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1 March 2007 COVPOUNDS W TH THE BI CYCLJ 4. 2. 1] NONANE
SYSTEM FOR THE TREATMENT OF FLAVI VI RI DAE | NFECTI ONS 5
Field of the Invention The present invention is

COMRGUNDS WITHOTHE BIEYE L ﬁ@dmbmﬂésvgw@atmﬂwm
of Flaviviridae infections t I ncl ude the

admi ni st r afREATMERT GF LA VNARIDAP WEECTIONS
bi cycl o[ 4. 2.1 ] nonane. Background of the Invention 10

Fl aviviridae are a group of positive, single-stranded
RNA viruses with a genone size from9 to 15 kb. They
are envel oped viruses of approximately 40 to 50 nm
An overview of the Flaviviridae taxonony is avail able
fromthe International Conmittee for Taxonony of
Viruses. The group Flaviviridae consists of three

genera. 15 1. Fl avi hi s gsnus i ncl udes the
Dengue virus group ﬁéﬁgﬁg’ﬁwﬂ% IE)engue virus type
1, Dengue virus type 2, Dengue virus type 3, Dengue

viThespresett iddentiohds drpeieese CORRRIML dridSm¥thods fOF PieP
(Al fuy Virus, Japanese encephalitis virus, Kookaburra

treatridémtusy, FIaMOIHHé@ We&t'lddéstha dcfé t}‘nbréd?nln%%fl&ﬂ oyﬁhle%éctive

encep halitis virus, Loui s ence [Ttis vir

£ uwrus, West N|Ie virus), the
amouﬁbéﬁébﬁfgbiﬁ I%ﬁﬁ"}ne Ri o Bravo virus group (Apoi

virus, Rio Br avo virus, Saboya vi rus) the Ntaya

virus group, the Ti n halitis group
(tick-born encepﬁﬁf’ﬁi’f‘é‘"!)qi ngb f'l“ﬁ*é‘ leniy virus
group, Uganda S virus group and the YeI | ow Fever

ot 40 bt pol gk Epotad! S MR NP
genortb SRS 16Rb. 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 Flavivirfdae consists of three
genera.
1. Flaviviruses. This genus includes the Dengue virus groﬁp (Dengue
Wrus, 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 virus, St.
~ Louis encephalitis virus, Strafford 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-
*Bor'ne encephalitis group (tick-born encephalitis virus), the Tyuleniy

virus group, Uganda S virus group, and the Yellow Fever virus
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- 2. Hepaciviruses. This genus contains only one
species, the hepatitis Cvirus (HCV), which is
conposed of many cl ades, types and 5 subtypes. 3.

Pesti vi r ugesup. TAp&rt ﬂ@ﬁUﬁ\éS@‘?ﬁ%@??{dlﬂiéi, fifer¥ lsf@some additional
diarrhea virus -2 (BVDV-2), Pestivirus type 1

(i ncl udi ng RNses tért‘é!dnﬂ%s’é#i@ﬁ. 2 (including hog
chol era virus), and pestivirus type 3 (including
border disease virus). 10 One of the nobst inportant

nepat (s Eoge S Cls Rnl BRRHEoBEER prcs The hopatiis

- cause of wir.al titis,, with an,k estimated 170
mllion c§r‘f‘5“§r( rWﬁi‘l‘j\] I§ Sormnsed gidapryclades, types and
Organi zation; Hepatitis C gl obal preval ence, Wekly
Epi demi ol 8¢P¥RES-Record, 1997, 72, 341), 3.9 million of
whomreside in the United States (Centers for Disease
Control; unpublished data, 15
ht t p: / Rwkestidruges/ Mbisdgehusi inelagdes bovine viral diarrhea virus -2
hepatiti s/ heptab3. ht . The genom c organi zati on of
the Flavi(@BVDW, Béstivirustype ¢QWBV@W§pesltﬁﬁs epé 2

genone is often used as a node is a smll,

envel opeotindlmd{ﬁgwgrb%?bthglermﬁiééj, YR epzés'ﬁgir@s' %%H%;Hﬁggﬁiyﬁeborder

genone of -9.6 Int nucl eocapsi d.

cont ai ns L nol: pen reading frame (ORF) encoding a
pol ypr ot e‘ﬂ%é%%g‘f'ﬁg’?' 20 over 3,000 ami no acids, which
is cleaved to generate the mature structural and

n t tural, .viral teins. .The ORF. is flanked by 5
DO S Wb b Aot BibiriRe infeciaRs nrumaRels SRRy the
miJsgéeoti des.in_length, which are inportant for RNA
hepatjtis{x ¥irys i(J6Van d hislsithe secend mier causesfairalihepatitis, with an
pol yprotein contains the structural core (C and
estimate(zl)(gO

Mpmilliercairiess watld-viide (Worldatehlitte g amization) Hepatitis C:
followed by the 2 E 1 March 2007 nonstructural

globabprevelense | WedklyNSgide Ml 0gichiRBeoiST997 NZ2 B4 1) TH8 million of

mature structural proteins are generated via'cl eavage
whom®%sideSinfiRE Urited Shtddq@lentits fof BRBase Control; unpublished data,
http://www.cdc.gov/ncidod/diseases/ hepatitisrheptab3.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
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, foliowed by the
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Hijikata, M et al., Proc. Nat. Acad. Sci., USA, 1Wogh_2007

88, 5547; Hussy, P. et al., Virology, 1996, 224, 93;
Lin, C. et at, J. Virol., 1994, 68, 5063; M zushi ma,

nonsHucﬁIraﬁéroténQ(NSﬁ VNSB NéaﬂAfNS@@ NEERL; Né’%ﬂ}ls'h‘n@au'ﬁe

et al . Virol 68, 6215; Santolini,
s g o i Uy S oo

Hikathof ebal. M@@éﬁg%ﬁ%é@mm?ﬂ al.

Vi cl eq'\é§% %¥ t he NS2/ NS3 prot ease (see i kata, M et
LO'%HM #.013; Lindopt akyJ. isals 1294, §§r5 ;Mizugfima, |l. et al.,
. Virol., 10 1994, 68, 5045), while the
_ilrgbnw% @B 2381; MizvshinamH ceteal UeNirot, 1894, 168, 621 %rSantalini, E.
serine protease domain of NS3 conpl exed with NS4A (see

et al. FRhiViral,, 1994268,8631) Seliy; 0..J. ef 58 ¥irolbgy, B3 204 114:Gnd
et al., J. Virol., 1994, 68, 8147 Tanj1, Y. et I.,

Grakdlinr)é( épél Prb89Rat. ARRd. ééﬁ,%%sﬁmigé'ﬁ:r%o §,0§3gft gﬁéjunciuon
couddies e s L%@éa‘vgmél DTN (oo

I case

s ess RNA: dependent
Hwkﬁh&f' P@/nixgef 1:@%»5 865 pig M TasabiacehaR. & Jovitol,
1996, 15, 12; Lohrrann V. et al., J.
1904, a‘i045),1\9@iﬁ theremginiag fordunetions akmieaved\by the N4erminal
Virol ogy, 1998, 249, 108), which is essential for
serineyproi¢aseegdmain 0fdﬂ$3 (:Emplleued with N84/{see Fallla,\Cratlal., J. Virol.,
1999, 73, 1649). Unlike HBV or H'V, no DNA is invol ved

1994,168, 3763 Epl, O; aF 1. VARLOT98H V68, TBReert: Tanfi, vfefdEVJ. Virol., 1995,
Infectlon with Ribavirin Ribavirin

- 69, 1975: %n@féxbefLUfe?BPSy 'VlﬂolH‘lé?&r té4@°ﬁe%§%¥’&éﬁf%l98)

is a syntheti

.2 i ral | eosi 0
contalfdfié P?‘E%?SW%?E fhsaiats Eﬂfﬁ*f Pﬁeﬁeaentﬁ@ifagq oty Which
Edltor Budavari, S., Merck & 25 Co., Inc.
U""‘"“é&ﬁ’%&ijﬁ rmﬂ:{@nhca!@slg)ThQNﬁb'@dp@t@n $osse8565tRNAS .
3, 798, 209 and 3 1 March 2007 RE29, 835 di scl ose and
depengdent RNA palymerase (RDRP) abﬁvit;s(ssbrﬁ@rana,l $¥. et al.) BEMB® J.,
guanosine, and has in vitro activity against severa

1996, BBAT 20icothéniy V.ustes., UNviroidi THD 7179 BY1 618428; and Lohmann, 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 DNA is 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, S., Merck &

Co., Inc., Rahway, NJ, p. 1304, 1989). United States Patent Nos. 3,798,209 and
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(Gary L. Davis, Gastroenterology 118: S104-S114, ?PEe®h 2007
Ri bavirin reduces serum am no transferase levels to
normal in 40% of 5 patients, but it does not | ower

RE29836isctysd Sn@ tlalyYibBMWAIN( RibY%vikin :Q@iﬂxéturally S|mllar to guanosine,
Gast r oent er ol ogy 11 8:S1 04-SI 14, 00). "Thu

and ﬁé@ﬁ‘lv\hfrb %cﬁ%%@gaﬁlﬁ @F?glf[ﬂ% 294 RNA \ﬁr%gggfrfbﬂ*&fhéﬁ{awvmdae

| evel s ribavirin has

X y d Rl bavirin is
(Ga%gt b%‘\é%r 8%@%"?@@%&2 %i“ . It has been
3?65 rove I n conbi natl on with interferon al pha-2a or
yigp 6ﬁ UFESEErIm arpino; trensferasgdevals toromys)in 40% of
. Treat ment of HCV Infection with Interferon Interferons
patiepis-kyl it Haes et lower semimdevals pf BCAV-RNA (GanyrL. tDavis,
treatnment of chronic hepatitis for nearly a decade.
Gastraextterafogydl 48c8 04 Sdi14s 200@)d Ukted, bipaviinulene ishat ffestivain
response to viral infection. IFNs inhibit replication
redudlihg SirallRNAre@dls v INddRRRally, HavH 8 nlf@ At toRRity 'é%gqs known
as the sole treatnent for hepatitis ectlon N

to indtRB drignGigrt ai n cases suppress serum HCV RNA to
undetectable levels. Additionally, |FN can nornalize

no .transfe ase | eyel s. Unfor e t he
o RS ForidoRVL AR Bp e iy daelint PRl e iins
yrs in.only 8% 9% of patl ents chronically 20

appravflde cembiationeih (nterfgron alpkares or@agrfamlphm%g‘yr the
 18: S104- S114, 2000). Mpst patients, however, have

treatraentrafdCYy tolerating interferon treatment, whi ch

causes severe flu-like synptonms, weight Ioss, and
| ack of energy and stam na. A nunber of patents

Treatthent| af4¢CWinfection with, Intergéreti ng HCV, treatnents,
using interferon-based therapies. For exanple, U S.

Patent No. 5 980,884 to Blatt et al 25 di scl oses
n@\‘ Q“P&'{FNséthaéfﬁth?@ﬁtC%meEﬁ*afbm\@"abfﬂ for thattreptmeniol

usi ng consensus 4 1 March 2007 interferon. U S
chronpghepatitisidor Mmoo decade Bdseareaglyeoprotéine prgiesed by i immune
‘ anti-HCV therapy using ovine or bovine
cells in {ﬂéﬂidtﬁ;@dﬁ-ﬂir@umfébtﬁn. RENEMhhiDR reBiici8n ©8@ fumbblisvikises,

a
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 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 Flaviviridae, including HCV, treatments, using
interferon-based therapies. For example, U.S. Patent No. 5,980,884 to Blatt ef al.

discloses methods for retreatment of patients afflicted with HCV using consensus
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di scl oses the conbination therapy of interl euki nt¥gch2007

and interferon al pha for the treatnent of infectious

di seases including HCV. U S. Patent No. 5,849,696 to 5
interfefiret U &N PiteANG] 5649928 b IE%Z%? 8t 9f d#&)ﬁ&%'éf‘fant@i—l%herapy

or In conblnatlon wth interteron, tor tre

30, 4 | cIo e
usingbifg oEbEhed feﬁ%vgn%a% EAFNGGPF 6Rp 4P éﬁb%r
. _,free, radi sca Pat ent No. 5,738, 84
d*SC‘qwﬁaﬁéomﬁw% ef Qféeteaﬁumrﬂa%an%t@?#@p@@lﬁ%forthe
roteins for treating HCV. O her interferon-based
treatme@mfn@f@paoms)dlsm%mlLuilrsg:H@édUISh Ratent IN0. $848/896No.
5,676,942 to Testa et al., U S. Patent No. 5,372,808
Chretien &t ait diselosas the asel of thyﬁzosﬁ?&t, @aldnea\or. inToPdsina@dh with
nunber of patents al so disclose pegylated forns of

interférohe fdréreating eV, a8S. Pafent REY. %%3(”955 t@VﬁﬁJer%@t al. discloses a
5,792,834, and 5,834,594 to Hoffmann-La Roche | nc;

NN e i e s.
Pater ey 55844 1 ftkH ListRshb e s A BiiFiaa. Dirieren tau proteins

i nter ron ha-2b are currently approved as .

for tregfing ﬁ?lgmtqrfﬁromb@&?ﬁéﬁﬂatmenm& HROMFarasliselpsed in U.S.
réROCh %{ | S the reconbi nant formof interferon

Pate 8,94 @ Brsare! o RUc.Fatent Nbe5378)804 teBlait.ef al., and

poI yethyl ene glycol nodified) formof interferon
U.S. RatphieN@a5, SHm(Ahﬁn(b‘éibeba%t@hbﬁ' @dl@@be@yﬂate&%frﬁ@ of
reconmbi nant formof interferon al pha-2b, and

lnterfé?gﬁ}éd}{ﬁ%%\lﬁj’a bﬁféﬁ gqqu@/g‘ é%)% s%r’séﬁtfsl nt ér ergn

f orm of |nterferonaph or

oL AT 5T R SR A Bz

K Faor e l e,__ | NFERGEN(r
Enzory SR A hSoRatent Do S7aeMAbanGoN VEReALQ Sohering;
(natural 25 interferon) by Viragen, ALBUFERON(r) by

and U@rﬂaiemeﬂer@,gg&ﬁa’ﬁct@s@luamaﬂt(r) 5 1 March 2007

(interferon beta-1 a) by Ares-Serono, omega interferon

Hitelfiendde dlphiar2a and dhtetfator lphas2badrecunfantifEpproved as
Bi osci ences, and interferon ganma, interferon tau, and

monotherapy for the treatment of HCV. ROFERON®-A (Roche) is the recombinant

“form of interferon alpha-2a. PEGASYS® (Roche) is the pegylated (i.e. polyethylene

glycol modified) form of interferon alpha-2a. INTRON®A (Schering Corporation) is
the recorhbinant 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 intérfer‘on beta, gamma, fau, and
omega are currently in clinical development for the treatment of HCV. For example,
| NFERGEN® (interferon alphacon-1) by InterMune, OMNIFERON® (natural

interferon) by Viragen, ALBUFERON® by Human Genome Sciences, REBIF® _
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interferon gamma- 1 b by InterMine are i n devel opMewk 2007
Conbi nation of Interferon and R bavirin 5 The current
standard of care for chronic hepatitis Cis
(interderohibeta-Hahby AeesBerons, [dnédh Mtdrferoh HyBbMRNRIRG bral
ribavirin. The conbination of interferon and ribavirin

interftéﬂfn albh8 by RABARS Bidkkidntds | éﬁc?ﬁér?e%}oﬂ%%[n%?f‘infe?fb‘?&ﬁ &, and
it erte

0 be efféctive in the treatment o Fon naive

terf i gt 10 08 Mure ey usfopghMiten mont of

patients when histol ogi cal di sease is present 10
u et al, .., Antivir. Ther. 3(Suppl.
Coméﬁf#’%ggﬁé@te’?@@%ﬁ andRiakitinave shown that nore
patients with hepatitis C respond to pegylated
| Therdiplept seindBfd bi bavsirbf é}F]roﬁRmE '&ib@is?&b‘?ﬁ&ﬁatiaﬁ‘mérapy

to combi nation therapy wt unpegyl ated | n_t;e_r eron .
wit | Ffe ISR SR THRRIAR B R b o
S T (e e AT M—

. 2000) .. Conbi nation therapy with PEG I I\I'I'R(]\I§nr)

'"teﬁ?fﬁeg?ah‘feepﬁfé@fﬁﬁ (Battaglap fyMaatal., M Rharmpcotiep a4 48494,
USP) Capsules is avail able from Schering Corporation.

2000)raswrti s for treetreentef patieptshebém histdlagical diechs=is present
approved in conmbination with INTRON(r) A (interferon

(BerenypdrahRlef al. cAntHaT. 'Ry, 3(SUPBI. i33d 26013H @D NStudReS hdveSshown
20 PEGASYS(r) (pegylated interferon al pha-2a) and

ot R L bt B Gl e

treatment of
. 8 WO ..02/ 32414, and 3/.024461
combiidic ctap ¥hastsEotnbinatth tiraRE WA LrbeaYEReS Bigfiian atphe.
interferon alpha and ribavirin conbination therapy for
Howeyef, ag wity maRpthorany significantside gffacis dpwelonsiuringgombination
99/ 15194, WD 99/64016, and WD 00/ 24355 by 6 1 March
therapyp ineludieg hemehysis: fiedidessymptomiss aneinia, | arskfatigee.u 6@anyfL.
pegyl ated interferon al pha and ribavirin conbination
Davis,t Gastepgntémaioght18:6da4+8t4, 200610V
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
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

pegylated interferon alpha and ribavirin combination therapy for the treatment of

HCV. PCT Publication Nos. WO 99/1 9194, WO 99/64016, and WO 00/24355 by

6
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Addi ti onal References Disclosing Methods to Treat MeGC 2007
I nfections A nunber of HCV treatnents are reviewed by
Dynock et al. in Antiviral 5 Chemstry &

Hofffa@RTtDROEMY Incldisd distRrsbth 4 fpgﬁ?fé?é@lgteﬁergg lpha and

substrat e-based NS3 protease I n ors have
: r ch the scissile
”ba\}z!\'(ran?gé'lnétr% Olc}? h%@ eé\'i/e(}e]g t@%?gé}%m?ﬂ”&g) repl aced by an

el ectrophile, which interacts with the catalytic

t d~£et ,al 9
AR RerElarl s Dt/ Soing et it Hoy 15Byions
Antiviral Chem stry and 10 Chenot herapy 10: 259-273;
AtA wonathee bf MICV {rd8@%nts Br& Raiavb e By TSCLL. R MR iral

acid derivatives as antiviral agents Ger man Pat ent
94447 I 1998
Cherﬁ%ﬁ?/'b%t@g:begﬁbé%aé?i ﬁgéb?ot -ééu@ 65 pgrt [ Cfﬂ ar | g/ hepat itis
8/1767 T
B Blsh FERENSR rrpieReade bR v diprdeatied in the

. onic . acid or Phos phonate. Llinas-Brunet et at

"teraFLEgg@)W high Has seipgilecamisle bandef a elsavead substsalalis seriacedioy an
99/07734. Two cl asses of el ectrophile-based inhibitors

electrpphide pehich infesants with thelcatalytin sermied eAttwoak ef al. (1998), Antiviral
hydr azi noureas. The literature has al so described a

peplide deavativesnWo 9EA498; Attaapeicetig1i1bboR Vﬁvt:erPChemrstry and
exanpl e, evaluation of the |nh|b|tory effects of

Cherdotfie 10251507 %- ﬁﬁﬂbé& ?ﬂé:z"%héf %h?ﬁ TRe of amino acid

agai nst HCV prot ease an eases

oS 00§ s S Pegéwﬂ*‘l?béé?? bﬂ@%“@% Fipg ot

98) Antiviral Chenistry an
ﬁgg&&%ﬁ?{ﬂfﬁ& G 9Hle Y oA BRI CHIsvl RpRRlia e S alpase,
he two nost potent conpounds identified were
WO 915&37@7@8 2Theeeprrieddohigitorsierminate in s blsctiophitel soch aba boronic
am de with a 14-carbon chain and the | atter possessing

acid ax phesphometeox yinasBrindSeie 01899Y, Hepduitie 'C 28%0itor peptide

Thi azol i di ne derivati ves have been identified as

analogu6s,0Me 89/07 PB4 DTy Qasdbdl Gl d;ﬁﬁﬂ s
glslsay wi th an NS3/4A fusion p?%ttF négﬁag‘éﬂgém)g@s%ave been
describéBShipRhRetoamides and hydrazinoureas.
The literature has also described a number of non-substrate-based inhibitors.
For example, evaluation of the inhibitory effects of 2,4,6-trihydroxy-3-nitro-

benzamide derivatives against HCV protease and other serine proteases has been

reported. Sudo, K. et al., (_1 997) Biochemical and Biophysical Research

-Communications, 238:643-647; Sudo, K. et al., (1998) Antiviral Chemistry and
Chemotherapy 9:186. Using a reverse—phase HPLC assay, the two most potent

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

amide with a 14-carbon chain and the latter possessing a péra-phenoxyphenyl

group.
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Sudo, K. et al., (1996) Antiviral Research 32:9-1Blarch 2007
Conpound RD- 1- 6250, possessing a fused ci nnanoyl
noi ety substituted with a Iong al kyl chain, was the 5

oS BASE 1R sy o, g o
evelseACTBL SRS B RELDAY Rl bua e o SR aypscte

of three unds potent inhibitors, a
Sudq 2] 6 (ORE) ARG 1P A5aasRier oo CORBRBIRDY-6280.at

J. EBS Letters 421:217-220; Takeshita N. 10 et at,
possaaging e fuaed sinbameyl Bwisty aubsttadvith a100y alkgkokain) was the

U S. patents disclose protease inhibitors for the

mosttpodeniragainst thd-isklatéd eneyaep Bvo bther abieakatples were RD4
6, 004,933 to Spruce et at discloses a class of

. 6205@Rf RDEss 130t ease inhibitors for inhibiting HCV

endopeptidase 2. U. S. Patent No. 5,990,276 to Zhang et

P RESAS BB e B P TBAAY By 15

ossaf ol AR o s RPN oot BRI S BBl

treat HCV.is disclosed in U S. Patent No. 5,538,865 to
and tyg\hanzaplides. Kakiughidl. et @dlmk F8S betirrariaiiashy-2201 Takeshita N.
broth of Streptonyces sp., Sch 68631, a

et al. pheaipical Bivohgmision 8471242246, d@97 Seaverdld).Saptterits gisclose
agai nst HCV protease in a 20 SDS-PAGE and

proteass inhitshiopg forphy traagadnt SFINCY! Rir exbmpl&tu. &) edtént No.
Letters 37:7229 7232, 1996. In another exanple by the

6,0048%!%0@1;3';'&!&% St aﬁ%c}éfe@a” cld&é%‘%&&@iﬁd @Bléé“s% inﬁtb';lrgl'ésfor

Peni ci I'Ti um gri'seof ul vum trated mcromo

C o LA ' SCLOGL |t Lol Qi say. Ch .
inhibifiid HEV épichebuibd 2, a8 Etentiie b bz 35 Zhapddt gl discloses
9:1949- 1952 1999. Nanonpl ar potency against the HCV
Synthﬁﬁ%frﬁafpé%e@%wﬁ\& NiYS hEehproteareni Hvethhilyjtoriea gebsgauence

, of selective inhibitors based on the nacronol ecul e
of a subsirafe of thaaNS3Nmptaaseon7 sEhgtiate of tHesBdAamfactom The use of
| eech, is a potent inhibitor of several serine

restrigtionterayresto tieat HC\Bis distibesd iPUS cRgent Koas$38,865 to Reyes
a-chynotrypsin, chymase, and subtilisin. Qasim

et al.

Isolated from the fermentation culture broth of Sireptomyces sp., Sch 68631,
a phenanthrenequinone, possessed micromolar activity against HCV protease in a
SDS-PAGE and autoradiography assay. Chu M. e.t al., Tetrahedron Letters 37:7229-
7232, 1996. In another example by the same authors, Sch 351633, isolated from the
fungus Penicillium griseofulvum, demonstrated micromolar activity in a scintillation
proximity assay. Chu M. ef al., Bioorganic and Medicinal Chemistry Letters 9:1949-
19.52, 1999. Nanomolar potency against the HCV NS3 protease enzyme has been

achieved by the design‘of selective inhibitors based on the macromolecule eglin c.
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MA. et al., Biochem stry 36:1598-1607, 1997. HCVMarch 2007
hel i case inhibitors have al so been reported. U S.
Patent No. 5,633,358 5 to Diana GD. et al.; PCT
P ' [ 9.7/ ) . Al [
EgliniZ; Raieh fdfin M 1obbh 6 0oteft IiiRoPBPediciat Sl profdhes such
n tide anal,ogues, liotoxin, and the natuyral, ,
as SR praEARPE A B or it cfMiate arafSufitfsin. Qasim
Vi.rol gy, 73:.1649-1654, 1999: Lohmann V. et alL,
M.A. g F‘gi @%9”%@@’6’@1@%@'@@5’819%t i sense phosphor ot hi oat e

ol i godeoxynucl eoti des conpl enentary to 10 sequence
st"Kg\’ brbicasennhibioss haienalsodiesy repoiteth  UiS.tPaterioNoad £33,358
reported as efficient inhibitors of HCV gene

to DiangpGe3 sefaal.; PCT RublidationtNansiCne7/3658Mtb Ben@G.D. et al. There
HCV-luciferase cell culture systens. Alt M et at,

are alfewabpbR@yf RV fdlyhbrasel PPmitoRe C&dthe WRIkleohae a_naldgtues,
denonstrated that nucl eoti des 326-348 conprisingthe

oo, S5 66y R o BT A B
73164854 108 ErmaRE VEeP L, Phdbay 226k P Hoeky

142: 589-599, 1997. U, S. Patent No. 6,001,990 to Wands
ef\nfisenss rhaspherothisate eligndesuynudeotidas complementeryitae
replication of HCV. PCT Publication No. WO 99/29350
sequelicectiretehesciotbe Si-hborodingregiarhoidbe HCV raeareported as efficient
hepatitis C infection conprising the adm nistration
inhibitoks aﬁHtﬁ%ﬁ expreesionlie @ L@etrdrisiition’ shdCHBPGRMOVAlUYiferase
20 and hybridi zable to HCV RNA. U. S. Patent No.

cell ctﬁtlﬁg%ggl@ﬁ { OAIERD e‘?%l.?f-leéé&ﬂ%@?%?:??ﬁ-‘?‘ﬁi $985! f&cent work has

correSponding to the sequen e péstivirus
. ar cont.rol l.ing,th [.an 0
demo Rl MaliodalidBsoze;ai ch Bk Baha-phE AL EERICR aR8
I [ I i si_ U
nucletgl]?qeegt ﬁ%ﬂ?é&oﬁgﬁfﬁﬁgrc&% c%a%lgﬁ\ég%g&%hg ﬂé\? IRNLfA a?é effective
181:251-257,1999). 9 1 March 2007 O her conpounds
targetp docantisense-onediated inbibitioni ofi virat sanslatiESAttdpceioaintArchives of

translation in HCV. Japanese Patent Publication

Virolodp142 2539858, 09k 448, PiiterettNd..6,008080 &5 Waitdest al. discloses
Publication JP-10101591 of Kai, Y. et at

oligonRbRASSfdr HiBiiAG the replication of HCV. PCT Publication 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 ef al. disclose

nucleic acids corresponding to the sequence of the pestivirus homology box IV area

~for controlling the translation of HCV. Antisense oligonucleotides as therapeutic
.-agents have been recently reviewed (Galderisi U. ef al., Journal of Cellular

- Physiology 181:251-257, 1999).
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ri bozymes have been targeted at the | RES and r ectMiick 2007
reported as inhibitors in an 5 HCV-poliovirus chinera
pl aque assay. Maccjak D.J. et at, Hepatol ogy 30

altHerebmp3Bnds he99 bedh ‘geh{gﬁ%d)gs frkgﬂfdfg%g ﬁ@%%{;ﬁ%dgﬁv

is also disclosed In ent

v A e RSB BB A0 g o
sopafie Poud TR 5781 BHOR ¥ OTRP Bt ps

6,001,799 to Chretien et at discloses a nmethod of
r 'bOZW'@étharYg hee targeten at hepRikftand recanilyaeperteth as irddbitara in an
adm ni stering an i nmune system potentiating dose
HCV-(ﬁOiIOWWﬁ)ShImeDa plaguieyassayn MdocijoBnk. ef bl SHePatofogly 3dsbstract
5,972,347 to Eder et al. and 5,969,109 to Bona et al.

995, d9ee! The usetdfhibdyyriaas &sltrebEADERAsd Bisclds¥dim eSS Paent No.
15 U.S. Patent No. 6,034,134 to Gold etalL discl oses

6,04%677 & BaFMP/ét bE GPat
I munonodul at ory, algtsl r%g%?i 52%9 533 and 5?1u0g054 to Draper
etglanti-HCV activities. The di scl osed NVDA recept or

"agoni sts belong to a fam’ly of 1-am no-

a c tent No. 6,030,960 to
wb!f'?f ﬁ%ﬁ?géﬁ%ﬂf’ﬁ th&/useoﬂ) SRITBdRe Systam prientitingssanapeunds for
al kyl s to inhibit the production of
the trﬁ@ﬂ'iﬁﬂt 10|f glq\ﬁdﬁ@'é@@[ﬁp’ﬁgbhﬁ Paient Nol 60101g79htosGhretien ef al.
produced by HCV. U.S. Patent No. 5,922,757 to Choj ki er
discloses al methidsaf tremting HEV us aondrespdriters td-ineteroh&satment by
antioxidants to treat hepatic disorders including

admirtiiring/ ah- imfairRNéyshom- p%tg%tﬁﬁygddéé cﬁ*tﬁgﬁﬁbgin &ta fymosin

di scl oses the use of * squal effie for treating
t ' et, alL
fragmgfil it Sxetept oy F9F2. Pt RRFhETpb e ARy 1Gpoflest
. inf n 5 5,846,964 to Ozeki et
disclogg a %ﬁf)g@(@gggd‘s{rﬁ@ta S(‘S‘Pr 'E!p%é" H88- for treating HCV
fectio March 2007 U.S. Patent No. 5,491, 135
tlg %Ipcﬂiﬁ'ﬂi M. %93@.|1§&|t@§@ydte|ﬁgl lisclases certain NMDA receptor
N- (phosphonoacetyl )- L-aspartic acid to treat

agonists davingrioenumdrecdulatosy, antitiialagaltiehtiiBuras vires),. arfd &si-HCV
conpounds proposed for treating HCV infection include

activitiebaMheakis 1866 NMDA receptor agonists 'belong to a family of 1-amino-

alkylcyclohexanes. U.S. Patent No. 6,030,960 to Morris-Natschke ef al. discloses
the use of certain alkyl lipids to inhibit the production of hepatitis-induced antigens,
including those produced by 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 ef al. discloses the use of

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

discloses the u_se of amantadine for treatment of HCV infection. U.S. Patent No.

5,846,964 to Ozeki et al. discloses the use of biie acids for treating HCV infection.

10
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(U.S. Patent No. 5,837,257 to Tsai et at, U S. PhaMenh 2007
No. 5,725,859 to Orer et at, 5 and U. S. Patent No.
6, 056, 961), piperidenes (U S. Patent No. 5,830,905 to

U.S. Patatd Nd. 5,491,135 hﬁBE}%@ﬁdﬂt%@rdeci‘{aé@éjﬁr% se oFN- g?&cﬁs'bhoh'@acetyl)-
© 5,633,388 to D ana et "al.), polyadenylic aci

L- as‘ﬂﬂ% \éefg'thsgfeaﬁ ﬁaﬁé'cr)‘iw ﬁéo%ﬁoﬁg ?‘%"égg H%g'"?é)‘ixlo\éﬁns 026, 687
N8 G8BRTs Bopbeed it Pt M RloShm plulsaiat Peracts

fect | ude PEGASYS
(U, ()1 86 %%%@%ht'é‘%al&ﬁz ') Pageritdion s, 72 BagtaRier of a.
andLil nterferon alfacon-1) by InterMine, OVN FERON(r)

faPatent Non6:056961) p rltfenagéld S. RapeMEARON, 830,905 to Diana et
(al binterferon al pha 2b) by Human Genone Sci ences,
al.), brBBeR¢diyarbonamides (WhS bRatenl No). 5,683,288 & Skhael al.ymega
interferon by Bi oMedi ci ne, oral interferon al pha by

| lid 4 ! [ '
L BT T .

dldeognbﬁhgég?%r gﬁﬂgg{ | ng %Afgﬁog ggglgo‘ﬁé%)pgnznmldazoles
us. E?ET@@N%%?**%O GSE80cnT ron G VAGI (T

atitis Cinmune globulin) by NABI, levovirin
ieragents for fe tregtment of tKBAmfﬂmqn mwﬁﬁ@ASPfﬁ@ 1)
20 by Sci C one, CEPLENE(r) (histam ne

~ (pegylated, mteréeion ralfae'aa)tw Raéohen|NFERGEN® (intstfe@bGifacohY ) by

570310 by Vertex/Eli Lilly, 1SIS 14803 by Isis

InterMeine:; OMNIRERONEH natural :ﬁt‘érfé?@ﬁ?(ﬁ%vm EA, ALBUFERON®
Phar maceuticals, Inc., and JT y AKRCS Phar na.

BB e B3 SR i et
o S R BB B

al so di scl osed various other 2'-halo xgl h
oug

nc.
5*080'3%992 IntgrRENN I3MBRY2 Py él%tefMuneh@tqrre@gtm%by &chgnng

F/aviviridae infection in |International Publ i cati on
IP-501Npy Int@reur@g 3nsrimebodib VX-497 by Vertex, SYMMETREL®

(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, ISIS 14803 by Isis Pharmaceutical/Elan, IDN-6556 by

Idun Pharmaceuticals, Inc., and JTK 003 by AKROS Pharma.

BioChem Pharma Inc. disclosed the use of various 1,3-dioxclane nucleosides

- for the treatment of a Flaviviridae infection in International Publication No. WO

01/32163.

11
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| deni x Pharnmaceuticals, Ltd. discloses branched 1March2007
nucl eosi des and their use in 5 the treatnent of HCV
and flaviviruses and pestiviruses in International

PuBibChighi P . - i WA -
res pecté i Vefi@rnﬁﬁmdﬁ@o%ﬁ%@%ﬁy %g%é@@ﬂéz%%gl%@&% and 2

alko@&@ﬁ%ﬁ%%fo?w&ggtn%n& d?a'@l%bf&ﬁiafagrimﬁegﬁ?rﬁ E)rﬁ@&%ﬁg{ioﬁgl

avivirus and pestivirus infe

a st animals is disclosed that
Pum?ﬁﬁ%ﬁ‘é’é“ﬁ%%zﬁq@?i ng an effective anmount of a
bigolagically active 1', 2', and 3' 10 branched (3-D or
J égﬁn'g ﬁi]a@@ Pﬁ%@%’% Lid. slissinsrebranched puglessidesisand thairuse in

or prodru thereof, adm nistered either alone or in

the tregiemiafilpY andtflaviviuses and pestivirusssdn titeatdtipnal Publication

acceptable carrier. International Publication Nos. WO

Nos. ¥eD 184901 2inand DY O D1 ITERERS réspdctivel yiehtins) PuliGRdeNSS
di scl ose various nucl eosi de anal ogs for the treatnent

20030050259 APaRNA0OZDDEG400 AR. ﬁﬁ%&ﬁ&fﬁ%&hé;rg%fnt@%g dfHMPand

02/ 32920, discl oses various nucl eosi des
Aoy _ P £ v : . -
avivi$ BhTPESANRALAS b fimbhs 48R el i disclosed that
: |nc | sis._Ph ceuticals. diselogse in_ = ,
includdiadr NI PP FoniRka’ & bilesrly e 4h 2 vesd 3-
c82/ %26425 and U S, Publication No. 20 2002/ 0147160 Al
branchgd sRorfirk invsleogides oaipharmaseufieallyacosptabiesalt or prodrug
G@_}/rrol_qpyri m di ne nucl eosides, for the treatnent of
thereqf, administened eithanalonmor imcorabidaiemdptionalppin RbAarmaceutically
dependent RNA pol ynerase, including F/aviviridae, and

acceptablpaatrierul ar HCV. In view of the severity of diseases
associated with pestiviruses and flaviviruses, and

{dhafiGial FAUNEARTENDS. WO BB} Bl \icI82 ALBEAS 1o

is an object o e present i nve on"to providé a
u nd _conposition for the 12 1 Maych
Hoftm3BEH 2 ROehd' e 05 88 VR BRUE Rinlep e, dhaleesir Dsisgatment of
ecially humans, infected with flavivirus or
HCV 'g@ rﬁ?_ﬁﬁ‘q}én-lt is a further object to provide a
conpound, nethod, and conposition for the
Pharmasset Limited, in WO 02/32920, discloses various nucleosides for the
treatment of a variety of viruses, including Flaviviridae, and in particular HCV.
Merck & Co., Inc. and Isis Pharmaceuticals disclose in International
Publication Nos. WO 02/057287 and WO 02/057425 and U.S. Publication No.
2002/0147160 A1 various nucleosides, and in particular several pyrrolopyrimidine

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

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

In view of the severity of diseases associated with pestiviruses and
flaviviruses, and their pervasiveness in animals, including humans, it is an object of

the present invention to provide a compound, method, and composition for the

12
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o35} 2 e

treatment of a host, including animals and espect detch 2007
humans, infected with 5 hepaciviruses. SUWARY OF
I N\VENTION It has been discovered that certain

treatmient 6P4 ihdet, dilidiag iarahalsiErPespiflly HBhASs, infected with flavivirus
phosphoryl ated at the G5 position, due to the |ack

or petivifud.” €e hydroxyl group, are potent inhibitors of
HCV. Further, it was discovered that

bi,cycl: . ] LN 10 derived from .
63 Rl obgb RAPBVidd dRpmidy G ngBied, 2P sarppesjtion for the
Fl ayio!@'i dae, infection, and in particular.
ing animals andeapecially hieanss Jafestedwith
is provided a compound of fornmula (1): dry Rt "N 6 $
hepacigiiusesy' o5, . Rs 4N 4 3 or a pharmaceutically
acceptable salt thereof, wherein: (a) each R4 and R4,
i s independently hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, SusMARYabFKNIVERTION! - C6, hal ogenat ed
| ower al kyl, hydroxyl, al koxy, CH2OH, CH2OR6, NH2,
NRARis, been discesrdd ¢hatf cataimmuoleosidiedierivatives mcapableasitbeing

one of R4 and R4’ is hydrogen; | (b) each RS and RS,
phosplioryagspsngerclsy gbyiﬂbﬁ,g@tﬁb tdeHeOEeR of & freB hydrbxylYrolip, are
-~ pseudohal ogen, , lower alkyl of G -C6, hal ogenated

poten'hﬁ%ﬁ@fcﬁé Y HC\hyﬁgﬂﬁéll ]jt wid lﬁ%’é&ve@h‘%ﬁ;ﬁ mﬁé@@ﬁﬁz gﬁllﬁ'gnane rings,

or a resiaue d an am no aCi
derived S Afed¥idd® Rbi Potehtany S5IRUEVS activity against Flaviviridae

infection, and in particular against HCV.

13




(c) each R6 and R7 is independently hydrogen, al khbrch 2007
hal ogenated al kyl, al kyl ene, al kenyl, carbocycl e,

aryl, _
i s hydrogen, |ower alkyl, alkylene, alkenyl,

'R

het erocycl e, heteroaryl, aral kyl, or acyl; (d)

-carbocycle, aryl, heterocycle, heteroaryl, aralkyl,

am noal kyl , am noaryl, or am noacyl of d-C6; (e) R2
is oxygen, sulfur, NR, or CR 2, wherein each R is

i ndependent|y hydrogen, |ower alkyl, alkylene,

alnkee vbpec@thete is@fov@deﬁ'akﬁélmpﬂﬁﬁf&if&n{dl'@(lrﬂ kyl is Cl-Cs6;

13a 1 March 2007 (f) R3 is hydrogen,

ower al kyl,

al kyl ene, al kenyl, carbocycle, aryl, heterocycle,
het eroaryl, aral kyl, aninoalkyl,_é?ﬁ noaryl, or
y.

am noacyl of Cl-C6; (g) "
then R or R3 can cone to
substituted or unsubstituje
can i ncl ude one or gy
CR 2,
form a substituted®r
t hat can i nclude one or

fternati;vely if R2 is NR

th NR to forma

yﬂ nb%%ed ring that
[ “igﬁs?- r (h) if R is
then Rt or R3scanjgonme tog& her with CR 2 to

WMgtibst i t Ythed 5-7 menbered ring
re heterbgtons; or (i) if R2

i 52

is CR 2, then RL and R3 Ban cone t@bether with CR2to
forman unsubstituted five-six fused bicyclic ring
systemor a substituted or ufisubstituted six-six fused
bicyclic ring system and (j) Wis 0 or CH2; _
optionally with a pharmaceutically acceptable carrier.

lon a phariviacsutissipesiceptitle st théredf, O¥brdRg a conpound of
formula 1 (A, 1 (0, or 1 (D: X RRrNs RNZ R

Re)

(b)

(c)

(d)

()

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 R*and R” is independently hydrogen, halogen (F, Br, Cl, or I},

pseudohalogen, NO,, lower alkyl of C,-Cg, halogenated lower alkyl, hydroxyi,
ralkoxy, CH,OH, CH,0R®, 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;

Rlis hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of Ci-Cs; '

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;

132




1(A) 13b 1 March 2007 y X yN X W Rs' ~N's' N 1RarcK 2007
s'NRs Z N RRR4A 1 (C 1 (D or a pharmaceutically
acceptabl e salt thereof, wherein: (a) each R4 and R4,

i s independently hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated

| ower al kyl, hydroxyl, al koxy, CH2OH CH2OR6, NH2,
NR6R7, or a residue of an ami no acid; wherein at

| east one of R4 and R4, is hydrogen; (b) each R5 and

R5, is independently hydrogen, halogen (F, Br, d, or

), pseudohal ogen, NO2, |ower alkyl of Cl-GCg,

he) ogerreit BgdrbgteTowal Kk, alRyRAQ X Menyl, @rliR¥Ne, defi2fdibrocycle,
CH20R6, NH2, NR6R7, orya IFgési dae of an aﬁi o acid, e
wher ei fedbaryll B3y, WAl RAmAI oy ahiindAREE I, (C)
each R6 and R7 liyg’i ndneper){dent | yr}}r?;yéraog%n,ﬁal %I &

hah ogenalad 2; k . pal kenyl . ¢

A IR 0 is RRUERC or R TP obe B S pg o o
is CH_LCX or N (). XJis_hydrogen, | ogen (F, O,

Br . or PR o SngpiRined R eruRAe e ik el o gg mors

SH, orhet%lF%am(l_]f1 ;OIY is 0, S, NH NR NOR or Se;

(h)  ifR*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

G . if R%is CR", then R! and R? can come together with CR'; to form an unsubstituted

five-six fused bicyclic ring system or a substituted or unsubstituted six-six fused

bicyclic ring system; and
G) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula 1 (A), 1 (C), or 1 (D):

13b




(g) each R R, and R' independently is hydrogeniMarch 2007
| oner al kyl, |ower al kenyl, aryl, or arylalkyl; and

(h) Wis 0 or CH2; 13c 1 March 2007 optionally with a
pharmaceutically acceptable carrier. In another

aspect, there is provided a conpound of fornmula: Rb
ONw O R4. Re N//Z "2 4 or a pharmaceutically
acceptabl e salt thereof, wherein: (a) each R4 and R4,

i s i ndependent!|y hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated

| ower al kyl, hydroxyl, alkoxy, CH2OH, CH2OR6, NH2,

NR6R7, or a r e af an am no aci d; n at

| east oneg, R4, is hydrogen; ach R5 and
R5' is ih hydrogen, hal aye d, or
1), pseg NC2, | ower aIk¥J -1C6,

hal ogenat4gd Iomewﬁafkyl hydr oxyl , .
CH20OR6, NR2, NR6R7, or a residue @n anlno aci d;
wherei n at g?st one of R5 and R5, is hydrogen; (c)
each R6 and & i s i ndependent|y hydroddﬁ% al kyl ,
nalagasnak el car bocycl e,
ocye] é’eptﬁée‘%(ggr“g‘g&f/’?f, @Jgr%%ﬁéyl L (d)

aryl het er oc or acyl;

?% 2 p%aé 4o ntalrﬁg %nﬁﬁep P‘E(X nﬁ_lihy . °§Th ?ﬂ‘a‘PBa’b dB’fZ1 '51‘1’0‘5691 (F,
' kafgaoha}ggen N\I'_Bz, lol\\!tg? "alk ﬂ?f Cl-HmogenNate Rci?wer a%l hogxoxyl

'SH 0
-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;

(b) each R*and R is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogep, NO;, lower alky! of C;-Cs, halogenated lower altkyl, hydroiyl,
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‘ alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl; |

(d) ZisCH, CX,orN;

(e)  Xishydrogen, halogen (F, CL, Br, or I), NHp, NHR®, NR°R°, NHOR’,
NR°NR°R®, OH, OR’, SH, or SR®;

® Y is O, S, NH, NR,NOR", or Se;

- (g) - eachR’, R, and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and |

(h) Wis O or CHy;

13¢




(f) Rbis R OR, NH2, NHR, or NRR; 13d 1 Mar chM200Z007
(g) each R, R and R& independently is hydrogen,

| oner al kyl, |ower al kenyl, aryl, or arylalkyl; and
(h) Wis Oor CH2; optionally with a pharmaceutically
acceptable carrier. In another aspect, there is

provi ded a conpound of fornmula: HO OH or a
pharmaceutically acceptable salt thereof, optionally
with a pharmaceutically acceptable carrier. In

anot her aspect, there is provided a conpound of
formula: N NI \ NNBr N\l \ LZ NNONNONN
o/ .11 OHOdOHOHOd OH 1(J) 1(1) 1(M Be 1
m'eﬂa%mrw a phigpmecepfically accaptablqcamiernNi b NNH N N S N
NO NNNNOO O

In another aspect, there is provided a compound of formula:

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 CI-C;, halogenated lower alkyl, hydroxyl,
alkoxy, CH,0H, CHZORG, NH,, NR6R7, or a residue of an amino acid; whérein at
least one of R*and R¥ is hydrogen;

(b) eachR’andR'is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO», lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
'alkoxy, CﬁZOH, CHzORs, 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, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, 01; acyl;

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

(¢  Xishydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NR°NR°R”, OH, OR®, SH, or SR";

"~ () R"isR°,OR’,NH,, NHR', or NR'R";
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Hg OoHOH 1(N) 1(0) 1(P) 1(Q NN N N-#arch2007
I’V NNp N N2O N'DNpNO OOO :

0010 1 (R 1(S) 1(T) 1(U OON IN N NN

NNI ~-NL NNNNOOO OO0 11011

V) 1(W 1(X) 1(Y) | 0. HN O NNH N :
NNXNNONNZO I I 1 1 1 1 OHOHOHO
OH 1 (2 1(AA) 1 (AB) 1 (AQ) 13.f 1 h
NH2 HQ NH2 0

(g)° eachR" R°', and R independently is hydrogen, lower alkyl, lower alkenyl, aryl,

2-22°g0Q
YpoezTo
~¥2.8% 9

N
o
o

or arylalkyl; and
(h) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula:

~ or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically

acceptable carrier.

In another aspect, there is provided a compound of formula;

N N gy, —Br N ey
T ST LI
N o) N N N N 0

0

OH CH ' OH On OH. OH
1) | 1w 1)
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NN NANT /N/NNMN NONNONN-~O OH CH OHvaich 2007
CHOH1 (AD) 1(AE) 1 (AF) or a pharrmceutl cally
acceptable salt thereof, optionally with a

pharmaceutical ly accept abl e carrier. In another

aspect, there is provided a pharmaceutical conposition
conprising an effective anount of any one of the
conmpounds of the invention, together with a
pharmaceutically acceptable carrier. In another

aspect, there is pmovided a phar maceut i cal con’poeiti on

N CQuRrising an eff tlve any one of
N7 @onpojunds of#th |n t|on //to eth Wlthlfﬁl r e
N e anf\N gents,N LY Wit Njﬂ
phaf maceut i qal Ly atceptabl ¢ cayrifer. “In an th(er °
aspect, ther |s ovi ded e usy of a co f
rrula(l) 2NRs s R2 R4 a N4
OH 139 1 Mar oh or ap ceutically daccept abl e

188l t thereof, t@ the manuf acI@;e of a nedi caggnt for
treatnent of an HCV infection in a host, wherein: (a)
eagh R4 and R4, is independentlyghydrogen, hal ogen (F,

Br CI, or I) pgeudohal ogen, | ower al kyl of
N hal o d tewer al dmoxyl /,%{
CH2 H2 R6R7 Nar resi due o \ﬁ
acild;

R®her ei l‘]ea@,t on I‘bf RA and R4' hyd ogé’n

OH OH \“/
S
1(8) 1(1") 7 1(U)
o NN
d N N/\?N N = V] SN
N oo S L
0 N N7 g N N” o N N” o
o) o l :o: '
H OH OH OH OH OH OH
1(V) 1(W) 1(X) 1(Y)
I
~ O HN/ 8]

OH OH OH OH OH OH H OH
1) : 1(AA) _ 1 (AB) 1H(AC)
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N c ocycle agyl ,
<: IkyI N
N en smN

ol.n ependentl hgdr ger%y | ower alk I, aIQerne
alRenyl , ary or=aral kyl wher al kyl is Cl1-Ce;
) R3is hy , | ower alkyl, | ene, al kenyl,

gt

OoH gar bocycl e, amyul puhet erocycl e,
1 @B noal kyl , amigggaryl, or am noagydrjof O - C6; (9)

(b) each R5 and R5, is independently hydrogen, Hellarge007
(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of
Cl- C6, hal ogenated | ower al kyl, hydroxyl, al koxy,

CH20H, CH20R6, NH2, NR6R7, or a residue of an am no
acid; wherein at |east one of R5 and R5, is hydrogen;
(c) each R6 and R7 is independently hydrogen, alkyl,

hal ogenat ed al kyl, al kyl ene, al kenyl, carbocycl e,

aryl, heterocycle, heteroaryl, aral kyl, or acyl; (d)

R NHsHGydr ogen, | r al kyl, al kylen&y al kenyl,
eterocycle Qete aryl, aral kyl,
, or amn oflﬁﬂ C6: (e) R2

or CR each R is

oaryl, aral kyl,

alternatively if RZ is NR , then Rl or RB can cone

t QUIHARhadthddIL E{:ce @bk Qilmg@rw? %Bﬁﬁﬂaﬁly i QPh aé:eutlcally

unsubsti t ut ed nmber e can I'nclu

'Qk°§§#§e°¥ﬁ eroatons or 13: X 1 March 2007 (h) if R2

&h R or R3 can come together with CR 2 to
forma substituted or unsubstituted 5-7 nmenbered ring
t hat can include one or nore heteroatons; or (i) if

en, R and R3 can cone together with CR 2

t
| 5% afl%tPﬁ'i aép%cuts ' sunreddesya Phararsutcal crmappsKiparemprsipg ageffective

that can include one or nore heteroatons; and (ﬂ Wis
Gmayntyfany gpe phiia comppanndhofthe inventiare togetbet Wigh a pharmaceutically
acceptable carrier. In another aspect, there is
peepptabdeicartivs. use of a conpound of formula 1 (A-D): Y

X YN~ X Rs NRs s

In another aspect, there is provided a pharmaceutical composition comprising an effective

amount of any one of the compounds of the invention, together with one or more

effective anti-viral agents, optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided the use of a compound of formula (I):
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NNNZ 4Z RRANRY RQN- N1 (A 1 (B Y X Y\ tMargh2007
s" N\ yl s" rNY R ZRs N1 4R4 1(C 1(D or a
pharmaceutically acceptable salt thereof, for the

manuf acture of a medi canent for the treatnent of an
HCV infection in a host, wherein: (a) each R4 and R4.

i s independently hydrogen, hal ogen (F, Br, d, or 1),
pseudohal ogen, N2, |ower al kyl of Cl1-C6, hal ogenated

| ower al kyl, hydroxyl, al koxy, CH2OH, CH20R6, NH2,
NR6R , or a residue of an am no acid; wherein at

| east one of R4 and R4. is hydrogen; 13i 1 March 2007

( bya piaehadsbti@ndl afdeptab® shinHRRONISIhE hahYHERRVT a nitAIABREA: for
(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of

C&ea@ﬁent%@hﬂmhfe@u&mﬁei ho@! Iﬁﬁﬁlercldqy droxyl al koxy,

a residue of an am no

( C; deaégﬁﬁ%%@nlgq I&#(ﬁgéﬁn%gﬂ]ﬁdoﬁ’l %gﬁgéjéﬁcprﬁogen

) o Ao A R e SRRy
ZI SCH Mrw )@@h&@rﬁ i Pgarlﬁgg a@go a 7 "wherem at
or S "least one of R*and R* is hydrogen;

(b)  each R’and R’ js independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NOs, 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;

(c) each R®and Ris independently hydrogen, alkyl, halogenated alkyl, alkyléne,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) Rlis hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C;-Cs;

(&) Rlis oxygen, sulfur, NR', or CR‘ . wherein each R' is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl wherein the alkyl is C;-Cs;

@ Riis hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C;-Cg;

(2) alternatively if R?is NR', then R! or R® can come together with NR' to form a

substituted or unsubstituted 5-7 membered ring that can include one or more

heteroatoms; or




(f) Yis O S, NH NR', NOR, or Se; (g) each R 1Rarch 2007
and R' independently is hydrogen, |ower alkyl, |ower

al kenyl, aryl, or arylalkyl; and (h) Wis O or CHZ;
optionally with a pharmaceutically acceptable carrier.

I n another aspect, there is provided the use of a
conpound of formula: O N or a pharmaceutically
acceptable salt thereof, for the manufacture of a

medi cament for the treatnment of an HCV infection in a
host, wherein: 13j ;1 rch 2007 (a) each R4 and R4'

i @Si ndéBelsddivn theniRy dF g/géﬁﬁl cop tegriher with (; toéprm gpubstituted or
pseudohal ogen, NO2, |ower al kyl of C -C6, hal ogenated

| ower LE'PWEW%? aeyibered ging ghay carCpRlgie ogHIOREe hegepatoms; or
NR6R7, or a residue of an amino acid; wherein at

|@ast iBReis GR'RiheaRd aRUR’ dag chipe taggther with CR&gto orRba substituted or
R5' is independently hydrogen, halogen (F, Br, d, or

1), posuddtsalddyeyclicMog thdt omeinclatikyde @fmdse h&eroatoms; and

hal ogenat ed | ower al kyl, hydroxyl, al koxy, CH2CH,
@P20RAY id\blds CNR6R7, or a residue of an am no acid;
wherein at |east one of R5 and R5' is hydrogen; (c)

PEBNARG vl PRarhiccbROERaRdRblef¥dr ogen, al kyl, ~

‘hal ogenat ed ‘al kyl, al kyl ene, al kenyl, carbocycl e,
aryl, heterocycle, heteroaryl, aralkyl, or acyl; (d)
each Z and Z' is independently CH CX, or N, (e) X is

TR RN The s

NH2, NHR, or NRR ; (g) each R, R and R independently

i s hydrogen, |ower alkyl, |ower alkenyl, aryl, or
aryl al kyl; a X g§T/N\‘ X
. RX B—N o - ORE >-—Nw/\(
RS Z 5
RY N~ N/;’ R41'1 N~ NJ’ z
RY R4
1(a) 1 (8)
¥ X
R, >—N P
5
R:'{ N—? z
R4
1O 1(D)

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

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

(@) eachR*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,, NR®R’, or a residue of an amino acid; wherein at

least one of R* and R* is hydrogen;

13i




(h) Wis Oor CH2; optionally with a pharnmaceut i talkick 2007

acceptable carrier. 13k 1 March 2007 |In another

aspect, there is provided the use of a conpound of a

fornmula selected from O ,NNNNH/ \ Br /IN\ C

NNNONNT N~p NONNO Ol | OHOH OHHOH OHdOHCOH

1(J) 1 (K) 2(L) (M NH OO M I \\ NN OHCH \'N NN |

\NM (NZ O NSr~-NN~OCHOHH 1(N) 1(0) 1(P) 1(Q O

SSSI NNomi W1 NNINNO NNONI:] NZON I
OH 0

1),

NG) 0 (a8 B afditts %d(gpcgdentg h|_3|/droge , I'g’{o%en ?F,SBr, ClLor ),
pseudohalogen, NO,, lower alkyl of C,-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH_—,;ORs, 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, 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";

o Y is O, S, NH, NR° NOR®, or Se;

(&  eachRS RS, and R® independently is hy&o gen, lower alkyl, lower alkenyl, aryl,

or arylalkyl; and |

| (h) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

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

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

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

13i




-
of
=
-

(40+HH 1 (AD) 1(AB) 1 (AF) or a pharnaceuticall
acceptable salt thereof, optionally with a

nf; o AEhR AR X %%pe@%%&fﬁéé%¥lh§rqaeg§ Firch ot Dan
i nfe dg)hl on ipn a host. In _another aspect, there is

pr ovi 5 Q. lgpes q;kylﬂgf gi-gﬁ)halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,OR®, NH,, NRGRT, 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,0R® 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, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d)  eachZ and Z' is independently CH, CX, o.r N;

()  Xis hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R°, NHORS®,
NR°NR°R®, OH, OR®, SH, or SR";

(®  RPisR° OR®, NH;, NHR’, or NR°R;

(g)  eachR% R°, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and

(h) WisO or CHy;

optionally with a pharmaceutically acceptable carrier.
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or a pharmaceutically acceptable salt thereof, 1March2007

wherein: 13, m1 March 2007 (a) each R4 and R4, is

i ndependent |y hydrogen, hal ogen (F, Br, d, or 1),

pseudohal ogen, NO2, |ower al kyl of C-C6, hal ogenated

| ower al kyl, hydroxyl, 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

Rs i s independently hydrogen, hal ogen (F, Br, C, or

1in anoeL4g64 h 88 8 proMERd the Q¥UEST Adokpouf ofld fogﬁuia selected from:

hal ogenat ed 1 ower al kyl', hydroxyl, = al koxy, CH2CH,

CH2OR6, NH2, NR6R7¢p or a residue of an am no aci d;

wherein at |east ane of RS and R5' is hydrogen; (c)

ChNR6 and B2 pendent N BN, al kK Sy—d

NS | odenat ed at aiz Ienelﬁ\a” eny carboEycI

etero ycle het'er oar y}-," ar aly y(} or a
s hydr og r al kyl,
bocycl e, het er ocycl
on & noal kyl, a ryl, or am ga
1¢§ CR 2, wherel each R is in ndently hydro )

ower al kyl, ene, alkenyl aryl, or aralk

wher ei n. t he aIkyI % Cl-C6; (f) R3 is hydrogen, |ower
al kyl, al kyl ene, enyl , carbocycle aryl, ?

ocycle,dN qryl, arg noalkyIN
m ngaryl, o¥_anj noafyl O @k— X (gﬁﬁp erelm\Rt|an/L§
alrscone Yo th f OR substi etN" g
e-si x fus ' ' '
of the s <
c nsi sti ng of lhallogen (F, Br, [ ] or 1), substjtuted
OH q i Odnine, subsfft Mfed or unsubs® t ut ed

L@ dr oxyl ani ne, @bstituted or dMBubstit ut ed 1Q
hydrazi ne, substituted or unsubstituted thiol, thione,
suBstituted or unspibstituted imme, sel enone, alkyl,

N | acetonltrkle nd 13'n 1 Qhrc 2007 _ ”ij[:fi1§
N N,
\N N’l\o /K N /K N N

Y X N
S

S
1®R) 1(S) 1(D) 1{U)
o
0 N
N~ N NN N N =
so@FsaodiFcoUiFe e
N N 0 N N o) N N ') N N
O O @ 0O
H OH OH OH OH OH COH
1(V} - 1(W) 1(X) : 1(Y)
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(h) Wis Oor CH2; optionally with a pharmaceut i t&lptcly 2007
acceptable carrier. In another aspect, there is

provi ded a conpound of formula 1 (B): Y, N,,~ X RS

RS "4Z RAN R4 |1 (B) or a pharmaceutically acceptable
.salt thereof, wherein: (a) each R4 and R4' is

i ndependent|ly hydrogen, hal ogen (F, Br, d, or 1),
pseudohal ogen, N2, |ower al kyl of Cl1-C6, hal ogenated

| ower al kyl, hydroxyl, al koxy, CH2OH, CH20R6, NH2,
NR6R7, or a residue of an anmino acid; wherein at

| €ast one of R4 & R4 is hydrogen; (hy-each R5 and 0

R5'! i s i ndependentljy hydrogen, hal ogen F Br N
Ngseudohal) , | ower aIR& (j{
| odenat ed Nowedl al |, hydroxyM™ :

ko
O NH2, ‘“.R?‘*oroa resi due I¥0an m Ro aci
ein at Ilea ghe of R5 and | ydr ogen;
h R6 and ndependently h en, alkyl,
ouh ogenated al g &l kylene, alk h}{carbocycle H OH

yl heterocyc heteroaryl, aralkyl, or acyl;
I?‘L CH or CX; (e &%)l s hydrogen, hall n (F, d, Brfj(ACf
I) NH2, NHR, NRR NHOR', NR NRR', OH, OR SH, or SR

(F¥¥%s 0, s, NH JRc, NOW or Se; 180 1 March 2007
N- gach R RN ' |ndependen S~y dr ogen,
<f om§L§aIkyI Nfo r altkenyl , aryIN ,L§

N N 0 N N 0

O

OH OH OH 0OH OH OCH
1(aD) 1(AB) R

or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically _

acceptable carrier, for the manufacture of a medicament for the treatment of an HCV

infection in a host.

In another aspect, there is provided a compound of formula (I):

or a pharmaceutically acceptable salt thereof, wherein;

3m

0




or arylalkyl; and (h) Wis O or CH2; optionally %Waighg007
phar maceutically acceptable carrier. In another

aspect, there is provided a conpound of fornmula | (B):

YW N~Zt Xw RS 5Z RARNONR4 1 (B) or a
pharmaceutically acceptable salt thereof, wherein: (a)
each R4 and R4, is independently hydrogen, hal ogen (F,
Br, d, or I), pseudohal ogen, NO2, |ower alkyl of

Cl- C6, hal ogenated |ower alkyl, hydroxyl, alkoxy,

- (el OH, eaHR IR, R NisZ depEalBiti]y l@fdr@eﬁ,&&'ﬂd@dﬁ (RBraol, aphno

acid; wherein at |east one of R4 and R4, is hydrogen;

(b) eambudohalogeh, N6, loei ARAREOTER Hato Méié@ﬁ»%r alla |Hﬁ:ﬁ6kyl
(F Br, d, or 1), pseudohal ogen, | ower yl

aalﬁcaﬁg o) 00 U Q@I{J@!@N}ﬁl IKKQR[’ (;}yadr%QEﬁYé of an%hhﬁl‘?(é/md wherein at

a residue of an amn

d f R5 d R5' hyd :
aC| %ﬁéﬁgl&ﬁaﬁckemdggpe’o an is 36/“ Ir(;lgen

and ndent |y hydrogen

@b?g%ﬁe o s nesli iR iﬂ%ﬁﬂ&a PR B o) 2
(5 bl GO0 b S R T o,

St alkgxgr, CH>O0H, CHZORG, NH,, NRR’ , or a residue of an amino acid; wherein at
least one of R>and R* is hydrogen;

(c) cach R®and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d Rlis hydrogen, lower alkyl, alkylene, alkényl, carbocycle, aryl, heterocycle,

| heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C;-Cs;

(¢)  R%is CRY, wherein each R' is independently hydrogen, lower alkyl, alkylene,
alkenyl, aryl, or aralkyl wherein the alkyl is C;-Cs;

® Rlis hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, anﬁnoalkjrl, aminoaryl, or aminoacyl of C;-Cg;

(g)  wherein R'and R® can come together with R to form a substituted five-six fused
bicyclic ring system wherein at least one of the substituents is selected from the
group consisting of halogen (F, Br, Cl, or I), substituted or unsubstituted amine,
substituted or unsubstituted hydfoxyiamine, substituted or unsubstituted
hydrazine, substituted or unsubsﬁtuted thiol, thione, substituted or unsubstituted

immine, selenone, alkyl, and acetonitrile; and

13m




(f) Yis 0, S NH, NR NOR or Se; (g each R RtMa@h@aoo7

R' i ndependently is hydrogen, |ower alkyl, |ower
al kenyl, aryl, or arylalkyl; and (h) Wis 0 or CHZ;
optionally with a pharmaceutically acceptable carrier.

In anot her aspect, there is provided a conpound of
formula 1 (B): YYNXRSs R 'N R4AI (B) or a
pharmaceutical ly acceptable salt thereof, wherein: (a)
each R4 and R4, is independently hydrogen, hal ogen (F
Bth) CI\;s,q@odr)cH2 pseudohal ogen, NO2, |ower al kyl of

G - Ceo, halogenated | ower al kyl, hydroxyl, alkoxy,

%Qﬁl&ll%@@harﬁl‘é@euumzc éﬁibfl@cdiﬁé" due Of an am no

acid; wherein at |east on

R4 and R4' is hydrogen;

(b) each R5 and R5' I's i ndependent!|y hydrogen, hal ogen
(F, Br, , pseudohalogen N2, |ower al kyl of

Gt %%@%ﬂé“f‘&%% Rk oriioun PEEFHE L4 an 2 no

acid; wherein at |[east one of R5 and R5' is hydrogen;

13g 1 March 2007 (c) ea
hydrogen, al kyl, hal oge
. al kenyl , carbocycle ar
aral kyl, or acyl; (d)RgAs
hal ogen (F, d, Br, Bf LR

i s independently
, al kyl ene,
rocycle, heteroaryl,
e)ZX is hydrogen,
, NHR, NRR , NHOR,

N

1(B)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R* and R* is independently hy‘drogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH;,ORﬁ, NHo, NRGRT, or a residue of an amino acid; wherein at
least one of R*and R¥ is hydrogen;

(b) cach R® and R° is iﬁdependently hydrogen, halpgcn (F, Br, Cl, or I,
pseudohalogen, NO;, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CHZORﬁ, NHa, 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, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d ZisCHorCX;

(¢} X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR°, NR°R®, NHORS,
NR°NR°R®, OH, OR’, SH, or SR";

i) Y is O, S, NH, NR®, NOR’, or Se;

130




NRCNR'RI1, OH OR SH, or SR (f) Y is S NH NR MRERR2007
or Se; (g) each R R, and R' independently is

hydr ogen, |ower al kyl, |ower al kenyl, aryl, or

arylal kyl; and (h) Wis 0 or Cl12; optionally with a

phar maceutical ly acceptable carrier. In another

aspect, there is provided a conpound of fornula 1 (B):
Y~T~I~YX R~-N~RSYN 'z RA N R4 1 (B) or a
pharmaceutically acceptable salt thereof, wherein: (a)

Réz)i s &E ROIEN andRF Q@ chdentl Blis h)grogeﬁrlobv)er alkyl, lower alkenyl, aryl,

pseudohalogen N2, |ower alkyl Co, hafogenated
I ovver ﬁ]a!ﬁ)ﬂﬂk hygdy oxyl, al koxy, CH20—| CH20R6, NH2,
reS|due of an anino acid, and R4' is

R%gro’ en (F, Br, d, or 1), pseudohal ogen,
Iomer aI of Cl1- C6 halogenated | oner al kyl,
or a residue of an

NR6 R7
R %dé%?%ggﬁ'ﬁ EEHOIGHGr Re and Re' s
hydrogen; 13r 1 March 2007 (b) each R5 and R5, is

i ndependent|y hydrogen, hal ogen (F, Br, d, or 1),
pseudohaloge NO2, | ower al kyl of Cl- CB hal ogenat ed

| Ipaepthal aepect, theyeiisargvided aeqpeneyind of foampla GiBERS, NH?,
NR6R7, or a residue of an an1no acid; wherein at

| east one of R5 and R5, ; (c) each R6 and
R7 is independently qdeggL_ IkyI hal ogenat ed

al kyl, al kyl ene,

R} 42
¥ , N~y
R

1(B)

or a pharmacetically acceptable salt thereof, wherein:

(a) each R* and RY 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;

) each R® and R* is independently hydrogen, halogen (F, Br, Cl, or D),

| pseudohalogen, NO,, lower alkyl of C,-C, 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,
alkenyi, carbocycie, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) ZisN;
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al kenyl , carbocycle, aryl, heterocycl e, heteroaryMarch2007
aral kyl, or acyl; (d) Zis N (e) Xis OH (I) Yis

O and (g) Wis 0 or CH2; optionally with a
pharmaceutically acceptable carrier. In another

aspect, there is provided a conpound of fornula 1 (B):
YNXR' s RM ZRAN R4I1(B) or a

pharmaceutically acceptable salt thereof, wherein: (a)
each R4 and R4' is independently hydrogen, hal ogen (F,
B(e) O X & higrogerpsietsighallogen, BNOS: Ij,0Weh, NHBA NR°R®, NHOR',
Cl- C6, hal ogenated | ower al kyl, hydroxyl, al koxy,

CH2OH, NRARIDRG,, SMH3y SRIRGR7, or a residue of an am no
acid; wherein at |east one of R4 and R4' is hydrogen;

&;3 1 8s ohs, 309 WNR( RORO. & hydrogen, hal ogen (F, Br,
, or 1), pseudohal ogeh, N2, |ower alkyl of Cl Cs,

C@(’ge&@ﬁﬁd ﬂl”l% al xﬁé’épen&%ﬂg%ﬂ dro hkl%@ér %glz ver ’alkenyl, aryl,

) are an am

and R5'_ i dr ogen, hal ogen (F, Br a, or

pseudo?']a agilza’&%z, | oner al kyl of CI Co, haI ogenat ed
@E @] bl, koxy, CH20OH, CH20R6, NH2, NR6R2, or a
r'esi dud B i no acid; wherein at |east one of R5

and, R5, is hydro
- optionally with a pharmaceutlcaliy acceptable carrier.

In another aspect, there is provided a compound of formula 1 (B):
YY N\
B—N P
R¥
R4

1(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,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 hydrbgen, 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;
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(c) each R6 and R 7 is independently hydrogen, alyich 2007
hal ogenat ed al kyl, al kyl ene, al kenyl, carbocycl e,

aryl, heterocycle, heteroaryl, aral kyl, or acyl; (d) Z
is N (e) Xis OH (1) Yis G and (g) Wis O or CHz;
optionally with a pharmaceutically acceptable carrier.

I n anot her aspect, there is provided a conpound of
formula 2 (AAC, 3 (A-B), 4 (A-B), 5 (A-B), 6 (A-B),

7 (AAC) or 8 (A: RBW ~y NZ X RB1 X 55 R4 RR N-N

F{@) F4 1eaﬁ/lé?2§ haﬁggg’?)s 1§(<de\1/)\/@i§?e§§tslf5lrygfo%1¥ all%rl Rﬂegeﬁﬂtec\{ allgﬁ C;)lkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
(d) ZisN;
(@ X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NR°NR°R”, OH, OR’, SH, or SR
) Y is S, NH, NR®, NOR®, or Se;
| ()  each R R®, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and
(hy WisOorCHy

~ optionally with a pharmaceutically acceptable carrier.

 In another aspect, there is provided a compound of formula 1 (B):

R >—N o
R? +Z

4I
R R

1 (B)

or a pharmaceutically acceptable salt thereof, wherein:
(@  R‘is hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NOz, lower alkyl of C,-
Cs, halogenated lower alkyl, hydroxyl, alkoxy, CH,OH, CH;ORG, NH,, NR6R7, or
- aresidue of an amino acid, and R* is hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO», lower alkyl of C;-Cs, halogenated lower alkyl, alkoxy,
C_H;OH, CHgORG, NH,, NR6R7, or a residue of an amino abid; wherein at least

one of R*and _R"' is hydrogen;
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RRy RRy 3 (A 3(B) YXYX Rss. N\ Rs Rs 7771 Rarch 2007
NRe R NRa Rq Rqg 4 (A) 4 (B) Rs, Rs R5' \ Ra WN X
RWrN/IIX | Rs R Rg= NRg M~N Rq Rq IlIl Y Y
5(A) 5(B) | s N2 W5 N Rs rNX Rs X Rg, NRe Rg,

NRa Rqg Rqg 6(A) 6(B) WX 5 Yly X NX N Rs RS

(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, 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, alkylene,

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

(d) ZisN;
(e) X is OH;
H Y is O; and

(g) Wis O or CHp;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula 1 (B):

YYN\ X
RX >—N o~
Rﬁ; ' N~y z
1(B)
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;-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;
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R’ Rg N X, R Rg NX Y X 7(A 7(B) Y~ ' X Warch2007
>Rs'" W R RS Rg, NRg. NRa Rg Rg Y. 7(C) 8(A) 13u

1 March 2007 or a pharmaceutically acceptable salt

t hereof, wherein: (a) each R4 and R4, is independently
hydr ogen, hal ogen (F, Br, d, or 1), pseudohal ogen,

N2, | ower al kyl of G -C6, hal ogenated | ower alkyl,
hydroxyl, al koxy, CHzOH CH2OR6, NH2, NR6R7, or a

resi due of an anino aci d; wherein at |east one of R4

aftl RAR’ is bydrggmohalogen((B) Be atfor RS p&udotRfogeh, NO;, lower alkyl of C;-
i ndependently hydrogen, hal ogen (F, Br, d, or 1),

ps eudobg halggenatetif@yerlalky hyadok v, alRbx H, bad,08€ 'Wftlze RR, or
| ower al kyl, hydroxyl, kaoxy, OH, CHQ

NRER7, 2 REidde &l ttifo ae‘d Ad 8YiYd Mg@

| east aone1 of R5 and Ré |s hydr ogdeér?g b ﬁgt:hr’%l Or%

R7 is ﬂsg%ﬁ?‘“%&w car 6(%3/1]13‘1%&%3&9(9{%%% glﬂyl alkoxy,

al kyl ,” al k

het e gl e é#R Bl A B

RS Bl e e 3175 o
} eagil %Han X 1so mdependently hydrogen, alkyl, halogenated alkyl, alkylene,

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

(d) ZisN;

(e) X is OH;

® Y is O; and

(g) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula 2 (A-C), 3 (A-B), 4 (A-B), 5

~ (A-B), 6 (A-B), 7 (A-C) or 8 (A):

13t




(f) each X, X, and X" is independently hydrogemn March 2007
hal ogen (F, ., Br, or I), NH2, NHR NRR, NHOR ,
NRCIRR' ", OH, OR, SH or SR, (g) each Y and Y is

i ndependently 0, S, NH, NR, NOW or Se; (h) each Ra is

i ndependent |y hydrogen, |ower alkyl, alkylene,

al kenyl, carbocycle, aryl, heterocycle, heteroaryl,

aral kyl, am noal kyl , am noaryl, or am noacyl of O -

C6, and (i) each RR, R, and R " independently is

hydr ogen, kpwer al kyl, |ower al kenyly aryl, xor
aryl al kyks_®nd F3v fl March 2007 (jg \yu_%o r CH2;
optionally t h ayp! rnaceutlcally e excarrier
| n anot h&fAaspetey tifere is provids \J@é of
formulaRR (D): z RRY s RN RN, RR4 | Y 2(D)
or a pharmaceutically acceptable saﬁt thereof
wherein: (a)3each R4 and R4 is indepeqﬁgntly
hydr ogen, halogen (F , pseudohalogen
NO2, | oweryal Ry 51 C6 halogen
hydr oxylps \a CH2CH, CH20R6, : N R7 or a
resi due o s 0 acid; wherein at 5% one of R4
and R4' R¥AMY 2n; (b) each R5 am .
i ndepenr® gly hyo'ogen hal ogen (¥ $r a,Vor
4(A) 4(B)
W,
. pa
RI_\D—N 7 l X
RS
.:? "N
Rt R
5(A)
w —_—
RY >—I\{—l/ 5
RY NR®
R4
6(A)
Na—X
WY
RX §>——N L X
RS |
R4' R_4 N x"
7(A)
Yoo N X
R? >—\1[\I//
RS 0
R4 . N Xﬂ
R4
YI
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pseudohal ogen, N2, |ower alkyl of Cl-C6, hal ogehiieesl 2007

| ower al kyl, hydroxyl, al koxy, CH2OH CH2OR6, NHZ2,

NR6R7, or a residue of an ami no acid; wherein at

| east one of R5 and R5, is hydrogen; (c) each R6 and

R7 is independently hydrogen, alkyl, hal ogenated

al kyl, al kyl ene, al kenyl, carbocycle, aryl,

het erocycl e, heteroaryl, aral kyl, or acyl; (d) Zi

or CX; (e) X is hydrogen, halogen (F, d, Br, or |

NH2, Nbdl pHedRRaddbkiially abWNable, salofherddR widkinOr SR ;  (

is 0, S, NH NR, NOR or Se; 13w 1 March 2007 (
GRY

eadh ReacRRABd R i in@RRRRERNhidfogeh, HMQ@@(@% tw%'t

al kyl', lower alkenyl, aryl, or-arylalkyl;

is O %seﬁdﬁlog@rptb’f@n ﬁMeY aI‘ﬁ?ltJf &- @?%I@&Qﬁh 'IMrlaM(yl hydroxyl,

accept abl e carrier. |In another aspect ere

provi dgg, 2
R NFRY R??W?mz%nﬁkal{ 01( zfrsﬁillalgga §c1§ wherein at

accept 4 1hen wher ei n: (a) each R4 and R4’
is ind g%(ken entxfy’ma?d KO8R ogen (F, Br a, or 1),

p &gdoh 8?e%%}926§ﬂﬁpelﬁgtﬂa % geof g ondd hal ogenat ed

NR6R7, or ﬂ resi due of an am no acid; wherein at
‘pseudo alogen NGOy, lower alkyl of C,-Cs, haiogenated lower alkyl, hydroxyl,

alkoxy, CH,OH, CHZORG, 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, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heferoaryl, aralkyl, or acyl;

(@  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;-C;

(e) Zis CH, CX, orN;

4] 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)  eachY 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 Cy-
Ce; and

@ each R, R®, and R®" independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl; and

13v




| east one of R4 and R4, is hydrogen; (b) each RSl Mardh 2007

R5" is independently hydrogen, halogen (F, Br, C, or

1), pseudohal ogen, NO2, |ower alkyl of C -Cs6,

hal ogenat ed | ower al kyl, hydroxyl, al koxy, CH2CH,

CH2OR6, NH2, NR6R7, or a residue of an am no acid,

wherein at |east one of R5 and R5' is hydrogen; (c)

each R6 and R7 is independently hydrogen, alkyl,

hal ogenat ed al kyl, al kyl ene, al kenyl, carbocycle,

ayl , WaiereCys) e, heteroaryl, aral kyl, or acyl; (d) Z

is N 13 X 1 March 2007 (e) X is hydrogen, hal ogen (F,

thloﬁilly \ﬁ'ﬁh @har&"ﬁ&%utiwﬂ acceﬁla% carried IOR,  NRCI RR", SH,
is O or Se; (g) each

R‘, RC and RC' independently is hydrogen | ower

al kyl, | ower alkenyl, aryl, or arylalkyl; and (h) W

[ with a e ally
581, S LBt Ao DRSS Y

provi ded a conpound of fornulg 2 (D: RSj] xRSI I
R&AN /N Ra~I"(Y 2%D Fr phar maceut i cal | y
acceptabl e salt ther Ka) each R4 and R4’
i's independently hydg | oggn (F, Br, d, or 1),
pseudohal ogen, NO2, p4-Qwer. aIN of Cl-C6, hal ogenated
| ower al kyl, hydroxyl g _

2 (D)

or a pharmaceutically acceptable salt thereof, wherein:

(@ each R* and RY is independently hydrogen, halogen (F, Br, Ci, 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, CI, or I),

pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,

alkoxy, CH,OH, CH20R6, NHa, 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) Z is CH or CX;

(6) X is hydrogen, halogen (F, Cl, Br, or ), NH,, NHR’, NR°R®, NHOR®,

NR°NR®R®, OH, OR®, SH, or SR®;

(§3)] Y is O, S, NH, NR°, NOR’, or Se;

13w .




al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a residue Dfaraim2007
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, O, or 1), pseudohal ogen,

N2, |ower al kyl of G -C6, hal ogenated | ower alkyl,

hydr oxyl, al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a

resi due of an am no acid; wherein at |[|east one of W
and R5'is hydrogen; 13.y 1 March 2007 (c) each R6 and

Rg)i s dactdRfRTcant RY ihgepeaeny istyditigen, Hawaoaiat Béver alkenyl, aryl,

al kyl, al kyl ene, al kenyl, carbocycle, aryl,

heterQﬁwkgk 1hwider oaryl , ar al kyl, or acyl; (d) Zis N
(e) X is hydrogen, halogen (F, CI, Br, or 1), NH2,

Niﬂﬁ NRR,OI}J}-@,Z NRCNR R OH, OR, SH, or SR (1) Yis
H NR NOR or Se; (g) each R R and R

t IkyI | ower al kenyl,
%%Hﬁ'}g?ﬁﬁlazlr‘i}] g‘ﬁ ﬁ@%ﬁ%‘é@%eﬁ&agw b or CH2; optionally
wi th- a pharmaceutically acceptable carrier. In another
aspect, there is provided a corrpound of formula 2 (D):

5 R4 IN R ~"1( [%) or .a
R aPor® afitoet s aeadselasompemd in@ins Oiiher ei n: (a)
‘R4 is hydrogen, halogen (F, Br, d, or 1),

pseudohal ogen, NO2, | o¥er ajﬁl of C,
R N X
&
RS l

R# f NTN
20

ora pharmaceuticaily acceptable salt thereof, wherein:

(a) each R* and R¥ is independe_ntly hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO;, lower alkyl of C)-Cs, 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; _ |

(b) ‘each R’ and R® is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-C, 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;

| (c) each R® and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d ZisN;
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C6, hal ogenated | ower al kyl, hydroxyl, al koxy, CH&leh 2007
CH20R6, NH2, NR6R7, or a residue of an am no acid,
and R4'is hydroegen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated
| ower al kyl, al koxy, CH20H, CH20R6, NH2, NR6R7, or a
residue of an am no acid; wherein at least one of R4
and R4'" is hydrogen; 13z 1 March 2007 (b) each R5 and
R5' is independently hydrogen, halogen (F, Br, d, or
1§e) pXeisdbidibgmerhalddel, (H, ollprBal dry ), olﬂﬂglm NR°R®, NHOR’,
hal ogenat ed | ower al kyl, hydroxyl, alkoxy, CH2CH,

" CH2ORBNRNHZRENBERF; SRt a resi due of an amino aci d:
wherein at |east one of R5 and R5' is hydrogen; (c)

edrh RBiands, Ri,iNRT NORoesdrnt |y hydrogen, al kyl,
_halogenated aIkyI alkylene al kenyl , carbocycle

| F [
?ggy N éﬁ@ﬁe )R Q‘{'“Y ﬁﬁdeR rif?&e?&% J( &Iﬂgdﬁ(l&@(,glsnw% elalgﬁgoéﬂre(“ %@L aryl,
optiong a pharmaceutically acceptable carrier

I n anoth P asbect there is provided a conpound of

rrul D R j xRSIII R, N/N RMY
2(? \915.20(0 gﬁ%’aceuti cal

) or |y acceptable salt thereof,

op%onall?r with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula 2 (D):

2 (D)

or a pharmaceutically acceptable salt thereof, wherein:

(a) .each R* and RY is indcpendfently hydrogen, halogen (F, Br, Cl, or D),
pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,ORS, NH,, NR°R’, or a residue of an amino acid; wherein at
least one of R* and R* is hydrogeﬁ;

- (b) each R’ and RY is independently hydrogen, halogen (F, Br, CI, or I),
pseudohalogen, NO,, lower alkyl of C-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,ORS, NH», NR®R’, or a residue of an amino acid; wherein at

least one of R® and R is hydrogen;

13y




(a) each R4 and R4' is independently hydrogen, h&MewbR007
(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of

d -C6, hal ogenated | ower al kyl, hydroxyl, 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) RS is hydrogen, halogen (F, Br, d, or 1),

pseudohal ogen, N2, |ower al kyl of C - C6, hal ogenated

| ower al kyl, hydroxyl, al koxy, CH2OH, CH2OR6, NH2,

NROR?, eash RY SdlaR isMarlegendQly hydrdges, ks, Ohloathaddl Ry, alkylenc,
acid, and R5, is hydrogen, halogen (F, Br, O, or 1),

pseudoklabmygeabodicl, allyp\m&r@yml he@éroa(;}r Q@lkyh %l‘ nat ed
| ower al kyl, al koxy, CH2OH R6R7, or a

r @i dugigd; an am no aci d; vvherel n at Ieast one of RS
and RS’ is hydr ogen; (c) each R6 and R7 is

eperdgni g, ab,09e jed yl ¢
{ésyl ene, aI k%% %arb%léyc‘: ]?IhaJ?ryl nﬂefe@(%ftl%RR NHOR',
het er k; (d) leN (e) Xis OH;
() Yoiléisi i ?H((H)R’v@ﬁ or CH2; optionally with a
I bI e carrier. In another
@gect u%g\&ghl"{ %ﬁ)&/’ ¥ed a compound of formula | (E),
oh; YXx 2RZ R41(E) O YXYNX O
R5' each R’ d R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and
(h) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula 2 D) -

2 (D)

ora pﬁarmaceutically acceptable salt thereof, wherein:

(a) Ris hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO,, lower alkyl of C;-
Ce, halogenated lower alkyl, hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR6R7, or
a residue of an amino acid, and R is hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C,-Cs, halogenated lower alkyl, alkoxy,
CH,0H, 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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R5, s 7\ RRN%W RSNW R4 RIARAI1I(G | (H1Merchaoo7?
phar maceutical ly acceptable salt thereof, wherein: (a)

each R4 and R4' is independently hydrogen, hal ogen (F,

Br, C, or I), pseudohal ogen, NO2, |ower alkyl of

Cl1- C6, hal ogenated | ower al kyl, hydroxyl, 13bb 1

March 2007 al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a

resi due of an amno acid; wherein at |east one of R4

and R4' is hydrogen; (b) each R5 and Rs, is

i (WepeadrnR ynbyHT ogeindepaldem®n HyfrogBs,, h&bgenO(F,1)Br, Cl, or I),
pseudohal ogen, N2, |ower alkyl of Cl-C6, hal ogenated

| over  gHeldohalobetd NEXY HoweradikXof, C (i BalogétdeddRBweNaleyl, hydroxyl,

NR6R7, or a residue of an am no acid; wherein at

| east  QR&yOEHEIHAOE, 0, NiB, RRERDGP 'res&iﬁ% of A 4R aBAwherein at
R7 is indépendently hydrogen, alkyl, hal ogenated _

al kyl 'le?sltF?(éWandﬁbrﬁWdéeﬁ'ar bocycl e, aryl,

het erocycle, heteroar alkyl, or acyl; (d) Zis

39 1) o el ingiod Derdlpfip WS MoggipaTRT. nggentipdt oy, lkytene
or SRC,, (f) Y is 0, S . NH NR NON or Se; and (g)

each F?,’lkeiiyl)s aﬂ{'aocwlﬁrf’dgpwa@ﬁw? he@rq#yﬁf%ém o1 45k r

al kyl, | ower al kenyl, aryl, or arylalkyl; optionally

th azﬁl%lr maceutically acceptable carrier I n another
aspect there is provided a conpound of formula 1 (F):

YgNX X is OH;

® Y is O; and

(g) Wis O or CHy;

optionally with a pharmacentically acceptable carrier. -

In another aspect, there is provided a compound of formula 2 (D):

2(D)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R* and RY 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,, NR6R7, or a residue of an amino acid; wherein at
least one of R*and R* is hydrogen;

{b) R’is 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

13aa




Rs" N RRIY\ 4~ R4 4 NON RI (F) or a 1 March 2007
phar maceutical ly 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

Cl1- C6, hal ogenated | ower al kyl, hydroxyl, 13cc 1

March 2007 al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a

resi due of an amno acid; wherein at |east one of R4
and R4’ is hydrogen; (b) each R5 and R5, is

i ndepentsidut 9f ineamiogerid, dnd RS GehydidzenBralogeh (F,®r, €, or I),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated

| over gsekddhalobgrg NeXoylower allce\C,-CoHRADbkenict? (Rer alNbR alkoxy,
NR6R7, or a residue of an am no acid; wherein at

| east OHOWfCIRDRNNHRINR IR, B aaRIGE 2l GniRAGI; RheRifat least
R7 is independently hydrogen, alkyl, hal ogenated

al kyl , om@lof kP SIER™ is Ry lﬁ%gyd carbocycle, aryl,
het er ocycl e, heteroary aral kyl, or acyl; (d) Zis CH

CX; I F B
N R e A
Y ; d h R.R,
an 1j > RQilikn g%lp e ﬁ' ﬁbyi}%h%tﬁrg %cgg e %P 08\%’? @Eﬁ';?{ acyher
geﬂélaﬁryl or arylalkyl; optionally with a
S(ﬁ r mdc&ari cal | y acceptable carrier. |In another
a(g)oectxltsfbeé_e i's provided

@  YisO;and

(2) Wis O or CHp;
optionally with a pharmaceutically acceptable carrier.

- In another aspect, there is provided a compound of formula 1 (E), 1 (G), or 1 (H):

e N X
RX Na A
5
R“l'{ N~
R4 .
1 (E)
0 T X 0 Yﬁ/N\ X
R5 >—N / RS' > N /
RS zZ §
T s X Ner?
R R4
HO) 1 (H)

or a pharmaceutically acceptable salt thereof, wherein:
| (a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or I),

pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,

13bb




YW X RS~1IIN5 RRNNZ R4 1(F) or a 1 March 2007
phar maceutically acceptable salt thereof, wherein:

13dd 1 March 2007 (a) each R4 and R4, is independently
hydr ogen, hal ogen (F, Br, O, or 1), pseudohal ogen,

NO2, | ower al kyl of Cl1-C6, hal ogenated | ower al kyl,

hydr oxyl, al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a

resi due of an amno acid; wherein at |east one of R4
and R4' is hydrogen; (b) each R5 and R5, is

i ndepewlient CYLOHICHHRRS, Nkl NBER, 6fa reBidue 6F an Miind hoid; wherein at
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated

| over Iehdtphe of B/dndRflis hydeddeaxy, CH2OH, CH2OR6, NH2,
NR6R7, or a residue of an am no acid; wherein at

| @ast @k ROEndR’ RisHcFodehiby M@%e&,a{mo%%ﬁ)@ﬁﬁ@&, Bbpand

R7 is independently hydrogen, a al’ ogenat ed

| kyl | |
al ky ps@uhd%hl%gé;nt, NG 1%%@yé1ky1%ﬁ*kt“§-f2%¥%elr1€g§g§% io?vgf allyl, hydpxyl

het er ocycl e, eroaryl, ara

o, R R EARE, MBIt i it gt sgren

.i’\lrl;'aeggﬁa %ﬁ%%yfl"?é“‘ﬁgfj@@gw%%’oﬁgfhaﬁfy| R I gc\gr Rgl kenyl ,

Br rose iR el s Meoepbeati Bvarabon, el poenste alyh st

there ah(sem%,r ga\éliao%()ergle,aargl?ﬁg'gggle? Eletfm%;rr;llj,l a?all%yl,( (i:r)a:cylg

(d ZisCH,CX, orN;

(&)  Xis hydrogen, haﬂogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NR*NR®R®', OH, OR’, SH, or SR®;

® Y is O, 8, NH, NR®, NOR?, or Se¢; and

(2)  eachRS R® and R™ independently is hydrogen, lower alkyl, lower alkenyl, aryl,
of arylalkyl;

optionally with a pharmaceutically acceptable carrier

In another aspect there is provided a éompound of formula 1 (F):

YY N\ X
SP

R N.__~#
R3 Z
R* NN
R4
1(F)

. or a pharmaceutically acceptable salt thereof, wherein:
(a) each R* and R* is independently hydrogen, halogen (F, Br, Ci, or I)

b

pseudohalogen, NO,, lower alkyl of Cy-Cs, halogenated lower alkyl, hydroxyl,
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Bee 1 March 2007 YyNX Rs' N/,( s Y RN ~~Z R#Mabdh 2007
R4 1 (F) or a pharnmaceutically acceptable salt

t hereof, wherein: (a) each R4 and R4, is independently
hydr ogen, hal ogen (F, Br, d, or 1), pseudohal ogen,

NO2, | ower al kyl of Cl1-C6, hal ogenated | ower al kyl,

hydr oxyl, al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a

resi due of an amno acid; wherein at |east one of R4
and R4, is hydrogen; (b) each R5 and R5, is

i ndepealitexyt, IGH, 0¥ CBHOR®, NR), SBER,(dF a rBiduc@F an Shirlo)acid; wherein at
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenatéd

| over  Rhithe o Wtm@RYlis hydbdeaxy, CH2OH, CH2OR6, NH2,
NR6R7, or a residue of an am no acid; wherein at

lejast oRe /F B4 ﬁ”disRSncﬂejéém'aMﬁ’% ﬂﬂ@ﬁgeﬁ,gl)l%lgggnh (Eg BNt o D),

i s independently h gen, nat'e
net o RYEEER 20, IS ARG St feg gt by,
F\II?I%? X@x@{ﬁéﬁﬁp Rﬁ%@&ip, %E"ﬁRgQ:r a gqidug lrof %%émiel\llgl)zaék}; Wwaerein at
|SndQgéﬁ?l}gmq’\ﬁségig‘gfwg%%ﬂgg&e(reaglhk)F/{I , Ri 0\6/:12:]I SIYkenyI ,
aryl, or arylalkyl; optionally with a
J6kr esae R® o K, 8 dedepensoniy datroen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
(d) Zis CH or CX;
(¢) X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR’,
NR°NR°R®, OH, OR’, SH, or SR®;
6)) Y is O, 8, NH, NR®, NOR®, or Se; and
(8 eachR% R® and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
of arylalkyl; |

optionally with a pharmaceutically acceptable carrier.

In another aspect there is provided

YYN\ X
L
P
R3 z
4!
R Ly

1(F)

~or a pharmaceutically acceptable salt thereof, wherein:

13dad




13ff 1 March 2007 | n another aspect, there is 1 March2007
provi ded a conpound of formula 1 (F): YN X Rs'" Rs R
NNNZ R4 1 (F) or a pharnaceutically acceptable salt

t hereof, wherein: (a) R4 is hydrogen, halogen (F, Br,

a, or 1), pseudohal ogen, NO2, |ower alkyl of C - Cg,

hal ogenated | ower al kyl, hydroxyl, al koxy, CH20H,

CH2OR6, NH2, NR6R7, or a residue of an anino aci d,

and R4, is hydrogen, hal ogen (F, Br, :
pegudofhoBenandN@Z, id Qﬂg%elﬁieﬁﬂ lg‘g(r3 nC@ialo% g?en@!t eéi or ),

| oner al kyl, al koxy,

resi duﬁseﬁéo}ﬁfb wm;,@%?r alm 5%&613?1 a@@ﬁa&%’d RVer %ﬁk}f}‘lhydroxyl,

and R4 is hy rogen each

pocud o‘ﬂﬂ?% OHCGRIPR] N RS b » el O Ripicpherein a

| ower yl. Ikoxy, CH20OH, CH20R6, NH2,
NR6R7, leasltx’éé? aB%E‘ %h%ﬁ °%M no aci d: wherein at

| east one nd, RS, . i s hydraogen; each R6 and

Fé?i s P e% n§| y‘ShWBﬁ’é‘ﬁnﬂYalWQTOge%aiT@QéWat(Ed Br, Cl, or ),
al kyl, alk Iene al kenyl , carbocycle, ary

het er défRdogal o NQsalgrer alied | oafyGi- @daab;egnated( Igyver alkgl, Nyydroxyl,
(e) Xis CH and (f) Y is G thlonally with a

phar madkeuyi @Hi@lji Gl MbLENBSR'; bea residd gfjan 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) ZisN;
(6 X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR’, NR°R®, NHOR®,
NR°NRR®, SH, or SRS
() Y is O, S, NH, NR®, NORS®, or Se; and
(g)  each R’ R®, and R independently is hydrogen, lower alkyl, lower alkenyl, aryl,
| or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

In another aspect there is provided a compound of formula 1 (F):

132




1 March 2007 In another aspect, there is provi déMash 2007
conpound of formula 1 (F): Y; X RS NNZ RA R4 1
(F) or a pharnaceutically acceptable salt thereof,
wherein: (a) each R4 and R4'is independently hydrogen,
hal ogen (F, Br, d, or |), pseudohal ogen, NO2, |ower

al kyl

of Cl-C6, hal ogenated | ower al kyl, hydroxyl,

al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a residue of an
am no aci-d; wherein at | east one of R4 and R4, is

hydr ogen; (b) R5 is hydrog en (F, Br, d, or
), pseudohal ogen, aI kyI of G- Csg,
hal ogenat ed | ower aI k al koxy, CH2OH,

| du

CH20R6, NH2, NR6RY7, ' ezof an am no aci d,
and R5' is hydrogen Ih ogen (&nBr, 4, or 1),
pseudohal ogen, NQO2, Iowﬁr al kyl of Cl1-C6, hal ogenated
| ower al kyl, al koxy, CH20R6, NH2, NR6R7, or a
resi due of an am no aC|d erein at least one of R5
mm@emnpgmpmbﬁkalem@&oﬁi@}ﬁ%. R7 is

i ndependent |y hydrogen, al kyl, hal ogenated al kyl,

| egh Ralkgnpt, isC h CYg!
f]ﬂg%()ér oar yIR arg Ek{ylls 2{%?1{& ?&%%cn ﬁ'%lg%% )@( %rug or D,

and (PEQUdXhéB “93» N‘wzt, 'l&gﬁhll%rl %t@ @62 glaﬁgen A oWt aﬂk¥l hydroxyl,

acceptabl e ca rier.

(®)

©)

(d)
(©

®
- {2

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, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;ng, 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;

each R® and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

ZisN;

X is hydrogen, halogen (F, CI, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NR°NR°R”, OH, OR’, SH, or SR’;

Y is S, NH, NR®, NOR’, or Se; and

each R®, R®, and R*’ independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyi;

| optionally with a pharmaceutically acceptable carrier.

gg




In anot her aspect, there is provided a conpound bMarch 2007
forrula 2 (E-G, 3 (CGD, 4 (CGD, 5 (GCGD, 6 (CD),

7 (D-F) or 8(B: Z RS xRR/NX RRSNI R NNR
RAAy 2(E) Y2(F YREx 5RAN RAY 2(GQ RMN
Rs ~N R4s NON Z Rs Nv%Z X R4 RR4 3(C 3(D) Y Xyy

X R N/ RR N R RNR R4 RS NRa R4 4 4(C 4D Rs

~Ra s' Naa\

In another aspect, there is provided a compound of formula 1 (F):

RS N _#
R3 z
R_ 4t N""- N/;,
R4
1 (F)

or a pharmaceutically acceptable salt thereof, wherein:

' (a) Rtis hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO,, lower alkyl of Cy-
Cs, halogenated lower alkyl, hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR®R’, or
a residue of an amino acid, and R*is hydrogen, halogen (F, Br, Cl, or I,
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, alkoxy,
CH,0H, CH,OR®, NH,, NR6R7, or a residue of an amino acid; wherein at least
one of R*and R* is hydrogen;

{b) cach R® and RY is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroy'{yl,
alkoxy, CH,OH, CH20R6, 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 hydrégen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
(d) ZisN;
(e) Xis OH; and
- (D Y is O;

| ~ optionally with a pharmaceutically acceptable carrier.
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RSNXL5 X R{ RA~N /N RERES5 (C Y5 (D) March2007
1311 1 March 2007 Z Rs XRs X s s R4. NR 4, NRa
RARRIB6 (C) 6 (D) W /_ XY 'NX s VYl yl~RNRSN
y '5 R5Rs R4 4 NRA" RANX RX, 7(D 7 (E) O
YYN X Rs \rNNRs' N\NR2 R R N RRs NRa

In another aspect, there is provided a compound of formula 1 (F):

R¥ Na__#
RS Lz
R¥ N~y
R4
1(F)

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, CH20R6, NH;, NR6R7, or a residue of an amino acid; wherein at
least one of R*and R* is hydrogen;

b)) Ris hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO,, lower alkyl of C;-
Ce, halogenated lower alkyl, hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR6R7, or
a residue of an amino acid, and R® is hydrogen, halogen (F, Br, Cl, or D),
pseudohalogen, NO;, lower alkyl of C;-Cs, halogenated Jlower alkyl, alkoxy,
CH,0H, CH20R6, 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, alkylene,

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

@ ZisN:
(&) XisOH;and
6] Yis O;

dptionally with a pharmaceutically acceptable carrier.
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R4 "1l XR4AY, 7 (F) 8 (B) or a pharnmaceuti cal Mgrch2007
acceptable salt thereof, wherein: (a) each R4 and R4’

i s i ndependently hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated

| ower al kyl, hydroxyl, 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, is independently hydrogen, halogen (F, Br, d, or

1)In anoffwe apettathepanproddded a kempsundlok Ydrmafa ﬂ&-@ﬁa (C-D), 4 (C-D), 5
hal ogenat ed | ower al kyl, hydroxyl, alkoxy, CH2CH,

- Cr-ORes (ONBIR,, 7 (8RB 8 @): a resi due of an am no aci d:
wherein at |east one of R5 and R5, is hydrogen; (c)

each R6 a |ndependently hydr gen 2t kyl ,

hal ogen lene, alk ) :II b ycI e,
aryl, het eroaryl, ara X13: jl
1 Marchk& i s oxygen, suli & orLCR‘ 2,
wher ei & | ndependent | y #y rogen r

al kyl, al kenyl, aryl, or Bral kyl erein the

alkyl is C2-@®; (e) Z is CH, CX, or N(FYf) each X

X, and X' is independently hydrogen, hal ogen (F, d,.
Br, or 1), NH2, NHR, N , NR NRR', OH, OR, SH,
or SR, | (g) each YrRan indgpendently 0, S, NH
NRc, NOW or Se; (h) ndependent | y

hydr ogen, | ower alkﬁ - al kyl al kenyl , carbocycl e,
aryl, heterocycle, hetperoaryl, Jaral kyl, am noal kyl,

am noaryl, or am noacyl of Ci-vyC6; and (i) each R and
R' i ndependently is hydﬁdﬁ%n, | ower al kyl, | ower

al kenyl, apyl, orsarylal kyl;
. \ R2 , a
RS N\K\ RS B_ﬁ\%
R? 4 RS z

4 N~ v N—&
R R4 R4 R4
3(0) 3 (D)
¥ X ¥ Ny X
RA Nl 7 RE Nz
R’ s
Ré NR? Rf‘ NR:
R* R?
4 (©)
Dox
5 N X # X
o N. I \,/T
R¥
S T
5(C)

13ii




optionally with a pharmaceutically acceptabl e cat Mah 2007
I n anot her aspect, there is provided a conpound of
formula 2 (H: z RX51 1l RAMNMNI/N Ra1llI(Y 2
(H) or a pharnmaceutically acceptable salt thereof,
wherein: (a) each R4 and R4' is independently

hydr ogen, hal ogen (F, Br, d, or 1), pseudohal ogen,

NC2, |ower al kyl of Cl-C6, hal ogenated | ower alkyl,
hydroxyl, al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a

acid; wherein at o1 ea ne of R4
13kk 1 March 200 by each R5 and
} , &, or

resi due of gan ags ;
and R4' sgge X 2
R5, is in |y $hydrogen, hal o
| koxy, OH,

1), pset al o N2, |ower al ky’

hal ogenBt gd | ower al kyl, hydroxyl R*

CH20R6, NH2, NR6R , or a residue of Bin amino aci d,
wherein at 6l(€st one of R5 and R5' |  (bydr ogen; (c)
each R6 and R i s independently hydrogen al kyl ,

hal ogenat d % kyl ene, al kenyl ,

aryl, hgt het eroaryl, ar (d) Z
is CH or Xhydr ogen, ha Br
1), NH2R NHOR, NRCNR R® , H, or
SR, (fB* 4|s 0, + NR, NOR', rT{ Se; a ach
R R anft R i ndepgndently is hydr od‘en | oweri al kyl,
| over al kemﬂ)) aryl, 7 (E) X
RY N R
N
4' I p \N(R"I
® pe x R R
7(F) 8 (B)

ora bhannaceutically acceptable salt thereof, wherein:

(@ eachR*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;

(b) each R’ and R¥ is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NOz,‘ lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,ORS, 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, alicyl, halogenated alkyl, alkylene,

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

1355




or arylalkyl; optionally with a pharmaceuti cal | y1March 2007
acceptable carrier. In another aspect, there is

provi ded a conpound of formula 2 (H: Z Rss jX 5 I

I R4, N\ /N RII'f Y 2 (H) or a pharmaceutically
acceptable salt thereof, wherein: (a) each R4 and R4’

i s independently hydrogen, hal ogen (F, Br, d, or 1),
pseudohal ogen, N2, |ower al kyl of Cl-C6, hal ogenated

| ower al kyl, hydroxyl, 13.11 1 March 2007 al koxy,

CHDOH, ROL2OREn, N, NIRGIRACR ' rwlgrdie&dcH ReisGhdepbn®iily Rydrogen,
acid; wherein at |east one of R4 and R4, is hydrogen;

(b) eabiweRAkgnsikABhe, abchyldGPE aﬂaﬁn(wwﬁef@kmmymgatfzggn
(F, Br, d, or 1), pseudohal ogen, NO2, |ower -al kyl of

(le) C6, zhatBOERS@¢ | ower al kyl, hydroxyl, al koxy,
CH20H, CH20R6, NHZ2, NR6R 7, or a residue of an am no

d; WREKCKN 47k X"k f RPen ( rO4PN
(0, LB ah X iR encint by BB Hollpen DY GHHE N,
hal og e kil E " ¥l .. caghocycl e,
aryl , g?é%%@j“ﬁe%ﬁ% ’85? H, oﬁsﬁacyl : (d) Z
i 5+ N, X 1., hydrogen, -hal d. .. Br, or 1),
N el vy ¥ MR RS, NREOR; onfes (1) v
'ui 0, S, ﬁ&L_%ﬁ, NOR , or Se; and
) each R” 1s independently hydrogen, lower alkyl, alkylene, alkenyl, carbocycle,
aryl, heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C;-
Cs; and
() each R®, R, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula 2 H):

e, Z
R\ A:;)X\T,x
=
R N 'L
RY
R T
Y
2 (H)

or a pharmaceutically acccptéble salt thereof, wherein:

(a) each R and RY is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,ORS, NH,, NRR’, or a residue of an amino acid; wherein at

least one of R*and R* is hydrogen;

13xk




(g) each RC, Rd, and R' independently is hydrogenMarch 2007
| oner al kyl, |ower al kenyl, aryl, or arylalkyl;
optionally with a pharmaceutically acceptable carrier
In anot her aspect, there is provided a conpound of
formula 2 (HH: z XRg RI R4 \' /N RAIII( Y 2
(H) or a pharnmaceutically acceptable salt thereof, -
wherein: (a) each R4 and R4' is independently
- hydr ogen, ?Iogen (F, Br, d, or 1), pseudohal ogen,
NGB, | easr RAldug| RSf isClindspendenily geedoes] lhelogdn quyﬂ;r,, Cl, or D),
hydroxyl, 13inm 1 March 2007 al koxy, CH2OH, CH2ORG,

NH2, Np6Rlohalopera N@S e dlkyladt @PTH haRgbikhied ML Iarkyiithydroxyl
| east one of R4 and R4' is hydrogen (b) each R5 an

R5, i salkex§eQHNOHE] n@?H&ONC% WIRIRRR N} Q%Hué Gf a:%mmgamdo(vherem at

1), pseudohal ogen, I'ower al'kyl of

hal ogeeat sk drRiRd RF Klyardieglr oxy! . al koxy, CH2QH,
CH20R6, NH2, NRoR7, or a resi due of an ani no aci d;

1 A A ARSI 45, st

Q?L?g%ﬂ@%@r sbbae. S BBy S Sinbgiacib Gt (o) 2

Ai(ﬁ) ’leCHorCX;

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

3] Y is O, S, NH, NR®, 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.

In another aspect, there is provided a compound of formula 2 (H):
: ﬁz
RY NgT;}\T/x
RS |
. N

2 (H)

- or a pharmaceutically acceptable salt thereof, wherein:
(a) .cach R* and RY is independently hydrogen, halogen (F, Br, Cl, or D),

pseudohalogen, NO,, lower alky! of C;-C, halogenated lower alkyl, hydroxyl,
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(e) X is hydrogen, halogen (F, d, Br, or 1), NHRMarch2007
NHR', NRR, NHOR, NRCNRIR'', OH OR SH, or SR (f) Y

is S, NH, NR NOR or Se; and (g) each R, R and Re

i ndependently is hydrogen, |ower alkyl, [ower alkenyl,

aryl, or arylalkyl; optionally with a

phar maceutically acceptable carrier. In another

aspect, there is provided a corrpound of formula 2 (H):

Irz RS- N ~ X RS 7/ Y R4 R4 1'1( Y2 (H or a

phar ma@¥eFy: &ﬂzpﬁ S3LOBI .M I%R? or haesidsfe, of wh emérioracid; aherein at
R4 is hydrogen hal Qgen (F, Br, d, or 1),

pseudokastegenl T\@RIIBMO@HkyI of G- C6, hal ogenat ed

| ower al kyl ., hydroxyl, al koxy, CH20H, CH2OR6, NHZ,

NEBR7, eash’ Rizndn R Earindep@@idiily chydespeiuhalized NFAMBANOCL o ),
acid, and R4, is hydrogen, halogen (F, Br, d, or 1),

pseu d opselidubelogedAR0,, [1ow@r alRy1kof CPtﬁ, Cﬂai nat&ﬁld@&? r&ﬂ(tyﬁ Chydro;:cyl,
| ower al kyl, al koxy, CH2OH, CH2OR6 NR6R

resi dugkéXy, @M,0H CH,6R¢ WHRRERT §r Q'i”esk(ﬁ@%?an Qlﬂﬁlo%tsld%herem at
and R4, is hydrogen: (B) each R5 and

mdepqe&egﬁ‘;aﬂmﬁg&;{g gen (F, Br CI, or 1),
pseudohal ogen, th\/\}g ﬁ’kyl of C1-06, hal ogenat ed

r ea%l?k;’aglgéi?rg)e(i}{% enq?eng%ﬁ&grog%q %)g‘hcggé?c%htgill\l I;\!ﬁ(’yl, alkylene,

! east aﬂg:%yl? cargaocyaﬂl,, aryFi?heter%c (Xg rhg%roalryl aralkyl, or acyl;

(dy ZisN;

() X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR'R®, NHOR®,
NR°NR°R”, SH, or SR®;

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

(8) each R®, R®, and R° independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula 2 (H):
A
R N\%\rx
R} I

2 (H)

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;-C, halogenated lower alkyl, hydroxyl,
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(c) each R6 and R7 is independently hydrogen, alkmphbrch 2007
hal ogenat ed al kyl, al kyl ene, al kenyl, carbocycl e,

aryl, heterocycle, heteroaryl, aral kyl, or acyl; (d) Z
is N (e) Xis OH and (1) Yis O optionally with a
pharmaceutically acceptable carrier. In another

aspect, there is provided a conpound of fornmula 2 (H):
RX RSI Il RANNN RAY 2 (H or a pharmaceutically
acceptabl e salt thereof, wherein: (a) each R4 and R4

i's i ndgpendent,by, bydoRY @ﬁ{p_, %;GRQ%? a(rgmdulé of afhmir®" cid) gherem at

pseudohal ogen, NOZ, T ower hal ogenat &

Iovver Egﬁﬁheom%gwmgg%oo 1 I\/Ia!rch 2007 al koxy,

T a residue of an am no

ag;;d W ﬁy R5| Fsa§ elatﬁy %érld.laor%l R%slp Q¥drl£rg (91 or I,

R5 TS rogen,

seudohal oge Iomer al k Io e

Ioower R ‘&% gﬁ%%ﬁ’/lloweél QBSSU%J %I—é@-cti‘al"@Fl?ﬁ%ﬁ’ ; H{Y ehydroxyl
NR6R?7, resi due of an acid, and R5, is

hydr og*’élfPXYh H@%‘énC{ffsﬂR BiNH2d‘I By Oryreswéeaahan@g@ﬁd wherein at

N2, [ower alky f .C,-C6, hal ogenated | ower alkyl,

al koxyleast aghRORA1ydNggen; NR6R7, or a residue of an
‘am no aC|d mhereln at least one of R5 and R5, is -

HgXr oeeh R(ﬁca)ld SRicis iRBpembintR7 hiydrogad eglieidRalbgeytated alkyl, alkylene,
hydr ogen, al kyl, hal ogenated al kyl, al kyl ene,

alkenyl, carbocycic, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(&) ZisN;

(e X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR?, NR°R®, NHOR®,
NR°NR°R®, OH, OR’, SH, or SR";

§3) Y is S, NH, NR®, NOR’, or Se; and

(g) each R, Rc', and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided 5 compound of formula 2 (H):

sl
R N\')'\[/X
N
RY
N
Y
2 (H)

or a pharmaceutically acceptable salt thereof, wherein:
(@ = R*is hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO,, lower alkyl of C,-

Cs, halogenated lower alkyl, hydroxyl, alkoxy, CH,OH, CH,ORS, NH,, NR6R7, or
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al kenyl , carbocycle, aryl, heterocycl e, heteroaryMarch2007
aral kyl, or acyl; (d) Zis N (e) Xis OH and (f) Y
is O optionally with a pharmaceutically acceptable
carrier. In another aspect, there is provided a
compound of formula 1 (I): OY N HON'N OH 1(1)

or a pharmaceutically acceptable salt thereof,

wherein: (a) each Z and Z" is independently CH, CX,

or N, (b) X is hydrogen, halogen (F, A, Br, or I),

NH2, NelResiduRRE atNMORp aciiRe BR'is hﬁﬂogcﬂ,?hal&gén (ByBSBI, oy

13 pp 1 March 2007 (c) each R, R', and

I ndepepstedtiajoges, NQgiwgealkyl MELCA hkl%&ena{eﬂ\lﬁ{rer%m‘&? Roxy,
aryl, or arylalkyl; optionally with a

phar WCHWHQGHLQR%MQPNRER’G oF#fekidBE of Al{hnﬂﬂeaél rwher in at least
aspect, there is provided a conpound of fornu %
W N 5 off® ad®R¥ X hydrogen;

b) each R’ and R is independently hydrogen, halogen (F, Br, Cl, or D),
pseudohalogen, NO,, lower alkyl of Ci-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CHZOH, CH20R6, 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, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

@) ZisN;

(e) Xis OH; and

H Yis O;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided a'compound of formula 2 (H):

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,

13.co




4 Z or a pharmaceutically acceptable salt thereof March 2007
wherein: (a) each R4 and R4' is independently

hydr ogen, halogen (F, Br, d, or 1), pseudohal ogen,

NO2, |ower al kyl of Cl-C6, hal ogenated |ower alkyl,
hydroxyl, al koxy, CH2OH, CH20OR6, 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

i ndependent |y hydrogen, halogen (F, Br, d, or 1),

 pseudokiibog €H,0NOZH,ORNEANRIR, of a RkideB of ﬂﬁéxﬂﬂ@ ﬁéﬂie\dherem at
| oner al kyl, hydroxyl, al koxy, CH2OH CH20R6,

NR6R?, le@srtoﬁebm‘igjlua‘*qghﬁﬁo@m no aci d; wherein at
| east one of R5 and R5, is hydrogen; (c) each R6 and

Rib)i s RNdepasgan hlilﬁgéhy(‘# rggen ’ory g Foﬂ%ﬁgg a¢8!, Slver alkyl of C;-

aIkyI alkylene kenyl, car

het er ogy g}ﬁlg%e, ﬁy& ){1% gly %j(oxys c‘i‘-%%b &ﬁgé& ,Ekgltf;cﬁR“R’ or

h.

is indep
ﬁ;(I ogrenll\lflgue %fl lml’v%(fr‘l gQNI‘—ﬁly{iN?ﬂF;l( }NE%QXE#_& &1 or I)

s Pﬁ*ﬁower T RO hohalogshited oigr pIgY1, ks,

hydr ogen, | ower_ alk I r alkenyl, aryl, or
aryl al%@él %Qﬁ? ) Nﬁ!ﬂ @R%\Qgrr aggsidue of b anmp:tacg:h aithiesein at least

with a phar;mceustl cally acceptable carrier. In another
aspectone phRrandi R’ ighydioged t he use of a compound of
formula 2 t()A— D, 3 (A-B), 4 (A-B), 5 (AB, 6 (A-B),

AcY A- @choR” 8nd B is \Mdepbilehily- hitrogo, Ryl NidogeRSied aBSL, alkylene,

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

d ZisN;

{(e) X is OH; and

H Yis O;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula 1 (I):

' oﬁ/z'\ )

N A
HO

N~y N
OH
1D
or a pharmaceutically acceptable salt thereof, wherein:
(@ eachZ'and Z" is independently CH, CX, or N;
(b)  Xishydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR®,

NR°NR°R®, OH, OR®, SH, or SR®; and
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RO '--%NR4, NYN RA Ra 2(A) Y 2(B) Y WrZ RS mbdch 2007
X5---N" X RS| RG R4 "---""NRg, M\ /N R4 4 [IIf

2 (0 Y2 (D YWXWX R~NRSN gs N NqgZ R4 RS
Nl9%%Z Ra R4 R4 3(A) 3(B) 13:rr 1 March 2007 Y XY,
t~XR5, 5 rN s 5 RRNR gRNRa Ra Ra 4 (A 4 (B)
RS\ RaY WNXRS WN

(¢} eachR%R®, and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;

optionaily with a pharmaceutically acceptable carrier.

In another aspect, there is provided a compound of formula:

ora phanﬁaceutically acceptable salt thereof, wherein:

(@ eachR*and R*is independently hydrogen, halogen (F, Br, CI, or I),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CHzORG, NH,, NR6R7, or a residue of an amino acid; wherein at
least one of R*and R* is hydrogen;

(b) ‘e;ach R*and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NOy, lower alkyl of C;-Ce, halogenated lower alkyl, hydroxyl,
atkoxy, CH,OH, CH,OR®, NH,, NR®R’, or a residue of an amino acid; wherein at
least one of R® and R¥ is hydrogen;

() . eachR®andR’is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d)  each Zis independently CH or CX, and Z' is independently CH, CX, or N;
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Xx RS NI RSNINRa Ra RaRaY5 (A Y5 (B Y MacRz007
R5 X R X Ra NRe Ra NRe Ra Ra 6 (A 6 (B) WR5 X

RS N R R RaRaNX RagaN7 (A Y7 (B X XW
R5 RNe Rz R5 g5 Ra, Ra X' Rai NRe Ra Y 7 (O 8

(A) or a pharmaceutically acceptable salt thereof, for

t he manufacture of a nedi canent for the treatnment of

an HCV infection in a host, wherein:

(¢)  Xishydrogen, halogen (F, Cl, Br, or I), NHa, NHR®, NR°R®, NHOR®,
NR°NRR®, OH, OR®, SH, or SR:

(  RisR°, OR®, NHp, NHR®, or NR°R®;

(g) eachR% RS, andR” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and

(h) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

~ In another aspect, there is provided the use of a compound of formula 2 (A-D), 3 (A-B), 4

(A-B), 5 (A-B), 6 (A-B), 7 (A-C) or 8 (A):

W, . X
RY R 7
R}.{SR“ NS’
3(B)
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(a) each R4 and. Ra' is independently hydrogen, haMagenoo7
(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of
d -C6, hal ogenated | ower al kyl, hydroxyl, 13S 1 March
2007 al koxy, CH2OH, CH20OR6, 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

hydr ogen, halogen (F, Br, d, or 1), pseudohal ogen,
NO2, |ower al kyl of Cl-C6, hal ogenated |ower alkyl,

hydroxyl, al N FROH,  CH2OR6, NHZ, R(b a
resi due of m ng| aci d; wherein at W] eapt e of RS
and R5, R © (c) each R6 aR¥ ;

i ndepend rogen, alkyl, hal I kyl,

al kenWr? car bocycl e, ary. het efiaeycl e,

het er oarylIr! aral kyl, or acyl; (d) 4 s oxygen,
sulfur, NR, qr. CR 2, wherein each R s independently
hydr ogen, I4o(%ér al kyl, al kyl ene, al ké‘r(ﬁ), aryl, or

ar al kyl erein the alkyl is Cl-C6;w(e) ZisCH CX orN,
(f) ea V\%_X'R’,’ and X' is indepeng ydr ogen,

hal ogen d = 1), NH2, N

NR NR R&47 OH, H, or SR, (g)RpeC
i ndepeRdént Iy 0, NH, NR, . NOR, Rbd, Se; (h)y€ach Ra is
i ndependent |y hyd{fogen, |ower al kyl", al kyl ege,

al kenyl, cafBpcycle, aryl, heterocyslg) heteroaryl,

aral kyl, am noal kyl , am noaryl, or am noacyl of C-
C6; (i) edh RFR and R' independetitly ¥S%hydrogen,
| oner alR& Lkenyl, aryl, rQr al ; and
(j) Wis,g optionally with ceutically
accept a 13tt 1 March_ 2407 NR®
4 R
R iy
6 (A) 6 (B)
| NN BN X
_ W,
RS §>E:E,// X RY >;i1:'/, Y
R N | R} N
R4 g4 X" R N ZF x
7(A) 7(B)
“%T/N\ X
R3 >—N o
R} N
m-R4 G
Y!
7(C) 8 (A)

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

the treatment of an HCV infection in a host, wherein:
(@  each R*and R* is independently hydrogen, halogen (F, Br, Cl, or I,

pseudphalogen, NO;, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,

-13ss




I n anot her aspect, there is provided the use of &aMarch2007
conpound of formula 1 (E-H): Y X Y'" N~ X Rs N5 YIN
SYZRRNNZsN RAR N RMMILI(EI (F)OYX

Y'X RS NRs. N WNI1% RS N-//Z RA' R4 RA R4 |
(G 1 (H) or a pharmaceutically acceptable salt

thereof, for the manufacture of a nedicanent for the
treatment of an HCV infection in a host, wherein: (a)
each R4 and R4' is independently hydrogen, hal ogen (F,

Br, O alkety, OH,OHpSELIRNNIPYRRRNGR a rdsRNE bf 2 alﬁﬁlno Qfid: wherein at
Cl - C6, hal ogenat ed | over al kyl, "hydroxyl, al koxy,

CH2OH, 164126865 RN R N ol @ resi due of an am no
acid; wherein at |[east one of R4 and R4' is hydrogen;

() Eosanoar Pty EARIIRN MMt R P o

o p%@év%%@%‘%@) %&%&#ﬂ%%-f?y fecgorgd e SV, aydroxyn
aci d;’ ereb he g RS and R5' Is hydrogen; .
(c) ea gﬁﬁﬁiﬁ @E R ner %/r B¢ pig@rnmie R%lg;,Whefem at
halogenated Ikylene al kenyl , carbocycl e,
aryl, st ap y[{*:laéd itlidengens | aral kyl, or acyl:

(c) each R®and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(D Ris oxygen, sulfur, NR', or CR,, wherein each R' is independently hydrogen,

| lower alkyl, alkylene, alkenyl, aryl, or aralkyl wherein the alkyl is C;-Cs;

(e) ZisCH,CX, orN;

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

(g}  each Y and Y'is independently O, S, NH, NR®, NOR®, or Se;

th) each- R? is independently hydrogen, lower alkyl, alkylene, alkenyl, carbocycle,
-aryl, heterocycle, heteroaryl, éraikyl, aminoalkyl, aminoaryl, or aminoacyl of C;-
Ce;

(i)  eachR® R®, and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylaikyl; and

| G) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.
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(d). Zis CH CX, or N, 13uu 1 March 2007 (e) X 1 ®larch 2007
hydr ogen, halogen (F, d, Br, or 1), NH2, NHR, NRR,
NHOR, NRCNRRW, OH, OR, SH, or SR (f) Yis 0, S, NH,
NW NOR, or Se; and (g) each R, R and R

i ndependently is hydrogen, |ower alkyl, [ower alkenyl,
aryl, or arylalkyl; optionally with a
pharmaceutically acceptable carrier. In another

aspect, there is provided the use of a conpound of

f dn mdtherﬁs;(eEt— there i8 pfoidell theduse 0€a a)mpcﬁmﬂ of Bmuf 1((E- I@

7 (DF), or 8 (B): z RS XR5. / RR N RR N

41 Ra Ra NY 2wE x2(F)YRS'XRS N(XXSRS
Il ZRaN \I\IRaRa YY2(GS2§-/D X RNR

N 5R5 ZARR N-%Z RY N7
V4 RS L
4 . N
R R4 R4 R4 N
1 (E) 1 (F)
¥
0 N X N\ X
R >—N 7 /
RS Z
R4| N\/ 4! N“"-jz
R4 R 4
R
1@ 1(H)

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

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

(a) cach 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, CHZORG, 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 Cl-Cs, 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, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) Zis CH, CX, or N;
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(O 3 (D) 13vv; 1 March 2007 Y x YN X Rearof2007
R R4, NRa R4 4 4 (C) 4 (D) Rs ~N Rs,
Ra, 'VMNM /N RARUIII(5(C Y5
X Rs R4, NRR4, NRa R4 R4 6(C)
X Rs rN Rs Rs R4' R4 N X' R4’

I‘Ja?a?

N
X
(&)  Xis hydrogen, halogen (F, C, Br, or I), NHp, NHR®, NR°R®, NHOR®,
NR°NR°R, OH, OR®, SH, or SR";
- ® Y is O, S, NH, NR®, NOR®, or Se; and
() eachRS R® and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

In another aspect, there is provided the use of a compound of 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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OY-N\ X Rs Nl / lis" NR2Z Ns RRNR,,s NR 1Ré4rcR2007
7 (F) 8 (B) or a pharmaceutically acceptable salt
thereof, for the manufacture of a nedi cament for the
treatment of an HCV infection in a host, wherein: 13ww
[1 1 March 2007 (a) each R4 and R4' is independently
hydr ogen, hal ogen (F, Br, d, or 1), pseudohal ogen,

NC2, |ower al kyl of Cl-C6, hal ogenated | ower al kyl,

hydr oxyl , aI{goxy, CH2OH, CH20R6, NH2, NR6R7, or a

resi due of an id;, wherein at _|I &aTkN of R4
and R4, is (b) each R5 and , Is

i ndependen gen, hal ogen (F,R Ao 1),
pseudohalrj ; , lower alkyl of : | ogenat ed
| ower alrRéyl, hydroxyl, alkoxy, CHeOH CH2GHS, NH2,

NR6R7, or 13.; resi due of an amino aci d® wherein at
| east one of4 {9 and R5, is hydrogen; (&?Deach R6 and
R7 is independently hydrogen, alkyl, halogenated

al kyl , al kenyl , carbocyc ryl,

hetero , aral kyl ,R¥ : R2 S
oxygen, or CR 2, wher Ehfﬁgﬁré

i ndepe , lower a , ene,

al kenyl, Raryl, or Jlaral kyl wherein tghe alkyrl?s Cl1- Cg;
(e) Zis L X, &8r N, (f) each X, X', and X' |

s
i ndependen |(§ hydrogen, hal ogen (F, @{@Br, or 1),
NH2, NHR; . NRR. f_,_ng(R NR'NR R', OH OR S___l:l_ or SR

RX N A~y RE. B——N Py
Rs RS
R NR® . NR®
. R
R R4
6 (C) | 6 (D)
Y\[/N\ X YYI\\ X
RS' >—N / X R.S‘ >—N / X!
S N | RS &
R R4 X' R4' R4 7~ X
Y' "
7(D) 7 (E)
o YYN\ X
R V>N~ N RY N _R?
é’,RS N R \I\E“
. ' h
Y X K R
e
7(F) 8 (B)

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

the treatment of an HCV infection in a host, wherein:
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(g) each Y and Yis independently 0, S, NH, NW NMércoPoo7
Se; (h) each Ra is independently hydrogen, |ower

al kyl, al kyl ene, al kenyl, carbocycle, aryl,

het erocycl e, heteroaryl, aral kyl, am noal kyl,

am noaryl, or am noacyl of Cl- C6; and (i) each R

R', and R' independently is hydrogen, |ower alkyl,

| ower al kenyl, aryl, or arylalkyl; optionally with a
pharmaceutically acceptable carrier. 13xX -----------

- ()" - - each RYBHE R 208depechdbnaf ﬁfycﬁ@éenaﬁﬂggén’ Fl ﬁle @ dr?)

provi ded the use of a conpound of fornula /

= HG g MRS NoS lc)weﬁ"élg(glcmtﬂ[@;aﬁﬁkiééngéhll%ver pliyl, hydroxyl,

acceptabl e salt thereof e manufacture o

medi c ec
host , a§£&§% nzoyg) ébk %E%Fﬂkdggp9g“ﬁgﬁagp%hd&hgﬁmdCﬂ%xmnat
CX or ydr ogen, hal ogen (F, G Br, or
StHl(!ihz’fIi(?\"ffﬁ%f{tl g \R NReR'*, OH, OR, SH, or
S and ) A, ndependently is
@ar “ﬁ SR *R@ﬁpenqea\%éwfg?gsénwogear(lﬁ Br, Clor D,
aryl al kyl ; tlonally with a pharnaceutlcally
O

acteptRibndohaloeen, &0z, lowsr eyl pf GhrGshhalogepated lower alkyl, hydroxyl,
alkoxy, CH,OH, CHOR® , NH;, NRR? , or a residue of an amino acid; wherein at

least one of R® and R is hydrogen;

(c) éach R6 and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

@ Ris oxygen, sulfur, NR', or CR', wherein each R' is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl wherein the alkyl is C-Cé;

(© 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";

(8) eachY and Y'is independently O, S, NH, NR®, NOR", or Se;

(h)  each R®is independently h&dro gen, lower alkyl, alkylene, alkenyl, carbocycle,
aryl, heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C;-
Cs; and

) each R®, R®, and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;

optionally with a pharmaceutically acceptable carrier.
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In one enbodi nent, the present invention provi desMarch 2007
conpounds of the general formula (I): WO R N RS a
e s 3RZRA 7 RS 4N 4 R3 or a pharmaceutically
acceptable salt or prodrug thereof, wherein: (a) each
Rdand R4, is independently hydrogen, hal ogen (F, Br,
ad, or 1), pseudohal ogen, CN, NO2, |ower alkyl of

- Cl1-C6, hal ogenated | ower al kyl, hydroxyl, 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 Rsand R5' is independently hydrogen, hal ogen
( En arBeher §3pectOtherke s ﬁ)ro’@iﬂﬁ@zl dRhab 80 mfebnd NI rmuIQRY):

al kyl of C1-C6, hal ogenated | ower al kyl, hydroxyl,

13zz 1 March 2007 al koxy, £, CHQORB NH2, NR6R7,
or a residue of an am n&aci; ferein at Ieast one
of R5 and R5' is hydroge ch R6 and R7 is

i ndependent |y hydr og haNpgenated al kyl ,

al kyl ene, al kenyl, car ocycl ~r yl, heterocycle
“heteroaryl, aral kyl, onma.% 5 (d) R i s hydrogen,

| ower al kyl, al kyl ene, al Kk ﬂ}l car bocycl e, aryl,

het erocycl e, heteroaryl, aralkyl am noal kyl ,

-aon ambam}aceutmlljamcnptahiy salofhefebe, Gar thé epnacting of ¥ ygditament for
sulfur, NR, or CR 2, wherein each R is independently
Hirdltregmint of O WYY imiideyibn ired hosk avtereiml kenyl , aryl, or
aral kyl of C1-C6; (f) R3 is hydrogen, |ower alkyl,

aakyl %a@z'ahaznygmd@eﬁ&my@mcﬁwh heterocycle, 10
heteroaryl, aralkyl, am noal Kyl,” am noaryl, or

NOSE ! ) cald.er nat of ol
38) nO%e iy Bl e ) F BN e e RS
NR°NR°R®, OH, OR®, SH, or SR* and

(c)  eachR® R® and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;

optionally with a pharmaceutically acceptable carrier,

13'yy




substituted or unsubstituted 5-7 nmenbered ring th@brch 2007
can include one or nore heteroatons; or (h) if RR is

CR 2, then R1 or R3 can come together with CR 2 to
forma substituted or 15 unsubstituted 5-7 nenbered
ring that can include one or nore heteroatons; or (i)

i in BAe iesnbOdirdent, tenpfisenb thvidatica proddes ¢apapbheds of the general
"CR 2 to forma substituted or unsubstituted bicyclic

. formula (i that can include one or nore heteroatons; and

(J) Wis Oor CH2. In a preferred enbodinent, the R5

or R5, of the bicyclo[4.2.1]nonape is a5l 20 residue
of an amno acid, i.e. 2' -pro8rug of an active

bi cycl o[ 4. 2. 1] nonane wh in or R5, is OR In one
enbodi nent, the ami no ac line, In a particular
sub- enbodi ment, tRE—ad ~valine. 14 1

March 2007 | n angwher , the present

i nvention provided comadmds of*WNhe general fornula I
(A-D), 2 (AD), 3 (ABgt4 (A-B) 335 (AB), 6 (AB), 7
(A-C) or 8 (A. Y XY, N XRs MRs' rNRs N\ Z Rs N
~~Z RANRY RANI1I (A 1(B) YXY-NX RsrNRs, rN

/| sZRARNRs Z 4R4 1(® 1(D) w-r- 1

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, CN, NO,, lower alky-I of C4-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;

(b) éach R°and R% is independently hydrogen, hélogen (F, Br, Cl, or- 1),

pseudohalogen, CN, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,

. 132z
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RS NXRs' / X55 RR R4 N4 N /N R4 R R4 WMargh 5007
2(A) Y2(B) Y W Z 5N rx Rs NX ss RR RV NR4
NN /NR4 4 ~V 2((:) Y2 (D Y 15 1 March 2007 WX

afkoxy NCHEBH, B ﬁll—% NR°R? %r@ %s'id-[le dfan Shind il Wherein at

R4, RARA3 (A 3
least one of R® and R%is hydrogen;

(c) each R®and R'is independently hydrogen, alkyi, 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 C4-Cg;

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

() R%is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, 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 include one or more

- heteroatoms; or

(h} if R?is CR’, 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

- (i) if R%is CR’, then R" and R® can come together with CR’s to form a substituted or

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

() Wis OorCH,.

In a preferred embodiment, the R® or R® of the bicyclo[4.2.1]Jnonane is a

residue of an amino acid, i.e. a 2™-prodrug of an active bicyclo[4.2.1]Jncnane wherein

R®orR% is OH. In one embodiment, the amino acid is valine. In a particular sub-

- embodiment, the amino acid is L-valine.

14




W R5, ~N\r / RS N R5 R5 NRa NRa 4, 4' R4 4 4 Widgh 2007
(B) 5R5, N WRs / | XR5 1 Il X R4, NR4, N\ N R4
4 Yy5 (A 5(B) WNZ R5, 5 NXRNXR5 R5 4.

N'?ﬁ a%thé}‘%'f‘nbdggms t, %ﬁeg%n@gﬁpé@bgﬁcﬁ@ Ompbuhdsof 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 (A).

% X Y\’/N\ X
R >—N / R >—N /

R Z 5

RY N~y R4l'{ N~ NJIZ

R* R4

1 (A) 1 (B)
Y X
AN ¥ Ne X
RS >—N / RS' q /
Rs 4 RS 7
R4‘ . \/ R4c \/
| R R*
1(C) 1 (D)

15




Y 57 (A 7 (B) 16 1 March 2007 Y X a RS ~ RiMciR2007
RSRSa R4 R4 XI11 R4 RANRY 7(C 8(A or a
pharmaceutically acceptable salt or prodrug thereof,

[ Rg . RS, and R5, are as_defined aggve

, N 5 each X, X, an X'
rogen, hal ogen (F, ; )
, NRNR~R', OH, OR r ;
|ngébendently O S, N’ MR 81455

eggh [Ra is ind€pendently hydrogen, Fp
al kylréne, al kenyl, carbocycle, aryl, peterocycle,
het eroaryl, aral kyl, am noal kyl, am noaryl, or 10
aninoacgw}Q? Cl-C6; and each R R~, and @~Q§?

i ndependently is hydrogen, |ower alkyl, o al kenyl
aryl, or arylalkyl such as unsubstituted or

substi t u¥a nylL.Xor benzyl, cycloal kyl,
e partlcular exanpl e uw a cI |de
e follow ng bicyclof4. ane
or mul a.
NRa R4!
4(B)

N X
RS
R¥ NR®
R4
6 (A) 6 (B)

o Y\[/N\ " Yﬁ/N\ X
RX >—'N z X' R >—'N / "
NG PN
R4 X" R4' R4 / X

7 (A) 7 (B)

16




H H 17 1 March 2007 |In another enbodi nent, thetMarch 2007
present invention provides conpounds of the general
formrula Ro ON WON Rs" RARSZ 4 Z or a

phar mace\lj\},i cal acceptable salt or prodrug thereof,

\NthEI{‘]/ 7 , and 5 R5' are as fined
abovg i s| Re, NH2, NHR, or NRR, ei =R and
R- B ' bove; and each Z aR ~s~N R2
i ndep L, or N In a partlcu \(
enb&d b| clicl o[ 4. 2. 1] nonane | Rg#F T he
fopfiula: H d dNrom O H HO M HO oH  NR®

bi cycRH[ 4. 2. 1] norlane system t he nucl eosi B¢ precursor
10 or a pharmacentically acceptable salt or prodrug
t hereof .7 efore, in one enbodi nent, thegprggent

i nvent i on-(gz?:)vi des a p( §

ora pharmaceutically acceptable salt or prodrug thereof, wherein W, R*, R*, R®, and
R® are as defined above; and
Zis CH, CX, or N;
5 | each X, X', and X" is independently hydrogen, halogen (F, Cl, Br, or 1), NHz,
| NHR®, NRR®, 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,
aryl, heterocycle, heteroaryl, aralkylr, aminoalkyl, aminoaryl, or
10 aminoacy! 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.

15 One particular example of a nucleoside derivative is the following

'bicyclo[4.2.1]nonane of the following formula.

17




10

bi cycl o[ 4. 2. 1] nonane ring of the fornmula (1), or{march2007

phar maceutically acceptable salt and/or prodrug for

the treatnent and/or prophylaxis of a host, such as a

h ith Fl aviyviridae infection, .and in

paliofe ettty e preset inveRligh priyidiieompepnds of the

anqt her, _enbodi nent of the invention, a pharnaceutica
gen955396§W?ion that includes a conmpound of formula (1),

or a pharmaceutically acceptable salt or prodrug

thereof, together with a pharmaceutically acceptabl e

carrier or diluent is provigded. yet anot her

enbodi nent of the invention, rmaceutica

conposition 5 wi th y conpoun rmula (1), or a

phar maceutical ly acce Eﬁug t her eof,

optionally with a phar cceptable carrier

or diluent, in _conbi e or nore other

antiviral agentéiare nvention al so

i ncl udes a net nt , Zhd/ or prophyl axi s

of a Flaviviridae ipRection, %ﬂngZing a Hcv

i nfection, conprising4the adm ni stfati on of an 10

antivirally effective anount of a bicyclo[4.2.1] nonane

ora dHaﬁ%a@éutfdé‘llV‘ébéeﬁthbfe %It & d@?gg@g&%@hé@ﬁmw 0 & and

salt or prodrug there

5 r ti,cally acceptable carrier or diluent. The
R” arB 8 IREH' Db L F el

'nve Fher i ncludes a nethod for the treatnent

. r Xi f.a Flaviviri i nf ion,
R”is ﬁﬁg(f’ gi'ﬁdg INHiRE, or iR, g\mer%aiad%dr%dd%g arf@s defined above; and
adm nistration of 15 an antivirally effective anount
each grandl %iig jndeppndently Gbh&3% oriMg of fornula (1), or a
pharmaceutically acceptable salt or prodrug thereof,
olot a padicularsinifodimept) aerbgulo{4: 2] 1]xoreareiptof theformida:er
or diluent, in conbination and/or alternation with
offe or nbre other antiviralty effective ggents. In yet
anot her enbolkge a nmet hod of manuf act yf.e ef a

- mgdi cane ‘ O’tr gat nent. of a Fl avi i ri,
ifffectio conpound S€¥ed nul a (I St g
phar maceut NNacceptabl e d@m or hereof ,
I.§ provig W th a phar 1y
agcept ab\e .2 ' j/I'uent

HO
OH . HO OH
bicyclo[4.2.1]nonane system the nucleoside precursor

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 (), or a pharmaceutically acceptable salt

* 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
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I'n an additional enbodinent, a method of treati mgvach 2007
mamal having a virus- associ ated di sorder which
conpri ses adm ni stering to the manmal a 19 1 March

i fofti'd '@?3%8%? o thrdieiion: 7 0Py Stedeal SHREDSHTH that
. r prodru r.eof , gdg_r ovj ded. The invention al so
'"C'Uﬁ??&5 &BEAOO?WQ Q% jla 4 o BlyA@NasFeUtisaliyAgrepigble salt or prodrug

cri bed herein, or a pharmaceutically acceptable
there%ﬁ@g%thepwdb rajgharnaceuhcaikvchenwulq/camev\m dilgent is provided.
phar maceutically acceptable carrier or diluent, in a
mbt yehnather emppdimeant ofitheaimvantionia pharataceutical composition
antitunor/anti cancer agent, for exanple for the

with 4 cembornd of foraiud@(ly, ovd sharffaceufiéaly adcebtitfe sat 6%#&1&19
i ncl udi ng HCV i nfection. The invention also includes

therebmh %pﬂéﬁalfoifw Mﬁgel?llf caP %@Héﬁtaéle) c rﬁér oF@ﬁ.@n‘t hed

hérein arnaceu acce € Sa

comb ai%@&t?ﬁ%?%@@ 0%2{5'%3' At bR Proyidegen: . i n
?Jﬁég 33\&}1@35 als Coﬁi%kg%%ﬂmvgcftgptf?%“@e%bgﬁwa%@l?orﬁo@wiams of a

antiviral or antitunor/anticancer agent, for exanple
Flavivrigtae inteatiopaineiisinga HEF 6 jnfgetion, soufprisingtheadministration of an
i nfection, including HCV infection. The invention

antivirally effectivmahmdaisoitdnbicysle[tnﬁ.ﬂnmﬂﬁmﬁﬁgiobﬁorﬁmrdﬂl arél),
as 15 descri bed herein, or a pharmaceutically

phammanéagl Scceptdbl@kaR bp ﬁrdtﬁug 'ﬂ?ér?@f dgﬂohgﬁ guf act ure

cament for treatnent lavi

B T Al

scribed h their rmpceut i cal .
eel&"&ﬂp%" gtgﬁ'{esr "?;Fﬂkﬂ‘?esp? 8&‘?"05& ?‘?rﬁgﬁg@atmﬁﬂl %rrsi/ewrophylams
gE CRI PTI ON OF THE FIGURES Figure 1 is a line graph
of a FigupridaenipieatienHooluginga HGinfeketians gompaising thatadsministrtion of
chronically HCV-infected chinpanzees w th conpound 15
an antjvitadly effeztive aipuat ofa bioytlofd. 2 ainemaree dag bfformula (1), 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.

In yet another embodiment, a method of manufacture of a rﬁedicament for
treatment of a Flaviviridae infection using a compound of formula (1), or a
pharmaceutically acceptable salit 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-

associated disorder which comprises administering to the mammal a
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20 1 March 2007 Detailed Description of the | nvemartionroo7
It was surprisingly discovered that certain
bi cycl o[ 4. 2. 1] nonane rings exhibit potent and
harffcEGhida ' "E]g@ll LY drhfRe ) frgct i on,
P and in plgr?fegg %%‘?’hé’g‘g?%‘;?&’ _ﬁéoﬁc{g preggﬁr%
j : I Lnc es_ at |l east the follow ng
pharr BXEMCA0 Lo eboedf o Blne Phin Brerbebduc Poar 1y
accept able salts or prodrugs thereof, useful for the
t ?’iﬁqﬁﬁ%‘ﬂ“%‘r aa‘ﬁ? Hﬁﬁ%‘%&ﬁ@ Use of areompeund abfermuliedb: asn,
and in particular a HCV infection; (b) pharnmaceuti cal
descebeghBerein. i phaimacesutically asseptables salabr prosinigthereef, optionally
~amount of a 10 conpound of formula (1) or any other
with & phpooacsutiesllyescaptdisld chaterion diloentain ahesdies ehdrapyliley as an
acceptable salt or prodrug thereof together with a

antivipd] T RGO aticANBSICARIA bR eApicSfor Be #EAWRHt or prophylaxis
according to the present invention; (c)

 of a MAGLABGE ifketin, ARIMARY HA Mrdliddp, 2 compound of Tormul a

(I') or any ot ound, as ‘déscri bed herein,

p 101G ble salt or prodru 5
P RBe et s b RBRERE Up€ o7 B conBioRe iR ), as
desct ntivirall effective_%gents; d) nethods for the
escribed hereiy oba ahasprgedically seceptable\salt o rragrugheraaf eptionally
.. including hepatitis Cinfection, in a host conprising
with agpligrmasestically agseptabde cavier andilurentoin altercatigroemunatfination
. formula (1) or any other conpound, as described
with oheragimorecsther thelnapeuticeigienteinl &/ melic tivdrbpy, S@). las @h antiviral or
prodrug thereof, optionally in a 20 pharnmaceutically

antitumof/RRtiedN R r egeht, 6r Sfanshik oithe éfé;azt/m@ﬁf BPHI%plf'lgllﬁaxfshﬁ a

treatnment or prophylaxi's of a iviridae ect1on,

‘treatm phyl 8's of a "M avIVi' Fdse T Ar cot o
Fravi oot Son REbIg Aok e hount of a compound of |

eri fective
I g e SR B 8 B,

rug thereof, optionally in a 21

prod
-descnged herein, or a pharmaceutically 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,

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) at 5

mg/kg/day once daily.
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1 March 2007 pharmaceutically acceptabl e carri erMath 2007
diluent in conbination or alternation with one or
nore other antivirally effective agents; (f) use of a

conpound of f%[’&"e@i él‘:&cﬁ tl@ﬂ%f%? im,pund as

descri bed herein, a maceu |ca y accept abl e

salt or prodrug thereof optlonally inab
pizwamsaprisingly giseoeepd it eedtalny bieyclo[M@.1jnbaahe eiayserhibit
or prophylaxis of a Flaviviridae infection, and in

poterpaintiseldctive actiRy agHigsttd FRviViribacihfeclbn aauﬁPﬂR%fﬁ&;lQF against
formula (1) or any other conpound, as describ

Hcyvherein, or a pharmaceutically acceptabl e sal t or
prodrug thereof, optionally in a pharnaceutically

a |t of .Cconi on with
o e rEs iRitif pise Bebf et he oubPiFe BaLHEE or
thetreatn& rophyl axjs of a Flaviviridae
(@) qu?ﬁoéadﬁoﬂ“ Theirp ipgceHticallyracseptable palteei prrdrygs) thgeeof,

. a compound of formula (1) or any other conpound, as

US@&A ¢oni thedrassmenhor pophpayisof wekleulviritate igfeatiom prabingarticular
salt or prodrug thereof in the manufacture of a

a MeYiiotaction; f or treatnment of a Flaviviridae infection;
15 (i) use of a conpound of formula (1) or any other

(b) ph@ﬂﬁﬁ@élméal @@mF@Qﬁéh@ﬂﬂt ﬂﬁ!ltﬁienan ahtivifally gggéifaﬁio%k b¥a

acceptabl e salt or prodrug thereof, opti y In a

coﬁﬁ%ﬁﬁ@%@ er f !(/I)f o?‘éﬁf Bﬂ%k?lc%n%t{nd%? glesgﬂlgﬂéﬂel%rew ot a

i cal as an

antl ent,  for, exanpl e for
ph?&éé%‘?’fgﬁ? I%?CC‘?H?%@ rfpr%qrug ther ?g?qqtlaﬂé”'hﬁect i on,
i ncl udi hg HCV i nfect| on, and 20 {j) processes for the
phamascaulicalhnasteniablp sarier s dilent pacendjngio thepresentrinvention;
conpound, as described herein, and their
(c) phpmaaceitical ¢arapositicrerwith aftompmiridsofdormpladiirargmy other
thereof. Active conpound In one embodi ment of this

compeeand, a5deddribeldtRSsiAL of é‘bﬁﬁhhéébtﬂrc‘éﬂg deseptabléXsalt or prodrug
conpound of the gener al formula
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
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

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

phannaceutigally acceptable salt or prodrug thereof, optionally in a
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1 March 2007 W R N R-s aR2 R4 Rs e, r3 41R3chLoo7
a pharmaceutically acceptable salt or prodrug thereof,
wherein: (a) each R4 and R4' is independently

ph%ﬁﬁé&&ﬁc?wé&??iﬂlg caﬁﬁe&ﬁ&lu@ﬁt |bg:8énnﬂg§§g:q\o&aél%gﬁ&on with
°ﬂfé£’¥§7‘°r9’6‘i"‘eq)%bwﬁa® e nei ) whor el n at

. | east one of R4' i s hydrogen; each R5 and
(f) upgor §°mmeﬂeﬁ§é9rml&}a zk)&r@gwth%goawnépas desciiped fgrein, or
:E:Q pseudohal ogen, | oner al kyl of Ci1-Cs,
a papoyasritisally amptabnaﬁalt cmmdm theregf| k@tyunatuﬂm
CH20R6, NH2, NR6R7, or a residue of an am no acid;
phrerasientically ddveptedde camierofor Rie westniént or prd'pl‘qlﬂlmcf a
(c) each R6 and R is independently hydrogen, alkyl,
FlaadvirgriedhR@tioh katd indddnit@aea HRY K’ﬁ@bﬂon car bocycl e,
aryl, heterocycl e, heteroaryl, aralkyl, or acyl; (d)

(g) uf® of §c&¥| 685& Bf drﬂh‘ﬁﬁé Q?BI‘MHY oﬂ‘lé%hﬁ'@%unﬁ%g Hlégcrltkeq herein, or

car bocyc ocyc roar

r an1 15 ( )
a @ﬁ%@%ﬁ{ﬁa@ﬁ%ﬁ% srikor PpAR oo aPloRaLelYe i s
ndepen t dr |ovwer al kyl al kyl ene,
'Efwé‘ﬁ?vt% m%ce ﬁabge?%@wr, laﬁlt@ma@e% O(pprrrlwatpn with one or
hydr ogen, |ower al kyl, al kyl ene, al kenyl, carbocycl e,
maie,othenantivinedy effectivenagentsFon/the teaadinent or prophylaixis,of a
am noaryl, or am noacyl of Cl-C6; (g) alternatively if
FIMV:'rie’aalﬁ?ifeciidremnE!in partiilaren HOYBfdatigal her with NR to

forma 20 substituted or unsubstituted 5-7 nenbered
(h) uskidTé édtApodRIof BAMURKIPECarY ofBF EomPBLAH.AH 88%cribRY herein, or
a pharmaceutically acceptable sait or prodrug thereof in the manufacture of a
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

prophylaxis of a Flaviviridae infection, including HCV infection; and

'(j) processes for the preparation of compound of fbrmula (1) or any other compound,

as described herein, and their pharmaceutically acceptable salts and prodrugs

thereof.

Active compound

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

compound of the general formula (1):
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23 1 March 2007 (h) if R is CR 2, then Rl or RBMsaran2007
cone together with CR 2 to forma substituted or
unsubstituted 5-7 nenbered ring that can include one

or nore heteroatons; or (i) if RRis CR 2, then Rl

and R3 can cone toget héWsw th CR'2 to forma

substituted or wunsubstiXyted Picyclic ring that can

i nclude one or nore hetepght oAby and,5 Q W sOor CH2.
' WI o[ 4. 2. 1] nonane
f OH Wi a pharmaceutically

In a particular e
is of the fornul a:,#HO
acceptabl e salt or protyRY theré?{f. 10 In a preferred
enbodi ment, the R5 or Rys of the I@ cyclo[4.2.1 ]nonane
is a residue of an amno acid, ive. a 2'-prodrug of
an active bicyclo[4.2. 1] nonane wherein R5 or R5, is
OR I n one enbodi nent, the &M no acid is valine. In a
or a plarmacettivally deceptabis sale ok prodhey tisrésf, Abicfeins
L-valine. 15 In a first principal sub-enbodi nent of
the present invention, a conmpound of fornula (I) is
(a) equtoR sledl R s Wl gpend@ntiy hﬁ?oéen,%l%@l‘u ﬁ% l?rRrg@, dqget her
an

to forma six- nenbered ring and comne

Pééi’ﬁ!%hﬁl_%ge?,agfglg h@z@%ﬁi&?’rﬁal@%%%% éh@eﬁ%fédz R agtyl, hydroxyl,

five-si na secon
i NG - j 6 t he present invention, a .
5 alROEHRDN SRR NIRRT of 8%sR08 BLan ah Riact pbrein at
%2, (;g%‘and .cone together to forma five- 24 1
legghane ANd Bt P¥drogeRy and R3 and R2 cone toget her
to forma_six-nmenbered ring (to forma five-six fused
(b) eaghdyandcRY ismindependently hydragemihalbgen (iGiBrall, or 1),
~ sub-enbodi ment of the present invention, a conpound of
pseudohalogen, CN, NO,, lower alkyl of C1-C5, halogenated lower alkyl, hydroxyi,
alkoxy, CH,OH, CHORS, NH,, NR®R’, or a residue of an amino acid; wherein at
10 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 aminoacy! of C1-Cg;
15  (e) R%is oxygen, sulfur, NR', or CR’,, wherein each R’ is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C4-Cqg:
(f) Rdis hydrogen, fower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
' heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacy! of C1-Cs:
(0) alternatively if R%is NR’, then R' or R® can come together with NR’ to form a

20 substituted or unsubstituted 5-7 membered ring that can include one or more

heteroatoms; or
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formula (1) is provided in which R2 is CR 2, andi#&ach 2007
and R2 cone together to forma 5 five-nenbered ring.
In one errbodi rrent R and R2 do not cone together to

@ fourth principal sub-enbodi ment of
(h) if ﬂnés §Rezs J_hﬂn Rn@é ran comedogpibenwithiCRE &0 farmua substiteted or
provided in which R is CR 2, and Rl and R2 cone
unsupstided b7 membered sing-thatndaer indludemghe drmmoreeheteroatoms; or
enbodi nrent, R3 and R2 do not cone together to forma
(i) if Big CRY, tHah R' &hd Rl cAA Icemen@gemebmﬁmcmwzrt@ mmpé shbﬁttuted or

pr esent inventi on, a compoun formula (I)

uiuRti éf,“fﬂir i aﬁ%t an §RI nggde @ﬁ‘&'o%cﬁ@ %e?groﬁﬁﬂ?s and

t oget Si X-me red

5 (j) mg@g}%g}n R1 _and R2 plo not come together to forma

10

15

- 20

rong a sixth principal sub-enbodi nent of the
present invention, a conmpound of formula (1) is
provided in which R2 is CR 2, and RL and R2 cone
together to forma five- menber ed ring. In one

elbe geriowar exsbediment the biryclofb Al Inergneisrofithe fasmua
ring. In a seventh principal sub-enbodi nent of the
present invention, a corggound .20 of formula (1) is
provided in which R2 is TRy, Rxand R2 cone together
to forma six- nenbeQg [ and R2 cone
together to forma siX ng (to forma

si x-si x fused bicycl] ) In an eighth

princi pal sub-enbod : i nvention, a
[ dgd |n whi ch nelther
come togettler to 25 forma

conpound of fornHgoa
R and R2 nor R3 and
ring. 25 1 March 200 I n anot her particul ar
or a phatsaeiavtically apecpiaklesatijor ppodiugdhereefi s of the
formula: wY XwYL /NX 5 NRSY N

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[4.2.1Jnonane wherein
R®or RY 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
formula (I} is provided in which R?is CR’;, R and R? come together to form a six-
membered ring and R? and R? come together to form a five-membered ring {to form
a five-six fused bicyclic ring system).

In a second prineipal sub-embodiment of the present invention, a compound

of formula (1) is provided in which R? is CR’2, R' and R? come together to form a five-
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RS i~Z R5 ~~Z RA' 4 NON 4' R4 NON 1(A) 1(B) W Y March 2007
Y~-N- X R5 ~NR5 ~N5 4 ZR5 N,% RR4 1(C) 1(D)
wN=z R5. NXR5, NXI s RRR RANRINNRIRE Y
Y2(A) 2(B) wz R'~~ NXR5 NX 55 RRNRR4 NN

memBéréddring/and R® 2ant &2 cora®fogether to form a six-membered ring (o form a
five-six fused bicyclic ring system).

In a third 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
five-membered ring. In one embodiment, R' and R? do not come together to form a
ring.

In a fourth 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

six-membered ring. 1n one embodiment, R® and R? do not come together to form a
ring.

- In a fifth principal sub-embodiment of the present invention, a compound of
formula (1) is provided in which R? is CR’z, and R® and R? come together to form a
six-membered ring. In one embodiment, R' and R? do not come together to form a
ring. |

In a sixth principa! 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
five-membered ring. In one embodiment, R? and R? do not come together to form a
ring. |

In a seventh principal sub-embodiment of the present invention, a compound
of formula (1) is provided in which R? is CR’2, R' and R? come together to form a six-
membered ring a.nd R® and R? come together to form a six-membered ring (to forma
six-six fused bicyclic ring system).

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

form a ring.

25




26 1 March 2007 WX WX s' Na Rs' N R
R NRy Rg R4 3(A) 3(B) W Y XMW X
Rs Rs g, NRa Rg NRa Rq Rq 4 (A 4

INRg, NW R44

(
\F/{v&rr‘ gf‘é’@‘ér gaycw?/f@%bﬁwgpﬁs\?hé Féc;c!om.2.1]nonane is of the f?:')rmula:

X
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RS NXRs NX Rs RS Rg, NRa R’ NRa R4 Rq 6 (AWaBh 2007

(B) WY~~I / XYW /NX yl'" R X R N Rs RR Rg’ Rq

NXff R Rg Nx Y X 57 (A 7 (B) 27 1 March 2007

Y~N~ Wa 5 rNRE\rNRZ RS RS Rg Rg NRa Rg'" Rg N

X11 Y7 (C) 8 (®) or a pharmaceutical lyy accept abbe

r ojfr ug {hereof, wherein R2,_R X RaX",

: , R5, and R5' are nedy

arftic r enbodi nent, theg

o[ 4. 2. MNaon is of the formuf oY
N . R4'

R* R*

3 (A) | 3 (B)

27




5b-NRS" NRS zR5z Ry NN N NRg, ,NRg Rq 1Marth 2007
(E) 1 (F) OYXYNX R5. 5 ON s RARN% R5 N, 1z
RO Rg1(G 1 (H RRNXS5NX RERS R Nlee NN
RO Rgy YY 2 (E) 2 (F) 28 1 March 2007 OZ Rs N x Rs

N X RSMNR&, NNRGRg\ YVY2(Q 2 (H
W,
R \D— R R r

N A~
R® r, R Ya
R4' N Xll R.4' NR
R4 R4
Y‘l
7(C) 8 (A)

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

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

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

0 BNyNE 5 Y\I/N\ X
RX >—N 7 RY >—'N O
R35R4 N\Néz R41'15R4 N\N//Z

1 (E) | 1 (F)

Y X
o N o Y\'/N\ X
5 > '
R N A~ R? B—N' P
; 7 ) RS
R4 ‘ R4'
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OXXp R NRNz s RZR Z Ra NNNRg Ra Ramardh 2007
() 3(D) YXW /Nx RS NRs N/ Rs Rs Rg, NRa Rqg,
NRa Ra Ra 4(C) 4(D) I-RaRa R5 Nf Rx Rs N %x Rs
Rs 1YY Ry RaNRy RARNNNYYS5(C 5(D) Z5 R5)
ONM x R / x RRs Rg" NRa Rq NF@gRiRTﬂZ
R? N X R N X
= =
R> | RS |
R4 R4 \I'r
Y
2(G) 2 (H)
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5 6(C) 6(D) 29 1 March 2007 Y~N. x Y~ X R5 ~r A\Vifch 2007
00 RSRE Ry Rg Nx Ry R NX X 7 (D 7 (E) Xa
RS5NRZ OYN-1 N RS RS Ry NRy NRa Rq Rq 7 (F)

8 (B wx RS N/ RS rNRSZR5Z R4 NNRg N, %

RqRq3§§i/3*{\ PY XWX RSSO N
R ST

' RS 1
N A X N F Y
PN TN
R4' R4 X" R4' R4 / X
7(D) 7(E)
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NR>/ R5Rs Ry, NHRq, NHRg Rqy 4 (E) 4 (F)1M&shPkbo7
5 H WWrN/ XR~N/ X RS 1 RSRg, NRy, N /N Rq
Rg ~I'( 55 (E) Y5 (F) Y301 Mrch 2007 Z WRS rN
R N RSRs R4, NHR4, NH4 R4 6 (E) 6 (F) 0 x 0 x

R5 ~ 5 51 2Z25Z R' NONRARW R4 R&=4 (G
3 ) \ X X YN X 5 /
X—NW)\X R >—N A~
R.5 R5
RY NH
R4

’6(E)

Q. X
1 H
RS
R3 42
R4l N""‘-N
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RSN5N RS R5 R4, NHR4, NH 4 4 4 (G 4 (H 1Mércheoo?
RS RANRAE, NN RAR4III(C YY 5(G 5(H zZzp 55
NXXR RS R4, NHRA. NH 4 R4 5 6(G 6(H 31to1l
March 2007 RS WN/R2Z R~-NRZR5 1 RS Rg, NH Rg, NH
Rg Rg 8 (C) 8 (D) or a pharnmaceutically acceptable

salt oM\prodrug thereof, wherein R2, R XY,
Y, >RA,§R4'/R2R5, and Rs are as deg#: R2
RS
R¥ NH RY NH
R4 R4

8 (C) 8 (D)

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

Y,Y'W, Z R* R*, R®, and RY are as defined above.
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32 1 March 2007 |In yet another particul ar enbodi st 2007
the bicyclo[4.2.1]nonane is of the formula: O O-Z~ O
rNN/ \r /1 1l N HOMN 4N HO NN N OH Ox | (I)

2(1) O H O-ONH2 OONO HN HO NN HONH OH OH
sglriyehamqtbeil\parmuw emkodimemcthadisyelod 2.1 aneang is off theH
5(1) 06(1) HO /NO-~I N

formula:
O 2 0 =N
WY .
b e
H

l _
N

HO N HO L
N\N
1 () 2m ©
Os N 0
ONH
N~ N~
HO N \/N HO NH
OH OH
3D 4 (D)

0>_H | N/—?\CN
' Ho NWO N HO -
OH

N NH
ou T
5@ ° 6 (I)
os B o
' Y E /0
N o —T
HO i | NH
OH
OH
7(G) o 8 (E)

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

5 independently CH, CX, or N,
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NH HONNHOOH OH7 (G o8 (E) or a 1 March 2007

phar maceutically acceptable salt or prodrug thereof,

wherein each Z' and Z" is 5 independently CH, CX, or

-N. 33 1 March 2007 1In particul ar enbodi nents of the

pria pariculanesmbodimentshef thelpressént dnventipouthédoliewiag compounds

provided: O NINNHI \ Br INCI MW i N / '. NNNNO
are prolidE:N NONNO 0 OO OH OHOHOHOHOHOHOH 1(d)

1(K) 1(L) 1(M NHZ O INNN\NNNS NONLO\N TeLO
000 OHOHOHOH @O Of (N I(0) I(P) (D

N N
P, l N NG | NH P Xy —Br N Ny —Cl
N N /l\ AN | N |
N N 0 N 70 N N N N g
0 0

OH OH CH oH OH OH - OH OH
1) 1(K) 1(L) 1{(M)

OH OH OH OH OH ' OH OH
1(N) 1(0) 1(P) 1(Q)
0 S S
Vs | NH A l NH N//Nm
N ~ ‘
0 0 0
XY
S
1(S) 1(T) 1(U)
O 0 \N'/
//N |
{ N
N
0
OH OH
1(V) 1(W) ' 1(X) 1(Y)
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10

OSSININLD NNI NNNONNONNNO 0 OO0 Hvaiciio07
HOHOHO O O 010S I( SN 1 (R 1(S 1 (M 1
(U OON INNN XxJIINNO 00 OOOHOHOHOHM™
CH OH 1(\) 1(\V) 1(X)_1(Y) 4 1 March 2007 | N HN O
CINHNNNH MNNJONNI NINNI NQHHI ~i\Op
p Og OOH/OHH ROH OH 1 (Z) 1 (AApE (AB){1 (AC) o
NH2 NHZ O NppNO p ,
' N
STy I
. ™
N NTXg | N N/KO N N7 g N N7 g
0 I 0 | 0 0
OH OH H OH OH OH OH oH
1(Z) 1 (AA) 1 (AB) 1 (AC)
NH, HCI NHz 0
1 N
ohute® CI T
A S AL
N N 0 N N 0 N N 0
o [ :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 () can be viewed as a derivative 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 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 shgar moiety in a horizontal plane such that the -O-

35

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, when C1 an_d C4 substituents are




\QOHOH \N T \ NNOHOHOH OH 1(AD) 1 (AE) 1 { MEich 2007
or a pharmaceutically accept abl e salt or prodrug
thereof. Stereochem stry As shown bel ow, a corrpound

. of structure (II) can be viewed as a derivative of

cis op;afdmsypan dae nuplegpiders referred taag RB angsia misre image is B-L In
bridged by an NNC-N fragnent. The first conpound we

this prpsentieentiehgihecnucieasidehastor Bavecthe Heowiigiwations
9,5 -cycl o-
3-(3-D-ri bof uranosyl ) - 1- deaza- 8- azapuri ne-2-one whi ch
contai ns at feast vvo critical chiral cardpon atons:

the specified™S ferred to 3 2% substit uent
when usHk ri ng numbe 2
(referred a A substitue Cl and C4
subst itQ i e nucl ee Hto as

E3, anggd ) A. AN
the sugar Bri zont } | fal t he
-0- in the rrng 'S |nt e b:ack and the C4 - CH2-
substituent is "up" and onithe left side, the
confirmation il D and its nirror i mgellis L. Thus,

when Cl and C4|lsubstituents are 35 1 March 2007 cis
on a D-sugar, the nucl eosi oEe is referred to as R D and

its mrror imgge dis RL. In this presepf i nventi on,
t he nucleosiel to have it he R— tion. OO O
HOOCH H OH N 411

~
-
- ks o

p-b ' p-L

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 polymorphism. The nucleosides
formed from the coupling reaction can encompass racemic, optically-active,
polymorphic, or stereoisomeric forms, or mixtures thereof, which possess the useful
properties described herein. The optically active forrns can be prepared by, for
| example, resolution of the racemic form by recrystallization techniques, by synthesis
. from optically-active starting materials, by chiral synthesis, by chromatographic

~ separation using a chiral stationary phase, or by enzymatic resolution.
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HHH Ro0 RL The nucleosides forned from thesemarch 2007
coupling reactions nmay have asymmetric 5 centers and
occur as racemates, racem c m xtures, individual

di astereoners, or enantioners, with all isomeric

f Soplicaliiative tesme@sthe ompeupds sambe iprerared aising any method
Nucl eosi des having a chiral center nmay exist in and be

knovinsioltae ed, includirg loyardsplution ofdthe 2ackrigdem by recnystallZatien

compounds may exhi bit pol ymor phi sm The nucl eosi des

techriiquee byfsyhtRdsherain Wphicany-bemet ét@ﬁn@%at%ﬁﬁ%”’ﬁ?%ﬁtral synthesis,

racem c, optically-active, 10 pol ynor phic,

or byrP6Raictp |b %eéé}‘éﬂﬁn u%fngr% EhithiSRat dﬁ%b?@ﬁ% é/"h' ch

folio vgt&g

possess 't use properties descri erein. The

Fanficd o i AR RANEITRR iRtafity e at toast the

recrystallization techniques, by synthesis from
ically-active starting materials, by chiral

synthesis, b chronatographlc separatlon using a

chi r al i)st at Poysit 3 of chystals 7 rtechiique sdiarebyn.

36 1 March 2007 Optically actlve forms of the

conpounds cruachscppiemaysidisusfithg irividoaitdreshtismene aremanually
the art, including by resolution of the racemc form

by T ecryst abdgataledOhis Bsdh n I?é’u?;é(dl‘if't‘??étélsfdf@l‘ié

optically-active starting materials, by chiral

hiral st at i HREy %@Qﬁ*@gﬁ%‘%ﬂbﬁéﬁg?@ét%ﬁa Fedfbidmerate

~ Oobtain optica ‘I% actl e mterll\adﬁst Iude at least the
fol | ow ng. "i"'j %@p‘ﬁ?%ﬂ BClcrystals - a

techm‘gue wher eby macroscopl c crystals of the
i ndi vidtlual simsHaneous ervaialization a e tpchrjaue wieseby the isdividual

techni que can be used if crystals of the 10 separate
enant i oner serantiomers ase sepdratetpcostallizedsiram a solution of the
congl onerate, and the crystals are visually distinct;

racemate, possible only if the latter is a conglomerate in the

solid state;

~fify  enzymatic resolutions - a technique whereby partial or complete

separation of a racemate by virtue of differing rates 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;

v) - chemical asymmetric synthesis - a synthetic technique whereby

the desired enantiomer is synthesized from an achiral precursor

under conditions that produce asymmetry (i.e., chirality) in the

37




10

15

- 20

25

ii) simultaneous crystallization - a techni que \ihéarehz007
the individual enantioners are separately

crystallized froma solution of the racemate,

possible only if the latter is a conglonerate in the

15 solid st gtaguct,iwhicke meynke achieescbusing shigalcaialysts or chiral
t echni que whereby partial or conplete separation of a
racemat e byauxilidries;of differing rates of reaction for
the enantioners with an enzyne; iv) enzymatic

asymeyjyi ¢ giustdrESier se@ar%ﬁ@ﬁ@ehitécﬁrﬁ‘fﬁ.@%ﬁé%% racemic

wher eby at Teast one step of The synthesis usés an

enzymat i ¢ sGaabiid aBRkAlh B FARRMERELI GRlkYeRdE (the

or enriched sy precur sor

enanti omer; M) ,chem cal, asymetri.c synthesis - .a

oynthet 1o + @ital AETR G hARPRVEHS Uk BRI R Smers tos
synt hesi zed from an achiral precursor 25 under

condi ti ons YiAglerenrpase ol g (aswlingdigstereomergiarg ther separated
the 37 1 March 2007 product, which may be achi eved

usi ng chi r dvy ehromategrapby ot lerysiallizationi by \drtie of thein now more
di ast ereoner. separations - a techni que whereby a

racem c catipinot dtrustursiadiff@dnoes bnathedlairgliauxtinncizkdry

pure reagent (the 5 chiral auxiliary) that converts

the indivi ddfloveBa00bR4IR e HEsiPEARItRANEY S- The

resulting diastereomers are then separated by _

chro mﬂi@ gr 3{}&3{ aRl sBeYRb Arhbral nthetit fdrsidthatbns e '

now nor StTrnct _struouctural _darrrerences ana tne

chiral auxiliary later renmoved to obtain the desired.
enant i omer ;te?LPU'"%li"? )Nﬁ‘ﬁ’?@f S'aﬁme%r@@ @@rtG%Fa%@Vﬁ%e?qq'ltbrate
transformations - a techni que whereby diastereoners
fromthe rdediada pgqumqiqraag%m solution of the diastereomer from

the desired enantiomer or where preferential crystailization of
the diastereomer from fhe desired enantiomer perturbs the
equilibrium such that eventually in principle all the material is
converted to the crystalline diastereomer from the desired
enantiomer. The desired enantiomer is then released from the
diastereomer;

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

ix)  enantiospecific synthesis from non-racemic precursors - a

- synthetic teChnique whereby the desired enantiomer is obtained
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to yield a preponderance in solution of the 1 March 2007
di astereonmer from the desired enantioner or where
preferential crystallization of the diastereoner from
the desired enantioner perturbs the 15 equilibrium

such that e{rent penchiralstatingsnatetalsiand waerneethe stereockemical
converted to the crystalline diastereoner fromthe

desired enmiegriyis notidrds dati medmalaodinpramised ovbethe course
rel eased fromthe diastereoner, viii) kinetic

- resol uti onsof theldyatheridini que refers to the achi everent

of 20 partial or conplete resolution of a racemate

Comoutl bypiiayERIfoRiadiaihy PaRGiidc ket
caral yat - undintpribesid onaf B AR o TRA Rt nope

synthesis from non-racenic precursors - a 25 synthetic

t echni que WHEASSHRY wﬁgeaﬁéh?@aﬁf@ﬁaamtsr?&tw@ %@taaﬁﬁa@anaw
38 1 March 2007 fromnon-chiral starting materials

and wher e tphRass (@cleting viacehiral HRL& i The stetiparyqhaise can be
only minimally conprom sed over the course of the

synt hesi s; mpadelof chirallmgieridl ohthemaolity plpdse caracontain an

techni que whereby the 5 enantioners of a racemate are

separ at ed |additidridll ehialfbierial taheeskdihe/difibHRg HiefddBbhs;
differing interactions with a stationary phasSe

gi ncl ugy ng afid) §§$ Eﬂonﬁb@aqh&h%@bﬂﬁ@QF%W%@BZ% Ft3mate
e made of rai : t’he “mobi e ‘phase "can

T o g UL o Sty B e gl 5 5o e
chromat ogr a f%"_a' techni que whereby the racemate  is

vol at 11 zedIHNCIAIATEFUIE 5 the Ga56pHS MOBIE Biase Mithea splunm

their
containing a fixed non-racemic chiral adsorbent phase;

xii)  extraction with chiral solvents - a technique whereby the

enantiomers are separated by virtue of preferential dissolution of
one enhantiomer into a particular chiral solvent;
Xiii}y  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 containing the
- racemate, and a drivirig force such as concentration or pressure

differential causes preferential transport across the membrane
barrier. Separation occurs as a result of the non-racemic chiral
nature of the membrane that allows only one enantiomer of the

racemate to pass through.
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differing interactions in the gaseous nobil e phakMarch 2007
Wi th a colunm containing a fixed non-racem c chiral
adsor bent phase; xii) extraction with chiral solvents
. - a techni que whereby the 15 enantionmers are separated
Chirgh ghrgrpatgaraphypinstugingsimulated saeving bed cbromategraphy, is used in
enantioner into a particular chiral solvent; xiii)
one embodip@nt. Aovrids vadbiyraflchirahtationsry-phasts ahmcommercially
whereby a racemate is placed in contact with a thin
availdplebr ane barrier. The barrier typically separates two
m scible fluids, one containing the 20 racemate, and a
driving force such as concentration or pressure
differential causes preferential transport across the
Defi gpéane barrier. Separation occurs as a result of
e non-racemc chiral nature of the nenbrane that
allows onply qgne enanti oper of the racenate to pass
thLSGﬁrﬁn 13 a0 Bin. uplgss themisseResified, Fefers to a
i ncl udi ng sinmul ated novi ng bed chromat ography, is used
saturated sgiaghdnfereachedhtor cxclig, gpemartyi secpngian lor tertiary hydrocarbon,
stationary phases are comercially available. 5
includieg bul nétdinsiteTHe thesewof @ to/Cye, and speeifichlly inciudes mhethyl, CF3,
otherw se specified, refers to a saturated straight,

CCl3, OFRGIE (eE,Cl06thgly OH,CF s PCF ;Y,,préﬁg‘f]?ir%héﬁfdbyl,%&clbﬁfddyg'ffb%yi,

hydr ocar bon, "including but not ed"to those

isobulglé a—gzh"?yl Cgézl@/ls EZ(? R@%}lﬁ?l'ch?&@@@ Wi m{éoxgb lqsl:c?h exyP&lohexy,
v A 2 oo L g, wrer

i sohexyl, cycl ohexyl, cycl ohexyl nethyl,
the tegnﬁ&,w&pgghy@?hqnyb ,aﬁgy@yhd%g,pbﬁwyliige @méljsed in the text, it is
2,3-dinethylbutyl. When the terns Cl _N (al kyl,
intendgditengfer spekifielly toatach)commpaunel thiak fallavéthirs the riefereheed class.
text, it is intended to refer specifically to each

As andiiustrating ekbaipld, T, il indlddshadiviiilgevel slkyshoiety with one

to N carbon atoms, including those set out in this 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 I), haloalkyl, hydroxyl, carboxyl, acyl, acyloxy,
amino, amido, carboxyl derivatives, alkylamino, dialkylamino, arylamino', alkoxy,
aryloxy, nitro, cyano, azido, thiol, imine, sulfonic acid, sulfate, sulfonyl, suifanyl,
sulfinyl, sulfamonyl, ester, carboxylic acid, amide, phosphony!, phosphiny],

phosphoryl, phosphine, thioester, thioether, acid halide, anhydride, oxirﬁe, hydrazine,

- carbamate, phosphonic acid, phosphate, phosphonate, or any other viable functional

group that does not inhibit the pharmacological activity of this compound, either

unprotected or protected as necessary, as known to those skifled in the art, for
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As an illustrative exanple, G _N al kyl includes 1tMarch2007
i ndi vidually every alkyl noiety with one 15 to N
carbon atons, includi ng those set out in this

defi ni on of al kyl e al kyl group . can be .
exang £i Fhiaudht i Brasne i E&s_ﬁﬁé&_m@wmwﬁhes:s John

sel ect ed from the group consisting of alkyl, halo (F,
Wileyck, Smis, Ssconyl Editiono 4999 herebyl inooyporated bquferemeyl

acyl oxy, am no, am do, carboxyl derivatives,

alThe temnribwetialityky bauised hersiy| and Onl,esalolmerwise spadifivdy refers

nitro, cyano, azido, thiol, imne, sulfonic acid,
to a GiHd @} Satusatkd %ﬂﬁight Sﬂibﬁéﬁéﬁ ,orzfioap?:h*b;f)r‘:été'? c‘ﬁHKfo@‘@EﬁMpie
ester, carboxylic acid, am'de, phosphony sphi nyl

cyc!oﬁhﬂﬁ@hﬁw %O@WQIZ;HD&HQ ot bﬁﬁ%trtgl;ednéerm lfi’r‘?édﬂagﬁtut%ﬂoqms

Ni.C, aci d» PHQs osph n

SRR o YRR e SR80t B i o
g% gacol ogical activity of this conmpound, eith

straigh g granched cgp l@ﬂratl%tf@auamgmmamedag tfmsmat ave from
those skilled in the art, for 40 1 March 2007

one te fempabonaiomaudmluded Gitbisrtheescope of s tarecaievacthylenes 1,2-
in Organic Synthesis, John WIley & Sons, Second

ethanediyl, dyi-efhadié.diyiet ekmopan@rdmr ﬂtzqﬂobdné-ﬂfwrﬁmtanﬂﬁélyl 1,4~
term"l ower al kyI " as used herein, and unless

butan@Ldigr Whé %é mesi Thedic gfe?lfeedr%upto? othédr: dl\FQeHArPﬁi%Mp 1dtrded

strai ght, branched, Or if  appropriate

hereir? é%ﬁpeeolﬁt‘éaﬁlg}?% R u %»{ @' (ﬁé o?%{&ﬁé m bes‘t sgéj?n{ﬂeg o the
aroun hnSIREEY efiv el et Bl svboRY!. Bl Ry, amino,

configuration, including but not limted to those that
amidos £REbxybeerivaives calldaming, agidcadiatsylaming, eadaming, railloxy,
the scope of this termare nethylene, 1,2-
aryloxgt hitire cgarnyd, sulfodiceichh tkiot]iimine, huﬂewlpﬂamyl;i isulfinyl, sulfamonyl,
1, 2-propane-diyl, 1,3-butane-diyl, 1,4 10 butane-diyl,

ester, @ﬁ@bnd'abiﬁeade‘@ pHospheRg, BhEsHhiy, Phd¥hofi ishdiphine,

noi ety di sc/ osed herein can be opt onaIIy subst it ut ed

*h'°es¥:gof?q§“s‘?ﬁ%‘8 acRPAFIdEr el it ’héﬁﬁ%ﬁﬁ&‘fféﬂﬁéﬁi%?'g‘@‘?@ P
Phospﬁﬁf'f%ﬁ‘ 55?@?' iy offr bleRiickghardtadp Hat does not

m no, al koxy ¥ony, nitro, cyano, sulfonic
Inhlbltéhe @haﬂﬂawoglpaﬁ acélwtxsg this ppmpeund sgittier usprateefgd or protected

sul f amonyl ,
as necessary, as known to those skilled in the art, for example, as taught in Greene

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

1991, hereby incorporated by reference.

The term “aryl”, alone or in combination, means a carbocyclic aromatic

system containing one, two, or three rings wherein such rings may be attached

together in.a pendent manner or may be fused.
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15 ester, carboxylic acid, am de, phosphonyl, 1 March 2007

phosphi nyl, phosphoryl, phosphine, thioester,

t hi oether, acid halide, anhydride, oxinme, hydrazine,

carbamat e, phosphonic acid, phosphonate, or any other

vi E§ ‘@nilgeaupoies bepplignally subgtietecheith onetartiaretdféhe moieties

phar macol ogi cal activity of this conpound, either
seledieghfrotreitiequionp cpnsisting eflalkgls alkeawpls slyiyl, Rstdfoarvl) hieterocyclic,

those skilled in the art, for exanple, as taught in

carbdayeR)alikdRy soxdlarylo alkox IRyl BrE-AgN het loxy;
Synt hesi sy John%ﬁe;&g Song @Second Editi gn eroa?roxy

heterBﬁh#&KoiW%ﬁFﬁg)gﬁ/gFéig SirotA&d SAhko J?@e&fér an%xlac: amides,

al one or I nation, nmeans a car ocyc i'C arona

o SR AP otk b B %ﬁ@cw

fused. 4 March, 2007 The yl"
am'“%r%UWOEEW' @@“Bﬁa%%rﬂmdy a !ﬂet@almatnwn@n@vlﬁmlﬁar@tro

of the nmoieties selected fromthe group consisting of

cyang|thigl. imidex shlfonic gcid, sylfateh sulfonate ysulfongt, alikylspifbiny,

_ carbocycl e, al koxy, oxo, aryloxy, arylalkoxy,
aminesutfoouil thsuﬁenylauﬁrhqlhaldmkmmmnyl,@mlfanyl, sulfinyl, sulfamoyl,
het er oaryl al koxy, carbohydrate, am no acid, am no acid

carboRglicesster, RBTVXYHE bBidABRIES . h'%s hSh 1Obk Mo
hgl oal kyl thi 0, hal oal koxy, £ F ofﬂjﬁéﬂg%%p oryl,

tiosdidl B W’*‘ﬁow%‘%“ﬁarﬁfﬁo eﬁiﬂ%ﬂﬁr@nhﬁéwd RIPSRIAS:

am noacyl,
ool BB, o B

MA sul f onyl am no, hal oal kyl sul fonyl, sul fan% .
sulfonylimide, o anmth%rrﬁﬁﬂlred f@%tmﬁifgfq,upet@abdoes‘ca@iua ipititge
acid, am de, phosphonyl, phosphinyl, phosphoryl, 10
pharmasolgicat activityl efdthiscrompoting eithgruagrotexted ar beotedted as
phosphoni ¢ acid, phosphate, phosphonate, phosphinate,
necessaty as&node, tothoswukiedim theylt, dseaiaimplel 8s taught in Greene et
sul fonylim de, or any other desi red functiona group

al., “P'r'cﬂéétiv@(@ﬁ)db%t n'd}@bﬁictSﬁﬁﬁes@h%gngfrl prrgfecﬁg,gS%éc}ﬁﬂ Bition,

hi s conpoun ert unprotect
r Q 0S kJIIedin he ar fo
1991. Qﬁéaﬁ%*ﬁ%ny 20RPs i 0leh ba AL v ingsRay bBmbE Bisbim sth- to 7-
ani.c Synthesis," John WIley and Sons, :
membggqg:gg@tup_aggg pgﬁartlally unsaturated carbocycllc ar%,//l heteroaryl, or
heterocyclic ring, which in turn may be substituted as above.

The heteroaryl ring may optionally be substituted by one or more substituent

listed as optional substituents for aryl. In addition, adjacent groups on the heteroaryl
_ or heterocyclic ring may combine to form a 5- to 7-membered carbocyclic, aryl,

- heteroaryl, or heterocyclic ring, which in turn may be substituted as above.

Nonlimiting examples of heterocylics and heteroaromatics are pyrrolidinyl,

.tetrahydrofuryl, tetrahydrofuranyl, pyranyl, purinyl, tetrahydropyranyl, piperazinyl,

piperidinyl, morpholino, thiomorpholino, tetrahydropyranyl, imidazolyl, pyrolinyl,
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1991. In addition, adjacent groups on an "aryl' tMaghz2007
may conbine to forma 5- to 7- nenbered saturated or
partially unsaturated carbocyclic, aryl, heteroaryl,
or heterpcycllc ring, which in turn nay be

pyrazelinwt, indaliay!, sioxelanyb orﬁhtrdlwaevloazmﬂmynl fgrylvfyranyt, pyridyl,
optionally be substituted by one or nore substituent

pyridiryl,| pysidedingk pyritnidingl| beneesdaizolyk rit 2, 4faxadiazolyl, 1,8,4-oxadiazolyl,
addi tion, adjacent groups on the heteroaryl or

1,3 AApicelinnys, inGaZdIyIotriERinyE and El’tﬁa£|ﬁyff Highy, |§otl'ﬁé3zolyl tetrazolyl,

7- menber ed car bocycl ic, aryl het eroaryl, or
pyrailaﬁ)gsgé’f%bﬂa‘?lyr Q?Wf} ﬁ%h@lg Wﬁﬂﬁaﬁ rrgfg,y%%béﬂghgfrlegyr%%lyl

lndol?e{s I‘E]% C}? %ﬁvﬁzgw ﬁ%z‘o ygnﬁ)qugfﬁ et}'uraaﬁgm rb:)en%(rn idzolyl,
isothm?fyﬁﬂp ,Hﬁ%i‘ﬁ%mru%%rz%@'.%ﬁ vyl hi-oxadiazolyl,

i m dazol ¥ pyrolinyl, 42 1 March 2007 pyrazolinyl,
pyrrolyhawinazglinylg n@mxalnwl bemzoxazolyli guisniinyl, isetvindlimg, Ginnolinyl,
: furyl, furanyl, pyridyl, pyridinyl, pyridazinyl,
phthatazinytj xtintbinyl, kbgpaxamhinw pyrakok, mmaadlazm Bltnazole 1,2,4-
1, 3, 4- oxadi azolyl, 1,3,4-thiadiazole, indazolyl,
triazold, a2, Brsadidzole 5h'§akinézbj?\’.i’daznﬁé“tﬁé‘édlo yrﬁﬁﬁﬂ é’f?ﬂbﬁbmyl wherein

tetrazol yl,  pyrazinyl, benzofuranyl, quin

o GRS B R R @t o v

subst@&(%ztme{elrﬁ‘t%(ﬁjﬂlgﬁi |sam§8@§égq %%s%e}og gﬁtm&g@ngy:g:roups. |

4- oxadi azol yl yrroly qui nazol i nyl ,
Functamahe&mqmwd NG 5,cHpS o7 tt@hﬂ@WW groups hopiotgated as
ci nnolinyl, phthal azinyl, xanthinyl, hypoxanthinyl,

neceq@ynaqrod@ireidﬂ Suitatile proledirfg— dgroups chn indude frimethiysiygl| e,
1, 2, 3-oxadi azol e, thiazine, pyridazine,
d:methylhazmugmmbmylauhethplelmt aemutsudipﬂenwﬂyle ity &k s‘iﬁisﬂtuted trityl,

heteroaryl or heterocyclic group can be optionally
Ikyt t -
ally! GRS, et Qioutts ich s RetiTang proiBhlt mRane SRRl p
tomengggﬁﬁﬁgryFunctlonal oxygen and nitrogen groups on the

group can be protected as necessary or

dﬁ] ed S q,ble protecting groups can include .
; s yraddherging apg junlesg otherwise specified, refers to

t- butyldlneth IS|IyI t- butyldlphenyIS|IyI trityl or

an arybgiesipi asidefinad abowe, linkedo itye npiecyds thraogh ayrailayj:grsmp:hs

as acetyl and propionyl, methanesul fonyl, and p-
defined above. The term “alkaryl” or “alkylaryl” as used herein, and unless otherwise

specified, refers to an alkyl group as defined above linked to the molecule through an

aryl group as defined above. In each of these groups, the alkyl group can be

- optionally substituted as describe above and the aryl group can be optionally

substituted with one or more moieties selected from the group consisting of alkyl,
halo, haloalkyl, hydroxyl, carboxyl, acyl, acyloxy, amino, amido, azido, carboxyl

derivatives, alkylamino, dialkylamino, arylarhino, alkoxy, aryloxy, nitro, cyano,
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tol uenesul fonyl. The term "aral kyl," as used her&March 2007

and unl ess otherw se specified, refers to an aryl

group as defined above |linked to the nolecul e through

an al kyl group as defined above. The term "al karyl "
sulfogic acid, Rblogﬂwne sulforyd.dsulfany, sulfiaplk sudressyloester, wagwoxytic

specified, refers to an al kyl group as defined above

acid, larmide dphasphioayirphespHisyl} plicsphiondphasphineg tisivestas thioether,
defi ned above. In each of these groups, the alkyl

acid BalRID aBBRditte, oXhé, A@drdins Wakbh r‘i‘nbﬁee %h%%pﬁ’&ﬁ@ btige pﬁ@é}%ﬁ)nate

and the aryl group can be optional substituted w

or an9%ﬁ1éi*’w£51&?u io‘ﬁ Iﬁuﬁ ?tcdcfe%, rfc{)tgwéfﬂ?h%égé%aqologlcal activity -

consisting o
azi do

or BB, %@ﬁeg o B B Rt
s Bt Tl A b i e o Bt roups

sul finyl, sul farmnyl ester, carboxylic acid, am de,
Organia Synifiasjs, Jopnd¥ ey 8y8anspBesphad Editionp 88 phiereby mcorporated
t hi oester, thioether, acid halide, anhydride, oxine,
by refegetcaz i 8mﬁclfmallb anciaded withinghestopeaof the tehaspiicnephenyl;
or any other viable functional group that does not

naphth?lh bheﬁylfﬂ%)ﬂhﬁﬁém‘félhﬂ B @26 'rd)k)@ih P8 4 Bitdmethoxyphenyl;

npound, either unpro ected ed as
3:4.5- WW%@S ”@Me‘“a&eenéﬂy‘f@%r‘ﬁ% s alblusi.
hydm’@&?*}%"a'ﬁ%ﬁ%?éﬂ ek hloRedrmaRntiS gyt BReRENImethyt; 2-

i ncluded within the scop e of the term

pec cal |
naphtRg ety shIDRIPRETBERYI AL buibbhen e frutylphonyimeting, and

3,4,5-tri hydroxyphenyl; 3, 4 5-tri nmet hoxyphenyl; 10

theliks, 4, 5-tri et hoxy- phenyl ; 4-chl or ophenyl ;

4- et hyl phenyl ; 3, 5- d|-tertiarybutyl 4- hydroxyphenyl ;

4FHd W@Wmhmo%ﬁfdrﬂ@mﬁo’ﬂ@%ﬁd'an amino group that has one or
2- met hyl - 1- napht hyl net hyl ; 2- napht hyl net hyl ;

two alkvl butyl phenyl ;
Oaéltv %ﬁ%ﬁ%?ﬁ%ﬂecﬁ\éﬂg the like. The term

t%k%hﬁghsﬁgeﬁ?’ S AR SRS cBBHRR SRR, anc
iodine.r es pect Ively.

The term “pseudohalogen” as used herein includes azides, cyanides,

isocyanates, and isothiocyanates.

The term amino acid includes naturally occurring and synthetic a, B, y, or d

.amino acids, and includes but is not limited to, amino acids found in proteins, i.e.
'glycine, alanine, valine, leucine, isoleucine, methionine, phenylalanine, tryptophan,
proline, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartate,
| glutamate, Iysine, arginine, and histidine. In a preferred embodiment, the amino acid

is'in the L-configuration.  Altematively, the amino acid can be a derivative of alanyl,
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. Pharnﬁﬁeﬁ%@%&c@ptggﬁ 84 Sentd I!'rrt])\ﬁ?'ugs

The term "hal ogen, " as used herein, includes fl ubMameg2007
chI orine, bromne, and iodine. The term

pseudohalogen as used herein includes azides,
anat es, and |soth|ocyanates 20 The

| SoC
Va"“vﬁf%cmf Aeplaus Yfriéﬂf)hmésplh%nmlanmyl syeephany. exedhioninyl,
synthetic a, (3, y, or 6 amno acids, and includes
glycinylt serinyhdbreoniny, etysteinyl alyrasimydcaspardginyidglutarningt, eispartoyl,
Le. glycine, alanine, valine, |eucine, isoleucine,

glutanat, Hymnylnacgmhylnmsﬁdwyl Bealahyly phvaiidB-leudidll] Bsoleuccinyl, B-
serine, threonine, cysteine, tyrosine, asparagine,

prohrg)l,g} Eﬁérﬁ\ﬁalaﬁﬁﬂﬁfﬂ-@ﬂﬁoph%}!t@-ﬁ?étﬁlonlrb‘(/ﬁng‘@ymﬁgg 'B”éé?’ﬁlgl B-

istidine. I'na preferred embod

threoRfryf! (?Zéyétﬁng B tgl%sfmﬁ ?E%&%ﬁgﬁypﬁ %lﬁgﬁ}wpb t ?h

amn

-_ glutagqgrgrﬁlﬁyéﬂ%% ril)"glnllt‘&;l n%[lj-li‘%l SO e%::hinglni m|c/)|rol i S?/lyci oyl

:}é t hr eoni nyl , cystei nyI tyrosin
3?313 lgﬂ h9§ a§|q§pg,lﬂeﬁ§m, rejgrﬁgpta;w;cellu@amrgnulypeilular organism
sinyl, argininyl, histidinyl, O0-alanyl, (3-valinyl,
in wh(cé_thg yEus gan rfgmlqamallmjudlngy;leli lihgs apd ainimgls, and preferably a
(3-phenyl al ani nyl , (3-tryptophanyl, (3-nethioninyl,
humah3-Affeycatively, e hest can be €3rrying rarmonmb Flb@vRidabaiay | |
(3-tyrosinyl,, (3-asparagi ny (3-gl utam nyl,

genorhé; WEOSE Féiir batlér?’t)r fllnetih eXh be( enf\!d3 bg?t'ilue cﬁm?BQh&% B¥the

or (3-histidinyl. The term host,

I roragani
pfesemﬁngéﬁ%e e ettt %spf"’eame‘f?rﬁﬁ iRl v grrected
and .preferably n Al ternatively,
with afte ARt FraB e genpmg %1 AOVDRI PREU GRS
viral 10 genone, whose replication or function can be
(inclugjng @h@@paj}zeeﬁbae@hpms Iamast @nimalkappiicationeeof therpresent
_ The term host specifically refers to infected cells, -
inventioe, ke hostris duineah pafidiit. Aldtedmarpapblicdtionaein certain indications,
Fl avi vi ri dae genone and aninmals, in particular,

howeverr] aratohsarly amtidipeia %the fventBe éumcmmphdg%és).

ani mal applications of e present ventlon
host is a human patient. Veterinary applications, in

certain indications, 15 however, are clearly
nt i on (such as

The term “pharmaceutically acceptable salt or prodrug” is used throughout the
specification to describe any pharmaceutically acceptable form (such as an ester,
phosphate ester, or salt of an ester or a related group) of a nucleoside compound

which, upon administration to a patient, provides the nucleoside compound.

- Pharmaceutically acceptable salts include those derived from pharmaceutically
acceptable inorganic or organic bases and acids. Suitable salts include those
- derived from alkali metals such as potassium and sodium and alkaline earth metals

such as calcium and magnesium, among numerous other acids well known in the
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Phar maceutical ly Acceptable Salts and Prodrugs Th®arch 2007
term "pharmaceutically acceptable salt or prodrug" is
used throughout the specification to describe any
har maceutically acceptable form (such as an ester, 20
Phaffglﬁeglﬁr?&! arte fthayrMmagputically aseeplablespredrugs referdp & eampound that
] roup) of a nucl eoside conpound which, upon
ism lized fonekampleohydrpbized or oxidized, dethet st bo fdreothiecmmpound
conmpound. Pharmaceutically acceptable salts include
of thd presentiaventesh. f Typivallaarmsiesbi sadhgs inekeBiaphunds that have
i norgani c or organic bases and acids. Suitable salts

biologiB&ityieBild PRIECtiFGiovBE oh'# n@fi&%lim&@fy%ﬁhé‘é‘%ﬁvggogg%nd.

pot assi um and sodi um and al kal 1 ne eart’h netals

Pro 3 U B EONGE A RO BB Bl nato
v AR oSSR o el et

or, oxidized, in the host to formthe conpound of the
acylafede deasylated enbegnhonylatnd gr derhesnhesylateddoqpdyes the active

i ncl ude conpounds that have biologically labile
comppuiad.eThe sgmposinds of this irfvention poasessoardivirab&ctivily sayinist @

conmpound. 5 Prodrugs include conpounds that can be

Flaviviridadi infedtion ashiaretmeiboi2d b a e@pblad Bkt exhibits such activity.
hydr oxyl at ed, dehydroxyl ated, hydrol yzed,

d I , 3
A8 VKA Rl e sURIchtl BBl or &3 30 Him slable
' . d... Th d f this ..
nomioREAEHES: 5 S0, Yoy RRR Sl RS PERLAE S By
l.aviviridae infectjion, or are netabolized to a
accepia}i Stk v 5k 2BRIPBEIS EXRmPIEs Al Phagmasetioally aceeptable salts

where conpounds are sufficiently basic or acidic to

- are organimasidaadditionm saksfarmesiowith acidsagkich bt a physiological

adm ni stration of the conmpound as a pharmaceutically -

 acceptablephiah| for exampi@tobgdaty piethanadutfonkied Ziebfe Ofitrate,

phar maceutically acceptable salts are organic acid

malonaftd itdrtateS BUESINARY, %ﬁz&étbhaé@drgél%ebﬂtﬂé%%ﬁie? and a-

physi ol ogi cal acceptabl e anion, r ex tosyl at e,

ovcer EHRERA! SGRRNE o HEhE s T 848 g BB, AR, s,

nitrate] 5B ARRLE. S0 CrhagatS St T or ned. i ncluding,
Sﬁ’lﬂrslfrr‘?ifalg(’-;u’(icalIy acceptable salts may be obtained using standard

procedures well known in the art, for example by reacting a sufficiently basic

compound such as an amine with a suitable acid affording a physiclogically

acceptable anion. Alkali metal (for example, sodium, potassium, or lithium) or

. alkaline earth metal (for example, calcium) salts of carboxylic acids can also be

made.

| Any of the compounds described herein can be administered as a prodrug to

increase the activity, bioavailability, stability, dr otherwise alter the properties of the
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nitrate, bicarbonate, and carbonate salts. 1 March 2007

Phar maceutically acceptable salts may be obtai ned

usi ng standard procedures well known in the art, for

exanpl e by reacting a sufficiently basic 20 conpound
compawl. £ numbgrPheragirug ligards aretinewic lo geriepaldalkyglation,

physi ol ogi cally acceptable anion. Al kali netal (for

- acylatigangi ethesliptphific motéisafienof the fldd ydrokylsor aatiked oitke

earth nmetal (for exanple, calcium salts of carboxylic
comppundapdncrabse the stafiitieof HidYcoPhpdutl. FOXERBIBYDf substituent

descri bed herein can be adm nistered as a prodrug to

grou;?ﬁthiaf‘ﬁér? ?é;ﬁaéef‘ﬁné‘%? ' 'réhyggigiéfﬂ?’@;{h%?iuhqé)\/yl Eztaﬁ'ﬁ%b‘ﬁety are

or otherwse alter the p
7 . d i Kk :
ek, 0B B oy R R - BRR B SR
dif.ication of,tge free hydro_ﬂ(!s_ or am nes of the
aloohgls Meviare desaribeddn K. s aadiN i Bischatberger cimpaahBescarch,

Exanpl es of substituent groups that can repl ace one
27 (1%95)2& & Ayurad daeseosan he used imggmbinatianiwith thei disglosad: 5

al kyl, aryl, steroids, carbohydrates, including
compeurids to, achievela geglrgll gffeciol , and al cohol s. Many are

described in R Jones and N. Bischofberger, Antiviral

REBeatiNe corRpoliiddban aisb be providel ésﬁ&ﬁlﬁ?}?@ﬁc a@g@g&%‘mer

conmbi nation with the disclosed conpounds to

oo (176 e 135, N SPBEGHREE 1At oo

ot B e e B oA o e S o

. SHﬁistituent_s that can be covalently incorporated into _
or lipophilic RrapRyatians.drcligp dbfi Patent Nesab v8orfd (Seic22d8992, X atvin
Pat ent Nos. 5,149,794 (Sep. 22, 1992, Yatvin et al.);
et al.)5,194,6694Mavh1 6, 1993, Hiettleriet bk); 156223263 (JYre 30,2883263

(June 29, 1993, Hostetler et al.); 5,256,641 (COct. 26,

Hostefl&xad al.Ya6,266,64t (Sct)26, 91993 1Y8tih éﬂ\@xg; 8,41499%7 g%é:y 2, 1995,
Hostetler et al.); 5,463,092 (COct. 31, 1995, stetler

) : : .
Hostelge?rse%?’l.é;ésdé?%‘ég?%g)’%t.(légg?QQ,é}t-lélgl%ﬁgii o t);’ 5%4%%3@ (dug. 6, 1996,

- Yatvin@t4); $543 386 AV8' 8 1006, 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 lipophilic substituents

that can be attached to the nucleosides of the present invention, or lipophilic
preparations, include WO 89/02733, WO 90/00555, WO 91/16920, WO 91/18914,

WO 93/00910, WO 94/26273, WO 96/15132, EP 0 350 287, EP 93917054.4, and

-WO 91/19721. The compounds can also be provided as “SATE” derivatives.

Alternatively, the bicyclo[4.2.1]nonane can also be provided as a C(7) or C(8)-
alkyl esters or amino acid esters, including biologically cleavable moieties at C(7)

(otherwise referred to as the 3 position) and/or at C(8) (otherwise referred to as the
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et al); and 5,554,728 (Sep. 10, 1996; Basava et HMarkh 2007
all of which are incorporated herein by reference.
Forei gn patent applications that disclose |ipophilic
substituents that can be attached to the nucl eosi des

2’ positionh ePrafersedh maietiesrdrecaminoradid pstehs includ®@ valyl and alkyl esters
preparations, include WO 89/02733, WO 90/ 00555, WO

includihy B8, THEretdrcl 8R4 thventibh 886808 mMﬁH@é’rQQ@%ﬁﬁno\é@id
96/ 15132, EP 0 350 287, EP 93917054. 4, and

esterg 18392 ino 368 SRIRONIS é$q_n {Pan%HB b %Q%.}d;gqq?nongﬁllf

derivatives. Alternativ I Cyc
t
b'cvcbi‘@gﬂlﬁ%"%% h%Y%ﬂqﬁ %éﬁ%rrt@% 04 085 Al R iess t@%ﬁgv%zbl e
noi,et | e % } q%rvvlsereferredtoa
m'cr%@?ﬁ @5' Pf%fﬁ b '%ﬁs'f By OmpiorInRias n 2 1 cells: ?o(ad%vhqﬁ@ryl

rch 2007 position). Preferred noieties are
ester);na r{@"%{!:%alyée%teg) - G o?’@d-i-rcg(aﬂaﬂ ¢r and @starkbicyelof4? 4 Inonanes,
i ncluding acetyl. Therefore, this invention
wheraipdiee parcat dyug has ad &C:3'of lessrthan 18ard 5 miremslar in 2.2.15 celis;
3'-L-amno acid esters, and 2',3'-L-dianm no acid

and pesdrays obbicyHe[4.2i1 Tnd‘ria‘hbé V%e%ﬁﬂ'i)%ﬁs’z BoRf & &n bifino acid ester

: ‘parent drug has an EC50 of |less ‘than 15 5 m cronol ar,

and ttgé‘eﬁl—gef;térfz Efa?g%lﬁv:&%?ylt%(%} fx@ t{Bﬂ‘f 59@% Qfe( %lﬁ’lf(r?q g%c}%asFerF (iif)
- : | k

both ﬁ%@%reanaﬁe&a%sﬁt%a%v& OHeRral etSrs: Rt the Aeesier e

15 micronolar in

g éﬁ'ﬁg a]P EC50 of less than 10 or ] .
indepen greplkg.or s esteraand the 3resterds anAming. agidestenesherein

wherein (i) the 2' ester is an amno acid ester and

the pargat drugdwsan E€seof laskiHanot0 ar §5 méstoenglaK ini 3.2 46t dells.
esters are amno acid esters; (iii) 10 both esters are
i ndependently al kyl or aryl esters; and (iv) the 2

‘Combhination iand AlbelrativteThénapies fordte Treatight of Feivigiibiddhe

3'-ester is an amno acid ester, wherein the parent
Infectibiig has an EC50 of less than 10 or 15 micronolar in

2.2.15 cells. Conbination and Alternation Therapies

for the Treatnent of Flaviviridae infection 15 It has

Hebas beew tpriogairedithat dnugeresistanttvaniantsaofi Aavigiridae can emerge

Fl avi viri dae can energe after prolonged treatnent

after prelohgehtraatmetitiwith agantivirdPagent. eBigg RRRRam®Sinost typically

typically
occurs by mutation of a gene that encodes for an enzyme used in viral replication.

The efficacy of a drug against a Flaviviridae infection can be prolonged, augmented,

or restored by administering the compound in combination or alternation with a

second, and perhaps third, antiviral compound that induces a different mutation from

- that caused by the principle drug. Alternatively, the pharmacokinetics,

bicdistribution, or other parameter of the drug can be altered by such combination or

alternation therapy. In general, combination therapy is typically preferred over

alternation therapy because it induces multiple simultaneous stresses on the virus. .
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occurs by nutation of a gene that encodes for an March 2007

enzyme used in viral replication. The efficacy of a

drug against a Flaviviridae infection can be

prol onged, augnmented, or restored by adm nistering

t INordigTitingLexarnples oftantiviral @geats thbt eambe iused\ih tombirion

second, and perhaps third, antiviral conpound that
and/drrefiecestion with‘MrMpmc&tdiQﬂoéé@ﬁéretmmbIL@@USed by the

principle drug. Alternatively, the pharmacokinetics,

bipdi sProthHéd fhibiRrsOt her paraneter of the drug can be
al tered by such conbination or alternation therapy.

PRI o EOPILTTELR B AL Bi

over
' e on .t he 2
(At Bl B DRl AR S et ﬁ¢i;\‘n‘79g9§2v§4%%5@a8%weod ot
use conbi nation and/or alternation with the
al., AR R SInGErd CBemneahy 1990, A8, 250 2] S+hibrosd ef ol
inhibitors Non-limting exanples include

Prepasaticn ead ose of athinsaciohderivatiees ababiivirakader(tst Gennah Patent
at, Antiviral peptide derivatives, PCI WO 98/22496,

Pub. EDEQEQQMthp'ﬁmgaM alatlnhtbﬁbks\/cbﬁs%lrfn@'ﬁ#a‘eébéy pﬁ?rﬂcularl hepatitis C
‘Chenot herapy 1999, 10, 259-273; Attwood et al yhep

virus RE8QRbREEE PETIVESeAT628), RRIdfG a gyﬁgké%éh*{ggﬁgg 4

anti-viral agents, CGernman Patent
hydraZHB?re%[s” %ﬁﬁi HHI;HIe%)g{s Ef?é;tée%uné%l:l Gﬁ,@gc @]s @a%.gzh 53 bggonic
acid 059&93@7%&% Wdbas Hritehel ol Harsitn i inbdiar Aapdde Analegues,

el ectrophile such as a boronlc acid or phosphonate
PCT WQ YHAELHnen-sebstate-bagsskiNGB ipsotease inhibitars spebiaisd:4,6-
anal ogues, PCT WD 99/07734); non-substrate-based NS3
trihydtpxy)ﬁetaib'e-bermraabiideaderimfmiesa(suélo K. ef al., Biochemical and
tri hydroxy-3-nitro-benzam de derivatives (Sudo K et

BiophpsicalBaxeaesh Comnansic&icndn 1907 323@%%936‘4?“ Sudo K ot al., Antiviral
Communi cati ons, 1997, 238, 643-647; Sudd K.

Chem i Shemae T gY: BBy -
e ot UL L5 o Db 5300 e gape

(i"l 68631, a phenant hr enequi none,
a para-p enoxyphenyl group; and Sch 68631, a phenanthrenequmone an HCV

‘ protease tnhlbltor (Chu M. et al., Tetrahedron Letters 37:7229-7232, 1996).

- Sch 361633, isolated from the fungus Penicillium griseofulvum, was identified

as a protease inhibitor (Chu M. ef al., Bioorganic and Medicinal Chemistry Letters

| 9:1949-1952). Eglin c, isolated from teech, is a potent inhibitor 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 exan'iple, U.S. Patent No. 6,004,933 to Spruce ef al., which discloses a class of
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protease inhibitor (Chu M et at, Tetrahedron LetMeanxis2007

37:7229-7232, 1996). Sch 351633, isolated fromthe

fungus Penicilliumgriseofulvum was identified 20 as

a protease inhibitor (Chu M et at, Bloorganic and
cystaireipriterse ighiifors foy inhibiting HC\O endaepiezee 2; ELSi Ratent No.

isolated fromleech, is a potent inhibitor of several

5,994,876 te Zhpny béak eshish discisseS. synthetie ishibiters e hepafitieBdirus

B, a-chynotrypsin, chymase and subtilisin. Qasim M A

NS3 gtotease; LBEOPARIHt Mo, 6,558,469 REPLs 4P7F- WB @2/09@2@1‘%0500%\3

di scl osi ng protease inhibitors tor the treatnent o
Inten SpaNTA frd W0 CaRa BTN Ko Haogz86 s scheing Comorggion
Hov bl iR e LIS BATER DHd £8 10,551, ang

5 ,276, to Zhang et at, which discloses synthetic.
6’42‘1'%&99 & %‘a‘?'%f"lﬂef feim anEWEP 024060926 taBristelddyers Sgiuibb.
. Patent No. 5,538,865 to Reyes et al.; WO 02/008251 to-
Diaryeepfiges asiNEs satine pavtease inhibitonsl ofNBLaGSdI8GI0aed N O
02/ 008256 to Schering Corporation. 5 HCV inhibitor
02/48172 e Sicheeing Soepatatioh o fraillazolidikdiBats at NSG seffnd grbtédss
6,410,531, and 6,420,380 to Boehringer |ngel heim and
inhibitéRs BRHEROGisGlodid MWO bYRBI95% s%ﬁemgérgﬂ&%ha $90

as NS3 serine protease inhibitors of I scl osed
02148187 el MRS Shaivhs RID.891 781 €& PRt@R eharmageiicpls and
WO 0ok 18 e N St sisg tlsrioss oM Sprpfeapagioiors:

g(%gi bb. WO 98/ 17679 to Vertex Pharmaceuticals and WO
) 48 1hgazQjidine deryatives (Rorslimiting exateplas éndledathase which
protease inhibitors; (2) Thiazolidine derivatives

show (elevantiiniiibition i aaeptres-phask LT assay withain NSBAMA fusion

rel evant inhibition in a reverse-phase HPLC assay with

proteiaan&%%SB@b@ﬁat@{Sllcﬁi K. &rdl., MpwitvrafRestrth g6 3209-18),
K. et al., Antiviral Research, 1996, 32, 9-18), 15

copecRHpOEh el ITRTNCoSe ok 330 BRAFEARSIE RS Syarutc

ci hnanoyl

* with a 3 ARARIE R 0200 v R @BRB Gs | notude t hose

(3)  Thiazolidines and benzanilides (non-limiting examples include those

identified in Kakiuchi N. et al., J. EBS Letters 421, 217-220; Takeshita N. ef al.,

* Analytical Biochemistry, 1997, 247, 242-246);

(4) Phenanthrehequinone (non-limiting examples include those possessing

-actiyity against protease in a SDS-PAGE and autoradiography assay isolated from

- the fermentation culture broth of Strepfomyces sp., Sch 68631 (Chu M. et al.,

Tetrahedron Lefters, 1996, 37, 7229-7232), and Sch 351633, isolated from the

-fungus Penicillium griseofulvum, which demonstrates activity in a scintillation -
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identified in Kakiuchi N et al., J. EBS Letters1HKath 2007
217-220; Takeshita N. et al., Analytical
Bi ochem stry, 1997, 247, 242-246); 20 (4)

Phenant hr enequi none (non-1imting exanpl es include
proxipplysasspy Gy M.ef al.aBtaorganic agdiMedicipabCheristiynlelfers 9, 1949-
SDS- PAGE and aut or adi ography assay isolated from the
1952))%r mentation culture broth of Streptomyces sp., Sch

68631 (Chu M et at, Tetrahedron Letters, 1996 37,

729p- 7mbas@mﬁbﬁ1©rs fiting eXafiRes incRietthse fdengfied in

Penicilliumgriseofulvum which denonstrates activity
Di é G B éﬁélm it
e L A

cUu. ?e%?wom%t’?%%ég%ad&gﬁes | n%?% ’gS}PﬁF@Z’% F¥ gﬂpﬂnaceut:cal
compsoPs Dutiraland el e Fogtioonts @e'p%ﬁ s BBIFWE S

5,633,358; Diana G D. et at, Piperidine derivatives,

97/36|§I5&)-rmceut| cal conpositions thereof and their use in

the treatnment of hepatitis C, PCT WO 97/36554); (6)
N eoludleotidé polynesasé ithitiitars asd aytidtoxin @ioaximiting examples
(non-Iimting exanples include those identified in

includeethoses identified irfFerrad RUchal., Sburdar of \Qﬁ)logﬂ—Q%@Q 73, 1649-1654,
1649- 1654, 10 and the nat ural product cerul enl n

and tr{é—ﬁé‘tﬁ'ﬁél%r&iu&'i:eﬁflemﬂyr.%ﬁﬂﬂgﬂ%’V 98, Vi%élg% it éot dqoa 118));

Anti sense pho I oat e oI I'godeo

| incl ude .t ho
@ ﬁ‘&??%ﬁtlﬂmp'ﬁ ﬂua%%ﬁ@ ep R RS TErdBh fhon-
. nonco [ ion fthewrus (Alt M et al.
limiting,&xa CUﬂgééoswh' e compylementary ¢ ssauenae stretches in
,326 348 corrpr|3| nlg the 3' end of the NCR and
the 5" hgotasglingiegiaviNGR) aBibel irtst(ddt Mnet dle Hapaéologyli 1995, 22, 707-
region of the HCV RNA (Alt M et at, Archives of
717), of nutleglides1ZBB7344 43mphHsitigIAe;3’ Al B HSNCR akd nableotides 371-
Journal of Cellular Physiology, 1999, 181, 251-257));

388 loG&ed! lﬁhhé’ cbR Sodihg Hﬁ?ﬁ Gﬁﬂ‘ﬁ}gg‘\‘ﬁ RNAJAH ML &R, Archives of

(non-limting exanp es I nc
VirologJ/, 1997, 142, 589-599; Galderisi U. et al., Journal of Cellular Physiology,

1999, 181, 251-257));

{(8) Inhibitors of IRES-dependent translation (non-limiting examples include

those identified in lkeda N. et al., Agent for the prevention and treatment of hepatitis

C, Japanese Patent Pub. JP-08268890; Kai Y. ef al., Prevention and treatment 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 ef al. and U.S. Patent Nos. -

5,869,253 and 5,610,054 to Draper ef al.);
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those identified in lkeda N. et al., Agent for th&arch2007
prevention and treatnment of hepatitis 20 C, Japanese

Pat ent Pub. JP-08268890; Kai Y. et al., Prevention and
treatnment of viral diseases, Japanese Patent Pub.

JR1@D 1 MNBegsidg aalegdozymes (non-1imiting exanpl es

i ncl ude nucl ease-resi stant ribozynes (Maccjak, D. J.
etNat-limitiegabammiys itlkle &% oftheldoafoudas Heattbdd by fdenix
di sclosed in U S. Patent No. 6,043,077 to Barber et

N L LR

o eREat R A Ao S PR e B @i diipdsifs analogs to
treat hRhEHISES IS nelie P EHCRnIBT 216 T2 oaB2Fa Hlag Navember s,

use, of rtain nucl eoside analogs to 5 treat hepatitis
200015t PG /CADTA04S7 YR OASE)D B3 i Rabraam 191 2907) Fledcby
__Novenber 3, 2000) and PCT/ CA01/00197 (WO 01/60315;
BioChem étharaier [nex {nave Shire Bidpcliernebhcy PCRBVIdEN2/0M BRA{VID
Inc. (now Shire Biochem Inc.); PCT/US02/ 01531 (WD

02/0503265Md@ Janharyel@, 2002pand FEGT/802)03086 (AL /02307 Y0 Giked
(WD 02/057287; filed January 18, 2002) filed by Merck

Janusky g@-, 2002 Ffiled B%Me%ﬁ?k( 89633c.¢ ﬁgﬁ@ﬁ%ﬁ@ 3%@/&9 Bb)1gipad

August 21, 200 ed by RocC a cation

R R TSR
o SR SR80 S50 AL 15, SRS B

di scl oses the use of certain 2'-fluoronucl eosides to
Pharmassgt. Widy: 15 (11) Ot her niscel | aneous conpounds

(i ncluding 1-amno-al kyl cycl ohexanes (U.S. Patent No.

P 0B A uilidation Nol WE 094369 talokErinoty Phidersity), Entitféat “2’-No.

5,922,757 to Chojkier et al.), vitamin E and other
FluoromticiedsidéantifsclodeSthdabe oi*'@ert§in%’-3|u3§:?:chéogsdﬁsggtetfea@cv;

al.), squal ene, amantadine, bile acids (U.

5(4 $)46 Offér hﬂs_c%ﬁﬁhéoﬁé c@ﬁ*&aouhﬁs (including 1-amino-alkylcyclohexanes

(U.S. Patent No. 6,034,134 to Gold ef al.), alkyl lipids (U.S. Pat. No. 5,922,757 to

Chojkier et al.}, vitamin E and other antioxidants (U.S. Pat. No. 5,922,757 to Chojkier

et al.), squalene, amantadine, bile acids (U.S. Pat. No. 5,846,964 to Ozeki et al.), N-
(phosphonoacetyl)-L-aspartic acid, (U.S. Pat. No. 5,830,905 fo Diana et al.),

benzenedicarboxamides (U.S. Pat. No. 5,633,388 to 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 ef al.), plant extracts (U.S. Patent No. 5,837,257 to Tsai ef al., U.S. Patent
No. 5,725,859 to Omer et al., and U.S. Patent No. 6,056,961), and piperadines (U.S.

Patent No. 5,830,905 to Diana et al.)); and
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(phosphonoacetyl )-L-aspartic acid, (U S. Pat. NolMarch2007
5,830,905 to Diana et al.), 20 benzenedi car boxam des
(U S. Pat. No. 5,633,388 to Diana et at), polyadenylic
acid derivatives (U S. Pat. No. 5,496,546 to Wang et
at(y2) 2'Arg othedemrpouns cureeritly. iS. préeinical Wo clific@l2feve®prient for
Yarchoan et at), benzim dazoles (U S. Pat. No.

treatfeBaf Iaspatitie C GRlsvthaiR): aterieurinald B?Echéﬁhé-m&:gﬁé IP-501
Patent No. 5,837,257 to Tsai et at, U S. Patent .

b 5 - | 3 .
e ORy g b ber ad heb TplioE STMETRERS (gmantadine) by

e SRR AR .
XL P AT ook RS s b b v

| P-50 by Interneuron, mnerinmebodib (VX-497) by
levoviggy RICN/Bhaborn, Hamidline Ry AONASpaBhSmE ZADAXI® (thymosin
Sol vay, HEPTAZYME(r) by RPI, |DN-6556 by |dun Pharna.,
alphaxtibyo8a Ggne, thymosinHas pEGYIatad iGtérferon byl SACIdRée, )\CEPLENE®
(hepatitis C imrune globulin) by NABI, |levovirin by
(histair@né Bitydrvhioridey by Madin) elaprehFV>RDB0 P R 570400 BkéVEli
(thynmosin al pha-1) by Sci Cone, thynosin plus

i S 9 7 6o e R S R Phyrycgytc

(hi stam né di hy

e JA=N gy | SIS 14803
Inc., TE0003 Y AREES e P 208 raeeetiaeg Inpethaim. Caficept
Phar euticals, 10 Inc., JTK 003 by AKROS Pharma,
(mycopRERPBE TSI B RoPheero 7, bWl INBHP R TUIATK, 3
(emcophe.nol ate nofetil) by Roche, T67, a O-tubulin
therapesiciyeceine dirgctad tarkby dnnagenetios RKZ88/by Evjizavet Healtiechre,
to E2 by Innogenetics, FK788 by Fujisawa Heal t hcare,

Inc., IdBd 016 (SiBphod, GraSilybphpisosphatdylcholine phytosome), RNA replication

si | ybi n- phosphat dyl chol i ne phytosone), RNA replication
inhibitbTiely. ! YP50466)by ViYEBRAMS ALY theR uﬁe/v)%&hte by Intercel,

t herapeutic vaccine by Intercell, 15 therapeu
' . ' , Lahl Qi tor
therapf 866 VG Ly BRI GRAGHR, ISRy Rhaienang 45
PORE(r)) .by Avgnt, proteas Lphi bitor by
and A%%@?@@H&‘h{%gﬁ ofheraey (THEBARSORER) byrAvant. rotaess
e i&Pi hitor by Trimeris, T cell therapy by Cell ExSys,
inhibity 1X GrevasiSchesing; belicase imhibitenky Vertex,Jusioa inhibitor by Trimeris,
T cell therapy by CellExSys, polymerase inhibitor by Biocryst, targeted RNA
chemistry by PTC Therapeutics, Dication by immtech, Int., protease inhibitor by
Agouron, protease inhibitor by Chiron/Medivir, antisense therapy by AVI BioPharma,

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, protease, helicase

and polymerase inhibitors by Genelabs Technologies, IRES inhibitors by Immusol,

R803 by Rigel Pharmaceuticals, INFERGEN® (interferon alphacon-1) by InterMune,
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chenmistry by PTC Therapeutics, Dication by | nmtetMarch2007
Int., protease inhibitor by 20 Agouron, protease
i nhibitor by Chiron/Medivir, antisense therapy by AVI
Bi_ oPharma, antisense therapy by Hybridon,
OMMERRSINEH naturalyjintasferin) byNGtages, ALBAHFEROM® @ibhiatetiensn alpha
by Merix, protease inhibitor by Bristol-MWers
2b) t5oduimanABgrsomEFREN c¥AMREB)F® fintéistb A bR §) MRAfdsSerdhd,
Tripep, UT 231 B by United Therapeutics, protease,
omegeirtedsion HBioRRIdIEIRS, &578| inflHdtbh AphaBy Eﬁé@g@ E@oossgiebnfes,

Technol ogi es, | RES inhibitors by I'mmsol,
e Ry SR i e
ABOPERRRmEAT 5% BapBhBte & BiRinvémiorpambiemeiyete

by

i i f bet a- |
- togetﬁ%é@ﬂé‘?@? m??ghg (@@%ﬁ(&{t}{;g:f% 053;%1 Bg)ﬁmr@tae@,e ihikitors,

_interferon al pha by Amarillo Bi osciences, interferon
fusiony ihikitors npalymerase inbibitorsn and ietichss mhibgarsa- 1 b by
InterMune. 5 In one enbodi nent, the conmpounds of the
| hvaddition, copdundsngicoyding té GepReentinBniidn tfpbé one
ot her antiviral agent chosen from protease inhibitors,
administeredinl S8thbink86§ or ARSHMEBSR W 6}54 b hBFégn@P&{c{)WyE,ZQﬁﬁHBV,

inhibitors. In addition, conpounds accordi ng

i i 4 ! i pi st.ered in _copbinat.ion

anti-HE St At ORI AR BeyfeRif, & ikt BoaRMhedaniaiByents,
. tiaHBY, 10 gnti-HCV, or, anti-Herpetic agent or .
includil Ghex compognds af neikeent igreatian. gftainicompaysde siccording

i ncl udi_ng ot her conpounds of the present invention.
to thegeesentinvantiopunay ba effsetiveifpr enhanhingghe dintogicahastivity of

may be effective for enhancing the biological activity,
certainfageotsr actondiagdo the presentinegntion b eeduiciapthe mstadolismn

by reducing the netabolism catabolism or '
catabolisnetorinsdtivation opbiiel corTRRNAY BndNgs sah S3te bo-drinistered for
co-admnistered for 15 this intended effect.

i cal Conpositions Pharnaceuti cal

conmposi t1 ons based upon a R-D conpound of fornmula (1)
or the E3-L counterpart can be prepared that include

this in

'Phanﬁﬁ?etﬁpég\{%&ﬁaggit%%% conpound or

' Pharmaceutical compositions based upon a -D compound of formula (I) or

the B-1. 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 additive,
carrier, or excipient. A host, including humans, infected with a Flaviviridae virus, or a
gene fragment thereof, can be treated by administering to the patient an effective

amount of the active compound or a pharmaceutically acceptable prodrug or salt

thereof in the presence of a pharmaceutically acceptable carrier or diluent. The

: thérapeutically effective amount may vary with the infection or condition to be
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its salt or prodrug in a therapeutically effecti Vv#larch 2007

anount for treating a Flaviviridae 20 infection,

optionally in conbination with a pharmaceutically

acceptable additive, carrier, or excipient. A host,
treated dfs SR Vet thereatmentsegiservia be amplayedy and e vi r us,

or a gene fragnent thereof, can be treated by
pharadepkinsties ofithe tagenhesgrata'samefl as thed patidnit reateayOTing aofive

the active conpound or a pharmaceutically acceptabl e

matepiadtatoh® adeilisterddiey 8aAY aPﬁrdd?%t@hﬁﬁ@nce of a
phar maceutically acceptable carrier or diluent. The 25

t hﬁ GRREH iER! dr¥repitig &b 'a\flﬁ*u@i@féi‘gﬁe %ﬂ%@ﬁg%@&rﬁﬁ&iﬁon in an

inféction or conditron to

e I n. to be
oraly 53’?‘&@%&*‘%@&@ KB ohp el b EREeE e fergBare.
as the tient treted The active materials
intra & UBcinirAsP et deans grmaly Bliges lopibcatangadis: supRasitory, or
. general, it is preferable to adm nister the
toprc%m@@@r@tm@,g@m@mﬂgrm@ﬁes|q=i agministratien. | Enteric-coated oral

adm nistrable form but fornulations may be

~ tabletsdnayalsodrecdsed 8 gniramcedsiedvailabiity avwe stabbity of the compounds

i ntranmuscul ar, transdermal, buccal, subcutaneous,

from &t PRSISOULRIof. adﬁﬂmsfr@ﬁcbr? alntﬁﬂ@hBU§ Tahatlrht%}nué’dm‘é}gb%n%"tlons are
routes of adm nistration. Enteric-coated oral tablets

prefefm%é# ﬁnihnéi@re‘dﬁ ddrfle SBMHAEC ér%ré?%\fai'nlagpél%l i Wth?'bq%pay modify

ity of t e conpounds om an rou

- tho oM 6l BY B B o acaton 18 PErate PHmerers | ¢

) Pamcalarmtﬁm adraintstratinn witbout rendering the
specification to provide nunerous fornulations for a
compegitiong of the presend inferdiom uristablator compiromising itethksrapegtic
the conpositions of the present invention unstable or

activitgoim particalanga malifidativh R &t désireddonvpdund tbiteRaéL it fbrarsoluble
a nodification of a desired conpound to render it nore

in watéPbHB{h‘ér ¥ehicle, ‘f@’te%lme ?gﬁ’%&')él? a%co%?lﬁscw E,ﬂ"éay

be easi |y acconplis

modlf%ﬁﬁrgwg%‘ﬁvgﬂn%lgﬁ%@r ! f iﬁ@tlﬁgna@t)f Adm hﬁyfg%é 90

to several oral adm ni strati ons

Jin One of ordinary skill in the art may nodify
formufafiong o

' i ntravenous._dr
comp PRy rengs frg%%t@uoqﬁ fintsaverpysdrip)dp seyeral oral

admlnlstratlons per day (for example, Q.1.D., B.I.D,, etc.).
The concentration of active compound in the drug composition will depend on
absorption, inactivation, and excretion rates of the dmg as well as other factors

known to those of skill in the art. It is to be noted that dosage values will also vary

- with the severity of the condition to be alleviated. It is to be further understood thét

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
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The concentration of active conpound in the drug!March 2007
conposition wll depend on 20 absorption,
“inactivation, and excretion rates of the drug as well
as other factors known to those of skill in the art.
concenptration gnges set &dth hereindrsagyemplanyesiyand as pot intaryled to
wWth the severity of the condition to be alleviated.
limit the scope or ipeadticetdidine vlaimed congbotitiah. Theractivg in%redient may be
particul ar subject, specific dosage regi nens should be

adminigdiersd @t onye rortrhaE be ARFAEHINTG atrRinihe of ReHaNEFHase @Ak
and the professional judgnent of the person 25

i i . ising the adm nistration of the

admiS(Erd B} fan BleaiREH L "0cs"T Narch 2007
c ' es.set farth herei.n ar xenpl ary.
oA TSt 908% GEE SDuitrumaligt & Fldidiioad edie G Be'in the
E%ptracti ce qf t he c} ai med conposition. The active

rangq ramaafiouh 4 ta:50 ma/kaaprafenablet &2128 makgcof kadymwsightper day,
di vided into a nunber of smaller doses to be

more gghefallyet dyabeut Hi0mggpsr kilegraat body weight of therecipient per
preferred dose of the conpound for a Flaviviridae

day or nfoge;t dependird uben the ddmpourahgsed, tivsrcaldition br frfedn treated,
ng/ kg, preferably 1 to 20 ng/ kg, of body wei ght per

and tissoute BPAGMERSRIRIN. YTHR éﬁécﬁiv@%hg%%’ngj@opn@% edﬂérﬁl%émically

body wei ght of the recipient per ay or

acoepRAHE kg St POyl caR TRl he s iR bl fifs paren
T ffegti th s eutically 10

compo Uit ki TG s B8 Prtirue s BaS it i e folfsoc
on the weight of the parent conpound to be delivered.

effectiye dogage gpt bsrestimaied gs @beveiusingtbeiweight ofithe selfior prodrug
the effective dosage can be estimted as above using

or by ether msiagstknotvntthdhese skitied jiv iheérarty For plrposedef thegaresent
known to those skilled in the art. For purposes of the

inventmaqnpphylamwauy@npr@emioawf@_@ﬁwamonn%f PleRURHOSIRANG,
ef fective anount of the conpositions, 15 according to

accordifg tPtHRSHREeh TS tidY] falfsav*t/i'ttﬁ?‘gﬁn% E&rglgt&%cégfﬁtion range as set

concentration range as se ove
forth o35 RSBl b By R B 2 i B S 05
therapéﬁ{l{tpajlﬁ{%eigﬁgéég\%iﬁ.ﬁ]m I_ yr adm nistered in unit any

The compound is conveniently administered in unit any suitable dosage form,
including but not limited to one contéining 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, 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.

ldeally the active ingredient should be administered to achieve peak plasma

'co‘nce_ntrations of the act_ive compound of from about 0.2 to 70 M, preferably about

56




10

15

20

- 25

including but not limted to one containing 7 to1B8B&6 2007
ng, preferably 70 to 1400 ng of 20 active ingredient
per unit dosage form An oral dosage of 50-1000 ng is
usual Iy convenient, including in one or multiple
1.0 te d94Hd. Thisvmaybesashiaved, faGxaniie, by3ie, intddnousdgjection of a
600, 700, 800, 900, or 1000 ng. Lower doses may be _
0.1 twb8gisollition ek thephativeringrediedit, difliofglly i SdlinéDor &drhintirai®n as a
0.1-20 ng, or 0.1-10.0 ny. ldeally the active

bolud ofxhedicané irkdrediedit be adnmini stered to achi eve peak
pl asma 25 concentrations of the active conpound of

i 7 : - VAr
200 P iny pr e SpbMiniiris BEEH RIS rrégort i, the
intravenous injection of a 0.1 tg 5%solutio
compBnt Eng eSS ABLREY G hedh tevsrits af delpy HiE ofet
.adgi nistrati orba a bolus of the active ingredient.
Flaviyig %%F??@!ﬂ@rl Srefarablyr todseatnpisehb o delaydbedinggt efintastion,
present invention, the 5 conpounds and conpositions
the cerpositiens wil! be adminisiceadint grabdoshgesfprintin anmaetts cfnging from
Flaviviridae infections. Preferably, to treat,

about2&mitrogamslapdy abbet Doreh opimdrefa tdas?once tahday, preferably, or
conpositions will be admnistered in oral dosage form

up to Fduraimesh dalatiesrebé MBontAUHds 278 HFé%‘i'é’&{/ %rﬁg}iﬁgrgtaeﬁk;% orally,

about 1 gramor nore atdl east once’'a day, p '
ot i PSR o sl o BRI
AR g o8 B A eatiin /dPagelvg bomaamndt peal G

of the active conpound is oral. Oral conpositions
compogiiipngywilgenarally insludeaninertdikiention are sdible caniesdThey may be
carrier. They may be enclosed in gelatin capsules or

enclosashiprgalatindcapeules abt@npresBed intbdalplets oser the purpdse of oral
t herapeutic adm nistration, the active conpound can be

therapetio eipiAlsEretivh  the 266V CEMPOUAR cBR b iRESrpoRatkh %vifrpéieipients

of tablets, troches, or capsules. Pharmaceutically

onduSRTRE 1 LA BPIBEAL b B BBl f b

can be inc
- l.ets il capsul] es, trogches nd the li ke can . :
binding e BlSandlor AR eleraln S bR diehes Pagor S pamnasition.
OII a %i mlar nature: a binder such as
he tablets, pills, capsules, troches, and the like can contain any of the
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, Primogel or corn starch; a

Iubrigant such as magnesium stearate or Sterotes: a glidant such as colloidal sificon

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 various other materials
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m crocrystalline cellul ose, gumtragacanth, or 1 March2007
gel atin; an excipient such as starch or 20 |actose, a
di si ntegrating agent such as alginic acid, Prinogel or
corn starch; a lubricant such as nmagnesi um stearate or

whiclsneodifyethe phiygicafant of tied dasageolihigifdpbxanplies ofatings of sugar,
di oxi de; a sweeteni ng agent such as sucrose or

shelia@asHiahénenteric aghh@yvor i ng agent such as peppernint,
met hyl salicylate, or orange flavoring. Wen the

q : . _ - ni -
s ortBoind ey SnfniSfied af e oompaeI R dhxiy Shspension,
carrier .such as fatty, oil. In addjtion sage .
syruffy e B Gimoiis BeRbih SUupgnfe PO, i andBS8 % the active
March 2007 which nodify the physical formof the
CoOmMRpLinds SUiPEe ap & Swselpning agdephand gertain egamvatives dypgand
or other enteric agents. The conpound can be
coloriagsi andflavers. as a conponent of an elixir, suspension,
syrup, wafer, chewing gum or the |ike. A syrup may
c dheajompoundasich phamndaeutiballyeatdeptablé peodmguwraalts thereof can
sucrose as a sweetening agent and certain

also b Rf&Id/With \bitfer 48498 ndHtErials Tha'dd 88t infaf the ¥e_Ir8d adtish, or
conmpound or a pharnmaceutically acceptabl e prodrug or

i S ol SRI] h41HS Hpncae,
anti-ifAmaBrieh, Bt Skl bt i ianectiag icicssad Smpbunds.

anti-inflammtories, or other antivirals, including .
Solutigns o sHeReRSIRNTUsehio Parrmieral dptrademnal. sibcauenaaysi eriopical

used for parenteral, intradermal, subcutaneous, or
applicatiph can inclpge thafdllowingecormpetents: thstefilel dilmenhguch as water for

conponents: a sterile diluent such as water for

injection] saitrieosblutich, ifiRed B, Ydlpsthylehs efycdils, YlydeeingeplapyRe glycol
gl ycol s, glycerine, propylene glycol or other

or oth%gﬁg@tﬁbg g%ﬁ%ﬁ%ﬂ%ﬁ“%ﬁéﬂl& %@bggér %%c% BEfzvi ‘éﬂbhﬁ??rs methyl

ens; ant’ oxi dan
. i cid or.sodiumbisulfite. che in
parabEHE RS uch 35 oFetbis S REseviR bis e Rl Hents
. buffers such as acetates, citrates, or phosphates,
such %ﬁfhaW@m@ﬁtth@cstﬁ asidbuifersrsuchrasagstatescaitrates, or
sodi um chl oride or dextrose. The parenteral
phosppatasa andiagentsifor the adjivstisent of toriniby sliels as sodivios ahlbede 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
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
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 the intehdedrefest 6fahk coRTPRRMUYLA ﬂ:ihstréé

syringes, or nmultiple dose. vials made of gl ass 0Of march 2007

plastic. 20 If adm nistered intravenously, preferred

carriers are physiological saline or phosphate

buffered saline (PBS). In a preferred enbodinent, the
vinyl acetats; potyErdyddes polyhRIRAEE edid)chbilaga, rnogfoﬁt_hobé@s,wddl

protect the conpound against rapid elimnation from

y 1
POIYIACIR, SKRF MeM&(S F propaAtin o uRkh (GBfRGn: RA(BL Bbbatint to
B . B . i at 1 bl Lyners . b
thos ST 1o 58 HEaR s B4 SRAER {BLAPLYTRG RS i
C ac?tate, pol yanhydri des, polyglycolic acid, collagen,
OTPQYIEH98r t hoest ers, "and pol yl actic acid. Methods for
preparation of such formulations will be apparent to
t Hbeertaiphrepaceuticabdesage fomasntedrodiug foan afitike compound,
obtai ned commercially fromAl za Corporation. 5 1In
espedialit iachidjrigeacwated (acstylatisbanethbgrarg] ethbederivativeg, plessphate
of the conmpound, especially including acyl ated
esters, anetydriaue daftforhd 6f thegitdsait@imlindeald preferrddl 09RB T €

esters, and various salt forms of the present _ .
ordindiy SR e ol il PRI ol 88 iy SO mesarh cofidtind o
- formto facilitate delivery.of
2 pro BTGt [t e eVENor PR S8 iRlngi b A rddied ¥ HiBin the
h oga%gnism or, P'?t'ent.,The artisan also will take
ost afgRFNLIPAleN-a B¢ aHisan saibiekriacventagsafiavarable of
the prodrug form where applicable, in delivering the
pharmeagsekinetic persoeieds obthe pradog fedms wherevapplioable én Holivering the
organi smor patient to maximze the intended effect

desiredf canyourahioctatgetedtsite witrdatinehbstadrgbhiari ait patibie to maximize
infection (including HCV infection). 15 To prepare the

; it 5 vikbse Hff?étg:{hé |

i nvention, a therapeutically e?ﬁ)ééctlve anount o n
(includif mf\?in%cﬂdﬁg conmpounds according to the present
[ n%entl on1s preferably m xed with a pharmaceutically
t o convent.i onal

SICCS ﬁb%g%ﬁ]eg {ér‘ggﬁggﬁgérq%w ositions accorélng to the present

invention, a therapeutically effective amount of one or more of the compounds
according to the present invention is preferably mixed with a pharmaceutically
acceptable cérrier according to conventidnai 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 parenteral. In
preparing pharmaceutical 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, preservatives, coloring agents, and the like

may be used. For solid oral preparations such as powders, tablets, capsules, and
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techni ques to produce a dose. A carrier may take1#&arch 2007
w de variety of fornms depending 20 on the form of
preparation desired for admnistration, e.g., oral or
parenteral. In preparing pharmaceutical conpositions

for solid preplrationageich @srsuppogitoied, Raitatsld @arridrh anhaaRRlitivieg dhcluding
nmedi a may be used. Thus, for liquid oral preparations

starches \suifar caHRRE SICPs déltiode’ fnaritd!, BRit¢dd Qyﬁ‘@ (r:%lﬁtgdt@awi@fs,

carriers and additives including water, gl
il Brarth Al HRAR0, G905 2 AR 86E gt o e o
may B effolfSesftntPBls bl of e s FBY IS, ranirapleitir sysained

such as suppositories, suitable carriers and additives
releasg Zavmwéarg secliniges. Thedse ehthesedosaga forms mayssigniticantly
. mannitol, lactose and related carriers, diluents,
impagt tha ieavailgbiliyeofttbe couipoundatrs thebpatibet.s,
di sintegrating agents, and the like my be used. If
d&sr parkntélabfarablationspthecedrfior Wl USAIN BoRipiiae isterile st or
for sustained 5 rel ease by standard techni ques. The

@ﬁ@ éﬂ.‘ , i 1 fid o o .
e SO TN e ot

cisoeS0n A EGTAL nb B, WO 85 L s
as sl BB P B S04 Be b, i

sterile water is to be used and nmintained 10 as
suspefisins reay alse ke piepared.dn svhichicase appropriatestiquid sarrisss,

sterilized. Injectable suspensions may al so be
suspgndiagents, andithiedikecraay bapgmployedt e | i quid carriers,

suspendi ng agents, and the |like nay be enpl oyed.

LLiposerial sitspepeivnsqHeiuding libskidiged {RGSRERS Wral S8iRhsist

viral antigens or liposones targeted to infecte
poscfid bl T RHSSLE2le R AOFL Hnd Sebes 1P Afoons

0 harmaceutical |y ageceptable carriers. This, nay
may i BFeufired BY <Pl ofcthehs foponie bhitmasemiseyy
p?qﬁl nucl eosi des, or phosphate ester prodrug forns of
accepiafie raniesp s ais rawbswrpsopiiate dertha glelivemef fiseruelieosides,

i nvention. These may be prepared according to nethods
acyl nucleosides, or phosphate ester prodrug forms of the nucleoside compounds
according to the present invention. These may be prepared according to methods
known to those skilled in the art, for example, as described in U.S. Patent No.
4,522,811 (which is incorporated herein by reference in its entirety). For example,
liposome formutations may be prepared by dissolving appropriate lipid(s) (such as
stearoyl phosphatidyl ethanolamine, stearoyl phosphatidyi choline, arachadoyl
phosphatidyi choline, and cholesterol) in an inorganic solvent that is then

evapb.rated, 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,

60




10

15

20

- 25

known to those skilled in the art, for exanple, BRarch2007
described in U S. Patent No. 20 4,522,811 (which is
i ncorporated herein by reference inits entirety). For
exanple, |iposone formul ati ons may be prepared by
and/afitdpldsphate denvatives & thehiipirodwed(intoctheasntaihear Tyd container
phosphati dyl et hanol am ne, stearoyl phosphati dyl
is themhewtitled by hiapd he el lipidd FzseH Fofty theCdige 4 Bﬁt’he%tt]alner and to

chol esterol) in an inorganic solvent that is then

dispeP¥e e ayBFbgates Yherenh F8inifg tud m&fy%@ueéeﬁéibﬁ.d lipid

on the Sur cont I ner ueous

t oun or jts nopho
ait SR seBbeRnab Eedfid b HRIBBYAN iR PRGHBEIaRar fow
s then jntroduced into the container. The
toxw@itﬂm% olis 'P§e(tﬁgh'n§ ncr%%d“ey%ﬁmyaﬂ@gqoyélw gpplgyed
material fromthe sides of the container and to
pfopfu’iaé?aéﬂlbfefmnrﬁtha'ﬂgwwgdﬁe@fec&m@btp Hreventibetssurrence of
| i posomal suspension. The conpounds according to the
clinicgrsysptoms mesotiated, witte treusien| drifettivn, r Thusyth® ptewent invention
host cells in certain instances, nmay be advantageously

also erphpyeses Mictidud foe thé3@dphyla@tl@fré&ﬁﬁ@nt'ﬂf%}/infécﬂi%ﬁl and in

infection or to prevent thée occurrence of clinica

part|c§l!§FFié?/FWnc?a%slﬂFéc%ﬁd IS a%@@ct"é&?&]rdfngfﬁ%é ﬁﬁe (fmﬁ'ﬁﬁentlon

he present invention als hco es ne
v g RPRSAETS o RS eB A EER S B
. @ %o'ﬂg\é:he present invention, 10 the present
infectig 3‘68 ain &hissergrhylagtie matodeomprisgs afminsigationdp a

a Flaviviridae infection (including HCV). This
patienpiropgsd elcsuct: treatment,csmtia iseat riskirforihetdevelapment of HCV

patient in need of such treatnent, or who is at risk
diseadep antameoutt\of bagpmpduref addovdingite €as presaht mveHtién effedtive for

conmpound according to the present I1nvention effective:

allewaﬁlﬁg pralvéfiicRlor %Iagﬂ(gﬂlﬁgeﬂméég of fHe \ﬁﬁl eEsb. " tﬂ@?ﬁ'&pﬁlacﬂc

he viral infectl e prophylactic trea
"eatm@ﬁfﬁéﬁﬁ‘iﬂg‘t&? e PreRE Efveatchh b Ptems Bt e BNl

COmPQL@)é‘ﬁﬁﬂ"%%%g’iq%' be 5@5&3@@%#\3 ﬁr@‘e@%beggngﬁl% ffﬁhe patient. It

present i nventl on that the conpound that is used

is paﬂ@ﬁlﬁlﬂy@r%f@rrﬁdxm i lagpect efdhe peesepbinvention ¢hatithe compaund that

] shoul d exhibit a m ni num
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 to 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 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.
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i nfection, conpounds according to the 20 present

i nvention, which nmay be used to treat these di sease
states, may be adm nistered within the sane dosage

SynthetigPriobocolher apeutic treatnent (i.e., about 250

mcrogranms up to 1 gram or nore fromone to four tines
form as a prophylactic

d f I
p‘;téqmﬁ%n% ?f/‘@m%@r(@ 'B‘E’qu%g Preseqt mﬁnmn aarrcbswwhfv glyided into

infection, or alternativel to prolong the onset % "
eightclagsesi (i) & empourreafifpanylayhiis whiehbetbsnitogensatithe 2™ and 4
25 clinical synptons. 61 - - ------------- 1 March

| positione are pyritdfet bicydHe singen/istedo mpdUNiis sopart of 6awh@nbéded ring and

the present invention can be roughly divided into

* a paglof 5Sahasbersd fing, sucheEsISo@id 1 PADY, 6i)d dorhpourkt 6f¥ormula

both nitrogens at the 2nd and 4th ‘positions are part

() in %lcﬁ‘l @étﬁ%ég‘eﬁs'éiglaégml\ﬁﬁﬁaﬁm gr %%oké g?engﬁ%tg}' g 1cycllc nng

6- menbered ring an 0

syste?f?ﬂd fif ﬁgzﬂéﬁoﬁ}rﬁ% Eégﬁégﬁnaﬁﬂsogy% UQH’%dOf { Oé,-g},‘ ring, such

i ti,Q part of a cI| rin stem and N2
as COF@P g2 A, @b Dinsapednd s of glaem ) Rt idcksthe Gmembered ring,
nmenbered ring, such as conpound 2 (A-D), (iii) a
such @8 #d&uﬁbl (i} a compoundofisiass| (did ladks the Fembmbered fing, such as
such as 3 (E-F), (iv) a conpound of class (i) but

4 (E-FlatRs= compoumbobelassi(ii) boglacks tie 6amdMbérddring, such)ass (E-F),

conpound of class (ii) but |acks the 5-nenbered ring,

(vi) a aumlpoaﬁd of E:lésE)(u) bL(tYaaksathé @%@H%r@a nﬁ%aéﬁ;cl'n(éé ) (éuf) and (vii)

| acks the 6-nmenbered ring, such as

: con@g@@@ﬁowmg?wa"zHgﬁ%@%ﬁa@eﬁégaaﬁa@b@&ﬁ%ﬁ@%ﬁk

oo 7 R 00 e T RG2S ot o

C). .15 Bicyclo .I1nonane systemyY X Yy N~ X W
of ano(thzzr ring, such%sS{C). ) Y _ Y

Bicyclo[4.2.1]nonane system

Y5 AN X YYN\ X
, W,
' .RSI . >—N / ) RS' ) N /
R Z RS Z
RY N."‘N(/ o R¥ ' N""N//
R4 R*
1(A) 1(B)
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March 2007 Y X Y= X WW 5. NI Rs N/ q5NZRSNZ
4Ral1(C) 1(D WR--Z 5RNXSs R5 R5 R4,
NR4, NV /NRE 4 111 2 (A Y2 (B Y WZR5 W - N

4 2

X R5'" | ¥&a.5 5 NRRNN R4 C Y
RX >~—N .

R Z
R¥ N—o R41.{ N—o g
R4 R4
1 (C) 1 (D)
W =7
R >—N}\I P X
RS
R? N
R4
2(A)
W.
RX B—
. RS
R¥
R4
2(C)
W, X
R g%
5
R}.{ N\N//Z
R4
3 (E) - 3(F)
Yz X Yo N. X
AN \l/ AN
W, W,
R? B—N > RX >—N P
RS R5
~ RY R
4 (E) 4 (F)
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3(E) 3(F) WYXWY-NX 5 rN/ s'" RS R5 R4, NH

R4, NH 4 RA 54 (E) 4 (F) 63 1 March 2007 W H WH
Rs~ N7N XRs' N X RRs IY~ RA' RARY RAN /INY
~IYW. 5 (F) 5(F) W ~ZWZ Rs' NXW{ X Rs R5 R4,

N R>_Nt§m46(5) 6 (F) RS H

R N | RS |

R#

Synthesis of Class 1(A -'B) Compounds

A compound of class 1, in which the 6-membered part of the bicyclic
heteroring links directly to the tetrahydrofuran or tetrahydrothiophene or

cyclopentane derivative, and the 5-membered ring contains 3 nitrogens, one of
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YW VY XYINX s'" rN/ X RS N/ Y WRs | Rs 1R4sch2007
RA NXR4, RAN Y 7(A 7(B) Y, NXWRs NRs NRzZ

Rs Rs R4, NR4, NH4x 4 7 (C 8 (C 5 Synthesis of

Cl ass 1(A- B) Conpounds A conpound of class 1, in

- whichiis iinkedie te tatrdideafupsar or tetrahidrothiopiedriecor hyeldyentarnig

links directly to the tetrahydrofuran or

derivative thryagioh methhlene Midge 1 )RM @)Pcale bk \shtné8ized ™ th
*  the 5- nggnbered ?i ng cor?t giﬁq 3 ni@ggens,\égne 0%286?}1 ©

follov?fg{; WhyA & hemii C W&r%ﬂa*ﬁ%,?%hg@gﬁgﬁ(ﬁhfﬂaﬁg Ké’,f\}“ L3P PL N)or

r ahydr ot hi ophene or errvati've
o et by el i A), B e
s on AR @ 20 D e AN APEHEMAS A b
. exanple, 5-nitropyrimdin-2-one (9,, Y =H Z =N or
D-ribgfliaries o VARORIIGEn Prpcediife o aivenytlegsiderifulk sBanich
1-Oacetyl-2,3,5-tri-0O-benzoyl 5 D-ribofuranose by
substijtash Bg dianzigk oF Errlike)t J reatment of 118 vethusodiom(ar lithigin, azide in
~Ac, substituted Bz, benzyl, or the like). Treatnment
an inert selvent, sbck adialikanmi, ddetdmitrite, N, Nddimethylformiansidé (DMF),
sol vent, such as al kanol, acetonitrile,
dimethlyBulfoxiaé (IMSD)TerhegrarhBify) phosphoric triamide (HMPA), gives the
corresponding v-triazolo[4,5-b]pyrimidine (11, Y = H, Z = N) or v-triazolo[4,5-
blpyridine 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., HaS0Oq4, CuSOy, or ZnCly, or the like) or with 2,2-d imethoxypropane 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 the cyclonucleoside 14. It
has also been discovered that the benzoyloxy group itself in compound 11 can act

as a leaving group. Especially, an acyloxy group containing an electron-withdrawing

‘group, such as p-flucrobenzoyl, p-nitrobenzoyl, or the like, at the C-5' position gives

a good result. Deacetonation in dilute acetic acid, trifluoroacetic acid, diluted mineral
acid, or an acidic resin gives the desired compound 15. Compound 14 and 15 can
be reduced to the corresponding saturated product (X and Y can be independently

CHz, CH-halogen, CH-alkyl, NH, N-aikyl). Alternatively, application of Mitsunobu

- reaction to 12 gives 14 directly. Also, a protected natural nucleoside, such as

cytidine or uridine (Z=N, Y = NHz or OH, R = Ac, Bz, substituted Bz, benzyl, or the

like, orR',R" = iso-propylidene) is nitrated to 10, and subsequent series of reactions
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di et hyl sul f oxi de (DMSO), or hexamnet hyl phosphori Earch 2007
triamde (HWA), gives the corresponding
v-triazolo[4,5-b]lpyrimdine (11, Y=H Z = N) or
~v-triazolo[4,5 10 b] pyridine product (11, Y =H Z =

yield 38y Froma L-ribgsybderivative, the 1 -esantiomenr dfetb ¢art be sirethesized by
2',3 -0Oisopropylidene derivative 12 by treatnent with

the sametaheenisimg m neral or Lewis acid (e.g., H2SO4,
CuS™, or ZnCl2, or the like) or with
2, 2-di net hoxypropane in acetone in the presence of a
catal yti c anount of aci &chewsdr1as HCl, TsOH, or MOH
Tosyl ation or nesylation to 13 foll owed by heating
afford the cycl onugl eoside 14. It 15 has al so bee

bagzoyl oxy grdup4tself in H
as a | eavi @ d%p Especi alfl y| >
oup, stehr as pe '

I k¢, at the C %4 , a good resul
Deacetonati on rh dikute acetigf ackgl, trifl uoraof
acid, diluted mmeral acid, ory@n acidic resin’yives
the desired comgou 15. Compound 14 and 15 gan 20 be
rTeduced to thg correspondi ng saturated proglct (X and

al kyE, NH,

conpound 11 can a(
- a fooXy groupe

©ene) is nidTy
actions 65 i
erivative, tN
lRéenamt i oner of¥ 15%can be sy eslkzed by the Gamps
chem stry. Scheme 1 HOz RC~- RH fOROR R 9 107
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
2-oxo function, such as xanthine, or a strong electron-releasing group at C8, such as
6-dimethylarhinopurine, 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 compound 15 can be

“obtained in only 3 steps (see Example 7).

The compounds of Class 1(A) can also be synthesized from a pyrimidine

nucleoside bearing a good leaving group at the C-5 position (Scheme 2). 5-Bromo-
. 2‘,3’-di-&isopropylideneuridine (17) is sulfonylated with tosyl chloride, mesyl

chloride, triflyl chldﬁde, or triflic anhydride in the presence or the absence of base
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12 Y1 0O0OR RORROR 16 15 14 13 5 An 1 March 2007
internmedi ate 11 can al so be prepared by Vorbruggen's
condensation (R zkalla, B. H; Broom A D J. Og.
Chem, 1972, 37, 3980) of a purine containing 2-0x0

suchragneyridine, tdetbamins PiBHi BBN, drdimethylaminopyridine, or lutidine to
el ectron-rel easing group at C6, such as

give 68 diTnedtmentof 68 mithraNyLIiN;, ar KN iAcindifleftisBewt, 3R s DMF,
The present invention also includes our discovery

DMSTYHMPAT befh lIReOhRES @tk 5054 i .0 . Rag
Bz) can 10 be dlgectly convg??gg@%tﬁ%o{%hgﬁgﬂg%rétem 19inan

i | 5 Thi cess has a great

inert SYL R0 oIS 418 protice T Kigh BER Feqi o as t ne
targeted conpound 15 can be obtained in only 3 steps
(see Exanple 7). The co unds,of Class 1(A) can al'so
be synthesized froma pﬁ%:l?‘rﬁ"&? e nucl eoside bearing a
good | eaving _group at the G5 position (Schepe 2).

5-Brono- 15 F',3'-di-Oisopfopylideneuridne[(17) is
sul f onyl at vt h tosyl ChfOmpde, ne C rTde,
triflyl chl e, or triflhecqnhydridgxin theppesence
or the absenfe of bas ¥ MBrch 2007% <sfich as

pyri df
4- di net
Tr eat me
sol vent , p, ¥

the 5'-azido derivative 19. Upon heating 19 in an
i nert solment, conpound fig¢ i s produced i nlthigh yi el d.
5 Schene 2 PP s

f H ‘@B
. - il e
H OH o]
. ™~
14

15

18 with

|

19' -

=

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-doubfe 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

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
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erg Herg J~Ho YI\ O _j HR¥S 17 18 19 H [t of Marth Boo7
I HOHO15 14 19° A pl ausi bl e nechanismfor the
formation of 14 from 19 would be through a [2, 3] -
di pol ar addition of the 5 -azido noiety to the

grous gbred dind Irarhinaplyrimigirsonu¢leosidai2Bh Calverdioabf 28 toputiie 24 can
fromthe adduct. Deacetonation of 14 under acidic

be aconttilished by trkQtrA&AOKES INIE wipr gr@%@ﬁ@@l Blofidl& e Deogpound
15. Synthesis of Cass 1(C - Compounds Condensat i on

benz@fllaﬁoﬁ"m ey sash 8 aﬂ%&%ﬁ%ﬁhﬁk&@% SFEI%ghohc ammonia,

bof ur anose, suc

ST TE NS

. cNitroso ct 2 Reduction of the _nitroso
Q'Vesﬁﬁ?eﬁdfdaf? d?gﬁ, fﬁ%’bé&"’d‘h@’@ ?'VQW'M%WPFA%“@@GSW@ product
nucl eosi de 23. Conversion of 23 to purine 24 can be

27. acconplished by treatnent with DVF with phosphoryl
chl oride. De-O benzoylation in base, such as
al coholic netal al koxide or al coholic amoni a,
fol l owed by isopropyli d&chenm3yi el ds 25.
I ntranol ecul ar M tsunobu reaction of 25 5 gives the

cyclic product 26, Hch, upon acid hydrol ysi s, Hz
affords the desired oduct 27. ON HzN
o

Ac
- H.N
—» Bz "—sz
0 OBz

Bz
BzO OBz BzO OBz Bz

HO OH 38 -

27 2 %

Alternatively, uridine can be don-verted into 5-haio-5’-0—suIfonyl-uridine-2’,3’-
O-acetal or ketal, such as 5-bromo-2',3'-O-isopropylidene-5'-O-tosyl derivative (28, R
=Ts, Scheme 4). Base treatment of 28 affords t.he 6,5-O-cyclo derivative 29, 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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Scheme 3 H2H2H2 ?Ac ON ~N H2N _nl H2NO H2N O HPMatch 2007
N->9g2 ~~ Bz Bz0O OBz BzO Bz BzO OBz BzO Bz 20 21 22
23 NH3C1 NHz NI-12 "f1 H2 \ 1 | \ 0 ~INO OHHO) H
HO OH Q Q Q0 BzO OBz 27 26 25 24 Alternatively,

uri di ne can be convert edS¢heme 4

5-hal 0-5' - O sul fonyl -uri di ne-2' 3'- 10 O acetal or

ket al o such as
5-1s il 3 -0Ois yI i dene-5 osyl deri vaw
(28, 1R | Ts, Scherre 4 Base trg of 28 affor L

k& 615790 cycl Pdedfi vati ve 2 CH’ upon

a lysis, gi -am no-2', 3 i sopropylide
urifdrine 30. Ntr i on oF 30 es 31, an¥
subs€quent reduct to 32, foll d by cyclizati
produces 33, whi IS converte o0 9,5 -cyclo

derivative 35 by treatnment under M tsunobu 15
condftions to 34, ¥ol | oned by de-3® acetonation wi #h
acid. . 68 1 March 2007 Schene 4 BiQO, OH OH H
ROON" [/~ l

rootr ol tﬁi
AP Ay A
% ¥ ¥

35 34 © 33 K

Compound 34 can be prepared from 5'-azido-5'-deoxy-2’,3'-O-isopropylidene
uridine (36, Scheme 5). ‘Bromination of 36 to 19 can be furnished 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 yield with triphenyl phosphine and
ammonium hydroxide in tetrahydrofuraﬁ. Nitrosation of 37, followed by reduction
gives 38, which is readily converted into 34. Compound 34 can be thiated with
phosphorus pentasulfide in pyridine or with L.awesson’s 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. Also alkylation with various alkyl halides in the
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Hz Hz Op O 28 29 30 31 Hhl J3JJJJIJ OO0 H, pmbchizoo?

OE gXp t- QXp 35 34 33 32 Conpound 34 can be

prepared from5' -azi do-5"'-deoxy-2', 3" -0 isopropylidene

uridine (36, Scheme 5). Bromination of 36 to 19 can be
pres¢ngendidiase, bych aeabdiein ompetassiut Garbanatesomamdiurmoc potassium

nitrate in acetonitrile. Conpound 19 can be directly

hydroxide &1 &ie therhgalvéritesicibas dimetRyleerianditiey &catdnitrile,hi gh
yield with triphenyl phosphine and ammoni um hydroxi de

tetrah)?drbﬂré@rbf%éiikﬁ éﬁordg' thé %ﬁbbﬁéhcﬂg? %@lkf/l@éﬁ@?ﬁ% hy, which,

reduction gives 38, wnich is readlly conver
c be thiated with phosphorus
upon%ﬁm%ﬁg B% égﬁ% pyrldlne or with Lawesson's reagent in
an inert solvent 10 such as toluene to give 39.
De- 0- |sopropyI|denat|on f 39 ith acid gives 40,
whi ch can be desul fate n?mﬁ.by treatment with Raney
nickel. Alternatively, treatnent of 39 with Rane
ni ckel nd subsequgnt aC|d hydroly s gives 41,

Tr eat Hof 37 with or oacet aI de gi ves I‘
Py rol Pi m di ng_42 erre 6) . ‘Pc de-O N

i sép | i denagi on 42 affopds Al so_abky on
W th ri ous aIkyI ides in th 691March 7
pres e of base, h as sodi um pot assi um

carbonat e or sodi um or potassium hydroxide in an

i nert 3ol vent, such #s di net hyl f orfani de,

acetonitrile, tetrahydrofuran, ,or the |ike affor s the
correspondi ng 1-al kyl derivat¥ve 44, which,

e ool ol ol

42 39 34

Y

g
<_Ho_u b T %

R= H; lower alkyl of Cq., w-hydroxy-, w-sulfhydryl-, w-halo(F, Cl, Br, or [}-, w-

azido-, w-amino-, w-cyano-lower alkyl of C4.¢, or benzyl.

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

the adehilne derivative 27. Treatment of 42 with Lawesson'’s reagent affords the thio
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upon acid hydrolysis, gives 45. 5 Schene 5 H 6 H Markz2007
JNH ~ONOHNO N3 N, 36 193738 | \HHHH OO
wWesll HHA43 42 39 34 1f SO HOHHOHH OH41 40
45 44 R = H, lower alkyl of Cl., w hydroxy-,

derivatiwul6 (Sctiethe 6) witioh @éﬁbe@onvﬁﬁed 3 the 6-antho défitktive 47 by
w-am no-, w-cyano-|ower alkyl of Cl-6, or benzyl.

treatrﬁéﬁﬁhﬂﬁ%?nrﬁ&mggﬂé @;?EB liderHtivh 7- it derivati
acid hydrolysis, Ph 9I10 r%he ::lgég% ngggfegrbldvat [ Vcelenvatwe
27. Treat ment of 42 with Lawesson's reagent affords

8. the thio 70 1 March 2007 derivative 46 (Schenme 6),
whi ch can be converted to the 6-am no derivative 47 by
treatnment w th ammoni a. D?l Qi gopropyl i denation gives
7 deazaadeni ne derlvatl Scheme 6 HZ HZ NH NH

Ha
4 NH 5
o]
—— B e
3(0 HO OH
5 42 46 a7 43

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
51, which is converted into the free nucleoside 52-by saponification.
10  Isopropylidenation of 52 with 2,2-dimethoxypropane in acetone in the presencé ofa
small amount of p-toluenesulfonic acid gives 53, which, upon treatment under

Mitsunobu conditions, is converted into 54.
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"to OO0 QO Op OOHO CH 5 42 46 47 48 Condentbitichr007
of sugar 20 with 6-am nouracil under Vorbruggen's
conditions results in the exclusive formation of
3-ribosyl -6-am nouracil derivative (49, Schene 7).

Ni trosation of 49, foll| d®elserag 7 educti on gi ves 50,

whi ch, on cyclization affords 51, which is converted
into thefree nucl eoside 53 y saponi fication. 10 N/\'\

| sopropyl i denati on of 52 wift d| nmet hoxypr opane N
acet BNE™Hhn t he presence k amount of HN

p-t | fonic acid 3 V\hlch upon tr

under unobu condltl on : |(§ converted into . N0
\ h{ 2007—Schenke H2 |INH2 HN—E-€Ff° NBZDSIN O
N O > BzO Bz0 BzO BzO OBz BzO OBz 49

~ HNI N FI NN HN OO-.NOOO HOHO

'Hd3¥9-| 054 53 52 From&GyavBamndi fied nucl eosi dB=Q OBz

nodi fhed furan r| ng cont génl ng conpounds are made, 1
Sugar “nodi fi ed nucl eosi d can be prepared by (i )5
condensati on of

H”\\ HN\ HN\
N
11\ SN HN\N
N” 0 O™>N"0 ‘%J &)
"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
modified sugar with a base or (i) by conversion of the sugar moiety in preformed
nucleosides. For example, condensatién of 1,2-O-acetyl-5~O—methbxycarbonyl—3-
deoxy-D—glyceropentofuranose (55, Scheme 8) with 5-nitropyrimidine-2-one affords

.56. The hethoxycarbonyloxy group at C-5" is not a good enough leaving group,
which just undergoes saponification upon treatment with base to give the free

-_ 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-c_ieoxy~D-ribofuranose, 3-deoxy-3-fluoro-D-xylofuranose, 3-deoxy-

. 3fluoro-D-ribofuranose, 2-deoxy-2-fluoro-D-ribose, 2-deoxy-2-fluoro-D-
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5 nodified sugar with a base or (ii) by conver si bMamwh 2007
the sugar noiety in prefornmed nucleosides. For

exanpl e, condensati on of

1, 2- O acetyl - 5- O net hoxycar bonyl - 3-

' arablagquqy.eg land dheip braughu comtts parBgivéthenerayspeintding sugar

5-nitropyri mdine-2-one affords 56. The

modified Apalpgasdongd.oxy group at G5 is not a good enough
| eavi ng group, which just undergoes saponification
upon treatnment with base to give the free 10
nucl eosi de 57. The free guHeng®gi de 57 i s benzoyl at ed
to 58, which, upon treatnent wth sodium azide in DV
gi ves 59. Saponification ofgR9 affords 60.,sing
differentf sugars, such as 2-qgedky- D-ri bof Ut 3 se,

3- deoxie uor o- D- xy| of ufffanos & B- deoxy- N0
3-fl uoro-D- Pﬂrrang_sé’soé’
2-deoxy-2-flugpo-D 72 1 Marc

y-2-f luor & ilbose,
007 ar abi no anose,

and their L-sugar counterpartsosi ve their OH

correspondi®ig sugar nodifi%d anal ogues of 60. Schene
8 02 02N H3000 go N O QAC H3000 g QAC OAC 55 56
67 YOO0OO ~ ~ BZo-q OH OBZ OBZ 60 59 56 Anot her

type of sugar-nodified nucl eoside that can be used in

the pres nventi on | ocyclic su
nucl eosi ot ypi cal o S shovvn in gne 9.

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

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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Compound 61 is sulfonylated, typically nesyl at ed] Magh 2007
62, which, without isolationis treated with al kali
netal azide to give 63. Heating 63 affords the
8-azaxanthine derivative 64. Acid hydrolysis of 64
gi ves 65. Thiation of 64aharheBawesson's 10 reagent

ives 6, which is convgrted into the 8-azaadeni ne
de[3 vaflive 67 by tpreatfient with ammn a Aci d

hydr @l ysi to reane l e opropyl otecti 1 H
grou 80 67 affords 73 1 March 20 Schen®,
H"X | H ~~| JJOO’\’\ AN~ TOp "k P 0
HO a N OX BX 6 64 N NN NN
| +—— N ~—pp H qqo—-%0

0 ) _
68 66 65 Post chetic Mdifigajd ons. Vari ou% Enew
nolecul es can be made~from cl ass %orrpounds

Comgound 14 (Y = H §=CH R = R'r Bz) is conveg‘;ed

into 5 the corresponding thione (69, Schene
treatnent with Lawesson' s reagent in

‘ @

on o 5 P b b

68 67 66 65

Post Synthetic Modifications. Various new molecules can be made from
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. éromination of
13 (Y = H, Z = CH) with bromine water or NBS in acetic acid gives 6-bromide 71 (X =
Br) while treatment with NCS in acetic acid converts 15 into the chloride 71 (X = CI).
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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an inert solvent such as tol uene or phosphorus 1 March 2007
pentasul fide in pyridine or tetraline. Saponification
of the benzoyl groups affords the free conpound 70.

Brom nation of 15 (Y =H, Z = CH wth brom ne water

or NBS in acetic acid gSc¢henteppom de 71 (X = Br)
while treatnent with NCS in acetic acid converts 15
into thg chhkoride 71 (X g d 10 After tjea nt of

6- hal ig atives s

nucl eopk gogent suc
additig a elimnatiop read
result substyt ut ég
Schene BzO OBz

sever azOnayept 0 conver tBz6 mnthl ne demovatoyes into
t he correspondlng 8- azai soguani ne derivatives. In
Schene 114 treatment of 16%ith 5 phosphor 79
pentasul f|{de in pyridine or wwth Lawesson's reagent in
an inert golvent, such as toluene or nethyl

chl ori the like, results gn the thio der

corres ammo™de Pves TA i C enoval
of 10 s protecting Yre , give the c Spondi ng
free c | eosi des E? tH shoul d 36 om

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
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

~ =SH). 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 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.

75
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be noted that 74 and 75 are in an equilibrium m Kk 2007
of am no-imno tautoners. Also, alkylation of 14

gi ves the Nl-substituted nucl eoside 76, which is
converted into the free nucleoside 77 by

de- O i sopropylidenati onSchenmld ¥1------------ 1 March
2007 Scheme 11 RR HR Po NI~ I~ , I H 00 14 73 74
i H YOONRRXR-RI1 i I AR O O O H H HpHrH
B 75 X=SHMNM<p O - \/ R=H lo H
Cl 6, WAy «5y-, W- Su -, w ha o
[) i &, Weagd No- ya, wer k
" The sugar w- on of 15 c SO

‘ ation of 15 78 (Schene
ed by Nal FAl nent gives TAE olefin 79. Agqm€ous
basey treatnent of ;948 |leads to th? f or mat|i on of
epoxide 80, which is susceptible to 10 ndycl eopthnR'Fél
attag to produce 3-substituted arabino rivatives
81. clic

R
0
— -

76

R = H, lower alkyl of C4., w-hydroxy-, w-sulthydryl-, w-
halo(F, Cl, Br, I)-, w-azido-, w-amino-, w-cyano-lower alkyi

of Cq.6, or benzyl.

The sugar portion of 15 can also be modified. Sulfonylation of 15 to 78

- (Scheme 12), followed by Nal treatment gives the olefin 79. Aqueous base

treatment of 78 leads to the formation of epoxide 80, which is susceptible to

nucleophilic attack to produce 3-substituted arabino derivatives 81. Cyclic

. thiocarbonyiation of 15 to 82, followed by Barton reduction affords a separable

mixture of 2'- and 3’-deoxy products 83 and 84, respectively.

76 -




t hi ocarbonyl ati on of- 15 to 82, followed by Bart ohMarch 2007

reduction affords a separable mxture of 2'- and

- deoxy products 83 and 84, respectively. 76 -- --
R 1 March 2007 Schene 12 Kr | ~°°
ACl 'o 15 78 79 o p SHHedd182 X = N3, NRR, SR
halogen Y=H OH OR NRR, SH SR Z=NCH R R
or lower alkyl of C1_ 6 83 84 Synthesis of Cass 2

2,6

conpound 88 |'s obtain

Simlarly, xanthosi ne%(g %ﬁ
i soguanosdfie (89, Y = NHIB is treated wWh

2, 2-di met hpoxypr opane in etone in the presence of
catal ytic Janount of an acjd to the correspondi ng
2',3 -0 1isbpropylidene rivative 90, which, undef
M t sunobu c¥nditions, is nverted to 3, 5¥-cycl o-

X=N3, 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

OH) or 77 1 March p007

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 = NHy) 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

7T
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nucl eosi de 91. De- O isopropylidenation with aci di March 2007
furni shes the free cyclonucleoside 5 92. Schene 13 0
HHI I I HOHOH85 86 87 88 H OH 00H 89 90 91 92
) Synthesis of Cass 3 Conpounds Treatnent of 1 -nethyl
Isoguangsined 88, Yeolbl) ishesitert with 2,2-8irhetiexgprppane in atdtghe in the
10 N-carbanoyl - cyanonet hyl form m date (94) affords
presenue df a catalylic aniduns bfian acid t‘¢|thaicd&é@%@diﬁéh’,ﬁ’sbaﬂbprﬁpylidene
Warrener, R N ; Butler, D. N; Ralp .
deriveide 90, Wﬁ@h %)\A:té&%ﬂu FBALRbUS) d§ ’coﬂ\'?_?el?éd fPEBeLIEs.

into the desired cyclic conpoun
[ t
nuclegRRRY1, B8 ORpproicbBaR B SsREl s B X B Silcieoside
92. am nocyanoacetam de with ethyl 15 form m date
hydrochl oride (Shaw, G ; Warrener, R N.; Butler, D.
N.; Ralph, R K J. 78 1 March 2007 Chem Soc.
1959, 1648) or trlethyl orthoformate (Cusack, N. J.;

Hildick, B. J.; Robinsef 13 Rugg, P. W: Shaw,
G, J. Chem Soc., Peg ki n Tr ans 1973, 1720
Alterndftively, internedi ate 95|s reparedfro
5- chly@r o8 deoxy- ri .@ A (98, me 14)
foll ql g Janner. gat-AENnt of nmet hyl|
5- ni*t r i mfdazol e-y oxyI ate ords 99, ych fi s
I exghers fhe,corrgspshding am
85 86
e
I
H
—_— ——r - —
'oH \ Hi OH
89 90 91 92

Synthesis of Class 3 Compounds

Treatment of 1-methyl 5-amino-5-deoxy-riboside (93, Scheme 14) with ethyl

N-carbamoyl-cyanomethy! formimidate (94) affords the 1’-methyl riboside-5'-

- ylimidazole (95) (Shaw, G.; Warrener, R. N.; Butler, D. N.; Ralph, R. K, J. Chem.

| Sbc., 1959, 1648). Upon acetolysis, 95 is converted into the desired cyclic

compound 96. After saponification, the targeted product 97 is obtained. The

' re_agent 94 can be prepa'red by treatment of aminocyanocacetamide with ethyl

_formimidate hydroc_:hloride (Shaw, G.; Warrener, R. N.; Butler, D. N.; Ralph, R. K, J..

78




Ammonol ysis of the ester 100 gives 95. Al so, 1001 March 2007

cyclized under acetolysis conditions to 101, which,

upon ammonol ysis gives 97. Schene 14 NHz NH g | NHz

NC HCONHz ©= S CF{, NHH CHOC,is 94_ AMC OH 93 95 96
Cherg7Sogx 1892.y1638) oCtrathy! kithofdrmateCysagsk, 041 Mokl 8. 98

99 100 101 Synthesis of Cass 4 Conpounds C ass 4
Robinsom @uHis Rage, ByW ISisw,6@., by ChehesSab. fPekinrmransyk 19TB¢e

first process is to start with a pyrimdine
1720nucl eosi de bearing a non-leaving group at G5, such

as 2',3 -0Oisopropylidene- 5-nethyluridine (102,

SABE Bl 1 548 33 RLABHARY Lo WEE 0D on
5 oneL T BI04 bt ot oy BoE D o0 5891 o

606 via the intermediate 105 with concomtant rel ease

4-cargexyiateraftipsds 88swhigh is redyceditp dhe corrgsranding aming,100.
azido noiety to the 5,6-double bond results in the

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

conditions to 101, which, upon ammonolysis gives 97.

Scheme 14
NH2 NHz { | NHz
Hy CH " Hgg:ctn, NHz H
CiHy
% e ——
A OH
< _
95 96 97

93 \ T
| OCH, ILO% QCH,
c GHJ NOz NH 2 H
CHy !
—_— —_— —

o, ‘
a><o | o><o OAc

' : 101
10 98 | 99 100

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

: _1'5 _sulfonylation of 102, the product 103 is converted into the 5’-azido-5"-deoxy

: g
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formation of the triazolo internedi ate 105, whi chMarch 2007
undergoes elimnation of the 6 5 proton and subsequent
elimnation of N2 results in the formation of 106.
Schene 15 PNh it -u HOO H ~RX2S % 102 103 104
derivafive 104\ which| umon béalihg, N2 anlifdrt $6BeaDSIcByas DVF, gives the cyclic
carbonate, cyclic orthoester, benzylidene, or other
prodagtcl 06 vigrthe rite GredialeST05 With ¢BnesmpastireRiasB Of Bfteigen gad A
Compound 19 (Schene 5) fromuridine can be converted
31 i ; < q [ i
[2, ]ﬁ%&ﬁ\%gddl%‘h ?@5*‘?&%‘?‘2 ms‘??ﬁ?’% Fﬁ@@,@%ﬂdﬁgeﬁa i e

formgﬁéﬁbg%gigz% ﬁﬁ%"ﬁgdlétﬁwﬁsg ?k"’ &%Z:Sé%@%ﬁ%ﬁ%a}@vﬁthﬁ %

proto% é]rll\ld) subsequent elimination of N; results in the formation of 106.

Scheme 15

103 104
r) Hy
O . N2 0
-
><° <
105 - 106

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

serve as protecting groups.

Compound 19 (Scheme 5) from uridine can be converted into 37, which, after

" de-O-isopropylidenation gives 107 (Scheme 16). In a simitar manner 108 can be

obtained from 38.
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Hp H X 108 38 107 Wen . 1 March 2007
5-brono-2',3" -0 isopropylidene-5 -0 sul fonyluridine
( 8) is treated with anmonia or nethyl am ne,
6, 5' -cycl onucl eoside 111 (Schene 17) is obtained via 5
intermedi ates 109 and 1%6hefdehtére 17 B~ HO z0 tO
ROa6 ) RH OX 0 18 109 110 111 The third route starts

with al kyl ati of 6-am no-pyrimdinone (Z= N) or -
pyridone (Z = , With B8 H H
5- hal ogeno- 5dggloxy- 2, 3- 0-i gpyl i deney i de (112,

10 Schenme,-8y_li N base t IoV] . is of 113
af fords cych=tati onmprodu 114,—whch converted
to di hydrox onpound 115 saponi ficatthon. 81 1
March 2007 hemre 18 '-00*C g H 01% % HO OH s >
112 113 1%4 115 synthedls of O ass 5 ¥onpounds

Tr eat ment of

3,5 -cyclo-2'",3 -0Oisopropyl i dene- gianosi pe (88, X =

Nl -12) or
H, H, H
%ﬁi g’t o)
HO OH HO OH
X

108 38 107

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

intermediates 109 and 110.

Scheme 17

"

><

18

(4]

RO.S -

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 (1 12.

Scheme 18) in base to give 113. Acefolysis of 113 affords cyclization product 114,

" -wh_ich is converted to dihydroxy compound 115 by saponification.

- 81
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5 -inosine (88, X = H) or another nucl eoside in Wdarech2007
X is halogen, small alkyl, S-alkyl, Nalkyl, wth

nmet hyl i odi de gives the correspondi ng 7-nethyl

derivative 116 (Schene 19). MId base treatnent of

the quaternary salt opefisheme 18i dazol e, giving the
desired product 117. Alternatively, reaction of
2,4-dichloropyrimdingwth 2,3-0isopropylidene-5- 10
Otrityl-ribosylamn 18) gives , Which i

convgrted in two st
It 120. T t ment of

and su V1 arton W
into t uat ernary o W
water, *%l 1 owed by betlitralizati®n daffords the désired

cyclic ggnpound 121.11# nst ead of tPIg i sopropyl i dene

protecting group, cyclic carbonaté, cyclic 15

ort hoester, benzylidene, or other cyclic groups can

al so serve as 15 protecting groups. 82 1 March 2007
SyntiF6s18'8F Gfdss'3 Colpdupidd H O 88 116 117 V2 HH T T 1)

H+ 2) TSCVpyr wo g>/ p O 118 119 120 121 Synthesis of

Cl ass 6 Conpounds This type of conmpounds can be

sy reatment @gg,ﬁhoynlmégamfismmpywmmgmmws, X FbiH;) or

exanple, 2',3 -0isopropylideneadenosi ne (122, X = H,
-inosiite (881X 2H) drsanother 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.

Alterriatively, reaction of 2,4—dichloropyrimidine with 2,3-O-isopropylidene-5-
O-trityl-ribosylamine (118) gives 119, which is converted in two steps (seiective. de-
O-tritylation and sulfonylation with tosyl chloride in pyridine) into the quaternary salt

120. Treatment of 120 with water, followed by neutralization affords the desired

cyclic compound 121. Instead of the isopropylidene protecting group, cyclic

carbonate, cyclic orthoester, benzylidene, or other cyclic groups can also serve as

protecting groups.

82




sul fonylated to 123, which, upon heating, cyclizeMartio2007
a quaternary salt 124. Base treatnent 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 PGPEME 1%ucl eosi des and puri ne
nucl eosi de anal ogues, such as guanosi ne, inosine, 10

t oyokanyg€i n, tubercidin, gor formycin, etc.

Nat ur al Ll- ogcurring imig .| ol nucl eosi de, ARCAR:(127)
can be cofjvérted into N, 3' -0 i soprogdp! ijdene
deri 28, whi ch,x-3 suI fonyl ati g #29,

¢d , b heat|,ug ;n a
presen a strong bas
AL ycllc producg

131. This sequence of reae?ions can be appI|Ethe to
ot her 5-gyn no- imdazole,qitgriazole, or 117
2-am no-pyrrol e nucl eosides. Instead of the
i sopropylidene protecting group, cyclic carbonate,
cyclic orthoester, benzylidene, or other cyclic
groups can al so ser S protecty gr oups. chene
20 X & 9H RSOt R%}( 122 1 24 125 12
' ' Nif* H

7 H

—_— ———-
. 2} TsClipyr

118 119

' Sjmthesis of Class 6 Compounds

This type of compounds can be synthesized from regular purine 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 .1 24 affords 125 which is then treated with acid to give the desired
| .product 126. This sequence of reactions can be applicable to other purine

nucleosides and purine nucleoside analogues, such as guanosine, inosine,

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, followed
- by heating in an inert solvent in the presence of a strong base such as DBU, cyclized

‘ to yield the cyclic product 130. Deacetonation of 130 in acid affords the desired

83 -




| - 10 Anderson, G. L.,; Broom, A. D., J. Org. Chem., 1977, 42, 977) or 8-ribofuranosyl-

127 128 129 130 131 Synthesis of Cass 7 Conpoum@rch 2007
This class of conpounds can be synthesized from
1 ri bofuranosyl pyri do[2 3- d] pyrimdines (Rizkall a,
Braoom A.D. O g.. Chem, 1972, 37,3980; 10
commrggﬂ his sgque:g;e)gﬁﬁeap\tlorgs caane @aghca@@tﬁ othgg‘éaamlno-
42, 977) or 8-ribofuranosyl- pteridines (Pfleiderer,
imidazpole, Aliggelei et franDno-iStiolenvaeosites. listend &ithe,isdeagylidene
106, 317). However, the easiest approach is to start
proteﬁtimglgﬁmq:)y ayn:limrdaiboaatelayﬂclic&ﬂmaeter,ziénzylwéﬁé} ot athdreyclic
prepared in two-steps from
roup® ¢ah alShisspRy 8P }dtg@m@- trityl-5- bronouridine
9 ‘%1 32) (Anders,onlé g':m}:%m A D, J. Og. Chem,
1977, 42, 977). 15 Treat ment of 132 vvlth
5 benzyl oxymet hyl chloridge ﬁ Mp in the presence of DBU
84 1 March 2007 affords t he protected nucl eosi de
(133) in high yield. Conversion of 133 into 134 in
i eved by trpat nent of 83 vvlths i um
ue and
, 1978, 2657)
@yanoa et e |n

, 3 -0 opyI i dene- q;"
- 122 _1%3 124 126
Otrityl-(3-Dribofuranosyl)pyrido[ 2, 3-d] pyr| m di ne- 2,
4(1 H, 3H) - di one-6- et hyl carboxyl ate (135) is obtained
in good yield. Reduction of 135 over pall adi um

renoveg the prot ect| ng groups N3 and 0%

gnheousl yng 136 | od yie he 7- ai
glrzou 136 1's erted |ntd c§ne 0X0 by
™ nati on nftrous aci gi ve 7, { whi ch,
Nt t i phend¥ i ne_gnd t hyd—-
ar boxyl a furni shes lizatio one of
t & get®®8d conp 138. Rea®ypen of 138 w2 h ligtid

g4 a or et hdps) i ¢ anmoni ives the rrespondjsig
cgngoxam de 140, which is fu?%?er conver gd into

6-cyano derivative 141 by treatnment wth
trifluoroacetic anhydride in a m xture of 15 di oxane

Synthesis of/CladisreCompounds

This class of compounds can be synthesized from 1-ribofuranosylpyrido[2,3-

d]pyrimidines (Rizkalla, B.H.; Broom, A.D., J. Org. Chem., 1972, 37, 3980;

pteridines (Pﬂeiderer, W.; Autenrieth, D.; Schranner, M., Chem. Ber., 1973, 106,

- 317). However, the easiest approach is to 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 in DMF in the presence of DBU
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85 1 March 2007 Schene 21 Br PhcH OCHy Bt PhCHy ©flgheh 2007
NCeHsH zMO 6C 7TCAED, H NHy Hy O THTj COWO OO
132 133 134 135 136 N HHYNOHE O® HEO Etc OOO
VO HOOHHOHOHOx .p 141 140 139 138 137
affordg theherotected norigesids (€33jpougisyield. Conversion of 133 into 134 in
1- Am no- 1- deoxy- 2, 3- O-i sopropyl i dene-5-0-trityl-D-ribo
high Yiglchisaohigvbtihy Bedofentef 233 wilh dodaaheyanidelin @NIF laccording to
carbamate to give (2,3-Oisopropylidene-5-Otrityl-

Incu®and bigdar sy 0. LUesAaNEe ChéfB Phan®l BEdll, 1978, 26, 2657). When
de-O-tritylation of 143 in 80% aqueous acetic acid,

134 SRR TG AR TSP Ssdprd aRBUABALAE
: - W : | L hi iethyl ~ . . ,
cthalc At b6 PR SREN B Sl sopropicenes-
O-trtg i poT Ay APVl Gergmiling 2,401 H SH)-dlofe-6-
2,3-0Oisopropylidene-D-ribofuranose (147) is
ethyleaibexylaigt(ddShistabtainet dmgpod yletd.i Reductiomof tiSaeerqidiadium
or tetrahydrofurane to give 1,5-dichloro-1,5- dideoxy

charadal iensavesahé4BoteCling gratpsat NS add ®3Nsirhultareausly giving 136 in
guani dine affords the desired cyclic urea 145 (X = 0)

good 9leld:yThé 7-Amitid &Holp it 146 is dorveNdl- inforRess:@grbligbyof

145 15 affords 46.9 86 1 March 2007 By
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

dioxane and pyridine.
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Schene 22 T T cCNHz HCCNHz H NHz O O 142 143 11Kiarti2007
OHa\ \ HON 147 148 146 This invention is further
illustrated in the Experinental Details section which
follows. The Experinental Details section and Exanpl es
contained therein are sSchenfe2th to aid in an

under st andi ng of the invention. This section is not

intended to, an shoul d not be interpreted to, linm
' etgfOrth i hesoghak:
i i MEEES et ilng poi nt rg
n NH; Hz Q
LTS \pel

re ed on [ O( KONT $pect rophot o r
in qg}anol 1HsNVR  spegifa were ¥ at room 36
tenperature with a Varian Unity Plus 400 spectronefer.
Chem cal shifts are given in ppmdownfield from
internal tetranethylsilane as reference. Deut eriu

excha , decoupl ipng experlne'ts or
, ed "%y o &G i ot 07P%aeR
ol ti @ ar; gsent e o
bl et), doubl et «Joubl ets),

‘ @SS sapectra

wer e recorded in the p05|t|ve- ( FAB>0) negati ve~
(FABYY) ion nodd4dn a JEOL X 300 nmassi¥pect r onetldy .
The matrix was 3-nitrobenzyl alcohol (NBA) or a

Synthesis of Class 8 Compounds

1-Amino-1-deoxy-2,3-O-isopropylidene-5-O-trityl-D-ribofuranose (142,
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, followed by ammonia treatment affords isopropylidene ribosylurea (144).

Application of Mitsunobu reaction on 144 with triphenyl phosphine and diethyl

~ azocarboxylate gives the desired cyclic urea 145 (X = 0). Deacetonation of 145

affords the target compound 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 cyclic guanidine (145, X = NH). Deacetonation of 145

“affords 146.
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m xture (50:50, v/v) of glycerol and thioglycerof March2007
(GT). Specific rotations were neasured on a

Per ki n- El mer 241 spectropolarinmeter (path length 1 cm
and are 5 given in units of 10.1 deg cn? g-1.

El enental anal yses wer eSghemer22d by Atlantic

Mcrolab Inc. (Norcross, GA). Analyses indicated by

the synbols of the elenments or functl ons werg £
0. 4% q
was pe
vi sual i g

sul furic,10 acid andIF .
was carried out on SiTtca Cel
atnospheric pressure. EXAMPLE 1
1-(2',3 ,5 -Tri-0O benzoyl - p- I bof ur anosyl ) - %- ni tropy
ridine-2(1H)-one (10, R = z, Y =H Z=CH). 1

5-Nitro-2-pyridone (5.6 40 mmol ) in

hexanmexhyl di si |l azare 480 nlL) was refl uxed %f{

cat al yt Ganprofti um sul fate for 6 I'n an
ar gon FXC8ss sol vent was renove n
vacuo, the residme€ dissolved in 1,2 dicl or &t hane
(100 nmL). To this solution were added
1-acetyliq?, 3, 5-tri - Otenzoyl - (3- D-ri bofuranoss (19 g,
37.6 mmol ) in anhydrous 1, 2-dichl oroethane (100 ni)
and IN 20 solution of tin (1V) chloride in nethyl ene
chloride (7.68 nL), and the m xture was heat ed under

r Eip inventien & fusthes illustrated indhe &Exkerimeatal Dedails section which
tenperature overnight, the reaction m xture was

follows] Wbe&kpefimntﬁtﬂethmSeaiﬂrmﬁchxaMPEal@%m&ihéd Hfdrelrparetset
- sodium carbonate solution, and filtered through a '

forth t68lid mearpa.ﬁ*deré.fﬁﬁdﬁfg&@mé lh\%gﬂfonw?%s SEQRINAL it iMBsdssito, and

with water, dried, lter concentratedto glv

shouldnbE Py %‘?%.‘@é‘ﬁﬂ? A Rl A L il

hi h\fgﬁ’g‘l"é’i soI The 1H NVR-paraneters in DVBO d6 were
whic to those reported for this structure.

EXAMPLES

'Melting points were determined in open capillary tubes on an Electrothermal

digit melting point apparatus and are uncorrected. The UV absorption spectra were

-recorded on an Uvikon 931 (KONTRON) spectrophotometer in ethanol. 'H-NMR

~ spectira were run at room temperature with a Varian Unity Plus 400 spectrometer.

Chenmical shifts are given in ppm downfield from internal tetramethylsilane as

reference. Deuterium exchange, decoupling experiments, or 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 mass spectra
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nosyl ) - 5- ni tropyri di nei Rlatch 2007
CH) 5 A mxture of
Obe zoyl - (3 (bof uranosyl)-2-p

EXAVPLE 2 1-((3-D- Ri bof
H-one (10, R=Y = H
5-nitro-1-(2',3 ,5 -tr
yri done (10, R—Bz Y— Z = CH, 100 ng, 0.17
wereggphdesia t&%\pm‘»lb\vedi:ﬂ&a@aﬁo negativendinfAB<QlLionmoge aps JEOL

stirred at roomtenperature for 12 h. The m xture was
DX 390roass spaometedr Vine strvands 3-hirobeszyd aizohol (NBA)Y exda
with EtOH to precipitate 10 (R=Y = H, Z = CH), which

mixtweg50:60| Verbrglyeardl a8d tisgigtéror rSYsB Aied
81$°/<) as apv\ﬁgi%(e sol id. é%%l\/R %T)E [;SI\%QO dG@DZtE)O;W%WgeM

meaétmad bn"& Per%rﬁ@lrﬁ&} 241 ﬁtfo%%]g%teg’@eta ﬁser%h ﬁ;cm)]ar'fa are
° 9“’8’%‘”’%“*‘5‘?’%9 i ?’anos?l ) Elb e eEatsch vers,aerdormes by prapi

mxtureof =Y =H,Z = CH
Micrafgp Iﬁj Wfif%%cgﬁ)a @&ﬁsunﬁi@%ﬁe@g&ygg@ sygbats of thesplements or
) in_DWF -) was stirred at 110-120C for 12
functﬁns Yese mithinuE %@f tlwrretwﬂlwaﬂw tihin tayes shroraatagraphy was
' residue purified by silica gel colum chromatography

perfouned on SWhate@n PKSETiCae! plales,evittilvi$Ralizatior ofipraiuct<biing
(32 ng, 60% as a solid. 1H NVR (DMSO-d6) 6 3.53 (m

accorﬁupllrﬁhedfbyﬁtﬁv(aﬁsoﬂbéﬁ)cy falicived By cﬂaa#ihg with 1@°/o(éiﬁandhc-sulfunc
5.2, 9.2 Hz, 1 H, 4.79 (m

10 acid ahdkﬁeatﬁglbéﬁgmn‘]chgorégf_@#gqhwsbs gaﬁ'ﬁ?’%ﬁt%y élllga g;%]gﬁs&er
s73010) 2 pIT N I8 Go: 1 4.53; N 20,60, 89 1
March 2007 EXAMPLE 4

EXAMPLRY, 3' - O | sopropyl i dene-j 3- D-ri bof ur anosyl ) - 1- deaza-

8-azapurine-2-one (12, Y= H Z = CH. To a solution
0 g, 18.65 mol) in a

- of 11 (R

1-(2, %SZtTJi-g-mnmdtﬁrBenbechlgbaogvl))&aﬂmnym:lloeez(ﬂfl)-)om(1oc:R =
wer e added p- Ts(}I (353 ng, 1.86 mmmol) and 2, 2-

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 hour in an argon atmosphere.
Excess solvent was removed in vacuo,.and the residue dissolved in 1,2-
dichloroethane (100 mL). To this solution were added 1-acetyl-2,3,5-tri-O-benzoyl-p-
D-ribofuranose (19 g, 37.6 mmol) in anhydrous 1,2-dichloroethane (100 mL) and 1N

20 “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
s_eparated, washed with water, dried, filtered, and concentrated to give a residue,

256 which was crystallized from ethanol. The product 10 (15.53 g, 70%) was obtained as
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di met hoxypropane (7.7 g, 74.6 mmol), and the m x{ maeh 2007

was stirred overnight at room tenperature. The
m xture was neutralized with sodi um bi car bonat e and

ates forned ved by filtration,
a So'fcr e‘f*ﬁ’%ﬁﬁ '\%ﬂ RAATVERT? 41 Q@fﬁ ‘&a}'&%ﬁé very siiiah &o F"E@?d’ georted for
di ssolved in CH2Cl 2 and washed successively with brine
this fiugtyigt er. 10 The organic layer was dried (Na2SO4),
concentrated, and the residue purified by silica gel
col umm chromatography to give 4.0 g (75% of 12 (Y =
EXAMPLEZ CH) . 1H NI\/R (CDCI3) 6 1.29 (s, 3H), 1.57 (s

3.80 (m 3.90 (m 1 H, 4.34 (m 1H
1- tﬂ-éa'?%&”tw 559"5 roex‘rﬁbmib%ﬁ)-owe i R B G
15 EXAMPLE 5

A mu&un(e?oﬁ Bhitfe-1 28" G- UjSéWzo@T-ﬂgﬁBd?§bdnoEyIP2Iﬂ'¥?ﬂBHé qm@,smlz Bz,

) - 1- deaza- 8- azapuri ne- 2- one :

Y= H;GZ SCH Cﬁo m;[? %azgﬂé%?)\%%ﬁ rT%tu 8& Ee‘th olr% ar?rg{(}’n}i 10 BL) was

stirre%%éfgﬁﬂﬁ%%?g%tur%‘g ?g ﬂgel I n?o %ﬂﬁd' neqﬁété%ggdryness, and

m xture was, stirred at room tenperature qverni ght. The
the rezidija frlrales Wibh BLAHH G reecPiRte LR =3hd H. o= @), which was
di ssolved in ethyl acetate (100 nL) and washed vvlth

collecjed end recrystadizad fronTwaterr(3Zmng, 3 thppas washitr said. H NMR
(Na2SO4), concentrated, and the residue purified by
(DMSQ-ti €, Q)b 3164 (lmmm)hssgmwgmphym 91193[’«[}3 5%D (s, M) cH.48 (d, J

2007 13 (R = p-McPhSQ2, Y = H, CH) as a yellow
= I q 80%W3 o T heq
10@9'2 HIQSSQIE%M 2 3% gﬁ)ﬂzjoﬁgﬁ di %%n%%wbn bof u

ranosyl) 1- deaza 8- azapuri ne- 2- one

exaMprest | yfromlO(R=Bz, Y=H, Z=CH) (14, R R =Bz, Y=H, Z=CH). A
mxture of 10 (1g, 1.71lmmol), sodium a2|de (167 ny,
2.56 mmol ), and N, N- di nethylformam de (28 nlL) was

* 3-(B-D-RiboRutanodyheadeszR8-akhPuiitR@-ome (A10RYSY THZ = CH).

A mixture of 10 (R =Y =H, Z = CH, 54 mg, 0.2 mmol{) and sodium azide (20 mg, 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 gel column

chromatography with 15% MeOH in CH,Cl, to give 11 (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), 479 (m, 1H), 5.04 (d, J=5.2 Hz, 1H), 5.17 (d, J =

' 6Hz, 1H), 6.33(d, J=6 Hz, 1 H), 6.46 (d, J=9.6 Hz, 1 H), 8.01 (d, J=9.6 Hz, 1 H),
| Anal. Calc’d for C1oH2N4Os: C, 44.78; H, 4.51: N, 26.89; Found: C, 44.60; H, 4.53;

- N, 20.60.
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sol vent was renoved in vacuo, and the residue put Maice®007
by silica gel colum chromatography with EtOAc in
hexanes to give 14 as a solid. 1H NWVR (DVSO d6) 6 10
dd, J =4.4 and 14 Hz, 1 H, 5.33 (m 2 H, 5.79
EXAE’lF%S‘48Hz|H),588(d J:52Hz 1 H), 6. 44
= 9.6 Hz 6.75 (s, 7.32-8.08 (m 10

32*:9’-’01135 Aid EL -p+ M - 2- =
(ORIt g AL ?f%gf#ﬁr 52"5‘ %%aegfga urine:Z:one (12, =
2- (15, Y—H Z = . 15Corrpound14(Y—H Z =

szfﬁﬁmrrg 0. 35mmol ) vvastreated wth 0.5 M
met hanol i ¢ sodi um net hoxi de at room tenperature for 1

To alsolution Bfid 1r(Ret WreHWES= Chy gsrcag | 65 m:hbl% ﬁpswﬁtu?é bflacetone
concentrated in vacuo to dryness, and the resid

(25 nm_tararfd sm OSth %“Q?vaeFé’lai?géH ﬁhfémggg}gj FH;@W %hﬁhoﬁ%ﬂnd 2,2-

o give 15
dlmeﬁ'@fgﬂr{ol%a'ﬁ'?% %%n‘%@l d f?'l% rhlxy.lrﬁimaslst,_ﬁe'ézgfvegga'u& at room

tempgraée,re( %ejnuxthyrezu@% neqtpr@bzedgmﬂssQ@umbeca@ogatqz ang tpge
ng) ('J96Hzll—|),805(dJ
preCIpltaje% Q@edlrem)ovembmf tcation. dThe filtete weseOsenttated §n vecuo,
H 4.03; N, 22.39. Found: 48.10; H, 4.06; N, 22.45.
and tiga reslidde distbiveth ik OBiECl E0MMREERED successively with brine and water.
2',3 -0O1lsopropylidine-5-bronmouridine (17).

The ﬁil@ﬂww ndtied 80
Og%etone (1 E) !angj(&%rzeafgd(ﬁ%?ﬁ@h%dm@ﬁdow;%E LéﬁgISed by

st cd gt 00 KEREIED PR R Y 0

and the solvent evaporated in vacuo. The reS| due was

el S A 3 e e
1H) sloqﬁn( i{f-'l'p 24 143 6?5% b, 0= 51648, Bikatd, 1h1, Ps0612),

?_I 492(1 , dd, H2',
778(d 1H, J-96 7).

EXAMPLE 5

'3-(2’,3’-O-Isopropylidene-5’-0—tosyI-B-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,Cl, (50 mL) and pyridine

(50 mL) were added at 0°C p-dimethylaminopyridine (2.47 g, 20.3 mmol) and TsCl

(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 aéetate (100

- mL) and washed with water (2 x 50 mL). The organic layer was dried (NaxSQj),

concentrated, and the residue purified by silica gel column chromatography to give
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J =243 =6.0H), 532 (1 H t, J =52 Hz),1March 2007
5.83(1 H d, H1', J =2.8 Hz), 838 (1 H 10 s,
H6), 11.92 (1 H s, NH). EXAWPLE 9
5'-0O. Ben zoI-2 3 Olsopropylldlne - bronour i di ne.
13(%eerMﬂP w1, = ¢Hhas speliowselid (5:8.9. 88%ad This product
dropwi se to a solution of 17 (12 g, 33,0 mmol) in
was ppstatiiene (50 nl) at OC. The mixture was stirred at
roomtenperature 15 for 3 h, and then the reaction
was quenched with ice-H20 and stirred for a further 30
EXAMPALE Ghe sol vent was evaporated and co-evaporated wth
tol uene. The residue was partitioned between Et OAc
and H2O. The organi c phase was washed vvith sat.

5’-Cia¢ioCR (218i-dildbangofI- DL ribeTurdibay)-1- . .
evaporzgtgg to gi veog Bv\,hlrte 35| id ()i13 0 g, gﬁ%ﬂumz one

dired(f?sfﬁﬁ g{ L é?d( f.rl.g' (Nb(&ﬁ {#4”'3“%’(’ C%},%} 43*(% HQCIﬁf

Bz), 574 (1 H d, H1), 4.99 (1H dd, 5 a), 4.91
A muxtnuna, ofdt (1@, )71 rm6B,- Sodidm (eidle (167HRAY, 2.563hmoBnandtNING |
.60 (3H, s, CH3), 1.39 (3H s, CH3). 92 1 March 2007

dlmetﬁmﬁhdinib@ EBﬂQ&)(\Aa§btlrred and heated at 110-120°C for3 days. The
uorobenzoyl) 2',3" -0 isopropylidine-5-bronouridine.

el TS g) Sy pio  pl
°“f°“?é*é§$§“§3ﬁﬁ"°$%? B helaneSiS o4 i e e ke ﬁ%@%ﬁ? de) &

0 d df
- 5.00 GrI R Al Gubie 15 s 38 tg{éﬂ%am?tié—ewm Sty Bipe i, J =

toluene. The residue was partitioned between Et OAc
5.2 HanH}8A4 (the/ 51981z, 1 PG 85 st i shaa-8.08 (h, $@H), 8.14 (d, 1H,
NaHCO3 and H20O and dried over MgSO4. The sol vent was
J=9.8vaporated, and the residue purified by a flash
silica gel colum (eluant: 20% Et QAc i n hexanes) 10 to
gi ve
EXAMPLEO74- f | uor obenzoyl -2', 3" - O i sopr opyl i di ne- 5- bronour i
dine as a white solid (2.91 g, 87%. 'H NVR (DWVSO d6)
11.93 (1 H, br s, NH), 814 (1 H s, H6), 8.03

9 5’-Cyclo-3-(B- -rlbofuranosyl) 1- deaza-8-azapur|ne-2-one (15 Y =H, Z=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

neutralized 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 (54

mg, 62%) as a white solid. "H NMR (DMSO-d) 5 3.98 (t, J = 4.4 Hz, 1 H), 4.13 (m, 1
H), 4.61 (t, J= 4.2 Hz, 1 H), 4.83 (dd, J = 4 and 13.6 Hz, 1 H), 5.02 (d, J = 13.6 Hz, 1
H), 5.37 (d, J=7.2 Hz, 1 H), 5.76 (d, J= 4.8 Hz, 1 H), 6.21 (s, 1 H), 6.36 (d, J= 9.6
Hz, 1 H), 8.05 (d, J = 9.6 Hz, 1 H). Anal. Calc'd for C10H10N404 C, 48.00; H, 4.03;

N, 2239 Found: 48 10; H, 4.06; N, 22.45.
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(2H, dd, F-Bz), 7.35 (2H, dd like t, F-Bz), 5.791 Karchi2007

d HI'"), 5.14 (1 H d, H2'), 4.92 (1 H br dd,

H5a), 452 (1 H dd, 5b, J=3.6, J =11.6Hz),

4 -4.39 (2H m H3 and H4'), 1.50 (3H, s, CH3),
EXA'Y‘P@% 3H, s, CH3). 15 EXAMPLE 11

5'-Azi do-5' -deoxy-2', 3" -0Oisopropylidine-5-bronouridin
2,3"0-Isbpropydesslbtbidtrfiing (123 9. 8.3 mol) in dry

pyrEiE%i.ngy(ZO T ittrRiind (14 (0.7 i, 9.1 mmol)

at 0C. The m xture was stirred for 1 hat 0C, then
S-Bragnaurdine (18012, 0iP3 malOvasvaaspetaiat] inaavebtdriee( skt and ingated with-

continued for 1 h. The sol vent was evaporated and 20

1M HO) v BROY @5emlfdritdtipbtivoen ripératureatith $thrang.e The weixture was
partitioned between CH2CI 2 and H2O. The organic | ayer

i e Ol
neutrdfgedSWiBRA A ﬁm@FICtonggieSf’é Q}iig ﬁg%@g@%gf %ﬁrﬁ%&jﬁ? (\)/é?n%. The

renoved in vacuo t
rosiad TR HRAMZES o< REblye G058 0 e Bty 21+
R TEMEA U 834 o SR i Yo ) s g v

tenmperature, the m xture was concentr at ed

s March 2007 > \
5'b), 442 {HduBr adidt ) e/ Kl ddeHodls V1 36, Uy B4 Ha)ad924THi dd. H-2',

el colum (eluant: 5% MeCH in CHCI3) to give 19 (2.78
J= 2.8,, J 888 Hy, 832ddHot, |Jes 5.51dE), 6.88(1 By dykis1’'cd w<2.8I1HA) 2868 (1H,
fromEtOH in hexanes. 'H NMR (DVMSO-d6) 11.96 (1 H s,
s, H-6I)JH1.92(2H,(~.,1NHg, s, H6), 5.81 (1 H s, H1'), 513 (1
H br dd, H2'), 4.76 5 (1 H, dd, H3, J =4.4, J =
6.0 Hz), 4.15 (1 H q, H4), 3.60 (21-1, br d, H5 a
EXAMNGE G- 5 b), 1.49 (3H. s, CH3), 1.29 (3H s, CH3).
EXAMPLE 12 9,5'-Cyclo0-3-(2',3" -0 isopropyl idine
(3-D-ribofuranosyl)-8-azaxanthine (14, Y = OH Z =
5°-O-Bgnzoyki2)\84 Qhisopropykidinet5-broovouritlingég, 2.58 mmmol) in
DMF (10 m -) was heated for 30 h at 110-120C. The

sol vent r d in.vacuo, .and the residue .
Benzobchiptide {24 BB S P B A Sl Siapvise top galwtienof92(12 g,
was dried over SO4 and evaporated to | eave a pale
33.0 mmol) in pyridine (50 mL) at 0°C. The mixture was stirred at room temperature

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 washed with sat.

NaHCO; and HO and dried over MgSO,. The solvent was evaporated to give a

~white solid (13.0 g, 84%) which was crystallized from MeOH. 'H-NMR (CDCls) &

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, s, CH3).
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crystalline residue. Recrystallization from MeOH Biacth 2007
Et OAc gave 14 (602 ng, 76%9 as a colorless solid.
"H- NVR(DMSO-d6) 6 11.67 (1 H s, NH), 6.30 (1 H, s,

'y 5.21 15 (1L H, d, H5a), 4.95-4.89 (3H m
EXAM'%*'%WL:%', and H-4'), 4.61 (1 H d, H5b), 1.45

(31-1, s, OB), 1.24 (3H s, CH3). Method B. A
5O 16 ol -2',3%-0-i idjne:5- idi
L JbRolienzov))-2' 3 -Qsisopropylidine;S-bromouridine. . 1. o

(3.82 g, 8.22 mol) and NaN3 (3.2 g, 49.2 mmol) in
4-FlLonebers@yhthipride (0.9 @alt, 606 fumoB wisysdded drbPwis2(6.a sdlltion of 17
The m xture was cooled to roomtenperature, and the
(2.5 ¢,r6:88 whinel)imperdiat (2@ Y el 0bE. et hpdibrefyas §frdd At oBhe
was concentrated to dryness, and the residue worked up

tempsﬁtﬁ%g@\‘q K, Gr@ then e ée%cﬁoﬁ’ was¥lenchd WitMRES 11,6244 stirred for

C. Amxture o
a furfler 30 fily. o HeRhRER e veltniateel AH cH-svaporiga i Giehen The
oo b e AR s el oo

.. insoluble material 5 renoved by filtration. The
with saty NalHCOaangd lfd esdidrigdeayer dgHiQneThe salvant was evsparated,
partitioned between Et OAc and H2O. The organic | ayer
and thepesidup pusdfieetby arfidsh sitica ges columrcfehsdrd) 20%eEtOAOM hexanes)
MeOH and Et OAc to give 19 (9.04 g, 62.2% . The aqueous

to give H-O-4VRBredEHVRL eI G- BopropRihe-§MombaridiRs 28U white solid
conbined to that obtained from evaporation of the

o b, e beqpionts Aoyt NOVRAL 4, W o
(2H, & Y52, 7 ot QT £ % REH S H-M B 1Y (1%, he), 4.02

9,5 -Cyclo-3-((3-D-ribofuranosyl)-8-azaxanthine (15, Y
(11, b G HY5) 52 VT ke GrO. LB (4.6 ), 418-880 k) 1 Fh and
THF: AN HCl (1:1, 40 nL) was heated at 90C 15 for 4 h.
H-4’), dfth (&b, iGtds)t h811(8Kt sr@Hglo room tenperature, white
crystal s separated,

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 MsCI (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 evaporated and

coevaporated with toluene 2 times, and the residue partitioned between CH,Cl, and

H0. The organic layer was separated and dried over MgSO,, and the solvent

removed in vacuo to give 18 as a pale yellow foam, which was used in the next step

without further purification. NaN3 (2.15 g. 33.2 mmol) was added to a solution of the

~foam in DMF (20 mL), and the mixture heated for2 h at 80°C. After cooling to room
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whi ch were coll ected, washed with cold water, andmarch 2007
dried in vacuo to give 15 (15 g, 98%. 1H NWR

(DMBO-d6) 6 11.59 (1H, s, NH), 5.98 (1H s, H-l)
5.39 (1 H_d,

5.74 H 2 - OH J = 4.8 Hz),

tempjaraiu (%he,é_'ggxtuzp ygs(cgnppntgatemgv 5210 ,ang4l greﬁtgiue @ug@ed bya
(1 dd, H5'b, J = 13.6, J 4.0 Hz), 4.56 (1 H, dd

flashisfical e cplumn (eluare: £% B¢ in GHEEXO givo 1962 7804 85% )9 a
1 March 2007 EXAMPLE 14

colorsarsiolid whigiewas 'cristaltized fEoipeEtO in kiéxdhesi BB#—NNRI(]BMBD;dg)
ytosine (21). A m xture of 6-am nocytosine (1.00 g,

11.96(1H, syMH) sarrd(1HVESH-8)) 5@4) (1\Mi% e |)b5<¢§ (gﬂfl%r&d hH2nd4.76

concentrated to give a solid, which i ssolved in
T
(1, P05 56280 ey, G G TP BB

6 mL, 8.59 mmol) at 0C, and
5b). the](%mug:'e_ﬁy\g' 5% Seg‘;'lH roomtenp. for 12 h and
poured into saturated sodi um bi carbonate solution wth

L.Ogpr.Qus stirring. The m xture was extracted with
Em@@ﬁﬁ(lso nm. x 2), the conbined extracts dried

(Na2SO4) and concentrated in vacuo, and the residue
i B .- 8. i =
9,5'- cwb 3@@1 30 )& %_d.dreﬁﬁ&.tr%e% P&Q%ﬁ!@@%ﬁﬁ“ﬁé 9?§%¥ﬁme (14,Y
te foam 1H NVR (DVSO-d6) 6 7.97-7.40 (m
OH, #5?@ E"@e@gw\ 6.18 | (m( 3H) , 5)10 (s, 1H), 4(65
-~ (m 3H). EXAI\/PLE 15
A solutiohlof, 19 (19, 2158 m@uﬂs)e.nsz (ﬂOn&YW@@ﬁéﬁ@ﬂq@Vﬁm Hoator1d- ﬂzo
i nocytosine (23). 15 To a m xture of compound 21 (4.0

The s(@lveﬁt Was fembved fh V?&&%Q%@@ res%%:ghérﬁﬁﬁﬁed ﬁ@ﬂﬁé’er{\ﬁ{\&c and

ng, 7.99 mol m xture was

t t { f the
H:0. E‘h'x{ft?gm? 'asae?%%sséne@ﬂxe%ﬁba@n S hnorasd Kﬁa%ﬂ@lﬁ’
d d DVF- H2 50: 50 nL
Cwstaﬁ‘gv&rr8§ 6] Pt BB e O omMANE| A ELOAE 98w 4 (GRS MG 76%)
uspensi on, ,and the m xture refluxed at 150C for 2h 20
as a og ey salid.c IHHMBRIMSR6)D 4¢i67 (i, sdNHJhE.30 (1H, s, H-1), 5.21

precipitates were collected by filtration
(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, CHs), 1.24 (3H, s, CH).

Method B.

A mixture of 5'-O-benzoyi-2',3"-O-isopropylidine-5-bromouridine (3.82 g, 8.22 mmol)

and NaNj3 (3.2 g, 49.2 mmol} in DMF (30 mL) was heated for 3 days at 110-120°C.

The mixture was cooled to room temperature, and the insoluble material removed by

filtration. The filirate was concentrated to dryness, and the residue worked up as

above to give 14 (2.0 g, 79%).
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and dried under high vacuumto give conmpound 23 { Blakf 2007
g, 73% crude) as a green solid. 96 ---------- ---
------ 1 March 2007 EXAMPLE 16

M t6-ﬁ€§1 no-3-(2',3 ,5 -tri-0Obenzoyl - (3-D-ri bof uranosyl) -
'?— bpurine (24). To a solution of 23 (2.23 g, 3.81
mmol ) in anhydrous DMF was added POCI 3 (0.58 nl, 6.22

A miXOR of $LOM-HudtbbERIP- Qeﬁ’pér@éﬁ?gwldl? 5"8%%&@%‘%5@3 g, 47.4

stirred at room5 teénperature and t

ngp yr g
mmO&%*{a’%N (08 T TR ADUE SO MOMES Bedfaibt e e at 110
o veral ti The . conbi ned or | racts .
120°Ge Do dppde V&%%%ﬂe 7 Ip mpm 1M RE: @ S09%e kst Sl raggaial
= 30:1 to 10:1) to give conpound

remozad Bzﬁﬁra&@n 113% fi ltramwaﬂmemtateﬂatced%mswmhe residue

observed 594. 1626 (MH) for C31 F-124N5C8. 10 EXAMPLE
partitioned between EtOAc and H,O. The organic layer was evaporated, and the

6- Ami no-3-(2',3" -di-Oisopropylidene-(3-Dribofuranosy
residiig edystatidpdrirara MEGH i BiOA&!fcegioé 1 29%)2

s a (ﬁ%l & W@M?}g%%é /‘%)Zg@lr?irﬂ_lsueous

0. 453 mmol) and n- butyl am ne

. f i
layer Was e%beaQéd% piee d i ear{EEi@e d&rm%ﬁgér?lﬁ% that )(/)bfﬁlré%d from

concentr at ed
: ate it h 1
even il ﬁ?o*i‘%p'ﬁop%ﬁ@qgﬁ e BBRs Rb! pm@eﬁ?wtmﬁ%sﬂﬁﬁca gel
I rred a% 21 ?qgeratureforom hr, neutralize
colurfy (EXEieEEIRE A0 T Gt a1 0 4amakesihaatad vield
silica gel colum (CHC 3: MeCOH =10:1) to give conpound
76.7%5 (95 ny, 65% as a solid. EXAMPLE 18 20
6- Am no-5"',9-cyclo-3-(2',3 -di-Oisopropylidene-R-Dri
bofuranosyl )-2-o0xo-purine (26). To a solution of
EXAMRIdpd3nd 25 (50 ng, 0.16 mmol) and tri phenyl phosphi ne

(42 ng,
9,5’-Cyclo-3-([3-D-ribofuranosyl)-B-azaxahthine (15, Y =0H, Z = N).
A solution of 14 (4.1 g, 13.35 mmol) in THF:1N HCI (1:1, 40 mL) was heated at 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) 8 11.59 (1H, s, NH), 5.98 (1H, s, H-1 ). 56.74 (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), 4.16-4.06 (2H, m, H-3'

~and H-4).
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0.16 nmmol) in DMF was added sl owy DEAD (25 pL, {Pwmaen 2007

mmol ) at room 97 1 March 2007 tenperature. The

resulting m xture was concentrated, and the residue

purified by silica gel columm chromatography (CHC 3:
EXAMPOH 1D: 1 to 5:1) to give conpound 26 (20 ny, 55% as

a solid. 1H NWR (DVSO-d6) 6 7.56 (s, 2H), 6.42 (s, 1

c-amiy- 43,20y bpnegvisburpefimbpyliising o)y - s

5.6 Hz), 4.19 (dd, 1HJ=.,136HZ)145(S
A ml)ﬁlh‘ﬂe of - aﬂnr{o%ytéﬂ‘ﬁe (15%\ l5:5’1 I8mol) and HMD? (10 mL) was refluxed
Am no- -D-ri bof'uranosyl ) - 2- oxo- puri ne

for 3 Ig'ﬁ'ngsc]%} ﬁgéeglﬁe?gﬁé %‘%8%%@?»@3 qiSkd édngﬁ'%rbd\r‘tggs  CH,Cl,
(15 "ﬂﬁnﬁ‘g’&ﬁér”sé RittaRowete doicen - chpcemird o, 56y OBmdy - Brfidse 44,92

wth McOH to give cr stalllne 27, \Mych was col |l ected
g, 3.84rmmal) ang BN@«%? Ribe 856 molag 0°61 end tawmixire was stirred
287 nm (MeCQH); 1H NI\/R (DMBO-d6) 6 9.81 (br s, 1 H),

‘at roogn &sng.for §2 hlam) po@etignipssaturatdd sadiath l@lsarban)e sauBm with

(s, 1H, 545 (s, 1 H, 473 (d, 1 H J = 14 Hz),

vigorcusSiirimg. Thémixtbird asdkirattdd widh SHCIS (193 nd. }2), the dohBined
(m 2H); FAB HRMS estimated 300. 0500, observed

extraéiQQngﬁgm?[ﬁ%ﬂ)arfooéoﬂc@n%%%(%@%%nd Efégtl\@: I}tﬁez&nf ied by silica

-di - O-1sopropyl | dene- of ur anosyl

gel c%%é%h%@néé@rﬂvn%@aiﬂs%ﬁ- )G e ool 271738
54%) s acb o AMBSEATS oy b T AT o St R, 6.1

for 15 hr, concentrated at 35C, and the residue
(m, 3 S50 i )4 664uedH). tines with ethanol to give a

crystalline solid, which was di ssol ved in acetone
' m -) containing 2,2-di met hoxy-propane (30 nlL). The
EXAMRLIECiSon mixture was stirred at roomtenperature for

2 hr and concentrated to give a solid, which was 98

1-(1°,3’,5°-tri-O-Benzoyl-B-D-ribofuranosyl)-5,6-diaminocytosine (23).

(50

To a mixture of compound 21 (4.00 g, 7.01 mmol) in H,O-AcOH (2: 20 mL) was
added NaNO; (551 mg, 7.99 mmol) at <10°C, and the mixture 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-H20 (50:50 mL). Sodium hydrosulfite (4.88g,
28.03 mmol) was added to the suspension, and the mixture refluxed at 150°C for 2h

during which product was precipitated. The precipitates were collected by filtration

~and dried under high vacuum to give compound 23 (3.10 g, 73%, crude) as a green

solid._
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-------------------------------- 1 March 200drch 2007

washed with acetone-hexane (1:3) to afford conpound 28

(R=H) as a gray solid (5.16 g, 69% . EXAMPLE 21

5,6-0Cyclo-1-(2',3 -di-Oisopropylidene-(i-Dribofur
EXAMRLEYIG) barbituric acid (29). 5 To a solution of

pot assiumtert-butoxide in anhydrous et hanol (100 )

o-AmS3 e, 5 RREbezcih- Do furafosyilz- SxoRuiRg 4K 1 i ng

reaction m xture was refluxed for 2 hr, cool ed,

" Toa %Ihﬁér@gf 2344 iasgasem AR uménhyafwsr@wz\ﬁas Bydas PU@I;; (0.58

acid, extracte and purified by silica gel colunm

., 6F42 GFRIP iy 4 fobiffemedhtlte CTfedinfe Mo EREPA 00
temp%r'wﬁﬂﬁﬁ%r e %@f&?%@g Rl S A st Bl oni Fouton

) and NHAC 500& in liquid anmonia was se%l ed
with vigeras SWang et mincarchexrarded with4tH#d? eeyespl tmepy The

- The 15 reaction m xture was cool ed, concentrated, and

combinedi drganiciextracisi weregliiedc sbucentetedrancbpurifiss,or isiica:ge!

MeOH =10:1) to give conpound 30 (255 ny, 24% as a

- columnhiGHCE.adeOHUY 38mbito /0:9) tongivd/eohipouht 20R70MCI296). BAB

10.60 (s, I H, 6.85 (s, 2H), 6.15 (d, I H J = 3.2
HRMS$&stimatedfsd4. 1635 Bbsérved’sdy. k826 (M-H)Fof d% HZLNEOB J =
3.2, 6.4 Hz), 4.79 (dd, 1 'H J = 4.4, 4.63
(s, 1 H, 400 (m 1 H, 3.61 (m 2H). 20 EXAI\/PLE23
( 3'-di -O I sopropylidene-(3-Dribofuranosyl ) xant hi
EXAN%LI%%E To a solution of conpound 30 (530 ngy, 1.77
nmol ) and NaNO2 (244 ng, 3.54 mmol) in di oxane-water

O-Amltms 34V IS0 Sbrox e -UbHbb atariaSy | bexopstin (25).

99 1 March 2007
A mixture of compound 24 (270 mg, 0.453 mmol) and n-butylamine (3 mL) in MeOH

(20 mL) was stirred at room temperature for 24 hr, concentrated, washed with

EtOAc, and dried by high vacuum to give a solid, which was treated with 2,2-
dimethoxypropane and TsOH in acetone. The mixture was stirred at room
temperature for 24 hr, neutralized with triethylamine, concentrated, and purified on a

silica gel column (CHCI3;: MeORH =10:1) to give compound 25 (95 mg, 65%) as a

solid.

EXAMPLE 18
6-Amino-5’,9-cyclo-3-(2’,3’-di-O-isopropylidene-p-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 L, 0.16 mmol)} at room

97 .
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m xture was stirred for 10 mn, neutralized w th March 2007
saturated sodi um bi carbonate sol ution, and
concentrated to give a purple solid. The solid was
di ssolved in nethanol, and insoluble material renoved
tempegatyrel tThet resulting ivixiire wasteongestratednanththeatesiti ueapidrifieddy
resi due suspended in water and treated with Na2S2O4
silica (@&l GolgmnscHsoméatography (OHELNMCEOH ¢0viale 5: ¢f fougiee cbopoiifid 26
mn (by this time, the color of reaction solution

(20 rrkgeswg B L. WNm(mm g@md oS! %fcb m(§|1fi|)9a.83 (d,

col urm chr omat ogr aphy ( to give

9SO G890 TS e SO BT
5.6 DSRS0 286,00 12 B ok 51 o

in water, heated for 20 mn, cooled, neutralized with
tyurated sodium bicarbonate sol ution, concentrated,
EXA@%O'J:J{] e residue purified by silica gel colum
chr omat ogr aphy (CHCIS MeOH =10:1) to give conpound 33

6-A (n?dlﬁ’% RY(B- -2-0X0- Cl salt (27).
" glco (?2, |-O| 3%&"‘.%%5%29 3- Ds-al‘lg f)uranos

yI)xanth| ne (34). 15 To a m xture of 33 (130 ng, 0.40
Compeotind 26526 nng,i (OeH wimbip syasi dissqlasdbinngl HCIZ1 miooAfter alirring at

anhydr ous di oxane (5 nlL) was added DEAD (0.19 nL, 1.21
room femperatilreidn2 hathe afxtule Waeodhuéstrated ded-8eapbrated withdseOH

stirred at roomtenperature for 30 mn, concentrated,

3 mL"i(rTﬂ HHG kdtleHe® With MEOHCR 3‘%&% g@fékéﬂfﬁé ﬁ%léh Ic%ﬂéacted and

to glve conpound 689 as a

o 04 oM o S5, S U o
owsfifsb B P i kil b . T £

; 13C NV\R (DVSO-d6) 6 157, 149, 138, 118, 112, 90,
5.45 (8 Hg4,739(d, 162 264 Hz), 4.566m]. ik 48 £0d,71 H EKANRE E1 3.6 Hz),
5',9-Cycl 0-3-(P-Dri bof uranosyl ) xant hi ne (35).
4.12 (lﬁoBHQILFFRB BRNIS&stipnatéd B6010500) obesrveil 360/049d (IvivHj iforHCl
(1 m), stirred at room

C10H11CINsO4.

EXAMPLE 20
5-Bromo-1-(2’,3’-di-O-isopropylidene-B-D-ribofuranosyljuridine (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 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 dissclved in acetone

(50 ml.) containing 2,2-dimethoxy-propane (30 mL). The reaction mixture was

stirred at room temperature for 2 hr and concentrated to give a solid, which was
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tenperature for 2 hr, concentrated, co-evapor at efyk Booz
MeOH (3 nL x 3), and 5 triturated with McOH Conpound.
35 precipitated as colorless crystals, which were
coll ected and dried under high vacuum (14 ng, 98%. W
washedeaitie8&:toishexane (NBI) affdrt chivpoUBVERS ((F6F H) dsla geay( salid
IH),784(s 1H), 6.18 (br s, 2H), 6.04 (s, 1 H),
(51649@%)d 1H J=12.8 Hz), 451 (m 1 H), 4.39 (dd, 1
H, 3.2, 136Hz) 4.14 (t, 1 H J = 5.2 Hz),
4. 041 (d, 1 H J = 4.8 Hz); FAB HRMS esti mated
EXAMPBEGH73, 10 observed 265. 0574 (MH) for CLOHON4OS.
EXAMPLE 26 5'-Azido-2',3 -0 isopropylidene uridine
36). A mxture of ur|d| ne (10 g, 44.60 nmol),
5,6-Q:Cyclote(2h 8% Ooisamsopylidens-ddibriarangsyl)bathituricracid (29).

acetone (200 nmi) was refluxed for é hr, neutrallzed by
5 T
To a Sl AeSGrahrtddfBiRADhIBLES et LN i e

cont a| ni ng_anhydrous pyri di ne 50 nl -) and
compspy@gzg‘i?éi B1§, 284, 65 1 mrbel) at naam fgmp. nderaniepefed at
roomtenperature for 15 hr diluted with nethylene
atmosptiese. dbe resutingiradctinn oixtureswasmefexast for 2 hrnrsgoledr dibded
with sodiumsul fate, concentrated, and dried by high
with watet (100 nmbg neatralike Wacdﬁicsaﬁd,v@drdctedardmmmdm $iida gel
(100 nm.) and treated with sodi um azide (5.80 g, 89.22
colun%rbnﬁio S5h O;{J(EH@P@ MeOH E30: WtébWeecd’iﬁﬁoW.Qg'ﬁUQjM%) as

and t he reS| e purified by si'lica gel col
ap ( OH = 30:1) to give conpound 36
aW“*‘%?"@HS?"%ém '@go ”igio“‘éu "101 1 March 2007 EXANVPLE 27
5' - Azi do- 5-brono-2', 3 C)isopropylidene uridine (19)
6. A mxture of 36 (2.30 g, 7.44 mol ), anmmoni um
EXA“{'%T% nitrate (6.52 g, 11.89 mmol), and LiBr (768
ng, 8.84 nmol) in anhydrous acetonitrile (120 m-) was
6-AmitfaLsy-dilofs8froplidsHe diidind\eny. al i zed by
rlethy am ne, and concentrated. The residue was

partitioned between water and chlorof orm The aqueous
A mixiusg of compoend 2t 49 g 3.54 mmol) and NH4CI (500 mg) in fiquid

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 (CHCI3: MeOH =10:1) to give compound 30 (255 mg, 24%) as a

white foam. UV Apax 270 nm (MeOH); 'H NMR (DMSO-dg) & 10.60 (s, 1H), 6.85 (s,
2H), 6.15(d, 1H, J =3.2 Hz), 5.38 (1, 1H, J = 4.4 Hz), 5.07 (dd, 1H, J = 3.2, 6.4 Hz),

4.79 (dd, 1H, J = 4.4, 6.4 Hz), 4.63 (s, 1H), 4.00 (m, 1H), 3.61 (m, 2H).

EXAMPLE 23
3-(2’,3’-di-0-lsopropylidene-B-D-ribofuranosyl))ianthine (33).

To a solution of compound 30 (530 mg, 1.77 mmol) and NaNO; (244 mg, 3.54

~ mmol) in dioxane-water was -added 5N HCI slowly to pH 5 at 0°C. The resulting
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chlorof orm the conbined extracts concentrated, @&mgrch 2007

the residue purified on a silica gel colum

(CHCl 3: MeOH = 30: 1) to give compound 19 (2.23 g, 77%.

IHNW (CDCI3) 6 8.80 (br s, 1 H, 7.67 (s, 1 H,
mixt@eaas girred far 10 rmnznguﬁ[;zedwﬁssqtmated spdium b@amn(atﬁ

1H, 421 (m 1 H, 3.5 (m 2H, 1.51 (s, 3H), 1.29
solutiom, aBiHconcerXrsi®t ko gRve a purple solid. The solid was dissolved in

6- Ami no-5",6-N-cyclo-2",3 -0 isopropylidene uridine

meth&Rdl) and imBolible abriddefbved l% fllﬁaﬂ& nT'lﬁ’é filtreslwas
tri phenyl phosphine (1.48 g, in anhydrous

conca bR e St isRynes F@@%?mq@%@“‘a‘ﬁ“fﬁzb’a# 0o,
5.74 ol Thélpth %%gasﬁ‘wﬁ%”ép AROLBY fME s e Sgpof reaction

j)due was di ssol ved i,n anhydrous ){rl di ne, refl uxed
solutiogbegape diegRbsanFaREatedanad pHANIoBY aliea 9eLePHMBd by
silica gel colum chronatography (CHCl 3: MeOH = 10: 1;
chrorpatography3d©HQl:1eOl =8494a givel canpouDKisk2 (BS0 reg.1ougs
(s, 1 H, 6.86 (d, 1 H J =6.8H), 6.37 (s, 1 H, 20
Crudd 32 Wgsssudpehiied 4n dtliaiymethl atetats-MVIF]10:1 lﬂZth), $edbed at
(s, 1 H, 3.3 (m 1 H, 2.99 (d, | H J =13.2 Hz),
90°C fortdnk Snd 3505C 1or8D fofn, abidcool@f After concentration irlva@&Id; fhe
2007 EXAMPLE 29 5', 6- N Cycl o-5

res:d%oﬂhgﬁg%gg%dég V\(%%IL ?\%Qféig%h'ggmmr ;‘,6 gnﬁ%@&zagggtlﬁsaturated
SodiU%tﬁﬁca%ef%?@w@" P ERneBted and e eSS edy Sfie!

mn, neutralized with saturated sodi um
Golumﬂ @Hﬁmr@p% (GiCéan Mafld =d8xbdaiaiva eempawad B3£20Qimg, 35%).
was di ssolved in water-DWVF (10:10 n), refluxed with
Na2S204 (1.60 g, 9.20 nmol) for 40 min, concentrated,

EXAMIPKE 2he residue purified by silica gel col um :
chr omat ogr aphy (CHCl 3: I\/b(]—| =5: 1) to give 38 (800 ng,

5’,9-@%%-?:(2;&{%_0%%393@ nesp- -r1b uganoéy acr}ltplsrze &41)1 20
To a mixture of 33 (130 mg, 0.40 mmol) and triphenyiphosphine (316 mg, 1.21

mmol) in anhydrous dioxane (5 mL) was added DEAD (0.19 mL, 1.21 mmol) slowly

- at room temperature, and the mixture was stirred at room temperature for 30 min,

concentrated, and purified on a silica gel column {(CHCl;:MeOH = 10:1) to give
compound 34 (85 mg, 68%) as a white solid. UV Apax 236, 265 nm (MeOH); H NMR

(DMSO-ds) & 11.27 (s, 1H), 7.72 (s, 1H), 6.33 (s, 1H), 4.87-4.81 (m, 3H), 4.74 (d, 1H,

J =14.0 Hz), 4.19 (dd, 1H, J = 4.0, 14.4 Hz), 1.45 (s, 3H), 1.24 (s, 3H); °C NMR

(DMSO-ds) 0 157, 149, 138, 118, 112, 90, 85, 83, 81, 52, 26, 24.
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O Hz), 6.39 (s, 1 H), 546 (s, 2H), 4.78 (d, 1 FyarkhZ007
.6 Hz), 4.68 (d, 1 H J =5.6 Hz), 4.44 (s, 1 H),
.51 (m 1 H), 2.91°(m 1 H. EXAWLE 30
5,9-Cyclo-3-(2',3 -0Oisopropylidene-(3-Dribofuranosy
EXAMPKER2Si ne (34) from38. A solution of 38 (800 ny,
- 2.70 mmol ) in anhydrous m xture of DVMF and di et hoxy 15

; t . - heat.ed 90C f 2 hr,
S ’9"232‘59?%1?‘?‘&’2Hg&ﬂfﬂ)ﬂeggﬁ%‘ﬁ@uﬁ%&@#hm bi ggr bon;t e
solution, concentrated, and purified by silica gel

Com%%ﬁnm 85%2@?22? %H{MGV%!%%E%%EE Sgllﬁ'cih ki) Stifed at room

tompsieteéE 2 i entafet b5 SERBGH M i O ol ¥ g e
et d WL b BAGRE38 or 1R Gl s Wi wore

concentrated,, and the residue urified by silica gel

1
5
3

collecteq anA deird dtngdes BiohprapupmHaremEE BBl 8B/ Ay 288264 nm

conpound 39 (34 ng, 78%. 103 1 March 2007 EXAMPLE 32
(MeOHl), 41 BpdR (OBISQBl 1B 11 1326 (5 Ahl)sT.BA(S,- tH), 6xhthinisn8H) A8P4 (s,
A solution of 39 (34 ng, 0.16 nmmol) in 5N HC (1 m-)

1H), 468 (¢t1Hrbd 12(8 HeRm.51 eAPSHRL4i8e (A@1H, )£ 3.2, 13.6 Hz), 4.14 (t,
concentrated, co-evaporated with MeOH (3 nL x 3), and

1H, JB 8.2iHAr al0ad (Wi 11, MeQB HEQ@F%ES#RM%% 180 Y5357 20

40 wer € col I ected and dr er I'gh vacuum (15 ng,

.3 Me ; 1H NVR (DMSO-d6) 6
°bser§g‘3%§5§d§,7ﬁ¥%&”'?qﬁg%&ﬁ%§wﬁ(m,OHZS. 03 (s, 1(H), 4. 523 (d,
1H J=13.6 H), 448 (m 1H), 4.41 (dd, 1 H J =
4.0 Hz), 4.15 (t, 1 H J = 4.8 Hz), 4.04 (d, 1
EXA'VE’,L%Z_ 5.2 H)z). EXAVPLE 35 10 ) (
5',9-Cycl 0-3-(R-Dri bofuranosyl ) - 2- oxo-purine (41). A

_AzidloXd’ ; i ) and Lawesson's
s-Actioitis O opbrifogindngaar ) e

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
mmol). The mixture was stirréd at room temperature for 15 hr, diluted with
methylene chloride, 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, 89.22 mmol) at 80°C for 24 hr.

- The mixture was concentrated, and the residue purified by silica gel column

chromatography (CHCIl3:MeOH = 30:1) to give compound 36 (7.6 g, 55%) as a solid.
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in 1,2-dichloroethane (15 m-) was refluxed for arbt 2007

concentrated, and the residue purified by silica gel

col utm chr omat ogr aphy (CHCl 3: MeOH = 30:1) to give 39

(85 n}zj whi ch was treated with Raney N (ca 200 ng)
EXAMRLWad%er (5 m-) at reflux for 1.5 15 hr. The mixture

was cool ed, flltered concentrated, and purified by

A s gu R P L s
di ssolved in 5N HCO (2 m-) and stirred at room

A mbtterEnsi 39 (2130 0742nlnh| SPREHNIM A eRitm & tegds |
Wi th I\/EO(% 6 X S)O)and trltu?iae?ieanv&g—taﬁlﬁoﬁ’to 9 mmol),

e RN o e B
80° C?ong?o é’x‘cm_, r%ﬁrbapﬁ?d éitrﬁh)@émbpié 5'dgc%n%§ht(r#e|ab 'T,_r;é' r%iffpdg was

paﬂiti%ﬂ,&ggz@lswggr %%d chlol_rlofann The aqu%dusllg#a-:‘rlwg/:ga Eﬁt?aég%nh
5',9-Cycl o-7-deaza-3-(2',3 -Oisopropylidene-(3-D-ribo

chlorgfafraibsgombinachexteagts gpncerteatad rand thegresidug pufified omn silica
0.36 nmol) and NaQAc (35 ng, 0.42 mmol) in EtOH (2

ge! caltirnh (GeIGH;: Ke@i=G0: Drioaghes abeipbude 1042128 griz,798). 5'HIMR
and NaQAc (75 ng) at 5 70C. The m xture was refl uxed

(CDcf3p6 8180 (Hrss, 1F|?HF6W§ aﬂ@)ds @61(11 F‘!‘F—f If+ o ), 2idd fng 9, 4.73

col um chro ‘ogr aphy ( = 10:1 v/v gi ve

3 1H NWR
(m, 1 %ﬁ%@%ﬁ é.'@zgg("x;é, 6’53’5') ?%rltﬂﬂ (3343 2.8 Hz),
6.89(d, 1 H J =2.8 Hz) 6. 83 (s 1 H), 4.69 (dd, 2H,
= 6, 12.8 Hz), 4.57 , 1 , 3.64 (m 1 , 3.34
EXANﬂDt!{ﬁ‘?gd by sol ve)nt peak, (i H).H)lo EXAI\/PL(E 35 "
5',9-Cycl o-7-deaza- 3- ((3- D-ri bofur anosyl ) xant hi ne

6-Aminb35' e-N-spélutz’mmisd}?deaae tidihe'@P).) in 70%

trlfluoroacetlc acid -) was stirred at room
enperature for 24 hr concentrat ed, and purified by
A mlxtslm pta3 gb63@ol4ma1nmﬂi} and triphenyiphosphiop11.48:08.64 mrpol) in
v/iv) to give conpound 43 (22 nmg, 73%. UV 15 Amax 254,
anhydl(ig.ﬁs 11’1IH1;|((5?@&H)) 'weld btidd 400doo timpdraturd@or( 6 hr.l Thin 20989
ammonium hydroxide (20 mL) was added, and the mixture stirred at room

temperature for 15 hr, concentrated, and co-evaporated with toluene. The residue
was dissolved in anhydrous pyridine, refluxed for 1 hr, concentrated, and the residue
purified by silica gel column chromatography (CHCl;:MeOH = 10:1) to give 37 (1.10
g, 82%). "H NMR (DMSO-de) 6710.85 (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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Hz), 6.89 (d, 1 H J = 2.4 Hz), 6.68 (s, 1 H), 4 @&ch 2007
(s, 1 H, 4.08 (d, 1 H J=6.0Hz), 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, 1H). EXAMPLE 36 20

EXANPLE 2% | 5' - Tri - O benzoyl - (3- D-ri bof ur anosyl ) - 6- oxocyt
osine (49). A mxture of 6-am nouracil (2.00 g, 15.74

, i I . f. h and

58-S c%%%?gt'&g gé-éf@e-%issoﬁgw%ﬁéﬁﬁ‘é@é &I”@Sol ved in
anhydrous CH2CI 2 (30 ni). :

To a Bolatidn of 87 (BER Nz BlO4enicly Hhe ANGLES0atrag,(£68 tnmol) in
10.51 mmol ) and TMSOTf 105 1 March 2007 (4.56 i,

dioxafd- 10 [FB8 mV\aiss addefcéise. HEI é’c@@%!&ﬂfy% rp(ilpé ghe rhbﬁ.xre
mxture was stirred at room temperature for 12 h. The
was éﬂn’éﬁ%ﬁ@@tﬁpﬁﬁ%ﬁt%igé&%t Sﬁtkrilfaﬁ%@ gg@iﬁﬁ%@%@%ﬁ%ﬁ?@ﬂ@@ and

solution w [ ous 's
00 ml_x 2).. .dried ., 2S an rified ilica.
conogpifited) Tha PR UBSSIERREY B e BB A0 A8 O rixpaigtn
I ve conpound 49 (4.94 q, 82% as a white foam UV __
Nazsiaﬂeé 800, S0 Mmmoh)for 49 nin\srgentBtect andithe pesidug purified by
Hy, 800-7.31 (m 15H), 6.52 (br s, 2H), 6.06 (m 1
silica gl caudp qhiomatdgraphyscCHCK6Me@H 58)1) to EeNss BM7mg, 88%).
5-Am no-1-(2',3" ,5 -Tri-0O benzoyl - p-D-ri bof uranosyl ) -6
UV Az 288 Yo @ile@H)5H) NMIR gmeao-m) B0 @ s49H(,2885 1@, 1H, J = 6.8
0.42 mmol) in AcOHH20 (5: 0.5 nL) was added NaNO2
' g rqsul Li ' Ligr
He), Ot DT 20 2AE A TR Rl - 8 B B PGP, 444
j ple solid, which was treated with
(s, 38T 4B B8 B ARG 20 aust (460 mo. 7. 04 oI},
and heated at 70C for 30 nm The mxture was filtered

r h a Celite pad, and the filtrate concentrated to
EXA*\&{*E%’#@M 15 green solid, which was purified by

silica gel colum chromatography (CHCI 3: MeOH = 10:1
5,9-Cyclo-31(2°, 9'- D6 s6 PR B Lt b dTlrariSEf) x a8 45 From 38.

A solution of 38 (800 mg, 2.70 mmol) in anhydrous mixture of DMF and diethoxy

-acetate (5:5 mbL) was heated at 90°C for 2 hr, neutralized with saturated sodium

- bicarbonate solution, concentrated, and purified by silica gel column chromatography

(CHCI3:MeOH = 5:1) to give compound 34 (554 mg, 67%).

EXAMPLE 31

5’,9-Cyclo-3-(2’,3’-O-isopropylidene-g-D-ribofuranosyl)-6-thioxanthine (39).

A mixture of 34 (50 mg, 0.13 mmol) and Lawesson’s reagent (64 mg, 0.16 mmol) in
1,2-dichioroethane (8 ml.) was refluxed for 15 hr, concentrated, and the residue
purified by silica gel column chromatography (CHClz:MeOH = 30:1) to give

compound 39 (34 mg, 78%).
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1-(2',3",5 -Tri-Obenzoyl - R D-ri bof uranosyl ) xant i 8€n 2007
(51). A mxture of 50 (4.30 g, 7.33 mmol ), TsOH
(catal ytic anount), and 20 triethylorthoformte (90
was stirred at roomtenperature for 24 hr,
EXAMBh rated, and the residue purified on a silica
gel colum (CHCl 3: MOH = 30:1 v/v) to give conpound

5.9- ‘?‘}‘('%?'ﬁ?gaﬂ8?@@5‘8§yﬁ55}3}1w$%$ﬁ%‘2%%E‘}“’Eﬂ/g it fon of

conmpound 51 (500 ng, 0.84 mmol) in saturated

A sologdhansy (34 ﬁ;@”fomﬁanrr(omnlﬂh] H@$1 Sl JTW@Qstﬂfed 80Gom
or

terrperature 24 hr, concentrated to dryness, washed

tempéra%rbﬁrfﬁ ARCootiRbhtrated | H%%a p%ﬁﬁdgﬁ%&@l—ﬂ@"rﬂ 3%)( 2R4

as’' a white so

trltura]teé @P%%\Bﬁ ijlers é%g%%&éc??@%t%c% %6 bOf%ﬁg%c?gd Al)‘l(g 'a?ieﬂ under
nigh Vs BFR 6, BB 4T e a4 £ OB o NIR (B0 o

neutralized b1y 10 triethylam ne, concentrated, and

12.37dsr 1H). a8 (s.<iH) 643ds| 1Ub|4,|ﬁﬁ>u (%h?%n:hfd@r@blﬁy 4.48 (m, 1H), 4.41
(CHCl 3: MeOH = 10:1 to 4:1 v/v) to give 53 (100 nmg,

(dd, 158%= 3EXANRLHZY U.15 (t, 1H, J = 4.8 Hz), 4.04 {d, 1H, J = 5.2 Hz).
5',2-0Cycl 0-1-(3-D-ri bofuranosyl )xanthine (54). To a
solution of 53 (150 ng, 0.46 mol) and

EXAMPlilpBanyl phosphi ne (400 ng, 1.53 15 mmol) in anhydrous
DI\/F (3 m.) was added DEAD (0.24 nL, 1.52 nmmol), and

m xture was stirred at roomterrperature for 1 hr,

5 9Qy@lfa-§r(ﬁrlatr&pfuamom) Rfoxaippying (Alba gel col um
chromat ogr aphy (CHCl 3: MeCH = 30:1 to 10:1 v/v) to give

A i o4 g G50 ncyp ﬁg&%&fgg SPRS SR 2R 84 mmoy
in 1,2 AR By Eed SVt VR Col e 01 e i CsnceRRec P eepidue
W t h _I§/b(]—| Conpound 54 cr yst allized and was coll ected
purifiegray silica gel column chromatography (CHCIi3:MeOH = 30:1) to give 39 (85
mg), which was treated with Raney Ni (ca 200 mg) in water (5 mL) at refiux for 1.5

hr. The mixture was cooled, filtered, concentrated, and purified by silica gel column

- chromatography (CHCl3:MeOH = 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

crystallize 41. After being dried-under high vacuum the yield of 41 was 35 mg, 39%.
'H NMR (DMSO-d5) & 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).

104




10

15

20

dri ed under high vacuurh (34 mg, 31 %. 107 ----- 1 Mzrch 2007
----------------- - 1 March 2007 EXAMPLE 42

1-(2' - O Acetyl - 3" -deoxy-5' - O net hoxycar bonyl - (3- D-eryt

hr opent of uranosyl )-5- nitropyri di ne-2-one (56).
EXAWMWRL.E Bdfiate (1.486 ni, 8.2 mol, 1.5 eqg.) was added

to the silylated 2-hydroxy-5- 5 nitropyridine (997 ny,

) 1 1 : d . . .

5.9-CysIdi7 gaze: (A L0 ShropwiRBe;-B-rihefiwanosyranting (42
(5'5, 1.512 g, 5.47 mmwl, 1 eq.) in anhydrous

T A A R RA R IUPR EIOH (2

; i .
L) GRS oUr EfoRt KBt aie O B 224 Aindl #Ad NEOe (75,mme) ot
opdrqned ¢ s d,th I t d i . .Ih

rorcy b A repEL i e R e Ry g
el wth a stepw se gradient of McOH (0 to 119 in

colurgnsbometoIERIY CoTipslIRDHE 181/ PP @ivRAR 635 819 %). UV Anax

%1. 550 q, 79. §0ﬁ . EXAMPLE 43

254, 328 pm MeBH)OH YPMSO-de® 3-22 (3, §H)t hdbdntidf JiFeh® $iz),
yl)-5-nitropyridine-2- one (58). 15 To a solution of

6.89 @b 1H-h U= @ HI), 4683w I1H)) 4.69.(3d| PHNEESHS5.6,142.8 Hid)) 4.6ds, 1H),
added MeONa (157 ng, 2.9 mmol, 2 eq.). The sol ution

3.64 (#8311}, 13348 thdtled POV ETIHRER! yHg for 1 h, and then
6r’fgutrzalizegbby addition of a 6KI HC solution in water

to pH 7. The solvent was renoved in vacuo, and the

EXAMPLESs ree nucl eoside 57 thus obtained was
coevapor at ed several tines with anhydrous tol uene.
Pyri di ne was added, and the 20 mi xture cooled to OC.

5’,9-Bmiadytieara-Gr(BR-rikofafehodyl péanthine@#3). 3 eq.) was
added dropwi se, and the solution stirred at room
repoved in vacuo,

t enpe f or h. ri_di ne.was I : .
A solufigi i ?f{& ﬁ{mug;ﬁdmwﬁyme@% Hiftyapenceticacd @ aikd yas\atirpd at

washed w th a saturated NaHCO3 sol uti on and water.
room feraperalune for R4 yer canpentratedd antiarstbay by silica gel column
chromatography (CHCls: MeOH =10:1 v/v) to give compound 43 (22 mg, 73%). UV
Amax 254, 328 nm (MeOH); "H NMR (DMSO-dp) 6 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
1-(2°,3’,5’-Tri-O-benzoyl-B-D-ribofuranosyl)-6-oxocytosine (49).

A mixture of 6-aminouracif (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 TMSOTf
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filtered, and the filtrate concentrated in vacuo;ylhg
1M 2007
resi due was chromat ographed 108 1 March 2007 on

colum of silica gel with a stepw se gradi ent of I\/EO—|
Otol% in CHC2 to afford 58 as a pale brown

| (
(4.5630L; 83 .69iremol)esderagidet totthe EWiEIBL Bt 87C, and the mixture was

9,5 -Cyclo-3-(2' -0 benzoyl - 3' -deoxy- p- Derythropent of u

stirredan osyin)tefpaestzre Br 13 RZHDB AiRArewas %oﬁ?&) mto“sétgfa%éﬂ @Bdium
of 58 (650 ngy, 1.4 mml, 1 eq.) in DV ( m) wa

b:cargg::wétg%lltgbn%lﬁpwgefousAstiﬁ"ﬂ'Ylg? Séxggege%sﬁm I-R.’Fl%gér?tﬁ Mﬂ‘x 2) dried

oo AP A OB é@g“ﬁ@%%ﬁhﬁv!@ﬁ@ﬁ@d§&=go-1

extracted w Jhe co d organic 10 |ayers
VIV) tG Ve %ﬂm%%ﬁg%&@? gaﬁa /‘l?éﬁc% e eam; (N Auusct OTHE (MeOH)
si due was _ chromato phed on a colum of silica ¢
1H NG NS0 20778 (ot 119 & B0 (o, 1RHINAG2 fbo Satki@08
as a white solid (yield 252 ng, 53.5% . EXAMPLE 45
1H), H68'(mOpH) 04.84¢4346 (reo&ki).p- D- er yt hr opent of u ranosyl ) - |
- deaza- 8-azapurine-2-one 15 (60). To a solution of 59
(252 ng, 0.7 nmol, 1 eqg.) in MeOH (7 nm) was added

EXAMRIERS7 (80.5 ny, 1.5 nol, 2 eq.), and the m xture was
stirred at roomterrperaturefor 1 h. MONa was
neutralized by addition of 6N HCl to pH 7. Silica was

5 Am%ﬂﬂiiﬂ,% 38~ THkO-beBrowiE-D- Bhefutanasybr 6-oxauytasine (50).

pressure The residue was chromatographed on a 20
To a A8 (28 G, #1924 ﬁ%@z@i@bﬁhﬁ‘ﬂ@% adéﬁ%amz

over 1QJymﬁ| gt ~%Qé. The r%%(l)ﬁlng %%%u%e I\vﬁas S irre at -5%/?\ + Er concentrated,

and co-evaporated with toluene to give a purple sblid, 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 concentrated to a slightly

green solid, which was purified by silica gef column chromatography (CHCls:MeOH =

10:1 v/v) to give compound 50 (217 mg, 88%).

'EXAMPLE 38

1-(2°,3’,5'- Tri-O-benzoyl-be-ribofuranosyl)xanthine (51).

A mixture of 50 (4.30 g, 7.33 mmof), TsOH (catalytic amount), and

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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9, 5" -Cycl o-car ba- 8-azaxant hosi ne (65). To a sol ufaeh 2007

of conpound (61, 50 ng, 0.14 mmol) in CH2CI 2 (10 nl -)

were added Et3N (1nlL), DMAP (224 ng, 2 mmol), and

nmet hanesul fonyl chloride (0.2 nL, 0.25 5 nmmol), and
EXAMPREE 8Bul ting solution was stirred at RT for 5 h.

Et OAc (40 nmlL) was added, and the diluted solution

eqd with O (5 nL) and dried (Na2SO4). The

1'(‘5'Bg§&lﬂ(}l~'r%w}_g‘ﬁ'ﬂ&@89t(%2hryness. The residue, crude 62,

was unstable and used directly in the next step by

A ST 51 B35, o SRR A o

0 08 i : R T o2t BB blod b vashon

. | due urified by,sjlica gel colum chromatography
with %@%ﬁﬁrgwr@m%%ﬁd 91 Gee 2£i(d00 MG B %kasa itgsolid.
whi ch was di ssolved in DMF (5 nL). The resulting
solution was heated at 120C for 3 days. Sol vent was
EXAVMBEEAY, and the residue, crude 64, was dissolved in
MeOH (5 nmL). To the solution was added HCl (1 ni, 2N

e T

residue purified on a silica gel colum (10% MeCH in

' A mixGHR@FBR (160 ghy,e.65 naraok, z,QLdimetNd;%ﬂmggng%)‘, BeBIHE) (15

"H NMR (CDCI 3) 5 11.53 (br, | H,
mL), &% T308ERBlMtic arﬁo@ﬁte &%eréﬂﬁ)g&Gﬁ)&'ﬂzhroﬁloﬁgggféut%ﬁed by

exchangeabl ), 5.05

eSS gt 4 ey SqEL5ol Sl B

(crkMgor= 381 3 Tyl 53 i g 580 71 4T

March 2007 EXAVPLE 47

' 5 -Cyclo-4-([i-D-ribofuranosyl)-vic-triazolo[4,5-b
ExAVpEEAT (1 y) [4,5-blp

LEAR-5-t hi one (70) A mixture of 14 (R=R' =Bz, Y =
H Z=CH 2.0 g9, 4.36 mmol) and Lawesson's reagent

52O B A (55 ) vas o

To a solution of §3 (150 mg, 0.46 mmol) and triphenylphosphine (400 mg, 1.53
mmol) in anhydrous DMF (3 mL) was added DEAD (0.24 mL, 1.52 mmol), and the
mixture was stirred at room temperature for 1 hr, concentrated, and purified by silica
gel column chromatography (CHCI;:MeOH = 30:1 to 10:1 viv) to give 129 mg (92%)
of the 2',3'-di-O-benzoylated product, which (0.42 mmol) was dissolved in 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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5 h. The mixture was concentrated to dryness, anﬂMg,,lgﬁZOOT
residue treated with saturated nethanolic amoni a

nm.) at roomtenperature for 12 h. Yell ow sh

precipitates were collected by suction and washed

EXAMRLUE ¥BOH and crystallized from hot wat er to gi ve 70
(910 ng, 78% as a yellow sh solid. '"H NVR (DVMSO-d6) b

1 (2"0211&’%9(%3’119%% ¢%%ﬁew%rbomykﬁgﬁﬁwrepﬂatofyr%osyl) 5-
=14 Hz, 1 H), 543 (d, J =7.2 H, 1

nﬂf%)’ﬂﬂhﬂ%-@fwe(@ﬁ)kszrlz 1 H, 6.88 (s, 1 H), 7.31
d, J =8.8Hz, 1 H, 7.96 (d, J =9.6 Hz, 1 H. Anal.

TMS%?‘%?“E?%? f&%?*i"ﬁﬁg@?%o‘%ﬁ V%85 faagd o e sy

.15, .
““m%y@'"ﬁ?ﬁ?om@ ErhBmelal-Beg-xend Bordir@rasedi-p- Orearbemeatony-3-
b] pyridin-5-one (71, X = Cl). A mxture
deoxmxyk{fwacﬂgse 65= Lﬁt&mﬁgﬂngm! 3IBaaiin ankyduous 1,2-dichloroethane
chl orosuccinimde (69 ng) in 3.5 nL of glacial acetic
(55 nal} a0 s Theksblutiod was stifedvatroonTteenperature foméh. NaHCOs; and
concentrated to dryness, and the residue purified by

CH,Glj Weraadééd, %mbu@@umh%ﬁma% baﬂmsn@ut |Th33 o%&aﬁremérmvas

CH2CI 2 to give 71 (X as a solid

wash%ﬂyﬂﬁgé@{?ﬁétﬁ@hi@zf@ﬁ%r{& t{ne%o]‘vgjmtg'ger?é dé& ip ‘43"%%351.@6 |l_es:due
was difatheldoredngd ppk HlumliofsilGrae W@hast?bwmﬁ gl pgepH 0
to 1?@1&8?[—? X@Hﬁ ggmpaﬁwﬁgm@%a!e ye'_Pow sohd (1. 550 g, '_'99 5%).
3,5 -Cycl 0-6-brono-4-(3-D-ribofuranosyl)-vic-triazol of
pyridin-5-one (71, X = Br). To a stirred

EXAMBLﬁl“}%n of 15 (R=R =H Y=H Z=CH 3g, 11.99
nmmol) in HO (60 5 nlL) was added Br2 (0.9 nlL)

1 -(2’,g‘r-ﬁRw-ﬁgn%ylffpdgéx%qgﬁf-%wﬁropent%fﬂ:taondosyﬁ) g-lnitropyridine-z-.
one (58). | '

To a solution of 56 (512 mg, 1.45 mmol, 1 eq.) in MeOH (14.5 ml) was added
MeONa (157 mg, 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

.coevaporated several times with anhydrous toluene. Pyridine was added, and the
mixture cooled to 0°C. Benzoyl chloride (0.503 mi, 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 NaHCOj3 solution and water. The organic layer was dried (Na;SO4),

filtered, and the filtrate concentrated in vacuo. The residue was chromatographed
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precipitated while stirring at room tenperature.  {l3&h 2007
precipitates were collected by suction and washed
with MOHto give 71 (X =Br, 3.35 g, 85.1 % as a
solid. 1H NWR (DVBO d6+D20) 6 4.04 (d, J = 5.2 Hz, 1

on atdplurdn bbsilita gél with aSstépwisé drivdiedt 62MEDH (b to—1 %) th (CFIECI} to
H, 4.87 (dd, J =4 and 14 Hz, 1 H), 5.04 (d

affort%Bésé"baleﬁbi)gvr(%lldl(ylel@s‘s% ﬁ% H%Ls, 1 H. EXAIVPLE 50

- Cycl o- 7- propyl am no-4 D—I‘I bof uranosyl)-vic-tr
|azolo[4 5-b] pyridin-5-one (72, R=H R =n-Pr). A
ExANPtirsg of 71 (X = Br, 150 ng, 0.456 nmol) and
propylam ne (15 nL) was heated 15 at 110C in a seal ed
bottle for 16 h. The mi xture was cool ed; and the
9,5’-ﬁvobﬂhﬁm—%enmﬂaﬂéﬁeiouy»{hﬂaa:ytﬁf@mﬁ&f@tmmﬂ-1—deaza-S-
triturated with Et OH when 72 (R = n- C3H7)
azapm-i?@i-zxiohet(sg)_(% ng) as a white solid. 1H NWMR
(DI\/SOd6) 089(tJ=72Hz 3 H, 1.57 (dd, J =
and 2 H, 2 (m 2 H, 3.87 (t, J =4.4
A songon of 59 (651_0 0, (eth! mruol 1 ey, )zn DiMF K22 .41mBbywasistseed at 115°C for
4 Hz, 1 H), 4.74 (dd, J = 4 and 14Hz, 1 H), 4.96 (d,
4 dayB in m@smemfmduum ldeides( 18T njg, 2.1 nhinpl,5.828q()d, The solvert was
Hz, 1 H D20 exchangeable), 5.67 (d, J = 4.8 Hz, | H,

remoliad) irevadiay) @eddN HCI @nd THSGL, Wekd adde86 The. twé lé’&er@%re
exchangeabl e) 112 1 March 2007 EXAMPLE

sepali%rt]é:d agficthg 3b|h§§é gx?r?cted wi h CH£Cf20 [Tresc%Tbmed grglaanuc

|bo ur ano vic-trra
e of, 71

 layerdlpRr@lfied (&S Gorarid sefcoRtrilektinivrbiy The Bl )

vva}s 5 heat ed aE@mlOCm a sealed bottle for 16 h. The
chromatograph _6R phsilich ool with-ae isocsalic eh20%dOAgdn hexane

triturated wwth Et OH. The precipitated product was
to afferel 9%a3 aavhite salidolyledth 262 ngnP3.5%H NVR (DVSO d6) 6 2. 77
(d, J =4.4 H, 3 H, 3.87 (t, J =4.8 H, 1H, 4.07
(dd, J = 5.2, 12Hz,1H),4.54(t,J:44Hz 1H),
EXAMPIS546dd, J = 3.6 and 13.6 Hz, 1 H), 4.96 (d, J
13.6 Hz, 1 H, 5.05 (s, 1 H, 534 (d, J =17. 6 Hz, 1

‘) D T
9,5’-6}'clo-%33 -~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 temperature for 1 h.

- MeONa was neutralized by addition of 6N HCl to pH 7. Silica was added, and 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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10 exchangeable), 5.68 (d, J = 4.8 Hz, 1 H, D20

exchangeable), 6.18 (s, I H), 7.56 (s, 1 H, D201 March 2007

exchangeabl e). EXAMPLE 52

3,5 -Cyclo-7-ethylam no-4-((i-D-ribofuranosyl)-vic-tri
EXAMRIIDOAG, 5- b] pyridin-5-one (72, R=H R = Et). 15 A

m xture of 71 (X = Br, 150 ng, 0.456 mmol) and 75%

heated at 100-110C i
Ee‘!g'_lzﬂa&ﬁ}_g'laégf‘ﬁ!’{%'ﬂe eeﬁi it u?e was concelntnrgt ed

in vacuo, and the resi dueltriturated with EtOH The
To NI i BT g
EtsN§ gL, VAR 228 ng %2 Himo), A §&inhestigbhy cﬁ?nﬂfe((bz%mfo 25

mmoﬁ) aan%y%re(sbaltmg sollit@rga% stlrfeqq)(at 9%1@ I'?SEatC(aj_Aé_6340 @Lgyas
H, D20 exchangeable), 5.66 (d,
addeﬁ @nqhihe dlluted smoemﬁgwm B0 (8 mlg qnd diie Naz‘SQia The
(t, J =5.2 Hz, 1 H D20 exchangeable). 113 1 March
solvepbe/as repaned i EBjrie,ss -TBeaksidde( Srudg®2,-was unstable and used
roxyet hyl am no)-4-(a-D-ri
dlrectlbpi‘ntthéﬂ@dbﬂep\byﬂddb_ﬁélﬁﬁg'|ﬁh‘DlﬁFt(]1O rﬁmr I1d:b ﬂTéscﬂﬂl%r( \x,as added

A m xture of

NaN.Q146 @n%@h\)mcﬂf‘ ‘érﬁ%ﬁ%’?@kﬁﬂ% @ﬁg&& TQO%C ‘f@ﬁ% Hﬁ%"'ﬂ? é";_é\,fgt

100- 17T In a seale
ool TR, WA on MR i e

ted by suction to giv
punﬂ@eétpé@jq)g I c&\umﬁrgwg@g;%phg (@Aj\geot-bn @Hz@z)—i}) gige gyde
= 6.4, 12 Hz, 2H), 3.87 (t, J = 4.8 Hz, 1 H),

(dd
(63) as, a)sryrppdrvhloh was, (ﬂssol\lerl inDMf (@ mL). BHe fesulting-sdutitm was

H, 4.75 (dd, J 4 and 14 Hz, 1 H), 4.79 (t, J =6
heatetizt 120°C fot 3 Bﬂ?s esoh@ngmblremovéd 9§nd the FbStdub4 ch!ﬂe 64, was
H, 5.17 (s, 1 H, 5.34

dissolP%§ WW'(Q%LP ﬁh%‘jsoltﬁloi%\ﬁaé§ﬁgﬁd th' (1 %IQ 62N in E%O) and

exchangeabl'e), '6.18
the softr&0 81964 2 fFdom temperature for 5 h. Solvent was removed, and the

residue purified on a silica ge! column (10% MeOH in CH,Cl,) to give 65 as a solid

(15 mg, 40.4% from 61). 'H NMR (CDCl3) 8 11.83 (br, 1H, NH, D;O exchangeable),

5.21 (d, J = 3.6 Hz, 1H, OH, DO exchangeable), 5.05 (d, J = 5.6 Hz, OH, D;0

-exchangeable), 4.83 (d, J = 5.6Hz, 1H, 1-H), 4.77 (d, J = 12.8 Hz, 1H, 2"-H), 4.54

(dd, J = 4Hz, 13Hz, 3"-H), 3.86 (m, 2H, 5-H), 2.67 (m, 1H, 4-H), 1.78, 1.29 (m, 2H,

4-H).
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| 40.2%) as a solid. "H NMR (DMSO-ds) & 4.06 (t, J = 5 Hz, 1 H), 4.15 (m, 1 H), 4.62

EXAVPLE 54 1 March 2007

7-Butyl am no-3,5' -cycl 0-4-(-D-ri bofuranosyl)-vic-triaz

ol o[ 4, 5-b] pyridin-5-one 15 (72, R=H R = n-C4H9).

A mxture of 71 (X = Br, 150 ng, O0.456 ni nDI) and
EXAlWLHE ggmi ne (8 nL) was heated at 100-110C in a seal ed

bottle for 16 h. The m xture was concentrated in

and the residue triturated with MeOH to

3,5- QV@'@rﬁﬁ-&éb'PE"’@ROSVH-V'R‘tI'IﬂZdQI‘ﬂ%ﬁ)b]Wﬂdﬂhmne (70)

coll ected by suction (42 ng). 'H NVR (DMSO-d6) 6 0.89

Aok fy e B 8, s 2 50 40 L

‘ reage(r’ﬁZ 0 Jg])_ln @ngzq;oyg %Ioryeﬁi}a(nezﬁégnlww% F%atfgl L;)dqq{eﬁljg( for 16

(s, 1 H, 5.34 (d, = 7.2 Hz,

h. Tf@(mﬁgu@é&@ﬁ gqnceytr@teq to dl;ynessﬂ, and the, reglduﬁ tqg@t,ed W|th saturated
exchangeable), 6.17 (s, 1 H, 7.55 (br s, 1 H D20
methamﬂlmgmhlae()Bﬂ ritl Yatiroidan tdmpReratire ONPhE Yaflowish precipitates

7-Am no- 3,5 -cycl 0-4- ([ 3-D-ri bof uranosyl )-vic-triazol o

were péliéctdd bpsuttbrasd Waghed ithFVetR afll crystailded feodfhof Water to
(X =Br, 150 ng, 0.456 mmol) and Ilqwd ammni a (10

give 7 (91 ovm§ FBREEE 8 ebwidtisdiiy. HPRM ga ga-Lbp 34 éléa‘hn =44

he sea was COO ed an

Hz, "?Qﬂ%eﬁé{m% %o B 355% Th 43% (T HLRR B AN H)
5.11 (&)1554*"%?7&(&5")“5”33(5“50?? ). oo | d4!J=5§?(H2 i, .88 s, 1

1H, 474 (dd 4and14Hz 1H, 4.96 (d, J
H), 731 i@wli &8 Hz, HH), Bgﬁe(d(d 9.6z, 5HB4Apal. Caled fors 10
Hz, 1 H D20 exchangeable), 5.66 (d, J = 4.8 Hz, 1 H,
C1oH1BRAD £5¢ 012G a0] 44.506H] 8.885 N, 20.H); Foand8 GZ,S44.25;|'I:I, 2049; N,
exchangeabl e). EXAMPLE 56

20.589, 5" -Cycl0-3-(2',3 -Oisopropylidine-[3-D-ri bofu

ranosyl)-6-i m dazol yl -8- azapurine-2-one (73, X =
i m dazol yl).

" EXAMPLE 48

3,5’-Cyclo-6-chIoro-4-([3-D-ribofuranosyl)-vic-triazolo[4,5-b]pyridin-5-one (71, X
= CI).

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 concentrated to dryness, and the residue purified by silica gel

column chromatography with 1-2% MeOH in CH,Cl; to give 71 (X = Cl) (43 mg,

(t, J=4.2Hz, 1 H), 4.89 (dd, J=4 and 13.6 Hz, 1 H), 5.05 (d, J= 14 Hz, 1 H), 5.42

(d, J=7.6 Hz, 1 H, D;0 exchangeable), 5.84 (d, J = 4.8 Hz, 1 H, D0

o exchangeable), 6.23 (s, 1 H), 8.54 (s,1H).
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15 A mxture of 14 (Y=OH, Z=N R, R' = 1 March 2007
i sopropylidene, 565 ng, 1.84 mmol), PPh3 (1.16 g,
4.42 mol ), imdazole (0.44 g, 6.51 mmol), ;
dii sopropylethylamne (1.6 m, 9.2 mmol), and iodine
EXANIPLE,493. 81 mol ) in toluene (15 nm-) was heated for 2
h at 95- 100C. After cooling to roomtenperature, the
ture was concentrated in vacuo, and the residue
3,5% GNGJ@&-WMOH BD-ribptwianesylrcdrinaolo[4Srblpyridirbeene (71, X
through a Celite 20 pad, and the filtrate was washed
=Brjwith water and brine, dried (MySO4), and concentrated
in vacuo. The residue was purified on a flash silica

ol.u te c., hexanes), t (
Toa% SRl pISTY R A i Bzt TGS g Gmoiyiuled (o0
vvas crystallized fromEtOH in hexanes "H NWR
mL) w@m%&zdoﬁ mk) dropyyise at rapm tgmperature( fhe prodget 1
6-Inm), 6.92 (1H, br s, 6-1mM, 6.37 (1 H s, H1),
preciftatsd while Stirrmg'aatIoomtempmamre.dThe-l@'r@qipifates wereizgnl,lected by
4.92-4.81 (3H, m H2', H3', and H4'), 4.66 (1 H dd,

‘suctudrkéndawadhed wﬁh MeQHto ngn ()Z =Agr, B3% gs85.990)as 4 s8R H

(3H, s, EXAMPLE 57 |
NMR ﬁaﬁs% '@)‘53042@ @< 59092PY Hy, %.gﬁgr SI& Pariipof 1, 462 t, J

ranosyl am no- 8- azapuri ne- 2- 74, R=R=

- 4T 1A 0. g v e P S0 D 008026
nd tr||sopropylbenzenesulfonyl chloride (373
H),B-ﬁ%? “jg mrol) in CH3CN (10 nl-) at OC. The m xture

was stirred at room tenperature for 24 h, and then
treated with conc. NHAOH (20 nlL). The m xture was 10

EXAMRLE B@d for a further 12 h, and the sol vent

concentrated in vacuo. The residue was purified by a

353 bl o4 sl LSRRG B -one

\E ed ectly in the next step without further
(72, Ry, TR R & iy&L EXAMPLE 58 15
9,5 -Cycl 0-3-(a-Dribofuranosyl)-6-amnm no-8-azapuri ne-2

A mixtuf8f 7Y BX 298Y, 95b%#g,(0’256 mmol) and propylamine (15 mL) was 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-C3Hy)
precipitated (45 mg) as a white solid. 'H NMR (DMSO-dg) 5 0.89 (t, J = 7.2 Hz, 3 H),
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

=5.2, 12 Hz, 1H), 4.53 (t, J = 4 Hz, 1 H), 4.74 (dd, J = 4 and 14Hz, 1 H), 4.96 (d, J =

13.2 Hz, 1 H), 5.11 (s, 1H), 5.33 (d, J= 7.2 Hz, 1 H, D,O exchangeable), 5.67 {(d, J =

4.8 Hz, 1 H, D,0 exchangeable), 6.17 (s, 1 H), 7.56 (s, 1 H, D,O exchangeable).
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RR =H). A solution of 74 (120 ng, 0.39 mol) in et o007

N HC (1:1, 10 nL) was heated at 90C for 1 h and

cooled to roomtenperature. The sol vent was evapor at ed

and coevaporated with Et OH several tines. The solid
EXAMBYIEDS® was crystallized from20 EtOH and H2O to give

75 (92 ng, 89% . 1H NMR of the nmjor |somsr (DI\/ISOd6+

- =3 20 9 5.09 (1.
3,5 530%3 g{s ?W'%B"IOLMB 'ifaljbgferwosyl) -Yig- %'azsﬂ@[% h]mmdm -5-one
éﬁ , J = 4.4 tz), 4.14-4.06 (2H, m
(72, RIF‘ZH HM#)S 1H- NI\/R of the minor isomer (DVBO-d6 +
D20) 6 5.97 (1 H, s, , 4.98 (1 H d, H' a, J 116

A mifthi B 741X £Br, 150 i, Pﬁ@é’ﬁnﬁ&) §°§3;,[Mlej~1|%6f'z@1to#(1t%7ml_) was

heateég@\m%%@ a sea!ec)i bottle fc1>r 16 hoﬁl'he mxxtm"e v'@lég co%cr:]éjntgted }n vacuo,
Cycl 0-3-(2', 3" -0Othiocarbon D-ri bof uranosyl)

and thgf%%bt%mtmai%d with EtQH: The presipi aie&produqﬁwasmoﬂe@tﬁd by

9,5 -cyclo 3-((3-D-ribofuranosyl)-8-azaxant hi ne (15,

- suctigp35mg).3'H NMBI(DMSDalNS 12 Th{d) cb Bohizds iH)j 8874t ef = 4.8 Hz,

(800 ng, 4.02 mmol) in DWW (10 m-) was heated for 2

1 H), 4.0t (R C.= 5l2e 1@iHd, Uy, 289 (€0t adt HY, 1 PHMYLTS ar@ELgSand
t he sol vent rermved I n vacuo, and the resi

13.6 IHEH H)etﬁgé gzi”s %H;Cﬁgﬂ)gs Bsc(gb“r' gg&ﬁg 48* @Pﬁy; 13,0

e uant :

et A S b U E

_H,DzE 36 %2 rP) H4 and H5a'), 4.71 (1 H m H5'b).

9,5 -Cycl 0-3-(2' -deoxy- (3-Deryt hropent of uranosyl ) - 8-a

zaxanthine (83, Y=04 Z 15 = N) and
EXAMP 5= 58ycl o- 3- (3' - deoxy- ( 3- D- er yt hr opent of ur anosyl ) - 8- a

zaxant hine (84, Y=CH, Z=N).
3,5'-Cyclo-7-ethylamino-4-(3- D-r|bofuranosyl)-vic-triazolo[4,5-b]pyridin-5-one

(72, R=H, R’ = Et).

- A mixture of 71 (X = Br, 150 mg, 0.456 mmol) and 75% EtNH; in H20 (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’ = E, 38 mg). 'H NMR (DMSO-dg) 5 1.16 {f, J = 4.4
Hz, 3 H), 3.20 (brs, 2 H), 3.87 (t, J = 4.4 Hz, 1 H), 4.08 (dd, J=5.2, 12.8 Hz, 1H),
4.54 (t, J= 4 Hz, 1 H), 4.74 (dd, J =4 and 13.6 Hz, 1 H), 4.96 (d, J = 13.6 Hz, 1 H),

- 5.11(s, 1H), 5.33 (d, J=7.2 Hz, 1 H, D,0O exchangeable), 5.66 (d, /= 4.8 Hz, 1 H,

D20 exchangeable), 6.18 (s, 1 H), 7.52 (t, J= 5.2 Hz, 1 H, D20 exchangeable).
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tert-Butyl peroxide (30 pL) was added to a sol ut{ Q&Rboo7
82 (470 ng, 1.52 mol) and tris(trinmethylsilyl)silane
(1.5 nm., 2.28 mml) in dioxane (15 nL) slowy at 80C,
and the mxture was refluxed for 2 h. The m xture was

EXARPhESB rated i n vacuo, and the 20 residue purified on
a.silica gel colum (eluant: 10 %% MeCH in CHZCIZ) to

ve » 1 293 7799 of 83 and 84,
-ﬁ-&%ﬂ%ww !a?fé "63 Pei&@ﬁf‘ﬂ'a“°§vl)ﬂ’d@'t@%¥°’°[4 5. b)-
chromato H-NI\/R of the latter conpound ( DMSO- d6
yrldmﬁzgmelﬁ lgg H(R FCHeCHIQH)), 5.15 (1 H m H 4'),
4.84 (1 H d, H5' a, J:14Hz 4.74 (1 H, dd, H5'Db,

A mrﬁp%lgf ral &[‘c% i§§ an2 4@56? Tml—?l) d ﬁ_ﬁ?rgamwegé r%li) \Mas ﬁ?ated

b
at 10§ 1%9 éj’& |aosef'e<§b°@9 ifeLHR BpJ hedBhdureatas eanGRatiated inwacuo,
OH) . To a m xture of 2 -O i sopropylidene
and ts(gmsn@ge trdugted with KtQH tgzgg'yatglhze tBg pmvdm)t whiph was collected
tri phenyl phosphine (340 ng, 1.29 nmol) in anhydrous
by subligh {cbgine )58mg TR = HERD#@HQGHBOH)_’L BINMR(DMSOakh) $ 3.23
at roomtenperature, and the mxture was stirred at

(br s, 209)N3 BETRRS, A +1 64, f1QfH§@HT)} B.87C@NELY. 8 M, H)aatb? (dd, J=5.2,

purified by silica gel colum " chromat ography

d 0

12 ik G SR e o M) 455 W SRRV 1l o e
1H, @ch%x?tén%%aﬁé)ﬂ&ﬁwédo?ﬂgﬁ o3 17%)(*%37@8'&4 Fa4gg= 76 Hz, 1
H, Dzé Q(cganégalge)qz‘g éa id, 4!4— @§ Hg,|_g H, p2@e¥@ar@ﬁpglemw&g1 H),

62 5',3-Cyclo-xanthosine (92, Y = OH). 15 Conpound 91
7.32(LY= =6z, D DaQ, exchesgeatle) was treated with 5N HC (5

m.), stirred at roomtenperature for 2 hr,

concentrated, co-evaporated with MeOH (5 nL x 3), and
EXAMRLE 6d4ated with MeCOH. Conpound 92 crystallized and was

coll ected and dried wunder high vacuum (142 ny, 82%

ton%g_l ve_a yellow sh solid. UV Amax 238, 264 nm
7-Butylamino-3,5’-cyclo-4-(B-D-ribofuranosyl)-vic-triazolo[4,5-b]pyridin-5-one

(72, R = H, R’ = n-C4Ho).

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). 1H NMR (DMSO-ds) 6 0.89 (t, J=7.2 Hz, 3 H), 1.33

(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), 4.53 (1, J=3.6 Hz, 1 H), 4.74 (dd, J= 4 and 14 Hz, 1 H), 4.96 (d, /= 13.6

Hz, 1 H), 5.10 (s, 1H), 5.34 (d, J = 7.2 Hz, 1 H, D,0 exchangeable), 5.67 (d, J = 4.4

‘Hz, 1 H, DO exchangeable), 6.17 (s, 1H), 7.55 (br s, 1 H, D,O _exchangeable).
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(MeQH); 1H NWR (DVSO-d6) 6 11.38 (s, 1 H), 8.15 (8, 1,057
H, 6.20 (s, 1 H, 4.59-4.56 20 (m 4H), 4.22 (dd, t
H J =40 56H), 3.91(d, 1 H J =6.0 Hz), 3.73
(dd, 1 H J = 3.2, 14.8 Hz); FAB HRMS esti nmated
EXARFLES5Y3, observed 265.0580 (MH for CloHON4AO5. 118
1 March 2007 EXAMPLE 63
9,5 -Cyclao-1-nethyl -3-(2 soprop
7'A"HB°F§’§/-'FY‘?JB1‘4JEE‘POQ99§ur8n9§¥!)a}ﬂ€ﬂr'ﬁ€°|°{‘¥s§ b]ppsencbn@-one (72, R
Mel (62 pL, 1 nmmol) was added to a m xture of
=R'§H}. -cyclo-3-(2',3 -0Oisopropylidine-(3- 5
D-ri bof uranosyl)-8-azaxanthine (14, Y = OH, Z = N, 152

A miffie Sty KRR 7R pfE %56 bl B0 did otibRria Ban T wps

nd the ol vent was renoved jn vacuo. The
heatqc@gﬁh& i Sled PoHErTon 1o e T FeARORE WA S 5epleg R opened
t he or n| c phase dried over (MgSO4) and evapor at ed.
at -78 ke anndgi ko MeObwas addednThe shikiucawgslwarolashto room
(eluant: 10 Et QAc: hexanes 2:1) to give the title
temperatqreyand (HebPreaipitadky proaisicbcolisictesl HA5i rdgWwh1H NMREBMSO-ds) ©
crystallized fromEt OQAc i n hexanes. 1H NVR (CDCl 3) 6

3.86 @ @8 4(8Hz 3, H)"'zllj?)(dd5JQ55 2§ 114 Hii 1|J|154653 d, .iF 144-12H21)H) 4.74

(dd, ﬁ— g IiﬂgﬁHf‘ 16@ g'{%(?'(d ‘%P%é egtlﬁ 1 ﬁ)&éé (s31|§)445 %‘%ig /=638
Hz, 1 %z%%f@ng Eablein .08 (6 4=4:8 Haof - P s5hangeabled Bt (5. 1

ne (77 = CH3). A so|ution of
H), 6.884s, ?eb'epeole%‘ﬁbﬁﬂg‘?atﬂekz 3'-Oisopropylidene-(3-Drib
of uranosyl )-8- azaxanthine (76, 99ng, 0.31 mmol) in
THF: 1IN HCl (1:1, 10 nL) was heated at 90C for 3 h.
EXAMPIE §61 vent was evaporated, and the residue purified
by flash silica gel 20 col um chr omat ogr aphy - (el uant:

0,5"CHRI 3 @i?é?géﬁyﬁ@n&%@-&ﬁpﬁﬁ@%&ﬁﬁg z,f%o'é-s-

white solid. 1H NVR ( DNBO d6)6603(1H S,
azaplymﬂ(@%(ndx ?lmmZOJy&- 4.8 Hz), 5.42 (1 H, d, 3 OH,
J 6.8

A mixture of 14 (Y = OH, Z =N, R’, R" = isopropylidene, 565 mg, 1.84 mmol), PPh3

(1.16 g, 4.42 mmol), imidazole (0.44 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 Celite

pad, and the fiitrate was washed with water and brine, dried (MgSQ,), and

* concentrated /n vacuo. The residue was purified on a flash sifica 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-ds) & 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"), 5.23 (1H,
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Hz), 5.03 (1 H br d, H5'a, J = 15.2 Hz), 4.81 (ﬂ-MEI‘ChZOOT
dd, H5 b, J =14, J =4 Hz), 4.58 (1 H, br dd, H4"),
4,10 (2H m H2' and H3"), 3.20 (3H, s, N-CH3) 119
1 March 2007 EXMAPLE 65

d, H3a,0)arérhiz)h419294.81 {8K¢ hm+82( K-33an®HALpdtépiiH, dd, H-5'b, J=
i di ne-R-D-ri bofuranosyl)-8- azaxanthine (76, R =

4.4, LHAGNE), NarH(3H s aTidi)on. 2@r(3m RECHK). 0|I (68 mg, 1.71
nmol ) was added to a solution of 9,
cyclo-3-(2',3" -0 isopropylidine-(3- D(bofuranosyl) 8-a

EXAmp]gErgﬁmne (14 Y=04 Z=N 500 ng, 1.63 mmol) in
DMF (4:1, 10 nL) at OC. After stirring for 10 min

at 0C, LiBr (283 ng, 3.26 nmol) was added, and the

9,5 @!@p&w&’@n@v@m‘pmhdmeaﬁ B-mhnfutmqsgl)eﬁ-nmnbeﬁ az8purine-2-
mn. BrCH2CN (0.23 nlL, 3.26 mmol) was added, and the

one (TAXRw R’ =jated for 2 h at 65C. The sol vent was
evaporated, and the residue partitioned 10 between

. . Et CAc an H2O. The organi c phase was dri edé SH) and
Tf'etfafjﬁsﬂlaﬁ P g mLi2 48 ran f@ddesd fa 2 migups of T3¢ %mg 0
col um chr omat ogr aphy (eluant: 2% MeCH in CHC 3)

mmolg @MA\’?eﬂﬁﬂ éng.i 1.23 mmnboamd:ltr(mo@bemesaﬁoaylmdamie (373
solid. '"HNVR (DVMBO-d6) 6 6.47 (1 H, s, HI'), 5.27

- mg, 1(28 idmal) inkBHzCN J16 m). at 09C) , THe Qbﬁdre&?aé Btitrednat Fbord"

H 3 and N-CH2CN), 4.67 (1 H, dd, H5 b, J = 14.4, J
tempera&r@ de|224 h JarftV tHePHrested W‘fﬁ)oonclﬁH%Oﬁ(z(OngL) SThE&Hikture was

stlrred;fo?ﬁéqﬂgﬂ%&? hRgné &_é%%bgmscﬁn(c%pﬁ?{egﬁﬁ E)#CBBO%W )re8idBE Was
el IR S A AR S i i

(1:1, 10 mM-) was heated for 2 h at

86%) g0 @ pate yelow selid, whish W@ﬂacﬂm iptheenext step wuthout further

1-cyanonet hyl -9,5" -cycl 0-3-(G3-D
puriﬁcati@rmfuranosyl)-S- azaxant hine (260 ng, 98% as a vvhite
solid which was crystallized from MCOH 'H NWR
(DMSO- d6+D20) 6 6.04 (1 H s, H1'), 5.04 (1 H, d,
EXAMPIESS J = 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

9,5’-Cyclo-3-(-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
90°C for 1 h and cooled to room temperature. The solvent was evéporéted and

3 coevaporated with EtOH several times. The solid residue was crystallized from
.EtOH and H,0 to give 75 (92 mg, 89%). 'H-NMR of the major isomer (DMSO-d; +

| D20) 0 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=4.4Hz), 461 (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, H5'a, J
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H3 o H2), 4.20-4.06 (2H m N CH2CN). 120 1 Weesboor
2007 EXAWVPLE 67
1- O Acetyl -2,3,5-tri-0O benzoyl - (3-L-ri bofuranose (20,
L-form. To a solution of L-ribose (10 g, 66.6 mmol)
= 14,0 Hze &187((Ab0 ddi_H5ke s/ s 114.01, y =a316ddlz), 456 1HR,IOH (A7 #.4 Hz),
pL), and the m xture was stirred for 12 hat room
4.14-4d0tp@Hhtmyrtd-2' Bngt H-3")pyri di ne (20 nlL) was added, and
the m xture concentrated in vacuo This process was
repeated 2 tinmes, and the residue dried under vacuum
EXAMPLEIS® a colorless foam which was dissolved in dry
pyri d| ne (100 nmL) and cooled to OC. Benzoyl chloride
('(ay 399.6 Mol ) was added drop-w se and the
SlotH-2/ 20 Shiveadaponi: -B-Boribofuraposul)ti-azaxanthinen(82, Y = OH,
| ce- H20 was added, and the m xture was stirred for 1
Z=N). The 10 sol vent was evaporated and co-evaporated
with toluene (200 nL, 2 tines), and the resi due

rti ned, bet QAc and eor anlc
A il G RO S TE B Ghrelie acaranthioe A4S i 3. Lol
dried over SO4. The_ sol vent vvas eva orat ed and t he
and N, fthipgarbanyidimidarale (30Q:ma. 4QF mmgi) in (@0ImL) wes bested
was dissolved in AcOH (80 nL) and acetic anhydride
for 2 it 6t 802.) Thamuixiine wasxdonled toobeattanpdratd€, thExotventi?Z&adved
‘ (1.8 nL) was added drop-wi se. The m xture was stirred

in vacdio, andthe feitey firiflcel E)Pﬂa#slli'ca decohRhM %mém%@eephy (eluant:

evaporated in vacuo and then co- evaporated wt

 EtOAL@HIENSL: 1) fae%,ws%zc@ab n%%,f?é% Zeye b sﬂhg@%&ia EtI-PNMR

and “the so was recryst al

(DMSﬂﬁﬁﬂF@ DELREHTS. o0 58 ?Mz% é@"e ng¥d3 4 3E<2H m,
. dd, d
H“"%?H%B}J”és;k% (fl%a ll:'|Fﬁié)0ano| HH5§§ 54724((11TH mHH-35b)
1.92 (3H, s, Ac). 121 1 March 2007 EXANPLE 68
EXAMPLE 60

9,5’-Cyclo-3-(2’-deoxy-B-D-erythropentofuranosyl)-8-azaxanthine (83, Y = OH, Z

= N) and 9,5’-cyclo-3-(3’-deoxy-B-D-erythropentofuranosyl)-8-azaxanthine (84,

Y=0H,Z=N).

tert-Butyl peroxide (30 pL) was added to a solution of 82 (470 mg, 1.52 mmol) and

tris(trimethylsilyl)silane (1.5 mt., 2.28 mmol) in dioxane (15 mL) slowly at 80°C, and

the mixture was reﬂuxéd for 2 h. The mixture was concentrated in vacuo, and the

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-d; + D-0) 8 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, H-5'b, J
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I -(2',3,5 -Tri-Obenzoyl -(3-L-ri 1 March 2007
bof uranosyl ) - 5- bronouraci |. A solution of
1-O acetyl-2,3,5-tri-0O benzoyl - (3-L-ri bofuranose (2.3
g, 4.55 mol) in CH3CN (30 nL) was added to silylated
= 3.66Hpr Haddi-im 4.3PdeHed At S = Gm Bzhranmdytdcm, H-Baf, 2.95 0tH, m,
14.3 mmol ), HVDS (10 ni), and TMSCI (0.2 m-) by
H-3'd)eating for 2h at 80C fol | owed by evaporation of the
solvents], and the m xture cooled to 0OC. 1 M SnC 4
(13.6 m-) was added drop-wi se, and the m xture
ExXARPLE'®d for 2 h at roomtenperature. The m xture was
diluted with CHCI3 (100 nL) and quenched with cold
saturated NaHCO3. The mixture was filtered over a
5',3-Cy¢lorZ, PeHisopropylidene ganithogines(@11Y = Opfr at ed, dri ed
(MgS™), and evaporated to give a white solid. The

Tou LR B a1 8 s o

éozlmp gi_‘ 98% a white crystals, 1H—N|\/Ré

and t yq qsphisie @40@9 1.2 mygoly ipgnpydnaus BMBLS nﬂ.)@'@qadded
SH-G? 6.29 (1 H d, HI', J =6 H), 5.81 (1 H,

DEAD,{O 2Hat,)1.38 ngsol) slawly at rdﬁ;ﬂ‘tempemtﬁrel—lahd the mixtdrebRas stired

(3HL m H4& H5 a, and 5 b). 15 EXAMPLE 69

at room ﬁerﬂn@m&ureifdi 8@ min, concentrated, and #)unf“ ied by smca el column
1-(2',3,5 -T(- O benzoyl - p- L- ri bo ur anosyl ) ronour a

chrom?dtbgr(a%h? (CHOIZMBBM )1 0} v) o o%%) 'céﬁ'ﬂﬁdu?\dwnﬁ:}ﬁg \18%) as a

treat ed W|th sodi umrre solu

e S e B DR 6 s T

terrperature
he,s in vacuo. The residue was
1#0, €00 (4. 0 %ﬁ&ﬁ.‘@ﬁ? G 1%%@%%#&2} 448, 1, F2 6.0
Et OAc: acet one: Et OH: H20; 6:1:1:0.5) to give a white
Hz), 30 (ddl, (H, 2 52.879%8 Hahilet (@ 3H)r 23(s! Blzi&.d from Et OH.
1HNWR (DMSO-d6) 11.82 (1 H s, NH), 8.48 (1 H s, .
H6), 5.72 (1 H d, H1', J =4.4 H), 5.44 (1 H, d,

EXAMPLE 62
OH, J=5. 2Hz) , 5. 29( 1H, t, J=4. 8Hz) , 5. 10( 1H, d, 3' - OH, J=5. 2Hz

4.04(AH g, 122 - -c---- - 1 March 2007 @ H-2'
.5 3-0&13[0-&36&1 ?neg&%%z)OHh 02 (1 H q, H_3rc J =4.0, J =

4.8 Hz), 3.98 (1 H m H4),
Compound 91 (Y = OH, 200 mg, 0.65 mmol) was treated with 5N HCI (6 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 Amax 238, 264 nm

(MeOH); "H NMR (DMSO-de) 5 11.38 (s, 1H), 8.15 (s, 1H), 6.20 (s, 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 C1oHoN4Os.
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370 (1 H m H5a), 3.57 (1 H m H5 b). EXAMPlE K007

1-(2',3 -0Oisopropylidine-(3-L-ribofuranosyl)-5-bronou

ridine (17, L-form. 5 A2 Msolution of HCl in Et20

2 m-é was added to a suspension of L-5-bronouridine
EXAE’flgf-G .1 mmol) in acetone (20 nL), and the nixture

was stirred at roomtenperature for 20 h. The m xture

T TR AR T ES——

76, éllbﬁa gel colum (eluant: 7% MeOH in CH2Cl2) to give
( he QI e conpound as a col orless foam (900 ng, 80% .
.1H-NWVR 10 (DVMSO-de) b 11.78 (1 H, s, 6.34 (1 H,

- Mel (?% I—lihl: % ﬁ1|r_n|_og @Eél% ga?flz fda b 7uge {J{ 9% chcl'é'z}_? gg S‘L-Sﬁléoé %@rhdlne- -

D-rib%nésyﬂ%aﬁlm@ﬁe ((g,h_FYb— 05{5- ﬁ%ﬁgmgé &8 mhifbi) ahid Koc0s
(172 fig, ﬁe?-%rﬂg') aHEr @mﬁ% fh% KH AR afsoprigemperature

L-for Met hanesul fonyl chloride (0.2 ni, 2.54 mmmol)
for 2Q\Acang t@p(ﬁgl\(gng wasgemoye i vapuef The residue was partitioned
1-(2',3" -0 isopropylidine-(3-L-(bofuranosyl)-5-bronmour
betwéeh BEOAS andIH yramd tBd @rganic phage drindlovei (M@SOLame ( 10
m.) at OC. After stirring for I h at 0C, another 40 pL

evap@iitdd CThe vesid@sidad pufiiied bhe Slidd geEcditiinh ésmai-.@r a
further 30 mn. The reaction was quenche

EtOARPHEhEE 2°l e thé tiﬁél)cgmyﬁsngj} @Bbrrﬁg ‘(’:%35’/858@ 8%&9‘%&& which

I n vacuo, nd the res ents

was iR HERRE N BRsanehe “b-GHIFF (CoREI a4 U Ed" 1), 5.05

d | yent ted. Th d
(1H, G ey B 4b0e) A2 nch-2 G0d oA el o B4 gt § Ha),

col orl ess foam To a solution of the foany residue in

' 4.67 (k- dgi bi-57b) J ek, U234 HAYE3 4 (360, Ne@Hg)! 1MBNGBH, B0 CHal, 1.34

9.24 mmol ), and the m xture was heated for 4 h at 90C
(3H, sTIdH;)i nsol ubl e material was filtered off, and the
filtrate evaporated to dryness. The

EXAMPLE 64
9,5°-Cyclo-1 -methyl-3-(B-D-ribofuran_osyl)-a-azaxanthine (77, R = CH3).

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 90°C
for 3 h. The solvent was evaporated, and the residue purified by flash silica gel

column chromatography (eluant: 12% MeOH in CHCls) to give 9,5'-cyclo-1-methyl-3-

* (B-D-ribofuranosyl)-8-azaxanthine (78 mg, 89%) as a white solid. 'H-NMR (DMSO- |

d) 56.03 (1H, s, H-1"), 5,77 (1H, d, 2-OH, J = 4.8 Hz), 5.42 (1H, d, 3-OH, J=6.8
Hz), 5.03 (1H, brd, H5'a, J = 15.2 Hz), 4.81 (1H, dd, H-5'b, J = 14, J = 4 Hz), 4.58

~ (1H, brdd, H-4’), 4.10 (2H, m, H-2' and H-3'), 3.20 (3H, s, N-CHa).
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residue was partitioned between CH2CI 2 and H2O. TR&ch 2007
organi c phase was dried (MySO4), concentrated in
vacuo, and- the residue purified on a silica gel columm
5 (eluant: 4% McOH in CH2ClI2) to give the title
EXMébighoftnd (774 ngy, 89% as a colorless foam 'H NWR
(DMSO-d6) 11.87 (1 H s, NH), 8.27 (1 H s, H6), 5.82"
1 H .S, Bl : (L. H br dd. H2')
-Cyéaorriq_tgyl 9 ?-cy%l’ozg (é’l Sé—lgop&gpyqlgnl%-ﬁcq rppofqlranqgﬁyis_-lp
3.61 (2H br d, H5aand H5 b), 1.48 (3H, s,
azaxgnﬁvﬂeﬂﬁ = GHaGN).EXAVPLE 72 10
9,5 -Cycl o- 3- (2',3 -0Cisopropylidine-p-L- rlbofuranosyl

Nah §isfeRddts B kB ph tos Jag. 4 %@%’Er‘%ﬁq‘f&%ﬁ?ﬂ(?‘“ﬂ“
cycb%-@@&s%%ifowp %ﬂﬂ'bef{lmswﬁ%-%awmw de¥Zonz=n,

C. The mxture was concentrated in vacuo, and
500 mﬁe1 63@@99 i EAMET0AF 64: 15 1Q4nL)satiQ°Ca Adtar stisringfaih@ min at
chromat ography (eluant: 4% MeOH in CHCI 3) to give the
0°C, LiBr(28% ovgp MmmalWamddéawndaﬁleasmamiamwasi stirréd BiMROM
(DMBO-d6) 6 11.67 (1 H, s, NH), 6.31 (1 H s, H1),
températuré f6A15mid, BrEHBCNJ®. 234rrﬂiZB 26'mitolfwas @aﬂed ”&nd"d% mixture

H3, and H4'), 4.62 (1 H, dd, H5 b, J = 4.
heateH"folF\)/%EVEét'?Gsé%Gﬂ{é”gblvént @@évaﬂorgt’%d( 3Rd the r&'ﬁ&e part|t|oned

etwegencﬁ’c%&éﬁilﬂzﬁp f'i‘l?e%JPg% r@gqq%w% %gsé ?ﬁ?%%t(ﬂ) ré%d(evgporated

9,58 -cyclo Osoro I|d| e- R- L- (bof ur anos

The regidys et é?bY(f%fM%c Solimp o toniannyNeREnt. 2%
l&ml 10 m- was heat ed at 90Cfor 2 h. The mxtur1e

MeO C&S}Iﬂdﬂtgl\eetﬁl@ titie cosBREUNATISE60rMag; 9f4) as @ white solider ¢1-NMR
co-evaporated with EtOH to |leave a white solid, which

(DMSUaEs)D §T7MH, 3eH-T), B2 E(TH d, HSayv¢=te4 HZ)) 012487 (5H, m, H-
March 2007 conpound (95 ng, 92% as a white powder.

TR - 1488 Hy = N
2", H :;Hahlﬁ/ﬂ Cﬂ;/@fs}edﬁbﬁﬂll gé,_ Pé(_?lb,JJ =914.4, ﬁf@g&% 1(47 '(BHSS CH)

= 7.2 Hz) 4.99 (1 H d, H5'a, J=136Hz)
125(3'{7%?]% dd, H5'b, J = 13.6, J = 4.0 Hz), 4.57

- EXAMPLE 66
1-Cyanomethyl-9,5’-cyclo-3-(B-D-ribofuranosyl)-8-azaxanthine (77, R = CH.CN).

A solution of 1-cyanomethyl-9,5’-cyclo-3-(2',3'-O-isopropylidine-B-D-ribofuranosyl)-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) 8 6.04 (1H, s, H-1), 5.04 (1H, d, H-5'a, J =
13.6 Hz), 4.91-4.81 (2H, m, H-5'b and H-4'), 4.62 (1H, m, H-3' or H-2"), 4.38 (1H, m,

H-3' or H-2"), 4.20-4.06 (2H, m, N-CH,CN).
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(1 H ddliket, H2'), 4.17-4.07 (2H, m H3' aNflarch 2007

H4'). 5 EXAMPLE 74 9,5'-Cycl 0-3-(2'",

3'-Oisopropylidine-(3-Dri bofuranosyl)-6-nethylami

no- 8- azaxanthine (74, R=CH3, R = H). Triethylam ne
EXAMPLE®T, 2.83 nmol) was added to a mixture of

9,5 -cyclo-3-(2',3 -0

1-0-hRBRIRY bl AR LRGN o REa e (14

1. 64 mol), and tr||sopropylbenzenesulfonyl chl ori de

To a68RAoA®T LIribbdeMDlg, 666 MRSINn(MEOM 208t mP aé'%ﬂ)vﬂi? @dded

m xture was stlrred at room t enper at ure

RS o R L . o

PY"*@%S&”‘E@“Q%%%%%«'JI?? A ik sSertErted nuarie (1S Pragess

15 white solid) as a mxture of (6- mathyl am no:
was @Pﬁé?eﬁ'ﬂ fimegoan §1el5es‘dﬁ$éjrf9&‘t yndafyacudey tergivea gofariegs foam,
_the integration ratio of the anoneric proton. 1H NWR
which m@a&e? ed ingirpgyridinel(100 mé.) MAd cooleditosd &) Beszdyd chilbride
H s, H1'), 5.15 (1 H d, H5a, J = 14.0 Hz),

{50 mlL, 8994. raMa Pvias dddettiddop-aiud dhBthe mibduré vas dtirfed abroom

Hz), 4.70 (1 H d, H2, J = 6.0 H), 4.59 (1 H, dd,

Ford 4.
tempéiaﬁ.lrb for’ 121:h4 6!613 I-%Owéé‘a@dé’@c):ﬂl_éxd’?thg(?gh Hv&hs H&&gifo i'ﬂs The

S°'veé”¥9€ &t %ﬁ%g PTG ERAN el o
nt h H.. A sol ution
feS'd@* éﬁf* fisndelBagwiosn B0 fag b&zprTheo?rﬂ@n{@f@Sﬁ W8 washed pith
nmet hyl anmi no- 8- |5 azaxant hi ne&j 130 0. 41 mmol )
Saturqtﬁd N-’-IHQON H4€, angd brine apd)drigdovies MaSO be@omnt wash.
The reaction m xture was concentrated |n vacuo, and
evaparated asd theeresiidieidiigd usdereraniuuaze@rnighit.c Thesily Irésiduenas
with EtOH The solid residue was recrystallized from
dissolizdin AcOHHBO th) %hd’ acéiteantydride 0 ALY taridPtheTRixtié %ooled to

as a mxture of
0°C. Conc. H2SO4 (1.8 mL) was added drop-wise. The mixture was stirred at room

temperature for 24 h. The solvents were evaporated in vacuo and then co-

~evaporated with toluene. The residual syrup was triturated with EtOH, and the solid

was recrystallized from MeOH to give the title compound (19.2 g, 57%) as white
crystals. 'H-NMR (CDCl5) & 8.02-7.24 (15H, m, BzH), 6.36 (1H, s, H-1), 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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met hyl am no: 6-nmethylimno; 5 : 1). The rati o wasqmarch 2007
determned fromthe integration 10 ratio of the
anoneric proton. 1H NVR of the mmjor isoner (DVMSO d6 +
D20) 6 6.03 (1 H s, H1), 504 (1 H d, Ha, J =
EXAMPLEW) 4.86 (1 H dd, H5 b, J = 3.6 Hz, J = 14
4.61 (1 H, ddllketH-' J =4.8, J = 4Hz),
4.06 (1. H d, H2, J

ul J = 4.
1 (2?3%5 gt 'FQ)'EG'B*‘WH(%H"b@”W‘é%X%'b@W Eil76 15
9,5 -Cyclo-3-(2',3 -0Oisopropylidine-(3-Dribofuranosy
A solutioR ofl f@laﬁéfyﬁ-ﬁ‘ 3)8- ‘tﬁ-‘O—Béﬁié%ﬂUBtLJi‘iﬁoﬁ%%oQé . E;Ph%%moz) in

Tri et hyl am né was add

CHOUTRY opy%aasg%@%‘é%é Hiate érbezﬁ@gy?rac"égs D573ien fiPRF-prppmouraci

(e, 5 Py RSO 88 s et beheaine B enss 30°c

ZOnE 1.32 nmmol ) in CH3CN (10 m-) at 0C, and t
followgd by pyarpatian pf caveniﬂoﬁnd ﬂ'&ﬁﬁwﬁtuf%ﬁ@i% to ch h1 M SnCl,
Me2NH (2 nl) was added, and the m xture stirred for a

- (13.6rak.} was addedh drophwissp landribe wisture stivedi for® b at mmm sendperature.

the residue purified on a silica gel colum (eluant:

The rabduve @as dilutddOhith CHICRI(Y00 hilg dridt duferehed uftdcdld 83tursted
84% as a white solid. 1H NVR (DMSO-d6) 6 6.37 (1 H,

NaH%%%j;ﬁ'ﬁél_ér;i{(tﬁﬁég/g(sgﬁétaredjove%#{c%te addéﬁgﬁgééﬁ%é‘qiévﬁﬁéé% ,

sepalﬁf%d dfi eg%\/{gﬁcg’) %nd Eq%ol{a%‘g 0 gé\?%ﬁrgli_el s“oﬁs Nfl'é_%lidWas

3,20 (

washgg_@yth %ﬁi@&y_ C'c_i@rystaﬂ'zeg frgm'—lEtgAc F'_E%xanesztg ggve'_lhe title

Oé 0- 3- (f 3- Drlbofuranoqél) 6- di met hyl am no- 8- az
compasaem{% T 98%)&3&\@!& crgitals, H-NWMR(CBEpP 8.06 (1H, brs, NH),
9,5 -cyclo-3-(2',3 -0Oisopropylidine-p-Dribof uranosyl

8.06-3.29{115h'lpmﬁlz¢maao(-1waatnapﬁtzg 1, (dL401h9, = 6.HZD, 58aI(1H, m,
in THF: IN HC (1:1, 5 m-) was heated for 4 h at 90C

H-3'), B85 MR tUHE2 Walss @pﬁwvmt@zi(sw HAAUP, g, dritesbgsi due
azeotropically dried

EXAMPLE 69

L-5-Bromouridine.

- 1+(2',3',5'-Tri-O-benzoyl-B-L-ribofuranosyl)-5-bromouracil (3 g, 4.72 mmol) was

dissolved in MeOH and treated with sodium methoxide 4.4 M solution in MeOH (1

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-ds)

11.82 (1H, s, NH), 8.48 (1H, s, H-6), 5.72 (1H, d, H-1", J= 4.4 Hz), 5.44 (1H, d, 2

'QH, J=5.2Hz), 5.29 (1H, t, /= 4.8 Hz), 5.10 (1H, d, 3-OH, J= 5.2 Hz), 4.04 (1H, q,
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10 with EtCH several tines. The solid residue Wagparch 2007
recrystallized fromEtOH to give the title conpound
(101 ny, 83% as a white powder. 1H NVMR (DVSO d6+D20)
86.05 (1 H s, H1'), 4.96 (1 H d, H5a, J=14.0
H-2', 1 4.04 JF64 81HE, 442, (1H, &, bi-3") J= 4.04/ =14.8 HA), B.98KitH, m, H-4"),
~4.57 (1 H ddliket, H4, J =4.0 Hz), 4.11 (1 H t,
3. 70 4R’ m, B-5ap 3&MHAH, . A& )L H t, H2', J = 5.2 Hz),
3.75 (3H, s, NNCH3), 3.71 (3H, s, NCHs). 15 EXAMPLE
78 9,5 -Cyclo-3-(2',3 -0 isopropyl
EXANMBLEe | - D-ri bof uranosyl ) - 6-i sopr opyl am no- 8-
azaxanthine (74, R = CH(CH3)2, R = H). Triethylam ne
80.4_ m., 2.83 mpl) was added to a m xture of
1-(2',§’-©-isppeopylipe-B-b-ritwfuranosyl)-5-bromouridine (17, L-form).
i sopropylidine-(3-Dribofuranosyl)-8-azaxant hine (200

2 3 T B0l el BB B

CH3CN ( at 0C. The m xture was stirred
(19, 847 ’PES@M ip &?ﬁ@"&t(éBénmfoﬁnﬁ!éhﬁ mixyes,wag sigied @t fpern temperature

I so-propylamne (2 nL), and the m xture was stirred

for 20¢ipr Tae mikivrewag muaalizecbwﬁhﬂémwh&wra@d tha sotusing emaporated

was evaporated, and the residue purified by a flash
in vacp7 'I’.hel\@stdmempumdd o agilicacgd| cotuntre(alaamt: 7240M4&CH in
in CHCI3) to give the title conmpound (162 ngy, 72% as

CH,CB) ftfgive Yi6d t.wcémbbdb.d as aacabnésmaﬁ{ (900 mg, 80%) 1H NMR
(6-1so-propyl am no: 6-iso- propylmno 1).

USSR ET R AR .40 S0
4.87- z@aﬂ@aa _5'82’ aI‘ZF'%! 41-}-,:)4% (14, d4 I-irg Fﬂp)odag h%@((]’n-g',qﬂ:dH 5'b,

43; 1—23 éH d H2, J=
J=4.4 M)HZ)MS@(@H 8 C('Ib) 6(%H S = 14.0 Hz),
3.3 (1 H m N CHW2), 1.46 (3H, s CHS) 1.24 (3H,
s, CH3), 1.21 (3H, s, NCHw2), 1.19 (3H s, N
EXAMBYE2]. EXAMPLE 79 10
9,5'-Cyclo-3-(2',3 -0Oisopropylidine-p-Dri bofuranosyl

1-(5’-%i_96$43c}go§(@1-§,c§’ 86-.3583‘0%'}5]3:33- -L-ribo?uranosa} - -bromoundme
(19, L-form).

Methanesulfonyl chloride (0.2 mL., 2.54 mmol) was added drop-wise to a solution of
1-(2’,3'-O-isopropylidine-B-L-ribofuranosyl)-5-bromouridine (17, L-form, 840 mg, 2.31
mmol) in pyridine (10 mL) at 0°C. After stirring for 1 h at 0°C, another 40 uL of MsClI

was added, and the mixture stirred for a further 30 min. The reaction was quenched

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 (MgSQ,), and the

~ solvent evaporated. The residue was dried overnight under reduced pressure to

give a colorless foam. To a solution of the foamy residue in DMF (10 mL.) was
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Triethylamne (0.4 nmL, 2.83 mmol) was added to a1 March 2007
m xture of 9,5 -cyclo-3-(2',3 -0
[ sopropyl i di ne- (3-Dribofuranosyl)-8-azaxant hi ne (14,
= N_ 200 , 0.65 mmol), DVAP (200 ng, 1.64
addt?ﬁTHﬁs\ls (%Q{hmr +2§dprrﬁ)yﬁbdﬁlz@nuxture wag heatedoior deh a9 C. The
15 ng, 1.32 mmol) in CH3CN (10 nL) at O0C, and the
insolgbler materishwas filtereeldb fh tandotbenfiltrateeeaporated foodryh@ssl. The
n-BuNH2 (2 nlL) was added, and the m xture stirred for

resicae Vag thloﬂe&b@Were@lOOHE@HmEjﬂ’ij@ eThd bRyt ﬁﬁée Was dried
evaporated, and the residue purified by a flash

(MgSD))i é@&%&rafé?f fr}%cgsl é@gihe I%éb(%%l rid i %ﬁlg% %egbé’lﬁmn

the title conpoun I'te so

B it BT T
color %%ﬁgﬁmhsﬁ@ﬁ@ﬂgp gé%?gﬁm(é%&l%% S (itp % L6 582 (1H,

4.88-4.84 (2H, dd, H4' and H 3'
s, H- 3)-5 11 é"HJbr:dCb "b2|9|z*7r 754117‘11d(11H|-3 J & 4.4 2= 6.0 Hz)64.03 (1H, g,
Hz), 4.60 (1 H dd, H5b, J =4.0, J = 14.0 Hz), 3.41
H-4')( 381 (8H, be @ubl-5'a 268 H-5M) ti48:(e|a7s CHER1 RBBH, 2HCHY).
N-Bu), 1.46 (3H s, CH3), 1.37-1.28 (2H, m N Bu),
1.24 (3H, s, OH). 0.90 (3H t, NBu, J = 5.6 Hz).
EXANBRQERIZE 80

9,5 QIcIo 3- ((3 Drlbofuranosyl) 6- but yl am no- 8- azaxa
A sol ution of

5 I ne H) .
CSWQO- Q‘r’ci%%lscmroeyh@nesﬁﬂrabpfur@m@ytk-aaazamtmm:hb‘e%; Y =
2) 6- but yl am no- 8- azaxanthine (74, R = n-C4H9, 150 ny,
OH, =N, lnform)). in THF: 1 N HCl (1:1, 10 nL) was stirred
for 24 h at room tenperature. The sol vent was

y d_t.he res i one b t ween
1-(5- BB et 2 qQéBQBFOBM@ee-&; hﬁ 8Pes PauLgngq500
to leave the title conpound (96 , 85% as a white

mg, 129,me191) was dissplvediie QIVIF (60 nniota;nddmated f@- byt i1DHR0°C.
13.6:1). The ratio was determned fromthe integration

The misiurewat coheentrated in vapumtam thehediiRe pUNGEH @@ﬂa%ﬂ)snlﬁ:a gel
6.00 (1 H s, H1'), 4.94 (1 H d, H'a, J = 13.

columgiidhﬁoﬁgg@rééhﬁelﬁhht 4B MeOH it CH®L,) 1 give thebtith ?:omf.‘)oﬁﬁd

{310 mg, 78%) as a white solid. "H-NMR (DMSO-ds) 5 11.67 (1H, s, NH), 6.31 (1H,

s, H-1"), 517 (1H, d, H5'a, J = 14 Hz), 4.95-4.89 (3H, m, H-2', H-3’, and H4’), 4.62

(1H, dd, H-6'b, J= 4.0, J = 14.0 Hz), 1.46 (3H, s, CH3), 1.23 (3H, s, CH3).

EXAMPLE 73

: 9,5’-Cycl0-3-(B-L-ribofuranosyl)-B-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

mixture was concentrated in vacuo. The residual solvents were co-evaporated with

EtOH to leave a white solid, which was crystallized from EtOH to give the title
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like t, H4', J =3.6), 4.12 (1 H dd like t, H BMarcl 2007
=52 H), 396 (1 H d, H2', J =52 15 Hz), 3.40

(2H, m NBu), 1.59-1.52 (2H, m N Bu), 1.37-1.28 (2H,
EXAVPLE 81

m NBu), 0,90 (3H t, N Bu, = 7.2 Hz).
Com@owd Epdng- R as 7 whitg B@Wﬂ@"pyﬁ‘i &Mﬁ(@mﬁz.@ndab@ﬂdr’faﬁn(d@ s,
- 6-t et rahydro- 2H pyran- 2-
NH) Ohithl.ox-aiti 53381 Hzdx2OH, de= 4.84Hz)R537QTHRA, B-OH, H)= 7.2
20 Triethylamne (0.4 nL, 2.83 mvl) was added to a

Hz), Mioet(dHe dpH5%, ¥ = ¢3.8 192)34(A& (1H,da; H5'b, J = 13.6, J = 4.0 Hz), 4.57
i sopropylidine-(3-Dribof uranosyl ) - 8- azaxant hi ne (200

(1H, H&luk@tﬁ@-ml1)7~4@bfl‘bEH§ ?rp%sﬁan ﬁ»@g mol ), and
trllsopropylbenzenesu f onyl or| e (400 ng, 1.32
nmol ) |n CI—BCN (10 nL) at OC and the m xture was
EXARPLE roomtenperature for 16 h. 0 129 1 March
2007 etrahydro 2H pyran- 2-yl - hydr oxyl am ne (1g) was
added, and the mi xture stirred for a further 12 h.
9,5’-0’“5!05‘33(2)ﬁ’\-tO-liﬁ:pmﬂyﬁdhtb-pm-\rﬂmfurams&l)—ﬁ&néﬁ@ilﬂhmo-s-
purified by a flash silica gel colum (eluant: 2%
azaxahBithé (VARCEDHS, R'¢i MR the title compound (243 ny,
929% as a white solid. 1H NWVR (DVSO-d6) 8 10.68 (1 H,

NH) 626§1HSH51),514(2HmH5' a and
Tnethydamme-(pm mL42$S mmed) wasadded i a'mixtarg'of 95 dyels-Py2’,3-0O-
4.62 (1 H m H4), 3.80 (1 H m THP), 3.48 (1 H,
isopropylidine)f3-Dirifdfutattdsy8-atiRanttind ¢14,2H= OHy ZEHR) 200 ndf 0.65

(3H, s, CH3), 1.23 (3H s, CH3). EXAMPLE 82
mmol? WAPy(ng (RB4TmEN)] éﬂﬂ’frﬁ&ifdrb yzBSn%&é%u!fbHﬂfdmmFgaoo

6- met hoxyl am no- 8- 10 azaxant hl ne

mg, 1 ‘32'anoT)" ?n]?f‘,lgydgﬁ'(‘l ) ‘?nl.c)oa&;‘b g‘ ’aga 1%7' miiRd waBStALHSH rbGmd

xture

temp Pﬁ%?@y %ﬁ-o ?\%ﬂﬁg Eg{yggan%seé %qc? Fﬁﬁz)axxat\&g {! :r}reed(f})ra
i i} m

triisopropyl benzenesul fonyl chloride (400 , 1.32 :
furthepdd). )Tl‘?%sg '\éﬁm\m 1emayed frévam ang éherge@@mggum‘sed on a silica
stirred at roomtenperature for 16 h, then 15 treated

. gel colurnnh (eluaod: LEﬁOﬁC:béX&TBSfﬂ]X)/t(BgWﬂmélﬁﬂb ooimpound ¢1§1Lg)g, 91 %,

dry pyridine (10 ni),
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-dg) &
8.93 (1H, q, 6-NH, J = 4.8 Hz), 6.34 (1H, s, H-1%), 5.15 (1H, d, H-5a, J = 14.0 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-CHs, J = 4.8 Hz), 1.46 (3H,

s, CHa), 1.24(3H, s, CHa).

- 125




10

156

- 20

and the mxture was stirred for a further 12 h. {{#&ch 2007
sol vent was evaporated, and the residue purified by a
flash silica gel colum (eluant: 2% MeCOH in CHCI 3) to
give the title conpound (168 ng, 86% as a white
EXARPLEd?5 1H-NVR (DVBO-d6) 8 10.53 (1 H s, NH), 6.24 (1
H s, H1'), 5.14 (1 H d, H5'a, J = 14.4 Hz),
20 and H4'), 4.55 (1 H

o ,4.92-4.83 (3H m H2  H3J
9,5"-GycloB-48D-ripofurangsyh-6-methyliamino-8-azexanthine (7 Ha, R

1.45 (3H, s, CH3), 1.24 (3H s, CH3). 130 1 March

= H).2007 EXAMPLE 83
9,5 -Cycl 0-3-(l-Dribofuranosyl)-6-nmet hoxyl am no- 8-aza

nt hj ;
A soligt S8 Hldpdizg? ?@85}/&5(5'6?.l%brrﬂo#%raa%ﬁf;@fru?fgmw 8-
nmet hoxyl am no- 8-azaxant hi n
azaxg hm@ (43010 941 H'"T"Pi)\*n—EUF(Wﬂ I§1 fﬂL§5 walswgs heat@ai atf%} C for
24 h at roomtenperature. The solvents were evaporated
4 h. el reastionapixtuie ahs cincentEaied iveaeta) and thesresigue dried by
residue partitioned between CHCI 3 and H2O. The

- severahazantopid distillatimisevittoBICGH e T hiensolid Tasidua Wwhst reerystslizbidefrom

purified by a silica gel "~ colum (eluant: 12% MeOH in

§ i 10
=10H33 B0y oo\l ATV AT e

methgg%rh rﬁ g—‘}%@tﬁgﬁrﬂun? 6 1 3 H?h% Za%o E{Za)s]cféig%ﬁfﬁ%q frén'z %\8( flte{ggaﬂon
ratio qﬁg;ne agog@n(:j)rp;ond FE&IMR of‘L t?ne(rga@r IL%me 3&))58{53% 920) 0 6.03

(1H, Sg,Hs’l )G?-@Prdi taL @2“,5?, J61%6d1119p9136di1hbdn, H-5’bbéFud-Giizs i = 14
) - 6- benzyl am no- 8- azaxanthine (74, R = CH2Ph, R =

Hz), 461 (1H, dd like Bid-4% J(=04.8, o= 43zB 3. 161018, tynHs3’ adideld8 Hz),a4.06
m xture of 9,5 -cyclo-3-(2',3 -0

1H, d :Hn Y 5|2q|-|ﬁ ish osyl ) - 8-azaxant hi ne (14,
( 2 gw AFS(ﬁ(@H > ’Ef%?@’qm%& DVAP (200 ng, (1 64

nnDI) and tr||sopropylbenzenesulfonyl chl oride (400
EXAMPLE 76

9,5’-Cyclo-3-(2’,3’-O-isopropylidine-g-D-ribofuranosyl)-6-dimethylamino-8-

‘azaxanthine (73, X = N(CHa)).

Triethylamine (0.4 mL, 2.83 mmol) was added to a mixture of 9,5'-cyclo-3-(2',3'-0O-

.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

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 title compound (183 mg, 84%) asa

white solid. 'H-NMR (DMSO-ds) 8 6.37 (1H, s, H-1"), 5.18 (1H, d, H-5'a, J = 14.4
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20 ng, 1.32 mmol) in CH3CN (10 nL) at OC, and t heMarch 2007
m xture was stirred at room tenperature for 16 h.
BnNH2 (2 rrL) vvas added, and the mixture stirred for a
further . The solvent was renoved in vacuo, and
Hz), 436 @éb.daid&eﬁulrlﬁ iaad hd', o/ + e Hzk4.6& & H,gbIH-261/umb.6 Hz),
(eluant: EtQAc: hexanes 3:1) to give the title conpound
4.58 (PH sdaviH-585% = AfhiSt=e14.dIHiz)) 37 (@HyisxNuCE;3)08.20 (3H, s, N-CHa),
(6-benzyl am no: 6-benzylimno; 13.3:1). The ratio was

1.46 {31, 9, 1CH;)Mu2ah(3R08,/CHdet er m ned fromthe integration
rati o of the anoneric proton. 'H NVR (DMSO d6+D20) 8

7.366-7.26 (5H m Bn), 6.33 (1 H s, H1), 5 13 (1

EXAMPLE 74+ 5'a, J = 14.4 Hz), 4.87 (2H m H 3 and
H-4)471(1HdH—2 J = 5.6 Hz), 4.65-4.59 (4H,
5'b, and CH2Ph), 1. 47 (3H, s, CH3), 1.25 (31-1,

9,5 @yclgr%jﬁ [srlﬁmnassB-ﬁ-dlmethylammo-s-azaxanthme (75,R=R’=
9,5 -Cycl o-3-(a-Dribofuranosyl)-6-benzyl am no- 8- azaxa

CH3).nthi ne (75, R=CH2Ph, R = H). A solution of
9,5‘-cyc|o-3-(2',3 O i sopropylidi ne- (| Drlbofuranosy

I -6- | am_ng- 8- azaxant hi ne (100
A solitige o SBENTR SN 310 apronuline R Bctibobaranopyibe-dmetnylamino-
90C. The m xture was cooled to roomtenperature, and
8-azaxaething (146 meyB.48mamel) in MHRIENVHCHE , reesiLi waswessated for 4 h at
partitioned between CHCI 3 and H2O. The aqueous phase

90°C.wdibe eniapuve atascdoncenitated. in aadudand Bl rddilupWzebiregicBlly dried
flash silica gel colum (eluant: 10 % MeOH in CHCl 3

t
v ST SO 4 B R o 04 o

ttle ey gﬁ%@ﬁ;’éﬁﬁ% e 588 Bl OB om0

?‘ was added dropvvl se to a nechanically

(1H, syPH ) 20841 T -, St Pdtr)g4- 760(irtrsid) Halill, HBU.$16=(14.0
60 mmol) in dry DVF (400

Hz), 4.57 (1H, dd like t, 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, s, N-CHj3), 3.71 (3H, s, N-CH;).

EXAMPLE 78
9,5’-Cyclo-3-(2’,3’—O-isopropylidine-B-D-ribofuranosyl)-B-isopropylamino-8-
azaxanthine (74, R = CH(CH;),, R’ = H).

Triethytamine (0.4 mL, 2.83 mmol) was added to a'mixture of 9,5’-cyclo-32°,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

CH3;CN (10 mL) at 0°C. The mixture was stirred at room temperature for 12 h, then

- treated with iso-propylamine (2 mL), and the mixtu.re was stirred for a further 3 h at

- room temperature. The solvent was evaporated, and the residue purified by a flash
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20 nL) at OC. The m xture was stirred for 5 addi{maRaboo7
hours at OC and then concentrated in vacuo. The

resi due was partitioned between methyl ene chloride

(400 nL) and water (200 nmL). The organic |ayer was

silicesge aohined (eluarsth % WO HRIGHCI; )X 18 give e e corfipbestd ONe2rmg,
sodium sul fate, and concentrated to dryness. The

72%r@§a®ute yeldwlsoriy) &3 £9@&ureW6%§-§R$%in% @F&?gﬁ)ﬁnwino;

chloride and chromat ogr aphed ‘over a'silica ge

9.1: 1? ;’E\E réfcf ?Jég%?erﬁnhé’& ki f?\% %%ﬁrﬁ‘gﬁt tio FS)E?%GQ ngéﬁﬁgrogon

Syr up,

1 e 9H37Br
H-Nhﬁ* E@ﬁSE?-ée 5688417 o0 Jﬁf%ep&s S eNr?ﬂéa 554 (1H, d,
; Br, 10.89; N, 3.83. "H5 NWR (Me2SO d5) 8
H5a7Jss1w Hz), msmsﬂ(zm de, it’, and HBR/ =~a0, J 5.680 Hz)i, 4.71 (1H,
H H1, Ji',2" = 2.4 Hz), 5.48 (ABg, 2H, NCH2, Jgem
d, H-2', I& (610I+H2)), 4.685{1!—( ad, BEG’bHY 2'4.0n8=3'4)0 Hé), 5386 $1H, @N-
PhCH2), 4.38 (m 1H, H4'), 3.39 (d, 2H H5' and 5"),
CHMé2)5$AGJ(SBﬁs$ @ﬁg) atiz&esw 'S, 0#?;8)1 2F XS INECHMS,), 119.@H. s, N-
3- Benzyl oxymet h 5- cyano- 1- 3' Olsopropyﬁ ene-5
CHMe;?”'tyl (3- D r| bofuranosyl)uraml (134). A mixture
of 132 (36.0 g, 50 nmol) and sodi umcyanide (6 g, 75
mol) in DVF (400 nl) was heated at 80C for 5 hours
en concentrated in vacuo. The residue was

‘ t
EXA“@% i7?i oned between water (800 nL) and ethyl acetate

(400 nL). The organic 15 | ayer was washed with water
cx;a:w-sél@@3rrb>ssdyrbpﬁn@metp-mﬁbumr%ﬁlo&?t)es bﬁ@haﬁﬂhbéa‘-ed
in vacuo, and the reS|due chr omat ogr aphed usi ng

azaxaﬁith -hy,l 17:3 v/v) as the eluant to
give 1 ?t 's a syrup, sufficiently pure

to be used in the next step. Anal. Calc'd. for

Triethglamis (Bl 2.83 mind|) whs &Cf@ toN nfixtére of 8 Bhdycl6+3-(2',3'-0-

71.31; H, 5.67, N, 6.24. 'HNVR (Me2SO- d6) 8 8.05 (s,
i lidifle ®-D-ri . Y =2 & NL
|sopro|?f)||ry| i ?r-t’azrﬁygt‘%r.a?%%?-b aiékﬁnttﬁ%a HEQHY Ndcl:ﬂizt N; 2@ ) mg, 0,65

mmolE‘ﬁMAl? '&%‘1 Fr@ 1@%@5@_ q{gf‘t? ﬁp@gy@r@ze&}gg?@ng ’cHBH%L (400

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 residue

purified by a flash silica gel column (eluant: 2% MeOH in CHCIs) to give the title
compound (225 mg, 95%, white solid) as a mixture of (6-butylamino: 6-butylimino;

13.6:1). The ratio was determined from the integration ratio of the anomeric profon.

"H-NMR (DMSO-ds) 5 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 (2H, m, N-Bu),
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1.60, 1.39 (2s, 3H each, iPr). 133 1 March 2007 4 pMarch 2007
EXAMPLE 88 7- Am
no- 3- benzyl oxynet hyl - 6- et hoxycar bonyl -1-(2', 3" - O i sopr
opyl idene-5 -0
1.59t1.52 (2H,[r8; B-Bu) {46 i) sy CHay, r1i. 81 282H, nv; NeBwh| n@24238( s,
1H, 3H)-di one (135). A solution of 134 (10 g, 14. 8
CH3) om0 (3end, By |/ €5a9acet ate (2.5 g) in sodium5
et hoxi de in ethanol (prepared by dissolving 700 ng of
metallic sodiumin 200 nL of ethanol) is heated at
EXAKELERo for 30 mnutes. The reaction mxture is diluted
with water (200 nlL), and the precipitates are
col l ected by decantation of the supernatant. The
9,5’-Cyelogdr{B- s ribhofyranosyl-6rbutylamino/@vazaxanthine (15 R F #-C4Hy, R’
dried over sodiumsulfate, and purified by
= H).chr omat ography on a silica gel colum using
hexane-et hyl acetate (7:3 10 v/v) as the el uant.
Cg%ound,l% (:%.;15, g, 75% is obtained as an anorphous
A solytioiet 9.5aR¥¢lo-36 &-§-isppropylidipa-fReathefaranosylyB-3gylappino-8-
5.74; N, 6.98. Found: C, 67.38; H 5.63; N, 6.74.
azaxamhier74\B2so-Cidle, 858 rey, 041 mimed) inHTBF; 1V HEY ({xh, 1200,) was
Ph), 5.77 (br s, 2H, NH2), 5.28 (ABg, 2H, NCH2, Jgem
stirred fAR4h Et yoorh td@peeatudd, THe dolvertl was evapbrated? hnd Hhe residue
4.90 (m 1 H HZ2), 4.60 (s, 2H, PhCH2), 4.39 (q, 2H,
i 24 ' . '
partltﬁH@Mbbtwéer?’ @I—fbll3 ég& ?3\8202 %hé’?@lﬁmﬁs' hdke was g&l’ép%e'\ﬁﬂ’ vacuo

5' and 5"), ! 1.41 (t,
o teabe el e ik i 45 58w B o et 9

20, T . . . .
butylamigg; Grhubdiegine, 13 -8eibp The.ratio wasHeiermained fomthgfntegratien
136). Compound 135 (7.7 g, 10 nmmol), 10% Pd/C (3.6

o gihe SnnEIeNe FTRU. nik- NN (DS Ko+ Bath) 8600 (00 st 1604

shaken at roomtenperature for 40 hours in a Parr
(1H, d)HE20£21306 HZY), ‘ﬁTBwﬂg‘g@,ﬂ-{gﬂmﬁﬁﬁﬁjﬁl ¥MBI6 AY), 1454 (B, dd
e

pressure of 40 p.s.i.
like t, H-4', J = 3.6), 4.12 (1H, dd like t, H-3', /= 5.2 Hz), 3.96 (1H, d, H-2", J=5.2
Hz), 3.40 (2H, m, N-Bu), 1.59-1 52 (2H, m, N-Bu), 1.37-1.28 (2H, m, N-Buy}, 0.90

(3H, t, N-Bu, J = 7.2 Hz).

EXAMPLE 81
9,5’-Cyclo-3-(2’,3’-O-isopropylidine-B-D-ribofuranosyl)-6-tetrahydro-2H-pyran-2-
yl-hydroxylamino-8-azaxanthine (74, R = OTHP, 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

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. O-
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1 March 2007 catalyst is renoved by filtration,

washed with ethanol (3 x 150 nL). The conbi ned 1 #ftn 2007

filtrate and washi ngs are concentrated to dryness in

vacuo to give 136 (4.0 g, 75%, a colorless powder,
Tetrahydr@abkpyraht2NRysieotamined( g) hasdadds aind the mixture stirred for

consistent with the structure. This product is used

a furthier 42tH. YThésdibennRXs rerhevied b SasWPhid B8k residue purified by a
6- Et hoxycar bonyl - 1- (2", 3' - O-i sopr opy]

flash (ﬁa Q\%é! cgﬁ]néﬁ %:I’lié’rﬁ} ?B/E'X@SB%}_& HC E‘ﬁ %l\i%%e titie compound (243
mg, 956) 5%"@3@“?%@ ﬁgﬁ&ﬁ(!ﬁ@sjq Forg ARAH, SoBPun 2B am. . 1

nitrite ) with stirring. The mxture is

1), 5g1r4a@u|'blm)ﬂ5 @@nﬁalrlrﬂé’d‘ HIR), ASirt BBt an, €, dhd', Anddiieh), 4.62

to stand overnight. The solvent is evaporated in

(1H, mathid)), 2186 (1Haoe THHT), A4St #, ac, THRY), @ . 22 E3H,rmpTHR), 449 (2H,

removed with toluene. The residue is triturated with
m, THB{ e|r46@1-qi £ ALy £93 (gﬂegl@,HP)at es are collected by
filtration, washed with smal[ anounts of ethanol, and
dried to give 137 (1.9 g, 90 % as an anorphous
EXANIPIEe2 1H NVR spectrum of the product is consistent
Wwth the 15 structure. This product is used directly
in the next step. EXANVPLE 91
9,5’-Gyclo-3e(2} |36-GrismpropylidinesfiD-ribofarartisyl)-6snethoxylamino-8-
i dene- (3-D
azaxdnthiie! (71 5% IOOMS, RfoE @).3- d] pyri m di ne-2, 4, 7(1
H 3H 8H) trlone (138). To a refluxing mxture of 137
4 mmol ) and triphenyl-phosphine gl 4 g,
Trleﬂwm‘me.(ﬂ 4 ral-r 28pdpeTlr was addedi amikhuge o 9/5rcyczle 31{2) 3’ O-

i s added dropwi se di ethyl azodicarboxylate until the

~ isoprapylidinelB-Dyrthdfurarmsiyl)8-ataxamthine 4¢77 oy, 9,58 mmeolpDMASt (200

(ca. 0.8-1 ). The solvent is renoved in vacuo, and
mg, 1i6Emhes), dad th@op#dﬂyibe?&eﬁ@s@fﬁy‘ t:l%nd@ eho® ﬁtﬁﬁrﬁz mmol) in

eluatlngflrst W th tol uene, | oned by nethyl ene
CHacﬂgﬂr@ngg%@"@' TRE Rikiufe WaR stired at Toom tefriperature for 16 h, then
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 fiash silica gel column (eluant; 2% MeOH in CHCI;) to give the
title compound (168 mg, 86%) as a white solid. 'H-NMR (DMSO-dg) & 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 (3H, m, H-2', H-3',

and H4’), 4.55 (1 H, dd, H-5’b, J=4.0, J=14.4 Hz), 3.78 (3H, s, NOCH3), 1.45 (3H,

s, CHy), 1.24 (3H, s, CHj).

130




10

15

20

(7:3 v/v). Conpound 138 (1.2 g,74 % is obtainedi ggrch2007
col orl ess powder, np >300C. 1H NMR is consistent with
the structure. EXAMPLE 92
8, 5" - Cycl 0- 6- et hoxycarbonyl -1-([3-D-ri bofu

EXAMBLESYS ) pyrido[2, 3-d] pyri midi ne- 5
2,4, 7(1H 3H 8H) -trione (139). Conpound 138 (200 ng,

8 ngr_?éh)?)?lssolvd in 90%tri_f|uoroacet|c_: aci d at

yolars{BiRsibafuraposyhb-mathexyiamipe-§-azaxthine (R, Fht OCHs,
and then evaporated in vacuo. The solid residue is

R’=H)iturated several times with ethanol and air dried to
give 139 (181 ng, 99 %, np >300C. 1H NMR i s

A <ot e T oBbobER e orielahe )  meliaygnnc
B0z a4 T~ OG0 AP S, BRHHEN) P HA-BaPKd: i L) was stired

quid amonia (ca. 5 nL) overnight at room
for 24 brﬁbé@can ierapergtidret Neheasatvents were evaporaiedend Thee\vaporated
residue is 15 recrystallized fromethanol to give 140
with EtOH sgverabiihes, mdtBelEsidil pavitidrned betwees GHIC: windrHie The
structure. EXAMPLE 94 8,5'-Cycl 0-6-cyano-1-((3-D-ri

aquedis PhasEOFNS B0 }_gdrﬁfdtﬁml’véﬂu@}’éhmhéjfé%ﬂue purified by a sﬂlca gel
2,4,7(1H 3H, 8 trione (141). 20 To an ice- cooe

co!um?P érﬁ” 08, %%4 @14071@{3)% |\{ag§glg) itlt'e?:loﬂlll uoroa et | 91‘%0% asa

pyri |ne

whifegpw - o iR IRRolect BROR 6 &8 B, Bt Dok GHufeHoenel =

reaction is quenched by addition of water (2 ni), and
14.0 Hxje 4maditt ddi B-Fond st 0ad€d14@|'lﬂ)y4a§$£1|r!nddal§e®, Hhel = 4.4
136 1 March 2007 residue is azeotropically dried wth

Hz), 418 (e, BB, ¥ behs Hz); 4981 H, deH-37 9= %2 M) 08 78BHe &, t 0
give 141 (24 ny, 78 %9, np >300C. IR (KBr) u 2220 cm1

N-OMeEN) -

EXAMPLE 84

9,5’-Cyclo-3-(2',3’-O-isopropylidine-B-D-ribofuranosyl)-6-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)—S-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65

mmol), DMAP (200 mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400

mg, 1.32 mmol) in CH3CN (10 mL) at 0°C, and the mixture was stirred at room

" temperature for 16 h. BnNH, (2 mL) was added, and the mixture stirred for a further
- 12 h. The solvent was removed in vacuo, and the residue purified by a flash silica
gel column (eluant: _EtOAc:heXanes 3:1) to give the title compound (218 mg, 85%,

- white solid) as a mixture of (6-benzylamino: 6-benzy|i?nino; 13.3:1). The ratio was
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Bi ol ogi cal Methods EXAMPLE 95 5 Antiviral testingmadn 2007
candi dat e conpounds for Flaviviridae The HCV replicon
systemin Huh? cells. Huh7 cells harboring the HCV
replicon were cultivated in DMEM nedi um (hi gh

detemghined frem the lnlﬁgmtwrﬂhtloﬁﬂm anmnésc praton. 1AM @MSO-
bovi ne serum X non-essenti al am no aci ds,

6+DE’@518$%'6€O7 @551(59 6%@' hiHeE, H- 5”%%“??‘%‘%3% 14.4

respecti vel

Hz), i%?ﬁ;@" &7@?852%%&3%% TRt BV h bR sogath m 1

cells in the logarithmc

k h
5b, %%oéﬁﬂl"ﬁhéég (3@@%? "fﬁb%ez%@ﬂie“d GHeloe-wel | plates at

low density (for exanple, 1000 cells per well). The

test conmpound was then added immediately after
EXAMBEEi8%g the cells, and they were incubated for 3 to 7

days at 37C 15 in an incubator. The nedi um was then

0.5 IR Dot B RS ARt R b 5B GhtePr

R’ = 'gfen arrpllfled in areal-time RT-PCR (Q RT-PCR)
otocol, and quantified. The observed differences in
quanti fi cati on of replicon RNA are one way to expr ess

A sollﬁfbntéf@ Sycld-83p’ @QD%B}:){' Byhcﬁrﬁ@?llfﬁboﬁﬁﬁﬁ 6-b&ﬂ V\f\aﬁuno-s-

typi cal experinent, in e negative cont

ez R f1 o fho @rﬁ’#ﬁiﬁﬁaki’nﬁﬁﬁ”i‘%ﬁﬁ fiide @Bi@&gaesr ﬁ%%teﬁ W 4hat

o sur.ed thresho cycle for HCV RT-
90°C. 223? i S 0PI ErRRPE) (P TARSUERRed (pesistyent ovaporated in
erinments, a way to express the antiviral
vaCUOef hestasidueanas partiiopeehbetimern SHGE: st 6t Thequeeuspase
137 1 March 2007 threshold RT-PCR cycle of the

was enaparatacino@etopand Cieegiduepyrificddsy 4 Reash kiliea lyel doldmn
' PCR cycl e of the test conpound (Cttestconpound). This.

(eluant2h e, iMeORlih SHEGS td it tie tltg ESRpEAAD PP4%! nTg, 85%) as a white
Ctnegative). A ACL" value of 3.3 represents a 1-

solid reduction in replicon product| on.

EXAMPLE 86
3-Benzyloxymethyl-5-bromo-1 -(2’,3’-O-isopropylidene-S’-O—trityl-B-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 mmo!) in dry DMF (400

: 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 sulfate, and concentrated to dryness. The residue

132
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5 As a positive control, reconbinant interferon qparch 2007
al fa-2a (Roferon-A, Hoffmann-Roche, NJ, USA) was
t aken al ongsi de, showing a HCV ACt of 7. Furthernore,
each of these conpounds were tested in dilution

was dies01e8d (i ¥Ritieaéhe clibridd8nd 2BromSlogated dvéNMsmcaT@@ column

ACt val ues for each concentration allowthe

usnng?ﬁel&ﬁgj)léﬁélgmocg{i? bhehe SR, ft‘?%‘}ﬁ\s@‘? S@O@Q@Qtéfaltsb% a syrup,

culture sys rmnin

AL o i z%@wec
o S04 3. G ER LB 24 FES TR Moo, a0,

antiviral conpounds [ ncI ude nodifications of the
NMR{Men86x-ds) & BEARMS.qUbIHH3, TS mi, 2EH 263H H)b b Sdi(dviRHe H-Ht J1 2
Virus Res. 2000, 69, 31; Markland W15 et al.

= 2.4Mi)| BM@T(NBq At NCH,, Jertber Hz A0 (M42H 382 aRd3m0ado (s,

MSet al., J. W roI 2000, 74, 7814 Jordan | et al.
2h, J.CHQ‘?/ fglg( 1 ods %8%%84%4(1;5 ad FH\E/SZ%?IR% (% gﬂe(teaCh'

iPr). at Proc. Natl Acad. Sci. U S A 2000 97 (14) 7981
or the real -tinme RT-PCR technol ogy. As an exanple, an
replicon systemin HuH7 cells (Lohmann Vet at

1999, 285 (5424), 110) or 20 nodifications
Em@ﬁleéggf (Bl'ight et at 2000) can be used. 138 1 March

2007 Biological test results. Conpounds were tested

3- Beﬁmoﬁmbmﬂlmy&imﬁ@ge resuF’?"’bg a&'ib-samﬁltmg-@bove

assay. Exdnpl es of e shown in

ﬂboﬂih%hegw‘;lﬁﬂ@?\] QCtO Hgv ECSO (M ID Structure at 100

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 ethyi acetate (400 mL). The organic
layer was washed with water (3 x 400 mL), dried over sodium sulfate, concentrated
in vacuo, and the residue chromatographed using n-hexane-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. Anal. Calc'd. for C4H3s7N307: C, 71.62; H, 5.55; N, 6.24. Found: C,
71.31; H, 5.67; N, 6.24. 'H-NMR (Me»SO-ds) 5 8.05 (s, 1H, H-6), 7.31 (m, 2H, 20H,

Ph), 5.74 (d, 1H, H-1", Jy2 = 2.4 Hz), 5.47 (ABq, 2H, NCH3, 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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SO 0 N ANO 1 March 2007

15 (Y =H Z =CH OH CH 4.48
< 139 1 March 2007 OO0
NG \

0

15(Y=0H, Z=N) OH OH 6. 3
71(XBr) off OH 5.9 < N1 N O 71(X=Cl) oil OH
6.0 <0.7 NS O70 OHoff 7.0 1 NHi N L 75 (R=R =H)

EXAMPLEX8S. 3 0.7 N-NN\N 1 N' O O 15(YH, Z=N) off off
3.6 <10 140 1 March 2007 ~NN

7-Amino-3-benzyloxymethyl-6-ethoxycarbonyl-1-(2’,3’-O-isopropylidene-5’-0-

4.
10
G

trityl-B-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (135).

A solution of 134 (10 g, 14. 8 mmol) and ethyl cyanoacetate (2.5 g} in sodium
ethoxide in ethanol (prepared by dissclving 700 mg of metallic sodium in 200 mL of
ethanol) is heated at reflux for 30 minutes. The reaction mixture is diluted with water
(200 mL), and the precipitates are collected by decantation of the supematant. The
residue is dissolved in chloroform, the solution is dried over sodium sulfate, and
purified by chromatography on a silica gel column using hexane-ethyl acetate (7:3

v/v) as the eluant. Compound 135 (8.5 g, 75%) is obtained as an amorphous

powder.

Anal. Calc'd. for C4sHaN4Og-HO: C, 67.33; H, 5.74; N, 6.98. Found: C, 67.38; H,

'5.63; N, 6.74. "H-NMR (Me,SO-dg) & 8.91 (s, 1H, H-5), 7.30 (m, 20H, Ph), 5.77 (br s,

2H, NHy), 5.28 (ABq, 2H, NCHy, Jgem = 10.0 Hz), 5.19 (d, 1H, H-1", Jy2 = 0.2 Hz),
4.90 (m, 1H, H-2"), 4.60 (s, 2H, PhCH,), 4.39 (q, 2H, CH.Me), 4.30-4.45 (m, 2H, H-3'
and 4'), 3.35 (m, 2H, H-5" and 5), 1.59 (s, 3H, iPr), 1.41 (t, 3H, CH;Me), 1.34 (s, 3H,

iPr).
EXAMPLE 89

7-Amino-6-ethoxycarbony'l-1 «(2',3’-O-isopropylidene-B-D-

ribofuranosyl)pyrido[2,3-d]pyrimidine-2,4(1 H,3H)-dione (136).

Compound 135 (7.7 g, 10 mmot), 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

134
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N~O 83 (Y-OH,Z-N) off 2.1 60 0 “/~INH HH ( H pach 2007

82(YOH, ZN) o0 's' 4.7 12 s NH N NO 15 (Y=SH, Z=N) OH

OH 3.61 <6 NO 73(X=SID 4.1 25 141 1 March 2007 ~N

| \ NO O0082(Y=H zZ=CH $ 2.6 O N NNj~-O{7l
catalyst(iRréiidyed by Giftfationdafd dwaghbd wWithf dthhhdtN3K 130 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.

EXAMPLE 90
6-Ethoxycarbonyl-1-(2’,3’-O-isopropylidene-g-D-ribofuranosyl)pyrido[2,3-
dlpyrimidine-2,4,7(1H,3H,8H)-trione (137).

An ice-cold mixture of 136 (2.1 g, 5 mmol) in 50 mL of 50% agueous acetic acid is

treated with sodium nitrite (1 g, 14.5 mmol) with stirring. The mixture is gradually

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 residueis 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 consistent with the

structure. This product is used directly in the next step.

EXAMPLE 91
8,5’-Cyclo—6-ethoxycarbonyl-1-(2’,3’-0—isopro§ylidene-[S-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

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.

0.8-1mL). 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

135
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77 (R= CH2CN) Hax 4.7 <6 NG ,/ N O 83(Y=H, Zﬂﬁgm@bm
5.1 <6 142 1 March 2007 \N- NNI N ~N N A~ O
(RER =Me) oN on 2.4 n NN \N | NO 75(R=Me, R =H) NoN
6.4 <6 N N-—~I NO 75 (REOVe,R=r1 ~J H HO

(7:3 Viv).. co(rmuﬁdasssﬂ ZHNTA 1% s DIIAEY a® & egIertsshowdsr, @ip
OH 6.6 <1 143 1 March 2007 O

>300°C. 1H NMR is consistent with the structure.

EXAMPLE 92
8,5'-Cyclo-6-ethoxycarbonyl-1-(f-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-
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 ethano! and air dried to give 139 (181

mg, 99 %), mp >300°C. 'H NMR is consistent with the structure.

EXAMPLE 93

8,5’-Cyclo-1-(B-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-2,4,7(1H,3H,8H)-trione-

‘6-carboxamide (140).

Compound 139 (100 mg, 0.27 mmol) is treated with liquid ammonia (ca. 5 mL)

overnight at room temperature, and the ammonia is evaporated. The solid residue is

~ recrystallized from ethanol to give 140 (87 mg, 95%), mp >300°C. 'HNMR is

consistent with the structure.

EXAMPLE 94

8,5’-Cyclo-6-cyano-1-(8-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-

2,4,7(1H,3H,8H)-trione (141).

Toan 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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NH NNO O35 OHOH6.04 NH Ha N "O O 27 OH mhkh 2007

6.6 G NH2 NLNNNO O72(RRR=H OHOH5.7 4.5

IJ NIl ~ 65 ONoff 2.4 EXAWMPLE 96 Compound 15 (Y = H,

= CH) has denonstrated in vitro antiviral activity

reSIdugaﬁ fAgeotropinally thiedowthplelahesashtiv:npiestystallizedyfraro ethanol-

toxicity in several human cell lines. In 5 Sw ss
watentdt give d 41 (24 ma\ 78 %Y, mp HB00S. IRKEHBENY 28P@ BT t (Gid)s

given IP for 6 consecutive days at up to 100 ny/ kg.

None of the mce died or |ost significant weight (28
Biolodiy! M@tiadsor i ng). Neither oral adm nistration nor 1V

adm ni stration to rhesus nonkeys at 20 ng/kg caused
any untoward effects. 144 1 March 2007 Based on those

EXAMPKE®4 y data, a 14-day treatnent (oral, QD at 5
ng/ kg/ day) of chronically HCV-infected chi npanzees
was conducted. Viral RNA was extracted fromthe

Antiviral desting lof cantlisiate ¢ovipogruds tersFlayiviridaenpl es i n
quadruplicate and the

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 mg/liter,
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 fogarithmic 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 3 to 7 days at 37°C
in an incubator. The medium was then removed, and the cells were prepared for
total RNA extractiori (replicon RNA + host RNA). Replicon RNA was then amplified

in a real-time RT-PCR {Q-RT-PCR) protocol, and guantified.

The observed differences in quantification of replicon RNA are one way to express

the antiviral potency of the test compound. In a typical experiment, in the negative

controi and with non-active compounds a comparable amount of replicon was

produced. This can be concluded because the measured threshold—cycle for HCV

- RT-PCR in both 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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~ prod

viral RNA pellets were dissolved in RNAse-free wWali&tk 2007
Subsequently, these RNA 5 sanples were anplified by

~real-tinme RT-PCR (Applied Biosystens, Foster Cty, CA
for the presence and quantity of the HCV nucleic

~ thresholddRT-RER eiele dithe pegslive ¢antroH(,.ques)drate thetreeshold R -

Primer Express (Applied Biosystens). Further details

PCRayclefof thertdsh adeipoayid (ChidsichSound) P Thisheslué & catier A€t (L0t =
2002; manuscript submtted to Antimcrob. Agents

Cttest%,gmgumr %,ve) 18 ABevaIas bf B RpResehid 551346 re@h@idnViR réSlicon

e viral 'load in the pretreatnent sanpl
ulation of the viral load for each sarrpl e was

ased on 4 independent neasurenents of threshold

RT- PCR cycles (C values). Mean SD were cal cul ated

s a pREEEE R e e le2a (B0 B el A R E0%he,

14 loglo I U ni p|e (5.69 1oglo
N, UStH) 16 4671 2laBgece. shaviog gﬁ\é%)/yﬁ@mf h uFasemareneach of
ng/ kg/ day. The viral | oad changes that were observed
theseggasn weredesteddwdiletien sarjes (typiillyi at4/00; 33ut®, dasd 1 uM).
in HCV viral |oad were observed in both chinpanzees;
The ATt values fonkativednedritrgies alewethekauvatibnugrf the 589, Bffective
after admnistration of the 20 first dose; 3. At day
conceq-,traﬁoﬁ@g(;gg}_l drop of 0.8 login IUmM in HCV viral |oad
was observed for Heppie and 0.5 loglo IUm for
Joseph, with a nean of 0.67 1ogl0 IUm for both

: iral | oad remained
Cell ciftiirand tenﬁé" ﬁ}e’?@r%‘frﬁmﬁ%ﬁ;vgéﬁ%&tpolgﬁo Ut up to day

suppr se
14. Hemat ol ogy and bl ood chen1stry report. The day O

enat ol Qai
The a8ty §rheaRBRPe By I FanlPl i FRLallh RS ihE Plawiviioae
by Ch%ﬁ%&ﬁ}%@]btggeerygﬁn%ngﬂﬁgaégbgg thﬁe%ﬁécﬁgé[e%%r%letermme the
efficacy of these antiviral compounds include modifications of the standard

techniques as described by Holbrook MR ef al. Virus Res. 2000, 69, 31; 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, 7182, 1214; Sreenivasan V et al. J.

Virol. Methods 1993, 45 (1), 1; or Baginski SG ef 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, 1999, 285 (5424), 110) or

modifications thereof (Blight ef al. 2000) can be used.
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assessed renmai ned in the normal range throughoutib®n 2007

study. Compound 15 (Y =H, Z = CH) admnistered at 5

ng/ kg/day QD to chronically infected chinpanzees

resulted in a significant reduction in viral |oad at
Bioladgoal fest Mesultshange i n hemat ol ogi cal or bl ood chemistry

paraneters was observed. 10 146 1 March 2007 CLAI Ms:

1. A conpound of fornmula (1): WRI zN RSsss 07

Compourds Wefdtestdd for ptabifias 0F HOVARNA apliegiiciblising ahd above
t hereof, wherein: (a) each R4 and R4, is independently

assa @kgﬁ'@'lbs Mhe%wf Bh gohal ogen,

RlOZ wer al kyl o¥ are ovﬂ]lg t@%é‘w&"‘éﬁ@%r al kyl ,
hydr oxyl, al koxy, CH2()—| CH20R6, NH2, NR6R7, or a
resi due of an anino acid; wherein at |east one of R4

and R4 1s hydrdgen; (b) each R5 ardg(ﬁﬁ-f[ch ECSO(uM)
i ndependent |y hydrogen, hal ogen (H,

seudohal ogen, ,, lower al kyl of haI d
Bver ai kyl, hydPB&W¥e  al koxy, CHZ"SLP‘S]G% RW
NR6R7, or a redidue of an _am no aqi whereih at .
| east one of R§ a ; hydrogen; (c) each R6 and
R7 is independgntly hydroden, al kyl, hal ogenated
al kyl, al kyl eng \ X ~xgar bocycl e, aryl,
het erocycl e, he arafkyl, |or acyl; (H) R is
hydr ogen, | ower | kyl ene, 4l kenyl, cafbocycl e,
aryl, heterocyqd roaryl, arjal kyl, am poal kyl,
am noaryl, or 4 of Cl1- C6;
15(Y=H,Z=CH) 4.48 20

15(Y=0H, Z=N) OH on 6.3 <i0
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(e) R2 is oxygen, sulfur, NR, or C2, wherein eagiR2007
i s independently hydrogen, |ower alkyl, alkylene,

al kenyl, aryl, or aral kyl wherein the alkyl is Cl-C6;

147 1 March 2007 (f) R3 is hydrogen, |ower alkyl,

al kyl ene, _al kenyl rarbocvcle aryl, heterocycle
heterqaryl, aralk A kY1, |am noaryl, or
am nodcyl of Cl1-Cq;"™( al tlernatijvely if{R2 is NR,
then B or R3 can{co agether With NR Jto formia
substiftuted or uns ted 5-7{menbered ring that
can include one or heteroajons; orj(h) if R2 is
CR 2, |then R1L or H one together with CR 2 tio
form g7sGbsis) t ut ed gnsubstit ysed 5- 7| wenbered ring
that dan inc|ude dne_or nDre heteroatoms] or (i) Jif R2
is CR{2, then R & : togethef with CR 2 to
form gn unsubstity ¢-Ssi X fused bigyclic rijng
system or a substi|ty 91 5t i t ut ed] si x-si x [fused
bi cycljic ring syste and (j) Wis Oor {H2;
optionally wth- a|phets y acceptabl e carjrier.
2. Thé conpound of wherei h R5 and/|or

R5' 1 §7R=%) The qowool‘ @1 or P87 wheregin R5
and/of_R5' is ar >Q| dup nf an amno acid 4__The
conpoynd of claim|3 n thelam no acid is valine.
5. The conpound of n13 wherkin the am no acild is
L-valifne. 6. A co un Nof #ornula 1 (A, 1 (OQ,jor 1
(D): X R>Nz N R4

70 7.0 1

4
\r
.mm=w=m ; i 53 0.7

a1
an

I5(=H2Z=N) 3.6 <10
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1 (A) 148 1 March 2007 Y XY Xw RS RS R5 R ZmMBSh 2007
N1% R4 R4 1(C 1 (D or a pharmaceutically

acceptabl e salt thereof, wherein: (a) each R4 and R4,

i s independently hydrogen, halogen (F, Br, d, or 1),
pseudofratogemn, NG, —towets—atkyt—oef —E—€6; erat ed

| ower @l kyl, hydrdxyl, OH G 2,
NR6R7,| or a residle 8 cid; whd

| east pne of R4 an \RAJ i s [hydrogen; (b)
R5, is] i ndependent , hal ogen (F
1), piseudohal ogern,

erei n at
each R5
, Br, d
Al kyl of

hnd
or

-4

g
;1]

NO2, | ower g
Cl -G8, hydr oxyl
CH2(OH,
acid;

hal ogenat eq

%ﬂ?lQﬁ§z=§¢h
erern a

ower/al kyl ,

, al koxy

7, or a [£§idue

)&)an am ho

! oH
| €ast o

ne of Rband R5

I s hydrpgen;

5T

jgerT, —atk
hr bocycl e

(c) edach R6 and R
hal oggnat ed al kyl
aryl, theterocycl e,
is CH!{ CX, or N

fependentty hydr
ne, al kenyl, c
rogryl, aral kyl, er acyl;
L,s~ydrogen, halogen (F, G
Br, orf 1), NH2, NHR | NHOR, { NRCNR' IR ", OH,[ OR
SH, or] SR, (f) Y i w NH, NR; NOW of Se; (g)| each
R R, and R" indgependently is hydrogen; |ower alkyl,
1 ower |al kenyl, ar) yl ; and
82(Y=0OH,Z=N) 4.7

(d) Z

12

15(Y=8H,Z=N) 3.61 <6

73 (X =SH) 4.1 25
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(h) Wis Oor CH;

optionally with a pharnaceut i tRbdcly 2007
149 1 March 2007 7. A conpound

acceptable carrier

of formula: Db wo NR5. R4A RSN 4 Zor a
pharmaceutical ly acceptable salt thereof, wherein: (a)
each g and R&, 13 . Nty hydrogep, haroggn (F,
Br, df, or 1), p$e 2, | ower al kyl of
Cl1- C6,] hal ogenat eq nydr oxyl al koxy,
CH2CH,| CH20R6, NH2 resi due of an amino
aci d; {wherein at |l ne of R4 and R4| is hydrjogen
(b) edch R5 and R, dependept|ly hydfogen, hal ogen
(F, Brj, d, or 1), opsewdohal ogep, NO2, |ower al kyl of
Cl - Cs, halogenateﬁ Iggg? al kyl , hydr oxyl al koxyl,
CH20OH | sfi20Re-cH?, NRO6R7, or a [#®sidue pf an amno
acid; (wherein at |least one of Ro and R5]{ is hydrjogen;
(c) each R6 and RY is itjdependently hydrpgen, alkyl,
hal oggnat ed al kyl , al kenyl, carbocycl ¢,
aryl, {heterocycl e ryl, aral kyl, pr acyl; {(d)
each Z is independ vCH> CX, br N, and Z' is
i ndepgndently CH ¢ (e) X is| hydrogen, hal oggn (F
ca, Bn, or 1), NHP NRR, NHORR, NR NR R', |[OH
OR, SHir@ecBR (f) &b &s Rc, OR|sdH2, NHR4 or NRR ;
(g) each R_R ., ahd R" independently is) hydrogen,
| ower jal kyl, | owef alke yI aryl, or arllal kyl; [and
N
| /k
77 R = CHCN) 4.7 <6
//" | =
\
83(Y=H,Z=CH) 5.1 <6

142




150 1

f or mul

March 2007

(h) Wis 0 or CHz;
phar maceutically acceptable carrier.

optional |y wakhaoo7
8. A conpound of

a: HO OH or a pharmaceutically acceptable salt
thereof, optionally with a pharmaceutically

accept
I \ Br
OH OH(

OH OH
S

abte—Tcarrier.

NNT \ C

H 1(J) 1 (
\N NNNH ~ ~O N N~

OHH1(N 1

75 (R=R’=Me)

9 <4A_eonpoung
ONNONNOO

of 10T

N (Das

"O OWOO O

151 1 Ma

24

75 (R=Me, R’ =H)

6.4

75 (R = OMe, R’ =
H)

6.5

72 R=H,R’ = Me)

6.6

Tl a: N 1] \ N
O H OH

NN I\ N NN |

j OHOH ™

ch 2007 | 0 s
<6

<5

<1




NNNHNNNHN NNZON~-ON~-ONO O .O1QEHHZOOT

NNN' 1
OOYOOHOH X0010 SS 1 (R 1(S) 1 (T) 1 (U OON
NNN NNNL/~NNNIT \ NI \NL NN~-ONNNENONNO N
NO OOHOH H 40H OH - OH OH 1(V) L(W 1(X) 1(Y) NO. 0
N NN NN N=NONN N O P70+ 0+ OH
OHOH|OHHOH 1 Z)Nf@) 1 (AB) 1 (AC] | N NH,
11 Cl H20\|\:-/NIN\"“1 ~\| ONOO N, N|'
OHOH N< N/J\o
o
35 oH oH 6.0 4
NHz HCy
=
@L/k"
i N/KO
o
27 oH OH 6.6 <3
NH;
N
‘as
\
N N o]
; o I
T2R=R’=H) OH OH 5.7 4.5
i ]
65 oH oK 24

EXAMPLE 96

20 mg/kg caused any untoward effects.
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.Compound 15 (Y = H, Z = CH) has demonstrated in vitro antiviral activity against

HCV. The compound showed practically no toxicity in several human cell fines. In

Swiss outbred mice, no toxicity was apparent when it was given IP for 6 consecutive
~ days at up to 100 mglkg. None of the mice died or lost significant weight (28 day

: monitoring). Neither oral administration nor IV administration to rhesus monkeys at




10

15

20

- OHOH 1 (AD) 1(AE) 1 (AF) or a pharmaceutically 1 march 2007

acceptable salt thereof, optionally with a
pharmaceutically acceptable carrier. 152 1 March 2007

10. A pharmaceutical conposition conprising an

Basesf O thdsedoziviipdatagh tirgaytreawfertt lieral,aiiPatidsigidio/dd i iofrs
1, 6, 7, 8, 9, 25, 27-38, or 40-52, together with a

chromhanwﬁeeuwméd ¥hinfFRBES WaR LR, Vifal RNA was extracted
pharmaceuti cal conposition conprising an effective

rom 8 el 8 g UM Sl G Boy i g

vl BN RS RS GBI (SR S o o

sam I%? {Nr[e\e,lésg‘}dl %@fqy re Iotiflgé L?&rgﬁR &W@ﬁow\l\he@rg Foster City, CA)
consisting of ribavirin, interferon, pegylated

for thernresergepanchneantity of thendM rucleic agidsaddimers arxd prodes for HCV
interferon, albumn-interferon al pha 2b, interferon

were tnmsigneda.lsimy@gmerlﬁxpﬁ;‘s‘se(mphe@ Bidsystems)l eFurtherldetsils on the
i nterferon gama- i nterl euki n-10, neri nebodi b,

meth8d8IBEANiINBe phsweteot GSiuleer'é'ﬂ‘éP €288 baniscripE¥@ihiied to
viram di ne, thynosin alfa-1 hi stam ne

Antinflr B AREfis Aol BE). N R ks S 76 e 3 Ra 75 4 N4

R3 or a pharmaceutically acceptable salt thereof, for
The ré%@te”%%uea%?% %%r{%ktﬁé‘ﬁ%%a@git’ﬂé M thetpgr% rea nqentosam;:ﬂe
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.

Two chimpanzees [Joseph (5.14 logqo IU/ml HCV) and Heppie (5.69 logso 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 the

first dose;

3. Atday 4, a maximal drop of 0.8 log4p [U/m! in HCV viral load was observed

for Heppie and 0.5 log.o [U/ml for Joseph, with a mean of 0.67 log+ 1U/ml

for both animals;
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(a) each R4 and R4'is independently hydrogen, hal agenz2007
(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of

Cl- C6, hal ogenated | ower al kyl, hydroxyl, 153 1 March
2007 al koxy, CH2OH, CH20OR6, NH2, NR6R7, or a residue

of4. ahhavraboad iremainiedrseippressediveitts & nosan off 0.83 lemd |l up to

i s hydrogen; (b) each R5 and R5' is independently
hydrdayemnd. hal ogen (F, Br, d, or 1), pseudohal ogen,

NO2, | ower al kyl of Cl-C6, hal ogenat ed | ower al kyl,
hyraxtolog fya’ﬂd‘@lébdc Viigy o NRE %wgﬂf seﬁnples were

resi due an am no aci d; er ei n at | east

analyl%ﬁ é‘%igl% c{léfﬁgélga‘j@g%é&a ol P;tr@&;qafg ?rtseFSQaE ally, no
chanﬁ%:; &tﬁg%se?%lﬂf %Hﬁ)ﬁﬁer bos Cf samqes}fzplelré gher océ ﬁ\ﬁ parameters

r al ky al kyl ene, al kenyl, carbocycle, aryl,
asses eﬂeaaﬂa%mt ﬁé}%ﬁ@é@ge tbmghplut thensthdul ky! |
am noaryl, or am noacyl of Cl-C6; (e) R2 is oxygen,
s GompourRls (6 MR 2 Chihedinistesechatd miggkd/dale REnhtbectirbpically
hydrogen, |ower alkyl, alkylene, alkenyl, aryl, or

infected @hltppanteesaiesultdtbinal !ﬁghn‘" tanGedGBtion in viRd Idal at day 4. No

‘hydrogen, |ower alkyl, alkylene, alkenyl, carbocycle

h I JWTG@,; Ry kyl,

¢ angfmmnhoegﬁ%ﬁ%ﬁgr%%éoc?acy ?%bc%ﬁ éf’é'r?Wal ternati veI y if
R2 is NR, then R or R3 can cone together with NR to
forma substituted or unsubstituted 5-7 membered ri ng
that can include one or nore heteroatons; or (h) if
R2 is CR 2, then Rl or R3 can cone together with CR 2
to forma substituted or unsubstituted 5-7 nmenbered
ring that can include one or nore heteroatons; or (i)
if RRis CR2, then R and R3 can cone together with
CR 2 to forma substituted or unsubstituted bycyclic
ring that can include one or nore heteroatons; and
(j) Wis 0 is CH2; 154
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1 March 2007 optionally with a pharnmaceuti cal | yi March 2007
acceptable carrier. 14. The use of claim 13, wherein

R5 and/or R5' is OH 15. The use of claim 13, wherein

R5 or R5, is a residue of an amno acid. 16. The use

of claim 15, wherein the amno acid is valine. 17. The

CLAI%?Q of claim 15, wherein the amno acid is L-valine.

. Use of a conpound of formula 1 (A-D): Y X Y~ /N- X
RSNRs' N5 RRNNZNNZ RAR4 1A 1(B x W
Vi / X W~ N R/ R ~-N 5 RRN---% RGE N-% R4

B¢ compodr@offortddla @ @ pharmaceutical ly acceptable salt
thereof, for the manufacture of a nmedicanent for the
treatnent of an HCV infection in a host, wherein: (a)
each R4 and R4'is independently hydrogen, hal ogen (F
Br, d, or 1), pseudoh&pgen, , lower al kyl of
Cl1- C6, hal ogenated | ower g ydroxyl, al koxy,
CH20H, CH20R6, NH2, NR6R7jﬂbr hg;;g%? of an am no

i 3

acid; wherein at g*

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, CH20R6, NHa, 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, 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;

(c) each R®and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

GV Rlis hydrogen,‘ lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or amiﬂoacyl of C1-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;-Ce;
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| east one of R4 and R4'is hydrogen; (b) each R5 wamatch 2007
R5, is independently hydrogen, halogen (F, Br, C, or

), pseudohal ogen, NO2, |ower alkyl of Cl1-Cs6,

hal ogenated | ower al kyl, hydroxyl, 155 1 March 2007

al koxy, CH2O0H, CH2OR6, 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

hydr ogen, al kyl, hal ogenated al kyl, al kyl ene,

al kenyl , carbocycle, aryl, heterocycle, heteroaryl,

|k)’li,s d H'l £t al l% %IQ{U}J c(l@)a He‘Eeoc cle,
7 S0 is BTl 1owblicd, AIRyIGHS, afichyl artideyd & by Berocy

NHOR, pheNRGENE arﬁk" X %dﬂeac R aafP %?mogé))l of(d-@ﬁ‘o S,

NH, NR, NOR,” or
dH TR lf?‘kwﬁ%sﬂz% bt ST
\g:‘ tg @B‘?Fb@ﬁ Cgllfjlt"lfb%‘i?‘lr‘h %gf%%nc it erlpclu&ezorbe of fnore

phar maceut i cal | acceptable salt thereof, for the

manuf ?ﬁP@“@Fmg medi canment for the treatment of an

HQV infection in a host, wherein: (a) each R4 and_ R4

i(B) | nd’fé%éﬁ@gm thgn Ryl & sen coma faggther with CB to farm aggubgtjtuted or
pseudohal ogen, N2, |ower al kyl of Cl-C6, hal ogenated

| ower uasubstitnteth § rrosmpbered disGthat can include one or more heteroatoms; or

(i) ifR?is CRY%, then R! and R can come together with CR% to form an unsubstituted
five-six fused bicyclic ring system of a substituted or unsubstituted six-six fused
bicyclic ring system; and

()] Wis O or CHy;

optionally with a pharmaceutically acceptﬁbie carrier.

The compound of claim 1 or 25, wherein R and/or R is OH.

The compound of claim 1 or 25, wherein R® and/or R® is a residue of an amino acid.

The compound of claim 3, wherein the amino acid is valine.

The compound of claim 3, wherein the amino acid is L-valine.

A compound of formula 1 (A), 1 (C), or 1 (D):

¥ X
RY >—N A
R? Z
R¥ N~y
R4
1(A)
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1 March 2007 al koxy, CH2OH, CH2OR6, NHZ, NR6R7,1g5mﬁ2mn
resi due of an am no acid; wherein at Ieast one

and R4, is hydrogen; (b) each R5 and R5' is

i ndependent |y hydrogen, hal ogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated
| ower al kyl, hydroxyl, al koxy, CH2OH CH2OR6, NH2,
NR6R7, or a residue of an ami no acid; wherein at

| east one of R5 and R51 is hydrogen; (c) each R6 and
R is independently hydrogen, alkyl, hal ogenated

al kyl, al kyl gge, ~_al kenyl , carbocycle @aryl X
heterocycl h&t ergar yl , aralkyl or“ac?ﬁ/' each Z

and Z' | n ntIy CH, CX orgly N X s

hydr ogen , Br, or 1) RN NRR',
NHOR, N\CRZ SH or SR (R ™R _BR NHZ,
NHR, or *NRR ; (g) each R R', andRﬁ'u i ndependently is

hydr ogen, | ower al kyl, | ower alkenyﬁ' aryl, or
arylal kyl ; &f€) (h) Wis O or CH2; optild@® Iy with a

phar ceutic e carrier. 20. Use of a
%}Fw%%& ST BesteingresE Wi 2007 or a

pharnaceut cal Ly acceptable salt thereof, optionally

W2X h éa%raﬁﬁgeeﬁ indepengently hydiogsmn halogap i BF, Cl @Dt he

manuf acture of a nmedi canent for the treatnent of an
HCV  ipedudehalegeni NOa lerwenalky? of Cli€e hofoganateshipwanakyf hydroxyl,
formula selected from O /NNNH/NBr ~N\ C
alkoxy, CH,OH, CH,OR®, NH,, NR°R, or a residue of an amino acid; wherein at
Jeast one of R* and R* is hydrogen;

(b} each R’ and R” is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, [[-CN,]] NO, lower alkyi of C;-Cg, halogenated lower alkyi,
hydroxyl, altkoxy, CH,OH, CH20R6, NH3, NR6R7, ora 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;

(@ ZisCH,CX, orN;

(¢)  Xis hydrogen, halogen (F, CL, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NR°NR°R®, OH, OR®, SH, or SR;

()  YisO,S, NH, NR° NOR®, or Se;

(g) eachR®, R® and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and

(h) Wis O or CHy;

- optionally with a pharmaceutically acceptable carrier.
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or a pharmaceutically acceptable salt thereof, wherein:

(a)

(b)

(©)

(d)
(e)

®
(8)

each R*and R is independently hydrogen, halogen (F, Br, Cl, or I,
pseudohalogen, NO,, lower alkyl of C1-C, 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, 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 R®and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,

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

each Z is independently CH, CX, or N, and Z' is independently CH or CX

- X is hydrogen, halogen (F, Cl, Br, or I), NHz, NHR®, NR°R®, NHORY,

NR°NRR®’, OH, OR, SH, or SR

R®is R®, OR®, NH;, NHR®, or NR°R®;

. eachR®, R®, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl; and
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NNNNNNj.(NT A\ NNIT AN N( NNNONNO O 1Mhrch 2007

OHHOHOHOHOHOH 1(V) 1(W 1(X) 1(Y) | 0.NHNC O

N NN~OM NHN<NZNNpNO NNZII / pl I

(4 (AA) 1 (AB) 1(AC) NHZ
L1

pd
pd

NHZ /' N
OHOHOHHOH 1 (AD) 1(AE) 1 (AF) or a
pharmaceutically acceptable salt thereof, optionally
with a pharmaceutically acceptable carrier, for the
manuf acture of a medi canent for the treatnent of an
HEY iwfigotdr@m,i N a host. 22. The use of any one of
claims 13, 18, 19, 20, 21, 56, 57, 59 or 60, further

C@E@ﬁdlﬁ/‘ With #Parmaceutically acceptable carrier.

8. A compound of formula: .

or a pharmaceutically acceptable salt thercof, optionally with a pharmaceutically
acceptable carrier.

A compound of formula:
N Sy —Br N 0
l v | N
N NT o N NT g
| :: I o 0

OH CH _ ’ OH OH OH  OH
1(3) 1(L) 1(M)

LT L ST
Il N\N ‘ N/Ko N\NIN\KO N\N l N/J\o
| :: I 0 0 0

OH OH OH OH .OH OH H
10 1® 1Q
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or nore effective anti-viral agents, optionally Waieh2007
phar maceutically acceptable carrier, in conbination
with the conpound. 159 --- - ------ ----- --- 1 March
2007 23. The use of claim22, wherein the anti-vira
agent. i s selected fromthe group consisting of
ribavirin, interferon, pegylated interferon alfa -2a,
interferon alfacon- 1, natural interferon,

al bum n-interferon al pha 2b, interferon beta- Ia,
onega interferon, oral interferon alpha, interferon
ga - |b, |nterlguk|n 10, neringbodi b , Amant adi ne
hepatitis C |nnun gl obul i n,

[ evibvirin, viram dj
hy in al fa “Iy N am neN//N hl ori gm
eV| r. %e of eﬁf cl al N 38,
19,1 20° 21, , or wher eih t he

osf is a’
25. und of f (ry: w 31 RS
R R4 R3 or a ceuticall ept abl e

o salt thereof,) rein: (a) R4 and R4' &S o
\[ﬁndependently hydr ogen, hal ogen (F, Br, d, }{f 1),
spseudohal ogen, NO2, |ower alkyl of O - 06 halsogenat ed
1®ower al kyl, Hy#roxyl, al koxyl) CH2OH, CHZOJIGU) NH2,

NR6R7, or a residue of an am no acid; wherein at
| east one of R4 apd R4'is hydrogen; (b) each R5 antt\R"

i sl ndependent 'y dr gge hal ogen (E, Br, d, or 1
N//thal oge,r;i"I I/\)\ﬁ% al kyl/, j’\ﬁ\,ﬁ hal gd% ed’N
pei al kyl! \1@ o>gg S N N,J\

O

~
N 0
o 0 o
OH OH H OH OH ' OH OH
1(V) 1(W) 1(X) 1(Y)
| -
\F Oy N o
I
N N N Sy N NH
NH
STY LY 4 (LK
N N O N N 0 N N 0 N N (9]
| :o: | [ f ] 0
OH OH OH OH ' OH OH H OH
1(2) 1(AA) 1 (AB) 1 (AC)
NH, HCl NH, 0
N SN N SN N
TN, T LY
N N 0 N N 0 N N O
0 l :o: I
" OH OH OH OH H OH
1 (AD) 1(AE) 1 (AF)

or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically.

acceptable carrier.
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10.

11.

12.

13.

160 1 March 2007 al koxy, CH2OH, CH20R6, NH2, NRER@rch 2007

or a residue of an am no acid; wherein at |east one

of R5 and R5' is hydrogen; (c) each R6 and R7 is

i ndependent |y hydrogen, al kyl, hal ogenated al kyl,

al kyl ene, al kenyl, carbocycle, aryl, heterocycle,

heteroaryl, aral kyl, or acyl; (d) R is hydrogen,

| ower al kyl, al kyl ene, al kenyl, carbocycle, aryl,

heterocycl e, heteroaryl, aral kyl, am noal kyl

aninoaryl or am noacyl O C-C6; (e) R is CR 2,
Ehﬁhﬁcé%fﬁ@:ﬂ canpbﬁtldﬂ%%ﬂﬁﬁ%%%leﬂeam raﬂﬁﬁlrﬂt of laf¥¥6he of the

al kyl ene, al kenyl, aryl, or aralkyl ereln

El)?%ene of Ellﬁr[?g 1,657, 4.6) Zﬁ%g |3§ 5}%@9%{% thECWRE 2 ?Lc{fr}{'laceutically

car body eroc c

[ aralkyl am noal kyl , an1noary| or
qs&%%§%§zmﬁ?'C1 C6; (g) wherein R and R3 can cone
B&g ther with R2 to forma, subshjtuted five-six fu

eupt §°‘§9‘§Et&ﬂ SRAWOSIOG 28 FHPEWE AMGHRY 03 A0y fRe of t ¢
substituents |s sel ected fromthe group consisting of
(FarBgwKis ofclaigs 1, 61 7, 89P: 35 2738114032 wgether with one or more
unsubstituted am ne, substituted or unsubstituted
efigetsepniviralagertamptipnallyevitive phamsedssticallytagebptable carrier.
hydr azi ne, substituted or unsubstituted thiol, thione,
Sib pharmatedica compesitist off aldiondl 1, ivhercinahe aeti-andagent & deldcted
and acetonitrile; and (h) Wis 0 or CH2; optionally
\tiolnitha gt comisting of Abdvirim ieeféreb) Reflated iRérferoR Bifa Theinterferon
conpound of claim1 or 25, wherein Wis oxygen. 27. A

%gm?ﬁn ﬁatﬁfal fn@{rf&ﬂna albufni-intekflonlalpey ) it 8fon Data-Mh, ¥mega

. interferon, oral mterferon alpha, interferon gamma- Ib, interleukin-10, merimebodib,

- amantadine, hepatitis C immune globulin, levovirin, viramidine, thymosin alfa-1,

histamine dihydrochloride, and telaprevir.

Use of a compound of formula (I):

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

treatment of an HCV infection in a host, wherein:

B | (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,
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R4, NON R4 | (B) or a pharmaceutically accept abl 8larch 2007
salt thereof, wherein: (a) each R4 and R4, is

i ndependent |y hydrogen, hal ogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated

| ower al kyl, hydroxyl, 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, is independently hydrogen, halogen (F, Br, O, or

1), pseudohal ogen, NO2, |ower al kyl of Ci-Cs6,

hal og Qﬂéﬂxﬁg:ﬁerH 1 NH)YSRE¥Y br a re@lilOSBan 48 Phbid; wherein at
CH20R6, N NR6R7, or a residue of an am no acid;

wher eijg..af qu{?‘%hd # and R5i s hydrogen; (c)
each RGSann R7 is |n%e %%rrlltly hydr ogen, al kyl,

) A B,

IZI) SCKIb I-qrﬁ CX; e&‘?{]éﬁbbl ﬁ%@gﬁnﬁﬁh@ %%‘fo Qﬁweéaﬁ(ylogydroxyl

,SRianfjf on,: ﬁ%g?;%f@fé;\ﬁlﬂi yNHg MI\% 0 éhrem Bfg(,\%tgan%?rﬁgq) ellz\::(i& wherein at

| ower al kenyl, .a or arylalkyl; and (h) Wis O or
CH2; ?ﬂst@waﬂ%/ﬁ\'ﬁalliﬁlsdl yérgemaceut i cal |y accept abl e
carrier. 162 March 2007 28. A conpound of fornula
Ac) B) cach RNxd Rils 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-Cg;

(e) R?is oxygen, sulfur, NR', or CR", wherein cach R' is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl wherein the alkyl is C1-Cs;

() Riis hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, 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 include one or more
heteroatoms; or

(h) if R?is CR', 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

(i) if R%is CR", then R'and R can come together with CR" to form a substituted or
unsubstituted bycyclic ring that can include one or more heteroatoms; and

() Wis O is CHy;
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14.

15.

16.

17.

18.

s ~\ RV -N R*1I (B) or a pharmaceutically 1 March 2007
acceptabl e salt thereof, wherein: (a) each R4 and R4’

i s independently hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl1-C6, hal ogenated

| ower al kyl, hydroxyl, 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' is independently hydrogen, halogen (F, Br, d, or

), pseudohal ogen, NO2, |ower alkyl of C-Csg,

C@Eﬁﬁﬁﬁﬁﬁ/ﬁﬁiabﬁ%ﬁfacéilltigéﬂy'ac&%@d’b@@(tyénﬁer. al koxy, CH2OH,
OR6,” NH2, NR6R7, or "a reésidue of an anm no acid;

WhES A . 5 5 5' is hydrogen; (c)
eacﬁgggfg%glEg%ﬁgﬁgﬁge%gﬁgg%?Fg)'ydrogen, al kyl ,

| . .al.kylgne al kenyl , carbocycl e,
AP BELIE B8 Shorei P b IS o re R GAg o0 T 1 )
i.s. N X i dr ogen, . hal pgen (F, C, Br, or 1),
nﬁﬁ,dsmﬁﬁélaﬂhi%\w% aming Sgﬁl,gneor SR (f) Yis 0,
SIHHNH, R.NOR, or Se; (g) each R, R', and R
i Higdise pbeRim 15, wdereinthe g qcﬁl\/%éﬁ"fﬂ,hlféw , lower al kenyl,
aryl, or arylalkyl; and (h) Wis 0 or CH2; 163 1

VisieoH a zompounginfifemalld L(AWD)h a phar maceutical |y

acceptable carrier. 29. A conpound of fornmula 1 (B):
YyN X

h& N X \H/N\ X
RSN 7 RY. >_NW/I
RS Z RS Z

R4' N"‘*N// R_4‘ N""-N//
R4 . R?
1(A) 1 (B)
X
AN Yo N X
W, W Y
R \>—n A R\ >N A
RS 7 s |
R4' N"""‘/ R4]r{ N‘-—-../Z
R4 R4
1(C) 1)

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, CHZORG, NH,, NRGR", 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,-Cg, halogenated lower alkyl, hydroxyl,
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19.

Rs" rN/ Rs N\~"Z RA'" N R4 | (B) or a 1 March 2007
phar maceutical ly acceptable salt thereof, wherein: (a)
each R4 and R4' is independently hydrogen, hal ogen (F

Br, C, or I), pseudohal ogen, NO2, |ower alkyl of

Cl - C6, hal ogenated | ower al kyl, hydroxyl, al koxy,

CH2OH, 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 hydrogen, hal ogen

(F, Br, , or 1), pseudohal ogen, NO2, |ower alkyl of

Cl C6 ﬂlﬂ%ﬂﬁgmm e JoRteHal MR, SnadeQdvd of an@iﬂflﬂ?(ébld wherein at
OR6 NH2 NR6R7 or a residue of an am no

aC|d e5 it ralnd RBRASARRE-0f RS and R5, is hydrogen;
(c) ea&ﬁ R6 and R7 |sq§%§%pendently hydr ogen, al kyl

B i Sy R o

|s N ro ha
SN paPIgkiR, SR TS et ariig i (1)
Y |s NH NR, NOR or Se; (g) each R R, and KR
Kﬂﬁepg%ﬁéﬁ{ﬁ?QPg hydrogen, |ower alkyl, Iomer alkenyl
, _or arylalkyl; and 164 1 March 2007

o
‘d@) CHLX lsélplthioéﬂhlhﬂlygw FnCh Bsherrratdu N N§° Fae émlébl e

carrier.
NR°NR°R®" , OH, OR", SH, or SR%;

() Y is O, S, NH, NR°, NOR®, or Se;

(g)  eachR% R, and R independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and

(h) Wis O or CHy;

optionally with a phérmaceutically acceptable carrier.

Use of a compound of formula:

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

pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
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20.

30. A conpound of formula 1 (B): Y\ /N X R5 5 "F¥ZMaRyg 2007
-N R4 1 (B) or a pharmaceutically acceptable salt

t hereof, wherein: (a) R4 is hydrogen, hal ogen (F, Br,

a, or 1), pseudohal ogen, NO2, |ower alkyl of G- C6,

hal ogenated | ower al kyl, hydroxyl, al koxy, CH2OH,
Cl-120R6, NH,, NRV, or a residue of an am no acid,

and R4'is hydrogen, halogen (F, Br, d, or 1),

pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated

| ower al kyl, al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a

resi dugogy, (ﬁ{nm 'NHZ,\N@R@' & atbsidiRATtan 2B RAd; Rherein at
and R4'i s hydrogen; each R5 and R5, is

|ndep I ] gen (F, Br, d, or 1),
pseudo ge0¥nR %ﬁgﬁr}wg gl?)kyl of Cl - C6 hal ogenat ed

. '{i&gﬁ 7 Rl 4 By ‘%'s[ %ﬁg%egxdeﬁiyh%ﬁ%’gen hap_lew aIiNl)_IZ’

or a resi

71 PrAGE SR Oy 1&%@&@@ A Cif Rplostyin %gigwg{ B Wcony,

al kyl , . al kyI ene al ke bocycl

het er QH@E}’,@ A, SHOR) | I%Ha aﬁr@w or ad‘FSl%ﬁi};ﬂ @myjnozacid werein at

(e) Xis O (1) YisOand 165 1 March 2007 (g) Wis
O or (mastone 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) each Z and Z' is independently CH, CX, or N;

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

®  RisR°, OR®, NH,, NHR, or NR°R®:

(g)  each R, R® and R® independently is hydrogen, Tower alkyl, lower alkenyl, aryl,
or arylalkyl; and

(h) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier,

Use of a compound of formula:
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optionally with a pharmaceutically acceptabl e caf Maeh.2007

31. A conpound of fornmula 1 (B):
49 RN R4 1(B)
t her eof
hydr ogen,
N2, |ower alkyl
hydr oxyl ,

and R4,

wher ei n:
hal ogen (F, Br,

al koxy,

a,

C6, "hal ogenated | ower al ky ,

ngﬁﬁgﬂ
an ,e
psgudaohal NO2,
mﬁctlon qT% aI koxy,

ue of

21. 0%% «COMmpo

g%ogehmaﬁ

|ndependently hydrggen

al kyl ene,

oaryl,
:i??ﬁi§ls o Mum 66/E§NhrchNZ

OH OH
(D)

1(8)

ogen

- 1D
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(b) R5 is hydrogen,

Bira p@hmnéééuﬂc)ally P&epERB §$19@1@R'0f %@%n)?)}

?‘Oﬁ

Y' N~ X R5E RSN Z

or a pharnmaceutically acceptable salt
(a) each R4 and R4,

or 1),

i s independently
pseudohal ogen,

of Cl-C6, hal ogenated | ower alkyl,
CH20H, CH20R6, NH2, NR6R7,
resi due of an amno acid; wherein at
i s hydrogen;

or a

| east one of R4
hal ogen (F,
th HﬁMhac@ﬁtlcgl_lPr

al Koxy,

5Fa91k1g&i§aéﬁ’ém g} tﬁé‘iré}jl‘&sq%ﬁ'o@' an HCV

| oner al kyl of Cl-C6, hal ogenated:
CH20H, CH2OR6, NH2, NR6R, or a
a 3 gggereln at least one of RS
e ggamm et ang R7 ;s
al kyl, hal ogenat ed al kyl
alkenyl carbocycle aryl , heterocycle
Nr acyl ; {(d [ (e e
d@]ﬁjﬁ?{f%VlS Quor
N 0} N N 0
| :o: | 0
OH OH OH OH OH CH
1K) 1(L) 1(M)
NH, 0

Vs ‘ NH
N A
N N
-

~ OH

1{Q)

N,
Ny N .
O .
OYO
3

p—

V)




optionally with a pharmaceutical ly acceptabl e cat Mpeh 2007
32. A conpound of formula 2 (A-C, 3 (A-B),

(A-B),

6 (A B),

7 (A-C or 8 (A:

4 (AB), 5
W NoZ X RS NIl /

XRSN/ Y sl s RRRRRRRaeN-NYY 2 (A 2 (B) RS

rN/ X RS R4

RN NZRRNN %/

RSIrNR5 RS 5 R4

OH OH
1 (AD)

Vg
~,
N

=

OH CH
1{AA)

NH,
~
N N 0

OH OH
1(AE)

)

NRe Ra'

W RAIY 2(C) wx WX RS5 Ry ~Re |
Ra Ra 3 (A 3 (B) Y X YyN- X
W

A | ~
N\
OH

1(X)

HN/

Y
N N o
QO
- OH OH
1 (AB)

H OH
1 (AF)

or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically

- acceptable carrier, for the manufacture of a medicament for the treatment of an HCV

infection in a host.

22.  The use of any one of claims 13, 18, 19, 20, 21, 56, 57, 59 or 60, further comprising one

~or more effective anti-viral agents, optionally with a pharmaceutically acceptable carrier,

in combination with the compound.




23,

24,

25.

Ra R4 4 (A 4 (B) R5 Ra 5 RRWN X R wX RS RS1MardR4007
NeNM /N RaRAIIII( 5A Y5B) Y 167 1 March 2007
WN RR5 N~ 7C R5 NY '7C Rq, NRa Rq, NRa R4 R4 6 (A) 6
(B) s WY" Xs W ~N X RN/ X RINRs t5 R4' N
RAX, R;" RAX Y, X 7 (A 7(B Y\ Xyl' W s' Rs'
Na ~Rz Rs Rs a

The use of claim 22, wherein the anti-viral agent is selected from the group consisting of
ribavirin, ipterferon, 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.

- The use of any one of claims 13, 18, 19, 20, 21, 56, 57, 59 or 60, wherein the host is a

human,

A compound of formula (I):

or a pharmaceutically acceptable salf 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, CHZORG, 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, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
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26.

27,

R&'" R&A VRQ RANRY 7 (C 8 (A or a
phar maceutical ly acceptable salt thereof, V\herelnMa?Ch2007
each R4 and R4' is independently hydrogen, hal ogen (F,

Br, C, or I), pseudohal ogen, NO2, |ower alkyl of

Cl1- C6, hal ogenated | ower al kyl, hydroxyl, al koxy,

CH2OH, 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 hydrogen, hal ogen

(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of

Cl - C6, alkadypOHpRHECHLORE INFB| KRFR’, Byslfesidyé of artdrkia ¥icid; wherein at
CH20H, CH20R6, NH2, NR6R7, or a residue of an am no

aci d; hebRd & Bland REAShydeRnOf RS and R5, is hydrogen;

(c) each R6 and R7 is |ndependently hydr ogen, al kyl,

heé) 0og eﬁéﬁ R ﬂ% 1nd§f)éﬁ}ﬂr31§§ﬂ1y ydrdgeK %F% lhaﬁ%&?;&&iy ki, alléylene,

ary , heterocycle, hete ar'a r acy

e%?fl %Qrchng Fwd %iyﬁ%e{eis'ocgéx %%geé nafr?i Efkarl or a

eﬁén foge g Iomer

TRCIE R

and X" |s |ndep ently h dr ogen, hal ggen (F, O, Br,
or 1) ,hefgrea yij rinealkylyamrioaRhRRINoaey] Ofé‘prCssH or
SR, (g& each Y and Yi s |ndependently 0, S, NH

iSER"( whereiaachrR is idepradenslydedraggn, wa@@ih alkylene,
Iomer al kyl, al kyl ene, al kenyl, carbocycle, aryl,
heteraﬂymvbamheteﬁﬂadymmﬁaﬂhbmyMJSQWKhDaIkyl
aninoahg or am noacyl of d- C6; and (i) each R R,

affyl R'Riinbgherachneyalikgl, lijkdensy atkenyl cmeocatlkydryl, hcﬁweéycle
al kenyl , aryl,
heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C;-Cg;

(g)  wherein R! and R® can come together with R? to form a substituted five-six fused
bicyclic ring system wherein at least one of the substituents is selected from the
group consisting of halogen (F, Br, Cl, or I), substituted or unsubstituted amine,
‘substituted or unsubstituted hydroxylamine, substituted or unsubstituted
hydrazine, substituted or unsubstituted thiol, thione, substituted or unsubstituted
immine, selenone, alkyl, and acetonitrile; and .-

(h) WisOorCHy;

optionally with a pharmaceutically acceptable carrier.

The compound of claim 1 or 25, wherein W is oxygen.

A compound of formula 1 {B):
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or arylalkyl; and (j) Wis O or CH2; optionally Wieatgh@007

phar maceutically acceptable carrier. 33. A conpound

of formula 2 (D): Z R X 511 RaNN /N Ra~IIf Y

2(D) or a pharmaceutically acceptable salt thereof,

wherein: (a) each R4 and R4' is independently

hydr ogen, hal ogen (F, Br, d, or 1), pseudohal ogen,

NC2, |ower al kyl of Cl-C6, hal ogenated | ower alkyl,

hydroxyl, al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a

resi due of an amno acid; wherein at |east one of R4

and R4, is hydrogen; 169 I h 07 (b) each R5 and

R5' is independently hy al ogen (F, Br, d, or

), pseudohal ogen, NGO yl of Cl1-Cs, '

hal ogenat ed | ower al kyk al koxy, CH2OH,

CH20R6, NH2, NR6R7, o] 2] resi “0f an am no aci d;

wherein at |east one of R5 and R5, is hydrogen; (c)

each R6 and R7 is indepeniently hydr ogen, al kyl,

hal ogenat ed al kyl, al kyl e é?) al kenyl , carbocycl e,
lohalele Lkyl, or acyl; (d) Z

?gﬁgﬁ or %&?ﬁ%%%&§PﬁSE§§3@%§E%?@%§%%gen (F, d, Br, or

'ég Nidgeh MRandRR 15 MERndenthR M zen, FhiofR #HB:LClL, or 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;

(b) each R® and R® is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alicyl 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;

(c) each R® and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(@ ZisCHor CX;

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

(f) Y is O, S, NH, NR®, NOR®, or Se; -

(g)  each R, R®, and R independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and |

" (h) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

162




28.

(f) Yis 0, S, NH NW NOR, or Se; (g) each R RMagh@007

R

i ndependently is hydrogen, |ower alkyl, |ower

al kenyl, aryl, or arylalkyl; and 41, (h) Wis 0 or

CH2:

optionally with a pharmaceutically acceptable

carrier. 34. A conpound of formula 2 (D): z RS j X

RS |1

Re, \\ /N RA1II( Y 2 (D or a

pharmaceutically acceptable salt thereof, wherein: (a)
each R4 and R4' is independently hydrogen, hal ogen (F

Br,

A, or 1), pseudohal ogen, NO2, |ower alkyl of

q&cgﬁpmﬂ@k@gﬁﬁ@hp%gppmer al kyl, hydroxyl, 170 1 March

2007

al koxy, CH2 CH20R6, NH2, NR6R7, or a residue

of an am no aci d, mhereinyga/mjeasg one of R4 and R4
n

i s hydrogen; (b) each
hydr ogen, hal ogen (F,rBr
N2,

IS independently
), pseudohal ogen,
ated | ower al kyl,

| ower al kyl of Cl -

hydr oxyl, al koxy, | ézNHZ, NR6R7, or a
resi due of an am no ﬁcﬁg; wherei'n at |east one of RS
and R5' is hydrogen; (c) each R6 and R7 is

i ndependent|y hydrogen, alkB), hal ogenated al kyl,

alk

het

(a)

(b)

(©)

(d)
(e)

()
(g

(h)

R T I S

oary
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 residue of an amino acid; wherein at
least one of R* and R* is hydrogen;

each R’ and R® is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyi of C;-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CHZORﬁ, NHS,, NR6R7, 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;

ZisN;

X is hydrogen, halogen (F, Cl, Br, or I), NH,;, NHR® NRR®, NHORS,
NR°NR°R, SH, or SR

Y is O, 8§, NH, NR®, NOR®, or Se;

each R®, R, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and

W is O or CHay;
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(e) X is hydrogen, halogen (F, A, Br, or I), NH2March2007
NHR, NRR& NHOR, NRNRR'", SH, or SR (f) Yis 0, S,

NH, NW 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 pharnmaceutically acceptable carrier. 35. A
conmpound of forrmula 2 (D): Wz RSSr jg R5 Rg, M /N
R4& 111( Y 2 (D) or a pharmaceutically acceptable
salt thereof, wherein: 171 ---- ------ ------ 1 March

2&%%1(ﬁhﬂ?@g&nﬁécﬁﬁgal%cép%aﬂw&%@&ndent l'y hydrogen,
(F, Br, d, or’l)

hal ogen

,  pseudohal ogen, NO2, | ower

a genated | ower al kyl, hydroxyl,
2. Hilbp S8

, NH2, NR6R7, or a residue of an

amno acid; wherein at |east one . ,of R4 and R4" is

hydrogen; (b) each R5 a [
hydr ogen, hal ogen (F,Rsr§>E§I/£y
| ower al kyl of d -
hydr oxyl, al koxy, >
resi due of an amino &cigd

NO2,

I ndependent |y

), pseudohal ogen,
ha ated | ower al kyl,

, R6.#ZNH2, NR6R7, or a

; mhereﬂ% at least one of R5

and R5, is hydrogen;

1 (B)

_or a pharmaceutically acceptable salt thereof, wherein:

(a)

(b)

(©)

CY
(e)

®
(g

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;ORG, NHa, NR6R7, ora residue of an amino acid; wherein at
least one of R* and R is hydrogen;

cach R® and R¥ is independéntly hydrogen, halogen (F, Br, CL or I),
pseudohalogen, NO,, lower alkyl of C;-Cs, 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;

each R® and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,

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

Zis N;

X is hydrogen, halogen (F, Cl, Br, or ), NH,, NHR®, NR°R®, NHOR®,
NR°NR°R®, OH, OR’, SH, or SR%;

Y is S, NH, NR®, NOR’, or Se;

each R%, R, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl; and
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30.

(c) each R6 and R7 is independently hydrogen, al kiarch 2007
hal ogenat ed al kyl, al kyl ene, al kenyl, carbocycl e,

aryl; heterocycle, heteroaryl, aral kyl, or acyl; (d) Z
is N (e) Xis hydrogen, halogen (F, d, Br, or 1),

NH2, NHR, NRR, NHOR, NRCNR R', OH, OR, SH, or SR (f)
Yis S NH NR NOR, or Se; (g0 each R Rand R ~

i ndependently is hydrogen, |ower alkyl, |ower alkenyl,
aryl, or arylalkyl; and (h) Wis O or CH2; optionally
with a pharmaceutically acceptable carrier. 36: A

qﬁﬁpoqnqg Oforte,yula 2 (D): Wz R-NX RS Il R4. N
/ R4 I1T( Y2 (D 172 1 March 2007 or a

ereof, wherein: (a)
w&ﬂoéﬁlﬁﬁ%ﬁg %:e‘f)ta%ﬁel Ctaée? or 1)
lomer al kyl of Cl- C6, hal ogenated
%&‘gfeigga%ﬁ%?%‘ﬁ‘“ XY, al koxy, CHROH, CHRCR6, NHZ,
NR6R7, or a reS|due of ag_ankpo %Cld and R4 is is
hydr ogen, hal ogen (F, pseudohal ogen,
NC2, |ower alkyl of Gis Io enated | oner al kyl,
al koxy, CH2OH, CH20RG, 7, or a residue of an
am no aci d; wherein af NQQ?Zof R4 and R4' is

1(B)

or a pharmaceutically acceptable salt thereof, wherein:

(a) R*is hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO;, lower alkyl of C;-
Ce, halogenated lower alkyl, hydroxyl, alkoxy, CH;0H, CH,OR®, NH,, NR*R, or
a residue of an amino acid, and R*is hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, alkoxy,
CH,0H, CHZORG, 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, Cl, or 1),

| pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,

alkoxy, CH;OH, CH;ORG, NH,, NR6R7, or a residue of an amino acid; wherein at

Jeast one of R* and R” is hydrogen;

(¢} each RS and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,

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

(d) ZisN;

(&) Xis OH;

®  YisO:and
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31.

(b) each R5 and R5' is independently hydrogen, h&Magbi?007
(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of
Cl - C6, hal ogenated | ower al kyl, hydroxyl, al koxy,
CH20H, CH20R6, NH2, NR6R7, or a residue of an am no
acid; wherein at |east one of R5 and R5' is hydrogen;
(c) each R6 and R7 is independently hydrogen, alkyl,
hal ogenat ed al kyl, al kyl ene, al kenyl, carbocycl e,
aryl, heterocycle, heteroaryl, aral kyl, or acyl; (d) Z
is N (e) Xis OH (f) Yis G and (g) Wis O or CHz;
qg}i ongtlid ® oMciH); @ pharmaceutical ly acceptable carrier.
37. A conmpound of formula 2 (D): \ YN~y Rr X RS ||

gﬁg‘rnrll\r!lelll eRﬁltﬁ} %%Iﬁ%la%%ﬁ%% g%%&ggz‘%p%ﬁé?go? , Wherein: (a)

e g] Fg i S.dyndependent |y hydrogen, hal ogen (F,
r? ,Ahngr%gf{?%ulaplz@l}dohal ogen, NO2, |ower al kyl of

C - C6, hal ogenated | ower
CH2OH, CH20R6, NH2, N
acid;, wherein at |eag

%J kyl, hydroxyl, al koxy,
7, Nsrési due of an am no
ae lof R4 and R4' is hydrogen;

(b) R5 is hydrogen, hal : , ad, or I),
pseudohal ogen, N2, I4§ \Nafl a -
' R

1 (B)

or a pharmaceutically acceptable salt thereof, wherein:

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

pseudohalogen, NOs, lower alkyl of C,-C, 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;
b) R’is hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NOs, lower alkyl of Cy-
Cs, halogenated lower alkyl, hydroxyl, alkoxy, CH,0H, CHgOR(’, NH;, NR6R7, or
* aresidue of an amino acid, and R is hydrogen, halogen (F, Br, Cl, or I),
| pseudohalogen, NO,, lower alkyl of C;-C, halogenated lower alkyl, alkoxy,
CH,OH, 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 independently hydrogen, alkyl, halogenated alkyl, alkylene,

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
(d) ZisN;
(e) X is OH;

® Y is Q; and
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32.

C6, hal ogenated | ower al kyl, hydroxyl, alkoxy, CHM@rh 2007

CH20R6, NH2, NR6R , or a residue of an am no acid,

and R5' is hydrogen, halogen (F, Br, d, or 1),

pseudohal ogen, N2, |ower al kyl of C-C6, hal ogenated

| ower al kyl, al koxy, CH20H, 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

i ndependent |y hydrogen, al kyl, hal ogenated al kyl,

al kyl ene, al kenyl, carbocycle, aryl, heterocycle,

hey er omryO.or@ml kyl, or aryl; (d) Zis N, (e) Xis OH

(f) Yis O and (g) Wis Oor CH2; optionally with a
fass} ' 2. 38. A conpound

gﬁ?orﬁ?@%@%@%ﬁ(é, Q%ﬁ’t%%@rim 1 March 2007 Y

>[\5|tx cSpbutid o? féhila FA-ON FA-B( B (a-B), % X-B), € (aB)FahReg (a):

N=Z

. !

5
R B—N%/ X
RS |
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5S5RZ R4 ZR4, 5N, % RORA 1 (G 1 (H or atMarch2007
phar maceutical ly acceptable salt thereof, wherein: (a)
each R4 and R4' is independently hydrogen, hal ogen (F

Br,

ad, or 1), pseudohal ogen, NO2, |ower alkyl of

Cl - C6, hal ogenated | ower al kyl, hydroxyl, al koxy,
CH2OH, 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 hydrogen, hal ogen
(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of
d - Ceo, haI@genﬂke | ower al kyl, hydrgxyl, =& koxy,

N

hal ogengt

NR6R7, or a regd
hy¥r ogen;
. 1S independent| w? T O . al kyl,
al kyl ene, al kefiyl,, carbocycle

d al ky

aryl , hetgrocycle, het er oaryl , aralQ&I, or acyl; kd) Z
is CH CX @egAN, (e) X is hydrogen, h@EFgen (F, d
Rh', OH OR

Br,

or 1), NH2, NHR NRR, NHOR NR' N

SH, or SR, ¥ X0, S, NH, N,

175 1 (g)_each R R

is hydro yl, lower a

aryl al ks nally wth a phar ngse

acceptrbl e carrl¥ x» The conpourfid of cl 3
Mwmhwﬁmcmmondisoffmmﬂaq(w. 0. A
compound of (kprmifa 1 (F): YX 7@

@

(b)

©

**T/N\ X - w
RX B—N F R \S—K

7(C) - 8 (A)

or a pharmaceutically acceptable salt thereof, wherein:
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,0R®, NH,, NR°R’, or a residue of an amino acid; wherein at

least one of R* and RY 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,ORS, NH>, NR6R7, or a residue of an amino acid; wherein at
least one of R’ and R* is hydrogen;

cach R®and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
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33.

S N IY\ RBN Z RA'" N RA1(F) or a 1 March 2007
phar maceutically 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

G -C6, hal ogenated | ower al kyl, hydroxyl, al koxy,

CH2OH, 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 hydrogen, hal ogen
(F, Br, , or 1), pseudohalogen NO2, | ower al kyl of

Qd) s, ths'ib%gﬂ aEer, Nee: CRIKWhereWdEIPRYik indeprldentlys hydrogen,

NH2, NR6R7 or a residue of an amno

aci d, m@ara@m AkyledcCAREn ?ylogearﬁgg@wﬂmﬁeén ey Psrk(%-’@e,r;‘;

(c) each R6 and R7 is Iridepen ydr ogen,

q?toggﬂ K% . al kyl ene, alkenyl carbocycl e,

aryl eterocycl e/ het eroaryl , aralkyl or acyl; (d) Z

i s CH or X.i.s,. hydroge hal ogen

1P, B f % SRS ghgrtde &%Eﬁw BiRebT, o T Vo

SR 1 h 0, S NH, NR, NOR, or
ﬁ\ﬁﬁ%“g%eé ASHE: QR Bg’ PR PRashbABcho y 15

dydrogen | oner al kyl, |ower alkenyl, aryl, or

BY| alR§Y apdit| ﬁn’aﬁiqwndﬂpﬂ}ﬁoas,ﬁﬁﬁr oé\l@Rcar by

acceptable carrier. 41. A conpound of fornmula 1 (F):

(h) each R®is independently hydrogen, lower alkyl, alkylene, alkenyl, carbocycle,
aryl, heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl, or aminoacyl of C;-
Cg; and

(D 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.

A compound of formula 2 (D):

2 (D)

or a pharmaceutically acceptable salt thereof, wherein:

(a) cach 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;
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34.

| ,
opt | oﬁﬁ‘{epyl Garbesyale gy h%t@r@aquﬁimegpaaé@éﬁ

YW /NX R s Z RANN R4 1 (F) or a pharnmaceuti dtatchywo07
acceptable salt thereof, wherein: (a) each R4 and R4’

i s independent!|y hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl-C6, hal ogenated

| ower al kyl, hydroxyl, 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, is independently hydrogen, halogen (F, Br, C, or

), pseudohal ogen, NO2, |ower alkyl of ClI-Csg,

h®) ogenet erP laadver® als kﬂidepdﬁ)déﬁtgxlﬂydrog@d kexygenCiBOmr, C1, or D),
CH20R6, NH2, NR6R7, or a residue of an anino acid;

wher e%eﬁhallﬁgﬁsﬁ\l(ﬂn Rovik ally1 3 RS, hafbg&}ﬁgerdolg%r afk?y'i hydroxyl,

each 'S |ndependently hydrogen al

hal 09%2&)9(2?%}2;(5[]3{ CH;yhet éirqgi;’rel;ﬂ{ﬁﬁl gxe?ﬁés du€ 8f Q{)&M]?lt) %%1&1) wherein at

aryl , Or acy
leN, h hal ogen (F, C, Br, or 1),
\ mﬁéﬁ? XCPRIH%%W&OI% RR. (SH or SR 177 )1
rch 2 O Y .S N ", . qQr Se; _and
2@ e &8 é &5 Gy df dndﬁpel}dﬁa%?mf@ﬁw ;NFEE@ h‘ij%ﬁﬁa‘g‘f@ﬁ alkyl, alkylene,

| ower | ower al kenyl or arigglk Ifa
bPleCarri er.

(d) Zis CH or CX;

(¢) X is hydrogen, halogen (F, Cl, Br, or ), NH,, NHR’, NR°R®, NHOR",
NR°NR°RY, OH, OR®, SH, or SR";

@ Y is O, S, NH, NR®, NOR®, or Se;

(g) each R% R®, and R* independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and |

(h) Wis O or CH;

- optionally with a pharmaceutically acceptable carrier.

A compound of formula 2 (D):
o /—.='-Z ‘
RY i>——N\T;}\T,x
R
R R4 \E/

2 (D)

or a pharmaceutically acceptable salt thereof, wherein:
(a) each R* and RY is independently hydrogen, halogen (F, Br, Cl, or I,

pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
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42. A conpound of formula 1 (F): Y\ /N X RS s RwMakch2007
~~Z R\ N R4 I(F) or a pharmaceutically acceptable
salt thereof, wherein: (a) each R4 and R4' is

i ndependent |y hydrogen, hal ogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower al kyl of Cl1-C6, hal ogenated

| ower al kyl, hydroxyl, al koxy, CH2OH CH2OR6, NH2,
NR6R7, or a residue of an ami no acid; wherein at

| east one of R4 and R4’ is hydrogen; (b) each RS and

R6, is independently hydrogen, halogen (F, Br, d, or

1), psengobroganH, 02 NH,OMRFRabKY tesifie @ﬂ-ar%mno acid; wherein at
hal ogenat ed | ower aIkyI hydroxyl al koxy, CH2COH,

CH2 ORGgasN R of NRGRYRY %rhgﬁr(fpggﬁ,' due of an amino aci d;

wherein at | east one nd R51 is hydrogen; (c)

haf ogen%l? 52 (}<y}I§5' ! e%ﬁ@ﬁt thE' eg%akr)ggocgk Br. Cl, or D),
o s enhmogé - w g Wegenawef 0 o,
e i e R VE T st T B
each R , and R" |ndependently IS hydrogen | ower
al kyl leqsmmof R mashB] 1s hydipgen;
(c) each R® and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
(d} ZisN;
(e) X is hydrogen, halogen (F, Cl, Br, or I), NH;, NHR’, NR°R®, NHOR®,
NR°NR°R”, SH, or SR";
® Y is O, S, NH, NR®, NOR®, or Se;
(g)  each R, R% and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and
7 (h) W is O or CHy;

optionally with a pharmaceutically acceptable carrier.

35. A compound of formula 2 (D):

2 (D)

or a pharmaceutically acceptable salt thereof, wherein:
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36:

or arylalkyl; optionally with a pharmaceuti cal | yt March 2067
acceptable carrier. 43. A conpound of formula 1 (F):

YW /NX R Ns RN~Z R4'N R4 1 (F) or a
pharmaceutically acceptable salt thereof, wherein: (a)

R4 is hydrogen, halogen (F, Br, d, or 1),

pseudohal ogen, NO2, |ower alkyl of Cl- C6, hal ogenated

| ower al kyl, hydroxyl, al koxy, CH2OH, CH2OR6, NH2,

NR6R , or a residue of an amno acid, and R4' is

hydr ogen, halogen (F, Br, d, or 1), pseudohal ogen,

, leamerrabky | ROf isCl Kyl
I;glg;lfoxy, CH2CH, 1(1}2130%1 ‘ nd&lﬁi %z%ggrg gﬁpgééli gﬁe)ﬁg’f e D

am no ,3GiidhalNEar Rid). fhwd f

hydr ogen; ?abémég?l% aﬁgiﬁé%'o Qﬂ%ehfgaloén%% Srer Iaﬁ(yl hydmxy1

hydro 6 dohalo

B A T Y o RO

hydr oxyl CH2OR6, NH2, NR6R7, or a

r esi dE‘}é{’ Stofed §aI"\‘%/‘h}gg_|§13”8“’gﬁi'7er ei n at |east one of R5

?&g R5' | s hy ({1 each and R7 is

ep&ifle y@se d@ewde%ﬂnﬁwﬂy hudregem ahaleges K5y Br. ClL or D),

al kyl ene, alken , carbocycle, aryl, heterocycle

het er 8eugiphalegea) Righ, lasver aliyl of Cu)Csz hilogatated Agwer Myl lydroxyl,

2007 (e) Xis OH and
alkoxy, CH,OH, CH20R6 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 independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d ZisN;

() X is hydrogen, halogen (F, Cl, Br, or I); NH,, NHR®, NR°R®, NHOR®,
NR°NR°R®, OH, OR’, $H, or SR%;

(f Y is S, NH, NR®, NOR", or Se;

(g) each R®, Rc', and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and

(hy WisOorCHjy;

optionally with a pharinaceutically acceptable carrier.

A compound of formula 2 (D):




. 37.

ar al ky$HQdt, R®, Wy,

(f) Yis G optionally with a pharmaceutically 1 March2007
acceptable carrier. 44. A conpound of formula 1 (F):

Y, NX R slY\ RN~Z R4'N R4 1 (F) 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

c -C6, hal ogenat ed | ower al kyl, hydroxyl, al koxy,

CH20H, CH20R6, NH2, NR6R7, or a residue of an am no

acid; wherein at |east one of R4 and R4, is hydrogen;

(&)a ﬁﬁnhzﬁ:eﬂt\[diﬂ? deRptabRIs0 B3 rcbE 1wlﬁ§“eln a, or 1),
pseudohal ogen, " NO2, lower al kyl of Ct- CB8, hal ogenated

:\%‘e r e iKW dro IRTE A83eh (F B KX Yor gcg%ggbha%%z, Mvwekalkyl of Cy-

or a residue of an am n

R AR B R AL e

Z'm-kno da%f@?%ramo 0, apa & 19 e e el @?%“5 §ip2n

hydr ogen; g ﬁg hg R7 is |ndependent
hydr odfudo PIRWI Nﬁla* yenakd of Sy ha %ﬂepa@tr%%}?éver alkyl, alkoxy,
al kenyl , carboc %Ie %ﬁ¥ heterocycle het er oaryl ,
|R5 o2 r@@glue)qun@mmw lxg@reln at least
March 2007
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, CH20R6, NH,, NRGRT, 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) ZisN;
(e) XisOH;
63 Y is O; and
(2) Wis O or CHy;
optionally with a pharmaceutically acceptable carrier.

A compound of formula 2 (D):




(f) Yis G optionally with a pharmaceutically 1March 2007
acceptable carrier. 45. A conpound of formula 2 (E-Q,

3 (&b, 4 (CGD, 5(CGD, 6 (CGD, 7 (DF) or 8 (B):

N~Z RS}I{ RRNXS RI RS R4. R4, N / NR4 4 111(
YY 2(E) 2(F) o RRx RBRR4E, NRAY 2 (G o

~O~jx \x RS55 NRb a RN RARNNZ R4 RA R4 3 (O

3 (D YX N/\Nk 5 NR5. IN' R5 RS

or a pharmaceutically acceptable salt thercof, 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, 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) . R’is hydrogen, halogen (F, Br, Cl, or I), 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, and R%is hydrogen, halogen (F, Br, CI, or I),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, alkoxy,
CH,0H, CH,0R®, 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, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) ZisN;

{e) X is OH;

(£ Y is O; and

(2) W is O or CHy;

optionally with a pharmaceutically acceptable carrier.

A compound of formula 1 (E), 1 (G), or 1 (H):
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Rg, NRa R4, NRa RA R4 4 (C 4 (D) ~Ra Ra RS Nmerch 2007
RS N x RSt51Y Ry RA NRA. RA N /N Y Y 5(0O
5(D) 181 1 March 2007 R5, rNRs, NZ O Xs s R NRa
RRNW R4 RAEGB (C 6 (D 5NX50~~X ~R N / X
R Y RSNRE R R4 R4 NR4A X X 7 (D 7 (E) Y,

N X1 a

1z AN X
R N 7
5
R"l'{ N“‘N//Z
R4
1 (E)
h X
N YYN\ X
' Q
. Rsl >—Nﬁ RS' >__N /
28] V4 5 7z
R4' N\"// Rj{ N"‘-../
R4 R4
1(G) 1 (H)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R*and R* is independently hydrogen, halogen (F, Br, Cl, or I,
pseudohalogen, NO3, 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;

(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,0OH, CHZORG, NH,, NR6R7, 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, ér acyl;

{d) Zis CH, CX, or N;

(¢) - Xishydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NRcR"', NHOR®,
NR°NRR®, OH, OR’, SH, or SR%;

() . YisO,S,NH, NR°, NOR", or Se; and
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40.

Rs RNYyR2 Ns IlIll RRs NRa RNR4 X' R4 Y. 1Mafdh)2007
8 (B) or a pharnmaceutically acceptable salt thereof,
wherein: (a) each R4 and R4' is independently

hydr ogen, hal ogen (F, Br, O, or 1), pseudohal ogen,

NO2, |ower al kyl of O -C6, hal ogenated | ower alkyl,

hydr oxyl, al koxy, CH2OH, CH2OR6, NH2, NR6R7, or a

resi due of an amno acid; wherein at |east one of R4
and R4’ is hydrogen; (b) each R5 and R5, is

i ndependent |y hydrogen, hal ogen (F, Br, d, o

rl),

ud g R, n@%f‘ I
F%aer Q’E l;Q/Iﬁ ‘nayl/ r ox?}i%g?@gé%y%g—[om, kgﬂd aryl,
NR6R7, .af Ifﬁlfﬁ-eSi due of an am no acid; wherein at
| east one 01 R5 and R5, is hydrogen; (c) each R6 and
R _..is . ndependently hydrogen, . alkyl, hal ogenated
a?ﬂ?ﬁ?zflfyzﬂ lﬁ{/)ar : ac%flﬁ%lgfﬂ:,ep@gmg le, aryl,
%g%eroc cle, heteroaryl, aralkyl, or acyl; 182 1 March

fomeé}ﬂdll@“ cladm g istein thg|cpmpoundgs of rmr I H)wher ei n
each R is independently hydrogen, |ower alkyl,
At kymrayad offavanlal L (Fxryl , or aral kyl wherein the al kyl
is Cr-C6; (e) Zis CH CX or N (f) each X, X, and

X' is independently hydro 8gen (F, d, Br, or
, NRNRR'", OH, OR, SH, or
5] tly 0, S, NH, NRc,

N~y

1), NHZ, NHR, NRR, NH
Z

1 (F)

or a pharmaceutically acceptable salt thereof, wherein:

(@ each R* and R* is independently hydrogen, halogen (F, Br, ClL, or I),
pseudohalogen, NO,, lower alkyl of C(-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CHZORG, NH;, NR6R7, or a residue of an amino acid; wherein at
least one of R* and R* is hydrogen;

() each R’ and R is independently hydrogen, halogen (F, Br, Ci, or I),
i)seudohalogen, 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;

{c) each R® and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d ZisCHorCX;

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

NR°NR°R®, OH, OR’, SH, or SR
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each R6 and R7 is indep n

(h) each Ra is independently hydrogen, |ower al kyMarch2007
al kyl ene, al kenyl, carbocycle, aryl, heterocycle,
heteroaryl, aral kyl, am noal kyl, an1noary| or

am noacyl of Cl- C6; and (i) each Re, R and R |

i ndependently is hydrogen, |ower alkyl, [ower alkenyl,
aryl, or arylalkyl; optionally with a

pharmaceutically acceptable carrier. 46. A conpound

of formula 2 (H: Z R ~X R4 N /INRAIIi( 2 (H

or a pharmaceutically acceptable salt thereof,

wiper eivis @, NEBRNRRYORA D 8d: aﬂds I ndependent Iy
hydr ogen, halogen (F, Br, , pseudohal ogen,

. | QueRe lsklg /Y a
Ilﬁ%)%r oxyI ’ % Roxy, ﬂe&%ﬁk% C%lx%‘é‘%@l Joioek alkenyl aryl,
resid am no aci d; mhereln at | east one of R4
and R |s Hrogen' 183 1 March 2007 (b) each R5 and

R5.. i s, 1 nde ndentl dro hal. ogen (F, Br, d, or
SpronlyaniE B ga et sell Rl HST of G - 06,
hal o enatgg hgﬁﬁf aIkyI hydroxyl, al koxy, CH2CH,

For a residue of an am no aci d;
wherein-at | east one of R5 and R5' is hydrogen; (c)
y}dr ogen, al kyl ,
alkenyl , carbocycle,
A8 aIkyI, or acyl; (d) Z
, halogen (F, d, Br, or
N

hal ogenated al kyl, a

aryl, heterocycle, h

is CHor CX; (e) Xisr

), NH2, NHR, NR' R ,Rr

1 (E)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R* and RY is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CHOH, CH,OR®, 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, CI, or I),
pseudohalogen, NO,, lower alkyl of C,-Cg, 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;

(c) cach R® and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,

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

(d) ZisN;

'(¢) X is hydrogen, halogen (F, Cl, Br, or I, NH,, NHR®, NR°R®, NHOR’,

NR°NR°R®, SH, or SR,
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NRNRRI, OH OR SH or SR (f) Yis 0, S, NH, 1MNafch 2007
NOR , or Se; and (g) each Rc, R and R . independently

i s hydrogen, |ower alkyl, |ower alkenyl, aryl, or
aryl al kyl; optionally with a pharmaceutically

acceptable carrier. 47. A conpound of formula 2 (H)

z Rj g RSIIIl AN/N RIII( Y2 (H or a
pharmaceutically acceptable salt thereof, wherein: (a)
each R4 and R4' is independently hydrogen, hal ogen (F

Br, d, or pseudohal ogen, NO2, |ower al kyl of

),
C6,y mbggmtm NOwe ordekyla hydroxyl, —al koxy,
OoH CH2 , NH2, NR6R7, or a residue of an am no

Cq: g " Ciah _
L AR o i
or |) '

hydr o l.ogen (F, Br, d, , pseudohal ogen,
NC2, ?%@E?ﬁgﬂky| of C -C6, hal ogenated | ower al kyl,

hydroxyl ... al kox OH, , .NH2, NR6R7, or a
r(}é/’%f”&‘ﬁ%’ W%ﬁhﬂéﬁ‘#&tl &‘FC%@‘? %t | east one of R5
apd R5' is _hydrogen; (c) each R6 and R7 is
r&a%%@ﬂﬂ@ﬁfgymﬁ§%r en, al kyl, hal ogenated al kyl,

' al kyl ene, al kenyl, carbocycl e, a&yl, het er ocycl e,
Z

heteroaryl, aralkyl, or_.a yﬁz is N,

R% N _#
R’ 4L
RY N~y
R4
1 (F)

or a pharmaceutically acceptable salt thereof, whgrein:

(a) each R* and RY 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®, NHs, '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, Cl, or D),
Ipseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH;ORﬁ, NH,, NR6R7, or a residue of an amino acid; wherein at
least one of R* and R® is hydrogen;

(c) cach R® and R is independently hydfogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) ZisN;

(e) X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NRR°, 'NHOR',

NR°NR°R®", OH, OR’, SH, or SR%;
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(e) X is hydrogen, halogen (F, d, Br, or 1), NH2March 2007
NHR, NRR', NHOR, NRCNR''RW, SH or SR (f) Y is 0,
S, NH Ne, NOR, or Se; and (g) each R R and Rd.

i ndependently is hydrogen, |ower alkyl, |ower alkenyl,
aryl, or arylalkyl; optionally with a

phar maceutically acceptable carrier. 48. A conpound
of formula 2 (H: Z RS j x RSI1 Il R&. N /N R4

[11( Y 2(H or a pharmaceutically acceptable salt
t hereof, wherein: (a) each R4 and R4' is independently

R@rog@&s hal ogenNNOR®, Bise; &4 or 1),  pseudohal ogen,
, lower al’kyl "of d-0C6, hal ogenated | ower alkyl,

%ck cC :ﬁ!g gﬁg
h(ésn due o? an gﬁrﬁlﬁo ac de\%%re dr% ogggtm lhg&% apﬁnyl’ aryl,
and R4' §1Q drogen; 185 1 March 2007 (b) each R5 and

i s eﬁéhdently hydrogen halogen (F, Br, d, or

| ogen, alk of Ci-C6,
h%ﬂt’t?ﬁ@ a‘{”gﬂ C%‘P& yac \é\ﬂ% T al koxy, CH2OH,
CH20R6, N -12, NR6R7, or a reS|due of an am no aci d;

vihepmpepngdiof foramla I e of R5 and R5is hydr ogen; (c)
each R6 and R7 is independently hydrogen, alkyl,

hal ogenated al kyl, al kyle yl, carbocycl e,
aryl, heterocycl e, heﬁ@r rvil, gral kyl, or acyl;
5
WF N‘N¢Z
R4
1 (F)

or a pharmaceutically acceptable salt thereof, wherein:

(a) RYis hydrogen, halogen (F, Br, CI, 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, and R*is hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO,, lower alkyl of C;-Cs, halogenated lower alkyl, alkoxy,
CH,OH, CHgORs, 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, Cl, or 1),
pseudohalogen, NO,, lower alkyl of Cl-éﬁ, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH,OR®, NH,, NR®R’, or a residue of an amino acid; wherein at
Jeast one of R’ and R® is hydrogen;

(c) each R® and R’ is independently hydrogen, alkyl, halogeﬁated alkyl, alkylene,
alkenyl, carbocycle, aryl, hetg:rocycle, heteroaryl, aralkyl, or acyl;

(d ZisN;
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(d) Zis N (e) Xis hydrogen, halogen (F, O, Bt Mawh2007
), NH2, NHRR, NRR', NHOR, NR NR RW, OH OR SH,
or SR; (f) Yis S NH NR NOR or Se; and (g) each
R, R and R ~ independently is hydrogen, |ower alkyl,

| ower al kenyl, aryl, or arylalkyl; optionally with a
phar maceutically acceptable carrier. 49. A conpound
of formula 2 (H: R, RSI1 Il R4. N\ /INRAITII( 2

(H) or a pharnmaceutically acceptable salt thereof,

wherein: (a) R4 is hydrogen, halogen (F, Br, d, or

1}y pseidodpd@oen, NO2, |ower al kyl of G- Co,

hal ogenat ed | ower al kyl, hydroxyl, al koxy, CH2OH,
ishd2, NR6R7, or a residue of an amno acid,

and R4' is hydrogen, hal ogen (F Br, d, or 1),

ﬁHﬁﬂQ‘%k %f%qr%%ey?&% ol lse ol e

\f ﬁOT |due of an am no acid; wherein at
eagm)qg a " R4'" is hydrogen; (b) each R5 and
R5, IS |ndependently hydrqgen hal ogen (F, Br, d, or
), pseudohal ogen, N2 N %yl of C1- C6,
hal ogenat ed | ower al oxyl, al koxy, CH2OH,

CH20R6, NH2, NR6R7, or eNof an am no acid;
wherein at | east oneR B8l i s hydrogen; (c)
each R6 and R7 is ingg gndentlyfhydrogen al kyl ,

hal ogenat ed al kyl, al ki ene,

1(F)

or a pharmaceutically acceptable salt thereof, wherein:
| (a) cach R*and R* is independently hydrogel_l, halogen (F, Br, Cl, or I),

pseudohalogen, NO», lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CHzOR(’, NH;, NR6R7, or a residue of an amino acid; wherein at
least one of R*and R* is hydrogen;

{b) R’ is hydrogen, halogen (F, Br, Cl, or I), pseudohalogen, NO3, lower alkyl of C;-
Cs, halogenated lower alkyl, hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR*R, or
Va residue of an amino acid, and R’ is hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, alkoxy,
CH,OH, CHgORﬁ, NHs, NR6R7, ora 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 ZisN;

{(e) X is OH; and
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al kenyl, carbocycle, aryl, heterocycle, heteroarylgrch 2007
aral kyl, or acyl; (d) Zis N (e) Xis OH and Y
is o, optionally with a pharmaceutically acceptable

carrier. 50. A conpound of formula 2 (H: Z RS j x
RSI1T Il R&. M /N R4 1II( Y 2 (H or a

phar maceutical ly acceptable salt thereof, wherein: (a)
each R4 and R4, is independently hydrogen, hal ogen (F
Br, d, or 1), pseudohal ogen, N2, |ower alkyl of

A -C6, hal ogenated | ower al kyl, hydroxyl, al koxy,
@rROH Yy (3OR6, NH2, NR6R7, or a residue of an am no
acid; wherein at |east one of R4 and R4'" is hydrogen;

ot R RBE T G o
OB ALY VLl R e R B p s

and R5' is hydrogen, halogen (F, Br, C ’ﬁ¥2|)’
pseudohq] en,? | ower al kyl of

hgl ogenat ed
| ower ,\%ﬁﬁﬁkxcn a
resi dueg ofe of R5
and R5r#1|s hydr dgens R7 i =~ N :
i ndepend@&ht |y hydilogen, al kyl , haldﬁenated\grkyl,
al kyl ene, 2 (B) 2 (F) Y

Q X
) ‘: R®
RS
N\]/\
19?5-"\ L
4 N'--. N/
R R4

30
X Yo Na X
RS N 7 R No_~#
5 5
Kf NR® X NR®
R4 R R4
4(C) 4 (D)
R 03—113“ o~ X R DK o~ x
R} | R? \T/ﬁ\ﬂ/’
R N R N._ _-N
R N
Y
50 5(D)
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al kenyl, carbocycle, aryl, heterocycle, heteroaryMarch2007
aral kyl, or acyl; (d) Zis N (e) Xis OH and (f) Y

is O optionally with a pharmaceutically acceptable
carrier. 51. A conpound of formula 1 (I): OY HO 4N

/N NON CH 1 (1) or a pharmaceutically acceptable salt

t hereof, wherein: (a) each Z° and Z" is independently
CH, CX, or Ny (b) Xis hydrogen, halogen (F, d, Br, or
1), NH2, NHR, NRR'', NHOR, NR NRR', OH, OR SH, or

SR, and (c) each R, R', and R'' independently is

hydr ogen, J} ower kyl, lower alkenyly aryj|s=z or
aryl al kyls; rch 2007 optiogal t h\a
phar maceubi I ’/ccéptable carrier y5H2. onpound of
f or mul a: R} O NR5 R4, RSR \
Ré R . Rt NR!
: R? R?
6 (C) 6 (D)
Yoo N X o ¥§T/N\‘ X
RS >_N / X R5I >——N / X!
R} | R3
; N ;? "N
R‘l R4 X R4 R4 / X'
X
7(D) 7(E)
Yae N
Ry X
RY q oz R* R R
N
RS | RS
N NR?
R* R4 \1T/J‘\>¢ R* b
Yl
7(F) 8 (B)

or a pharmaceutically acceptable salt thereof, wherein:

(a) eéch 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;

()  eachR*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;

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

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
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4 Z or a pharnmaceutically acceptable salt thereofparch 2007
wherein: (a) each R4 and R4, is independently

hydr ogen, halogen (F, Br, d, or 1), pseudohal ogen,
NO2, | ower al kyl of O -C6, hal ogenated | ower al kyl,
hydroxyl, al koxy, CH2OH, CH20OR6, 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

i ndependent |y hydrogen, halogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower alkyl of Cl-C6, hal ogenated
I&ay\er Felid o yge AP NIRY, or BRKO¥NereirtdB@HR" iR dePhydrogen,

or resi due of an am no acid; wherein at
| east 1Qp

a
;Q%]-g r ;

R7 Is 1n ep n?ﬁ( ﬁﬁ?ﬂgﬁy&éf f@ﬂ,‘”’}&’&?‘%g@%g‘?’ﬁg @r&’
yI, |y al kenyl, carbocycle, aryl,
eroch;é;g%éﬂe{er’oaryl ar al kyl, or acyl; (d) each ZzZ

i.s 1nde ,ntI FH.o C n ' i.nde t

éﬁ, %eﬁd%esm ISng%ﬁPsé&ﬂt?y h‘ftlﬁge aFCERE of p R,

1), R, ~NRCN RR" OR _SH, or SR

(f) R%\”i‘% F{R NPNPE NﬁfﬁR @Pr%pch 2007

(g }( each R R and R |ndependentl i's h%/drogen | ower

ABky| caqhoViend X! isdrdependgntly O, S,ONHANKT, QR or $;id ( h)

WsOorCH2; optionally with a pharrmceutl cally

éh}cepteaﬁllfe ig endep@wdenttehydidgen dowproalkyd, aikyledeqlitetyl, carbocycle,
wherein the conmpound is of formula 1 (S). 54. The

conpound, leferadyalenhderofel, @iatkyll, eniceulipd atinb 4 yviobr dmpinoadybof C;-
1 (0. b55. The use of claim 13, wherein Wis oxygen.

56. Ugg: fld a conpound of formula 2 (A-D), 3 (A-B), 4
(A-B), 5 (A-B), 6 (A-B), 7 (A-C or 8 (A:

@) cach R®, R®, and R®" independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

A compound of formula 2 (H):

2 (H)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each. R* and RY is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO», lower alkyl of C;-C¢, 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;
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RS w- R5 ~Z X R
)

|l s RAR NRAR N\ /N R41 ﬁérchzom'
Zz Rs' x RS Nx s

(O 2 (D) Wx w x RsNRs' s
R4 3 (A 3 (B) 190 1 March
b-N Rs R5

N/ X
l1'( YY2 (A 2 (B
/ Y |

S
W.
R4 RAR 4 N Y 2
a 7/N~"Z RRNONZ Rs R4
2007 Y X YXWw 5 NRS5

(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;, 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, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aratkyl, or acyl;

(d) Z is CH or CX; |

(&) X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR‘R®, NHORS,
NR°NR°R®, OH, OR", SH, or SR®

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

(2) each R, R®, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; |

optionally with a pharmaceutically acceptable carrier.

A compound of formula 2 (H):

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 Ci-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CHOH, CH,OR®, NH, NRR’, or a residue of an amino acid; wherein at

least one of R* and R* is hydrogen;
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RONNWNRa R4 R4 4(A) 4(B) R5, Ra Ra W/X w N #lNch Yoo7
RERSRI RA{ RI NYN RRE4 5 (A Y5 (B Y Nw

r 0Z Rss NX R5 NX R4 NRa RgNRa R4 R4 6 (A) 6 (B) W
YX YNX Rs' ~--NX 5 N/ Y RS INRSN R4' R4 X'
R\ 4R Y, x 7(A 7(B) Y~ X

(b) cach R® and R is independently hydrogen, halogen (F, Br, Cl, or I),
pseudohalogen, NO,, lower alkyl of C|-C¢, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH20R6, NH,, NRR’, 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) ZisN;

() X is hydrogen, halogen (F, Cl, Br, or I), NH,, NHR’, NRR®, NHOR’,
NR°NR°R®, SH, or SR’

()  YisO,S,NH, NR®, NOR, or Se; and |

()  each R%, R°, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; |

optionally with a pharmaceutically acceptable carrier,

A compound of formula 2 (H):

2 (H)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R* and R* is independenily hydrogen, halogen (F, Br, Cl, or 1),
pseudohalogen, NO,, lower alkyl of C;-Cg, halogenated lower alkyl, hydroxyl,
alkoxy, CHOH, CH>ORS, NH,, NR°R’, or a residue of an amino acid; wherein at

least one of R* and_R4' is hydrogen;
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I Wa R5E RS ~NN RZ RS5I1(~NRa R4 R4 X' R4, Raarkh 2007
7 (C 8 (A or a pharmaceutically acceptable salt

t hereof, for the manufacture of a nmedicanent for the
treatment of an HCV infection in a host, wherein: (a)
each R4 and R4, is independently hydrogen, hal ogen (F
Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of

d -C6, hal ogenated | ower al kyl, hydroxyl, 191 1 March
2007 al koxy, CHzZOH, CH20OR6, NH2, NR6R7, or a residue

of an am no acid; wherein at |east one of R4 and R4’

i(8) hy drh@Oe; aﬁcb)R"éaiG hm@épe%ﬁéhth%,hyﬂl%gér{]dﬁﬂgé@le@| Br, Cl, or I),
hydrogen hal ogen (F , 1), ’pseudohal ogen,

hy dr o )](f] %’iﬁ hﬁ{)é%lx)wz %ikg&%%%@sabgﬂgé%ere#ﬂkyl hydroxyl,
;ﬁgl déﬁ( 9&, @y’éﬁg‘lge nZCﬁf’ Cﬁ 2, ﬁ‘lg(sgr £ rtﬁ:sﬂ?e 8Pin Ao %I}ld R\%hereln at
|ndep n%?QEg¥§e%V{ﬁg g}gal I’ halogenated al kyl ,

aIkyI e, aryl, heterocycle
eteroaryl, aral,kyl, or ac IS oxyge
geh f ulach’ ang R’ aind epwéév%sr hy‘é'aéfﬁl F?Ikyll»shﬁ}l?ﬁf%‘éﬁi\ ddivl| gfkylene,

hydrogen, |ower al kyl, al kyl ene, al kenyl, aryl, or

ar al kglkentiesashasyelnears hgitrocsszlﬁchet@@ary(l,@)ralbh er eyl CX,

or N (f) each X; X, and X" is independently

lg)dr ogamN; hal ogen (F, O, Br, or I), NH2, NHR, NRR,

NHOR, NRCVR'R, OH, OR, SH, or SR ; .

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

H Y is S, NH, NR®, NOR®, or Se; and

(g) - each R® R®, and R® independently is hydfogen, lower alkyl, lower alkenyl, aryl,
or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

A compound of formula 2 (H):

2 (H)

ora pharmaceutically acceptable salt thereof, wherein:

(a) R'is hydrogen, halogen (F, Br, Cl, or I), pséudohalo gen, NOz, lower alkyl of C,-
Cs, halogenated lower alkyl, hydroxyl, alkoxy, CH,OH, CH,OR®, NH,, NR°R’, or
a residue of an amino acid, and R* is hydrogen, halogen (F, Br, Cl, or I},

- pseudohalogen, NO,, lower alkyl of C1-Cs, halogenated lower alkyl, alkoxy,
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(g) each Y and Yis independently 0, S, NH, NRc, N@Rch2007
or Se; (h) each Ra is independently hydrogen, |ower

al kyl, al kyl ene, al kenyl, carbocycle, aryl,

het erocycl e, heteroaryl, aral kyl, am noal kyl,

am noaryl, or am noacyl of C- C6; (i) each R, R

and Re independently is hydrogen, |ower alkyl, |ower

al kenyl, aryl, or arylalkyl; and (j) Wis 0 or CHZ;
optionally with a pharmaceutically acceptable carrier.
57. Use of a conmpound of formula 1 (E-H): 192 1 March

2007 M0N0 NED NINRRr aFesidhe o sRandtho #eid: Rhefn M least
R&- RANT(E) 1L (F) YX INX o 51LY" NR5, N R5

I RZ Bder arfdl()ﬁc;'ig%ggm?%A R4 1 (G 1 (H or a

phar maceuti c y accep le salt thereof, for the

T A B e SRR bR SRR Pl o )
pseudohalogen, NO», lower alkyl of C;-C¢, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, CH20R6, NH», NR6R7, or a residue of an amino acid; wherein at
least one of R® and Rsl.is hydrogen;

(c) each R® and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d ZisN;

(e) X is OH; and

§3) Y is O;

optionally with a pharmaceutically acceptébie carrier.

A compound of formula 2 (H):

2 (H)

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,OR®, NH,, NR6R7, or a residue of an amino acid; wherein at

least one of R* and R* is hydrogen;
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(a) each R4 and R4' is independently hydrogen, hah@ggqmﬁ
(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of
Cl - C6, hal ogenated | ower al kyl, hydroxyl, al koxy,

CH20H, CH20R6, NH2, NR6R , or a residue of an anino

acid; wherein at |east one of R4 and R4' is hydrogen;
(b) each R5 and R5' is independently hydrogen, hal ogen
(F, Br, d, or 1), pseudohal ogen, NO2, |ower alkyl of

a -C6, hal ogenated | ower al kyl, hydroxyl, al koxy,

CH20H, CH20R6, NH2, NR6R7, or a residue of an am no

;d mﬂégdrageathawg%a%ﬁ e,k 1 eamshafééen WOPYW&Q&%}'I of Ci-
each R7 1s |ndependen y hydrogen al kyl ,

A U A o bl
5B L LR e
S e A i s g L

hydr o n, Iomer ﬁ lower al kenyl, aryl, or
aryl al &Hizpéﬂan 3 NR R0 of adrudusent @p emang acjd; wherein at least
acceptable carrier. 58. The use of claim57, wherein
the compebRdandR s hydregdormula 1 (H). 59. Use of a
conpound of fornula 2 (EkH), 3 (&GD, 4 (GD, 5
(€ D) caéh REamY R'7s @me@ndenﬂy SiydioBdn, alkyl, halog@nated RBkyX alkylene,
sl / RANRRINN
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) Zis N;

(e) X is OH; and

® Y is O;

optionally with a pharmaceutically acceptable carrier.

A compound of formula 1 (T):

VAN

29

&
N'---N

OH

1(D
or a pharmaceutically acceptable salt thereof, wherein:
(a) each Z' and Z" is independently CH, CX, or N;
(b)  Xis hydrogen, halogen (F, Cl, Br, or I), NH,, NHR®, NR°R®, NHOR®,
NR°NR°R®, OH, OR’, SH, or SR’; and
(c)  eachR% R® and R” independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl;
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RaRa2(E) Y2 (F) YR x Rs O- X 5 Rs Ra N
s X fﬁﬁm@%M?

/| NRARa YY 2(Q 2(H R-

RN Xx RN~z

N-%Z Ra -NRa R& RE 3(C) 3(D) Y XY-NXRSN/ RS
N RS Rs Rat NRa a. NRa Ra RRa 4 (C) 4 (D) 194

..... - ------ 1 March 2007 Re a R

optionally with a pharmaceutically acceptable carrier.

52. A compound of formula:

or a pharmaceutically acceptable salt thereof, wherein:

(a)

(b)

(d)
(e)

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, CHZORs, 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 independentty 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;

each R®and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;
each Z is independently CH or CX, and Z' is independently CH, CX, or N;

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

NR°NR°R®, OH, OR®, SH, or SR®;

®

R"is R®, OR®, NH,, NHR®, or NR°R®:
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53.

54.

55.

56.

RSXRSNX5I RRI Il RARNR, AN /N 5“(,,9.,?,!007
5(D vy 1Z/I\~ R5 NY X R ?X R4. NRa R4 NRa R R4

() 6 (D) 5NXYY\ X NRNy RBRRS R4 NKR X.

RA&' RA NX X' 7 (D 7 (E) yYN\N X RSONR5 NRZ N

Y RSRSR4A R4 N RARANRA 7 (F) 8 (B) or a

phar maceutically acceptable salt thereof, for the

manuf acture of a medi canent for the treatnent of an
HCV infection in a host, wherein: (a) each R4 and R4

IS i ndependently hydrogen hal ogen (F, Br, , or 1),

Ip%&g (rj Os'gﬁ( g? RN, angq?" mlli&y&ﬁflerﬁ‘lkrlﬁy hydtgets 0$Re alﬂﬁl RerPakat, aryl,
or arylalkyl; and

(h) Wis O or CHy;

optionally with a pharmaceutically acceptable carrier.

The compound of claim 9 wherein the compound is of formula 1 (S).

The compound of claim 9 wherein the compound is of formula 1 (O).

The use of claim 13, wherein W is oxygen.

Use of a compound of formula 2 (A-D), 3 (A-B), 4 (A-B), 5 (A-B), 6 (A-B), 7 (A-C) or 8

(A):

3 (A) | 3(B)
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al koxy, CH20H, CH2OR6, NH2, NR6R7, or a residue pfa@R 2007
am no acid; wherein at |east one of R4 and R4, Is
hydrogen; 195 1 March 2007 (b) each R5 and R5' is

i ndependent |y hydrogen, hal ogen (F, Br, d, or 1),
pseudohal ogen, NO2, |ower alkyl of d-C6, hal ogenated

| ower al kyl, hydroxyl, al koxy, CH2OH CH2OR6, NH2,
NR6R7, or a residue of an am no acid; wherein at

| east one of R5 and R5' is hydrogen; (c) each R6 and

R7 is independently hydrogen, alkyl, hal ogenated

al kyl, al kyl eage al.kenyl , carbocycle, W&y X

het er ocycl hét erdaryl, aral kyl, orWacylyj, ( R2 is
oxygen, Ry , or CR 2, whergi is

i ndependg rogen, | ower alkyl ITene,
alkenylw; ryl, ownraral kyl wherein _gHe al kylneks O - C6;

(e) Zis , CX, or N, (f) each XF 4, and X' is
i ndependent |y hydrogen, hal ogen (F, d, Br, or 1),
NH2,  NHR, R, NHOR NRCNR R'", OH, 48R) SH, or SR
(g) eachyw and Y' is independently §, S, NH NR NOR
i s i ndependentgs bygﬁbgen, | ower
Ayl , carbocycl ar X
eroaryl, aral kyl ,R N
am noat'yl, or amyfoacyl of d- & land (i ach R R,
and R' independently is hydrogen, [Mower al kygl, |ower
al kenyl, asyA) or arylalkyl; optionglBy with a
pharmaceutically acceptable carrier. 60. Use of a

compound forfla 1 (1): zt, IN \ NSRE OH
o . !
N A% N A x
R} R}
: NR®
. R4 R4

no I I

R¥ NR
; R?
6(A) - 6 (B)
Y N\ X Y N\ X
W, .
W'\>QTI/// X R §>jj:'/, '
RS N ' RS N
r* ¥ X RrY b P ¥
7(A) 7(B)

7(C) 8(A)
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, NOg, lower alkyl of Ci-Cq, halogenated lower alkyl, hydroxyl,

- 191




57.

manuf deasians o§R

1(|) 196 --- - ---- --- 1 March 2007 or a 1 March 2007
phar maceutically acceptable salt thereof, for the

manuf acture of a medi canent for the treatnent of an

HCV infection in a host, wherein: (a) each Z' and Z"

is independently CH, CX, or N, (b) X is hydrogen,

hal ogen (F, C, Br, or 1), NH2, NHR NRR& NHOR

NRNRR OR, OR, SH, or SR, and (c) each RL R and R

i ndependently is hydrogen, |ower alkyl, [ower alkenyl,
aryl, or arylalkyl; optionally with a

phar megeut] con, @mﬁiﬁ RPL ENRET bieS residielof ahnils i@ wherein at
claim 21 wherein the conpound is of fornula 1 (S).

62. Thgg é§%ﬁgéﬁknﬁe ot pein the conpound is of

formula 1 ound of any one of the
e e
ﬁﬂiﬁﬁﬁ?@@fﬁﬂ%ﬂe&r ﬁ?&ﬂgm %@af Sy kg i alks, hydroxsl,

oY Loty Rk RS, essa Soo s B e

a pharnaceutlgall .acceptabl e salt t hereof, for the
Uisdwdmgenf or the treatnent of an

HCV i nfection |n a host, wherein each R, R, and R

i(o)dependeiitang R i indepsndssitly hydrogem nlksl, balb pénatedchlihetigylene,

or benzyl, cycloal kyl, or cyclopropyl. 197
alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl, or acyl;

(d) RZis oxygen, sulfur, NR', or CR%, wherein each R' is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or arqlkyl wherein the alkyl is C;-Cg;

(&) ZisCH,CX, orN;

§3) each X, X', and X" is independentiy hydrogen, halogen (F, Ci, Br, or I}, NHp,
NHR®, NR°R®, NHOR®, NR°NR°R®, OH, OR’, SH, or SR";

(2) eachY 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-
Ce;

(i)  eachR® R and R independently is hydrégen, lower alkyl, lower alkenyl, aryl,
or arylalkyl; and

)] W is O or CHy;

optionally with a pharmaceutically acceptable carrier.

Use of a compound of formula 1 (E-H):
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R? z R3 V4
RY N\'N/? R4 N'---N{/
.R4 R4
1 (E) 1 (F)
¥ X
SN Yﬁ/N\ X
Q.
RY >—N A RY B—N /
R Z 5 7
R4' N-\/ R:.{ N‘*\/
R* R4
1(G) 1 (H)

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 RY is independently hydrogeﬁ, halogen (F, Br, Cl, or I),
pseudohalogen, NO», lower alkyl of C,-Cs, halogenated lower alkyl, hydroxyi,
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, Cl, or I),
pseudohalogen, NO;, lower aikyl of C;-Cg, 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;

{c) 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, Ci, Br, or I), NH,, NHR®, NR°R®, NHOR,

NR°NR°R®, OH, OR’, SH, or SR*:
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® Y is O, S, NH, NR®, NOR®, or Se¢; and

(g  eachR’ R®, and R” independently is hydro gen, lower alkyl, lower alkenyl, aryl,

or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

58.  Theuse of claim 57, wherein the compound is of the formula 1 (H).

59.  Use of a compound of formula 2 (E-H), 3 (C-D), 4 (C-D), 5 (C-D), 6 (C-D), 7 (D-F), or 8

(BX:
R
&
RS
t N
R* R

e N
RY. N.__#
5
. Rf NR2
RY
4(C)

2 (F)

2 (H)
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R | RS Y
7(F) , 8 (B)
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,.NOZ, lower alkyl of C;-Cs, halogenated lower alkyl, hydroxyl,
alkoxy, CH,OH, 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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(b)

(c)

(d)

(©)
®

(8)
(h)

5

1 March 2007

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,, NRR, 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;

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;
ZisCH, CX, or N;

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%;

each Y and Y' is independently O,. S, NH, NR*, NOR®, or Se;

cach R? is independently hydrogen, lower alkyl, alkylene, alkenyl, carbocyélc,
aryl, heterocycle, heteroaryl, aralkyl, aminoalkyl, antinoaryl, or aminoabyl of C-

Cg; and

each R°, R, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl;

optionally with a pharmaceutically acceptable carrier.

Use of a compound of formula 1 (I):

HO //N

1(D)
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62.

63.

64.

1 March 2007

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 Z' and Z" is independently CH, CX, or N;

()  Xis hydrogen, halogen (F, CL, Br, or I), NH,, NHR®, NR°R®, NHOR®,

NR°NRR®, OH, OR®, SH, or SR®; and

(c)  eachR®, R®, and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl,

or arylalkyl;
optionally with a pharmaceutically acceptable carrier.
The use of claim 21 wherein the éompound is of formula 1 (8S).
The use of claim 21 wherein the compound is of formula 1 (O).
The compound of any one of the claims 6, 7, 27-.29, 32-35, 38, 40-42, 45-48, 51, or 52, or
a pharmaceutically acceptable salt thereof, wherein each R®, R®, and R®" independently is

unsubstituted or substituted phenyl or benzyl, cyéloalkyl, or cyclopropyl.

The use of a compound of any one of the claims 18, 19, 56, 57, 59, or 60, 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.
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