P-L-2' - Deoxy- Nucl eosi des for the Treatnent of Hepatitis B Background of
the invention 5 This invention is in the area of nmethods for the treatnent
of hepatitis B virus (also referred to as "HBV') that includes

adm nistering to a host in need thereof, either alone or in conbination,
an effective anount of one or nore of the active conpounds discl osed
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corrpounds HBV is second only to tobacco as a cause uman cancer. The
mechani sm by 10 which HBV induces cancer is unknown, although it is
postulated that it may direCtyd¥udlohBISF the TUID devel opnent, or indirectly
trigger tunor devel opnent throu %10 ﬁronlhgll n'f"lta&"ratl on, cirrhosis, and
cell regeneration associated vvlth the infecti on Hepatl tis B virus has

reachsed epi deffh; bl ds non ncubati on
bor 04 i n i s PN MR 0 Chine s Tor e iRt SHrTBO B Vire iron can

| ead to refgreddpes’ M@Halth@tll@chahdadmmtstemlgmfagnostEri'h@ded YRR eitBOMH Rk Pai n,

d HBV
R A R R A K R i o e W

di sease Pig mapena@ﬁvuecepmblb iperdsugOdr shllnefdmev(ﬁ"rthe%é Borfifothagyed. Patients

typically rec r. a atitis. sone patients, however, high
|l evel s of vﬁ%?lsg 81[‘9 on tﬁ?@? ?Srf“fal"fée eacer nThomeahawism byr

i ndefQ ni which BV uniucasamng uﬁkmhﬂhpﬂt}ﬁ;ugl?@ id pYisRfdtePat 1%&%&&%&% fions can
Patients infecte

lpi??l ts'? eﬁ‘p{ I?@%y% doi ﬁ%gf 1”@‘6‘?@5 ?églﬁ‘t' ﬁé\?éfj%‘fﬁlwa?b@mugh@hrongynﬂam&wl t here

wer e apcprrhommﬁcbd:e?l régteraiibn As06Li AR Rith heGRELigr S of HBV in Asia alone, and
wor | dwi de, al | 1ion carriers. Chronic persistent hepatitis can

cause fatig u ep@f"l’sflgé”é?gi!‘aﬁf cached epidgayic texelsworldwideo ddtet ultvar tocsi mbmbna, a

primry 1hcukﬁnon:pembar Rizh kKe BBSE Bhdvard tries h risk
0] for. HBV | nf eg"f:”on i nclude th osegﬂ*%fdggérﬁftogglt%gm 'Lljfﬁaf-ﬁ\g\?a%& fl?ers or

gr
their bl %58 R ard lives damageq i esmergpbdgmingh\pairs janpdige, anil lebated blood hat of

deveRvmertsial h ts f HBV
St ect .eo;" Léwo%nh?nﬁgmﬁ'?‘f%m I St nept B %{r‘%sﬁasaﬁéno?ﬁ‘%%ex

However, iod thelissasedm w W@%Slmm‘uws\ﬁ ﬂ&(]uldome\destroyﬁmr e recent I y,
vacci nes have. a,é,ﬁp e et c i neer| n

currentl y used wid Unf ortunate cci ne¥
i nf ect edPtWitpkpnpigsp p%\fitluythp et MSxmdéd afinﬂemﬁfeep@ma @ugiagatheald ¥

engizpeenigflciin0@irdhic B8R tions can lead to chronic persistent hepatitis. Patients infected with
chronic persistent HBV are most common in developing countries. By mid-1991, there were
approximately 225 million chronic carriers of HBV in Asia alone, and worldwide, aimost 300
million carriers. Chronic persistent hepatitis can cause fatigue, cirrthosis of the hver, and
hepatocellular carcinoma, a primary liver cancer.

25 In western industrialized countries, high risk groups for HBV infection include those
in contact with HBV carriers or their blood samples. The epidemiology of HBV is very
similar to that of acquired immune deficiency syndrome (AIDS), which accounts for why

- HBV infection is common among patients with AIDS or AIDS related complex However,
HBYV is more contagious than HIV.,
30 However, more recently, vaccines have also been produced through genetic
“engineering and are currently used widely. Unfortunately, vaccines cannot help those already

infected with HBV. Daily treatments with o-interferon, a genetically engineered protein, has
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al so shown promi se, but this therapy is only successful in about one third
of treated patients. Further, interferon cannot be given orally. A nunber
of synthetic nucl eosi des have been identified which exhibit activity

agai nst HBV. The (-)-enantiomer of BCH 189, known as 3TC, clained in U S.
Patent 5,539,116 to 5 Liotta, et al., has been approved by the U S. Food
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this class o%’ Ig‘i)ar?%g%%dlgk‘f%?] Fﬁ%‘%?ertg%v%éﬁfhe&f-em@ners&ﬁa -flpgrermadified.  pat ent
Nos. 5, 565~d4®8frlb5n&ﬁf?qsﬁﬁ85 -ayshoBpHaRy f&@;’elﬁﬁmmn@kh@}km}w g'p%ﬁjp% ed (1€ use of

2' uo th of iranolyluridine e treat nent
of Egepa ge %%9 %&E%%L?@{ﬁﬂ %%Ff'rﬁc%liybé? %P’@Splgﬁtﬁﬁe?fél-ﬂ@xaﬁd-ﬂumwer sity
of Ceor I-Iatlﬁﬂﬁdiaé LAOUreg 2’ 30@ideb ey’ S e L=

((3-L- 561‘ 2‘% qhﬁﬁil deﬁzt i/cy%dled)lwr:]% m%og{%bq“ eyt%d}ge }eﬁ?@g) ﬁgpa’tl tis B
virus i g’ Hae: S'FH%‘ Hortdne (BL-FMehedP) sheee disalospd akdfertpeyt i di ne

([ 3- L- 2inkilors ¢fHBYV DNA g/ Lmégg dine 30 ((3-L-dT) and

[ 3-L-2' - deox I ne 2'-dA), are known in the art. Antonin Holy
first WS@?%SIZ to Genencor Intemauonal Inc. and Lipitek, Inc. discloses that certain

20 L-ribofuranosyl nucleosides can be useful for the treatment of cancer and viruses.
Specifically disclosed is the use of this class of compounds for the treatment of cancer and
HIV. |

U. S. Patent Nos. 5,565,438, 5,567,688 and 5,587,362 (Chu, et al.) disclose the use of

2’-fluoro-5-methy)-B-L-arabinofuranolyluridine (L-FMAUJ for the treatment of hepatitis B
25  and Epstein Barr virus.

Yale University and University of Georgia Research Foundation, Inc. disclose the use
of L-FddC (B-L-5-fluoro-2°,3"-dideoxycytidine) for the treatment of hepatitis B virus in WO
92/18517.

The synthetic nucleosides B-L-2’-deoxycytidine (B-L-2°-dC), B-L-2’-deoxythymidine

30  (B-L-dT) and B-L-2’-deoxyadenosine (B-L-2’-dA), are known in the art. Antonin Holy first
disclosed B-L-dC and B-L-dT in 1972, “Nucleic Acid Components and Their Analogs. CLIIL

Preparation of 2’-deoxy-L-Ribonucleosides of the Pyrimidine Series,” Collect. Czech. Chem.



di sclosed [3-L-Wand (3-L-dT in 1972, "Nucleic Acid Conponents and Their
Anal ogs. CLIII. Preparation of 2'-deoxy-L-R bonucl eosides of the

Pyrim dine Series," Collect. Czech. Chem 2 Commun. (1972), 37(12),
4072-87. Morris S. Zedeck et al. first disclosed (3-L-dA for the
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know@ i APO6RI364% (1994)i nhi bit herpes sinplex virus type 1 (HSV-1) thym dine
kinase (TK). lotti. et at., W) 92/08727, teaches that (3-L-dT selectively"
i nhi bits t he PREEPIFORY fested Srdemxy -k teprihuginestofiyrandBuelbosidés ajpaibst paitialy human

TK.  Spaieaiorabib viths (PR&DOBLEAEA DAY t Jydifiec i s phosphoryl ated by herpes
si npl ex vi ru%h'% 1; 1 nggt hym di ng( ﬁ%ﬂhis%@h%ﬂi 5rihi bits viral growth, J. Med.
Chem (1992), E Sppeulis pacsad 2'-fiepxyifghteryshiroteatofiaaiontibladsidee patd dtidedd Vi r US
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that have | gw. -H0xdoGi g 25 Therefore,. it is an object of the
present i nvegti on tothr/no]%/C?n e@ﬁ'eﬁém%%mgﬁﬁm AR iberpshgmplsX iIHE

t r eat meMPedi(HRYrhirihyrandinsrkinaso (T Hetti ehals tWOi 0f0B92 E deathdsnlighalyit i s B
VITUS. selectively inhibits the phosphorylation of D-thymidine by HSV-1 TK, but not by human TK.

Spaldari et al. reported that L-thymidine is phosphorylated by herpes simplex virus type 1

20 thymidine kinase and inhibits viral growth, J. Med. Chem. (1992), 35(22), 4214-20.
In light of the fact that hepatitis B virus has rcéchcd epidemic levels worldwide, and
has severe and often tragic effects on the infected patient, there remains a strong need to

provide new effective pharmaceutical agents to treat humans infected with the virus that have
low toxicity to the host.

25 Therefore, it is an object of the present invention to provide new methods and

compositions for the treatment of human patients or other hosts infected with hepatitis B
virus. ‘ |



3 Sunmary of the Invention A nethod for the treatnment of hepatitis B

I nfection in humans and other host animals is disclosed that includes

adm nistering an effective amount of a biologically active 2'-deoxy- 5
(3-L-erythro-pent Of uranonucl eoside (referred to alternatively herein as a
(3-L-d-nucl eoside or a 13-L-2'-d-nucl eoside) or a pharmaceutically

acceptabl e salt or prodrug t her eBPMay ol tiskerethn ei t her al one or in

conbi nation, optionally in a pharmaceutically acceptable carrier. The term
2' -deoxy, as usgd ehndtfhiﬁ specification, refers to a nucl eoside that has no
substituent in ‘tHE"2COPBSTEaUBEN of hemitigis 0 imbdctieeitt humans and other host animals

2" - deoxy- (i8disclosetthatondd@ias mﬂnmmggﬁgg%hl?vﬁiamol%t @gﬁ%ﬁ&gﬁi; S oo

acceptgbl _{Q_r octéruglifj or. salts or ph

cont ai i ngj RESEO B Yatyclgpddaeftutd fomlehet NGB8 R FANY-{cRBLHEN, Of

hepati ti s pRLiMVdegicicosige)and nh ed canditions such as anti-HBV

anti body positive and taB\/- Soésrin?irzfluéfcg%ﬁéclcf ?%ﬁg saltonmodrug therapdyadnyifiptaredat i on

caused by B, 2eneor ysdmbinationt aptionpiht intd manﬁ&EmOﬁﬂflscda?@gﬂeicg}rﬁr_ shrenic 15
|

per si st ent>defat, bd dsed iARA : . These conpounds or fornulations can al so
be used Er aphy! actical Iy S[J%&%%ggfé’nﬂep%srmraé‘t“ﬁ gsifBatdias ge subsitisrenbin thd 2°ni cal

i 11 ness i A°TMeM-vi dual s who are anti-HBV anti body or HBV-antigen positive

or wh have been. 50088949, 0BY, In.a first aspect, there is provided a use
of an effective anmount of %}o |IﬁawtgFP‘B?"‘OfPﬁéoﬁ%lepﬁﬁﬁﬂagr pharmaceutically

1i - L- 2' - cRERDAMIE Persisuas o saltstor phétmateutichl i aceepatliorkdR1aoR HUNLS, tl?é?e onj 0

on and of Lcal ly acceptable salts or esters éH%irn o]
éomﬁun@@ﬁé U?e(fﬁq;n b prevention andt treatment of hepatitis B infections and other

related conditions such as anti-HBV antibody positive and HBV-positive conditions, chronic

liver inflammation caused by HBV, cirrhosis, acute hepatitis, fulminant hepatitis, chronic
15  persistent hepatitis, and fatigue. These compounds or formulations can also be used

prophylactically 1o prevent or retard the progression of clinical illness in individuals who are

anti-HBV antibody or HBV-antigen positive or who have been exposed to HBV.

In a first aspect, there is provided a use of an effective amount of combination of

the following B~L—2_’f~deoxynucleosides:
NH;

. L "Cr

! (e
- OH and OH

. or pharmaceutically acceptable salts or esters thereof,

in combination or altemation with an effective amount of a compound selected from the

group consxstmg of PF-L-2-hydroxymethyl-5-(cytosin-1-yl)-1,3-oxathiolane (3TC), cis-2-
| hydr-oxymethyl-S—(S-ﬂuorocytosin-l-y])-l ;3-oxathiolane (FTC), B-L-2"-fluoro-5-methyl-
g grablfmfuranolyl-midine (-FMAU), B-D-2,6-diaminopurine dioxolane (DAPD),
famciclovir,  penciclovir, 2-amino-1,9-dihydro-9-[4-hydroxy-3-(hydroxymethyl)-2-
| meﬂl_ylenecyclopemyu-eﬂgminmnc (entecavir, . BMS-200475), 9-{2-(phosphono-
- methoxy)ethylladenine (PMEA, adefovir, dipivoxil); lobucavit, ganciclovir and ribavitin;

_ ;:)tie manufacture of a medicament for the treatment of a hepatitis B virus infectionin a -
: S ’ .



I n conbination or alternation with an effective anount of a conpound
selected fromthe group consisting of (3-1

2- hydr oxynet hyl -5{cytosin-1-yl)-1, 3- oxat hi ol ane (3TC), cis 2-

hydr oxynet hyl - 5- (5-fl uorocytosin-1-yl)-1,3-oxatlriolane (FTO),
f3-L-2"-fluore-5-nethyl- arabinofuranolyl-uridine (L-FVAU),

fl-D 2, 6-di atni nopuri ne di oxol ane (DAPD), fanticlovir, pencidovir,

2=am no- 1, 9-di hydr o- 9- [ 4- hydr oxy- 3- (hydr oxynet hyl ) 2-

i aet hyl enecycl oqent | ]-6H punn-"ne (entecavir, . EMS-200475),

9- [ 2- (phosphono-" Fﬁ%ﬁ"ﬁ%ﬁ%eé‘t’ Hierg icrsenidesl 7 wPAan affeftiovicombitiapornvaitht ) ;

| obucavir, ERRGIKERGVEY. ' \rin; in the manufacture of a nedi canent
for the treal?dn‘glhgbg%/badﬁ{e}(gg{lél[%%ye% virus infection in a host. 4 1n a
second aspect, there is provi dewHa use of an effective conbination of the
follow ng (3-L-2'-deoxynucl eosiles: NHz 0 N H- RONp Ro N-"0 QCa""
on and O f or pharnmaceuticall qEptable sgits esters thereof, wherein
Ris selected fromthe groufd}congisting of 1 | kyl, -CO aryl,

- CO al | coxyal kyl , -CO at yt |, al kyl su nyj, aryl sul fonyl,

at al kyl sul fonyl, am no ' due}® nonag_di, hosphate or a

stabilized nucl eoti de; ceutically gccept|labl e prodrugs thereof,
Wherein Ris selected froMghe>group consi ¢4 of H -COallryl,
-CO-aryl, -CO al koxyal kyl, L aryl oxyal kyl , { yl sul fonyl, arylsulfonyl,
aral kyl sul fonyl, am no aci % esi due, #who, dPE or tri phosphate or a
stabilizeq, Iﬂiéﬂnﬁg Qi LN combination or alternation with as effective
anmount of A conpou.%g%gf 88‘{‘38% ¢ 5%% fAeesters thereof, wherein R is selected from the
group consisting of H, -CO-alkyl, -CO-aryl, -CO-alkoxyalkyl, -CO-aryloxyalkyl,

alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, amino acid residue, mono, di, or triphosphate
or a stabilized nucleotide;

=

or pI_lar‘maceuticalIy acceptable pmdrugs thereof, whéreiu R is selected from the group
consisting of H, -CO-alkyl, -CO-aryl, -CO-alkoxyalkyl, -CO-aryloxyalkyl, alkylsulfonyl,

arylsulfonyi, aralkylsulfonyl, amino acid residue, mono, di, or triphosphate or a stabilized
nucleotide; '

in combination or alternation with an effective amoumt of a compound selected from the
group consisting of fi-L-2-hydroxymethy}-5-(cytosin-1-yl)-1,3-oxathiolane (3TC), cis-2-
hydlloxymethyl-s-(s-ﬂuorocytosin- 1-yi)-1,3-oxathiolane (FTC), $-L-2’-fluoro-5-methyl-
 erabinofwanolyluridine (L-FMAU), f-D-2,6-diaminopurine  dioxolane (DAPD),
* . fameiclovir,  penciclovir, 2-amino-1,9-dihydro-9-{4-hydroxy-3-(hydroxymethyl)-2-
methyleuecyclopcntxl]-ﬁﬂ-puﬁn-é-one (entecavir, BMS-200475), 9-[2-(phosphono-
methoxy)ethylladenine (PMEA, adefovis, dipivoxil); lobuoavir, ganciclovir and ribavirin:

::, the manufacture of & medicament for the treatment of a hepatitis B virus infection in «

4a



group consisting of D-I-2-hydrnxynethyl - S{eytosin-1-yl)-1, 3-oxat hi ol ane
(3TC), cis 2- hydroxynethyl-5{5 fluorocytosin-t-yl}1, 3-oxathiolane (FTC),
f3-L-2"-fluoro-5-1itethyl- arabinofuranolyluridine (L-FMAIJ), 13-D

2, 6-di am nopuri ne di oxol ane (DAPD), fanticlovir, penciclovir,

2--am-neo--1, 9-di-hydr o- 9- [ 4- hydt nxy- 3- (hydr oxynet hyl ) - 2- .

nmet hyl euocyel opentyl]-bH purity{-one (entecavir, BMS 200475),

9-[ 2- (phosphono- net hoxy) et hyl] adeni ne (PMEA, adefovir, dipivoxil);

| obucavir, gancileh@vidasaed, thedbavproiialed aiuge diheeiimiué aghbingidfofshapdiranent
for the treat nent, of.,a hepatitis B virus infection in a host. 4a In a
third aspect, WEF%SI?%‘;‘ provided a use of a effective conbination of the
R-L-2'- deoxynucleosides: NH=08: | \ NHNH RQN-OROI N-O OH and off or
pharmaceutically acceptable sdalts or esters thepjeof, wherein R is hydrogen
or an amno -acid residue; i nat i on Hgx rnation wth an effective
anount of a conpound sel ectdd frjomthe groupjjcongi'sting of
ft-L-2-hydroxynet hyl -%—(cyt i vl )-1, 3- oxathi ollane (3TC), cis 2-

| hydr oxymet hyl - 5- (5- ey ocyt §si n-2- yl )R, 3- oxawhi of@ne (F TC), D-, 2
-fluoro-5-nethyl - arabi npfuragol yluridine [Lr FMAU), P-D-2,6-di am nopuri ne
di oxol ane (DAPD), fanti ¥wu¥, pencicl ovi o

2-am no-1, 9-di hydro-9-[ 4-&ydr oxy- 3- (hydr oxy(l}Het hyl ) - 2-

met hyl enecycl opentyl ] - 6H puri n- 6- onea’%lient ecavir, BMs-200475),

9-[2-(ph ﬁﬂﬁ% ‘F@an tﬁ)‘tﬁ:ﬁ eni VEA Vi = 3. iy FLD) i

| obucavi §§ gan Icg oVI ?)%tér:] H%%@lgréyrﬁg %tsl(ﬁcf%g ‘ﬁ%%& a%tlﬁpghiyﬁggéhé%mﬁent
for the ¥ of a hepatitis Bvirus infectionin a host. In a fourth

g-s p 322 Xy%&?@g‘ﬁé&@é ?)\lflmﬂgd' oxllJ %ngmoain € eecfﬁ]:fte: %&:{o\{lgt gg Q.b cL)rt]rlapt()lu%H sg{ec%egefm BiIIIé
group consisting of f-L-2-hydroxymethyl-5-(cytosin-1-yl)-1,3-oxathiolane (3TC), cis-2~

" “hydroxymethyl-5<(5-fluorocytosin-1-yl)-1,3-oxathiolane (FTC), B-L-2'-flooro-5-methyl-
--arabinofurmolyluridine (L-FMAU), B-D-2,6-diaminopurine - dioxolane (DAPD),

- famciclovir, penciclovir, 2-amino-1,9-dihydro-9-[4-hydroxy-3-(hydroxy-methyl)-2-
methylenecyclopentyl]-6H-putin-6-one  (entecavir, BMS-200475), 9-[2-(phosphono-
methoxy)ethyljadenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

in the manufacture of a medicament for the treatment of a hepatitis B virus infection in a
host,

In a fourth aspect, there is provided a use of a effective combination of the B-L-

2’-deoxynucleosides:

NH; _ o
L, T
<

or pharmaceutically acceptable salts or esters thereof, wherem R is hydrogen or an acyl;

4b



O I\ NRIC ANO Ito Nko RA 011 and On or pharnmaceutically acceptable
salts or esters thereof, wherein Ris hydrogen or an acyl; 4b in
conbination or alternation with an effective anmount of a conpound sel ected
fromthe group consisting of
P- L- 2- hydr oxynet hyl - 5- (cytosin-1-y1)-1, 3-oxat hi ol ane (3TC), cis-2-
hydr oxynet hyl - 5- (5-fl uorocytosi n-1-yl)-1, 3-oxat hi ol ane (FTC),
p-L-2"-fluoro-5-nethyl- arabinofttranolyl-uridine (L-FMAU), _
e 2, 6--|0|I grﬂ“fﬂw : @;W@sz%lmcb i n(\ﬁﬁPﬁm ,effcf:;ﬁﬂ@hﬁlhﬁiliﬂ)dﬂa EARshEd0Idcted from the
-am no-1, 9- Qsi PR 9%)-13< - et =23 X .
net hyl enecycgg i‘ént y!ei‘jl eH" EI’I %)i%{dgoﬁé'n{eg'ﬁ%%'&% ?‘Méﬁ’gf‘ééﬁ%l?l?lwcl (TC), cis-2-
;a- L 2- (phospf 'x& Mﬁzﬂi&ﬁé M%O‘}}MWIMHBWEGM? QF{I‘C), ﬁimEV@ubgd-S-methyl-
obucavi r, gai6inG dl ; I oy | Ne G nuf act ure of. a jredi
for the tregtment aof ayhep_ailtig' B w%s%#&ﬁgﬁ”‘f‘)ﬁuﬁm ho‘é?x‘?]ﬁn%\ W)*
aspect, t her8HEYIGy | REGCKloYEe of-amiantla@tdilveiro OridHiareyn3 hydreeyasethylp2-
deoxynucl eodiiclbylenboyelpentyl}-6HLdih-oRe cﬁﬁ% - _&0:4 d )
phar naceuti'g,géﬁlx aﬁgleﬁ abl.e I or esgz(r_s t @dr\l-’eows erg?{% gt%%&?%ogngn
an acyl or “an an- @S > afefortrndipheaxibriobucaxin ganviclpwin and ribavinin;
effective agp nd ;sel ected fromthe roup consisting of
fl-L-2-hydr xﬁr&é%f%i 3 E cyE ?gggﬁdfaﬁe)ﬂi ??rﬁ@%ﬁa@?mé%élkeﬂq‘@}% Byigusanfection in a
hydr oxynet h196- (52| uontyt osi n-1 yl)-1, 3- oxat hi ol ane (FTC),
fl-L-2'-fluoro-5 -_.atabi nof ur | yl =uridjne (L-FMAC])), f-D
2, 6- di ami nopur i n@%@i%ﬁ%ﬁﬁffﬁ@ﬁwﬂgam ef aeifectivp eprmbiaptin of the B-L-2°-
2- ani no- |, Yeadixpywbiepsided.4 hydr oxy- 3- (hydroxy nethyl)-2-
: ' N,

O
\N H;C

LA |
ko N ° RO N
PR 4
o and OH

or pharmaceuticauy acceptable salts or esters thereof, wherein R is hydrogen, an acyl or
~ an amino acid residuc; :

NH

A

‘in gombination or alternation with an effective amount of a compound selected from the
group consisting of B-IrZJhydmxjmeﬂ;yl-S-(cytosin-l-j'ri)nl ,3-oxathiolane (3TC), cis-2-
~ hydroxymethyl-5-(5-fluorocytosin-1-yl)-1,3-oxathiolane (FTC), B-L-2"-fluoro-5-methyl-
- -a_zabifxofuranolyléuﬂdine- (L-EMAU), B-D-2,6-diaminopurine dioxolane (DAPD),
famoiclovir,  penciclovir, 2-amino-1,9-dihydro-9-{4-hydroxy-3-(liydroxy-methyl)-2-
- methylenecyclopentyl]-6H-purin-6-one (entecavir, BMS-200475), 9-[2-(phosphono-
- methoxy)ethyljadenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

li:l the manufacture of a medicament for the treatment of a hepatitis B virus infection in a
ost. S :
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t uet hyl ennycl opentyl ] - 6H pnk-6-one (entecavir, BMs5 200475),

9-j 2- (phosphono- mnet hoxy) et hyl ] adeni ne (PMEA, adefovir, dipivoxil);

| obucavir, ganciclovir and ribavirin; in the manufacture of a nedi canent
for the treatnment of a hepatitis B virus infection in a host. 4c In a

si xth aspect, there is provided a use of a effective conbination of the
(3-L-2"- deoxynucleosides: NHZ N 113CoiH ROO1, ROI NO O Iw OR and
OH or phar naceuthilggixlt% acceptahl e salts or esters thereof, wherein Ris an
aryl or an amino - adi UPEY; GHE:S PVidsHs warf anffentivakorebinatiorost thé f,-2n

ef fecti ve a@emymiclebsigesconpound sel ected fromthe group consisting of p

L- 2- hydr oxynet hyl -5{cytosin-1-yl)-1, 3-oxat hi ol ane (3TC), cis-2-

hYdr oxyrnet hyl - 5{5-f| uor ocyt osi n- hiy| ) - 1, 3- oxat hi ol ane (FTC),

f3-L-2' -fluoro-5-nethyl - arabinof granol yl -uridine (I FMAU), f3-D

2, 6-di am nopunne di oxol ane ( DAPRY,~x§ anti cl oviug.,_pesgi clovir,

1
@
S
~—
@
o
@
<
-
o]
P
o
o
Y
\‘
ol
N

~odi pi voxil);

nuf gcture of a nedi cament
Nfn a2 host. In a seventh
i nation of the (3-L- 2'-

nmet hyl enecycl opentyl'] - bH puri n-
9-[ 2- (phosphono- i net hox;}#’ hyl ] afleni ne (P

| obucavir, ganciclovir andet\'dbavi in, in the
for the treatnent of a hepat¥i,eB Virus infectld

aspect, there is provided a ygge of a effective ¢
deoxynucl eosides: NHZ O N 1i,G and od

or pharmaceutically acceptable salts or esters thereof, wherein R is an acyl or an amino
acid residue;

m combination or alternation with an effective amount of & compound sclected from the
Broup consisting of B-L-2-hydroxymethyl-5-(cytosin-1-yl)-1,3-oxathiolanc BTO), cis-2-
| hydtf)xyxncmyl-S{S-ﬂqorocytosiu-l -y1)-1,3-oxathiolane (FTC), B-L-2’-fluoro-5-methyl-
arablfmﬁlranolyl-midine. (I-¥MAU), B-D-2,6-diaminopurine dioxolane (DAPD),
famciclovir, penciclovir, 2-amino-1,9-dihydro—Q-[4~hydmxy-3-(hydmxy-mﬁthyl)~2-
~methylenecyclopentyl]-6H-putin-G-one (entecavir, BMS-200475), 9-[2-(phosphono-
methoxy)ethylJadenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

:‘ the manufacture of a medicament for the treatment of a hepatitis B virus infection in a
ost.

In a seventh aspect, there is provided a use of a effective combination of the B-L-
2’-deoxynucleosides:

NH;
. -0
Nn . HG
l.m o RO N o
\,kp’
oit: and oH

T or pﬁamamuﬁmﬂy acceptable salts or esters thercof, wherein R is hydrogen, |
monophosphate, dipliosphate, triphosphate or stabilized phosphate;

4d



RONp ROA O OR and OH or pharnmaceutically acceptable salts or esters
t hereof, wherein R is hydrogen, nonophosphate, diphospbate, triphosphate
or stabilized phosphate; 4d in conmbination or alternation with an effective
amount of a compound selected fromthe group consisting of
S-1r2-hydroxynet hyl - 5- (cytosi n-1-y1)-1, 3- oxat hi ol ane (3TC), cis-2-
hydr oxymet hyl:z 5 ( b-f l.uor ocyt osi,n-1 yi)-1, 3-oxat hi ol ane (FTC),
(i-L-2"-fi uorlg?gélﬁg)tah?ﬁ or ﬁﬁ%ﬁS‘?ﬁB‘F Wéh@l glifective: dinoent of FBidpound selected from the

i - D-2, 6- di ai®igheausistingioffol hh: 1Aty L Gl QVIK, i Vi .
(2- ani no- 1, 9- %ﬁgﬂc@?&%%%@/ S;gh'}/ldr oxﬂ %ﬁ?ﬁq}‘ 5 1, PYREHEIRN (31C), cis-2-
xnet hyi enecygm%pe tyry- HRCYigsingrg Hlghoxadhiolane BWE)2 ol B fuoro-5-methyl-
9- [ 2- ( phos ph&reinofwemed yludding| ladeniaen ( PHE i I..dipi,voxil);
| obucavir, geagkislodi ' GRdidibnavi 1 nﬁ;n?)’i ni t E e’ﬁgrr&é%rru‘?%dé{w@eof d’é”‘ﬂkﬂ%céﬁé@),
for the treatmen g?" Iﬁ%‘pﬁt Y B0 rilaweo-Gr{ 4y drox pdsthydioxyanetighob
aspect, ther &% Wﬁ’(ﬁ?mtﬁ]ﬂépuﬁmﬁmmff@ﬁm,cmm)ofg_gﬁﬁh% .
fol | owi.ng ( 3rdethd Ww%hg%hﬂf%tﬁ% | .0..ac Ro (2N RO N O°7 0" ot an‘é’gﬂ'
or pharmaceut i calxry accept ablve pr %ﬂ@ﬂwl)ilﬁhmgﬂmslowlaadﬁbdﬁﬁnpm
the group cimthe saaneSichire b 2 1f&d; ez PQ-aryl - €O al koxyal kyl,
-CO-aryi ox ygldyi, alkYl suFfaonyi %‘é‘&tyff)gﬁt@ﬁ%@tg%h@pgm Hovius infeatioroin a
acid residue, nono, di, or triphosphate or a stabilized nucleotide; in

conbi nati on or alli ecihty i effective anobunt of a compound sel ected
S d@ﬁec‘é‘,’?h%e Elg]prowdeg a use of an effective combinsgi%n of the

fromthe IEQHR. €O sisting
2- hydr oxynr &t ﬁ{})"f”-’ Lcdtdsormiclatisided:;, 3- oxat hi ol ane (3TC), ci - 2-
. "
0
\N HC

P |
o w
1 and Ot

or pharmaceutically acceptable prodrugs thercof, wherein R is selected from the group

D Wmsuonﬁyzf H, -C;)uif-alkyl,l-co-aryl, -CO-alkoxyalkyl, -CO-aryloxyalkyl, alkylsulfonyl
- i g 1 " - R . ! >
. nujcllscomﬁde; aralkylsulfonyl, amino acig residue, mono, di, or triphosphate or & stabilized

NH

A

. m comb‘f‘afi}?'.ﬂ or altemnation with an cffective amount of a compound selected from the
. liodlz x;lonﬁt;dn_gs _(g l:[-L-z—hydr?Xymt‘rthyl-S{cytosin—l—yl)~1,3-oxathiolanc (31C), cis-2-
“arabinofuranoly] :11: creaytosinlyl-L3-onathiolane (FIC), B-L-2"fluoro-S-methyl-
- famoiclovi ¥ -un‘ e . (L-FMA[-I), ﬁfD-2,6-dia_minopminc' dioxolane - (DAPD),
me ovir,  penciclovir, | 2-ammo—1,9-dihydm-9-[4-hydroxy-3—(hydroxy—mcth 1)-2-

| ‘fncthylenec}'clopentﬂ]-ﬁﬂ-mﬁnﬂone (cntecavif, BMS-200475) 9-[2-(phos 13:
methoxy)ethyljadenine (PMEA, adefovir, dipivoxil); lobucavir, ganc;clovir and nbzv;)::-

in the )
ho;ite manufacture of a medicament for the treatment of & hepatitis B vimus infection in a

4e



hydr oxynmet hyl - S{5-f | uOf nyt osi n- 1ry1) -1, 3- oxat hi ol ane (FTC),

ar abi nofuranal yl -uridine (FTC), R-h'2'-fluoro-S-nethyl (IFMAU),

-D 2, 6-di am nopuri ne di oxol ane (DAPD), fanticlovir, penciclovir,

2-am no-19-di hydro-9-[ 4- hydr oxy- 3- (hydroxy nmeth nethyl enecycl opentyl|-6H
purin-6-one (enteeavir, BM5-200495), 9-[2-(phosphono

r net hoxy) et hyl ) adeni ne (PMEA, adefovir, dipivoxil); |obucavir, ganciclovir
and ribavirin; in the manufacture of a medi canent for the treatnment of a
hepatitis B vin's infection in a host. 4e In a ninth aspect, there is
provi ded a use &raamtizpspeeit thoe is prdiidesita wa 06fin ¢ffetivé odrhomitian of the
R-L-2'-deo leasides: Nitz 0.\ NHCNJ RO_ NORONO OQOQo ti.
and CH or glw&%ggm?cgﬂx %C?:%Oéb{%eﬁbl e salts, esters, or prodrugs thereof,
wherein Ris selected fromthemgroup consisting of H -COalkyl, -COaryl,
- CO al koxyal kyl, -CO aryl oxyallkyl, al kyl sul fonyp, aryl sul fonyl,

aral kyl sul fonyl, amno acid resikdye, nono, .di, r triphosphate or a
stabilized nucleotide; in coffbinajion or alté with an effective
amount of a compound sel ecte onsi|sti ng of

P-L-2- hydr oxynet hyl - 5-G&Gyt osi T3l - yIp- 1, 3pgxat hivgj, 4370, cis-2-

hydr oxynmet hyi - 5- (S-fl uonejtosi p-1 yl)-1, 3-0xat hi pl'ane” (FTO),
D-L-2'-fluoro-5-nethyl- a i ndfi ranol yl - uf e+ (L- FMAU) ,

R-D- 2, 6- di anmi nopuri ne di oxp®ane (DAl ' D), fama*tlovir, penciclovir,

2-am no- |, 9-di hydr o- 9- [ 4- Kftinxy- 3- (hyaidoxy - n®t hyl ) 2-

tiaethyl epecycl open -6H puri a-6-one (entecavir, BM5 200475),
9-[2-( phogb%ﬂ%“&ﬁgﬁ%qu’?m ester,RivEprodags ftheseof, dhpicno R 19 selected
| obucavi rﬁ'oganﬂicclmqy @m@sﬁhgagfr ) -CO-alkyl, -CO-aryl, -CO-alkoxyalkyl, -CO-

aryl?'xyalkyl, alkylsulfonyl, acylsulfonyl, aralkylsulfonyl, amino acid residue, mono, di,
or triphaosphate or a stabilized nucleotide;

in combinaﬁog or alternation with an effective amount of a compound selected from the
group consisting of -L-2-hydroxymethyl-5-(cytosin-1-yl)-1,3-oxathiolane (3TC), cis-2-

| hydrquxnethﬂ-S{S-ﬂuomcytosin-l-yl)~1,3 -oXathiolane (FTC), f-L~2"-fluoro-5-methyl-
_ arabifmfuranolyhuidine (L-FMAU), pB-D-2,6-diaminopurine  dioxolane (DAPD),

- famciclovir,  penciclovi, 2-amino-1,9-dihydro-9-[4-hydroxy-3-(hydroxy-methyl).2-
- wethylenecyclopentyl]-6H-purin-6-one  (entecavir, BMS-200475), 9-{2-{phosphotio-
memoxy)dhylladeﬁnc (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

ml'lﬂw mamfacture of a medicament for the prophylaxis of a hepatitis B virus infection in
ahost. ' |

In one embodiment disclosed herein, the 2’-deoxy-B-L-erythro-
pentofuranonucleoside derivative is a compound of the formula:
20 |

BASE
RO

OH

4f



in the manufacture of a medi canent for the prophylaxis of a hepatitis B
virus infection in a host In one enbodi nent disclosed herein, the

2' -deoxy- (3-L-erythro- pentofuranonucl eoside derivative is a conpound of
the formula: 20 BASE RO OH O 4f wherein Ris selected fromthe group

consisting of -1, straight chained, branched or cyclic alkyl, CO alkyl,
CO ary x aIkyI CI}aronxyaIkyI CO substituted aryl,
aIkyIsqu F??%ﬂﬁ? ﬂvﬁheaPHPMvwsuhgoﬁﬁlmmm@hmﬂmﬁ&idm%@&hdﬁ%ydﬁpno di,

or triphesghat®-al f tiv ASE i s a purine or

pyrim di ng@Ease ° 18’:‘ c%@ﬁamogéﬁﬁ‘ o%ﬁ%&f §2) a?ﬁ’d‘%%??‘u&@d“bﬂﬁm&ﬁé{ﬂer

igbﬁdfz meg* Yisuifeng, Wb@“?ﬂ)(lﬂar&lkﬂswdwniaﬂmﬁ l@&@lf@metuﬁléﬁwal @?%r%'bbﬁfﬁ{eld&e I's
or ceutically acceptable salt "or "prodrug

t her eof ??5%/@1’3@1%{?‘?’9‘?‘1‘* a“C?BREIEé* 3 PREMSAT PYrigyigine baservivch @awptmagy beli or

tri phos@ﬁ&ﬂ@nmhcyl or aIkyI or a stabilized phosphate derivative (to

forma stabllkz ucI otj de prodrug) 5 I n anot her enbodi nent, the
2' - deoxy- R- L- &F SHHPD B'g’ﬁfi’é‘i“iﬁ‘f Abroh (HerE S leendlpipeatofiwendrmicleoside derivative is

312 - ?Sf"éﬁij‘“’@?“}?“’ﬁﬂ% BhapEaGaLAiEalY dcBRERPLAPLS S RuE uRedt §dhe9 tNer eof



OH O wherein Ris H nono, di or tri phosphate, acyl, or alkyl, or a
stabilized phosphate derivative 10 (to forma stab|IZ|ed nucleotlde
prodrug) I n anot her enbodi nent, the

- deoxy- (3-L-erythro- pentofuranonucleoside derivative is
(3-L-2'-deoxyuridine or pharmaceutically acceptable salt or prodrug thereof
of the formula: 0 OH N ROCOM O wherein Ris H nono, di or tri
phosphate, acyl, or alkyl, or a stabilized,phosphate derivative (to foama
stab|I2|ed nucleotlde prodrug) I n an@t he nbodlnent t he

- deoxy- ( 3- L-eryt hro- pent of uranonu {?os de erlvatlve IS
(3-L-2'-deoxyguanosine or pharnaceut ceptable salt or prodrug

t hereof of the formula: 5 O N O wherein Ris H, nono, -di or
tri phosphate, acyl, or alkyl, ° abl | i zed phosphate derivative (to
forma stabilized nucleotlde pro- I n anot her enbodi nent, the

2' - deoxy- P- L-eryt hro- pentofuranonucle03|de derivative is

(i -L-2'-deoxyi nosi ne or pharmaceutically acceptable salt or prodrug thereof
of the fornmula: 0 < NNH

where.in R is H, mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
(to form a stabilized nucleotide prodrug).
5 In another embodiment, the 2’-deoxy-B-L-erythro-pentofuranonucleoside derivative is

p-L-2’-deoxycytidine or pharmaceutically acceptable salt or prodrug thereof of the formula:

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

10 (to form a stabilzied nucleotide prodrug).

In another embodiment, t_he 2’-deoxy-p-L-erythro-pentofuranonucleoside derivative is

p-L-2’-deoxyuridine or pharmaceutically acceptable salt or prodrug thereof of the formula:

o]

1

N

RO
oH

Q

wherein R is H, mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
(to form a stabilzied nucleotide prodrug).
In another embodiment, the 2"—deoxy-B-L—erythro-pentoﬁlranonucleoside derivative is

B-L-2’-deoxyguanosine or pharmaceutically acceptable salt or prodrug thereof of the formula:



N / RO OHO wherein Ris H nono, di or tri phosphate, acyl, or alkyl, or
a stabilized phosphate derivative (to forma stabilized nucleotide
prodrug). In another enbodi nent, the

2' -deoxy-J3-L-eryt hro-pent of uranonucl eosi de derivative is (3-L-thymdine
or a pharmaceutically acceptable salt or prodrug thereof of the fornula: O
ONH \ OH ROOH O wherein Ris H, nono, di or tri phosphate, acyl, or
al kyl, or a stabilized phosphate derivative (to forma stabilized

nucl eotide prodrug). In another enbodi nent, fhe

2' - deoxy-f 3-L-erythro-pentof uranonucl eogi de s admnistered in alternation
or conbination with one or nore other - deoxyf{ 3-L-erythro- 6

pent of ur anonucl eosi des or one or nore oth C ounds whi ch exhi bit
activity against * hepatitis B vigus nf'gen&¥al ,"during al ternation

t herapy, an effective dosage of eafts agent is admnistered serially,
whereas i n conbination therapy, ;:vﬁijgitive dosage of two or nore agents
are adm ni stered together. The dosages wi |l depend on absorption,

i nactivatj on g@ngl_exantion rates of the drug as well as other factors
known t 0" PRELE 3£ Wopps diopiny phosphate, agyl. qralkyd or pstahibizediphospliatatissiagivev al ues
wi I al s@o foama svibilized hgcicotde pidddhe®f the condition to be alleviated. It is
to be further underst | that for any particul ar subject, specific dosage

u 0
regi mens and 8@ ?il?[’@gg‘g}‘l’ﬂb the Zydleesi-Bretemthenypentefimaporarsteoside dgivative ihe
| ndi vi dynL-naeskyandint 0P pRIALESALAR Ibocpl TR pBabRH T BATLA St ering
or supervising the adm nistration of the conpogltl nso 1 anot her™
enbodi nent, there is disclosed a nethod for the treatnment of hunans
infected with HBV that includes adm nistering an HBV treatnent anount of a
prodrug of .the disclosed 2'-deoxy-(3-L-erytdro-pentofuranonucl eosi de
derivatives. A prodrug, as used N

I
Ro@

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

(to form a stabilized nucleotide prodrug).

In another embodiment, the 2’-deoxy-B-L-erythro-pentofurancnucleoside derivative is

p-L-thymidine or a pharmaceutically acceptable salt or prodrug thereof of the formula:

2]

CH,
HN I
o)\

N
RG
OH
()

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

(to form a stabilized nucleotide prodrug).

In another embodiment, the 2’-deoxy-B-L-erythro-pentofuranonucleoside is

administered in alternation or combination with one or more other 2’-deoxy-B-L-erythro-

6



herein, refers to a conpound that is converted into the nucl eosi de on
admnistration in vivo. Nonlimting exanples include pharmaceutically
acceptable salt (alternatively referred to as "physiologically acceptable
salts"), the 5° and N4 (cytidine) or N (adenosine) acylated or alkylated
derivatives of the active conmpound, or the 5'-phospholipid or 5'-ether

i pi ds of PPHE"TReRTIossromg or BroresthBesiionhdomiel oi§: Lighy §Sinsti gure 1
i Il ustrat agpaaitigenrghal 1 . bt ai ni 3-L-erythro-

pent af ur anspnucl eosi d_esrp%e?gl?ﬁgl!{&%]as]?er%a 'I?Prt?"gﬁéea’b?ff%zW@%%ﬁ efseagh agegtisi ng
mat er i al . AEPGINEeDserally, Whesgahinvindtindtiohulsdri@t 65 e ARavaBE AR /D @t adks IA

L-dC, andagentklaré fdmial el,ls in terns of accunulation and decay.
The cells %\%r _eri ncubat eg ‘\"R?‘?%‘%Jﬁ © 4585 ‘6’le LprRIPsorpig iracl vitipnaangr aph

whi ch i | | E4FeUanastes pichadiigas mell aebhectacobs Kbl 1§ hos Obtaitlintiflad fflG | D
ta

t he woodchligdtes ' Ehg@% Ui S oodel .. 7 L. e P : iIed‘
Descri ption of ?)ﬁg(mls% ent | %#’%IS‘&%@ Vil B severiyeofitha gpnditioh 40 boralieaddted. i n t he

form of altds tedieduwitlpy waderstond thirtrfoi &) prir@shlarfsQb;adt srp_@éiﬂE ﬁq%ag . ?E@imens and.
as

2' - deoxy-{Radul - pent of ur anonucl eqsi de th_ai_ s at approxi mately
95% i n the aes‘?sgr;]%{‘g{ﬂggeE&é’?tg%ﬁ‘bﬁﬁfw&‘f’fi%.m the indipidudl @eedahdatb palifessiotal t he

active cotgeouent of ke padion adAiENt@heiod s@lerviSAS thd AL S, | purity.to the
host in need of tht?lr aﬁ%. A us%dgher"qlgris.en,I t téhetalglr“r?rﬁnlﬁga\é%flioﬂhs?°§m§ﬁ§t'?’gi at ed
condi ti on{s)fg r ef 8F40YE Ibcﬁft‘o‘ri‘s"‘?r?tst gredpdiscloggd methed fudithd toswementell asmaant i - HBV
ant i body ipiesiet imith IR tedBircR@SE Sdr¥Rise @il 19 hronic liver infl tion
caused b}a[igéﬁo\éédgj rrho%iéﬁ, cute helpati ?iaé, ¥uffﬁéﬁgﬁﬁa"hoggh?glamrg?méﬁ?g}g?c
per si st ent- hapati 95°%Y Pgrihpmsue furmeaupteosidmdenivatives. PIRs@ip, dshgant i on

i ncl udes hietein, wafersad a Lompole@tHat i3cdns iHQpPsnt of ur anonucl eosi de

deri vat i \{\}es .ﬁ{io{ggh%ﬂ ac igal ly to gpg%érﬁlmgﬁhggfc 7 CPHQH‘SF‘Bﬁfaé'Q‘%i‘.‘.bH!Erf

cli ni cal TYOHRULNE $xamples anglyds pharmescativally acdeptablBValagiliteRatVel P fe EIRMG @R | gen

posi ti ve “physidlogibaNaic | 0 A .used, herein, the termal kyl,

unl ess ot ﬁﬁe%\/i@gv _S'S?m ied‘%&?g ’?gégt%@s%%“ ﬁ‘f)é’al\péftqea?sgmﬁ),a%}aéﬂmed, or

cyclic, BFY ?@‘f"“é’@‘é‘ff’ﬁéﬁﬂv,a%‘rc oeponnd, yr iyed” gras Qli'%ideBi-%UlY i8 ofthe tO
C g, preheiatdoommdt © C6 and specifically includes but is not [fl mted to

nmet hyl , ethyl, propyl,

Brief Description of the I igures

Figure 1 illustrates a general process for obtaining B-L-erythro-

pentafuranonucleosides (B-L-dN) using L-ribose or L-xylose as a starting material.

Figure 2 is a graph which illustrates the metabolism of L-dA, L.-dC, and L.-dT in

human Hep G2 cells in terms of accumulation and decay. The cells were incubated with 10
1M of compound. |

Figure 3 is a graph which illustrates the antiviral effect of B-L-dA, p-L-dT and B-L-dC
in the woodchuck chronic hepatitis model.



butyl, pentyl, hexyl, isopropyl, isobutyl, sec-butyl, t-butyl, isopentyl,

anyl, t-pentyl, cyclopentyl, and cycl ohexyl. As used herein, the term acyl

refers to noiety of the formula -C(OR, wherein R is alkyl; aryl,

al karyl, aral kyl, heteroaromatic, al koxyal kyl including nmet hoxymnet hyl ;

aryl al kyl including benzyl; aryloxyal kyl such as phenoxynethyl; aryl

I ncl udi ng phenyl optionalgy t tutediQ% hal ogen, C, to C4 alkyl or Cl1
ue 0 acf

to C4 al koxy, or the resi aeﬁc% HoLe ivengip termacyl specifically

includes but is not limted to acetyl, propionyl, butyryl, pentanoyl,

3-met hyl but yr XE uséa%q{eﬂ'g% B sugs?egnl?glllmn tﬂ%tg%zp(?? E%Pnggs.«i;%bq? ggroilaﬁ?ﬁéet yI

pi val oyl, mesylate, propi onyl Iaurlc
myristi cforpmefetsite a 25 deayipel - eanddo-q)bxﬁbmranﬁﬁudkﬁﬁﬂc QK Biableadt REprb@LIRAHHT | N Or

di limted to, 6- alkyl d
NG al koyl Dt Rl SeeP o8 btk emboienia e b esempran

vi nyl purlsmdmnhlﬁeraqutllmm thispevel @urﬂ)ﬁu@l%osﬁﬁ@e&?@fth@aﬁydrOxyal kyl purine,
N6-t hi oal kyl llilsl’el ne, Né}?; Kyl purines,, N 4 -alkyl pyrim-dines,
N4- acyl pyri nidi A7 1 betgin, S’ff%‘gﬁp?tfﬂsdﬁf@feﬁ@d credipnpreietsdp hepatitinBand et yI eni ¢

pyrim di remed ebnditiphs ﬁiﬁﬂaMﬁﬁHBV aRWBJdFIpa C di nes,
4-t hi oal i(%é rﬁ'}zlam m di nes, }v_[gg ne, c ?ggllﬂ?“ﬁ%?@i{%@ﬁhmn@égom& ng 6-

azacyt osl mR Gpusgd X P’('ﬁ??%‘?a 120 h@atlwi,af@lmmancﬁepatlky chrgnicni di nes,
C5 8 be W&lﬂyﬁtlm])ﬁitﬂﬁ efmd fﬁ%\.\b aTB@MEthSH o tﬂ@@rese%m&“ﬁongﬁ/cluc@s ﬂkyqsé of 2'-

C5- acetyl eni yrim di ne pyrim purI ne,

C5- ami d o‘iﬁ%y Fﬁé‘“ OIES“‘EMBBWEIOW@I Aerdy, atlwprmlwlaopoﬁllb’ o phenmt or retard

C5- am nopy piogrddsiog of O

azacyti di n? dg}5 ‘azaur ac| Ilgl?agsgﬁ 1“2 Z0 u%%)%v;h?)cfg t'ﬁHbQ‘ 3325%4 %\Zﬁﬁ?ﬂ‘m

pyrrol o WP&TW?P haverhgen exposedsp BBM.i i di nyl . Funct i onal oxygen and

ni trogen groups tected as. necessa esi red.

Sui t abl e prot ec%sgﬂgérgﬁoﬂlezﬁg%e q‘ﬁleg{(nom]stec?p?%%de eg‘i’{ﬂqqefv?“irﬁe he art, and

i ncl ude ¥righbrpchqd, g1 cyc ¢,meltrhy)4 h%:mydasy, loy tertiaky hyﬂry&aﬂbdmtylp}ehﬂy by, toand

br opi XL&FW&%& 4P G el s B ol e o Phay i nromag: ol | v
active Hﬂ@ldwt)déexﬂslsuseﬂylhmmn set-bhgl, $-bugl, asdj)mylegﬁyﬂarmlch exhi bits

an EC50 Qficiént r less when tested in 2.2, 15 cells iransfected
W th the& é ?I: séy\gilorﬁlgxn Preferred bases include cytosine,

5-f1 uorocyt o g{sm;ed berbinptie yin@asyinefersto mOHDEYE BS fiBula ~-C(O)R’, wherein R’ is
alkyl; aryl, alkaryl, aralkyl, heteroaromatic, alkoxyalkyl including methoxymethyl; arylalkyl
including benzyl; aryloxyalky! such as phenoxymethyl; aryl including phenyl optionally
substituted with halogen, C; to Cy alkyl or C, to C, alkoxy, or the residue of an amino acid.
The term acyl specifically includes but is not limited to acefyl, propionyl, butyryl, pentanoyl,
3-methylbutyryl, hydrogen succinate, 3-chlorobenzoate, benzoyl, acetyl, pivaloyl, mesylate,
- propionyl, valeryl, caproic, caprylic, capric, lauric, myristic, palmitic, stearic, and oleic.

As used herein, the term purine or pyrimidine base, includes, but is not limited to, 6-
alkylpurine and N6-alkylpurines, Nﬁ-acylpu_rines, Nﬁ—benzylpurine, 6-halopurine, N°-
vinylpurine, NS-acetylenic purine, N-acyl purine, Né-hydroxya]kyl purine, N®-thioalky}
purine, N’-alkylpurines, N*.alkylpyrimidines, N‘—acylpyrimidines, 4-benzylpyrimidine, N*-
halopyrimidines, N*-acetylenic pyrimidines, 4-acyl and N*-acyl pyrimidines, 4-hydroxyalkyl
pyrimidines, 4-thioalkyl pyrimidines, thymine, cytosine, 6-azapyrimidine, including 6-

azacytosine, 2- and/or 4-mercaptopyrimidine, uracil, C? -alkylpyrimidines, C>-



uracil, 5-fluorouracil, 5-bronouracil, 5-iodouracil, 5-nethyluracil,

t hym ne, adeni ne, guanine, inosine, xanthine, 2,6-diam nopurine,

6- am nopurine, 6-chloropurine and 2,6- dichloropurine, 6-bronopurine,

2, 6-di bronopurine, 6-iodopurine, 2,6-di-iodopurine, 5- bronovinylcytosine,
5- bronovi nyl uracil, 5-bronoethenyl cytosine, 5-bronoethenyluracil, 5-
trifluor gy YERS ABhaldsd Tk et hyluracil s The,

2' - deoxy- ( S?tge_r ytﬁ%@pgﬁ?po* {ﬂélgﬂﬁgﬁuclv’en 2‘%’3@“‘ 0ty G R i quEmidine, C5
phosphol Aol By pidipesC-Bydrexyallyb parinea€ -dinloppsaillineN Cf-beanb gy rimvina g ef er ences:

Kucer a, hitoovriNdi Y A s B\ ben, st EJ.,.D. L.W, and C.
Pi ant adosi . p?é@&?ne%vgrxﬁ%ﬁfdéﬁéwi 'ﬁltkgl%%?eiSv]ggg]gﬁle'?"l}‘?lﬁ\“&esaﬁaI ogs t hat
i nhi bi t RPN Sazdtacilylpwioghlomyirdiny elidapslosidid S blopSritidins, ah@ Mat i on.
Al DS Res,Hiim) ;iﬁﬁ{ihfﬂuﬁﬁﬂi Ol -a0L:; biantadosi, C., J.  Mrasco CJ.,
S. L. norfis-Natschkel K. L. Ney&YEandaifragen grpups omthebass cagbeprofesisdgs L. S.
Kucera, Pecessgryror dirkd. BaitdbdnproBctiig @oiRdesivell RitFviFodhosVREASS in the art

vel ether |ipid nucleosi ge conij ugat es

1991-S i l..uat.i f
for ant 1 Rfigh AR RilE Ll RN n S motib s etmotiphersi sy LO D
Ri chman, trilylfelkylarapn, ackl drbupStsuétdsl Ac@) aﬂ@pMpiailyl,‘fﬁélhan\é\ZJIf%aylam d—l van den

Bosch. %Rﬁhew ea | y enhanced i nhi bition of human 1 nmunodefici‘ency virus

type 1 replic¢ation in CEM and HT4-6C cells by 3 1 -deoxythym di ne

di phosphat e THengti iblogicglly £&#6 hucléside PlsGis o RIL 1edeoxythym di ne.
PPy é#grtefgésrt% al&“?f‘j’?s“?x_e?/‘f(}i"x'“

Antim cro ibA%enE& gﬁgot_her. )

St uhni | | BFORABEC P Agicroppolay gp lesewhadsuied indi2il Dedlls t@ndReadinwith th 990.
Synt hesiigpaitd veadn. r et roviral activity of phospholipid anal ogs of

azi dot hym di ne and ot her antiviral nucleosides. J. Biol Chem 265:6112-7.
The 2' - deoxy” (Herteddiasesingudregtasing: Sflopracitesis, Gebramncybesinp S@lotAdsindt 0 a
phar mac auidil 8lfh¥roafePi - ef_: ti W t n_appropriate
esterifying agent, fOfﬁ.ﬁgz(rgonugﬁ%g,,ﬁ5&%83%55%%%3%% - W¥RPEr 3dgRine. The

nucl eosi&@M8F Memepamtiiag At disminopuriece phitvipering Eatilaigpueiab e gonver t ed

into a phan ki : ta alt thereof .in .onyent.i onal nanner,
for exanpl e, _%y t’r%gftdnnzoﬁtﬁ ﬁg\ﬁ% héaéhl%g%)gr}%rﬁ% FA?CE’PB%% 23“8’38 WU e- est er or
sal t carbPrefeoviedexiesing §-tiromovinylerapihrsetndmbethéBeSkdiame, 5 oronfoeai¥Rl18ract?)s-

hydr ol ySiifluoréSietiSRGoREL & erm pharmaceutical |y acceptable salts or
conpl exes ref e?s§t%osgg’?sﬂlﬂg%ggjgﬁlﬁiué@s of the

2' - deoxy- ( 3- The?ydevxy-fobrishurenohuaonodisior b8t pf@tdiias L ge desired
| Blngleglglr gﬂhsp‘ﬁﬁitiﬂix bxt y SQI‘,thérI]lepi(P, %g Sljgct:ios%g ?P&lé ?(ﬂlo%vr}gg ?e?ﬁiel?c!ets: ﬁ‘ﬁggrglil.s’., Ilﬂf A
Lyer, E. Leake, A. Raben, Modest EJ.,D.L.W.,, and C. Piantadosi. 1990. Novel
membrane-interactive ether lipid anatogs that inhibit infectious HIV-1 production and induce
defective virus formation. AIDS Res Hum Retroviruses. 6:491-501; Piantadosi, C., 1.
Marasco C.J., 8.L. morris-Natschke, K.L. Meyer, F. Gumus, J.R. Surles, K.S. Ishaq, L.S.
- Kucera, N. lyer, C.A. Wallen, S. Piantadosi, and E.J. Modest. 1991-Synthesis and evaluation
- of novel ether lipid nucleoside conjugates for anti-HIV activity. J Med Chem.
34:1408-1414; Hostetler, K.Y., D.D. Richman, D.A. Carson, L.M. Stuhmiller, G.M. T. van
Wijk, and H. van den Bosch. 1992, Greatly enhanced inhibition of human immunodeficiency
virus type 1 replication in CEM and HT4-6C cells by 31-deoxythymidine diphosphate
dimyristoylglycerol, a lipid prodrug of 31-deoxythymidine. Antimicrob Agents Chemother.
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combinations of (a) and (b); e.g., a zinc tannaie salt or the like.

The term prodrug, as used herein, refers to a compound that is converted into the
nucleoside on administration invivo. Nonlimiting examples are pharmaceutically acceptable
salts (alternatively referred to as “physiologically acceptable salts™), the 5° and N* or N®
acylated or alkylated derivatives of the active compound, and the 5°-phospholipid and 5’-

ether lipid derivatives of the active compound.

Modifications of the active compounds, specifically at 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 species.

A preferred embodiment of the present invention is a method for the treatment of
HBYV infections in humans or other host animals, that includes administering an effective

amount of one or more of a 2’-deoxy-B-L-erythro-pentofuranonucleoside derivative selected
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1992, Vahwddtighhedbiekoechnlfdufpd (Mor 16, 1993, fostel o e s
5,223,263 (June 29, 1¢ % %&‘gfetler et al.); 5,256,641 (Oct 26, 1993,

Yatvin et al.); 5, 411 947 (May 2, 1995, Hostetler et al.); 5,463,092 (Cct.
31, 1995,;1“:13333@1,}&;,.“; al.); 5,543,389 (Aug. 6, 1996, Yatvin et al.);
5, 543, 390 (Aug. 6, 1996, Yatvin et al.); 5,543,391 (Aug. 6, 1996, Yatvi‘n

et al.); andABYSbie haGeqsBiep destAbedlROfa RABANifibieRl o ab a sEBASLORCRBLEN!
can ached to

appl i caty, 0se C substituents t
tpg 2' - Beox t%ni&eégé@%mw té’nt’g?\%lﬂﬁl?‘lhﬁuétfi@li@i ‘Hé’ﬂwlﬁwdtqrmmépemﬁesopr esent

i nvent i g, bugleosidd. ploplmbérof pr@EATIa g .90/ 00555,
o mrg%/ 00 aﬂ\ajébé{gg?%% g@%“%@ﬂ EP O

WO 91/1 /,189
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i ncl udi B%cﬁ%beargér! ;Itlz_tlg’\zf'a? ge%g}rrsch 27 (1 995) 1-17. Any of these can be used in combination
with the disclosed nucleosides to achieve a desired effect.

In one embodiment, the 2’-deoxy-B-L-erythro-pentofuranonucleoside is provided as
5°-hydroxyl lipophilic prodrug. Nonlimiting examples of U.S. patents that disclose suitable
lipophilic substituents that can be covalently incorporated into the nucleoside, preferably at
the 5°-OH position of the nucleoside or lipophilic preparations, include U.S. Patent Nos.
5,149,794 (Sep. 22, 1992, Yatvin et al.); 5,194,654 (Mar. 16, 1993, Hosteller et al.,
5,223,263 (June 29, 1993, Hostetler et al.); 5,256,641 (Oct. 26, 1993, Yatvin et al.);
5,411,947 (May 2, 1995, Hostetler et al.); 5,463,092 (Oct. 31, 1995, Hostetler et al.);
5,343,389 (Aug. 6, 1996, Yatvin et al.); 5,543,390 (Aug. 6, 1996, Yatvin et al.); 5,543,391
(Aug. 6, 1996, Yatvin et al.); and 5,554,728 (Sep. 10, 1996; Basava et al.).

Foreign patent applications that disclose lipophilic substituents that can be attached to
the 2’-deoxy-f-L-erythro-pentofuranonucleoside derivative of the present invention, or

lipophilic preparations, include WO 89/02733, W0 90/00555, W0 91/ 16920, W0 91/18914
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~ The anti-hepatitis B viral activity of B-L-2’-dA, B-L-2’-dC, p-L-2’-dU, p-L-2°-dG, B-
L-2°-dT, B-L-dJ, or other B-L-2’-nucleosides provided herein, or the prodrugs, phosphates, or
salts of these compounds, can be enhanced by administering two or more of these nucleosides
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derivatives o resent on are known in the art and can be

prepared accdhel?ndpokp-Prlerytet-postofiisiohasadideVichitdives Sahd fiskent ink&RR: Chem

Commun. a%]lglz%,ié&ga%)ah 0725387 an I>:/b| - Pst. (1967%5, 3(4),386-95. A general

process tor opbtalni-ng {32 2R FpuAingto thermethed desdosadby Holy, Colledy. i s

shown i GzéehgGhen. Lomgin gl N2, BIAOSL 4072-87 3 982 %&%ﬂ%@.@&& Ngedi®4 erial . Mono,
i

' Eiyes of the active nucleo §”can ‘be prepared

di, and triphos ha]te dertva 5
as descri bed BSREBRIPTHSS fop 0 faBmedhlgniotrsatfurmmausloesigsh Bpribds can be

pr epar eshovegaFiiusg1 8inglinAbeE OFEAYIdBe & a Liffing Slardla, J- 9. Chem, 34(6),
1547- 1550 (Jyne 1969). The di phosphate can Be prepared according to the
procedure of H‘%ﬁ&’ri A taphogphate derivativgs ofthe petivesRERpsides tombe pdfdred 4987) . The
t ri phos pésatieedeRtorime N6 PRRHRA AGRQ:D! re of Hoard et at.,
Am  Chem  Soc., srrzﬂ( B B ah (Slgggf@ﬁéﬁp}’g’?'?arr‘r%%t%caﬁ%P5P8{3888?°§$R,%hi ng
poi nt's WEPEOEe PHImRIE! #in JPeenChemmi B4(6) Y 541550 @meal 968). | Biekiaphospvial® 595- 010

M appar aiut s Rcstaf 16 A pRiLeaut B HBRA . 100 BRGL! S2(95hGod-c00" ded on

1801 (1987). The triphosphate can be prepared according to the procedure of Hoard et al., J.
Am. Chem. Soc., 87(8), 1785-1788 (1965).

Experimental Protocols

Melting points were determined in open capillary tubes on a Gallenkamp MFB-595-

010 M apparatus and are uncorrected. The UV absorption spectra were recorded on an
Uvikon 931 (KONTRON) spectrophotometer in ethanol. "H-NMR spectra were run at room

- lemperature in DMSO-dj with a Bruker AC 250 or 400 spectrometer. Chemical shifts are
given in ppm, DMSO-ds being set at 2.49 ppm as reference. Deuterium exchange, decoupling
experiments or 2D-COSY were performed in order to confirm proton assignments, Signal
multiplicities are represented by s (singlet), d (doublet), dd (doublet of doublets), 1 (triplet), g
(quadruplet), br (broad), m (multiplet). All J-values are in Hz. FAB mass spectra were
recorded in the positive- (FAB>0) or negative- (FAB<0) ion mode on a JEOL DX 300 mass
spectrometer The matrix was 3-nitrobenzyl alcohol (NBA) or a mixture (50:50, v/v) of

glycerol and thioglycerol (GT). Specific rotations were measured on a Perkin-Eimer 241
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Wi kon 931 ( KONTRON) spectrophotoneter in ethanol. 'H NVR spectra were run
at room tenperature in DMSO-d6 with a Bruker AC 250 or 400 spectroneter.
Cheni cal shifts are given in ppm DMSO d5 being set at 2.49 ppm as
reference. Deuterium exchange, decoupling experinents or 2D COSY were
performed in order to confirm proton assignnents. Signal nultiplicities
are represented by s (singlet), d (doublet), dd (doublet of doublets), t
(tripl etspectfpolAtredf I £ Al I. vaI ues are in
Hz FAB rrgss jspectra d\j/\bg{rhgwgrtheggrg%@é}g%{vﬁn 0 U%Sf’%gé é")(gl‘—‘: P’ Hayat i ve-
(FAB<O) "®hSisue @icd OH'EQI_lhE)XSQG@e daﬁ/bcroapestsrmuas ]'_Fhesldmiel’l X Was

f’h.”gtg{ﬁé??ﬁ‘%?‘*"“ "‘19"&% L PPRLs Bl ReTb A C o bols ot peimebis S5 liats ol o 241
17 spect¥ijpoi r4i itbqwr(:tpat valbesnGhin 1a1yecmoramgra@@ \gds\&ffohﬂedb?iﬁr&:oﬁlfed 10-1 deg

cn g-1., re.carried "S rvice de
M cr oanal Lﬁéiggﬁpgh%& E&gﬁ%}ﬂé’w 'Z‘?dg? er%f“ﬁa?é%ﬁr ”‘SCJWS&HB%)’ praguetsbeg i ndi cat ed
by the wmlﬁh@#bﬂlﬂl‘é abjcabrnial Solloiwell B EhdrRmSwINE | 6% emahbhd\suuﬁnéla/@i@&nd

t heoreti Thin | ayer chromatography was perforned on precoated
al uni ni t}%gts eg%)tég%f‘:h@rﬁ'at%géa IV GESE gutpetide GeA 6P (Msmkanrt. 93831l i sati on of

pr oduct sitihespheyic messaepl | shed by UV absorbency followed by charring with 10%
et hanolic sulfuric acid and heating. Colum chronat ography was carried out
on Silica Gel 60 (Merck, Art. 9385) at atnospheric pressure. Exarrple 1

St er eos Bxanfulel SySteh@Spécifid SyhnthEeers Prebiy 8§10 ZBz0 sZ A Ac 5 Steps

LI XYl ose 0 Adenine, SnC a/ CH3CN NH2 eb’gﬁg I—Tﬂﬂlkl%gg'zszo rf1r'- ~-A 1zo OO0

/| CH3CO2H- pyri dine a (6g% vyi el d) Al BN D oxane 4 (960% vyi el d) '

. “BzO
Bz , : .
. 5 steps .
: WAc ~——— L-Xylose
1
1. Adenine,
SnCl/CH,CN
NH - .
‘f \" A negoeEc, B9
Bz A DMAP/CH,CN B2 A
AcQ ’ N}']zNHz H10 2) (MC3SI)3$IH . (o)
] {CH,COH-pyridine 3 (58% yield) AIBN/Dioxane 4 (96% yield)
2
' mMTrCl/pyridine !
BzO
mMTro—b mMT T b mMTr zob AmMTr
O
mMTrCl/pyndmc NH,/CH;0H
1{72% yield) 6 (99% yield) 5 (712% yield)
DEAD, PPhy,
CeHsCOHTHF
T
O
NH3/CH;0H CH,CO.H-H0
9(76% from T) *-Deoxy-B-L-adenosine
(B-L~dA)
(83% yield)
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2 mMirCl/ pyridine nmMIrO An MI, HO H AmMIT &0 AnMIr | to~ nMIrCl/pyridine O
NH3/ CH3OH 1(72% vyield) (99%yield) 5 (72% yield) DEAD, PPh3, C6H5CO2W M
mMIrp AnMIr mwl? AnMIr H A OH OH _~ OH NH3/CH3CH O CH3C02H- H20 $ 9 (76%
from2) 2'-Deoxy-(3-1.adenosine (P-L- dA) (93%yield) 18

9-(3,5-D - O benzoyl - (3-L-xyl of uranosyl )adeni ne (3) A solution of

9- (2- O a3, SDiA- Benﬁoy@-nemammfb njg)d@éhﬁ:fe‘ua”osy' yadenine 2 [Ref..

CGossel i n, n
Eval uati on ofAE§ &?r@r‘&@%%‘sw dkﬂ&%@f‘&égxﬂpﬁvmsﬁw@nlm (Refl:| y

Qceur i ngGlselmice; H&gdgnBaﬂee‘ ,Imﬂzﬂiﬂrﬁfl, ‘@Bnthtﬁéﬁ{ dﬁxﬁiugfr?%\%\%‘agb %{%’ L 29830/30
0

(Cct. 1229-1233]. (8.30

(234 ., ’V(li‘)sﬁﬁaﬂr?ﬁ%lﬂ‘}“C!eﬁSla%rﬁfiW%ée b‘ﬁtum}lm(?ncwengl\!gﬂgg v‘%&id Bases™, dovewildf (41 1,
VIV, 170HBkoche CHehishsd 938 JNRIERDE ] tion was -
quenched by C%.%Igl n Scrgtone (40 m) anE {%’?Iﬁnoﬁs@ggﬁgnzg@cfor one
addi t i ondrasghydraied8e @3t imin 43r5|mmalﬁelmtu@ahﬁpmﬁm®/ gadallmattic a0fd it s

vol ume, @il erqi?ﬂ%lﬁ]wm@gtﬁrred Q?;%Qng%ﬂé}ﬁ'tqre%ﬂz gad rgacy; %%xb wéglglge[x}ohc% by, (2 x 150

m.). The organic er was wash ccessl ve Yy Wt at ur at ed
sol ut i onadéfﬂgl\%aﬂ@m{“ ;ly and timing “amckmmtxeffo( 8nexadiddnall Hour. dithie @ehetidd | t er ed,

Coneent (e A AR A RO ST el 000 v
-di chl or om thdereformd? gilG@ H&)("Blcﬂ:)rgamrﬁﬂ%r wisIveshdd suedeedvdly oithah agweuopy! i C
£ | MR heo B0 Sl e S L
1H, H 160pce<31;rat,e&aﬂd ¢h-Evaplachied fith toleneSand HidthaNoR 16 resitud whs Purfified bh01-1, 2
benz oyI Ss)lica gelocolumn ch?omatoéraghy (0-3% MeOH in dichloromethane) to give 3 (5.2 g, 68%)
precipitated from diisopropylic ether : '"H NMR (DMSO-dg) : 8 4.5-4.9 (m, 44, H-2’, H-4",
H-5" and H-5”), 5.64 (t, 1H, H-3’, I3 = Jy. ¢ = 3.5 Hz), 6.3 (br s, 1H, OH-2"), 6.45 (d, 1H,
H-1°, 12> = 4.6 Hz), 7.3 (br s, 2H, NH,-6), 7.4-7.9 (m, 10H, 2 benzoyls), 8.07 and 8.34 (2s,
2H, H-2 and H-8); ms : matrix G/T, (FAB") m/z 476 [M+HY', 136 [BH,J*, (FAB) m/z 474
[M-HJ, 134 [B]'; UV (95% ethanol) : Amax 257 nm (£ 16400), 230 nm (€ 29300), Amin 246 nm
(€ 14800); [u]p™ = - 64 (c 1.07, CHCls). Anal. Calcd for CasHayNsO4 (M = 475.45) : C,
60.43; H, 4.45; N, 14.73. Found : C, 60.41; H, 4.68; N, 14.27.
9-(3,5-Di-O-benzoyl-2-deoxy-B-L-threo-pentofuranosyl)adenine «).
To a solution of compound 3 (1.00 g, 2.11 mmol) in dfy acetonitrile (65 mL) were
added 4-(dimethylamino)pyridine (0.77 g, 6.32 mmol) and phenoxythiocarbony! chloride
(0.44 mL, 3.16 mmol). The mixture was stirred at room temperature for 2 h. After
__concentration, the residue was dissolved in dichtoromethane (50 mL) and washed
successively with water (2 x 30 mL), aqueous solution of hydrochloric acid 0.5 N (30 mL)
and water (3 x 30 mL). The organic layer was dried, filtered and concentrated to dryness. The
crude thiocarbonylated intermediate was directly treated with tris-(trimethylsilyl)silane
hydride (0.78 mL, 5.23 mmol) and a,0’-azoisobutyronitrile (AIBN, 0.112 g, 0.69 mmol) in
dry dioxane (17 mL) at reflux for 2 h. The solvent was removed under vacuum and the
residue was parified by silica gel column chromatography (0-5% MeOH in dichloromethane)
to give pure 4 (0.93 g, 96%) as a foam : "H NMR (DMSO-dp) : 6 2.9-3.1 (m, 2H, H-2’ and H-
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21-1, H2 and H8); ms : matrix GT, (FAB) mz 476 [ MtH ', 136 [ BH2] +,
(FAB) mz 474 [MH"', 134 [B]'; W (95% ethanol) : Ama. 257 m (e 16400),
230 nm (z 29300), A, ,,;,, 246 nm (a 14800); [a]D20 = - 64 (c 1.07, CHC13).
Anal . Calcd for C24H2INSO4 (M = 475.45) : C, 60.43; H 4.45; N, 14.73.
Found : C, 60.41; H, 4.68; N, 14.27.

9-(3,5-0y,@d | 312- + ; 4). T
sol(utl or} ) eﬂggﬁlnz SHMOWS (a%legj?gg gﬁo'%??ﬁoﬁg’rig %%Eﬁ?g: o 'E’G)S m_f aere
added 4- Wyfa?rﬁ Ha) {a%hfdi 331;1\(}@: -§774:7. %(ra,zlommlb):mm) |8h)5nmﬁ38t3h| ocar bony|

chl or degzs 00, 4222 Bha 53U TR G RPABY M RoWRR L bt B QL gQT t enper at ur e

for 2 h. After concentration, the resi | oronet hane

(50 L) BAB \mEHSl IMSBEJas Blaly (3% tthwaﬂ)e:r?\,,,(,xzal n3{(eT4I00)AxpIammie sol ution
of hydr aghb®y 3., @@,gn@m%g(%? 21L) 38 P”@%OEB x 30 nmL). The organic

| ayer .was dri e l'tered concen ryness. The crude

t hi ocar bonyl ér]é’d‘mﬁvmﬁékhxmrdywsﬁcﬂ dEG{Heyzdyﬂ-e&ieGﬂy PiLl-Fhreo-pento-

tris-(t R aﬁieh lane hydride (0.78 nL, 5.23 mmol) and

a, a' -azoi sobu ronltr [e (AIBN, 0.112 g, 0.69 mol) in dry di oxane (17 niL)

at reflux forTOQB S@lutfﬁhefsmipwemzi(ﬁb&g amwﬂﬂlognld@;ry \(.pﬁaiﬂblm {,Vggaddegm due

was purigf e o chro t.ogr a 0- 5%
di chl or on%gﬁoe{ﬁé{?&y%rﬁ)&%h\%'d%@ $ &rina ﬁw‘wﬁ%was ﬁ"@?&ﬁﬁ‘ 5%@-@1’ AR
|(+ Dg/SO dédfter a@rﬁo@«aﬂnétha(nm (541D, thH'Sé’fuuﬁﬂgaigohgﬁrgraieg |Eléfjl§r1'|f3s;s4thtz résmue s HEI_4HZ
an ,
9‘358@&‘% i e "g"’%’ fthigi (%LR%? %7she¢smqssgewm watpt, (30 nﬂénmyms) 8. 05
and 8. . 38atugaRs] Nﬂ-l-CO;{J(ZBG &Lglaﬁh Mzt&)@o@i& hasc ﬁyEBTgs"a’;\%g,)ﬂ %90 460 [ MrH]*

325 S]'. 136 mz 45 e 134 thanol) :
2, [ ]E%'!fe “‘h‘["? RIGRRY Om‘%‘b‘lﬂlhﬁﬁ%‘(%le wz@xegyre SAROK g;zmo)mma(foaumzdemo;j1 no[231] 020

e SN T R (I o
ur anos 164 @4, B, Bdhpowrmd. HH(ZOJ:&B g.3 Hzpﬂ 9r(h1)I ) in
o y pyr i{?ﬁm:lléﬁ r({an-%vg\séﬁiz irr edmaté %?Q@Bﬂgﬁyiﬁnh'% er Ic?’d][% @Fr rrét ﬁaggl
( 5 m_) é r&t mH e CEHH{EARL yrafzd3 213, (BAB) ni/h 830 ['a\m}qq arVgEs%
370, ) A8, {8100 SR AR o
was dried” red, concentrated and co-evaporated with toluene to give
pure 5 (1. 016-9[—(421310@1oﬁ§thﬁx§tﬂ%-9—(‘}-d'E'oxy—B-L—threo-pentofuranosyl)-adenine (6).
Compound 5 (0.95 g, 1.30 mmol) was treated with a solution (saturated at -10°C) of
methanolic ammonia (40 mL), at room temperature overnight. After concentration, the
residue was dissolved in dichloromethane (60 mL) and washed with water (30 mL). The
aqueous layer was extracted 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% MecOH in dichloromethane) to give pure 6 (0.67 g, 98%) as a foam :
'H NMR (CDCls) : 5 2.6-2.9 {m, 2H, H-2’ and H-2"), 3.5 (br s, 1H, OH-5), 3.55 (s, 3H,
OCHj3), 3.9-4.0 (i, 3H, H-4’, H-5" and H-57), 4.5-4.6 (m, 1H, H-3%), 6.03 (dd, 14, H-1°, J;-»
=4.0Hz, J;:»=8.8Hz),7.0 (br s, 1H, NH-6), 6.7-6.8 and 7.1-7.4 (2m, 14H, MMTY), 7.40
{d, 1H, OH-3", Jy on = 10.6 Hz), 7.80 and 7.99 (2s, 2H, H-2 and H-8); ms : matrix G/T,
(FAB") m/z 524 [M+H]", 408 [BH,]*, (FAB) m/z 1045 [2M-HJ, 522 {M-HT, 406 [B]; UV
(®5% ethanol) : Amax 275 nm (¢ 12300), Amin 247 nim (& 3600); [a)p?® = + 28 (c 0.94, DMSO).
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NVR (CDAI3) : S 2.9-3.0 (m 2H H2 and H2"), 3.62 (s, 3H, OCH3), 4.6-4.8
(m 3H H4 ., H5 and H5"), 5.85 (pt, IH H3), 6. 44 (dd, 1H H1',
J,',2 = 31HZ J,,2- =7.3 Hz), 6.9 (br s, 1H, NH6), 6.7-6.8 and 7.2-7.4
(2m 24H, 2 benzoyls and MMIr), 7.97 and 8.13 (2s, 2H, H2 and H8); ns :
matrix GT, (FAB) mz 732 [MH ', (FAB') mz 730 [MH: W (95% et hanol)
L 34 ?)mNB(Cf 1@&’&951\40'2‘%‘““‘“3(‘5@2)49-@3eOX?f*S O-(4m e diifky b Sy B PP L2 P 16 (C
6- N- ( 4- Nonondt REduranosXadening 6D eoxy - ( 3- L- t hr eo- pent of ur anosyl ) - adeni ne

(6). @rrpour@bzﬁpo(uﬁdeﬁoezgn-mm i MR LRBEA MDAl Aon (saturated
enp

at -10C) @ q‘#‘ﬁ) %mmnl a room ver ni ght.
After concen fy! chiog ef%ﬁq%ldé‘g\m%lo ﬁbmmﬁadpammfohltﬂﬁ oufesr badigor{ 60 L)
i o i L S o S A Ve or o

di chl oro hane gno gt) The conbi ne
and conc® ?8?’8@ °(98 nHognd washed sugsessivielodith yatst (meﬂ,)gelsat@@ieu Bfueous
e o | i) dha ek B8 QUGB oy s gbied o & (br8°/°s
| H, O_i_cgn(jentrgtegsnct %O‘e‘@PPratedJ@F@)toluaaegmé ni:thanipl. Tht rekldde waé'btﬁlﬁea'ﬁg H‘ 5
4 5 4. 6 silien pd m
%{ (br ; mhﬁ"ﬁﬁ@ Q"@% phé&g 18%@“ 5‘1 i di"q“f"'%“%‘%ﬁe) togive 3ANFH e 7. 40 (d
1Ht m;; £ amb”dM&oDMs«om aﬁﬁZﬂ(cEtQHl(_gergﬁEAigﬁ}gjw 1%@[2%?” cy
matrix 3 z z
[ M H] - 40 j Wﬂnﬁhg?;% e{ﬁ@%%M ﬁ@%?@lréﬁw&("so H80by-4.24m.AH247 ran (c
26(&(_)%4 M@ 2—;-3 (ng IHCH@ ‘NS 68@[86 OIRG JH012—52HZ) 0.24 {dh H, ![—I 1,7 tIy2| ) (3 L-th
NPHES i m on_om et hoxyt ri

r eo- peg{t}%furan%%%k%?mtﬁﬂggﬁawy% bl .83 and 8. Zh(ﬂﬁ’nﬂﬂ)ﬂﬂmndry
pyri di nE-§)2msymat (l"e%BGdﬂMQ&l[M—rH]’rmmrmn XMAR S Mz AR5 de0- 46 0.
1 49 for 16 h. Aft déji (;Q{ngt | (5

ChBD Y (499 d’%‘ﬁﬁﬁ‘é@#@%@@?@%&w@émﬁm;w m,asmc?Q& ves in

d| chI or b2 PMISO)( 60 m_) and washed successively with water (40 nl), a
saturated aqy %P\AE’?M sol ugh on of NaHCO3 (40 nl) and water (3 x 40 nL). The
organi c | ayer GPPRgthoxytrifyl)- 3?53‘0’96}?@Eh21d31!!%5-@|=(d -maenevapor at ed with

t ol uene and mtﬂoayﬁityl)ﬁkle-eﬁmbgiéﬁtdm rr%syjn % silica gel colum
chr omat ograpR chloro ane give 7 (0.71 g, 72% as

0
o foam : N%ﬂﬁ?gi’,%ﬁ%{gx azo B:alj)mgnlat@@ 38 mily, 2149 MmdlRin Ry temrahydrdfubim) , 2. 6- 2. 7
(m | H20 mL) was added dropwise to a cooled solution (0°C) of nucleoside 7 (0.66 g, 0.83 mmol),
triphenylphosphine (0.66 g, 2.49 mmol) and benzoic acid (0.30 g, 2.49 mmol) in dry THF (20
mL). The mixture was stirred at room temperature for 18 h and methanol (1 mL) was added.

The solvents were removed under reduced pressure and the crude material was purified by

silica gel column chromatography (0-5% ethyl acetate in dichloromethane) to give compound

N § slightly contaminated by triphenylphosphine oxide,
6—N-(4—Monomethoxytrityl)-9—(2-deoxy~5—0—(4-monom efhoxytrityl}ﬁ-L-erythro-
pentofuranesyl)adenine ).

Compound 8 was treated by a solution (saturated at -10°C) of methanolic ammonia
(20 mL), at room temperature for 24 h, then the reaction mixture was concentrated to dryness.
The residue was dissolved in dichloromethane (30 mL) and washed with water (20 mL). The
aqueous layer was extracted by dichloromethane (2 x 20 mL) and the combined organic

phase was dried, filtered and concentrated. Pure compound 9 (0.50 g, 76% from 7) was
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H2"), 3.1-3.3 (2m 2H, H5 and H5"), 3.64 and 3.65 (2s, 611, 2 x OCH3),
4.1-4.2 (m IH H4), 4.2-4.3 (m 1H H3"), 568 (d, 1H O+3', JH on =
5.2 Hz), 6.24 (d, | H HI1', Ji,2- 7.0 Hz), 6.7-6.8 and 7.1-7.3 (2m

29H, 2 MMIr and NH6), 7.83 and 8.21 (2s, 2H, H2 and H8); ms : matrix
GT, (FAW mz 796 [MH] ", 408 [BH2]+, (FAB-) niz 794 [MH-, 406 [B]-; W
95% et hang 246 rim (s 12800 =+ 14
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col um chr or onet han .
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:—I—HS L . ) Vdnhit30 851 (Mlip@t) : rdp wﬁ#ﬁ@: (crast@Tizddsbm lw@aer)'hﬁ 184-1854C fcg} 52( m

'2,- = &ﬁﬂaﬁﬁa@f E%‘*g‘ E‘Cgﬁ‘%zd‘éﬂ? hwajg Te %R@mRziKM/ﬁﬂrgaGfmmemﬁ 7.81 and
8 32 (2s, 636630} #hdairsd-1898) for mBnant:ﬂiﬁéﬂ[Réf Gebs, K. AR 3y Aﬂﬂeﬁc}?&fb%tﬂn 408
rrm

(o 42600y Mieidtéea Exlslt RastosoBey Tibon ﬁg@gt‘?’gg’g‘l“‘w""{i\’@ ok,
1968; Vol 1, pp 183-187); '"H NMR (DMSO-dj) : § 2.2-2.3 and 2.6-2.7 (2m, 2H, H-2" and H-
©2%),3.4-3.6 2m, 2H, H-5" and H-57), 3.86 (pq, 1H, H-4"), 4.3-4.4 (m, 1H, H-3"), 5.24 (¢, 1H,
OH-5°, Jyou= 5.8 Hz), 5.30 (d, 1H, OH-3’, Jyon = 4.0 Hz), 6.32 (dd, 14, H-17, I,: r=062
| Hz, Ji»»=7.8 Hz), 7.3 (brs, 24, NH;-6), 8.11 and 8.32 (25, 2H, H-2 and H- 8); ms : matrix
G/T, (FAB") m/z 252 [M+H]", 136 [BHoJ', (FAB") m/z 250 [M-HJ, 134 [BT; UV (95%
ethanol) : Amax 258 nm (e 14300), Ay 226 nm (¢ 2100); [a)p™® = + 25 (¢ 1.03, H,0), (Lit.
[alp®® =+ 23 (c 1.0, H,0) for L-enantiomer [Ref.: Robins, M. J.; Khwaja, T. A.; Robins, R.
K.J. Org. Chem. 1970, 35, 636-639) and [a]}p™ = - 25 (c 0.47, H,0) for D-enantiomer [Ref.:
Ness, R. K. in Synthetic Procedures in Nucleic Acid Chemistry; Zorbach, W.W., Tipson, R.
S., Eds.; J. Wiley and sons : New York, 1968; Vol ], pp 183-187}). Anal. Caicd for
C1oHi3Ns03 + 1.5 H;O (M = 278.28) : C, 43.16; H, 5.80; N, 25.17. Found : C, 43.63; H, 5.45;
N, 25.33.
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2' - Deoxy-[1-L-adenosine ((3-L-dA) Conpound 9 (0.44 g, 0.56 mmol) was
treated with an aqueous solution of acetic acid 80% (17 nL) at room
tenperature for 5 h. The m xture was concentrated to dryness, the residue
was di ssolved in water (20 nL) and washed with diethyl ether (2 x 15 nL).
The aqueous | ayer was concentrated and co-evaporated with tol uene and

nmet hanol . The desired 2' -de_oxg-[i -L-adenosine (P-L-dA) (0.12 g, 83% was
obt ai ned & faé’f’g'ﬁ ri FIteEpTedssting Synthpsinof 1D eoryifchnd dehosimaifdgdaphy ( 0- 12%
McOH in dichloronethane) and filtration through a M| HV-4 unit (0. 45p,
MIlipore) : np 193-194C (crystald ized fromwater) (Li’ﬁ}}%- 185C for

L-enantioner [Ref.: Rokicsst M J.\ % T. oeienzRObiasl R K J. Og.

Chem 1970, 35, ™%%36- 639 amt 187- for DremamtPoner V[ :Q 4s, R K
in Synthetic Pr ocedurggj’; 4£1y“fi§gleilucl ei eszAeizd Che fridgahineysnciZor bach , Ti pson,
R S., Eds.; J. WIeysagmjaoahso, NeW York, 38RSwectol 1, ppod8s+187]; 1H

NVR (DVBO-dB) : S 2.2-2.3 and 2. 6a2cbek2M 2H, H 2 and HesRidge 3454-3.6

(2m 2H, H5 and H5"), 3.86 (pgBzddciH4'),4.3-4.4 (m 1feokhs]), 5.24

(t, 1H OH5, JH QH =58 Hz), (5pa8zfl. 1H OH3', JH OH syhs0 Hz), 6.32
= 6. 5

(dd, 111, H1', Ji ,2 2 Hz, ,c,ysta-:7.8 Hz), 7.3 (br s, 2H NH2-6),
8.11 and 8.32 (2s, 2H, H2 and H8); ns : matrix Gng%FAQ'% mz 252

[ MtH] ', 136 [BH2]+, (FAB") miz 250 [MH 134 [B];: UV (893%™ et hdKdr)’ . 258
nm (s 14300), ).,,,;,, 226 ran (e 2100); [a]D20 = + 25 (c 1.0, H20), (Lit.
[a] D20 = + 23 (¢ 1.0, H2@w for L-enantionmer [Ref.: Robigs, MYJ.; Khwaja,
T. A; Robins, R K J. n‘e,y‘ % Chem 1970, 35, 636-639] ,Egﬁt{ ajD20 = - 25 (c
0.47, H20) for D-enantio NRef . : , R o] Synt wC Procedyres in
Nucl ei ¢ Aci d Chemistry; Zor bakr° W ipsan'%ﬂloil'is.,' ds.\—¥: TLJL and

sons : New York, 1968; Vol 1, 83-487]) . nAitser, dvdbcd for - 11'.3 03 +
1.5 H20 (M = 278.28) : C, 43.16; ¥ 55-80; N, a@6mte.  Found : € %3583; H,

5 45, N, 25.33. 22 Exanple 2 Sierévsel ectiva SyiViNelorge of
2' - Deoxy- (3-L- Adenosi ne ( prdwobidagiabmCO O OBz t! -ribose r#actions |
reaction 2 "N OH N 1) HZSO4,Z OBz 1) Adeni ne, SnCK/[viel=g04

foam crystals

reacltion 5 | NH,F, MeOH

HoN
NS
EN N
\ o I—-on
OH
L-deoxyadenosine 149
1 chromatography column

Yield = 75%

crystals
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2) BzCl, pyridine 143 acetonitrile OH OH 3) A0l0, AcOH, H2S04 2) NHr /
MeOH Ac = COCl-b t, adenosine 145 Bz = COCCH5 Yield = 75 Yield = 44k
crystals crystals TipsC2, Pyridine reaction 3 HZN HZN N N> N ~Oyt-O J
reactions 4 NNO ,/ | \ --ff O1l) PhOCSCI, DVAP, ~~~"TT( O O si
acetonitrile OHO-Si~ 148 A -r 2) TfMSS, AIBN, dioxane 146 1

chromat e@r.apdlyscolum Yield = 90% Yield = 70% foamcrystals reaction 5

NHAF, MeOH H2N N OH |i N OH L-deoxyadenosine 149 1 chr omat ography
colum Yield = 75/ crystal S 23 Regction 1 o o8z A OB
L-ribose ——-—).- -———).— ——

HZS0, BzCl, pyridi H,;80,
2504, MeOH HO  on P g0 OB AL AcoH OBz OBz
M 142 143
Yield = 44%
crystals

. Precursor: L-ribose (Cultor Science Food, CAS [24259-59-4], batch RIB9711013)
Reactants: Sulphuric acid 95-97% (Merck; ref 1.00731.1000); Benzoyl chioride (Fluka; ref
12930); Sodium sulfate (Prolabo; ref 28111.365)

Solvents: Methanol P.A. (Prolabo; ref 20847.295); Pyridine 99% (Acros; ref 131780025);
Dichloromethane P.A. (Merck; ref 1.06050.6025); Acetic acid P.A. (carlo erba; ref
20104298); Acetic anhydride (Fluka; ref 45830); Ethanol 95 (Prolabo.; ref 20823.293)
References: Recondo, E. F., and Rinderknecht, H., Eine neue, Einfache Synthese des 1-0O-
Acetyl-2,.3,5-Tri-O-B-D-Ribofuranosides. Helv. Chim. Acta, 1171-1173 (1959).

A solution of L-ribose 140 (150 g, 1 mol) in methanol (2 liters) was treated with
sulphuric acid (12 ml) and left at +4°C for 12hrs, and then nculraiised with pyridine (180 ml).
Evaporation gave an «,§ mixture of methyl ribofuranoéides 141 as a syrup. A solution of this
anomeric mixture in pyridine (1.3 liters) was treated with benzoyl chloride (580 ml, 5 mol)
with cooling and mechanical stimming. The solution was left at room temperature for 12 hrs
and then poured on ice (about 10 liters) with continued stirring. The mixture (an oil in water)
was filtered on a Cellite bed. The resulting oil on the cellite bed was washed with water (3x3
liters) and then dissolved with ethyl acetate (3 liters). The organic phase was washed with a

5% NaHCOs solution (2 liters) and water (2 liters), dried over sodium sulfate, filtered and
evaporated to give 1-O-methyl-2,3,5-tri-O-benzoyi-o/B-L-ribofuranose 142 as a thick syrup.
The oil was dissolved in acetic anhydride (560 ml) and acetic acid (240 ml). The solution
was, after the dropwise addition of concentrated sulphuric acid (80 ml), kept in the cold
(+4°C) under mechanical stirring for 10 hrs. The solution was then poured on ice (about 10
liters) under continued stirring. The mixture (oily compound in water) was filtered 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). The organic phase was washed with 5%

NaHCO; (1 liter) and water (2x2 liters), dried over sodium sulfate, filtered and evaporated to
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~J ((~"OH MO OBz ACOOBz ~ L-ribose Meo \T -1/ H2SO4, MeCH BzCl,
pyridine HO OH BzO OBz AH 20. ACOH OBz OBz 141 142 143 Yield = 441/41
crystals Precursor: L-ribose (Cultor Science Food, CAS [24259-59-4], batch
RI B9711013) Reactants: Sul phuric acid 95-97% (Merck; ref 1.00731.1000);
Benzoyl chloride (Fluka; ref 12930); Sodium sulfate (Prolabo; ref

(Acres, e 30R0Bs P G g e BRio SFradl0f Gir21 okl 6055)

Acetic aci duralyses (Ocelr(l)@ceybas,snef— O0-R01604- B kribohm@hbé Anhydri de (Fl uka; ref

:ﬁg:ggl) nderEﬂgc t%l—épé'l@l rgh{@ m@ﬂﬁﬁjéﬁgégSynFﬁgggegg?l (I?econdo, =

Acetyl -2, 3, H NMR- (GO(DWR(D}IIME arsas-7es mFﬁhmArgy B 7/§ql(§1, 9ﬂ{1ﬁ%§$]§@e(rss)

faet 3eatAe L5 88 o it RS s mﬁ?%éhéwp% VG RN A

then neut r gini 28 Haidnll }ﬁ)g,),rudl éd, (13}30HIT1J),~5 135Vﬁ@0_f5qt5 9q{z?aygoqgl A, (SyBot ure
of methyl ribot U" anosi des 111 (ilaas a s A's tion anomeri ¢
T

mxture i n(‘fj]?’l’t 1 Reopmesglil@pestyligd, ttﬂé%rbww\lrﬁ -R-tlenfragdser hl ori de (580 m ,

5 mol)  wi MuassadiysRgrand, GE§hadSAM-8ASL i ng. The solution was left at room
tenperature for 12 hrs and then oured on ice (about 10 liters) wth

conti nued $tFRFHgn2 yﬂ‘fecfﬁﬁ%papélc(’g‘ﬁd& $6.6Hat9% fund Wl filtered on a
Cellite bed. The resulting oil on the cellite bed was washed wi th wat er
(3x3 liters) and then dissolved with ethyl acetate (3 liters). The organic
phase was ReHMA % th a 5% NaHCO8 sol uti on (2 liters) and water (2

liters), dried over sodiumsulfate, filtered and evapora‘gﬁd to give

1-0-net hyl -2, 3, 5-tri - O benzoyl ! (3 L-ri bofuranose 142 as ki ck syrup.
The oil waggli ssol ved in aceti &i”a y)drl de (560 m) and ac@‘hm d (240
m ). The sol jti WS, after th, opvm se gddition of con ! ated

sul phuri ¢ acw}ﬂ )mtheWMC}—Uﬁm—RCham 0&11 st];lrrl ng

for 10 hrs. T ut i Oniceagie t'hen po on ice Nalst 10 lite under
continued stirrig. The mixture (oil&Ccompound in water) was fi'Pte®d on a
144 L-adenosine 145

crystals

Precursor: Adenine (Pharma-Waldhof; ref 400134.001 lot 45276800)

Reactants: Stannic chloride fuming (Fluka; ref 96558); NH3 / Methanol (methanol saturated
with NHjs; see page 5); Sodium sulfate (Prolabo; ref 28111.365)

Solvents: Acetonitrile (Riedel-de Hean; ref 33019; distilled over CaH,); Chloroform Pur
(Acros; ref 22706463); Ethyl acetate Pur (Carlo erba; ref 528299)

References: Saheyoshi, M., and Satoh, E., Synthetic Nucleosides and Nucleotides. XIII.
Stannic Chloride Catalyzed Ribosylation of Several 6-Substituted Purines. Chem; Pharm.
Bull, 27, 2518-2521 (1979).; Nakayama, C., and Saneyoshi, M., Synthetic Nucleosides and

Nucleotides. XX. Synthesis of Various 1-B-Xylofuranosyl-5-Alkyluracils and Related
Nucleosides. Nucleosides, Nucleotides, 1, 139-146 (1982).

Adenine (19.6 g, 144 mmol) was suspended in acetonitrile (400 ml) with 1-O-acetyl-
2,3,5-tri-0-benzoyl-B-L-ribofuranose 143 (60 g, 119 mmol). To this suspension was added
stannic chloride fuming (22 ml, 187 mmol). After 12 hrs, the reaction was concentrated to a
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Cellite bed. The resulting gummy solid on the cellite bed was washed with
water (3x3 liters) and then dissolved in dichloronmethane (2,5 liters). The
organi ¢ phase was washed with 5% NaHCO3 (1 liter) and water (2x2 liters),
dried over sodiumsulfate, filtered and evaporated to 24 give a gunmy
solid 143, which was crystallized fromethanol 95 (yield 225 g, 449%.
Anal yses f omall- vﬁlmceeﬂayd)mZOB 18D, drid- SHRBNERHb gchSirbaral L A1
129-130C ( 2 %%5&% (l %g rrg 130- 131C))QMI—% NIVI5 (230 Oy gﬁ%%ﬁ)%wa%#?{%mi)
8.09- 7. 87 cyuiting white, solifl (fipysaltgy wasysxtspgteds witB os chlorbFormH5¥2005 | 91
(dd, 1H, H&)l) TBe @ﬁblﬂedﬂtradtgai«%re“ﬁl&rédzc)n éﬂ?t?bédo%

i §baniphastyed w‘%ﬁf%d%hs

<1) 4,78 4,51 (dd,
2,00 ¢ M % on a I‘H?é?’f'é Feed O‘tebsqubmuléatalﬁltercd and evaporated to gwe

rlﬂzO ZZ?{LI%’&?‘M%]%?S“%F vord WoRafh IRl 48 ARR kT ubled Vg, 7

found C H BIgpia( yseqladogssehampom :ermperauxrm-under-smﬁng fGB4 4 ddgh TheGBRventN

NV-41 OH v
144 L- adenl(\)h‘sa ENI?I eaﬁgﬁtgﬁd Qg(f lgINc?s —ed%ﬁi &%{S urgt 3{1 o gulm?.ﬁ %o“r'deer K&e ﬁ'i’ﬁ%"q_'d ety

( Phar ma- aPERS (40P a1l) atgofima fogd thr) 6fter4$ﬂa‘frfﬁﬂﬂﬂje [Realet aat sccrySlaiizbd Goshvaed de
fumng (Fl (QQ@,mly%f 1%5@&1103:% zl)(%tg?goll %t hanol saturated with NH3;

see page 5) Sodi um sul fate 11. 365) Sol vents: Acetonitrile
(Ri edel - deApaises forf-Lemtengsineti sti | | ed over CaH2): Chloroform Pur (Acros:

r ef 227064%)233 l;}gjpgd g%@%@)%r#%g%%)er ba; ref 528299) References: il

Saneyoshi and Nucl eosi des and Nucl eoti des.
NMR (200 MHz DMSO0-De):  8.34 and 8.12 (25, 2H, H; and Hg), 7.37 (Is, 2H, NH,),

.5 -86 (d, 14, Hy, Jp» 6.2 Hz),5.43 (m, 2H, OH» and OHs?), 5.19 (d, 1H, OH;3, J 3.7 Hz), 4,60
(m, Hz), 4.13 (m, 1H, Hs), 3.94 (m, 1H, Hy), 3.69-3.49 (m, 2H, Hs, and Hsy,), (idéntical to
commercial D-adenosine)

Mass analysis (FAB+, GT) m/z 268 (M+H)", 136(BH,)"

Reaction 3
HaoN HzN
N
2 N
W ILY N Y
\N N E.. N
o) OH . . N
TipsCly, pyridine \Si
_ N i <
HO  COH OH O—si”
L-adenosine 145 A T
148
Yield = 90%
crystals

| Reactants: 1,3-Dichloro-1,1 »3,3-tetraisopropyldisiloxane (Fluka; ref 36520); Sodium sulfate
(Prolabo; ref 28111.365)

Solvents: Pyridine 99% (Acros; ref 131780025); Ethyl acetate Pur (Carlo erba; ref 528299);
Acetonitrile (Riedel-de Haen; ref 3301 9)

Reference : Robins, M.J,, et al., Nucleic Acid Related Compounds. 42. A General
Procedure for the Efficient Deoxygenation of Secondary Alcohols. Regiospecific and
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Stannic Chloride Catal yzed Ri bosyl ation of Several 6-Substituted Purines.
Chem Pharm Bull., 27, 2518-2521 (1979).; Nakayama, C., and Saneyoshi,
M, Synthetic Nucl eosides and Nucleotides. XX. Synthesis of Various

| - (3- Xyl of uranosyl -5- Al kyl uracils and Rel ated Nucl eosides. Nucleosi des,

Nucl eol i des, 1, 139-146 (1982). Adenine (19.6 g, 144 mol) was suspended in
acet oni tY§eeselestive ﬁP?VWIQmoflR@mMOyides to 2’-Deoxynucleosides. J. Am. Chem. Soe

2, 3, 5- trllgsq@nmgl L ri bof uranose 143 (60 g, 119 mml)_ To t

suspensi on was add e stannlc chloride fuming (22 m, 187 mol). After 12

his, the readid bridoresing dus &4it2 at BV tnenod) suaﬁenamatd meh,w@zd APOWLS :léhgd e

and sodi te wat er were add
resul ti &?mm%%{%g&gg%{ 9{38 ro%?ﬁ%?? ’@é’é&gﬁk a8t ét!l”‘m pd Wétmléthteowf@f&brmd (5x200

n ). Thet worblenpdratye ﬁadtzsummdme %gee@oeﬁbdaane &ld ediu da@ gﬂ%nQJ qaRi c.

phase %) sol ution and water, over sodi um
sul f at \e\@ﬁ?'y\?éere Whteg) aen\%/la% Farey /bsﬂf“d%“ (©98rpd e oreppic(BBsqwacwhshed ess

foam . Wit 4 HEOW@Ssdluiamt @2500i i 2R WARAPI00SAH Lur?etd%‘ée%/\%)liiﬁﬂl %:”HP“E%&?ZO m )

in seal sel room -t erature under stirrin € sol vent
was ev agl%% ae;s %’d’ ratf“? 1 GaEsS gm)d b et tHizesdigr ‘ea?and'smheed éoul aaewgnpla\mlegwwas

suspendednpmuxﬂtygl(m g@l%)te (400 M) at reflux for 1 hr. After filtration,
t he po r lized fromwater (220 m) to give L-adenosine 145
(24 g, V%” 'é’ts'éﬁ% Se%z};; gzﬁéFSV%‘é@’WBY‘-’@ﬂ’%’dm)M -adepodasI4434C (wat er)
(lit.(4) np 235-238C) 'H NMR (200 MHz, DVBO-D6): S 8.34 ‘and 8.12 (25 2H,

H2 and Hs) s, 2H  NH2 5.86 (d, 1H, H ., JIp.2.6.2 Hz),5.43 (m
OH, OH2™PZH d973d§1é5“’e“§’“1'§)@a (51%3311@133111&1@298%2) 4,60 (m H2'), 4. 13 (m

1H H3)'H 811»914 (ﬁ(m MiH, cH®), R/Bes?s §9a§cf 435& (gﬁHHZ a&?ls)m?gsg%é)ﬂ( (1dentical to

comer c%g% denosi n ss anal ySi %)86( BH2f
React i NN 5 MAdAST TN Hy, 350 76 1Ny SGHIT) pSTK@I, 1RY Hiy d]zqe] §Hz HO OH

H O 19,4 7.6 Hz) 4.15-3.99 (m 3H, Hy, Hs, and Hsy), 3.31 (sl, 1H, OHy), 1.06 (m, 28H,
1sopropy! protons) ‘

Mass analysis (FAB-, GT) m/z 508 (M-H),, 134 (B); (FAB+, GT) m/z 510 (m+H)", 136
(BHp)*

Reaction 4:

HoN HN

— ! N ” Y

‘\N N o }/ S ! N> J, )I

Y \St{ N 0 O\Si O\S}/
\./__‘? (|) —— < / l{ — \ 7 \'\<
 OH O—g” PhOCSCH, DMAP, ~0 TTMSS, AIBN,

/( T acetonfirile SYO O—si dioxane

0*-—8:

1 chromato raphy column

oam

Reactants: Dimethylaminopyridine 99% (Acros; ref 1482702050);
Phenylchlorothionocarbonate 99% (Acros; ref 2 15490050); Tris(trimethylsilyl)silane
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L-adenosine 145 \ 1 146 Yield = 90% crystals Reactants:
1,3-Dichloro-1,1, 3,3-tetrai sopropyl di si | oxane (Fl uka; ref 36520); Sodi um
sul fate (Prol abo; ref 28111.365) Solvents: Pyridine 99% (Acros; ref
131780025); Ethyl acetate Pur (Carlo erba; ref 528299) Acetonitrile

(Ri edel -de Haen; ref 33019) Reference : Robins, et al., Nucleic Acid

Rel at ed m@maa&mm remmn@r@i -AZIOBQ N Rk Oh1RNE( | enati on
of Secondapys. ,[Aél oqa S. ﬁsgg eC|f|c and 2% Sterrgosﬁ%%c{élk\?gg%g%\%%gﬁ on of
Ri bonucl eosi f E’)} ?e03| des. J. Am Chem Soc. 105, 4059-4065

(1983). TosuvadenAsetnmaﬂéﬁhé&T-d@ fﬁen 343679 ﬂ’zpéﬂ%%&dﬁﬁ 64:5}1 Gogr%[%% Lpe (320
I Sl

m) was ad 1.3-di ch tetral sopr xane , 201
nmol ), and 39)nP;a>iap§'f§,a(§4° é?J[‘P fﬁifé(? 6%k {}Oﬁbrﬁlﬂémﬁmdmm eMérok; rdf2 hrs.

O 1iter) and-a Napoes. oo <ol ob el 20088, Porie. organi ¢ phase was washed
I

(r rit % sol ut 600
vm t hI aerH)Cl ﬁﬁ‘d gqchoﬁamne,ﬁa(@i%@%nﬁ% -and Hapgske, H,30@1did Mcid Relagd @agiousddi um
sul fate, f4l eGaftnal Paste®ieRITRL Eficlft ﬁé&@%@natlﬁaﬁg_ﬁfgﬁ}(’a@i}q&%@"' I d was

crystalli Zﬁd from acetonitrile to give 9% . Anal yses
3", 5' - O (1Regiogpect “é?rfda$‘§@1é$€lfﬁ§9ve@0®emm dfRibptiodidesko 2dpRashRE0didE. 7 M

97 98C (ac,m,qmew ishe) 1ds! id antionmer np 98C) 'H NMR (200 Hz,
CDC13): 8 8.28 and 7)95 SQ@E(Bﬁ;Pand H3). 5.96 (d, IH JI.2. 1,1 Hz)

5.63 (s, 2H NAP)compornd 1434 1g, 67 mirgyl) Waredddedbackionitdid (zstﬁmﬁ thAP ("16 Hﬁ)(dd

| H HZ, JBsi a 5 &

3.31 (sl, ]%ﬁlmr%ﬂ IW_‘?Lh %’2%’ r‘?tﬂg’ﬁ" a)f‘%@sﬁ(i%? Pﬁ:p??'o?’m@) Tk?a@émanawaygmsed(qms-
GT) mlz 5080 aneratwmhr (Blr's; Scll FohBwas Glaporiled MiQnd fBidhe wad 3 tiodcBHRdwken

. Reaction Aeih)’lﬁg(l'\élfl_@tiﬂ() ml) and a HCI 0.5N solution (400 mi). The organic layer was washed with

a HC] 0.5N solution (400 ml) and water (2x400 ml), dried over sodium sulfate, filtered and
evaporated to dryness to give the intermediate as a pale yellow solid. The crude 147 was
dissolved in dioxan (ml) and AIBN (3.3 g, 20 mmol) and TTMSS (33 ml, 107 mm;)—were
added. The solution was progressively heated until reflux and stirred for 2 hrs. The reaction
was concentrated to a yellow oil which was chromatographed (eluent
dichloromethane/methanol 95/5) to give compound 148 (23 g, colorless foam, 70%). An

aliquot was cristallized from ethanol/ petroleum ether.

Analyses for 3',5'-0—(1,1,3,3—tetraisopropyl-l,3-disiloxanyl)-Z'-deoxy—ﬂ-L-adenosine 148:

mp 110-111°C (EtOH/petroleum ether) (Lit.(5) mp 113-114°C (B{OH))

"HNMR (200 MHz, CDCls): 8.3 and 8.03 (25, 2H, H and Hy), 6.30 (dd, 1H, Hy, J 2.85
HZ,J 7.06 Hz), 5.63 (sl, 2H, NH,), 4.96 (m, 1H, H3), 4.50 (m, 2H, HSa and Hsy), 2,68 (m,
2H, Hy, and Hay), 1.08 (m, 28H, isopropyl protons)

Mass analysis (FAB+, GT) m/z 494 (M+H)", 136 (BHy)'
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100 N1 NNzN NOL NO NfOCsCi, DM J acetonihile S SSmTTMb ne OSii'r
Y/ \ OPh Ar dioxane 147 148 1 chromatography colum Yield 7061 oam
React ant s: Di net hyl am nopyridi ne 99% (Acros; ref 1482702050);

Phenyl chl or ot hi onocar bonate 99% (Aeros; ref 215490050);
Tris(trinmethylsilyl)silane 27 "TTMSS" (Fluka; ref 93411);

a, a' - Azoi sobut yRe#tiorSt e "AI BN' (Fluka, ref 11630): Sodium sulfate

(Prol abo; ref 28111.365) Solvents: Acetonitrile (Riedel-de Haen; ref
33019); Ethyl acdtatg Pur (Carlo Erba; ref 528299); Dioxan P.A (Merck;
ref 1.09671.1004;|Dixhl oronet hape (Merck; ref 1.08950.6025); Methanol
(Carlo Erba; ref 02); R 8rejlee: Robins, M J.,y%W8n, J. S., and
Hansske, F., Nucleic Q Ia’[‘eid,géonpounds. 42. Al al Procedure for
the Efficient Deoxygenwatioy of $edondary A coMrs. Regi §spex fréHand

St er eosel ecti ve Conver si ongaf o.RCbonucl dbei.Be@Hto 2' - Deoxi des. J.
Am Chem Soc., 105, 4059-49%;%;1983). g 2Bfpound 146 (34 G167 mmol) were
added acetonitrile (280 m), P (16.5 g, 135 mol) and phe®¥

chl or ot hi onocarbonate 1#80.2 nm, 73 mol). The sol ution wWag.&hiskash at room
tenperature for 12 hrs. Sol vent was evaporated and tgggﬁfaﬁj rg%wvrxpg

parti oned between ethyl acetate (400 mM) and a HC .t%%ci'r?',: on (400 m).
The organi.c | ayer was washed with a HCl 0.5N sol ution (4Ug-1T) and water
(2x400 m ), dried over sodiumsulfate, filtered and evapgrasf ed to dryness
to give the internediate as a pale yellow solid. The crude 147 was

di ssol ved Renctiintscatmpminjura oAl 1(R; 37 67420 ,smez%lx (ﬂf@ck-[@ﬁ%ﬁ?%%ﬂ%xm?

gm)lr 2 e\cli\elt ?ﬂl%qﬂﬁ%gMe%hgol}Oeégﬁrégb&m ﬁ%‘é&%r Oré?giaiétimnggggs geﬂu Elgilwl“cbj def Whi Cﬁn\(lj\las
chr omat ogrlaif6d6028)uBhdnol df giroRbe,Tet Juapgsgsst hanol 95/5) to give compound
148 ( 23 g9 ’Re%):leggel :eﬁﬁanfg?w.? anZlOR{)()b'ins, ]\r}l 1., Removal of Silyl Protecting Groups from

Hydroxyl Functions with Ammonium Fluoride in Methanol. Tetrahedron Lett., 33, 1177-

1180 (192).

A solution of 3',5'-0-(1,1 ,3,3-tetraisopropyl-1 ,3-disiloxanyl)-2'-deoxy-1.-adenosine

148 (32 g, 65 mmol) and ammonium fluoride (32 g, mmol) in methanol was stirred at reflux

for 2 hrs. Silica gel was added and the mixture was carefully evaporated to give a white

powder. This powder was added on the tpo of a silica column, which was eluted with

‘dichloromethane/methanol 9/1. The appropriate fractions were combined and evaporated to

give a white powder, which was crystaltized from ethanol 95 (12.1 g, 75%).

Analyses for 2’-Deoxy-f-L-adenosine 149 :

- mp 189-190°C (EtOH 95) (identical to commercial 2'-deoxy-D-adenosine)
"H NMR (200 MHz, DMSO-D): § 8.35 and 8.14 (2Zs, 2H, H, and Hg), 7.34 (si, 2H, NHy),
6.35 (dd, 1H, Hy, 1 6.1 Hz, J 7.85 Hz), 5.33 (d, 1H, OHz, J 4.0 Hz), 5.28 (dd, iH, Hy, J 4.95
Hz; J 6.6 Hz), 4.42 (m, 1H, OHS'), 3.88 (m, 1H, Hy), 3.63-3.52 (m, 2H, Hs, and Hsy), 2,71
(m, 1H, Hz, ), 2.28 (m, 1H, Haw,). (identical to commercial 2'-deoxy-D-adenosine)
ap +26° (¢ 0.5 water) (commercial 2'-deoxy-D-adenosine -25° (¢ 0.5 water)).
UV Xmax 260 nm (g 14100) (H20).

Mass analysis (FAB+, GT) m/z 252 (M+H)*, 136 (BH,)*
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aliquot was cristallized fromethanol/ petrol eumether. Analyses for
3',5-0(1,1, 3,3-tetrai sopropyl -1, 3-di si | oxanyl ) -2'-deoxy-(1-L-adenosi ne
148: np 110-111C (EtOH petrol eumether) (Lit.(5) nmp 113-114C (EtCH)) 'H
NVR (200 MHz, CDC13): S 8.33 and 8.03 (2s, 2H, H2 and H8), 6.30 (dd, IH,
Hy, J 2.85 Hz, J 7.06 Hz) 5.63 (sl, 2H, NH2), 4.96 (m IH H3), 4.50 (m

2H, Hs'a arﬁmm le)% % 2H, Hpa and Hzb), 1.08 (m 28H, isopropyl
protons) Mass ISPy siderge ﬁ‘f‘G‘I‘)’"W?S&EM Doy -H-LIGHHIEBED) © 28
................... Reaction 50 H2ZN N1 N> HZNNNIT _ N \/ \ rON~ N
1 Si~LNOH hrs\ O. . NH 2 MeOH -? refluxux, 2 hrs OH 148

L- deoxyadenosi ne 149 1 chromatography colum Yield = 75/ «crystals
Reactants : Ammonium fluoride (Fluka; ref 09742); Silica gel (Merck; ref
1.07734.2500) Solvents : Methanol P.A (Prolabo; ref 20847.295);

Di chl oromet hane P. A. (Merck; ref 1.06050.6025); Ethanol 95 (Prol abo; ref
20823. 293) Reference : Zhang, W, and Robins, M J., Renoval of Silyl
Protecting G oups from Hydroxyl Functions wt h Ammoni um Fl uor i de in

Met hanol . Tet rahoedr on Lett., 33,1177- B o
' i AcQ
HNJ) HMDS, (NH,),50, js'(CHa"“ Zom“o”*c *
H (CH3)aSi0"" N TMSTY

1.2 dichicroethane

Uracile

HzN.NHz. K,0
o 1 Pyridine, CH;C00H

NH
I A HO (\ i (k
N CeHs0L{Ss)CH

O

2z 1) DCC/ CLCHCOOH
OMAP/CH N o CeHe DMSO

13 .
56% vi - —— 13
(EB% Yiel) 23 theySiysiv, oy Dioxan (66% yieid) 2) NaBH,y CeHe. EtOH 1n
{68% yield)
1) Lawesson's reagent
1,2-dichloroethane
2) MeOH/ NH;
100%C

NH;

Z-Deoxy-pL-cytidine (p..-ac)
{BO% yield)
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1180(192). A solution of 3,5 -0(1,

l,3,3-tetrai sopropyl -1, 3-di sil oxanyl)-2'-deoxy-L-adenosine 148 (32 g, 65
mol ) and anmoni um fluoride (32 g, nmol) in nethanol was stirred at reflux
for 2 hrs. Silica gel was added and the m xture was carefully evaporated to
give a white powder. This powder was added on the tpo of a silica colum,
whi ch was el ut edrGPtH-Obiertoybpdmetibbmesovebhenill(18/ 1. The appropriate

fractions were eRglabine 0 i a white paowder, which was

crystallized frgﬁ1ethaﬁg?aggﬁyﬁg?%QZ?QWQ&Y?Q%%§F9§%§mﬁ8P0?1{24j*mmykl5-

2' - Deoxy- ROy Priex 1labiranapy uewil TOGRe FEGLIAE 1. (Besihé, 0aLC E onbRATES Ci al

2' - deoxy- DLads ' 'AHs . , : 8.35 and 8.14 (2s, 2H,

H2 and Hs) 7.%2&8?%,}? dé"ﬁf‘%&? ,g'gg%%ﬁ(%%‘%;nﬂﬁﬁmﬁe@?dﬁ pbthe Five 85 Hy) |

5.33 (d, 1Natuesly OgpuingNpplyic AsidMBséddjoutrkd] ometexbcgcxﬁ%heiﬂzmgx@38_%%(1.-4- 42

m | H, o). 12288 ..63-3,.52 (m_ 2H , and Hs'b), 2,71

§m 1H Errﬁf?’ ?’z‘%%gq?%qﬁ (?-‘7?1{%’*@%5@5(*? a%fmlv%gﬁ%nﬂa 20 el (15 mL) The

2' - deoxy - D5UWENOKISIHEred pvenfight GCroBmBlempirefule. (AIMBLAL Aded (359801 Yal@denosi ne
(H20). Mass anal ysi s ( FAB+,

i e Al L NGO
2 Deoxy.- pThe Cpuling meidues sariBied by Wit colyOHR noddah )3, LAGFZ0 -
ONT refi,= Bhdachdasta 943% 3O T Tf AcO 1, 2dichi broethene - Uraci | e
10 D N_NHZ‘(.:,' 11_1 6 gol, 9,§7 () iEhlopgmstmng)toygivit (X g, 68%) which was
crystallized from cyclohexane/dichloromethane: mp = 111-114°C; 'H-NMR (DMSO-d;): &
11.35 (brs, 1H, NH}, 7.9-7.4 (m, 11H, 2 CeHsCO, H-6), 6.38 (d, 1H, OH-2’, Joo = 4.2 Hz),
5.77(d, 1H, H-1’, }i».» = 1.9 Hz), 5.55 (d, 1H, H-5,Js.6 =8 Hz), 5.54 (dd, 1H, H-3", J3.5- =
3.9Hzand J3 4= 1.8 Hz), 4.8 (m, 1H, H-4°), 4.7 (m, 2H, H-5" and H-5), 4.3 (m, 1H, H-2%);
MS: FAB>0 (matrix GT) m/z 453 (M+H)", 105 (CsHsCO)"; FAB<O0 (matrix GT) m/z 451
(M-H)’, 121 (CeH5CO,) , 111 (BY'; Anal. Calcd for Ca3HaoN;05"H;0 : C, 58.09 ; H, 4.76 ; N,
5.96. Found : C, 57.71 ; H, 4.42 ; N, 5.70.
l-(3,5-Di-()-benzoyl-|3-L—arabinofuranosyl)uracil (12)
To a solution of 1-(3,5—di-O-benzoyl-B-L—xy}ofuranosyl)uracil 11(8¢g, 17.7mL)in
an anhydrous benzene-DMSO mixture (265 mL, 6:4, v/v) were added anhydrous pyridine
(1.4 mL), dicyclohexylcarbodiimide (10.9 g, 53 mmol) and dichloroacetic acid (0.75 ml.).
The resulting mixture was stirred at room temperature for 4h, then diluted with ethyl acetate
(400 mL) and a solution of oxalic acid (4.8¢g,53 mmol) in methanol (14 mL) was added.
After being stirred for Ih, the solution was filtered. The filtrate was washed with a saturated
N NaCl solution (2x500mL), 3% NatlCO; solution (2x500mL) and water (2x500mL). The
organic phase was dried over Na80y, then evaporated under reduced pressure. The resulting
residue was then solubilized in an EtOH absolute-benzene mixture (140mL, 2 :1, v/v). To
this solution at 0°C was added NaBH, (0.96 g, 26.5 mmol). Afier being stirred for 1h, the
solution was diluted with cthyl acetate (400 mL), then filtered. The filirate was washed with
a saturated NaCl solution (400 mL) and water (400 mL). The organic phase was dried over
Na;S80s4, then evaporated under reduced pressure. The resulting crude material was purified

by silica gel column chromatography [eluent: stepwise gradient of methanol (0-3%) in
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HO~ ~NH ~ NOG6 Bz 1) DCC Cl ZCHCOOH N~O 1) CSHSOC(S)ct C6H6. DMSO HO
DVAP/ CHLICN (56% vyield) 2) (M, S03Sin. Al BWD oxan (66%yield) 2) NaBHd

CsHs. EtOH (66% % yield) 1) Lawesson's reagent 1,2-dicNoroetharre 2) MOW
NH3 100% C NH2 N HCr-, NO 2'4)eoxY-D L-cytidine (P4-dC) (B0%yield) 30
1-(3,5-D - QO benzoyl -[i-L-xyl ofuranosyl )uracil LI) Hydrazine hydrate (1.4

nL, 28.7 nfskipromghane thosive 2053 mlém)wmmmxzasers&ﬂ@e@%walcm%nme mp = 182-

di -0 belnfrgléécr(ﬁ%mm %M@Uﬁéﬁshg PR N 0 7 s Gae S ok D aico, IBapé) 85

13- L- Xyl ofG’F&rﬂ&éﬁH-Rldcfﬁ &d6i. dEsHel, 1ihe=FRilyg, 5. Ma@ural s, £;cri qu Myghei c Acid

Bases" f._Het.erocy, S 1993 ),

1229- 1233] Igm q Shih a‘ﬁll{ %‘%‘dﬁ%’%eﬂﬂﬁan‘gﬁé@ew,d{éd»ﬁﬂ% m) .

The solutl ﬁe)sl\@tFABed(mmerDhﬁ/zam (M@Hy‘t@ﬂp@, al y BHACEHS Hv@@)+added
30 mn he rea x ure’ was

35 nm) a r for
favapor;t egﬁu%gg mé}}égh}c 8”%?‘2‘3@‘{‘#@ ?g}r%HF@@dlstlllth}’e%ﬁaéh@lMQr purified by
silica gel Cobbobés: C@,r&jrm’»t clgman;hy\] [@Iguggﬁnd -5t g@\g@ A, 49&6‘?11' gpt of nethanol

(0-4% in dichlg @%P’ |ve 11 (3.0 g, 68% which was™ crystallized
from cycl ohexane h ﬂ%lXYTPpL-er&ltmmnqm@urammchm@ d6): 6 11.35

(: b Lf ; , HIZ;—| , TiNEBolution®f 7-(4, S(cmO Bédibylzﬁ m:fu(léhog}])urgcl?’ﬁ (5"2 g,l 114 mrno]g) in Jon-r

' anhydrous 1,2-dichloroethane (120 mL) were added phenoxythiocarbonyl chloride (4.7 mL,
34.3 mL) and 4-(dimethylamino)pyridine (DMAP, 12.5 g, 102.6 mmoL). The resulting
solution was stirred at room terperature under argon atmosphere for 1h and then evaporated
under reduced pressure. The residue was dissolved in dichloromethane (300 mL) and the
organic solution was successively washed with an ice-cold 0.2 N hydroch]onc acid solution
(3x 200 mL) and water (2x200 mL), dried over Na,S0; then evaporated under reduced
pressure. The crude material was co-evaporated several times with anhydrous dioxane and
dissolved in this solvent (110 mL). To the resulting solution were added under argon tris-
(trimethylsilyl)silane hydride (4.2 mL, 13.7 mmol) and a,a’-azoisobutyronitrile (AIBN, 0.6 g,
3.76 mmol). The reaction mixture was heated and stirred at 100°C for 1h under arpon, then
cooled to room temperature and evaporated under reduced pressure. The residue was purified
by silica gel column chromatography [eluent: stepwise gradient of methanol (0-5%)] to give
13 (2.78 g, 56%) which was crystallized from EtOH: mp = 223-225°C; H-NMR (DMSO-d;):
8 11.4 (brs, 1H, NH), 8.0-7.5 (m, 11H, 2 CsHsCO, H-6), 6.28 (t, 1H, H-1’, =7 Hz), 5.5 (m,
2H, H-1 and H-5), 4.6-4.4 (m, 3H, H-4>, H-5" and H-57), 2.6 (m, 2H, H-2" and H-2"); MS:

 FAB>0 (matrix GT) m/z 437 (M+H)", 3325 S FAB<Q (matrix GT) m/z 435 (M-H)’, 111

(B); Anal. Caled for Cy3H;0N,05: C, 63.30 ; H, 4.62 ;N,6.42.Found : C,62.98 ; H,4.79 ;
N, 6.40.

2’-Deoxy-B-L-cytidine (f-L-dC)

Lawesson’s reagent (1.72 g, 4.26 mmol) was added under argon to a solution of 1-
(3,S-di-O~benzoyl—2-deoxy-B—L—e;ythro—pentoﬁlranosyl)uracil 13 (2.66 g, 6.1 mmol) in
anhydrous 1,2-dichloroethane (1 20mL) and the reaction mixture was stirred under reflux for

2h. The solvent was then evaporated under reduced pressure and the residue was purified by
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5.77 (d, 1H, H1', J1,-2. =1.9 Hz), 5.55 (d, IH H5, J5-6 =8 Hz), 5.54
(dd, 1H, H 3", J3-2" = 3.9 Hz and J34 = 1.8 Hz), 4.8 (m |IH H4), 4.7
(m 2H, H5 and H5"), 4.3 (m IH HZ2); M FAB>O (matrix GI) nlz 453
(M:H) ', 105 (C6H5CO) +; FAB<O (matrix GI) mlz 451 (MH-, 121 (C6H5CR) -,
[11 (B)'; Anal. Calcd for C23H20N203-1-120 : C, 58.09; H, 4.76 ; N, 5.96.
Found : C, Sijga gl colupp chmmwgrmwew@n sieps»ase%rga,ez@obanﬂ%ta&ko k%R in

r abi nof ur apREN Mk %toE?veq :;l) i Lon

1- (3, 5-di - O benzoyl - % e %Wé?ﬂ}‘leji’ﬁPé‘élalyeli(lW(‘@ngA@?Jffpnﬁfyhlsthlo an
anhydrous BétimediszOVS@, Brﬁmmce) i 26haiblic ﬁnﬂmnml(,yr)wa&ﬁﬁf aﬁ&%&’ rfb‘%@én%“s
pyridine. {ln: diim de (10. Sa

h |
di chl or oac e%h @ Smip})dd ) ?6(9%@) cr“r)"iffeﬁg“te%%ré?ﬁ?%ﬁif’talsw ?ﬁsﬁteﬁ Ieombaf:’s)r sh mrdrléch @bledoom
t enper at ur © 6°6¥ Tlﬂ'il”ﬁ()lltthﬂnvaﬂ Ieilalbﬁﬁiad\MnH& r@&lh:\éh pRESEAHGe r%sﬂgqﬁ%nhe ﬁﬂ%m%} yed.
e

solution o in nethano
After bei ngv Sg%iﬂ erre g(?? f %‘Fa %é]il‘fomg’ﬁ‘é %&?&renhy\/[algezm $tepyisigraditrg of mlethamﬂ(e}- was

washed wi t 20%) inalidhicabreckhad¥i Blinagi Im&h | ut i
(2x300m) g SO e Mok R T wi SR Bl B0 ok o,

then evapor a&%ﬁﬁ%‘é%ﬁgg 8&@ B‘P@@% @(ﬁi&r;teri o8ddr réeduged presindue proailc tlh:e n

sol ubi | i zedesired ZrdebkypIabARERY| Lb@@; é’gh’ b esé(;ﬁn& ’Wa;&ﬁygtp"lgg@%
3 e e pepcin e by
then filter eolbr &, MNiiLY, 8118 (Vaf H@Shﬁﬁe")"ﬁ% fﬁiﬁr%\ﬁeiﬁ_’\&%ﬁ' Ult 'h(gg (400

m.) and WSIL}_EM%4QO mL) ~ The organi ¢’ phase

evapor at e P r'@*tmtad B9t 80ttel H, 10M-57 Souk tH lag +CF SIQQ—szTB:II Brh,alH, \Hayd
purified j;rys Jica g6l r I st epw se gralent of
met hanol @é II n 31 ?3§ﬁ+%%rrﬂce$r?§§§f ?g %ﬁ% h% l%%%'ﬂ m@gh)@

cryst al I i zpebtp? G ST bmiA 228 (W HYD 122 (82 F9320 ( niﬂtrhﬂ\@rﬂ%%d@-h) S 11 35

(or 2% | GED, ol DSttty L s EHECEh bl oCorcriy spbiaics.

Hz) 5 37 f(!fimchlpwic aaltsvf the.l?reﬂfﬁl‘tlomex}ﬂAnA cacdzfoécl;mm e 417657( M, 53 NF S

and H5") ,15495r4 8447554 éﬁ)(l%%g 1H H27): N5 FABSO (mefFi % GT) m z
453 (M H) + g Vg8 (CGH5CO)+ M AB<0 (matrix GT) iz 451
(MH', 121 (CGHSCoz) I 1 1 (B)'; Anal. Called for C23H20N208: C, 61. 06;
H 4.46; N, 6.19. Found : C, 60.83; H 4.34 ; N, 6.25.

1- (3, 5-Di - O benzoyl - 2- deoxy- p- L- er yt hr o- pent of uranosyl Juracil (13) To a
solution of 1-(3,5-di- Obenzoyl p- L- ar abi nof uranosyl )uracil 12 (5.2 g, 11.4
mrolL) in
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anhydrous 1, 2-di chl oroet hane (120 nlL) were added phenoxyt hi ocar bonyl
chloride (4.7 nL, 34.3 nL) and 4-(di met hyl am no) pyridine (DVAP, 12.5 g,
102.6 mmoL). The resulting solution was stirred at roomtenperature under
argon at nosphere for | h and then evaporated under reduced pressure. The
resi due was dissolved in dichloromethane (300 nL) and the organic solution
was successi vel Fx4@eldd \fiteisosetecticeSpohesistef2’ Weh BV Rdike (RELLL)SO! uti on
(3x 200 nmL) and water (2x200 nlL), dried over Na2SO4 then evaporated under
reduced pressure. The crude material was co-evaporated several tinmes with
anhydr ous di oxane and dissolved in tNW s solvent (110 ni)_,To the resulting
solution were added undergRsgRn tris-p (trinethylsilyl)silaae hydride (4.2
m., 13.7 mol) i -az'dﬁOSobutyr.pﬂ‘i trile (AFEArRE g,iﬂL .76 mmol ). The

reaction ni XU heat®d"QHd sti f00C feis’ | h undefl ar gog, then
cooled to roomte rature ant evapo egt under—recimeed pr u The
residue was pyrified by st3%a gel col chr on#fsgr aphy [ t: stepw se

gradi ent of met hanor (0-59] to give ;13,(2.78 g, 56% which wes
crystallized fromEtOH np = 223-225CkyddsNVR (DVSO-d6): S ££2%(br s, | H,
NH), 8.0-7.5 (m 11 H 2 CH5CO, H6), 6.28 (t, | H H I', §J =7 Hz), 5.5
(m 2H HI' awd H5),4.6-4.4 (m 3H, H4, H5 and H5"), 2s@i(m 2H,

H2' and H-Z'r'#"- . FAB>0 (matrix mz 437 (M+H) +, 3325 ( $i*PiRB<O
(rmatr.ix GT) 1z #35 (M H) y,shddien (B al. Calcd for CZBI N297: C, 63.30 ;
H 4.62 ; NOB&M2.  Foupg : Qe 9 -H, 4.79 : terd 408 4

2' - Deoxy- Ji - L-cw (Ji - THO) Lawe “J Feéagelhod 1. 72 gQ Funol )
was added under to aég% ﬁjfi on of 3 (2.6 y—6.1 /1 n
anhydrous 1, 2-di chl &®pet hane ('120nlL) and the reacRifdm® i xt ure stirred
under reflux for3#™% The sol vent was i@y evaporat ed unders@gsaeyuced
pressure and t hdT8Edue was purified Bys®2 silica gel col @respitate
chromat ogr aphy [ el Jendwessst-GR)MySe gradi ent of ethyl acetate (0-8% in

di chl or onet hane}“"'f %irv&ecm he 4-thio internmediate as a yell ow foam A
solution of this tii 6™ intermediate (1 5 g, 3.31 nmol) in nethanolic

ammoni a (prevj olisly saturated at -10CYnd  ti ghtly stopped) (50 nL) was
heated at 10 i f| a stainless-steel )13) for 3h and then cooled to OC. The
N

sol uti on was®e po?at s NARbugdU essure. The resulting crude
material was pyTrI by siteecca gel cht omat ogr aphy [el uent:
st epwi se gradien met haw

OBz OH
& {quantitatif) -
solid after # L;drgs(;?f%)
purification i

2-Amino-[i-1_.-arabinofurano[I’,2’:4,5]oxazoline 1)

A mixture of L-arabinose (170 g, 1.13 mol), cyanamide (100g, 2.38 mol), methanol
(300 m}), and 6M

at -

-NH4OH (50 ml) was stirred at room temperature for 3 days and then kept
10°C overnight. The product was collected with suction, washed successively with
methanol and ether, and dried in vacuo. Yield, 130 g (66.0%) of the analytically pure
compound 1, m.p. 170-172°C; '"H NMR (DMSO-d) & ppm 6.35 (brs, 2H, NH ), 5.15(d, 1H,
F1, 3= 5.6 Hz), 5.45 (br s, 1H, OH-3), 4.70 (br s, 1H, OHL5), 4.55 (d, 1H, H-2, ] = 5.6 Hz),
4.00 (brs, 1H, H-3), 3.65 (m, 1H, H-4), 3.25 (m, 2H, H-5, H-5). |
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209 in dichloronethane]. Finally, the appropriate fractions were pool ed,
filtered through a unit MIllex HV-4 (0,45 pm MIIlipore) and evaporated
under reduced pressure to provide the desired 2'-deoxy-[3-L-cytidine
((3-LAC) as a foam (0.6 g, 80% which was crystallized from absolute EtOH
np=198- 199C, ' H NVR ( DMSO- d(, ) S 7.77 (d, 1 H H6, J6-5=7.4Hz), 7.10
(br d, 2H, gﬁgﬁp, 6.13 (t, I H HI", = 6.7 H), 5.69 (d, IH H5, J5.6
74Hz) d -41Hz) 4.96 (t, I H O+5, JoH5
= JoH5 5‘5 ‘&E‘?“fk‘ﬂ‘“(%ﬁ%ﬁfﬁgsfﬁ' 3.75 (m IH H4), 3.5 (m 2H H5
and H 5"), CRashnjide: Rlnlka,2H98%), refl28336m 1H, H2"); MS: FAB>0 (matrix GI) mh
228 (M+H) *, 112 (BH2)4; FAB<O (matrix GI) nmlz 226(MH)-; [n]20n = - 69 (c
0.52, DMSO [[a]201) = + 76 (c 0.55, DVsO for a conmercially avail abl e
hydr ochl or I t he,.D-enantioner]. Anal. Calcd for COHL3N3IO™4: C,
47.57 ; bdﬁ??ﬁ &rlﬂ Ligigjae Bound - G 47.35 : B 5.68 : N, 18 29, 33
............... A solutl&x anEdnspohndl G(DS@%'OW h§ a@ﬁEﬂﬂ?@épﬁia’te '\/298 ml) in 50%

2' - Deoxy- (3 L- Id%‘ﬁ/le &één.k dC) NH2 gjanam de , et hyl
pr opi ol at e*\® N INWBS Geweé[ @rf Plyxthem cpoled and- copcenigyed ERAgRef
5,6 Ref 5 dimdiigiiddesuehb B hak(dFenO3feidh G810 Aft%ri#@&ﬁilta%oﬁr\?ﬁﬁ{ &edn0 (686 C

Qu dry pyrlgl r]ie OJI OBz Bdry tolueneN p
the produc was collected with suction, washed with ethanol and ether, and dried. The

o

mother liquor was partialy concentrated, the concentrate precipitated with acetone (1000 ml),
the solid collected with suction, and washed with acetone and ether to afford another crop of
the product. Over-all yield, 80 g (62%) of compound 2, m.p. 236-240°C; 'H NMR (DMSO-
ds} & ppm 7.87 (d, 1H, H-6, J = 7.4 Hz), 6.35 (d, 1H, H-1°, J = 5.7 Hz), 5.95 (d, 1H, H-5,] =
7.4 Hz}, 5.90 (4, 1H, OH-3"), 5.20 (d, 1H, H-2’, ] = 5.7 Hz), 5.00 (m, 1H, OH-3"), 4.44 (br s,
1H, H-3"), 4.05 (m, 1H, H-4’),3.25 (m, 2H, H-5, H-5").

Reagent:

Methyl propiolate: Fluka, >97%, ref 81863

3°,5°-Di-0-benzoyl-0** -anhydro-B-L-uridine (3)

To a solution of compound 2 (71.1 g, 0.31 mol) in anhydrous pyridine (1200 mi) was
added benzoyl chloride (80.4 ml) at 0°C and under argon. The reaction mixture was stirred at
room temperature for 5 h under exclusion of atmospheric moisture and stopped by addition of
ethanol. The solvents were evaporated under reduced pressure and the resulting residue was
coevaporated with toluene and absolute ethanol. The crude mixture was then dijuted with

~ethanol and the precipitate collected with suction, washed successively with ethanol and
ether, and dried. Yield, 129 g (95.8%) of compound 3, m.p. 254 °C; 'H NMR (DMSO-dy) §
ppm 8.1-7.4 (m, 11H, CeHsCO, H-6), 6.50 (d, 1H, H-}’, I =5.7 Hz), 5.90 (d, 1H, H-5,1=17.5
Hz), 5.80 (d, 1H, H-2’, J = 5.8 Hz), 5.70 (d, 1H, H-3") 4.90 (m, 1H, H-4"), 4.35 (m, 2H, H-5,
H-5").

Reagent:
Benzoy! chloride: Fluka, p.a., ref 12930
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Ref 5,6 OBz OOCNOOOBz OBZ O OBz Ref 56,8 OBZ 5 (97.2% 4 (92.6% 3
(95.8% precipitate crystals precipitate Ref 1 | La Ws son's reagent dry
CH2Cl 2 reflux S NH2 HN O-N 1 OBz McOHINH3 01: N) OH 1f 1,2 Ref 1,2 OBz
OH 6 (quantitatif) p-L-dC (78.6% solid after crystals purification

2- Ami no-]t-L-arabi nofuranoll', 21; 4, 5] oxazoline ( ) A mxture of L-arabinose
(170 g, 1.13 nol), cyanam de (100g, 2.38 nol), nethanol (300 m), and

6M NHACH (905 omterrperature for 3 days and then kept
at -10C ovgr’nl g%?%)si'ﬁ(gtlz 8@ ‘iai\/\éeé’ Srupdme @) 1 h suction, washed
?g g cgg/;l v ]grl y Wi Tha soletisracfaomposhded dﬁeB g @rlgg %Edl}?ﬂ duﬂeimmmn’@e?h&b nhl/g{%&sg
0 oun m p
(DVBO- d6) ¥ ppmﬁwg ?E‘fﬁlﬁmgﬁr S"NW?)’ (208 L pregrared fp sitqby pddige 452 el iaf Joetd . 45

(br s, IH clﬁhﬂc&) at (ACT0 a(sblutx&n of brz 3 Qif&f)metﬁmﬁ#i aﬁ&i 133, Hml%f%ame]cgyl o?mgmié%

4. 00 (br s tH_nn% gi at% H 4
Reagent s: ‘éef’&bq ure iy R‘éﬂewd 083 f?rekh mggxclwmm&sphﬁhmmthS%

r ef 28330 dboled dom YA Foukdd- ihtolhdiel AG00(shl). The precipitate of compound 4 was collected
with suction, washed with water, and recrystallised from ethanol. The crystals were collected,
washed with cold ethano! and cther, and dried under diminished pressure. Yield, 60.6 g |
(92.6%) of compound 4, m.p. 164-165°C; '"H NMR {DMSO-ds) & ppm 8.7 {br s, 1H, NH),
8.1-7.3 (m, 11H, C¢H5CO, H-6), 6.15 (d, 1H, H-1, T = 4.8 Hz), 5.5 (m, 2H, H-5, H-2"), 4.65
(m, 4H, H-3’, H-4’, H-5°, H-5™").

Reagent:
Acetyl chloride: Fluka, p.a., ref 00990

3°,5"-Di-0-benzoyl-2*-deoxy-B,L-uridine (5)
A mixture of compound 4 (60.28 g, 0.128 mol), tri-n-butyltin hydride (95 ml) and

lazabisisobutyronitrile (0.568 g) in dry toluene (720 ml) was refluxed under stirring for S h
- and cooled down. The solid was collected with suction and washed with cold toluene and

petroieum cther. The filtrate was concentrated under reduced pressure and diluted with

petroleum ether to deposit an additional crop of compound 5. Yield, 54.28 g (97.2%) of
-compound 5; m.p. 220-221°C ; 'H NMR (CDCl3) & ppm 8.91 (br s, 1H, NH), 8.1-7.5 (m,

11H, C4H5CO and H-6), 6.43 (q, IH, H-1’, J > = 5.7 Hz and J 12+ = 8.3 Hz), 5.7-5.6 (m,

2H, H-3’ and H-5), 4.8-4.6 (m, 3H, H-5’, H-5"* and H-4),2.8-2.7 (m, 1H, A-2"), 2.4-2.3 (m,
-1H, H-2"").

Reagents:

Tri-n-butyltin hydride: Fluka, >98%, ref 90915

Azabisisobutyronitrile: Fluka, >98%, ref 11630

3’,5’-Di-O-benzoyl-2’-deoxy-f-L-4-thio-uridine ©
A solution of compound S (69 g, 0.158 mol) and Lawesson’s reagent (74 g) in
anhydrous methylene chloride (3900 m!) was refluxed under argon overnight. After
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A solution of compound 1 (98.8 g, 0.57 nol) and nethyl propiolate (98 nl)
in 50% aqueous ethanol (740 m) was refluxed for 5h, then cool ed and
concentrated under dimnished pressure to the half of the original vol une.
After precipitation with acetone (600 m), the product was collected with
suction, washed with ethanol and ether, and dried. The nother |iquor was

partialy c shRtibat@diet ngen ipltate th ac ton 000
the solid gﬂﬁ ected w th B‘gﬁ%‘?l g}% E‘;‘ﬂ% v?/glg gd‘pﬁ PH”g%&g[ b8 %{ Yoi @?h ?u’PB

afford ano?lﬁemaf@saphbbfelumh @rashient| of meth@alr(0a1%4) MImétHylerﬁaOc}g)r(cﬁ}Z% afftkd pevgpound

2, mp. 236smaR ),
6.35 (d, IH ngdﬁ(?’ M ‘*“*9&’5@"‘*?%% ?W&{QQ% 95'%"’49 I—é)NHizf 89’0%

1H, OH 3' ) (m5l0ph CelsCOWT.3RK S TH, F-6; 5= 7.7H), 6.50 O, ammHJ%ai:»)andAMﬁlz(br

s, 1H, ( ] ,,. Reagent :

Met hyl prlc_)!Hl ol)6a2f2£etd0ﬁf }Eg b5 ?;ﬁ}‘)f Ts(giéggégﬂ) flf'(m 23 HS H’S ), 4.5 (m, IH,

3',5' - Di - OdbEh2d8)(m, 01, BIZ’hQWdIdeHLZ cidine () To a solution of conpound 2
(71. 19, O gqp! ) in anhydrous pyridine (1200 nl) was added benzoyl

chl oride (85 ) at OC and under argon. The reaction m xture was stirred
at room t bawesea’sireagknt: Flulta, »98¥8[ reg6€¥36si on of at nospheric noisture and

st opped by addition of et hanoI. The sol vents were evaporated under reduced
pressure and the resulting residue was = coevaporated with tol uene and

absol ute , Thet crude m xture was then diluted with ethanol and the
precipitate co M’c‘t‘eﬁ %M™h suction, washed successi vel y with ethanol and

ether, and dri etlsoltii@l of,cohpSurg @3 g?;%OlemcﬁfiﬁF}Hé{HQ)& sat{ipaﬁd w%tﬁ%mmonnﬂ’iﬁdm

DVEO- d6) 6 11H, CBH5CO,
|(42) 5. 9%) 9‘9%)? fﬂ'é's",t @O‘g_‘m’?“ 8 staipless %eeé@yleruier for 34 A er Qbohn5 c@efuﬂy ths 70

(d, 1H, I-l-s’&h&enﬂw@@ e(dPoraldd, uddef rdducéd gés&u’i@ Aitaghods soidixcrs’n of tFREAYRNE was
Benzoyl chlo ref 12930 35

uKa, .a.,
3,5 -Di- g?fﬁtWP E%Yr%?}ager Pdevapmaeisd 1q drypesar Suthreprodiduibovas @oledtoubon Bf
corrpound ?mlieﬁQ @BpMs (BcH 39 kX I e 0 ded at
0C a 32 N HC LEXE Zél ut orgj?zo%'hﬁbmm%gr“ﬁ’ﬁ{u n sgt u&’ﬁ@ Tg%lo’es‘?’?esza\g
acetyl cHPBgE difuigdovithyabsolut efhanghangfcopled 2o BiVCGfaSMIskmﬁkacanﬂbéxﬁanﬁem of

di met hyl f apére@ifhated from the crystals of 6 by a solid-liquid extraction procedure (at reflux in
cthyl acetate for 1h). Yield, 28.75 g (78.6%) of compound 6; m, p. 141-145°C ; '"H NMR
(DMSO0) & ppm 8.22 and 8.00 (2 br s, 2H, NH,), 7.98 (d, 1H, H-6, J= 7.59 Hz), 6.12 (t, 1H,
H-1",1=6.5Hz and J = 7.6 Hz), 5.89 (d, tH, H-5,1 = 7.59 Hz), 5.3 (brs, 1H, OH-3"), 5.1 (br
s, 1H, OH-5), 4.2 (m, 1H, H-3), 3.80 (q, 1H, H-4’, j= 3.6 Hz and J = 6.9 Hz), 3.6-3.5 (m,
2H, H-5’, H-5%"), 2.2-2.0 (m, 2H, H-2’, H-27"); FAB<0, (GT) m/e 226 (M-H), 110 (B);
FAB>0 (GT) 228 (M+H)", 112 (B+2H)"; [a]p™ - 56.48 (c = 1.08 in DMSO); UV (pH 7) A
=270 nim (e = 10000).

---Reagent:

Methanolic ammonia: previously saturated at -5°C, tightly stoppered, and kept in a freezer.

T

37



The reaction m xture was stirred at 100C for 1h under excl usion of

at nospheric noisture, cooled down, and poured into water (4000 m ). The
preci pitate of conpound 4 was collected wth suction, washed with water,
and recrystallised fromethanol. The crystals were collected, washed with
cold ethanol and ether, and dried under dimnished pressure. Yield, 60.6 g
(92.6% of corrpound 4, mp. 164-165C, 'H NWR (DVBO-d6) S ppm 8.7 (br s, 1H,
NH), 8.1-7.3 (m | IH C6HSCO H6), 6.15 (d, IH H1', J 4.8 Hz), 5.5
(m 2H, HBxamplpS)  SteréGseleftive Sblﬂ,thdsis3rf2’-ﬂe6|x r[i-'ﬂ"ﬁhymiﬂhﬁ - LB? gent: Acetyl
chloride: Fluka, p.a., ref 00990 3',5'- &benzoyl - deoxy- (| L-uridi ne
(5) A m xturé of corrpound 4 (60. 2809, 0. 128 nol ), tr|-n bytyltin hydride
(95 m) andn abi si sobut yroni trj .568 g) in dryetdludne. (720 m) was
refl uxed [/stirring for 5 h _hng cool ed dowg,cThe solidjwas collected

with suction’§ REd wktdancol’d 10l uene-e@md anpebarel e hey. The
filtrate was cgncept rat ediefilar redessur '*agd dil ut wrh
petrol eum et her tQgleposi keap additi onafl_crop @fs,gonpound 5—rifel d, 54.28 ¢

(97.2% of conppund 5; mp. 220-221C . ““H NMR (CDC13) S ppm 8%%1 (br s,
IH, NH), 8.1-7.5 (m 11H, 06H500a§,§g’6) 6.43 (g, | H Hhg J ' Z =
5.7 H and J t',2 . =8.3 Hz), 5.7-5 2H H 3 and H5), 4.8-4.6 (m
3H H5, H5" and H4'), 2.8-2.7 (m 1H H-2), 2.4-2.3 (m} ,H H2").
Reagents: Tri-n-b ylgd n hydride: Fl uk? % ref 9091010 | PetoAC),

Azabi si sobut yr onbr i *Fl uka, >98% T Phyp

3,5 -D -0 benz -deoxg-p L- 4-t hi o- urd’,éh U A sol ution oﬂt’torrpound 5

(69 g, 0.158 nol) ake-TaygesSson' Fepiityent (7 %% nhydr oys net hyl ene
chloride (3900 m) f 1 uxed ®nder ar gon yYght .

ter 36
evaporation of the solvant, the crude residue vva gpurified by a silica gel
colum chromat ogr a3phy..l Iuant gradient o ha (0-29% in nethylene
chloride] to af fceﬁtgs (E::eﬁcaﬁanpound 6 (73 gt)“.rhgfg%;q&gﬁ atative yield; "H NWR

(5209 S umpon il i Ml P e, 1o, 9800732 (41 1%
A mixture of compound 5 (105.8 g, 0.242 mol), odine (76.8 g), CAN (66.4 g) and
acetonitrile (2550 ml) was stirred at 80°C for 3h then the reaction mixture was cooled at room
temperature leading to crystallization of compond 7 (86.6 g, 63.5%); m. p. 192-194°C ; 'H
NMR (DMSO) & ppm .8.34 (s, 1H, NH), 8.2-7.2 (m, 11H,2 C¢HsCO, H-6); 6.31 (q, 1H, H-1’,
J=55Hzand J=8.7 Hz), 5.5 (m, 1H, H-3’),4.7 (m, 2H, H-5°, H-5"), 4.5 (m, 1H, H-4"),2.7
(m, TH, H-27), 2.3 (m, 1H, H-2""); FAB<0, (GT) m/e 561 (M-HY,, 237 (B); FAB>0 (GT) 563
(M+H)"; [a]o™ + 39.05 (¢ = 1.05 in DMSO); UV (EtOH 95) Vpax = 281 nm (& = 9000), Vpin =
254 nm (g = 4000), Vmax = 229 nm (¢ = 31000); Anal. Calcd for C23H sIN,O5: C, 49.13 H,
3.41N, 4981, 22.57. Found: C, 49.31 H, 3.53 N, 5.05 1,22.36.

Reagents:
Jodine: Fluka, 99.8%, ref 57650

Cerium ammonium nitrate (CAN): Aldrich, >98‘.S%, ref 21,547-3

38



Hz), 6.22 (d, IH H5 J=7.7H), 5.6 (m 1H H3'), 4.7 (m 2H H5',
H5"), 45 (m 1H H4), 2.8 (m |I H H2'), 23 (m | H H2"). Reagent:
Lawesson's reagent: Fluka, >98% ref 61750 2'-Deoxy-(3-L-cytosine A
solution of compound 6 (7.3 g, 0.016 nol) in nmethanol saturated with
ammonia (73 m) was heated at 100C in a stainless steel cylinder for 3h.

Af ter cool 3’fg-Tnar-bensdoly )2 -dday- mltmagxl_m&h%m@ed under reduced
pressure. An a eou%%)sol ution of the residue was~ washed with ethyl acetate

and evapor at ed hes el cappgpngd 1(&9hgd drled wred) arnbiydrpus pyridine 91530 mHpr

sanpl es (e‘amtmrﬂn@ Nygthyiflii iR LRtind (43.6td) AEHAL Oﬂiorﬁ awide afle TB Jo91
resi dues g%gg)gp diluted with absolute et hano and coo to"give 7
as cryst a LIdre )- db Zeastiepe mixiregvas| stirrpchior @ch Atrropmtibmpaatyst Ehleg wetkr 6 by

a sol id-|iwa dddaattbeh@d e REQRIME e | t etal e dh).
Yield, 28. YFS Ij of conpound 6 t; ac&r%’f] %idr%v?% Q}{ algf%ﬁl i “s ppm
8.22 and & 2 1jf apamygy phrpep yvas 7“@@6(( dmthl Matekl @ried -ovEr 5Odiim) ,sulﬁalelﬁnc(t

IH  HI1', ewd NS 548 | :
(br s, 1 oS SR b S g Rl ol Sty
H4' 3. Yidiipe ( whlsh %@e@swiorﬁsr@xest@ Yithout Rhheitpibificatibr” ) , 2. 2-2.0 (m

(ZHI\/#H)&',2 11;L ?Bﬁk{‘ﬁ%ﬁ%ﬂ&%dﬁﬁﬁg(@ Hoflgsfie G ’ tU?ﬁBm éﬂ}%\? 3828
570 nm (a 8 1330@@@;@]9;@@1@% (VBT amlp | virich ammnumme gnevmpsday sﬁﬁédlﬁaﬁ'i‘(ﬁ‘ﬂl at
et cosel ectTot oyt et Syl EB i i e absist o rcomger)
| PTOL N |argonNAfter stigiBeg dt4 omma:ﬁwn@gﬁﬁmedmn&l Rt R fIuNdGRE wateri@fdN ~
DI EA 032 Refracted w%zdlgﬁyl ether %&: organt(c65301115t%)/116wa38 dried over sodium sulfate and
concentrated under reduced pressure. The residue was purified by a silica gel column
chromatography [eluant: stepwise gradient of ethyl acetate (0-10%) in toluene] to give
compound 9 as a foam (42.3 g, 48.3% for the 2 steps). '"H NMR {DMSO) 6 ppm .8.3-7.2 (m,
15H,2 CeHsCO, 1 CH3C¢H4CO, H-6), 6.29 (1, 1H, H-1°, J= 7.0 Hz), 5.7 (m, 1H, H-3%), 4.7-
4.5 (m, 3H, H-5’, H-57, H-4"), 2.7-2.6 (m, 2H, H-2’, H-2"); FAB<0, (GT) m/e 567 (M-H),
449 (M-CH,C¢H4COY, 243 (BY, 121 (CeHsCOOQY; FAB>0 (GT) 1137 (2M+H)", 569
(M+H)", 325 (M-BY, 245 (B+2H)", 119 (CH;C¢H;COY".
Reagents:
p-Toluoyl chloride, Aldrich, 98%, ref 10,663-1
Diisopropylethylamine: Aldrich, >99.5%, ref 38,764-9
N-methylpyrolidinone: Aldrich, >99%, ref 44,377-8
Paladium acetate: Aldrich, >99.98%, ref 37,987-5
~ Triphenylphosphine: Fluka, >97%, ref 93092
- Tetramethyltin: Aldrich, >99%, ref 14,647-1

2’-Deoxy-B-L-thymidine
A solution of compound 9 (42.3 g, 0.074 mol} in methanol saturated with ammonia (1850 mJ)

was stirred at room temperature for two days. After evaporation of the solvent, the residue

- was diluted with water and washed several times with ethyl acetate. The aqueous layer was
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crystals solid 0O ONWP HNCH3 pTO Ref 4,9,10 Pd(QAc)z N CH3 (MeP N

(Me)4sSn O -0 4- McOHI NH3 O-N~Om OBZ NEt3 Cof ON OBz p-4dT (64.8% 9

(48.3% 2 steps) crystals after purification solid after purification

3',5 -Di - O benzoyl -2' -deoxy-5-io0do-p-L-uridine (7) A m xture of conmpound 5

(105.8 g, 0.242 nol), iodine (76.8 g), CAN (66.4 g) and acetonitrile (2550

M) was stidpa@mbdatyapoiadianiah AGH h QDo X LULE 0ol g¢d..at ,room
p & ICBH&B ﬁr@s%mre &got?‘ﬁg)geﬁ@lug/% é)u\él@igf’] %é 33 g%a, gel

tenperature |l eading to crystallization of m p.
192- 194C ; Sqlumn \ghrompasngsenhy Slebist: . Semmisg sradient dHpeth8a?- (0-W%)min biekhykene

C6H5CO, H &loride! i b AP =Too} o -8 [ Hz .5 1H,
H3), 4 7@}‘?3 ]za),]gl(r’ﬁgg wr&fé)" i ﬁ.t}?'ﬁiﬁéfﬁ‘%%ﬁ’g’z‘@%’ G °‘?Yﬂ?ﬁﬁﬁﬁdz‘(“§1'},’ 2.3
(m 1H H gbgnolpap pES- 18IS, 1 MM (DMSO)-3 ppry 1R3Ts, (1B) N7 FPAB- G, (BT H-65R2

M:H) " L =k P55 L - 99) = 1 n (t:
L S000) | VB ey e T 0 ) L M s RS iod T 3 7Bt o
C23H191N20/#-3")c3 . 749, 18, H-4"),3.543.6 Kin, 2B, BX5,12.1-FOmd 2HCH-29HI ) HAB<®3 N,
5:05 1, 2 i AT=JN = .8%..re 76 Cer.i ni um
i trate (CRpRRgr AL gt R Sl Bl AR S t0n T BT
3',5' - Di - GBI8H2 oyl - [21p” Ge bk§ (3= Ne0 inl DIISIOY] UVLpEhy B, Ji=ngs 7 S (Je Foepbyj =on of
conpound 74,86, & 2ot o4 nol ) i n anhydrous pyridine (1530 nl) contalning
N- et hyl di i sopropylamne (53.6 m) was added, portionw se at 0C, p-tol uoyl

chloride (Bégéntrl). The reaction nixture was stirred for 2 h at room

tenper at ung. g then wat er. .\as. aﬁded to sto§ the reaction and the reaction
m xture was extracted owit Rreyiobny pa@tedah 56, tehtly ioppeed anid kepsima Sesras

washed with water, dried over sodium sul fate and

Example 6  Stereoselective Synthesis of 2’~deoxy-f-L-inosine (B-L-dl)

B-L.-dI was synthesized by deamination of 2’-deoxy-B-L-adenosine (B-L-dA)
following a procedure previously described in the 9-D-glucopyranosyl series (Ref: 1. Iwai, T.
Nishimura and B. Shimizu, Synthetic Procedures in Nucleic Acid Chemistry, W. W. Aorbach
and R. S. Tipson, eds., John Wiley & Sons, Inc. New York, vol. 1, pp. 135-138 (1968)).

(4] Acetic Acid, 0
H,0

BL-dA b1t

Thus, a solution of B-L-dA (200 mg) in a mixture of acetic acid (6.61 ml) and water
- (19 ml) was heated with sodium nitrite (495 mg), and the mixture was stirred at room
temperature overnight. The solution was then evaporated to dryness under diminished
pressure. An aqueous solution of the residue was applied to a column of IR-120 (H") ion-
exchange resin,_ and the column was eluted with water. Appropriate fractions were collected
and evaporated to dryness to afford pure p-L-dI which was crystallized from methanol (106
mg, 53% yield not optimized): m.p.=209°-211°C; UV (Hz0), Amax=247 nm; 'H-NMR
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evaporated to dryness to give crude

3',5" -di - O benzoyl -2' -deoxy-3-N-tol uoyl -5-i odo-p-L- uridine (2) which can
be used for the next step without further purification. A solution of the
crude m xture 8, palladiumacetate (3.44 g), triphenyl phosphine (8.0 g) in
N-net hyl pyrol i dinone (1375 m) with triethylamne (4.3 m) was stirred at

room temmenasore)d 952 4&1 rmn”\(zs TeOen IR AGE Ei,’ 6%%8 pﬁé(ﬁ(}\% f}f{@%} %q‘?

dropwi se at QC under After stirring a

reaction rifBetlih &-$as- %Bﬂr»r]ébﬂ .3 T(méﬂe(m,aHdaartampbasm&d bWMHOD, dl- S‘t:h’yj 2@t her
The or gani£d30i gk QP MRS 1§61 [ 2diu | fate and concentra under
reduced pressurf‘;Etnh The reg?guzggvkvggﬁ) H}r%r P&6 “b agreefycgrgl-hagelvegiotnty }"9

chr omat ogrizB30: 213amt)” slt3é|ﬂwssé2§|)atﬂ’mm ab1 ehliyt, 1&&%5%99[0@9‘]:1@%3(8

t ol uene] t(pgggrﬂég) conpound 9 as a foam (42.3 g, 48.3%for the 2 steps). 1H
NVR (DMSO 8 ppm .8.3-7.2 (m 15H 2 C6H5CO, 1 CH3C(, H4CO, H-6), 6.29 (t,
1H HI', J=7.0 Hz), 5.7 (m 1H H3'), 4.7- 4.5 (m 3H HS5, HS5",
H4"), 2. ' 2"); FAB<O, (GI) mle 567 (MH' 449
(Mm%m%%fﬁé‘m ?'?té%!‘;%&'i?fﬁ( d£AB>0 (GT) 1137 (2MkH)', . 569
(MeH) ', 325 (Mmﬁabxlmaftbwwcommdrmmmh%@mhé21spc fiol uoy!

chlori de ef .10, Di i sopropyl et hyl am ne: rich,

>99. 5% re‘:ﬁl%g &2?(378‘:%&% ‘s Pi‘ﬂl’%‘ﬁéﬂrw}%ﬁﬂh@wvalu@@@s dedribed i1877- 8

) Pal adi umdetaddtelive: Al drich, >99.98% ref 37,987-5 Tri phenyl phosphi ne:

Fl uka, >97% r?br;] 93092 &trarret | tin: Aldrrch >99% ref 14,647-1

2' - Deoxy- 13- L- t i gHé&n B“RROP thfasgayrpoantivirg effadts & this cOlOF dystemh Jnd n
met hanol  slat anaBis b MBWDNARR ibger(d8S e [Qom penperat ure
for two dsg; ﬁvoég@eva or atr on of t%eems@é r&’\gﬁﬁd%fﬁ“ fj99‘}1cr‘%rre—rmas——ern“‘"r i | ut ed
wi th wat er *&nd Vi Gutlugtiops #re pesfpredentiyb squetapamsagdivdg caliuedllis | ayer
was 39 se@ﬂgaheﬂ,pla@ééaﬂ@g&@]g@at%mrﬂgga%eaq Lﬁlssure and the residue was
purified by a ica gel colum chronatogra [W?uan st epwi se gradi ent
of met hanol %PG% theinheganh yariatiens in Medevaedl I:tomh igtru@liplar and extracellular HBV

gth gﬁgr;y gfpir wdrysaeiaéeésgi%m( #at@r?thgﬁggrﬁ é%rwﬂﬁmgn @;\FA)%),ZB%,\@&%; %\9 n

H6), 6. oD eplication mtermedxates) from the average levels for these HBV DNA forms in

untreated cells are considered to be statistically significant (P<0.05). The levels of integrated
. HBYV DNA in each cellular DNA preparation (which remain constant on a per cell basis in
. these experiments) are used to calculate the levels of intracellular HBV DNA forms, thereby
ensuring that equal amounts of cellular DNA are compared between separate samples.
Typical values for extraceltular HBV virion DNA in untreated cells range from 50 to
150 pe/ml culture medium (average of approximately 76 pg/ml). Intracellular HBV DNA
replication intermediates in untreated cells range from 50 to 100 pg/pg cell DNA (average
.. approximately 74 pg/pg cell DNA). In general, depressions in the levels of intracellular HBV
DNA due to treatment with antiviral compounds are less pronounced, and occur more slowly,
than depressions in the levels of HBV virion DNA {Korba and Milman, 1991, Antiviral Res.,
15:217).
The manner in which the hybridization analyses are performed for these experiments
result in an equivalence of approximately 1.0 pg of intraceilular HBV DNA to 2-3 genomic
copies per cell and 1.0 pg/ml of extracellular HBV DNA to 3 x 10° viral particles/ml.
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dA

fol | owi ng

a procedure

| deggrihes thecpaparative | waj | T.

ns,

I nc.

Ao o dagfor L.

Acid ppdlymensse, homah DNApslynarsed aip, s pf -P-L-dA (200 nmg) in a nmixture of -
(19 M) was heated with sodiumnitrite -

acetic acid (0.61 m) and water.

(495 ny),

and the m xture was stirred at

room

t enper ature overni ght.

The ..

sol ution_was then evaporated to dryfggg junder dim nished pressure. An

LD 120 (LN

aqueous| sol uti on of tnmvﬁqmsmmd—%e—w of—H+ oty
exchangg rdshibitorand [t he cglpm was ekiug‘gd)with \A@é‘ﬁ{p proppg%f&ﬂyacti ons
were co icﬁ_tgfgf g evapqa ed—tp—dryhess to faf f oF Mtre R -1 ch jwas
cryst al | trom net hanal” (106 | o, 55% yi elld not>18Bt i mi zed) : >M0%. =2d9- 211
C W (- 15519AXhax [247 P ' H NVR 40°10OVBO- d6) = 8188 and|8. 07>(as, TH -
each, H 2 &bdl(HHB), {6. 32 2.pt, 11, F Figpd=6. 7 Hz) >W—hﬂﬂ:|-1>—1@r3—)— 3.9
(m 1H [FRLEG3IP 7T~ 3. 4 (Mg 2Hpartiatyebsedred-hy_HOD, 5. 651) 2 6 and
2.3 (2n ImH cacﬁ., H-2 ar?d H-2") rm%:q spectira (r?gpglre, >100 '

gl ycer OilCEgbk@’g lthqgl{o% ’(:on]é'er]ft’rati\{)/nv) ’
K value was -delermined using calf thymus activated DNA as template-primer and dATP as
substrate. Inhibitors were analyzed by Dixon plot analysis. Under these conditions, the
calculated mean K, of human DNA polymerase « for dATP as approximately 2.6 u,M.

Human DNA polymerase B exhibited a steady state K., of 3.33 uM for JATP. Human DNA
polymerase y exhibited a steady Ky, of 5.2 pM.

Example 8

The anti-hepatitis B virus activity of §-L-dA, B-L-dC, B-L-dU, B-L-2"-dG and B-L-dT
was tested in transfected Hep G-2 (2.2.15) cells. Table 2 illustrates the effect of B-L-dA, B-L-

dC, B-L-dU, and B-L-dT against hepatitis B virus replication in transfected Hep G-2 (2.2.15)

cells.
Table 2
Compound HBYV virions® HBV Rj® Cytotoxicity Selectivity Index
ECso (uM) ECso(uM) ICso (UM) ICso/ECsp
B-L-dT 0.05 0.05 >200 >4000
B-L-dC 0.05 0.05 >200 >4000
B-L-dA 0.10 0.10 >200 >2000
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FAB>0: 253 (mtH)', 137 (base + 2H) ; FAB<O 251 (mH)-, 135 (base)-;
[a] 020= +19.3 (-c 0.88, H20). Anti-HBV Activity of the Active Conpounds
The ability of the active conpounds to inhibit the growh of virus in
2.2.15 cell cultures (Hep& cells transformed with hepatitis virion) can
be eval uated as described in detail below A summary and description of
the assay for antrvifal—effectsyn-thts—eutpre-systemand the analysis of
HBV DNA haeoiag&mddescrp{@ed,,r{dﬁgrb ap@‘}\/}{lbnan rTé991 Antifvi ral Res.

15: 217)} The anti virlal 1R i ons @ke. per o |sSslerite Ipdessages
of cel | p—At+—weH-s—in L{‘w EC pR?)S tMle same erBFoy and at
the sang ti _._dpue tjio t he nherent vari at | ons i n the I evels of both

i nt r acefHarar—ane-extracel Pular MRV HRA, only depbl®ssi gns greadter than
3.5-fold (fE V V|r|onagNA) orf 3.0-fold (flor HBV DNA|replication
i nt er meili_at LY omlt he rage |l evel 80f or tlhese>RiBY for m‘>40n

unt r eat dati@egliuar BNA consi dered to be statisticarty significant—P<6-05).

The | ev each cellul ar DNA preparation (which
remai n ?B%g?gém?r%ﬁ%a i (Imrﬁ‘fe”gggpylr) these experinents) are used to

cal cul ate the levels of intracellular HBV DNA forns, thereby ensuring that
equal W*ﬁﬁ gof cellular DNA are conpared between separate sanpl es.

Typi cal vallues for extracellular HBV virion DNA in untreated cells range

from 50 to ME6fbg/afl-iodh b1 eI0me S CLAIR, Al AP R Rb Ehhadiy €9 T )

I ntrac l.ication inter ates in of

from 58‘11%334] %ﬂeg %ﬁéé?fsp Iﬂﬂﬁ"{salf%?fa@@vl@ém Gatiledit el y. 74 pg/ pg cell DNA).
I n general, depre55| ons in the levels of intracellular HBVY DNA due to

t r eat nent vvith antiviral conpounds are |ess pronounced, and occur nore
slowy, than depressions in the |dwbles of HBV virion DNA (Korba and

M| man}i 1991, dembdiah RES- 1524+ "'ho panner—in which_ t he
hybri djzation anal yses are perforned for aH?ese exper|nments Efesult in an
equi vafemnceof L“dﬂ’+‘1’,"d1 ately—2140-pg.of intracellular| HBY DNA to 2-3 dgenomc
copi es :) ng/m_of extracellil ar HBV DNA to 3.023105 virlal
particles/m . Ztl‘rﬂéﬂi) e 7 Thelability ofi:ithe triphogphate yggrvattvegs of
3-L-dAl (3-L-dCd{3ikddU, R L-¢ -0G (3737 339

L-dC + L-dA 1:30 005

L-dC'l‘.L-dA 1:10 041

L-dC + L-dA I:3 075

L-dT + L-dA 130 053

L-dT+L-—dA 1-10 077

L- -

dT +L-dA I3 033

Each combination produced anti-HBV activity that was synergistic. In addition, the

) ?pmbination of L-dA + L-dC + L—dT was also synergistic in this model.

Example 10
The inhibition of hepatitis B replication in 2.2.15 cells by B-L-dA and B-L-dC, alone

and in combination was measured. The results are shown in Table 4.
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L-dl, and G3-L-dT to inhibit hepatitis B was tested. Table | describes the
conparative inhibitory activities of triphosphates of (3-L-dT
((3-L-dT-TP), (3-L-dC ((3-L-dCGTP), (3-L-dU (P-.L-dU-TP) and (3-L-dA
((3-L-dA-TP) on woodchuck hepatitis virus (WHV) DNA pol ynerase, human DNA
pol yner ases a, (3, and y. Table I WHV DNA pol DNA pol a DNA pol R 'DNA pol vy

Inhibitor 1C50 Kb (PM Kb (M Klb]é%m (3-L-dT-TP 0.34 >100 >100 >100
R L-dA-TP. 2.3 = nnn >100 >100 13-1 P 2.0 1100 >100 >100 (3-L- du-TP 8

>100 >100 3108 9e®%: 0: [5005H-hRTBewory doncSWURRBIOR DK [ Val Ue<ggrs
det er mi|nedd5Re%Hs UMDt t1hy mextidine @t ed [DNA as t enpl at e- primer and dATP|as
substrdte Inf-ditors vere anal yzed by |D xon py@t anmatysis—under—these

condi tijons, tB€5 cal cul{ated nmean K of [Aumamn —Dhspotymerase—a—for AT as
appr oxijmat el y9.80%5 PM |[Human DNA pol ymgrase 0O t{)\lll bi-t-eg—a—steady—stat-el K
of 3.33 Mfor dATP. Hurpan DNA"gpOTymETHSE™Y cz\9 bi+ed—g-steady-K—of 5}]2 M
Exanpl ¢ 8 The anti-hepdtitis lgo\_d;lrua agtviy—e—3-L-M (3-1L-dC__(3-14dU,
(3-L-2'{-dG and (3-C-dT| was tgggecn—t+ranstecied Hep (=2 (2:-2.15) cells.
% (3w (3 [10°4C (3{L-dU,_and (3-L-§T

Tabl e Z TTTUSHpgtes thegeff eChost 3 y
agai ns{_heparppss B vijus—rep Q%ati onin trandcted Hép G2 342, 15) '
cells. IdUI e epstllpuunu HBVwi+rions' HRV Rib Gft ot oxiciity Sel 880i vity |ndex

EC50 (M Ew‘O M—-c50—-( vl\/h‘oolloggnﬂ:(“% 1.3-130dT 0. 05{0. 05 >266 >40

(3- L- 0658520024000 92| - dA D) 10 0. T8 >900 SP000 ZAICHRBOUNH HBV

- Viri onka HBVO;E oytotbxici t \V-®8l ectivity Indexd 0.35
0.005 0.0005 30 0.16
0.0005 0.05 50 0.83
0.0005 0.005 5 538
0.0005 0.0005 ) NA

“B-L-2’-deoxy-adenosine: 1Cso=0.00 uM
*B-L-2>-deoxy-cytidine: 1Csy=0.06 1M
‘Combination indices values indicate synergism effect (<1), additive effect =), and
antagonism effect (>1)

Example 11

The efficacy of L-dA, L-dT and L-dC against hepadnavirus infection in woodchucks
(Marmota monax) chronically infected with woodchuck hepatitis virus {WHV) was
determined. This animal model of HBV infection is widely accepted and has proven to be
useful for the evaluation of antiviral agents directed against HBV.

Protocol;

Experimental groups (n=3 animals/drug group, n=4 animals/control)

Group 1 vehicle control

Group 2 ' lamivudine (3TC) (10 mg/kg/day)
Groups 3-6 L-dA (0.01,0.1,1.0, 10 mg/kg/day)
Groups 7-10 L-dT (0.01, 0.1, 1.0, 10 mg/kg/day)
Groups 11-14 L-dC (0.01,0.1, 1.0, 10 mg/kg/day)

Drugs were administered by oral gavage once daily, and blood samples taken on days

0,1,3,7,14,21, 28, and on post-treatment days +1, +3, +7, +14, +28 and +56. Assessment
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ECso (pM ECso (9M I1Cso (M ICSOECso R L-dl 1.0 1.0 >200 >200 R-L-dU 5.0
5.0 >200 >40 aExtracellular DNA bReplicalive internediates (Intracellular
DNA) Exanple 9 The effect of 3-L-dA, (3-L-dC and (3-L-dT in conbination on
the growmh of hepatitis B was neasured in 2.2.15 cells. The results are
provi ded ir;_}'l’able 3. Table 3 Conbination Ratio ECso L-dC + L-dT 1:3 .023
LAC + L- dPilhdactioBBandioxiGytwis-tdded3onlthe B38ctidn #AGHV L-dC +
L--dA | : 400 pdgdC + L-dA 1:3 075 LAT '+ L- TPy Srctie O G
1:10 077 H + L=dA 1:3 .035 Each conbi nati on produced anti-HBV activity
that was syner Gitstasolts drailmgietitéd @/Figirb8 an€ @l ati on of L-dA + L-dC + L-dT
was al so synergistic in this nmodel. Exanple 10 The inhibition of hepatitis
Breplication in 2.2.15 cells by J3-L-dA and (3-L-dC, alone and in

conbi nati on §u,re The resul t sTableSshown in Table 4. 43 Table 4
a(3-L-2' - ety "“’"3?‘5 Hyitpot Igldy LT, dl G innWViepdebonk Blotlel ofClomoii HBV(Ighctiayt i di ne

(PM

Control LdA LdT LdC
day ng WHV-DNA per ml serum'~
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

' I_,dA LdT, LdC administered orally once a day at 10mg/kg
> limit of detection is 1 ng/ml WHV-DNA per ml serum
The data show that L-dA, L-dT and L-dC are high]y active in this in vivo model.
First, viral load is reduced to undetectable (L-dT) or nearly undetectable (L-dA, L-dC) levels.
Second, L-dA, L-dT and L-dC are shown to be more active than 3TC (lamivudine) in this
model. Third, viral rebound is not detected for at least two weeks after withdrawal of L-dT.
- Fourth, dose response curves suggest that a modes increase in the dose of L-dA and 1.-dC
would show antiviral activity similar to L-dT. Fiftli, all animals receiving the dfugs gained

weight and no drug-related toxicity was detected.

Toxicity of Compounds

Toxicity analyses were performed to assess whether any observed antiviral effects are
: dpe to a general effect on cell viability. The method used is the measurement of the effect of
B-L-dA, $-L-dC and B-L-dT on cell growth in human bone marrow clorogenic assays, as
- ~compared to Lamuvidine. The results are provided in Table 6.
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0.590 0.0524 0.0051 0.595 0.05 40 0.005 10 0.05 0.05 80 0.05 0.34
0.005 56 0.20 0.05 0.0005 50 0.56 0.005 0.05 72 0.005 0.005 0.35 0.005
54 0.35 0.0005 30 0.16 0.005 0.05 50 0.83 0.0005 0.005 15 0 28 0.0005
0.0005 0 NA as-L-2'-deoxy-adenosi ne: |C50=0A9 pM bn-L-2'-deoxy-cytidine:
| C50=0. 06 pM " Conbi nati on indices val ues indicate synergismeffect (<]),

additive effect (=1), and antagonihsme&dfect (>1) Exanple 11 The efficacy
of L-dA-—t—dF—and-L-dC against hepadnavirus infection in woodchucks

( Mar notfa nonax), chroni cal | y{i nfected with woodchlick hepatitis virus (
was dgter ni ned®™ At ani nall nmodeCFYFCMEMM)NS ect | on i s Bwelgvgecept ed and
has prqven to be useful for the evaluation of amtTviral—agents—direct ed

agai nstf HBV. Priiebol: Expeérinental ggoups (n=3|ani mal s/ drgg group, =4
am-vudine (3TC) (10

ani mal §7control) Group t vghichecontrol—Goup—R2|
ng/ kg/ day) B-L-dC >10 >10
B-L-dT >10 >10
-L-dU ' >10 >10
Lamuvidine >10 >10

Preparation of Pharmaceutical Compositions

Humans suffering from any of the disorders described herein, including hepatitis B,
can be treated by administering to the patient an effective amount of a B-2’-deoxy-B-L-
erythro-pentofuranonucleoside, for example, B-L-2"-deoxyadenosine, B-L-2’-deoxycytidine,
B-L-2’-deoxyuridine, B-L-2’-deoxyguanosine or B-L-2’-deoxythymidine or a |
pharmaceutically acceptable prodrug or salt thereof in the presence of a pharmaceutically
acceptable carrier or diluent. The active materials can be administered by any appropriate
route, for example, orally, parenterally, intravenously, intradermally, subcutaneously, or
topically, in liquid or solid form.

The active compound is included in the pharmaceutical]y acceptable carrier or diluent
in an amount sufficient to deliver to a patient a therapeutically effective amount of compound
to inhibit viral replication in vivo, without causing serious toxic effects in the patient treated.
By “inhibitory amount” is meant an amount of active ingredient sufficient to exert an

inhibitory effect as measured by, for example, an assay such as the ones described herein.

A preferred dose of the compound for all of the abovementioned conditions will 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 about 100 mg per kilogram body weight of the recipient per day. The
effective dosage range of the pharmaceutically acceptable prodrug can be calculated based on
the weight of the parent nucleoside to be delivered. If the prodrug exhibits activity in itself,
the effective dosage can be estimated as above using the weight of the prodrug, or by other

means known to those skilled in the art.

46



G oups 3-6 L-dA (0.01, 0.1, 1.0, 10 ng/kg/day) Goups 7-10 L-dT (0.01,
0.1, 1.0, 10 ng/kg/day) Goups 11-14 L-dC (0.01, 0.1, 1.0, 10 ng/kg/ day)
Drugs were admi ni stered by oral gavage once daily, and bl ood sanpl es taken
on days O, 1, 3, 7, 14, 21, 28, and on post-treatnent days +1, +3,+7, +14,
+28 and +56. Assessnent 44 of the activity and toxicity was based on the

reducti on of V\Wemiﬂpdnmd?lﬁédlﬁbmgﬁt dan@listered AR results are
i1 lustrat qu\’ﬁﬁn F&ﬂure! 8‘£d Tabl eyz_) 'Il'séf)ree 5 ﬁ%r%yvslﬁlrta%cﬁevﬁy of LdA,
LdT, LdC in GEKIRBEEIC BF conininine ¢ (B0 meguticohly 000468 mg dfvcticdl LdC

day ng WHVagdbieperr wit GRugH ol 3 8 45 123 3 412 140
765’ e e 1 300" 74 T 30t o Fopo i R AR o ol 1y

14 62 7 446 12 6

once a day at %ﬁ’@?’ﬁ'ﬁaﬂweﬁ‘gfe@ﬁm@é?‘éébﬁ @@mlnaﬁterem@/achnevwé@bmmr m serum

The data Sbﬁnﬁntrzhﬁin bf Ghe\ hly this in vivo
o Pog et s HonPliel 30 Yo R pefeepk dpuniehfn P

nodel . Fi V|raI load is reduce to un
undet ect a T‘ESEB&Y Ea%}wveﬂeﬁsaewmplesbrmdmrawdms ihjeclibnane 0116 SeaoRitishown t o

be more et eseh Aty LA b S FIL e 4 Lo

is not detected for at |eas CPY®.  Fourth,
dose respbrf%"éh‘%ﬂ&rves suggest that a nodes increase in the dose of L-dA and

L-dC woul d sheye S|ml rtoLdT Fifth, all animals
recei ving the drugdglkgﬁgaﬁgh 0?%\%%%# “BdH'o 8 somPatition wildepsndonngs

det ect ed. 24W9RAtOP PagivaBnperdierteetion xitesi df yheadiag ¥SRE]] ¥E5tRer BRI OLTRG (b0 assess
Viabi 11ty erpa IR M@ be Rl Bl uutomtomil Ao thm et torseveriy of |
the condition to be alleviated. 1t is to be further understood that for any particular subject, '
$p601ﬁc dosage regimens should be adjusted over time according to the individual need and
the professional judgment of the person administering or supervising the administration of the
compositions, and that the concentration ranges set forth herein are exemp]ary only and are
not intended to limit the scope or practice of the claimed composition. The active ingredient
may be administered at once, or may be divided into a number of smaller doses to be
administered at varying intervals of time.
A preferred mode of administration of the aciive compound is oral. Oral
compositions will generally include an inert diluent or an edible carrier. They may be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated with excipients and used in the form
of tablets, troches, or capsules. Pharmaceutically compatible Sinding agents, and/or adjuvant
materials can be included as part of the composition.
The tablets, pills, capsules, troches and the Jike can contain any of the following

ingredients, or compounds of a similar nature: a binder such as microcrystalline cellulose,

- Bum tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating agent such
as alginic acid, Primogel, or comn starch; a lubricant such as magnesium stearate or Sterotes: a
ghidant such as colloidal siticon dioxide; a sweetening agent such as sucrose or saccharin; or a

~ flavoring agent such as peppermint, methyl salicylate, or orange flavoring. When the dosage
unit form is a capsule, it can contain, in addition to material of the above type, a liquid carrier

such as a fatty oil. In addition, dosage unit forms can contain various other materials which
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R-L-dA, R L-dC and R-L-dT on cell growth in human bone marrow cl orogenic
assays, as conpared to Lanuvidine. The results are provided in Table 6. 45
Table 6 Conpound CFU-GM (M BFU-E (pM P-L-dA >10 >10 R-L-dC >10 >10
a-L-dT >10 >10 R-L-dU >10 >10 fLanuvidine >10 >10 Preparation of

Phar maceuti cal Conpositions Humans suffering fromany of the disorders

descri bed ninslifyiths physichiudin of e Badabt Lfit, Bor exa@leD&alih SRStk aP%n@HE HogkET | NY
to the patjent an ef fective anount of a 0-2'-deoxy-p-L-
eryt hro- pentof dF&fonucl eosi de, for exanple, (3-L-2'-deoxyadenosine,

(3-L-2' - deoxyc{hé démmound €3 be AmigRRYMUE Ia%ﬂlﬁone(a?’am?eg' Qﬁs%égélé‘ﬁ‘ %gﬂuBe or

p- L-2' - deoxyt hym di ne Orfdﬁ _Ehar maceutically accepta e priodrudg or salt

t hereof i "3 HesPeEEeEroghe like, fh SRR B12Y icentainyin additiep tetbt ectivacompgunds,

di | uent. TFhowChkiaoetBhifg hitnbaridrRg @?—vﬁﬁ%tse@%&’mm/coﬁ)@%géﬁﬁi PRGLat e
route, for exanple, orally, parenterally, 1 nttavenously,*in ra&gr‘mally,
subcut aneous| y InpFompayind ehs gﬂ,mﬁwutlmﬁh{iaﬁcmabéa)ddﬁdaﬁ\&rmalﬁhlmraﬂ‘tchmﬂsmmound
i s i ncl udegdxddwithemphaiid, ! | e car,rier or diluent, .in an
anount sufficient to del il\%lgﬂréh%ﬂgﬂl{i‘k %%tﬂtﬁgﬁl?’glggleﬁg?l?%@ﬁﬁncgfWsh BefeLas thab
‘anmount  of SERPHRREN the degradrprtien, suchias ahtibietpds] amifirpals MmuitifMmmairichubteSaUSI Ng
serious t ehhitsitosd | ' treated. By "inhibitory ampunt” is
meant an am)ur?"t?’gc ) %f%%t%dégb%]ﬁ%@g}g ?‘gﬁleogﬁi?flp Ingg:rl'?ge\fxbs. g/%g’r“fmsa‘ﬁ Sﬁ?ﬂ‘??‘ﬂ‘?‘isor y

ef f ect asUiddeunasentesgl, intrederanb syicetanarus parsepicat uplicasor dag ilals tgkescr i bed

herein. A - he. co und for_all aof the abovenmenti oned
condi ti ong&l\r/(\)ﬁ'g'{ufgr%@%Oﬂgﬁgﬁgcﬁ%ﬁggewg & BHEr fPr miechpn. simegoluprieedsly 1 to

20 ny/ kg, Peyethdye giktalh elypeninedprypylams glycd on6thal J_Fﬁth@t-ié-sdl\%nép%ﬁ)aét%i my per
of 1 b pha e S4B 8 enl lcdforof i T aliaiironns wah sutapils @A on t he
wei ght of saditen panking chelatimopeste sich abethgRhédShBEetrhdeeid iR HRGELY G%c%@ bi ts
et sl o R oS S M35 0E 2 attment o romichy such o sodinr < -
chloride or dextrose. The parental preparation can be enclosed in ampoules, disposable
syringes or multiple dose vials made of glass or plastic.

If administered intravenously, preferred carriers are physiological saline or phosphate
buffered saline (PBS).

In a preferred embodiment, the active compounds are prepared with carriers that will
protect the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene viny! acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylacetic acid. Methods for preparation of

~ such formulations will be apparent to those skiiled in the art. The materials can also be
obtained commercially from Alza Corporation.

Liposomal suspensions (including liposomes targeted to infected cells with
monoclonal antibodies to viral antigens) are also preferred as pharmaceutically acceptable
carriers. These may be prepared according to methods known to those skilled in the art, for

| example, as described in U.S. Patent No. 4,522,811, For example, liposome formulations
may be prepared by dissolving appropriate lipid(s) (such as stearoyl phosphatidyl
ethanolamine, stearoyl phosphatidy] choline, arachadoyl phosphatidyl choline, and
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means known to those skilled in the art. 46 The conmpound is conveniently
admnistered in unit any suitable dosage form including but not limted
to one containing 7 to 3000 ny, preferably 70 to 1400 ng of active

i ngredi ent per unit dosage form A oral dosage of 50-1000 ng is usually
-conveni-ent. ldeally the active ingredient should be adm nistered to achieve
peak pl asnaholes@rdEntah aior@infe BfvehttBatdCihky 8v-59RA i m dfed 0 70
aM prefevaq%é% bout, 1.0 to 10 pM This ﬁ%f%%e“%%ﬁ%@%%@@‘Pﬁ?qgééﬁﬁﬁ%f by
the intravanOts e sPEEEebhespnizing:. 1An gusopssoluivn ofthe adtive rempotridweits |

| ngr edi entmomphosphiat] diptiodptadl kitor AEHAMMISHEERY iAReinfShitea Blo e _active
ingredient. The goncentration of active conpoun inthe d}ug comnposi tion
wi Il deper@"BHer-a tainshis thengptitledyt land tafiet lipid meterialfromtiesides of the dr ug
as wel | ascontahiRf arfda6 URpSs&RAWAE 4 Board skill in the art. It is to be
noted that dosage val u_gs V\nmlgl %Elt’rs%a vsglirﬁgr%b .E%mf%etllesf&?é‘?’?’f‘ U5 He condition
to be all evi at éd's Ipyenfign has hgen desctibrdrwitne feraicondtstpheferrédémbotyméan. t i cul ar

subj ect, BRRGEbLAJ : i |.d.be adjusted over i accordi ng
to the indjvidual ﬁﬁg'g’gﬁg’ﬁté&ﬁ?}ﬁgﬁg?‘ée?‘gg‘ﬁi‘%ﬁ% 0?3(1{3‘@%{@??105%?“'{'?1{%“%%'0‘#1“

adni ni st erthipregeingdstailed daseriptionef stebrinvention. at isdReafedte all 60HRQSIatingas, and
that the . | : t forth herein are exenplary only and are
not int en?ggﬁ?g;qclgﬁn?r{g%g 'g:ﬂgjg(?)bvztﬁglrtt‘%?cggf Ptglée ¥s ipyentienai ned conposition. The
active ingredient my be adm nistered at once, or nay be divided into a
nunber of smaller doses to be admnistered at varying intervals of tine. A
preferred node of adm nistration of the active conpound is oral. Oa
conpositions will generally include an inert diluent or an edible carrier.
They may be enclosed in gelatin capsules or conpressed into tablets. For

t he purpose of oral therapeutic admnistration, the active conpound can be
incorporated with excipients and used in the form of tablets, troches, or
capsul es. Pharnaceutically conpati bl e binding agents, and/or adjuvant
materials can be included as part of the conposition. The tablets, pills,
capsul es, troches. and theli ke can contain any of the foll ow ng

i ngredi ents, or conpounds of a simlar nature: a binder such as

m crocrystalline cellulose, gumtragacanth or gelatin; an excipient such
as starch or lactose, a disintegrating agent such as alginic acid,
Prinogel, or corn starch; a lubricant such as magnesi um stearate or
Sterotes; a
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gl idant such as colloidal silicon dioxide; a sweetening agent such as
sucrose or saccharin; or a flavoring agent such as pepperm nt, nethyl
salicylate, or orange flavoring. Wen the dosage unit formis a capsul e,
it can contain, in addition to nmaterial of the above type, a liquid carrier
- .such as a fatty oil. In addition, dosage unit fornms can contain various
other materials which 47 nodify the physical formof the dosage unit, for
exanpl e, coatings of sugar, shellac, or other enteric agents. The conpound
can be administered as a conponent of an elixir, suspension, syrup, wafer,
chewing gumor the like. A syrup may contain, in addition to the active
conpounds, CI&dMSose as a sweetening agent and certain preservatives, dyes
and colorings and flavors. The conmpound or a pharnaceutically acceptable
derivative or salts thereof can also be mnmxed with other active materials
that do not inpair the desired action, or with materials that supplenment

the deki redUseéf aoffecave aﬂﬁlﬂf‘&f@é&ﬁﬂlﬁa‘hémad'f%é fiAkiRe BANYP-HBGLATBRLAALES:

protease inhibitors, or other | eosi nonnuc
agents. Solutions or suspensions{ *used for parenteral, |ntradernal
subcut aneous, or topical applic on can |nclude tthe follow ng conponents:

a sterile diluent such as wat |nject|o I solution, fixed oils,
pol yet hyl ene gl ycols, glyceri wglﬁfylene glyc or|other synthetic

sol vents; antibacterial woagents oas b zyI QhL&.or met hyl par abens;
anti oxi dants such as ascorRjic acjd or isql fit8; chel ati ng agents
such as et hyl enedi am netetr C aC|d, buf uch as acetates,
citrates or phosphates and g s for the adj nt of tonicity such as
sodium chloride or. dextros@®t The paredtigal preparation. can be enclosed in
anpoul es, di sposabl e ringes or nmultiple dose vials nmade of gl ass or

pl astic. |for edilyamt:ptablelsaltssdmstcwﬁémbfed carriers are
phy5|ologlcal lLine or phosphate buffered saline (PBS). In a preferred
embodi ment , “tcﬁ‘E‘ TR0 wmnasw @gﬁmmhmmbfammpauadsﬁmcd\ﬁbm the
protect th

BompRouor By BB LID-1 30 (AT i,
Sg{lfﬂglr'yegyﬂ“f%@?‘?%’%‘aiﬁ 5@ picatosi smfnf;g? ango (5TC) sﬁnigioenrggseageth@gh
as et hyl endwsh amdm@olmamﬂm dgsl:)-z Mia‘ﬂn‘é @i @Qd:@lan%()'

For i at ?3?&;‘@*“’ RS, ; Pl Lo iRy i Mr%r

can al so bd™ enecyclopentyl} H-purin-6-one (entecavir, . BMS-200475), 9-[2~(phosphana-
methoxy)eﬂlyl]adenmc (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavitin;

“in.the manufacture of a medicament for the treatment of a hepatitis B virus infection in a
host. | |
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obt ai ned commercially from Al za Corporation. Liposomal suspensions
(including liposones targeted to infected cells wth nonoclonal antibodies
to viral antigens) are also preferred as pharnaceutically acceptable
carriers. These nmay be prepared according to nethods known to those skilled
~in-the art, for exanple, as described in U S Patent No. 4,522,811. For
exanpl e, liposone fornulations - may be prepared by dissol ving appropriate
lipid(s) (such as stearoyl phosphatidyl ethanol am ne, stearoyl phosphati dyl
chol i ne, arachadoyl phosphatidyl choline, and 48 cholesterol) in an

I norgani ¢ solvent that is then evaporated, |eaving behind a thin film of
dried lipid on the surface of the container. An aqueous solution of the
active compound or its nonophosphate, diphosphate, and/or triphosphate
derivatives is then introduced into the container. The container is then
swirled by hand to free lipid material fromthe sides of the container and
to disperse |lipid aggregates, thereby formng the |iposonmal suspension.
This invention has been described with reference to its preferred

enbodi nents. Variations and nodifications of the invention, will be
obvious to those skilled in the art from the foregoing detail ed

descriptiop of .t he.l nventi Is intended that all of these variations
and nfydi f i 03¢ PHAL effectiveco W%W@H@%&-%N@W@Wdeﬁventlon 49
CLAI M5 Use of an -effective a of a conbinatiogn of the follow ng
J3-L-2'-deoxynucl eosi des: N H3 NH N-p N' HO 14- G 0 On and on
or pharnmaceutical ly accept abI INts or estmges t reof '
RO /g
|'0 ' | o
OH and OH

or pharmaceutically acceptable salts or esters thereof, wherein R is selected from the
group consisting of H, -CO-alkyl, -CO-aryl, -CO-alkoxyalkyl, -CO-aryloxyalkyl,

alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, amino acid residue, mono, di, or tnphosphate
or a stabilized nucleotide;

or pharmaceutically acceptable prodrugs thereof, wherein R is selected from the group
consisting of H, -CO-atkyl, -CO-aryl, CO-alkoxyalkyl, -CQ-aryloxyalkyl, alkylsulfonyl

arylsulfonyl, aralkylsulfonyl, amino acid residue, mono, di, or tnphosphate ora stabﬂlzed
nucleotide;

in combination or alternation with an effective amount of a compound selected from the

- group consisting of f-L-2-hydroxymethyl-5-{cytosin-1-yl)-1,3-oxathiolane (3TC), cis-2-
hydroxymethyl-5-(5-fluorocytosin-1-yl)-1, 3-oxathiolane (FTC), f-L-2’-fluoro-5-methyl-
arabinofuranolyluridine (L-FMAU), p-D-2,6-diaminopurine  dioxolane (DAPD),

. famciclovir,  penciclovir,  2-amino-1,9-dihydro-9-{4-hydroxy-3-(hydroxymethyl)-2-
mcthylenecyclopentyl]-GH—pmn—G-one (entecavir, BMS-200475), 9-[2-(phosphono-
methoxy)eﬂxyl]adcmnc (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

~ in the manufacture of a medicament for the treatment of 2 hepatitis B virus infection in a
“host. o
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in conbination or alternation with an effective anount of a conpound
selected fromthe group consisting of

(f-L-2_hydroxynet hyl -5- (cytosin-1yl)-1, 3-oxathi ol ane (3TC), cis 2-
hydr oxyi net hyl - 5- (5-f | uorocyt osi n-1-yl) -1, 3- oxaf | uol ane (FTQO),

- f~-L-2'-fluoro-5-nethyl- arabinofuranol yl -uridine (L-FMAU),

S- D2, 6-di at ni nopuri ne di oxol ane (DAPD), fanticlovir, penciclovir,
2-am no-1, 9-di hydro-9-[4 hydroxy- 3- (hydroxymet hyl) - 2-

met hyl enecycl opentyl)-6H purin-6-one (entecavir, . BMS 200475),
9- [ 2- (phosphono- net hoxy) et hyl j adeni ne ( PMVEA, adef ovir, dipivoxil);
| obucavir, ganciclovir and ribavirin; in the manufacture of a nedi canent

for .the treatment of a hepatitis B virus infection in a host. 50 2. Use of
an effective conbination of the follow ng fi-L-2"-deoxynucl eosides: Nn, O
- A" NHCNH ROwko RON "p OR and ox or pharnmaceutically acceptable
salts or esters thereof, wherein Ris selected fromthe group consisting

of H CO-allcn y | kyl, -CO aryl oxyal kyl,
al kyl sUI fon f&ﬁwwm“%‘?ﬂa‘? xynyelepddesci d resi due, nono, di,

or tri phosphat e or a stabilize Hnucl eoti de; or pllpar maceuti cal |y acceptable
prodrugs thereof, wherein Ris delected fromthe group consisting of H,
-CO-al kyl, -CO-aryl, -CO al ko |, - CO aByglox kyl, al kyl sul fonyl,

aryl'sul fonyl, aral kyl sul fonyl{f am !no aci d resi : no, di, or

tri phosphate or astablllzed u tide; inc ingtion or alternation
with an effective anounto ac rrpou‘ﬁd seiect ed Ty'om~bhe group consi sting
of “p-1 -2-hydroxynet hyl -5-fcvtog$in-1-yl)-1, 3} oxathi ol ane (3TC), cis 2-
hydr oxynmet hyl - 5- (5-f | uor oc -l-yl)-1, 3-0 | ane (FTQO),
f3-L-2'-fluoro-5-nethyl- &pl nof ur anol ﬁcurlciﬂe (L-FMAY), P-D

2, 6-di am nopuri ne di oxol ane (DAPD) i cl ot r, penciclovir,

rznsf1 hmylngnéc Edo'%ﬂg ugul%a(islﬁ‘_ BurI o %%%@EW( Pﬁcﬁ%&ﬁmg‘m Or an amino
9-[2-( phos\éf’

in combination or altemauon with an effective amount of a compound selected from the

. ‘group consisting of B-L-2-hydroxymethyl-5-(cytosin-1-yl)-1,3-oxathiolane (31C), cis-2-

‘hydroxymethyl-5-(5-fluorocytosin-1-yl)-1,3-oxathiolane (FTC), B-L-2’-fluoro-5-methyl-

~-arabinofuranolyluridine (L-FMAU), B-D-2,6-diaminopurine - dioxolane (DAPD),

- famciclovir, penciclovir, 2-amino-1 9-dihydro-9-{4-hydroxy-3-(hydroxy-methyl)-2-

methylenecyclopentyl]-6H-purin-6-onc (entecavir, BMS-200475), 9-[2-(phosphono-

methoxy)ethyljadenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

in the manufacture of a medicament for the treatment of a hepatitis B virus infection in a
host. - ' S

4. - Use of a effective combmauon of the p-L.-2° -deoxynucleomdes
i NH,

&
e 1&

{ -'|°

OH and ot
or pharmaceutically acceptable salts or esters thereof, wherein R is hydrogen or an acyl;
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met hoxy) et hyl ] adeni ne (PVEA, adefovir, dipivoxil); |obucavir, ganciolovir
and ribavirin; in the manufacture of a medicanent for the treatnment of a
hepatitis B virus infection in a host. 51 3. Use of a effective

conbi nati on of the P4,2' -deoxynucleosides NHx O N HC NH RO N~-O Rp N~-O

- OH and OH or pharnmaceutically acceptable salts or esters thereof, wherein R
I's hydrogen or an amno acid residue; in conbination or alternation with
an effective anpbunt of a conpound selected fromthe group consisting of
f1-1r2-hydroxymet hyl -5-(cytosin-1-yl)-1, 3-oxathiol ane (3TC), cis-2-

hydr oxynet hyl -5{5 fl uorocytosin-1-yl)-1, 3- oxat hi ol ane (FTC),

13-L-2'-fl uoro-5-nethyl - arabinofuranolyluridine (L -FMAY), S-D

2, 6-di am nopuri ne di oxol ane (DAPD), fanticlovir, penciclovir,

2- ami no- 1, 9- di hydr o- 944- hydr oxy- 3- (hydr oxy- net hyl ) - 2-

met hyl enecycl opentyl ]-6H purity-6-one (entecavir, BM5 200475),
9-[2-(phosphono- met hoxy) et hyl ] adeni ne (PUFA, adefovir, dipivoxil);

| obucavir, ,gancjglqvir anpd ribavirin; _in the nanufacture of ? ned] anent
for the trdhfombinaion or alicrmation with apieffestive pmeunif 3 epmpoygkelecied

effective gooip aaisisting @if B- DQ-Bﬁbeﬁnetﬁﬁpﬂﬂ,ﬁ@éxﬂ-qsylMSﬂﬁiﬁhmlﬁlc\(31R'.‘,9;| c%-BIH

'LON-O Roh'g\r"dr%?methy‘f-sgfs-ﬂuomcy%m- i-y1)-1,3-oxathiolane (FTC), B-L-2"-fluoro-5-methyl-
arabinofuranolyl-uridine (L-FMAU), g-D-2,6-diaminopurine dioxolane (DAPD),
famciclovir, penciclovir, 2-amino-1,9-dihydro-9-{4-hydroxy-3-(hydroxy-methyl)-2-
methylenecyclopentyl}-6H-putin-6-one (entecavir, BMS-200475), 9-[2-(phosphono-
‘methoxy)ethylladenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;
in the manufacture of 2 medicament for the treatment of a hepatitis B vitus infection in a
host. ‘

a

'5.-  Use of a effective combination of the B-L-2’-deoxynucleosides
: N,

'\ fl

i | °
Ol and OH

of pharmaceutically acceptable salts or esters thereof, wherein R is hydrogen, an acyl or
~-an amino acid residue;

' “in combination or alternation with an effective amount of a compound selected from the |
group consisting of B-L-2-hydroxymethyl-5-(cytosin-1-y1)-1,3-oxathiolane (3TC), cis-2-
“hydroxymethyl-5-(5-fluorocytosin-1-yl)-1,3-oxathiolane (FTC), B-L-2’~fluoro-5-methyl-
. arabinofuranolyl-utidine (L-FMAU), p-D-2,6-diaminopurine dioxolane (DAPD),
~ famciclovir, penciclovir, 2-amino-1,9-dihydro-9-[4-hydroxy-3-(hydroxy-methyl)-2-
- methylenecyclopentyl]-6H-purin-6-one _(entecavir, BMS-200475), 9-[2-(phosphono-
- methoxy)ethylJadenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;
in the manufacture of a medicament for the treatment of a hepatitis B virus infection in a

host.
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or pharmaceutically acceptable salts or esters thereof, wherein Ris
hydrogen or an acyl; 52 in conbination or alternation with an effective
anount of a conpound sel ected fromthe group consisting of
(3-L-2-hydroxynet hyl -5-(cytosin-1-yl)-1, 3-oxat hi ol ane (3TC), cis-2-

hydr oxynmet hyl - 5- (5-fl uorocytosi n-1-yi)-1, 3-oxat hi ol ane (FTC),
J3-L-2"-fluoro-5-nethyl- arabinofinolyl-uridine (L-FMAU),

D 2, 6-di am nopuri ne di oxol ane (DAPD), faneiclovir, penciclovir,

2- am no- 1, 9-di hydr o- 9- [ 4- hydr oxy- 3- (hydr oxy- ret hyl ) - 2-

met hyl enecycl opentyl ] - 6H purin-6-one (entecavir, BMS 200475),

9-[ 2- (phosphono- net hoxy) et hyi ] adeni ne (PMEA, adefovir, dipivoxil);

| obucavir, ganciclovir and ribavirin; in the nmanufacture of a nedi canent
for the treatnent of a hepatitis B virus infection in a host. 5 Use of a
effective conbi nation of the 13-L-2'-deoxynucleosides NE12 O N Hl C Nff
RON KON -kO OHand off or pharmaceutically acceptable salts or esters

t her eqf , rei S h an a no acid residue; in
conbi %ati 0 58r°f3l%‘é‘f¥gﬂgﬁf’€?f‘%ﬂﬂ’€%ﬁe‘@? a compound sel ect ed
fromthe group consisting of
f-L-2-hydroxymet hyl - 5- (cytosi n- I-yI) 1, 3- oxat hi ol
hydr oxynmet hyl- 5- (‘5- f | uor ocyt ogt y1) 1, 3-
3-L-2' -fl uoro-5-net hyl - arabi nol yl -uridin
2, 6- di am nopuri ne ‘di oxol ane ( fanci cl ovi
2-am no-1, 9-di hydro- 9- [59 dr ox -3 (ﬂydr
nethylenecyclopentyl] 6H pyrin-g-one (entecayir, BMS 200475),

9-[ 2-(phosphono- et hoxy) e®syd«deni ne ( PVEA ovir, dipivoxit);

| obucavir, ganciclovir and jibavirin; in thel nufacture of a medi cament
for the treatnent of a hepatltls B V|FW@ infection in a host

or phannaoeuucally acceptable salts or esters thereof, wherein R is an acyl or an amino
acid residue;

ne (3TC, cis-2-
ane (FTO),
(L48vAY), (3-D
perci cI ovir,

‘in combination or alternation with an effective amount of a compound selected from the
group consisting of B-L-2-hydroxymethyl-5-(cytosin-1-y1)-1,3-oxathiolane (3TC), cis-2-
hydroxymethyl-5-(5-fluorocytosin-1-yl)-1,3-oxathiolane (FTC), B-L-2'-fluoro-5-methyl-
- arabinofuranolylamidine  (L-FMAU), B-D-2,6-diaminopurine  dioxolane (DAPD),
famciclovir, penciclovir, 2-amino-1,9-dihydro-9-[4-hydroxy-3-(hydroxy-methyl)-2-
-methylenecyclopentyl}-6H-purin-6-one  (entecavir, BMS-260475), 9-[2-(phosphono-
- methoxy)ethyl]adenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

in the manufacture of a medicament for the treatment of a hepatitis B virus infection in a

host. ,
7. - Useofa effective combination of the ﬂ-IrZ’-deoxynucleomdes
. NH,
] -0
s N | HC
NH

H H

- or pharmacemically acccptablc salts or esters ﬁ:crcof, wherein R is hydrogen, - .
monaophosphate, dipliosphate, triphosphate or stabilized phosphate;
' ' 54



53 6. Use of a effective conbination of the (3-L-2'-deoxynucleosides o0 RO
N 10 RO Am 0 on and off or pharmaceutically acceptable salts or esters

t hereof, wherein Ris an acyl or an amino acid residue; in conbination or
alternatlon with an effective amobunt of a compound selected fromthe group
consi sting of (i-L-2-hydroxynethyl-5-(cytosin-1-yl)-1,3-oxathiolane (3TC),
ds- 2- hydroxynet hyl - 5{5-fl uorocytosin-1-yl)-1, 3- oxathlolane (FTO),
fl-L-2"-fluoro-5-nethyl- arabinofiuanolyl-uridine (L-FVA. U), P-D

2, 6-di am nopuri ne di oxol ane (DAPD), fanticlovir, penciclovir,

2- am no-1, 9-di hydm 9- (4- hydxoxy- 3- (hydr o) cy- net hyl ) - 2-

nmet hyl enecycl opentyl ] -6H purin-6-one (entecavir, BMs-200475),

9- (2- (phosphono- net hoxy) et hyl ] adeni ne (PMEA, adefovir, (hpivoxil);

| obucavir, ganciclovir and ribavirin; in the manufacture of a nedi cament
for the treatnent of a hepatitis B virus infection in a host. 7. Use of a
effective conbination of the (3-L-2'-deoxynucleosides Nnl 0 143C N Nn
RONO R N-~U OHand Ot or pharnaceutically acceptable salts or esters

t her eof , witeanbinatiorsohgltaroation withan®ffeotivnh@heunt &if phesipiouhd sclecied floapthet
or stabili | ef tive
amount of  ECApRURSRERE Of 12 Ay OB SR AL L3 diiflabé! RO elsh
p- Lt 2- hyd Wexw#ﬂlﬂ-ﬁsiﬁﬁhmmdﬁMJWl}}MMﬂudm éFIGICﬂ-L-Z*l-ﬂms-methyl-
hydr oxyt ne yt t hi ol ane C
(LT3 TRl HRGREY BERG) D 2 iihopufing  gioxline | DAPD)
P- D 2 6- di tamaielgwiri nm@@ﬂane 2(-@@)1 9-drhydro-9-[4~hydroxy-3-(hydroxy~methyl)-2-

' _ meﬂlylenecyclopcntyl]-ﬁH-punn-G-one (enmtecavir, BMS-200475), 9-[2phosphono-

methoxy)ethyl]adenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

in the manufacture of a medicament for the treatment of a hepatitis B virus infection in a

host.
8. Use of an effective combination of the following p-L-2'-deoxynucleosides:
NH, o
oy HyC

| T

o SN UK
oo

] 19

ou and o
 or pharmaceutically acceptable prodrugs thereof, wherein R is selected from the group
‘consisting of H, -CO-alkyl, -CO-aryl, -CO-alkoxyalkyl, -CO-aryloxyalkyl, alkylsulfonyl,

" " atylsulfonyl, aralkylmﬂfonyl amino acid residue, mono, di, or triphosphate or a stabilized
nucleotide;

- i combination ot alternation With an cffective amount of a compound selected from the
. group consisting of B—L—2—hydroxymethyl-5-(cytosm— -yl)-1,3-oxathiolane (3TC), cis-2-

' ‘_hydmxymethyl-s-(s-ﬂuomcymsm-l*yl)-l,3-oxaﬂnolane (FTC), B-L-2'-fluoro-5-methyl-
'arabinoﬁlranolyl-uriding (L-FMAU), B-D-2,6-diaminopurine  dioxolane - (DAPD),
“famciclovir, penciclovir, 2-amino-1 9-dthydro-9-[4-hydroxy—3—(hydroxy-mcﬂlyl)-z-
_mcthylenecyclopcntyl]-GH~purm-6-one (entecavir, BMS-200475), 9-{2-(phosphono-

- methoxy)ethyljadenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;
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fanciclovir, penciclovir, 2-am no-I|,9-dihydro-9-[4hydroxy-3-(hydnxy
nmet hyl )-2- netlryl enecycl opentyl]-6H purin-6-one (entecavir, BMs-200475),
9-[ 2- (phosphono- net hoxy) et hyl ] adeni ne (PMEA, adefovir, dipivoxil);

| obucavir, ganciclovir and ribavirin; in the manufacture of a nedi cament
for the treatnent of a hepatitis B virus infection in a host. 8 Use of an
effective conbination of the follow ng f3-L-2'-deoxynucleosides: w2 O
113C NI NH RON-ORO 1 - O Llo on and ON or pharmaceutically acceptable
prodrugs thereof, wherein Ris selected fromthe group consisting of H,
-CO al kyl, -CO-aryl, -CO al koxyal kyl, -CO aryl oxyal kyl, al kyl sul fonyl,
atyl sul fonyl, aral kyl sul fonyl, am no acid residue, nono, di, or

tri phosphate or a stabilized nucleotide; in conbination or alternation
with an effective anbunt of a conpound sel ected fromthe group consisting
of I)-L-2-hydroxynethy|-5-(cytosin-l-yl)-1,3-oxathiolane (3TO, cis-2-
hydroxynmet hyl - 5- (5-fl uorocytosin-1 yl)-1, 3-oxat hi ol ane (FTC), _
S-L-2'-fluoro-5-nethyl - arablnofuranolyl uridi ne (L-FMAU),

13- D- 2, 6- dilatheoponfactareiofhu mcdicemeEY D¢ tredtmeRt of a0 E&nt@%"rﬁdﬁfécﬁonma
2-am no- 1, §idf hydr o- 9- [ 4- hydr oxy- 3- (hydr oxy- net hyl ) -

nethylenecyclopentyl] 6FLpur|n 6 one (entecaV|r BNB—200475)

9- [ 2 9phos e T an'uifel: {“’1{’% ik oxil);

| obucavir, ganC|cIOV|r and rlbaV|r|n ac e of a

medi carrent for the treatment of ’hepatltls B VI r¢ls |nfect|on in a host.
9. Use of an effective conbi nilqn of the followlhg

NH
" .or pharmaceutical_ly acceptable salts, esters, or prodrugs thereof, wherein R is selected
from the group consisting of H, “CO-alkyl, -CO-atyl, -CO-alkoxyalkyl, -CO-

aryloxyalkyl, alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, amino acid residue, mono, di,
or triphosphate or a stabilized nucleotide;

fi-L-2'"-deoxynucl eosi des: NH

in combination or altemation with an effective amount of a compound selected from the
group consisting of B-L-2-hydroxymethyl-5-(cytosin-1-yl)-1,3-oxathiolane (3TC), cis-2-
hiydroxymethyl-5-(5-flucrocytosin-1-yl)-1,3-oxathiolane (FTC), B-L-2’-fuoro-5-methyl-

o arabinofuranolyl-uridine (L-FMAU), pB-D-2,6-diaminopurine dioxolane (DAPD),
. famciclovir, penciclovir, 2-amino-1 9—dxhydro-9v[4-hydmxy-3-(hydroxy—methyl)-z—
wethylenecyclopentyl]-6H-purin-6-one  (entecavir, BMS-ZOM?S), 9-{2-(phosphiono-
methoxy)cthyl]adenmc (PMEA, adefovir, dipivoxil); lobucawr, ganciclovir and rbavirin;

in the manufacture of a medwament for the prophylaxis of a hepatitis B virus infection in
a host.

- 10 " The use of any one of claims 1-9, wherejn the B-L—Z’-deoxynucleosxdc is at least 95% in
: its demgnated enantiomeric form.

11.  The usc of any one of claims 1-10, wherein the B-L—2’-dcoxynuclcoside is administered
in a pharmaoeuucally acceptable carrier, |
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RO N-AZZ-10 RON Ot and oa or pharmaceutically acceptable salts, esters,
or prodrugs thereof; wherein Ris selected fromthe group consisting of H,
-CO-al kyl, -COaryl, -CO al koxyal kyl, -CO aryl oxyal kyl, al kyl sul fonyl,
aryl sul fonyl, aral kyl sul fonyl, am no acid residue, nono, di, or
triphosphate or a stabilized nucleotide; in conbination or alternation with
an effective anount of a conpound selected fromthe group consisting of
f-L-2-hydroxynet hyl -5-(cytosin-1-yl)-1, 3- oxat hi ol ane (3TC), cts-2-

hydr oxynet hyl - 5- (5-fl uor ocyt osi n-1-yl ) -1, 3- oxat hi ol arie (FTC),
fl-L-2"-fluoro-5-nethyl- arabinofuranol yl -uuidine (L-FMAU), 13-D

2, 6-di am nopurine di oxol ane (DAPD), fatnciclovir, peneiclovir,

2-am no-1, 9-di hydr 09-[ 4hydr oxy- 3- (hydr oxy- net hyl ) 2- '

nmet hyl enecycl opentyl ] - 6H purin-6-one (entecavir, BMS-200475),

9-[ 2- (phosphono- net hoxy) et hyl ] adeni ne (PMEA, adefovir, dipivoxil);

| obucavir, ganciclovir and ribavirin; in the manufacture of a nedi canent
for the prophylaxis of a hepatitis B virus infection in a host .10- The
use of any one of clains 1-9, wherein the fl-L-2'-deoxynucl eoside is at

| east 95%in its designated enantionmeric form 11. The use of any one of
clainms 1-10, wherein the f3-L-2'-deoxynucleoside is admnistered in a

phar maceutical |y acceptable carrier. 56 12. The use of claim1ll, wherein

t he r me b : e ' i ' o) 18lii 13.
The Gig of ot s B (MiTPOheRbf ae it iodfioRt) hsbBbleXamibis sull i I dra
sui tabl e f8¢lV&¥t r avenous del i very. 14. The use of claim 11, wherein the
phar npgeut Tgal | Quifefdif | j i i .
15. 'rlr'ﬁge usgﬁ%fdsgl(gicaﬁ,%?h\’/\her ell{ll ttﬁ{']é pﬁar I’Y‘é@%g’l é%lrepg/aﬂgccr:cep ag%ggggﬂrlgiqé? IS
sui tabl e f BYBVERQUSHGHVERIdel i very. 16. The use of claim 11, wherein the

phar nbkeut Theldsy afcelaipt | evieedin ithé phinmfalctallRy hdveptabld eatiiRp 49 Whitalsdb i foer V.

parenteral delivery.
15.  The use of claim 11, wherein the pharmaceutically acceptable carrier is suitable for
, intradermal-delivery. |
16.  The use of claim 11, wherein the pharmaceutically acceptable catrier is suitable for
subcutaneous delivery.
17. The use of claim 11, wherein the phannaceutically acceptable carrier is svitable for
topical delivery. - ' ' '
18.  The use of any one of claims 1-17, wherein the B-L-2’-deoxynucleoside is in the form of
) a dosage unit. _
19.  The use of claim 18, wherein the dosage unit contains 10 to 1500 mg of each of the B-L-
~ 2'-deoxynucleoside. - .
20, The use of claim 18, whesein the dosage unit containis 10 to 1500 mg total of both of the
B-L-2"-deoxynucleosides. '

21.  "The use of any one of claims 18-20, wherein the dosage unit is a tablet or capsule.
22,  The use of any one of claims 1-21, wherein the host is a human.
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17. The use of claim1l, wherein the pharmaceutically acceptable carrier is
suitable for topical delivery. 18. The use of any one of clains 1-17,
wherein the fJ-L-2'-deoxynucleoside is in the formof a dosage unit. 19.
The use of claim 18, wherein the dosage unit contains 10 to 1500 ng of each
of the -L- 2'-deoxynucl eoside. 20. The use of claim18, wherein the dosage
unit contains 10 to 1500 ng total of both of the P-L-2'-deoxynucleosides.
21. The use of any one of claims 18-20, wherein the dosage unit is a tablet
or capsul e 8-L2DEGRY NORCREONID N, the host is a
human. 57 ............... EE g”?%@éﬁé@?ﬁ@ BEPATITERBATVENT OF
HEPATI TI' S Bba%ract This invention is directed to a use of an effective

anount of an anti-HBV biologically active
2- deoxy- B- L- er yt hr o- pent of ur anonucl eosi de or a phar maceut i cal | y accept abl e

salt or pr@ﬂmugwtaﬁt&rne@é dikdeegel
pent of ur an si de has[ formg(lpaé ?Iﬁs3 vﬁerel nélté ?{?etcfjgcfmf F‘B'i‘rﬁmé group

nuc
consi st i ngg roma? I¥; ¢ apefitve chaEﬁewgy-ﬁdaﬂtyﬂﬂd-peﬁtoﬁn@hb@oPédswle Cgr al kyl ,
, CO-substituted aryl,

CO aryl ar al k
al kyl }s/ul fonyI ar yFﬁi&}(%oae)ﬂg%l aq\‘{i | QY 1P Sn‘}lpreoﬁm“ﬂ@rqmlfher%detdwd}umno

di, or tri m@mmmmom@mm%nﬂﬁé '(lg @%ig%’cﬁt l&?&%eﬁﬁ%t%hﬂg)s uéjrrgléé] 3r gr of

pyrlmdlneb h may. be optlonally
a medi cane(fﬂnsllsg'?g ?1? éaﬁ‘i’fﬁghtac hadiad, branehedcar wchh alltgdpa‘()-ilk?l B0-388 CO-
2- deoxy- B-dike@ y}ﬂk?[ oRR r ITB.CEUtI cally acceptable
salt or prodru hereo%ty?&yaggﬂag%) tg'fts@ %‘iylh A?‘Bﬁ’@Ybralinﬁu feaylbi nati on
wi th anot He#k - Barhiner y&;ﬂrma&aetﬁﬁ)ﬁﬁaapmfc{rﬁggs r nation
w t h anot f&%{_wgt{ltl - hsp&lysg s B-agent. Figure 2 ﬂl‘fﬁt@ of § ph%%ﬁ%x‘t
1s a purine or pyrimidine base which may be optionally
subst;tuted in the manufacture of a mcdlcament for treating a host infected with
hepatitis B. The 2-deoxy-B-L-erythro-pentofuranonucleoside or a pharmaceutically
acceptable salt or prodrug thereof may be administercd cither alone or in
combination with another 2-deoxy-B-L-erythro-pentofuranonucleoside or in

combination with another anti-hepatitis B-agent.

Figure 2
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