosphate HH H '-NH

eye-lopropyfgonoptosphategHHNH=methysmonoptosphage H H RN H-E[Ry] monophosphate H
H H OH manophosphate H H H Q-acetyl 165|R R R X Y monpphasphate H HH OMe
monophosphatet ¥ H H OEt nibnophosphate HH H O-cyclopré ﬁ/l ma rfebhosphEreglepiarsh
acetyl H H H Cl OH
acetyl H H 13 Cl NH;
acetyl H H F Cl NH-cyclopropyl
acetyl H H F Cl OH
H acetyl acetyl H Cl NH,
H acetyl acetyl H Ci NH-cyclopropyl
H l acetyl acetyl H Cl OH
acetyl acetyl acetyl H Cl NH;
acetyl acetyl acetyl H Cl NH-cyclopropyl
acetyl ‘ acetyl acetyl B Cl OH
monophosphate | acetyl acetyl H i NH;
monophosphate | acetyl acetyl H Cl NH-cyclopropyl
monophosphate | acety] acetyl H Cl OH
diphosphate acetyl acetyl H Cl NH;
diphosphate acetyl acetyl H Ci NH-cyclopropyl
diphosphate acetyl acetyl H Cl OH
triphosphate acetyl acetyl H Ci NH;
triphosphate acetyl acetyl H Cl NH-cyclopropyl
triphosphate acetyl acetyl H Cl OH
H H H H Cl NH;
H H H H Cl NH-cyclopropyl
H H H H Cl OH
H H H H Br NH>
H H H H Br NH-cyclopropyl
H H H H Br OH

Alternatively, the following nucleosides of Formula VI are prepared, using the

appropriate sugar and pyrimidine or purine bases.
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monophosphate H H H SMe monophosphate H H H SEt monophosphate H H H S-cyclopropyl
diphosphate H H H NH2 diphosphate H H H NH-acetyl diphosphate H H H NH-cyclopropy!
diphosphate H H H NH-methyl diphosphate H H H NH-ethyl diphosphate H HH OH diphosphate H H
H O-acetyl diphosphate HH H OMe diphosphate HH H OEt diphosphate H H H O-cyclopropyl
diphosphate 1H H H SH diphosphate H H H SMe diphasphate H H H SEt diphosphate HH H
S-cyclopropyl triphosphate HH H NH2 triphosphate H H H NH-acetyl triphosphate H H H
NH-cyclopropy! triphosphate H H H NH-methyl triph pﬁa H H H NTH-ethyl triphosphate HH H
OH triphosphate H H H OMe triphosphate H H H OEt_triplagsphate H H H O-cyclopropy! triphosphate

HHH O-acetyl 166 RR2 R XrY triphosph}%e HHHSH tripRosphate HH H SMe triphosphate H H
H SEt CH,

-0
or*  OR®
(VD
wherein:
R' R R’ X' Y
H H H H H
H H H H NH;
H H H H NH-cyclopropyl
H H H H NH-methyl
H H H H NH-ethyl
H H H H NH-acetyl
H H H H OH
H H H H OMe
H H H H OEt
H H H H O-cyclopropyl
H H H H O-acetyl
H H H H SH
H H H H SMe
H e H H SEt
H H H H S-cyclopropyl
monophosphate | H H H NH2
monophosphate | H H H NH-acetyl
monophosphate | H H H NH-cyclopropyl
monophosphate | H H H NH-methyl
monophosphate | H H H NH-ethyl
monophosphate | H H H OH
monophosphate | H H H O-acetyl
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triphosphate H H H S-cyclopropyl monophosphate monophosphate monophosphate H NH2
monophosphate monophosphate monophosphate H NH-cyclopropyl monophosphate monophosphate
monophosphate H OH diphosphate diphosphate diphosphate H NH2 diphosphate diphosphate
li-phosphate H NH-cyclopropyl diphosphate diphosphate diphosphate H OH triphosphate

pyl

{-cyclopropyl HHHFOHHH

H-cyclopropyl HH H Br

SH
1 HH OH 167

triphosphatertgpphosptrate i ﬁ-z triphosphatg gphosphate trpRgsphatey H NH-Cyclopr

triphosphate triphosphate trighosphate HOHHHH F NH2 H H H E NH

H Cl NH2 H jHinapiepljielopFbpyl H HH CIiGH H H H Br NH2EH H H

OHHH H NH2 ﬁ'ﬂ)ﬁ spﬁhtiéi N2 NH-cyclopropy HH HNAZ QR H HS#H NHZHHH

NH-cyclopropyl H'H H SH OH acetyl H H H NH2 acetyl H H H NH-cyglopropyl

RR XY acemiorrphpsphidz adétyl H H F NH-¢y&lopropyl H O-cyclopropyl
monophosphate H H SH
monophosphate | H H H SMe
monophosphate | H H H SEt
monophosphate | H H H S-cyclopropyl
diphosphate H H H NH,
diphosphate H H H NH-acetyl
diphosphate H H H NH-cyclopropyl
diphosphate H H H NH-methyl
diphosphate H H H NH-ethy!
diphosphate H H H OH
diphosphate H H H O-acetyl
diphosphate H H H OMe
diphosphate H H H OEt
diphosphate H H H O-cyclopropyl
diphosphate H H H SH
diphosphate H H TH "SMe
diphosphate H H H SEt
diphosphate H 51 H S-cyclopropyl
{riphosphate H H H NHz
triphosphate H H H NH-acetyl
triphosphate H H H NH-cyclopropyl
triphosphate H H H NH-methyl
tophospbate | H H H NH-cthyl
triphosphate H H H OH
triphosphate H H H OMe
triphosphate H H H OEt
triphosphate H g H O-cyclopropyl
triphosphate H H H O-acetyl
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acetyl HH F OH H acetyl acetyl H NH2 H acetyl acetyl H NH-cyclopropyl H acetyl acetyl H OH

acetyl acetyl acetyl H NH2 acetyl acetyl acetyl H NH-cyclopropyl acetyl acetyl acetyl H OH
monophosphate acetyl acetyl H NH2 monophosphate acetyl acetyl H NH-cyclopropyl monophosphate
acetyl acetyl H OH diphosphate acetyl acetyl H NH2 diphosphate acetyl acetyl H NH-cyclopropyl

diphosphated arétyl acetyl H QR? trlphosphate atbtyl acetyl H NFR2 trlphﬁsphate acetyl acetyl H
NH-cycloprapyttriphpsphate-aeetyt-acetyl-H-QH-Alternatively-the-follewiggnucteosidesiof Formula XM
are prepared, @p':}‘? appropriate sugar and pyrimidine or purine bases. R'0 Base Rb ,X ORZ OR3
5 (XM) whergiiphbsatik X Bage H H H CH3 OFR,4-0- Diacetyluldcil H HM«CH3 0 Hypoxanthine 168
R'RRR X h%{ﬁlic;slpiﬁ'la‘chl €H %2,4-0- Diawt)ﬂi‘ﬁyuuiuc I SEL

triphosphate H H H S-cyclopropyl

monophosphate | monophosphate | monophosphate | H NH;

monophosphate | monophosphate | monophosphate | I NH-cyclopropyl

monophosphate | monophosphate | monophosphate | H OH

diphosphate diphosphate diphosphate H NH;

diphosphate diphosphate diphosphate H NH-cyclopropyl

diphosphate diphosphate diphosphate H OH

triphosphate triphosphate triphosphate H NH»

triphosphate triphosphate triphosphate H NH-cyclopropyl

triphosphate triphosphate triphosphate H OH

H H Lx | F NH»

H H H F NH-cyclopropyl

H H H F OH

H H H ‘CI NH,

H H H Cl NH-cyclopropyl

H H H Cl OH

H H H Br NH,

H H H Br NH-cyclopropyl

H H H Br OH

H H H NHy | NH:

H H H NH, | NH-cyclopropyl

H H H NH; |OH

H H . H SH NH,

H H H SH NH-cyclopropyl

H H H SH OH

acetyl H H H NH»

acetyl H H H NH-cyclopropyl

acetyl H H H OH
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HHH CH3 0 Thymine HH H CH3 0 Cytosine HH H CH3 0 4-(N-mono acetyl)cytosine HH H CH3 0
4-(N,N- diacetyl)cytosine H HH CH3 0 Uracil H H H CH3 0 5-Fluorouracil HH H CH3 S 2,4-0-
Diacetyluraci H H H 1CH3 S Hypoxanthine HH H CH3 S 2,4-0- Diacetylthymine HHH CH3 S
Thymine H HH CH3 S Cytosine HH H CH3 S 4-(N-mono acetyl)cytosine HH H CH3 S 4-(N,N-

diacetyl)cytgsiget+HH-CH3SsracitHHH Cri@ S-5=Ftuorourpgi morgphosphate HH CH3 0 2,4-0-
Diacetyluracil monophosphatg H H CH3 0 Hypoxanthine _monoephosphate H H CH3 0 2/4-0-
Diacetylthym #sassbphosphaté i H CH3 0 Thyriine monophosphate H; Wi&H3 0 Cytosine
monophosp'lﬁg%tiﬁ HCH30 -L(i\i-mono acetyljgytosine 169 R R R A RB%Eyclopropyl

acetyl H H F OH

H ' acetyl acetyl H NH,

B acetyl acetyl H NH-cyclopropyl

H acetyl acetyl H OH

acetyl acetyl acetyl H NH;

acetyl acetyl acetyl H NH-cyclopropyl

acetyl acetyl acetyl H OH

monophosphate | acetyl acetyl H NH>

monophosphate | acetyl acetyl H NH-cyclopropyl

monophosphate | acetyl acetyl H OH

diphosphate acetyl acetyl H NHz

diphosphate acetyl acetyl H NH-cyclopropyl

diphosphate acetyl acetyl H OH

triphosphate acetyl acetyl H NH;

triphosphate acetyl acetyl H NH-cyclopropyl

triphosphate acetyl acetyl H OH

- Alternatively, the following nucleosides of Formula XIII are prepared, using the
appropriate sugar and pyrimidine or purine bases.

rR'O

Base
R‘S/X
or? or?
5 (XIII)
wherein: _
R! R* R’ R® X | Base
H H H CH; 0 | 2,4-0-
Diacetyluracil
H H H CH; O | Hypoxanthine
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monophosphate H H CH3 0 4-(N,N diacetyl)cytosine monophosphate H H CH3 0 Uracil
monophosphate H H CH3 0 5-Fluorouracil monophosphate HH CH3 S 2,4-0- Diacetyluracil
monophosphate H H CH3 S Hypoxanthine monophosphate H H CH3 S 2,4-0- Diacetylthym

monophosphate H H CH3 S Tlrymine monophosphate H H CH3 S Cytosine monophosphate HH

CH3 S 4-(N-rm

oo

nono-agetyheyte-gne—monophesphate H-H-EHI S A= (NIN= ck:u, cytosine
monophosphate HH CH3 S Jﬁacn monophosphate H H CH3 S'5- Fluorbura?%élphosphate H
0 2,4-0 Diacetflluracil diphospHate H H CH3 DHHypoxanthine |dijflhosphat® H B48t3 0 2,4-0
Diacetylthymjne diphosphate H H CH3 0 Thymine diphosphate H H CI—.3 0 pg @ﬁ“th?@ﬂ%sf)
H CH3 0 4-(N-mono acetyl)cyto sine_diphosghate H H CH3 0i4-(N,N- diacetyl)cytosine diphos
H CH3 0 UralH diphosphate [HiH CH3 0 5-Fly&fouracil diphobfHate H H @H3Byin® Diacety
H H H CH; O | Cytosine
H H H CH; O | 4-(N-mono-
acetyljcytosine
H H H CH; O | 4-(N,N-
diacetyl)cytosine
H H H CHs O | Uracil
H H H CH; O ] 5-Fluorouracil
H H H CH; S |24-0-
Diacetyluraci
H H H CH; S | Hypoxanthine
H H H CH; S 12,4-0-
Diacetylthymine
H H H CH; S | Thymine
H H H CH; Cytosine
H H H CH; 4-(N-mono-
acetylcytosine
H H H CHs S | 4-(NN-
diacetyllcytosine
H H H CH; S | Uracil
H H H CHa S | 5-Fluorouracil
monophosphate | H H CHj; G |2,4-0-
Diacetyluracil
monophosphate | H H CHs O | Hypoxanthine
monophosphate | H H CH; 0 |24-0-
Diacetylthym
monophosphate | H H CHj3 O | Thymine
monophosphate | H H CH; O | Cytosine
monophosphate | H H CH, O i 4-(N-mono-
acetyl)cytosine
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170 RR R R X Base diphosphate H H CH3 S Hypoxanthine diphosphate HH CH3 S 2,4-0
Diacetylthym diphosphate HH CH3 S Thymine diphosphate H H CH3 S Cytosine triphosphate H H
CH3 0 2,4-0 Diacetyluracil triphosphate H H CH3 0 Hypoxanthine triphosphate H H CH3 0 2,4-0
Diacetylthymine triphosphate H H CH3 0 Thymine triphosphate H H CH3 0 Cytosine triphosphate H

H CH3 0 4-¢{N- mog@ acetyl)eygdsine triphosplgate H H CH3 Orf(N,N- digcaty@isytosine triphdsphate H
:HEFG“F%” tF,pk:Ecn ata 2.4-0-Diaca i
'lt-rllpi:;)lgpohgtre TBREe. f’i’gaﬁy hexanthine triphosphate H H CH §g{;2+4 Cl)_l ;ﬁbalc\:{/@%n\é L:[er‘)Jr‘l‘czlgkrl?i;! H
H CH3 S Thymine triphosphate HHCH3S C&oﬂry—:-ﬂ TBPiJhOSph?.teLTombmm sine X
Fyporant e RSHHS ;%':;;’;;ﬁz‘;;, Efe monoohoss s Cra b0 A DBt
monophosphate H CH; O | 5-Fluorouracil
monophosphate | H H CH, S |24-0-

Diacetyluracil
monophosphate | H H CH, S | Hypoxanthine
monophosphate | H H CHj S | 2,4-0-

Diacetylthym
monophosphate | I H CHs S | Thymine
monophosphate | H H CHs S | Cytosine
monophosphate | H H CH; S | 4-(N-mono-

acetyl)cytosine
monophosphate | H H CH; S | 4-(N,N-

diacetylcytosine
monophosphate | H H CH; S | Uracil
monophosphate | H H CH; S | 5-Fluorouracil
diphosphate H H CH; 0O |24-0-

Diacetyluracil
diphosphate H H CH; O | Hypoxanthine
diphosphate H H CH, O 1240

Diacetylthymine
diphosphate H H CHs, O | Thymine
diphosphate H H CH, O | Cytosine
diphosphate H H CH; O | 4-(N-mono-

acetyl)cytosine
diphosphate H H CH; O [ 4-(NN-

diacetyl)cytosine
diphosphate H H CHs O | Uracil
diphosphate . | H H CH; O | 5-Fluorouracil -
diphosphate H H CH; S |240-

Diacetyiuracil
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monophosphate monophosphate monophosphate CF3 0 Thymine monophosphate monophosphate
monophosphate CF3 0 Cytosine 171 R R R R -X-TI-Base monophosphate monophosphate
monophosphate CF3 0 4-(N-mono acetyl)cytosine monophosphate monophosphate monophosphate
CF3 0 4-(N,N- dlacetyl)cytosme monophosphate monophosphate monophosphate CF3 0 Uracil

monophosphate TTRITOphosHHgte monophospgate CF3 0 5-F[ggrouraci snopgpliosphate
monophosphate monophosphate CE3 S 2,4-0 Diacetyluracil imonophosphate monophosphate
monophosphéieheBa Hypokhnthine monopHosphate monoﬂ%’sphat( %orﬁﬁ?ﬂi‘éﬁﬂ%‘?@ CF3S2,4-0
Diacetylthyn i&ﬁhggﬁmphosr Hpte monophospigate monophosgiaie CF3 S Thyimme monophpsphate
monophosphate monophosphate CF3 S Cytpsine monophosphate monophosphate onophosphate
CF3 S 4-(N-mono acetyl)cytosine monophosphate monophosphate mgnop 19§E)°ﬁ’ E 4-(N,N-
diacetyl)cytasignspemiaphospipate monophosphate monophospite CF3S Urﬂgdnm@nophosp hate
monophosphate-monophasy oreuract—acebilacetyl-acepy "':3 -4 (N N
diacetyl)cytd s‘fﬁ%’oé?:}é“’tﬁﬂ ace )ﬁ{acetyl CF3 S4*N,N diacetyl)()ggélne a:éiyl aé’t ?yfnacetyl 2-bnomo- 0
4-(N,N vinyl (digesyplatosine Hacetyl acetyl alchtyl 2-bromo- S ¢HIN,N vhrgl dioe®Hcytosine H H H
CH3 0 2-(N,N-diacetyl)- Diacetyluracil

triphosphate H H CH; O | Hypoxanthine

triphosphate H H CH, 0 | 2,4-0-

Diacetylthymine
triphosphate H H CH; O | Thymine
triphosphate H H CH; O | Cytosine

| triphosphate H H CH; O | 4~(N-mono-
acetyl)cytosine
triphosphate H H CHs O | 4-(NN-

_ diacetyl)cytosine
triphosphate H H CH; O | Uracil
triphosphate H H CHa O ' 5-Fluorouracil
triphosphate H H CHs S |24-0-

Diacetyluracil
triphosphate H H CHs; S | Hypoxanthine
triphosphate H H CH; 2,4-0-

Diacetylthymine
triphosphate H H CH; S | Thymine
triphosphate H H CHs S | Cytosine
monophosphate | monophosphate | monophosphate | CF; 0 |24-0-

Diacetyluracil
monophosphate | monophosphate | monophosphate | CFs O | Hypoxanthine
monophosphate | monophosphate | monophosphate | CFs 0 |24-0-

Diacetylthymine
monophosphate | monophosphate | monophosphate | CF; O | Thymine
monophosphate | monophosphate | monophosphate | CF3 QO | Cytosine
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guanine H H H CH3 0 6-0-acetyl guanine HH H CH3 0 8-fluoroguanine 172 R RR R X Base HH 1H
CH3 O guanine H H H CH3 0 6-(N,N-diacetyl)- adenine HH H CH3 0 2-fluoroadenine HH H CH3 0

8-fluoroadenine H HH CH3 0 2,8-difluoro adenine HH H CH3 0 adenine HHH CH3 S
2-(N,N-diacetyl)- guanine HH H CH3 S 6-0-acetyl guanine HH H CH3 S 8-fluoroguanine HH H

CH3 S guanine HRI‘H CH3 SR6 (N N ‘diacet IR3adenine H H R°CH3 S PXlupBsadenine H H H CH3 S
- Re MCOad S 2 9 _Aiflhinen aldanina A adamin
0 2 (N AT UVEAE. HOFBRIBSHTine PRS0 AcEt gubCne HOvGpHGephate 1 H CH
O 8-fluoroglianine acetyl)cytosine
monophosphate | monophosphate | monophosphate | CF3 G | 4-(NN-
diacetyl)cytosine
monophosphate | monophosphate | monophosphate | CF3 O | Uracil
monophosphate | monophosphate | monophosphate | CFs O | 5-Fluorouracil
monophosphate | monophosphate | monophosphate | CF3 S |24-0-
Diacetyluracil
monophosphate | monophosphate | monophosphate | CF3 S | Hypoxanthine
monophosphate | monophosphate | monophosphate | CFs S |2,4-0-
Diacetylthymine
monophosphate | monophosphate | monophosphate | CFs S | Thymine
monophosphate | monophosphate | monophosphate | CF3 Cytosine
monophosphate | monophosphate | monophosphate | CF3 4-(N-mono-
acetyheytosine
monophosphate | monophosphate | monophosphate | CF3 S | 4-(N,N-
diacetyheytosine
monophosphate | monophosphate | monophosphate | CF3 Uracil
monophosphate | monophosphate | monophosphate | CF3 5-Fluorouracil
acetyl acetyl acetyl CF; 4-(N,N-
diacetyl)cytosine
acetyl acetyl acetyl CF S | 4-(N,N-
diacetyl)cytosine
acetyl - acetyl acetyl 2-bromo- | O | 4-(N,N-
vinyl diacetyl)cytosine
acetyl acetyl acetyl 2-bromo- | § | 4{N,N-
vinyl diacetyl)oytosine
H H H CH, O | 2-(N,N-diacetyl)-
guanine
H H H CHs Q | 6-O-acetyl
guanine
H H H CHs O | 8-fluoroguanine

172



monophosphate H H CH3 0 guanine monophosphate H H CH3 0 6-(N,N-diacetyl) adenine
monophosphate H H CH3 0 2-fluoroadenine monophosphate H H CH3 0 8-fluoroadenine 173 R R R
R X Base monophosphate H H CH3 O 2,8-difluoro adenine monophosphate H H CH3 0 adenine
monophosphate H H CH3 S 2 -(N,N- dlacetyl) guanine monophosphate H H CH3 S 6-0-acetyl guanine

monophosphate-tCH3-S1§; 1D 0 Oosphate H
H CH3 S 6-(N.N-diacetyl) adenine_monophasphate HH CH3 S 2-fluor adehine monophasphate H H
CH3 S 8-flupidadenine morjdphosphate H HEEH3 S 2,8-difldrEadeniné meieHHésphate HH CH3 S
adenine dipfygsphate H H G 0 2-(N,N-diacgty!) guanine dighgsphate & H N Ratate Y
guanine diphosphate H H CH3 0 8-fluorogugnine diphosphate H H CHB 0 guanine diphosphate H H
CH3 0 6-(N,N-diacetyl) adenine diphosphaté H H CH3 0 2-fllioroadenine | 2denine
H H H CH: O | 2-fluoroadenine
H H H CHs O | 8-fluoroadenine
H H H CH; O | 2,8-difluoro-
| adenine
H H H CH;s O | adenine
H H H CH; S | 2-(N,N-diacetyl)-
guanine
H H H CH; S | 6-O-acetyl
guanine
l_H H H CH; 8-fluoroguanine
H H H CH; guanine
H H H CH, 6-{N,N-diacetyl)-
adenine
H j2i H CH; S | 2-fluoroadenine
H H H CH; 8-fluoroadenine
H H H CH; 2,8-difluoro-
adenine
H H H CH; S | adenine
monophosphate | H j& CH; 0O | 2-(N,N-diacetyl)-
guanine
monophosphate | H H CHs O | 6-O-acetyl
guanine
monophosphate | H H CHj O | 8-flucroguanine
‘monophosphate | H H CH; O | guanine
monophosphate | H H CHs O | 6-(N,N-diacetyl)-
adenine
monophosphate | H H CHs O | 2-finoroadenine
monophosphate | H H CHs O | 8-fluoroadenine
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diphosphate H H CH3 0 8-fluoroadenine diphosphate HH CH3 0 2,8-difluoro adenine diphosphate H
H CH3 0 adenine diphosphate H H CH3 S 2-(N,N-diacetyl) guanine 174 R R R X Base diphosphate
H H CH3 S 6-0-acetyl guanine diphosphate H H CH3 S 8-fluoroguanine diphosphate H IH CH3 S
guanine diphosphate H H CH3 S 6-(N,N-diacetyl) adenine diphosphate H H CH3 S 2-fluoroadenine

phesphate H

diphosphate[ T H GHI3™S 8-fliggpadenine” diphgsphate H HL(EJE?S Z,8-difgiorggagdenine diphosphate H
H CH3 S adenine triphosphate H H CHs 0 2:(N N-diacetyl) guanine tribhosphate . H-H-CH3-0-
6-0-acetyl glﬁﬁﬁ?@]%éﬁﬂ%@phﬁe HHCH308 uoroguanlinle tﬁrﬁiﬁospha@ I—PFP?C‘ﬁl%“@I uanine
tr@phosphate H H CH3 0 6-(N ,N-diaceltyl) aqlenine triphosphate H H CHB 0 Z-Maﬁ@qdenine
}-rll@l?lzpohgf\i% CH30Q %g!gmoaden:ne b hﬁsphate-H—H-GHgi%—Z—&d#Be cag(edn'jcge“c tripho
monophosphate | H H CH; S | 2-(N,N-diacetyl)-
guanine
monophosphate | H H CH; S | 6-O-acetyl
guanine
monophosphate | H H CH; S | 8-fluoroguanine
monophosphate | H H CHs guanine
monophosphate | H H CH; 6-(N,N-diacetyl)-
adenine
monophosphate | H H CHs 2-flucroadenine
monophosphate | H H CH; 8-fluoroadenine
monophosphate | H H CH; 2,8-difluoro-
adenine
monophosphate | H H CH; S | adenine
diphosphate H H CHs 2-(N,N-diacetyl)-
guanine
diphosphate H H CHs . 0O | 6-O-acetyl
guanine
diphosphate H H CHa O | B-fluoroguanine
diphosphate H H CHs O | guanine
diphosphate H H CHs QO | 6-(N,N-diacetyl)
' adenine
diphosphate H H CHz O | 2-fluoroadenine
diphosphate H H CHas O | 8-finoroadenine
diphosphate H H CHs O | 2,8-difluoro-
adenine
diphosphate H H CH; adenine
diphosphate H H CHs S i 2-(N,N-diacetyl)-
guanine
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guanine triphosphate H H CH3 S 6-0-acetyl guanine triphosphate H H CH3 S 8-fluoroguanine
triphosphate H H CH3 S guanine triphosphate H H CH3 S 6-(N,N-diacetyl) adenine triphosphate H H
CH3 S 2-fluoroadenine 175 R R R R X Base triphosphate H H CHs S 8-fluoroadenine triphosphate H
H CH3 S 2,8-difluoro adenine triphosphate H H CH3 S adenine monophosphate monophosphate

monophosp
CF3 O 6-0-5
monophosp
monophosp
CF3 0 2-flu
monophosp
monophosp
CF3 S 2-(N
guanine mo

nate CEB O 2-(N, R4diacetyl) gua Rt monophospldte monokhodpsate monopho spha_te
F—gHane-RroRephesphate-MARoPNROSPSR W%aifﬁ?ﬁ-?—ﬂm juanine
e %tﬁhosp ate monophosate CF3 0 guanine monp hcs% é%geﬁxonophoz;phate
hate CF3 O 6-(ht,N-diacetyl) adgnine - monophosphate monoph )gphra't@ monophosphate
s hoatiite monophospibte CFa 0 2.8 aort albnihe Roaae
ndiphphaphosphdte CF3 0 adenifie monophosplﬁ&ie mon 3§hc$mateemonophosphate
’Wlﬁ MOTNOPHTOSPHFE MONopHOSHt g TOTTORIT S@-iaﬁfﬁ-‘dﬁéeﬁd)acetyl
nophosphate magnophosphate monophosphate CF3 § 8-flugrogyianine
adenine
diphosphate H H CH; S | 2-fluorcadenme
diphosphate H H CH; 8-fluoroadenine
diphosphate H H CHs 2,8-diftuoro-
adenine
diphosphate H H CHs S | adenine
triphosphate H H CHs O | 24(N,N-diacetyl)-
glanine
triphosphate H H CH; O | 6-O-acetyl
guanine
triphosphate H H CHs O | 8-fluorognanine
triphosphate H H CH; O | guanine
triphosphate H H CHa O | 6-(N,N-diacetyl)-
adenine
triphosphate H H CH, O | 2-fluoroadenine
triphosphate H H CH. O | 8-fluoroadenine
triphosphate H H CHs O | 2,8-difluoro-
adenine
triphosphate H H CH; 0O | 2-(N,N-diacetyl)-
guanine
triphosphate H H CHs S | 6-O-acetyl
guanine
triphosphate H H CH; S | 8-fluoroguanine
triphosphate H H CHa guanine
triphosphate H H CHz S | 6-(N,N-diacetyl)-
adenine
triphosphate H H CH;s S | 2-fluoroadenine -
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monophosphate monophosphate monophosphate CF3 S guanine monophosphate monophosphate
monophosphate CF3 S 6-(N,N-diacetyl) adenine monophosphate monophosphate monophosphate
CF3 S 2-fluoroadenine monophosphate monophosphate monophosphate CF3 S 8-fluoroadenine
monophosphate monophosphate monophosphate CF3 S 2,8-difluoro adenine monophosphate

monophosp

| 1
hate CF3-Sad

176

ophosh acetytacelygecetyl GRg Oglianine acetyr acetyl
acetyl CF3 jiS quanine 176jrR R R R =Base_acetyl acetyl gcetyl 2-broamo- 0 guanine vinylacetyl
acetyl acety] @ipjrosploat® guardine vinyl AlterhBively, the follqiHg nucleSsides XIV are
prepared, ust 'd EppTop te sugar ard Qygridie or pur ases. |0 |Baggiferk OR25 (X1V)
wherein: R R § énase H HJ 3 0 2,4-0-Digcetyluracil H H CH3 O Hypoxanthine H H CH3 %
2,4-0-Diacetylthymine H H CH3 0 Thymine H H CH3 0 Cytosine H H CH3 (padenine
~ 4-(N-mono-¢ ‘ﬁ%‘ﬂg%%!ne it CH3 U 4-(NIgliacetyl)cytosine H, S | adenine
monophosphate | monophosphate | monophosphate | CFa O | 2-(N,N-diacetyl)-
guanine
monophosphate | monophosphate ; monophosphate | CF3 O | 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CF; O | 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CFs O | guanine
monophosphate | monophosphate | monophosphate | CFs Q | 6-(N,N-diacetyl)-
adenine
monophosphate | monophosphate | monophosphate | CFs O | 2-fluoroadenine
monophosphate | monophosphate | monophosphate | CF; O | 8-fluoroadenine
monophosphate | monophosphate | monophosphate | CFs O | 2,8-difluoro-
adenine
monophosphate | monophosphate | monophosphate | CF3 adenine
monophosphate | monophosphate | monophosphate | CF; S | 2-(N,N-diacetyl)-
guanine
monophosphate | monophosphate | monophosphate | CFs S | 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CFs 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CFs guanine
monophosphate | monophosphate | monophosphate | CF3 6-(N,N-diacetyl)-

_ adenine
monophosphate | monophosphate | monophosphate | CF3 2-fluoroadenine
monophosphate | monophosphate | monophosphate | CFs 8-fluoroadenine
monophosphate | monophosphate | monophosphate | CF3 2,8-difluoro-

adenine
monophosphate | monophosphate monophosphate | CF3 S | adenine
acetyl acetyl acetyl CF, guanine
acetyl acetyl acetyl CF; S | goanine



H H CH3 0 Uracil H H CH3 0 5-Fluorouracil HH CH3 S 2,4-0-Diacetyluracil HH CH3 S Hypoxanthine
H H CH3 S 2,4-0-Diacetylthymine H H CH3 S Thymine H H CH3 S Cytosine HH CH3 S
4-(N-mono-acetyl)cytosin 177 R R R X Base H H CH3 S 4-(N,N-diaeetyl)cytosine HH CH3 S Uracil
HHCH3S5 Elllﬁl"?lll"ﬂf‘ll I ﬁnnnnhnsphate gl—lg O 2,—4—0 DIHAG{YIUW CH O
Hypoxanthnhe mc}ﬁophosphalfe H CH3 O 2,4°0-Diacetylthyn Kr: onophosph CH3 O Thymine
onophosphatgdthICH3 O Cytasitel m monophesphate H CH3 Tbdefidd-mdhof oetybeytosine
monophosphate H CH3 O 4-(N,N-diacetyl)cytos monophosy H CH3 O} Uracil monophosphate H
CH3 0 5-Flyorouracil_monophosphate H CH3 S 2,4-O-Diacetylu a monaphosphate H CH3 S
HypoxanthinecetybnophosphadestflCH3 S 2,4-@dDihcetylthym mnmﬂﬂc sphag#igH3 S Thymine
monophosphate H CH3 S Cytosine monophosphate H CH3 s,ﬂsﬁN-mc no-dcetyl)cytosine

monophosphate H CH3 S 44(N.N-diacetyl)cytosine monophosphate HICH3 S Uracil monophbsphate
H CH3 S 5-Fluorouracil

Alternatively, the following nucleosides of Formula XIV are prepared, using the

appropriate sugar and pyrimidine or purine bases.

rR'O Base
RG/ X
OR*
5 (XIV)
wherein:
R R’ R X Base
H H CH; 0 2,4-O-Diacetyluracil
H H CH; O Hypoxanthine
H H CH; O | 2,4-O-Diacetylthymine
H B ICH, O | Thymine
H H CH; O Cytosine
H H CH; 0 4~(N-mono-acetyljcytosine
H H CH, O 4-(N,N-diacetyl)cytosine
H H CH; 0 Uracil
H H CHjs O 5-Fluorouracil
H H CH; S 2,4-O-Diacetyluracil
H H CH; S Hypoxanthine
H H CH; S 2,4-O-Diacetylthymine
H H CH; S Thymine
H H CH; S Cytosine
H H CHj; S 4-(N-mono-acetyl)cytosin
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diphosphate H CH3 O 2,4-0-Diacetyluracil diphosphate H CH3 O Hypoxanthine diphosphate H CH3
O 2,4-0-Diacetylthymine diphosphate H CH3 O Thymine diphosphate H -CH-3- O Cytosine
diphosphate H CH3 O 4-(N-mono-acetyl)cytosine diphosphate H CH3 O 4-(N,N-diacetyl)cytosine
diphosphate H CH3 O Uracil diphosphate H CH3 O 5-Fluorouracil diphosphate H CH3 S

2,4-0-Diace 1R2R6"X"Base digaosphatey CHgx&lypoxanthine “diphosphate H CH3 S
2,4-O-Diacetylthymine diphosphate H CH2IS Thymine diphpsph triphosphate
H CH3 0 2,418-DiacetyluradiFtriphosphate H€H#43 0 HyBoxar tﬁ1%ﬂrﬁﬁ?ﬁ?§ﬂﬂ%;§§%H3 0
2,4-0-Diacetythymine triphpgphate H CH3 ming &iphd spﬁa{p H CH3 0 Cytosme triphosphate H
CH3 0 4-(Nimona-acetyl)cytasine _triphospHate H CH3 0 4-(NN-diacetyheytosine—triphosphate H CH3
0 Uracll trlpHHsphate H CH B5- Fluorouracn C(ﬁ@hosp 1§te H él’—%“gr 113 E)leacetyluracn triphosphate
H CH3 S HypxpliBfatipngsphate H CH3 &x&,4-0-Diacety ttamnﬂnmamqmjmsq:dhhte H CH3 S Thymine
triphosphate H CH3 S Cytosine monophosphate-men aghos; teo%é_n L 4=0-Diacetyidracil
monophospHEfRBABBAGspRate CF3 0 Hyg thing P

monophosphate | H CHj O 2,4-O-Diacetylthym

monophosphate | H CHs 0 Thyimine

monophosphate | H CH; O Cytosine

monophosphate | H CHs O 4-(N-mono-acetyl)cytosine

monophosphate | H CH; O 4-(N,N-diacetyl)cytos

monophosphate | H CHs O Uracil

monophosphate | Il CH; O 5-Fluorouracil

monophosphate | H CHj S 2,4-O-Diacetyluracil

monophosphate | H CH; S Hypoxanthine

monophosphate | H CHs S 2,4-0-Diacetylthym

monophosphate | H CH; S Thymine

monophosphate | H CH; S Cytosine

monophosphate | H CH; S 4-(N-mono-acetyl)cytosine

monophosphate | H CH; S 4-(N,N-diacetyl)cytosine

monophosphate | H CH; S Uracil

monophosphate | H CHa S 5-Fluorouracil

diphosphate H CH; O 2,4-O-Diacetyluracil -

diphosphate H CHs O Hypoxanthine

diphosphate H CHs O 2,4-O-Diacetylthymine

diphosphate H CH; O Thymine

diphosphate H CH, O Cytosine |

diphosphate H CH; O 4-(N-mono-acetyl)cytosine

diphosphate H CH; 6] 4-(N,N-diacetyl)cytosine

diphosphate H CH; O Uracil

diphosphate H CHs O 5-Fluorouracil

diphosphate H CH; S 2,4-0O-Diacetyluracil
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monophosphate monophosphate CF3 0 2,4-0-Diacetylthymine monophosphate monophosphate CF3
0 Thymine monophosphate monophosphate CF3 0 Cytosine monophosphate monophosphate CF3 0
4-(N-mono-acetyl)cytosine monophosphate monophosphate CF3 0 4-(N,N-diacetyl)cytosine
monophosphate monophosphate CF3 0 Uracil monophosphate monophosphate CF3 0 5-Fluorouracil
Dypdacetylyrgcil 1

monophospHhate mgpophosphgte CF3'S 2,4-

ngRQPhosphaté monophos bhate CF3 S

Hypoxanthin ate monophosphate CE3 Si12.4-0-Diac gphate
monophosph SH §°ThynHrﬁe 179 RR X Eﬁzfs% monoéhosp HAYR F\osphate CF3|S Cytosine
monophosph mwosp ate CF3 S 4-(NHpgpo-acetyl)cytbsine.marepnasahaie monophosphate
CF3 S 4-(NN-diacetyeytosine i?—mengﬁh@sph . j gphate
monophospha@j@ﬁ%hg% Fluo%uracil acetyl a cﬁﬁ/l CF3 54-(I\ll€@’é’&%‘?yl)cytosine acetyljacetyl CF3 S
4-(NN-dia(_:ety{?@i¥tQ§ﬁwe aceizl‘jjxai(ityl nzﬁtz)rcr)jn DE\%AFA(III\J‘ I:J;{fijaﬁt?tyrj\):‘ezgr?gne vinyl acetyl acetyl 2-brorgo-
using he apl U 86z s ptimidne of e oG HDGRE - FAE) urefon: IR X
Base triphosphate CHs Hypoxanthine

tripbosphate H CH; 0 2.4-O-Diacetylthymine

iriphosphate H CH; O Thymine

triphosphate H CH; O Cytosine

triphosphate H CH; O 4-(N-mono-acetyl)cytosine

triphosphate H CH; O 4-(N,N-diacetyl)cytosine

triphosphate H CH; O Uracil

triphosphate H CH; O 5-Fluorouracil

triphosphate H CH; S 2,4-O-Diacetyluracil

triphésph.ate H CH; S Hypoxanthine

triphosphate H CH; S 2,4-O-Diacetylthymine

| triphosphate H CH; S Thymine

triphosphate H CHs S Cytosine

monophosphate | monophosphate | CF; O 2,4-0-Diacetyluracil

monophosphate | monophosphate | CF; O Iiypoxanthine

monophosphate | monophosphate | CF; O 2,4-0-Diacetylthymine

monophosphate | monophosphate | CF3 O Thymine

monophosphate | monophosphate | CFs O Cytosine

monophosphate ; monophosphate | CF; O 4-(N-mono-acetyl)cytosine

monophosphate | monophosphate | CF; O 4-(N,N-diacetyl)cytosine

monophosphate | monophosphate | CFa O Uracil

monophosphate | monophosphate | CF3 @] 5-Fluorouracil

monophosphate | monophosphate | CFs S 2,4-0O-Diacetyluracil

monophosphate | monophosphate | CFs S Hypoxanthine

monophosphate | monophosphate | CFa S 2,4-0O-Diacetylthymine

monophosphate | monophosphate | CF3 S Thymine
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H CH3 0 2,4-0-Diacetyluracil H CH3 0 Hypoxanthine H CH3 0 2,4-O-Diacetylthymine H CH3 0
Thymine H CH3 0 Cytosine H CH3 0 4-(N-mono-acetyl)cytosine H CH3 0 4-(N,N-diacetyl)cytosine H
CH3 0 Uracil 180 1R X Base H CH3 O 5-Fluorouracil H CHs S 2,4-O-Diacetyluracil H CH3 S
Hypoxanthine H CH3 S 2,4-0-Diacetylthymine H CH3 S Thymine H CH-,- Cytosine H CH3 S

4-(N-mono- acetyl)p&t'osine -l@HB S 4 (N, N dﬁcetyl)c /E?Sine B4€€H3 S Uracil H CH3 S b-Fluorouracil
CH3 0 2.0 BRSBTS DR P2 0 Thomis RBtphosphate (113 O Cytosine.
monophosp hatmﬁiiﬁe%p@%—(\hmmph@phay@cﬁ&éine m'o‘ﬁolph oéﬂfia@omﬂﬂ%wwi@ﬁacetyl)cytosine
g],z?(?-pDﬁgig Ialgﬂbj?’ k(glra\%g)pncl;sl ”%gt &éﬁ %Imﬁguﬁ% m(;gagh eﬁ-é}?ié .%[e 1
2,4-0-Diacetyithyopimesphate | monophosphate | CFs S Uracil
monophosphate | monophosphate | CF3 S - | 5-Fluorouracil
acetyl acetyl CF, O 4-(N,N-diacetyl)cytosine
acetyl acetyl CF; S 4-(N,N-diacetyl)cytosine
acetyl acetyl 2-bromo- | O 4-(N,N-diacetyl)cytosine
vinyl
acetyl acetyl 2-bromo- | S 4-(N,N-diacetyl)cytosine
vinyl

Alternatively, the following nucleosides of Formula XV are prepared, zising the

appropriate sugar and pyrimidine or purine bases.

R'O Base
X
R6
5 XV}
wherein:
R! Rr® X Base
H CHj O 2,4-O-Diacetyluracil
H CHa O Hypoxanthine
H CH; o) 2,4-O-Diacetylthymine
H CH; 0 Thymine
H CH, 0 Cytosine
H CH; 0 4-(N-mono-acetyl)cytosine
H CHj; 0O 4-(N,N-diacetyl)cytosine
H CH; O Uracil
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monophosphate CH3 S Thymine monophosphate CH3 S Cytosine monophosphate CH3 S
4-(N-mono-acetyl)cytosine monophosphate CH3 S 4-(NN-diacetyl)cytosine monophosphate CH-, S
Uracil monophosphate CH3 S 5-Fluorouracil diphosphate CH3 0 2,4-0-Diacetyluracil diphosphate
CH3 O Hypoxanthine diphosphate CH3 O 2,4-0-Diacetylthymine 181 R X Base diphosphate CH3 O

ot H P H
) OUSITIC UTPTTUJ

Thymine dir)hﬁs-p@te €H3 (‘R,;.y
CIT3 0 4-(NN-diacetyl)cytosipe diphosphate

laa k.
bH ALT

CH3 0

'a'S O4=(N=mono-acetyl)c
racil diphosphate CH3 0 §

tosine diphosphate
-Fluorouracil

diphosphate BH3 S 2,4-0-Dia€&%yluracil dipho§phateSeHig@upaoxanthine diphosphate CH3 S
2,4-O-Dia§:e' "hyminlc d'iphu\ ' 3te €H3-S-Tt )gnine ﬂww&%{ﬁﬁﬁdﬁ SCytogine tr?phosphate 'CH3
0 2,4-0-Diagetyluracil triphosphate CH3 0 Hvooxanllhlne triphosphate CH3 0 2/4-0-Diacetylthymine
triphosphatg EH3 0 Thymine _@Iibho:s,phate CHSO Qvféﬁ?ﬁ@%%sphate CH3 0 |
iphosphatd B2 0 & Fluaralatl (dpbosphks CLIL &2 A a1 o el

H CH; S Thymine

H CHs S Cytosine'

H CHa S 4-(N-mono-acetyl)cytosine

H CH; S 4-(N,N-diacetyl)cytosine

H CH; S Uracil

H CH; S 5-Fluorouracil

monophosphate | CHj O 2,4-0Q-Diacetyluracil

monophosphate | CHs O Hypoxanthine

monophosphate | CHj O 2,4-O-Diacetylthymine

monophosphate | CHjs O Thymine

monophosphate | CHs O Cytosine

monophosphate | CHjz O 4-(N-mono-acetyl)cytosine

monophosphate | CHa O 4-{N,N-diacetyl)cyiosine

monophosphate: | CHa O Uracil

monophosphate | CHz O 5-Fluorouracil

monophosphate | CHs S 2,4-O-Diacetyluracil

monophosphate | CHs S Hypoxanthine

monophosphate | CHs S 2,4-O-Diacetylthymine

inonophosphate CH; S Thymine

monophosphate | CHaj S Cytosine

monophosphate | CHj S 4-(N-mono-acetyl)cytosine

monophosphate | CHa S 4-(N,N-diacetyl)cytosine

‘monophosphate | CHs S Uracil

monophosphate | CHa S 5-Fluorouracil

diphosphate CH; O 2,4-O-Diacetyluracil

diphosphate CHz G Hypoxanthine

diphosphate CH, O 2,4-O-Diacetylthymine
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triphosphate CH3 S Hypoxanthin.e triphosphate CH3 S 2,4-0-Diacetylthymine triphosphate CH3 S

Thymine triphosphate CH3 S Cytosine monophosphate CF3 0 2,4-0-Diacetyluracil monophosphate
CF3 0 Hypoxanthine monophosphate CF3 0 2,4-0-Diacetylthymine monophosphate CF3 0 Thymine
monophosphate CF3 0 Cytosine .monophosphate CF3 0 4-(N-mono-acetyl)cytosine 182 R R X Base

monophospiiate Ge3 O 4-(R]gdiacetyl)cytosing mopgeRosphate CF3 0 Uracil} monophosphate CF3
0 5-Fluoroufagil_monophosphate CE3-S-2,4-0-Di G : .F3 S Hypoxanthine
monophosph&ResERRE 2 4-0-Bicetylthymine %iﬁ%m#m monophosphate CF3
S Cytosine mapyesipsphate |8 S 4-(N-monpoencetyligydepine monophosphate CF3 S
4-(N,N-diacety. j 3 i 5-Fluorouracil acetyl
CF30 4-(Nrd-%3§e?é?9ﬁ’€ytosi e%%éetyl CF3S 4-%,N-d’rﬂ‘%&&%"?%"&%’%? 2-bromo-vinyl 0
4-(N,N-diacetipryipeine acetyizbromo-vinyl ©4-(NM-(Neisedidyeythsinssidtiernatively, the following
B;g:;e;séqce)s;%té%%ggégg\'!!! %&prcparcd, u~@ the &g&gopriate stgar-and-pyfimidine or purine

diphosphate CH; 0 5-Fluorouracil

diphosphate CHs S 2,4-O-Diacetyluracil

diphosphate CH; S Hypoxanthine

diphosphate CH; S 2,4-O-Diacetylthymine

diphosphate CH; S Thymine

diphosphate CHs S Cytosine

triphosphate CH; O 2,4-O-Diacetyluracil

triphosphate CH, O Hypoxanthine

triphosphate CH; 0 2,4-O-Diacetylthymine

triphosphate CH; O Thymine

triphosphate + CHs 0 Cytosine

triphosphate CH3 O 4-(N-mono-acetyl)cytosine

triphosphate CH; 0 4-(N,N-diacetyl)cytosine

triphosphate CHa O Uracil

triphosphate CH; O 5-Fluorouracil

triphosphate CH; S 2,4-O-Diacetyluracil

triphosphate CH; S Hypoxanthine

triphosphate CH; S 2,4-O-Diacetylthymine

triphosphate CH; S Thymine

triphosphate CH; S Cytosine

monophosphate | CIs O 2,4-O-Diacetyluracil

monophosphate | CF; O Hypoxanthine

monophosphate | CF; O 2,4-O-Diacetylthymine

monophosphate ;| CF; O Thymine

monophosphate | CF3 O Cytosine

monophosphate | CF3 O 4-(N-mono-acetyl)cytosine
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X7 5 (XVII) wherein: RRR XBase RR H CH3 OH O 2,4-0-Diacetyluracil H Me H CH3 OH O
Hypoxanthine H Me H CH3 OH O 2,4-0-Diacetylthymine H Me 183 RRR XBase R HCH3 OH 0
Thymine H Me H CH3 OH 0 Cytosine H Me H CH3 OH 0 4-(N-mono-acetyl)cytosine H Me H CH3
OH 0 4-(NN- dlacetyl)cytosme H Me H CH3 OH 0 Uracil H Me H CH3 OH O 5-Fluorouracil H Me H

CH3 OH S 24=6- e HCH3IOES r1¥§&(§éanm|ne HMeHTH3IOH S
2,4-O-Diacetylthymine H Me |H CH3 OH S Thymine H Me H CH3 OH S Cytosine H Me H CH3 OH S
4(N-mono-acetgteghosphate! MEFH CH3 OH S H(NN-diidFyegesdlextesinee H CH3 OH S Uracil H
Me H CH3 OH3 %Wyr c@F—l Ve monophgsphatg.L.if3 OH O Z,4-0-Diacetyluracil H Me
monophosphatp vonxanthlnp H Me mapophasphate CH3 OH.0Q 2 4-O-Di acetylthymine H
Me monophd@ﬁﬁwé@h?;t@H 6Fhymine H MECmonobRBBRBRSEHS OH 0 Cytosine H Me
monophospl Ao AP PR 2 @pmono-acetylcytosine HLAimanrpagsphate GH3 OH 0
4-(N,N-diacetyl)cytosine H Me -

monophosphate | CF3 S Hypoxanthine

monophosphate | CF, S 2,4-O-Diacetylthymine

monophosphate | CFa S Thymine

monophosphate | CF; S Cytosine

monophosphate | CF3 S 4-(N-mono-acetyl)cytosine

monophosphate | CF; S 4-(N,N-diacetyljcytosine

monophosphate | CF S Uracil

monophosphate | CFs S 5-Fluorouracil

acetyl CF, O 4-(N,N-diacetyl)cytosine

acetyl CF; S 4-(N,N-diacetylcytosine

acetyl 2-bromo-vinyl 0O 4-(N,N-diacetyl)cytosine

acetyl 2-bromo-vinyl S 4-(N,N-diacetyl)cytosine

_ Alternatively, the following nucleosides of Formula XVIII are prepared, using the
_ appropriate sugar and pyrimidine or purine bases.
5 XvIm
wherein:
R R’ R' |X |Base R R

H CH; oH O 2,4-O-Diacetyluracil H Me

H CHs OH O Hypoxanthine H Me

H CH; OH O 2,4-0-Diacetylthymine H Me
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monophosphate CH3 OH 0 Uracil H Me monophosphate CH3 OH O 5-Fluorouracil H Me
monophosphate CH3 OH S 2,4-O-Diacetyluracil H Me monophosphate CH3 OH S Hypoxanthine H

Me monophosphate CH3 OH S 2,4-O-Diacetylthymine H Me monophosphate CH3 OH S Thymine H
Me monophosphate CH3 OH S Cytosine H Me monophosphate CH-3 OH S

4-(N-mono-g MTONOpROSPHEE CHRZLIES 4-(N,N-diacetyl)cyirsine HiMe 1184 R R
X Base R~ R_monophosphate CH3 OH S Uradil H Me_monophosphate CH3 OH.S 5-Eluoroyracil H
Me diphospHate CH3 OH 0[2CHD-DiaceQHRiraditH Mé THBABSphate CH3 OH 0 I-E/poxaﬁ‘f’rﬁne H Me
diphosphate GH3 OH0 2,2~ DEigcetyltygyne Havie thg;@ spRate CH3 OH O Thymine Hwhde
diphosphate CH3 OH 0 Cytasine H Me diphosphate 3 OH 0 4-(N-mono-acetydeytesine HiMe
diphosphate H3 OH 0 4-(NNeHmcetyl)dytbSine £ Me %‘i%ﬁlr&%‘fﬂ?aﬁéeﬁ’ﬂ%ﬁnﬁ WrAcil H
diphosphate A3 OH U 5-Flligigliracil H g diphosphaienkidislktyheytbdnbiaceryluracivid Me
diphosphate.CH3 OH S Hyp Ynnfhine_H_Me_dﬂ?phgsp Cl-13-OH-S-2:4-0-Digdectythymine-H Me
diphosphate] 8H3 OH 1 S Thifrie H Me AbhokPhate € BrsbH IS Cytosme H Me ' triphoSphate CH3
OH 0 2,4-O-Gipcetyluracil HNg1,lriphospbate Cle3 OHsoHﬂmmﬂmne H Me trifiosphatie CH3 OH 0
-0-Di hvmine-H-Me frlhhr\ohhﬂ a CH210 O e-triohosphate-CH3OH-6 :
2. 0 DIace e e R PRt R O T S T PR e O QR O Pytosine
H CHa OH S Hypoxanthjne H Me
H CHs OH S | 2,4-O-Diacetylthymine H Me
H CH;, OH |S Thymine H Me
H CHs OH S Cytosine H Me
H CHj; OH S 4-(N-mono-acetyl)cytosine | H Me
H CH; OH |8 4-(N,N-diacetyljcytosine H Me
H CH, OH |S Uracil H Me
H CH; OH S 5-Fluorouracil H Me
monophosphate | CHj OH O 2,4-0-Diacetyluracil H Me
monophosphate | CHz OoH |0 Hypoxanthine H Me
monophosphate | CHa OH |O 2,4-0-Diacetylthymine H Me
monophosphate | CI; OH |O Thymine H Me
monophosphate | CH; OH |0 Cytosine _ H Me
monopﬁosphate CHs oH O 4-(N-mono-acetyl)eytosine | H Me
monophosphate | CHa OH (O 4~(N,N-diacetyl)cytosine H Me
monophosphate | CHa OH |0 Uracil H Me
monophosphate | CHs OH O 5-Fluorouracil H Me
monophosphate ; CHj OH S 2,4-O-Diacetyluracil H Me
monophosphate | CHj OH S Hypoxanthine H Me
monophosphate | CHa OH IS 2,4-0-Diacetylthymine H Me
monophosphate | CHa OH |S Thymine H Me
monophosphate | CHa OH |S Cytosine H Me
monophosphate | CHs OH S 4-(N-mono-acetyljcylosine | H Me
monophosphate | CHa OH |S 4-(N,N-diacetyl)cytosine H Me
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triphosphate CH3 OH 0 4-(N-mono-acetyl)cytosine H Me triphosphate CH3 OH O
4-(N,N-diacetyl)cytosine H Me triphosphate CH3 OH 0 Uracil H Me triphosphate CH3 OH 0
5-Fluorouracil H Me triphosphate CH3 OH S 2,4-O-Diacetyluracil H Me triphosphate CH3 OH S

Hypoxanthine H Me triphosphate CH3 OH S 2,4-O-Diacetylthymine H Me triphosphate CH3 OH S

Thymine H Me Trigfiosphatg gH3 OH S@yiosSing H M gmonophosphate CF3 Qlg® R’
2,4-O-Diacetyluracil H Me 185 R R R X|Base R R _mbnophosphate CE3 OH 04 inelH Me
monophosp 18’[@1@5‘33@}?@ ZQI-'b-Diacetﬁﬁymnﬁe H Mgrar%nophosphate CF3 (;ﬁ 0 TH%‘?ine H Me
monophosp 1@{@%5’3339@139 Cyiasine H Ngl—irfr‘l'?rlgffboifskmtﬁyﬁﬁraﬂH 0 4-(N- mqﬁ[et-’?cr(\a w?\gxtf),si?z l_|:/|e
mgn?pohnoos%k{;{’ﬁgsrﬁg%cljg 5%orourac¢ﬁw Uérﬁlgnovpﬁo%&?gfgtg i P”SWZUzl- -TDla yylurailil H Me
monophosphaish h%?fﬁacii%ﬁ&h”f{a.ﬂye Unﬁonoﬁbpsmﬂlﬁlé:FS OH S 2, 4-H:-Pia}c e;.t%dth‘ mine H
mgn(r)npohnoos%rwg ‘é AH S 4I 3m)c’)no Ic19 1iivll)ccy o“;;r|1L Fqll&, eﬁrﬁ%% %;t;yéJ IIE)II-I gd g
4-(NN-diacetylyshdgsine H M Pﬂpnophos{?ﬁalte _G:’FB O\Fﬂlﬁmimcn H Me monophdﬂ)b?‘teW3 OH S
451:(Fllllflc\)lt?jlija:2;=t%c;%‘§5|n;cﬁllI r f};n\;iflr-iepagtis liblxj{:tjlv yUglllg rrEraceyrers Me
diphosphate CHs OH O 4-(N-mono-acetyleytosine : H Me
diphosphate CH;s O |O 4-(N,N-diacetyl)cytosine H Me
diphosphate CH; OH |O Uracil H Me
diphosphate CH; O O 5-Fluorouracil H Me
diphosphate CH; OH S 2,4-O-Diacetyluracil H Me
diphosphate CHa OH IS Hypoxanthine H Me
diphosphate CH; OH |8 2,4-O-Diacetylthymine H Me
diphosphate CH; OH- |8 Thymine H Me
diphosphate CHj; OH |S Cytosine H - Me
triphosphate CHs OH |0 2,4-O-Diacetyluracil H Me
triphosphate CHs OH O Hypoxanthine H Me
triphosphate CH; OH 10O 2,4-O-Diacetylthymine H Me
triphosphate CH; OH |0 Thymine H Me
triphosphate CH; OH O Cytosine H Me
triphosphate CH, OH 0 4-(N-mono-acetyl)cytosine | H Me
triphosphate CH; OH |O 4-(N,N-diacetyl)cytosine | H Me
triphosphate CH; OH 0 Uracil H Me
triphosphate CH; OH !0 5-Fluorouracil H Me
triphosphate CH; OH S 2,4-O-Diacetyluracil H Me
triphosphate CHs OH S | Hypoxanthine H Me
triphosphate CHa OoH |S 2,4-0O-Diacetylthymine H Me
triphosphate CH; OH |S Thymine H Me
triphosphate CH; OH |S§ Cytosine H Me
monophosphate | CFs OH 0O 2,4-O-Diacetyluracil H Me
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Compounds can exhibit anti-hepatitis C activity by inhibiting HCV polymerase, by inhibiting other
enzymes needed in the replication cycle, or by other pathways. A number 5 of assays have been
published to assess these activities. A general method that assesses the gross increase of HCV virus
in culture is disclosed in U.S. Patent No. 5,738,985 to Miles at at In vitro assays have been reported in
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VII. Anti-Hepatitis C Activity

Compounds can exhibit anti-hepatitis C activity by inhibiting HCV polymerase, by

inhibiting other enzymes needed in the replication cycle, or by other pathways. A number

of assays have been published to assess these activities. A general method that assesses the

gross increase of HCV virus in culture is disclosed in U.S. Patent No. 5,738,985 to Miles ez
al. In vitro assays have been reporied in Ferrari et al., Jul. of Vir., 73:1649-1654, 1999;
Ishii et al., Hepatology, 29:1227-1235,1999; Lohmamn et al., Jul. of Bio. Chem., 274:10807-
108135, 1999; and Yamashita ef al, Jul of Bio. Chem., 273:15479-15486, 1998,

WO 97/12033, filed on September 27, 1996, by Emory University, listing C.
Hagedomn and A. Reinoldus as inventors, and which claims priority to U.S.8.N. 60/004,383,
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by incubating the cell pellet overnight at -20C with 60% methanol followed by extraction with an
additional 20 L of cold methanol for one hour in an ice bath. The extracts were 25 then combined,
dried under gentle filtered air flow and stored at -20C until BPLC analysis. The preliminary results of
the HPLC analysis are tabulated in Table 1. 187 Table 1 [pmol/million cells] (3-D-2'-CH3-

(3-D-2-CH3- ReD o SepidiBeP185 ke Aimeat Havopoil R sHaed bsERy iRaGat Be iheG 13 Byt 1 0.40
2.24 ND 467,71.21 3.99 ND 8 147 1.57 9.76 2.85 24 427 6.3 9091 30456 7.18 36.2 3.22 48
288 9.42 56.411@.2@“@%‘?%&8 %0@8&9%{"5%%{9’3%@%9% (%Wﬁ%%%@l@%%?%sﬁ\ﬁ?ﬁﬂ W\Sieeeﬁnprior to
thedstugy initiﬁéﬁoﬁsﬂﬂbycgmmwgusmmﬂ\ﬁ); gilqm‘?wgl'caiiﬁ Lﬂ"ﬁ@ﬁlhfliéd \mﬂymemtag)msavemmgh ca_thefter
and subcutaneous us access port 0..facilitate blo n | yinderwent a physica
examination i%qgﬁﬁe :%@é%ﬁ%?%%ﬁtygaggr geelfiﬁfn cme”rrnal{s ryeléai?aﬁgﬁrg%%% %Zgg)ggy weight was -
recorded. Each monkey (six total), received.approximately.2 ' Oiﬁ?i!' IVIty. Wi ose of
activg(ca:ompou nd, nrg(rgﬁéﬁys E@%‘Eg?éﬁgﬁ%%%oagtgén 0Se e%/ehi‘%%l%%%rﬁg g a%ga&%oxs%v%%%%%etr%ﬂon of 5
mglmL, eithef18. Ratam Mar6/HHIBSbblUSaBenabakelsS | Pt Wa cral§dddde Relnenskisyst #0). Each

dosing syringg, v wsianestbelou dosing i araimenisalis deierine e dprnsiae iasmgation

administered. Urine samples were collected via pan catch at the designated intervals (ap&roximately

18-0 hours pracseobrzoresshHE ¥- 4o enrrrdinlased ihHeT Hrptot sstl- 8o esmidS Iere
collected as vyglefin€ole38oD@b 1 P1Ps Eratcdsch, o8 al 2@d 24 hpensNE pastdosagaodghtos ehronic

venous catheter and VAP or from a peripheral vessel if the chronic venous catheter procedure should
not b]eopossibfg'. The blood and urine samples were analyzed for the maximum concentration (Cma.),
time when the maximum concentration was achieved (Tmax), area under the curve (AUC), half life of
the dosage concentration (Ty,), clearance (CL), steady state volume and distribution (V,,) and

Example 4: Phosphorylation Assay of Nucleoside to Active Triphosphate

To determine the cellular metabolism of the compounds, HepG2 cells were obtained
from the American Type Culture Collection (Rockville, MD), and were grown in 225 om?
tissue culture flasks in minimal essential medium supplemented with non-essential amino

15 acids, 1% penicillin-streptomycin. The medium was renewed every three days, and the
cells were subcultured once a week. After detachment of the adherent monolayer with a 10
rnimite. exposure to 30 mL of trypsin-EDTA and three consecutive washes with medium,
confluent HepG2 cells were seeded at a density of 2.5 x 10° cells per well in a 6-well plate
and exposed to 10 pM of [*H] labeled active cbmpound (300 dpm/pmol) for the specified

20 time periods. The cells were maintained at 37°C under a 5% CO, atmosphere. At the
selected time points, the cells were washed three times with ice-cold phosphate-buffered
saline (PBS). Iniracellular active compound and its respective metabolites were extracted
by incubating the cell pellet overnight at ~20°C with 60% methanol followed by extraction
with an additional 20 pL of cold methanol for one hour in an ice bath. The extracts were

25 then combined, dried under gentle filtered air flow and stored at —20°C until HPLC analysis.
The preliminary results of the HPLC analysis are tabulated in Table 1.
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20 bioavailability (F), which are tabulated in Tables 2 and 3, and graphically illustrated in Figures 2
and 3, respectively. 188 Table 2: Oral Bioavailability in Monkeys Dose AUC Norm AUC Mean Norm
AUC F (%) (mg) (ng/mL x h) (ng/mL x h/mg) (ng/mL x h/mg) IV Monkey 1 46.44 13614 293.2 |V
Monkey 2 24.53 6581 268.3 IV Monkey 3 20.72 6079 293.4 284.9 PO Monkey 1 29.04 758 26.1 PO
Monkey 2 30.93 898 29.0 PO Monkey 3 30.04 184,63 38.8 13.6 Table 3: Experimental
Pharmacokinetics of (3-D-2'-CH3-riboG in Cynomolgus Monkeys IV PO Dose/Route (mg/kg) 10 10

Cmax (119/111L) 6945.4
8758.0 14212.9 1166.0:4 5
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Example 5: Bioavailability Assay in Cynomolgus Monkeys

Within 1 week prior to the study initiation, the cynomolgns monkey was surgically
implanted with a chronic venous catheter and subcutaneous venous access port (VAP) to
facilitate blood collection and underwent a physical examination including hematology and
serum chemistry evaluations and the body weight was recorded. Bach monkey (six total),
received approximately 250 uCi of *H activity with each dose of active compound, namely
3-D-2°-CHj-1iboG af a dose level of 10 mg/kg at a dose concentration of 5 mg/mL, either
via an infravenous bolus (3 monkeys, IV), or via oral gavage (3 monkeys, PO). ‘EBach dosing
syringe was weighed before dosing to gravimetrically determine the quantity of formulation
administered. Urine samples were collected via pan catch at the designated intervals
(approximately 18-0 hours pre-dose, 0-4, 4-8 and 8-12 hours post-dosage) and processed.
Blood samples were collected as well (pre-dose, 0.25, 0.5, 1, 2, 3, 6, 8, 12 and 24 hours
post-dosage) via the chronic venous catheter and VAP or from a peripheral vessel if the
chronic venous catheter procedure should not be possible. The blood and urine samples
were analyzed for the maximum concentration (Ciy), fime when the maximum
concentration was achieved (T, area under the curve (AUC), half life of the dosage
concentration (Ty), clearance (CL),

bioavailability (F), which are tabulated in Tables 2 and 3, and graphically illustrated in

steady state volume and distribution (V) and

Figures 2 and 3, respectively.
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culture assays for CFU-GM and BFU-E were performed using a bilayer soft agar or 15 methylcellulose
method. Drugs were diluted in tissue culture medium and filtered. After 14 to 18 days at 37C in a
humidified atmosphere of 5% CO2 in air, colonies of greater than 50 cells were counted using an
inverted microscope. The results in Table 4 are presented as the percent inhibition of colony formation
in the presence of drug compared {:BRI e TraOBibab elibIRS: ik okela 4. Human Bone Marrow
Toxicity CFU-GM and BFU-E Clonogenic Assays IC50 in sM Treatment CFU-GM BFU-E ribavirin -5 -
1 D-2'-CH3-riboA > 100 > JJ00 {R:R-2'{CH34itoU > J00 RoHA HR-2'- ok Bati Dose AIDC LB (%)
(3-D-2'-CH3-riboG > 10 > 100 Exgmple @ddiipslondriagfeXicityAssay WepddXxdettsyvdre cultured in
12-well plate3 AR garey OME4and EXPased4o bivariougsoncentfations of drugs ag taught by
Pan-Zhou X-R; $fdike: -Jrommipdosgsgd-P, Dirley-bisiser VM. "Differential effegts of
antiretroviral‘fﬁ@ﬁg‘@% mm’%ﬁochgmgal fuhctionamHepG2]cells” Aptigv.crobjAgents
Chemother ZPBHA#A98-543. 1agiic 4cid Teyeds In tife culture mediutn after 4 day druglexposure was
measured USHY ®o inder Tagtis aqd asswgkit. Lctic agalgevels vere normalized By cell number
as 10 measup@mm@g@c;gon@mﬂcognt. Theaprelinfinary rgisalts frofn this ax&ay are tgbakkted in
Table 5. Table 5: Mitochondrial Toxicity Study (L-lactic acid assay) Cone. (M) lactate (mg/106 cell) %
of Control Control 2.18 FIAU 10 3.73 170.4 (3-D-2'-CH3-riboC 1 2.52 115.3 10 2.36 107.9 50 2.26

103.4 100 2.21 1§31 3: Experimental Pharmacokinetics of f-D-2-CHj-riboG in Cynomolgus

Monkeys

v PO
Dose/Route (mg/kg) 10 10
Cinex (ng/mlL) 6945.6 = 1886.0 217.7+132.1
Tex (1) 0.25 + 0.00 2.00 1,00
AUC (ng/mL x hr) 8758.0 & 4212.9 1166.0 : 589.6
Ty, (br) 79+54 103+ 4.1
CL (L/hr/kg) 1.28 3 0.48
Vs (L/kg) 2.09 & 0.54
F (%) 13.8

) Example 6: Bone Marrow Toxicity Assay

Human bone marrow cells were collected from normal healthy volunteers and the
mononuclear population was sepé;rated by Ficoll-Hypaque gradient centrifugation as
described previously by Sommadossi J-P, Carlisle R. “Toxicity of 3'-azido-3'
deoxythymidine and 9-(1,3-dihydroxy-2-propoxymethyl)guanine for normal human

10 hematopoietic progenitor cells in vitro” Antimicrobial Agents and Chemotherapy 1987
31:452-454; and Sommadossi J-P, Schinazi RF, Chu CK, Xie M-Y. “Comparison of
cytotoxicity of the (-)- and (+)-enantiomer of 2',3'-dideoxy-3'-thiacytidine in normal human
bone marrow progenitor cells” Biochemical Pharmacology 1992; 44:1921-1925. The
culture assays for CFU-GM and BFU-E were performed using a bilayer soft agar or

15 methylcellulose method. Drugs were diluted in tissue culture medium and filtered. After
14 to 18 days at 37°C in a humidified atmosphere of 5% CO; in air, colonies of greater than
50 cells were counted using an inverted microscope. The results in Table 4 are presented as
the percent inhibition of colony formation in the presence of drug compared to solvent

control cultures.
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ONH2NHN NO N-~-0 HO ,4F HOH3C 0_O_ OH OH OH 15 FIAU (3-D-2'-CH3-riboC 190 This
invention has been described with reference to its preferred embodiments. Variations and

modifications of the invention, will be obvious to those skilled in the art from the foregoing detailed
description of the invention. 191 CLAIMS Use of a phosphate or stabilized phosphate prodrug of a

compound of the-fgik3 iy Bondveriow OB EFQEW LAPBRIIRbsalAAseRIRble salt
thereof, in the manufacture of a medicament for the” treatment of a hepatitis C virus infection in a host.
192 _ 1Cso in uM
Treatment CFU-GM BFU-E
tibavirin ~5 ~1
B-D-2’-CHj-riboA > 100 > 100
B-D-2’-CH;-riboU >100 > 100
'B-D-2°-CHj-riboC >10 > 10
B-D-2’-CHa-1iboG >10 > 100

Example 7: Mitochondria Toxicity Assay

HepG2 cells were cultured in 12-well plates as described above and exposed to

5 various concentrations of drugs as taught by Pan-Zhou X-R, Cui L, Zhou X-J, Sommadossi
I-P, Darley-Usmer VM. “Differential effects of antiretroviral nucleoside analogs on
mitochondrial function in HepG2 cells” Antimicrob Agents Chemother 2000; 44:456-503.

Lactic acid levels in the culture medium after 4 day drug exposure was measured using a

Boehringer lactic acid assay kit. Lactic acid levels were normalized by cell number as

10 measured by hemocytometer count. The preliminary results from this assay are tabulated in
Table 5.
Table 5: Mitochondrial Toxicity Study (L-lactic acid assay)
Cone. (uM) | lactate (mg/10° cell) | % of Control
Control 2.18
FIAU 10 3.73 1704
$-D-2’-CHjs-1iboC 1 2.52 115.3
10 2.36 107.9
50 2.26 103.4
100 2.21 101.2
0 NH,
I\fj\ =
NH N
| (L
N/&O N/&O
HO F HOL - HC
O- O~
OH OH OH
15 FIAU B-D-2"-CHz-riboC
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This invention has been described with reference fo its preferred embodiments.
Varjations and modifications of the invention, will be obvious o those skilled in the art

from the foregoing detailed description of the invention.
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CLAIMS

Use of a phosphate or stabilized phosphate prbdrug of zi compound of the formula:

NH,
HC H.C
2
h O~

OH OH

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the

treatment of a hepatitis C virus infection in a host.
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