COVPOUNDS W TH THE BI CYCL( 4. 2. 1] NONANE SYSTEM FOR THE TREATMENT OF

FLAVI VI RIDAE | NFECTIONS v 5 Field of the Invention The present invention is
directed to conpounds and nethods for the treatnment of Flaviviridae
infections that include the adm nistration of an effective anmount of a

bi cycl o[ 4. 2COMBRAIND SBAEK (THE BIOY CLO{4| ) Y INONANELS YS BN \HOROHE are a
group of positive, single-stranded RNA viruses with a genone size from9

to 15 kb. They are erVREAFTMENT OB FLAMVIVIRIDAR INFECTIONS to 50 nm An
overvi ew of the Flaviviridae taxononmy is available fromthe International
Comm ttee for Taxonony 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 (Al fuy
Virus, Japanese encephalitis virus, Kookaburra virus, Koutango virus,
Kunjin virus, Murray Valley encephalitis 20 virus, St. Louis encephalitis

virug, Stratford virus, Usutu g V65 V|rus) t he Mbdoc virus
group, the Rio Bravo virus gro uiﬁewﬂ\ph er'J't}!,isér,?Rl o Bravo virus, Saboya

virus), the Ntaya virus group, the Tick-Borne encephalitis group
(tick-born endeppsent mventiars s, dirgdied fycorapoynds ané nggthods fdsgaada S virus
group, and the Yellow 1 Fever virus group. Apart fromthese nmjor groups,

t here artfeat®enEoPAR MR infecivhy thtSSSudd He a8RINSFARTSOf A dffective

amount of a bicyclo[4.2.1]nonane.

Background of the Invention

10 Flaviviridae are a group of positive, single-stranded RNA viruses with a
genome size from 9 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 -group, and the Yellow



2. Hepaciviruses. This genus contains only one species, the hepatitis C
virus (HCV), which is conposed of many cl ades, types 5 and subtypes. 3.
Pestiviruses. This genus includes bovine viral diarrhea virus -2 (BVDV-2),
Pestivirus type 1 (including BVDV), pestivirus type 2 (including hog

chol era virus), and pestnwiusupoby.pépartfroraltbesenmajdrardeps,dhemase virus). 10
One of the npbst inportant Flaviviridae infections in humans is caused by
the hepatitis C vi rS@né%@thnﬁhF%v!\ﬁm%B@t%%@‘ﬂmﬂﬁs@meﬁause of viral
hepatitis, with an estimated 170 million carriers world-wde (Wrld Health
Organi zation; Hepatitis C. gl obal preval ence, Wekly Epi dem ol ogi cal
Record, 1997, 72, o34 O ddd | : I i Uit ed States

2 ﬂi%gaaw d8s. Tl’ﬂ%lgi%@Hggﬂng{ﬁseéhlgnge%ﬂe'&?es R

(Centers for Disease ntrol; unpu

http://ww. cdc. gov/ ngcj d L seas epadt tls/he 3. ht The genom c
organi zati on of the %%ﬂ%%% Vﬁﬂ%ﬁgéé{?’e\gﬁ]ﬁhys 8% <?85[r@?&sctaé]elsng/

geno is often used%msj a nodel. HCV is a small, envel oped virus wwth a
posi Yive, single-str gebtiRps genone of -9.6 kb within the nucl eocapsi d.
The genome contains a single open reading frame (ORF) encoding a

pol yprotein of just 20 over 3,000 am no acids, which is cleaved to generate
the mature struct o alFe%twarusmn'srhﬁmmmnclwdrealboygm\@iahérarrhe@\(umses fl anked
by 5° and 3' non-translated regions (NTRs) of a few hundred nucl eotides in
| engt h, which are i njBMIDVZ), Pestivitha type drisichidinn B/ ) pestiviakitppe 2The
transl ated pol yprotein contains the structural core (C and envel ope

proteins (El, E2 pindiding fobfhldriies fawdl irby t 8RBy uct ur al
pr ot ei ns (NSZ NS3, (NS4A , NS5A, NS5B). éléfll% irgat u);rﬂeéesg{]rucmal

protei ns are generat by the host signal peptidase (see
Hjikata, M et al. &%d&a'sﬁé?é@g@d Sci., USA, 1991, 88, 5547: Hussy, P.

et al.,
10 One of the most important Flaviviridae infections in humans is caused by the

hepatitis C virus (HCV). This is the second major cause of viral hepatitis, with an
estimated 170 million carriers world-wide (World Health Organization; Hepatitis C:

glqbal prevalence, Weekly Epidemiological Record, 1997, 72, 341), 3.9 million of

whom reside in the United States (Centers for Disease Control; unpublished data,
15  hitp://www.cde.gov/ncidod/diseases/ hepatitistheptab3.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 ~9.6 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
translation and replication. The translated polyprotein contains the structural core

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



Virol ogy, 1996, 224, 93; Lin, C et al., J. Virol., 1994, 68, 5063;

M zushima, H et 5 at, J. Virol., 1994, 68, 2731; M zushima, H et al., J.
Virol., 1994, 68, 6215; Santolini, E. et al., J. Virol., 1994, 68, 3631;
Selby, M J. et al., Virology, 1994, 204, 114; and G akoui, A et al.,
Proc. NamonstastlraSoiotein®NG2,1NS3, NSAA, NEBHR)NSTANSEBhcThematateveen NS2 and
NS3 is autocatal ytically cleaved by the NS2/NS3 protease (see Hijikata, M

et al., strucdiraPproteihUpe gBrierA&P fiaddldaRRyd BNERMAA 8fgnaRpeplidds @ke J-
Virol., 1994, 68, 5045), while the remaining four junctions are cl eaved by

Farl 1o QURER M, A6 Pl ?—f’“‘&l Lx Q—j%????’ §?@%‘%ﬁ%?;gﬁéﬁvﬁ§ﬁ,
s an . 2Aurdigar1ob8 ey 5 15h, &g, Seiol Aeaq, FR BoaS AR el Ty <

nucl eosi de tri phosphate él\l‘l’P)-depe_ndent hel i case 15 activity which unw nds
dupl 8x FiA JdWiRhg19945168: 47 3 briMizpgRingsHs ¢frads di MirokdteAds §8s6BME- dependent
RNA pol ymerase (RDRP) activity (see Behrens, S.E. et al., EMBO J., 1996,
15, 12; SamtobminE. & alet). Mirol., 1994/i68)13631196Iby, Wi J. 8ta/6-\Bu8gy, 1884, E6#mann,

V. et al., Virology, 1998, 249, 108), which is essential for viral

repl i catiph.antRerakaui, A. Bt abl PRc. Nad. Addd. Fei., USA9993390 Lf0E88). Wpki ke HBV or
H'V, no 20 DNA is involved in the replication of HCV. Treatnent of HCV

I nfecti ' ' iNd j b [ ;

(1- (5 DT D ERRRHNG A 383 s duocouavically legved by ihe NSIINGZ o1 .

ander 't RRORPRRLSRE RIS LT PEERRL TP a2 4683 A B s e e

Budayari,, 25 S., rc .., Inc., Rahway, NJ, p. 1304, 1989). Unjted
Staills e énﬂ&bs{\é%% %f‘%&%@zwﬂa#ae FEDOINNgIoNr KH1CHSBS AFfI ClerXpehbyitBavi r i n.
Ribavirin is structurally simlar to guanosine, and has in vitro activity
agai nst N-ésraraal orineamatersa domais o NShedmdlexgd With/ING#AAi (dae Failiss . lef Davi s,
Gastroenterol ogy 118:5104-5114, 2000).

al., J. Virol,, 1994, 68, 3753; Lin, C. et al., J. Virol., 1994, 68, 8147; Taniji, Y. et al.,

J. Virol., 1995, 69, 1575; and Tai, C.L. et 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
possesses RNA-dependent RNA polymerase (RDRP) activity (see Behrens, S.E.
etal., EMBO J., 1996, 15, 12; Lohmann, V. et al.,, J. Virol., 1997, 771, 8416-8428;
and L.ohmann, V. et al,, Virology, 1998, 249, 108), which is essential for viral
replication, (Ferrari, E. et al., J. Virol., 1999, 73, 1649). Unlike HBV or HiV, no

20 DNA s involved in the replication of HCV.

Treatment of HCV Infection with Ribavirin

Ribavirin (1-B-D-ribofuranosyl-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 S, Merck & Co., Inc., Rahway, NJ, p. 1304, 1989). United States Patent Nos.

3



Ri bavirin reduces serumam no transferase |levels to normal in 40%of 5
patients, but it does not |lower serumlevels of HCV-RNA (Gary L. Davis,
Gastroenterol ogy 118:5104-5114, 2000). Thus, ribavirin alone is not
effective in reducing viral RNA levels. Additionally, ribavirin has

si gni fi chifB8L20%iand RE2AB3bisdosmand cldimdibayiram eRibayirii ibatruciunallys not
approved for nonot herapy against HCV. It has been 10 approved in

conbi natsimitamid duariistid, @harhal inhatr@ actpityl dtamist 8e08rar DNYR arl HNA viriges
treatnent of HCV. Treatnent of HCV Infection with Interferon Interferons

(I'FNs) havadig eﬁaf?ﬂﬁ%ég%‘w V. B‘é@i‘s' @sﬁoéﬁfer&ltﬂgyﬁ h 83 fRNE1 P4, 2(?6@'3 oni ¢

hepatitis for "nearly a decade. are glycoprotelns produced by |m"rune

15 cells inr nfect hibit replica

number of vi r%@ggﬂﬁ%ﬁgﬁﬁ %eg’”ﬁt@“'%%ﬁiaﬂﬂsﬁ%ﬁ%aaéof‘ﬂﬂ“@'dP 4(dt}P ggt ment for
hepatitis Cinfection, IFN can in certain ses suppress serum HCV-RNA to
undePectRatie E'tS'i gltéjoesmm"}"ﬂrﬁﬁﬂw‘ leyelg of K¢ CVFM(GQ@/ dPavis.ani no
transferase levels. Unfortunately, the effect of IFNis tenporary, and a
sust ai ne@dasteegidersdonct1H:6104-Shlidy 2800097 lnds, 2ibahin alons ichoteffestivé yn i nf ect ed
with HCV (Gary L. Davis, Gastroenterology 118: S104- S114, 2000). Most

pat i ent sedbcingwiral RNavievalisf fAddifidnally ofiledivivtine hgs iskingfidadt wxidityeaionent ,  whi ch
causes severe flu-like synptons, weight |oss, and | ack of energy and

st am na.kndwmaheiud aRghent s di scl ose Flaviviridae, including HCV,
treatnments, using 25 interferon-based therapies. For exanple, U S. Patent

ot i ent Soa??ﬁ?lfe?wﬁ”é befardoved foy g fieBRERy BaltEHeo il 8 ent o
bovite. APV BrarainatsrwtB R BRE oG A B PO atprisio AR 2k for the |© ©"
| 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 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 IFN is temporary, and a sustained response occurs in only 8%-9% of
20 patients chronically infected with HCV (Gary L. Davis, Gastroenterology 118:5104-
S114, 2000). Most patients, however, 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 HCV, treatments, using

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



at discloses the conbination therapy of interleukin-12 and interferon al pha
for the 5 treatnment of infectious diseases including HCV. U S. Patent No.
5,849,696 to Chretien et at discloses the use of thynosins, alone or in
conbination with interferon, for treating HCV. U S. Patent No. 5,830, 455
to Val t ubsclosts methatissfor oatezatrmeent ofpatierits afflitied witreHEWusing copsaerpsus
interferon and a free radical scavenger. U S. Patent No. 5,738,845 to

| makawa igiesferors etl.$ heateaeNefl 5047003 ﬁbtBéi@*él%lkﬂ%lé@eéﬂé@bﬁhm\flor treating
HCV. O her interferon-based treatnents for HCV are disclosed in U S.

Pat ent "lﬁera'éy@s@ag%%nb%ré%ﬂr% Igg g?érgn Yhep: UPB! BReniRIo, 592' 263%0{%/& er Btatt et

at, and U. S "Patent No ) nunber of patents al'$o di'sc ose

oy 2L ofl BGUEeLlnd ALBEHSHRR mgHtAl o e dkin T2l mhreR s Bie ros. vo
99/ 32139 and V\Df’7L5 99/ 32140 to Enzon WO 95/ 13090 and U. S. Patent Nos.
5, 738, 8AEalmgnEofinicdinys dissasen digivdina AV usS. PateskNang, 8496981621 to G ue

et at Interferon al pha-2a and interferon al pha-2b are currently approved as
monot herpgtien et ahdisdesestbatusefof HumosiasERONE 0y IMcombirtatipnivetit he
reconbi nant formof interferon al pha-2a. PEGASYS(r) (Roche) is the

pegyl at éatefferen, f@GtreatingeHOM. el &S, Patent NODSIBBO S thoranuehaidtiag rdisdioses
al pha-2a. INTRON(r)A (Schering Corporation) is the reconbinant form of

i nt erferﬁbrﬁb;ﬁﬁﬁo@ﬁ@ﬁﬂ%rﬁﬁ%hﬂ "r)terfén%ﬁ‘hé’l?dl Qgre@t’a@ﬂfa%é?gng@ the

pegyl ated formof interferon alpha-2b. OQher forns of 1nter n al pha, as

dovel 3;%%% %l ts frea?%é%?*@é@d@ﬂ%ﬁ%&ﬁ%ﬁpﬁﬂ%ﬁﬁ%y Py 'f ce

I | F
R Lt et
beta 1 Ar es- Serono, onega |nterferon by Bi oMedi cine, oral interferon

al pha b wﬁsﬁeldundJ Bi. Hatert e .6 56,942 e diesta ehalg ke Patent dla. & 372,888 to
Blatt et al., and U.S. Patent No. 5,849,696. A number of patents also disclose

pegylated forms of interferon, such 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 85/13090 and U.S. Patent Nos. 5,738,846 and 5,711,944
to Schering; and U.S. Patent No. 5,908,621 to Glue ef al.
Interferon alpha-2a and interferon alpha-2b are currently approved as
monotherapy for the treatment of HCV. ROFERON®-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-INTRON®
(Schering Corporation) is the pegylated form of interferon alpha-2b.
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, INFERGEN® (interferon alphacon-1) by InterMune, OMNIFERON®



and interferon gamma- |b by InterMine are in devel opnent. 5 Conbi nation of
Interferon and Ri bavirin The current standard of care for chronic hepatitis
Cis conbination therapy wth an al pha interferon and ribavirin. The
conbination of interferon and ribavirin for the treatnent of HCV infection

has beerfnakpalribietfeten)ds, Eikdgat, ALS URERON® hyddiman iGaforhaSeidreeen nai ve
patients (Battaglia, AM et al., Ann. Pharnmacother. 10 34:487-494, 2000),

as wel | BRI (ik ' YHRN ohid ' [ pr esent
(Berenguer, M (le{e(?%ﬁ??mgr?ﬂ?/)@A%§? 3( Sggipergtaqgﬁeggh %ggg%g?)"%& udi es

have sh : | ok tJ LIS 0 te

I nterf e%\gﬁ-[h%ﬁgﬁ) rgﬁlbhz%\a/é 3}r )ﬁﬁlta@g%@nsa%??rg(ﬁest %Qg é@ﬁgﬁ@nﬁﬁgh@% mnﬁlgﬁflgfqno Yt her apy
wi th unpeqylated interfero I . However, as w th nonot herapy,

signi fi %&ﬁ%“ﬁ%’@é"%ﬂ?@é‘ﬂ%‘ ﬂ%@}éffﬁ%@%ﬂ%aﬁ Hbd%‘{?jrl‘?}?fﬂﬁ'f"i-on t her apyl,oyi ncl udi ng
henol ysis, flu-like s tons, anema, and fatigue. (Gary L. Davis,
Gastrgenterol o%y 118:>ér1r84- S114, 2000). Conbi nat igon tgera%y wth

PEG- P NTRENPPingticuy phinderferem agddRibayiifn and  REBETOL(r) (ribavirin, USP)
Capsul es is available from Schering Corporation. REBETOL(r) (Schering

Corpor at | on) THAAR SREFRIABPESLBLLAFAIALAZIR WEARORMBNIRERGY) A

(interferon al pha-2b, reco nant rporation
PEGASYS( . egylated interferon al pha-2a), an E r) (rjhavirin) are
s atihaaBhahERerdh ahd ARV E: S, SopeRBanel Eieemard Todide) Soso 1,
WO 00/37110, WO 01/81359, WO 02/32414, and WO 03/ 024461 by Schering
Cor por afqrdhe drestmestot e Viistection pashaen repeted e beraffesivairbthe and ri bavirin
conbi nation therapy for the treatnment of 6 HCV. PCT Publication Nos. WO
99/ 1519&eaintesisfadietierorandiva@aiientsiBtadglia, M f eteain Aom. Riaheatoihenl so
di scl ose the use of pegylated interferon al pha and ribavirin conbination
t het@py 380137044, 120080 e P bs féMreatment of patients when histological disease is
present (Berenguer, M. et al., Antivir. Ther. 3(Suppl. 3):125-136, 1998). Studies
have shown that more patients with hepatitis C respond to pegylated interferon-
alpha/ribavirin 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-like symptoms, anemia, and
fatigue. (Gary L. Davis, Gastroenterology 118:5104-S114, 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 alpha-2b, recombinant, Schering Corporation). Roche'’s
PEGASYS® (pegylated interferon alpha-2a) and COPEGUS® (ribavirin) are also
“approved for the treatment of HCV.
PCT Publication Nos. WO 99/59621, WO 00/37110, WO 01/81359, WO
02/32414, and WO 03/024461 by Schering Corporation disclose the use of

. 25 pegylated interferon alpha and ribavirin combination therapy for the treatment of

6



Addi ti onal References Disclosing Methods to Treat HCV Infections 5 A nunber
of HCV treatnents are reviewed by Dynock et at in Antiviral Chemstry &
Chenot herapy, 11:2; 79-96 (2000). Several substrate-based NS3 protease

i nhi bitors have been identified in the Iliterature, in which the scissile
am de bdiadVofPGI Publisatibnshibs.t\WAL 89116194 pVWa2 88/64(18nane MeOtQPA35%by whi ch
interacts with the catalytic serine. Attwod et at (1998), 10 Antiviral

pept i de Hisffriaian-LeaRochHé0n8 Bt dRBlosAtthavned of beaVlatddlifBHeroARliphd &id _
Chem stry and Chenot herapy 10: 259-273; Attwood et al. (1999), Preparation

and - us gitaliriyEdHAbiAGLch BRI-AYRTIMAS tRatABh{ ¥ ey, agents, Cerman Pat ent
Publ i cati on DE 19'91)1474; '"T%‘ﬁg ret a'%.%t(%g%%ﬁ)ﬁé*/hhi bitors of serine
prot eases, particularly hepatitis C virus NS3 protease, WO 98/17679. The

or ohos ddehal Refefsfefls s ficind rahoBl o' FRBE A THERIBRRT o or mept oc

anal ogues, WD 99/07734. Two cl asses of el ectrophile-based inhibitors have

been5descr i bédnuabphekdChaineatesrandre Risvaed b Dveasck dig. inl Agvadair e has
al so described a nunber of non-substrate-based 20 inhibitors. For exanple,

eval uat icybrhibiry EChBoBidaby. 1:5298.963b08g), 6- L1 i hydr oxy-3- i tro- benzani de
derivatives agai nst HCV protease and other serine proteases has been

Communi cat 1 oxeveb4sbaBbte As s RO IivRiS sl SRR BRLIEEIE  y ana
25 comp ISRLredBAiFT Dl SeiselermruaeLelcn Hogva® FHbSHe 1 oRIBFoR Bl t ut edl
on the 7 amde with a 14-carbon chain and the |atter possessing a
par a- phéieskipphieywhich infamctawithAbe icatalgicraringat Athweoth gl a/. HERH8B)i denti fi ed as
m cronol ar inhibitors, using
10  Antiviral peptide derivatives, WO 98/22496; Attwood et al. (1999), Antiviral
Chemistry and Chemotherapy 10:259-273; Attwood et al. (1999), Preparation and
use of amino acid derivatives as antiviral agents, German Patent Publication DE
19914474, Tung et al. (1998), Inhibitors of serine proteases, particularly hepatitis C
virus NS3 protease, WO 98/17679. The reported inhibitors terminate in an
15 electrophile such as a boronic acid or phosphonate. Llinas-Brunet et al. (1999),
Hepatitis C inhibitbr peptide analogues, WO 99/07734. Two classes of
electrophile-based inhibitors have been described, alphaketoamides and
hydrazinoureas.
The litera_ture 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., (1997) Biochemical and Biophysical Research
Communications, 238:643-647; Sudo, K. ef al., (1998) Antiviral Chemistry and

Chemotherapy 9:186. Using a reverse-phase HPLC assay, the two most potent

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

7 .



a reverse-phase HPLC assay with an NS3/4A fusion protein and NS5A/ 5B 5
substrate. Sudo, K et al., (1996) Antiviral Research 32:9-18. Conpound
RD-1- 6250, possessing a fused cinnanoyl noiety substituted with a |ong
al kyl chain, was the nost potent against the isolated enzyne. Two ot her
acti ve exuitplwith adrecarBbd chabbarahtheRBte iSO esCinges phid-phataxyphesyor t s

screening of arelatively small library using an ELI SA 10 assay and the
i denti figy Fon of three conmpounds as potent inhibitors, a thiazolidine and
t wo benzan| i des. Kaki uchi N et at, J. EBS Letters 421:217-220; Takeshita

N. et at, A”mlﬂidlﬁm%@% ors E(/é‘ b%éﬁ l&é?ﬁ%é% %ﬁ?&w@?}ﬁﬁnﬁﬁor‘g mBatents

di scl ose protease In or the 17 eal exahp

i bi t O gevgsé’eqﬂﬁ%s%sﬁkﬁﬁs%’%ﬁ”?&e\ﬂﬁaﬂeE\b%%é&fﬁ%ﬁé@f@t%"%%@d oglgbeie Proteese

5,990, 276 , to Zhang et at discloses synthetic inhibitors of he atltls C
virug NSybsHaieeazdo, Hheetiahn( 1996d Antiviral Resanral 3848 oComprist RRtE of t he

NS3 protease or a substrate of the NS4A cofactor. The use of restriction
enzynmes G250 pessesdg & fusticscinnaradyl moighBsulstitetet withoa dndbaBylBS&in,ovdeyes et
at 20 Isolated fromthe fernentation culture broth of Streptonyces sp., Sch

68631, the pitas potdnt egaltist tanigoldtes 8ASHAE. vy oIel Attias Ekathplesadsienst HCV
protease in a SDS-PAGE and autoradi ography assay. Chu M et at,

Tet r aheqgN b8t LBRHRIBA 64939- 7232, 1996. In another exanple by the sane
aut hors, Sch 351633, isolated fromthe fungus Penicilliumgriseoful vum

Sﬂe”‘é{‘s;{ " Bt R Pheliscleeind br Brdilel il (el ShEan B8 0co
? | ar got egiﬁ/ E% gst the HCV NS3 protease enzyne has been achi eved by
t he' dos PERABANS die EIENYECRAN B DRecoRpelnds s PRIENTHINBIRIF o& Ue-aiging .

Eglin c, isolated fromthe | eech, is a potent inhibitor of
and two benzanilides. Kakiuchi N. et al., J. EBS Letters 421:217-220; Takeshita N.
et al., Analytical Biochemistry 247:242-246, 1997. Several U.S. patents disclose
protease inhibitors for the treatment of HCV. For example, U.S. Patent No.
6,004,933 to Spruce et al. discloses a class of cysteine protease inhibitors for
- 15 inhibiting HCV endopeptidase 2. U.S. Patent No. 5,890,276 to Zhang ef al.
discloses synthetic inhibitors of hepatitis C virus NS3 protease. The inhibitor is a
subsequence of a substrate of the NS3 protease or a substrate of the NS4A
cofactor. The use of restriction enzymes to treat HCV is disclosed in U.S. Patent
No. 5,538,865 to Reyes et al.
20 . Isolated from the fermentation culture broth of Streptornyces sp., Sch 68631,
a phenanthrenequinone, possessed micromolar activity against HCV protease in a
~ SDS-PAGE and autoradiography assay. Chu M. et al., Tetrahedron Letters
37:7220-7232, 1996. In another exarﬁple by the same authors, Sch 351633,

isolated from the fungus Penicillium griseofulvum, demonstrated micromolar

25 activity in a scintillation proximity assay. Chu M. et al., Bioorganic and Medicinal



several serine proteases such as S. griseus proteases A and B,
a-chynotrypsin, 5 chymase, and subtilisin. QasimMA. et al., Biochemstry
36: 1598-1607, 1997. HCV helicase inhibitors have al so been reported. U S
Patent No. 5,633,358 to Diana G D. et al.; PCT Publication No. WO 97/ 36554
t o Di anaCeistet Letéars DEd49- 4952, o 908w Narponoiar pdtdiCy auainsttireaBl€V NBiBbi t or s:
sone nucl eoti de anal ogues, gliotoxin, and the natural product cerul enin.

Ferrari fRot@isedénzyhdihafbedh atRicVed ®yaB¥ dédighttelire idifBtrsaReamn V. et
al., Virology 249:108-118, 1998. Antisense phosphorothioate

0! 1 godeoyuiiial 8Rididase LBIR BRI Ysdifed HRAH I Re2h! B4 B6Rnt Mnidir of

5' -non-codi ng region o are reported as effricie Itors of
HCV gene ession ip in vitro translation and He HCV: | uci f erase cel
cult or o SRR hrofasts Sibh 3si SRa b pols35e0 APEB. GeBU ORISR vor k
has 15 denonstrated that nucl eotides 326-348 conprising the 3'-end of the
NCR &hd © Lo ndeibilisio 3 Stasing e ¢! ah, Bmhewﬂ%%@ﬂﬁg%@&?oﬂmg%?- t he HCV
RNA are effective targets for antisense-nedi ated inhibition of viral

transl ati on. HACV halicase inhibitoss bhaive edsodbedn reglootgg. 14.3. Pageridy. 1997. U. S
Pat ent No. 6,001,990 to Wands et at discloses oligonucl eotides for

i nhi bi ti$838/368nteDibgaG.Dnedd/.: HEYT FRblicaidy NeaW©9725555d. to HaA/ZB3 2P

di scl oses conpositions and nethods of treatment for hepatitis C infection
conpr {1210 T SHTL I OB AEVIRARES® HABRICAGRL ikRghR! are
pesti vi iR o6, 8§ FabIrERBAH el Rrly FREN RoRTebs gt ot oy
FevitDueddlag 887 G e 1530 Corutanal ol abeVielbar 206y080] Gy 008 251- 257,
1999). O her conpounds have been reported as inhibitors of | RES- dependent
transl ati on iAntisepse phpapherotiieateraligpdedxyruicientidepcosqd@asotany td keda, N. et
Al sequence stretches in the 5-non-coding region of the HCV are reported as efficient
inhibitors of HCV gene expression in in vitro translation and HepG2 HCV-luciferase
cell culture systems. Alt M. et al., Hepatology 22:707-717, 1995. Recent work has
15 demonstrated that nucleotides 326-348 comprising the 3’-end of the NCR and
nucleotides 371-388 focated in the core coding region of the HCV RNA are
effective targets for antisense-mediated inhibition of viral transtation. Alt M. et al.,
Archives of Virology 142:589-5699, 1997. U.S. Patent No. 6,001,990 to Wands et
al. discloses oligonucleotides for inhibiting the replication of HCV. PCT Publication
20  No. WO 99/29350 discloses compositions and methods of treatment for hepatitis C
infection comprising the administration of antisense oligonucleotides 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 controlling the translation of HCV. Antisense



5 Japanese Patent Publication JP-10101591 of Kai, Y. et al.

Nucl ease-resi stant ribozynmes have been targeted at the I RES and recently
reported as inhibitors in an HCV-poliovirus chinera plague assay. Maccj ak
D.J. et at, Hepatology 30 abstract 995, 1999. The use of ribozynes to

treat H@ligosueledtides ag tiesageitic AiéntsPavebeeNTrece@ydsichved (GalBanidial. et at
and U.S. Patent Nos. 5,869,253 and 5,610,054 to Draper 10 et al. O her

pat ents gliscligssia BECRSEP ggw&g s pet jyating conpounds for the
treat mane? of HCV. For exgrr{?{,je/,lr u. .%a%?gtbgﬁbﬁ%{)bm, 799 to Chretien et at

di scl oses a f otr ing.,H in non-re nder i nterferpn

treat nent by%{z;%%gﬁﬁ?togpﬁgba %b?%.]ﬁeogt%?gmﬁ@@%&&?&%ﬁﬁﬁ%&@ee? t hynosin
or a thynosin. 15 fragnent. U S_ Patent Nos. 5,972 347 to Eder et at and

5 g0, 10GMRAtissa HEYauapanesq Baisni HubiBe IR 06 265690 RbHeslar br ofau
infection. U S. Patent No. 6,034,134 to Gold et al. discloses certain NVDA
r ecept orJapagess SatenRubligationmiRotIdISa1 @f y<ai,aht¢tredl AlucleasedasistaBbr na vi r us,

and anti-HCV activities. The disclosed NVDA receptor agonists belong to a
fam |y obokymmasriavtedrkighgated ahthalRBS addSecélatyeipoNed 28, iAB0It9G0N M

Morris-Natschke et at discloses the use of certain alkyl lipids to inhibit
the progycyiglookud eRidrhi a'd@é'é?@%. ANbEGERD.J. ! PRLBEDIGAPIE aBE@sced by
HCV. U. S Pa@gint No. 5, 92277%7 to o] ki%r et at. di lgc oség’s) tﬁe use of

S B TS B R D 3, Pl o
i H ' ion.. U S. P No. 5 , '

o 0" 508 2B 2 Brierar ardeh i Hhtent Nos. 5 ES 208 sincs B1B0M e aPeh. U, S

Patent No. 5,846,964 to Ozeki et al. discloses the use of bile acids for

tred®in@fBEV infection. U S. Patent No. 5,491,135 to Bl ough et al.

di scl oses the use of N (phosphonoacetyl)-L-aspartic acid to treat
flavivirus i fteet patesis disclosathdlGye of immune system potentiating compounds

for the treatment of HCV. For example, U.S. Patent No. 6,001,799 to Chretien et
al. disclose-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. 5,872,347 to Eder et al. and 5,969,109 to Boné etal.
disclose antibody-based treatments for HCV infection.

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

20 alkylcyclohexanes. U.S. Pétent No. 6,030,960 to Morrié-Natschke et al. discloses
. the use of certain alky! lipids to inhibit the production of hepatitis-induced antigens,
~including those produced by HCV. U.S. Patent No. 5,922,757 to Chojkier et al.

discloses the use of vitamin E and other antioxidants to treat hepatic disorders
~including HCV. U.S. Patent No. 5,858,389 to Elsherbi et al. discioses the use of

25  squalene for treating HCV infection. U.S. Patent No. 5,849,800 to Smith ef al.

10



5 infection. O her conpounds proposed for treating HCV infection include
pl ant extracts (U S. Patent No. 5,837,257 to Tsai et at, U S. Patent No.
5,725,859 to Oner et at, and U S. Patent No. 6,056,961), piperidenes (U S.
Patent No. 5,830,905 to Diana et al.), benzenedi carboxam des (U. S. Patent

No. 5, 63E5ckRsitheDisarad apharthdine fdPtrpatryastasNHC Y ivfetbtleUl S apateaBNOU. S.
Patent No. 5,496,546 to Wang et al.), 2',3'- dideoxyinosine (U S. Patent

No. 5, 030348064 @ VLR, @itsc!%és tﬁélds@%ﬂ%il h&ag fhieFeatirld ﬁcvpﬁfe%ﬂén
5, 891, 874 to Col aci no et al.). Oher agents or the treatnment of HCV

I nf ect| e a- 2a) by Roche,
INFERGE ﬂ%é}fﬂ -Sron i]ﬁ%%gﬁ]dl%iéﬁé/ %HF}&% rf%ﬁé‘e | FERON(r) (nat ural
|nterfer r ALBUFE bi nterfergon al ph y Human
Genone i %ﬁ&égoa@%ﬁ%ﬁp? ﬁ@&R%%?fgt%gt"a"ri'sé'yfgcﬁ?/"%sé@ﬁ@éﬁ'égg, onega
interferon by BioMedicine, oral interferon alpha by Amarillo Biosciences,
i nt e? f elPBCRAIMB-1 b by InterMine, interleukin-10 by Schering- Pl ough,

| P-501 by Interneuron, merinebodib VX-497 by Vertex, SYMMETREL(r) 20

(amant adi ne) theiErwiophaids Sapoagd fGIEPFAEGMECY) infectiBRlinclLMNpEE% @xbyctsdun
Pharma., XTL-002 by XTL., HCV/ MF59 by Chiron, CIVACIR(r) (hepatitis C

| mune (lglsmdteﬁt) Nbys5, BOPI257! BV i BT, DY.9, Pteit N8I 4B @850M0 Sher GrEAXI N(T)
(thynmosin alfa- 1) by Sci C one, CEPLENE(r) (hi stam ne’ di hydrochl oride) by

ors "o aRARSE Pater o, 356,00, SiSEEE RS (M0 %ﬁgm;?éag. %dﬁ%faﬁ%f‘” o
t

vari ous el eneen ﬁ%%ﬂa%mécﬁ%ﬁ @2?%&@@ 52@%& b8 50 TRt {01V ¢ | tae

i nfection | nt ernati onal Publication WD 01/ 32153. Bi oChem Phar ma

I nci0 al EB'YGB%Y ligsredd darivalivesdiher Pzterﬁalcb 5,496,5¢81i® Wangakal.),

dideoxyinosine (U.S. Patent No. 5,026,687 to Yarchoan ef al.}, and benzimidazoles
(U.S. Patent No. 5,891,874 to Colacino et al.).
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®
{albinterferon 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 Interneﬁron, merimebodib VX-497 by Vertex, SYMMETREL®

20 (amantadine) by Endo Labs Solvay, HEPTAZYME® by RPI, IDN-6556 by Idun
Pharma., XTL-002 by XTL., HCV/MF59 by Chiron, CIVACIR® (hepatitis C immune
globulin} by NABI, levovirin by ICN, viramidine by ICN, ZADAXIN® (thymosin alfa-
1) by Sci Clone, CEPLENE® (histamine dihydrochloride) by Maxim, telaprevir VX
950 / LY 570310 by Vertex/Eli Lilly, 1SIS 14803 by Isis Pharmaceutical/Elan, IDN-

25 6556 by Idun Pharmaceuticals, Inc., and JTK 003 by AKROS Pharma.
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5 2'-al koxy nucl eosides for the treatnent of a Flaviviridae infection in
International Publication No. WO 01/60315. Ideni x Pharmaceuticals, Ltd.

di scl oses branched nucl eosides and their use in the treatnent of HCV and
flaviviruses and pestiviruses in International Publication Nos. WO

01/ 90121 and RipChemBhama ks gissioses! theatse af.various 1E8rdidxokarieon Nos.

2003/ 0050229 Al and 2003/0060400 Al. A nmethod for the treatnent of HCV and
fl avi vi ruglersidgsefor the trastmerited b BasivirtdeuniactonirdimématiohalsPublicatiom| s i s

di scl osed that includes adm nistering an effective anount of a

bi ol ogi qad | Woroti3gesd) ., 2', and 3'-branched R-D or R L nucl eosides or a
phar maceutical ly acceptable salt or prodrug thereof, adm nistered either

alone or in ' ' |0, | eutical e bl e

e e 1 oo SRBR Pl Blsaiistked Voo BB A ST H Al S B Bl e 1o
Hof f panns Roche, AG. di scl gse, vari oys .nucl eosj de .anal.ogs r the treatnent
or By kP U s op i b A iR S e B borrighioRtlng o
variousﬁpﬂﬁleosides for the 20 treatnent of a variety of viruses,

i ncl udi AgPPEalew No: M 018QB 1% particular HCV. Merck & Co., Inc. and Isis
Phar naceuticals disclose in International Publication Nos. WO 02/ 057287 and

WO 02/ 057425 ldenix BhermRoelticads,ildd. disclosedbedrehéd Hirlesidey ardithehugdesosi des,
and in particular several pyrrolopyrimdine nucleosides, for the treatnent

of Vi rusesherestenarepl HGV aAq fiasiviteBe dad peeBdrusts iMWtcheRRMEENT RNA
pol ynmerase, including Flaviviridae, and in particular HCV. 12 In view of

the sevebiivatiin oS WS 612109 Wb o783 ladhiuioay ad &2Vl vi T uses.

and their pervasiveness in animals, 1nclu i'S"an obj ect of
18 AP YR ol 0BS AR Ao SR R PRERE L Tl % e
with 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 B-D or B-L nucleosides or a
pharmaceutically acceptable salt or prodrug thereof, administered either alone or in
15 - combination, optionally in a pharmaceutically acceptable carrier.
International Pubiication Nos. WO 02/18404 and WO 02/100415 to F.
Hoffmann-La Roche AG disclose various nucleoside analogs for the treatment of
HCV RNA replication.
Pharmasset Limited, in WO 02/32920, discloses various nucleosides for the
20 treatment of a variety of viruses, including Flaviviridae, and in particular HCV.
Merck & Co., Inc. and Isis Pharmaceuticals disclose in International
Publication Nos. WO 02/057287 and WO 02/057425 and U.S. Pubiication.No.
2002/0147160 A1 various nucleosides, and in particular several pyrrolopyrimidine

nucleosides, for the treatment of viruses whose replication is dependent upon

25 RNA-dependent RNA polymerase, including Flaviviridae, and in particular HCV.
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5 flavivirus or pestivirus. It is a further object to provide a conmpound,
nmet hod, and conposition for the treatnent of a host, including animls and
especially humans, infected with hepaciviruses. SUMVARY OF | NVENTION 10 It
has been di scovered that certain nucl eoside derivatives incapable of being
phosphor yl at b vigw phtheGaveripsf diseaseslassacatet evithaqudstivirused amed  hydr oxyl
group, are potent inhibitors of HCV. Further, it was discovered that

bi cycl o[ftavRirlsesrambtheln prgsasidernésssitl dnimas) Ririsg BamaneXitidah oppicedt and
selective activity against Flaviviridae infection, and in particular

agai nst thi&¥redent irvePiin 2 pasigE Bt rﬁgktﬂl ié}}_(SF hBBsiBbR YL compounds
of the ggr*]seral f or mul a%(gJP): IWQ l\?o S sr%ﬁzérmé% 48(!5311"@8%96@@@’%% a
phar mac ' L abl I r . t.her eof rein:...(a) each R4
o T kit Y ARGSE S0 3ol S A O S, BER
pseudohg) ogen, CN, N\ | ower al kyl of Cl1-C6, hal ogenated | ower alkyl, 13
hydrgxyﬁlavg’l'rk'gﬁ,pe%' CH2OR6, NH2, NR6R7, or a residue of an anino acid;
wherein at |east one of R4 and R4' is hydrogen; (b) each R5 and R5' is
i ndependent | Jt iByadiusien obiest yeievide a Bpmpound omethod, apdewdeprsitigeior tleN, NC2,
| ower al kyl of Cl1-C6, hal ogenated |ower alkyl,

treatment of a host, including animals and especially humans, infected with

hepaciviruses.

SUMMARY OF INVENTION
10 It has been discovered that certain nucleoside derivatives incapable of being
phosphorylated 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]nonane
rings, derived from nucleosides, exhibit potent and selective activity against
Flaviviridae infection, and in particular against HCV.
15 In one embodiment, the present inventibn provides compounds of the

- general formula (f):

@
or a pharmaceutically acceptable salt or prodrug thereof, wherein:

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

20 pseudohalogen, CN, NO,, lower alkyl of C4-Cg, haiogenated lower alkyl,

13



5 hydroxyl, al koxy, CH2OH, CH20R6, NH2, NR6R7, or a residue of an am no
acid; wherein at |least one of R5 and R5' is hydrogen; (c) each R6 and R7
i s independently hydrogen, alkyl, halogenated al kyl, alkylene, alkenyl,
carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl; (d) Rl is
hydr ogen, hydraxyklakiixy, GHsQH 1GH,QR% &y, NRER bor gebsiduany bn dneiheraeiicl e,
10 heteroaryl, aral kyl, am noal kyl, am noaryl, or am noacyl of Cl1-C6; (e)

R2 is oxygemersinlsh Wast bRe.of R 450 R isRirBhéneach R is independently
hydrogen, |ower al kyl, alkylene, alkenyl, aryl, or aral kyl of Cl-C6; (f)

R3is h 5 5 al: C, cyel aryl,

het 13?0&@? g,ggﬁﬁetagpg:ﬁar %I '!ﬁagl?%ﬂéﬁ@%ﬁmr%égrE‘%ﬂgegnﬁ’l%g’r%f”,O?Qr am noacyl hof
Cl-C6; 15 t tively~if R2 i en R or can _conme toget her
with NR tég%%d;grﬂazéd]egh@?’i '%‘QF’E!BWSF a[?ﬁf@gbgt”f ult'n@laggr_éztez %%'F @gﬁri ng }ant can
i ncl ud h roat ons; h) i is CR2, then R or, can
come5t ggce)tn ﬁ&‘gfrfwnl?rﬁ’:keﬁyséﬁa&bng)% zi), NJF%B&?Z@M regidud of AR @eibo Soid; |
menbered ring that can include one or nore heteroatons; or 20 (i) if RRis

CR 2, thenwRereinat Raistane of R anddRt Isehrydndgen;CR 2 to form a substituted or
unsubstituted bicyclic ring that can include one or nore heteroatons; and

(j) Wi gcPeach Rfiand IR inirtepladestly Bydrogneakyl, hiRgBRari 4fkyl, Slkylche,

bicyclo[4.2. 1] nonane is a residue of an anino acid, i.e. a 2'-prodrug of
an active hikgnfll Bhrbodydibnaname " BbBrdZhy 0k . In one
enbodi ment , thgI am r?oyac’l é<%1I)|@q%}s 5%?’%‘8 I nt@g értrl C !I g"rsa ub- enbodi nent, the

o R BB oy PR RGBT B S S AR
(A l? ().) ° (ﬁét%}darei, gaéil@!,’ ar?‘nin(oAa_fkcs:)l, aor;lin%arySL cgrpgrhinoacyl of Cq-CG;
(e) R%is oxygen, sulfur, NR’, or CR’,, wherein each R’ is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C4-Cg;
H Rdis hydrogen, lower .aikyi, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacy! of C4-Cg;

15 (g) alternatively h‘_F(2 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
heteroatoms; or

(h) if R%is CR’,, then R" or R® can come together with CR’2 to form a substituted or
unsubstitufed 9-7 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 form a substituted
or unsubstituted bicyclic ring that can include one or more heteroatoms: and
()) Wis Oor CH,.
In a preferred embodiment, the R® or R® of the bicyclo[4.2.1]nonane is a

residue of an amino acid, i.e. a 2'-prodrug of an active bicyclo[4.2.1]nonane

14



WY XWY-NX 5 Ns'" N R5i/ZR5~2ZR4 4N NRAY 4N N1 (A 1 (B

W YXYNX W5 ~N/ s, rNs
N=Z WN=Z s. NXRs'" Nom X s s
w~z s, NXR5. \ XRRNRRNNR 4

RANRY 4NN REYY 2A 2(B)

wherein R° or R® is OH. Inone embodiment, the amino acid is valine. Ina

particular sub-embodiment, the amino acid is L-valine.

In another embodiment, the present invention provides compounds of the

general formula 1 (A-D), 2 (A-D), 3 (A-B), 4 (A-B), 5 (A-B), 6 (A-B), 7 (A-C) or 8

5 (A

R¥

2 (D)

15

RR N-9Z Rs N 192 R4 10' R4 1(C) 1(D)

w~~=7

w



YY2(C 2(D 15 REWNX5 Ra 55N Ry NNZRN,% RE RE WX 3 (A
3(B) X 55NwYXwVY\N2T~-Ra R5 R5 Ra, NRa Ra R4 Ra 4 (A) 4 (B) Na R51
N 5wwR5/ | XR5X Ra, Na, M /N RARES5 (A Y5(B Y W ~ZwN<Z
R5. 5. NX X RS RS Ra, NRa R4 NRa
W, X W, X
T B Ra , Ra
R> RS .
R? +Z RS Z
R4 R?
3(A) 3(B)
W Yo \ X W YYN\ X
| R5 RS
R4r NRa R4l NRa
R* R4
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RARAEG6 (A 6 (B wYNX WNX S INXRS N Y R R R' R4 NX' R4 Ra
Nx Y X57 (A 7 (B 16 WYN,~, XWRSE NRS N Rz RS~R5 R4, R4 N
Xtt R44' 4 NRa RY 7 (C) 8 (A or a pharmaceutically acceptable salt or
pr odr ug t her eof wher ei n R4, R4 and R5' are as defined above; and
Zis CH CX or N; and X |s I ndependent |y hydrogen, hal ogen
(F, d, Br, W NH2 NHOR, NRNR~R , CR SH or SR, each
Yand Y is IR ep S NH NRc, NOR', orRSSe; ea éj\
i ndependent | y hy ogen, I kyI al kyI ene, al ke 7\?6 ycle, aryl,
het er ocycl e, ar aI am noal kyl , am pe

R?

R4
7(C) 8 (A)

or a pharmaceutically acceptable salt or prodrug thereof, wherein W, R* RY, RS,

and R® are as defined above; and

10

15

Zis CH, CX, or N;

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

each Y and Y’ is independently O, S, NH, NR°, NOR®, or Se;

each R* is independently hydrogen, lower alkyl, alkylene, alkenyl,

carbocycle, aryi, heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl, or
aminoacyl of C4-Cg; and

each R%, R®, and R independently is hydrogen, lower alkyl, lower alkenyl,
aryl, or arylalkyl such as unsubstituted or substituted phenyl or

benzyl, cycloalkyl, or cyclopropyl.

One particular example of a nucleoside derivative is the following

bicyclo[4.2.1Inonane of the following formula.

HO

17



10 ami noacyl of Cl-C6; and each Rc, R, and R' independently is hydrogen,
| oner al kyl, |lower al kenyl, aryl, or arylalkyl such as unsubstituted or
substituted phenyl or benzyl, cycloal kyl, or cyclopropyl. 15 One
particul ar exanpl e of a nucl eoside derivative is the follow ng

bi cycl of 4. 2. IPneesr esnbedimentithe presertdnvantian provises tompouadsofi e

enbodi nent, the present invention provides conpounds of the general

f or mul a geimevgidorrhulay” N N R' g4 RS N"Z/ 4 or a pharnaceutically
acceptabl e salt or prodrug thereof, wherein W R4, R4, R5, 5 and R5, are
as defined above; Rbis R OR NH2, NHR or NRRc~, wherein R and R are as
defined above; and each Z and Z' is indepengently CH CX or N In a
particul ar enbodi ment, the bicyclo[4. X2d] noMine is of the fornula: H
derived NN\ N from O Q§>”

or a pharmaceutically acceptable salt or prodrug thereof, wherein W, R*, R*, R%,

5 and R® are as defined above;
R"is R®, OR®, NH;, NHR®, or NR°R®, wherein R® and R® are as defined above: and
each Z and Z’ is independently CH, CX, or N.

In a particular embodiment, the bicyclo[4.2.1]Jnonane is of the formula:

N H
derived i\ | o
NN from "
HO N\K
CH HO OH
bicyclo[4.2.1]ncnane system the nucleoside precursor

10 or a pharmaceutically acceptable salt or prodrug thereof.

Therefore, in one embodiment, the present invention provides a
bicyclo[4.2.1]nonane ring of the formula (1), or a pharmaceutically acceptable sait
-and/or 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



H HO N~~ OH HO OH bicyclo[4.2.1] nonane systemthe nucl eosi de precursor

10 or a pharnaceutically acceptable salt or prodrug thereof. Therefore, in
one enbodi nent, the present invention provides a bicyclo[4.2.1]nonane ring
of the formula (1), or a pharmaceutically acceptable salt and/or prodrug
for the treatln@notegrarobogimentpf tha inventien, krogharmacehtiesl contposiion thatt h a
Flaviviridae infection, and in particular a HCV infection. 18 In another

enbodi mantludés afempuemnt sfdormalaf i bragtidhmeabuticing eebbpebld @t or | ncl udes a
conpound of forrmula (1), or a pharnaceutically acceptable salt or prodrug

t her eof g)rbéﬁ@t'héfedﬁ t‘o@eﬁné?'%ﬁfﬁ@ﬁﬁﬁ%é@é#ﬁéaﬂ?%EE&%}.‘S’[QB@ GRfibt 6f differdlld uent i's
5 t of the Inve

provi ded. I'n yet anot her enbodi nen ntion, a pharmaceuti cal
conposi LrirBﬁde ith a compound of formula (1), or a pharmaceutically

acceptabl e sal't or prodrug thereof, optionally with a pharmaceutically
acceptable carrier or diluyent, in conmbhination with one or nore other
antiViral ag thgﬁp‘éthﬁF SU]LE’(?BH!"GW"E%%W“BH’ ardgrmaesuiivalcamresitien for t he
treatment. and/ or prophylaxis of 10 a Flaviviridae infection, including a
HCV i nf &¥th 8 gonpbewpdiof fergnuladl) aema phetmaceulicatly aceeptablei saltred prodefd ect i ve
anount of a bicyclo[4.2.1]nonane ring of fornmula (I), or a

phar mac delieof | dpficaaltiepithta pharatdceaticaiiyosttosptadie canfaer cppliluengidy with a
pharmaceutically acceptable carrier or diluent. The invention further

i ncl udesombimatirtwito bnkhe héRAABAANIAIS BbeRiORBYIra%HEd. 15 of a
Flaviviridae infection, including a HCV infection, conprising the

?ﬁ?nginz t ; ?ngq@fe iﬁg?%rgél%{) ‘)fﬁ;c,rILZ&ré% a ShdtRGY k8 TR e Rl afaBl BYOth%a%dsz oft
10 a Flaviviridae infection, including a HCV infection, comprising the administration of
an antivirally effective amount of a bicyclo[4.2.1Jnonane ring of formula (I), 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 ofa Flaviviridae infection, including a HCV infection, comprising the administration
of an antivirally effective amount of a bicyclo[4.2.1]nonane ring of formula (l), or a
pharmaceutically acceptable salt or prodrug thereof, optionally with a
pharmaceutically acceptable 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 formula (1), or a
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-a virus-

25 associated disorder which comprises administering to the mammal a
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pharmaceutically acceptable salt or prodrug thereof, optionally with a
pharmaceutically acceptable carrier or diluent, in conbination and/or
alternation wth one or nore other antivirally effective agents. 20 In yet
anot her enbodi ment, a nethod of manufacture of a medicanent for treatnent
of a Fl awharmdceaticallyfeffection ansiung ofia compound afffofronlenhaofh) , or a

phar maceutical ly acceptable salt or prodrug thereof, is provided,

optional;tharmarcbuaoawtwc@prami;s:abwr@ﬁ@gm@abﬁiscafd\ﬁc&rd.or diluent. In an
addi tional enbodinent, a nethod of treating a manmal having a virus- 25

associ ated di | : j 1) ' t a 19

phar maceuti cal | yg]g%w({a% ?%8q§%é%$ﬁﬁef @%ﬂ%@ﬁﬁ&%? O?Bélﬂﬁfl% or a
pharmaceytical I,y acceptable salt or. prodr t hereof , iis provi ded. The

i nventi o esé:r@‘gd %ﬁ&?'ﬂu‘grsa phamirceylically @69&938!?1'8 st or Aradiug t[’?5‘3,° as descri bed
herei_n, or, a pharmaceutically acceptable salt or prodrug thereof, 5

opt i 8nal IRHORR ﬁwahmqah&rma@@y%@%ilm Jeogptahie sprrier @adivent, lradgiediedlt, in a

medi cal therapy, i.e. as an antiviral or antitunor/anticancer agent, for
exanpl e therapyhee. ag aaentivital or aptitywhor/anticanoér agdtaforexaimgdefarthect i on,
including HCV infection. The invention also includes the use of a conpound

of for mitematieht opgropeyrRixidasich FRIRIIMdacohfectibRaNERRIME HCY InfedRpept abl e sal t
or prodrug thereof, 10 optionally with a pharnaceutically acceptable

carrier or ditHgeRbentich él%&?iﬁ Cgtfléét)ﬂ)eoﬁse &Pé“eiér%glsjﬁ&‘ o‘f"férﬂw@@ﬁ),%ﬁs more ot her

t herapeutic agents in a ne erapy, I. an antivi or
antitu i e or_ ex le for. the.treatpent, or _prophylaxis
of a Fi seonbrd R B Pham i BANRaCoselinin faltr BROTRRINPIRRL: on  ur t her
i ncl dezlpﬁ_he lljse_ of conmpound of formula (1), as_ 15 described herein, or a
phart Hac AMiCEaY Yith eRipraaceuteally agceptabip amiener ddventain aliermationipbct ure of
a nmedi canent for treatment of a Flaviviridae infection.
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 treatment or
prophylaxis of a Flaviviridae infection, including HCV infection.
The invention further includes the use of a compound of formula (1), as
15  described herein, or a phanﬁaceutically acceptable salt or prodrug thereof in the
manufacture of a medicament 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 salts and

prodrugs thereof.

20 - BRIEF 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) at5

mg/kg/day once daily.
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The invention al so includes processes for the preparation of conpound of
formula (1), as described herein, and their pharmaceutically acceptable
salts and prodrugs thereof. 20 BRI EF DESCRI PTION OF THE FI GURES Figure 1
is a l'ine graph depicting the HCV viral |oad during oral treatment of
chroni cal | y HCV-i nf ect edDetallegDeseriptivn lof therbwentiols (Y = H Z = CH at 5
ng/ kg/ day once daily. 20 Detail ed Description of the Invention It was

surprisingly (discovered that certai Lcyclol4. 2. nane ri.ngs exhi bit

ot ont and ool ks VB ERdY AlssS G BaCbetin e iAo AR e oiEh
particular agajnst HCV. 5 The present invention also includes at |east the
fol | owi RPE ﬂﬂr%@ed{\@) actiyity sgatnst adravivivdae fastiom@adtin ®artispiaic cept abl e
salts or prodrugs thereof, useful for the treatnment or prophylaxis of a

Fl avi vi ragdestiffi¥écti on, and in particular a HCV infection; (b)
pharmaceutical conpositions that include an antivirally effective anount of

a 18 conpouriheoprebentimiventidn algo inclides heleasiohpdolisvingSestasss:i bed herein,
or a pharnmaceutically acceptable salt or prodrug thereof together with a

phar macqyy t6m an@&%@ﬂttﬁEIrﬁ)%&b&ﬁdé’ily%icbéﬁ%he SAEUHrBEr Ofth?ieeo?r esent

I nvention; (c) pharmaceutical conpositions wth a conmpoun ormula (1)

o 20 2 ko SRR I5SRLNE: RO e o TR o2 L

accept abl e sa r in co nor e ot her

anti vi ra”é@ﬁi}:ﬁ%g%'%ga??egm S; (d) nethods for the treatnent or prophylaxis

of a Flavi i OM ncl udi ng

(b) pharmaceutical compositions that include an antivirally effective amount of a
10 compound of formula (I) or any other compound, as described herein, or a
pharmaceutically acceptable sait or prodrug thereof together with a
pharmaceutically acceptable carrier or diluent, according to the present
invention;
(¢) pharmaceutical compositions with a compound of formula (1) 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 a
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 (I) or any other compound, as described herein, ora - -
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hepatitis Cinfection, in a host conprising adm nistering an effective
amount of a 20 conpound of formula (1) or any other conpound, as descri bed
herein, or a pharmaceutically acceptable salt or prodrug thereof,
optionally in a pharnmaceutically acceptable carrier or diluent; (e)

met hods f opharmaaaudiaalieacceptatpe spltyr prodrugftheredlf,aaptivinallyliea i nf ect i on,
including hepatitis Cinfection, in a host conprising adm nistering an

effective piavniceatically aécepuatie wattiarforfdiuat ia dohbinaticyr StdrAstiePWRAUN, as
descri bed herein, or a 21 pharnaceutically acceptable salt or prodrug

thereof, optd 8PAH I dtﬁbraantﬂﬁéﬂ)ﬂ@ﬁg&%‘?déd{s-accem able carrier or diluent in
, . ; ;

conbi nation or alternation w one or  nore other antivirally effective

agents; 4f r or._any, ot her ¢ und, as
dasr; bdf) s 3 SombogHRT i D3 Pk ek St hBR BrB.q
thereof, optiopally in a,6 pharnmaceutically acceptable carrier, for the

t r eaf nent ‘g’ra BB%%%?%Q!@"XS?C%@M@'&\RQE U Rﬁ@“{%ﬁéﬁqfo%t'%yi'maparti cular a
HCV infection; (g) use of a conpound of fornmula (I) or any other conpound,
as descri befitarmaceiticaliyorcegppatie vaout for dhe reatroepitariprepldéxis of apr odr ug
thereof, optionally in a 10 pharnaceutically acceptable carrier, in

al t er nat i orauivirtiaetinfextionnand inpartieular a HOVdnfettien; antivirally effective
agents for the treatnment or prophylaxis of a Flaviviridae infection, and

i n part Uy ofa ESMpolih8 & Fehulé (1) ov Ry dthér oMU a8fadseribad Refdin, or any
ot her conpound, as described herein, ©0r a pharnmaceutically acceptable salt

d ' - f ' f f
2 Favivi e ampactaly R aER o nBRS ANl Ms ' o7 "oy ot ner

s ReERSUET A5 e o5 PR A e B A e, o
diluent in a nedical therapy, i.e. as an -
more other antivirally ef?ective agents for the treatment or prophylaxis of a
Flaviviridae infection, and in particular a HCV infection; S
(h) use of a compound of formula (1) or any other compound, as described herein,
or a pharmaceutically accebtable salt or prodrug thereof in the manufacture of a
15 medicament for treatment of a Flaviviridae infection;
(i) use of a compound of formula (I) or any other compound, as described herein,
or a pharmaceutically acceptable salt or prodrug thereof, optionally in a
pharmaceutically acceptable carrier or diluent in a medical therapy, i.e. as an
antiviral or antitumor/anticancer agent, for example for the treatment or
20 prophylaxis of a Flaviviridae infection, including HCV infection; and
(j) processes for the preparation of compound of formula (1) or any other

compound, as described herein, and their pharmaceutically acceptable salts

and prodrugs thereof.
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antiviral or antitunor/anticancer agent, for exanple for the treatnment or
20 prophylaxis of a Flaviviridae infection, including HCV infection; and
(j) processes for the preparation of conmpound of forrmula (I) or any other
conmpound, as described herein, and their pharmaceutically acceptable salts
and pr odkatiye ¢trmpeaind 22 Active conpound I n one enbodi ment of this

I nvention, the present-invention provides a conpound of the general
formula (1): WO N RSs cs R4 7 RS aN4 R35 or apharmgceutically
accept abl e & PNgemhefimest ehibisigventipr tbe preget invertioppravdesa s

I ndependent |y hydrogen, halogen (F, Br, O, or 1), pseudohal ogen, CN, NOZ,
| oner alcRPayNdeA tig genarabfwrudad)! ower al kyl,  hydroxyl, al koxy, CH2CH,
CH2OR6, NH2, NR6R7, or a residue of an am no acid; wherein at |east one of
R4 and R4' is hydrogen; 10 (b) e R5 and,iR5' is independently hydrogen,
hal ogen (F, Br, d, or I), pseudbfal ogeny; CN, NC2, |ower alkyl of C1-0Cg,
hal ogenat ed | ower al kyl, hydroxyl, CH2OH, CH20OR6, NH2, NR6R7, or a
residue of an amino acid;, whegeinp g2zof R5 and R5' is hydrogen;
(c) each R6 and R7 is indepenfien 7 al kyl, hal ogenated al kyl,

al kyl ene, 15 al kenyl, carbogr¥y € h§ter ocycl e, heteroaryl, aralkyl,
or acyl; (d) Rl is hydrogen, |owe Rl kyl, akkyl ene, al kenyl, carbocycle,
aryl, heterocycl e, R? R?

iy

5 or a pharmaceutically acceptable salt or prodrug thereof, wherein:

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, CN, NO,, lower alkyl of C4-Cs, halogenated lower alkyl,
hydroxyl, atkoxy, CH,OH, CH,OR®, NH,, NR®R’, or a residue of an aminc 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 I),
pseudoha'logen, CN, NOg, lower alkyl of C4-Cs, halogenated lower alkyl,
hydroxyi, alkoxy, CH.OH, CH,OR®, NH,, NR®R’, or a residue of an amino acid;
wherein at least one of R®and R® is hydrogen;

(c) each R®and R’ s independently hydrogen, alkyl, halogenated alkyl, alkylene,

15 alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

'(d) R’ is hydrogen, lower alky!, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C4+-Cg;

(e) R?is oxygen, sulfur, NR', or CR’,, wherein each R’ is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C4-Cs;

20 (f) R%is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroary!', aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C1-Cg;
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het eroaryl, aral kyl, am noal kyl, am noaryl, or am noacyl of Cl-C6; (e) R2
is oxygen, sulfur, NR, or CR 2, wherein each R is independently hydrogen,
| ower al kyl, al kyl ene, al kenyl, aryl, or aral kyl of Cl1-C6; 20 (f) R3 is
hydr ogen, |ower al kyl, _ alkylene, al kenyl, carbocycle, aryl, heterocycle,

het er oar{gl alterratikgly if Bhisi), Kyén Rior RSaanlcome togethesadid NBf tcCfon@Ba 23 ( g)
alternatively if RR is NR, then R or R3 can cone together wwth NR to
forma subabstituledbramsupstitesdd 57 eenibefedBing ehgttdin iRBludeaneC@mbrg| ude one
or nore heteroatons; or (h) if RR is CR 2, then RL or R3 can cone together
with CR 2 ohi: ppbstituted or 5 unsubstituted 5-7 nenbered ring that
can i ncl udig@%é;qgéor r’n?\rde heteroatons; or (i) if R is CR2, then RlL and R3

can co . W 0. forma,substituted,or unsubstituted bicyclic
gt nat) BEEP R b R o R s fd dsaB b SRto B i Sleslid el ™
In a_particul ar .enbodi pent, the bicyclo[4.2.1]nonane is of the fornula: HO
N-f ©H oruaS%S%ﬁgéﬂ memberegdaing, pénwflﬂé%fan%pﬁmqrgcﬁqﬁ@rp@mmsw a
preferred _er‘rqui nent , thq R5 of R5' of the bicyclo[4.2.1]nonane is a 15
resi due (Bf if& iafRio then R’ anddR’ carpcome deatheowith €Ricto foem a substituted

bi cycl o[ 4. 2. 1] nonane wherein R5 or R5' is OH [In one enbodi nent, the am no
aci d is vabr oasubstituted biuytlic Hhgthatudareinbloderoritor rhbre hatensatagisglahd
-L-valine. In a first principal sub-enbodi nent of the present invention, a
conpoungjofy iforgngrg, (1) is provided in which R2is CR 2, Rl and R2 cone
together 'to forma six- 20 nenbered ring and R3 and R2 cone together to
forma five-nmenbered ring (to forma five-six fused bicyclic ring systen).

10 In a particular embodiment, the bicyclo[4.2.1]nonane is of the formula:
AN
P
HO N\--%Q
OH

ora pharmaceutically 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 RS or R® is OH. In one embodiment, the amino acid is valine. In a
particular sub-embodiment, the amino acid is L-valine.
In a first principal sub-embodiment of the present invention, a compound of
lformula (1) is provided in which R? is CR’, R" and R? come together to form a six-
20  membered ring and Ré’ and R? come together to form a five-membered ring (to

form a f.ive—s'ix fused bicyclic ring system).
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24 In a second principal sub-enbodi ment of the present invention, a
conpound of formula (1) is provided in which RR is CR2, R and R2 cone
together to forma five-nmenbered ring and R3 and R2 cone together to form
a six-nenbered ring (to forma five-six fused bicyclic ring system. 5 1In
a third prindhpesecond-peinsipdil sebendiodimenpottbherpresentanvéntion, a coompounad of
formula (1) is provided in which R2 is CR 2, and R3 and R2 cone together to
forma dfifenulaihes pevidetlin Wisich R |§IURJQIFEFE£ﬁd RREoptdtogtie to fsmeame

together to form a ring. In a fourth principal sub-enbodinent of the

t 2 h R2 i
pr esen ﬂvagﬁamg Pog fi SR R0 oBinl @EEMIR 1 om 3 LM ARSIl Pnpitieh F2 1

and a rretoget er to form a siXx-ne
errbodl ther to form arlng In a fifth
princi pa Wgﬁﬁgﬁé’d‘ﬁ%@'c rﬁ% i%’g i nvention, a conpound of formula
(1) sprow nvx/mchEZ ndR3andR200rretogether to forma
15 sPx- menbe %a |r9\@ﬂnpwa 'a,b-@ "Hﬁmo“h@ PABRENINENtRH: 2 COMPABginer to
forma rin In a sixth princi sub- enbodi nent, of the present invention,
a corrpod@dn'ga (Diwpravided in)whish i dm(l:l%d andl Rhiaot R2cdree ERetherdndom aand R2
conme together to forma five-nenbered ring. In one enbodi nent, R3 and R2
do not diveemembetdiering.olif oneren2ddimen®R' dnal R ae\r@nbbm@rtbgeﬁh@ato form
sub- enbodi nent of the present invention, a conpound of forrmula (I) is
provi deg figywhich R2 is CR2, R and R2 come together to forma
si x-nmenbered ring and R3 and R2 cone together to forma six-nmenbered ring

(to Torma sixzShifrh PARcip8l SMEbhibodimEntiths Presét 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 together to form
aring.

In a fifth principal sub-embodiment of the present invention, a compound of
formula (1) is provided in which R? is CR’;, 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 R2 is CR',, and R' and R? come together to 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 formula (1) is provided in which R? is CR’s, 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 an eighth principal sub-enbodi nent of the present invention, a conpound
of fornmula (1) is provided in which neither RL and R2 nor R3 and R2 cone
together to forma ring. In another particular enbodi nent, the
bicyclo[4.2. 1] nonane is of the formula: 51 "' WY XWYYNX rNRSINRs ~Z
RS ~~Z R4 4 K ameighth pringipal sibterppdimer)of Wierpresent vemtions, a-dorBpothd  RR
N---//z RSN, % RAR41(C 1(D W NWNzZ5 NXRS NX 55 R
N R N NoforRalay(10ié Arowded B) witichweither W2 and 182 ndt R® nlRR>6onte [yethér ~

to form a ring.

In another particutar embodiment, the bicyclo[4.2.1]nonane is of the formula:

Ya X Y N X
RN Y AN
W, W,
R >—N L R >—'N L
R3 7 RS Z
R N~y R N~y
R4 R?
5 1(A) 1 (B)
Y X
Y Y N, X
W, W Y x
RS >——-N / RS' >_N /
RSI Z 5 7
" Nt i N~t
R* R4
1(C) 1 (D)
W, N=Z \ N=Z,
. { . !
R> 5
>—N AN_X R >——N\l)\[/x
R N | RZ N Lr
R4 4
‘ <L Y
Y
2(A) 2(B)

26



R4, R&. Ny N RE 4 2(C) Y2(D) Y 26 wx wx Rs' N R' N5 Ra~5 Ra R,
ZRN% Ra, RaNle, Ra3 3(B) X WYXWY-N?NRa's, rN/ s ,--N
Rs NRa Ra Ra 4 (A) 4 (B) W Rs \ Ra

RARaIIYY 5 (A 5(B WrzZs W
Ra

Rs
st N/ XRr X RS I s Ra, NRa' N
NZRSY N XR5NX RRNRa RRNRa Ra

W,

X
b Ra
R5
>_N\]/K
R’ Z
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6(A) 6(B) WY4L N\ X WY / N\ XRE NX RS rNY Rs Rs a, NRa X* R
Ra X Y 57 (A 7(B) 27 YNRs W Rs WrNRZ NRs R R4. NII X . Ra~
NR RAa] RA& [ Y, 2(C 8(A or a pharnaceutically acceptable salt or
prodrug thereof, wherein R2, Ra, X, X, X', Y, Y, W Z R4, R4, R5 and
R5' are as defined Xt&veN n ot her particul ar enbodi nent, the
bi cycl o[ 4. 2. 1] noWane iB of e fornul a: YXYYNXVRSNRE' NRS ZRs Z
RA' N, N R4 Ngi{ Riv RE AR
N
R l R’ Ya
R4' N\'H\XN ];:{4r NR
R* R*
. Y )
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 embediment, the bicyclo[4.2.1]nonane is of the formula:

RS Z 5
R4r N\/ R41|{ N\/Z
R* R4
1(G) 1 (H)
O N=Z% O N=2Z
. / .
R? >——N 2 X R’ >——1\§ P X
RS N l R’ N LI
R4 4 )
R* 8 R? T
Y
2 (E) 2 (F)
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5 1(E) 1(F) YXY- NX Rs, Rs N RA' 5ZN,%Rs N10Z O R4 RV R4 1
(O 1 (H O-1sONSZRs X--NINX s s RNRRRE RAREY 2 (E) 2 (F)
28 Rp~NZ Rp~-~Z5NX5NX 55RRRaNI RRRARNN YY2 (G 2 (H e
OXp X R55 ~—-jR R55 N

Q =1 0
RX >7N/, AN_X RY B—N[;%rx
|
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R~ZNY~Z Ry, 'NRa, RRRa 3 (C) 3(D) pYXWN NX R5, —INRS NRSR5
Ra, NRa Ra, NRa Ra Ra 4 (C) 4 (D) NXNM ~ X R5, O Ra 5 O-Ra R5 R5 YI/
Ra' Ra NRa' RaNIx\ /N YVY 5(C 5 (D) O-~Z0N=Z R5. 5, NXX R5 R5
Ra NWRa, NRa Ra Ra 56 (C) 6 (D) 29s Ns Y RN

5 Y\I/N\ " 0 Y\‘/N\ X
RY >——N 7 RY >—

Xl
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X RSRSRg Rg NXRg Rg X X
NRS s a Rg. Rg NX Rg, Rg NR 7 (F
RZR~2ZR4A R N Rg Rq 3(E) 3(F)
NH Rg, NH Rg Rq 4(E) 4(F)

W, /—::-Z W N=Z

s=~
< o~

, ; /
R> >—N P~x R® >—N P~x
R> R>
né NH " NH
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s, H wN/ XRwWwN/ XR ( R R NRg;, NN R Rgyy Y55 (E 5
30 RW ZWNZ 5 S NNRNX RSR5 4 NHRANH R4 R4 6 (E) 6 (F
RS~HRSH55N RN ZRNW R4 RA RAR4 3 (G 3(H YXYN
RY N RT N
W,
R5| >—¥I /Rz
R® \]/
R NH
R4
8 (C) 8 (D)

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

Y, YW, Z, R, R*, R® and R® are as defined above.
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RSR5 R4, NHRA, NH RA R4 4(Q 4(H) R5, O-N/ X ;~r
NX NX R5 5 Ri, NHR4, NH RE RA 5 6 (

o' -

Z ONZ R RS 5,

YY5 (G 5
o 6

RSNRZRSONRZ RS RSRA NHRANH RA R4 8 (C 8 (D or a

pharmaceutically acceptable salt or prodrug

Xll ,
anot h

5

t her eof ,

wherein R2, R

(H
(H 31

X X

Y, Y, WinFet dothen partiRblarameb®bément, éha bicyeloih2d Jadmare is3 ther yet
the bicyclo[4.2. 1] nonane is of the

er particul ar enbodi nent,

formula:

n

O 7
O
//N

N""'-N

HO

HO

OH
7(G)

O

Q ["
)

OH
2 °©

H
Os. N 20
0 §T/
%>——N\T;I¢
HO -
OH

4 (D

=N
>~N[_’/ CN
o' A

OH

HO

OH
8 (E)

formul a:

or a pharmaceutically acceptable salt or prodrug thereof, wherein each Z' and 2" is

independently CH, CX, or N.
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OO0 zl~z "
CONHZ OO /NO

HOHHO INH NY NH OH OH 5(1) 0 6(1)

~N\

ON N/ NHNHO ON

pN\N NOHI1

Il f
IN/ HO N--9% HO NH OH OH 3(1)

HONOOYNO NHONH HONOH OH

OH

4(

|
1)

(1) 2(1) 0 H O
O'N ~NON CN

In particular embodiments of the present invention, the following compounds

are provided:

O
N Ry
s N N
N N N N N N 0 N N 0
l ;0; | 0 0 0
OH OH OH OH OH OH OH OH
1) 1K) 1) 1M
NiH, 0
X oA A P [T T
N N N N 0 N N O N N 0
| :0: I O O I 0 I
OH OH OH OH OH OH OH
L (N) 1(0) 1(P) 1(Q)
0 S

OH OH
1(V)

1(X)

OH OH
1(Y)
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7 (G 08 (E) or a pharmaceutically acceptable salt or prodrug thereof,
wherein each Z7 and Z" is 5 independently CH CX, or N. 33 In particular
enbodi ments of the present invention, the follow ng conpounds are

provided:_ o N\ N/NBr /N\ d Np NNNHOI N~ -- 1 V' I N"i ONONNDO
00 CHOHOHOHOHOHOH OH[L (J) 1 (KNI (D) 1 (M N2 0 NNT vV NN NN
I\ L NNN ONONO 0 OOOOCHOHOHOHQHEH OH1 (N) J0) 1{P) 1
(Q OSSNrI|HNINNIN1NI\ N NN O N NNONNO jOHH O

N N

N ] NH N NH P, | N </ ‘ NH
™ /K BN | /J\ ™ N /l\
N N 8] N N o N N O N (]
0

0 I::} 0 0

OH OH OH OH OH OH OH . OH
1(Z) 1(AA) 1 (AB) 1 (AC)
NH, HCI NH, )
/N Sy N AN N NH
< l /K N\ I N\ l /K
N N 0 N N 0 N N o
0 l :0: |
OH OH OH oH OH OH
1 (AD) 1 (AE) 1 (AF)

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 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’-cyclo-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 -CH,- (referred to as the C4
10  substituent). When C1 and C4 substituents are cis, the nucleoside is referred to as
B, and when they are trans it is a. 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 confirmat_ion is D and its mirror image is L. Thus,
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IOOHOH OO ,0SS 1 (R i (S 1(T) 1(UY OON //N]: NNNN,N
\ NI ~N NNNONNNONO OOOO OHOHOHOHOHOHOH (V) 1(W

X) 1(y) 341 ONHNO NH, NHNNI NNI | NNI \NLTNpNNONNO N
PPO CHOHOHOHOHOHOHOH 1 (2) 1 (AA) 1 (AB) 1 (AC) NH2 HCl NHZ

O
I'N 1 M CRnd @4 Subst@udhts-de® cipo®d [DIsuGhir, the Ghiclebiside i§ Adlered(taiBs 1 (AF)
a pharmaceutically acceptable salt or prodrug thereof Stereochem stry

B-D and its mirror image is B-L. In this present invention, the nucleoside has to

\\}/ OH

I

have the B-configuration.

0.

—_—
e e e e e T e TR T M e W T M R M M R % T R e e T M M e e e T e M o W

. S
4 1
3 2
H H H H
p-D p-L
5 The 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

10 polymorphism. The nucleosides formed from the coupling reaction can encompass
racemic, optically-active, poiymorphic, or stereoisomeric 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

“techniques, by synthesis from optically-active starting materials, by chiral
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As shown bel ow, a conpound of structure (I) can be viewed as a derivative

5 of ribofuranose in which the C and C5 positions are bridged by an NNC- N

fragnent. The first conpound we obtained (Figure 1, vide supra) can be

viewed as 9,5 -cyclo-3-((3-Dribofuranosyl)-1-deaza-8-azapuri ne-2-one

whi ch ceyhthiests, &y chremstograghic sepatadionalsingd chimalbstatienanyphasagorspeci fi ed

base (referred to as the C1 substituent when using the sugar ring

nunber i rgzyaaticr€dutidir.eferred to as the C4 10 substituent). Wien Cl and C4

substituents are cis, the nucleoside is referred to as R and when they

are trans it gy j i K ' j [ pl ane
Ostically ¥be RIrYrithe cbﬁ@oﬁl’leé gﬁ?g?r%égéfb@ﬁ@é@ %%hod

such that the -0- 1n the ring is in the ba st1tuent

is "up'| : -S| .confdr ' i a i ts.m,rror i mge
s L. 8RR B U 88, B 85 resdl BT b PR B o B R B e

nucl goside i.s referred to as R.D and jts mrror image is R-L. In this
presSnt e hY Styﬁg’er?fﬁcﬁ%’@s‘?ﬁi@a ractive stpEing 'F‘I@Earﬁg%d?ﬁ¢rﬂiﬂl ation. o o HO
OH H\N OHIIT I 11l % HHHH p-Dp-L 5 The nucl eosides formed from

t hese c&Mpihesis, peRY chemsateayaphis separalinmuisirioca chinalatatienaty pbese. as
racemates, racem c mxtures, individual diastereoners, or enantioners,

with all i soleampléooimetieidsgoichddindgdically hdtdre mpatsiig inchidendtilesast the

Nucl eosi des having a chiral center nay exist in and be isolated in

opti cal fpicwahg.ve and racenic fornms. Sone conpounds nay exhi bit

3

i) physical separation of crystals - a technique whereby

10 macroscopic crystals of the individual enantiomers are
manually separated. This technique can be used if crystals of
the sepérate enantiomers exist, i.e., the material is a
conglomerate, and the crystals are visually distinct;
fi) simultaneous crystallization - a technique whereby the
15 individuai enantiomers are separately crystallized from a
solution of the racemate, pdssibie only if the latter is a

conglomerate in the solid state;

iii) enzymatic resolutions - a technique whereby partial or
complete separation of a racemate by virtue of differing rates

20 ' of reaction for the enantiomers with an enzyme;

iv) enzymatic asymmetric synthesis - a synthetic technique
whereby at least one step of the synthesis uses an enzymatic
reaction to obtain an enantiomerically pure or enriched

synthetic precursor of the desired enantiomer;
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10 pol ynorphi sm The nucl eosides formed fromthe coupling reaction can
enconpass racemc, optically-active, polynorphic, or stereoisoneric fornms,
or m xtures thereof, which possess the useful properties described herein.
The optically active forms can be prepared by, for exanple, resolution of
the racenic form by) r ecghamishl asvaninetiic syathesisiuasynthetisyedhnigie from
optically-active starting materials, by chiral 36 synthesis, by

chromat ogr aphi ¢ separ atwhérebyithg dasiedd eahntidraél RRFNhaaRsEToraandchiral
enzymatic resolution. Optically active fornms of the conpounds can be

prepared using any net Wcu@?%déf‘c&ﬁéﬁtgﬂ{éma& Bﬁbd&h%yﬁ'ﬁg‘%@?leg“ on of the

racem c formby recrystallization 5t ni ques, by syn rom

optically-active starti er al i ral nt hesi s, ar hy.

chr omat ogr aphi ¢ separ at‘#}g@rﬁ?}éﬁgh%as@ﬁwtam{%maﬁ%er CBREE gs'nﬁfﬁ%ll es of
met hads to obtain optically actiye terials include at |east the

foll %\M ng. i) physi (F:)al %ﬁ%{ﬁ@tqf&%lr@g@ﬂl t%%s - a techni que whereby 10
macroscopi c crystals of the individual enantioners are manually separated.
Thi s techni que carvibe udiagierdomensandrations +aéecmiguavberbyra fasenre exi st ,
i.e., the material is a conglonerate, and the crystals are visually
distinct; ii) simltanemmspaurybisathitzdivitnan epahsrhoriicnlly pureredyerithe 15

i ndi vi dual enantioners are separately crystallized froma solution of the

racemat e, possible onl ytid chiff JuRiBRS) that CONVERBTHE IRIAEGal dhahBiSmzed t
state; iii) enzymatic resolutions - "a techni que whereby partial or

conpl et e separation of .LaRsiAle. BhaldshihgUiadbld bbb pGF 20 of

reaction for the enantioner an enzy

10 separated by chromatography or crystallization by virtue of
their now more distinct structural differences and the chiral
auxiliary later removed to obtain the desired enantiomer;

vii)  first- and second-order asymmetric transformations - a

technique whereby diastereomers from the racemate

15 equilibrate to yield a preponderanée 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 all the material is converted to the crystalline

20 diastereomer from the desired enantiomer. The desired
enantiomer is then released from the diastereomer,

viii)  kinetic resolutions - this technique refers to the achievement of

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

resolution of a partially resolved compound) by virtue of
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iv) enzymatic asymmretric synthesis - a synthetic technique whereby at

| east one step of the synthesis uses an enzymatic reaction to obtain an
enantionerically pure or enriched synthetic precursor of the desired
enantionmer; 37 v) chem cal asymretric synthesis - a synthetic techni que
wher eby the desired enanEiquabreactos yateked ithe dnéntiomens withha rchlral, poacur sor
under conditions that produce asymmetry (i.e., <chirality) in the product,
whi ch may be achi eved uacegichiagaht & eatbikyShderdinstt éctditiomst | i aries; vi)
di astereomer separations - a techni que whereby a racem c conpound is

reacted with an engnt| QiRhkcabdadMRnESEHM nohlhEaldgrabuddd 14ary) that
converts the individual " enantironers . I ting

di astereoners are then anat.ography or . .crystallization by
virtue of their now mic’%’gt%ﬁ\@?%ﬁi’ﬁ&é%)%@%P‘%ﬂyﬁe&%ﬁ%gmgo ' he chiral
auxi Liary |l ater rermvedbﬁq 0 %ai n the desired enantjomer; vii) first- and
secofd- or der asymmet ri COt'ARd fiorhAPR-ShEal staringspaiarigiieanthehers the

di astereoners fromthe racemate 15 equilibrate to yield a preponderance in
sol uti on of the di ast esteigeehemsal inbegrie i3 neldorda aniy mirdmaldy wher e
preferential crystallization of the diastereoner fromthe desired

enanti oner perturbs theosypromided evertbe bolirsatofaenibimesis; i n - principle all
the material is converted to the crystalline 20 di astereoner fromthe

desired enantionek) ThehRgslidifdchRiatbGRITH - StdchRRuUeslifaesd tid om t he

di ast er eoner ;

enantiomers of a racemate are separated in a liquid mobile
10 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;

xi) chiral gas chromatography - a technique whereby the-

15 racemate is volatilized and enantiomers are separated by
virtue of their differing interactions in the gaseous mobile
phase with a colunm containing a fixed non-racemic chiral
adsorbent phase;

xiiy extraction with chiral solvents - a technique whereby the

20 _ enantiomers 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 with a thin membrane barrier.
The barrier typically separates two miscible fluids, one

25 ' : containing the racemate, and a driving force such as
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viii) kinetic resolutions - this technique refers to the achi evenent of
partial or conplete resolution of a racemate (or of a further resolution
of a partially resolved conmpound) by virtue of 38 unequal reaction rates of
the enantionmers with a chiral, non- racem c reagent or catal yst under

ki netic conditions; ix)cancentraticpec pfassusy diffeesntial Caovsespreferantali c
precursors - a synthetic technique whereby the desired enantioner is 5

obt ai ned from non- chi r afarspartdoi@sstHesmemltiand Bayid! Sdieaticii 66arsAgni cal
integrity is not or is only mninmally $8 conprom sed over the course of the

synthesis; x) chiral 'ié%és%lt‘?ﬁrﬂ%rﬁbﬁgé@ém}b%hif’alla‘élﬁjggir?gpﬁ@%ﬁi@%ﬁﬁ%@% by

enantionmers of a racemate are separated in

virtue of their differi ' r i Mt h stationar has i ncl udi ng
Via chiral tpLO . The cloreghil BrbisRaRudini? of ik Goa it do PSS Fedndfi a1 or

t he bi eeﬁhgse cﬁan cchnt ain dj}n additional chiral material to provoke the
di ffari réf" COFRRiogRPNY, Iguding siinulgted movisisdben chromatography cisiisgde
whereby the. 15 racemate is volatilized and enanti omers are separated by
virtue df onr&Emberimest Agvidatverigit oloshiral stativeagapleases arebidnemeptialye with a
colunm containing a fixed non-racem c chiral adsorbent phase; xii)

ext r act iasailableh chiral solvents - a techni qgue whereby the 20 enantioners
are separated by virtue of preferential dissolution of one enantioner into

a particular chiral solvent; xiii) transport across chiral nenbranes - a
t echni que whereby a

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 Cyg, and specifically includes methyl, CF3,
CCls, CFCly, CF;Cl, ethyl, CH.CF3, CF>CF3, propyl, isopropyl, cyclopropyi, butyi,
isobutyl, {-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl, |

15 cyclohexyl, cyciohexylmethyl, 3-methylpentyl, 2,2-dimethylbutyl, and 2,3-
dimethylbutyl. When the terms Cin (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, Cy.y 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 one or more
moieties selected from the group consisting of alkyl, halo (F, Cl, Br, or 1), haloalkyl,
hydroxyl, carboxyi, acyl, acyloxy, amino, émido, carboxyl derivatives, alkylamino,
dialkytamino, arylamino, alkoxy, aryloxy, 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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racemate is placed in contact with a thin nenbrane barrier. The barrier
typically separates two mscible fluids, one 25 containing the racenate,
and a driving force such as 39 concentration or pressure differenti al
causes preferential transport across the nmenbrane barrier. Separation
occurs @@hydﬂqf%smlmeolﬂydra@naoaarlbaumte,cphﬂapmmcmmdl,rmmsfphatae menbr ane t hat
all ows only one enantioner of the racemate to pass through. 5 Chiral

chr omat phoaphonatenot arl oipes viableafiedtionm graup eshteldee it agiiBipthe s used in
one enbodi ment. A wide variety of chiral statlonary phases are comercially

avai | ab'pﬁanﬁﬁ&blﬁgfcbpé@mt}%f 18 cbRIguna! 5i¥l‘| oﬂé%ﬁé?i &E;?rg'rt]éq%e&' gkess

ot herw se speC| refers to a "sat urate al gnht OI’ cycl I C,

primary r o] udi mted to
those of! E«%%W%i%k“%‘%%@@%% 13 ?ﬁﬁsﬁuﬁﬂwﬂﬁm s’ %9%*4 cesredic 2
CF2CL, et hy - IS C clopr ut yl,

i sobut yP! } . dRICRMENCSIS, f‘gﬁb@}(ﬁlﬁyl& gFI@?va% 13'@994

i sohexyl , 15 cyclohexyl cIohexyInethyI 3- et hyl pentyl ,

2, 2- di maPAYI riepy incaraorat @}/bmlrﬁ?féfeﬂﬂebutyl When the terns C1_N (al kyl,

al kenyl, alkynyl, etc.) or the like are wused in the text, it is intended
to refer spea'héiteah Flpweo atkyt has aspd hieceinhamd (iales otihérivige spdfiedf er enced
class. As an illustrative exanple, C _N alkyl includes individually every

al kyl npifeiytod CF tO05 stamrbltéz:aétbaqgmab%heunaw@baﬁaﬁriéf?éecy%ﬁ& (fB¥t in this 20
definition of alkyl. The alkyl group can be optionally substituted with one

f I a,
Br or - FYRET SEPRBATen SO, G, IR o SIBHRLh S RS BRMAOELT: o,
carﬁj)xy{, derivatives, alkylamno, dialkylamno, arylamno, alkoxy,
ary oxy,ormstro cyano, azido, thiol, imne, sulfonic

The term “alkylene” or “alkenyl” refers to a saturated hydrocarbyldiyi radical
of straight or branched configuration, including but not limited to those thatlhave
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-diyl, 1,2-propane-diyl, 1,3-

15 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 alkyl, halo, haloalkyl, hydroxyl, carboxyl, acyl,
acyloxy, amino, amido, carboxyl derivatives, alkylamino, azido, dialkylamino,
arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, thiol, imine, sulfonyl, sulfanyl,
20  sulfinyl, sulfamonyl, ester, carboxylic acid, amide, phosphonyl, phosphinyl,
‘phosphoryl, phosphine, thioester, thioether, acid haiide, anhydride, oxime,
hydrazine, carbamate, phosphonic acid, phosphonate, or any other viable
- functional group that does not inhibit the pharmacological activity of this compound,

either unprotected or protected as necessary, as known to those skilled in the art,
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acid, sulfate, sulfonyl, sulfanyl, sulfinyl, sulfanonyl, ester, carboxylic
acid, am de, 25 phosphonyl, phosphinyl, phosphoryl, phosphine, thioester,

t hi oether, acid halide, 40 anhydride, oxinme, hydrazine, carbamate,
phosphonlc aci d, phosphate, phosphonate, or any other viable functional
group t et emalenas taugtithn Greare ephbyFratedtivei@Gmiupadn Qrgayicdynttigsis,conpound,
ei ther unprotected or protected as necessary, as known to those skilled in

the art Joharwiep8ens, Secoad Ehditior) 1898CA6redly iBcd@bordte@byGhicyéndd.oups in
Organic Synthesis, John Wley & Sons, Second Edition, 991, hereby

| ncor por at Edﬂﬁét%%eéf%ﬂc E‘@r P‘%fo’i‘ﬁbthé’tﬁ{f?é cafbd élﬁ,da g, and

unl ess ot herw se speC| ers to satu ated strai ght

branche far, exanp cIo 0 | kyl

or oup, - HERTERGEBEb S@?.tut geirgs BT POkt b FsOitss chefle Y or m
"al kyl e q g " al keag refers to a satquted hydrocarbyl diyl radical of
st r aPghtlOYFtNEF I RERARRY M ARIRTAYi 'BAY bEE$eRii ng but not limited to those that
have fromone to ten carbon atons. Included within the scope of this term
are met hyl endhel apyiegivaipecan §¢ optionalytsubsttuted with bre- griopenef ey |

1, 2-propane-diyl, 1,3- 15 butane-diyl, 1,4-butane-diyl, and the like. The
al kyl enengjetieseiecidfeomdhe greng comnhétmgyofcmm,l @IRéﬂy[hsllkﬁhyl, heterdwrylopt i onal |y
substituted with one or nore noieties selected fromthe group consisting

of al ky|heté]@b§hi|chéé%b§$dlb; am&sgkr QKB arﬁ@mbwélkoﬁ& g’c | @ir¥zolyM NO,

ani do, carboxyl derivatives kyl am’no,” azl do, M no, fyl ami no,

ul t apy eS0T 8?08@Yﬁ“@%%H*ﬂo‘?’?b?at?’céﬁmo%@?1 %m!ig i s%#éa%f’”y' |
e R ST
phosphonate, or any other viable functional group that does not inhibit

t he phaﬁﬁﬂfwwb@pbflaacvlewwmyl%ﬁmlmadkxdommmyl amido, alkylamino,

dialkylamino, arylamino, nitro, cyano, thiol, imide, sulfonic acid, sulfate, sulfonate,
sulfonyl, alkylsulfonyl, aminosulfonyl, alkylsulfonylamino, haloaikylsulfonyt, sulfanyl,
sulfinyl, sulfamoyl, carboxylic ester, carboxylic acid, amide, phosphonyl,

15 'phosphinyl, phosphoryl, thicester, thioether, oxime, hydrazine, carbamate,
phosphonic acid, phosphate, phosphonate, phosphinate, sulfonamido,
carboxamido, hydroxamic acid, sulfonylimide, or any other desired functional group
that does not inhibit the pharmacological activity of this compound, either
unprdtected or protected as necessary, as known to those skifled in the art, for

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

substituted as above.
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ei ther unprotected or protected as necessary, as known to those skilled in

the art, 41 for exanple, as taught in Geene et al., Protective Goups in
Organic Synthesis, John Wley & Sons, Second Edition, 1991, hereby
i ncorporated by reference. The term"aryl"”, alone or in conbination, means

a carbocycl i cThe bawroaryl Byg maw apdionallnba gubstitutadioy one or mare substitsienher ei n
such rings may be attached 5 together in a pendent manner or may be fused.

The "ar ylistedasopticas substipiehtyfal byyls Whatititivh eadjabédt groepsobnies e of the
noi eties selected fromthe group consisting of alkyl, alkenyl, alkynyl,

het er oar paterodfld HEMBLYSic WM@?%%iné‘H‘%a@x F-E\"ﬁéﬁjnﬁébéd ar yl al koxy,

cycl oal kyl, tetrazolyl,” heteroaryl oxy; heteroarylal koxy, carbohydrate,

am no ac/ o) [ S ' ' | de |t ol | ogen,

hal oal ky#gﬁﬂ?%{alﬁ’a?@gIr%aeiré%wﬁaqro%qq?(@@&ﬁcy@f%w& ﬂki’vrﬂg'l}éj}{ l{ie ggg)/%]tﬂutg yl oxy,
am nq, am noal kyl ., am .noacyl, am do, al kyl am no, dial kyl am no, aryl am no,
NrG cARRve: NGRIMHRG FEEmpley %ﬂ?%egz%@ $1f Patesoatmatiseare,  sul fonyl
al kyl sul fonyl, am nosul fonyl, al kyl sul fonyl am no, hal oal kyl sul f onyl,

sul f anyl nyfoildinwl,ﬁ?ﬂfahMDWDWEah&dlKﬁ@rﬁwl, Oyetbrpurinyt, lielkgiydcopwaayl, ani de,
phosphonyl, 15 phosphinyl, phosphoryl, thioester, thioether, oxineg,

hydr azi reperazinyhpiperidinyhospitatino, thiordorpbiatinp Netrahydiopynyt) dintdazolyl,
phosphi nat e, sul fonam do, carboxam do, hydroxam ¢ acid, sulfonylimde, or

any ot hesyrélpfi, 'ifaiaingt, iirﬂ:ﬂﬁih%/ﬁ HRIKBIarkyN&r 109%0x20\1, ia2iMdMyl, fiR8, furanyl,

phar macol ogi cal activity of I s compound, eithef unprotect'ed or “protected

o o Y, AT BB TNk D A o SRR BE Bl 25
101 56, Ry SE S o5 SR e R0 S,
;J Bfﬁt lrjnriséq?gia%g[rygggfégéélglap&é&%@b%?n%f?ﬁgg;l: qt?i;olr;fﬁtisec;qou?r%/cﬁlyli, geltsiz&gi’en\g\/llf]i chin

isobenzofuryl, pyrazolyl, indolyl, isoindolyl, benzimidazolyl, carbazolyl, oxazolyl,

thiazolyl, benzothiazolyl, isothiazolyl, 1,2,4-thiadiazolyl, isooxazoiyl, 1,2,4-

oxadiazolyl, 1,3,4-oxadiazolyl, pyrrolyl, quinazolinyl, quinoxalinyl, benzoxazolyl,

15 quinolinyl, isoquinolinyl, cinnolihyl, phthalazinyl, xanthinyl, hypoxanthinyl, pyrazole,
imidazole, 1,2,3-triazole, 1,2,4-triazole, 1,2,3-oxadiazole, thiazine, pyridazine,
triazolopyridinyl, or pteridinyl wherein said heteroaryl or heterocyclic group can be
optionally substituted with one or more substituent selected 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. Suitable
protecting groups can include trimethyisilyl, dimethylhexylsilyl, f-butyldimethylsilyl,
t-butyldiphenylsilyl, trityl or substituted trityl, alkyl groups, acyl groups such as
acetyl and propionyl, methanesulfonyl, and p-toluenesulfonyl.

The term “aralkyl,” as used herein, and unless otherwise specified, refers to

25 an aryl group as defined above linked to the molecule through an alkyl group as
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42 The heteroaryl ring may optionally be substituted by one or nore
substituent |isted as optional substituents for aryl. In addition,

adj acent groups on the heteroaryl or heterocyclic ring nmay conbine to form
a 5- to 7-nenbered carbocyclic, aryl, heteroaryl, or heterocyclic ring,

whi ch i defined alayebdheubeni'alsant! & “atkykrgll as usiedIhengéin] and exkespl es of
heterocylics and heteroaromatics are pyrrolidinyl, tetrahydrofuryl,

t et r ahy ditiedrwisenybecifiod, asidrs tan alkyl Frdu.@i seBuRHaPAEInkedid ik azi nyl ,
pi peridinyl, norpholino, thionorpholino, tetrahydropyranyl, in dazol yI

pyroli nyhmeemre%ﬁﬂiu nyelna gmupra@d mﬁéwé&iy'm chjof‘fh(gééjga%”u)bls, Rz T dinyl,
furyl, furanyl, yridi ny pyri dazi ny pyri mdrnyl,

ib ﬁﬁé%? ‘W brod nyP%%ﬂéﬁ%Wt%basyﬁﬁé?%Sti?ggﬁ@??bﬁi%eﬁm%?&' G oy

enzof ur ui,nol , 1 soqui nglyl, zothlen
Py b Deiprtionagy ubayted WHRORS oF ma HaBHGY SSIBRIeA TRADOBHIUP car bazol yi |
oxazonI thlazoI& benzot hi azolyl, isothiazolyl, 1,2, 4-thiadiazolyl,
i sooxaz&Ppsisting of alkyb hala, aalaay], ydsoxy osartipxd oadyl, agyaxyo Bino,qunidazol i ny!
qui noxal i nyl , benzoxazolyl, 15 quinolinyl, isoquinolinyl, cinnolinyl,
pht hal azizitg, pamwmmativbs,mmmm)dialkwanmIaﬁylarﬁimﬂ,(hﬁzm&yearyloxy,
1,2,3-triazole, 1,2 4-triazole, 1,2, 3-oxadiazole, thiazine, pyridazine,

triazol o, icYbRY| sulhidA&aa] M&ythlﬂﬁeélﬁbﬂxﬁéu%mtﬁﬂmﬂﬂ YduifeimdeA edspsrycl i c
group can be optionally substituted with one or nore substituent selected

Li;’g"ehhgn i 308 LS hDsBRoff, pien R ShshoRithn Q““Eeé*%'rg%?%@l od as
tri Kth 'ggr*\??esqllé %Fﬁ:ﬁ%@&@wﬁﬂﬁtﬁe ¥ Ao A M@% r'g,f?ocslp onic acid,

t-butyl di phenylsilyl, trityl or substituted trit al k ?roups acyl
groups BhesPRenatecerany ether wablﬁ sRgtionatgrowm il @ﬁﬂot I%uia the
p-tol uenesul fonyl. The term "aral kyl,"” as used herein, and unl ess otherw se
speci f i pbarmadadogicalbactXBy af this ybrmplound, githatefmpnetdctelbdovreprbteckextias o t he
nol ecul e through an al kyl group as

necessary, as known to those skilled in the ant, for example, as taught in Greene et

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

156 1991, hereby incorporated by reference. Specifically included within the scope of
the term aryl are phenyl; naphthyl; phenylmethyl; phenylethyl; 3 4,5-
trihnydroxyphenyl; 3,4,5-trimethoxyphenyl; 3,4,5—tﬁethoxy—phenyi; 4-chlorophenyl; 4-
methylphenyl; 3,5-di-tertiarybutyl-4-hydroxyphenyl; 4-fluorophenyl; 4-chloro-1-
naphthyl; 2-methyl-1-naphthylmethyl; 2-naphthylmethyl; 4-chlorophenylmethyl; 4-t-

20  butylphenyl; 4-t-butylphenylmethyl, and the like.

The term “alkylamino” or “arylamino” refers to an amino group that has one
or two alkyl or aryl substituents, respectively.
The term “halogen,” as used herein, includes fluorine, chlorine, bromine, and

iodine.

44



43 defined above. The term "al karyl" or "al kylaryl" as used herein, and
unl ess otherw se specified, refers to an al kyl group as defi ned above
linked to the nolecule through an aryl group as defined above. In each of
t hese groups, the alkyl group can be optionally substituted as describe
above and t helhe tgrmgipsapdahmaiogenieasopsedhaltdiny insildesi azides) cwinidesne or nore
noi eties selected fromthe group consisting of alkyl, halo, haloal kyl,

hydr oxy lisoganatesy landdsothiocgaatesy, am no, amido, azido, carboxyl
derivatives, alkylam no, dialkylamno, arylamno, alkoxy, ar yI oxy, nitro,

cyano, 5U|f0r’lfrfél%‘iﬂndamﬁ16'é& indidis n HHI@'B@C ﬁfg;' Onyynthéﬁa% ﬁ-y‘h’%ra

sul fanonyl, ester, carboxylic aC|

h h h halid hydri d
A e e N A R tﬁc%w% aﬂ@gﬁ RTINS of her

vi ab e f nctlo al . t hat . does not Inhlﬁ}'t t he pharmacol ogi cal activity
of t g zﬂ&e ing, d3qlevcipe, pe %'E‘%CPWYQQ'@B%EYRIOD'&%" known

to those skllled in the art, for exanple, as taught in Geene et al.
Pr ot ect W@l"“@,@@ﬁQeJ hrepnjag. WS@ﬁeH@’m%ﬂe Fsparaging,glétagons, aspectatel Edi ti on,
15 1991, hereby incorporated by reference. Specifically included within the

scope ofglutahmte dysine; arigirine, arihigtidineaphtapreferrdteamboginient; thehamioet hyl ;
3,4,5- trihydroxyphenyl; 3,4,5-trinethoxyphenyl; 3,4,5-triethoxy-phenyl;

4- chl or epheRYh thét - d@%nawd%ﬁny/i;terﬁaﬁv hetaifs ét%l&dénﬁ AERAIPDERY! -
4- quorophenyI 4-chl oro-1- nap -met hyl - 1- napht hyl net hyl ;

i '? am p end%?{ mgl ﬁel‘ﬁm a |§8]Q§Bé{+ grm#isflé%hépﬁlngl%%&’l @’ﬂﬁﬁé‘l’aw “aryl am no”
EEERCe e T e o haPbt bbb AR
chiorl n%spgrrtgyrf]p Sl%’targgld lysllnoy(i]I a?rglnlnyi histidinyl, B-alanyl, B-valinyl, B-leucinyl, B-
isoleuccinyl, B-prolinyl, B-phenylalaninyl, B-tryptophanyl, B-methioninyl, B-glycinyl,
B-serinyl, B-threoninyt, B-cysteinyl, B-tyrosinyl, B-asparaginyl, B-glutaminyl, B-
aspartoyl, B-glutaroyl, B-lysinyl, -argininyl, or p-histidinyl.
15 The 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
20  cells, cells transfected with all or part of the Flaviviridae genome and animals, in
particular, primates (including chimpanzees) and humans. In most animal
apptications 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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The term "pseudohal ogen" as used herein includes azides, cyanides,

| socyanates, and isothiocyanates. The termam no acid includes naturally
occurring and synthetic a, 3, y, or 5 amno acids, and includes but is not
limted to, amno acids found in proteins, i.e. 5 glycine, alanine, valine,
| euci ne PharatanetitivallynitdeptableSaltbamd Praddiiuge, tryptophan, proline,
serine, threonine, cysteine, tyrosine, asparagine, glutam ne, aspartate,

gl utamate, | yi¥e@rmapBhmhadutieaty JEad rgtslmeesanldr frodfif & E@éh fFOQSHJTRNT . the

amno acidis in the L- conflguratlo Al'ternati vel e am no aC|d can be

a deriv Y. |i.nyl

phenyl a?@%#ﬁe@ﬁ“?@y”gttgod S&ﬁg arﬁ%(? hartﬁ%ﬁ%ﬂ%}aily a%gfaggﬁ%%/%s(ggcﬁfﬁ%

ol 1t ar ogoten DEFHIE ssisaprgat han 658 G re%@edaﬂ' P O Eeled

R-1 eucinyl, (3- isoleuccin I prolinyl phenyl aI ani n?/

( 3- t By propawid whigh,aan @%mmtratmltg@@amgnt pr hi myicl eosiia hr eoni nyl
(3-cysteinyl, (3-tyrosinyl, R-asparaginyl, (3-glutamnyl, (3- aspartoyl,
(3-glut a;onmo,und3-thﬁsmagzbuticﬁeﬂlyeaogbptabyé sal&r incBidd thbkd idleyitred fdniThe term host,
as used herein, refers to a unicellular or nulticellular organismin which

the Vi r phapaBceRkily éb@epthbk‘al iHEFgiE6F érg’ahﬂ?ﬁas}ﬁ%.darﬂ:ﬂbﬁ'ﬁés Suﬁasie gyief erabl y
a human. Alternatively, the host can be carryi ng a part of

|l A58 S I G A oo S 17 9

t he conpounds 0 nven speC| |caIIy refers
to |nfe | 1s, .cells transfect part o

Al avi v k%ﬂa‘%%@ﬁﬁrme@#ﬁjs 1T i ISR B pénahiin, aiomkiraStousditags ng
chigﬁanzees) and hunans I n nost animal _applications of the present

i nvEht i gRIdstwell iewn jnsthe pharmacputical it m@amﬂlyallsa@@am@bmﬁ@dmgﬁ

certain indications, however, are clearly anticipated by the present
i nvent i tgfe( kua Boﬁmwhdﬁbaﬁsmt)abomfedfiﬁr 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 can be oxidized,

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

20 In cases where compounds are sufficiently basic or acidic to form stable
nontoxic acid or base salts, administration of the compound as a pharmacedutically
acceptable salt 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, benzoate, ascorbate, a-ketoglutarate, and a-
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Phar maceutically Acceptable Salts and Prodrugs The term "pharnmaceutically
acceptable salt or prodrug" is used throughout the specification to

descri be any pharmaceutically acceptable form (such as an ester, phosphate
ester, or salt of an ester or a related group) of a nucleoside 5 conpound
whi ch, @hseraphrsihate.aBuidable dnergpaici sals, may efzﬁoqurmdnmlm,mtfatmnpound.
Phar maceutically acceptable salts include those derived from

phar mac elfrateabicarzoeadatainl earbopatgesslts. or or gani ¢ bases and aci ds. Suitable
salts include those derived fromalkali netals such as potassi um and

sodi um and aH@Ma@éuwrymc&BE@b% SAETRY KPS BaHEdAhdBRRaaIHM  among

numer ous other 10 acids well known in thé pharmaceutical art.

e or PRSIy WRAIERIAARING B i San 36 B b8t 8 W IBd °

nmet abol i'zed, tor exanple zed or "oxidiZe o formthe
conpgun f th resent invention. Typical. e | es of pr.odrugs include
conp un%gﬂm?élp%r%? %%WBB\'%%WI’EGQ%{‘HV’#%@ BF'&%&%H@ G 0g&a% f unct i onal
moi ety of the active conpound. Prodrugs include conpounds that can be

oxi di zed@ccentableanieBd Allali matad ffor gxampiasediunmyritassivay edlithilinyear oxyl at ed,
hydrol yzed, dehydrol yzed, al kyl ated, deal kyl ated, acyl ated, deacyl at ed,
phos pho@ikatine garibrmetit foo spiopld, aakilimpsaltooiicabbhdicaridyvearcalspdend. The
conmpounds of this invention possess antiviral activity against a

Fl avi vi mathe i nfection, or are netabolized to a conpound that exhibits
such activity. 20 In cases where conpounds are sufficiently basic or acidic

to f t abl | ' k ) 4+ | d
o fov st <Dkt 1 Soipods tehasthl o HUBMTHIAHS 8 £y oo

as a pharmaceuticall ropria of

1B R B RE BiforeBplly SR REphaRas Pl Ropsilenl o
tosyl atg, nethanesul fonate, acetate, citrate, 25 malonate, tartarate,
succi nat'®, “YERYH o THERRRIRRIodRIggasgs Ara kapwn. dn@ereralgalkylation,
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
15 alkyl, aryl, steroids, carbohydrates, including sugars, 1,2-diacylglycerol, and
alcohols. Many are described in R. Jones and N. Bischofberger, Antiviral
Research, 27 (1995} 1-17. Any of these can be used in combination with the
disclrosed compounds to achieve a desired effect.
- The active compounds can also be provided as a C(7) or C(8)-phosphoether
20 lipid or a C(7) or C(8) ether lipid. Nonlimiting examples of U.S. patents that
disclose suitable lipophilic substituents that can be covalently incorporated into the
compound or lipophilic preparations, include U.S. Patent Nos. 5,149,794 (Sep. 22,
1_992, Yatvin et al.); 5,194,654 (Mar. 16, 1993, Hostetler et al.); 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, Hostetlér et al.); 5,463,092 (Oct. 31, 1995, Hostetler et al.); 5,543,389
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gl ycer ophosphate. Suitable inorganic salts may al so be forned, including,
sulfate, nitrate, bicarbonate, and carbonate salts. Pharmaceutically
acceptabl e salts may be obtained using standard procedures well known in
the art, for exanple by reacting a sufficiently basic 5 conpound such as
an ani ne(Alg: 1§, 4986 Yaivinestaali) 5,848 390 (Ayga 6ph9S6,oV atyinaatialy; 5648/394bl e ani on.
Al kali nmetal (for exanple, sodium potassium or lithium or alkaline

earth neffalg. 6f 0996 xratpincet alplatid 81554a28YSep. tar 10Dy Bagadgetlal.; all okl so be
made. Any of the compounds descri bed herein can be adm ni stered as a

pr odr ug whRhtate inkreéeted h@reaﬁ:bwéfeyenéa oyl &:Irf]_t%tbhf %{Pr%&h% tHat

otherwi se alter the properties of the conpo er o prodrug

I d I I hi i
mod 1 iﬁ%@ﬁ%ﬁ%ﬂ’*I"?%Z%%It%;ﬁ%*%g?ﬁ%%ﬂ%%%% tﬁ%@%&e@%&d&% ban rer case
the gtabilit f th I f t yent t hat

repl Rce r'zmée%v"mt@erh&ﬁfﬁgﬂnf’coﬂ it BN QRO 8 B0 SBHIORES, oi eyl
aryl, steroids, carbo éﬂrat es, 1incl ud| n% ars, 1,2-di acyl gl ycerol, and

al cohol SVQAMI6828, WE B (18944 W RIS %/2®7§GNBDI£§/@§132,EI?DVI ral
Research, 27 (1995) 1-17. Any of these can be used in conbination with the

di scl osezbE2H AL A891 605N ave VO 19 EH . eT e compdbadsichn etsaclespounds can
al so be provided as a C(7) or C(8)-phosphoether 20 lipid or a C(7) or C(8)

et her | ipodidelicrl “SATH Meresaved es of U S. patents that disclose suitable
| i pophilic substituents that can be covalently incorporated into the

(S5, AR IR Sl BB PR, o1
ekt SR e S i bl S ek o
5, 463, 09(32(73 t%enn%%e réf%?rgd tcl;gssttﬁtelse poglttloﬁ) a%d/o?atS é?S) (othenmse referred to
‘as the 2’ position). Preferred moieties are amino acid esters including valyt and
alkyl esters including acetyl. Therefore, this invention specifically includes 2'-L-
amino acid esters, 3’-L-amino acid esters, and 2’,3’-l.-diamino acid esters of the
15 bicycIo[4.2.1 Inonane, wherein the parent drug has an ECs; of less than 15
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 ECsp of less than 10 or 15
~micromolar in 2.2.15 cells; and prodrugs of bicyclo[4.2.1]nonanes wherein (i) the 2’
20 esteris an amino acid ester and the 3-ester is an alkyl or éryl ester; (ii} both esters
are amino acid esters; (jii) 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 -_ceIIs.
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(Aug. 6, 1996, Yatvin et al.); 5,543,390 (Aug. 6, 1996, Yatvin et al.);
5,543,391 (Aug. 6, 1996, Yatvin et al); and 5,554,728 (Sep. 10, 1996;
Basava et al.), all of which are incorporated herein by reference. Foreign
patent applications that disclose |ipophilic substituents that can be

at t achedCombihationcnebAltdamativn Therdpies foetie Trogtridmof Flaviviridsdi | i c
preparations, include WO 89/02733, WO 90/00555, WD 91/16920, WO 91/18914,

VO 93/ 00 ¥Octidp 94/ 26273, WD 96/15132, EP 0 350 287, EP 93917054.4, and WO
91/19721. The conpounds can al so be provided as "SATE" derivati ves.

Al ternatively, the bicyclo[4.2.1]nonane can al so be provided as a C(7) or
10 C(8)-al kyl it bgs deensecegnizes thet drugstasistant varlamt$ ofyFlaivilinatsicosdr y cl eavabl e
noieties at C(7) (otherwise referred to as the 3' position) and/or at C(8)

(ot her wi emergf gftgrgsfolonged srad@ert wil Sintdr@iviral &t eDrad résis@hcesngdte anmi no
acid esters including valyl and al kyl esters 1ncluding acetyl. Therefore,

L hi s 5 NpBIchAY o8 ARS by hitalibnidh el GEIRSINA eheodl BP ARy (et iniral-- 2 O

acid estérs, and 2' fam no acid esters o

bi cycl of 0 e, Wher ej h [ rug.has. an EC50 of |ess than 15
m cr ormlr%P ,ﬁC%t}r?& ‘pre %frﬁ\é%ﬁ%gf %gguqeﬁgﬁn%é ﬁ?aélhj‘g'ﬂfg%aw?‘?qiof'. (‘Z'an(il%e cells;
2'-(alkyl or aryl ester)-, 3 -(alkyl or aryl ester)-, or 2',3 -L-di(alkyl
or aryl %reféé\gfd, B%'pemﬂdﬁ%rqatwgﬁatﬁg@mmﬁ@ﬂwh%orﬁa%m inyeQrpbinatioan EC50
of less than 10 or 15 mcronolar in 2.2.15 cells; and prodrugs of

bi cycl o[ar. gteratiomaniéls avdesoet nard pethapsthird,erdiyirer carspaundtriatinducied aest er
and the 3'-ester is an alkyl or aryl ester; (ii) both esters are am no

aci d estdiffsrent mutatidvofrbmethbeecsusatieby theqpriteise dryg.ahkeinativelgl tHe esters; and
(iv) the 2' ester is independently an alkyl or aryl ester and the 3'-ester

is ap arsﬁmma@ékiﬁeﬂ@é,%ﬁodiymsﬁﬁérﬂ dr@h&?&ah&éwtﬁé%r@cé%@ amferéc?sg t han
5 | s. 8 Conb d Alter

10 or 15 mcromolar in 2.2.15 cel I nation a nati o

Ther api &g)chYonBlfatidrfar thaldn e by I §&feral, combination therapy is

typically preferred over alternation therapy because it induces multiple
simultaneous stresses on the virus.
Nonlimiting examples of antiviral agents that can be used in combination
15 and/or aiternation with the compounds disclosed herein include:
(1)  Protease inhibitors-
Non-limiting examples include substrate-based NS3 protease inhibitors
(Attwood ef al., Antiviral peptide derivatives, PCT WO 98/22496, 1998; Attwood et
al.', Antiviral Chemistry and Chemotherapy 1999, 10, 259-273; Attwood et al.,
20  Preparation and use of amino acid derivatives as anti-viral agents, German Patent
Pub. DE 19914474; Tung et al., Inhibitors of serine proteases, particularly hepatitis
C virus N33 protease, PCT WO 98/17679), including alphaketoamides and
hydrazinoureas, and inhibitors that terminate in an electrophile such as a boronic
acid or phosphonate (Llinas-Brunet ef al., Hepatitis C inhibitor peptide analogues,

25 PCT WGQ 99/07734), non-substrate-based NS3 protease inhibitors such as 2,4,6-
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Infection It has been recogni zed that drug-resistant variants of
Flaviviridae can energe after prolonged treatnment with an antiviral agent.
Drug resistance nost 5 typically occurs by nutation of a gene that encodes
for an enzynme used in viral replication. The efficacy of a drug against a
Fl avi vi ririthgdroxyt3oitiosberzamide depivativesy@lidoa getenlt, &lochemiceldmt ed by

adm ni stering the conpound in conbination or alternation with a second,

and per hBpphlBicaRe S¢drchiCathmERREoRs 199 2BBJsER847,; SG(H(B k%?ai hut ation
fromthat caused by the principle drug. Alternatively, the

phar ”aco)ihfhﬁ:tél‘%ﬁren?rbrﬁf bﬁard:ﬁ&mémafatpg;r Ag??ﬁ% R %hﬁfqgﬁho%hfoéi{ H¢ can be

altered by such co nation or a genera

COTE B AL B e Bl e SRR RSB i

Nonli_m ting exanples of antiviral agents that can be used I n conbi nation
15 ard/ datt %{ P‘é‘?ﬁ?&?lﬂsna fAtPReROYPREBYITeUR: 3] 55B@8R&T e n i ncl ude: (1)
Protease inhibitors Non-limting exanples include substrate-based NS3
pr ot eas ephert@nthnreoequinpae: ao bC\é prateasaiimhibiior §Chp it efdd, defrahatiiones, PCT WO
98/ 22496, 1998; Attwood et at, Antiviral Chem stry and Chenot herapy 1999,

10, 259-PefBirs ATtARP9d7232 290630 Preparation and use of amino acid
derivatives as anti-viral agents, German Patent Pub. DE 19914474; Tung et

al., Inhibit | t virus NS3
pr ot ease, PC‘?’S %Qg%%é%?@d%&ﬁiﬁié% asppralg g’?ya Qgéé)&gln Whyagr azi nour eas,

SRSSLEQL]QFW@ it @%@%W?ﬂ%ﬁwp% B0 BTG BB e anal ogues.,
25 T e A R e R Ea ere b °°
Bi ochem cal and
of several serine proteases such as S. griseus proteases A and B, a-chymotrypsin,
chymase and subtilisin. Qasim M.A. et al., Biochemistry 36:1598-1607, 1997.
U.S. patents disclosing protease inhibitors for the treatment of HCV include,
for example, U.S. Patent No. 6,004,933 to Spruce et al., which discloses a class of
15  cysteine protease inhibitors for inhibiting HCV endopeptidase 2; U.S. Patent No.
5,990,276 to Zhang et al., which discloses synthetic inhibitors of hepatitis C virus
NS3 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 to Schering Corporation.
HCV inhibitor tripeptides are disclosed in US Patent Nos. 6,534,523, 6,410,531,
20 and 6,420,380 to Boehringer Ingelheim and WO 02/060926 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
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

25 WO 02/48116 to Bristol Myers Squibb also disclose HCV protease inhibitors;
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Bi ophysi cal Research Communi cations, 1997, 238, 643-647; Sudo K. et al.,
Antiviral Chem stry and Chenot herapy, 1998, 9, 186), including RD3-4082 and
RD3- 4078, the former substituted on the amde with a 14 carbon chain and
the 5 |atter possessi a par a- phenoxyphenyl group; and Sch 68631, a
phenant hr enedd} noﬂ'dﬂla@%diﬂ@\ﬁ@ﬁ\(ﬁioas namhimitingoexandpies include those Péickahedr on
Letters 37:7229-7232, 1996). Sch 351633, isolated fromthe fungus

Peni ci | Ishowm @Ié\&@@fnﬂiMﬂ@m ivasevardephiabe PGS a3say AitBaFeNSsMAfuision (Chu M
et at, Bioorganic and Medicinal 10 Chem stry Letters 9:1949-1952). Eglin c,

i sol at eProteibhE REHA/LE s%b@%%”(isdd&h’( béttélr ArftirSFRESSHrch, 9(9939 32! 911‘%35 es

such as'S. griseus proteases B, a-chynotrypsin, chynmase and

subtili I [

ot ent s%aﬁsc?ﬁi.bﬁ“g Poline R 0256 @%%gé%ﬁéeyfy%%d EPRETRR it s iR e,

for gexanmp Pat ent 04,9 ruce et at, which discloses a
cl asg fW'thl%’q{!Qs?iEY' (@5@208 ﬁgﬂ 9§S;r i nhi bi ti ng HCV endopepti dase
2; U S. Patent No. 5, 990 276 to Zhang et at, which discloses synthetic

i nhi bi tors of3hepdiiazoiidivesiangsbenvsailisiest(pasdimitngexamplestinolode §)388, 865 t o
Reyes et at; WD 02/008251 to Corvas International, Inc., and WO 02/ 08187

and WD ﬁlﬂa‘r@iﬂ@d%ﬂaﬁi@hhur ehgl. COIERS aAetfers 42HC2\17|—2Q0;13733@BhM Noephtl.des are
di sclosed in US Patent Nos. 6, 534,523, 6,410,531, 20 and 6,420,380 to

Boehr i ngerfjticaeBRehenaste, W90 20080006016); Bri stol Mers Squibb. Diaryl
peptides as NS3 serine protease inhibitors of HCV are disclosed in WO

oo P PR R AR o
Y0 182 83Tl S LA o P IR ARSI AR g o
i Egisgl \t,\fﬁroieﬁed ?t%rr(l %%e ljor}m%%}(t)s!\t:o?\l gu?tugg E:)Irc\)/tﬁtc:f\/S(ai‘rse,t::(tgr(wjnr}CtlesI Qg)t ISrc]; ees)é%m%'cﬁﬁ ' nelude
M. et al., Tetfrahedron Letters, 1996, 37, 7229-7232), and Sch 351633, isolated
from the fungus Penicillium griseofulvum, which demonstrates activity in a
scintilation proximity assay (Chu M. et al., Bioorganic and Medicinal Chemistry
15 Letters 9, 1949-1952));
(6} Helicase inhibitors (non-limiting examples include those identified in
Diana G.D. et al., Compounds, compositions and methods for treatment of hepatitis
C, U.S. Pat. No. 5,633,358; Diana G.D. et al., Piperidine derivatives,
pharmaceutical compositions thereof and their use in the treatment of hepatitis C,
20 PCT WO 97/36554);
{(6) Nucleotide polymerase inhibifors and gliotoxin (non-limiting examples
include those identified in Ferrari R. et al., Journal of Virology, 1999, 73, 1649-

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

108-118));
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show rel evant inhibition in a reverse-phase HPLC assay with an NS3/4A
fusion protein and NS5A/5B substrate (Sudo K. et al., Antiviral Research,
1996, 32, 9-18), especially conpound RD 1-6250, possessing a fused

ci nnanoyl noiety substituted 5 with a long al kyl chain, RD4 6205 and RD4
6193); (3) THY hzolAnlisgase shasplunethivateddigodeoxynckeotidas (8xQ@RPI) éson-ncl ude
those identified in Kakiuchi N et at, J. EBS Letters 421, 217-220;

Takeshi tlienifihg ekambles iAclaty thesd wBichcdre wostplegmehliY to 8dduerdedlstrtthes id)
Phenant hr enequi none (non-limting exanples include those 10 possessing

acti vi t fh@gahdscolingiregrm (NCR) sitReRAtE (ARM 24!, 2EREBHPY i sol ated
fromthe fernent gt ingn gul t(ure )brotﬁ of ét reptor%?ézlgj@g; ?g%c‘lr%%gi (Chu M

t al., t i - 51633, isol ated
From & hd T UG ERR TR T seor ol PR SO BRNGEeEd act vty i o
intillatj I, g r (Chu M et al., Bi ' d i ci nal
Cnenbst rclsploBs 37 HeolSehin um Soif olind resion st R AEMRRAT AR T 1 ng
exanpl es include those identified in Diana GD. et al., Cor‘r})ounds,
conposi &-ofi5ChiYRs eeVirlagy.r97; rda: A58t Galdedisi Ui of alg, Jaursal aigeelinig.
5,633,358, Diana G D. et at, Piperidine derivatives, pharnmaceutical

conposi Alysdleden88n, a8t 251e257))ise in the treatnent of hepatitis C, 20 PCT
WO 97/ 36554); (6) Nucl eotide polynmerase inhibitors and gliotoxin

(non-1i i ti nggexamHisitorsiof tRESedd nt B8AsIatibE thomlimig@dtariblest al .,
Journal of Virology, 1999, 73, 1649- 1654, and the natural product

o LR R Baaan ol 0 e 138 ol b
exafp! efohlfitid B2 40RRR Bhieht BUE. SOURLBHESA: ¥ Sor i REsshRn sFhes 10
freatment of viral diseases, Japanese Patent Pub. JP-10101591);
(9) Ribozymes (non-limiting examples include nuclease-resistant
ribozymes (Maccjak, D. J. et al., Hepatology 1999, 30, abstract 995) and those
disclosed in U.S. Patent No. 6,043,077 to Barber et al. and U.S. Patent Nos.
15 5,869,253 and 5,610,054 to Draper et 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 01/92282.
Other patent applications disclosing the use of certain nucleoside analogs to
20 treat hepatitis C virus include: PCT/CA00/01316 (WO 01/32153; filed November 3,
2000) and PCT/CA01/00197 (WO 01/60315; filed February 19, 2001) filed by
BioChem Pharma, Inc. (now Shire Biochem, Inc.); PCT/US02/01531 (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 5 non-coding region (NCR) of the virus (Alt M et al., Hepatol ogy,
1995, 22, 707-717), or nucl eotides 326-348 conprising the 3' end of the
NCR and 5 nucl eotides 371-388 | ocated in the core coding region of the HCV
RNA (Alt M et at, Archives of Virology, 1997, 142, 589-599; Galderisi U.

et at, 009246 (filedTehrilUi3aL00PhWE002/83920 888 Obbdher2B] 2867), )and(WD
I nhi bitors of | RES-dependent translation (non-limting exanples include

those i dgpgbhas) PRadkadat Niget at., Agent for the prevention and treatnent
of 10 hepatitis C, Japanese Patent Pub:. JP-08268890; Kai Y. et at,

Prevention a | ' P nt, Lub.
JP-10101591) %@?8@@% rr'\g‘;s ‘}{’9;%5’ ﬁ?ﬁqﬁfﬁgﬁ‘eoxfi%?%ﬁh@sfi 2

nucl ease: resi stant. . ri bozynmes (Maccjak,, D. . J. et at, atol o 9, 30,
abstr acF %%?“%ﬁ%'?%sCESéé‘?%ﬂ%s@? 4"%’%3@ 2%@99”@8@%%3@?@%"‘ ' Bar ber
et at and U S Patent Nos. 15 5,869,253 and 5,610,054 to Draper et al.);
(10)® Nucl eos{'de aRMheyguismetiansaustampeunsdsdinaiuding erivingny of t he conpounds
descri bed by ldenix Pharnmaceuticals in International Publication Nos. WO

01/ 901 2alkzleyicloberan@P@R3. Pa@riddo. fhbd@hi 34 ppGoddet ah)s atkyblipids (UP.tFat. use of
certain nucl eoside analogs to 20 treat hepatitis C virus include:

PCT/ CAQN005 308 18M0ChSRiEP 3¢ af.), MmN EeaPsthdr anf&d@antand $FACNL/ 00197
(WD 01/60315; filed February 19, 2001) filed by BioChem Pharma, Inc. (now

2002) ana RcrTUSOSYBEE! chio B bR A adias R is (L REPaLORS Y, [y by
2001) _17ERR T BORET SRl MPRRID RGP oRhails 2B, G4 eeNOr | cd apri 1
P Facs 00 406s Diana &t al.), banzenedicarboxamides (U.5. Bat. No. 5,635,568 10

Diana ef al.), polyadenylic acid derivatives (U.S. Pat. No. 5,496,546 to Wang et al.),

2',3'-dideoxyinosine (U.S. Pat. No. 5,026,687 to Yarchoan ef al.), benzimidazoles

(U.S. Pat. No. 5,891,874 to Colacino et al.), plant extracts (U.S. Patent No.

9,837,257 to Tsai et al., U.S. Patent No. 5,725,859 to Omer et al., and U.S. Patent

15 No. 6,056,961), and piperadines (U.S. Patent No. 5,830,905 to Diana et al.)); and

(12)  Any other compound currently in preclinical or clinical development
for treatmeht of hepatitis C virus including: interleukin-10 by Schering-Plough, IP-
501 by Interneuron, merimebodib (VX-497) by Vertex, SYMMETREL®
(amantadine) by Endo Labs Solvay, HEPTAZYME® by RPI, IDN-6556 by Idun
20 Pharma., XTL-002 by XTL., HCV/MF58 by Chiron, CIVACIR® {hepatitis C immune
globulin) by NABI, levovirin by ICN/Ribapharm, viramidine by ICN/Ribapharm,
ZADAXIN® (thymosin alpha-1) by Sci Clone, thymosin plus pegylated interferon by
- Sci Clone, CEPLENE® (histamine dihydrochloride) by Maxim, telaprevir VX 950 /
LY 570310 by Vertex/Eli Lilly, ISIS 14803 by Isis Pharmaceutical/Elan, IDN-8556

25 by ldun Pharmaceuticals, Inc., JTK 003 by AKROS Pharma, BiLN-2061 by
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PCT Publication No. WO 99/43691 to Enory University, entitled "2'-

Fl uor onucl eosi des" di scl oses the use of certain 2'-fluoronucl eosides to
treat HCV; 5 (11) O her m scellaneous conpounds (i ncluding 1-am no

al kyl cycl ohexanes (U.S. Patent No. 6,034,134 to Gold et al.), alkyl lipids

(U. S. PaBoehrivger m@ﬂi’eiﬁfﬁtem@e@nghyd:@;vheﬁolmé)mofe't:t)@lyiRb&]e';lrrmpialiBer
antioxidants (U S. Pat. No. 5,922,757 to Chojkier et al.), squal ene,

amant ad'tﬂBuhrbin'hﬁ)ri%?' KIS TOENR: a ﬁ?érapé\ﬁic v&tﬁ@d@@&e&% @ée{é) In‘ﬁBgéll'net oS,
N—(phosphonoacety )-L-aspartic acid, (U'S. Pat. 10 5,830,905 to Di ana

et al. : 6 o Diana et al.),
pol yadenyl IC a %gj‘%a%?%{%‘%g@%( [J%SSUB 16'\@“@?9%%3@% é’ Wang et at),

2', 3" -di deox Pat . 5,026, 687 Yar cho t :

benzi ni Onj%pégpdofqboﬁné 95”0%6"9)5&]&@1@@8@3“% '@Btbé@ %t %ﬁﬁ‘wgi Qg’mt extracts
(U . S._ Patent No. 5,837,257 to Tsai et at, U S. Patent No. 5,725,859 to Qrer
et ab, a¥ieoRh as;mwé\ﬂyém thargprtic Baosme bp Intercalld tharapeutit vaosinebys. Patent No.
5,830,905 to Diana et al.)); and (12) Any other conpound currently in

pr ecl i nik@EimnuunedGenenadr, mslimpmm by Anatlyss M 24 5aindWeiNAt248 sy C vi r us
i ncludi ng: interleukin-10 by Schering-Pl ough, IP- 501 by Interneuron,

mer i meboxhduysVinraBrhotheya reBRArSmLE@ (ihint, gﬁ@ﬁﬁéé%mﬁlom}y Endo Labs
Sol vay, HEPTAZYME(r) by , | DN- 6556 | dun harma., XTL-002 by XTL.

o P @%; L
G one. - ChpRERED GO SyRa e nss GTUOR b e wg&}%ﬁ#%‘é%ér@%ﬁ& 950
LY 570310 by Vertex/Eli. Lill gﬁh | SIS 14803 by Isis Pharmaceutical/El an,

| D\NT 8558 B5 Theranauicendication By ilwmatech, Ink., proJaa@mblhﬂ?rhxmumfama
Bl LN- 2061 by 53 Boehringer Ingelheim Cell Cept (nycophenol ate nofetil) by

Roche, T8Gtease (rthibitarthy ChiromMdaiviorantisgnSeutharapy by AV SiclPlearmia, vacci ne
directed to E2 by Innogenetics,

antisense therapy by Hybridon, hemopurifier by Aethlon Medical, therapeutic

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

VACC®, a therapeutic vaccine, by Tripep, UT 231B by United Therapeutics,

15  protease, helicase and polymerase inhibitors by Genelabs Technologies, IRES
inhibitors by Immusol, R803 by Rigel Pharmaceuticals, INFERGEN® (interferon
alphacon-1) by InterMune, OMNIFERON® (natural interferon) by Viragen,
ALBUFERON® (albinterferon alpha 2b) by Hpman Genome Sciences, REBIF®
(interferon beta-1a) by Ares-Serono, omega interferon by BioMedicine, oral

20 interferon alpha by Amarillo Biosciences, interferon gamma, interferon tau, and
interferon gamma-1b by InterMune.

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 helicase inhibitors.
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FK788 by Fujisawa Heal thcare, Inc., 1dB 1016 (Siliphos, oral silybin-
phosphat dyl chol i ne phytosone), RNA replication inhibitors (e.g., VP50406)
by 5 ViroPharma/ Weth, therapeutic vaccine by Intercell, therapeutic
vacci ne by Epi mTune/Genencor | RES i nhi bitor by Anadys, ANA 245 and ANA
246 by AnadyB addmmr\oomwoap@s, aUUAEEINGOREL e predent Avention panthease i nhi bitor
by Corvas/ Schering, helicase inhibitor by Vertex, fusion inhibitor by

Tri mer i sdniinisédred in bembmation dealifepsRios, willPbieer i%‘i?rjfi‘e'eih'filrl%trb(?ﬁuS*PBé\rﬁL ocr yst
targeted RNA chenmistry by 10 PTC Therapeutics, Dication by |Imtech, Int.

pr ot eas 4B hidi-Hev Ry aﬁﬂ%r@@h ﬁaﬁﬁmﬁféﬁeﬁ‘& it u-@am%ng g@@@cgéﬂénf

anti sense therapy By AVl Bi antlsense t erapy

i bi 1 'orqbﬁfs T R SR el AT PR Sabi S Gi “ﬁff%”&h’@ﬁ%@%ﬁ o

vaccine, Tr| UT 231 B hy United Therapeutlcs r ot ease, heI | case
and Pol Y& rz&’é’@f)%ﬁed?r?ﬁ '%“B‘{)e E |9é‘§1anpmsﬂelhmp@pa brs by
| musol, R803 by Rigel Pharmaceuti caI s, | NFERGEN(r) (interferon

al phacoRctYitwgf Gartain RueRLS aOVNIGIRRENNE) presatiingentiont ky fedusing the Vi r agen,
ALBUFERON(r) (al binterferon al pha 2b) by Human Genone Sci ences, REBIF(r)

(i nt er f enatabdlena-datahollsyn, Ardsacienation of otheg @oimpoahfis bag, éslsﬁd:ml‘&dic@- ne, oral
20 interferon al pha by Ararill o Biosciences, interferon gamma, interferon

tau, anadniifibRiéeferthBamerdédlefyt | nterMine. In one enbodi ment, the
corrpounds of the invention may be enployed together with at |east one

other antiviral agent chosen from protease inhibitors, fusion inhibitors,

pol yrmer pp@aninith it case inhibitors. 54 In addition, conpounds
accordi ng tro thteahgrgreggnt |r=§§h ion can be administered in conbination or

alternation wwth one or nore anti-retrovirus, anti- HBV, anti-HCV, or
ant 10 Her pet i Phageateutical odrepbsitions basedopon agdDetorapoditt obfagheald @) 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 Flaviviridae
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 dilue.nt. The
therapeutically effective amount may vary with the infection or condition to be
treated, its severity, the treatment regimen to be employed, 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 preferabie to administer the pharmaceutical composition in
an orally administrable form, but formulations may be administered via parenteral,

intravenous, intramuscular, transdermal, buccal, subcutaneous, suppository, or

25 topical administration, among other routes of administration. Enteric-coated oral
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agents, including other conpounds of the present invention. Certain
conpounds 5 according to the present invention may be effective for
enhancing the biological activity of certain agents according to the
present invention by reducing the netabolism catabolism or inactivation
of ot hertabletpomaydisahd used t@ ephance bicavailziliity minsitstakilityfafthe bompoondnded

ef fect. Pharmaceutical Conpositions 10 Pharnmaceutical conpositions based

upon a Rrdin epngrabinditebf Administeatioh). IBtravéhsusand FRdAiRcDRIF fosRilatigngdr epar ed
that include the above-described conpound or its salt or prodrug in a

t her apeyrk gdleYa n{{)%@ﬁ{mzﬁ?erédm’ﬁ&bn PlalicCabhd gt ﬁdyﬁ#qy ISKiIlik ‘?ﬁ@art Jgéfct i on,

optional | y I n conbination wth a pharnaceuti ca cept ab I ve,

carrier,. | umans... i nf e

F i vi L fvf'férfﬁt'ﬁ”'% o wifl e A RCES “1%9%%@03"8530 piofhe Buherays

adm |ster| he patient an effectiyve nt of the active conmpound or
a phar %@l]llt' {Pﬁ:‘%’b?‘éﬂf 5"’5?(9&?9@""@?“%’[&?'1W'th%'@rréﬁﬂer"ﬂg thee presence of a
phar maceut i cal I y acceptable carrier or diluent. The therapeutically

ef f ect i wempasitionsrafythe argsent inventieniunstabie oncemprumising itmthetapmaitict r eat ed,
Its severity, the treatnent reginmen to be enpl oyed, and the 20

phar mac ektivigt.i insparfictilag agedificatiend of asliestred campduadpatrésddr it meaé ed. The
active materials can be adm ni stered by any appropriate route. In general,

it is peefigna @aféaoa@méﬁ\ﬁenmetfaﬁepmbmaﬁwb@ahs.gpménsﬁe digy an orally

adm ni strable form but fornulations may be "adm nistered via parenteral,

I nt ravem% Fn%gfﬂ?:gﬂéﬁ kg:ﬁ forﬁﬁﬁa[ﬁ%ﬂeégl%hﬂcﬁtbgwcgt H&@WE&% tﬁ%ﬁ_pOS' tory,

or 25 topica m ni St anong ot

Ent t ed t ahl et |sp b d h
b1 oRyai PEATT FORRHR0 03 anoRy Gh CoRENGHs DRFRCHORP APAID 8P HFTel ol e of

adm ni stration. Intravenous and i nt rarruscul ar formul ati ons
administrations per day (for exampie, Q.1.D., B.1.D., etc.).

The concentration of active compound in the drug composition will depend
on absorption, inactivation, and excretion rates of the drug as welt as other factors
known to those of skill in the art. It is 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 to

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 smaller doses to be
adm_inistered at varying intervals of time.

A preferred dose of the compound for a Flaviviridae infection will be in the
range from about 1 to 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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are preferably adm nistered in sterile saline. One of ordinary skill in the
art may nodify the fornulation within the teachings of the specification
to provide nunmerous 5 formulations for a particular route of adm nistration
wi t hout rendering the conpositions of the present invention unstable or
conpr onday g midre, déeeradiey Upon the tomipoyind lusefatha @andition @ infadtibhcat i on of a
desired conpound to render it nore soluble in water or other vehicle, for

exanpl etrefifad, BAAIAS rdite HF GRMMhisTABN DY he'dHélctine dBBSd FHhRfd Grhésal t
formul ation, esterification, etc.). Admnistration of the 10 active

conpoun f i ' e | ral, oral

adm i sPhaTHiaCAREa) AR AR A bR PR B PhPlartd pSRUFLA 1€
concentration_af actiye conpoynd,in the drug conposition will. depend on
bsor ot PBIRHtd She Patan! SabRhadds bediaiaredy: BL R bt Shible ! as of her
factors known to those of skill in the art. It is to be noted that dosage
val ues @ftivitydndiselfdhe effeciive Hosage san beiasjimsted ine abeveiusinththegveight of
alleviated. It is to be further understood that for any particul ar

subj ect thesgaltof proddag agky pHyirmeesns koowa td thosdj skilleeldndheartt iFer  accor di ng
to the individual need and the professional judgnent of the person

adm ni sperpo’es of tisd prRIsehBinventitre, AProphyRictissihodr SfevERtvap BHBSIVE ons, and
that the concentration ranges set forth herein are exenplary only and are

not £ 1t ARt bR drhBAdre SREARME T ieATELER (Rlid, FURIRAINSAEPOST ! on.

The active 1 ngredien e a ster on I'vided into
a nunbe f smaller.doses to b mni stered at varying intervals of tine.
A pr of er?s GRBENERIGT B B sdoRB AavB et erdeniBaly PletNerAdPft be | n
t he rangg,from about 1 to 50 ny/ kg, preferably 1 to 20 ng/kg, of body
wei bht 8aY isjuguallydhe sgme aeadhaiapputically effegiiyaemaditng per kil ogram body
wei ght of the recipient per 56 day or nore, depending upon the conpound
used, the cohbgcompoundiintenvemiently admirdsterethith uitamypstitabdé dadagei strati on.
The effective dosage range of the
form, including but not limited to one containing 7 to 3000 mg, preferably 70 to
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,
15 250, 300, 400, 500, 600, 700, 800, 900, 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 pM, preferably |
about 1.0 to 10 yM. This may be achieved, for example, by the intravenous
20  injection of a 0.1 to 5% solution of the active ingredient, optionally in saline, or
administration as a bolus of the active ingredient.
In particularly preferred embodiments according to the present invention, the
compounds and compositions 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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pharmaceutically acceptable salts and prodrugs can be cal cul ated based on
the weight of the parent conpound to be delivered. If the salt or prodrug
exhibits 5 activity initself, the effective dosage can be estinated as
above using the weight of the salt or prodrug or by other nmeans known to
t hose sldbouéd5d mictegrams.upForabouiit pgrassoiotrdiat leaskente & magnpiederably,
prophyl actically or preventively effective anmount of the conpositions,

accor di rg updotiber frnes endayl. Wlwﬁreﬁa@nt tanbsuiti$ BrdpidiGrabha@mimsteRed r ati on
range as set forth above for t erapeutlcally effective anmount 10 and is

usual |y drBl, %@F?n é"a@l istaped ﬁr%lnltara ftsg%lra"}‘? éﬁqﬁ’gﬂbp?gﬁﬁfﬁﬁpound s

conveni ent I y adm stered In un t any osage I n¢l udi ng but

not Ilmtedto n referabl 0to 40rrgof
notive i ngr ed) RS, %‘? PighlerbRuiplstegPRor i aPly® GiBRgund R o8t s
usuagl y conveqient, inclu II‘_]%@I n one or nultiple dosage forns of 50 100,
200, © 15 COBOSEi9RS Wik genstily idgude apdnerdivertoy anvediblepearrigh. [heema¥oses may
be used, for exanple from 10-100 ng, 1-50 ny, 0.1-50 ngy, 0.1-20 ng, or

0. 1- 10. Gergnclosegeinigelatirmeapsties/er corprasised intoHablets. EoRiE Mirposs efiotad

achi eve peak plasma concentrations of the active conpound of from about 0.2
to 70 Ntherapebiir athinjnisteditin, tHe Bctive démpblind bals bedsicdrporsbd exted, for
exanpl e, by the intravenous 20 injection of a 0.1 to 5% solution of the

active igReibRHteRhd LRBHIIQ A fo\s‘rﬁdft%ie'té‘@rocﬂés SRl abh%&%uﬁcagi us of

the active ingredient. In particularly preferred empbodi ments according to

L?ZVEL? eBRpe BNURD Sy AP NGO PRUARIT Rph e RuB R AR YR 0

ei@ Er event., or delay the onset of infection, 25 the conpositions wl|
be Rmi HPIPOSERN n oral dosage formin anounts ranging from 57 about 250
mcrograms up to about 1 gramor nore at |east once a day, preferably, or

up to four ti Hﬁ§a[a|eﬂ"a>9'"3Tﬁ@P§}ﬂ@%émC|’@§nﬁb®HM%IIF&EF eap cenigimany okthei ni st er ed

following ingredients, or compounds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth, or gelatin; an excipient such as starch
or lactose, a disintegrating agent such as alginic acid, Primoge! or comn starch; a
15 lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal
silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring
agent such as peppermint, methyl 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 physical form of the dosage unit, for
example, coatings of sugar, shellac, or other enteric agents.
The compound can be administered as a component of an elixir,
suspension, syrup, wafer, chewing gum, or the like. A syrup may contain, in
addition to the active compounds, sucrose as a sweetening agent and certain

25  preservatives, dyes and colorings, and flavors.
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,orally, but may be adm ni stered parenterally, topically, or in suppository
form A preferred node of adm nistration of the active conpound is oral.
Oral 5 conpositions will generally include an inert diluent or an edible
carrier. They may be enclosed in gelatin capsules or conpressed into

tabl ets. For kheeCquppaxtona pheanaceutiaadpegreptahlinprodsig ar salts, thereofact i ve
conpound can be incorporated with excipients and used in the form of

t abl et s,canraisdbe, miged edibsathes actRizametsrizig tlmldbmot(hﬁ?aiaitthé)tiésikédﬁdd;ﬂlﬂt, agents
and/ or adjuvant materials can be included as part of the 10 conposition.

The t ablgtgth platdrials ﬂﬁa‘t’%UbS@mérﬁ%é‘@ésnr@&Qcﬁd’t? stk @sGiibftiasai n any of the

follow ng ingredients, or conpounds of a simlar nature a bi nder such as

mcrocr%ﬁttlﬁlrlldal éc%‘ﬁ'uhﬁ%rﬂ ﬁé%n b ARSI asO] cﬂﬁ‘hﬁ% r%ﬂﬁ@é%id% lent such

as star ose gratl ng agent i aci d,

Pri el _or corn a 15 lubricant such as Si um st earate or
Stepg'? edP "}Poé'\ndﬁaﬁoq‘éttﬁfﬁ‘ %rs%t?BPPaPHaUSGQ?PF B"t‘fﬁ”tﬁragl‘ B’adeamé&eetenl ng agent
such as sucrose or saccharin; or a flavorin ent such as peppernint,

met hyl $APFYANgpUs, ertoatcah@éplrcaavolcangnclmﬁq f@gowmsqgepwnmf @mis a
capsule, it can contain, in addition to material of the above type, a

l i qui d cterilé¢ dilusmtcﬂu@vsasaw&@tfqr injelctioh nsalithei daltinn, firsd gis, pulyethglens can
contain 20 various other materials which nodify the physical formof the

dosage \ghicols, ighfcerifsapiipyleneQdiyddl &% othersii@dieticsNd s, arfibaetdial aQ@ﬁt@“ c

agents. The corrpound can be adm ni stered "as a conponent of an elrxir,

suspensispAy, a%Hét‘ﬁgl YRERS1or Oumpﬁaﬁﬁ%s%ntfo&?ﬁn‘t&(gu Iﬁa§$§8&b@%{cﬁ%’?t ain, in

addition to the active conp sucrose as a svvee and certain

phalac At A PRy e f@b@%ﬁ%ﬁé}% il o %'%eg%ﬂw%ﬁéa%ﬁ%ﬁw Fxed
with ot gﬁ(r:h %%talc\e(taatgg tcgaitrrat?sl:lssor'E Bﬁosp%%tgso t::midrre!t:)gz%alnrts %or}qthg %%}urs(targeﬁtc cgfI tgﬂlmty
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 phosphate buffered saline (PBS).
In a preferred embodiment, the active compounds are prepared with carriers
that will protect the compound against rapid elimination from the body, such as a
controlled release formulation, including implants and microencapsulated delivery
systems. Biodegradable, biocompatible polymers can be used, such as ethylene
20  vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and
polylactic acid. Methods for preparation of such formutations will be apparent to
those skilled in the art. The materials can also be obtained commercially from Alza
Corpo_ration.

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

25  especially including acylated (acetylated or other) and ether derivativeé, phosphate
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or with materials that supplenment the desired action, such as antibiotics,
antifungals, anti-inflammtories, or other antivirals, including other
nucl eosi de 5 conpounds. Sol utions or suspensions used for parenteral,

i ntradermal , subcutaneous, or topical application can include the

fol | ow regtarenputheaticus salt ®irmsidf ¢hel prasent compbuags Viapesfefred. iOyeest i on,
saline solution, fixed oils, polyethylene glycols, glycerine, propylene

gl ycol erdlﬂbhﬁéklliim@%{rt ilSBLYGRILE hodnfo r@aan;ﬁmowfywptrésen?%Iihpeﬁnaenzyl
al cohol or nethyl parabens; antioxidants such as ascorbic acid or 10 sodi um

i sul Tl kg SrBEhR fohd t@%’cﬁﬁtété&@ﬂreﬁ? of Kl NEH &Iﬂcﬂﬁtae{é 88Re14ife Wiftif

buffers acetates, citrates, hos agent s the

o vt 5 ok BBl B ThesilbA 4t 0['%%&%‘{‘%(1 s Bhuerabie "t i ol 6

dose_vi als made of glass or plastic If adni nj stered intravenous| Y,

preferr @aaeaﬁ?@'@%“%%'am%rsafébe @mdryalf@m whereiapniinaklen it &liveringr ed
saline (PBS). In a preferred enbodi nent, the active conmpounds are prepared
with cathe desired bempaimd topa dargeted site wﬁhpdbedhoagarg:&SIIsm apipdtient toi nat i on
fromthe body, such as a controlled release fornulation, including

I mpl ant snadhelize thedetended effettost tﬂéboﬂﬁ)'d(mdsm?eh@ﬂ’éatrﬁétﬂdﬁ%éﬁﬂhﬂée
bi oconpati bl e pol yners can be used, such as ethylene 20 vinyl acetate,

pol yanh}fﬁébtﬂﬁﬁ,Ind}gdjmﬁh.mhﬁfgcw col I agen, polyorthoesters, and
polylactic acid. Methods for pr paratlon of such formulations will be

I h I bt ai ned
comer o al |y PrHRPaEhe Eirbaphial coimpbelelE Ry Rlie 28 ?m%%zrlﬁoiatg‘é: -
h d f d 25 | | I t
(achhy lmaatern. Silfksepoudkals leeNaoRmoun e GhBophal e SmBaIs “and

various salt forns of the present conpounds, is preferred. One of ordinary
ski |1 i Acearding to thepresart inyentien isaraferabbatiited wikiiafpharmacputisallyt conmpound

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

15  parenteral. In preparing p'harmaceutical compositions in-oral 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, glycols, oils, alcohols, flavoring agents, preser\(atives, 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 techniques. The use of these
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to a prodrug formto facilitate delivery of active conpound to a targeted
site within the host organismor patient. The artisan also wll take
advant age of favorable 5 pharmacokinetic paraneters of the prodrug form
where applicable, in delivering the desired conmpound to a targeted site

wi t hi n tdesagedorms gy sigmificantht imgaict the bioavailability bhthe cirepeladisahftiest of the
conpound in the treatnent of Flaviviridae infection (including HCV

i nfecti qgigtienfo prepare the pharmaceutical conpositions according to the
present 10 invention, a therapeutically effective amount of one or nore of

Lo COMpOUNdS: o AR BREA ol AblSE15S EBhick MFISIAN 4 %ﬁs@éﬁ{;ﬁ%@@é?d with

a pharnmaceut i cal acceptable carrier accor

phar maceyt i cal chn roduce .a dose carrjer

Lake & vaﬂaleeoysrm@% ﬁ'%riagﬁe‘ﬁﬁap@% She B 'ﬂﬂ@q?%?tﬁa B BISRPSE T des) r ed
for adm ni st ration, oral or garent eral . Preparl ng

phar Rac &l &&ler%%spﬂigq’ mayrt@,e mlttﬂeém §&g@teﬂl@r\ﬁﬁt€‘&|® odpe usegdand ual
pharmaceutical nmedia may be used. Thus, for liquid oral preparations such
as suspengintaiged s isterii@,,tharmdrrmuisiltoinermd carmiésihasicalso bersterdlizddaddi ti ves
including water, glycols, oils, alcohols, flavoring agents, preservatives,

col or i ngnjegeie susHtshsidrisamby sfoTBY Fhﬁyaﬂé@% wHith 884 HpSYopliatyf Rjtad at | ons

such as powders, tablets, 20 capsule and for solid preparations such as

SUPPOS| @S, s@yehamgea@ﬂg'&mh%nﬁe:ﬁggpyewa | uding starches, sugar

carriers, such dextTr manni to ose reI ated carriers,

et O L B s BB R P i L OGRS pooe

Theld GUPRRRRgS opRE taaytectonbolkoun B{m%%%g&aégﬁdﬁé‘%kﬁﬁ?i AHGPEP of ¢ he
conpounds in the patient. For parenteral fornulations, the carrier wll
usual | y meandlsp e preparadebynaerentional methods to produce pharmaceut[caiiy
acceptable carriers. This may be appropriate for the delivery of free nucleosides,
acyl nucleosides, or phosphate ester prodrug forms of the nucleoside compounds
according to the present invention. These may be prepared according to methods
15 known to those skilled in the art, for example, as described in U.S. Patent No.
l4,522,811 (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 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 aqueous solution of the active compound or its monophosphate, diphosphate,
and/or triphosphate derivatives IS then introduced into the container. The container -

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

~ disperse lipid aggregates, thereby forming the liposomal suspension.
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aqueous sodi um chl ori de solution, though other ingredients, including those
that 5 aid dispersion, also may be included. Were sterile water is to be
used and maintained as sterile, the conpositions and carriers nust al so be
sterilized. |Injectable suspensions nay al so be prepared, in which case
appropri at e |IThgucampoands acsordiwstpehd ipnesead émtahtioanbeddisel afkleeimow be

enpl oyed. Liposonmal suspensions (including |iposones targeted to viral

ant i gengogitity PhbstsIan® eektamdféiadcte rhﬁ%ﬁétaeéﬂaﬁﬁﬁde%u‘éiyté?nﬁlei?&y onal
antibodies to viral antigens) may also be prepared by conventional nethods

to prod nggma&mywﬁs iné\',M Flé\ﬁﬁﬁgéeé;‘?{f&z:it@f6?6@;@8\6%@1}59 TRYuREn QPG OPr i at e

for the ery o e nucl eosi S, of phosphate ester

prodrug f.or of the nucl eosi,de, conpound accardi ng to the, present

Pvent | Gl edapialge BESomaRaal BEngraeRe: mtydee BESERbOREoN hose
skilled in the art, for exanple, as described in U S Patent No. 4,522, 811
(whi Eh is9 pRERPBRSSRSIMBtadsTopihe Roshylastic treaimentaftirabinjgctiopoanditnpl e,

| i posonme fornulati ons nay be prepared by dissolving appropriate |ipid(s)
(such agarticwanr Bavivifdsspihfeactidn! Irthiaaspecdt aecordingaodpé ppésesth irateintigh,
chol i ne, arachadoyl phosphatidyl choline, and cholesterol) in an inorganic

sol vent théaredant cbaipodflicreanenatado preaitit d8 derly the onskhbfa Fdvivigdadlr i ed
lipid on the surface of the container. An aqueous solution of the active
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derivatives is then i/troduce the cont ai ner. e container 1s then
swirled by el terial.fromthe, sides of the {,ai ner and
to di s&%?'gaﬁﬁﬂb‘%egj é\%sgfcggth%%&eq‘?’h%’r\%%?'Sf%trrfﬁkrfér #}‘?eg?‘fe;])%'ﬂﬁﬁq Oﬁégensi on. 61
The éorrpounds according.to the present jnvention, because of their |ow
t oxil @i t {IS& SRR JRPY O @ cppRQHNg asrardingds themyessat iveatiea 8668 108l oyed
prophylactically to prevent Flaviviridae infection or to prevent the
occur r e@evigting,cpreresting, oy delaying thesonseiof thewirdl infestion.r ki thenf ecti on. Thus,
the present invention
prophylactic treatment according to the present invention, it is preferred that the
antiviral compound utilized should be low in toxicity and preferably non-toxic to the
patient. It is particularly preferred in this aspect of the present invention that the
15  compound that is used should be maximally effective against the virus and should
exhibit a minimum of toxicity to the patient. In the case of HCV infection,
compounds according to the present invention, which may be used fo 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 onset of a Flaviviridae

infection, which manifests itself in clinical symptoms.

Synthetic Protocol

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

25  into eight classes: (i) a compound of formula (I} in which both nitrogens at the 2™
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5 al so enconpasses nethods for the prophylactic treatnent of viral
infection, and in particular Flaviviridae infection. In this aspect,
according to the present invention, the present conpositions are used to
prevent or delay the onset of a Flaviviridae infection (including HCV).
Thi s pr aid4%positons ahe daxt ofprbisyssic aing systemadridoN? isca part phBireemberscheed of
such treatnent, or who is at risk for the devel opnent of HCV 10 di sease, an
amount  gingeasd® NP @usis a£8 MhsthbBerddrind) SuRheREESmpaYRNM i(AD B {f)artdmpoliad

al l eviating, preventing, or delaying the onset of the viral infection. In
the pr iB i i ntl vk ' it is
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shou%ﬂ be xi mal | efLsctive agai nst the virus and should exhibit a
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conmpounds according to the present invention, which my be used to treat

t hese dhe&avembesedsingneychoas ddRr) §via compaumdrofidiasss@nuitdacksgberange f or
therapeutic treatnent (i.e., about 250 mcrograns up to 1 gramor nore

f r om onenémbémd ring,reesh24 4 €E-F)afv) aatompowidibf dQS@?E} biue ks dise 8-
prophyl actic agent to prevent the proliferation of a Flaviviridae
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i nfection, which manifests itse in clinical synptons. Synthetic Protocol
Conpoun ] ' i ' wi vi ded
25 1 nt o e i Sulchiad € (-5, ERRTs CAAFRMIER G8Fen BRgh 2T
nitrQgens at the 2"d 6 nd, 4t h. posi ti ons rt_of a hicyclic r

Cys B0 Biestens Sredts o aebicuisbias subh s hial el Mo E Sriaund o
ring, such as compound 1 (A-D), (ii) a conpound of formula (1) in which
bot h ni it wiishsbeth 3 ﬁéng'ﬂd‘ ritfaganhaporet partsobarotpar fingfsugh asi 8(€).i ¢ ri ng
systemand N2 is a part of 5-membered ring and N4 a part of 6

Bicyclo[4.2.1]nonane system
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R41'{ N\// z
R4
1 (D)
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5 nmenbered ring, such as conpound 2 (A-D), (iii) a compound of class (i)
but | acks the 6-nenbered ring, such as 3 (E-F), (iv) a conpound of class
(i) but lacks the 5- nmenbered ring, such as 4 (E-F), (v) a compound of
class (ii) but lacks the 5- nenbered ring, such as 5 (E-F), (vi) a conpound
of class (ii) But |agks=zhe 6- nenbered ring, suc@/ as 6pfE=7), and (vii) a

conpound in i bot/h 2 and 4th 10 nitrogens_ang partfs oN other bicyclic
ring, such \§¢h7 A CN~_ F lyX(viii) a corrpouRS é}'vvﬁﬂ h h 2Kd and 4th
ni trogens are ot her ring, such as |
Bi cyclo[4.2.R W YXYNX s B NZRS , 4/ N,
Ra' N Ra' R!N| Ra Ra 1 (B) WY XY\ N Kg¥ ‘s’ N,//Z RRs
N~%Z Ra Ra 1®R* 1(D) 63|[WN=Z WN~Z R*
Y : Y
2 (A) 2 (B)
W, /'-f’—-Z
R AN N%/X
R® |
R4 N N
R4 \I_r
Y
2(D)
W X
' H
Rs >_NW/K
R® Z
R4| N\‘/
R4
3 (E) | 3 (F)
Yz X Y- N. X
W, S W X
RE_\S—N__ R \S—N
R5 R5
R NH R4 NH
- R* R*
4 (E) 4 (F)
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Synthesis of Class 1(A - B) Compounds

A compound of class 1, Vin 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 cyciopentane

derivative through a methylene bridge [1(A) and 1(B)] can be synthesized by the

following way (Scheme 1). For example, 5-nitropyrimidin-2-one (9, Y =H, Z=N) or

S-nitropyridine (9, Y = H, Z = CH) is condensed with 1-O-acetyl-2,3,5-tri-O-benzoyl-

~ D-ribofuranose by Vorbruggen procedure to give nucleoside 10 (R =Bz, Ac,



) WHWIRS N/ X5NXRS( RSII" IIll R4
RANARANYN YY55(E) 5(F) 64WW-NZ R RS NN XX RSRS
R4&'" NHR4, NH RA R4 6 (E) 6 (F) WYYN X WYYN X RS X RSINRS RS R4
RA NX" RA&" RANY X' 7(A) 7(B) WYN~- WRS NRS rN RZ

substituted Bz, benzyl, or the like). Treatment of 10 with sodium or lithium azide in

R NHR&' NH 4 4 4 (E) 4 (F
(E)

an inert solvent, such as alkanol, acetonitrile, N,N-dimethylformamide (DMF),
dimethylsulfoxide (DMSO), or hexamethyl phosphoric triamide (HMPA), gives the
corresponding v-triazolo[4,5-blpyrimidine (11, Y = H, Z = N) or v-triazolo[4,5-

5  b]pyridine 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., H2S04, CuS0,, or ZnCl,, or the like) or with 2,2-
dimethoxypropane in acetone in the presence of a catalytic amount of acid, such
as HCI, TsOH, or MsOH. Tosylation or mesylation to 13 followed by heating afford

10  the cyclonucleoside 14. It has also been discovered that the benzoyloxy group
itself fn compound 11 can act as a leaving group. Especially, an acyloxy group
containing an electron-withdrawing grc_Jup, 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 desiréd

15 compound 15. Compound 14 and 15 can be reduced to the carresponding
saturated product (X and Y can be independently CH,, CH-halogen, CH-alkyl, NH,
N-alkyl). Aiternatively, application of Mitsunobu reaction to 12 gives 14 directly.
Also, a protected natural nucleoside, such as cytidine or uridine {(Z=N,Y=NHzor
OH, R = Ac, Bz, substituted Bz, benzyi, or the like, or R',R” = iso-propylidene) is

20 nitrated to 10, and subsequent series of reactions yield 15. From a L-fibosyl

derivative, the L-enantiomer of 15 can be synthesized by the same chemistry.
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NRSKRS R4 NR4, NH R4 X Ra Y 7(C 8(C 5 Synthesis of Cass 1(A -
B) Conmpounds A conpound of class 1, in which the 6-nenbered part of the
bicyclic heteroring links directly to the tetrahydrofuran or
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16 15 14 13

An intermediate 11 can also be prepared by Vorbruggen’s condensation
(Rizkalla, B. H.; Broom, A. D. J. Org.. Chem., 1972, 37, 3980) of a purine containing
5  2-oxo function, such as xanthine, or a strong electron-releasing group at C6, such
as 6-dimethylaminopurine, with a protected ribofuranose. The present invention
also includes our discovery that certain protected intermediates (10 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 comp.ounds of Class 1(A) can also be synthesized from a pyrimidine
nucleoside bearing a good leaving group at the C-5 position (Scheme 2). 5-Bromo-
2’,3'-di-O-isopropylideneuridine (17) is sulfonylated with tosyl chloride, mesyl
cﬁloride, triflyl chloride, or triflic anhydride in the presence or the absence of base

15 such as pyridine, triethylamine, DBU, DBN, 4-dimethylaminopyridine, or lutidine to

give 18. Treatment of 18 with NaNs, LiNs, or KN3 in an inert solvent, such as DMF,
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itself in conmpound 11 can act as a |eaving group. Especially, an acyl oxy
group containing an el ectron-w thdraw ng group, such as p-fluorobenzoyl,
p-nitrobenzoyl, or the like, at the C5" position gives a good result.
Deacetonation in dilute acetic acid, trifluoroacetic acid, diluted m neral
aci d, oDMEOCatMPA, oetialikgi, ghvestthe Sdagidoadkerivatice tpo WipbnlieatGgnt®ingh 14 and
15 can be reduced to the corresponding saturated product (X and Y can be
I ndependestt byIveh cofpotRticlgER prédthdddin highlfield N al kyl) . Al ternatively,
application of Mtsunobu reaction to 12 gives 14 directly. Also, a
protected natural nucleoside, such as cytidine or uridine (Z =N, Y = NH2
or OH R = Ac, Bz, substituted stfggﬂﬁyg, or the like, or R,R' =

i so-propylidene) is 20 nitrated to and subsequent series of reactions
yield 15. Froma L-ribogsyl derivative, the L-enantionmep of 15 can be

synt hesi zed by the g chemstry o 00 Scherrel |2 00 RRORH HR
ORR9 10 11 12 r R A ~o EHRORH 14 13
0
. H
~ ~
19

b

o
7S,

15 14

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

10 Condensation of 6-aminocytosine with tetra-O-protected ribofuranose, 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 abcomplished by treatment with DMF with phosphoryl chloride. De-O-
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An internediate 11 can al so be prepared by Vorbruggen's condensati on
(Rizkalla, B. H; Broom A D J. Og. Chem, 1972, 37, 3980) of a purine
containing 5 2-oxo function, such as xanthine, or a strong

el ectron-rel easing group at C6, such as 6-dinethylam nopurine, with a

pr ot ect benzaiatiarr lartese, sitheapaiodholic imatahalkoxide @l stcoholit aderoliar di scovery
that certain protected internediates (10 and 11, R = Bz) can be directly

conver t floweddbyt iB8pRpTlidathtomc)iend @se antrdmoléuldriNits iRl reabfi®e 8F25has a
great advantage over the traditional synthesis as the targeted 10 conpound

15 can I ' I | 8. 7 ds of C ass
1(A) caﬁﬁlgﬁgﬁéggagﬁ{taﬂggézségvr?{?@%fpéﬁf)%%g @gmﬁs,n%fgqré—%&%gg%%i ng a good
| eavi ng_gr.pu t the G5 position (Schene 2). 5-Brono-

2' | 3 -dP'%ﬁl-aﬁcgg'Zmpyl i deneuridine (17) is sulfonylated with tosyl chloride,
mesyl chloride, triflyl chloride, or triflic anhydride in the presence or
t he absence of base 15 such as pyridine, triethylam ne, DBU, DBN,

4- dithet hyl ami nopyri di ne, or |utidi9ehe®eJive 18. Treatment of 18 with
NaN3, Li N3, or KN3 in an inert solvent, such as DMF, 67 DMSO HWPA, or the
| i ke, gives the 5'-azido deri\:?;lzve 19. Upon hiting 19 in a Hzi nert

sol vent, conpound 14 is produc in high yielg>ySchene 2 H B a6~ HH
OMH O H ROP®47_ %8 19 @ fele) ,QZO HoN 0 HyN 0
—™ Bz ™ B Bz
BzO OBz
BzO OBz BzO OBz BzO OBz
20 2t 22 23

@ﬁ O c B o

27 26 25 24
Alternatively, uridine can be converted into 5-halo-5-O-sulfonyl-uriding-2’,3'-
O-acetal or kefal, such as 5-bromo-2’,3’-O-isopropylidene-5'-O-tosyl derivative (28,
R =Ts, Scheme 4). Base treatment of 28 affords the 6,5'-O-cyclo derivative 29,
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 to 9,5-cyclo derivative 35 by treatment under

Mitsunobu conditions to 34, followed by de-O-acetonation with acid.
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HOH 15 14 19° 5 A plausible nmechanismfor the formation of 14 from 19
woul d be through a [2,3]- dipolar addition of the 5 -azido noiety to the

5, 6-doubl e bond, concomitant with elimnation of HBr fromthe adduct.
Deacet onati on of 14 under acidic conditions affords the corresponding free
compound 15. Synthesis of O ass 1(&cheRe £0nmpounds 10 Condensati on of

6-am nocytosine with tetra- O-protected ribofuranose, such as 20 (Schene
3), under Vorbruyggen's conditions affords the, protected nucl eqside 21,

whi ch, on nitrogation gives t 5-nitroso prdduct 22. Redusf{i dip of the
nitroso group gLKES the tri pyri ni di ne {nuft eosi de 23. nvgl si on of 23
to purine Be acco i th DVF wikg phor yl

chl oride. 8 benzoyl atign in base/ as al coholf | al koxi de or
al coholic a ' y 1 sepropyl
I nt r anol ecul t sunobu regction of 25 s the cyclic p, uct 26,

whi ch, upon a€nNd hydrol ysis,Xaffords the defired product 2 5 Schene 3
NH2 H2 ON | "N H2N Bzo, Q@ . .fJI] H2ZN No HZN O H2N -~' BzO O O~ Bz -~
BZO-i BzO OBzgBzBz BzO OBz BgO OBz 20 21 22 23 31

Y
doah ok ok
0.
e — -—
HO ©H (><) (><0 3{)
35 4 a3 32
Compound 34 can be prepared from 5'-azido-5"-deoxy-2",3-O-
isopropylidene uridine (36, Scheme 5). Bromination of 36 to 19 cén 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 phosphine and ammonium hydroxide in tetrahydrofuran. Nitrosation of
37, foIIoWed by reduction gives 38, which is readily converted into 34. Compound |
' 3_4 can be thiated with phosphorus pentasulfide fn pyridine or with Lawesson’s
10  reagent in an inert solvent such as toluene to give 39. De-O-isopropylidenation of
39 with acid gives 40, which can be desulfated to 41 by treatment with Raney
nickel.- Alternatively, treatment of 39 with Raney nickel and subsequent acid
hydrolysis gives 41. Treatment of 37 with chloroacetaldehyde gives

| pyrrolopyrimidine 42 (Scheme 6). Acidic de-O-isopropylidenation of 42 affords 43.
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NH3CL NH2 NH2 H2 e ONO JINONOH Bz HHOOH Q Q 00 BzO OBz 27 26 25
24 Alternatively, uridine can be converted into

5-hal 0-5'-O sul fonyl -uridine-2',3 - Oacetal or ketal, such as
5-bronp-2',3" -0 isopropylidene-5 -0Otosyl derivative (28,. R = Ts, Schene
4) . Bas@dAlso aldytation with 28riaid alkdshdlides 6n the Greapnte ofibase,aluchasddidm whi ch,
upon ammonol ysis, gives 6-am no-2',3" -0 isopropylidene uridine 30.

Ni tros atdrqja)tavésu%ﬁ S Fatd br s@ﬂi@lrﬁ E!Pﬁ@t%a%@mn h%%&tdeqn érpinéﬁ sofveht QRA by

cyclization produces 33, which is converted to 9,5 -cyclo derivative 35 by
W ih acid d‘@%‘ﬂ@'a menifag Saiils. A%@é&%sﬂfeﬁmﬁ L gHee awse@ %28 26 30 51

ao~o0~Z M 3 4 .30 ou 34 can be
pr epar edzofrreé’ﬁ?% ngzh‘lo a'%@&!wiﬂ» g*ChO”P 54363’(;}8 ﬁ@ QF 8% (36, Scheme
5). Bromnation of 36 to 19 can be furnished 5 by treatnent with LiBr and
ammgi umceriumnitrate in acetonitrile. Conpound 19

Scheme 5
H H ”2“I&‘ H
& LG e
3<0 0 - - 0
26 ‘ 19 37 38

43 42 39 34

\J

gﬁi’f B %[if

HO OH HG OH 0
M . 40 45 4
R = H, lower alkyl of C1., w-hydroxy-, w-sulfhydryl-, w-halo(F, Cl, Br, or I)-,

w-azido-, w-amino-, w-cyano-lower alkyl of C1., or benzyl..

Treatment of 39 with ammonia gives 26, which, upon acid hydrolysis, affords

10  the adenine derivative 27. Treatment of 42 with Lawesson’s reagent affords the
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can be directly converted into the 6,5 -imno derivative 37 in high yield
with triphenyl phosphine and amoni um hydroxi de in tetrahydrofuran.
Nitrosation of 37, followed by reduction gives 38, which is readily
converted into 34. Conpound 34 can be thiated with phosphorus pentasul fide
~in pyri thioeledvative 46 [Sotesse B),svHibh caardentoriveried to ties 6-asvihoalgrivatieh4@s
toluene to give 39. De-Oisopropylidenation of 39 with acid gives 40,

whi ch cap tRetsieatwitAbathbsial DOY-sbpRipaEntidgited #)deazh&d6hine

Alternatively, treatnent of 39 with Raney nickel and subsequent acid
hydrol ygkgystiveesg 41. Treatnent of 37 with chloroacetal dehyde gives
pyrrolopyrimdine 42 (Schenme 6). Acidic de-Oisopropylidenation of 42
affords 43. 70 Also alkylation with various alkyl halides in the presence
of base, such as sodium or pot ass%ghn%c%(rﬁ)onate or sodium or potassium
hydroxide in an inert solvent, suc [T met hyl f or mam de, acetonitrile,
tetrahydrofuran, or the |like affords the correspondi ng 1-al kyl , derivative

44, which, uponjacid hydrol ysik, gives 45. 5 henre 5 HB L }y~H "O N
, Na O HN ,NQK03619 3GH(H NH H | OO0 HOI gi43 42 39 34
~~-R o} o) 0 o}

— > Neef —_——

3<0 3{; 3{) HO OH

5 42 46 47 48

Condensation of sugar 20 with 6-aminouracil under Vorbruggen’s conditions
results in the exclusive formation of 3-ribosyl-6-aminouracil derivative (49, Scheme
7). Nitrosation of 49, followed by reduction gives 50, which, on cyclization affords
91, 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 converted into 54.
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JHO HOOHHOHHOOH QIO 41 40 45 44 R = H, lower alkyl of Cl1.6,

W hydr oxy-, wsul fhydryl-, whalo(F, d, Br, or I)-, wazido-, w amno-,
w- cyano-| ower al kyl of Cl.5, or benzyl. Treatnment of 39 with ammoni a gives
26, which, upon acid hydrolysis, affords 10 the adenine derivative 27.
Treatment of 42 with Lawesson's re&phdmafff ords the 71 thio derivative 46
(Schenme 6), which can be converted to the 6-am no derivative 47 by

treatment with amgppia. De-Oi sopropyNH%enat ion gives 7-deaz i ne
derivative 48. Schene 6 H2 NH2 NH @?OQOCOQXHOO—I 46 A4XT7
48 CondensatquN sugar 20 with GH Z4cil under Vorbr '
conditions resy the excl usi v§ orgation of 3-ribosyl C;Sﬂ Jjpgour aci |
derivative (49, S e Nitrosdti fn & 49, followed by ctPon gives

51, whi ch—s—eenver
opropylidenation of

50, whi ch, ycliji zat i-ﬁﬁ—af-fcﬂz nto|{the free
nucl eosi de 52 aponification. 1
2, 2-di met hoxypr[opane in acetone in presence of a snall
p-t ol uenesul fRxRI cOBzi d gi ves 53, Batd obBz upon treatment un8sd dwkt sunobu

conditions, is c4%nverted i nto 54. 7%BScherre 7

HN \ HN \ HN’/\\
NS N TN T
)\ N™ 0 OA\N (8] O=™N"S0
HO
HO OH 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 (ii) by conversion of the sugar moiety in preformed
nucleosides. For example, condensation of 1,2-0O-acetyl-5-O-methoxycarbonyl-3-
deoxy-D-glyceropentofuranose (55, Scheme 8} with 5-nitropyrimidine-2-one affords
56. The methoxycarbonyloxy group at C-5’ is not a good enough leaving group,
which just undergoes saponification upon treatment with base tq gi\_/e 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-
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NH2 NH2 HN HZ FIN N O  INO O-"NO O-O BzO > BzO > Bz0 BzO OBz BzO 0Bz
BzO OBz 49 50 51 I HNN- HN+ HNN- /'NCO~ OO HO = HO HO OH HO OH 54 53
52 From sugar nodified nucl eosi des, nodified furan ring containing
conpounds are nade. Sugar nodified nucl eosi des can be prepared by (i)
condensatabimofafandsepand theidl sugar coutterpartsgiee teif coresporeimy sugdron of the
sugar noiety in prefornmed nucleosides. For exanple, condensation of

1, 2- O agRidiiedPak2loBldSyS@r bonyl - 3- deoxy- D- gl ycer opent of ura nose (55,
Schene 8) with 5-nitropyrimdine-2-one affords 56. The nethoxycarbonyl oxy
group at G5 is not a good enough |eaving group, which just undergoes
saponi fication upon treatnment with 9@3&1&% give the free 10 nucl eosi de 57.
The free nucl eoside 57 is benzoyl a?e 8, which, upon treatnment with
sodi um azi de in DVF gives 59. Saponifioc,giin of 59 affgords 60. Using

: di fferent sugars, spch as 2-deoxy-D-ri Bofuljanose, Oz
of uranose, 3-@eox of | uoro-D-ri anose,

oA2- deoxysCRLGHuoro- D 73 arabhnofiuranose, and their
is.t hei r corresp i ng sugar

OQAc OH
55 56 57

3- deoxy- 3-f | uor on,Bo
2-deoxy-2-fluoro-D-ri
L- sugar counterparts gi

NI’Nﬁo S ozN\(j

:T (8] 0
Bz
e e

OH OBz OBz
&0 59 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
9. Compound 61 is sulfonylated, typically mesylated, to 62, which, without isolation

is treated with alkali metal azide to give 63. Heating 63 affords the 8-azaxanthine

derivative 64. Acid hydrolysis of 64 gives 65. 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 67 affords 68.
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nodi fi ed anal ogues of 60. Schenme 8 Ii OZ Oy Y1 30000 OAc H3CCco- _ | O Ho-
O QAc c-7-~,1 CAc H 555657 Y000 19Bz .1 g, OHOBz OBz 60 65 56
5 Anot her type of sugar-nodified nucl eoside that can be used in the present
i nvention is carbocyclic sugar nucl eosides. A typical exanple is shown in
Scheme 9. Compound 61 is sul fonyl Schdmd 9pi cally nmesylated, to 62, which,
without isolation_ 1is treated with alkali netal azide to give 63. Heating

63 affords the 8- zaxant hi ne deri ative 64. Acidfhydrolysis of gi ves
65. Thiation th Lawess Qur eagent By £6, whi chi verted
into the 8-azaa en| e derivative |67 treatment wlth amom a.i Acild
hydr ol ysi s to re e @ he isopropyli protectin oup f 6/ affords
68. 74 B N BMﬁ ~ ’\’\ &; O

0. 0 O 0 0

X =< >

61 62 63 / 64

NHE NHR s | I
T 4T ST ST
K A L NS N‘NlN/KO N\IN/KO

™ 0 Q N
OH OH 0><J 0><3 OH OH
68 07 66 65

Post Synthetic Modifications. Various new molecules can be made from
5 class 1 compounds. Compound 14 (Y = H, Z= CH, R’ = R" = Bz) is converted into
the corresponding thione (69, Scheme 10) by treatment with Lawesson’s reagent in
an inert solvent such as toluene or phosphorus pentasulfide in pyridine or tetraline.
Saponification of the benzoyl groups affords the free compound 70. Bromination of
15 (Y = H, £ = CH) with bromine water or NBS in acetic acid gives 6-bromide 71 (X
10 = Br) while treatment with NCS in acetic acid converts 15 into the ch!bride 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 elimination

reaction proceeds and results in 7-substituted products 72.
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HO* ~ MsO N3 ~O Il 'Op 'p OX61 626364 NHRNHRS NNI1I NI I OON
NO OOOHOMHOOO OHOH 68 67 66 65 Post Synthetic Mdifications.

Vari ous new nol ecul es can be made from 5 class 1 conpounds. Conpound 14 (Y
=H Z=CH R =R =Bz) is converted into the correspondi ng thione (69,
Schene 10) by treatnent with LawesSehemmeragent in an inert solvent such
as toluene or phosphorus pentasulfide in pyridine or tetraline.

Saponi fication of enzoyl groupg ound 70.

Brom nati on of H Z = S in acetic acid
gi ves 6-brom de 7% o= Br) whi ppf~@cetic acid
converts 15 into £he chloride 71 nt of 6-halide
derivatives such\as_gonpoundyll gga such as various
am nes, a M chael i1 on and eli rogeeds and results
In 7-substituted prfodicts 72. 75 Scle O OBz BzO OBz HO

15 71 72

There are several ways to convert 8-azaxanthine derivatives into the

corresponding 8-azaisoguanine derivatives. In Scheme 11, treatment of 14 with

5 phosphorus pentasulfide in pyridine or with Lawesson’s reagent in an inert solvent,
such as toluene or methylene chloride or the like, results in the thio derivative (73,
X'=S8H). Treatment of the thio derivative (73, X = SH) or the imidazolyl, triazolyl, or
tetrazolyl derivative (73, X = imidazolyl, triazolyl, tetrazolyl, or O-sulfonyl) with
various amines affords the corresponding amino derivatives 74, which, on removal

10 of 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-O-isopropylidenation.
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NRR XY NOOp HOORHOORHOOR 15 71 72 There are several ways to
convert 8-azaxanthine derivatives into the correspondi ng 8-azai soguani ne
derivatives. In Schenme 11, treatnent of 14 with 5 phosphorus pentasul fide
in pyridine or wwth Lawesson's reagent in an inert solvent, such as
tol uene or nethylene chloride or tHehéineel? results in the thio derivative
(73, X = SH). Treatnent of the thio derivative (73, X = SH) or the

i m dazolyl, triagolyl, or azol yl derivatif& (73, X = ini qpFol yI ,
triazolyl, teiMg2zahyl, or O2s¢t~honyl) with { ous am nes B&f omrds the
correspondi NG \aRg derlvat &, Wwhich, pval 10 o =Y

5 /5. It

protecting g

)\ ' § Of am no-imno

. substituted g eosi de 76,

'“'!" by T O i soyl i denat i on.
H

tautoners. Al go,}al kylation &t {14 gives th
which is convekted into the A ee nucl eosi de

76 Scheme 11 RRy HR NI~ H g 0 14 73 74 whgp R YYO

whenR'=H

v v

0 0
-R i -R
o} 0
—
H H
76 77

i

R = H, lower alkyl of C14, w-hydroxy-, w-sulfhydryl-, w-
halo(F, Cli, Br, I)-, w-azido-, w-amino-, w-cyano-lower

5 alkyl of Cq.5, 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 | nucleophilic attack to produce 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.

77



|l ONRR R "R. I '"Ri Il~r~1 H OOOHHHHHT6 77 75 X=SH, / NFN
or -1 O R=H lower alkyl of C1 6, w hydroxy-, wsulfhydryl-, w hal o(F,
a, Br, 1)-, wazido-, wamno-, wcyano-lower 5 alkyl of O _6, or benzyl.
The sugar portion of 15 can also be nodified. Sulfonylation of 15 to 78
(Schenme 12), followed by Nal treat meabmeiiyes the olefin 79. Agueous base
treatnent of 78 leads to the fornmation of epoxide 80, which is susceptible
to 10 nucleophilic attack to produce 3-substituted arabino derivatives 81.
Cyclic thiocarbonylatifon of 15 to 82§ followed by Bgrton reduction affords
a separable m xtur N et 8 3 , respectively.
77 Schenme 12 H = N3, NRR, SR
hal ogen Y = H, C]—I | ower al kyl of
C1l.6 ¢

X =Nj;, NRR', SR, halogen

Y =H, OH, OR, NRR/, SH, SR
Z=N,CH

R, R'=H or lower alkyl of C, 4

Synthesis of Class 2 Compounds

5 This class of compounds can be prepared from natural 2-oxo or 6-0xo or
2,6-dioxopurine nucleosides. 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-derivative 87. After deacetonation of 87, the desired

class 2, such as compound 88 is obtained. Similarly, xanthosine (89, Y = OH) or
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83 84 Synthesis of Cass 2 Conpounds 5 This class of conmpounds can be
prepared from natural 2-oxo or 6-o0oxo0 or 2, 6-di oxopurine nucl eosides. For
exanpl e, inosine (85, X = H, Schenme 13) or guanosine (85, X = NH2) is

| so- propylidenated to 86, which under Mtsunobu conditions gives the

3, 5' - cyd$aguimosingt (89e Y87 NHA) tsetreated wétho2 2t dimetiadxypiopanedn destanedn thé ass 2,
such as conpound 88 is obtained. Simlarly, xanthosine (89, Y = OH) or 78
| soguan@sésendetst.a datalyitiimointtof @atRed W tHe cbrisspoiBing BiRpane in acetone
in the presence of a catalytic anobunt of an acid to the correspondi ng

2,3 - Oisdiﬁeﬁilgféﬁbicf&?%tigf Qby%icﬁeuﬁg%r %&ﬁ&q%@ﬂiﬂm%ﬁ%r@ﬂwi tions,

I's converted 3, 5" -cycl o- hucl e6si I SOpr o atrton with

20 A TR et 68 81 P B S el TERE B0 VsoD I nt hesi <

of ass 3 Conpounds _Treat nent of 1-methyl 5-am no-5-deoxy-riboside (93,
gﬁre £ysloppelg '?’ﬁﬁz

Sch Og
Scheme 13
0 0 O
Hi
H — ' — —
i o < H oH
35 . 86 87 88
H
Hi
”jﬁzf“* 3@2‘_’
OH 7 ><
89 90 921 92

Synthesis of Class 3 Compounds

Treatment of 1-methyl 5-amino-5-deoxy-riboside (93, Scheme 14) with ethy!
10 N-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 treatment .of aminocyanoacetamide with ethyl

15 formimidate hydrochloride (Shaw, G.; Warrener, R. N.; Butler, D. N.; Ralph, R. K, J.

79



10 N-carbanoyl -cyanonet hyl form m date (94) affords the 1'-nethyl

ri boside-5 - ylimdazole (95) (Shaw, G ; Warrener, R N.; Butler, D. N

Ral ph, R K, J. Chem Soc., 1959, 1648). Upon acetolysis, 95 is converted
into the desired cyclic conpound 96. After saponification, the targeted
pr oduct (ernsSohf 495%d164B) er tiethglemthd@drraate (Daispeleddr £dHbdickrBal.rent  of

am nocyanoacetam de with ethyl 15 form m date hydrochl oride (Shaw, G ;

War r eneRodfsdW, D. Bt Refg, P. WN: ShE# B, J. ’ohdm. Soc., PRrihTRans3qc19731959, 1648)
or triethyl orthoformate (Cusack, N J.; Hldick, B. J.; Robinson, D. H;
Rugg, P.4/M) Shaw, G, J. Chem Soc., Perkin Trans. |, 1973, 1720).

Al ternati ve?'y, I nternmedi ate 95 is prepared from 5-chl or o-5-deoxy-ri bosi de

5 (98, Sche 14) in the foll.ow pg.manner. JTrea t 98 wi.t h.pget hyl 5-
i trof m dasorieiiatiyBubiehtedit 88 S BERar RS St de paibonds
correspondin am ne 100. Ammpnol ysis of the ester 100 gives 95. Also, 100
is cycl i(98S 14} rethg fpliowingdnanasronkreatinentiof 9ghwith methwP-armonol ysi s
gives 97. Scheme 14 NH NNH2 g | NHz NCCHCONH NH (°, H F Cry =CHO@Hy NHz
94 CH, nirimidlaRialed3-@aBb@6/Iate affords 80HvhimbHs reduted ORBeNOrrespbndingFy Cfi, PC
OAc

amine 100. Ammonolysis of the ester 100 gives 95. Also, 100 is cyclized under

acetolysis conditions to 101, which, upon ammonolysis gives 97.

Scheme 14

NHz N NHZ
NC-GHCONH, I Iﬂ\ (
Hz CHy N=CHOCHs NH:;HG d
- >
QOAc
~
93 95
G‘—\Q/JCH:;
98

R,
' OCH, OCH;,
MO, - TRHg
CHs
—

| NH,
é ;H
H OH
\ 96 9’1
OCH,
H
Y B -
C. Act QA
>
100 101
10 99
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 C-5,
such as 2',3'-O-isopropylidene- 5-methyluridine (102, Scheme 15). After

15 | sulfonylation of 102, the product 103 is converted into the 5-azido-5-deoxy
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10 98 99 100 101 Synthesis of Cass 4 Conmpounds C ass 4 conpounds are
synt hesi zed by three different ways. The first process is to start with a
pyri m di ne nucl eosi de bearing a non-leaving group at G5, such as

2',3 -0Oisopropylidene- 5-nethyluridine (102, Schene 15). After 15

sul f ony dativativeo104, Gdhicl, hepgor lnehtitig, 08 irertsolventt dhi ag DM gives the
5'-azido-5'-deoxy 80 derivative 104, which, upon heating, in an inert

sol vent ceelRSpraguEM06 gia\Rs intBenedistd 165 RitAbdhcodany tcdeddtcof rﬂir_@({;éﬁ‘di ate 105
Wi th concomtant release of nitrogen gas. A [2,3]-dipolar addition of the

e o THS! 1 2 e SRt ORI g S SRl R ERSEs 1
o N5 P B 08 B PP BT 10

106 _Cyclic carbonate, cyclic orthoester, benzylidene, or other cyclic
groups Ezolansgnd subsequent elimination of N results in the formation of 106.

Scheme 15
L L O
0 O
Hi » RO.S! _ - Na
S e T
102 103 104
Hal
r> ) H )
0 N, H o
5
0 .
> <
. 105 - 106

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

serve as protecting groups.

10 Compound 19 (Scheme 5) from uridine can be converted into 37, which,
after de-O-isopropylidenation gives 107 (Scheme 16). In a similar manner 108 can

be obtained from 38.
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serve as protecting groups. 10 Conpound 19 (Schene 5) fromuridine can be
converted into 37, which, after de-Oisopropylidenation gives 107 (Schene
16). In a simlar manner 108 can be obtained from38. 81 Schene 16 O Br~
11,., OHI:O Ny N3 X X 36 19 37 H H LOH"NNO O EHOHHO O 108
38 107 When 5-brono-2', 3' -0 i sopr8ghdmddee-5' - O sul fonyluridine (18) is
treated with anmonia or nethylam ne, 6,5 -cyclonucl eoside 111 (Schene 17)
is obtained 5 via intergediates 109 agd 110. Scheme g7 H H™ HOOp D O-
T
&
N N

r~ Rxz3 ~ O B
X X ney
N o 0___,_“3 o o w
LI

36 19 37

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  via intermediates 109 and 110.

Scheme 17
B\(t H B\([ H H
0 /* 0 o
RO,S — RH U
S <
18 - 109 111

The third route starts with alkylation of 6-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 to dihydroxy compound 115 by saponification.
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18 109 110 111 The third route starts with al kyl ation of
6-am no-pyrimdinone (Z =N) or - pyridone (Z = CH), with
5- hal ogeno- 5- deoxy- 2, 3- O-i sopropyl i dene-ri boside (112, 10 Schenme 18) in
base to give 113. Acetolysis of 113 affords cyclization product 114, which
is converted to di hydroxy conpoun&chemdédggsaponi fication. 82 Schene 18
Cl--1 pcey y tf HUry OH OGAC MO OM 112 113 114 115 Synthesis of Cass 5
Compounds Treatnment of 3,5 -cyclo-2',3 -0 isopropylidene-guanosine (88, X =
NH2) or 5 -inosine (88, X = H) zch X is
hal ogen, small al kyl, S al kyj¥ ives the
correspondi ng. Pt ¥t ~dari vl se treat nent of
the quaternary s opens the ed product 117.
Alternatively, résgfion of 2,%4.di chl oropy#fnmieFne with" ©H
2,3-0Oisopropylidene-5- 10 O-trityl-ribosylam ne (118) gives 119, which is
converted in two é’tzeps (sel ecti¥e de- O-tritid ation and & fonyl ation with
tosyl chloride in pyridine) into the quaternary salt 120. Treatnent of 120
with water, followed by neutralization affords the desired cyclic conmpound
121. Ingte af t IS opyl i depe protecting group, cyclic carbonate,
cyclic SVP?T?)%??@’{&%%%?%R&"‘& other cyclic groups can al so serve as
15 protecting groups. 83 Schene 19 0 r~ .

Treatment of 3,5'-cyclo-2’,3'-O-isopropylidene-guancsine (88, X = NH;) or

5 -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 product 117.

Alternatively, reaction of 2,4-dichloropyrimidine with 2,3-O-isopropylidene-5-
10 O-trityl-ribosylamine (118) gives 119, which is converted in two steps (selective de-
O-tritylation and sulfonyiatiori- with tosyl chloride in pyridine) into the quaternary sait
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 groups can also serve as

15  protecting groups.
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~Ns rHs NH H %0088 116 117 N i HH~ 11 H T T H+ 2) TsCUpyr O O 118
119 120 121 Synthesis of O ass 6 Conpounds This type of conpounds can be
synt hesi zed fromregul ar purine 5 nucl eosides. For exanple,
2',3" -0 isopropylideneadenosine (122, X = H, Schenme 20) is sulfonylated to
123, which, upon heating, cyclizesSéeraeq@aternary salt 124. Base
treatnment of 124 affords 125 which is then treated with acid to give the
desi red product 126. Thi's sequence of reactions can be applicable to other
purine nucl eosi deg and purine nucl osmde anal ogues, sdjuchgias guanosi ne,
i nosine, 10 toyokgMyeidn, tubercidi o\ f or nycin, etg Ytural | y-occurring
i m dazol e nucl egs o conver t ed o .ne
2',3" -0 1isopropyl jdeng whi ch, after fonylation to 129,
foll owed by heatipg™Njh an—inart so in theprese f a strong base

d [ fclic product 13 acetonation of

88 116 117
13 gu
2 H H H
K k 1) H*
—_— — —_—
o 2). TsClpyr o
< >< <

118 119 120 121

Synthesis of Class 6 Compounds

This type of compounds can be synthesized from regular purine
5 nucleosides. For example, 2',3’-O-isopropylideneadenosine (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
desired product 126. This sequence of reactions can be applicable to other purine
nucleo_sides and purine nucleos?de 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 to 129,
fc:)llo'wed by heating in an inert solvent in the presence of a strong base such as

DBU, cyclized fo yield the cyclic product 130. Deacetonation of 130 in acid affords
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the desired compound 131. This sequence of reactions can be applicable to
other 5-am no-im dazole, -triazole, or 2-am no-pyrrol e nucl eosi des.
Instead of the isopropylidene protecting group, cyclic carbonate, cyclic
ort hoester, benzylidene, or other cyclic groups can al so serve as

pr ot ect ithgdgsicrchsompoGatididd. ZG}is—lseqUeMel-beeaCWnsl-thCﬁ@aEﬂmqblﬁd dipér 123 124
i 5126 Fh Hz HyN \\ z ttt~~~fffJ~~~~ ~tttJYY ~'|I~ HH Hz HHz R¥%

HO OH O5-alird=-infitlaZdte 12daZdl8, dr2laiifb-pidolentiidtasidss. Onsfdarisst tife Conpounds
This cl ass of corrpounds can be synt hesi zed from 1-ri bof uranosyl pyri do[ 2, 3-

ﬂ)px:]::lgsgj&ﬂngéylﬁghé%d&t'ﬁgg%u%%@%@opa&‘&wg%@%&%&beé%@ené7 3980;
Crom bl e ot B iR SCCad Bidteount walBhST apprbach 15 to start

wi-th 5-cyanouridine (134, Schene 21) whi ch can be prepared in two-steps

from?2 ,3 -0Oisopropylidene-5 -0t | -5- bronouridine (132) (Anderson, G
room A D., J. g. em,
rTflB A. D, J. Og. Ch mg 20 977) .
. Hy Hz
H N H
>RSD 7
— —_—
/o o>/o OH
.
122 12\3 124 125 126
“H:'I | %
D‘Q/ —
>’ > ><
~ ~
127 128 129 130

Synthesis of Class 7 Compounds

This class of compounds can be synthesized from 1-ribofuranosylpyrido[2,3-
dlpyrimidines (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-ribofuranosyl-
pteridines (Pfleiderer, W.; Autenrieth, D.; Schranner, M., Chem. Ber., 1973, 106,
317). However, the easiest approach is o start with 5-cyanouridine (134, Scheme
21), which can be prepared in two-steps from 2,3'-O-isopropylidene-5’-O-trityl-5-
bromouridine (132) (Anderson, G. L.; Broom, A. D., J. Org. Chem., 1977, 42, 977).

15  Treatment of 132 with benzyloxymethy! chloride i'n DMF in the presence of DBU
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15 Treatnment of 132 with benzyl oxynethyl chloride in DMF in the presence of
DBU 85 affords the protected nucl eoside (133) in high yield. Conversion of
133 into 134 in high yield is achieved by treatnment of 133 with sodi um
cyanide in DVF according to Inoue and Ueda (Inoue, H; Ueda, T., Chem
Phar m Btfbids, theprétecksl n2d&dsgide (V8&in high vield. r €ahestsivint of 133hpto t34pacet at e
in al coholic sodium al koxi de, such as 5 ethanolic sodi um et hoxi de,

7- am nohghbaaiais esurRed Hy-tledtenBof 133 SRR M ISARe in DMF according .
5 -0-trityl-[i-D-ribofuranosyl)pyrido[2,3-d]pyrimdine-2,4(1 H, 3H™di one- 6-

et ! caiepieait (A32)1nb8eOR AARH 1 nCABRK Pl p, fodshi 99 A7l 35 over

pal | adi um charcoa enoves 't he protéecting groups at

simulta ) i Vi 136 | ood vigld. The, 7-amino group.in 136 is
conver t M1 3 Bt 8%e WiiuehvSRtbatetis intlondis Rl R boRis s gi ve
137, _which, upon treatnment with triphenyl phosphine and diethyl

azod c a?ﬁ@ﬂ?“&?@?‘%?ﬁ%ﬁ@s 7e3rpine abesrYlewymaBYH -(2hE-Otiseryepiifaensmpounds
138. Reaction of 139 with Iiquid amonia or ethanolic amonia gives the
cor r es pbn@itntyl-PaPbthodmanesyiigyridefR, 3Hdlpwirhidind:2r4(tHiBHk diedeitat o 6- cyano
derivative 141 by treatment with trifluoroacetic anhydride in a m xture of

15 di oxatmglcarisbxyyatedil 85) is@btsinbe e gddd Bleld®r REdUeatsr 88 ovetpatizahiPCY0
PhCHzOCH2 C KHHCOH NHz H O T T T (CsFy} H~O Oiitt@132 133 134 135 136

N H H2Neh&:68! rénfdvies th Br&tecting groups at N3 and 05’ simultaneously giving 136 in

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

10  deamination with nitrous acid to give 137, which, upon treatment with
triphenylphosphine 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 into
6-cyano derivative 141 by treatment with trifluoroacetic anhydride in a mixture of

16  dioxane and pyridine.
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t feOOOO H HOHHOHdHOH( p 141 140 139 1x38 137 Synthesis of

Cl ass 8 Conpounds

1- Ami no- 1- deoxy- 2, 3-O-i sopropyl i dene-5-0-trityl-D-ribofuranose (142, 5
Scheme 22) is treated with ethyl carbamate to give
(2,3-0Cisopropylidene-5-Otrityl- Schetmef2t anosyl ) uret hane (143). Sel ective
de-O-tritylation of 143 in 80% aqueous acetic acid, followed by ammnia
treatment affordg isopropylidene ribgsylurea (; . Application of

Mt sunobu reacti ' ] g, diethyl

azocar boxyl at e"}i 0) .

10 145 afford [ : A1 VFeT™:,
2, 3-0-isopr i fene; ' ur £t eyl ori nat gd t hi onyl
chloride in ajh ( : R to give 1, 5-MiLhloro-1,5-

di deoxy deri ' , ¥’ne af fords
the desired ¢ 1 4 OF cycl'f3 uani di ne (14 36X = NH).
Deacet onat i on 5 of 145 affords . 87 Schene 22 T Tt HGCNI—f H HCO. NHz H
NHy %--j ]b - ( )b /O XO 142 143 144 145 i

s

Synthesis of Class 8 Compounds

1-Amino-1-deoxy-2,3-0O-isopropylidene-5-O-trityl-D-ribofuranose (142,

5 Scheme 22)is treated with ethyl carbamate to give (2,3-O-isopropylidene-5-O-trityl-
D-ribofuranosyl)urethane (143). Selective de-O-tritylation of 143 in 80% aqueous
acetic acid, folowed 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

10 145 affords the target cbmpound 146.

Alternatively, 2,3-O-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 = O) or cycllc guanldme (145, X = NH). Deacetonation

15 of 145 affords 146.
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x HCC H OHHOH 147 148 146 This invention is further illustrated in
the Experinental Details section which follows. The Experinental Details
section and Exanples contained therein are set 5 forth to aid in an

under standi ng of the invention. This section is not intended to, and
shoul d not be interpreted to, |imS$chémam2 way the invention set forth in
the <clainms which follow thereafter. EXAMPLES Melting points were
determined in open capillary tubes on an Electrothermal , 1B digit nelting
poi nt appar at usx@and are uncakLect egheantnes '

recorded on an UviKOM

oneter i ,‘,r hanol . 1H NWR
ri apn-tmi t y= us 400

downf i el tsét0om i nt er nal
tetramet hyl sil ane as reference.” Deuteri um exchange, decdupling experinents,
or 15 2D- COSY were lgérforned i nlérder to coldd La™prot on d4xignnents. Signal
multiplicities are represented by s (singlety; d (doubl ek), dd (doubl et of

doublets), t (triplet), g (quadruplet), (broad), or (multiplet). Al
J-values are in Hz. FAB 88 mass spectra”were recorded inythe positive-
(FAB>0) or negative- (FAB<O ion e on a JEOL DX 300 mass spectroneter.
The matrix was g:nitrobenzyl, alcohol (NBA) or a m xtur 50: 50, v/v) of
gl ycerol and thio el (GT) gific rotations weneag#asured on a
Perki n-El mer 241 s tropalgri r (path length 1

147 148 146

This invention is further illustrated in the Experimental Details section which
follows. The Experimental Details section and Examples contained therein are set
5 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 thereafter.

EXAMPLES

Meiting points were determined in open capillary tubes on an Electrothermal
10  digit melting point aﬁparatus and are uncorrected. The UV absorption spectra
were recorded on an Uvikon 931 (KONTRON) spectrophotometer in ethanol. 'H-
NMR spectra were run at room temperature with a Varian Unity Plus 400
specti'ometer. 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 assignments. Signal
multiplicities are represented by s (singlet), d (doublet), dd (doublet of doublets), t

(triplet), q (quadruplet), br (broad), or m (multiplet). All J-values are in Hz. FAB
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5 cn) and are given in units of 10-1 deg cn2 g 1. Elenental anal yses were
performed by Atlantic Mcrolab Inc. (Norcross, GA). Analyses indicated by
the synbols of the elenents or functions were within 0.4% of theoretical
val ues. Thin layer chromatography was perfornmed on What man PK5F silica gel
pl at es, mashspadisusticzzcootedin the positive- (eABreD)aramyative h@hBxs0)ibh absor bency
foIIovved by 10 charring with 10% et hanolic sulfuric acid and heating.

Col utm  chodereh GUIEDhDX BES neays $rittouicten Bhé hedithlas(Fhdeenzy$733-1) at
at nospheri c pressure. EXAMPLE 1

(il(() 2.3 3;&hoT(NB%B?QH O_&ur@}{z)b EbW/WBP@?%HrOI) 3nd gﬁ%g@g&&ﬂ @g?nﬁé%?'h? - :ne
armmonruPERba I U T PG BRSSP A o RO

reno ed uo, .and, the | d di ssolved in 1,2 dichl oroethane (100 m).
To t %’& IR %‘?'é“h‘él‘?ﬂﬁ)ofs" Qfé&%g/ pm% 981 5&9F‘1&f@ftﬂi}?ﬂﬁﬂ3 werg_Rerri®dur anose

(19 g, 37.6 mml) in anhydrous 1, 2-dichl oroethane (100 nL) and 20 1 N
sol uti orbyoq\ﬂétl'itiﬁ Mllcmlal@ inc(Naecross, A hyAealgsesindidatied by te8symbolsaidhe he
m xture was heated under reflux for 8 hours. After being kept at room

t enper atalgraeniswafonglons wdre witiie i @A%Hitheoretioabvaluésit FHinwaydr net hyl ene
chloride, washed with saturated sodi um carbonate solution, and filtered

t hrough cﬁr&ﬁéﬂogﬁam%agbéﬁoﬁﬁéﬁﬂhQNh%n %Fﬁﬁﬂ@él%te%ﬁﬁd with water,

dried, filter and concentrated 25 to give a residue, which was

22 iéL.ﬁﬁﬁﬁﬁWEﬁ”&é&rﬁ afd W%&¢£§@%8%9&03%0'1%ﬁ’ B0t hose
rep?éte or this

DeReRel 40% SERaRARG RIS 2 and reafingn Solurpn dkremetography, = ory

was carried out on Silica Gel (Fisher, S733-1) at atmospheric pressure.
EXAMPLE 1

1-(2°,3",5°-Tri~-O-benzoyl-p-D-ribofuranosyl)-5-nitropyridine-2(1H)-one (10, R =

Bz, Y =H, Z=CH).

15  5-Nitro-2-pyridone (5.6 g, 40 mmol) in hexamethyldisilazane (80 mL.) was refluxed
with a catalytic amount of ammonium sulfate for 6 hqur in an argon atmosphere.
Excess solvent was removed in vacuo, and the residue dissolved in 1,2-
dichioroethane (100 mL). To this solution were added 1-acetyl-z',3,5-tri-0-benzoyl-
B-D-ribofuranose (19 g, 37.6 mmol) in anhydrous 1,2-dichloroethane (100 mL) and

20 1N 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
overnight, the reaction mixture was diluted with methylene chloride, washed with

~saturated sodium carbonate solution, and filtered through a Celite pad. The
organic layer was separated, washed with water, dried, filtered, and concentrated

25 to give a residue, which was crystallized from ethanol. The product 10 (15.53 g,
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5 A mxture of

5-nitro-1-(2',3 ,5 -tri-0O benzoyl - (3-ribofuranosyl)-2-pyridone (10, R =

Bz, Y=H Z =CH 100 ng, 0.17 mmol) and saturated nethanolic ammonia (10
m-) was stirred at roomtenperature for 12 h. The m xture was concentrat ed
to dryriEd¥s) wasdbtdieed esiadsalidt riHeutHNAMR Wik émBtepklin DMB®@pvdretvent0 (R = Y
=H Z=0CH, which was collected and recrystallized fromwater (37 ng, 81
% as a silseabig e ewdrwasf@m_demzm 63.64 (m 1H, 390 (m 1
H, 4.01 (m 3H) , 6.48 (d, J =10.4 Hz, | H, 8.12 (dd, J =
3.2, 10 Hz, 1H) 965(dJ 32Hz 1 H. EXAMPLE 3

3((3D @511 osyl) - 1deaza8azapur|ne20ne(11 R=Y=H Z=CH. A
m xt ure of Fg@ Y=H Z=CH 54 ng, 0.2 mvl) and sodi um azi de (20 ng,
15 0.3 nmmol) in DV (20 nmL) was stirred at 110-120C for 12 h. The m xture
was coretfiD-Ribofurancs yih8astropydidihe-2( Hi)-dne (PO R = ¥ek HyZsi CHE.a gel col um
chromatography wth 15% MeOH in CH2CI2 to give 11 (R=Y =H Z =CH (32

6) 6,353 (m 1 H, 3.66 1H, 3.88
é H)ﬁ m”ﬁﬂi%Of%r@qr%-%g?% (t% ,33&'-&45'Pofmrwsy#%@ym@zonesﬁbwh(ﬂ J =52
, (Zo =20 6Hz, 1 H, 6.33 (d, J =6 H, 1 H), 6.46 (d, RE
9 6 Hz Eaij Ha T Qh, 100 mge 061 HAMal) amg satenatied r@uhanquamrrmﬂ,M% C,
44.78; H, 4.51; N, 20.89; Found: C, 44.60; H, 4.53; N, 20.60. 90 EXAVPLE 4
3-(2', 3'm|C}Was>pti1mpd lat cteora 1€ pBratudeofonn amosThe mixtdeawas Soazantatedes 2- one

(12, Y =H CH). To a solution of 11 (R=Y=H Z =CH (5.0 g, 18.65
mol ) iy égsxtanaehmea@@é&n@raté—‘n (WitA EFTOH tobié ?\fﬁté?’@{l’?‘ Y = 2@  OR e added
p- TsOH (353 ng, 1.86 mml) and 2, 2-di net hoxypropane (7.7 g, 1),

dth
neut r af ! e dﬁ% ARG A ol PRI hTRR 40 Sl ir e
10 "HNMR (DMSO—d6+DZO) 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-2-one (11, R=Y = H, Z = CH).

A mixture of 10 (R =Y =H, Z = CH, 54 mg, 0.2 mmol) and sodium azide (20 mg,
15 0.3 mmol) in DMF (20 mL) was stirred at 110-120°C for 12 h. The mixture was
concentrated to dryness, and the residue purified by silica gef column
chromatography with 15% MeOH in CHyCl; to give ‘f1 (R=Y=H, Z=CH) (32 mg,
60%) as a solid. 'H NMR (DMSO-ds) & 3.53 (m, 1H), 3.66 (m, 1H), 3.88 (m, 1H'),
4.16 (dd, J=5.2,9.2 Hz, 1 H), 4.79 (m, 1H), 5.04 (d, J= 5.2 Hz, 1H), 517 (d, J=
20 6Hz,1H),6.33(d, J=6Hz 1H),6.46 (d, J=9.6 Hz, 1 H), 8.01(d, J= 9.6 Hz, 1
H). Anal. Calc'd for C1gH12N4Os: C, 44.78; H, 4.51: N, 20.89; Found: C, 44.60; H,

4.53; N, 20.60.
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precipitates forned renoved by filtration. The filtrate was concentrated in
vacuo, and the residue dissolved in CH2CI 2 and washed successively with
brine and 10 water. The organic |ayer was dried (Na2SO4), concentrated, and
the residue purified by silica gel colum chromatography to give 4.0 g
(75% ofEmP[E:4H, Z= CH. "HNWR (CDCI3) 6 1.29 (s, 3H), 1.57 (s, 3H),
3.80(m1|—|), 90(m1H),434(m 1H, 505(m 1 H, 524 (m 1
H), 6.54 (d, H, 5.6 Hz 6.64 (d, 1 H J = 9.6Hz), 15778g(d,1H,
J =9.6 2 ,SE@;mWyhdene-B- -rlbofuranosyl) 1- deaza-S—azapurlne-Z-one (12,

3-(2',3 -0O1lsopropylidene-5 -0Otosyl-(3-Dribofuranosyl)-1-deaza-8-azapurin
e-2- oneKHlZ3=6H. p-MPhS2, Y =H Z =CH). To a solution of 12 (Y =H, Z
= CH 5.0¢9g, 16.9 nmol) in CH2CI 2 (50 nlL) and 20 pyridine (50 nL) were

205 )3 SRRHODIRE THOR Tives Kad SN G0 G % SEnrai B Amiae kit . The

m xture was concentrated in vacuo, and the residue dissolved in et hyI
acet t e (2500 )rand BMF (B9smby ahDIG wase @dded PxTSOHBH3 muyiel .86 gampb andyer was
dried (Na2SO4), concentrated, and the residue purified by silica gel columm

91 chr or?ai.—dgnanblbxymmpgheeﬁﬁg,(ﬂ.@ nmbH PhsiDthe Mixtutd wds stidell oasrrightedt! ow
solid (5.9 g, 80%. This product was unstable. EXAMPLE 6

9, 5' - Oy ebOmIefmperdturdi Tﬁé%ﬁﬁﬁéb\ré@ rliédttem%ar\mp@dlamh&@%ﬁat% aﬁawl ne-2-o
ne 5d|rectlyfrom10 (R = Bz, H Z =

0 ettt o by b, ARGt BT

oy, T R ISR L, YA LIS 530 U, B L 2 11 e

10-  water. The organic layer was dried (Na,S0,), concentrated, and the residue
purified by silica gel column chromatography to give 4.0 g (75%)of 12(Y =H,Z =

CH).

"H NMR (CDCl3) & 1.29 (s, 3H), 1.57 (s, 3H), 3.80 (m, 1H), 3.90 (m, 1H), 4.34 (m
1H), 5.05 (m, 1H), 5.24 (m, 1H,), 6.54 (d, 1H, J = 5.6 Hz), 6.64 (d, 1H, J = 9.6Hz),

15 7.78(d, 1H, J =9.6 Hz).

EXAMPLE 5

3-(2’,3’-O-Isopropylidene-5’-O-tosyl-$-D-ribofuranosyl)-1-deaza-8-azapurine-2-

one (13, R = p-MePhSO,, Y = H, Z = CH).

To a solution of 12 (Y =H, Z = CH, 5.0 g, 16.9 mmol) in CH:ClI; (50 mL)'and

20  pyridine (50 mL) were added at 0°C p-dimethylaminopyridine (2.47 g, 20.3 mmol)
and TsCli (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 washed with water (2 x 50 mL). The organic layer was

dried (Na2S0s), concentrated, and the residue purified by silica gel column
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chromat ography with Et QAc in hexanes to give 14 as a solid. 1H NWR
(DVSO-d5) 10 b 5.00 (dd, J = 4.4 and 14 Hz, 1 H), 5.33 (m 2 H, 579 (t, J
=48 H, 1 H, 58 (d, J=52H, 1 H, 6.44(d, J =9.6H ,1H, 6.75
(s, I H, 7.32-8.08 (m 10 H, 8.14 (d, 1 H, J= 9.6). EXAWPLE 7
9, 5' - Cy dhoeiBdafdddaphy tooglen3nsy b MePHSDLAYS= Bz &ptiCH)&rs?a 9kow 6lid (6. H, Z =
15 CH). Compound 14 (Y =H, Z = CH, 160 ng, 0.35nmmwl) was treated with 0.5
M et hgn@oog). sads pradiRt M #italler oom tenperature for 1 hour. The m xture
was neutralized with acetic acid, concentrated in vacuo to dryness, and
the residue purified by silica gel col um chr omat ography with 5% MeOH i n
CI—|2CI2 tw&é@ 20 (54 ng, 629% as a white solid. 1H NVR (DVSO-d6) b 3.98
4.13 (m 1 H, 4.61 (t, J =4.2 Hz, 1 H, 4.83 (dd,
5.02 (d, J = 13.6 Hz, 1 H), 537(d J=72Hz
1

J 4and136Hzl

H),
5. 08 Tebexs 2 g Binatp gt Hedfleatorly i utne 2o,
2 os, N, 22,39 FounzB . H,_4.06. N 22.45 EXAVPLE 8
2+, 35. odirggthvofsom 4 %Bﬁsr‘érmﬁrldi%l)((l’ﬁ)l? 3 R B3nd 7 Haiéie GHlso g, 0. 403

rml) was suspended in acetone (1 L) and treated W|th IMHCI in Et20 (25

-) fora r I
neut rali z'ée]’@d tﬂfﬁmw%y Eo&‘ﬂyH‘aﬁ b(?}%?gn evag 'ﬁe in vacuo.
The reS| cr fromEtO—I ive ( 4 49 a white
so 1 4. PRI BB e wés(%ﬁedsan@%é’t dftiéo(%?ﬁ? cor s Iy (2t
mH105aandI-|-5b 412(1H 4'), 4.75 (1 H dd, H3J =
3.6, 3 SOb'emt}ﬁ@ﬁremoyﬁd i yagyo,gnd thezeSIdgte:prﬂad by &HK@ geligejumsy . 32 (1 H I,
J=52H), 5831H d HI1, J=228
chromatography with EtOAc in hexanes to give 14 as a solid. 'H NMR (DMSO-dg)
10 35.00(dd, J=4.4and 14 Hz, 1 H), 5.33(m, 2 H), 5.79 (t, /= 4.8 Hz, 1 H), 5.88 (d,
J=5.2Hz, 1H), 644 (d, J=9.6 Hz ,1H), 6.75 (s, 1 H), 7.32-8.08 (m, 10 H), 8.14

(d, 1H, J= 9.6).

EXAMPLE 7

9,5’-Cyclo-3-(B-D-ribofuranosyl)-1-deaza-8-azapurine-2-one (15, Y =H, Z =

15 CH).

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 mixture was
_neutra!ized 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) 8 3.98 {t, J=4.4 Hz, 1 H), 4.13
{m,1H), 461 J=42Hz 1H),4.83(dd, /J=4and 13.6 Hz, 1 H), 5.02(d, J =

13.6 Hz, 1 H), 537 (d, J=7.2 Hz, 1 H), 5.76 (d, J= 4.8 Hz, 1 H), 6.21 (s, 1 H), 6.36
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Hz), 8.38 (1 H s, H6), 11.92 (1 H s, NH. EXAWPLE 9

5' -0 Benzoyl -2',3 -0 isopropylidine-5-bronouridine. 15 Benzoyl chloride
(7.7 m, 66.1 mmol) was added dropwi se to a solution of 17 (12 g, 33.0
mml) in pyridine (50 m-) at OC. The m xture was stirred at room

t enper at{dr & =f®6 &, 1, Hp®dg (e + Be6 Heat H)oAnsh Caju'enfoh €dyhvigNBOL:c€; H20 and
stirred for a further 30 min. The solvent was evaporated and co-evapor at ed

with tolsgeo®. H, Jbs; Nesp due FermdPard.i0; 19nedebRt »eas Et OAc and H2O. The
organic phase was 20 washed with sat. NaHC33 and H20 and dried over MySO4.

The sol vent was evaporated to give a white solid (13.0 g, 84% which was
crystal Igvzedpi Eogn MOH. " H-NMR (CDCI3) 6 8.70 (1 H, br s, NH), 8.01 (2H,
in, Bz), 7.65-7.45 (34 m Bz), 5.74 (1 H d, H1), 4.99 (1 H dd, 5 a),
4.91 (IH dd, 5 Db), 4.65-4.53 (3H m H', H3, and H4'), 1.60 (3H, s,
CH3), 1.2 -@&omppﬂiﬁme-%rﬁmmﬁﬁnémz) O (4-Fl

uor obenzoyl ) - 2' -O i sopropylidine-5-bronouridine. 4-Fl uorobenzoyl .

chl ori _ dded dropw se to i 0 of 7(2.5 g,
6. 885m3-§fqm0wwwﬁf@m okt o} wassuspabded arioaadt L prgaasad oo o
tenperature for | h, and then the reaction was quenched with |ce H20 and
sti rr ed WitotMHELntEHD (25 mii)for 48 atgporntempasatve witheatisingindihe o- evapor at ed

with toluene. The residue was partitioned between Et OAc and H2O. The
or gani ¢ nukiase wessneuledihed witht hV i, OHNedHEEG= Znahdiie soldentrévepomated i SO4.
The solvent was evaporated, and the residue purified by a flash silica gel

col um (v@bb@ntf'he@%&@m@ sﬂanlz%)f@?ﬁﬁomogji\ye?ﬁ (137 g, 94%) as a white
5' -0 4-fl uorobenzoyl -2 i sopropylidi ne bromouridine’as a white

3 ey o3 W@Wﬁ?%ﬁ%&*ﬁﬁ@éﬂ?@@ gy Ssgt e’ 1 1

10 5'aand H-5'b), 4.12 (1H, br g, H-4’), 4.75 (1H, dd, H-3’, J = 3.6, J = 6.4 Hz), 4.92
(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-Benzoyl-2’,3’-O-isopropylidine-5-bromouridine.

15  Benzoyl chioride (7.7 mL, 66.1 mmol) was added dropwise to a solution of 17 (12
g, 33.0 mmol) in pyridine (50 mL) at 0°C. The mixture was stirred at room
,temperatulre for 3 h, and then the reaction was quenched with ice-H,O and stirred
for a further 30 min. The solvent was evaporated and co-evaporated with toluene.
The residue was partitioned between EtOAc and H,O. The organic phase was

20  washed with sat. NaHCO; and H,O and dried over MgSO,. The solvent was

.-evaporated to give a white solid (13.0 g, 84%) which was crystallized from MeOH.
'H-NMR (CDCl3) 3 8.70 (1H, br s, NH), 8.01 (2H, m, Bz), 7.65-7.45 (3H, m, Bz),
5.74 (1H, d, H-1), 4.99 (1H, dd, 5'a), 4.91 (IH, dd, 5'b), 4.65-4.53 (3H, m, H2', H-3’,

and H-4"), 1.60 (3H, s, CHs), 1.39 (3H, 5, CH).
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d, H1'), 514 (1 H d, H2'), 4.92 (1 H br dd, H5a), 4.52 (1 H, dd,
5'h, J =

b, 3.6, J = 11.6Hz), 4.46-4.39 (2H m H3 and H4'), 1.50 (3H, s,
CH3), 1.31 (3H, s, CH3). 15 EXAMPLE 11

5' - Azi do-5' -deoxy-2', 3" -Oisopropylidine-5-bromouridine (19). To a sol ution
of 17 (EXAMPLE tool) in dry pyridine (20 m-) was added MsC (0.7 ni, 9.1
nmml) at 0C. The m xture was stirred for 1 h at 0C, then another (0.12 nl)

MsCl  was., and the stjirri continued for | h. The sol vent was 20
evapor a?’e%g'g‘ﬁ'g:’"é%ré{jp&bﬁf’éfﬁé%s%&%?%ﬂ%ﬂé’“ﬁe'ﬁrmoﬁﬂd'%e resi due
partitioned between CH2CI2 and H2O. The organic | ayer was separated and

dried OmFluomoyﬂﬂﬁoﬁ&?gQ!n’{Enfﬁrﬁ%p%&éé%‘d%&fﬁ@)&w?@{ovﬁ sofutidf of. Pal e

yel | ow foam which” was used in’thé nex urther purification.

NaN3 (2. 3 . was. added {0 lution of the foamin DVF (20
T and RS d S8 ATRLI a4PRisR 38 Gt Fach R0 Ehe Rihlre aS sHRES A oo
tenperature, the 'éture was concentrated in vacuo, and the residue

pur | ie(ﬁewe'@t‘f‘rl%‘\g‘ﬁ 41 1ang4hgr the Eraginn mas avenches Witoiger =0 epdistijreflo gi ve
19 (2.78 g, 86% as a colorless solid which was crystallized from EtOH in
hexanes for afuairRr CONBD. dB)e salvert was Bvagoraid) and carvapordgted with-tejuens. 81 5 (1
H s, H1'), 5,13 (1 H br dd, H2'), 4.76 (1 H dd, H3', J =4.4 J =6.0
Hz) , 4. The(rbsiduegvadpdititiond 66twedin EtDAC antHh(d The ordni®phade #8s(3H, s,
CH3), 1.29 (3H, s, CH3). EXAWPLE 12 9,5 -Cyclo-3-(2',3" -0Oisopropylidine

Sol ut | on ol A0 g NEPERRN P drkfncd BueitlasO e sABRIRL, et 110.
pet voen VP RRIS Hnc 8 reRBE gl R faer Yl B9 SOOI BBk RO e
%?ﬁﬁ;ﬁﬁéﬁa@ lhgg%rgesﬁo %5’9(5}/4%13&'0. ggzéy -'SZi’BH%-isgSlgc{p%/ﬁ(t:ﬁ%lel-Si-z ation from

bromouridine as a white solid (2.91 g, 87%). "H-NMR (DMSO-de) 5 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-1'), 5.14 (1H, d, H-2), 4.92 (1H, br dd, H-5'a), 4.52 (1H, dd, 5'b, J=3.6, J =

11.6Hz), 4.46-4.39 (2H, m, H-3' and H-4"), 1.50 (3H, s, CHy), 1.31 (3H, s, CHy).

15 EXAMPLE 11
5’-Azido-5’-deoxy-2’,3’-O-isopropylidine-5-bromouridine (19).

To a solution of 17 (3 g, 8.3 mmol) in dry pyridine (20 mL.) was added MsCl (0.7
mL, 9.1 mmol) at 0°C. The mixture was stirred for 1 h at 0°C, then another (0.12
ml) MsCl was added, and the stirring continued for 1 h. The solvent was

20  evaporated and coevaporated with t;)luene 2 times, and the residue partitioned
between CH,Cl; and H,O. The organic Iéyer was separated and dried over
MgSO0;,, and the solvent removed in vacuo to give 18 as a pale yellow foam, which
was used in the next step without further purification. NaN; (2.15 g. 33.2 mmol)

was added to a solution of the foam in DMF (20 mL), and the mixture heated for 2
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ng, 76% as a colorless solid. '"HNVR(DVMSO-d6) 5 11.67 (1 H, s, NH, 6.30
(1 H 15s, H1'), 521 (1H, d, H5a), 4.95-4.89 (3H m H2', H3, and
H4), 4.61 (1H, d, H 5 b), 1.45 (3H s, CH3), 1.24 (3H, s, CHs). Method
B. A mxture of 5 -0 benzoyl-2',3" -0isopropylidine-5-bronouridine (3.82 g,
8.22 mmoh) 8GIGI AfdBcdding tg,rod®. tBmpedilire, thkkixiQBO wals-doncestratedtied f or a
days at 110- 20 120C. The m xture was cooled to roomtenperature, and the

i nsol ublgcomt ghd te fe@nneqshrmedf 3} & flakh @mca'ﬂé‘?cifﬂuhﬁf @aul?ama%%my@nnﬁ ated to
dryness, and the residue worked up as above to give 14 (2.0 g, 79%. 95

Met hod
s o' Sh RSN G 50, 1% ssrao%oy'?”%ss LSRG e84 B a7, 4

110- 120@%@3 'aé%anfﬁe”waéwﬁ%@’@%ﬁ g @Nﬁ‘? i'ﬂp%r&'#ir%?? éﬂg 6 Bqnég?ug?gSSat

mat er.i al renoved b |tration. The_filtrate was concentrated to dryness,
and Phe (1He§i k) %13 (th. s, ﬂ)‘é?\)e‘éﬁﬁl‘:‘ﬂBAédaH& H044hé=&Qam A Nayer was
evaporated, and the residue crystallized from MeOH and EtOAc to give 19
(9. 04 g,(18292644'), 3T6@ (2AdueclidH-55yand Was'bgviasd (3t esl Tld:)dn 2S84, safdHs).he

resi due conbined to that obtained from evaporation of the nother |iquor of
the organic layer and purified by 10 a flash silica gel colum
(hexaneEXAKMRLE 121.5) to give 2.1 g, 14.5%of 14 to nake the total yield
76. 7% EXAMPLE 13 9, 5' - Cycl o- 3 (R—Dri bofuranosyl) 8-azaxanthine (15, Y =
OH, Z—I\% A solution of 14 in THF: 1IN HCl (1:1, 40
m-) wadeayelp-3nf2’ 3_1509§wfqnyh4ilmp Bdammfy@san%vlmeazﬁxmr@et(a F $G

tenperature, white crystals separated, which were coll ected, vvashed W th
col d watQH, ZzN).dMiethiod A.vacuo to

10 A solution 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 partitioned between
EtOAc and H>O. The organic layer was dried over MgSQ, and evaporated to leave
a pale crystalline residue. Recrystallization from MeOH and EtOAc gave 14 (602
mg, 76%) as a colorless solid. "H-NMR(DMSO-ds) 8 11.67 (1H, s, NH), 6.30 (1H,

15 s, H-1"), 5.21 (1H, d, H-5’a), 4.95-4.89 (3H, m, H-2, H-3’, and H-4'), 4.61 (1H, d, H-

5'b), 1.45 (3H, s, CH3), 1.24 (3H, s, CHa).

Method B.

A mixture of 5'-O-benzoyl-2’,3-O-isopropylidine-5-bromouridine (3.82 g, 8.22

mmol) and NaN3 (3.2 g, 49.2 mmol) in DMF (30 mL) was heated for 3 days at 110-
20 120°C. The mixture was cooled to room temperature, and the insoluble material

removed by filiration. The filtrate was concentrated to dryness, and the residue

worked up as above to give 14 (2.0 g, 79%).
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give 15 (15 g, 98%. "H NWVR (DMSO-d6) 6 11.59 (1 H, s, NH, 5.98 (1 H, s,
HI1'"), 5.74 (1 H d, 2'-CH J =4.8 Hz), 5.39 (1 H, d 3'-CH, J =7.2 Hz),
4.98 (1 H d, H5'a, J = 13.6 Hz), 4.80 (1 H dd, H5'b, J =13.6, J = 4.0
Hz), 4.56 (1 H, dd like t, H2), 4.16- 20 4.06 (2H, m H3 and H4). 96
EXAVMPLEMethod- @i no-1-(2',3',5 -tri-0O benzoyl - p-D-ri bof uranosyl ) cyt osi ne
(21). A m xture of 6-am nocyt osi ne (1 00 g, 5.71 mmol ) and HVDS (10 nL) was
refluxegS for 3 ésl t@_(I)ncentra glveasolld whi ch was _di ssol ved in
anhydr o SfOdriigpphenzayl¢ % Qd Qn?*‘%bf"%@é @'&Hlﬂilndme 239,474

1- O acetyl - 2, 3 5-tri-0Obenzoyl-D-ribose (1.92 g, 3.81 mmol) and TMSOTf

(1. 66 nmmel)wdrhm\la (46 . Tamenalhie [AMEL (906 mblwas hieatesfont daysratt enp. f or
12 h and poured into saturated sodi um bi carbonate solution with vigorous
stirring10T20°CL. XThe mixtase wias cacleddowbbin tehipcdatutsGindthe iRgolublehe conbi ned
extracts dried (Na2SO4) and concentrated in vacuo, and the residue 10

purigi eghdiyrigy r’ehfcﬁieﬁeﬁg RRbLEM ?Héﬁﬁ?&t?%a%%%c@%ge% to gs, 2Rddhet o give
conmpound 21 (1. as a white foam 1H NVR (DVMsO-d5) '5 7.97-7.40 (m

1569, J’é%dlgfp ed(l:.’) % R}:’a (b(%hfe) r@%ciay%?v&d@e@?q ljééANPLE 15

1-(1',3 enzoy r|bo Anos am nocy Ae (23). 15

Toamxt re of 0 nL) was
added NA h?@%ﬁg%ng ?ﬁbz%%wq‘gﬁgkhe@,g ETR e A5 (07 G228 e me 0
for 5h. _After concentration of the m xture to dryness, the residue, crude
22, was Iheasniegugilayervaseevapaiateddpaligesess, antdime F@dw%gemblnﬁd)to thakdi um
hydrosulflte (4.88g, 28.03 mml) was added to the suspension, and the

m Xt ur e obiHihedk fFdmaevaBDrab@rCof the rAbthdu ligogr ofithe lorgainid (ter aad purified iyt at ed.
The precipitates were collected by filtration and dried under high vacuum

to o Ve aqRIsPQiG gol cofird® (8exanes:FtOAc, 1:1.5) to give 2.1 g, 14.5% of 14 to make

the total yield 76.7%.
EXAMPLE 13

9,5’-Cyclo-3-(B-D-ribofuranosyl)-8-azaxanthine (15, Y = OH, Z = N).

A solution of 14 (4.1 g, 13.35 mmol) in THF:1N HCI (1:1, 40 mL) was heated at

15  90°C for 4 h. Upon cooling the mixture to room temperature, white crystals
separated, which were collected, washed with cold water, and dried in vacuo to
give 15 (15 g, 98%). "H-NMR (DMSO-ds) & 11.59 (1H, s, NH), 5.98 (1H, s, 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, H5'a, J
=13.6 Hz), 4.80 (1H, dd, H5'b, J=13.6, J = 4.0 Hz), 4.56 (1H, dd like t, H-2), 4.16-

20  4.06 (2H, m, H-3" and H-4').

96



73% crude) as a green solid. 97 EXAMPLE 16

6- Am no-3-(2',3",5" -tri-Obenzoyl - (3-D-ri bof uranosyl ) -2-oxopurine (24). To
a solution of 23 (2.23 g, 3.81 mmol) in anhydrous DMF was added POCI 3 (0.58
m., 6.22 mmlz slowy at roomtenperature. The m xture was stirred at room
5 t enpeEXAMBLEJA 30 nin, and then poured into saturated sodi um bi carbonate
solution with vigorous stirring for 10 mn, and extracted with CH2Cl 2

sever al ot he, gopbi Q i-C .extracts re dri concentrated, and
ot oG Ao (203, SR B ne R BRI e he 42115 Fo i ve
conmpound 24 (270 ng, 12% . FAB HRMVS estimated 594. 1625, observed 594. 1626

(M H)  f armidUkEA 8588inottdsiVALE0 §75.71 mmol) and HMDS (10 mL.) was refluxed
6- Am no-3-(2',3" -di-Oisopropylidene-(3-Dribofuranosyl)-2-oxopurine (25).

A i Xt ug 0 aﬁar&aeaﬁkra%ég@@%a soﬁd,%cﬂms)di%kgv%ﬁﬂ%%m%dﬁcm -) in

MeOH (20 m-) was stirre roomtenperature concernit rated,

was hed | E a dried b i vagcu t Lve a sobi d, whj.ch,was

treated 2, ne-a SR 1" ac T tUT e was
(% )27 s sBleRists kel £ e B P Be B P hilnosh U

stirred -g:% room te _Frature for 24 hr, neutralized with triethylam ne,

concent -§a,m@ﬁaﬁ MO A 665 Biadamgrd!) el ‘Gmanddhemixiu@ ®ds=10: 1) to

gi ve conpound 25 (95 ng, 65% as a solid. EXAMPLE 18 20

6- Ami nostiredaicyen tegng.2dor 32-handpoursgst oty satueated sodiun bisbobenadeyl ) - 2- oxo-

purine (26). To a solution of conmpound 25 (50 ng, 0.16 mol) and

t ri phenggiptios pithnégdrdds stirringd - Tie miktlje was Bidravis) widsl OHG, e18/mDEAD), (25 NL,

0.16 mmol ) at room 98
the combined extracts dried (Na,SO4) and concentrated in vacuo, and the residue
10  purified by silica gel column chromatography (CHCl:: MeOH = 30:1) to give
compound 21 (1.18 g, 54%) as a white foam. 'H NMR (DMSO-ds) 8 7.97-7.40 (m,

15H), 6.18 (s, 1H), 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 H2O-AcOH (2: 20 mL) was
added NaNOz (551 mg, 7.99 mmol} at <10°C, and the mixtﬁre was stirred at ~0°C
for 5h. After concentration of the mixture to 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 to the suspension, and the mixture refiuxed at

20  150°C for 2h during which product was precipitated. The precipitates were
collected by filtration and dried u_nder high vacuum to give compound 23 (3.10 g,

73%, crude) as a green solid.

97



tenperature. The resulting m xture was concentrated, and the residue
purified by silica gel columm chromatography (CHCl 3: MeOH 10:1 to 5:1) to
gi ve corrpound 26 (20 ng, 55% as a solid. 1H NWVR (DVMSO-d6) 6 7.56 (s, 2H),
6.42 (s, Q) 4,83 (d, 1 H J=5.6Hz), 4.76 (d, 1 H J =3.2 Hz), 4.71
(d, 1 HEXA Pi@‘eﬁHz) 4.56 (d, 1 H J = 55.6 Hz), 4.19 (dd, 1 H J =
3.6, 13.6 Hz), 1.45 (s, 3H), 1.24 (s, 3H). EXAWPLE 19

G PRSI o R BB R 3B (21

stirring at roomtenperature for 2 hr, the m xture was concentr at ed,

co- evapdicad edhitioh lof 28 (MedHy, (338'1”911%02% aﬂﬁ?HrbhstDMFtv%b Wddy e, (58 Ve

0crystal line 27, which was collected and dried under high vacuum (10 ng, 51
(/% ;N n@%ﬁgﬁirga?@d"vm%ﬂ@tgﬁ%gmﬁg tWJ@’E@ggP%“}gS E{)L’d(% rﬂ@"“ 1 H) 8 65

473(d J =1 6136Hz)
4.12 (me’?ﬂ?ratﬁrﬁﬁo é@@%s?Pﬂi‘ﬁ%&%ﬁr@dgé@osatw&éﬁ?@e@uq? %&P'@i@? (MH for
Ci OH11Cl Ni304 EXAMPLE 20

5- Br onoSeluiien, vath yaogussisting far emin, eadmtiastadivith diGlusprraklimes, R =
H. To a solution of uridine (5.00 g, 20.48 nmmol) in water (130 m-) was
added BrThe qgomideediorgardc 48tracisiWerdrdsiad, sencentraied) arehperifisdior a silfoa r eact i on
m xture was 20 stirred at roomtenperature for 15 hr, concentrated at 35C,

and t he gepsoldtm (CHCEVAROHLEEID: $ &y 04l td giRScoMpourmd mro@?o h@] qanye

crystalline solid, which was dissolved in acetone (50 n - cont ai n| ng
2, 2- di MREDKIRIRS QBAMBIIBE0 b5 T S ed at room
tenperature for 2 hr and conég%t%eer{é@@gghﬁ@gggy Hﬁ%ﬁ/&o‘llﬁ Eicah was washed

Wi th acet one-hexane (1:3) to afford corrpound 28 (R= H) as a gray solid

(546 9exXodPLE 17

6-Amino-3-(2’,3’-di-O-isopropylidene-B-D-ribofuranosyl)-2-oxopurine (25).

A mixture of compound 24 (270 mg, 0.453 mmol) and n-butylamine (3 mL) in
MeOH (20 mlL.) was stirred at room temperature for 24 hr, concentrated, washed
with EtOAc, and dried by high vacuum to give a solid, which was treated with 2,2-
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 (CHCls: 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-B-D-ribofuranosyl)-2-oxo-

purine (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_ pL, 0.16 mmol) at room
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EXAMPLE 21

5,6-0Cyclo-1-(2',3 -di-Oisopropylidene-(i-Dribofuranosyl)barbituric
acid 5 (29). To a solution of potassiumtert-butoxide in anhydrous et hanol
(100 nL) was added conpound 28 (R=Ts, 2.0 g, 5.51 nmol) at roomtenp.
under a tempecajare. Bhervsphiinemixibe was gbheagratedcandtheniesidueepwifiedriaf | uxed
for 2 hr, cooled, diluted with water (100 nL), neutralized by acetic acid,

ext ract eg Bliinhrk CBEbNRto§HD dwd;l 1{@ OM YO t65: PRI 06 BBMYOUAHISES: MeOH
=30: 1) tolcgfg\;ue’ccorrpound 290? %@q, eas a \/\hltepzsl%q]d U@%Rrrax 260 nm

(MeOH) L) no - V)

m'xture( %oﬁuﬁ%sgﬂ HZNM%(I@Z/IS%H cﬁ)f%? (kll—g%? %%E)éj ﬂ@ iB%? C]wd 15
annonia b 0 5,hr. The
reacti on gaée% f—é@@eﬁs %o%h@a‘?gi% Hg g ﬁgiﬂ?b@% (81 é ‘éel

col um chromat ograph : MeOH =10:1) to give conpound 30 (255 nyg,
24%) Oas 56 Hahi4-494 waﬁxﬁwdﬁ)nﬁéﬁéwm THRAIKR IDVBO- d6) 6 10.60 (s,
1 H, 6.85 (s, 2H), 615(d 1 H J 3.2 Hz), 5.38 (t, 1 H J =4.4 Hz),
5.07 (dd, 1 H J = 3.2, 6.4 20 Hz), 4.79(dd, 1H J=44 6.4 H), 4.63

(s, 1 HEXAMBBE(HS 1 H), 3.61 (m 2H). 100 EXAVPLE 23
3-(2',3 -di -OIsopropylidene-(3-Dribofuranosyl)xanthine (33). To a,

S Ut o AR 3% 0 B TRk RSN D 2,54, o)
m xture was stirred for 10 mn, neutralized with saturated sodi um

bi car borgsrep&Eid /26 P70 rrﬂj“@) Wﬁrﬁmw a8 didDNENR BN PIEIRE eniSP! Afeer stiddng ol | d
was di ssol ved in met hanol, and insoluble material removed by filtration.
The il Gk 8&m\@Riperature for 2 hr, the mixture was concentrated, 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%). UV Anax 245, 287 nm

(MeOH); '"H NMR (DMSO-ds) 8 9.81 (br s, 1H), 8.65 (br s, 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

15 300.0497 (M-H) for C4oH11CIN5Os.

EXAMPLE 20
5-Bromo-1-(2’,3’-di-O-isopropylidene-#-D-ribofuranosyl)uridine (28, R = H).

To 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 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
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concentrated, and the residue suspended in water and treated with Na2S2O4
(1.0 g, 5.74 mol). The m xture was refluxed for 30 mn (by this tinme, the
col or of reaction 10 solution becane green), concentrated, and purified by
silica gel colum chromatography (CHCI 3: MeOH =5:1) to give conpound 32
(830 ny,a soliddehich \asidasBed with acetpestedana (1B ptchaffordetonydoumde2 SR =DVF
(10:10 n.), heated at 90C for 2 hr and 150C for 30 mn, and cool ed. After
concent r}ﬁtawgraymt{gm@eﬁg%,am due was di ssolved in water, heated for 20
m n, cooled, neutralized wth 15 saturated sodi um bi car bonate sol uti on,
concent r at ed and the residue purified by silica gel colum chromatography
(CHCI 3: mpEg(ml) to give conpound 33 (200 ng, 35%. EXAMPLE 24
5',9-Cyclo-3-(2,3-di -0Cisopropylidene-(3-Dribofuranosyl)xanthine (34). 20
To a m xture of 33 (130 ng, 0.40 mol) and triphenyl phosphine (316 ng, 1.21
mol ) i §GrGiraded @ SkaiO-{gsopropylidenediBeribeADan0syPbatbituri? acithol )
slowy at roomtenperature, and the m xture was stirred at room
tenp®rai2@)e for 30 min, concentrated, and purified on a silica gel colum
(CHCl 3: MeOH = 10:1) to give conpound 34 (85 ng, 68% as a white solid. W
\ mmax 236, 265 nm1( MeOH); 1H 101 NVR (DWVSO-d6) b 11. 27& 7.72 (s, 1
H, 6. 350(%80@@1)0 potgesiynplert hytozide ingmpydraus, ethapp! (106 mly, \@awt,ﬂdedl 19
(dd, 1 H J 4.0, 14.4 Hz), 1.45 (s, 3H), 1.24 (s, 3H); 13C NWR (DVSO d6)
b 157, mmpomBGZBJ(EB,: T612,0 @,(5.58&,1m8[3,at8dom3émp2&nd@|4a nEORIALE 25 5
5',9-Cycl 0-3-((3-D-ri bofuranosyl ) xant hi ne (35). Conpound 34 (50 ng, O0.16

ol ) VWaEngssRetV el rastitihgicdadtibnthidurstas Rfiugbd FOOThr, td%llﬁf Alufery for 2
hr, concentrated, co-evaporated with MeOH (3 nmL x 3), and triturated with

MEOH. CoMRUAREr @I%dorhﬁﬁ'rfé!l.ﬁl%lhfé’d 85 acaliohbis extrhdtliahid phicd oY EliSa gel
10 colunm chromatography (CHCls: MeOH =30:1) to give compound 29 (1.0 g, 64%)

as a white solid. UV Apax 260 nm (MeOH).

EXAMPLE 22
6-Amino-2’,3’-di-O-isopropylidene uridine (30).

A mixture of compound 29 (1.00 g, 3.54 mmol) and NH,4CI (500 mg) in liquid

15 ammonia was sealed in a steel bomb, and then heated at 60 °C for 15 hr. The
reaction mixture was cooled, concentrated, and purified by silica gel column
chromatography (CHCIl;: MeOH =10:1) to give corhpound 30 (255 mg, 24%) as a
white foam. UV Apax 270 nm (MeOH); 'H NMR (DMSO-dg) 8 10.60 (s, 1H), 6.85 (s,
2H), 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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coll ected and dried under high vacuum (14 ng, 98%. UV Amax 238, 264 nm 10
(MeOH); 1H NWR (DMSO-d6) 6 11.26 (s, 1 H), 7.84 (s, 1 H, 6.18 (br s, 2H),
6.04 (s, 1 H, 465 (d, 1 H J=12.8 H), 451 (m 1 H, 4.39 (dd, 1 H J
= 3.2, 13.6 Hz), 4.14 (t, | H J =5.2 Hz), 4.041 (d, 1 H J = 4.8 Hz);
FAB HRMEXAMRIEE 28 265. 0573, observed 265.0574 (M H) for CLoHIN4OS.
EXAMPLE 26 15 5'-Azido-2',3" -0Oisopropylidene uridine (36). A m xture of

uridi ne , ,A44.60 nmol 2, 2-di met hoxyprgpane (6 nl), and TsOH (cat
ant) in %@tgr@*éﬂé‘ep'fﬂmﬁ’?ﬂ(ﬁ&'@-l%ﬂ-r'm&rafé%V!)gﬁmh'!(ael§§$ lized by (

triethylamne, and concentrated to dryness. The residue was dissolved in
anhydr ous net : | Nt ai-ni )aé]W idine (50
m-) and TsGW??agjtgﬁmggd{%%%ﬁﬁ%)@ @ﬁér"?i?)%ﬁ?)l vvas]qéﬁi@r(géﬁggé’r oom

t enper at [ hr, di]luted wt ene chl orj de shed with cold
wat er se@ggﬁ{"%f)pﬁgfoﬁppé%a%ﬁ[Wﬁs 98% E&’@&V\gyt%BHc‘gﬂwéﬁeg,ﬁeand dried by
hi gh vacuum  The resi due was di ssolved in anhydrous DVF (100 m -) and

t r eaPed FERYENG Haixture wasHiinesl fap 19 miggnevtralized)with satgrated spdipun hr .~ The

m xture was concentrated, and the residue purified by silica 102 gel colum
chr onat dyjezrphnaleGHtuidnviand corgenirateddogiiveea pomplowold 3dheBolidgyas 55%) as a
solid. EXAMPLE 27 5'-Azido-5-bronp-2',3" -0 isopropylidene uridine (19) from
36. 5 A dissdivscinoheffno? a3 igsoldblAmatedial rerasveby Mietibh U Mhei filtraeevss. 52 g,
11.89 nmmol), and LiBr (768 ng, 8.84 mml) in anhydrous acetonitrile (120

M) W8S copahAghlt Rl RIS BidhorRRUI aldigRshPlobdbaul Nams s, (P08,

concentrated. The residue was partitione etween water and ¢

Toe saaueo s g THEIEIBIRE Rfukbd Rordl ARRlY s 6rRE, RTINS BALAGH" S
10  solution became green), concentrated, and purified by silica gel column
chromatography (CHCI;: MeOH =5:1) to give compound 32 (830 mg, crude).
Crude 32 was suspended in diethoxymethyl acetate-DMF (10:10 mL), heated at
90°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  saturated sodium bicarbonate solution, concentrated, and the residue purified by

silica gel column chromatography (CHCIs: MeOH =10:1) to give compound 33 (200

mg, 35%).
EXAMPLE 24
5’,9-Cyclo-3-(2,3-di—0-isc_>propylidene—B-D-ribofuranosyl)xanthine (34).

20  To a mixture of 33 (130 mg, 0.40 mmol) and triphenylphosphine (316 mg, 1.21
mmol) in anhydrous dioxane (5 mL) was added DEAD (0.19 mL, 1.21 mmol) siowiy
at room temperature, and the mixture was stirred at room temperature for 30 min,

" concentrated, and purified on a silica gel column (CHCI;:MeOH = 10:1) to give

compound 34 (85 mg, 68%) as a white solid. UV Amax 236, 265 nm (MeOH); 'H
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10 purified on a silica gel colum (CHCl 3: MOH = 30: 1) to give compound 19
(2.23 g, 77%. 1H NWR (CDCI3) 6 8.80 (br s, 1 H, 7.67 (s, 1 H, 5.66 (d,
1H J= 2.0 Hz), 4.86 (m 1 H, 473 (m 1H, 421 (m 1 H, 3.5 (m
2H), 1.51 3H), 1.29 (m 3H). EXAWPLE 28

6- Ami no NIk E(DIM oTep O211.27 (Do Bridlpl it Hdrte 38 (6,01 e 4(87734.811(n, AHYi 4t7dr e of
33 (1.83 g, 4.70 mol ) and tri phenyl phosphine (1.48 g, 5.64 mml) in
anhydr ogs, THIE) £3@.0rHz), 448 (84, TH ell=ak0,r PRMHANPE6EE UBIE), 1024 s, IBH); Poen 29%
ammoni um hydroxi de (20 nmL) was added, and the m xture sti rred at room

temper aNwR (bmséﬁjsb%wwmgnm@t% 1%Qd9§08§‘8330%"135§326“24‘ tO' uene. The

resi due di ssol ved i n anhydr’ous pyridine, réfl uxed for

concentrated and the 20 residue purified by silica gel colunn

chr omat ﬁ%E( CI3 NbCH = 10:1) to give 37 (1.10 g, 82% . "H NWR
(DNBC>dg§ g I , 6.86 (d, 1 H J=6.8H), 6.37 (s, 1 H, 4.91
(s, 1 H, 4.73 (dd 2H J =56, 80 Hz), 445 (s, 1 H, 3.3 (m 1H),

2. 9%(d5’,9-Gyc|d-3=u;£-mribwurahoéyl)kantlahb,(35).26 (s, 3H). 103 EXAMPLE 29
5',6-NCyclo-5, 6-diamno-2', 3" - C}isopropylidene uridine (38). To a

sol ution of 37 (90 3. 04 nmm) ) and 5.68 mml) in

di oxane&I‘qﬁ'@iJ %QW%QV\BS1 Sanad) W@ﬁ@'sﬂq@eddﬂ WQngW)t stirped 58 roOpHe

m xture 5 was stl rred for 10 mn, neutralized with saturated sodi um

bi car botemperatiratfona hrasancentiatas, catadpomted vat Me®HEMili>s3hlandd i n
wat er-DMF (10:10 mL), refluxed with Na2S204 (1.60 g, 9.20 nmmol) for 40

nin, cotritertedivitd, MaOH. tdempeahd 35 mracipithrd éé/col@ﬂéssiﬁggl%\ﬂs wichwere
chr omat ography (CHCI 3: MeOH =5:1) to gl ve 38 (800 nmg, UV Anax 288 nm

Me 6.475x(d, 10 6.8 Hz
g 39OH% s(,:éhlté(%&’](“l'])lbﬁi'@?q‘%’@ﬁhpg]‘T @& d, 1m|§,’ b%wg. 5@%)‘&3‘)‘2@4?‘83%@ , 1 H J :)
5. 60 HzduebHIAH RivR (ﬁMSd-a%}éQ”i‘.zé(éﬂ)vH)?*f%ﬁ &™), 48 (brs, 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,

1H, J = 5.2 Hz), 4.041 (d, 1H, J = 4.8 Hz); FAB HRMS estimated 265.0573,

observed 265.0574 (M-H) for C1oHoN4Os.

EXAMPLE 26
15  5’-Azido-2’,3’-O-isopropylidene uridine (36).

A mixture of uridine (10 g, 44.60 mmol), 2,2-dimethoxypropane (6 mL), and TsOH
(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
chloride (130 mL) containing anhydrous pyridine (50 mL) and TsCl (13.0 g, 68.19
20  mmol). The mixture was stirred at room temperature for 15 hr, diluted with
methylene chioride, washed with cold water several times, dried with sodium
sulfate, concentrated,.and dried by high vacuum. The residue was dissolved in
anhydrous DMF {100 mL) and treated with sodium azide (5.80 g, 88.22 mmol) at

- 80°C for 24 hr. The mixture was concentrated, and the residue purified by silica

102



EXAMPLE 30

5,9-Cyclo-3-(2',3 -0 isopropylidene-(3-Dribofuranosyl)xanthine (34) from
38. A solution of 38 (800 ng, 2.70 nmol) in anhydrous m xture of DMF and
di et hoxy 15 acetate (5:5 nL) was heated at 90C for 2 hr, neutralized with
sat ur at ggil solimmchiontado gamdtyd Cétillyiiedd] <<3iid ¢ id giveedmEmohdods (£.6gd by
silica gel colum chromatography (CHCl 3: MeOH = 5:1) to give conpound 34

(554 ny,559%Pas a SENAVPLE 31
5',9-Cyclo-3-(2',3 -0Oisopropylidene-R-D-ribof uranosyl) - 6-t hi oxant hi ne

(39) 20 A mxture of 34 (50 ng, 0.13 mmol) and Lawesson's reagent (64 ny,
0.16 myaipLEle2-di chl oroethane (8 nl-) was refluxed for 15 hr,
concentrated, and the residue purified by silica gel columm chromatography
(CHCl 3: MeOH = 30:1) to give conpound 39 (34 ng, 78% . 104 EXAVPLE 32

5, 0- Q/ﬁ’ﬂﬂd@(&bmmb&ifm@mmwwidehieanmm (18) frtd) 36A sol ution of 39 (34
nmg, 0.16 mmol) in 5N HC (1 m-) was stirred at room terrperature for 2 hr,

VeGHD THOMBHUE ff@ﬁ?@%ﬁ caf’e wesw%&&%f’ea@os% Lener "hi gn

vacuum (15 ny @ Amax 256 341 nmé 1H NMR (DMSO-d6) 6 12. 37
(s, 1 H)mm!)sanq LiBr{768 mg, &)@4(r@ﬂ0h) iHpnhy MS(@etqnlmle (120 fIIB)B/aISIz) 4.48
(m 1 H, 4.41 (dd, 1 H J =3.6, 14.0 Hz), 4.15 (t, 1 H J = 4.8 Hz), 4.04
(d, 1 H,hemtedzaBS()Z’O—fzJ)‘.SOJJﬁirEmwaEzaBby triethylamine, and concentrated. The
5',9-Cycl 0-3-((3-D-ribofuranosyl)-2-oxo-purine (41). A mxture of 34 (110

ng, O. 3@e§iﬁué)ma®1§brhﬁdm$§@m%drﬂﬁﬁl@ﬁtan62ﬂbrﬁﬁ)rnp ‘Pe BHDEGUS Iafer was
1, 2-di chl oroethane (15 m-) was refluxed for 15 hr, concentrated, and the
resi due gxiracted with chloroform, the combined extracts concentrated, and the residue
10  purified on a silica gel column (CHCI3:MeOH = 30:1) to give compound 19 (2.23 g,
77%). 'H NMR (CDCl3) 8 8.80 (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-5’,6-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 29%
ammonium hydroxide (20 mlL) 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 (CHCI;:MeOH = 10:1) to give
37 (1.10 g, 82%). "H NMR (DMSO-ds) 3 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 = 5.6, 8.0 Hz), 4.45 (s, 1H), 3.34 (m, 1H),

2.99 (d, 1H, J =13.2 Hz), 1.41 (s, 3H), 1.26 (s, 3H).
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purified by silica gel colum chromatography (CHCI 3: MeOH = 30:1) to give 39
(85 15 ngy), which was treated with Raney Ni (ca 200 ng) in water (5 m-) at
reflux for 1.5 hr. The m xture was cooled, filtered, concentrated, and
purified by silica gel colum chromatography (CHCl 3: MeOH = 10:1 v/v) to

gi ve a BXAMRIE 208t er nedi ate, which was dissolved in SN HCl (2 nL) and
stirred at roomterrperature for 2 hr, concentrated, co-evaporated with
MeOH (3_j 3), and triturated with MeOH to 20 crystalllze 41. After being
dri ed uﬁm%W Gygle- §a@19umm-%erﬂjlmr@myuﬂgngy%ne (3% 1H NVR (DVBO- d6) 6
8.59 (s, 1 H, 7.57 (s, 1 H, 59 (s, 1 H, 472 (d, 1 H J =14 Hz),

& v, 2192 Sdtich 33 [B0o'm) 8.0% hindifand NENO:*393 rhd; 5.88'hmdiyin>- 2 H2). 105

EXAI\/PL E

(a2). 4 8"3“#@?’2@3 AT R kR (iﬂ@“%ﬁgr? nré @aﬂtzh'n?rﬁl)

in Et OH m -) were added chl oroacet al dehyde and
NaO&c (was ﬁaljrefAth'sm/w netlralized with saidrated rsgsiléen b'@arbwam §0iu8%c@m r at ed,

and purified by silica gel colum chromatography (CHC 3: MeCH = 10:1 v/v)
to gi vecarEematecg,mesidmﬁ/wasmﬁsscﬂm in32atemNMETB) O rak), kdfREONVBE: d6) b
8.29 (s, 1 H, 7.40 (d, 1 H J=2.8 Hz), 6.89 (d, 1 H J =28 Hz), 6.83

(s, 1 Hya,3M®1(6ig, 280 rdmel)Foh40 hlinScdientriidl dr@l the fesilue pusified by 1 H),
3.34 (buried by solvent peak, 1 H). 10 EXAMPLE 35

5, 9- Q’Qh(’:’é%el%ﬁt}rﬁh?ch%r%a%gfré gﬁrﬁeasmmmsw)wg gﬁ\‘%ﬁ%&?ﬂ@ﬁ@%% of 42

(3 ng, O in 70% tri oacetic acid S stifred room
Lﬁ?ﬁﬁ;t U er %@ﬁaweom“ww&sgwm &%ﬁpﬁaﬂuétfé"’(e%‘iﬁngm 73%. W
LY . Sehe I % R b ) 0 8 0 0561 1) 4o

(d 1H J= H) ,
Hz) 444(s 1H), 3.51 (m, 1H), 2.91 (m, 1H).

EXAMPLE 30
5',9-Cyclo-3-(2’,3’-O-isopropylidene-B-D-ribofuranosyl}xanthine (34) from 38.

A solution of 38 (800 mg, 2.70 mmol) in anhydrous mixture of DMF and diethoxy
156  acetate (5:5 mL) was heated at 90°C for 2 hr, neutralized with saturated sodium
bicarbonate solution, concentrated, and purified by silica gel column

chromatography (CHCIl3:MeOH = 5:1) to give compound 34 (554 mg, 67%).
EXAMPLE 31
5’,9-Cyclo-3-(2’,3’-O-isopropylidene-B-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 refluxed for 15 hr, concentrated, and the residue
purified by silica gel column chromatography (CHCl3:MeOH = 30:1) to give

* compound 39 (34 mg, 78%).
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4.02 (d, 1 H J =6.4 H), 3.59 (dd, 1 H J =6.0, 14.0 Hz), 3.31 (buried
by solvent peak, 1 H). EXAMPLE 36 20

1-(2',3 ,5 -Tri-0O benzoyl - (3-Dri bofuranosyl ) - 6-oxocytosine (49). A m xture
of 6-am nouracil (2.00 g, 15.74 mmol) and HVDS (20 m-) was refluxed for 3
h and cdX&MPL&E 82 to give a solid, which was dissolved in anhydrous CH2Cl 2
(30 m). 2,3,5-tri-0O Benzoyl -pentori bosyl acetate (5.30 g, 10.51 mml) and

106 TMBQ[f. (4. 56 — 23.59 nmmol ) were added to the solution at 0C, and the
mi xt ur e(g[!\ﬁééygh‘?%@'&iéﬂfﬁﬂqsﬂ%ﬁﬂﬁl‘?ﬁ@thHle @M. The nixture was poured
into saturated sodium bicarbonate solution with vigorous stirring,

extract Ak : i rati ified by silica
gel col ?ﬁ%h@%%ﬁ%gﬁ% %@@g%@ﬂﬁgl é@ﬂ% v v)St'?%ggqq\l'/lEéblf(r:]onpound 49
(4.94 q, 9 ite foa Amax_ 270, nm . N | O d6) 6
10. 75 (<€ E’é?—ﬁt,a%af%é%z 5qn rﬂ]"ai‘%foc,o"%‘.’%"?r?iﬁd “g',“g %%'Q' (%%ng%"id%s 4,62
(m 2H), .4.64-4.46 5H). EXANPLE 37 _

5- A no-fﬁtU(@teﬁw'tfsM%h'-- ﬁ‘%é’rﬁ%i}'ﬁ’f@é-%lﬁtﬁﬁd?fflﬁoa\%rmguest@xﬁi@%%q' ne (50).
10 To a solution of 49 (238 nmg, 0.42 mmol) in AcOHH20 (5: 0.5 nL) was
added Nawder bighrvanmum (1 Samng, 50%)ThE/ AesRa6, 3¢1 M {Me®H)adH NWRr ed at - 5C

for 1 hr, <concentrated, and co-evaporated with toluene to give a purple

solid, (PMSOuwRsd 12Fa{sdH) 7134dset1HY, G103 ds,(B1)Y)5%8¢0G 1B) Jauss.6(KM8) g, 7.04
mmol ), and heated at 70C for 30 nm The m xture was filtered through a

Celite @agh (ANGHS, 4] i(dld,lrﬁ{% é%l.ﬁéoiﬂll‘?@ mi),a,g_qgé{,q H L hwﬁ%ﬂ%ﬂ?gmﬁlidio: 1

which was purified by silica gel ‘colum™ chrorat dgr aphy

v/ v) to%&q___iﬁonpound 50 (217 ny, 88% . EXAMPLE 38
1-(2',3 ,57-TFi - O benzoyl - (3-D-ri bof uranosyl ) xant hi ne (51).

10 EXAMPLE 33
5°,9-Cyclo-3-(B-D-ribofuranosyl)-2-oxo-purine (41).

A mixture of 34 (110 mg, 0.36 mmol) and Lawesson’s reagent (220 mg, 0.54 mmol)
.in 1,2-dichloroethane (15 mL) was refluxed for 15 hr, concentrated, and the residue
purified by silica gel colﬁmn chrorhatography (CHCI3:MeOH = 30:1) tb 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 (CHCI3:MeQH = 10:1 v/v) to give a 6-deoxo intermediate,
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%. "H NMR (DMSO-ds) 3 8.59 (s, 1H), 7.57 (s, 1H), 5.96 (s, 1H), 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).
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A mxture of 50 (4.30 g, 7.33 nmmol), TsOH (catalytic anount), and 20
triethylorthoformate (90 nL) was stirred at roomtenperature for 24 hr,
concentrated, and the residue purified on a silica gel colum (CHC 3: MeQOH =
30:1 v/v) to give compound 51 (2.20 g, 50% . 107 EXAVPLE 39

1- (R D- RAMBPLENSEYI ) xant hi ne (52). A solution of conmpound 51 (500 ng, O.84
nmml ) in saturated nethanolic ammonia (10 m.) was stirred at room

t t f 4 h t ed t 5 he th, Et I
i mos, - S GHFiaeHsagr i Dol rgpy Buepe A DA bR anos Y et B 20
1-(2',3" -D -Oisopropylidene-(3- Drlbofuranosyl)xanthlne (53) Amxture of
52 (150 T80a nfixiBR: BYBY 10Rm; OI BRIy BhE R@@Aé@}ﬁ%bwg%h HO m),

and TsOH (catal ytic anount) was refluxed for neut raI | zed by

trieth 0, L y

chr oma%/ gr aDqur% %%&I‘%@%&%’%@Hﬁ ébj%d"\g/ 65%' '{"b% %g& %%%%an@g) g%%
EXA LE cI 0 f ur anos nt hi ne 54 15 To, a

Sol uBi 0T 0aF- gféﬂe(rf%u Wﬁ%fﬁ'&l&ﬁﬁ% 15he Ppnwrﬁ%ﬂﬁgw%ﬂw ﬁmélhﬁageh. 53
mrol ) i n anhydrous DI\/Fp‘g{W was added DEAD (0. 24 , 1.52 mol ), and the
i xt ur e CRBENE chrongaioga d@l%@nmcaﬂmwﬂwv)ﬂomveé%@%mg@e&@n @¥d
purified by silica gel columm chromatography (CHCl 3: MeOH = 30:1 to 10:1
vIV) toAgin254, 228myn (VeDH); 4l NMR (PMSO-d) 5@.beig.o et @f, déjct= 2whi ch
(0.42 mol) was dissolved in 20 SN HCl (2 nmL), stirred at roomtenperature
for 2 hHz)c®Boqal 114! £€.2 8 ¢i8VEBI[(3! £9), 4%9 advet! (4 58, 12 .8Hz)and7{§ turated
wi th MeOH Conpound 54 crystallized and

1H), 3.64 (m, 1H), 3.34 (buried by solvent peak, 1H).

10 EXAMPLE 35
5’,9-Cyclo-7-deaza-3-(B-D-ribofuranosyl)xanthine (43).

A solution of 42 (35 mg, 0.11 mmol) in 70% trifluoroacetic acid (2 mL) was stirred
at room temperature for 24 hr, t;oncentrated, and purified by silica gel column
chromatography (CHCls: MeOH =10:1 v/v) to give compound 43 (22 mg, 73%). UV
15 Amax 254, 328 nm (MeOH); '"H NMR (DMSO;de) $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 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-aminouracil (2.00 g, 15.74 mmol) 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-pentoribosyl acetate (5.30 g, 10.51 mmol) and
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was coll ected and dried under high vacuum (34 ng, 31 % . 108 EXAMPLE 42
1-(2'-O Acetyl - 3' -deoxy-5 - O net hoxycar bonyl - (3- D- eryt hr opent of uranosyl ) - 5-
nitropyridi ne-2-one (56). TMs-trifiate (1.486 nm, 8.2 mvol, 1.5 eq.) was
added to the silylated 2-hydroxy-5- 5 nitropyridine (997 ng, 7.1 mol, 1.3
eq.) andMSQTH({4.58 adetdp 5Sathalaneoeratted yo the stdotion a0, wrartheenighibe 1. 512
g, 5.47 mol, | eq.) in anhydrous 1,2 dichloroethane (55 m) at 0OC The

sol ut | Owaeasirasd ateEmpleniRe M€ FeIerak UTRe ikt e was pialie@intandntbRd 2 were
added, and the resulting m xture partitioned. The ‘organic |ayer was vvashed

Wi th mgga.unthc%%&déﬁé%i]gn M G:Q@roﬁgls‘(lgrp'@ ekfrdbreq :WCqulaa 0 epvm S o

resi due was chromat ogr aphed on a "um Ica ge

g(r)?idlde?%) 5%@'\65&_{3?%%5 and@&%ﬁ%ﬂ%%&x %é?l Ill}/r%nc roma o%raS&ya(%)ﬁCro ﬁ\/IeOHyeI | ow

- O henzoyl - 3' -deo (3-D-er thropentofuranosyl) 5- mtrop ridine-2- 15
one & 555 3016 Vi) 40.00HG SAUTSBAS 64 9 B306)5 RIS T0diiq GV PeddASLAL4. 5 n )
was added MeONa (157 ng, 2.9 mmol, 2 eq.). The solution was stirred at
room t e(MeOdrt)uﬂH NKE (DMEBO-ds) D 10,26 (a,eU'tl) &.0GEB thiyn,adtl), &2 (bF sa2BN HCI
solution in water to pH 7. The solvent was renoved in vacuo, and the crude
free nuﬁl(m)(s’ndﬁ-lﬁlﬁj’l(_lﬁ mﬂ}a:mdm@m%}-{poevaporat ed several times with

anhydrous tol uene. Pyridine was added, and the m xture cooled to OC.
Benzoyl chloride (0.503 m, 4.36 nol, 3 eq.) was added dropw se, and the
sol uti opxaNipLecd7at room terrper ature for 2 h. Pyridine was renoved in
vacuo, and the residue, dissolved in CH2CI 2, was successively washed wth
a saturated NaHCO3 sol ution and water. The organic | ayer was dried
5-Amino-1-(2’,3°,5’-Tri-O-benzoyl-p-D-ribofuranosyl)-6-oxocytosine (50).

10  To a solution of 48 {238 mg, 0.42 mmol) in AcOH-H,0 (5: 0.5 mL) was added
NaNO; 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

156  concentrated to a slightly green solid, which was purified by silica gel column

chromatography (CHCIl3:MeOH = 10:1 v/v) to give compound 50 (217 mg, 88%).
EXAMPLE 38
1-(2’,3’,5°-Tri-O-benzoyl-g-D-ribofuranosyl)xanthine (51).

A mixture of 50 (4.30 g, 7.33 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 (CHCl;:MeOH = 30:1

v/v) to give compound 51 (2.20 g, 50%).
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109 (Na2SOX4), filtered, and the filtrate concentrated in vacuo. The residue
was chronmat ographed on a columm of silica gel wwth a stepw se gradi ent of
MOH (0O to 1 % in CH2C2 to afford 58 as.a pale brown solid (yield 656
ng, 97% . EXAMPLE 44 5

9, 5' - Cy@XAMP(LE 39 benzoyl - 3' - deoxy- ( 3- D- er yt hr opent of ur anosyl ) - 1- deaza- 8-
azapurine-2-one (59). A solution of 58 (650 ng, 1.4 mol, 1 eq.) in DW
(22.4 m) was stirred at 115C for 4 days in presence of sodium azide (137
ng, 2.1 TiP-Ribofuanasyllnantbinedd?). was renoved in vacuo, and 2N HCl and
CH2Cl 2 were added. The two | ayers were 10 separated, and the aqueous phase

extract afon CHRShRoudS 11808 1R5h 88 AL n LAMELBAMRERIEIEHARRSO and

concentra% In vacu resrd raph on a col um" of

silica th a atic,of 50% hexa ford 59 as a
white sgﬁ) H‘VL‘() %"’%‘ga@"‘%é‘a’@ ra ‘Eﬁ&%ﬁ%h%mwe“{}a*e" to JW“GSS

9,5 -Cyclo0-3-(3' -deoxy- (i- Derythropent of ur anos ﬁ/ﬁg 1- deaza-8 azagurl ne- 2-on
e (%0) wapged V@th Et%ﬁsgver@@hmsazaﬂ%dn@d?oMS ymy, Bﬁ"/q)/@@a\(v ited ) was
added MeONa (80.5 ng, 1.5 mmol, 2 eq.), and the m xture was stirred at
room t esphd.ature for 1 h. MeONa was neutral i zed by addition of 6N HCl to
pH 7. Silica was added, and 20 the sol vent renoved under reduced pressure.
The resi due was chromatographed on a colum of silica gel with a stepw se
gradi enE)(AMPMEBRHI 0 to 499 in CH2CI2 to afford 60 as a white solid (yield
108 ng, 62% . 110 EXAMPLE 46 9,5'-Cycl o-carba-8-azaxant hosi ne (65).

1-(2’,3’-Di-O-isopropylidene-B-D-ribofuranosyl)xanthine (53).

A mixture of 52 (150 mg, 0.53 mmol), 2,2-dimethoxypropane (2 mL), acetone (15
10 mlL), and TsOH (catalytic amount) was refluxed for 2 hr, cooled, neutralized by

triethylamine, concentrated, and purified by silica gel column chromatography

(CHCIl3:MeOH = 10:1 to 4:1 v/v) to give 53 (100 mg, 58%).

EXAMPLE 41
5’,2-0-Cyclo-1-(B-D-ribofuranosyl)xanthine (54).

15 To a solution of 53 (150 mg, 0.46 mmol) and triphenylphosphine {400 mg, 1.53
mmol) in anhydrous DMF (3 mL) was added DEAD (0.24 mlL., 1.52 mmol), and the
mixture was stirred at room temperature for 1 hr, concentrated, and purified by
silica gel column chromatography (CHCl3:MeOH = 30:1 to 10:1 v/v) to give 129 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 mL x 3), and triturated with MeOH. Compound 54 crystallized and

was collected and dried under high vacuum (34 mg, 31%).
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To a solution of conpound (61, 50 ng, 0.14 mml) in CH2CI 2 (10 m-) were
added Et3N (1nli), DVAP (224 ny, 2 mmol ), and net hanesul fonyl chloride (0.2
m., 0.25 5 mmol), and the resulting solution was stirred at RT for 5 h.
Et OAc (40 nL) was added, and the diluted solution washed with H20 (5 i)
and dri &KAMBRE®&D . The solvent was renoved to dryness. The residue, crude
62, was unstable and used directly in the next step by dissolving it in

DMVF (10 .~ FO e,sol uti was, added . Na (130 , 2 mmol), and_t he

ot ur o 1602 -ﬂ-éﬁe&-%%wﬁﬁoﬁmﬁmwmengﬁE@%wﬂ%eeengfnr-)m?%xl)-én. The
filtrate was concentrated to dryness, and the residue purified by silica
gel col Bithopwwidine-&pnepld)( 3% MeOH in CH2CI 2) to give azide (63) as a
syrup which was dissolved in DMF (5 nL). The resulting solution was heated

at 120 . v noved. and, t.he.residue, ude 6 was
di ssol %W‘R'%Wg%ﬁ(@éﬁ’lﬂ') 8%\@@@{ -§ﬁ%f¥"8ﬁ ﬁ?ﬁ?dg%'%%l S‘lﬁ?t%filf' h\(‘,ﬁjmfxl“ In Et20),
and 15 the saluti was stirred at rqomtenperature for. 5 h. Sol vent was
I S LT A AT TR R P 12 o ot R L ol B
CH2Cl 2) to give 65 as a solid (15 ng, 40.4%from61). 1H NVR (CDCI3) 6
11. 53 ( Beoxyrrylofmanos® (5% dchithgea bl enmok . eq ) i) ashydreug 142, 1 H, OH, D20
exchangeable), 5.05 (d, J = 5.6 Hz, OH D20 exchangeable), 4.83 (d, J =

5. 6Hz, dicHlordethidne (85 ) &HI0°C. FhéZolutidn, wad stirrétl alrodh terhpbrat(@dior 8 = 4Hz,
13Hz, 3'-H), 3.85 (m 2H, 5 -H), 2.67 (m 1 H 4'-H), 1.78, 1.29 (m 2H,

4"-H .  A1NIPENPLRIATH,CI, were added, and the resulting mixture partitioned. The
3,5 -Cyclo-4-((1-D-ribofuranosyl)-vic-triazol 0F4, 5-b] pyridi n-5-thione (70)

A mxtu 4 :‘,53% WY = H 7 = A0 I .
Lavvessoéf‘gsa%cr ’;aggé{ﬁtas( : eg)zwﬁtr}lwgﬁ%ygﬁ%ddégg?scﬁf)o?ggtﬂﬁ%gglv% - v%\g\iérg heat ed
und reflux for 516 h. The nj xture s concentrated to dryness, and the
res uev??%tt%eﬁﬁ'ﬂu%%%{%gmwwﬁ aa?fﬂwﬁ‘ir'é)f(sg@arﬁe?)"" 4room
tenmperature for 12 h. Yell ow sh )

stepwise gradient of MeOH (0 to 1%) in CH.Cl; to give compound 56 as a pale

yellow solid (1.550 g, 79.5%).

EXAMPLE 43

1-(2°,5°-Di-O0-benzoyi-3 -deoxy-pB-D-erythropentofuranosyi)-5-nitropyridine-2-

15  one (58).

To a solution of 56 (512 mg, 1.45 mmol, 1 eq.) in MeOH (14.5 ml) was added
MeONa (157 myg, 2.9 mmol, 2 eq.). The solution was stirred at room temperature
for 1 h, and then neutralized by addition of a 6N HCI solution in water to 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
m.i'xture cooled to 0°C. Benzoyl chloride (0.503 ml, 4.36 mmol, 3 eq.) was added
dropwise, and the solution stirred at room temperature for 2 h.. Pyridine was
removed in vacuo, and the residue, dissolved in CH.Cl,, was successively washed

with a saturated NaHCOj; solution and water. The organic layer was dried
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precipitates were collected by suction and washed wth McOH and

crystallized fromhot water to give 70 (910 ng, 78% as a yellow sh solid.
"H NV\R (DMSO-d6) 6 4.13 (t, J =4.4 H, 1 H, 423 (m 1H), 4.70 (t, J =
4.8 Hz, 1 H), 4.97 (dd, J = 4.4 10 and 13.6 Hz, 1 H), 5.11 (d, J = 14 Hz, 1

H), 5.43NagS0J), filt@red, lalnd the Filtratd cBricdrdratdd 7 vactd. Hehe fedilue #a88 (s, 1 H),
7.31(d, J =8.8H, 1 H, 7.96 (d, J = 9.6 Hz, 1 H. Anal. Calc' d for

ﬁi Ogéogétﬂ&gﬂa%héa %ﬁé cimhtof 3ili8 .gewith® gt@p\nfé&'@‘édleﬁ:rt of eGR0kb 3 94

3,5 -Cy Lor 9 1 t I 5-b] pyri di n-5-one
(71, q&,ﬁ ok %;ég‘g’g’fs%gf‘%%g bg'\%%ﬂ}d (y‘g*d@éb‘;‘%‘g %hé} %)94 ny. 0.38 mmol)
and N- chlorosuccinimde (69 ng) in 3.5 nL of glacial acetic acid was

refl uxe%a{{ﬂ}r/| igd‘{gbn The m xture was concentrated to dryness, and the

resi due P y silica gel 20 columm chromat ography with 1-2% MeOH i n
CH2CI2 to give 71 (X =d) (43 ng, 40.2% as a solid. '"H NVR (DVSO d6) 6

4.065/(t )l 4.89
- 5( 9 ﬁ (g'gr(]tgloig-(z Olﬁenzﬁlybi-% Gﬁbx} Bﬂb-erﬁhﬁﬁaéﬁtofdrano@yﬂ ﬁ%hzaa(lg-@-‘]_ -5

A ,231 ?az?aﬁ&'ﬁé??@ﬁg?ggile) .512121 (E?<AN%LE 2198 Hz, 1 H D20 exchangeabl e),

3,5 QIcIo 6- brono-4- ([ 3-D-ri bof uranosyl )-vic-triazol o[ 4, 5-b] pyri di n-5-one

(71, XAB;()IUUGFDOBS&(@SGE@ 104 mimain1 ek ik ONRF (22R'mB whs dirfredHat 715°CCH, 3 g,
11.99 mmol ) in HO (60 5 nL) was added Br2 (0.9 m-) dropvm se at room

t enper ath@dalTrhm Pre8ENEd of dodifneeide gﬁ oA \g’g fntdl! § 5 %tﬁ). & LBWent

t enperature e precipitates were ¢ sucti vvashed W th

MeCH t 0y Qi micheli’tn VaBlio, shdINHCEhd CH,CRS WS éjdde% T two layers were

10 separated, and the aqueous phase extracted with CH,Cl,. The combined organic
layers were dried (NaSO,) and concentrated in vacuo. The residue was
chromatographed on a column of silica gel with an isocratic of 50% EtOAc in

hexane to afford 59 as a white solid (yield 252 mg, 53.5%).

EXAMPLE 45

15 9,5°-Cyclo-3-(3’-deoxy-B-D-erythropentofuranosyl)-1-deaza-8-azapurine-2-one

(60).

- To a‘solution of 59 (252 mg, 0.7 mmol, 1 eq.) in MeOH (7 ml) was added MeONa
(80.5 mg, 1.5 mmol, 2 eq.), and the mixture was stirred at room temperatu.re for 1

h. MeONa was neutralized by addition of 6N HC! 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 CH,Cl, to

afford 60 as a white solid (yield 108 mg, 62%).
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NVR (DMSO d6+D20) 6 4.04 (d, J = 5.2 Hz, 1 H, 4.15 (t, J = 4.8 Hz, 1 H),
4.62 (t, J =4.4H, 1 H, 4.87 (dd, J =4 and 14 Hz, 1 H), 5.04 (d, J =
14 Hz, 1 H, 6.22 (s, 10 1 H), 8.69 (s, 1H) EXAMPLE 50

3,5 -Cycl o- 7- propyl am no-4- ([ 3-D-ri bof uranosyl )-vic-triazol o[ 4, 5- b]

pyridi nEXxAMPEEUE2, R=H R =n-Pr). A mxture of 71 (X = Br, 150 ng,
0.456 mol ) and propylamne (15 nL) was 15 heated at 110C in a seal ed
bottle for 16 h. The m xture was cool ed, and the propylam ne renoved in
vacuo. Fe-Gyalodmarbadsazaxanthasioe (§5).h Et OH when 72 (R = n- C3H7)

preC| pitated (45 ng) as a white solid. 1H NVR (DVBO-d6) 6 0.89 (t, J = 7.2

dd 8 3. 3.87 J =
4 v, T3 3 HliG Ghodngoin B ¥ m@EBHé m"i'?%m é%sf(d"hoz m@weﬁeﬁ?dgﬁ
4 74 (dd, . J A)_and 14H7z. 20 1 H), _ ;) , 1

, 5. 3§faé\H1n3L DMAP (224 mg.,2 mptsl), @ﬂéﬁﬁﬁtﬁ@asswionytc!@brl@a,(0- mL4O-§5Hz, 1 H,

D20 exchangeable), 6.17 (s, 1 H), 7.56 (s, 1 H, D20 exchangeable). 113
EXAMPL Emoix,@dmdeau!ﬂn@sohrjdbamas stirred at RT for 5 h. EtOAc (40 mL) was
i no-4-([3-D-ribofuranosyl)-vic-triazolo[4,5-b] pyridi n-5- one (72, RH,
R = Mehddéd,mnd theetilateddol(torrwBeshed 98thrig, 0 (5 ARG andadnedaiiNG, 3890 MFhER i n
EtOH (15 m-) 5 was heated at 110C in a sealed bottle for 16 h. The

M Xt Ur egyREntGRAS it dE b dir@'ne¥§0?ﬁe ra&dué k@uﬁ@%'zd%?tddsiéﬂlé‘faﬁe Jdehh Et OH.

The precipitated product was |'ected by sucti on

Caan Bredtyin file nxt sefol s %ﬁv?ﬁ ftHb Mg o i 'l‘]q_Bhe Pty s lébdﬁleé _
76 10 Relbrrdp fH’@z@ oo A dae gyige red al §o:Cora: by Solidpiarmy ) -

exchangeabl e) 18 (s,
10 removed by filtration. The filtrate was concentrated to dryness, and the residue

purified by silica gel column chromatography (3% MeOH in CH.Cl) to give azide
{63) as a syrup which was dissolved in DMF (5 mL). The resulting solution 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 mL, 2N in Et,0), and
15  the solution was stirred at room temperature for 5 h. Solvent was removed, and
the residue purified on a silica gel column (10% MeOH in CH.Cl) to give 65 as a
solid (15 mg, 40.4% from 61). "H NMR (CDCl5) 8 11.53 (br, 1H, NH, D,0O
exchangeable), 5.21 (d, J = 3.6 Hz, 1H, OH, D»0O exchangeable), 5.05 (d, J =5.6
Hz, OH, D;O 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, 1.29 (m, 2H, 4"-H).
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1 H, 7.56 (s, 1 H D20 exchangeabl e). EXAMPLE 52

3,5 -Cycl o-7-et hyl am no-4-(a-D-ri bofuranosyl)-vic-triazol o[ 4, 5-b] pyri di n-5-
one (72, R=H R =E). 15 A mxture of 71 (X = Br, 150 ng, 0.456 mmol)
and 75% EtNH2 in H20 (15 nL) was heated at 100-110C in a sealed bottle for
16 h. ThexXaMiRiux g7was concentrated in vacuo, and the residue triturated
with EtOH The white precipitates were coIIected by suction to give 72 (R

=H R = 1H NVR (DVBSO-d6) 6 1.16 4.4 Hz, 3 H), 3 20
Cor s BF-Cyslat-(HD- rhofuansal-Vie szolols ﬂd'“=5'f!h@ﬂel(z70$ e 1 H),
20 4.54 (t, J= 4 Hz, 4.74 (dd, J 4 and 13.6 Hz, 4.96 (d, J =

13.6 Hz, s » 5. 3 eabl e

566 (d A%m@uzeQWR( R %%ovex%haﬁf'% 2 %s%wén%mﬁ;%%@%@%"é‘g 2
5.2 cha able 1

3,5 q/creé‘g?”% %Qg ﬁ%‘sa H%’foﬁfﬁ?f'éig mﬁmﬁ%%sgiwd@r Eefluxifar o) of 4, 5-
b] - pyr|d| n- 5- one R =H, = CH2CH2OH). A mixture of 71 (X = Br, 150
my, ©. 458 hna’h)era r@twwmrmnﬁ@te(wtwr-ype%sar@ theaesiduatrended WitbC in a

seal ed bottle for 16 h. The m xture was concentrated in vacuo, and the

resi due satutaieditrexdhandlic dahbiniao80rmk] at foone terhperpturd dot 12 Mi\fﬁhlom
collected by suction to give 58 ng of 72 (R=H R = CH2CH2OH). 'H NI\/R

gf Dg/BSde})reﬁtp&a’%% Wél*é((ﬁ)lleateﬂ)by éiJcﬁi@n(éiﬁ wéshecﬁwﬁh M&)lzlzanc%ﬂ/stafﬂrzﬁa (t, H) =

gx?:ﬁaggg %l'fll I’Bot {}"ﬁ% Jgafvé_‘gﬂ L%WB{‘)I_%S% g&qoi\dz(c.ﬁ sgh I_BIJNIQR?)@%\?EO fja)_ -
6 15 (5.0 F R T FEIARRN Faglh 4 20 dhaenb ity 2o Binbt e ds ©

10 and 13.6 Hz, 1 H), 5.1 (d, J=14 Hz, 1 H), 5.43 (d, J=7.2 Hz, 1 H), 5.84 (d, J =
5.2 Hz, 1 H), 6.88 (s, 1 H), 7.31 (d, J = 8.8 Hz, 1 H), 7.96 (d, J = 9.6 Hz, 1 H).
Anal. Calc'd for C1oH1oN403S°0.2H,0: C, 44.50; H, 3.88; N, 20.76; Found: C,

44.25; H, 3.94; N, 20.58.

EXAMPLE 48

15  3,5’-Cyclo-6-chloro-4-(-D-ribofuranosyl)-vic-triazolo[4,5-b]pyridin-5-one (71,

X = Cl).

A mixture of 15 (R'=R" = H, Y = H, Z = CH; 94 mg, 0.38 mmol) and N-
chlorosuccinimide (69 mg) in 3.5 mL of glacial acetic acid was refluxed for 30 min.
The mixture was concenirated to dryness, and the residue purified by silica gel

20  column chromatography with 1-2% MeOQOH in CH,CI; to give 71 (X = Cl) (43 mg,
40.2%) as a solid. 'H NMR (DMSO-ds) 8 4.06 (t, J =5 Hz, 1 H), 4.15 (m, 1 H),
4.62 (t, J=4.2Hz, 1 H), 489 (dd, J=4 and 13.6 Hz, 1 H), 5.05(d, /=14 Hz, 1 H),
5.42 (d, J = 7.6 Hz, 1 H, D0 exchangeable), 5.84 (d, J = 4.8 Hz, 1 H, D,O

exchangeable), 6.23 (s, 1 H), 8.54 (s,1H).
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7-Butylami no-3,5 -cyclo-4-((3-Dri
bof uranosyl )-vic-triazol o[ 4,5-b] pyridin-5-one 15 (72, R=H, R = n-C4H9).
A mxture of 71 (X = Br, 150 ng, 0.456 ninol) and butylamne (8 m-) was
heated at 100-110C in a sealed bottle for 16 h. The m xture was
concent EXAMPLE 4% cuo, and the residue triturated with MeOH to precipitate
72 (R=H R = CHZPh) whi ch was collected by suction (42 ng). 1H NWR
DVBO- d6) .6 0 1.33 2H), 3.15
Ebr s, °m9-4-(érl§-ﬂbePsa"'gﬁsdle(caHlaz\? of45p- Eapnridle-5-§wp? (Z1H)H), 4.53
(tJ—3. Hle),474(de 4 and 14 Hz, 1 H), 4.96 (d, J =13.6

, 1 HX=Bro (s 1 H, 534 (d, J =7.2 Hz, 1 H D20 exchangeable), 5.67
(d J =4.4 Hz, H, D20 exchangeable) 6.17 (s, 1 H, 7.55 (br s, 1 H,

D20 exc E

7 An no“%”%gﬁfié%%@uﬁ%?p?@%s 5 Ehde5 Y A7 O 9 ORI BYP @ . one
(72, e of 7 r, , 0.456 and liquid
anmoni an@)db%im\é%é lédﬂlraéwvs@@t fﬁo%i‘ tgemeé%tuw 1he prqﬁucig Th. The

seal ed bottl e was cooled and opened at -78C, and 5 nL of MeCOH was added.
The mi xPiR@PIRied Mlﬁsﬁdwml@g at wom tempenaturar d; heavrecnpitatqer\eenemoﬂlac@d iy oduct
collected (135 ng). '"HNWMR (DVMBO-d6) 6 3.86 (t, J = 4.8 Hz, 1 H), 4.07

(dd, J sustidh and washied withHeOH fBgile 713(6= B#HB.351, I85.1%) 4 a(stlid. JH= 4 and
14Hz, 1 H), 4.96 (d, J = 13.6 Hz, 1 H), 5.16 (s, 1 H), 10 5.34 (d, J = 6.8

Hz, 1 H 6 14 b|
e (Sf\JI\?QQDM%ﬂ%AGDQO 6)4.05&@,J§%C2h glrgé;lﬂmhks(t { Eha DR, 194 B3R! €)

azapur | e 3ot (B SV IEPEL AN A D ob 2383 wa RN
R',,ld?' 1 )S%PégoPQ’H';-ﬁ’)‘?”e 565 ng, 1.84 mmol), PPh3

EXAMPLE 50

3,5’-Cyclo-7-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, 150 mg, 0.456 mmol) and propylamine (15 mL) was
15  heated at 110°C in a sealed bottle for 16 h. The mixture was cooled, and the
propylamine removed in vacuo. The residue was triturated with EtOH when 72 (R
= n-C;3Hy7) precipitated (45 mg) as a white solid. 'H NMR (DMSO-ds) 3 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 (1, J = 4.4 Hz, 1
H), 4.08 (dd, J=15.2, 12 Hz, 1H), 4.53 (t, J= 4 Hz, 1 H), 4.74 (dd, J = 4 and 14Hz,
20 1H),4.96(d,J=13.2Hz, 1 H),5.11 (s, 1H), 5.33 (d, J = 7.2 Hz, 1 H, D0
| exchangeable), 5.67 (d, J = 4.8 Hz, 1 H, D,O exchangeable), 6.17 (s, 1 H), 7.56 (s,

1 H, D,O exchangeable).
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(1.16 g, 4.42 mmol ), imdazole (0.44 g, 6.51 mol ), diisopropylethyl am ne
(.6 M, 9.2 mol), and iodine (1 g, 3.81 nmmol) in toluene (15 nm-) was
heated for 2 h at 95- 100C. After cooling to roomtenperature, the mxture
was concentrated in vacuo, and the residue mxed with EtOAc. |nsoluble

mat er i aEXAMIPEEST tered through a 20 Celite pad, and the filtrate was
washed with water and brine, dried (I\/gSO4) and concentrated in vacuo The

resi due [ n a fl [ ol L.

nexanesp 3 -8 aslaning BB e Geosy P Biasblpa bipyridingse o

81% , V\/mch was crystalllzed fromEtCOH in hexanes "H-NVR (DVBO-d6) 6 7.64
(1 H song{fHR~HIR' EMe). pr s, 6-1m), 6.92 (1L H br s, 6-1m, 6.37 (1 H,
s, H1'), 116 5.23 (1 H, d, HS'a, J = 14 Hz), 492481(3HmH—2 H 3,

oo ARG S8, 184 B0 dEtnd) st 3ot kel i 0%k o
b f - th Ianlne

o g gecﬁ%"bffo ety %@éh{hsvtée m%ﬁp o TBF st e s frconbeteiBl ) DvAP
(150 , 1.23 mmol ), and triisopropyl benzenesul fonyl chloride (373 ng,
1.23 mrwquq,@néibww@e fitusated wWilh, EtfHd. hhgtrieeipitaledqarpdueiavag r oom
tenperature for 24 h, and then treated with conc. NHACH (20 nL). The

m xt ur ecm@@mtbﬁsumﬂwd(ﬂﬁmg)f (M INMR (DMBO- - & 2.0 (d.oJ veld HzpBdenB& ed in
vacuo. The residue was purified by a flash silica gel colum (eluant:

Et OAc: hgxaires8 AN MY 407 &dd, 4 = 6180 2nHz, A9PM. 56 (t1asrad & Ll Qyv4sps {qh, which
was used d| rectly in the next step wi t hout further pUI’IfI cati on. EXAMPLE

58 15 9 I
o0 15 o 2.3 Qutiorsie HE Dy 14oed (1. 4109810 rY; )80k @7 TAYE.9818 £ 6
10 Hz, 1 H, DO exchangeable), 5.68 (d, J = 4.8 Hz, 1H, D,O exchangeable), 6.18 (s,

1 H), 7.56 (s, 1 H, D20 exchangeable).

EXAMPLE 52

3,5°-Cyclo-7-ethylamino-4-(B-D-ribofuranosyl)-vic-triazolo[4,5-b]pyridin-5-one

(72, R=H, R’ = Et).

15 A mixture of 71 (X = Br, 150 mg, 0.456 mmol) and 75% EtNH; in H>O (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’ = Et, 38 mg). 'H NMR (DMSO-dg) 5 1.16 (t, J = 4.4
Hz, 3 H), 3.20 (br s, 2 H), 3.87 (t, J = 4.4 Hz, 1 H), 4.08 (dd, J = 5.2, 12.8 Hz, 1H),

20 4.54(t, J=4Hz, 1H),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 (d, J = 7.2 Hz, 1 H, D0 exchangeable), 5.66 (d, J=4.8 Hz, 1 H,

D20 exchangeable), 6.18 (s, 1 H), 7.52 (t, J = 5.2 Hz, 1 H, D,0 exchangeable).
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A solution of 74 (120 ng, 0.39 mmol) in THF: 1IN HC (1:1, 10 m-) was heated
at 90C for 1 h and cooled to roomtenperature. The sol vent was evaporated
and coevaporated with EtOH several tines. The solid residue was
crystallized from20 EtOH and H2O to give 75 (92 ng, 89% . 'H NWR of the
maj or i SOMBIMPLENED d6 + D20) 6 5.99 (1 H, s, H-l'), 5.09 (1 H d, H5'a, J
:136Hz)490(1Hdd H5'b, J = 13.6, J = 4.4 Hz)461(1Ht,

14-4.0 2H, " H- NVR of the m nor

|sorrer ( %&u%mﬁ%vd@sm@wﬁqmm -4- ﬁ% y-%ogqusﬂl -yic-giazolo[4, -0l o, J

14.0 Hz), 4.87 (1 H, dd, H5'D, J—140J 3.6 Hz), 4.56 (1 H t, H4, J
4. 4 wyyidin-5rgne (63, RzHH, R =ICH:CHQHN 3° ) EXAMPLE 59

,5 Cyclo-3-(2',3 -0Othi ocarbonyl (3-D-ribofuranosyl)-8-azaxanthine (82, Y

0,5 - oyd) iy %%fﬁi&s 05091 488 Jmel A Aoeam Y )L ol ) and
N, N- h| ca zol e 0 4.02 mml) in DVF ( m.) was_ heated

f or %Be‘y @#é”@gﬁfmﬁ@e&% Rolte &r hy Jmmeqﬁ%rva@w@wcqrﬁr@ adient
rennved in vacuo, and the residue purified by flash silica gel colum

chr ot ¢geuprandLthe @Biﬁh&@ttrifuia’@dd«vimﬁ%@ﬂ to: crystaﬂizg thee pBRIUCHAthioly WwaB6%) as a
yell owi sh white solid. 1H NWR (DVSO d6+D20) 6 6.66 (1 H, s, H1'),

5. 94- 5. ebliéaet] by sudtidh tagivetbBmg of 72 F=(RHR’ =CHCH,GHIM "HBRMR 4. 71 (1 H,
m H5b). EXAMPLE 60

%5 - IDMISHLR) odemibrsI AMEIE(RRI BIAIBAS YN, & AP RXARIDBIE 153, Y =

o 2L 04%’3(&5%’ fet: IR th 4 S8R Rk e R AR e 1448, (7,
M. 1+ 57 1% 79 &7 = 6 Hz, 1 H, D0 exchangeable), 4.97 (d, J = 14 Hz, 1 H), 5.17 (s,

IO Il

1H), 5.34 (d, J= 7.6 Hz, 1 H, D,0 exchangeable), 5.68 (d, J=4.4 Hz, 1 H, D:0O

exchangeable), 6.18 (s, 1 H), 7.32 (1, J = 6 Hz, 1 H, D,O exchangeable).

EXAMPLE 54

7-Butylamino-3,5’-cyclo-4-{B-D-ribofuranosyl)-vic-triazolo{4,5-b]pyridin-5-one

15 (72, R=H, R’ = n-C4Hy).

A mixture of 71 (X = Br, 150 mg, 0.456 nimol) and butylamine (8 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 MeOH to precipitate 72 (R = H, R’ = CH.Ph), which was
collected by suction (42 mg). 'H NMR (DMSO-dg) 5 0.89 (t, J = 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, /=5.2, 11.6
Hz, 1H), 453 (t, J=3.6 Hz, 1 H), 4.74 (dd, J=4 and 14 Hz, 1 H), 4.96 (d, J=13.6
Hz, 1 H), 5.10 (s, 1H), 5.34 (d, 4 = 7.2 Hz, 1 H, D-O exchangeable), 5.67 (d,J=44

Hz, 1 H, D-O exchangeable), 6.17 (s, 1 H), 7.55 (br s, 1 H, D20 exchangeable).
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tris(trinethylsilyl)silane (1.5 nm, 2.28 mmol) in dioxane (15 nm.) slowy at
80C, and the m xture was refluxed for 2 h. The m xture was concentrated in
vacuo, and the 20 residue purified on a silica gel colum (eluant: 10 %
MeOH in CH2CI 2) to give a 1:1 mxture (293 ng, 77% of 83 and 84, which
wer e paEXAMPLESdparated by repeated silica gel chromatography. 'H NVR of
the latter conmpound (DMSO-d6 + D20) 6 5.99 (1H, s, H-I ), 5 15 (1H m
H4), = 3.6 Hz,
J = 14 5£m4'('%§?1¢¥$'°-c9a-(ﬁ:!52"%°ﬂ"az1ssziwf(tr@z‘i'@?? 5-4] Pwd'n%"’é')e (721 96
(1H, m H-3''b). EXAWPLE 61 5',3-Cyclo-2',3"-0Oisopropylidene-xanthosine
(91, Y R®OE=H)To a nixture of 2',3 -0 isopropylidene xanthosine 90 (Y =
OH, 280 ng, O0.86 rrm)l) and triphenyl phosphine (340 ng, 1.29 mmol) in

hyd 0
Cemper af el 74 T LRG0 S byt BB ALY 3o i
t h t hy ( CHCl 3: MeCH
Tor B b§ay qﬂ&n‘ic@““ %dBétweieo? * e S6aipTRotls WAF COOLI AT H VR
(DI\/SOdG)OllZB% H, 7.86 (s, 1 H, 6.40 (s, 1 H, 4.83 (s, 1 H,
4.81 (dopgned ap-78° anm,{é)mL@fMe@UdNas_aéﬂecﬂ The ngxturd vesstwarmed #5 (d, 1 H,
J =6.0 H), 3.60 (dd, 1 H J = 2.8, 14.8 Hz), 1.44 (s, 3H), 1.23 (s, 3H).

EXANPL Erdtn 5emperatutey ad ihé pes aigitatea protivet Ghllectdd (CsHmayndHNMRY = OH, 200
ng, 0.65 mmol) was treated with 5N HCl (5 nlL), stirred at roomtenperature

for 2 hip smlagmea;eeg J S BVRDINY, acbmddul\ébélé 4%.6 A, 1<H)°’)45@(tht—-rlturat ed

wth |ve Compound 92 crystal l'i zed and was col [ected dried under high
2 0,
Vo s\ 1B, o Sk 9. M6 4KE) oMY el A 1 ﬁ‘%‘*ﬁ&*) 2@%@%‘”‘
10 5.34(d, J=6.8 Hz, 1 H, D,O exchangeable), 5.66 (d, J=4.8 Hz, 1 H, D-O

exchangeable), 6.16 (s, 1 H), 6.98 (s, 2 H, D,O exchangeable).

EXAMPLE 56

9,5’-Cyclo-3-(2’,3’-O-isopropylidine-f-D-ribofuranosyl)-6-imidazolyl-8-

azapurine-2-one (73, X = imidazolyl).

15 A mixture 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 EtOAc. Insoluble materials were filtered through a

20  Celite pad, and the filtrate was washed with water and brine, dried (MgSQ,), 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. 'H-NMR (DMSO-d;)

0 7.64 (1H, s, 6-Im), 7.11 (1H, br s, 6-Im), 6.92 (1H, br s, 6-Im), 6.37 (1H, s, H-1"),
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201 H), 4.59-4.56 (m 4H), 422(dd 1H J=40 56H), 3.91 (d, 1 H,

J =6.0 H), 3.73 (dd, 1 H J 3. 2, 148Hz) FAB HRMVS esti nmat ed

265 0573, observed 265. 0580 (MH) for CLOHONAOS. 119 EXAMPLE 63
5'-Cyclo-I -nethyl-3-(2 -Oisopropyl idi ne-a-D-ri bofuranosyl)-8-

o7 axant 1398 ({HG3, RO, Grsj4 Habi4 DB3t L (SFL mrth3' e, ackibd') 6,86 (ke o of

9,5 -cyclo-3-(2',3 -0Cisopropylidine- 5 (3-Dribofuranosyl)-8-azaxant hi ne

(14, Y HOD, £m4.4§l,J5152Hzg,1.®758HmIGH§)nd.26I@E;)&, CHz?. ng, 1.25 mmmol) in DV
(5 nm.). The m xture was stirred at room tenperature for 20 h, and then the
sol vent was renoved in vacuo. The residue was partitioned between Et OAc
and H2O ExamMHIespr gani ¢ phase dried over (MySO4) and evaporated. The
residue was purified on a silica gel colum (eluant: 10 Et QAc: hexanes 2:1)
to give the title conpound (150 ng, 93% as a white solid which was

cryst al 198 e@yelaod(Erdre- lsqprmmm;se Bt R-nibefyrancsgl)-GGamive-§-azapurine-g 1')
5,05 (1 H d, H5'a, J =14 Hz), 4.92 (2H, m H2' and H3'), 4.74 (1 H, d,
H4 p Jone FHRER =HR7 (1 H, dd, H5 b, J =14, J = 4 Hz), 3.41 (3H, s,
N-CH3), 1.58 (3H, s, CH3), 1.34 (3H, s, CH3). 15 EXAMPLE 64

gb?ut ic’};Cllrﬁ[hylamlnhey JO :?5 gn 3 2. 4é Irnbn?g)ﬁ\rzvaars]oas dle)d tg aar%%&r%t c?fl 73 (1(52 mg, O 5 ). A
9,5 -cyclo-l-methyl-3-(2',3 -0Oisopropylidene-(3-Dribofuranosyl)-8-
azaxant inmely PSIARGHR) mg, 323wmongl), iandTtiisopropytherzenesutionyichiprided3hdat ed at
90C for 3 h. The solvent was evaporated, and the residue purified by flash
si |l i ca 20g,0eR3eanoin GiH@R{aDmap by 0te! U’h@tmixﬂl&mm&d &HGb®) to give
9,5 -cyclo-I- nethyl-3-(R D-ribofuranosyl)-8-azaxanthine (78 ng, 89% as a

white saebinfleratire RIVRAHDMRPHEN ti@afed Witk Lok, RH,OHY2D mB). 7Fhé hikdurd
J =4.8 Hz), 5.42 (1 H, d,
10  was stirred 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) to give 74

(130 mg, 86%) as a pale yellow solid, which was used directly in the next step

without further purification.

EXAMPLE 58

15 9,5-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 THF:‘1N HCI (1:1, 10 mL) was heated at
980°C 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 H.O to give 75 (92 mg, 89%). 'H-NMR of the major isomer (DMSO-dg +
D,0) 8 5.99 (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");

*H-NMR of the minor isomer (DMSO-ds + D20) 8 5.97 (1H, s, H-1"), 4.98 (1H, d,
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3'-0H, J =6.8 Hz), 5.03 (1 H br d, Hs'a, J=15.2 Hz), 4.81 (1 H, dd,
H5b, J=14 J =4 H), 4.58 (1L H br dd, H4'), 4.10 (2H m H2' and
H3'), 3.20 (3H, s, N-CH3). 120 EXMAPLE 65 1- Cyan

onet hyl -9,5"-cyclo0-3-(2',3 -0 isopropylidine-RDribofuranosyl)-8-
azaxant hitbe, ¢ 7614. RHZ)CHM‘(I)IH NdHHGibs plet ﬂ@nJeﬂnB Gi ) 41560(1H, ¢.88-4vgl =1. 71

nmol ) was added to a solution of 9,5 -

cycl o- 3-4.2'HA. 4®4+4ioer(zﬁyh1 H-eaBHL'). | bofuranosyl) 8-azaxanthine (14, Y =
"OH, Zz= N, 500 ng, 1.63 nmol) in DVE:DW (4:1, 10 nL) at OC. After
stirring for 10 mn at 0C, LiBr (283 ng, 3.26 nmol) was added, and the
suspensipRANGg BSsorred at roomtenperature for 15 mn. BrCH2CN (0.23 ni,
3.26 mmol) was added, and the mxture heated for 2 h at 65C. The sol vent
was evapor at ed, and the residue 10 partitioned between Et OAc and H2O. The
organi ¢ Q)ﬁa%clm@-(a’, e@-thigsobpnyhf-Deikgfuranesyl)-3razaxanthive (82sYpuri fi ed
by flash silica gel colum chronmatography (eluant: 2% MeOH in CHCI3) to

gi ve5t heOHj El=eNkonpound (560 ng, 99% as a white solid. 'H NVR (DVBO-d6) b
647(1H s, H—l) 527(1H d, H5'a, J=144Hz) 501487(5H m
H 2 (1'H dd, H5b, J = 4.0 15 Hz),
1. 47 (3|.4\ ngxtutg_ggg SIcgcgo{a‘s(Lﬁ Dgnb@@posyltﬂmgnme (15 826 mg, 3.1 mmol)

1- Cyanonet hyl -9, 5" -cycl 0-3-((3-D-ri bof uranosyl ) - 8-azaxanthine (77, R =
CH2CN) . amds J/‘v[rthi@tmrbﬂnyidumldazole (800 mg, 4.02 mmol) in DMF (10 mL) was heated
1-cyanonet hyl -9, 5" -cycl 0-3-(2', 3" -Oisopropylidine-p-D-ribofuranosyl)- 20

8- azaxarfoh® heat(830Q. Mhe Siadrowas Looled tirodmMehgeratlire, thd @olveht asovirRAt ed

for 2 h at 90C. The solvent was evaporated to give

1- f 260 ny,
983:/36122 B e RS Re T by e oS *??“Sﬁn‘ ?}é@f}%%ﬁm "

D'V%} d?é*B%ﬂ @t@Agﬂ‘,l—( élz 4. ﬁto b_l'v% QZ (Qioor#g,('t;lfi Yo) as a ye||0W[Sh wh[te solid.

"H-NMR (DMSO-dg+D;0) 8 6.66 (1H, s, H-1"), 5.94-5.91 (2H, m, H-2' and H-3'),

5.36 (2H, m, H-4’ and H5a"), 4.71 (1H, m, H-5'b),

EXAMPLE 60

9,5’-Cyclo-3-(2’-deoxy-B-D-erythropentofuranosyl)-8-azaxanthine (83, Y = OH,
15 Z=N) and 9,5’-cyclo-3-(3’-deoxy-B-D-erythropentofuranosyl)-8-azaxanthine
(84, Y=0H,Z=N).

tert-Butyl peroxide (30 L) was added to a solution of 82 (470 mg, 1.52 mmoi) and
tris(trimethyisilyl)silane (1.5 mL., 2.28 mrﬁol) 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 (eluant: 10 % MeOH in CH.Cly) to give a 1:1
- mixture (293 mg, 77%) of 83 and 84, which were partially separated by repeated
silica gel chromatography. 'H-NMR of the latter compound (DMSO-dg + D,0) &

5.99 (1H, s, H-1°), 5.15 (1H, m, H-4), 4.84 (1H, d, H5'a, J = 14 Hz), 4.74 (1H, dd,
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121 13.6 Hz), 4.91-4.81 (2H m H5 b and H4'"), 4.62 (1 H m H3 or
H2), 438 (1 H m H3 o H2), 4.20-4.06 (2H, m N CH2CN). EXAMPLE 67
1- O Acetyl -2,3,5-tri-0O benzoyl - (3-L-ri bofuranose (20, L-forn). 5 To a
solution of L-ribose (10 g, 66.6 mmmol) in MeOH (200 nm.) was slowy added
conc. H2ASH,(A¥B.Hz, Jantidibe ABX{IH &, Whe', sht+ BI2dzf, 218121 Hy maf Heam
tenperature. Dry pyridine (20 nL) was added, and the m xture concentrated
in vacuot 9Bi(§H, Bf,84¢8%). Was repeat ed 2 times, and the residue dried under
vacuumto give a colorless foam which was dissolved in dry pyridine (100
m.) and cooled to OC. 10 Benzoyl chloride (50 nm, 399.6 mml) was added

dr op- WSEXAIW)F? q4mM xture was stirred at roomterrperature for 12 h.

| ce- H20 was a(J' and the mxture was stirred for I h. The solvent was
evapor ated and co-evaporated with toluene (200 nL, 2 tines), and the

resi due §B-Cyclm2td’-Deisopeop@iditee-aanthddine O, ¥=0@H).c phase was washed
with saturated NaHCO8, H2O, and brine, and dried over 15 MySO4. The sol vent

rat ed e residue dried upder vacuum_ overni ght. The qily
osi Sue R kB 15r - RaPp e yaiRasae S0 & B AHCRIED, 08T and
the m xture cooled to 0OC. Conc. H2SO4 (1.8 nlL) was added drop- wi se. The
m xt ur e awktriphenylehoaphine {340 ergdr28 mmolb T antaydious BMIs (B b measeaded

evaporated in vacuo and then co-evaporated with toluene. The residual syrup

was 20 tDEADr@20mA, tIiBEMDhI) alod/y berovoh tampesiturecans trd inded waom MeCH to
give the title conmpound (19.2 g, 57% as white crystals. 1H NVR (CDClI3) 6

8.02-7. 2§f|n(elal5é'ﬂ roBin teﬁiﬂ@ratﬁe%ﬁ‘ C\‘Olrrﬁa c%ncb'nﬂéte(ﬁaﬁ& putifiéh bﬁ}%ilic'é"s(%L 5.72 (1
H d, H3), 4. 73-4.68 (2H m and 444 (1 H H5b), 1.92
(3H s, c_%‘ﬁ)mn Jc%?orﬁét%%é&m;ﬁ&:mlg.nnew 10:1 v/v) to give compound 91 (200 mg,
10 76%) as a white solid. 'H NMR (DMSO-ds) 5 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,

1H, J = 6.0 Hz), 3.60 (dd, 1H, J = 2.8, 14.8 Hz), 1.44 (s, 3H), 1.23 (s, 3H).

'EXAMPLE 62
5’,3-Cyclo-xanthosine (92, Y = OH).

15 Compound 91 (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 92 crystallized and was collected
and dried under high vacuum (142 mg, 82%) to give a yellowish solid. UV Aqax
238, 264 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 Hz), 3.73
(dd, 1H, J = 3.2, 14.8 Hz); FAB HRMS estimated 265.0573, observed 265.0580

(M-H) for C10H9N405.
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1-(2',3",5 -Tri-0Obenzoyl - (3-L-ribofuranosyl)-5-bronouracil. A solution of
1-O acetyl-2,3,5-tri -0 benzoyl -(3-L-ri bofuranose (2.3 g, 4.55 mmol) in
CH3CN (30 nmL) was added to silylated 5-bronouracil [generated from5 5
bromouracil (2.2 g, 14.3 mmol), HVDS (10 nL), and TMSCl (0.2 nmL) by heating
for 2hEXANPLCEGE | owed by evaporation of the solvents], and the m xture
cooled to OC. 1 MSnd 4 (13 6 m.) was added drop-w se, and the m xture
stirred for 2 h at room nperature. The m xture was diluted with CHC 3
(100 nLP Farﬁw‘deehmpébylnﬁt(ﬁ 3ch|§09599¥%@@-&15140@9 furanesy)8ure was filtered
over a Celite pad, and the 10 organi c phase separated, dried (MgSO), and
evapor anedxanthing ¢7& R €Hz)sol i d.  The solid was washed with cold Et OAc and
crystallized from EtOAc in hexanes to give the title conpound (2.85 g,

98% as t H N CcDCl 3 8.06-7.29
(15H, mweé??bf‘isg %’I‘O W%S agg%gw%ér@# %q?igg%'cyﬂ"é(yﬁ %GSOH[&F;%dS‘eel (1 H
m H-3 5. 65 7-4.62 (3H,_m H5a, 15
and % bﬁ Daafwbiosy) Biazsxaniins 141N OH. Z = N, 152 mg, 0.5 mmo) and

1-(2',3 ,5 -Tri-0O benzoyl - (3-L-ri bofuranosyl)-5-bronouracil (3 g, 4.72

nmol ) \A/KﬁCOii(éEblnmdl.%mﬁmﬂ)ﬂmWE (2atldd Tt inhdurei was slirddat o, 4 M
solution in MeOH (1 20 nL) at O0C, and the m xture stirred for 2 h at room

t enper atamperatie for 20 i, andalen TRIESIREM 2RSS Yérhbvet fAvadiad THerasduent
evaporated in vacuo. The residue was purified on a silica gel columm

( S%’a”magﬁﬁ%@fﬁe?@é’%‘ﬁﬁeﬁ?%*ﬁ’@é”@ EQ Rt bR Ra e BBl (1 b @
8 é\ﬁgéé) gapéfvlél'ggl)%ec? 1'?6_@ (rttaSJdge X\)ag Wﬁed‘gorla S Irfal_qe)l 80E1gm @pa@ d,

2
0,
4 0’!0 J 5?%&:@55199%_2919 to glve the title compound (1 5(? mg, 93%)(33 a whﬂe 'sohd

~~
(= II ==
oz

which was crystallized from EtOAc in hexanes. "H-NMR (CDCl;) 8 6.68 (1H, s, H-
1), 5.05 (1H, d, H5'a, 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, s, N-CH3), 1.58 (3H, s,

CHs), 1.34 (3H, s, CHa).

15 EXAMPLE 64
9,5’-Cyclo-1-methyl-3-(B-D-ribofuranosyl)-8-azaxanthine (77, R = CHj).

A solution of 9,5’-cyclo-1 -methyl-3-(2",3'-O-isopropylidene-B-D-ribofuranosyl)}-8-
azaxanthine (76, 99mg, 0.31 mmol) in THF:1N HCI (1:1, 10 mL) was heated at
80°C for 3 h. The solvent was evaporated, and the residue purified by flash silica
20  gel column chromatography (eluant: 12% MeOH in CHCI3) to give 9,5-cyclo-1-
| methyl-3-(B-D-ribofuranosyl)-8-azaxanthine (78 mg, 89%) as a white solid. 'H-
NMR (DMSO-dg) & 6.03 (1H, s, H-1°), 5.77 (1H, d 2-0H, J=4.8 Hz), 5.42 (1H, d,
3-0OH, 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, br dd, H-4’), 4.10 (2H, m, H-2’ and H-3°), 3.20 (3H, s, N-CHa).
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(1 H m H4), 3.70 (1 H m H5a), 3.57 (1 H m H5 b). EXAMPLE 70 5
1-(2',3 -0Oisopropylidine-J3-L-ribofuranosyl)-5-bronourid! ne (17, L-form.
A2 Msolution of HCl in Et20 (2 m-) was added to a suspension of L-5-
bronmouridine (1 g, 3.1 mml) in acetone (20 nL), and the m xture was
-stirred EXMARLNGSF enperature for 20 h. The mi xture was neutralized with 1 M
NH4OH, and the solvent evaporated in vacuo. The residue was purified on a

silica gel. colu 10 | uant; 7% MQH in 2C12) to giye the title conmpound
as a coIgldhyég9"?@39)4\"?’%863’"%?"(5@%/{;/.B'mﬂpmﬁcﬂlcgﬁﬁ@'b@'g8¥‘1"f.r‘P§Yb18'H, s, NH),
6.34 (1 H s, H1'), 5.14 (1 H d, H5'a, J = 14 Hz), 4.87-4.84 (2H, m
H2' an@zaxanthing (76, R ¢HGN)H-3' | J = 6.0 Hz), 4.59 (1 H dd, H5 b, J =
4.4, J = 14 Hz), 1.46 (3H s, CH3), 1.34 (3H s, CH3). EXAMPLE 71 15

1- (5' - AZi d9-45. - -2' 3 O i di ng-R-L-ri bof . ,

nosy! ) - S Sikp Rt b i S GG G WoRSas adge B BPrien 685 ., 2. 54
I d - W I | ut| f .

1 (28, 3EeBr St by oo RNE P bol s & 8ZBKabing @hn¥ T O 21 or m

840 ng, 2.31 mmol) in pyridine (10 nl) at OC. After stirring for 1 h at

0C, anothd0MmgnL.62omeatol e OMELMEddet, 10ambl) £h@°Gri After stigingrford0 ain a

further 30 mn. The reaction was quenched by addition of MeOH (2 nlL). The

m xt ur e ah@SCebifte €283 atge G.26imnacl) was atided! Ard ties sosigdnsion waststimed-atvapor at ed
with toluene (3 tinmes). The residue was partitioned between Et OAc and H20.

The or gandim tBRReLatiRSToR MisaHIrd VBFCHENGG D3 mBNg 2BhemoPl WaDhdGY@RRiPEHRd: The

resi due was dried overni ght under ‘teduced 124 pressure to give a colorless

(o P EENOPS 1t Aol ¥ SEAHE Ao, AT i Fasied L1

! NS (5 Ublp%rtl |0tn%<rdib%|twggr% Ettd-))ll\tc%rn%ngo(S.f Th%%drgéitl]fg Jhialsfarv?ésedﬁélt? mgrggbi?artl
evaporated. The residue was purified by flash silica gel column chromatography
(eluant: 2% MeOH in CHCI;3) to give the title compound (560 mg, 99%) as a white
solid. "H-NMR (DMSO-ds) 8 6.47 (1H, s, H-1'), 5.27 (1H, d, H5'a, J = 14.4 Hz),
5.01-4.87 (5H, m, H-2’, 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, CHa), 1.25 (3H, s, CH).

EXAMPLE 66

1-Cyanomethyl-9,5’-cyclo-3-(B-D-ribofuranosyl)-8-azaxanthine (77, R =

CH2CN).

A solution of 1-cyanomethyl-8,5’-cycle-3-(2°,3"-O-isopropylidine-B-D-ribofuranosyl)-
20  8-azaxanthine (300 mg, 0.87 mmol} in THF:1N HCI (1:1, 10 mL) was heated for 2 h

at 90°C. The solvent was evaporated to give 1-cyanomethyl-9,5'-cyclo-3-(B-D-

ribofuranosyl)-8-azaxanthine (260 mg, 98%) as a white solid which was crystallized

from MeOH. 'H-NMR (DMSO-ds+D;0) & 6.04 (1H, s, H-1"), 5.04 (1H, d, H-5'a, J =
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dryness. The residue was partitioned between CH2Cl 2 and H20. The organic 5
phase was dried (MgSO4), concentrated in vacuo, and the residue purified on
a silica gel colum (eluant: 4% MeCH in CH2CI2) to give the title conpound
(774 ny, 89% as a colorless foam 1H NVR (DVBO-d6) 11.87 (1 H, s, NH),
8. 27 (113.6 812),H4.964.8B(H2, il HH baandHH-Y") 4.62 tH, (M, H:3 lor HER), 4138'(IH, 4. 75 (1
H dd, H3, J =44 J =6.0Hz), 4.13 (1 H q, H4"), 3.61 (2H br d,

H5'a ang, H*ﬁob}lrz} 480{L66 (3H WCH}CW (3H, s, 10 CH3). EXAMPLE 72

9,5 Q/cl o 3- O i sopropyl i di ne- p- L-ri bof uranosyl ) - 8- azaxant hi ne (14,
Y = :N Lforn') 1-(5' - Azi do- 5' d

eoxy- 2 opylldlne (3-L-ribofuranosyl)-5-bronouridine (500 15 ng,
1.29 soI ved in DMF (10 nL) and heated for 72 h at 110-120C.

The mxture was concentrat ed in vacuo, and the residue purified by flash
silica geO-AceﬂybﬂrB,ﬁhrieﬁihwwWyL-(rﬂiufamnosé’/(z&;(D=fdrm)CHCI 3) to give the
titIe conpound (310 ng, 78% as a white solid. 1H NMR (DIVISOd6) 6 11.67 (1

Se 17 (1H . d, ‘a, J= 14 4.95-4.89
(3H Sm %aseluﬁp@%ﬂ'am%?@i& 566 n‘moiilmM Qi'i]?ZQQGiBW@ Slowly@ddﬁd— 14.0
Hz), 1.46 (3H,_s, CH3), 1.23 (3H, s, CH3). EXAWPLE 73
9,5 q/@pacd-l@m(w?bldmaaddqurx@rawamﬂmedﬁeraza atyoenmggmeraturg. L-forn).
A sol ution of
9, 5' - cy &rpp¥ridide, (20 ML) wap addyd, ahidithd Bixturel divicentateslyih)vaBuezikiant hi ne
(120 ng, 0.39 nmmol ) in THF:1 N HC (1:1, 10 nmL) was heated at 90Cfor 2 h.

The 125 m@@s@rv@ame@@émw@é afdithe Yasuge difas urneérdélahurﬁ%g wer e
co- evaporated with EtOHto |leave a white solid rystallized

R CHEBs R J%@C&é*'%fdﬁ%"@”&wg%’fe W’-ﬁ“&%&e@”@?(l H o,

2 %_' éenzoyl ch||_|zr?de (% I_( %95' 6 mmoﬁ was ad(‘ied drop wise and the mixture was
stirred at room temperature for 12 h. lce-H,O was added, and the mixture was
stirred for th. The solvent was evaporated and co-evaporated with toluene (200
mL, 2 times), and the residue partitioned between EtOAc and H2O. The organic
phase was washed with saturated NaHCOs, H,O, and brine, and dried over

15  MgS80.. The solvent was evaporated, and the residue dried under vacuum
overnight. The oily residue was dissolved in AcOH (80 mL) and acetic anhydride
(6.6 mL), and the mixture cooled to 0°C. Conc. H2S04 (1.8 mL) was added drop-
wise. The mixture waa stirred at room temperature for 24 h. The solvents were
'eVaporated in vacuo and then co-evaporated with toluene. The residual syrup was

20  triturated with EtOH, and the solid was recrystallized from MeQH to give the title
compound (19.2 g, 57%) as white crystals. 'H-NMR (CDCls) & 8.02-7.24 (15H, m,
BzH), 6.36 (1H, s, H;‘l ). 5.84 (1H, dd, H;2), 5.72 (1H, d, H-3), 4.73-4.68 (2H, m, H-

4 and H-5a), 4.44 (1H, m, H-5b), 1.92 (3H, s, Ac).
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5 Hz), 4.99 (1 H d, H'a, J = 13.6 Hz), 4.79(1H dd, H5'b, J = 1.3.6, J
= 4.0 H), 4.57 (1 H ddliket, H2), 4.17-4.07 (2H m H3 and H4").
EXAMPLE 74

9,5 -Cycl 0- 3- Olsopropylldl ne-( 3- Drlbofuranosyl) 6- met hyl ami  no- 8-
azaxant lﬁW?&E 6R = H. 10 Triethylamine (0.4 nL, 2.83 mmol) was
added to a m xture of 95-cyc|o3(2 3-0

| 3- bof th 14, Y = OH Z = N, 200
| s?propé (%s)ﬁ- D@f&?é"(z%é! B %f/)fé@ qugﬁl&?‘?‘l"% opr opyl benzenesul f onyl
chloride (400 ng, 1.32 mol) in CH3CN (10 nlL) at OC, and the m xture was
stirred Msolufeibf § apes Qraesimo-ﬁanibyr@:ﬁmd%fdranaéég 3, afbbeﬁnmcﬂg% the

m xture stirred for a 15 further 2 he sol vent wa rem)ved i n vacuo, and

th -hexanes 3:1) to
oree S TEA AR AE gPaRt S BT i e
6- th t e ne r m t he
[ nt cor atTORDRGH 3200 Ve BBiRer AN G »%‘MM%S/@%@; By et @34?% .
6NHJ—4 (1 H s, ,515 1H H5a J-=

4. Qhat8@40(fg?ﬂoW@mbyﬁyapora%aan§ﬂe ngvem@] zanchthe raixaureepoledl tp°CL H, d,
H-2 J =6.0 Hz), 4.59 (1 H dd, H5 b, J 4.4, J = 14.0 Hz), 2.90 (3H,

d, N- CH3,MBnCl4(B3.6n)l,) was QGdQQHromwis@,—la)'ld tﬂte MBI stirrei)2 h B GodHAMPLE 75
9,5 - Q/clo 3-((3-D-ribof uranosyl ) - 6- net hyl am no- 8-azaxanthine (75, R = CH3,

R Hiempes@lre! I THe @ixture was diluted with CHCI, gOO mL) and quenched with
9,5 -cyclo 3-(2',3 -0Oisopropylidine-(i-Dribofuranosyl)-6-nethylamno- 5

8" azaxaghly il SONIBIC S, ikl wameﬂéws@aag Echte fhclanl S heat ed at

90C for 4 reaction m xture was concen acuo, and the
oG ofdre pfiton SRR, RHEA MRS, “ard blASS AR YN 2 Wi s !
The solid was washed with cold EtOAc and crystallized from EtOAc in hexanes to
give the title compound (2.85 g, 98%) as a white crystals. 'H-NMR (CDCl5) & 8.06
(1H, br s, NH), 8.06-7.29 (15H, m, Bz) 7.68 (1H, s, H-6), 6.20 (1H, d, H-1", J=6
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 69
L-5-Bromouridine.

1-(2’,3’,5’-Tri-O—be_hzoyI~B—L—ribofuranosyl)-s-bromouraci! (3 g, 4.72 mmol) was
dissolved in MeOH and treated with sodium methoxide 4.4 M solution in MeOH (1
20 mL)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: EtOAc:acetone:EtOH:H,0; 6:1:1:0.5) to
give a white solid (1.2 g, 79%), which was crystallized from EtOH. "H-NMR

(DMSO-06) 11.82 (1H, s, NH), 8.48 (1H, s, H-6), 5.72 (1H, d, H-1", J = 4.4 Hz), 5.44
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fromEtOH and H2O to give the title conpound (97 ng, 82% as a m xture of
(6- nmethylam no:6-nethylimno; 5 : 1). The ratio was determned fromthe
integration 10 ratio of the anorreric proton. 1H NVR of the mmjor isoner
(DI\/SOd6+D20)6603(1H S, 1'), 5.04 (1 H d, HB'a, J = 13.6 Hz),
4.86 (1 {HH, dd2 B U= 5.2 Hz)35629—{z1H1 J= 41.&Hitz))510(ﬂilfﬂ ¢13'HOHJd 4 5leeHz), H 4",
J =4.8, J 4Hz), 4.15 (1 H t, H3', J 4.8 Hz), 4.06 (1 H d, H2', J
= 5.2 H2404;61H4q(|342 $T4MQ'BM8E%\|\PQE(‘7¥Q 4H-3, J=4.0, J=4.8 Hz), 3.98
9,5 -Cyclo-3-(2",3" - Olsopropylldl ne- ( 3- Drlbofuranosyl) 6- di met hyl am no- 8-
azaxant i pepf, 7r$-4 X370 '5r3%t7@1|_[am Nesiy. 4 nL, 2.83 mmol) was added
to a mXtufe of co3
|sopropyl i di ne- (3 D-I’I bofuranosyl) 8-azaxanthine (14, Y = OH, Z = N, 200
ng, 0.6% %%7@NAP (200 ng, 1.64 mmol), and triisopropyl benzenesul f onyl
chl ori de 1.32 mol) in CH3CN (10 nl-) at O0C, and the m xture
was stirred at room tenperature for 12 h. Me2NH (2 m -) was added, and the
m xt fre 13(2’Ja'-fﬂ!l-léd]:fro@yllﬂhfd—bﬂr-rlﬁohlra%ﬁméb%mdmﬁilﬁ@f(fWeld-fbﬁn)/aCUO and
the residue purified on a silica gel colum (el uant: 3%I\/EO—I in CHCI3) to
glvethetltle conmpaound (183 as a white solid. 'H NVR (DVSO d6) 6
.37 (1A M sojytionyt HEl g B0 E:?m) wassaddedito-a spspension q:le)-5-4 86 (2H, dd
iket, H4 and H3, J =52 Hz), 4.68 (1 H d, H2', J 5.6 Hz), 4.58
H, ddromosridine] 1y, 3, Dmriokkindcetorz (20 Ml laidthe m;xttmce@h% stide@@t (3H, s,
CH3), 1.46 (3H, s, CH3), 1.24 (3H, s, CH3). EXAMPLE 77 { 5

, 5' Q/(rd)@m&eh'(p%r&ufe mfmwnwﬁalmux@w@wmtﬂudtm@@m&hmwm nendiffe R =
= CHO. A solution of
, 5

- CY GbRredt bdapotatdd nSRRUBPHeHeBRB WAL pORieY 8Railda &t column

— =
= =

10 (eluant: 7% MeOH in CH,Cl,) to give the title compound as a colorless foam (900
mg, 80%). "H-NMR (DMSO-ds) & 11.78 (1H, s, NH), 6.34 (1H, s, H-1’), 5.14 (1H, d,
H5'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-5'b, J = 4.4, J = 14 Hz), 1.46 (3H, s, CH3), 1.34 (3H, s, CHs).

EXAMPLE 71

15 1-(5'-Azido-5"-deoxy-2’,3’-O-isopropylidine-B-L-ribofuranosyl)-5-bromouridine

(19, L-form).

Methanesulfonyl chloride (0.2 ml., 2.54 mmol) was added drop-wise to a solution of
1-(2',3"-O-isopropylidine-8-L-ribofuranosyl)-5-bromouridine (17, L-form, 840 mg,
2.3.1 mmol) in pyridine (10 m{.) at 0°C. After stirring for 1 h at 0°C, another 40 pl.
20  of MsCl was added, and the mixture stirred for a further 30 min. The reaction was
guenched by addition of MeOH (2 mL). The mixture was concentrated in vacuo,
and. the residual solvents co-evaporated with toluene (3 times). The residue was
partitioned between EtOAc and H>O. The organic phase was dried over (MgSOgg);

-and the solvent evaporated. The residue was dried overnight under reduced

124



di met hyl am no- 8- azaxanthine (140 ng, 0.42 mmol) in THF: 1IN HC (1:1, 5 m-)
was heated for 4 h at 90C. The m xture was concentrated in vacuo, and the
residue 10 azeotropically dried with EtOH several tinmes. The solid residue
was recrystallized fromEtOH to give the title conpound (101 ng, 83% as a
whi t e peTRRsUre i0-giMeR cgloNESE BERD20P Bsdutdn oﬂthlel foamyHedidue id DOGF (10 H, d,
H5a J=14.0 Hz), 4.76 (1 H dd, H5 b, J 4.4, J:140Hz)457(1

H dd | g was &tded Nél\lg(@O@n’l@)QZAﬂnirﬂlo 1add1 tﬁemﬁt&ewals heatédéfoﬁlh at3- 96 (1
H t, H2', J =52 Hz), 3.75 (3H, s, 3.71 (3H, s, N-CH3 15

EXAMPLEgg & 9:
ne- R-D ??fﬁ%f T 3&%@?9'?2?%5‘8?‘3’8? Tte R O gsnd g’?éci!té"r‘mtehe"r? oG R - o) 2,

t Ryl add m xt ur e of
9 5' -cycw-l:{eg‘§ 9% e%%%@el(v\gao P%JP%E&%&%%CWQ? Em‘gﬂééyl‘r%eg)rg?'aifanthl ne
0 0. 65 200 64 mol
r1 i opPBRYs BeR e M| Comrestiaed Inertiny and. 1 reih PHiesoLR (10 )
at 0OC. The m xture was stirred at roomtenperature for 12 h, then treated
wi t h i s8ligr gplselumndeluant #% MﬁDlr!maaoﬁzfajz)rt@gwsthemrderoemgmmdawmmmer 3 h
at roomtenperature. The solvent was evaporated, and the residue purified

by a f|88%) as2Bcalotiessafoget. HHNMR (OMSt;) 12%WMeIBH o, INHIHBIS) (1H) syive the
title conpound (162 ng, 72% as a pale yellow solid) as a m xture of

(6-i s0- ), G2 o1A 0H-8%) 5A1RMERY Al P2 @7@811& ddNe-3f a}-l-awaﬁwggggy‘ ned

fromthe integration ratio of the anomeric proton. 5 8.86

1H d 1 1 H-5 J =

(14 0 sti@ﬁ'éﬂﬁ”(%ﬁ*@;a B o g a e s Sl g (0 T 7

1&:;?% 6.0 Hz), 4.58 (1 H dd, H5 b, J =4.0, J=140Hz)338
R cHve2)

1.46 (3H, s, CH3), 1.24 (3H, s, CH3), 1.21 (3H s,
N—CHIVEZ) 1.19 (3H s, N CHMVe2). EXAMPLE 79

EXAMPLE 72
9,5’-Cyclo-3-(2’,3’-O-isopropylidine-B-L-ribofuranosyl)-8-azaxanthine (14, Y =

OH, Z = N, L-form).

1-(5'-Azido-5-deoxy-2’,3'-O-isopropylidine-B-L-ribofuranosyf)-5-bromouridine (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 gel
column chromatography (eluant: 4% MeOH in CHCI3) to give the title compound
(310 mg, 78%) as a white solid. "H-NMR (DMSO-d¢) & 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 H4),

- 20 4.62(1H, dd, B-5'b, J= 4.0, J = 14.0 Hz), 1.46 (3H, s, CH3), 1.23 (3H, s, CH3).
EXAMPLE 73

9,5’~-Cyclo-3-(B-L-ribofuranosyl)-8-azaxanthine {15, Y = OH, Z= N, L-form).

A solution of 9,5"-cyclo-3~(2’,3'-O-isopropylidine-B-L-ribofuranosyl)-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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10 9,5 -Cyclo0-3-(2',3" -0Oisopropylidine-(3-Dribofuranosyl)-6-butyl am no- 8-
azaxanthine (74, R=n-C4H9, R = H). Triethylamne (0.4 nL, 2.83 mvpl) was
added to a m xture of 9,5 -cyclo-3-(2',3 -0 '

i sopropylidine-(3-Dribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200
my, 0. 65nixturewas divikBn{ratitl mg/acliob 4 hemelsjduahsolvenisi werer apgldmnzedesith f onyl
chloride (400 15 ng, 1.32 mol) in CH3CN (10 nL) at 0OC, and the m xture was

stirred FOH RiBhvé aGtassIie whith Was trydialbediifroh?ErbM t&@ﬁrzeam@q e and the
m xture stirred for a further 2 h at Toomtenperature. "The sol vent was

cvapor alcBhnti (9605 Q90 Bs a4 bSUALY FHNRIDRISOR ok oL (el uant

2% MeCH i n give e ti conpound ( olid) as

a m Xt ure ;0 67 but yl am no-. 6. butylinino, . G he .rati o S
et er i N PR Phe FRT 2o 4oitoH: PagrGHbr = A Babnert HHGho-oith AFIMR
(DVMBO-d6) (3.9.00 (1 H t, 6-NH J =56 Hz 6.33 (L H s, H1), 516 (1
H H%)a‘}-%? (1H3d, B5ias)) = 13@92'&).,347%1#.%11,*15%4! =4c0,1 34,0 blz 450, J =
6.0 Hz), 4.71 (1 H d, H2', J =6.0H), 4.60 (1 H dd, H5b, J =4.0, J
= 14.0 Kihl, dglikat, H-29, 42H-4.07 (RHBO), H-8! 86d H-82. (2H, m N-Bu), 1.46 (3H, s,
CH3), 1.37-1.28 (2H, m N Bu), 1.24 (3H, s, CH3), 0.90 (3H, t, N-Bu, J =
5.6 Hz). EXAWMPLE 80
9, 5' - Cy&XRAMPLEZD- ri bof uranosyl ) - 6- but yl am no- 8- azaxanthine (75, R =
~n-C4H9, 5 R =H). A solution of
9,5 -cyglg-3-(2' . 3' -0 isopropylidine-(3-D(bofuranosyl)-6-butyl am no- 8-
azaxant iﬁ%&!(%#-ééﬂwommwﬁ- -ribofiwranesyh-6rmethylamioe-§-1: 1, 10
m-) was stirred for 24 h at roomtenperature. The sol vent was evaporat ed,
and t heagaxanthine (&4, R Fi@HgR'set)een CHCI 3 and H20O. The aqueous phase was
evaporated in 10 vacuo to leave the title conmpound (96 ng, 85% as a white
am no; m no e ratio

ﬂg‘gf@rez gﬁ%{@@ﬁ%ﬁ%ﬁhﬁ r%ir ?fﬁ%e%llfr%m Was ad'deg-tg lét 1¥1¥)§ture of;g,&’:-)’éy%}ol-}si(z:,r -O-
isopropylidine-B-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65
mmof), DMAP (200 mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400
mg, 1.32 mmol) in CH3CN (10 mL) at 0°C, and the mixture was stirred at room
temperature for 12 h. CH3zNH; (2 mL) was added, and the mixture stirred fora

15  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) as a mixture of (6-methylamino: 6-methylimino; 20:1). The ratio was
determined from the integration ratio of the anomeric proton. "H-NMR (DMSO-de)
0 8.93 (1H, q, 6-NH, J = 4.8 Hz), 6.34 (1H, s, H-1"), 5.15 (1H, d, H-5'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), 4.59 (1H, dd, H-5'b, J = 4.4, J = 14.0 Hz), 2.90 (3H, d, N-CH3, J = 4.8 Hz),

1.46 (3H, s, CHa), 1.24(3H, s, CHa).
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ratio of the anoneric proton. 1H NVR (DMVMSO d6+D20) 3 6.00 (1 H, s, H1),
4.94 (1 H d, H5'a, J = 13.6 Hz), 4.76 (1 H, dd, H5 Db, J =4.0, J = 13.6
Hz), 4.54 (1 H dd liket, H4, J =3.6), 4.12 (1 H ddliket, H3, J =
5.2 Hz), 3.96 (1 H d, H2', J =5.2 15 Hz), 3.40 (2H, m N-Bu), 1.59-1.52
(2H, m BXAMPLEI787-1.28 (2H, m NBu), 0.90 (3H, t, NBu, J = 7.2 Hz).
EXAMPLE 81 9,5 -Cyclo-3-(2', 3 Oisopropyl idi ne-(3-D-ri bofu

ranosyl )-6-fetra [0-2H-pyra n- 2-yl-hydroxyl am no- 8-azaxant hi ne (74, R =
OTHP, " R9 6,5 ¢y '02%%9 @hﬁv%ﬁﬂwﬂc@rmwlam' e Sragaaniine{d8cB 3 6Ha B xt ure
of 9,5 -CéC|O 3-(2',3 -0 isopropylidine-(3-Dribofuranosyl)-8-azaxant hi ne

(200 nm, )65 mmol ), DMAP (200 ngy, 1.64 mol), and
triisopropyl benzenesul fonyl chloride (400 ng, 1.32 mmol) in CH3CN (10 )

& Torr afy Y BISHEL G ﬁv‘a“%s-(%?%%gpﬁqtﬂvn e R o B

stirred_ for a further | vent vvas renoved i n vacuo, and the

r esi Aue SpRAENthing {130 ”TQ QS‘H' §1“l‘9|2:@ HaF: 1&\5"@161 (e buak) was bested-ati 90°6Hal 3)
to give the title conmpound (243 ng, 92% as a white solid. 1H NWR

( DVBO- dfgr 4h1 Fhegreattion mixtunHvas €opeeltrgiedin vacudidnd theFesidug2idedrby H5' a
and H-1"-THP), 4.96-4.84 (3H, m H2, H3, and H5'b), 4.62 (1 H, m

H4'), 3e8éra( dzébtrapic Gidh)latichshmiti Et(BlH Mhel- !—rlﬁ)d rebldUe WwasiredfystallizBy, 1. 49
(2H, 'm THP), 1.46 (3H, s, CHB), 1.23 (3H, s, EXANPLE 82

9, 5" - Oy ¢foptr Bt arpi HQD te @Weocﬂléltlt!bq:dn&fbdrﬁr F@ dilgio @ggsav.ln)m?%@t(aoxyl am

no- 8- 10 azaxant hi ne am ne m., 2.83

sopt opy ﬁﬂ%@%@ec@?m@fﬁ% 5 oSt s GRS A amirediiom the ingorien) . ovee
gzggo nggq\tjo cpfﬁhe anonzéncagr%tér{. *ﬁﬂ?\nﬁ%'ﬂ?g nmza?gre lggrlnfecr) ?I%MSCC? 'd‘é” ISSO)( g 00 m,
6.03 (1H, s, H-1'), 5.04 (1H, d, H5'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, s, N-CHs3).

EXAMPLE 76

15  9,5-Cyclo-3-(2’,3’-0O-isopropylidine-B-D-ribofuranosyl)-6-dimethylamino-8-

azaxanthine (73, X = N(CHs)).

- Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 9,5'-cyclo-3~(2’,3"-O-
isopropylidiné—B—D-ribofuranosyi)~8—azaxanthine {14, Y =0H, Z =N, 200 mg, 0.65
mmol), DMAP (200 mg, 1.64 mmol), and triisopropylbenzenesulfony! chloride (400

2.0 mg, 1.32 mmol) in CH3CN (10 mL) at 0°C, and the mixture was stirred at room
| temperature for 12 h. Me;NH (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 CHCI,) to give the titlé compound (183 mg, 84%)

as a white solid. 'H-NMR (DMSO-dg) & 6.37 (1H, s, H-1"), 5.18 (1H, d, H-5'a, J =
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CH3CN (10 nmL) at OC. The m xture was stirred at roomtenperature for 16 h,
then 15 treated with a solution of nethoxylam ne hydrochloride (1g) in dry
pyridine (10 nL), and the m xture was stirred for a further 12 h. The

sol vent was evaporated, and the residue purified by a flash silica gel

col um (lefl.4ibtz),: 4. 866 RECHY like CHGU3 RN ¢1-3giMe512nEz), i e (1Hhrmeiay AL6% ng, 869
as a white solid. 1HHNWR (DVMSO-d5) 6 10.53 (1 H, s, NH, 6.24 (1 H s,

H 1), $A3468 (MH,dd, '8, J & 4014 =441 Hz)43 93 (4H83 @szgr@mg& g N-H3,
and H4'), '4.55 (1 H, dd, H5 b, J = 4.0, J =14.4 Hz), 3.78 (3H s,

NOCH3) , 5 , ( , CH3). 131 EXAMPLE 83
9,5'- q,(%?ﬁg! 24??851_?;3' g?%i]ﬂa%%@_lf’)%?@t hoxyl am no- 8-azaxanthine (75, R =
OCH3, R = H). A solution of

9,5 -cy i3l & w3 - O i sopropylidine-G3-D-ribofuranosyl)-6 5
met hoxyféggﬁlﬁgi“g--'gzaxant hine (74, R = OCH3, 80 ng, 0.23 mmol) in TFA H20
(2:1, 6 mM-) was stirred for 24 h at roomtenperature. The solvents were

evapyr agest-@pélo-3-0p-DLARSE ARG 6 ditneth G hals-hi dRmth (15 R £4ei<ue
partitioned between CHCI3 and H20O The aqueous phase was evaporated in
vacuo, the residue purified by a silica gel colum (eluant: 12% MeOH
in CHCI3) To give the title conpound (44 10 ng, 60% as a white solid.
1HNWVR (DVMBO-d5 + D20) S5.95 (1 H s, H1'), 4.92 (1 H d, H'a, J = 14.0
Hz), 4. Msdlatich ofid,5-eydo18-(2),3=MisBprobyhidihé-B-D-dbofufarmby(}B-H dd like t,
H4, J=4.4H), 413 (1 H t, H3, J =48 Hz), 4.03 (1 H d, H2', J =

5. 2 Hz) dimé&thyfantiAbl8-azatirihe (14ME 4B hnde!) in THF: 1N HCI (1:
9,5 -Cycl o- 3-?/( 2',3 -0O1isopr op>(ll idine-R-D-ri b()n!nur anosyl )C-E é1 t;]ér?zﬂ_?avr\r’iaﬁo- 8-

gégég”t gbgfer%(féfﬁrﬁgat;?@gfngh% ﬁéﬂ(@%%@ﬁ@dé\%&@%@@ N%ak0o ‘el hedeliaygm! ) was
10  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-de+D>0) 8 6.05 (1H, s, H-1"), 4.96 (1H, d, H-5'a, J= 14.0 Hz), 4.76 (1H, dd,
| H-5'b, J= 4.4, J=14.0 Hz), 4.57 (1H, dd like , H-4', J= 4.0 Hz), 4.11 (1H, t, H-3', J

= 5.2 Hz), 3.96 (1H, t, H-2", J = 5.2 Hz), 3.75 (3H, 5, N-CH), 3.71 (3H, s, N-CHa).

15 EXAMPLE 78

9,5’-Cyclo-3-(2’,3'-O-isopropylidine-f-D-ribofuranosyl)-6-isopropylamino-8-

azaxanthine (74, R = CH(CH;),, R’ = H).

Triethylamine (0..4 ml., 2.83 mmol) was added to a mixture of 9,5"-cyclo-3-(2’,3'-O-
isopropylidine-B-D-ribofuranosyl)-8-azaxanthine (200 mg, 0.65 mmol), DMAP (200
20 mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 mg, 1.32 mmol) in
| CH3CN (10 mL) at 0°C. The mixture was stirred at room temperature for 12 h, then
treated with jiso-propylamine (2 mL), and the mixture was stirred for a further 3 h at

.rdo_m temperature. The solvent was evaporated, and the residue purified by a flash
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I sopropylidine-(3-Dribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200
ng, 0.65 mol), DVAP (200 ng, 1.64 nmol), and triisopropyl benzenesul f onyl
chloride (400 20 ng, 1.32 mml) in CH3CN (10 nlL) at OC, and the m xture was
stirred at room tenperature for 16 h. BnNH2 (2 nlL) was added, and the

m xt ur e sdicargat gofuonn ¢eludnir t29% MdQHHn CHGI; 3t gieathavtite compoedd (6¥ agyo, and
the residue purified by a flash silica gel colum (eluant: EtOAc: hexanes

3:1) to 7@%Wead hpald yellovecsolio) uach mbddBre OG-8 Yropaihcs GlisEpragylnifbxt ur e of
(6-benzyl am no: 6- b%nzyl i mno; 13.3: 1)@The BZMPat I 0 was o'ljetaam ned from

the int 3k i I-a¢ A f : ' N 6
7.366. 7%}%&?}5&?6 r'{qéﬁdsﬂ’)a s d?&%@“?%%@ ﬁﬁ%%@%‘?"i?“pﬁmé BW%‘?@W%&%Z 14. 4
. & SRR E5%aTH oy o Bt b8 Bline. oy
5 EXAMPLE 85 9, 5' - Cycl o- 3_8§R_ D-ri bof uranosyl) - 6- benzyl am no- 8- azaxant hi ne
(75,5R €, 8Hrnd = H-0i2), A8IcA.84i(3H. dd, H-4’, and H-3', J= 4.0, J = 6.0 Hz), 4.71

9,5 -cyclo-3-(2',3 -0Oisopropylidine-(3-Dribofuranosyl)-6-benzyl am no-

8- azaxaftti deH(2L,00=r8y0 Hx) 2658fbH) dd rHE b A= N.0Q = (14.0LlHZ}, .38 | 1 Mam, Neat ed
for 4 h 10 at 90C. The m xture was cooled to roomtenperature, and the

sol vent GHIBO! aL4BU3H) sy BFUD-1.TNE3HESTCMY, WaH B, s N-epmn’ezy,ef.wggﬁHC#C' 3 and

H2O. The aqueous phase was evaporated i n vacuo, and the residue purified
by a flaghiphdnca gel colum (eluant: 10 % MeOH in CHCI3) to give the
title corrpound2 (746 ng, 85% as a white solid. 15 EXAMPLE 86
3- Benzyl oxynet hyl - 5-brono-1-(2',3" -0 isopropyl idene-5-0Ctrityl-(3-D
ri bofurﬁgmb%gr il (133). Benzyl oxymethyl chloride (9.4 g, 60 nmol) was
added dropwi'se~td a nechanically

10 9,5'-Cyclo-3-(2’,3’-O-isopropylidine-f-D-ribofuranosyl)-6-butylamino-8-

azaxanthine (74, R = n-C4H,, R’ = H).

Triethylamine (0.4 mL, 2.83 mmol) was added to 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 mmoll), and triisopropylbenzenesulfonyl chloride (400
15 mg, 1.32 mmol) in CH3CN (10 mL) 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 fesidue
purified by a flash silica gel column (eluant: 2% MeOH in CHCI3) to givé the title
compound (225 mg, 95%, white solid) as a mixture of (6-butylamino: 6-butylimino;
20 13.6:15. The ratio was determined from the integratioh ratio of the anomeric
proton. 'H-NMR (DMSO-dg) 3 9.00 (1H, t, 6-NH, J = 5.6 Hz), 6.33 (1H, s, H-1"),
5.16 (1H, d, H-5'a, J = 14.0 Hz), 4.88-4.84 (2H, dd, H-4’ and H—3’, J=4.0,J=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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stirred solution of 132 (30 g, 50 nmol) and DBU (10 g, 60 nmmol) in dry DV
(400 20 m-) at OC. The m xture was stirred for 5 additional hours at 0OC
and then concentrated in vacua. The residue was partitioned between

met hyl ene chloride (400 m-) and water (200 nL). The organic |ayer was
separ at ¢2H, wahed)\W.50-1 SR(ZH, 102NBaPA.48-)3H,d, i0#44),0V.87-1528! (2M) Ut at e, and
concentrated to dryness. The 133 residue was di ssol ved in net hyI ene

chlori dg@gng 2ahsenat ceRRNEY (AMeK NaBS] opggeh —col um using nethyl ene
chloride as the eluant, to give 35.5 g (92% 3f 133 as a syrup,

sufficiently pure to be used in the next step. Anal. Calc'd. for
C39|—|37BF_I)|% qu 64.55; H 5.14; Br, 11.01; N, 3.86. Found: C, 64.73; H,
5.33; Br é‘? (?\l 3. 83. 51I—I—Nl\/R(MeZSOd6) 8 7.86 (s, 1 H HE®6), 7.35
(m 2H, 20H, Ph), 5.84 (d, 1 H HI' Jr,2'= 2.4 Hz), 5.48 (ABgq, 2H, NCH2,

J9em = ’GCylzlb - 3-4B-Ei-ribofuinosyl)26- bmylafhlho- -Aza¥anthine (15, R Hg. 38 (m
1 H H4), 3.39 (d, 2H, H5" and 5"), 1.58, 1.35 (2s, 3H each, iPr).
EXAMPLERS & |9,

3- Benzyl oxynet hyl - 5-cyano-1-(2',3" -Oisopropylidene-5 -0Otrityl-(3-D

ri bofuranosyl)uraml (134). A m xture of 132 (36.0 g, 50 mmol) and sodi um
cyani de A #olgtioref Sbryclo3-(XB-Crisopraply)idines3-Bedhaftrantosg)6-buatylnihod s and
then concentrated in vacuo. The residue was partitioned between water (800

L) andazakgithimed74t R £ AAD;HY,- 150 thg, 0.51 efrgelire THEYEV HEIS 1 was0adLywhe wat er
(3 x 400 nL), dried over sodiumsulfate, concentrated in vacuo, and the

resi duesﬁﬂééwmﬁ%%‘{éhﬁ%rﬁu@x‘m@s@ﬁl@ﬁﬂ wa§ éﬁér%técflén% tﬁé\fé?léﬁ%t he

eluant to give 134 (26.5 80% as a syrup ICI ent e used

NPYINT: @oﬁ%ﬁ%ﬁﬁ@%ﬁ CH"@I %Eg HZT&? L %Hg%‘{’ﬁﬂgﬁf’%\/ﬂ’%%%@?raée‘g s (s, o H
|(_|A§ 6) 7@@%e %hé ti g gomlgmmd E(Qg %é,%5%1 as a whitle pko&dZer) ;s% né}uxtl_l'JZrza 0f5 47
{6-butylamino: 6-butylimino; 13.6:1). The ratio was determined from the integration
ratio of the anomeric proton. "H-NMR (DMSO-dg+D,0) & 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
15 Hz), 3.40 (2H, 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

9,5’-Cyclo-3-(2’,3’-O-isopropylidine-g-D-ribofuranosyl)-6-tetrahydro-2H-pyran-

2-yl-hydroxylamino-8-azaxanthine (74, R = OTHP, R’ = H).

20 Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 9,5-cyclo-3-(2’,3"-O-
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 0°C, and the mixture was stirred at room temperature for 16 h.

130



Jgem = 10.0 Hz), 4.82 (m 2H, H2' and 3'), 4.71 (s, 2H, PhCH2), 4.34 (m 1
H H4), 3.38 (d, 2H, H5 and 5"), 1.60, 1.39 (2s, 3H each, iPr). 134
EXAMPLE 88

7- Am no- 3- benzyl oxynet hyl - 6- et hoxycar bonyl -1-(2', 3" - O i sopropyl i dene-5 -0

trityl - ®-Detrabedror 298 yan-2ylirgaakyfariiheyn H)Thléb'h%ld%d4éh&'|tﬁd'9m>dumlr(elﬁ5) A

sol ution of 134 (10 g, 14. 8 mmol) and et cyanoacetate (2.5 g) in sodium

5 et hoxi %’W' Tﬁﬁ;sg,ﬁ% ﬂlaQX'efﬂ g‘ég %mqus@ﬁéﬁulnhéd 58%‘ umin

200 nmL o ano m nut es e reacti

?;Xééiiﬂ?itegwﬁ%%?s%?ﬂ G #ﬁéhﬁ%@%h@) o6 BBl Bb@BofE or of or m

the solution is dried over sodiumsulfate, and puri f| ed by chr omat ogr aphy
on a si (#4aMgeP200) ama wWhitergplido h'eNMFe('%MﬁSQ dak®d @68 (7 8. BiH))6.86 t he
el uant. Conpound 135 (8.5 g, 75% is obtained as an anorphous powder.

Anal5 CélHd, sl.Hf0y 5B M QA 62@nd0H-B/TRB), 4064, 84(3HY, mAHYIB, HR)wtd C,
67.38;, H 5.63; N 6.74. 1H NVR (Me2SO-d6) 8 8.91 (s, 1 H HJ5), 7.30 (m

20H, Ph H 52 0 Hz), 5.19
ot ) HH5 Ft?lﬂsz((eﬂH A, H?d*b_ e,l‘!idié H, i‘m $H(Dg\53148?(*rh NQJL%ZE))J,@% (:ngQn )

PhCH2) , 9 )" 4. ( i (yand 4'), 3 35 (m 2H,
H 5 anﬁ@)m%(ggﬁﬂq@% 1i"lgé1 @Q’l.’ﬁqi)t mzﬁﬁ%ﬁ;@ﬂ 1.34 (s, 3H iPr).
EXAMPLE 89 7-Am i no- 6-et hoxycarbonyl-1-(2',3 -0Oisopropyl idene-(3-D 20

ri bofur %ni@w&gj do[ 2, 3-d] pyri m dine-2,4(1 H, 3H)-di one (136). Conpound 135
(7.7 g, 10% Pd/ C (3.6 g), ethanol (200 nm.), and ethyl acetate
(200 nL) are shaken at roomtenperature for 40 hours in a Parr

%ceir 09e 8@ LByd|8-3( 1 \FUOIESpRIP YRR BED WL SFuitin b8V 63 e R &BAHINET8-40 p.s. i .
10 azaxanthine (74, R = OCH;, R’ = H).

Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 9,5’-cyclo-3-(2’,3'-O-
isopropyiidine-B-D-ribofuranosyl}-8-azaxanthine (177 mg, 0.58 mmol), DMAP (200
mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 mg, 1.32 mmol) in
CH3CN (10 mL) at 0°C. The mixture was stirred at room temperature for 16 h, then

16  treated with a solution of methoxylamine hydrochloride (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 CHCI;) to
give the title compound (168 mg, 86%) as a white solid. "H-NMR (DMSO-ds) &
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, m, H-2', H-3’, and H4"), 4.55 (1H, dd, H-5'b, J= 4.0, J = 14.4 Hz), 3.78 (3H, s,

NOCH;), 1.45 (3H, s, CHg), 1.24 (3H, s, CHy).
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135 catalyst is renoved by filtration, and washed with ethanol (3 x 150
m.). The conbined filtrate and washi ngs are concentrated to dryness in
vacuo to give 136 (4.0 g, 75%, a colorless powder, nmp >300C. ' H NWR
spectrum of the product is consistent with the structure. This product is
used di rEXAMPLEN83 he next step. 5 EXAMPLE 90

6- Et hoxycar bonyl -1-(2',3" -0 sopropyl i dene-p-D-ri bofuranosyl)pyrido[ 2, 3-

d] pyrimdin -trione 37 An ice-cold re_of 136 (2.1
g, 5 msh§-EHe !sn%ﬁjfgf%mf%%eﬂfm thonylamipEsazranthi (ot R Zod o
mtnteél g, 145mm|) W th stlrrlng The m xture is gradually 10 warnmed

to room®@€HpeRafit)e and allowed to stand overnight. The solvent is
evaporat ed in vacuo, and traces of acetic acid are azeotropically renoved

br cci pi Uabatgp 6 %ﬁs@%&i’éﬂy’@?toh’o?@%x%we—éﬁ%%@aw WL arount s o

et hanpol and g’rl ed to%*\ée 137 f{:, 90 9% as an anorphous powder. 1H
NVR SpedPeiiRKypming: Smzgaapthing (7 R 5 30 Hke86 Mg, 023 Nk Ik Bitd0 s
product is used directly in the next step. EXAMPLE 91

8, 5' - Oy & wlywastrsieddohahyi aliroogptenperaturs o fihersplivdrde mer¢ ievaporated and

ri bof uranosyl ) pyrido[2,3-d]pyrimdine-2,4,7(1H 3H 8H)-trione (138). To a

ref | uxi ng-evagoratedofithlBIOK kevem! tiﬁnemmh)i thadesidue bartitionpt ¢epheae CHCH4 g, 5
20 nmmol) in tetrahydrofuran and water (19:1 v/v, 75 ) is added dropw se

di et hyl anpzqsth C%Bca@deahs gwa&e Iwats@vaﬁidr@ﬁéhl 4 VhBlb Oahd:ﬂieqresfafuetmﬁ.ﬂéaact ion

m xture persists (ca. he solvent is renoved in vacuo, and the
Fol SKS Vsa Sl hbfée’on@”'ch el 0?2?%@49@%&@@9&% O ) BRI 15
(1209 e, @09'5)5 28 2 whits solft: R (DRISo R FB10) 57.95 (1H, 5, H-17), 4.92

(1H, d, H5'a, J = 14.0 Hz), 4.74 (1H, dd, H-5'b, J = 4.0, J = 14.0 Hz), 4.61 (1H, dd

like t, H-4’, J = 4.4 Hz), 4.13 (1H, t, H-3", J = 4.8 Hz), 4.03 (1H, d, H-2, J=5.2 H2),

3.78 (3H, s, N-OMe).

EXAMPLE 84

15 9,5’-Cyclo-3-(2’,3’~O-isopropylidine-B-D-ribofuranosyl)-e-benzylamino-8-

azaxanthine (74, R = CH,Ph, R’ = H).

Triethylamine (0.4 mL, 2.83 mmol) was added to 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 triisopropylbenzenesulfonyl chloride (400
20  mg, 1.32 mmol) in CH3CN (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
ffash silica gel column (eluant: EtOAc:hexanes 3:1) to give the title compound (218

mg, 85%, white solid) as a mixture of (6-benzylamino: 6-benzylimino; 13.3:1). The
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>300C. 1H NVR is consistent with the structure. EXAVPLE 92

8,5' - Cycl 0- 6- et hoxycar bonyl - 1- ((3-D-ri bof uranosyl ) pyri do[ 2, 3-d] pyri m di ne-
5 2,4,7(1H 3H 8H) -trione (139). Conpound 138 (200 ng, 0.5 mml) is

di ssolved in 90% trifluoroacetic acid at room tenperature, and t he

sol ut i omaiicwasstetevined flom thedintduratiav eiior afttbe anomesicywotofhe’ H-BOIRd r esi due
is triturated several tinmes with ethanol and air dried to give 139 (181

g, 99 YOMIV-z309G) 8%@&@2@(5@%'§r§{)€@33’\(1‘1—h§hﬁ1§t5 Y8YyHed, A EXAMPLE 93
8,5 -Cyclo-1- (53 D-ti bof uranosyl ) pyri I'pyrinidine-2,4,7(1 H 3H, 8H)-

L7 one- & pau AT A0 C%HBWHﬁh%gﬁt(ﬁ%oﬁ (57, 92 g1 ) gy bieat od

with l'iquid at "t oom tenper a

o ot ve (4% BrShgand aif:Phup Pazdabt Ss v 7 on Elent it ILS”‘ elhanl

structure EXAMPLE 94 8,5 Q/clo 6-cyano-1-((3-D-ri bofu ranosyl)pyri

%&l“ mid i ne- 4,7(1 H 3H,8H)-trione (141). 20 To an ice-cool ed
solu$|o @4 ny, 0 1 rrm)l) in dioxane (5 nL) and pyridine (0.5
mmol ) is added trlfluoroacetlc anhydride (0.5 nmL) with stirring. The

s quen e By O B PREBR AR o BoRayiil S SRR 114 R = CRE b ol o

to dryniqs _e’ép vacuo. The 137 residue is azeotropically dried with toluene
and the ‘ystallized fromethanol- water to give 141 (24 ng, 78 %, np
>300C. IR (KBr) u 2220 cm' (CN). Biological Mthods
A solution of 9,5'-cyclo-3-(2',3’-O-isopropylidine-B-D-ribofuranosyl)-6-benzytamino-
8-azaxanthine (100 mg, 0.25 mmol} in THF:1N HCI (1:1, 10 mL) was heated for4 h
10  at 890°C. The mixture was cooled to room temperature, and the solvent evaporated
in vacuo. The residue was partitioned between CHCIl; and H,O. The agueous
phase was evaporated in vacuo, and the residue purified by a flash silica gel

column (eluant: 10 % MeOH in CHCI3) to give the title compound (746 mg, 85%)

as a white solid.

15 EXAMPLE 86

3-Benzyloxymethyl-5-bromo-1-(2’,3’-O-isopropylidene-5’-O-trityl-g-D-

ribofuranosyl)uracil (133).

Benzyloxymethyl chloride (9.4 g, 60 mmol) was added dropwise to a mechanically
stirred solution of 132 (30 g, 50 mmol) and DBU (10 g, 60 mmol) in dry DMF (400
20 mL)at 0°C. The mixture was stirred for 5 additional hours at 0°C and then
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 suifate, and concentrated to dryness. The

133



EXAMPLE 95 5 Antiviral testing of candidate conpounds for Flaviviridae The
HCV replicon systemin Huh? cells. Huh7 cells harboring the HCV replicon
were cultivated in DVEM nedium (high glucose, no pyruvate), supplenented
with 10%fetal bovine serum 1 x non- essential amno acids, Pen-Strep-Qu
(100 uniresiduetveas didSdlved a1 ogthyiehe thiorideatdi®dmatbgraphed ever 4 efipegel vel v),

and 418 (500 to 1000 mcrogrammlliliter). Antiviral screening assays
ver e al s@|ean ising méﬁ‘ryﬁ}@cmﬁﬂdéﬁh‘@hé B%t%b&@@s% 923@) of 133 kegp the
cells in the logarithmc growth phase, | s 'were seed In 96-well plates

at | ow I,;@ramfrggﬁtwmgn Be FAInGAL hex xP&é Vel -l p% I Ao vas

then ad er seedi ng e®inctibat ed for

cel I's wt 9‘%5@%&535% B 4R e %ﬁfﬁ?a“?égn Pl e

Replicon RNA was then anplified in a real-time RT-PCR ( RT-PCRQ‘_‘FrotocoI
and quant-NMRI{MerO-sles & &G (sditH, &-8hedd (m, gdbladOH, iRt 5(&4 (6f 1THepr1’con RNA

are one way to express 20 the antiviral potency of the test conpound. In a

typi cal JgxperidEn), 5.48 (ABg, ZI@IRCHLE HCM0.0lHANG. 84 (nf, 219H-2C hhd &' )conpounds
a conpar abl e anount of replicon was produced. This can be concl uded

because 4 6 (s WIREHAA SRR, dried1e0, blo [O¥H, Fls My 51, pash 15! dsngs vas

approxi matel'y t He san®. 1n ‘such ‘expefinen a way 1o express t

anti vi V?JH %}&ggﬁ veness of a conmpound is to subtract the average 138

t hreshol™d t:ycl e of the negative control (Ctnegative) fromthe
threshold RT- PCR cycle of the test conpound (Cttestconpound) This value is

call ed = Cttestconpound - Ctnegative). A ACt value of 3.3
represe@@é&légg reduction in replicon production. 5 As a positive

control, reconbinant interferon alfa-2a (Roferon-A, Hoffmann-Roche,
10  3-Benzyloxymethyl-5-cyano-1-(2’,3’-O-isopropylidene-5’-O-trityl-p-D-

ribofuranosyl)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 80°C for 5 hours and then concentrated in vacuo. The
residue was partitioned between water (800 ml.) and ethyl acetate (400 mL). The
15  organic layer was washed with water (3 x 400 mL), dried over sodium sulfate,
concentrated jin vacuo, and the residue chromatographed using n-hexane-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. Ahal. Calc'd. for C4H37N307: C, 71.52; H, 5.55;
N, 6.24. Found: G, 71.31; H, 5.67; N, 6.24. *H-NMR (Me,SO-dg) & 8.05 (s, 1H, H-
20  6), 7.31 (m, 2H, 20H, Ph), 5.74 (d, 1H, H-1', Jy » = 2.4 Hz), 5.47 (ABq, 2H, NCH,,
Jgem = 10.0 Hz), 4.82 (m, 2H, H-2’ and 3), 4.71 (s, 2H, PhCH,), 4.34 (m, 1H, H-4'),

3.38 (d, 2H, H-5' and 5"), 1.60, 1.39 (2s, 3H each, iPr).
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NJ, USA) was taken al ongside, showing a HCV A of 7. Furthernore, each of
t hese conpounds were tested in dilution series (typically at 100, 33, 10, 3
and 1 pM. The AC values for each concentration allow the cal cul ati on of
the 50% effective concentration (EC50). 10 Cell culture systens for
det er mi rEX4MENIE 88ral activities The assay descri bed above can be adapted
to the other nenbers of the Flaviviridae by changing the cell system and
t he vira* pat hogen. l\/ﬁ:tthodolo ies to determne the efficacy of these
antivira ‘Aé%'ﬁﬁog%&é‘zy vinethyh8rethexyearhom-1rize. 3-Q-isappaylideneidnds as
descri bed by Hol brook MR et at Virus Res. 2000, 69, 31; 15 Markland Wet al.
Ant i mi crtettyl-@ribofuramesyl)pyridop2,8af]pyrimigdbee-2@(dHEH)-dienet(138).. , J. Virol.
2000, 74, 7814; Jordan | et al. J. Infect. Dis. 2000, 182, 1214,

Sreeni v n t Virol. Methods 1993, 45 (1), .1:- or Baginski SG et
1 < Pr odX SBytfof 31 ¢To g 1% mehh B apiassiiteggs gfn SRMAERI | ¢ e

RT- PCR technql ogy, As an exanple, an HCV replicon systemin HuH7 cells

( LohranrEtioxde i ethepobiraparsg bygdesolyigg 7094mg)of mateliic sodisain 20@Mmlofk

t hereof (Blight et at 2000) can be used. 139 Biological test results.
Conpounddharelpist hestted at tafluxifar B0 niowtest THereRkon apktuonaisi diutadwith t he above
assay. Exanples of the results are shown in the followi ng table. ACt HCV
EC50 ( Mwatb( 2810 miL ), irel thie pr8OiplvhteetaréiCyllede by-dddamAMohadf e, Z=CH) OH OH

4.48 20 0 NN
supematant. The residue is dissolved in chloroform, the solution is dried over
sodium sulfate, and purified by chromatography on a silica gel column using

10 hexane-ethyl acetate (7:3 v/v) as the eluant. Compound 135 (8.5 g, 75%) is

obtained as an amorphous powder.

Anal. Calc’d. for C45HaaN4Og'H.O: C, 67.33; H, 5.74; N, 6.98. Found: C, 67.38; H,
5.63; N, 6.74. "H-NMR (Me,;SO-dg) 5 8.91 (s, 1H, H-5), 7.30 (m, 20H, Ph), 5.77 (br
s, 2H, NHy), 5.28 (ABq, 2H, NCHa, Jgem = 10.0 Hz), 5.19 (d, 1H, H-1", Jp 2 = 0.2

15 Hz), 4.90 (m, 1H, H-2), 4.60 (s, 2H, PhCHy), 4.39 (q, 2H, CH,Me), 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-ethoxycarbonyl-1-(2’,3’-O-isopropylidene-p-D-

20 ribofuranosyl)pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (136).

Compound 135 (7.7 g, 10 mmol), 10% Pd/C (3.6 g), ethanol (200 mL), and ethyl
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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\NNO 015 (Y=CH, Z=N) off off 6.3 <10 140 :at \ .NNI NO,( O71(X =
Br) OHOH5. 9 <1 NNO71(X=Cl) OHOH 6.0 <0.7 N/ NS70 OHOH 7.0 1 NHz
NN NN-~O75(RFR=H OH OH 5.3 0.7 C Zz~" NN O 15(Y=H Z=N) OH OH 3.6
<10 141 0 N%,( NH

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 9, 75%), a colorless powder, mp >300°C. 'H-NMR spectrum of the product is

consistent with the structure. This product is used directly in the next step.

5 EXAMPLE 90

6-Ethoxycarbonyl-1-(2’,3’-O-isopropylidene-g-D-ribofuranosyl)pyrido[2,3-

d]pyrimidine-2,4,7(1H,3H,8H)-trione {137).

An ice-cold mixture of 136 (2.1 g, 5 mmol) in 50 mL of 50% aqueous 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, and traces of acetic acid are azeotropically removed with
toluene. The residue is triturated with water, and colorless precipitates are
collected by filtration, washed with small amounts of ethanol, and dried to give 137
(1.9 g, 90 %) as an amorphous powder. 'H NMR spectrum of the product is

15 consistent with the structure. This product is used directly in the next step.

EXAMPLE 91

8,5’-Cyclo-6-ethoxycarbonyl-1-(2’,3’-O-isopropylidene--D-

ribofuranosyl)pyrido[2,3-d]pyrimidine-2,4,7(1H,3H,8H)-trione (138).

To a refluxing mixture of 137 (1.7 g, 4 mmol) and triphenyl-phosphine (1.4 g, 5

20  mmol) in tetrahydrofuran and water (19:1 v/v, 75 mL) is added dropwise diethyl
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 methylene chloride-ethyl acetate

136



NO 83 (Y=OH,Z=N) ON 2.1 60 ip$ N;(1 NN /j\N-O O HH 82(Y=0H,Z=N) S 4.7 12
s MN ~~N O 15(YSH, Z=N) off off 3.61 <6 s <N 73 (X= SH) 4.1 25 142 NN O
Oggg OO 82(Y=H,Z=CH) 2.6 OMNN-~ / NO 77(ReCH3) OH OH 5.9 0.4 N',N
N 0

pzd

(7:3 viv). Compound 138 (1.2 g,74 %) is obtained as a colorless powder, mp

>300°C. 'H NMR is consistent with the structure.

EXAMPLE 92

8,5’-Cyclo-6-ethoxycarbonyl-1-(B-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-

5 2,4,7(1H,3H,8H)-trione {139).
Compound 138 (200 mg, 0.5 mmol) is dissolved in 90% trifluoroacetic acid at room
temperature, and the solution is kept overnight and then evaporated in vacuo. The

solid residue is triturated several times with ethanol and air dried to give 139 (181

mg, 99 %), mp >300°C. 'H NMR is consistent with the structure.

10  EXAMPLE 93

8,5’-Cyclo-1-(8-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-2,4,7(1H,3H,8H)-

trione-6-carboxamide (140).

Compound 139 (100 mg, 0.27 mmol) is treated with liquid ammonia {ca. 5 mL)
overight at room temperature, and the ammonia is evaporated. The solid residue
15  is recrystallized from ethanol to give 140 (87 mg, 95%), mp >300°C. 'H NMR is

consistent with the structure.

EXAMPLE 94

8,5’-Cyclo-6-cyano-~1-(B-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-
2,4,7(1H,3H,8H)-trione (141).
20 To an ice-cooled solution of 140 (34 mg, 0.1 mmol) in dioxane (5 mL} and pyridine
(0.5 mmol) is added trifluoroacetic anhydride (0.5 mL) with stirring. 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 to dryness in vacuo. The
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77 (R - CH2CN) ox ox 4.7 <6 N1 \ NNO 0O83(Y=H,Z=CH OH5.1 <6 143 NN
MN-~O 75(REFR =) OHOH 2.4 NNH N "O OMe . R' - OHOHOHG6.4 <6
MNNNNO O75 (RROVB,R=H HOOHG6.5<5 HN- NNNNNAOO
72(R=H, R =Me) off OH 6.6 <1 144 O

residue is azeotropically dried with toluene and then recrystallized from ethanol-

water to give 141 (24 mg, 78 %), mp >300°C. IR (KBr) u 2220 cm™ (CN).

Biological Methods

EXAMPLE 95
5 Antiviral testing of candidate compounds for Flaviviridae
The HCV replicon system in Huh7 cells.

Huh7 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 units/liter, 100 microgram/liter, and 2.92
10 mglliter, respectively), and G418 (500 to 1000 microgram/milliliter). 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 immediately after seeding the cells, and they were incubated for 3to 7
15 days at 37°C in an incubator. The medium was then removed, and the cells were
prepared for total RNA extraction (replicon RNA + host RNA). Replicon RNA was

then amplified in a real-time RT-PCR (Q-RT-PCR) protocol, and quantified.

The observed differences in quantification of replicon RNA are one way to express
20 the antiviral potency of the test compound. In a typical experiment, in the negative
control and with norn-active compounds a comparable amount of replicon was
produced. This can be concluded because the measured threshold-cycle for HCV
RT-PCR in both settings was approximately the same. In such experiments, a way

~ to express the antiviral effectiveness of a compound is to subtract the average
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35 OHOH6.04 NH HQNO O27 OHoff 6.6 ¢c3 N <NI NO72 ( R=R =
H off off 5.7 4.5 0 NNl NTHN N O 65 ON OH 2.4 EXAMPLE 96 Conpound 15 (Y
= H Z = CH) has denonstrated in vitro antiviral activity against HCV. The
conpound showed practically no toxicity in several human cell lines. In 5
Swi ss otitresteald IRTGPCRoydiexf thd Negativeagumivot (Tt.yhagd) fidm tes trgestesid RT-for 6
consecutive days at up to 100 ng/kg. None of the mce died or |ost

si gni fi paiR cyohebBtHe 1@%50&%?503@@'((Cf?erstmﬂg%,hd).'\@hid”‘%lu@ﬁ%ba!mm gic@ation nor 1V

adm nistration to rhesus nonkeys a ng/ kg caused any untoward effects.

ol ko) QR B Re el 1 AR s B o Blesh iy deRb Rd dlon fitefleon o

RNA was_ex r@ct ed fromthe chronically infected chinpanzees serum sanpl es
in quadP'i?ﬂtuP %-e and the viral RNA pellets were dissolved in RNAse-free
wat er. Subsequently, these RNA 5 sanples were anplified by real-tine RT-PCR

(Appl i ed Bi osystens, Foster City,
5  As a positive control, recombinant interferon alfa-2a (Roferon-A, Hoffmann-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
pM). The ACt values for each concentration allow the calculation of the 50%

effective concentration (ECsp).
10  Cell 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 techniques as described by Holbrook MR et al. Virus Res. 20d0, 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. Dis. 2000, 182, 1214;

Sreenivasan V et al. J. Virol. Methods 1993, 45 (1), 1; or Baginski SG et al. Proc,

Natl. Acad. Sci. U.S.A. 2000, 97 (14), 7981 or the real-time RT-PCR technology.
As an example, an HCV replicon system in HuH7 cells (Lohmann V et al. Science,

20 1999, 285 (5424), 110) or modifications thereof (Blight et al. 2000) can be used.
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CA) for the presence and quantity of the HCV nucleic acids.
HCV wer e desi gned using Priner
details on the nethodol ogy will

probes for
Furt her

2002; manuscri pt

sanple. Cal cul at
i ndependent
wer e

observed viral |

HCV) - andadianiiBdniplEs of AL shit

ion of the viral

oad changes.

depe

measurenents of threshold RT-PCR cycles (C val ues).

caConipauads are eestbd daninBibitmdfHCTIRNAGBpREatidBBiINVE R dspvexpr ess the
15 Two chi npanzees [Joseph (5.14 loglo 1U n

gﬁﬁg rally for 14 days
“F%gwﬁwe gggggerved are summari zed

Pri ners and

Express (Applied Bi osystens).
be published (Stuyver et al.,

submitted to Antim crob. Agents Chenother.).
resul t s Bickogicgitestyedulisl ative to the viral

10 The

| oad in the pretreatnent
| oad for each sanple was based on 4

Mean SD

with 5 ng/kg/day. The viral Toa anges
below (Fig. 1): 1. Simlar reductions in HCV viral |oad were observed in
bot h chi npanzees; 2. No viral | oad changes were observed up to 24 hr after
adm nistrgtion of 20 the[first dose; 3. At daMy4C¥ NMBXEQTSSH ( p ¢of 0.8
| 0g10 | U in HCV viral load was observed flor Heppie and 0.5 [oglo I U n
for Joseph,_ with a nean off 0.67 1ogl0 | U m 283 @o&ﬂ aﬁh ., 146{4. The
viral |oa mai ned suppre§§&?ﬂﬁtr|a.nean of| H1IH gl ="' up to day
14. Hemat ol ogy _and bl ood ¢hem stry report. ThHe day 0 ang day 14 satples
wer e anal yized for hemat ol ¢gi | ood chgmi stry paraneters.
Essentiallly, no 5 changes #h the bageline and after treatnment sanmples were
observed. {All paraneters ass r ined i the normal range thrgughout
the study.| Conpound 15 (Y , Z' CH®adniristered at!5 ng/kg/day QD to
0.
15(Y =H,Z=CH) OH OH 4.48 20
0
N
y // I NH
P
N N )
O
15(Y=0H, Z=N) oH OH 6.3 <10
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chronically infected chinpanzees resulted in a significant reduction in
viral load at day 4. No change in hematol ogi cal or bl ood chem stry
paranmeters was observed. 10 147 CLAIMS 1. A conpound of the general
formula |l (AGA)): WY X, wY W /NX RSN RNR N 11Z RS N41Z R4' N
R&" N RARA I (AQ-1.(AH wYXwY /N R ~N/ RS}-yNI"" / IY/ , R
NZ RRN/Z RajaRARA 1( el a pharngceutical |y acceptabl e
salt thereof, wherein: i s independent|y]|hydrogen,

hal ogen (F, Br, [, or : el 0Ty NC2, | ower al kyl jof C1-Cs6,

hal ogenat ed | ower al kyl, hydroxyl, CH20H, |[CH20R6, INH2, NR6R7, or a
resi due of an anjino acid; whgrern one of R4 and R4. is hydrogen;
(b) each R5 and |R5' is indept en, haladgen (F, Br, d, or 1),

—_
R
@D
<))

Z

LXK =B1) 59 <1
TL{X=CD OH OH 6.0 <0.7
N N
‘a
\' N s
0.
70 oH oH 7.0 1

[} s}
-
75 R =R’ =H) 5.3 0.7

OH CH
N =
‘S
\N /K
N o
o
15(Y=H,Z=N) OH OH 3.6 <10
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pseudohal ogen, NO2, |ower al kyl of Cl1-C6, hal ogenated |ower alkyl,

hydr oxyl , al koxy, CH2OH, CH20R6, NH2, NR6R7, or a residue of an am no

acid; wherein at least one of R5 and R5' is hydrogen; (c) each R6 and R7 is
i ndependent |y hydrogen, alkyl, halogenated al kyl, al kyl ene, al kenyl,

car bocycl e, aryl ;—heterocycte; HCLegeafy., ar-atap-——er—aeyt+ (d) Z is CH,
CX, or N, 148 (e} X is hydro haf ogen (F} C, Br| or 1), INH2, NHR, NRR ,
NHOR, NReNR RUU OH, OR SH wf) Xis alkyl;{(g) Yis 0, S, NH NR
NOW or Se; (h) each R, R', 4 depenfently is hydroggn, |ower alkyl,
| ower al kenyl, aryl, or ary (I){]Wis Opr CH2; dptionally with
a pharnmaceutical ly acceptabl ¢ . 2. A conmpoupd of thg genera
formula 1 (AK) 0' 1 (AL): X X Y X RS} NRSrN/ RRSINNZ RARS N 1%
R R | (AK) 1 Eﬁ ﬂﬂZ€§P1 utically acceptable salt (t hereof,
wherein: (a) each an |? |ndependent hydr ogen, hal dgen (F, Br, O,
or 1), pseudohalogem, —N2,—{ower—gtkyt—of—Ei+-—€6—hatogeratqd | ower al kyl,
hydroxyl, al koxy, CH2OH, CHRORG6, WNH2, NRG6R/, or a residue gf an am no

aci d; wherein

82(Y=0H,Z=N) 5 4.7 12
3
//N N
|
\N /K
; N 0
I5(Y=8H,Z=N) OH OH 361 <6
]
h//N NH
I
\N
N D
0
73 (X =S8H) >< 4,1 25
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at |l east one of R4 and R4, is hydrogen; (b) each R5 and RS is

i ndependent |y hydrogen, halogen (F, Br, Cd, or 1), pseudohal ogen, NQO2,

| ower al kyl of Cl1-C6, hal ogenated |ower al kyl, hydroxyl, alkoxy, CH2CH,
CHZOR6, NH2, NR6R7, or a residue of an amno acid; wherein at |east one of
R5 and R5' is hydrogemn;, ~T297(T) R _R6and R7-TS 1jndependent | y hydr ogen,
al kyl, hal ogenatjed al kyl, al | kenyll , carbqgcycle, anyl,

het er ocycl e, hetieroaryl, ar§g l; [(d) Zig CH CX |or N, (e) Xis
hydr ogen, hal oggn (F, C, Br , NHR, - NRR|, NHOR, |[NRNR 'R "'" OH,
OR, SH, or SR (ff) Xis hal og , Br, jor 1): (lg) Yis 0, S, NH NR
NOR , or Se; (h)] each R R, i ndepgndent |y [is hydrogen, | ower

al kyl, | ower al kenyl, aryl, | al kyl; land (i) Wis 0 on CH2;
optionally with [a pharmaceut|i calf’y acceptaldl e carrijer. 3. Ajconpound of the
general fornula JBZW,%E)GH)\\ [0 Y XOY[Xg RS INRSIIN | RSN ZRs N
RONRA N R4 R4 (AM 1 (JAN) Y X YNX @ O

N
o
77 (R.= CHy) ’ ! 5.9 0.4

M

-

a0 %
N N 0
=
77 (R=CHCN) e 47 <6
N ] [#]

Q.

83(Y=H,Z=CH) oH 5.1 <6
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R RS\- -NR4' RS ZR4" RRZ RAR4A 1 (AO 1 (AP) or a pharmaceutically
acceptabl e salt thereof, wherein: (a) each R4 and R4, is independently
hydr ogen, halogen (F, Br, C, or |I), pseudohal ogen, NO2, |ower alkyl of
Cl- C6, hal ogenated | ower al kyl, hydroxyl, 150 al koxy, CH20OH, CH20R6, NH2,
NR6R7, or a resiueof—amanino auﬁ!‘,q whergi m—at™ fjeast onejof R4 and R4,
i s hydrogen; (b)] each R5 and R5' i§ independently hydrogen, {hal ogen (F, Br
C, or 1), pseydohal ogen, NOZp al kyl} of Cl-0d6, hal ogenated | ower
al kyl,  hydroxyl|, al koxy, CH | , NH2, NR6R7, or a residue of an
am no acid; whgrein at |eas and R5' is jhydrogen; (c) each R6
and R7 is indepgndently hydr , hal ogenated al kyl, lal kyl ene,
al kenyl, carbocycle, aryl, H , hetieroaryl ,| aral kyl } or acyl; (d)
is CH CX or N/|7&-=rX=i8) hy , hal ogenz¢F, d,{ Br, or 1), NH2, NHR,
NRR'', NHOR', NRCNRGR ", OH, OR SH, or $R; (f) [Xis alkyl; (g) Yis O,
S, NH, NR, NOR ,j or Se; and |(h) ch R, R& and R'l independently is
hydrogen, |ower ial kyl, |ower| al ke , aryl,| or arylalkyl; optionally with
a pharmaceuti calil y accept abl //cq rii. 4. A conpound of the general
formila 1 (AQ dr 1 (AR): X,eNXl AN,
T5(R=Me,R°=H) | ou O 6.4 <6
|
\N
'S
/ | NH
N
A
|75 (R = OMe, R” = g ° %
H) HE oH 6.5 <5
N
N.
'‘ath
N\
N N 8]
ls]
72 (R=H,R’=Me) OHt OH 6.6 <1
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Y XY X OR5.

~NR5 N RNNZRRS RN-%

RA R4 1 (AQ 1 (AR or a

phar maceutically acceptable salt thereof, wherein: 151 (a) each R4 and R4,
i s independently hydrogen, halogen (F, Br, d, or 1), pseudohal ogen, N2,
| ower al kyl of C-C6, hal ogenated |ower al kyl, hydroxyl, al koxy, CH2CH,
CH20R6, NH2, NR6R, or a Tesjdue off anm am o aci d; whererm jat | east one of
R4 and R4' is hydrogen; (b) pagh and R5'| i s independently hydrogen,
hal ogen (F, Br, d, or 1), pséudphalfogen, INO2, | ower al kyl |of C -C8,
hal ogenated | owey al kyl, hydr . koxy,| CH2OH, CH20R6, NH2, NR6R7, or a
residue of an amno acid; whefeinjat [east| one of RS and R§. is hydrogen;
(c) each R6 and R7 is independent!|y hydrogen, al kyl} hal ogenated al kyl,
al kyl ene, al kenlyl, carbocyc |, heterlocycle, heteroaryl, aral kyl, or
acyl; (d) Zis CHs CX, or Ny (ke i s hydraggn, halpgen (F, {C, Br, or 1),
NH2, NHR, NRR NHORC, NRNRR'| OH, OR, SH, or SR, (f) Xis haljogen (F, d,
Br, or 1); (g9 Ylis O, S NH NR , or [Se; and [h) each|R, R', and R’
i ndependently is; hydrogen, | |, lower alkenyl, aryl, or arylalKkyl;
/ | /L |
N o]
D
27 OH OH 6.6 <3
NH,
N
'ak
N\
N N o
Q.
T2R=R'=H) OH OH 5.7 4.5
[
7 i
<L
65 OH oH 2.4
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

- 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

rhesus monkeys at 20 mg/kg caused any untoward effects.
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optionally wwth a pharmaceutically acceptable carrier. 5. A conpound of
the formula (1'): R~ NRs R4 R3 Ra (I,) or a pharmaceutically acceptable
salt thereof, wherein: 152 (a) each R4 and R4' is independently hydrogen,
hal ogen (F, Br, d, or 1), pseudohal ogen, N2, |ower alkyl of C -GCs,

hal ogenaBaskd amthosal thyicity dath, axid-day alektwrgnt (CHACED SHR GiPkg/tkiR), ofNR6R7, or a
residue of an amno acid; wherein at |east one of R4 and R4' is hydrogen;

(b) eac rcrﬁeEmlaany RBV-infedtod ehRSRYdeY ViEaR b ed) aVQQpRN(ARua%xtré&ted or 1),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated |ower alkyl,

hydr oxyl %2@3% X

a%:ll d; \{hfg?né]fﬁrwléemb gﬁﬁgﬁe 0 ah"z’%shgﬁﬁ %r?lglre%dé%ﬁ' ?prlgétceﬂﬂﬁgmand R7
i's inde I nat e enyI

car bocygﬁ%q@/& ﬁelheﬁg Weq? %&feﬁ%"éétfgt@?‘éﬁgyr ce V&? [ kgﬁb’é‘a‘ﬂu%{ﬁb e(38)

hydr ggen, |ower al kyl, alkylene, alken car bocyc aryl, heterocycl e,
et BoarAMPES HoRS BIMIAEH GX R imarR ks (AbpeckbipRIeN. Epsier s, (o) Re
is oxygen, sulfur, NR, or CR 2, wherein each R is independently hydrogen,
| ower aIQ@r) fOI‘éhI@(pIG@ﬁBpe ahrdemﬂnhtyanfyhe HEV aualdiy hcidhe Peinrers lredgiropés | s
C-C6; (f) R3 is hydrogen, |ower alkyl, alkylene, alkenyl, carbocycle,

aryl, hdbeHOMWwkes dedighed Qeihgll?rirﬁélaEk;yﬂess gpﬂ%’d Bbdsyst@i’ﬁé)oﬂu)‘ﬂher or
am noacyl O Cl-C6; (g) alternatively if is NR, then Rl or R3 can cone

t oget hergaphitdolRe h@tﬁdéfo'lﬂgr%f willHeshislighed (quwaﬁélpélt 'éd@f%a%uécfrsﬁbef ed ring

that can include one or
submitted to Antimicrob. Agents Chemother.).

10 The results are expressed relative to the viral load in the pretreatment sample.
Calculation of the viral load for each sample was based on 4 independent
measurements of threshold RT-PCR cycles (Ct values). Mean + SD were
calculated for each day’s sample. The latter were used to express the observed

viral load changes.

15 Two chimpanzees [Joseph (5.14 logo IU/ml HCV) and Heppie (5.69 log4o 1U/ml
HCV)] were treated orally 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
20 the first dose;
3. Atday 4, a maximal drop of 0.8 logso IU/mi in HCV viral load was
observed for Heppie and 0.5 logio 1U/mi for Joseph, with a mean of 0.67

logqo IU/ml for both animals;
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heteroatons; or (h) if R is CR2, then R or R3 can cone together with
CR 2 to forma substituted or unsubstituted 5-7 nenbered ring that can

i ncl ude one or nore heteroatons; or 153 (i) if RRis CR 2, then Rl and R3
can cone together with CR 2 to forma substituted or unsubstituted

bi cyclic ringdt Hie \drhldasciemiineth euppressed withet meaatalifs43 kg, R)/mhupCor CH2;
optionally with a pharnmaceutically acceptable carrier. 6. A conpound of
the general fortwmdayi4(A' -D): WW X V-'; Y XNY R RzRs z IY Rs NN R
NNRa, RaRal (A) Il (B XYXN,-rY ~-WWNRs NRs Z~,NRs R4, Z

\W~-N R Ra RaHén{eEﬂé:gy'Lad@%qo@éhéﬁnﬁggrrgﬁ&ﬁ.u%é%ialgm Qﬁ&aﬂgﬁ@s%nﬂ@ﬂ thereof,

wherein: (a) each R4 an Is1In endent 'y hydrogen, hal oge , Br, d,
Py cr oy WO PP RLRR et ol oA O oty bara Be R o Bt
5 changes in the baseline and after treatment samples were observed. All
parame;(ers 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.

10
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acid; wherein at |east one of R4 and R4, is hydrogen; (b) each R5 and R5'

i s independently hydrogen, halogen (F, Br, O, or 1), pseudohal ogen, NQO2,
| ower al kyl of Cl1-C6, hal ogenated |ower al kyl, hydroxyl, alkoxy, CH20H,
CH20R6, NH2, NR6R7, or a residue of an amno acid; wherein at |east one of
R5 and R5' is hydrogen; 154 (c) each R6 and R7 is independently hydrogen,
al kyl, hal ogenated al kyl, al kyl ene, al kenyl, carbocycle, aryl,

het erocycl e, heteroaryl, aralkyl, or _acyl; (d) Zis CH CX, or N (e) Xis
hydrogen, hal ogen (F, d, Br, or I),CIM-é’,[SNHR, NRR NHORC, NRCNRR'", OH,
OR, SH, or SR, (f) Yis 0, S, NHL NR NOR, or Se; (g) each R R', and R"
i ndependently is hydrogen, |ower alkyl, |ower alkenyl, aryl, or arylalkyl;
and (h) Wis 0 or CH2; optionally with a pharnaceutically acceptable

carri er.l- fcoppemdwbthsecneralferarlal (AGrMdifa 1 (AG-AJ'): X Y X NY / W \
N~Rs\ NRE Z~~NRs ZNR N RANR RARI1((AG) 1 (AH) X V'-Y

' ¥: X ¥ N, X
X NYW " N . ~
RSZ EB—N A R? §>—N -
Rs YA R Py
R, N\N R, N‘-N
R4 R4

1 (AG) 1 (AH)
Y- X ¥ N X
x =
W, W,
Ry Q/\% RS Bj\]/ o
,R N~ g R N—2 z
R4 R4‘
R4 R4
1 (AT) 1(AD

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R is independently hydrogen, halogen (F, Br, Cl, or ),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH20R6, NHS;, NR6R7, or a residue of an amino acid; wherein

at least one of R* and R* is hydrogen;

(b)  eachR’and R” is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO;, lower alkyl of C;-Cy, halogenated lower alkyl,

" hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR°R’, or a residue of an amino
acid; wherein at least one of R®and R” i hydrogen;

{c) each R®and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroa_ryl,. aralkyl, or acyl;

_(d) ZisCH, CX, orN;
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R\ R ZONRR4'" ZiNRSRARAR 1 (A') 1 (A)) or a

phar maceutically acceptable salt thereof, wherein: (a) each R4 and R4'is

i ndependent|y hydrogen, hal ogen (F, Br, d, or |), pseudohal ogen, N2,

| ower al kyl of Cl1-C6, hal ogenated | ower al kyl, hydroxyl, 155 al koxy,
CH20H, CH20R6, NH2, NR6R7, or a residue of an am no acid; wherein at |east
one of R4 and R4' is hydrogen (b) each R5 and R5' is independently

hydr ogen, hal ogen_ (F, Br, pseudohal , | ower al kyl of

d -6, hal og&nat e¥ 13 J@o@é@geai lka}@gen (Wals By D, hlﬁqow?l . NH2,
NR6R7, or a residye of an amino acid; wherein at Ieast one of R5 and R5'
i's hydrogen NROYR&R{ch GH, @RdsﬁﬂorgRlndependently hydr ogen, al kyl,

hal ogenat ed al kyl, al kyl ene, al kenyl, carbocycle, aryl, heterocycle,

het er oar yl , é}alk&ﬁsﬂkyhacyl; (d) z is CH, CX, or N (e) X is hydrogen,

hal ogen (F, d, Br, or 1), NH2, NHR, NRR NHOR, NRNR Rc", OH, OR, SH, or
SR, (f) Xis @hkylYi{Q)S, WHSNR, NOR‘Nb#SNR, NOR', or Se; (h) each R, R', and

R' independently is hydrogen, |ower alkyl, |ower alkenyl, aryl,  or
arylal kyl; amg (igdack\kP %coaﬂf R%ep&ﬂ%ﬁ%h&&ro&éﬂ h'bv%r 1, W&Qfﬁeﬁﬁ
acceptable carrier. 8. A conpound of genefal ‘fornula 1 (AK") AL ) :

or arylalkyl; and
(i) Wis O or CHy;
optionally with a pharmaceutically acceptable carrier.

2. A compound of the general formula 1 (AK) or 1 (AL):

b X
RL B—N L R¥ >_‘N =P
3 Z R’ z
R“]'R NN R* N~
R* 4

1 (AK) 1 (AL)

or a pharmaceutically acceptable salt tIle;eof, wherein:

(a) each R* and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cy, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,OR®, NH,, NRR’, or a residue of an amino acid; wherein

" at least one of R* and R* is hydrogen;
(b) each R’ and R* is independently hydrogen, halogen (F, Br, C_l, or]),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH20R6, NH,, NR°R’, or a residue of an amino

_ ecid; wherein at least one of R>and R® is hydrogen;
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X, x'

Cl - Co,
NR6R7,

a, or
al kyl ,
am no

'N' R4, OOW 4. RRAR1 (AK) 1 (AL') or a pharmaceutically
acceptabl e salt thereof, wherein: 156 (a) each R4 and R4' is independently
hydr ogen, halogen (F, Br, C, or 1), pseudohal ogen, NO2, |ower alkyl of
hal ogenat ed | ower al kyl, hydroxyl, al koxy, CH20OH, CH20R6, NH2,

or a residue of an am no acid; wherein at |east one of R4 and R4
is hydrogen; (b) each R5 and R5' is independently hydrogen,

acid; wherein at |east one of R5 and R5' is hydrogen;

hal ogen (F, Br,
1), eudo paen., N2, |aower al kyl of d -C6, halogenated | ower
hydr@iw ,eag‘rai%o%gﬂ?,R@’i%ﬁ:@ﬂéw@mdr%m,aﬂmﬂadﬂmewedaﬂ stlylensof an

(c) each R6

and R7 is i ndeperilent), yarhgeeclsgant, balerapiclehefasepsiaratkyhliok ¢yl al kyl ene,

al kenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl

, or acyl; (d) Z

is CH CX oidN Z®s)XEKGX dif\irogen, halogen (F, C, Br, or |), NH2, NHR
NRR ', NHOR, NR NReR"", OH, OR, SH, or SR; (f) Xis halogen (F, d, Br,
or 1); (9g) Ye)s O ishydigden MRloghlORF, C10Br, Se1), WH), NiaRh NR°RR'NHOREH R

i ndependently is hydrogen, |ower alkyl, |ower alkenyl, aryl, or arylalkyl;

and (i) Wi sNONRREH2,0I@ROBAl bysp t h a pharmaceutical |y acceptable
carrier. 9. A conpound of the general formula 2 (A-D), 3 (A-B), 4

(A-B")

. 5 (Y - B'vis Baldin (B &1, BY, of 4Y; -

(g0 YisO,S, NH, NR®, NORS, or Se;

(h)  eachR® R°, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl; and
(1) Wis O or CHy;
optionally with a pharmaceutically acceptable carrier.

3. A compound of the general formula 1 (AM-AP):

¥ X v X
0 ~ 0 %T/N\
g g
© Rg s Rg +Z
R, N-x R/ N~y
Ry R4

1 (AM) 1 (AN)
Y: x Yoo _No X
= =
o) Q
Rs m R4’ _ q =
Rs N~ Rs Nt ”
R R R R
4 4
1 (AO) 1 (AP)

- or a pharmaceutically acceptable salt thereof, wherein:

(a)  each R*and R* is independently hydrogen, hatogen (F, Br, C, or 1),

. pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
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C) or 8 (A): 157 ZENWZNw X\NN--nRS X\ N~Rs ~qg. 1 R5 Rg, Ny Y.
RARRIR YY 2 (A) 2 (B X\ 5 XN5 4R5 Z~- RSNRg, (WNRRai Y Y
2(C) 2 (D) wldlxw QR gsj \YN-Rs' Z-aR5s ~N Ry, ZW Rgq le 3 (A)
3(B) X/ YXi Yw \ N-R5 Rs

alkoxy, CH,OH, CH,OR®, NH,, NR°R, or a residue of an amino acid; wherein

at least one of R* and R* is hydrogen;

(b) eachR’and R’ is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl,
hydroxyl, alkoxy, CH2OH, CH,OR®, NH,, NRR’, or a residue of an amino
acid; wherein at least one of R’ and R is hydrogen;

(c) each R®and R’ is mdependently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, arvi, heterocycle, heteroaryl, aralkyl, or acyi;

(d) Zis CH, CX, or N:

()  Xishydrogen, halogen (F, Cl, Br, or I), NH>, NHR®, NR°R®, NHOR®,

NRNR°R®, OH, OR®, SH, or SR";

(H X'is alkyl;

(g) YisO,S, NH, NR®, NOR", or Se; and

(h)  eachR% R, and R independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl;

optionally with a phanna(;eutically acceptable carrit?r.

4. A compound of the general formula 1 (AQ) or 1 (AR):

X ' X
: o Y\'/ikx ' | ¥: o X
R >—N N R%_N\ P
R"]'{?-—-\N“‘ N | Ca f.{SRQ N’
| 1(AQ) 1(AR)

or a pharmaceutically acceptable salt thereof, wherein:
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R 4(A) 4(B) ww X\ Ne~-R5 ~ gs ~R5 Rs
(A) 5(B) wZONw x2 R5 X~-N R5 gs R5 NRa
") 7158 Xi YXi Y WX\ NRSY NRsS WR5
(B) XM ~Yw R5' RNR5, INN

5RSNR Rgj, NR8 ~q. Ra Ra
I~\Rq, N4 g RgRR YY5
Xa Rg, NRa Rg Rq, 6 (A') 6 (
NRARAX NRARAYT(A

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH20R6, NH,, NR®R7, or a residue of an amino acid; 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,, lower alkyl of C;-Cs, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR®R’, or a residue of an amino
acid; wherein at least one of R° and R® is hydrogen;

()  each Réand R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d ZisCH,CX, orN;

(¢)  Xishydrogen, 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; and

(h)  eachR%,R%, and R independently is hydrogen, lower alkyl, lower alkenyl, karyl,

Cor arylalkyl;
optionally with a pharmaceutically acceptable carrier.

5. A compound of the formmila (I):

! W
RQNJ RS
) IN RJS R
R3 R

@

or a pharmaceutically acceptable salt thereof, wherein:
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N, YII NRSENRaRSRARARAIREA, Y7 (C 8 (A or apharmaceutically
acceptabl e salt thereof, wherein: (a) each R4 and R4, is independently
hydr ogen, halogen (F, Br, C, or |I), pseudohal ogen, NO2, |ower alkyl of
Cl - C6, hal ogenated | ower al kyl, hydroxyl, alkoxy, CH20OH, CH20R6, NH2,
NR6R7, or a residue of an am no acid; wherein at |east one of R4 and R4
i s hydrogen; (b) each R5 and R5, is independently hydrogen, hal ogen (F, Br,
ca, or 1), eudoh Iggen | ower al kyl of Cl-GC8, halogenated | ower
al kyl, hydro¥l, ©% Roid Ropgg Pe‘éﬂﬁi?@i?bydfﬂﬁz* halpgend . B Ch o &si due of an
am no acid; wherein at Ieast one of R5 and R5, is hydrogen; $X each R6
and R7 is i ndepenPErdghalogem NSyelowen plkyl of %ﬂ@b@ﬂ@é@déﬂ\’l@ﬂﬂky}a Gioaie

al kenyl, carbocycle, aryl, heterocycle, heteroaryl aral kyl, or acyl (d)
R2 is oxygen, sul flkexy, SE:OHoEHEPR? N%NR&RD opacdsidit of z anmdeped;mherblyl
hydr ogen, | ower alkyl, aIkerne al kenyl, aryl, or aral kyl wherein the
alkyl is Cl-0C6; (s&t)leadt b oOH afdR" Ql’hyﬂi,'ogélfl) each X, X, and X" is

i ndependent |y hydrogen, halogen (F, d, Br, or I), NH2, NHR, NR R NHOR

NRCNR' R™,  OHb)OR, eadhlR’ @id BRis;indepEndesily gﬁfr ge\ﬂ RbeHi(B, Eﬂ"@?ﬁ)@'ﬂdent ly 0, S
NH, NR', NCR or Se; (h) each Ra isin endently hydrogen | ower al kyl,

al kyl ene, al kenyl nsG@hRRGUE N, loWei/Lllk lhﬁ{@ r@ CMﬁbgenattéﬁtl(ﬁ%‘P%kar hy@oKy!
am noal kyl , anlnoaryl or am noacyl ¥
alkoxy, CH,OH, CH,OR®, NH,, NRGRT, or a residue of an amino acid; whereln_
at least one of R*and R” is hydrogen;

(c) each R®and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) R}is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C;-Cs;

(e) | R?is oxygen, sulfur, NR', or CR’,, wherein each R’ is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl wherein the alkyl is C;-Cs;

® R? is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoaikyl, aminoaryl, or aminoacyl of C;-Cg;

(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 includé one or more
heteroatoms; or

(h) “if R*is CRY, then R! or R® can come together with CR" to form a substituted or

unsubstituted 5-7 membered ring that can include one or more heteroatoms; or
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(i) each R, R', and Re'
al kenyl, aryl, or arylalkyl; and (]
pharmaceutically acceptable carrier

i ndependently is hydrogen,

| ower al kyl,
) Wis O or CHz;
10. A conmpound of the general

| ower
optionally with a

formula;: Rb O NNO RS

W ZN R

Ral

R4 or a pharmaceutically acceptable

salt thereof, wherein: (a) each R4 and R4' is independently hydrogen,

hal ogen (F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of Cil-Csg,

hal ogenat ed | ower alkyl, h dro?<yl,3 al koxy, CH20H, CH20R6, NH2, NR6R7, or a
resi due of afi)ani HR &ty en R gan femstogether with (R amfdrR4' i s hydr ogen;
(b) each R5 and R5' is independently hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, | owbstitalel pt ushibEitatGh bichdicogenhit eah inolwde omd dryrhgre
hydroxyl, al koxy, CH20H, CH20OR6, NH2, NR6R7, or a residue of an am no
aci d; whetemiatomsat | easindone of R5 and R5' is hydrogen; 160 (c) each R6 and

R7 is independently hydrogen,

al kyl ,

hal ogenat ed al kyl ,

al kyl ene,

al kenyl ,

carbocycl e, gyjyl, wgtesocys! e, heteroaryl, aralkyl, or acyl; (d) each Z and

Z' is independently CH, CX, or N; (e) X is hydrogen, hal ogen (F, C

1), NH2, NHRoptNB‘aﬂ/ Mmy%mac%m%cceﬁble Brieoth or SR

6. A compound of the general formula 1 (A-D'):

N Xl _oNa Y
W = \K W
A R N <] _rs
Z ' RS 5
NN R Z\\N ~N RR4.'
R? R
1 (A) 1(B)
b4 Y
= W X /N\{Y W
\ N_( RS.. \ N RS'
Z RrRY 5
\‘/N R4 Z\\/N RR4r
Rt R4
1(CY)

1(D"

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R* and R*'is independently hydrogen, hatogen (F, Br, Cl, or I},
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl,
hydroxyl, atkoxy, CH,OH, CHgORG, NH,, NR6R7, or a residue of an amino
acid; wherein at least one of R* and R¥ is hydrogen;

(b)  eachR’and R’ is independently hydrogen, halogen (F, Br, Cl, or I},

pseudohalogen, NOa, lower alkyl of C;-Cs, halogenated lower alkyl,
“hydroxyl, alkoxy, CH,OH, CHZOR(’, NH,, NR®R’, or a residue of an amino

acid; wherein at least one of R’ and R* is hydrogen;
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(f) Rbis R OR NH2, NHR, or NRR; (g) each R, R', and R'' independently
i s hydrogen, |ower alkyl, |lower alkenyl, aryl, or arylalkyl; and (h) Wis
Oor CH2; optionally with a pharmaceutically acceptable carrier. 11. A
conpound of the general formula 1 (E-H): X/ YXi Y NR5 NRs s s
Z\NNr RRRA, ZNN RRR4, 1 (E) 1 (F) XY Xi \ ~Y N~ RS N~ Rs ZN RRR4 ZRRRq
Il (G) 1 (H) or a pharnmaceutically acceptable salt thereof, wherein: (a)
each R4 and R4, is jindependently hydrogen, hal ogen (F, Br, C, or 1),
pseudohal ogefs)  NEECh RojishR 4t igeoenpaenty hygrogsn, abgidstaganates iyl qalkyleae,
hydr oxyl, al koxy, CH2OH, CH20OR6, NH2, NR6R7, or a residue of an am no
acid; wherein atalfeask carberyclss aml hatespcrale. heterenryl arglayl, o168yl (b) each R5 and
R5' is independently hydrogen, halogen (F, Br, O, or 1), pseudohal ogen,
NO2, |ower aldkyl &His @6, 0orMNgl ogenat ed | ower al kyl, hydroxyl, al koxy,
CH20H, CH20R6, NH2, NR6R , or a residue of an am no acid; wherein at |east
one of RS and) R5,X isyidyetendaliged (), AR oRB, NHg| NYIR', NHRYyIRORENt | y
hydr ogen, al kyl, hal ogenated al kyl, al kyl ene,

NR°NR°R®, OH, OR®, SH, or SR";

() Y is O, S, NH, NR®, NOR®, or Se;

(g)  each RS R, and R® independently is hydrogen, lower alkyl, lower atkenyl, aryl,
or arylatkyl; and |

(h) W is O or CHy;

optionally with a pharmaceutically acceptable carrier.

7. A compound of general formula 1 (AG-AI'):

3 Y X N Y
s P \I/
W w
e N—( R N N—<] Ry
s Sy . S
-4 4
R4 R4
1(AG) 1 (AH")
X Y )
= X N Y
w = W
N N—( Ry’ lr\(% R
o S 2NN &
4 1
Ry R,
1 (AD) 1 (A)

- or a pharmaceutically acceptable salt thereof, wherein:
(a) each R* and R*is independently hydrogen, halogen (F, Br, Cl, or ),

pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
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al kenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl; (d) Z
Is CH CX, or Ny (e) X is hydrogen, halogen (F, d, Br, or 1), NH2, NEW
NRR, NHOR, NRNR R, OH OR SH, or SR (f) YISO S, NHL NR, NOR, or
Se; and (g) each R, R, and Re independently is hydrogen, |ower alkyl,

| ower al kenyl, aryl, or arylalkyl; optionally with a pharmaceutically
acceptable carrier. 12. A conpound of general forrrul al(AM-AP): X [N

~Ys'" \ R X 1 (AN XY X,.Y O N
Rs \S N~ Rs' ZRR4afk%ﬁsC§55%5kf$&ﬁ%}< R, eal@rf)sl P%%ﬁéﬁnﬁé@éuwhi@m y

acceptabl e salt thereof, erein: 162 (a) each R4 and R4, is independently
hydr ogen, haftogeniegstongsf R'@nd Ryis hydrogesseudohal ogen, NO2, | ower al kyl of
Cl - C6, hal ogenat ed | owner aI kyl, hydroxyl, al koxy, CH20OH, CH20R6, NH2,
NR6R7, or a (si ceieh Bf anhR aisiindzpendedtly byriFogsnnhalogen (F, Br, Cl, or I,

pseudohalogen, NO,, lower alkyl of Ci-Cg, halogenated lower alkyl,
hydroxyl, alkoxy, CHOH, CH,OR®, NHa, NR®R’, 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,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or 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,

(D X' is alkyl;

(g) Yis0,S,NH, NR°, NOR", or Sg;

(h)  eachR®, R and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or aryIalkyl; and

() Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

8. A compound of general formula 1 (AK") or 1 (AL'):

Xf
X~ Y w X A

S N——(/ ERS' R5
Zy R3
SN N

1 (AKY) 1 (AL)

or a pharmaceutically acceptable salt thereof, wherein:

41
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at

| east one of R4 and R4, is hydrogen; (b) each RS and R5, is

i ndependent |y hydrogen, halogen (F, Br, O, or 1), pseudohal ogen, NQO2,
| ower al kyl of C -C6, hal ogenated | ower al kyl, hydroxyl, alkoxy, CH2CH,
CH20R6, NH2, NR6R7, or a residue of an amno acid; wherein at |east one of

R5

and R5' is hydrogen; (c) each R6 and R7 is independently hydrogen,

al kyl, hal ogenat ed aIkyI, al kyl ene, al kenyl, carbocycle, aryl,
heterocycle het er oary aJalk% or acyl; (d) Zis CH CX or N (e) Xis
H

hydr ogen, haabgerf“‘a%}F @dRB‘F
O_L
(h) each R, Imﬁﬁwhﬂbgﬂlﬁﬁb

enid?n INpgsrogepFialoggrF, BinforE D, NROVR - C7
OR, SH, or Xis al k Yis 0, S, NH NR NOR, or Se; and
péWééﬁig(Ylwf G-y izlogsnnted loovas rlkal, kydroxYlower

al kenyl , aryI or arylal kyl; optl onally with a pharnmaceutically acceptable

carrier. 13. A claxysEH.QH, GEfeRGNLONRIR a0da (AiQu ofn dniGdRil; whérei, X Y
XO NRS\ NRs 2\\ RSZRS7NNRAI R4, \\~iINRA RA. | (AQ) 1 (AR)

163 or a phaatnacdudst 6@ dNR‘ase ’Ptiabldeogaj t thereof, wherein: (a) each R4 and

R4

i s independently hydrogen, halogen (F, Br, d, or 1),
(b) eachR’andR*is independently hydrogen, halogen (F, Br, Cl, or I),

pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR’R’, or 2 residue of an amino
acid; wherein at least one of R and R’ is hydrogen;

(©) each R®and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) ZisCH,CX, orN;

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

NR'NR®R®, OH, OR’, SH, or SR®;

§3] X' 1s halogen (F, Cl, Br, or I};

(g)  Yis 0,8, NH, NR°, NOR", or Se;

(h} each R%, R®, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl; and

(1) W 18 O or CHg;

optionally with a phamﬁaceutically 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'-

Cor8 (A):
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pseudohal ogen, NO2, |ower al kyl of O -C6, hal ogenated |ower alkyl,

hydr oxyl, al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a residue of an am no
acid; wherein at least one of R4 and R4'" is hydrogen; (b) each R5 and R5,
i s independently hydrogen, halogen (F, Br, C, or 1), pseudohal ogen, NO2,
| ower al kyl of Cl1-C6, hal ogenated |ower al kyl, hydroxyl, alkoxy, CH2CH, .
CH20R6, NH2, NR6R7, or a residue of an amno acid; wherein at |east one of
R5 and R5, is hydrogen; (c) each R6 and R7 is independently hydrogen,

al kyl , hal ogenat ed al kyl?l*{al kywene, al kenyl, cycjwe, aryl,

het erocycl e, heterpar y, ¥ or acyl; @X, or N, (e) Xis
hydr ogen, hal ogen ( s1), NHZ2, NH , NRCNR 'R'",
H, OR SH, or SR ( i”s hal n (F, d, B 1) ; Y is 0, S NH,
Nle, NOR, or Se; and](h) each RR,R R', and R"' \lﬂﬁdepende Fy i s hydrogen,

| ower al kyl, |ower alkenyl, aryl, or arylalkyk; optionally with a

phar maceuti cal | y accept abl g(ggrri er. 14. A corrpoung(@§ t he general
formula: iz O \ NI NOH ~NN4 OHI1 (I'") 164 or "a pharmaceutically

acceptabl e salt thereofz=wher g} n: Z==
' \ﬁh—( R? X\“A\;\N—( R¥

RS

RY N R¥
4
R* R

Y

2 (DY)

X —(w
R? 5
R
)\/ N
7z 5
\\/N RR4.
R

3 (BY)

X /N\(Y W
2 N —( RY
RS
NR® e
R4

4(B")
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(a) each Z' and Z" is independently CH CX, or N, (b) X is hydrogen,

hal ogen (F, O, Br, or 1), NHZ, NHRR, NR R ', NHOR, NRcWR', OH OR, SH,
or SR; and (c) each R, R, and R' independently is hydrogen, |ower alkyl,
| ower al kenyl, aryl, or arylalkyl; optionally with a pharmaceutically
acceptable carrier. 15. A conpound of the general formula 2 (E-H), 3
(c¢c-0), 4 (C-D), 5(¢c-D), 6 (C-D), 7 (D- F')or8(B‘)'ZNOZO\IX
\ W R5. X\\ NR5S R R5 NR4A R4, N\ /NRO R4. YY2(E) 2(F) 0 z~

X~ R X Q/NW L- YN 4R4 Y RA Y Y 2K ) Ixoxo/\IYIN
55, NR5 \ Re~ 72\ R5 |l R4 RA. ~i N R4.
X N R’ Y N
| R’ R’
N . . ~N
X R4 ]:{4 X R4 4
Yo7 X 7@

N Y
X/\K W
a
K] s

SN RS RA N
N 5
i R

Y’ 7 (c') 8 (A)
or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NOz, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
aikox_y, CH,OH, CH,OR®, NH,, NR6R7, ora residue of an amino acid; wherein
at least one of R* and R* is hydrogen;

(b) - each R>and R® is independently hydrogen, halogen (F, Br, Clorl),
pseudohalogen, NO,, lower alkyl of C,-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,OR®, NHa, NR°R’, 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 alkyt, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d Riis oxygen, sulfur, NR', or CR", wherein each R’ is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl wherein the alkyl is C1-Cg;

(e) ZisCH,CX, orN;

() each X, X', and X" is independently hydrogen, halogen (F, Cl, Br, or I), NHa,

NHR®, NR°R%, NHOR®, NR°NR°R®, OH, OR®, SH, or SR°; .
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RE3(C) 3 (D) x/ YXY~YY\ NR5S 'N~-RE R5 R5 NRR4' NRa 4. R4 RAR 4

(C) 4(D) 16500 XNX~'(~\YNa~ Rs, Rs | | Rs a R4 R4, N\ /N 4 Ry,

I11( RY5(C Y5D) OZ-N XRs X\ gs IY5 R5 NRa R4 R4, NR R4 R4, 6
i’Y OO0 X \ Rs" Y N~R5, NRSgs X' R4 R4 X \

(O) 6 (D) X NyY X i
N 4 R4, R

(2) eachY and Y'.is independently O, S, NH, NR®, NOR®, or Se;

(h)  each Ris independently hydrogen, lower alkyl, alkylene, alkenyl, carbocycle,
aryl, heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of
Ci-Ce;

') each R, R, and R®" independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and

)] Wis O or CHy;
optionally with a pharmaceutically acceptable carrier.

10. A compound of the general formula:

Rb
o NYO
W
. N—X :
R;
AN p
Ry

or a pharmaceutically acceptable salt thereof, wherein:

(@)  each R*and R* is independently hydrogen, halogen (F, Br, Cl, or I),
.pseudohalogen, NOg, lower alkyl of C;-Cq, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CI—I20R6, NH,, NR®R’, or a residue of an amino acid; 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,, lower alkyl of C}“C6, Halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,OR®, NH,, NR°R’, or a residue of an amino acid; wherein

at least bne_of R’ and R’ is hydrogen;
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Y. 7 (D) X* 7(Ef) XNYYooNR' RR5 IN 77 ~I" 5 | NRs NRa R X R4
g4 g4 R4, Y 7 (F) 8 (B') or a pharnmaceutically acceptable salt thereof,
wherein: (a) each R4 and R4' is independently hydrogen, halogen (F, Br, d,
or 1), pseudohal ogen, NO2, |ower alkyl of Cl-C6, halogenated |ower alkyl,
hydr oxyl, al koxy, CH2OH, CH20OR6, NH2, NR6R , or a residue of an am no
acid; wherein at least one of R4 and R4' is hydrogen; (b) each R5 and R5'

i s independently hydrg)gen hal ogen (F, Br, d, or 1), pseudohal ogen, NQ2,

| oner al kyl (s} CleadsR mlbg@nﬁmdmdwdwdmgw,l allyhytehiagripdted alwflkaikxlenﬁcl—lza—l
CH20R6, NH2, NR6R7, or a residue of an am no acid; wherein at |east one of

R5 and R5' is hydﬂkﬁyghparbﬁnﬁ_/c(ecmemehrda@claﬁcbtdﬁarysaﬁah@ﬁmea@dmtIy hydr ogen,
al kyl', hal ogenated al kyl, alkylene, alkenyl, carbocycle, aryl,

het er ocycl e, (db'net Qafaaaz)ahdzairs@idegénde@m aEyCx, 6pIN R2 is oxygen, sulfur, NR,
or CR 2, wherein each R is independently hydrogen, |ower alkyl, alkylene,

al kenyl, aryfy orxaf dkd)/ge\/}{aﬁf h (7, [d1EBRLKY! NHS, MR CR°RE)NHORS CH_CX, or
N, (f) eaChQ X, @ "Is |gﬁdependentl¥/) hydr ogen, hal’)(%en (F, d, Br, or

1), NH2 %F@% gdg—igsefd\l P, OH OR SH or SR (g) each Y and
Yis mdepen?ﬁ% ﬁé\/ﬁi\% or Se; (h) each Ra is independently
hydr ogen, | o(\ﬁer aﬂbkgkc (?IQ‘J(WH%%HRM Wﬁ"- car bocycl e,

(g) eachR% R® and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and
(h) W is O or CHy;
optionally with a pharmaceutically acceptable carrier.
11. A bompound of the general formula 1 (E-H"):

X F ¢

2 <] _ws

Z R’
NN .
N R4
R4

5

z\\N /N/_‘& RR4.

R4

1 (EY) 1 (F)

X X Xl N A

v =

e N—<] _ws o \1@ R

5 5

RR4' Z\/N RR4.

r4 4

1(G) - 1 (H")

7 .
NN

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R* and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NOg, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
aikoxy, CH,0H, CH20R6, NH;, 'NR(’R"', or a residue of an amino acid; wherein

at least one of R* and R* is hydrogen;
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aryl, heterocycle, heteroaryl, aral kyl, am noal kyl, am noaryl, or am noacyl
of CI-C6; and (i) each Rc, R' , and Re' independently is hydrogen, |ower
al kyl, I ower alkenyl, aryl, or arylalkyl; optionally with a
pharmaceutically acceptable carrier. 16. The conpound of the formula:
N-{/OOH N~ N -N or a pharmaceutically acceptable salt thereof, optionally
with a pharmaceutically accept abl e carri er 17. A corrpound of the formula:
167 O HN N\ Br / N C / N~ NN NN N | m\ﬁﬂo NN OOHOHCOHOHOA

OHOHOH 1(® 1 Whﬁ adRY is nldezpmdenﬂnqhy@oge ABsGLarh,N p0o pN 100
OH OH OH OH OH OH OH
pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,OR®, NH,, NR®R, or a residue of an amino acid; wherein
at least one of R’ and R® is hydrogen;
(c) each Rand R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
(d) ZisCH,CX,orN;
{e) X1is hydrogen,' halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR’,
NR°NR°R”, OH, OR®, SH, or SR’
)  YisO,S, NH, NRS, NORS, or Se; and
(g)  eachR% R, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;
optionally with a pharmaceutically acceptable carrier.

12. A compound of general formula 1 (AM'-AP"):

\ N—_( Rj' \ N "'/'- RS'
A v % 5 L 5
N/N R4r N N R4'

R4
1 (AO) 1 (AP

or a pharmaceutically acceptable salt th_e_reof, wherein:

162



1 (N) 2(0") 1 (P) 1 (Q 0S IR NNSHNN NN NNIINNQNNO Np
gOHH ~11I~~I111112 NONI OOO0CO / O ,0 Illy SOHOH/XN S1(R)
1(S') 2 (T) 21 (U) Olpxl N NN\A~\NITI NON/ N1 NON NN'" I NON
NNpNN OOO HOHOHOHOHOHOH I (V) 1 (W 2(X) I (Y,) 168
NHO FRg NN NON~ NXDNO ONONDPN
(a ecach R* and R*is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO», lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CHOR®, NH,, NR®R’, or a residue of an amino acid; wherein
at least one of R* and R* is hydrogen;
(b) each R’ and R’ is indcpendenﬂy hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR®R’, 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 ﬁlkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
(d) ZisCH, CX, or N;
| (e)  Xis hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NRNR°R, OH, OR', SH, or SR’; -
(f) X'is alkyl;
(g) YisO,S, NH, NR*, NOR", or-Se; and
(h) each R®, R®, and R® independe_nt]y 1s hydrogen, lower alkyl, lower alkenyl, aryl,
L or arylalkyl;

optionally with a pharmaceutically acceptable carrier,

13. A compound of general formula 1 (AQ') or 1 (AR'):

X' X
X # Y ' X 7 Y 5
' . N—( . X N4 R®
Z RS z R3
N .
N/N ) R4r ) \\/N R4.
R : Rr*

1(AQ) | - 1(AR))
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HOOHOHOHOHOHOHO™ | (z') | (AA) 1 (AB) I (A NH HC NH O
N,NN,N NN>O-)-NNONNONNOHOHOKHOHOHOH | (AD) | (AE) 1(AF)
or a pharmaceutically acceptable salt thereof, optionally with a
pharmaceutically acceptable carrier. 18. A conpound of any one of the
claims 1-4 or 6-15, or a pharmaceutically acceptable salt thereof, wherein
each R, R'" , and R " independently is unsubstituted or substituted phenyl
or benzyl, cycloal kyl, or cyclopropyl. 19. A pharnaceutical conposition
conpri si ng apr @pfeeneierticallyaoeeptable saliyhagend, whertihe conpounds of clains 1-18,
together with a pharmaceutically acceptable carrier. 20. A pharmaceutica
conposi ti on @npr ézh B aadR efsfiedpendendybydrogef hasyenqREBOTL ), conpounds  of
claims 1- 18, together with one or nore effective anti-viral agents,
optionally with apdéh@ﬂm@iﬂi\l(%ﬂdv@éra}kgﬁcﬁﬁ@bd?&hﬂ@gédaﬁﬂ-loﬁér-a_l%%ydroxyl, _
pharmaceutical conposition of claim?20, wherein the anti-viral agent is

sel ected from tharghOep,6ANEHSORANIR, NROREVL & kdldiduk BF &f LifinBAcidPFE%LAL €d

interferon alfa -2a, ‘interferon alfacon-1, natural 1Interferon,

| bum n-i nt I ipAt. .beta-1 a, 169 interf ,
al bum n-in ngeroEgﬁg?nggngmplgﬁ(ﬁﬁ%éj eta-1 a, onega interferon

oral interferon alpi I'nterteron ganma’ |b, interleukin-10, merinmebodib,
a1 i sfei bR gl e GIPaRh e B npetp e 8% BRETET o' Compound
of general formil I%e&do ﬁ\%gémn, )I\T:Og\,/Yonei'(al%IYofl\(li -é, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR®R’, or a residue of an amino
acid; wherein at least one of R>and R” is hydrogen;
() each R®and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
(d) Z1s CH, CX, or N;
(€  Xis hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NR°NR°R®, OH, OR’, SH, or SR
® X' is halogen (F, Cl, Br, or I);
(g YisO,S,NH, NR°, NOR, or Se; and
(h)  eachR®, R, and R independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;
optionally with a pharmaceutically acceptable carrier.
14. A compound of the general formula;

Z"/Z'\K_O(o

N

N~

1D
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RE ~NRs N GRE NN NNi RA' NsRZRA Z RARA | (AG 1 (AH wY X W
YNX RS ~N/ RBbRZZ N%N,11 RRRARARI 1 (A) 1 (M or a
pharmaceutically acceptable salt thereof, for the manufacture of a

medi canment for the treatnment of an HCV infection in a host, wherein: (a)
each R4 and R4' is independently hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower alkyl of Cl-C6, hal ogenated | ower al kyl,
hydroxyl, al koxy, CH2OH, CH20ORG6, NH2, NR6R , or a residue of an am no

aci d; wher ei A 2 Biarmaceutically acespiaple salt dierepl, Wheteigidr ogen: (b) each R5 and R5

i s independently hydrogen, halogen (F, Br, d, or |), pseudohal ogen, NOZ,
| ower al kyl & O eachZ % gemdereadedlyel Ll Xydr N; hydr oxyl, al koxy, CH2CH,
CH2OR6, NH2, NR6R7, or a residue of an amno acid; wherein at |east one of
R5 and R5' i &)hydKegmmirogkdhajegen €8T, BS oahINH7, NKRT, NREREMNIGORT,y hydr ogen,
al kyl, hal ogenated al kyl, al kyl ene, al kenyl, carbocycle, aryl,

het erocycl e, het eNRNBAR®, aMBIORF) SHr SBE¥dnd (d) Z is CH, CX, or N,

(¢)  eachR% RS, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;
optionally with a pharmaceutically acceptable carrier.
15. A compound of the general formula 2 (E'-H"), 3 (C'-D'), 4 (C'-D"), 5 (C'-D"), 6 (C-D",

7 (D'-F) or 8(B"):

%,
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(e) X is hydrogen, halogen (F, d, Br, or 1), NH2, NHR NRR NHOR, NRNRR
OH, OR SH, or SR (f) Xis alkyl; (g) Yis 0, S, NH NR NOR, or Se; (h)

each R, R', and R'' independently is hydrogen, |ower alkyl, |ower alkenyl,
formula 1 (AK) or 1 (AL): x* Y XY X RSWNRSKNNNRRSN/Z RRZR4
en, hal ogen (F,
am no acid; wherein | east dife of R4 and R4l i s hydrdyen; 171 (b) each
'NH2, NR6R7, =g regpdue of an am no

aryl, or arylalkyl; and (i) Wis Oor CH2; optionally with a
R* 1 (AK) 1 (AL) or a pharmaceutically acceptable salt thereof, for the
gs hal ogenat ed | ower
R5 and R5, is independ%ntly(ﬁydrogen, hal ogen (F, BH{D)d, or 1),
hydr oxyl, al koxy, CH20HF=§?EEFB,
% /%/ N RS X )&\'/ N R
R5 . R5
a R4'
4

pharmaceutically acceptable carrier. 23. Use of a conpound of general
manuf acture of a nedi camengs f %he treatnment of an i,nfection in a
host, wherein: (a)x a is indeg A
Br, d, or I), pseufloha n , lower al Kyl df
al kyl, hydroxyl, al y CH20H ™S @H20R6, NH2 N R7, or [agresi due of an
pseudohal ogen, NO2, |ower alkyl of Cl-C6, hal ogenated | ower al kyl,

NR NR?

rR¥
R R*
6 (C) 6 (D)
N Y
X \K 0 K 2NN A
0
x . N—( R¥ V! N \N(—(f :R5'
I Rs RS
N .
X" R4 R4 X 2, N R4 R4|
T X 7(E)
NN A

~ \f—( RS Rﬁ/l%a—(o R
y a oS
XM/ﬂ\H/N Rme NR R4R¢
ToTm 8 (B)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,0R®, NH;, NR°R’, or a residuc of an amino acid; wherein

| at least one of R*and R is hydrogen;

| 7 (b) each R®and R is independently hydrogen, halogen (F, Br, Cl, or I,
pseudohalogen, NO,, lower atkyl of C-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH>OH, CH;OR‘S, NH,, NR6R7, or a residue of an amino acid; wherein

~ at Jeast one of R’and R¥ is hydrogen;
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acid; wherein at |least one of R5 and R5' is hydrogen; (c) each R6 and R7 is
I ndependent|y hydrogen, alkyl, hal ogenated al kyl, al kyl ene, al kenyl,
carbocycl e, aryl, heterocycle, heteroaryl, aralkyl, or acyl; (d) Z is CH,
CX, or N, (e) X is hydrogen, halogen (F, C, Br, or I), NH2, NHR NRR , NHOR
NRRNR'Ru, OH OR SH or SR (f) Xis halogen (F, d, Br, or 1); (g) Yis
0, S NH NW NOW or Se; (h) each R R, and Re independently I s hydrogen,
| ower al kyl ower I[gen aryl or arylal ) Wis CHZ;

opt | onal 1 vt Bk FRC it MOMPgerbdgitess etk Resebat ool dkvigte
conpound of gener al forrrul al(AMAP): OY X, OYN / NAY X, Rs N RS 01-N""
RaRs N-N Z Rags Mii¢nyl, cathoqygle, aryl, pperoryelanhetagaylxaraligyioxacyly O Rs N Rs s
ez R (d) R?is oxygen, sulfur, NR', or CR';, wherein each R’ is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl wherein the alkyl is C;-Cg;
(e) ZisCH, CX, orN;
) each X, X', and X" is independently hydrogen, halogen (F, Cl, Br, or I), NH»,
NHR’, NR°R%, NHOR®, NR°NR°R®, OH, OR", SH, or SR";
(g) each Y and Y' is independently O, S, NH, NR®, NOR?, or Se;
(h) each R* is independently hydrogen, lower alkyl, alkylene, alkenyl, carbocycle,
aryl, heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of
C;-Cs; and
(i) each R, R®, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;

optionally with a pharmaceutically acceptable carrier. -

16. The compound of the formula:
=
O
e N—({ :OH
N OH
SN
or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically

acceptable carrier.

17. A compound of the formula:
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RR NomR4'" s N,//Z RARA 1 (AO 1 (AP) or a pharmaceutically acceptable
salt thereof, for the manufacture of a nedicanment for the treatnent of an
HCV infection in a host, wherein: (a) each R4 and R4, is independently
hydr ogen, halogen (F, Br, C, or |I), pseudohal ogen, NO2, |ower alkyl of
Cl - C6, hal ogenated | ower al kyl, hydroxyl, alkoxy, CH20H, CH20R6, NH2,
NR6R7, or a residue of an amno acid; wherein at |east one of R4 and R4’

i s hydrogen; (b) each R5 d R5'is independently hydrogen, hal ogen (F, Br,
Cl, or 1), pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated | ower

al kyl , N, al koxy CH2 NR6R7, € iNdue of an
am no acild; er/eq n at }easf ops of RS|and RS NS hydrogen %5;1)I each R6
K™, a

and R7 i ent | ¢ hyat og&, al k kal o at ed | ene,

al kenyl , cat booyclle, aryl, rpcycl e, riyl , aral -0 acyl; (d) z
is CH CX ; f£e) Xis dr aggen, hal og (F/d, Br, o NH2, NHR',
NR R ', NHOR R Rc", SH, or Xi s al kyl ; )IYis O S,

NH NR NOR ,OroHSe: and (hffefth R, R, %h™R'' indepen y is

hydr ogen, | oWéP al kyl, |ower®al kenyl, aryl }@r arylal kyl {M¥3 optionally
wi th a pharnmaceuti cal I y acceptabl e carri er. 25. Use of a conmpound of
general formula 1 (AQ or ¥:(AR): X

= N N & N = N
/ENINjN )\ , Ni\N j\/INiN
s N

OH OH OH OH OH OH
1(N7) 1(0" 1(P) 1(Q)

¥ S
HN S =
| HN N |
e , N
O N N HN N\\ )\ N/
o /I\ | N o N
H H @ TN N o
H H o
e 0% Y
g OH OH ><
1 (R 1(S7) (T 1(U)
0 o) Sy
Y N N ™ N # N
Loy T T Ak I
)\ N, A l AN )\ %
o N ; & N N PN N o N N;
OH OH OH OH | B  OH OH

1{V) L - 1W) : 1{X) ' (YY)
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Y XY X ggk R NRS" N RARS NNZ RRS N-% R4 R4 1 (AQ 1 (AR or a
phar maceutical ly acceptable salt thereof, for the manufacture of a

medi canment for the treatnment of an HCV infection in a host, wherein: (a)
each R4 and R4, is independently hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated |ower alkyl,

hydr oxyl, al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a residue of an am no
acid; wherein at |east one of R4 and R4'" is hydrogen; (b) each R5 and R5
i s independentl|y hydrogen, hblogen (F, Br, d, or 1), pseudohal ogen, NO2,
| ower al kyl yof CI-C6, hal thated | ower al kg hydroxyl, aIOkoxy, CH20H,
CH2OR6, NH2l NR6R7, or a rlsidue of an amino aci d; V\/nereln t least one of

R5 and i Shylr ogen; m{T) ¢k _R6 and R7 &oendentﬁNy h ro§en
al kyl, halogedatell al kyLl_ alkylefle, al kenyl
het eroc{cl e, het esoary?, or acyl®
hydrogen, hatoGen)(F, O, 1), NH2, NH
OR', SH, or "7 (f) Xis h (F, d, Br,
NOW or Se; digl74 (h) eagh R ~, and R&
| ower al kyl, | ower al kenyl, aryl, or aryIaIky ;
phar maceut i ca%Yy accept abl & @4bri er
NH, HC} NH,
N
O)\N o °N N, 0)\
o! o}

OH OH OH CH OH CH
1 (AD" 1 (AE) 1{AF)

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 R®, R®, and R® independently is unsubstituted or substituted
phenyl or benzyl, cycloalkyl, or cyclopropyl.

19. A pharmaceutical composition comprising an effective amount of any one of the
compounds of claims 1-18, fogether 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 compositibn of claim 20, wherein the anti-viral agent is selected from
the group consisting (ﬁ' ribavirin, interferon, pegylated interferon alfa —2a, interferon

alfacon-1, natural interferon, al_bumin—interferon alpha 2b, interferon beta-1a, omega
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26. The use of a conpound of any one of the clainms 22-25, or a

phar maceutically acceptable salt thereof, for the manufacture of a

medi canent for the treatnment of an HCV infection in a host, wherein each
Re, R', and Re" independently is unsubstituted or substituted phenyl or
benzyl, cycloal kyl, or cyclopropyl. 27. The use of any one of clains 22-26,
further conprising one or nore effective anti-viral agents, optionally
with a pharnaceutically acceptable carrier, in conbination with the
conpound. 28mierfreon;oral yiterésran alpba ntoyiuee Eammprdbaintarlevkin-d0, mgemebadid, sel ect ed
fromthe group consisting of ribavirin, interferon, pegylated interferon
al fa -2a, intsaitedion hapaftiais@rimum@mhu&h, levavirer, Wb&mhﬁn@ﬂiymmisim-alﬁaﬂer feron

al pha 2b, interferon beta-1 a, onega interferon, oral interferon al pha,

i nterferon ganmind dihydroddsridepdsidtelag@yirmer i mebodi b, amant adi ne, hepatitis
C imune gl obulin, levovirin, viramdine, thynosin alfa-1, histam ne

di hydr ochl wrsaaﬁco@qﬁuh@ba@neﬁalfomaﬁl(]&J@AU)SG of any one of clains 22-26,
wherein the host is a hunman.

;AIX AN

I

1 (AG) 1 (AH)
¥ N. X
W e
R z
R, L Nt
1 (Al) 1 (AD)

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,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CHOH, CH,ORS, NH,, NRR’, or a residue of an amino acid; wherein

at least one of R* and R* is hydrogen;

{(b) each R’ and R¥ is independently hydrogen, halogen (F, Br, Cl, 6r 1),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR°R’, or a residue of an amino

acid; wherein at least one of R’and R is hydrogen;
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{c) each R®and R is mdependently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aratkyl, or acyl;

(d) ZisCH, CX, orN;

()  Xis hydrogen, halogen (F, Cl, Br, or ), NH,, NHR®, NR°R®, NHOR®,

NR'NR°R®, OH, OR®, SH, or SR;

& X' is alkyl,

(80 YisO,S8,NH, NR°, NOR", or Se;

() eachR% R% and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl; and

1 WisOorCHy

optionally with a pharmaceutically acceptable carrier.

23. Use of a compound of general formula 1 (AK) or 1 (AL):

X X
W Y- x X p& AN X
: R >_N z RY >—N >
5 3 Z
R4 R4
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 I),
pseudohalogen, NOy, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,

alkoxy, CH,OH, CH;_ORS, NH,, NRGR7, or a restdue of an amino acid; wherein

at Teast one of R* and R is hydrogen;
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(b) eachR’andR”is mdependently hydrogen, halogen (F, Br, C, or I,
pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CHZORG, NH,, NR°R’, 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, atkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) ZisCH,CX,orN;

()  Xishydrogen, 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);

(g) YisO,S,NH, NR*, NORS, or Se;

(h)  eachR%, R®, and R* independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl; and

() Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

24. Use of a compound of general formula 1 (AM-AP):

o p'é AN X o YYN\ X
R4 >_N = . 7 RS B_N P
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Yz ™ X Y N\ X
o p I X e
SN N a\
Ry R,
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) each R* and R" is independently hydrogen, halogen (F, Br, Cl, or I,
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH20R6, NH,, NR6R7, or a residue of an amino acid; 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,, lower alkyl of Cy-Cg, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR6R7, 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, atkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acy};

(d) Zis CH, CX, or N;

()  Xis hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NRR®, NHOR®,

NR°NR°R®, OH, OR®, SH, or SR;

® X' is alkyl;

(g0 Yis O, S, NH, NR°, NOR®, or Se; and

(h) _éach R®, RS, and R independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl;
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optionally with a pharmaceutically acceptable carrier.

25. Use of a compound of general formula 1 (AQ) or 1 (AR):

X X
Y o X ¥ N X
ﬁ:\/ \ %i q
”3 LZ R s
R4' , N\N/ R4l N\/
R

R4
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:

(@)

at

(b)

(©

@
©

each R* and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO», lower alkyl of C,-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,OR®, NH,, NR6R7, or a residue of an amino acid; wherein
least one of R* and R* is hydrogen;

each R’ and R” is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl,

hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR®R’, or a residue of an amino
acid; wherein at least one of R® and R” is hydrogen;

each R®and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

Zis CH, CX, or N;

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

NR°NRR®, OH, OR®, SH, or SR®;

®
(2)

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

Y is O, 8, NH, NR®, NOR, or Se; and
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()  eachR® R°, and R® independently is hydrogen, lower alkyl, lower 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 unsubstituted or substituted
phenyl or benzyl, cycloalkyl, or cyclopropyl.

27. The use of any one of claims 22-26, fuﬁher 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- b, 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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