COMPOUNDS WITH THE BICYCLO[4.2.11INONANE SYSTEM FOR THE TREATMENT OF
FLAVIVIRIDAE INFECTIONS 5Field of the Invention The present invention is directed to
compounds and methods for the treatment of Flaviviridae infections that include the administration of
an effective amaunt of a bi(%%o 4.2.1jnonane. Background of the Invention 10Flaviviridae are a group

of positive, singfet Rﬁiﬁi‘é‘ﬁm&' GeRtithe. SPENMNE B YISTRV 1R ZrEenveloped
viruses of approximately 40 verview of Fl vivirig| taxonomy is available from the
International Committee for %ﬁ%@%%@hﬁ&%g@w&%%%% %?Fﬁ(%&éstonsists of three genera.
151. Flaviviruses. This genus includes the Dengue virus group (Dengue virus, Dengue virus type 1,
Dengue virus type 2, Dengue virus type 3, Dengue virus type 4), the Japanese encephalitis virus
group (Alfuy Virus, Japanese encephalitis virus, Kookaburra virus, Koutango virus, Kunjin virus,
Murray Valley encephalitis 20virus, St. Louis encephalitis virus, Stratford virus, Usutu virus, West Nile
virus), the Modoc virus group, the Rio Bravo virus group (Apoi virus, Rio Bravo virus, Saboya virus),
the Nt;%ya virus group, the Tick-Borne encephalitis group (tick-born encephalitis virus), the Tyuleniy

virus gfoup, Uganda S virus group, and tHeeHolheRaventipus group. Apart from these major groups,
there are some additional Flaviviruses that are unclassified. 2. Hepaciviruses. This genus contains

only one species,Tthe pepaliis-Gearifes (HEMcwhieh issampesed:of mampaladesndypes and subtypes.
treatment of Flaviviridae infections that include the administration of an effective

amount of a bicyclo[4.2.1lnonane.

Background of the Invention

10 Flaviviridae are a group of positive, single-stranded RNA viruses with a
genome size from 8 to 15 kb. They are enveloped viruses of approximately 40 to
50 nm. An overview of the Flaviviridae taxonomy is available from the International
Committee for Taxonomy of Viruses. The group Flaviviridae consists of three
genera.

15 1. Flaviviruses. This genus includes the Dengue virus group
(Dengue virus, Dengue virus type 1, Dengue virus type 2, Dengue
virus type 3, Dengue virus type 4), the Japanese encephalitis

' .virus group (Alfuy Virus, Japanese encephalitis virus, Kookaburra
virus, Koutango virus, Kunjin virus, Murray Valley encephalitis

20 virus, St. Louis encephalitis virus, Stratford virus, Usutu virus,
West Nile virus), the Modoc virus group, the Rio Bravo virus group
(Apoi virus, Rio Bravo virus, Saboya virus), the Ntaya virus group,
the Tick-Borne encephalitis group (tick-born encephalitis virus),

the Tyuleniy virus group, Uganda S virus -groﬂp, and the Yeliow



3. Pestiviruses. This genus includes bovine viral diarrhea virus -2 (BVDV-2), Pestivirus type 1
(including BVDV), pestivirus type 2 (including hog cholera virus), and pestivirus type 3 (including
border disease virus). 100ne of the most important Flaviviridae infections in humans is caused by the
hepatitis C virus (Hey). ThisFis the second maj e of viral hepatitis, with %n estimated 170 million

rcau
carriers world-wide (World Heegﬁﬁ%Fg%ﬁ%%’ﬁbr%%gbgﬂﬁkt@%qcgﬁﬁoﬁr%r\%gﬁ’c ety
Epidemioloaical Record, 19 Jﬁ .%milli n of whom reside in the United States (Centers for
Disease Control; unpublishegg rgétzgo:)’(f]lg R% /m?%%c?g\é%?ng%ﬁ? Isaesggsbesé/’! hepatitis/heptab3.htm).
The genomic organization of the Flaviviridae share many common features. The HCV genome is often

used as a model. HCV iga meéemggé@,peﬂwgéﬂﬂ%arﬁgﬂgmww gRded:BNA aenome of -9.6

kb within the nucleocapsid. The genome contains a single open reading rgme“(ORF) encoding a
polyprotein of just 20 over 3;808tRMMeiARdSITNNCis-ERAVEH IR Saneraiatiecmatyegiructural and
nonstructural viral proteins. The ORF is flanked by 5' and 3' non-translated regions (NTRs) of a few
hundred nucleotides in lengthgvehisiyrare important for RNA translation and replication. The translated
polyprotein contains the structural core (C) and envelope proteins (El, E2, p7) at the N-terminus,
followed by the nonstructural proteins (NS2, NS3, NS4A, NS4B, NS5A, NS5B). The mature structural
proteins are generated via Ei8814EEB§ tHEBRtSigHarpessdudne s ifiarthsm visuak2Proc. Nat.
Acad. Sci., USA 1991, 88, 5547; Hussy, P. et at, Virology, 1996, 224, 93; Lin, C. et al., J. Viral., 1994,
68, 5063; Mizushima, H. et@é//’?\jrg\)irgﬁ?fi‘émﬁ BT SnCBug Riva Vi Rasiitiniadyae, 2994, 68,
6215; Santolini, E. etal. J. Vjro .,%994, 68, 3?31; Selby, M. J. etal,, Virology, 1994, 204, 114; and
Grakoui, A. et al., Proc. Nat' KU 8 8P FERI§04 60, 108 865 e dHeRohRAWEEY NS2 and NS3 is
autocatalytically cleaved by the NS2/NS3 e.rot ase (see Hijikata, M. et at, J. Viral., 1993, 67, 4665 and
Bartenschlager, R. et 10 aEqr%ﬁtb .',ngﬁﬁ, gg’s 045), while the remaining four junctions are cleaved by
the N-terrninal serine protease domain of NS3 complexed with NS4A (see Fallle, C. et at, J. Vim!.,

1994168, 3753; Lish&ofhatmbeY ifborSRAEARifHAZ TRl el Al hMiIEk 1995:6%, 1625 and Tai
C.L. at at, J. Virol, 1996, 70, 8477). The NS3 protein also contains the nucleoside triphdsphate

(NTP)-depesagemidelicnge (Haelivityy oo GRS BNA deiing replicationyiiheNS5B protein
possesses RNA-dependent RNA polymerase (RDRP) activity (see Behrens, S.E. etal,, EMBO J.,
1996, 15, Eafitratennn?) Yhikital. chréslwd989yidé, @¥dfiq428tantd-00raann; Meptaftis\irology, 1998,
249, 108), which is essential for viral replication, (Ferrari, E. eta!,, J. Virol., 1999, 73, 1649). Unlike
HBV or HI¥/ohe20BrkeiscmbleedinEiridmeptitaticn Glddad, 1867, 72, 341), 3.9 million of

whom reside in the United States (Centers for Dissase Control; unpublished data,
15 htip/fiwww.cde.govincidod/diseases/ hepatitis/heptab3.htm).
The genomic organization of the Flaviviridae share many common features.
The HCV genome is often used as a model. HCV is a small, enveloped virus with
a positive, single-stranded RNA genome of ~8.6 kb within the nucleocapsid. The
genome contains a single open reading frame (ORF) encoding a polyprotein of just
20 over 3,000 amino acids, which is cleaved to generate the mature structural and
nonstructural viral proteins. The ORF is flanked by 5° and 3’ non-translated regions
{NTRs) of a few hundred nucleotides in length, which are important for RNA
transiation and replication. The translated polyprotein contains the structural core

{C} and envelope proteins (E1, E2, p7) at the N-terminus, followed 'by the



Treatment of HCV Infection with Ribavirin Ribavirin
(1-13-D-ribofuranosyl1-1H-1,2,4-triazole-3-carboxamide) is a synthetic, non-interferon-inducing,
broad-spectrum antiviral nucleoside analog sold under the trade name VIRAZOLED (Merck Index,

[ N 4, 1989). United Stat
patent Noo ™ FoUC 08 S NS5 B 0s v s NN S &ull'u?y similar t
al A I idae (G
 Davie, GAasr OE%R TR R R B R S e eveis o
normal in 40 SESAAtiEnts, Bt dopsAaLowEr SSEUNf8uslef ls@f %yw& pavis,

Gastroenterology 118: A STIZ,2000). Thus, ribavifin alohe i5 not é € in‘reducing viral RNA
levels. Addifiparily, ribguirrphassigpifieant toxicity e isdgiown 8JRJULRARRIAI. H. ¢ Ribavirin is

not approved for monotherapy agalnst HCV. It has been 10approved in combination with interferon

alpha-a owintarferien, alpha: 28 for the MeatsaakofHE N Treatment bl Gy Iafestion with Interferon
Interferons (IFNs) have been commercially available for the treatment of chronic hepatitis for nearly a
decade. IF&zareligly Ehpioseins predyaesbydo mene: teaslisin Jespanseitemisg! ndeeatiops1FNs inhibit
replication of a number of viruses,

114; and Grakoui, A. ef al., Proc. Nat. Acad. Sci., USA, 1983, 90, 10538). The

junction between NS2 and NS3 is autocatalytically cleaved by the NS2/NS3

protease (see Hijikata, M. ef al,, J. Virol,, 1983, 67, 4665 and Bartenschiager, R. &t
10 al, J. Virol, 1994, 68, 5045), while the remaining four junctions are cleaved by the

N-terminal serine protease domain of NS3 complexed with NS4A (see Failla, C. ef

al., J. Virol,, 1994, 68, 3753; Lin, C. ef al,, J. Virol,, 1994, 68, 8147; Tanjfi, Y. ef al.,

J. Virol., 1985, 69, 1575; and Tai, C.L. ef al., J. Virol., 1996, 70, 8477). The NS3
protein also contains the nucleoside triphosphate (NTP)-dependent helicase

15 activity which unwinds duplex RNA during replication. The NS5B protein
posseasses RNA-dependent RNA polymerase (RDRP) activity (see Behrens, S.E.
et al.,, EMBO J., 1996, 75, 12; Lohmann, V. ef al., d. Virol., 1897, 71, 8416-8428;
and Lohmann, V. et al.,, Virology, 1998, 249, 108), which is essential for viral

replication, (Ferrari, E. ef al., J. Virol.,, 1998, 73, 1649). Unlike HBV or HiV, no

20  DNA is involved in the repiication of HCV.

Treatment of HCV infection with Ribavirin

Ribavirin {1-B-D-ribofurancsyi-1H-1,2 4-triazole-3-carboxamide) is a
synthetic, non-interferon-inducing, broad-spectrum antiviral nucleoside analog sold
under the trade name VIRAZOLE® (Merck Index, 11th edition, Editor: Budavari,

25 5., Merck & Co., Inc., Rahway, NJ, p. 1304, 1989). United States Patant Nos.



including HCV, and when used as the sole treatment for hepatitis C infection, IFN can in certain cases
suppress serum HCV-RNA to undetectable levels. Additionally, IFN can normalize serum amino
transferase levels. Unfortunately, the effect of 1FN is temporary, and a sustained response occurs in

only 8%-9% Opatient ronically infected with HCV (Gary L. Davis, Gastroenterology 118:5104-
S114, 20009)3.%5£%éaﬁ5‘ té%ﬂ’ﬁ%f%%ﬁﬂ@@@%l@éﬁﬁ@inféﬁévﬁiﬂti%atmeﬁwaﬂmich causes

severe qu-Ilsk!%aﬁgmgtoms weight loss, and lack of energy and stamina. A number of patents

disclose Flaviitiae ARG +#6 Fﬁ@éﬂj‘fgmf‘?ﬁ%ﬁ%aﬂmﬁ?ﬁwsﬁ%@&ﬁf’é’#dﬁﬁé%.\fiwﬁé&amplg,
HOV Uaing So e RS 6 L it o UGB P40 e M AGHIF808 ot OV
therapy using ovi ine interferon-tau. U.S. Patent No, 5,928,636 to Alber et a/. discloses the
combination therﬁ%ﬁﬁéﬁ%ﬁ%%l% %”n e e%ﬁ’%%ﬁg?cf?‘fﬁ&g St EmEn ot iifhettious diseases
including HE kS, retj t.al. di s th e of thymosins, alone or in
combinatioﬁﬁ#ﬁtﬁ%ﬁ%éﬁ%ﬁ%ﬁ%ﬁ%@ﬂ%@Ea%iﬁ%%ggﬂ%%ﬁtﬁ%lﬁﬂena of at discloses a
combinatioméﬁﬁﬁéh@r@ﬂb@wwﬁimzﬂ@%f@!%%q %tﬁ(%? ﬁ%ﬂkﬁﬁh%ﬁ%%%ﬂg%r'ggg > Fnatent No.

5,738,845 to Imakawa discloses the use of human interteron tau 10 proteins re tlﬁgiq-ICV. Other

interferon-bageoitite almenisdos i) AmifsSOse iR s HRat gEHSaét@ 3%42;?&%@5@ ofat, U.S.
Patent No. 5,372,808 to Blatt of al., and U.S. Patent No. 5,849,696. A num erO patents also disclose

pegylated formerobimeddfesamsueh as, U.S. Patent Nos. 5,747,646, 5,792,834, and 5,834,594 to
Hoffmann-La Roche Inc; PCT Publication Nos. WO 99/32139 and WO 15 99/32140 to Enzon; WO

95/13090 and U.&iilRatientiblost 51a38846anthonbidsfdd tagdahaningiandidsS, &atent No. 5,908,621
to Glue of at Interferon alpha-2a and interferon alpha-26 are currently approved as monotherapy
for thErecApAvet HOWIROBEROMNOD-i(Reche pistbeztecombiraridonhal intesfaren alpha-2a.

PEGASYSO (Roche) is the pegylated (i.e.
treatment of HCV.,

Treatment of HCV Infection with Interferon

Interferons (IFNs) have been commercially available for the treatment of
chronic hepatitis for nearly a decade. IFNs are glycoproteins produced by immune
15 cells in response to viral infection. IFNs inhibit replication of a number of viruses,
including HCV, and when used as the sole treatment for nepatitis C infection, {FN
can in certain cases suppress serum HCV-RNA to undetectable levels.
Additionally, IFN can normalize serum amino transferase levels. Unfortunately, the
effect of IFN is temporary, and a sustained response occurs in only 8%-9% of
20 patients chronically infected with HCV (Gafy L. Davis, Gastroenierology 118:5104-
5114, 2000). Most patients, howevear, have difficulty tolerating interferon treatment,
which causes severe flu-like symptoms, weight loss, and lack of energy and
stamina.
A number of patents disclose Fléviviridae, including MCV, treatments, using

25  interferon-based therapies. For example, U.S. Patent No. 5,980,884 to Blatt of af.



20 polyethylene glycol modified) form of interferon alpha-2a. INTRONOA (Schering Corporation) is the
recombinant form of interferon alpha-26, and PEG-INTRONO (Schering Corporation) is the pegylated
form of interferon alpha-26. Other forms of interferon alpha, as well as interferon beta, gamma, tau,
and omega are, currently in clinical development for the treatment of HCV. For 25 example,

INFERGENG fiRiSiFrSAN R AR R P B RR: Aliaake onmlfEetON () HEYusingrerssomiby Viragen,
nterteron By BRI bAAPRIAo o0 Mot 89 REVEHIE SlodeRBes A antblon gamma,
2 Rt P {RC K, SARORS AT LS A0R BhroHhe n ARG b atRA B Sy wit an
nfecton hag bac e 1 b SR e kg RN o ASHCIOR 08 P Wi, A M.
Cisease 5 proma (Barne i N SCa] AR ol (ST, 3 108 T PRoR Slbdies have
shown thatTresg-patiet it bepatitis & W%%gg@?gﬁﬁj%ﬁ%ﬁw_@%@/\g%wrin combination

therapy than to combination therapy with unpegylated inter owever, as with

monotherajpyesigoificantrsiderefiecty developAaduinscosinalionaglaRy. é@%‘HQ%EgsJS‘%EO'VSiS’
flu-like symptoms, anemia, and fatigue. (Gary L. Davis, Gastroenterology 118:5104-S114, 2000).

CombinatienctiebapstioitHEEGHNIRQNGI(Reainteseson Alpha2h) apthREBETQLO.(ribavirin, USP)

Capsules is available from Schering Corporation. REBETOLO (Schering Corporation) has also been

approved il €orribinatible viit i ZD AT RONE AvGniRitRIepsalRb b of oL PRI NABE SER2ENY
Corporation). Roche's PEGASYSO (pegylated interferon alpha-2a) and COPEGUS(r) (ribavirin) are
also Hpprovedeinstiss treatime fey HOMer inteToPuiinadion Mo G99/59624, WO 00/37110, WO
01/81359, WO 02/32414, and WO 031024461 by Schering Corporation disclose the use of
25pegylatStPHesag Bl Afpnaainathiabiv 6MBitmiiestheray IhSthedreathiers, 6F2, 808 io

Blatt ef af., and U.S. Patent No., 5,849,606. A number of patents aiso disclose
pegylated forms of interferon, such as, U.S. Patent Nos. 5,747,648, 5,792,834, and
5,834,594 to Hoffrann-La Roche Inc; PCT Publication Nos. WO 99/32139 and WO

15 99;’32340 to Enzon; WO 95/13090 and U.S. Patent Nos. 5,738,846 and 5,711,944
1o Schering; and U.S. Patent No. 5,908 621 o Glue eof /.

interferon alpha-2a and interferon aipha-2b are currently approved as
monotherapy for the treatment of HCV. ROFERDON®-A {Roche) is the recombinant
form of interferon alpha-2a. PEGASYS® (Roche) is the pegylated (i.e.

20 polyethylene glycol modified) form of interferon alpha-2a. INTRON®A (Schering
Corporation) is the recombinant form of interferon alpha-2b, and PEG-ENTRON@
(Schering Corporation) is the pegylated form of interferon alpha-2b.

Other forms of interferon alpha, as well as interferon beta, gamma, fau, and
omega are currently in clinical development for the treatment of HCV. For

25  example, INFERGEN® (interferon aiphacon-1) by InterMune, OMNIFERON®



HCV. PCT Publication Nos. WO 99/15194, WO 99/64016, and WO 00/24355 by Hoffmann-La Roche
Inc also disclose the use of pegylated interferon alpha and ribavirin combination therapy for the
treatment of HCV. Additional References Disclosing Methods to Treat HCV Infections 5A number of

HCV treatments are reyiewed b mock et at in Antiviral Chemistry & Chemotherapy, 11:2; 79-96
(2000). T@%@é?%ﬁﬁ&%ﬁé@%@bmgﬁ%%r’é"ﬁ’ﬁ@‘@ TR eEGRsthe literature, in
which the sgissile.amide_ bond. of a ¢leaved substrate is replaced by an electrophile, which interacts
with the ca%tg#ﬁlf e ﬁﬁ?ﬁﬂo%%}%t% g‘ﬁ)i@%r ?’% KiiPApERdaE Gy &iolrsisiEe2496; Attwood
etal. (1999 DY istry. and Ch therapy 10:259-273; Attwood et at (1999), Preparation and
use of ami%?ﬁ%%i%@%@é%%y anf'g?\%lﬁ‘a?rg%gﬁ%?%gﬁhgﬁ HEREPILAREHER 68T a 434 Tung etal.
(1998), |n@9@q;§§§§%§%%ﬁ;§g§g% rffé &rlg Q%J%tiggvc virus@l\%ss protease, WO 98/17679. The
) 4 )

&
reported inhibitors terminate in an 15electrophile such as a %ié}%%cﬂacid or phosphonate. Llinas-Brunet
etal. (1999), Hepatitis C inhibitor peptide analogues, WO 99/07734. Two classes of electrophile-based

inhibitérs Nowembgestdeser hed -Alphalkeiaamidesand hydrazinoureas. The literature has also
described a number of non-substrate-based 20inhibitors. For example, evaluation of the inhibitory

Protoases has DLl TN SIa K0 GEde LG R R B, i STOBH U o
Communigations, 643-647; , t al., £1998) Antiviral Chemistry and Chematherapy 9:186.
Using a reg\;ﬂé%ﬁ%ﬁpﬁagggﬁ I@ge%%iggf?tﬁ%atﬁﬁ r"n(ﬁSL‘tep% g‘n Vi éggﬁgéﬁﬁﬁé%%ﬁﬁ\%eﬁ%{%@hD3-4082

and RD3-40/Bthefarmear substituied oR thess been reporiad to be effective in the

treatment of interferon nalve patients (Battaglia, A.M. et al., Ann. Pharmacother.

10 34:487-494, 2000), as well as for treatment of patients when histological disease is
present (Berenguer, M. ef al., Antivir. Ther. 3(Suppl. 3):125-136, 1998). Studies
have shown that more patients with hepatitis C respond to pegylated interferon-
alphafribavirin combination therapy than to combination therapy with unpegylated
interferon alpha. However, as with monotherapy, significant side effects develop

15 during combination therapy, including hemolysis, flu-fike symptoms, anemia, and
fatigue. (Gary L. Davis, Gastroenferology 118:5104-5114, 2000).

Combination therapy with PEG-INTRON® (peginterferon alpha-2b) and
REBETOL® (ribavirin, USP) Capsules is available from Schering Corporation.
REBETOL® (Schering Corporation) has also been approved in combination with

20 INTRON® A (interferon aipha-2h, recombinant, Schering Corporation). Roche’s
PEGASYS® (pegylated interferon alphs-2a) and COPEGUS® {ribavirin) are also
approved for the freatment of HCV.

PCT Publication Nos. WO 99/59621, WO 00/37110, WO 01/81358, WO
02/32414, and WO 03/024461 by Schering Corporation disclose the use of

25 = pegylated interferon alpha and ribavirin combination therapy for the freatment of

(]



amide with a 14-carbon chain and the latter possessing a para-phenoxyphenyl group. Thiazolidine
derivatives have been identified as micromolar inhibitors, using a reverse-phase HPLC assay with an
NS3/4A fusion protein and NS5A/513 substrate. Sudo, K. at at, (1996) Antiviral Research 32:9-18,

Compound SSessi se nnamo moiety substituted with a long alkyl chain, was
the most potent ai gigj ‘Jé@ gg’%n(&mt 9 r%%ﬁ(% Qigwﬁés%r%oﬂﬁ%z@% and RD4
6193. Other ature reports screenin reI t|v s all library using.an EL|SA 10assay and the
|dent|f|cat|§#)o the%e’tor%%%%enf:s 245 Bg%ﬁ?ﬁﬁ%%%g {F?xkl%% ’Qtﬁ?fﬁ%fb%ﬁﬁ‘ﬁrﬁ%s Kakiuchi N.
etal., J. EBS,LEHErs4 SI}(_, h| n I | Biochemistry 247:242-246, 1997.
Several uU.S. patents |sc%&‘s?(e}gp%r}ge e mh%% %’t%afgr e ?tﬁ ment of HCV. For example, U.S. Patent
No. 6,004,933 to Spruce at at discloses a class of cysteine protease inhibitors for 15inhibiting HCV
endopeptidageiZiod 3 ARaienh N Di3902 7Pl Uéhnang-als Rthetic inhibitors of hepatitis C

virus NS3 protease. The inhibitor is a subsequence ofa substrate of theNSB protease or a substrate

of the NS4A cofagtor. The us striction enzymes to tr CV is disclosed in U,S. Patent No.
5,538,865 to Rey%‘s L a%ef s%igt\’e? rom%ﬁ%gf@ r@n’fﬁ’t}'gﬂe Em%tfé‘s%‘tﬁ%tstfteﬁ%mes sp., Sch

68631, a phenany @eﬁ%}ﬂ e % ?]E activity against HCV protease in a SDS-PAGE
and autoradlograpég assay. gﬁ' 6’?53%@ etr oﬁ etters 37:7229-7232, 1996. In another

example by the saB% Ay hgte: Se 35LAYTsisnlaied o InE Junaus.eniclium gscoyyum,

demonstrated micromolar 25activity In a scintillation proximi y assay ioofganic and
Medicinal fiterature, in which the scissile amide bond of a cleaved subsirate is replaced by an

electrophile, which interacts with the catalyviic serine. Attwood ef al. (1998),

10 Aniiviral peptide derivatives, WO 98/22496; Attwood ef af. (1899), Antiviral
Chemistry and Chemotherapy 10:259-273; Attwood ef al. (1999), Preparation and
use of amino acid derivalives as antiviral agents, German Patent Publication DE
19914474, Tung ef al. (1998), inhibifors of serine protfeases, particularly hepatifis C
viris NS3 protease, WO 98/17679. The reported inhibitors terminate in an

15 electrophile such as a boronic acid or phosphonate. Liinas-Brunet et al. (1 994},
Hepatifis C inhibitor paptide anaiogues, WO 89/07734. Two classes of
electrophile-based inhibitors have been described, aiphaketoamides and
hydrazinoureas.

The literature has also described a number of non-substrate-based

20 inhibitors, For exampie, evaluation of the inhibitory effects of 2,4,6-trihydroxy-3-
nitro-benzamide derivatives against HCV protease and other serine proteases has
been reported. Sudo, K. et al., (1987) Biochemical and Biophysical Ressarch
Commurnications, 238:643-647; Sudo, K. ef al., (1 988) Antiviral Chemistry and
Chemotherapy 9:186. Using a reverse-phase HPLC assay, the two most potent

25  compounds ideniified were RD3-4082 and RD3-4078, the former substituted on the



Chemistry Letters 9:1949-1952, 1999. Nanomolar potency against the HCV NS3 protease enzyme has
been achieved by the design of selective inhibitors based on the macromolecule eglin c. Eglin c,
isolated from the leech, is a potent inhibitor of several serine proteases such as S. griseus proteases A
and B, o-chymotrypsin, 5chymase, and subtilisin. Oasim M.A. et al., Biochemistry 36:1598-1607, 1997.
HCV helice€THRbIBRh e AR e épsrEg efler posepsig 8 8838 IFDRMIE.D. et at; PCT
Publication No, WO 97/36554 to Diana G.D. et al. There are a few reports of HCV polymerase
inhibitors: s8M&nucleotide analogues, gliotoxin, and the natural product cerulenin. Ferrari R. et al.,
Journal of 10Viro g}é? :1649:1654, 1999; Lo manﬁtv., tal., Yirqlo%@:_lo&ll& 1998. Antisense
phosphorothioate 6l éé?(?ﬁ?&él”é% e BRI MBI 1585 (RAEE Bt dRBLHN the 80%on-coding
region of th V_are.repo g;?l s.efficient. inhihi CV gene expressiQn.in,in vitro translation and
HepG2 HC E%%? g%ggaceﬁl%u i?fggssjfa é"vr#?.%t 9@&?&%%}6%?&%%@1%@%\%%% 995. Recent work

has 15deragRsliaied Sk NCIBPion 426 348 sppbriang 11e.3 end ot NGB aee qucleotides

371-388 located in the coré coding reg are effective tar or

antisense-pedile WALINOn SR HARRAYPI AL AL, AENRS SO a7 858599, 1907

U.S. Patent No. 6,001,990 to Wands et al. discloses oligonucleoti orin ng the replication of

HCV. POT Rublisation2a MgaiNOiR2(29380dissiases eomranitionsRacmeiads pf reatment for

hepatitis C infection comprising the administration of antisense oligonucleotides that are
complememasy s hylaridizalege HCV RNA. U.S. Patent No. 5,922,857 to Han et at disclose nucleic
acids corresponding to the sequence of the pestivirus homology box IV area for controlling the
translation of HC\Qitiatigenstare reports scraening of a relatively small library using an ELISA

10 assay and the identification of three compounds as potent inhibliors, a thiazolidine
and two benzanilides. Kakiuchi N. ef al.,, J. EBS Leffers 421:217-220; Takeshita N,
et al., Analytical Biochemistry 247:242-246, 1997. Several U.S. patents disciose
protease inhibitors for the treatment of HCV. For example, U.S. Patent No.
6,004,833 to Spruce ef &/. discloses a class of cysieine protease inhibitors for

15 inhibiting HCV endopeptidase 2. U.S. Patent No. 5,990,276 1o Zhang ef al.
discloses synthetic inhibitors of hepatitis C virus NS3 protease. The inhibitor is a
subsequence of a subsirate of the NS3 protease or a substrate of the NS4A
cofactor. The use of restriction enzymes 1o treat HCV is disciosed in U.S. Patent
No. 5,538,865 to Reyes ef al.

20 Isolated from the fermentation culture broth of Strepfomyces sp., Sch 88631,
a phenanthrenequinone, possessed micromolar activity against HCV protease in a
SDS-PAGE and autoradiography assay. Chu M. ef al., Tetrahedron Letters
37:7229-7232, 1996, In another example by the same authors, Sch 351633,
isolated from the fungus Penicilliurm griseofulvurn, demonstrated micromolar

25 aclivity in a scintillation proximity assay. Chu M. ef al., Bioorganic and Medicinal



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 HCV. Japanese Patent Publication JP-08268890 of Ikeda, N. of al.;
5Japanese Patent Publication JP-10101591 of Kai, Y. at al. Nuclease-resistant ribozymes have been
targeted at thBAREEVIRifAseShif48pSRad BSMhbivesriplanpa vy aligainsstohiiSka &&ue assay.
Maccjak D.J. et al., Hepatology 30 abstract 995, 1999. The use of ribozymes to treat HCV is also
disclosed inPPE2PRRMNTE BagUBORRIBURENA desitu & sPigeieNoisibiB6%258ckm 5,610,054
to Draper 10Qet al, Other patents disclose the use of immune system potentiating compounds for
the treatmehtoMEEVTES L AR, W SYibteifalites hom oo ikpdhrste rdten! ididkisses a method of

treating HCV in nan-responders to interferon treatment by administerianaan immune

system-pot&ntialing dose BFHRATTERIGE §3miGSrIEstalsnent AP0 PhemhMES 09,347 to Eder
patent No. & WHF 154 0 UL . MO neh i D Faepap do R iy
receptor agonists By 108 T T B oRe T aRES artoe 6 SSREhEh No. 6,030,960 t0
e S atse SernARURG RBBSRUIRD b oo
a/. disclosegjtheqise sfviiaming,and gﬁw\@%@%t%g%%pgg&gia%(ii&gﬁ&@clud@ng HCV. U.S.
Patent No. 5,858,389 to Elsherbi etal. discloses the use of 25squalene for treating HCV infection. U.S.
Patent No. 5842800, @is@ith, ofRl-the natural product cerulenin. Ferrar R. ef al., Journial of
10 Virology 73:1649-1654, 1999; Lohmann V. ef al., Virology 249:108-118, 1998.
Antisense phosphorothivate ofigodeoxynucleotides compiementary o
sequence streiches in the 5-non-coding region of the HCV are reported as efficient
inhibitors of HCV gene expression in in vifro translation and HepG2 HCV-luciferase
cell culture systems. Alt M. et al., Hepatology 22:707-717, 1995. Recent work has
15 demonstrated that nuclectides 326-348 oomprisiﬁg the 3'-end of the NCR and
nucieotides 371-388 focated in the core coding region of the HCV RNA are
effective targets for antisense-mediated inhibition of viral translation. Alt M. ef af.,
Archives of Virology 142:589-599, 1897, U.S. Patent No. 6,001,890 fo Wands éz‘
al. discloses oligonucieotides for inhibiting the replication of HCV. PCT Publication
20 No. WO 99/23350 discloses compositions and methods of treatment for hepatitis C
infection comprising the administration of antisense oligonucieotides that are
complementary and hybridizable to HCV RNA. U.S. Patent No. 5,922,857 to Han

et al. disclose nucleic acids corresponding to the sequence of the pestivirus

‘homology box IV area for controliing the transtation of HCV. Antisense



discloses the use of amantadine for treatment of HCV infection. U.S. Patent No. 5,846,964 to Ozeki et
a/. discloses the use of bile acids for treating HCV infection. U.S. Patent No, 5,491,135 to Slough et a/.
discloses the use of N- (phosphonoacetyl)-L-aspartic add to treat fiavivirus infections, such as HCV
5infection. Other compounds proposed for treating HCV infection include plant extracts (U.S.
Patent No. SigaresptidFsaischaiate@icaentsNe V8, 12585 tnmeriatald hdideSsiRatent No.
6,056,961), piperidenes (U.S. Patent No. 5,830,905 to Diana et at), benzenedicarboxamides (U.S.
Patent No. #,683:388"1@/ Didralleta5119plolgrd8iyiit bef’ddAdalives (U.S. Patent No. 5,496,546 to
Wang et at), 2',3'- dideoxyinosine (U.S. Patent No, 5,026,687 to Yarchoan et at), and benzimidazoles
(U.S. Patent No. 580, seiipeisiadinsacbe repothideratjditiaty thiRFsatrerndeRCY infection
include PEGASYSO (pegylated interferon alfa-2a) by Roche, INFERGEN(r) (interferon alfacon-1) by
15 InterM uﬁé?@ﬁﬁﬁﬁﬁ%\%{o (RABRIRISatRIbRyBjooliag el K456 ziﬁ??alﬁ'rrﬁéﬁé'ron alpha 2b)

by Humpan Genome }ci nceg@EB ,Fofégwterferon beta-la) by Ares-Serono, omega interferon by
Sh ApASBP AT

BioMedicin ARFAPHH rf’gg it BIGSdendeR: i té%@fo#ﬁﬁiﬁﬁ‘ﬁﬁfi%g%%ﬁﬁerlwune,
SYMMETRELY I8 AL EThET P EAE b oMY, bR R ERET TSNS by cun
evovit by 1N GHosmae TN SUSARIR (5 i)y Sor IR CEALERED (hstamine
icrochoge oy anp JSI6 S50 L CATOS IO oTealE il SIS Loggs 9

Pharmaceutical/Elan, IDN- 25 6556 un Pharmaceuticals, Inc., an Pharma.

BioChem Ryyasma qodintlosed; ihe dire 0k asiqusdhddiexglanesaualaasiens daythe tregiment of a

Flaviviridae infection in International Publication No, WO 01/32153. BioCnem Pharma Inc. also
disclased wgrigus other 2'-halo, 2'-hydroxy, and 2'-alkoxy nucleosides for the treatment of a
Flaviviridae infection in International Publication No. WO 01/60315. Idenix Pharmaceuticals, Ltd.

discloses brancheuimsiclensidesirabibatidisednihgineatmsstah e angiavyitisemand
pestiviruses in International Publication Nos, WO 01/90121 and WO 01/92282, respectively and U.S.
for the treatment of HCV. For example, U.S. Patent No. 6,001,799 to Chretien et
al. d isclose-s a method of treating HCV in non-responders to interferon treatment by
administering an immune system-potentiating dose of thymosin or a thymosin
15 fragment. U.S. Patent Nos. 5,972,347 to Eder ef al. and 5,969,109 o Bona &f al.
disclose antibody-based treatments for HCV infection.

.S, Patent No. 6,034,134 to Gold ef al. discloses certain NMDA receptor
agorists having immunomodulatory, éntimaiarﬁai, anti-Borna virus, and anti-HCV
activities. The disclosed NMDA receptor agonists belong to a family of 1-amino-

20 alkylcyclohexanas. U.S. Pétent No. 6,030,860 to Morris-Natschke ef al. discloses
. the use of certain alkyl lipids to inhibit the production of hepatitis-induced antigens,
~including those produced by HCV. U.8. Patent No. 5,822,757 to Chojkier et al.

discioses the use of vitamin E and other antioxidanis to treat hepatic disorders

including HCV. U.S. Patent No. 5,858,389 1o Elsherbi et a/. discloses the use of

25 squalene for treating HCV infection. U.S. Patent No. 5,848,800 to Smith ef al.
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10 Publication Nos. 2003/0050229 Al and 2003/0060400 Al A method for the treatment of HCV and
flavivirus and pestivirus infections in humans and other host animals is disclosed that includes
administering an effective amount of a biologically active 1', 2', and 3'-branched [3-D or 13-L
nucleosides or a pharmaceutically acceptable salt or prodrug thereof, administered either alone or in
15combinaisfosptidhalpincd prarrdeatlealeatoeptad bichrigectionintémaistritMiblication Nos.
WO 02/18404 and WO 02/100415 to F. Hoffmann-La Roche AG disclose various nucleoside analogs
for the treatrréRtBFHE Yreketshidisrarasibmvissset bimmsilsfonsans 192 iafssiies various
nucleosides for the 20treatment of a variety of viruses, including Flaviviridae, and in particular HCV.

Merck & CH:Inc2&it Nos BAG macetniE s diseicéedissinesadisse vliblication Nos. WO 02/057287

and WO 02/057425 and U.S. Publication No. 2002/0147160 Al various nucleosides, and in particular
several pyfp 859%%@%5&%@@ ?f%?‘ﬁ@t?%@ﬁgtvﬁ@il‘ﬂ%é@%%?g?@ﬁ&%\ﬁ is dependent

upon %SRI}!"l éggfgendent RNA polymerase, including Flaviviridae, and in particular HCV. In view
of the severity 0 liseases associated with pestiviruses and flaviviruses, and their pervasiveness in

animals, including, s, lL5,a0 GRISEL g6 e RLERSALINNGNRN 18 bioude. 3 corpgad, method, and

composition for the treatm st, including animals and especially'humans, in with

I R R o e L e e
SUMMARY AR INVENLAO0. 5,056,961), piperidenes (U.S. Patent No. 5,830,905 to Diana
ef al.}, benzenedicarboxamides (U.S. Patent No. 5,633,388 to Diana ef al.),
10 polvadenyiic acid derivatives (U.S. Patent No. 5,486,546 to Wang ef al), 2',3-
| dideoxyinosine (U.S. Patent No. 5,026,687 to Yarchoan ef al.}, and benzimidazoles
(LS. Patent No. 5,891,874 to Colacino ef ai.).
Other agents for the treatment of HCV infection include PEGASYS®
{pegylated interferon alfa-2a) by Roche, INFERGEN® (interferon alfacon-1) by
15 InterMune, OMNIFERON® (natural interferon) by Viragen, ALBUFERON®
{atbinterferon alpha 2b) by Human Genome Sciences, REBIF® (interferon beta-1a)
by Ares-Serono, omega interferon by BioMedicine, oral interferon alpha by Amarillo
Biosciences, interferon gamma-1b by interMune, interleukin-10 by Schering-
Plough, IP-501 by interneurcn, merimsbaodib VX-497 by Vertex, SYMMETREL®
20  {amantadine} by Endo Labs Solvay, HEPTAZYME® by RPI, IDN-6556 by ldun
Pharma., XTL-002 by XTL., HCV/MF59 by Chiron, CIVACIR® (hepatitis C immune
.giobui_in) by NABI, levovirin by ICN, viramidine by ICN, ZADAXIN® {thymosin alfa-
1) by Sci Clone, CEPLENE® (histamine dihydrochioride) by Maxim, telaprevir VX
250 /LY 570310 by Vertex/Eli Lilly, I1SIS 14803 by Isis Pharmaceutical/Eian, IDN-

26 6556 by idun Pharmaceuiicals, Inc., and JTK 003 by AKROS Pharma.
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101t has been discovered that certain nucleoside derivatives incapable of being phosphoryla_ted at the
C-5' position, due to the lack of a free hydroxyl group, are potent inhibitors of HCV. Further, it was
discovered that bicyclo[4.2.1]Jnonane rings, derived from nucleosides, exhibit potent and selective

activity against Flaviviridae infection, and in particular against HCV. In a first aspect, there is provided
a compound of thE'§Ehers FEamIR IDeadisalgped the 1serd verprakardipxdebepharmaceutically

acceptable E,}saq thereof, wherein:

10

15

20

28

ucleosides for the treatment of a Flaviviridae infection in Intemational Publication
No. WO 01/32153.

BioChem Phiarma Inc. also disclosed various other 2'-halo, 2 -hydroxy, and
Z'-alkoxy nucleosides for the treatment of a Flaviviridae infection in international
Publication No. WO 01/60315.

idenix Pharmaceuticals, Lid. discloses branched nuclecsides and their use
in the treatment of HCV and flaviviruses and pestiviruses in International
Publication Nos. WO 01/90121 and WO 01/82282, respectively and U.S.
Publication Nos. 2003/0050229 A1 and 2003/0060400 A1. A method for the
treatment of HCV and flavivirus and pestivirus infections in hurmans and other host
animals is disclosed that includes administering an effective amount of a
biologically active 1, 2°, and 3'-branched B-D or B-L nucleosides or 2
pharmaceutically acceptable salt or prodrug thereof, administered either alone or in
combination, optionally in a pharmaceutically acceptable carrier.

international Publication Nos. WO 02/18404 and WO 02/100415 to F.
Hoffmann-La Roche AG disclose various nuclecside analogs for the treatment of
HCV RNA replication.

Pharmasset Limited, in WO 02/32920, discloses various nucleosides for the
treatment of a variety of viruses, including Flaviviridae, and in particular HCV.

Merck & Co., inc. and Isis Pharmaceuticals disclose in International
Publication Nes. WO 02/057287 and WO (2/057425 and U.S. Publication No.
2002/0147160 A1 various nucleosides, and in particular several pyrrolopyrimidine
nucleasides, for the treatment of viruses whose replication is dependent upon

RNA-dependent RNA polymerase, including Flaviviridae, and in particular HCV.

12



(a) each R4 and R4c is independently hydrogen, halogen (F, Br, CI, or 1), pseudohalogen, NO2,
C1-C4 alkyl, halogenated CI-C4 alkyl, hydroxyl, alkoxy, C1-12011, CH20R6, NH2, NR6127, valine,;
wherein at least one of R4 and R4P is hydrogen; (b) each R5 and R5' is independently hydrogen,
halogen (F, Br, Cl, or 1), pseudohalogen, NO2, C1-C4 alkyl, halogenated C1-C4 alkyl, hydroxyl, alkoxy,
CH20H, CH20OR6,NR6R7, valine,; wherein at least one of R5 and R51 is hydrogen; (c) each R6 and
R7 is independently hydrogen, C1-C16 alkyl, halogenated CI-C 16 alkyl, C2-C10 alkenyl, C5-C7
carbocycle. aryl, C5-C7 heterocycle containing one or two heteroatoms chosen from 0, S, and N,
heteroaryl containing one or two heteroatoms chosen from 0, S, and N, aralkyl, or C1-C6 acyl; (d) Zis
CH, CX, or N; (e) X is hydrogen, halogen (F, ClI, Br, or ), NI-12, NHW, NWR , NHOW, NWNWRn,
OH, OW, SH, or SW:vieyxoidielseverikgf digyasies ssniaiedwikOwiivinges @hckach W, Wi, and
Re independently is hydrogen, CI-C4 alkyl, C2-C6alkenyl, aryl, or arylalkyl; and (i) W is O or CH2;
optionally wilEAviHEAhaEUtRiNpacasivaprsedirieanimals, including humans, it is an object of

the present invention o provide a compound, method, and composition for the
treatment of a hosi, including animals ard especially humans, infected with
5  flavivirus or pestivirus,
it is a further object to provide a c:ompound, method, and composition for the
reatment of a host, including animals ard especially humans, infected with

hepaciviruses,

SUMMARY OF INVENTION

10 It has been discovered that ceriai n nucleoside derivatives incapabie of being
phosphoryiated at the C-5° position, due to the lack of a free hydroxyl group, are
potent inhibitors of HCV. Further, it was discovered that bicycio[4.2.1lnonane
rings, derived from nucleosides, exhibit gootent and selective activily against

Flaviviridae infection, and in particular agalnst HCV.
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In a second aspect, there is provided a compound of the general formula | (AK) or 1 (AK)1 (AL) or a
pharmaceutically acceptable salt thereof, wherein: (a) each R4 and R4l is independently hydrogen,
halogen (F, Br, Cl, or 1), pseudohalogen, NO2, CI-C4 alkyl, halogenated Ci-C4 alkyl, hydroxyl, alkoxy,
CH20H, CH20R6, NH2, NR6R7, valine,; wherein at least one of R4 and R4' is hydrogen; (b) each R5
and R5' is independently hydrogen, halogen (F, Br, Cl, or 1), pseudohalogen, NO2, CI-C4 alkyl,
halogenated C1-C4 alkyl, hydroxyl, CI-C6alkoxy, C1-12014, CI-120R6, NH2, NR6R7, valine, ;
wherein at least one of R5 and R51 is hydrogen; (c) each R6 and R7 is independently hydrogen, C 1
-C 16 alkyl, halogenated CI-C16 alkyl, alkylene C2-C10, alkenyl, C5-C7carbocycle, aryl, C5-C7
heterocycle containing one or two heteroatoms chosen from O S, and N, heteroaryl containing one or
two heteroatorns chosen from 0, S, and N, a l, or Cl- C X is
hydrogen, haloged® ! B?P‘%FF»I}]R?PI? ENRN\%LI‘%/&CFQ pﬁ helgzjl\%éﬁg mgﬁl-gli glt—i&%r SR, X'is
halogen (F, Cl, Br, or I);

1(AD)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, C1-Cq alkyl, halogenated C,-Cy alkyl, hydroxyl, alkoxy,

CH,OH, CH,OR®, NHa, NRR’, valine,; wherein at least one of R*and R* is hydrogen;

()  each R¥and R” is independently hydrogen, halogen (¥, Br, Cl, or 1,
pseudohalogen, NOa, C-Cyalkyl, halogenated C;-C, alkyl, hydroxyl, alkoxy,

CH,0OH, CHQORG, NHo, NRPR’, valine,; wherein at least one of R’and R” is hydrogen;

(c) cach R and R is independently hydrogen, C;-Cisalkyl, halogenated C,-Cis

alkyl, C2-Cjq alkenyl, C5-C carbocycle, aryl, Cs-Cy heterocycle containing one or two

13a



Y is 0, S, NH, NIC NOR", or Se; each Re, Re', and Re" independently is hydrogen, CI-C4 alkyl, C2-C6
alkenyl. aryl, or arylalkyl; and (i)W is 0 Or CH2> optionally with a pharmaceutically acceptable carrier.
In a third aspect, there is provided a compound of the general formula 1 (AM-AP): N- Rs&ZR5z Z ---N

R4'N R4PNI R4 1 (AM)I (AN) R5

heteroatoms chosen from O, 8, and N, heteroaryl containing one or two heteroatoms
chosen from O, S, and N, aralkyl, or C,-Cg acyl;

(d) ZisCH, CX, or N;

(¢) X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R¢, NHOR®,
NRNRR®, OH, OR®, SH, or SR

(£) X'is C1-Chg alkyl;

(g) Y is O, 5, NH, NR® NORS, or Se;

(k)  each R% R, and R® independently is hydrogen, C;-Cyalkyl, Co-Cg alkenyl, aryl,
or arylalkyl; and

1 W is O or CHy;

optionally with a pharmaceutically acceptable carrier.

In a second aspect, there is provided a compound of the general formula 1 (AK) or

1 (AL): x

1 (AK)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R is independently hydrogen, halogen (F, Br, CI, or ),

pseudohalogen, NO», C;-C, alkyl, halogenated C-C4 alkyl, hydroxyl, alkoxy,
CH-OH, CH20R63 NH;, NR6R7, valine,; wherein at least one of R*and R* is hydrogen;
(b) each R and R” is independently hydrogen, halogen (F, Br, Cl, or 1),

pseudohalogen, NO,, C;-C, alkyl, halogenated C,-Cy4

13b



RitR4l R4R4 1 (AO)I. (AP) or a pharmaceutically acceptable salt thereof, wherein: (a) each R4 and R4t
is independently hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO2, C1-C4 alkyl halogenated C
[-ClI alkyl, hydroxyl, alkoxy, CH20H, CI-120R6, NH2, NR6W, valine, ; wherein at least one of R4 and
R4l is hydrogen; (b) each R5 and R5f is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO2, C1-C4 alkyl, halogenated CI-C4 alkyl, hydroxyl, alkoxy, CH20H, CH20R6,
NH2, NR6W, valine, ; wherein at least one of R5 and R5' is hydrogen; (c) each R6 and R7 is

independently hygrogen eyt tqatkvndalogenaied Sl ehe allyl, GRRC allway! (GriGf, sarborycle,

aryl, C5-C7 heterocycle containing one or two heteroatoms chosen from 0, S, and N, heteroaryl
containing one ofwerhetgroatoms chasen from 0, S, and N, aralkyl, or C1-C6 acyl; (d) Z is CH, CX, or

N: (e) X is hydrogen, halogen (F, CI, Br, or 1), NH2, NHW, NWW., NHOW, NWNWIW", OH, OR’, SH,
or SW; coX'is Ciz§16 aloH; KOIXdR DisFanddphnEr @y MR 08, 38, @0 diky1, halogenated C1-Cig
allkeyl, alkylene C,-Cyg, alkenyl, Cs-Cycarbocycle, aryl, Cs-Crheterocycle containing
one or two heteroatoms chosen from O, 5, and N, heteroaryl containing one or two
heteroatoms chosen from O, 8, and N, aralkyl, or C;-Cgacyl;
(d) ZisCH, CX, or N;
(e) X is hydrogen, halogen (F, CL, Br, or I}, NH,, NHR®, NR°R®, NHOR®,
NRNR°RY, OH, OR’, SH, or SR;
(f) X'is halogen (F, Cl, Br, or I};
(&) Y is O, S, NH, NR®, NORS, or Se;
(h)  each R®, R, and R” independently is hydrogen, C;-Csalkyl, C2-Cg alkenyl, aryl,
or arylalkyl; and
(i) W is O or CHy;

optionally with a pharmaceutically acceptable carrier.

In a third aspect, there is provided a compound of the general formula 1 (AM-AP):

3¢



(h)each R6, Re, and Re independently is hydrogen, C1-C4 alkyl, C2-C6 alkenyl, aryl, or arylalkyl;
optionally with a phaiHiaceutically acceptable carrier. In a fourth aspect, there is provided a compound
of the general formula 1 (AQ) or | (AR): R57 '7 - R4R4' R4R4 | (AQ) or a pharmaceutically acceptable
salt thereof, wherein: (a) each R4 and R4P is independently hydrogen, halogen (F, Br. ClI, or I),
pseudohalogen. NO2, CI-C4 alkyl, halogenated CI-CT alkyl, hydroxyl, alkoxy, CI-120H, CH20R6,
NI-12, NR6R7, valine,; wherein at least one of R4 and R4P is hydrogen; (b) each R5 and R54 is
independently hydrogen, haloge bcor I) pseudohalogen 4<alkyl halogenated

1 (AO)

of a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R"is independently hydrogen, halogen (F, .Br, Clor ),
pseudohalogen, NO;, C-Cyalkyl halogenated C,-Casalkyl, hydroxyl, alkoxy,

CH,OH, CHEOR6, NHa,, NR®R’, valine, ; wherein at least one of R*and R* is hydrogen;

(b} each R’ and R is independently hydrogen, halogen (F. Br, C, or I,
pseudohalogen, NO», C;-Cyalkyl, halogenated C;-Csalkyl, hydroxyl, alkoxy,

CH,OH, CHgORé, NHa, NRGRT, valine, ; wherein at least one of R®and R” is hydrogen;

(¢)  each R%and R’ is independently hydrogen, C;-C calkyl, halogenated C;-Ci4

alkyl, Cy-Cypalkenyl, Cs-Cqcarbocyele, aryl, Cs-Cy heterocycle containing one or two

heteroatoms chosen from O, 8, and N, heteroary! containing one or two heteroatoms

chosen from O, S, and N, aralkyl, or C,-Cy acyl;

(d) ZisCH, CX, or N;

(&) X is hydrogen, halogen (F, Cl, Br, or I), NH», NHR®, NR°R®, NHOR®,

NR°NR°R®, OH, OR", SH, or SR,

H X' is C1-Cygalkyl;

() Y is O, §, NH, NR®, NOR®, or Se; and
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(c) each R6 and R7 is independently hydrogen, CI-C, 6 alkyl, halogenated C1-C16 alkyl, alkylene,
C2-C10 alkenyl, C5-C7 carbocycle, aryl, C5-C7 heterocycle containing one or two heteroatoms
chosen from 0, S, and N. heteroaryl containing one or two heteroatoms chosen from 0, S, and N,
aralkyl, or C1-C6 acyl; (d) Z is CH, CX, or N; (e) X is hydrogen, halogen (F, CI, Br, or I), NH2, NHlle,
NRefe, NHOW, NWINWRc, OH, OW, SH, or SW; (f) X"is halogen (F, CI, Br,or 1); (g) Yis 0, S, NH,
NW, NOW, or Sc; and (h) each Re, Re', and Re" independently is hydrogen, CI-C4 alkyl, C2-C6
alkenyl, aryl, or alkyl,optonatly with & 1 i¢ tabl el ifth aspect, there
is provided a (:oﬁ("llhr?loundéﬁ ﬁﬁ%rﬁ%ﬁ%Tlﬁggg%%%%ﬁgfg%ﬁggﬁﬁa%éé%ﬁﬁeﬁScazlgt%éllr%eo % Fﬁﬂ’ein: @)
each R4 and 124igdngependently hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO2, CI-C6
alkyl, halogenated Ci-C6alkyl, hydroxyl C1-C6, alkoxy, CH20H, CH20R6, NH2, NR6R7, valine,;
wherein at least opgoahis anth RehisRyeseaai () @pehR2am6 125' is independently hydrogen,
halogen (F, Br, Cl, or 1), pseudohalogen, NO2, CI-C6alkyl, halogenated CI-C6alkyl, hydroxyl, Cr

Céalkoxy, CH20H, TH20REpMH 2L MRBRTo Maline cuhgseinialieastens AR5 a0% RR ds bydrogen;
F(AR):

1(AQ)

or a pharmaceutically acceptable salt thereof, wherein:

(a)  each R”and R*is independently hydrogen, halogen (F, Br, CL or I),

pseudohalogen, NOs, C,-Cy alkyl, halogenated C1-Cy afkyl, hydroxyl, alkoxy,
CH;OH, CH20R®, NH, NR°R’, valine,; wherein at least one of R*and R* is hydrogen;
{b) each R>and R® is independently hydrogen, halogen (F, Br, Cl, or ),

pseudohalogen, NO,, C;-C, alkyl, halogenated C,-C, alkyl, hydroxyl, alkoxy,
CH>OH, CHQORé, NH-, NR6R7, valine,; wherein at least one of R and R” is hydrogen;
{©) each R®and R is independently hydrogen, C-Cys alkyl, halogenated C;-C 4
alkyl, alkylene, C,-Cg alkenyl, Cs-C5 carbocycle, aryl, Cs-C; heterocycle containing
one or two heteroatoms chosen from O, S, and N, heteroaryl containing one or two
heteroatoms chosen from O, S, and N, aralkyl, or C;-Cq acyk;

(d) ZisCH, CX, or N;
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(c) each R6 and R7 is independently hydrogen, CI-C16 alkyl, halogenated -C16 alkyl, C2-C10, alkenyl,
C5-C7carbocycle, aryl, C5-C7 heterocycle containing one or two heteroatoms chosen from 0, S, and
N, heteroaryl containing one or two heteroatoms chosen from 0, S, and N, aralkyk or CI-C6acyl; (d) RI
is hydrogen, CI-C6 alkyl, C2-C10, alkenyl, C5-C7 carbocycle, aryl, C5-C7 heterocycle containing one
or two heteroatoms chosen from 0, S, and N, heteroaryl containing one or two heteroatoms chosen
from O, S and N, aralkyl, aminoalkyl aminoaryl or aminoacy! of Ci-C6; (e) R2 is oxygen, sulfur, NR', or
CR',, wherein eagf) R' isindeng drageny G- GOl CrnGloalieny!, jar aralkyl wherein
the alkyl is C1-C6; (1)R3 is hydrogen Cl-C6alkyl"'C2-C | alkenyl C5-C7 carbocyc e, aryl C5-C7
heterocycle contajRingroRe, or@wp@gtermtgmg{rom 0, S, and N, heteroaryl containing one or two
heteroatoms chosen from 0, S, and N, aralkyl, aminoalkyl, aminoaryl, or am noacyl of CI-C6; (g)
alternatively if RZ1s NR¥'theqn| Bé&r(ﬁggggglg@m,together with NR' to form a 5- 7 membered ring that
can include one or two heteroatoms chosen from 0, S. and N, and wherein the ring is optionally
substituted with gfjeastvorengeua-ghosemninmm allgd; alkenyl, amino, aryl, heteroaryl containing one or
two heteroatoms chosen from 0, S, and N, halogen, hydroxyl, alkoxy, or; or (h) if R2 is CR'2, then R1
can come togeth@n withe-GR 12, ®fannd & Sitdnemberedisingdbatcan, ioglugde| 0ne of iedhetergatoms
chosen from 0, S, and N, and wherein the ring is optionally substituted with at least one group chosen
from alkyl, alkeny#, amitio;laryl, heteroaryl containing one or two heteroatoms chosen from 0, S, and N,
halogen, hydroxyl, alkoxy, or thiol; or

optionally with a pharmaceutically acceptable carrier.

In a fifth aspect, there is_]'jrovided a compound of the formula (I'):

R! W
\
RS’/ N—( 25
h &
’N RS R
R3 R4

or a pharmaceutically acceptable salt thereof, wherein:

{(a) each R* and R¥ is independently hydrogen, halogen (F, Br, Cl, or I,
pseudohalogen, NO,, C;-Cq alkyl, halogenated C,-Cgalkyi, hydroxyl C;-Cs,
alkoxy, CH,OH, CH,OR®, NH,, NR®R’, valine,; wherein at least one of R* and
R is hydrogen;

(b)  each R*and R” is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, C;-Cealkyl, halogenated C;-Cealkyl, hydroxyl, C;-
Cealkoxy, CH,OH, CH,OR®, NH,, NRPR’, valine,; wherein at least one of R
and R” is hydrogen;

{(c) each R®and R7is independently hydrogen, C;-C 4 alkyl, halogenated C;-C ¢
alkyl, C»>-Cyq, alkenyl, Cs-C; carbocycle, aryl, Cs-C- heterocycle containing one

or
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() if 122 is CR'2, then 12' and R3 can come together with CR'2 to form a bicyclic ring that
can include one or two heteroatoms chosen from 0, S, and N, and wherein the ring is optionally
substituted with at least one group chosen from alkyl, alkenyl, amino, aryl, heteroaryl containing one or
two heteroatoms chosen from 0, S, and N, halogen, hydroxyl, alkoxy, or thiol; wherein Rl and R2 form
together a six-membered ring, and R2 and R3 form together a five-membered ring; (j) W is 0 or CH2;
and provided that when W is 0, R4' is hydroxyl, and RI, R3, R4, R5, and R5' are hydrogen, R2 is

not NH; and that when R2 i GR 2o W 5. BASYSIeX 124 BINEEAUS T, 5NNy, and RS i

hydrogen, the bicyclic ring formed is not a xanthinyl ring or an 8-azaxanth|nyI rng; an provided.that
the compound is not 5'3:cyslesiseaHanasing eptignaliwith g pharmaeeytically acceptable carrier.

In a sixth aspect, there is provided a compound of the general formula 2 (A-D"), 3 (A1-B"), 4 (N-13"), 5
(A1-B)), 6 (A-B)(d) (A"-R)iohfikOgkn, & (&) 2BI) CRARalkenyl, C5-C; carbocycle, aryl, Cs-Cs
heterocycle containing one or two heteroatoms chosen from O, S, and N,
heteroaryl containing one or two heteroatoms chosen from O, S and N, aralkyl,
aminoalkyl, aminoaryl, or aminoacyl of C-Cy;

{(e) R?is oxygen, sulfur, NR', or CR', wherein each R’ is independently hydrogen,
Cy-Cealkyl, , Co-Cipalkenyl, aryl, or aralkyl wherein the alkyl is C;-Cs;

() R3is hydrogen, C;-Cealkyl, , C;-Cipalkenyl, Cs-C carbocycle, aryl, Cs-Cy
heterocycle containing one or two heteroatoms from O, S, and N, heteroaryl
containing one or two heteroatoms chosen from O, S, and N, aralkyl,
aminoalkyl, aminoaryl, or aminoacyl of C-C;

(g) alternatively if R?is NR', then R' or R® can come together with NR'to form a 5-
7 membered ring that can include one or two heteroatoms chosen from O, 8,
and N, and wherein the ring is optionally substituted with at least one group
chosen from alkyl, alkenyl, amino, aryl, heteroaryl containing one or two
heteroatoms chosen from O, S, and N, halogen, hydroxyl, alkoxy, or; or

(h) if R2 is CR', then R' can come together with CR; to form a 5-7 membered ring
that can include one or two heteroatoms chosen from O, S, and N, and wherein
the ring is optionally substituted with at least one group chosen from alkyl,

alkenyl, amino, aryl, heteroaryl containing one or two heteroatoms chosen from

0, §, and N, halogen, hydroxyl, alkoxy, or thiol; or
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8 (A") or a pharmaceutically acceptable salt thereof; wherein: (a) each R4 and 124 is independently
hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO2, C1-C6 alkyl, halogenated C-C, alkyl,
hydroxyl, Ci-Co alkoxy, CI-120H, CI-120R, NH2, NR6127, valine, ; wherein at least one of R4 and R4’
is hydrogen; (b) each R5 and R5' is independently hydrogen, halogen (F, Br, Cl, or I), pseudohalogen,
NO2, C i-Co alkyl, halogenated CI-Co alkyl, hydroxyl, Ci-Co alkoxy, CH20H, CH20R6, NI42, NR6R7,
valine, ; wherein at least one of R5 and R5I is hydrogen; (c) each R6 and R7 is independently

hydrogen, CI-CI) kol elogenates A Al G2 malkeny G G7sashsrycle, anj, C5-C7

heterocycle containing one or two heteroatoms chosen from 0, S, and N, heteroaryl containing one or

two heteroatoms chosen fro”bQ:y@l»i@HQ AT ANCYho Pl e Lrfe @ aeYh HER 2 53:¥985 BlHuG NR', or
CR'2, wherein each R' is independently hydrogen, CI-C6 alkyl" C2-Cloalkenyl, aryl, or aralkyl wherein

the alkyl ig,G 102 dQréris kb % 106N dRaRchXstuand i ds independentiy:hysioaem halogen (F,
Cl, Br, or 1), NII2, NNW, NWR&, NHOW, NWNW'W", OH, OW, SH, or SW; (g)each Y and Y' is
independgiy 0, a6 NV P PESRaining one or two heteroatoms chosen from O, §, and N,
halogen, hydroxyl, alkoxy, or thiol; wherein R! and R? form together a six-membered ring, and
R? and R’ form together a five-membered ring;
) W is O or CHy: and
provided that when W is O, R¥ is hydroxyl, and R', R, RY, R®, and RY are hydrogen, R®
is not NH; and that when R is CR, Wis O, RV is hydroxyl, R' is hydrogen, R is hydroxyl,
and R’ is hydrogen, the bicyclic ring formed is not a xanthinyl ring or an 8-azaxanthiny! ring;

and provided that the compound is not 5°,3-cyclo-isoguanosine; optionally with a

pharmaceutically acceptable carrier.

In a sixth aspect, there is provided a compound of the general formula 2 (A'-DY, 3

(A-B), 4 (A-B"), 5 (AB", 6 (A-B"), 7 (A-C") or 8 (A'):
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(h) each Ra is independently hydrogen, CI-C6alkyl" C2-Cw alkenyl, C5-C7 carbocycle, aryl, C5-C7
heterocycle containing one or two heteroatoms chosen from 0, S, and N, heteroaryl containing one or
two heteroatoms chosen from 0, S, and N, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C1-C6; (i)
each Re, Re, and Re" independently is hydrogen, CI-C6alkyl, C2-C6alkenyl, aryl, or arylalkyl; and W is
0 or CH2; provided that for compounds of formula L(D'), when X is OH or NH2, Y is 0, Wis 0, R4' is
hydroxyl, R4 is hydrogen, Rs'is hydroxyl, and R5 is hydrogen, Z is not N; and provided that for
compounds of formula 3 (A") and_3 (B’), Z is not N; and for compogiads of f%mulas (A"), when R2 is
NH, Ra is hydrogen. W is 0, afid R4, R5 nd R5' are hydrogen, R4 is not Hydroxyl; optionally with a
pharmaceutically accepfé . Ina [ i & compound of the general
formula: or a pharmaceutigally aecEptabie alt thereof, whergin: (g)each Raa d R4'is independently
dndted CI-C6 alkyl,
hydroxyl, CI-C6 alkoxy, CH2GH, CH20R6 NH2, W122 vallne, ,ywhereln at least one of R4 and R4' is
hydrogen; (5)each R5 and Rs is inggpendently hydrogen, halogen (F,Q%bog or I), pseudohalogen,
NO2, C1-C6 alkyl, halogenated C i-C6 alkyl, hydroxyl. Ci-C6 alkoxy, C H, CH20R6, NH2, NR6R7,
valine, ; wherein at least onef R5 and Rs |s hydrogen; (c) et R7 is independently
hydrogen, CI-C16 alkyl., hal { 3 -6y C¥carhocycle, aryl, C5-C7
=i, \heteroaryl containing one or

heterocycle containing ong/o or tWo hetexQa
two heteroatoms chosen from-o) S and

3 (A
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(d) each Z and Z' is independently CH, CX, or N; (e) X is hydrogen, halogen (F, Cl, Br, or 1), N192,
NHRe, NReRel, NHORe, NR'NRe'Rcr, OH, OW, SH, or SRe; Rb is Re, ORe, NH2, NHRe, or NR'Re’;
(g) each Re, Re', and 1241 independently is hydrogen, CI-Co alkyl, C2-C6 alkenyl, aryl, or arylalkyl;
and (h) W is 0 or CH2; provided that when W is 0, R4 is hydroxyl, 172.4 is hydrogen, R5 is hydroxyl,
and R5 is hydrogen, the bicyclic ring formed is other than a xanthinyl ring or an 8-azaxanthinyl ring,
optionally with a pharmaceutically acceptable carrier. In an eighth aspect, there is provided a

compound of the general formyla ;(\E\%x) X,NR5NR4

W
N N—( R R’ﬁ/}%a_(

SR NR® RR r
R 4 R 4

7(C 8 (A')

or a pharmaceutically acceptable salt thereof, wherein:

R¥

(a) each R*and R* is independently hydrogen, halogen (F, Br, C, or b,
pseudohalogen, NO,, C~Cgalkyl, halogenated C,-Cg alkyl, hydroxyl, C;-Cq
alkoxy, CH,OH, CH;(}RG, NH,, NR°R”, valine, ; wherein at least one of R*and
R* is hydrogen;

(b) each R®and R” is independently hydrogen, halogen (F, Br, Cl, or I),

- pseudchalogen, NO», C1-Cqalkyl, halogenated C1~Cs alkyl, hydroxyl, C,-Cs
alkoxy, CH,OH, CH,OR®, NH,, NR°R”, valine, ; wherein at least one of R° and
R is hydrogen;

() each R®and R is independently hydrogen, C,-C ¢ alkyl, halogenated C;-C g
alkyl, , C;-Cygalkenyl, Cs-C;carbocycle, aryl, Cs-Cy heterocycle containing one
or two hetercatoms chosen from O, S, and N, heteroaryl containing one or two
heteroatoms chosen from O, S, and N, aralkyl, or C;-Cg acy!;

(dy R?is oxygen, sulfur, NR', or CR',, wherein each R’ is independently hydrogen,
Ci-Cs alkyl, , Co-Cypalkenyl, aryl, or aralkyl wherein the alkyl is C;-Ce;

(e) Z s CH, CX, or N;

() each X, X', and X" is independently hydrogen, halogen (F, Cl, Br, or I), NH,,
NHR®, NR°R®, NHOR®, NR°NRR®, OH, OR®, SH, or SR®;

() each Y and Y" is independently O, S, NH, NR®, NOR", or Se;
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(E) 1 (F) 1(G")1 (H) or a pharmaceutically acceptable salt thereof, wherein: (a) each R4 and R41 is
independently hydrogen, halogen (F, Br, Cl, or 1), pseudohalogen, NO2, Ci-C6 alkyl, halogenated
CI-C6 alkyl. hydroxyl, alkoxy, CH20H, CH20R6,NR6R7, valine, ; wherein at least one of R4 and R4P
is hydrogen; (b) each R5 and R5t is independently hydrogen, halogen (F, Br, Cl, or ), pseudohalogen,
NO2, Ci-C6 alkyl of CI-Cy, halogenated CI-C6 alkyl, hydroxyl, CI-C6 alkoxy, CH20H, CH20R6, NH2,
NR6R7, valine, ; wherein at least one of R5 and R5' is hydrogen; (c) each R6 and R7 is independently

hydrogen, C1-C](ﬁ)alkylealaglﬁggqﬁﬁ%e%%gg%ﬁ%@}é%%%%%-%}eéaé %ﬂﬁﬁ% -]%:ﬁ?g%eanrqo&yg&e, aryl, C5-C7

heterocycle containing one or two 0 n from eroaryl containing one or

two heteroatoms chosep,fpom Qe SN NeARallid On SR AN dD & B S RS8N ihosen

from O, 8, and N, heteroaryl containing one or two heteroatoms chosen from 0,
S, and N, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C,-Cg;

(i) each R%, R%, and R® independently is hydrogen, Cy-Cg alkyl, Co-Cqalkenyl, aryl,
or arylalkyl; and

) W is O or CHs;

provided that for compounds of formula 2 (D7), when X is OH or NH; YVis O, Wis O,
RY s hydroxyl, R*is hydrogen, R”'is hydroxyl, and R”is hydrogen, Z is not N;
and provided that for compounds of formula 3 (A”) and 3 (B"), Z is not N; and
for compounds of formula 8 (A"), when R*is NH, R%is hydrogen, W is O, and
RY, R’.and R® are hydrogen, R¥ is not hydroxyl;
optionally with a pharmaceutically acceptable carrier.

In a seventh aspect, there is provided a compound of the general formula:

Rb
O \EYO
W
. N-(
Ry’
AN ,
N R! R,

or a pharmaceutically acceptable salt thereof, wherein:

(a)  each R%and R" is independently hydrogen, halogen (E, Br, CL or I),
pseudohalogen, NO2, C;-Cy alkyl, halogenated C-Ce alkyl, hydroxyl, C-Cs
alkoxy, CH,OH, CH,OR®, NH,, NR°R’, valine, ; wherein at least one of R and

RY is hydrogen;
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(e) X is hydrogen, halogen (F, CI, Br, or I), NH2, NYIRe, NR'Rcl, NHOW, NR'NR&R™, OH, OR’, SH,
or (OY is 0, S, NH, NRe, NOR', or Se; and (g)each Re, Re!, and RC" independently is hydrogen, CI-C6
alkyl, C2-C6 alkenyl, aryl, or arylalkyl;  provided that for compounds of formula 1 (F") , when Xis OH,
Y is 0, Rt is hydroxyl, R4 is hydrogen, R5' is hydroxyl, and R5 is hydrogen, Z is not N; and

provided that for compounds of formula | (H'), when Xis OH, Y is 0, R4 is hydroxyl, R4 is hydrogen, R5
is hydroxyl, and R5 is hydrogen, Z is not N; optionally with a pharmaceutically acceptable carrier. In a

ninth aspec, herg)is PrRd 4 s ROuRG AASNETAL AL AMIARS: P ghamaceurically

acceptable salt thereof, wherein: (a) each and R4[is independently hydrogen, halogen (F, Br, ClI,

orl),  pseudohalogepeieiiSdet Gatsylchalogrpated ez @yl Dyl folaG &alkoxy, CH20H,
CH20R6, NH2, NR6R7, valine, ; wherein atleast one of R4 and

alkoxy, CH,OH, CH,ORS, WHo, NR6R7, valine, ; wherein at least one of R> and

R” is hydrogen;

(c) cach R%and R7is independently hydrogen, C,-C;qalkyl, halogenated C,-Cig
alkyl, , Co-Cyy alkenyl, Cs5-C; carbocycle, aryl, Cs-C5 heterocycle containing one
or two heteroatoms chosen from O, S, and N, heteroaryl containing one or two
heteroatoms chosen from O, S, and N, aralkyl, or C,-Cq acyl;

(d) each Z and Z' is independently CH, CX, or N;

(e) X is hydrogen, halogen (F, C1, Br, or I}, NFH,, NHR®, NR°R®, NHOR®,

NR°NR°R®, OH, OR, SH, or SR";

(f)  RisR% ORS, NH,, NHR®, or NRR;

{(g) each R, R®, and R® independently is hydrogen, C-Cs alkyl, C2-Cg alkenyl, aryl,

or arylalkyl; and

(h) W is O or CHj;

provided that when W is O, R is hydroxyl, R* is hydrogen, R’ is hydroxyl, and R is

hydrogen, the bicyclic ring formed is other than a xanthinyl ring or an 8-azaxanthinyl

ring, optionally with a pharmaceutically acceptable carrier.

In an eighth aspect, there is provided a compound of the general formula 1 (E-H"):
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.12.4 is hydrogen; (b) each R5 and R5' is independently hydrogen, halogen (F, Br, ClI, or I)
pseudohalogen, NO2, CI-Co alkyl, halogenated CI-Co alkyl, hydroxyl, CI-Co alkoxy, CH20H,
CH20R6, NEI2, NR6127, valine, ; wherein at least one of R5 and R5P is hydrogen; (c) each R6and
R7 is independently hydrogen, CI-C16 alkyl, halogenated C1-C16 alkyl" C2-00 alkenyl,
C5-C7carbocycle, aryl, C5-C7 heterocycle containing one or two heteroatoms chosen from 0, S, and
N, hetcroaryl containing one or two heteroatoms chosen from 0, S, and N, aralkyk or C1-.C6acyl; (d) Z
is CH, CX, or IN; (e) Xis h;ydron alogen (F, ClI, Br, or{), NH2, Ni¥Re, NNHOW, NWNWW", OH,
OW, SH, or SW; (0X' is alkyl; s 0,8, NH, NW, NOW, of Se; jand () each Re, e, and Relis
hydrogen, C1-C6 alkyl, C2-C@a JrykFor arylalkyl; optipnally i ‘ farmaceutically acceptable
$ previged @ compound of denefalfermulpl (AQ) or 1
R*

1(GY 1 (H')

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R* and R" is independently hydrogen, halogen (F, Br, Cl, or I},
pseudohalogen, NO,, C;-Cq alkyl, halogenated Cy-Cg alkyl, hydroxyl, alkoxy,
CH,0H, CHgORé, NHa, NR6R7, valine, ; wherein at least one of R and R* is
hydrogen;

(b) each R’ and R” is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO», C-Cg alkyl of C1-Cs, halogenated C;-Cg alkyl, hydroxyl,
C;-Cg alkoxy, CHOH, CH,OR®, NHy, NR'R’, valine, ; wherein at least one of
R?and R” is hydrogen;

{¢) each R°and R 1s independently hydrogen, C;-C;¢ alkyl, halogenated C;-Cy;
alkyl, , Co-Cyp alkenyl, Cs~Cy carbocycle, aryl, Cs-C- heterocycle containing one
or two heteroatoms chosen from O, S, and N, heteroaryl containing one or two
heteroatoms chosen from O, S, and N, aralkyl, or C;-Cg acyl;

{(d) ZisCH, CX, or N;

(e X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR, NR°R®, NHOR®,
NRNRRY, OH, ORS, SH, or SR

(H Y is O, S, NH, NR®, NOR®, or Se; and

(2) each R%, R®, and R independently is hydrogen, C;-Cg alkyl, Co-Cs alkenyl, aryl,

or arylalkyl;
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1 (AQ")1 (AR) or a pharmaceutically acceptable salt thereof, wherein: (a)each R4 and R4l is
independently hydrogen, halogen (F, Br, Cl, or 1), pseudohalogen, NO2, C1-C6 alkyl, halogenated
CI-C6 alkyl, hydroxyl, CI-Cs alkoxy, CH20H, CH20R6, NH2, NR6R7, valine, ; wherein at least one of
R4 and Wv is hydrogen; (b) each R5 and R5F is independently hydrogen, halogen (F, Br, CI, or I),
pseudohalogen, NO2, CI-C6 alkyl, halogenated C1-Co alkyl, hydroxyl, C1-C6 alkoxy, CI-120H,
CI-120R6, NH2, NR6R7, valine, ; wherein at least one of R5 and R5' is hydrogen; (c) each R6 and R7
is independently-hydiegem Goi-Exlbpalkyds balkgenatad IC)1-Ehih AlkyUalkenyl OCR!GY gadensycle, aryl,
C5-C7 heterocycle containing one or two heteroatoms chosen from 0, S, and N, heteroaryl containing
one or two hBferoatdrmgcehases ik OylSsand i layaletnor GlnG6Naeyt (d) Z is CH, CX, or N; (e) X
is hydrogen, halogen (F, CI, Br, or I), NH2, NHRe, Nnet, NHORe, NReNReR1 OH, ORe, SH, or SRC;
(OXis halogen (Fr&fidBd, tbatlfpr compounds of formula 1 (H?), when X is OH, Y is O, R" is hydroxyl,

R* is hydrogen, R is hydroxyl, and R’ is hydrogen, Z is not N; optionally with a

pharmaceutically acceptable carrier.

In a ninth aspect, there is provided a compound of general formula I (AM-AP"):

Ry
1 (AQY 1 (AP")

or a pharmaceutically acceptable salt thereof, wherein:

(a) ecach R* and R¥ is independently hydrogen, halogen (F, Br, CI, or ),
pseudohalogen, NO,, C;-Cealkyl, halogenated C;-Cg alkyl, hydroxyl, C-Cs

alkoxy, CH,OH, CH-OR®, NH,, NRR’, valine, ; wherein at least one of R* and

R" is hydrogen;

(b} each R”and R” is independently hydrogen, halogen (F, Br, CI, or I,
pseudohalogen, NO-, C-Cg alkyl, halogenated C,-Cg alkyl, hydroxyl, C,-Cq

alkoxy, CH,OH, CH,OR, NH., NRR’, valine, ; wherein at least one of R’ and R® is

hydrogen;
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(@) Yis 0, S, NI-l, NRC, NOR', or Se; and (h) each Re, Re', and Re" independently is hydrogen,
Ci-Ce6alkyl, C2-C6 alkenyl, aryl, or arylalkyl; optionally with a pharmaceutically acceptable carrier. In an
eleventh aspect, there is provided a compound of the general formula: N.,OH"'--N 1 (I') OH or a
pharmaceutically acceptable salt thereof, wherein: (a)each Z' and Z" is independently CH, CX, or N;
(b) X is hydrogen, halogen (F, Cl, Br, or I), NI-12, MIR", NR'12°1, NHOW, NR. 1\11=t’it'n, 01-1, OR’,
Si-l, or S127; and (c) each Re, Re., and Re" independently is hydrogen, Ci-C6 alkyl, C2-C6 alkenyl,
aryl, or arylalkyl;@ptionailh withna Rharmagesdeatly ageaniahle carrigikyl, hdgehurlita aspect, there is

provided a compound of the general formula 2 (F-H"), 3 (C'-D"), 4 (C-D"), 5 (Cr-Di), 6 (C'-D5, 7 (D'-F") or
8 (B): alkyl, , Co-Co alkenyl, Cs-C; carboeycle, aryl, Cs-C heterocycle containing one or two
heteroatoms chosen from O, 5, and N, heteroaryl containing one or two heteroatoms
chosen from O, §, and N, aralkyl, or C;-Csacyl;
(d) ZisCH, CX, or N;
(e) X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NRR®, NHOR?,
NR°NRR®, OH, OR®, SH, or SR;
{(f) X' is alkyl;
(2) Y is O, S, NH, NR®, NOR", or Se; and
(h) each R, R®, and R independently is hydrogen, C;-Cs alkyl, Co-Cs alkenyl,
aryl, or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

In a tenth aspect, there is provided a compound of general formula 1 (AQ" or 1

(AR"):

1 (AQ) I (AR

or a pharmaceutically acceptable salt thereof, wherein:

{(a) cach R*and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO.», C,-Cg alkyl, halogenated C;-Cs alkyl, hydroxyl, C-Cs

alkoxy, CH,OH, CHgORﬁ, NHa, NR6R7, valine, ; wherein at least one of R* and R¥ s

hydrogen;
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8 (B") or a pharmaceutically acceptable salt thereof, wherein: (a) each R4 and 124’ is independently
hydrogen, halogen (F, Br, Cl. or I), pseudohalogen, NO2, CI-C6 alkyl , halogenated CI-C6 alkyl,
hydroxyl, C1-C6 alkoxy, C1-1201-1, CH20OR6, NH2, NR6R7, valine, ; wherein at least one of 12.4 and
124 is hydrogen; (b) each R5 and R5' is independently hydrogen, halogen (F, Br, ClI, or 1),
pseudohalogen, NO2, CI-C6 alkyl, halogenated CI-Cc, alkyl, hydroxyl, CI-C6 alkoxy, CH20H,
CH20R6, NI12, NR6R7, valine, ; wherein at least one of R5 and R5i is hydrogen; (c) each R6 and R7
is independently(hydrogsuh, 140416  alkiddbadngrenataddeilo] Babdiytt (28 10BMehyl, C5-C7
carbocycle, aryl, C5-C7 heterocycle containing one or two heteroatoms chosen from 0, S, and N,
heteroaryl containing opeatdiuiohetetéatos-Chakamn fralopn;diid O admlkilydrgl-Coacyl; (d) R2 is
oxygen, sulfur, NFU, or CR'2, wherein each R’ is mdependently hydrogen, C1-C6 aIkyI" C2 Cio
alkenyl, aryl, or afdkyl, WHefinh €id.QIRY| 1§HGITBRE) ElisC HyBXiorNs 1§ earhHR bR X" is
independently hydrogen, halogen (F, CI, Br, or I), NH2, NH12", Nne, NHOW, NWNWRel, OH, OW,
SH, or SRC; (g) lsathg¥nand Y' is independently 0, S, NH, NW, NOR', or Se; (h) each W is
independently hydrogen, C1- CG alkyl" C2-C10 alkenyl, C5-C7 carbocycle, aryl, C5-C7 heterocycle
containing one dFIwo InetdrBath& Ciiosdrpiretandy SYAren, heterodilcBHRaRIsdAe-brtwo

heteroatoms chosen from 0, S, and N, aralkyl, aminoalkyl, aminoaryl, or aminoacy! of CI-C6; and
alkvl, , Cg-Clo aikeny! Cs—C7 carbocycle, aryl, Cs-Cs heterocycle containing one ot two

heteroatoms chosen from O, S, and N, heteroaryl containing one or two hetercatoms
chosen from O, S, and N, aralkyl, or C,-Cgacyl;

(d) Zis CH, CX, or N;

(e) X is hydrogen, halogen (F, Cl, Br, or 1), NH;, NHR®, NRR®, NHOR®,
NR°NRR®, OH, OR®, SH, or SR°;

() X' is halogen (F, Cl, Bt, or 1);

(£) Y is O, S, NH, NR®, NOR", or Se; and

(h)  each R%, R®, and R® independently is hydrogen, C;-Cesalkyl, C2-Ce alkenyl, aryl,
or arvialkyl;

optionally with a pharmaceutically acceptable camrier,

In an eleventh aspect, there is provided a compound of the general formula:

/Z~

/L/
/N/m\j OH

1{1%

or a pharmaceutically acceptable salt thereof, wherein:

{a) each Z' and Z" is independently CH, CX, or N;



(i) each Re, Re, and Re" independently is hydrogen, CI-05, alkyl, C2-C6 alkenyl, aryl, or arylalkyl;
provided that for compounds of formula 2 (H'), when X'is OH or NH2, Y is 0, 124" is hydroxyl, R4 is
hydrogen, and R5' is hydroxyl, R5 is hydrogen, Z is not N and: provided that for compounds 3 (C') and
3 (D). Zis not N; and for compounds of formula 8 (B'), when R2 is NH, Ra is hydrogen, and R4, R5,
and R5 are hydrogen, R4' is not hydroxyl; optionally with a pharmaceutically acceptable carrier. In a
thirteenth aspect, there is provided the compound of the formula: or a pharmaceutically acceptable
salt thereof, optionally with a pharmaceutically acceptable carrier. In a fourteenth aspect, there is
provided a compound of the formula: 1\1142 .---'<:)---- -==--=--- 1\N...-...--N ..,---.

(b} X is hydrogen, halogen (F, Cl, Br, or ), NHa, NHR®, NR°R®, NHOR®,
NR°NR°R, OH, OR®, SH, or SR®; and

(¢}  each R, R®, and R® independently is hydrogen, C;-Cs alkyl, Co-Cy alkenyl,
arvl, or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

In a twelfth aspect, there is provided a compound of the general formula 2 (E'-IT'),

3(CADY, 4 (C-DY), 5 (C-DY, 6 (C-D"), 7 (D'-F) or 8 (BY):

4(CY 4 (DY
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|leNN ----r...----- \ SNNO NN NH or a pharmaceutically acceptable salt thereof, optionally with a
pharmaceutically acceptable carrier. In a fifteenth aspect, there is provided a pharmaceutical
composition comprising an effective amount of any one of the compounds of the present invention,
together with a pharmaceutically acceptable carrier. In a sixteenth aspect, there is provided a
pharmaceutical composition comprising an effective amount of any one of the compounds of the
present invention, together with one or ore effective anti-viral agents, optionally with a

pharmaceutically acceptable carrier. An a seventeenth aspect, there is Brovided the use of a
compound of general fonnula 1 (A EAQ: A 1 (AH) (

7(F) 8 (B")

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R¥ is independently hyvdrogen, halogen (F, Br, Cl, or I,
pseudohalogen, NO, C;-Cs alkyl , halogenated C,-Cg alkyl, hydroxyl, Ci-Cg
alkoxy, CH,OH, CI~]30R6, NH,, NR°R”, valine, ; wherein at least one of R* and
R* is hydrogen;

(b) each R*and R” is independently hydrogen, halogen (F, Br, Cl, or I},
pseudohalogen, NO,, C;-Cq alkyl, halogenated C,-Cg alkyl, hydroxyl, Ci-Ce
alkoxy, CH,OH, CHzOng NH;, NRéRT, valine, ; wherein at least one of R® and

R¥ s hydrogen;



or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the treatment
of an HCV infection in a host, wherein: (a) each R4 and Rer is independently hydrogen, halogen (F,
Br, Cl, or 1), pseudohalogen, NO2, C1-C6 alkyl, halogenated C1-C6 alkyl, hydroxyl, C1-C6 alkoxy,
CH20H, C1-120R6, NH2, NR6R7, valine. ; wherein at least one of R4 and R4' is hydrogen; (b) each
R5 and R" is independently hydrogen, halogen (F, Br, Cl. or 1), pseudohalogen, NO2, C1-C6 alkyl,
halogenated C)-C6 alkyl, hydroxyl, CI-C6 alkoxy, CH20H, C1-120R6, NH2, NR6R7, valine, ; wherein

at least one of Rgfnd %hiﬁ%ﬁg@@;@&ﬁg&ﬁ?%@ni@g%ﬁ&g@?ﬁg%@%&&ggﬁl&gcm alkyl,

halogenated CI-C16 alkyl" C2-C10 alkenyl; C5-C7 carbocycle, erocycle containing one

or two heteroatoms chcaﬁs}n,f,r@gchb%.k@afk s eferpany qeripining en AL o Neterpatoms, ghosen
from 0, S. and N, aralkyl, or C1-C6 acyl; (d) Z is CH, CX, or N° (e} X is hydrogen, halogen (F, Cl, Br,

or 1), NH2, NUR", NReBeju RS DMV INBEICH O 0OWardh HeRRGHOISAKYE £ o 180, S, NH,
NRe, NOR’, or Se; (h) each Re, Re', and R independently is hydrogen, C1-C6 alkyl, C2-C6 alkenyl,
aryl, or arylalkyl; and (RHeWtds0i8% &ddsn from O, S, and N, aralkyl, or C;-Cy4 acyl;
(d) R?is oxygen, sulfur, NR', or CR';, wherein each R' is independently hvdrogen,
C-Ce alkyl, , Co-Cyp alkenyl, aryl, or aratkyl wherein the alkyl is C;-Cy;
(e) ZisCH,CX, or N;
) each X, X', and X" is independently hydrogen, halogen (F, Cl, Br, or I), NHa,
NHRE, NR°R®, NHORS, NR°NRR®, OH, OR®, SH, or SRS
{g) each Y and Y' is independently O, S, NH, NR®, NOR®, or Se;
(h) each R® is independently hydrogen, C;~Cs alkyl, , Co-Cp alkenyl, Cs-Cy
carbocycle, aryl, Cs-Cy heterocycle containing one or two heteroatoms chosen
from O, S, and N, heteroary] containing one or two heteroatoms chosen from O,
S, and N, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C1-Cs; and
(1) each R, RY, and R independently is hydrogen, C;-Cq alkyl, C,-Cs alkenyl,
aryl, or arylalkyl; provided that for compounds of formula 2 (), when X is
OHor NH; Y is O, RY is hydroxyl, R*is hydrogen, and R® is hydroxyl, R%is
hydrogen, Z is not N and:
provided that for compounds 3 (C’) and 3 (D’), Z is not N; and for compounds of
formula 8 (B”), when R” is NH, R%is hydrogen, and R, R*, and R®" are
hydrogen, R* is not hydroxyl;

optionally with a pharmaceutically acceptable carrier.
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optionally with a pharmaceutically acceptable carrier. In an eighteenth aspect, there is provided
the use of a compound of general formula | (AK) or 1 (AL): 1 (AK)1(AL) or a pharmaceutically
acceptable salt thereof, for the manufacture of a medicament for the treatment of an HCV infection in a
host, wherein: (a) each R4 and 124' is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO2, C1-C6 alkyl, halogenated C1-05 alkyl, hydroxyl, C1-C6 alkoxy, CH20OH,
CH20R6, NI-I12, NR6R7, valine, ; wherein at least one of R4 and R4l is hydrogen; (b) each R5 and R5'
is independently hydrogen, haloge . Br, Cl. aor. 9?&1}'&9% , z1-C6 alkyl,
halogenated Cl- %f@%?@%gigié]&%gg ?l%%l,géﬁi-ihzeorl, CI-12?I§§:€E§HQ§uNR6R7, valine, ;
wherein at least one of R5 and R51 is hydrogen;_(c).gach R6 and R7 is independently hydrogen,
C1-C16 alkyl, halogenated C1-C16 alkyl" C2 €10 Hken i}, C5-C7carbocycle, aryl, Cs-C7 heterocycle
containing one or two heteroatoms chosen fr, ; d NHheteroaryl containing one or two
heteroatoms chosen from O, S, and N, aralLk\yI, r (b gcyty (d) Zis CH, CX, or N; (e) X'is
hydrogen, halogen (F, Cl, Br, or 1), NI-12, NRWNNWR6', NHOW, NWNW:R6", OH, OW, SH, or SW;
(f) X" is halogen (F, ClI, Br. or I);

or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically

acceptable carrier.

In a fourteenth aspect, there is provided a compound of the formula:

: €1
F N Bree 7 N / [ N
{ /N ] /N /?\i
N N N N o7 TN N
o

O
O O
i}{ OH OH OH OH OH
1{n E(LY) 1 (M7

& N,
N , N NF N HN N
)\ /N )\ l /N )\ ] /N
¢ TN N o TN N o N N
0 0 :o: l
OH OH OH OH OH
1 (0 1(P) 1(QY

g N / N
N ™
HN N )\ < oo N N

)\ l “\/\N O N N 0
0”@ TN N 0
O
@]

% Y
OH OH >< S

1(8Y 1 (T") (U




() Yis 0, S. NH, NW, NOR’, or Se; (h) each Re, Re!, and Re" independently is hydrogen, C1-C6
alkyl, C2-C6 alkenyl, aryl, or arylalkyl; and (i) W is 0 or CH2; optionally with a pharmaceutically
acceptable carrier. In a nineteenth aspect, there is provided the use of a compound of general fonnula
1 (AM) 1 (AN) 1 (AP) or a pharmaceutically acceptable salt thereof, for the manufacture of a
niedicament fo the treatment of an HCV infection in a host, wherein:

0 T
~ N = N
N N ™
)\)‘I > JI N ﬂ >
o TN N o N N
o OB OH O OH OH
156%)] 1 (WY i (X) LY

0
) I P
HN N HN N < N
P L o
- s s
0F TN N N N & N N
0 % :O: | t :o: |

O OH OH OH OH OH
1(2) 1 (AA") 1 (AB")

NH, HCl

0
NT N\ rI . : N
0)\/3]\IN> | ; O:i:\jg—n\f:
QO | :

OH OH OH OH or O
1 (AD) 1 (AE) HAF)

or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically

acceptable carrier.



(a) each R4 and R4' is independently hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO2, CI-C6
alkyl, halogenated Ci-Ca alkyl, hydroxyl, Ci-C6 alkoxy, CH20H, CH20R6, NH2, NR6R7, valine, ;
wherein at least one of R4 and R41 is hydrogen; (b) each R5 and R5t is independently hydrogen,
halogen (F, Br, Cl, or I), pseudohalogen, NO2, C1-C6 alkyl, halogenated CI-Co alkyl, hydroxyl, CI-C6
alkoxy, CH20H, CI-120R6, NF12, NR6R7, valine, ; wherein at least one of R5 and ref is hydrogen; (c)
each R6 and R7 is independently hydrogen, CI-Ci6 alkyl, halogenated C1-C16 alkyl" C2-C10 alkenyl,
C5-C7 carbocycle, aryl, C5-C7 heterocycle containing one or two heteroatoms chosen from 0, S, and
N, heteroaryl containing one or two heteroatoms chosen from 0, S, and N, aralkyl. or C1-C6 acyl; (d)
Zis CH, CX, or N; (e)IX ad#ipgrslaaperiidgers (F peiyBrdn phaNia2uNEMNR ReNIdORIsing
NR'NReR6", OH, OR", SH, or SRC; (0X'is C,-C16 alkyl; (g) Yis 0, S, NH, NR", NOR", or Se; and (h)
each Re, Re, ahtl Récindependeilasyhyerodehe Cinpewllyl CRe@6:atkenyeaiigh.aoariatikyith a
optionally with a pharmaceutically acceptable carrier.

pharmaceutically acceptable carrier.

In a sixteenth aspect, there is provided a pharmaceutical composition comprising
an effective amount of any one of the compounds of the present invention, together with
one or more effective anti-viral agents, optionally with a pharmaceutically acceptable
carrier,

In a seventeenth aspect, there is provided the use of a compound of general

formula 1 (AG-AD):

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for

the treatment of an HCV infection in a hoest, wherein:



In a twentieth aspect, there is provided the use of a compound of general formula 1 (AQ) or 1 (AR): 1
(AQ) or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the
treatment of an HCV infection in a host, wherein: (a)each R4 and R4' is independently hydrogen,
halogen (F, Br, Cl, or 1), pseudohalogen, NO2, C1-C6 alkyl, halogenated C1-C6 alkyl, hydroxyl,
C1-C6 alkoxy, CH20H, 0-120R6, NH2, NR6R7, valine, ; wherein at least one of R4 and R4' is
hydrogen; (b) each R5and R5'is independently hydrogen, halogen (F, Br, Cl, or ), pseudohalogen,

NO2, CI-05 alkyl;halogenated, (il {8 alkd favdeoxyl haliraxyn GaiR0EL GCHZORE oNH2, NRER7, valine, ;
wherein at least one of Its and R5t is hydrogen; (c) each 126 and R7 is independently hydrogen, C 1-C

16 alkyl, halogenated GlGdéhatkybatkenyl Ce.Grearboeyeienanyd, CrLidhetemoyslecoataining one
> alkoxy, CH,OH, CH,OR®, NH,, NR‘5R75 valine, ; wherein at least one of R*and
R* is hydrogen;
(b) each R®and R’ is independently hydrogen, halogen (F, Br, CI, or 1},
pseudohalogen, NO,, C;-Cs alkyl, halogenated C,-Cq alkyl, hydroxyl,
C,-Cg alkoxy, CH,0H, CIL,OR®, NH,, NR°R”, valine, ; wherein at least one of R and
R’ is hydrogen;
(¢) each R®and R’ is independently hydrogen, C,-C\¢ alkyl, halogenated C-Cig
alkyl, , C3-C 1 alkenyl, Cs-Cy carbocycle, aryl, Cs-Cy heterocycle containing one or two
heteroatoms chosen from O, S, and N, heteroaryl containing one or two heteroatoms
chosen from O, S, and N, aralkyl, or C;-Cg acyl;
(d) ZisCH, CX, or N;
(&) X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHORS,
NR°NRCR®, OH, OR®, SH, or SR;
(f) X' 1s alkyl;
(g) Y is O, S, NH, NR®, NOR", or Se;
(h)  each R%, RY, and R independently is hydrogen, C1-Cs alkyl, C2-Cs alkenyl,
aryl, or arylalkyl; and
(i) W is O or CHa;

optionally with a pharmaceutically acceptable carrier.
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two heteroatoms chosen from 0, S, and N, heteroaryl containing one or two heteroatoms chosen from
0, S, and N, aralkyl, or C1-C6 acyl; (d) Zis CH, CX, or N; (e) X is hydrogen, halogen (F, Cl, Br, or 1),
NH2, NHIRe, NR'R'F, NHORe, NIR'NR&Rell, OH, ORe, SH, or SRC; (0X' is halogen (F, ClI, Br, or |);
(9) Yis 0, S, NH, NRe, NOR", or Se; and (h) each 12, Re’, and Re" independently is hydrogen, C1-C6
alkyl, C2-C6 alkenyl, gyl o andaliol optoaly wilh a:phamaseuiealy apeenipblacarier, In-

one embodiment, the breseﬁ invention provides compounds of the general formula (I): W R51 R4l 54
N 7 R4R3 ,
formula 1 (AK)or 1 (AL):

1(AK) 1 (AL)

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for

the treatment of an HCV infection in a host, wherein:

(a) each R*and R" is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO,, C,-Cs alkyl, halogenated C,-Cq alkyl, hydroxyl, C;-Cq

atkoxy, CH,OH, CH,OR®, NH,, NR°®R’, valine, ; wherein at least one of R*and R is

hydrogen,

(b) each R*and R” is independently hydrogen, halogen (F, Br, Cl, or T),
pseudohalogen, NOa, C,-Cg alkyl, halogenated C;-Cy alkyl, hydroxyl,

C,-Cg alkoxy, CH,CH, CH,OR®, NH,, NR°R’, valine, ; wherein at least one of R’ and

R is hydrogen;

{c) each Rand R is independently hydrogen, C;-Cy¢ alkyl, halogenated Ci-Cyg

alkyl, , C»-Cyg alkenyl, Cs-C;carbocycle, aryl, Cs-C;heterocycle containing one or two

heteroatoms chosen from O, S, and N, heteroary] containing one or two heteroatoms

chosen from O, S, and N, aralkyl, or C-Cg acyl;

(d) Z 1sCH, CX, or N;

{e) X is hydrogen, halogen (F, CI, Br, or I}, NH,, NHR®, NRR®, NHORS,

NR°NR°RY, OH, OR, SH, or SR;

) X'is halogen (F, €1, Br, or I);
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(1) or a pharmaceutically acceptable salt or prodrug thereof, wherein: (a) each IR4 and R4' is
independently hydrogen, halogen (F, Br, CI, or I), pseudohalogen, CN, NO2, lower alkyl of C1-06,
halogenated lower alkyl, hydroxyl, alkoxy, CH20H, CH20R6, NH2, NR6R7, or a residue of an amino
acid; wherein at least one of R4 and R4' is hydrogen; (b) each R5 andR6' is independently hydrogen,
halogen (F, Br, Cl, or 1), pseudohalogen, ON, NO2, lower alkyl of C1-C6, halogenated lower alkyl,
Shydroxyl, alkoxy, CH20H, CH20R6,NR6R7, or a residue of an amino acid; wherein at least one of
R5 andR5' is hy?gpgerr;fGg)@@glmﬁ@m@ﬁbt@cjmgg@gndently hydrogen, alkyl, halogenated alkyl,
alkylene, alkenyl, carbocYcle, aryl, heterocycle, heteroaryl, amlkyl, or acyl; (d) R1 ishydrogen,
lower alkyl, alkylgne, aliseny;, eethogyrieianchetarncydedbobeteroandiianatkyl antaaglkyl,
aminoaryl, or aminoacyl of C1-C6; (e) R2 is oxygen, sulfur, NR', or CR'2, wherein each R' is
independently hygiogesylewer alisyl, alkylene, alkenyl, aryl, or aralkyl of Ci-C6; (f) R3 ishydrogen,
lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl,
or aminoacy! of @1-C6W is O or CHa;

optionally with a pharmaceutically acceptable carrier.

In a nineteenth aspect, there is provided the use of a compound of general formula

1 (AM-AP):

1(AD)

or a pharmaceutically acceptable salt thereof, for the manufacture of 2 medicament for

the treatment of an HCV infection in a host, wherein;

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO,, C;-Cq alkyl, halogenated C,-Cq alkyl, hydroxyl, C;-Cq
alkoxy, CH,OH, CH.OR®, NH,, NR°R”, valine, ; wherein at least one of R and

R* is hydrogen;

(b) each R®and R” is independently hydrogen, halogen (F, Br, CI, or D),

pseudohalogen, NO,, C,-Cs alkyl, halogenated C,-Cs
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15(g) alternatively if R2 is NR', then R1 or R3 can come together with NR to form a substituted or
unsubstituted 5-7 membered ring that can include one or more heteroatoms; or (h) if R2 is CR2, then
R1 or R3 cancome together with CR'2to form a substituted or unsubstituted 5-7 membered ring that
can include one or more heteroatoms; or 20(i) if R2 isCR'2, then R1 and R3 cancome together with
CR'2to form a substituted or unsubstituted bicyclic ring that can include one or more heteroatoms;
and (j) Wis 0 or CH2. In a preferred embodiment, the R5 or R5' of the bicyclo[4.2.1jnonane is a

residue of an aming,aeidy e 2@ -prodiig-ofan agtivebisyelad;2. %{tﬁaan . wherein RS or R5' is OH.
In one embodimeﬂ%fh&rmigd acid s valir}?e. In"a péﬁllcf}?ar é%zeﬁni? odirhent. the amine g?:id is
L-valine. In angther embodiment. the present invention provides compounds of the general

formula / (A-D), 2 (A-D), 3 (A-B), 4 (A-B), 5 (A-B), 6 (A-B), 7 (A-C) or 8 (A). 1 (A) 1 (C)
{c) each R®and R'is independently hydrogen, C;-Cyg alkyl, halogenated C;-Cyg
alkyl, , Co-Cyg alkenyl, Cs-C; carbocycle, aryl, Cs-Cy heterocycle containing one or two
heteroatoms chosen from O, S, and N, heteroaryl containing one or two heteroatoms
chosen from O, 8, and N, aralkyl, or C;-C¢ acyl;
(dy ZisCH,CX,orN;
(e) X is hydrogen, halogen (F, CI, Br, or I), NH,, NHR®, NR°R®, NHORS,
NR'NR°R®, OH, OR®, SH, or SRY;
H X'is C;-Cyg alkyl;
() Y is O, S, NH, NR°, NOR®, or Se; and
(h)  each R, R, and R” independently is hydrogen, C1-Cs  alkyl, Co-Cs alkenyl,
aryl, or arylalkyl;
optionally with a pharmaceutically acceptable carrier.

In a twentieth aspect, there is provided the use of a compound of general formula 1
(AQ)or 1 (AR):

1 (AQ) L (AR)

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for
the treatment of an HCV infection in a host, wherein:
(a) each R and R¥ is independently hydrogen, halogen (F, Br, Cl, or I,

pseudohalogen, NO,, C-Cy alkyl, halogenated C,-Cg



2(C) 1(B) 1 (D) 3(A) 4(A) 3(B)

alkyl, hydroxyl, C;-Cs alkoxy, CH,OH, CH,OR®, NH,, NR'R, valine, ; wherein at

least one of R*and R* is hydrogen;

(b) each R°and R is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO,, C;-Cq  alkyl, halogenated C-Cq  alkyl, hydroxyl,

C)-Cq alkoxy, CH,OH, CH,ORS, NI, NR6R7, valine, ; wherein at least one of R’ and

R is hydrogen;

(¢)  each R®and R is independently hydrogen, C,-Cy¢  alkyl, halogenated C1-Cie

alkyl, , Co-Cyp  alkenvl, Cs-Cy carbocycle, aryl, Cs-C;heterocycle containing one or

two heteroatoms chosen from O, S, and N, heteroaryl containing one or two

heteroatoms chosen from O, S, and N, aralkyl, or C;-C¢ acyl;

(dy Zi1sCH, CX, or N;

(e) X is hydrogen, halogen (F, Cl, Br, or I}, NH», NHR®, NRR®, NHORS,

NRNRCR®, OH, OR®, SH, or SR;

(H X'is halogen (F, Cl, Br, or I);

(2) Y is O, S, NH, NR® NORS, or Se; and

(h)  each RS, R®, and R® independently is hydrogen, C,-Cs alkyl, C2-Cs  alkenyl,

aryl, or arylalkyl;

optionally with a pharmaceutically acceptable carrier.
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4(B) 6(A)7(A)6(B)T7(B)

In one ermbodiment, the present invention provides compounds of the

generai formula (I

c,r a phanﬂaceuﬁcaity acceptable salt or prodrug thereof,wherein:
{a) each R* and R* is independently hydrogen, halogen (F, Br, Cl, or ),

pseudohalogen, CN, NO,, lower alkyl of C1-C_a, halogenated lower atkyl,

13ab



7 (C)8 (A) or a pharmaceutically acceptable salt or prodrug thereof, wherein W, R4, R4', R5, and R5'
are as defined above; and Z is CH, CX, or N; 5each X, X', and X" is independently hydrogen, halogen
(F, Cl, Br, or 1), NH2, NHRc, NR'Rc, NHOR', NR'NIRdRc", OH, OR', SH, or SRC; each Y and Y is

independently O, S, I\ﬂﬂ NRe, NOR', or Se; . each Ra is independently hydrogen, lower alkyl,
alkylene, alkerPIEEoRYAKY afTzhite fodsofd, Ml JaR iRar kol rasidHe AN ARiRRATL or
10aminoacyl of C1-05; and each Re, Rd, and,Re' independently is hydrogen, lower alkyl, lower
alkenyl, aryl, o\fvg?j?%ﬂ(?? 8@%&5@%% d 'S YBRERRed phenyl or benzyl,cycloalkyl, or

o oro R e AR A Rrs Sl s U oy bocls 2 renene
B B e S A S R e e
are asglefinedahoye; and cack-¢ g £ 45 Meenandagivt, G Ne of an amine acid:
wherein at least one of R°and R® is hydrogen:;
{c) each Rand R is independently hydrogen, alkyl, halogenated alkyl, alkyiene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
(d)R'is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

10 heteroaryl, aratkyl, aminoatkyl, aminoaryl, or aminoacyi of C-Cs;

(e) R%is oxygen, sulfur, NR', or CR’,, wherein each R’ is independently hydrogen,
iqwer alkyi, alkylene, alkenyl, aryl, or aralkyl of C4-Cg;

{(f} R*is hydrogen, lower _a!kyi, alkylene, alkenyl, carbocycle, arvl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C-Cg;

15 (g) altematively if R?is NR’, then R' or R® can come together with NR' to form a
substituted or unsubstifuted 5-7 membered ring that can include one or more
heterocatoms; or

() if R?is CR’,, then R' or R®can come together with CR'z to form a substituted or
unsubstituted 5-7 membered ring that can include one or more heteroatoms; or

20 (i) if R%is CR’,, then R’ and R®can come together with CR’, to fbrm a substituted
or unsubstituted bicyclic ring that can include one or more heteroatoms; and

(i) WisOQaorCHs.
in a preferred embodiment, the R® or R® of the bicyclo[4.2.1jnonane s a

residue of an amino acid, i.e. a 2'-prodrug of an active bicyciof4.2.1lnonane

14



In a particular embodiment, the bicyclo[4.2.1Jnonane is of the formula: 10or a pharmaceutically
acceptable salt or prodrug thereof. Therefore, in one embodiment, the present invention provides
a bicyclo[4.2.1}nonane ring of the formula (I), or a pharmaceutically acceptable salt and/or prodrug for
the treatment and/o Qrorﬁylaxi of a host, such as a human, with a Flaviviridae infection, and in
particular a F&FiRf tfﬁp. Iﬂ?aﬁ@thg} AifoUaRRdiPeriHE B ACK pha@inteelitidal composition that
includes a compound of formula. (1), or a pharmaceutically acceptable salt or prodrug thereof, together
with a pharl%aar%%HT%a? a%gmgﬁ?@ﬁgﬁ?taﬁﬁg 1€ brYGIEY. 5in yet another embodiment of the

invention, a phar ical co sition with a compound of formula (1), or a pharmaceutically
acceptable salt orﬁﬁ%%%%%e}h%?};%%,g%?ﬁn% Wﬁ‘%ﬁ@é‘Ei’i‘gﬁﬁ’%\%aW&@ﬁgé‘@éﬁ?&%ﬁ%@&?ﬁm@nr diluent, in

combination, vy r r.antivira is ar vided. . The inventign alsq includes a
method for gﬁ%ﬁ?ﬁ@nﬁ%ﬁﬁ/ﬁ%ﬁoﬁ@h@%@i %f\%‘l%%d g’%ﬁ%c%o‘%‘“l |§dﬁ§§%§ BCY infection,
compriging gﬂg_ administration of an antivirally effective amount of a bicyclo[4.2.1]nonane ring of
formula (1), or a pharmaceutically acceptable salt or prodrug thereof, optionally with a pharmaceutically
acceptable carrier or diluegt, Thednventien further includes a method fgy the tygatmept and/or
prophylaxis 150f a Flaw®jviridag infection, including a HCV infectionwo%g ministration of an
antivirally effectivq@ , or a pharinaceutically
acceptable salt or progitug thereof optionally with a pharmaceuticy; acce%mfé rrier or diluent, in

a
Fiiatiorwyith onezor more other antivirally: effeetiveragents
o poetvengells. 2

bicyglo[4.2.1]nonane ring of forgaulay
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20In yet another embodiment, a method of manufacture of a medicament for treatment of a
Flaviviridae infection using a compound of formula (1), or a pharmaceutically acceptable salt or prodrug
thereof, is provided, optionally with a pharmaceutically acceptable carrier or diluent. Inan
additional embodiment, a method of treating a mammal having a virus- 25associated disorder which

| aI a pharmaceutically effec e amount of‘a compound of
: f2Of\ The invention
Raceutically

formula (1), or a pH&F
also includes the use4 of.formula (1), as described heg
acceptable salt or proéfug ther 5 opﬁonally with a phaliiaceBtj¢e - able gdrrier or diluent, in
a medical therap?; el Aasan antwwa%r antitumor/anticancer a&gent, for examp e for the treatment or
prophylaxis of a Flavﬁnrldae infection, including HCV infection. Ré1i'he invention also includes the use
of a compound of formu ;Alfs described herein, or a pharmaceutic cceptable salt or prodrug
thereof, 10optionally with armaceutically acceptable carrier or dil ,/In alternation or combination
with one or more other therapeutic agents in a medical therapy, Le. as an antiviral or
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20BRIEF DESCRIPTION OF THE FIGURES Figure 1 is a line graph depicting the HCV viral load
during oral treatment of chronically HCV-infected chimpanzees with compound 15 (Y =H, Z=CH) at 5
mg/kg/day once daily. Detailed Description of the Invention It was surprisingly discovered that certain
bicyclo[4.2.1]nonane rings exhibit potent and selective activity against a Haviviridae infection, and in
particular against HCVWThé@Qgéx £ tion also includes at least the following features: (a)
compounds, and their pharmageuticajly acceptable salts or prodrugs thereof, yseful for the treatment
or prophylaxis of aFta JiridaeNinfeetion, and in particular a HCV iktectiohs—by;pharmaceutical
compositions that ingl l’:___: a-antivirally dffective amount of a 10comppund of forifiula (1) or any other
compound, as desgritiéd herein,"gy a phaymaceutically acceptable®sait drugy thereof together with
a pharmaceuticaﬁy acgeptable carrigf or dilkient, according to thE4pr ent invention; (c)
pharmaceutical compositions with a ¢ompound of formula (1) or any%ther 15 compound, as described
herein, or a pharmaceutie cceptable salt or prodrug thereof, in combination with one or more other
antivirally effective agent;}’;il E@ r‘%b@gg

or a pharmaceutically acceptable salt or prodrug thereof, wherein W, R?, ¥, R®,
and R® are as defined above: and
Zis CH, CX, or N:
5 each X, X', and X” is independentiy fiydrogen, halogen (F, Cl, Br, or 1), NH,,
NHR®, NRR®, NHOR®, NRNR®R®’, OH, OR®, SH, or SR®
each Y and Y’ is independently O, S, NH, NR®, NOR®, or Se;
sach R is independently hydrogen, lower alkyl, alkyiene, alkenyl,
carbocycle, .aryé, heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl, or
10 aminoacy! of C1-Cg; and
each R®, R®, and R” independently is hydrogen, lower alkyl, tower alkenyt,
aryl, or arylatkyl such as unsubstituted or substituted phenyl or

benzyl, cycloalkyl, or cyclopropyi.

15 One particular example of a nucleoside derivative is the following

bi_cycto[4.2.1 Jnonane of the following formula,

17



(d) methods for the treatment or prophylaxis of a Flaviviridae infection, including hepatitis C infection,
in a host comprising administering an effective amount of a 20compound of formula (I) or any other
compound, as described herein, or a pharmaceutically acceptable salt or prodrug thereof, optionally in
a pharmaceuticall}/ acceptable carrier or diluent; (e) methods for the treatment or prophylaxis of a
Flaviviridae infectiSh®AIRiRT Refimmid chn rEmshtimentisnJmpnemepataimstie ofghan effective
amount of aéScomfooung of formula (I) or any other compound, as described herein, or a
pharmaceu%cgﬁi}aalc‘%%m1 ble salt or prodrug thereof, optionally in a pharmaceutically acceptable carrier
or diluent in combination or alternation with one or more other antivirally effective agents; (f) use of a
compound of formula (I) or any other compound, as descriﬁgd herein, or a pharmaceutically
acceptable salt or prodrug thereof, optionally in a gharmacgutically acceptable carrier, for the
treatment or prophylaxis of a Flaviviridae%ﬁection, angHr pagticular a HCV infection; (g) use of a
compound of formula (I) or any other compgund, as describedrergin, or a pharmaceutically
acceptable salt or prodrug thereof, optionally i Qpharmaceutically acceptable carrier, in alternation
or combination with one or more other antivirg le.agents for the treatment or prophylaxis of a
Flaviviridae infection, and in particular a HE¥V i "(h) use of a compound of formula (1) or any
other compound, as described hed roralpharmacedtically acgeptable salt or prodrug thereof in the
manufacture of a 15medicament for treatmént of a FIaviTFidg,e infection; (i) use of a compound of
formula (1) or any other compound, as deBcribed herein, or a pharmaceutically acceptable salt or

prodrug th é ' in a pharmaceutically acceptable carrier or diluent in,a medical therapy, he.
as an anti\%g%) ﬁﬁ%ﬁﬁ%%ﬁ% CAnct r%%%n’??%&@%@ﬁ%@ IoPHRE raRTRIR Y Bopfoptifiaxis of a
Fiavivisidag ipfegtign,, %MHQ g\jQ]‘ection; and (j) processes for the preparation of compound of
formula (I) or any other compound, as described herein, and their pharmaceutically acceptable salts

and prodrugSifRFEBIR®, NH,, NHRS, or NRR®, wherein R® and R® are as defined above; and

each Z and 2’ is independently CH, CX, or N.

In a particular embodiment, the bicyclo[4.2. 1Inonane is of the formula:

derived
fram

HO O

bicyclo[4.2.1Jnonane system the nucleoside precursor

10 or a pharmaceutically acceptable salt or prodrug thereof,

Therefore, in one embodiment, the present invention provides a
bicyclo[4.2.1nonane ring of the formula (1), or a pharmaceutically acceptable salt
andfor prodrug for the treatment and/or prophylaxis of a host, such as a human,

with a Flaviviridae infection, and in particular a HCV infection.

18



Active compound In one embodiment of this invention, the present invention provides a compound
of the general formula (1): (I) 5or a pharmaceutically acceptable salt or prodrug thereof, wherein: (a)
each R4 and R4' is independently hydrogen, halogen (F, Br, ClI, or I), pseudohalogen, CN, NO2, lower
alkyl of C1-05, halogenated lower alkyl, hydroxyl, alkoxy, CH20H, CH20R6, NH2, NRSR7,0ora
residue of an ami E’éﬂﬁ‘,%ﬁgﬂ@ﬂﬁjﬁ?%g Hife ipveniianaRrhR MggRGEa! %@%@'EBla’i}dCRsc': Ei}s
independently hydrogen, halogen. (F, Br, Cl, or I), pseudohalogen, CN, NO2, lower alkyl of C,-C6,
haloSenate‘H%@é? 3?@%&%&%%&8% Do hamenestivaly aqrasieissaliesidue of an amino

acid; wherein_ at least one of R5 andR5' is hydrogen; .  (c) each Reand R7is independently hydrogen,
alkyl, ha|o§}e”ﬁ§¥8%%ﬁﬁi}?‘%ﬁ%@ﬁﬁ?%ﬁé N gi‘%%%}%?@?Eﬁ@?,%@f@%}?@i@%&%%@@ﬁ &talkyl, or acyl;

d) R1lis hy Qgggdlower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle, heteroaryl, a_ralkyl,
aminoalkyl, aminoaryl, or aminoacyl of C1-05; (e) R2 is oxygen, sulfur, NR', or CR'2, wherein each R’

I;yl(;lﬁ)%%ﬁ?:&? gl}@%?a yi%l%\g,gﬁg %&T@:@:ﬂﬁyﬁ&? é%!?ﬁ%:;?%{caﬁé%%%ﬁog%%é%mﬁ3;1:5 inoalkyl,
aminoaryL»Oﬁ@H‘Wh%%‘F%?&nuia (1), or a pharmaceutically acceptable salt or prodrug
thereof, optionally with 2 pharmaceutically acceptable carrier or diluent, in
combination with one or more other antiviral agents are provided,
The invention also includes a method for the treatment and/or prophylaxis of
10 a Flaviviridae infection, including a MHCV infection, comprising the administration of
an antivirally effective amount of a bicyclof4.2. 1lnonane ring of formula (1}, or a
pharmaceutically acceptable salt or prodrug thereof, optionally with a
pharmaceutically acceptable carrier or diluent.
The invention further includes a method for the treatment and/or prophylaxis
15 of a Faviviridae infection, including a HCV infection, comprising the administration
of an antivirally effective amount of a bicyclof4.2.1Inonane ring of formula (B, ora
pharmacsutically acceptable salt or prodrug thereof, optionally with a
pharmaceutically accepiable carrier or diluent, in combination and/or alternation
with one or more other antivirally effective agents. |
20 In yet another embodiment, a method of manufacture of a medicament for
treatment of a Flaviviridae infection using a compound of formuia {(h,ora
pharmaceutically acceptable salt or prodrug thereof, is provided, optionally with a
pharmaceutically acceptable carrier or diluent.
In an additional embodiment, a method of treating a mammal having & virus-

25 associated disorder which comprises administering to the mammal a
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(g) alternatively if R2 is NR', then R1 or R3 can come together with NR to form a substituted or
unsubstituted 5-7 membered ring that can include one or more heteroatoms; or (h) if R2is CR'2, then
R1 or R3 can come together with CR'2to form a substituted or unsubstituted 5-7 membered ring that
can include one or more heteroatoms; or (i) if R2 is CR'2, then Wand R3 cancome together with CR'2
to form a suligiTnREeeiaaiyEstithivecabioyriicofing timapcamd né fadeviad Or tnare heteroatoms; and W is
0 or CI-12. 10In a particular embodiment, the bicyclo[4.2.1Inonane is of the formula: HO OH or a pha
aceutically Bbaapestatisaihorgrepialyatsaltof. nrodrpeteeredfeinipoatitrient, the R5 or R5' of the
bicyclo[4.2.1]nonane is a 15 residue of an amino acid, i.e. a 2'-prodrug of an active
bicyclo[4.2.1]nonaHewhérdis Re %t Rgudeo thanemelentissanment, ohésmito (Bidss valine. In a
particular sub-embodiment, the amino acid is L-valine. In a first principal sub-embodiment of the
present invBREGTP S HEBURbEOP FeTRaRE Ui vRrsak R ARthaR PR AhRra%nd R2 come
togeth%r to fo%m a%i/ ﬁfg membered ring and R3 and R2 come together to form a five-membered ring
(to fori a R SHA S bich ORI RGPS SR Pecerinble iRy Yrtipal SR drssbieiment of the present

invention, om O‘E'Qda%f formr%la.’(gzios prqytided ?1 v¥_hich R2is CR'2, R1 and R2 come together to form
a five-membered fing and R and B 2SS B ABH G T6R AL S 08 AHRTEYSIR 15 form a five-six

fused bicy e AR AY SI R R CPRRSIDR A SRR AL SHE BB SG e tiom. & compound
The invention also includes the use of a compound of formuta (8), as
described herein, or a pharmaceutically acceptable salt or prodrug thereof,

10 optionally with a pharmaceutically accepiable carrier or diluent, in alternation or
combination with one or more other therapeutic agents in a medical therapy, i.e. as
an antiviral or antitumor/anticancer agent, for example for the treatmeant or
prophylaxis of a Flaviviridae infection, including HCV infection.

The invention further includes the use of a compound of formula (8), as

15 described herein, ora pharmaceuticaiiy acceptable salt or prodrug thersof in the
manufacture of a medicamenit for treatment of a Flaviviridae infection.

The invention also includes processes for the preparation of compound of
formula (1), as described herein, and their pharmaceutically acceptable salis and

prodrugs thereof.

20 - Brigr DESCRIPTION OF THE FIGURES

Figure 1 is a line graph depicting the HCV viral load during oral treatment of
chronically HCV-infected chimpanzees with compound 15 (Y =H, Z=CH)at 5

mg/kg/day once daily.
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formula (1) is provided in which R2 is CR'2, and R3 and R2 come together to form a five-membered
ring. In one embodiment, R1 and R2 do not come together to form a ring. In a fourth principal
sub-embodiment of the present invention, a compound 10 of formula (l) is provided in which R2 is
CR'2, and R1 and R2 come together to form a six-membered ring. In one embodiment, R3 and R2 do
not come together to form a ringHetailpdtmaePRHep s s assdintent of the present invention, a
compound of formula (1) is provided in which R2 is CR'2, and R3 and R2 come together to form a 15

six-membered ring. yaoseerehefinenic RlanghR 2deanobrememaethentnmionme gxgibic  In a sixth
principal sub-embodiment of the present invention, a compound of formula (O is provided in which R2
is CR'2, angRdnaaddR2ieotive tagiatine atmiorn & five-ingrahiafediong ahal aneatidudeliment, R3 and R2
do not come together to form 20a ring. In a seventh principal sub-embodiment of the present
invention, sagemngiodfitl .of formula (1) is provided in which R2 is CR'2, R1 and R2 come together to form
a six-membered ring and R3 and R2 come together to form a six-membered ring (to form a six-six
fused Bicyclic ring'$yskspspnt invigrdarejbrhprivdisaidep s iisotitnenofehbipresent invention, a
compound of formula (1) is provided in which neither R1 and R2 nor R3 and R2 come together to form

a ring. In ardtsERPSRdtarembsiRBAlTMeBlisRiY EcoepteRlerRiB s isHeR lRerac(A)

useful for the treatment or prophylaxis of a Flaviviridae infection, and in
particular a HCV infection;
(b} pharmaceutical compositions that include an antivirally effective amount of a
10 compound of formula (1) or any other compound, as described herein, ora
pharmaceutically acceptable sait or prodrug thereof together with a
pharmaceutically acceptable carrier or diluent, according fo the present
invention;
{c) pharmaceutical compositions with a compound of formuia (i) or any other
15 compound, as described herein, or a pharmaceutically acceptable salt or
prodrug thereof, in combination with one or more other antivirally effective
agents;
{d) methods for the treatment or prophylaxis of a Flaviviridae infection, including
hepatitis C infection, in a host comprising administering an effective amount of a
20 compound of formula (I) or any other compound, as described herein, or &
pharmaceutically acceptable salt or prodrug thereof, optionally in a
pharmaceutically acceptable carrier or diluent;
{e} methods for the treatment or prophylaxis of a Flaviviridae infection, including
hepatitis C infection, in a host comprising administering an effective amount of a

25 compound of formula (1) or any other compound, as described herein, ora -
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R41(C) 2(A) 2(C) 1(B) 1(D) 3(A)

10

15

20

{f)

phaimaceutically acceptable salt or prodrug thereof, oplionally in a
pharmaceutically acceptable carrier or diluent in combination or alternation with
one or more other antivirally effective agents;

use of 2 compound of formula (1) or any other compound, as described herein,
or a pharmaceutically acceptable salt or prodrug thereof, optionally in &
pharmaceutically accepiable carrier, for the treatment or prophylaxis of a

Flaviviridae infection, and in particular a HCV infection;

{g) use of a compound of formula (1) or any other compound, as described herein,

or a pharmaceutically acceptabie salt or prodrug thereof, oplionally in a
pharmaceutically acceptable carrier, in alternation or combination with one or
more other antivirally effective agents for the treatment or prophylaxis of a

Flaviviridae infection, and in pariicular a2 HCV infection;

{(h) use of a compound of formula (1) or any other compound, as described herein,

(i)

or a pharmaceutically acceptable sait or prodrug thereof in the manufacture of a
medicament for trealment of a Flaviviridae infection;

use of a compound of formula (1) or any other compound, as described herein,
or a pharmaceutically acceptable salt or prodrug thereof, cptionally in a
pharmaceutically acceptable carrier or diluent in a medical therapy, i.e. as an
antiviral or antiturnor/anticancer agent, for exampile for the treatment or
prophyiaxis of a Flaviviridae infection, including HCV infection; and

processes for the preparation of compound of formuia (1) or any other
compound, as described herein, and their pharmaceutically acceptable salts

and prodrugs thereof.
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R4 6 (A) R {NyK R5 R4tR" 3 (B) 4 (B) R5 N R4l R4 5 (B)

Active compound

in one embodiment of this invention, the present invention provides a

compound of the general formula (1%

5 orapharmaceutically acceptabie salt or prodrug thereof, wherein:

(a) each R"and R* is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, CN, NOg, lower alkyl of C4-Cs, halogenated lower alkyl,
hydroxyl, alkoxy, CHaOH, CH,ORS, NH,, NR®R, or & residus of an amino acid;
wherein at least one of R* and R" is hydrogen;

10 (b) each R®and R¥ is independently hydrogen, halogen (F, Br, Cl, or ),
pseudohalogen, CN, NO,, lower alkyl of C+-Cg, halogenated lower alkyl,
hydroxyl, alkoxy, CHoOH, CH,OR®, NH,, NRPR?, or a residue of an amino acid:
wherein at least one of R® and R? is hydrogen:

(c) each R°and R’is independently hydrogen, alkyl, halogenated alkyl, alkylene,

15 alkenyi, carbocycle, aryl, heterocycle, heteroaryl, aralkyi, or acyl;

(d) R"is hydrogen, lower alkyl, alkylene, alkenvl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C4+-Cq:

(e) R%is oxygen, sulfur, NR', or CR’,, wherein each R’ is independently hydrogen,
lower alkyl, alkylene, alkenvl, aryl, or aralkyl of C,-Cg;

20 (f) R’is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryvl, heterocycle,

hetercaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C1-Cg;
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6 (B) 7(A)7 (B) 7 (C)8(A) orapharmaceutically acceptable salt or prodrug thereof, wherein R2,
R3, X, X', X", Y, Y, W, Z, R4, R4', R5, and R5' are as defined above. In another particular
embodiment, the bicyclo[4.2.1)nonane is of the formula:

(g) alternatively if R®is NR', then R or R® can come together with NR' to form a
substituted or unsubstituted 5-7 membered ring that can include one or more
hetercatoms; or

{h} if R?is CR’;, then R" or R® can come together with CR', to form a substituted or

5 unsubstituted 5-7 memberad ring that car include one or more hetercatoms: or

(i) if R%is CR’,, then R" and R® can come fogether with CR’, to form a substiiuted

or unsubstituted bicydlic ring that can include one or more heteroatoms; and

(i} WisQorCHy

10 In & particutar embodiment, the bicycloj4.2.1lnonane is of the formula:
AN
: L
HO N\-«.f
OH

or a pharmaceulically acceptable salt or prodrug thereof.

In a preferred embodiment, the R® or R® of the bicyclo[4.2.1}nonane is a
15 residue of an amino acid, i.e. a 2™-prodrug of an active bicyclo[4.2.1]nonane
wherein R® or R® is OH. In one embodiment, the amino acid is valine. tna
particular sub-embodiment, the amino acid is L-valine.
In a first principal sub-embodiment of the present invention, a compound of
‘formuia (8) is provided in which R? is CR’,, R' and R? come togather to form a six-
20 membered ring and R® and R? come together to form a five-membered ring (to

“form a five-six fused bicyclic ring system).
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8 (C)8 (D) or a pharmaceutically acceptable salt or prodrug thereof, wherein R2, Ra, X, X', X", Y, Y'\W,
Z, R4, R4, Rs, and R5' are as defined above. In yet another particular embodiment, the
bicyclo[4.2.Thonane is of the formula: or a pharmaceutically acceptable salt or prodrug thereof,

wherein each Z' and Z" is 5independently CH, CX, or N. ) _
In & second principal sub-embodiment of the present invention, a compound

of formula (1) is provided in which R? is CR’,, R" and R* come together to form a
five-membered ring and R® and R? come together to form a six-membered ring (1o
form a five-six fused bicyclic ring system).

5 in a third principal sub-embodiment of the present invention, a compound of
formula (1) is provided in which R® is CR',, and R® éﬂd R? come together {o form a
five-membered ring. In one embodiment, R' and R? do not come together to form
a ring.

in & fourth principal sub-embodiment of the present invention, a compound
10 of formula (1) is provided in which R? is CR’,, and R' and R? come together to form
a six-membered ring. In one embodiment, R? and R* do not come fogether to form
& ring.
in a fifth principal sub-embodiment of the present invention, a compound of
formula (1) is provided in which R? is CR's, and R® and R? come together to form a
15  six-membered ring. In one embodiment, R' and R* do not come together to form a
ring.
in a sixth principal sub-embodiment of the present invention, a compound of
formula (I} is provided in which R? Is CR,, and R' and R? come together fo form a
five-membered ring. In one embodiment, R® and R® do not come together to form
20 aring.
in a seventh principal sub-embodiment of the present invention, a
compound of formuia (1) is provided in which R® is CR’,, R’ and R* come together
to form a six-membered ring and R® and R? come together to form a six-membered

ring (to form a six-six fused bicyclic ring system).
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In particular embodiments of the present invention, the following compounds are provided: ' ti-7\
N N-------- 1--NH O 1

In an eighth principal sub-embodiment of the present invention, a compound
of formula (1} is provided in which neither R' and R* nor R® and R? come together

1o form a ring.

in another particular embodiment, the bicycio[4.2 1nonane is of the formula:

26



\ N CIIIOHOH 1 (J) OHOH 1 (K)
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OHOI4 1 (L)OHOH1 (M) NaN\

7(C) 8 (A)

or a pharmaceutically acceptable salt or prodrug thereof, wherein R*, R®, X, X, X",

Y, Y, W, Z, R R* R and R® are as defined above.

in another particular embodiment, the bicyclo}4.2 1lnonane is of the formula:

28
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aNNN OHOH1(N)Il OH OE 1 (0) OH OH
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1(P) onl(QN.OHHH
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NN al 0 N------- =1 eeeee S a\N

8 (C) 8 (D)

or a pharmaceutically acceptable salt or prodrug thereof, wherein R?, R?, X, X', X",

Y, YW, Z R RY R® and RY are as defined above.
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MT N"\0 0 SO1(R)OHOHI(S) 1(T)

in yet another particular embodiment, the bicyclo[4.2.1]nonane is of the

formula:

H .
7(G) 8 (E)
or a pharmaceutically acceptable salt or prodrug thereof, wherein each Z' and 7° is

5 independenily CH, CX, or N.
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001(U)S aNNN aN

in particular embodiments of the present invention, the foliowing compounds

are provided:

O

7 Cl
.
N W
: O

OH OH
I (M)
O
P = P NH
' (A L
N N g N N a
OH OH OH OH OH O OH
I (N} 1( 1(P) Q)
0 5 s

O O
G

I (R) 1 (S) 1 (T) 1

N N N ' RN
7 INH y NH y NH //:N
N A P 10 ] R n
N N N N : N N O
O
OYO
5

i

iy
S’

OH 0 CH o : OH OH OH
V) 1{W) 1(X) ‘ 1(Y)




NTaNO NN".N.--- OHOH

10

\N O HN/ 19
N 2 ! N RN N NH
TLe el
u 0 N N O ::
O
OH OH OH on
1{Z) 1 {AC)
NH, HCI WH, o
A v P = A NH
G A S |
N TN O N N 8] o
O 0]
OH QH OH Of
1{AD) 1 (AE) 1 (A

or & pharmaceutically acceptable salt or prodrug thereof.

Stereochemistry

As shown below, a compound of structure (8} can be viewed as a derivative
of ribofuranase in which the C1 and C5 positions are bridged by an N-C-N
fragment. The first compound we obtained (Figure 1, vide supra) can be viewed
as 9,5 -¢yclo-3-(B-D-ribofuranosyl)-1~-deaza-8-azapurine-2-one which contains at
least two critical chiral carbon atoms: the specified base (referred to as the C1
substituent when using the sugar ring numbering) and -CHs- (referred to as the C4
substituent). When C1 and C4 substituents are cis, the nucleoside is referred o as
B, and when they are trans it is 0. When orienting the sugar moiety in a horizontal
plane such that the -O- in the ring is in the back and the C4 -CH,- substituent is

“up” and on the left side, the conﬁrmation is D and its mirror image is L. Thus,
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1W) OH1(W)OHOH1(X)OH1(Y)OH aNoO

10

when C1 and C4 substituents are cis on a D-sugar, the nucleoside is referred to as
B-D and its mirror image is B-L. In this present invention, the nucleoside has to

have the -configuration.

N g e e RN A G Gy v S T T W M T W B R A R E AR T T b I MWW om o e D @ m oo Tm W

g-D fi-L
The nucleosides formed from these coupling reactions may have
asymmeiric ceniers and occur as racemates, racemic mbdures, individual
diastereomers, or enantiomers, with all isomeric forms being included in the
oresent invention. Nucleosides having a chiral center may exist in and be isolated

in oplically active and racermic forms. Some compounds may exhibit

polymorphism. The nucleosides formed from the coupling reaction can encompass

racemic, optically-active, polymorphic, or sterecisomeric forms, or mixtures thereof,
which possess the useful properties described herein. The optically active forms
can be prepared by, for example, resolution of the racemic form by recrystallization

technigues, by synthesis from opticaliy-active starting materials, by chiral
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N aOH 1 (AA)0-, NIOHO aN OH

synthesis, by chromatographic separation using a chiral stationary phase, or by

enzymaiic resolution.

Optically active forms of the compounds can be prepared using any method

known in the art, including by resclution of the racemic form by recrystallization

& techniques, by synthesis from optically-active starting materiais, by chiral

synthesis, or by chromatographic separation using a chiral stationary phase.

Examples of methods to obtain optically active materials include af least the

following.

10

15

i)

20

V)

physical separation of crystals - a technique whereby

macroscopic crystals of the individual enantiomers are
manually separated. This technique can be used if crystals of
the separate enantiomers exist, i.e., the material is a
conglomerate, and the crystals are visually distinct;

simultaneous crystaliization - a technigue whereby the

individual enantiomers are separaiely crystallized from a
solution of the racemate, possible only if the latteris a

conglomerate in the solid state;

enzymatic resolutions - a technigue whereby partial or
complete separation of a racemate by virtue of differing rates
of reaction for the enantiomers with an enzyme;

egrzymatic asyrmmetric synthesis - a synthetic technique

whereby at least one step of the synthesis uses an enzymatic
reaction to obtain an enantiomerically pure or enriched

synthefic precursor of the desired enantiomer;
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vii)

viif)

chemical asymmetric synthesis - a synthetic technique

whereby the desired enantiomer is synthesized from an achiral
precursor under conditions that produce asymmeiry (i.e.,
chirality) in the product, which may be achieved using chiral
catalysts or chiral auxiiaries:

diastereomer separations - a technique whereby a racemic

compound is reacted with an enantiomerically pure reagent
(the chiral auxiliary) that converts the individual enantiomers fo
diastereomers. The resulting diastereomers are then
separaled by chromatography or crystallization by virtue of
their now more distinct structural differences and the chiral
auxiliary later removed to obtain the desired enantiomer:

first- and second-order asymimetric transiormations - a

technique whereby diastereomers from the racemate
equilibrate to yield a preponderanée in soiution of the
diastereomer from the desired enantiomer or where
preferential crysiallization of the diastereomer from the desired
enantiomer perturbs the equilibrium such that eventually in

principie all the material is converted to the crystalline

diastereomer from the desired enantiomer. The desired

enantiomer is then released from the diasterecomer;

kinetic resolutions - this technique refers to the achievement of

partial or complete resolution of a racemate (or of a further

resolution of a partially resoived compound) by virtue of
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xi)

xii}

Xiii)

unequal reaction rates of the enantiomers with a chiral, non-
racemic reagent or catalyst under kinetic conditions;

enantiospecific synthesis from non-racemic precursors - a

synthetic technigue whereby the desired snantiomer is
oblained from non-chiral starting materials and where the
stereachemical integrity is not or is only minimally
compromised over the course of the synthesis;

chiral louid chromatography - a technigue whereby the

enantiomers of & racemate are separated in a liguid mobile
phase by virtue of their differing interactions with a stationary
phase (including via chiral HPLC). The stationary phase can
be made of chiral material or the mobile phase can contain an
additional chiral material to provoke the differing interactions:

chiral gas chromatography - a technigue whereby the

racemate is volalilized and enantiomers are separated by
virlue of their differing interactions in the gaseous mobiie
phase with a colunm containing a fixed non-racemic chiral
adsorbent phase;

extraction with chiral solvents - a technique whereby the

enantiomers are separated by virtue of preferential dissolution
of one enantiomer into a particular chiral soivent;

transport across chiral membranes - a technique whereby a

racemate is placed in contact with a thin membrane barrier.

The barrier typically separates two miscibie fluids, one

containing the racemate, and a driving force such as

Tad
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NaNN NH NaNNOH1(AF)0OH

concentration or pressure differential causes preferential
transport across the membrane barrder. Separation occurs as
a result of the non-racemic chiral nature of the membrane that
aliows only one enantiomer of the racemate to pass through.
5 Chiral chromatography, including simulated moving bad chromatography, is used
in one embodiment. A wide variety of chiral stationary phases are commarcially

availlable.

Definitions

10 The term “alkyl,” as used herein, unless otherwise specified, refers to a
saturated straight, branched, or cyclic, primary, secondary, or tertiary hydrocarbon,
including but not limited to those of C4 to Cqe, and specifically inciudes methyl, CFs,
CCls, CFCly, CF,Cl, ethyl, CH,CF3, CF,CF3, propyl, isopropyl, cyclopropy!, butyt,
isobutyl, &-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl,

15 cyclohexyl, cyciohexylmethyl, 3-methyipentyt, 2,2-dimethylibutyl, and 2,3-
dimethyibutyl. When the terms Cq.y (alkyl, alkenyl, alkynyi, etc.) or the like are
used in the text, it is intended to refer specifically to each compound that falls within
the referenced class. As an illustrative example, Cyy alkyl includes individually
every alkyl moiety with one to N carbon atoms, including those set out in this

20 definition of alkyl. The alkyl group can be optionally substituted with ene or mare

~moleties selected from the group consisting of alkyl, halo (F, Cl, Br, or 1), haloalkyi,

| hydroxyl, carboxyl, acyl, acyloxy, amino, amido, carboxyl derivatives, alkylamino,
dialkylamino, arylamino, alkoxy, aryioxy, nitro, cyano, azido, thiol, imine, sulfonic
acid, sulfate, sulfonyl, sulfanyl, sulfinyl, sulfamonyl, ester, carboxylic acid, amide,

25 phosphonyl, phosphinyl, phosphoryl, phosphine, thioester, thioether, acid halide,
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anhydride, oxime, hydrazine, carbamate, phosphonic acid, phosphate,
phosphonate, or any other viable functional group that does not inhibit the
pharmacological activity of this compound, either unprotected or protected as
hecessary, as known 1o those skilled in the art, for example, as taught in Greene at

al., Protective Groups in Organic Synthesis, John Wiley & Sons, Second Edition,

1981, hereby incorporated by reference.

The term “lower alkyl,” as used herein, and unless otherwise specified,
refers to a C4 to Cs saturated straight, branched, or ¥ appropriate, cyclic (for
example, cyclopropyl) alkyl group, including both substituted and unsubstituted
forms.

The term “alkylene” or “alkenyl” refers {o a saturated hydrocarbyldivi radical
of straight or branched configuration, including but not limited to those that‘have
from one to ten carbon atoms. Included within the scope of this term are
methylene, 1,2-ethane-diyl, 1,1-ethane-diyi, 1,3-propane-divi, 1,2-propane-diyl, 1,3-
butane-diyl, 1,4-butane-diyl, and the like. The alkylene group or other divalent
moiety disclosed herein can be optionally substituted with one or more moieties
selected from the group consisting of alikyl, halo, haloalkyl, hydroxyl, carboxyl, acyl,
acyloxy, amino, amido, carboxyl derivatives, alkylamino, azido, dialkyiamino,
arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, thiol, imine, sulfonyl, sulfanyl,

sulfinyl, sulfamonyl, ester, carboxylic acid, amide, phosphony, phosphiny,

phosphoryl, phosphine, thioester, thiosther, acid halide, anhydride, oxime,

hydrazine, carbamate, phosphonic acid, phosphonate, or any other viable

functional group that does not inhibit the pharmacologica!_acﬁvity of this compound,

either unprotected or protected as necessary, as known to those skilled in the art,
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or a pharmaceutically acceptable salt or prodrug thereof. Stereochemistry As shown below, a
compound of structure (I) can be viewed as a derivative 5 of ribofuranose in which the Cl and 05
positions are bridged by an N-C-N fragment. The first compound we obtained (Figure 1, vide supra)
can be viewed as 9,5'-cyclo-3-(P-D-ribofuranosyl)-1-deaza-B-azapurine-2-one which contains at least

two critical &viiaamereatowstlie Spevited bhseoefotined shie Okgaistifyetitasien using the
sugar ring numbering) and -CH2- (referred to as the 04 10substituent). When CI and 04 substituents

are cis, the Hitlet¥RedsSete e dsiiomd AHerherel aiectrnsdtés ay\Wersorienting the sugar
moiety in a horizontal plane such that the -0- in the ring is in the back and the 04 -CH2- substituent is
"up" and on the left §d8! theBdnfHRIERISH s TERPAEGHIfeRaTRgeRIboCHic awhei®1 and 04
substituents are cis on a D-sugar, the nucleoside is referred to as 13-D and its mirror image is 13-L. In

this presentRVERGH T ERD SEe R he eselsiliration. may be attached

S together in a pendent manner or may be fused.

The "aryl” group can be optionally substituted with one or more of the
moieties selected from the group consisting of alkyl, alkenyl, alkynyl, hetercaryl,
heterocyclic, carbocycle, alkoxy, oxo, aryloxy, arvlalkoxy, cycloaliyl, tetrazoiyl,
heteroaryloxy; h@temaz’yialkoxy, carbohydrate, amino acid, amino acid esters,

10 amino acid amides, alditol, halogen, haloalkyithic, haloalkoxy, hatoalkyl, hydroxyl,
carboxyl, acyl, acyloxy, amino, aminoalkyl, amineacyl, amido, alkylamino,
dialikylaminoe, arylamine, nitro, cyano, thiol, imide, sulfonic acid, sulfate, suffonate,
sulfonyl, alkylsulfonyl, aminosulfonyl, alkylsulfonyiamino, haloalkylsuifonyl, sulfanvl,
sulfinyl, sulfamoyl, carboxylic ester, carboxylic acid, amide, phosphonyl,

15 'phosphiny!, phosphoryl; thicester, thivether, oxime, hydrazine, carbamate,
phosphonic acid, phosphate, phosphonate, phosphinate, sulfonamido,
carboxamido, hydroxamic acid, sufonylimide, or any other desired functional group
that does not inhibit the pharmaco!agical activity of this compound, either
unpmtected or protected as necessary, as known io those skilied in the art, for

20 example, as taught in Greeng et al., “Protective Groups in Organic Synthesis,”
John Wiley and Sons, Second Edition, 1991. In addition, adjacent groups on an
“aryl” ring may combiﬂe to form a 5- to 7-membered saturated or partially
unsaturated carbocydlic, aryl, heteroaryl, or heterocyclic ring, which in turn may be

substituted as above.

42



ry-L 5The nucleosides formed from these coupling reactions may have asymmetric centers and occur
as racemates, racemic mixtures, individual diastereomers, or enantiomers, with all isomeric forms
being included in the present invention. Nucleosides having a chiral center may exist in and be
isolated in optically active and racemic forms. Some compounds may exhibit 10polymorphism. The
nucleosides formed'SfieRAEA I Ay atiist:alin em sohniiisiofdee ATie, o pakEiaianblymorphic,
or stereoisomeric forms, or mixtures thereof, which possess the useful properties described herein.
The opticallF%5¢7e 9atines sysditiepsien #y! idp sdstiisr, diananbarsrmsemb@nic form by
recrystalliz%[ion tecqggg es, by synthesis from optically-active staffir;? materials, by chiral synthesis,

by chroma %Irearﬁﬁﬁf FRIGRYTEMEY ERAPSEBSIR m%,%rt% "éﬂ%W%"t?@resqlution. _ |
T e e T e ooy o, i
staring meUETA3,BY RUFASALE RSB PREMBISRERIE SERSIElion Sping, p chirel stetionary
pyrrolidinyd, tetrahydrofuryl, tetrahydrofuranyi, pyranyl, purinyl, tetrahydropyranyl,
piperazinyl, piperidinyl, morpholino, thiomorpholino, tetrahydropyranyl, imidazolvl,
pyrolinyl, pyrazolinyl, indolinvt, dioxolanyi, or 1,4-dioxanyl, aziridinyl, furyi, furanyl,
pynidyi, pyridinyl, pyridazinyl, pyrimidinyl, benzoxazolyl, 1,2 4-oxadiazolvl, 1,3,4~
10 oxadiazolyl, 1,3,4-thiadiazole, indazolyl, triazinyi, 1,3,5-triazinyl, thienyl,
~ isothiazolyl, tetrazolyl, pyrazinyl, berizofuranyl, quinolyl, isoquinolyl, benzothienyl,
isobenzofuryl, pyrazolyl, indolyl, isoindolyl, benzimidazolyl, carbazolyl, oxazoiyl,
thiazolyl, benzothiazolyl, isothiazolyl, 1,2, 4-thiadiazolyl, isooxazolyt, 1,2,4-
oxadiazolyl, 1,3,4-oxadiazolyl, pyrrolyl, guinazolinyl, quinoxalinyl, benzoxazolyl,

15 quinolinyl, isoguinoliny, cinnoliﬁyi, phthalazinyl, xanthinyl, hypoxanthinyl, pyrazole,
imidazole, 1,2,3-trlazole, 1,2,4-triazole, 1,2,3-oxadiazole, thiazine, pyridazine,
triazolopyridinyl, or pteridinyl wherein said heteroary! or heterocyclic group can be
optionally substituied with one or more substituent seiected_ from the same
substituents as set out above for aryl groups. Functional oxygen and nitrogen

20 groups on the heteroaryl group can be protected as necessary or desired. Suitabie
proteciing groups can include trimethylsilyl, dimethythexyisiiyl, t-butyldimethylsilyl,
t-butyldiphenylsiivi, trityl or substituted trityl, alkyl groups, acy! groups such as
acetyl and propionyl, methanesulfonyi, and p-toluenesulfonyi.

The ferm “aralkyl,” as used herein, and uniess otherwise specified, refers o

25 an aryl group as defined above linked to the mofecule through an alkyl group as
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Examples of methods to obtain optically active materials include at least the following. i) physical
separation of crystals - a technique whereby 10macroscopic crystals of the individual enantiomers are
manually separated. This technique can be used if crystals of the separate enantiomers exist, i.e., the
material is a conglomerate, and the crystals are visually distinct; ii) simultaneous crystallization - a
technique WhBREH e 5IRbR/ G0l efanroniedlialese e ateeg higisializad Holesa solution of the
racemate, possible only if the latter is a conglomerate in the solid state; iii) enzymatic resolutions - a
technique WHERRHSSRESITBI0 SRR fe §8;?é%§h@‘f%ﬁ 2 ATHaEABP Rk &rfBfing rates 200f

reaction for the enantiomers with an enzyme; iv) enzymatic asymmetric synthesis - a synthetic

technique WHEPEHR é?”f@ﬁgh(ﬁ%@éﬁ%f%@%%ﬁ’?@gi@%@é% alf BREPRETERSBISIPR Bstain an
enantiomerically pure or epriched synthetic precursor of the desired enantiomer; v) chemical
oymmen ChHBUR 31 G A HOAS e CE SR SR (BRSO EEbed from an
achiral.precursor. under conditigns that produce asymmetry (Le., chirality) in the product, which may be
achiev%ed u%ienapcl:ﬂ5 %é(;]j} %c%‘?%%% %%gr"é’ %ihragp §u%’<‘"i|f‘§ﬁfeeg% %1%%’5%??‘3%%%%%{53&%%%%%? a technique

whereby aJaREIRCOMARITAIR Sastef A erentametical purs (sagepl e ghtg audian)

that converts the individual énantiomers t tereocmers. u astereomers are then 10

separated Q%i&&,rﬁ%&%fs%}{;gﬁv‘éﬁéﬁi%%%?&ié‘ik%iszﬁfﬁ&eérrﬂg?‘?ﬁﬂé?‘Qi{?ﬁﬁ}'[‘&?ﬁ&ﬁtura'
differences and the chiral auxiliary later femoved to obtain the désired enantiomer;
nitro, cyano, sulfonic acid, thiol, imine, sulfonyl, sulfanyl, sulfinyl, sulfarmonyt, ester,
carboxylic acid, amide, phosphonyl, phosphinyt, phosphoryl, phosphine, thioester,
10 thiocether, acid halide, anhydride, oxime, hydrazine, carbamate, phosphonic acid,
phosphonate, or any other viable functional group that does not inhibit the
pharmacological aclivity of this compound, either unprotecied or protected as

necessary, as known to those skilled in the art, for example, as taught in Greene ef

al., Protective Groups in Organic Synthesis, John Wiley & Sons, Second Edition,

15 1991, hereby incorporated by reference. Specifically included within the scope of
the term aryl are phenyi; naphthyl; phenylmethyl; phenylethyl; 3 4,5-
trihydroxyphenyl; 3,4,5-trimethoxyphenyl; 3,4,5-triethoxy-phenyl; 4-chlorophenwt; 4-
methyiphenyt; 3,5-di-tertiarybutyl-4-hydroxyphenyl; 4-flucrophenyl; 4-chioro-1-
naphthyl; 2-methyi-1-naphthyimethy!; 2-naphthylmethyl; 4-chlorophenylimethyl; 4-t

20 butylphenyl; 4-t-butylphenylimethyl, and the iike.

The term "alkylaming” or "arylaming” refers 1o an amino group that has one
or two alkyl or aryl substituents, respectively.
The term "halogen,” as used herein, includes fluorine, chiorine, bromine, and

indine.
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vii) first- and second-order asymmetric transformations - a technique whereby diastereomers from the
racemate 15equilibrate to yield a preponderance in solution of the diastereomer from the desired
enantiomer or where preferential crystallization of the diastereomer from the desired enantiomer
perturbs the equilibrium such that eventually in principle air the material is converted to the crystalline

20diastereomer fFBfETE dBSHedCRRARRIMAES TR Y AHHARS AP et R S8 sed from the

diastereomer; Vllkinetic resolutions - this technique refers to the achievement of partial or complete
resolution 'SP AR OIEBHIIYAE FEsolution of a partially resolved compound) by virtue of
unequal reaction_tates of the enantiomers with a. chiral. nonracemijc,r. £0§ 01, catalyst gnder kinetic
conditions; ix) eni% ié%%&ﬁ%“é’yﬁﬁ%eé% rgieng ﬁ‘é‘nﬁ%ﬁ%ﬁ%@?&&%&%@ synthétisé echnique whereby

the desireq enantiamer.is ohiained BB AL FIAAG Malerils A Wsisdi stgreochemical

integrity isThot Oris only minimally compromised over the course of the synthesis; x) chiral liquid

Chfon%amgé@e b AN UhelRBYNe SpABHaMAL b BCEMAIR At Seperaieina liquid mobile
v ir diff

10 phase Irtue of the ering interactions with a stationary phase (including via chiral HPLC).

The stationary,phase;canheRpde ofaliral matsia cidher maRilehasaransontainan additional
chiral material to provoke the differing interactions; xi) chiral gas chromatography - a technique
whereby tha dhragsmalpds yelatilicedandisnantiomerspretcseppeateddnent, the amino

acid is in the L-configuration. Alternatively, the amino acid can be a derivative of

alanvl, valinyl, leucinyl, isoleuccinyl, prolinyl, phenylalaninyl, tryptophanyl,

10 methioninyl, glycinyl, serinyl, threoninyl, cysteinyl, tyrosinyl, asparaginyi, giutaminyl,
aspartoyl, glutaroyl, fysinyt, argininyi, histidiny!, B-alanyl, B-valiny, B-leucinyl, B
isoleuccinyl, B-prolinyl, B-phenylataninyl, B-tryptophanyi, B-methioninyl, B-glycinyl,
B-serinyl, B-threoninyl, B-cysteinyl, B-tyrosinyl, B-asparaginyl, S-glutaminyl, B-
aspartoyl, B-glutaroyl, B-lysinyt, B-argininyl, or B~histidinyl.

15 The term host, as used herein, refers to a uniceliular or multiceliular
organism in which the virus can replicate, including cell lines and animals, and
preferably a human. Alternatively, the host can be carrying a part of the
Flaviviridae viral genome, whose replication or function can be altered by the
compounds of the present invention. The term host specifically refers to infected

20 celis, cells transfected with all or part of the Flaviviridae genome ahd animals, in
particular, primates (including chimpanzees) and humans. In most animal
applications of the present invention, the host is a human patient. Veterinary
applications, in certain indications, however, are clearly anticipated by the present

invention (such as chimpanzees).

25
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virtue of their differing interactions in the gaseous mobile phase with a colunm containing a fixed
non-racemic chiral adsorbent phase; xii) extraction with chiral solvents - a technique whereby the
20enantiomers are separated by virtue of preferential dissolution of one enantiomer into a particular
chiral solvent; xiii) transport across chiral membranes - a technique whereby a racemate is placed in
contact witfaariesmsHibriveAnneptaiscSsdtsiany foatlyuwwparates two miscible fluids, one
25containing the racemate, and a driving force such as concentration or pressure differential causes
preferential transpd\¢ EFosStRepaSHBIcHY BaresioBeRalithurtug dsuspdsimastinehon-racemic
chiral nature of the membrane that allows only one enantromer of the racemate to pass through.
5Chiral chréYhSR{FERRIC T iR BeanesroarR Hedl ¥ ermatabiafry isude d%Pbne
embodiment. A wide variety of chiral stationary phases are commercia@y available. Definitions 10The

I
term "alkyl 48 uBBIRERIM *HIELY SHERIRR et fen "Pitled B U BARIABURKIR, branched, or
lic, pri dary, or terti hyd bon, including but not limited to th f C1to Cm, and
speciially POGAEC I, (3 cops ey Rty b e Asae oERH Bropy T isopropyl,
cyclopronyl i Jsebu U PERY) CiploReriv sppey neopen e sohexy

15cyclohexyl, ohéxy imethylbutyl, an

pharmaceutically acceptable inorganic or organic bases and acids. Suitable salts
include those derived from alkall metals such as potassium and sodium and
alkatine sarth metals such as caicium and magnesium, among numerous other

10 acids well known in the pharmaceutical art. Pharmaceutically acceptable prodrugs
refer 1o a compound that is metabolized, for example hydrolyzed or oxidized, in the
haost o form the compound of the present invention. Typical examples of prodrugs
include compounds that have biologically labile protecting groups on a functional
moiety of the active compound. Prodrugs include compounds that can be oxidized,

15 reduced, aminated, deaminated, hydroxylated, dehydraxylated, hydrolyzed,
dehydrolyzed, alkylated, dealkylated, acylated, deacyiated, phosphaorviated, or
dephosphorylated fo produce the active compound. The compounds of this
invention possess antiviral activity against a Flaviviridae infection, or are
metabolized to a compound that exhibits such activity.

20 In cases where compounds are sufiiciently basic or acidic to form stable
rontoxic acid or base salts, administration of the compound as a pharmaceutically
acceptable sait may be appropriate. Examples of pharmaceutically acceptable
salts are organic acid addition salts formed with acids, which form a physiological
acceptable anion, for example, tosylate, methanesulfonate, acetate, citrate,

25  malonate, tartarate, succinate, benzoste, ascorbate, u-ketoghitarate, and a-
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dimethylbutyl. When the terms Ci_N (alkyl, alkenyl, alkynyl, etc.) or the like are used in the text, it is
intended to refer specifically to each compound that falls within the referenced class. As an illustrative
example, CI.N alkyl includes individually every alkyl moiety with one to N carbon atoms, including
those set out in this 20definition of alkyl. The alkyl group can be optionally substituted with one or more
moieties s&g’&%@?ﬁa?ﬁﬁﬁgt%ro%fﬁt%&i@ﬁﬁbaa?Ca%'g,sﬁéﬁ’é’ gseheprsiay, absiiag, Bydiaésy!, carboxyl,
acyl, acylox ino, amido, carboxyl derivatives, alkylamino, dialkylamino, arylamino, alkoxy, aryloxy,
nitro, cyantr)?{ fé%l%b?‘fﬁ%gjofﬁﬁ?e,agé’lﬁﬁ{fﬁggéff&, ifate, sulfonyl, sulfanyl, sulfinyl, sulfamonyl, ester,

boxyli id, ide, 25ph l, hinyl, phosphoryl, phosphine, thioester, thioether, acid
palice. anycride: TR R AR BB EIR A oSS A0 A0 SRS HRE s phonate. o any
other viable functianal.g t not inhibit the pharmacological activity of this compound, either
unprotecte% or protecteé(a;é% é@&%ﬁ%,aﬁé ig?i?‘o%\);r? K5k oéfergﬁfﬁ?é%giﬁ ﬁg}%}ﬁ‘%\‘ 838fhple, as taught in

Creens et eghngdiolaciive GLoups R Qaanis Swilbesis.lehnNliey & sons, Secapd Ediion, 1961,

hereby incorporated by reference. The term "lower alkyl,” as used*he elr“{, Bne iRldss otherwise

specified, iafetpiaiGhio 4 spiled iR RADcted iy TabnanHRl: fYflinfigr  example

cyclopropyl) alkyl group, including both substituted and unsubstituted 10’ forms. he term

"alkylene” arkikeryiitraiais ore- stwated Bydrosarbyidiviradical afstalghton Branehed

configuration, including but not limited to those that have from oneto ten carbon atoms. Included
within the scege of this term are methylene, 1,2-ethane-diyi, 1,1-ethane-diyl, 1,3-propane-diyl,
1,2-propane-diyl, 1,3- 15butane-diyl, 1,4-butane-diyl, and the like. The alkylene group or other divalent
moiety disclosed heyeihtbarctmopteiady sitistiduiecwmitraneolonaiRmeletias:ssiegiag from the
group consisting of alkyl, halo, haloalkyl, hydroxyl, carboxyl, acyl,

to increase the activity, bioavailability, stability, or otherwise aler the properiies of

the compound. A number of prodrug ligands are known. In general, alkyiation,

acylation, or other lipophilic medification of the free hydroxyls or amines of the

compound can increase the stability of the compound. Examples of substituent.

groups that can replace one or more hydrogen on the hydroxyl or amine moiety are

15 alkyl, aryl, steroids, carbohydrates, including sugars, 1,2-diacyiglycerol, and

alcohols. Many are described in R. Jones and N. Bischotberger, Anfiviral

Research, 27 (1995) 1-17. Any of these can be used in combination with the

disc!_ased compounds to achieve a desired effect.

The active compounds can aiso be pravided as a C(7y or C{8)-phosphoather
20 lipid or a C(7) or G(8) ether lipid. Nonlimiting examples of U.S. patents that

disclose suitable fipophilic substituents that can be covalently incorporated into the

compound or lipophilic preparations, include U.S. Patent Nos. 5,149,794 (Sep. 22,

1892, Yatvin et al.}; 5,194,654 (Mar. 18, 1993, Hostetler et ai.); 5,223,263 (June

29, 1993, Hostetler et al.); 5,256,641 (Oct. 26, 1993, Yatvin et al.); 5,411,947 (May

25 2, 1995, Hostetler et al.); 5,463,092 {Oct. 31, 1995, Hostetler et al.);. 5,543,389
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acyloxy, amino, amido, carboxyl derivatives, alkylamino, azido, dialkylamino, arylamino, alkoxy,
aryloxy, nitro, cyano, sulfonic acid, thiol, imine, sulfonyl, sulfanyl, 20sulfinyl, sulfamonyl, ester,
carboxylic acid, amide, phosphonyl, phosphinyl, phosphoryl, phosphine, thioester, thioether, acid

fumctonal Bhd6 e HBe Ay A e Her R AN S U AL O Uner umprotecied
, as k iled in th I hti
oL Protoch B ouRh CIDANE SRR T e S e E Shan £U6T. heroby

ncorpOrateg Y lEtEeSerac TSI A0MC alone el eRTINOR, DR Asarbocycic aromati

system contaliing one; tWo, or three ring erein such rings may ttached together in a pendent

manner o AYE 45c ouPIRCENL BLPA FRL LR RGN S RSB dedayage of more of he

moieties selected from the group consisting enyl, alkynyl, heteroaryl, heterocyclic,

carbogycle, alkoxy;Qx0kar 19Xy papyiakexy s¥sioakyh detrzaiy. fipteroatyaxy doeterasylalkoxy,

carbohydrate, amino acid, amino acid esters, 10amino acid amides, alditol, halogen, haloalkylthio,

haloalkoxyyaloatkubhy drexyd-ieasbexylasyasasdaxy vamiogoaminoalkyloemingacytramido,

alkylamino, dialkylamino, arylamino, nitro, cyano, thiol, imide, sulfonic acid, sulfate, sulfonate, sulfonyl,

alkylsulfonyk@prmosyfopyh alkylaulipaylamiog; fedoalkyiss fonybosiifanyhrsalfinie sulfamoyl,

carboxylic ester, carboxylic acid, amide, phosphonyl, 15phosphinyl, phosphoryl, thioester, thioether,
oxime, hydsazirk:cagidnate, gpaosghesic acid, phosphate, phosphonate, phosphinate, sulfonamido,
carboxamido, hydroxamic acid, sulfonylimide, or any other desired functional group that does not
inhibit the pharmadelogitatactivityioithiscarmpounaheeitie cisopetptieidef protetidd @5 necessary, as
known to those skilled in the art, for 20example, as taught in Greene et a/., "Protective Groups in
Orgahic Sy#iesiky! astaiswileyrinel BishssBeeond BditpRicdogically ssdvorcddRIBERE Gloups on an
"aryl" ring may combine to form a 5- to 7-membered saturated or partially unsaturated carbocyclic,

aryl, heter6¥R) (W ROIEsECRERE oM ARIEIT A REATIRSY) Beidpinatitdfe @b alyve referred to

as the 2’ position). Preferred moieties are amino acld esters including valyl and
atkyl esters including acetyl. Therefore, this invention specifically includes 2'-L~
amino acid esiers, 3-L-amino acid esters, and 2’,3-L-diamino acid esters of the

15 bicycia[zi_ZA Inonane, wherein the parent drug has an ECse of less than 15
micromolar, and preferably less than 10 micromolar in 2.2.15 cells; 2-(alkyl or aryl
ester)-, 3'-{alkyl or aryt ester)-, or 2°,3'-L-di(alkyl or aryl ester)-
bicyclo[4.2.1]nonanes, wherein the parent drug has an ECsp of less than 10 or 15

“micromolar in 2.2.15 celis; and prodrugs of bicyciof4.2.1nonanes wherein (i) the 2'

20  esteris an amino acid ester and the 3'-ester is an atkyl or aryl ester; (ii) both esters
are amino acid esters; (iil) both esters are independently alkyl or aryl esters; and
(iv) the 2’ ester is independently an-alkyl or aryl ester and the 3-ester is an amino
acid ester, wherein the parent drug has an ECs of less than 10 or 15 micromolar in

2.2.15 cells.
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The heteroaryl ring may optionally be substituted by one or more substituent listed as optional
substituents for aryl. In addition, adjacent groups on the heteroaryl or heterocyclic ring may combine to
form a 5- to 7-membered carbocyclic, aryl, heteroaryl, or heterocyclic ring, which in turn may be
substituted 5 as above. Nonlimiting examples of heterocylics and heteroaromatics are pyrrolidinyl,
tetrahydroférfrieirafipn safefiicimatian Trsiapier fetrifg dpgrdmantipt FRlaviginsiseridiny |,
morpholino, thiomorpholino, tetrahydropyranyl, imidazolyl, pyrolinyl, pyrazolinyl, indolinyl, dioxolanyl, or
1,4-dioxan);ﬁ£§£ﬁ%yl, furyl, furanyl, pyridyl, pyridinyl, pyridazinyl, pyrimidinyl, benzoxazolyl,
1,2,4-oxadiazolyl, 1,3,4- 10oxadiazolyl, 1,3,4-thiadiazole, indazolyl, triazinyl, 1,3,5-triazinyl, thienyl,
isothiazolyl, tetraziblybsplysarimytdgenzafuranyinquiaelvaisogiisclylobenrriomiany cigebenzofuryl,
pyrazolyl, indolyl, isoindolyl, benzimidazolyl, carbazolyl, oxazolyl, thiazolyl, benzothiazolyl isothiazolyl,
1,2,4-thiadiszeiysisdexazolyhdsd, dcakashiazdtyl ah, Irdidnadigzaty | Ipyiobdiaumazelint, quinoxalinyl,
benzoxazolyl 15quinolinyl, isoquinolinyl, cinnolinyl, phthala7inyl, xanthinyl, hypoxanthinyl, pyrazole,
imidaz8le, yRicathiazoters b arblatiole pll 2B ox dtlid zotey dhiainappnidazinedeazolapyiridinyl, or
pteridinyl wherein said heteroaryl or heterocyclic group can be optionally substituted with one or more
substituent'éefsabanromarriisaniecdihdtituarusiagt sellsuiviieitdedighgranps Functional oxygen
and nitrogen 20 groups on the heteroaryl group can be protected as necessary or desired. Suitable
protecting GIGIEEEnAHEmEs BimBTTFRIVE M amminsiprg hateyrmasysigb@iriphenylsilyl,
trityl or substituted trityl, alkyl groups, acyl groups such as acetyl and propionyl, methanesulfonyl, and

p-toluenesTfGRITNation wigh & gaching 2K IPesiaps b rafVERH CaRssa Bihdraliéeiypasified, refers to

25 an aryl group as defined above linked to the molecule through an alkyl group as defined above.
The term "gﬂi%aerﬁmo?"“gﬂ? Q%WQE%&?%%? iRY S RIS RS HEsisi esEd Ry, Hfers to an alkyl group

as defined linked to the.mplecule through,an aryl grou defined aboye. In each of these
grou?s@ thﬁéﬁa?gﬁg%%%sbel%%?ﬁ%%bﬁ? QUBE%% e gﬁ%@%@ﬁ@?@ oq}éj%ﬁgrtl S s %@H can be
optionally sypsfibafiniibans aasiadnaiRlien seifciendiam e graug cansisipg.of alkyl halo,
haloalkyl, hydroxyl, carboxyl, acyl, acyloxy, amino, aniido, aZido, caﬂooxﬂ erlvgﬁfves, alkylamino,

dlallylaming,RerpiaR, AlOsYe OGN BIY  SYRI B UIRIG %?&%c%@%yﬂ{iﬂ' g sulfonyl, sulfanyl,

sulfinyl, sulfamonyl, ester, carboxylic acid, amide, phosphonyl, phosphinyl, phosphoryl, phosphine,

thioester, 1Hthigethesaciddalide maydiide, oxime, hydrazine carbamate, phosphonic acid,
phosphonate, or any other viable functional group that does not inhibit the pharmacological activity of

this compound, eitheiitmipigtectetnsoiaaietRadaeessansase 0¥y e, theseskillied in the art, for
example, as taught in Greene et a/., Protective Groups in Organic Synthesis John Wiley & Sorts,
Secohid Editiaiyr alternation with the compounds disclosed herein include:
(1}  Protease inhibitors-
Non-limiting examples include substrate-based NS3 protease inhibitors
(Aﬁwood et al., Aniiviral peplide derivatives, PCT WO 98/22496, 1998, Attwood ef
al.‘, Antiviral Chemistry and Chemotherapy 1488, 710, 259-273; Attwood ef al.,
| 20 Preparation and use of amino acid derivatives as anti-viral agents, German Patent
Pub. DE 19914474; Tung ef al., Inhibitors of serine proteases, pariicularly hepatitis
C virus NS3 protease, PCT WQ 98/17679), including alphaketoamides and
hydrazinoureas, and inhibitors that terminate in an electrophile such as a boronic

acid or phosphonate (Llinas-Brunet ef al., Hepatitis C inhibitor peptide analogues,

25 PCT WO 99/07734); non-substrate-based NS3 protease inhibitors such as 2,4,6-
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151991, hereby incorporated by reference. Specifically included within the scope of the term aryl are
phenyl; naphthyl; phenylmethyl; phenylethyl; 3,4,5- trihydroxyphenyl; 3,4,5-trimethoxyphenyl;
3,4,5-triethoxy-phenyl; 4-chlorophenyl; 4- methylphenyl; 3,5-di-tertiarybuty1-4-hydroxyphenyl;
4-fluorophenyl; 4-chloro-1- naphthyl, 2-methyl-1-naphthylmethyl; 2-naphthylmethyl;

-chiorophGRHIEHRB- Ao BN GE AR ANER el BIRPARETREnd The term
"alkylamino’ or "arylamino" refers to an amino group that has one or two alkx/tljor aryl substituents,

respectivel{? MY BRA MESRRYER, CRETEEY IR, Ttdddés dniisting4dniovii ofine, and iodine.
The term "p eudoh?{g en" as us %herei includes azides, cyanides,.iso es, an
isothiocyarf§{?§‘§/."r al %@%\%%‘?ﬁ g%%@ﬁﬁi’eé%%%u%l@/ggéclﬁqﬁiaa%%%bgﬁc@ p, Y, or 6 amino
acids, and ingl is hot limite ino acids fo mnd,' roteins, i.e. %%l cine, alanine, valine,
eucine. 1SRG e AT B ARG I B s REn e TS Gy steine.
tyrosing, asparagi utamy msljla%% ’§9flsl4‘ éy Ine, @rginine, and histidine. In a preferred
embodiment, t%]e% g%iﬁ%gﬁgi %%iﬁg the }%C;g% igﬁmﬁsu |t§%%§/5§yg,% érr%ﬁino add can be a derivative
of alanyl, valiayl.leueinyh isplsdcainvicRrolinvlRasnylalaninhrptoPaamyL L0matbieninyl. glycinyl,
serinyl, threoninyl, cysteinyl, tyrosinyl, asparaginyl, glutaminyl, aspartoyl, glutaroyl, lysinyl, argininyi,
histidinyl, pﬁg@éyxlgl?gy@ﬂgﬁggzlgml, isoleuccinyl, p-prolinyl, p-phenylalaninyl, P-tryptophanyl,
f3-methioninyl, P-glycinyl, P-serinyl, P-threoninyl, P-cysteinyl, p-tyrosinyl, p-asparaginytp-glutaminyl,
paspartoyl, P-glutareyhsRdysingb Braigtotiayih @ rrbislieeWleitium griseofulvum, was
identified as a protease inhibitor (Chu M. ef al.,, Bioorganic and Medicinal
10 Chemistry Lefters 9:1949-1952). Eglin ¢, isclated from leech, is a potent inhibitor
of several serine proteases such as S, griseus proteases A and B, a-chymofrypsin,
chymase and subtilisin. Qasim M.A. ef al., Biochemistry 36:1598-1607, 1897.
U.S. patents disclosing protease inhibitors for the treatment of HCV inciude,
for example, U.5, Patent No. 6,004,833 to Spruce ef al., which discloses a class of
15 cysteine protease inhibitors for inhibiting HCV endopeptidase 2; U.S, Pétem No.
5,980,276 to Zhang el al., which discloses synthetic inhibitors of hepatitis C virus
NS2 protease; U.S. Patent No. 5,538,865 to Reyes ef al.; WO 02/008251 to Corvas
international, inc., and WO 02/08187 and WO 02/008256 fo Schering Corporatior.
HCV inhibitor tripeptides are disclosed in US Patent Nos. 6,634,523, 6,410,531,
20 and 6,420,380 to Bosehringer Ingetheim and WO (2/060926 to Bristol Myers
Squibb. Diaryl peptides as NS3 serine protease inhibitors of HCV are disclosed in
WO 02/48172 to Schering Corporation. Imidazolidindiones as NS3 serine protease
inhibifors of HCV are disclosed in WO 02/08198 ic Schering Corporation and WO
02/48157 1o Bristol Myers Squibb. WO 98/17678 to Vertex Pharmaceuticals and

25 WO 02/48116 to Brisiol Myers Squibb also disclose HCV protease inhibitors;

50



15The term host, as used herein, refers to a unicellular or multicellular organism in which the virus can
replicate, including cell lines and animals, and preferably a human. Alternatively, the host can be
carrying a part of the Flaviviridae viral genome, whose replication or function can be altered by the
compounds of the present invention. The term host specifically refers to infected 20cells, cells

transfected with &for pAiiaFaiE REIRAMARE §ARERE ARG AIARIESS BARR MOSSHITAR (including
chimpanzees) and humans. In, most animal applicati f the present in ion, the host is a human
patient. Ve%eg%Waﬁ@%‘@ﬂidﬁﬁ%@?ﬁh"&@r{&iﬁrﬁai" ﬁ%e@%%’%@grwgégﬁé%qby the present
invention (such.as chi nzees). 25 Ph ceutically Accept Salts,a 0 S The term
"pharmace%?c%’ a&@o@ﬁ%@fg%a%?%ﬁgﬁar ed?%gg?s?gs%%gﬁ %ﬁ%&%t t@és%agggif%%%%ngg %éé%%be any

Pharmace yicall AECeRIaRI orplsushias n.ester, BUORRIRIS Folor.of RRAY assletar 2 related

group) of anucleo ompound whi istration to a patient, pr nucleoside

compeund, r i | e derived from pharmaceutically acceptable
gund, Pha @.ﬁ%%k%ﬁ%%ﬁi%%@?%dﬁ?@%@@j

inorganic or organic’basées and acl include those derived from alkali metals such as

Giher 10c1ds we Lo e aepabe mrodrige
pharmaceutical art, Pharmaceutically acceptable prodrugs
identified in Kakiuchi N. ef al., J. EBS Letfers 421, 217-220; Takeshita N. ef al.,
Analytical Biochemistry, 1897, 247, 242-246};
{4)  Phenanthreneguinone (non-limiting examples include those
10  possessing activity against protease in a SDS-PAGE and autoradiography assay
isolated from the fermentation culture broth of Streptomyces sp., Sch 68631 {(Chu
M. et al., Tetrahedron Letfers, 1998, 37, 7229-7232), and Sch 351633, isolated
from the fungus Penicillium griseofuivum, which demonstrates aclivity in a
scintillation proximity assay {(Chu M. et al., Bioorganic and Medicinal Chemistry
15 Letters 9, 1949-1952));
{5} Helicase inhibitors (non-fimiting examples include those identified in
Diana G.D. ef al., Compounds, composifions and methods for treatment of hepatitis
C, U.8. Pat. No. 5,633,358; Diana G.D. et al., Piperidine derivatives,
pharmaceutical compositions thereof and their use in the freatment of hepatitis C,
20  PCT WO 97/36554); |
(6) Nucleotide polymerase inhébiﬁors and gliotoxin (non-limiting examples
include those identified in Ferrari R. ef al., Journal of Virology, 1898, 73, 1649~

1654, and the natural product cerulenin (Lohmann V., et al., Virology, 1998, 249,

108-118));



refer to a compound that is metabolized, for example hydrolyzed or oxidized, in the host to form the
compound of the present invention. Typical examples of prodrugs include compounds that have
biologically labile protecting groups on a functional moiety of the active compound. Prodrugs include

compounds that ¢an be oxidized, 15re ucﬁ%ﬁgamina d, deaminate drox d, dehydroxylated,
hydrolyzed, deh onz’ée\B?'%W%é&‘? i ?a%@gﬁee&xggg%?g%g%p{%s%pﬁ@ﬁ% E’d, or

dephosphg%%gdﬁ%% !pn\% ]gu%%}h X %%\é% %%‘c%oé:‘r”d-%@ﬁ; gompol ngos géﬁglésﬂ@/g{}g%}?gg%ess antiviral

activity agains avi ae nfection; or are meta ed to a compound that exhibits such activity.

20In case%n\gtéeﬁ%ﬁ%ggﬁ%g%%@[&eéﬁgéﬁi%p{%mg %5‘??@i&f@éﬁ”@pﬂ%&%ﬁ%@él‘:ﬂdd or base salts,

administration of the com armaceutically acceptable salt may be appropriate. Examples

of pharmasautically accepiafissalisare eraanisiacid additio,salissfermert with acids, which form a

physiological acceptable anion, for example, tosylate, methanesulfonate, acetate, citrate, 25malonate,

tartarate, SHEGNAR DEPTORIE I ASALIDR t AROBhIRNAIE K ¥ tralyeerophosphate!. Syitable

inorganic salts may also be formed, including, sulfate, nitrate, bicarbonate, and carbonate salts.

Pharmacegticalyragceptaieisgits1uey, be plisnedsisigciaatardrpiocasiures velldngan in the art,
for example by reacting a sufficiently basic compound such as an amine with a suitable acid affording

a physiologicatisiagee palerariars Alleimetal (for example, sodium, potassium, or lithium) or alkaline
earth metal (for example, calcium) salts of carboxylic acids can also be made. Any of the compounds
described herein(8an baahiinisté iE&E Ssceprodary totsintredsethinditivitydigdeailability, stability,
or otherwise alter the properties of
include those identified in tkeda N. ef al., Agent for the prevention and treatment of
10 hepatitis C, Japanese Patert Pub. JP-08268890; Kai Y. et al., Prevention and
treatment of viral diseases, Japanese Patent Pub. JP-10101591),
(8)  Ribozymes (non-limiting examples include nuclease-resistant
ribozymes (Maccjak, . J. ef al., Hepatology 1398, 30, abstract 995) and those
disclosed in U.S. Patent No. 6,043,077 to Barber ef al. and U.S. Patent Nos.
16 5,889,253 and 5,610,054 to Draper ef al.);
{(10) Nucleoside analogs-
Non-limiting examples include any of the compounds described by Idenix
Pharmaceuticals in International Publication Nos. WO 01/90121 and WO 01/82282.
Other patent applications disclosing the use of certain nucleoside analogs to
20 treat hepatifis C virus include: PCT/CAQ0/01316 (WO 01/32153; filed November 3,
2000) and PCT/CA01/00197 (WO 61!60315; filed February 18, 2001) filed by
BioChem Pharma, Inc. {(now Shire Biochem, Inc.); PCTAUS02/01531 (WO
02/057425; filed January 18, 2002) and PCT/US02/03086 (WO 02/057287, filed
January 18, 2002) filed by Merck & Co., Inc.; PCT/EP01/09633 (WO 02/18404;

25  published August 21, 2001) filed by Roche; and PCT Publication Nos. WO
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the compound. A number of prodrug ligands are known. In general, alkylation, acylation, or other
lipophilic modification of the free hydroxyls or amines of the compound can increase the stability of the
compound. Examples of substituent groups that can replace one or more hydrogen on the hydroxyl or
amine moiety are 15alkyl, aryl, steroids, carbohydrates, including sugars, 1,2-diacylglycerol, and
alcohols. NIAMPadé diecritiesd 8 R2Ubhe SV AN BISENGIbd Qe bartiVialBebeareh V9 (1995) 1-17.
Any of these can be used in combination with the disclosed compounds to achieve a desired effect.
The activelébifi&brasdaimaresse bidvided as a C(7) or 0(8)-phosphoether 20lipid or a 0(7) or C(8)
ether lipid. Nonlimitingﬁexamples of U.S. patents that disclose suitable lipophilic substituents that can

be covalently incbfpbratédaate o P AMEEEIpspRMeBrdphemins emdede 2 S. Patent Nos.
5,149,794 (Sep. 22, 1992, Yatvin et al.); 5,194,654 (Mar. 16, 1993, Hostetler et al.); 5,223,263 (June
29, 1993, HES(AMCEHSe8 S8 EAPOR. 6 Ao s i Eanysepeides Fofrst 5521995,
Hostetler et al.); ?#?,{;289%@(?01. 31, 1995, Hostetler at al.); 5,543,389 (Aug. 6, 1996, Yatvin et al.);
57543,390 (Aug.'6. 1996 Philii% Fﬁﬂﬁ@%&@,@ﬁ?%ﬁ%@?‘%@f%@, VMRSt al); and 5,554,728 (Sep.

it chacloR S SR SHE T AR 1 SOl G FLAhloEIRi BRE & Rredat ivenion, o
that dis Rile S |
93100910, WO SALD A WO BT 615 e 0 45b 247 ERobabIo0ba I A WES b or2i. The
210 b6 prauTel 20 B B AOC A e e CeS iiogical cloavable

moieties 2§ 846 ¢atheswisereierad @(9&6%?%%&%@8!@-@%@’;9%& UG (ethervssge fgderred to as the 2

position). Preferred moieties are amino acid esters including valyl and alkyl esters including acetyl.
Therefores Biiveentianispeeifisalbnchedesidakbaminmiasid esters: SNe-a8ng, agiglgsters, and

2',3'-L-diamino acid esters of the 15bicyclo[4.2.1]nonane, wherein the parent drug has an EC50 of less
than 15 Diana ef al.), polyadenylic acid derivatives (U.S. Pat. No. 5,496,546 to Wang et al.),
2',3-dideoxyinosine (U1.8. Pat. No. 5,026,687 to Yarchoan ef al.}, benzimidazoles
(U.S. Pat. No. 5,891,874 to Colacino ef al.), plant extracts (11.S. Patent No.
5,837,257 to Tsai et al,, U.S. Patent No. 5,725,859 to Ormer et al., and U.S. Patent

15 No. 6,056,961), and piperadines (U.S. Patent No. 5,830,805 to Diana ef a/.)); and

{12} Any other compound currently in prechinical or clinical development

for treatment of hepatitis C virus including: interleukin-10 by Schering-Plough, 1P-
501 by Interneuron, merimebodib (VX-487) by Vertex, SYMMETREL®
{amantadine) by Endo Labs Solvay, HEPTAZYME® by RPI, IDN-6556 by ldun

20  Pharma., XTL-002 by XTL., HCV/MF58 by Chiron, CIVACIR® (hepatitis C immune
globuiin} by NABI, levovirin by ICN/Ribapharm, viramidine by ICN/Ribapharm,
ZADAXING (thymosin alpha-1) by Sci Clone, thymosin plus pegylated interferon by
Sci Clone, CEPLENE® {(histamine dihydrochioride) by Maxim, telaprevir VX 950 /
LY 570310 by Vertex/Edi Lilly, 1SIS 14803 by Isis Pharmaceutical/Elan, IDN-6556

25 by idun Pharmaceuticals, Inc., JTK 003 by AKROS Pharma, BILN-2061 by



micromolar, and preferably less than 10 micromolar in 2.2.15 cells; 2'-(alkyl or aryl ester)-, 3'-(alkyl or
aryl ester)-, or 2',3'-L-di(alkyl or aryl ester)- bicyclo[4.2.1]nonanes, wherein the parent drug has an
EO050 of less than 10 or 15 micromolar in 2.2.15 cells; and prodrugs of bicyclo[4.2.1]Jnonanes wherein
() the 2' 20ester is an amino acid ester and the 3'-ester is an alkyl or aryl ester; (ii) both esters are
amino acidReeErEIqRI) bt et eifeent épyatiehayai ety estéiechadT(V) ;B2 ester is
independently an alkyl or aryl ester and the 3'-ester is an amino acid ester, wherein the parent drug
has an EO@B%H”I@@YHEW&@YOTE’LE%"M@r@?ﬁfﬁ@@hﬁ@.‘Q@ﬁﬁf%ﬁg@@@%?ﬂﬁi&ﬁ HHRYadieRHetion Therapies
for the Treatment of Elaviviridae Infection It has been recognized that drug-resistant variants of
Flaviviridae 6P &MErGEsansg pRASAGES vosmdR VIR SA'iRRRA 41734 8PBiug resistance most 5

typically occ codes for an enzyme used in iraﬁlﬁg%%lication. The

urs utation of a gene that , 4V
efficacy of Efbor?}%@%{%@%%ﬁﬂﬁ%‘? fection Ea BB BIBkYeE 5%§m¥r¥‘t§ rB¥tored by
administering the compeund in,combination or. alternation with, a second, and_perhaps third, antiviral
com pol%nd ?hgt%% Bngg@&:ygﬁ:fe%%%iia %‘fﬁﬁo\fna o t%%t%cgﬂ%%iﬂ %}3? ‘Eﬁ%%’%*ﬁc‘fﬁ eCEfEI!' r%§ ;yAIternativer; the

Lopharmagalgipgiics. Riadisiilby tjorr i PRIPEIAL O ARG g 50 RR AllEgg,py such
py , tion therapy 1s typically preferred over

combination or alternation therapy. In general, combin

alternation therapy hecavsiLindyipesmuinie-simylianaos SITERSESqnAe Yifs. Nonlimiting

examples of antiviral agents that can be used in combination 15and/or alternation with the compounds

disclosed hesaiadpsiuientlIRIMEasSRRIRIOES Ve NOnIBNtALISXSIRIasiREkie ubstrate-based
NS3 protease inhibitors (Attwood et al., Antiviral peptide derivatives, PCT WO 98/22496, 1998;

Attwood etiakrAytivira<inrsysinyomddehematisiapy 188318, 29343 iiiwendrakal, R0

Preparation and use of amino acid derivatives as anti-viral agents, German Patent Pub. DE 19914474,
Tungiét al PiMititersehariinSpealeasssinpartict| gy, hepasitisCGrivinisoNGs Agotaase, PCT WO

98/17679), including alphaketoamides and hydrazinoureas, and inhibitors that terminate in an
electrophil@suehsasia ooy atidor/plealbphardissfidn =B by et\dl BldEpatiti C inhibitor peptide
analoguesénﬁsense therapy by Hybﬁdon, hemopurifier by Aethlon Medical, therapeutic

vaccine by Merix, protease inhibitor by Bristol-Myers Squibb/Axys, CHRON

VACC®, g therapeutic vaccine, by Tripep, UT 2318 by United Therapeutics,

15  protease, helicase and polymerase inhibitors by Genelabs Technologies, IRES
inhibitors by immusol, K803 by Rigel Pharmaceuticals, INFERGEN® (interferon
alphacon-1) by InterbMune, OMNIFERON® (natural interferon) by Viragen,
ALBUFERON® (albinterferon alpha 2b) by Human Genome Sciences, REBIF®
(mterferon beta-1a) by Ares-Serono, omega interferon by BioMedicine, oral

20  interferon alpha by Amarillo Biosciences, interferon gamma, interferon fau, and
interferon gamma-1b by InterMuns.

in one embodiment, the compounds of the invention may be employed

together with at least one other antiviral agent chosen from protease inhibitors,

fusion inhibitors, polymerase inhibitors, and halicase inhibitors.
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25 PCT WO 99/07734); non-substrate-based NS3 protease inhibitors such as 2,4,6-
trinydroxy-3-nitro-benzamide derivatives (Sudo K. et at, Biochemical and Biophysical Research
Communications, 1997, 238, 643-647; Sudo K. et at, Antiviral Chemistry and Chemotherapy, 1998, 9,
186), including R03-4082 and RD3-4078, the former substituted on the amide with a 14 carbon chain

and the latter pos€e@EHilica FRapMERSGRrRINNgIaUPe aiaBeh Ipgertiomgsiebanthrenequinone, an
HCV protease inhibitors(]Chu M. et at, Tetrahedron Letters 37:7229-7232, 1996). Sch 351633,
isolated frofT THE TG PRGOS Ricalisiaio Al i fe e seRpFoteHBEITHRIKIRSH (Chu M. et at,
Bioorganic&gg Me{jiﬂ.{%@ 10%1§r%istry |etters 9:1949-1952). Eglin c, isolated from leech, is a potent
inhibitor of Several Setng Froteasds SFlh 4898 O SAEE Prote RSSO R H H-BRYATSESAIn, chymase
and subtilig] sim . M.A. etal., Biochemistr :1598-1607, 1997. U.S. patents disclosing
protease i%ﬁg%%’si?gﬁﬁgg Qrgg}%ﬁ’e{}ﬁtm&?%%yﬁi%&eﬂ? R AIEI G s CBERIR CRITPE 625933 to Spruce
et at, which, di ( ' tease inhibitors for jnhibiting HCV endopeptidase 2;
U.S. Patent%%ggﬁgg&.aztgégf?ge%éﬁ%tﬁa{% %ﬁ%ﬁeﬁ%g&%@vg;ﬁ{h%qﬁamﬁw%}g%ﬁ%g itis C virus NS3

t ; ] ; ! ; . tional, Inc., and
WO 02105151 a0 0 D5ICDE L6 5 SeRCH g L pora e M B o Tl are isclosed

US Patent/Ne ik, 53040, 57 1n 2010866 4PORBPI0BRs iRass dngelagim apd WO 02/060926

to Bristol Myers Squibb. Diaryl peptides as NS3 serine protease inhibitors of HCV are disclosed in WO

02/48172 tedhohetmeCorperationnmidagaldindiones as NS3 serine protease inhibitors of HCV are
disclosed in WO 02/08198 to Schering Corporation and WO 02/48157 to Bristol Myers Squibb. WO
98/17679 to Vertex Pharmaceuticals and 25WO 02/48116 to Bristol Myers Squibb also disclose HCV
protease iffiiBfdw@seutical Compositions

10 Pharmaceutical compositions based upon a 3-D compound of formula (1) or
the B-L counterpart can be prepared that include the above-described compound
or its salt or prodrug in a therapeutically effective amount for treating a Flaviviridas
infection, optionally in combination with a pharmaceutically acceptable additivé,
carrier, or excipient. A host, including humans, infected with a Flaviviridae virus, or

15 agene fragment thereof, can be treated by administering to the patient an effective

| amount of the active compound or a pharmaceutically acceptable prodrug or salt
thereof in the presence of a pharmaceutically acceptable carrier or diluent. The
therapeutically effective amount ma'y vary with the infection or condition to be
treated, its severity, the treatment regimen to be emploved, and the

20 pharmacokinetics of the agent used, as well as the patient treated. The active
materials can be administered by any appropriate route.

In general, It is preferable to administer the pharmaceutical composition in
an orally administrable form, but formulations may be administered via parenteral,
intravenous, intramuscular, transdermal, buceal, subcu‘taneous,.suppository, or

25  topical administration, among other routes of administration. Enteric-coated oral
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(2) Thiazolidine derivatives (non-limiting examples include those which show relevant inhibition in a
reverse-phase HPLC assay with an N3314A fusion protein and NS5A/58 substrate (Sudo K. et al.,
Antiviral Research, 1996, 32, 9-18), especially compound RD-1-6250, possessing a fused cinnamoyl
moiety substituted 5 with a long alkyl chain, RD4 6205 and RD4 6193); (3) Thiazolidines and
benzanilidédRigshmatHeteraminedoenigscrdieavaiatnbty ik Staiikyef harommeBsisetters 421,
217-220; Takeshita N. at al., Analytical Biochemistry, 1997, 247, 242-246), (4
Phenanthr&84aMER (RBie RhafgiaiRkRines inbade tesanhipsa grdetivityalipainst protease in
a SDS-PAGE and autqradiography assay isolated from the fermentation culture broth of Streptomyces
sp., Sch 6@5@?%?3[?%! BOLIMRSRIRAdATR T B talse ogEes rgsry i i sehmay 633, isolated

from the fungus. Penicillium griseofulvum, which demonstrates activity in a scintillation proximity assay
(Chu M. at B S e el e GHARIR  BT Roes T GBI vIce Ry HBHAse
inhibitgrs (agn-limiting examples include those identified in Diana G.D. of al., Compounds,
compgasitio%%%alrﬁi%%e'%@dsa ?@gg hen %f??e%a’ﬂﬁ%ﬁﬁa@?g.@gpﬁo@ {%f%@% : Diana G.D. at at,

o por iR fomReR R e el NG IR HESAMADEI BRI ent o nepatlts

C,20 PCT W ucleotide polymerase Iin ors and gliotoxin (non-limiting

examples gl (o5 et LERHBHLR RLakedPUINA LN T0IOG Y. 1998 Forl64- 1654, and

the natural product cerulenin (Lohmann V. etal., Virology, 1998, 249, 108-118)); (7) Antisense
phosphoroiaiaate pligadeaxysraeotidrs(ScPRM-HIRNHmiingexsples sl dhgse which are

complementary to sequence stretches in the 5' non-coding region (NCR) of the virus (Alt M. et at,

Hepatology, iRbrifidtidil (3aRrawelestide 31010 4RisanptisinadhendenshaldhedCR and
5nucleotides 371-388 located in the core coding region of the HCV RNA (Alt M. et at, Archives of

Virolt@y, 189#eletdnpBarnosa6 edtherisirbneicattintanin alrafvehulas Mipsiolegyet998:i181, 251-257));
(8) Inhibitors of IRES-dependent translation (non-limiting examples include those identified in Ikeda N.
et al., Agentifoinihisglieve podanfareatanapitofl 1.D., B.1.D., eic.).
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 those of skill in the art. Itis to be noted that dosage values will also vary
15 with the severity of the condition to be alleviated. it is to be further understood that
for any particular subject, specific dosage regimens should be adjusted over time
according to the individual need and the professional judgment of the person
administering or supervising the administration of the compositions, and that the
concentration ranges set forth herein are exemplary only and are not intended 1o
20 [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 smailer doses to be
adminisiered at varying intervals of time.
A preferred dose of the compound for a Flaviviridae infection will be in the

range from abouf 1 1o 50 mg/kg, preferably 1 to 20 mg/kg, of body weight per day,

25  more generally 0.1 to about 100 mg per kilogram body weight of the recipient per
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10 hepatitis C, Japanese Patent Pub. JP-08268890; Kai Y. etal., Prevention and treatment of viral
diseases, Japanese Patent Pub. JP-10101591); (9) Ribozymes (non-limiting examples include
nuclease-resistant ribozymes (Maccjak, D. J. et a/., Hepatology 1999, 30, abstract 995) and those
disclosed in U.S. Patent No. 6,043,077 to Barber et at and U.S. Patent Nos. 155,869,253 and
5,610,054 48\Dvaperat deyendinglieyanibie ositipauradogsd. theNomdiitidtings éxEeiftios include any of
the compounds described by Idenix Pharmaceuticals in International Publication Nos. WO 01/90121

and WO Osisgoamifer patthobppiiiatibindeiscldsnggrivesotaastiangricfdbside analogs to 20
treat hepatitis C virus include: PCT/CA00101316 (WO 01/32153; filed November 3, 2000) and
PCT/CA0HOBT TN Bl 8osaBiahiesrbb AhPIBIrTon TRf6e ByiBibdshepiaafidithc. (now Shire
Biochem, Inc,MCT/USOZ/O@Bl (WO 02/057425; filed January 18, 2002) and PCT/US02/03086 (WO
0210572874#ed FahG 15 28t 05D ki 6\ PRdriveesh. il BE PEPo1He eIV 02/18404;
25published Aygust 21, 2001) filed by Roche; and PCT Publication Nos. WO 01/79246 (filed April 13,
2001% wd ﬁﬁ"/% &%S&ife %)%T%)EB“ Ve ,%@f)?ﬁiﬁ%%t@%%q@% By Bifdrragdes ‘ﬁ’ﬁi;g%@# Publication

No. WO 99/43691 to E uni ' itled "2'- H lepsides” discl h f [
2 fuoron esanc Bes HC Lt By Keedidn L e BB RGPty amino.
Ikylcycl P 1 I lipi S, . 5,922,757

?:h%j%é%%%@%ﬁsa(r% [ ?g % fr%?lﬁ g‘r"%r‘%%ﬁi’d%%{? ?ﬁ%gcggé%ﬁkl §lﬁl lg%%%%%%%}%?et al.), squalt(ce) ne,
amnantading, bilg; ai (L3pRatidie; 2R4RMRAPRZRIL EL A NKBBRSRIRNRRGRNsL-aspartic acid,

(U.S. Pat. No.
same concentration range as sat forth above for therapeutically effective amount

10 and is usually the same as a therapeutically effective amount.
The compound is conveniently administered in unit any suitable dosage
form, including but not fimited to one containing 7 to 3000 mg, preferably 70 {o
1400 mg of active ingredient per unit dosage form. An oral dosage of 50-1000 mg
is usually convenient, including in one or multiple dosage forms of 50, 100, 200,
16 280, 300, 400, 500, 600, 700, 800, 800, or 1000 mg. Lower doses may be used,
for example from 10-100 mg, 1-50 mg, 0.1-50 mg, 0.1-20 mg, or 0.1-10.0 mg.
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 10 pM. This may be achieved, for example, by the intravenous
20 injeciion of a 0.1 to 5% solution of the active ingredient, optionaily in saline, or
administration as a bolus of the active ingredient.
in particularly preferred embodiments according to the present invention, the
| compounds -and composiiions are used to treat, prevent, or delay the onset of
Flaviviridae infections. Preferably, to treat, prevent, or delay the onset of infection,

25 the compositions will be administered in oral dosage form in amounts ranging from
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105,830,905 to Diana et at), benzenedicarboxamides (U.S. Pat. No. 5,633,388 to Diana et at),
polyadenylic acid derivatives (U.S. Pat. No. 5,496,546 to Wang et at), 2',3'-dideoxyinosine (U.S. Pat.
No. 5,026,687 to Yarchoan at at), benzimidazoles (U.S. Pat. No. 5,891,874 to Colacino et at), plant
extracts (U.S. Patent No. 5,837,257 to Tsai eta!,, U.S. Patent No. 5,725,859 to Omer et ai., and U.S.
Patent 15N3P@H26DBgrasHarpierddisbe U1 RatenhNo 5 888S05 e Riday, era®)ashd  (12)
Any other compound currently in preclinical or clinical development for treatment of hepatitis C virus
including: ifferR kiU dIBESatiRhg bR BEpEIPEoIMIE INdeneE orefrebiveodierd97) by Vertex,
SYMMETREL%D (amantadine) by Endo Labs Solvay, HEPTAZYMEO by RPI, IDN-6556 by Idun 20
Pharma., XTEl00S'Byey e aeitis e pekrsadivacirRly (vspasusmaipnufemlobulin) by NABI,
levovirin by ICN/ ibarp%]arm viramidine by ICN/Ribapharrn, ZADAXINO (thymosin alpha-1) by Sci
Clone, thymosin %}fl% %ggfﬁgt%@%%@Mﬁ?%@l@ﬁ@?@ﬁﬁﬂ@@%&%ﬁwﬁ@ldiﬁfﬁ?ochloride) by
Maximy, telaprevir \{x 950 /LY 570310 %/Egertex/Eli %%EISIS 14803 by Isis Pharmaceutical/Elan,

IDN-6556 bﬁ%%ﬂofgﬁa‘{% CLG AN STk 5873 B 8 PrAMG-CHBIIEN-208Y By2Boehringer

Ingelheim, ,CellCent (myc olate. mofetil) by Roche, T67, a ptybulin inhibitor, by Tularik, a

Eg(_al_raﬁeutic F\gcpﬁ%%ﬁ% %é%gm ér?[’i]ﬁ r?o"g"e%og%i%?ﬁ??é@%ﬁ%ﬁﬁ%@ﬁ?ﬁ‘&fﬁ%ﬁ%ﬁ .,Ofﬁ% 10061)6b
ihiphos, qfashdif= RARsRAgIdchal replication inhibitors, (e.g., VP504 y

ViroPharmaNVﬁ%, therapeutic vaéc%%%@%g:?&qﬁ)%ﬁ%&%% vaceme h[f/a \&gnhmune/Genencor,

IRES inhibisgeiBlARassu SNARAR 305N AR ARDY, %Ag@@@%@ﬁ%@é@ﬁf@%&REC) by

Avant, protease inhibitor by Corvas/Schering, helicase inhibito ertex, fusion in by Trimeris,

T cell therapyripattey BxSsy RRMe@se dnHBienhy Bincrss aroster RNAFhepising by dOPTC

Therapeutics, Dication by Immtech, Int., protease inhibitor by Agouron, protease inhibitor by
ChirdiMedorspasiisense therapy by AVI BioPharma, antisense therapy by Hybridon, hemopurifier by
Aethlon Medical, therapeutic vaccine by Merix, protease inhibitor by Bristol-Myers Squibb/Axys,
CHRON VACCCDhia thisednepitis, vapsnksby-deipen dd 23lfkby:snitedidneiapestiss, 15protease,

helicase and polymerase inhibitors by Genelabs Technologies, IRES
following ingredients, or compounds of a similar nature: a binder such as
microcrystalline celiulose, gum fragacanth, or gelatin; an excipient such as starch
or lactose, a disintegrating agent such as alginic acid, Primogel or corn starch; a
15 lubricant such as _magnesium stearate or Steroles; a glidant such as colioidal
silicon dioxide; a sweetening agent such as sucrose or saccharin: or a flavoring
agent such as peppermint, methyi salicylate, or orange flavoring. 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
20 various other materials which modify the physica! 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 o the active compounds, sucrose as a sweetening agent and certain

25 preservatives, dyes and colorings, and flavors.
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inhibitors by Immusol, R803 by Rigel Pharmaceuticals, INFERGEN(r) (interferon alphacon-1) by
InterMune, OMNIFERONO (natural interferon) by Viragen, ALBUFERONO (albinterferon alpha 2b) by
Human Genome Sciences, REBIFO (interferon beta-la) by Ares-Serono, omega interferon by
BioMedicine, oral 20interferon alpha by Amarillo Biosciences, interferon gamma, interferon tau, and
interferon gammalils GPTREHNERE 2 Phafnghe dispboasesntable contsoamasatsribarmaintion may be
employed together with at least one other antiviral agent chosen from protease inhibitors, fusion
inhibitors, PEIJAGIASE MRBROVEN Mhatariisemsiaiedhat damghiimrs; heniissirrdPabeBrding to the
present invention can be administered in combination or alternation with gne or more anti-retrovirus,
antiHBV, ar?ﬁ-"i‘ii@\}:?%%’eg ﬁﬁ%ﬁf&@%‘@ﬁf‘%ﬁﬁt@?ﬁé%ﬁ,aeﬁlaﬁt@&’éﬁc%? Brifials®terial agents, including
other compoynds of the present invention. Certain compounds 5according to the present invention
may be efféaé{l%%r\%?%hﬁiﬁﬁ ?n&‘%af%%aié)& %t%ﬁ\?i ﬁ?’ E%ﬁalﬂ%‘é%ﬂ%%@@%%fﬁ@?@gﬁ?e present
inventign b ing.th Ij lism, or jnactivation of ather compounds and, as such,

8 é%%%%@ﬁ%s %@E@ﬁg ﬁ?‘é%%??% ns L&secjj ?Qtri é:)azfr ] eraE g

are co-administered for this In armaceu ompasitions armaceutical

compositiogg%gﬁe%gp@ i]c?p‘l a@%%}g%rg}grpggwm#@d@tgre ‘tgﬁ@&ﬁ‘:’a rgegégétﬁ%%%caan be prepared

that include the above-described co or Its salt or prodrug in a ly effective amount

for neatingadFieviiiacs Rireion-RRiIRRTL I GoabinRton Wik aipbarmacelealyansepiable

additive, can-ler, or excipient. A host, including humans, infected with a Flavividdae virus, or 15a gene

fragment theyeek candeeiiee desh rad mipisteringde b patient angectivaAmeanat géé?ﬁsactive
a

compound or a pharmaceutically acceptable prodrug or salt thereof in the presence o
pharmaceuticsilyabeepiabletarrior eetdilenirabeatharpaiticaly-oisciveameuntsmayvary with the

infection or condition to be treated, its severity, the treatment regimen to be employed, and the
20ph&Pmacokineticssofitte dydatingedicataeelthsithetipatinstsedtedaThesaativesid; buffers
such as acetates, citrates, or phosphates, and agents for the adjustmeni of tonicity
such as sodium chloride or dextrose. The parenteral preparation can be enclosed
in ampoules, disposable syringes, or multiple dose vials made of glass or plastic.
if administered intravenously, preferred carriers are physiological saline or
15 phosphaie buffered saline (PBS).
In & preferred embodiment, the active compounds are prepared with carriers
that will protect the compound against rapid efimination from the body, such as a
controlled release formuﬁation, including implants and microencapsulated delivery
systems. Biodegradable, biocompatible polymers can be used, such as ethylene
20 vinyt acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and
polylactic acid. Methods for preparation of such formulations will be apparent to
those skilled in the art. The materials can also be obtained commerciaily from Alza
Corporation.

in certain pharmaceutical dosage forms, the prodrug form of the compound,

25 - especially inciuding acylated (acetylated or other) and ether derivatives, phosphats



materials can be administered by any appropriate route. In general, it is preferable to administer
the pharmaceutical composition in an orally administrable form, but formulations may be administered
via parenteral, intravenous, intramuscular, transdermal, buccal, subcutaneous, suppository, or
25topical administration, among other routes of administration. Enteric-coated oral tablets may also
be used to eFiREh G ivanciasHityent stibittprsbitn compounds, feagpederimdl Outeddt administration.
Intravenous and intramuscular formulations are preferably administered in sterile saline. One of
ordinary skiir§ia siftiiaipemediniltsecknriztatiow tiiadie modifvitoe pasenssesicatish to provide
numerous formulations for a particular route of administration without rendering the compositions of
the presentSrivBRGH@EEDR fBFlBHaR6He P e thergunne aiting. wrgrier gite vdthibdification of a
desired compaqund to render it more soluble in water or other vehicle, for example, may be easily

acc_omplisﬁ@ﬁ E@ﬁcﬁ]’@ﬁ@E%&’ﬁi?ﬁiﬁ%ﬁ(sﬂgﬁ\@fmﬁﬁm ‘é’@iéﬁ_’l‘%%ﬁ?‘%@@ﬁ%é@h’ﬁﬁ@ﬁ&tion of the 10
(or cxbmpR PN G er R a6 EHA I or HEH0E EORIBA0A 1 S0 G compostion

wil depenon APl g\ Uon, S0 exsrelan s o e dig.as il s ger facors known

to those of SKill in iS to be no osage values Wi W g severity of the

conditon (g e et 548 BRJYUISUIRISISaN MRk ot A PR pyflegl, specifc dosage

regimens should be adjusted over time according to the In need an essional judgment

of the perspp.adaNMsLATHIALHBUPR LSRG fhe administration of the compositions, and that the

concentration ranges set forth herein are exemplary only and are not intended to 20 limit the scope or

practice of the claimgebgararasitionmhhe-astive Marsdiont maxbs-adpinisiergrakance, or may be
divided into a number of smaller doses to be administered at varying intervals of time. A

preferced dosenabiie:charppencion afitayiviidasdnfestionanil hplia thempemfremabout 1 to 50
mg/kg, preferably 1 to 20 mg/kg, of body weight per day, 25more generally 0.110 about 100 mg per

kilogram bedyowéightcofhih ereciptantasioday profesehdepentinghupphdhaempeaund used, the
condition or infection treated, and the route of administration. The effective dosage range of the
pharmaceaticaljehde eptiiblessatisiangip roohugsticars beheatcatateit:hhsachpm thding
technigues to produce a dose. A carrier may take a wide variety of forms
depending on the form of preparation desired for administration, e.g., oral or
15 parenteral. in preparing pharmaceutical compositions inoral dosage form, any of
the usual pharmaceutical media may be used. Thus, for liquid oral preparations
such as suspensions, elixirs, and solutions, suitable carriers and additives including
water, glycals, oils, alcohals, flavoring agents, preservatives, coloring agents, and
the like may be used. For solid oral preparations such as powders, tablets,
20 capsules, and for solid preparations such as suppositories, suitable carriers and
additives including starches, sugar carriers, such as dextrose, mannitol, lactose
and related carriers, diluents, granulating agents, lubricants, binders, disintegrating

agents, and the like may be used. If desired, the tablets or capsules may be

enteric-coated for sustained release by standard technigues. The use of these
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weight of the parent compound to be delivered. If the salt or prodrug exhibits 5activity in itself, the
effective dosage can be estimated as above using the weight of the salt or prodrug or by other means
known to those skilled in the art. For purposes of the present invention, a prophylactically or
preventively effective amount of the compositions, according to the present invention, falls within the
same concéRFagsfPERE &Y skt Tdaprilydvesst therbiseuaialijigfédtivecampomnddimtiees usually the
same as a therapeutically effective amount. The compound is conveniently administered in unit
any suitabl@ﬁ%@%e form, including but not limited to one containing 7 to 3000 mg, preferably 70 to
er_unit dosage form. An oral dosage of 50-1000 mg is usually

1400 mg of active ingredient _ n ora )

convenient, includ#g WB%%@HW@%&E%W%%&%B@,yz%’}"‘?@%@f,e@%ﬁ)wm %00, 600,
700, 800, 900, or 1000 mqg. Lower doses.may be used, for example from 10-100 mg, 1-50 mg, 0.1-50
g, 0.1-50 TS TOT00 Hg Ha U SV b RO be ARSI e hiove peak

plasm%cong%@ﬁ%%zi\% %-!geag%tfé\geb%om 9 {%éi O from a eogL% gﬁ%%%{%%{?gl%%%‘ﬁrab y about 1.0 to 10

pM. This may be ac or example, by the intravenot 8'%% solution of the

active inoredigptartpaalyamecinecgnadmiBitafionanakaliz ol e active ingredient. In

particularly preferred embodiments according to the presentinvéntion, thé compounds and

coa e SRS GRS A SO R O e, SR, T
form in ameuRterangiBgdreMy agents, and the like may be employed.
Liposomal suspensions (including liposomes targeted to viral antigens or
10 liposomes targsted to infected cells with monocional antibodies to viral antigens)
may aiso be prepared by conventional methods to produce pharmaceutically
acceptable carriers. This may be appropriate for the delivery of free nucleosides,
acyl nucleosides, or phosphate ester prodrug forms of the nucieoside compounds
according fo the present invention. These may be prepared according to methods
15 known to those skilled in the art, for example, as dascribad 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 dissolving appropriate lipid(s) (such as
stearoyl phosphatidyl ethanclamine, lsteamy! phosphatidyl choline, arachadoyt
phosphatidyl choline, and cholesterol) in an énorganic solvent that is then
20 evagorated, leaving behind a thin film of dried lipid on the surface of the contalner.,
An aégueous solution of the active compound or its monophosphate, diphosphate,
and/or triphosphate derivatives ié then introduced into the container. The container -

is then swirled by hand to free lipid material from the sides of the container and to

d_isperse lipid aggregates, thereby forming the liposomal suspension.
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about 250 micrograms up to about 1 gram or more at least once a day, preferably, or up to four times
a day. The present compounds are preferably administered orally, but may be administered
parenterally, topically, or in suppository form. A preferred mode of administration of the active
compound is oral. Oral 5compositions will generally include an inert diluent or an edible carrier. They
may be enclosed ihgelatipoapdalescordivgiordiss eddstattablettidro bt pswpsgdtaaf loral therapeutic
administration, the active compound can be incorporated with excipients and used in the form of
tablets, trodRESHYtefest el PR aerateinkatipenmpatinedoivatitepagents emaloyadijuvant materials
can be included as part of the 10composition. The tablets, pills, capsules, troches, and the like
can contairP SR SRFCRIGRIAE A G bisstandy &7 arsimithitranueirsebierief such as
microcrystalline cellulose, gum tragacanth, or gelatin; an excipient such as starch or lactose, a
disintegratifi SgeAYEIRATEE ARFARAIRIVIB B UPOIEBRH Stardhus. 1BRIBIRERNE SUEPNESMagnesium
stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or
sacchatin: 614 fia%8 m’%aﬁ%%%%ﬂdfsgﬁe%’&evﬁﬁﬁﬂﬁ@fﬁﬁ%%ﬁ‘fﬁ?ﬁ@f ¥ rareeiRavaRfAdt When the
dosage uni %‘} m is.a-capsule, it.can contain, in addition to material of the above type, a liquid carrier
such as a f %/E%]ﬂgeirﬁ a%ﬁ*f{fgﬁ?g&gggﬁou %?o#?‘i‘?sa@gﬁ%%ﬁ‘féqﬁr BRI AFREEH AR Rhich modify
the physic it, for ex le, coatin f sygar, shell other, enteric agents.
The compgh%%%éé%%ﬁrﬁagﬁgreda ggs %%%ﬂ%%ﬁevﬁp é gr%f %ﬁ%gg gu%%%%s%ﬁ%ﬁmﬂf’ '\(i%?er, chewing

gum, or thefkeridh YRR SRR AR NG AFYESAMRRUDS SHALSG 35,3 Sweetening

agent and certain
patient in need of such reatment, or who is at risk for the development of HCV

10 disease, an amount of a compound according to the present invention effective for
alleviating, preventing, or delayving the onset of the viral infection. In the
prophylactic freatment according to the present invention, i is preferred that the
antiviral compound utilized should be low in toxicity and preferably non-toxic o the
patient. Itis particularly preferred in this aspect of the present invention that the

16 compound that is used should be maximally effective against the virus and should
exhibit a minimum of toxicity o the patient. In the case of HCV infection,
compounds according fo the present invention, which may be used 1o treat these
disease states, may be administered within the same dosage range for therapeutic
treatment (i.e., about 250 micrograms up to 1 gram or more from one to four times

20 per day for an oral dosage form) as a prophylactic agent to prevent the proliferation
of a Flaviviridae infection, or alternatively, to prolong the onsét of a Flaviviridae

infection, which manifests itself in ciinical symptoms.

Synthetic Protocol

Compounds of formula (1) in the present invention can be roughly divided

25  into eigzht classes: (i) a compound of formula (I} in which both nitrogens at the 2™
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25preservatives, dyes and colorings, and flavors. 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-inflammatorigs, or other antivirals, including other nucleoside compounds. Solutions or
suspension@gstd Fepibarsriseatarimiddringdisubousyrtonsarat Mfieal papli¢ Sinmeariadiude the
following components: a sterile diluent such as water for injection, saline solution, fixed oils,
polyethylend§iFE8Id giyeanid Sorapmbreegijioe) suotes sombetioddAARY, ditbactepaliagents such
as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or 10 sodium bisulfite;
chelating aai?ﬁ%ﬁ@ﬁ%@ rneiiariifeienaatdue Aci@nsLférosiinasmceetes xitrates, or
phosphate ,ang agents for the adjustment of tonicity such as sodium cQIoride or dextrose. The
parenteral piep: iF’aﬁgg AHBB BRLIDsE TR S GrEeCHIRpHeABIRSHAR e <2 GRfdltfe dose vials made

ist S

Toposphel B UAtEt CRe B ML LSl i SEGHE 18 AV Cirbies are

d wi i ill protect the, ¢t d against rapid_eljmination from the body, such
R contollod T A e L G RG2Sl B rsame,
B'odegrada%@%@%@@%ﬁ%&@ﬁ%@gwg USathae &?@gﬁ%&gg@%&fﬁe te,

polyanhydrides, polyglycolic acid, co olyor ers, an hods for
preparation-@f-shch:fofmulations,wil he @p@@lﬁg}&&%&ﬁ&&ll&% X a‘l%r!]\% naterials can also be

e ‘
obtained commercially from Alza Corporation. In certain p%gg}naceu |cagnd%sage forms, the

prodrug formeaibampouh asesperialiiarliacaryiaiat Rrrpaiaber sthepyand ether

derivatives, phosphate esters, and various salt forms e present compounds, Is preferred. One of

ordintly skiltinginesastevilrecounize- vy ind aagi kA e REsSentSampay Ad M siadrug form to
facilitate delivery of active compound to a targeted site within the host organism or patient. The artisan
also will takevaiohritae20t tavbreblétanfarsnaeatinglictoarpampieks: o esneptiy @ farm, where
applicable, in delivering the desired compound to a targeted site within the host organism or patient to
maximize the intended effect of the compound in the treatment of Flaviviridae infection (including HCV
infection). To prepare the pharmacehifeétiedfhpddnienanesyeliamto the present
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10invention, a therapeutically effective amount of one or more of the compounds according to the
present invention is preferably mixed with a pharmaceutically acceptable carrier according to
conventional pharmaceutical compounding techniques to produce a dose. A carrier may take a wide
variety of forms depending on the form of preparation desired for administration, e.g., oral or
15parenteral. In preparing pRaesgaceutical compositions in oral dO@age forpe=giny of the usual
spensijons, elixirs,

pharmaceutical mrediaynay Be used. Thus for I|qU|d oral preparations sucb‘l as

and solutions, suitaiye i f R?Je oIS ring agents,
preservatives, coloripgagents, like may be used. For splid eretpreparationy such as powders
tablets, 20cap ' arations such as suppqsstoties suitabi®lcaryiérs and additives

including starches gugar carders, such as dextrose, mannitol; lagtose and relatdd carriers, diluents,
granulating agents, lubricants, bingers, disintegrating agents, and the like may be used. If desired, the
tablets or capsules may & enteric-coated for sustained release by staglibrd techniques. The use of
these dosage forms may significantly impact the bioavailability of the compounds in the patient.

For parenteral formlations thefarrier will usually comprise sterile water or aqueous sodium chloride

suspendlng ageriss may be employed. Liposomal Busf ‘
targeted to V|ré;1iﬂan|gens or 10lipog6mes targeted to infectediéells 4WIth monoclbﬂla'l antibodies to viral
antigens) may als6'be prepared by conventional methods to prodtice pharmacetitically acceptable
carriers. This may be 2mpnate r the delivery of free nucleosides, nucledsides, or phosphate
ester prodrug forms o ucleoside compounds according to the present invention. These may be
prepared according to methods 15known to those skilled in the art, for example, as described in U.S.
Patent No.
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4,522,811 (which is incorporated herein by reference in its entirety). For example, liposome
formulations may be prepared by dissolving appropriate lipid(s) (such as stearoyl phosphatidy!
ethanolamine, stearoyl phosphatidyl choline, arachadoyl phosphatidyl choline, and cholesterol) in an
inorganic solvent that is then 20 evaporated, leaving behind a thin film of dried lipid on the surface of
the container. An aqtfgous sojatiagn of the active compound or its ngpnophosphate, diphosphate, and/or
triphosphate deriﬁati nint \ainef is thgn swirled by hand to
free lipid material frortithe side ot §, thigreby forming the
liposomal suspengiogp« THE teynpounds according to the prese@tﬂ Oftpecause of their low
toxicity to host ggilS jn certain ins&nces, may be advantageoqgt employed pfdphylactically to prevent
Flaviviridae infectioidr to prevent the occurrence of clinical symptéms associated with the viral
infection. Thus, the present invention 5 also encompasses methods for the prophylactic treatment of
viral infection, and in pét{&ﬂar Flaviviridae infection. In this aspect, &c€Biding to the present invention,
the present compositions are used to prevent or delay the onset of a Flaviviridae infection (including
NOV), This prophylacti%,meth&d comprises administration to a patierg,in ne?\p of sych treatment, or
who is at risk for thgydev m HFCV 10 disease, an amoung of pots cording to the
iatin ,”preventing, or delaéigxg the onset of the viral infection. In the
present invention, it i oferred that thé antiviral compound
referably non-toxic to thﬁs rly preferred in this
.15compound that is Us€ effective

.

compounds according to the present invention, which may be used to treat these disease states, may
be administered withih (Iﬁe)same dosage range for therapeutic treat;h’(@y (i.e., about 250 micrograms
up to 1 gram or more from one to four times 20per day for an oral dosage form) as a prophylactic
agent to prevent the proliferation of a Flaviviridae infection, or alternatively, to prolong the onset of a
Flaviviridae infectionwhic ni iself in clinical symptoms. Sy&thetic Protocol

Compounds of foymula™{l) in the present invention can be roughly. divied 25into eigpt classes: (i) a
compound of formura ' itrogens at the 2nd and'zlth,p re-Bart of a bicyclic ring
system and N2 is gfjgr-ef-6=pembereq ring and N4 a part of 5-rﬂg \Dereda+g, such as compound 1
(A-D), (H) a compedt “NH

X R¥
7(C) 8 (C)

5 Synthesis of Class 1{A ~ B) Compounds

A compound of class 1, in which the 6-membered part of the bicyciic
heteroring links directly to the tetrahydrofuran or tetrahydrothiophene or
cyclopentane derivative, and the 5-membered ring contains 3 nitrogens, one of
which is linked to the tetrahydrofuran or tetrahydrothiophene or cyclopentane

10 derivative through a methy}ene bridge [1(A} and 1(B)] can be synthesized by the
foliowing way (Scheme 1). For example, 5-nitropyrimidin-2-one {8, Y = H, Z = N)or
S-nitropyridine (8, Y = H, Z = CH) is condensed with 1—O—acetyl—z,S,S—trin—benioyI-

D-ribofuranose by Vorbruggen procedure to give nucleoside 10 (R = Bz, Ac,
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of formula (1) in which both nitrogens at the ri and LIth positions are part of a bicyclic ring system and
N2 is a part of 5-membered ring and N4 a part of 6- 5Smembered ring, such as compound 2 (A-D), (iii)
a compound of class (i) but lacks the 6-membered ring, such as 3 (E-F), (iv) a compound of class (i)
but lacks the 5- membered ring, such as 4 (E-F), (v) a compound of class (ii) but lacks the 5-
membered sistystButEtl &z SoEnE), O freedibmpotindivhetass (i) With lsskaihe Olitmaemberesliring, such as
6 (E-F), and (vii) a compound in which both 2nd and ii-th 10nitrogens are parts of other bicyclic ring,
such as 7 (AEGeFinalieiibuicemptiand!irandimhtiathhN NedandibyhitragamsiartOhdt parts of another
ring, suchas 8 (C). R46 (E) 7 (A)

dimethylsuifoxide (DMSO), or hexamethy! phosphoric friamide {(HMPA), gives the

corresponding wiriazolo[4,5-blpyrimidine (11, Y = H, Z = N) or wiriazolo[4,5-

5 bipyridine product (11, Y = H, Z = CH). After deprotection, 11 is converted into the
2',3"-O-isopropylidene derivative 12 by treatment with acetone and mineral or
Lewis acid (e.g., HoS0y, CuS0,, or ZnCly, or the like) or with 2,2~
dimethoxypropane in acefone in the presence of g catalvtic amount of acid, such
as HCI, TsCH, or MsOH. Tosylation or mesylation to 13 followed by heating afford

10 the cyclonucleoside 14. I has also been discovered that the benzoyloxy group
itself in compound 11 can act as a leaving group. Especially, an acyloxy group
containing an electron-withdrawing group, such as p-fiucrobenzoyt, p-nitrobenzovi,
or the like, at the C-5' position gives a good result. Deacetonation in dilute acetic
acid, trifluoroacetic acid, diluted mineral acid, or an acidic resin gives the desiréd

15 compound 15. Compound 14 and 15 can be reduced to the corresponding
saturated product (X and Y can be independently CH,, CH-halogen, CH-alkyl, NH,
N-alkyl). Alternatively, application of Mitsunobu reaction to 12 gives 14 directly.
Alse, a protected natural nucleoside, such as cytidine or uridine (Z =N, Y = NHz or
OH, R = Ac, Bz, substituted Bz, benzyl, or the like, or R,R" = iso~-propyilidene) is

20_ nitrate.d to 18, and subsequent series of reactions vield 15. From a Lwﬁbosyl

derivative, the L-enantiomer of 15 can be synthesized by the same chemistry.
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7 (C) 6 (F) 5 Synthesis of Class 1(A - B) Compounds A compound of class 1, in which the
6-membered part of the bicyclic heteroring links directly to the tetrahydrofuran or tetrahydrothiophene
or cyclopentane derivative, and the 5-membered ring contains 3 nitrogens, one of which is linked to
the tetrahydrofuran or tetrahydrothiophene or cyclopentane 10derivative through a methylene bridge
[1(A) and 1(B)] can be synthesized by the folldwihernay (Scheme 1). For example,
5-nitropyrimidin-2-one (9, Y = H, Z = N) or 5-nitropyridine (9, Y = H, Z = CH) is condensed with

1-0- acetyl -2,3,5-tri-O- benzoyID rlbofura osg by Vorbrugge procedure to glve n clei‘?de 10 (R = Bz,
“THe aT-sol ¥Zige ) an inert

foxide (DMSO), or
SoTres| '6to]45-Npyrimidine (11, Y =
H, Z = N) or v-tffazdlo[4,5- 5b]pyrid e-product (11, Y =tH,.Z = CH). After dep protéction, 11 is converted
into the 2',3'-0-isoptppylidene derif tlvé“ELZ by treatm 6t witlh acetone and réi eral or Lewis acid (e.g.,
H2S04, Cu304, or Zn0I2, or the like}®r with 2,2- dimethoxypropane in acetofie’in the presence of a
catalytic amount of acid, such as HCI, T5QH, or MsOH. TIszIatlon or mesylatioffto 13 followed by

heating afford

An intermediate 11 can aiso be prepared by Vorbruggen's condensation

(Rizkaila, B. H.; Broom, A. B. J. Org. Chemn., 1972, 37, 3980) of a purine containing
5  2-oxo funciion, such as xanthine, or a strong electron-releasing group at GB, such
as 6-dimethylaminopurine, with a protected ribofuranose. The present invention
also includes our discovery that certain protected intermediates (18 and 11, R =
Bz) can be directly converted into the desired cyclonucleoside 15. This novel
process has a great advantage over the traditional synthesis as the targeted
10 compound 15 can be obtained in only 3 steps (see Example 7).

The compounds of Class 1(A) can also be synthesized from a pyrimidine
nucieoside bearing a good leaving group at the C-5 position (Scheme 2). 5-Bromo-
2',3-di-O-isopropylideneuridine (17) is sulfonyiated with tosyl chioride, mesyl
cﬁioride, triftyl chloride, or triflic anhydride in the presence or the absence of base

15 such as pyridine, triethylarine, DBU, DBN, 4-dimethviaminopyridine, or lutidine fo

give 18. Treatment of 18 with NaNz, LiN3, or KNz in an inert solvent, such as DMF,
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10 the cyclonucleoside 14. It has also been discovered that the benzoyloxy group itself in compound
11 can act as a leaving group. Especially, an acyloxy group containing an electron-withdrawing group,
such as p-fluorobenzoyl, p-nitrobenzoyl, or the like, at the C-5' position gives a good result.
Deacetonation in dilute acetic acid, trifluoroacetic acid, diluted mineral acid, or an acidic resin gives the
desired 15 ESRSOURAMTS, coihp dlinddiveatee1s-eaidbalsstiated 18 thepoTiespimgiteyisaturated
product (X and Y can be independently CH2, CH-halogen, CH-alkyl, NH, N-alkyl). Alternatively,
application 'BFitelseh FrEBRAERY I 4 Eqiedieadiirebih Miels; a protected natural nucleoside, such as
cytidine or uridine (Z =N, Y = NH2 or OH, R = Ac, Bz, substituted Bz, benzyl, or the like, or R",R" =
/so-propylidene) is 20nitrated to 10, and subse§§nt series of reactions yield 15. From a L-ribosyl
derivative, the L-enantiomer of 15 can be synt & %‘&Eb% the same chemistry. Scheme 1 An
intermediate 11 can also be prepared by Vorbruggen's condensation (Rizkalla, B. H.; Broom, A. D. J.
Org. Chem., 1972, 37, 398@) ofta purine contaigin i xanthine, or a strong

electron-releasing group at C®, slith as 6-dimethyla ihopurine, with a‘pfote ‘ted ribofuranose. The
etk intermedrates (10 and 11, R = Bz)

present invention also includesiurdiscovery that -

can be directly converted intp the desifedseyglonucleoside 15. This poyel process has a great
advantage over the traditignalysynthesis as the targeted 10 compourd 1% can be obtained in only 3
steps (see Example 7)./~ The compounds gfClass 1(A) can also B&S nthesized from a pyrimidine
d#gaving group at th . 5-Bromo-

nucleoside bearing a goo v e85 position (Scheme
2',3'-di-O-isopropylideneuridine (17) is sulfonylated with tosyl chloride, mesyl chloride, triflyl chloride, or
triflic anhydride in the preséfice or the absencel§f base 15such as pyrlgne, -triethylamine, DBU, DBN,
4-dimethylaminopyridine, or lutidine to give 18. Treatment of 18 with N§N3, LiN3, or KN3 in an inert

solvent, such as DMF, DMSO, HMPA, or the like, gives the 5'-azido d¢rivative 19. Upon heating 19 in
an inert solvent, compound 14 is produced in highyield. ~ -

>

5 i4 19 -

5 A plausible mechanism for the formation of 14 from 18 would be through a [2,3]-
dipelar additic_)n of the §'-azido moiety to the 5,6-double bond, concomitant with
elimination of HBr from the adduct. Deacetonation of 14 under acidic conditions

affords the corresponding free compound 15.

Synthesis of Class 1(C - D) Compound's

10 Condensation of 6-aminocytosine with tetra-C-protected ribofurancse, such
as 20 (Scheme 3), under Vorbruggen’s conditions affords the protected nucleoside
21, which, on nitrosation gives the 5-nitroso product 22. Reduction of the nitroso
group gives the triaminopyrimidine nucleoside 23. Conversion of 23 to purine 24

can be accomplished by treatment with DMF with phosphoryi chloride. De-O-
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Scheme 2 171819 5 A plausible mechanism for the formation of 14 from 19 would be through a [2,3]-
dipolar addition of the 5'-azido moiety to the 5,6-double bond, concomitant with elimination of HBr from
the adduct. Deacetonation of 14 under acidic conditions affords the corresponding free compound 15.
Synthesis of Class 1(C - D) Compounds 10Condensation of 6-aminocytosine with tetra-O-protected
ribofurano$ergastatis 20 (Bekemel paiatehviorbreggenieoeprdiiensoatords-taspigtected nucleoside
21, which, on nitrosation gives the 5-nitroso product 22. Reduction of the nitroso group gives the
triaminopyfatisiae huiteosidy ZBrednnalsion 85 23rtb:purike2drddipedinc omplishest B treatment
with DMF with phosphoryl chloride. De-0- benzoylation in base, such as alcoholic metal alkoxide or
alcoholic Z#HRBHIEZ, @WW@M@@;WH@W@@mlmaiyma&ﬁotdsum Netsimbbu reaction of 25
gives the cyclic product 26, which, upon acid hydrolysis, affords the desired product 27. Scheme 3

product 27.
5 Scheme 3
NH, Iﬁ
O \N
Bz G o Ao H,N /{L i Hn Hz
R Bzavm%gz‘ Bz
B0 Omz
BzO OBz Bzc} OBz B0 OBz
20 2
¥
i al
oxy, 4L .
Bz
@ - Qﬁ;‘ D“r; —
HO OH 38 & BzO OBz
37 i 25 z4

Alternatively, uridine can be converted into S-halo-5'-O-sulfonyl-uridine-2°,3-
O-acetal or ketal, such as 5-bromo-2',3-C-isopropylidene-5'-O-tosyl derivative (28,
R =Ts, Scheme 4). Base treatment of 28 affords the 6,5'-O-cyclo derivative 28,
10 which, upon ammonolysis, gives 6-amino-2,3-O-isopropylidene uridine 30.
Nitrosation of 30 gives 31, and subsequent reduction to 32, followed by cyclization
produces 33, which is converted o 9,5-cyclo derivative 35 by treatment under

Mitsunobu conditions to 34, followed by de-C-acetonation with acid.
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Alternatively, uridine can be converted into 5-halo-5'-O-sulfonyl-uridine-2',3'- O-acetal or ketal, such as
5-bromo-2',3'-0-isopropylidene-5'-0-tosyl derivative (28, R = Ts, Scheme 4). Base treatment of 28

affords the 6,5'-0-cyclo derivative 29, 10which, upon ammonolysis, gives

6-amino-2',3'-0-isopropylidene uridine 30. Nitrosation of 30 gives 31, and subsequent reduction to 32,
followed by cyclization produces 33, which is caswertedito 9,5'-cyclo derivative 35 by treatment under

Mitsunobu conditions to 34, followed by de-O-acetonation with acid, Scheme 4

to 19 can be furnis by treatment with-l,iBr and ammonigrygerium nitrate #

Compound 34 can

nitrile.

be prepared from 5'-a3ido-5'-deoxy-2',§g‘ﬁ- isopropylidene ugdine (36, Scheme 5). Bromination of 36

Compound 19 can %ctly converted | Othe 6,5'-irp2i
phosphine and*@mmohium hydroxidg in fetrahydrofusan. Nit
38, which is readily.converted-into 34.Compound.34 caf be
pyridine or with L son's 10reagejt in an inert solveng, sy
O-isopropylidenati f 39 with acid gb(gs 40, which can be_

thiated-with,phos
desulfated to 41 by

i gtive 37 in high yleldiwith triphenyl
osation of 37 sfolldwed by reduction gives

s pentasulfide in

ich as toluene to give 39. D

atment with Raney

nickel. Alternatively, treatment of 39 with Raney nickel and subsequent acid hydrolysis gives 41.
Treatment of 37 wiflf chloroacetaldehy#e gives pyrrolopyrithidine 42 (Scheme 6)¥1Acidic

de-O-isopropyIidenation of 42 affords 43.

fox 4

¥
O o
AL ne

S RERASIES AL

HO OH 0 0 O
X X

36 34 33

Compound 34 can be prepared from 5'-azido-5'-deoxy-2',3-0O-

X

3z

isopropylidene uridine (36, Scheme 5). Bromination of 36 to 19 can be furnished

5 by treatment with LiBr and ammonium cerium nitrate in acetonitrile. Compound 19

can be directly converted into the 6,5-imino derivative 37 in high vield with

triphenyl ph;}sphine and ammonium hydroxide in tetrahydrofuran. Nitrosation of

37, folliowed by reduction gives 38, which is readily converted into 34, Compound

34 can be thiated with phosphorus pentasulfide in pyridine or with Lawesson's

10 reagent in an inert solvent such as toluene fo give 39. De-O-isopropylidenation of

38 with acid gives 40, which can be desulfated to 41 by treatment with Raney

nickel. Alternatively, treatment of 38 with Raney nickel and subsequenit acid

hydrolysis gives 41. Treatment of 37 with chloroacetaldehyde gives

pyrrolopyrimiding 42 (Scheme 6). Acidic de-O-isopropylidenation of 42 affords 43.
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Also alkylation with various alkyl halides in the presence of base, such as sodium or potassium
carbonate or sodium or potassium hydroxide in an inert solvent, such as dimethylformamide,
acetonitrile, tetrahydrofuran, or the like affords the corresponding 1-alkyl derivative 44, which, upon
acid hydrolysis, gives 45. 5Scheme 5 R = H, lower alkyl of C1..6, w-hydroxy-, w-sulfhydryl-, w-halo(F,
Cl, Br, or 1)Alsv-aligiotjon-aitinarivue ybing -falideaikyhefi€dsénoe béade, such aFsedin@nt of 39 with
ammonia gives 26, which, upon acid hydrolysis, affords 10 the adenine derivative 27. Treatment of 42
with Lawessoprsassigentaitiorddaine abiiuge nvaiessiisbdrmeisy, inkictnedrsbeidnsbnied to the
6-amino derivative 47 by treatment with ammonia. De-O-isopropylidenation gives 7-deazaadenine
derivative 45 @eishyEBTsUDideq ragionitrity ffesadionvrauyalneoiataTEuamiRéuracil under
Vorbruggen's conditions results in the exclusive formation of.3-ribos¥1-a6-aminouracil derivative (49,
Scheme 7)°NlfdRatdH S A6 AGHEH NG Ao rdtish: gives seICWHER bR ByEIgatth affords 51, which is
converted into the free nucleoside 52 by saponification. 10isopropylidenation of 52 with
2,2-dirgethoxypropane in acetone in the presegg eos‘fn% gmall amount of p-toluenesulfonic acid gives
53, which, upon treatment under Mitsunobu conditions, Is converted into 54.

4 ne e Y
e . yﬁ —

G o O 0
X
56 ‘ 18 a7 a8
4 H 71 H & H
Cf(& L , ;,,go o
.
,,o; 3 e X
3 a2 39 34

¥
\ .
] 4 IEIO 4 ]
— Y —
HO OH : HC OH 3<0
41 . 40 45 a4

R = H, lower alkyl of C1.5, w-hydroxy-, w-suifhydry-, w-halo(F, Cl, Br, or [},

w-azido~, w-amino-, w-cyano-tower alkyl of G, or benayl.

Treatment of 38 with ammonia gives 26, which, upon acid hydrolysis, affords

1¢  the adenine derivative 27. Treatment of 42 with Lawesson’s reagent affords the
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Scheme 7 NH2NH2HN-1 NH2N.. N Hi'sHIN Bz0 y.- Bz0Bz0 Bz0 OBz 495051 545352 From
sugar modified nucleosides, modified furan ring containing compounds are made. Sugar modified
nucleosides can be prepared by (i) condensation of 5modified sugar with a base or (ii) by conversion
of the sugar moiety in preformed nucleosides. For example, condensation of

1,2-0-acetyh® Oerietitivryti (Bohgin8-6leericDeogly terepantofurandse (Gorhehase Switky
5-nitropyrimidine-2-one affords 56. The methoxycarbonyloxy group at C-5'is not a good enough
leaving grodiptraaficiemnt sritlindewgook sapoificatiornypdenmtatmivianitd dasstegive the free

darivative £8.

Scheme §

%w'%?iw’%rwg

5 42 46 &7 48

Condensation of sugar 20 with 6-aminouraci! under Vorbruggen’s conditions
results in the exclusive formation of 3-ribasyl-6-aminouracil derivative (49, Scheme
7). Nitrosation of 48, followed by reduction gives 50, which, on cyclization affords
_ 51, which is converted into the free nucleoside 52 by saponification.
10 Isopropylidenation of 52 with 2,2-dimethoxypropane in acetone in the presence of a
small amount of p-toluenesulfonic acid gives 53, which, upon treatment under

Mitsunobu conditions, is converied into 54.
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10 nucleoside 57. The free nucleoside 57 is benzoylated to 58, which, upon treatment with sodium
azide in DMF gives 59. Saponification of 59 affords 60. Using different sugars, such as
2-deoxy-D-ribofuranose, 3-deoxy-3-fluoro-D-xylofuranose, 3-deoxy-3-fluoro-D-ribofurano e,
2-deoxy-2-fluoro-D-ribose, 2-deoxy-2-fluoro-D- arabinofuranose, and their L-sugar counterparts give
their corresponding sugar modified analogues ef6Qpeheme 8 0 Bz0 Bz 5959 5Another type of
sugar-modified nucleoside that can be used in the present invention is carbocyclic sugar nucleosides.
A typical example is showt,in Scheme 9. Compougghf1 is sulfonylated, typically ted, to 62,
which, without isolation ig treated with alkali metal

azidgte give 63. Heating 63 affords 0e
Y gives 65. Thiation of 64 with L-AWEsoN's 10reagent

8-azaxanthine derivatfe 6. Acid hydrolysis of @!

gives 66, which is c gnto the 8-azaadenifig@eriyative 67 by Oy
Bz0 = B0 B Bz(}-w! ;
Bz OBz Bz OBz BzO OBz
49 : 50 54
erifﬂ\\ Hf’si—-‘f\:\ HY—R
N ,
= Sy N

Joul
N0 O N g OF™N0

B E— HO S EN— Ho\.%f?}
HO  OH ' %8 HO OH

54 53 52

From sugar modified nucleosides, modified furan ring containing compounds
are made. Sugar modified nucleosides can be prepared by {i) condensation of
5  modified sugar with a base or (i) by conversion of the sugar moiety in preformed
nucleosides. For example, condensation of 1,2-C-acetyl-5-0O-methoxycarbonyl-3-
deoxy-D-glyceropentofuranose (85, Scheme 8) with 5-nitropyrimidine-2-one affords
56. The methoxycarbonyloxy group at C-5' is not a good encugh leaving group,
which just undergoes saponification upon treatment with base fo give the free
10 nucleoside 57. The free nucleoside 57 is benzoylated to 58, which, upon treatment
with sodium azide in DMF gives 59. Saponification of 59 affords 60, Using
different sugars, such as 2-deoxy-D-ribofuranose, 3-deoxy-3-fluoro-D-xylofuranose,

3-deoxy-3-fluoro-D-ribofuranose, 2-deoxy-2-fluoro-D-ribose, 2-deoxy-2-fluoro-D-



treatment with ammonia. Acid hydrolysis to remove the isopropylidene.protecting group from 67
affords 68. Scheme 9 Post Synthetic Modifications. Various new molecules can be made from 5 class
1 compounds. Compound 14 (Y = H, Z = CH, R' = Fr = Bz) is converted into the corresponding thione
(69, Scheme 10) by treatment with Lawesson's reagent in an inert solvent such as toluene or
phosphorusrpbinaiitistest) prddingr o sefjalieeubrppaificalienielithe Resgerhgigupgaffords the free
compound 70. Bromination of 15 (Y = H, Z = CH) with bromine water or NBS in acetic acid gives
6-bromide Mmb{ikickDarBipguhitedf &@tment with NOS in acetic acid converts 15 into the chloride 71 (X =
CO. After treatment of 6-halide derivatives such as compound 71 with a nucleophilic agent such as
various amines, a Michael addition and elimination reaction proceeds and results in 7-substituted
products 72. Scheme 10 There are several wéj&§edtofivert 8-azaxanthine derivatives into the
corresponding 8-azaisoguanine derivatives. In Scheme 11, treatment of 14 with 5phosphorus
pentasulfide in pyridine or??vith Lawesson's reagen?’li inert solvent,% s toluene or methylene

chloride or the like, resyitsin-the thio derivative (¥3, X ). Treatment o thio derivative (73, X =
SH) or the imidazolyl, triazolyl§ azgl;gj_o‘@‘i’@& /3, X =_imida ripnzolyl, tetrazolyl, or
O-sulfonyl) with various amines afords the corresporrding amino derivat

OAc

74, which, on removal

OH
55 &6 Er
¥
‘o @ .
(8] O
Bz
< 29 i e  —
QH OBz
66 58
5 Another type of sugar-modified nucleoside that can be used in the present

invention is carbocyclic sugar nucleosides. A typical example is shown in Scheme
8. Compound 61 is sulfonylated, typically mesylated, to 62, which, without isolation
is treated with alkali metal azide to give 3. Heating 63 affords the 8-azaxanthine
derivative 84. Acid hydrolysis of 84 gives 85. Thiation of 64 with Lawesson’s

10 reagent gives 66, which is converted into the 8-azaadenine derivative 67 by
treatment with ammonia. Acid hydrolysis to remove the isopropylidene protecting

group from 87 affords 68.
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10of sugar protecting groups, give the corresponding free cyclonucleosides 75. It should be noted that
74 and 75 are in an equilibrium mixture of amino-imino tautomers. Also, alkylation of 14 gives the
N1-substituted nucleoside 76, which is converted into the free nucleoside 77 by
. de-0O-isopropylidenation. Scheme 11 767775 R = H, lower alkyl of C-1.6, w-hydroxy-,
w-sulfhydryl-, whalo(F, Cl, Br, 1)-, w-azido-, wihétae S-cyano-lower 5alkyl of C1..6, or benzyl. The
sugar portion of 15 carpalso be modified. Sul nylation of 15 to 78 (Scheme 12), follogved by Na!
treatment gives the oletin 79. Aqueous bas atment of 7§ ea to the formatmftwamde 80,

A

which is susceptible o N i C

S

e @i‘

|
0 o, O G, O 0
> > e >
61 62 63 / 64
I -
NHR NHR 5 i
™ “y N o, N W1
UV ealIEc s NG ®.
N ; ; N £
OF OH O><0 °><0 on on
68 &7 &6 65

Post Synthetic Modifications. Various new molecuies c:an. be made from
5 class 1 compounds. Compound 44 (Y = H, Z = CH, R = R" = Bz) is converted info
the corresponding thione (69, Scheme 10) by freatment with Lawesson's reagent in
an inert soivent such as toluene or phosphorus pentasulfide in pyridine or tetraline.
Saponification of the benzoy! groups affords the free compound 70. Bromination of
15 (Y = H, Z = CH) with bromine water or NBS in acetic acid gives 6-bromide 71 (X
10 = Br) while freatment with NCS in acefic acid converts 15 into the chloride 71 (X=
Cl). After treatment of 6-halide derivatives such as compound 71 with a
nucleophilic agent such as various amines, a Michael addition and slimination

reaction proceeds and results in 7-substifuted products 72.
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10nucleophilic attack to pkoduce 3-substituted arabino derivatives 81. Cyclic thiocarbonylation of 15 to
82, followed by Barton reduction affords a separable mixture of 2'- and 3'-deoxy products 83 and 84,
respectively. Scheme 12 157879 X = N3, NRR', SR, halogen Y = H, OH, OR, NRR', SH, SR Z =N,

CHR,R'=Horlower alkylof C1 6

Scheme 10

There are several ways to convert 8-azaxanthine derivatives into the
corresponding 8-azaisoguanine derivatives. In Scheme 11, treatment of 14 with
% phosphorus pentasuilfide in pyridine or with Lawesson's reagent in an inert solvert,

stich as toiuene or methylene chioride or the like, results in the thio derivative (73,
X = SH). Treatment of the thio derivative (73, X = SH) or the imidazoly, triazoiyi, or
tetrazolyl derivative (73, X = imidazolyl, friazolyl, tetrazolyl, or O-sulfonyl) with
various amines affords the corresponding amino derivatives 74, which, on removal

10 of sugar protecting groups, give the comresponding free cyclonucleosides 75. it
should be noted that 74 and 75 are in an equilibrium mixture of amino-imino
tautomers. Also, alkylation of 14 gives the N1-substituted nucleoside 76, which is

converted into the free nucleoside 77 by de-O-isopropylidenation.
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8384 Synthesis of Class 2 Compounds 5This class of compounds can be prepared from natural 2-oxo
or 6-oxo or 2,6-dioxopurine nucleosides. For example, inosine (85, X = H, Scheme 13) or guanosine
(85, X = NH2) is iso-propylidenated to 86, which under Mitsunobu conditions gives the
3,5'-cyclo-derivative 87. After deacetonation of 87, the desired class 2, such as compound 88 is
obtained. Similarly, xanthosine (89, Y = OH) Schesgadiosine (89, Y = NH2) is treated with

ein acetone in the presence of a catal @amount of an acidjg.the corresponding

X = BH,

R = H, lower alkyl of Ci.6, w-hydroxy-, w-sulthydryi-, w-
halo(F, Cl, Br, I)-, w-azido-, w-aminoc-, w-cyano-lower

5 atkyl of Cq6, Or benzyl.

The sugar portion of 15 can also be modified. Sulfonylation of 15 to 78
(Scheme 12), followed by Nal treatment gives .'tﬁe olefin 79, Aqueous base
treatment of 78 leads to the formation of epoxide 80, which is susceptible to
10 | nucleophiiic attack o produce 3-substituted arabino derivatives 81. Cyclic
thiocarbonyla‘t_ion of 15 to 82, followed by Barton reduction affords a separable

mixture of 2- and 3'-deoxy products 83 and 84, respectively.
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10N-carbamoyl-cyanomethyl formimidate (94) affords the 1'-methyl riboside-5'- ylimidazole (95)
(Shaw, G.; Warrener, R. N.; Butler, D. N.; Ralph, R. K, J. Chem. Soc., 1959, 1648). Upon acetolysis,
95 is converted into the desired cyclic compound 96. After saponification, the targeted product 97 is
obtained. The reagent 94 can be prepared by freatme Pt of aminocyanoacetamide with ethyl
15forrnimidate hydrochloride (Shaw, G.: Warr ; Butler, D. N.; Ralph, R. K, J. Chem. Soc.,
1959, 1648) or trlethyl orthoformate (Cusack, N. J H|Id|ck B. J.; Roblnson D. H.; Rugg, P. W.; Shaw,

g‘,;‘{:,@ nding amine 100.
toyS|s conditions to 101,

N3, NRR/, SR, halogen
H, CH, OR, NRR/, SH, SR
N, CH

X=
Y
Z
R,R'= H or lower alkyl of Cy ¢

Synithesis of Class 2 Compounds

5 This class of compounds can be prepared from natural 2-oxo or 6-oxo or
2,6-dioxopurine nucieosides. For example, inosine (85, X = H, Scheme 13) or
guanosine (85, X = NH) is iso-propylidenated to 86, which under Mitsunobu
conditions gives the 3,5-cyclo-darivative 87. After deacetonation of 7, the desired

class 2, such as compound 88 s obtained. Similarly, xanthasine (89, Y= OH) or
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98 10 Synthesis of Class 4 Compounds Class 4 compounds are synthesized by three different
ways. The first process is to start with a pyrimidine nucleoside bearing a non-leaving group at 0-5,
such as 2',3'-0-isopropylidene- 5-methyluridine (102, Scheme 15). After 15sulfonylation of 102, the
product 103 is converted into the 5'-azido-5'-deoxy derivative 104, which, upon heating, in an inert
solvent sudbogsi@MsINgilf the Siidlitiproekied 0B R Xinieibongciape 16 Fveitetoondartiitant release
of nitrogen gas. A 12,31-dipolar addition of the azido moiety to the 5,6-double bond results in the
formation SFERERGE4T16 RateifiBdmreuosyiaticicidngdhsosssnimation 3t3h€56-proton and
subsequent elimination of N2 results in the formation of 106. Scheme 15 Cyclic carbonate, cyclic
orthoester, BuHEpaRaS Slebisive,Ric wrttips odarddis sephe: sopitienting g@@M@@%G@ompound 19

(Scheme 5:% from uridine can be conyverted into 37, which,
o -gyclo-nucieoside 84, @e-®~asapmpy idenation with acid furnishes the free

5 eyclonucleoside 82.

Scheme 43

H
i
}Qfm’" ’Q{)"‘w‘"
oH -
89

>
90

Synthesis of Class 3 Compounds

Treatment of 1-methyl 5-amino-5-deoxy-riboside (83, Scheme 143 with ethyl
10 N-carbamoykcyanomethyl formimidate (84) affords the 1-methyl riboside-5'-
viimidazole {95) (Shaw, G.; Warrener, R. N.;. Butler, . N.; Ralph, R, K, J. Chem.
Soc., 1958, 1648). Upon acetolysis, 85 is converted into the desired cyclic
compound 86. Affer saponification, the targeted product 87 is obtained. The
reagent 84 can be prepared by treatment of aminocyanscacetamide with ethyl

15 . formimidate hydrochloride {Shaw, G.; Warrener, R. N.; Butler, D. N.; Ralph, R. K, J.
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after de-O-isopropylidenation gives 107 (Scheme 16). In a similar manner 108 can be obtained from

38. Scheme 16 When 5-bromo-2',3'-0-isopropylidene-5'-0-sulfonyluridirie (18) is treated with
ammonia or methylamine, 6,5'-cyclonucleoside 111 (Scheme 17) is obtained 5via intermediates 109
and 110. Scheme 17 The third route starts with alkylation of 6-amino-primidinone (Z = N) or -

pyridone (2280 PGB 4§aRLos lgel - orthofoseiss ditdeadutodiaB dies; Bodeheme 18) in

base to give 113. Acetolysis of 113 affords cyclization product 114, which is converted to dihydroxy
Compound%"ﬁ?’%a% é’gg%g, P.W.; Shaw, G, J. Chem. Soc., Perkin Trans. |, 1973,

1720).
Alternatively, intermediate 95 is prepared from 5-chioro-5-deoxy-riboside
5 (98, Scheme 14) in the following manner. Treatment of 98 with methyl 5-
nitroimidazole~4-carboxyiate affords 89, which is reduced to the corresponding
amine 100. Ammonolysis of the ester 100 gives 85. Also, 100 is cyclized under

acelolysis conditions 1o 184, which, upon ammonolysis gives 97,

Scheme 14

NG GHCOH;

NW% N“—‘CHO(EHs

23

10
Synthesis of Class 4 Compounds

Class 4 compounds are synthesized by three different ways. The first
process is fo start with a pyrimidine nucleoside bearing a non-ieaving group at C-5,
such as 2, 3-CO-sopropylidene- 5-methyluridine (102, Scheme 15). After

18  sulfonvlation of 102, the product 143 is converted into the 5-azido-5-deoxy
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Scheme 18 1121131141/5 Synthesis of Class 5 Compounds Treatment of
3,5'-cyclo-2',3'-0-isopropylidene-guanosine (88, X = NH2) or -inosine (88, X = H) or another nucleoside
in which X is halogen, small alkyl, S-alkyl, N-alkyl, with methyl iodide gives the corresponding 7-methyl
derivative 116 (Scheme 19). Mild base treatment of the quaternary salt opens the imidazole, giving the
desired pratustiild 1Akewtdtvelyyoedetaingf B, drdichib sapyeimislich astBRB-Ohespilapylidene-5-
100-trityl-ribosylamine (118) gives 119, which is converted in two steps (selective de- O4ritylation and
sulfonylaticiGiitiyedytchisiide einidnedisis tHiSoulterpanpeilen2eligreanhsitaser?0 with water,
followed by neutralization affords the desired cyclic compound 121. Instead of the isopropylidene
protecting §f6up® e:clcitiErise matditiepcitibe sesisiendheiyAithene fof @thisr kyodepslipdcan also serve

as 15protectinfg groups. Scheme 19 o
the tormation of the friszolo Intermediate 108, which undergoes elimination of the

5  G-proton and subseguent slimination of Ny results in the formation of 106,

Scheme 15

Cyclic carbonate, cyclic orthoester, benzylidene, or other cyclic groups can also

serve as proteciing groups.

10 Compound 18 (Schame 5} from uridine can be converied into 37, which,
after de-O-isopropylidenation gives 107 (Scheme 18). In a similar manner 108 can

be obtainad from 38.
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Synthesis of Class 6 Compounds This type of compounds can be synthesized from regular purine
5nucleosides. For example, 2',3'-0-isopropylicleneadenosine (122, X = H, Scheme 20) is sulfonylated
to 123, which, upon heating, cyclizes to a quaternary salt 124. Base treatment of 124 affords 125
which is then treated with acid to give the de § ﬁ '% %i ct 126. This sequence of reactions can be
applicable to other purine nucleosides and p fifi& AGcl€oside analogues, such as guanosine, inosine,
10toyokamycin, tubercidin, or formycm etc. Naturally-occurring imidazole nucleoside, AICAR
(127) can be converted into the §',3'-0-isopropylidefie derivative 128 ich, after sulfonylation to 129,
followed by heating in an inert Bof" nt in the pres g':é of a strong has (ych as DBU, cyclized to yield
the cyclic product 130. D@a.qmgoj‘]at?on of 13Q,4 ] compound 131. This
sequence of reactions can b&-af striazole or 2- amlno pyrrole
nucleosides. Instead of the is _k-;f

benzylidene, or other cyclic grQups can also serve as protectlng groups. SScheme 20 Synthe5|s of
Class 7 Compounds This class of compounds can be synt S|ZEI from 1-ribofuranosylpyrido[2,3-

d]pyrimidines (Rizkalla, B.H.; Broom, A.D., J. Org. Chem., 1972, 37, 3980; 10 Anderson, G. L.; Broom,
A.D., J. Org. Chem., 1977, 42, 977) or 8-ribofuranosylptegidines (Pfleiderer, W.; Autenrieth, D.;
Schranner, M., Chem. Ber., 1973, 106, 317). However, the easiest approach is to start with
5-cyanouridine (134, Scheme 2 ) which can be grepared in two-stepsjfrom
2',3'-D-isopropylidene-5"-0#ity T (182) (Anderson, Ggi*Broom A.D., J. Org. Chem.,
1977, 42, 977). 15 Treatmept ¢ i '» in the presence of DBU

When 5-bromo-2’,3'-O-isopropylidene-5'-O-sulfonyluridine (18) is treated
with ammonia or methylamine, 6,5 -cyclonucleoside 111 (Scheme 17} is obtained

5  vig intermediates 109 and 110.

Schaeme 17

o | A

RO:S e B I,
S <

1% 0%

The third rouie starts with alkylation of 8-amino-pyrimidinone (Z = N) or -
pyridone (Z = CH), with 5-halogeno-5-deoxy-2,3-O-isopropylidene-riboside (112,
10  Scheme 18) in base to give 113. Acetolysis of 113 affords cyclization product 114,

which is converted {o dihydroxy compound 118 by saponification.
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affords the protected nucleoside (133) in high yield. Conversion of 133 into 134 in high yield is
achieved by treatment of 133 with sodium cyanide in DMF according to Inoue and Ueda (Inoue, H.;
Ueda, T., Chem, Pharm. Bull., 1978, 26, 2657). When 134 is treated with ethyl cyanoacetate in
alcoholic sodium alkoxide, such as ethanolic sodium ethoxide,
7-amino-3-benzyloxymethy1-1-(2',3'-0- |sopr§|§§'lﬁf@ﬁe§ O-trity1-13-D-ribofuranosyl)pyrido[2,3-d]pyrimid
ine-2,4(1H,3H)-dione-6- ethylcarboxylate (135) is obtained in good yield. Reduction of 135 over
palladium charcoal removes the protecti roups at N3 and 05' simultaneously giving 136 in good
yield. The 7-amino group in 136 is cong?;:ﬂnto the oxg.grou *o with nitrous acid to
give 137, which, upen, igatmentwith fiphewylphasphing a s d|e1h¥L,,azo ogfboxylate, furnishes
cyclization to one of the-targeted com ofa-..,,ﬁ ds 138. Rea of 139 with lig ”» ammonia or ethanolic
ammonia gives the co‘f‘ﬁ:ﬁ)pondmg carbBexdmide 140, |ch‘1§ further converted into 6- -cyano derivative
141 by treatment with tgifjluoroacetic anngrlde in a mixturg, pf 15dioxane and pyridine. Scheme 21
141140139138137 Synthesis of Class 8 Compounds
1-Amino-1-deoxy-2,3-0-isopropylidene-5-0-trityl-D-ribofuranose (142, 5Scheme 22) is treated with
ethyl carbamate to give (2,3-0- |sopropylldene -5-0-trityl- D-ribofuranosyl)urethane (143). Selective
de-O-trity| FEHFIEIMHB09%5 AfeeEns acid, followed by ammonia treatment affords
isopropyliclene ribosylurea (144). Application of Mitsunobu reaction on 144 with triphenyl phosphine
and diethyl azocgrbgmptaiecgives-theidasipedcyclicargridid- G an OFied@i tdratitn od10 145 affords
the target compound 146.

5 -inosine (88, X = H) or ancther nucleoside in which X is halogen, small alkyl, 5-

alkyl, N-atkyl, with methyl iodide gives the corresponding 7-methyl derivative 116
(Scheme 19). Mild base treatment of the quatemary saft opens the imidazole,
giving the desired product 1 17.
Alternatively, reaction of 2 4-dichloropyrimidine with 2,3-O-isopropylidene-5-
10 O-trityl-ribosylamine (118) gives 118, which is converted in two steps (selective de-
O-tritylation and suifonyiaiioh- with tosyl chioride in pyridine) into the quaternary salt
120. Treatment of 120 with water, followed by neutralization affords the desired
cyclic compound 121, Instead of the isopropylidene protecting group, cyclic
carbonate, cyclic orthoester, benzylidene, or other cyclic_gmups can also serve as

15 protecting groups.

83



Alternatively, 2,3-0-isopropylidene-D-ribofuranose (147) is chlorinated with thionyl chloride in
anhydrous ether or tetrahydrofurane to give 1,5-dichloro-1,5- dideoxy derivative 148. Cyclization of
148 with urea or guanidine affords the desired cyclic urea 145 (X = 0) or cyclic guanidine (145, X =
NH). Deacetonation 15 of 145 affords 146. Scheme 22 This invention is further illustrated in the
Experimental Details section which follows. THefespeifhental Details section and Examples contained
therein are set 5forth to aid in an understanding of the invention. This section is not intended to, and
should not be interpreteg to, limit in any way the mventlon set forth |n cl%g'ns which follow

Melti oft y-tubes on an Electrotheimal
,f-s’o were recorded on an

(doublet), dd (doublet of doublets), (triplet), q (quadruplet) br (broad), or m (multiplet). All J-values are
in Hz. FAB mass spectrggvere recorded in the pisitive- (FAB>0) or negatie- (FAB<O) ion

.
2) TsCHpyr
o

118 119 126 121

Synthesis of Class 6 Compounds

This type of compounds can be synthesized from r@gﬁ!ar purine
5’ nucieosides. For example, 2’,3’-O-isopropylidenesadenocsine (122, X = M, Scheme
20} is sulfonylated to 123, which, upon heating, cyclizes to a quaternary salt 124.
Base treatment of 124 affords 125 which is then treated with acid to give the
desired product 126. This sequence of reactions can be applicable to other purine
nucleopsides and purine nucleoside analogues, such as guanosine, inosine,
10 toyokamycin, tubercidin, or formycin, efc.

Naturally-occurring imidazole nucleoside, AICAR {127) can be converted
into the 2',3-O-isopropylidene derivative 128, which, after sulfonylation 1o 129,
'fél_iowed by heating in an inert solvent in the presence of a strong base such as

DBU, cyclized 1o yield the cyclic product 130, Deacetonation of 130 in acid affords
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mode on a JEOL DX 300 mass spectrometer. The matrix was 3-nitrobenzyl alcohol (NBA) or a mixture
(50:50, v/v) of glycerol and thioglycerol (GT). Specific rotations were measured on a Perkin-Elmer 241
spectropolarimeter (path length 1 5cm) and are given in units of 10-1 deg cm2 gil. Elemental analyses
were performed by Atlantic IViicrolab Inc. (Norcross, GA). Analyses indicated by the symbols of the
elements SPEFREGHE CRBIECHMBNIT 30 4T seeuRRRPU BastoThicrmperattirahte deaphprwas
performed on Whatman PK5F silica gel plates, with visualization of products being accomplished by
UV absorbsrEpRatRiderslr1 0 i ¢ WiRtisRiaip ieeersiteacitneisaheatiiy. Column
chromatog\%%phzgwp%j carried out on Silica Gel (Fisher, S733-1) at atmospheric pressure. EXAMPLE 1
1-(2',3, 5L FRSBERIBHR PR AR REHES Y SIn iy RaiRe e REhEqEsT o Bylisasy =cH).
155-Nitro-2;EB¥rido e (5.6 %40 mn?ol) in hexametttgldjsilazane (80 mL) was refluxed with a catalytic
amount of AMMGATUM 0BT T3P 8 RO AR R gur HHGoRHER. Excess solvent was removed in
vacuo, and the residue dissolved in 1,2- dichloroethane (100 mL). To this solution were added
1-acetyl-2,3,5-tri-O-benzoylIPi-D-ribofuranoseg19.g,,3 46 mmol) in anhydrous 1,2-dichloroethane (100
mL) and 201N solution of tin (IV) chloride in methylene chloride (7.68 mL), and the mixture was heated
under reflux for 8 hours. After being kept at room temperature overizght, the reacion mixture was

diluted with methylEhe chloride, waidh féd sodium carhonate solution
a Celite pad. The orgabic layer wis § ACC R rhona
25to give a resiruw; Wy g

as a solid. Thé” .

Synthesis of Class 7 Compounds

This class of compounds can be synthesized from 1-ribofuranosyipyrido[2,3-
dipyrimidines (Rizkalla, B.H.; Broom, AD., J. Org. Chem., 1872, 37, 3980:

10 Anderson, G. L.; Broom, A. D., J. Org. Chem., 1977, 42, 977) or 8-ribofuranosyl-
pteridines (Pfleiderer, W.; Autenrieth, D.; Schranner, M., Chem. Ber., 1873, 1086,
317). However, the easiest approach is to start with 5-cyanouridine (134, Scheme
21), which can be preparad in two-steps from 2,3"-O-isopropylidena-5"-O-trityl-5-
bromouridine (132) (Anderson, G. L.; Broom, A. D., J. Org. Chem., 1877, 42, 977).

15 Treatment of 132 with benzyloxymethy! chioride in DMF in the presence of DBU
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EXAMPLE 2 1-(f3-D-Ribofuranosyl)-5-nitropyridine-2(1H)-one (10, R = Y H, Z = CH). 5A mixture of
5-nitro-1-(2',3',5'-tri-O-benzoy1-13-ribofuranosyl)-2-pyridone (10, R = Bz, Y = H, Z = CH; 100 mg, 017
mmol) and saturated methanolic ammonia (10 mL) was stirred at room temperature for 12 h. The
mixture was_concentrated to dryness, and the residue triturated with EtOH to precipitate 10 (RY =H, Z

= CH), whithQis B8 IRaiss isAd reiggsiaiCEsh Bniphicldy Rigversiynetd whitdasdRd. 01H NMR
(DMSO-d?;%DZO‘ 6.3.64 (m, 1H)%, 3.90§g]é lH)i,_14.01 (m, 3H), 5.89 (s, 1H), 6.48 (d, J = 10.4 Hz, 1 H),
8.12 (dd, J'49% ¥eh'i2o1RY°d BE Ygainestohlsd yiihsrapcgagide in DMF according
3-(13-D-Ri furanos%l‘i)- -degza-8-azapurine-2:0 %;% -=Y=H,Z= HééA ixtjure of 10 (R=Y =
H,Z= CH:[E)%%A‘:7 ?n“d"’; i} r%}%o&};% %0 'ﬂ’#uegﬁd '(ggq ; %ﬁ@?n#f{gn ﬁ?g%l %érgi was stirred at
110-120C for. 12 he mixture was,co centratec%t dryness, and th resi%ueh urified by silica gel
column chyg&hégitégf%-b%%% 1‘%% ﬁe%ﬁ; A OH2E ﬁ%)?ofé@gﬁﬁ%iﬂ?ﬁ SﬁOQ?%mH;a axl ?4!)3&% r%% 60%) as a
S0l 3HNMERADISOfa) P30, A1 808 (L0 SRR A1) 418 U DSR2 2 1),
4.79 (M, 1H), 5.04 (0. 3 = 5.2 Hz, 1H). lél@1 G :”% , : , élg ’ o|,1§4:gl plff:’zp,yf‘ 6,46 (d, J= 9.6
Hz, 1H), B0B(6k-5 D6bsntoo0na)G3ls 3 b FHARNAGH: God.FRnth 5L N, 20.89; Found.
C, 44.60; H, 4.53?4N?20.60. FPr S S b A B0t ot didn

ethylcarboxylate (135) is obtained in good vield. Reduction of 135 over paltadium

charcoal removes the protecting groups at N3 and 05’ simultaneously giving 136 in

good vield. The 7-amino group in 136 is converted into the oxo group by

10 deamination with nitrous acid to give 137, which, upon freaiment with

triphenyiphosphine and diethyl azodicarboxylate, furnishes cyclization to one of the

targeted compounds 138. Reaction of 139 with liquid ammonia or ethanolic

ammonia gives the corresponding carboxamide 140, which is further converted info

6-cyano derivative 141 by treatment with triflucroacetic anhydride in a mixiure of

15  dioxane and pyridine.
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3-(2',3c0-Isopropylidene-P-D-ribofuranosyl)-1-deaza-8-azapurine-2-one (12, 'V =H, Z CH). To a
solution of 11 (R =Y =H, Z = CH) (5.0 g, 18.65 mmol) in a mixture of acetone 5 (25 mL) and DMF (50
mL) at OC were added p-TsOH (353 mg, 1.86 mmol) and 2,2-dimethoxypropane (7.7 g, 74.6 mmaol),
and the mixture was stirred overnight at room temperature. The mixture was neutralized with sodium
bicarbonate, and the precipitates formed rem&@teniefitation. The filtrate was concentrated in vacuo,
and the residue dissolved in CH2012 and washed successwely with brlne and 10 water. The organic
layer was dried (Na2Sp4), concentted, and th an chromatography
togive4.0g (75%) af 13- L4 13)*5:4 T T

and 20pyr|d|ne (50 mk) were addm at 0C p- dmethylamlnopy;rgdme (2.47 g, 20. 3 mmol) and TsCI (3.86
g, 20,3 mmol), and the mixture was stirred at room temperature overnight. The mixture was
concentrated in vacuo, and the residue dissolved in ethyl acetate (100 mL) and w. shed with water (2 x
50 mL). The organic lay e, trated, and the,resi i

column chromatqgrapk
This product wagAipstable. MPLE 8. A P
9,5%Cyclo-3-(2',3* -D-fi Wl)-1fdeaza-6-a

Bz, Y=H,Z=CH} Bz/ S H ) %

Synthesis of Class 8 Compounds

1-Amino-1-deoxy-2,3-C-isopropylidene-5-O-trityl-D-ribofuranose (142,

5 Scheme2)is treated with ethyl carbamate to give (2,3-O-isopropylidene-5-C-trityl-
D-ribofurancsyljurethane (143). Selective de-O-tritylation of 143 in 80% agueous
acetic acid, followed by ammonia treatment affords isopropylidene ribosylurea
(144). Application of Mitsunobu reaction on 144 with triphenyl phosphine and
diethyl azocarboxylate gives the desired cyclic urea 145 (X = O). Deacetonation of

10 1435 affords the target compound 146.

Alternatively, 2,3-O-isopropylidene-D-ribofuranose (147) is chiotinated with
thionyl chloride in anhydrous ether or tetrahydrofurane to give 1,5-dichioro-1,5-
dideoxy dertvative 148. Cyclization of 148 with urea or guanidine affords the
desired cyclic urea 1438 (X = O) or cyclic guanidine (145, X = NH). Deacetonation

15 of 145 affords 1486,
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A mixture of 10(1g. 1.71mmol), sodium azide (167 mg, 2.56 mmol), and N,Ndimethylformamide (28
mL) was stirred and heated at 110-120C for 3 days. The solvent was removed in vacuo, and the
residue purified by silica gel column chromatography with EtOAc in hexanes to give 14 as a solid. 1H
NMR (DM30-c16) 106 5.00 (dd, J = 4.4 and 14 Hz, 1 H), 5.33 (m, 2 H), 5.79 (t, J = 4.8 Hz, 1 H), 5.88
(d,J=5.2 Hz, 1 H), 6.44 (d, J = 9.6 Hz ,1H), &at®iee BH), 7.32-8,08 (m, 10 H), 8.14 (d, 1H, J=9.6).
EXAMPLE 7 9 5'- Cyclo -3- (13 D- dbofuranosyl) 1-deaza-8- azapurine -2- on (15, Y =K, Z = 15CH).

solid. 1H \' -d6)E 8(t J=4.4Hz, 1H),
4.13 (m, 1 H), 4.61 (t, J =4.2 Hz, 1 H), 4.83(dd, J = 4 and 13.6 Hz, 1 H), (d, J = 13.6 Hz, 1 H),
537 (d, J= 7.2 Hz, 1 H), B%6 (d, J = 4.8 (53 1 H), 6.21 (14 .36 (d, Jﬁ%eHz 1 H), 8.05 (d, J =
9,6 Hz, 1 H), Anal. Calc'd for C13H10N404: C, 48.00; H, 4:03; N, 22.39. Fdund: 48.10; H, 4.06; N,

CH2CI2 to give 15 20(5 62%) as at

olvent evaporated in
wite solid. 11-I-NMR
-5'b), 4.12 (1H, br q,

This invention is further illustrated in the Experimental Details section which
follows. The Experimental Details section and Examples contained therein are set
S5 forth to aid in an understanding of the invention. This section is not intended to,
and should not be interpreted to, limit in any way the invention set forth in the

claims which follow thereafier,

EXAMPLES

Melting points were determined in open capillary tubes on an Electrothermal
10 digit meliing point ap'para‘tus and are uncorrected. The UV absorption specira
were recorded on an Uvikon 931 (KONTRON) spectrophotometer in ethanot, 'H-
NMR spectra were run at room temperature with a Varian Unity Plus 400
spectrometer. Chemical shifts are given in ppm downfield from internal
tetramethylsilane as reference. Deuterium exchange, decoupling experiments, or
15 2D-COSY were performed in order to confirm proton assignmeants. Signal
multiplicities are represented by s (singlet), d (doublet), dd {doublet of doubiets), 1

(triplet}, g {quadruplet), br (broad), or m (multiplet). Alt J-values are in Hz. FAB
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(1H, dd, H-2', J = 2.4, J = 6.0 Hz), 5.32 (1H, t, J = 5.2 Hz), 5.83(1H, d, H-1', J = 2.8 Hz), 8.38 (1H, s,
H-6), 11.92 (1H, s, NH). EXAMPLE 9 5'-O-Benzoy1-2',3c0-isopropylidine-5-bromouridine. 15Benzoyl
chloride (7.7 mL, 66.1 mmol) was added dropwise to a solution of 17 (12 g, 33.0 mmol) in pyridine (50
mL) at OC. The mixture was stirred at room temperature for 3 h, and then the reaction was quenched
with ice-HERY AV 178 fRAEIShnRe PREUEVERRERIVpRIIRG ahd B VaPorated with
toluene. The residue was partitioned between EtOAc and HO. The organic ghase was 20 washed with

sat. NaHCS? o .%&?%JE?WQQ@M?%@%IV% WA BV AT B YITE a white solid (13.0
7 5.7 45 (IR B b7 (LI o S NS AP G P T GRTA G, . H

H-3', and H-4Y), 1.60 (3H, s, CH3), 1.39 RiGHR) o PAMBLEA0, o lorth
oo-(a PSR et cctidh 508 Bl Bl o oM E i cter (patmicngtn g o 1 26

mind) yas eied PG B BaRLUONGET I3, € B8 nmal in AYUEIA (ER bk OG; The

mixture was stirred at room 5 temperature for1 en the reaction was quenched with ice-H20

and stirredjong HADREIGEH Mnd %:é&ly@é&W.em%%q_@eaﬁ@a%w%kﬁﬁw@5@{H§ne- The

residue was partitioned between EtOAc and H20. The organic phase was washed with sat. NaHCO3

and H20 apg#rEaceranMaS4vdResaieRioNes eyaRaipindaansiBe residug Ryrified by a flash silica
gel column (eluant: 20% 10EtOAc in hexanes) to give 5'-O-4-fluorobenzoy1-2',3'-0-isopropylidine-5-

bromouridigigr-as@oyiesalid 28308m@4%) MHAHMR tRMSQHEE )R ldlA3«( tirbr s, NH), 8.14 (1H, s,
H-6), 8.03 (2H, dd, F-Bz), 7.35 (2H, dd like t, F-Bz), 5.79 (1H, d, H-1"), 5.14 (1H, d, H-2"), 4.92 (1H, br
dd, H-5'a) 62l ddf pindlistSiEidgradibGidiynddbyABO £ABEL s Sicdineliéti 4y, 1.50 (3H, s, CH3),
1.31 (3H, s, CH3). 15 EXAMPLE 11 5'-Azido-5'-deoxy-2',3c0-isopropylidine-5-bromouridine (19). To a
solutidh ofcd#(3ng, 8B Aitobtimdojipyriting @6dainies Guge € Ms@h (@ Tomei@tamnol) at 0C. The
mixture was stirred for 1 h at 0C, then another (0.12 ml) MsCIl was added, and the stirring continued
for 1 h. Theaslkenedas2oevdisr stet(hirthebdvapbratetiaiite toliriezafpds. and the residue
partitioned :

EXAMPLE 1

1-(2",3',5"-Tri~-O-benzoyi-§-D-ribofuranosyl)-5-nitropyridine-2{1H)}-one {10, R =

Bz, Y =H, Z=CH}.

15 5B-Nitro-2-pyridone (5.6 g, 40 mmol) in hexamethyldisiiazane (80 mlL) was refluxed
with a catalytic amount of ammonium sulfate for 6 hour in an argon atmosphere.
Excess solvent was removed in vacuo, and the residue dissolved in 1,2~
dichloroethane (100 mL). To this solution were added ’E~aceatyi—2',3,5-tri-0~benzoyl-
B-D-ribofurancse {19 g, 37.8 mmol) in anhydrous 1,2-dichloroethane (100 mL) and

20 1N solution of tin {1V) chloride in methylene chioride (7.68 mi.), and the mixiure
was heated under refiux for § hours. After being kept at room temperature
ovemight, the reaction midure was diluted with methylene chioride, washed with
saturated sodium carbonate solution, and filtered through a Celite pad. The
organic layer was separated, washed with water, dried, filtered, and concenirated

25  fo give a rasidue, which was crystaliized from ethanol. The product 10 (15.53 ¢,
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between C}-12C12 and H20. The organic layer was separated and dried over MgSO4, and the solvent
removed in vacua to give 18 as a pale yellow foam, which was used in the next step without further
purification. NaN3 (2.15'g. 33.2 mmol) was added to a solution of the foam in DMF (20 mL), and the
mixture heated for 2 h at 80C, After cooling to room temperature, the mixture was concentrated in
vacuo, and/ INerEEia a0 BitakaDY %Oﬁlﬂsth'mc&f%W@ia%ﬂ B Mol WeEHren) to give 19
(2.78 g, 86%) as a colorless solid which was crystalllzed from EtOH in hexanes. 1H-NMR (DMSO-d6)
11.96 (1H, ¥R 13978 [ ROTRE o5 1S Stagtiger-11), 5.13br dd, H-21), 4.76 (1H, dd, H-3", J = 4.4, ]
= 6.0 Hz), 4.15 (1H, q, H-4), 3.60 (2H, br d, H-5'a and H-51b), 1.49 (31-Il, s, CH3), 1.29 (3H, s, CH3).
EXAMPLE %%éé,}%y%lo-&(?,3cO-isopropyIidine P-D-ribofuranosyl)-8-azaxanthine (14, Y =OH, Z =
N). Method A. 10 A solution of 19 (1g, 2.58 mmol) in DMF (10 mL) was heated for 30 h at 110- 120C.
The solvent was removed |n yam and the residue partitioned between EtOAc and H20. The organic
layer was dridulsbepigeess Soras i sediid i pratel @By StatiNerEbidue ORécrystallization from
MeOH and EtOAc gave 14 (602 mg, 76%) as a colorless solid_ 1H-NMR(DMSO-d6) 5 11 67 (1H, s,
NH), &30(AHikbsetbflanibR1-(2tk &' %@%&ﬁ@ﬂﬁﬁﬁ&%m&a@wmlﬂﬁmﬂ@ HeAR,4.61 (1H, d, H-
5'b), 1.45 (3H, s, CH3), 1.24 (3H, s, CH3). Method B. A mixture of
51-0-benzByl 2% Bil-B-isOptop§liding-5-bramauhiding £3102:¢:Braa namal: anchital3 (8.2 g, 49.2
mmol) in DMF (30 mL) was heated for 3 days at 110- 20 120C. The mixture was cooled to room
temperaturel- hwashsiinsbhivieomdteripbreioyid by filtritennihedilvatcovasseontentrated to dryness,

and the residue worked up as above to give 14 (2.0 g, 79%). Method C.
dryness, and the residue triturated with EtOH to presipitate 10 (R = Y = H, Z = CH),

which was coliected and recrystallized from water (37 mg, 81%) as a white solid.
10 'H NMR (DMSO-dg+,0) 5 3.64 (m, 1H), 3.90 (m, 1H), 4.01 {m, 3H}, 5.89 (s, 1H),

6.48 (d, J = 10.4 Hz, 1 H), 8.12 (dd, J = 3.2, 10 Hz, 1H), 9.65 (d, J = 3.2 Hz, 1 H).

EXAMPLE 3
3-(B-D-Ribofuranosyl)-1-deaza-8-azapurine-Z-one ({1, R =Y = H, Z = CH).

Ambdure of 10 (R=Y =H, Z = CH, 64 mg, 0.2 mmel) and sodium azide (20 mg,
15 0.3 mmolj in DMF (20 ml) was stirred at 110-120°C for 12 h. The mixiure was
concentrated to dryness, and the residue purified by silica gel column
chromatography with 15% MeOM in CH,Cl, to give “ﬁ (R=Y =IH, Z=CH} (32 mg,
60%) as a solid. "H NMR (DMSO-ds) & 3.53 (m, 1H), 3.66 (m, 1H), 3.88 (m, 1H),
416 (dd, J = 5.2, 9.2 Hz, 1 H), 4.79 {m, TH}, 5.04 (d, /= 5.2 Hz, 1H), 5.17 {d, J =
20 6Hz, 1H),6.33(d, J=06Hz 1H),646(d, /=06 Hz, 1H), 8.01(d, J=9.6 Hz, 1
H). Anal. Calc'd for CioH12N4Os: C, 44.78; H, 4.51; N, 20.89; Found: C, 44.60: H,

4.53; N, 20.60.
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A mixture of 5'-0-4-fluorobenzoy1-21,3'-0-isopropylidine-5-bromouricline (23 g, 47.4 mmol) and NaN3
(4.6 g, 71.1 mmol) in DMF (500 mL) was heated for 5 days at 110-120C. The mixture was cooled to
room temperature, and the insoluble material removed by filtration. The filtrate was concentrated to
dryness, and the residue partitioned between EtOAc and H20. The organic layer was evaporated, and
the residue ich/AiditiZed from MeOH and EtOAc to give 19(9.04 g, 62.2%). The aqueous layer was
evaporated to dryness, and the residue combined to that obtained from evaporation of the mother

lavor of hesqianieiaysh AL RHLNeiY i iash SlgR askealimnhesanReBi8ne (42 9) 1o gve 2.1

0, 14.5% of 14 to make t al yield 76.7%. EXAMP
9,5'Cyclo- Bg@gggmb@fgg“anosyl) -8-azaxanthine (15, Y = OH, Z = N). A solution of 14(4.1 g, 13.35 mmol)
in THF:1IN HCI (1:1, 40 mL) was heated at 1590C for 4 h. Upon cooling the mixture to room

a0 g1 TSGR L NN O 0e °°'%ic’%%f'§awﬁ%§#ﬂ %%%%%a%ﬁgé 985 5. 74(1H

d, 2'-0OH, J 7.2 H 8 6H 4.80 (1H, dd,
H51, ng 1 %é%“w %‘ﬁ%%ﬂ”ﬁr)&g‘ ‘fﬁ% W?T%ﬂ&’i‘gpz%%%% §£L dﬁ‘ﬁ“fi z?j‘dE>(<AMPLE 14
6-Amino-1- f | 21) A 6- 1.00
o 571 M e R R A R ”%J% LR Bhich wo

dissolved inaphyd &ﬁ@azi’ﬁéléim!z%&%wﬁeiﬁ% 59@%5& added, bicarbonate, and the

1-0-acetyl-2,3,5-tri-O-benzoyl-D-ribose (1
precipiiates formed removed by filtration. The filtrate was concentrated in vacuo,

and the residue dissolved in CH,Cl, and washed successivaly with brine and

10 water. The organic layer was dried (Na,SQ4), concentrated, and the residue
purified by silica gel column chromatography to give 4.0 g (75%) of 12 (Y=H, Z =
CH).

"H NMR (CDCly) 8 1.28 (s, 3H), 1.57 (s, 3H), 3.80 (m, 1H), 3.90 (m, 1H), 4.34 (m
TH), 5.05 (m, 1H), 5.24 (m, 1M,), 6.54 (d, 1H, J = 5.6 Hz), 6.84 (d, 1H, J = 0.6Hz),

15 7.78(d, 1H, J =9.6 Hz).

EXAMPLE 5

3-(2°,3"-O-lsopropylidene-5'-O-tosyi-B-D-ribofuranosyt}-1-deaza-8-azapurine-2-

one {13, R = p-MePhS30,, Y =H, Z = CH).

To a solution of 12 (Y =H, Z = CH, 5.0 g, 16.9 mmol) in CH.Cl, (50 mL)'and

20 pyridine (50 mL) were added at 0°C p-dimethylaminopyridine (2.47 g, 20.3 mmo)
and TsCl (3.86 g, 20.3 mmol), and the mixture was sfirred at room temperature
overnight. The mixture was concentrated in vacuo, and the residue dissoived in
ethyl acetate (100 mL) and washed with water (2 x 50 mL). The organic layer was

dried (Naz50,), concentrated, and the residue purified by silica gel column

91



g, 3.81 mmol) and TMSOTT (1.66 mL, 8.59 mmol) at 0C, and the mixture was stirred at room temp. for
12 h and poured into saturated sodium bicarbonate solution with vigorous stirring. The mixture was
extracted with CHCI3 (150 mL x 2), the combined extracts dried (Na2S04) and concentrated in vacuo,

and the residue 10purified by silicqi#tel column chromatogr%f)()rlzy_”(CHCIB: MeOtL;{ = 3(?%%_)i 0.give
compound YOTER ST eR) S U RGBT (DB A5 ST 2 APy 16 (5, 1H),
6.18 (m, 3H), 5{;[%(15{ 1H), 4.65 gfn 3H§. EXAMPLE 15

1-(1',3, 5% Bén I VF P B otaBHEEE 6-diaminocytosine (23). 15 To a mixture of compound 21
(4.00 g, 7.01 mmol) in H20-AcOH (2: 20 mL) was added NaNO2 (551 mg, 7.99 mmol) at <10C, and
the mixturmwt %at -0C for 5h. After concentration of the mixture to dryness, the residue, crude
22, was washed with water and suspended in DMF-1120 (50:50 mL). Sodium hydrosulfite (4.88g,
28.03 mmol) was added to the suspension, and the mixture refluxed at 20150C for 2h during which
product wag prepipiiatedz Thaprodiialesiviele colifgiea dyfijiratien:and-dredunaezhi

give compound 23 (3.10 g, 73%, crude) as a green solid. EXAMPLE 16

6-AmiBo-3 R 'sd the fristhr HenBoy/ A8 -B-+ibhErartidy )12, dkop Rihe (24)Y Forg gotulidh.of 23 (2.23 g, 3.81
mmol) in anhydrous DMF was added POCI3 (0.58 mL, 6.22 mmol) slowly at room temperature. The

mixture wag ied.aL9T 8 PRSI oK AL NN PR ipig safaed. sodium

bicarbonate solution with vigorous stirririg for 10 min, and extracted with CH2CI2 several times. The

combined grgamicexaciserdried concentated; angd:pyrified on sositica,gebeobim(CHCI3: MeOH
= 30:1 to 10:1) to give compound 24 (270 mg, 12%). FAB HRMS estimated 594.1625, observed

594.1626 (MHfons3MdizdNa0s 1-EXAMP U tsidue purified by sifica gel column
6-Amino-342',3'-di-O-isopropylidene-p-D-ribofuranosyl)-2-oxopurine (25). A mixture of compound 24
(270 mg, Ochowatoghaphd wibuERAENS (Bxabkindelt 2k sviak StHregla (DB emperature for
24 hr, concentrated, washed with EtOAc, and dried by high vacuum to give a solid, which was treated
with 2(2- & 5.00(dd, J=4.4and 14 Mz, 1 H), 533 (m, 2 H), 5.78 (t, = 4.8 Hz, 1 H), 5.88 (d.

J=52Hz 1 H) 644 (d, J=9.6 Hz ,1H), 6.75 (s, 1 H), 7.32-8.08 (m, 10 H), 8.14

(d, 1H, J= 9.8).

EXAMPLE 7

8,5"-Cyclo-3-(f-D-ribofuranosyi)}-1-deaza-8-azapurine-2-one (15, Y= H, £ =

15 GH).

Compound 14 {Y = H, Z = CH, 160 mg, 0.35mmol) was treated with 0.5 M
methanolic sodium methoxide at room temperature for 1 hour, The mixturé was
‘neutraiized with acetic acid, concentrated in vacuo to dryness, and the residue
purified by silica gel column chromatography with 5% MeOH in CH.Cl, to give 15
20 (54 mg, 62%) as a white solid. "H NMR (DMSO-ds)} 5 3.98 {t, J = 4.4 Hz, 1 H), 4.13
(m, 1H), 461 J=4.2 Hz, 1 H), 4.83 (dd, J= 4 and 13.6 Hz, 1 H), 5.02 (d, J =

13.6Hz, 1 H), 637 (d, J=7.2Hz 1H), 576 (d, J=48Hz, 1H),6.21 (s, 1H),6.36
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15 dimethoxypropane and TsOH in acetone. The mixture was stirred at room temperature for 24 hr,
neutralized with triethylamine, concentrated, and purified on a silica gel column (CHCI3: MeOH =10:1)
to give compound 25 (95 mg, 65%) as a solid. EXAMPLE 18 20
6-Amino-5',9-cyclo-3-(2',3'-di-O-isopropylidene-p-D-ribofurangsyl)-2-oxopurine (26). To a solution of
compound(85-{Shq 0. 16 Bl e ATiShERADhAAbE ST B16 MO -DIRF was added
slowly DEAD&%}E pL, 0.16 nnmol) at room temperature. The resulting mixture was concentrated, and
the residué'Biftiéd %ﬁéili@a?gpeﬁ olgﬁfﬁ’éhréﬁg@b&a%ﬁ@K@H@éjfﬁweOH 10:1 to 5:1) to give compound
26 (20 mg, 55%) as a solid. 1H NMR (DMSO-d6) 6 7.56 (s, 2H), 6.42 (s, 1H), 4.83 (d, 1H, Jr 5.6 Hz),
4.76 (d, 1%&%2% z),4.71 (d, 1H, 3 = 13.6 Hz), 4.56 (d, 1H, 3 =5.6 Hz), 4.19 (dd, 1H, J = 3.6, 13.6
Hz), 1.45 (s, , 1.24(s, 3H). EXAMPLE 19 6-Amino-5',9-cyclo-3-(P-D-riboturanosyl)-2-oxo-purine
HCI salt (27)- Compound 26 (20 mg, 0.065 mmol) was dissolved in SN HCI (1 mL). After stirring at
room temperatretfeipaiy icenai wasdsiehtaied, co-evaporated with 10 MeOH (3 mL x 3), and
triturated with MeOH to give crystalline 27, which was collected and dried under high vacuum (10 mg,

51%).8JV AmexADidR8d rimo(lyenkt) 3 kb MEs MS0dds) ihn8atdhe s 1N k@iakdied, 1H), 8.15 (s,
1H), 6.12 (s, 1H), 5.80 (s, 1H), 5.45 (s, 1H), 4.73 (d, 1H, J = 14 Hz), 4.55 (m, 1H), 4.48 (dd, 1H, J =
3.6, 13.6 Hzifh4i A2H, i3 GABSHRN 8 edlimatod 30005081 ahse witd 25809.04B8& (M-H) for CioHi
ICINS04. EXAMPLE 20 5-Bromo-1-(2',3'-di-O-isopropylidene-P-D-ribofuranosyOuridine (28, R To a
solution offiidine (G900 48imiliol] MNVAEH(K30HNE fwasthitidctBe{ 888 ABI6/46 mmol)
dropwise at room temperature. The reaction mixture was

vacuo. The residue was crvstallized from EiOH to give 17 (137 g, 94%) as a while

solid. "H-NMR (DMSO-dg) 5 1.28 (3H, s, CHy), 1.48 (3H, s, CHg), 3.59 (2H, m, H-

10 5aand H-5'b), 4.12 (1M, br g, H-4"), 4.75 {1H, dd, H-3', /= 3.6, J = 6.4 Mz}, 4.82
(1H, dd, H-2", J=2.4, J=8.0Hz), 532 (1H, 1, J= 52 Hz), 5.83(1H, d, H-1", /=28

Hz), 8.38 (1H, s, H-6), 11.92 (1H, s, NH).

EXAMPLE 9
§-O-Benzoyl2' 3’ -O-isopropylidine-5-bromouridine.

15  Benzoyl chioride (7.7 mik, 66.1 mmol) was added dropwise fo a solution of 17 (12
g, 33.0 mmol} in pyridine (80 mL) at 0°C. The mixiure was stirred at room
iempera’[u-re for 3 h, and then the reaction was quenched with ice-H,0 and stirred
for a further 30 min. The solveni was evaporated and co-evaporated with toluene.
The res%dué was pariitioned between EiOAc and HpO. The organic phase was

20  washed with sat. NaHCO; and H:0 and dried over Mg804. The solvent was
evaporated to give a white solid (13.0 g, 84%) which was crystallized from MeOH.
'H-NMR (CDCI3) 8 8.70 (1H, brs, NH), 8.01 (2H, m, Bz), 7.65-7.45 (3H, m, Bz),
5.7’4.(1%{, d, H-17), 4.99 (1H, dd, 5’a), 4.91 (IH, dd, §'b), 4.65-4.53 (3H, m, H2', B-3,

.and H-4"), 1.60 (3H, s, CHa), 1.36 (3H, s, CHy).
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20stirred at room temperature for 15 hr, concentrated at 35C, and the residue co- evaporated several
times with ethanol to give a crystalline solid, which was dissolved in acetone (50 mL) containing
2,2-dimethoxy-propane (30 mL). The reaction mixture was stirred at room temperature for 2 hr and
concentrated to give a solid, which was washed with acetone-hexane (1:3) to afford compound 28 (R
=H)as a g%%’gﬁhg(éﬁe g, 69%). EXAMPLE 21
5',6-0-Cyclo-1-(2',3'-d1-0-isopropyliciene-p-D-ribofuranosyl)barbituric acid (29). To a solution of
potassium #GHétbxmedbanhyeied/ssetlasohiti miihwasiadadedueetpeund 28 (R =Ts, 2.0 g, 5.51
mmol) at room temp. under a nitrogen atmosphere. The resulting reaction mixture was refluxed for 2
hr, cooled, di i t , heutrali i i ified by silica gel
10 colunmégﬁgﬁnggg)%% hﬁ&%gﬂ;\%ﬁ% g?o&fgégyd?ff %?ﬁ%?ﬁfﬁ%ﬁ g% ggg)i%% {'Ega white solid.

UV A... 2000 EXBIRLE 2R B Aming-2.od-O-sRPRARMIEISLIRIDg (3ghhmixre o

compound 29 (1.00 g, 3.54 mmol) and NH4CI (500 mg) in liquid 15 ammonia was sealed in a steel
bomb zand;thepchaatedat 68, Griandeind Reraaatinpsaiinewassaqiedrconsentiaied: and purified
by silica gel column chromatography (CHCI3: MeOH =10:1) to give compound 30 (255 mg, 24%) as a
white foanfol¥ e 230 M. (Ve i MR LAMG 16 )0 0c60vish dible & 138 (Ss1dEeb.15(d, 1H, J
= 3.2 Hz), 5.38(t, 1H, J =4.4 Hz), 5.07 (dd, 1H, J = 3.2, 6.4 20Hz), 4.79 (dd, 1H, J .= 4.4, 6.4 Hz), 4.63
(s, 19), 4.0DEvedid)ed3:6E marafnc-BXAMBEE RBAC and HoO. The organic phase was
3-(2',3'-di-O-Isopropylidene-p-D-ribofuranosyl)xanthine (33).

washed with sal. NaHCO; and HoO and dried over MgSQ4. The solvent was

evaporated, and the residue purified by a flash silica gel coi_umr‘s {eluant: 20%

10 EtOAc in hexanes) to give 5-O-4-fluorobenzovi-2', 3'-C-isopropylidine-5-
bromouridine as a white solid (2.91 g, 87%). "H-NMR (DMSO-dg) & 11.93 (1H, br
s, NH), 8.14 (1H, s, H-6), 8.03 (2H, dd, F-Bz), 7.35 (2H, dd like t, F-Bz), 5.79 (1H,
d, H-17), 514 (1H, d, H-2"), 4.92 (1H, br dd, H-5'a), 4.52 (1H, dd, 5'b, J = 3.8, J =

11.6Hz), 4.46-4.39 (2H, m, H-3’ and H-4"), 1.50 (3H, s, CH3), 1.31 (3H, s, CHa).

15 EXAMPLE 11
5’ -Azido-5’-deoxy-2',3°-O-isopropylidine-5-bromouridine {18).

To a solution of 17 (3 g, 8.3 mmol) in dry pyridine (20 mL) was added MsCl (0.7
mi, 8.1 mmol) at 0°C. The mixture was stirred for 1 h at 0°C, then another (0.12
mi) MsCl was added, and the stirring continued for 1 h, The solvent was

20 evaporated and coevaporated with t-olue'ne 2 times, and the residue partitionad
between CH,Cly and H2O. The organic layer was separated and dried over
MgSQ,, and the solvent removed in vacuo to give 18 as a pale yellow foam, which
was used ?n the next step without further purification. NaN3 (2.15 g, 33.2 mmol)

was added 1o a solution of the foam in DMFE (20 mL.), and the mixture heated for 2
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To a solution of compound 30 (530 mg, 117 mmol) and NaNO2 (244 mg, 3.54 mmol) in dioxane-water
was added 5N HCI slowly to pH 5 at OC. The resulting mixture was stirred for 10 min, neutralized with
saturated sodium bicarbonate solution, and concentrated to give a purple solid. The solid was
dissolved in methanol, and insoluble material removed by filtration. The filtrate was concentrated, and
the residue’sBsBRdedipuraelinghip feareicmpembre 08 (igyesyas srnsBntraEedixure was
refluxed for 30 min 6b this time, the color of reaction 10solution-became green), concentrated, and
purified by §fft&4’y8 %mﬁ%ﬁ\‘@rﬁéﬁgﬁﬁﬁﬁ)ﬂ(@ﬁﬁ@%‘f?@&ﬂh%'ﬂ)%@ﬁ?@%o Yodled37(830 mg,

crude). Cr was suspended in diethoxymethyl acetate-DMF (10:10 mL), heated at 90C for 2 hr
and 150C L@%Mﬁﬁ ,gﬁjr?d%o%é% %{fggg}ﬁbﬁ%&%ﬁﬁﬁ% SRALWNIRE Yegdiesiplizasioned in water,

heated for 20.min, cooled, ne L ith. 15satur ium bicarbanate solution, concentrated,
and the res%)%%é pi)fﬂt%iﬁév‘g %%%n%%%@%&%%é&ﬁ%ﬁ%@%ﬁﬁ(@%&%mtgﬁz%% ?ogﬁive compound
33 (200 m %), E 1, 9:Cycle-3;(2,3,6i:0zisapropylidgne-P-Deri rapgsyl)xanthine
(34). % ngﬁétﬁmﬁ%ﬁgﬁﬁ%88%%%@&5@%%@?%%%5%@e“’ (“3?6*%%?’1.2 gmmol) in
anhydrous digxan | .19 ml., 1. ) ly, ature, and
the mixture@vﬁsaéﬁfavgégﬁ—?ﬁ%gggf%%é%%g m t’ﬁc@rﬁ%@ﬁ%ﬁidﬁ ?&ﬁ?ﬁr g)hr%%?ica gel
column (CHC13:10e0H = 10:1) to give compound 34 (85 mg, 68%) as a white solid. UV Amax 236,
265 nm (MESHMEHE NMR (DMSO-d6) 6 11.27 (s, 1H), 7.72 (s, 1H), 6.33 (s, 1H), 4.87-4.81 (m, 3H),
4.74 (d, 1H, J = 14.0 Hz), 4.19 (dd, 1H, J = 4.0, 14.4 Hz), 1.45 (s, 3H), 1.24 (s, 3H); 13C NMR

(DMSO-d6) 6-157,.149,/138: 118, 112, 3,81, 52, 26 24 EXAMPLE 25 N
o o oo g (SR 8 Bt Bt ateh o e (14 sohved in 5N

HCI (1), stigpd AL R8Mpethod A.

10 Asclution of 19 (1g, 2.58 mmol) in DMF (10 mL) was heated for 30 h at 110-
120°C. The solvent was removed in vacuo, and the residue pariitioned between
EtOAc and H20. The organic fayer was dried over MgSQ, and evaporated fo leave
a pale crystalline residus. Recrystallization from MeOH and EtOAc gave 14 (602
mg, 76%) as a coloriess solid. "H-NMR(DMSO-dg) 8 11.67 (1H, s, NH), 6.30 (1H,

18 s, H-1), 5.21 (1H, d, H-5'a), 4.85-4.89 (3H, m, H-2', H-3', and H-4"), 4.61 (1H, d, H-

5'b), 1.45 {3H, s, CHa), 1.24 (3H, s, CHa).

Method B.

A mixture of §-O-benzoyl-2',3-O-isopropylidine-5-bromouridine (3.82 g, 8.22

mmol} and NaN: (3.2 g, 49.2 mmol) in DMF (30 mL) was heated for 3 days at 110-
20 120°C. The mixture was cocled o room temperature, and the inscluble material

removed by filtration. The filirate was concentrated o dryness, and the residue

worked up as above to give 14 (2.0 g, 79%}).
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temperature for 2 hr, concentrated, co-evaporated with MeOH (3 mL x 3), and triturated with MeOH.
Compound 35 precipitated as colorless crystals, which were collected and dried under high vacuum
(14 mg, 98%). UV Amax 238, 264 nm 10(MeOH); 1H NMR (DMSO-d6) 6 11.26 (s, 1H), 7.84 (s, 1H),
6.18 (br s, 2H), 6.04 (s, 1H), 4.65 (d, 1H, J = 12.8 Hz), 4.51 (m, 1H), 4.39 (dd, 1H, J = 3.2, 13.6 Hz),
4.14(t, 1HMeEd f7) 4 041 (d, 1H, J = 4.8 Hz); FAB HRMS estimated 265.0573, observed 265.0574
(M-H) for CLOH9N405. EXAMPLE 26 155'-Azido-2',3c0-isopropylidene uridine (36). A mixture of
uridine (103966 ofifiel);2flsiotethexyiptopade{opnipyiantT50rb (atdditpi(CacgtéRiel (200 mL)
was refluxed for 1 hr, neutralized by triethylamine, and concentrated to dryness. The residue was
dissolved mranhyaird iéie{dyiane” ¢Hloride(1BORE) Gattamihganhydtedsguyiidave €80 mL) and TsCl
(13.0 g, 68.19 20mmol). The mixture was stirred at room temperature for 15 hr, diluted with methylene
chloride, widdhddvith détel wederseasrabimrgsodriedighisodiune salfatdccosetitiated, and dried by
high vacuum. The residue was dissolved in anhydrous DMF (100 mL) and treated with sodium azide
(5.809), 8TEIaHE &R AR IO PAtion ThEsiiliale was CEmSHIpesH YRS g8 urified by silica
gel column chromatography (CHC13:MeOH = 30:1) to give compound 36 (7.6 g, 55%) as a solid.
EXAMPLE%%@%%UB%%W@@W%W%% &ﬁﬁ%@@fﬁ%ﬁrﬁ%%%&%@of 36 (2.30 g,

7.44 mmol), ammonium cerium nitrate (6.5 11.89 mmol), and LiBr (768 mg, 8.84 mmol) in
anhydrousgﬁée%% R e YR irad ﬁ@ﬁ@éé‘?’é@@%&%&ﬁﬂ ,Qt%%ﬂgk?e ﬁfgeif?lg]mine, and

o e e e e sh e oo, I s over v

residue
obtained from evaporation of the mother liguor of the organic layer and purified by

10 a flash silica gel column (hexanes:EIOAc, 1:1.5) to give 2.1 g, 14.5% of 14 to make

the total vield 76.7%.
EXAMPLE 13

9,5%Cyclo-3{B-D-ribofurancsyl}-8-azaxanthine (15, Y = OH, £ = N).

A solutionof 14 (4.1 g, 13.35 mrﬁol) in THF:AN HCI (101, 40 mL) was heated at

15 80°C for 4 h. Upon cooling the mixiure to room temperature, white crystals
separated, which were collected, washed with cold water, and dried i1 vacuo to
give 15 (15 g, 98%). "H-NMR (DMSO-ds) 8 11.59 (1H, s, NH), 5.98 (1H, 5, H-1'),
5.74 (1H, d, 2-OH, J = 4.8 Hz), 5.39 (1H, d, 3-OH, J = 7.2 Hz), 4.98 (1H, d, HS'a, J
= 13.8 Hz), 4.80 (1H, dd, H5'b, J = 13.6, J = 4.0 Hz), 4.56 (1H, dd iike {, H-2), 4.16-

20 4.06 (2H, m, H-3" and H-4').
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10purified on a silica gel column (CHC13:MeOH = 30:1) to give compound 19(2.23 g, 77%). 1H NMR

(CDCI3) 58.80 (br s, 1H), 7.67 (s, 1H), 5.66 (d, 1H, J = 2.0 Hz), 4.86 (m, 1H), 4.73 (m, 1H), 4.21 (m,

1H), 3.59 (m, 2H), 1.51 (s, 3H), 1.29 (m, 3H). EXAMPLE 28

6-Amino-%%lﬁ%%(o-g',3c0-isopropylidene uridine (37). 15A mixture of 33 (1.839, 4.70 mmol) and
osphin

triphenylp f.48 g, 5.64 mmol) in anhydrous THF (50 mL) was stirred at room temperature for

6 hr. Then 29% ammonium hydroxide (20 mL) was added, and the mixture stirred at room temperature
for 15 hr, Bohvdnedtdd, 8h8 doididsnand-fithistofaermrahsstndngdd tissolved in anhydrous

pyridine, refluxed for 1 hr, concentrated, and the 20residue purified by silica gel column

chromatogy it Bl it iost sl o Oy e (D R eiVLIS N R(DMSO«h)€d0.85 (s, 1H),
6.86 (d, 1H, J = 6.8 Hz), 6.37 (S, 1H), 4.91 (s, 1H), 4.73 (dd, 2H, J = 5,6, 8.0 Hz), 4.45 (s, 1H), 3.34 (m,

1H), 2.99 sk AH .aha L3rd sty albd 1 gk, Solb, (BhH wdXAMRlEd 28 anhydrous CH.Ch
6-diarnino-2',3'-0-isopropylidene uridine (38). To a solution of 37 (900 mg, 3.04 mmol) and NaNO2
(392 g, 5168wnindibithdiexaniedH2erE832®R el ) Wascddet T.6rc- B Obarod-Sloivhsto{pids. The
mixture 5 was stirred for 10 min, neutralized with saturated sodium bicarbonate solution, and
concentraged. TheresidasdVad EEONebinmvaler DRl @Y thig neefexedvith WaS204 (1.60 g,
910 mmol) for 40 min, concentrated, and the residue purified by silica gel column chromatography
(CHCI3: MEORI=S: 19an ¢ireméa(sbd @ evs)rad nkniek 288 disPdiE0 HEA FORRIR (DMSO-d6) 6
11.20 (br s, 1H), 6.75 (d, 1H, J = 106_8 Hz), 6.39(s, 1H), 5.46 (s, ZH%—L 4.78 (d, 1H, J = 5.6 Hz), 4.68 (d,
1H, J = S.WW&M@(&@FW% ;@W(ﬁgi-lm;@m“(@, WED extracted with CHCl; (150 mL x 2),

the combined exiracts dried (Nax504) and concentrated in vacuo, and the residus
10  purified by silica gel column chromatography (CHCIs: MeOH = 30:1) to give
compound 21 (1.18 g, 54%) as a white foam. 'H NMR (DMSO-dg) & 7.97-7.40 (m,

15H), 6.18 (5, TH), 6.18 (m, 3H), 5.10 (s, 1H), 4.65 (m, 3H).

EXAMPLE 15
1-{1°,3°, 5" tri-O-Benzoyl-B-D-ribofuranosyl})-5,6-diaminocytosine {23).

15 To a mixture of compound 21 {4.00 g, 7.01 mmol} in HyO-AcOH (2: 20 mL) was
added NaNQs (651 mg, 7-98 mmol) at <10°C, and the mixture was stirred at ~0°C
for 5h. After concentration of the mixiure o dryness, the residue, crude 22, was
washed with water and suspended in DMF-H,0 (50:50 mL). Sodium hydrosulfite
(4.88g, 28.03 mmol) was added io the suspension, and the mixture refluxed at

20 150°C for 2h during which product was precipitated. The precipitates were
collected by filiration and dried under high vacuum fo give compound 23 (3.10 g,

73%, crude) as a green solid.
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EXAMPLE 30 5',9-Cyclo3-(2',3LO-isopropylidene+D-ribofuranosyl)xanthine (34) from 38. A solution of
38 (800 mg, 2.70 mmol) in anhydrous mixture of DMF and diethoxy 15acetate (5:5 mL) was heated at
90C for 2 hr, neutralized with saturated sodium bicarbonate solution, concentrated, and purified by
silica gel column chromatography (CHC13:MeOH = 5:1) to give compound 34 (554 mg, 67%).
EXAMPLE 5%%@%&@-3-(2',3'-O-isopropylidene-P-D-ribofuranosyl)-6-thioxanthine (39). 20 A mixture
of 34 (50 mg, 0.13 mmol) and Lawesson's reagent (64 mg, 0.16 mmol) in 1.2-dichloroethane (8 mL)

was refluxeghfonitiniB-{eqptenaied anebihepesidue mundied iy Silea galislyay) chromatography
(CHC13:MeOH = 30:1) to give compound 39 (34 mg, 78%). EXAMPLE 32

',9-Cyclo- 1)-64hi hine, (40). luti y O, nol) i
B A SR ST

i dwi i f 40 | d _dried under high v 1
o, 50%). {17 Ao J26. 31 s (GO L N DM ECTILT & 2371800 P8 1H). 608 (5.
F oS oMbt B0 Ui i S Bl B RAIARH B A, I 18 1)

4.04(d, 1H, J = 5.2 Hz). 10 EXAMPLE 33 5',9-Cyclo-3-(fI-D-ribefuranosyl)-2-oxo-purine (41). A mixture
of 34 (110 sog.bAGITVAILANES LAWRRPRIY'S 65AFR T 2Q:MaD Sl duodighiprgethane (15

mL) was refluxed for 15 hr, concentrated, and the residue purified by silica gel column chromatography

(CHC13:Meak cofibitoghuniOe(@mi brogsanitich was deated withhRangrdi 62.290.m0) in water (5

mL) at reflux for 1.5 hr. The mixture was cooled, filtered, concentrated, and purified by silica gel

column chgehatbgraplyHCH GAS MeH0=110: 1 vA) te giveafrsiame Jatermepiate; 29,
FAB HRMS estimated 594.1625, observed 594.1626 ( M-H) for CasHaaNsOs.

10 EXAMPLE 17
6-Amino-3-(2,3-di-O-isopropylidene-B-D-ribofuranosyl}-Z-oxopurine {25).

A mixture of compound 24 (270 mg, 0.453 mmol) and n-butylamine (3 mL) in
MeOH (20 ml.) was stirred at room temperature for 24 hr, concentrated, washed
with EtOAe, and dried by high vacuum to give a solid, which was treated with 2,2-
16 dimethoxypropane and TsOH in acetone. The mixture was stirred at room
temperature for 24 hr, neutralized with triethylamine, concentrated, and purified on
a silica gel column (CHCls: MeCH =10:1) fo give compound 25 (95 mg, 65%) as a

soiid.

EXAMPLE 18

20 6~Amina=«5’,9»{:3;@::%@-3-(2’,3’~—di-O-ESOpmpyEEdene-ﬁul)»ribofuranasyg}u2~0x0~

?p.ur’éne {26},

To a solution of compound 25 (50 mg, 0.16 mmol) and triphenylphosphine {42 mg,

0.16 mmol) in DMF was added slowly DEAD (25 pk, 0.18 mmo!) at room
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which was dissolved in 5N HCI (2 mL) and stirred at room temperature for 2 hr, concentrated,
co-evaporated with MeOH (3 mL x 3), and triturated with MeOH to 20 crystallize 41. After being dried
under high vacuum the yield of 41 was 35 mg, 39%. 1H NMR (DMSO-d6) 6 8.59 (s, 1H), 7.57 (s, 1H),
5.96 (s, 1H2, 4.72 (d, 1H, J = 14 Hz), 4.47 (s, 1H), 4.36 (m, 1H), 4.12 (m, 1H), 3.98 (d, 1H, J = 5.2 Hz).
EXAMPLE SHBEG R o P ESBHlag S EsR NS SNReYRIesL et iRsnssyie wite 4. To a
mixture of 37. (100 mg, 036 mmol) and NaOA mg, 0.42 mmol) in EtOH (2 mL) were added
chloroacetgf% 98&%%%%@,’WH@B'&’@@&%@%&}1368%8.t?t%"ﬁﬁ&ﬁ%@%’% fftluxed for 15
hrs, concentrated, urified by sili c aphy.( 3: =.10:1 v/v) to give
42 (35 mg%@%ﬁ’&ggﬁrﬁgxaﬁ’g%zg’c @m%%%ﬁgk%%{ﬁs%{h%%%ﬁ?%éﬁo d, 1H, J =
2.8 Hz), 6.89,(d, .1 =2. 6 N .6 2H, JF5 8.H 7 H), 3.64 (m,
140,354 (it by e b, Ty o ARt £ s Tr ISR R Y

5',9-Cgclo-g:g§%a@$1g:§éla:rj!@fgrg@p@’y%%nstgﬂeg (ﬁg)gsAﬁgg;Jg%%@g_g 35 mg, 0.11 mmol) in 70%

trifluoroacetic acid (2 mL) was stirred at room témperature for 24 hr,"¢onéentrated, and purified by
silica gel column chromatography (OHCI3: MeOH =10:1 v/v) to give compound 43 (22 mg, 73%). UV
15 Arn" 25&;228MA @MeOH); 1H NMR (DMSO-d6) 5 8.30 (s, 1H), 7.39(d, 1H, J = 2.4 Hz), 6.89 (d, 1H,
J = 2.4 Hz), 6.68 (s, 1H), 4.38(s, 1H), 4.08(d, 1H, J = 6.0 Hz), 4.02 (d, 1H, J = 6.4 Hz), 3.59 (dd, 1H, J

= 6.0, 14.0:Hg), 3.3%-(auried by salvent 1H), EXAMPLE 36 _
201-(2',3'%%ﬁ%%én’%oﬁ%ﬁ%%ﬁb@B?%Pﬁ%g%%ﬁ%ggicy?g”é{f eu(ﬁgf. %\Qngﬁgf( El%zcn)?? B-aminouracil (2.00 g,
15.74 mmal) and HMDS (20 mL) was refluxed for 3 h and concentrated to give a solid, which was
dissolved i HRRYHBLEECER €119 @OFALYIDOY, Bigs-Ssselvas) inpatbitb ddyrade Al (5H19910.51 mmol)

and
~ at room temperature for 2 hr, the mixiure was concentrated, co-evaporated with

10 MeOH (3 mix 3), and friturated with MeOH o give crystalline 27, which was
collected and dried under high vacuum (10 mg, 51%). UV Anax 245, 287 nm
{(MeOH); "H NMR (DMSO-ds) & 9.81 (br s, 1H), 8.65 (brs, 1H), 8.15 (s, 1H), 6.12
(s, 1H), 5.80 (s, 1H), 5.45 (s, 1H), 4.73 (d, 1H, J = 14 Hz), 4.55 (m, 1H), 4.48 (dd,
1H, J = 3.6, 13.6 Hz), 4.12 (m, 2H); FAB HRMS estimated 300.0500, observed

15 300.0487 (M-H) for CioH11CINsO,.

EXAMPLE 20
S5-Bromo-1-(2',3'-di-O-isopropylidene-B-D-ribofuranosyljuridine (28, R = H).

Tq a solution of uridine (5.00 g, 20.48 mmol) in water (130 ml.) was added Br,

(1.36 mL, 26.46 mmol) dropwise at room temperature. The reaction mixture was
20 stirred at room temperature for 15 hr, concentrated at 35°C, and the residue co-

evaporated several times with ethanol to give a crystaliine solid, which was

dissolved in acetone (50 mbL) containing 2,2-dimethoxy-propane (30 mi.). The

reaction midure was stirred at room temperature for 2 hr and concentrated to give
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TMSOTTf (4.56 mL, 23.59 mmol) were added to the solution at 0C, and the mixture was stirred at room
temperature for 12 h. The mixture was poured into saturated sodium bicarbonate solution with
vigorous stirring, extracted with CHCI3 (300 mL x 2), dried (Na2304), and purified by silica gel column
chromatography (CHC13:MeOH 5 = 30:1 v/v) to give compound 49 (4.94 g, 82%) as a white foam. UV
Amax 270 fiFPifedinh nanvashietitr-assonolsenai)3Btociosd trmpswy €BR15 s, 2H), 6.06
(m, 1H), 4.62 (m, 2H), 4.64-4.46 (m, 5|}). EXAMPLE 37

5-Amino-1H238 &1y 82l 3 AA-8188 /b ofuranosyl)-6-oxocytosine (50). 10 To a solution of 49 (238
mg, 0.42 mmol) in AcOH-H20 (5: 0.5 mL) was added NaNOZ2 over 10 min at -5C. The resulting mixture
was stirrec%%& for.J, hr, concentrated, and co-evaporated with toluene to give a purple solid, which
was treated with acétic acid (5 mL) and Zn dust (460 mg, 7.04 mmol), and heated at 70C for 30 mm.
The mixture was filtered through a Celite pad, and the filtrate 15concentrated to a slightly green solid,
which wasérifieeisysilidd gt ebldrifrarromtitssredhi irdesnrenlkarbitwiv)asidive compound
50 (217 mg, 88%). EXAMPLE 38 1-(2',3',5cTri-O-benzoyl-p-D-ribofuranosyl)xanthine (51). A mixture of
50 (4.%0 o; 33 mmol), TsOH (catalytic amount), and 20 triethylorthoformate (90 mL) was stirred at
room temperature for 24 hr, concentrated, and the residue purified on a silica gel column
(CHC13:MBOH solfidn\ii ptasgivie:colmidunchdid 2:26hgySR%es. o ESAMPLED 381 ) was added
1-(3-D-Ribofuranosyl)xanthine (52). A solution of compound 51 (500 mg, 0.84 mmol) in saturated
methanolicammonibZi (R = Ts, 2.0 g, 5.51 mmol} at rocom temp. under a nitrogen

atmosphere. The resulling reaction mixture was refluxed for 2 hr, cooled, diluted
with water (100 mlL}, neulralized by acetic acid, exiracted, and purified by silica gel
10 cotunm chromatography (CHCIs: MeOH =30:1) to give compound 29 (1.0 g, 64%)

as a white solid. UV Apax 260 nm (MeOH).

EXAMPLE 22
&-Amino-2’ 3'-di-O-isopropylidene uridine {30).

A mixture of compound 29 (1.00 g, 3.54 mmol) and NH4CI (500 mg} in fiquid

15 ammonia was sealed in a steel bomb, and then heated at 80 °C for 15 hr. The
reaction mixture was cooied, concentrated, and purified by silica gel column
chromatography (CHCI;: MeOH =10:1) fo give corﬁpound 30 (255 mg, 24%) as a
white foam. UV Agax 270 nm {(MeOH); "H NMR (DMSO-dg) 8 10.80 (s, 1H), 6.85 (s,
Z2H), 6.15(d, 1H, J=3.2 Hz), 5.38 (t, 1H, J=4.4 Hz), 5.07 (dd, 1H, J=3.2,6 .4

20 Hz), 4.79(dd, 1H, J = 4.4, 6.4 Hz), 4.63 (s, 1H), 4.00 (m, 1H), 3.61 (m, 2H).
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(20 mL) was stirred at room temperature for 24 hr, concentrated to dryness, washed with EtOAc
several times, and dried to give 52 (200 mg, 84%) as a white solid. EXAMPLE 40
1-(2',3cDi-O-isopropylidene-p-D-ribofuranosyl)xanthine (53). A mixture of 52 (150 mg, 0.53 mmol),
2,2-dimeth§[><?§ﬁ§%9 e (2 mL), acetone (15 10 mL), and TsOH (catalytic amount) was refluxed for 2 hr,
cooled, ne ¢ iethylamine, concentrated, and purified by silica gel column chromatography
(CHC13:MeOH = 10:1 to 4:1 v/v) to give 53 (100 mg, 58%). EXAMPLE 41

5',2-0-Cycl8-{2 (2 - RiriBdfppnosyljdanthiid(BhoilbTnas ghikothbfes @ 8150 mg, 0.46 mmol) and
triphenylphosphine (400 mg, 1.53 mmol) in anhydrous DMF (3 mL) was added DEAD (0.24 mL, 1.52

mmol). and the mpdusiarAiFebARRAM STRSEANYS (97 IhdPBREMIARS, 3 Byified by siica
gel column chromatography (CHC13:MeOH = 30:1 to 10:1 v/v) to give 129 mg (92%) of the

2,500 bemanyiniad o s (042 BN SABMSILPOSH DOl (B, stired o room
mL X

temperature for 2 hr, concentrated, co-evaporated with MeOH (4 3), and triturated with MeOH.
Compeund-e4,trygtallizec angswag soliecter-amd sisiashinse gk yaesen {8dung, 31%). EXAMPLE

42 1-(27-0-Acetyl-3'-deoxy-5c0-methoxycarbonyl-P-D-erythropentofuranosyl)-5- nitropyridine-2-one
(56). TMS-tifiaten(iz#86ointich 2amthabnt énegipaivesgds edhiashessildatd2=hyidrexy-5- Snitropyridine
(997 mg, 7.1 mmol, 1.3 eq.) and 1,2-di-O-acety1-5-0-carbomethoxy-3- deoxy-xylofuranose (55, 1.512
0, 5.47 mnibstieer) imranthadol sidd2ndidhidroethane! (B5mipateCifdtesolltierdilivatestiaed at room
temperature for 8 h. NaHCO3 and CH2CI2 were added, and the resulting mixture partitioned. The
organic lay&rwasijbehethiithowatdd udrivgiiNaRsi0n walnd die sotatmisuigniovesh it 10vhgua. The
residue was chromatographed on a column of silica gel with a
5.74 mmol). The mbdure was refluxed for 30 min {(by this time, the color of reaction
10 solution became green), concentrated, and purified by si%ica'gel column
chromatography (CHCl: MeCH =5:1) to give compound 32 (830 mg, crude).
Crude 32 was suspended in diethoxymethyt acetate-DMF (10:10 mL), heated at
80°C for 2 hr and 150°C for 30 min, and cooled. After concentration in vacuo, the
residue was dissolved in water, heated for 20 min, cooled, neutralized with
15 saluraled sodium bicarbonate solution, concentrated, and the residue purified by

silica gel column chromatography (CHCls: MeOH =10:1) to give compound 33 (200

mg, 35%]).
EXAMPLE 24

5’,Q-chﬂ0-3-(2,3-sdi~0»ésg§3mpy§idene»«{s«D-ﬁbbfuranosyi}mnthina {34).

20 Toa mixture of 33 (130 mg, 0.40 mmol} and triphenylphosphine (316 mg, 1.21
mmol) in anhydrous dioxane (6 mL) was added DEAD (0.19 mL, 1.21 mmot) slowiy
at room temperature, and the mixture was stirred at room femperature for 30 min,

~concentrated, and purified on a silica gel column (CHClz:MeOH = 10:1) to give

compound 34 (85 mg, 68%) as a white solid. UV Apa 236, 265 nm (MeOH); *H
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stepwise gradient of MeOH (0 to 1%) in CH2a2 to give compound 56 as a pale yellow solid (1.550 g,
79.5%). EXAMPLE 43
1-(2',5'-Di-O-benzoy1-3'-deoxy43-D-erythropentofuranosyl)-5-nitropyridine-2- 150ne (58). To a solution

f56 (512 in M I d MeO , [, 2eq.). Th
_(s)olutién wg@%%k[g@%é}n&t@?ﬁ%ﬁgtﬁ r%ﬂo%?%%r%ﬁ%%%%ﬁtrﬁﬁ@e% y%?ga mh %}f?g%N Cl iccl)_lttione
in water to{éﬁ)l—l1 }Z: ]hze ﬁ?bVﬁQé M%f?ﬁao%?ﬂ wzvg%:o? @Q%Qggﬁ%dﬁ’f Wﬂg% |q>§_, ﬁi&us obtained
c} | times with an n ne w.

was 20 coeVaporated sever ydrous toluené! Pyrid s added, and the mixture
cooled to QG BeRRRYISIATiIe 0 503 M d.36mMo), eg) vias afded dropwise, and the solution
stirred at room temperature for 2 h. Pyridine was removed in vacuo, and the residue, dissolved in
CH2CI2, was successively washed with a saturated NaHCO3 solution and water. The organic layer
was dried {XNaRB04)z2filtered, and the filtrate concentrated in vacua The residue was
chromatographed on a column of silica gel with a stepwise gradient of MeOH (0 to 1%) in CH2CI2 to

afford.58 I id (vi 9%0). MPLE 44 5

9,5‘-g§yclo%§"-% - %ﬁ%%?%%%%’fﬁg%@%%ﬁ%ﬁ%t furanosyl)-1-deaza-8- azapurine-2-one (59). A
solution of 58 (650 mg, 1.4 mmol, 1 eq.) in DMF (22.4 ml) was stirred at 115C for 4 days in presence
of sodium%@fﬁ@f{t{@@%ﬁd?@.%rﬁdﬁm@awﬁ Ig8RIERR ad tdthdvddhivaldigd #doNHCI and
CH2CI2 were added__ The two layers were 10 separated, and the a&ﬁuﬁeous phai:e extracted with

CH2ClI2. TRE'BSHBIfRPbigRnitIaserlalErk ey INAPRS 4y dhliebhtbntfietth 98ua. The residue
was chror’g togra h%ﬂ? lumn of silica,gel with an isocrati o{ 50% E O,éAc ir}‘h%xane to afford 59
25 & white SOTd (1t LT, L08R A e D 5 ColorIess crystals, which e
9,5LCyclo-3;(3'-deoxy43-D-grythropentofuranosyl)-1-deaza-8- rNes2s0 . To a solution of
o (2o B e R R L R ¥ hven 258726400

16 (MeOH); "H NMR (DMSO-ds) 6 11.26 (s, 1H), 7.84 (s, 1H), 6.18 (br s, 2H), 6.04 (s,

1H), 4.65 (d, 1H, J =12.8 Hz), 4.51 (m, 1H), 4.39 (dd, 1H, J=3.2, 13.6 Hz}, 4.14 (1,
1H, J = 5.2 Hz), 4.041 (d, 1H, J = 4.8 Hz); FAB HRMS estimated 265.0573,

observed 265.0574 (M-H) for CqoHgN4Os.

EXAMPLE 26
15 B.pfride-2",3-O-isopropyiidene uridine (38).

A mixture of uridine (10 g, 44.60 mmol)}, 2,2-dimethoxypropane (6 mbL), and TsOM
(cat amt) in acetone (200 mL) was refluxed for 1 hr, neutralized by triethylamine,
and concentrated to dryness. The residue was dissolved in anhydrous methylene
chioride (130 ml) containing anhydrous pyridine (50 mL}) and TsCl (13.0 g, 68.19
20 mmol). The mixfure was stirred at room temperature for 15 hr, diluted with
methylene chioride, washed with cold water several times, dried with sodium
sulfate, concenlrated, and dried by high vacuum. The residus was dissolved in
anhydrous DMF (100 mlL) and treated with sodium azide (5.80 g, 89.22 mmol) at

80°C for 24 hr, The mixture was concentrated, and the residus purified by silica
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(80.5 mg, 1.5 mmol, 2 eq.), and the mixture was stirred at room temperature for 1 h. MeONa was
neutralized by addition of 6N HO to pH 7. Silica was added, and 20 the solvent removed under
reduced pressure. The residue was chromatographed on a column of silica gel with a stepwise
gradient of MeOH (0 to 4%) in CI-12C12 to afford 60 as a white solid (yield 108 r’? ,.062%). EXAMPLE
26 9,5 Cy a6l mbmn. crararemaRe (65 Gis MEokloASH bR RETTER S (0 mmol) in
CH2C12 (10 mL) were added Et3N (1mL), DMAP (224 mg, 2 mmol), and methanesulfonyl chloride
(0.2 rriL, 03B ARBIFHAd the resulting solution was stirred at R'T for 5 h. EtOAc (40 mL) was added,
and the diluted solution washed with H20 (5 mL) and dried (Na2S04). The solvent was removed to
dryness. E%mg ti.;rude 62, was unstable and used directly in the next step by dissolving it in DMF
(10 mL). To'the solution was added NaN3 (130 mg, 2 mmol), and the mixture stirred at 80C for 4 h.
Solids were 10removed by filtration. The filtrate was concentrated to dryness, and the residue purified
by silica g&i detigmhromaragraphytoss mrtidsre pding ({Yi0e° 588 (63) as a syrup which was
dissolved in DMF (5 mL). The resulting solution was heated at 120C for 3 days. Solvent was removed,
and the repidyRnemide 5 Es gligsoiveshiol Viedirhmmh)cdduthenBritaioh Sgas, ddd@#l HCI (1 mL, 2N in

Et20), and 15 the solution was stirred at room temperature for 5 h. Solvent was removed, and the
residue purifies! paraddiisa(geRoolnnsrBilovadiicar: @G| 2 oyt 5148 anbolebél5 mg, 40.4%
from 61). 1H NMR (CDCI3) 6 11.53 (br, 1H, NH, D20 exchangeable), 5.21 (d, J = 3.6 Hz, 1H, OH, D20
exchangedtsiale s 4B Jicr 56 Hin, O DEoEkbhdrigbaiie)ing 83 @coregbREA H! e-H), 4.77 (d, J =
12.8 Hz, 201H, 2'-H), 4.54 (dd, J = 4Hz, 13Hz, 3'-H), 3.85(m, 2H, 5'-H), 2,67(m, 1f-1, 4'-H), 1.78, 1.29
(m, 2H, 4"seRidue was partitioned between water and chioroform. The agueous layer was

exiracted with chloroform, the combined exiracts concentrated, and the residue

10 purified on a silica gel column (CHCI;:MeOH = 30:1) fo give compound 18 (2.23 g,
77%). 'H NMR (CDCl3) & 8.80 (br 5, 1H), 7.67 (s, 1H), 5.66 (d, 1H, J = 2.0 Hz},

4.86 (m, 1H), 4.73 (m, 1H), 4.21 (m, 1H), 3.59 (m, 2H), .51 (s, 3H), 1.29 (m, 3H).

EXAMPLE 28
6-Amino-5° 8-N-cyclo-2’,3-O-isopropylidene uridine (37).

15 A mixture of 33 (1.83 g, 4.70 mmol) and triphenylphosphine (1.48 g, 5.64 mmol} in
anhydrous THF (50 mL) was stirred at room temperature for 6 hr. Then 28%
ammonium hydroxide (20 mL) was added, and the mixture stirred at room
temperature for 15 hr, concentrated, and co-evaporated with toluene. The residue
was dissolved in anhydrous pyridine, refluxed for 1 hr, concentrated, and the

20 residue purified by silica gel column chromatography (CHCl:MeOH = 10:1} o give
37 (1.10 g, 82%). 'H NMR (DMSO-dg) 5 10.85 (s, 1H), 6.86 (d, 1H, J = 6.8 Hz},
6.37 (s, 1H), 4.91 (s, 1H), 4.73 {dd, 2H J =58, 8.0 Hz), 4.45 (s, 1H), 3.34 (m, 1H),

2.89(d, TH, J =13.2 Hz), 1.41 (s, 3H), 1.26 (s, 3H).
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EXAMPLE 47 3,5cCyclo-4-(P-D-ribofuranosylyvic-triazolo[4,5-b]pyridin-5-thione (70) A mixture of 14
(R'=R"=Bz,Y=H,Z=CH, 2.0 g, 4.36 mmol) and Lawesson's reagent (2,0 g) in anhydrous
dichloroethane (85 mL) was heated under reflux for 5'16 h. The mixture was concentrated to dryness,
and the residue treated with saturated methanolic ammonia (80 mL) at room temperature for 12 h.
Yellowish Emﬁééggvere collected by suction and washed with MeOH and crystallized from hot
water to give 70 (910 mg, 78%) as a yellowish solid. 1H NMR (DM80-d6) 6 4.13 (t, J = 4.4 Hz, 1 H),
4.23(m, 1 H)§4H0¢cib-8A68dianinbh2'420-Ditkbrs i Bdk@andridifeH 28] H), 5.11 (d, J = 14 Hz, 1 H),
543(d,J=7.2Hz,1H),584(d,J= 52Hz,1H),688(s,1H),731(d,J=88Hz,1H),7.96(d,J=

9.6 Ha, 1 i, Mgl RS9 EAPHIDNADPRAGH A 0555 705 Mo iounc: C. 44.25: H.

3.94; N, 20,58. EXAMPL

153,51 Cylestrrblo A3 aluanon rtriaed aORLIBYIiRsSne (Fhe Yoot A mixure of
15(R'=R"=H, Y =H, Z=CH; 94 mg, 0.38 mmol) and Nchlorosuccinimide (69 mg) in 3.5 mL of

glaciad acefigsagicaamrefixmd fr 3Rl Whe Sixiewassoncsiiaied e diyness, and the residue
purified by silica gel 20 column chromatography with 1-2% MeOH in CH2CI2 to give 71 (X = Cl) (43

mg, 40.2%pascnsatish. 1 FANMRI (@ MSOHdE6A or(lvdiar-DNE 41bth dbb)(meflokbd 482 (t, J = 4.2 Hz,
1 H), 4.89 (dd, J = 4 and 13.6 Hz, 1 H), 5.05 (d, J = 14 Hz, 1 H), 5.42 (d, J= 7.6 Hz, 1 H, D20

exchangebible); 5,84 Gl J,948 izl Fy R20véxchangedhityd 6281 ($1clrbbidBub 4usfidd) by EXAMPLE 49
35-Cyclo-6-bromo-4-(11-1)-ribofuranosyl)-vic-triazolo[4,5-b]pyridin-5-one (71, X = Br).
silica gel column chromatography (CHCl: MeOH =5:1) to give 38 (800 mg, 88%).
UV Amax 288 nm (MeCOH); 'H NMR (DMSO-de) 5 11.20 (brs, 1H), 6.75 (d, 1H, J =
10 B6.8Hz), 6.39 (s, 1H), 546 (s, 2H), 4.78 (d, 1H, J = 56 Hz), 4.68(d, 1H,J=55

Hz}, 4.44 (s, TH), 3.51 (m, 1H), 2.91 (m, 1H).
EXAMPLE 30
5 ,9-Cyclo-3-(2',3’-O-isopropylidene-B-D-ribofuranosylixanthine {34} from 38,

A solution of 38 (800 mg, 2.70 mmoi) in anhydrous mixture of DMF and diethoxy
15 acetate (5:5 ml.) was heated at 80°C for 2 hr, neutralized with saturated sodium
bicarbonate solution, concentrated, and purified by silica gel column

chromatography (CHCI:MeOH = 5:1) to give compound 34 (554 mg, 67%).
EXAMPLE 31
5,9-Cyclo-3-(2',3'-O-isopropylide ne-§-D-ribofuranosyi}-6-thioxanthine {38},

20 A mixture of 34 (50 mg, 0.13 mmol} and Lawesson’s reagent (64 mg, 0.16 mmol) in
1,2-dichloroethane (8 mL) was refluxed for 15 hr, concentrated, and the residue
purified by silica gel column chromatography (CHCIs:MeOH = 30:1) to give

~ compound 39 (34 mg, 78%).
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To a stirred solution of 15 (R'=R"=H, Y =H, Z=CH; 3 g, 11.99 mmol) in H20 (60 mL) was added
Br2 (0.9 mL) dropwise at room temperature. The product 71 precipitated while stirring at room
temperature. The precipitates were collected by suction arid washed with MeOH to give 71 (X = Br,
3,35g, 85.1%) as a solid. /H NMR (DMSO-d6-1-D20) 6 4.04 (d, J =5.2 Hz, 1 H), 4.15 (t, J=4.8 Hz, 1
H), 4.62 (t, BX*IPHz 32 H), 4.87 (dd, J = 4 and 14 Hz, 1 H), 5.04 (d, J = 14 Hz, 1 H), 6.22 (s, 101 H),
8.69 (s, 1 H). EXAMPLE 50 3,5'-Cyclo-7-propylamino-4-03-D-ribofuranosyl)-vic-triazolo[4,5-b]

pyridin-5- Oﬁ%@&g__—gl_‘ég‘@,ﬁﬁfﬁﬁaﬁ&' m&g{&a%iﬁ%{ﬁe ) mg, 0.456 mmol) and propylamine

(15 mL) was 15heated at 110C in a sealed bottle for 16 ixture was cooled, and the
propylamine rerpﬁﬁﬁved ' ﬁ(ﬁua The residue was triturated with EtOH when 72 (R = n-C31-17)
precipitated (@5 MgY & it 8DI1% ! PHTRIOR TONISH:4E) §le)ateg sireed ptigos), 1.57 (dd, J = 8
and 14.8 H H), 3.12 H), 3.87 =44 Hz, 1H),408(dd, J=5.2, 12 Hz, 1H), 453 (t, J=4
Hz, 1 H), 4%2%?%,3%’@ ‘ggqr‘?'d%% 2??2‘?6%*&?}%%&1‘?@ ?ﬁﬁﬁﬁ&“ﬂﬁ%‘.ﬁf(& ¥, B78(d, J= 7.2 Hz, 1
r orog eranaganinl MEGI Pre hitbindith SEQSRUPIPSRNL feblePund Unde® (& 1 P20
3,5'-Cyclo-yis1h8, g?mjga-i - -] aNo )svic-tsiazolo]4,5-blpyridin-5s 2,R=H,=Me). A
mixture of 71 (X[t@Y r, 150 énné](%bé}ég rﬁ%%lg aEr}?g %%%%I\ﬂgﬁ iﬁg%%% %@mﬁ@v%s heated at 110C in
a sealed boftlgder.46 b Fhemixtyre wag.c rated in vaguo he, residuge triturated with EtOH.
The precipﬁated pro%uct Wa;ngolle[ﬁ)ed by gcfclﬁé@r}: %%gm%)?ﬁj N‘Iﬁ%q I\%I%Odg)%g% d,J=4.4Hz 3

H), 3.87 (t, 414848, HE) 1491 437 (0id, I=H2 13D H %11 }=4. 1) 4.75,(dd, I = 3.6
and 13.6 Hz, 1?4), 295 (@, ey Hz, 1 H),%);ﬁ(@ 1'?’4);#5@42%5 4.4 Hp) ol (Y

= 5.2 Hz).

10 EXAMPLE 33
¥,8-Cyclo-3-{B-D-ribofuranosyl)-2-oxo-purine {41).

A mixiure of 34 (110 mg, 0.36 mmol) and Lawesson's reagent (220 mg, 0.54 mmol)
‘m 1,2-dichloroethane (15 mL) was refluxed for 15 hr, concentrated, and the residue
purified by silica gel column chromatography {CHCIsMeOH = 30:1) td give 39 (85
15 mg), which was treated with Raney Ni (ca 200 mg) in water (5 mL) at reflux for 1.5
hr. The mixture was cooled, filtered, concentrated, and purified by silica gel
column chromatography (CHCls:MeOH = 10:1 viv) to give a 6-deoxo intermediate,
which was dissolved in 5N HCI (2 mL) and stirred at room temperature for 2 hr,
concemrated, co~evaporated with MeOH (3 mL. x 3), and triturated with MeOH fo
20 crystaliize 41. After being dried under high vacuum the yield of 41 was 35 mg,
39%. 'H NMR (DMSO-ds) § 8.59 (s, 1H), 7.57 (s, 1H), 5.96 (s, 1H), 4.72 (d, TH, J

=14 Hz), 4.47 (s, 1H), 4.36 (m, 1H), 4.12 (m, 1H), 3.98 (d, 1H, J = 5.2 Hz).
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10Hz, 1 H, D20 exchangeable), 5.68 (d, J= 4.8 Hz, 1H, D20 exchangeable), 6.18 (s, 1 H), 7,56 (s, 1 H,
D20 exchangeable). EXAMPLE 52

3,5'-Cyclo-7- ethylamino -4-(P-D-ribofuranosyl)-tfic-triazolo[4,5-b]pyridin-5-one (72, R = H, R"= Et). 15 A
mixture of ;?0 mg, 0.456 mmol) and 75% EN H2 in H20(15 mL) was heated at 100-110C
in a sealed bottle for h. The mixture was concentrated in vacuo, and the residue triturated with
EtOH. The white precipitates were collected by suction to give 72 (R = H, R' = Et, 38 mg). 1H NMR
(DMSO-d6¥ %146 (e f-demaa-{y(% ﬂ}@@@:@mw@mn@@:ﬂmbafmmusynxammm (b)) = 5.2, 12.8
Hz, 1H), 20 4.54 (t, J= 4 Hz, 1 H), 4.74 (dd, J = 4 and 13.6 Hz, 1 H), 4.96 (d, J = 13.6 Hz, 1 H), 5.11 (s,

1H), 5.33 (dobTidubzofa (980 %@B@%@@%aﬁ@@\i%#@&é@rﬁ& 443 RrRsxchangeable), 6.18
(s,1H),7.52(t J=52Hz,1 H D20 exchangeable). EXAMPLE 53

3,5'Cyclo-1:(2-hyarexyathidanino)-d-(ddikafyrangsyl): vicstiazelpihe N RYACRDmgeA72, R = H,
R' = CH2CH20H). A mixture of 71 (X = Br, 150 mg, 0.456 mmol) and ethanolamine (7 mL) was

Sheatéd at’100-110€ niesealad: bolledord6is Arse dphdurernas cancpnifmiedbinsmeyaesand the
residue triturated with EtOH to crystallize the product, which was collected by suction to give 58 mg of
72 (R = H, RiumCHICHZOH) 2pHYNUIRIDPMSOHF 61 8:23/(bris, @y 4.3 (36 (dd, 3298.41.02 Hz, 2H), 3.87
(t,J=4.8Hz,1H),4.07 (dd, J=5.2, 12 Hz, 1H), 4.54 (t, J =4 Hz, 1 H), 4.75 (dd, J =4 and 14 Hz, 101
H), 4.79 (tAdex %ﬁéizaaawm?m@&ﬁaﬁgé\ﬁ%mmdm & 328G, 1), BAV(, 1HH)) 5.248d, J = 7.6
Hz, 1 H, D20 exchan eabl 5.68 (d, J = 4.4 Hz, 1 H, D20 exchangeable), 6.18 (s, 1 H), 7.32 (t, J= 6
Hz, 1 H, DPBlefcha egZE'é(&\ LE:&3(s, 1H), 4.60 (dd, 2H, J = 5.6, 12.8 Hz), 4.57 {s,

1H), 3.64 (m, 1H), 3.34 (buried by solvent peak, 1H).

10 EXAMPLE 35
§.8-Cyclo-7-deaza-3-{B-D-ribofuranosyl ixanthine (43).

A solution of 42 (35 mg, 0.11 mmol) in 70% triflucroacetic acid (2 ml.) was stirred
at room temperature for 24 hr, concentrated, and purified by silica gel column
chromatography (CHCIs: MeOH =10:1 viv) o give compound 43 (22 mg, 73%). UV
15 Amax 254, 328 nm (MeOH); "H NMR (DMSO-ds) & 8.30 (s, 1H), 7.39 (d, 1H, J = 2.4
Hz), 6.89 (d, TH, J = 2.4 Hz), 6.68 (s, 1H), 4.38 (s, TH), 4.08 (d, 1H, J = 6.0 Hz),
4.02 (d, 1H, J = 6.4 Mz}, 3.59 (dd, 1H, J = 6.0, 14.0 Hz), 3.31 (buried by solvent

peak, 1H).
EXAMPLE 36
20 1-{2°,3,5-Tri-O-benzoyl-B-D-ribofuranosyl)-6-oxocytosine (49).

A mixture of 6~aminouracit (2.00 g, 15.74 mmal) and HMDS (20 mL) was refluxed
for 3 h and concentrated to give a solid, which was dissolved in anhydrous CH.Cl,

(30 mL}. 2,3,5-tri-O-Benzoyl-pentotibosyl acetate (5.30 g, 10.51 mmol) and
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7-Butylamino-3,5ccyclo-4-(13-D-ribofuranosyl)-vic-triazolo[4,54Apyridin-5-one 15(72, R = H, R' =
n-C4H9). A mixture of 71 (X = Br, 150 mg, 0.456 nimol) and butylamine (8 mL) was heated at
100-110C in a sealed bottle for 16 h. The mixture was concentrated in vacuo, and the residue
triturated with MeOH to precipitate 72 (R = H, R' = CH2Ph), which was collected by suction (42 mg). 1H
NMR (DMg@L%@)Té(é:ég (#-a£3:69 mnalpnere 3idedin eipolubar @t 219), 2ndshe i, 3.87 (t, J =
4Hz, 1 H), 4.08 (dd, J = 5.2, 11.6 Hz, 1H), 4,53 % J= 3.6 Hz, 1 H), 4.74 (dd, J= 4 and 14 Hz, 1 H), 4.96
(d, J = 13.8'R% S1ef) 25 TP0 (s leMmpes U &pr 1 2 1. 2The Ui MRS RAARGRMSPEEd, = 4.4 Hz, 1

RS LR o SR B e
S R A R
s o e TP S OTRATTR SESSARA) 10
2 MR B USSR e

exchange@gdf@(,@(ﬁ.&@(ﬂggﬁ(@@[ﬁq%yggg;;irv(gg{s}r@m[)ropylidine-D-D-ribofuranosyl)-6-imidazoly1-8-
azapurine-2-one (73, X = imidazolyl). 15 A mixture of 14 (Y = OH, Z = N, R', R" = isopropylidene, 565
mg, 1,84 mmol), PPh3 (1.16 g, 4.42 mmol), imidazole (0.449, 6.51 mmol), diisopropylethylamine (1.6
ml, 9.2 mnio{AlERd iodine (1 g, 3.81 mmol) in toluene (15 mL) was heated for 2 h at 95- 100C. After

cooling to room temperature, the mixture was concentrated in vacuo, and the residue mixed with

EtOAC. Insplubig,ajerals weie MHared IRYEm A i ofuranosyl)6-oxocytosine (50).

3

10 To a solution of 48 (238 mg, 0.42 mmol) in AcOH-H,O (5: 0.5 mL) was added
NaNG; over 10 min at -5°C. The resulting mixture was stirred at -5°C for 1 hr,
concentrated, and co-evaporated with toluene to give a purple solid, which was
treated with acetic acid (5 mL) and Zn dust (460 mg, 7.04 mmol), and heated at
70°C for 30 mm. The mixture was filtered through a Celite pad, and the filtrate

15 concentrated {o a slightly green solid, which was purified by silica gel column

chromatography (CHClz:MeOH = 10:1 v/v) to give compound 56 (217 mg, 88%).
EXAMPLE 38
1{2°,3’, 5 Tri-O-benzoyl-$-D-ribofuranosylixanthine {51).

A mixture of 50 (4.30 g, 7.33 mmoi}, TsOH (catalyiic amount), and
20  tristhvlorthoformate (90 ml) was stirred at room temperature for 24 hr,
concentrated, and the residue purified on a silica gel column (CHClz:MeOH = 3011

v/v) to give compound 51 (2.20 g, 50%).
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20Celite pad, and the filtrate was washed with water and brine, dried (MgS0O4), and concentrated in
vacuo. The residue was purified on a flash silica gel column (eluant: 7:3 EtOAc: hexanes) to give 73 (X
= imidazolyl) as a pale yellow solid (0.536 g, 81%), which was crystallized from EtOH in hexanes.
1H-NMR (DMSO-d6) 6 7.64 (1H, s, 6-Im), 7.11 (1H, br s, 6-1m), 6.92 (1H, br s, 6-1m), 6.37 (1H, s,
H-1"), 5.23HXAMPLH53S, J- 14 Hz), 4.92-4.81 (3H, m,H-3', and H4"), 4.66 (1H, dd, H-5'b, J=4.4, J=
14Hz), 1.47(3H, s, CH3), 1.26 (3H, s, CH3) EXAMPLE 57

9,5-Cyclo-3: éé SRS 0R); % B|,&@1{$4§§nosyl) -6-amino-8-azapurine-2- 5 one (74, R = R' H).
Triethylamine (0.35 mL, 2A8 mmol) was ad to a mixture of 73 (152 mg, 0.5 mmol), DMAP (150 mg,

1.23 mmol), and trilsopropylbenzenesulfonyi chloride (373 mg, 1.23 mmol) in CH3CN (10 mL) at OC.
The mlxturéﬁ%@%‘ﬁ@%@l’?@@ﬁ??&%@%@u@f& 2| W%B‘fh%‘?‘#’éé?@&ﬁﬁ?ﬁﬁ@@ﬂ% 2RE08E (20 mL).

The mixtun@%1 s StlI’ d for a further 12 h, and the solvent concentrated in vacuo. The residue was

purified by R LECoRIRP f@lfﬂﬂ?%&&% Fﬁ@%ﬁh% SOIRIGRIET X (PI05%H), 86%) as a pale
yellow_solid WhICh W dlrect jn the next s thout #;gd{%%g urifi EXAM LE 58 15
9,5'- Cjilo-g?ﬁhﬁdr%gﬁlq%? gy?)eg %niﬁg%% a%i%u gWée ﬂo %%7/05{]‘?% Eé“ %—I) A solution
of 74 (120 0.39 mmol) in THF:1N HCI (1:1, 10 mL) was heated at 90C for 1 h and cooled to room
temperature. The solvent was evaporated and coevaporated with EtOH several times. The solid
residue was crystallized from 20 EtOH and H20 to give 75 (92 mg, 89%). 1H-NMR of the major isomer

(DMSO-c16=*4328) B 599(1H, s, H-1", 5.09 (1H, d, H5'a, J= 13.6 Hz), 4.90 (1H, dd, H5'b, J = 13.6, J
= 4.4 Hz), 4.61 (1H, t. H-4', J = 4.4 Hz), 4.14-4.06(2H, m, H-2' and H-3'); 1H-NMR of the minor isomer

(DMSO-d5,# {Q’zsg)ﬁfn -Esépmpyﬁde% gg g'lbéfuk'amsyi)xamhme {53},
A mixture of 52 (150 myg, 0.53 mmol), 2,2-dimethoxypropane (2 mbL), acetone (15
10 mb), and TsOH {catalytic amount) was refluxed for 2 hr, cooled, neutralized by
friethylamine, concentrated, and purified by silica gel column chromatography

(CHCIz:MeOH = 10:1 to 4:1 viv) to give 53 (100 mg, 58%).

EXAMPLE 41
§',2-0-Cyclo-1-{B-D-ribofuranosylxanthine (54).

15 Toa soiﬁtian of 83 (150 mg, 0.46 mmol) and triphenylphosphine (400 mg, 1.53
mmot) in anhydrous DMF (3 mL) was added DEAD (0.24 ml., 1.52 mmol), and the
mixture was stirred at room temperature for 1 hr, concentrated, and purified by
silica gel column chromatography (CHC?g:MeOH =30:1 1o 10:1 viv) 1o give 128 mg
{92%: of the 2°,3'-di-O-benzoylated product, which (0.42 mmol) was dissolved in

20 5N HCI(2 mL), stirred at room temperature for 2 hr, concentrated, co-evaporated
With MeOH (4 mbL x 3), and triturated with MeOH. Compound 54 crystallized and

was collected and dried under high vacuum (34 mg, 31%).
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H5'a, J = 14.0 Hz), 4.87 (1H, dd, H5'b, J= 14.0, J= 3.6 Hz), 4.56 (1H,J = 4.4 Hz), 4.14-4,06 (2H, m,
H-2'and I-1-3). EXAMPLE 59 9,5LCycio-3-(2',3'-0-thiocarbonyi-13-D-ribofuranosyl)4-azaxanthine
(82, Y =5 OH, Z = N). A mixture of 9,5'-cyclo-3-(13-D-ribofuranosyl)-8-azaxanthine (15, 826 mg, 3.1
mmol) and N,N-thiocarbonyldiimidazole (800 mg, 4.02 mmol) in DMF (10 mL) was heated for 2 h at
80C. The mdiYEWad2ooled to room temperature, the solvent removed in vacua, and the residue
purified by flash silica gel column chromatography 10 (eluant: EtOAc:CH2C12 4:1) to give 82 (940 mg,

76%) as ayefowiuhis sghdylH-NMR NP4 RZE) B-6r0b et bl dninddipsal (29, m, 9-2°
and 9-3", 5.36 (29, m, 9-4' and H5a'), 4.71 (19, m, H-5'b). EXAMPLE 60

9,5cCyclowifd wenkye I Resydeppentofuranosyl)-8-azaxanthine (83, Y = OH, 15 Z = N) and
9,5'-cyclo-3-(3cdeoxy-p-D-erythropentofuranosyl)-8-azaxanthine (84, Y = OH, Z = N). tert-Buty!

L 2.26 TR B A LB S a0 S ted o R LD e e
was cgneeriraisd i Kaeke Aacine Aigsidue e 0 g 3lica dsl coluran(ghianiot. 2 MeoH in

CH2CI2) to give'a 1:1 ture” (293 mg, 77%) of 83 and 84, which were partially separated by repeated
silica gel cfigama 1%@%&@@@“8@2@3 wﬁmmpi%ﬁ@gd s B20) 55.99 (1H, s, H-11),

5.15 (1H, m, 9-41), 4.84 (11-1, d, H5'a, 14 Hz), 4.7 -5'b, J =3.6 Hz, J = 14Hz), 4.32
(1H, d, H-Zichicreeditdak Ba8A1 b toH-Ba) sbi86dd HeBstirddht room temperature for 8
h. NaHCO; and CH,Cl were added, and the resulting mixiure pariitioned. The
organic layer was washed with water, dried (Na,S04), and the solvents removed in
10 vacuo. The residue was chromatographed on a column of silica gel with a

stepwise gradient of MeOHR {0 fo 1%) in CHCh to give compound 56 as a pale

yeliow soiid (1.550 g, 78.5%).

EXAMPLE 43

1-{2°,5-Di- O-benzoyl-3 -deoxy-B-D-erythropeniofuranosyi}-S-nitropyridine-2-

15 one {38).

To a solution of 56 (512 mg, 1.45 mmol, 1 eq.} in MeOH (14.5 mi} was added
MeONa (157 mg, 2.9 mmol, 2 eq.). The soiution was stirred at room temperature
for 1 h, and then neutralized by addition of a 6N HCI solution in waterto pH 7. The
solvent was removed in vacuo, and the crude free nucleoside 57 thus obtained was
20  coevaporated several times with anhydrous toluene. Pyridine was added, and the

mixture cooled to 0°C. Benzoy! chloride {(0.503 mil, 4.36 mmol, 3 eq.} was added
dropwise, and the solution stitred at room temperature for 2 h. Pyridine was
ramoved in vacuo, and the residue, dissolved in CH.Cly, was successively washed

with a saturated NaHCO;3 solution and water. The organic layer was dried
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EXAMPLE 61 5',3-Cyclo-2',3%0-isopropylidene-xanthosine (91, Y OH). 5 To a mixture of
2',3'-0-isopropylidene xanthosine 90 (Y = OH, 280 mg, 0.86 mmoi) and triphenylphosphine (340 mg,
1.29 mmol) in anhydrous DMF (5 mL) was added DEAD (0.21 mL, 1.30 mmol) slowly at room
temperature, and the mixture was stirred at room temperature for 30 min, concentrated, and purified
by silica gdiNeofafn. diierrrhtagehibie/ iiCHE IS ROFRESt InvivctegiVec oraigenma2l (200 mg, 10 76%)
as a white solid. 1H NMR (DMSO-c/6) 5 11.23 (s, 1H), 7.86 (s, 1H), 6.40 (s, 1H), 4.83 (s, 1H), 4.81 (d,
1H, J = 6.C°kPnategraphetiproacpigmimcs $iHoa gabiidh BHetepwise g4a)isbof(E:Qr (0 2.8, 14.8
Hz), 1.44 (Sb3|-_|), 122@&2, 3%XAMPLE 62 5',3-Cyclo-xanthosine (92, Y = OH). 15 Compound 91 (Y
= OH, 200 hiy), 1665 rhadh) Wi a8 @b RS AT B9 L)Y 86 56 a0go8@Pedmperature for 2 hr,
concentrated, co-evaporated with MeOH (5 mL x 3), and triturated with MeOH. Compound 92
crystallize%ﬁﬁg\gg%gﬂélected and dried under high vacuum (142 mg, 82%) to give a yellowish solid.
UV Amax , nm (MeOH); 1H NMR (DMSO-d6) 511.38 (s, 1H), 8.15 (s, 1H), 6.20 (s, 201H),
4.59-4.56 (m, 4H), 4.22 (dd, 1H, J = 4.0, 5.6 Hz), 3.91 (d, 1H, J = 6.0 Hz), 3.73 (dd, 1H, J = 3.2, 14.8
Hz); FAB HRMSYSiar e o b5 ms7d: Driepret 50380 gnaq)tbrarosgiiole sExAMPLE 63
9,5'-Cyclo-1-methy1-3-(2',3'43-isopropylidine-13-D-ribofuranosyl)-8- azaxanthine (76, R = Mel (62 pL,
1 mmol) wACAHHRFG-@MtRE of 9,5-cyclo-3-(2',3"-0-isopropylidine-
f3-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 152 mg, 0.5 mmol) and K2CO3 (172 mg, 1.25
mmol) in DMisiSionl ) Theadixiute wasstioed agroenTiemperaiug)fae2hirandthamthe solvent was
removed in vacua The residue was partitioned between EtOAc and H20, and the organic phase dried
over (Mg3®4 ) asielevapoestathal tiesrelidnends Olaifiedon. a silieal,gebeaium el ganhtent
10EtOAc:hexanes 2:1) to give the title compound (150 mg, 93%) as a white solid which was
crystallizeWaDRBITAE i Hesapeznd BMNNR 20DCHRT 668 Bddsd HTNE505 tdrsiweBia, J= 14 Hz),
4.92 (2H, m, H-2' and H-3'), 4.74 (1H, d, H-4', J = 5.6 Hz), 4.67 (1H, dd, H-5'b, J= 14, J = 4 Hz), 3.41
(3H, ¥ N-ergyralash @M, Beaqgpousamises drgied with CHoCl,. The combined organic :

layers were dried (Nap,S0,) and concentrated in vacuo. The residue was
chromatographed on a column of silica gel with an isocratic of 50% FtOAc in

hexane to afford 59 as a white solid (yield 252 mg, 53.5%).

EXAMPLE 45

15 8,5 -Cyclo-3-(3'-deoxy-B-D-erythropentofuranosyl)-i-deaza-8-azapurine-2-one
{60).

 To a solution of 58 (252 mg, 0.7 mmoi, 1 eq.} in MeOH (7 ml) was added MeONa
(80.5 mg, 1.5 mmol, 2 eq.), and the mixture was stirred at room temperature for 1

h. MeONa was neutralized by addition of 6N HCI to.pH 7. Silica was added, and
20 the soivent removed under reduced pressure. The residue was chromatographed
on a column of silica gel with a stepwise gradient of MeOH (0 to 4%) in CHoCl, fo

afford 60 as a white solid (yield 108 mg, 62%).
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15 EXAMPLE 64 9,5'Cycio-1-methyl-3-(13-D-riboturanosyl)-8-azaxanthine (77, R = CH3). A solution of
9,5'-cyclo-1-methy1-3-(2',3'-0-isopropylidene-P-D-ribofuranosyl)-8- azaxanthine (76, 99mg, 0.31 mmol)
in THF:1IN MCI (1:1, 10 mL) was heated at 90C for 3 h. The solvent was evaporated, and the residue
purified by flash silica 20gel column chromatography (eluant: 12% MeOH in CHCI3) to give 9,5'-cyclo-I-
methy1-3-g3AMithduranosyl)-8-azaxanthine (78 mg, 89%) as a white solid. /1-1- NMR (DMSO-d6) 6
6.03 (1H, s, H-1'), 5.77 (1H, d, 2-OH, J = 4.8 Hz), 5.42 (1H, d, 3'-OH, J = 6.8 Hz), 5.03 (1H, br d, H5'a,

J=15.2 Hg)s A 81 (A Hdd, -5, = A k54 F8) 4.58 (1H, br dd, H-4), 4.10 (2H, m, H-2' and H-3),
3.20 (3H, s, N-CH3). EXMAPLE 65 '

1-Cyanomethy1-9,5_1-cyclo-3-(2',3'-aisopropylidine-13-D-ribofuranosyl)¥8- azaxanthine (76, R =

CH2CN). ﬁas ARIpEPSIG SHRMERAIBI- (88 g, & A TR as ddadd Ao SefatoRs !5
ool in UE O (LD 1 A6 AHG SHq o 20 MNGP 6T O L A0S L, 28 mmol wes
e RS A e e P B BTG (oo L 36
e RS A g e
CHCIS3) togive g LUe omRAUAmA0:N0r A2 a5 & WIESRH Ay LENME(DMR0:da) 6 6.47 (1H, s,
H-115.27 (1H, d, H5'a, J = 14.4 Hz), 5.01-4.87(5H, m, H-2', H-3', and N-CH2CN), 4.67 (1H, dd,
H-5'D, J = difeduy in he AeldDiebbi REoRisd 18 BRIFEM &1 ECHR) thXaMibR §8s added
NalN;z (130 mg, 2 mmol), and the mbdure stirred at 80°C for 4 h. Solids were
10  removed by ﬁitfaﬂonl_ The filtrate was concentrated fo diyness, and the residue
purified by silica gel column chromatography (3% MeOH in CHClp) to give azide
{63) as a syrup which was dissolved in DMF (5 mL). The resulting soluticn was
heated at 120°C for 3 days. Solvent was removed, and the residue, crude 64, was
dissolved in MeOH (5 mL). To the solution was added HCI (1 mi., 2N in Et,0), and
15 the solution was stirred at room ternperature for 5 h. Solvent was removed, and
the residue purified on a silica gel column (10% MeOH in CH.Cls) o give 65 as a
solid {15 mg, 40.4% from 61). '"H NMR (CDCiz) & 11.53 (br, 1H, NH, D0
exchangeable}, 5.21 (d, J = 3.6 Hz, 1H, OH, .0 exchangeable), 5.05 {d, J= 5.6
Hz, OH, D,0O exchangeable), 4.83 {d, J = 5.6Hz, 1H, 1-H), 4.77 (d, J = 12.8 Hz,
20 1H, 2-H), 4.54 (dd, J = 4Hz, 13Hz, 3'-H), 3.85 (m, 2H, 5'-H), 2.67 (m, 1H, 4-H),

1.78, 1.28 {m, 2H, 4"-H).
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1-Cyanomethy1-9,5ccyclo-3-63-D-ribofuranosyl)-8-azaxanthine (77, R = CH2CN). A solution of
1-cyanomethy1-9,5'-cyclo-3-(2',3'-0-isopropylidine-P-D-ribofuranosyl)- 208-azaxanthine (300 mg, 0.87
mmol) in THF:1IN HCI (1:1, 10 mL) was heated for 2 h at 90C. The solvent was evaporated to give
1-cyanomethy1-9,5'-cyclo-3-(p-Dribofuranosyl)-8-azaxanthine (260 mg, 98%) as a white solid which
was crystallizedNtehEMEOH. 1H-NMR (DMSO-d6+D20) 6 6.04 (1H, s, H-1"), 5.04 (1H, d, H-5'a, J =
13.6 Hz), 4.91-4.81 (2H, m, H-5'b and H-4'), 4.62 (1H, m, H-3' or H-2"). 4.38 (1H, m, H-3' or H-2"),

4.20-4.06 (%’%ﬁf&@%ﬁw%ﬁmﬁm@@%@;@tﬁ& %#%ﬁ%%ﬁ%%@ﬁ% C ﬁgﬁ%-%furanose (20,

L-form)" 5 To a solution of L-ribose (10 g,"66.6 mmo was slowly added conc.
H2504 (177 pL), and the mixture was stirred for 12 li at room temperature. Dry pyridine (20 mL) was

added, and &R thABeRtFatsF i vatUd FHis tro el Snhs G dpRISE @odinfe 5 the residue
dried under vacuum_ to give a colorless foam, which was dissolved in dry pyridine (100 mL) and cooled
to 0C. 10 BE%%%?W%%&%’@?E%}W@? A BRTBF WRRCAda T i ied ShiRhPeWas stirred at
room temp re.for 12 It Ice-H20 was added, and the mixture was stirred for 1 h. The solvent was
evapo%ted%;%lg’ fggéevlgﬁ%% e %i%ofl&%ﬁﬁ% ?gotﬁ ??St?m%%g,%gﬁﬁﬁ‘él?@gﬁ% aftitibned between
EtOAc and ' hed.with saturated NaHCO3,.H20, ang brine, and dried
over 15 Mg%%%%%Seﬁi%@%ﬁ?%%%i@{é%?oaf\g@dﬁg%5’ ﬁ%a?ésgrlg}g ¢ ralgu %%Je%lé\/%a]éu%?%?cﬁé}jnight. The oily

esicue was dissalied (IACOHBRIL) 80caREl AIYRLIS 5. and 1 aife cooled to OC.

Conc. H2S04 (1.8 mL) was added drop-wise. The mixture was stirred at room temperature for 24 h.

The_SOWGH%ﬁdﬁﬁﬁ%ﬁMé@?f@t%df@W%@ﬁ& t’ﬁ'@%ﬁ@ﬁ’?@%@&%@g wiitolieng R he (pstelypl syrup was
20triturated with EtOH, and the solid was recrystallized from MeOH to give the title compound (19.2 g,

57%) as white co/atals: 2H-NMIR (5R013)(18, 0217, 24 £85H m. Bk 6.36),(Bb7sidd: 1) ~2484(1H, dd,
H-2), 5.72 (1H, d, H-3), 4.73-4.68 (2H, m, H4 and H-5a), 4.44 (1H, m, H-5b), 1.92 (3H, s, Ac).
10 and 13.6 Hz, 1 H), 511 (d, J= 14 Hz, 1 H), 543 (d, J= 7.2 Hz, 1 M), 5.84 (d, J =
5.2 Hz, 1 H), 6.88 (s, 1 H), 7.31 (d, J= 8.8 Mz, 1 H), 7.96 (d, J = 9.6 Hz, 1 H).
Anal. Calc'd for quHmN:ﬂ,OgS”O.ZHgOZ G, 44.5(}; H, 3.88; N, 20.76; Found: C,

4425, H, 3.94; N, 20.58.

EXAMPLE 48

15 3,5-Cyclo-6-chioro-4-(B-D-ribofuranosyii-vic-triazolol4,5-blpyridin-5-one {71,

X = Cl).

Amixture of 18 (R =R"=H, Y = H, Z = CH; 94 mg, 0.38 mmol) and N-
chiorosuccinimide (69 mg) in 3.5 mbL of glacial acetic acid was refluxed for 30 min.
The mixiure was concentrated to dryness, and the residue purified by silica gel

20 column chromatography with 1-2% MeOH in CH,Cl; to give 71 (X = Cl) {43 mg,
40.2%) as a solid. "H NMR (DMSO-dg) 5 4.06 (t, J =5 Hz, 1 H), 4.15 (m, 1 H),
4.62(t, J=4.2Hz, 1H), 489 (dd, J =4 and 13.6 Hz, 1 H), 5.05 (d, J = 14 Hz, 1 H),
5.42(d, J=7.6 Hz, 1 H, D20 exchangeable), 5.84 (d, J = 4.8 Hz, 1 H, D0

exchangeable), 6.23 (s, 1 H), 8.54 (s,1H).
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EXAMPLE 68 1-(2',3',5'-Tri-O-benzoy1-13-L-ribofuranosyl)-5-bromouracil A solution of
1-0-acetyl-2,3,5-tri-O-benzoy1-6-L-ribofuranose (2.3 g, 4.55 mmol) in CH3CN (30 mL) was added to
silylated 5-bromouracil [generated from 5- 5 bromouracil (2.2 g, 14.3 mmol), HMDS (10 mL), and
TIVISCI (0.2 mL) by heating for 2h at 80C followed by evaporation of the solvents], and the mixture
cooled to 0E*AMWPER@®E.4 (13.6 mL) was added drop-wise, and the mixture stirred for 2 h at room
temperature. The mixture was diluted with CHCI3 (100 mL) and quenched with cold saturated
NaHCO3. BnembdusesvnsdiiRirtonensc WaeR-5epaated, dried
(Mg304), and evaporated to give a white solid. The solid was washed with cold EtOAc and crystallized
from EtOAGHr=l@panes to give the title compound (2.85 g, 98%) as a white crystals. 'H-NMR (CDCI3) 6
8.06 (1H, br s, NH), 8.06-7.29 (15H, m, Bz) 7.68 (1H, s, H-6), 6.29 (1H, d, H-1', J = 6 Hz), 5.81 (1H, m,

H-3"), 5.65 H-2..J=6.H 7:4.62.(3H, m, H-4', H-5%,.1 3). EXAM
L-S-Eromoﬁéﬁn%ﬁe- ﬁé@%ﬁ ?I% -%gnnii%%fl %—ﬁb%f%&n%lﬁ%?ggé%ﬁ%#? gﬁf%li%‘%?ﬁmoo was
dissolved i it i thoxide 4,4 lution in MeQ L) at OC, and
tho misure e R T Zoh nc the

solvent evaparHed:iy VasHosd: e ya, ified.0 i '
EtOAc:ace?fne: tOH:H20; 6‘9{[%}% %%o give aﬁ;\%\%%%ﬂ”@% %@%g%’%?%vhlc %%%%?aﬁ}lzed from

EtOH. 1H-NMRIPMSUsIBL IR (8 N BSBABKLERS, £1:6) (5582 (1 Do Koy  7:4-4 H2), 5.44

(1H, d, 2'-OH, J= 5.2 Hz), 5.29 (1H, t, J= 4.8 Hz), 5.10 (1H, d, 3'-OH, J= 52 Hz), 4.04 (11-1, q, H-2', J=

4.0, J= 4,8NiR 402kt e B8 5156440, Ji=4.8 Hz).13-884 . cnsH-4'8 BA 0 (@ .ampHe5'a), 3.57

(1H, m, H-5'b). EXAMPLE 70 1-(2',3'-0-isopropylidine-13-L-ribofuranosyl)-5-bromouridine (17, L-form).
J=44Hz, 1 H), 4.87 {(dd, J=4 and 14 Hz, 1 H), 5.04 (d, J = 14 Hz, 1 H), .22 (s,

10 1 H),8.69(s, 1H)

EXAMPLE 50

3,5'-Cyclo-T-propylamino-4-{B-D-ribofuranosyl)-vic-triazolo[4,5-b] pyridin-5-

one (72, R =H, R’ = n-Pr).

A mixture of 71 (X = Br, 160 mg, 0.456 mmol) and propylamine (15 mL) was

15 heated at 110°C in a sealed bottle for 16 h. The mixiure was cooled, and the
propylamine removed in vacuo. The residue was triturated with EtOH when 72 (R
= n-CgHy) precipitated (45 mg) as a white solid. "H NMR (DMSO-ds) 6 0.89 (t, J =
7.2Hz, 3H), 1.57 (dd, J=8 and 14.8 Hz, 2 H), 3.12 (m, 2 H), 3.87 {t, J= 4.4 Hz, 1
H), 4.08 (dd, J=5.2, 12 Hz, 1H), 4.53 (t, J=4 Hz, 1 H), 4.74 (dd, J = 4 and 14Hz,

20 1 H) 4.96 (d,J=13.2 Hz, 1 H), 511 (s, 1H), 5.33(d, J=7.2 Hz, 1 H, D:0
exchangeable), 5.67 (d, J = 4.8 Hz, 1 H, D;0 exchangeable), 6.17 (s, 1 H), 7.56 (s,

1 H, DO exchangeable).
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A 2 M solution of HCI in Et20 (2 mL) was added to a suspension of L-5- bromouridine (1 g, 3.1 mmol)
in acetone (20 mL), and the mixture was stirred at room temperature for 20 h. The mixture was
neutralized with 1M NH4OH, and the solvent evaporated in vacuo. The residue was purified on a silica
gel column_10(eluant: 7% MeOH in CH2CI2) to give the title compound as a colorless foam (900 mg,
80%). 1H-RK¥RMBMEB1d6) 6 11.78 (1H, s, NH), 6,34(1K, s, H-1"), 5.14 (11-1, d, J= 14 Hz), 4.87-4.84
(2H, m, H-2' and H-4'), 4.70 (1H, d, H-3', J = 6,0 Hz), 4.59(1H, dd, H-5'b, J= 4,4, Jr 14 Hz), 1.46(31-I,
s, CH3), 13#(3BycoTHapthNAMMELLIB-D-ribofuranosyl}-vic-iriazoio}d,5-blpyridin-5-
151-(5cAzido-5'-deoxy-2',3'-0-isopropylidine-p-L-ribofuranosyl)-5-bromouridine (19, L-form).
Methanesulfenyf2hforidé, (&.2:8ilz}2.54 mmol) was added drop-wise to a solution of
1-(2',3'-0-isopropylidine-p-L-ribofuranosyl)-5-bromouridine (17, L-form, 840 mg, 2.31 mmol) in pyridine

10 mL) at : Keng fo 40 pL. 2 | \ th ixt tirred
for  fortner Ty S i h e R e SN B B i e s
concepalee ROt s eI GBS SC RSN Gens (3 menls The esidue

was partitioned between Et0Ac and H20. The organic phase was over and the solvent

evaporatedadine, iidHe NaRIE SR OMRENINIVIRASLICHHESHBESSSUe IR0]y8 ggolorless foam. To a
solution of the foamy residue in DMF (10 mL) was added NaN3 (600 mg, 924 mmol), and the mixture

was heatechltsodelt By Q@0 isnsgluble mmar@m@gwg.@ffﬁg@ng the flirate; eyapogated to
dryness. The residue was partitioned between CH2CI2 and H20. The organic phase was dried

(MgSO4), (toneentidted inyaduw, aidl the sesidue-purified o84 silica gel eplumny(eluant;4% MeOH in

CH2C12) to give the title compound (774 mg, 89%) as a colorless foam. 1H-NMR (DMSO-d6) 11.87

(1H, s, NHJ,‘BSZ@E@QJ,B@ HE), BHER 4194, &, -4 3551 A TH-Rr 8105 Ms2') HA, BasdL H, dds F@', J = 4.4, =

6.0 Hz), 4.13 (1H, q, H-4'), 3.61 (2H, br d, H-5'a and H-5'b), 1.48 (31-1, s, CH3), 1.27(3H, s, 10CH3).
10 Hz, 1H, D0 exchangeable), 5.68 (d, J = 4.8 Hz, 1H, D,0 exchangeable), 6.18 (s,

1 H), 7.56 (s, 1 H, D20 exchangeable).

EXAMPLE 52

3,5°-Cyclo-T-ethylamino-4-(8-D-ribofuranosyl)-vic-triazolof4,5-blpyridin-5-one

{72, R=H, R = Et).

15 Amixture of 71 (X = Br, 150 mg, 0.456 mmol) and 75% EtNH; in H.0 (15 ml.} was
heated at 100-110°C in a sealed bottle for 16 h. The mixture was concentrated in
vacuo, and the residue triturated with EtOH. The white precipitates were collected
by suction to give 72 (R =H, R = Ef, 38 mg). H NMR {(DMSO-dgy 81168 (t, J=4.4
Hz, 3 H), 3.20 (brs, 2 H), 3.87 (t, J= 4.4 Hz, 1 H), 4.08 {dd, J=5.2, 12.8 Hz, 1H),

.20_ 454 (t, J= 4 Hz, 1. H), 4.74 (dd, J=4 and 13.6 Hz, 1 H), 4.96 (d, J= 13.6 Hz, 1 H),
5.11 (s, 1H}, 533 (d, J = 7.2 Mz, 1 H, D20 exchangeable), 5.66 (d, J=4.8Hz 1 H,

D20 exchangsable), .18 (s, 1 H), 7.52 (t, J=5.2 Mz, 1 H, DO exchangeable).
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EXAMPLE 72 9,5%Cyclo-3-(2',V-0-isopropylidine-P-L-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z =
N, 1-form), 1-(5'-Azido-5'-deoxy-2',3'-0-isopropylidine-(3-L-ribofuranosyl)-5-bromouridine (500 15mg,
1.29 mmol) was dissolved in DMF (10 mL) and heated for 72 h at 110-120C. The mixture was
concentrated in vacuo, and the residue purified by flash silica gel column chromatography (eluant: 4%
MeOH in CH&AB5Hb I8 the title compound (310 mg, 78%) as a white solid. 1H-NMR (DMSO-cl6) 6
11.67 (1H, s, NH), 6.31 (1H, s, H-1), 5.17 (1H, d, H5'a, J= 14 Hz), 4.95-4.89(3H, m, H-2', H-3', and
1-14'), 204362 Bikidch b3 P el Fidth ) HZ)E UARKBN B bR 23 (BEbIS[ 6513} EXAMPLE
73 9,5'Cyclo-3-(P-L-ribofuranosyl)-8- azaxanthlne (15, Y =OH, Z = N, L-form). A solution of
9,5'-cyclo-gyAtiia-0-tnapopyfiding; B L=ritiafmannsy))-8-azaxanthine (120 mg, 0.39 mmol) in THF:1/V
HCI (1:1, 10 mL) was heated at 90C for 2 h. The mixture was concentrated in vacua The residual

the il compALa (0L M 02ty 28 WAL Sy L MR N B T SGCiH, & N, 501
(L1, Sc 50 81 (s Q¥ s SR ST (14 S RIS TR Rk £98 atht e I 156

Hz), 4.79 (1H, dd, H5', J J=4.0 Hz), 4.57 (1H, dd Fiket,4.17-4.07(2H, m, H-3 and H-4".

5?“&”3%%?{%’5&% ?éé?d@eQﬁﬁ@@f@@%ﬂm@ﬁ%r&%ﬂﬁ@%@;ﬁd@@é@mﬂ%ﬁs azaxanthine

collected by suction to give 58 mg of 72 (R = H, R’ = CHyCH,OH). "H NMR

{DMSO-dg) 5 3.23 (brs, 2H), 3.56 (dd, J = 6.4, 12 Hz, 2H), 3.87 (1, J=4.8 Hz, 1

H), 4.07(dd, J=5.2,12 Hz, 1H), 454 ({, J=4 Hz, 1 H), 475 (dd, /=4 and 14 Hz,
10 1H), 478 (1, J=6Hz, 1H, 0,0 exchangeable), 4.97 (d, /= 14 Hz, 1 H), 5.17 (s,

1H), 5.34 (d, J=7.6 Hz, 1 H, D,0 exchangeable), 5.68 (d, J=4.4 Hz, 1 H, D0

exchangeable), 6.18 (s, 1 H), 7.32 {t, J= 6 Hz, 1 H, D0 exchangeable).

EXAMPLE 54

7-Butylamine-3,5 -cyclo-4-{B-D-ribofuranosyl}-vic-triazolol4, 5-6)pyridin-5-one

5 (72, R= H, R = E"S*C@Hg)o

A mixture of 71 (X = Br, 150 mg, 0.456 nimol) and butylamine (8 mL.) was heated at
100-110°C in a sealed boitle for 16 h. The mixiure was concenfrated in vacuo, and
the residue triturated with MeOH o precipitate 72 (R = H, R = CH.Ph), which was
coliected by suction (42 mg). "H NMR (DMSO-ds) 8 0.89 {t, /= 7.2 Hz, 3 H), 1.33
20 {(m, 2H), 1.53 {m, 2H), 3.15 (br s, 2H), 3.87 (t, J = 4Hz, 1 H), 4.08 {dd, J=5.2, 11.6
Hz, 1H), 4.53 (1, J=3.6 Hz, 1 H), 4.74(dd, J= 4 and 14 Hz, 1 H), 496 (d, J=13.8
Hz, 1 H), 5.10 (s, 1H), 5.34 (d, /= 7.2 Hz, 1 H, D0 exchangeabile), 5.5?’ (d, J=4.4

Hz, 1 H, D20 exchangeable), 6.17 (s, 1 H), 7.55 (br s, 1 H, D20 exchangeable).
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10Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 9,5'-cyclo-3-(2',3'-0-
isopropylidine-13-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65 mmol), DMAP
(200 mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 mg, 1.32 mmol) in CH3CN (10
mL) at OC, and the mixture was stirred at room temperature for 12 h. CH3NH2 (2 mL) was added, and
the mixture=stifdkés 515 further 2 h. The solvent was removed in vacuo, and the residue purified on
a silica gel colunm (eluant: EtOAc:hexanes 3:1) to give the title compound (181 mg, 91%, white solid)

asa mixturEa_Ahé@;m&ﬁ}d@ﬁaméqmﬁmghggﬁ)ﬁﬁgﬁﬁﬁBi&@%ﬁﬁ}%@[ﬁgﬁ%ﬁﬁ%nteg ration

ratio of the anomeric proton. 1H-NMR (DMSO-de) 6 8.93 (1H, q, H, (IH, s, H-1"),
5.15 (1H, o H-Blaz34314.0 20Hz), 4.87-4.84(2H, dd, H-4' and H-3', J= 4.4, J= 5.6 Hz), 4.70 (1H, d,
H-2', Jr 6.0 Hz), 4.59 (1H, dd, H-5'b, J = 4.4, Jr 14.0 Hz), 2.90 (3H, d, N-CH3, J= 4.8 Hz), 1.46 (3H, s,

CH3), 1.24{3H..5, AMP 59,5- l0-3,D-ribefuranposy0-6-methylamino-8-azaxanthine
(75, )R _ Cégﬁl’ﬂgfuzﬁ%l %)KE;) u“t:%rq’l(-)%g mg,%%gg mm%%) andr Nguid afmmonts {‘EB(/} ml.} was

0.5-cyslo Sugict rseptopvlidlasiiy Byhoranony e metiviaming® azaxapiiing (450 mg, 0.41

mmol) in THF:1 N HG! (1:1, 5 mL) was heated at 90 he reac as concentrated

in vacuo, asskiheirasiduecirigd by.severalaraqiapicdistilliat ith. EtOH. The solid residue was
recrystallized from EtOH and H20 to give the title compound égé;grh}%{hégﬁ) Ségv%rﬁ&%u%e of (6-

methylamings@: mefpdiarne, 2adind ﬁ%@ﬁ@éﬁéﬁ?&%%&"&ﬁ%&%‘g%im %ratéi‘ppjzgﬂ@{ratio of the
anomeric proton. 1H-NMR of the major isomer (DM30-d6 + D20) 5 6.03 , S, H-1%, 5.04 (1H, d,

HS5'a, J = 1BiIBI2)04) 8B BE-{1,d07 H-8'Bz) F 13641477 dg 2-Hz ) 4 615 (4, fldylikest H-4/-J = 4.8, J=
4Hz), 4.15 (1H, t, H-3', J = 4.8 Hz), 4.06 (1H, d, H-2', J = 5.2 Hz), 3.74 (3H, s, N-CH3). EXAMPLE 76
159,5cCyctbia-(2hY;-digépapyfieireadd-Dirbofurgnasyd) 6diretb daininos gy, azaxanthing (73, X

10 5.34(d, J=6.8 Hz, 1 H, D,O exchangeable), 566 (d, J=4.8 Hz, 1 H, DO

exchangeable), 6.16 (s, 1 M), 6.98 (s, 2 H, 1,0 exchangeabls).

EXAMPLE 56

9,_5’-»Cyci0w3-(2’,3’~O-§sopmpyfidinemﬁ-ﬁsriha‘fumnosyi}-—ﬁwimidamyE—Sw

azapurine-Z-one {73, X = imidazolyl).

15 Amixture of 14 (Y = OH, Z = N, R, R" = isopropylidene, 565 mg, 1.84 mmol}, PPhs
(1.16 g, 4.42 mmol), imidazole (0.44 g, 6.51 mmol}, diisopropylethylamine (1.6 mi,
9.2 mmol), and iodine (1 g, 3.81 mmol) in toluene (15 ml.} was heated for 2 h at 95-
100°C. After cooling to room temperature, the mixture was concentrated in Vacuo,
and the residue mixed with EtCAc. Insoluble maierials were filterad through 8

20  Celite pad, and the filtrate was washed with water and bring, dried (MgS0y), and
concentrated in vacuo, The residue was purified on a flash silica gel column
{eluant: 7:3 EtOAc: hexanes) to give 73 (X = imidazolyl) as a pale veliow soiid
(0.536 g, 81%), which was crystallized from EtOH in hexanes. 'H-NMR (DMSO-dg)

57.64 (1H, s, 6-lm), 7.11 (TH, br s, 6-im), 6.92 (1H, br s, 6-Im), 6.37 (1H, s, H-1),
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Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 9,5'-cyclo-3-(2',3'-0-
isopropylidine-P-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65 mmol), DMAP (200
mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 20mg, 1.32 rnmol) in CH3CN (10 mL)
at 0C, and the mixture was stirred at room temperature for 12 h. Me2NH (2 mL) was added, and the
mixture stiredforl&iishthEr s o =THe Halvéitavas tdaidved hVathid), el thd tedidtid Pirified on a silica
gel column %[Iu,ant: 30/0 MeOH in CHCI3) to give the title compound (183 mg, 84%) as a white solid.
1H-NMR (DMSB-d6) 8637 T1¥He) HLAY Siiggafiia), B33 19 BH), 4.86 (2H, dd like t, H-4' and
H-3',J =5.2 Hz), 4.68 (11-1, d, H-2', J = 5,6 Hz), 4.58 (1H, dd, I-I-5'h, J= 4.0, Jr 14.4 Hz), 311 (3H, s,
N-CH3), 32@%&@% 3), 1.46 (3H, s, CH3), 1.24 (3H, s, CH3). EXAMPLE 77 5
9,5'-Cyclo-3-03-D-ribefuranosyl)-6-dimethylamino43-azaxanthine (75, R = R' CH3). A solution of
9,5"-cyc|o-3-(2;,3‘-O-isopropylidine-p-D-ribofuranosyI)-6- dimethylamino-8-azaxanthine (140 mg, 0.42
mmol) in THE 1§ ¥569-6ri2 5 iy svaer s gtistrfed i vibodG sTihe yhtaminasicenepntiated-in vacua,
and the_residue 10 azeotropically dried with EtOH several times. The solid residue was recrystallized
from EtOH B8Hive T E I8 Britpound (101 mg, 83%) as a white powder. 1H-NMR (DMSO-d6f-D20)
86.05 (1H, s, H-1'), 4.96 (1H, d, H-5'a, J= 14.0 Hz), 4.76 (11-1, dd, H-51b, Jr 4.4, J = 14.0 Hz), 4.57
(1H, dd likeTrithyiatrineq0-a, ALl L @BnndiBvas a8 Rt e, SRRikE & Th2i5bTi20H#), 3.75 (BH, s,
N-CH3), 171 (3H, s, N-CH3). 15 EXAMPLE 78
9,5'-Cyclo-3¥2u806Medp 0 p9lidinet D ribotiranosylisGoispibpyiamineiforaz axanbine@s, R =
CH(CH3)2,= H). Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 9,5'-cyclo-3-(2',3'-0-
isopropylidfié€.1843-soairknosid)-8- taxalnt bire’ Q00 mgnbitSemme 31 DMAR 268 20 mg, 1.64
mmol), and triisopropylbenzenesulfonyl chloride (400 mg, 1.32 mmol) in CH3CN (10 mL) at OC. The
mixture waSEMRFRSa NS d8hT fein parhilrs fspatehwitie naneatddiith (20-miopylminex@meL), and the

mixture was stirred for a further 3 h at room temperature. The solvent was evaporated, and the residue
purifié§ by Wag, sfirred for a further 12 h, and the solvent concentrated in vacuo. The residue

was purified by a flash silica gel column (eluant: EtOAc:hexanes 3:1) o give 74
{130 mg, 86%) as a pale yeliow solid, which was used directly in the next step

without further purification.

EXAMPLE 58

15 8,5-Cyclo-3-(B-D-ribofuranosyl)-6-amino-8-azapurine-2-one hydrochloride

(75, R =R’ = H),

A solution of 74 (120 mg, 0.39 mmol) in THFAN HCI (1:1, 10 mk.) was heated at
B0°C for 1 h and cooled to room temperature. The solvent was evapuorated and
coevaporated with E1OH several times. The solid residue was crystallized from
20 EtOH and MO fo give 75 (92 mg, 89%). 'H-NMR of the major isomer (DMSO-ds +
D20) 8 5.99 (1H, s, H-1), 5.09 (1H, d, H5'a, J = 13.6 Hz), 4.80 {1H, dd, H5'b, J =
13.6, J=4.4 Hz), 4.61 (1H, t, H-4', J= 4.4 Hz), 4.14-4.06 (2H, m, H-2" and H-3);

"H-NMR of the minor isomer (DMSQO-d; + D0) 5 5.97 (1H, s, H-17}, 4.98 (1H, d,
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silica gel column (eluant: 2% MeOH in CHCI3) to give the title compound (162 mg, 72%, as a pale
yellow solid) as a mixture of (6-iso-propylamino: 6-iso-propylimino; 9_1:1). The ratio was determined
from the integration ratio of the anomeric proton. 1H-NMR (DMSO-d5) 5 8.86 (1H, d, 6-NH, J =8.0
Hz), 6,33 (1H, s, H-11), 5,14 (1H, d, H-5'a, J = 14.0 Hz), 4.87-4.84 (2H, dd, H-4', and H-3', J =40, J =
6.0 Hz), 4.7 13 Jos FAD, ), BIBHL) 14 &8 Ebto ddl=HD, J = 4Dk~ 440112) 1388 (LHL m,
NCHMe2), 1.46(3H, s, CH3), 1.24 (3H, s, CH3), 1.21 (3H, s, N-CHMé2), 1,19 (8H, s, N-CHMe2).
EXAMPLE 79488)54-Cyél63¢e2 3D-isapeopylidine-p-D-ribefuranosyl)-6-butylarnino-8- azaxanthine
(74, R = n-C4H9, R' = H). Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of
9,51-cyclo-3:(2',3'-0- isopropylidine*D-riboturanosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65
mmol), DMZ%%%B'T%Q’T .64 mmol), and triisopropylbenzenesulfonyl chloride (400 15 mg, 1.32 mmol)
in CHaCN (10 mL) at OC, and the mixture was stirred at room temperature for 12 h. n-BuNH2 (2 mL)
was added, Bt dyeimEi(Eestirediaraiihen éﬂ%ﬁ%ﬁ}ﬂ%ﬁﬁ%ﬁ&xé&%ﬁ%‘%@?\@@s evaporated,
and the residue purified by a flash silica gel column (eluant: 2% MeOH in CH 0 dive the title
compotind @6 &yMNI5%, white solid) as a mixture of (6-butylamino: 6-butylimino; 2013.6:1). The ratio
was determined from the integration ratio of the anomeric proton. 1H-NMR (DMSO-d5) 89.00 (1H, t,

6-NH, J = 56H#).6 33 -31), 51 -B'a, J = 14.Q Hz), 4,88-4,84(21-1, dd, H-4' and H-3',
1240 3=6.0Hz) 4.7§%ﬁ?%!§$-]g% ?ﬁ%@ﬁ%@&f@%ﬁ?ﬁ%‘%ﬂfg6?}5%%50‘”,“ SR, 3.41 (2H,
m. N-Bu), 1a5@ 432t baboNyBiiknk 3), -1.28.(2H, -By), 1.24 (3H, s, CH3),
0.90 (31-1, t, N-Bu, J = 5.6 Hz). EXAIVIéIg{i)_% 5% Fibe o AP Y Rtk bl
9,S'Cyclo-3i¢P2Dr b efianasid) hau e arpine:8rad ax&tin -C4H9, = H). A solution of
9,5'-cyclo-3-(2',3'-0-isopropylidine-p-D-ribofu ran%%—&butﬁ%ﬁ%% f%ﬁgj%’a%? vier}?g (?21 qﬁa&({:\-MH&
150 mg. 0.41 vaool) ind HE: lebidd@ Gl w}amﬁ%egépécﬁ&rﬁr?&{%ﬂ%mwwre- The solvent
was evaporated, and the residue partitioned between CHCI3 and H20. The aqueous phase was

evapdfated A e0VabioAc 18 EE the: tijloavesmiBh O/ H FBE)b:as RINitSPANES A5 8 Mixture of
"H-NMR (DMSO-de+D;0) & 6.66 (1H, s, H-1), 5.94-5.91 (2H, m, H-2' and H-3"),

5.36 (2H, m, H-4’ and H52'), 4.71 (1H, m, H-5'D).
EXAMPLE 60

g,S’mCy@lom&(Q’-deoxyuﬁmﬂ-erythropentcfuranasyﬁ)~8»azaxanth§ne (83, Y = OH,
15 Z=N)and 9,,5’»::3;:;50»3{3’wdenxy-ﬁui)nerythropentofuranasyi)-&—azamnthine
{84, Y =OH, Z = N).

tert-Butyl peroxide (30 uL) was added fo a solution of 82 (470 mg, 1.52 mmo#) and
tris(trimethylsilyl)sitane (1.5 mL, 2.28 mmol) in dioxane (15 ml.) slowly at 80°C, and
the mixture was refluxed for 2 h. The mixture was concentrated in vacuo, and the
20 residue purified on a silica gel column (sluant: 10 % MeOM in CHyClz) to give a 1:1
mixture (283 mg, 77%) of 83 and 84, which were partially separated by repeated
silica gsl chromatography. "H-NMR of the latier compound (DMSO-dg + D0) &

5.99 (1H, 5, H-1'), 5,15 (1M, m, H-4"), 4.84 (1H, d, H8'a, J = 14 Hz), 4.74 (1H, dd,
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(6-butylamino: 6-butylimino; 13.6:1). The ratio was determined from the integration ratio of the
anomeric proton. 1H-NMR (DMSO-d6+D20) 8 6.00 (1H, s, H-1), 4.94 (1H, d, H5'a, J= 13.6 Hz), 4.76
(1H, dd, H-5'b, J= 4.0, J= 13.6 Hz), 4.54 (1H, dd like t, H-4', J = 3,6), 4.12 (1H, dd like t, H-3', J = 5.2
Hz), 3.96 (1H, d, H-2', J = 5.2 15Hz), 3.40 (2H, m, N-Bu), 1.59-1.52 (2H, m, N-Bu), 1.37-1.28 (2H, m,
N-Bu), 0.90KB8D1 N=-BLE Biz 7.2 A % OAPLE, 81 H-2', J = 5.2 Hz), 2.18 (1H, m, H-3'a),
9,5'-Cyclo-3-(2',3LO-isopropylidine-13-D-ribofuranosyl)-6-tetrahydro-2H-pyran2-yl-hydroxylamino-8-az
axanthine (MR(FOTHPI-Bbx11). 20Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of
9,5'-cyclo-3-(2',3'-0- isopropylidine-B-D-ribofuranosyl)-8-azaxanthine (200 mg, 0.65 mmol), DMAP
(200 mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 mg, 1.32 mmol) in CH3CN (10
mL) at OC, WME !rr% dre was stirred at room temperature for 16 h.

O-Tetrahydro-2H- pyran -2-yl-hydroxylamine (1g) was added, and the mixture stirred for a further 12 h.
The solventBvasierhma oneandithe:cesidie psiifiedhipya-flash silica gel column (eluant: 2%
MeOH in CHCI3) to glve the title compound (243 mg, 92%) as a white solid, 1H-NMR (DMSO-d6) 8

S by, 498 thikd® Ot S Rrchrolidehd el pANe ot b LI, AP b eBalle oo,
THP), 1.46 £3&i h&%ﬂy@h&s%% (RHasoThish BEAMRY '?nsé-n drops DMF (5 ml) was added

9,5'-Cyclo-3-(2',3%0-isopropylidine-P-D-ri furanosyl) -6-methoxylarnino zaxanthine (74, R =

OCHS3, R' HyeRitoviamine (%6 Mknc) Spmpaduas addsdiaadninyre of 9a:ey6ie:3-(2',3-0-
isopropylidine-P-D-ribofuranosyl)-8-azaxanthine (177 mg, 0.58 mmol), DMAP (200 mg, 1.64 mmol),

and triisoprejtythiear enasutenychlotder(40engcd-32mmael a3 ERE GO Bk a1H{¥e. The mixture

was stirred at room temperature for 16 h, then 15treated with a solution of methoxylamine
hydrochloride! i) oy pipristimen (@ MC)Y,: MeOH 10:1 viv) to give compound 91 (200 mg,

10 76%) as a white solid. "H NMR (DMSO-dg) & 11.23 (s, 1H), 7.86 (s, 1H), 6.40 (s,
1H), 4.83 (s, 1H), 4.81 (d, 1H, J = 6.0 Hz), 4.71 (dd, 1H, J= 2.8, 14.8 Hz), 4.45 {d,

H, J = 6.0 Hz), 3.60 (dd, 1H, J = 2.8, 14.8 Hz), 1.44 (s, 3H), 1.23 (s, 3H).

EXAMPLE 62
¥, 3-Cyclo-xanthosine {82, Y = GH).

15 Compound 21 (Y = OH, 200 mg, 0.65 mmol) was treated with 5N HCI (5 mL),
stirred at room temperature for 2 hr, concentrated, co-evaporated with MeOH (5
ml x 3), and triturated with MeOH. Compound 82 crystallized and was collected
and dried under high vacuum (142 mg, 82%) to give a yellowish solid. UV Apax
238, 284 nm (MeOH); 'H NMR (DMSO-ds) 5 11.38 (s, 1H), 8.15 (s, 1H), 6.20 (s,

20 . 1H), 4.59-4.56 (m, 4H), 4.22 (dd, 1H, J = 4.0, 5.6 Hz), 3.91 (d, 1H, J = 6.0 Mz), 3.73
(dd, 1H, J = 3.2, 14.8 Hz); FAB HRMS estimated 265.0573, observed 265.0580

(M*—H) for CnggN405.
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and the mixture was stirred for a further 12 h. The solvent was evaporated, and the residue purified by
a flash silica gel column (eluant: 2% MeOH in CHOI3) to give the title compound (168 mg, 86%) as a
white solid. 1H-NMR (DMSO-c15) 8 10.53(1H, s, NH), 6.24 (1H, s, H-1"), 5.14(1H, d, H5'a, J=14.4 Hz),
4.92-4.83 20(3H, in, H-2', H-3', and H4'), 4.55 (1H, dd, H-5'b, J=4.0, J=14.4 Hz), 3.78 (3H, s, NOCH3),
1.45 (3H, £EMAPIEZXRR(3H, s, CH3). EXAMPLE 83
9,5'-Cyclo-3-(3-D-Hbofuranosyl)-6-methoxylamino-8-azaxanthine (75, R = OCH3, R' = H). A solution of

9,5'-cyclo-3-(2' A-0risapropylidine=n-D-ribofuranosyl):6- Smethoxylamino-8-azaxanthine (74, R =

OCFI3, SOém%%y% n?f%% %rﬁf%iﬁl-’lgo PR AL 5/%%95‘ |Fr%' gqpbé/ﬁ@%%%%? temperature. The

solvents w .C aporated with EtOH several times, and the residue partitione
vents Wete eyapg @seyaporated with |t d the residue partitioned

teg.a
between CHCI3 an é'?%2%961'%;‘“aqueous phase was evaporated in vacuo, and the residue purified by a
silica gel column (eluant 12% MeOH in CHCI3) to give the title comgound (44 10mg, 60%) as a white
solid. 1H-NYfk NG O- B3 88 ¢iia asmikie £69 Prryde =240 Hasoprapidingd, H-5'b, J =
4.0,J=14)1) Hz), 4.61 (1H, dd like t, H-4', J = 4.4 Hz), 4.13(1H, t, H-3', J = 4.8 HZz), 4.03 (1H, d, H-2', J
= 5.2 Hz), é??srkg’ﬁi‘f@ NIBRERRIMPE g = OH. 2 =N, 152 mg, 0.5 mmol) and

O B IS O e e P& DS ac s ggrane (4. R

temperature for 20 h, and then the solvent was removed in vacuo. The residue
was partitioned between EtOAc and Hp0, and the organic phase dried over
(MgSQO,) and evaporated. The residue was purified on a silica gel column (eluant:
10 EtOAchexanes Z:1) io give the fitle compound (150 mg, 83%) as a whiie solid
which was crystallized from EtQAc in hexanes. 'H-NMR (CDCL) & 6.68 {(1H, s, H-
1), .05 (1H, d, H8a, J = 14 Hz), 492 (2H, m, H-2" and H-3"), 4.74 (1H, d, H-4', J=
5.6 Hz), 4.67 (1H, dd, H-5'b, J = 14, J =4 Hz}, 3.41 (3H, s, N-CHa), 1.58 (3H, s,

CHs), 1.34 (3H, s, CHa).

15 EXAMPLE 64
9.5’-Cyclo~-1-methyl3-{g-D-ribofuranosyl)-8-azaxanthine (77, R = CHj).

A solution of 9,5’-cycio~'i-methyi*&(Z’,S’wc}misepropyiidene~B»D~ribofuranosyi)»&
azaxanthine (76, 99mg, 0.31 mmol} in THF AN HCI{1:1, 10 mL) was heated at
80°C for 3 h. The solvent was evaporated, and the residue purified by flash silica
26 gel column chromatography (eluant: 12% MeOH in CHCI3) to give 8,5 -cyalo-1-
methyl-3-{B-D-ribofuranosyl)-8-azaxanthine (78 mg, 89%) as a white solid. 'H-
NMR (DMSO-dg) & 6.03 (1H, s, H-17), 5.77 (1H, d 2'-0H, J= 4.8 Hz), 5.42 (1H, d,
3-OH, J=6.8 Hz), 5.03 (1H, brd, H5'a, J = 15.2 Hz), 4.81 (1H, dd, H-5'b, J = 14, J

=4 Hz), 4.58 (1H, brdd, H-4"), 4.10 (2H, m, H-2’ and H-3"), 3.20 (3H, s, N-CHa).



Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 9,5'-cyclo-3-(2',3'-0- -
isopropylidine-f3-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65 mmol), DMAP (200
mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 20 mg, 1.32 mmol) in CH3CN (10 mL)
at 0C, and the mixture was stirred at room temperature for 16 h. BhANH2 (2 mL) was added, and the
mixture stireEedMiddd Rifiker 12 h. The solvent was removed in vacua, and the residue purified by a
flash silica gel column (eluant: EtOAc:hexanes 3:1) to give the title compound (218 mg, 85%, white

solid) as a mi Rzylaming: 6- imino: 1) Theratio was determined from the
integration ?;%g%ﬁﬁ%%%%oﬁr%%ic %gbﬁ %%ﬁ@%@gﬁﬁ%%%%g § %g g;n Bn), 6.33 (1H,
s, H-1Y), 5.]@%@1@&{% 144 @@; 4.87 (2H, m, H-3'and H-4), 4.71 (1H, d, H-2', J = 5.6 Hz),
4.65-4.59 (4H, m, H-5'b, and CHZPﬁ), 1.47 (3H, s, CH3), 1.25 (3H, s, CH3)- EXAMPLE 85
9,5‘-Cyclo-gl- -D-ribofuranosyl)-6-benzylamino-13-azaxanthine (75, R = CH2Ph, R' = H). A solution
of 9,5'-cycl %—? P S L POTRTRL P4 5Bkt ah b &R N e &8 2sa kil e300 mg, 0.25

empeiatue SR e SR VBB RAREE VAL TRE U A oo G Reh CHCTS and

column (e1 0 o EOHT I R o A s e CO o (7RG BBty A Wl soic. 15

EXAMPLE 8&-c, 1 iBr (283 26 mmol i '
3-Benzyloxymethy1-5- rornrgigi-?ﬁ?,c Téoo)p%ap%/ﬁggﬁgfg&gﬁﬁlf%?%}%%?u%aﬁo%g %draaciil (133).

BenzyloxymeihylGhitide 49 o Smmebraz-addesdrapwiss to 4 mechanigally, stired solution of

132 (30 g, 50 mmol) and DBU (10 g, 60 mmol) in dry DMF (400 20mL)‘at OC. The mixture was stirred
for 5 additignai reusAtOfeand &S °C. The solvent was evaporated, and the residue

10 partitioned between EtOAc and H.O. The organic phase was dried (MgSQ,) and
evaporated. The residue was purified by flash silica gel column chromatography
{sluant: 2% MeOH in CHCI3) fo give the title compound (560 mg, 99%) as a white
solid. "H-NMR {(DMSO-dg) & 6.47 {1H, s, H-1), 5.27 (1H, d, Hb'a, J = 14.4 Hz),
5.01-4.87 (5H, m, H-Z’, H-3", and N-CH,CN), 4.67 (1H, dd, H-5'b, J=14.4, J= 4.0

15 Hz), 1.47 (3H, s, CHs), 1.25 (3H, s, CHa).

EXAMPLE 66

1-Cyanomethyl-9,5 -cyclo-3-(B-D-ribofuranosyi}-B-azaxanthine {77, R =

CHLCN).

A solution of 1-cyanomethyl-9,5"-cyclo-3~(2',3'-O-isopropylidine-g-D-ribofuranosyl)-
20 8-azaxanthine (300 mg, 0.87 mmol} in THF: AN HCI (1:1, 10 miL) was heated for 2 h

at 90°C. The solvent was evaporated to give 1-cyanomethyl-8,5'-cyclo-3-{B-D-

yibofuranosyl}-8-azaxanthine (260 mg, 98%) as a white solid which was crystallized

from MeOH. "H-NMR (DMSO-dg+D,0) 8 6.04 (1H, s, H-1"), 5.04 (iH, d, H-5a, J=



concentrated in vacuo. The residue was partitioned between methylene chloride (400 mL) and water
(200 mL). The organic layer was separated, washed with water (2 x 200 mL), dried over sodium
sulfate, and concentrated to dryness. The residue was dissolved in methylene chloride and
chromatographed over a silica gel column using methylene chloride as the eluant, to give 35.5 g (92%)
of 133 as d 8yiux)sdffidiently (fie g beSliseddntte) néxizstepl, Andl-Eaicld-For £€381H37BrN207: C,
64.55; H, 5.14; Br, 11.01; N, 3.86. Found: C, 64.73; H, 5.33; Br, 10.89; N, 3.83. 51H-NMR (Me2S0-da)
8 7.86(s, 1#, H=B)o7 3% (e 26:408( 3ph o J84ldOM)H-1', = 2.4 Hz), 5.48 (ABg, 2H, NCH2, Jgem
=10.0 Hz), 4.81 (m, 2H, H-2' and 3'), 4.70 (s, 2H, PhCH2), 4.38 (m, 1H, H-4), 3.39 (d, 2H, H-5' and
5"), 1.58, 1.35(2s, 3H each, iPr). EXAMPLE 87
103-Benzy%%%gﬁ@ﬁ%-cyano-l-(z,3%O-isopropylidene-5'-0-trity1-13-D- riboftwanosyl)uracil (134). A
mixture of 132 (36.0 g, 50 mmol) and sodium cyanide (6 g, 75 mmol) in DMF (400 mL) was heated at
80C for 5 Helrd.antitiis B, Sancéhtratedin-Bdoutb Bheresidud 3ad Jartitipned between water (800 mL)
and ethyl acetate (400 mL). The 15 organic layer was washed with water (3 x 400 mL), dried over

sodiug sulfgle, GANGEAERICHIBIAEHD (288 HIRALTIONaARIMBRIAPNaAUSIRA)-hexaae-ethyl

acetate (17:3 v/v) as the eluant to give 134 (26.5 g, 80%) as a syrup, sufficiently pure to be used in the

next step. Angl. Qi (ForGAOL ARV INBQFikerd Wad i 8PRI Nttt 15O inkpefdid®. H, 5.67; N,
6.24. 1H-NMR (Me2S0-c16) 5 8.05(s, 1H, H- 20 6), 7.31 (m, 2H, 20H, Ph), 5.74 (d, 1H, H-1', ..11,2 =

2.4 Hz), 5.8A/(AREIZE NG Waearigst) St zhed82t(m 2bhddriraed Bivdsiid ($higH, PhCH2),
4.34(m, 1H, H-4", 3.38 (d, 2H, H-5 and 5"), 1.60, 1.39 (2s, 3H each, iPr). EXAMPLE 88
7-Amino-3ghenzytoxymaihydtbacthipeationyit 2 3=Grisgprapylidenatbh@e give
colorless foam, which was dissolved in dry pyridine (100 mL) and cooled to G°C.
10 Benzoyl chioride (50 mi., 389.6 mmol} was added drop-wise and the mixture was
stirred at room temperature for 12 h. lce-H.0O was added, and the mixture was
stirred for th. The solvent was evaporated and co-evaporated with toluene (200
mk, 2 times), and the residue partitioned between EtOAc and H,O. The organic
phase was washed with saturated NaHCOg3, HpO, and brine, and dried over
15 MgSO4. The solvent was evaporated, and the residue dried under vacuum
ovemight. The oily residue was dissolved in AcOH (80 mlL.} and acetic anhydride
(6.6 mL), and the mixture conled to 0°C. Conc. HaS0, (1.8 mL) was added drop-
wise. The mixiure waé stirred at room temperature for 24 h, The solvents were
‘evaporated in vacuo and then co-evaporated with toluene. The residual syrup was
20  iriturated with £EtOH, and the solid was recrystallized from MeOH to give the tille
compound (19.2 g, 57%) as white crystals. 'H-NMR (CDCl;) 8 8.02-7.24 (15H, m,
BzH), 8.36 (1H, s, H;‘J}, 5.84 (1H, dd, %-?2), 572 (H, d, H-3), 4.73-4.68 (2H, m, H~-

4 and H-5a), 4.44 (1H, m, H-5b), 1.82 (3H, &, Ac).
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trityl-P-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (135). A solution of 134 (10 g, 14. 8
mmol) and ethyl cyanoacetate (2.5 g) in sodium 5 ethoxide in ethanol (prepared by dissolving 700 mg
of metallic sodium in 200 mL of ethanol) is heated at reflux for 30 minutes. The reaction mixture is
diluted with water (200 mL), and the precipitates are collected by decantation of the supematant. The
residue is disgéivrLin &Rhloroform, the solution is dried over sodium sulfate, and purified by
chromatography on a silica gel column using 10hexane-ethyl acetate (7:3 v/v) as the eluant.

Compound 4.36: (8. 89y, £2%0). i ipgd n amorphous powder. Anal. Calc'd. for a45H44N409-H20:
C, 67.33: Hég'é?? ;%gg’ég%@éﬁ"%@ggﬁ@%@%ff ?‘()‘%ﬁp@“éﬁﬁ"lﬁiﬁﬂﬁgnﬂe%o-da) 88.91 (s, 19, H-5),
7.30 (m, 209, Ph), 5.77 (br s, 29, NH?), 5.28 (ABg, 29, NCH?, J%," = 10.0 Hz), 5.19 (d, 1H, H-11, =
0.2 15 Hz), 2 8 {fivm®l H2acalde @, k- PRermyuist (oo soneMe); 4,3058 450 ) 29, 9-3' and
4, 3.35 (mcﬂ_' é and 5"), 1.59 (s, 3H, Pr), 1.41 (t, 3H, CH2Me), 1.34 (s, 39, iPr). EXAMPLE 89
7-Amino-6- 69&; Béiyh i aietsbrbrgirr Adorumouracil [generated from 5-

20ribofyrangsyl)pyrido[2.3-d]pyrimidine-2,4(1H,3H)-dione (136). Compound 135 (7.7 g, 10 mmol),
Ridglpdpyrmi .

10% Pd/C (3.8 ) sthaior (200 L Y HRH: St @08 VAP Stk éRl-atho Baaisia fefrature for
40 hours in-a Ba %d( natqr in a hydrogen atmosphere with an initial pressure of 40 p.s.i. The
catalyst is remgcj%v%%lh y(ﬂ%%avt(%}r?? BRd é@%geg@ \ﬁﬂ%@tﬁgwgﬁ@xaﬁbi}?ﬁL‘T?"ftHéed&ﬁiﬁﬁéa fiitrate and
washings aje gepeeniraied f@%e in vacua to give vlfﬁ%‘%ﬁo , 75%& a colorless powder, mp
>300C. 1H-NMR spég;r%m%% he prggﬁ%ﬁgﬁg n@f%%énéin it %“é%%%tﬁ? SR prodticPRTised directly
in the next gipepaf @M AQure was diluted with CHC (100 mL) and guenched with

cold saturated NaHCO;. The mixture was filtered over a Calite pad, and the

10 organic phase separated, dried (MgS0,), and evaporated to give a white solid.

The solid was washed with cold EtOAc and crystallized from EtOAC in hexanes to

give the titie compound (2.85 g, 98%) as a white crystals. "H-NMR {CDCl) 8 8.06

(1H, brs, NH), 8.06-7.29 (15H, m, Bz) 7.88 (1H, s, H-'a)., 629 (1H,d, H-1", J=86

Hz), 5.81 (1H, m, H-3"), 5.65 (1H, t, H-2', J = 6 Hz), 4.77-4.62 (3H, m, H-4’, H-5'a

¥

15 and 5'b).

EXAMPLE 689
L-&-Bromouridine,

1~(2',3,5'-Tri-O-benzoyl-B-L-ribofuranosyl)-5-bro mouraci.f (39, 4.72 mmol) was
dissolved in MeOH and treated with sodium methoxide 4.4 M solution in MeQHM (1

20 mb)at 0°C, and the mixture stirred for 2 h at room temperature. The mixture was
neutralized with AcOH, and the solvent evaporated in vacuo. The residue was
purified on a silica gel column (eluant: EtOAcacetone:EtOH:H,0; 6:1:1:0.5) o
give a white solid (1.2 g, 79%), which was crystallized from EtOH. H-NMR

(DMSO-ds) 11.82 (1H, s, NH), 8.48 (1H, 5, H-6), 5.72 (1H, d, H-1", J = 4.4 Hz), 5.44



6-Ethoxycarbony1-1-(2',3c0-isopropylidene-P-D-ribofuranosyl)pyrido[2,3-
c]pyrimidine-2,4,7(1H,311,8H)-trione (137). An ice-cold mixture of 136 (2.1 g, 5 mmol) in 50 mL of 50%
agueous acetic acid is treated with sodium nitrite (1 g, 14.5 mmol) with stirring. The mixture is
gradually 10 warmed to room temperature and allowed to stand overnight. The solvent is evaporated
in vacuo, ard ttat.e2-Gitdce tciapitges 2xeptpicakyserrpyes vith toluesecHhe; resigug s triturated
with water, and colorless precipitates are collected by filtration, washed with small amounts of ethanol,
and dried totgfide(187¢ 1903, 96 %Pad ar Sribiphd® [eivdeH-BH NMROspectssm-Bf theggroduct is
15consistent with the structure. This product is used directly in the next step. EXAMPLE 91
8,5'-Cyclo-6-HthdybatboBy/l 11(2:, Be(HisopropiTddie- . Bistfuranosyl)pyrido[2,3-d)pyrimidine-2,4,7(1
H,3H,8H)-trione (138). To a refluxing mixture of 137 (1.7 g, 4 mmol) and triphenyl-phosphine (1.4 g, 5
20mmol) in %a@gﬁf}xran and water (19:1 v/v, 75 mL) is added dropwise diethyl azodicarboxylate
until the slighit 9olor of the reaction mixture persists (ca. 0.8-1 mL). The solvent is removed in
vacua, and the residue is purified on a silica gel colunm eluating first with toluene, followed by
methyléne 8hl8fide@tvpipregtptiliiaE U vitConpoussL88n(i2awd dindg Phtaiseehas a colorless
powder, mp >300C. 1H NMR is consistent with the structure EXAMPLE 92

8.5-Cyclo-Geeth gy b HERhoian G IRUIADIa 3 HlRyInNines? 47(111.3H aH-rione

(139). Compound 138 (200 mg, 0.5 mmol) is dissolved in 90% trifluoroacetic acid at room temperature,

and the solbendakaRbquainiat-ARGINEN AR Bt N arkAnI iR RANL fenldyp s (dpurated several
times with ethanol and air dried to give}é 139 (181 meg%%% 0%), mp >’3>OCI)C. 1H NMR igggoérf[sistent with the

structure. room temperature for 20 h. The mixture was neutralized with 1M NH4sOH, and the

solvent evaporated in vacuo. The residue was purified on a sifica gel column

10 (eluant: 7% MeOH in CH,CL) fo give thel titte compound as a colorless foam (900
mg, 80%). "H-NMR (DMSO-ds) 5 11.78 (TH, 5, NH}, 6.34 (iH, s, H-1"), 5.14 (1H, 4,
HS'a, J = 14 Hz), 4.87-4.84 (2H, m, H-2 and H-4"), 4.70 (1H, d, H-3', J = 6.0 Hz},

4.59 (1H, dd, H-8'b, J = 4.4, J= 14 Hz), 1.46 (3H, s, CHa), 1.34 (BH, s, CH3).

EXAMPLE 71

16 1.{5 ’-«Azid@-&’»denxy-z’,3’-O-ESOpmpyiEdine-@-L-ribo’fur&nosy§)~5»bromouridEne

{19, L-form).

Methanesulfonyl chloride (0.2 mL, 2.54 mmol) was added drop-wise to a soiution of |
1-(2',3-C-isopropylidine-B-L-ribofuranosyi-5-bromouridine (17, L-form, 840 mg,
2.31 mmol) in pyridine (10 mL) at 0°C. After stirring for 1 h at 0°C, another 40 pl

20 of MsClwas added, and the mixture stirred for a further 30 min. The reaction was
quenched by addition of MeOH (2 mL). The mixiure was conicentrated in vacuo,
and. the residual solvents co-evaporated with foluene (2 times). The residue was
partitioned between EtOAc and Hp,O. The organic phase was dried over (MgSO.),

and the solvent evaporated. The residue was dried overnight under reduced
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10 EXAMPLE 93 8,5'-Cyclo-1-(13-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-2,4,7(1H,3H,8H)-
trione-6-carboxamide (140). Compound 139 (100 mg, 027 mmol) is treated with liquid ammonia (ca. 5
mL) overnight at room temperature, and the ammonia is evaporated. The solid residue 15is
recrystallized from ethanol to give 140 (87 mg, 95%), mp >300C. 1H NMR is consistent with the
structure. BEXA33RIEH®give a colotless foam. To a solution of the foamy residue in DMF (10
8,5'-Cyclo-6-cyano-1-(f3M-ribofuranosyl)pyrido[2,3-d]pyrimidine2,4,7(1H,3H,8H)-trione (141). 20To an
ice-cooled E@i&t‘f‘ﬁﬁm {4l (F A0 IansoRdinrdiokp medS mel)isndeyiding:40:8 fompf) ig added
trifluoroacetic anhydride (0.5 mL) with stirring. The mixture is stirred an additional 3 hours at room
temperaturgd The &8RRI GUBAtE wpadinied ofwaneri(@ fillamydberatadure is concentrated to
dryness in vacua The residue is azeotropically dried with toluene and then recrystallized from
ethanol-wat&t5%ive 19 15841y ams08y S hotver (KB & 2220-kf- 1 TNy @iological Methods

EXAMPLE 95 5 Antivira] testi f candidate compounds for Flaviviridae The HCV rep/icon system in
Huh? §||s??3%%%%aﬁsd@ﬁ3§§§ffé%8m FRESEPESTEDH Wk euRRAiEe e BIE MuURERiLen ehigh

silica gel column {eluant: 4% MeOmM in CH,Ch) to give the fitle compound (774 mg,
89%) as a coloriess foam. TH-NMR (OMSC-dg) 11.87 {1H, s, NH), 8.27 (1H, &, H-
6}, 5.82 (1H, s, H-1), 511 {(1H, brdd, H-2"), 475 (1M, dd, H-3, S = 4.4, J = 6.0 Hz),
4.13 (1H, g, H-4'), 3.61 (2H, br d, H-5'a and H-5'b), 1.48 (3H, s, CHa), 1.27 (3H, s,

10 CHa).

EXAMPLE 72

g,5’mﬁyc!0»3-{2’,3’~0~Esq}pmpy§idine»~§-L-ribofurannsyi}-«ﬁ-azaxanthine (14, Y =

OH, Z = N, L-form),

’Em(S’WAzido-ﬁ’—d@oxy—Z’g3’~Owisa)propytidine~B~L~rib0furanoSyi)—5~br0mouridine (500
15 mg, 1.29 mmol) was dissolved in DMF {10 mL) and heated for 72 h at 110-120°C.
The mixture was concentrated in vacuo, and the residue purified by flash silica ge!
column chromatography (eluant: 4% MeOH in CHCls) to give the title compound
(310 mg, 78%) as a white solid. "H-NMR (DMSO-d5) & 11.67 (1H, s, NH}, 6.31
(1H, s, H—‘}’),Vﬁ.“i? (1H, d, H5'a, J = 14 Hz), 4.95-4.89 (3H, m, H-2', H-3', and H4"),

20 4.62(1H,dd, H-5'b, J= 4.0, J = 14.0 Hz), 1.46 {3H, s, CHa), 1‘.23 (3H, s, CH3).
EXAMPLE 73
9,5"-Cyclo-3-(p-L-ribofuranosyl)-8-azaxanthine {15, Y = OH, Z = N, L-form).

A solution of 8,5 -cycio-3+(2’,3'-O-isopropylid ine~-B-L-ribofurancsyl)-8-azaxanthine

(120 mg, 0.39 mmol) in THF:1N HCI (1:1, 10 mL.} was heated at 90°C for 2 h. The
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glucose, no pyruvate), supplemented with 10% fetal bovine serum, 1 x nonessential amino acids,
Pen-Strep-Glu (100 units/liter, 100 microgram/liter, and 2.92 10mg/liter, respectively), and 6418 (500
to 1000 microgram/milliliter). Antiviral screening assays were also done in the same medium without
6418 as follows. To keep the cells in the logarithmic growth phase, cells were seeded in 96-well plates
at low densitxigies erarnpiecnbeiedolisyaetae Nhd restdsticamypia dvamsahen:gedetiwitbdiately after
seeding the cells, and they were incubated for 3 to 7 15 days at 37C in an incubator. The medium was
then remoVdPrafil e alhilereafice yepish foreotar salix extdmetdrt (e fticmerNAlilchost RNA).
Replicon RNA was then amplified in a real-time RT-PCR (Q-RT-PCR) protocol, and quantified. The
observed diffrerids BEquantifcatian aMEREEIRRIA dic IHE WAl & xpr&s§128Hd ntiviral potency

of the test §%Tnpound. In a t%pical ex%eriment, in the negative control and with non-active compounds a

comparabld‘amotHt 9f replicoh wad prodiiced? THis cah b8 Enchidéd bacaudethe Aiedstired
threshold-cycle for RT-PCR in both settings was approximately the same. In such experiments, a
waty & exARD Ml Bt tb s Bl s 5 BobtrAdtife KT i eabord RT-PCR
cycle of th ive coptraln \Y (%éfiom thresh Iéjv RT- - PCR cycle of the test compound (Ct
-iestamnpg?]%% . ﬁklg%a%uéé)&is%cgﬁe {17( (fp‘:%te%qgscﬁ% 3und Ctnegative) A ACt value of 3.3
represents a 1-log reduction in replicon production. 5 As a positive control, recombinant interferon

alfa-2a (ReferonsA :Haffmann-Roche, NJ, USA) was taken alongside, showing a HCV ACt of 7.
Furthermore, each of these compounds were tested in dilution series (typically at 100, 33, 10, 3 and 1

9,5’-Cyclo-3-(2, 3" -O-isopropylidine-p-D-ribofuranosyi}-6-methylamino-8-

azaxanthine (74, R = CH;, R’ =H).

10 Triethylamine (¢.4 mL, 2.83 mmol) was added to a mixture of 9,5’—cyclo-3w(2’,3’~0~_
isopropylidine-B-D-ribofuranosyi-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65
mmob), DMAP (200 mg, 1.64 mmol), and trilsopropyibenzenesulfony! chloride (400
mg, 1.32 ramof) in CHsCN (10 mb) at 0°C, and the mixiure was stirred at room
temperature for 12 h. CH3NH. (2 mil) was added, and the mixture stirred for a

15 fur&her2_ h. The solvent was removed in vacuo, and the residue purified on a silica

‘gel colunm (eluant: EtOAc:hexanes 3:1) fo give the title compound (181 mg, 81%,
white solid) as a mixture of (6-methylaming: 6-methyiimino; 20:1). The ratio was
determined from the integration ratio of the anomeric proton. *H-NMR (DMSO-dg)
0 8.93 (1H, q, 6-NH, J = 4.8 Hz), 6.34 (14, s, H-1"), 5.15 (1H, d, H-F'a, J = 14.0

20 Hz), 4.87-4.84(2H, dd, H-4 and H-3', J= 4.4, J = 5.6 Hz), 4.70 (1H, d, H-2", J = 6.0
Hz}, 4.58 (1H, dd, H-5'b, J = 4.4, J = 14.0 Hz), 2.80 {(3H, d, N-CH3, J = 4.8 Hz),

1.48 (3H, s, CH3), 1.24(3H, s, CH3).



pM). The ACt values for each concentration allow the calculation of the 50% effective concentration
(ECK). 10Ce// culture systems for determining antiviral activities The assay described above can be
adapted to the other members of the Flaviviridae by changing the cell system and the viral pathogen.
Methodologies to determine the efficacy of these antiviral compounds include modifications of the
standard tdekflgiiéE S described by Holbrook MR et S. Virus Res. 2000, 69, 31; 15 Markland W et al.
Antimicrob. Agents. Chemother. 2000, 44, 859 Diamond MS et al., J. Virol. 2000, 74, 7814; Jordan |
et al. J. Infect: Bip-2000pX82iAidaSEeqniva Sinb-MisolaMethass 193 4564). Ior Baginski
SG et a/. Proc. Natl. Acad. Sci, U.S.A. 2000, 97(1 , 7981 or the real-time RT-PCR tec nology As an
example, an#CV replicon system in HuUH7 cells (Lohmann V etal, Science, 201999, 285 (5424), 110)
or modifications thereof (Blight et a/. 2000) can be used. Biological test results. Compounds were

i he folotg (B 1 St RIS ACL HEY BTG ER (Rl et A T T B = Cry

5  8-azaxanthine (130 mg, 0.41 mmol} in THF N HCI (1:1, 5 mL) was heated at 80°C

for 4 h. The reaction mixture was concentrated in vacuo, and the residue dried by
several azeotropic distillations with EtOH. The solid residue was recrystallized
from E1OH and H,0 1o give the title compound (97 mg, 82%} as a mixture of (6~
methylaminoe:6-methylimine; 5 1 1). The ratio was determined from the integration

10 ratio of the anomeric proton. "H-NMR of the major isomer (DMSO-ds + D20) 8
6,33 (1H, &, H-17), 5.04 (1H, d, HB'a, J=13.6 Hz), 4.86 (1H, dd, H-5'b, J= 3.6 Hz, J
= 14 Hz}, 4.61 (1H, dd like t, H-4", J = 4.8, J = 4Hz), 4.15 (1H, t, H-3', J = 4.8 Hz),

4.06 (1H, d, H-2', J = 5.2 Hz), 3.74 (3H, 5, N-CHa).

EXAMPLE 76

15 4,5-Cyclo-3-(2',3'-O-isopropyiidine-B-D-ribofuranosyi}-6-dimethylamino-8-

azaxanthine (73, X = N{CH3}.).

- Triethylamine (0.4 mL, 2.83 mmol) was added io a mixture of 9,5"-cyclo-3~(2",3™-O-
isopropylidine-B-D-ribofuranosyl}-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65
mmol}, DMAP (200 mg, 1.64 mmol}, and triilsopropylbenzenesuifony! chioride (400

20 mg, 1.32 mmol) in CHaCN (10 mL ) at §°C, and the mixture was stirred at room

| temperature for 12 h. MeoNH (2 mL) was added, and the mixture stirred for a
further 3 h. The solvent was removed in vacuo, and the residue purified on a silica
gel column {eluant: 3% MeOH in CHCl;) 1o give the ﬁﬂé compound (183 mg, 84%)

as a white solid. "H-NMR (DMSO-d) § 6.37 (1H, s, H-1), 5.18 (1H. d, H-5'a, J =
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4A820 10HOH i$A (Y =0OH.Z=NI)

10

15

20

14.4 Hz), 4.86 (2H, dd like t, H-4’ and H-3', J = 5.2 Hz), 4.68 (1H, d, H-2', J=56
Hz), 4.58 (1H, dd, H-5'b, J = 4.0, J = 14.4 Hz), 3.71 (3H, s, N-CHj), 3.20 (3H, 5, N-

CHa), 1.46 (3H, 5, CHs), 1.24 (3H, s, CHs).

EXAMPLE 77

9,5’ -Cyclo-3-(B-D-ribofuranosyl)-6-dimethvlamine-8-azaxanthine (75, R=R’ =

CHj).

A solution of 8,5'-cyclo-3-(2', 3'-O-isopropylidine-g-D-ribofuranosyl)-6-
dirnethylamino-8-azaxanthine (140 mg, 0.42 mmol) in THF: 1N HCI {1:1, 5 mbL) was
heated for 4 h at 90°C. The mixture was concentrated in vacuo, and the residue
azeotropically dried with EtOH several times. The solid residue was recrystallized
from EtOH to give the title compound (101 mg, 83%) as a white powder. 'H-NMR
(DMSO-dg+D,0) 8 6.05 (1H, 5, H-1"), 4.96 (1H, d, H-5'a, J= 14.0 Hz), 4.76 (1H, dd,
H-5b, J= 4.4, J=14.0 Hz), 4.57 (1H, dd like {, H-4", J= 4.0 Hz), 4.11 {(1H, {, H-3', J

= 5.2 Hz), 3.96 (1H, 1, H-2", J = 5.2 Hz), 3.75 (3H, s, N-CHa), 3.71 (3H, 5, N-CHa).

EXAMPLE 78

8,5 -Cyclo-3-(2°, 3"-O-isopropylidine-S-D-ribofuranosyi}-é-isopropyiamino-g-

azaxanthine (74, R = CH{CH3),, R’ = H).

Triethvlamine (0.4 mlL, 2.83 mmol) was added fo a midiure of 8,5 -cyclo-3-(2,3'-0-
isopropylidine-B-D-ribofuranosyl)-8-azaxanthine {200 mg, 0.65 mmol), DMAP (200
mg, 1.64 mmol), and triisopropylbenzenesulfony! chioride. (400 mg, 1.32 mmol} in
CH3CN (10 mL) at 0°C. The mixture was stirred at room femperature for 12 h, then
treated with /so-propylamine (2 mL), and the mixiure was stirred for a further 3 h ai

room temperature. The solvent was evaporated, and the residue purified by a flash
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/\ NH6.3<10 OHOH  71(X=r)

10

15

20

silica gel column (eluant: 2% MeOH in CHCI,) to give the title compound (162 mg,
72%, as a pale yellow solid) as a mixture of (6-fso-propylamino: 6-iso-propylimino;
9.1:1). The ratic was determined from the integration ratic of the anomeric profon,
"H-NMR (DMSO-d5) 8 8.86 (1H, d, 6-NH, /= 8.0 Hz), 6.33 (1H, s, H-17), 5.14 (1.
g, H-5a, J=14.0 Hz), 4.87-4.84 (2H, dd, H-4", and H-3', J= 4.0, J = 6.0 Hz), 4.71
(iH, d, H-2", J = 6.0 Hz), 4.58 (1H, dd, H-5'b, /= 4.0, J = 14.0 Hz), 3.38 (1H, m, N~
CHMey), 1.46 (3H, s, CHg), 1.24 (3H, s, CHa), 1.21 (3H, s, N-CHMey), 1.19 (3H, s,

N-CHMes).

EXAMPLE 79

9,5'-Cyclo-3-(2°, 3~ O-isopropylidine-§-D-ribofurancsyl)-6-butylamino-8-

azaxanthine (74, R = n-CyHg, R’ = H}.

Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 9,5’ -cyclo-3+(2°,3"-0-
isopropylidine-B-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65
mmol), DMAP (200 mg, 1.64 mmol), and triisopropylbenzenesulionyt chioride (400
mg, 1.32 mmol) in CH3CN (10 mi.} at 0°C, and the mixture was stirred at room
temperature for 12 h. n-BuNH, (2 mL) was added, and the mixture stirred for a
further 2 h at room temperature. The solvent was evaporated, and the }*esidue
purified by a flash silica gel column (eluant: 2% MeOH in CHCI;) to give the titie
compound (225 mg, 85%, white solid) as a mixture of (6-butylamino: 6-butylimino;
13‘6:1'). The ratio was determined from the integration ratio of the anomeric
proton. "H-NMR (DMSQO-d;) 8 8.00 (1H, t, 6-NH, J = 5.6 Hz), 6.33 (1H, s, H-17),
516 (1H, d, H-5'a, J = 14.0 Hz), 4.88-4.84 (2H, dd, H-4" and E-B’, J=4.0,=6.0

Hz), 4.71 (1H, d, H-2", J = 6.0 Hz), 4.60 (1H, dd, H-5'b, J = 4.0, J = 14.0 Hz}, 3.41
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(2H, m, N-Bu}, 1.59-1.52 (2H, m, N-Bu), 1.46 (3H, s, CHs), 1.37-1.28 (2H, m, N-

Bu), 1.24 (3H, s, CHa), 0.90 (3H, t, N-Bu, J = 5.6 Hz).

EXAMPLE 80

9,8 -Cyclo-3-{B-Dhribofurancsyl}-6-butylamino-8-azaxanthine (75, R = n-CaHs,

R’ = H),

A solution of ©,5"-cyclo-3-(2’,3-O-isopropylidine-8-D-ribofurancsyl)-6-butylamino-8-
azaxanthine (74, R = n-C4Hp, 150 mg, 0.41 mmol) in THFAN HCH(1:1, 10 mL) was
stirred Yor 24 h at room temperature. The solvent was evaporated, and the residue
partitioned between CHCl; and HoO. The aqueous phase was evaporated in
vacuo to leave the title compound (96 mg, 85%, as a white powder) as a mixture of
{6-butytamino: 6-butylimino; 13.6:1). The ratio was determined from the integration
ratio of the anomeric proton. 'H-NMR (DMSO-dg+D20) § 6.00 (1H, s, H-1"), 4.94
(1H, d, HS'a, J = 13.6 Hz), 4.76 {(1H, dd, H-5'b, J = 4.0, J = 13.6 Hz), 4.54 (1H, dd
like t, H-4', J = 3.6), 412 (1H, dd fike t, H-3', J = 5.2 Hz), 3.96 (1H, d, H-2’, /= 5.2
Hz), 3.40 (ZH, m, N-Bu), 1.59-1.52 (2H, m, N-Bu), 1.37-1.28 (2H, m, N-Bu), 0.90

(3H, t, N-Bu, J= 7.2 Hz).

EXAMPLE 81

'Q,5’»Cyc§0~39(2’,3’«€7~isopmpy§idEﬁe»ﬁué}«ﬁbafuran@sy&)»&tetrahydm-2ﬁ-pyraﬂ-

Z-yl-hydroxylamino-8-azaxanthine (74, R = OTHP, R’ = H).

Triethylamine (0.4 mlL, 2.83 mmol) was added o a mixture of 8,5-cyclo-3+2",3"-0-

isopropylidine-f-D-ribofuranosyl)-8-azaxanthine (200 mg, 0.65 mmol), DMAP (200

mg, 1.84 mmol), and triisopropytbenzenesulfonyi chioride (400 mg, 1.32 mmol} in

CHsCN (10 mL) at 0°C, and the mixture was stirred at room temperature for 16 .
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O-Tetrahydro-2H-pyran-2-yl-hydroxylamine {1g) was added, and the mixture stirred
for a further 12 h. The solvent was removed in vacuo, and the residue purified by a
flash silica gel column (eluant: 2% MeOH in CHCIs) to give the title compound
(243 mg, 92%) as a white solid. "H-NMR (DMSO-ds) 8 10.68 (1H, s, NH), 6.26
(1H, s, H-1), .14 (2H, m, H5'a and H-1"-THP), 4.96-4.84 (3H, m, H-2', H-3', and
H5'b), 4.62 (1H, m, H-4"), 3.80 (1H, m, THPF), 3.48 (1H, m, THP}, 1.71 (ZH, m,

THP), 1.49 (2H, m, THP), 1.46 {3H, 5, CHy), 1.23 (3H, 5, CHa).

EXAMPLE 82

8,5 -Cyelo-3-(2°,3°-O-isopropylidine--D-ribofurancsyil-6-methoxylaming-8-

azaxanthine (74, R = OCH;, R s H).

Trigthylamine (0.4 mi., 2.83 mmol) was added to a mixture of 9,5 -cyclo-3-(2',3-0-
isopropylidine-B-D-ribofuranosyl-8-azaxanthine (177 mg, 0.58 mmol), DMAP (200
mg, 1.64 mmol), and triisopropylbenzenesulfony! chloride (400 mg, 1.32 mmol) in
CHaCN (10 mL) at 0°C. The midure was stirred at room temperature for 16 h, then
freated with a solution of methoxylamine hydrochioride (1g) in dry pyridine (10 mL),
and the mixture was stirred for a further 12 h. The solvent was evaporated, and
the residue purified by a flash silica gel column (eluant: 2% MeOH in CHCI3) to
give the titie compound (168 mg, 86%) as a white solid. "H-NMR (DMSO-dg) 8
10.53 (1H, 5, NH), 6.24 (1H, s, H-1'}, 5.14 (1H, d, H5a, J = 14.4 Hz), 4.92-4.83
(3H, m, H-2', H-3’, and H4"), 4.55 (1H, dd, H-8'b, J = 4.0, J= 14.4 Hz), 3.78 (3H, s,

NOCH;), 1.45 (3H, s, CHs), 1.24 (3H, s, CHa).
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EXAMPLE 83

8,5"-Cyclo-3-(B-D-ribofuranosyli-6-methoxyiamino-8-azaxanthine (75, R =

OCH,, R’ = H).

A solution of 9,5 -cyclo-3-(2°, 3" -O-isopropylidine-B-D-ribofuranosyl }-6-
methoxylamino-8-azaxanthine (74, R = OCHs, 80 mg, 0.23 mmol) in TFAHGC (2:1,
6 mlL.) was stirred for 24 h at room temperature. The solvenis were evaporated and
co-avaporated with E1OH several imes, and the residus partitioned belween CHCH
and HyO. The aguecus phase was evapﬁ'rated in vacuo, and the residue purified
by a silica gel column {eluant: 12% MeOH in CHClR) to give the title compound (44
mg, 60%) as a white solid. "H-NMR (DMSO-ds + Do0) & 5.85 (1H, s, H-1'), 4.92
(1H, d, HB8'a, J = 14.0 Hz), 4.74 {1H, dd, H-5'b, J = 4.0, J = 14.0 Hz}, 4.61 (1H, dd
ke t, M-4', J= 4.4 Hz), 413 (1H, t, H-3', J = 4.8 Hz), 4.03 (1H, d, H-2', J= 5.2 Hz),

3.78 (8H, s, N-OhMe).

EXAMPLE 84
8,5 Lyelo-3-(2°, 3 -O-isopropylidine-B=-D-ribofuranosyt)}-t-benzylamino-8-
azaxanthine (74, R = CH,Ph, R" = H).

Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 8,5 -cyclo-3-(2',3"-0-

isopropvlidine-B-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65

| mmol}, DMAP (200 mg, 1.64 mmol), and triisopropylbenzenesulfonyl chioride (400

mg, 1.32 mmol) in CHzCN (10'mL.) at 0°C, and the mixture was stirred at room
temperaiure for 16 h. BnNH; {2 mL) was added, and the mixture stirred for a
further 12 h. The solvent was removed in vacuo, and the residue purified by a
flash silica gel column (eluant. EtOAc:hexanes 3:1) to give the fitle compound (218

mg, 85%, white solid) as a mixture of (6-benzylamino: 6-benzylimino; 13.3:1). The
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ratio was determined from the integration ratic of the anomeric proton. TH-NMR
{DMSO-dg+D0) 6 7.366-7.26 (5H, m, Bn), 6.33 (1H, s, H-17), 513 (1H, d, H-5'a, J
= 14.4 Hzj, 4.87 (24, m, H-3 and H-4"), 4.71 (1H, d, H-2’, J = 5.6 Hz}, 4.85-4.59

(4H, m, H-5'b, and GHzPhY, 1.47 (3H, s, CHy), 1.26 (3H, 5, CHy).

EXAMPLE 85

8,8"-Cyclo-3-(B-D-ribofuranosyl}-6-benzylamino-g-azaxanthine (78, R = CH.Ph,

R’ = H),

A solution of 8,5"-cyclo-3-(2°, 3 - O-isopropylidine-g-D-ribofuranosyl)-6-benzylamino-
8-azaxanthine (100 mg, 0.25 mmol) in THF AN HCI (1:1, 10 mL) was heated for 4 h
at 80°C. The mixture was cooled to room temperature, and the solvent evaporated‘
in vacyo. The residue was partitioned between CHCl: and +H,0. The aqueous
phase was evaporated in vacuo, and the residue purified by a flash silica gel
cotumn {eluant: 10 % MeOH in CHCI3) to give the fitle compound (746 mg, 85%)

as g white solid.

EXAMPLE 86

3-Benzvioxymethyl-5-bromo-1-{2°,3’-O-isopropylidene-5"-O-trityl-B-D-

ribofuranosylluracil {133).

Benzyloxymethy! chloride (8.4 g, 60 mmol) Was added dropwise to a meachanically
stirred solution of 132 {30 g, 50 mmol) and DBU (10 g, 80 mmol) in dry DMF (400
mL) at 0°C. The mixture was stirred for 5 additional hours at 0°C and then
concéntrated in vacuo. The residue was partitioned between methytene chioride
(400 mL) and water (200 mL). The organic layer was separated, washed with

water (2 x 200 mL), dried over sodium suifate, and concentrated to dryness. The
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residue was dissolved in methylene chioride and chromatographed over a sifica gel
column using methylene chioride as the eluant, to give 3565 g (82%) of 133 as a
syrup, sufficiently pure 1o be used in the next step. Anal, Calc'd. for CaghtsBriNgOy:
C, 64.55; H, 5.14; Br, 11.01; N, 3.85. Found: C, 84.73; H, 5.33; Br, 10.88; N, 3.83.
"H-NME (MesSO-de) § 7.86 (s, 1H, H-6), 7.35 (m, 2H, 20H, Ph), 5.84 (d, 1H, H-1’,
Jo = 2.4 Hz), 5.48 (ABq, 2H, NCHy, Jgem = 10.0 Hz), 4.81 (m, 2H, H-2’ and 3),
4.70 (s, 2H, PhCHy), 4.38 (m, 1H, H-4), 3.39 (d, 2H, H-5' and 57), 1.58, 1.35 {2s,

3H each, iPr).

EXAMPLE 87

3-Benzvioxymethyl-5-cyano-1-(2’, 3 -O-isopropylidene-5'-O-trityl-B-D-

ribofuranosyljuracil {134).

A mixture of 132 (36.0 g, 50 mmol) and sodium cyanide (6 g, 75 mmol) in DMF
(400 mL) was heated at 80°C for 5 hours and then concentrated in vacuo. The
residue was partitioned between water (800 mi.) and ethyi acetate (400 mL). The
organic layer was washed with water (3 x 400 mL), dried over sodium sulfate,
concentrated in vacuo, and the residue chromatographed using n-hexane-sthyl

acetate (17:3 viv) as the eluant to give 134 (26.5 g, 80%) as a syrup, sufficiently

pure 10 be used in the next step. Anal. Calc'd. for CypHayNsGy: C, 71.52; H, 5.585;

N, 6.24. Found: C,71.31; H, 5.67: N, 8.24. "H-NMR (Me;S0O-de)  8.05 s, 1H, H-
8), 7.31 (m, 2H, 20H, Ph), 5.74 (d, 1H, H-1", J1» = 2.4 Hz), 5.47 (ABq, 2H, NCH,,
Jgem = 10.0 Hz), 4.82 (m, 2H, H-2" and 3), 4.71 (s, 2H, PhCHy), 4.34 (m, 1H, H-4"),

3.38 (d, 2H, H-5' and 57, 1.60, 1.38 (2s, 3H each, iPr).
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EXAMPLE 88

7-Amino-3-benzyloxymethyl-6-ethoxycarbonyl-1-(2',3°-O-isopropylidene-5'-0-

trityl-B-D-ribofuranosyl)pyrido[2, 3-dlpyrimidine-2,4{1H,3H})-dione (135).

A solution of 134 (10 g, 14. 8 mmol} and ethyl cyanocacetate (2.5 g) in sodium
ethoxide in ethanol {prepared by dissolving 700 mg of metallic sodium in 200 mL of
ethanol) is heated at reflux for 30 minutes. The reaction mixture is dilufed with
water (200 mL}, and the precipitates are collected by decantation of the
supematant. The residue is dissolved in chioroform, the solution is dried over
sodium sulfate, and purified by chromatography on a silica gel column using
hexane-ethyl acetate (7:3 v/v) as the sluant. Compound 135 (8.5 g, 75%) is

obtained as an amorphous powder,

Anal. Calc’d. for CasHausNaGeH0: C, 67.33; H, 5.74; N, .98, Found: C, 67.38; H,
5.83; N, 6.74. "H-NMR (Me,SO0-dg) 6 8.91 (s, 1H, H-5), 7.30 (m, 20H, Ph), 5.77 {br
s, 2H, NHy), 5.28 (ABg, 2H, NCHg, Jeem = 10.0 Hz), 5.19 (d, 1H, H-1', Jy» = 0.2
Hz), 4.90 (m, 1H, H-2"), 4.60 (s, 2H, PhCHy), 4.39 (q, 2H, CHyMe), 4.30-4.45 (m,
2H, H-3’ and 4°), 3.35 (m, 2H, H-5' and 57}, 1.59 (s, 3H, IPr), 1.41 (t, 3H, CH.Me),

1.34 (s, 3H, iPr).

EXAMPLE 89

7-Amino-6-gthoxycarbonyl-1-(2°, 3’ -C-isopropvlidene-f-D-

ribofuranosyl)pyrido[2, 3-¢]} pyrimidine-2,4{1H,3H)-dione {1386).

Compound 135 (7.7 g, 10 mmol), 10% Pd/C (3.6 g}, ethanol {200 mL}, and ethvi

acetate (200 ml.) are shaken at room temperature for 40 hours in a Parr

hydrogenator in a hydrogen atmosphere with an initial pressure of 40 p.s.i. The
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catalyst is removed by filtration, and washed with ethanol (3 x 150 mL). The
combined filtrate and washings are concentrated to dryness in vacuo to give 136
(4.0 g, 75%), a colorless powder, mp »300°C. "H-NMR spectrum of the product is

consistent with the struciure. This product is used direcily in the next step.

EXAMPLE 80

s-Ethoxycarbonyl-1-{2°,3"-O-isopropylidene-g-D-ribofurancsyljpyridof2,3-

dipyrimidine-2,4,7(1H,3H,BH}-trione {137).

An ice-cold mixture of 136 (2.1 g, 5 mmol) in 50 mk of 50% aqueous acetic acid is
freated with sodium nitrite (1 g, 14.5 mmeol} with stirring. The mixture is gradually
warmed 1o room temperature and allowed o stand overnight. The solvent is
evaporated in vacuo, and traces of acetic acid are azeotropically removed with
toluene. The residue is friturated with water, and colorless precipitaies are
collected by filtration, washed with small amounts of ethanol, and dried to give 137
(1.9 g, 80 %) as an amorphous powder. "H NMR spectrum of ‘Eﬁe product is

consistent with the structure. This product is used directly in the next step.

EXAMPLE 91

8,5’ -Cyclo-6-ethoxycarbonyi-1-{(2°, 3’ -O-isopropylidene-B-D-

ribofurancsylipyride|2,3-djpyrimidine-2 4, 7(1H,3H,8H)-trione {138).

To a refluxing mixture of 137 {1.7 g, 4 mmol) and friphenyl-phosphine (1.4 g, 5
mimol) in tetrahydrofuran and water (19:1 v/v, 75 mL) is added dropwise diethy!
azodicarboxylate until the slightly yellow color of the reaction mixture persists {(ca.
0.8-1 mL). The solvent is removed in vacuo, and the residue is purified on a silica

gel colunm eluating first with toluene, followed by methyiene chioride-ethy! acetate

136
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(7:3 vfv). Compound 138 (1.2 g,74 %) is obiained as a colorless powder, mp

>300°C. "H NMR is consistent with the structure.

EXAMPLE 92

8,5 -Cyclo--ethoxycarbonvl-1-{ B-D-ribofuranosylpyridol2, 3-djpyrimidine-

2,4,7(1H,3H,8H)-trione (139).

Compound 138 (20C mg, 0.5 mmol) is dissolved in 890% trifluoroacetic acid at room
tempetaiure, and the sclution is kept overnight and then evaporated in vacuo. The
solid residue is triturated several fimes with ethanol and air dried to give 138 (181

mg, 99 %), mp >300°C. "H NMR is consistent with the structure.

EXAMPLE 93

8,5 -Cyclo-1-(B-D-ribofuranosyl)pyrido[2,3-d]pyrimidine.-2,4, 7{1H,3H,8H)-

trione-6-carboxamide (140).

Compound 138 (160 mg, 0.27 mmol) is treated with liguid ammonia {ca. 5 mL)
overnight at room temperature, and the ammonia is evaporated. The solid residue
is recrystallized from ethancl to give 140 (87 mg, 95%), mp >300°C. "H NMR is

consistent with the structure,

EXAMPLE 94

8,5'-Cyclo-6-cyanc-1-{§-D-ribofuranosvlipyrido]2,5-dlpyrimidine-

2,4,7(1H,3H,8H)-trione (141).

To an ice-cooled solution of 140 (34 mg, 0.1 mmol) in dioxane (8 mL) and pyridine
{0.5 mmol) is added trifluorcacetic anhydride (0.5 mL) with stirfing. The mixture is
stirred an additional 3 hours at room temperature. The reaction is quenched by

addition of water (2 mL), and the mixture is concentrated o dryness in vacuc. The
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residue is azeotropically dried with toluene and then recrystaliized from ethanol-

water to give 141 (24 mg, 78 %), mp >300°C. IR (KBr) u 2220 om™ (CN).

Biological Methods

EXAMPLE 95
Antiviral testing of candidate compounds for Flaviviridae
The HCV repficon system in Huh7 cells.

Huh? cells harboring the HCV replicon were cultivated in DMEM medium (high
glucose, no pyruvate), supplemented with 10% fetal bovine serum, 1 x non-
essential amino acids, Pen-Strep-Glu (100 uniiaiiitér, 100 microgram/liter, and 2.92
mgfiter, respectively), and G418 (500 to 10600 microgram/miliiliter). Antiviral
screening assays were also done in the same medium without G418 as follows.
To keep the cells in the logarithmic growth phase, cells were seeded in 96-well
plates at low density (for example, 1000 cells per well). The test compound was
then added immediaiely after seeding the cells, and they were incubated for 3t0 7
days at 37°C in an incubator. The medium was then removed, and the cells were
prepared for total RNA extraction (replficon RNA + host RNA). Replicon RNA was

then amplified in a real-time RT-PCR (Q-RT-PCR) protocol, and guantified.

.The observed differences in quantification of replicon RNA are one way. io express
the antiviral potency of the test compound. In a typical experiment, in the negative
control and with non-active compounds a comparable amount of replicon was

produced. This can be concluded because the measured threshold-cycle for HCV
RT-PCR in both setllings was approximately the same. In such experiments, a way

o express the antiviral effecliveness of a compound is to subtract the average
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threshold RT-PCR cycle of the negative control {Clnggative) from the threshold RT-
PCR cycle of the test compound (Cliestoompouns).  This value is called ACt (ACt =
Cliestoompound - Clnegative). A ACE value of 3.3 represents a 1-log reduction in replicon

production.

As a positive control, recombinant inferferon alfa-2a (Roferon-A, Hoffmann-Roche,
NdJ, USA) was taken alongside, showing a HCV ACt of 7. Furthermore, each of
these compounds were tested in dilution series (typically at 100, 33, 10, 3 and 1
uM). The ACt values for each conceniration aliow the calculation of the 50%

effective concentration (ECsg).
Cell cufture systems for defermining antiviral activities

The assay described above can be adapted to the other members of the
Faviviridae by changing the cell system and the viral pathogen. Methodologies to
determine the efficacy of these antiviral compounds include modifications of the
standard techniques as described by Holbrook MR ef a/. Virus Res. 2&%60, 88, 31;

Markland W et al. Anlimicrob. Agents. Chemother, 2000, 44, 859; Diamond MS et

al., J. Virol, 2000, 74, 7814; Jordan | ef a/. J. Infect. Dis, 2008, 7182, 1214;

Sreenivasan V ef al. J. Virol, Methods 1893, 45 (1), 1, or Baginski SG ef al. Proc.

Natl. Acad. S¢i. U.S.A. 2000, 97 (14), 7981 or the real-time RT-PCR technology.
As an example, an HCV repiicon system in HuM7 cells (Lohmann V ef af. Science, |

1988, 285 (5424), 110) or modifications thereof (Blight f al. 2000) can be used.
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Biological test resuilfs.

Compounds were tested for inhibition of HCV RNA replication using the above

assay. Examples of the results are shown in the following tabie.
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EXAMPLE 96

Compound 15 (Y = H, Z = CH} has demonstrated in vifro antiviral activily against
HCV. The compound showed practically no toxicity in several human cell fines. in
5  SBwiss outbred mice, no toxicity was apparent when it was given 1P for 6
consecutive days at up to 100 mgrkg. None of the mice died or lost significant
weight (28 day monitoring). Neither oral administration nor IV administration to

rhesus monkeys at 20 mg/kg caused any unfoward effects.
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Based on those loxicity data, a 14-day treatment {(oral, QD at 5 mg/kg/day) of
chronically HCV-infected chimpanzees was conducied. Viral RNA was exiracted
from the chronically infected chimpanzees serum samples in quadruplicate and the
viral RNA pellets were dissolved in RNAse-free waler. Subsequently, these RNA
samples were amplified by realdime RT-PCR (Applied Biosystems, Foster City,
CA) for the presence and quantity of the HCV nucleic acids. Primers and probes
for HCV were designed using Primer Express (Applied Biosystems). Further
details on the methodology will be published (Stuyver et al., 2002; manuscript

submitted to Antimicrob. Agents Chemother.).

The resuits are expressed relative {o the viral load in the pretreatment sample.
Calculation of the viral load for each sampie was based on 4 independent
measurements of threshold RT-PCR cycles (Ct values). Mean x SD were
calculated for each day's sample. The latter were used to express the observed

viral load changes.

Two chimpanzees [Joseph (5.14 log. IU/ml HCV) and Heppie (5.69 logq tUiml
HCV)] were treated oralily for 14 days with 5 mg/kg/day. The viral load changes

that were observed are summarized below (Fig. 1)

1. Similar reductions in HCV viral load were observed in both chimpanzees;

2. No viral load changes were observed up to 24 hr after administration of
the first dose;

3. Atday 4, a maximal drop of 0.8 logye 1U/mi in HCV viral load was
observed for Heppie and 0.5 log: U/ml for Joseph, with a mean of 0.67

togso W/ml for both animals;
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EXAMPLE 96 Compound 15 (Y = H, Z = CH) has demonstrated in vitro antiviral activity against HCV.
The compound showed practically no toxicity in several human cell lines. In 5 Swiss outbred mice, no
toxicity was apparent when it was given IP for 6 consecutive days at up to 100 mg/kg, None of the
mice died or lost significant weight (28 day monitoring). Neither oral administration nor IV
administration to rdesTisevbakingsiacaimike paiestedvyitimoneag ofeds logasbishiPose toxicity
data, a 14-day treatment (oral, QD at 5 mg/kg/day) of chronically HCV-infected chimpanzees was
conducted. Viral RNAsadayeldracted from the chronically infected chimpanzees serum samples in
guadruplicate and the viral RNA pellets were dissolved in RNAse-free water. Subsequently, these
RNA 5 samples wesuapiige@ny Repdisleriptparrgthplid® 8l 98iHE2r&4SFBRIPTTA) for the
presence and quantity of the HCV nucleic acids, Primers and probes for HC\#were designed using
Primer Expiées@pieacpishermeiserlimsidennd oheieisdaR§ i %%eﬁﬁﬁg%h%% (Stuyver et

al., 2002; manuscript submitted to Antimicrob. Agents Chemother.). 18The rgsﬁ? are expressed
relativetto tFO#TdadNE BRSPIRE SaM R, §5§ﬂ§|@%§ﬁm§1ﬁ§nw thRiFLY f8ad Tor each sample was

based on 4 independent measufiemenls of.trﬁs%olid R}I’Ean(lll?é %geﬁf{&%\@au&?d Mean SD were
calculated fBREERAIE A SaRTRR FH e TRt P AT GLLE RS re L STHE Thserved Wiral load changes. 15
Two chimpanzees,[Joseph %i 4 loqi 1 | @ ' HEV)] were treated
orally for 14 days \‘;V[ﬁﬁlg(%%rg‘ E#dg}g."“ %lﬁar%}gﬁ%&%g@%ﬁ%} %bgééyv%?are summarized below
(Fig. 1): chronically infected chimpanzees resulted in a significant reduction in viral load at

day 4. No change in hematological or blood chemisiry parameters was observed.

10
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1. Similar reductions in HCV viral load were observed in both chimpanzees; 2. No viral load
changes were observed up to 24 hr after administration of 20the first dose; 3. At day 4, a maximal drop
of 0.8 log io 'Wm! in HCV viral load was observed for Heppie and 0.5 logio 'Wm: for Joseph, with a
mean of 0.67 logloliml for both animals; 4. The viral load remained suppressed with a mean of 0.43
logio IU/m1 up to day 14. Hematology and blood chemistry report. The day 0 and day 14 samples
were analyzed for hematological and blood chemistry parameters. Essentially, no 5 changes in the
baseline and after treatment samples were obseivdd Al parameters assessed remained in the normal
range throughout the study. Compound 15 (Y = H, Z = CH) administered at 5 mg/kg/day QD to
chronically infected chimpanzees resulted in a significant reduction in viral load at day 4. No change in
hematological or blood chemistry parameters was observed. to CLAIMS 1. A compound of the
general formutadpAGiARtRE®Rap! formula 1 (AG-Al):

1(AD

or a pharmaceutically acceptable sait thereof, wherein:

(a) each R*and R¥ is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NOz, C;-Cy4 alkyl, halogenated C;-Cy alkyl, hydroxyl, alkoxy,

CH-OH, CHZORG, NH-, NRCR’, valine,; wherein at least one of R*and R¥ is hydrogen;

(b) each R and R is independently hydrogen, halogen (F, Br, Cl,or I,
pseudohalogen, NO», Ci-Cy alkyl, halogenated C;-Caalkyl, hydroxyl, alkoxy,

CH,0OH, CH,OR®, NHQ, NRPR’, valine,; wherein at least one of Rand R” is hydrogen;

() each R®and R” is independently hydrogen, C,-C e alkyl, halogenated C-Cie

alkyl, C2-Cio alkenyl, Cs-Cq carbocyele, aryl, Cs-Crheterocycle containing one of two
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or a pharmaceutically acceptable salt thereof, wherein: (a) each R4 and R4t is independently
hydrogen. halogen (F, Br, Cl, or I), pseudohalogen, NO2, CI-C4 alkyl, halogenated C1-C4 alkyl,
hydroxyl, alkoxy, CH20H, CH20R6,NR6R7, valine,; wherein at least one of Wand R4t is hydrogen; (b)
each R5 and R5' is independently hydrogen, halogen (F, Br, ClI, or I), pseudohalogen, NO2, C1-C4
alkyl, halogenated C I-C4 alkyl, hydroxyl, alkoxy, CH201-1, CE20R6, NH2, NR6R7, valine,; wherein at
least one of R5 andR5t is hydrogen; (c) each R6 and R7 is independently hydrogen, Cl-Clbalkyl,

halogenated ClpGdGalib Glseilf-aikeny, £5-C leachagyClenanieai bheterbayeletcantaining one
or two heteroatoms chosen from 0, S, and N, heteroaryl containing one or two heteroatoms chosen

from O, S, and Nhasalkihro( $-Ghdadybirley 7 ds GH; GX¥ylor N; (e) X is hydrogen, halogen (F, Cl, Br,
or ), NH2, NFIW, NWRe, NHOW, NWNReRet, OH, OW, SIT, or SW; (f) X"is CI-C16 alkyl; (g) Y is O,
S, NH, NW, NOW), or &5 (I).eaghdiMiRe, and W" independently is hydrogen, C I-Ca alkyl,
C2-Cé6alkenyl, aryl, or arylalkyl; and (i) W is 0 or CH2; optionally with a phatinaceutically acceptable
carrier. (e) X ishydrogen, halogen (F, CI, Br, or I}, NH, NHR®, NR°R®, NHOR’,

NR°NRR®, OH, OR®, SH, or SR";

(H) ¥'is C-Cye alkyl;

(&)  YisQ, 8, NH, NRNOR", or Se;

(h)  each RS, R, and R independently is hydrogen, C;-C,alkyl, C,-Csalkenyl, aryl,

or arylalkyl; and

M W is O or CHay;

optionally with a pharmaceutically acceptable carrier.

2. A compound of the general formula 1 (AK) or 1 (AL):

1 (AK)

or a pharmaceutically acceptable salt thereof, wherein:

{(a) cach R*and R* is independently hydrogen, halogen (¥, Br, Cl, or I),
pseudohalogen, NO», C;-Cy alkyl, halogenated C1-Cyalkyl, hydroxyl, alkoxy,

CH,OH, CH.OR®, NH,, NRER’, valine,; wherein at least one of R*and R* is hydrogen;

(b) each R® and R” is independently hydrogen, halogen (F, Br, Cl, or I),

pseudohalogen, NO,, C;-Cy alkyl, halogenated C;-Cy
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2. A compound of the general formula 1 (AK) or 1 (AL): R4R4' R4 1 (AK) or a pharmaceutically
acceptable salt thereof, wherein: (a) each R4 and WIP is independently hydrogen, halogen (F, Br, ClI,
or 1), pseudohalogen, NO2, CI-C4 alkyl, halogenated CI-Ca alkyl, hydroxyl, alkoxy, CH20H, CF120R6,
NH2, NR6R7, valine,; wherein at least one of R4and le is hydrogen; (b) each R5 and R5' is
independently hydrogen, halogen (F, Br, ClI, or I), pseudohalogen, NO2, C I-Ca alkyl, halogenated C
[-Ca alkyl, hydroxyl, C1-C6alkoxy, C1-,0H, CH20R6, NH2, NR6R7, valine, ; wherein at least one of

R5 andR6 is hydsagen;, émhach, R6 Apd.R s iegenendsantiiydioger, Calife i6,alk;halegenated Cl
-C16 alkyl, alkylene C2-C10, alkenyl, C5-C7carbocycle, aryl, C5-C7 heterocycie containing one or two

heteroatoms chag@nfrem Qi a0d Ny roaryl containing one or two heteroatoms chosen from 0, S,
and N, aralkyl, or C1-C6 acyl; (d) Zis CH, CX, or N;
{c} each R®and R is independently hydrogen, C,-C s alkyl, halogenated C,-Cyg
alkyl, alkylene C,-C,yy, alkenyl, Cs-Cq carboceycle, aryl, Cs-Cq heterocycle containing
one or two heteroatoms chosen from O, S, and N, heteroaryl containing one or two
heteroatoms chosen from O, S, and N, aralkyl, or C;-Cgacyl;
(d) ZisCH,CX, or N;
(e) X is hydrogen, halogen (F, Cl, Br, or I}, NH,, NHR®, NR°R®, NHOR®,
NR°NRR®, OH, OR, SH, or SR%;
() X' is halogen (F, Cl, Br, or I;
(g)  YisO, S, NH, NR* , NOR", or Se;
(h)  each R%, R, and R® independently is hydrogen, C;-Cyalkyl, Co-Cg alkenyl, aryl,
or arylalkyl; and
(1) W is O or CHy;
optionally with a pharmaceutically acceptable carrier.

3. A compound of the general formula | (AM-AP):
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(e) X is hydrogen, halogen (F, CI, Br, or ),NHRe, NR'R'r, NHOIRe, NR'NR'Re, OH, OR', SH, or X'is
halogen (F, Cl, Br, or I); Y is 0, S,NR",NORe, or Se; each 12', IR't, and Re" independently is
hydrogen, C1-C4 alkyl, C2-C6 alkenyl, aryl, or arylalkyl; and (i)W is 0 or CH2; optionally with a
pharmaceutically acceptable carrier. 3. A compound of the general formula 1 (AM-AP): 1 (AO)1 (AP)
or a pharmaceutically acceptable salt thereof. wherein: (a) each R4 and R4t is independently
hydrogen, halogen (F, Br, ClI, or I), pseudohalogen, NO2, C1-C4 alkyl halogenated C1-C4 alkyl,
hydroxyl, alkoxy, CI-170H, CH2 2, NR6R7, valine, ; WhereirY t least ome of R4 and 124' is
hydrogen; (b) each R5 and R¥ l, or 1), pseudohalogen,
NO2, CI-C4alkyl, halogeﬁa A ‘ : 6, NH2, NR6R7, valine,
; wherein at least one of R&‘araRSkis|hydra _ o" TS epe' ently hydrogen,
CI -C16alkyl. halogenated, €1-C16 aIk?’I 2-C10alkenyl, C5rE7garbocycle ”affll C5-C7 heterocycle
containing one or two heterdatoms chosen from 0, S, and N, hefteroaryl containing one or two
heteroatoms chosen from 0, S, @ngsiyaralkyl, or C1-C6acyl; 1 (AP)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R¥is independently hydrogen, halogen (F, Br, Cl, or T},
pseudohalogen, NO,, C;-Cialkyl halogenated C;-Cy alkyl, hydroxyl, alkoxy,

CH,OH, CH,OR®, NH,, NR°R’, valine, ; wherein at least one.of R*and R¥ is hydrogen;

(b) each R’ and R” is independently hydrogen, halogen (F, Br, Cl, or I,
pseudohalogen, NO,, C;-C4alkyl, halogenated C~Cy alkyl, hydroxyl, alkoxy,

CH,OH, CH,OR®, NH,, NRR’, valine, ; wherein at least one of R’ and R is hydrogen;

{c) eachR®and R is independently hydrogen, C,-Cjsalkyl, halogenated C,-C¢

alkyl, Co-Cypalkenyl, Cs-Cycarbocycle, aryl, Cs-C heterocycle containing one or two

heteroatoms chosen from O, 8, and N, heteroaryl containing one or two heteroatoms

chosen from O, §, and N, aralkyl, or C;-Cqacyl;

(dd ZisCH,CX,orN;

(e) X is hydrogen, halogen (F, Cl, Br, or I}, NHz, NHR®, NRR®, NHORS,

NRNR°R®, OH, ORS, SH, or SR

() X'is Cy~-Cygalkyl;

(2) Y is O, §, NH, NR®, NORS, or Se; and
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(d) Zis CH, CX, or N; (e) X is hydrogen, halogen (F, Cl, Br, or I), NH2, NHR4, NR'Re, NI-10R4,
NR4NReRen, OH, OR’, SH, or SRC; (f) X"is CI-C16 alkyl; (g) Y is 0, S, NH, NR4, NOR", or Se; and
(h)each Re, Re, and Re' independently is hydrogen, C1-C4 alkyl, C2-C6 alkenyl, aryl, or arylalkyl;
optionally with a pharmaceutically acceptable carrier. 4. A compound of the general formula 1 (AQ) or |
(AR): 1 (AQ)I(AR) or a pharmaceutically acceptable salt thereof, wherein: (a) each R4 and 12.4! is
independently hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO2, C1-C4 alkyl, halogenated
C1-C4 alkyl, hydrgxyl. aligys @42l CHAORRMRER W yaties, w}l@m least ofe.pfWand le is
hydrogen; (b) each R5and R6' is independently hydrogen, halogen (F, Br, Cf, or I), pseudohalogen,
NO2, C1-C4 alky; halpgenated CI-C4 alkyl, hydroxyl, alkoxy, CH20H, CH20R6, NH2, NR6R7,
valine,; wherein at least one of R5 andR5" is hydrogen;

optionally with a pharmaceutically acceptable carrier,

4. A compound of the general formula I (AQ)or 1 (AR):

1(AQ)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or I,

pseudohalogen, NO,, C;-Cq4 alkyl, halogenated C;-C; alkyl, hydroxyl, alkoxy,
CH2OH, CH,ORS, NH,, NR°R, valine,; wherein at least one of R*and R is hydrogen:
(b)  each R’and R” is independently hydrogen, haiogen (F, Br, CL, or I),

pseudohalogen, NO,, Cy-C; alkyl, halogenated C,-Cy alkyl, hydroxyl, alkoxy,
CH,0OH, CHZORG, NH;, NR°R’, valine,; wherein at least one of R*and R” is hydrogen;
(c) each Réand R’ is independently hydrogen, C;-Csalkyl, halogenated C,-Cyy4
alkyl, alkylene, C;-Cg alkenyl, Cs-Cy carbocycle, aryl, Cs-C; heterocycle containing
one or two heteroatoms chosen from O, S, and N, heteroaryl containing one or two
heteroatoms chosen from O, §, and N, aralkyl, or C;-Cg acyl;

(d) Z1s CH, CX, or N;
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(c) each R6 and R7 is independently hydrogen, CI-C,6alkyl, halogenated CI-C 16 alkyl, alkylene,
C2-00 alkenyl, Cs-C7carbocycle, aryl, C5-C7heterocycle containing one or two heteroatoms chosen
from 0, S, and N, heteroaryl containing one or two heteroatoms chosen from 0, S, and N, aralkyl, or
C1-C6 acyl; (d) Zis CH, CX, or N; (e)X is hydrogen, halogen (F, CI, Br, or I), NH2, NNW, NR'le,
NHOW, NR'NR&R™, OH, OR', SH, or SR; (0X' is halogen (F, CI, Br, or I); (g) Y is 0, S, NH, NRe,
NOR', or Se; and (h) each RC, Re, and RC independently is hydrogen, Ci-C4 alkyl, C2-C6 alkenyl,
aryl, or arylalkyl'(gptior@qy}yy,m:b ?%m%ﬁgwi@i!)g%c&qg} ( earier ar R cagqupornd of the formula

(): or a pharmacéutically acceptable salt thereof, wherein: (a) each R4 and R41 is independently

hydrogen, halogﬁﬁfffﬁREﬁ;:",Cl,@H!)@wseglggg[ag;g?n, NO2, C1-Cé6alkyl, halogenated CI-C6alkyl,
hydroxyl C!-Co. alkoxy, CH20H, CH2OR6, NH2, NR6R7, valine,; wherein at least one of Wand 1=2,4

is hydrogen; (b) gpch RbanghRindependentlyhygdrogen, halogen (F, Br, Cl, or 1), pseudohalogen,
NO2, CI-C6alkyt, halogenated Cl-C6alkyl, hydroxyl, Cr C6alkoxy, CH20H, CH20R6, NH2, NR6R7,
valine,; wherein @ leasy 9ng of R iangk RslSRTY dreuerd

(h)  each R%, R®, and R independently is hydrogen, C;-Caalkyl, C2-Cs alkenyl, aryl,

or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

5. A compound of the formula (I'):

or a pharmaceutically acceptable salt thereof, wherein:

(a)  each R*and R* is independently hydrogen, halogen (F, Br, CJ, or I,
pseudohalogen, NO», C;-Cs alkyl, halogenated C;-Cgalkyl, hydroxyl C;-C,
alkoxy, CH,;OH, CH,OR®, NHs, NR‘GR?, valine,; wherein at least one of R*and
R* is hydrogen;

(b) each R®and R” is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO,, C;-Cealkyl, halogenated C;-Csalkyl, hydroxyl, C;-
Cgalkoxy, CH20OH, CHzOR‘S, NH-, NRSR’ valine,; wherein at least one of R’
and R” is hydrogen;

(c) each R®and R’ is independently hydrogen, C;-C s alkyl, halogenated C,-Css
alkyl, Cy-Cip, alkenyl, Cs-Cy carbocycle, aryl, Cs-Cy heterocycle containing one

or
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(c) each R6 and R7 is independently hydrogen, CI-C16 alkyl, halogenated C1-C16 alkyl, C2-C10,
alkenyl, C5-C7carbocycle, aryl, C5-C7 heterocycle containing one or two heteroatoms chosen from 0,
S, and N, heteroaryl containing one or two heteroatoms chosen from 0, S, and N, arallcyl, or C1-C6
acyl; (d) R"is hydrogen, CI-C6 alkyl, C2-C10, alkenyl, C5-C7 carbocycle, aryl, C5-C7 heterocycle
containing one or two heteroatoms chosen from 0, S, and N, heteroaryl containing one or two
heteroatoms chosen from 0, S and N, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of Ci-C6; (e) R2 is

oxygen, sulfur, NR', or G, uhersin easiyReisnslependeqtiydbeipaens GliGaal5G:¢10alkenyl
aryl, or aralkyl wherein the alkyl is C1-C6; (1)R3 is hydrogen, CI-Céalkyl" C2-CI0Oalkenyl, C5-C7

carbocycle, aryl, C5-Cyhsterecycle,cntaining one,Qr fwa heteraatoms frepn. 0, S. and N, heteroaryl
containing one or two heteroatoms chosen from 0, S, and N, aralkyl, aminoalkyl, aminoaryl, or

aminoacyl of Cl{g6; (gralterpatively if R2;igiNR' (then RiiRERS canrcomeigriheyMitiL IR’ to form a

5- 7 membered ring that can include one or two heteroatoms chosen from 0O, S, and N, and wherein
the ring is optionally sustitsied Witk @tisass.one greuRehesemiramsatkitoalkemyluamino, aryl,
heteroaryl containing one or two heteroatoms chosen from 0, S, and N, halogen, hydroxyl, alkoxy, or;
or (h) if R2 is CR'2, tharRlcaay comeripgeihesiwitl GR:Z2dadanmtia s Foentheedding dhditydan include
one or two heteroatoms chosen from 0, S, and N, and wherein the ring is optionally substituted with at
least one group choseasfiianaiaiybalkemyll, aminop@ny) béErdagyl containing one or two heteroatoms
chosen from 0, S, and N, halogen, hydroxyl, alkoxy, or thiol; or (i)if R2 is CR'2, then R1 and R3 can
come together with CRIAsoxpga asulfur, NR', or CRicydlizeingatialeanideheddeotls bydwgdmeteroatoms
chosen from 0, S, and N, and wherein the ring is optionally substituted with at least one group chosen
from alkyl, alkenyl, amibe{aniityheterdanliconiamiigooaeadotvehhwsiordatelnd chosén:from 0, S, and N,
halogen, hydroxyl, alkoxy, or thiol; wherein Rl and R2 form together a six-membered ring, and R2 and
R3 form togetheifa fivekmemtdepgensifg:(ipinis olorCritkand. Cs-Cpraviged tharwhenW is 0. R4' is
hydroxyl, and RI, R3, R4, R5, and R5' are hydrogen, R2 is not NH; and that when R2 is CR'2, W is 0,
R4' is hydroxyl, R4 is HydressealeRsniginiigreny 0ang Resersdern e bisge it fiftgforiikd is not a
xanthinyl ring or an 8-azaxanthinyl ring; and provided that the compound is not
5',3-cyc|o-isoguanosiné?%ﬁt%?&ﬁ?%ﬁ‘ﬁ%?ﬁ%@ﬂﬁi@ﬂ%ﬁﬁéﬁ%éb% gagiera8 % 'compound

according to claim 5, wherein the compound is of the general formula 1 (A'-
aminoalkyl, aminoaryl, or aminoacyt of C;-Cs;

(2) alternatively if R*is NR', then R! or R¥ can come together with NR' to form a 5-
7 membered ring that can include one or two heteroatoms chosen from O, S,
and N, and wherein the ring is optionally substituted with at least one group
chosen from alkyl, alkenyl, amino, aryl, heteroaryl containing one or two
heteroatoms chosen from O, 8, and N, halogen, hydroxyl, alkoxy, or; or

(h) if R?is CR%, then R’ can come together with CR"> fo form a 5-7 membered ring
that can include one or two hetercatoms chosen from O, S, and N, and wherein
the ring is optionally substituted with at least one group chosen from alkyl,
alkenyl, amino, aryl, heteroaryl containing one or two heteroatoms chosen from

0, S, and N, halogen, hydroxyl, alkoxy, or thiol; or
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1 (C"H1 (D) or a pharmaceutically acceptable salt thereof, wherein: (a) each IR4 and 124'is
independently hydrogen, halogen (F, Br, Cl. or I). pseudohalogen, NO2, CI-Co alkyl, halogenated
CI-Co alkyl, hydroxyl, CI-C6 alkoxy, CH20H, CH20R6. NH2, NR6R7, valine,: wherein at least one of
le and R4 is hydrogen; (b) each R5 and R’ is independently hydrogen, halogen (F, Br, CI, or I),
pseudohalogen, NO2, Ci-Co alkyl, halogenated Ci-Co alkyl, hydroxyl, C1-C6 alkoxy, CH20H,
CH201:26, NH2, NR6R7, valine, ; wherein at least one of R5 and R5" is hydrogen; (c) each R6 and

R71s independle@é'y hygregenGl-Gin kyhdaloggnaied GsRdbalkyt RG2:Gdfmalkenyl, C5-C7

carbocycle. aryl, C5-C7 heterocycle containing one or two heteroatoms chosen from 0, S, and N,

heteroaryl containing one or tyya heteipatamssnesemiren O SanddbaasalkyhRECk&e acyl: (d) Zis
CH, CX, or N; (e) X is hydrogen. halogen (F, CI. Br, or 1), NH2, NI-1W, NR6W, NHOW, NWNIW:WI.

OH, OW, i 0ERVWHQY A r$h Vb NWiaNOMELarSE (@iteackaWolk giangd dvssindipendiptly is
hydrogen, C1-C6 alkyl, C2-C6 alkenyl, aryl, or arylalkyl; and (h) W is O or CH2; provided that for

compoungigSfyiopmita, 1(80) hwbeans isoRnY:dsole WY i8/0 h¥ikrisfoyidrokybeR fdots Ry dogeniRs' is
hydroxyl, and W is hydrogen, Z is not N and provided that for compounds of formula 1 (D), when X is
OH, Y is QaiWbis DyR4xis, hyaroxyr Ribishyeragdl and R* form together a six-membered ring, and
R? and R’ form together a five-membered ring;
() Wis O or CHy; and
provided that when W is O, R¥is hydroxyl, and R, R RY R’ and R” are hydrogen, R?
is not N1 and that when R%is CR2. W is O, R is hydroxyl, R* is hydrogen, R> is hydroxyl,
and R® is hydrogen, the bicyclic ring formed is not a xanthiny! ring or an 8-azaxanthinyl ring;
and provided that the compound is not 5°,3-cyclo-isoguanosine; optionally with a
pharmaceutically acceptable carrier.

6. A compound according to claim 5, wherein the compound is of the general formula 1 (A™

D":

1(C) 1D

or a pharmaceutically acceptable salt thereof, wherein:
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R'is hydroxyl, and R5 is hydrogen, Z is not N; optionally with a pharmaceutically acceptable carrier. 7.
A compound according to claim 5 wherein the compound is of general formulal or a
pharmaceutically acceptable salt thereof, wherein: (a) each R4 and 124 is independently hydrogen,
halogen (F, Br, Cl, or 1), pseudohalogen, NO2, C,-C6 alkyl, halogenated C1-C6 alkyl, hydroxyl,
CI-C6 alkoxy, CH20OH, CH20R6, NH2, NR6R7, valine, ; wherein at least one of R4 and R4F is
hydrogen; (b) each Rs and R is independently hydrogen, halogen (F, Br, Cl, or I), pseudohalogen,

NO2, C1-C6 alkyy halogenateg £ G @’Memgwm&ggﬂﬁ%ﬁ%%gﬁ%l%ﬁ OR6, NH2, NR6R?7,

valine, ; wherein at least one of R5 and RI'is hydrogen; e R7 isindependently

hydrogen, C1-C16 alkgglagesiaiecNGL 616 Al GdsLAalkend CREheabasvelecan, C5-C7

heterocycle containing one or two heteroatoms chosen from 0, S, and eteroaryl containing one or

two heteroatoms!zhosanHom, 0% rid N Al OF ke CG.AGy () b GX ol NI 1) X is
hydrogen, halogen (F, CI, Br, or 1), NH2, NHIC NR Rel, NHOR", NR'NReel, OH, OW, SH, or SRC;

hydrogen;

(b) each R*and R” is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO», C,-Cgalkyl, halogenated C,-Cq alkyl, hydroxyl, C,-Cq

alkoxy, CH,OH, CH-OR®, NHa, NR°R’, valine, ; wherein at least one of R*and R” is

hydrogen;

(c) each R®and R is independently hydrogen, C;-C s alkyl, halogenated C,-C 4

alkyl, , Co-Cio alkenyl, Cs-C; carbocycle, aryl, Cs-Crheterocycle containing one or two

heteroatoms chosen from O, S, and N, heteroaryl containing one or two heteroatoms

chosen from O, 8, and N, aratkyl, or C;-Cy acyl;

(d) ZisCH, CX, or N;

{e) X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR®,

NRNR°R, OH, OR®, SH, or SR

(h) Y is O, S, NH, NR", NOR®, or Se;

(g) each RS, R®, and R” independently is hydrogen, C;-Cs alkyl, C-Cs alkenyl,

aryl, or arylaikyl; and

{h) W is O or CH,;

provided that for compounds of formula 1 (B*), when X is OH, Y is O, W is O, R" is

hydroxyl, R*is hydrogen, R” is hydroxyl, and R’ is hydrogen, Z is not N and provided that for

compounds of formula 1 (D”), when X is OH, Y is O, Wis O, R¥ is hydroxyl, R* is hydrogen,
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(H) X"is CI-C:6 alkyl; (g) Yis 0, S, NH, NRe, NOR', or Se; (h) each Re, Re, and R™ independently is
hydrogen, C1-Co alkyl, C2-C6alkenyl, aryl, or arylalkyl; and W is 0 or CHZ2; optionally with a
pharmaceutically acceptable carrier. 8. A compound according to claim 5, wherein the compound is of
general formula | (AK") or | (AL"): 1 (AK")1 (AL") or a pharmaceutically acceptable salt thereof, wherein:
(a)each R4 andR4' is independently hydrogen, halogen (F, Br, ClI, or 1), pseudohalogen, NO2, C |
-C6 alkyl, halogenated CI-C6 alkyl, hydroxyl, CI-Cy alkoxy, CH2011, CH20R6, N H2, NR6R7, valine, ;
wherein gtiga f n IS () 5t is.independently hydrogen,
halogen (F, Br%t}(/lglﬂf)(rﬁlsﬁﬁ|j ﬁpgse%%%ﬁ‘é%%rr?,& .\?‘%E‘Igé‘i‘% g@?@%@éﬁﬁaﬂ% %gﬂ@yﬁiﬁ%t 8%gilj{szlroxyl,
C1-C6 alkexysrCH20I-1, CH20R6, NH2. NR6R7, valine, ; wherein at least one of le and R5' is
hydrogen; (c) each R6 and R7 is independently hydrogen, CL-C16 alkyl, halogenated Ci-C16 alkyl"
C2-C10 alkenybrifhntdcaiiecyieles aifinGo«héEBRteIoeyRIELORtRAIRING QNS O o netereatoms chosen
from O, S. and N, heteroaryl containing one or two heteroatoms chosén from 0, S, and N, aralkyl, or
CI-Co acyl; Al

1 (Al') I (AT) “

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R¥ is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NOa, C;-Cs alkyl, halogenated C;-Cq alkyl, hydroxyl, C,-Cq

alkoxy, CH,OH, CHzOR6, NH,, NR(’R?, valine, ; wherein at least one of R*and R" is

hydrogen;

(b) each R’ and R is independently hydrogen, halogen (F, Br, Cl, or ]),
pseudohalogen, NO», C1-Cs alkyl, halogenated C,-Cy alkyl, hydroxyl, C;-Cy

alkoxy, CH,OH, CH,OR®, NH,, NR°R’, valine, ; wherein at least one of R° and R” is

hydrogen;

(c) each R°and R’ is independently hydrogen, C;-C 4 alkyl, halogenated C;-C 4

alkyl, , Co-Cyg alkenyl, Cs-Cy carbocyele, aryl, Cs-C5 heterocycle containing one or two

157



(d) Zis CH, CX, or N; (e) X is hydrogen, halogen (F, CI, Br, or I), NH2, N11-1W, NR"WI, NHOW,
NWNWW", OH, OW. SH, or SW; Xis halogen (F, Cl, Br, or I); Y is 0, S, NH, NW, NOW, or Se:

each Re, Re', and Re" independently is hydrogen, C y-Co alkyl, C2-C6 alkenyl, aryl, or arylalkyl; and
(D)W is 0 or CHZ2; optionally with a pharmaceutically acceptable carrier. 9. A compound of the general
formula 2 (A'-D"), 3 (A'-B"), 4 (A'-B"), 5 (A1-13"). 6 (A-B"), 7 (A'-C) or 8 (A): 2 (A2 (B

heteroatoms chosen from O, S, and N, heteroaryl containing one or two heteroatoms
chosen from O, §, and N, aralkyl, or C1-C; acyl;
(d) ZisCH, CX, or N;
(e) X is hydrogen, halogen (F, CI, Br, or I}, NH,, NHR®, NRR®, NHOR®,
NRNR°R®, OH, OR®, SH, or SR;
(H) X115 C1-Cg alkyl;
() Y is O, §, NH, NR*, NOR", or Se;
(h) each R, R®, and R*" independently is hydrogen, C,-Cgalkyl, C,-Cq alkenyl, aryl,
or arylalkyl; and
(i) W is O or CHs;
optionally with a pharmaceutically acceptable carrier.
8. A compound according to claim 5, wherein the compound is of general formula 1 (AK"Y or

1 (AL):

Z
\\\/N

I (AK") 1 (ALY

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO,, C,-Cg alkyl, halogenated C;-Cs alkyl, hydroxyl, C,-Cq

alkoxy, CH-OH, CH,OR®, NHa, NR6R7, valine, ; wherein at least one of R*and R¥ is

hydrogen;
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8 (A") or a pharmaceutically acceptable salt thereof, wherein: (a) each R4 and 124’ is independently
hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO2, CI-C6 alkyl, halogenated C1-C6 alkyl,
hydroxyl. C1-05 alkoxy, CH20H, CH20R6, NH2, NR6R7, valine, ; wherein at least one of le and R4' is
hydrogen; (b) each R." and R5' is independently hydrogen, halogen (F, Br, Cl, or I), pseudohalogen,
NO2, C1-C6 alkyl, halogenated CI-C6 alkyl, hydroxyl, C1-C6 alkoxy, CH20H, CH20R6, NH2, NR6R7,
valine, ; wherein at least one of R5 and Rst is hydrogen (c) each R6 and R7 is independently

hydrogen, C1- C@alky a@ﬁlﬁ@%@fﬁﬂ one %%1%3813”% gg(@rlgﬁ)ci)l/cle, aryl, C5-C7

heterocycle containing one or two heteroa oms from'0 S, and N, héteroaryl containing one or

two heteroatoms choseq from O, SR caralkyl ar Gls66 acyle éd@ B3 oxy@eny suun NR', or
CR'2, wherein each R'is independently ﬁydrogen C1-C6 alkyl' C Ci3 alkenyl, aryl or aralkyl

wherein the allylis G3-GOiR) 286K G, 0N 036 X.of X s ngiemndentitdrogen,
halogen (F, Cl, Br, or'l), NH2, NHRe, NR'Re', NHORe, NR'NR'IR™', OH, OR’, SH, or SRe; (g) each Y

and Y'is indepep yng S, NH, NRe, NOR', or Se; (h) each 1: 23 is mdependently hydrogen,
Cl-Coalkyl" C7-CiOalkenyl, C5-C7 carbocycle, aryl, C5-C7 heterocycle containing one or two

heteroatoms chegen frexsnlz Smarel N, iheipeaasiticaniainiag, aneror e hetrrgatamschogen from O, S,
and N, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of CI-C6;
alkyl, , Co-Chg alkenyl, Cs-C carbocycle, aryl, Cs-Cy heterocycle containing one or two
heteroatoms chosen from O, S, and N, heteroaryl containing one or two heteroatoms
chosen from O, S, and N, aralkyl, or C,-Cgacyl;
(dy ZisCH,CX,orN;
(e} X is hydrogen, halogen (F, Cl, Br, or T}, NH,, NHR, NR°R®, NHOR®,
NR°NRR®, OH, OR®, SH, or SR
H X' is halogen (F, Cl, Br, or I);
(2 Y is O, S, NH, NR", NOR®, or Se;
(h)  each R%, R, and R independently is hydrogen, Ci-Cs alkyl, C2-Cq alkenyl, aryl,
or arylalkyl; and
(1) W is O or CHy;
optionally with a pharmaceutically acceptable carrier.
9. A compound of the general formula 2 (A'-D"), 3 (A-B"), 4 (A’-B"), 5 (A'-B"), 6 (A™-B"), 7 (A~

Chor8(A":
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(i) each Re, Re', and R'is hydrogen, CI-C6alkyl, C2-C6alkenyt, aryl, or arylalkyl; and W is 0 or CHZ2;
provided that for compounds of formula 2(D"), when X is OH or N142, Y is 0, W is 0, R4' is hydroxyl,
R4 is hydrogen, R5-is hydroxyl, and R5 is hydrogen, Z is not N; and provided that for compounds of
formula 3 (A") and 3 (B'), Z is not N; and for compounds of formula 8 (A"), when R2 isNH, leis
hydrogen, W is 0, and R4, R5,and R5' are hydrogen, R4' is not hydroxyl; optionally with a
pharmaceutically acceptable carrier. 10. A compound of the general formula: R4 or a
pharmaceutically acceptable salt thereof, wherein: (a)each R4 and_R4' is independently hydrogen,
halogen (F, Br, Cl, or 1), pseuoﬁloge 7'NQ2, Cl-C6alkyl, halo WCGR.aIkyI, hydroxyl, C1-C6
alkoxy, CH20H, CH20RK6, N2, NR6RY,, §f|ne, ,Whereln)é 4 and R47?is hydrogen (b)
each R5 and RI is indepenglentl m-‘o-"'---w} ath

alkyl, halogenated C1-C6 alkyl hydroxyl, CI#Cs alkoxy, C1110Hj
wherein at least one of Rs a ;9 Rs'is hdeogen (c) each R6 and/R7 is mdependently hydrogen
Cl-C16alkyl, halogenated C1- C16 lﬁyil CZ CiO alkenyl, C5- C7carboc ryI C5-C7 heterocycle
containing one or two heteroatoms chosen from 0, S, and N, heteroaryl talnlng one or two

heteroatoms chosen from 0, §, and IkyI or C1-C6 acyl¥*
}%E-Zm A/N*‘( R¥

pRS
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(d) each Z and Z is independently CH, CX, or N; (e) X is hydrogen, halogen (F, Cl, Br, or I), NH2,
NHR’, NR'Re, NHORe, NR'NRcTRes, OH, OR’, SH, or SRC; (1)R" is Re, OR", NH2, NHR", or
NRcRe; (g) each Re, Re', and Re" independently is hydrogen, C[-C6 alkyl, C2-C6alkenyl, aryl, or
arylalkyl; and (h) W is 0 or CH2; provided that when W is 0, R4 is hydroxyl, R4 is hydrogen, R5 is
hydroxyl, and Rs is hydrogen, the bicyclic ring formed is other than a xanthinyl ring or an
8-azaxanthinyl ring, optionally with a pharmaceutically acceptable carrier. 11. A compound of the

general formula 1 (E") 1 (F) .

(a)

(b)

(©)

(d

()
M

(g)

Y 8 (A"

or a pharmaceutically acceptable salt thereof, wherein:

each R*and R is independently hydrogen, halogen (F, Br, Cl, or I,
pseudohalogen, NO», C,-Cgalkyl, halogenated C;-Cg alkyl, hydroxyl, C-Ce
alkoxy, CH>OH, CHZOR‘S, NHa, NRGRT, valine, ; wherein at least one of R* and
R* is hydrogen;

each R%and R” is independently hydrogen, halogen (¥, Br, CI, or ),
pseudohalogen, NO,, C,-Csalkyl, halogenated C;-Cg alkyl, hydroxyl, C;-Ce
alkoxy, CH,OH, CH,OR®, NHz, NR°R”, valine, ; wherein at least one of R® and
R is hydrogen;

each R®and R7is independently hydrogen, C,-Cjgalkyl, halogenated C,-Cyg
alkyl, , Cp-Cyo alkenyl, Cs-C;carbocycle, aryl, Cs-Cs heterocycle containing one
or two heteroatoms chosen from O, S, and N, heteroaryl containing one or two
heteroatoms chosen from O, 8, and N, aralkyl, or C;-Cg acyl;

R*is oxygen, sulfur, NR', or CR',, wherein each R' is independently hydrogen,
C1-Cg alkyl, , Co-Cipalkenyl, aryl, or aralkyl wherein the alkyl is C;~Cq;
ZisCH, CX, or N;

each X, X', and X" is independently hydrogen, halogen (F, Cl, Br, or I}, NH,,
NHRS, NR°R®, NHOR®, NRNRR®, OH, OR®, SH, or SRS,

each Y and Y' is independently O, §, NH, NR®, NOR®, or Se;
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1 (G")1 (H') or a pharmaceutically acceptable salt thereof, wherein: (a) each R4 andR4' is
independently hydrogen, halogen (F, Br, CI, or I), pseudohalogen, NO2, CI-C6 alkyl, halogenated
Cr-C6alkyl, hydroxyl, allcoxy, CI-120H, CH20R6, NI-I2, NR6W, valine, ; wherein at least one of R4
andWit is hydrogen; (b) each R5 andR5' is independently hydrogen, halogen (F, Br, ClI, or I),
pseudohalogen, NO2, C1-C6 alkyl of C1-C6, halogenated CI-C6 alkyl, hydroxyl, C1-C6 alkoxy,
CH20H, CH20R6, NH2, NR6R7, valine, ,wherein at least one of R5and R5t is hydrogen; (c) each R6

and R7 is indep entlé/&%ygm%eréecel Idltb%lé)lg@aﬁed \%;1 C&6é %lke%% OCaIkenyI

C5- C7carbocyc| aryl, alnih ‘one of two Reteroatoms cho deri from 0, S, and

N, het | t . |: (d) 7
N e o g *f:.%egen%@%ﬁ?@%%%%%%mwﬁw s

OH, OW, SH, or SW; (.Y s0cS, NH, %%M%%B{aﬁﬁn%ﬁe@1%@&9&?0%&?&%&?"&89@@3”de”t'y

is hydrogen. CI-C6 alkyl, C2-Ca alkenyl, aryl, or arylalkyl;” ~ provided that for compounds of formula |

(%) when X is OH, ¥ Is Q& IS Ndioxvt-BAISIWAIRGRY: BB RiMSIAI QGRS Is hydrogen, Z s
not N; and provided that for compounds of formula 1 (H), when X is OH, Y is 0.124 is hydroxyl, R4

is hydrogen, R5(jg hydegayik amd Bad:hysteasiicads RatM:aRtionally, withiagharmesetisally
acceptable carrier. 12. A compound of general formula | (ANT-AP"):
or arylalkyl; and
() W is O or CHgp;
provided that for compounds of formula 2 (D”), when X i1s OHor NH, Yis O, Wis O,
R" is hydroxyl, R"is hydrogen, R’ is hydroxyl, and R*is hydrogen, Z is not N;
and provided that for compounds of formula 3 (A”) and 3 (B’), Z is not N; and
for compounds of formula 8 (A’), when R*is NH, R*is hydrogen, W is O, and
R*, R’,and R® are hvdrogen, R is not hydroxyl;

optionally with a pharmaceutically acceptable carrier.

16. A compound of the general formula:

Rb
Q NYO
W
N —< o
A
AN , .
N i Ry
Ry

ora pharmaceuticaliy acceptable salt thereof, wherein:

(a) gach R*and R” is independently hydrogen, halogen (F, Br, Ci, or I,
pseudohalogen, NO,, C;-Cs alkyl, halogenated C;-Cs alkyl, hydroxyl, C,-Cs
alkoxy, CH,OH, CH,OR®, NH,, NR®R, valine, ; wherein at least one of R*and

R* is hydrogen;
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or a pharmaceutically acceptable salt thereof, wherein: (a) each R4 and R4 isindependently hydrogen,
halogen (F, Br, Cl, or 1), pseudohalogen, NO2, C1-Cé6alkyl, halogenated CI-C6 alkyl, hydroxyl,
CI-C6 alkoxy, CH20H, CF120R6, NH2, NR6R7, valine, ; wherein atleast one of Wand R4' is hydrogen;
(b) each R5 and R5P is independently hydrogen, halogen (F, Br, Cl, or 1), pseudohalogen, NO2,
CI-Co alkyl, halogenated C1-C6 alkyl, hydroxyl, C1-C6 alkoxy, CH20OH, CFLORG6, NI42, NR6R7,
valine, ; wherein at least one of R5 and R5' is hydrogen (c) each R6 and R7 is independently

hydroggn, Cc1-C IkyI F}I]aég ?{t@%% d(21@6n %¥1 )é:}jl}lggr C,:E’afﬁ ca pofg}/c& ar¥ C5 C7 heterocycle
containing one or two he eroatoms choSenirom he I cohtalhlng one or two

nelogen (7, O, Br. o ! RS KTRW" RN NHOG &%ﬁ‘ﬁ%{'ﬁ%ﬁ%&f@@ﬁy PR s ot (@
Yis 0, S, NH, NW, No\é\{k&y,séfi?@%, CHZOR(’, NHs, NRER’ , valine, : wherein at least one of R and
R’ is hydrogen;

(c)  each R®and R’ is independently hydrogen, C;-C s alkyl, halogenated C1-Cig
alkyl, , Co-Cig alkenyl, Cs-Cy carbocycle, aryl, Cs-Cy heterocycle containing one
or two heteroatoms chosen from O, S, and N, heteroaryl containing one or two
heteroatoms chosen from O, S, and N, aralkyl, or C;-Cg acyl;

{(d) each Z and 7' is independently CH, CX, or N;

(¢)  Xishydrogen, halogen (F, Cl, Br, or I), NHs, NHR®, NR°R®, NHORS,

NR°NR‘R®, OH, OR®, $H, or SR;

(H  RisR®, OR®, NH;, NHR®, or NR°R;

(g) each RS, R®, and R independently is hydrogen, C,-Cs alkyl, C»-Cg atkenyl, aryl,

or arylalkyl; and

(h) W is O or CHy;

provided that when W is O, R* is hydroxyl, R* is hydrogen, R’ is hydroxyl, and R® is

hydrogen, the bicyclic ring formed is éther than a xanthinyl ring or an 8-azaxanthinyl

ring, optionally with a pharmaceutically acceptable carrier.

11, A compound of the general formula 1 (E'-H"):

X 7 Y X /N\KY o
N —<] _ws N—<]_re

Zy R Z
\N —~N R N RA

1(E" 1 (F)
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(h) each Re, Re', and ITt.™ independently is hydrogen, C[-Co alkyl, C2-C6 alkenyl, aryl, or arylalkyl;
optionally with a pharmaceutically acceptable carrier. 13. A compound of general formula 1 (AQ') or 1
(ARY): 1 (AQ"1 (AR') or a pharmaceutically acceptable salt thereof, wherein: (a)each R4 and R4' is
independently hydrogen, halogen (F, Br, CI, or I), pseudohalogen, NO2, C [-Co alkyl, halogenated
C [-Co alkyl, hydroxyl, C1-C6 alkoxy, CH2014, CH20OR6, NH2, NR6R7, valine, ; wherein at least one
of R4 and 124 is hydrogen; (b) each R5 and R5' is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO2, C)-G6 al genated CI-C6 alkyl, hygr\g%éy CI-C6 alkoxy, CH20H,
CH20R6, NH2, NR6R7, valing, ; irmat least one of R5 is hydrogen; (c) each R6 and R7
is independently hydrogen, Ck(. ) wW-&2/Cl1& alkenyl, C5-C7
carbocycle, aryl, C5-C7 heterocyc|g-coH{2 Aining one or two feterfogion .ohgsen from 0, S, and N,
heteroaryl containing one or\\hﬁd\lheteroat ’ Kyl or CI-C6acyl, (d) Zis

sichosen from By-Syand N, ata
CH, CX, or N; (e) X is hydrogen, halogerk{F, Cl, Br, or I), NH2, NHR", NIR*Rci, NHOR’, NR'NRc'Re,
OH, OR’, SH, or SRC; 1(GY 1 (H)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO,, C,-Cq alkyl, halogenated C,-Cgalkyl, hydroxyl, alkoxy,
CH,OH, CH,OR®, NH,, NROR’, valine, ; wherein at least one of R and R¥ is
hydrogen;

{(b) each R’ and R is independently hydrogen, halogen (F, Br, C, or I),
pseudohalogen, NO,, C;-Cs alkyl of C;-Cq, halogenated C;-Cs alkyl, hydroxyl,
C-Cs alkoxy, CH,OH, CH,0RE, NH,, NRPR', valine, ; wherein at least one of
R’ and R” is hydrogen;

(c) cach R®and R’ is independently hydrogen, C,-C 4 alkyl, halogenated C;-C;4
alkyl, , C5-Cgalkenyl, Cs-Cycarbocycle, aryl, Cs-Cs heterocycle containing one
or two heteroatoms chosen from O, §, and N, heteroaryl containing one or two
heteroatoms chosen from O, S, and N, aralkyl, or C;-Cgacyl;

(d) ZisCH, CX, or N; |

(e) X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NR°NRR®, OH, OR®, SH, or SR";

63 Y 1s O, §, NH, NR®, NOR®, or Se; and

() each R, R®, and R® independently is hydrogen, C;-Cgalkyl, C2-Ce alkenyl, aryl,

or arylaltkyl;
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(f) X"is halogen (F, Cl, Br, or 1); (g) Y is 0, S, NH, NRe, NORe, or Se; and (h) each Re, Re', and Re"
independently is hydrogen, CI-C6 alkyl, C2-C6 alkenyl, aryl, or arylalkyl; optionally with a
pharmaceutically acceptable carrier. 14. A compound of the general formula: OH or a
pharmaceutically acceptable salt thereof, wherein: (a)each Z' and Z" is independently CH, CX, or N;
(b) X is hydrogen, halogen (F, Cl, Br, or 1), NH2, NMI", NW.NHORe, NReNRe'Re'l, OH, OW, SH, or
SW; and (c) each Re., Re/, and Re" independently is hydrogen, CI-C6 alkyl, C2-C6 alkenyl, aryl, or
arylalkyl optlon%wgga ERPBTRERHIALY ARG A IEDA & A GRITPOUE RF R AgRRE ormula
2 (E-HY), 3 (C-D’ 5(C C-D' r8 (B): ’ ’ ’

R is hydrogen, R” is hydroxyl, and R’ is hydrogen, 7 is not N; and

provided that for compounds of formula T (H), when X is OH, Y is O, R* is hydroxyl,
R* is hydrogen, R’ is hydroxyl, and R’ is hydrogen, Z is not N; optionally with a
pharmaceutically acceptable carrier.

[2. A compound of general formula 1 {AM-AP'):

Ry
1 (AO") 1 (APY)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R? and R" is independently hydrogen, halogen (F, Br, CI, or D),
pseudohalogen, NO,, C-Cgalkyl, halogenated C,-Cg alkyl, hydroxyi, C;-Cs

alkoxy, CH,OH, CH20R®, NH,, NR°R”, valine, ; wherein at least one of R* and

R is hydrogen;

(b) each R®and R’ is independently hydrogen, halogen (F, Br, Cl, or ),
pseudohalogen, NO,, C;-Cgalkyl, halogenated C-Cy alkyl, hydroxyl, C;-Cq

alkoxy, CH,OH, CH;ORG, NH,, NR6R7, valine, ; wherein at least one of R and R” is

hydrogen;



6 (C') or a pharmaceutically acceptable salt thereof, wherein: (a) each R4 and R4' is independently
hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO2, Ct-C6alkyl , halogenated CI-C6 alkyl,
hydroxyl, CI-C6 alkoxy, CH20H, CH20R6, NH2, NR6R7, valine, ; wherein at least one of Wand R4t is
hydrogen; (b) each R5 and R51 is independently hydrogen, halogen (F, Br, Cl, or ), pseudohalogen,
NO2, C1-C6 alkyl, halogenated C1-C6 alkyl, hydroxyl. C1-C6 alkoxy, CH20H, CH20OR6, NH2,
NR6R7, valine, ; wherein at least one of R5 and R5t is hydrogen; (c) each R6and R7 is independently

neterocycie contAining BHB o b netcPBESHE TN Ch Atk 0/, SAIN ALterEAs) Sidining one or
CR2, whorein SAEH WIS HAGHRATAry Y R %%9&%6@?%%9%?éésigﬁ*yﬁﬁ%?“a%ﬁ%. i
e s Sl S Ea PR e roser,
and Y'is indepec does.glq%gm%,'\g:'ar%%, lﬁ‘r@[\/(\gfi,o({r%?&cé acyl;

(d) ZisCH, CX, or N;

(&) X is hydrogen, halogen (F, Cl, Br, or T), NH,, NHR®, NR°R®, NHORS,

NRNRCRY, OH, OR®, S8H, or SR;

() X' is alkyl;

(2) Y is O, S, NH, NR®, NOR", or Se; and

() each RS R, and R® independently is hydrogen, C;-Cg alkyl, C-Cs alkenyl,

aryl, or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

13. A compound of general formula 1 (AQ"yor I (AR'):

X' X
X A X AN A
ﬁ;ll/—( RY S N-( R¥
Z\\N—’N R;4. N R5R4.
’ R
1(AQYH 1 (AR")

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R" is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NOa, C;-Cs alkyl, halogenated C;-Cq alkyl, hydroxyl, C;-Cg

alkoxy, CH,OH, CH,OR®, NH,, NR°R, valine, ; wherein at least one of R and R" is

hydrogen;
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(h) each W is independently hydrogen, C1-C6 alkyl" C2-C10 alkenyl, C5-C7 carbocycle, aryl, C5-C7
heterocycle containing one or two heteroatoms chosen from 0, S, and N, heteroaryl containing one or
two heteroatoms chosen from 0, S, and N, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C1-C6; and
(0 each Re, RC WI' independently is hydrogen, C1-C6 alkyl, C2-C6 alkenyl, aryl, or arylalkyl; provided
that for compounds of formula 2 (H'), when X is 01-1 or NH2, Y is 0,124" is hydroxyl, R4 is hydrogen,
and R5' is hydroxyl, R5 is hydrogen, Z is not N and: provided that for compounds 3 (C) and 3 (D'), Z is

not N; and forcoppounds o A & (Bnbem B S Wb dHFlden TG RS, RS, and R are

hydrogen, R4' is'not hy ; optionally with a pharmaceutically acceptable carrier. 16. The

compound of the form z§éu85@am§m@ey§?@%%q%%§%§gg@jg@gﬁ,@gt%ﬂ@ﬂi@ajs
pharmaceutically acceptable carrier. 17. A compound of the formula: NH,0
alkoxy, CH,OH, CH,ORS, NH,, NR®R’, valine, ; wherein at least one of R and R” ig
hydrogen;
(c) each R®and R’ is independently hydrogen, C-Cjsalkyl, halogenated C:i-Cie
alkyl, , C2-Cyg alkenyl, Cs-Cycarbocycle, aryl, Cs-Cq heterocycle containing one or two
heteroatoms chosen from O, S, and N, heteroaryl containing one or two heteroatoms
chosen from O, S, and N, aralkyl, or C;-Cg acyl;
(d) ZisCH CX, or N;
(&) Xis hydrogen, halogen (F, CL, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NR°NR°R, OH, OR", SH, or SR
{fH X'is halogen (F, CLBr,or I);
(g)  Yis O, S, NH, NR®, NOR, or Se; and
(h)  each R%, RS, and R® independently is hydrogen, Ci-Csalkyl, C2-Cy alkenyl, aryl,
or arylalkyl;
optionally with a pharmaceutically acceptable carrier.

14. A compound of the general formula:

<
R

N\\N N H

1{dn

or a pharmaceutically acceptable salt thereof, wherein:

(a) each Z' and Z" is independently CH, CX, or N;
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R Nc\N<C)--------- NN.---":"\ == N--"L--_--N HN /N1 /N1 N/N1 /N S--'N---------- NCr--N---NN or
a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically acceptable carrier. 18. A
compound of any one of the claims 1-4 or 6-15, or a pharmaceutically acceptable salt thereof, wherein
each Re, Re', and Re" independently is phenyl or benzyl, cycloalkyl, or cyclopropyl, optionally
substituted with at least one group chosen from alkyl, alkenyl, amino, aryl, heteroaryl containing one or
two heteroatoms chosen from 0, S, and A, halogen, hydroxyl, alkoxy, or thiol. 19. A pharmaceutical
composition comprising an effective amount of any one of the compounds of claims 1-18, together with
a pharmaceutically acceptable carrier. 20. A pharmaceutical composition comprising an effective
amount of any one of the compounds of claims 1-18, together with one or more effective anti-viral
agents, optionally with a pharmaceutically acceptable carrier. 21. The pharmaceutical composition of
claim 20, wherei(b}he athjs\ﬂ@k@gﬂ%gosﬂe@g@ﬁm @h@)g@gpmgrpsigﬁngmf Fipaviin, interferon,
pegylated interferon alfa -2a, interferon alfacon-I, natural interferon, albumin-interferon alpha 2b,
interferon beta-la, omegmintetieYoni pralihterewe s Riphal interferon gamma- Ib, interleukin-10,
merimebodib, amantadine, hepatitis C immune globulin, levovirin, viramidine, thymosin alfa-1,
histamine dihydreghlorigeh ®idRE|apieriT.i22pdséeoflpicampopind Of Gandigl, fosraylallie (G -Ad):

aryl, or arylalkyl;
optionally with a pharmaceutically acceptable cairier.
15. A compound of the general formula 2 (E'-H", 3 (C-D"), 4 (C-D%), 5 (C'-D'), 6 (C'-DY,

7(D-FYor 8 (B):
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124 1 (Al) or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the
treatment of an HCV infection in a host, wherein: (a) each R4 and R4' is independently hydrogen,
halogen (F, Br, Cl, or 1), pseudohalogen, NO2, CI-Co alkyl, halogenated CI-C6 alkyl, hydroxyl, CI-C6
alkoxy, CH20H. C1-120R6, NH2, NR6127, valine, ; wherein at least one of R4 and R4' is hydrogen;
(b) each R5and R5' is independently hydrogen, halogen (F, Br, Cl. or 1), pseudohalogen, NO2,
CI-Co alkyl, halogenated CI-C6 alkyl, hydroxyl, CI-Co alkoxy, C1120H, CH20R6, NH2, NR6127,
valine, ; wherein at least one of R5 andRa+ is hydrogen; (c) each R6and Ry is independently
hydrogen, C1-C16 alkyl, haloenatlgt_j_,g’CJT@ alkyl" C2-C10 alkenyl, £5-€/cagbocycle, aryl,
C5-C7heterocycle contaiiing org or twg teroatoms choseryfromy 0, S, ahe I\g heteroaryl containing
one or two heteroatoms ch 7 is CH, CX, or N; (e) X

S¥dnd N. aralkyl, or Aeyl; (p2
is hydrogen, halogen (F, Cl. B 2:NHIC NR'Re', NH
SRC,;

“NR'NIR&RE", OH, OW, SH, or
Y 5D

8 (B

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R" is independently hydrogen, halogen (F, Br, Cl, or T,
pseudohalogen, NO-, C;-Cs alkyl , halogenated C,-Cg alkyl, hydroxyl, C;-Cs
alkoxy, CH,OH, CH,OR®, NH,, NR®R”, valine, ; wherein at least one of R%and
R* is hydrogen;

(b) each R and R is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NOs, C,-Csalkyl, halogenated C,-Cs alkyl, hydroxyt, C;-Cs
alkoxy, CH,OH, CH,OR®, NH,, NR6R7, valine, ; wherein at least one of R’and

R is hydrogen;
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(1)Xis alkyl; (g) Y is 0, S, NH, NR6, NOR', or Se; (h) each Re, Re', and Re" independently is
hydrogen, C1-C6 alkyl, C2-C6 alkenyl, aryl, or arylalkyl; and (i) W is 0 or CH2; optionally with a
pharmaceutically acceptable carrier. 23. Use of a compound of general formula 1 (AK) or | (AL): 1
(AK) or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the
treatment of an HCV infection in a host, wherein: (a) each R4 and R4' is independently hydrogen,

halogen (F, Br, ClI, or 1),
C1-C6 alkoxy, C

hydrogen;

(d)

(e)
(H

(2)
(h)

altkyl, , Co-Cyg alkenyl, Cs-Cycarboceycle, aryl, Cs-Cq heterocycie containing one
or two heteroatoms chosen from O, §, and N, heteroaryl containing one or two
heteroatoms chosen from O, S, and N, aralkyl, or C,-Cg acyl;

R*is oxygen, sulfur, NR', or CR',, wherein each R' is independently hydrogen,
C1-Cg alkyl, , Cr-Cyg alkenyl, aryl, or aralkyl wherein the alkyl is C;-Cq;

Zis CH, CX, or N;

each X, X', and X" is independently hydrogen, halogen (F, Cl, Br, or I), NH,,
NHRS, NR°R, NHORS, NR°NRR®, OH, OR, SH, or SR®:

each Y and Y' is independently O, S, NH, NR®, NOR®, or Se;

each R® is independently hydrogen, C,-Cs alkyl, , C2-Cyg alkenyl, Cs-Cy
carbocycle, aryl, Cs-Cy heterocycle containing one or two heteroatoms chosen
from O, §, and N, heteroaryl containing one or two heteroatoms chosen from O,
S, and N, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C;~Cg; and

each R, R®, and R independently is hydrogen, C,-Cy alkyl, Co-Cy alkenyl,
aryl, or arylalkyl; provided that for compounds of formula 2 (H*), when X is
OH or NH,, Y is O, R* is hydroxyl, R*is hydrogen, and R® is hydroxyl, R’ is

hydrogen, Z is not N and:

provided that for compounds 3 (C*} and 3 (D7), Z is not N; and for compounds of

formula 8 (B”), when R%is NH, R is hydrogen, and R4, RS, and R are

hydrogen, R* is not hydroxyl;

optionally with a pharmaceutically acceptable carrier.

170

pseudohalogen, NO2, C1-C6 alkyl, halogenated C1-C6 alkyl, hydroxyl,
HPOH GHRARE: NH2 NBER TR RS pe e 2L IRAR 1S, 8L BAADIRLI is



(b) each R5 and R5' is independently hydrogen, halogen (F, Br, Cl, or 1), pseudohalogen, NO2,
C1-C6 alkyl, halogenated C1-C6 alkyl,hydroxyl, alkoxy, CI-120H, CH20R6, NH2, NR6R7, valine, ;
wherein at least one of R5 and R5F is hydrogen; (c) each R6and R7 is independently hydrogen,
CI-CIE, alkyl, halogenated Ci-C16 alkyl" C2-C10 alkenyl, C5-C7carbocycle, aryl, C5-C7 heterocycle
containing one or two heteroatoms chosen from 0, S, and N, heteroaryl containing one or two
heteroatoms chosen from 0, S, and N, aralkyl, or C1-C6 acyl: (d) Zis CH, CX, or N; (e) X is
hydrogen,;Ralegen &, GlnBLr ot N7, NKR', NR'Re, NHOIC NR'NReRea, OH, ORe, SH, or SR’; (f)
X'is halogen (F, CI, Br,orl); (g) Yis 0, S, NI-I, NRe, NOR’, or Se; (h) each Re, Re', and R.6"
independently is hydrogen, C1-C6 alkyl, C2-C6_ alkenyl, aryl, or arylalkyl; and ()W is 0 or CH2;
optionally with a pharmaceutically acceptable[carrier. 242 Use of a compound of general formula |
(AM-AP): 0 :

or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically
acceptable carrier.

17. A compound of the formula;

Cl N
| x [ x L
':O: ’ :O: } O
H OH OH OH OH OH

L (L) 1 (M)

rd
S N N o
kﬁﬁ

OH OH OH OH OH OH : OH
1{NY 1(0) 1(P) 1(Q)

1(T") 1 {U)
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R5' R5 R4’

1 (AO) or a pharmaceutically acceptable salt thereof, for the manufacture of a

medicament for the treatment of an 11CV infection in a host, wherein: (a) each Fe and R4f is
independently hydrogen, halogen (F, Br, Cl, or 1) pseudohalogen, NO2, C1-C6 alkyl, halogenated

CI-C6 alkyl, hydroxyl. Ci-Co

of R4 and R4' is
pseudohalogen,

alkoxy, CH20H, CH20R6, NH2, NR6R7, valine, ; wherein at least one
hydrogen; (b) each R5and R6+ is independently hydrogen, halogen (F, Br, ClI, or 1),
NO2, C1-C6 alkyl, halogenated C1-C6 alkyl, hydroxyl, C1-C6 alkoxy, C1-120H,

CFI20R6, NH2,/NR6R7, valine, ; where| at least one of R5 and R5' is hydrogen;~{¢)'each R6and R7

|S|ndependenﬂ1

C5- C7carbo cle, 3
N, heteroar Al

hydrogen C1-Ci16 aIkyI halogenated C(-C16 alkyl" C2-C10 alkenyl,
Eroatoms chTo/en roPﬁO S. and

d4ining one o
I\yé‘hosen fro O arjdJ N, aralga}d, =46 acyl

; o O
OH OH

GH OH OH
1{V") 1 (WY 1{X) 1YY
G
}\i/ E\g/ \NH
N N N i N P N,
P NN L
s : : | 0
HO H OH O3 OH OH
1{ZY 1(AAY 1 (AB’)
NH, HCl
o]
NZ N 5 ’
ﬂ > rI HTT/L\U/R\\N
N | ke
8] N o ; D«/’\hﬁf\\
OH OH Od by On
(AR

1(AD) 1{AE)
or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically

acceptable carrier.

18. A compound of any one of the claims 1-4 or 6-15, or a pharmaceutically acceptabie salt

thereof, wherein each R, R®, and R® independently is phenyl or benzyl, cycloalkyl, or
cyclopropyl, optionally substituted with at least one group chosen from alkyl, alkenyl,
amino, aryl, heteroary! containing one or two heteroatoms chosen from O, §, and A,

halogen, hydroxyl, alkoxy, or thiol.
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(d) Zis CH, CX, or N; (e) X is hydrogen, halogen (F, CI, Br, or 1), NI-12, NHW, NReReF, NHOW,
NWNIReRen, OH, OW, SH, or SW; (0X"'is CI-C16 alkyl; (g) Y is 0, S, NH, NW, NOW, or Se; and (h)
each Re, Re, and Re" independently is hydrogen, C1-C6 alkyl, C2-C6 alkenyl, aryl, or arylalkyl,
optionally with a pharmaceutically acceptable carrier. 25. Use of a compound of general formula 1
(AQ) or I (AR): 1 (AQ)1 (AR) or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for the treatment of an HCV infection in a host, wherein: (a)each R4 and R4F is

independeptlyshyidiogeey fialPaaaddiin CufiilinRspudehalaganciog £1-6 atkyk halogenated
C1-C6 alkyl, hydroxyl, Calkoxy, CH201-1, CH20OR6, NH,, NR6R7, valine, ; wherein at

compounds of claims 1-18, together with a pharmaceutically acceptable carrier.

20. A pharmaceutical composition comprising an effective amount of any one of the
compounds of claims 1-18, together with one or more effective anti-viral agents,
optionally with a pharmaceutically acceptable carrier.

21. The pharmaceutical composition of claim 20, wherein the anti-viral agent is selected from
the group consisting of ribavirin, interferon, pegylated interferon alfa —2a, interferon
alfacon-1, natural interferon, albumin-interferon alpha 2b, interferon beta-1a, omega
interferon, oral interferon alpha, interferon gamma- Ib, interfeukin-10, merimebodib,
amantadine, hepatitis C immune globulin, levovirin, viramidine, thymosin alfa-1,
histamine dihydrochloride, and telaprevir.

22. Use of a compound of general formula 1 (AG-Al):

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for

the treatment of an HCV infection in a host, wherein:
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least one of R4 and R4' is hydrogen; (b) each R5 and R5' is independently hydrogen, halogen (F, Br,
Cl, or ), pseudohalogen, NO2, C1-05 alkyl, halogenated CI-C6 alkyl,hydroxyl, C1-C6 alkoxy,
CH20H, CH20R6, NH2, NR6R7, valine, ; wherein at least one of R5 and R51 is hydrogen; (c) each
R6 and R7 is independently hydrogen, C1-C16 alkyl, halogenated C 1 -C16 alkyl" C2-C10 alkenyl,
C5-C7 carbocycle, aryl, C5-C7 heterocycle containing one or two heteroatoms chosen from 0, S, and
N, heteroaryl containing one or two heteroatoms chosen from 0, S, and N, aralkyl, or CI-C6 acyl; (d) is

CH, CX, or N; (g}X is hydregan RAIQGRMHenGhtBY hoH) oD% BIBMENE: Ret oNHOW, NWNWW",
OH, OW, SH, or SW; (0X" is halogen (F, Cl, Br, or 1); (g) Y is 0, S, NH, NW, NOW, or Se; and (h)

each W, WI, and Re" indaprndriaiy, isiDydmgeniGalkiiogeh&ielalkenyhliayyh adrarylalkylCoptionally

with a pharmaceutically acceptable carrier. 26. The use of a compound of any one of the claims 22-25,
or a pharmaceutically ageeptable salt thereaf, farthelrfariyfatiure oftamisdidamentdfor ftieatebatment
of an HCV infection in a host, wherein each ft.", Re', and RC" independently is phenyl or benzyl,
cycloalkyl, or cygtbprapytogationally substituted with at least one group chosen from alkyl, alkenyl,
amino, aryl, heteroaryl containing one or two heteroatoms chosen from 0, S, and N. halogen, hydroxyl,
alkoxy or thiol. (b) each R®and R is independently hydrogen, halogen (F, Br, Cl, or I},
pseudohalogen, NO,, C1-Cs alkyl, halogenated C;-Cq alkyl, hydroxyl,

C;-Cg alkoxy, CH,OH, CH,OR®, NH,, NR®R’, valine, ; wherein at least one of R® and

R* is hydrogen;

{c) each R®and R’ is independently hvdrogen, C;-Ci6 alkyl, halogenated C;-Cig

alkyl, , C5-C;0 alkenyl, Cs-Cy carbocyele, aryl, Cs-Cyheterocycle containing one or two

heteroatoms chosen from O, S, and N, heteroaryl containing one or two heteroatoms

chosen from O, S, and N, aralkyl, or C;-C¢ acyl;

(d) Z1sCH, CX, or N;

(e) Xis hydmgeﬁ, halogen (F, Cl, Br, or I), NI;, NHR®, NRR®, NHOR,

NR°NRR®, OH, OR®, §H, or SR%;

() X'is alkyl;

(g) Y is O, S, NH, NR®, NOR, or S¢;

(h)  each R%, R®, and R® independently is hydrogen, Ci-C alkyl, C2-Ce alkenyl,

aryl, or arylalkyl; and

(1) Wis O or CHzs;

optionally with a pharmaceutically acceptable carrier.
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27. The use of any one of claims 22-26, further comprising one or more effective anti-viral agents,
optionally with a pharmaceutically acceptable carrier, in combination with the cornpound. 28. The use
of claim 27, wherein the anti-viral agent is selected from the group consisting of ribavirin, interferon,
pegylated interferon alfa -2a, interferon alfacon-1, natural interferon, albumin-interferon alpha 2b,
interferon beta- la, omega interferon, oral interferon alpha, interferon gamma- Ib, interleukin-10,
merimehodib, amantadine, hepatitis C immune globulin, levovirin, viramidine, thyinosin alfa-1,
histamine,dihydraghletdecand deapeevnoedulhne uge) of amipie of claims 22-26, wherein the host is
a human. COMPOUNDS WITH THE BICYCLOJ[4.21]NONANE SYSTEM FOR THE TREATMENT OF
FLAVIVIRIDAE INFECTIONS ABSFRACT The disclosed invention is a bicyclo[4.2.1)nonane and its
pharmaceutically acceptable salt of prodrug and its composition and method of yse to treat

1 (AK) L (AL)

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for

the treatment of an HCV infection in a host, wherein:

(a) each R* and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NOa, C;-Cg alkyl, halogenated C1-Ce alkyl, hydroxyl, Ci-Ce

atkoxy, CH,OH, CH-OR®, NH,, NR°R’, valine, ; wherein at least one of R*and R% is

hydrogen;

(b) cach R’ and R° is independently hydrogen, halogen (F, Br, CI, or 1),
pseudohalogen, NO», C;-Cs alkyl, halogenated C;-Ce alkyl, hydroxyl,

C,-C alkoxy, CHOH, CHL,OR®, NH,, NR®R’, valine, ; wherein at least one of R and

R’ is hydrogen;

{c) each R®and R is independently hydrogen, C1-Ci alkyl, halogenated C;-Cys

alkyl, , Co-Cy alkenyl, Cs5-C carbocycle, aryl, Cs-C; heterocycle containing one or two

heteroatoms chosen from O, S, and N, heteroaryl containing one or two heteroatoms

chosen from O, S, and N, aralkyl, or C;-Cs acyl;

(d) ZisCH, CX, or N;

(e) X is hydrogen, halogen (F, CI, Br, or I}, NHz, NHR®, NRR€, NHORS,

NR°NRR, OH, OR®, SH, or SR

{t) X'is halogen (F, Cl, Br, or I};
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() Y is O, §, NH, NR®, NOR®, or Se;

(h) each R, Rc‘j and R® independently is hydrogen, C;-Cs alkyl, C,-Cs alkenyl,
aryl, or arylalkyl; and

(i) W is O or CHj;

optionally with a pharmaceutically acceptable carrier.

24. Use of a compound of general formula 1 (AM-AP):

,RS N-—-_/Z

1 (AO) 1 (AP)

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for

the treatment of an HCV infection in a host, wherein:

(a) cach R*and R* is independently hydrogen, halogen (¥, Br, CL or I},
pseudohalogen, NO,, C;-Cs alkyl, halogenated C;-Cs alkyl, hydroxyl, C 1-Cs
alkoxy, CH;OH, CH,OR®, NH,, NR6R7, valine, ; wherein at least one of R*and

R* is hydrogen;

(b) each R®and R® is independently hydrogen, halogen (F, Br, Cl, or I),

pseudohalogen, NO», C;-Cs alkyl, halogenated C,-Cs
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alkyl, hydroxyl, C,-Cg alkoxy, CH,OH, CH,OR®, NHa, NRR, valine, ; wherein at

Jeast one of R and R® is hydrogen;

() each R%and R’ is independently hydrogen, C,-Cig alkyl, halogenated C-C g

alkyl, , C2-Cyy alkenyl, Cs-Cy carboceycle, aryl, Cs-Cy heterocyele containing one or two

heteroatoms chosen from O, S, and N, heteroaryl containing one or two heteroatoms

chosen from O, §, and N, aralkyl, or C,-Cs acyl;

(dy ZisCH,CX, orN;

(e) X is hydrogen, halogen (F, Cl, Br, or I}, NH,, NHR®, NRR®, NHHORS,
'NRNRCRY, OH, OR®, SH, or SR;

H) X'is Ci-C g alkyl;

{g) Y is O, 8, NH, NR®, NOR", or Se; and

(h)y  each R%, R®, and R® independently is hydrogen, C;-Cg alkyl, C2-Cs alkenyl,

aryl, or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

25. Use of a compound of general formula 1 (AQ) or 1 (AR):

5
¥ AN X

RX >—N /

Rf; N~ g
1(AQ) 1 (AR)

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for
the treatment of an BCV infection in a host, wherein:
{(a) each R* and R" is independently hydrogen, halogen (F, Br, CI, or I},

pseudohalogen, NGO, C-Cy alkyl, halogenated C-Cgq
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alkyl, hydroxyl, C;-Cq alkoxy, CH,OH, CH,OR®, NHa, NR°R’, valine, ; wherein at

least one of R*and R is hydrogen;

(b) each R’ and R” s independently hydrogen, halogen (F, Br, Cl or T},
pseudohalogen, NO,, C,-C4 alkyl, halogenated C-Cq¢  alkyl, hydroxyl,

C1-Cs  alkoxy, CH,OH, CH,OR®, NH,, NRR, valine, ; wherein at least one of R® and

R’ is hydrogen;

{©) each R®and R7 is independently hydrogen, C,-Cs alkyl, halogenated C1-Cig

alkyl, , C2~Cyo alkenyl, Cs-C;carbocycle, aryl, Cs-Cy heterocycle containing one or

two heteroatoms chosen from O, S, and N, heteroary] containing one or two

heteroatoms chosen from O, 8, and N, aralkyl, or C,~C; acyl;

(d) ZisCH, CX, or N;

(e) X is hydrogen, halogen (F, CL Br, or I), NH;, NHR®, NR°R®, NHORS,

NR°NR°R®, OH, OR®, SH, or SR;

() X' is halogen (F, CL, Br, or I);

(&) Y is O, S, NH, NR®, NOR, or Se; and

(h) each R, R®, and R® independently is hydrogen, C;-Cs alkyl, Co-C¢  alkenyl,

aryl, or arylalkyl;

optionally with a pharmaceutically acceptable carrier,

26. The use of a compound of any one of the claims 22-25, or a pharmaceutically acceptable
salt thereof, for the manufacture of a medicament for the treatment of an HCV infection
in a host, wherein each R, R®, and R independently is phenyl or benzyl, cycloalkyl, or

cyclopropyl, optionally substituted with at least one
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group chosen from alkyl, alkenyl, amino, aryl, heteroaryl containing one or two heteroatoms
chosen from O, S, and N, halogen, hydroxyl, alkoxy or thiol.

27. The use of any one of claims 22-26, further comprising one or more effective anti-viral
agents, optionally with a pharmaceutically acceptable carrier, in combination with the
compound.

28. The use of claim 27, wherein the anti-viral agent is selected from the group consisting of
ribavirin, interferon, pegylated interferon alfa —2a, interferon alfacon-1, natural
interferon, albumin-interferon alpha 2b, interferon beta-1a, omega interferon, oral
interferon alpha, interferon gamma- lb, interleukin-10, merimebodib, amantadine,
hepatitis C immune globulin, levovirin, viramidine, thymosin alfa-1, histamine
dihydrochloride, and telaprevir.

29. The use of any one of claims 22-26, wherein the host is a human.
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COMPOUNDS WITH THE BICYCLOM. 2 1INONANE SYSTEM FOR THE
TREATMENT OF FLAVIVIRIDAE INFECTIONS

ABSTRACT

The disclosed invention is a bicyclo[4.2.1nonane and its pharmaceutically acceptable
sall or predrug, and its composition and method of use o treat Flaviviridae {Hepacivirus,
Flavivirus, and Pestivirus) infections on a2 host, including animals, and especially

humans.,
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