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
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successful in about one rea
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

{




Further, interferon cannot be given orally. A nunber of synthetic

nucl eosi des have been identified which exhibit activity against HBV. The

(-)-enantionmer 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 and Drug

Adm nistration for the treatnent of hepatitis B. See also EPA 0 494 119 Al
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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.



2 Commun. (1972), 37(12), 4072-87. Morris S. Zedeck et al. first disclosed
(3-L-dA for the inhibition of the synthesis of induced enzynes in
Pseudononas testosteroni, Ml . Phys. (1967), 3(4), 386-95. Certain
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and Bi ocRIRiLR of thegymresigofpdiced 8z7me0in PBadaymaies@itedhi, MAlgmpRSt rate the
use of 2(199¢)9304?’I335j9§pnucl eosi des as reverse transcriptase (1) inhibitors
for the control of retroviruses and for the treatnment of AIDS, Jpn. Kokai
Tokkyo Koho 1€erm0baiseens-1(-a904y-perffomaniicl@bid@tare kfswfd have
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i nhi bits The phosproriFeanddordhe eeatmontiof ABRS ppn HEwal Takkyolhonot by human
TK. 10SpdPa62a3644 (1ap4). reported that L-thym di ne i s phosphoryl ated by herpes
si npl ex vi ru%.t%/a e 1 29 th%m’ di ne kinase and inhibits viral growh, J. Med.
Chem (1992),™% ?‘?f)‘?-ﬁ-‘ﬁ‘fﬂ- 28coxyrfi-Licgithrogfentofigadcmaticosides agapaphitialy B Vi r us
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t r eat meft"e@s URB R (DaPP%A2s or ot her hosts infected with hepatitis B
Virus. 3 SUNPBLY-8blemld ty on A et hod. for the treatnent of hepatitis B
 fection inrpii-& % 'ngmo({lj'l?{'e:@ Ihg'f;)tm 5“?%1 he art to inhibit herpes simplex virus

type I (HSV-1) thymidine kinase (TK). Iotti et al., WO 92/08727, teaches that B-L-dT

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. ‘ |



I's disclosed that includes adm nistering an effective anount of a
biologically active 2'-deoxy- 5 (3-L-erythro-pentOfuranonucl eosi de
(referred to alternatively herein as a (3-L-d-nucl eoside or a
13-L-2'-d-nucl eosi de) or a pharnaceutically acceptable salt or prodrug

t hereof, adm nistered either alone or in conbination, optionally in a

phar maceutical |y acceptabl e car?‘l*%’r“}a"ﬂ?éthcelrnmntﬂin-deoxy, as used in this
specification, refers to a nucl eoside that has no substituent in the 2'-
position. 10 Thﬁm%'gsgl osed 2'-deoxy-(3-L-erythro-pentofuranonucl eosi des, or
phar maceut i cal Iy ™R8 &Pt A eaupr i thgratiois Bsiafet-Boroin bahan fReRsibGakl Mimals

accept abl és Arivsddahit GRBude® A Bini G ot .conpounds are useful in the
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retard the @eeg) esese®h @f taleal iLlness in individuals who are anti-HBV
anti body or HBV-anti gen Sosg%dtl@&\?ggg’rm}\;ﬁﬁ%“)ﬁaﬂ}‘éleﬁﬁ‘é‘?@é‘)@ﬁé@Gdubaﬁ!tmtﬁ.n the2’a

first aspBefR-here i's provided a use of an effective amount of combination

of tie foll owrn@dildiadead’; xypucl eosides: Ntr, O I ~NHcl NH Ho NO
Ho N O 14 on Ll 0 on anddg@?’ >ﬁ/i(n)’lre 'ﬁé"r‘%’(ﬁ‘éfﬂ’iafl%‘%ley&d%epplaﬁmneceya'bally or
i

est ers t h&°EBRLIeprpdevpsior paltsioo pharfnagddtRAMAR RN FimAuSd gocntuilir\{i%g gount of a
of (3-1

d {- I St
S?Wﬁ‘rjgxyﬁ'&‘?&ﬁh |'?§§ft’_%§‘%”o@i*ﬁﬁ1€.@%‘§’eﬂﬁ?§§ AP SR berBTOR infesor@ and other
hydr oxy g€ ®ninond wch acyttolBV- ditibbd 5 ol ane (ET i
f3-L-2"- leé?'irﬂTaﬁin'ﬂ?IIoQ&ﬁS&?ng{bgaf ur.anol %/?éu%%g? nﬁg\?@%@%bm, chronic

£1-D 2, 6-0) at planEdton Ca é:nr(}[gApD}c,ute hepatitis, fulminant hepatitis, chronic
15 ist iti i
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;

' Y He y

‘ /K . l )
HO N 0 o N/& .
. 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 ’ .



fanci clovir, pencidovir, 2=am no-1, 9-di hydro-9-[4-hydroxy-3-(hydroxynet hyl)
2- 1 aethyl enecycl opentyl]-6H punn-"ne (entecavir, . EMs 200475),

9- [ 2- (phosphono- rnet hoxy) et hyl ] adeni ne (PVEA, adefovir, dipivoxit);

| obucavir, ganciclovir and ribavirin; in the manufacture of a nedi cament
for the treatment of a hepatitis B virus infection in a host. 4 1n a
second aspect, there is provided a use of an effective conbination of the
followi ng (3-L-2'-deoxynucleosides: NHZz 0 NH- NH RONp Rp N-"0 Ca~""
on and Of or phar macegtically acceptable salts or esters thereof, wherein
Ris selected frBmtI9Be ageshhceoivdretidein vk of an eff@tvalckmbinati @ ihy | |

- CO-al | coxyaiide¥ing Bilg—:@-dém&hﬂél@&g%lskyl , al kyl sul fonyl, aryl sul fonyl,

at al kyl sul fonyl, "am no acrd residue, nono, di, or triphosphate or a
stabilized nucl eotide; or phar eutically acceptabl e prodrugs thereof,
Wherein Ris selected fromthe proup consistinggpf H -COallryl,

-CO aryl, -CO al koxyal kyl, - W oxyal kyly sul fonyl, arylsulfonyl,
ar al kyl sul fonyl, am no acid Issi dge, nono, (f i phosphate or a
stabilized nucleotide; in c i jon or alte ipn with as effective
amount of a conpound sBPected fifom the gooup C "S®png of

D- 1 -2- hydr nxynet hyl - S{ eyt qsi n- 1} yl ) - 1, 3- oxayhi ol dne (3TC), cis 2-

hydr oxynet hyl - 5{5 fl uoroc S t-yl}1, 3-o0x roljane (FTO),
f3-L-2'-fluoro-5-1itethyl- égr abi nof uranol yl u{T® ne (L-FMAIJ), 13-D

2, 6-di ami nopuri ne di oxol ané (DAPD), #thticl®¥ir, penciclovir,

2- am no- 1, 9-4i 0::9:35.4- hyd - 3- (hydr oxynet hyl.) - 2-
met hyl euocoge}?‘i %?%%aﬁ#hﬁ%%‘éO%MéWi{ )Bhsremaﬁiw:;leqted from the
9-[2- (phosptianoconsisting 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



met hoxy) et hyl] adeni ne (PVEA, adefovir, dipivoxil); |obucavir, ganciclovir
and ribavirin; in the nmanufacture of a nedi canent for the treatnent of

hepatiti

s Bvirus infection in a host. 4a In a third aspect, there is

a

provided a use of a effective conbination of the R L-2'- deoxynucl eosi des:

NH= 0. |

X N-H-NH- RO NNO RO I N~O OH and of f- or pharmaceutically -

acceptable salts or esters thereof, wherein Ris hydrogen or an am no

resi due;

in conmbination or alternation with an effective anount of a

conpound sel ect daafiiuhaspé, theeduproeilas iasiké ofth efective combination of the B-L-2’-

ft-L-2-hydr

-5-(cytosin 1-yl)-1, 3-oxat hiolane (3TC), cis 2-

d%())(%/ maclhésli S;
| hydr oxynmethy yngta -ﬁiﬁ uorocytosin-1-yl)-1, 3-oxat hiolane (F TC), D, 2
-fluoro-5-nethyl - arabinofural8iyluridine (LrFMpU), P-D- 2, 6-dian nopurine

di oxol ane (DAPD), fanticlovi penci cl ovir,
2-am no-1, 9-di hydr o-9-[ 4- hy 3-(hydro -2-
met hyl enecycl opentyl ] - 6H pugi n- 6 one (entecav -200475) ,

9- [ 2- (phosphono- et hoxy
W

| obucavi

vir, dipivoxil);

r, ganciclov avi rPn; Rh_ t he

aci d

ture of a nmedi canent

for the treatnent of a hppatiffis B virus i pfectfon in a host. In a fourth
aspect, there is provide e of a effec 4 onbi nati on of the (3-L-
2' -deoxynucl eosi des: NH Oéﬂl \' NRIC ANO | Nko RA 011 and On or

phar maceutical ly acceptable salts or“€sters thereof, wherein R is hydrogen
Or an acyt phadibiceutically acceptable salts or esters thereof, wherein R is hydrogen or an amino

acid residue;

 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), B-L-2"-fluoro-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]-GH-putin-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,

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

2’-deoxynucleosides:

NH, _ o
: i \N HC
UL AN
<

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

4b



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

P- L- 2- hydr oxynet hyl - 5- (cytosin-1-y1)-1, 3-oxat hi ol ane (3TC), cis-2-
hyEr(z)xy][rFt hyl - g-(SELl :JOI‘ ocyL_o& PEIt-yI )I-ll, 3- ong[ hi Ol(ﬁnle:M(AE)TC) :
p-L-2"'-fluoro-5-nethyl- arabino ranol yl -uri di ne - ,

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

2- ?hm Ino- |, 9-di _hydr&;-{%ﬁ;gydr o_xz- 3_- ( gzdr 0X) - met hz{ﬁ@z-

met hyl enecy citcisenbinatio ternatiofi-voite ah @Ml & hino 22&MpRind selected from th
b0 B0 SRR B ) MR e
| obucavir, ganciclovir and ribavirim, WIRRRURAEL draado i zln‘(?ﬁ‘tz‘
for the tredtispymethdl-hépaluoticytoBind iyl 1 j3beakiolne ((FTE), PISL'-Horo-birhdtyl-
Sebnynic) s et RS L L 45 R e, O,
phar maceut i CAMKSS AL ptREFFElOY) ¢ sZmiaet kP dibydee 9efid-hydneyed fhRitoxyhpethylyon,
an acyl. or methykinecychapetity] POHBEI-6-dn6 O R} Faly g t iy WlldinRdho-
effective anpumt. [ @ 0]361{ | ect gd_ Kregfr&h@%ﬂg mggt?pdoggggl s%)p%l#%p
f1-L-2-hydr oxyrref‘ﬁ?f“‘f%f % ty pilefovis, dipivaxil)i lahecayBT@)ncidpyirand ribavirin;
hydr oxymet h z (O sin:l vl)-1, 3-oxat hi ol ane (FTC .

f>1/- rL 2'y-f I u%gﬁ%g]%gt Eyl - éfaﬁ%ﬁ%&@&fwjﬂ}]% ‘Kfl*}llﬁgﬁ&%B ¥irys infection in a
2, 6-di am noS\?F’?ne di oxol ane (DAPD), fanticlovir, penciclovir,
2-amno-1,9-dih -4 - 3- hyl ) - 2-

t ug'[n hgloen rrg c?gpgﬁ{@ﬁ%} Eﬁﬂ:‘" %%IT%E %ﬁ%ﬂrgvégﬁgé’gg&gee}fﬂ%% s@pamayon of the B-L-2’-

9-] 2- ( phosphwongrudieisiiexy) et hyl | adeni ne ( PMEA, adefovir, dipivoxil);

| obucavir, ganciclovir and ribavigin;, in the manufacture of a nedi cament
for the treatnent of a hepatitis virus infectiongn a host. 4c In a

si xth aspect, there is provided use of a effecti conmbi nati on of the
(3-L-2' - deoxynucl eosi des: I N HyC -

RO /‘K
O

{ o ) ;0 "
OH and OH

or pharmaceutically acceptable salts or esters thereof, wherein R is hydrogen, an acyl or
~ an amino acid residuc; :
in @mbination or alternation with an effective amount of a compound selected from the
group consisting of ﬁ-bz;hydmmeﬂ;yl-sw(cytosin-l-j'ri)nl ,3-oxathiclane (3TC), cis-2-
. hydroxymethyl-5S-fluorocytosin1-y1)-1,3-oxathiolane. (FTC), B-L-2"-fluoro-5-methyl-
. ambinofuranolyl-uridine (L-FMAU), f-D-2,6-diaminopurine dioxolane (DAPD),
fameiclovir, ~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;

li:l the manufacture of a medicament for the treatment of a hepatitis B virus infection in a
ost. S :

4¢



NHZ N 113C o iH ROO0O1, ROI NO O Iw OR and OH or pharmaceutically
acceptabl e salts or esters thereof, wherein Ris an aryl or an anmino acid
residue; in conbination or alternation with an effective anount of a
conmpound selected fromthe group consisting of

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

hydr oxyr net hyl - 5{5-fl uorocytosi n-1-yl)-1, 3-oxat hi ol ane (FTC),
f3-L-2'-fluoro-§; ltx@oll - gr bi nof uranol yl -uridine (L-FMAU), f3-D

2, 6- di ami nopunne di Ox01 &R ’%@ﬁmfm’@f’émséDﬁviﬂ?fﬁ?eth@nmﬁbﬂnm\mﬂof‘che B-L-2’-

2- am no- 1, Yediymyudeosi@sf 4- hydr oxy- 3- (hydnxy- et hyl ) 2-

nmet hyl enecycl opentyl]-bH purin-{,-one (entecavir, BMs5-200475),

9- [ 2- (phosphono- i net hoxy)ethyl]a i ne (PMEA, adefovir, dipivoxil);

| obucavir, ganciclovir and ribavigin; ~ in the manufgcture of a nedi cament
for the treatnment of a hepatiti gB\yrus infeai¢c.on g a host. In a seventh
aspect, there is provided a uselof ef fective compi ndgd on of the (3-L- 2'-
deoxynucl eosides: NHZ O N Ii, ROA O andl_CH or

pharmaceutical I'y accept abﬁoe;sal ts"lor €8t er sreher eoty 6ein R is hydrogen,

monophosphat e, di phospbate, friphe¢sphate or stabilized phosphate; 4d in
conbi nation or alternation effective a Nof a conpound sel ected
fromthe group consisting of(|]PH Lo '

S- 11 2- hydr oxynet hyl - 5- (cyt osi n- 1-y1) - 1, #xat hi 8fane (3TC), cis- 2-

hydr oxymet hydrphstmabduitRaf YeOsgiiind siils) ortedat ér?:log lv?l;]cercin 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 - @-¥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



(FTC), (i-L-2'-fiuoro-5-methyi- arabinofuranolyl-uridine (L-FMAU),
(i -D 2, 6-di am nopuri ne di oxol ane (DAPD), fanticlovir, pencielovir,
2-am no-1, 9-di hydr o- 9- [ 4hydnxy- 3- (hydr oxy- net hyl ) - 2-

xnet hyi enecycl opentyi]-6H purin..6..one (entecavir, BMs-200475),
9-[ 2- (phosphono- net hoxy) et hyl 1adeni ne (PMEA, adefovir, dipivoxil);

| obucavir, g ovi-r_and. ribavirin; in the manufact"e of a nedi canent
for the tr ea’?lH ne%h%h)g%ﬁ%n RE pligmation pvith sneffective embunt ofia aompoand sdlectel Rogthb

t, ther &YW ¢ansisting of f-Lshbh m&mﬁ%@' - C QNP a4 i f.. th ,
? glolegwi ng (egwdr%x?;qlﬂé ¥.8 IEﬁ oSl dggz- | I gla(&éﬁ%éﬁ?gﬂba? :Qg%h?%a‘@t@Tgt}fac‘ﬁﬁ‘
or phar maceu tg%p% alTy @glg;c e‘ggéfglfmﬂflt}gﬂhlﬁkﬁwﬁplm FdIG), B-1.2" fhiloss 5 eakthyjom
th , ofiaragplgk-utidin CQIQ.I[JL{ - | 4. - | k

-ng;;iqu Sﬁdﬁiﬁlovﬁ‘l k%ﬁ&gn I, aéyp’scﬁ%%ﬂﬁrqla%&% Oﬁ?/al?ﬁféiaé‘e afPASD),
aci d residue,. eﬁgﬂ?o, di PO T ho -'ﬁﬁ'ﬁ@‘gP'déh}@F‘a-Bi-% xpdelbydtaxganethyl)-2-
combi nati on SHeUiEerycdopantylli uﬁnéfdmctqenmurgmtzmypoy_r@ -(}ﬁ:!%ﬁ%n%g
fromthe gr-mtﬂlcﬁ(gjbﬂiy}{ah&gngtp% fovir diriuarilye . . e

2- hydr oxynr et hyl -5 ( ¢yt osi n-[*-yi -fdg-‘?}(%fiﬂ’i“fﬂxﬂ)véo’(‘ml} ganciclpvir and ribaviring

hydr oxymet hyin 8¢ mdliichi b sifad: - zoxathiolane (FTQ), =~ =~~~ =
ar abi nof ur angdy! - uri di ne (FTCQ) e&%é%]ﬁ)gmﬁ%WHﬁW@Pwu infection in a
-D 2, 6-di am-nopuri ne di oxol ane (DAPD), fanticlovir, penciclovir,

2- am no- | 9- di hydilioa Sighth-Ry&% Q¥ 3z (hydr oxy neth nethyl enecycl opentyl | - 6H
purin-6-one c(ent.eeavir, B%B-’Zg%ﬁg‘%ér,°¥%9‘?99§epﬂf@§§ﬁfbmve combination of the

r net hoxy) et ﬁy O)Wa'l’(’.% 1Ln%-‘(@mmlemdmfegvi r, dipivoxil); |obucavir, ganciclovir
-and ribavirin; in the manufacture of a nmedi canent for the treatnment of a

hepatitis B vin's infection.in a Mkost. 4e o
\N HC

PN |
l :0:
and O

3§
=

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

"' "myfm ulf I’{CO"“Y‘: -CO-alkoxyalkyl, -CO-aryloxyalkyl, alkylsulfonyl
- i g 0 1 " - R . ! >
nucleotide; 1yl amino acid residuc, mono, di, or triphosphate or & stabilized

. m Tmb‘f‘afiﬁﬂ or altemnation with an cffective amount of a compound selected from the
. E‘;drgx}":n“zhs‘;:gs {°§ _‘:;L'z“hydr?xymethyl-i(cytofin—l—yl)~1,3-oxaﬂ'1iolanc (3T0), ¢is-2-
‘f':a:abiuoﬁJranol.'ﬂ-uridix;1 Omﬁosm-lﬁyn-l’}omﬂmlam (FTC), B-L-2*-fluoro-5-methyl-
~Sameiclovi e (I'FMA[_D: $-D-2,6-diaminopurine  dioxolanc - (DAPD),
maick vir,  penciclovir, | 2-ammo—1,9-dihydm-9-[4-hydroxy-3—(hydroxy—mcth 1)-2-

| methylenecyclopentyl]-6H-purin-6-one (entecavir, BMS-200475), '9-[2-(phospgono.
ﬁexﬁzmﬂ]adME (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ritavirin;
Bost Wfacture of a medicament for the treatment of a hepatitis B vius infection in a

4e



In a ninth aspect, there is provided a use of an effective conbination of
the followng R-L-2'-deoxynucleosides: NNtz 0O \ NHCNJ RO_NORONDO
OQ G ti. and OH or pharmaceutically acceptable salts, esters, or prodrugs
t hereof, wherein Ris selected fromthe group consisting of H, -CO alkyl,
-CO aryl, -CO al koxyal kyl, -CO aryl oxyal kyl, al kyl sul fonyl, arylsulfonyl,
aral kyl sul fonyl, am no acid residue, nono, di, or triphosphate or a
stabilized nucl eotide; in conmbination or alternation with an effective
amount of a compound selected fromthe group consisting of
P- L- 2- hydr oxynetlhy ningh psppetoiere-ip pyavidetl Busophthéfficiinec@Bii@htioncofshe-
hydr oxymet by = 5= ( & hu tosin-1 yl)-1, 3-oxat hi ol ane (FTQ),
D L-2' -fl ug%/%?%?érgtlh% SEBCIesiqesy ahoi vl - ur i dine ( Le FMAL)
R-D 2, 6-di am nopurine di oxol angm(DAl ' D), fanticlovir, penciclovir,
2-am no-1, 9-di hydr o- 9-[ 4- hydnx - (hydroxy net hyp) 2-
ti aet hyl enecycl opentyl]-6H puria<6-one (entgcavi BVS 200475) ,
9-[ 2- (phosphono- net hoxy) et hiil ] iﬁ;ne ( PMEA, e ir, dipivoxil);

n

| obucavir, ganciclovir and rkpavi ; in the nugacture of a nedi canent
for the prophyl axis ofR%_hepat®tis Virgs infeet An a host In one
enbodi nent di scl osed here]ln, the 2'-deoxy-($-L-efythro-

pent of ur anonucl eosi de der % We is a conp the formula: 20 BASE RO

OH O 4f o e
OH_ and . OH

or phzinnaceuﬁcally acceptable salts, esters, or prodrugs thereof, whetein R is selected
ﬁ'om the group consisting of H, -CO-alkyl, -CO-aryl, -CO-alkoxyalkyl, -CO-

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

in combinaﬁoq or altemation with an effective amount of & compound selected from the

group consisting of f-L-2-hydroxymethyl-5-(cytosin-1-yl)-1,3-oxathiolane (3TC), ois-2-

| hydrquxnethﬂ-S{S-ﬂuomcytosin-l-yl)~1,3 -oxathiolane (FTC), fi-L-2’-fluoro-5-methyl-

_ arabiflofuranolyhuidine (-FMAU), B-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-

;net@oxy)dhylladeﬂinc (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

i the mamufacture of a medicament for the prophylaxis of a hepatitis B virus infection in
athost. - |

In one embodiment disclosed herein, the 2’-deoxy-B-L-erythro-

pentofuranonucleoside derivative is a compound of the formula:
20 |

BASE
RO

OH

4f



wherein Ris selected fromthe group consisting of I-1, straight chained,
branched or cyclic alkyl, COalkyl, COaryl, CO al koxyal kyl,

CO aryl oxyal kyl, CO substituted aryl, alkylsulfonyl, aryl sul fonyl,

aral kyl sul fonyl, am no acid residue, nono, di, or triphosphate, or a
phosphat e derivative; and BASE is a purine or pyrimdine base which may
optionally be. .substituted. In another enbodi nent, the

2' - deoxy-{§rqn &'Wﬂ?%ﬁ%&ﬂ@dhmrammisaog i, dlesipht 2haiNel, banched or cyclic

13- L-2' - degxY208N9sims. cal tabl e salt or prodrug
t her eof , ﬂ? t he n@?)rérrtglag}rl ?%%gﬁugg k%yaﬁ gpns"lt{mi‘ wtearydyno, di or
tri phosgh %lf"ﬂli‘ymlss}fowlk%rhlkylsulfcmystaahnd hA@ ksRINe SRR, @i @?fﬁﬁh@&ﬁh\éﬁ ok 10

forma st 0 odru 5 I n, anot her enbodi ment
D ooy "SISO LPEARE ST Kb O o aading Bedepdisiumay optionally be

3-L-2' - dewbsyitwed.di ne or phar ITB.CEUtI cal I y acceptabl e salt or prodrug thereof

of theforrrulflam/[gl NH2 O wherein Ris H nono, di or tri
phosphat e, acyt 28" gmp{mw ﬂée %t%?‘hﬁzleﬁr}phrosphmﬁa‘antmup}aamdwéerﬂs@u(/e13 form

a st abi | piled-dewdyadinosiae Bf # Pdhceutip 1@&% di me
2' - deoxy:- 23- b-er yt hr o- pent o?ur anonucl osi%g‘gtégr%ﬂg%rtpr{)&;m%hem’f of the
(3-L-2 _ I ridine or pharmaceutically acceptable salt or prodrug thereof

of the formula: 0 OH N RO C Qv



O wherein Ris H nono, di or tri phosphate, acyl, or alkyl, or a
stabilized phosphate derivative (to foam a stabil zied nucl eotide prodrug).
I n anot her enbodi nent, the 2'-deoxy-(3-L-erythro-pentofuranonucl eosi de
derivative is (3-L-2'-deoxyguanosi ne or pharnmaceutically acceptable salt
or prodrug thereof of the formula: 5 O NNN-~ ROHOwherein Ris H,
mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate
derivative (to forma stabili zed nucl eotlrg,e prodrug). In another
enbodi ment, the 2'-deoxy-P-L-erythro-pent okuranonucl eosi de derivative is
(i1-L-2"-deoxyi nosi ne or pharmaceuti c acC@ptabl e salt or prodrug thereof
of the formula: 0O < NNH N / RO ecein Ris H nono, di or tri
phosphat e, acyl, or alkyl, or as ahi phosphate derivative (to forma
st abi | i zed nucl eoti de prodrug). ot her enbodi nent, the

- deoxy-J3-L-eryt hro-pent of ur anos eosi de derlvatlve is (3-L-thymdine
or a pharmaceuti-cally acceptabl e salt or prodrug thereof of the formula: O
ONH \ O RO ™

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:



O wherein Ris H nono, di or tri phosphate, acyl, or alkyl, or a
stabilized phosphate derivative (to forma stabilized nucl eotide prodrug).
I n anot her enbodi nent, the 2'-deoxy-f3-L-erythro-pentofuranonucl eoside is
adm nistered in alternation or conmbination with one or nore other

2' -deoxy- (3-L-erythro- 6 pentofuranonucl eosides or one or nore other
conpounds which exhibit activity against hepatitis B virus. In general,
during alternation therapy, an effective dosage of each agent is
adm ni stered serially, whereas in conbination therapy, an effective dosage
of two or nore agents are adm ni stered,togekher. The dosages w || depend
on absorption, inactivation, and excrgiio rafes of the drug as well as

ot her factors known to those of skill I eﬂng. It is to be noted that
dosage val ues will also vary with the sgveri¥y 6Ff the condition to be
alleviated. It is to be further u tood that for any particul ar

subj ect, specific dosage reginen;}gég:yichedules shoul d be adj usted over
time according to the individual need and the professional judgnment of the
person adm ni sferjng or,.supervising the adm nistration of the conpositions.
I n anot h‘@ﬂér%w@%‘a 'H’rﬂﬁ’f’?’ "r‘l’?éﬁbpfrf’éphilf% eyl mee Iﬁ@bﬂwplloh@atﬁr@aiwgm of
humans  (infopmtaasthbilizbdndd®6tdb plodhpg! udes admi ni stering an HBV treat nent

amount of a qrodr % of the disclosed
2' - deoxy- ( 3- L’-‘é‘?‘i}t‘l CBpdiest theZrsisert-Bdstrbrapentafatanyesicofidpdoiatig isas  used

herein, p-Bf22ldsoiydhoding QPRI [ ' | e0side on
adm Ini stq ati ono iy(r?1 Vi vo. Nogcle?lﬁéa:“?hgce@%g}ép a!atg)gp }rﬁ’gﬁﬁéﬁé&gﬁg’?ﬁn‘aﬁgﬁ‘ﬁ&| |y

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

| ipids of the active conound. Brief ription of the Figures Figure 1
illustrates a general process for obtafni p (3tL-erythro-

pent af ur anonucl eosi des ((3-LAN) using Dy#t ogeror L-xyl ose as a starting

material. Figure 2 is a graph whicchhljustrdtes the metabolism of L-dA,
L-dC, and L-dT in hunman Hep G2 ceYf's Jn terms of accunul ati on and decay.

The cells were incubated with 10 4 1 of conpound. Figure 3 is a graph
which illustrates the antiviral effect of (3-L-dA, O!'L-dT and P-L-dC in

t he WoodgHes K RGNHOMbAo, IS BAH PHoSphIRIRN1, 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



7 . Detailed Description of the Invention As used
herein, the term"substantially in the formof a single isonmer"” or "in
isolated form refers to a 2'-deoxy-(3-L-erythro-pentofuranonucl eosi de
that is at |least approximately 95%in the designated stereoconfiguration.
In a preferred enbodi nent, the active conpound is admnistered in at |east
this | evePBPUFEPTTGcosises prorkios ndrmothestbrafoubMarianyexhist 456/ kgl n. the

t er m hepahigatisis B vad Ielabef qgonditions refers to hepatitis B and related
condi ti ons, such as a_ntnieé- HBV’a_rnI?[:;]gglgEﬁnaﬁ‘Sgit%r%’ aheflaanye frsags ofrackeasdi i ons,
chronic  PIDEISSret seaptiutihsreas uwetimtiohBhrag, b BRSHiSe dRAGHE & ABRALIEL S,

f ul m nant agr@Ratr hdrdinistd A0l pes si st ent atitis, and fatigue. The nethod
of the present inventi or§ﬁ| %éé?elfdgi]ef! ﬂségfﬁs‘@nﬁ‘ﬁ)epﬁmion absorption, inactivation, and

deoxy- [ 3- PXEFiPNHRles pithe dfugrameh us besfd@rdiaiowiab hees o AAPINLAGH g@é Ly to
prevent %eﬁﬁg@{hgtd(ﬁ%ﬁi‘%%r ?ﬁgli{\on of clinical illness Inindvidual's who
are anti-HBV anti body” or HBV-ant? g¥K WHoGF s$¥rEYR! terrentitien thbealeiapdsed t o
HBV. As uNétftotherfeitier vudrestoat tmefokyly, PO BASuOLASIRE JSREE Lk Glhs T &7 S L0
a saturat&ﬂedlﬁésrs%ﬁptbeagxrSe}%?hed,_ or cyclic, primary, sec na&ryS oF tertiary
hydr ocarbon, typical 'y of ¢, °Y% ims ageorgngrta therindivigual necdtdahel psyfessiofalcal | y

i ncl udes Jodgment ofidhe plersom bédini Lertdd ¥hper&tiy! . butyl , _pent.yl,

hexyl, isopropyl . i SObU}tgysif’p s,ebg%ut y_II:e t-Ibgtﬁiflafaﬁlﬁlg%l%)aélﬁflfﬂ%ﬁﬂ?’?m{'grﬁentyI :
cycl opent yil’qrhl an&lhgtlfﬂ%ﬂ ent&ergds Hisplesas amethod for drentraatiyibnt o feiging 0 NI et y
of the fonfeoted wiB(HY Ribat Witaidet MrnisteS; ' | .. alkaryl, aral kyl,

het er oar %Fésgd al koxiﬂlckyl i ncl udi ng “ﬁ%&’%@#@%‘ﬁ’f}?‘;a Wf%‘i{ Eff’dmﬁrﬁ%mﬁdi ng
benzyl ; &Pyl OXyAI Y Sichideopransgnnanpypsideadeyivatves) Adirogrupnend

opt i onal Ihgreiis ufeisith WcadpMirdind1ad to CA alkyl or Cl to C4 al koxy, or
the resique of..an ani nol?aci d. T(%g@%},éerﬁnn?c@?mé%%’é@l”ﬂ&f‘ﬁ“ﬂ”‘?‘%'%wut i's
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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.
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The term prodrug, as used herein, refers to a compound that is converted into the

nucleoside on administration in vivo. 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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at induces a different mutation from that caused by the principle drug. Altematively, the
pharmacokinetics, biedistribution, or other parameter of the drug can be altered by such
combination or alternation therapy. In general, combination therapy is typically preferred
over alternation therapy because it induces multiple simultaneous stresses on the virus.

~ 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
in combination or alternation. Altematively, for example, one or more of B-L-2°-dA, B-L-2’-
dC, p-L-2°-dU, B-L-2°-dG, B-L-2°-dT, B-L-dL, or other B-L-2’-nucleosides provided herein
can be administered in combination or alternation with 3TC, FTC, L-FMAU, DAPD,
famciclovir, penciclovir, BMS-200475, bis pom PMEA (adefovir, dipivoxil); lobucavir,
ganciclovir, or ribavarin.
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the procedure of Imai et al., J. Org. Chem, 34(6), 1547-1550 (June 1969).
The di phosphate can be prepared according to the procedure of Davisson et
al., J. Og. Chem, 52(9), 1794- 1801 (1987). The triphosphate can be
prepared according to the procedure of Hoard et at., J. Am Chem Soc.,
87(8), 1785-1788 (1965). Experinmental Protocols Melting points were

det er m ned | in OpesT aBb A BRERAhortitR 1 RhagR, M 808, 0104 apparat us
and are .uncarrected. The_ UV absorption spectra were recorde n-an Uvi kon

931 ( KOYHYERE™ Sadminigpied inyermbination opalivarnsion with-adeBoreipacitosidener € run at r oom

t enper atrshBucl ddsighRVAS 1M . ect r.ongt er.. . Cheni cal
shirr})t s are %ﬁglen in péﬁkg&%séaf&%%gtﬁ%glié?osglﬁorglg%gig%cgg%&]e,} Ence.

Deut er i FREREHAN e ecorecomprnipe rhesboivkeod by ar criZPmEORYiswiffeen diokomared i n

order t Qui@VHoE ' RN S Lgnal ..nmultiplicities are represented
by s (si ng?g) h é’p’?g%ﬁgﬂegta)%f%E%é’b‘ﬁ%@‘*%‘?”ﬁ%%f‘%‘? LYEHon@R ¥ivy et ) |

( quadr upi*@rples pfkipgse saaymesmrq tihidinp iétase, ddsindkitake) @Barbife kidadlz FAB Mass
spectr a ;W {c8ine k IQsENeL Ros L ver (FAB>0) or negative- (FAB<O) ion
nmode on aa JEQ %&%gﬁg%cggalnglﬁ@%t r%n%cgp{‘%?& 4‘%@1"?’5@’3\‘@5’5‘39 kinaseobenzy |

al cohol (NBA) or a m xture (50:50, v/v) of glycerol and thioglycerol (GI).

Speci i rbalalih 0 iEmWel sured.on a Perkin-El ner 241 17
spectrungarl nct er pac'?’ﬁe é"ﬁlé’toﬂ'"ls cn) and are given in units of 10-1 deg

TP P i oS S e o e Lo g o
Vi Si r nai ! ) y I ndi
by the si’%@gﬁ’g ‘g’f“%\laﬁea’“g F%’hféerﬁfgp% ACERTEINE I thoqpethod dipalered by BolyCaflect

t heor et Ceadh. ChdmidmnTihi. 01972)/ 87(12)) 40TEL PHARRY ! s Pr ecoat ed
al um ni um sheet s o]f Siligca Gel 60 F254 (Mer ck,%’t(?%g}?gf%é)%ual i sation of

products bei RFHLIBRETT LR abawinalhl spdbrorentafurpeinudeesides (B-EHBDIS ng wi th 10%

et hanol islm\mjhfﬂigdr@l,a&ir@Iaﬂﬂosebﬁﬁlx'ggbgg?@gt#,qg@%g%geq{;ﬁt ogr aphy waéxcarlri e(; out
at atnoSpheri ¢ pressure. anpl e

on Silica G|, 60 (Merck, Art. 938
St er eospeci f %"%W@éﬁ’%}‘%@@ depiggiivgs pf the adiveouicleesidesBambs Frepardtass St eps
LI XYl 0s @escfibodd@tdriig to published methods. The monophosphate can be prepared according to
. the procedure of Imai et al., J. Org. Chem., 34(6), 1547-1550 (June 1969). The diphosphate
can be prepared according to the procedure of Davisson et al., J. Org. Chem., 52(9), 1794-
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
{emperature in DMSO-ds with a Bruker AC 250 or 460 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

17



SnCla/CH3CN NH2 . BzO HN A Bz8zO !'f1' ~A 1zo OO0 /CH3CO2H pyridine a
(6g% vyield) AIBN D oxane 4 (960%yvyield) 2 nMIrCl/pyridine mnmMrO An MI, HO
H AmMIr & AmMIT  |to~ mMITCl/pyridine O NH3/CH3OH 1(72% vyield) (99%
yield) 5 (72%yvyield) DEAD, PPh3, C6HSCO2W M- nMIrp AnMIr nmW AnMIr H A
OH OH _~ OH NH3/ CH3OH O CH3C02H- H20 $ 9 (76% from 2)

2' Deoxy (3-1.adenosine (P-L- dA) (93%yi el d) 18

9- (3, 5- RpeddvbenNZOVier fo I deni SO|2UT.|I of

9- ( 2- Oaaget -3, 5- dl@%hggﬂr%{%@ H‘B f% 0 rt‘Jlrnaur?osy f %?% W B F%@F nial

Gossel i rf‘“alé?'s WB%r‘th{j’ﬁ@“‘ Wﬂl@“SeﬂmbacM1crdanalys¢s duSYNRBeBivisiandd Anti vi r al

Crour i ng retar dpeel AUBLAECRATHa B SARbAIESLBe climbrt offuRius pe 1003, 30
E%Z rrLl\ldwﬂ)m *Qﬁgoﬂmafnqagva@esgrhmesayescmmad ta.gra;m@l wﬁ)&fﬁﬁhﬂ?mﬁi&fo@%@ (92;’/01
: AR e ridine acial acetic aci

v/ v, 17(51hﬂrr€m§lwas lét% ﬁgg lXédJ]E @’Lﬁﬁ% %{%&)’f" absptign ofpradycsdeingon was

quenc hedic?}ynplét!@i Wu@bsommcy 4@1omea1 baBkhohd With NGV WaSn6 ROl fAHE gtid Q{d one
addltloq%hllr%o :ilctlr?]g m xture was_reduced to one half of its
t

vol ume St fpied At oo tibics el §0 (Wierak. AR B8&¥®rm (2 x 150

m). Th@tmmyhmqprésamer was washed successively with an aqueous saturated
solution of NaHCO3 (3 x 100 m.) and water (3 x 100 nmL), dried, filtered,

Example1  Stereospecific Synthesis of 2’-Deoxy-p-L-Adenosine

. “BzO
Bz , : .
. 5 steps .
: WAc ~——— L-Xylose
1
1. Adenine,
SnCl/CH,CN
NH .
S 820 -'
< N 1) CGHSOC(S)CI B
Bz A" DMAPI/CH;CN 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, PPh,,
CeHsCOHTHF
A A
OH
NH;ICHgOH CHacozH-HzO
9({76% from T) '-Denxy-B-L—adenosme
(B-L~dA)
(83% yield)
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concentrated and co-evaporated with tol uene and nethanol. The residue was
purified by silica gel colum chromatography (0-3% McOH in

di chl oronet hane) to give 3 (5.2 g, 68% precipitated fromdiisopropylic
ether : 1H NWVR (DMSO-d6) : S 4.5-4.9 (m 4H, H2', H4', H5 and H5"),
5.64 (t, 1H H3', J2,3 =J3,4 =3.5 Hz), 6.3 (br s, 1H OH2'), 6.45 (d,
1H, H 19-3,5-Di- c2benzayraﬁ-ﬂzaylofzrﬁw@ma&nm%@ NH2-6), 7.4-7.9 (m 101-1, 2
benzoyl s), 8. é nd H8); ns . matrix G T, (FAB)
mz 476 [ MrH] S"li‘%’ ‘[‘EF@] aﬁ(‘ﬁp?s& dhf?zbeawl ﬂflwp{}clpfuranpasd)a{da}mﬂwf( 95%

et hanol )GOSSAmG a&?g(@ﬁe (M. -éamgaoh 12_10 ¢ Xhﬁﬁs@%oﬂ v fAYEvav}ua’n 3ﬁgﬂ am (a
14800) : ;{ 1|;1>J20— (¢ 1.07, g Evautis REST (m =

475. 45) XY fa“é?eyll‘éf‘depﬁldéﬁ of ghe lﬁuvewatum@y Crowrinz Nudsic 6@1d413.aseH Jaurg8of N,

14.27. HieBroBydlic(RhB 2@@% deni ne (4).
To a sol UtIOI’lyOf co ﬂﬁ%ﬂ% 1 )NC(V% !ﬂyﬁjﬁr 8%$ gg%ace lrilrl)dflrl le (65 nl)
wer e % e rﬂﬂ) ﬁ§r5| l’dmﬁlé i @mistug, of ﬁyl@ﬁnemimac)xalandlc acid 7
henoxt 0 emxtur s stirred
B room (f” ! Qﬁ’i 5 y J‘?‘%) i el g @tpdfinarciof 2o MO reachd® vl fletefedt

d| ssol veﬂﬂidmg agi¢tend (&Qmiétahéﬁ@ﬂ@s@rasrm)mmncﬂ ﬁmshteﬁd:tmmldﬁmm’r\helrgacmﬂ h water (2

x 30 nl) |ca d water (3

30 niymSRLeRLRRC Y bR ADREL By B et B Rt et o

dryness. wrﬂhdﬂorofcmiéZ BHﬁﬁudr)b'ﬂwdrgamdlayﬂtv@rsthcﬁ!tsacm@vay Kv@lﬁfahb!qlid’oﬁﬁt ed with

tris-(tr I

a a' z(izoéla{s{lgg%%l{??dér?lxto%ﬁ h%?) Al%ﬁmé)mﬁi&gwa‘ﬁrgé‘@df‘ ) Hed cﬂlﬁ?’e(:h oxane (17 ni)
1 ef | wonfeptratzd hnd &hﬁraﬁmmed m,thwamemeeam\mmeﬂ Qhe YeaRb ma@%ﬂnﬁmy resi due

was urifiied S|I|ca t ogr.aph 0- 5%

G ot or s feet by 5 BndBera B Y, ST G G ohmrubacyioaive 3 (512 51 6RIR

( DVSO- d6yrecipifated. Mdﬂso@f@ym&herwﬁ NMRQDN&S]@ d@ B 4 46 2, 4H7H(2"n H3H, 3H14HZ

H- 5 IH . H3)
. 2" Bl Sl 1B H i S0y =95 hion 59 Grg 1H 622, bbb He) 8. 05
and 8. 3H-1{,2p, 246 HE), 72 @R, m&ﬂ 74 7%&4@%@%&/}0 %& 848Qd, MHH]*

o 2 %&ﬁﬁﬁﬂfﬁﬁmwﬁ@? A s i e TR, 1 520

38 (c 1.[8#H] DI\@QB 6W9£%é&%91) lT‘a" 257nm(el 100), 23P1nm(82930(%) Amin 246 nm

met hoxy

trlm 5-di - O benzo

f ur anosyf } [l (=5)64de A, EHCGI mlcﬁal@iv)fvpﬁfmiﬂnbls(14(il\/884§$ 43.:92 mmol ) in

dry pyrigdig3eH(489s; %)]4\&@.51:&9,@6‘? 6?.4%%@9{)@&% jox%ﬁ-i tyl chloride (1.18 g, 3.84
a 0 :

mrol ). The m xture was stirre
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 mmo}) and o,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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After addition of nethanol (5 nL), the solution was concentrated to
dryness, the residue was dissolved in dichloronethane (50 nL) and washed
successively with water (30 nmL), aqueous saturated NaHCO3 (30 nmi) and
water (30 nmL). The organic layer was dried, filtered, concentrated and
co-evaporated with toluene to give pure 5 (1.01 g, 72% as a foam: 1 H

(N%R éﬁD@””“ﬁ Srfar L S B IR el s B g ety g 1O
35?‘21% 2" 762HZ):73r(b354—w Nf@z@) wrwem IDH, 2 b By ls), 80‘5 4&d83and 7.2-7. 4

&é”‘ i“gﬁaﬂé’*‘;ﬁ@”“ e R o CABPA A I o 1 TR B ot hanol)

. 274 aﬁ%@h‘?’fd@%‘ [MBE, 1 ﬁﬂ%]olmmz;thﬂqo,l) Kl 2550t (11440590 (d a] p 16 (c

1.12 e

6- I\I—(4DI\>WS%{QE 'B%(?t?rﬂyuoog [(1 deo>%8 (?504’1?1}4%% pent of ur anosyl ) - adeni ne

(6). Conpourfd NUW@!OXIWB@I)MLMM&ehz@mmow-phfﬂu&abéﬁtbon (saturated

at - 100 Pfnospiddiaingisc amonia (40 nl), at room tenperature overnight.
Af ter concentratl on, (t) resi due was dissolved in dichloronethane (60 ni)

and washed wiTiors selittien of @Gnpolu)d 4 THRS ¢, dPPaBMS] IRANE pyViase &2 mBFivaaddai ce with
di chl or ed o nic, |ayer was drled filtered
and cong?ﬁ%r at e%&%’g}h‘g‘&l@éﬂ %@efgvég “Bd’?’i“f’ e iXtyg WE%S“@'@# abefl°Griar 24 h.

chr onat ddieapiditi¢iofRethanaH 5l Xlihe Bblari @:ﬂﬁh@@lﬂh@éntﬁa&d% Hﬁm&E I'the ?esfane %s g, 98%
as a fog?5 lve%mé%"Y]eRorgm ne)( gn 6w2h9d m 211, H 2" an 5 (br s,
S Eﬁbﬁg dywaghad gpceessively wifh water (99 BIL)ame'HlSS )

4 5 4. 6 s§tnyatetiiNalEG; ()3011’6_. Qﬁd(vﬁig 33)|ﬂ1
Hz), 7.9 (br s ) O GO ) e orgdnic % %yfrwgs"%ﬁﬁsz\?#ﬁldr’% 740

1H, o+ 3" eaa'.!m' @“’?‘{9 %’af?%‘%‘e" ‘7’“86’ ugng wzglggpverz{z (1.9Hg, B%) mndosns)H s

t 8MR (C 191 z] 522
mlr-lix 4%6%%%&?%% %%%é{’%ﬁgﬂoléimgib 27 Ilqhé)?ﬁ%)lég{)%%& %ﬁn{%? 4|7_|] ran (c
3600); [a] fdd27p857 PO H-3 et (ddotH, H-1, 3y = 3.1 Hz, Jyop = 7.3 Ha), 6.9 (br
6- N- (4- Mon e 6.k 3-L-th
Ceo. pery prurangoyt aden ac (oo & SRR ol
pyridin %)2%‘[ ﬁ@ %smﬁtﬂé%dl?ﬂﬁtmnﬁﬂmﬁﬂf hEABt)mUtV]&O EMI-IH]F e (459% 46 g,
1.49 e, X204 B0RA Q0 e ted fo I |
m), th ?nmf}{ ure vvrjs con?g{?\t ?a%tse ]26‘38%@% &‘r%;lgﬁhé‘ggvva_geﬁ]@ggl ved in
di chl or ﬁ%tﬂ%‘?@(m m.) and vvashed successively with water (40 nL), a

sat ur at e aaAUEMA I A A RER 60 5D SAGABS S Jalit0 G0 T

organi c layer was drie
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", Jyon = 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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concentrated and co-evaporated with tol uene and nethanol. The residue was
purified by silica gel colum chromatography (0-10% MeOH in

di chl oronet hane) to give 7 (0.71 g, 72% as a foam: 'H NVR (DVMBO-d6) : 6
2.21 (d, | H HZ2 J2',2- =14.3 Hz), 2.6-2.7 (m | H 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

H g ot ke SR fibay S0 Ghlhome %ﬁ%ﬁ'ﬁ&-ﬁ%ﬁ% and
NH-6), 7.83 J’né“ﬂ“&af"f’g)é‘ﬁz%‘ﬂﬁ@rz and H8): ms : matrix G T, (FAW mz 796

[ MeH] ©, 408 [@hiijound 6 KR §, INTZm3f ih h%fgggndm[%g% IBE),?IWS tr%%d( 9-5101/2 et hanol ) 275

3 4 1 03, DVEO
gmNE ?4 %ﬁ;%’g#e%dm i "Plﬂ‘é %‘Eéﬁméf%eme et @ouemyerau@f@mmmﬁer addition )
t hoxytafint Slmie REWAQE | ut
01 et o] 52 00s o by ot AR oA td BIRIL e v dae b dirarihan (20

car (0.38 ni,
m.) was adgg’g%‘ &’B‘E%ﬂﬁgé‘ﬂt)&néw(%i@ﬂéms@lm)n wnh@e@(mfmrrpus lsaematedaqﬂeow 66 g,
o 3. G s o e YL PIRORIA A QBB e dBedit e
t enper af® 8?‘?“#6@ g W-%morﬁ@ti wathddluére ant metemoRUBe’ksidud s SRltegnys were

r enoved silied &1 doRGIE mate | al was urlfled by

silica %ﬁ%g u%cﬁ&i%&%gﬁﬁgﬁ%%ﬁ%@@ﬁﬁ‘%aﬂ H%B‘Yﬁfg(ﬂ Brdnet hane) to

ive co ] s rie. 2o(doyHt Hi

EI—(4 mepm’gtj'n@)gﬁ(z;ﬁ XH)H (agq:g 63 e nzgrrbgitl?\gon}??l tQ%ezf ’Ic_imerythro-

pent of ur anosyl ) adeni’ ne 9§> eﬂ;tyi’n %‘%@n@é&{ éd (BéHé 4142 mydH sat ur at ed

at -10c1-% %%rﬂﬁe(ﬁollﬁcﬂeﬁhﬁwﬂ&d 1(f£®)HrB) JH§,§ Sqqqa)t@@;pg{rﬁ{ulq ,fpr 24 h, then

t he rea@folppﬂ (grwgt L ness The resm?l

di ssolved in dic rorre {2sr 2 ,2@-2@91 The
SRR R %&3\’1\@@418%26

aqueousH-&yews : mynwmmdnwmw To:mat[m;gf %%ﬂ[l\/laﬁ Jdae conbi ned

rated

or gani cygp f Itere and concen ure ‘conpound 9 (0.50
g, 76% B r}orrinﬁg)?gé\;\&ggth%d) g&"‘a‘iﬁ 294V wincdd6aim @LIIQWQ)DMUZ?)FI"W silica gel

col um tAPJABESEYr aphy (0-2% McOH in  dichl oronethane) : 'H NVR (DVSO-d6)
S2.2-2.3 H 2 3.1-3.2 (m 2H, H5 and
H5"), 3. 651n%ﬁvlstMIg_g‘"(’é@‘“"ﬁﬁ*ﬁk%é&-m}m@-dvgwp (I4+mon¢-51 ), 4.4- 4.5 (m
IHI H3'), Smaokpritilip- wm_p&m z@gd%ﬁ@ 34 (t, IN HI1', J,,2" =

2,- =6.4 and 7 2 MMIT and NH-6) 7.81 and
8 32 (2s, ZHA H_Z ébl‘(liﬁ%? ?_l,_ﬁgﬁlzodlcarboxylate (0.38 mL, 2.49 mmol) in dry tetrahydrofuran

(20 mL) was added dropwise to a cooled solution (6°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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me : matrix G T, (FAB') mz 796 [M+H +, 408 [BH2]+, (FAB) mz 794 [MH) -,
406 [B]-; W (95%ethanol) : 2,,,. 276 rim (e 42600), 7,,,;,, 248 nm (e
23300); [a]D20 = + 29 (c 1.05, DWsO). 2'-Deoxy-[i-L-adenosine ((3-L-dA)
Compound 9 (0.44 g, 0.56 mml) was treated with an aqueous sol ution of
acetic acid 80%(17 nm) at roomtenperature for 5 h. The m xture was
concentratg resi due was di ssolved in water (20 nL) and

b (Y RERe! P !
washed with d e1 piiicatien by silicagelcolypn ehaorsatpergaley § M?F?(He‘ﬁt rat ed
and co- evap@hbztcw:thanteh 'thINNH?n(GDMSId RELENOI3. (T hA, des) Q%dzg(m 14, 12",

2' - deox P- A) (0. 83O was obtai ned afte

purifi c;t |[ gr%l% s%?caggéﬂ A_éﬁ %rﬁ%a%?é So@ﬂa?p’hQCHG)l 359 nes OH: Hﬁ*) 4.4-
di chl or oneﬂlﬁa(me Hakid’), 51361 at ik oH-bT, ygh= I N t 4

M I 1ipor e)H 213 ‘%z%i gg HQt aI 1 zed ffaoswwaﬁteje&r Ih ¢ %'824(:?8%@?

L- enant i onEP” F% an egnd NH-6), & 81 5|3ﬁ§2s BH, -2 apd PES)g

Fﬂeg;nsazs*;;?ﬂmmﬁrgfwaa%@@rﬁwmmeww%ﬁ B

R S, Edst RPDehmex7d6 8BY{E 42600 A @& nm (¢ 9530);Vialn ™ +p9(e1835 IBI30). 1H
NVR (DVBO- d6) :2'Drédx pZL&d@mn%(ﬁlZdX (2m 2H H2' and H 2"), 3.4-3.6
(2m 2H, H-5 ~and H H) H4'),4.3-4.4 (m 1H H3'), 524
(t, 1H, W%ﬂd9<@4ﬁg+&§ m510®0N2(Sdreathw1t@dﬂaqueoﬂ:i-lscﬂ}ﬂloﬁ of adtitiadid 6. 32

.11 and 8*%%“?2"5*” e geril oy e bl kgl Bladhynegy s,
[ MeH] %szﬂwﬁtgdissepr\g‘lg wp#:xz(%ﬁ&)[ahﬁ Wiaskid 4vihBficthiihePE% 1 ehbpmak) @ 258
F;n] E);Oli3%)2]%o%cl;ay’ef was. ﬁ%%?] a?eﬁ § 8% anqu)galtf{gra\lnﬁég u;ne ﬁéﬁpﬂganoMThg dg%rm)l'waj( ;I t
T. A ; Rob¥rfisoxyB- L-a(lenqsme(ﬁﬂgﬁ, d@hfﬁﬁfl 4,38200) \%obt@ﬁ@d m]puﬁﬂgat{oﬂbpgmca-ge} 25 (c
Sl 2 e B GAROR A Bt g i o g S S
sons : NewlVdruit (0968; Milbpord) : ryp1 I8B42E (dr) stallibed frorsdafesh (E.Q7 184Q 8@@?03'\'503 +
L0 el A i S A e k5
2' Deoxy (B61638LenaST AT fdr 18 &antiBhler (RSO 1B KL kin Sy AJ%?%%&Q@Q} hons |
reaction %Vucle:c%lcl}l Chemistry; Zorbach, W.W,, Tipson, R. S., Eds.. ; J. Wiley and sons : New York,
1968; Vol 1, pp 183- 187); '"H NMR (DMSO-dg) : § 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", Jnon = 5.8 Hz), 5.30 (d, 13, OH-3", Jyon = 4.0 Hz), 6.32 (dd, 1H, H-1", J;.p» = 6.2
| Hz, Ji-2»=7.8 Hz), 7.3 (br s, 2H, NH>-6), 8.11 and 8.32 (2s, 2H, B-2 and H-8); ms : matrix
G/T, (FAB") m/z 252 [M+H]", 136 [BH,]', (FAB") m/z 250 [M-HJ, 134 [B]; 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

CioH13Ns03 + 1.5 H,0 (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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1) H2SO»4, MeOH OBZ OBz 1) Adeni ne,
OH OH 3) Aol0, AcCH, H2S04 2) NHr / MeOH Ac =
75 Yield

= COCCH5 Yield =

PhOCSCI, DIVAP,
Al BN, di oxane 42
crystals T&4RP

chr omat ogr aphy colum Yield =

-ribose

~~~'TT( O O si

= 44k crystals

75/
AcO
X o OBz
reactions 1
1) H;S0,, MeOH OBz OBz
2) BzCl, pyridine 143
3} A0, AcOH, H,50, —
Ac=CQCH;
Bz = COGH;s
Yield = 44%
crystals

s AT

1 chromatography column

Yield = 70%
foam

reaclion 5 l NH;F, MeOH

HaN
I

OH

OH

L-deoxyadenosing 48
1 chromatography column

Yield = 75%

crystals

23

SnCk, 2) Bzd,

pyridi ne 143 acetonitrile
COCl-b t, adenosine 145 Bz

crystals Tipsd 2, Pyridine
reaction 3 HZN HZN N N> N ~Oyt-O J reactions 4 NNO ,/ 1|\
acetonitrile OH O - Si
1 chronmat ography colum Yield = 90%
tryeatelechiueRyHibsis of 20D coky-BN -Bdentsinke@lydd2nosi ne 149 1
crystals 23 Reactiqp, 1

--ff O1)
148 A -r 2) TfMSS,
Yield = 70% f oam

reaction 2

£
7

OH OH

1) Adenine, SnC},
acetonitrile
2) NHy / MeOH
L-adenosine 145

crystals

TipsCh, pyridine ! reaction 3

reacr:ons 4

‘T—?“

1) PhOCSCI, DMAP,

acetonitrile OH 0‘—'81
2) TIMSS, AIBN, dioxane
146
Yneld 0%
crystals



~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 (Prol abo; ref

28111. 3Qhcpi ¥ents: Methanol P. A (Prol abo; ref 20847.295); Pyridine 99%
(Acres; ref 131780025); Dichloronmethane P. A (Merck; ref 1.06050.6025);
Acetic acid P. A (carl 0 erba; ref ,120104298) ; Acetl Qg Anhydri deeo( FI uka, lgef

45830); Ethanpgl 95 (Pr ola&b 5)0823 293,)90 nces: Recond Fo0*
and Ri nder knecht,, H. a(y:rl e Syn de
Acetyl -2, 3,5-Tri ~0~6 bdf%ramom es. Hel y ez0Chicen. %@o‘hmnll?l bt/ Dez

(1959). A solution of L-ribosg 140 (150 g, | m#% in methanol (2 |ikers)
€

was treated with sulphuric acid (12 m) and | at +4C for 12d
then neutralised with pyridine (180 m ). Evaporation gave an a,ture

f th f 14l A sql uti f thi Ofre?S

it ar orrest®; 4 ARS8 (OGRS b BF Ry R DB Sl 3By T WORor 1 de (580
5 nol) Rmtthntm(ﬂulphynaladd @e@nmmbk Stf 1.00739.1006)eBEQYE LR} AP Ikl ke at - room
terrperarl%gﬁl)fs%dl&msul]ﬁageeﬂ,mq%o gg%ﬁﬂ%ésd on ice (about 10 liters) wth

conti nue irring } in water) was filtered on a :
Cel | i t eSblecntsTicthemilItAn@rtitlo; o7 2087 98] pirfuifpeshy ﬁcﬁé@%@?%y‘ﬂ sbifpsyat er
ers

3x3 g vith eLh tate (3 17t i
phase waiHitnBiing FR0. Maeshiutricadions Biassn Ao ek DA et (o

|'iters)20ldn2eR); avaic sapgiridoEukd atrasgio)! 0 give
1-0- mtaé}lggen&f?%S tl‘cl -%ﬂjl;eggoyl al (3 Bjo-)r}?ﬁgﬁ?gﬂqdagy asﬁgg?ﬁl ck syrup.

The oi | s BFARos T TacdiRindgikiyraht He Rigsoeur )Eméawe Syethes desileD 240
). The sol At sers:0fbatibd tinsaRSS (@fﬂ%ﬁé:&’ f1gpnaessy at ed

sul phuric acid (80 m), kept in the col stirring
for 10 hrs. The solution was then poured on ice (about 10 liters) under

continued StArsoiuldn onLenGaséh%?l&(Pg' Y 8IRP ﬂ,am{,] %@%ﬁ&%ﬁgﬂf‘:ﬁéﬁ deotnha

Cellite bed. The resultin e ce
wat er (:gg(;glupp ta@psgz ml) and left at +4°C for 12hrs, and then neutralised with pyridine (180 ml).

Evaporation gave an «,§ mixture of methyl ribofuranosides 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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and then dissolved in dichloronethane (2,5 liters). The organi c phase was
washed with 5% NaHCO3 (1 liter) and water (2x2 liters), dried over sodium
sulfate, filtered and evaporated to 24 give a gummy solid 143, which was
crystallized fromethanol 95 (yield 225 g, 44%. Analyses for

1-O acetyl -2,3,5-tri-0O benzoyl - (3-L-ri bofuranose 143: np 129-130C (Et OH 95)

(it (1, nﬂe?agqjlaﬁﬁgéohd'hg"\%&%%%c 111%3;%0%&@?(3 %03l HArom.
J3,2 4.9 Hz")naiﬁesmvr(lrﬂ-acd:tlrl,-Z,BrlS—trdG~18enéo39 BEZ-ribbfurdnsde 1434, 78 (m 2H, H4 and
HS,4,51 o 4 5,5 Hz), 2,00 (s, 3H, CH3CO;
(i Z:Ienti cal to cdojr?’}gje q}{s?ﬁ&n]@%{qy Blé?&)tri ObeZ]zoyI (3(Dri bofurano)se)
Mass anal ySHNYMRABS) MHz) ana;48%. c(qu@Agmrg‘:I m,gtﬁlsz 6@511'(%13'9191 ﬁ%th?é@ﬁﬁ NN
eaction

Cal cul at ed

o 5" o RS i 0 B 5 i TRBEN 58, OtST Vomiao i Hadet ShY 473 1 o
rile 143 HQuORH, By QndBY;) 1431 kdadenogi ne. 145 1Y 5k |
Precursor: denlp Pha)nqti Yﬁgl dhof : J ? 4001%% 'gécljSF 425(2)%%?0 %gaccg)ants
St anni ¢ chl( Fhitsa ‘PG&H“H{S"‘(‘ eidacetyled, éGB‘ES%}’GHZRH@D mmeawle)(rret hanol
saturat ed Mdsk bndNHB (Fa@e, 0a98/Dd45 (RRdAYD sul fate (Prolabo; ref 28111.365)
Sol vent s: etonitrile (R.edel -de (Hean ref 33019; distilled over CaH2);
Chl orofornf%&??ema{ﬂ?ﬂlﬁés 26109 S2l58leEd)C 66604 % énati€ Bur (Carl 0 erba: ref
528299) References: Saneyoshi, M, and Satoh, E., Synthetic Nucl eosides and

Nucl eotides. XIIl. Stannic Chloride Catal yzed Ri bosyl ati on of Sever al
6- Subst i tuﬁéﬁc F‘\ﬁ'r% ‘nes. Chem Pharm Bull., 27, 2518-2521 (1979).
Nakayama, C., and Saneyoshi, MH,N Synt heti c Nucl eosi des ar“jZN
2!
N - N
AcO Nﬁ‘) W LY
o [~OBz k7N o oz b o. [~OH
"'—'"'—+ ._............___.b._
Adenine. SHC|4, NH3 I MeOH
OBz OBz acetonitrile ;—7
143 B0 OBz HO  OH
— 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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Nucl eoti des. XX. Synthesis of Various I-(3-Xyl ofuranosyl -5-Al kyluracils and
Rel ated Nucl eosi des. Nucl eosi des, Nucl eolides, 1, 139-146 (1982). Adenine
(19.6 g, 144 mmol ) was suspended in acetonitrile (400 M) with 1-0O acetyl -
2,3,5-tri-0O benzoyl - (3-L-ribofuranose 143 (60 g, 119 nmmol)_ To this
suspensi on was added stannic chloride fumng (22 m, 187 mol). After 12

his, the reaelivolnmsa@banncenis, adr@olsoamnméyd%&%eﬁ%ténaveow6%)(3@19%&8&(1]( mPL

and sodi um_hydr ar bonate (110
resul ting v‘\ﬂg{ % e&ggnﬁﬁ: rff‘iq‘r‘l“gs‘gf’lt%?OI%a(él“éﬁ‘L‘Sr)é’&séé“@Gttdmwbthoc khloroffror 651(2(3)(200
m). The conthiThedombihebatGciict: fitddddnetellle fed §ht b{ﬁ%ﬂggﬁlas & WALRAU; 6y

rie

phase was mﬁf&f&a\% a NaHCO3 5% sol ution and wat over so |um
sul fate, f#l A gelabuhBrdavaer. dcdpvpe sodiumsuifisiel fﬂmd(ﬁﬁ egapommbtolw
foam . The compsondeigdt(c@al adomist ot

in seal ed vesse Eiqféﬁor% te?rpésr at%@eﬁﬁﬁgﬁ%ﬂr%ﬁg %h%{'g §aqur"i"ﬁé“§' vent

was evapor APEEIBH P ssadsdnesssl Hrreens tamepesatete mh®rrsamﬂgtfbng desoMﬁt

suspended iwas et} gor 1 hr. After filtr :
theppovvder was Arpggﬁe)?g{fg?ﬁegggﬂ%@ﬁ %A%r?%?&ﬁ%zr%ﬂrﬁ%p?% GRS SYSPERfiSH 5 F %'I 145

E I24 g,( 4;:r ygﬁe%ﬁ;z (409 50y atmpley fad HroAR@ filtratiten ds: pwdgﬂg/agi’éirﬁglﬂgeg g@f(ngﬁrﬁterZH
it >, %,’;‘gg@ R an s \
H2 and Hs;r@ % La&ﬁ%ﬁiéﬁ)&g%i@ ?BGHI , JIp.2.6.2 Hz),5.43 (m
2H, OH2. aﬂaa'ms or Liagie@elsme_H OH3, J 3.7 Hz), 4,60 (m H2'), 4.13 (m
1H, H3), 4 4 2H, 1 15a and H5b), (identical to
commer ci al %;%Z?rg’gﬁqva)%%@@r?nﬁs ?PéJB()FAB+ GT) mz 268 (MH)', 136(BHf
Reaction 3'H MMR K200 MKz, BMSO-Dq): & 8.0 Bhd\B.N2 @, THD$Ca2d HRY! 7.8% (18 2§31 NH§) OH
OIS s sb1 29BN 1S 6423543 (. B0, oy Shd 019, 5.19 (d, 14, Oy, 1 3.7 Hz), 4,60

(m, Hz), 4.13 (m, 1H, H3), 3.94 (m, 1H, Hy), 3.69-3.49 (m, 2H, Hs, and Hsy), (identical to

commercial D-adenosine)

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

Reaction 3
HolN HzN
N
-2 N
Nk i Y N7 S
\N N E‘- N
o) OH . . N
TipsCly, pyridine \Si
_ N |‘<
HO  COH OH O—gi~
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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crystals Reactants: 1,3-Dichloro-1,1,3,3-tetrai sopropyl di sil oxane (Fl uka;
ref 36520); Sodium sulfate (Prolabo; ref 28111.365) Sol vents: Pyridine 99%
(Acros; ref 131780025); Ethyl acetate Pur (Carlo erba; ref 528299);
Acetonitrile (R edel -de Haen; ref 33019) Reference : Robins, MJ., et al.,
Nucl eic Acid Rel ated Corrpounds 42. A General Procedure for the Efficient
Deoxy gend¢eEeis! E‘Gf'“S@@@Yﬂﬂfa@IyONrbom@ll@s:d%gj D’slp@ﬁ(ymcq;go@,ag 26SteLgosgl ective
Conver sij@R ffsoR dg@ngg:ﬁ_om des to 2'-Deoxynucl eosides. J. Am Chem Soc.

105, 4059- 4065 ( 1983) 0 L-adenosine 145 (47,2 g, 177 nnDI) suspended in
pyri di ne (320°od-pdoresinadds 47,2 g31 70 mblody m&@&:ﬁﬁ@&ﬂ@@%%ﬁ% iy oxane

(63 M, 42 rred at roomtenperature for 12
hrs. Pyrllgﬁlﬁg?%g le%g%;?g?%’ap ygﬁafﬁ' Firee eﬁej'srf’ 481 Warelhard the imixee waststirredt hy|

acet at e af foom) tespratrd foax Ierﬁn%Méﬁ)é\kﬂpbﬁﬁbd(a@Q%e%Qldu fwhpase was

e QRN
washed gatetyﬂ g?r &l olg%%b&/am%xw m) and wate wa%dj nﬁa dried over

sodi um s Foltaen { Odﬁa*}nﬂ‘@s)rgdﬂivaﬂlasﬁswhs wn@eéol id

was crystitld HER0. 5N sriamaRestotril) bed 4aied (39 mf ORAYE: goﬁﬁ,)ﬁg % ﬁ %fﬁos. .

Anal yse trai sopropyl -1, 3-di si |l oxan
146 ° 3"‘?&??‘5%"8 ‘i i%éﬁdﬁfst (I daysultingg SO]’@S)VaDC'e’ﬁiaﬁltzccbﬂem AptoRBIE tngINNR (200
I\/Hz CDGilﬁ))OutﬂI&ﬁZ&l amded, 95 (2s, 2H, H2 and H3). 5.96 (d, IH JI.2. 1,1

oF 5.10 (dd, | H, H3, J3.4.7.6 Hz, J3.> 5.5 Hz), 4.57
(dd ﬁ“*‘ 385 :3%*-0-%%,;\#”5“3%0@ -%53-djsjloxanylp-B-8@n6sine Bid,: H4, Hs, and

H5b) , 3 31 (sI IH OH2);-1.06 (m 28H i sopropyl protons) Mass anal ysi s

( FAB- 134 (B)'; (FAB+, GT) mz 510 (mH)+, 136 (BH2)+
React | ofjP#" 7%&] (W““I'gg) (g @anzmmnmtr@p_mcp N fOCSCi, DM J acetonihile

S Si m T'EMRIMR (8205MHZ CHCIy): & 8.28 and 7.95 (2s, 2H, H, and Hy), 5.96 (d, 1H, J;-> 1,1 Hz),

563 (5. 2H. NH,), 5.10 (dd, 1N, Hy, Jy.e 7.6 Hz, 3. 5.5 Hz), 4.57 (dd, 1H, Hy, .- 1.2 Hz;

J»3 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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[\ OPh A r dioxane 147 148 1 chromat ography colum Yield 7061 oam
React ants: Di net hyl am nopyri di ne 99% (Acros; ref 1482702050);

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

a, a' - Azoi sobutyronitrile "AIBN' (Fluka, ref 11630); Sodium sulfate

(Prol abo FBTMQS'lmuI&G&)msunyeﬂ;&& BeBLPRh il :
33019); 5\}“ 38013 e P?% / %éko Esza t?g?t1§2§£%g %o%ghl_%sj,g?o?%@rck;
ref 1.09671, 10005245 E{F8HY ane (Merck; ref 1.06050.6025); I\/bt hanol
(Carlo ErbSolverss: A0Q66ia)le (faede@rdemﬁen rEoB0I%), by deet tegdrzegro% agef, @NC

A f rocedure for

Hansske, ei c ed Conpounds’
the Effici engtzb%eb Bﬁ\d{‘ (%HE“&F re§é@8ﬁ£¥@90m13}dﬂgdomethﬂeWQslpeeﬁ fic and

St er eosel ewmsecmm)mf:smm (ChrifERANNEheRphles to 2" -Deoxynucl eosi des. J.
Am Chem gﬁc 9- 4065 (1983) o Conpound 146 (34 g, 67 mmol) were
added acet Of f‘f”icfe b, Wikygnp. (SJ,@n%Hgnsskd,fE’i Nuwirig Aeid Repit@i8mpounds.

chl or ot hi ommam&m&atpeo r tio irred at room
tenperaturge for 12 hr S&%S%V%%Ei&gise@é&cgger{aean 3#1 CP%%W@ECPE%% was

parti oned bedigpeesiiic @tWFrea%&caveechm@am of Ribishualcbitlies @o FND&RYMiclc0idésAP0 M ) .

The organi gml eyss S»@S;ﬂgéi@%@qm HCI 0.5N solution (400 m) and water
(2x400 nm), dried over So |um\égspf83?e filtered and evaporated to dryness

to give the i ntlerGeewonndl46s(34 gpal mny’é] were a8 ddd ﬁetoﬁhﬂegﬂmlﬂ

6 5g
di ssol ved j38 O0.mml) and TTMSS (33 107
mmol ) were 5‘33%% Hgngélo‘?lli}? ?tg\{r? “‘\A%"i‘sb"ﬁ'?t&g %éé‘?lva W?Ba?'éeoﬁcm{op [wap éIfITflS?)@tand

stirred fdpPomR igingeratiiecfor Eabisi Suivennaas epoRiid Hdalk feidde Wat hbANoRii bedilgh Was

chr omat ogr, ane/ met hanol 95/5) to give conpound
148 (23 g,%ﬁ%r EL4B7A a8 Mb%&sﬁ" uliop 4# ma Ehe-preania ayrr ees Washed withanol /

pet r ol eumaciGle?. SNAnhinps é$00fml) and water (2x400 ml), dried over sodium s lfate filtered and
3,5 -0 (Ly eoxy ? adendst ne

als 3-disi |l oxan 2'
148: Mé’ﬁal% ‘%y‘bﬁ ﬁ?‘&?'vfé‘fa}e ewtp%tea)ellmy spi:gr I&ea@uqeﬂm)v)as H
NVR 200 OV@[E:LCB Xanﬁnﬂ &BLQIBN 9 d._ |H
Hy, S 2. 85 d%égz o 19) ) 63 ?3 & g@H&“ﬁg d*fl-r%(g@ (5@“1' pof—fg"ﬁ("ﬂ W50 (m
2H, Hs'a an HE %fo utéon&ga% }H:Pgress:ve y heated unti} reffux and stu'red 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 (E1OH))
! .
- HNMR (200 MHz, CDCls): 8 8.33 and 8.03 (25, 2H, H, and Hs), 6.30 (dd, 14, Hy, ] 2.85

Hz, 17.06 Hz), 5.63 (I, 2H, NHy), 4.96 (m, 1H, Hy), 4.50 (m, 2H, Hga 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 (BH,)"
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2H, Hpa and Hzb), 1.08 (m 28H, isopropyl protons) Mass anal ysis (FAB+,

mz 494 (MrH) +,

HZN N N | _ )
refluxux, 2 hrs OH 148 L-deoxyadenosine 149 1 chromatography colum Yield

= 75/

N \/\ TrON~N 1Si~LNOCH hrs\ O. . NH 2 MeOH -7

(Merck; refReagon3s 2500) Sol vents : Methanol P. A (Prol abo; ref

GT)

136 (BH2)' 28 ....... ... .. ... ... Reaction 5: HZN N 1 N>

crystals_ Reactants : Ammonium fluoride (Fluka; ref 09742); Silica

gel

20847.295); Dicplworonethane P. A (Merck; ref 1.06050.6025); Ethanol 95
(Prol abo; ref 20823.¢93) Reference : Zhang, W, and Robins, M J., Renoval
of Silyl

3|

(32 g, 65

at

silica colum, which was el ut

refl ux

ution of
y- L- adenosi ne

Prot ecti nfj & oups from ,Hydroxyl Functiond2With Amoni um Fl uori de
I n Met hanol . TegF efdron Le , ﬁ%,ll??- 1180(192) .y
Q o)

, 5" -0 (

1, 1,3, 3-tet opybi=ls 3- di si | oxanyl) - 24«
mmol ) and a [

for 2 hrs.

Sili

appropriate fracti ons #8re conbi ned and evaporated t O y.geoxyadenosine 149

1 chromatography column

Yield = 75%

crystals

Reactants : Ammonium fluoride (Fluka; ref 09742); Silica gel (Merck; ref 1.07734.2500)
Seolvents : Methanol P.A., (Prolabo; ref 20847.295); Dichioromethane P.A. {Merck; ref
1.06050.6025); Ethanol 95 {Prolabo; ref 20823.293)

Reference : Zhang, W_, and Robins, M. 1, Removal of Silyl Protecting Groups from
Hydroxyl Functions with Ammonium Fluoride in Methanol. Tetrahedron Letr, 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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give a white powder, which was crystallized fromethanol 95 (12.1 g, 75%.
Anal yses for 2'-Deoxy-R-L-adenosine 149: np 189-190C (EtOH 95) (identical
to commercial 2'-deoxy-D adenosine) 'H NVR (200 MHz, DVMSO D6): 8 8.35 and
8.14 (2s, 2H, H2 and Hs), 7.34 (sl, 2H, NH2), 6.35 (dd, IH H., J 6.1 Hz,
J 7.85 Hz), 5.33 (d, 1H, OH2, J 4.0 Hz), 5-28 (dd, 1H, HY, J 4.95 Hz; J
6.6 Hz), 2 IHO—l5 (m IH, H4),363352(m2HHyand
Hs' b), 2, 71€a("gr“i7’H %—ﬁrﬁosl)"?‘%“(’ﬁ{hefﬂsquZHZ)GD)KHX Le@ptidim@l to commerci al

- deoxy- D- adenosine) aD +26 (¢ 0.5 water) (commercial 2'-deoxy-D adenosine
-25 (c 0.5 water)). WY .max 260 run (s 14100) (H20). Mass anal ysis (FAB+,
Gl mz 252 (M+tH)+, 136 (BH2)+ 29 Exanple 3 Stereospecific Synthesis of
2' - Deoxy-p-L-Cytidine e20 0 B HN HWVDS, (NHg)250. OSi (CH3)3 QAC Bz0O ~NH
ONI refl-~ NI 1 N~OH (CH3)3Si ON TMSTf AcO 1, 2dichi oroethene Uracile
10 2ZN.NH2. H2 0 O O /Pyridine, CHSCOOHo NH HOHO ~ ~NH ~ N O 6 Bz 1)
DCC/ Cl ZCHCOOH N~O 1) CSHSOC( S)ct C6H6. DVSO HO DMAP/ CHICN (56% yi el d) 2)
(Me, S03Sin. AIBW D oxan (66% vyield) 2) NaBHd Cészlgls Et OH (66%

L m@» X
OSiCH: AcO
HN HMDS, (NH),S0, ¥ OAc
) s tanso, A *
o7 TN refiux . /,\ |
H {CH3),:5i0"" N TMETS

1.2 dichicroethane

Uracile

HaN_NHg, H,0
© 1 Pyridine, CHyCOOH

8] .
NH
| K\NH
HO ||
g el SOME
) CeHsOG(S)CH Bz 1) DCC/ CLCHCOOH

DMAPIGH,CH o CeHe DMSO

a3 .
56% yi . 12
CB% Yl 2) essiosin, Ao Dioxan  (66% yieid) 2) NaBH,/ CeHe EYOH 11
{68% yicld)
1) Lawesson's reagent
1,2-dichloroethane
2) MeOH/ NH;
100%C

NH;

2-Denxy-p,.[_.cyﬁdine (B4 Q)
{80% yield)
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%yield) 1) Lawesson's reagent 1,2-dicNoroetharre 2) McONNH3 100% C
NH2Z N HCr-, NO 2'4)eoxY-D L-cytidine (P4-dC) (B0%yield) 30
1-(3,5-Di - O benzoyl -[i-L-xyl ofuranosyl)uracil LI) Hydrazine hydrate (1.4
m., 28.7 mne]) was added to a sol ution of 1-(2-Oacetyl-3,5-
di - O benzoyl - (3-L- xyI of uranosyl)uracil 10 [Ref.: Gosselin, G ; Bergogne,
M-C.; Inbach, J:35Di-O-bey é’éa wlaﬁdamvl)vrzrcw@val uation of

13-L- XyI ofurano ] &{Hg rally QOcc r| ng. Nucl e| c Aci d
sases” ! Jout g “éff“Het hffgi*@‘e‘?m‘i & 7S S I S gt of G 00 S
1229- 1233] r Bﬁoﬁm@pgyljumchu[aehgscqs@em,n aawlgo@ﬁewiccaﬁh@hcﬁhi n).

(35 ) andr ﬁﬁ‘%ﬁgﬁ‘ﬁ P Sl T ST b Rl it P AEL ur o was.
evapor at ed Mgk Q@GU@@HU@WQs%suirlﬁtses”ThErﬁaesﬂHéﬂefbgyaﬁillﬂhh%tfﬁﬁ@%Uﬁd {Oc@d by
silica gel ngohu r l.uent : pwW. S gr.adi ent of net hanol
(0-4% in di c g?gggéﬂgﬁzggo@ﬁégkﬁi“ %”‘8“@ 6%%%“%581?13%&15 wkydhal | i zed
from cycl oﬁé%&h’e‘ﬂf@lS@hbtﬂ)ommagman@onmmperiﬂ#e Wedfone wh MR ( ﬁ'\@g%@ry 6 11.35

(br s, IH, 11 C6H5CO, H-6), 6.38 (d, Jon-r
4.2 ). mN!’ere \Ja gteracﬁ‘o‘ Eé Tl If'&ireacglon_rmi(tlge MRS evagorg@d(ugdeﬂreqluced &cs&ﬂ@- 6 =8

HZ 5. 54 eSl!!H-h 1esidhe w ﬁe sifie o
) Tl ks vt b s it by ogtay Hilen Skl 1

o i 2 4 e FknmeitaRol Aok Bebiorapieibae toreive Lk CETh, 68 wBh with 1) - 151
( C6H5C02) crystmhze(daydm cy%hﬁiexan@&lﬁ&xﬂ:r&rﬁéthgg:sm%c’g‘?glgl 1629 aMr (A& s8%): 'S' 4.76
103, 5o B s Sy DT i, b Qdé%%ﬂN)Hxﬁ)a@BIS (0l F GHbDY Ubsen =0f2 Hz),
anhyirous bepzene’ VS 10 gre (o oat S AHERaP il b0
pyri di ne , ), 4.7 (m, 2H, H-5" and H-5"), 4.3 (m, 1HH2)
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 aphydrous 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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(1.4 m), dicyclohexylcarbodiimde (10.9 g, 53 mmol) and dichl oroacetic
acid (0.75 nL). The resulting mxture was stirred at roomtenperature for
4h, then diluted with ethyl acetate (400 nL) and a solution of oxalic acid
(4.8 g, 53 mmmol) in nmethanol (14 nmL) was added. After being stirred for |
h, the solution was filtered. The filtrate was washed with a saturated

NaCl sol ut FisHo[omeso0eto) siveats (aHLO8% othitthi v ch2%H0OMEbmARGONRIET mf 21FROML) .

The organig-phag&nRenHkhe r 2S e evaporated under reduced
pressure. The resul t|r§ ﬁfspecg u@ ?\’I\sgg ﬁ)g[nNiGi 58%715 G d Hin2 GeEQ0H-6), 6.23

absol ut e- bscb QH-S%Du@ &5 (d14B, Htl", Q- 4 4 H/j)vs)54 (}Eomt}hussh%@gqtmgns gﬁ (10C was

dded NaB 9 6. _5_ t ed
2ol 3t| on @(ﬁg)l gf gd {/’%n“t h regﬁﬁ?),;; ég’ﬂ@qf qfi‘ﬁlﬁrgt)h‘éﬁ ('Flrllﬂéﬂvéd,dr‘rﬂéz

filtrate wid R@dhdt$: WABRO (mas.at@ﬁ)aﬁ@dsmﬁyokutﬁqn1(?9%1ﬁihoﬁtlﬂﬁv@épr (400
m.) _ The en evapor at ed” und
reZ:Iuced p?iéggg? Q"ﬂaﬁﬁ.’\é@ﬁ‘ﬂ aﬁ’gg@ gle(%@@i)alnin@ spiral f(ifaéfdl fopy silica gel
col umm chr GrHbdg@aphy61[0s; l}Eﬂt% SNI%DW seurd-adis 8% . Af 4 AL ﬁafe) L (0-3% in 31

i Ze

di chl or onet han 1 , 66% whi ¢h was crystar d from
acetonitrile: 5 &q‘;@ )z{’eb ?)&'2 d?‘?—"NﬁF@(ﬂMO*d@)foquamlsyBﬁm(ctir(_@_ | H, NH)

8.0-7.5 (1o dsdutiin & 1GBIEE0. B 15 H,
Hle, Jl( 5= uﬂzgz %@5 bﬁfz wﬁ%m&f%“"%%”‘%%z@%%f](’t f“ﬁh H- 3"
33 -2 = fFehydpoust B e 192‘)6‘113&6 ngLY wre added Hh@oxahubcatbsﬂ})l chiériBe (4 miLH,

H4'), 4. 843wmL)ddd 4-tdidethyla 341 (S)+,
113 %BH2)+4(105) CGthCO)tE]rl Mﬁﬁé&%ﬁ{ﬁéﬁ)%ﬁ é?)scé@o% ﬁ‘lm o

( C6HBCR) - OlllflOlF wis 3tigyed at yoqE temperpusgiurider arGRBHRONDOR: foClh aid B&i edaborétcdw N,

6.19. Founghder r&luctd I%s?s ;
1- (3, 5-Di - O%énzugyl e greeo?y? g‘“ﬁ‘ﬂ‘é V%ﬁ%sg‘“g%dn‘ P SichlesepedmePatml) paddpe 1o o
sol uti on @Feapicgluion warsysesssivgly-washedawislparnioé-usld 0OSY |h)rdlrl’oali>]bhc dcdd §oidng, 11.4

mol) in (@oboydsp e wer e added
phenoxyt h I( ocar bo n}] %ldé’mz‘gg?’gﬂ)b Eiﬁ%ﬁ oveg% %dnﬂ%en Sxgporated under reduced
4- (di net hﬂ‘%ﬁﬁ‘irﬁd@*ﬁyﬁmdd |HWéer(aDme;o @@péragd sd¥dral GridhWith-ankjBodsafiddahé Mt

sol ution \WaSelstd i erat ure.und argon atnosphere for I h and
t hen evapora{t) ed l}ﬁgg‘?{’e]{t We&eﬁ? tmﬂf@ﬁ\“@’él‘”ﬁﬁe‘*‘%‘é CEAEPYHEES- i n

di chl or orréw&yls(ﬂab@tmmnu (4.2enL,aBFanin6l) S &lli-05bi RS FHEERSGIHR] yspast hed

th an dro hI or d solution 3x 200 nl) and
\(Mz 200 rr:_) %gﬁhe O%‘ééér\i‘:ké I?’S‘\‘}‘&iﬂdétlggd I%Iri@@“ fordowder ageashet . The

crude mat éNled towagm @mnmm aad edipaﬁt&nﬁﬁertrhd{ﬁgd ﬁﬁlegslﬁmaﬁ-hg UsRidS wilk E and
di ssol vedy, g] LhbS SRY ve 110 To the resu solution were added
li é n:?u nglg’)[@'}l ?

under ar _go tri Fg P ePyisgraragient of methanol(8-5%)hergide and
a, a' - azoi $BBUTYE, GOV witich v(adlcBMNialRzch Bm EIOH: mp = 223-225°C; H-NMR (DMSO-dj):

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<0 (matrix GT) m/z 435 (M-H), 111

(B); Anal. Caled for Cy3H;0N,05: C, 63.30 ; H, 4.62 ;N,642. 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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3.76 mml ). The reaction m xture was heated and stirred at 100C for |h
under argon, then cooled to roomtenperature and evaporated under reduced
pressure. The residue was purified by silica gel colum chromatography
[el uent: stepw se gradient of nmethanol (0-5%] to give 13 (2.78 g, 56%
whi ch was crystal lized fromEtOH nmp = 223-225C;, H-NWVR (DVMSO-d6): S 11.4

(b r7 SHz ) | ES! ligggel cgugnzhenianerdphy [dHhens @H&@@mﬁz@)ﬁ et&l%%eté& {0- h%&'md HH [3 5 J
= i "
2 6 (m 2Hd§hl()f9metl%§eht|5? e tf’%‘fy‘\;gthm E‘%\%@Gg@ﬁé‘ﬁ Ialyg}im)“oam A %1710(1 Nh#jsthio3325
(S)+; FAB<(9tf{rWﬁ@lpﬁe)“ -6B) 3. ﬁi mf?ﬂ!ﬂﬁn(nﬂﬂﬂhﬁmhc Q{ﬂlﬁqomﬁ?reﬁeﬁély sa%la&&i af 96 E aflg N

CZ3H20N2071 42. Foun
6 a0 b o pett S?C?bp I n L) s F‘fﬁ‘edﬁﬁ él%‘} CE&@é&%f&WS@rtqeb@g@wlto @llalﬁzhgl cotled6
nunol ) Wasmdﬁ@eahmmna‘"@ @vapofxtadl uRAbUediRRd Bfesstive. ke (’L?SU%F gmdg P! ) 1 n

anhydr ous eth nm.) and the reaction mX was stirred
under reflﬂvx&flmf%gg SHrhee §81“§7@rfg"!ﬁ%?é°&rﬁéw [eivsmomtve@b gmiiertofmdﬂnamcd(o-

pressure aim/ol inalichirsbreletd Fimuyi thé I
chr omat ogr l] It%\; %ﬁp\;\n SZ tgr g%.’ o dtmhscfve&g)e?fé? H{f%'adé%ougl'xna
di chl or orre ane]~x 3 (©:45 pe Millippreyand gvaporeiit an@raaiuaecymhdsmwtcﬁ pamide e

ammoni & ( B‘?eétv‘f"o%ﬁg‘fﬁiﬂu?"a‘?‘e’éaﬁ““a“@b“a R O 0D Sl Ba TS alPR ot

heated at “PODE] ot - b%s’é’cst}éyMIthMS{bde) 7. AN, uHeH-(gm@ke’ﬂcl Hzp OC. The
sol ution VB @yapH,N gr G cr ude
mat eri al @;gﬁmﬂl elgg)byrlgl?{lr |1§:ﬁ§e’ﬁd3§%§§niu§§9r@ngﬁog SZE‘Wy mtl? (d,
st epwi se gﬁgcﬂ tJ%H TrétIHdnof 20U, HDQHIsH Jdﬁghd]@;,@nses Da{)ﬁjcﬂ(ﬂmq&i IH¢3 the
appr opri at®75 @aqti, onp) r unit M1lex HV-4
(0,45 pm M| (%por e) a\r?gjgﬂl/%%gpgt eaﬂgundg’rfg gr)eéglgme”tld{ﬁrbMSje t he
desired 2'E JapK G pyetz 208 G-+ 31 EADHAS F&H@a(maﬁﬂ( ETPm/2308%0M \My ch was
crystalll gpof£ 0 a)b§20 H NVR ( Dl\/BOd S 7.77
IZ-II—GJJG@ (2 ti'@?ﬁ[‘%ﬁ” o %E%dé?%i“sw—ioz? cogmerpiglly avqnlaHe IR
= 6 7 Hz) hydrogigoride saltHf ﬂwlyrenalﬁoﬁeq And). ¢Hdd foécm,3(\19b4 ¢|47 570;&3_‘;77 H3 =
4.1 H), . = JoH5 = 5.2 H 'H3),
3.75 (m ﬁlﬁ%kﬁ i dh%%ﬁr? %ﬁgoﬁé‘ 2%nd H5"), 2. o (m 1H H-2 ), 1.9 (m
1H, H2"); M FAB>0 (matrix GI) mh 228 (I\/H—l) 112 (BH2)4; FAB<O (matriXx
GI) mz 226(MH-; [n]20n = - 69 (c 0.52, DIVBO) [[a]201) = + 76 (c 0.55,
DVBO for a commercially available hydrochloride salt of the
D-enantioner]. Anal. Calcd for COHI3N3O4: C, 47.57 ; H, 5.77 ; N,
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18.49. Found : C, 47.35; H 5.68 ; N, 18.29. 33
Exanpl e 4 Stereosel ective Synthesis of 2'-Deoxy-(3-L-Cytidine ((3 L dC) NH2
O p cyanamde Cx OH MCH , nethyl propiolate N HO OH 6M NHAOH N p O CH
E[Oflux 201 N~ --~ OO OH OH Ref 5 6 Ref 5 L-arabinose OH OH 1(66.0%
2(62.0% crystals crystals 0 BzAO 0 Qu dry pyridine 0JI) OBz Bdry

tol ueneN p~ '! REPPE4 MSterepielectiReSyiBh6isiB2’ MEN D-6) 6Bge (FBAEG Bz Ref

5,6,8 OBZ 5 (97. 2% 4 (92.69%9 3 (95.8% precipitate crystals precipitate
SNH2 HN O-N1 OBz

Ref 1 1 La Wes son's reagent dry CH2Cl 2 refl ux
1:
McOHI NH3 01: N) OH i, o
cyanamide
o OH yMeOH NE methyl propiolate | IN
HO : :F ] 6M NH EtOH /H,0
oH "OH .o OH reflux N/£ o OH
OH
Ref 56 Ref 5
L-arabinose OH OH
1 (66.0%) 2(62.0%)
crystals “crystals
o o BzCl
dry pyridine
HN
A | BuySnH JAIBN 'j\ﬁ
o7 N op; Hvtoluene oF > DMF/HCI
o reflux o OBz dry DMF
: 100°C
Ref 5.6
OBz cl OBz Ref 5,6,8 OBz
5{97.2%} 4 (92.6° 3 {95.8%
precipitate ‘ciysg{;) pmrécipitant)e
Lawesson’s reagent
Rel 1 dl'y CH2C|2
reflux
3 NH,
*ijj )
(o)
N o OBz  NeOH/NH, OJ\N OH
106°C 0
-—_+
Ref 1,2
OBz OH
& {quantitatif) -
solid after ¢ L;drgs(;?f%)
purification )

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-NH,OH (50 ml) was stirred at room temperature for 3 days and then kept
at -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- -ds) & ppm 6.35 (br s, 2H, NH ;), 5.15 (d, 1H
H-1,J=5.6 Hz), 5.45 (br s, 1H, OH-3),4.70 (br s, 1H, OH-5), 4.55 (d, lH H-2,) =56 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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1f 1,2 Ref 1,2 OBz OH 6 (quantitatif) p-L-dC (78.6% solid after crystals
purification 2-Am no-]t-L-arabinofuranoll’, 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 NHAOH (50 mM) was stirred at roomtenperature for 3 days
and then kept at -10C overnight. The product was collected with suction,
washed sucBemgntsel y with nethanol and ether, and dried in vacuo. Yield,

130 g (66. D% of th ical l d 1, . 170-172C, |H NMR
(DI\/S%E!G) Q’“f’r?’n"%“s%‘“( ?—5%"-%&%565.({3"?3?”1.4, m J= 5.6 Hz), 5.45

(br s, | H, ChadpidedFaha, (>k918°/a,re£2833®+ 5), 4.55 (d, IH H2 J =506 Hz),
4.00 (br s, IH H3),3-65 (m 1H H4), 3.25 (m 2H H5, H5"). 34
Reagents: L-arabinose: Fluka, >99.5% ref 10839 Cyanani de: Fluka, >98%

ref 28330 M232' ridine () A solution of conpound 1 (98.8 g,
0.57 mol) %nd® HB¥‘EVF£E)‘ ‘5&) 'Bfgtge (98 ml) in 50% aqueous ethanol (740 m)
was refluxed foa sbhutioh becosehed @88 £ owyenb afeRemPdsibp 1094167{9'8' rﬁb%dso%
pressure to the h% he orlglnal vol une.  After precipitation'with

acet one (6HH f a’i“ﬂe&'ﬁ{’ dalicvadarsiiwmd &xt & then rroglgd t ansh congsntmterl wndas
et hanol angin@hikied, présdshe & R half UFehe %lﬂﬁ rvolxhﬂ“ﬂf‘teﬁ'@@mﬁ@{foh%?ﬁ %@ ?Fg()b at ed,

t he concent hate precipitated with a one (1000 m e Sso cted
with suctiBR; thedodust Hazicellestsd yuth w@manaasb«ttmnh ethanpl fapd ¢thgn e dricd (idp of

the pr OdUChoth@/ﬁ’c[lro?- hlas ﬁérﬁltl? go&QnQaté@%% r@ﬂ%ﬂﬁ%ﬂta d S\gﬁ z’ér:e?c:?lg ?(&_99‘)1) H _

NVMR ( DVBO- | d6) ﬁ%
5.7 Hz), s5thg 5ol(chcol tled it suction, arl wasﬂqg() w1t5 ag@on(edmd tﬁier mfﬁir() an@hea@rapcbf | H,

II:II-ZH- 43) the rdd%lt’ O@exoigl I_éx@d #f‘g (@7& e% Coe oﬁrAf I{lﬁy 6p%10d;}3bll_1%§11\)lklgﬁl\'%% (m |
>97% ref c&,)_é@gm?S?(d 1H, H—6 J= 74Hz),635(d IH H-1,)=57Hz),595(d, IH, 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-37}, 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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3',5 -Di -0 benzoyl -QZ' 2' -anhydro-p-L-uridine () To a solution of conpound 2
(71.1 g, 0.31 nol) in anhydrous pyridine (1200 mM) was added benzoyl
chloride (80.4 m) at OC and under argon. The reaction m xture was stirred
at roomtenperature for 5 h under exclusion of atnospheric noisture and
stopped by addition of ethanol. The solvents were evaporated under reduced
pressure and the resul ting residue was coevaporated wth tol uene and

absol ute eg P _ru de,mxture was then diluted with ethanol and the
preci pit at ehsgo 40 . rRiTe gif’é%(” 'ﬁsﬂé’&“&&f&bes& vely with ethanol and

ether, and dri et aYoIeh@h oﬂcﬂﬂxpgur(dgﬁ(ﬁﬁ%g, 0f130 AP Shy] ?Banam%é‘bl@ mI)'d;algle
O6H5C0, H-6) . 6.50 1d. 7

(DNBOsdgga ?@39%%%5%“&%”@’1 solugipn (2081, prspareglyin sipidy adglng%zgnuqf;wetss %

(d, 1H H Gildridk. aa)°crrb alddlutxbh 41 27.34mI35 rﬁéiha:?dr'm&h% 5 nifFof dmetRARYERhide).
Benzoyl ch ride: ref 12930 35

3,5 - eFF?S%“ ‘?"‘“Eﬁ |“gF 6“12@(1 FIOKL (q; 1 wider exadusion) of Tsmasphofiumbisture f

corrpound Scdobddl. dbveh, @ﬁ&%mi) 4 d at
0C a 32 N-HCJ | DVE %ol Ui} on (208 o (ﬁb({)@hi}gﬁédﬁ’gﬁmﬁgd 40%9""%‘3 4%37"1%%
acetyl ch F‘&fé‘“ﬁtwﬁg“i Wﬂéw?ér , @t“ii msrystallizzd om etlmafnohﬁhhmystbls antda cbB8ct&d, m of

di met hyl f owaghed Gdih cold Rehah&a&ld QherMhd ldfn(?d \ﬁg erscix}n'ix{ls ed é;[res%i? gcmegd’ v‘\%' f, under

excl usi on 8%#8.'[ m)spherl c noi sture, COO ure

(4000 nl). P eemppung 4 mp. m«w&@n MNMR (Dmscedz)e‘idppmnsmbs KCIH, CN\H),

coi ect od, - vaered o C R PRI TP UL 4P e 28 By it P A Al B shea

pressure. 8P H-BoHet gl-5(. 9858 of corrpound 4, mp. 164-165C, 'H NWR
(DVBO- d6) e m:8.7(br s, 1H NH), 8.1-7.3 (m | IH C6HSCO H6), 6.15
(d, IH H 4.8 Hz), 5.5 (m 2H H5, H2'), 4.65 (m 4H H3',

H4 , H5 Aceﬁ‘@"i)ondﬁeﬁgé‘mpa Pg@09%0 chloride: Fluka, p.a., ref 00990

3',5 -Di -0 benzoyl -2' -deoxy- (i, L-uridine (5 A mxture of conpound 4 (60.28
g, 0.128 nol), tri-n-butyltin hydri de (95 m) and azabisisobutyronitrile

(0.568 Q) 3,13, Fio- ng}%gp?, “J’g‘gﬁﬂe;ﬁ{'ﬁ% ef | uxed under stirring for 5 h and

cool ed down” The s was h suction and washed with col d
t ol uene and 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, H-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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petrol eumether. The filtrate was concentrated under reduced pressure and
diluted with petroleumether to deposit an additional crop of conpound 5.
Yield, 54.28 g (97.29% of conmpound 5; mp. 220-221C; 'H NWR (CDC13) S ppm
8.91 (br s, IH NH), 8.1-7.5 (m 11H, C6H5CO and H6), 6.43 (q, | H H1',
J," " Z=57H and Jt',2 =8.3 Hz), 5.7-5.6 (m 2H H3 and H5),
4.8-4.6 (Mevadbhati s | d , R-2.7 (m. . H2), 2.4-2.3 (m

IH, H2"). F@ageﬁt‘ ?f tHiE't iéqlﬁ%gtﬂﬁ :&f“}]ie h‘%?j‘rﬁ}’gde":"“l:%'ﬁé% %S%QIP% gé‘oé‘:‘[’%’““

Azabi si sobtrgmaieeaphy keluapi: gkagicnt 9Boethand! (QD8@0in methylene chloride] to afford pure

3', 5" -Di - chpnAg } & == - 4- 1 his i,di sol,ytj on_qf ound 5
(69 g, 0.158 nol 55‘Egﬁdgﬁg%éggagfvg%e&%@}%ﬁg‘%tﬂisﬁppnéhﬁﬁ DIl NELHy Lde
chloride (SB0PHHWR), 732 dxXEH Hibder 78rmn6.00 edd)ilBh -1’ Af + 616 H34hd J = 8.2
evaporatio t | yang . C r.esi purified by a silica gel
col um ch?g}r)’rfgi%g?’agﬁyﬂ?’e{ uaﬁ#tqzﬁz)gfg%gq?nérﬁf 5‘? 5 ﬁ’eﬁi’ﬁo?ﬁ(%—%ﬂ 'Sinr %E'ﬁy’i}%ne
chl ori de] #H ai2iédnd 1pufe?’),@dnfeouHdH82’)73 g) in quantitative yield; 'H NWR
(CDA 3) 6 pRMeds.d (br s, IH NH, 8.1-7.4 (m 10H C6H5CO), 7.32 (d, IH,
H6 J=T7° ', 6.30 (dd, 1H, HI', J=5.6 Hz and J = 8.2 Hz), 6.22 (d,
|H, H5, JLawgsin’kirdageit: Eulm, >98%, H£81750 4.7 (m 2H, H 5, H5"), 4.5 (m
1H H4), 228 (m I H HZ2), 23 (m | H H2"). Reagent: Lawesson's
reagent: Fluka, >98% ref 61750 2'-Deoxy-(3-L-cytosine A solution of

16 mol) in nethanol saturated with ammnia (73 mnl)

conpound 6ys(y{, 1 0.
was heate alzeoi‘ég)d‘icﬁg)ﬁmgt ai nl ess steel cylinder for 3h. After cooling

careful ly, the A saitienif componida@rat, @16mslY inRAHSRT sRESES Wi -anfibrRfy§OUS
sol ution of .t he re{sS; gaga mmshed with ethyl acetate and evaporated to
dryness. SUER"% Bl et 0 s 2 chimles iestieylintlen forodhebfieramoling cirefliy the3 g)

of  conpourdhén( vai alaperatndet r&uted’ Bredoure. TAS ' e lned,
diluted with a sg{‘gﬁs et hanol z;n&m(::ogf ed G'Eo giﬂé@%ﬁ%&@??@gﬁé%.res@?gg\}eagof

benzani de WaRBFLY hagerte Mdirpraeied i, dyatss. Bicha mrycedusovasdatrieduintion 9
(75, 6% of Eonmaund o of tembéhudd @b ARERPLEGLRR Dchhe I8 Bsflyedials 8o
(2 br s, ﬂqm%%,) (,hluye_dgglt}( ghsolupq:, ethqangl angicopled go BivE 7 6.ci@tald. Trdcklof benzamide
“were eliminated 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
(DMSQ) 8 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’,J=6.5Hzand J = 7.6 Hz), 5.89 (4, 1H, H-5,1 = 7.59 Hz), 5.3 (br s, 1H, OH-3"), 5.1 {br
s, 1H, OH-5%), 4.2 (m, 1H, H-37),3.80 (q, 1H, H4’, 7=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-2""); FAB<Q, (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) Amax
= 270 nm (& = 10000).
---Reagent:

Methanolic ammonia: previously saturated at -5°C, tightly stoppered, and kept in a freezer.
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HI', J= 6.5 H and J = 7.6 Hz), 5.89 (d, IN H5, J =7.59 Hz), 5.3 (br s,
| H, O—I—3) 5.1 (br s, 1H, O4+5'), 4.2 (m IH H3), 3.80 (g, IH H4,6 J=
3.6 Hz and J = 6.9 Hz), 3.6-3.5 (m 2H, H5, H5"), 2.2-2.0 (m 2H H2',
H2"); FAB<O, (GI) nle 226 (MH-, 110 (B)"; FAB>0 (GI) 228 (MrH', 112
(B+2H)+; [a]p - 56.48 (c = 1.08 in DMSO; W (pH7) W,,. =270 nm(a =
10000). Rea ent: Methanolic ammoni a: previously saturated at -5C, tightly
stoppered, and kept in a freezer. 37 Exanple 5 Stereosel ective Synthesis
of 2'- Deoxlyxz{rm:IESThﬁmaosehec(ﬂwesls@zaneofy)pmi, e QLil-a® N7, rOBz |z
/[ CAN QJN O OBz dry T pyridine O-N OBz CI-BCI\|~DIE);A032 ef78CBz Ref 4,9
OBz 5 7(63.51/6) 8 crystals solidoe 0 O NMP HNCH3 pTO RQ,f 4,9,10 Pd(QOAc) z

N CH3 (MePunkNMe)4Sn O -0 4- M O-N-Owr OBZ NETB.. ON OBz p-4dT
(64.8% 9 (gABN. % 2 steps) crystﬁl d after purifjgation oI| d after
purification BPz O bamroy|~ 2N deqx =i cmémm:h urd"dinie ( 7)~db.mi xt ure
of conpound 5 105 8 g, Ofi‘ﬁz_rml) J odijie (76. B‘E‘g%, CAN (§6.4~9) and
acetonitrile (255Qgn ) wagesgkirred at 80C for 3h,then the r lon mxture

was cooled at rogm tenperature |eadin %o crystallization of &mpond 7
(86.6 g, 63.5%:°m p. 192-194C ; |u‘63,§®R(D|v50) S ppm . 8. 34sefs, |H, NH),
8.2-7.2 (m 11H,2 C6H5CO, H-6), 631(q 11-1, H1",

o : o NMP
Pd{OAc),

HN CH; pTol . N CH, Ref 4,910 PhyP

)\ | {Me)4Sn
O N NEt;
\ : : I MeOHINH;, o 0Bz
0Bz
P-L-dT (64.8%) 9 (48.3%, 2 steps)
crystals after purification solid after purification

3’,5’-Di-0-benzoyl-2’-deoxy—S-iodo—[LL-uridine (7

A mixture of compound 5 (105.8 g, 0.242 mol), jodine (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—G); 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, 1H, H-2"), 2.3 (m, 1H, H-2""); FAB<Q, (GT) m/e 561 (M-H)", 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
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J=55H and J = 8.7 Hz), 5.5 (m 1H H3'), 4.7 (m 2H HS5, H5"), 4.5
(m 1H H4), 227 (m IH H2), 2.3 (m 1H H2"); FAB<O, (GI) me 561
(M1-1)-, 237 (B)-; FAB>0 (GI) 563 (MrH)' ; [c]D20 + 39.05 (¢ = 1.05 in
DVSO); W (EtOH 95) unmex = 281 ran (t: = 9000), Vmn 254 nm (E = 4000),
vma = 229 nm (c = 31000); Anal. Calcd for C23H191N207: C, 49.13 H, 3.41 N,
4.981, 22. FA’-Thdrhenzoll-2"48od}-3EV-tSuad-NL-thyBRlide (932- 36. Reagents: | odi ne:
Fl uka, 99.8% ref 57650 Ceriumampniumnitrate (CAN): Aldrich, >98.5% ref
21,547-3 38 3' % S¢5Ues BLRIBRAUNS: T (Rodey 04 5hmad) iwogrthypions pytigin @158 n(lp) To

a sol uti onconfairgogdb dil Rghind (3H¢ l s - OUS: in6- Ne. 0nm)
cont ai ni ng I\ edt Rxéjglu?g lSroggg)ljfan‘iurlje( 53.ng?nv1)as d\%/ggdqg%cgg%f)%ﬁ iOg(Ir:fvfg)(éJOg? 0C,
p-tol uoyl CRHIdSA] "(%8‘?‘8 TrAchion mirduicayastsiiaed for 2thistgoomsempémimedtieoma@r h at
room t enpewad tdded b hesp wRt RhactiofemmPadedadiRnSEQRrd e’ %g&%ifﬁ nwi‘ff}]ngne,'%h?%ne

. . : Rn%
reaction m t%e\];gas extracted with nethylene chlori e organrc phase
iy . F

was washed® etrgand; iRbaseovess  Washedinwidu Watere deindl ovev aspdiuat edlfato anl yness
to gi @Borded 30 -dN - 2" deaxy~3-N-toh.uoyl - 5- {,0do- p-L- . urj di
0 S Eradongicd o i Regsavld ool e GRS

(2) which can be used for the next step w thou
sol uti on oFidined8Lvhigiecan betugedfog thegmii st withoat Bt thtreputdicddorg) |

tri phenyl phosply ) ! l.py:rolidin 375 m) with
triethyl am ne %%ut%ﬁ)o@%&#ﬁ%%@% ar“ig)%ﬁﬂm ¥ %ﬁﬁsiﬁ? %iér’f’llﬁ“yl?l’goﬁ‘?f"ﬂ? Gfhen,
t et r amet hy@tirnVueshyipyseljdinens Eaa% dnll nefwirkehyddmifE @3daIN) vak GaRed A F@in

stirring gindOQutlRC niLght .. L he reaction mixtur oured into water
and ext racT&e% W tllﬁ a?gﬁhy:rg%f ﬁ%tlfgme?ﬁ'iu'by&a‘lgwg] ¥ B‘chgarfisrwg‘g'sﬂ 7 8§ wrler
sodi um sulagmeAlerstining v 400140 Wovennight, thedeiersh MHASSUIA. poliRG ihtS Siallk §nd'aS
purified Ry i L:ea..gel, col u chr omat ogr aphy- [ el uant: stepw se gradi ent
of et hyl acg%é%eu(tg- 18@/3'1 i e¥'gﬁf“eﬁék]a"’t°os°8\%§i:’§ WEb APt rRreo sedivg syfs b, 3 g,
48. 3% f or comenRated @pdyr. reditctiMiredsDMSDheSrefRie wds Jufificd (B9 a b 21RO 1
CH3C(, H4 29 (t, IH . H1', J= 7.0 Hz), 5.7 (m 1H H3'), 4.7-
4. 5CE m 33?“‘%9?@& é"*'],“g’i‘ﬁ; zfgé}’)"”sﬁ.%'-a@?'é ?frrfthw}gewez'(f?-lfl%;}"iy; tohmz]o?o §@T) me
567 (M H) ‘compdut@ % dhaGbRaRA Cg) 48 3%43: 68D s1epd2 (PR ERRA0 £527) (h137
(2M+H) ', -1§ﬁ92 C%H)' ,#%5 ( -1 245 (B+£%-)|): , 119 %éaﬁg%%a(ﬁ% 'g’gent s:
p- Tol uoyl “2htor e NP e et 40lba81% J= 7.0 Hz), 5.7 (m, 1H, H-3*), 4.7-
_ 4.5 (m, 3H, H-5°, H-5, H-4), 2.7-2.6 (m, 2H, H-2’, H-2""); FAB<0, (GT) m/e 567 (M-HY,
449 (M-CHyC¢H4COY, 243 (BY, 121 (CHsCOO); FAB>0 (GT) 1137 (2M+H), 569
(M+H)Y", 325 (M-BY, 245 (B+2H)", 119 (CH;C¢H;CO)".
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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Di i sopropyl ethyl am ne: Al drich, >99.5% ref 38,764-9 N-nethyl pyrolidi none:
Aldrich, >99% ref 44,377-8 )Paladium acetate: A drich, >99.98% ref
37,987-5 Triphenyl phosphi ne: Fluka, >97% ref 93092 Tetranethyltin:

Al drich, >99% ref 14,647-1 2'-Deoxy-13-L-thym dine A solution of conpound
9 (42.3 g, 0.074 nol) in nmethanol saturated with amonia (1850 nj) was

stirred at scpdameil epsraakuiie! RtuldiCtans adf heToYARALAN0Ra o 4 Dfcophvent.

the residue. was diluted with water and washed severa at%el

acetate. THIWERABRtrgmRlYy [duant: 3gepuisn reaadicht cévmpﬂm:aﬂ e(@ umbem m&myd)aad

ressure aglod J g% f
(F:) hr omat ogr a dh?attal %antg%g?g%vﬁp E%Lé?ﬁ%dgﬁt(?%ﬁi ﬁ’e@ a@ thflgwfﬁ%v Sta}rlnlz?reﬁr?ﬁ’l ene
chloride] €anghvePplEiel8°CysbRMR OMSOrppa hk3 (L 1THER D, 7.86 (SIH, Whi)ch2was

N '7be e OO T ot B S g g T

Hz). 5.08 {3 m( H-4") 3:5-5,6 (mbRW, HA5* 2H{5M), 2LH.0 (itk, 3H) H-B, B-201)) FABKO,

(o) S0l el Syo o, 2 el BB habef crii wkE%Blzm

(MHH) , 1XB+2 +,2)H)[u]u; ) 130 [@F 0D in DRSO} OVIPH. 19 vjof) =DM (AM 7089, 3.);, LBz =
267 nm (e 34902 n = 234 nm(e = 2000). Reagent: Methanolic amoni a:
previ ously ‘satu ate it -5C, tightly stoppered, and kept in a freezer.
Exanpl e 6 Btagewosel ective Synthesis of 2'-deoxy-(3-L-inosine ([I-L-dl)
[ 3-L-dI a%n;}lpcem zed. bé’i dea nation of_ 2' -_deox%/ [ 3-L-adenosi ne ((3-L-dA)
fol | ow ng a procedure pre eﬁﬁg?ﬁ"/sﬁl&%"&di%éﬁc} tehili stogpaedyiand bpptimpfeszer ser i es

(Ref: 1. Iwai, T. Nishinmura and B. Shim zu, Synthetic Procedures in
Nucleic Acid Cherri stry, W W Aorbach and R S. Tipson, eds., John Wley &
~'Sons, Inc. New York, vol. 1, pp. 135-138 (1968)). NH O N\N//~NH OH N N

OH N No, . EXahfyté 6C Bedréoselective Synthesis of 2*-deoxy-B-L-inosine (B-L-d))
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)).

' o
1) (1T
U NaNO,, m_@/" N/
(4] Acetic Acid, 0
pL-dA H0

B-L-di

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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p-44A n,0 p-wi Thus, a solution of P-L-dA (200 ng) in a m xture of acetic
acid (0.61 mM) and water (19 m) was heated with sodiumnitrite (495 ng),
and the m xture was stirred at room tenperature overnight. The solution
was then evaporated to dryness under dimnished pressure. An agueous
solution of the residue was applied to a colum of IR-120 (H) ion- exchange
resin, andUINMSOGRI-UEE Wass. t i, at wer e

col | ected and (e\d\%porate @}&Eﬁsinéggfslqil?aa?f o?ﬁggégﬁ[ﬁzﬂ ﬁdlf’l%ﬁ bﬁ?%a

crystal | i 284 1% & Det-hamolH. 1678 3. 734 (68 RHyaerially bicurpbl MOIRA)-5,5m)p26209- 211

C, U (1-212@n3 O 8,32 07.(2 H
each, H 2 and H@ﬁgﬁ’i}%& mt“@%wgfs(s% @mﬁﬁﬁ glyier&??‘(%?yciﬁl ]I—fgf‘ét 3.9
(m 1H HIAB>0:325 @), rﬂﬁ?ﬁbasmafﬁ)all«%ﬁ«mbszsunﬁdnbwfme) Ho3n205419.32c6 and
2.3 (2m lo gt epely, H2' and H2"); mass spectra (mature

gl ycerol -thi ogl'y€erol, 1:1, v/ v) FAB>0: 253 (m+H)', 137 (base + 2H) ;
FAB<QO 251 (mH)- 135 (base) ['a] 020= +19.3 (-c 0 88, H20). Anti-HBV

Activity g (o unds, The ability of the active conmpounds to
i nhi bi t tr{ie][ltti lrig;v\f\ "%"ﬁ’(/?fﬁgg‘ ﬁwzcﬂmi’g“ﬂ cultures (Hep@& cells

transformed wi t'Iﬁlehlbpm oitthsactnve b@ﬁ;)olﬁaﬁltohﬁh@}fﬂlel’g%ﬁﬂ RSirflGReM pedyi n  detail
bel ow. A %H{m%gg}lertgz[ ] sg{ @ HL the assay for antiviral effects in this
cul ture sys nd ~1fe” N FB\?‘W‘%&?"H@@WM@%&&@E@WK@T ba and
M| man, 1@etjl baiuw.viral Res. 15:217). The antiviral evaluations are
perforrred on tgg selj aratfg‘gassages of cells. All wells, in all plates, are

seeded at the ShTHETREXEP] descripgionof theessay fer antivisal effaess indhis lraltire hesta@nand

vari at i onshd analysis df e BNAf hR ®kdn de%rf&ﬁ?kb%%%@%}?naﬁxfdggcﬁé t{vli'rla% ;‘_B]}/O' gNA

only depr reater. than, 3.
(for HBV ?%%Ag)rsla'? a&‘&t"i"ﬁﬁV‘i]W’t"éF‘WGPé&f@medfmomtsmra@;\/msmes dfeeld. sAll or t hese
HBV DNA f ovefTs, ihall pm?ésrﬁafs&de&ﬁlﬂkésa %eﬁﬁgﬁ ol o &9 o0 ‘%Rﬁ statistically

r

signi ficant (P<0 052 The |l evel s of integrated in each cellular
DNA pr epar at i oPUE i theinhegmhy aiaionssn et levats eﬂmﬁ’rmﬂ*mddlulbﬁmd&ﬂrﬂ:allhhﬁHBV

experi mMenDNA &k Ty WE N ac

forms, thereby ’ﬂ’éﬁ?ﬁr |Sl1‘r(1)gS %@At&%%t 33? tfaﬁrgh’r@ Y"’Sﬁ h%)é’f glgl\ﬁidg(?‘ér%‘ﬁpar ed
bet ween s DR Bgnticatigpintesmedinggs) fraﬂn thadveempellorisdui thaeddBVIDNA fdBMs i ri on DNA
i nuntreabRfleA&l defts bRNIBsAL A H Y stafistically significant (P<0.05). The levels of integrated

- HBV 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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150 pg/m culture nedium (average of approximately 76 pg/m ). Intracellul ar
HBV DNA replication internediates in untreated cells range from50 to 100

pg/ pg cell DNA (average approximtely. 74 pg/pg cell DNA). In general,
depressions in the levels of intracellular HBY DNA due to treatment with
antiviral conmpounds are |ess pronounced, and occur nore slowy, than
depressigngdifythe levels of "HBV virion DNA (Korba and M| man, 1991,
Antiwviral Res., 15:217). The manner in which the hybridization anal yses
are perfor medbf ebilivtdske eiphesphare desvativesafl f-Lian, pi.-equi-valiepae2QiG, p-
appr oxi ga L C -of i ntracell ul ar HB to 2-3 genom c_ copies per
cell anq@‘%l‘.’a_(l‘:’)‘ydp%} (r)ﬁTp‘%f“%e’Eftt IR Eﬂ‘%ﬁﬁ‘ﬁgs- iRl flegersbes 5 cpmpattiysar ti cl es/ ni .
41" Exampilebiforyy haivitlis of triphofphiaies of f-LphogRhatreTMepirvat (y.esaceipPpli-aH :
(3- L-dC(B_g:jdlbf_ﬁbJanﬁ%:@' -bqu(?- L-dl,. and G3-[-dT to inhibit hepatitis B
was tested. Table L s T Rbon g utk Regatitisinrus i WaTY) RISA| vities of -
t r i phos phbytresasefhuf@n DN pOlydhekasekla, fP)nd £.3--L- dC ((3-L-dCTP), (3-L-dU o
(P-.L-dU-TP) and (3-L-dA ((3-L-dA-TP) on woodchuck hepatitis virus (VWHV)
DNA pol ynmerase, human DNA pol ynerases a, (3, and y. Table |I WHV DNA pol
DNA pol a DNA pol R DNA pol y - Inhifphprny 1C50 Kb (PM Kb (M Klb (gM ,
(3-L-dTf TP 0. 34 >100 WA DNABol K s 48 2 S9>-808—=>1R60—-100-43-L—4dG- TP
2.0 1100 >1QGibRA00 |(3- L-ik s >181é"??£ﬂ>5{>100 ngﬁ 5(%|éﬁl§ﬁ£}"’ory

i ng.lcal fK't S 4 b,l(

concent TR S-tetefmi-ned-uys Cl DNA -as

ot FTpE Ve - g y
t enpl at b-_&gpu:er and [dATP &5 Sub‘t'l’at>él.0'0| nhi bji t or S1Br e anal yzetly Dijxon -
pl ot anjal v&tdA-ThRden t hes?3conditi ons>1@he dal cul-ated ean K. >pjo humdgn DNA
pol ynerfaseB-&-dBAPJATP as appr oxi frat eTyigd. 6 P HaTg DNATpotyoRjase £ o
exhi bi tlet AL EFY state g —of 3 33-M{ipr—eAtR—Hyraa DNAL _pol ynerasejy
exhi bi t'et—a—st-eady—+K—of-—-5-2-M varrplle(mB Thd ant i Qpati tis B W us
activi téic%t S(S“/‘?flrliﬁiMo 3-L-dC, gS- L-dU, (3-L-2'-dG and (3-L-dT

X conceniratio

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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was tested in transfected Hep G2 (2-2.15) cells. Table 2 illustrates the
effect of (3-L-M (3-L- dC, (3-L-dU, and (3-L-dT against hepatitis B virus
replication in transfected Hep G2 (2.2.15) «cells. Table 2 Conpound HBV
virions' HBV R b Cytotoxicity Selectivity Index ECS0 (M ECsO (pM 1C50
(IxM 1C501ECso 1.3-L-dT 0.05 O. 05 >200 >4000 (3-L-dC 0.05 0.05 >200

>4000 [3-L-dA0.10]0. 10 >200 )4 irionsa HBV Rib_

Cyt ot ox| ci CympbedrRCt i VifiyyhAsle% | Cso | CSQ ECs 9
R-L-dl .0 1.0 >200 >2q:§b5051\]})-dl, >2o mxéwtr gg?em\r*arlnw
bRepl i cptive—interngdi-at-es—{lntr @M e |9 THEEEwect of
3-L-dA, (3-$]g§,and (3-L-fia I n conbl natlon on the gromh of hepatitis]B
was neastretd—i-a2~2415 celts  The resliPts arle preoed@led ijn TabbeoB. Table 3

Conbi n |on Eaé Lo E¢so L-dC + U-dT 1:3 .023 LAC + L-dT 1717053 L[-gC +
L-dT 3:h__ofs cls L-d201:30] 022 50-dC 4 L--0200 :1q . 041 >4p-dC +|L- dA

1:3 075}5"“@@“1!31'9”1% 1:30 . 054 L dT + T-gdA 1710677
bRephc:aiwe intermediates (Intraceltular DNA)

Example 9
The effect of B-L-dA, B-L-dC and B-L-dT in combination on the growth of hepatitis B

was measured in 2.2.15 cells. The results are provided in Table 3.

Table 3
Combination Ratio ECsq
L-dC +L-dT 1:3 023
L-dC + L-dT i:1 053
L-dC+L-dT 3:1 039
L-dC+ L-dA 1:30 022
L-dC+1-dA 1:10 041
L-dC + L-dA [:3 075
L-dT + L-dA 1:30 054
L-dT + L-dA 1:10 077
L-dT + L-dA 1:3 035

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-dT + L-dA 1:3 . 035 Each conbi nati on produced anti-HBV activity that was
synergistic. In addition, the conbination of L-dA + L-dC + L-dT was al so
synergistic in this nodel. Exanple 10 The inhibition of hepatitis B
replication in 2.2.15 cells by J3-L-dA and (3-L-dC, alone and in -

conmbi nati on was neasured. The results are shown in Table 4. 43 Table 4
a(3-L-2'- deoxy 0(3-L-2'-deoxy- % ggm hition C.1. adenosine (gM cytidine
(pM 0.5 Q. Q5 24 Q05 1 0.5 9 3.°05 40 0.005 10 0.05 0.05 80 0.05

0 3n 4 008 B8 50 0,05 BrDB08<50-0 56 0RO 00587005 035"
0. 005 4 (P4580sins (WMHS 30 0.cyBdioe 0% 0. 45 50 0.83 0.0005 0.005 15 0 28
0. 0005 ]0._0005 B NA as-|L-2' - deoxy- adengsi neT T{HO=0A9 v
bn- L- 2'|- deoxy 9t i di ne:[ | C50=0. 06 pM ~Conbi matyprindiges—val-tes—ndicat e
syner gilsm ef {695 (<] ), ladditive effect [(=1), —and—antagoni-sm-erect—(=])
0.5 95
0.05 40
0.005
0.05 0.05 5133 5
0.05 0.005 35 530
0.05 0.0005 50 056
0.005 0.05 ) 75 , O' 35
0.005 0.005 3 0‘35
0.005 0.0005 30 016
0.0005 0.05 ) 583
0.0005 0.005 i3 08
0.0005 0.0005 i) N A

“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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Exanmpl e 11 The efficacy of L-dA, L-dT and L-dC agai nst hepadnavirus
i nfection in wodchucks (Marnota nonax) chronically infected with
woodchuck ‘hepatitis virus (WHV) was determ ned. This ani nal nodel of HBV
infection is widely accepted and has proven to be useful for the
eval uation of antiviral agents directed against HBV. Protocol:
Exper i mentcflthgactuipgardnedcignivasidasddbiige gfaabtibn d?%@?)&f@'ir?é%%ﬂ? Lol G oup |
vehi cl e Cod?ltalitggve%@yp 2 | am vudi ne (3TC) (10 ny/kg/ day) oups 3-6 L-dA
(0.01, 0.1, 1.0, 10"ny/ kg/ day) G oups 7-10 L-dT (0.01, 0.1, 1.0, 10
g/ kg/ day) G Gipsestlts drdilhistedted 18- dure 8.add Tdb105. 10 nu/ kg/ day) Drugs were
adm ni stered by oral gavage once daily, and bl ood sanples 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 tBe. activity and toXpbley was based on the reduction of
WHV DNA i n ‘SRR ASBYIOLIdA, LgiTa fdsi inWopdshuck Vo debefiTChronar BBV Instioat ed i n
Figure 3 and Table 5. Table 5 Antiviral Activity of LdA, LdT, LdC in
‘Wodchuck Mbde| of Chrontetighy | nf ectidh ControiLdidA LdT LdCdday ng
WHV- DNA perm®¥erum 0_381 436 423ng 31V PerdtBscdAbn T23 3 412 140 14 62
7 446 102 6 469 14 392 74381 20 LdA, #3b1, LdC admar stered orglily once a
day at 10my/kgl2limt of & ection is38 ng/mM WHV4PNA per ml grum The data
show that L-dA2? L-dT and #12dC are hi gy active imthis in vigp nodel.
First, viral ldad is redutd to undet Bg% able (L-df) or near | yggindet ect abl e
(L-dA, LidQ Ikvels, 392 74 1 20

) I_..dz.%, LdT, Ld'C ac_lministered orally once a day at 10mg/kg

limit of detection is 1 ngAiml 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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Second, L-dA, L-dT and L-dC are shown to be nore active than 3TC
(lam vudine) in this nodel. Third, viral rebound is not detected for at

| east two weeks after withdrawal of L-dT. Fourth, dose response curves
suggest that a nodes increase in the dose of L-dA and L-dC would show
antiviral activity simlar to L-dT. Fifth, all animals receiving the drugs
gained weight and no drug-relatedigxdgity was detected. Toxicity of
Conpounds—Fexi-ci-ty—anal yses were perfornmed to assess whet her any observed
anti vi rfal effe&ts ar duen_io a general effect oh cell viabiTity. The
met hod fused i s-¥HP"Reasur emgnt of CFHOM(:MYt of | R-L- ABRFIRELpNS and R-L-dT
on.celll growth in human bone¢ marrow cl Orogeni ¢ agsdays; as —conpared—t/0
Larmuvi di ne. TheBdebults are|provi ded iy Table 6. 45 Tabl e J§oConpound |CFU- GM
(M BFYFE (pVM P-L-dA>107i0~Rt=d€>10—>10—p-L-dT.>10 >10... R-1 -dU >10
>10 fLanuvi di negplde >10 Preparation >qf0 Phar macepti cal Conpositions Humans.
suf f er immg—from-any—ef—the disorders described herein, i ncPuli ng hepatjitis

B, canp be treaﬁgd y adm nistering to the patient an effective anount of a
0- 2' - d¢oxy-p-1 -" &Yt hro- pent of ur anonddPeosi de, fpr exanpl e}o
(3-L-2}-deoxyadenosi ne, (3-f-2'-deoxycytidineg, 3- -2 -deoxyurtdine,
(3- L- 2] - deoxygubh®¥} ne or p}L-2' -deoxyohymi dine Jor a phacggceuti cal lly

accept abl e prodrug or salt [hereof T the—prese glly
accept pbl e caLuahevidiaé di |l uept. The aghjve materijals can bgl dm ni st erfed by
any appropriate —route—for-exanple—orally  parienterally; T ntravenodysly,

intradermal |y, subcutaneously, or topically, inliquid or solid form The
act i vePeemnyationiof Bharnakadied) Compbstigiar maceut i cal |y acceptable carrier or:

diluent in t. sufficient to deliver to a patient a therapeutically
effective aﬁ%ﬁ’ﬁ%ﬁg I&%ﬁ?ﬂ]ﬁﬂy 0{]‘&36 PisArdsrsidesaribed hereipl indadinghepatitivByo, Wi t hout
causi ngersler res! tyeuininieérdRab $hel patiédian RALRRLbL AR G- By BN DI LOry

su

~amount | nt an anount of active ingredient icient’ to exert an
ery'tkﬁ‘o-ggr%o}'uranonucleosx ¢, 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 amqunt 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. | '
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inhibitory effect as neasured by, for exanple, an assay such as the ones
descri bed herein. A preferred dose of the conpound for all of the
abovenenti oned conditions will be in the range fromabout 1 to 50 ny/ kg,
preferably 1 to 20 ng/ kg, of body wei ght per day, nore generally 0.1 to
about 100 ng per kil ogram body wei ght of the recipient per day. The

ef fective dosadierangeudfis éiRenbarMe&HLIECE ] yniﬁﬁ9%9ﬁé%?e§%s%eg§r%ug can be

cal cul at eq‘ gdggdbqn {Llhe %Ei ght of, the parent nucleosi € delivered.
I'f the prodrug exhiBi et ahF conipiping 7de FPO0 me hpefofablyctOity d4@osgglacien be

est i mat ed isgediiaper wi di@Gagd orave s Padl aof ) ...or by other. nmeans
known to those ‘fkm'l ed i,né_t he art. 46 a%%lggg(g?r%g{fﬁglslés%u%prf\(/”éwpleem’I y

adni ni stered i NARY fheasivaingredisntshedd headmhivistgred forchisrel egk plasmarot | i mi t ed
to one corbaicAirahng of HeIOAS oo 0 ctiv

I ngr edi enweﬁla.uni t dosage for r%o ﬁ%ﬁpﬁ%’gggég%?&éggﬁ%gﬁa%kbﬂ%y ]u(gf?allol y
con\éen: entt™| GEaMay be H%l?%‘(?fli ﬁ?geﬁagtyﬂfehj’ thetintsdvonowd i?eet?d;ﬁfﬂbﬂhﬁﬁ%cbogﬁg@chi (73\6e
peak pl as@htheGOMSRkredhOBSidRk [ LVe compoun rom about 0.2 to
gM preferabl ébou% 1.0 ?%1 10113't p%ﬁﬂ%h#rs&%@g%gﬁé‘éﬁ%\?&&@?6‘?‘“’§xarrpl e, by
t he intraV Linjection of a 0.1 to 5% solution of the active :

i ngredi ent, optrhOQRlEMrati s or adm nistered as . a bolus of the active
ingredient. The concerrzli'ltut[‘;r(!lt3 %%log?oné%%upggl@Bﬁrﬂ&ﬁ‘m‘?f’ﬂ“?%@‘”&eﬂ@’d&?mosi tion

wi Il depeARFoBRiondpaivptiors and éxceatiph vadsiofthe dtglaewell 85 AR FcdreEncwn bhe drug

as well a af to hose of skill_in the art. It is to be
not ed thatﬂlog%)i?égf@g*é&gerz i&fﬁq\fl’\%‘é Lgd E?’ﬁ?%’seﬁet‘f?iﬁ%éﬂg alse vy yiththe semeritg ohdi ti on

to be al | thgicandiion totbeiadle viateihelt fsuto thh Girthen pkeIeSf QRAALSTB anly Phri@iMir RBfkd cul ar .
subj ect, I4f, ] e regimens shoul d be adjusted over time according
" to the i ngi%%gg%a%ﬁg‘%zé grhscfim?qﬂgee ﬁ%ﬁ?‘%%"lebHE’P areraging ta the individuabesed end

adni ni st ethempfensiopaljedarhait ofthe persetidinihisteFiag bloﬁpglfvis'ir%ethc SRS A ioh AP and

t hat the g%f@tﬁh‘?n}aﬁﬁnges set, forth herein are exenplary only and are
not intengeg £o 1T © SpspRiradion mnges et forrherdip axsleagmplarycolypodiatd on.  The
act| ve | novieuteield to tmit thesedptibrpratiet SUhataAfontonliBY i iV fEdaiAl © 2
nunber of 3 |,!1 r. d%sea?ﬁto be ‘adm nistered at varying Interva §0™time. A
pref er r ed mbae* CFEIFRTIAL Qs 0 BAY b divided e & vembomomaiteridesestabe.  Or al
conposi t | singnisictdd ag eaginglihirvaRGF S an inert diluent or an edible carrier.
They may be e}gcl gs%g in gelatin capsules or conpressed into tablets. For

t he purpose of rredimagde, of administrgtion ofitke active oompdnd isatl. \@raconpound can be

i ncor por adoathovitibis VeMdeRbANY hcRBatS8H dhflert BEad ST 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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of tablets, troches, or capsul es. Pharnmaceutically conpatible binding
agents, and/or adjuvant nmaterials can be included as part of the
conposition. The tablets, pills, capsules, troches.and thelike can contain
any of the following ingredients, or conpounds of a simlar nature: a

bi nder such as mcrocrystalline cellulose, gumtragacanth or gelatin; an
exci pi ent nsaily tasplysiaicibad bf tha@bRg€unid fﬂx‘édaﬂ%fcgéo‘%hhﬁk%f PLhStE br oftRy

al ginic acm% Pri m)gel or corn starch; ricant” such” ds rragne5| um

stearate GMBf8B%es: a glidant such as col | oidal silicon dioxide a

sweet eni ng agefhe Btblﬁﬂiblﬁﬂ caIBE AREniiereda8 GBI dpBnenPbs £ ehmr,\a;%gge. gn %%% t such
as pepper agt met h sal c | ate, or orange flavoring n e ‘age
unit for myee h(?‘é"b‘égﬁ L<'a[‘°r'| 2 BYFPR A containgii adiliion totheradtie cahpaids, he
above typeucrasddsﬁl#b@etﬁxﬁﬁﬁh ht artiUeRaifHr dditi dosage unit
forns can cont %n var i ous %{ her mat%ue?’lraelts")g{l ééccﬁ)egﬁnfi&lo migs cﬁﬁ"dvﬁﬁym cal

form of the dodage mpqund of @)Phaé&la?ﬂytl@ﬂllymmptabgﬁdwmwBaltsslhteédfam alsybeot her
enteric agarddwit] BleCR er onen
tH B@e ﬁpé)h'l%n&lgﬂlapgo ﬁtqrﬂnﬁlﬁtth d%%Fe taﬁ éoq P Lﬁyp]&ﬂ]a}my

elixir, suspension, syrup
‘contain, SYPPIIRRNL F*@rﬁlcﬁi@dtaﬁbora@mqh\ﬂe amdnwmsnaimﬁmgslsmmsﬁlmmr&w&t%e ng

agent and i SRk d rin d flavors. .The
compound or Q%hg‘? %ceut?égge{ ‘?";ﬁls”é)é‘g%"g‘?s"ég‘? ang‘élfaﬁ) %\/éa B’l‘mgsa?rtsgsﬂeﬂgé?‘@of can

al so be Hiedder naremeral intsedenmel, v@cmnmadﬁombmhp;ﬂﬁamicahmd@ thehe desired

action, Ofy t enment t e. desired actjon, such_as

ant i bi ot i cosmltnkt ?ﬁfﬁ) rﬁé %Sicrﬁel (imn Sﬁﬁﬁ?so?’?té"s or pesian saling salutigr.dEed oily

ot her nucP@ﬁ@hﬂeﬂmlym labwémmdﬁylaniﬁ dlyédlak oeeFheeti SUhisORSibRtcrial

suspenS| 05% L&ﬁa_gasf [ ter al \lll\Pt radermal , subcut aneous, or_ topical
0

appl i cation can I il Ol o Biefyl PHASOS ARGAGARYs sugh a3 ascpibis agid @rent  such

as wat er $ogiiun hjselfits; ohe;latagl dgtitis Suth Uk e@PlentdikflleRirhaRetic RAL; WY b&MGs 9! YCOI S,
gl ycerine, synt hetic solvents: 'anti bacteri al

p or ot her
agent s sucﬁ?%é% %erntfs ?'gpzﬁé@g‘ﬁ}?ﬁ ageptsifgy the adiupment of semici,euelnansedismch as

ascor bi ¢ eldoritlecr destﬁd;e UTh®paenehliprépario8 a b@&cﬁﬂé‘d‘ﬁﬁaﬂ?‘dﬁﬂs posable
et hyl enedj_ani net etr {a@cgt I C %m d; buffers such as acetates, €rirates or

- phosphat eSTARE 4 8 iglemads Rfalass Ar Pgtia oni ci ty such as sodi um
chl ori de or debfhm&merardlﬂmwerneﬂgxﬁ éaré}éﬁ&ﬁéa@ﬁémrg@ﬂg?&aﬁEﬂ%kl?rﬁeeo‘iilph&lpﬁﬁpo“' €s,

di sposabl mul tiple dose vials ma ass or
adm ni st 6 %ﬁ?ﬂg%éﬁgﬂsly preferred carriers are phyS|oIog|caI sal i ne or:

0D ke el R 8 o BB R IR s o
pound 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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protect the conpound against rapid elimnation fromthe body, such as a
controlled release fornulation, including inplants and m croencapsul at ed
delivery systens. Bi odegradabl e, bioconpatible polyners can be used, such
as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen,
-pol-yorthoesters, and polylacetic acid. Methods for preparation of such
for mul at | artelesiet) ifan aRRRRRNGIR A5G Klapbalal Ralilerdide s KGR ARLA S
can al so be.. obtai net:d C rcially fromAl za r poration. 4 posoma
suspensi ond'{ PhEEHETg © rrf%?g@mr- t 4 et sphitipmbitbe edive ebinpowsidtonits

monocl onal maiphsphiate dipiosptatedbindot kBRI AdEivAIVS i RhE] RIb§RedBito the .

phar maceuti cal | cceptable carriers. Tahese may Be prepar ea" 8ccor di ng to
met hods kn‘i?ﬂ?"l% alaingr is|teen swirlede hand to frarlipidmawphldom thedeisofthed i n
U. S. Pat erdonfdher 4adx3 disBdrde 1; I i BOSO fermul ati ons . may be
prepared by dissol vi ngga plglggrlé?%rté%mi %Frg%géfo%ls"gghe é\%osg’i"glasruwps'%osphati dyl
et hanol ani ne, StEdPEIoR prad¢sdstbedoritl iefessncatcaichaeoytd ahsihaid. dy|

chol i ne, ati =0l )l can. i-nor ic, sol vent t is then

evapor at egy%laelg%i %gg}o(gﬁffcﬁgﬁas otflﬁ}%ﬁﬂ%n}ign'%gg ﬁ§ F hygoustp B?"c'le gﬂaﬁ‘fdrf@ Rt of

t he cont aitheforegainsaigiaiodidessdptioniod thegfiventien. alt isiiNende@ TR U &f esd vVaSiations
nonophosp Walc or.triphosphate derjivatives is then
introducet(}ﬁiaﬁatogmtcﬁé @gﬁcg{dﬁgwé’ﬂge ?:‘:8&? %’ﬁs"ﬁ% 1938VEER swirled by hand to
free lipid material fromthe sides of the container and to disperse lipid
aggregates, thereby form ng the |iposomal suspension. This invention has
been described with reference to its preferred enbodi nents. Variations and
nodi fi cations of the invention, will be obvious to those skilled in the art
from the foregoing detail ed description of the invention. It is intended
that all of these variations and nodifications be included within the
scope of the this invention. 49 CLAIMS Use of an effective anount of a .
conbi nation of the follow ng J3-L-2'-deoxynucleosides: NH= 0 N H3 NH N-p
HO N' HO
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14- g 0 On and on or pharmaceutically acceptable salts or esters thereof,
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-oxat hi ol ane (3TC), cis 2-

- -hydr oxyi net hyl - 5- (5-fl uorocytosi n-1-yl)-1, 3-oxaf | uol ane (FTC),
f~-L-2"-fluoro-5-nethyl- arabi nofuranol yl -uridi ne (L-FNMAU),

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- (hydroxynet hyl ) -2-

met hyl enecycl opentyl ) - 6H puri n-6-one (entecavir, . BMS 200475),
9-[ 2- (phosphddds net hoxy) et hyl j adeni ne ( PMEA, adefovir, dipivoxil);
| obucavir, ganciclovir and ribavirin; in the nmanufacture of a medi canent

for the treatnment of a hepatitis B virus infection in a host. 50 2. Use of
an effective conbination of the follow ng fi-L-2'-deoxynucl eosi des:

o) NLHC Uk ofi) effdtivBQnunt oF £Bhiilatiih Yo BAIGTARE t-wa-dw aﬁ.‘&&%&&

salts or esters thereof, wherel Is se ected rom e group consi s |ng
of H, -CO alkyl, COaryI , -CO af I*cnxyal kyl ,” - CO- ay yl oxyal kyl,

al kyl sul fonyl, aryl sul fonyl, yI sul fonyl am acid resi due nono, di,
| eoti de Gpceutically acceptable
tedfromth grop consisting of H, -

or triphosphate or a stabili d

prodrugs thereof, wherein R i seI

-CO-al kyl, -CO-aryl, -Ceoal koxyaiky .arylo al kyl sul fonyl ,

aryl sul fonyl, aral kyl sul fonyl, 1 No aC| d r i due non di, or

tri phosphate. or a stabilizdd— | eotide; in natlon or alternation
with an effective anmount of j@9€onpound sel ect omthe group consisting
of p-1 -2-hydroxynmethyl - 5- (&4t osi n- 1- yidgd 1, 3- onat hi ol ane (3TC), cis 2-

hydr oxynmet hyl - 5- (5-fl uorocytosi n-1-yl)-1, 3-oxat hi ol ane (FTC),
f3-L-2" - f | UBpbaszasutigally acceptable salts or esters thereof,

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), B-L-2"-fluoto-5-methyl-
arabinofuranolyl-uridine (I-FMAU), $-D-2, 6-diaminopurine  dioxolane (DAPD),
_ \'.famclclowr penciclovir, 2-amino-1 9-dﬂ:ydra-9—[4—hydroxy-3-(hydroxymcﬂ1yl)—2—
methylenecyclopentyl]—ﬁH—pmn—G—one (entecavir,  BMS-200475), 9-[2-(phosphono-
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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ar abi nof uranol yl uri dine (L-FMAU), P-D 2, 6-di am.nopurine di oxol ane (DAPD),
fancticlovir, penciclovir,

2-am no-1, 9-di hydr n- 9-[ 4hydr oxy- 3- ( hydr oxynet hyi ) - 2-

met hyl enecycl opentyl ]-6H purin....one (entecavir, BMs5 200475),

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

| obucavir, ganciolovir and ribavirin; in the manufacture of a nedi canent
for the treatnment of a hepatitis B virus infection in a host. 51 3. Use of
a effective conbination of the P4,2' -deoxynucleosides NHx O N H-C NH RO
N~O Rp NNO COH and OH or pharmaceutically acceptable salts or esters

t hereof, wherein Ris hydrogen or an anmino acid residue; in conbination or
alternation with an effective amount of a compound sel ected fromthe group
consisting of fl-Ir2-hydroxynmethyl-5-(cytosin-I-yl)-1,3-oxathiolane (3TC),
ci s-2- hydroxynet hyl -5{5 fluorocytosin-|-yl)-1, 3-oxat hi ol ane (FTC),
13-L-2'-fluoro-5-nethyl- arabinofuranolyluridine (L -FMAU), 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- met hyI)-2-

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

9- [ 2- L phospho t hoxy) et hyl ] adeni ne ( PUFA adef ovir, dipivoxil);

| obuchvir, ﬁh &“EF veRmbination of the fol ipm%Lrﬂaﬂﬂpmlﬂﬂl@SEﬁesa medi cament

for the treatrrent of a hepatiti®B virus infectign in a host. 4. Use of a
effective conbi nation of the 3 L 2' -deoxynucleoggdes Nat O\ NHCNH
ILON-ORONKO O'e HC '

BN P
RO NI 0 o N/g()
: i el H
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), B-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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Of and OH or pharmaceutically acceptable salts or esters thereof, wherein
R is hydrogen or an acyl; 52 in conbination or alternation with an

ef fective anmount 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 oxynet hyl - 5- (5-fl uorocytosin-|-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), fameiclovir, penciclovir,

2-am no- 1, 9-di hydro- 9-[ 4- hydr oxy- 3- (hydr oxy- net hyI) 2-

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

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

| obucavir, ganciclovir and ribavirin; in the manufacture of a nedi canment
for the treatnment 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 HlL C Nff
RON KON-kO OH and off or phar rraceuti cal Iy acceptable salts or esters

t her egf ei h an am no acid residue; in
conbi gatl\(l)wrﬁ %%ﬁ&?&ﬂﬂbﬁfwgﬁhﬁ# t'ﬁ?@%‘#ﬁ‘@ﬁ% @f a conpound sel ect ed

fromthe group consisting of N
f-L-2-hydroxymet hyl -5-(cytosin-§-yl)-1,3- ‘oxat hi ol §
hydr oxynmet hyl - 5- (5-fl uorocyt ogf M™% y1) - 1, 3-8xqt hi

ne (3TC, cis-2-
ane (FTO),

3-L-2'-fluoro-5-nethyl - arabi ofu nonI-uridi (L“‘FI\/AU) (3-D

2, 6-di am nopuri ne di oxogl ane ( fanci cl ovilf, pg&nciclovir,

2-am no-1, 9-di hydro- 9- [5? dr ox -3 (ﬂydr -methyrl 0

met hyl enecycl opentyl]-6H plrin-$-one (entecali M5 200475),

9-[ 2- (phosphono- net hoxy) e denine (P ovir, dipivoxit);

| obucavir, ganciclovir and (td bavirin; in thel ﬂ‘anuf acture of a nmedi canent

for the treatment of a hepatitis Bwraffg infeftion in a

or pharmaceutically acceptable salts or estets thereof, wherein R is hydrogen 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-yl)-1,3-oxathiolane (3TC), 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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host 53 6. Use of a effective conbination of the (3-L-2'-deoxynucl eosi des
0 RON 10 ROAMO0 on and off or pharmaceutically acceptable salts or
esters thereof, wherein Ris an acyl or an amino acid residue; in

conbi nation or alternation with an effective anopunt of a conpound sel ected
- fromthe - group consisting of

(i-L-2-hydroxynet hyl -5-(cytosin-1-yl)-1, 3-oxat hi ol ane (3TC), ds-2-

hydr oxynet hyl - 5{5-f | uor ocyt osi n-1-yl ) - 1, 3- oxat hi ol ane (FTC),
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-anino-1,9-dihydn}9-(4-hydxoxy-3-(hydro)cy-nethyI)-2-

met 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 canment
for the treatnment of a hepatitis B virus infection in a host. 7. Use of a

effective conbi patioon of the (3-L-2'-deoxynucleosides Nnl 0_143C N Nn
RO N o0 Ro f Capbingfio QHBMHMWVQW%@WMW@&@S

t her eof , wigtsug dsmBistxﬁg R - D@%hydroﬁﬁﬂaaﬁps-mbﬁéﬁn-ldﬂm Fsohahplaner (GPORgiRat e

RIS C M AR D £ T R

p- Lt 2- hydrrn;atmdf;dantibrl‘rymdmcn (LFMAU) 3- aAiOpUERE) . diokslade (DAPD),

?.ydf i A ofﬂ%ﬁa@%@#ﬁ%?»@”"y"’my“‘z“

P- D- 2, 6- di atadpuacyelopentyliithnuris-Hame) , (entecavir, BMS-200475), 9-[2-(phosphono-
methoxy)ethylladenine (PMEA, adefovir, dipivoxil); lobucavir, ganciclovir and ribavirin;

in the manufacture of a medicament for the treatment of a hepatitis B vitus infection in a
host. ‘

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

Lg ,ofl

OH 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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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- et hoxy) et hyl ] adeni ne (PMEA, adefovir, dipivoxil); .

| obucavir, ganciclovir and ribavirin; in the manufacture of a nedi cament
for the treatnment 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 amount of a conpound selected fromthe group consisting
of I)-L-2-hydroxynethy|-5-(cytosin-l-yl)-1,3-oxathiolane (3TO, cis-2-
hydroxynethyI-S-(S-fIuorocytosin I yI) , 3- oxat hi ol ane (FTCO),

S-L-2',-fluqro-5- hyl - of u A |d|ne(L FMAU) ,

13- D§ 6- d%“ﬁ@%ﬁ E"%F’ 'E‘%A%d?fﬂ clﬁoé’xﬂeﬁ penci cl ovir,
2-am no- 1, 9-di hydr o- 9- [4 hydr ox -(hydroxy- met hyl
nmet hyl enecycl opentyl]-6H purin-§-one (entecavir,
9- [ 2- (phosphono- 'nret hoxy)eth
| obucavir, ganciclovir and ri
medi carrent for the treatnment

I\/IS-200475),
ni ne ( PVBK._ade&fovir, dipivoxil);
n;, 55 inth acture of a
atitis B vllrus - infection in a host.

9. .Use of an effective i nat fon o t herd.ol | ow o
fi-L-2"-deoxynucl eosides: |0 N Nic NH RO N- Z7-140 RO N
oo l°
on and OH

or phannaoeuucally acceptable salts or esters thereof, wherein R is 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-
- 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;
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Ot and oa or pharnmaceutically acceptable salts, esters, or prodrugs
thereof; wherein Ris selected fromthe group consisting of H -CO alkyl,
-CO aryl, -CO al koxyal kyl, -CO aryl oxyal kyl, al kyl sul fonyl, aryl sul fonyl,
ar al kyl sul fonyl, amno acid residue, nono, di, or triphosphate or a
stabilized nucleotide; in conmbination 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 ane (FTC),
fl-L-2"-fluoro-5-nethyl- arabinofuranol yl -uuidine (L-FMAU), 13-D

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

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

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

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

| obucavir, ganciclovir and ribavirin; in the manufacture of a nedi canent
for the prophyIaX|s of a hepatitis B virus infection in a host .10- The
use of anyubmﬁhaMmondtmOmmﬁhmnmﬁ‘ebﬁve‘ amdurd ofdexm;pmﬂedsctdé fioan thie

chat s 2 1 BuR obsy BRBLES SRROMIRIL £ R LY 1 X alRRfC (BFOY, RR%-O"
p E 2r mﬁg re ut hﬁ@pxma@dbé‘t(éiﬂmawb osimil- —ylEES,S Jzﬁ(aﬁﬂdﬂ?]a% l{EI‘ fﬁ% r ’nﬂﬂﬂm—i«ﬁeﬂhgl—n -
EI'he 5se of c ao yl\?\ﬁlg%%n {lﬁ%%naﬁﬁ%?’éﬂé FTRRORI Rt gé&@l%’g @gﬁ‘;
sui tabl e f Emciclavicay cpengislont, véﬁﬁgmmml 9flitey dues B-[4hydtaayr3-(Hydrestyemethyl)ire

phar maceut qirtivished W }pﬁgﬁﬂ S e X t Y.
15. The use 81 i Y& 1, \]A-/ﬁerel n-tsrr?ge (ér macedt IBLI\gﬁZ(ﬁQ? é 9al%{gﬂ€§gp‘\fﬁﬁier S

sui tabl e B Wﬂ@m wﬂﬂfpﬁ’lf dipivosily l@hucem gAnEic) medefibavt

phar maceutical | y accepta carrier js. suitable for subcutaneous del,i very.
17. The usﬁ“glF‘%ﬂ*??ﬁ%@i Fﬁn?mél%%m%m pEmhppata&Iém%merm@r is
sui tabl e fhest. t opi cal delivery.

8. Use of an effective combination of the following p-L-2'-deoxynucleosides:

0

I \‘N H,C -

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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18. The use of any one of clains 1-17, wherein the fJ-L-2'-deoxynucl eosi de
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 eosi de.
20. The use of claim 18, 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
clains 18-20, wherein the dosage unit is a tablet or capsule. 22. The use
of any one of clainms 1-21, wherein the host is a human. 57
................... B- L- 2 DEOXY NUCLEGCSI DES- FOR THE TREATMENT OF HEPATITI S
B Abstract This invention is directed to a use of an effective anmount of
an anti-HBV biologically active 2-deoxy-B-L-erythro-pentofuranonucl eosi de
or a pharnmaceutically acceptable salt or prodrug thereof, wherein the

2- deoxy-13-L- erythro- pentofuranonucl eoside has fornmula (I) wherein Ris
selected fromthe group consisting of H, straight-chained, branched or
cyclic alkyl, COalkyl, COaryl, CO alkoxyal kyl, CO aryl oxyal kyl,
CI}substltuted aryI aIkyIsquonyI aryl sul fonyl, aral kyl sul fonyl, am no
acid residdst ufadhmcofamedmhmnhﬁireheﬂmmhﬁ%m@hﬁmMW%ﬁbnﬁﬂd
BASE is a pysine or pyrinmdine base which may be optionally substituted in
t he manufacture of a nedlcanent for treating a host infected mﬁth

hepat9tis Biseldfnifiie &ﬂ%&h‘g n
pharmaceutical ly accept ab e sa t or ?ro r Bq‘ﬁgr'g aélgg%l adm ni stered

either alone or in conbination|Wth another
2- deoxy- B- L- eryt hr o- pent of ur an cl eosi de orr I n onbi nati on wi th anot her
anti-hepatitis B-agent. Figur He NH

o]

A

© . 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;

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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12.

13.

14,
15.
16.
17.
18.

19.

20,

21.

The use of claim 11, wherein the pharmaceutically acceptable carrier is smtable for oral
delivery.

The use of claim 11, wherein the phamxaccutically acceptable carrier is suitable for
intravenous delivery,

The use of claim 11, wherein the pharmaceuucally acceptable carrier is suitable for
parenteral delivery.

The use of claim 11, wherein the pharmaceutically acceptable carrier is suitable for
intradenmal-delivery.

The use of claim 11, wherein the pharmaceutically acceptable carrier is suitable for
subcutaneous delivery.

The use of claim 11, whercin the phaxmaceutxcally acceptable carrier is suitable for
topical delivery.

The use of any one of claims 1-17, wherein the B-L-2'-deoxynucleoside is in the form of
a dosage umnit.

The use of claim 18, wherein the dosage unit contains 10 to 1500 mg of each of the B-L-
2’-deoxynucleoside.

- The use of claim 18, whesein the dosage unit contains 10 to 1500 mg total of both of the

B-L-2"-deoxynucleosides.

‘The use of any one of claims 18-20, wherein the dosage umit is a tablet or capsule.

The use of any one of claims 1-21, wherein the host is a human,
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