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EES-| WHV DNA DNA $° 14 DNA #°U# DNA ®°JA
FUAT-t" ICs 7-t" a -t B Pt Al
| Ke (uM) K (uM) KP (uM)
B-L-dT-TP 0.34 >100 >100 >100
B-L-dA-TP 23 >100 >100 >100
B-L-dC-TP 2.0 >100 >100 >100
B-L-aU-TP 8 5100 >100 >100

a1 C.p: 5 OUPREIERS
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[ ECs (4M) ECwx (uM) ICso (M) ICsyECs0
.| B-LdT 0.05 0.05 >200 >4000
[ B-L-dC 0.05 0.05 >200 >4000
[ | B-L-dA 0.10 0.10 >200 >2000
: B-L-dl 1.0 1.0 >200 >200
E B-L-dU 5.0 5.0 >200 >40
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bR— =27 —FAFLLFUL: IC,=0. 06uM

$ESSEMOE L. EREA (<1) . BIMNER (=1) BLUREER (

Oooogaod

E *4

[ i = xS N n ECx
. L-dC + L-dT 1:3 023

[ L-dC + L-dT 1:1 053

[ L-dC + LdT 31 039

[ L-dC + L-dA 1:30 022

[ L-dC + L-dA 1:10 041

[ L-dC + L-dA 1:3 075

. L-dT + L-dA 1:30 054

[ LdT + L-dA 1:10 077

[ L-dT + L-dA 1:3 035
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E *5

L B-L2-r - ®B-L-2-7" H4- BEE% ‘C.l.
[ 710 (UM) Yy (M)

[ 0.5 90

[ 0.05 24

[ 0.005 1

[ 05 95

[ 0.05 40

[ 0.005 10

- 0.05 0.05 80 0.34
[ 0.05 0.005 56 0.20
[ 0.05 0.0005 50 0.56
- 0.005 0.05 72 0.35
[ 0.005 0.005 54 0.35
i 0.005 0.0005 30 0.16
[ 0.0005 0.05 50 0.83
[ 0.0005 0.005 15 0.28
i 0.0005 0.0005 0 N.A.
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g kOl LdA LdT LdC
= ngWHV-DNA/m 5%
0 381 436 423 426
1 398 369 45 123
3 412 140 14 62
7 446 102 6 46
14 392 74 1 20
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METHODS OF TREATING HEPATITIS DELTA VIRUS INFECTION
WITIL f-L-2*-DEGXY-NUCLEOSIDLES

This application claims priority to U.S. provisional application 60/207,538, filed on
May 26, 2000

11D OF THE INVENTION

This invention is in the area of methads and cempositions for the trextment of 8 host
infeeted with hopatitis delta virus (also referred to as “HDV") that inchudes administering an
effective amount of 2 defined 3-1-2°dcoxy-nucleoside or a phunmuceutically acceptabie sali

or prodrug thereof.

BACKGROUND OF THE INVENTION

Type D hepatitis, the moat sovere form of viral hiepatitis, is caused by infection with
hepatitis D {delta} vinus (HDV), a sub-viral satellite of hepatitis B virus (EBV) (Smedile, A,
ot al. Prog Liver Dis 1994, 12, 157-75%. Compared with other agents of viral hepatitis, acute
DYV infiction is more often associsted with fulminant hepatitis, a rapidiy progressive, ofien
fatal fonm of the disease in which massive anmounts of the liver are destroyed. Chrome type
D hepatitis is typically characterized by necroinflammatory lesions, similar to chranic HBV
inftetion, but is more severe, and frequently progresses rapidly to cirthosis and liver fuilure,
accounting for the disproportionate association of chropic HDV infection with terminal liver
disease (Smedile, A. et al, Prog Liver Dis 1994, [2, 157-75; Rizzeto, M. ¢l al. Ann Intern
Med 1983, 98, 437-41). Alhough HDV infection affects fewer individuals than HBY
aloneg, the tesulting acuie or chronic lhiver feilure is 2 cormumon indieation for lver
transplantation in Burope as well as North America (Smedile, A. and Rizzetto, M. Ini J Clin
Lab Res 1992, 72, 211-215; Wright, T. L. and Perefra, B. Liver Transolant Surgery 1995, 7,
30-42). Chronic discase affeets 15 million persons worldwide, about 70,000 of whom are in
the (1.8, The Center for Disease Control estimates 1,060 deaths anpually in the U.8, due to
HDV infection (Alter, M. J. and Hadler, 5. C. Prog Clin Biol Res 1993, 352, 243-50; Alter,
M. I. and Mast, E. F. Gastroenterol Clin North Ar 1994, 22, 437-55).

JP 2004-513070 A 2004.4.30
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There is currenily no generally accepted effective therapy for type D hepatitis, and
liver mansplantation is the only option for the assccigted end-gtage liver disease. Although
interferon alpha has been moderately successful in treating some casca of type D hepatitis,
the nced for better treatment options is mlicated by the very high doses required, variable
responses, frequent relapse after cessation of ireatmenl, and difficulties I drug
administration (Thomaes, I, . ot al. Prog Clin Biol Res 1987, 234, 277-00; Hoofnagle, J. &
al. Prog Clin Bicl Res 1987, 234, 291-8; Rosina, T. et al. Prog Clin Biol Res 1987, 234,
299-303; Rosina, F. ot al. Hopatology 1991, 73, 1052-6; Farel, P. et at. N Enal ¥ Med 1994,
330, §8-94; Hadziyannis, 8. 1. T Hepato! 1981, /3(Suppl 13, §21-6; Di Marco, V. et al. ]
Viral Hepat 1996, 3, 123-8; Porres, J. C. et al. I Hepato] 1989, %, 338-44).

The HDV virion is compased of a ribonucleoprotein core and an envelope. The core
contaims BDV-RNA, and hepatitis delta autigen {HDAg), which is the only protein encoded
by this virus (Wang, K. S. of al. Nature 1986, 323, 508-14). The envelope is formed by the

surface antigen protein (hepelitis B surface antigen, ot HBsAg) of the helpor virus, hepatitis
B {Bonino, T, Infect Immun 1984, 43, 1000-5; Bonino, F. et zl. Hepatology 1981, £, 127-31;
Bomnina, F. et al. J Virol 1986, 58 945-50). The cnvelope is the sole helper function
provided by HBYV. HDV is able 1o replicate its RNA within cells in the absence of HRV
(Ko, M. Y. ot al. ] Virol 1989, 63, 1943-50), but requires HBsAg for packaging and relcasc
of HD'V viriens (Wu. J. C. el al. T Virol 1991, 63, 1099-104; Ryn, W. §. et al. J Virol 1992,
66, 2310-2215.), 25 well as for infectivity (Sureaw, C., el al. J Virol, 1992, 66, 1241-5). Asa
result of the dependence of HDV on HBV, HPV infects individuals only i association with
HBV

Lamivudine (8-1-2°,3 -dideoxy-3’-thiacytidine, 3TC) is a symthetic nuclecside
shown to be effective in treating HiV and IIBV infection. See 1.3. Patent No. 5,539,116 fo
Liotia et al. Lamivudine is known to cause sustained suppression of BV replication during
trcatiment (Nevens, F. et al. Gastroenterology 1997, 7/3, 1238-1263). However, lamivuding
does net improve discase activity or lowsr EIDV-RNA levels in patients with chrome delta
hepatitis (Lau, D. T.et al. Hepatoloty 1999, 36, 546-9). Lamivadine was recently approved
in the 17.5. aud severul other countries for teatment of clhronic HBV infection. Frolonged
treatment of chronic TIBY carriers with lamivudine leads to decreased levels of HBV in
serurm and impraved liver histology (Lad, C. L. et al. N Engl T Med 1998, 339, 61-8; Tymell,
. ot al. Hepatology 1993, 18, 112A,; Nevens, F. ot 2l. Gastroenierology 1997, 113, 1258-63;

JP 2004-513070 A 2004.4.30
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Dienstag, J. L. et al. ¥ Engl J Med 1995, 333, 1657-61), Despite the dramatic effects on
HRY, lamivudine treatment of patients clronically infected with both HBV and HDV has

litlle effect on circnlating levels of HDV; more importanily, there is no improvement in
disease aclivity even though HBV levels are suppressed (Honkoop, P. st al. Hepatnlogy
1997, 24(Suppl), 1219 (Abstract); Lau, D. T. ot al. Hepatology 1999, 30, 546-9).

Additional forms of treaiment have been fried, For exemple, suramin n vitro bleeks
the entry of the virion into hepatocytes, but it is too foxic to be acceptable for long teim use
in humans (Smedile, A. et al. Prog Liver Dis 1994, 17, 157-75). Acyclovir enhances HDV
replication I viteo (Smedile, A. et al. Prog Liver Dis 1994, 12, 157-75). Ribavirin did not

significantly alfect virological or biochemical parmmeters and had severe side-effects
{Smedile, A. et al. Prog Liver Dis 1994, /2, 157-75). Synthetic analogs of thymosin have
also been ineffective in the treatment of HOV infection (Smedile, A. ot al. Prog Liver Dis
1994, 12, 157-75).

None of the described treatments for HDV infection are gemerally accepted as

cffective.

Because the woodchuek hepatitis virs (WHV) is closely related (o HBY (ca. 85%
nucleic acid homolbgy), it has been widely used as & model tor HBVY infection and diseass
in its narural host, the eastern woedchnek (M. monax) (Gerir, J, 1. Gastreeniorol Jpn 1994,
23 Supp, 38-42; Tennant, B. C. et al. Viral Hepatitis and Liver Discase 1988, 462-464).
Experimentally infecled woodchucks have also been ussd extensively for analysis and
development of anti-TIBV therapeutics (Zahm, F. B, ot ul. Hal T Gastroenterol Hepatol 1998,
30, 510-6; Tenmant, B. C. et al. Hepatology 1998, 28, 179-91; Mason, W. 8. et al. Virology
1998, 245, 18-32; Korbe, B. E. et al. Hepatology 1996, 23, 958-63; Hurwiiz, S. et al.
Antimicrob Agents Chemother 1998, 42, 2804-2809; Block, T. M. et al. Nat Med 1998, 4,
610-4; Cullen, J. M. et al. Antimicrob Ayents Chemoiber 1997, 4/, 2076-82; Fourel, G. ct
al. Nature 1999, 347, 294-8; Gangami, I. et al. Antivic Therap 1997, I, 64-70; Genovesi, E.
V. et al. Antimicrob Agents Chemothsr 1998, 42, 3209-17; Korba, B. E. et al. Antiviral Res
2000, 45, 19-32, Cote, P. T. et al. Hepatology 2000, 37, 150-200; Korba, B, E. et 2l
Antiviral_Therapy 2000, 5(2), 95-104; Kotrba, B. E cf al. Anbimicrobial Agents and
Chemotherapy 2000, 44(6), 1757-60; Koiba, B. B et al. Antimderobial Apents and

Chemotherapy 2080, 44(7), 1964-1965). The efficacy of scveral anti-HBV agents used to
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experimentaily treat chronic WHY infeetion in woodchucks {araAMP, vibavirin, AZT,
ACV, 3TC, famciclovir, FTC) has acourately parafleled the efficacy of these agenis
administered to HBY palients treated in the course of clinical trials. The similer efficacy
observed in WELV infected woodchucks and HBV infected persons treated with anti-HBV
agents demonstrates that the woodchuck animal model can be predictive for anti-HBV
therapies in man (Zalop, F. E. et al. Ital J Gastrocnterol Hepatol 1998, 30, 510-6; Tenman,
B. C. et al. Hepatology 1998, 28, 179-91; Mason, W. 8. et al. Virolozy 1998, 245, 18-32;
Harwitz, 8. J. et al. Anbimicrak ts Chemother 1998, 42(11), 2804-2809; Fourel, G. of
al. Nature 1990, 347, 294-8; Gangemy, J. et al. Anfivir Therap 1997, 7, 64-70; Genoves, E.
V. et al. Antingerob Agents Chemother 1998, 42, 3209-17; Korba, B. E. ef al. Antivival Res
2000, £5(1), 19-32; Korba, B. E. el al. Hepatology 2000, 32(4 Pt 13, 307-817; Kerba, B. E.
et al. Hepatology 2000, 37(5), 1163-1175; Kotba, B. E. et al. Antiviral Therapy 2000, 5(2),
95-104). Like HBY, WHV can support HDV particle formation and infeefion, and the
egstern woodehuck has been a useful model for HDV infection {Negro, F. et al. J Vivol
1989, 63, 1612-5; Parana, R., Gerard, ¥, Lesbordes, 1. L., Pichoud, C., Viviisks, L., Lyra,
L. G. & Trepo, C. J Hepatol 1995, 22, 468-73; Ciccaglione, A. R. et al. Arch Virof 1993,
Suppl 8, 15-21; Bergmann, K. F. ot al. ) [mmunol 1989, 743, 3714-21; Ponzetto, A. ¢ al.
Proc Natl Acad Sci USA 1984, 87, 2208-12; Ponzeito, A. et al. Prog Clin Bigl Res 1987,
234,37-48).

The dependence of HDV on its helper virns, HBY, could suggest that successful
treatment of DV infection would follow successful treatment of the sepporting HBY
infection, although, this does nat appear to bo the casc, as illustrated by recent results
obtained with the drug lamivudine (Glaxo-Welleome, Tic.) (Henkoop, P. et al. Hepatology
1997, 24(Suppl), 1219 (Abstract); Lau, D. T. et al. Hepatology 1999, 30, 546-9). The lack
of an cffect of lamivuding on disease in HBV-HDV infected patients underscores the direet
role of BDV in disease severity in such patients. Although lamivuding inhihits HBV and
WHYV replication, it does ot affect the production of viral surface antigen {Lau, I). T. et al.
Hepatology 1998, 30, 546-9; Doong, S. L. et al. Proc MNatl Acad Sci USA 1991, 88, 8495-9;
Korbu, B, B. of al. Hepatology 2000, 32{(4 Pt 1), 807-8(7; Rorba, B. E. ¢t al. Hepatclogy
2000, 37 (3), 1165-1175). The life cycle of HBVY and other reprosentatives of this family of
viruses (for example, WEHV) i3 unique in that the process of replicating genomic copies of
the virus and the production of vival proteins (for example, HBY or WHY surface antigens)
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are differentially rogulated {Gancm, D. Hepadnaviridae In “Fields Virology”, Fields BN,
Knipe DM, Howley P, od. Lippincott-Raven 1996 Philadelphia, 2703-2737). Therefore,
antivital agents, such as synibetic nucleosides (for example, lamivudine) which target viral
polymerases, may significanily inhibit IIBV replication (for example, as measured by 2
reduction in virenia), but not affect the level of viral mRNA or virzl protein production {for
exaimple, 25 measured by the levels of HBV surface antigen in plasma or serum). Because
formation of the virul envelope by the surface antigen protein is the only HBV and WHY
function important for DV, the failure to inhibit HRsAg production might play 2 role in

the failure of lamivudine to affect HDV replication and disease.

LS. Patent No. 5,747,044 disclosss recombinantly produced immaunegenic [V

polypeptides useful as vagoines.

1.8, Patent No. 5,532,219 to Chiren discloses the entive genome of the hepatitiz D
virus, a family of cDINA replicas of the entire HD'V genome, and teaches thai portions of
these cDMNA. sequences arc usefill as probes to diagnose the presence of virus in clinical
samples. The patent also discloses protons encoded by the ¢DINA. that are useful in the
production of vaccines. In particular, the 219 patent discloses a vaceine for hepatitis D
which incorporates the p24 and p27 viral polypeptides. U.5. Patent No. 5,750,350 1o Chiren
claims a kit useful in the analysis of hepatitis D virus which includes a peptide encoded by
ORF 5 of the HDV genome. 1.8, Patent Nao. 3,747,044 claims a recombinantly produced
immunogenic particle which raises antibodies against HDV, wherein, the particlc includes an
imnnmogenic polypeptide encoded wittun ORF § of the HDV nuclostide sequence or its

complement.

11.8. Patent No, 6,020,167 assigned to Medeva Holdings B.V. discloses a method for
treating chronic hepatitis, and in particular, hepatitis B, that includes administering a

compositien containing HBsAg,
10.8. Patent No. 5,770,584 disclosss a method for ireating hepatitis virus infeetion by
administering alkyl lipids or alley] lipid derivatives.

U.8. Patent No. 4,619,896 disclosos a process for unmasking delts antigen in fhe
blood of an animal, that includes treating semum with a surfactant and optionally with an

antibody-antigen dissociating agent. The bloed derived delta antigen is uscd as a diagnostic
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agent in the detcction and determination of different classes of sutibodies to hepatitis D

virus.

Unitedd States statutory invention registration H1.345 discloses a method for

preventing ar treating hepalitis virus by administering a protein-prenyl trans/erase inhibitor.

Surezu, et al. “Production of Infectious Hepalilis Delta Vivus In Vitro and
Neutralization with Antibodics Directed against Hepatitis B Virus Pre-S Antigens” Joumal
of Virology 1992, 1241-1245 discloses that HDY particles produced in vifro are infections
and that (i} infectious particles are coated with HBV envelope proteins that confain the pre-
51 and pre-S2 regions, {ii) epitopes of ihe pre-51 and pre-52 domains of HRV envelops
proteins are exposed at the surface of HDV particles, and (jii) tbat antibodies directed
against those epitopes have neutralizing activity against HD'V.

Recently, it has been reported that L-FMAU is a potent inhibitor of HDV in
chromically infected animals. (Cusey, I L. et al,, Aptiviral Therapy 2000, 5(Suppl. 1), 32,
Abstract 9457).

The synthetic nucleosides £-1-2"~deoxyeyiidine (6-L-2'-dC), §-L-2’-decxythymidine
(B-L-dT) and f-L-2’-deoxyadenasine (f-1-2-dA), are also kvown in the art. Antonin Holy
first disclosed B-L-dC and £-L-dT in 1972, “Nucleic Acid Companenis and Their Analogs.
CLIT. Freparation of 2*-deoxy-L-Riboumeleosides of the Pyrimidine Series” Colleot Czech
Chem Commun 1972, 57¢12), 4072-87. Momnis 8. Zedeck et al. first disclosed £-L-dA. for
the inbibition of the synthesis of induced enzymes in Pseudomeonas testosteroni (Mol Phys
1967, 3(4), 386-93).

Certain  27-decxy-B-L-erythro-pentofuranonucleosides are dmown to have anti-
neoplastic and selected antiviral activities. Verri et al. disclose the use of 2*-deoxy-g-L-
erythto-pentofuranonucleosides as aptineoplastic zgents and as anti-herpetic agonts (Mol
Phaymacgl 1997, 57(1), 132-138 and Biochem 1 1997, 328(1), 317-20). Saneyoshi et al.
demnonstrate the nse of 3’-deoxy-Iribonucioosides as reverse wanscriptase (I} inhibitors for
the conmol of retroviruses and for the weatment of AIDS, Japancse Kokai Tokyo Keho
JP 06293645 (1994).

Giovamni et al. tested 2’-Jeoxy-8-L-crythra-pentefuranonvclensides sgainst pariially
pseudorables vitus (FRY) (Biochern 1 1993, 204(2), 381-5).
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Chemotherapeatic wses of  2'-deoxy-3-L-crythro-pentofuranonuclecsides  were
studied by Tyrsted ot al. Biochem Biophys Acta 1968, [35(2), 619-22 and Rloch, et &l J
Med Chem 1967, J0(5), 908-12.

B-L-2"-deexythymidine {§-1-dT) is known in the art te inhibit herpes simplex vius
type 1 (HSV-1) thymidine kinase (TK). lowt et al, WO 9208727, (eaches thal B-L4T
sclectivaly inhibits the phosphorylation of D-thymidine by HSV-1 TE, but not by human
TK. Spaldari et al. reported that L-thymidine is phosphorylated by herpes simplex virus type
1 thymidine kinasc znd inhibils vital growth, J Med Chem 1992, 3322), 4214-20.

The synthetic nucieosides A-L-2"-deoxyeytidine {§-L-2"-dC), f-L-2"-deoxythymidine
(B-L-dT), B-L-2'-deoxyinosine (§-L-d) and F-L-2-deoxyadenosine (#-L-2'-dA) have
recently been disclosed in the art for the treatinent of hepatitis B virus. Gilles Gosselin et al.
disclosed the use of AL-41, A-L-dA, AL-dC and B-L-dT, aud pharmaccutically acceptable
salts and prodiugs thercof lor the keatment of hepatitis B wiws in WO 00/09531
(PCT/US95/18149).

PCT/UBD1/05987 filed by Grorgetown University, Carnelt University and the
University of Georgiz Rescarch Foundation, Inc. describes that the admimistration of a
nucleeside or nucleoside analog that substantially reduces the level of hepatitis B surface
aniigen (refored to therein as HBsAg) in a host is usetul in the treatment of hepatitis delta
viral infection in that kost. T nne cmbediment PCT/UTSOL/09Y87 describes that 2°-(uore-5-
methyl-bete-L-arabinofuranosyluridine (L-FMAU) significantly reduces the lovel of

hepatitis B surface antigen, and thus is useful in the treatment of hepatitis delta infections,

Because of the larpe number of persous infected with hepatitis deltz virus, the
devastaling elfects of hepatitis delia virus infection on the individual, and the lack of
cffective treatments, there is a critical need for new and effective for the treatment of

hepatitis delra virus infection.

Therefore, it is an object of the present invention to provide meihods for the

freatment of 4 host, including a human, infected with hepatitis delta virus.
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SUMMARY OF THE INVENTION

A method for the freatment of hepatifis delia infection in hurmans and other hosts is
disclosed that includes administering an effective amount of 2 biologically active 2°-dcoxy-
B-L-erythro-pentofurananucleoside (referred to alternatively hierein as a -L-d-nucleoside or
a f-L-2-d-nucleosids} or a pharmaceutically acceptable salt or prodrug thereof,
administered cither alone or m combinalion or alteration, optionally in a pharmzaceutically
ucceptable carrier. The term 2°-deoxy, as used in this specification, refers 0 a nuclcoside

that has no substitwent in the 2"-position.

The disclosed 2’-deoxy-g-1-etythro-pentofuranonucleosides, or phemraceutically
aceoptable prodrugs or salts or pharmaceutically acceptable formmlations contaiming these
compounds arc useful in the prevention and treatment of hepatitis D infections and other
related conditions such as chromie liver inflammation caused by 1IDV, cirhosis, acute
lepatitis, falminant hepatitis, chronic persistont hepatitis, and fatigne. These compounds or
fonmulations can also be used prophylactically to prevent or retard the progression of
clinical illness in individuals wha are infected with HDV or who have been expescd to
HDV.

In one e¢mbodiment of the present invention, fhe 2°-deoxy-§-L-erythro-

pentofuranonucleoside derivative is 4 compound of the formula:

20 BASE

o
HO

wherein R is selected from the group consisting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CO-aryl, CO-alkexyalkyl, CO-aryloxyalkyl, CG-substituted aryl,
alkylsulfonyl, arylsul fonyl, aralloplsulforyl, emine acid residue, mouo, di, ot fiphosphate, or

a phosphale derivative; and

BASE is a purine or pyrimidine base that may optionzlly be subatituted.

JP 2004-513070 A 2004.4.30
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In another embodiment of the present invention, the 2°-deoxy-3-L-eryibro-

pentofuranonucieoside derivative is §-L-2’-deoxypurine or @ pharmacevijealty acceptable

' Nf\ X
X (f
N .\I/)\x1

1 :G‘:
HO

salt or prodrug thereof, of the formula:

r'o

wherein R is sedected from the gproup consisting of H, straight chained, branched or eyclic
allyl, CQ-alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO-substimted aryl,
alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, amine acid residue, mono, di, or triphosphate, ot

a phosphate dertvalive;
Y is ORY, NR’R' or SR’; and
%! and ¥* are indepondently sclected from the swoup consisting of H, straight chaincd,

branched or eyolic allkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, halogen, OR®, NRNR® or
SR.S; and

B, R* R’ and B® are independently H, straight chained, branched or eyclic alleyl, CO-alkyl,
CO-atyl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO-substituted aryl, alikylsulfonyl, arylsulfonyl,

aralkylsulfonyl, amino acid residue, mono, di, or triphosphate, or a phesphatc derivative.

In 2 parficular embodiroent, the 2°-deaxy-§-L-erythro-pentefuranonucicoside
derivative is §-1-2'-deoxyadenosine or a pharmaceutically zcocptable salt or prodrug

fthercef, of the formula:

NH,

gy

L

¢
NN
R
N
I~
HO

whersin R is H, menc, di or bi phosphate, acyl, alkyl, or a stabilized phosphate derivative

{to form a stabilized nueleotide prodrug).
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Tn 2 prefiorred embodiment, R' is H.

Tu another particular embodiment, the 2’-deoxy-3-L-erylhro-pentofuranonucleoside.

derivative is #-1-2"-deoxyguanesine or pharmaceutically acceptable salt or prodrug thereof

of the formula:
o]
NN,

R

)
3 HO

wherein R is H, mone, di or tri phosphate, wcyl, alkyl, or a stabilized phosphate derivative
(to form a stabilized nucleotide prodrug).

In another particular embodiment, the 2'-deoxy-g-L-srythro-pentofuranonucleeside
desivative is f-1.-2-deoxyinosine or pharmaceutically seceplable salt or prodrug thereof of
10 the formula;

o

A
N NH
a
L
R

%
jaled

wherein R' is H, mono, di or tri phosphate, acyl, allyl, or a stabilized phosphate derivative

(to form a stabilized nueleotide prodrug).

In apother embodiment of the present invention, the 2°-deoxy-f-L-erythro-
15 pentofiranonuclecside  devivative is  A-L-2'-deoxypyrimnidine or a pharmaceutically

acceptable szlt or prodrug thereof, of fhe formula:

2004-513070 A 2004.4.30
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wherein R' is selected from the group consisting of H, straight chained, branched or cyelic
alkyl, CO-allyl, CO-aryl, CO-afkoxyalkyl, CO-aryloxyalkyl, CO-subsiituted syl
alkylsul fonyl, arylsullonyl, aralkylsulfonyl, amino acid residue, mona, di, or triphosphate, or

a phosphate derivative;

Y i3 OR?, NR*R" or SR and

¥ is selected from the group consisting of H, straight chained, branched or oyclic alkyl,
CO-alkyl, CO-aryl, CO-alkoxyalkyl, halogen, OR®, NR*NK® or SR, and

R, RY, R and R® are indepondently H, straight chained, brauched or cycliv alkyl, CO-alkyl,
CC-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO-substituted aryl, alkylsulfony), arylsulfonyl,
aralkylsulfony), amine acid residue, mone, di, or triphosphate, or a phosphate derivative.

i one pariicular embodiment, the 2’-deoxy-g-L-crythre-pentofuranonuclecside
denvative 15 A-L-2"-deoxyeytidine or pharmacoutically accoptable salt or predrug thereof of
the formula:

il

(1,
R Djd

|
o

whercin R! is H, mono, di or i phosphate, acyl, alkyl, or g stabilized phosphate derivative

(10 form a stabilized nuclzotide prodrug).
In a preferred embodiment, R'isHL

In another cmbodiment, the 2°-decxy-§-L-erythro-pentofirsnonucleoside derivative
is A-L-2’-decxyuridite or pharmaceutically accepiable selt or prodrug thereof of the

formula:

JP
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whersin R' is H, mona, di or &1 phosphate, acyl, alkyl, or a stabilized phosphate derivative
(to form = slabilized nueleetide prodrug).

In another emboediment, the 2°-deoxy-f-L-erytiro-pentofuranonucieoside derivative

is f-L-thymidine or 2 phanmaceutically acceptable salt or prodrug thereof of the fonmula:

o]
th\H:M\NH
:\"Lbo
r'o

o)
HC

wherein R is H, mone, di or ti phosphate, acyl, allcyl, or a stebilized phosphate derivailve

(to form a stabilized nucleatide prodrug).
Tn a preferred embodiment, R isH

In another embodiment, the 2*-deoxy 8§ L-erythro-pentofiwanonucleosids, its
pharmaceuticelly acceptable salt or prodmg thereof, is administered in allemation or
combination with one or more ofher 2’-deoxy-g-L-exythro-pentofuranonucleosides, ifs
pharmraceutically aceeptable salt or prodrug thereof, ar one or more cther compounds which.
exhibit activity against hepatitis D virus. In general, during allernation therapy, ai effective
dosage of each agent is administoted serjally, whereas in combination therapy, an effective
dogage of two or more agents is adnyinistercd fogether. The dosages wall depend on
absorpiion, inactivation, and cxcreticn rajes of the drig as well as other factors known to
those of skill in the art. It is to be noted thet desage valuss will also vary with the severity
of the condition to be alleviated. [t is to be further understood that for eny particular
subject, specific dosuge regimens and sohedules should be adjusted aver time according (o
the fndividual need and the professional judgment of the porson administering or

supervising the administration of the composifions.

In. another enbodiment, the invention includes & methed for the treatment of humans
infected with KDV that ineludes administoring an HD'V treatment amount of a prodrug of
the disclosed 27 deoxy-f-L-erythro-pentofuranonucleoside derivatives. A prodrug, as used
herein, refers to a compound that 1s converted into the nueleoside on administration n vive.

Nonlimiting examples include pharmaceutically acceptable salt (altematively referred to as

JP 2004-513070 A 2004.4.30
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“physiologically acceptable salts™), the 5°, N* {cytidine) and/or W° (adenosine) acylated ot
ulkylated decivatives of the active compound, the 5°-phospholipid, and/or the 5°-ether ipids

of the active compound.

In a preferred embodiment, the 2°-deoxy-f-L-eryihro-pentofurancnueleoside is in the
form of 2 pharmacentioally acceptable prodrug, in that the 5°-hydroxyl is scylated with an

wmino acid. Tn an even more preferred cmbodiment, the amino acid is valine.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates 2 gencral process for obfaiming G-L-grythro-pentafuranc-

pucleosides (8-1L-dN) using L-ribose or L-xylose as a starting material.

Figure 2 illustrates a non-Hwiting example of the synthesis of T-decxyadenasine

using L-ribose as & starting matcrial.

Figure 3 illustratcs a noo-Hmiting example of the synthesis of f-1-AC (3a) and f-L-

dT (3b) using L-urabinose as a starting material.

Figure 4 is a graph ihat illustrates the metabolism of L-dA, L-dC and L-dT in human
HepG2 cells in terms of acewnulation and decay. The cells wore incubarted with 10 pivl of

compound.

Figore 5 is a graph that illustrates the antiviral effect of p-L-dA, B-L-d7 and p-L-dC
in the woodchuck chronic hepatitis mode].

DETAILED DESCRIPTION OF THE INVENIION

A method for the treatment of hepatitis delta infection in humans and other hosis is
disclosed that meludes adminstering an effective amount of 2 biologically active 2*-deoxy-
f-L-erythro-pentofuranonuclenside (reforred o altervatively herein as a §-L-d-nucleoside or
a A-L-2-dnycleosids) or a phmrmacentically acceptable selt or prodrug  theroof,
adiministered either alone or in combingtion, optienally i 2 pharmacoutizally acceptable
carrier. The term 2'-deeoxy, as used in this specification, refers to a nucleoside that has no

substituent in the 2’-position.
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The disclosed 2°-deoxy-3-L-erythro-pentofivationncleosides, or phamaccutically
acceplable prodiugs or salts or pharmaceutically scceptable formulaiions containing those
compounds are ussfil in the prevent:on and treatment of hepatitis D infections and other
related conditions such as chromic liver inflammation caused by BV, cirthosis, acute
bepatitis, falininant hepatitis, chronic persisient hepatilis and fatigne. These compounds or
formutations can also be used prophylaciivully to prevent or retard the progression of
clinjeal illness in individuals who are infocted with HDV or who have been sxposed to
HDV.

In one embodiment of the present invention, the 2’'-deoxy-g-L-erythro-
peatofrancmucleoside derivative is a compound of the farmula:

BASE

(8]

I
HO

wherein R! is selected from the group consisting of H, straight chained, branched or cyolic
alkyt, CQO-alkyl, CC-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO-substivwied aryl,
alkylsulionyl, arylsulfonyl, arelkyisulfony], amino acid vosidus, mone, di, or triphosphate, or

a phosphate derivative; and
BASE is a purine or pyrimidine base that may optionally be substituted.

[n another embodiment of the present invention, the 2°-deaxy-f-l-erythro-

pentofuranonucleoside derivative is f-1~2'-dooxypurine or a pharmaceutically accepiable

v
R
:(:/j\xz

salt or prodritg thereof, of the formula:

whercin R' is selected from e group consisting of H, siraight chained, branched or cyelic
alkyl, CCralkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO-substituted aryl,
aliylsulfonyl, arylsulfonyl, araligylsulfonyl, amino acid rosidue, mane, di, or triphosphate, or

a phosphaie derivative;
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¥ is OR%, NRRY or SR’ and
%' and X are jndependently selected from the group consisting of H, straight chained,
branched or cyclic alkyl, CO-alkyl, CO-ayl, CC-alkoxyalkyl, halogen, OR’, NR*NR® or
3R%; and

5 %, RY, R¥ and R® are independently H, straight chained, branched or cyclic alkyl, CO-alkyl,
CO-aryl, CO-alkoxyalkyl, CO-myloxyalkyl, CO-substituted aryl, alkylsulfonyl, arylsultomyl,
aralkylsulfouyl, amine acid residue, mono, di, or triphosphate, ar a phosphaie derivaive,

In a particular embodiment, the 2’-deoxy-f-L-erythro-pentofurancmucleoside
derivalive is B-1-2'-deoxyadenosine or & pharmacentically acceptable salt or prodrug
10 thereof; of the formmula:

H;

wherein R! is H, meno, di or t phosphate, acyl, alicyl, or a stabitized phosphate derivative

(te form a stebilized nucleotide prodrog).
In a preferred crmbodiment, R is H.

15 Tn another particular embodiment, the 2’-deoxy-G-1~srythro-pentofuranonueleoside

derivative is #-1.-2’-deoxyguanosine or pharmaceutically acceptable salt or prodrug thereof

of the formula:
(%
B
| R
RO

i
[t

HO

witerein R' is H, mono, di or tri phosphate, acyl, alkyl, or a stabilised phosphate derivative
20 (to foom & stabilized nuckeotide prodrug).

15
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7 Tn another p.rtizilar emBadiment, the 2-deaxy-f-L-crythro-pentofuranonuecleaside

derivative is §-1-2'-deoxyinosine or pharmaceniically acceptable salt or prodrug thereof of

the formula:
o]
(le)L?m
A
r'e
b
=0
jats)
3 wherein R is H, mono, di or & phosphate, acyl, alloyl, or a stabilized phosphate derivative

{to farm a stabilized nueclzotide prodrog).

In another embodiment of the present investion, the 2’-deoxy-g-L-crythro-
pentofuranonucleoside  derivative is S-L-2'-deoxypyrimidine or & pharmaccutically

acseplable salt of prodrug thereof, of the formula:

x’\&N
N/L“O

|
10 HC

wherein, B! is sclected from the group eonsisting of H, sirzight chained, branehed or syelic
ullyl, CC-alkyl, CO-aryl, CC-alkoxyalgl, CO-aryloxyalicyl, CO-subslituted aryl,
allcylsulfonyl, arylsuifonyl, aralkyfsulfonyl, amino acid residue, mono, i, or triphosphate, or

a phesphate derivative;
15 ¥ is OR®, NMR’R* or SR, and

X' is selected Trormn the group consisting of H, straighl chained, branched or eyclic alkyl,
CO-alkyl, CO-aryl, CO-alkoxyalkyl, belogen, ORY, NR'NR® or SR’ and

%, RY RY and RY are independently H, straight chained, branched or cyelie aliorl, CO-alleyl,
CO-aryl, CO-zlkoxyelkyl, CQ-aryloxyalkyl, CO-substifuted aryl, alkylsulfonyl, arylsulfonyl,

20 arallylsulfooyl, amino acid residue, mono, di, or iriphosphale, or a phosphaie derivative,
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In ope particular embodiment, the 2'-deoxy-@-L-srythro-pentofuranopuclecside
derivative is §-L-2'deoxycytidine or phasmaceutically acceptable salt or prodoug thersof of

the formula:
NH;
N
e

LA

]
RO,
Pt
1o
5 wherein R’ is F, mono, di or tri phosphate, acyl, alkyl, or a stabilized phosphate derivative

{to form a stabilized nucleotide prodrug).
In a preferred embodiment, R is FL

In another embodiment, the 2’-deoxy-f-L-eryibro-pentofurznonucleoside derivative
jg f-1-2-deoxyuridine or pharmaceuticully acceptable salt or prodrug thercof of the

o

o}
i

10 formula:

wherein R is H, mono, di or tri phosphate, acyl, alkyl, or a stabilized phosphate derivative

(to formo a stabilized nuclectide prodiug).

In another embodiment, the 2’-deoxy-p-L~gryiliro-pentofuranonucleoside derivative

135 is -L-thymidine or a pharmacentically acceptable salt or protrog thereof of the formula:

7]

o

N0

rR'O,
™G

HO

17
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wherein R is H, mona, & or tri phosphate, acyl, alkyl, or a stabilized phosphate derivative
{to form a stabilized puelentide prodrug;.

In apreferred embediment, R i3 H.

In unother embodiment, the 2°-deoxy-§-L-erythro-pentofuranonucleoside, its
pharmacentically acceptable salt or prodrag thereof, is administered in alternation or
combination with one or mere other 2’-deoxy-p-L-ervthro-pentofurancwelsosides, its
pharmaceutically acceptable salt or prodrug thereof, or one or more other compounds which
exhibit actvity against hepatitis B virus, Tn general, during altemation therapy, an effective
dosage of each agent is administered serially, whereas in combipation therapy, en effective
dosage of two or more agents is administered fogether. The dosages will depend on
absorption, mactivation, and excretion rates of the drug as weil as ofher factors known to
those of skil in the art. i is to be noted that dosage valees will zlso vary witl the sevenity
of the condition to be slleviated. Tt is to be further undersicod thal for any particular
subject, specific dosage regimens and achedules should be adjusted over time according to
the individual need and the professional judgment of the person administering or

supervising ihe administration of the composilions.

In another embodiment, the avention includes a method fer the treatment of humans
infected with HDV that includes administering an MDYV weaiment amount of a prodmg of
the disclosed 2*-deoxy-B-L-crythro-pentofuranciucleoside derivalives. A prodiug, as used
hercin, refers to a compound that is converted into the nuclcoside on administration in vivo,
Nenlimiting examples include pharmaceuticelly acceptable salt (alternatively reforred to as
“physiclogically acceptable salis™), (he 3, M* (cytidine) and/ar N°® {adenosing) acylated or
alkylated derivatives of the active compound, the 57-phospholipid, and/or the 5°-ether Lipide

of the active compound.

In a preforred embodiment, the 2°-deoxy-FL-srythro-pentofuranonucleoside of the
present invention is in the form of a pharmaceutically acceptable prodrug, in. that the 5™-
hydroxy is acylated with an amino acid. In an even more preferred cmbodiment, the amino

zeid is valine.

JP 2004-513070 A 2004.4.30
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Sterenchemistry

As shown below, a nucleoside contains af least two eritical chiral carbon atoms (%)
In generul, the subsliluents on the chiral carbons [the specified purine or pyrimidine base
(referred to as the C1 substituent when using the sugar ring inlcrmediate numbering) and
CHLOH (referred 1o as the C4 substituent)] of the nucleoside can be either cis (on the same
side) or frans {on opposite sides) with respect to the sugar ong system. Both the cis and
¢runs ravemates consist of a par of optical isomers. Henee, cach compound has four
individual stereoisomers. The four stersoisomers are represented by the following
comfigurations (wWhoit oriemting the sugat molety in a horizontal plane such that the -O-
moiety is in back): (1) ¢is, with both groups “wp”, which. is referred to as B-D; {2} the
mirror image, i.e.. cis, with both graups “down”, which is the roirror image is refened to a5
R-L; (3) trans with the C4 substituent “up” and the C1 substituent “down” (referred to as a-
D); and (43 rans with the C4 substifuent “down” and the C1 substituent “up” {referred to as
o-L). The two cfs enaotiomers topsther are refemed to as a racemic mixfurc of fi-
engntiomers, and the two zrany enantiomers are referred to as & racemic mixture of o-

enantiomers.

Il

HE

et (B)

12
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I

oL

trans (o)

Definitions

As used herein, the torm “substantially in the forin of 2 single isomer” or “in isolated
form” refers to a 2"-deoxy-A-L-erythro-pentofurancnuclecside that is al least approximately
054, and preferably, at least 98% or 999, in the desipnated sterecconfiguration. In 2
praferred embodiment, the active compound is admimstered in at least this leve! of purity to
the host in need of therapy.

As uged herein, the term hepatitis D and related conditions refers to hepatitis D
infection, c.hmnic liver nflammation associated with HDY, cirthosis, acufc hepatitis,
fulminant hepatitis, chronic persistent bepatitis, and fatigue, The tethod ef the present
invention includes the use of 2°-deoxy-A-L-eryibro-pentofuranonucleoside dervalives, their
pharmaceutically aoceptable salls or prodrugs thereof, propkylaciically to prevent o retard
the progzession of clinical [liness in individuals who are infected with or whe have been

exposed to HBV.

As used herein, the torm alkyl, unless otherwise specified, vefers to a saturated
straight, branched, or eyclic, primary, secondary, ot tertiary hydrovarbon, iypically of C) to
Cyy, preferably C; to Cg and specifically includes but is not limited to methyl,
tiflnoromethyl, ethyl, propyl, butyl, pentyl, hexyl, isopropyl. isobutyl, sec-butyl, t-butyl,
isopentyl, amyl, t-pentyl, cyclopentyl, and cyclohexyl, The aflyl group cap be optionally
substituted with one or more meistics selecled Tom (he group consigting of hydroxy,
amine, alkylamine, arylawino, alkoxy, aryloxy, mitro, cyano, sulfonic acid, sulfaie,
phosphonic acid, phesphate, or phesphonate, cither unprotected, or protected as necessary,

a3 known to those skilled in the art, for example, as tanpht in Greene, e af, “Protective

20
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Groups in Organic Synthesis,” John Wiley and Sons, Second Edition, 1991, hersby
ineorporated by referonce.

As used herein, the term acyl refers to motety of the formula -C{O)R’, wherein 1 is
alkyl. avyl, alkaryl, aralkyl, Dheteroaromatic, alkoxyalkyl (including methoxymethyl),
arvlalkyl (including benzyl), aryloxyalkyl (such as phenoxymethyl} or ary) (including
phenyT) optionally substiluted with halegen, Cy to Cy alleyl or C; 1o Cy alkoxy. or the residue
of an anine acid, The term acyl specifically includes but is not limited to acetyl, propionyl,
butyryl, pentanoyl, 3-methylbatyryl, hydrogen suceinate, 3-chlorobenzoate, benzoyl, acetyl,
pivaloyl, mesylate, propionyl, valeryl, caproic, caprylie, capric, laurie, myristic, palmitie,

slearic, and oleie, and can also be the residue of an emine acid,

As used herein, the ferm puring or pyrimidine base, includes, but is not limited to,
adenine, Ni-alkylpurines, N°-acylpurines (wherein acyl is CiOMalkyl, ayl, alkylaryl, or
arylalkyl), .'N'ﬁ-bcnzylpurinc, N halopurine, N*-vinylpurine, NS-acetylenic purine, N%-acyl
purine, N-hydroxyalkyl purine, Ne-thinalkyl purine, N-alkylpurines, W.alkyl-6-
thinpurines, thymine, cytosine, 3-fluorocytosine, S-methyleyiosine, 6-azapyrimidine,
including 6-azacytosine, 2- sndfor 4-mercaptopyrmnidine, uracil, S-halouracil, including
Sfluorouracil,  Cl-allylpyrimidines,  C-benuylpymimidines,  C-halopyrimidines,
& vinylpyrimidine, C-acelylenic pyrimidine, Cr-acyl pyrimidine, C-hydroxyalky! purine,
Co-amidopyrimidine, CP-cyanopysimidine, C*-nitopyrimidine, Cl-aminopyrimidine, N>
alkyipurines, N*-alkyl-O-thiopucines, S-azacytidinyl, S-azauracilyl, triazolopyridinyl,
imidazolopyridinyl, pyrralo-pyrimidinyl, and pyrazolopyrimidinyl.

Examples of bases include cytosine, 5-fluorocylosine, S-bromocylosing, 5-iodo-
cytosine, S-chiorocytosine, wracll, 3-fluorouraeil, 5-bromouracil, S-odouracil, 3-
methyluracil, thymine, adenine, guenine, inosine, anthine, 2,6-diamivopurine, 6-
aminopusine, G-chlero-purine and 2,6~dichloropurine, §-bromopurine, 2,6-dibromopurine,
G-indopuripe, 2,6-di-icdopurine, hypoxanthine, 2-(Br, FL, CI or D-purine optionally with a
substituent including an amdno or carbonyl group in the G-position, and 6-(Br, CI, or I)-
purine optionally with a substituent including an aming or cerbony] group in the 2-position,
5-bromovinyleytosine, 5-bromovinyluracil, 5-bromoethenylcytosine, S-bromoethenyluracil,

3-trifluoramethyleytosine, and 3-trifluoromethyluracil.

21
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The term prodrog, as vsed herein, refers to a compound ihat is converted into the
nucleoside on administration ## vive. Noplimiting examples ae pharmacoutically
acceptable salis (alternatively reforred to as “physiologically acceptable sakis™), the 5'-
andor the N* or M° acylated or alkylated derivatives of the active compound, and the 5’
phogpholipid and the 5°-ether lipid desivatives of the active compound.

The term bost, as used hereln, refers to a unicellular or multiccllular organism
which the virns can replicate, including cell lines and animals, and preforably & human.
Alternatively, the host can be eanying a part of the hepaiilis deliz viral genome, whose
replication or function can be altered by the comypounds of the present invention. The term
host specifically refers to infected cells, cells trunsfected with all or part of the HDV
genome and animals, in padicular, primates (including chimpanzees) and hemans. In roost
animal applications of the prosent invention, the host js a human patient. Veterinary
applications, in certain indications, however, are clearly anticipated by the present invention:

{such as chimpanzzes).

Pharmacentically Acceptable Salts and Prodrugs

As used herein, the term phatmaceutically acceptable salts or complexes refers Lo
salts or complexes of the 2’-deoxy-g-L-crythro-pentofuranonucleosides thut rtetain the
desfred biological activity of the parent compound and exhibit minimal, if any, wndesired
toxicological effects. Nonlimiting examples of such salts are (a) acid addition salts formed
with inorganic acids {for example, hydrochloric acid, hydrobromic acid, sulfuric acid,
phosphoric acid, nitric acid, und the like), and salts formed with organic acids such as acetic
actd, oxalic acid, tartaric acid, swceinie acid, malic acid, ascorbic acid, benzeic acid, tannic
acid, palmotc aeid, alginic 2cid, polyglutamic azcid, naphthalenesulfonic acids,
naphthalenedisulfonic acids, and pelygalacturonic acid; (b) base addition salts formed with
catlons such as sodium, potassium, zine, calcium, bismnib, barinm, magnesinm, sluminum,
copper, cobalt, nickel, cadmime, sodium, patassium, and the liks, or with an organic sation
formed from N, M-dibenzylethylene-diamine, ammoniwm, or ethylenediamine; or (¢}

combinaifons of (a) and (b); e.g., 2 zine tannate salt or the like.

The 2’-deoxy-g-L-crythro-pentofuranonucleoside can be provided as a 5’-phospho-
lipid or a 5'-ether lipid, as disclosed in the following references: Kucera, L. 5.; Lyer, N;

JP 2004-513070 A 2004.4.30
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Leake, E.; Raben, A, Modest, E. 1; D. L. W, and Plantadosi, €. “Novel membrane-
interactive ether Tipid analogs that inhibit infectious HIV-1 production and nduce defective
virus formation” AIDS Res Hum Relrovicuses, 1990, 6, 491-301; Piantadosi, C., J. Merasco
.1, 8, L, Morris-2atschke, K. L. Meyer, F. Cumus. J. R. Surles, K. 8. Ishag, L. 8. Kucera,
N. Lyer, C.A. Wallen, 8. Plantadosi, and E. J. Modest “Synthesis and evaluation of novel
cther lipid nucleoside conjugetes for anti-EIIV activity” 1 Med Chem, 1991, 34, 1408-1414;
Hostetler, K. V. Richman, D. I.; Carson, D. A.; Stubmiller, L. M,; van Wijk, G. M. T.; and
van den. Basch, T1. “Greatly enhanced inhibition of human immunedeficiency vims type 1
replication in CEM and HT4-6C cells by 3l-deoxythymidine diphospbate
dimyristoylglyeerol, a lipid prodrug of 31-deoxythymuding” Antimicrob Agents Chemother
1992, 36, 2025-2029; Hosteiler, K. Y., Stuluniller, L. M.; Lenting, H. B.; van den Bosch,
H.; and Richman, D. D. “Synthesis and antiretrovival activity of phospholipid analogs of
azidethymidine and other antiviral nucleosides™ J Biol Chen, 1999, 265, 6112-7.

The 2'-deoxy-B-L-erythro-pentofuranonucleoside can be comverted mte a
pharmaceutically acceptable ester by reaction with an appropriale esterifying agent, for
example, an acid halide or anhydride. The nucleoside or its pharmaceutically acceptable
prodrug can be converted inte a phavmaceutically acceptable sali thereof in 2 conventional
manner, for sxample, by ircatment with an appropoate base or acid. The sster or salt can he

converted into the parent nueleoside, for example, by hydrolysis.

Modifications of the active compounds, specifieally af the N, N and 5'-0 positions,
can affect the bioavailability and rate of metabolism of the active species, thus providing

control over the delivery of the active spocics.

A preferred embodiment of the present invention is a method for the weatment of
HDYV infections in hamans or other host animals, that includes administering an effective
amount of one or more of a 2’ -deoxy-5-L-erythro-pentofuranonuclcoside derivative selected
from the group consisting of S-L-2’-deoxyadennsine, £-L-2'-deoxycytiding, A-1-2°-
deoxyuridine, f-L-2’-guanosine, §-L-2’-deoxyinosine, and f-L-2’-dsoxythyidine, or a
physiologically acceptable prodrug thereof, including a phosphate, 5° and/ or N* ar N©
alkylated or acylated dertvative, or & physielogically acceptable sali thercof, eptionally in 2
pharmaceutically acceptable carrier. The compounds of this invention either possess direct
apti-HDY activity, or arc metabolized o a compaund or compounds that exhibit enti-HDV

activily. In a preforred embodiment, the 2°-deoxy-8-L-erythro-pentofuranonucleoside is

23
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administered substantially in the form of a single isomer, i.c., al least approximately $5% in

the designated storcoconfigaration.

Any of the nucleosides deseribed herein can be administered as a stabilized prodrug
to increase the activity, bioavailahility, stability ot other properties that alter the nucleoside.
& mumber of nucleotide prodrug ligands wre known  In general, alkylation, scylation or
other lipophilic nodilication of the mone, di or triphosphate of the nucleoside will increass
the stability of the nuclectide. Examples of substitusat groups that can replace one or more
hydrogens on the phosphate moiety are alkyl, aryl, steroids, carbahydrates (including
sugarg), 1,2-diacylglycerci and alcohols. Muuy are desebed io R. Jones and N.
Bischofberger, Antiviral Rescaroh, 1995, 27, 1-17. Any of these can be used in combination

with the disclased ruclessides to aclieve a desired eflfect.

Tt one embadiment, the 2*-deoxy-f-L-erylhro-penfolurancuucleusids is provided as
5°-hydroxyl lipophilic prodrag. Noalimiting examples of U.S. patents that disclose suiiable
lipophilic substiluents that can be covalently incorporatad into the nuclenside, preferably al
the 5'-Q11 position of the nucicoside or lipophilic preparations, inchude U.S. Fatent Nos.
5,149,794 (Sep. 22, 1992, Yautvin et al); 5,194,654 (Mar. 16, 1993, Hostetler et al.,
5,223,263 (June 29, 1993, Hostetler et al); 5,256,641 (Oct. 26, 1993, Yaivin et alj:
5,411,947 (May 2, 1995, Hostetler et al); 5.463,092 (Oci. 31, 1995, Hostetler et alj;
5,543,289 (Aug,. 6, 1994, Yatvin et al); 5,543,390 (Aug. 6, 1996, Yatvin et al); 5,543,351
(Aug 6, 1996, Vatvin cf al); and 5,554,728 (Sep. 10, 1996; Dasava et al.).

Foreign patent applications that disclose lipophilic substifuents that can be attached
to the 2'-deony-f-L-erythro-pentofuranonucleoside derivative of the present invention, or
lipophilic preparations, inclnde WO 8902733, W0 00/00555, W0 91/16920, W0 91/18914,
WO 93/00910, WO 54726273, WO 96/15132, EP 0 330 287, EP 935170544, and WO
Q119721

Additional nonlimiting examples of 2'-decay-f-L-eryllwo-pentofiranonucleasides
are fhose that contan substituents as described in the following publications, These
derivatized ?'-deaxy-f-L-erythro-pentofurananucleosides can he uaed for the indications
described in fhe text or olherwise as antiviral agents, including as anti-HBV agents (Ho, D.
H. W, “Distribution of kinase ond deaminase of 1 §-D-arabinofurancsylcytosine in tissues of
man and mouse” Cancer Res 1973, 33. 2815-2820; Holy, A. “Isopolar phosphorous-
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medified micleotide analagues™ fn: Advances in Antiviral Drug Design, De Clercq (Ed.),
JAT Press: 1993, Vol. I, 179-231; Hong, C.1, Mechaev, A.. and West, C. R. “Synthesis and
antitemor activity of 15-D-arabinofuranosyleytosine comjugates of cortisol and cortisone”™
Biochem Biophys Rs Commun, 1979a, $3, 1223-1229; Hong, C.1, Nechaev, A., Kirisits, A.
1. Buchhsit, D. J. and West, C. B, “MNucleoside conjupates as petential antitumor agenis. 3.
Synthcsis and  antitumer  activity of 1-(f-D-arabinofaranosyl)cytosine conjugates of
corticosteriods and seleated lipophitic alcohols” ] Med Cliem, 1980, 28, 171-177; Hostetler,
K. Y., Shmiller, L. M., Lenting, H. B, M, van den Bosch, H. and Richman, . D.
“Synthesis and antiretroviral activity of phospholipid analogs of azidothymidine and other
antiviral nucleosides” ] Biol Chem, 1999, 2435, 6112-6117; Hostetler, K. Y., Carsen, D. A.
and Richman, D, D. “Phosphatidylazidothymidine: mechanism of antiretroviral action in
CEM cells” T Biol Chem, 1991, 264, 11714-11717; Hostetler, I Y., Korba, B. Sridhar, .,
Gurdener, M. “Antivirel activity of phosphatidyl-didcoxycytidine in hepatitis B-infected
cells and enhanced hepatic uptake in nrice™ Antiviral Res, 1994a, 24, 59-67; Hostetler, K.
Y., Richman, D. D., Sudhay, C. N, Felgner, P. L, Felger, I, Ricci, I., Gardener, M. F.
Selleseih, D. W. and Ellis, M. N. “Phospharidylazidothymidine and phosphatidyl-ddC:

Assessment of uptake in mouse lympheid tissnes and antiviral activities in lman
immunedeficiency vitus-infected cefls and In rauscher leukemia virus-infected mice™
Antimicrobial Agents Chemother 1994b, 38, 27922797, Humston, BN, Jones, A A,
McGuigan, C., Walker, R, 'I', Balzarini, T., and De Clercq, B. “Synthesis and biological
propertics of some cyclic phosphetriesters derived from 2'-deoxy-5-fluorquridine’™ ] Med
Chem, 1984, 27, 440-444; 1, Y. H, Moog, ., Schmitt, G., Bischoff, P, and Luu, B.

“Monophospharic acid diesters of 73-hydroxy-cholesteral and of pyrimidine nucleosides as
potential antitumor agents: synihesis and prelimingry evaluation of antitumor activity™ I
Med Shem, 1990, 33, 2264-2270; Jones, A. 8., McOwigan, C,, Walker, R. T., Balzariui, T,
and DeClercq, E. “Synthesis, propertics, and biclogical activity of some weleoside cyclic
phosphoramidates™ J Chem Soc Perldn Trans 1, 1984, 1471-1474; Juodka, B. A. and Smart,
7. “Synthesis of di-rfbonucleoside &(P— N} amine acid derivafives” Coll ch Ches
Comm, 1974, 39, 363968, Kataoka, 8., Imai, I, Yamaji, N., Kato, M., Saito, M., Kawada,
T. and [mai, 5. “Alkylated cAME deeivatives; selective synthesis and biclogical activities”

Mucleig Acids Res Sym Ser, 1989, 27, 1-2; Kataoka, 8, Uchida, R and Yamaji, M. “A
convenient synthesis of adenosine 3.5 cyelic phosphate {cAMP) benzyl und methyl
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tricstess” Heterooyoles, 1991, 32, 1351-1356; Kinchingten, D., Harvey, J. 1, O'Copnor, T.
1., Jones, B. ©. N. M., Devine, K. G., Taylor-Robinson, D., Jeffries, D. J. and MeGuigan, C.
“Comparison of anfiviral effects of zidovudine phosphoramidate and phosphorodiamidate
derivatives against HIV and MuLV ix vigro” Anbiviral Chemn Chemotker, 1992, 2, 107-112;
Kodama, K., Morozumi, M., Saitoh, K, 1, Kuninaka, H., Yoshino, H. and Suneyoshi, M.
“Antitmmor  activity and  phammacology  of  1-f-D-arabinofuranesyleytesine-5’-
stearylphosphate; an orully acfive derivative of 1-f-D-arabinofuranosyleytosine”™ Jpn 1
Cancer Res, 1989, 8%, 679-083; Korty, M. and Cngcls, J. “The effects of adenosineg- and

guanosine 3',5’-phosphoric and acid benzyl esters on guinea-pig ventricular myocardiurn™
MNaunyn-Schmicdeberg’s Arch Pharmacol, 1979, 3/0, 103-11%; Kumar, A, Goc, P. L.,
Jones, A. 5. Walker, R. T. Balzarini, J. and De Clercq, E. “Syuthesis and biological

cvgluation of some cyclic phosphoramidate nucleoside derivatives™ Y Med Chem, 1990, 33,
2368-2375; LeRee, €, and Huynh-Dinh, T. “Synthesis of lipophilic phosphate triester
derivatives of 5-flucrouridine and arabinocytidine as anticancer prodrugs”™ Tetrahedron Loit,
1991, 32, 6553-6556; Lichtenstein, T., Barner, H. D. and Colten, §. S. “The metaboelism of
cxogenously supplied nucleotides by Escherichia coli™ I Biol Chem 1960, 235, 457-465;
Lucthy, J., Vor Daeniken, A., Frisdarich, I Mauthey, B., Zweifel, J, Schlatier, C. aml
Benn, M. H. “Syathesis and toxicological propertics of three natwally ocourring
cyancepithioalkanes” Mitl Geg Lebensmitielunters Hyg 1981, 72, 131-133 (Chem Abstr,
93, 127093y, McGuigan, C. Tollerficld, S. M. end Riley, P.A. “Synthesis and biologjcal
evaluation of some phosphate triester derivatives of the anti-viral drug Ara” Nucleic Acids
Res, 1989, 77, 6065-5075; McGuigan, C., Devine, K. G, Q'Connor, T. T, Galpin, S.A.,
Joffries, D, I. and Kinchington, D. “Synthesis and evaluation of some novel
phosphoramidate  derivaives of 3 -awido-3’-deoxythymidine (AZT) as  anu-HIV
compounds™ Antiviral Chem Chiemether, 1998, 7, 107-113; MeGwgan, ., O'Conpor, T,
J., Nicholls. 8.R. Nickson, C. and Kinchingten, D. “Synthesis und anti-HIV activity of some
pavel substituted diallkyl phosphate derivatives of AZT and ddCyd” Antiviral Chem
Chemother, 1990b, 1, 355-360; MceGuigan, C., Nicholls, S.R., O’'Conner, T. I, and
Einchington, D. “Synthesis of some novel dialkyl phosphate derivative of 3'-modified
nueleosides @s potential anti-AIDS drugs” Antiviral Chem Chemether, 1990c, 1, 25-33;
MoGuigan, €., Devine, ¥. G., O’Connor, T. 1, and Kinchingten, I, “Symthesis and anti-
HIV activity of some haloalky! phosphoramidate derivatives of 3”-azido-3"-deoxythymidine

{AZT); potent activity of the trichloroethyl methoxyalaninyl compound” Antiviral Res
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1991, 75, 255-263; McCGuigan, C,, Pathirava, R.M., Mahmeod, I, Devine, K. G. and Hey,
A. J. “Aryl phosphate derivatives of AZT retain activity against IJIV-1 in cell lines which
are resistant to the action of AZT” Anuviral Res, 1992, /7, 311-321; McGuigan, C.,
Pathirans, RN., Chwi, 5. M., Kinchington, D). and O’Connor, T, I. “Phosphoramidate
derivatives of AZT as inhibitors ol HIV; studies on the carboxyl terminus™ Antiviral Chent
Chemothsr, 19934, 4, 97-101; McGuigan, C., Pathirana, RN, Balzarin, I, and De Clerorg,
E. “traceliular delivery of bicactive AZT nuclectides by aryl phosphate derivatives of
AZT” I Med Chem, 1993b, 36, 1048-1052.

The question of chair-twist equilibria for the phosphate rings of nucleoside cyclic
3’,5’-monophosphates is analyzed by 'HNMR and x-ay crystallographic stdies of the
diastereomers of thymidine phenyl cyelic 3,5 <mouophesphate (I_Am Chem Soc, 109,
4058-4064; MNorbonne, J. M., Richard, 8., Nargeol. J. and Lester, H.A. “New
photoactivatzble cyclic nucleotides produce infracellular jumps in cyclic AMP and cyclic
GMP concentrations” Nature 1084, 307, 74-76; Neuman, J. M., Hervé, M., Debouzy, 1.C.,

Gueiry, 1. L, Gouyette, C., Dupraz, B, and Huynh-Dinh, T. “Synthesis and transmembrane
transport studies by NMR of a glucosyl phaspholipid of thymidine™ J Am Chem Soc, 1989,
111, 4270-4277; Olmo, R., Tatsumi, N., Hirano, M., Imai, X. Mizoguchi, H., Nzkamura, T.,
Kosaka, M., Takatuski, K., Yamaya, T., Toyema, K., Yoshida, T., Masaoka, T., Hashimota,
5., Obshima, T., Kimura, 1., Yamada, K. and Kimuza, I. “Treativent of myslodysplastic

syndromes with orally edministered 1-B-D-rabinofuranosylcytosine -3°-stearyiphosphate™
Cicology, 1991, 48, 451-455.

Palomino, E., Kessle, D. and Horwitz, LP. “A dihydropyridine carrier systern for
sustzined delivery of 2,3’ -didcoxynuolcosides to the brain™ J Med Chem, 1989, 72, 622-
625; Perkins, R. M., Bamey, 3., Wittrock, R., Clatk, P, H., Levin, R. Lembert, D. M,
Pelteway, 8. R., Serafinowska, H. T., Bailey, 8. M., Jucksor, S., Harnden, M. R, Ashion, R.,
Sutton, D., Barvey, J. 1. and Brown, A. G. “Activity of BRLAT923 and iis oral prodrog,
SB203657A againsi 2 rauscher murine lenkemia virys infection in mice” Antiviral Res
1993, 20(Suppl. T), 84; Piamadosi, €., Marasco, C. I, Ir., Morris-Matschke, 5. L., Meyer, K.
L., Gumus, F., Surles, J. ., Ishag, K. S.. Kucera, L. 8. Iyer, N., Wallon, C.A., Plantadosi, S.
and Modest, E. 1. “Synthesis and cvaluation of novel ether lipsd nucleoside conjugates for
agti-HIV-1 activity” J Med Chem, 1991, 34, 1408-1414; Pompoen, A., Lefchvrs, T, Tmbach,

J. L., Kabn, 5. and Farquhar, D, “Decomposition pathways of the mono- and
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bis(pivaloyioxymethyl} esters ol azidothymidine-3’-monophesphate in cell extract and in
tissue culture medium; an application of the "on-line ISRP-cleaning’ HPLC techmique”
Antiviral Chem Chemother, 1994, 5, 91-98; Postemark, T. “Cyclic AMP and cyclic GMP”
Ammu Rev Pharmacol, 1974, 14, 23-33; Priske, E. J,, Martin, J. C. M., MeGee, I P. C.,
Barker, M. F., Smeg, D, F. Duke, A. E., Matthcws, T. R. angd Verheyden, J. P. 1. “Synthesis
and anli-herpes virus activity of phosphate and phosphonate derivatives of 9-[(L,3-
diliydroxy-2-propoxy)methyl] suemine” J Med Cher, 1986, 29, 671-675; Puech, F.,
Gasselin, G., Lefebvre, [, Pompon, A, Aubertin, AM, Dim, A. and Imbach, J. L.
“Intracellular  delivery of nuclcoside monophosphate through o reductase-mediated
activation pracess” Antiviral Res, 1993, 22, 155-174; Pugacva, V.P., Klochkeva, 5. T,
Mashbits, F. ). and Eizengart, . 8. (1949) Robins, R. K. “The potential of nucleotide
analogs as inhibitors of relroviruses and tumors” Pharm_Res, 1984, 11-18; Rosowsky, A.,
Kim. §. H, Ross and J. Wick, M. M. “Lipophilic §'-(alkylphosphate) esters of 1-§-D-
arabinofuranosylcytosine and its N-acy] and 2.2*-anhydro-3°-O-acyl derivatives as potential
nrodmgs” T Med Chern, 1982, 25, 171-178; Ross, W, “Increased sensitivity of the walleer
turnout towards aromatic nitrogen mustards carrying basic side chains following glucosc
pretreatment” Biochern Pharm, 1961, 8, 235-240; Ryu, E. K., Rogs, B, J. Matsushita, T.,
MacCess, M., Hong, C.L avd West, C. R. “Phospliolipid-nuclcoside conjugates. 3.
Synthesis and  preliminscy biological evelvatiog. of 1-8-D-arabinofuranosylcytosine
5diphosphate[-], 2-diacylglycerols” I Meod Chem, 1982, 25, 1322-1329; Saffhill, . and
Tiame, W, I, “The degradation of S-iedodeoxyuridine and 5-bromodeoxynridine by servon
from different sources and ils comsequences for fhe use of these compounds for
incorporation into DNA” Chem Biol Interact, 1986, 57, 347-355; Saneyoshi, M., Merozumi,
M., Kodama, K., Machida, J., Kuninaka, A, and Yoshino, H. “Synthetic nucleosides and
nucleotides. VL  Synthesis and biolegicel cvaluations of a series of 1-8-D-
arabinofuranasyleytosine 5%-allyl or arylphosphates™ Chemn Pharm Bull, 1988, 28, 2915-
2923; Sastry, §. K., Nehete, P. N., Khan, 5., Nowak, B. ], Plunkett, W., Arlinghaus, R. B.
and Farquhzr, D. “Membrane-permeable dideoxyuridice 5'-monophosphate analogue
infhibits hmman immunodeGeiency virus infeclion” Mol Phamacol, 1992, 44, 441-445;
Shaw, J.E., Jones, R, I. Arimilli, M. N., Louie, M. 8., Lee, W. A. and Cundy, K. C. “Qral
bioavailability of PMEA. from PMEA predrugs in mals Sprague-Dawley rais™ th Anmual
AAPS Meeting, San Diego, CA, 1994 {Absiract). Shuto, 5., Ueda, 3, Jmamura, 3.,
Fukukaws, K. Matsuda, A. and Ueda, T. “A facile onesiep synthesis of $'-
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phosphatidyluuclcosides by an cnzymatic two-phase reaction” Tetrabedron Lett, 1987, 28,
189-202; Shuto, 8., Iteh, H., Ueda, 8., Imamura, $., Kukukawa, K., Tsujino, M., Matsuda,
A. and Ueda, T. “A fucile anzymatic synthesis of 5°-(3-sn-phosphatidyl)-nucleosides and
their antileukemic activides” Cbem FPharm Rull, 1988, 36, 209-217. Oue preferred
phosphate prodrug group is the S-acyl-2-thiosthyl group, alse referred to as “SATE.”

Phavmaceutical Compesitions

Pharmaceutical compositions based upon  2°-decxy-B-L-erythro-pentofurano-
nucleoside derivatives of the present invention can be prepared thal include the above-
described compound or jts salt or prodrug in a therapeufically effective amount for ireating a
hepatitis D infection, opticgally in combination with a pharmaceutically accepiable additive,
carrier or exvipient The therapeutically efiective amouat may vary with the infection or
conditon fe be treated, its sewerity, the trcatmemt regimen to be employed, the

pharmacokinetics of the agent used, gs well as the patient treated.

In one aspecl according to the present invention, the compound according fo the
present invention is formulated preferably in admifxture with a pharmaceutically acceptable
carier. In gencral, it is preferable 1o administer the pharmaceutical composition in orally
administrable form, but formulations may be adminisiered via parenteral, iniravenous,
intramuscolar, transdermal, buccal, subcutaneous, shppository or ofher route.  Intravenous
and intramuseular formulations are preferably administercd in sterile salime. One of
ordinary skill in the art may modify the fornulation within the feachings ef the specification
to provide numercus formulations for 2 particular route of admingstration without rendering
the cotupositions of the present invention wstable or compromising its therapeutic activity.
n particular, a modification of a desired compound to render it mere sehuble in water ot
ather vehicle, for example, may be easily accomplished by routine modification (salt

formulation, esterificalion, efc.).

In certain phermaceutical desage forma, the prodrug form of the compound,
cspecially including acylated (acetylated or other) and ether desivatives, pbosphate esters
and various salt forms of the present compounds, is preferred. One of ordinary skill in the
ot will recognize how to recadily medify the present compound te a prodrug form to

facilitate delivery of active compound 1o 2 targeted site within thie host organism or patient.
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The artisan also will take advantage of favorable pharmacolkinetic parameters of the prodrug
form, where applicable, in delivering the desired compownd to 2 targeted site within the host
organism or patint 1o maximize the iniended effect of the compound in the eatment of

hepatitis D infection.

The amount of compound included within therapeutically active formulations,
according to the present invenilon, s an effective amount for treating the infoction or
condition, iy preferred smbodiments, 4 hepatitis D infection, In general, a therapeutically
cffective amount of the present compound in pharmmacsutical dosage form usually ranges
from about 0.1 mgfkg to about 100 mg/kg or more, depending upon the compound used, the
condition or infection lreated and the route of administration, For parposes of the prosent
invention, a prophylactically or preventively effective amoumt of the compositions,
according to the present invention, falls within the same concenfration rangs as set forih
above for therapeutically effective emount and i usually the same as a therapeuficully

elfective amount.

Administration of the active compound may range from continuous (inravenous
drip) to several oral adminisirations per day (for example, Q.1D., B.LD., eic.) and may
include oral, fopical, parenters], Intramuscular, infravenous, subcutancous, trensdermal
(which may include a penetration ewbagcement agent), buccal and suppository
administration, among other routes of administration, Enteric-coated oral tablets may also
be used to enhance bicavailability and stability of the compounds from an oral routo of
administration. The most effective dosags form will depend upen the pharmacokinetics of
the particular agent chosen, as well as the severity of disease in the patient. Oral dosage
forms are particularly preferrod, because of ease of administration and prospective favorable

pafient compliance.

To prepare the pbarmaceutical compositions according to the present invenbon, a
therapeutically effective amount of one or more of the compounds according te the present
juvealion is preferably mixed with a phermaceulically acceptable casrier according io
conveniionul pharmaceutical compeunding techniques to produce a dose. A carrier may
take a wide variety of forms dopending on the form of preparation desired for
administration, e.g., oral or parenteral. In preparing pharmarentical compositions in oral
dosage form, any of the usual phamnaceutical media may be used. Thus, for liquid oral

preparations such as suspensions, elixirs and solutions, suitable carriers and additives
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including water, glycols, oils, alcohols, favoring agents, preservatives, coloring agenis and
the like may be used. For solid oral preparations such as powders, tablets, capsules, and for
solid preparations such as suppositories, suitable carriers and additives incloding starches,
sugar cargers, such as dextrose, mannitol, lactose and refated cawiers, diluents, sramlating
agents, lubricants, binders, disintegraling agents and the like may be used. If desired, the
tablets or capsules may be entoric-coated for sustained refease bty standard techuiques. The
use of these dosage forms may significantly impact the biouvatlability of the compounds in

the patient.

For parenteral formulations, the carrier will usually comprise sterile waler or
aqueous sediwm chloride solwtion, though other inpredients, including those that aid
dispersion, also may be included. Where sterfle water is to be nsed and maintained as
sterile, the compositions and carriers must also be aterilized. Injectable suspensions may
also be prepared, in which case appropriete liquid cacriers, suspending agents and the like

may be employed.

Liposomal suspensions (including liposomes iargoted to viral antigens) may also be
prepared by conventional methods to produce phummacentically acceptable carrices. This
may be approprinte far the delivery of fice nuclcosides, acyl nucleosides or phosphate ester

proding Torms of the mucleoside campounds according to the prosent nvention.

In particulerly preferred embeditnents according to the present imveation, the
compaunds and compositions ers uscd to ireat, prevent or delay the onset of hepatitis D
infections, Preferably, to treat, prevent or delay the omset of infection, the compositions will
be administered in oral dosage form in amounts renging from about 250 micrograms up o
about 1 gram or more at least once a diy, preforably, or up 1o four times 2 day. The present
compounsls are preferably administered orally, but may be admipistered parcnterally,

tepically or in suppository form.

The compounds according to the present invention, because of their low toxicity o
host cells in certain instances, may be advantageausly employed prophylaciically to prevent
Thepatitis D intection or to prevent the vccwrence of clinjcal symptors associated with the
viral infection. Thus, the present inventicn also eucompasses methods for the praphylactic
treatment of viral infection, znd in particular hepatitis D infection. In this aspect, actording

to the present invention, the present compositions arg used te prevent or delay the onset of 2
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lepatitis D infection. This prophylactic method comprises admimisiralion to a patient in
need of such treatment, or whe is al risk for the development of HDV disease, an amount of
a compound according to the present invention effective for alleviating, preventing ot
Jelaying the onset of the viral infection. ln the prophylactic treatment according to the
present mvention, it is preferred that the antiviral compound utilized should be low in
texicity and preferably non-toxic to the patient. It is particularly preferred in this aspect of
the present inveniion that the compound that ig used should be maximally effective against
the virus and should exhibit a minimum of texicity to the patient. Corpounds according to
fhe presen! invention, which may be used to ireat these disease stutes, may be adninistered
within the same dosage range for therapeutic traatment {i.c., about 250 micrograms up to 1
gram or more from one to four Bmes per day for an eral dosage forr) a8 a prophylactic
agent to prevent the proliferation of a hepatitis D infection, or alternativcly, to prolong the

onset of a hepalitis D infection, which menifests itself in clinical svmptoms.

In addition, rompounds according to the present invention can be administered in
comhination or alternatien with ong or more antiviral, anii-EI3V, anti-HCV, anii-HDV or
anli-herpetic agent or interforon, anti-cancer of antibacterial agents, including other
compounds of the prosent invention. Certain compownds according to the present invention
may be effective for enhancing the bislogical uctivity of certain agents according to the
prescoi invention by reducitg the metabolism, catabolism or imactivation of other

compounds and as sush, are co-administered for this iniended effeci.

Combination or Alternation Therapy

It has boen recognized that drug-resistant variamts of hepatitis viruscs ean emerge
after prolonged treatment with an antiviral agent. Because of the essential role of hepatitis
B virus in the lifecycle of the hepatitis I virns, compounds with anti-bepatitis B virus
aclivity may be adnlintstered in combination or altermation with the disclosed B-2*L-deoxy-
puclecsides, thoiv pharmaceutically scceptable salis or predrugs. Dmg resistance mast
typically ooeurs by mutation of a gene that encodes for an enzyme used in the viral life
cycle, and nrost typically in the case of HBV, DINA polymerase, Recently, it has been
demonstrated that the efficacy of a drug against HBV infection can be prolonged,
angmented, or restored by administering the compeund in cermbination or altermation with a

seeond, and perhaps third, antiviral comipound that mnduces a different mutation from that
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saused by the principle drug. Altematively, the pharmacokineties, bladisttibution, or other
parameter of the drug cau be altered by such combination or slternation therapy. In general,
combination therapy is typically preferred over alternation therapy bevause it induces

multiple simulfaneous stresses ox the virus.

The anti-hepatitis D viral activity of 3 L-2"-dA, §-L-2-dC, g-1-2"-dU, §-L-2"-dG, p-
1-2°-dT, f-1-d1, or other 8-L-2"-nucleosides provided beren, or the prodrugs, phosphates,
or salts of these compounds, can bo cnhanced by sdministering two or more of these
nueleosides in combination or alternation. Alternatively, for example, one or more of 4-L-
A, BL-2°dC, §-L-2'-dU, -L-2'-dG, §-L-2'-dT, f-L-dl, er other §L-2°-nucieosides
provided herein cap be administered in combination or alternauen with 3TC, FIC, L-
FMAl), DAPD, famciclovir, penciclovir, BMS-200475, bis pom PMEA (adefovir,

dipivozil}; lobucavir, ganciclovir, or ribavirin.

In amy of the embodiments described hersin, if the §-L-2’-nucleoside of the present
nventiom is administered in combinztion or alternation with a second nucleoside or nos-
nucleaside polymerase filithizor that is phospharylatsd to an active [orm, it is preferred that
a gecond compound be phosphorylated by an enzyme that is different from that which
phospherylates ihe selected §-L-2'-nuclecside of the present invention i vive. Examples of
kinase enzymes are thymnidine kinese, cylosine kinase, guanosing kinase, adenosine kinase,

deoxycytidine kinase, 5°-nucleotidase, and deoxyguanosine kinase.

Preparation of the Active Componnds

The 2’-degxy-8-L-erythro-pentofuranonucleoside  derivatives of the present
invention, are known in the art and can ho prepared according to the method disclosed by
Holy, Collect Czech Chem Commun, 1%#72, 37(12), 4072-87 and Mol Phys, 1967, 3(4), 386-
a5,

A pgeneral provess for obtaining B-L-crythro-pentafuranonucleosides (8-L-dN) is

shown in Figure 1, using L-ribose or L-xylosc as a starting material.

Mono, di, and triphosphate derivatives of the active nucleostdes can be prepared as
deseribed according to published mefhods. The menophoyphate can be prepared according
ta the procedure of Mmei et al,, 1 Org Chem, 1969, 34(6), 1347-155). The diphosphate can
be prepared according to the procedure of Davisson et al., § Org Chem, 1987, 52(9), 1794-
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1801, The triphosphate cun be prepared according to the procedure of Hoard et al., LAm
Chem Sae, 1965, 87(3), 17851788,

EXAMPLES
Experimental Protocols

Melting points were determined in open capillary tubes on a Gellenkamp MFB-595-
010 M apparatus and are uncorrccted. The UV sbsorption spectia were recorded on an
Uvikon 931 (EONTREQN) spectrophotometer in ethanol. 'H-NME spectra were ron. at roont
temperature in DMSO-ds with a Bruker AC 250 or 400 spectrometer. Chemical shifis are
given in ppm, DMSO-d5 being set at 249 ppig as referenes.  Douterinm exchange,
decoupling experiments or 2D-COSY were performed in order to vonfirm proton
assignments. Signal mulliplicities are represcnted by s (singlet), d (doublet), dd (doublet of
doublets), t {triplet), g {(quadruplet), br (broad), m (roultiplet). All J-valucs are jn Tz, FAB
mass spectia were reeorded in the positive- (FAB>{) or negative- (FAB<0) 1an mode on a
TEOQL DX 300 mass spectrometer The matrix was 3-mitrobencyl alcohol (NBA) o 2 mixiure
{50:50, v/v) of glyceral and thioglyeerol {(GT). Specific totations were measured on a
Perkin-Elmer 241 speciropolarimetor (path lengih 1 cm) and are given in units of 107 deg
o . Elemental anulysis were comvied out by the “Service de Microanalyzes du CNES,
Division de Vemnaison” (Prance). Analyses indicaled by the symbols of the elements or
functions were within &= 0.4% of theorctical values, Thin layer chrometography was
performed on precoated 2lumunum sheets of Siliea Gel 60 Fass (Merck, Art. 3534},
visualization of products being accomplished by UV absorbeoey followed by chaming with
10% ethanolic sulfuric acid and heating. Column chromategraphy was carried cut on Silica
Gel 60 (Merck, Art. 9385) at atmospheric pressure.

Example ! 9-(3.5-Di-0-benzoyl--L-xyloforanosyl)adenine (3)
A solution of 9-(2-C-acetyl-3,5-di-O-henzoyl-G-L-xylefiranosyladenine 2 [Ref:
Gosselin, G Bersogne, M.-C.; Imbach, J-L. “Synthesis and Antiviral Evaluation of 8-L-

Xylofuranesyl Nucleosides of the Five Naturally Qecuriing Nucleic Acid Bases” Journal of
Heterocyclic Chemisiry, 1993, 30, 1229-1233] (8.30 g, 16.05 mumol) and hydrazine hydrate
98% (234 ul, 48.5 mmol) in a mixiure of pyridine/glacial asche acid (4/], v, 170 mL)

was stirred at room temperatuse for 22 h. The reaction was quenched by edding acetone (40
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mL}) and stiming was continued for one additional hour, The reaction mixture was reduced
e one half of its volume, diluted with water {250 mL) and exfracted with chloroform (2 x
150 ml). The orpanic layer was washed successively with an aqueous saturated solution of
NaHCOs (3 x 100 mLl) and water (3 x 100 mL}, dricd, filtercd, concentrated and co-
gvaporated with tolucne and methencl.  The residue was punfied Ly silica gel colwmnn
chrematography (0-3% MeOH in dichloromethane) to give 3 (5.2 g, 68%%) precipitated from
diisopropylic ether: I NMR (DMSC-dg) : & 4.54.9 (m, 4H, H-2°, H-4", H-5" and H-57),
5.64 (t, 1H, H-3°, Jp» = Iz = 3.5 He), 6.3 (br s, 1H, 011-2), 6.45 {d, 1H, H-U, I »» = 46
Bz), 7.3 {br s, 2H, NH;-6), 7.4-7.9 (m, 10H, 2 benzoyls), §.07 and 8.34 {2s, 2L, 11-2 and H-
8); ms : matdx G/T, (FABT /e 476 [M+H]", 136 [BEI', (FAR) m/z 474 [M-HJ, 134 [B]"
3 UV (95% ethanol} © Ag,, 257 nm (¢ 16400), 230 o (¢ 29300}, Agp 246 nim {¢ 14800);
[edp™ =+ 64 (¢ 1.07, CRCly). Anal. Caled for CpaHa N0, (M = 475.45) : C, 60.43; H, 4.45;
N, 14.73. Found : , 60.41; H, 4.68; N, 14.27.

9-{3.5-Di-(-benzovl-2-deoxy-G-L-thres-pentefuranosyadenine (4

To a solution of componnd 3 (1.00 g, 2.11 mmol) in dry acetenitrile (65 ml) were
added 4-(dimethylamino)pyridine (0.77 ¢, 6.32 mmol) and phenoxytiiocatbonyl chloride
{0.44 mL, 3.16 mmol). The mixture was stimed at room temperature for 2 b After
conccotrafion, the residue was dissolved jn dichloromethane {50 ml) and washed
successively with water (2 x 30 mL), aqueous solution of hydrochloric acid 0.8 N {30 ml)
and water £3 x 30 mL). The organic layer was dried, filtered and concentrated to drymess.
The crude thiocarbonylated intermediate was directly treated with tris-{trintethylsilyl)silanc
hydride ¢0.78 mL, 5.23 mmol) aud oo’ -azoisobulyronitrile {ATBN, 0.112 g, 0.6% mumol) in
dry dioxane (17 mL) at refiux for 2 h. The solvent was removed under vacuum and the
residue  was purified by silica pel column  chromatography {(9-5% MeOH in
dichloromaethans) to give pure 4 {G.93 g 96%) as a foam: "H NMR. (DMSO-dg) : 6 2.9-3.1
(m, 2H, H-2" and H-27), 4.6 - 4.7 (m, 3H, H-4", H-5> and H-5"), 5.8 (br s, [H, H-3%), 6.43
@d, 15, B-1°, Jrp = 3.1 He, Ty 2» = 7.6 He), 7.3 (br 5, 28, NHy-6), 7.4-7.9 (m, 100, 2
benzoyls), 3,03 and 8.33 {26, 211, H-2 and H-8); ms : matix G/T, (FAR') miz 460 [M-+H] ",
325 [SI", 136 [BLL]", (FAB") m/z 458 [M-EI], 134 [BT; UV (95% efhanol) M 261 nm (&
14400), 231 nm (6 26300), Agin 249 n (6 12000}, [6]5™ = - 38 {c 1.04, DMSO).
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pento-furangsylladenine (5)

To a salution of compound 4 €0.88 g, 1.92 mmol) in dry pyridine (40 ml.) was added
4-monomethoxyirity] chloride (1,18 g, 3.84 mmeol). The mixture wus stirred at 60°C for 24
h. After addition of methanol (5 mL), the solution was concenirated to dryness, the residue
was dissolved in dichloromethans (50 ral) and washed successively with water (30 mL),
aqueous saturated NaHCO» (30 ml) and water (30 mL), The organic layer was dried,
filtered, soncontrated and co-svaporated with toluene to give pure 5 (1.01 g, 72%) as a
faam: EL MR (CDCL) : 6 2.9-3.0 (m, 2, H-2" and H-2"), 3.62 (8, 3H, OCHa), 4.6-4.8 (m,
3H, H-4', H-5" and H-5"™), 5.85 (p, 1H, H-3"), 6.44 (d, 13, H-1', Ty- 2 = 3.0 Hz, Tyooe = 7.3
Hz), £.9 (br s, [H, WH-6), 6.7-0.8 and 7.2-7.4 (2m, 22H, 2 benzoyls and MMTr), 7.97 and
§.13 (25, 2H, H-2 and H-8); ms : mairix G/T, (FAB') m/z 732 [M+H]*, (FAR) mz 730 [M-
HI; UV {95% ethanel) : Aguz 274 1m (¢ 127000, 225 nm (¢ 24200), Amin 250 nm (e 5900
[e]p™ = - 16 (e 1.12, DMSO).

adenine (6}

Compound 5 (0,95 g, 1.30 mumol} was trewled with a solution {saturated at -10°C) of
methagelic ammenia (40 mL), at reom femperature overnight.  Afler conceniration, the
residue was disselved in dichloromethane (60 mL) and washed with water (30 mL). The
agueous layer was exirzcted twice with dichloromethane (10 mL). The combined organic
layer was dried, filtered and concentrated. The residue was purified by silica gel column
chromatography (0-5% MeOH in dichloromethane) to give pure 6 {0.67 g 93%) as a foam:
T NMR (CDCL): & 2.6-2.9 (m, 2H, H-2" and H-2"}, 3.5 {br 5, 1H, OH-5"), 3.55 (5, 3H,
OCH;), 3.9-4.0 (m, 3H, H-4°, H-5" and H-57), 4.5-4.6 {m, IH, H-3"), 6.03 (dd. IH, H-1",
Top= 40K Tige = 3.8 Hz), 7.0 (br s, 1H, NH-6), 6.7-6.8 and 7.1-7.4 {Zm, 14H, MMT),
7.40 (4, 1H, OH-3°, Tyon = 10.6 H2), 7.80 and 7.99 (22, 2H, H-2 and H-8); ms : matrix G/T,
(PAR) m/z. 324 [M+H], 408 [BH;F} {FABY m/z 1045 [2M-H], 722 [M-HJ, 486 [B]; UV
(95% ethanol) : he 275 nm (6 12300), Nan 247 v (¢ 3600); (o™ = + 28 (¢ 0.94,
DMSQ).
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Example 5  §-N-(4-Monomethoxvtrityl}-9-{3-deoxy-5-O-(4-monomethoryirityl)-g-1.-

threo-pente-furanosylladening

Compound & (9.62 g, 1.24 mmol) in dry pyridine (25 mL) was treated with 4-
monomethoxylrity! chloride (@.46 g, 1.49 mmol) at room tfempersiure for 16 h. Afier
addition of methanol (5 mlL), the mixtare was coneentrated to dryness. The residue was
dissolved in dichloromethene (60 mL) and washed successively with water (40 mL), a
saturated aqueous solution of NaHCO; (40 mL) and waler (3 x 40 mL). The orgamc layer
was dried, fliered, concentrated and co-evaporated with taluene and methanel. The residue
was purified by silica gel column chromatography (0-10% MeOH In dichloromethane) io
give 7 {0.71 g, 72%) as a foam: "H NMR (DMSQ-dg): § 2.21 (4, 1H, H-2' Iz 2= 143 Ha),
2.6-2.7 (m, 1H, H-2"), 3.1-3.3 (2m, 28, H-3 and H-5"), 3.64 and 3.65 (25, 6H, 2 x OCI),
4.1-4.2 (m, 1H, H-4"), 4.2-4.3 {m, 1H, I1-3%), 5.68 (d, 1H, OH-3’, Ij,on = 5.2 Hr), 6.24 (d,
IH, H-1", Jp2 a0 = 7.0 Hz), 6.7-6.8 and 7.1-7.3 (2m, 29H, 2 MMTr and MH-6), 7.83 and 8.21
(Zs, 2H, H-Z and H-8); ms : matrix G/T, (FAR") m/z 796 (M+H]", 408 [BH,]", (FAB) m/z
794 [M-H], 406 [B]; UV (95% cthanol) : Mag 275 nm (¢ 30900, As 245 nm (¢ 12800
[a]p™ =+ 14 (c 1.03, DMSQ).

methoxyiritvl)-3-L-erpdire-pentofuranosylladenine (§

A solution of diethylazodicarboxylate (0,33 mL, 2.4% mmel) in dry tetruhydrofuran
{20 mL) was added dropwise to 4 cooled solution (0°C) of nuclenside T (0.66 g, 0.83
mmol), triphenylphosphine (0.66 g, 2.4 vmol) and henzoic acid {0.30 g, 2.4% mmol}) in dry
THF (20 mT). The mixfure was stirred at reom temperature for 18 b and methanol (1 ml)
was atded, The solvents were remaoved under reduced pressure and the erude material was
purified by silica gel column chromatography (9-5% ethyl acetate in dichloromcthanc} to
give compound B slightly contaminated by triphenylphosphine oxide.
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Ezample 7 6-Ne{4-Monomethoxvtritv)}-9-(2-deoxy-5-G-(d-mongmethoxytrityl)-§-1.-
erpthiro-pentofluranesyl)adenine (9)

Compound B was treated by a solution (saturaicd at ~10°C) of methunolic ammmonia
(20 mL), at room temperatuie for 24 b, then the reaction mixture was concentrated to
dryness. The residue was dissolved in dichloromethane (30 mlL) and washed with water (20
mL). The aqueous layer was extracted by dichloromethane {2 x 20 mL) and the combined
organic phase was dried, fillered and concenirated. Pure compound ¥ (.50 g, 76% from 7)
was obtained as a foam after punification by silica gel column clvoratography (9-2%
MeOH in dichloromsthane}: 'H NMR WIMSO-dgy: § 2.2-2.3 (m, 1H, H-2"), 2.8-2.5 {m, 1H,
H-2"), 3.1-3.2 (m, 2K, H-3" and H-57), 3.04 and 3.65 (25, 6H, 2 x OCHa), 3.97 (pq, IH, H-
4%, 4.4-4.5 (m, 1H, H-3"), 5.36 {d, IH, OH-%", Iy o = 4.5 Hz), 6.34 (1, IH, H-1°, I » =
Iyg» = 6.4 HZ), 6.5-6.9 and 7.1-74 (2m, 29H, 2 MMTr and WH-6), 7.81 and 832 (2s, 2H,
H-2 and H-8); ms : matrix G/T, (FAB') m/z 796 [M+H]", 408 [BHal", (FABj iz 794 [M-
EI, 406 [BI; UV (95% ethanol) : Ang 276 nn (¢ 42600), Apin 248 nm (e 23300); [ofp™ =+
29 (c 1.05, DMSQ),

Example 3 2°-Deoxy-§-L-adenosine (8-I-dA)

Compound 9 (0,44 g, 0.56 mmol) was treated with an aqueous solution ol acetic acid
B0% (17 mL) at reom temperatwre for § b, The mixture was coneentrated to dryness, the
residue was dissolved in water (20 mL) and washed with diethy) ether (2 2 13 wl). The
agquecus layer was concentrated and co-evaperated with toluene and methanol. The desired
2°-deoxy-f-L-adenosine (§-L-dA) (0.12 g, 83%) was abtained after purificaiion by silica gel
column chromatography (0-12% MeOH in dichloromethane) and filtration through a Millex
HV-4 vnif (0.45p, Millipore): up 193-194°C (crystallized from water) (Lit. 154-185°C for
Lrenantiomer [Ref: Robins, M. T; Ehwaja, T. A.; Robins, R. K. I Org Chem 1970, 35,
636-639] and 187-189°C for D-enantiomer [Ref: Ness, R B. in Synthetic Procedures in
Nucleic Acid Chemighy;, Zotbacl, W.W., Tipson, R. 8., Eds.; ). Wiley and sons: New York,
1968; Fol 7, 183-187); "H NMR (DMSO-dy): § 2.2-2.3 and 2.6-2.7 (2m, 2H, H-2" and H-
7%), 3.4-3.6 (2m, 2H, B-5" and H-5"), 3.56 (pg, 1H, H-4"), 43-4.4 (m, IH, E-3"), 524 (t,
1H, OH-5%, Tyon = 5.8 H7), 5.30 (d, 1H, OH-3", Jgox = 40 Hz), .32 (dd, 1H, H-1", J;-»- =
6.2 Hz, I3 = 7.8 Hz), 7.3 (br 8, 2H, NHp-6), 8.11 and 8.32 (s, 28, H-2 and H-8); ms :
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matrix GAT, (FAB') m/7 252 [M+H][", 136 [BH,]', (FAB) m/z 250 IM-H]", 134 [B]; UV
(95% athano]) | My 258 0 (€ 14300), Ao 226 1 (¢ 2100%; [ap™ = + 25 (¢ 1.03, HhO),
(Lit. [cdp™ = + 23 (¢ 1.0, H2O) for L-enantiomer [Ref.: Robing, M. J.; Kmwaja, T. A
Robins, R. K. I Org Chem, 1970, 33, 636-639] and [u]nzo = - 25 (c 0.47, H;0) for D-
enantiomer [Ref: MNess, B. K. in Syoihetic Procedures in Muclefe Acid Chemistry; Zarbach,
W.W., Tipson, R. 5., Bds.; I. Wiley and sons : New Yok, 1968; Fof 7, 183-187]). Anal
Caled for CroHsNsOy + 1.5 Hz0 (M = 2782E) : €, 43.16; H, 5.80; N, 25.17. Found : C,
43.63; H, 5.45; N, 25.23.

Example ¢ 1-Q-acetvl-2 3 5-ri-O0-benzovl-S-L-ribofuranose {143)

As depicted in Scheme 1, a solution of Lribose 340 (150 g, 1 mol; Cultor Science
Food, CAS [24259-59-4], baich RIB9711013) in methanol (2 liters; P.A. Prolabo; rel’
20847.295) was treated with sulphuric acid 95-97% (12mL; Merck; ref 1.00731.1000) and
lefi at +4°C for 12hrs, and then neutralised with pyndine {180 mL; 99% Actos; ref
131780025). Evaporation gave an o, mixiare of methyl ribefiranosides 141 &5 a syup. A4
solution of tis anomeric nuxture in pyridine (1.3 litexs} was troated with benzoyl chloride
(580 mL, 5 mol; Fluka; ref 12930) with cooling and mechanical stirring, The solution was
left af reom temperature for [2 h and then poured on ice (ubout 10 liters) with continued
stirring. The mixture (an oil in water) was filered on a Cellite bed. ‘Ihe resuliing oil en the
celfite bed was washed with waicr (3x3 liters) and then dissolved with ethyl acetate (3
liters). The orgamic phase was washed with a 3% NaHCO; solution (2 liters) and water (2
liters), dried over sodium sulfzte (Prolabo; ref28111.305), fillered and evaporated to give -
Q-methyl-2,3,5-tti-O-benzoyl-o/f-L-ribofuranose 142 as a thick syrup.  The oil was
dissolved in acefic anhydride (560 mL; Fluka; el 458307 and acetic acid (240 m1; P.A.
carlo erba; ref 20104298). Ihe solution was, after the dropwise additior: of concentrated
sulphuric acid {80 mL), kept in the cald (+4°C) under mechanical stiring for 10 h. The
selution, was then peured on ice (about 10 liters) under continued stircing, The mixture (oily
compound in water) was {iltered on a Cellite bed, The resulting gummy solid on the cellite
bed was washed with water {3x3 liters) and then dissolved in dichloromethane {2.5 Liters;
P.A. Merck; ref 1.06050.6023). Tiwe organic phase was washed with 5% NaHCOj; (1 Liter)
and water (2x2 liters), dried over sedium suifate, filtered and evaperated te give a gumniy
selid 143, which was crystallized fom-elbanol 95 (Prolabo; ref 20823.293) to yield 225 g of
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product (44%): mp 129-130°C (EtOH 95) (Lierature reforence reported by Recondo, E. F.,
and Rinderknecht, B, “Bine neue, Binfache Synthese des 1-O-Acetyl-2,3,5-Tr-0-8-D-
Ribofuranosides” Helv. Chim. Acta, 1952, 1171-1173 indicate 2 mp 130-131°C); 'H NMR
(209 MBz, COCLY: § 8.09-7.87 (m, 6H, Haror), 7.62-7.31 {m, 9H, Hawer) 643 (5, 1H, Hy),
591 (dd, LH, Hy, Y34 6.7 Hz; Jaz 4.9 Hz), 579 (pd, 1H, 3, J23 4,9 Hz; 112 <1), 4,78 {m,
2H, Hq and Hs), 4,51 (dd, 11, Hs, Tgs 131 Hz, J54 5,5 Hz), 2,00 (s, 38, CH;CO); (identical
16 corpmercial 1-C-acetyl-2,3,5-tri-O-benzoyl-8-D-ribofuranose), Mass analysis (FAB*, GT)
miz 445 (M-0A5)", Blemental analysis CzxHzaOs Calculated € 66.66 H 4.79; found CH.

Scheme 1!
o. -OH o ane [k G
Mer MeO
Libosa —— Jme ——- —
BzGl, pyrdl HpS0;
Hz304, MeOH HO O P BaD 0Bz AGD, ACOH OB 0Bz
41 u2 4
¥l 4%

crystals

Example 16 3-T-adenogine (14

As depicted in Seheme 2, adenine (19.6 g, 144 mmol, Pharma-Waldhof; ref
400134.001 lot 45276800) was sugpended in accteniftile (400 ml; Riedel-de llean; ref
33019; distilled over CaHy) witli 1-G-acetyl-2,3,5-tri-O-benzoyl-S-L-ribofurancse 143 (60
g, 119 mamol). To this suspension was added fuming staonic chlonde (22 mL, 187 mmol;
Flukuy; ref 96558). Adter 12 ks, the reaction was cogeentrated to a small volume (abour 100
mI); sodiurn bicarbonate {110 g) and wetor (120 mL) were added. The resulting white solid
(tin salts) was cxtracted with hot chloroform ([5%200 ml; Acros; ref 22706463). The
combined extracts were filtered on a cellite bed. The organic phase was washed with a
NaHCOQ, 5% solution and water, dried over sodium sulfate (Prolabo; ref 28111.365),
iltered and evaporated to give compound 144 (60 g, colorless foam). The foam was treated
with methanol 2aturated with atmonia {220 mL) n sealed vessel at room temperature under
stiring for 4 days. The solvent was evaporated off imder reduced pressure and the resulting
powder was suspended in ethy] acctate (400 mL; Carla erba; ref 528299 af reflux for 1 br.
After filtration, the powder was recrysitllized from water (220 mlL) to give L-adenosine 145
(24 g, crystals, 75%): mp 233-234°C {Saneyoshi, M., and Satoh, E. “Synthetic Nucleosides
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and Nucleotides. XTI Stannic Chloride Catalyzed Ribosylation of Several 6-Substitused
Purines” Chem Pharm Bull, 1979, 27, 2518-2521; Nekayame, €., ond Saneyoshi, M.
“Synthetic Nucleosides and Nucleotides. X3X. Synthesis of Various 1-2-Xylofuranosyl-5-
Alkyluracils and Related Nucleosides” Nucleosides Nucleotides, 1982, I, 139-146 report
mp of 235°-238°C); '"H MMR (200 MHz, DMSO-D): § §.34 and 8,12 (23, 2H, H; 20d Hy),
7.%37 (ls, 2H, NH3), 5.86 {d, | K, Hy, Iy 6.2 He),5.43 {m, 7H, OHy and OIs), 5.19 (d, 1H,
Olly, 7 3.7 Bz), 4,60 (m, Hy), 413 {m, 1, Hy), 3.94 (m, TH, He), 3.69-349 (m, 2H, Hyy
and Hsy), (identical to cormmercial D-adenosine); Mass analysis (FAB+, GT) m/z 268
(MAH), 136(RH,)".

Scheme 2:

,kLN "y
Ao N
0. OB o QBz o " o o
Adening, 8nCly, : ; iHg £ MeOH
i avslonitrikz
CBz Bz i OB B OH
143 144 L-adenasing 145
crysials

As shown in Scheme 3, L-adcnosine 143 (472 g, 177 mmol) is suspended in
pyridine {320 mL; 99% from Acros; fef 131730025) was added 1,3-dichloro-1,1,3,3-
tefraisopropyl-disiloxane (63 mL, 201 mmol; Fluks; ref 30520), and the minture was stirred
at room temperatuce for 12 hrs. Pyridine was evaporated and the residue was pattitioned
with cthyl acclate {1 L; Carlo erba; ref 528299) and a NaHCO, 5 % solution (500 wlL). The
organic phase was washed with & HCI 0.5M solutien (2x500 rL) and water (300 mil), dried
aver sodinm sulfate (Prolabo; tef 28111.365), filtered and evaporated o dryness. The
resulting solid was crystallized from acetonitrile (Ricdel-de Haen; ref 33019} to give
compomnd 146 (31 =, 50%): mp 97-58°C (Rebins, M.J, et al. “Nuclsic Acid Related
Compounds. 42. A General Procedure for the Efficient Deoxygenation of Secondary
Alcohols. Regiospesific and Stereoselective Cenversion of Ribopucleosides to 2'-
Deoxynucleosides” J Am Chem Soe, 1983, /03, 4050-4063 reports for the D epantiomer a
mp of 98°C); "I NMR (200 MHz, CDCL): § 8.28 aud 7.95 (25, 2H, H; and Hy), 5.96 (4,
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1H, Jyp 1,1 Hz), 5.63 (s, 2H, 1H2), 5.19 (dd, 111, Mz, J34 7.6 Hz, J3 2 3.5 Hz), 4.57 (44,
1H, 1, Tg2r 1.2 Hzg Iz 7.6 He), 4.15-3.99 (m, 31, Ha, Hsw and Hse), 3.31 (54, 1H, OHy),
1.06 (m. 28EL isopropyl pratons); Mass analysia (FAB-, GT) mvz 508 (M-E), 134 (B);
(FAB+, GT)miz 510 (M+E)", 136 (BH)".

Secheme 3:
Hatd Hzh
]
Yy LY
Ly A Loy N L
N o oH o O~
TIPSCE, pyridine. 5!:‘\/
~0
HO aH OH O—3gi
L-adenosine 245
146
Yield = 80%
crystals

Example 12 3'.5-0-(1.1,3,3-tetraisopropyl-I.3-disiloxanyl}-2'-deoxy-A-1-adenosine
148)

To compound 146 (34 g, 67 munol} was added acetonitrile (280 mL; Riedel-do Hacn;
1ef 33019), DMAP (16.5 g 135 mmol; 99% from Acros; ref 1482702050) and phenyl
chlorothionocarbonate (10.2 ml, 73 mmol; 99% from Acros: ref 215450050), as shown in
Scheme 4. The solution was stirred at room temperatare for 12 hrs.  Selvent was
evaporated oud the residue was partioned between ethyl acetate (400 ml,; Catlo Exba; ref
528299) and a HC] 0.5N solulion (406 mL). The organic layer was washed with a BCl 0.5N
solution (400 ml) and water (2x400 ml), dred over sodium salfate (Prolabe; ref
28111.365), filtered and evaporated to dryness to give the imtermediale as a pale yellow
solid. The crude 147 was dissolved in dioxan (Merck; ref 1.09671.1000) and AIBN (33 g,
20 muol; a,o/-azoisobutyronitrife [rorm Fiuka, ref 11630) and TTMSS (33 mL, 107 mmol;
rig(trimethylsilyl)silane from Fluka; ref 93411} were added. The solution was progressively
healed until reflax and stirred for 2 hrs. The reaction wus concentrated to a yellow oil wliich
was chromatographed (eluent dieldoromethane (Merek, ref 1.06050.6025) : methano (Carle
Erba; ref 309002) 95:3) to give compound 148 (23 g, colorless foam, 70%). An aliquot was
cristallized from cthancl/petraloum ether: mp 110-111°C (Rohins, M. T., Wilson, I. 8., and
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Hansske, F. “Nuecleic Acid Related Compounds. 42. A General Procedure for the Efficient
Deoxygenation. of Secondary Alcohols. Regiospecific and Stercoseleclive Conversion of
Ribonueleosides to 2-Deoxynucleosides™ J Am Chem Soc, 1983, 103, 4059-4065 report mp
113-114%CY; "H MIMR (200 MHz, CDCLs): § 8.33 and 8.03 {Zs, 211, Hp and Hyg), 6.30 {dd,
14, iy, J 2.85 Hy, T 7.06 Hz), 5.63 (sl, 2H, NH,), 4.96 (m, 1H, Hy), 4.50 (my, ZH, s, and
Haw), 2,68 {m, 20%, My, and o), 1.08 {m, 28H, isopropyl protons); Mass azalysis (FATH,
GT) m/z 494 (MHH)", 136 (BI)".

Scheme 4:
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Example 13 2*-Deoxy-§-L-adenosine (149

As taught by Zhang, W., and Robins, M. J. “Removal of Silyl Protecting Groups
from Hydroxy] Functions with Ammontum Fluoride in Methanol” Tetrahedron Leti, 1992,
323, 1177-1180, a solution of 3'.5-0-(1,1,3,3-ictraisopropyl-1,3-disiloxanyl)-2-dewxy-L-
ailenosine 148 (32 g, 65 mmal) and ammonum fluerids (32 g, mmol; Fluks; ref 09742) in
methano] (Prolubo; ref 20847,295) was stirred at reflux for 2 hrs (Scheme 5). Silica gel
(Merck; rof 1.07734.2500) was added and the mixtare was carefully evaporated to give a
white powder. This powdor was added on the top of @ silica colurnr, which was elnted with
dichloromethane (Metck; ref 1.06050.6025) methanal 91, The appropriate fractions were
combined and evaporated to give a whife powder, which was crystallized fiom ethanol $5
(Prolaba; ref 20823.293) to yicld 12.1 g of product (75%); mp 189-190°C (BtOH 95)
(identical to commercial 2°-decxy-D-adenosine); 'H NMR (200 MHz, TMSO-Dg): & 8.35
and 3.14 (25, 2H, H; and Hg), 7.34 (sl, 21, NE;), 635 (dd, 1H, Hy, T 6.1 Hx, J 7.83 Hz),
5.33 {d, 1H, OHy, T 4.0 Hz), 528 (dd, 1H. Hy, ] 4.95 Hz; ) 6.6 Hz), 4.42 {m, 1H, OH),
3.88 (m, 1H, I, 3.63-3.52 (m, 21, Hy, and Hsy), 2,71 (m, 1H, Hy, ), 2.28 (m, 1H, Hp).
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(identical o commercial 2°-deoxy-D-adenosinc); oy, +26° (¢ 0.5 water) (commercial 2
dooxy-D-adenosine -25° (¢ 0.5 water)); UV Amax 260 nm (e 14100) (H0); Mass analysis
(FAB+, GT) m/z 252 {M+LL)", 136 (BH)".

Scheme 5:
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Example 14 1-(3,5-Di-O-benzovl-5-L-zvlefuranosyDuracil (11

Hydrazine hydrate (1.4 mL, 28.7 mmol) was z2dded to & solution of 12-C-ucetyl-
3,5-c-O-henzoyl -8-L-xylofuracosyluracil 19 [Gosselin, G.; Bergogne, M.-C. and Tmbach,
J-L. “Synlhesis and Antivical Evaluation of §-L-Xylofuranosyl Nucleostdes of the Five
10 Naturally Occurring Nucleic Acid Bascs” Journal of Heterocyelic Chemistry, 1993, 30,
1229-1233] (4.7 g, 3.68 mmol) in pyridine (60 mL) and acetic acid (15 L), The selution
wus stirred evernight at room temperature. Acetons was added (35 mL) und the mixture was
stirred for 3% min. The reaction mixture was cvaporated under reduced pressure. The
resulting residue wes purified by silica gel column chromatagraphy [eluent: stepwise
15 gradient of meihanol (0-4%) in dichloromethane to give 11 (3.0 g, 68%) which was
crystallized fiom cyclohexane! dichloromethane: mp = 111-114°C; 'H-NMR (DMSO-ds):
11.35 (or s, 104, NI, 7.9-7.4 (m, 1100, 2 CHsC0, H-6), 6.38 (d, 1H, OH-2’, Jopy = 4.2
Bz, 5.77 (4, 16, H-1", Ty = 1.9 Hz, 5.55 (4, 1H, H-5, Jsg =8 H), 5.54 (dd, 1H, H-3°, I
2 =39 Hz and Ty = 1.8 Hr), 4.8 (m, 1H, B-47), 4.7 (m, ZH, H-5" and H-57), 4.3 (m, 1H,
20 H-27); MS: FAB=0 {matrix GT) mv/z 453 (M+HY", 103 (CHCO)*; FAB<0 (mainix GT) m/z
451 (M-H), 121 (CHsCOw) , 111 {BY; Anal Caled for CaallaplNaOy=HO @ C, 38.09; H,

4.76; N, 5.96. Found : C, 57.71 ; H, 442 ; N, £.90.
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Example 15 3-(3,5-Di-0-benzovi-3-L-arabinofursnosyluracik (12)

To a solution of 1-(3,5-di-0-benzoyl-G-L-xyloluranesyDuracil 11 {8 g, 17.7 mL) in
an auhydrous benzene-DMSC mixiure (265 mL, 6:4, v/v) were added ashydrous pyridine
(1.4 mL), dicyclohexylcarbodiimide (10.9 g, 53 mmol} and dichlorozeetic acid (0.75 mL).
The resulting mixture was stirred at room temperature for 4h, then diluted with ethry] acetate
(400 mL) and a solution of oxalic acid (4.8 g, 53 mmel) in mothanol (14 mL) was added.
After being stimred for 1h, the solution was filtered. The filtrate was washed with a saturaied
WaCl solution (2x500mL), 3% NaHCO; soinfion (2x300mL) and water (2x500mL). The
organic phase was dricd over Na;SQ., then evaporated under reduced pressure. The
resulting residue was then solubiized in an absolute GOF/benzene mixiure (140 mlL., 2:1,
v/v). To this solution at 0°C was added NaBH, (0.96 g, 26.5 mmel). After being stirred for
1D, the solution was diluted with ethyl aceiate (400 ml), then filtered. The fltrate was
washed with z saturated NaCl solution (400 mL) and water (400 mL). The arganic phase
was dried ever Na;SQ4, then cvaporated under reduced pressure.  The resulting crude
material was purified by silica gel column chrontatography [cluent: stepwise gradient of
methanol (0-3%) in dichloromethanc to give 12 (5.3 g, 66%) which was orystallized from
acetonilrile: mp = 182-183°C; 'H-NMR (DMSQO-dsy: & 11.35 {br s, 1H, MNH), 8.0-7.5 (m,
1113, 2 C4HsTO, H-6), 6.23 (br 5, 1H, OH-2"), 6.15 {d, 1H, H-1°, Jp»» =+ 4 Hz), 5.54 {d, 11I,
H-5, J5.4 =8.1 He), 53.37 {t, 1H, I1-3°, Iy = Jyy- = 2.6 Hz), £7-4.6 (m, 2IL, H-5’ and H-5"7),
4.5 (m, 16, H-4"), 4.4 (m, 1H, B-2"); MS: FAB>0 (matrix GT) m/z 453 (MTH)", 341 (5)",
113 (BHaJ', 105 (CeH:CON'; FAB<0 (matrix GT) m/z 451 (M-H), 121 (CLC0z0, 111
(B Anal. Caled for CuxHaeMNaOy: €, 61.06 ; H, 446 ; N, 6.19. Found : C, 60.33 ; H, 4.34;
N, G.25.

Example 16 _1-{3.5-Di-O-benzoyl-2-deoxy-3-1 -ervthro-pentofnranosyljneacit (13}

To a solution of 1-(3,5-di-0-benzoyl-B-L-arsbincfuranosyluracil 12 (5.2 g, 11.4
mmol) in anhydrous I,2-dichloroethane (120 ml) were added phenoxythiocarbonyl
chloride (4.7 mL, 34.3 ml) md 4-<{dimetirylarnino)pyridine (DMAP, 12.5 g, 102.6 minoL}.
‘The yesniting solution was stirred at room lemperature under argon atmospherc for 1h and
then cvaporated under reduced pregsure. The residue was dissolved in dichloromethane

(300 mL) and the organic solution was successively washed with zn ice-cold 0.2 N
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lhwdrochlorie acid solution (3x 200 ml) and water {2x200 mL), dried over Nuy 50, then
evaporated under reduced pressure. The crude matetial was co-evaporated several limes
with anhydrous dioxane and dissolved in this solvent (110 mL). To fite resulting solution.
were added under argon tris<{tiimethylsilyl)silanc hydride (4.2 mL, 13.7 mmol) and c.ef-
agoisobuiyronitrile (AT, (L6 g, 3.76 mmol). The reaction mixture was heated and stitred
at 100°C for 11 under argon, then cooled to ronm ternperature 4nd evaporated under reduced
pressure. The residue was purlfied by silica gel column chromatography [elucnt: stepwise
gradient of methanel (0-5%] to give 13 (2,78 g, 56%) which wus crystallized from EtOH:
op = 223-225°C; H-NMR (DMSO-dg): § 114 (br 5, TH, NH), 8.0-7.8 (m, 11H, 2 CGHC0,
I1-6), 6.28 {t, 1H, H-1’, I = 7 Hz), 5.5 {m, 2H, H-1" and H-5), 4.6-4.4 (i, 3H, H-4", H-5’
and H-5"), 2.6 (m, 21, B-2 and B-2%); MS: FAB>0 (mabrix GT) mw/z 437 (M), 3325
(8)"; FAB<0 (matrix GT) m/z 435 (M-H), 117 {BY; Anal. Caled for CzsHaoMoOr: C, 63.30
¥, 4.62 ; N, 6.42. Found ; C, 62,98 ; H, 479 ; I, 6.40.

Ezample 17 2*-Deoxy-S-L-cytidine (8-1.-dC

Lawesson®s reagent {1.72 g, 4.26 mmol) was added under argon to 2 solution of I-
(3,5-di-O-benzoyl-2-decxy-8-L-erpthro-pentoturanesyluracil 13 (266 g, 6.1 mmol) in
athydrous 1,2-dichlorosthane {120mL) and the reaction mixture was stirred under reflox for
3h. The solvent was then evaporateid under roduced pressme and the resldue was purified
by silica gel column chromatography [eluent: stepwisc gradient of cthyl acetare (0-8%) in
dichloromethane] to give the 4-thio intermediate as a yellow foam. A solution of this thio-
intermediate ¢1.5 g, 3.31 puool) in methanolic ammoma (previcusly saturated at -10°C and
tightly stopped) (30 L) was heated at 100°C in a stainless-stee] bonikr for 3h and then
cooled (o 0°C. The solution was evaporated under reduced prassure, The resulting crude
material was purified by silica gel column clromatography [eluent: stepwise gradient of
methanol0-20%) in dichloromethane].  Tinally, the appropriate fractions were pocled,
filtered thwough & unit Millex HV-4 (0,45 pm, Millipore) and evaporated under reduced
pressure to provide the dssired 2°-deoxy-g-L-cytidine (§-L-dC) as a foam (0.6 g, 30%)
which was crystallized from ebsolute FtOF: mp=198-199°C; 'H-NMR (DMSO-de): & 7.77
(d, 11, H-6, Tys = 7.4 He), 7.10 (br 4, ZH, NH-), 6.13 (4, 11, 117, T= 6.7 Hz), 5.69 (d, 1H,
H-5, Jsg = 7.4 He), 5.19 (d, 1H, OH-3, Jopmy=4.1 Hz), 496 ((, 1H, OB-5", Jops = Topsr =
5.2 Br), 4.1 (m, 1H, H-3"), 3.75 (m, 1H, H-4"), 3.5 (m, 2H, 13-’ and H-5"), 2.0 {m, TH, H-
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2%, 1.9 (m, 1H, B2, MS: FAB>0 (matrix GT) mz 223 (M+HY', 112 (BH)"; FAB<0
(matrix GT) méz Z26(M-HY; [d™p = - 69 (¢ 0.52, DMSQ) [[¢]™s =+ 76 (¢ 0.55, DMSQ)
for 2 commercially availsble hydrochloride salt of the D-enantiomer]. Amnal. Caled for
Ce|3N304: €, 47.57 1 H, 5.77 ; N, 18.49. Found : C, 47.35 ; H, 5.08 ; IV, 13.29.

Example 18  2-Amino-g-1 ~arabinofurano[1’.2":4,5]oxazoline {151

A mixture of L-arabinose (170 g, 1.13 meol; Fluka, »99.5%, 1ol 1083%), cyanamide
(100, 2.38 mol; Fluka, >98%, ref 28330}, methane] (300 mL), and 6M-NELOH (50 mL)
was stirred at room temperature for 3 days and then lkept at -10°C overnight. The product
was collested with suction, washed successively with methanel and ciher, and deed e
vacus. Yield, 130 g {66.0%) of the analytically pure compound 151, mp. 170-172°C; 'H
NMR (DMSO-dg) & ppim 6.35 (br s, 28, NE 2, 5.15 (d, TH, F-1, T= 5.6 Hz), 5.45 {brs, 1F,
OF-3), 4.70 (br 5, 1H, OH-5), 4.55 (d, 1H, #-2,] = 5.6 Hz), 4.00 (br s, 1H, H-3), 3.65 (m,
LH, H-4), 3.25 {ya, 2H, H-5, i#-57).

Example 19 0 -anhvdre 3 L uridine (152)

A solution of compound 151 (98.8 g, 0.57 mol) and methyl propiolate (98 mL;
Fluka, >97%, ref 81863) in 50% aqueous ethunol (740 L) was reflluxed for 3b, then cooled
and concentrated under diminished pressure to the half of the original vehune.  After
precipitation with avetone (600 mL), the product was collected with suction, washed with
eihanol and cther, and dried. The mother liquor was parlially concentrated, the consentrate
precipitated with acctone {1000 mL), the solid collected wilh suction, and washed with
acetone and ether to afford anather crop of the product, Overall yield, 80 g (62%) of
compound 152, m.p. 236-240°C; "H NMR (DMSO-d) & ppm 7.87 (4, 1H, H-6, ] = 7.4 Hz),
6.35 (d, 1H, H-1", 1= 5.7 Hz), 5.95 (4, 1B, A-5, 1= 7.4 Hz), 5.90 (d, 14, OH-3"), 5.20 {(d,
14, B2, 1= 5.7 Hz), 5.00 (m, T3, OF-3"), 4.44 (br s, 1H, H-3"), 4.05 (m, 1H, {7-4"}, 3.25
(m, 2H, A-5, H-5").
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Example 2§ 3.5'-Di-0-henzoyl-0*-anhydre-f-L-uridine {153)

To a solution of compound 152 {(71.1 g, 0.31 mel) in anhydrous pyridine {1200 mL}
was added benzoyl chioride (80.4 mE; V'luka, p.a., ref 12930) at 0°C and under argon. The
reaclion mixture was stired 2t room temperature for 3 h under exclusion of aimespheric
moisture and stopped by addition of stharol. The solvents were eveporated under reduced
pressure and the resulting residue was co-evapurated with toluene and absolute ethanol. The
crude muxiure was then diluted with ethanol and the precipifate collected wath suction,
wushed successively with efhapol and cther, and dried. Yisld, 129 g (95.8%) of compound
153, tn p 254 °C; 'H NMR (DMSO-ds) & ppm 8.1-7.4 (i, 115, CH5C0, H-6), 6.50 (d, 11,
H-1°, 1 =357 Hg), 5.90 (d, \H, H-5, 1= 7.5 Hz), 5.80 (d, 110, /72", J = 5.8 H7), 5.0 (d, 1H,
H-3") 4,90 (m, 1, H-4"), 4.35 (m, 2H, F-5, H-5).

5 Di-0-benzuyl-2"-chlore-2*-deoxv-3.L-uridine (154

To a solation of componnd 153 (60,3 g, 0.139 me) in dimethylformamide (460 mL)
was added at $°C a 3.2 N-HCUDMF solution (208 mL, prepared i sitw by adding 47.2 mL
of acctyl chloride (Fluka, p.a., 1ef 00990) a¢ 0°C to a solution of 27.3 mL of methanol and
133,5 ml. of dimctﬁylfonnamide.). The reaction mixture was stirred at 100°C for 1h under
exclugion of atmospheric moisture, cooled down, and poured info water (4000 mL). The
precipitate of compound 134 was collected with suction, washed with water, and
recrystallized from ethanol. The crystals were colleeted, washeod with cold ethanol apd
ether, and dried under diminished pressure. Yield, 60.6 g (92.6%) of compound 154, np,
164-165°C; "H NMR (DMSO-dg) 8 ppm 8.7 (bt 5, TH, NH), 8.1-7.3 (1, 1111, CeH#C0, H-
6), 6.15 (d, 1H, A-1°, T = 48 Hz), 5.5 (m, 211, H-5, H-2°), 4.65 (m, 4H, H-3", H-4’, H-5", H-
5,

Example 22 _3*.5'-Di-0-benzoyl-2°-deoxv-f.L -uridine (155

A mixture of compound 154 (60.28 g, 0.123 mol), tri-n-butyltin hydride (95 mL;
Fluks, »98%, ref 90915) and azabisisobutyronitrile {0,568 g; Fluka, »98%, ref 11630} in dry
toluens (720 ml) was refluxed under stirring for 5 b and cooled down. The solid was

collected with suction and washed with ¢cold toluene and petroleum ether. The filirate was
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concentrated under veducod pressure and dilutsd with petroleum ether to deposit an
additional crop of compound 155. Yield, 54.28 g (97.2%) of compousd 155; m.p. 220-
221°C ; "H NMR {CDCls) & pom 8.91 (br s, 1H, NH), 8,1-7.5 (i, 11H, CoH:C0 and H-6),
6.43 (g, 1H, H-1°, 1, = 5.7 Hz and ] y 5~ = 8.3 Hz), 5.7-5.6 (m, 2H, H-¥ and H-5), 4.8-
4.6 (m, 3H, H-5', -5 and H-4%), 2.8-2.7 (m, 1H, H-2), 2.4-2.3 {m, 131, £-27).

5°-Di-0-henzoyl-2’-deoxy-f-1-4-thin-uridine (156

A solution of compound 155 (69 g, 0.158 mel) and Lawesson’s reagent {74 g; Fhika,
=G8%, ref 6]750) in anhydrous methylenc chloride (3900 mL) was refluxed under argon
overnight, Alter evaporation of the solvent, the crude residue was purified by a silica gl
column chromatography [eluent: pradient of methanol (D-2%) in methylens chleride] fo
afford pure compound 356 (73 g) in quentitative yield; 'ELNME. (CDCly) & ppm 9.5 (br g,
1H, NF), 8.1-7.4 (m, 10H, Celf:CO), 7.32 (d, 1H, H-6, T = 7.7 Hz), 6.530 (dd, 1H, H-1°, J=
S.6Hzand I =82 He), 622 (d, 1H, B-5, ] = 7.7 Hz), 5.6 (m, 1H, H-3), 47 (m, 2H, H-5,
H-57), A5 (m, 1H, H-4), 2.8 (m, 1H, £1:27), 2.3 (m, 1H, £-2").

Example 24 2’-Deoxy-3-L-cvtosine

A solution of compound 156 (7.3 ¢, 0.016 moT) in methanol saturated with anmenda
(73 m1.} was heatcd at 100°C in a stainless steel oylinder for 3h. After cooling carefully, the
solvent wus evaporated under reduced presswre. An squeous solution of the residue was
washed with ethyl acetate and evaporated to dryness. Such a procedure was carried out on 9
other samples (each 7.3 g) of compound 156 (yield of 2'-deoxy-B-L-cytosine; 73 g). The 10
residues were cornbined, dilyted with absolute ethanol and cooled fo give 27-deoxy-fi-1-
cytesine as crystals. Traces of benzamide werc climinated from the crystals of 2'-deoxy-B-
L-cytosine by a solid-liquid extraction procedure (at reflux in ethyl acetate for Th). Yield,
28.75 @ (75.6%) of compound 2’-deoxy-B-L-cytosine; m, p. 141-145°C ; 'H N\rfR {DM30)
& ppiz 8.22 and $.00 (2 br s, 20, NHy), 7.98 (d, 1H, H-6, I= 7.59 Hx), 6.12 (, 1H, H-1°, T=
6.5 Hz and ] = 7.6 ), 5.89 (d, 1, A-5, T= 7.59 Hz}, 5.3 (v s, 11, O#3°), 5.1 (brs, 1H,
QH-5"), 4.2 {m, TH, H-3"), 3.80 (g, 14, H-4", = 3.6 Hz and J = 6.9 Hz), 3.6-3.5 (m, 2H, K-
5, H-5, 2.2-2.0 {m, 2H, H-2", H-2"); FAB<Q, (GT) m/e 226 (M-H), 110 (B); FAB>D
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(GT) 228 (M), 112 (B42HY; [a]p™ - 56.48 {c = 1.08 in DMSQ); UV (Pl 7) Mgy = 270
nm (& = IQ000).

5’-DH-0-benzoyl-2'-deoxy-S-iodo-2-Turidine {15

A mixture of compound 153 (105.8 g, 0.242 mol), iodine (76.8 g; Fluka, 99.8%, ref
57650), CAN (66.4 g; cerium ammmonium nitrate from Aldrich, >98.5%, vef 21,547-3) and
acetonitrile (2550 ml) was stirred at $0°C for 3k then the reaction mixture was cooled at
roont temperatute leading to erystaliization of compound 157 (86.6 g, 63.5%); m, p. 192-
194°C ; '"H NMR. (DMSQ) & ppu: 8.34 (s, 1H, NH), §.2-7.2 (m, 11H,2 C¢HsCO, 11-6), 6.31
{4, 1H, -1, T= 5.5 Hz and § = 8.7 Hz), 5.5 (m, LK, H-3"), 4.7 (m, 2H, 457, H-5'"), 4.5
{m, IH, i-4", 2.7 {m, 1H, H-2"), 2.3 (m, 1H, H-2"); FAB<0, (G1') m/e 561 (M-H}, 237
(B FAB=0 (GT) 563 (MAH)Y, [a]e™ + 3905 (o = L.O5 in DMSO); UV (BtOH 95) Uy =
281 7m0 (€ = F000Y, Ui = 254 P {E = 4000, Yy = 229 1 (€ = 31000%; Anal. Caled for
CopH N0 C, 49.13 H, 3.41 I, 4,98 |, 22.57. Found: C, 49.31 H, 3.53 N, 5.05 1, 22.30.

To a solution of compound 157 (86.6g, 0.154 mol) in avhydrons pyridine (1330 mL)
containing N-ethyldiisopropylamine (53.6 mL; Aldrich, >99.5%, ref 38,764-9) was added,
partionwise at 0°C, p-toluayt chioride (405 mL, Aldrich, 98%, ref [0,663-1). The reaciion
mixture was stirred for 2 h at room temperature, then water was added to stop the reaction.
ang the rcaction mixture was extracted with methylene chloride. The corganic phuase was
washed with water, dried over sodivm sulfate aud evaperaled to dryness to give crude 3°,57-
di-O-benzoyl-2’-deoxy-3-N-1ofuoyl-5-indo-g-L-uridine (158) which can be used for the next
step withowt further purification,

A solution of the crude nuxture 158, palladiunt acetate (3.44 g; Aldrich, >99.98%,
rel 37,087-3), triphenylphosphine (5.0 g; Fluka, >97%, rel 93092) in N-methylpyrolidinons
(1375 mL; Aldrich, >99%, rel 44,377-8) with tricthylamine (4.3 mL) was stirred at room
tesnperature for 45 min. Then, tetramethyltin (42,4 mL; Aldrich, >99%, ref 14,647-1) was
added dropwise at 0°C under argon. Afier siiming at 100-110°C overnight, the reaction

mixture was poured into water and exiracted with dietbyl ether. The organic solufion was
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dried over sodinm sulfste and concentrated under reduced pressure. The residue was
purified by a silica gel column chromatography [eluent: stepwise gradient of ethy] acctate
(0-10%) in toluene] (o give compound 159 as a foam (42.3 g, 48.3% for the 2 sieps). H
NME (DMS0) § ppm .8.3-7.2 (m, 15H,2 CeHsCO, 1 CHsCsH,CO, H-6), 6.29 (¢, 1H, Z-1’,
1=7.0H7), 5.7 (m, 1L, 71-3"), 4.7-4.5 (m, 3H, &-5°, H-5"", H-4"), 2.7-2.6 (1, ZH, H-2°, -
27, FAB<Q, (GT) mv/e 567 (M-EIL), 449 (M-CHCJLCOY, 243 (B, 121 (CHCO0);
FAB>0 (GT) 1137 {2M+HY", 569 (M+H)", 325 (M-BY, 245 {B+2H)", 119 (CHaCaH;COY'.

Example 27 2°-Deoxy-3-L-thymidine

A solution of compound 159 {42.3 g, 0.074 mol) in methanol saturated with
armnonia (1856 ml) was stirred at room temperature for two days. After cvaporation of the
solvent, the Tesidue wes diluted with water and washed sevoral times with cthyl scetate.
The aqueous layer was separated, evaporated under reduced pressure and the residue was
purifizd by 2 silica gel column chromatography [chient: stepwise gradient of methanol (O-
10%) in methylene chloride] fo give pure 2*-deoxy-g-L-thymidine {11.02 g, 64.8%) which
wes crystallized ffom etiunol; mop. 185-188°C; 'H NMR. (DMSQ) & ppm 11.3 (s, 1H, NA),
7.70 (s, 1H, H-6), 6.2 {pt, LH, A-1"}, 5.24 (d, 10, OF-¥’, ] = 4.2 Hz), 5.08 (t, 1N, OH-5", )]
= 5.1 Hz), 4.2 (m, 16, FE3"), 3.7 (m, 1H, B-47), 3.5-3.6 (m, 2H, H-5', H-5""), 2.1-2.0 (i,
2H, H-2', {27y, FAB<, (GT) mfc 483 (2M-H), 349 (M+T-H), 241 {M-H), 125 (B);
FAR>0 (GT) 243 M+, 127 (B2 ; 17 [n® - 13.0 {e = 1.0 in DMSQ), UV (pH 1)
Vomx = 267 ntrl {€ = 9700), v = 234 mum (£ = 2000).

Example 28 Stercoselective Synthesis of 2*-deoxy-G-L-inosine {§-T.-d[}

AI-dl was synthesized by doamination of 2’-deoxy-g-L-adenosine (8-L-dA)
following a pracedure previously desciibed in the 9-D-glucopyranosyl serics (Ref: L Iwai, T.
Nishimura and B. Shimizn “Symthetic Procedures in Nucleic Acid Chomistry” W. W,
Aorbach and &, 8. Tipson, eds., John Wiley & Sons, Inc. New York, 1968, 7, 135-138).
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Scheme G:

HHy

e p A
VNG § R )
‘@S‘j::\ ANty @ ")

- Acelic Avid,
HO
R B

Thus, a solution of S-L-dA {200 mg) in a mixture of acetic ecid (0.61 mL) and water -
(1% wl) was heated with sodium nitrite (495 mg), and the mixture was stirrod at room
5 temperature ovemight. The solution was then evaporated to dryness under diminished
pressurs. An aquecas solution of the resiche was applied to a calumn of IR-120 (11" iop-
exchange resin, and the solumn was cluted with waler. Appropriate fractions were collooted
and evaporated to dryness to afford pure §-L-d1 which was crystallized fom methano] (106
mg, 53% vield not oplimized): m.p.=200"-211°C; UV (HzQ), huex=247 1mm; TI-KMR
10 (DMSO-dg)= 8.32 and 8.07 {2s, 1H each, -2 and ¥-8), .32 ( pt, 1H, H-1; J=6.7 Hz), 4.4
(m, 1, H-3"), 3.9 (m, 1H, H-4"), 3.7-3.4 (m, 211 pariially obscured by HOD, H-5°,5"), 2.6
and 2.3 (3m, 1H each, H-2’ and H-27); mass spectra {mature, glycerol-thiogiyeerol, 1:1,
wi), FAB>G: 253 (MHH)', 137 (base + ZH)'; FAB=0: 251 (m-H), 135 (base): [efn’ =
+19.3 (-c (.88, IT,(h.

15 Example 2¢  Texicity of Compounds

Taoxigity analyses were performed to assess whether any observed antiviral sffects
arc due 10 & general effect on cell viability. The method used is the meswsarement of the
affect of B-1-dA, FL-dC and £-L-dT on cell growth in human bone marrow clorogenic

assays, #s compared to Lamuvidine. The results are provided in Fable 1,

20 Table 1
Compound ! CFU-GM (aM) BFU-E (M)
| A-L-dA, I >10 =10
A1C [ =10 =10 i
— BLAT *10 ] =10 I
— LU =10 T 10
Lamuvidine =1 =10
52
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Example 30 Biolegical Activity of Phosphorylated Compounds

The ability of the triphosphate derivatives of S-L-dA, §-1-dC, -1.-dU, 5-1-2"-dG, 3-
1-dl, and BL-dT to inhibit hepatitis B was tested. Table T deseribes the comparative
inhibitory activities of triphosphates of A-L-dT {B-L-dT-TP), f-L-dC (-L-d4C-TF), §-L-dU
(B-L-dU-TP) and B-L-dA (§-L~-dA-TP} on woodchuck hepatitis virus (WHV) DNA
polymerase, uman DN A polymerascs @, 8, and 1.

Table 2
WHVDNA | DNApela DNApol§ | DNApoly |
Inhibitor pol 1| K (ud) KE (gD j K (uM)
8L-d-TP 0.34 ‘ >100 =100 1 =[00
B-L-dA-TP 2.3 =106 =100 \ =100
[ BL&CTP 2.0 =100 =100 S
BL-dU-TP 5 | >106 =100 | =100

“ICap: 50% Tihibitory concentration

Y, value was determmined using calk thymus activated DNA as templatc-primer and dATP 25
substrate. Inhibitors were analyzed by Dixon plot analysis. Under these conditions, the
calculated nrean Ky, of human DNA polymersse ¢ for dATP as approximately 2.6 uM.
Huinan DNA polymerase § exhibited a steady state Ky of 3.33 pM for dATP. Human DNA
polymerase v exhibited a sready Ky, of 5.2 M.

Exampie 31 Antiviral Activitv of Compoands

The anti-hepatitis B virus activity of f-L-da, 8-L-dC, p-L-dU, 8-1-2"-dG and f-L-
dT was tested in transfected Hep G-2 (2.2.15) cells. Table 3 illustrates the effect of B-L-dA,
B-L-dC, B-L-dU, and §-L-4T azainst hepatitis B virus replication in transfected Hep G-2
{2.2.15) cells.

JP 2004-513070 A 2004.4.30

Table 3
Compound HBV virions HBV R Cytoloxicity | Seiectivily Index

ECs0 (M) ECs0 (uM) ICsa (M) [Csw/BCsa |
B-L-dT .05 .03 =200 >=4000 \_J
#1.-4C 005 0.03 200 4000 .
BLdA 0.10 B0 00 w2000
B-Ldl 1.0 1.0 =200 | =200
B-L-dU 5.0 30 =200 i =40

*Extracellular DNA )

*Replicative intermediates (Jntracellular DRA)
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The effict of B-L-dA, A-L-dC and B-1-dT in combinaiion on the growth of hepatitis

B was measured in 2.2.13 cells. The results are provided in Table 4.

Tahle 4
Cembination —;-lq Ratio | ECs |
L-4C + L-dT R ! 023 i
L-dC + LT 1:1 | 053 |
LC + 14T ER 039
L-4C + L-dA 130 022
T.4C4 T dA 1:10 041
LdC + LdA T 075
AT 4 LA 130 054
L-dT + LA 1:10 T o
}’ ] LAT + L-dA. 13 035

Fach combination produced anii-HBV aciivily thal was synevgistic, Tn addition, the

combination of L-dA + L-dC + T.-dT was alsa syncrgistic in this model.

Example 33

The inhibition of hepaiitis B replication in 2,2.15 cells by §-L-dA. and 5-L-dC, alonse

and in combination was meagured. The results are shown in Table 5.

Table 5
[} > 1 )
aﬁef];;ﬂiﬁ% f;;fﬂ jf:;% % Tuhibition Qo
0s 50
0.05 24
0.005 1
0.5 95
0.05 40
0.005 10 |
0.05 0.05 80 ¢34
0.05 0.005 36 ¢.20
0.05 0.0603 50 .56
34
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dg;qi m“i“(“;gﬂ fyt]l“dfn:{e;;% % Lihbition o, “‘
0.005 5.05 72 033
005 5063 54 035
0.0 09005 30 516
00008 705 0 0
53005 0005 i 0.28
0.0005 £.0005 3 WA

38-L-2"-deoxy-adenosine: 1C5=0.09 uM
PR-L-27-doony-eytiding: 1Cs=0.06 M

*Combination indices values indicate synergism offect (<1}, additive effect (=1), and
antagonusi effect (1)

Example 35 Efficacy of Cumpuunds

The efficacy of L-dA, L-4T and L-dC againsi hepadnavirus infeetion in woodehucks
(Mermota maonax) chronically infected with woodchucle hepatitis virus (WEY) was
determnined. This animal model of HBV infection is widely sccepied and has proven to be

useful for the evaluation of antiviral agents directed against HBY.

There were 3 animals per drug group, and 4 animals per contwol, In group 1, the
animals received & vehiele control, group 2 received lamivndine (3TC) (10 mgfcg/day),
groups 3-6 received L-da (0.01, 0.1, 1.0, 10 mgfhg/day, respectively); groups 7-10 received
L-dT (0.01, 0.1, 1.0, 10 mg/kg/day, rospectively); and groups 11-14 received L-dC (0.01,
0.1, 1.0, 10 mgfkg/dayh.

Drugs were administered by oral gavage onee daily, and blood samples talcen on
duys 0, 1, 3, 7, 14, 21, 28, and on post-treafment days +1, 43, +7, +14, +28 and +36.
Asscssiment of the activity and toxicity was based an the reduction of WHV DNA in serum:
dot-blot, quanrative PCR.

The reqults are illustrated in Figure 3 and 'Table 6.
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Table 6; Antiviral Activity of LdA, L4T, 1.dC in Woodchuck Model

Cenirol LdA IdT Lac
day “nz WHY-DNA per ml serum >
0 ET T 436 423 T T
1 398 368 45 122
3 412 140 14 62
7 4445 102 b a6

14 392 74 1 20

TLdA, 14T, LAC administered orally once a day at 10mg/kg
?limit of detection is 1 ng/ml WHY-DNA per m! serumn

The data show that L-dA, L-dT and L-dC are highly active in this in vivo model.
Firsi, viral load is reduced to undetesteble (L-4T) or pearly undstectable {L-dA, L-dC)
levels. Second, L-dA, L-dT and L-dC #re shown to he more active than 3TC (lamivudine)
in this model. Third, viral rebound is not detected for at least two wecks after withdrawal of
L-dT. Fourth, dose response curves suggest that « modes increase in the dose of L-dA and
L-dC would show antivival activity similar to L-dT. Fifth, all animals receiving the drugs
grined weight and no drug-rolated toxicity was detected.

Examplc 34 Preparation of Pharmaceutical Cempositions

Humans or other hosts infected with hepatitis I cun be treated by administering an
effective apount of a 8-2'-deoxy-f-L-erytimo-pentefuranonucleoside, for example, 3-1-27-
deoxyadenosine, B-L-2"-deoxycytidine, £-1.-2°-deoxyuridine. 3-L-2'-deoxyguanosine or g-
L-2"-deoxythymidine or 2 pharmaccutically acceptable prodrug or salt thereof in fhe
prescnoe of a pharmacentically acceptable camier or diluent, The active materials can be
sdministsred by any appropriate route, for exampls, orally, parenterally, intravenousiy,

intradermally, subcutansously, or topicafly, in liquid er solid form.

‘the active compound is included in the pharmacentically acceptable vamier or
diluent in an amount suffivient to deliver to a paticui a therapentically sffcctive amount of

compound to inhibit viral Teplication iz vive, without causing serious toxic effects in the
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patient treated. By “inhibitory amount” is meant o amount of active ingredient sufficient to
exert an inhibitory effect us measuced by, {or example, an assay such as the ones deseribed

herein,

A preferred dose of the compound for all of the above mentioned conditions wiil be
in the range from about 1 to 50 mg/kg, preferably 1 to 20 mg'kg, of body weight per day,
more generally 0.1 to zbout 100 my per kilogram bady weight of the recipient per day. The
effective dosage range of the pharmaceutically acceptable prodrug cuan be caloufaled based
on the weight of the purent nucleoside to be delivered. If the prodrug exhibits activity in
itself, the effective dosage can be estimated as above using the weight of the predrug, or by

other means known to those skilled in the art.

The compound is conveniently administered in wnit any suitable dosage fonn,
including but not limited to ore contatning 7 to 3000 g, preforably 70 to 1300 mg of active
ingredient per imit dosage form. A oral dosage of 50-1000 mg is usually convenient.

Ideally the active ingredieni should be administered to achieve pesk plasma
coucentrations of the active compound of fram about 0.2 to 70 g, preferably about 1.0 o
10 ¢M., This may be achieved, for example, by the intravenous injection of a 0.1 fo 5%
solution of the active ingredieni, optionally in saline, or administored as a bolus of the active
ingredicat.

The conceniration of active compound i the drug composition will depsnd on
absorption, inactivation, and exorction rates of the drug as well as other factors known fo
those of skill in the art. H is to be noted that dosage values will alse vary with the severity
of the condition to be alleviated. 1t is to be further understood that for any particular
subjecl, specific dosage regimena should be adjusted over time according to the individual
need and the professiomal judgment of the person administering or supervising the
administration of the compositions, and that the concentration ranges set forth herein are
excmplary only and are mot inlended to lmit the scope or practice of the cleimed
coroposition. The active ingredient may be administered at once, of may be divided into a

number of smaller doses o be administered at varying intervals of tims.

A preferred mode of administration of the aclive compound is oral.  Cral
compositions will generally include an inert diluent or an edible carvier, They may be

girclosed in geletin capsules or compressed into tablets. For the purpose of oral therapentic
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administrziion, the active compound can be incorporated with excipionts and used in the
form of tablets, troches, or capsules. Pharmassutically compatible binding agents, and/or

adjuvant maferials can be included as part of the composition.

The iablets, pills, capsules, troches and the like cap contain any of the following
ingredients, or compownds of a similar nature: 3 binder guch as raicrocrystalline cellulose,
gum tragacanth or gelatin, a0 excipient such as starch or lactose, a disintegrating agent such
as alginic acid, Primogel, or som starch; a lubricant such as magnesium stearale or Steroles;
a glidant such as colloidal silicon dioXide; a sweetening agent such as sucrose or saccharin;
or a flavoring ageat such as peppermint, methy] salicylate, or orange flavoring, When the
dosage unit form is a4 capsule, it can contain, in addilion to material of the above type, a
tiquid carrier such as a fatiy oil. [n addition, dosage unit forms can contain vatious ofher
materials whick modify the physical foum of the dosage wit, for example, coatings of sugar,

shellac, or other epteric agonts.

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

sucrase as 2 swenfening agent und certain prosorvatives, dyes and colorings and flavors.

The cotupound or ¢ phammacsutically acceptable derivative or salts thereot can also
he mixed with other active materials that do not impair the desired action, or with matertals
that supplement the desired action, such as antbioiics, antilungals, entiinflammatories,
protease izhibiters, or other nucleoside or non-nuclenside antiviral agenis. Solutions or
suspensions uscd for parcnteral, iniradermal, subewfancous, or topical application can
include the following compononts: a sterile diluent such as water for injection, saling
solution, fixed oils, polyethylenc glycols, glycerine, propylene glycol or olher synthetic
solvents; antibacterial agents such as benzyl aleohol or methyl parabens; untioxidants such
a5 ascorbic acid or sodium bisulfite; chelating agents such as ethylensdiaminetetraacetic
acid; buffers such as acetates, citrates or phosphaies and agents for the adjustment of
tonicily such as sodium chloride or dextrose. The parental preparation can be enclescd in

ampoulss, disposable syringes or muliiple dose viala made of glass or plastic.

If administered infravenously, preferred carricrs are physiological seline or
phosphate buffered saline (PBS).

38

JP 2004-513070 A 2004.4.30



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(123)

WO 0141737 PCT/USOTATIN

In a preferred embediment, the active compounds arc prepared with carriers that will
protect the compound against rapid elimination from the body, such as a confrolled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethyleme vioyl acclate, polyanhydrides,
polyglycolic acid, collagen, polyorthocsters, and polyiacetic acid. Methods [or preparation
of such formulations will be appatent to those skilled in the art. The materials can alse be

obtained commereially from Alza Corporation.

Liposomal suspensions ({including liposomes targeted to infected cells with
monoclonal antibodies to vival antigens) are also preferred as pharmaceusically acceptable
cartiers. These may be prepared aceording to methods knovm to those skilled in the art, for
example, as described in ULS. Patent No. 4,522,811, For exampls, liposome formulations
may be prepared by dissalving appropriate lipid(s) (such as stearoyl phosphatidyl
cthanolamine, stearoyl phosphatidyl choline, arachadoyl phosphatidyl choline, wnd
cholesterol) in an inorganic solvent thal is then evaporated, leaving behind a thin film of
dried lipid on the surface of the container. An aqueous solution of the active compound ot
its monaphosphate, diphosphate, and/er triphosphate derivatives is then introduced into the
cantainer. The container is then swirled by hand to free lipid material from (e sides of the

contriner and to disperse lipid aggregales, thereby forming the liposomal suspension.

This invontion hes boon described wilh reference to its proferred ombodiments.
Variations aod medifications of the invention, will be obvions to those skilled in the art
from the forcgeing detailed description of the jnvention. It is intended that all of these

varialions and modifications be included within the scope of the this invention.

5%
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We elaim,;

1. A method for treating o host infected with hepatitis I virs comprising administering
an effective treatment amount of 2°-deoxy-§-L-erythro-pentofuranonuclcoside of the

formula:

BA,
rlo SE

e
HO

or a pharmaceutically acceptable salt thercof, wherein

R' is selected from the sroup consisting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalky], CO-substituted aryl,
alkylsuliony], arylsulfonyl, aralkylsulfonyl, amino acid residue, momo, di, or

triphosphats, or a phosphate derivative; and
BASE is a punine or pyrimidine base that roay optionally be substituted.

2, The method of claim 1, wherein the 2°-deaxy-f-L-erythro-pentafuranomeleoside is a

B-1-2’-deoxypurine of the formula:

Y
L
W
x'—g\fl\
an g
RC
it
HO

or @ phaxipaceutically sccepizble salt thereof, wherein

R} is selected from the group consisting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CO-aryl, CO-alkoxyallyl, CO-arvloxyalkyl, CO-substitated aryl,
alkylsulfonyl, arylsulionyl, acalkylsulfonyl, amine scid residue, mene, di, er

triphosphate, or & phosphate derivative;

Y is OR?, NR'R* or SR?; and
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" and X? are independently selected from the group consisting of H, streight chained,
branched! or eyelic alkyl, CQ-alkyl, CO-aryl, CO-alkoxyalkyl, halogen, GR, NRNKE
or SRS; and

R’ RY, R® and R" are independently H, straight chained, branched or eyclic 2lkyl, CO-
allyl, CO-aryl, CO-alkoxyalkyl, CO-arvlonyalkyl, CO-substimted aryl, alkylsulfonyl,
arylsulfonyl, arafkyisulfonyl, amino acid residue, meue, di, or triphasphate, or 2
phosphate derivative.

The methed of clam 2, whersin the 2'-deoxy-3-L-crythro-peniefuranenuclecside is a

£-L-2"-deoxyadenosine of the formula:

or phartaceutizally acceptable salt hereof, wherein R is H, mono, di or triphosplhate,

acyl, alloyl, or a stabilized phosphate derivative.

The method of ¢laim 3, wherein R' is hydrogen.

The method of ¢laim 3, wherein R' is acyl.

The method of clzim $, wherein the acyl is derived from an ammine acid.
The methed of claim 6, whereln the arino acid is valine.

The method of claim 2, wherein the 2’-deoxy-f-L-erylhro-pentefuranonucleoside is a

B-L-2-deoxyguanosine of the formula:

Q
BB
N IN/ANHZ
r'O.
™o

|
HO

or pharmaccutically acceptable salt thersef, whercin B is H, mono, di or triphosphate,

acyl, elkyl, or a stahilized phosphate denivative.

6l



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(126) JP 2004-513070 A 2004.4.30

WO 0141737 PCT/USOTATIN

9 The meihod of claim 2, wherein the 2°-deoxy-f~L-erythro-peniofurancnuclcoside is a
B§-L-2’-dzoxyinosine of the formula:

Q
NH
&1
r'o T
10!
o

ot phiarmeceutically acceptable salt thereof, wherein R' is H, mone, di or triphosphate,

acyl, alkyl, or a stabilized phosphate dertvative.

10,  Thsmethed of claim 1, wherein the 2°-deony-f-L-erytbro-pentofuranonueleoside is a

A-L-2"-deoxypyrimidine of the formuls:

X]

or  pharmaceutically acseptable salt or prodrug thereof, whersin

R' is selected ftom the group consisting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO-substitated aryl,
alkylswifonyl, avylulfonyl, aralkylsulfonyl, amino acid residue, mono, di, or
triphasphate, or a phosphate derivative;

Y is OR®, NE'R® or SRY; and
X! is selected from the group consisting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CQ-uryl, CO-alkoxyalkyl, halogen, OR, NR'NR® or SI°; and

R’, B, R® and R® are ndependently H, straight chamed, branched of eyelic alkyl, CO-
alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyallcyl, CO-substituted ary, alkylsulionyl,
arylsulfouyl, aralkylsuifonyl, amme acid residuc, wono, di, or triphosphate, or a

phosphaie dervative.
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11.  The method of clam 10, wherein the 2’ -deoxy-g-L-erythro-pentefurancnucleaside is 2
B-L-2’-deoxycytidine of the fommla:

NH,

or pharmaceuiically acceptable salt thereof, wherein R is H, roono, di or triphosphate,

acyl, alkyl, or a stabilized phosphate denvative.
12 The melhod of claim 11, wherein ®' is hydrogen.
13.  The metbed of claim 11, wherein R' js acyl,
14.  Themethod of cluim 13, whercin the acyl ig derived from en amino acid.
15, The method of claim 14, wierein the amino acid is valine.

16, The method of claim 10, wherein the 2*-deoxy-3 L-erythre-pentolfuranonuclecside is 2

B-L-2"-deoxyuridine of the fommula:

o
f(m
N"L‘o
RO,
™0
HO

or pharmaceulicaily acceptable salt thereof, wherein R' is H, mono, di or triphospbate,

acyl, alkyl, or 2 stebilized phosphate derivative,
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7.

23,

The method of claint 10, wherein the 2’-deosy--L-aryibro-petiofisanormelcoside is 5
A-L-thymidine of the formula:

or phatrnaceutically acespteble salt thereof, wherein R is 11, mono, di or triphosphate,

acyl, alikkyl, or a siabilized phosphate derivative.

The method of claim 17, wherein Rr'is hydrogen.

The method of clzim 17, wherein R' is acyl.

The methed of claim 19, wherein the acy! is derived frem an amino acid.
The methed of ciaim 20, wherein the amino acid is valine.

A method for treating a host infeeted with hepatitis D virus compuising administeriog
an effective hepaiitis D (realment amount of at least two 2'-deoxy-@-L-eryihro-
pentafuranonucleosides in combination or alternation, wherein cach 2'-deoxy-3-L-

erythro-pentofuranonucicoside i3 independently of the formula:

EASE

[0}

!
HO

or its phatmaceuticslly eceeptable salt thereof,

wherein B! is selected from the group consisting of H, straight chained, branched or
cyclic alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalicyl, CO-substituted
aryl, alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, smino acid residue, mome, di, or
triphosphate, or a phosphate derivative; and

BASE i¢ 4 purine or pyrimidine base that imay optionally be substituted.

A method for treating a host jofected witi hepatitis T virug comprising administering

un effective hepatilis D treatment amouni of a bislogically active 2’-deoxy-8-1-
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erythre-pentofuranonucleoside or a pharmaceutically acceptzble salt thereof in
combination or alternation with an anti-hepatitis B agent, whetrein the additional anti-
hepatitis B agent is selected [rom. the group consisting of FTC, L-FMAU, DAPD,
fameiclovir, penciclovir, BMS-200475, bis pom PMEA fadefovir, dipivoxil),

lobucavir, pancieloviy or ribavivin,

24, Use of a 2"-deoxy-f-L-erythro-pentofuranonucleoside of the formula:

or ils pharmaceutically acceptable salt thercof, for the treatment or prophylaxis of a

host infected with hepatitis © virus, wherein

R is selocted from the group consisting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CO-aryl, UO-alkonyalkyl, OO-aryloxyatkyl, CO-substituted aryl,
alkyleulfonyl, arylsulfonyl, aralkylsulfonyl, wmino acid residue, monme, di, or

triphesphate, or 2 phosphate derivative; and
BASE is a purine or pyrimidine base (hat may epfionally be substitated,

25 Theuse of claim 24, wherein (he 2'-deoxy-3-L-erythro-pentofiranonucleoside is a 8-
L-2’deoxypurme of the formula:

N
L
N
o
ity
HO

or pharmaceutically acceplable salt thereof, wherein

R! is selected from tho group consigting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CQ-aryl, CO-alkoxyalkyl, CO-aryloxyallyl, CO-substituted aty),
alkylsulfonyl, arylswfonyl, arallylsulfonyl, amino ecid residve, mono, 61, of

triphosphate, or a phosphate derivalive;
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Y is OR?, NR'R” or SR’ and

X! and X? are independently selected trom the group consisting of H, straight chained,
branched or cyclic allyl, CO-aligyl, CO-aryl, CO-alkoxyalkyl, balogen, OR®, NR*NR®
or SRs; and

R%, R®. R’ and R are independenily Y, straight chained, branched ar cyelic alkyl, CO-
alkeyl, CQ-aryl, CO-alkoxyalkyl, CO-arvlentyalkyl, CO-substituted aryl, alkylsulfonyl,
arylsulfonyl, arallcylsulfonyl, amino acid residue, mono, di, or triphosphats, or 2

phosphate derivative,

The use of claim 25, wherein the 2*-deoxy-F-L-crythwo-pentofuranonucleoside is u §-

L-2'-deoxyadenosing of the formula:

or pharmaccutically ucoeptable salt thereof, wherein R is H, mono, di or triphasphats,

acyl, alleyl, or a stabilized phosphate derivative.

The use of claim 26, wherein B is hydrogen.

The use of claim 26, wherein 2 is acyl.

The use of claim 28, wherein the acyl )s detived from an amino acid.
The use of claim 29, wherein the amune acid is valibe.

The use of claim 23, wherein the 2’°-deoxy-S-L-eryihro-pentofuranonucleoside is a §-

L-2'-deoxygranosiue of the formula:

HO
or phanmaceutically acceptable salt thereof, whersin R'is H, mono, di or triphosphate,

acyl, alkyl, or a stabilized phosphate derivative.
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The use of ¢laim 25, wheregin the 2°-decxy-#-L-erythro-pentofuranonnclecside is a -

L-2’ decxyinosing of the formula:

or pharmaceulically sceeptable salt fhereof, wherein B! is H, mome, di or triphosphate,
acyl, alkyl, ot a stabilized phosphale dedvative,
The use of claim 24, wherein the 2’-deoxy-f-L-erythro-pentefiranenucleoside is a 8-

1-2"-deoxypyrimidine of the formula:

or ifs pharmaccutically acceptable salt thereof, wherein

R' is selected from the group consisting of H, straight chained, branched or cyclic
alkyl, CO-afkyl, C0-aryl, £O-alkoxyalkyl, CO-aryloxyalkyl, CO-substitated aryl,
alkylsulfonyl, arylsulfenyl, aralkylsulfenyl, amine acid residue, momo. di, er

triphosphate, or 4 phosphate derivative,
¥ is OR?, MR'R” or SR’; and

X' is selected from the sroup consisting of H, straight chained, branched or oycfic
alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, halogen, OR’, NRNE® or SR”; and

RY, v%, B and RS are independently H, straight chained, branched or cyclic alleyd, CO-
alleyl, CO-aryf, CO-alkosyalky], CO-aryloxyallyl, CO-substituted aryl, alkylsulfonyl,
arylsulfonyl, aralkylsulfonyl, amino acid residue, mono, di, or triphosphate, or a

phosphate derivative.

G7

JP 2004-513070 A 2004.4.30



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(132) JP

WO 0141737 PCT/USOTATIN

34, The use of claim 33, wherein the 2’—deoxy—ﬂ-lrm’ythro-penmfurahmucleoside is a -
L-2’-deoxyeytidine ol the formula:

i
i
NAO
r'n
N
e
HO

or pharmacestically acceplable sall thereef, wherein R' is H, mono, di or triphosphate,
acyl, alkyl, or a stabilized phosphate derivative.

35, The use of claim 34, wherein B ja hydrogen.

36, Theuse of claim 34, wherein B is acyl.

37.  Theuse of claim 36, wherein the acyl 3 derived from an amino acid.
38, The use of claim 37, wherein the anuno #id is valine.

39 The use of claim 33, wherein the 2’-deoxy-§-L-erythro-pentofuranonuclcoside is 4 g-

o
r
R OL

%
HO

L2 desxyuriding of the formula:

or pharmaceutically acceptable sait thereof, wherein R} is ¥, mono, di or triphosphate,
acyl, alkyl, of a stabilized phosphate derjvative.
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40.  The use of claim 33, wherein the 2'-dsoxy-@-L-erythra-pentofuranonueleoside is u -

O
H:’C\fLNH
N’k*o
rlo

I-thymidine of the formula:

)
HO

ot pharmaceutically acceptable salt thereof, wherein R' is H, mono, di or triphosphate,

acyl, alkyl, or a stabilized phosphate derivative.
41.  Theuse of claim 40, whercin R! is hydrogen,
42, Theuse of ¢lairo 40, wherein R s acyl,
43, The use of claim 42, wherein the acyl is derived frem an amine acid,
44, The use of clainy 43, wherein the aniine acid is valine.
45, Use of a 2’-deoxy-f-L-erythro-pentofuranonucleoside of the formula:

B
Rlo ASE

it
0o

or its pharmaceulically acceptabic salt thercof, in the manufacture of & medicament for

the treatment or prophylaxis of 2 host infected with hepatitis D vimus, wherein

R! is selected from the group consisting of H, straight chained, branched or cyclic
alleyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, CQO-aryloxyalkyl, CO-substituted aryl,
alkylsulfonyl, arylsulfouyl, aallylsulfonyl, amino acid residue, mono, di, or

triphosphate, or o phosphate derivative; apd

BASE is 2 putine or pyrimidine base that may optionally be substitated.
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46, The uso of elaim 45, wherein the 27-deoxy-f-L-erythro-pentofuranonucleoside is 2 8-
L-2"-deoxypurine of the formula:

i
x—
1

R)O\Kﬁ

10
or its pharmaceutically acoeptabls salt thereof, whergin

R' is sclected from the moup consisting of H, straight chained, branched or cyclic
alliyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CQO-substituted aryl,
alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, amino acid residue, mono, di, or

triphosphato, or a phosphate derivative;
¥ is OR?, NR'R* or SR”; and

%! and 32 are independently selected from the group consisting of H, straight chained,
branched or cyclie alkyl, CO-alky), CO-aryl, CO-alkoxyalkyl, halogen, OR, NR'NR®
or SRS; and

RY, RY R® end R® are independently H, siraight chained, branched or eyclic allyl, CO-
alky), CO-aryl, CQ-alkoxyallyl, CQ-aryloxyalkyl, CO-substituted aryi, alkylsulfonyl,
arylsulfony), atalkylsulfanyl, amina acid residue, mome, di, or miphosphate, or a

phosphate derivative.

47, The usc of claim 46, wherein the 2’-deoxy-8-L-erythro-pentofuranonucicoside is a f-

L-2"-deoxyadenosing of the formula:

ar pharmaceutically acceptable salt thoreof, wherein R is H, mono, di or iriphosphate,
acyl. alkyl, or a stabilized phosphate derivative,
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The use of claim 47, wherein R' is hydrogen.

The use of claim 47, wherein R' is acyl.

The use of claim 49, wherein the acyl is derived from an amine asid.
The use of claim 50, wherein the amine acid is valine.

The nsc of claim 46, wherein {he 2’ -deoxy-f-L-crythro-pentofuranonucleoside is a 5-

o
,NfLNn
<T : }fL\NI
@

1
HO

L-2'-deoxygnanosine of the fommla:

r'D

or pharmacentically acceptable salt thereof, wherein R is 1, meno, di or triphosphate,

acyl, alliyl, or a stabilized phiosphate deivative,

The use of claim 46, wheyein the 2’-denxy-g-L-crythro-pentofuranonucleoside is a 3

L-2*-deaxyinosine of the formula:

or phannacewtically acceptable salt thereof, wherein R! is H, rnono, di or triphosphate,

acyl, allyl, or a stabilized phosphate derivative.
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54.  The usc of claim 45, wherein the 2"-deoxy-g-L-crythro-pentofuranonucleoside is a g-
L-2"-deoxypyrimidine of tha formula:

¥
]
X ‘\N
N/J\\‘O
r'O
T
fals)

ar its pharmaceutically acceptable salt thereof, wherein
R! is selected from the group consisting of H, stight chaived, branched or cyelic
allyl, C0-alkyl, CO-aryl, CO-alkoxyalliyl, CO-awyloxyalikyl, CO-subsiituted aryl,
alkglsulfony!, arylslfonyl, swalkylsulfonyl, amino acid residue, mono, d&i, or
triphosphate, or a phosphale derivative;
¥ is ORY, NR'R* or SRY; 2nd
¥ is selected from the group consisting of H, straight chained, branched ot cyclic
alleyl, CO-alleyl, CO-aryl, CO-alkoxyalkyl, halogen, OR®, WRNR® or SRY, and
®3, R, B* and RY are independentiy H, straight chained, hranched ar eyelic aliyl, CO-
ulkyl, CQ-aryl, CO-alkoxyaikyl, CO-aryloxyalkyl, CO-substituted aryl, alkylsulfonyl,
arylsulfonyl, aralkylsulfonyl, amine acid residue, mone, di, or triphasphate, or a
phosphate derivative.

55, Theusc of claim 34, wherein the 2'-deoxy-8-L-erythro-pentofurancnuclecside s a -
I.-2*-deoxyeytidine of the formuia:

WH,

R Ojd

|
HO

or pharmacentically accoptable sall thereof, wheretn R! js H, mano, di or triphosphate,
acyl, alkyl, or a stabilized phosphate derivative.
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56, The use of claim 55, wherein R is hydrogen.
57.  'The usc of claim 55, wherein R' is acyl.
58, The use of elaim 57. wherein the acyl is derived from an amina acid.
59.  The use of claim 58, wherein the amine acid is valine.
50, The use of claim 54, wherein the 2’-deoxy-3-L-erythro-pontofuranonucleoside is a -
L-2"-deoxyuridine of the formula:
s}
KH
[k
‘N/&O
rlo.
™0
HO
or pharmaceutioally acceptable sali thereof, wherein R' is H, mono, di or triphosphate,
acyl, allyl, or a stabilized phosphate derivative.
61.  The use of claim 54, wherein the 2’-deoxy-§-L-eryibro-pentofuranonuclecside is o §-
L-thymidine of the formula:
a
C
B \U\)\Nﬂ
N’l*o
0
HO
or pharmaceuiically acceptahle salt thersof, wherein R! is B, mono, di or friphosphate,
acyl, alkyl, or a siabilized phosphate derivalive
62 Theuse of cluim 61, wherein R! is hydrogen.
63.  Theuse of claim 61, wherein R' is acyl.
64.  The use of claim 63, wherein the acyl is derived from an amino actd.
65.  Theuse of claim 64, wherein the amino acid 1s valice.
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