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 Thy it ' j ' e nic_liver disease waorldwide.
(Boyer, N. et a@%@%%@@?ﬁw @%Mﬁ%ﬁﬁ%%ﬁﬁeﬁ%ﬁ%nd 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 Rl IBSJENTRO™: 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, andTHi€ iaisfsistions intte seadifpndicatiandar dhanisanspiants 15 s@drknewn to

cause at Ie% 0@1 f r atitis and a substantial propartion of sporadic acute
hepatitis. Pre%arg’ é%glglg rﬁfcl:%’? éﬁ%%%%]% i{ci?% e% %Fﬁ%rﬁg%yoéﬁg%%%? %d}’d’ﬂ’ﬁthﬁ‘l%ﬁm%aﬂ%atitis,
"crybtogenieleErpRSHELE ol Foamiisiosphapptitielion tar6M13665 By dlatbentdathes, epatitis viruses,
such as Hepatitis B Virus (HBV). 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 HBV, though information is still prelimina%; how many of these persons have

subclinical chronic liver disease RAHBSEROFNP I JEH HION p. 901, 16th ed., (1992)). HCV

has been classified as a member of the virus family Flaviviridae that includes the genera flaviviruses,
pestiviruses; and Fapaepititade yindsiCH @6 sl ds hepaiiisaGoeiofsdsosd [Rigalifadd whiauivifidae: The

viruses an ' lication. n: Fi Vi ~Editors: Eields, B. N., Knipe, D. M,, and Howley, P. M.,
Lippincott- avgéﬂgﬁ'b%iﬁg%,}%ﬁﬁ?gg?gh%g%,%ﬁ@pt?&léf,c@%ﬁ%%@% &S‘."H’@\V‘T@l&ﬂf@ﬁ%ped
virus contafifdsalsoritive s el sithositramtibep Rdbalyémorar inbappfDkBratehtis, 4konT hadviral
gefrpme coggb%t&, qf RS’ I ioR (U n_reading_fr ncoding a polyprotein
precursor of approximétglcg} g Egbrﬁ%w%%gléig}é aﬁg)%%&%gg%? %Elgliférrg\iggt @rn;seé%%t% ' %ghly
conserved bt 8P9HE HenegingmeldfadlivnprrondordtinfitativitaHCSomsetofdeoBuatgin
ransiation Tarala0omedig, HEYSOETE 60 ERIEELYA S HSREN BLpastis C infction

accounts for 8,000-12,000 deaths per year in the United States, and HCV infecton is the

leading indication for liver transplant.

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

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

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

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

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

PA, Chapter 30, 931-959, 1996). HCYV is an enveloped virus containing a positive-sense
single-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 (LEES). An RNA pseudoknot structure
has recently been determined to be an essential structural element of the HCV IRES. Viral structural
proteins inclampea maidpGidicurine prdteiradC )saskbtivd Bkelofbg §cdfiidtéinteBhast iEGIFCV also

encodes two protein S%?t %fzit‘%%"ffs?ﬁ”d%@m@‘ lgprojeinass %P%Q?qzﬁé{at@&’\%?ﬁ"}]@ﬁﬁ?g&?” and a
serine proteiiase encoded in the S3region. These roteinases are required for cleavage of
specific regipvlypothia praslagon. pbopstain pithmETMe grasticess hdatsst boxy Icaptinsiepordantictural

protein 5, N taj e - olymer UnGHAD Of ini
nonstructura%l %%%%%W gné}ﬁéé%) ,ﬁa?rgg%g%@rl\gss th%%%%gée?n%br?geggg ?%%gg;gﬁtural
protéin 5) rervaisomekiownRIG) Aesigrifiedmorores fbﬁéuimaﬁ ainbﬁe_mpr@_@émiw ﬁ%@cte@&%d the
developmeni, gl pinig e melhods ldieg uen! Al ahinble (6 nleclinnasiumAns(Bhbgedtie. A

M. and Bacon, B. R., Scientific American, Oct.: 80-85, (1999)). Currently, there are two primary
antiviral contpedHe¥, RBSviNirandmiremd proigiphaciisie s anclesstprit gese peimrettoredhidivic HCV

infections inéﬁ%@i@ﬁ@ﬁ%&%@@éﬁ@é@?ﬁﬁ@é]nf@@‘iﬂ@ié’éﬂ@h&]@&% BiBaMHies, a zinc-dependent

(1-$-D-ribofuranosyl- -triazole-3-carboxamide) is'a synthetic, non- interferon-inducing, broad

spectrum arfBgiEloRRIEBaTa SR oS UNGErRe Fedivinaife: SHRE BreTEPMS MBRILsIdBbE 1th

ediggn, Editars B .rir&sé\%%ﬁéi&se@aré%quﬁem@me%bgemﬁeciiﬁé%giéﬂgt%@@éﬁ&@&ﬁ@éﬁnt No.
C

3,798,209 and RE29,835 disclose and claim 25 Ribavirin. Ribavirin is structurally similar to %uanosine,

and has in VRPLYBEQIGH) W imet e pepiidstyA B 18ReaxVir el M daRTg Ereh HakE  Sah P Ppavis.
Gastroenterglpgind 18i5 1048 1dcpor000) . IRiPaVisilyeeises SeTwa amingiansiefaserengistg normal

in 40% or patients, but it does not lower serum levels of HCV-RNA, (Gary L. Davis. Gastroenterology
118:5104- SEOBIEICIROFOIES, NbAviran i 7 AN AT GalG O
Additionally nilkevistarliagsignify eshiaxigibhawnd.is known to induce anemia. 2 Treatment of HCV
Infection with Interferon Interferons (IFNs) are compounds that have been commercially available for

theigeatment of chxonisfirpatifisciersTeaien desadsl. Msbigar esaliteorioina @rRe Weed]Byment
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 mterferon-alpha, which are used for the

treatment of chronic HCV infections in humans.

20 Treatment of HCV Infection with Ribivarin

Ribavirin (1-8-D-ribofuranosyl-1-1,2,4-triazole-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., Rahway,

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

25 -Ribavirin. Ribavirin is structurally similar to gnanosine, and has in vitro actiﬁty against

several DNA and RNA viruses including Flaviviridae (Gary L. Davis. Gastroenterology
118:5104-S114, 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 firdh@redentInaNIARdR S WANakAesppnse occurs inonly 8%-9% of patients
chronically infected with HC ary L. Davis. Gastroenterology 118:5104-S114, 2000). 10 A number -

of patents disclose Egv treat usino%gnterferon-based therapies. For example, U.S. Patent No. -

5,080,884 to Blatt et St UdSs HERTEPoRI it Mese patie resurmtrciallsvaraiable fomtpe

_ consensus intedeent. of Shidateniopnits, 9421233 foaRagaRcCt @mi%@%ﬁﬁa&@@%ﬁw&%@w using
ok :

ovine or bovipe interfer}gsn.-tau. U.S. Patent No, 5,928,636 to Alber et al. discloses the combination

therapy of interleukin 12 ahd rierersn't éfb%&%%ﬂ@ﬂ%%f%ﬁf@é%ﬂ%@%aw FigIsRfing

HCV3U.S. Péatelwditg. 5OV3,624 whélusel asdielases thamsaoimosimieneolyeqlmedifiag
interferon for t NQ..5,849,696 tg Chretien et at discloses the use of

e t of \ S, Pat .

thymosins, alsc‘)%% org%l%@(?glrﬁ%i#gt%n Wf%ht?nPerzlr%qr%cr%, %er’ﬁ%%fﬁng’*ﬂ@@%%@ PERE ReNRRlizessRrAgs 1o
Valtuena et @PéiscisetrnsolenilationbiCiaielrathy effrieydigrnterHte omsndra fheedadisahed
scavenger. 2Q4J.3. Patent € Imakawa discloses the use of human interferon tau
proteins for treégct)insg HCV. Ot Dé%?%%%é%}%@%ﬁﬁ%%%%ﬁ%w XPé%@fé&m b ®3pistent No.
5,676,942 toJeséracatanplers] Hatdft19414, 3000808 to Blatt et at, and U.S. Patent No. 5,849,696.
Combination of Interferon and Ribavirin 25 The combination of IFN and Ribavirin for the treatment of

HCWnfection has HeshmispofedtotbdisfiestiiV thatireatnentoidicNaeiBratianssBattagia, AM.

et at, Ann. P @é:o@ r o34 49 . Results are promising for this cogmbination treatment
both before he _a%itis’ déSélﬁgﬁgﬁv?heéﬁgé@%o %g?&aﬁ %%geeasae}')is lﬁ?gossg%t g):%qu r Rt Ativir.
Ther. 3(Supprayipsiighdnyng H Cidusitierssshoonuinmétion. thakaPianldite 5Pheardvsigaterlike,

symptoms, anemigsefadLaligys:: ety : terology . 118.S 104-S 000). Additional
References Disclosisng Methods to Trezthell-llggg; Iﬁlgggtélg}'r%sg %F;]Buor‘f’]]ggru% ﬁﬁgﬂfr%%‘trﬁé%é At ﬁﬁewed by

Bymock et af- ¥ afiRividiesishdisRentmotrbingiontinrao 05 ie0e)kin-12 and interferon
15 alpha for the treatment of infectious diseases including HCV. U.S. Patent No. 5 908,621 to

Glue e 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 er 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 IFEN naive patients (Battaglia, AM. et al., 4nn.
Pharmacother. 34:487-494, 2000}, Resulis are promising for this combination treatment
both before hepatitis develops or when histological disease is present (Berenguer, M. ef 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 Chémaisstysan dfiiciiEbespmiitenapyai il s 2143 fAigwao(atwal 1(1999)sPréparataraniskyse of -

amino acid g Iati |-viral agents, German Patent Publication DE 19914474; Tung et al.
(1998) Inhibi §$s\é§ﬁégﬁ§’§%@é\ses particularly hepatitis C virus NS3 protease, WO 98/17679. The
reported inhibitors terminate 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-Rased pyRilgrs daue RERdrs Nibada AR RFGIoamIFgs @AM Ry drazinoureas. The

SO deSCribed a number of NoN-Su

literature haSa Strate-based mnibitors. For example, evaluation of
n

the inhibitory effects of 2,4,6-trihydroxy-3-nitro-benzamide . derivatives against HCV prgtease and
other serine proteaée’é #éj%gﬁaéﬂ?egtﬁc?ﬁ? F?Vé?"ﬁ;QXWﬁ h Egl"gﬁg é}ﬂ?ﬁ?ﬂ@cal

Resa&arch Cantnunicatians: 2138 648BAZ0ENdo, K. et al. (1998) Antiviral Chemistry and
Chemotherapy 9:186. Using a reverse-phase HPLC assay, the two most potent compounds identified

were RD3-4082 anddRdd-4b8irte bipsmansabstbuiad ontiatarnidawithad 4eathaachiaingad the
latter processing a para- phenoxy henyjlrgroup é%ﬁThiaz lidine derivatives hayve been identified as
Q‘Enlq L

micromolar ¥, Biftel e eska 985 AnRIFAANBBAR Y o rephsiEsh han
NS5A/5B subistiatehitidehikh ehtetatlO9bh htviabRReseaiole 32044 0E ampou(id 5RD-1625Q/

possessing a fused cinnamoyl moi %xlbaStit ted with a lo g;IO}%{ chain, was the_most potent against
the isolatedpéﬁ?gﬁegﬁr\f\‘fgtb‘f%;ér %?é/é‘% B s?#arétRﬁQ 6 %ﬁdéﬁ uéaf9£%6‘tf{5fli ture
repdfts screéitingookaaplatidalySaval [htsmyodsgan(E9SARepayaznd tind idenidicatoroobthiee
compounds gs potent inhibitors, a thiazolidine and nilides. lcal | N..etal. J. EBS Letters
1017220 AN A0 21 A e e er, A oAS Ay LA e B & s
disclose prot@&88)idhisitiorssfay theibdrpedtesas,0p et Gxiiddy deantisle, )% 5t protdrQONOE3 to
Spruce et aigladeses glass alavaisinpaisase e dariphibitne Y, sadapentidase 2 US:
Patent No. 5,990,276 to'Zhanhg et at. discloses syntﬁetlc infiBitors o ehepfftltiﬁsiikus kg3 protease.
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 mumber of non-substrate-based inhibitors. For
example, evaluation of the ichibitory effects of 24,6-trihydroxy-3-nitro-benzamide
derivatives against HCV protease and other serine proteases has been reported. Sudo, K. et

20 “al., (1997) Biochemical and Biophysical Research Communications, 238:643-647; Sudo, K.
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) Antiviral Research 32:9-18. Compound RD-1-6250, possessing a fused
cinnamoyl moiety substituted 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 et at Isolated from the fermentation culture broth of Streptomyces sp., Sch 68631, a

phenan-threnequinOtiesr foastasadpnics senelen gei\dtrhgaisist 0N Ernisasdnip a3DIC L Aéskyand
autoradiography.assay. Chu M. et al., Tetrahedron, Letters 37:7229-7232, 1996. In.another example
by the same’%%trtl%ersl, gﬁ%@&%@s",ﬁ@ﬁ%&#@%ﬂ?ﬁé %Bﬁéeﬁemﬁ}%?&?ﬁsné g&'\‘ﬁ?B n?f@em’(?nstrated
micromolar Aetiwityiiiies.sElakiiaio Npeoximityr a5 day et M2 16t 200; Bigkksgan cNaadd edicihalal
Chemistry Lefters 9:1949-19 o r poten gainst the. HCV NS3 protease enzyme, has been
achieved by ﬁ%ﬁe%%%'c%is’z?eﬁgﬁl\}!/gg’in{rgl%ltof%' ea{éag)((jjgh ?ﬁr%eezr%sa(%%cr%(%f’egﬁ %G%S&H%%E‘@Tﬁ%? iegj(?lated
from3eech, iseatpwenofiklibitoFof sevmplbsériBehuote Ades G00H,283 So fisaus grofedsedodzand B,
a-chymotrypsi mas ubtiisin, Qasi A\ »Biochemistry 36:1598:1607,.1997.
HCV helicas@%ﬁfﬁy%’%%gﬁggsgé@%@%é%%%‘%%ﬁgﬁ 8“%’%%‘%@%%% ﬁgngl g‘?ﬁ‘. 1<\]§P'a|.; PCT
Publication NG@WL ©W3B584 of Bladiso®®s eynthetihandibitors fefhapgitissCbi G \NEG pruease
inhibitors: s ] [ l0tQXi 0 erulenin, Ferar tal.,
Joumal o v L e o o AR A8 8 s
phosphorothtegadasligddieoxsmatlestiriipeompioree teapad BEH dnclisdtmidhinstbthassmoNeaoding

regc:fgu ofégeﬁ!-ggjglgg@orgg%geg g efficient inhibitors of HCV gene expression in in vitro translation
and Hcp

CV-luciferase cell culture systems. Alt M. et al., Hepatology 22:707-717, 1995. Recent

work has demonstrgtegd dhak 30 wg@g{&?&%ﬁ?

3486 ising ' e ugleotides
371-388 located in the core coding region o %ﬁe HCVQ%\&%:%??%&@%%& "f?kgﬁgé}%ﬂ #
antisense-meRfiatedhIRpRsIBANS: MRsserastiEviereraler] el ity ArerineisHIE Viploiggse 4m 585B89, 1997.
US. 5 Patephhie £9L. 53R inManiclalclislpsas.plganuslenlias o vbing be, repdgation of
HCV. PCT Publication No. WO™99/29350 discloses compositions and methods of treatment for '
hepatitis C iffeORCE SHABMRIM G tikcsamerutheib roeh 888 AsBoliied Aiveretiram shaPardcillium

Conl_|em9n‘§,fz¥c%mmf@ﬁﬁ§!&r@e@%%M&&éiﬁ@@_%@&nﬁlﬁ@gﬁﬁé%ﬁy%&E}.at‘ﬂﬁ‘i\'&’.s?
nucleic acids corresponding to the segpence of the pestivirus homolo%y box IV area’for controlling the
translation of’ v Bigarganie and Medicinal Chemistry Letters 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 M.A. et al., Biochemistry 36:1598-1607, 1997.

HCV helicase inhibitors have also been reported. U.S. Patent No. 5,633,358 to
Diana G.D. et al.; PCT Publication No. WO 97/36554 of Diana G.D. et al.. There are a féw
reports of HCV polymerase inhibitors: some nucleotide analogues, glhiotoxin and the natural
product cerulenin. Ferrari R. et al., Journal of Virology 73:1649-1 654, 1999; Lohmann V.,
25 et al., Virology 249:108-118, 1998,

Antisense phosphorothioate oligodeoxynucleétides 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 IepG2 LCV-luciferase cell culture

systems. Alt M. et 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. et 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 PRsentt Pihli6ziiinod0-161015EE o Kai, Miseloati udlgasestegidtanfoibazhibiémpathe been

targeted at the.ERES en I Inhibitqysn -poliovirys chimet ue assay.
Maccjak D.J%® I%atfl%ef?gt%{ogy S?g&?géﬁ%@nl 9. The %%%%%%%%e%gtﬁ?g? ?gna o]
disclosed intukBofatdrirddon 61043, MEPatiB £ befestion, conipgisnPitentNodstrt® 36%atSnsw
5,610,054 t Other ' ' epnotentiaty ounds
for the reat B P D B R v eaiond
metifod of &8¢ FiepatitierC é rbndiedpemdwrlcs intaife comrawantng: By Semintsrrasg ehtimmune
system polegliaing g3e,0dRyRasITer adVmOSagMEnhd SnElaleR Nosidl 5 Haigislo Eder

- etal. and 5,969,109 to Bona et at disclose antibody-based treatments for treating HCV. U.S. Patent
No. 6,034,18kigencrgtidesl agidbioenarde gt MDA kseaptercaliyniaricweditfgaldmmsinbl by,

antimalarial, At Boppa.vilks a9 apiidiaratisy G actwiies. The disclosed NIVIDA receptor agonists
belong to a family of 1-amino-alkylcyclohexanes. U.S. 25 Patent No. 6,030,960 to Morris-Natschke et

a discloses the uspateeraih alld Aid e, Bhhiihe mipsligian ehhepaisiodlicesaniges

including those produced by the HCV virus. U.S. Patent No. 5,922,757 to Chojkier et at discloses the
usel Bf vitamiHE and apesseaRatonid dvidisstirsa/ ReFa68 &80 rfe st 1 hbigl fe\Vapraesp Rekinkio.

5,858,389 to fpiaheih #babeipcioses 108, usePhaaNaIgnRdoLLsRling 9, 6veBernRiatantiNo. 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 t¢0be RESAndisersstly 1recrisd o ibiomdnamRGtngatiexiuy dhimsis HeArR8558Y491,135

to Blough etahdisglosesdhg Useni:biphosabaneeacety ) tsaspartiasacitkinorpakliayisusgeguch as
HCV. Other compounds proposed for treating HCV include plant extracts (U.S. Patent No. 5,837,257

to Tsai et atiUMSOPHBSIRREb 1%, ¥o%: dider OineP Ot 3L HnlPUBETYSE 8 AR08 SloB6tSEd) MiBEridenes

(U.$5 PatentsIdgo 58365803 DRNR Bir-adds Aeszenedicarboxamides (U.S. Patent No. 5,633,388 to
Diana et al.), polyadenylic acid derivatives (U.S. Patent No.

Other patents disclose the use of immune system‘potentiaﬁng compounds for the

treatment of HCV. For example, U.S. Patent No, 6,001,799 to Chretien et al. discloses a

method of treating hepatitis C in non-responders to interferon treatment by administering an

inmmune system potentiating dose of thymosin or a thymosin fragment. U.S. Patent Nos.

20 5,972,347 to Eder et al. and 5,969,109 to Bona ef al. disclose antibody-based treatments for
treating HCV.

U.S. Patent No. 6,034,134 to Gold et al. discloses certain NMDA receptor agorists
having immunodulatory, antimalarial, apti-Borna 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, incloding those produced by the HCV
virus. U.S. Patent No. 5,922,757 to Chojkier ef al. discloses the use of vitamin E and other
antioxidants to treat hepatic disorders including HCV. TU.S. Patent No. 5,858,389 to
Elsherbi ef 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 Ozeld et al. discloses the use of bile acids for treating HCV. U.S.



5,496,546 to Wang et al.), 2',3'-dideoxyihosine (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 statens hleed, &S hidvide Riwgkite olvéisshenen fe usie af éposphapeatsbphliiaseaifiat has low

toxicity to tql%iﬁqgttrg' erelote, JLis A gbigekef 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 Compoupdls,meilgns aad symessiioneprlie scaimentatiqenslie uiaglon are

- described that include an effective atitis C treatment amount of a $-D- or ucleoside of the

Formulas (158871137 dp dphiarhdeeltfcalgtenicptabR 538 ipBmugethekedrd PaSiikeisahdipal

emhodiment, 0 iGalty; : i Lghiaeeof, is
Prouec R S0 B O s ot

independenfly.H Ratod phaté. tdbR g Riensel @il bt i5tacithdegivatitsni AE S p Rats AYe-
prodrug); acy) fipchudingdaweragy) Akukdaciinsieweralkynraiinnatesestey naliciag alkyl or

arylalkyl squc’myI’inc!uding methanesuifonyl and benzgll, wherein the ghenyl group is optionally
substituted with meisidaaHes (bl Ne HB8ELAALFHaBifbh of aryl given herein: a lipid,
including a phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other

pharmaceutically dedigitaeidhe f5hEs e erwtsHThaIS Wﬁ@@@iﬁ%@’éﬁﬂ&?ﬁ@%’f%oviding a
compound whesein ki Rdriohisin depard ikl HpboaRAREA 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 treatrnent 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 amowunt of a §-D- or B-L-nucleoside
of the Formulas (I) — (XVTII), or a pharmaceutically acceptable salt or prodrug thereof.

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

acceptable salt or prodrug thereof, is provided:

Y
N RN N
L
N N/ w2
RO
0
CH,
20 OR? OR

wherein:

R}, R? and R are independently H, phospbate (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; XI 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
independentiyifiytito getar aoythimg udiayh dowei dicyl Jswdfoalikylrchalirg ngetiutn evod fomyleshtb aethly|, ethyl,
propyl and cyglopronyl). In a second principal embodiment, a campound of Formul or.a
pharmaceut%% &%%gp?aﬁﬁgﬁsﬁo&? p%(S) ré}éot%ag]r%osﬂﬂjl%}%%bﬁdg&: RN RS its I—?;?C 15

OR2 OORR4efityibaténahe: RRfipRi2ranflaRd gresinblepienddipiy, Hhgihdisghaphdapbhiting exomoplosphate,
diphosphate, tHp astahilize t . acyl (including lower.acyl): alkyl 20
(including Io&?é{f’a Ig%% Qs% o%% ésg@r%fg u%ﬁfg%%?%m{%%? )%%éﬁé%%?%@ﬁé?ﬁsp n%@%;%%@u%‘onyl
and Benzyl, ghepeiitievitreradrgrosisiedoptionallycepistitafquaviting recompours siisstitnddisRds

described in thgadetinit é’hg&ﬁ[ﬁg Qﬁ{ﬂ%.a lipid, including a phospholipid; an amino acid; a
carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving group which

when admini?g%rﬁagﬂrdlg%}sﬁg#%ﬁgp @{gf%ﬁér&r%/&g’iqﬂ{a %ﬁ{zﬁl@gpg herein R1, R2 or R3is

independently H ate; and Y Is hydrbgen, brom oro, flubro, iodo, OR4, NR4R5 or SR4; 8
X1 and X2 i‘;j]]c]i(f 2?%? le E%Ei%fr he ar consisting of H. strai gikchain f branched or
cyclic alkyl, CO-a y%e -%%F?%gc-ea x%ggfﬁ%ﬁ,gc%ﬁ%ér{ghgr nc%p f%)g%%%oo,p i?ﬁﬁgl I\fﬁ@%ir R5;
and R4 and Ranebedrdepyelic ek, HyQralh, GOyhyh(itakdayedikdcyhlcve dikyiriin duding bde, 5 not
Iimi{@d to m%@l,%@@%ﬂgﬂ&yclopropyl).
' R* and R’ are independeﬁtly hydrogen, acyl (including lower acyl), or alkyl (in_cluding but
not limited to methyl, ethyl, propyl and cyclopropyl).

In a second principal embodiment, a compound of Formula II, or 2 pharmaceutically

acceptable salt or prodrug thereof, is provided:

Y
N Ny -
1L
N N/ *%2
r'D

HC

O

15 or?  OR®

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 a]ka} or arylalicyl 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, fluoro, iodo, OR’, NR*R® or SR?;



In a third principal embodiment, a compound of Formula Ill, or a pharmaceutically acceptable salt or
prodrug thereof, is provided: Y X1 N N N Xa Rio Ca3 OR2 //Oi7R"' 10 wherein: R1, R2 and R3 are
independently H; phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized
APy e s g Ny o o o e
alkyl or ary ulfonyl inclu ! nesulfonyl a enzyl, wherein the phenyl group is optionally
substituted?&i‘u SShn‘?adoo‘?r]y °§%P§§&o§§t@ﬂi i@a@é&%@aﬁ?ﬁ@%@ﬁnﬁ%ﬁw%@m@ Woserdddoa lipid,
including a @%%@%W;c&rﬁ%imﬁacid; a carbohydrate; a 'peptide; a cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of providing a
compound wREreih I aRAmtcRehitvingepeneest) by 0 esRBaRy @ iR YH9paR: RBIO,ghIoro,
fluorg, iodo, %Rﬁnh\%%pf‘ﬁ%l%&ﬁﬁ“éf? Xt a\ré&d X ag indeggg ently selected from the group consisting
i - ‘BraRched or ey e I@é@’ ANER;

of H, straight chaine -aryl, CO-alkoxyalkyl, chloro, bromo,
fluoro, iodo, OR4, %@4,{%5{? or SR5; and R4 and RS are independently hydrogen, acyl (including lower
acyl), or alkyl (includiig bt FOtTRAN S S HRERYI 2SPRP Brap L dioaeiadBomy®) phamnasetiealbrincipal

n
embodimenta& guabposalicoopreding theiéo § isopphddamceutically acceptable salt or prodrug thereof, is

provided: Y X'I (X~Lo R'O Y
N AN
—~CL
' —
o N N x?

CH;
-0
or?  opd

, (Im)

10 . wherein:

R!, R? and R® are independently H; phbsphate (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
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*, NR*R? or SR*

20 X! and X* are mmdependently 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*NRS 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).



0 2~3 OROR! (i7~~~~ 1tl) 5 wherein: R, R2 and R3 are independently H, phosphate (intluding
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, wheréin afewticprihcipol priboptivmlly sustintbof\Witmone I, morebubstierivglias 10
described in,| %pggﬂgi iﬁ{]o?f %&%ﬁ%@lﬁf%’%ﬁ%ﬁ% includ_ing a phospholipid; an amino acid;_a
carbohydrate; a’peptide; a choles rol; or other pharmaceutically acceptable leaving group which
when administered in vivo is capable of providing a compgound wherein R', R2 or R3 is independently
H or phosphate; Y is hydrogen, bromo, chloro, fluste, i OR4, NR4R5 or SR4; 15 X1 is selected
from the group consisting of H, straight chained, branghed oy cyclic alkyl, CO-alkyl, CO-aryl,
CO-alkoxyalkyl, chioro, bromo, fluoro, iodo, OR4, NR4NR RS; and R4 and R5 are independently
hydrogen, acyl (including lower acyl), or all%/(l) (including but nof limited to methyl, ethyl, propyl and
cyclopropyl). In a fifth principal embodiment, a~sompound of Formula V, or a pharmaceutically 20
acceptable salt or prodrug thereof, is provided: 16 7O%4.NO RHO 40R' Z (V) wherein: R1, RZ and
R3 are independently H; phosphate (including myaepheSphate, diphosphate, 5 triphosphate, or a
stabilized phosphate prodrug); acyl (including lowgr acyl); alkyl (including lower alkyl); sulfonate ester
including alkyl or arylalkyl sulfonyl including '

1v)

5 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);
sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl,
wherein the phenyl group is optionally substinted 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 independentty H or phosphate;
Y is hydrogen, bromo, chloro, fluoro, iodo, OR* NR*R® or SR%

15 X! is selected from the group consisting of H, straight chained, branched or cyclic aﬂ{yl,
CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, OR*, 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}.

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

20 acceptable salt or prodrug thereof, is provided:

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 10 pharmaceutically acceptable leaving
group which when administered in vivo is capable of providing a compound wherein R', Rz or R3 is
independently H or phosphate; and Y is hydrogenghro chloro, fluoro, iodo, OR4, NR4R5 or SR4;
X1 is selected from the group consisting of H, straight{chaingd, branched or cyclic alkyl, CO-alkyl,
CO-aryl, CO-alkoxyalkyl, chloro, bromo, quoro iodo, 4 4NRS5 or SRS; and 15 R4 and RS are
independently hydrogen, acyl (including lowey acyl), or aﬁ<yl (|ﬁjclud|ng but not limited to methyl, ethyl,
propyl and cyclopropyl) In a sixth principal em dlm a compound of Formula VI, or a

rovided: Y X1"Z~N N O RbO CH, OR=
OR' 20 (VI) 11 wherein: R1, R2 and R3 are inde tly H; phosphate (including monophosphate,
diphosphate, triphosphate, or a stabilized phosphate Py qdrug) acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including aﬂ<yl or aryIaIkyI sulfonyl including 5 methanesulfonyl
and benzyl, wherein the phenyl group is optionally stituted with one or more substituents as
described injhe. 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 admlnﬁate s aL£om ou d,wherein s independently
H or phosphate%j?ig_dLOKY %ﬁgu%% n&%@g rl;%g?g‘? IJr"loc Illtcji(lj)nd("7 8&%’ g{}?f dr%f—%’ ;’?ﬁp
seleéted frofiphesghois consissiabilstad, Bh@gmtchai’nédl.gb;ramﬂie&mﬂw@ By acyl), alkyl
(inclnding lower alkyl); 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 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 R}, R® or R? is independently H or phosphate; and
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, bromo, fluoro, iodo, OR?Y, NR*NR® or SR; and

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

In a sixth principal embodiment, a compound of Formula VI, or a phai"maceuticaﬂy

acceptable salt or prodrug thereof, is provided:
Y

Xl
\N

A
CH,

—~0

or* o

20 VD

11



CO-alkyl, CO-aryl, CO-aikoxyalkyl, chloro, bromo, fluoro, iodo, OR4, NR4NR5 or SRS; and R4 and
R5 are independently hydrogen, acyl (including lower acyl), or alkyl (including but not limited to
methyl, ethyl, propyl and cyclopropyl). 15 In a seventh principal embodiment, a compound selected
from FormulaseydinVIII and 1X, or a pharmaceutically acceptable salt or prodrug thereof, is provided:
Base Base Base RIO,,, R'O,R' OR X X X Re Rs Rs ~~7g' ORZ~ ORZ /~~{m (ll) (VI mil (DC)

Wr?efel?f"(ﬁaﬁimw‘ﬂﬁ%@”“?@?%%wm%% or b e osphate prociug):
phosphate (jncluding monophos e, di ate sphate, .or abiljzed phospha orug
e e R O e ke
sulfony! inclidisigdinme thhare sallfgty| amﬁbmmwhﬁrhmﬁgeaﬁmnw gﬁ@wﬂ@lopﬂﬁﬁ@ﬂyzﬁubﬁﬁmgted with
one or 25 mor ubsﬂ%J nlI desc d mtléﬁ f|n|t n of ar t\}/en erﬁb cludln
hospholpidt SR SIS CETBUny AR K SEBO 8 holy SOy SOl R AL Sty
acceptable mmmmmmmdmmmmtéeﬁmummm i&jﬂagazbiehﬁrqmpwdlp@,axmmﬂgm
wherein R1, mdependent H or pho 12 R6 js en, hydroxy, alkyl (including
lower aIkyI) aﬁzﬁ c a(rﬁ'o Em]k(zeur?);ﬁl al ynyI Bre v%@?yé@r etﬁylp %’alk Y%(G%(O(%%vééﬂ a yI)
-O(gcyl) (Oﬂlmaawy@q&h}(aﬂqd;l)tab@(bwmmw ~Gifakerit)y; @E3intiitoed, zbrmm;sﬂug;m;;dmdﬁ N?]Zr’]
NH2, -NH(l r - gmg Xl H2. In a eight
principal e od| ent, ?fc ré%%{]ﬁ &l%%\(ﬁ)!{rem%?la% ga 3%“‘ %%g%fl or IS—I 5 go%e%tt%) ally acceptable salt
or qré)drug t@e{s ydroé%rnq\f)(rjc?mdo %iﬁo%a%%o@éom%%sﬁﬁ"%ﬁé‘% or SR';

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

O-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, propyl and cyclopropyl).

15 In a seventh principal embodiment, a compound selected from Formulas VII, VIII
andIX, ora phmaceuticaliy acceptable salt or prodrug thereof, is provided:
Bage Base
(VID) (VIID )
wherein: :
20 Base is a purine or pyrimidine base as defined heréin;

RY, R* and R® are independenily H; phosﬁhate (including monophosphate, diphosphate,

triphosphate, or a stgtbilized 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

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 RLR*orR%is indep endently H or phosphate;

12



41RO R6 X~ X 6' ORa/OR'ORZRR ly7777~~R (X) (XI) (Xul 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 prodrug); acyl (including lower
acyl); alkyl (Rfciuiimdgwghy@lkm siiforiattuasiendvaldinginlkidy; awka&kmgéﬂicpnadwﬁmdmg 15
methanesulfo

substituents 48 gescr tﬁ@gﬁ}%gﬁ pE@Fg@ﬁMﬁor&ﬂa ﬁ’g tgrgravg%hgg?ﬂ‘%nﬁg;

amino acid; eﬁ{krbehwﬂryt)g @pﬂhﬁdﬁ) ag@hplestiiiol, brmbgrﬂm@;ma&@umwjymgem@{me@ving
group which %F?Qn |n Vlvgllc?ﬁ p%?e |d|ng a compound wherein Rt, R2 or R3 is
mdependen?1 C)r %“ﬁ% é}d ny% xy, alkyl (including lower alkyl), azido, cyano,
alker}yl alky&yl §é§| é}h_){ (alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl),
-O(lower alkyl}; (aiken?y &ro, bromo, fluoro, iodo, NO2, NH2, -NH(lower allcyl), -NH(acyl), -
N(lower alkyl)2, -N 2;.R7 is.hydroge R3, hydroxy, alky (|nclud|n lower alkyl), azido, cyano,
alkenyl, alkynyl, é%B%/%fﬁf}%] 5(®)15) I%‘Iqi bﬁw ) O @dfb%é?%@yﬁﬁdfaﬂ(yl), -

O(lower alkypharéakeivgl)ycltiomind bsaminerideiahtédZ, rhlbkzvi&Hd(lower alkyl), - NH(acyl), -N(lower
alky02, -N(acyl)2; and 13 X is 0, S, SO2 or CH2. In a ninth principal embodiment a compound selected

from Formulas XIII,¢lV and XV, Bra pharmaggutically acoeptable salt,gs prodrug theseof, is provided:

R 'O Base R 'O Base R0 we R6 ~X ~X X ORZ~y iIW ORS
X‘--..
orR?* or

) | D (XD

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

5 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 independentty H or phosphate;

20 R¢ 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), -O(lower
alkyl), -O(alkenyl), chloro, bromo, fluoro, iodo, NO2, NH,, -NH(lower alkyl), -NH(acyl), -
N{lower alleyl),, -N(acyl)s;

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

25 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,, NI, -NH(lower alkyl), -
NH(acyl), -N(lower alkyl),, -N(acyl)s; and

13



.5 1<"-".J (XIV) (X wherein: Base is a purine or pyrimidine base as defined herein; RI, 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 alk¥lin Oafy8Rybsibnyl 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 Ipkasptofificiz entndiaetd;aecompmainddselte;al fept deradas KSE ELO awiher
pharmaceutigally acceptable leavi roup, which when,administered in vivo Jjs capable of 15 providing

- a compoun?g{v?lhé)?eal ) egrg?%@]fgalr? B%F%Yr%dgenttﬁlr H%%ﬁos% %ﬁsﬁgﬁ\érﬁdrogen, hydroxy, allcyl
(including lower allcyl), azido, cyano, alkenyl, alkynyl, Br- vinyl, -C(O)O(al}éyl), -C(O)O(lower alkyl),

-O(acyl), -O(low&Fasyl), -O(alk$he -O(lower 5ikyd), -O(alkerd@, chloro, bfomns, fluoro, iodes NO2, NH2,

Ry 20 Xis 0, S, SO2|or CH2. I a tenth
principal embodimentihe inveption provides a corjpound B Formula XVI, or § pharmggeutically
acceptable salt or prodftigtigreof: R10 Base Rio RE=XR IgH se is a purine or
pyrimidine base as defingd herein; Rl and R2 are indgpendently H; phosphateqincluding
monophosphate, dipho¥phat€ triphosphate, or a Stbilized phosphate prodrug); acyl (including lower
acylp alkyl 5 (including lqw@malkyl); sulfonate ester ingKithf)g alkyl or arylalkyl sulf@iyincluding
methanesulfonyl and benzyl, wherein the phenyl group is optionally substituted with one or more

substituents"4¥ & cribed in the definition of aryl given herein; a lipid, including a

- 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
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 admuinistered in vivo is capable of

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

R® is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br-
vinyl, -C(O)O(alkyl), -C(OYO(lower alkyl), -O(acyl), -O(lowef acyl), -O(alkyl}, -O(lower
alkyl), -O(alkenyl), chloro, bromo, finoro, iodo, NOs, NH,, -NH(lower alkyl), -NH(acyl), -
N(lower alkyl),, -N(acyl)z; and

20 Xis O, 8, SO, or CHa.

In a tenth principal embodiment the invention provides a compound of Formula
XV], or a pharmaceutically acceptable salt or prodrug thereof:

R'O

14



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 Rt or RZ is independently H or phosphate; R6 is hydrogen, hydroxy, alkyl (including lower
alkyl), azidowbyeuw, alkenyl, alkynyl, Br- vinyl, -C(0)0(allryl), -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), - Bidevser mikyd 21 gytanidjne besRs dafmrdhasiidependently hydrogen, OR2, hydroxy, alkyl
(including lower alkyl), azido, cyan, alkenyl, alkynyl, Br-vinyl, -C(0)O(alkyl), -C(O)O(lower alkyl),
-O(acyl), -ORdward a&Y|)areO fadeydhddipwdr aikginhax alivehnding hioermebiorphiice, darhiospheB2, NH2,
-NH(lower alkyl), - cyb), -N k cyl2i R3.a i ,

&ég%ﬁgi%, ow: U Al G EcY achRi@aedndensaeenibyht e

(including low orine, bromine’or 10dine; “20 altéfnatively, R7 R?, R7 ahd' R10, R$ and

R9, br R8 arft¢tuingatresmelkybetseifsaoresisr prpodimeantid isw ayidiod selbnd. indudisgentn

principal e i inventi QM r LaREaRharmasgstically
acceptable%%%@g%gg% r’t%lng}rg?f{:% &f%qgﬁgmﬁw%%‘ig ;g (@\%}%ﬁlg Wlﬁgerein: Bg{s@ez iS a purine or

pyrimidine bastesbrtiivertisrsdivicracdria e definiipehdertigirenphersihadigit irfhyling a

monophosphalc, RibREPAtcritiehozallats, ekfetiahlizedphashiaete pradbiseny! dRcbiding lower
acyl); alkyl 5 (including’lower alkyl); sulfonate ester including alkﬁl or arylalkyl sulfonyl including

methanesulfdyrarerbeiyRceriasis IR BAE SR BEEBRAmEsEtUR a%A GARBIe Bbre
Suqﬁituent%&éﬁﬁ%&bﬁﬁn&mﬁ definitior 'ofwyl; givespbeteiniyaHipidLgiuaiag a phospholipid; an
amino acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving

group whichpsheg.RerainisiRiediiy, ilg 1gisaRaRIE RiwdP M9y dingia, comBOUNdmM IR, BrR2 is
independently H or phosphate; _
vinyl, ~-C(0)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), -O(lower
alkyl), -O(alkenyl), chloro, bromo, fluocro, iodo, NO,, NH,, -NH(lower alkyi), -NH(acyl), -

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

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), -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); '

R® and R' are independently H, alkyl (including lower alkyl), chlorine, bromine or iodine;

20 alternatively, R’ and R®, R” and R*, R® and R’, or R® and R' can come together to form a

pi bond; and
XisQ, S, SO, or CH,.

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

X VI, or a pharmaceutically acceptable salf or prodrug thereof:

25

15



R6 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, allcenyl, alkynyl, Br- vinyl,
-C(O)O(aikyl), -C(0)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)2, -N(acyl)2; 15 R7
and R9 are wHegpendently hydrogen, OR2, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl,
alkenyl, Br-vinyl, -C(O)O(alkyl), -C(0)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), -O(lower alkyl),
-O(alkenyl), Bhdoiine pbrimsoreyyidohiten N@s2;, NN Id2Gadd Hétewer alkyl), -NH(acyl), -N(lower alkyl)2,
-N(acyl)2; R10 is H, alkyl (including lower alkyl), chlorine, bromine or iodine; 20 alternatively, R7 and
R9, or R7 ard Ribd chh eamintiegettentty feimpaqgiphated jaciidhis thdbofiddphaeHaighoaphiaselfth

principal empodiment, the invention.provides a compound.of Formula. XVIII, or a pharmaceutically
acceptable s%ﬁ%rs %ﬁ%t&ruﬁrthaersegﬁﬁﬁgg aser 4&05117@%5 ?%Ilﬁn?g vl\ﬂger%ﬂ’:epBaa%rﬁs ghj{ p)(lfrine or
pyririidine b@isehadintefiovee: hdksil), RildnchiR 2atete preehdiingyabtyb osphdaé fih chuding! ninclogingsphate,
diphosphate,_triphosphate, or,a stahilized phosphate prodrug). acvl (_inﬁludi | racyl); alkyl 5
(including Ioﬁlg?%ﬂ?ﬁg gﬂﬁo%néjte %nszlséfﬁ%: ur%ﬁlgl%%?n(ﬁ{ g?ﬁ%ﬁ%}%logé ony ir%%ﬁ?&%é%f&%ﬁ%%ﬁ fonyl
and benzyl, mbersirbstiaglieny| dpoubad optibnadifistiosticdted/vitlvankeosinnerbsdbtiteintg as
described in efinitign l.give rein; .adipid, includj @&os;&ho' [ o mino agid; a
carbohydra'tgtl;qgséé%i% cfég aaqgho estgro%fo&? o%we’%%gﬁg%n%%éu&%% apdeptaglr]g)%%v?ﬁ% glr%u g%v%ich
when administereeceviibadl ysacegmdiie deayip pvidinytackowisousiiirmeresd R sivR Bisdnelpaddently H

or phpsphatg. R ngg%%ﬂnﬁy%%nﬁk&@zqm doweraiyl), 'g&&gano, alkenyl, alkynyl, Br-
vinyl, -C(O)gfalkygt,éjC(O (lower alkyl), -O(acyl), -O(lower ac%l), -O?glékyl), -O(lower alkyl),
'8((2(';?;‘23(')' ROIQD R0 HUAREQy 195 N R MBI 1605 (o, 2k, AR GReny N (BNERIR2.
’ vinyl, -C(O)O(alkyD), -C(O)O(lower alkyl), -O(acyl}, -O(lower acyl), -O(alkyl), -O(lower
alkyl), -O(alkenyl), chloro, bromo, fluoro, icdo, NO,, NH,, -NH(lower alkyl), -NH(acyl), -
N(lower alkyl),, -N(acyl);
15 R" and R’ are independently hydrogen, OR?, hydroxy, alkyl (including lower alkyl), azido,
cyano, alkenyl, alkynyl, Br-vinyl, -C(O)O(alkyl), ~-C(OYO(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}s;
R"Y is H, alkyl (including lower alkyl), chlorine, bromine or iodine;
20 alternatively, R” and R®, or R7 and R*? can come together to form a pi bond; and
X is O, 8, SO, or CHa.
In an twelfth principal embodiment, the invention provides a compound of Formula
X VI, or a pharmaceutically acceptable salt or prodrug thereof:
R'O
25
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15 R7 and R9 are independently hydrogen, OR2, alkyl (including lower alkyl), alkenyl, al cynyl,
Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO2, amino, loweralkylamino or di(lower- alkyl)amin.o;
R$ is H, alkyl (including lower a&yl), chlorine, bromine or iodine; alternatively, R and R9, or R8 and
R9 can comeliegéther to form a pi bond; 20 Xis 0, S, SO2 or CH2. The fl-D- and $-L-nucleosides of
this invention may inhibit HCV polymerase activity. Nucleosides can be screened for their ability to
inhibit HCV pakeiesaselactvilyimidite inceardiefriedsenedming methods set forth more particularly
herein. One can readily 25 determine the spectrum of activity by evaluating the compound in the
assays desibeghdeFein pravithdmaihe Hgondimsstiary diseyidinonaenposishet, thifsiisseyeof the
anti-HCV co und is measured, according to the concentration of ¢ ound necessary tq reduce
the plaque n 8P ?ﬁﬁeo\;irﬁsﬁ?gb?}?ﬁ’%c,{a%%ospcﬁ%& 8 me dsa(s;%rft z)urlt(f?um%lt% p%‘?t?%u el hearﬁév'rr?, by
50%3(i.e. thgiaomioy rid'wel 2k@R0ulfoprefased dmhdidigeiitsithe copiikvnduidnpitsrmnBEes0 of

less than 25 1%&10 ﬁfoorlm' omoiar In anqther. emli)odiment,t eaﬁt&ive %H{_o%ﬂn‘% annbe
& .

administered i cor%%lnal}?gna%r 5&%%5?%%% & gﬁ%lgr %rnot‘ﬁprfé\‘}"aé”é‘ YR combination tﬂe?«%gy, an
effective dosage chtBtiwenty mofesaijmatsratkeadefimistered sogegian Wwhrereas dordhgmitediagion
therapy an effective.desage of each agent i Iell serially,.The do l.depe
absorption, f?]{é%st?\}/{ggg?& G S ?%fi%%?ﬁg%g X géé%tﬁ’ g Eﬁgﬁ%ﬁlﬁi iy

n,’and excretion rates o ug as wel er factors known to those of skill

in the art. It shtorhecewsieathateiptzige lealties srithalsdisdryhvith afisisivensd) o hine isovidition € be
allzyé)ated. Itg’i&sg %%?ﬁi? Q%ng@?&g%%tﬁa%ﬁaﬂmﬁwa{%yﬁ%w%cific dosage regimens

and schedul be adjusted over time according to the individual need and the professional
judgment of nipisterin ising.Jhe inistration.of the,col pgﬁg 1..8915'13 g
Nonlimiting g;?rsr?g@ép%ggrr}t%rai gﬁgg@ t@%‘?@%@gﬁsed in c’)mbinétign with themf:ompouhdg
disclosed heraiplin€l( 2 aEyD), aR (R roer 2ikyds ribéaamh. (BAewtn2ay. QatdhmGarmacother.
34:487- 494 3¢ ,)L@@E{E%Hﬁrc%rﬁf BlAREMLEDe B( SR N3k 2RE @5 LO9RY 1 hGiubsyste-based
NS3 protease ihhibitors _

Aftwood et at, Antiviral peptidé
N(lower alkyl),, -N(acyl); '

15 R’ and R® are independently hydrogen, OR?, alkyl (including lower alkyl), alkenyl, allcynyl,
Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO,, amino, loweralkylamino or di(lower-
alkyl)amino,

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

alternatively, R” and R®, or R® and R? can come together to form a pi bond,

20 X180, S, SO; or CHa,

The B-D- and f-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 conceniration of compound necessary to reduce the plaque number of the virus in

vitro, according to methods set forth more particularly herein, by 50% (i.e. the compound’s
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derivatives, PCT WO 98/22496, 1998; Attwood et at, Antiviral Chemistry and Chemotherapy
10.259-273, 1999; Attwood et at, Preparation and use of amino acid 20 derivatives as anti-viral agents,
German Patent Publication DE 19914474; Tung et al. Inhibitors of serine proteases, particularly
hepatitis C VIE(8N I8 prefieaat emibobiveatsAB L s niciutipgsalpl kg toaeis esang, yslragisoureas,
and inhibitorgrt at Igrmir;late in an electrophile such as a boronic acid or phosphonate. Llinas-Brunet
et al, Hepatitis Tiaeiie ?rpeptide analogues, PCT WO 99/07734. 25 (3) Non-substrate-based

inhibitors such as Z'Jéf],&tr'h droxy-3-nitro-penzamide derivatives (Sydo K. et at, Biochemical and
‘Biophysical Resear®h?8YHnTH at, %‘?Wﬁ%"%@ St AR HBARR 9 and
ChemotheraglyethaBén 3888 ndtieindinpIRD3ARER and-RERHIGS, theafrmar sehstisiessan the amide
with @ 14 carbon chain and the latter pracessing apara-phenoxyphenyl group; 30 (4) Thiazolidine

G atives wHOH e FeRBTATR AR T S Tor, G R0n RN ST F3Si0n
protein and S&AI5BisedpstrafecSh depht ek addriiBibtatbdrabRebear O S Ackddhs 1996 )despeciadly
compound RR-1-6250, possessing a fused .cinnamoyl.moiety substituted wjth a.long alkyl chain, RD4
6205 and R Sé?ég;n( af%?gazacl)ﬂndir%s gﬁ%‘%lgﬁz%r{%:ﬁ(}égs |86;%r‘11)t(fﬁe% i?\i%aﬁu‘\%ﬁ\lafa&ogf ‘}rnégg %’etters
 421:217-220h0skebHitd M. dieatrthrfakgtiodicBiotideiiras tiys 247 242 46]! OBy 6)ith the severity
phenan-thre in NERQRS ' gﬁgﬁ' [tys again V pratease in g SDS:- PAGE and. .
autoradiogral% cglhléts(c’)say |s%%a?§(? tEIrom t \é{%é'rrﬁnlgtﬁgr% %lﬁﬁar)eg %P(%Iiuelc‘)s O%?rep%&rﬁ)f/ﬂcaeﬂg sB??%%H%SG?;l
(ChlOM. et asuTistialspehidis dosgs BZTR29ME3Rhed06) shouldSeshadbt633s veoltnet droonding fangus
Penicillium ggiscafuhy whi tr IVHY:| (ntillation proximit et al.,
Bioorganic s Meial 15 hemrs LoAna e Gasle JF 0 A e o o,
the macrom&HaesHIgithe afspmtEeiuhefdee porpasita®. A. et al., Biochemistry 36:1598-1607, 1997);
(8) HCV helicase inhibitors (Diana G.D. et al., Compounds, compositions and methods for treatment
of hepatitis C, U.S.Pubmeting exe3p1e58f piniab dgeus dhat tanFhperidihin derivetisden prithnimceutical

compositiongdhgraeianc et Uss i, theitgatment of hepatitis C, PCT WO 97136554); (9) HCV
polymerase inhibitors such as nucleotide analogues, gliotoxin (Ferrari R. et

15 (1) an interferon and/or ribavirin (Battaglia, A.M. ef al., Ann. Pharmacother. 34:487-
494, 2000); Berenguer, M. ef al. Antivir. Ther, 3(Suppl. 3):125-136, 1998);

(2) Substrate-based NS3 protease inhibitors (Attwood et al, Antiviral peptide
derivatives, PCT WO 098/22496, 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 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, 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. et al., Biochemical and Biophysical Research Communications,
238:643-647, 1997; Sudo K. et al. Antiviral Chemz‘sﬁy 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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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 oligodeoxynucleotides (S-ODN)
~complementary to sequence stretches in the 5' non-coding region (NCR) of the HCV (Alt M. et at,
Hepatology Z2:ral7R7sea9ds | 1818 cIefiDe 3268 Sccomprising thé-826ddrokshesiNEC R fasel

raioay 12 B oo 1000)

(11) Inhibitors of | ependent transjation (Jiceda;N et at, Agent.for t e [ eatment of
hepatitis C, Japan%zggﬁg%ﬁ?} Ill}gﬁcagt%z%]eﬂﬁfég%%édge&?égé%%@&%ﬁn%?o‘?ﬁ%ﬁé%%%ﬁ?of viral
diseases, Jafrdn&skRatdrrkeslttichlt enal Pird10ab810c /9 (s2y Mickdastife 483Nt ribozymes (Maccjak
D.J. et ai., Hepatology 30 abstract 995, 1999); and (13) Other miscellaneous compounds including

1-anfino-alkylcycloh@ExanpkeflarSPatenndie. BooS4si8y dotiBiydagniisy, BlKY hpitkm{t)i8. LA No.

5,922,757 t jKi t Al ' tigxjdants ( P 9,922 757 t
Chojkier et gi%%u%ﬁé%@n%ﬁ%%%} E?%Qﬁc%gg%é@ l@aten@!%lo%%%@?é% tl}%uzué ié % )%
(phosphonodtepybrcesariSAcB o). S lRabrar b, He88b@bend Miema e7aky-7232, 1996), and
benzenedic xaides (L afens Piana . d i I ivatives
(U.S. Paten?l\%g 5,496%54%)%% t\Slglang ei\lgle.), 2 '-d%%’g%yinosin%}l%agg Iglg{%n%ﬁlgg QS%%%? to
Yarchoan etatiyittnéberssintdiesioe pioxsaibarsatNCBe M, 874 ab, Gorargaoict and. Biagienal

DES§RIPTION, D& THEEIGS RI28. fygyye 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 COmpILANG EXNBRIBTHINLING 164 oF IR 215 -AdIBS A BRI, 1 AR MRACokipRtics

(plasma concentrations) of (3-D-2'- CH3-riboG administered to six Cynomolgus Monkeys over time
after adminisRasishM-yieaaBinghawiaie fad SBEHE BIPR7Bharmacolcinetics (plasma

concentrations) of (3-D-2'-CH3-riboG administered to Cynomolgus Monkeys either intrave'nously (3a)
or (8) HCV helicase inhibitors (Diana G.D. et al., Compounds, compositions and '

methods for treatment of hepatitis C, U.S. Patent No. 5,633,358; Diana G.D. et 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. ef
al. Journal of Virology 73:1649-1654, 1999), and the natural product cerulenin {(Lohmann
V.etal, Virology 249:108-118, 1998);

20 | (10) Antisense phosphorothioate oligodeoxynucleotides (S-ODN) compiementary to
sequence siretches in the 5° non-coding region (NCR) of the HCV (Alt M. ef 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 JRES-dependent translation (Ikeda N et al, Agent for the
prevention and treatment of hepatitis C, Japanese Patent Publication JP-0826889(; Kai Y.
et al. Prevention and treatment of viral diseases, Japanese Patent Publication JP-
10101591);
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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.hast animals, that includes administering an effective HCV treatment amount of a
$-D- or $-L-nucleo§l@p ldsciieseribadie ebonmze? Miayahdodutic ally Aepeplabje3dadbsirpriodiitig
thereof, opti? in & pharmaceutically 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, th nt invention includes the following, features. $-L-nu sides, as -
described herein, Z %5 ?%rmaceu%ﬁaaﬁﬁ? accep?gbu%gséﬂs{ﬁt]&%roérugs there § 2 ﬁlgg

(3-L- nucIeoéTdEstﬁa:lé&ﬂﬁmbﬁﬂrHer@midam@l@t}aﬂwhd:@tdmﬁﬂys E’ammab@%lﬁﬁmd Phogkiggsthereof

f thet f d d

e an HEA e o B o e OB U iy T bt K e

(3-L- nucleom@elmdaptmtﬁmmmn)aadseﬁtbﬁlem !a’ﬁd pﬁc&ﬁt@@éﬁkh@re@fznﬁthd maEjufaeture of a

medicament(é i% %ﬁ" _als-h] cl%ﬂ{ec?@, (ck) eu§|§ gf%gnutgtl m rlsdftjg the
osides Cc

R-D- or O-L aceutically accepta Ie sats or prodfugs thereo together with a

pharmaceuthﬁaﬁyn%fbé@rbmm@@@ﬁngﬁ& diebaitNe) $:.8333%8 rol Dasteebides aoledeniied sridein
SUbSta”t'a”Bﬁla'?ﬁ'ﬂﬁ@Qi@@eﬁteﬁﬁ RB25uRRSAS o HeAessihgd RYcleaside: R aPapgtialy isolated

from other chemical entities; %\fglprocesses for the reparation ofC) D- and",6-L-nucleosides, as
desdtibed inNmotdHERT Helowareiritgyiptdde Hé%?é%ﬁrzﬂlbﬁ Hatept. Ned A.89IédSides

substantiallyifdbieo 2P Aysence of enantiomers of the described nucleoside, 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 |, or a pharmaceutically

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 provides the structure of various non-limiting examples of nucleosides of
the present invéntion, 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 B-D-2’-
CHz~1iboG administered to six Cynomolgus Monkeys over time after administration.

Figure 3a and 3b are line graphs of the pharmacokinetics (plasma concentrations) of
B-D-2’-CHs-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, that includes administering an

effective HCV treatment amount of a 8-D- or -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 to a compound that exhibits such activity.

20



acce\ptable salt or prodrug thereof, is provided: 21 Y N x-</ NN N xa RHO O CHI ORa OR3 m

wherein: R', R2 and R3 are independently H, phosphate (including mono-, di- or triphosphate and a 5
stabilized phosphate prodrag); acyl (including lower acyl); alkiyl (including lower alkyl); sulfonate ester
~including alky! or abyRHRFPatHGRS PRECFIIRYCHIER fdhs iaHa RS AR Y ierein the phenyl group is
optionally substituted with one or more substituents as described in the definition of aryl given herein;
a lipid, including a {®osplopicansh drimackserides.cabholfpsrihed alisiifidcand cRbEEIRFErSABher

pharmaceutmgytgpﬁ%@%d%w@%;%gf% which when administered in vivo is capable of providing

a compound wherein.R', R2 or R3 is independently H or phosphate; Y is hydrogen, bromo, chloro,

fluoro, iodo, ORA, %i“R%%.S% X4 pndh A 2oaiednderandaniby selaeted fiam he.gretmgensjsting of
H, straight chained, ‘branched or ck;(':lic alkyl, CO-alkyl, CO-aryl, CO-allcoxyalkyl, chloro, bromo, fluoro,

iodo? 15 ORMceuRhN Reltsraak gr dhereaTRer are int B Haemgnh paBgeRy R ehandiHg\ower
acyl), or alky} finglyding,bytiRoL iRl 8ilylo st s REQRYE 3ACGYPIGRIQR: 4P BepiBiarieck

subembodiment, a compound of Formula |, or a pharmaceutically acceptable salt or prodrug thereof,
is provided vitdresipmnge fufested Ry RS Yre independently H or phosphate (preferably H): Xl is H; X2 is
H or NH2; and

(c)  use of these 8-D- and p-L-nucleosides, and pharmaceutically acceptable salts

and prodrugs thereof in the maoufacture of a medicament for treatment of an HCV
10 infection;

(d) pharmaceutical formulations comprising the §-D- or S-L-nucleosides or
pharmaceutically acceptable salts or prodrugs thereof together with a pharmaceutically

acceptable carrier or diluent;

()  B-D- and B-L-nucleosides as described berein substantially in the absence of
15 enantiomers of the described nucleoside, or substantially isolated from other chemical

entities;

H processes for the preparation of -D- and S-L-nucleosides, as described in

more detail below; and

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

chemical entities.

I. __Active Compound, and Phvsiologically 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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Y is hydrogen, bromo, chloro, fluoro, iodo, NH2 or OH. 22 In a second principal embodiment, a
compound of Formula I, or a pharmaceutically acceptable salt or prodrug thereof, is provided: Y h
N~X2 R'O H30 e ORS OR" (II) 5 wherein: R1, R2 and R3 are independently H; phosphate
(including monophosphate, diphosphate, triphosphate, or astabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sylfonaig.ester including alkyl or arylalkyl sulfonyl
including methanesulfonyl and benzyl, whereln,__égi)h grofip is optionally substituted with one or
10 more substituents as described in the def|n|t|o any givesl herein; a lipid, including a
phospholipid; an amino acid; a carbohypglrate a peptide; a cholest&tol; or other pharmaceutically
acceptable leaving group which when adm |stered in vivo is capable of providing a compound
wherein R1, R2 or R3 is independently H or e; and Y is hydrogen, bromo, chloro, fluoro, iodo,
OR4, NR4R5 or SR4; 15 X1 and X2 are inde selected from the group consisting of H,
straight chained, branched or cyclic alkyl, COsalkyl 1@6 -aryl, CO-alkoxyalkyl, chloro, bromo, quoro
iodo, OR4, NR4NRS5 or SRS; and R4 and RS are independently hydrogen, acyl (|nclud|ng lower acyl),
or alkyl (including but not limited to methyl, ethyl, prgpyl and cyclopropyl). 20 In a preferred
subembodimgpt..a,compound of Formula Il, or a pharmaceutically acceptable salt or prodrug thereof,
is provided wherein: Rt, R2 and R3 are independently H or phosphate (preferably H); X1is H;)2is H
or NH2; andlg’:%Rz 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 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

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 consisting of H, straight chained,
branched or cyclic alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo,
15 OR*, 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).

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

‘acceptable salt or prodrug thereof, is provided wherein:

20 R', R® and R® are independently H or phosphate (preferably H);
X! is H;
X% is H or NHy; and

Y is hydrogen, bromo, chlore, fluoro, iodo, NH; or OH.
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Y is hydrogen, bromo, chloro, fluoro, iodo, NH2 or OH. In a third principal embodiment, a compound of
Formula Ill, or a pharmaceutically acceptable salt or prodrug thereof, is provided: Y N x1 N N xz R'0O
N ORZ ORS 5 (I) wherein: R', R2 and R3 are independently H; phosphate (including monophosphate,
diphosphate, triphGisphatendpansiabilizetodoaghatepadnud b f Foph(ide ldorg: lsheenm acydyicalky|
(including lower al lf{); Ifonate ester including alkyl or arylalkyl sulfonyl including 10 methanesulfonyl
and benzyl, %ﬁe ?teall{tr}li hsgﬁ p%repﬁf/)ﬁa% E%eﬁ’goc%;ﬁ?r%ﬁ}ygg%‘bstituted 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 phargpace \'gally acceptable leaving group which
when administered in vivo is capable of providipg agffo ound wherein R', R2 or R3 is independently
H or phosphate; and 15 Y is hydrogen, bromo, chloro, fitarog#6do, OR4, NR4RS5 or SR4; Xt and X2
are independently selected from the grokip. consistincg of H, I§traigFﬁt chained, branched or cyclic alkyl,
CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, b omqﬁj oro, iodo, OR4, NR4ANRS5 or SRS; and R4 and
R5 are independently hydrogen, acyl (includig lowé¥ acyl), or alkyl (including but 20 not limited to
methyl, ethyl, propyl and cyclopropyl). In a preferred subembodiment, a compound of Formula Ill, or a
pharmaceutically acceptable salt or prodrug thgreofzis provided wherein: RIl, R2 and R3 are
independently H or phosphate (preferably H); X1 is H; 24 X2 is H or NH2; and Y is hydrogen, bromo,
chloro, fluoro, iodo, NH2 or OH. am

5 wherein:

R!, R? and R? are independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug); acyl (iﬁcluding lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfony] 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 catbohydrate; 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*, NR*R® or SR*;

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, propyl 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);
X'isH;

X?isHor NHj; and
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In a fourth principal embodiment, a compound-of Formula IV, or a pharmaceutically acceptable salt or
prodrug thereof, is provided: Y X1 NIL\ N 'O R'O 0 CFI' 5 OR2 OR3 (IV) wherein: RI, R2 and R3
are independently H, phosphate (including mono-, di- or triphosphate and a stabilized phosphate
prodrug); acy {#riutddipen) drenacy)omikiihdirns iodindNEyver Gyl); 10 sulfonate ester including alkyl or
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is optionally
substituted with onénor thiedepanbiptiluants dimaeseibegimib e OBiintion Of, aiy kgideniaesatiaiipid,
including a paréos tggigoéglﬁan amjno r%ceidéﬁ carbohgd%ate; a peptide; a cholesterol; or other
pharmaceuticeﬁTJ accep able’ fgavﬁg grreou’pIWPc‘H Wiien 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, NR4R5 or SR4; X1 is selected from, the KQuUPp consisting of H, straight chained,
branched or cyclic alkyl, CO-alkyl, CO-aryl, CQzalkgkyallyl, Ctforo, bromo, fluoro, iodo, ORA4,
NR4NRS or SRS; and R4 and R5 are independentiy™\p gersacyl (including lower acyl), or alkyl
(including but 20 not limited to methyl, etibyl, propyl ahd cyclopropyl). In a preferred subembodiment, a
“compound of Formula IV, or a pharmaceutic Ingcce table salt or prodrug thereof, is provided
wherein: R', RZ and R3 are independently HQl phosphate (preferably H); X1 is Hor CH3; and 25 Y is
hydrogen, bromo, chloro, fluoro, iodo, NH2 or DH-Tij a fifth principal embodiment, a compound. of
-‘Formula V, or a pharmaceutically orz. ORP

5 (I

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 mcthancsxﬂfo_nyl and beﬁzyl, 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' 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);

x!isH;
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acceptable salt or prodrug thereof,is provided: Y N N 'kO RIO ORS OR' "Ic 5 (V) 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 alky?ds arykeiet, safonyl 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; ip&ktHig= 1HSPRIRK fABBMENG agid, & esgoohydrate; a peptide; a cholesterol; or
other pharmaceutically acceptable leaving group which when administered in vivo is capable of
providing a compo Whsie IS %5]513%55 H% ; Y Q?){S{rogen,
bromo, chloro, quolrIg,qilodo, 0%14%1 gfl%ﬁgﬁg%ﬂ%(e{als sele%)tlggfgr%% t Sggfé%%%cﬂo%%%%@o ,
straight chaifSFPHRS SR PLPedERe twpoidouide® 0-aryl, CO-allcoxyalkyl, chloro, bromo, fluoro,
iodo, OR4, NR4ANRS5 or SRS; and R4 and R5 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 phafgiaceutically acceptable salt or prodrug thereof,
is provided wherein: R1, R2 and R3 are independentl fH or/%%osphate (preferably H); X1 is H or CH3;
and Y is hydrogen, bromo, chloro, fluoro, iodo, NH2 or OK~ Z&dna sixth principal embodiment, a
compound of Formula VI, or a pharmaceut®ally acceptalle salt or prodrug thereof, is provided: Y X
)

CH;
5 OR*  OR?

Iv)

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);
10 sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfony] and benzyl,
wherein the phenyl group is optiomally substitited with one or tore 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?

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

X! is selected from the group consisting of H, straight éhained, branched or cyclic alkyl,
-CO-alkyl, CO-aryl, CO-alkoxyalkyl, chioro, bromo, fluoro, iodo, OR4, NR*NR® or SRS; 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 CHs; and
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7N NAO RHO cx, OR2~~gm~OR" (tll) 5 wherein: R1, R2 and R3 are independently H; phosphate’
(including monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acy!
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alky! or arylallryl sulfonyl
including m¥tisdnvdsegion pramd. s, SieseeindhdNFhenyPhroup is optionally substituted with one or
10 more substituents as described in the definition of aryl given herein; a lipid, including a
phospholipid; an alniadifitidrcadchyurditeset.pe ptidepanchofdmrultacy otier phharanetegalisly
acceptable leayi ich: 1]l {0 vivo is capable of providing a compound
wherein R, %%2%]?%?%?ﬁn%@ﬁ%%grﬁ%%g@}%ﬁ%%gte and Y is hydrogen, bromo, chloro, fluoro, iodo,
OR4, NR."RS or SR4; 15 X1 is selected from the group ¢onsisting of H, straight chained, branched or
cyclic alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, ciew mo, fluoro, iodo, OR4, NR4NRS5 or SRS;
and R4 and RS are independently hydrogen, acyl (ingluding lower acyl), or alkyl (including but not
limited to methyl, ethyl, propyl and cyclopropyl). In a p subembodiment, a compound of
Formula VI, or a pharmaceutically 20 acceptable salt or jprodrug thereof, is provided wherein: RI, RZ

and R3 are independently H or phosphate (pre X1is H or CH3; and Y is hydrogen, bromo,
chloro, fluoro, iodo, NH2 or OH. 27 In a sevent | embodiment, a compound selected from

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 inchuding alkyl or arylalkyl sulfonyl including
10 methanesulfonyl and benzyl, wherein thé 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, ORé, NR*R® or SRA;

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 (inchuding but
not limited to methyl, ethyl, propy! and cyclopropyl).

20 In 2 preferred subembodiment, a compound of Formula V, or a pharmaceutically

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

Y is hydrogen, bromo, chloro, fluoro, iodo, NH;z or OH.
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O 2 R 77~OR3 ORZ~7y~~ /~'~~ (VII) (IlI) *1) 5 wherein: Base is a purine or pyrimidine base as.
defined herein; R', R2 and R3 are independently H; phosphate (including monophosphate,
diphosphate, triphasphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl
(including lower alkyB; sxiqmaneipstenibaiimimg alkympound afiosuén Y lins eophgrressetisaliesulfonyl
and benzyl, wherein the phen &]Iqlr ' i * bstituted with one or more substituents as
described ina?ﬁg)g% i %nor 1%%lry g\%ﬁ%g’%ﬁ?"? ﬁ)%l including a phospholipid; an amino acid; a
carbohydrate; a peptide; a cholesterol; or other pharmageutically acceptable leaving group which
when administered in vivo is capable of providingca.c }Lzlnd wherein R', R2 or R3 is independently
H or phosphate; 15 R6 is hydrogen, hydroxy, alkyl (ingluding lower alkyl), azido, cyano, alkenyl,
alkynyl, Br- vinyl, 2-Br-ethyl, -C(O)O(alkyl), -C(O)O(lo ,a%(g -O(acyl), -O(lower aryl), -O(alkyl),
O(lower alkyl), -O(allcenyl), CF3, chloro, brggo, fluoro, ibdo, NO2, NH2, -NH(lower alkyl), -NH(acyl),
-N(lower allcyl)2, -N(acyl)2; and Xis 0, S, SO2, FEBIZ. 0 In a first preferred subembodiment, a
compound of Formula VII, VIl or IX, or a pharmggceutiCally acceptable salt or prodrug thereof, is
provided wherein: Base is a purine or pyrimidine s defined herein; R1, R2 and R3 are
independently hydrogen or phosphate; R6 is alkyl.and25 Xis 0, S, SO2 or CH2. 28 In a second
preferred subembodiment, a compound of Formula VII, VIII or IX, or a pharmaceutically acceptable
salt or prodrug thereof, is provided wherein: Base im})urine or pyrimidine base as defined herein; RI,
RZ and R3 grghydrogens; 5 R6 is alkyl; and Xis 0,'S,’SO2 or CH2. In a third preferred
subembodiment, a compound of Formula VII, VIl or IX, or a pharmaceutically acceptable salt or

prodrug theﬁ@?fRis Bfﬁ?vi@egrélv Iﬂ?cf%.gﬁdenﬂy 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 R!, R? or R? is independently H or phosphate; and

Y is hydrogen, bromo, chloro, flzoro, iodo, OR_4, NRR® 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, 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).

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! isH or CHj; and

Y is hydrogen, bromeo, chioro, fluoro, iodo, NH; or OH.
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Base is a purine or pyrimidiné base as defined herein; 10 RI, RZ and R3 are independently hydrogen -
or phosphate; R6 is alkyl; and Xis O. In a eighth principal embodiment, a compound of Formula X, Xl
or Xll, or a pharmaceutically acceptable salt or prodrug thereof, is provided: RIO Base RIO Base RIO

Base Rs R6 X~ Xiné iR BReigMoonhaiRe(X p(Xinpaindvidesind Base Roaplain® By PHimidine
base as defigedrierein; Bﬁlr R [ X fe (in ing monophosphate,
diphosphate, 20 t’riphogp atg,g%@{g@t:gg%z%% p ogg%g%]%%uﬁ%%%@ﬁﬁﬁgﬁg%g lower acyl); alkyl
(including lower alkyl); sulfonate ggter including alkyl or aryjalkyl sulfonyl including mgthanesulfonyl
and benzyl, whereir'the phenyl group is opti [ i [

H or phosphate; R6 is hydregeg hydroxy, alkyl (incigding lower alkyl), azido, cyano, alkenyl, alkynyl,
Br- vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower aryl), -O(alkyl), -O(lower 5 alkyl),
-O(alkenyl), chloro, bromo,(ﬂ;f%o, iodo, NO2, NH2, V\(glg} er alkyl), -NH(acyl), - Nﬁ[@zver alkyl)2,
-N(acyl)2; RC is hydrogen, OR3, hydroxy, alkyl (including Tower alkyl), azido, cyan, alkenyl, alkynyl,
Br-vihyl, -C(®Ye5gikyl), -C(O)O(lower alkyl), -O(acyl), -O(lower aryl), -O(allcyl), - O(lower alkyl),
-O(alkenyl), chlorine, bromine, iodine, NO2, NH2, -NH(lower alkyl), - 10 NH(acyl), -N(lowerallcyl)2,
-N(acyl)2; af#sk is DpGirsoproriokiingbadipstdsistedreateinbembodiment, a compound of Formula X,

Xlor XIl, or a _
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
10 methanesulfonyi and benzyl, wherein the phenyl group is optionally substituted with one or
more substitnents 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(0)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl),
-O(lower alkyl), -O(alkenyl), CFs, chloro, bromo, fluore, iodo, NO,, NH,, -NH(lower
alkyl), -NH(acyl), -N{lower alkyl),, -N(acyl)s; and

Xis O, 8, 80,, or CH,.

20 In a first 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;

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

R®is alkyl; and

25 Xis 0, §, SO, or CH,.
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pharmaceutically acceptable salt or brodrug thereof, is provided wherein: Base is a‘purine or
pyrimidine base as defined herein; 15 R1, R2 and R3 are independently hydrogen or phosphate; R6
is alkyl; and Xis 0, S, S02 or CH2. In a second preferred subembodiment, a compound of Formula X,

Xl or XII, or a ph_aﬂma@emméw@@@cbﬁ@zbfﬁ@@ﬁimepmmmwbqfiﬁqmwi@lé&f&yﬁéﬂemzm Base is a
purine or pyimidine Hasa3s delinsdnereln Bl RARRLRIYR RUdEgRIS;R6 is alkyl and Xis 0, S,

S02 or CH2! In a third preferred’subembodiment, a compound of Formula X, XI or XlI, or a 25

pharmac’eut@gég/-gg qﬁﬁg‘p fdﬂ&?%ﬁ a@ E@ggdl ided wherein: Base is a purine or
pyrimidine base ells o?% medljﬁgﬁeﬁﬁ? R1, R29an§ R3 arzlél%r% ependently H or phosphate; 30 R6 is alkyl;

and XisO0. In,even refe embodiments, a compound of Formula XI, or its
pharmaceug%a’l y aa::ﬂé%%agé?él gg%g%%%;odrug, is provided: RIO Base B3C O 02 (XI) wherein: Base is a

puri%e or pyy llgé 336 as defined herein; optionally substituted with an amine or cyclopropyl (e.g.,
2-amino, 2,6-diamirfo’or cyclopropyl guanosine);-and 10 R1 and R2 are independently H; phosphate

(including m%(SJH]%s%}qate %@ﬁhosphate, triphosphate, or a stabilized phosphate prodrug); acyl
(including lower acyl), a?<yfL inéluding lower alkyl); sulfonate ester including alkyl or arylallcyl sulfonyl

ncluding: methanegulfonyl andbeneyluheren 1 pheny groue yoptoRall pUPRYLISg i one o
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;
RSis alkyl; and
Xis O.

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

RO Base rlo Base rRlo ’ Base
X
]
15 ®
X) (XD (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 (inciuding lower acyl); alkyl

(including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl groﬁp 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
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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 pharmaceutically
acceptable leaving group which when administered in vivo is capable of providing a compound

wherein R1 phm%ehrtﬂmﬁermtecptyﬂ%b dephos goate. whishnivitempedipittertb ddirverts & goahlsoefnd _
Provided: RIS BRePA S R AR SRl °3vr”y?£‘f e
(<.'y) (= J) QsJ_wherein: Base is a idine flned her d R3 are
independen#6 Il—f\ﬁ 59 %%nl?h %{hégﬁﬁ%in@ "{%nglﬁate %%@dsphat’e y?nphosgﬁgiea@n Pstabilized
phosphate Wwﬁugﬁ(ébﬂ(éikwﬂﬂkd+@@%@/@0‘ac§/léﬂadkyk<@(ﬂcmiln@(lbwer atigl); @ﬂ&ﬁt}éle@(ﬁ@wmludmg

aIkyI r aryla! ﬁﬁl ne nyl c(ij[\ﬁs ZM% hﬁﬁgﬂ optionally
substltuted wit g e %}J r(s)?tgﬁtg%[s gf;ﬂ CE? éé?%é in‘the dfiniti n%}’ Eﬁ%? a lipid,
including a Nﬁbﬁp‘ﬂidlb}d}zaﬁ\lmﬁhh acid; a carbohydrate; a peptide; a cholesterol; or other
pharmaceutlcally acceptable leaving group which when administered in vivo is capable of providing a

compound VRigslydogRR ORER Bysrioxiepéindditjuding brmmibyb), Rids, lrydnogelirehyidakyndiky

Otacyn. oo RN SO, O R M NG e,

-NH(lower aﬁk@p“@ﬂl-ﬁ@ﬁ% -Ofedioneh ainpineN eyhins, andixeis 0, B2, o EHfRvier aaﬂfﬁl)preferred
subginbodi ?yp)orﬁ%%#@ﬁﬁ%ﬁﬁ ”?#’dgc% H,. X}V or XV, or a 15 pharmaceutically acceptable salt or
rein

prodrug the reof, IS provi e
Xis 0, S, SO, or CHa.

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

Base is a purine or pyrimidine base as defined herein;
15 R, R* and R® are independen.ﬂy hydrogen or phosphate;

R®is alkyl; and

X1is 0, S, SO, or CH,.

In a second preferred subembodiment, a compound of Formula X, XTI or XTI, or a

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

R!, R* and R? are hydrogens;

RCis alkyl; and

'X 180, S? SQO; or CH,.

In a third preferred subembodiment, 2 compound of Formula X, XT or XII, or a
25 phanmaceutically acceptable salt or prodrug thereof, is provided wherein:

Base is a purine or pyrimidine base as defined hereim;

RY, R? and R® are independently H or phosphate;
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Base is a purine or pyrimidine base as defined herein; R1, R2 and R3 are independently hydrogen or
phosphate; R6 is alkyl; and Xis 0, S, S02 or CH2. 20 In a second preferred subembodiment, a
compound of Fermula XIII, XIV or XV, or a pharmaceutically acceptable salt or prodrug thereof, is
provided whktainli@4sads a purine or pyrimidine base as defined herein; R', R2 and R3 are
hydrogens; R6 is alkyl; and 25 Xis O, S, SO2 or CH2. In a third preferred subembodiment, a
compound &t Eofmula Xlll, XIV or XV, or a pharmaceutically acceptable salt or prodrug thereof, is
provided wherein: Base is a purine or pyrimidine base as defined herein; 32 Rr, R2 and R3 are
independently hydmgereﬁrmbﬁsmafmeﬂﬁsiﬁ)atk}gtbdhndaﬁb 0 charpdendh pfidcipaliiemBbdioneits the
invention pro |des a comp ougd @E Ia 5 VI, O heggaaceutlcally acceptable salt or prodrug
thereof: ROPBASE Rio R’ KR '%x%’ eln se IS a purine or pyrimidine base as defined
herein; 10 R1 and R2 are mdependently H; phosphate (inclyding monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prod ~acyl (inclyding lower acyl); alkyl (including lower
alkyl); sulfonate ester including alkyl or arylalkyl s IforM{ luding methanesulfonyl and benzyl,
wherein the phenyl group is optionally substituted or more substituents as described in the
definition of aryl given herein; a lipid, including a

5 - or?

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 .Rl 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 2

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 R' or R? is independently H or phosphate.

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

r'o RO r'o

Base Base Base
s _ 3
R X R X X
R&
20 or? or? OR?
(XI10) (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 R1and R2 are independently H or phosphate; R6 is hydrogen, hydroxy, alkyl (including lower

alkyl), azidoRey&foamikBnydreatndepknBentlingt; ﬂ(ﬁb}ﬂ(ﬂkmeﬁﬁ@pﬂmwmweﬁlﬁmdm@t@pwer
acyl), -O(alkyl).,-

O er 20 al chloro b mo, f 0 02 NH2 N lower
alkyl), -NH(ac aoWer aﬁcyf)@ﬂlﬁf? C‘b‘)f%g?% b Ez%‘ re m&ep né fgﬂ% hy r%rgéin o%/droxy,
alk(yl (|r|1)cludmgpludzagai|¢(vlf)r adkg); eyk(fmtalleletm;r)l :mk;d:zg Bﬂm‘hydr @g@)@(lab Hwt)m}g(@n)ﬂ)(&immr alkyl),
-O(acyl), -O a O(alken I 10di NO2, NH2,
25 NH(Ioweﬂr? %%Ef)e %&Hﬁ%%é(g ﬁvel?wai ac(ﬁ dj %{Aﬁgl esglg](}%ﬁtergder% le aﬁkyl
(inclédding lomersatiapltitiasres, dowmiad or tbdudeﬁnﬁﬂnalm?maﬁvgly@mﬁwm,mhﬁi anchiRie RS and
R9, or BY a ncome h form and X | S,.S In
preferred su%ﬂdg%?oﬁ %ent% cgogr%%%l??\%%f IE—‘[ormuIa &%}J %r %s éegﬂa?macgétlg %/%%cepr)? éﬁﬁeésalt or
prodrug, is mbmaammiimc@pgb@el@mm@mwlpyh mihnneaém@séwamwmmmﬂzlmi is
independen Gk,ll W@Mﬂg mRn%pfggqphﬂgF 6@;’5]&& phate, or a stabilized

inclu

phosphate prodrug) acyl (including lower acyl): alkyl ( ding lower aﬁ)<yl) sulfonate ester including

alkyl or arylghyl gylfopuli Ing methanesidia ﬁb@)}gggé} Yl e Qﬁ@%ﬁ&ﬁ

optionally substltuted with’ one or more substltue sasd ed In i defnltlon of ar glven herein;

a lipid, includingla-sHO3pHdkpid; &(@)ﬁﬁ@%@ﬂ@fﬁaﬁ%mﬂa@t@@m&m@é’% "%@@%@(W&her
pharmaceutgﬁgl, a@@l@g Ie&%&g glr%g "Yﬂ'&'& g&p rmgg N Mpaﬁkq(g{:mowdlng a

compound whereln R1lis.in dently H or phosphate: (3)° R6 Is alky (4) R7 and R9 aré
mdependenW}@‘P@' A bl &Ml)alk%yl Br-vinyl, 0 15 alkenyl, chlorine, bromine, iodine, NO2,
amino, loweralkylamino or di(loweralkyl)amino; (5) R8 and R10 are independently H, alkyl (including
lower alkyl), ZhrdAnd, Hapirfelor iodine; and (6) Xis 0, S, SO2 or CH2. In a second preferred
subembodiment, a compound of Formula XVI, or its pharmaceutically acceptable salt or prodrug, is
‘provided in which: {2 )eB#8enzeEpedigebembodiment, a compound of Formula XIIT, 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;
RY, R? and R® are independently hydrogen or phosphate;
R%is alkyl; and
X150, S, SO, or CHy.

20 In a second preferred subembodiment, a compound of Formula XIII, XIV or XV, 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 hydrogens;
R®is alkyl; and

25 Xis O, 8, SOz or CH;.

In a third preferred subembodiment, a compound of Formula XTI, 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) R1 is independently H or phosphate (including N
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl (including lower
acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including
methanesulfRiyvkaashhenzyl ivibssem e BesydDEe YRdspipRtonally substituted with one or more
substituents as described in the definition of aryl 25 given herein; a lipid, including a phospholipid; an
amino acid; R@@@EW%E; 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 i @r phosphate; (3) RG6 is alkyl, alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,
chloro, bromo, fluoro, iodo, NO2, amino, loweralkylamino, or di(loweralkyl)amino; (4) R7 and R9 are

30 independently GR% (S ¥ansb R Aicodene e M Rial sdnldnglapsi A rhlgine.

bromine, or iodine; and (6) Xis 0, S, S02 or CH2. 34 In a third preferred subembodiment, a compound
of Formula XN loigspramsaciemibase enteblsemicosarodrs dumeatiis provided in which: (1) Base is a
purine or pyrimidine base as defined herein; (2) R1 is independently H or phosphate (including
monophosphate, diphosphate, triphosphate}'oxa stabilized ghgsphate prodrug); acyl 5 (including lower
acyl); alkyl (including lower alkyl); sulfonate ester ir‘kqbudinq{a kyl or arylalkyl sulfonyl including
methanesulfonyl and benzyl, wherein the phenyl grpuptis~ pdtionally substituted with one or more
substituents as described in the definition of aryl Wjven hetgfh; a lipid, including a phospholipid; an
amino acid; a carbohydrate; a peptide; a cholestersl; or othgf pharmaceutically acceptable leaving
group which when administered in 10 vivo is capah)g of providing a compound wherein R1 is
independently H or phosphate; (3) R6 is alkyl, alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,
chloro, bromo, fluoro, iodo, NO2, amino, loweralkylami di(loweralkyl)amino; (4) R7 and R9 are
independently OR2, alkyl, alkenyl, alkynyl, Br-vinyl, 0-alkenyf, chlorine, bromine, iodine, NO2, amino,
loweralkylanwhereindi(loweralkyl)amino; (5) Rs and R10 are H; and (6) X is 0, 15 S, SO2 or CH2. In a
fourth preferred subembodiment, a compound of Formula XVI, or its pharmaceutically acceptable salt
or prodrug, iB§xoNideadnsdteltitdiibrieds & defineidierpitimidine base as defined herein; (2) R1 is
independently H or phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized
phaigphate prOdEug); Ricydre independently H; phosphate (including monophosphate, diphosphate,

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

(including lower alkyl); sulfomate 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

' pharmaceutically acceptable l.eaving group which when administered in vivo is capable of
providing a compound wherein R’ and R? are independently H or phosphate;

Rbis hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br-
vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl), -Oacyl), -O(lower acyl), -Ofalkyl), -O(lower

20 alkyl), -O(alkenyl), chloro, bromo, fluoro, iodo, NO,, NH,, -NH(lower alkyl), -NH(acyl), -
N(lower alkyl);, -N(acyl)z;

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), -O(acyl), ~-O(lower

acyl), -O(alkyl), -O(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, NO,, NHa,
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 desgribgd in tfgg d@finition of aryl, givqgm herein; a lipid, including a
phospholipiditamativein Beignd BarBolapdaie; B pedthie on Rheiéfersemewtsdopriheriacirmally
acceptable lﬁqygﬂgg&up which when administered in 25 vivo is capable of providing a compound
wherein R1 is independently H or phosphate; (3) R6 is alkyl, alkenyl, aicynyl, Br-vinyl, hydroxy,
O-alkyl, O-alkeny, gh@@g,opr o, fluoro, iodo, NO2, amino, loweralkylamino, or di(loweralkyl)anuno;
(4) R7 and R9 aré indepen enztly ORZ2, alkyl, alkenyl, alkynyl, Br-vinyl, O-alkenyl, chlorine, bromine,

iodine, NO2, aming, lgwerallc ina, ' Namino; e4adependently H,
30 alkyl (including ow%r g%/l);gch orlge%%%%\ggﬁg%dﬁzggﬁé% %Pg#ﬁ%thwgeﬁgédﬁ d
subémbodiritbapacehingBrrrgasprbimenli xviraskig istaovidedticaiychecEpBaskeisaltmrinodrug, is
provided in Wiﬁlﬁ ¢ I L rigldipie: ined-nereiny, ' ISyl ently H
or phosphate (inclﬁi}dﬁ%ngg%g %3}1%%%@%3% g?gﬂic{)lsSgﬁgﬁpﬁ%%%%a%?ggr%é%%%ée%ﬂ gﬁlggéﬁ?ate
prodrug); acicqRmIReRYdoviephasphaigicjrinhesnbry |6We a‘l@%@ﬂfcﬂm}é@%mﬁ@mﬁg@ 2aky| or

arylalkyl sulfonyhinglsingmeshanesuliqnand PesvY. Nbenein ias RReayboraLR s ontienaly

substituted with one or more substituents as described in the definition of aryl Sﬁgg’iven herein; a lipid,

including a FEGakNdIpiHoRR drrliagianshanessHoarhtand, pewide WhEr| eRylogawp 1s

phqr@naceutkﬁilbﬁ;ﬁ@;%a@akqt@\(iﬂﬁ SHRUR wlehsuamadainisierachin MvadsiearaRlg of Rrpyviding a
compound wherein R1 is independently H or phosphate; (3) R6 is alkyl; (4) R7 and R9 are
independenf{ EIRCISTRYRi RENENZARBRRNGERIA AR AMRIAC @it dingr o iRy D PeRtisine,
bromine or igigingteasK (BdKdshaim KRGS Hedep bl dcaibdiy Rioie B suba@basiReatraigampound

purine o pYRIEBHA IS HANEE R RO T SR BRI
monophospRAtes dikflogphate aiith Isafaiedperdsialyiliord, ks halemrodlghyaCRt-tinsiyding lower
elancau KT An G CoHEI i G Sk QL 10 STt G S LT CHEBH re
substituents(ss kfeaadlied uréhadipindiatdoianykgi@reheiomn]evipidiikinhludihgiacsp hespledjpd; an
amino acid; 3 carbonyPale: apepils; & o,
In a second preferred subembodiment, a compound of Formula XVI, or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
20 pyriniidine base as defined herein; (2) R' is independently H or phbsphate (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
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)
R is 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
30 independently OR?; (5) R® and R are independently H, alkyl (including lower alkyl),
chlorine, bromine, or iodine; and (6) X is O, S, SO, or CH;.
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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)
R7 and R9 are independently OR2, alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, O-alkenyl,
chlorine, bromine, ibdiae N2 paafiirred |cwkeailgydanemng, or sdiipwiaialkot) arpinaildSiRa ang R4O are H;
and (6) X is 33,802, H2. In a.seventh preferred.subembodiment, a compound of Formula XVI, or
“its pharmac%utically a%%%%fa%%%%@%rsﬁi}oo r%?glguﬁ’r&@%ré’aﬁ e%?ﬁcﬁh{‘iﬁ‘éé%ﬁ?é%%ﬂrﬂé"é? 95 '

~ pyrimidine basemaisitefihess rreraiefin@] Reranin @pBhdenitiidpaphosiiate (nckbing manapagsphate,
diphosphate W o] lized hate prodruq); acyl (including lower acyl); alkyl
(including Iov[\]/_{er a kyl)?g%%bnaal?eﬁé@%g?ﬁcfﬁgﬁg%g%ef ot a?yg%ﬁgﬁéﬁéomg\%tﬁi ?ﬂ@fﬁﬁn&ﬁ‘fonyl
and Benzyl, WhgRSAREnioBReAgyGralints (optishut cobstilsdy wilfonae eswrrorachibstt BRI @5
described in {Nifi \Y ;& lipid, including a phospholipid; an.amino acid; a
carbohydrateé;ﬁgaggr jgfj‘égﬂﬂﬁc?%gé%l;%%%%géﬂéﬁgﬁngggﬁg%ﬁa&%&é%@?eg e &apRtich
when admin@?@?@ﬁﬁﬁ Sy fted yeileon providin b giimmtsing dekerbind Rd tisciridpride oty or
phosphate; (@) :RBds=alkyli; ' I 2.:alkyl (including lower alkyl), alkenyl,
36 alkynyl, B@(/MW%%%IE&%%’?E?%? %?ﬁﬁ?“?#’i%ﬂ@ﬁ%ﬁ%ﬁ@o%%é?ﬁ%ﬁ§&mmﬂﬁ& 2
di(loweralky/SaPHRET5 PRABE PIRIDaseaticabp aprsotaeHealing grepdihiphowlemaliylinichiote,
browtine or ipgings aahk of [ QHdmhA £ badi Reupd of Formula XV,
or its 5 pharpace atai}qui;lill acc%ptablegsam%%%%%%ggﬁ%%%%%%gﬁﬂgg%%;@or
pyrimidine b é%ﬁ%/irﬁi%%%r@#ﬁ”(ﬁ) R vinnaBpéngentyatkys fhelsshitechiveydingro, fluoro,

monophosphaie, dfhsphdin, trighesnikaianiica gp@{&;@g&g@?mﬁﬁ&ro@{}lg%?ac d(i u%irrég lower
0

ing alkyl or arylalkyl’sultonyl including

acyl); alkyl (including lower alkyl); sulfonate ester includi [

methanesul W?ﬁ%ﬂ?@h@ﬁ vﬁ?@fhiﬂ#ﬁﬁyﬂri@ﬁgﬂlﬂrﬁfﬂi@ﬁb Emilserly Shlbsngtbmitte.ciodioe, more
substituentsNG,festrikddviertieytiefinition &t1awérﬂi@5ﬁ}aﬁﬁisﬁr(s?ﬂpgdi@@W@g@ﬁ@@p@f&%@: an
am'irgo acid; & abg%;’(g{ate; a peptide; a cholesterol; or other pharmaceutically acceptable ledving
group which When admifiistered in vivo is capable of providing a compound wherein R1 is
independently H ot phosphate; (3). R6.is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl,
hydroxy, O-alkyl, O-alke MS%P#SW%W RRifRETha8, ResmoawingfIdivarlayMilnooor its

di(loweralkypleamiroe{#p&RE 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 atkyl); sulfonate ester including laﬂcyl 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 i

25 vivo is capable of providing a compound wherein R! is independently H or phosphate; (3)
RS is alkyl, alkenyl, alkyriyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chlore, bromo, fluoro,

iodo, NO;, amino, loweralkylamino, or di(loweralkyl)amino; (4) R” and R® are
independently OR’, alkyl, alkenyl, alkynyl, Br-vinyl, O-alkenyl, chlorine, bromine, jodine,

NO;, amino, loweralkylamino, or diloweralkyl)amino; (5) R® and R are independently H,

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

In a fifth preferred subembodiment, 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 (including
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and R9 are independently OR2; (5) BY and R10 are hydrogen; and (6) X is 0, S, SO2 or CH2. Ina
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)1 Rlis

independentierepigshbaish adlieribeihg i aselEph §5pRattzkilifres fhvmbatp nBRue; ¢rcy
stabilized phasphale RERAIG) cymmm%:%@&ymigygm&n&4Wﬂc@mg shlfanate ester
e

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

optionally subsalinéswitrvhisiodioge mabanasakenyls ads esadirhe ettt et dn T Yiels herein;
a lipid, incluging. 2 phqaphalinid RN easisk-AseaihebN Y aleaananlids; a22shalesteselasl other
pharmaceutically acceptable leaving group which when administered in vivo is capable of providing a
compound v RIS HiRifenabiine » shptRboHRktea RS Rekik (ReRRINIG o REEISH 2alkenyl,
?Ikynyll,kBlr-\&Eb’ieéw)gJ!l(,fl’Byo@eﬁ(ﬁkﬁ(&aﬁa@éﬁ(ﬁ%ﬂ&yﬁb&@ﬁf %@&9&%@&%@@%@\!@2@0 J:ﬁziﬂiﬂ(5 ' nglistel('je% ino
oweralkylamino or di(loweralkyl)amino; n are jndependently ; s.an are
independentfy HiSRHIIR A6 IS Rer WQR%% M}Wﬁbgbﬁrﬁ?ﬁ@ﬁ‘%&ﬂ@é% R&% (34 a tenth

preferred sukembadinan® bedpicupthatfaamis BN; 5)iK® prerraeellideiydeadptablgisalt or
prodrug, is provided in which; (1) Base is a purjne or. 37 pyrimiding base as defin erein; (2) Rl is
independen@‘ilflge{ﬂﬁ%gfﬁﬁéi@%}ne}ﬁﬂw& Eﬁ%‘f‘i‘gb@h‘gs‘ﬁﬁﬁ ?’%@ﬁéﬂ%ﬂﬁéz %&%ﬁ%ﬁg or a stabilized
phosphate prodrug); acyl . (including lower acyl); alkyl (including lower alkyl); sulfonate ester including
alkyPor arylalkyl s%ﬁoﬁy?%@u&ﬁ&ﬁf@th&‘f‘]’é’m’%e&ﬁd %e?&‘?f;’%ﬁgré?ﬁ tyﬁ%"ﬁi’fianyxg uptisE

optionally syhsiideshuitiipacceptamsadulstitainig ds grsadbednndictd¢inibase af arpugivest herein;
a lipid, inclu%%? a pho phog%id' ino agbm%arboh)édrate' a peptide; ch%laet%t ol; o(g.other
pharmaceut H/"g%}?eéf’éﬁl e%%%% h yhisn ARRERLERIE Th PSR PSR R iding a
compound wheteihdsghisdndiphagntty Hiphpiptaphate; 3) siifilisaikphtsshatingrieimeg)allagy] alkenyl,
alkynyl, Br-vin ér ?i;dr xy, O-alkyl, Q-alkenyl, 10 chloro 0, fluoro, iodg, NO2. aming
Ioweralkylandilf#: Y (jgv}%/fgfaar@// ar%lﬁ?é; 62?%/]& §n1(§“f—£ Eﬁg}f deSBeﬂ]aaeltﬁtl?/%rRE% ;ﬁl %ir%ﬁéiﬁrg lower
alkyly, alkenytybdiyysnBosyinyhdbaditiee myttichienidienipl candh deivryin eyhi@n diwinphdoyiegatioplainino, or
di(loweralkyhaming;. (5 nd R10 are hydrogen, ar Xis 0. In.an.eleyent rre
subembodirr%ggr%g),naat('Til cyo(ﬁnl%gb%ﬁ?f ofwg%&}nglﬁ?aog{ﬂ?%r SI%J ?t%e@t)s 8 c?escn@ed i e Eeﬁﬁ%%n Oq 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 ad:rﬁxﬁstered in
vivo is capable of providing 2 compound wherein R’ is independently H or phosphate; (3)
20 RS is alkyl; (4) R7 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 H; and (6) X is O, S, SO, or CHa.

In a seventh preferred subembodiment, a compound of Formula XVI, or ifs

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, triphosphate, or a stabilized phosphate prodrug); acyl
(including lower acyl); alkyl (including lower alkyl); sulfonate sster 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

30 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; (4) R’ and R’ are independently OR?, alkyl (inchuding 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) R' is independently H or phosphate; (3) R6 is alkyl (including
lower alkyl), alkenyl, allcynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro, bromo, fluoro, iodo, NOZ2,
amino, lowe kgitigviAnTEIO Al (RweEaky dnaings, (BomiimanthR8e, M0 denpiad enllyr IR AakEh&KR 8rand
R10 are hydrogen; and (6) X is 0, S, $02 or,¢H2. 20 In a twelft rglr&% ed subembodimen,
compound o@@BWﬁfﬁﬁﬁ'& ! i’tésb r &ti@ﬁﬁ;}’%@é@&ﬁ?fﬂ@’%ﬁ gb‘?ﬁ%gﬁ‘%%@fﬁ’é&?#ﬁzhich: (1)
Base is a puthieriok, pytisigine hdsepmdefnEdhdrein; (2) Rl is independently H or phosphate; (3) R6
is alkyl; (4) R7 and R9 are independently OR2; (5) R8 and R10 are hydrogen; and (6) X is 0, S, SO2,
or CH2. 25 In a thigeatkipreiefrd-sride subepibadihoatC RN 0id QMBI I, OIVE or its
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base s a purine or _pyrimidine
baacoas e REETEMELLY RECIPIE Bl o ATt [HOISHHSRS oo} BEe AAELRas A PHHBHSS arc
independenthy:QRAHSHERS aBREGarR=Riep@)dRty Hhdalieddinakdingr lphenbiy ) istieting,
bromine, or iodine; and (6) X.is.0. 30 In a fourteenth preferred subembadiment, a compaund o
Formula XVPSP?@%F%%%HM t&cggﬁé%ﬁgel% fit ocfrpf’oﬁ%%i%eglro%fﬁ@@ﬁ%%m "8y BESE is a
purine or pyimldiieghheeaucdfinditefetindd)Rlosdn déipdhdadfiynhico egho Spdiadeng3aRa isralkyl;
38 (4) R7 and R9 are independently OR2, alkyl (including lower alkyl), alkenyl, allcynyl, Br- vinyl,
O-allcenyl, cﬁ%}‘ﬁng? bsr%%quz,]%c }Ircl%n X f%%%‘%&%ﬁe?g ;?gnr%%b%%iea? owqxééré#g)%ﬁm %?QS’)QIRS and
R1QGre hydoptienslinauiB)iXtisiOvith erenommerp selstiadss e Mibodibed nts e cafipidiondodfaBEdrmula

EX'i’soﬁ%sro?jf{g%gﬁﬁé%ﬁﬁg&@ %ﬁ?%ﬁﬁﬁ%ﬁ% O, %%%?%ﬁﬁ%’f BT
Xis 0; (1) BasholsstarahiorytiRy Blrsihsairiagely, 4@ pREbl inaving, SpR aist Rocawimydisagl 15) R8

R7 and OR%rZﬁgﬁfﬁ%ﬁ’b’%@ﬁﬁﬁﬁﬁé%@%‘%ﬁ%@%&%@%@%ﬁ%@ BRs
hydrogen; (3} Re aBidingdingrawen alikg Jardkeydrelipinyd) Fermyd Ridws RyaladeR-alland) X is 0;

15 chloro, 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 CHa.

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) 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 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

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, loweralkcylamino or diloweralkyl}amino; (4) R’
and R? are independently OR?; (5) R® and R' are independently H, alkyl (including lower

30 allkcyl), 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 iscuracil; (2) R1 is hydrogen; (3) R6 is methyl; (4) R7 and R9 are hyd_roxyl; 15 (5) R8 and R10 -
are hydrogen; and (6) Xis O; (1) Base is adenine; (2) R1 is phosphatg; (3) R§ IS meth){lg (4) R7 and R9
are hydroxyl; (5) Rs and R10 are hydrogen; and (6) X is O; (1) Base is adenine; (2) R' is hydrogen; (3)

R6 is ethyl; i res hysheedy | hee R IR fole ; 0 .Base is
adenine;%2)%%?&%&9%%23)€R6 is pr%f%gl']&z?g% E%SI?R&QQP agyﬁe_igl%?rg%%ld é@%ﬂaﬁ% é} ares
hydrogen; afBSRIPRIEPHt ) BiRbesbage ,((%hﬁffsisﬂﬁyércfé@h%l%@ R@%ﬂhﬂtﬁl;pﬂ?@?gémd@gl are
hydroxyl; (SXB&mﬂgR@wadamr@m%:(,ﬁmh@M1%(%99%&&&&@@5&%%%&3@%@%9’ (3) R6
is methyl; (4) RY | dero en and R9 25 is hydroxyl; (f) R8°and R10 are hydrogen; arid Is 0; (1)
Base is adene}ﬁ';,a% ﬁ“ggoﬁy%r@ﬁ , 5)%]%@?1%‘91%&}’ 4?‘1@7%@@9“&1@’%&&@@,}16@)1 RBamdiR10 are
rydronyl (B)RE ANcLRI0 are Mudiohon: and (L% 5 Sos aa ) B LA ogen:
hydroxyl; (5) R8 and R10 are rogen; an Is. ;39 3 : ‘ X
(g) R6 I nfe' Vst fﬁ’?’a%g&%g el G ,Oi%)ﬁﬁglahﬁlm?@ﬁvdﬁo@@‘h?mm X psitide; i a
eleventh prirdipasemiodiotkat therimeentiosliprasdelasticdemptndigf FRIBWAX Yk dered in

ically. tabl It or. prodrug thereof; RIQ Base R10 R6 X 59 R7 own) wherein:
Bae o 2 pUILS iy SR RN B RO A e 1P PSRBT W O PRPRABS Bsphate.
diphosphateRffiistadlepneluding Staluitiztey1)] Qlbodphikie P 0BGy BEyEHEN dogiower agdyalky!

; i : ' ' I includin methanesu,lfonyl
(inciyding lo k Ifgnate ester.,ipcludin %Iﬁ | or ar [lgg%é sulfon eth
andilgcejznzyl, %ﬁ%%i% pct’ﬁﬁbﬂ%%ﬁ’d??ﬁb%%b?f%% gﬂﬁ RIPbAL S BHLY fidfisRas
described inam@ 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) 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 hydrogen; and (6) X is O, S, SO, or CH,.

20 In a twelfth 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 mdeiaendenﬂy H or phosphate; (3) R® is alkyl;
(4) R’ and R’ are independently OR?; (5) R® and R are hydrogen; and 6)Xis O, S, SO,
or CHa.

25 In a thirteenth preferred subembodiment, a compound of Formula XV I, or its
pharmaceutically acceptable salt or prodrug, is provided in whicli: (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 ORZ (5) R® and R are independently H, alkyl (including
lower alkyl), chlorine, bromine, or iodine; and (6) X is O.

30 In a fourteenth 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; (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 R1 is independently H or phosphate;
R6 is hydrogen Riysien’, atsyh(astuding javet, awﬁ,(aﬁéﬁ@i%mma |, ARy BF Y Br-
-C(0)O(alkyl), —%(Obo%%%er alk)g , -'O(a%l%)’ -O(lower acyl), -O(alkyl), -O(lower alkyl), -O(alkenyl),
chloro, brom8™ftiore TOSERO SRR -NIRSHEr ategnen HGEyl), ATBON (1 AoV 1 (alfl)2; R7
and R9 are itifepenséntiuhindiqeR’ @RR Rvesoxitradi] Grekgmadayer 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), chloring; kremigeriogiresrNO 2ubitbodidbaver aledhuNHEaw R owet allsyhe,
-N(agyl)2i 25 R10 is H,.alkyl (including lower alkyl), chlorine, bromine, or iodine; alternatively, R7 and
RO, Or R7 artiEHEEHHRI EHSBEE ST REPROSTRpISRIORIgdAB WS S| SO2 or CH2. In a first
preferred subembodiment, a compound of Formula XVI|, orits pharmaceu;icalléacce table salt or
prodrug, is provide 1%&%??5”@%&%3&&&%@%‘?“@%% P$hEk 49 BernéRhave iy o is
independentty)i’phogPate Inatiehncehdemephosphate, diphosphate, triphosphate, or a stabilized
phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); sulfonate ester including
alkyl or arylalkyl siifpBykénelpetingenetiahastii@oytand PrRAR AT Q) HeRBEMY:8OuR iR y1;
optionally Sl.g%j 'tytzgﬁégigh one or more substituents as described in the definition of aryl given herein;
a lipid, inclu S{a pHER B aEeanito (G 1% Rarbohydrate; a peptide; a 10 cholesterol; or other
pharmaceutically acceptable leaving group which when administered in vivo is capable of providing a
confégund Wherein&gl %ﬁd@p@ﬁﬂé‘ﬁﬂy ﬂ)oﬁ{pﬁés@ﬁ%?@?@) @Gﬁg éﬁk@qeé#iésuéﬁhg&%mﬁi aﬁ4<’§)/5r,ea|keny|,
alkynyl, Br-\/iﬂryjh;oﬁy@r@ymn;ﬂlgﬂ? Q&{K@mgmgaﬁargngg,; fluoro, iodo, NO2, amino,
loweralkylamino, or di(loweralkyl)amino; (4) R7 and R9 are independently hydrogen, OR2, alkyl
(including lower alkyh, @ése iyl tailevnl, 3P BF-vinyhdsadke }; gﬁlqgir}ge@mmmja,ﬂodiﬁg, ROZ..amino, -
loweralkylaming or di(loweralkyljsamino, (5) R10 is H; andg% Xis 0; S, 502, or CH2. In a second
BB meR: SOl SP ESH AR SV S ks

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

preferred su

(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 C;

(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 SOy;
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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 alkll) Busbonatereste (InRUidingededor3 prAdlylmiio ) RicludiRY methanagaifonyl
and benzyl, rein thaqghenyl group is optignally substituted with one or more substituents as
described in E{ 3ﬁf¥i onbf %9?0 Rf%ﬁ%‘%ggﬁ i3td: including a phospholipid; an amino acid; a
carbohydrate; a peptide; a 25 chalesterol; or other pharmaceutically acceptable leaving group which
when administered aﬂ%?&%dﬁﬁi&ﬂ@%ﬂ&?h?ﬁhﬁﬁ%%ﬁﬁ%%%%@?ﬁ Rf‘i’é"m’éﬁeﬁ’g or
phosphate; (RVIRGi% alkeiinekiingy avepakiyanlkemddalkymyedt-vinyl, hydroxy, O-alkyl, 0-alkenyl,
chloro, bromo, fluoro, iodo, NO2, amino, lowerallcylamino or di(loweralkyl)amino; (4) R7 and R9 are
independently OR2; (5) R10 is H, alkyl (inclgging lower alkyl), chlorine, 30 bromine, or iodine; and (6)
Xis 0, S, SO2 or CH2. In a third preferred subempodiment, aE‘bmpound of Formula XVII, or its '
pharmaceutically acceptable salt or prodrug, is p o'ﬂeﬂlﬁ hich: (1) Base is a purine or 41

pyrimidine base as defined herein; (2) R1 is indepgpdently B, phosphate (including monophosphate,
diphosphate, triphosphate, or a stabilized phosphaleprotitig); acyl (including lower acyl); alkyl
(including lower alkyl); sulfonate ester including alkyl or anylalkyl sulfonyl including methanesulfonyl
and Benzyl, wherein the phenyl group is 5 optionall?gsubst?thted 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 pharme@@]ﬁ&ally acceptable leaving group which
when adminigigregin vivo is capable of providing a compound wherein R' is independently H or
phosphate; (3) R6 is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,

10 chloro, b@ﬁgisfw%@@%%agﬁg}%% %ﬁ%gﬂ{éﬁlm 0, or di(loweralkyl)amino; (4) R7 and R9

are independently hydrogen, ower alkyl), alkenyl, alkynyl, Br-vinyl, O-aicenyl,

hlorine, broging ziodi ' lami il lkyD-aming; (5) R10.is H, alkyl
(nclucing loer A S Corueg HEBHERS olt SIS PR e abphiced

subH_?n bodinpsagphatopiedmIR); ofdsbinglading losrersaqyhartigdefincatingceptaleleydpitaifonatirug, is
provided in Whighn hRasaiis f RUIYRRN 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
15 which when administered in vivo is capable of providing a compound wherein R' is

independently H or phosphate;

R® 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), chloro, bromo, fluoro, iodo, NO3, NH;, -NH(lower alkyl), -NH(acyl), -
20 Nlower alkyl),, -Nacyl)a; |

R” and R’ are independently hydrogen, OR?, hydroxy, alkyl (incinding lower alkyl), azido,
cyano, alkenyl, alkynyl, Br-vinyl, -C(0)O(alkyl), -C(O)O(lower alkyl), -O(acyl), -O(lower
acyl), -Ofalkyl), -O(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, NOj;, NH,, -
NH(lower alkyl), -NH(acyl), -N{ower alkyl),, -N(acyl);

25 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; 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 arylalkyl sulfonyl including methanesulfonyl
and benzyl, ket tHezphdrY-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 pdptide;fasthpkfsterd|; ssbenhadiherin e ceaeamiut cebtipransaviny Broap Which

when admi NVIMQ, i ol : whesgin RiisH E';%E‘ﬁié or
phosphate %3%%%% %&y??%%%%%%ﬁfﬁ%%&% gﬁgi%%ﬁgﬁcynyl, g%\%b;ﬂ%%ﬁy O-alk?ﬁ,
0-alkenyl, chYssidireriastiuesolebaed N@Z}ranﬁﬁoﬂowﬁeﬁ&mm%bﬂéﬁ(m&ﬂ%m)aﬁﬁh@ﬂa) R7
and 29 are fpgepsndeniiy ORBSHALO EhcapshiS) ¥ sanBolontiihdn afiaysiomst
subembodiment, a compound of, Formula XVI|, or its pharmaceutically acceptable salt or prodrug, is

provided in WR¥ipe) Rixse reslluplkel Jindodpaintire BhEl: AuHerMELHsFiRclpsfrg kYl or
independenty, Highasphala (Rehling mapsriesshatendinhesphakmdiial asehiienr gstabilized

phosphate prodrug); acyl (including lower acyl); alkyl (including_ lower alkyl): sulfonate ester including
alkyl or aryl%ﬂ”éi[? St thh s e AYPSitentn a3 < ‘?Eanlﬁ]ﬁ]ﬁ#@ WBUY &2
or;riqga_lly f?&&%%mtﬂ %ﬁa_a%m%u%@%m@m@ Q@%ﬁiih@ddmtm%dﬁfbﬂwﬁﬁﬁej ap&;l)ﬁﬁeerahherein;
a lipid, including a phosphalipid; an aming acid; a carhohydrate; a peptide; a.cholesterol; or, gther
ph%aceut@&??%%ﬁfa%ﬁgﬁﬁ%a@?&ﬂ %ﬁ%‘f&%ﬁfﬁﬁ&é‘%ﬁﬁ%&vﬁb@%& tgfegrgiliding a
C?km polun?kwhﬁfr@ém@aﬂfaiﬁﬂgﬁﬁﬁd%@tb/ ddlﬁt)ml?;ﬂsw?m;ﬁ(w 5; %ﬁdﬁ)afilﬂﬁhﬂﬂﬁldi@&wmal KS)).
alkenyl, a , Br-vinyl, roxy, O-a -alkenyl,.. chlarq, brom oro, iodo,. N ino,
Ioweralkyla(:ig?\lﬁj ;(Wgédﬁﬁl 3%%8%3’ ﬁ@eﬁﬁd a%%ﬁg%ggég#ﬁg%ga@fé%@gg eIPI?%éIkyI
(including lovtgsa|Kyhnet) riles, HimideO graiattinglcardaiBynisrd, bor difixthepikid)sedsydnRodiment,
a compound of E@rmula XVII, or i 0 pharm tically accepiabl t 0 i ided in
which: (1) B&% % amﬁu]ﬁlr(%gpg?%?ﬁf%%w%og%e@déﬁgﬁ %@ﬁ%%%ﬁ%%%%‘éﬁﬂ%%osphate
(incldding niawdphhsihaikemyhhagdibate, tiphmaphatedorea S bilizetislosphaterddnuigy aey!
(including lo rac %ﬁ@%m%lﬁé%w%ﬁr %Illay{lé) 551#';% %Ee&r@%ding alkyl or arylalkyl sulfonyl
and b '

including methanesu Zyl, wherein the phen{y/"group is

In 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
p}&imidine 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 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
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, fluore, iodo, NQ,, 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, §, SO, or CHj.

In a third 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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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 gemipdding wirereis Refnéadapendetly &t ok pherpbaenfs) IR6pridéinghaiashlower
alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 20 ¢hloro, bromo, fluoro, iodo, NO2,
amino, Ioweé RE2%r o‘%’mﬁﬁ@l)ﬁ?ﬂm’@?l@ﬁﬁ@ eﬂw&ﬁ@%@%ﬁ%‘bﬁ%@nﬂ?ﬁ%%@éﬂsz,
alkyl (inlcludiﬁgldmag Aty a&slenyhllaljl’kwlibdlu&hgiMhe@-ﬂkynyls@g@m&eeﬁé@rﬂiemdiﬁgiﬂﬂ%c}ﬂ(a& ;
amino, lowera ing;.or di(lowerallcyl)amino;.(5) R10 |s H; a X is O, In a seventh preferre
subembodim%ﬁg@gosﬁg%ﬁ'fd%?ﬁ%ﬁ%uég%ﬁ% ‘ﬂ%yIZ%néhB?ﬁ?gl’el%%g@&ﬁ’fa@feB%ﬁWé &Y Brodrug,
is prévided inphibiciiiy($)Baseds withuine or myrsnsidinzusase asidefiited hedin deEhRibiSof aryl
independently H: phosph iIncluding _monophosphate, diphosphate, triphgsphate, or a stabilized
phospphate p%v(f %g?r%“gy%% Ut |%%%§1\)%ear %%%%%gﬁ)&?(i%%ﬂ%?ﬁg %Qérd élﬁgﬂ??%%%ﬁaﬁé’ @?éﬁr?cluding
alkyl or arylahojestattonyt atictu gingmaethéinalty ferepk el leeving] grolne retd dhevphre ndthisiinigdg 50
optionally s ityt ith ope or.more substituents,as desaribed jn the definjtion of aryl given herein;
a lipid, incluu&?r%t{ég ci%r{) o ||c§)|I ;‘%%naé'r%r?gr%%%];n él ggf%%’ﬁy ra%?ﬁggﬁﬁ%ﬁﬁ%@%%%&% er

pharmaceutRa iy slkrefiraliditeaiongr gllsyh, wikictyly hispmatiBnisteyb diirdrviyp @ aiphideatiteuyyiding a
compound n IS | t Q S ; , IS neluding low kyl),
alkrgr!yl, allcﬁﬁ%r%?’ ?gg %?(39%%%’ %ﬂ%{%%%]@gé %gfn% ﬁ%?ﬁ%%ﬁﬁ%&?’a@%,
onveralkylaﬁ%%raﬁ(mﬁynﬁmh}@;wmﬂ%mdm trclndegeletienthioRziGpR1 eliskland (6)
Xis 0. In an gighiyprefesiechstb MBI enbAi5ompeMAd oMUY I dsigpharmage utically

acceptable. salt or prodrug, is provide 0ir_1 which: (1) Base is a purine or pyrimidine‘base as defined

herein: (2) RiGewraes¥haanng H o Bhodpihiels) ferludinglower Rilshid Fedosing.irrepdnel antly

hydrogen, qe&najl@ﬁh('(@yb{qm_lower alkyl), alkenyl, alkynyl, Br-vinyl, O-alkenyl, chlorine, bromine,

iodin_e, NO2, a_mino, Ioweral_kylamino or (_ji(loweralkyl)-amino; (5) Rl(_) is H, alkyl (including Iov_ver alkyl),

chiggne, bromine gf, 10 w@aﬁ:@%&mﬁb@m%o&%@f&'é&lgb&a'% HGIaHRA RyREMpodiment, a
its

compound of Formula XVII, or %harmaceutlcally acceptable salt or prodrug, is provided in which:
(1) Base is gmﬁgegpcaﬂy 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

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 methanesulfonyl and bepzyl, 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! is independently H or phosphate; (3)

25 R® is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,
chloro, bromo, fluoro, iodo, NOs, 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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pi/rimidine 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-alkenyl, 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 opt®reh2suhstiibed withtenthoprefer edbstibemis ouidmsat]zed dmreuwiefioftieorofutayX V11, or

pyrimiine biss ot P o S WA e DR LSRG RR R 5 ) s

and R9 are itdpderabinobe phEmreEgtically ancepeibic ke 0yisy SOm) vihiTh hienederinisterspieferred

subembodi j I it ar predrug, is
provided in e (L e A o Gy ol Lo
hydréxyl; (SRREGHsYh{iaeduEng doveeyxis clbenyl) dasyisBrasnile iydyay. iO1iirbdernike) R6 is
methyl; (4) REigp B%ﬁé?ﬁ&@%ﬁo@@}@dﬁﬂ&%%ﬁﬁ?ﬁ&h@ %P&@é%&%éﬁmﬁ%?@gﬁﬂ) R1is
hydrogen; (3) R6 is methyl; (4) R7 and,R9 arg hydroxyl; (5) R10 is hydrogen; and (6) X'is 0; (1) Base
is thymine; (B4R i€hipfiensadendy R s é*hyf,séi) nivbiiagdinglostengtndishleymRe brrrtperogen:
and (6) X is g #itk) Basgyxueaoll; (2) R1 is hydrogen; (3) R6 is methyl; (4) R7 and R9 are hydroxyl;
(5) R10 is hydrogen; and (6) X is 0; (1) Base is adenine; (2) R1 is phosphate; (3) R6 is methyl; (4) R7
and R9 are hydroxyl; £SHRA0 isdvaeadetbanto@ndns & 24bp8as8 isRGeRNG, (3RS Jydiogen; (3)
R6 is ethyl; (4) R7 and R9 are hydroxyl; (5) R10 is hydrogen; and (6) X is 0; (1) Base IS adenine; (2)
R' ishydrogehamnessticaiopiacpmpie salh argosrasya @Ryided ir vdiehn () dépsa inmdpEi% 5 0; (1)
Base is adepi@n{@hR bisd\draaan43h6is ufyk (4sRaandianare Rydpmsbnid @ﬁéﬂﬁﬂ%
hydrogen; and (6)@5 0; (1) Base is adenine; (2). R1 is hydrogen; (3), R6 is methyl; (4) R7 and R9 are
hydroxyl; (SPRAB RO og SPhasaIEs X 1PEoTRh A s Sist otb)1ResbAF IgErRY) R%s
methyl; (4) RiadladimOlatehyeiOxyiikyl (including lower alkyl); sulfonate ester including alkyl or

arylalkyl sulfonyl 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; 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 (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl,

20 chloro, bromo, fluoro, iodo, NO,, amino, loweralkylamino, or di(loweralkyl)amino; (4) R7
and R are independently hydrogen, OR?, alkyl (including lower alkyl), alkenyl, alkynyl,
Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NQO,, 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, friphosphate, 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; 2
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)
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(5) R10 is hydrogen; and (6) X is SO2; or 15 (1) Base is adenine; (2) R' 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 |nvent|or;§rowdes a compound of Formula XVIII, or a pharmaceutically acceptable salt or prodrug

thereof: R'OMBds eyt (RaludiegriopG xNit) aliiveybinlBayk I%Yafwhr@@mpyn@ndhé Kasdkagydefined
herein; R1 '%ﬂ&%pﬁpﬂﬁgﬂﬁdglr&q%@% ('Qﬁﬁg'qgﬂémﬂﬁﬂpa&‘? %%59 ogffgte. or a

stabilized phosphate prodrug); acyl ( mcludln lower acyl); alkyl (mcludlng lower a sultonate
ester includiepdtkyre intsnandamsyiOR (ﬁ}:ﬁléli’ﬁg{%@ﬁéﬁbﬁﬂww and benzyl, 45 wherein the phenyl
group is optionally substituted with one or more substituents as described in the definition of aryl given

herein; a lipid, incI_LIuir@laeiﬂiﬁhpMﬁ@WdaﬁUéﬁﬁW@dﬁnmLa%mnymdt@fafﬁgpﬂﬂe &\CHplestéiol; or
otheg phar ?ﬁﬁ%ﬁ%@ﬁ@a‘i %ﬁﬁ?@gﬁgogg%%ﬁ}ﬁ‘g‘ '%W@eﬁqﬂ‘{mﬁ@[eﬁjrh\é@éo 1 SCARARIEDT

providing a compound wh rein RiIs 5inde H or phosphate; R6 is"hydrogen, hydroxy, alkyl

(including loataifipy, kaseles epaned éméﬁyI@IIByﬁyllnB@PWnﬂE@WPé%ﬂ)la@ (@)(Bﬁaweﬂcalkyo,
-O(acyl), O@k et apy R Qal Ak QMM 1 ;u%'gacyl)z ot 1CAMRARE A VI OdB NP2, NH2,

-NH(Iower NH(acyI) N(Iower aIIc and R9 are mdependently hydrogen,
OR2, alkyl (. g&bWéVlalt%ﬁ)ﬂcaményh ﬁrommﬁny;d@famﬁmwﬂe%m@mm NO2,

amino, loweralsylaen) Sl psprrlky bemingifiesdiaaleyt ol joussalyrshiging:

bromine or iodine, alternatlvegs R7 and R9, or Rs and R9 can come.together to form a pi bond; 15
2

xis!® s, soPgreE (RS Seéqfe(?"sggémbodlment a compound of Formula XVIII, or its

In a ninth preferred subembodiment, a compound of Formula XVTI, 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, allcynyl, Br-\rinyl, hydroxy, O-alkyl, O-alkenyl, chloro,

15 bromo, fluoro, iodo, NOZ, amino, loweralkylamino, or di(loweralkylamino; (4} R and R’
are independently OR? (5) RYis H; and (6) Xis O, S, SO, or CH,.

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 XVII, or its

pharmaceutically acceptable salt or prodrug, is provided in which:

(1) Base is adenine; (2) R® is hydrogen; (3) R® is methyi (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) R' 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!° is 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; (5) R'® is hydrogen; and (6) X is O;
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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) Ri is independently H; phosphate (including monophosphate, diphosphate,
triphosphate, or a stabilized phosphate prodrug) acyl 20 (6nclud|ng lower acyl) agkyl (including lower
alkyl); sulfonate esféy B@mmmaakmaawmmr@yﬁn@mﬁg%&h%e@w wrahydery,
wherein the gnrg/ Sgﬁ &Q) nog Iy ﬁL@strtuted with one or more substituents as described in the
definition of aryl grve ein; a Irgb?i including a phospholipid; an amino acid; a carbohydrate a

peptide; a cholest Qr othe bl vr istered
in. 25 vivo is capaglie?o prov?d%r%gg{f{gzr& oungé\/\yﬁr %rﬁr{%g |§5|n epqegrrglé?rtélﬁl-g3 Ikhos.p ate; (3) R6is
alkyl; (4) R7badtbRE; £ Ralépleresnty mydifoh&ris OR2, alkyl (including lower alkyl), alkenyl, alkynyl,

Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO2, amino, loweralkylamino ord i(loweralkyl)amino; (5)

Rs i$ H, alkyl (mclr(dﬂn@aimelaM)?, @)18ine hivdovsine G B iisestaicl ()R and RS, s0RyarogH2. 30 In

a second pr@ g_r%r% Hﬁﬂ;@ géafppound of Formula XVIII, or its pharmaceutrcally acceptable
salt or prodr g Is provided In’w %1) Bdse is a purine or 46 pyrimidine base as defined herein; (2)

R' is independently, hos m (0

stabilized phospha{riaj bﬂrjo ru%%%%?%%%(?s @%ﬁga égﬁhﬁﬁﬁ k?’ggf %Q goﬁgfg%?%E%?&%te ester
including alk§) & dsiatkyksuifony(Gh&dsidy methanesulfonyl and benzyl, wherein the phenyl group is
5 optionally substituted with one or more substituents as described in the definition of aryl given

herein; a lipid, mclt{di}r@aasphraéphmhp(a)ﬁﬁarhmmm @)cRfHs hptirate) Rpepddt: aredisteatdeol; or
oth% pharm %qul%{/&ggggt%%&e(@ /iag,group which when administered in vivo is capable of

providing a mpoun wheérein ependently H or phosphate; (3) R6 is aIkyI (including lower

alkyl), ailcenyl, alk Br vin @Jdmls 7. rlgn%ﬁ ;;%9

amino, Ioweralkylaxir??rloacs)?1 aZ\%owerél?%?amm gl% gpé?r{ﬁ es) endently 3’%5 is H,
alkyl (includiisy Rowisratkpgeentodi{e) Krisrfine, or iodine; and (6) Xis 0, S, S02 or CH2 In a third
preferred subembodiment, a compound of Formula XVIII, or its pharmaceutrcally acceptable salt or

prodrug, is provrdedl)rBadumaQ@mié)lﬁ%ﬁphmegﬂn,IB)@?lmmimbyl'uaféé%sml@fﬁe@mbyémx@‘) Rlis

independen 10 (in phosphate, diphosphate, triphosphate, or a stabilized
phosphate pﬂ%(? Ci(}}%?g‘égn GGG feeaPhe

15 (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 CHp,

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

XV, or a pharmaceutically acceptable salt or prodrug thereof:

Base

20 (XVIOD

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 sulfonyl including methanesulfonyl and benzyl,
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(including lower acyl); élkyl (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 20 given herein; a lipid, including a
phospholipicvlereamthe abizyh geobpHydeptmibepibisiatahoiibicrot or onwse phibsthacatitically
acceptable lgaving gr Whi e inj in. YiyQ.i el compaund
wherein R1 i%ﬁ%%)gelr%teggtf{y}ﬁt%ﬁ%%hégs%ggg&g)‘%g%%xaﬁ%}ﬁ(i%?:él%t%n%%%g}/ I‘l')ol‘iliky %Ilggf]wyl,.alkynyl,
Br-vinyl, hyciasy aGaihialty dratikenpeptetoroshstostrso worethedshanopeaisiity, asorptaly|2eTms or
diflower-alk ey R 20 AR R DHERS AASIHIK By droomm ORZnAlAAchAEg Jover alky)

alkenyl, alkynyl,” Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO2, amino, loweralkylamino, or
di(loWverallcyihéenmdepsly REospHosphales) X is 0, S, SO2 or CH2. In a fourth preferred subembodiment,
a compound %)f Formula XVIII, or its pharmaceutically acceptable salt or prodrug, is provided in which:
(1) Base is &pigihedorzso pydiendirbkyl sacludietinetdh aléivl).(25if0.isyaaepdkausitiglymphoBphate
(including mangph: @m}! nasphRiBoHRP ATRNRICOPLA STaRRRLPROSPNARRIDY UG naeY:
(including Iowe%c%% I (r%luding Ic?vSer alkyl ;%ulfo@ége?’estér includéi%r?g’a?é%l o?gér Iaﬁlkyl sulfonyl

including metishe<O(mksndncblermybrome rEnreipite Ay yrdtikis N ot iyl ubdatasalwith one

or more subﬁtﬁg@g{;m&gggr@%@)@ the definition of aryl given herein; a lipid, including a
phospholipid; an amino acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically

accgptable Igayingrgropyy &H&?W@éﬁg@iﬁ? inyivVedsiGaRa Ry RSYiding-ARoRTRAAd
wherein Rl is independently H or phosphate; (3) 5 F§_6 is alkyl (including lower alkyl), aﬂ(gnyl, aikynyl,
Br-vinyl, hyddex§m.-afRyalkonxlkeshipripio R5oBBA 0 19liBR0, e, RIROanNET | oRISYHIIRMMING, or
di(IoweraIkyQﬁm{g&éfés)} :ahd R9 are independently hydrogen, OR2, alkyl (including lower alkyl),
alkenyl, alkynyl, Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO2, amino, lowerallcylamino, or

di(loweralkyQamif0, (o) R dfin @ Iod SNEiNAINGLIGME! Bikyhineoriag.dromine, or iodine; 10 and (6) X

is O. In a fifth preferred subembodiment, a compounJ of Formula XVIII, or its pharmaceutically

acceptable splLarprodryg, igProvides ik (1dBassuRRYInaPL fydrydine base as defined
herein; (2) Rl is indepéndently H; phosphate (including monophosphate, diphosphate, triphosphate, or

a stapilized %%9,@@(9{39@@5 acyl

-In a first preferred subembodiment, a compound of Formula XVIIL, 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
monophésphate, diphosphate, iriphosphate, or a stabilized phosphaie 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)
R® is alkyl; (4) 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(loweralkyl)amino; (5) R® is H, alkyl (including lower alkyl),
chlorine, bromine or iodine; and (6) X 15 O, S, SO; or CHa.

30 In a second preferred subembodiment, a COmpound of Formula XVIII, or its

pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or
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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
- phospholipidiyaiméditieobasid;aa ey deAéai;aREIIUE; aircplasterel; of; opteERla M@caussally
acceptable leaving group which when administered in 20 vivo is_capable of providing a compound
wherein R1 &5 %ﬁﬁgﬁ‘?tl %?sﬁﬁﬁ@phtﬁl@m@h% igralﬁylsfﬂli’é‘l?ﬁﬁﬂg"mﬁaéﬂ(ﬂf? Hy12akynyl,
Sy gl it o oo HiaReogc umsolagic. o
i(loweralkyl)amino; an . are ingependent : is H; an is 0, S, SO2, or
CH2. In as>i1x r%hr51 %%@@ggﬂ)éﬂ&%ﬂ%éﬁ?%&ﬁ%ﬁﬁgﬁﬁ Foita WOATFD e PYa#iPeitically
acceptable sgitiongdtpdubgtiistpdovittedria ovhiahe (fYHBksers apdaneibsd pyritidisghase a5 defined
herein; (2) R1.is independently H; sphate (including monpphosphate, diphgsphate, triphosphate,
il ST (s el S I o B S eRY e G R e FHPR

or a stabilized phoSphate pr uding “&ffonate
ester includinipleitgtalr canylfadk plheotfiecsitindiydingepietled nesnamyhpnwhivhnzibnvdderriisdiedphenyl
group is 30 93%0@?% S\ Qst' u'%%g[i ith one or more s %%bstitﬁents. as des&rigﬁdﬁh the definition qf aryl
given herein;?lipi , ncl#u mé’apé%‘gp%oﬁpl ; an amlr%%md;l%%a%gﬁy%lr €, a%@eBﬂ%%h?%e’% lesterol;
or other phaRmécdisnt ity ladoeplowke kayiingligeoyh slbohlyBeminpiyibtergdOrmlinlp (s dagafile of
broyising a eaigRE Ry el ShS, RASPIRSC U LLaipheshhals: B P BR AN (ngliin lower
alkyl), allcenyl, a];ynyl,.ll;%i;vmyl,’hyI{:]%)%/,((S:))-I?;5 yI; -aﬁ<eny, chioro. bromo: fu c} 1000, . amino,
loweralkylandfoRorwiitsiersadieparRRG; s HaalR9 Gnslintinp érwlemlin®Rehi(8)nR Sioina Kyl
(including loyap @l @higyRes bfogis, picadine; and (6) Xis 0. 5 In a seventh preferred

subembodiment, a compound of Formula XVIII; or its pharmaceutically acceptable salt or prodrug, is

provided in which: {1) Bagg.is &%ﬁgg %ﬁb%%%ga%ﬁ p%%ggﬁﬂ&d"qef@g . (2) Riis d%%%&:sde”t'y :

H; phosphate (including monophosphate, ate, or a stabilized phbsphate

prodrug); acyhafrRansaiiglioverenighle Ky IctmeRitigy iomervades inswitinhatel o Beseint udiwgralky| or 10
aryigjlcyl sulfonylingllding metharssyitonyl anghberzyl Vﬁb@éﬁéﬂaﬁl&aﬁ@%ﬁg i s ﬁﬂﬁﬁa%gyipi .

substituted with one or more substituents as described in the definition en herein;
including a PRESIRSIBIAtan drliewhein; Hihesphajerats; a féghilised 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

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)
RS is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-a]kyl, O-alkenyl,
chioro, bromo, fluoro, jiodo, NO,, amino, loweralkylamino, or di(fower-alkylamino; (4) R’

25 and R’ are independently hydrogen, OR?, alkyl (including lower alkyl), alkenyl, alkynyl,
Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NOZ, amino, loweralkylamino, or
di(loweralkyl)amino; (5) R® is H; and (6) X is O, S, SO, or CH,.

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 prodrng); 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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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) 15 R6 is alkyl
(including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, 0-alkyl, O-alkenyl, chloro, bromo, fluoro,

iodo, NO2, anmhmdﬁweuhﬁﬁyia&nlﬂ@ﬂwﬁ(lﬁw@%%@%s(ﬂé Be6cAREHRS Ale dré“aq{a&dgptl

hydrogen, O |nCI din er alkyl), alken alkynyl Brv [, O-alkenyl, chlorine, bromine,
‘jodine, NO2, %zr’ni% oWerng aﬁﬂl B‘h&g ﬁﬁfilﬂﬁ%‘? a%‘ﬁr?%m(%)a |%WWQ&#@K%F@?E'G@I;man

eighth preferﬁédlwminbndmeephmnmanﬂ QicESEmIE R0 Y oobulSwRia PRGS QArceprable
salt or prodr%& ) ‘!‘E Wh| %}% Base is pyrine or Ipyrlmldlne base as defined herein; (2) RI
is mdependentlyi—ﬁIo rg osp ’(%f ferERa WetrdrBaydamtiyng, Oélkilﬁwhmew(ﬁj'l
hydrdxy, O-aRyis ﬂla{kényluéiﬂgﬁowaramﬁ) fh]laéﬁyllmyﬂ@%ﬁﬁﬂ D HR6E3IKyla i@k
d|(IoweraIkylon 14 7 ngIORQ 2 e inde e dent OR2 (S?Rs is H andajg;nxlso S, ¥SDZ or
CH2. In a ninth préferre ' em’bo rhent>’a W&ﬂa‘?ﬁ\‘ﬁﬁ%’ﬁ?@ﬂ@%ééﬁ&lly
acceptable stifidy meéepmwlﬂéwdmgbnclm{i) ﬂaﬁe(iﬁcﬁuﬁiﬂg“ﬁa%rmymdmge%g%g@gﬁfmed

herein; (2) R ep H p aIk (4) R7.and R9 are mdependently ORZ2;
(5) Rs is H; arfb%( X Sndgﬁ S&5 02 8('3{%9 : % Fh%le)tenﬂﬁhﬁ%f 28 sAbERAnotEATY AtdaBipoTd of

Formula XV @W@%m&&gﬁyﬂdc%ﬂlﬁa@mmglpmm ﬁf@bﬁd@dhfbﬁﬂﬁi@%ﬂ&cﬁi@e is a
puripg or 495ﬂy|(1¢1yﬁlﬂecpase as defined herein; (2) R' is independently H or phosphate; (3) R6 is alkyl;
(4) R7 and R9 are independently OR2; (5) Rs is H; and (6) X is 0. In even more preferred

subembodiments, a.c n I ll,.or |t armaceutically acceptable salt or prodrug, is
provided in which: %1(%71 ggge %%ézﬁifr?e g)l%idlmhy rogeﬁm@?‘ﬁ‘é Engaﬂﬁ'?}“@) R B dorditsre
hydroxyl; (SHIRBMacRyHsakEscermiaEy Xalé o pl@@gaﬂngllaMGn(%Rhs(my@meig dPuBRigmethyl;

(4) R7 and gﬁ{gdh%jr ) h e (6 tosine; (2) Rtis
hydrogen; (?) R6 is metgﬁglél (a@5 Iggﬁgr% I}R’{g{%ge r%?I/Idrgxy Efgf ’ééég 1$°h QFPAAg Erding 1) Base

is thymine; @Wﬂgwa%eﬁﬂwm@@nf@ﬂi}ﬂsl(bﬁt@?(mnd R@bﬂaddydﬂmsﬂhz(&) Bedniydragen; and
(6)%is O;  (including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or

az*ylallcyl 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 i1

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

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

chlom bromo, fluoro, iodo, NOs, amino, loweralkylamino, or di(loweralkyl)amino; (4) R7

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

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

25 pha.rmaceuticaliy 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
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)
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(1) Base is uracil; (2) R'is hydrogen\; (3) R6 is methyl; (4) R7 and R9 are hydroxyl; (5) R8 is hydrogen;
~and (6) X is 0; 15 (1) Base is adenine; (2) Rl is phosphate; (3) R6 is methyl; (4) R7 and R9 are

hydroxyl; (5 Bs is hydro en; and (6) Xis 0; (1) Base is adenine; (2) Rl is hydrogen; (3) R6 is ethyl; (4)
R7 and R9 %ﬁmﬁ”ﬁ%]l&ﬂ BGIY‘B&%@Y@%%@@ ) ﬁiaikqiil;i&rogen

(3)R6is perYbrMbi%ﬁz@nﬂtBﬂaa{@dBngﬁ%mﬁ% (@%%E}hx&ﬁﬁgeey (s Rt B aRFRS
adenine; (2) R % en; (3) R6 is hutyl; (4) R7 and R9 are hydroxylaﬁ@? R8 IS hydrogen and (6) X

s 0; (1) Bas®f E’f}lﬁ?nlg}h?&o R (35 Berisvhenandias fomanaley s HOBRSITomNRS is
hydrogen; aaﬂléﬁix%;smﬁ; @Xl])sli}a,se IS adenlne (2) R' is hydrogen; (3) R6 is methyl; (4) R7 and R9
are hydroxyl; (5) R8 is hydrogen; and (6) X is SO2; or (1) Base is adenine; (2) R' is hydrogen; (3) R6

is mathyl; (4) R7 angl R3arentty dieRed S3BEIHHIRKALETS 3BHFBNISE HRAT BeHD- dndls
R-L-nucleosides of thls ventlon H’J\ y inhibit HCV polymerase activity. Nucleosides can be screened

for their abilR§ASHIHE i?sze F SLRIRGHS \}ﬁr?f%é‘éﬁfjd}ﬁd”@@‘ébrégnﬁ@erﬁ%ﬁl@é}@%‘“e?forth

more partlcwilmiameuma@nesca@ﬂeadlﬁe&ﬁet@ynmb theisperiue o @tl\@%b?m
compound in the g%sgde cribed herel h another confirmatory assay. In one embodlment the

efficacy of the® 5 0 ghat ?ne §E0fing R HEZe0n BRI BredRBowml
necessary t@memdngtmhaqcmhwmmmmwmswer wmmam&h@e tesraetnoRigingt foEth aore

Cxiibits an EREr S Rt S S R Ve HECEh iy TP Reinse.

assay descripéidriallFenshsiistiad,, W’J‘ltt}:ll o \bir i3 e Sitehas 1086sdsbiidetmthdifatologys aryl

AL of Eio. oy 273 L1000 S B g B0 LS e A e PR By s

or prodrug thialegierelaumnihistritonaceuticaltcioreptasle dpaiig of prowittinly witerigninistirerty the

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

15 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 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 acceptab'le 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), allkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro,

| bromo, fluore, iodo, NO;, amino, loweralkylamino or di(loweralkyl)amino; (4) R’ and R’

25 are independently OR?; (5) R® is H: and (6)Xis 0O, S, SOz or CH,.

In a ninth preferred subembodiment, a compound of Formula XVIHI, 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;
(4) R” and R® are independently OR%; (5) R® is H; and (6) X is O, S, SOy, or CH,.

30 In a tenth preferred subembodiment, 2 compound of Formula XVIII, or its

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

"pharmaceutigaliiianeeniabie @éﬂﬁéﬁ%’éréfﬁﬁb?k"?@h@&@ﬂ&@ﬁ@f‘ﬂ%ﬂpﬁgﬁﬁla@%e(?}?@ig fivity of

the compou g} somegcases increasing the activity over the parent compound. This can edsily be
assessed b}? gﬁﬂ&%@&ﬁ%@ﬁ?&%@%ﬁﬁb&m@fﬁ@&ﬁt{ irdll Bc@vity according to the methods

described herein, or other methods known to those skilled in the art. 25 Il. Definitions The term alkyl,

as used herein, uni8sSHhdRRIEPEREEIRS Suhsrabo dimeniat i ateupouady i, Beamvlre & GHEyclidtprimary,
secondary, %h@ﬁi@éhﬁlh%ﬂﬂ?%@égﬂl%é%ﬁ%qﬁ&&% Sioentenesifically includes methyl, ethyl, propyl,
utyl, t-butyl,

isopropyl, cyclopropyl, butyl, iso pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl,

cyclohiexyl, 51 cyclahexyimesivhiz:mefhyipe wqHnetayloutyl 3-dimeshylbutyl, The term

includes both sultgs_tkl%l?ted and unsubr;{g[{]ted afl}%lk%%fodg({sinoieties v?/fif[l’r?g\i/eﬁ?l’ch tﬁ?a%&?ﬁﬁégﬂgdan be

substituted dré SelsdiEtrogss #e @%ﬁﬁ%@hsisting of hydroxyl, amino, aryylamino, arylamino, alkoxy,
aryloxy, nitro, cyano, sulfonic acid, sulfate1 phosphoric 5 acid, phosphate, or phosphonate, either

unprotected, or pro@:&f’deaié Feanine(3) Rsikhodngenfodd’ skimsthirsti® Bitansr Riampialrasyiaught in

Greene, et af5PROIGHMBEHOURS i@rgrga@jc Synthesis, John Wiley and Sons, Second Edition, 1991,
hereby incorporated by reference. The term lower alkyl, as used herein, and unless otherwise

specified, refers to @F.Btz%_e 19 %&qﬁgta{gﬁ ﬁtrqgggé%pgg%ghhs . QF ig@g‘%ﬁﬁ{g’a@] %@ycli% g@r a%ample,

cyclogfropyl) alkyl grous) ipcluding both Substitute stitute less otherwise
spebitically Bsoeryh (RiRagbhedrgennandd QX iss suitable moiety, lower alkyl is preferred.
Similarly, when alkyl or lower alkyl is a suitable moiety, unsubstituted alkyl or lower alkyl is preferred.

15 The term aryyaAmifsr dnjlimins:réRr&ioiahyimgenyrépRAds hastbrle (B3 alig! Rr zmyl

substituentsh{Rspeative R ThRy@EBRraig¢is K fspised 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

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

15 (1) Base is adenine; (2) R' is phosphate; (3) R® is methyl; (4) R7 and R® are
hydroxyl; (5) R® is hydrogen; and {6) X1s 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 adenine; (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; ()RS 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; @) R and R® are hydroxyl;
(5) R® is hydrogen; and (6) X is CH,. :

50



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 more moieties selected from the
group consisting of hydroxyl, amino, alkylamino, arylamino, alkoxy, 25 aryloxy, nitro, cyano, sulfonic

acid, sulfate, phosphprica5id, phoshinaler ggbosapate,. el wIRAISIRM sEg Qleied.as.

necessary, as known to those in‘the art, tor example, as taught in Greene, et

Groups in Or@ﬁiﬂiﬁys%mhbsis'dm\hﬁlwem Suribeigelibityl & difidhi| T pohenense alitivity dn
allcylaryl refq[ﬁ.rg)ﬁ&@&g&gg@é&é@%@gﬂlg&y&%@&tqmgﬁ%ﬁ ggl%égj%&%s or &)%aglﬁ(l Ireeaju%g% to an

aryl group with an alkyl substituent. The term halo, as u rein, in chloro, bromo, 10do, and

fluord. 52 Thistmminghasmcpyrimdinetizehncueustingtthe mentipoiiad o, GderisrysNBsetibgiburines,

N6-acy|purinﬁaémhﬁ%%%@%&@m&?%ga@_kylaryl, or arylalkyl), N6- benzylpurine,
N6-halopurine, N6-vinylpurine, N6-acetylenic purine, N6-acyl purine, N6-hydroxyalkyl purine,

o-thioalkyl purine g llBuaes, ks italy P B SR R YNG9 R SHlCLORY BRI

5-methylcytosine, 6-azapyrimidine, including 6-azacytosine, 2- and/or 4-mercaptopyrmidine, uracil,

5-halouracil, i éhsdfegsuiiabu pcrresuakyipsasiaidite sedso terplpgrpitimbds: chbthealspysimidines,
CS-vinylpyrimjgine, Eoamealy \BRiG R IRIdng, Gord i RUIRICINGS - S skl P BEound’s

C5-amidopyrhnidine, C5-cyanopyrimidine, C5-nitropyrinv.dine, C5-aminopyrimidine, N2-alkylpurines,

N2-kyl 10 6¥hiapulinsTgrad aphahnensas taeIRA MaeHIp rignPCimpfdestobyndiayer 10
pyrrolopyrimigliaydnanst PyfrzoleRtiraidiybBMENg BRsssncuie R Arroabiniieddpaguanine,

adenine, hypoxanthine, 2,6-diaminopurine, and 6-chloropurine. Functional ogg%en and nitrogen
totetitty

groups on théhafe’@an Bel prord kel EORtbisgvor rpgrewzs ttibie ptéfoe Fethsaarecvell
known to thogg, skilles¥iBithecasmangy inchede-ropeshyisiyl, dSvdimativihexwlsiluy, thugyldimathylsilyl,

and t-butyldi 2 qyg%égl t{”%sle alkgll groups, and acyl groups such as acetyl and propionyl,
methanesulf §I, b1 Sfferte élfonyl. The term acyl refers to a carboxylic acid ester in which the

non-%arbonyl moiety of the ester group is selected_from straight, branched, or cyclic alkyl or lower
alky}, e active comipound can be admimstered as any salt or prodrug that upon

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 *‘physioclogically 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 TI. Definitions

The term alkyl, as nsed hersin, unless otherwise specified, refers to a saturated
straight, branched, or cyclic, primary, secondary, or tertiary hydrocarbon of typically C; to
Cio, and specifically includes methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl,
t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl,
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alkoxyalkyl including methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as*20 phenoxymethyl,
aryl including phenyl optionally substituted with chloro, bromo, fluoro, iodo, Ct to C4 alkyl or Cl to C4

- alkoxy, sulfonate esters such as alkyl or aralkyl sulphonyl including methanesulfonyl, the mono, di or
triphosphategieheifiiyh b moBoRReiIRGITY |2 Subsbiuisshbanzvy tialkaflaiyh e flimetyd:putylsilyl)
or diphenylme%&silyl. Aryl groups in the esters optimally comprise a phenyl group. The term "lower
acyl” refers t5HHISE 20 TSR PRsRbSE Rued Bt SRy iMRiRRne el W hish s Hsrbin, the
term "substagially fepeinf abssmstntiolkeincibe ahsenes grofasiaauUeeoside.camagsiion that
includes at legst.85.or 90% by weight, preferably 95% to 98 % by weight, and even more preferably
99% to 100%@%@%%@%’%& R&Ye FEIHIHIEY SPRRE ifens qsidn 9iirisenbes iment,

in thé methoaisdpdosthermpqiindshohtis dientioncibe ey roppriteaar essitsiantialy sl o
enantiomers..53 Siﬂ%ﬁ%&'y' the term "isolated" refers%o tnucl oside com%f: ition that includes at least
blﬁ% rotechiyen &apouns: o

85 or 90% bf/h\(/)vséelgﬁw , prefera EiyagSO%]ioem}%yaﬁ/é Ehtm B Hor SR LEEbY% by
weight, of th@rmaoliecSidéhetis demaitkycon BisingSevexichaiegl 19peCiesdicnany 8.ty The

term "indepe{ggﬁgﬁlé/g is used herein to indicate that the variable which is independently applied varies
independently from application to application. Thus, in a compound such as R"XYR", wherein R" is

"independently carhgn or nitrogen,: hoth R" can bhe carbon, both R" can be nitrogen, or one R" can be
carbon and the othlt;-:-l‘tgl %ﬁﬁr%geﬁ.alllﬂfe’ r‘rlﬁelgg%ett,eg% ﬁ%%ﬁ%?’%ﬂ%?‘é‘?@?g iBeﬁ’r%ﬁ‘??iE fiRdP S Ghifticellular
‘orgafiism in QOsathietedrwiraighs beanchalicatef ippindirigtsell dineis 4Rd arimpls, endoprefglalka human.
Alternatively h rrying.a part of the hepatijtis C viral ome, whose replication or
function can%gggftgfé§%§$h%°%%r%%%%§§ R él%sr@s?egr%%ﬁlgvg%%sh. %%%eférﬁ%hm%ﬁggfﬁ%% refers to
infected cellstatedisitrthisferpplicativnalixdepastiof the AGHtajdaomeety)dlawinadikyh panieditarsdrimates
(including chimpanzees) maps {10 imal ications of the.present invention, the host
is a human patient.?f?ete??har appﬁceﬁ%r@?lisn iaesr?g%]%}%éﬁ:%% fs, ﬁ@v@qé%??g;gygggiﬁlwa?ﬁti&u zlzlted by
the present MBafBd(such as chimpanzees). The term "pharmaceutically acceptable salt or prodrug"

is used throughout the specification to describe any pharmaceutically acceptable form (such as an
esté?, phosphate The term alkylamino or arylamino refers to an 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 more moieties
selected from the group comsisting 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, er al., Protective Groups in Oreanic 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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20 ester, salt of an ester or a related group) of a nucleoside compound 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 etalgmuskias @of3skiifma shsodithaalkslingseathimetdssusikameaigium and
own in the pharmaceutical art. Pharmaceutically

magnesium, ng.25 erqus other gcids well kn

acceptable Pr Pﬁ%‘ﬁ%:‘ﬁ%%%%ﬁ Webeﬁ?ﬁrf ASYh S Ska o Ptarlipie R ars datkbyiy,dlized, in
the host tg fd]mﬂﬁpmbg;plduﬁﬂalﬂfﬁilhﬁ?a(esﬁqﬁny@nf tias, TNﬁﬁ%@@D'ﬁ]ﬁﬁf@?@dﬁé@?ﬂ“ﬁlﬂﬂ%{ '
compounds {haf have gically la ro roups nctional meiety e active
compound. roépug%x%acﬁ(a%e%%%o%&&%gﬁgg%gﬁxi&%m% 3 éﬂiﬁfg”{% LeBY R ated,
hydréxylatecthsieinaroxylasik, hySiiblpredioehydrohmetlyRikdsited, deatpyateitineylatedudiegcylated,
phosphorylate orylated, to produce the.active 54 ound. The ¢compounds of this
invention poi%zggiﬁ%lgv%’)a? a%f%t%/dégla%ﬁ;ﬁ] ﬁWné‘jrlg?émr%%%ag%ﬂ%elﬁ%l al%ﬁﬁ 85136#“3’{0% its such

activity. 1ll. Nictdatigersaiiive rodhandsippmutatons, |G thsbpyheidiesmpduhadmmmsidiciealy basic

or acidic to f %,ﬁgggl i ac ts~administration of the aynd as a..
pharmaceuti%%lly acc:%;?ggftgaﬂgaﬁi iér:n:':lg\#i[)e{J f‘éﬁg’r%pnétg @%n%?é%?ﬁh@?r%aﬁ%%@éﬁ?%ﬁﬂ%le salts
are organic &Creyaerntidmisine formistbpuithmadios, Whishitopyrianpliysjbeilialipuoeptable®atiyh, for
exanple, OgMaRuRINaNSSU DAl Ao e, ikl malABILRIARIE, SUAEIAIg.RSRASD

e inordanic

e, .
ascorbate, a-ketoglutarate, and a-glycérophosphate. titab alts may also'be iI’ormed,

including, sulfgRelontrasaidinyh sehaiezeryEpisint Sirinebesnndulcdnt aceoptdinetedits,may be
obtained usipaasiandaki el JeonRbEAR, lheanalsiyeastingannlidaaly basi
ea

compound such as an amine with a suitable acid affording a physiologically accepta 1on. Alkali

metal (for e¥an BIFCEsi G PH Rt RestithAInDcoPiileating anBsasrstay (Ror dseiraple Saltibin) salts
15 of carboifceide eR¥@dYAERRANOHIS NualtasiHeheIsCIRRAAGAD FATBR AGnIstered
e

as a nucleotige prodrug to increase the activity, bioavailability, stability or otherwise alter t
prof

Brties of tEURIRRSSHY: APk shisitibotet HhubrsiphearadardritibyeHomh eenpsarnd
alkylation, aeylpgionersathessipephilisapesifisation ahihesmeng, darHphesahate:gf the nucleoside

-The term acyl refers to a carbbxylic acid ester in which the non-catbonyl moiety 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, brome, fluoro,
iodo, C; to C4 alkyl or C; to Cy4 alkoxy, sulfonate esters such as alkyl or aralkyl sulphonyl
including methanesulfonyl, the mono, di or tripbosphate ester, trityl or mdnomeﬂloxyn'ityl,
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 preférabiy 99% to 100% by weight, of the
designated enantiomer of that nucleoside. In a preferred embodim‘ent, in the methods and

30 compounds of this invention, the compounds are substantially free of enantiomers.
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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 (199%5ilary, Ahy i cdolialh s e dBIFEAsER FAMAPTHoR; b SBeMifSIdbsides to
achieve a dpglfegkeffesto By hRigrtiMa dMEN9SI2:Gam-ISY be weaiteshaseh Rbrsphaeiiigylipid or a

5'-ether lipid, as disclosed in the tollowing references, which are incorporated by reference, herein:

Kucera, L.SK 9t ORY BiKEeIRhR MeeMigaiserdsx 1 FoRpmasy eOrRESa LT oot iRt vel

membrane-iygsiasbyeretheidigig analogs thatinhibit infectious HIV-1 production and induce defective
virus formation." AIDS Res. Huni. Retro Viruses. 6:491-501; 30 Piantadosi, C., J. Marasco C.J., S.L.

Morgs-Natschke, Kihe Memerifdpening. fs Qsidesersin KoSilaha he. thecessable yahide-A Wallen,
S. Piantadosi, and E.J. Modest. 1991. "Synthesis an%ﬁegaluation_of novel ether lipid_puclegside
conjugates FBRSRTHIINLS Ry Yﬁ%b@%ﬁ‘@%‘?%l PRRUCTHGL N APREGALPR D RilFmiar? D.A.

Carson, L.MospatinalachGa Xy Wigeia ik YategendBese bat98 2r Kareasly, epb@redanhibition
5 of human immunodeficiengy vitus type 1 replicatign in CEM and HT4-6C cells,by. 3'- deoxythymidine
diphosphaté’?iﬁ‘?f%’l‘?& Hiytersr Eé"lfﬁﬁﬁ%d?ﬁ@”@f%f@% Wgﬁh%%ﬁﬁigo%ﬁﬂégﬁts

Chemother. 36:2025.2029; Hosetler, K.Y, L.M.%‘; hmiller, H.BB*lIngtin , H. v%n den Bosch, and D.D.

u
Richman, 1990. "SEHERR howh 28 t1et QAciRacelom O BB HBTRT Lo AT SF AL s aie and
otheg antivirghiickpesities. cah Biplidalee ichddndobef 1dié. Ndnknhitislg, exdnmpééarstly) S hpatents that

disclose suitgble lipophilic supstituents that can be covalently incorporated into the nuclegside,
preferably a‘&?ﬁ@%ﬁ%’pg@' igﬁ%fc%ﬂe udiesEi8e 0P oopif%pﬁr%%aéﬁr%%icﬁg?{%g%oﬁ%. atent Nos.
5,149,794 (Sshic2Ronk@Fandinicanthel jibrtd4 6tk (ulapobfidd 99 thd-tostetiemetniiod, 2Z78£268{June 29,
1993; 15 Haqstetler et al.); 5,256,641 t. 26, 1993, Yatvin et al.): 5,411,947 (May 2, 199 stetler
etal); 5,46%‘,%%2*?8’&@%?’1@% s %s&%f%‘ététbaéﬁg‘;’ 5‘{@?3%%&8% 87%93%,?? a & jf%} 513,@13,390
(Aug. 6, 199EnYatyimeé taigaks, 54 H A%t (A grifn 40 6pdadiig ebahpaancsh BEAURB (S en A®s1996;
Basava et al.gi all. of which are incqrporated herein.by rgference. Foreign pat. )1 ppleati at
dis?: ose lipophi ﬁ':1 sﬁg’é}tﬁ%heorﬂss ﬂr%g%ga?nr%sem atlttlélg é%ot% t%leg 5(9 g;1tu1c eaog es o%t%le If)%ies?r%ﬁggﬁ{?on, or
lipophilic prepaiatitoss, ichedeiNiaB1B2T.IRWHBT, are clearly anticipated 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, salf of an ester or a related group) of a nucleoside compound which, upon

administration to a patient, provides the nucleoside compound. | Pharmaceutically

acceptable salts include those derived from pharmaceutically acceptable inorgamic 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 biclogically labile protecting groups on a functional moiety of

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

30 aminated, déaminated, hydroxylated, dehydroxylated, hydrolyzed, dehydrolyzed, alkylated,

dealkylated, acylated, deacylated, phosphorylated, dephosphorylated o produce the active

54



90/00555, WO 91/16920, WO 91/18914, WO 93/00910, WO 94/26273, WO 96/15132, EP 0 350 287,
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 resistaweepmast tiihicatyposuds ol thisutasoticof ppessae ahtinical estisgyeeains d/Yieaused in viral
replication. T i of a dr ins VA 'glg-‘,%%c be prolonged, augmented, or restored by
administerinrg){%t aggﬁé%%r%%Sﬁg%er%%@ng@r%é’é\h%\{Sa%Igﬁ%ﬂon vith a second, and perhaps third, antiviral
compound that induces a different mutation from that caused by the principle drug. 30 Alternatively,
the pharmacokinetics, biodistribution or other parameter of the drug can.be altered by such
c;ombinz_;ltio l [ rpa Qgstion therapy is 56 typically prefer_rec_l over
alternation tfe : _ aitarreous - stresses on the virus. Nonlimiting
examples of antiviral agents that can be used in combination with the compounds disclosed herein
include: 5 (1) an intarfafeh wherd FomBRORLY BERERfiRci ot kasis oA SRidth i fraEb fivdrlesnomtpric g,
200Q); Berengues, MhsgtaltARlinthakoA(SHBR- RlibdankB8s 99RkntdatbalAlRRAsAlNGSR
protease inhibitors (Attwood et at, Antiviral peptide derivatives, PCT WO 98/22496, 1998; Attwood et
at, Antiviral @H)érﬁ?st??@ﬁﬂﬁ@ﬁew;%’fﬁ@ﬁﬁil 9D BgRarsuleRlyy RGBS SALP RSP AR A Y ise of
amino acid 19 &eslyaiivemas-ankiatiagemscHIermapRaien dtiab beatinatRFadidn | A4 edating et al.
Inhibitors of serine proteases, particularly hepatitis C virus NS3 protease, PCT WO 9§é17679),
including aIﬁﬂ%@%a%@%ﬁﬁ%ﬁ%ziﬁ%@as?%in FRHE & eh o TR Fra B A e | RGBT such
as a boronicasithate phaspbgnaiatd, ligas Bilinethabphitpatifsifabio hibiigape ptile ranglaguess PCT
WQ 99/07734. 15 (3) Non-substrate-hased, inhipitors such as 2,4,6-trinydroxy-3-nitro-benzanude
derhPatives (S5 % AP HRS RHERT AR B e e%aersg?é’ﬁt&%a#%unications, 238:643-647,

1997; Sudo K. et at Antiviral Chemistry and Chemotherapy 9:186, 1998), including RP3-4082 and
RD3-4078, the forrﬁB?%”&&Hﬂ?@%VoﬁﬁF@%’ if %W&ﬁi%%%‘?g Bﬂﬁﬁl%ﬁfﬁﬁ%i’éﬁ% SEé’é}lng |
apara-phengxypheinyigrerpioCetdmplydnotieicin derudticesmihieikishompelevbntcin i dio antina .

reverse-pha%?th 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, bicavailability, 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. Exampies of substituent groups that can replace
one or more hydrogens on the phosphate moisty are alkyl, aryl, steroids, carbohydrates,
including sugars, 1,2—diacyiglyceroi 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’-phosphosther lipid or a 5’-ether
lipid, as disclosed in the following references, which. are incorporated by reference herein:
Kucera, L.S., N. Iyer, E. Leake, A. Raben, Modest EX., D.L.W,, and C. Piantadosi. 1990.
“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.L. Morris-Natschke, X.L. Meyer, F. Gunmus, J.R. Surles,
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HPLC assay with an NS3/4A fusion protein and NS5A/5B substrate (Sudo K. et at, 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 identjfied in
Kakiuchi N. & %l.1sh45B S, BEekarserdp M2 Iy2d, 7220, Walkes hia harehdisAnalytisal, Biteleemistion:.

247:242-246,1997: (6 henan-th | ing.activit inst HCV. prat . in.a SDS-
PAGE and 2R A Sy RS PO B S CUNGRE D B e tas <p.

Sch 68631 (Chika. eCaeml efrdihati@o LettéissBA1a2 20 Y232 IR IR)ichindn S h 85 6@ 8eisoliated from
the fungus P§n§'cill' i uluu hich.demonstrates 30 activity ip.a sgintillation proximity assay
(ChuM. eta |oo&%nrdr%‘£:§§r?g' I\‘/rlael}j%ﬁ\{gﬂ a&%dgm}rsat‘}y& %ﬁg% :1@% 19 a%? ag%ﬁé)&ﬁgé@}bé%

inhibktors basédamathénmavrotabieeuly sigin Cypsolateptifr@modecCEasich WEA-66 atliBipgldmistry
36:1598-160 ’ | eg?t;i%i (S (P G.D. I mpeunds, compositions and
methods for%%gﬁg%%e%gg%%g%%. . atg.g)rf{l é%&o?%’ﬁ %g%i %ﬁ%%%%ogl%ﬁg?xy@g%éﬁl ine
derivatives, gnémiacbutitzarsortpesitides thafedi2a2eiFlosetieriHé. W¥ealmdntSwhhePatitiEl B, PCT
WO 97/36554). Nk eat | in{(Ferrari R. et
R p R e R e e e e s
Virology 2491 pBosni®livgd gyalogy vd padatemedish aopedrottivare | puirmsidesicléobiids (Be@DN)
complementsgy.tq j5equence stretches in the 5' non-coding region (NCR) of the HCV (Alt M. et at,
Hepatology 22:707-717, 1995), or nucleotides 326-348 comprising the 3' end of the NCR and
nucleotides 371-38§ Jegatigd Nie.cae iR ' h I Al ALGH of
Virology 142:589-599, 1997;éGaI_de?isi u&g?la@tg %%ﬁg%{é%#&g?%ﬁ%gé%%%ﬁ%% 1999);
(11) Inhibitof8%FARES seaplentainsrineratednimirdbmmcdiesidpguafasbnat Brevemidraritiareefment of

hepatitis C, dapanerssfrtenti h@ﬁ&i%}ﬁ%ﬁgg%ﬁ&am. q‘@é&fﬁ%@ﬂ%@ﬁ@ﬁ%ﬂ?%,of viral

diseases, Japanese Patent Publication J 91); 20 (1'2? Nuclease-resistant ribozymes.
(Maccjak D.3%8%:aY 2p@s8i0gy 3P 4836 4Masois, 1993, Hostetler er al., 5,223,263 (June 29, 1993,

15 Hostetler ef al.); 5,256,641 (Oct. 26, 1993, Yatvin ef 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 et 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 89/02733, W0
90/00555, W0 91/16920, W0 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 Thérapv

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, 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 Alternatively, the pharmacokinetics, biodistribution or other parameter of the drug can be

altered by such combination or alternation therapy. In general, combination therapy is
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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. PatentijyicBl 4 Sedad Orakiabitalaiod- (ptrapphionaasetil)ihdaspartiahiitt (ihtiRasent No.

5,830,905 tosgé%ré% erE aé)ﬁrtgl%nzenedicarboxamides (U.S. Patent No. 5,633,388 to Diana et al.),
polyadenylic aci doerivative-s (U.S. Patent No. 5,496,546 to Wang et al.), 2',3'-dideoxyinosine (U.S.

Patent No. 5,026,687 to Yarchoan et al.), and benzimidazoles (U.S. Patent No, 5,891,874 tg 30
Colacino ot al). SENPTLTRATHE ORI Co AR5 A B PP RAER i e, or
gene fragmentnthenadt, disvidsed erataddejudetministering to the patient an effective amount of the active
compound or a pharmaceutically acceptable prodrug or salt thereof in the presence of a

pharfnaceutically 5(ayee piahfercamuiel ar e (Paaatidy e aiardlscan beaadaisisersd.fyrany
appropriate t .example, I renterally, intravenously,.i e ly, subcutaneously, or
topically, in Ii%#ai 8(§8550% &%@%ﬁe&eﬁe&&%ﬁ?ﬂg @lnuﬁr%?ouﬁ)é%'gg%%%’be in the range from
about i to 50 mg/kg,.preferably 1 to /kg, of body weight per day, more generally 0.1 to about 100
10 por Kiogrart Body B LB he e S8 L PYe CHEVERE dbedbm FAREH: fce
pharmaceutidaityracespBOER SAIG SR UJDSHN Betwatellatedihasdd:pnviiie Grighizaf thadparent
nucleoside to.pe delivered, If t ar_prodiug exhibits activity in itself, the, effective dosage can be
estimated as% 6}1? ove asig hééi\s‘v%%?éf gf%%gg s“% oorof)lroeér%%, o\é % a{)?ﬁ%[gp nﬁlggn'ésﬁncélm&?hggl skilled
in tAé art. 15@tieveen poundriszohveeent edniniButeed Publiistdny BlEtdBE dBagEfagmy wcluding
but not limited,te one containing 7 to 3000 m efergbly 70.10,1400 m active in lent per unit
dosage forrr?.g z%oz?gTSdC? aiggeéZ of %69%%% Smﬁ%&ﬁ%%’gﬁ/yq&%%a\gé%e%;t.vfgtésall%%ep 5%%%‘%%%%@% should
be administ&¥d 167 8bhievediemnklplasnioanitrsent djinebidiveasctud idribtoonthalf tronimaboiit 0.2 to
70 M, prefergbhahaihiddR 10 siroh U RGP EAHIBYEM, (ARG PXINE RMEROYS

injection of a 0.1 to 5% solution of the active ingredient, optionally in sa or adnjinistere
of the activeinhibitor peptide analogues, PCT WQ 99/07734.

15 (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. et 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;

20 (4) Thiazolidine derivatives which show relevant inhibition in a reverse-phase
HPLC assay with an NS3/4A fusion protein and NSS5A/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, ez al. J. EBS Letters
25 421:217-220; Takeshita N. ef al. Analytical Biochemistry 247:242-246, 1997,

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

PAGE and autoradiogréphy assay isolated from the fermentation culture broth of

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

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

30 activity in a scintillation proximity assay (Chu M. et al, Bicorganic and Medicinal
Chemistry Letters 9:1949-1952); |
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\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.

Itis to be further undgisipedvbaidonammy:Ra iswalsuhieci-aRasilictosrgs desinrnsRiguld e

adjusted over time accordin%; to the individual need and the&rofessiona judgment of the person
administering R Perdishalsniostrmmren A6da T bdiDsitions, 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 compositid®) THe'adwisarryiobitkomdPBamdiihisierdd Alabmarssmesmpesdigaedidio a
number of smaliRiEoEssse b adrnnisigregalyatyigo tteryakoofime, SR Apiafereshmadg of

admipistration of the active compound is oral. Qral compositions will generally include an inert diluent

or arPedible EARAEPAEERT Ry Be PEHAGSEWIF ) EOMmROSHSSS Bietsol SR HaEEak anity ifoleas e the

purpose of opglitherapettPCIANEraska)the active compound can be incorporated with excipients
and used in the 5 form of tablets, troches, or capsules. Pharmaceutically compatible binding agents,

and/or adjuvant mase Rt/ GRIlReHRcUdRH o PartiPhhe GemBe B s ILe 4AbISISy Pk SaRS YleS,
troches and tZe#{ifke can contain ané of the following ingredients, or compounds of a similar nature: a
i’é’?é‘érﬁéct 3%)(1

binder such & hifirfogelaided-Hitr thdgek2hth Be Garuta, MAdEtiprereic-absaah or

lactose, a disintegigtingragerB4uniel gisiafgpic acid, Primogel, or com starch; a lubricant such as
magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such

as gcrose or saccha)'jn@;ﬂé@ilﬁy@cﬁﬂpﬁcﬁ@ﬂﬁﬁa%Mgﬁ%ﬁ%ﬁéﬁd@%@lﬂm&ﬁﬁlﬂaﬂﬁf}?ﬁ

flavoring. When the dosage unit form is a capsule, it can contain, in addition to material of the above
type, a liquid“CHFAEF sﬁﬁr@ﬁgﬁ Satfat eoi#. ﬂ%&ﬂ%ﬁ% d58i85e MNitoris B dofaiiaRbusiomfer 15

' mater:ials whitdparsidify mﬁ:fpmimmg); of ﬁt&l@gﬁ@@ﬂgﬂiﬁd@r@mg@ g@@tjng@@tf{slﬁg@ﬂ@bellac,
or other enteric, agents. T und can be administered as a ¢ aonent of an elixir, suspension,
syrup, wafeﬁ“%h@v%‘é‘&%ﬁgﬁ'%cﬁ%%‘%%ﬁ Wé?%ﬁ?ﬂﬁ&&?%g@%ﬁg@gi%%% ﬁéﬁ?\ds,
sucrose as adswideteniiidraient Bics6er5an) pPoIetiadves UyesdAndapiingridfarass28.Fhe
corqgound q@&@gg&qg@&@lly acceptable prodrug or salts thereof can also be

(11) Inhibitors of IRES-dependent translation (lkeda 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-alkyicyclohexanes (U.S.
Patent No. 6,034,134 to Gold et al.), alkyl lipids (U.S. Patent No. 5,922,757 to Chojkier ez
al.}, vitamin E and other antioxidants (U.S. Patent No. 5,922,757 to Chojkier ef al.),
25 squalene, amantadine, bile acids (U.S. Patent No. 5,846,964 to Ozeki er al), N-
(phosphonoacetyl)-L-aspartic acid, (U.S. Patent No. 5,830,905 to Diana ef al),
benzenedicarboxamides (U.S. Patent No. 5,633,388 to Diana et al), polyadenylic acid
derivatives (U.S. Patent No. 5,496,546 to Wang ez 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.).
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.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,
subcutaneods, or PhpiaahadigaOsnesssinehide 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; HotifsaoiehidingJemtarsy chfasdienitl BiCohobon paib\iganehe dsrantjwanldrts such
as ascorbic agid ar, sodium bjsulfite; chelati ent ch as ethylenediaminetetraacetic,acid; buffers
such as aceafg %%%8 rgéenél%lrs %Hgépe)‘tﬁatttgees %ahﬁgtg%t%%%%%ee aé%i?us n”?eﬁtg%fat%tﬁf?:it%/o?&%% odium 30
chloride or delxtrosecTtimijarentatable pacdtion aaseliclensidsedlin aregpnotesf diphasakbeutysihges or

multiple dosg vial | lagtic. 60 If adminjsiered intr%veno sly, preferred carriers are
phys?ologica%s}éa r%ﬂ%gﬁﬁ%é%ﬁﬁ%ﬁgfﬁg %%%‘ﬁ%%%ﬁgﬁﬁl N 3<'31n|c})3r€’éf1erre se%lerri“l % ﬁnagﬁt? e Active
compounds #negpréparsanpit cantizrpanenterillyrdey tnowsbyn pordadivs tsdpidasiéoisbtian from
the body, SU&JEn‘%ﬁl Cﬁ)mﬁgﬁgglrg(g%sfgng_formulation, including implants and microencapsulated

L3

delivery systems. Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,

polyanhydrides, polyglusolis i 8%9% slvasoeRersand paiiactie s N eags 'so

preparation of such formulations wi rent to those skille e art materials can also be

obtained co_rﬁ@{éﬁ;iamfwwﬂli@ Hompgkstion I;mmmgbtmrsiaypmm@mﬂmdmgm pbouids
targgyed to 'ﬁig%@ﬁﬁﬁ!@éﬁi“ﬂoweﬂﬁﬁéf m&tmﬂfé@e@ gvﬁké%ngglcor &%9'&&%@;@4&%@ 8Phe

pharmaceutically acceptable carrierS. These may be prep Ing to metho own to those

skilled in thePhprmgpcBticaipleccsntalds salie and nycdrmaant becalesiaed baspd v this weighpofdbsd herein

by fEfef_e“C?aifthSﬁl‘Hiésﬁﬁe Rorixampieedropome farmilaiions,PaykeiR e By fa.isgplving
appropriate |§ég§(s_) (such as stearoyl phosphatidyl ethanolamine, stearoyl phosphatidyl choline,

arachadoy! FRGSERaGIPEH SRRSO CHRIBAGR 2LRBNYR Winndhearmeionfche thalt & prodegassiied,

leaving behiggha- thuxddnaneldrigdHiRispminesiidase of the container. An aqueous solution of the
active compound or its monophosphate, diphosphate, and/or triphosphate derivatives is then

intrgguced into the eRNtaiRgIoddie SoRsaRatdsIPemRmred Ry hand o keslipiddnaletialfrgm the
sides of the container and to disperse lipid o
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 uM, preferably about 1.0 to

20 10 uM. This may be achieved, for example, by the intravenous injection of 2 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 depénd on

absorption, inacti\_ration and excretion rates of the drug as well as other factors known to

25 those of skill in the art. Itis to be noted that dosage values will also vary with the severity
of the condition to be alleviated. It is fo 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

number of smaller doses to be administered at varying intervals of time,
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éggregates, thereby forming the Iiposomal'suspension. 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 modifte hstfgaedfathode dhByadtynasylsitan of ghecasytatiocofobowmedd sy alkylatiOrebf the

nucleoside. The following non-limiting embaodiments illustraje some eral methedology to,obtain the
nucleosidescé))ln%ﬁ{ésrlz;gr((-%réﬂenqulni \%ﬁﬁr&i\ig&? %%%e?an] g‘?ﬁt@éﬁ%ﬂéfof'%-grgagr%hcea ﬁucleog?a%ay be
1'-C-Branchexthisod i lgeisitlesapfitlee fokowipgsstdioito éabBisB ASEhRPOHI® WK tRerRERIE wherein

BASE is a pyi imigd e ' in; el I , OR2,
hydroxy, alkjy/i %mcit%%é@o%g%a y )?%?ﬁ%?ﬁ%ga%%%&%%ﬁ%ﬁaF’-v%@?,g-%d%?o%ﬁ%’? e
-C(OHO(lowdpmikyl) taD¢swyitnciBtiowerpsuesy|) Plaaiea)ialipwempaaple kindine rginishloriter
bromine, iodjg SnalNH 2 é%q}ﬁ'ﬁﬁ@ékﬂg Mﬁ%%' weralkyl)2, -N(acyl)2; R8 and R10 are
independently’H, alkyl (including lower aIkyI),%hIorine, bromine or iodine; alternatively, R7 and R9, R7
and R10, R$ and 0 and.R1 0 ethertq form a_pi ; '

independently H; p o%p%%?ég(iﬁc u’cliQ"rai1 gr%(%ﬁc%%(%h&gfsefﬁ(%p o%;%%t%@?ﬂgh%lgbﬁgﬁggoggﬁa%%ized
phosphate rinmm'@);tw_ Qmmgsmmﬁmi}ﬁx adkyte:(mbladmgiciver aighcamdiiateceliwedncluding
alkyl or arylaliy] sulfonvlinsluding, msthanesHifany and-benayh.ubereinithiaphsny youp igptionally

substituted with oné or more substituents as described in the definition of aryl'given herein; a lipid,
incllffling a 25 pEBEpEelhibtiae erhitioaBidtackabbhyigraicusipeRasnesiund MeRas| Ob SEIES;

phafmaceUtEgﬂMﬁﬁ%ﬁBﬁ%‘%&_ﬁ@_i&ﬂ%ﬂ{ﬁﬁpﬂmiﬁ@;W%%@Qﬂi@%%&ﬁ%&@h@é%%&@%ﬂ%ﬁh&{ﬁyiding a
- compound wherein R1 or R2 is independently H or phosphate; R6 is an alkyl, chloro-, bromo-, fluoro-,

or iodo-alkylo6 & fevering res suharyrsppgraLint, methyl salicylate, or orange Tlavoring, When 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 matertals 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, subcutanecous, 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
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium

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

syringes or multiple dose vials made of glass or plastic.

60



allyl); and 20 Xis 0, S, SO2 or CH2 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 epimerizEtiadpgunisitiediontansesyuslyationferdthipaoiers harta biddesitnd opdesally 62

protected with a lg@(? ehrofecting 0, preferably with an aryl or silyl group, by methods well
known to thgse g%élle {lln the art, as taught by Greene et al. Protective Groups in Organic S thesis
John Wiley and Sons, Second. Edition, 1991, The.prot t é@ %a‘iﬂ%fﬁ?ﬁia ' G
suitable coupling ggle%grg%&%ég%ng%gﬂ%%gt%ﬁﬁgec%%éeﬁqé%%gé%%%ﬁ%, sﬁ@ﬁﬁas a Grignard reagent,

an organolitpiotestlithtumngialiydogapet vipiRicslisiitedan e rhe brdiesagprepricaetrediedroleessolvent at
bl o 4 . : . b
a sugable tefgféﬁ%t%é%,yi%%ﬁ%%;%&gﬁ@&%&?&%ﬁ%%ﬁ&a{ﬂ%@a%'ﬁ@ﬁ#é&%%%g SR GRRIIAY e

coupled to the BA nown to those skilled in the art, as taught by Townsend
Chemistry obiucaitnstibles poipmes Nge ditiveed, Pseluraspedndend g yopeskal phel vinbrdrides sugar

can be cou %% siIRIR0 RRssWith R ek acid « 84 SR G bRC slaC SIS iR dRtaahipride or

trimethylsilyltriflaté in the appropriate solvent at a suitable temperature. Subsequently, the nucleoside

can be depréekEamylaieniortke mrawnt tp those skidirdoim Proasit, A8A40YRTRY i disl.
Protective GSpURR QIR S HBESSI-AWIpdai¥iley and Sons, Second Edition, 1991. In a

particular embodiment, the I'-C-branched ribonucleoside is desired. The synthesis of a ribonucleoside

Is spgwn in Schemﬁiaog%%m%\éﬁaﬁsgﬁgxzﬁﬁleﬁsaﬂgeﬁﬁ&sﬁfesd%ﬁg%édT%om@w@ap%nycmﬁides,
the formed ribonucleoside can optionailélg be protected by methods well known to those skilled in the

art, as taughepyeairaehansbafies e BESIOLPE MO RFSHE Sy AR SRR SRER persatadfs,
Second Editigpickd 9 rhaforiaehihnegaricandas Rdused dvilhawaiitphlessagturéadmgrnisOmptionally,

the 2'-hydroxyl can be activated to facilitate reduction; i.e. via the Barton reduction. 631 .\
example, as described in U.S. Patent No. 4,522,811 (which is incorporated herein by

reference in its entirety). For example, liposome formulations may be prepared by
15 dissolving appropriate lipid(s)} (such as stearoyl phosphatidyl ethanolamine, stearoyl
phosphatidyl choline, arachadoy!l 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 aqueous 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.

VI, _Processes for the Preparation of Active Componnds

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 general methodology to obtain the nucleosides of the present invention.

A. Genera] Synthesis of 1°-C-Branched Nucleosides

1’-C-Branched ribonucleosides of the following structure:
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Scheme 1 HO RIO o Optional -~- O 0 1) R6-M 0-LG6 Ox Ox Protection OR2 0 R3 2) Optional 20 R
R3Activation 1) Coupling 2) Optional Deprotection RyO BASE 1) Optional X0 BASE Protection OR2
R6 2) Optional R6 Reduction OH OH Optional Deprotection BASE HO OH R6 2. Alternative method
for the preparation of | '-C-branched nucleosiges 5 The keynstgrting material for this process is an
appropriately substituted hexose. The hexdsés anbe gueichased or can be prepared by any known
means including standard epimerization, such ag @Hghing treatment, substitution and coupling
techniques. The hexose can be selectively protecCteskt .‘ the appropriate hexa-furanose, as taught
by Townsend Chemistry of Nucleosides and Nuclegtide R.Plenum Press, 1994. 10 The 1'-hydroxyl
can be optionally activated to a suitable leaving grgup dhch as an acyl group or a chloro, bromo,
fluoro, iodo via acylation or halogenation, respectively. The optionally activated sugar can then be
coupled to tﬁ@%ﬂé%’%@ﬁ%ﬁ%‘ﬂ%\%ﬁ PAGRWARS Bptsas QRﬁﬂ%ﬁfﬁH@Fﬁ’%rt, as taught by Townsend
Chemistry C?%Nﬁﬁ asides and Nucleotides, Plenum Press, 1994. For example, an acylated sugar can
be coupled I@ﬁa@a B 5 bydigeen SR sbeArax i dert{irabiding Inssnafkidhraeiloride or

trimethylsilyttydiateaiftdfie, anginn;Bicvioly e @ecuian i caenopaise igriah ,adtgl_ -stigar can

be coupled o ﬁ‘silééléagd gas§ ith the rﬁsence of trimeth Islsgiflate..m %he_%%z-o %{1&“

protacted, cAH He S1ataly é%??ﬁ?éc y AEATEE e HKABHR bromine, iodine, NO;, NH, -
-NH(lower alkyl), -NH(acyl), -N(lower alkyl),, -N(acyl)y;

OH1KE

R® and R™ are independently H, alkyl (including lower alkyl), chlorine, bromine or iodine;

alternatively, R and R®, R” and R' R® and R®, or R® and R'® can come together to 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 phospho}ipid; 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 independeﬁtly H or phosphate;

R® is an alkyl, chloro-, bromo-, fluoro-, or iodo-alkyl (i.e. CF;), alkenyl, or alkynyl (i.e.
aliyl); and

20 Xis0, 8, 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 Jactone can be purchased or can be prepared by any known means including standard

epimerization, substitution and cyclization techmiques. The lactone can be optionally
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" in the art. The resultant primary hydroxyl can be functionalized to yield various C-branched
nucleosides. For example, the primary hydroxyl can be reduced to give the methyl, using a suitable
reducing agent. Alternatively, the hydroxyl can be activated prior to reduction to 5 facilitate the

reaction; I.e padhedBatRN SUHERNpIRAR A AL GrRRAUMEYINGPIMANY: YK ﬁ&ca”bbe
rlg

oxidized to the dehyde then cou Ied with a carbon nucleophile, suc asa

organolithiurfi ‘?:ﬁelﬂg @M@éﬁ%%%ﬁ%ﬂhﬁhﬁ@pﬁ@%@l@@@@m ata
suitable temwgmwhwﬁﬁe%ﬁ@%c&@m%ﬁdfﬂ@qnuf 5493454, The 10

synthesis of ari ﬁg %eo&de is shown in Scheme 2. Alternatively, deoxyribo- n eoside Is eswed To
c

obtain these“Atl RSOl LY fisUede csrling rpapHomERY 98 %@@%@Wﬁi@tﬁ@ﬂ@mell

knowin to thaselskplett,nibe a¢taaSiguarat Ry fereent @kahdniRieiManfao RS igSpathesis,
John Wiley Soniﬁéﬁi"ﬂ% dition, 1991, and then the 2'- OH can be reducedw a suitable

reducing ag GW@FBQWE%?PBQQ@%E%WEEF fosttahia demagtrstmn to. givadhne
Barton redudtietic®athénmga. OR4 Alkaline treatment Protection RIO ----~. O 1) Halogenation
D-fructose D-psicose - OH 2) Nucleobase glycosylation R20 OR3 B B HO-i 1) Barton reduction RIO-
Selective RHO B ~The ofibifaRy RepvaiariemOiaDapae dinpiaRo @ BRRAY QRHRALQAR3 In
addition, thelCn enantl%ner ﬁ%@?g)&o ding to the compounds of the |nvent|on can 20 be prepared
following the same genergl t?? ) 2B ARERIRY bfede ife gl
L-eHantiomeXadestatiin Peatetidirab, BoSenaial %@%l%@fﬁyﬁt&r@agaegange%g@g fo a
2'-C- Branchg(iiyﬂl%w%cleeo&d%s Ofltehu% Sfole{gl\g’lnglsﬁructure tReltr%{':Aﬁon (ﬁl txtammn tetrachioride o

trimethylsilyltriflate 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 tanght by Greene et al. Protective Groups in Organic Synthesis. John
15 Wiley and Sons, Second Edition, 1991.

In a particular embodiment, the 1’-C-branched ribonucleoside is desired. The
synthesis of a ribonucleoside is shown in Scheme 1. Alternatively, deoxyribo-nucleoside is
deéired. To obtain these nucleosides, the formed ribonucleoside can optionally be protected
by methods well known to those skilled in the art, as tanght by Greene et ol Protective

20 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.c. via the Barton reduction.
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9 R7 wherein BASE is a purine or pyrimidine base as defined herein; 5 R7 and R9 are independently
-hydrogen, OR2, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, allcynyl, 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, NO2, NH2a -NH(loweggijieyD. sNH(acyl), -N(lower alkyl)2, -N(acyl)2; R10 is
H, alkyl (including lower alkyl), chlorine, bromine or iodine; 10 alternatively, R7 and R9, or R7 and R10
can come togethgi_ to form a pi bond; Rl apg, RZ are independently H; lgrcl)osphate (including
monophosphate, di hate, tophesphate, pr tabgized)m?Mphate prodrig); acyé(including lower
acyl); alkyl (includin er alkyl); Sulforiate e iicluding alkyl or arylal | including
methanesulfonyl and®em#y|, whereiistite phengkgasdp is cptiiam! substitgiedswith one or 15 more
substituents as described in the definition of aryl given hereif*§*®Bf, including a phospholipid; an
amino acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceuticgl ase table leaving
group which when administered in vivo is capable of providing a compound yies % orR2is
independently H or phosphate; R6 is an alkyl, chloro-, bromo-, fluoro-, iodo-alkyipd;gstéctid), alkenyl, or
allcynyl (i.e. allyl); 20 and X is 0, S, SO2 or CH2 can be prepared by one of ghe following general
methods. I. Glycosylation of the nucleqbase with an appy 'Qntﬁly modified sug The key starting
material for this process is an appropRétely substituted sgg@&%ﬁh a 2HQH and 2'-H, with the
appropriate leaving group (LG), for exam cylgroup-0r-a-66-chloro, , fluoro or iodo. The
sugar can be purchased or can be prepar yeiny knywepitaenns including Standard epimerization,
substitution, oxidation and reduction techniques. The suBstitctied sugar caR¥h&H be oxidized with the
appropriate oxidizing agent in a compatible solvent at a suitable temperature to yield the 2'-modified
sugar. Possible 5 oxidizing agents are Joneé)i’é‘ nt (a mixture of chromic acid and sulfuric acid),
Collins's reagent (dipyridine Cr(VI) oxide, ¢8Fé’§f’ ?‘té‘ﬁ‘gent (pyridinium chlorochromate), pyridinium
~ dichromate, acid dichromate, potassium péfmanganate, MnO2, ruthenium tetroxide, phase transfer
catalysts such as chromic acid or perganganat*Stipported on a polymer, C12-
o

RS
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 alkaline treatment, substitution and coupling techniques. The hexose

can be selectively protected to give the appropriate hexa-furanose, as taught by Townsend

Chemistry of Nucleosides and Nucleotides, Plenum Press, 1994.

10 The 1’-hydroxyl can be optionally activated to a suifable 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 well known to
those skilled in the art, as taught by Townsend Chemistry of Nucleosides and Nuocleotides,

Plenum Press, 1994. For example, an acylated sugar can be coupled to a silylated base with

15 a lewis acid, such as tin tetrachloride, titanium tetrachloride or trimethylsilyltrifiate in the
appropriate solvent at a suitable temperature. Alternatively, a halo-sugar can be coupled to

a silylated base with the presence of trimethylsilyltriflate.
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pyridine, H202-ammonium molybdate, NaBrO2-CAN, NaOCI in HOAc, copper chromite, 10 copper
oxide, Raney nickel, palladium acetate, Meerwin-Pondorf-Verley reagent (aluminum t-butoxide with
another ketone) and N-bromosuccinirnide. Then coupling of an organometallic carbon nucleophile,
such as a Grignard Teageiqtys a0mr {g@é&ncﬂmg% ldk gc pper or R4-SiMe3 in TBAF with the

2 rgo}iic}e , lgé%xég WPt cte% eliaagtm Sé@g}&ﬁ%}fg}j sugar.

-ketone with the approgriate non-p solvent at a suita mperature,

The 15 allcySt&F &tfy REasprERMY brétesidganitie funoitaméizrbtesiislg gaciuns preferably with an
acyl or silyl giatlpodiyemethpds @ekﬂ@'ﬁa}&ﬂ%ﬁ%ﬁﬁnv in.the art, as taught by Greene et al.
Protective Gro in Qrganic ég;Mr?[hesis, John Wiley a ggéﬁoqlr?se,r %%‘E)%?O%?ﬁéﬁgﬁgﬁiﬁﬁé‘%ﬁonany
protected sué%%%i%ﬁ?ﬁiélﬁ% Withlet it By o hydwddentl @ivateivprior thoseihitedin the

ot  taughtoinsinseed e o ok lspaidtand uplagiles Plenym biess, 1994, For
example, _anha%&teldcsutgar c?;ﬁgg coupled to a silylated base with a ewis acid, suc _
tetrachloride. TRantiny tetr4 QA 8 thA Aldabydsiien spamlad wih presshiencis dleepitik, aushitable
temperature GAlganndtroayna dnadepstilRbfiian, Mmﬁﬁé@ | s} ith esence of
trimethylsily%ﬂﬁgteﬁ%% I‘?élﬁt—)se Sféﬁ?}g L}/ the nucleoside can eéb @gﬁgﬁegﬁﬁgrﬁ%ﬁd@ W‘ewﬁtg fun to
those skilled*ih the art, as ?5%%%?%}/3593%31&?%? [SPeRsERMEEGroups in Organic Synthesis John Wiley
and Sons, Secondﬁdition, :L%fl. In g particular embodiment, the 2'-C-branched ribonucleoside is

desired. The synthesfs BFEAhdnGRRYLRIEs dhovirrrisenched Sbamenisasidelyis désineibo-Theleoside

is 30 desirestrpsbrin thesadenizesidanhalaememdiBonuERRide can oR %ﬂxégog{gggted by
methods Wegegﬂgdynllﬁ {;[ se tEkilled igﬁthe art, as taught by Greene et al. Protective Groups In

Organic Synthesis John Wiey Shd SyResides, hiferinge mbrayelegsidaican entiqnalsyterotmntbe
reduced witha weitatde well doingage nhopiiditad yintiie: 2yl Aybinanyoeragtivat t@lf&gg !{ﬁig
0- GR6 -LG

reduction; i.ey,¥i reduction..Sch 3HQ xot LG Oxidation O LG 1) 0-
OH OH OH &Y gqpﬁlg £SI18, Jgﬁﬂ%ggleey an&) S?t()ns, 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
3 OR4
D-fructose Alkaline treatmegtb D-psicose MR1O O OHI 1) Ealagenaﬂon
2} Nucleobase g! i
RO OR, ) e glycosylation
B ‘
HO Z‘{_:O;'.. | 1) Barton reduction R40 o i _ Selective R0 o B
CHy o Deprotection _p& OH Deprotection : _J;_?k_ Qﬁ
OH  OH RO ORg RO OR,

In addition, the L-enantiomers corresponding to the compounds of the invention can

be prepared following the same general methods (1 or 2), beginning with the corresponding
L-sugar or nucleoside L-enantiomer ag starting material.

20
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Protection 1) Coupling *2) Optional Deprotectiion BASE 1) Optional BASE R10 O R6 Protection HO
R ORZ ---------m-mmmmm- O 2) Optional Reduction OH OH Optional Deprotection BASE HO o Ox 5 2.
Modification of a pre formed nucleoside The key starting material for this process is an appropriately

substituted Bucl¢asical i sls Ot aghZntdh dhRucieggigde can be purchased or can be prepared
by any known means including standard coupling techniques. The nucleoside can be optionally

protected 10 with tl r é?)i 3 with ac or silyl groups, by methods well
known to those sksﬁ”? e ar gg%ug‘?#b%%) %ﬁ Oﬁ*ogfulkgrﬁ EHY& Groups in Organic Synthesis,
John Wiley and Sons, Second Edition, 1991. The appropri; te protected nucleoside can then be

oxidized with the appropriate oxidizing agegptin a compa e Solvent at a suitable temperature to yield

the 2'-modified 15 sugar. Possible oxidizing age ’_e,g anes reagent (a mixture of chromic acid and
sulfuric acid), Collins's reagent (dipyridine Cr(VI) §ide, Lorey's reagent (pyridinium chlorochromate),
pyridinium dichromate, acid dichromate, potassiun] permanganate, MnO2, 68 ruthenium tetroxide,
phase transfer catalysts such as chromic acid or prfmarganate supported on a polymer,
C12-pyridine, H202-ammonium molybdate, NaBrO2-CAN, NaOC1

wherein BASE is a purine or pyrimidine base as defined herein;

5 R’ and R’ are independently hydrogen, OR, hydroxy, alkyl (including lower alkyl), azido,
cyano, alkenyl, alkynyl, Br-vinyl, -C(O)O(alkyl), -C(Q)Olower alkyl), -O(acyl), -O(lower
acyl), -Of(alkyl), -O(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, NQ,, NH,,
-NH(lower alicyl), -NH(acyl), -N(lower alkyl),, -N(acyla:

R is H, alkyl (including lower alkyl), chlorine, bromine or iodine;
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 prodrng); acyl (includiﬁg 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 vive is capable of

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

R®isan alkyl, chloro-, bromo-, fluoro-, iodo-alkyl (i.e. CF3), alkenyl, or alkynyl (i.e. allyl);
20 and |

Xis 0, 8, SC; or CH;

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 substituted sugar with a
2°-OH and 2°-H, with the appropriate leaving group (LG), for example an acyl group or a

66



in HOACc, copper chromite, copper oxide, Raney nickel, paladium acetate, Meerwin- Pondorf-Verley
reagent (aluminum t-butoxide with another ketone) and N- 5 brontosucc[mmlde. Subsequently, the
nucleoside can be deprotected by methods well known to those skilled in the art, as taught by

GreeneG reéﬁ@&:dﬂ@?@teﬂﬂ@@@roiﬁngoinThﬁgatgierSymuhesjﬁuc]MWicljmbg %ﬁp&%esyrﬁiq;tgfné
'1991.Ina jGLHa ogj he 2' Eprg]gﬁe ribonucleqsi e IS desired. The yn i
ribonucleogimaegﬁﬂsr{%%w%ginﬂéggﬁg%% é%.a%f%ma ve )?g 52’8%. §§|%1%% SosidE! t’c?@‘sl‘?ﬁ‘é. B8N these

nucleosidesf%%eg%m@&%ﬁméwmm&dhwmmm@jidjmgwge‘iﬁae?(;z
[ [ : : ' | nic Synthesis n
skilled in thexagtcamiaHgld ERESNS SlidhETRIEEING.C E8%%§J%E%@moosfé%$mg?. cin‘@sag

Song, Second, Edition, 1991, and then the 2'- OH"can be re ed with a suitable rédu - pt.
Optignally, HEBZIIRESRIS R Frnes seagavale dvistraeintebrestiocni 2nd. sibithe BafjpCotithsation. 69

) : Or MRIQ RS, —--zcmmme- H.OH 2
Oxidation OF%. 6 62 O ortoral Darrorston St 0y s RE AR BBGRER 1o Rs
0... - - clIomeR 8% SishETario ARG RrEmsnSDBtRRdnDaprdirion. 1stBARE phase
transfer catalysts such as chromic acid or permanganate supported on a polymer, Cl-
pyridine, HyOs-ammonium molybdate, NaBrO,-CAN, NaOCl in HOAc, copper chromite,
10 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 organolithivm, lithium dialkylcopper or R%-SiMe; in TBAF with the ketone with the
appropriate non-protic solvent at a suitable temperature, yields the 2’-alkylated sugar, The

15 alkylated sugar can be optionally protected with a suitable protecting group, preferably with
an acyl of silyl group, by methods well known to those skilled in the art, as taught by

Greene et al. Protective Groups in Oreanic Synthesis, John Wiley and Sons, Second
Hdition, 1991. '

The optionally protected sugar can then be coupled to the BASE by methods well
20 known to those skilled in the art, as tanght 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 tetrachloride, titanium 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 trimethylsilyltriflate.

25 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 Oreanic Synthesis, John
Wiley and Sons, Second Edition, 1991,

In a particular embodiment, the 2’-C-branched ribonucleoside is desired. The

synthesis of a ribonucleoside is shown in Scheme 3, Alternatively, deoxyribo-nucleoside is

30 desired. To obtain these nucleosides, the formed ribonucleoside can optionally be protected
by methods well knéwn 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’-
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HO Rs O OH In another embodiment of the invention, the L-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 L-sugar or nucleoside
L-enantiomePHscstahingervatel iatitlC 2 Genstrie! Bjlnthesissehs -Offanahgdiuriagaides 33 Rranched
ribonucleosig&% {e g}@ﬁﬁ\{ﬁgg S 19%1#1{@: BAS%%O R6 Rs ~X~ 10 R9 R7 wherein BASE is a
purine or pyrimidine base as etne efé”l%; aﬁ@”a‘?‘?ﬁ‘iﬁ%‘é’ﬁendently hydrogen, OR2, hydroxy,
alkyl (including lower alkyl), azido, cyano, aikenyl, alkynyl, Br-vinyl, -C(O)O(alkyl), -C(O)O(lower alkyl),
-O(acyl), -O(lower 70 acyl), -O(alkyl), -O(lower ﬁ?ﬁ,m@)%alkenyl), chlorine, bromine, iodine, NO2,
NH2, NH(IowerI%kyl), -NH(acyl), -N(lower alkyl)2, -N(acyl)2; BY is H, alkyl (including lower alkyl),.

chlorine, bromine or iodine; IZ%er@ﬁH&%w’ g nd R9, or BYI?EQI@Q caR'@gme tggether to form a pi
| %at@%dmg—mempho 6

bond; 5 Rt and R2 pendenthy-++-phos sphate,
triphosphate, or a stahilizeg phosphate prodrugy agyl (inclagimgidaaver acyl) 8 l, (including lower
alkyl); sulfonate ester including alkyl or arylallcyl sulfony! inclBdiagiomethanesulfonyl and benzyl,
wherein the phenyl group is optionally substituted with one or more substitugnts as described in the
definition of aryl given herein; a lipid, including a 10 phospholipid; an amino dcitiCe#épohydrate; a
peptide; a cholesterol; or other pharmaceutically acceptable leaving group HIEHRRRH administered
in vivo is capable of providing a compound wherein R1 or R2 is independengly %Foﬁfﬁzggzﬁ)hate; R6 is
an alkyl, chloro-, fluoro-, bromo-, iodo-alkyl (i.e. CF3), allcenyl, or alkynyl (i.e’allyl); and 15 Xis O, S,

SO2 or CH2 ) BASE * 1) Optional BASE
RO o RS Protection HO R®
- e O
2) Optional
OR?
Reduction OH _OH
i
1 Optional
i Deprotection
Ho RSBASE
O-'-..
OR
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 acyl or silyl groups, by methods well _
known to those skilled in the art, as taught by Greene ef al, Protective Groups in Oreanic
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

15 sugar. Possible oxidizing agents are Jones reagent (a mixture of chromic acid and sulfuric
acid), Collins’s reagent (dipyridine Cr(VD) oxide, Corey’s reégent (pyridinium
chlorochromate), pyridinium dichromate, acid dichromate, potassium permanganate, MnO,,
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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, brantisrfluwr deiadod e hphasg drasfebecgulvhasathr saribeniice paid bbypamidaanateneans

including st pimerization, supstitution, @xidation and reduction technjgues jfuted
sugar can tﬁgﬁ%ﬁe %?i%Z%HD?&%ﬁfhg%Bﬁ?%?%tgzoir&%&%&% |%?%b§%%%§g%%§%gf\g§ﬁt§% Suitable
temperatureitol26 Ade|dapess' dmodified souysr. PudsibRanzjdininkehgpailsdingn)acestiee ddeatvinmixture
of chromic &g J ic agj ollins's: ent (dipyrdine Cr(VI) oxide, ‘Corey's reagen '
(pyridinium?ﬁ%%?fh?gg{n%e)?%g%&niuﬁ@%ﬁéﬁ%_a@é’%% gdiCW%{xnatgéfo)é%et%ss%%%%grm%%ganwéte,
MnG?2, ruth¥iiumesesetnidislephase transfer catalysts such as chromic acid or permanganate
supported on a polymer, C12- 71 - t t pyridine, H202-ammonium molybdate, NaBrO2-CAN, NaOCI in
HOAC, copper chrbuhitequsnfye thexive]dRede caidke K qpaditatiiech mc etateydd earlkndondortidesley

reagent (alu 'ﬁgm Hﬂét i ' ther -romosuceinimide. Ihen.cqupling of an
organometaﬁi% carbon n%%’%%gﬁ%?sﬁ&gﬁaéﬁ g@%@g@i%@ pmagm%am&mm%ﬁmn%m‘r&% ,e%mu amt amc thess
dialkylcoppeebi RlsimuSemnsBarondthdiionkétSie 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 sll;mab.MMiw@mwm%@WmdeMnM@{m blesirethodBhwell
xnawn 1o thepmekast DifeaAtieaade 00N atRenRt & TARLEEING. B A QAAARE R (hests,
y pr an then be coup

John Wiley and Sons, Second Edition, 1991. The optiona otecte Ugar‘ ed to
the BASE bgasieathode aleninihesrnsiprsidesiiie trimeadeanasieasigh ey opsionsiénteGhetedtidy of

Nucleoside%fﬂeth{s@%imoa&?w%&@&&ﬁ&%-tﬁ%ﬁmmﬁm@%@ 99" ARG coupled

to a silylated base with a lewis acid, such as tin tetrachloride, titanium 15 tetrachloride or

trimethylsilyi9eRs In SHgaaimropthaEssdnlantaley aukapns. roepprd didon {8Hatuehentbto25ugar can
be coupled tora silylpiesiase With heuRHBEe ISR 8hYE PRI ISHIHHIAI, the 2°-hydroxyl can be

15 activated to facilitate reduction; i.e. via the Barton reduction.
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Subsequently, the nucleoside can be deprotected by methods well known to those skilled in the art,
as taught by Greene et at 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. AlterrSxthuatye deoxyribo- nucleoside is desired. To obtain
these nucleosides, the formed ribonucleoside can optionally be protected by methods well known to
%freene et at. PBaggctive Groups in Organl nthe5|s John

Wiley and Sons, ond Edition; I
agent. Optionally, th cilitate-reduetion; i.e e Barton reduction.
72 Scheme 5 Ho 1) Ogtionigl RIeRt(ietion Protecy 6-M LG ~~LG1)- HO oOH 2)
Oxidation o 0a3 2) Optional OR2 OR3 Protection 1) Coupling 2) Optional Deprotectlon BASE 1)

Optional BASE R10 _O Protection HO 60 ---------------- OR2 2) Optional off QH Reduction Optional
Deprotection ASE _0 HOI Optional
Deprotection
. BASE 1) Optional BASE
RO o R® Protection BO o RS
| .«_ _________________ -
2 2} Optional
Ok Reduction CH OH
| Optional
+ Deprotection
Y
HO ﬁB ASE
3 :ol_"-I
oH

In another embodiment of the invention, the L-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, beginming with the

corresponding L-sugar or nucleoside I-enantiomer as starting material.

C. General Synthesis of 3°-C-Branched Nucleosides

3°-C-Branched ribonucleosides of the following structure:

26 BASE
3 8
RxX
‘0 Ry R7

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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 OH 2. Modification of a pre fonned 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 prateiieddfdtkydyitaDitoprateding, grOdpkepyic tailyingithacyirer SihdigrodpS, pINHgthods
well known t se skilled.in art,.as,taught 10 by Greene et al. Protective Groups in Organic
Synthesis Jo%i%ef glrhl‘?ﬁ ééﬁ%,f(@@bmgfﬁ%ﬁ&ﬁ;@Iﬁcﬁgppropriately protected nucleoside can
then be oxidgﬁd' ith,the,. appropriate oxidizing,agent in a compatihle solvent at a suitable temperature
to yield the -%%i%ﬁéﬁ%@%ﬁ%&i‘ﬁ% é%fébz%@%ﬁj@n%oﬁénﬁcgﬁé%%%gem (a mixture of 15 chromic
acid and sulfyric acid), ling's seagept (dipyridine Cr(V1) oxide, Corey's. reagent (pyridinium
chlorochrom f@%’g}’ﬁ@ﬁnﬁ% r&ﬁgteaégc% 8?&&‘8?1?&&%,3@8{5%5% %BH{’I anate, Mn02, ruthenium
tetroxide, phase transfer catalysts such 73 as chromic acid or permanganate supported on a polymer,
C12§pyridin§ Hfé-gm?ﬁ%nﬁ‘&aﬁﬂﬁtﬁ%&%@ M@A@&%@él opeRARSRsp e AR copper
oxide, Raneyipicisphdgllagiumsaaainiel Waentnd Qasintizy-cdey! reagrmtita!uming mcyhutanige with
another ketone) and N-bromosuccinimide. 5 Subsequently, the nucleosj an be deprotected by
methods weM%ﬁt’\éo%e5séﬁ§<ﬁ]Ieﬂ‘%’f?‘%eaﬁ%gs %%E&Cﬁf’éy%ﬂe% gﬁ(g et &t it&&“tﬁ'}g‘@roups in
Qrg anic Synﬁmaé.ﬂlﬁ)hw ey sartFpwhefbhe drcphaitibprolddd optianpilstinetmmabediment, dhe :
3 -C-branch(reﬁj {lbgqjugleos (Sje IS desi %(cj:l' .Thglesg h%%s ota rlPon‘ye%l oe%g& 5 ?1“? nins hgergle 6.
o Obtinthese ALAESSiads the B

: gre su %m as ilescn i
Alternatively; deoxyribo- 10 nucleoside Is desite
ribducleosidikospimbpiipnatly beiprotecidd by cadtbipdisaee|l knpeptide;theselsitdbéedh the acthas taught

by Greene ive. Groups. nic Synthesis, Jojhn Wiley and Sons, . Second Edition, 1991,
and then th %%%%%ﬁ rac Sggéc}) %ﬁégflgglgg}l e %%ﬁ eélg%n } %lonaﬁryfl fﬁ%lﬁ'%\? %giﬁofgan be
activated to faeiliting sewugriomd eheieitR' ¢SRS astodepidetitn FoetpimepBate; |

RSisan alkyl, chloro-, fluoro-, bromo-, iodb—alkyl (i.e. CF3), alkenyl, or alkynyl (i.e. allyl);

and
15 Xis0,S,5S0,0r CH,

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 yield the 3’-modified 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 chlorochromate), pyridinium dichromate, acid
dichromate, potassium permanganate, MnO,, ruthenium tetroxide, phase fransfer

catalysts such as chromic acid or permanganate supported on a polymer, Cl,-
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HO BASE 1) Optional Rio ASE t BASE Protection R O RJ O 0 R6 -M HO OH 2) Oxidation O s OR
OH OR3 Optional Deprotection R'0 6 BASE 1) Optional HON BASE R6 Protection 0 O -*-------------
,V6 ~ OR2 2) Optional OH OH Reduction Optional Deprotection t BASE HORs O OH 74 In .
another emimdidien] df10g-mmientidonihenblgbdmito B re-Jesiie dNalElefardiMAd,-armmpéomers
can be corrgcﬁ%onding to the compounds of the i@;/ention can be prepared following the same

foregoing geHBER et ABRRSH QYIRS ANRY HEXYorralisgim g tetital et SR Le KB mer as
starting mategial.at Expmpitsn FraRRiRd wieramrtioneldS snathviibaadeningiad:amino 9 (1

deoxy Q ID psmofuranosyl)pur@ne As anoth‘er alternative method of preparation, the tiI:[Ie con‘”lpou.nd
coud o b e SEEIENIER UL IED e RO STy Abgec 1
Colléct. CzertngliigranCogmolithiosy, 366 312a67lcdpparkes R®-SiMe; in TBAF with the
ketone with the appropriate non-protic solvent at a suitable temperé.ture, yields the
3°-C-branched sugar. The 3°-C-branched sugar can be optionally protected with a
suitable protecting group, preferabiy with a:n acyl or silyl group, by methods well
known to those skilled in the art, as taught by Greene et 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 Chemistrv of Nucleosides

and Nucleotides, Plenum Press, 1994. For examplé, an acylated sugar can be

coupled to a silylated base with a lewis acid, such as tin tetrachloride, titanium

15 tetrachloride. or trimethylsilyltriflate in the appropriate solvent at a suitable
temperature. Alterhaﬁvely, 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
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, deokyribm
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 ef 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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Collect. Czech. Chem. Commun. 1966, 31 1535) (Scheme 7). Scheme 70 :-NH- C | N ~N

6-Benzamidopurine p-TolO Br chloromercuri salt.p-TolO O N Br Br r p-TolO Op-.TqI p-TolO Op-Ton
-12) Bu3SnH, AIBN NHz eO)2Ba/MeOH /JN N IN' HO N CH3 OH OH 15 In a similar manner, but

using the appropriate sugar and pyrimidine or pugipg.Basgs. the following nucleosides of Formula | are

prepared 75Y N X1--</N N ad Rio OR3 OR3 CS (I) whereinRRXXY HHHHHH

10

15

1) Optional R'O. RO, o6
7;—?“ Protection b& 1) RE-M jgi’_c‘)_?WLG
2) Optional

oH 2) Oxidation R3 OR? OR?
Protection
1} Coupling
2) Optional
Deprotection
BASE 1) Optional BASE
Protection HOS RS o
_ o ARCETTTRIPEER -
2) Optional :
Reduction OH OH
: Optional
i Deprotection
ASE
HO 6
~0
OH

2. Modification of a pre-formed nucleoside

The key starting material for this proces's 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 écyl or silyl groups, 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 appropfiately protected nucleoside can then be oxidized with the
appropriate oxidizing agent in a compatible solvent at a suitable témperature to yield
the 2’-modified sugar. Possible oxidizing agents aré Jones reagent (a mixture of
chromic acid and sulfuric acid), Collins’s reagent (dipyridine Cr(VI) oxide, Corey’s
reagent {pyridinium chlorochromate), pyridinium dichromate, acid dichromate,

potassium permanganate, MnO,, ruthentum tetroxide, phase transfer catalysts such
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HHHHHNH2HHHH H NH-cyclopropyl HH HH H NH-methyl HHH H H NH-ethyl HHHH H
NH-acetyly HHHHHOHHHHHHOMe HHHHHOEtHHHHH O-cyclopropyl HHHHH
O-acetyl HHHH.HSRHHHHHSMe HHHHHSEtHHH HH S-cyclopropyl HHHHHFHH

HHH cl H bisHchibhiBe Bk HoH btinmmensphosaliyieridd &%Wﬁ%osphme o

NH-acetyl monophosphate HH H H NH-c cloprop I 76RRRX
NH-methyl #BHEBHBEpFasdhdate Naki EinattO\e, apIBH cilmnup@osppgee HHH

H O-acetyl sphate monophosphate H H H H
O- cycloprop%?a%eopr% (? qiEcate Iﬁl Cﬁk%ﬁgén?l%%o g%%ﬁ}étg ’}'ﬁ_t\pegw reagc%t(é Uminim

-butoxide Wlth another ketone) and N- bromosuccmnmde.

5 Subsequently, the nucleoside can be deprotected by methods well known to

those skilled in the art, as taught by GreeneGreene et al. Protective Groups in
QOrganic 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. Alternatively, deoxyribo-

10 nucleoside is desired. To obtain these nucleosides, the formed ribomucleoside 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; 1.e. via the

15 Barton reduction.
Scheme 6
BASE . ' ASE BASE
HO 1) Optwngi RO p RO RS
o Protection 0 R-M 0
.........—___.__b m—_’nﬂ.
HO Ol 2) Oxidation 0 ORS OH ORs
Optional
Deprotection
BASE 1) Optional BASE
1
RO\ & o Protection HO\ gs o
l/ 4 _________________ -
2) Optional
2
OR Reduction Of OH
1 Optional
: Deprotection
BASE
HO RS
e
OH
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monophosphate H H H H SEt monophosphate H H H H S-cyclopropyl monophosphate_H.H HHF
monophosphate H H H H CI monophosphate H H H H Br monophosphate HHH H I. diphosphate H
H H H NH2 diphosphate HH H H NH-acetyl diphosphate HH H H NH-cyclopropyl diphosphate H H

H H NH-methyl diphpsphaig, -gt iphosphate H H H H OH_diphosphate H H H H
-0-acetyl dip{:\fsggzgft; £¢ H@Hﬁl-l%#l\%é_& %%d%aﬁé% ﬂ‘?ﬁ‘%‘%t tilim ﬂfﬁ?ﬁgﬁﬁ AR éﬁwgﬁﬁpmH

i s i et &b dinbhaspha
glph?:i?hr?)te ? e at mmlﬁmd' Qs mWW R diphgosphate H HH H Br
diggosp%at%ygl—? ﬁi}%latri&ﬁoogﬁ te eH%%E?-? V&E?gﬂzl%%ogsﬁg I—H—%Qtlh-f’fffiN E trMBsﬁheate HH
" H H NH-cycl6pr6mantips bspiemeornkilidsid¢H-avathidnteipiosphaiehhtdrtd!H NH-ethyl triphosphate H
HHHOH

5 Examples

Example 1: Preparation of 1’-C-methylriboadenine via 6-amino-9-( 1-deoxy-B-D-

psicofuranosyDpurine

As another alternative method of preparation, the title compound could also be
 prepared according to a published procedure (J. Farkas, and F. Sorm, “Nucleic acid
10 components and their analogues. XCIV. Synthesis of 6-amino-9-(1-deoxy-B-D-
psicofuranosyl)purine”, Collect. Czech. Chem. Commun, 1967, 32, 2663-2667. J. Farkas”,
Collect. Czech. Chem. Commun. 1966, 31, 1535) (Scheme 7). '

Scheme 7
D
O
SN
6-Benzamidopurine N I\/)
p-TolO o & chloromercuri salt _~ pTo0 o
Br . Br
p-TolO  Op-Tol p-Tol0  Op-Tol
1) BuSnH, AIBN
NH, 2) (MeO),Ba / MeOH
: N.
&y
HO— o ¥ 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 H H H H OMe triphosphate H H H H OEt triphosphate H H H H O-cyclopropy!
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 HH H H F triphosphate HHH H ClI
triphosphate H H H H Br triphosphate H HH H I monophosphate monophosphate monophosphate
-IF- H -24H2 monophosphate monophosphate monophosphate H H NH-cyclopropyl monophosphate
monophosphate monophosphate H H OH monopho ophosphate monophosphate H H F
monophosphate monophosphate monophosphé e I dlph sphate dlphosphate diphosphate HH
NH2 diphosphate diphosphate dlphosphate HH NH -
diphosphate H H OH diphosphate d|ph’6§

triphosphate triphosphate tnphosphate HHF rs‘jﬁﬁate triphosphate trlphosphate HHCIHHHF
HNH2 HHHF-fTHHHFHOH OR"" OR

@

wherein:

Y

H

NH,
NH-cyclopropyt
NH-methyl
NH-ethyl
NH-acetyl

CH

OMe

OEt

=
)
=
b
b,

O-cyclopropyl
O-acetyl

SH

SMe

SEt
S-cyclopropyl
F

Cl

Br

I

NH;
NH-acetyl
NH-cyclopropyl

anfasd paz) Qyasy e~ Qe ) el tes] Qe =] Qg ool (itan) Q= ot B o Rtu o] (o ] IR < o] B« o] M i R a o

monophosphate

-monophosphate

axj e =] Qs pac) pu sl g av) Qg an By ) g an] Btas) Bt e | Qo] (o o] B8 Y QS e k] I o o] S ) e o N o] B o] I«
anf an] u ) e vl Qtas Qtav) Qe vl i as] Qe o] Qe O ] Bt RN uv] BN a ) B o] (o v Mo d 0w oY M wnf 2 1 Mo o] =+
aupan) e xf ac] i «o] g eal e o] e o} =] O] ] B« o] e o] B o) (e ] I« o] I T o] o ] 0 = o O+ B« o1

monophosphate
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HHHFHF HHHFHCI HHHCIHNH2 HHH ClH NH-cyclopropyl HHHCIHOHHHHCIHF -
HHHCIHCI HHHBrHNH2HHH Br HNH-cyclopropyl HHHBrHOHHHHBrHT HHHBrH
Cl HHHNH2 HNH2 H HH NH2 H NH-cyclopropyl HHHNH2HOHHHHNH2ZHF HHHNH2H

Ci HHH $Hg¥ NH2 H'H H 5RFH NH-CycCloprpgyT H H H SHH QI H A HSH I H 1 SHH-CI

acetyl H H H-HNH2 acetyl H HH H NH-cyclopropyl 79 R' SA4 I|A A Z acetyl HHH H OH acetylH H

HHF acefyPPRPPResplafeaqddl H H F H NH2 Hicetyl H H F H NEi-cyclbBFopy! héBlinsthyF H OH

| monophosphate | H H H H - | NH-ethyi

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 | 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 NH;
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 H H H O-cyclopropyl
diphosphate H H H H SH
diphosphate H H H H SMe
diphosphate H H H  |H | SE
diphosphate H H H H S-cyciopropyl
diphosphate H H H H F
diphosphate H H H H i
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“racetyfHHFHF acetylHH FH Cl 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 acetyl H H C1 acetyl acetyl acet H H yl NH2
acetyl acetyl acetyl H H NH- cyclopropyl acetyl acetyl acetyl H H OH acetyl acetyl acetyl H H F acetyl

acetyl acetyT giH CI monophggphate acetytargyi-H+it2—mpgophos >|§me acgﬁw-ﬁee&yl—H—H—
NH-cyclopropyl_maonophosphate acetyl acetyllH H OH . monophosphate ‘acetyl acetyl H H F
monophosp acetyIHI H ClI diphosphﬁie acetyl acetylf HH NH Z{diphoﬁahate acetyl acetyl H
H NH-cycIop@m?gﬂQﬂgosph( tg acetyracetytHH-OH u'ip:lL.)athi‘il aucfy'ﬁicety HH-—diphesphate
acetyl acetyl |_triphosphate acetyl acetyl H H NH2 triphosphate acétyl agetyl H H
NH-cycIopraWhﬁ%h%phate Hcetyl acetyl H H®H 80 R R R RPHY  tripfsphataatetyl acetyl H|H F
triphosphataﬁﬁggébﬁg@[ylﬂ . PHH A H NG ZNH2H =I-IT= H-H I{j'i{{_alélé-l ?,clcpr')pyl

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 B OFt _

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 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 diphésphate H H F

diphosphate - diphosphate diphosphate H H Cl

triphosphate triphosphate triphosphate H H NH,
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HHHHNH2 NH*methyl HHH H NH2 NH-ethyl HH H H NH2 NH-acetyl HHHHNH2 OHHHHH
NH2 OMe HHHH NH2 OEt HH H H NH2 O-cyclopropyl HH HH NH2 0-acetyl HHHH NH2 SHH
HHHNH28Me HHHHNH2 SEtHHHH NH2 S-cyclopropyl HHHHNH2FHHHHNH2CI H

H H H NH2BgH H H H NHZ RZnonopnosphatgH HHNH2 I\II'IﬁImOHI[) zobpl HHEHEINE2
NH-acetyl monophosphate H H H NH2 NH-cyclopropyl monophosph H NH2 NH-methyl
monophospERESAEAE NH2 I@P@P@hﬁﬁonoph@h}hﬁéﬁéﬂt@H H NH2 OH }honoprﬁgpmh}pa‘dﬁ}ﬂ-l NH2
S-SCHeZty(l)-rg T & ¢ @%ﬁ%&%\gﬁon hosnhaﬁe {%cll-lleH IZ_HS\IHr moI;:)p hosr;rl:gitlauapll—;dlf \ll_I ng
SMe monapFsh H H H pogketenonopleishatetel H H|NH2 S-E¥tloprod]

triphosphate triphosphate triphosphate H H Cl

H H H E 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 Cl

H H H Cl H NH;

1H H H Cl H NH-cyclopropyl

H H H Cl H OH

H H H ct |H |F

H H H CI H Ci

H H H Br H NH,

H H H Br H NH-cyelopropyl

H H H Br H CH

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 N, |H F

H H H NH, |H a

H H H SH H NH;

H H H SH H NH-cyciopmpyl

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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monophosphate H H H NH2 F monophosphate H H H NH2 CI monophosphate H H H NH2 Br
monophosphate HH H NH2 | diphosphate H H H NH2 NH2 diphosphate H H H NH2 NH-acetyl

diphosphate H H H NH2 NH- cyclopropyl dlphosphate H H H NH2 NH-methyl diphosphate HH H NH2

NH-ethyl d_@Spna[e HHHA 2 O diphosghate-t--HH-\t @-ab zu.phﬁphﬁeﬁ-l—H—H—NHZ
OMe diphasphate H H H NHZ2 OEt diphosphate H H H NH2 OtCycloprp §yl diphosphate H H H NH2
- SH diphosphea&yH H H NH2 ﬂvle diphospha}éiH H H NH2 SEt Hliphosjihate % 81 NH2

S_-cyclopror )élcg{ppospndte FHNHZ2 Fdiptjgsphate-+ H.H A Y
diphosphate |_triphosphate H H H NH2 NH2 triphgsphate H NH2 NH-acetyl
triphosphate2FERilH NH2 NH} dﬂrcloprlolplyll Itripklc§ghate HHH NI—I?III\III-!- TI%:[EYJ fffiflof??i‘iejh'jf
HI-Il\”it;)ggg éﬁéﬁ’f( Xt lnpnubﬁnalc HH-HNHZ0H triphrosph teHHNHZ THPROSPHAE

acetyl H H F H .| NH-cyclopropy!l

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 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 NH-cyclopropyl

acetyl acetyl acetyl H H OH

acetyi acetyl acetyl H H F

acetyl acetyl acetyl H H Cl

monophosphate | acetyl acetyl H 1H NH;

monophosphate | acetyl acetyl |H H NH-cyclopropyl

monophosphate | acetyl acetyl H H )51

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

diphosphate acetyl acetyl H H OH

diphosphate acetyl acetyl H H F

diphosphate acetyl acetyl H H Cl

triphosphate acetyl acetyl H H NH,

triphosphate acetyl acetyl H H NH-cyclopropyl

triphosphate acetyl acetyl H H OH
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triphosphate H H H NH2 O-cyclopropyl triphosphate H H H NH2 O-acetyl triphosphate H H H NH2 SH
triphosphate H j H H NH2 SMe triphosphate H H H NH2 SEt triphosphate H H H NH2 S-cyclopropyl
triphosphate H H H NH2 F triphosphate H H H NH2 CI triphosphate H H H NH2 Br triphosphate H H

H NH2 | moggphosphate mpgephospatem T%z NHEonopijospiate
monophosphate monophosphate H NH2 NH-€yclopropyl mondphosphate monophosphate
monophospkéasph#e OH | rrstidphosphate raegipbhosphate %nopk%@phate HNH2 F
- monophospt B ﬁg&hgbpi}g%ﬁnungphos hate s NH2-CHdiphospha ufipiu hate L%ipilpri ate H

NH2 NH2 dIDéIOS hate dmhoso%hate diphosphate H NH2 NH-cyclopropyl diphasphate diphosphate
diphosphatgtH NH2 OH diph&sphate diphosptte diphosphatg H NH2] ANEiphodphate diphosphate
di_phospha i NH2-Cttriphpsphate 'ui.phprhﬁe tr |.pi|u:,pi|atc N2 N2 tlik\ilﬁgghaﬁ: t.lipiIUthate
triphosphate H NH2 NH-cyclopropyl triphosphate triphosphate jtriphosg haté H OH triphosphate
triphosphaié’ririphosphate HINH2 F triphosphal‘éﬂtrighpgehfts ﬁiiﬂhospwaf&ﬁ .I\ M{-ij(f!lophbibﬁ I:IHZ :
EI:PZHHF‘E‘N‘HQ‘N'HTCWIUpHpriHHHF-L@A-UHOJHK-QHI\AY N Nﬁ_—'ﬁigthynnrNHZ_

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, 0—cyc16propy1

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 NHz S-cyclopropyl

H H H H NHa2 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

monophosphate | H H H NH; NH-cyelopropyl

monophosphate | H H H NH; | NH-methyl

monophosphate | H H H NH; | NH-ethyl

monophosphate | H H H NH; |GCH

monophosphate | H H H NH; | O-acetyl

monophosphate | H H H NH; |OMe |

monophosphate | H H H NH; OFEt

monophosphate | H H H NH; | O-cyclopropyl
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HHH CINH2 NH2 H H H ClI NH2 NH-cyclopropyl HHH CINH2 OHHH H CINH2 F HH H ClI NH2
Cl HH H Br NH2 NH2 H H H Br NH2 NH-cyclopropyl HHH BrNH2 OHHHHBrNH2 F HH H Br
NH2 CI HH H NH2 NH2 NH2 HH H NH2 NTH2 NH-cyclopropyl HH H NH2 NH2 OH H H H NH2

NH2 F H

NH2 acety

N2 N HZ2-CHib - SHANM2- N 2SR 2 AN HcydepropyHHHH-SittN 2 OH
HHSHNH2F HHHSHNH2ZCI acetyl HH HINH2 NHZ2 acetyl H H H NH2
NH-cycloprapyhogbesphktdd HENH2 OH acetyl|BIH H NH2 F acetlyl H H MlH2 |SHacetyl H H F NH2

'ﬁimiﬁoig)ﬁ\(i)ig%g'éﬂ'-u yHIupuupyi acet: Iﬁi H-FNH2-OH 1Hutyi H i—liqﬁZNHZSf_MeSz‘; RR1279XY
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 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 NH; O-cyclopropyl
dipbosphate 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, |C1
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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acetylHH F NH2 Cl H acetyl acetyl H NH2 NH2 H acetyl acetyl H NH2 NH-cyclopropyl H

1 acetyl

acetyl H NH2 OH H acetyl acetyl H NH2 F H acetyl acetyl H NH2 Cl acetyl acetyl acetyl H NH2 NH2
acetyl acetyl acetyl H NH2 NH-cyclopropyl acetyl acetyl acetyl H NH2 OH acetyl acetyl acetyl H NH2
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F acetyl agetyiracetytHNH2-£Hmenophosphaje-acetyl-acetyhHhiH2-NH2 -menophosphate-acety|
acetyl H NHZ#\IH -cyclopropyl'monophosphate (gcetyl acetyl H NH2 OH %onopthphate acetyl gcetyl
H NH2 F mdémgdpispspteate acetyl acetyl H NHPICI diphosphatg aretyl aoetyl H Nb#2 NH2 diphogphate
acetyl acet; : i ate-acetylacetyl-H-NH2-OH.-diphosphate acetyl agetyl H
NH2 F diphos%;ape acetyl jcgyl H NH2 CI tf i'é;osphate acetyIIéTcetyI I—WGIZ Nﬂyﬁtrlphosphate
acetyl acety Ithphusllﬂmtb{ cyclloﬁropyl triphosphate acetyl acetyl HINH2 ONgyiphasphate acetyl a¢etyl H
'NHZFtrIp hat %bmy. ""*ylr..\...L\,...'-!HHr"'-' HBRHHelH HHHHcINH2 HHHH CI
NH-cycloprd \ﬁh HCl I\\ﬁ’H -methyl 85 H H NH; | O-cyclopropyl

triphosphate H H NH; | O-acetyl

triphosphate H H H NH;  SH

triphosphate H H H NH;, SMe

friphosphate H H H NH, |SEt

triphosphate H H H NH, | S-cyclopropyl

triphosphate H H H NH, F

triphosphate H H H NH, |l

triphosphate H H H NH, |Br

triphosphate H H H NH, |I

monophosphate monophosphate | monophosphate | H NH; |NH;

tnonophosphate | monophosphate | monophosphate | H NH; | NH-cyclopropyl

monophosphate | monophosphate | monophosphate H ' NH; OH

| monophosphate | monophosphate | monophosphate | H NH,; |F

monophosphate | monophosphate | monophosphate | H NH; |CI

diphosphate diphosphate diphosphate H NH; |NH;

diphosphate diphosphate _diphosphate H NH; | NH-cyclopropyl

diphosphate diphosphate diphosphate H NH; OH

diphosphate diphosphate diphosphate H NH, F

diphosphate dtphosphate diphosphate H NH, (I

triphosphate triphosphate triphosphate H NH; |NH;

friphosphate triphosphate triphosphate H NH; | NH-cyclopropyl

triphosphate triphosphate triphosphate H NH, |OH

triphosphate triphosphate triphosphate H NH; |F

triphosphate triphosphate triphosphate H NH, (I

H H H F NH; |NH,

H H H F NH, | NH-cyclopropyl

H H H F NH; |[OH



RRRXXY HHHHCINHethyI HHHH CINH-acetyl HHHHCIOH HHHHCIOMe HHHH
CIORHHHHCIOcycIopropyI HHHH CIO-acetyl HHHHCISHHHHHCISMe HHHHCI
SEt H H H H CI S-cyclopropyl monophosphate HH H ClI NH2 monophosphate H H H CI NH-acetyl

monophosphate-H-H-H-CHNH-cyclopropyl-manophosphate H H H CLN -mpth | manaophosphate H H
H CI NH-ethyl"monophosph a@ HHHCIOH n%nophosphate -IX—I H IXD ace1yY monophospha]te H
H H Cl OMe Hnonophosphateri H H CI OEt mgnophosphate H H H CliGgyFiopgppyl monophosphate
H H H Cl SH-monephesphateH-H-H Cl-SMe-monophosphate H H H (I SFt _monophosphate H H H
Cl S-cyclop, g{)yl dlphosphateH-I H H ClI NH2 dﬁ)hosphate H H{HF CI NH Bébtyl idhosphate H H{H CI
NH-cycloprppyl diphosphate § H H CI NH-metyT diphosphate iH H CRETe 'rN'sziphosphat HH
CloH H H H Cl NH; | NH-cyclopropyl

H H H C1 NH, |OH

H H H Ci NH; |F

H H H Cl1 NH; [C

H H H Br NH; |NH;

H H H Br NH2 NH—cyciopropyl

H H H Br NH; i0H

H H H Br NH; |F

H H H Br NH, |Cl

H H H "(NHy (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; | NH; |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, |Cl

acetyl H lH H NH; | 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, Cl

acetyl H H F NH, |NH,

acetyl H H F NH; | NH-cyclopropyl

acetyl H H F NH; O

acetyl H H F NH; |F
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. 86raxfxX2Y dlphosphate H H H Cl O-acetyl diphosphate HH H Cl OMe diphosphate H H H Cl
OEt diphosphate H H - T O- -cyclopropyl diphosphate H H H Cl SH diphosphate H H H Cl SMe
diphosphate H H H CI SEt diphosphate H H H CI S-cyclopropyl trlphosphate HI H H CI NH2

triphosphatesHH-CiH-NH=acetyttriphosphat 3 fHH-Cl NH'LMI%JIU}) I[JIIU frate-H-H+Ci
NH-methyl| triphosphate H H'H CI NH-ethy! triphosphate H H | OH triphosphate H H H Cl OMe
triphosphatex¢¢tid H Cl OEt trishosphate H H HICI O- cyclqp'ropiy‘f: trjpk:o??l:!iatﬂel I;[]i-l H CI O-itgety
}fllrg}ossir;/i opropyl monopht)lsgl)éh%z[%Lgngp;‘]ospﬁtgglrcnc;gg;;;spﬁ;e Wﬁﬁﬁ%ﬁggﬁzzgﬁ;g "
monophosphiate monophosghateyH Cl NH-cy¢ Immgbyl monoph®sphate WibhnhopHeEptatepropyl
rr_lonophos- é(';‘é hgtc diptros >p|| s uipi.uaph_ teH-CHNER2 d.F p:_.atc diphrosphate
diphosphate H ClI NH-cyclogrop dlphosphaﬂ C}}hosphate dIJEIOSDhat Cl D@tnphosphate
triphosphatédtriphosphate H|Gk#tid2 acetyl H NH, |F

H acetyl acetyl H NH, Cl

acetyl acetyl acetyl H NH; |NH;

acetﬁ 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; |F

monophosphate | acetyl acetyl H NH, Cl

diphosphate acetyl acetyl H NH, |NiH;

diphosphate acetyl acetyl H NH; | NH-cyclopropyl

diphosphate acetyl acetyl H NH, OH

diphosphate acetyl acetyl H NH, |F

diphosphate acetyl acetyl H NH; |Cl

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 H H Cl H

H H H H Cl NH;

H H H H Cl NH-cyclopropyl

H H H H Ci NH-methyl
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triphosphate triphosphate triphosphate H Cl NH-cyclopropyl triphosphate triphosphate triphosphate H
"CIOH87RRRXXY HHHFCINH2HHHF Cl NH-cyclopropyl HHHFCIHHHHCICINH2H
HHCICI NH -cyclopropyl HH H CI CI OH HH H Br CIl NH2 H H H Br CI NH-cyclopropyl HH H Br CI

OH H H H NHz-EHNH2-H-H-H-NH2-Cl-NH-eyelopropyl-H-H-H-NH2 CLOEH-H-H-SH-CLNH2-H H H SH
C1 NH-cyclo &opyl HHH SI—PCI OH acetyl H F*H Cl NH2 acetf‘ﬁH H -I}él NHE ég/clopropyl acetyl H H
H CI OH acelyl H H F C1 NHZj acetyl H H F CIHNH-cyclopropyl) gcetyl HOi F C| RHL&agetyl acetyl H
Cl NH2 H geety-acet-H-ClNH-cyelopropyl-H-acetyl-acetyl- H-CLOH atetyl 12
acetyl acet /‘F%cetyl H CI NHA c@clopropyl acet;yﬁicetyl acetyl H CﬁOH ophb 'a?étéﬂzetyl acgetyl H
ClI NH2 _ 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 )

H TH H H |Cl [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 Cl NH-acetyl

monophosphate | H H. H Cl ‘NH-cyclopropyl

monophosphate | H H H Cl NH-methyl |

monophosphate | H H H Cl NH-ethyl

monophosphate | H H H Cl OH

monophosphate | H H H Cl O—écetyl

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-cyclopropyl

diphosphate H H H Ci NH;

diphosphate H H H Ct NH-acetyl

diphosphate H H H Cl NH-cyclopropyl

diphosphate H H H Ct NH-methyl

diphosphate H H H Cl NH-ethyl

diphosphate 1H 1 H H Cl1 OH
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monophosphate acetyl acetyl H Cl NH- cyclopropyl monophosphate acetyl acetyl H Cl OH
diphosphate acetyl acetyl H CI NHZ 88 RRRXY diphosphate acetyl acetyl H CI NH-cyclopropyl
diphosphate acetyl acetyl H ClI OH triphosphate acetyl acetyl H CI NH2 triphosphate acetyl acetyl H

Cl NH-cyclg FOH-H-H H CL-NH2 l—l H H H.CI NH-cyclopropyl H
HHHCI OH% HHHBr NH% HH H Br NHﬁclopropyl H H{H Br|GHl Altdr¥atively, the following
nucleosides ﬁpﬁumhata \Y are}?prepared using #he appropriate >mar angpyrimjdNg, e PUrne bases.
Y X1~N NAO-RIO-O-EHIOR-OR-5-(h)—wherein: R-RR3JCYHHHHH L HHHNH2 HH H H
NH-cycloprb ﬁ osp H cl OMe

diphosphate H H H Cl OEt

diphosphate H H H Cl O-cyclopropyl

diphosphate H H H Cl 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 Ci NH-acetyl

triphosphate " H H C1 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 Ci OMe

triphosphate H H H Cl OEt

triphosphate H H H Cl 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 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 Ci OH

triphosphate triphosphate triphosphate H Cl NH,

triphosphate triphosphate triphosphate H Cl NH-cyclopropyl

triphosphate triphosphate triphosphate H Cl OH
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H HH H NH-methyl. HH H H NH-ethyl HH H H NH-acetyl 88 RRRXY HHHHOH HHHH
OMe HHHHOEtHHHH O-cyclopropyl HHHH O-acetyl HHHHSHHHHHSMe HHHH
SEtHHHH S- cyclopropyl monophosphate H H H NH2 monophosphate H H H NH-acetyl

monophosphate-+H-H-H-NH-gyelopropyl-monophosphate H H H NH-me th mopophosphate H H H
NH-ethyl monophosphate H I$H OH monopl!wc?sphate HHH C>-§cetyl nXonophééphate HHHOMe
monophospliate H H H OEt [mpnophosphate H O-Cyclopropy@ moropfTosp wng HHSH
monophosphate-H-H-H-SMel-monephesphate!H H H.SEt_manaphasphate H HIH SZcyclopropyl
diphosphatettfi—ll HH NH2 dlphgsphate HHH NH-acetyl diphospRate H|I$H NH-ttopelspybpyl
diphosphateRd H H NH-methyiz H F Cl OH

H H H Cl C1 NH;

H H H Cl Ci NH-cyclopropyl

H H H Cl C1 OH

H H H Br Cl 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; |Cl OH

H H H SH Ci NH,

H H H SH Cl NH-cyclopropyl

H H H SH Cl OH

acetyl H H H Cl NH>

acetyl H H H Cl NH-cyclopropyl

acetyl H H H Cl OH

acetyl H H F Ci NH,

acetyl H H F Cl NH-cyclopropyl

acetyl H H F Cl OH

H acetyl acetyl H C1 NH;

H acetyl acetyl H C1 NH-cyclopropyl

H acetyl acetyl H Cl OH

acetyl acetyl acetyl H | C1 NH,

acetyl acetyl acetyl H Cl NH-cyclopropy!

acetyl acetyl acetyl H Ci OH

monophosphate | acetyl acetyl H Ci NH,

monophosphaie | acetyl acetyl H Cl NH-cyclopropyl

monophosphate acetyl acetyl H Cl OH

diphosphate acetyi acetyl 0 Cl NH,
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diphdsphate H H H NH-ethyl diphosphate H H H OH diphosphate H-H H O-acetyl diphosphate HH H
OMe 90 R1 It It XY diphosphate HH H OEt dlphosphate H H H O-cyclopropyl diphosphate HH H
SH diphosphate H H H SMe diphosphate H H H SEt diphosphate H H H S-cyclopropyl trlphosphate‘

H H H NH2Z =|_|é__N.|ﬂ|_aeet_y.|__t_FT!|3hncnhm*a H-H I\II—I mmlnnrnny frmhnenhm‘n HHH
NH-methyl t?l%hosphate HHR NH-ethyl trip gsphate HHH Oﬁ trlphogéhate N H H OMe
triphosphat eﬂiﬁﬂdsbhaEt triphgspyate H H H t&)agy@lopropyl triphpsphafect H H Qeasetybpiaphodphate

H H H SH lriphesphate-H-HH-SMe-triphosphate-H-H-H-SEt-tfiphosphate H H H S-cyclopropyl
monophosp o ‘gﬁgphosp I?ﬁf%y}nonophosp s NH2 mor] hosphgﬂe mon@ﬁwosphate
monophos Jhmﬁobph&tb-cyclopg[myl monophosphaie monophospghate MeRophdspagte H OH

dlphospha e v“ “Cc h':-fa H|;'\hcsnhate H.NHZ d!phcsphate dirhncphn [ dmhn*nhm‘p H

NH-cycloptdBPPSH; uusphate,%ﬂ bsphate digtts&phate H OH | H Cl" | NH-cyclopropyl

triphosphate acetyl acetyl H Cl OH

H H H H 1 Cl NH»

H H H H Ct NH-cyclopropyl
H 1 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 IV are prepared, using the
appropriate sugar and pyrimidine or purine bases.

Y
i
X ! Xx
NAO
RO
0
CH,
OR*  OR?
5 IV}
wherein:
Rl R2 R3 XI 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
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triphosphate triphosphate triphosphaté H NHz triphosphate triphosphate triphosphate H
NH-cyclopropy! triphosphate triphosphate triphosphate H OH H H H F NHz H H H F NH-cyclopropyl
9184RAYHHHFOH HHHCINH2HHHCI NH-cycIopropyI HHHCIOHHHHBrNH2HHH

Br-NH-cyclergap§t—HH-H-B-Qi-HHH-NH2-NE2-H-HH-NH2-NHreyeteprepy—H-H-H-NH2 OH H H H
SH NH2 H{H H SH NH-cyclapropyl H H H SH OH acetyl H H H'NH2 a(:gtyl H H H NH-gyclopropyl
ccon  HFAOH acot 1H BN accyl AT N oycloprops sce KK OFf et cceb )
o H N yclotony acd aceh sceni 1H O

H H |OEt

H H H B 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 OH

monophosphate | H H H O-acetyl

monophosphate | H H H OMe

monophosphate | H H H OBt

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

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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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
diphosphate acetyl acetyl H OH 922R-Y trlphosphate acetyl acetyl H NH2 Irlphosphate acetyl acetyl

H NH-cyclopgapytriphosphateracetytacetyHiQHAltternativety tire-fot ui\_;vnlg nucieosidgs of Formula
_VII are prepared, using the jappropriate sugar and pyrimidine or puring bases. Base R'QO X R6 OR2
- OR35 (VIDdilvhmldiatd?l RZ H3 R X Base H|HHH CH3 O 2,4-O-Eiacetymﬁ0|l H HH CH3 @)
P eH - o e o TG e 0 O
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 OCH
friphosphate H H H OMe
iiphosphats | B 3 H | O
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;
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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HH H CH3 O Uracil HH H CH3 0 5-Fluorouracil H HH CH3 S 2,4-0- Diacetyluraci H fH H CH3 S
Hypoxanthine 93 R RR R X Base HH H CH3 S 2,4-0- Diacetylthymine H H'H CH3 S Thymine HH
H CH3 S Cytosine H H H CH3 S 4-(N-mono acetyl)cytosine HH H CH3 S 4-(N,N- diacetyl)cytosine H

H H CH3 SfracittHHH-CH3:S5-Fuereuracilynenephesphate-H-GH3-0-2:4-0-Biasetyluracil
monophosphate HH CH3 0 I-Ié/poxanthlne mpnophosphate H H3 ( ¥4 0- Dlacetylthym :
monophosplitate H H CH3 0{Ttlymine monoph#isphate H H CH3r0 Cytogype monophosphate H H CH3
0 4-(N-morngaeetyheytosire~moenephoesphatg-H-H-CH3-0-4-(N.N-diacetylleyvtosine-monophosphate H
HCH30 UrUHgI monophosphdate H H CH3 0 3-Fluorouracil m0| hosp HH CH3 S{2,4-0
Diacetylurgdi 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; |OCH

H H H SH NH;

H H H SH NH—cyolqproi)yl

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 NHz

acetyl H H F NH-cyclopropyl

acetyl H H F OCH

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 H NH,

diphosphate acetyl acetyl H NH-cyclopropyl -

diphosphate acetyl acetyl H OCH
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monophosphate H H CH3 S Hypoxanthine monophosphate H H CH3 S 2,4-0 Diacetylthym
monophosphate H H CH3 S Thymine monophosphate H H CH3 S Cytosine monophosphate H H

CH3 S 4-(N-mono acetyl)cytosine 94 R R X Base monophosphate HH CH3 S 4-(N,N
dlacetyl)cyt(;sing monophasphate HH CH3 S Uracn monophosphate H H CH3 S 5-Fluorouracil

diphosphate HRH CH3 O 2,4- (Dlﬁlacetyluracn dlﬂhosphate H H ¢CB3 0 Hypoxanthine diphbsphate H H
diphosphate-H-H-CH3-0-Cytosine

CH30 2,4- c%ﬁ@%ﬂg{&ymln eggp@,pspnate Fi I'I‘iak‘c O-T Ilyllllllc t'tlplluo . .
diphosphate-H-H-CH3 0 4:(N-mona acetyl)cytosine” diphosphate™™ H C 4-(N,N- diacptyl)cytosine

diphosphat¢  wintasnbate Urag ipcgishosphate H|ldc@3 0 5-FluorpHracil HinHesmekepyH CH3 S 2,4-0

Diacetylura :ldrigm%gate HELH3S I‘IypUx:l[aIg e diphosphateH-H-GH3-S-2.4-0 Diacetylthym
diphosphate-H-H CH3 S ThV‘nIr‘lé(;_“:y GWF aﬂc :

Alternatively, the following nucleosides of Formula VII are prepared, using the
appropriate sugar and pyrimidine or purine bases.

RO T
o
R
OrR* OR®
5 (VI
wherein:
R’ R’ R’ R® X | Base
H H H CH, 0 |24-0-
- Diacetyluracil
H H H CH; O | Hypoxanthire
H H H CHs 0 |2,4-0-
Diacetylthymine
H H H CH; O | Thymine
H H H CH; O | Cytosine
H H H CH; | O |4-(N-mono-
acetyl)cytosine
H H H CHj, O | 4-(N,N-
' diacetyl)cytosine
H H H CH;, O | Uracil
H H H CH; O | 5-Fluorouracil
H H H CH, S |24-0-
Diacetyluraci
LH H H CHz S | Hypoxanthine
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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 Diacetylthyniine triphosphate H H CHI 0 Thymine
triphosphate H H CH3 0 Cytosine 95 R R R X Base triphosphate H H CH3 O 4-(N-mono

94

acetyl)cytogine—trphosphate H H CH3-0-4-(N.N- diacetyl)cytasine.triphgsphate H H CH3 O Uracil
triphosphate H H BH3 O 5-FBorouracil tripH ol%phate H H CH3S 2,4-0 DicetRigcil triphospHate H H
CH3 S Hypo¥anthine triphagsghate H H CH3 § 2,4-0 Diacety e mENosphage H H CH3™S
Thymine triphosphate H H CH3 S Cytosine i monophosphate monophosphate monophosphatg CF3 O
2,4-0 Diacetyluracil monophosphate monophosphate monophosphate CF3 DIPJW&MF%%
monophosplxate monophospiate monophosphRate CF3 O 2,4-gpjacetyltigymimne @Aophosphate
monophosphate-menophesphate CE3 Q- Thymine monophosphate manophbsphate monophosphate
CF3 O Cyt hdine monophospﬁate monophos;ﬁiate monophos;ﬂ%le CF3 % 4-@?@8%?0 acetyl)cytosine

H H | H CH; S | 4-(N-mono-

acetyl)cytosine

H H H CH, S | 4-(NN-

diacetyl)cytosine
H H H CH; Uracil
H H i CH;  |S | 5-Fiuorourach
monophosphate | H H CH; 2,4-0-

Diacetyluracil
monophosphate | H H CH; O | Hypoxanthine
monophosphate | H H CH;, O | 2,40

Diacetylthym
monophosphate | H H CH; O | Thymine
monophosphate | H H CHj; O | Cytosine
monophosphate | H H CH; O 4—(N;mono-

acctyl)cytosiile
monophosphate | H H CH; O | 4-(NN-

diacetyl)cytosine
monophosphate | H H CHs 0O | Uracil
monophosphate | H H CH; O | 5-Fluorouracil
monophosphate | H H CH; S | 24-0-

Diacetyluracil
monophosphate | H H CH; S | Hypoxanthine
monophosphate | H H CH; S |24-0-

Diacetylthym
monophosphate | H H CH; S | Thymine
monophosphate | H H CH; Cytosine
monophosphate | H H CH, 4-(N-mono-

acetyl)cytosine



monophosphate monophosphate monophosphate CF3 O 4-(N,N- diacetyl)cytosine monophosphate
mono phosphate monophosphate CF3 O Uracil monophosphate monophosphate monophosphate *
CF3 O 5-Fluorouracil monophosphate monophosphate monophosphate CF3 S 2,4-0 Diacetyluracil

monophosphate-menophosphate-monephoesphate-CF3-S-Hypoxanthine-mopgphesphate-
monophosphate r%onophosp te CF3S 24 r3§D|acetylthym|r gzgr‘;lonopr phgt%sf: monophosphate
monophosphadacphédiatd hyfnine 96 12 R JRift X Base monaplgsphatesmoaopiissphate
monophosphate CF3 S Cytpsine monophogphate monophogphate monoph :)'a{)hateg F3 S 4-(N-mono
acetyl)cytosine monophosphate monophosphate monophosphate CF3|S 4- AR tosine
monophosphaeostenrphitespHate monophogdiate CF3 S Uraqﬂ}monopf@sr hate-thonophosphate
monophosphate-C-3-5-5-Fuaredraci-acetyl-geetyl-acety-CH3-0-4-(N-N-diacetyleytosire—acelyl
acetyl acet /F@E@pgoﬁwtﬁl diacetyl)cytosine Igmt;tyl acetyl acg ?-brorn§ 04 W§?1
diacetyl)cytasipiesphery| acetyd acetyl 2-broma¥ S 4-(N,N viny djagetyl)cy@snrm4k®H HCH30

2-(N,N-diag

etyl)- guanine H{H H CH3 0 6-0-acetyl guanine H HH CH3|0 8-f oro( yuggc]:
diphosphate H H CH; O | Hypoxanthine
diphosphate H H CHs 0 |2,4-0-
| 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-
diacetyljcytosine
diphosphate H H CH; O | Uracil
diphosphate H H CH; O | 5-Fluorouracil
diphosphate H H CH;, S |2,4-0-
Diacetyluracil
diphosphate H H CH;, Hypoxanthine
diphosphate H H CH, 2,40~
Diacetylthym
diphosphate H H CH3 Thymine
diphosphate H H CH; Cytosine
{friphosphate H H CH; 2,4-0-
Diacetyluracil
friphosphate H H CH; O | Hypoxanthine
triphosphate H H CH; O | 2,4-0-
Diacetylthymine
triphosphate H H CH; O Thymine
triphosphate H H CHs O | Cytosine
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H H 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 HH H CH3 0 2,8-difluoro adenine HH H CH3 0 adenineHHH CH3 S

2-(N,N-diacetyl)- guanlne HHH CH3 S 6-0-acetyl guanine 97 RRR R XBase HHHCH3 S
jacetyl)- adenine HHH CH3 S

8-fluoroguapine— HAH-CH3 S mlnnlnﬂ HHHCH3S 6-(N,N-
2-fluoroadehine H CH3 §*8 fluoroadennhé{ HHHCH3S Bé-dlfluoroﬁédeﬁm HHHCH3S
adenine mongsespaate HHFCH3 O 2 (N, NFgifacetyl)y guarnin ﬁunupll I H-CH3-6
6-O-acetyl [guanine monophosphate HH CH3 O 8-f|uoroguan|ne manop?gsgﬁgtq HHcHs o
guanine menophosphate HJH CH3 0 6-(N,N:diacetyl)- adenire ' acetyl)cytosine
triphosphate H H CH; O | 4-(N,N-
diacetyl)cytosine
triphosphate H H CHj O | Uracil
triphosphate H H CH; 5-Fluorouracil
triphosphate | H H CH, S |24-0-
Diacetyluracil
triphosphate H H CHs S | Hypoxanthine
[ triphosphate | H H CH, S [240-
Diacetylthymine
| triphosphate H H CH; Thymine
triphosphate H H CH; Cytosine
monophosphate | monophosphate | monophosphate | CF, 2,4-0-
Diacetyluracil
monophosphate | monophosphate monophosphate | CF, O | Hypoxanthine
monophosphate | monophosphate | monophosphate | CFs O |2,4-0-
Diacetylthymine
monophosphate | monophosphate | monophosphate | CF; O | Thymine
monophosphate | monophosphate | monophosphate | CF, O | Cytosine
monophosphate | monophosphate | monophosphate | CF, O | 4-(N-mono-
acetyl)eytosine
monophosphate | monophosphate | monophosphate | CF, O 4—(N,N-—
diacetyl)cytosine
monophosphate | monophosphate | monophosphate | CF, O | Uracil
monophosphate | monophosphate monophosphate | CF, O | 5-Fluorouracil
monophosphate | monophosphate monophosphate | CF, S |24-0-
Diacetyluracil
monophosphate | monophosphate | monophosphate | CFs Hypoxanthine
monophosphate | monophosphate | monophosphate | CFs 2,4-0-
Diacetylthymine
monophosphate | monophosphate | monophosphate | CFs S | Thymine
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monophbsphate H H CH-3 2-fluoroadenine monophosphate H H CH3 O 8-fluoroadenine
monophosphate H H CH-3 O 2,8-difluoro adenine monophosphate H H CH3 0 adenine
monophosphate H H CH3 S 2-(N,N-diacetyl) guanine monophosphate H H CH3 S 6-0-acetyl guanine

-monophosphate-t ’% H-CH3-$ zﬂugluguauillt:—I@TOﬂﬂphOS'p'l'mtﬁsH- H-CHS S %ldglélllle monophosphate
H H CH3 S 6 (N,N-diacetyl} adenine_monophosphate H H CH3 S 2-flupfoadenine _monophosphate H j
HCH3SI Mhmqﬂmdpimme %ogdﬁmsﬁlmaaminqginlulsphﬁsphgﬁil—!ﬁ CHB $ Q)&odiﬂ@oro adenjne
m?-ln %FI):I?? %déb %anage(t)yP guanlng)‘%?gﬁ 1#” L Izﬁélﬁlé\@ln %&HL oerggl:gn%-;g?jbg% ;tlg I: HUTCF),TH]%SS nate
guanine dijphosphate HH CH3 0 6- (N N- dlccetyl) adenine diphosphate H H @ﬂﬁbﬁd&mﬁoacenine
R s e R MW@U G

diacetyl)cytosine
monophosphate | monophosphate | monophosphate | CFs S | Uracil
monophosphate | monophosphate monophosphafe CF; 5-Fluorouracil
acetyl acetyl acetyl CH, 0] 4~(N,_ -
diacetyl)cytiosine
acetyl acetyl acetyl CFs S | 4-(N,N-
diacetyl)cytosine
acetyl acetyl acetyl 2-bromo- | G 4-(N, -
vinyl diacetyl)cytosine
acetyl acetyl acetyl 2-bromo- | S | 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 CH; O | 8-fluoroguanine
H H H CHas O | guanine
H H H CH; O | 6-(N,N-diacetyl)-
adenine .
H H ' H. CH; O | 2-fluoroadenine
H H H CH, O | 8-fluoroadenine
H H H CH; 0 | 2,8-difluoro-
adenine
H H H CH; O | adenine
H H H CH, 1S | 2-(N,N-diacetyl)-
guanine
H H H CH; S | 6-O-acetyl
guanine
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diphosphate H H CH3 0 adenine diphosphate H H CH3 S 2-(N,N-diacetyl) guanine diphosphate H H
CH3 S 6-O-acetyl guanine diphosphate H H CH3 S 8-fluoroguanine diphosphate H H CH3 S guanine
diphosphate H H CH3 S 6-(N,N-diacetyl) adenine diphosphate H H CH,- S 2-fluoroadenine

diphosphate-H-H-CiH3-S-8-fluoteadeninediphogphate H H CH3 S 2.8-difluoro adenine diphosphate H
H CH3 S adenine rlphospha]l?é H H CH3 0 2- @\I N- -diacetyl) dLﬁnme 99 i R RaBe X Base
gipg}?l;pohat EIIH_ H CH3 0 6-0f q;epe:lyhggir!nneﬁ_?ghl\cl):sdpnate HHER3 081, hﬁﬁgﬁu&%%%w%ate H
gLﬁ%rFHLthSph@P HH N-diacetyl) a enine triphosphat 0
2-fluoroadepine triphosphaieﬁ-l HCH3O 8-1I\uF'Broadenine triphbsphate| ¥ H| @B, 8-difluorg
aden?ne triposphate H H CHEB 0 2-(N,N-diacgfyT)- guanine tm@ﬁsphatcrgi 1y gﬁéﬁéﬁh‘%&?&ﬁzy{
guanine
_ adenine
H H H | CHy S | 2-flucroadenine
H _ H H CH; |8 | 8-fluoroadenine
H H H CH; S | 2,8-difluoro-
adenine
H H H CH; S | adenine
monophosphate | H H CH; O | 2«N,N-diacetyl)-
guanine
monophosphate | H H CH; O | 6-O-acetyl
‘ guanine
monophosphate | H H CH; O | 8-fluoroguanine
monophosphate | X H CH; O | guanine
monophosphate | H H CHa O | 6-«(N,N-diacetyl)-
adenine
monophosphate | I H CH; .O 2~ﬂu6roadenine
monophosphate | H H CH; O | 8-fluoroadenine
monophosphate | H H ' CH; — O i 2,8-difluoro-
| 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
monophosphate | H H CH; S | 8-fluoroguanine
monophosphate | H H CH; S | guanine
monophosphate | H H CH; S | 6-(IN,N-diacetyl)-
adenine
monophosphate | H H CH; S | 2-fluorcadenine
monophosphate { H H CHj; S | 8-fluoroadenine
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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-difluoro adenine triphosphate H H CH3 S adenine
monophos yhate mnnnnhnc h%tn mnnnnhnc hn_fp CE3 0 2- (N N dla[‘r—'lfvn quanine.- mnnonhoqrhate
monophosphate rﬁonophospﬁate CF3 O 6-6- a%etyl guanine ranophos te ﬁ%ﬁ@ophosphate
monophosphaiadphephrUaioguanine mongphosphate MongRpfoSp § MopeDhARBRATE CF3 0
guanine monophosphate monophosphate monophosphate GF3 0 6-(N,N-di 1cety|) adenine
monophosphate monophosphate monophosphate CF3 0 2-fllioroadenine 10@9s1RR R X Bas

A%

monophosphgiadpisigpaespepte monophosphate CF30 8- Tlurqugdemrles mopapHasphate
monophosphate-menophesphate-CE3- 0 2 8-difluaro adenine | monophasphate monophosphat
monophospHERBHELS adenife monophosr Hte monophospkdie monoshokpHRidNaRBSy)-
2-(N,N-diac¢etyl) guanine mpnophosphate monophosphate monophosphate %ﬁ%g -0-acetyl guanine
monophosphate mnnnhhnc bhate-monophosphate-CE3-S 8-fllioroguanine monaophasphate
monophos HRLEY muﬁB’phos Jﬁate CF3 S gus r%e monophosp hR&te mon J&OM%nophosohate
CF3 S 6-(N,N-diacetyl) adenine guanine
diphosphate | H H CHj O | 8-fluoroguanine
diphosphate H H CH, O | guanine
diphosphate H H CH; 0O | 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 CHj S | 8-fluoroguanine
diphosphate H H CHj; S | guanine
diphosphate H H CH; S | 6-(N,N-diacetyl)-
adenine
diphosphate H H CHs S | 2-fluorcadenine
diphosphate H H CH, S | 8flucroadenine
diphosphate H H CHa S | 2,8-diftuoro-
adenine
diphosphate H H CHs S | adenine
triphosphate H H CH; O | 2-(N,N-diacetyl)-
guanine
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monophosphate monophosphate monophosphate CF3 S 2-fluoroadenine monophosphate
monophosphate monophosphate CF3 S 8-fluoroadenine monophosphate monophosphate
monophosphate CF3 S 2,8-difluoro adenine monophosphate monophosphate monophosphate CF3 S

adenine acetyl acetyl acetyl CF3 0 guanine acetyl acetyl acetyl CF3 S guanine. acetyl acetyl acetyl
2-bromq- 0 'guanirféi vinyl ag é@’il acetyl acety! R’bromo- S gu_ahRfe vinyl bﬂterﬁaﬁe_ely, the fo_IIo ving
DT L VA e S eabiii s EA R e e
j 0 Hypoxarjthine H H CHs @ 2,4-0-Diacetylthymine H H CH3 0 Thymin¢ H H fik8:@® Cytosine [H H
0 5 Fuorou e A & B a0 iscenupg o e T TS GRRRE !
triphosphate H H CH; O | guanine
triphosphate H H CH; O | 6-(N,N-diacetyl)-
adenine
triphosphate H H CHj O | 2-fluoroadenine
triphosphate H H CHs 0O | 8-fluoroadenine
triphosphate H H CH; O | 2,8-difluoro-
adenine
triphosphate H H CHs; O | 2-(N,N-diacetyl)-
guanine
triphosphate H H CHs S | 6-O-acetyl
guanine
triphosphate H H CHa 8-fluoroguanine
triphosphate H H CH; guanine _
triphosphate H H CH; S | 6-(N,N-diacetyl)-
| adenine
iriphosphate H H CHjs 2-fluoroadenine
triphosphate H H CH; 8-—fh10roadenine
triphosphate H H CH, 2,8-difluoro-
' adenine .
triphosphate H H CH; S | adenine
monophosphate | monophosphate | monophosphate | CF; O | 2-(N,N-diacetyl)-
| guanine
monophosphate | monophosphate | monophosphate | CF, O | 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CF; O ! 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CFs O | guanine
monophosphate | monophosphate | monophosphate | CF; 0O | 6~(N,N-diacetyl)-
adenine
monophosphate | monophosphate | monophosphate | CF; O | 2-fluoroadenine
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H H CH3 S Hypoxanthine H H.CH3 S 2,4-0-Diacetylthymine HH CH3 S Thy mine H H CH3 S
Cytosine H H CH3 S 4-(N-mono-acetyl)cytosine H H CH3'S 4- -(N,N- dlacetyl)cytosme HHCH3S
Uracil H H CH3 S 5-Fluorouracil monophosphate H CH3 0 2,4-0-Diacetyluracil monophosphate H

CH3 O Hyp jpe-mongphpsphate-H-EH3-0-2:4-0-Biacepdthymine-mengphosphate HCH3 0
Thymine monophosphate H €H3 O Cytosing kmonophosphatg{H TH --4-XmioHBSGc monophosphate
H CH3 0 4 Mﬁndjﬂmegﬂmtoﬁuwoﬁmmm@ rhaterdtdsphate Uaell monomhobpimisshediad
5-Fluorouraet it monephes ate-H-CH3-S-2-4-O-DBiacetyuracil-monophgsph CH3S
Hypoxanthine 1o no;ﬂ]}?zgh poRhio Ea BB ﬁﬂlﬂﬂfﬁn fef102 R ‘(@as&%’ﬁ‘b@fﬁi’ﬂﬁ‘mphaﬁe H
CH3 S Thymln? ..r\YPPOBEOSphate H --CH 3 (,})/tgsme morff 1SSE‘r]antSirl‘-l CHB3&enine
S Uraci maBoROCRARE 1 CFELG R /o, T BHOSB AT by Erio 0 2P0 aesrac |
diphosphatenkbipiBosphateoX anthiposthitesphrisoph6ipae2| 48 Diacetgthy MIBEN-diacetyl)-
guanine
monophosphate | monophosphate | monophosphate | CF; S | 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CF; 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CF; guanine
monophosphate | monophosphate | monophosphate | CF, 6-(N,N-diacetyl)-
adenine
monophosphate | monophosphate | monophosphate | CF, S | 2-fluoroadenine
monophosphate | monophosphate | monophosphate | CF, S | 8-fluoroadenine
monophosphate | monophosphate | monophosphate | CF, S | 2,8-diflnoro-
adenine
monophosphate | monophosphate | monophosphate | CF, 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- | 8 | guanine
vinyl

Alternatively, the following nucleosides of Formula VII are prepared, using the

appropriate sugar and pyrimidine or purine bases.

R

e}

OR?
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diphosphate H CH3 0 Thymine diphosphate H CH3 0 Cytosine diphosphate H CH3 0
4-(N-mono-acetyl)cytosine diphosphate H CH3 0 4-(NN-diacetyI)Eytosine diphosphate H CH3 0
Uracil diphosphate H CH3 0 5-Fluorouracil diphosphate H CH3 S 2,4-O-Diacetyluracil diphosphate H
CH3 S Hypoxanthine diphosphate H CH3 S 2,4-0-Diacetylthymine diphosphate H CH3 s Thymine
diphosphate@%?“l’% S Cytosine diphosphate H CH3 S 4-(N-mono-acetyl)cytosine diphosphate H CH3

S 4-(NN-diacetylcytasine diphosphate H CH3 S Uracil diphosphate H CH3 S 5-Fluorouracil

triphosphate H 433 0 2,4-DR0iacetyluacil tfiRhosphate H ®H3 D Bhseoxanthine triphosphate H CH3
0 2,4-0-dia¢ ' te H CH3 0 Thymine {triphosphate H CH3 0 Cytosine
triphosphate™H CH3 O 4-(Nrhono-acetyl)cyto§He triphos bkhte H2BHE-DideghyMeatiicetyl)cytosine 103
I2Ri2 X I_Biiiltriphqsphate HCH30 Uracn‘ [osphatelhCHIH -+ iﬁl acit-triphesphate H CH3
S 2,4-0-Dideetyluraci—triphosphate H CH3 S Hypoxanthine_triphosphate 3S
2,4-0-Diacet¥ithymine triphoSphate H CH3 $GH#/mine tripRosphasd-R-Ditses/thytmsire triphosphate
H CH3 S 4;(¥-mono-acetyl)cytosine CH, 0O Thymine

H H CH; O Cytosine

H H CH; G 4-(N-mono-acetyl)cytosine

H H CH; O 4-(N,N-diacetyl)cytosine

H H CH; O Uracil

H H CHj @] 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 CHs S Thymine

H H CH; S Cytosine

H H CHs S 4-(N-mono-acetyl)cytosine

H H CH; S 4-(N,N-diacetyl)cytosine

H H CHa S Uracil

H H CH; S 5-Fluorouracil

monophosphate | H CHs O 2,4~-O-Diacetyluracil

monophosphate | H CH; O Hypoxanthine

monophosphate | H CH; O 2,4-0-Diacetylthymine

monophosphate | H CH; O Thymine

| monophosphate | H CH, O | Cytosine

monophosphate | H CH; O 4-(N-mono-acetyl)cytosine

monophosphate | H CH; O 4-(N,N-diacetyl)cytosine

monophosphate | H CHs O Uracil |

monophosphate | H CHs O 5-Fluorouracil

moenophosphate | H CH, S 2,4-0O-Diacetyluracil

monophosphate | H CH; S Hypoxanthine

monophosphate | H CH, S 2,4-O-Diacetylthymine
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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-Diacetyluracil monophosphate -

monophosphate CF3 0 Hypoxanthine monophosphate monophosphate CF3 0 2,4-0-Diacetylthymine
- monophosphate mnnonhosphate CE3 0 Thymine monophosphate monophosphate CF3 0 Cytosine

monophosphate rﬁ%nophos Hate CF3 0 4-(N[mbno-acetyljcytosmaagonophosphate monophosphate
CF3 0 4-(N, e._manophasphate monophaosphatel CF3 0 Uracil monophosphate
monophospHEfERE8seHstE 1 dlouracil monopiédEphate md rﬁ)phosf’ﬁhmm'ﬁéFs S 2,4-0-Diacefyluracil
monophosphatasaasgphrshiate CF3 SHyp _{thi”e mMoreph "mc OReH: hesphate-CEB S
2,4-0-Diacepythymine..mongphasphate mongphdsphate GJF3 S T i€ “monophosphate
monophosphBEEEeERE1ddhe monophosphite monopT@sphaté—QF@aSné bygaRaGelylcylosine
monophosghatedpragBRSPRAE CF3 S 4-(NN-Hiacetyjcytasme monaghesphate-monophogphate
CF3 S Uradi-menephosphate manophasphale CE3 S 5-Fl rourhd aCetﬁ%é&@cﬁﬁw
4-(N,N-diagd -Hl acetyl CF3 S ﬂ(I&I,N dlacet)ﬂ)cytoiﬁmauﬂm It R R X Base acgtyl acetyl
2-bromo- O h6hbPhetsEYTICHIOSTE VYT atetyjacetyt-2-ptomo W vinyl H H
CH3 0 2-(NN-di = e HH CH3 0 6-0-dcetyl guanine H Ij V8tuoroguanine

diphosphate H CH; O 2,4-O-Diacetyluracil

diphosphate H CHs 0 Hypoxanthine

diphosphate H CH; O 2,4-O-Diacetylthymine

diphosphate H CH, O Thymine

diphosphate H CH; O Cytosine

diphosphate H CH; 0O 4-(N-mono-acetyl)cytosine

diphosphate H CH, O 4-(N,N-diacetyl)cytosine

diphosphate H CHs O Uracil

diphosphate H CHs O 5-Fluorouracil

diphosphate H CH; S 2,4-0-Diacetyluracil

diphosphate H CHz S Hypoxanthine

diphosphate H CH;, S 2,4-O-Diacetylthymine

diphosphate H CH; S Thymine '

diphosphate H CHz S Cytosine

diphosphate H CH; S 4-(N-mono-acetyl)cytosine

diphosphate H CH; S 4-(N,N-diacetyljcytosine

diphosphate H CHs S Uracil

diphosphate H CHz S 5-Fluorouracil

triphosphate H CH; O 2,4-O-Diacetyluracil

triphosphate H CH; O Hypoxanthine

triphosphate H CH; 0] 2,4-O-diacethylthymine

triphosphate H CH; O Thymine

triphosphate H CH; 0 Cytosine

triphosphate H CH, 0O 4-(N-mono-acetyl)eytosine

friphosphate H CH, O 4-(N,N-diacetyl)cytosine
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H H CH3 0 guanine H H CH3 0 6-(NN-diacetyl)-adenine HH CH3 0 2- fluoroadenlne HHCH30
8-fluoroadenine H H CH3 O 2,8-difluoro-adenine H H CH3 0 adenine H H CH3'S
2-(NN-diacetyl)-guanine H H CH3 S 6-0-acetyl guanine H H CH3 S 8-fluoroguanine HH CH3 S

guanine H H-6H-3-6-(N-N-diasetyl)-adenineH H CH3 S 2-fluorgadenine H H CH3 S 8-fluarpadenine
H H CH3 § 2,8-difluoro- “adeithe HH CH3 3 ,%?i{gnr? Ponﬁhg‘ll?ﬁﬁi HCH3O |
o uorogud e Reephosphote - -Ch-3 (O Hharine. mONPnEGPRte 1 CHB 0 |
6-(NN-diacetyhbasigmitte moﬁhbph??rf)\r]?rt‘enH C{Hlﬁ O 2-fluo @derlﬁﬁﬁ?%ﬁsghﬂﬁigﬁ ZO
105 - 7 R BLEE BanopaLphate H CH3 EN.N cadeiyh- e IARRDBSDhate H £H3 S
6-0-acetyl qﬂ;@hnsphutonoprdiphate H CH3 SC3i#fluoroguanine nwﬂj@ahmhﬁie H CH-3 S guanine
monophospigte S S i N-diacetyl)-adgpine-mongphosphgie HCHS S 3-fluoroadenine
triphosphate | H CH, S Thymine
triphosphate H CH, S Cytosine
triphosphate H CH, S 4-(N-mono-acetyljcytosine
triphosphate H CH; S 4-(N,N-diacetyl)cytosine
triphosphate H CH; S Uracil '
triphosphate H CH; S 5-Fluorouracil
monophosphate | monophaosphate | CFa 0 2,4-O-Diacetyluracil
monophosphate | monophosphate | CF; O | Hypoxanthine
monophosphate | monophosphate | CFs 0 2,4-0-Diacetylthymine
monophosphate | monophosphate | CFa O Thymine
monophosphate | monophosphate | CF; O Cy’tosiﬁe
monophosphate | monophosphate | CF; O 4-(N-mono-acetyl)cytosine
monophosphate | monophosphate | CF; 0 4-(N,N-diacetyl)cytosine
monophosphate | monophosphate | CF; O Uracil
monophosphate | monophosphate | CF; O 5-Fluorouracil
monophosphate | monophosphate | CF; S 2,4-0O-Diacetyluracil
monophosphate | monophosphate ; CF; S Hypoxanthine
monophosphate | monophosphate | CF; S 2,4-O-Diacetylthymine
monophosphate | monophosphate | CF; S Thymine
monophosphate | monophosphate | CF; S Cytosine
monophosphate | monophosphate | CFs S 4~(N-mono-acetyl)cytosine
monophosphate monophosphate | CF; S 4~(N,N-diacetyl)cytosine
monophosphate | monophosphate | CF; S Uracil
monophosphate | monophosphate | CF; 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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monophosphate H CH3 S 8-fluoroadenine monophosphate H CH3 S 2,8-difluoro- adenine

monophosphate H CH3 S adenine diphosphate H CH3 0 2-(N,N-diacetyl)-guanine dlphosphate H
CH3 O 6-0 acetyl guamne diphosphate H CH3 0 8-fluoroguanine diphosphate H CH3 0 guanine

diphosphate-H-EHFO6-(N;N-giacetyl)-adenjng.-diphosphate H CH3 0 2-fluorcadenine _diphosphate H
CH3 0 8-fluoroadéhine dlprggphate H CH3 0 8-difluoro a?éemn@‘ﬁfbhosphate H CH3 0 adenine
ﬂ@ﬁzpsh %tiléuaorogjabn;léwél:S%Iogp;]);éeg;agll-ig u;}d;r::-; h(;,ﬁﬁgﬁ R Mm‘ll;lg;;‘;‘;&v Phosphate
6-(NN-diacetyl)-adenine dlphosphate H CHJ 3\ﬁrfa’ﬁlfluoroadennl‘r)ﬁJ cjlfionsphate H CH3 Ednm
3;2%2%?11?% ng rE)O;p(lll\lcll\l T;)Dgﬁ;nH% Urllg’ﬁc(l)us;rl;:te I‘ilvEHB@%\J—]@-le Ié@@ﬁgﬂﬁéblt;}lr)ehosphate
H CH3 0 8-fluoroguanine tr phosphate H CI-ISI@}Quanlne 106 RIR X Base trlphosphate H CH-3
6-(NN-diace®yl)-adenine triphpsphate-H-CH3 fluoroadenine t"‘p'“.""“.“atc . \,. 13-0-8-fluproadenine
triphosphate H CH3 0 2,8-difluorg-adenine tr%sphate HCH3D é@grlﬁ% acet ) ~guanIne

H H CH; O 6-O-acetyl granine

H H CH, O 8-fluoroguanine

H H CH; O guanine

H H CH; O 6-(N,N-diacetyl)-adenine

H H CH; (9] 2-fluoroadenine

H H CHa, 8] 8-fluoroadenine

H H CH; O 2,8-difluoro-adenine

H H CH; O adenine |

H H CH; 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, O 6-O-acetyl guanine

monophosphate | H CH; O 8-fluoroguanine

monophosphate | H CH; O guanine

monophosphate | H CH3 O 6-(N,N-diacetyl)-adenine

monophosphate | H CH; O 2-flnoroadenine

monophosphate | H CH; Q 8-fluoroadenine

monophosphate | H CH; O 2,8-difluoro-adenine

monophosphate | H CH, O adenine
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triphosphate H CH3 S 2-(TN-diacetyl)-guanine triphosphate H CH3 S 0-acetyl guanine triphosphate
H CH3 S 8-fluoroguanine triphosphate H CH3 S guanine triphosphate H CH3 S )
6-(N,N-diacetyl)-adenine triphosphate H CH3 S 2-fluoroadenine triphosphate H 15H3 S

8-fluoroadenine [ﬁphobpha pt-CH3-S2,8=dif} Ulu-adeﬁiﬁytfip‘l 'ﬁ’a‘é@atc H-EH3-Sadenire;
monophosphate monophosphate CF3 0 2-(N I%é-‘diacetyl)-gﬁzanine monophosphate monophosphate
CF30 6-0-1&%%&@% e M@Nophosphate TNeRRPNoSPNaG CF3 e &gy e REprophosphate
monophosphate-CE3 0 guahine monophosphate monophosphate éql% Q 6-(mggcetvl)-ac enine
monophospFaEIRMBBHEspRate CF3 0 2-fludrBadenine mBnophb<presstvirmnopteosphate ¢F3 0
8-f|uoroade%d§m%gﬁgs ppate monophosphgle CF3 02 g-diftirgr ﬁ’-bgg%'\r monoptosphpate
monophosphate CE3 0 adehine_monophosphate monophosphate CE3 S -%{]N-dia(:etvl)-quanine
monophospHaRBfBEHEspRate CF3 S 6-0{de8tyl guanineS mondmsishate monophosphate CF3 S
8-f|uoroguammg?' phesphate MONopNoSPHRE CF3'S Janne; TRYRORISRTR nophosphate
CF3 S 6-(N,N-diacetyl)-adenhine _monophosphate monophosphate CF 3s 2-f|lfg%%%ﬁé%r%e
monophosp FBIRfsHBpHEspRate -CF-3- 8-fliéfadenine |nfonoptiéReredersnophosphate CF3 S
2,8-difluoro-aleRiiRdi4R R X Base mongaiosphate TNgnopTesgiEe £E3 Sadenmeatety|
acetyl CF3:0.guanine acetyl acetyl CE3 S glianine

monophosphate | H CHa S 2,8-difluoro-adenine

monophosphate | H CH; S adenine

diphosphate H CH; O 2-(N,N-diacetyl)-guanine

diphosphate H CH, 0O 6-O-acetyl guanine

diphosphate | H | CHs 0 8-fluoroguanine

diphosphate H CH, O guanine

diphosphate H CH; O 6-(N,N-diacetyl}-adenine

diphosphate H CH; O 2-fluoroadenine

diphosphate H CH; O 8-fluoroadenine

diphosphate H CH; O 2,8-difluoro-adenine -

diphosphate | H CH, O adenine

diphosphate H { CH; S 2-(N,N-diacetyl)-guanine

diphosphate H CH; S 6-O-acetyl gnanine

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 CHs S 8-fluoroadenine

diphosphate H CH; S 2,8-difluoro-adenine

diphosphate H CH; S adenine

triphosphate H CH; O 2-(N,N-diacetyl)-guanine

triphosphate H CH; 0 6-O-acetyl guanine

triphosphate H CH;, O 8-fluoroguanine

triphosphate H CHs3 O guanine
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acetyl acetyl 2-bromo- Q guanine vinyl acetyl acetyl 2-bromo- S gua_nine vinyl AIternativ_er, the
following nucleosides of Formula IX are prepared, using the appropriate sugar and pyrimidine or

purine bases. Base R10 X R6 5 (DQ wherein: R R X Base H CH3 0 2,4-0-Diacetyluracil H CH3 0
ymine H.CH3 0 Cytosine H CH3 0

LLOHID 09 AN nlar\nf\llfh\lml = |—| CH3 0T

lorouracil

12R X

| Z{Eloﬁn%”;?; ét'y! R PF.H,E 91 & (.'\.'. N-j%g?m)cytos n’?f H OB Uracil H CH3 0 5-FIl

gais 3HSC2 13 § Thymine H Sbsﬂéy?oglynz I—ﬁg‘i’-ISE 4 (\I/\ -ﬁgnc’-g' %—é}?@% -adeping S

4-(NN-diacetyiphpsmine H GHB S Uracil 0 2-flucroadenine
triphosphate H CH; 0 8-fluoroadenine
triphosphate H CH; O 2,8-difluoro-adenine
triphosphate H CH; O adenine
triphosphate H CH; S 2-(N,N-diacetyl)-guanine
triphosphate H CH; S 6-O-acetyl guanine
triphosphate H CH; S 8-fluoroguanine
triphosphate H CHg S ghanine
triphosphate H CH, S 6-(N,N-diacetyl)-adenine
triphosphate H CH; S 2-fluoroadenine
triphosphate H CH, S 8-fluoroadenine
triphosphate H CH; S 2,8~diﬂuoro-adenine
triphosphate H CH, S adenine
monophosphate | monophosphate | CFs O 2-(N,N-diacetyl)-guanine
monophosphate | monophosphate | CFs O 6-O-acetyl guanine
monophosphate | monophosphate | CF; O 8-fluoroguanine
monophosphate | monophosphate | CF; O | guamine
monophosphate | monophosphate | CF; 0 6-(N,N-diacetyl)-adenine
monophosphate | monophosphate | CF; O 2-fluoroadenine
monophosphate | monophosphate | CF; O 8-fluoroadenine
monophosphate | monophosphate | CF, O 2,8-difluoro-adenine
monophosphate | monophosphate | CFj; O adenine
monophosphate | monophosphate | CF, S 2-(N,N-diacetyl)-guanine
monophosphate | monophosphate | CF, S 6-O-acetyl guanine
monophosphate | monophosphate | CFs S 8-fluoroguanine
monophosphate | monophosphate | CF, S guanine
monophosphate | monophosphate | CF, S 6-(N,N-diacetyl}-adenine
monophosphate | monophosphate | CF; S 2-fluoroadenine
monophosphate | monophosphate | CFy S 8-fluoroadenine
monophosphate | monophosphate | CF, S | 2,8-difluoro-adenine




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 CH3 0 4-(N-mono-acetyl)cytosine monophosphate
CH3 0 4-(NN-diacetyl)cytosine, mnnonhmnhate CH3 0 Uracil monophosphate CH3 0 5-Fluorouracil

" monophosphate C#IB S 2 4- Jlblacetyluracn nibnophosphft?é CHBBasdypoxanthine monophpsphate

CH3 S 2,4-(-Diace mire—monephesphate CH3 S Thymine monophosphate CH3 S Cytpsine
monophospha?e IEIIY%s -m%l?ﬂ?‘i’; i2ytéSine monopRospHatdemns S 4-(N,N-diacetyl)ytos
monophosphatgyCH3 S Ura‘lacmgmophosphatgp;Hs S S-F|ggrouragl Giphosphate CH3 0

2 4-0-Diaceltyturaci-diphosghate CH3-0-Hypoxanthine _di hnqpﬁgﬁf_aﬂlwgm mine
diphosphaté %ﬂ? Thymlnna‘fﬁﬁﬁosphate a0 CytosindiphoSimiae CH3 0

4-(N-mono-aaetyl)cytosine dighgaphate CH3 Slyj(NJN- dlalcgryl)cvgg‘g}g*mwm'—dﬂmosphate
CH3 0 Uragil diphosphate GH3 0 5-Fluorouracil dliphosph ate CHB'S 2,4-0-Diacetyluracil dighosphate
vy _

CHS3 S Hyppxanthine
acetyl acetyl 2-bromo- S guanine

vinyl

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 CH; O 2,4-O-Diacetyluracil
H CH; O Hypoxanthine
H CH; O 2,4-0O-Diacetylthymine
H CH; O Thymine
H CH; O Cytosine
H CH; 0 4-(N-mono-acetyl)cytosine
H CH; 0 4~(N,N-diacetyl)cytosine
H CH; 0O Uracil
H CH; 0O 5-Fluorouracil
H CH; S 2,4-0O-Diacetyluracil
H CH; S Hypoxanthine
H CH; S 2,4-0O-Diacetylthymine
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diphosphate CH3 S 2,4-0-Diacetylthymine diphosphate CH3 S Thymine diphosphate CH3 S Cytosine
triphosphate CH3 0 2,4-0-Diacetyluracil triphosphate CH3 0 Hypoxanthine triphosphate CH3 0
2,4-0-Diacetylthymine triphosphate CH3 0 Thymine triphosphate CH3 0 Cytosine triphosphate CH3 0
4-(N-mono-acetyl)cytosine triphosphate CH3 0 4-(NN-diacetyl)cytosine triphosphate CH3 0 Uracil

hosphate CH3 S

S Thymine
nophosphate CF3 0

CF3 0 Thymine

tpsine monophosphate
H3 0 5-Fluorouracil

CF3 S Hypoxanthine

triphosphate CH3RJ 5- Fluordulﬁcn trlphosphdtKCH 3 BaRed-0-Diacetyluracil trig
Hypoxanthirgtriphospatatg 6i3-S2,;4=0-Drs l.§LyILI e ti’ip.huapahate.CH-g
triphospahate CH3 S Cytosine rﬁonophosphcte CE3 0 2,4-0-Diacetyluracil ma
HypoxanthirI]Hngrlc’)‘pD(lsph afetizF3 0 2,4-0- [>|&cety tﬁymi;ime monophosphate
A R NI o s
monophosplate CF3 S 2,4-0-Ciikcetyluracil 1J1% R R %(BIa‘s’ed:lmmpiyﬂsﬁxmte
monophosf. i}!_fltb €F3S-S 2,4-0-&%wt“yithymin gnong wuaﬂllalc EF3-SThymine

H CH; S 5-Fluorouracil

monophosphate | CHj 0 2,4-O-Diacetyluracil

monophosphate | CHj O Hypoxanthine

monophosphate | CH; O 2,4-0-Diacetylthymine

monophosphate | CH; O Thymine |

monophosphate | CHj 0] Cytosine

monophosphate | CHj O 4-(N-mono-acetyl)cytosine

nioﬁophosphate CH, O | 4-(N,N-diacetyl)cytosine

monophosphate | CHs O Uracil

monophosphate | CHs o) 5-Fluorouracil

monophosphate | CHs S 2,4-O-Diacetyluracil

monophosphate | CHj S Hypoxanthine

monophosphate | CHa S - | 2,4-0-Diacetylthymine

monophosphate | CHj S Thymine

monophosphate | CH; S Cytosine

monophosphate | CH, S 4-(N-mono-acetyl)cytosine

monophosphate | CHs S 4-(N,N-diacetyl)cytos

monophosphate | CHj |S Uracil

monophosphate | CHj s S5-Fluorouracil

diphosphate CHj; O 2,4—O—Diécety1uraci1

diphosphate CHj ) Hypoxanthine

diphosphate CH; O 2,4-0O-Diacetylthymine

diphosphate CHz O Thymine

diphosphate CH; o) Cytosine

diphosphate CH; O 4-(N-mono-acetyl)cytosine

diphosphate CHs 0O 4-(N,N-diacetyl)cytosine
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monophosphate CF3 S Cytosine monophosphate-CF3 S 4-(N-mono-acetyl)cytosine monophosphate
CF3 S 4-(NN-diacetyl)cytosine monophosphate CF3 S Uracil monophosphate CF3 S 5-Fluorouracil
acetyl CF3 0 4-(N,N-diacetyl)cytosine acetyl CF3 S 4-(N,N-diacetyl)cytosine acetyl 2-bromo-vinyl O

4-NN-diacetyheyt

sine—acetyl gbmmo vinyl S 4-(NN-diacetyl)cytosine Alternatively, the following

imidine or purine

CH3HHO

2,4-0-Diacetylthymine
HHO

NN-dapeiybicwiesine OH Me il R R R~ R X Base

HHS

nucleosidess of Fdmula XVI e prepared, usin§the gﬂﬁ‘?opriate sugar and pyr
bases. R'O| BasesftigRs RbEE R/ 5 (XVI) (whereiniiik RR X Base R'R
2,4-0-Diacebduraci-OH-Me-H.CH3 H-H 0 Hypoxanthine OH Me H CH3 HH Q0
OH Me H CHEPRMThym|fefoH Me H CHEH H P°CissrEadii Me H CH3
4-(N-monoraisiiyhsdesine Qlapdle H CH3 H Hg0 4-
RR H CH3H-H-0 Uracil OH-Me H CH3 H HI0 5-Flliorouracil QH Me H CH--3
2,4-0-DiackBRMSBIEH Me| HEH3 H H S HypbxantiHBBIIIEEH CH3 H H $ 2,4-O-Diacetylthymine
OH Me diphosphate CH; S 2,4-O-Diacetylthymine
diphosphate CH; S Thymine
diphosphate CH; S Cytosine
triphosphate CH; 0 2,4-0-Diacetyluracil
triphosphate CH; O Hypoxanthine
triphosphate CH; 0 2,4-0-Diacetylthymine
triphosphate CH; O Thymine
triphosphate CH; O Cytosine
triphosphate CHa 0O 4-(N-mono-acetyl)cytosine
triphosphate CH; O 4-(N,N-diacetyl)cytosine
triphosphate CH; O | Uracil
triphosphate CH; 0 5-Fluorouracil
triphosphate CH; S 2,4-0-Diacetyluracil
triphosphate CH; S Hypoxanthine
triphospahate CH, S 2,4-O-Diacetylthymine
triphospahate CH, S Thymine
. triphospahafe CH; S Cytosine
monophosphate | CF; O 2,4-0-Diacetyluracil
monophosphate | CF; O Hypoxanthine
monophosphate | CFs 0O 2,4-0-Diacetylthymine
monophosphate | CF, 0O Thymine
monophosphate | CFs 0 Cyiosine
monophosphate | CFs 0 4-(N-mono-acetyl)cytosine
monophosphate | CF; 0 4-(N,N-diacetyl)cytos
monophosphate | CF, o) Uracil
monophosphate | CF, O 5-Fluorouracil
monophosphate | CF3 S 2,4-0-Diacetyluracil

1
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HCH3 HH S Thymine OH Me H CH3 HH S Cytosine OH Me H CH3HHS
4-(N-mono-acetyl)cytosine OH Me H CH3 H H S 4-(N,N-diacetyl)cytosine OH Me HCH-3HH S
Uracil OH Me H CH3 H H S 5-Fluorouracil OH Me monophosphate CH3 H H 0 2,4-O-Diacetyluracil

Ay

‘OH Me monophgsgphate CH®3 H H 0 Hypoxanthing @kidMe monophosphate CH3 IT- H O
2,4-0O-Dia hllfh\lmmn OH - Me mgnnphgcph te.CH3 HHO Th\lmlnp OH-Me ]onophosphate CH3 H
HO Cytosw@@?l’hﬂ’ép}i*ﬁ@nopq:\%‘sphate CH3f|-SH 0 4}{W?ﬁ6ﬂ@%€etyl)cytosme OH Me
monophosphaigssidsgrdid § @XNN-diacetyl)dygosine DEMenenaphesehate CH3 HH 0 Uracil OH
Me monophosphate CH3 H H 0 5-Fluorouradil OH Me . monophosphate CH3 H H S
2,4-0-Diace @Rﬂ%\@ﬁ"@haﬁﬂe rf:rgﬁophosphate CH3 H ﬁwﬁoxanthlne OH -Re¢ monophosphate CH3
HHS 2,4- ngsphateskddi & H'S Thymine OM Me monophosphate
CH3HHS OH. Me. .. monobphosphate H OS|neOHMe
monophos Jﬁg’f’é"ﬁlﬁﬁ’hﬁﬁ S &FuN-diacetyl)c Bsine m"%&‘&@m (:‘H3 HH S Uracil OH
Me monoy S H g 5- Fluoroura¢isOH Mg QiRD@RREe R (5kik H O 2,4-O-Diacetyluracil
OH Me diphosphate CH3 H H 0 Hypoxant OHMe 112RR IQ X.Base R R diphosphate CH3 H
H 0 2,4-O-pBRusphosiitiee OFfle diphosphat® CHEBMFI O Thymine OH Me| diphosphate CH3 H
IT- -6 Cytosimgdaphddshapriasphate CH3 H H'g 4-(N4napg-acgiicytosine OR Me

acetyl CF; O 4-(N,N-diacetyl)cytosine

acetyl CF; S 4-(N,N-diacetyl)cytosine

acetyl 2-bromo-vinyl | O 4-(N,N-diacetyl)cytosine .

acetyl 2-bromo-vinyl | 8 4-(N,N-diacetyl)cytosine

Altemnatively, the following nucleosides of Formula XVI are prepared, using the
appropriate sugar and pyrimidine or purine bases.
R0
5 (XVI)
wherein:
R R®* |R" |R® |X |Base R"Y R’

H CH; |H H O 2,4-0O-Diacetyluracil OH | Me

H CH; |H H 0O Hypoxanthine OH |Me

H CH; |H H 0 2,4-0O-Diacetylthymine OH |Me

H CH; |H H 9] ‘Thymine OH |Me

H CH; |H H 0 Cytosine OH |Me

H CH; |H H 0 4-(N-mono-acetyl)cytosine | OH | Me

H CH; {H H O 4-(N,N-diacetyl)cytosine OH |Me

1
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diphosphate CH3 H H 0 4-(NN-diacetyl)cytosine OH Me diphosphate -CH--3 H-H O Uracil OH Me
diphosphate C13 jH 76-- -6-H- Me diphosphate CH3 H H S 2,4-0-Diacetyluracil OH Me diphosphate
CH3 H H S Hypoxanthine OH Me diphosphate CH3 H H S 2,4-O-Diacetylthymine OH Me
diphosphate -C-H- 3 HH S Thymine OH Me diphosphate CH3 H H S Cytosine OH Me triphosphate

CH3 H H 0{2,4-0- B4acetylur &f oH Rk ;iﬁ‘osph?éte CHadd H O Hypoxanthine OHzMe frRghosphate
CH3HHO Hvte—triphpsphate-CH3-H-H--6-Fhymine OH ] nate
-EH--3 H HLO Cvtosme OH NFT_{—I H O 4-(N-mono-acety fﬁ‘ﬁﬂosphate CH3 cytosmé)gH \ide
iriphosphatel€H3 H H 0 4-(INNEiiagEtyl)cyiisind OH Mes-Ripbesphaie CH3 H H O YacQL Vie
triphosphatEsEH3-HH0-5=Fiuatotraci-OHvie—trip hu hate-CH3 H-H S 2 4-0-Diacetyluracil OH Me
triphosphate_.CH3 HH S Hy| %j)i(%nuh%lge OH 'Me (ttiphos &%TQ@%WW§% 4-0O- Db@&lyltiﬁ ing OH
Me tnphospHate CH3 H H ‘>CEHiiynh|He OiHEe Er@hosoﬂmﬁdﬁ&jﬁd% S Cytosine|[(FiMe e
monophos[ I HH-EG2-4 G \;CLyI“raC H |vn2 mnnnhhnenhat_e CE3IHHAO H\/noxan hine
OH Me maqnophosphate CE3 H’H|072,4-0 Diacktylthyirfl P agRLY Rospha®EcFaMeH p
Thymine OHIMe monophosilite|GF3 H HO Cyfosine TiskMee 113 R R R R X BEBgIRIMVE
monophos .ﬁ?[e CESHHO "-&\I-l po- etyheytesine-OH-Me—monophosphate CE3HH 0
4-(N,N-diagetyl)cytosine Ol-ﬁgle3 rhohophosphat& CF3 CVEOHSracil OH Me. OH | Me
H CH; H H S 4-(N-mono-acetylcyiosine | OH | Me
H CH; |H H S 4—(N,N-d1acetyl)cytosme OH |Me
H CHs | H H S Uracil OH |Me
H CH; |H H S 5-Fluorouracil OH |[Me
monophosphate |CH; H | H ) 2,4-O-Diacetyluracil OH |Me
monophosphate | CH; | H H 0 Hypoxanthine OH | Me
monophosphate | CH; | H H 0 2,4-O-Diacetylthymine OH | Me
monophosphate | CHy | H H 0 Thymine OH :Me
monophosphate | CH; | H H O Cytosine OH | Me
monophosphate | CHy | H H 0 4-(N-mono-acetyl)cytosine | OH | Me
monophosphate | CH; | H H O 4~(N,N-diacetyl)cytosine OH |Me
monophosphate | CHy | H H 0 Uracil OH | Me
monophosphate | CH; | H H 0 5-Fluorouracil OH | Me
monophosphate { CH; | H H |8 2,4-O-Diacetyluracil OH | Me
monophosphate | CH; |H H S Hypoxanthine OH | Me
monophosphate | CH; | H H S 2,4-O-Diacetylthymine OH | Me
monophosphate | CH; | H H S Thymine OH | Me
monophosphate | CH; | H H S Cytosine OH | Me
monophosphate | CH; | H H S 4-(N-mono-acetyl)cytosine | OH | Me
monophosphate | CH; | H H S 4-(N,N-diacetyl)cytosine OH | Me
monophosphate | CH; | H H S Uracil OH | Me
monophosphate | CHz | H H S 5-Fluorouracil CH | Me
diphosphate CH; | H H O 2,4-O-Diacetyluracil OH |Me
diphosphate CH: |H H O Hypoxanthine OH | Me
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monophosphate CF3 H H 0 5-Fluorouracil OH Me monophosphate CF3 H H S 2,4-0-Diacetyluracil
OH Me monophosphate CF3 H H S Hypoxanthine OH Me monoPhosphate CF3HHS
2,4-0O-Diacetylthymine OH Me monophosphate CF3 H H S Thymine OH Me monophosphate CF3 H

phosphate CF3 H H S 4-(N-mono-acetyl)cytosine OH Me monophosphate

H S Cytosine OH Me mono
CF3 H H S ¢-(N,NRliacetyl)¢ydsinE gH NigPmohgpho$piagle CF3 H H S Uracit Ofive Y
monophosphate-GF3 ;.. H-Si5 :u..ﬁﬁ.@%%giae acetyl CH3 H H 0 4-(N,N- q_lacetv)cvtbs_,lne H Br
acetyl CH3 ,N-dlﬂ%b: osineH Br! Scety éﬁ@dﬁaﬁb’]&hmeﬂqcet;ﬂﬁfc%ﬁ@ Hel?;]rine
The fle cof ‘“**"*"’@““‘@“N’@@E‘Qflém% o bl it e (.. o] Sl 2] S,
and M.S. W (ﬁ ?18rt flg rotite tawhrd 2-@-brarfcyiesing ribonucleosides",| $8rg.| Gfem| 1997,
62 1754-17Giphositemse 8). Sohemers B2g 0 afZO 0/l o N RE)>7 3&%&.\" OHBz0 0
BzO OBz NH2-NHBz-R-CHB-NO0HO-ij5 Bz0h -1 n RN QH-QH Bz O 114(a) Dess-Martin
periodinand ;@Iﬂﬁéjﬂﬁ&Br | TicHa: CIBIBZ’E&’{ DMpA®, EtaftQEN-diacctyl)cytosine [ OH | Me
diphosphate CH; |H H O Uracil OH | Me
diphosphate | CH; (H H O S-Fluorouracil OH | Me
diphosphate CH; |H H S 2,4-O-Diacetyluracil OH | Me
diphosphate CH; | H H S Hypoxanthine OH |Me
diphosphate CH; |H H S 2,4-O-Diacetylthymine OH | Me
diphosphate CH; |H H S Thymine OH | Me
diphosphate CH; |H H S Cytosine OH | Me
triphosphate CH; H H 0 2,4-O-Diacetyluracil OH |[Me
triphosphate CH:; |H H O Hypoxanthine OH |Me
triphosphate CH; |H H 0O 2,4-O-Diacetylthymine OH |Me
triphosphate CH; |H H 0 Thymine OH |Me
triphosphate CH; |H H O Cytosine OH | Me
triphosphate CH: '|H H O 4-(N-mono-acetyl)cytosine | OH | Me
triphosphate CH; [ H H 0 4-(N,N-diacetyl)cytosine OH | Me
triphosphate CH: | H H O Uracil OH |Me
triphosphate CH: 'H |H O S-Fluorouracil OH |Me
triphosphate CH; | H H S 2,4-0-Diacetyluracil OH | Me
triphosphate CH; |H H S Hypoxanthine OH | Me
triphosphate CHs ' H H S 2,4-0O-Diacetylthymine OH | Me
triphosphate CHy |H H S Thymine OH |Me
;cx'iphosphate CH; ' H H S Cytosine OH | Me
monophosphate | CF; |H H 0 2,4-O-Diacetyluracil OH |Me
monophosphate | CF; | H H O Hypoxanthine OH |Me
monophosphate [ CF; |H H O 2,4-O-Diacetylthymine OH | Me
monophosphate | CF; | H H O Thymine OH | Me
monophosphate | CF; |H H G Cytosine OH | Me
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bis(trimethylsilyl)acetamide, N6-benzoyl adenine, TMSOTT; (e) NH3 / MeOH In a similar manner, but
using the appropriate sugar and pyrimidine or purine bases, the following nucleosides of Formula Il
are prepared.y X1/~ NN N Xz ROH3C 50R2OR3 4 wherein: ITRZRXXY HHHHHH HH

H H H NHZH-H-HAH-NH-evelepropyt-H-HeH-H-H-NH-methylH-H-H-H-H-NH-ethyl H-H-HiH-
NH-acetyl HHHHHOHHHAHHHAOME HH R HH HHHH H O-cycloprppyl H I$‘H HH
6--acetyl H| thbhbphbspatd H &5 Hi$Me | HH H I H SELAHond- i styDrstepirepyl OB H HMé HF HH
H H H Cl ”igonophosphate CF | H H O 4-(N,N-diacetyl)cytosine OH {Me
monophosphate | CF; | H H o Uracil OH |Me
monophosphate | CF; |H H O 5-Fluorouracil OH [ Me
monophosphate | CF3; | H H S 2,4-O-Diacetyluracil OH | Me
monophosphate | CF; | H H S Hypoxanthine OH |Me
monophosphate | CF; | H H S 2,4-O-Diacetylthymine OH |Me
monophosphate | CF; | H H S Thymine OH | Me
monophosphate | CF; | H H S Cytosine OH |Me
monophosphate | CF3 |H H S 4-(N-mono-acetyl)cytosine | OH | Me
monophosphate | CF; | H H S A-(N N-diacetyl)cytosine OH | Me
monophosphate | CF; | H H S Uracil OH | Me
monophosphate | CF; | H H S 5-Fluorouracil OH |Me
acetyl CH; [ H H O 4-(N,N-diacetyl)cytosine H Br
acetyl CH: |H H S 4-(N,N-diacetyl)cytosine H Br
acetyl CHy {OH |H O 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-me'thylriboadenine

The title compound was prepared according to a published procedure (R.E. Harry-
O’kuru, JM. Smith, and M.S. Wolfe, “A short, flexible route toward 2’-C-branched
ribonucleosides”, J. Org. Chem. 1997, 62, 1754-1759) (Scheme 8),

d

NHEz

Scheme 8
BzO BzO BzO
o —2 > lgo? 2acy WOBZ
OBz OBz
BzO OH BzO O BzO OBz
NH,
I e

HO o.X e BzO O“RN I('

OH OH BzO
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‘RRRxXY HHHHHBrHHHHHI monophosphate HH H H NH2 monophosphate H H HH
NH-acetyl monophosphate H H H H NH-cyclopropyl monophosphate H H H H NH-methyl
monophosphate H H H H NH-ethyl monophosphate HH HH OH monophosphate HH H H O-acetyl

monophosphate Hj ﬁeg_w%nﬁaqgagg@@mggéﬁh@%@%ﬂmﬁ ﬂﬂ)@sﬁphate .

-O-cyclopropyl monophosphate H HH H SH \ H H’SMe nionoph
SEt monophosphaé(Fimetylsitybyersisrits Nhbrrronibagenine. TMSPRER e SHo péPHate H H H H CI
monophosphate H H H H Br monophosphate H H H H | diphosphate H H H H NH2 diphosphate H H

H H NH-acetyl diphbgshuailerhinenier INHsipel din epytopiphe spaatend pikmidivel angtimnedipiessphate
HH H H NHgeflayg Ji FICY RN KO ﬁl%(ﬁgpgl&iH H H H O-acetyl diphosphate HHHH
H

OMe diphosphate H H'H H OEt diphosphate H H O-cyclopropy! diphosphate HH H H SH
Y

N Xy
X}—_</N I N/)\Xz.

r'c

O
5 or* Or®
ey
wherein;
R’ R’ R’ x! X* Y
i B H H |H |H
H H H H H | NH;
H H H ja H NH-cyclopropyl
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 CH
H H H H H OMe
H H H H H OFt
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 TH H H |2 |F
H H H H H Cl
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116 R Z2 18 X X2'Y diphosphate H H H H SMe diphosphate H H H H SEt diphosphate HHH H _
S-cyclopropyl diphosphate HHH H F diphosphate HH H H ClI diphosphate HH H H Br diphosphate
HHHHI triphosphate HH HH NH2 triphosphate H H H H NH-acetyl triphosphate HH HH

NH-cycloprogyttriphosphategs HHH NH-megyt [I'iph(.)bphdiﬁ. HH H=ethyttriptrosptrateH H H
H OH trlpFosphate HHHH OMe. triphosphate HH H H OEt_triphosphate H HH H H O-cyclopropyl
triphosphatd H H H O-acet{ triphosphate HEH H H SH  tripHddphate H H H HBBMe triphosphate H
H. H H SEt[{phosphateH Hﬁ‘ﬁ S-tytlopro )g{ triphosphate 'r-iﬁl HH ?Huiphu phateH+#t++Cl
triphosphate HH H H Br_triphosphate H H HIH |. monophosphate monophosphate monophosphate H
H NH2 mcrmﬂmm’fmonﬁphosphate moh&bhosphate H Hj §H-cycldpropyl| Widnophosphate
monophos %%&%Wgs hpte HHOHmoppphosphate muyphus ﬁd‘u—:n _gg&k}ilatc HHF

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 OFEt

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-cyclopropyi

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 NH;

diphosphate H H H H NH-acetyl

diphosphate H H H H NH-cyclopropyl

diphosphiate H i H |H | NHmethyl

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 OFt _

diphosphate H H H H O-cyclopropyl

diphosphate H H H H SH
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monophosphate monophosphate manophosphate H H Cl diphosphate diphosphate diphosphate H
-INH2 117 RrR 1~3 X y diphosphate diphosphate diphosphate H H NH-cyclopropyl diphosphate
diphosphate diphosphate H H OH diphosphate diphosphate diphosphate H H F diphosphate

HH F
H H

diphosphate-gdiphesphate-H-H {‘I triphosphats fnnhncnh:am tri hn;ph Hz H NH2- triphosphate
triphosphate triphosphate H I—F?NH cyclopropy ﬁphosphate trlphgsphatej’gripho< ﬁﬁate HH OH
triphosphatedipbgsabate tripppsphate H H F [ tigphosphate triphgsphate griphosphgie HH Tl H
H NH2 H HH-FH-NH-cyclopropyl- H-H-HEHOHHHHEHEHHHEHCL HHHCIH NH2 H
CIHNH-cycf' Bfﬂ}}a‘ingH I—fOHHHHCIHIF HHHCIHE HHHBrHNE2 HHHBrH
NH-cycloprogiphddgtlatt Br H QH H H H Br H B H HBFH CT HiT H NAZ H NAZ ELE 37 H
NH-cycloprppyl—H-H-H-NH2H OH _

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

-friphosphate H B H H OMe

triphosphate H H H H OEt

triphosphate H H H H O-cyclopropyl

triphosphate H H H H 7 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 C1

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 | monophosphate | monophosphate | H H - OH

monophosphate | monophosphate | monophosphate | H H F

monophosphate | monophosphate | moncphosphate | H H Cl

diphosphate diphosphate diphosphate H H NH,
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HHHNH2HF HHHNH2HCI HHH SH -H--N-H2 H H H SH H NH-cyclopropyl 118R1(IAAAS
HHHSHHOH HHHSHHF HHHSHHCI acetyl HH HHNH2 acetyl HH H H NH-cyclopropyl
acety HHHHOH acetyy HHHHF acetylHHHHCI acetylHHF H NH2 acetyfHHFH

NH-cycloprapy

yl acetylHHFH OH acetytHHFHF acetyl HH F H Cl H acetyl acetyl HH NH2 H

acetyl acety RH NH cycloproR}l H ac'etyl acq tgPH H OH H acetytiacetyhd H F kf acetytacetytH
e oo ST S o e x|
monophosph@i@@%ﬁ@ﬂmcety &[pﬁd‘dphﬂyclopr()m@hos;)hate H OH

diphosphate diphosphate diphosphate H H F

diphosphate 4 diphosphate diphosphate H H Cl

triphosphate triphosphate triphosphate 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 F H 1 Cl

H H H Cl H NH,

H H H Cl H NH~cyclopro§yl

H H H Cl H OH

H H- H Cl1 H F

H H H Cl1 H C1

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 NH, [H Ci

H H H SH H NH;

H H- H SH H NH-cyclopropyl
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monophosphate acetyl acetyl HH OH monophosphate acetyl acetyl H H F monophosphate acetyl
acetyl H H CI diphosphate acetyl acetyl H H NH2 diphosphate acetyl acétyl H H NH-cyclopropyl
diphosphate acetyl acetylHHf OH 119y R'R X X 1 diphosphate acetyl acetyl H H F diphosphate

acetyl acety

- I—I C] frlnth

f)hate acetyl| acet

| HH NH2 triphosphate acetyl acetyl H H

NH-cycioprbp& trlphosphate Rletyl acetyl H H BH triphosphatkxtetyl [akatyl H & F_triphosphate
acetyl acetylfff HCTHHHH W2 H A H N2 N2 R H2NE eyeloprepy-H-H-HH
NH-methyl [H-HH H NH2 NH-ethyl HH H H NH2 NH-acetyl H Hsﬁ H H NH2 OMe
HH H NH2|GEt H H H H NHRID- cyclopropyl H H NH2 O-gcsiyl H MHHNHE2SHHHHH
SMe H H HH NHZ SETH HHzH NH2 STyt pyiHHHHN@%F i ol

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 F H OH

acetyl H H F H F

acetyl H 1 H F H Cl

H acetyl acetyl H H NH,

H acetyl acetyl H H NH-cyclopropyl

H acetyl acetyl 1H H OH

H acetyl acetyl H H F

H acetyl acetyl H H Cl

acetyl acetyl acetyl I H NH;

acetyl acetyl acetyl H H NH-cyclopropyl

acetyl acetyl acetyl H H OH

acetyl acetyl acetyl | H H F

acetyl acetyl acetyl H H Cl

monophosphate | acetyl acetyl H H NH;

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 NH;

diphosphate acetyl acetyl H H NH-cyclopropyl

diphosphate acetyl acetyl {H H OH
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HHHHNH2Cl HHHHNH2Br HHHHNH2 I monophosphate H H H NH2 NH2 monophosphate
H H H NH2 NH-acetyl monophosphate H H H NH2 NH-cyciopropyl monophosphate H H H NH2
NH-methyl monophosphate HH H NH2 NH-ethyl 120 RR 2 R x 13e |

monophosphate H H H NH2

OH monopha$phate H H H{NH2 O-acetyl mprophosphate H H¥! NH2 ®Me m&nophosphate H H H
NH2 OEt 1 “,ﬂ“'ms“haw A '\“—"’ O-eyelopropy-menephasphate-H-HH-NHZ2-5H '
monophospm EPRPE N2 SRR monoprfosp H H H NHZ SEt m )ﬁ:)phos ate'H H H NHZ
S-cyclopropyiphsepepbosphatediH H NH2 F| aeeriophosphate|#H H NH2 Cl m@ihophosphate H H H
NH2 Br monophoesphate-H-H-H NH2 | -diphesphate-H-H-H-NH2ZNH2—diphesphateH-H-H-NH2
NH-acetyl d‘i‘ﬁl ® HH NH-cycIop?B?}ﬂ dlphosphcrt HHHNH2 thyl diphosphate
H H H NHZ ighethyhtdiphos Qhaﬁﬁ H H H NH2 £o¢dyidiphosphateHH H Hi MH2 O Msdyd@iﬁﬁphcte H
H H NH2 QMe-diphosphaterH-H-H-NH2- O

iriphosphate acetyl acetyl H H OH

triphosphate acetyl acetyl H H .F

triphosphate acetyl acetyl H H Ci

H 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 B 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; |O%t

H H H H | NHz | O-cyclopropyl

H H 1H 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 E H 7 |NHg, |F

H H H H NH, |Cl

H H H H NH, |Br

H H H H NH, (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-ethyi
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diphosphate H H H NH2 O-cyclopropyl diphosphate HH H NH2 SH diphosphate H H H NH2 SMe
diphosphate H H H NH2 SEt diphosphate H H H NH2 S-cyclopropy! diphosphate HH H NH2 F
diphosphate H H H NH2 CI diphosphate H H H NH2 Br diphosphate HH HNH2 1 121 R X IL 8

N I\ll_l’) trinhnc

triphosphate-

[ |
|1|||||‘IIILI‘III

VYaYalal
IrJI 'IU\J'.JI TUAT

hofn !_I L! LI I\ILI’) |\||—| ace

tvl-trinhosphat
Li S

H-H H NH2

NH-cyclopropyl triphosphate Bl H H NH2 NH-n%thyl triphosphpte H H I-TZKI"I-'IE“\Iﬁ-ethyI triphospghate
HHH NH2 @blndﬂh)dsmﬁeateﬂ H H NH2 OMégHriphosphate H|HsH NH2:@E trigiposphate H H R NH2
N2 S PBRRAEAE H |2 SEt tipnpLphate i 1 1 NIIE S-cybPBiopy) rdbhate H 1 H
NH2 F trlphﬁmahgte»dﬂﬁdté-l NE?2 Cl triphosphpte H H H NH2 Bf Hriphospiraie H BNENHZ'T
monophosphate-menephesghate-monephesphate-H-NH2.NH2.monophosphate monophosphate
monophospﬁ%ﬁgoﬂhﬁﬁgaﬁﬁﬂ %Iopropyl mon Jﬁmsphate mond pFﬁospha ono@ﬁésphate H NH2 OH

monophosphate | 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 NHz | S-cyclopropyl

monophosphate | H H H NH; | F

monophosphate | H H H NH, |Cl1

monophosphate | H H H NH; |Br

monophosphate | H H +H NH, L

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, |0H

diphosphate H H H NH; | O-acetyl

diphosphate H H H NH, |OMe

diphosphate - H H H NH, | OEt

diphosphate H H H NHz | 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; chyclopropyl

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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monophosphate monophosphate monophosphate H NH2 F monophosphate monophosphate
monophosphate H NH2 CI diphosphate diphosphate diphosphate H NH2 NH2 diphosphate
diphosphate diphosphate H NH2 NH-cyclopropy! diphosphate diphosphate diphosphate H NH2 OH

diphosphate-diphesphate-dighasphate -{NH2 E_dinhosphate diphgsphate diphosphate H NH2 Cl
triphosphate glphosphate trlpl%sphate H NH 2 triphosphaj éitlrlphds‘&ﬁate tridhosphate H NH2
NH-cycIoprpmﬂhggpﬁggphate fphosphate triphgsphate F-NH2QH1222-R-XK2¥ -triphosphate
triphosphate-triphosphate H NH2 E_trinhasphate triphosphate thiphosphateH NHZ €1 HH H F NH2
NH2 H H H Apiecyclopfbpyl HH H F NHER OH H H H F NH2 F v F '}Z‘m@ftﬁ“HHC NH2
NH2 NH2 Hgiﬂl\ljhl%%ﬁ')cyl\ﬁ—f E;ilorﬁ)grlumHnCI |_IH(JIj| IEFE; LKIEZHOHHHHL;}%\TB? ';\IWF Wﬁ% cﬁf—(@:‘%| I-?rH
H NH2 NH2 RPEsRAat NH2 RH2 NH-cycloprdByl H H H NH2|NH2 OFNE, | NH-methyl

triphosphate H H H NH, | NH-ethyl

triphosphate H H H NH, |[OH

triphosphate H H H NH,; | OMe

triphosphate H H H NH; QOFt

triphosphate H H H NH: | O-cyclopropyl

triphosphate H TE H NH; | O-acetyl

triphosphate H H H NH, |SH

triphosphate 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 N’Hz Br

triphosphate H H H NH; |1

monophosphate | monophosphate | monophosphate | H NH; | NH;

monophosphate | monophosphate | monophosphate | H NH: | NH-cyclopropyl

monophosphate | monophosphate | monophosphate | H NH; | OH

| monophosphate | monophosphate | monophosphate | H NH; |F

monophosphate | monophosphate | monophosphate | H NH; | Ci

diphosphate diphosphate diphosphate H NH; | NH;

diphosphate diphosphate diphosphate H NH; | NH-cyclopropyl

diphosphate diphosphate diphosphate H NH; | OH

diphosphate diphosphate diphosphate H NH; |[F

diphosphate diphosphate diphosphate H NH; |Cl

triphosphate triphosphate triphosphate H NH, |NH;

triphosphate triphosphate triphosphate H NH; | NH-cyclopropyl

triphosphate triphosphate triphosphate H NH, |OH
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HHHNH2NH2F HHHNH2NH2ClI HHH SH NH2 NH2 HH H SH NH2 NH-cyclopropyl HH H
SHNH2OHHHHSHNH2F HHH SHNH2CI acetyl HHH NH2 NH2 acetyl HH H NH2
NH-cyclopropyl acetyl HHH NH2 OH acetyl HH H NH2 F 123 I2itR X XY acetyl HH Ili NH2 CI
acetyl HH F—ﬁﬁz' NH2-acety-H-H-—NH2-NH-cyelopropyl-acetyl - H-F-NE2 OH acetyl-H H F NH2 F
acetylHHENH2 CI H acety&lcetyl H NH2 NHK2 H acetyl acetyﬁﬂ NH ?%H-cy:%propyl H acety
acetyl H NHB—iﬁﬁ-dsphateetyl areiyhospiaiz F Hijacehdspeetyl H NHZ Cl acetyl acetyl H NHZ|NH2
acetyl acetit-aeety-H-NH2-NH-cyeclopropy-acetyl-acetd-acetyllH-NH2 OH acetyl acetyl acetyl H:NH2
F acetyl a( hhé’«ggm% NHR‘EPWB&OSph&F@%BBﬂt%etyI PHN H2 N2 mot%phosphate acetyl

acetyl H NHENH-cyclopropylmnonophosphate gcetyl acetyl H NHZ OH N, ™ | NH,

H H H F NH; | NH-cyclopropyl
F NH, |OH
F NH, |F
F NH; |Cl

Cl [ NH |NH;

Cl NH; | NH-cyclopropyl
Cl NH; |OH

Cl NH, |F

Cl NH, |CI

Br NH, |NH;

Br NH; | NH-cyclopropyl
Br NH,; |CH

Br NH; |F

Br NH, Cl

NH; |[NH:; |NH;

NH; |NH,; | NH-cyclopropyl
NH, |[NH, |OH

NH, |NH, |F

NH, |NH, |C

SH NH; |NH;

SH NH; | NH-cyclopropyl
SH NH, |OH

SH NH, |F

SH NH; | CI

un] s i evi Bt ax] i av] S onf i a=] Qi «v} Bibu =] Qi us] [tav] (ibev] te=] Biu ] B« Y M« v} B o) B o] M ] O of < ] 1 I

axfipany yany Qpus] gav) Qas) i an] v g ur] o c] g o] it | It o o] ) i« [ o B oo [ uf 0 of B o IS o B o B0 o 0 o o I8 < f O o I
x=) ] yav) Qus] et Qya~] e ] Qi ect Qi avi QY « =] Qi esi Qg el Qi ae] Y el Qo) QN o == ] MR «a) i« ) M= o} B o] 0 o I =] I o o I o0 I IR

acetyl H NH,; |NH;

acetyl H N, | NH-cyclopropyl
acetyl H NH, |OH

acetyl H NH, |F
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monophosphate'acetyl acetyl H NH2 F monophosphate acetyl acetyl H NH2 CI diphosphate acetyl
acetyl H NH2 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

H H
H H

acetyl H NH2NH2 triphosp ate acetyl acetyl H NH2 NH- cyclopraopyl trlnhnqnhqtp acetyl acetyl H N~I2
OH triphos pﬁ"ate acetyl ace yRH NH2 F trlph :J?phate acetyl ace®I HNHE Cl 1M R Y2iZ X X Y
HHCIH HiddH CTH HHHH CINHZ HH§# H CTNH-Cyclopgppy! SRR ENH=-nTethyH
CINH-ethyl HH HH CINHiacetyl HHHHCIOHHHHHCIOMe HHHHCIOFtHH HH
O-cyclopro ?PSHIH HHcldHcetyl HHHH|GISHHHHH ClEMe HNHA HIGYBEt HH H H G
S-cyclopropykgiypnophosphagg F H H CT'NHZ gonophosphate { H H GH-ar '-cyclopropyl

acetyl H H F NH; |[OH

acetyl H H F NH; |F

acetyl H H F NH; (1

H acetyl | acetyl H NH, NH;

H acetyl acetyl H NH:; | NH-cyclopropyl

H acetyl acetyl H NH, [(0CH

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, |F

acetyl acetyl acetyl H NH,; 1Cl

monophosphate | acetyl acetyl H NH; |NH;

monophosphate | acetyl acetyl H NH; | NH-cyclopropyl

monophosphate | acetyl acetyl H NH; OH

monophosphate | acetyl acetyl H NH; |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, |Cl

triphosphate acetyl acetyl H NH, | NH;

triphosphate acetyl acetyl H NH; | NH-cyclopropyl

triphosphate acetyl acetyl H NH, |OH

triphosphate acetyl acetyl " NH; F

triphosphate acetyl acetyl H NH, |CI
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monophosphate HH H Cl NH-cycIopropyI, monophosphate H H H ClI !\IH-methyI monophosphate H H
H CI NH-ethyl monophosphate HH H Cl OH monophosphate H H H Cl O-acetyl monophosphate H
H H Cl OMe moaonophosphate H H H CI OEt monophosphate H H H Cl O-cyclopropyl monophosphate

HHHCIS ono HHH CrSMeTgenophosphate i Cigt mugophosphateH
CI S-cycloprapyl _diphosphate HHH CINH2 125 R'R' R A A 1} diphosphate HiH H Cl NH-acety
diphosphatetH H H CI NH-cydfbpropyl diphospHate H H H CI NHImethyICllipholsBhate H H H CI
NH-ethyl dighosphateH H et OH diphospirgge HH-Ct-G=aggtyt UWW
diphosphate H.H H Cl OEt diphosphate H H H Cl O-cyclopropyl diphosphate H'H H Cl SH
di_phosphateH—l H H Cl SMe d?_blhosplhate HH '._Hg. SEt dipﬁgsp_@te HII-QH I(?Ilflsl-hlﬂélczerppyll
M AL i L A .

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 Ci OH

H H H H Cl OMe

H H H H Cl OEt

H H H H Cl 0-cycl_opropy1

H H H H |Gl |O-acoyl

H H H H Cl 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 Cl NH-acetyl

monophosphate | H H H Cl NH-cyclopropyl

monophosphate | H H H Cl | NH-methyl

monophosphate | H H H Ci NH-ethyl

monophosphate | H H H Cl OH

monophosphate | H H H Cl O-acetyl

monophosphate | H H H Cl OMe

monophosphate | H H H Cl OFEt

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-cyclopropyl

diphosphate H H H Cl NH;
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triphosphate H H H Cl NH-ethyk triphosphate H H H CI OH triphosphate H H H Cl OMe triphosphate
H H H CI OEt triphosphate H H H CI O-cyclopropyl triphosphate H H H Cl O=acetyl triphosphate H H
H CI SH triphosphate H H H Cl SMe triphosphate H H H CI SEt triphosphate H H H CI S-cyclopropyl

mnnnnhnc

h:n‘n mnnnnhncp

3@ H-CIL.NH2

nnnnthnhafp monophasphate

monophosph? opl
monophosphdte H CI NH-cyg

Bpropyl monop

135phate monoph

\@5phate

ono

ph¥sphate H CI O

diphosphateditbbgsiphate dif

H.CLN

diphosphat

trlphosphaqedﬁﬁbﬁ%’s

H-cvclo
GYGt

te H

fpsphate H CTN

126 RR R X7
dlnhnenhafp dl

REE aipr

1hn<nh

Qsphatg
te H ClI

aie
DH_triphosphate

L

NH2 triphosp ﬁe trlphosphate

tﬁphosp

Halte H ¢

ONHsJepRopy

triphospha
CIOHHH

feduipb

HClLCINH2 HH

te tri

bippsphate H CI
H Cl ClLNH-cycl

HEH H HF TNt

T HH blL,i NHM
150HH HH BnCILNH2

yiFH
HB

HH F
Cl

-14H-cyclop

mpyl HHHCI

hApReSRRRieH Br €FOH H H H NHZ BI NH2 H H H NHE CI NHCEycloprdBiethy!]
diphosphate H H H Cl OH
diphosphate H H H Cl1 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 C1 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
{riphosphate H H H Cl OEt
triphosphate H H H Cl O-cyclopropyl
triphosphate H H H Ci O-acetyl
triphosphate H H H Cl SH
triphosphate H H H Cl SMe
tt'iphosphate 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 Ci CH
diphosphate diphosphate diphosphate H Cl NH;
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HHHNH2CIOHHHHSHCINHz HH H SH C4 NH-cyclopropyl HH H SH CI OH acetyl HH H ClI
NHz acetyl HH H CI NH-cyclopropy!l acetyl HHH Cl OH acetyl HH F CI NH2 acetyl HH F CI
NH-cyclopropyl acetyl H H F Cl OH H acetyl acetyl H CI NH2 H acetyl acetyl H C1 NH-cyclopropyl H

| H CI

H-cyclopropyl 127 R

acetyl acetyH+E+OH-acetylasetyl-acetyl H-C N:H2 acetyl acetyl acet
RXX$ a’cety? acetyl acetyl H BI ‘OH monopho%ﬁhate acetyl ace ?&1 HC Nf—ll 2 n%ngghosghgie rficetyl
B i ol ARV i M 1 YA S 5
acetyl acetyl p%, f‘éﬁ 2 tnpho@éh%?@h&é"etyl a¢ Eﬁﬁ*ﬂ% -cycldbropyl| thibhospHRite acetyl acetyl H Cl
OH H H H Hifijidbkphate | triphosphate triphosphate H CI NH,
triphosphate triphosphate triphosphate H Cl NH-cyclopropyl
triphosphate triphosphate triphosphate ©= | H Cl OoH
H H H F Cl NH;
H H H F Cl NH-cyclopropyl
H H H F Cl OH '
H H H Ci Cl NH,
H H H Ci Cl NH-cyclopropyl
H H H Cl C1 OH
H H H Br Cl NH,
H H H Br C1 NH-cyclopropyl
H H H Br Cl OH
H H H NH, |Cl NH;
H H H NH, |Ct NH-cyclopropyl
H H H NH; (Cl OH
H H H SH Ci NH,
H H H SH Cl NH-cyclopropyl
H H H SH Cl OH
acetyl H H H Cl NH;
acetyl H H H Cl NH-cyclopropy!
acetyl H H H C1 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
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H H H H CI NH-cyclopropyl HHHHCIOHHHHHBrNH2 HH H H Br NH-cyclopropyl HH H H Br
OH Alternatively, the following nucleosides of Formula V are prepared, using the appropriate sugar
and pyrimidine or purine bases. Y XN N O RHO H3C OR2 OR35 (V) wherein:RRXY HHHH

| HHHHNH-methyl HHHH NH-ethyl HHHH

H H Hxz 128-R-R4L-1 HH H H NH-cycloprop :
“NH-acetyl HH®HH OH HH HR¥ OMe H H HFROEtH H H H OJcgEloprpsg H Iy H O-acetyr+
- HSHHHH kseie acetyl acetyl H Cl 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 NH,
diphosphate acetyl acetyl H ] NH-cyclopropyl
diphosphate acetyl acetyl H Ci OH
triphosphate acetyl acetyl H Cl NH,
hiphosphate acetyl acetyl H Cl NH-cyclopropyl
triphosphate acetyl acetyl H Cl OH
H H H H Ci 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
LH H H H Br OH

Alternatively, the following nucleosides of Formula V are prepared, using the

appropriate sugar and pyrimidine or purine bases.

R'O e
O
or?  OR}
W
wherein:
R R? R’ X! Y
H H H H H
T H i E?
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HHHHSEtHHHH S-cyclopropyl monophosphate HH H NH2 monophosphate H H H NH-acetyl
monophosphate H H H NH-cyclopropyl monophosphate H H H NH-methyl monophosphate HHH .
NH-ethyl monophosphate HH H OH monophosphate HHHO- acetyl monophosphate H H H OMe

monophos t ﬁmnopnospnate {+HHO-cyctoprpgyt Tmangphosphate++H H SH
monophosphate H H H SMe “monophosphate H H H SEt_monjophosphate H H H S-cyclopropy!
diphosphatéiH H H NH2 dipfbsphate H H H|NH-acetyl diphosphate Flmlcbmlpmwbropyl .
d!phospha FHHEENEEmeth '_129 RRRXY Iipilprilc.lie PN Ilﬁélt[ﬁspbp[ld[-‘ HHHOH
diphosphate H H H O-acety| diphosphate H H H OMe diphosphate HH H OEt diphospghate H H H
0-cyclopropid diphosphate HFH H SH diphosphate H H H SM¢ HliphospfiatethylH H SEt| diphosphate
H H H S-cygiopropyt H H H NH-acetyl

H H H H OH

H H H H OMe

H H H H OFEt

H H H H O-cyclopropyl

H H H H O-acetyl

H H H H SH

H H H ja 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 OH

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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triphosphate H- H H NH2 triphosphate H H H NH-acety! triphosphate HH H NH-cycIopropyI
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

triphosphateRi H H SH triptﬁphate HHH $WE triphosphatd B H SEt triphosphate!H H H
S-cyclopropy menophoesphate-moenophosphateH-NH2 ophosphate
monophos gPeosrﬂo 8phos :ﬁ;te H NH-cyclgpropyl monophosphate rnm %’gphate monophosphate
H OH diph@EﬁJﬁagﬂld&)hosthte diphosphate H NH2 diphosphate dipwom@hate diphosphate H
NH-cycloprepy—diphesphate-diphesphate-diphosphate-H-OH-ttiphosgh . ate tr:“hcsp..m\. triphosphate
H NH2 13( ‘{3_5';%0 ¢ tr|p og‘ hate triphosphate triphosphate NH-c | triphosphate
triphosphaleitwspsabate H @H H H H F NH2H H H F NH-cydigpropy (bMd;H FOHHH HCINH2 H
H H CI NHteyelopropyt—H-H-H-CHOH-H-H-H-BENH2

diphosphhte H H H OBt

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-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 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

triphosphate triphosphate triphosphate H NH,
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H H H Br NH-cyclopropyl HH H.Br OH HH H NH2 NH2 H H H NH2 NH-cyclopropyl HH H NH2 OH
HHHSHNH2HH H SH NH-cyclopropyl HH H SH OH acetyl HHH NH2 acetylHH H
NH-cyclopropyl acetyl H HH OH acetyl HH F NH2 acetyl HH F NH-cyclopropyl acetyl HH F OH H
acetvl H.NH- cvclopronvl H acetyl acetyl H OH acetyl acetyl acetyl H

acetyl acetyl H NH2 H acety

NH2 acety

I :Reetyl acetyl H |

R’ cyclopropyl aq

&yl acetyl acetyl

XOH 1

anophosphate acetyl acetyl H

NH2 mon
OH diphosj

o)

"
0]

%

nate

I acety

cetyl ace

[

o

<]

V

P

S s

HN

RIS

IJ. J.r(r(

[ WAV AR WA
N\ T

a%etyl acet:/-ﬁ—l NH-

G

5
cyclopr

acetyl acetyl H
gsphate acetyl

acetyl H Oliﬂmb?ﬁpépWate acatiphaspiated NH]
trlphosphalreﬂacetw acetylH

using the

mﬁ;ibmwptmte ac

éflyl ace

t{?H NH-cyclopro

pyl

Attermativety;it

£l H
l.:tib' TONMOWHTy 1mag

I%Ubidc

£ — oM. o
Wunnwa/\al
2

prepared,

Qf

H H H F NH-cyclopropyl
|H H H 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
1 H H H NH; | NHz

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 N,

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 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
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appropriate sugar and pyrimidine or purine bases. Rio Base R6 Xl~ OR2 OR3 5 (X) wherein: RR R
R X Base HH H CH3 0 2,4-0 Diacetyluracil HH H 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)cytosigH H H CH3 G 4N, N=diacetycgtosime HHCH3@ Urac i, 132-RBRR-XBase HH H
CH3 0 5-Fluarouracil HH H|/CH3 S 2.4-0- Diacetyluraci H H H 3 S Hypoxanthine HH H CH3 S
2,4-0- Diace¥frgrhfsehait Hacsid s Thymine; #d4yH CH3 S Cytlsine HOMH CH3 S 4-(\\-mono
acetyl)CytoSGhsphate acetyl acetyl H NH;

diphosphate acetyl acetyl H NH-cyclopropyl

diphosphate acetyl acetyl H OH

triphosphate acetyl acetyl H NHz

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,

(X
wherein:
R? R’ R’ R® X | Base
H H CH, 0 | 24-0-
Diacetyluracil
H H CH; O | Hypoxanthine
H H CH; O |2,4-0-
Diacetylthymine
H H CH, O  Thymine
H qH CH; O | Cytosine
H H CH; O | 4-(N-mono-
_ acetyl)cytosine
H H CH; O | 4-(N,N-
diacetyl)cytosine
H H CH; O | Uracil
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HHH CH3.S 4-(N,N- diacetyl)cytosine H HH CH3 S Uracil HH H CH3 S 5-Fluorouracil
monophosphate H H CH3 O 2,4-0- Diacetyluracil monophosphate H H CH3 0 Hypoxanthine
monophosphate H H CH3 0 2,4-0- Diacetylthym monophosphate H H CH3 0 Thymine

hosphate H H CH3 0O 4-(N-mono acetylcytosine

monophosphate-H |-| CH3 0 Cytosine _monao
monophosphate I-RH CH30 4BfN N- dlacetyl)cgfosme monophdkphate H K Cl-m&Uracn
monophosghate H'H CH3 O yyFuorouracit nophosphate HCH3-S2:4-0 Tbm .u.qr..
monophosphate-H H CH-3 Hypoxanthine ménophosphate H I—Fg?—B S 2,?40 Slclce?y 133
R R X Bass I'f[nonophos.phat H CH3 S Thyfine monophosplifite H H EHR2#@yosine
monophosphate H H CH3 Sj4-(N-mono acetyl)cytosine mon()phosphatJa H I-_é g’fl sN N-
H H CH; S | Hypoxanthine
H H H CH; S | 2,4-0-
Diacetylthymine
H H H CH; Thymine
H H H CHs Cytosine
H H H CH; 4-(N-mono-
acetyDcytosine
H H H CH; S | 4-(N,N-
diacetyl)cytosine
H H H CH; Uracil
H H H CH; 5-Fluorouracil
monophosphate | H H CH; O |24-0-

' Diacetyhuracil
monophosphate | H H CH; O | Hypoxanthine
monophosphate | H H CHs O |24-0-

Diacetylthym
monophosphate | H H CH; O | Thymine
monophosphate | H H CH; O | Cytosine
monophosphate | 1 H CH; O | 4-(N-mono-

acetyl)cytosine
monophosphate | H H CH; O | 4-(NN-

' diacetyl)cytosine
monophosphate | H H CH, O | Uracil
monophosphate | H H CHs O | 5-Fluorouracil
monophosphate | H H CH; S |24-0-

Diacetyluracil
monophosphate | H H CH; 'S | Hypoxanthine
monophosphate | H H CHs S 1 2,4-0-

Diacetylthym
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diphosphate H H -CH-3 2,440 Diacetyluracil diphosphate HH CH3 0 Hypoxanthine diphosphate H H
CH3 O 2,4-0 Diacetylthymine diphosphate HH CH3 0 Thymine dip hosphate H H CH3 O Cytosine
diphosphate H H CH3 0 4-(N-mono- acetyl)cytosine diphosphate H H CH3 O 4-(N,N- diacetyl)cytosine

Jof O el

LL 1l LI N

o

roaranl

= FN
T

ackhbata L CL

3-$ 2,4-0

m
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diphosphat HHRHS OO Ardiphosphatetit CH3-6-5-Huerguract- i \g%;suu, H-H-G
Diacetyluracil diphosphate CHS3 S Hypoxanthine diphogphate H -jCH3 %0 Diacetylthy
diphosphatEkp R B, .'*Fine,ﬁfp'zo,???ﬁéﬁ12&32%@5*2‘1EEELE’E*,P,?”&5§%§B;3‘=*;QCH“3H o0
2D ’IiCOG_t)[/)IEJ;C etvﬁ%ﬁ%y ﬁ%l%h Jg)r;';g I-—-IOHUCHH 5 A‘?H;r:; ilnce *t‘;i_r;) ;S“Hih\a?eul-r i ¢A3B EStosine
. triphosphatendi¢bBidts-(Ndmono acetyl)qykbsine CH, S | 4-(N-mono-
acetyl)cytosine
monophosphate | H H CHs S | 4-(N,N-
diacetyl)cytosine
monophosphate | H H CH; Uracil
monophosphate | H H CH; 5-Fluorouracil
diphosphate H H CH; 2,4-0-
Diacetyluracil
diphosphate H H CH; O | Hypoxanthine
diphosphate H H CH; 0 |24-0-
Diacetylthymine
diphosphate H H CH; O | Thymine
diphosphate H H CH; O | Cytosine
diphosphate H H CH; O | 4-(N-mono-
acetyljcytosine
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 CHs S |24-0-
' Diacetyluraci}
diphosphate H H CH; Hypoxanthine
diphosphate H H CH; S [2,4-0-
Diacetylthym
diphosphate H H CH, S | Thymine
diphosphate H H CH; S | Cytosine
triphosphate H H CH; 2,4-0-
Diacetyluracit
triphosphate H H CH; O | Hypoxanthine
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trip;hosphate H H CH3 0 4-(N,N- diacetyl)cytosine iriphosphate H H CH3 0 Uracil triphosphate H H
CH3 0 5-Fluorouraccil triphosphate H H CH3 S 2,4-0 Diacetyluracil triphosphate H H CH3 S
Hypoxanthine triphosphate H H CH3 S 2,4-0 Diacetylthymine triphosphate H H CH3 S Thymine

triphosphate H HRIH3'S Cyffiggine monophggphate monophgspétate mangphgspiate- €F3-6-2:4-0
Diacetylurgcil-menophosphate monophosphate mongphosphate CF3 0 I%/Doxanthine
monophospFREI S phospHate monophodpgate CF3 O 2,4-GBiacety|thymidd-@ronophosphate
monophosphate monophosphate CF3 0 Thymine monophosphate morjopho 1&&?}_@ono hogphate
CF3 0 Cytasine—-monophasphate manophogphate mopophosphate CF3 0 4 (%)-mo 0 ace y?)cytosine
monophos Jﬂ'éﬂgqsri’é’ﬁ%?phospﬁate monophogphate CF3 0 4-(N,(N‘13diacety‘1)cytﬁ‘biymimonophosghate
monophos Jﬁ@éﬁdmg%onospgate CF370 Uragjj monophosphe glUllUWWﬁte CF3
O 5-Fluoropracil-monophosphate monophosphate monophosphate CF3 S 2,4+ Sl%lcetyluracil 135 1t
R Ii R X BaS&8PARSABHROosphdde monophosphdte monophosph&B:CF3 S Blypdx@itiminm-
monophosphate monophosphate monophogphate CF3 S 2,40 Diacetylthymi hosphate
monophosphate-mongphosphate CE3 S Thymine Qgetm%g}%%me

triphosphate H H CH; O | 4-(N,N-

' diacetyDcytosine

triphosphate H H CH; O | Uracil

triphosphate H H CHz O | 5-Fluorouracil

triphosphate H H CH; S |2,40-

| Diacetyluracil

triphosphate H H CH; S | Hypoxanthine

‘triphosphate H H CH; S 12,4-0-

Diacetylthymine
triphosphate H H CH; S | Thymine
triphosphate H H CH3 S § Cytosine
monophosphate | monophosphate | monophosphate | CF; 2,4-0-

Diacetyluracil
monophosphate | monophosphate | monophosphate | CFs O | Hypoxanthine
monophosphate | monophosphate | monophosphate | CF; o |24-0-

‘ Diacetylthymine
monophosphate | monophosphate | monophosphate | CF; O | Thymine
monophosphate | monophosphate | monophosphate | CF; O | Cytosine
monophosphate | monophosphate | monophosphate | CF; 0O | 4-(N-mono-

" acetyl)cytosine
monophosphate | monophosphate | monophosphate | CF; O | 4«(N,N-

diacetyhcytosine
monophosphate | monophosphate | monophosphate | CF, O | Uracil
monophosphate | monophosphate | monophosphate | CF; O | 5-Fluorouracil
monophosphate | monophosphate | monophosphate | CF, S 12,4-0-

Diacetyluracil
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monophosphate moﬁophosphate monophosphate CF3 S Cytosine monophosphate monophosphate
monophosphate CF3 S 4-(N-mono acetyl)cytosine monophosphate monophosphate monophosphate
CF3 S 4-(N,N- diacetyl)cytosine monophosphate monophosphate monophosphate CF3 S Uracil

monophosphate gonophogpRAte Monophos 2 rouraci| aCegLacetylracetyI'CF3 0
4-(N,N diacetyl)cytosine _acetyl acetyl acetyl CE3 .S 4-(NLN diacetyl)cytosing acetyl acetyl acefyl
“ 2-bromo- 0 BYRERROMmY i EgNeRheERhatca tapnapkegphEst) Sromo-| S 4 |(Rimwimyihine
diacetyl)CYIQRRG, Eb S At P sp i %ﬁ?% DR RiF CH3 3§-L -acepy! guanme H H H
CH3 0 8-fluoroguanine H H H CH3 0'guanihe H H H CH3 0 p-(N,N-diacetyl)- adenme HHHCH3O0
2-fluoroadenine HH H CHB 0 8-fluoroadenine H HH CH3 ( 2,8-difluojo ad 30
adenine 168 & Jhd3pRBA I Hcsphate PRSPl | XA e S | Thymine
monophosphate | monophosphate | monophosphate | CFs S | Cytosine
monophosphate | monophosphate | monophosphate | CF3 S | 4-(N-mono-
acetylcytosine
monophosphate ; monophosphate | monophosphate | CFs S | 4-(N,N-
diacetyl)cytosine
inonophosphate | monophosphate | monophosphate | CF; S | Uracil
monophosphate | monophosphate | monophosphate | CFs S | 5-Fluorouracil
acetyl acetyl acetyl CF; 0O | 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- | S | 4-(N,N- _
vinyl diacetyl)cytosine
H H H CH; 0O | 2-(N, N—chacetyl)
guanine
H H H CH; 0 | 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 CH, O | 2-fluoroadenine
H H H CH; O | 8-flnoroadenine
H H H CH; 0 | 2,8-difluoro-
adenine
H H | H CH; O | adenine
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H HH CH3 S 6-0-acetyl guanine HH HCH3S 8-fluoroguanine HH H CH3 S guanine HHH CH3 S
6-(N,N-diacetyl)- adenine HH H CH3 S 2-fluoroadenine HH H CH3 S 8-fluoroadenine HH H CH3 S
2,8-difluoro adenine H HH CH3 S adenine monophosphate H H CH3 0 2-(N,N-diacetyl) guanine

monophosphate HkH CH3 0 &-acetyl guarjigg monophosphage H H CHg U ggfligoroguanine
monophosphate-H-+=-CH3-0-guanine-monophosphate H H CH3 O 6-(N N-diacetyl) adepine
monophosy fhte H H CH3 Q E‘ﬁ:‘oroadenine ﬁlonophosphatﬁafl:ﬁal -CH,|® 8;fl:ONeddntsyD)-
monophosphate H H CH3 O 2,8-dif|uqro adepine monophosphate HHCH3 %ﬁ%ﬂj{ne .
monophosphaateH-H-CH3-S-2-(N, N-diacety!) nine.monaphosphate H H CH3 S 6-0-acetyl_iguanine
monophosphate H H CH3 ﬁ Iét-fluoroguanine%lf;r;ophosphat';‘(FHIH CH3|§ guérfihacedt IP It RIR X
Base | guanine
H H H CH; S 1 8-fluorognanine
H H H CH; S T guanine:
H H H CH; S| 6-(N,N-diacetyl)-
adenine
H H H CH; S | 2-fluoroadenine
H H : H CH; 8 | 8-fluoroadenine
H H ' H CH, S | 2,8-difluoro-
adenine
H H H CH; S | adenine
monophosphate | H H CH; O | 2-(N,N-diacetyl)-
guanine
monophosphate | H ' H CH; O | 6-O-acetyl
_ guaning
monophosphate | H H CH; O | 8-fluoroguanine
monophosphate | H H CH; O | guanine
monophosphate | H H CH; O | 6-(N,N-diacetyl)-
' adenine
monophosphate | H H CH; O ' 2-fluoroadenine
monophosphate | H H CH; O | 8-fluoroadenine
monophosphate | H H CHz O | 2,8-difluoro-
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
monophosphate | H H CH; § | 8-fluoroguanine
monophosphate | H H CH; S | guanine
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. monophosphate H H CH3 S 6-(N,N-diacetyl) adenine monophosphate H H CH3 S 2-fluoroadenine
monophosphate H H CH3 S 8-fluoroadenine monophosphate H H CH3 S 2,8-difluoro adenine

monophosphate H H CH3 S adenine diphosphate HH CH3 0 2-(N,N-diacetyl) guanine diphosphate
HHCH3Q 6-O-ambtyl guanife diphosphat_eﬁf'H CH30 8-f|u_qté)guan|nfxd biasehate H HCH3 0
guanine dphesphate-H-H-CH3-0-6-(N-N-diacety) adgnme_dﬁ%sphat HH CH3 0 2-fluoroadenine
diphospha1erqqquéﬁgkﬁ%-f{rﬁ%roadenine dip?[n%sphate HHQ 2,8-&%0r<§%’rﬁ@°&?§905phate H
H CH3 0 agenine diphosphate H H CH3 S 2-(NT,N-diacetyl] guanine diphosgBate:H H CH3 $
6-0-acetyl rguanine-diphosphate-H-H-GH3-§-8-fluoreguaning -diphosphate B H CH3.S.guaning
diphospha é'qqqqp ﬁgﬁgt%_ I@,(N-diacetyl) adleﬁine diphospha H CHPs pnflupsensisning
diphosphateddidpfidighat8-fleproadenine dipiosphate H H Ghdgis 2,8-diJudre-adsiii@nine
monophosphate | H H CH; S | 2,8-difluoro-~ |
adenine
monophosphate | H H CH; S | adenine
diphosphate H H CH; 2-(N,N-diacetyl)-
guanine
diphosphate H H CH; . O | 6-O-acetyl
guanine
diphosphate H H CH; O | 8-fluoroguanine
diphosphate | H H CH; 0 | guamine
diphosphate H H CH, O | 6-(N,N-diacetyl)-
adenine
diphosphate H H CH;, 1O | 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, 8-fluoroguanine
diphosphate H H CH; guanine
diphosphate H H CH; 6-(N,N-diacetyl)-
adenine
diphosphate H H CH; 2-fluoroadenine
diphosphate H H CH, 8-flnoroadenine
dipbosphate H H CH, 2,8-difluoro-
adenjne
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138 R12 R R X Base diphosphate HH CH3 S adenine triphosphate H H CH30 2-(N,N-diacetyl)
guanine triphosphate H H CH3 O 6-0-acetyl guanine triphosphate H H CH3 0 8-fluoroguanine

triphosphate H H CH3 0 guanine _triphosphate H H CH3 0 6-(N,N-diacetyl) adenine _triphosphate H H
CH3 0 2-flyoroadBine triph Béphate H H CHRO 8-fluoroadehiRé trlphosﬁhatﬁﬂd—l CH302 8-d|ﬂuoro
adenine troosHt T HECH3 02 (N N=digeetyh=—guanire-tfiphpsphate i ". 13 S 6-0-acety
guanine triphosphate H H CH3 S 8-fluoroguanine _triphosphaté I HCH3S guanlne triphosphate H H
CH3 S 6- (NNP@I@@@WQ adenihe triphosphatdH H CH3 S 2-flUgifigadenin® triphd§phdtscttv-CH3 S
8-fluoroadenine triphosphate H H CH3 S 2,8-difluoro H H CH3 adgnine triphos haée S adenine
monophosphate monophosphate monophogphate CF3 0 2-(N,N-diacetyl) gdanine monophosphate
monophosphatbospbatsphospHate CF3 0 6-0tdtetyl guanine | CHs O | 6-O-acetyl
guanine
triphosphate H H CH; O | 8-fluoroguanine
iriphosphate | H iz, CHs O | guanine
triphosphate H H CH;s O | 6-(N,N-diacetyl)-
| adenine
triphosphate H H CH; O | 2-fluoroadenine
triphosphate H H CH; O | 8-fluorocadenine
triphosphate H H CH; O | 2,8-diflucro-
adenine
triphosphate H H CH; O | 2-(N,N-diacetyl)-
guanine
triphosphate H H CH; S | 6-O-acetyl
. guanine
triphosphate H H CH; 8-fluoroguanine
{riphosphate H H CHa guanine
{riphosphate H H CH; 6-(N,N-diacetyl)-
' adenine
triphosphate H H CH, S | 2-fluoroadenine
triphosphate H H CH; 8-fluoroadenine
triphosphate H H CH; 2,8-difluoro-
adenine
triphosphate H H CH; S | adenine
monophosphate | monophosphate | monophosphate | CFs 2-(N N-diacetyl)-
' guanine
monophosphate | monophosphate | monophosphate | CFs 0O | 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CFy O ; 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CFa O | guanine
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monophosphate monophosphate monophosphate CF3 0'8-fluoroguanine monophosphate
monophosphate monophosphate CF3 0 guanine 139 R R R X Base monophosphate monophosphate
monophosphate CF3 O 6-(N,N-diacetyl) adenine monophosphate monophosphate monophosphate

Alternatively, the following nucleosides of Formula XI are prepared, using the

appropriate sugar and pyrimidine or purine bases.
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CF3 0 2- fluoroadg{’hne morigghosphate mong@nosphate TmoyTy 3 = e
monophosphate-monophosphate monophosphate CE3 O 2.8+difluoro adéning monophosphate
monophosy A% Wﬁéﬁ@sp%@%@@%e hiRenenbespbiats gHalle mongphospHAIgRdbempfipsphate
'CF3 S 2-(N,N-diacetyl) guanine monophosphate monophosphate mongphos gﬁ%aeCFS S 6-0-acetyl
guanine magrephosphate.monophasphate. mpnophosphate CE3 S 8-fluoroguanine _monophosphate
monophosy ﬁ%‘f’é‘%ﬁ’ﬁ?ﬁﬁ@spﬁ%‘%@"@mﬁﬁ ripengpleepatespidie mongShospifateroadamiphosphate
CF3 S 6-(N, NstissRé¥praer INRnBReRAS NNALE LAY aospf 13[0]8]0]9:4190}3 i_lﬁ‘te-ch?-S'——
2-fluoroadenine—menophaspbhate monaphaos hatpé?nor%hos a%e CE3 ?8-]‘%0?1005 %n?ﬁjene
monophospl’i%‘?@%?@éﬁ@spﬁ&%@ BspAwropiogriates. diffisoro ad e@inleZ,Bﬁ»difb,cdmsphate
monophosphate monophosphate CF3 S adgnine acetyl acetyl acetyl CF3 O g nlne acetyl agetyl
acetyl CF3|S-guanine—-acetyl acetyl acetyl 2dbromo- 0 guaning. vinyl acetyl acetv]iuncetyl 2-bromo- S
guanine vip§ioAT m@q?ﬂmm@tﬁuc@@%ﬁ@é@sﬁhﬁérm@% Xf are Srepafdetingsing the
appropriate suaRbBosRMENdBRBhePHBE D388 Rophosphate | CF5 | S 2-(N,N-diacetyl)-
guanine
monophosphate | monophosphate | monophosphate | CF; S | 6-C-acetyl
guanine
monophosphate | monophosphate | monophosphate | CF, S | 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CF, guanine _
monophosphate | monophosphate | monophosphate | CP; S | 6-(N,N-diacetyl)-
adenine
monophosphate | monophosphate | monophosphate CF; S 2~§uoroademne
monophosphate | monophosphate | monophosphate | CF, 8-fluoroadenine
monophosphate | monophosphate | monophosphate | CFs S | 2,8-difluoro-
' adenine
monophosphate | monophosphate | monophosphate | CF; S | adenine
acetyl acetyl acetyl CPs O | guanine
acetyl acetyl acetyl CF; S | guanine
acetyl acetyl acetyl 2-bromo- | O | guanine
vinyl
acetyl acetyl acetyl 2-bromo- | S | guanine
vinyl



140 RIO Base R6 X. ORZ R7 wherein: R"RZR R X Base HH H CH3 0 2,4-0-Diacetyluracil HH H
CH3 0 Hypoxanthine H H H CH3 0 2,4-0-Diacetylthymine HH H CH3 0 Thymine HHH CH3 0
Cytosine H H H CH3 0 4-(N-mono- acetyl)cytosine H H H CH3 0 4-(NN-diac¢etyl)cytosine HH H CH3
0 Uracil H H H CH3 0 5-Fluorouracil HH Rt GH3 S 2,4-0-Digestyluracil H H H CH3 S Hypoxanthine H
H H CH3 S 2,4-0-Diacetylthymine HH H CH Thymine HiH H CH3 S Cytosine HH H CH3 S
4-(N-mono-acetyl)cytosin HH H CH3 S 4-(N,N-fi

5-Fluorouracil CH3 monophosphate H H CH3 0}.2:4

jtyluracil monophosphate HH CH3 0
¥ymine 141 RR R 12 X Base

OR* R’
[e:)

wherein:

R R R’ R X Base
H H H CHs O 2,4-0-Diacetyluracil
H H H CH; 0 Hypoxanthine
H q H | CH 0 | 2,4-0-Diacetylthymine
H H H CH; 0O Thymine
H H H CH; O Cytosine
H H H CH; O 4-(N-mono-

acetyl)cytosine
H H H CH; 0 4-(NN-diacetyl)cytosine
H H H CH, O Uracil
H H H | CH; 0 5-Fluorouracil
H H H CHj S 2,4-O-Diacetyluracil
H H H CH; S Hypoxanthine
H H . H CH, S 2,4-O-Diacetylthymine
H H H CH; S Thymine
H H H CHy S Cytosine
H H H CH;, S 4-(N-mono-acetyl)cytosin
H H H CH; S 4-(N,N-diacetyl)cytosine
i " " | CH 5[ Oracl
H H H CHs S 5-Fluorouracil
CH;

.monophosphatc H H CHs O 2,4-O-Diacetyluracil
monophosphate | H H CHs O Hypoxanthine
monophosphate | H H CH; O 2,4-0O-Diacetylthymine
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monophosphate H H CH3 0.Thymine monophosphate H H CH3 Q Cytosine monophosphate H H
CH3 0 4-(N-mono acetyl)cytosine monophosphate H H CH3 0 4-(NN-diacetyl)cytosine
monophosphate H H CH3 O Uracil monophosphate H H CH3 O 5-Fluorouracil monophosphate H H

m-anaonbacn

HH.C

GH3 S

)
IIIII

CH3 S 2,4-0-Diacg#yluracil ppgnopho H G SHypox P HRonophosphate-HH
2,4-0-Diacetythymine monpphosphate H HICH3 S Thymine monophos%?late H H CH3 S Cytosine
monophos{ HE9BRhqsEHats S #L(N-mono acetylicytostié monoghdsphhi@hihih€H3 S
4-(NN-diacetlgy arpongphosphate H HEHS $raci-mongphosphiate-H-H-EH-3-5-Fuerguracil
diphosphate-H-H CH3 0.2 4t0-Diacetylurac _diphosp ate HH QH3 0 OX&hthine diphosphate H H
CH-3Q 2,4 G’ﬁ}%@ﬁmﬁ%mg diphosphate [HiH CHGH Thymined diph @sﬁﬁmﬂdﬂ CH3 0 Cytasine
diphosphate H H CH3 0 4-(N-mono acetyl)cytosing diphosphate H H|C 2 % NN- dlacetyl)cytosine
diphosphate-H-H-CH3.0.Urgcil diphaosphate H H CiH3 O 5-Fluorouraci (ﬁ)ﬁ SOREYEH H --CH-3
2,4-0-DiacetjiaraeiotsBRsspRate H H CH3 $ Hypox&hthine -dipfﬁbsr)hafte@%’r@drd&ﬁ)cywsine
2,4-0- Dlacetﬂmgh@m%sp fate HHCH3 ST hy lwf_ﬁ 142 0 Uracil
monophosphate | H H CH; 0 5-Fluorouracil
monophosphate | H H CH; S |2,4-0O-Diacetyluracil
monophosphate | H H CH, S Hypoxanthine
monophosphate | H H CH; S 2,4-O-Diacetylthymine
monophosphate | H H CH; S Thymine
monophosphate | 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 CH; S 5-Fluorouracil
diphosphate H H CH; 0 2,4-O-Diacetylurac
diphosphate H H CHs 0 Hypoxanthine
 diphosphate H H CH;, O 2,4-O-Diacetyithymine
diphosphate H H CH; 0 Thymine
diphosphate H H CH, O Cytosine
diphosphate H H CHs O 4-(N-mono-
acetyl}cytosine
diphosphate H H CHj O 4-(N,N-diacetyl)cytosine
diphosphate H H CH; 0O Uracil
diphosphate H H CH; 0 5-Fluorouracil
diphosphate H H CH, S 2,4-O-Diacetyluracil
diphosphate H H CH; S Hypoxanthine
diphosphate H H CH; S 2,4-0-Diacetyithym
diphosphate H H CHs S Thymine
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R RRR X Base diphosphate HH CH3 S Cytosine triphosphate H H CI_—|3 0 2,4-0-Diace¥yluraci|
triphosphate H H CH3 0 Hypoxanthine triphosphate H H CH3 0 2,4-0-Diacetylthynvne triphosphate H
H CH3 O Thymine triphosphate H H CH3 0 Cytosine triphosphate H H CH3 0 4-(N-mono

Ll /11N

NID s

..nnhll\mlfnc frmhncnh::fn HH

CH3.0 Uracil

(&)

3?;%2%2{ nm: Jgﬂgsgn;u; |uo:(|)u;2;|ut:$ﬁ;f§§ﬁz;§4 H CI-13 § OBB’Fécetyluracn triphospl
H CHS S HydoResthste tippiisphate H H CIIES 2 “C?fﬂf‘ffypfﬁﬁﬂhﬂf‘iﬁi?f?f CEag.
;,Z,)i)(()r-llligji(:lcntlylurac- H?nolr_llolg %fslgh\;t:y;obr;lg;h sph tg}ér CF3 Qypo Mh%@i%ﬁ@mbﬁﬁ@éphate
B O e T G oS Ta eOnor PYBBRIRIERET CT3 0 T
z?s?rggﬂz rtﬁé% vt%eglrllzb m}gr:;;r;ozgl\ﬁ)a\;ev r_T;p i%%bhate Br Q - @Mﬂlmﬁéw@%sm
monophospﬁ@ﬂiqmimmhos pHate Br CF3 0 UEcil mganphosph A ae Brcr30
5-Fluorouragit fm na hosphate-monophesphate-Bi-GE3-S-2.4-D-Diacetyluracil_monophosphat
monophos ha?e CF3 S Hypoxanthine mg H)phc ggﬁhte mor O(Bhos hatesiiecr3 s .
2,4-0-Diacetiighpsphae monloo;phate moqdﬁhos ptae Br CFBG ThymmeHeRiophosphiate
monophosphate Br CF3 S Cytosine | acetyl)cytosine

triphosphate H H CH, O 4-(N,N-diacetyl)cytos

triphosphate H H CH; O Uracil

triphosphate H H CHa O 5-Fluorouracil

triphosphate H H CH; S 2,4-O-Diacetyluracil

triphosphate H H CH; S Hypoxanthine

triphosphate H H CH, S 2,4-O-Diacetylthym

triphosphate | H H | CH, S | Thymine

triphosphate H H CH; S Cytosine

monophosphate | monophosphate | Br | CF; O 2,4-O-Diacetyluracil

monophosphate | monophosphate | Br CF; 0] Hypoxanthine

monophosphate | monophosphate | Br CF; 0O 2,4-O-Diacetylthymine

monophosphate | monophosphate | Br CF, 0 Thymine

monophosphate | monophosphate | Br CF, O Cytosine

monophosphate | monophosphate | Br CF4 O 4-(N-mono-

acetyl)eytosine

monophosphate | monophosphate | Br CF; 0 4-(N,N-diacetyl)cytosine

monophosphate | monophosphate | Br CF; 0O Uracil

monophosphate | monophosphate | Br CF; O 5-Fluorouracil

monophosphate | monophosphate | Br CFs S 2,4-O-Diacetyluracil

monophosphate | monophosphate | Br CF; S Hypoxanthine

monophosphate | monophosphate | Br CF, S 2,4-O-Diacetylthymine

monophosphate monophosphate | Br CF; S Thymine

monophosphate | monophosphate | Br CFs S Cytosine
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1431 RRRR X Base monophosphate mgnophosphate Br CF3 S 4-(N-mono- acetyl)cytosine
monophosphate monophosphate Br CF3 S 4-(NN-diacetyl)cytos monophosphate monophosphate Br
CF3 S Uracil monophosphate monophosphate Br CF3 S 5-Fluorouracil acetyl acetyl NO2 CF3 0

 4-(N,N-diagetyl)crdsine adegfl acetyl NO2 Cid'S #N,N-diacatyl)cytDgipa acetyl acetyl NOZ

4-(N,N-dia(xe%y%%ﬂ%?a~aeet#aeetylmnbrom h- S 4-(N,N-diacetylcytosine- vinyl Alternati
following nu&f& POPEoARORICERBA e b B ed, Lg?ﬁg the a:p%ropr UHRAnd pyrimidine
purine bases. R'O Base X |Rb 5 (XIi) whergin: RI R X Base H/CH3 0 Zedt{ifeN luracil H C|
Hypoxanth Ae | | \.n |3 0.2 A0-Diacatvithuymina H ("l—lg 0 Th\/ml he H (‘Hg a) (‘\/tr?cinn |—| PHQ Q
4-(N-monot&tEidH %Bg%% W@@?@%@% @50ety§gyt03|ne ScH3| Ry EIor
144 1L ig X| Bes®phosphate | monophosphate | Br | CF; S Uracil

monophosphate | monophosphate | Br | CF; S 5-Fluorouracil

acetyl acetyl NO2Z | CF; O 4~(N,N-diacetyl}cytosine

acetyl acetyl NO2 | CF; S 4-(N,N-diacetyl)cytosine

acetyl acetyl NO2 | CF, 0 4-(N,N-diacetyl)cytosine

acetyl acetyl NO2 | 2-bromo-~ | S 4-(N,N-diacetyD)cytosine

vinyl

Aliernatively, the following nucleosides of Formula XII are prepared, using the

appropriate sugar and pyrimidine or purine bases.

R'O Base
X
R&
5 (XH)
wherein:
R R® X | Base
H CH;s 0 2,4-0O-Diacetyluracil
H CH; O Hypoxanthine
H CH; 0 2,4-O-Diacetylthymine
H CH; O Thymine
H CHj O Cytosine
H CH; 0 4-(N-mono-acetyl)cytosine
H CHs O 4-(N,N-diacetyl)cytosine
H CH;4 O Uracil
H CH; O 5-Fiuorouracil
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HCH3S 2,4-O-If)iacetyluracil H CH3 S Hypoxanthine H CH3 S 2,4-0-Diacetylthymine 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

bhate CH3 0 Thymine
osine

monophosphate CH3

H3 S Hypoxanthine

H3.S Thyming monophosphate CH3

CH3 S

5-Fluorouracil
osphate CH3 O

CH3 0 HypoxantHitie monopldsphate CH3 0| Z4-0-Diagetylthymine monophos
monophosphate-EH3-6-Cytpsine-monophesphate-CH-3-0-4-(N-mone-acetyljcy
monophosphate CH3 0 4-(N, &%iacetyl)cytoa md r?e%‘l%%ﬂ%\‘ité’%‘éﬂo Uracil
0 5-Fluorourdcil monophosplzs CH3 S 2,4-0Diacei@einmmanophosphate O
monophosphate-EH3-S-2,4-0-Riacetylthymine—mon ,
S Cytosine| monophosphate €HA3 S 4-(N-mor] csacety?;éiﬁ%gﬁé’emmsphate
4_—(N,N-diaq élyl)cytosine maroghosphate CH3sS Urawﬁﬁﬁﬁ@phosphatg CH3S
diphosphate-£H3-6-2,4-0-Bincepyuraci—diphosphate-CH3.0.Hypoxanthine diph|
2,4-0-Diac£%rlihym|ne diphg s%]%lte CH3 0 Thymine|f4%0sine _
H CH; S 4-(N-mono-acetyl)cytosine
H CHs S 4-(N,N-diacetyl)cytosine
H CH; S Uracil
H CH; S 5-Fluorouracil
monophosphate | CHj O 2,4-0-Diacetyluracil
monophosphate | CHs O Hypoxanthine
monophosphate | CH; O 2,4-0-Diacety1thﬁnﬁne |
monophosphate | CH, 0 Thymine
monophosphate | CHj O Cytosine
monophosphate | CHy 0 4-(N-mono-acetyl)cytosine
monophosphate | CHj 0 4-(N,N-diacetyl)cytosine
monophosphate | CHs O Uracil
monophosphate | CH; O S-Fluorouracil
monophosphate | CHs S| 2,4-O-Diacetyluracil
monophosphate | CHs S Hypoxanthine
monophosphate | CH; S 2,4-0-Diacetylthymine
monophosphate | CH; S Thymine
monophosphate | CHj S Cytosine
monophosphate | CHs S 4-(N-momno-acetyl)cytosine
monophosphate | CH; S 4-(N,N-diacetyl)cytosine
monophosphate | CHj S Uracil
monophosphate | CHj S 5-Fluorouracil
diphosphate CH; O 2,4-O-Diacetyluracil
diphosphate CH; O Hypoxanthine
diphosphate CHs O 2,4-O-Diacetylthymine
diphosphate CH; ) Thymine
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X Base diphosphate CH3 0 Cytosine diphosphate CH3 O_4-(N-mono-acetyl)cytosine diphosphate
CH3 O 4-(NN-diacetyl)cytosine diphosphate CH3 O Uracil diphosphate CH3 O 5-Fluorouracil
diphosphate CH3 S 2,4-0-Diacetyluracil diphosphate CH3 S Hypoxanthine diphosphate CH3 S

e triphosphate CH3

1-O-Diacetylthyniine

bhate CH3 1 O Uracil
osphate CH3 S

hymine triphosphate
F3 0 Hypoxanthin
monophosphate

2.4-O-Diace e u;P“L shate-CH3-S-TFhvmine rhnhncnhnfn CH3.S (‘\/fnm
O 2,4-0-Didcetyluracii_triphosphate CH3 0 Hypoxan P‘Fﬁ?éetrlphosphate CH3 02,

triphosphatge (h}ih@s@h'ﬁtwmme lmmwoi;’)\t\ate CHO0 C/:yltgit?glﬂélphosphate CH3U
iphosphat BB uer BT Wiphospha C1 B SR Pkt
Hypoxanthinéiphmpb&phate €S 2,4 O-Diagetylthymine NopResRl)elethEs S |
CH3 S Cytggine: oo nophesphate-cF3-0-24-0-Diac 2Tl _
monophosph Xe P—%’l 2,4- O@‘gcetylthymlne onp bhate CF3 O Thyming
CF3 O Cytosiipbospbaiephospliie CF3 O 4-(N-mono-aCeRybraEesiiic

diphosphate CH; S 2,4-O-Diacetyluracil

diphosphate CH; S Hypoxanthine

diphosphate CH, S 2,4-0-Diacetylthymine

diphosphate CH; S Thymine

diphosphate CH, S Cytosine

triphosphate CH, O 2,4-O-Diacetyluracil

triphosphate CH; o Hypoxanthine

triphosphate CH; 0 2,4-0O-Diacetylthymine

triphosphate CH; G Thymine

triphosphate CH; O Cytosine

triphosphate CH; O 4-(N-mono-acetyl)cytosine

triphosphate CH; O 4-(N,N-diacetyl)cytosine

triphosphate CH; O Uracil

triphosphate CH; O S-Fluorouracil

triphosphate CH; S 2,4-0-Diacetyluracil

triphosphate CH; S Hypoxanthine |

triphosphate CH, S 2,4-O-Diacetylthymine

triphosphate CHj S Thymine

triphosphate CH; S Cytosine

monophosphate | CF, O 2,4-O;Diacetyluracil

monophosphate | CFy O Hypoxanthine

monophosphate | CF; O 2,4-O-Diacetylthymine

monophosphate | CF, 0O Thymine

monophosphate | CFs O Cytosine

monophosphate | CF; O 4-(N-mono-acetyl)cytosine

monophosphate | CF, O 4-(N,N-diacetyl)cytosine
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monophosphate CF3 O 4-(N,N-diacetyl)cytosine 146'R X Base monophosphatexCFB 0 Uracll
monophosphate CF3 0 5-Fluorouracil monophosphate CF3 S 2,4- 0- Diacetyluracil monophosphate
CF3 S Hypoxanthine monophosphate CF3 S 2,4-O-Diacetylthymine monophosphate CF3 S Thymine

ine monophosphate
F3 S 5-Fluorouracil

etyl 2-bromo-vinyl 0

tosineAtternatively, the following

midine or purlne

) 2,4-0-Diacetyluracil
NHAc Me HCH3 HO

monophosphate GF3™S Cytgsjie monophospngte L,l—g'fa" A=(N-rmoro-acetytjcyto
CF3 S 4-(NN-diacetyl)cytosine monophosphate CE3 S Uracil monophosphate C
acetyl CF3|0etrehpsbatety ) &Rosine acetyl £P3 S AUNgl-diacetyl)cytosine ac
4-(N,N-diagghy t@CeRg-Dromo-vinylr g, 4-(N. 1 nuney
nucleosides_of Earmuila XVIliare or@nared using the grlfri){r%(%snate sugar and pyri
bases. RIO| B¥serhgsphee x ROAR7 5 (XVII) whrein| R4RORDisBeisbiRd CH3 H |
NHAc Me oh hb b DO FRmMe NH2 Re iy CHY A e s '
Thymine NH2 Me_ 147 Ft R ZiBaseRR '

monophosphate | CFs S | 2,4-O-Diacetylthymine

monophosphate | CF; S Thymine

monophosphate | CFs S Cytosine

monophosphate | CF; S 4-(N-mono-acetyl)cytosine

monophosphate | CF3 S 4-(N,N-diacetyl)cytosine

monophosphate | CFs S Uracil

monophosphate | CFy S 5-Fluorouracil

acetyl CF3 O 4-(N,N-diacetyl)cytosine

acetyl CFy S 4-(N,N-diacetyl)cytosine

acetyl 2-bromo-viny! O | 4-(N,N-diacetyl}cytosine

acetyl 2-bromo-vinyl S 4-(N,N-diacetyl)cytosine

Alternatively, the following nucleosides of Formula XVII are prepared, using the

appropriate sugar and pyrimidine or purine bases,

R'O Base
16 6
R/X\R
R’ R’
5 (XVID)
wherein:
R R® R [X [Base R’ R
H CH; i34 O 2,4-0O-Diacetyluracil NHAc | Me
" CH, H 0 Hypoxanthine NH2 | Me
H CH; H O 2,4-O-Diacetylthymine NHAc | Me
H CH; H O Thymine NH2 | Me
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H CH3 H 0 Cytosine NH2 Me H CH, H 0 4-(N-mono-acetyl)cytosine'NHAc Me H CH3 H 0 N
4-(NN-diacetyl)cytosine NHAc Me H CH3 H 0 Uracil NH2 Me H CH3 H 0 5-Fluorouracil NH2 Me H
CH-3 2,4-0- Dlacetyluracn NHAc Me 7H- CH, H S Hypoxanthine NH2 Me H CH3 H S

2,4-0-Diac ; HCH3I ﬁﬁ} FhymingyH2-Me—+-EH3-H-S-Cytesing-NH2.Me H CH3
H S 4-(N-mano-acetyl)cytosine NHAc Me H CH3'H S F?RFN -diacetyl)cytosine Nl&c Mg RiCHBH S
Uracil NH2|Nfe H CH3 H S 5HgorouraciNH2| e moﬁgamnmohate CH3 H 0 2,4 tDacenfiracil
NHAc Me nophosphate €3 H O Hypexanthine-NH2-MI—-meoenephesphate-GH3-H- O
2,4-0-Diacdtyithymine NHA¢ Mé& monophosphat CH3W?}%7?‘?§ Rﬁ@%oﬁéﬁ\& gf&te CH-3
Cytosine NH2Z Me monopho:ﬁﬁﬁte CH43H O 4-ON-mbagratelihestdsnn A C Maronephosphate
CH3 H O 4-k 'N-u'icu.,c:ty:)byu HAY NHAEMe m(\r\nph cnhata ("I—IQ I—ID l Irqr‘|| NHR2. Me m'\nrmhr Sphate
CH3 H 0 54Fluorouracil NHZ Mé&* monophosphate CH ;f;qaglf& 4-0-Diacetyluracil Nﬁﬂ% I\/IreMe
monophosplhte CH3 H S Hy@Hxanthing MIH2 Me monyphesphaiaiICH3 H S 2,4{GsBracefyligymine
NHAc Me [emophosphate €i:3-H-S-FhymineriH2-Me—monaphosphate- CH3 H S Cytosine NH2 Me
monophosphate CH3 H S 4i(“Nmono-acetyl)c osinee%g%aéemﬂ‘fghosphatm mie
4-(NN-diacetl)cytosine NHACHAe monpHhosphiite CH3ybbgabitaed NH2 Me 1481RH R[%Ease R Rl
H CH, H S 2,4-O-Diacetylthymine NHAc | Me
H CH; H S Thymine NH2 |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 CH; H S Uracil NH2 | Me
H CH; H S 5-Fluorouracil NH2 | Me
monophosphate | CH; H ) 2,4-O-Diacetyluracil NHAc¢ | Me
monophosphate | CHj H O Hypoxanthine NH2 |Me
monophosphate | CH, H O 2,4-O-Diacetylthymine NHAc | Me
monophosphate | CHj H O Thymine NH2 |Me
monophosphate | CHj H O Cytosine NH2 | Me
monophosphate | CHj H O 4-(N-mono-acetylcytosine | NHAC | Me
monophosphate | CHs H O 4-(N,N-diacetyl)cytosine NHAc | Me
monophosphate | CH; H O Uracil NH2 |Me
monophosphate | CH, H 0O 5-Fluorouracil NH2 |Me
monophosphate | CHj iH S 2,4-O-Diacetyluracil NHAc | Me
monophosphate | CHj; H S Hypoxanthine NH2 |Me
monophosphate ;| CHj H S 2,4-O-Diacetylthymine NHAc | Me
monophosphate | CHj H S Thymine NH2 |Me
monophosphate | CHj H S Cytosine NH2 | Me
monophosphate | CHj H S 4-(N-mono-acetyl)cytosine | NHAc | Me
monophosphate | CHj H S 4-(N,N-diacetyl)cytosine NHAc | Me
monophosphate | CHj H S Uracil NH2 |Me
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monophosphate CH3 H S 5-Fluorouracil NH2 Me diphosphate CH3 H 0 2,4-0-Diacetyluracil NHAc Me
diphosphate CH3 H 0 Hypoxanthine NH2 Me diphosphate CH3 H 0 2,4-0- Dlacetylthymlne NH2 Me
diphosphate CH3 H 0 Thymine NH2 Me diphosphate CH3 H 0 Cytosine NH2 Me dlphosphate CH3H

0 4-(N-momo-acepA)CYToSINEgNHAT MeTgphosppate 0 Z-{N,N=diacetyt)cyt
diphosphate.CH3 H 0 Uracll NH? Me diphosphate CH3 H 0 5-Fluorouracil-NH2 Me diphosphate CH3
H S 2,4-0-DraceephasrtipH e diphdsBhate|SH3 H SHlyprewaanitine NH2 Me | aFbsgdie CH3 H S
2,4-0-Diac ’Bi RYIPIENHACME dipnospiiate (H3H S Ty His. Mg diphosSRRAE T3 TS
Cytosine Me triphosphate  CH3 H0 2 4-Q-Diacetyluracil NHAc Me triphosphate CH3 H 0
Hypoxanthﬁﬁ@k‘l‘?ﬁﬂﬂe tripf&Bphate CH3 H § ©,4- Orﬂ‘m@t@nﬂ?ﬁﬂne NHAc Me] Wighosphkte CH3 H
0 Thymine AAEPNOSARRATE CH3 TP Cytogine N5 NEy IR I CH3NEG ™
4-(N-monoktacetyljcytosine H%c Me_triphosphate CH3 H 0 41(N %-dlacetvl)cvt sine NHZ Me
triphosphateliehaniateUrac F2 Me tfiphosphBte CHERYRGIB-Fluorouracil NH2| WM& 2rip 1&@)hate CH3
H S 2,4-0- )&gﬁ%gﬁr&gn NRZHE TrpHOSTate i3 Hﬁ?@ Bﬁxamnlne NH2-MeTRiphospt FGH3HS
2,4-0-Diacetylthymine NH2|Me trmhos hate GH3 H hymine NH2 Me _triphosphate CH3 *H ‘
Cytosine NH2spisnophpShhate CF3H 0 2|490-Dinédlytmari-rreyiiztorionopNBLbhate F3 H 0
Hypoxanthing HgME 149 Cr, H |0 | 4-(N,N-diacetyl)cytos NHAc | Me
diphosphate CH; H 0 Uracil NH2 |Me
diphosphate CH; H O S-Fluorouracil NH2 |Me
diphosphate CH; H S 2.4-O-Diacetyluracil NH2Z |Me
diphosphate CH; H S Hypoxanthine NH2 |Me
diphosphate CH; 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 0 2,4-O-Diacetyluracil NHAc | Ms
triphosphate CH; H 0 Hypoxanthine _ NHAc | Me
triphosphate CH; H O 2,4-O-Diacetylthymine NHAc | Me
triphosphate CH; H O Thymine NH2 | Me
triphosphate CH, H 0] Cytosine NH2 | Me
triphosphate CH; H 0 4-(N-mono-acetyl)cytosine | NHAc | Me
triphosphate CH, H O 4-(N,N-diacetylcytosine NH2 | Me
triphosphate CH; H 0 Uracil NH2 |Me
triphosphate CHs H 0 5-Fluorouracil NHZ2 | Me
triphosphate CHs H S 2,4-O-Diacetyluracil NH2 |Me
triphosphate CHj; H S Hypoxanthine NH2 | Me
triphosphate CHs; H S 2,4-O-Diacetylthymine NH2 |Me
triphosphate CH; H S Thymine NH2 |Me
triphosphate CH; H 8 Cytosine NH2 | Me
monophosphate | CF, H 0 2,4-O-Diacetyluracil {NH2 |Me
monophosphate | CF, H 0] Hypoxanthine NH2 | Me
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It 6 R X Base R 12 monophosphate CF3 H 0 2,4-O-Diacetylthymine NTH2 Me monophosphate CF3 -
H O Thymine NH2 Me monophosphate CF3 H O Cytosine NH2 Me monophosphate CF3 H 0
4-(N-mono- acetyl)cytosme NH2 Me monophosphate CF3 H 0 4-(N,N- dlacetyl)cytosme NH2 Me

Linrarea

HIN N ]

11 AA
I NH2-Me

Vvl vl I I Y WO ol ol
| lC oo TTruJ T aoroo Gh

monophos Mate GRS H oY o |uap e gt %Mﬁﬂ,—
monophosphate CF3:H S 2i4-0-Diacetyjuracil NH2 Mg monophosphate CF3 H $ Hypoxahthing NH2
Me monoph@@ph@hemH SE;A 0-DigcHtylthyfiine NH2-Gkbimendplyatpbate GRFH S (Higmine NH2
Me monopfis ytosineH2-Me-mongphosphate-cF3-H-S4-(N-mense-acetyheytosine
NH2 Me rrlono% ate g I%FFI S 4-(NN-diace 8I)cytg%ﬁgjﬁ'ﬁ2 Me monophospm cE¥E sluracil
NH2 Me dnoptmhmphwc X S 5-FluBrouracl NH2Oweseetyl CH3 H O 4-(N,Ngdmcdtylsytosine H
Br acetyl OHSH-SA-(N-N-dhae LyI}byTU ire-H-Br-aeet-CHa-OH-0-4-{(N-N-diaceby r‘\lfng,l,n@_H_Br
acetyl CH3 Honiggf?f\#}ﬁ{ cet§/l)cytosme H Bi xanwéf@%%ﬁ?ﬁ%}?gf’%- ne"‘ulf’;/mh)%ﬁerqme
The title commnp@mhm @mred actiiding|t0 a pLiblghed direesdiesediit. NUNEIM.] M@klglson,
F.W. Holly, U Wa nched-chain SW@W Org.
Chem. 1968. %Ef 1%&55 ?Fg?:heme 9):150 $chem O0baBzOObe Eztﬁ% d be QCH3
O 0 0$ OH @Hﬁ@h@hﬁe\l HENRHBz | H O 5-Fluorouracil

monophosphate | CF, H S 2,4-O-Diacetyluracil NH2 | Me

monophosphate | CFs H S Hypoxanthine NH2 |Me

monophosphate | CF4 H S 2,4-O-Diacetylthymine NH2 |Me

monophosphate | CF; H S Thymine NH2 | Me

monophosphate | CF; H S Cytosine NH2 | Me

monophosphate | CF; H S 4-(N-monoc-acetyl)cytosine | NH2 | Me

monophosphate | CFs- H S 4-(N,N-diacetyl)cytosine NH2 |Me

monophosphate | CF;: H S Uracil NH2 | Me

monophosphate | CFs H S 5-Fluorouracil NH2 | Me

acetyl CH, H 0 4-(N,N-diacetyl)cytosine H Br

acetyl CH; H S 4-(N,N-diacetyl)cytosine H Br

acetyl CHs OH |O 4-(N,N-diacetyl)cytosine H Br

acetyl CH, OH |S 4-(N,N-diacetyl)cytosine H Br

5

Example 3: Preparation of 3°-C-methyiriboadenine

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. I, 3°-C-

methyladenine ”, J.Org. Chem. 1968, 33, 1789-1795) (Scheme 9).
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N\N NHOR 0gBzOR e,f Bz0 g OCH3 OH OH BzO BzO OBz OBz (a) RuO2 / Nal04; (b) McMgl /
TiC14; (c) HC1 / MeOH / H20; (d) BzC1 / pyridine; (e) AcBr, HBr / AcOH; (f)
chloromercuri-6-benzamidopurine; (g) NH3 / McOH. 5 In a similar manner, but using the appropriate
sugar and pyrimidine or purine bases, the followig,auglgosides of Formula Ill are prepared. Y NN N
N X~ RHO CH3 O ORS //0O77R33 \1"/ wheren:RRRXXY HHHHHH HHHHHNH2HHH

H H NH-cyclopr B H H H NH- | FhH H | H Nigethyk | H H H H NH-acetyl HHHHH
OH151RRR XX 1 ST OMe H OETP HH oyeepFopyt-t+H H H H O-acetyl
O?k s} O)k

HHHHH SH OH OH

R= CH3
NH2 NHBz
N N.
¢ r;j ¢ }j v
HO— R o BzO— R ¢, f BzO—p
~E TR0 <~ = O~ ... 0CH,
OH QH BzO BzO OBz OBz

(2) RuO; / NalOy; (b) MeMgl / TiCl; (c) HC1/ MeOH / H,0; (d) BzCl1/ pyridine; (e) AcBr,
HBr/ AcOH; (f) chloromercuri-6-benzamidopurine; (g) NHs / MeOH,

5 In a similar manner, but using the appropriate sugar and pyrimidine or purine bases,

the following nucleosides of Formula I are prepared.

Y

x‘——</N ] oy
P

Rlc

CH;
0
OrR? or®
(I
wherein: |
R R* - R X! X? Y

H H H H H H
53 7] 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 G H H NH-acetyl
H H H H H OH
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HHHHHSMe HHHHHSEtHHHHH S-cyclopropyl HHHHHFHHHHHCI HHHHHBr
HHHHHI monophosphate HH H H NH2 monophosphate H H H H NH-acetyl monophosphate H H
HH N.H-cyclopropyl monophosphate H H H H NH-methyl monophosphate H H H -H--ethyl

l mnnn’\thnhafp HHHHOMe

. monophospjgie HHH+H-OH-mprephosphate H-H-H-H-O-acetyl
monophosphate H H H H OBt monophosphate™™ HH H O-cycloﬁropyl rﬁonophé@phate HHHH
monophospﬁéte HHHH SM é{monophosphaqte{H H H H SEt mgnophogphate FogEl H S-cycio
monophospgtetHH-H-H-F—trerephosphate-H-H-H-H.Cl_monophosphate HH H H Br
monophosphate HH H H | mﬁmsphate H H HH NH2 152 R R|Al6 3 dipHosphaféfi H H H NH-3
diphosphat¢  H H H NH-cy¢Epropyl diphosphate H H H H NH-gmethyll i 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
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-ethy!
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 | 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
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diphosphate H H H H NH-ethyl diphosphate HHH H OH diphosphate H H H H O-acetyl diphosphate
HHHH OMe diphosphate HH H H OEt diphosphate HH H H O-cyclopropy! diphosphate HH H H

SH diphosphate HH H H SMe _t diphosphate H H H H Sp diphosphate H H H H S-cyclopropyl

diphosphat i H HF diphpgphate-HH-HH &l diphesphate-d-H-H-H-By,-diphosphate H HH H |
triphosphat¢ HH H H NH2 _ttiphosphate H H IH'H NH-acetyl tri D%SphcltgH H H¥ NH- -cyclopropyl
_tr_iphosphatediPFPFPHﬂEI!—I‘-metHyI triPh?sPr\?\te H rH“_I-+| Hnlr\‘IHnSE\thQtrlphogcphate F B
!t:ligzgzgrlgi;pr'm:)I—ifg)wallze;yﬁltl:;ﬁg:;];eﬂHj \I—J|T—| Sllﬁvhi\;lpzt)gh!;té r?{l—ll_ll—?h gﬁir‘g;’rf]i%gi@ﬁb’hate H
H H H SEt [tdgthesphatte H H{FIH S-cyclopropyHL153 8A A1 triphesphatefd H H HH-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 QEt
diphosphate H H H H O-cyclopropyl
diphosphate H H H H SH
diphosphate H H H H SMe
diphosphate H H 51 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-methy}
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
t;jiphosphatc 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-cyclopropyi
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triphosphate HH H H CI triphosphate H H H H Br triphosphate H H H H I m monophosphate
onophosphate monophosphate H H NH2 monophosphate monophosphate monophosphate H H

NH-cycIopropyI monophosphate monophosphate monophosphate H H OH monophosphate
hosphate manophosphate monophosphate H H Cl

monophosph p menephesphate-H-H-F—mon
diphosphate diphosphate dlpthphate HH NH? dlphosphate olﬁﬁﬁosph;a!ié1 dipho¥phate H H
NH-cyclopr )nylbhdmg&phate g¢phosphate diphgsphate i H OHgiphospiyate di
diphosphat¢-H-H-Fdishesphate-diphosphate diphasphate H HICI triphioSphate] triphosphate
triphosphate tF’|p‘l“—]loﬁﬁll|ﬁ%trlphos%hate trlphosph triphosphate HE¥ NH-c¥cloprdpyl triphosphate
triphosphatettijpicegpitate H HEOH triphosphafertriphosphate triposphiatg Ht-Fotriphosphate
triphosphate Lr.“hos“hate HHCIHHHEHNH2HHHFH NH-cyclopropyl H FHOHHHHF
HF HHH#J}E”E’ % 1 cIHINH2 H H H ¢l HINH-cyclopropy| I HHJEH OHHH HCIHF HHH
ClIH Cl H HitsbispHoMhar H iloBshbiiate/ClOREABYhokphate | 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 ]

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 triphosphate 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 I3 H OH

H H H F H F

H H H F H Cl

H H H 1 |H NH,

H H {H Cl1 H NH-cyclopropyl

H H H Cl H OH

H H H Cl H F

H H H Cl H Cl

H H H Br H NH;

H H H Br H NH-cyclopropyl
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XxRRxXxF HHHBrHOH HXxHBrHF HHHBrHClI HHHNH2HNH2HHHNH2 H

NH-cyclopropyl HHHNH2H6HHHHNH2HF HHHNH2HCI HHH SHHNH2HHH SHH
l-acetyl HH H x NH2 acetyl HHHH

NH-cyclopropyl HHHSHH --6HHHHSHHF HHH SHH -

HH
acetyl

NH-cyclopregyt-aeety-H-H-HH.OH acetyl H H HHE acetyl H H H HCl acetyl HHF HNH2 acetyl
H H F H NH-cYyclopropyl ace ﬁH HFH OH ac@tyl HHFHF é@tyl H|RXF H GIYH acetyl acetyl
NH2 H acetyitacetyl H H NHigyclopropyl H ag ac HacetyjacetyfgitFtacetyl
HH CI acewmummmmwmmﬂopw acétyl acetyl acetyl H H
OH H H Br H F

H H H Br H 1

1 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 = I 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 F H OH

acetyl H H F B 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 acetyl H H NH,

acetyl acetyl acetyl H H NH-cyclopropyl

acetyl acetyl acetyl H H 0351 '
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155 R R E4 X X y acetyl acetyl acetyl H H F -acetyl acetyl acetyl H H CI 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 rptvl H H NH-cyclopropyl dmhosohate acetyl acet | HH OH diphosphate
acetyl acety IBI HF dlphosphBte acetyl acetyl ®H Cl dphosph ' acetyl’facetyl A H NH2 triphogphate
a_u:_etyl acetylELFh NH-CyClop[oRylfphosphate [agetyi ecety HHi@Htipf I(Eaplldl ;EcetyfacetyFHﬂi F
tiphosphate_acetylacetylHHH Cl HHHHNH2 H HH H H NH2 NH2 H HH H NH2 NH-cyclopropyl H
HHHN --Hécﬁﬂ-methyl H H¢$® NH2 NH-ett#pet H H H NH2¥iH-acelyl HHEIHNH2 OHH HH H
NH2 OMe R SIAA OB TR F NH2 L-gé/&'sgpropyi HH I O=acetyl 5-| HHHHH-NHE SH

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 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 acetyl H H NH,

triphosphate acetyl acetyl H ' H 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 o H H NH, | NH-cyclopropyl

H H H H NH; | NH-methyt

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
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HHHHNH2 SMe HHHHNH2 SEt 156 RRZR X x HH H NH2 S-cyclopropyl HHHH NH2 FHH
HHNH2Ci HHHHNH2Br xHHHNH21 monophosphate HH H NH2 NH2 monophosphate H H
H NH2 NH-acetyl monophosphate HH H NH2 NH-cyclopropyl monophosphate HH H NH2

NH-methyl ragrephesphate H.H H.NH2 NH:ethyl monophasphate H H H NH2 OH_monophosphate H
H H NH2 O-&Retyl monophddbhate H H H NHROMe monophb&shate|XH H N&2 OEt
monophosplate H'H H'NHZ GzCyclopropyl mppgophosphate H NH ‘I?ﬁ'g MTORT di’d‘&'dﬁ%r’f t H,
NH2 SMe monophosphate H H H NH?2 SEt monophosphate H H H NIH2 S=cy¢lopropy
monophospﬁiate HH H NH2| monophosphdteH H H NH2 Cl{ Fionophb&bhatefH H H NH2 Br
monophosp@te H H H NHZ igiphiosphate H A NFHZ NHEZ diphosphatgy 2|—| -i_“HZ Nt=acetyt
diphosphate-H-H-H NH2 NH-cyclopropyl diphosphate H H H NH2 NH-methyl diphosphate H H H NH2
NH-ethyl | H | H H |NH, |Br
H H H H NH, |I
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, I!F
monophosphate | H H | H NH, |Ci |
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
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diphosphate HH H NH2 OH diphosphate H H H NH2 O-acetyl diphosphate HHH NH2 OMe 157 R
diphosphate H H H NH2 OEt diphosphate H H H NH2 O-cyclopropyl diphosphate HH H NH2 SH
diphosphate H H H NH2 SMe diphosphate H H H NH2 SEt diphosphate H H H NH2 S-cyclopropyl

ate
NH2

H

diphosphate Gh-diphosphate H H H NH2 Br diphosphate H H
H NH2 | tri mﬁmm HH H NHZX\IH ace%/zl trlp!h'gsphate HHHNH2
NH-cycIoproé&Hhmph@tsphate H H H NH2 NH-frethyT triphosphatie H H P2 Ngithyttriphos
H_H H NH2 lcﬂ% phateHH-HNH2-OMe-triphosphate-H I;I|H NH:I;I; tgnhosohate HHE
0-cyclopropyl_triphosphate H'H H NH2 O-acefyt” triphosphate HH H N ri@lﬁ@ﬂﬂmﬂ HH
1S g 355 e g
| ate’ U H tripReSphRie-H-HH H NH, |S8Me
diphosphate H H H NH, SEt
diphésphate 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
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; CH
hiphosphaﬁe H H H NH; | OMe
triphosphate H H H NH; |OEt
triphosphate H H H NH; ! O-cyclopropyl
triphosphate H H H NH, O-acetyl
triphosphate H H H NH; |SH
triphosphate H H H NH, |SMe
triphosphate H H H NH; |SEt
triphosphate H H H NH; S-cyclopropyl
triphosphate H H H NHy |F
triphosphate H H H NH, |C
triphosphate H H H NH; |Br
triphosphate H H H NH, |I
monophosphate | monophosphate monophosphate | H NH, -|{NH,
monophosphat_e monophosphate | monophosphate | H NH; | NH-cyclopropyl
{ monophosphate | monophosphate monophosphate | H NH; |OH
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triphosphate H H H NH2 I monophosphate monophosphate monophosphate H NH2 NH2 HPhote
hosphate ophote H NHcycphosphate monophosphate monophosphate H NH2 OH 158 RR R X X Y---
monophosphate monophosphate monophosphate H NH2 F monophosphate monophosphate

monophosphnfn HNH2CI dj

diphosphate dfphosphate H NIB3 N NH-cycloprop” diphosphate mfiﬁospr@% diphogphate H NHZ OH
S—:Eugzgugﬁ; f'riphnqph%%t%’lip h%?s)% a%%e t-%{!-IHLZ l\ﬁ&é) B‘Ipﬁ% O;;;IC; 5 dlgﬁi)islg:(;sr’hate H NH2
'N.H-CyC|OprOWnﬂiP§ﬁw?te mpnmt@mp msptm@mﬂm&z Dﬁl triphogghate @ijphosphate
oo R U B S s s
NH2 NH-cyCApRoBghals H H CHimkezrd#eH H H GphisghieH H 1 BN NEH H RN
Br NH2 NH(QYpTRRERRY T IR NHA TR NGE T Bz c

diphosphate diphosphate diphosphate H NH, |F

diphosphate diphosphate diphosphate H NH, |{C1

triphosphate triphosphate triphosphate H NH; | NH;

triphosphate triphosphate triphosphate H NH: | NH-cyclopropyl

triphosphate triphosphate triphosphate H NH, OH

triphosphate triphosphate triphosphate | H NH, |F

triphosphate triphosphate triphosphate H NH, |CI

H H H F NH; | NH;

H H H | F NH; NH»cyciopropﬁ

H H H F NH, |[OH

H H H F NH; |F

H H H F NH, |l

H H H Cl NH, |NH,

H H H Cl NH; | NH-cyclopropyl

H H H Cl NH, |OH

H H H Cl NH, |F

H H {H Cl NH: !CI

H H H Br N, | NG

H H 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 q H NH, {NH; NH-cyclopropyl

H H H NH; |NH; |OH

H H H NH; |[NH; |F
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H HH NHz NH2 NH2 H H H NH2 NH2 NH-cyclopropyl HHHNH2 J22OHHHHNH2F 159RRR
XXY-HHHNH2NH2 CIHHH SH NH2 NH2 HH H SH NH2 NH-cyclopropyl HH H SH NH2 OH H
HHSHNH2F HHHSHNH2CI acetyl HHH NH2 NH2 acetyl H H H NH2 NH-cyclopropyl acetyl H

H HNH2

NH2 NH2
H acetyl a

etyrtH-HHNH FacetyHHHHH-NH2-Clacetyl - H-~NH2- NH2-acetyl H H F-NH?2
NH-cyclom acetylHH F KlHZ OH acetyl FNH2F ace HH FXNHZ CHH acetyl acetyllH
HHcetyl acetyl H NH2 NH-cyclopropl H acetyl acetyNsINHP@H H peetyl acetyl HNH2 F
etyHHNH2-Cl-acetytacety-acetyHH-NH2-NH2 acetid-acetyh acetyl HENH2 NH-cycloptopyl
acetyl acet:/:l%cetyl H NH2 CEIV acetyl acetyl ac&yl H NH2 F ag acet%%@:etyllﬂ']ﬁlHZ Cl
H SH NH; | NH-cyclopropyl
H H H SH NH; 1OH
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
acetyl H H H | NH, Cl
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; cH
H acetyl acetyl H NH; F
H acetyl acetyl H NH, |Cl
acetyl acetyl acetyl H NH, | NH;
acetyl acetyl acetyl H NH, NH—cyciopropyl
acetyl acetyl acetyl H NH, OH
acetyl acetyl acetyl H | NH, |F
acetyl acetyl acetyl H NH, C
monophosphate | acetyl acetyl H NH; | NHz
monophosphate | acetyl acetyl H NH; | NH-cyclopropyl
monophosphate | acetyl acetyl H NH; OH
monophosphate | acetyl acetyl H NH, |F
monophosphate | acetyl acetyl H NH, {Cl
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monophosphate acetyl acetyl H NH2 NH2 monophosphate acetyl acetyl H NH2 NH-cyclopropy!
monophosphate acetyl acetyl H NH2 OH monophosphate acetyl acetyl H NH2 F monophosphate
acetyl acetyl H NH2 Cl 160 R R x x ~. diphosphate acetyl acetyl H NH2 NH2 diphosphate acetyl

acetyl H NER-NE-cyclopropyl diphosphate acetyl-acetyl H NH2 OH diphgsphate acetyl acetyl H NH2
F diphosp hfe acetyl acetyl BNH2 ClI triphos%ate acetyl acet%H NHZNH2 tﬁfbhosphate acetyl
acetyl H NHajtbssatoprop yhidphosphate agefyimeetlyl H NHZ GH triphggphategcetyl acetyl H NH2
F triphosphate-acetylacetyl HNH2 Cl HHHH CIH HHHHCIH HHHHCINH2 HH HH I
NH-cyclopidBhPosPReia H Clljeeethyl H H HeretEl NH-ethyl B H H &FRH-ad8 Y4 eprmylc| OH H
HHHCI QMeyhosphateH CT OFetiH H H Cl -syeiapropyl H HEH CliGeagetyf ¢iiH H H CTSH HH
H Cl SMe H-H.-HHC| SEt ‘

diphosphate acetyl acetyl H NH, |F

diphosphate acetyl acetyl H NH, |C

triphosphate acetyl acetyl 'H NH; | NH;

triphosphate acetyl acetyl H NH; | NH-cyclopropyl

triphosphate acetyl acetyl H NH; |OH

n'iphosphafe acetyl acetyl H NH; |F

friphosphate 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 H H Cl NH-methyl

H H H H C1 NH-ethyl

H H H H Cl NH-acetyl

H H H H Cl OH

H H H H Cl OMe

H H H H Ci QEt

H H H H 1 CI O-cyclopropyl

H H H tH Cl O-acetyl

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 | Cl NH-acetyl

moncphosphate | H H H Ci NH-cyelopropyl

monophosphate | H H H C1 NH-methyl

monophosphate | K H H ' Cl NH-ethyl
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H HH H CI S-cyclopropyl monophosphate H H H CI NH2 monophosphate H H H Cl NH-acetyl
monophosphate H H H Cl NH-cyclopropyl monophosphate H H H CI NH-methyl monophosphate H H
H CI NH-ethyl 161 R I~ R X x y monophosphate H H H CI OH monophosphate H H H Cl O-acetyl

hncnha o-H-H-H (“I

monophosy HHH-CHOMer-monephesphatgHH-H-CLOEL-Here
O-cyclopropyl monophosphate H H H Cl SH .;#onophosphate H CI%Me rngnophosphate HHH
ClI SEt mo WU}ﬁthEbbﬁ:ﬂmtd H E:[CI S- cycloprom{{ diphosphate H# H Cl g2 dippgsphate HHH Cl
NH-acetyl ||u> lraL |—| HH-CHNH-eyelopropy-diphesphate H-H-H-CLNH-m j rHH
HCl NH-et B‘ﬁ BolSe HH H Cl OH diphgsphate H H H GFD-acarft! diphpOb#&H H H C OMe
diphosphaten??z??;?if@??ﬁtﬁ (2111\13‘5‘5)11 SE?AH._.H._. -EI:([ IO‘:cyclopro py;}gﬂh g?@fﬁ | F‘\ Upl\\%grl] r\z I:VI
O S g 1Pomehle s S dmospiple ol
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-cyclopropyl
diphosphate H H H Cl NH;
diphosphate H H H Cl NH-acetyl
diphosphate H H H Cl NH-cyelopropyl
diphosphate H H H Cl NH-methyl
diphosphate H H H Cl NH-ethyl
diphosphate H H H Cl OH
diphosphate B H H Cl O-acetyl
diphosphate H H H Cl OMe
diphosphate H H H Cl OBt _
diphosphate H H H Cl O-cyclopropyl
diphosphate H H H Cl SH
diphosphate H H H Cl SMe
diphosphate H H H Cl SEt
diphosphate H H H Cl S-cyclopropyl
triphosphate H H H Ci | NH:
triphosphate H H H Ct 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 B cl | OBt
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triphosphate H H H Cl NH-acety| triphosphate H H H C1 NH-cyclopropyl triphosphate H H H ClI
NH-methyl triphosphate H H H CI NH-ethyl triphosphate H H H ClI OH triphosphate H H H Cl OMe
triphosphate HH H CIOEt 162 RR R g X Y tiphosphate H H H C1 O-cyclopropy! tiphosphate H H H

hate H H H C| SMe _triphosphate H H H CI SEt

Cl;O'acetyI +nIIi1ICSpPTatn HHH F1 SH Thhﬂq
triphosphaté H'H H CI S-cyclpBropyl monophddbhate monophcs‘ﬁhate Mghophpsphate H CINHE
monophosphaigtmphaphosphizie monopnospiaye HCtH-cyciogropyt menephasphate
monophosphate-monophosphat iphasphate diphosphate dlpl%‘ sphat HEl9gremy!
diphosphate‘éﬂ%%’ﬁ Gte diphBsphate H CI NiRyclopropyl diptBsphatediphosihatersiphosphate H
Cl OH tiphossipasepiighosphatg fphosphate H g NH2diphosghate-triphg op..af" tiphosphate-H-Cl
NH-cycloprepyi-triphesphate triphasphate triphosphate H Cl Oh H H H{FCI NH;EFH HF CI
NH-cyclopropgPEaPReter I OH H H H CI CI NHB H H H CI CI NRicycloptpy! F 83 ol crORTFT i H
Br CI NH2 H g desHatdNH-CYGlopropyl H H Cl | SEt

triphosphate H H H Cl S-cyclopropyl

monophosphate | monophosphate monophosphate | H Ci NH,

monophosphate | monophosphate monophosphate | H C1 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 CI OH

triphosphate 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 H H F Cl NH-cyclopropyl

H H H F Ci OH

H H H Cl C1 NH;

H H H Cl Cl NH-cyclopropyl

H H H Ci Ct OH

H H H 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; Cl NH-cyclopropyl

H H H NH; |(Cl OH

H H H SH Cl NH,

H H I=1 SH Ci NH-cyclopropyl

H H H SH Ct OH

acetyl H H H Ci NH,
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HHH BrClOHHHHNH2 CINH2 H H H NHz Cl NH-cyclopropyl HHHNH2 CIOHHHH SH Cl
NH2 H H H SH Ci NH-cyclopropyl HH H SH Cl OH acetyl HH H C1 NH2 163 R'R2 X, acetylH HH
Cl NH-cyclopropyl acetyl HHH ClI OH acetyl HH F CI NH2 acetyl HH F CI NH-cyclopropyl acetyl H

H F Cl OH H-agetyl-acetyl H.CLNH2 H acetyl acetyl H CI NH-cyclgpropyl H acetyl acetyl H CLOH
acetyl acety Igcetyl H CI NHPRicetyl acetyl addl H CI NH-cyclobropyl é%etyl ciéétyl acetyl H CI|OH
mgﬂgphosr hateyacetyl acetylfi CTNHZ rnon(z[ppospnate acetyrgeetyr N ?ﬁ # (,Pe}{
phosphate-acetyl acetyl H Cl OH diphasphate acetyl acetyl H CI NH2 _diphosphate acetyl pcetyl

H CI NH-cycd6§pyl diphospHate acetyl acetyFH CI OH triphdsBhate p€8tyl a¢é¥d H Cl NH2
triphosphatie,agelyT acetyr H G NH-CyCTopropyriphosphate atety T ace g CHeigt 2 H H
H H ClI NH-cyclopropyl

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 Cl 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 NH,

diphosphate acetyl acetyl H Cl NH-cyelopropyl

diphosphate acetyl acetyl H Cl OH

triphosphate acetyl acetyl H Cl 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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HHHHCIOHHHHHBrNH2 HH H HBr NH-cyclopropyl HH H H Br OH Alternatively, the
following nucleosides of Formula VI are prepared, using the appropriate sugar and pyrimidine or
purine bases. 164 Y X xx R3O0 CHy 0 ORS'OR' (VI) wheren:RRXY HHHHH HHHHNH2H
H H H NH-cyclopropyl HH H H NH-methyl HH H H Nk-ethyl HH H H NH-acetyl HHHHOHHH
HHOMe HHHHOEtHHH H O-cyclopropyl Hd H H O-acetyy HHHHSHHHHHSMe HHH
H SEt H H H H S-cyclopropyl N '

wherein:

|
|
";Um
>

Y
H
NH,

NH-cyclopropyl
NH-methyl
NH-ethyl
NH-acetyl
CH

OMe

OEt
O-cyclopropyl
O-acetyl

SH

SMe

SEt
S-cyclopropyl

jux] i an] g as] el iy = c] i ne] i un] ol e ] e n] i a o S an{ i« o g a 2] i a5

monophosphate

NHz

monophosphate

NH-acetyl

monophosphate

NH-cyclopropyl

monophosphate

NH-methyl

‘| monophosphate

NH-ethyl

monophosphate

OH

monophosphate

unf g es] By es] gpus]pusy Qi oe] e i o] Rast R ar] i u ] Qasy i as] Qlasy g as] any i o] Qs +] QR un] i « ] i a ] i a8

unf iy v] iy au] iy a o] i an] it ani Bt n] B o] a3 Qg ac] Qg un ) QY as ] Qi un] Qi an i« uf (R a s Qe e Ja o] e cf (R« ] (R e s ] R a8

ani Qe o] Qi v] o] M u v} i wel i ev] i un] Qi en] Qan] Qi we] Qites] Qi a o] Q] Qi u vy i a ) Qe vy QS a=] QS a ) Qe ] R a =y Qb a o

O-acetyl
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monophosphate H HH NH2 monophosphate H H H NH-acetyl monophosphate HH H
NH-cyclopropyl monophosphate H H H NH-methyl monophosphate H H H NH-ethyl monophosphate
HHH OH monophosphate HH H O-acetyl 165 R R R 3 XY ‘'monophosphate H H H OMe

monophosphgie-H-H-H-GEt-menophesphateH-H-H-0-cyclopropyi-monephesphate-H-HH SH
monophosphate H H H SMe ]?honophosphate Bt H H SEt mono ospH e H H H S-cyclopropyl
d!phospha@ﬁdﬂﬂd&pﬁtalpi}@sphate H H H Nifl-acetyl diphodphate H iddeNH-cycloprdpyl
diphosphate-H-H-H-NH-methyl-diphesphate-H-H-H-NH-ethyl-diphosphate H-H H-OH--diphosphate H H
H O-acetyl| EPRRBAsERRE HH OMme dlphosp tte H H H OEt dﬁ)hosphgl%tH H H 0-cyclopropyl
dlphosphatambltdljﬁ&bha@éphquhate H HH SMge diphosphate H g&p,@lyma@%gﬁte HHH
S-cyclopro| H - H-NH2 frmhf)%?ha%e—H-H-H—NkLaeety!

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-ethyl

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 H SMe

diphosphate H H H SEt

diphosphate H H H S-cyclopropyl

triphosphate H H H NH;

triphosphate T 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 OFEt

triphosphate H H H O-cyclopropyl

triphosphate H H H O-acetyl
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triphosphate H H H.NH-cyclopropyl triphosphate H H H NH-methyl triphosphate H H H NH-ethyl
triphosphate HH H OH triphosphate H H H OMe triphosphate H H H OEt triphosphate HH H
0-cyclopropyl triphosphate H H H O-acetyl 166 it R R X Y triphosphate HH H SH triphosphate H H H

SMe triphdSghiate H H H SHtgwiphosphate HjyH S-Tyctopropykpronopipsphate monophosphate
monophosphate HNH?2 monophosphate momnophosphate moniophosphate H NH-cyclopropyl
monophos )ﬁ&?@%&&ﬁ‘é‘bhospiﬂte monophosphﬁte H OH diphospPhate jﬁiﬂosphate dlphc sphate H
NH2 diphc%ﬁ%ﬁ%ospnc tg diptiosphate H H-cyciqprupyi i inqsu diphosphate diphosphate
H OH triphasphate triphosphate triphosphatel H NH2 triphosphate triphosphate triphosphate H
NH-cycIoprdE‘}qh@ﬁEﬁégphate Hlphosphate trlp%sphlatlel H OI—LHE%HF I\ﬂEz:‘ HH l—lFNH cyclopropyl
ARt il ot AN L LT L

monophosphate monophosphate. | monophosphate | H NH,

monophosphate | monophosphate | monophosphate | H NH-cyclopropyl

monophosphate | monophosphate | monophosphate | H o

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 H F NH,

H H H F NH-cyclopropyl

H H H F OH

H H H Ct NH,

B H H Cl NH-cyclopropyl

H H H CI 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
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HHHNH2 NH2 HH H NH2 NH-cyclopropyl HH HNH2 OHH HH SH NH2 HH H SH
NH-cyclopropyl HH H SH OH acetyl H H H NH2 acetyl H H H NH-cyclopropyl acetyl HH H OH 167
RRR X X acetyl HH F NllI2 acetyl HH F NH-cyclopropyl acetyl HH F OH H acetyl acetyl H NH2 H

vl annh:l_annf\/l HOH. acetvlac

tyl acetyl H NH2 acetyl acetyl acetyl

acetyl acetytiNH-€y€lopre lacet
H NH-cyclopropyl acetyl aceinacetyI H OH nﬁ%ophosphate ac &yl ac tYI H NH2 monophosphate
acetyl acetyla‘deN'H cycloprop)d{monophospha egacetylacetylr H|@gH d _ cetyl H NH2
diphosphatée-age ty acety-H-INH-cyelepropyl-diphosphate acetyl acetyl H OH triphosphatge acetyl acetyl
H NH2 trip '1osgﬁate acetyl ancgtyl H NH cyclo aﬁ)pyl tnphospha [ acety| MEgFHPORPAternatively, the
following nycdeagides of Forrmgla XHI are pregaged, USING the agproprigggpugar armd pyrimidine or
purine bas sRiO-Base pre proess = NI '

H acetyl acetyl H NH-cyclopropyl

H acetyl acetyl H CH

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 NH,

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.

R'0 Base
Rs/ %
OR* OR®
(X1I0)
wherein:
R R* R’ R X | Base
H H H CH,4 0 |24-0-
Diacetyluracil
H H H CH; O | Hypoxanthine
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R6 OR2 OR3 $ CXIID wherein: RRR R X Base HH H CH3 O 2,4-0 Diacetyluracii HHH CH30
Hypoxanthine 168 R1 R R R X Base H H H CH3 0 2,4-0- Diacetylthymine H H H CH3 0 Thymine H

H H CH3 0 Cytosine H H H CH3 0 4-(N-mono acetyl)cytosine HHH CH3 0 4-(N,N- diacetyl)cytosine
H3 0 5-Fluerou ﬂf‘ll H-H HPHQQ?A“ Dj

e \/Iumr‘l HHH.CH:

S

HHHCHouUr"lHHH\ 13-0-5-1
Hypox thing_H CH3 S 2;2-0- Diacetylthy %ne HHHCH 3% Thymlré’(H IR*HQCHB S Cytosjne HH
HCH3S 4-(H-mono acetyl)cmosine HHHCHE3 S 4-(N,N- diacgtylcytgsme H Hal CH3'S Ul‘afﬂ
Diacetylthymine
H H H CHs G | Thymine
H H H CH; O | Cytosine
H H H CH; O | 4-(N-mono-
_ acetyl)cytosine
H H H CH; O | 4-(N,N-
diacetyl)cytosine
H H H CH; O | Uracil
H H H CH; O | 5-Fluorouracil
H H H CHs S |24-0-
Diacetyluraci
H H H CH; Hypoxanthine
H H H CH; [2,40-
Diacetylthymine
H H H CH; Thymine
H H H CH3 Cytosine
H H H CH; 4-(N-mono-
acetyl)cytosine
H H H CH, S |4-(NN-
diacetyl)cytosine
H H H CH, Uracil
H H H CH; 5-Fluorouracil
monophosphate | H H CH; 2,4-0-
Diacetyluracil
monophosphate | H H CH; O | Hypoxanthine
monophosphate | H H CH; O | 2,4-0-
Diacetylthym
monophosphate | H H CH; O | Thymine
monophosphate | H H CH; O | Cytosine
monophosphate | H H CHs O | 4-(N-mono-
acetylJoytosine
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H H H CH3 S 5-Fluorouracil monophosphate HH CH3 0 2,4-0- Diacetyluracil monophosphate H H
CH3 0 Hypoxanthine monophosphate H H CH3 0 2,4-0- Diacetylthym monophosphate H H CH3 0
Thymine monophosphate H H CH3 0 Cytosine monophosphate H H 15H3 0 4-(N-mono

acetyl)cytosine 169 R R R

R X Base monophosphate H H CH3 0 4-(N,N diacetyl)cytosine

monophosphate HRH CH3 0l Bacil monopho ﬁ%ate H H CH3i0&8-Fluorolpaci Bagnophosphate|H H
CH3 S 2,4-05 I ige G hdiiaCi mprophosphateriiH-CH3-S-Hypoxanthine—monophosphate HHCH3 S
2,4-0- Diac atylthygn mi%{r%)pr osphate HH CH Thymine mon A(fo%’nosphlag HEh S Cytosine
monophosphate H H CH3 § 4-(N-mono acetyl)cytosine monpphosphaté H Hi Gt vidsiNe
diacetyl)cytm Pracit-monophesphate-HH-CH3-S-5-Fluereuras|
diphosphatg H?‘?@i 0 2.4-0 Diacetyluracill diphosphate H HC83 0 H %xaﬁﬁ?ﬁﬂe
monophosphate | H H CH; 3-Fluorouracil
monophosphate | H H CH; S |24-0-
Diacetyhuracil
monophosphate { H H CH; S | Hypoxanthine
monophosphate | H H CH; 2,4-0-
Diacetylthym
monophosphate | H H CH; Thymine
monophosphate | H H CH; Cytosine
monophosphate | H H CH; 4-(N-mono-
acetyDeytosine
monophosphate | H H CH; S 4«NN-
diacetyl)cytosine
monophosphate | H H CH, S | Uracil
monophosphate | H H CH; S | 5-Fluorouracil
diphosphate | H H CH; 0 |2,4-0-
Diacetyluracil
diphosphate H H CH; O | Hypoxanthine
diphosphate H H CH, 0 |2,4-O-
Diacetylthymine
diphosphate H H CH; O ; Thymine
diphosphate H H CH; O | Cytosine
diphosphate | H H CHj; O | 4-(N-mono-
acetyl)eytosine
diphosphate H H CH; O | 4-(NN-
diacetyl)cytosine
diphosphate H H CHa G | Uracil
diphosphate H H CH; Q | 5-Fluorouracil
diphosphate H H CH; S 1240
Diacetyluracil

170



diphosphate H H CH3 0 2,4-0 Diacetylthymine diphosphate H H CH3 0 Thymine diphosphate H H
CH3 0 Cytosine ("phosphate H H CH3 O 4-(N-mono acetyl)cytosine diphosphate HH CH3 0 4-(N,N-
diacetyl)cytosine diphosphate H H CH3 0 Uracil diphosphate HH CH3 0 5-Fluorouracil diphosphate
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'H H CH3 S24-6}-170-R-R-RB-XBase rhnhncnhafo HHCH3 Q Hypoxanthine diphosphate H H CH3
S 2,4-0 Di cetylth%m dlphothate H H CH-, §Thym|ne dipHd&phate H| FKCHB2&# Cytosine '
triphospha ed@&d)@rg%o 2,4rgDiacetyluracil| gphosphate H H&GH3 0 H ,/@X%Wi_te HH
CH3 0 2,4- imine-triphosphate-H-H-CH3 0 Thymine triphosphat CH3 0 Cytasine
triphosphate BP0 24- l‘ﬁmono acetyl)cy%sme trlphosphg%H H GH3 ()%WN dlacetyl)( ytosine
triphosphate H H CH3 0 Uracil triphosphate/H H CH3 0 5-Flyorouracil Diacetylthym

diphosphate H H CH; Thymine
diphosphate H H CH; Cytosine
triphosphate H H CH; 2,4-0-

Diacetyluracit
triphosphate H H CH; O | Hypoxanthine
triphosphate H H CH; o |24-0-

Diacetylthymine
triphosphate H H CHj O. | Thymine
triphosphate H H CH; O | Cytosine
triphosphate H H CH; O | 4-(N-mono-

acetyl)cytosine
triphosphate H H CH; O | 4-(NN-

diacetyl)cytosine
triphosphate H H CH; O | Uracil
triphosphate - | H H CHa | O | 5-Fluorouracil
triphosphate H H CH; S |24-0-

Diacetyluracil
triphosphate H H CHj S | Hypoxanthine
triphosphate H H CH;, 2,4-0-

Diacetylthymine
triphosphate H H CHz Thymine
triphosphate H H CHs Cytosine
monophosphate | monophosphate | monophosphate | CF; 0 |2,4-0-

Diacetyluracil
monophosphate | monophosphate | monophosphate | CFs O | Hypoxanthine
monophosphate monophosphate | monophosphate | CFs 0 |2,4-0-

Diacetylthymine
monophosphate | monophosphate | monophosphate | CF; O | Thymine
monophosphate | monophosphate | monophosphate | CFs O | Cytosine



triphosphate H H CH3 S 2,4-0.Diacetyluracil triphosphate H H CH3 S Hypoxanthine triphosphate H H
CH3 S 2,4-0 Diacetylthymine triphosphate H H CH3-S Thymine triphosphate H H CH3 S Cytosine
monophosphate monophosphate monophosphate CF3 0 2,4-0 Diacetyluracil monophosphate

mOHOphOSpi ldte 1 W”UP: 0SS Jlﬂate CJI:B_O : :'yp""g'ii"m He—-oh Spratq mnnnnhncph:fn
monophosphate CF3 0 2;4-0 Diacetylthyming"monophosph Igt"monophogpr ﬁé%onophosphate CF3
0 Thymine | monegivsshiiate memarhosshdiate manphbgsphate €3 0 Cytosina-INRAR R It X Base
monophosphate monophosphate monophosphate CF3 0 4-(N-mono acetyl)¢ytosine monophgsphate
monophosphate monophosphate CF3 O diagetyl)cytosine mpnophosphate e
monophosphatecgiShat scihonophpiphathatemoepstapphsghaternonophgsp ®F3 0 5-Fluorouracil
monophosphate monophosphate monophosphate CF3 S 2,4t0- Diacetyluracil monophosphate
monophosphate monophosphate CF3 S Hypoxanthine mongphosphaté moh ﬁﬁéﬁ@sme
monophosphateoﬁﬁﬁjﬁﬂ% Gnﬁ)iapbdiyjﬂwmi nencnophgEpbshate€rmonoph@phatadiionophosphate CF3
S Thymine ||u 2 ...u.. osphate ...ono“..omﬁ.ut F3-S-Cynosine—monophasphate
monophosp Eﬂ gf :gjlle(l‘ H é%ff%fcyt ihe monvph ésB]r‘r‘QfguFRﬁ’ﬂophc sphate
monophos Dnmoﬁiﬁgrﬁate(l\l ;hlenophosphate monophosphate CF, S |2,4-0-

'} Diacetyluracil
monophosphate | monophosphate | monophosphate | CFa S | Hypoxanthine
monophosphate | monophosphate | monophosphate | CFs S |24-0-

Diacetylthymine
monophosphate | monophosphate | monophosphate | CF3 S | Thymine
monophosphate | monophosphate | monophosphate | CFs Cytosine
monophosphate | monophosphate | monophosphate | CF; 4-(N-mono-

acetyl)eytosine
monophosphate | monophosphate | monophosphate | CFs S | 4-(N,N-
diacetyl)cytosine
monophosphate | monophosphate | monophosphate | CFs S | Uracil
moncphosphate | monophosphate | monophosphate | CF; 5-Fluorouracil
acetyl acetyl acetyl CF, O | 4-(NN-
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)cﬁosine
H H H CH; O | 2-(N.N-diacetyl)-
guanine
H H H CH;z O | 6-O-acetyl
guanine
H H H CH; O | 8-fluoroguanine
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diacetyl)cytosine monephosphate monophosphate monophosphate CF3 S Uracil monophosphate

monophosphate monophosphate CF3 S 5-Fluorouracil acetyl acetyl acetyl CF3 0 4-(N,N

%

diacetyl)cytosine acetyl acetyl acetyl CF3 S 4-(N,N diacetyl)cytosine acetyl acetyl acetyl 2-bromo- O

P

cetyl 2-bromo-

4-(N,N vinyl di

cetyl)cytosine H_

HH

4-(N,N vinyl-diacetyl)cytosine_acetyl acetyl 3 _
CH3 0 2-(N,N-diaketyl)- uanife H H H CH3 0 B0-acetyl guafiBé H H H BHBRR&fluoroguanink 172 R
RRR X Bagsg HHHCH3 uanine H H H g3 O 6-(N,N=-digggly!)-adegmne, B H HCH3©
2-fluoroadenine—H-H H CH-3 O 8-fluoroadedine H H H CH3 D 2.8-diflubro ddenine H H H --CH-3 0
adenine H HH CH3 S 2-(N,Ndiacetyl)- guanifle H H H CH3|S8l0-acetyPyUmabNHLiaadtBH3| S
8-fluoroguanine H HH CH3 S guanine _ adenine
H H H CH, O | 2-fluoroadenine
H H H CH; O | B-fluorcadenine
H H H CH; O | 2,8-diflucro-
adenine
H H H CH; O | adenine
H H H CH, S | 2-(N,N-diacetyl)-
guanine
H H H CH; S | 6-O-acetyl
| guanine
H H H CHs 8-fluoroguanine
H H H CH; S | guanine
H H H CH;s 6-(N,N-diacetyl)-
adenine
H H H CH; 2-fluoroadenine
H H H CH; 8-fluoroadenine
H H H CH, 2,8-difluoro-
adenine
H H H CHs 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 | 8-fluoroguanine
monophosphate | H H CHs O | guanine
monophosphate | H H CH; O | 6-(N,N-diacetyl)-
adenine
monophosphate | H H CHs O Z-ﬂuoroadeﬁjne
monophosphate | H H CH; O | 8-fluoroadenine
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H HH CH3 S 6-(N,N-diacetyl)- adenine. H H H CH3 S 2-fluoroadenine H H H CH-, 8-fluoroadenine H
H H CH3 S 2,8-difluoro adenine H H H CH-3 S adenine monophosphate HH CH3 O 2-(N,N-diacetyl)
guanine monophosphate H H CH3 0 6-0-acetyl guanine monophosphate H H CH3 O 8-fluoroguanine

monophosphate-HH-GH3-0-gyanine—moenophgsphate-H-H-CH3.0-6-(N;N-diacetyl) adenine——
monophosphate FtH CH3 OE fluoroadening R’nonophospha H CH 3 8-ffifdfoadenine 173 12 It R
I~ A Base matephesifaaie; liH CH3 0 2,8-ifiuoro adenine hpgpophosppatedkiiGidsd) adenjne
monophosphate H H CH3 $ 2-(N,N-diacetyl) guanine monophosphate H H CH3 S 6-0-acetyl guanine
monophosphate H H CH3 § 8-fluoroguanine monophosphate HH CH3 S g Jﬁﬂ‘?ﬁ@emonophos phate H
H CH3 S 6-thishbgiacehdbzabignine monophogphate H H CHJ S}%—fluoroa{denlg&nﬁﬁ@_nophosphate HH
CH3S 8- ﬂl[:;r;cr)‘r?:p%rg;p%ate H H CHs S | 2-(N,N-diacetyl)-
guanine
monophosphate | H H CH; S | 6-O-acetyl
guanine
monophosphate | H H CH; 8-fluoroguanine
monophosphate | H H CH; guanine
monophosphate | H H CH, 6-(N,N-diacetyl)-
adenine
monophosphate | H H CH, S | 2-fluoroadenine
monophosphate | H H CH, S | 8-fluoroadenine
monophosphate | H H CHa 2,8-difluoro-
adenine
monophosphate | H H CHs S | adenine
diphosphate H H CH, O | 2-(N,N-diacetyl)-
| guanine
diphosphate H H CH; O | 6-O-acetyl
guanine
diphosphate H H CH; O | 8-fluoroguanine
diphosphate H H CH; O | guanine
diphosphate H H CH; O | 6-(N,N-diacetyl)-
adenine
diphosphate H H CHz O | 2-fluoroadenine
diphosphate H H CH; O | 8-fluoroadenine
diphosphate H H CH; O | 2,8-difluoro-
_ adenine
diphosphate H H CHs O | adenine
diphosphate H H CHa S | 2-(N,N-diacetyl)-
guanine
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monophosphate HH 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 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 O 2,8-dif|uord¥éc\ilegine diﬁhosphate H H I@?ﬁohadenlne dlbhosneffltx lﬁﬁﬁif 2-(N,N-diacetyl)
gﬂ‘ijné?((:gl};rm%igﬁgte pll—lluéﬂg g glg_lu 1n|neodTp;;sS;;te ;I-TICHZIIL| 3% EI l{l@}hmb (j:(letl;/l)r\;jirﬁne
diphosphaté H H CH3 S 2-fluoroadenine diphosphate HH CH3 S 8- fluoroad@a@ndlphosphatﬂ HH
g_?ﬁ,ﬁ_ﬁ;gée%@sgpﬁl e Li'_'TJiluapilatc HH-CH3-S-adenine "'ﬁ..osph% . S»‘fﬁﬂ)i“agﬁamne
diphosphate H H CHs S | guanine
diphosphate H H CH; S | 6-(N,N-diacetyl)-
adenine
diphosphate H H CHs S | 2-fluoroadenine
diphosphate H H CHa 8-fluoroadenine
diphosphate H H CH; 2,8-difluoro-
adenine
diphosphate H H CH; S | adenine
triphosphate H H CH; O | 2-(N,N-diacetyl)-
guanine
triphosphate H H CH, O | 6-O-acetyl
guanine
triphosphate H H CH; O | 8-fluoroguanine
triphosphate H H CH; O | guanine
triphosphate H H CH; O | 6-(N,N-diacetyl)-
adenine
triphosphate H H CH; O | 2-flucroadenine
triphosphate H H CH; O | 8-fluoroadenine
friphosphate H 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
triphosphate H H CH; S | 8-fluoroguanine
friphosphate H H CH; guanine
triphosphate H H CHs 6-(N,N-diacetyl)-
adenine
friphosphate H H CHs S | 2-fluorcadenine -
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guanine triphosphate HH CH3 0 6-O-acetyl guanine triphosphate H H CH3 0 8-fluoroguanine
triphosphate H H CH3 0 guanine triphosphate H H CH3 0 6-(N,N-diacetyl) adenine triphosphate H H

CH3 O 2-fluoroadenine triphosphate H H CH3 0 8-fluoroadenine triphosphate H H CH3 0 2,8-difluoro
119 N 9 (d Nodlio~ang]) o vahine-it nhnc:nhnf H CH3 S G-O-acetyl

AN

adenine triphosphagte HH-GH30-2-($;N-tiag
guanine triphosphate H H G I% S 8- fluorogua\ﬁﬁne trlphosphcltBH H CHSYS gﬁ&ﬁ‘?ne triphospﬂate HH
CH3'S 6-(N, N%aeﬁtyty aden[FIe triphosphatepd H CH3'S 2- flugmadenmg T RSB EIBase :
triphosphate tn E'os hit" 8-Hareadenine—trighosphate H H C| fluota adenine triphosphate H
H CH3 S adefine maiophdsphate monophesphate monopho&ikate CK 8 g 2.8Milugkecetyl) duanine
monophosy hate monophosphate monophosphate CF3 O 6-0O-acetyl guanin¢ jagppphosphate
monophospiiate monephesphate-€F3-6-8-filoroguanine—m nonophosphate
monophosy ha‘%%?ib—j? guanine CHs S | adenine
: monophosphate | monophosphate | monophosphate | CFs O | 2-(N,N-diacetyl)-
guanine
monophosphate | monophosphate | monophosphate | CFs O | 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CF; O | 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CF; C | guanine
monophosphate | monophosphate | monophosphate | CF, O [ 6-(N,N-diacetyl)-
adenine
monophosphate | monophosphate | monophosphate | CF; O | 2-fluoroadenine
monophosphate | monophosphate | monophosphate | CFs O | 8-fluoroadenine
monophosphate | monophosphate | monophosphate | CF; O | 2,8-difluoro-
adenine
monophosphate | monophosphate | monophosphate | CF, O | adenine
| monophosphate | monophosphate | monophosphate | CF; S | 2-(N,N-diacetyl)-
guanine
monophosphate | monophosphate | monophosphate | CFs S | 6-O-acetyl
guanine
monophosphate | monophosphate | monophosphate | CF, S | 8-fluoroguanine
monophosphate | monophosphate | monophosphate | CF, S | guanine
monophosphate | monophosphate | monophosphate | CF, 6-(N,N-diacetyl)-
| adenine
monophosphate | monophosphate | monophosphate | CF; S | 2-fluoroadenine
monophosphate | monophosphate | monophosphate | CF, 8-flnoroadenine
monophosphate | monophosphate monophosphate | CF; 2,8-diftuoro-
adenine
monophosphate | monophosphate monophosphate | CF, S | adenine
acetyl acetyl acetyl CF; guanine
acetyl acetyl acetyl CF, S | guanine
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monophosphate monophosphate monophosphate CF3 O 6-(N,N-diacetyl) adenine monophosphate
monophosphate monophosphate CF3 O 2-fluoroadenine monophosphate monophosphate
monophosphate CF3 0 8-fluoroadenine monophosphate monophosphate monophosphate CF3 O
2,8-difluoro adenine monophosphate monophosphate monophosphate CF3 O adenine
monophosphate nﬁi)nophospﬂé‘[e monophosol?éte CF3 S 2-(Njf-diacety I);Q apie monophosphate

ACra.c.o Hanio nnnnhncr

4 monophOS ”U”Up”UD Jllal I_O S-6=0-acet Goatnie HROoH oS
monophosg hatEg}%:FS S 8-flu orog’ﬁanme monSfﬁ%lsphate mohof 3
guanine menophosphate monophosphate rronophosphate C %@6 (N

1iaraad

monophos %B@};jnonupnus ot IUIIU[JIIUD ua e3-52-fiy A CeRH
monophosphate monophospha &‘é@, F3 S 8- fluoro enine mon%;ﬁﬁ
monophosphate CF3 S 2,8-difluoro adenine monophosphate m@ylopho

adenine acetytacetytacetyt€CF3-Oguanine—acetyl-acetyl-acetyH6F3-$

Base acetyl acetyl acetyl 2-bromo- O guanine vinyl acetyl acetyl acetyl 2- bromo S guanlne V|nyI

Alternatively, the fol| \é{;gg nuclesi of.Formuja XIV ar e are ing the appropriate sugar and
pyrimidine or purine bases. ﬁo (%eﬁ owing Bieleosals"tF dXN are prepared, using the

appropriate sugar and pynrmdme or purine bases,

R'O Bose
Rﬁ/ X
OR?
5 (XIV)
wherein:
R R’ R® X | Base
H H CHs O 2,4-O-Diacetyluracil
H H CH; 0 Hypoxanthine
H H CH; G 2,4-0-Diacetylthymine
H H CH, O Thymine
H H CH, O Cytosine
H H CH; O 4-(N-mono-acetyl)cytosine
H H CH; O 4-(N,N-diacetyl)cytosine
H H CH; O Uracil
H H CH; O 5-Fluorouracil
H H CH; S | 2,4-O-Diacetyluracil
H H CH; S Hypoxanthine
H H CH; S 2,4-0-Diacetylthymine
H H CH; S Thymine
H H CH; S Cytosine
H H CH; S 4-(N-mono-acetyl)cytosin
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R6 ORZ 5 (XIV) wherein: R R R X Base H H CH-, O 2,4-0-Diacetyluracil HH CH3 O Hypoxanthlne H
H CH3 0 2,4-0-Diacetylthymine HH CH3 0 Thymlne H H CH3 0 Cytosine HH CH3 O
4-(N-mono- acetyl)cytosme H H CH3 0 4-(NN-diacetyl)cytosine HH CH3 0 UracilHH CH3 0

5-Fluoroura

cil HH CH3 S24- 0 Diacetyluracil H H CH3 S Hypoxanthine HH CH3 S

2.,4-O-Diac

btylthyRine

RE |

Raca

Ll

3 -CHBR& T hynrlne H H CH3 S

AL

|||||

ceviocin

Cytosine H
HHCH3S

H CH-3 4-([¢

UracilHH

nono-acetyt)c
"H3 S 5-Fluorodracil monophosy

H 1727 DD
SO L7 7T TN

AST™

phate H CF

ot

falNis) Nl fal
130 2, 45@@0@1 Sﬁré‘l%{?"ﬁ)pho

sphate H

CH3 0 HyppRanthine mono

pHosphate H CH

L.l 1D

3R, 4-0-1

Digcety,

thiymilmonophosphate H CH3 0

Thymine

gophosptrate-

HI_IO U L/yLUDII I'G

CH,

S

5-Fluorouracil

monophosphate | H CH; O 2,4-O-Diacetyluracil
monophosphate | H CH; 0O Hypoxanthine
monophosphate | H CH; O 2,4-O-Diacetylthym
monophosphate | H CH, O Thymine
monophosphate | H CH, O Cytosine
monophosphate | H CH; O 4~(N-mono-acetyl)cytosine
monophosphate | H CH; O 4~(N;N-diacety1)037tos
monophosphate | H CH; O Uracil
monophosphate | H CH; O 5-Fluorouracil
monophos_phate H CH; S 2,4-O-Diacetyluracil
monophosphate | H CH, S Hypoxanthine
monophosphate | H CH, S 2,4-O-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, -diacetyl)cytosine
monophosphate | H CH; S Uracil
monophosphate | H . CH; S 5-Fluorouracil
diphosphate H CH; 0O 2,4-0-Diacetyluracil
diphosphate H CH, O | Hypoxanthine
diphosphate H CH; O 2,4-O-Diacetylthymine
diphosphate | H CH; O | Thymine
diphosphate H CH3 9 Cytosine
diphosphate H CH; O 4-(N-mono-acetyl)jcytosine |
diphosphate H CHs 0 4-(N,N-diacetyl)cytosine
diphosphate H CH;y O Uracil
diphosphate H CH, O 5-Fluorouracil

H CH; S 2,4-O-Diacetyiuracil

diphosphate
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monophosphate H CH3 0 4-(N-mono-acetyl)cytosine monophosphate H CH3 0 4-(N,N-diacetyl)cytos
monophosphate H CH3 0 Uracil monophosphate H CH3 0 5-Fluorouracil monophosphate H CH3 S
2,4-0-Diacetyluracil monophosphate H CH3 S Hypoxanthine monophosphate H CH3 S

monophosphate H CH3 S Cytosine

2,4-0-DiacetylthymRmor10‘p’m)?‘TafeH'€-|-|€r€ yraine
monophosphate H CH3 S 4-(N-mono-acetyl)qytosine moﬁoph a?ﬁﬁﬁte HCH3'S _
4-(N,N-diac¢§ipbgspiiie mohBphosphate H GBS UragiRmonpppsRiRis C53 S S=Fiuofouracil
diphosphate ﬁhh 2-4-0-Bipeetyluraci-diphosphatelH-CH3 O Hypaxanthine diphosphate H CH3
O 2,4-0-Diagetyit %mne diphosphate H CH3 ymineSdiphpdphrDiscetiiBmiytosine
diphosphatg ﬂmm@ﬁam (N-mHno acetyl)cytopOR; diphgsphate i HR O 4-(NN-diacetytcytosine
diphosphat H} fraciteiphosphate-H-GH3-0-5-Eldorouracil diphosphate H CH3 S
2,4-0-Diacefy uﬁg':s?t;fl % R1 X Base diph ate HEH3 § cF—I«S?’}?:‘iﬁanthlne drphosphaﬁe HCH3S
2,4-o-DiacetWapmted|pho§phate H CH3 § ayme djrhospliale HLpHEEStaypetriphosphate H
CH3 0 2,4-05RicE %u il |ﬂh03pllutc H-CH3-8-Hypaxanthine trmhmnhate HHEH?; @)
2,4-0O-Diac tvI}] Y : © Hypoxanthine

mphosphate H CH; O 2,4-O-Diacetylthymine

triphosphate H . CH, 0 Thymine

triphosphate H CH; O Cytosine

triphosphate H CH, O 4-(N-mono-acetyl)cytosine

triphosphate H CH;, 0 4-(N,N-diacetyl)cytosine

triphosphate H CH; 0 Uracil

triphosphate H CH, O S-Fluorouracil

mphésphate H CH; ) 2,4-O-Diacetyluracil

triphosphate H CH, S Hypoxanthine

triphosphate H CH; S 2,4-O-Diacetylthymine

triphosphate H CH; S Thymine

triphosphate H CH, S Cytosine

monophosphate | monophosphate | CF; O 2,4-0-Diacetyluracil

monophosphate | monophosphate | CF, O Hypoxanthine

monophosphate | monophosphate | CF; O 2,4-O-Diacetylthymine

monophosphate | monophosphate | CF, 0 Thymine

monophosphate | monophosphate | CF; 0 Cytosine

monophosphate | monophosphate | CF; O 4-(N-mono-acetyl)cytosine

monophosphate | monophosphate | CF, 0 4-(N,N-diacetyl)cytosine

monophosphate | monophosphate | CF5 0 Uracil

monophosphate | monophosphate | CFs 0 5-Fluorouracil

monophosphate | monophosphate | CF, S 2,4-O-Diacetyhiracil

monophosphate | monophosphate | CF; S Hypoxanthine

monophosphate | monophosphate | CF, S 2,4-O-Dié.cetylthymine

monophosphate | monophosphate | CFy S Thymine
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triphosphate H CH3 0 Thymine triphosphate H CH3 O Cytosine triphosphate H CH3 0
4-(N-mono-acetyl)cytosine triphosphate H CH3 0 4-(NN-diacetyl)cytosine triphosphate H CH3 O
Uracil triphosphate H CH3 O 5-Fluorouracil triphosphate H CH3 S 2,4-0-Diacetyluracil triphosphate H

CH-3 Hypo»

Anthhie
atnth

1 (9 IPI LA*4

triphosphate¢ H CH--3 Cytos

:;13 monophosph

trin nsnhafa HCHa-S 2 A ('l_nlnr‘ﬂf\lh'h\l

e monop

ine. triphosphate H CH3 S Thymine
sphpBREEF3 O 2.4 O-Diacetylurd

monophosphatmophogihaeshaéadphesPrbiypOxanthine

nhosnhate maon \nhncnhnf 2)

PRONO[

CE30

gﬁga rmonophiosphate ¢
ymine _monophosphate

\Cil
CF3 O

2,4-0-Diacepyith

4%@@%%@%0%@%85%5[)%@ monp

monophosph

shosp %@@F@Q}Mm}ﬁﬂﬁmet

yl)cytosine

monophosphatasphoaphesy hﬂéﬂéﬁﬁ%@nﬁt}f’\l
CF3 0 Urac! e-monophospha
CF3 S 2,4- -“B?&‘SB%%‘? mORBEHSERdR hiofophos

e CE3.05

ggeiacetyl)

gytosm,g) (WRPQBE

Eluorouracil monophosphate’ mon

EHpToP

hosphate
pphosphate

monophosphataéphadsphdid-

Raca mnnnnh

179RRR

'\cnha_t__e monop

Dnldiagsbdbnyeainecryonopr]

osphate C

agpha

3 S Cytosine monophosphate

bate CHzgHypoxanthine monoghosphate
S IPRRpRRRSpTate CF3™S

1ym|ne e

monophosp EYER3 S 4- (N-

Do TE

_AREHb- acetyl)cy e

€ mon

Sbhosph@ENriaesirdephsiee CF3

S

4-(NN-diacegdgyosine mopgyagsphate mgnopfiospna

1orouracil

% CF3

PR BRI

monophosphate ?FS S-5-F

acety

[ acetyl

2-bromo-

vinyl

0

4-(N,N-diacetyl)cytosine

acetyl

acetyl

1 vinyl

2-bromo-

4-(N,N-diacetyl)cytosine

Alternatively, the following nucleosides of Formula XV are prepared, using the

appropriate sugar and pyrimidine or purine bases.

R'O Base
X
Rﬁ
5 xXV)
wherein
R! R® X | Base
H CHa O 2,4-O-Diacetyluracil
H CH, QO Hypoxanthine
H CH, O 2,4-O-Diacetylthymine
H CH; 0 Thymine
H CH; O Cytosine
H CH; O 4-(N-mono-acetyl)cytosine
H CHs O 4-(N,N-diacetyl)cytosine
H CH; O Uracil
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-acetyl acetyl CF3 0 4-(NN-diacetyl)cytosine acetyl acetyl CF3 S 4-(N,N-diacetyl)cytosine acetyl acetyl
2-bromo- O 4-(NN-diacetyl)cytosine vinyl acetyl acetyl 2-bromo- S 4-(N,N-diacetyl)cytosine vinyl
AIternatlver, the following nucleosides of Formula XV are prepared, using the appropriate sugar and
pyrimidine or purine bases. R Base X R6 5 (X wherein: R' R X Base.H CH3 0 2,4-0-Diacetyluracil H

Cytosine H CH3 0
D R R X Base HCH3

-acetyl)cytosine H

CHO HypoxantlnRH CH3 0 PRE-0-Diacetyfthyfrine Hgasd 0 Thymine HCH3 U C
4-(N-mono-pgetyheytosine—H-SH3-0-4-(NN-diacetyllsytosine H CH3 Q. Uracil 18]
0 5-Fluorouyacil HCH3 S 2 ¢Flgiblacetyluracﬁ CH §'§1PRFBB%’1][hme HCH3S
2,4-0-Diacetflthymine H CHBGHThymine H CHS'S Gigsteptl chitmacs (N-mon
CH3S 4-(N1“=ll_?:iim,ctyl)cy"tosi.'1'0CH3 S Hypoxanthine
H CH; S 2,4-O-Diacetyithymine
H CH, S Thymine
H CH, S Cytosine
H CH; S 4—(N—mono-acety1)cyt63ine
H CH, S 4-(N,N-diacetylicytosine
H CH; S Uracil
H CH; S 5-Fluorouracil
monophosphate | CHj O 2,4-0O-Diacetyluraci]
monophosphate | CH; O Hypoxanthine
monophosphate | CH; O 2,4-0-Diacetylthymine
monophosphate | CH; O | Thymine
monophosphate CH; O Cytosine
monophosphate | CHj O 4-(N-mono-acetyl)cytosine
monophosphate | CHa O 4-(N,N-diacetyl)cytosine
monophosphate | CH; o} Uracil
monophosphate | CHj 0 5-Fluorouraci!
monophosphate | CH, S 2,4-O-Diacetyluracil
monophosphate | CHj ) Hypoxanthine
monophosphate | CHj S 2,4-O-Diacetylthymine
monophosphate | CH; S Thymine
monOphosghate CH, 8 Cytosine
monophosphate { CHa S 4-(N-mono-acetyl)cytosine
monophosphate | CHa S 4-(N,N-diacetyl}cytosine
‘monophosphate | CH; S Uracil
monophosphate | CHj S 5-Fluorouracil
diphosphate CH, Q 2,4-O-Diacetyluracil
diphosphate CH; 0 Hypoxanthine
diphosphate CH; O 2,4-O-Diacetylthymine
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H CH-3 Uracil H CH3 S 5-Fluorouracil monophosphate CH3 O 2,4-O-Diacetyluracil monophosphate
CH3 0 Hypoxanthine monophosphate CH3 D 2,4-O-Diacetylthymine monophosphate CH3 0 Thymine
monophosphate CH3 0 Cytosine monophosphate CH3 0 4-(N-mono-acetyl)cytosine monophosphate

e mononhosohate CH3 0 Uracil monophosphate CH3 0 5-Fluorouracil

he monophosphate
CH3 S Cytosine
N-diacetyl)cytosine

)-Diacetylthymine 181
hate CH3 O 4

hte CH-3racil

CH3 0 4-(N -duanprvl\r‘vfnqlr
monophosphate C3I3 S 2,4-C Blacetyluracn mdﬁopHcBm;‘eate CHS3 S Hypoxanthit
%lg g oSp r?oi ‘c%b{;ﬁ?\%}%ﬁ%)/zn I(rll\l mpnr(;(-)apc[:g[\bllk;lcl\jtl: stO r;girlll@é%%ns‘;f;g:el -EF::‘;SS:SZ ia\l
monophosph@@@?@@ Urac I%ngpﬂhgslpl)hate@H:% 3(545h1@as0ura0|l diphosphate CH3 0
R R X Bacd R e CHI Thymine dhaephb s B abey
(N-mono-adetn e diph©&phate CH3 O 4NN idiapelyhiiytesieytdiRh®Sph:
diphosphate &3 Ptk UOTOPFsgIdiphosphatesCHI5- 2.4:O-Diacetyluraci
diphosphate CHj; O 5-Fluorouracil
diphosphate CH; S 2,4-0-Diacetyluracil
diphosphate CH; S Hypoxanthine
diphosphate CH; S 2,4-0-Diacetylthymine
diphosphate CH; S Thymine
diphOSphate CH; S Cytosine
triphosphate CH; 0 2,4-O-Diacetyluracil
triphosph.ate CH; G Hypoxanthine
triphosphate CH; 0 2,4-O-Diacetylthymine
triphosphate CH; O Thymine
triphosphate 1 CHs O Cytosine
triphosphate CH; 0 4~(N-mono-acetyl)cytosine
triphosphate CH; 0 4~(N,N-diacetycytosine
triphosphate CH, O Uracil
triphosphate CH; 0 S-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 | CF, 0] 2,4-O-Diacetyluracil
monophosphate | CF; 0O Hypoxanthine
monophosphate | CF, 0O 2,4-O-Diacetylthymine
monophosphate | CF; O Thymine
monophosphate ;| CF; O Cytosine
monophosphate | CFa O 4-(N-mono-acetyl)cytosine
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diphosphate CH3 S Hypoxanthine diphosphate CH3 S 2,4-O-Diacetylthymine diphosphate CH3 S
* Thymine diphosphate CH3 S Cytosine triphosphate CH3 0 2,4-0-Diacetyluracil triphosphate C133 O

Hypoxanthine triphosphate CH3 O 2,4-O-Diacetylthymine triphosphate CH3 0 Thymine triphosphate

CH3 O Cytasine. trlohosohate CH3 0 4-(N-inono-acetyl)cytosine triphosphate CH3 0

4-(N,N-diacetyl)cylbsine trlphwphate CH3 0 [racil tfighgsphate CH3 O 5-Fluorquracil triphosphate

CH3 S 2,4- uapllcuc EH3-S-Hy inetri : 3 S

2,4-0-Diac tvlthﬁao%me trlphos ate CH3 S Thymine ﬁ.QH&EFﬂﬁ%& Bl B tosine monophosphate

CF3 0 2,4- O@ﬁé@hp%ﬂ rnﬁ‘ﬁ@phosphate g IEB 0 Hymexanthine monophosphate CF3 O
2,4-O-Diace gty TGO NoRRosphate-€F3-0-F hyrine-monophosphate CE3.0{Cytosine
Lmonophocohateﬂc B -(Nr(r?%no acetyl)cytogine 18FR¥%BHLe monophosphate CF3 0

4-NN-diacetyilenepbisphatronppigsphate CF3 PdUrac l2manapBeshhaiei{J3 0 5-Huorouracil
monophos S-A=0=D taraeil—manepHosphate-CE3.S I—l\/nm(an'rhlr e monophosphate
: P F-Dia((): t\c/fstﬁ}ﬁm 1CE § " Hypoxanthine prosp

CF3 S 2,4- yming
monophosphate | CF; S 12,4-O-Diacetylthymine
monophosphbate | CF, S Thymine
monophosphate | CF; S Cytosine
monophosphate | CF; S 4-(N-mono-acetyl)cytosine
monophosphate | CF, S 4-(N,N-diacetyl)cytosine
monophosphate | CF; S Uracil
monophosphate | CF; S 5-Fluorouracil
acetyl CF; O 4-(N,N-diacetyl)eytosine
;cetyl CF; 1S 4~(N,N-diacetyl)cytosine
acetyl 2-bromo-vinyl o 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.

R'0 Base
§ 8
R/ X \R
4 R’
5 (XVIID
wherein:
R' R® R’ X [Base R® R
H CH; CH |O 2,4-O-Diacetyluracil H Me
H CH, OH 0 Hypoxanthine H Me
H CH; 0o [0 2,4-0O-Diacetylthymine H Me
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monophosphate CF3 S Thymuie monophosphate CF3 S Cytosine monophosphate CF3S
4-(N- mono- acetyl}cytosine monophosphate CF3 S 4-(N,N-diacetyl)cytosine monophosphate CF3S
Uracil monophosphate CF3 S 5-Fluorouracil acetyl CF3 0 4-(NN- dlacetyl)cytosme acetyl CF3 S

4-(N,N-diacetyl)cytgsine—aspiy-2-bromae-vipyl- 0 N-diacetylicytosine_acetyl 2:bromo-vinyl S, _
4-(N,N-dia3::yl)cé%osme Alte ?%atlvely, th é‘follownﬁg ny @é‘é%ldes of Formula XVH Bre prehﬁared using
the appropfridte sugar and pyrEnidine of pinellgases H € L6 RS RIRT7IR Eerein: R
R R X jBase-R-R-H-GH3-0OH-0.24.O-Diacetyluracil HIMe” H CH3 QH 0 Hypoxanthine H Me H CH3
" OH 02,4-0 glacetylthymlnq e 183|F°R B4s@ R8|HYPHIEH3 OH 0 ThymineHiMe HH, OHO
ATl Vb R A 0ol
Me H CHém;antnﬁ%@H Me |OH [0 |4(Q¥N-diacetycytosine | H Me
H CH; OH |O Uracil H Me
H CH; OH 0O 5-Fluorouracil H Me
H CH; OH IS 2,4-O-Diacetyluracil H Me
H CH; OH |8 Hypoxanthine H Me
H CH, OH |S |2,4-O-Diacetylthymine H Me
H CHz OH |S Thymine H Me
H CHj OH S Cytosine H Me
H CHs 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 S-Fluorouracil H - Me
monophosphate | CHj O |0 2,4-O-Diacetyluracil H Me
monophosphate | CH; OH |0 Hypoxanthine H Me
monophosphate | CHs OH |0 |2,4O-Diacetylthymine i Me
monophosphate | CHj OH {0 Thymine H Me
monophosphate | CHj OH [0 Cytosine H Me
monophosphate | CHj OH |O 4-(N-mono-acetyleytosine | H Me
monophosphate | CH; OH |0 4-(N,N-diacetyl)cytosine | H Me
monqphosphate CH; OH O Uracil H Me
monophosphate | CHj OCH |0 5-Fluorouracil H Me
monophosphate | CHj OH S 2,4-O-Diacetyluracil H Me
monophosphate | CHj OH |S Hypoxanthine H Me
monophosphate | CHj OH |S§ 2,4-0-Diacetylthymine H Me
monophosphate | CHj OH S Thymine H Me
monophosphate | CH; OH |S Cytosine H Me
monophosphate | CHj OH |S 4-(N-mono-acetylcytosine | H Me
monophosphate | CHa OH |S 4-(N,N-diacetyl)cytosine H Me
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H CH3 OH S 2,4-0O-Diacetylthymine H Me H CH3 OH S Thymine H Me H CH3 OH S Cytosine H Me
H CH3 OH S 4-(N-mono-acetyl)cytosine H Me H CH3 OH S 4-(N,N-diacetyl)cytosine H Me H CH3

OH S Uracil H Me H CH3 OH S 5-Fluorouracil H Me monophosphate CH3 OH 0 2,4-O-Diacetyluracil
H Me monophosphate CH3 ' OH O Hypoxanthine H Me monophosphate CH3 OH O

2,4-O-Diacetylthyrithe H Me Rfonophospkéte GHB8 OHg)Jdhymine H Me monophgsphat £H3 OH O
O 0 4 (NN AT | TE e mopabhogahate GHEA! b Uraci H Me. maréphodiate CH3
OH O 5-Flu gmgpﬁdspm MGERPhosphaEICHESOH $ 2Fiiiige&tyTuracir H Me gromno "Wfé‘ hate
mononhou e M manGbesaiidd BHSBH S oond e | M
monophosph@gémspl&@H S Yl mono-a gy ) cytpsing FMe saRrphosphate Clig O
4-(N,N-diacegy ne-H-Me-3184-R-RX-Base-Rs-Ry monophaosphate CH3 OH S Uracill\ﬂsMe
monophospha#ﬁ%‘?ﬁ% s BFltorouratPH Me QiphpdphQdiag i o-DicetylLMeil i Me
diphosphat @pepkie Hypo@_m‘[athine Hi oL dipigosphatgyfiid OH O Z,4-0-Diacegyfthymipe-+Me
diphosphaté &gﬁ-lgosgﬂétg Thy m; H-Me-giphesphate-C la;tgsl—nllg Cytasine H Me = v
diphosphate CH, OH |O 4-(N-mono-acetyl)cytosine | H Me
diphosphate CH; OH |0 | 4-(N,N-diacetyl)cytosine H Me
diphosphate CH; OH |0 Uracil H Me
diphosphate CH; - OH |0 5-Fluorouracil H Me
diphosphate CH; OH |8 2,4-O-Diacetyluracil H Me
diphosphate CH; OH |S Hypoxanthine H Me
djphosphate CH; OH S 2,4-O-Diacetylthymine H Me
diphosphate CH;, OH |8 Thymine H Me
diphosphate CH; OH |8 Cytosine H Me
triphosphate CH, CH |0 2,4-O-Diacetyluracil H Me
triphosphate CHs CH |O Hypoxanthine H Me
triphosphate CHj OH |0 2,4-O-Diacetylthymine H Me
friphosphate CH; OH |O Thymine H Me
triphosphate CH; OH 0 Cytosine H Me
triphosphate CH; OH |0 4-(N-mono-acetyl)cytosine | H Me
triphosphate CH; CH |0 4-(N,N-diacetyl)cytosine | H Me
triphosphate CH; OH |O Uracil H Me
triphosphate CH; OH {0 S-Fluorouracil H Me
triphosphate CH; 0H S 2,4~-0O-Diacetyluracil H Me
triphosphate CH; OH |8 Hypoxanthine H Me
triphosphate CH; OH 8 2,4-O-Diacetylthymine H Me
triphosphate CH, CH |8 Thymine H Me
triphosphate CHj oH S Cytosine H Me
monophosphate | CFy OH 0O 2,4-O-Diacetyluracil H Me
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diphosphate CH3 OH O 4-(N-mono-acetyl cytosine H Me diphosphatg CH3OHO .
4-(N,N-diacetyl)cytosine H Me diphosphate CH3 OH 0 Uracil H Me dlphogphate ICH3OHO
5-Fluorouracil H f Me diphosphate CH3 OH S 2,4-0-Diacetyluracil H Me diphosphate CH3 OH S

Hypoxanthine H Me_diphosphate CH3 OH S 2,4-0-Diacetylthymine H Me diphosphate CH3 OH S

racil H

10

VIL_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 imcrease of HCV virus in culture is disclosed in U.S. Patent No. 5,738,985 to Miles et
al. In vitro assays have been reported in Ferrari ef al, Jul. of Vir., 73:1649-1654, 1999,
Ishii et al., Hepatology, 29:1227-1235,1999; Lohmann et al., Jul. of Bio. Chem., 274:10807-
10815, 1999; and Yamashita et al, Jul. of Bio. Chem., 273:15479-15486, 1998,

WO 97/12033, filed on September 27, 1996, by Emory University, listing C.
Hagedorn and A. Reinoldus as inventors, and which claims priority to U.S.S.N. 60/004,383,
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Thymine H Me diftiosphate[ @83 OH S Ofosines M PR ghosphate CH3 OH U Zgs0- | _

" Me triphOS})TlaLC & -3-OH-g- Hypoxanthine4-Me_triphosphate CH3 OH O 2 4-OiDjacetylthymine H
Me triphospf%?e 8&%98%0 ﬁ@?m_ne HM trigh@sph m‘mo Cytosme H e biriﬂhols K\/Iaete
gigﬁogghgtz{@fiwz ).95%7.':%).4 %{ntﬁlr’f@(s‘ih?%sfoﬁ }3 Flunmuraml H éﬁl gr%ﬁ%%ﬁa% CH3
OH S 2,4-O- é%yﬁf@&ﬁeH Igi]é3 triphos nge a3 O}-I@Wxanthme H Mel trlpH’c\Jlslph iﬂéeCI-B OHS
2.0 0o o811 7 OO T TR Bl
monophosy hate. Bhate -I?géxanthlri Me %onc ﬁh@&ﬁﬁﬁﬁé“@%’m@ﬂl-@bla}?etﬂhymme H
mngnpohnoosrﬂTfE@fff t%sTthTome fZE\,fﬁ ,EZZZDWW%WE Ch3oH O
4-(N,N-diadey R %gfﬁ iofe I\L'Ig:FS o Uracil H Me

monophosphate | CFs CH |0 5-Fluorouracil H Me
monophosphate | CF OH |S |24-ODiacetyluracil H | Me
mohophosphate CF; OH S Hypoxanthine H Me
monophosphate | CFs 1OH |8 2,4-O-Diacetylthymine H Me
monophosphate | CF; OH |S Thymine H Me
monophosphate | CF, OH IS Cytosine H Me
monophosphate | CF; CH 8 4-(N-mono-acetyl)cytosine | H Me
monophosphate | CF; OH |S 4-(N,N-diacetyl)cytosine H Me
monophosphate | CF; OH |8 Uracil H Me
monophosphate | CFa OH S S-Fluorouracil H Me
acetyl CHs OH 0 4-(N,N-diacetyl)cytosine H Br
acetyl CH; OH |S 4-(N,N-diacetyl)cytosine | H Br



monophosphate CF3 OH O Uracil H Me monophosphate CF3 OH O 5-Fluorouracil H Me
monophosphate CF3 OH S 2,4-0-Diacetyluracil H Me monophosphate CF3 OH S Hypoxanthine H Me*
monophosphate CF3 OH S 2,4-O-Diacetylthymine H Me monophosphate CF3 OH S Thymine H Me
monophosphate CF3 OH S Cytosine H Me monophosphate CF3 OH S 4-(N-mono-acetyl)cytosine H
Me monopﬂcﬁ%m %F@@?ﬂrswﬁﬁﬂmhwaﬂ)mww&em@a%mmaé% 663 lga@é;w@c" H
Me mono H S 5-Fluorouracil H.Me acetyl CH3 OH 0 4-(NN-diacetyl)cytosine H Br
acetyl CHg OQEQJE%%C%\I- ?a%%%lﬁ%%{taoss%gcﬂlbgri nﬁn%%?é?ﬁt%gg EEMpBan Beeaxhibit
anti-hepatitis P AR §yDH arhibingsCy plhljHepadisis, Oy itobiTY)Rhes garymesoegdadinibe

replication cyglen ¥ iy-ethel. QWQX aumbper. 5 gf assays have been published to assess these
activities. A general 'n?etrt%%t%ggt asse ge%%%é%@n@&ﬁ%gg ﬁé@g}mﬁ’s‘#ﬁ@%re is disclosed in
U.S. Ratent No. 5,7 | al..In vitro assays have been reported in Ferrari et at, At of Vir.,
73:1649-1654, 1993%2%%é%%f#‘%%ﬁtﬁ%‘ﬁ%:ﬁ%i%ﬁ%@?ﬁ hriietes ara disglsesdchem.,
274:10807- 16613 498 Narti03aTisHitdetzal cAkIOBIS. Bhtern Na73,050395 1546614898, 10 WO
97/12033, filed Py SePLERbRE2 ry University, listing C. Hagedom and A, Reinoldus as
inventors, and which claims prio%ﬁ?é%g%.2¥$Eﬁ%%7@64§§§%ﬁi§%aﬁ%ﬁaﬁwg Brtsesa §88biBgCribes
an HCV polyfiEiaecassapoasaEal Smeser Gslededie Ul RativitiNof HiBciopeassdsdeseiged

herein. Anotmtaﬁgvopglygg% e b I?ar lo t at, Hepatitis C virus
(HC\Q RNA pzlymerase assa?%%%é?ﬁ#%%s@ﬁ%@ar{’o%%?l%ﬁ%g egg(%ing;,g %ﬁ%ﬁ&?%@ﬁyn et

19961 (Supp*2) 18-24. 5 Screens that measure reductions in kinase activity from HCV drugs are
disclosed in U.S. Patent No. 6,030,785, to Katze et at, U.S. Patent No. 6,010,848 to Delvecchio et al,
and U.S. Patent No. 5,759,795 to Jubin et at. Screens that measure the protease inhibiting activity of

roposed H re.disclosed in U.S. Patent No. 5,861,267 to Su et al, U.S.
prop : Cﬁ{{ g %Igog er ?a%:gon 1§ssa 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 cm?
tissue culture flasks in minimal essential medivm 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
minute exposure to 30 mL of trypsin-EDTA and three copsecutive 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 expos.ed to 10 uM of [°H] labeled active compound (500 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). Imtracellular 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 qf 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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Patent No. 5,739,002 to De Francesco et al, and U.S. Patent No. 5,597,691 to Houghton et 10 al.
Example 4: Phosphorylation Assay of Nucleoside to Active Triphosghate 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 cm2 tissue culture flasks in minimal essential medium
supplemented with non-essential amino 15 acids, Tbjechicillin-streptomycin. The medium was
renewed every three days, and the cells were subcultured once a week. After detachment of the
adherent monolayer wit) a 10 minute exposure to BenelinagiinmpsitisEDTA and three consecutive
washes with medium, cpnfiganeHepiz2 c Ilsg/vgr.g’sggg.edji aglensityRf 2.5:x % ligper well in a
m 1Ipm8 f

6-well plate adteddosdd to #i8MT1ef [3H] labelpgiagtive compoupdd dpn ‘specified
s werenaintaineq at ST Agiacr ap7 COZ ﬁmuapn d time

20 time periods. Bhe cel

points, the cells were wdshed tigreg times|with icg6gid pﬂOupﬂaLe gl.ygb'lcu saline-(PRS)—tatraeellular
active compound @ind it respectiye metaRolites Wej& extragted Uy9|l bating-the-ecef-Fetet-evernight

at -20C with 60%methanol follgyed by €3 tracﬂora_s\@ith ar
hour in an ice bagp Thejexiractgsgere 25 Tem copngmed; dired uu%%. How-and stored
r 1D ie-arn talhl » i) Tﬁhle 1

at -20C until HPL4g analysis.” Thggreliminary resgrjs of the HPt€ ysts-arg-tabt
187 Table 1 [pmol/million cells] (3-D-2'-CH3- (3-D-2'-CH3- {3-D- 2%((,533 (3- D]:2 CH?ﬁzﬁme(h)

riboA-TP riboU-TP riboC-TP riboG-TP 2 33.1 0.40 2.24 ND 4 67.7 1.21 3.99 ND 8 147 1.57 9.76
2.85 24 427 6.39 34.90.91 30456 7.18 36.2 3.22 48 288 9.42. 56.4 6.26 Example 5: Bioavailability
Assay in CynomoIEus Monkeys Within 1 week prior to the study initiation, the cynomolgus monkey
was surgicalixs Backwatinbitiy cieaven alignoatib it aN¢hgeBcutaneous venous access port
(VAP) to

=

Within 1 week prior to the study initiation, the cynomolgus monkey was surgically

5 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 chernistry evaluations and the body weight was recorded. Each monkey (SIX total),
received approximately 250 uCi of °H activity with each dose of active compound, namely
B-D-2’-CH;-riboG at a dose level of 10 mg/kg at a dose concentration of 5 mg/mL, either

10 via an intravenous bolus (3 monkeys, IV), or via oral gavage (3 monkeys, PO). Each dosing
syr_inge 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

15 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 (Cax), time when the maximum
concentration was achieved (T, area under the curve (AUC), half life of the dosage
concenfration (Ty), clearance (CL), steady state volume and distribution (Vs) and

20 bioavailability (F), which are tabulated in Tables 2 and 3, and graphically illustrated in
Figures 2 and 3, respectively.
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facilitate blood collection and underwent a physical examination including hematology and serum
chemistry evaluations and the body weight'was recorded. Each monkey (six total), received
approximately 250 uCi of 3H activity with each dose of active compound, namely (3-D-2'-CH3-riboG at
a dose level of 10 mg/kg at a dose concentration of 5 mg/mL, either 10 via an intravenous bolus (3
monkeys, 1V), or via oral gavage (FAhRe{d: ﬂb@%@aéﬁtdbﬁ’dg Momkgrswas weighed before dosing
to gravimetrically determing the quantity of formulation administered. Urine samples were collected
‘via pan catch at the deagntedqﬁﬁérv S (a@ﬁ X|ma elyl‘i@l@ Adl¥es pl é&masé\lf@m & %) 2
das Land.prdcesstd’  BlooHschY 2 Wehe E(miemkw@egl) 5,05, 1,2,

3,6,8, 124 R o i\ ' } hic vemmg cathdter and VAP or frofn a peripheral
vessel if thel¥Avismkeyénoub cahéfer drocedard shodld not2#8.Bossibke. The blood and Jrine samples
were analyzBd kéerkeydaxitnudcBhcehtrati6f7eC..), §me wheh4he maximunpaomcentrafion was
achieved (TR Meakenriderdthe28die (RUC) 7Bl lifeof the d6dage concentration (1y,), Flearance
(CL), steadyPSidvboubstiide and 3s¥butjon (Vg38and 2D bioawsiability (F), which are tabullted in Tables
2 and 3, and’Grifshikedty illustrat@®4n Higurés@and §, respéctdrely. 1p8 Tablegg Oral Bibaysigability in
Monkeys Dose AUC Norm AUC Mean Norm AUC F (%) (mg) (ng/rnL x h (n mL x h/mg) ng/mL x
h/mg) IV Monkey 1 46.44 13614 293.2 IV Monkey 2 24.53 6581 268.3 IV Monkey 3 20.72 6079 293.4
284.9 PO MonkdyHICS: B4patidéniaPPhManicekd aR08800 2.0 RO MeCkR/S 30diR42 61.3
38.8 13.6 Table 3: Experimental Pharmacokineties of (3-D-2'-CHrriboG in Cynomolgus Monkeys IV
PO Dose/Route (mg/kg) 10 10 Cmax (n /mL) 69 BEL¥85 0 217.7 132.1 Tmax 0.25 0.00 2.00 1.00

I\ PO
Dose/Route (mg/kg) 10 10
Coex (ng/mL) 6945.6 + 1886.0 217.7+132.1
T (01) 0.25+ 0.00 2.00+ 1,00
AUC (ng/mL x hr) 8758.0+ 4212.9 1166.0 + 589.6
T, (br) 79+54 103+ 4.1
CL (L/hr/kg) 1.28 % 0.48
Vg (Lkg) 2.09 + 0.54
F (%) 13.8

5 Example 6: Bone Marrow Toxicity Assay

Human bone marrow cells were collected from normal healthy volunteers and the
mononuclear population was separated 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 soff agar or
15 methylcellulose method. Drugs were diluted in tissue culture medium and filtered. Afier
14 to 18 days at 37°C in a bumidified 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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AUC (ng/mL x hy 8758.0 4212.9 1166.0 589.6 T-A (hr) 7.95.4 10.34.1 CL L/hr/k) 1.28 0.48 VSS
2.09 0.54 F(%) 13.8 5 Example 6: Bone Marrow Toxicity Assay Human bone marrow cells were
collected from normal healthy volunteers and the mononuclear population was separated by
Ficoll-Hypaque _gradient centrifugation as described previously by Sommadossi J-P, Carlisle R.
"Toxicity of 3'-a'£gﬁ¥8934-: HeonpmBensihbasrrvdl exisitikyBEo G e and BERUictionggetina Serysormal
human 10 hematopoietic progenitor cells in vitrg" Antimicrobial Agents and Chemotherapy 1987;
31:452-454; and Sommadossi J-P, Schinazi RE, Chu CK, Xie M- iti@dfparison of cytotoxicity of the
(-)- and (+)-enantiomerof 2'. Fran@enRy-3'-thiactidin€FLeMhal human b&idnftarrow progenitor cells”
Biochemical Pharmacology 1982y#11921-192b. The eufture assays for CRUFrGM and BFU-E were
performed using a bilayeBsDftagaiariidimethylcellulosé@dethod. Drugs wen@gliluted in tissue culture
medium and filtered. Afteg-IbdtoCt8.gestiat 37€ in a henodified atinosphete @gb% CO2 in air, colonies
of greater than 50 cells vere rogpteausng anfinverted pgcroscofe. The TeSHHTS in Table 4 are
presented as the percenplmpbiag,gheREpny T[qrmationifghe presence of grigrrompared to solvent
control cultures. 189 Table 4: Human Bone Marrow Toxicity CFU-GM and BFU-E Clonogenic Assays
IC50inNM Treatment CFU-GM BFU-E ribavirin -5 -1 -D-2'-CH3-riboA > 100 > 100 D-2'-CH,-riboU >
100 > 100 -D-2'-CH3-riboC > 10 > 10 (3-D-2'-CH3-riboG > 10 > 100 Example 7: Mitochondria
Toxicity Assay HepG2 cells were cultured in 12-well plates as described above and exposed to
Example 7: Mitochondria Toxicity Assay

Hep(G2 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; 44:496-503.

Lactic acid levels in the culture medium after 4 day drug exposure was _méasured 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
B-D-2’-CHs-riboC 1 2.52 1153
10 236 107.9
50 2.26 1034
100 2.21 101.2

N
HO E HO. HyC
O~ O~
OH OH OH
15 FIAU B-D-2’-CHz-1iboC



5 various concentrations of drugs as taught by Pan-Zhou X-R, Cui L,'Zhou X-J, Sommadossi J-P,
Darley-Usurer VM. "Differential effects of antiretroviral nucleoside analogs on mitochondrial function in
HepG2 cells" Antimicrob Agents Chemother 2000; 44:496-503. Lactic acid levels in the culture
medium after 4 day drug exposure was measured using a Boebringer lactic acid assay Idt. 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) Conc. (MM)Tatdty ertipn descemmslecdbriraitr spfeoira do Ftawefraizemtmdiments.
(3-D-2"-CH39ihofiche 521 1B bR IO L0% TR %26l J0AR21,L0L2 SR N e NyN-O
N--k-O HO E HO H3C O~ O~ OH OH OH 15 FIAU (3—D-2:-CH3-r|boC 190 i i This invention has been
described witiPretBrdRreseiredipiited desaimbornhtisinvepionions and modifications of the invention,
will be obvious to those skilled in the art from the foregoing detailed description of the invention. 191
We Claim: 1. Use of a compound of the formula: 0 N NH

191



HO F13CN N'NH2 4 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. 2. Use of a phosphate or
stabilized phosphate prodrug of a compound of the formula: 0 <N NH HO H3CN N~NH, 4 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. 192

We Claim:
L Use of a compound of the formula:
O
NfL
NH
¢
A
HO H, CN N TNH,
O‘H.
OH OH

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the

treatment of a hepatitis C virus infection in 2 host.

2, Use of a phosphate or stabilized phosphate prodrug of a compound of the formula:
O

ka

NH
!
A
HO HiC N7 “NH,
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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