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of Hepatitis B Background of the Invention 5 This invention Ij’wmm“mmmmmﬁﬁ
of nethods for the treatnment of hepatitis B virus (also refer
"HBV') that includes adnministering to a host in need thereof, eithgdssial one
or in conbination, an effective anmount of one or nore of the jve
conpounds di scl osed herein, or a pharntaceutically acceptabl e7@h;ﬂﬂlmﬂﬂmﬂﬂm
salt of one of these conpounds. 10 which HBV i nduces cancer i
although it is postulated that it may directly trigger ttunor develaprent,
or indirectly trigger tunor devel opnent through chronic inflamrmation,
cirrhosis, and cell regeneration associated with the infection. Hepatitis B
vi rus has reachqdLepiDaxydNdoemsides far thd i rdetm et to€ Hepatiti®Bt 0 si X nont h
i ncubation period in which the host is unaware of the infection, HBV
infection can lead to 15 acute hepatitis and |liver danage, that causes
abdom nal pain, jaundice, articlgrenndtobthe bivewtibnl evel s of certain enzynes. HBV
can cause fulmnant hepatitis, a rapidly progressive, often fatal form of
t he di sease in_which massive sections of the liver are destroyed. Patients
typi caldly recolisrinventinmisip fhe arepefmethiogs far the tealwsprof eaetits Beveus Betnever , hi gh
| evel s of raféfedko @ﬂHBg’Qn’haDﬁElﬁdesﬁdnhrﬂst&rh@ tod HeQGh febd tha@bbfeXhe BIdRh: in0r

ni.c jnfections can
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wer e appr oxi aLe| y (Za% dilhd LON.ELWRRLE GaLLI GRS, O Y. i @ al one, and
wor | dwi de, al nost 30 ml'lion carriers, Chronic persi stent "hepatitis can

cause Hat mish HBYjindupes saneer isyunkroun, altiqugh it is Restylatedhab i ey diready Wegeki noma, a
primary f i d@aaﬁ&rm oiAhditeilyweRt@ttoridadifhént akdugiechra@Uintiamin@ton, hi gh ri sk
gr oups for BY | th .contact with HBV carriers or
their bl o\ E'OSIS T gﬁ%éﬁﬁé}a“oggﬁgm&d w“g%l% 4f£l Y BV is very simlar to that of
acqui red |tnrtHeuﬁ@SBéfWSd\|ﬂ%fﬁ®ed§yﬁmle I(ward®ide. Mfidretvetesismant f or why HBV
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However, HBV .is rrorggé %I% af}gs t han HI.V. nore recently)

vacci nds ASFdenyidn B AR ! ﬁeéﬁéat”i‘%eeaﬁﬂielﬁ‘éa&rdl kg and are
current | yleuded coiattehyrdn IR canatisd iminacepmes a cplihgioghsediv, dthose al r eady
i nfected \% RrchBe J%zueyn s &tlwstohméwemrgaésﬁsyg a genetically

engi neered protein, al so shown prom se hi's therapy is only
successful in Pa%iﬁfyptfﬁ‘éy Ip9RYYr dFompons heprtiliy [psameaptieats, hawpvehbigh leydlt er f er on
cannot beogiieRtigh gdrdiy in the Hobald@fin efien8aNbringiesitte) I’ﬁdﬁclde&‘iinﬁte&hﬂaﬁie been

dent d hi t f
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HBYV infection is common among patients with AIDS or AIDS related complex. However,
HBV is morc 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 a-interferon, a genetically engineered protein, has



von Jant a- Li pi nsk~ et al. disclose the use of the L-enantioners of
3'-fluoro-nodified [i-2"-deoxyribonucl eoside 5 -triphosphates for the

i nhibition of hepatitis B polynmerases (J. 15 Med. Chem) 1998,

41, 2040- Z046). Specifically, the 5 -triphosphates of 3'-deoxy-3'-fluoro
[3-L-thym dine ((J-L-FTTP)) 2',3'-dideoxy-3" -fluoro-[i-L-cytidine
([1-L-FdCTP), and 2', 3'di deoxy-3'-fluoro-[i-L-5-nethylcytidine

([i-L-FMet hCTP) were disclosed as effective inhibitors of HBV DNA

pol ymerases. WD 9@ 13512 to Cenencor International, Inc and Lipitek, Inc.
di scl qses thatr certain 20 L-ribofuranosyl nucl eosides can be useful for the
treatnment of cancer and viruses. Specifically disclosed is the use of this
cl ass of cealpdomdsonie, buthids theremtinaivtsugskssipbin eleut can thirdibXreateld pBentPat ent  Nos.
S, 565, 438, r&}éﬁ&te@g@n@ﬂg@t@e%%,oéﬁ; (Chu, et al.) disclose the use of

2' -fluoro-~-nethyl ranol yluridine (L-FMAU) for the treatnent
of hepatitis B’?’B‘"@ﬁ‘d’ %@‘F'éﬁrﬂ‘q%’,& &ISh%eéF?“Sde“q%qdéVhﬁhFW%aF‘f‘Q‘yé%‘sUnl versity
of Geor gi aHBSs @a¢ Cenhaidinetat BOH,189, Rowndi 3T, 6181@1(:& he). gseatenf 5 5395016116

((3L5f| oro 3 - di Q) pthe b eat e epatitis B
Virus 4 vpobSpfatl e RN el £ bod 0 DhaRGRLRRATR S G usdG8R: | i ne
([i-L-2"- d@)hepatiti§ B.2SeedlsoREA %%ﬁld? héﬁ@é)b)($13(lfl_enﬂd’ﬁ}ﬂladd0/3 L- 2' - deoxyadenosi ne
([3-L-2"-dA), ai&-Kaoum rhé?hng'-?Sﬁfo’rocthQ?l’)m3JdQAth1MaJe|(rﬁ‘t”fjéx§191ltsosed [3-L-dC
and ~-L-dT in 1972, %g ents hei r ‘Anal ogs. CLI II

Prepar at i offtigHy a@“'“ﬂEBYy Sf_" BE)’H?B’I‘ gb‘glaﬁééalof“f ﬁé“'lgﬁﬁ‘ai“ﬁ‘i Ve Series,

Col l ect. Czech. ,Chent...2, . Commun. (1972),,37(12).,..4072-87.. Morris S

zedeck 6t Bhorolitd Bl atl0ned ik did S Bchlif b e synthesis of

|nduce Zynes i rras testosteroni, ™ A . 67), 3(4),
386- 95. Oeﬁgﬁleﬂle_@.?)é Hesper 1322} page IEELES: ﬁﬁéﬁb@ﬂatﬁﬁn al tisal are known to

have S ant%@mm&m‘e ﬁm(dopgbmcmedz (aqgtz) viral activities. Vetri et aI .
di scl ose the use

t hr ent of ur arn cI eos
anti neopl astic rbjo?ltfl ﬁ'pé{ﬁdlﬂ ctaYd{qd é?‘l g %'Bﬂ?"és “OI‘PW coI (1997),
51(1), 1328 l%oamxuorﬁclwideﬁr’rmp]msmmt@gﬁr)tbe @8 dn)of hepdtitis B@plymBaseoshi et al .

denmonsttat g, SRePf Yorkcifda | s olLanscriptase
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Jpn hohai ALdprmidigs <%rFrﬁTEb2 ﬁpdé?%ézt%u"(%%ay“dme%%H‘ﬁTP)e%ld ak3- test ed

2' - deoxy- ~difeoy-ytiube-petheihvicanns pol-exshdey wagdistlsded padfedtiat | y pseudor abi es
virus (PRV},. .Bi o 294(2), 381-5. Chenotherapeutic uses of
2' -deoxy- ( -lhlﬁ)éso(\ft}%WDﬁAFl&%?uranonucl eosi des were studied by Tyrsted et al.
(Biochint. Bio %6/13Ab2|taGe@%Bl)ﬂemmwlzI)w aghlgpigbyincadigrl@psglednceriein al . (J. Med.
15 Chemy (i- gﬁﬁ)mnok)@(\@&osx&%m:balsefu(ﬁrﬂheQeatnﬁt‘ﬁ@f)i&nbéf@h@lﬂ&s((3 L-dT) is known

in the art_.to it | ex,virus,t m di ne ki nase
(TK). lott |pe%¥°an’( dmd(\f\f?@é? égtécrﬁ’mgoutnﬁs f%"p‘%mﬂé‘ﬁﬁ‘ Og‘éﬁ)néeé d\/eI y inhibits
t he phosphdyl ati on of Dthym d| ne by HSV-1 TK, but not by human TK.

Spal dari et al U@H‘%&‘FQS %'36’443&}'5@8%5!’3%9& 5‘987'3%2 JQ*HQ%PQ EYAL ﬁ‘ﬁguR%fher pes
si nplex virus type yrm di he 'ki nase anpd_ i nhi b swralﬁ%r . Med

Chem (19922)ﬂ“°r88(”232'}3" ﬁ&?@h‘”%“‘%%"‘@f”@ﬁh AU} faethe H‘%f‘f"‘ft"h‘?ﬁleﬂﬁ‘é iti s B Vi rus
has reachegd epiddemincidievel s wor |l dwi de, and has severe and often tragic
effects on theyinfected I.ent ere n to provide new
effective phar X’B{e {Jﬁlfr?r%tglat?ﬁtlmve{sny ?ft(p orrgla l{ese TCl) lpounc%.u?[% E (ﬁsc@ tgci lﬁet he Virus
t hat have dfdWddGTepflyored’ %ﬁé“?%@mm@fpﬂmé@éﬁm ef hepatitis B vigys ioWPect of t he
present irnygARsizon to provi de new nethods and conpositions for the treatment
of ‘human pati e?gessynct)fqeug rtml‘c]:leecl;ﬂJg E L% élercl)fcy%}gttl:d?nde (éM Lt2thI?) é) %tZI’-Eléoiyt{%/mviclﬁtrleus' 3

30 (B-L-dT) and B-L-2’-deoxyadenosine (B-L-2’-dA), are known in the arl. Antonin Holy first

disclosed B-L-dC and B-L-dT in 1972, “Nucleic Acid Components and Their Analogs. CLIIIL.

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



Sunmmary of the Invention A nethod for the treatnment of hepatitis B
infection in humans and ot her host animals is disclosed that includes

adm nistering an effective amount of a biologically active 2'-deoxy 5

p- L- eryt hr o- pent of ur anonucl coside (referred to alternatively herein as a
(3-L-d-nucl eoside or a p-L-2'-d-nucl eoside) or a pharnmaceutically
acceptabl e salt or prodrug thereof, adm nistered either alone or in

conbi nation, optionally in a pharmaceutically acceptable carrier. The term
2' -deoxy, as used in this specification, refers to a nucl eoside that has no
substituent in the 2' p~snon. 10 The di scl osed

2' -deoxy- ~-L-eryt hro-pent of uranonuci eosi des, or pharmaceutically accept abl e

prodrugs of,sakt &9, 39@@)rmgwtmakk>ze@&@am 8l BscloReapl-ah kR contai ning
t hese conpounds are usef a‘_p}oreventlon and treatnent of hepatitis B

i nfecti ons‘"ﬁﬁﬂ‘ob?fﬁ%"rsy?‘@qﬁéP@ﬂd”&W Yepid sderrrgdesisieroniie. 448 body positive
and HBV- pogpti)sehcsadsti ons, chronic liver inflammuation caused by HBV,

ClIThOST S, aCULEIEPALLL I o LML 0801 NERBLLLIR DI R 16 per ST st ent

hepatitis, and oun ations can al so be used
prophyl &ct wttlaftopl;\sﬂ@en%ﬂév@rﬁmlwl %\tl%ﬂSdV?rhetfbrdégjpfég@lvémoféfdfm frical illness

Ih n i ngl Vi dyahs.-p ‘émfuaﬁ&m@éMeslalBMna@bmgdgenghddsymmwcg@@ernf@ml vet or Wn?h
ave been pose [ e_present invention e
2' - deoxy- ~- ”é?fﬁfﬂg%ﬂ'gﬁgﬁéflﬁyﬁ Fg j&@%{é%%};ﬂk]e@(’ I SYEBIbBund of the
formul a: 28&nBASEe: ROuiHf O-debrerleribpnRlidosids el eedredradseiymst (eingbieafoconsi sti ng of
Hstraight Ché}e,lgcgmmao&m G LEARKKN hcfil%pkxhjbkco aryl,

CO- al koxy al | oxyal stitute y(sulfonyl
arylsuHPonV@ﬁw&ﬂéKWVﬁsulfonyl anlno aci d residue, nono, di, or

triphosphate, @Eov&&laapiaaama&cﬁy@era@mbipmfumduﬁéﬁ&s i@t fadiaiyNe or

pyri m di ne b e, whi.ch i 0 ituted. In another enbodi nent,
the 2' deo%&“ bf?%?§@ﬂ?¥3 %?b?g¢g%6%ﬁ@?ggé§de derivative is

(i -L-2' - deoxyaGemogicnpcude uses iR adaoseeLitiyded-poptobemeptlaipides sat studid pr odmg

ther EOf Olgy 'lty%?ed O, qwogum Bl(Jpﬁly}%M ('1568 Eélﬁ(%%lb §2) ancl Blol:hnzt ap(J 1_(/[23‘ nr tri

nhn~nl ' V~ ~~
,,.:,,151 C@”’“?@%'?@hﬁ“ﬁ”&tablIlzed nucleotlde prodrug) In another
enbodi nent, t he-LZ'-delegxymidine (B-1dTy ishhompie iHeaf ur iatdneglccospleeviader i vative i s

L-2' -deo uf i.c 0 rodl vg t her eof
gf t he forﬁ%ﬁmﬁb%ﬁzﬁeg%l%%? Ffﬁs &Efﬁh m§?§ﬁ§9§E§&§Fﬁ L(ﬁHP m)nog di or
tri phosphusleetivelyinpibits e phapmkgiylatiqgrof B-termiding ty HSe- o dptnat by hewerd Uat i ve 10 (to
forma st aéyaﬂdzrmdl ﬂp&de@mwdmyzﬂa@drsggg)sphomtsampmﬁgrs sigpRediIRRE1 the

S Lfjeo %e Vﬁ?gg %g£§¢r§%h8%% ‘QféPﬁ¢F8ﬁm;§3ﬁ§5$ %ig%$28r prodrug t her eof
of the fornul alnlight of the fact that hepatitis B virus has reached 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.



O p HN RO~ J~~O I\/~JJH O wherein Ris H nono, di or tri phosphate, acyl,
or alkyl, or a stabilized phosphate derivative (to forma stabil zied
nucl eoti de prodrug). |In another enbodi nent, the

- deoxy-j 3-L-eryt hro- pent of uranonucl eosi de derivative is
j 1 -L-2"-deoxyguanosi ne or pharnaceutically acceptable salt or prodrug
t hereof of the formula: O -N//\\/\A\NNNFis ROHOwherein Ris H,
nono, di ar tri phosphate, acyl, or alkyl. or a stabilized nhosnhate
derivative (tu mm a stabilized nuclcuuae pruUrugj. In another enbodi nent,
the 2'-deoxy-~3-L-erythro-pentofirranonucl eosi de derivatjive is
~-L-2' -deoxyi nosi ne or pharmaceutically acceptable salt or prodrug thereof
of the fornmula wherein Ris | ShmmaB@jheBiveMiont i phosphate, acyl, or alkyl,
or a stabilized phosphate derivative (to forma stabilized nucl eotide
prodrug). In another enbodi nent, the
2' - deoxy- (i - L- ek yethedfopshetreatmentaf banetiis Baeatien ddpmana bidogher ostanimalshyni di ne or

a phar mce%d.&@kédyhaaﬁgs&x mlrﬁstéaganéhrectng quuugoftaFar%roggznyqtumedefow mula: CH O
~~N~ RO OH O wherein Ris rotri . or alkyl, or

H, ,
a st abi 15 z &d- FHBSPRHHrapABLISPsi (Fé"‘ic? 8 af Ry gﬂ“‘é‘bi‘slaiﬁzleé‘“h‘ih@ﬁé‘b‘tr Ade

pl’ odrug). Br-2nodubiedside)dda diafedaéuticdllip @cceptable salt or prodrg thereof, administered

- de. oxy- pxthLer aei\oMr)ét Em%oxgb 1%19[ ﬁétlonﬁPUdp%%%la%%tléa acgen}fgchtr{Ei{rGSlhl 0.8l ternation

or conbi nafi bh
2’-deoxy, as used in this specnﬁcatlon refers to a nucleoside that has no substltuent in the 2°-

pusiton.

10 The disclosed 2’-deoxy-f-L-erythro-pentofuranonucleosides, or pharmaceutically
acceptable prodrugs or salts or pharmaceutically acceptable formulations containing these
compounds are useful in the prevention and treatment of hepatitis B infections and ather
related conditions such as anti-HBV antibody positive and HBV-positive conditions, chronic
liver inflammation caused by HBV, cirrhosis, acute hepatitis, fulminant hepatitis, chronic

15  persistent hepatitis, and fatigue. These compounds or formulations can also be used
prophylactically to 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 HBVY.

In one embodiment of the present invention, the 2’-deoxy-p-L-erythro-

pentofuranonucleoside derivative is a compound of the formula:

20

BASE
RO

CH

O

wherein R is selected from the group consisting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO-substituted aryl,
alkylsulfonyl, arylsuifonyl, aralkylsulfonyl, amino acid residue, mono, di, or triphosphate, or
25  aphosphate derivative; and BASE is a purine or pyrimidine base which may optionally be
substituted.
In another embodiment, the 2'-deoxy-f-L-erythro-pentofuranonucleoside derivative is
B-L-2'-deoxyadenosine or a pharmaceutically acceptable salt or prodrug thereof, of the

formula:



6 w, pent of uranonucl eosi des or one or nore other conpounds whi ch exhibit
activity against hepatitis B virus. In general, during alternation therapy,
an effective dosage of each agent is adm nistered serially) whereas in
conbi nati on therapy, an effective dosage of two or nore agents are
adm ni stered together. The dosages wi |l depend on absorption, inactivation,
and excretion rates of the drug as well as other factors known to those of
skill inthe art. It is to be noted that dosage values will also vary with
the severity of the condition to be alleviated. 1t is to be further
understood that for any particul ar subject, specific dosage regi nens and
schedul es shoul d be adjusted over tinme according to the individual need and
the nrnfessional ~uc:6nCnl of tlic pCCSU I adnllil 15t CCYly or suhem 5ng ne
adnui ustratiun of tiw conpositions. In another enbodiment, the invention
includes a method for the treatnent qf hiffans infected with HBV that
i ncl udes adm ni stering an HBV treat pentj anjunt of a prodrug of the discl osed
- deoxy- p- L-eryt hr o- pent of uranonucleosidg/derivatives. A prodrug, as used
herein, refers to a conpound that—s/conVerted into the nucl eoside on
adm ni stration in vivo, hbnliniﬂéng;exanples i ncl ude pharmaceutically
acceptable salt (alternatively re*rred to as "physiologically acceptable
salts"), the 5° and N4 (cytidine) or N6 (adenosine) acylated or al kyl ated
derivatives of the active conmpound, or the 5'- phospholipid or 5'-ether
| i pi ds of t e . agctivye und Brlet i,ptiaon.of ‘he Fi ures Figure 1
|IIustrate§ &y ﬁﬂy 0”% oEEEP S 6 tafﬁl (““ﬁqf‘ VPR S e
pentafltrammmumhedgmdeaw@awbpd&m@u5|ng L- r|bose or L xyl ose as a starting
mat eriak. Fi gutrﬁanamtr%m@oataptte\@htaty 13 Wtaafmgnmtammm&t L-dA,
L-dC, and L-dT in human Hep & I's"in‘ternis of accunul ation and decay.
The cel |'s FFer éeqxffd%%ﬁ%ﬂhwatcwt‘i@'y pecrriblesplt erprderg tigreof igfemalaj s a4 graph
which illustrates the anti viral effect of (1-L-dA (3-L-dT and (3-L-dC in
t he woodchuck chronic hepatitis nodel. Det ai | ed Description of the
I nvention As used herein, the term"supstantially in the formof a single
isoner" or "in isolated forni refers.fo~a
-deoxy-~i - L-erytltro-pentofuranonugl egside that is at | east approxinately
95@6|n the desi gnat ed stereoconflgutatton in a preferred enbodi nent, the
active conmpound is adm ni stered |HE?E/Ieast this level of purity to the
host in need of therapy. As used h n, the termhepatitis B and rel ated
conditions refers to hepatltls B and related conditions such as anti-HRV

anti hc, dv pns~t i,T3V- nnsni ~~e ¢ ner
cl anmrauorERISER ot o VBt 89 SR Chadipeteork gt | hepati ti s,
chr oni @0 peftsipst embdilhieaticatidsprodmgl. fati gue. The nethod of the present

i nvention incl mda%ah&babdaaenpthca -deqxyr, ertme;tcmt,htagmﬂamsfat weRRREUC! eosi de
derivatives_ prophyl acti cai revent or retard ressi on of
clinical ifh e%fgxxuri lrﬁa.vbﬂfaﬁatnga&ﬁawmt&e S&h?tpfﬂw%fﬂﬂf ft{p wg'aw aHBV- ant i gen
positive or who have been exposed to HBV. As used herein, the term al kyl,
unl ess otlterwse specified, refers tp a saturated straight, branched) or
cyclic, primary, secondary, or terts#ary hydrocarbon, typically of Cr to
Cre, preferably Cr to C6 and speC|f ca ly includes but is not limted to
nmet hyl, ethyl, propyl, butyl, I hexyl , isopropyl, isobutyl)
sec-butyl, t-butyl, isopentyl a. $ Jt- pentyl, cycl opentyl) and cycl ohexyl .
As used herein, the termacyl refevx& to noiety of the formula -C(OR
wherein R is alkyl; aryl, alkaryl, aralkyl, heteroaromatic, alkoxyalkyl

i ncl udi ng I I t kyl such as
phenoxyrret"ﬂ]‘g{gh]'cﬁ(pgg;Ee &%c [35‘%%@5 %n*“y"?’mpt"‘? Qrgil Pglﬂée\glgg(ts ta)&tdglé&é\;ﬁ\xet h hal ogen,
Cr to Ca a(IOI{W"f’cha itxiedingeleogd ‘a?f@\‘%%} or the residue of an amino acid, The

L e¥7n ?cyl SDealatdueatdlaeditmaa: agatzeaeaytﬁtaytmtpctttmatcadctaot@ida&awlk? lsprgpi onyi )
utyryl, pen me u ogen suycci nate chl or obenzoat e
benzoyl , %yf %EWV§W8§f? ﬁ%§?¥%¥émx%¥g%5%ﬁme %W@FVPTIEQﬁP%?C caprylic)
cupric, Iaurlc nyristic, palmtic, stearic, and oleic. As used herein, the
termpurine or pyrimdine base, inclugdes, but is not limted to)

Gal kyl purine and N6-al kyl puri nes, N6-acyl purines, Nb-benzyl purl ne,

6- hal opurine, N6vi nyl purine, N6-acetylenic purine) N6-acyl purine,

N6- hydr oxyal kyl purine, N6-thioal kyl pur7ne, Nz-al kyl puri nes,

N4- al kyl pyri m di nes, N4-acyl pyri m dines, 4-benzyl pyrim dine,

N~hal opyri m di nes) Nr-acetylenic pyrimdines, 4-acyL and N4-acyl
pyri m di nes, 4-hydroxyal kyl pyrimdines) 4-tltioal kyl pyrimdines, thym ne,
cytosine, G azapyrimdine) including 6aLacytosine, 2- and-~or

4-mer captopyrim dine, uracil) CS-al kyl pyrimdines, C5



benzyl pyri m di nes, GS-hal opyri m di nes, CS-vinyipyrimdine, CS-acetylenic
pyrimdine, C acyl pyrimdine, CS-hydroxyal kyl purine, C5-am dopyri m dine,
g - cyanopyrim di ne, CSnitropyrimdine, CS-am nopyrimdine, Nz-alkyl purines,
Nz- al kyl - 6-t hi opuri nes, 5azacytidinyl, 5-azauracifyl, triazo(opyridinyl,

i ni dazol opyridinyl, pyrroiopyrimdinyl, and pyrazol opyrimdinyt. Functi onal
oxygen and nitrogen groups on the base can be protected as necessary or
desired. Suitable protecting groups are well known to those skilled in the
art, and include trinethylsilyl, dinmethylhexylsilyl, t-butyldi nethyisilyl,
and f-butyl di phenylsilyl, trityl, alkyl groups, acyl groups such as acetyl
and propi onyl, nethanesul fonvl, and ptoluewsulionyl. The terns biologically
active nucl eoside, as used herein, refers to a nucl eoside which exhibits an
ECso of i 5 nticronolar or |ess when tested in 2.2.15 cells transfected
with the hepatitis virion. Preferred bases |nclude cyt osi ne,

5-f| uorocyt osi ne, 5-bronpcytosine, 5-iodocytosine, uracil, 5-fluorouracil,
5-bronouracil, 5-iodouracil, S—nethylg?:gif\mthynlne adenine, guani ne)

i nosi ne, xanthine, 2,6-diam nopurine, \6 urlne 6- chi or opuri ne and

2, 6di chl oropurine, 6-bronopurine, |brdnnpﬁr|ne 6- 1 odopuri ne,

2, 6-di -i odopuri ne, 5brornOV|nyIcyt gi §je) 5-bronovinyluracil,

5- br onoet henyl cyt osi ne, 5-br onpet hé uracil, 5trifluoronethylcytosine,
S-trifluoromethyluracil. The 2'-deoxy-p-L-erythro-pentofuranonucl eoside can
be provi dedasin @ ioH, RAGIPHM; blﬂ)lsﬂ\m@racﬂ R aticft B8Lstabil iRk IhosAhcdbSahirsed in the
following rcferenccs: Kucera, L. N. Lyer, E. Leake, A. Raben, Mbodest

E.J., D L““%W““éﬂﬂ“@ﬁ“%#&ﬁF&ﬁH?#’ 1990. Novel menbrane-interactive ether

li pi d anal 0gs fih adotherdibbditnerit,nifee2C-ti¢oays-Liin\hra-ppitaidtamhiceasidntdrivanduc e def ecti ve
virus forng n dosi, C., J.
Marasco C. R zil‘)i %e(ify IAlr’rgti-g)]?tl S- F@éﬁ% Ecgéllgltarb%ﬁ}zmgﬁldégkhe%g&m Iﬂ?’gﬁ@ Surles, K S
Islaq, L.S. Kucera, N, lycr, C. A Willen, S Pi ant adosi, and E.J. Modest.
199i - Synt hesi s and eval uati on of novel ther lipid nucleoside eonj ugat cs
for anti-H V activity. J Med Chem 34: 140$ 1414; Hostetler, K Y., D.D.
Ricltman, D.A. Carson, L M Stuhmlle sT, van ~Vijk, and H van den
Bosch. 1992. Greatly enhanced inhibit of uman i EUmunodefi ci ency virus
type 1 replication in CEM and HT4- C IIsN y 31-deoxyt hym di ne di phosphate
di myri stoyl glycerol, a lipid prod f 31- deoxythynidine. Antim crob
Agent s Chenot her. 36 2025-2029; |- tetler, KY., LM Stuhmller, H B
Lenting, H van den Dosch, and D.D. | ti chman. 1990. Synthesis and

ant i r e#r oviyh@din 641 Wohy, 40 tPFHRSARNG laksPiotaiRN ) ©Gshilpkd azag;ﬁlgt hywidkne and ot her
antiviral nucgl eosi em 2Gb:6112-7. The

2' - deoxy- ~ t°°"E?§?WF83ﬁ@ﬁ?@?ﬁ?gﬁgnUC|e05|de can be converted into a

phar maceut i cal lyanapeepbatrhat, dsedeoky it eatitre-pmiofirdinhngirosdepiedptivead e

esteri Tyi N a6Rnc & AbrIRBRLAy B h BakdlE (ReoPRRKGE LR, The nucl eosi de
or its pharmaceutically acceptable prodrug can be converted into a

phar maceutically acceptable salt thereof in a conventional manner, for
exanple, by treatnment with an appropri ate base or acid. The ester or salt
can be converted |nto the parent nuctegstde, for exanple, by hydrolysis.

== UV L~ N IS Ao R~~~y sy imiiv JW
~ Ji VVn1~VWc.., 11VV~ LU au 05 | exes of the

- deoxy-~3-L-erythro- pentofura popucl eosides that retain the desired
bi ol ogi cal activity of the par enrrpound and exhibit mnimal, if any,
undesi red toxicological effects. Mdnlimting exanples of such salts are (a)
acid addition salts forned will inorganic acids (for exanple, hydrochloric

aci d, hydr @k & Heioeh, diswtd ghodpBat adyt] pr 430 SphddbilieedbbPhatddetivatiee aci d, and
the like), ds h.organi c acids such as acetic acid, oxalic
aci d, tart%??%"amﬂﬂmmﬂmdg?ge%n&%%d mal i ¢ acid, ascorbic acid, benzoic

aci d, tannic abiad¢thpambuingnathe &; dea‘iygﬁ hﬁ@thmedtofumbryﬂglbqjtdatsm c acid,

napht hal enggyl st&an&at@att% or tmntmltanepa&woteq%cz  AEGIB.L - Q’ﬂgro- ,
polygalacturonlc acid, (b) Ease addition salts formed wth cations such as
sodi um potassium zinc, calcium blsguth barium rmagnesi um al um num
copper, cobalt, nickel) cadm um sodium potassium and the like, or with
an organic cation forned from N, N-di benzyl et hyl ene-di am ne, anmmoni um or
et hyl enedi am ne; or (c) conbinations of (a) and (b); e.g., a zinc tannate
salt or the |like. The teen prodrug, as used herein, refers to a conpound
that is converted into the nucl eoside on admi nistration in vivo.

Nonlim ting exanples are pharmaceutically acceptable salts (alternatively
referred to as "physiologically acceptable salts"), the 5 and N4 or N6
acylated or al kyl ated derlvatlves of the actlve conpound and the
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Nucl eoti de Yrodrugs Any of the nucl eosides described herein can be

adm ni stered as a stabilized nucleotide prodrug to increase the activity,
bi oavailability, stability or otherwise alter the properties of the

nucl eosi de. A nunber of nucl eotide prodrug |igands are known. In general,

al kyl ati on) acylation or other lipophilic nodification of the nono, di or
tri phosphate of the nucleoside will increase the stability of the

nucl eoti de. Exanpl es of substituent groups that can replace one or nore
hydr ogens on t he phosphate noiety are alkyl, aryl, steroids, carbohydrates,
i ncludi ng sugars, i,2-diacylglycerol and al cohols Matty are described in R
Jones and N. Bi'schof berger, ~tnlivirnl Research 27 ( 1995) 1-17. Any of

t hese can be used i nmbi nat i on th the di Sl ﬁﬁd nucl eosi des to achi eve
a desired %eln%o ttllen11c{%osbc%%or é)%%rdxilorrfemer cofr}[lagunds wluc ibit activity against

2' - deoxy- ~@phtitie Byvirhy: dn preertlofwingadomeash dospylen cfﬁct}mdvsaghetd ead agentihydr oxyl

| i pophi | i Ca&ﬁﬂﬂ&fh&eaéﬁ?%ﬂe%:hE'cgnbﬁ?é@tfm!w@a?y, eftbctive &3 éo ihhgfe di scl ose

sui tabl e |1 pophi bstituents that can cova ent i ncorporated into

t he nucl eo¥eweare priminigerediperthgt. Thpdosaes wl dFPeﬂ‘b%'] acbﬁctﬁlﬁ'obfmaﬁ%‘@“fﬁ‘u@deom de or

l'i pophi I Cex{arl’e&d?ﬁﬁt&idfﬂiaﬂrugbméllwﬁﬁth&ﬂ fSBtorPabtrant tﬂugbsofsléll,l ﬂq4x%a¥t9ﬂlls(tsep 22) 1992,
Yatvin et a tetler et a 5, Z23, 263
(June 29, éa thl“—fodé’faé? Yﬁé“es ‘é’i“(ag/? gy w%‘%ggv%iyldl(z%ﬂmd”%m BBy Hat vin et

al .); 5, 411tjsate fubtayunderstd@9t foHog pertitular subjectadpedific dosagb6BgdOd ah@ct . 31, 1995,
Hostet | er sgﬁedai s)aoul@bcﬁﬂ%stﬁﬁ%cr(tf%‘égccoﬁimgwt%gbndlyﬂaa\{h&!d fld tﬁJ nrr)f8531§mq543 390 (Aug.
6, 1996, YatV|n et al 9b) Yatvin et al.); and

5, 554, 728 (G5 Ay PT‘%G"’“"B‘&%%‘{%&)‘ ‘"‘a‘F“‘§ the Pb‘f”éi“@‘ﬁ“’béf‘leﬁ‘l’.ml%i’ﬂh‘P‘ibcat| ons t Etat
di scl ose Ii pOphia]nbtﬁersmbzﬁltmdnuﬁlﬂhﬁembkahclﬁc&ﬂa lﬁ&h(ﬂitfbxah‘eh&dmfeﬂl o'fh.ﬁhans

2' - deoxy- f.ur rjvati v th resent
i nventi on, mkcm{‘yl hrﬁ'%’ F’gt c‘PurdfeS agrrné’?s P:(H) I nc%a%'em\ﬂﬂ % ,g %990/ 00555, WO
91/ 16920, dx@ogfﬁﬂle@mﬁ -L- emﬂwmwwclemcwﬂ‘@mw!\ pipduf@IsEdl 32, EP 0 350

287, EP 93QLk7i0nftrAe 2 8hthoWN@ 1Rlis dh{kd infAEd fukbiondie oA UMidisRtidNEvisxampl es of
2' deoxy (3- glrnét hrolle%égtof ranonuﬂyeom es ar t hose that contain

subst i t uerft®" uqe gharpzeeyisty Gehen (Aemgtivghietersh@es derivati zed
2' - deoxy- physero)grphly@mpmwmawanmﬁmﬁeléshdhae) @aﬁ(dﬂe]ousfechcﬁmd drhe i ndications
descri bed di ng as

anti - HBV a# lwlrﬁefg%&vgt%g Oﬂe “?g [% &Zl%efk:‘ ﬂm\ééhroon 0 k%%shgfdpgé%deam nase of
1 (3-Dar aPB‘i“ﬁ(Sf“H?Uaﬁosyl cyt osi ne |n ti ssues of man and nouse. Cancer Res.
33, 2816-2820; Holy, A. (1993) |sopolar phosphorous-nodified nu~nvv.i~

tmai ~bue~. m Uc i.lwd (L~i |uuvnal Urug | ~cs~gn, Vol .
1, Jt1l Press) pp. 179-231:°% ”)“"'&’L“’f"f“'l\lé?cgﬁ'”s A, and West, C. R (1979a)
Synthesis and antitunor activity of | D-D-arabi nof ur anosyl cyt osi ne

conj ugat es of ﬁgrré i ﬁl@éuae@ﬂgea@mtptommr olﬁliuﬁl@gr[ﬁm @hpphys Rs. Commrurr. 88,
1223-1229; g szgﬂaéﬁ Ki I‘I[S‘ S, Buchhelt D.J. and West,
CR (I 980’?"‘7&? TOQB%“IOHQ"' b‘éﬂ“é% gse8 éﬁlPﬁ"‘af %ﬁ{’t"igt“tﬂ%‘? agents. 3

Synt hesi s and E—lgumz1s|argraplaemwmllasyat@ﬁhelme@ab&+sﬂoahdbt no€undhadyd kyt osi ne

conj ugat e IR I J. Med
Orem 26 S ER3h Bt e ARRSAELEE, 1By BRI 0 Y o
den Bosch tMpfcamepui chrman, D. D. (1990) Synt he5| S and antiretroviral
activity of pmmpllsh@ﬂagl @naqhmg&ar@ftheazm@nehympb neaanddokdygrr-aot i vir al

nucl eosi des1 Bn | a q 6112-6117; Hostetler, K'Y., Carson, D. A
and Ri chmdh®® Bggenu Cf‘é‘?fei'fpa E’Twsphatl dyl azi dot hyni di ne: mechani sm of
antiretroviral action in CEMcells. J. Biol. Chew . 266, 11714-11717;
Hostetler, K Y., Korba, B. Sridhar, C., Gardener, M {1994a) Antiviral
activity of phosphati dyl -di deoxycy~tidine in hepatitis B-infected cells and
enhanced hepatic uptake in mce. Arativiral Res. 24, 59-67; Hostetler,
K.Y., Rchman, D.D., Sridhar, C. N Felgner, P.L) Felgner, J., Rcci, J.,
Gardener, MF. Selleseth, DDW and Ellis, MN (1994b)

Phosphati dyl azi dol hym di ne and phosphati dyl -ddC. Assessnent of uptake in
nouse | ynphoid tissues and antiviral activities in human i mmunodefi ci ency
virus-infected cells and in rauscher 4 eukem a virus-infected mce
Antrrnicrobial.4gents Chenrol her. 38, 2792-2797; Hunston, R N., Jones, A A
McG@ui gan, C., Walker, R T., Balz<~rini, J., and De Cercq, E (1984)

Synt hesi s and bi ol ogi cal properties of sonme cyclic phosphotriesters derived
from 2' deoxy-5-fluorouridine. J. Med. Chem 27, 440-444; 3i, Y.H ) Mog,

C., Schmtt, G, Bischoff, P. and Luu, B. (1990); Mbnophosphoric acid

di esters of 7~-hydroxychol esterol and of pyrim dinc nucl eosi des as
potential anti tunor agents: synthesis and prelimnary eval uation of
antitunor activity. J. I\/Ed Chem 33 2264 2270 Jones A S IVtGui gan, C.,
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Harvey, J.J. and Brown, A G (1993) Activity of BRL47923 and its oral
prodrug, SB203657A agai nst a rauseher nmurine | eukema virus infection in
mce. .4ntiviral Res. 20 (Suppl. I). 84; Piantadosi, C, Marasco, C J.,
Jr., Morris-Natschke, S.L., Meyer, K L., GQunus, F., Surles) J.R, Ishaq,
K.S., Kucera, L.S. lyer, N, Wallen, C A, Piantadosi, S. and Mdest, E. J.
(1991) Synthesis and eval uati on of novel ether |ipid nucleoside conjugates
for anti-H V-1 activity. J. Med. Chem 34, 1408-1414; Ponpon, A., Lefebvre,
L, Inbach, J.L., Kahn, S. and Farquhar, D. ( 1994) Deconposition pathways
of the nmono- and bi s(pival oyl oxynet hyl} esters of

azi dothym di ne-5' - nonophosphate in cell extract and in tissue culture
medium an at,i)imdlnu & m. ~U-l-jiilv 1J1~1--4Wat~ll1t~~ |tl LI.

twh i1 110 1tILtC fli (I1t~t rU?tallfde'FE“FT?E‘qf'ﬂ}cllé‘fc‘??'@ Iler. 5) 91-98; Postenark,
T. (1974) Q/cl ic AMP and cyclic GW. Annu Rev. Pharntacol. 14, 23- 33

Pri sbe, . F. Duke,
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(19®). Rohﬁq dco’ﬁ”k"”@i@@ﬂ% g"%@?ﬁﬁ i ea" %}36 eot 4 e@'ana? 0gs as
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Kicn. ersxﬁgﬁ ﬁep?tng and faM!u@ KtheVadiod (zfltﬁglgéserl-t'lrﬂgg Bl InkiGdes tie (J?cl olfY’t phosphat e)

esters of - (3-D-ar abi nof uranosyl cytosine and its N -acyl

2.2 - anhydrd‘c‘?xg"ﬁ Lersawwf&é‘ﬁ“ﬁ'\?aw%%e dgivaiyss ahﬁhyaaﬁma%fam@et °rJ°‘aTN/Ed Chem 25,
171-178; Rasproghdsioh bBBibicy! illnas ficiadieiduatens aiziaml-HBV ahtitbieor WalViketigdnur nout

t owar ds ar carrying basic side chains follow ng
gl ucose prg?rr?tgg rrr“ér?th ‘g%g E&&?m%ﬁg\r/m 8, 235-240; Ryu, E. K., Ross, R J.

Mt sushita, T. AsVsdBeeia)thajem alighgnlesootherwispgpeaiast refe i {arugeszd)

Pl t osphol i piaimi) uxemwsbrci@clﬁqﬁmuga;eeﬁwa or (SYiRdy hﬁ&bcsrbaxm@p&a@ dfm pary

bi ol ogi cal eval uat 1- of ur.an yt 0S osphat e[-],
2-di acyl gl §8e9“6ff”§ g‘ mﬁ}éﬂ’d S%ﬁlgf%?ly "‘2 Sf'fz‘in g\% t‘é%f?‘*“ﬂﬁ“]l r]’and Hane,

W J. (1986putiihentglicbpxadiatpram!, obutyl, s@d:@tiebbwﬂmoqimmé aanyt t-penkby, om)deoxyurl di ne
by serum f LBl &Pbnsurces and its consequences for the use of these
conpounds F’gg&ﬁfh}ior %r atlgn into DNA. Cherr Biol. Interact. 57, 347-355;
Saneyoshi) M, AWHicO2eiFH", MeNtry 2RO ErsFinio meiety "I(/H‘Elfﬂnﬂﬂa GOR wetisreirdkds A and
Yoshi no, Halk;(ljaﬁ)ﬁ&)ka@yaﬁamelt lhe&rd%td)ﬁiaﬁoSlk(d@ﬂk)&hﬂluﬁlug:ﬂnammdaﬁyl)ﬁ\ﬂalk}ﬂ;ynt hesi s and

bi ol ogi cal . 01,952 e o 1Hse1 8 cyt 0si ne
5 al Ryl o SR BRA RS ARyt B AR YRR X1 OF
Sastry, J. mbstltmheﬁélalomwn to ‘I‘(h*éhx‘ °r§f to Guslke) orhexesiduppipniemine aCIW)

Arli nghausnoRerB aahdpeEamsmamdes Blt ls(nom&z%)i t&@mr,&aﬁor@esmbbeﬁmﬁhydeoxyurl di ne

5 nonopho ana ue inhibit man i deficienc us infection.
o raBa by i shifte b, SRR S Sy "N

Low e, M Spropilugt valdylicapaisckaylivdyapridla@ic, Q@4 )pal@ilil sunriganealdiabi | ity of PVEA

from PMEA pl’ odr xgéd h&c1MeQerﬁ%ﬁlﬂg%spmw %aJeQLéudeQBm ﬁl&(‘h&%‘ted%ﬁk Meeting.

San Di ego, kukawa, K.
Mat suda, Aalksémnwélb! al*rvlpl{mq?g%%cywrfnaw benef#@mgtt éﬁalgwﬂﬁélsw s of
?Pl ghgs pga\tlhygwnnmﬁ 8RS \He purhy, Nihc R PEHEBNLIGdbWakPasR, Nedakhian. <
~h_rdyor fanura, S.,
ukukam, g ARG T PR e Pl ey Ao Py VA fac | o
enzymati ¢ syupyiaging, I@'Facayler(l@yslmqmwaboammPayhmmtenscsdehydmxdalkﬁhel r
anti | euke%y@,mgﬂeg Wiiib g1 p,@hwss mn{emm§uék uﬁﬁm&qgngﬂu&’m gne preferred
phosphate pr odr group I's the S—ac | =2th t ou so referred to as
" SATE. cwmmam éﬁméfer 4/3&]%@9??%“%nerPfé@'aSya“wpyne&"tsé recogni zed t hat
drug-resi stant variants of HBV can energe after prolonged treatnment with an
antiviral agent. Drug resistance nost typically occurs by nutation of a
gene that encodes for an enzyne used in the viral life cycle, and nost
typically in the case of HBV, DNA polynerase. Recently, it has been
denonstrated that the efficacy of a drug against HBV infection can be
prol onged, augnented, or restored by adm nistering the conmpound in
conbination or alternation with a second, and perhaps third, antiviral
conpound that induces a different nutation fromthat caused by the
principle drug. Alternatively, the pharmacokinetics) biodistribution, or
ot her pararret er of the dr ug can be altered by such conbl nat| on or
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The 2'-deoxy-(i-L-erythro-pentofuranonucl eosi de derivatives of the present
i nvention are known in the art and can be prepared according to the nethod
di scl osed by Holy, Collect. Czech. Chem Conanun, (1972), 37{12), 4072-87
and Mol. Phys. (1967), 3(4), 386-95. A general process for obtaining

~- L-eryt hro- pent af ur anonucl eosi des (p-L-dN) is shown in Figure I, using
L-ri bose or L-xylose as a starting maternal. Mno, di, and triphosphate
derivatives of the active nucl eosi des can be prepared as descri bed
according to published nethods. The tnonophosphate can be prepared
according to the procedure of Imai et al., J. Ob. Chem, 34(6}) [547-1550
(June i1 969). The di phosphate can be prepared according to the procedure of
Davi sson e 79 1 87). .The tkiphospttate
can be pre 3?88%$3@8?69ﬁ6b96mF %ngo?éﬁﬁ%‘i £ (%WE”@P”ET'“ﬁc Am Chem
Soc., 87( 8yl fFBdiTEE ™ iyiShByky! Exipe£i- armdttpahmiamg,taif;mmpylkibinctmeng -poi nts were

det er ni ned ji ﬁﬂﬁa}n&épanhh%g/y il 8B RNp@inEAN! i 8MMourihds B 595010 M appar at us
and are uncor?ecte absorption spéctra were recorded on an Uvi kon

931 ( KONTRENpY el papRdl biretokpyhig Wémaﬁalppyndmﬁawmogsﬁérewsd Agre nut at
room t errpeEﬁazéro@ydﬂﬂm%md&nwcwgcﬁansmk@ern 2As2a GheWhse 48 DbeSRstdtel BT er .
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r e? 21 r gﬁce "!ﬁéﬁfsré?rr‘%ﬁg tableg[érgtgcé'e%%ouﬁ F R elggl%’? r}'g‘??f g(llbcé ”2‘% mYa\fver e

per f or ned amitmmdiernmcmyb@ruﬂnmhypwmsajrﬂ, rAstyidynatientsi!gl, angir-guigbipranydsilypl i citi es are
represent e‘tjmp alk%r] érglhﬁglkﬁggoups%l&qpééplk Iel}ll) pro;qgnv(, %MQ]C@MOWI aqpfvlbl ets), t

(triplet), g quarupe) hroad), m(nultiplet) J-values are in
Hz. FAB na‘é’é““%‘ﬁ\é‘t‘:’f’)ra wer e recorded in the positive- (FAB>0) or negative-
(FAB<0) ion nodée @an bioldgily BXvS00lesshis,Sis 840€ Bdrdi)) faféreto a hh@eosmd whith Was

3- .”i tr obenz l %Cé%‘%m% L‘?cro%ﬁ’)ar S)Jles?\vmn)iésléﬁ ?n 2{§g c§l‘1)s trégs[fec ed wﬁlérglﬁycer ol and

t hi ogl ycero I C rotations were mnmeasur i n-El mer 241
17 spect hwpmls‘/ﬁwibcter (path length 1 cn) and are riven in units of 10-~

deg cnz g ~. Elpghgbl %@cs%ﬁhyé&oﬁln%mu&ﬁéyfdsﬁg Sf%HmoQMosﬁrﬁeS R Plife de
M cr oanal ysesgglﬁfloréLVR Di vi si 0 Prance). Anal yses indicated
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al umi ni um §1Qfﬁ<§5 rlQJ 6%‘0&'&0&.@1&@%6 d?oQonFc%uer '\691'6 ' %6 d1$dp%§l)rme \él sual i sation of

products bel ng acco sorben harring with 10%
et hanol i e @Gm?ﬂ?ﬁlﬁmé}&“pab?i’ﬁ’ﬁ‘”hlé‘é[ﬁci‘lnb m‘@ﬁ‘hﬁ%cy@ﬁ‘%ﬁﬁf%@?‘&ﬁﬁi}“%é carried out
on Silica @aorbletiMtosike, SAffuorofidGiradtt , .. Exanple 1 Stereospecitic

nhess o LR e ISR R A A gy 00 0 L) | e
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(Me3Si ~Si Hger, T Leak?, Ah&l)&ﬂ-ﬂo@%ﬁflﬂﬁ D L(W.S4dnd CYPIEAtﬂ))m nibyd -Noq’ll pyridinc HO HO
erﬂg/:T :j) H&ﬁ%&ﬁ%@té@%% I lﬁ,lﬁ%lrnblg ~~~é{IV I pro ucnon an 1onlc}|uc§ (el

defective virus formation. AIDS Res Hum Retroviruses, 6:491-501; Piantadosi, C., J.

Marasco C.J., S.L. morris-Natschke, K.L. Meyer, I'. Gumus, J.R. Surles, K.S. Ishaq, L.S.

Kucera, N. lyer, C.A. Wallen, S. Piantadosi, and E.J. Modest. 1991-Synthesis and evaluation

of novel ether lipid nucleoside conjugates for anti-HIV activity. J Med Chem.

34:1408-1414; Hostetler, K. Y., D.D. Richman, D.A. Carson, L. M. Stuhmiller, G.M. T. van

Wijk, and H. van den Bosch. 1992. Greatly enhanced inhibition of human immunodeficiency

virus type 1 replication in CEM and HT4-6C cells by 31-deoxythymidine diphosphate

dimyristoylglycerol, a lipid prodrug of 31-deoxythymidine. Antimicrob Agents Chemother.

36:2025-2029; Hostetler, K.Y., L.M. Stuhmiller, H.B. Lenting, H. van den Bosch, and D.D.



, (99%vyield) ~ (72%vyield) mMird AmMIT HO A OH O~ NH JCH OH O CH3COzN-Ni O
0g Q(76%from7~ 2'-Deoxy--1.-adenosine (p-L- dA) (83%yield) 18
9-(3,5-D -0 benzoyl -[ 3-L- xyl of uranosy! ) adeni ne (3} A solution of

9-(2- 0O acetyl - 3,5-di - D-benzoyl , -] 3- L- xyl of uranosyl ) adeni ne 2 tRef.:
Gosselin, G; Bergogne, M-C.; Inbach) J.-L., "Synthesis and Antiviral

Eval uation of [3-LXyl ofuranosyl Nucl eosides of the Five Naturally Gccuring
Nucl eic Acid Bases", Journal of Heterocyclic Chem stry, 1993, 30
(Cet.-Nov,), 1229-1233] (8.30 g, 16.05 nml) and hydrazi ne hydrate 98% {234
m.) 48.5 mmol) in a mxture of pyridine / glacial acetic acid (411, v/v)
170 nt) was stirred at roomtenperature for 22 h. The reaction was quenched

by addi ng AERHANG ohe @y thesk MBI i EG Y RSHERIpRYRRAL 6 One additi onal

hour. The reacti on nuxt ~-~as re ~ t~ai1 of its voitune,
uj ~ut do wuf@dagyrd "fzmwthetaf)twaﬂau%%ef 1"‘&0{ @&IW%ZWI& b6form (2 x 150 nL). The
organi c | ayer was2vaeshetll sytaegsiolehyhueitdside 8dn bacuheaids ingad ur at ed sol uti on of
NaHCO~ {3 x,_.100 drie filte concentrat ed
and co-eva }barmét celgtdlpyaﬁcra& uesﬁlrebye{% j"?ﬁ am&(}%pmp teesghgm&u%en\g\gosr purified by
silica gel exaoiplgrn acih hddidaorggivdpdey Thongbgside OHtsiphargiaehicalfynresptablne) to give 3
(5.2 g, 68pﬁ)d[‘EF %'b@b&n@ér@&'1anaq:lTier1'aée§t%Blr}0£¥ehnta9e @x‘it%FeofmTa'ElaWMuBna( DMSO-d6) : 8
4549{m nd 1i 5. t, IH H3, Jz~ 3~ =
J3', 4 3"’5“‘F&f°‘ E’S‘l“@'c('té’r“‘f%‘me'iﬁ“ Eﬁ—tpﬁm?“a‘e@a%’r tcdfi pestepeysalicagpe ;- =4 6
Hz), 7. 3 (bj’nv&t;cdQtl'd,thd\jHZenﬁ)Jp]etﬁldé-faregan(nl’q, byligHolysis. benzoyl s), 8.07 and 8 34
(2s, 2H, H2 and H8); np @ nat M (Hux ).z lw“ '[‘l 1I—Q|]L 136 [ BHz] +,
(FAB-) mz 474 (NFE[=S1'34™ g™ Li\/ (95A)Pethano o “B% 5% nm (s
i 6400), 230 canplexes 9 Bfofdjdeoxyw"berymeemm@na%e@e)siha(raljawheﬂssusm (c 1.07,
IGZC]?-g) FAnﬁglogl@ﬂlli(ﬁldlt}f ihceddhiltarh dndVb it Giinidh) if anyGund@fed3; H, 4.45; N,

oun

9- (3, 5-Di - e‘bﬁ@ﬁ%ﬁg? ai “ttm[née’tfnf"tttféuch 5%‘6?81‘%?%‘8&31‘?’3 BRI (~. To a
sol uti on of¥iticiopgoimdid8(f¢rkxaipleghydctlldricrmid) hydiobrodic yeidedfudnidid,i | e (65 nl) were
added 4- (dgt{tgth@aréa%m mwafa tmt@m@pmualgforﬁe@%t rm%att aaatctummwt hi ocar bonyl

chl ori de he m xture was irred room tenperature
for 2 h. A‘F%‘banbbtf@eﬁf“t“ét"‘?‘%ﬁ”“t"t‘fé‘c‘f*é%ai“EiEFéj wa%rblaae%éweaaql%ma%h| or onet hane
(50 mL) angtidppshigclacsd)elgiag aiy,blygluhihid asl@) hephthalZnexuliBflc Bdids) aqueous sol ution of
hydrochlorlc 0] The .organi c | ayer
was dried. htf’gnl enedl%x1f3rﬁcaaccdg r%tgcgt c)l)lga{l QL d'vtfc &l élf {fﬁbase é%lgultoxhgalm formc?d Qe

t hi ocar bonsHigrseethiantodiopremsiesite, ias cal¢tivedismyiht fagum setepsium, aluminum,

tris-(tri n@)%f@l"c@lballt)/t ioksil éaﬂrﬂﬂmh%dﬁﬂnd@tagsqhﬂgnme like, 023m|t £M@h% cARd

a,a' -azois gﬂﬁ” | e 1% BN 0.112 ‘hrqm Z? r% di oxane 17
tvl,} at f‘T‘eg rop fp N tbgozy i dene siamdise mMé““Pe?FS LG UREE Y52 uum and the

resi due vvacsmtbwatldns efda)byd B kgcazigghangiotalinuthe Bliwr onat ography (0-5% MeCH in

di chl or onct han%e ttrtt }gtdv@g RuLA hérel(lqeéémga co.%ﬁo@,d a3 @mteam mtotuta' NVR ( DMSO- d6)
© 82.9-3.1 (m H 2 2", (m H4, H5 and
H5"), 5. xgtc!cef)sltdegn adlnu'utstrap_‘grgwg l%onhrgm(tgjexamplisqtq,php.‘plfcouuea Jy agceptablg 3.1 Hz,
J~~, 2~~ = i aldggativeRy. rdfelrddrto 5, “pidsiplopitdfly 8dceptabledalié’)Othé mand].m‘brl@ benzoyl s),

2105 21 S oyt oty sl B S Tl T 20

et hanol ) eﬂ%f-lipléd@wwmnf(hsaqt14¢1®®1)30u1123 i nm(s 26300) 7~,:n 249 nm (e

12000); [a]p Moatﬁga%m(s(bf{he acg@co s, sp@mNaliy at the N*, N°and 5’ Oposmons

(4- Mononet hoxyt r| ty g % deox £I- lrthr eo pent of ur anosyl
) adeni ne LY@ th‘?'i’ ‘Hatf’fratéﬂ Alsp ‘é“\eéc‘%sp)g‘(“ Sy huspsovithRgl ) in drv
nvri~i ne ~Amrdrifvejtth\=tvctchvcryvo»ftha“aictntal—spm‘iesfrvum<yU| tyl cnlowe (~.1Db b J.b-f
11111701, i t ition of

met hanol (5 rrL M ggegné f"e%r?h&\l/é rgsé%tﬁ'gg%%?ast%ec?%tédﬁnhpqrea?men?qﬁe resi due was

di ssol ved HBY dlf%tﬂnemdln@trﬁamhe( Bt arinalsgthiy uwbzé%e@msta@ewgpﬁfenxﬁ with water {30
), aqueoliunidt sk dt fste NaHOARx{-BO.-dHenrd-p@BuiRhRIcofi R AeiMative sditg40Or gani ¢ | ayer
was dried, filtered, concentrat ed and co-evaporated with tol uene to give
pure 5 (1.01 g, 72% as a foam:"HNWR (CDC13} : b 2.9-3.0 (m 2H, H2' and
H2"), 3.62 (s, 3H OCH3), 4.6-4.8 (mp 3H, H4', H5 and H5"}, 5.85 (pt,
| H H3), 6.44 {dd) 1 H H21, J, ~Z2~=3.1 H, J ~~2z~=7.3 Hz), 6.9
(br s, IH NH6}, 6.?-6.8 and 7.2-7.4 (2m 24H, 2 benzoyls and MMIT), 7.97
and 8.13 (2s, 2H, H2 and H8); nms : matrix G T, (FAB+} n~/z 732 [ MtH| +,
(FAB-) ut/z 730 [MH"'; IN (95%ethanol) : ~",~ 274 run (s 12100), 225 nm
{s 24200), 7~"" 250 nm (s 5900); [~]o - - 16 {c | 12, DVMSO). G N

(4- Mononet hoxytrifyl)-9-(2-deoxy-]3-L-11ereo-pentofuranosyl }-adeni ne {6}.
Compound 5 (0.95 g, 1.30 mml) was treated with a solution (saturated at
-10C} of rret hanol | c ammnl a (40 m_} at roomterrperature over n| ght After

o o . q



G N (4- Mononet | toxytrityl)-9-(2-deoxy-5-0 (4-nononet hoxytrityl)-[i-L-threo
pent of ur anosyl ) adeni ne L). Conpound G (0,62 g) 1.24 nmmol) in dry pyridine
(25 nmL) was treated with 4nonomet hoxytrityl chloride (0.46 g, 1.49 nmol) at
roomtenperature for 16 h. After addition of nethanol (5 nmL), the m xture
was concentrated to dryness. The residue was di ssolved in dichloronethane
(60 nm.) and washed successively with water (40 nlL), a saturated aqueous

sol ution of NaHC03 {40 nlL) and water (3 x 40 nlL). The organic | ayer was
dried, f Itered, concentrated and co-evaporated with tol uene and nethanol .
The rcsiduc was purified by s~nca gm cul ~nu ciuunatugnpiiy (GlUo VeUi m
d~chl oronctthanc) to gwe 7 (U. 71 g, 72/ ) as a foam: H NNR (DVBO-d6) : b

2 Hs afileRye el 3 e hmaingn fy! d%éfs“ s (m 1
H4), 4. zde@xgm{im BleZ.’IgupqLogn3BL52 -68)X(15031np,appﬂ-gq_-geoxythypﬂdlmo&a 5 2 Hz), 6.24
(d, 1H, thy)slol%glt*alla*acc _ptz?blc(brd’dll)g the@ao? 1r@lu&ngl£1ﬂwzphat|: 5 dnddr N24ky1AH: 2 MMIT and
NH-6), 7.83 819 4 J—4E “ qﬁl!-# i th GT, (FAB~ mlz 796
[ MeH] +, 40%”?% fiva ‘V(zﬁ\éb‘jys‘ opiga ?’é%‘e‘[ e “ﬁﬁff’"f‘%}a Y3y (95% et hanol ) :
~"~ 275 nrml(aen@@@@@l)f acc?gtﬂbledarr@ﬂa“hqmn(pgunldgﬁmm |;nw{nat}r&zther passésd (c | .03, DVBO).
6-N (4-Mn M.w Byakame?abgée&ota%aﬁ%d& g@@ﬁe{ds%a x%u%n ey

met hozytri tyI -L-"erytlrro-pent of uranosy eni ne ution of

di et hyl az ORI @&Wfa&r@ epodygentyithe 25 deguy-Briesryfhre-pengpfyranopcteatideds of ur an (20 )
was added gipnéeEsubtanfaly @othedens &l aldinizie Boh@C)e. . Of el glpeRm68 9524iR. 66 g, 0.83
nmol ) , trlphenylphosphlne (0. 66 g, 2.49 mol ) and benzoic acid (0.30 g,
2.49 ol ) T RTary  THEU{20°7)"" The nmixture was stirred at roomtenperature
for 18 h and nethanol (1 nmL) was added. The sol vents were renoved under
reduced prgQagustig. Aldnphe crude material was purified by si l'ica gel colum
chromat ography (0-5% et hy| acetate in dichloronethane gi ve conpound 8
slightly cont aﬁi"h%‘@f‘d’uﬁlﬁosl‘jﬁ dspea PSP hErRB SHRe AdMiBR e s e H‘?ed nucleotide

(4- hf ononejirbdrxgyb frteyde YheQet{vay, dmyabﬁﬁpst@&htmmm&wnyﬁmd dryfletie{ df- L- eryt hro
pent of ur an ni lon (saturated
at -100 t?%gxuci ﬁ%ﬁo m%ngc%@%?ggrgﬁ stare 0" rr%eél?ralt gkylllat“ Gr 24 h, then
t he react i #mlatdmer ethe hi‘\@@‘“é@ﬁ‘@@%tl?fétféﬁ “loéo’dr%m@égsphw theesqlwﬁlée was di ssol ved

i n di chl or gimeichaRenc(s@biliFlor haRtich@sheehmplel b MeMti@Ent £rdpsila) can IdpReAGUEOUS | ayer

bhase wae et i Fieera o ebROEy uf 0! BB Band=6~ 0 50 o 76%
from 7) waiscl@ling sugrs h2-Hied/ighseral ahdambalf t Menypuerdefcribetin Rolzy agiiN.i ca gel col um
ghrz orzrag 0?% @iRthbc(rQer Z%,L\/%ﬂ@swdﬂmhé@y pret mwlhese)can & d}!@ éz&b%ﬂ 6) K 5b o
H5"), 3. 6‘213'*5%* sgloged npjosidgtp achioye d@%‘jﬁffest 97 (pg, 1H, H4'), 4.44.5 (m

1H H3' ), S. 3 dnelemtbmeDHhA2’ ;deaky;pell-krthb- pEntbﬁ[)anonﬁcléMad(isproilhhdaH 1, J,~,z~ =

‘é 322% 25 h%)))?y,_ﬁpé)gh &dp??f\%) Nznlmlutmg eﬁan(p?egl)%%% ﬁa%%immdﬁsnﬁse Sl}lgléi' [ M-I-H]7+814ggd

[BHz] +, ( ngﬂyhcrwlzswgms (havpap]be covaﬂevslychfm@ratwn(oglw@@qsdﬁ@referablm ~ 276 nm
{s 42 600) thes"1OH po&ﬁgh &TMe(Beled3i 300 )i; opﬁlﬁ’i]: Breparatitns2iBellde ULS. @Rtent WVEO) .

t2 r egte gdr%;agll-“%ﬁ% (S Zjonggzs%"f‘ﬁ‘f ?8\% of % ﬁgmﬁf"@clgay%’@)ﬂ%?‘ ﬁt)suatrm rgo‘r]n e

t enper at urx228,063 (5unh 29, TPE8, osketiereenl Wa 2 SC@h centacatoet) Yra@md:r siness, the residue
vas di ssolyad.olntBb A0od Afuditde AN MR8NRELA bodl RN pqLRer (2 X 15 n).

The aqueous Wwas concentrate co- evag)ora e t ol uene and
met hanol . Sﬁ‘ié@‘ Pg- &l 996, Ya@wyalpﬁﬂlé‘)&éh%ﬁdé & Yavipeph); SCB3 X2 g, 83% was

obt ai ned ghtges, 1|f99l(i ivhiviaat 41.9And>3558/708 Géb. 081996 0B 4440 ecahlyorrat ography (0-12% MeCH
i n di chl ar onet 0. 45u,

ex
M por o) gt Pl ool b PR Ll fubiesn s aeiy L et 1 o
L- chant i o2’ {dRaf/ﬁL-daobpmmtomrhtloﬂucjeoi(clfnﬂaqlupve‘bf thApreseRobvenon, & K. .| . Org.
Chem 197Qrpo;?h§rcpﬁﬁzﬁazfoh§%llu@eﬂdo'89/@2%5%%@0?0@555%6?%%&6’ bo /B@h Ness, R K.
in Synthetic Procedures in Nucleic Acid Chenmistry; or WW, Ti pson,
R S., BEds ; J. Wley and sons : New York, 1968; Col I, pp 183- 187] "H NMR
(DIVBOd6) : 8 2.2-2.3 and 2.6-2.7 (2m 2H, H2' and H2 ), 3.4-3.6 (2m 2H,
H5 and H5"), 3.8G6{pq, 1 H H4), 4.3-44 (m 1H H3), 524 (t, 1H
G+5, JHoH=5.8 H), 5.30 (d, 1 H O+3) JHOE = 4.0 Hz), 6.32 (dd, 1
H #H1', J, ~z~=6.2 H, J~~,Z~~ =7.8 Hz), 7.3 (br s, 2H NHz-6}, 8.11
and 8.32 (2s, 2H, H2 and H8); ns : matrix Gf, (FAB+) rn/z 252 [ MtH| +,
136 [BHz]+, (FAB') mz 250 |MH ', 134 [8]-; W (95% ethanol) : ~m- 258 not
{s 14300), ~", 22G nm (E 2 100); [aJoz - + 25 (c 1.03, H20), (Lit. jalpz _
~ 23 (ci .0, HzO0) for L-enantiomer [Ref.: Robins, M J.; Khwaja, T. A ;
Robi ns, R K (I Org Chern 1970 35 636 639] and [a]z _ 25 (c 0.47,

~ o, o .



AcO reachons i ~0OBz -nbose 1) HzZSO4, MeOH - OBz 08z 2) BzCl, pyndnme 3f
AozO, AcOH, HzS04 143 Ac = COCF~ ez = COCBHS Yietd = 44% crystals HZN N LAN
NOO~Sy\OOSi 14 ~I\8 1 chromatography colum Yreld = 70% f oam reacti on
5 NF-~F, MeOH IhN N ma- cllon2~ L~N O OH 1) Adeni ne, SnCb, acetonllinle OH
OH 2) Nf-~ 1 MeOH L-adenosine 145 Yield = 75 crystals . ~.,.

ru~.,i...,ia Fi~N L~N~ reactions 4 ) PhO-AP, acetonilrile 2) TTI\/BS Al BN,
dioxane HZN N L ~ N N ~OH \ ~~---"" - ~O~/ JH L- deoxyadenosi ne 149 1

chromat ography colum Yield = 75/ crystals 23

W0 93/00910, W0 94/26273, W0 96/15132, EP 0 350 287, EP 93917054.4, and W0
91/19721.

Additional nonlimiting examples of 2’ -deoxy-p-L-erythro-pentofuranonucleosides are
those that contain substituents as described in the following publications. These derivatized
2’-deoxy-p-L-erythro-pentofuranonucleosides can be used for the indications described in the
text or otherwise as antiviral agents, including as anti-HBV agents. Ho, D.H.W. (1973)
Distribution of kinase and deaminase of 1 J-D-arabinofuranosylcytosine in tissues of man
and mouse. Cancer Res. 33, 2816-2820; Holy, A. (1993) Isopolar phosphorous-modified
nucivutade anaivgues. L. Lo Clereg (Ld.j, Auvadces t Antiviial Drug Design, Vol 1, JAL
Press, pp. 179-231; Hong, C.1,, Nechaev, A, and West, C.R. (1979a) Syuthesis and antitumor
activity of 1 0-D-arabinofuranosylcytosine conjugates of cortisol and cortisone. Biochem.
Biophys. Rs. Commun. 88, 1223-1229; Hong, C.I, Nechaev, A, Kirisits, A.J. Buchheit, D.J.
and West, C.R. {1980) Nucleoside conjugates as potential antitumor agents. 3 Synthesis and
antitumor activity of 1-(B-D-arabinofuranosyl)cytosine conjugates of corticosteriods and
selected lipophilic alcohols. J. Med. Chem. 28, 171-177; Hostetler, K.Y, Stuhmiller, L.M.,
Lenting, H.B.M. van den Bosch, H. and Richman, D.D. (1990) Synthesis and antiretroviral
activity of phospholipid analogs of azidothymidine and other antiviral nucleosides. J. Biol.
Chem. 265, 6112-6117; Hostetler, K.Y., Carson, D.A. and Richman, D.D. (1991);
Phosphatidylazidothymidine: mechanism of antiretroviral action in CEM cells. J. Biol.
Chem. 266, 11714-11717; Hostetler, K.Y., Korba, B. Sridhar, C., Gardener, M. (1994a)
Antiviral activity of phosphatidyl-dideoxycytidine in hepatitis B-infected cells and enhanced
hepatic uptake in mice. Antiviral Res. 24, 59-67; Hostetler, K. Y., Richman, D.D., Sridhar,
C.N. Felgner, P.L, Felgner, J., Ricci, J., Gardener, MLF. Selleseth, D.W. and Ellis, M.N.
(1994b) Phosphatidylazidothymidine and phosphatidyl-ddC: Assessment of uptake in mouse
lymphoid tissues and antiviral activities in human immunodeficiency virus-infected cells and
in rauscher leukemia virus-infected mice Antimicrobial Agents Chemother. 38, 2792-2797;
Hunston, R.N., Jones, A.A. McGuigan, C., Walker, R.T., Balzarini, 1., and De Clereq, E.
{1984) Synthesis and biological properties of some cyclic phosphotriesters derived from 2°-
deoxy-S-fluorouridine. J. Med. Chem. 27, 440-444; Ji, Y.H., Moog, C., Schmitt, G.,
Bischoff, P. and Luu, B. (1990); Monophosphoric acid diesters of 7f-hydroxycholesterol and
of pyrimidine nucleosides as potential antitumor agents: synthesis and preliminary evaluation

of antitumor activity. J. Med. Chem. 33, 2264-2270; Jones, A.S., McGuigan, C., Walker,

12



NNOOOHO0---Si 94 ~6 Yield = 90 crystals Reaction 1: OH OBz L-ribose
- - MeO~ --~MeO~ HySO~, MeOH BzCi, pyndin HzSCa HO OH Bz0O OBz AczOQ,
ACOH 141 142 OBz Cez OBz 143 Yield = 44% crystals Precursor: L-ribose
(Cultor Science Food, CAS [24259-59- 41, batch RIB97110 i 3) Reactants:

Sul phuric acid 95- 97%{I\/Erck; ref 1.00731 1000); Benzoyl chloride (Fl uka;
ref 1zWU), Sudrunr sult.rr;: ~inulauo, rei 2x1 ~ 1.300 Solvents: Mt hanol
P. A. (Prol abo; ref 20847.295); Pyridine 99% (Across ref 13178002S);

Di chl oromet hane P. A. (Merck; ref 1.06050.6025), Acetic acid P.A {carlo
erba; ref 20104298); Acetic anhydride (Fluka; ref 45830); Et hanol 95

{Prol abo; ref 2’08‘23 293} References: Recondo, E. F., and |tinderknecht, H)

Ei ne neue, Einfache, S se
Acetyl - 2, RE: %?neﬁpa@ﬁ g“ﬁ“l"u‘érj 2&?843 Sd%‘&“‘s’r&’é‘?l’emaqi%b"’&@rca‘ activity 9. 1173 (1959).
A sol ut i orsomé mlc%ebszdws@icizﬁk@pt(o&ﬁﬂiags JLChepl Yoci ReckieTaanbl 4702414, t er s) was

treat ed WJBde?‘HhRQH Ine'(t%ﬁ(f S%&hrﬁgis))f Aock 8l diaflp*Abalifh o U, and L hen

neutralise vaporati1 on gave an a, (1 m xture of

met hyl ri tﬂﬁf'tﬁ“&%o‘s??‘ﬂ@%echﬂhﬂascoam’s} B93-964; Isatioka: S o Hnabfl.» f(lﬂm%l HnBttaeri ¢ ni xture
in Ey” d: ne., {;altogvxl K&»ﬁfd&)r Mfiﬂ$m$1|'5ﬁ@lt9§‘ﬂA\[ldytatbdbﬂlq?@&tvam.l; @alk&lfec (580 ni, ~ nol)

wi th cooling, an anj ca in he_.so s left at room

t enper at ursé‘g‘f‘%F 2 ‘gy?"logscaaaﬁt('jv efﬁle%’cgpe(’)cur’e S gé‘”(%fbgawﬁitﬁ"kﬁsf ‘ers) wth

cont i nued WdhidaH. agl Yaflag, N1 [28 U Aecofia@mien sinthesisveltadmdsimas 5 faydlic@haphagn a Cel lite

bed. The reg d&Ml) e lﬂulmempltﬁe!a@rsc%lg»ozﬁlehﬁdw\mz ﬁpaﬁ'ﬂg\mtﬁ %a gr {3x3

liters) an hen di ssol ved vm hyl acetat |ters organi ¢ phase
was washed-WwOf ¢pnacrsid- Newaed;C @(M J?‘i"@ﬁ KG., Ta}YiO{;Rgl)msahd) veffies, QRandj t ers), dri ed

over sodi M@ﬂaﬁ&l@l‘)%’) IChihgutieth oBiHivie aipafs af AdbviidePh¥sBhoramidate and

1- O net hyl - ri.bof uranose 2 as a thick syrup.
The oi l Ogﬁﬁcg%dé VEF %lerﬁvac[i‘éeé?’i}‘{’c %g]t{ﬁya‘l“ \p{"%’(f fyivig é‘eﬁ‘cetl c acid (240
m). The sfdwlcmoth@rv Wesl 12;aff ¢dama, tkh dMadezopinvs,Saigdidi 1.1 l@mlr@ta dooshivbriat ed

sul phuric aﬂ&gge}(ogl'g l\m()989%f§ﬂ¥mdopac¥1h@ aﬁcplglgm(atl}% oHPQGJ mechani cal stirring

for 10 hrs. The solution was then poured on ice (about 1O liters} under
conti nued &{rPRuaRYLespEe Ry’ )?FW‘BhOEEﬁ?“FWBE?HbﬁU}‘FcFeP}‘F“\meérl%Dwas filtered on a
Cellite beﬁb[ﬂhﬂrah@sltﬂ'ﬂishﬂaglpgUmﬂahcéiﬂl?sl &b, 67D- dSlSG(cG@J Ml in@ Eb@d as7apashed with

wat er (3x L L " dich et hane (2.5 liters}. The
or gani c pﬁrgse&c\%?%%gg ar(Eﬂ‘zt %1 é%%l—é?’?ﬂ rHit gnﬁ? Of’% hesx2 liters),
dri ed overpiswaricHr §1¥P¢taléit"e1 Napyp-Sehagiedghres’ %rabé’i‘lfame@i 8y, 28-111gi ve a gumy

solid 143 xuhi,ah ceae.ic, rjyﬁ ald. hage:, RIrosaiatinangld IﬂFaérM;l el(@oodp5 9, 44%.
Anal yses for

C i - O benzo ri bof uranose 143 np
PR T A G R R G A T Il
8. 09- 7. 87 J #ed Codd) 3H236817P75; VeHBR-CY, a8 Hym-DIM, T. IR 1)SyfihedB of lepopliiliH, H ), 5.9 |

dd 1 H’ estet’ael1v. es 0 rouridin rarabltrt 1 5 arteaicer n 3 4 9 HZ’
(dd, 1 H By odPu s 990 On Bl ot 9 abcbly Hgnd2, 3, 4,9 HeL

55 1-12) Tﬂza’@@rw( i @mﬁﬁﬁi@é)ohtevﬁt%htf?ﬂe&rgk% ae%ﬁ%wé*? énsaﬂ%()) The
1-0- aCethe?abalsﬁ-oTE:doge@nb@@my&d riudediddsibD @EHEBRQSE), J Brol. Chem. 235,

457-465; Lucthy, J., Von Daeniken, A , Friederich, J. Manthey, B., Zweifel, J., Schlatter, C.
and Benn, M.H. (1981) Synthesis and toxicological properties of three naturally accurring
cyanoepithioalkanes Mitt. Geg. Lebensmittelunters Hyg. 72, 131-133 (Chem. Abstr. 95,
127093); McGuigan, C. Tollerfield, S.M. and Riley, P.A. (1989) Synthesis and biological
evaluation of some phasphate triester derivatives of the anti-viral drug Ara. Nucleic Acids
Res. 17, 6065-6075; McGuigan, C., Devine, K.G., O’Comnor, T I., Galpin, S.A., Jeffries, D.J.
and Kinchington, D. (1990a) Synthesis and evaluation of some novel phosphoramidate
derivatives of 3’-azido-3’-deoxythymudine (AZT) as anti-HIV compounds. Antiviral Chem.
Chemother. 1, 107-113; McGuigan, C., O’Connar, T.J., Nicholls, S.R. Nickson, C. and
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Mass anal ysis (FAB+, GI) mz 445 (MQAc)+ 1=~ ;ilIWICIt clinmll~ ~i~
L.~al ilg~J9 ~..iwdClIl,.Wa 1. (JU.(lv 11 "-r.~%j, lullilLl (~ rl Rcacfion
2: A~ OBz OBz OBz 143 2N N NN~ NI N~ 1 L N "N N O OBz " N O Adeni ne,
SnCh, NH3 f hleOH acetnAnle HO OH BzO OBz 144 L-adenosine 1 d5 Yield = 75~
crystals Precursor: Adeni ne (Pharma-Wal dhof; ref 400134.001 | ot 45276800)
Reactants: Stannic chloride fumng (Fluka; ref 965S8); NH3 | Methanol

(et hanol saturated with NH3; see page 5); Sodiumsulfate (Prol abo; ref
28111. 36S} Sol vents: Acetonitrile {Riedel -de Hewn; ref 33019; distilled
over Cal-12); ChloroformPur {Across ref 22706463) Et hyl acet ate Pur
{Carl o erba; ref "528299) References Saneyoshi , and Sat' oh,

R bosyl at 1 drureesdEnaPEsELTR i Aie stor%% i at, i"‘l Y25, s
18- 2521 ( Iph&pMfe deritdtiken bl anCddCydndnBameios Hihemdvker. 1IS§IP3661 | ¢ Nucl eosi des

and Nucl eoty@figan BXNiRYIN SRS D& offor \fegl’ 'aﬂién&n t'o?)Qﬁ @1@9@@@9@)&15% Al kyl uracils
and Rel ated Nucl eosi des. Nucl eosr Nucl eotg 139-146 (1982).

Adeni ne (199@¢ ’@"df&‘ﬁ‘y‘rﬁ‘i‘ﬁﬁlp}m%g""é‘ﬁf‘sﬁ{é ﬁ’a%ﬁﬁdrﬁ‘“ﬁ?ﬁ’é‘tj‘?ﬁﬁﬁ Pq&i"rue atitPhi ) with
1- O acet y| &nigs Mrrivival Ohdde CBaNpther-1, -2E»3B M@j‘utgma,mn@ew&é}& & 6@'0@nno} 9 mmol ). To

this suspens& ﬁlnc}ier@g%na]gv\gggle §$ﬁl 0391% $d$ an l-ﬁ.{‘} ac?wég?qsoprg hglf)eﬁk , 187 mmol ). After

i2 hrs, thé"Teac oncen ol ume (about 100
m)) and s ehidsplrrdnyditeniga et ves bb?nazl@ 3{ Hedx@thprpidimn A ATt petent(adtB@y nf the wer e added.

The resul t'Mlom!hgl%%kya%(\%lc&n&ﬁ&é SheiRaBRENET BGHeH Mtidaf1et  chl orof orm
{5x200 nt). The combi ned extracts were fi Itered on’a cellité bed. The

organi ¢ phége“waé Was e it tH 5 NEHCo S ‘3%‘%6I(Lﬁ9r)o’ﬁ>‘ah‘dbpv\7é”t er, dried over
sodi um sul fdaiativet bl AZ8r reralin aduislityeagaip HEM-& th R0 ligs Whick aaReisiad tohﬁ@hc(n&ﬂ g,

colorless foan. A,,Ttwam@sap m%ﬂ m%m@gnw AR AT L O gwat ed with amonia

(220 M) in seal'ed vess rature 'under stirting for 4 days.
The sol venﬁlmélegtelvﬁp@ﬂé&@@"@sfﬂ (A 8hay Phogzhare@@atpﬂ@ggtufpseof@ﬂd ashe resulting

powder Was jhibxRe otked; i bk caat%t[%emaémnma) Chatn. mfnbM §,95.1d;hr. After
o PG MR Sl e A SRS T o
of bioactive AZT nucleotides by aryl phosphate derivatives of AZT. J Med Chem. 36,
1048-1052.
The question of chair-twist equilibria for the phosphate rings of nucleoside cyclic
3°,5’-monophosphates. '"HNMR and x-ray crystallographic study of the diasteromers of
thymidine phenyl cyclic 3°,5’-monophosphate. J. Am. Chem. Soc, 109, 4058-4064;
Nerbonne, .M., Richard, S., Nargeot, J. and Lester. H.A. (1984) New photoactivatable cyclic
nucleotides produce intracellular jumps in cyclic AMP and cyclic GMP concentrations.
Nature 301, 74-76; Neumann, J.M., Hervé, M., Debouzy, J.C., Guerra, F.I., Gouyette, C.,
Dupraz, B. and Huynh-Dinh, T. (1989) Synthesis and transmembrane transport studies by
NMR of a glucosyl phospholipid of thymidine. J. Am. Chem Soc. 111, 4270-4277; Ohno, R.,
Tatsumi, N., Hirano, M., Imai, K Mizoguchi, H., Nakamura, T., Kosaka, M., Takatuski, K
Yamaya, T., Toyama, K., Yoshida, T., Masaoka, T., Hashimoto, 8., Ohshima, T., Kimura, 1.,
Yamada, K. and Kimura, J. (1991) Treatment of myelodysplastic syndromes with orally
administered 1-B-D-rabinofuranosylcytosine -5°-stearylphosphate. Oncology 48, 451-455.
Palomino, E., Kessle, D. and Horwitz, J.P. (1989) A dihydropyridine carrier system
for sustained delivery of 2°,3’-dideoxynucleosides to the brain. J. Med Chem. 32, 622-625;
Perkins, R.M., Barney, 8., Wittrock, R., Clark, P.H., Levin, R. Lambert, .M., Petteway,
S.R., Serafinowska, H.T., Bailey, S.M., Jackson, S., Harnden, M.R. Ashton, R,, Sutton, D.,
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np 233-234C (water) (lit (4) np 235-238C) tH NWR (200 MHz, DVMSO-D6): 8 8..34
and 8.12 (2s, 2H, Hz and Ha), 7.37 (Is, 2H, NHz}, 5.86 (d, 1 H H, ., Jt.,~~
6.2 Hz),5.43 {m 2H, O-1z. and OHS~), 5.19 {d, 1 H OH3~, J 3.7 Hz), 4,b0
(m H-~), 4.13 {m 1 H H3~}, 3.949 (m 1 H H~), 3.69-3.49 (m 2H, H58 and
HS~b), (identical to comercial D-adenosine) Mass analysis (FAB+, GI) niz
268 (Mrl-1)+, i 36(BHz)+ Reaction 3: HZN HHN NNL 1 NLNL NN OH O

TipsC 2, pyridine ~ ~Sy Oi HO OH OH O L-adenosine_14 ~5 146 Yield = 90%
crystals Reactants: 1,3-Dichloro-1,1, 3, 3-tetrai sopropyl di sil oxane (Fl uka,
ref 36520); Sodium sulfate (Prolabo; ref 28111.365) Solvents: Pyridine 99%
(Across ref 131780025); Et hyI acetate Pur (Cario erba ref 528299) ;

Acetonitrile ed er et al.
Nucl ei ¢ Acf:{d %ﬁll"a gém(%' 993 ﬁ %ﬁtgﬁafr’dgr ocae%fur g?mﬁyéj‘ Efficient
Deoxygenatagegmst @fauﬁe%mdmlwkmleehelnsfecﬂﬂegmpémvfmlo‘@eaﬁﬁl(5216;)1 D.8ter eosel ecti ve

Conver si onpiQtadbd @meo@udﬁsmes&ammé)mn @rqsmdeﬁmuslp é%m'as Cheat. Soc.
105, 4059-4065 L-ad SP ab e L%?suspended in
pyri di ne (ﬁdSW)K “°5f&d‘e§j Iygr, Bl gffal) 8!‘“0 Piania osi, § %‘%Wéﬁsbgﬁr( V) di si | oxane

(63 m, 20Hynthesslahd evaingtioh hfnomgl xtheritigidwageositid crome@hmiforlamemvt-emﬁeryat ure for 12

hrs. Pyrld dye.. p ped with ethyl
acetate ( ) &?d %3'} ggﬁg&rﬁkla%@%g‘s& r}?sf%)?'%tl :I)Jrﬁb gb %1&&“ §"f’ﬁe or gani ¢ phase
was vvashec‘r'awhﬂh Dy (198 Dgcammosstisnpathwrys p2haogoniny bigiriralpdeeymeth®d0 ni ), dried

over sodi Ugsbf z@abBymiflint- se&eﬂp@materﬁeeo&x@a&%dt@t@ﬁeycnﬁ:&@mcdme ah esul t I ng

solid was crystallized fromacetonitrile to glveg C. r~. ... --" ~,s.
b "o Ah%nx.g}gég. we on-hiie Ba’-Geataug i LU telmigue. Autveral Chem Uzemomer 35,

3", 5" - O ( BlBgFoSethet,Ma{lS B Coghy AMP,aBd glickd GMdR.admyit Rev-Pharaateoh 04 2083;146 np
o720 (Gontape L ol PSR ISPy o (00 e
5.63 (s, Mpthpyy]-R. ad Verheyden, I.pJ. H%ﬂﬁwthesﬂnd@ﬂﬂfwms ¥igus aggisity f. 5.5 Hz), 4.57
(dd, 1 H, phlfsphate)ki@d plosphbnate delvativkz of, 9=f¢1, Vdifiydrliy-2- ;ﬂopoiy)rﬁetﬁyl]%gﬂrﬁm J3H, HA~, HS~—~
and Hs b) ’ l‘ge'a'3 hegr:%9’, 67][-6"?5; P%E%,~]').,’Gog's,é19n§G.(, mfebvreHI Plo RE)X m, ‘R%S)

Dirm, A. and Imbach, J.L. (1993) Intracellular delivery of nucleoside monophosphate through

a reductase-mediated activation process. Antiviral Res. 22, 155-174; Pugaeva, V.P.,

Kiochkeva, 8.1., Mashbits, F.D, and Eizengart, R.S. (1969). Robins, R.K. (1984) The

potential of nucleotide analogs as inhibitors of retroviruses and tumors. Pharm. Res. 11-18,;

Rosowsky, A., Kim. $.H., Ross and J. Wick, M.M. (1982) Lipophilic 5°’-(alkylphosphate)

esters of 1--D-arabinofuranosylcytosine and its N'-acy! and 2.2’-anhydro-3’-O-acyl

derivatives as potential prodrugs. J. Med Chem. 25, 171-178; Ross, W. (1961) Increased

sensitivity of the walker turnout towards aromatic nitrogen mustards carrying basic side

chains following glucose pretreatment. Biochem. Pharm 8, 235-240; Ryu, E.K., Ross, R.J.

Matsushita, T., MacCoss, M., Hong, C.1. and West, C.R. (1982). Phospholipid-nucleoside

conjugates. 3. Synthesis and preliminary biological evaluation of 1-f}-D-

arabinofuranosylcytosine 5’diphosphate[-], 2-diacyiglycerols. J. Med. Chem. 25, 1322-1329,

Safthill, R. and Hume, W.J. (1986} The degradation of 5-iododeoxyuridine and 5-

bromodeoxyuridine by serum from different sources and its consequences for the use of these

compounds for incorporation into DNA. Chem. Biol. Interact. 57, 347-355; Saneyoshi, M.,

Morozumi, M., Kodama, K., Machida, J., Kuninaka, A. and Yoshino, H. (1980) Synthetic

nucleosides and nucleotides XVI. Synthesis and biological evaluations of a series of 1-B-D-

arabinofuranosylcytosine S'-alkyl or arylphosphates. Chem. Pharm. Bull. 28, 2915-2923;
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Mass analysis (FAB-, GI) mz 508 (MH', 134 (B)-; (FAB+) GI) n>/z 510
(mtH)i, 136 (BHZ)+ Reaction 4. FizNHINNN~1T ~~~1 N LNNOGO-So N O
O-S OH O Si ~O PhQOCSCl, pMAP, S~O O Sii O acetonrtnle OPh 145 147 Reactants:
Di net hyl am nopyri di ne 99% (Across ref 1482702050); H2ZN NN ~1 ") "NNO
O-Sy TTMsS, AIHN, ~ i0 d~oxane O'-Si ~r _148 1 ehromal o raphy colum Yield
= 70 oam Phenyl chi or ot hi onocar bonate 99% (Across ref 215490050);
Tris(trincthylsilyl)silane 27 "TTVMSS" (Fluka; ref 93411);

tXx,a -Azoi sobutyronitrile "Al 13N' (Fluka, ref 11630); Sodi um sulfate
(Prolabo; ref281 | i.365) Solvents: Acetonitrile (t~i edel-de Haen; ref

3301 9).; Ethyl acetate Pur (Carlo Erba; ref 528299); D oxan P.A (Merck; ref
1.09671. 1000); Dichl oronmethane (Merck; ref 1.06050.6025); Methanol (Carlo
Erba; ref S8990X.Neket.Ehbriden SRdlvals B.J\Plukett, Wiy AdioghausJR.BSind and Hansske,
F., Nucl ei garf\al DREDBY SEMGAINRHNES. didedxyufdiEENERAbpHBSARE Mgl OF the
Efficient %g\)}% enation of .Seco.ndar%/f.Al @Zot?ots. R?%! o%rgegi_ftc and

St er eosel e8I JUPLPEHCgteY BrBEHTEr e dU- 48 et 2 BEGS it EP~sicles . ¢
ri.rr C. ncoanes, BIrArimilli, WAl . Iranie; M:S-, ILkdoW. Azlahd-Cunjiy, KTO. (coonwp@aind | 46 (34 g, 67
mol ) were . AL d] . %ﬁ _ I ) and phenyl
chl or ot hi oﬁlgggfr? gﬁgﬁgﬂgﬁﬂ@wg%d%%?? “ég{uéglaglte 8k \%‘gs S |lrred at room
t enper at ur AAPY Megtinghap Diggg| G Hibsiggs. Bwigpdrdadad. dnemurh 8. Fegkaadl was
portioned RELWREA. 84 D¥da, BERBBLEradiK OR:-5dh)syrintes 8F sHhosthafdYia@lddiabon (400 nl ).
The or gani ¢ Ia%/lgyr was wgshed W t a’{ HC 0. ?Je\l i@ovlnq-t' on (400 m ) and water
(2x400 m ) B PrPe@BR e PEBAr My Ul Zrd ™ {11 el €3 "And"Svap6rdt ed to dryness
to give th¥edan.gnmpoiidl eoudskade, [KalTouye M. ovatadh,iAd andThea, Gr Qok8) A 4akilsvas

di ssol ved j ' 1 e angd . . : ; : 33 m, 107
mol } wer egr%ﬁ‘ﬂéég?éﬂllﬁgé%fgl ?HH c')jﬁtL s@gé‘é’g’ﬁl %m@g@?@ﬁéjﬁﬁ%@ﬁ%ﬁﬁe;r ef l ux and
stirred fofhe Riam -’5\’1‘(&51’?45’&17-0(?PC\H§§°”€6%@§WP‘F9‘10@88 grourds e fagylvZoi | whi ch was
chr omat ogr aphed frbuebterdict blaorayme-hane/ met hano! 95/5) to give conmpound 148
(23 g, colorless foam 70%. An aliquot was cristallized from ethanol!

petrol eum et her.
Combination or Alternation Therapy

It has been recognized that drug-resistant variants of HBV can emerge after prolonged
treatment with an antiviral agent. Drug resistance most typically occurs by mutation of a
gene that encodes for an enzyme used in the viral life cycle, and most typically in the case of
HBV, DNA polymerase. Recently, it has been demonstrated that the efficacy of a drug
apainst HBV infection can be prolonged, augmented, or restored by administering the
compound in combination or alternation with a second, and perhaps third, antiviral compound
that induces a different mutation from that caused by the principle drug. Alternatively, the
pharmacokinetics, biodistribution, or other parameter of the drug can be altered by such
combination or alternation therapy. In general, combination therapy is typically preferred
over aliernation therapy because it induces multiple simultancous stresses on the virus.

The anti-hepatitis B viral activity of B-L-2'-dA, p-L-2’-dC, p-L-2°-dU, B-L-2’-dG, B-
L-2°-dT, $-L-dI, or other 3-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. Alternatively, for example, one or more of p-1.-2’-dA, f-1-2’-
dcC, B-L-2'-dU, §-L-2'-dG, p-L-2°-dT, B-L-dI, or other [3-I.-2’-nucleosides provided herein
can be administered in combination or alternation with 3TC, FTC, L-FMAU, DAPD,
fameiclovir, penciclovir, BMS-200475, bis pom PMEA (adefovir, dipivoxil); lobucavir,

ganciclovir, or ribavarin.
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Anal yses for

3,5 -0(i,1,3,3-tctrai sopropyl -1, 3-di si |l oxanyl ) -2'-deoxy-~i - L- adenosi ne
148: np 110-111 C (EtOH petroleumether} (Lit.(S) np 113-1 14C (EtOH)}

NVR (200 MHz, CDC13): 8 8.33 and 8.03 (2s, 2H, HZ and Hg), b.30 (dd, 1H,
H—~, J 2.85 Hz, J 7.0G Hz), 5.63 (sl) 2H, Nflz), 4.96 (m 1H, H3~), 4.50
(m 2H, Hs~a and HS-b), 2,68 (m 2H, HZ~a and t-12~b}, 1.08 (m 28H,

i sopropyl protons) Mass analysis (FAB+, GI) n >/z 494 (Ml -n+, 136 ($H2) +
28 Reaction 5: |-~ NNL  N.NOOv OOSI 94 BH2NN‘N NOO—INHqF,
MeOH reilux, 2 hrs OH L-deoxyadenosi ne 149 ' ~t, ,-l.. ..n .
YWiU = 1] ix Cnl St a~S Reactants : Anmoni umfluorlde (FI uka r ef 09742)

Silica gel (Merck f (734,25 Sol ven , no A. (Prol abo; ref
20847. 295) ; &%?“BPo?e‘re%r’i%\bé’%e oy %’SC“%R%“”E&“ g }”S"I’fd‘é BB 6‘12‘3“)9“5% mol 95
(Prol abo; me&fnh@OSQcBm@g@)fd iRefreimatiereor alichhtiorgyithWsgcondmhcRedidens, M J., Renoval

of Silyl Pﬁ&h&%gme@s@wﬁcrfprmmsaaqyd hE%n@&m% a¥hctile ORTRRY UM Fl uori de
i n Met hanol . Tetrahedron Lett 0 (192 A sol ution of

3, S - O (| Prgferseddbyt pgecand comppogi "Pﬁ h"&i %‘id éjﬁ%ﬁw}‘e atl%%%%@f“ﬁ"%@éhosu ne 148
(32 g, 65 emam;bh)mpamllaﬁmmcaumﬂLuonuctd:esnc(e?on?thgpremhx)enﬁoﬁ imgtdhanol was stirred

at ref l ux E){amplzes (t)}rkmascv\ﬁzy{n%éiarcg{\fl\kumgliiﬁasg%%o%\rgq(mase %uanoalae %‘e yas car ef U| l y

evapor at ed Bh the tpo of a

silica col wnwsmvxhn@h deexeycsidive bidasod St -huckipiidateornd detxhmmmssimekihsnol 9/ 1. The

appropriate fractions were conbi ned and evaporated to give a white powder,

which was crystallized fromethanol 95 (12.1 g, 75% . Analysts for

2' - Deoxy- (4-L=aderosi-rne 149 tH{y*'189- 190C (Et OH 95) (identical to conmerci al
- deoxy- D- ade mbsd degxyfHL- SR o{p2:0 & unvidnycldOBECre B} ives 8 Be prbsearitbeiod 4 (28, 2H,

x) ang ';g) eZﬂo%ﬁ{m(t%_gt a%k'ﬁanZ&L El%@ dQCCgéglg(ijodta d.%ediédﬁﬂ”xlgﬁfd%y %oli d&gecaz J7682
Hz)) 4. 42 ¢assh Chemn Corppme §19723 3@@2>( $q72- ﬁmdmd#hrs 6968, BO5W60OM 2H, H:. ~a and

HS~b), 2,71 (ma glnekdl ploieston abtading B-1C 67 theb-pehtafiiéidhucidoligni-L @R} ist 0 conmer ci al

- deoxy- D-hoavgx?lj?)?*‘lgureq using L-ribose or L-xylose as a starting material.

Mono, di, and triphosphate derivatives of the active nucleosides can be prepared as
described according to published methods. The monophosphate can be prepared according to
the procedure of Imai et al., I. Org. Chem., 34(6), 1547-1550 (June 1969). The diphosphate
can be prepared according to the pracedure 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 Pratocols

Melting points were determined in epen 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
temperature in DMSO-dy with a Bruker AC 250 or 400 spectrometer. Chemical shifts are
given in ppm, DMSO-djs 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), t (iriplet), 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 thioglycero!l (GT). Specific rotations were measured on a Perkin-Elmer 241
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ap+26 (c 0.5 water) (conmmercial 2'-deoxy-D adenosine -25 (¢ 0.5 water)). W
~, max 260 nm (s 14100} (1120). Mass analysis (FAB+, GI) mz 252 (M+H) +, 136
{BHZ} + 29 Exanpje 3 Stereospecifir ~yniltesis of 2'-Devxy-j~L-Cytidine O
t ON~reflux ,. J' H~~n: (CH3y3S~0 ez0 5 T6ASTf 1,2 _dfchl oroethane 0 L<J
gr~~N O ~pAc/'~0 1Q Uracite HxNJ~IH~. 1iZO p | Pyndl ne, CNyCODN p O h10 BzQ
OBz N p B pgz p 1} OGCl C1~CHCOCH B~C~N 5) CeHOC(57Cl1 C6Hs- HVSO DVAPI CH~CH
a------ ~ 2)NaSN, | CaN6. Et OH a (56k yield) y) (~S,)~SIfi, A Btu Pfoxan (66%
yield) (66'k yield} 1) Lawesaon's reagent 1, 2-dichloroethane 2) MeOH NN3
100 C NHy ~I NI N~~O 2'-Ueoxy-d--cYtldtne (~.rGdC) (90!~ weld) 30

spectropalaiinmicter (path length 1 cm) and are given in units of 107 deg cm?® g']. Elemental
analysis weie carried out by the “Service de Microanalyses du CNRS, Division de
Veraison™ ([*rance). Analyses indicated by the symbols of the elements or functions were
within £ 0,4% of theoretical vatues. Thin layer chromatography was performed on precoated
aluminium sheets of Silica Gel 60 F;s4 (Merck, Art. 5554), visualisation of products being
accomplished by UV absorbency followed by charring with 10% ethanolic sulfuric acid and
heating. Column chromatography was carried out on Silica Gel 60 (Merck, Art. 9385) at

A N |

Example 1  Stereospecific Synthesis of 2’-Deoxy-f-L-Adenosine

-Bz20

BzO 5 steps
@m ~————— L*Xylose
Q
1

Adenine,
SnCL/CH,CN

HNH,

NH;NH,.H,0

N SN A B0 ncHocEK, 89
N 6115 '
Bz0 | 820 A DMAP/CH;CN B20 A
B20 <~ N/) —— H b
AcQ 0 2) (Me;Si);SiH 0
(e)

/CH3CO,H-pyridine 3 (589 yield) AIBN/Dioxane 4 (56% yield)
2
mMTrClpyridine
HO BzG
mm,o_b ATMTE HO ATMTE mb ATMTr
QO O
mMTrCl/pyndme NH,/CH30H ]
1(72% yicld) 6 (99% yield) 5 (72% yield)
DEAD, PPh;,
CgHsCO,H/THF

mMTro mMTr mMTro—l i—-\/ ATMTr HO A

NH;/CH;OH (s CH3CO;H-H,;0 ;
9(76% from 1) 2'-Deoxy-f-L-adeneosine

(B-L-dA)
(83% yield)
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i-(3,5-D -0 benzoyl - (3-L-xyl of uranosyl )uracil Hydrazine hydrate (1.4 ni,
28.7 mmol) was added to a solution of 1-(2-O acetyl-3,5
di - O benzoyl - p- L- xyi of uranosyl )tuacil 10 [Ref.. Gosselin, G ; Bergogne,
M-C.; Inbach, J.L., "Synthesis and Antiviral Evaluation of
~i - L- Xyl of uranosyl Nucl eosi des of the Five Naturally Occuru~g Nucleic Acid
Bases", Journal of Heterocyclic Chem stry, 1993, 30 (Cct.Nov.), 1229-1233]
(4.79 g, 9.b8 nznol) in pyridine (60nL) and acetic acid (15 nlL). The
solution was stirred overnight at roomtenperature. Acetone was added (35
m.) and the m xture was stirred for 30 m'n. The reaction m xture was
evaporat ed under reduced pressure ~|~i. ..~ _my L.~ uu., V.....
.uom-.u U=~ Sm-. 1 be:l t,uiUI1LU( |IIUIncLLUgraI)hy hlu~nt. St~fW Se
gradi ent o¥-GeePhGherzoyid: IAr%‘“PW“WB’M%‘P%@ét hane to give 11 (3.0 g, 68%
whi ch w?s cr ystAasbluh&ﬂﬂ94‘(1-0&15@35(0lsm@mmﬂqynhﬁaﬁﬁmﬁb&aaﬁe2 MRef= 11 1-114C
LH NVR 11.3 2 CGHSOO
H6)) 6. ?5\3@ gelin G e‘%ﬁ@ezé‘e 'P?“bh} Lo, S’Q‘Ia?%ﬁa“dé‘“‘}"‘/“a ‘%‘j”n}"i“(’ﬁ HhLl ) J, =
1.9 Hz), SXﬁSfU(adosyll‘HcleMCES of Jifg-Five Ylatim)ly Ofputing Nugldic AJGHBaIiebsBJqurmef z~ 3 9 Hz
and J~~-0~ Haerbcy@u]@z)gm:sﬁy %9@@0(@&'«3#)412&9 12‘&315(8@%8'6'5 mhtofanNd H-5"), 4.3
(m 1H, H2 B>0 (matri x '?J-I , 15(06HSC1))+ FAB<O
(matri x GT')deﬁ”fe IZVQEE*“:{QIW 14534 mlq 3% g m;@ureownﬂmf jacial egtigacidcy) cd f or
C23H2~Nz OgHAO /v, 1@) mBBwA Stirped b, rodhn tehpératide fob 2Dl Thé@bufich was@uen5]7ed3§. H 4.42 ;
N 5.70. 1-(3, 5- Toasolutlon
of L-(3,5- ingace grﬁez(gh Ql??%lgxtlrrlf?ﬂlW#ﬁ(%lgﬁlggg )ﬂeragm %)ur ere'xc 7 m) in an
anhydr ous lben%eﬂ%r@ﬁﬁ[s@)omﬂxbauweﬂ{@%wm_iUlw@Sle WWF\!{J)JW@{? endaidtdc@tslfd anhydr ous

pyridi ne (\Jrﬁi‘flchmﬂ}foanQQYQ)l Rhereh lmyur lv.vda@he(i 1Qc&sifbly with AARledusand

di chl oroacetic acid E’%&HF {ff "§m glmxture was stirred at room
terrperatursé‘“fafﬁdsﬁ}‘f‘on G B i) "é*feﬁgfl" R Btadded Atrdni) and a sol ution
of oxalic @medtra{te!&!a{ad@,cvaﬁrateamah)oluenh aneimbramol. Teldsiduk yvaspmsfiaidged. After being
stirred for. I f [ [.at shed with a
sat ur at ed Na&?é' c&{},ﬁ? ‘iﬁlgor’f%l E @B\g@nﬁf Mggf' lngghlf%%ghanc)I u%wef(s\(ﬁ%%%m_) and wat er
(2x500nL) . previpitated femlisomseryiecthon s HIVYIR PNV NaS S04 (mt b H-2BMkfor at ed under
reduced prgssiie-s-Jhaq nesyhts ng, ees) dus m@s sihenis o), biz@dis,n an Lt OH

absol ute-b To t nat 0C wa

adéeduNaBl-ﬁng‘ 48)‘('1t)2%?ébgﬁnfg‘r§h29&ft4e ‘é ‘F“"r"}’@d??oﬁ“dgh“ Phe sol ution
was di | ut ezH, \hﬁ-’ztdmdélt-ﬂiyils apEtdl B (I(AIETO)m(ﬂﬂYﬁ [M*Hﬂnlfvéi (BHe, @B W@ 474 | trat e was
washed Wlt[lm %a&wayegaswma bmn((ﬂ@&omaomqamb@,mm(ﬁ@@mm The

or gani ¢ phase over % hen evapora under reduced
pressure. (Tﬁ‘éSOP)eE!in t7 1 (tHeraEha) A3 éﬁ“lcﬁ;\/ﬁ’écﬁﬁ%lwf(?“é'éf Y5411 Cea gel col um
chr omat ograpihyt, [4elbient.73. FoepwCse.4gradicem, 1a27. met hanol (0-3% in 31

di chl th tall df
acetoni trile: i 3t5‘3“%%5%&é%z{d‘%mﬁ}n@%@éb”ﬂﬁwﬁ%ﬁ%fe (bt oo i H N,
8.0-7. 5 (m  11F a pluggHgegupoppdgl(1.06g. 23 | (giol)dn dry pqetomipql 6§ mLBqu (d, 1 H,
\|]_|\:31 _ZadFed4- (m&ly@n@é})p}(rﬁme@oﬁg EBDmmetHund preBoxdthkdedrbondl o%l?mﬁet . g- H, 1H-H3I .

~. Z~ = . )
H4'), 4(%(‘%{“1 é)m‘wkg)fﬁe m‘iﬁ}’ée “’ﬁ%%gﬁfp "’(‘FP&P‘r“?'?PC%‘Hea*ﬁ%%AB%% ( M+H) o 341 {9S)+,
| 13 (BHz)copcem%orc @6 HSOB) wes diFsaBeDin divhlbroinxh@F {50mlia antBiasifelt H) - , 12|
(GCIEBCEZ) sgcc@ssivdl’ w(ﬂB)vatcr (ﬂ??dm[ )Qt?‘.]lu&qs gogfgomm&m%ama%Sﬁb(}%) H 4.46 ; N,
1-(3,5-Di @Hé‘ﬁz(%wo @LHEWa(ﬂslazeré*@ﬁrﬁPd‘ ltyrehtndriicanvaedtodpmesihe (131 ~. ~ a
a~. U~:V;: ¢nilde ticcarbonyhdted itermedidte @k dd‘dcnl;rttetitbmwhnammwsuymmc 11 (5.2 g, 11.4

tntolL 2-dj.chl tha
Tt oL PRI o GGy SRR AL BN Bntitln
4- (di met hydradvxyacs) (h¥mL )it WGUP(MPThel@IVQItglaS e umipmlajuumEhethe esul ti ng
sol ution V)@s?du§%srp'h§ﬁed%§ sJ&%@cBﬁHP%%Mg%_FM%% LGP dﬁ;hl%%@ﬂﬂﬁ{e? for 1 h and

t hen evaporated under Teduced pressure resi due was di ssolved in

di chl or onee BENRT(HRBE3 %9 baid tae 1 NYEHPMSOoAaLitdi 2o Weis 28udéeddflvel y washed
with an ice-cold 0.2 N hydrochloric acid solution (3x 200 ntL) and water
(2x200 mL), dried over Na2S04 then evgporated under reduced pressure. The
crude material was co-evaporated several tinmes wth anhydrous di oxane and
dissolved in this solvent (1 i0 nL). To the resulting solution were added
under argon tris(trinmethylsilyl)silane hydride (4.2 nm, 13.7 mmol) and

a, a' -azoi sobutyronitrile (AIBN, 0.6 g, 3.76 mmoi ). The reaction m xture was
heated and stirred at 100C for |h under argon, then cooled to room
tenperature and evaporated under reduced pressure. The residue was purified
by silica gel colum chromatography [eluent: stepw se gradient of nethanol
(0-59%] to glve 13 (2. 78 g, 569@ rmhlch was crystalllzed fron1EtCH np =

PNLNLN NN NN R AN N 1 o . I



Lxanpl e 4 Stcrcoscl ecfive Synthesis of 2'-Deoxy-ji-L-Cytidinc ((3-L-dC) O
OH HO OH OH L~ar abl nose cyanam de MeOH 6M NHA40H Ret 5, ~ NH2net hyl

propl ol ateN ~OHEt OH | H-OOr ef | exRef 50H1 (86.0/,)crystal sOHN DMVFI HCl O NOBz
dry DMF~1~Cl 08zRef 3,6,84 (92.6Y)crystals O NOO OH OH 2 (62 Ove)
crystals Odry pyridine NOO OBz OBz 3 (95.8le) precipitate G H ON OBz
OBz Bu~SnH JAI9N dry toluene reflex R~ ef b,6 $ ($7.2/,) prec~prtate
Lawesson's reagent Ref 1 dry CHZClz reflex S HN O N O OBz MeOH NH3 i 00C Ref
OBz 6 (quantitatl(j solid affsr purification NHz N~ O OH OH

2"),4.6 - 4.7 (m, 3H, H-4’, H-5" and H-5"), 5.8 (brs, 1H, H-3"), 6.43 (dd, 11, H-1", J;-3- =
3.1 Hz, Jy 2= 7.6 Hz), 7.3 (br s, 2H, NH»-6), 7.4-7.9 (mm, 10H, 2 benzoyls), 8.05 and 8.33
(2s, 2H, H-2 and H-8); ms : matrix G/T, (FAB") m/z 460 [M+H]", 325 [S]", 136 [BH,]",
(FAB) m/z 458 [M-HT, 134 [B]’; UV (95% ethanol) : Ama 261 nm (g 14400), 231 nm (&
26300), Amin 249 nm (& 12000); [a¢]p*” = - 38 (c 1.04, DMSO).

6-N-(4-Monomethoxytrityl)-9-(3,5-di-O-benzoyl-2-deoxy-p-L~threo-pento-
furanosyl)adenine (5).

To a solution of compound 4 (0.88 g. 1.92 mmol) in drv pvriding (40 mT ) wee pddad
4-pionolneinuayliiyyl eatonde (1,16 g, 3.5+ minol). 1he mixture was stirred at 60°C for 24 h.
After addition of methanol (5 mL), the solution was concentrated to dryness, the residue was
dissolved in dichloromethane (50 mL) and washed successively with water {30 mL), aqueous
saturated NaHCO; (30 mL) and water (30 mL}). The organic layer was dried, filtered,
concentrated and co-evaporated with toluene to give pure § (1.01 g, 72%) as a foam : 'H
NMR (CDCl3) : 8 2.9-3.0 (m, 2H, H-2" and H-2"), 3.62 (s, 3H, OCH3), 4.6-4.8 (m, 3H, H-4’,
H-5" and H-5""), 5.85 (pt, 1H, H-3"), 6.44 (dd, IH, H-1", J;:5- = 3.1 Hz, J;»» = 7.3 Hz), 6.9 (br
s, lH, NH-6), 6.7-6.8 and 7.2-7.4 (2m, 24H, 2 benzoyls and MMTr), 7.97 and 8.13 (2s, 2H,
H-2 and H-8); ms : matrix G/T, (FAB") m/z 732 [M+H]*, (FAB") mv/z 730 [M-H]; UV (95%
cthanol) : Aqax 274 nm (g 12100), 225 nm (e 24200), Ann 250 nm (g 5900); [(1].320 =-16(c
1 12, DMSO).

6-N-(4-Monomethoxytrityl)-9-(2-deoxy-f-L-threo-pentofuranosyl)-adenine (6).

Compound § (0.95 g, 1.30 mmol) was treated with a solution (saturated at -10°C) of
methanolic ammonia (40 mL), at room temperature overnight. Afier 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% MeOH in dichloromethane) to give pure 6 (0.67 g, 98%) as a foam :
'H NMR (CDCl;) :  2.6-2.9 (m, 2H, H-2" and H-2"), 3.5 (br s, 1H, OH-5"), 3.55 (s, 3H,
OCH3), 3.9-4.0 (m, 3H, H-4’, H-5’ and H-5%), 4.5-4.6 (m, 1H, H-3"), 6.03 (dd, 1H, H-1", J;- 5
=4,0Hz, J;';»=8.8 Hz), 7.0 (br s, [H, NH-6), 6.7-6.8 and 7.1-7.4 (2m, 14H, MMTr), 7.40
{d, tH, 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-H[, 406 [B]; UV
(95% ethanol) : Amax 275 nm (& 12300), Ay 247 nm (& 3600); {a]p?® = + 28 (c 0.94, DMSO).
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p-L-dC (78.fi% crystals 2-Am no-~-L-arabinofurano[l', 2':4,5]oxazoline (~ A
m xture of L-arabinose (170 g, |.13 nol), cyanatnide ( 100g, 2.38 nol),

met hanol {300 m ), and 6M NH40H (50 m ) was stirred at roomtenperature for
3 days and then kept at -10C overnight. The product was collected with
suction, washed successively with nethanol and ether, and dried rn vacuo.
Yield, 130 g {66.0% of the analytically pure conpound 1, mp. 170-1 72C, |

HNMZ (DVMBO-db) S ppm 6.35 (br s, 2H, NHL), 5.15 (d, 1 H, Il 1, J= 5.6
Hz), 5.45 (br s, i H ON3), 4.70 (br s, 1 H OH5), 4.55(d) 1 H H2 .1
= 5.6 Hz), 4.00 (br s, Il1-1, H3), 3.b5 (m 1H, H4), 3 25 (m 2H, H 5,

H5) 34 Re , agents: L- ar abi nose: Fl uke, >99.5% ref: 10839 Cyanam dc:

Fl uke, >98% ref 28330 02' 2' -anhé‘{ﬂé % L-uridine (Z) A solution of
conpound 1 (9% (Mepomeihquytritylist2-qeatsir; - (hPapanenthaxetriodsb-Tiffresn 509 aqueous
et hanol (740 rﬂe).tomsnomfaﬂum@c{_}f or 5h, then cool ed and concentrat ed under
di m n' shed pr éo%pl)un%Gt(@éi 1%4 E%rr%f) mc{}ryﬁyndme{j% nﬁ%\gas treat w&'l r.p i

s col ed Wth sucti on,
was hed Wi mﬁn@%mﬁﬁﬁtb’h‘ﬁ'&ﬂé‘t GEES 16919@’“%1’9)@&@0'“%“%{%@16 hi ftfwoﬂddWGS partialy

colncgnt r ?Fﬁ@limiébﬁs mm@@rﬁmﬁ{e e/awog&mmeﬁaad@ﬁm?mhtﬂa réfaed Q&th@olaetgﬁp m{ ) ]E Pe g
solid collecte nd washed wi one and ether to affor
anot her cflﬁlbl"@f“eww&?@%é “fwa"sh‘i?é‘r‘“ﬁw"l Y ”E?terff@ “g“s'(aﬁ‘"‘?%atcgfq“@ﬁﬁpound 2, mp.
236- 240C; sohhtmhonIq@m@umaplqummmm The orghnitdaydriwgs drikd,Hiltéed, Hz), 6.35 (d,
1H HL cn'friéd %dkg-):vaprﬁatg@w(hqoluéne bha r)l_él}énol‘]Thc cmndﬁ h@tréfé 9\0 {d, 1 H OH

3'), 5.20 ( 4.44 (br s, !'H,

H3')) 4. e}sw(gcmolurlwww%va‘w%wz@/(WUIQHGICH@WM)tyEWRééngrﬁ Met hyl

gr Ogl ol af ez%ﬂsulﬁﬂm i{@?@%R@D@ASOBJ&@?zu (d, 1H, H-2’ Iy~ = 14.3 Hz), 2.6-2.7 (m, 1H, f g
, [ on of conpoun

2 {71. 9%§§§% PFHSa dcy]ggﬁsz’%frl dlsln(9 quzo‘o(%?#’?d'afafﬂgb d benzoyl

chlori de (180),4-21413)(matH (BIEB hﬁdS @ndsOHaY e = TRHzx 62t Gh Hal'Xii-pre was stirred

at room t?ﬁﬁl@f Bbiseind 9173 (ﬂn li@ﬁ@Mﬁ’FlenHﬁHQﬂ 78 a4 §PSPeN 5o 9 sture and
st opped bé addi tion of ethano The sol vents were ev%{)orat ed under reduced

pressure r‘ﬁ}"E%é"aFé‘sC(ﬁ’t(F‘?ﬁ%WF’@%U@%é‘o%‘@@%}a@?%’é’&7 M % ene and

absol ut e @hangbsv di@ol} rge7Mmm (eBoeoyas, 24hemn (di2Ro)gd),Ri-t+h 4e¢ hanol and t he
pr eci pi tat g, Rdfcted with suction, washed successively with ethanol and

et her, and drle Yield, 129 (95.8% of conpound 3, mp. 254 C, ~H NMR
(DIVBO dé) b p}ﬁrﬁ’B‘ Mommﬂ(omtriwgﬁ’ﬂ-" -OdgrEEh?- dﬂlﬁ)‘f’@!"ﬁ@"(d 1H H1, J =57
Hz), 5.90 (d, m']etﬂﬂx thy@,-[} ﬂ-erytﬂa-ﬁcnﬁ?x)mno’iyl&@crﬁﬁb 8)1 H H2 J = 5. 8 HZ), 5.70

(d, 1 H H3 A)nglutl?_.t] ofémhy]azolapcargci)xg]atei%éﬁ. 3391(1 aol) mdl[ﬂytetrahyd?bfuran Rea ent:

Benzoyl chlori
3',5' - D - @Q0bdnwayadd’ drqphlsgto@—cgdlcddelwtyi(ﬁﬁ’Cb_ofwmlmsude'f (0,66 0.8 mrodllt i on of

d ne 10 ; dded at
compouny Rl fnhatauoh %B’dc”‘:“?gfiz‘*‘%@?"gﬁ?ﬁﬁﬁﬂﬁg = a2 m ot

acetyl chimbt W%’Wﬁtﬁreﬁaté‘éﬂ%t?’?‘wuﬁ @”W%Tﬂoh{éf’ﬂéﬁéﬁad%ﬁid 133.5 m of
di met hyl fmmrm]mmhe)e:c r?{rhezea @rglert rednedprexduteragd thasudtnaketieidvaa purili@®6y for 1 h under
excl usi on § red into water (4000
). The JFasRsPRaR ARERoiah Rt FRR E8 Rna P RUEE IR 220G Wi
wat er, anﬁiSllrgbtbrWsttlfalmiitﬁds@éﬂlphﬁrrylphﬁspbtlﬂrPX*dE Thw Wds;:,.u Wim CU al ctnanol and
et her, and deeqkrmﬁronaummh@b@Qz RERES @8- mo¥b@beHloxyBRyIRA 4R Of
corrpound 4, m p 164 C’ NVR (DMSO-db) 8 ppm"gﬂ’ﬁ?bf{'@ 1H, N1T),
8. 73{m1!3 ﬂé’gﬁ"“‘ﬁﬁ Y, 6.15 {d, I H I~1 ", 4.8 Hz)) 5. S (m
2H, H5, H2 C}’mpoﬁnﬁﬂiw(smeatcﬁ-ﬂ;y alsbl@ion (datusbted atN1 BC) oﬂﬂ1eﬁ1é1)o_hc Re[agﬁmt Acctyl
Cgl) oride: (25 l'nlﬂl)(%ﬂ rodtn %m}aergtgrfe foQQ‘?l%glcﬁthe 5eactgh mQ'tLpg\QZs%Xrlcerarateg%Od)é%es‘;f L-uridine
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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A m xture of conpound 4 (60.28 g, 0.128 nol), tri-n-butyltin hydride (95
m} and azabi si sobutyronitrile (D.568 g) in dry toluene (720 m) was
refluxed under stirring for 5 h and cool ed dowmn. The solid was coll ected

wi th suction and washed with cold toluene and petroleumether. The filtrate
was concentrated under reduced pressure and diluted with petroleumether to
deposit an additional crop of conpound 5. Yield, 54.28 g (97.2% of conpond
5, mp. Z20-221C; "H NWR (CDC13) S ppm 8.9 (br s, IH NH), 8.1-7.5 (m 11
H, C6HSCO0 arid H6), 6.43 (g, 1 H H1', Jt ~~=57 H and J , ~ ~ ~
8.3 Hz), 5.7-5.6 (m 2H, H3 and H5}, 4.8-4.6 (n1 3H H5, H5" and

H4 ), 2.8-2.7 (m 1H HZ2), 2.4-2.3 (m IH N2"). Rea ents:

Tri-n-but ttln hydri de: Fluku, >98% ref 90915 Azabi si sobufyranitrilc:

Fl uka, >98% bipig ﬂﬁé’%‘a§e”’8“ﬁﬁ‘°“dayﬁ%?f‘z%wluzmCEFéﬁ%ygfaPhU%T’/fP@/ eatift i dine (6) A
sol ution of deamﬁmnﬁheﬁ HI6MR(DMSA-BJ : smb-p 3qmdi H, aves 5.80:9%m/ @RgD™, (74 g) in
anhydr ous t Qr ef e d r.gon, over ni ght .
After 36 ngdg%% at’i QPE lhﬁﬁéfgg?%gﬁ%%c¥ﬁ%{5 (%ﬁﬁ%ggfﬁ qi{ﬁﬂ'g‘g‘hrlfled by a
silica gel déKmnﬁ*éh&bﬁé@@bHéﬁH&3[bbmaﬁﬁfhgﬁéﬁﬁehtﬂdfJnEFHan6w4{0 29 in

net hyl ene cfpiz;)rslsdse)]an&@1af4f(9mgmmm9£mwﬁg ﬁ81(az§sgi(zg QHQM@@MII{%' ve yl el d;
~H NVR { CDC13

(d 1 H H &S H‘am%f%(%% %7%[%“&8)’49%3“4 {FAB )Jmfzé%dwl AARIBY; LL"8 2 Hz)
.22 (d, 1 If)svdthabglil: ?»m2767mm)42605) Brnef 248 nih (433308);30 )%’ =428 ({ M95, BMSOH 5') H 5

"),4.5(rnII2I_,D ddent Ngph H H2"), 23 (m 1 H HZ2"). Reagent:
Lawesson's reagent eﬁl’—fh% o S"g réf GL50 2' - Deoxy- (1-L-cy#osine A

sol ution of cor‘rﬁoumdu“ef(\"f"@ g2v 0“‘0‘18‘%?1)‘—‘1 i At frarroblusetof reatcedidwi t h
i}l;ﬂTDni a ( |73 80%X17Vl\ﬂ? altedh Qd\p@'ﬁtur&@cg@hi The @i 4r8 Wi c%ﬁc%ntﬁate@@d drfobksl tgéier df or 3h.

ter cooling carefu s .evapor at nder reduced pressure.
An aqueous § 'Idlﬁet‘i"%lqlsﬁqk%éw “%é?lgaﬁ‘ga'gr"% e%&ﬁ@‘&‘%@fﬁﬁ(gf‘ﬂ%%&% ate and
evapor at ed t@edsyagesss cGomhated g4 ocedpnraedndth tdaone andchediatiol. Ahe &siaddher sanpl es
(each 7.3 Ob. fhoCRMRANRG-SpLLO0 BRI bt ol s ﬁcad;n@y dfeaS! dues were

conbi ned, dilute absol ut ¢ et hanol cool crystals.

Trace of befRY4hi ﬂ‘é’“%@ﬂ’épléfl(? e el ’?ﬁ‘%f?'ﬁ%hﬂﬁ?))?%‘{fﬁif@'% ‘@’b"}/Md'e’Sol id-1iquid
extracti on prvocedyr. ey &illigoad) | X 1937 ety stanRl abe whad (lih)s4-1¥5eleh, 28. 75 g

78. & f 1 45 22 and 8. 00

EZ br /?S 0 E chr{ﬁég%w IHPS flll(l'\(“ajaq ﬁ*?n%/g %Zq)\@ Cﬁeﬂzpm %:f.H ﬁnl ) J=

6.5 Hz and §36=53‘? ayd 7y 189%: %gD(e@imﬂqmeF{RCH Ngss, B. fiﬂ?&@@ﬂ"(ﬁ&ﬂ)ﬂ”@@?{br s, 1H,

?"‘g é S. 1N(1Lb§tc Soid Gheld)sirfiddomach) W. W, ZiploM)R. L., Edd ;1. Whled ahd sodds : w(‘ﬂ)tk g— H, 2::')" 4H
= 3. m

2 H2" ) <’6’”{*’G%Hﬁ%7 g%’@%‘@&%@ﬁ) %%%ﬁ%ﬁ)d“ﬁééoz%&% a'é‘z% (M+H) +,

112 ( B+2H) +2")]38-D6 (2m, 86,118 apt H=5"), 3.88(pg, i HONBQ) 4.3-4W (g, 0 H, BP")-5:2%66 1 H; 270 nm {E

= 10000). Rg BRGe. o 20k ﬂé}“?&d(ﬁ @ﬁ@n%nugm, 13 @m)ow) £ da %ﬁt#ﬁas elgs -
tightly stoppered, and i n eezer. St'er eosel ectl ve

Synt hesi s ofzZrz Déc?)ﬁ?)i”L “Fh%ﬂn\%ﬁ}ss(l(@dl_s 381'?)5 . @NHGDHC%ZHSGHE“G 0 H\-I 1z 1
CAN O~-N | OcOBz ABHION2 R M+11)'81368BBH.{*, (HAB3.n528 50 QMEN; CHIBEIN {95%

ethanol) : Amax 258 nm (€ 14300), Amn 226 nm (e 2100); [o]p™ = + 25 (¢ 1.03, H,0), (Lit.

[a]p®® = + 23 (¢ 1.0, H,0) for L-enantiomer [Ref.: Robins, M. JI.; Khwaja, T. A_; Robins, R.

K.J Org. Chem. 1970, 35, 636-639] and [a]Dzo =-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; Vo! I, pp 183-187]). Anal. Calcd for

C1oH3Ns0; + 1.5 H,O (M =278.28) : C, 43.16; H, 5.80; N, 25.17. Found : C, 43 63; H, 5.45;

N, 25.33.
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OH OH p-L-dT (64.8y crystals after purification O plot ~~1 N, pTold dry
pyridine O-N O OBz DI EA Ref OBz B.. O pTol ~ ~CH3 NI MOH NH- O-N O OBz
OBz 9 (48.3/,, 2 steps) solid after purlficatfon

3',5 -Di -0 benzoyl -2' -dcoxy-5-io0do-(1-L-uridine L7) NWMP Ref4,9,10 Pdt OAc)z
PhsP (MehSn NBts A m xture of conpound 5 {105.8 g, 0.242 not), iodine (76.8
g), CAN (b6.4 g) and acetonitrile (2550 m) was stirred at 80C for 3h then
the reaction m xture was cooled at roomtenperature |eading to
crystallization of conpond 7 (86.6 g, 63.S%; m p. 192-194C ; | H NWR
(DVSO) E ppm .8.34 (s, 1H N-~, 8.2-7 2 {m 11H 2 C6HSCO, H G, 6.31 {q,
1H, H-1', J=5.5H and J = 8.7 Hz)) 55 (m IH H3), 47 (m 2H H5 ) N
5"), 45 (m LH H4), 227 (m 1 H N2), 23 (m 1H HZ2"),; PAB<O,
(GT) m e 56 tExaplep'  Segpsclegjve SyphRisQf 7' BRpxi5ER- A(Wsl)nefﬂ [:al]Ao~ + 39,05 (c =
1.05 in DVBO); L1V (EtOH 95) um- = 28l rim (s = 900@), 254 rim( =
4000), v,nax = 229 rim (E = 31008); Angl. Calcd for , 3341, gI NzO-: O 49.13
H 3.41 N, 4 98 |, 22 5actopsg |~d 9 31 Hsacl@ﬂﬁs Nk "S54 05 | _,22. 36.
Reagent s: 1 odi ne: E’Isuk " el Ce 1 gnmoni fitrate (CAN):

Al drich, >98.5% ref 2 fuf é °*“5 D| ’ﬁoﬁﬁnén“zow xy-3- N

t ol uoyl - ~- L-t hymi di ne ’9 °*I°8H§S%ol uT i on of WwHiInd 7 (aggeus"g - 154 moi) in
anhydr ous pyri di ne (1530 m ) cont i @gg@ N- et hyl d||sopro viarmme (53.6 m}
was added, portionw se at 0C, p- t chloride (40.6 wais 1NE reaction
mxture was stirred for 2 h at roof frper ature) then wateq was added to
stop the reaction and the reacti on M xture was extracted with nethylene

chl ori de. The organi c phase was washed with water, 'dfied’ oI'““"”s’bdl um

sul fate and evaporat ed to dryness to give crude

3',5" -di - O benzoyl - 2' - deoXs}- 3- N-t ol uoyl - 5-i odo- ~3- Lut} di ne¥(8) which can be
used for the next step Wi %b furthej/ purification {Lgomjun of crude
nuxture ts, pailadmm acet até X 3 t r ~phetryl‘phosph \%

N- et hyl pyrolidi none (1375 m) h t\Ffeth 1 am nD%AF(4 3 m S $t'rred at
roomtenperature for 45 mn. Theny—4®&trane iﬁnt (42.4 mH) onag’added
dropwi se at OC under argon. Aftgr $tlrri ngz’Ht‘SSI”CPGL"P“"IOC over midht) t he
reaction mxture was poured jota water and extracted vvlth _eh et hyl ether.
The organic solution was dri eg-exer sodi um sul fate and Cameedtrated under
reduced pressure. The residueTr purified by a silica gechsteeol um

chromat ogr aphy (el uan#: stepw se gradient of ethyl acetate {0-10% in

tol uene] to give conpound Q.as [wfeadh {42 3 g, 48 3% for the 2 steps). ~H
NVR {DMSO b ppm .8.3-7.2 {m i{ 5H, 2 C6HSCO, 1 CH3C6H4C0, H6), 6.29 {t, 1
H H1, J=7.0 H), 5.7 (m 1MW, H3), 4.74.5 (rn, 3H H5, HS', H4),
2.7-2.G(m 2H, H2', HZ"“ , FAB<O, (GT) n1e 567 (MH', 449

(M Cl -33C~HaCoO) -, 243 {B)Y QZZI (CGEI SCOO) -; FAB>0 {GI) 1137 (2M+H)+, 569
(Mt~H +, 32S (M B)-~, 245'( oM 19 (CHBCGHS(I)) Reagents: p- Tol uoyl
chloride, Aldrich, 98% ref 1 3 1 Diisopropylethylam ne: Atdrich,
>99.5% ref 38,764-9 N nethyipyrelidinone: Aldriclr, >99% ref 44,377-8

Pal adi um acetate: Al dri ch,LaR8e089p4ref 37,987-5 Tri phenyl phosphi ue: Fl uka,
>97% ref 93092 Tetranet hyl rpmategragff cfyrin c h, >99% ref 14, 647-1

2' - Deoxy-(3-L-thym dine A sn of corrpound 9 (42. 3 g, 0.074 nol) in
met hanol saturated with amon’a { 1850 m) was stirred at roomtenperature
for two days. After evaporation of the solvent, the residue was dil uted
with water and washed several tinmes with ethyl acetate. The agueous | ayer
was

23



39 separ ated, evaporated under reduced pressure and the residue was
purifeed by a silica gel colum cluomatography [etu~nt: stepw se gradient
of nmethanol (0-10/) in nethylene chloride] to give pure

-deoxy-J3-L-thym dine {11.62 g, 64.8% which was crystallized from
ethanol; mp. 185-188C, IH NW (DMSG b ppm 11.3 (s, IH NH), 7.70 (s, 1H,
H6}, 6.2 (pt, 1H, H1'}, 5.24 (d, IH OH3, J=4.2 Hz), 5.08 (t, IH,
O+5, J=51H), 42 (m 1H H3 ), 3.7 (m 1 H H4 ), 3.5-3 .6 (m
2H, H5, H5 "), 2.1-2.0 (m 2H, FI 2', H2"); FAB<O, (GI) n>/e 483
(2MH)-, 349 (MtT-H)-, 241 (MH)', 125 (B}'; FAH>0 (GI) 243 (MtH)+, |27
(F3+2H)+; )+; Ju]lll-" - 13.0 (¢ =120 in T)MS5(7); 11V (pH 1) v~ .Y = 267 nm
fir =97(~l11 n~",. 2~'-t 11111 (E=111tJU). Reagent: Methanolic
ant nani a: Rg##0% busly saturated at -5C, tightly stoppered, and kept in a
freezer. Exanple 6 Stereoselectlgg Synthe5|s of 2., deaxy- pdo- L- |no%éne
{~3-L-dlI') ~-L-dl was syni of _2_-geoxy adenosi ne
(p-L-dA) foll ow ngsg spced pregyd. QM,SJ y i bedsd,n the
9- D- gl ucopyranosy!” series (Ref" 1. Iwai, T2°N $hi ntfat&hd B. °Bh¢%i zu,
Synthetic Procedures in Nucl & c ACId Chemi stty, W VJ. AorbacH®¥and R S.
Ti pson, eds., JolIn Wley & Sons, Ine. New York, vol. 1, pp[vE35%138
(19&8)). NFLI N~NHO ~-NHNOON\NHt, <N J NaNO-, off N AgeNC Aud. O
1 f1 O p ~- Bieciihars L-ribossdfCuitor Beienof FooB-QASAM26 20D Intep)chiREBE1 HitXt ur e of acetic
acid (0. 6Rkacmn)q aﬂghd@@tﬁ@ﬁ of-48, m'lz;rckwﬁ:ﬂ beat %OWBtleoﬁle'oHJp(ﬁllull L Fc?e (495 ng),
and the mxture was stirred at room tenperature overnight The sol ution was
t hen evapbfat'et?dtd sUb4riewecundét 4P ni shed pressure. An aqueous sol ution
of the resicus: VMBhaﬁ@mAerofa&J aefczommmmynuﬂe lo@Q (Adbs) rdfQpEBESNgE resin,
and the c el yt th pr.opnat e rac i pns. were coll ected
aad evapoﬁa edm omﬁ ﬁk ?gmﬂ% agfo §%60£ﬁ AT g 'hCM% er(??ysfallized from
rret hanol %01Q@G&n@ccl%@%%deﬁ@km%f4@‘?@9] ﬁihZT@U?S (Pwiapo iﬂ@(&?liﬂ W (Hz0),
H- 8) —227ngrchﬁ :NVRoAH, E. F(, [aMBRImgkr)iech@ I—BZEL@HQuLS EQ]?acﬁezﬁmthgseHesglagh{ H ?.Hand

m

H4'}, 3.7-3. ﬁ“(‘ifhjz 33FTTb8PtL[? Blbf‘ﬂyr"“ﬁ‘ﬁ?&%’%’& %’V’ ﬁfﬁf)“ﬂésméwg‘ 2.6 and 2.3 (2m

| Heach, H2' and H2"); nass spectra (mature) glycerol-thioglycerol, 1: 1

v/ V} , FAB>O: %SS%IU( SH” Ja_é)L nbo@;c?’?tm((tﬁffg I+mg[5_|}n melﬁz{%‘§<8 ]ugﬁ jWa %Hd wi 35 ( base)
[aJp2- +19.3 . 20) T HBV Activity nmpounds
sulphurlc amd (12 ml) and fefi'at +4°C for l2hIs and then neutralls.ed with pyrldme (180 ml).

Evaporation gave an a,f mixture of methyl ribofuranosides 141 as a syrup. A solution of this
anomeric mixture in pyridine (1.3 liters) was treated with benzoyl chlonide (580 ml, 5 mal)
with cooling and mechanical stirring. 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% NaHCO, solution (2 liters) and water (2 Iiters), dried over sodium sulfate, filtered and
evaporated to give 1-O-methyl-2,3,5-tri-O-benzoyl-a/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 mi), kept in the cold
(+4°C) under mechanical stirring for 10 hrs. The solution was then poured on ice (about 10
litersy under continucd 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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The ability of the active conpounds to inhibit the nr~4vh ~f vinmin ?. ~ 1
5 cell cuhnts (Hvpu~ cws tran~i onuW ~nw hepauus vnan) can be eval uated as
desenbed in detail below. A summary and description of the assay for
antiviral effects in this culture systemand di e anal ysis of HBV DNA has
been descri bed {Korba and M I man, 1991, Antiviral Res., 15:217). The
antiviral evaluations are perforned on two separate passages of cells. Al
wells, in all plates, are seeded at the sane density and at the sane tine.
Due to the inherent variations in the levels of both intracellular and
extracel lular HBV DNA) only depressions greater than 3.5-fold (for HBV
virion DNA) or 3.0-fold (for HBV DNA replication intermediates) fromthe
average levels for t Faorns unt.re @ % considered to
be statisti caq‘feﬁggrl‘m&ﬁﬁ?llﬁégiﬁwh' X g‘f 'Ze‘ilr?rom Jh OI(?I%e F&% é@%’ ‘ed HSV DNA in
each cel | ul arAmBhses fierd fametil-3a:S{tvik-benzevdfdi- nb@msmsam_ ‘on a per cell basis in

DA Tor o 4 R B & ount s of el | ul ar DA ar e conpar ed
bet ween separ Htﬁéﬁﬁ% 8%{9 %10893?%5&? g‘ﬁ’°"éx7t(?2a7c3él(P’uP%’rHﬁB)\ﬁ‘\ﬁ 5 onnpDNA

i n untreated i¢gH)s5. &gy éHf H:phy &0 He;0: A6DHP QY. TH (pd UHE By, & ; Ao diztiny €ByE18age of
et ent od cel e e My, Ry RE T B3 TN R SRR R S Pty
74 pgly.g cel(iderlyhfﬂl!\)commﬂmtjbh@ﬁ@llﬂ 24épr @PW%%DIIWO@#’#@OSP)eveI s of

i ntracel | ul anyEHRV..NArdde d19 odd RatMeN)W th antiviral conpounds are |ess
pronounced, and occur nore slowy, than depressions in the |evels of HBV

virion DNA (KOPBE“HEY W2ty “re81 ahtinvi 4 st B 15: 217) . The nanner in
whi ch the hybridization anal yses are perfor med for these experunents result
in an equivalgngs,of approximately 1.0 pg of intracellular HBV DNA to 2-3
genom c copies per cell and 1.0 pg/m of extracellular HBY DNA to 3 x 105

viral particles/m. 41 .. Ex le 7 The abili ty of t thphosphate
derivatives of ~i-L-dA, p-L-dCi%;l du) (i-L-2'- % Y and ~3-L-dT to
i nhi bit hepatitiscB s tested.ls, dgscri bes the shpar ag.

i nhibitory acti iti Wsphgﬁjp =L-dT- TP}, £3-L-dC
((3-L-dC-TP)) ~{L- g { (13&ed TP) an -L dAN("'MI dA- TP) odchuck
hepatitis virus (M\H\/) DNA pol yner as® hiffran DNA polyrrerases a ~ andy. T,
~)~1r r Inhibitort..~ v li.v. ~ [~m¥®&som,r~ y~-Wa K b ( aE“K‘/ls'[“”“"YA poi j5
Kib (pMI1JiVil pol y K, e (uM ~3-L- dT- TPO. 34> 100> | 00> 100-LYed=I#h TP2. 3>

100> 100> | 00(3-L-dC TP2.0> 100> 100> 100(3-L-d U TP8> 100>°1**00> 100

al Cso: 50% I nhi bitory concentraiion eK, value was determ ned using calf
t hymus act i var@ersmﬂﬁ\dargnet@miawdw,ur?féF)OléﬁaOldMWé&OOéubst rate. Inhibitors
wer e anal yzegekyankt mﬂmpbmrldamﬁd@m&ka tnetsBe)! e BRRE (hé RS, satiA8d

cal cul ated nea ras for. dATP as approximately 2 6
UM Hunman DNA' bgﬁgh‘é ea?s%%g%&ﬁmﬁmgtégy%aé’t €a nsfsg)[ e Kmof 3.33 ItMfor dATP.
Human DNA poRyir@tsaséceipnignh (bedeledt Reagtrefathp1 I djstilipfl o§erCalib) Choanfiquing’u8 The

anti - hepat it &8, r¥ff2l7'(§%4@§tﬂt 5c¥taz@i>m((tarlae%mrszb29@ ~3-L-dU, (3-L-2'-dG and
(3LdTvvasteste in transfected 15} cells. Table 2

i |l ustrates Re&reafesiocpneggshi-bl ’Lanélﬁ‘“"h‘ E’Lsti(’,‘hetmﬁ‘qu'eﬂiﬂies apfgNuclotider %Hai nst
hepatitis B Biafific Clpideq@talyadl RiBosylb@nSo Setcedl ciSubstifite®Parifed. SheldPrel | s. Tahl e

2 CorrpoundHBXu[)u I ?n§§52'1:'?§999)( lNa aHnllsa\,/ CRlallljd 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-Q-acetyl-
2,3,5-tri-0-benzoyl-f-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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ECso (N~ ~)Cytotoxicity I1Cso (N~M Sel ectivity I ndex

| Cso~Cso(i-L-dT0. 050. 05>200>4000p- L- dCO. 050. 0S>200>4000[ 3- L- dAO. | 00. 10>200>
2000 42 CompoundH13V virions~ EC,o (N~M):IBV Rib ECso (p. M Cytotoxicity

| Cso (f~M Sel ectivity Index IC; o/ EC o(i-L-dl

. 01. 0>200>200~3- L- dU5. 05. 0>200>40 aExtracel |l ul ar DNA bReplicative
internediates (Intracellular DNA) ~, xawple y The effect of (3-L-dA (3-L-dC
and (i-L-dT in conbination on the growth of hepatitis B was neasured in
2.2,1 5 cells. The results are provided in Table 3 Table 3

Conbi nat i onRati oECsoL-dC + L-dT1:3.023L-dC + L-dT1:1.053L-dC + L-dT3:
|.039L-dC + L-dAl .30.022L-dC + L-dAt :10.041L-dC + L-dA1: 3. 075L dT +

L-dAl: 30. 05 4&3&3&@18 I(abgﬁ:k 03- gh)(,) Z[ZiLSO glm %ﬁ&o&%h%naﬂ)@ ﬁ { E a)c Qﬁ& C\%)artrcp :(|

produced anti -
conbi nat i on ‘Wfre pddgh Tl‘e E“‘Sld@gwhﬁ dqhdv(&‘s Saé{f)s%‘s Sxtrieledy wish het Clﬂnquwﬁ)ﬁ%lel

Exanrle 10 Ths. 1ihe EUIIKHHICH BHiralf waem@etrddtohs etk Bl THeREda MO pliakk \2es ashed w@l | s by

3-L-dA and i nat.i on The results are
gh owm in T abané L@&)Z?é o2 soﬁmon ang waler dne% over sodium sulfate, ﬁltercg andr evaporated to give

compound 144 (60 g, colorless foam). The foam was treated with methanol saturated with
ammonia (220 ml) in sealed vessel at room temperature under stirring for 4 days. The solvent
was evaporated off under reduced pressure and the resulting powder was suspended in ethyl
acetate (400 ml) at reflux for 1 hr. After filtration, the powder was recrystallized from water
(e o Loy W o e ne dueaUoliie 1w (o0 5y vy oela, {2 7y)

Analyses for p-L-adenosine:

mp 233-234°C (water) (lit (4) mp 235°-238°C)

'H NMR (200 MHz, DMSO-Dg): & 8.34 and 8.12 (2s, 2H, H, and Hy), 7.37 (s, 2H, NH,),
5.86 (d, 1H, Hys, J112+ 6.2 Hz),5.43 (m, 2H, OHy and OHs), 5.19 (d, 1H, OH3, J 3.7 Hz), 4,60
(m, Hy), 4.13 {m, 1H, Hz}, 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:
HyN HzN
N
‘s
N.:\lji,? k)\li .
N o OH ) og
TipsCly, pyridine SII\<
—_—
0
HO OH OH O—si

L-adenosine 145
148

Yield = 80%
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 acelate Pur (Carlo erba; ref 528299);

Acetonitrile (Riedel-de Haen; ref 33019)
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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Tabl e 4 (3-L-2'-deoxy- adenosi ne (pM ~3-L-2'-deoxy- cytidine (ACM %

I nhibitionC. I.0.5900.05240. 00510. 5950. 05400. 005100. 050. 05800. 340.05 . i

-~ 'Jv- - 0tiUS~V.WJ.iSFi ou-_ n~n -

O ~u0. 0050. 05720. 350. 0D50. 0D5540. 350. 0050. U0O05300. 160. 00050. 05500. 830. 00050
. 005150. 280. 00050. 00050N. A. p-L-2'-deoxy-adenosine: 1C ;o=U U p.M
bp-L-2'-deoxy-cytidine: 1C 0=0.06 Itlvl Conbination indices values indicate
synergi smeffect (<1), additive effect (=1), and antagoni smeffect {>1)
Exanpl e 11 The efficacy of L-dA, L-dT and L-dC agai nst hepadnavirus

i nfection in woodchucks (Marnvlu aonax) chronically infected wth
woodchuck hepatitis virus (WHV) was determ ned. This ani mal nodel of flDV

i nfection St§rermalgﬁllvé’ C@I%r@lgﬁ gldemclE@ﬁCSQB Qvﬁgbx%rglc@%dé§ ej l)lm E@Jm qul eval uation

of antiviral gents directed agai nst H8V 0oco 3rxperinmental groups
(n=3 ani mal%/WrUt’fBEY: n=4 ani mal s/control) Goup 1 vehicle control Goup
2 | am vudi ne (3H_C)Ad(doﬂnd’ryﬁ_|(4m gay)y nﬁooumerﬂccﬁlnmdﬂm(@z@ﬂql) vids ddded . 0, 10

my/ kg/ day) %wligroi 103:]3 titéals%l P[&’QC}I 30X65]C @"ml ]209inm0 anglhegm lg\% Grtlorru s 11-14

L-dC (0. 01 ugs were dm iy ral gavage
once dai | yat remderhieroe @alﬁﬂrﬁegmmeﬁs onpaagdising the lesui@e wiap pamﬂoneczwnth 28, and on

post - treatJﬂgnEceQQX$ ht'E)]yand"égNaH'(?%; Shilullmlu 0%%60@%1 "Tﬁ@crgﬁ&?cs §%@Rvas41€d of the

act|V|ty toxicit r ed UCIOI’]O I N serun
dot - bl ot , WtheGtd %SO#W (28 W‘b@dﬁa@f QPEmDy 4rigd pyensadipm wlfmf ditred 3 and Tabl e

5. Table &nd evaporated to drynecss. The resulting solid was crystallized from acetonitrile to give
Cotapuais tdu lol 8080 0)

Analyses 3',5'-0-(1,1,3,3-tetraisopropyl-1,3-disiloxanyl)-f-L-adenosine 146 :

mp 97-98°C (acetonitrile) (lit. (5) D enantiomer mp 98°C)

"H NMR (200 MHz, CDCl3): & 8.28 and 7.95 (2s, 2H, H; and Hg), 5.96 (d. IH, J;-» 1,1 Hz),
5.63 (s, 2H. NH,), 5.10 (dd, 1H, Hy, J3 & 7.6 Hz, J3» 5.5 Hz), 4.57 (dd, TH, Hy, Jo ;- 1.2 Hz;
Jp3 7.6 Hz), 4.15-3.99 (m, 3H, Hs, Hsa and Hse), 3.31 (s, 1H, OHy), 1.06 (m, 28H,
isopropyl protons)

Mass analysis (FAB-, GT) n/z 508 (M-H), 134 (BY; (FAB+, GT) mv/z 510 (m+H)", 136
(BHy)"

Reaction 4:

HN HaN HoN

g XY g
EN N o O\S)/ L\N N o o /L. EN N o o },~
{ s.< 5
N 7 [ S § 7 | N —— < ? \\(
-9 phocsclomap, g & O T1IMsS, AIBN, Oy’
r

acetontnle E’P X /« Tz dioxane /« \'/

145 147 148
1 ehromalography column
*_leld = 70%
oam

Reactants: Dimethylaminopyridine 99% (Acros; ref 1482702050);
Phenylchlorothionocarbonate 99% (Acros; ref 215490050); Tris(trimcthylsilyl)silane
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Antiviral Activify of LdA, LdT, LdC in Wodchuck Mddel of Chronic HBV

I nfection Control LAA LdTLdCdayng WHV- DNA per m serun038l 436 423

. 426341 2i 40 14b274461 02 6461439274 120 ' LdA, LdT, LdC adm nistered orally
once a day at |Omglkg 2 limt of detectionis | ng/m W-1V-DNA per m
serum The data show that L-dA, L-dT and L-dC are highly active in this in
vivo nodel. First, viral toad is reduced to undetectable (L-dT) or nearly
undet ectable (L-dA, L-dC) levels. 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 wi thdrawal of L-dT. Fourth, dose
response curves suggest that a nodes increase in the dose of L-dA and L-dC
woul d show ant.i vi.r |mI ar tQ al | api mals receiving
t he drugs gm%é Plij’hi‘}éfﬁhh ‘EP%F@%H%& (5‘”[‘ e h630etWled.  Toxi ci ty
of ConpoundsulfiexXProfabioy refi &I 13655 were performed to assess whether any

obser ved ankhiylihal bl Ricdl g s 09 HG) Qch%fppre(gsﬂo% chkl viability.

The net hod use neasur enent ~-L-dC and
(3-L-dT on é¥2PDgrigwm Fish Meirkaret bBHE!-HEPX Bwh'eiome@@étﬁﬂﬁerdas@ays as conpar ed
to Lanuvidi meéostrh@zsy,awaﬁcs((&H@Ema,ewsdgm)g n Table 6. 45 Table 6

CorrpoundCF M 0> 3-L-dT> 10>

10t, |, “{Ccc oS Py ne> %n% 5 epar%i%%%@}éﬁ%ﬁ?d%@egtc ?%ﬂun%onpom tions
Humans suf f éi’ W@snﬁmwcaw foff the H@Clmtgmgqngwde&&;mnb@dAhehro@ n, including
hepatitis BReé?&HecQﬁ ahd §ALRHe Y. GRAME-H6r RIbABIcE Rt 3 @@w&brﬁmmﬁi& effective

anopunt of a p-2 eoxg} ~3- Ler yt hr o- pent of ur anonucl eosi de, for exanpl e,
(3-L-2' - dcofyddEnost ne™ (V32 Ii"“2“’d§oxycyt| di ne, (3-L-2'-deoxyuridine,

~i-L-2' dEOXygualaQSﬂl;RﬂncDMG({MLg- 27 maelpwyit hyaell dieneitrd (2&0 Rphavsvmaeemtsigal |y
accept abl e P{9G molizgdoﬁea?l Lloro[hpo%%ﬁ?%onaterll(}fmhz r%rsng goflutiao}bgas sdg_% a?Ut i cal 'y

acceptable carrie eri ni stered by
any appr opr feamaentigutues, fof Brhre Relrgpt was capataley andyby lemvervaia baytionghpetveegenousl y,

i ntrader mal Ly 1SRGUEERSHISI 101 08K ssleawnqaiow) Therbrganguay@r Ws waled dif Orm  The

active conpo d.in.the taceuti cal eptable carrier or
di l uent in ﬁﬁgg% ﬁ?'”‘?ﬂ?‘gﬁé‘?l)eﬂ‘f' Y @é‘fbﬂ q %%{“ﬁa‘ﬂ lg‘ﬁ ‘Slfféerd&b utically
ef fecti ve aempmitedod demmss oupide the interinediatd awa paéd yeﬂl@plsolrdalrheoafruderlwiwm wi t hout

causi ng ser agsur@edmtogmﬁm%a %{Bbﬁ‘ (3t3hge z@moﬁ%d ﬁ'ﬁ@@é BYo7 ulft Pk O Y

amount" is nealt active 1.ngredi ent ?qfnll cient to exert an

i nhi bitory ?—ﬂdf‘ba‘e %?“%H@ﬂ%&s%vly hegjpd ‘é‘%h‘i“rﬁ‘f"é‘”d gifred 3 2\ uss fbreacior he ones
dgscrl bed hessei Ebnéec?ﬂﬁt&f eld ed d@g@» ofoilt E&hﬁl@nﬁ@bl?d:hxfoﬁlﬁtog}hﬂhed)f (Elﬁhﬂto .
abovenenti on t e in ther ro 0 ! ngl kg,
preferably qﬁor ane/x}';%panolv\%S/% to §1ve cond%)%md ﬁ@g(g}ag Egéllc;ss t“aemnéloé)? 0.1 to
about 100 n@]!qpﬂéMaqullsf@@mmwwdyﬂmptgmun@ﬂwm he recipient per day. The
effective dgsage rﬁ.aﬁ,geoqf13btectmsmroﬁmgui.g.xs,allnylyz-aﬁs;equiah@.om;mgug can be
cal cul ated based on the weight of t parent nucl eoside to be delivered.

| fthe prodrug exhibits activity in itself, the effective dosage can be

esti mat ed asp atve &QUEIQTYpetrbleunveheg(T.it.(5h m'pﬂlPB -PrEHEYY)) or by ot her nmeans known
to those skifhad ow;gecﬁ@s) 348 and 08 (LoD q{g\ﬁng)Sé ﬁﬁpa'@ﬂ'ﬁnﬁws admi ni st er ed

inunit any suita osa |nc %

cont ai ni ng #{ 608905t éﬁ%#% . 0 Hob 4°8 60 2hgHorndide). %é8QMQred|ent per
uni t dosageniemn%dﬂb@nakgﬁqmaggmaﬁﬂ@ﬂmﬁgoo mg i s usually convenient.

I deal ly the acti t ni stered to achi eve peak plasm
concentrat?% %#mfhg‘ )" gﬁggghﬁdggpﬂ$?2n1about 0.2 to 70 p. M
preferably about 1.0 to 10 [IM This may be achi eved, for exanple, by the

intravenous injection of a 0.1 to 5% solution of the active ingredient,
optionally in saline, or adm nistered as a bolus of the active ingredient.
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I Dt,~lt.Wom L lU~maims'J CGvliI.NJUIlu IIn 121 (I'Il,t~
| . VI11 CBlltUll VWtI dCpCn(1 On absorption, inactivation, and excretion
rates of the drug as well as other factors known to those of skill in the
art. It is to be noted that dosage values will also vary with the severity
of the condition to be alleviated. It is to be further understood that for
any particul ar subject, specific dosage regi nens shoul d be adjusted over
time according to the individual need and the professional judgnent of the
person adm ni stering or supervising the adm nistration of the conpositions,
and that the concentration ranges set forth herein are exenplary only and
are not intended to limt the scope or practice of the clained conposition.
The active ingrﬁg ?nt 5. My be adm nistered at once, or may be divided inter
a nunber of sma Udses to be administered at varying intervals of tine.
A preferred nodehof adm nistration of the active conmpoultd is oral Oa
conposi tions mﬁhktgﬁ?erally i nclude an inert ditdent or an edible carrier.
(S

They may be encl in gelatrﬁ,oapsules or co Yed into tablets. For

t he purpose of or Al 0 dmi ni strati on, & ffeyacti ve gconpound can be
i ncorporated with exc S d uséd 11 TS form of é troches, or
capsul es. Pharl naceuti cai yﬁpdhpatrbfﬁfgfﬁﬁrng agent s /or adj uvat ~t

materials earl be |ncludeq/Q§rbart of the conposition. Tigse tablets, pills,
capsul es, troches and the like can contain arty of the follomnng

i ngredi ents, or conmpouffds of a sinilar nature: a biffa¥*"811&A%as

m crocrystalline cellulose, gttrn tragacanth or gélétrn 'alt excl pi ent such
as starch or lactose, a disintegrating agent such < tc acid,

Prinmogel, or corn starch; a lubricant such as nagnesmﬁnrstearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent

Su;:lht | as lSLmalers?s0mnﬁr@ﬁmmarubzrr%l(mkaafetfds»w?rsrrmgg@g@mk SHE. b77@$tzsmf@pper m nt,
nmet ny sal l al e nqge a osag uni ormis a
capsul e, %é?l‘ cMﬂq’ﬁ’i’“ﬁE %T %mﬂf&’l fff%é%“qg%S):{fg@ﬁ?fPfar“’aar ﬁﬁn@‘%o% type, a

l'iquid car ri@rOSQSﬁO@ﬁh Bikanal 96 @itrolybooref 2082329%)ddi t i on, dosage unit fornms can
contain varp gl et B, ! Sairdbists, W03, q{rm%Yar ofsmgrirr&rrr .rlgemﬂ fppcal formof the

dosage unrt for exanpl e i coatrn% gp ot her enteric
agents. xJespryd Surpreons Avh B moain rugrl@r'@ @@ObT%r%ﬂelrrﬂ S 1Hd-elixir,
suspensron)nswmm@ waf er, chewing gumor the |ike. A syrup may contarn in
addition to the,a . teni ent and certain
preservati ves, - Aamiof B OTPR NS REhER s B AHERLER LARED' |

phar maceut |ld&[3|23e @G@W@%WW ﬂ/@t‘ﬁ‘f\[é? BIMIR)in @ctbﬁlﬂe'r%ﬁ"@éﬁt rsﬂugo be m xed

wi th other faxciﬂrélgrhf@éeﬁﬂdsa&c@d klda@te ntlQul Qs daFERAl Eva}ncﬁ'ﬁecﬂt@%lvé @drhl@eCt ion, or with

material s thag nt t$§ %srreg gctrq H ¢ l iotics,

anti fi ngal £>Vaht’ r‘ff"’( FVTEET°7 8 1HC [BP 8t PRER 9 s G r‘@“& wét tier nuclcusidv
or nunnuclemmﬁﬁmammwMWﬁmmm@éﬂﬁsmm@mhu¢ﬁ@h@w@mmsmsmaﬂsmbwsmuaﬁdafor
parenteral,nkq%mg%g&gg]wmgg@gHggﬁﬁgy§muggmﬁpgngl appl i cation can include
t he follomnng nponenis a steril  uent such as wat er for injection,
sal i ne soIUPPHﬂ”ﬁF@xBﬁ“b?ﬂﬁmkﬁﬁFﬁéﬁhylene gl ycoi s, glycerine, propylene

gl ycol or other synthetic solvents; antibacterial agents such as benzyl

al cohol or ne&P %PB r8ﬁ§%§ﬁm%cm%Q%% %Q% ?uch as.asc rbic acid or sodi um
bi sul f at e; t's such as etlry enedi am net et raacetic aci d;

buf fers sucH M4R é?@@MﬂZe@MS@rQé)’ atdas and 8. i)%@sﬂrh*aﬁesnda!ﬂuﬂ Tagdsit #1,MNE). t he

adj ust nent ¢of (ctdorrr %;ye rsrrgh 738 H9)0Slh 1 ghlopr] ey 9% sﬂﬁ;&h(r Q§ieH,, Y395 par ent al
preparation_can dr;ﬁosa ringes_or _multiple

dose vralslﬁhﬁ@6gﬁ éﬁ%@élﬁrog?hég?@“1ﬁrﬂﬁdﬁf %%%@réa il 5@%8J§Iy

preferred gariH, 8.9, 228¢mpity $h-)l (degitica ko saleanl DHcpMDsabatiee) buf f ered sal i ne
{PBS). In a odi .ment., t act i v s are prepared with
carriers thBQE&(fqgwghfgg?m?%%sé%%ﬁégﬁimﬁ&%rnsf%?ﬁﬁﬁﬁgelrnrnatron fromthe
body, such s eex ey @ll4188) (HeDease formul ation, including inplants and

m cr oencapsmlsgagng% gg}\gw@ﬁ mBY$E @8y, Biaqdagr adabl e, bioconpatible polyners
can be used, such as ethy ene vinyl acetate, polyanhydr-ides, polyglycolic
aci d, eoflagen, polyorthoesters, and polylacetic acid. Methods for
preparation of such forrmulations will be apparent to those skilled in the
an. The materials can al so be obtained comrercially from Al za Cor poration
Li posonmal suspensions (including |iposones targeted to infected cells with
nonocl onal antibodies to viral antigens) are also preferred as
pharmaceutical ly acceptable carriers. These may be prepared according to
nmet hods known to those skilled in the arE, for exanple, as described irr

U S. Patent No. 4,522,81 1, For exanple, liposonme forrnulations nay be
prepared by drssolvrng approprrate Irprds} (such as stearoyl phosphatidyl

.



We claim A nethod for treating a host infected with hepatitis B conprising
adm ni stering an effective anount of an anti-HBV biologically active

2' -deoxy-~3-L-eryt hropent of uranonucl eosi de or a pharmaceutically acceptabl e
salt or prodrug thereof, wherein the

2' - deoxy- ~- L-eryt hro- pent of ur anonucl eosi de has the formnmula: BASE OH O
wherein Ris selected fromthe group consisting of H, straight chained,
branched or cyclic alkyl) COal kyl, COaryl, CO al koxyal kyl,

CO aryl oxyal kyl , CO substituted aryl, alkylsul fonyl, arylsulfonyl,

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 be
optionally substituted. 2. The method of claim1l, wherein the
2'-deoxy-~3i}§ A NrQe Gt QLS PARALGK goBede-f-5-(y8idine2' - deoxyadenosi ne or a
pharmaceutical l'y acceptable salt or prodrug thereof, of the formula:
wherein Ris H, nono, di or tri phosphate, acyl, or alkyl, or a stabilized
phosphat e derivative (to forma stabilized nucl eotide prodrug}. 50 The
met hod of claim1, wherein the 2'-deoxy-~3-L-erythro pentofuranonucl eosi de
is (i-L-2'-deoxycytidine or pharmaceutically acceptable salt or prodrug
thereof of the formula: NH= NO-~Il II~ RO ~~ "OJ wherein Ris H nono,

di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
(to forma stabil zi ed nucl eoti de prodrug). e®. The method of @ aim 1,

wherein the 2'-deoxy-~3-L-erythro pentof ¥gnonpcl eoside is 1

p-L-2' -deoxyuridi ne or pharmaceutically acceptable sal te.or prodrug thereof
of the formula: an_HiLn;RO ~OF ~W¢Tf O-wherdin R § Qi or try
phosphate, acyl %or di"Ryl, Ofugs i zed PH8sphat e der ive (to forma

stabi | zi ed nucl eoti de prodrug). The net hdd*8P®t"ai m 1, whesein the
2' - deoxy- p- L- emnptir o

HaNHNH;. H0
o o I Pyrdine, CHyCOOH 0
|

NH f\NH
'N/ko ] HOthk B0

NH
(8] N/L o)
- OBz 1) DCC/ CLCHCOOH ”
1) CsH5OC(S)T) . CeHs DMSQ

OMAP/CH,CN 12 - “
13 SA—— , 2) NaBH,/ CgHg ELOH
(56% yield)  2) (hae, 8,51, MBI Dioxan (667 Yiekl) (66% yield)

1) Lawesson's reagent
1,2-dichiereathane

2) MeOH/ NH;
100%C

NH2
N

[L

HO——@/N/LO

Z'-Deoxy-p-L-cytidine (A1.-dC}
(80% yleld)

30



pent of ur anonucl eosi de is (3-L-2'-deoxyguanosi ne or pharmaceutically
acceptabl e salt or prodrug thereof of the fornmula: RO 51 wherein Ris H,
nono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate
derivative (to forma stabilized nucl eotide prodrug). 6. The nethod of
claim1l1, wherein the 2'-deoxy-(3-L-eryti~ro pentofuranonucl eoside is

p- L-2' - deoxyi nosi ne or pharmaceutically acceptable salt or prodrug thereof
of the formula: ~-~NJ R CH O wherein Ris IT, nono, di or tri phosphate,
acyl, or alkyl, or a stabilized phosphate derivative (to forma stabilized
nucl eoti de prodrug). 7. The nethod of claim1, wherein the
2'-deoxy-(3-L-erythropentofuranonucleoside Is ~-L-thymdine or a
pharnaceuticall ept.abl e dru ereof of the formula: O H p
Hi fl RO OH O "'%?ugbéﬁ meBs%umc &r? phosphate, acyl, or alkyl,
or a stabiIizedth@@pﬁa@ewdb*mbéﬁﬂvmwOW@SﬁﬁmﬁpaS@m@bbfi@é@mnubﬁéotide

prodrug) . 8d1-<ﬁbg;q§5yh9ﬂ Mrmtns@%wgn@zé?oa&ssémf@cmg!)gm Michepatitis B
conpr|5|ng a m ni ster of 't nore anti- HBV

bi ol ogi cal | i a¥tfes nrﬂ@aawt“@wﬁ”ﬁf%zq%@ﬁwwualﬁwﬁmfél&&vaes or a

phar maceut i Hﬂln’alyy @caoaphabikie Asid Busedt JopthadAHgerbdyelicatiemistiy, ¢ @a3pid (Oat-i on of

al teni at i oy, WheHG! it AGo2 o ASONNTHA birkin@ tathi SaRERL BhHGBARNYL eosi des have

the formul a °%52
solution was stirred overnight at room temperature. Acetone was added (35 mL) and the

mixture was stirred for 30 min. The reaction mixture was evaporated under reduced pressure
THE Testottdiy Tvaitun Voas puiiied Uy suita gl cojuial chirvinatograpny [eluent. stepwise
gradient of methanol (0-4%) in dichloromethane to give 11 (3.0 g, 68%) which was
crystaltized from cyclohexane/dichloromethane: mp = 111-114°C; 'H-NMR (DMSO-ds): &
11.35 (br s, 1H, NH), 7.9-7.4 (m, 11H, 2 C;HsCO, H-6), 6.38 (d, 1H, OH-2", You.»» = 4.2 Hz),
5.77(d, 1H, H-1°, J;-.2» = 1.9 H2), 5.55 (4, 1H, H-5, Js4 =8 Hz), 5.54 (dd, 1H, H-3", 3.0 =
3.9 Hzand Jy-4 = 1.8 Hz), 4.8 (m, 1H, H-4"), 4.7 (m, 2H, H-5’ and H-5"), 4.3 (m, 1H, H-2");
MS: FAB>0 (matrix GT) m/z 453 (M+H)", 105 (C¢H5CO)*; FAB<0 (matrix GT) m/z 451
(M-HY, 121 (C4HsCO,), 111 (B); Anal. Caled for Co3HpgN20g*H»0 : C, 58.09 ; H, 4.76 ; N,
5.96. Found : C, 57.71 ; H, 4.42 ; N, 5.70.

1-(3,5-Di-O-benzoyl-p-L-arabinofuranosyljuracil (12)

To a solution of 1-(3,5-di-O-benzoy!l-B-L-xylofuranosyljuracil 11 (8 g, 17.7 mL) in
an anhydrous benzene-DMSO mixture (265 mL, 6:4, v/v) were added anhydrous pyridine
(1.4 mL), dicyclohexylcarbodiimide (10.9 g, 53 mmol) and dichloroacetic acid (0.75 mL).
The resulting mixture was stirred at room temperature for 4h, then diluted with ethyl acetate
(400 mL) and a solution of oxalic acid (4.8 g, 53 mmol) in methanol (14 mL) was added.
After being stirred for 1h, the solution was filtered. The filtrate was washed with a saturated
NaCl solution (2x500mL), 3% NaHCO; solution (2x500mL) and water (2x500mL). The
organic phase was dried over Na,SQOs, then evaporated under reduced pressure. The resulting
residue was then solubilized in an EtOH absolute-benzene mixture (140 mL, 2 :1, v/v). To
this solution at 0°C was added NaBHj; (0.96 g, 26.5 mmol). After being stirred for 1h, the
solution was diluted with ethyl acetate (400 mL), then filtered. The filtrate was washed with
a saturated NaCl solution (400 mL) and water (400 mL) The organic phase was dried over
Na,SQOq, 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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wherein Kis selected fromthe group consisting of H, straight chained,
branched or cyclic alkyl. CO al kyl, COaryl, CO al koxyal kyl

CO aryl oxyal kyl, CO substituted aryl, alkylsuitonyl, arylsultunyt,

aral ~:ylaul lu~~yt, a.mMmo ac;ta iesiduc;, nono, m or tnpllospuatc, ma
phosphat e derivative; and BASE is a purine or pyrimdine base which may be
optionally substituted. 9. A nethod for treating a host infected wlt
hepatitis B conprising adm nistering an effective amount of an anti-HB V
biologically active 2'-deoxy-~3-L-erythropent of uranonucl eosi de or a
pharmaceutically acceptable salt or prodrug thereof in conbination or
alternation with an additional anti-hepatitis B agent) mherein t he

2' - deoxy-~i L-erythr ent of osi de ha fornul BASE RO CH O
aherein R | sSeaverr bR EHE o PRELTRENGr o MlipebFom il g Ol ned,
branched or @t8¢Ci H-NMRYDNVSTG@)al Kb ;(br@@HaNW 8.0C0-(al km;y@umb H-6), 6.23
CO-aryl oxyal FIH%}{SMb(?H(HUItHeﬁ 1aw 4qizb<xls§wl fmyk g, arsm ﬁzgsfﬁgty'

aral kyl sul fo anuno’ aci d reésid or a
hosphat o detHalk s be = Aind- EABD 1644 ik HiS 810 ik e #6 Thasd- A oh may be
optional Iy substphuieeAB-OmattresTyaiiod pafuyzai @)9113ube)Eies checagdi tional

anti-hepatit hS,.S p nsi.sting of 3TC) FTC,
L- FMAU, DAPD‘”"S"f:KEt’n‘Zcrirgtrx ”"Zﬁlﬁgitﬂgi 5 fcogctéfﬁg Jogah pael G ‘J Bom PMVEA
(adef ovir, dfpHwXsl P,61I0@bﬂc‘h4ﬁi N, 6gathodcCodiss ; Hot34sdb&eann 53 11, A

conpound or phar Wg@@li!ﬁ-'(ﬁl?ehi&{zlﬁﬁ&)ﬁﬁb%bérﬂhﬁnarlehmﬂfm%\qm}s%g(Hi‘er eof of the
formul a: wherein nono, di” or tri gate acyl, or alkyl, or a

stabilized phb$p‘HJat“e°1dek;°’1 vav o it e fh‘%‘i“gfty gt 222 El-dé14é‘6%qL@jé‘ prodrug) .
12. A phar rrammrmalz mmﬁﬁ&hﬁel(ﬂm niIQKth‘éla(ﬁiemgleﬁlﬁytﬁfof:zﬁ!lﬁ‘ohyl\bﬁloﬁdmum'EnLQf a

conmpound of ,{g 194@1m ﬁyqul .91:1? @jgl b, ac ceug ‘fﬁa S3mtaccept abl e

carrier. y %3 L-erythro
pent of ur anonmtleros'ﬁSdérr@rat @201pmﬁa@@mvdccmdwv@@@ept@bhenwﬂtevarapd odr ug

ther eof for Lr{a@r rEJu@@th@ﬂFe Qfle r@snm%s dlﬂ&le&tlﬁmc%r&hkt}ﬂﬁp@bd xth}San@theWher ein the
2' -deoxy-f3-L-er thropentofura %Ie05|de h formul a;, BASE RO OH O

wherein R i s°r§‘§‘l‘°é811”%?i‘ o E)Lﬁf"t‘sr‘u‘if f)‘”(:”b?i’s‘?‘sctoﬁir%z R hvdepehlofic agid AN i ned,
branched or @yediwL)ahkyhter (E@(B:hk)/dir;ed C®r Hun,$0, th€EOvalotaed yadekigliyced

CO- ar yl Oxyal éggsme % &H&%a‘leﬁah\t\ﬁgccﬁ&){ﬂorat@ls&¥ gtHlllefs QXW Lﬂhrcﬂ'h S d?oﬁuewl

aral kyl sul fo , amno acid resid or a
phosphat e deﬁ“FSQ‘é[‘Eq ify s sgiwent BAGL). do the ﬁ?ﬁ‘f"?'ﬁéO‘E}fo"WFlaﬁqcéP??ér %&%‘é“%\lm ch may be
optional |y suhsditipisufipdanc hfiridd@ag nusea 'DﬁmBIb aidMol-3zoissh\@yr&iitAllct(AMN, 0.6 g,
2' - deoxy- p- L3 ’?Jx}{mélﬁ YdEN 1(?[1c nlilll;(glgzq'vrz]a!s'lﬁ;ealeg and sFrred at 100°C for 1h under argon, then
cooled to room temperature and evaporated under reduced pressure. The residue was purified
by silica gel column chromatography [elucnt: stepwise gradient of methanol (0-5%)] to give
13 (2.78 g, 56%) which was crystallized from EtOH: mp = 223-225°C; H-NMR (DMSO-d}:
5 11.4 (brs, 1H, NH), 8.0-7.5 (m, 11H, 2 C¢HsCO, 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-5"), 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. Calcd for Cy3HzN»07: C, 63.30 ; H, 4.62 ; N, 6.42. Found : C,62.98 ; H,4 79 :
N, 6.40.
2*-Deoxy-p-L-cytidine (f-L-dC)
Lawesson’s reagent (1.72 g, 4.26 mmol) was added under argon to a solution of 1-
(3,5-di-O-benzoyl-2-deoxy-p-L-erythro-pentofuranosyl)uracil 13 (2.66 g, 6.1 mmol) in
anhydrous 1,2-dichloroethane (120mL) 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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is (i-L-2'-deoxyadenosi ne or a pharmaceutically acceptable salt or prodrug
t hereof, of the fornula: 54 RO wherein Ris H, nono, d~ or trt
phosphate, aryl, or alkyl) or a stabiltzLd phusphate dcnvauve (to forma
stabilized nucl eotide prodrug}. 15. The use of claim 13, wherein the

- deoxy- p- L- eryt hr o- pent of uranonucl eosi de is p-L-2'-deoxycytidine or
phar maceutically acceptable salt or prodrug thereof of the formula: Nfl,
0.~N~ ON O wherein Ris H, nono, di or tri phosphate) acyl, or alkyl, or a
stabilized phosphate derivative (to forma stabil zied nucl eoti de prodrug).
16. The use of claiml 3) wherein the
2' -deoxy- (3-L-eryt hro-pent of uranonucl eoside 0O p Hy \ IN RO~ ~y/~~" 0 ~\ /H

theroor of THE§br iy Rlop @I RAE Ak ROFARN BUE GRAmT 020y or
al kyl, or ad@bbmmeﬂlzr@hto;ghemgHalpx@mggpqdqp&tapgéell@wéo%,qmlau@togmsmm ed ’

nucgeot | de piseedig) el 539331 m.éhzl) in HhtehahtHie afinosid @reiodsBy salthed 8i Nocbhsy

2 Seoy R RaR e SR plens 5 LS R L iopyquaast e o
to 0°C. The solution was evaporated under reduced pressure. The resulting crude material
was purified by silica gel column chromatography [eluent: stepwise gradient of methanol{Q-
20%) in dichloromethane]. Finally, the appropriate fractions were pooled, filtered through a
unit Millex HV-4 (0,45 pum, Millipore) and evaporated under reduced pressure to provide the

ten S Geoay -peleegin (p-beucj as a lown (0.6 g, 50%) which was crystallized from

absolute EtOH: mp=198-199°C; '"H-NMR (DMSO-dy): § 7.77 (d, 1H, H-6, Js.s = 7.4 Hz),
7.10 (br 4, 2H, NH-y), 6.13 {t, 1H, H-1", J = 6.7 Hz), 5.69 (d, 1H, H-5, J5.s = 7.4 H2), 5.19 (4,
1H, OH-3’, Jou-3= 4.1 Hz), 4.96 (t, 1H, OH-5", Jou.s' = Jon.s» = 5.2 Hz), 4.1 {m, 1H, H-3"),
3.75 (m, 1H, H-4"), 3.5 (m, 2H, H-5" and H-5"), 2.0 (m, 1H, H-2"), 1.9 (m, 1H, H-2"); MS:
FAB>0 (matrix GT) m/z 228 (M+H)", 112 (BH,)"; FAB<0 (matrix GT) m/z 226(M-H);
[o]*% = - 69 (c 0.52, DMSO) [[a]*’p = + 76 (c 0.55, DMSO) for a commercially available
hydrochloride salt of the D-enantiomer]. Anal. Caled for CoH3N3;04: C, 47.57 ; H,5.77 ;) N,
18.49. Found : C, 47.35 ; H, 5.68 ; N, 18.29.
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\NHN~NL~ Ro, ,r--~1 ,_ wherein Ris H nono, di or tri phosphate) acyl,
or alkyl, or a stablllzed phosphate derivative (to forma stabilized
nucl eoti de prodrug). 18. The use of claim 13, wherein the

- deoxy- R- L- eryt hr o- pent of uranonucl eosi de is (3-L-2'-deoxyi nosine or
pharmaceutically acceptable salt or prodrug thereof of the fornula: wherein
Ris H nono, di or tri phosphate, acyl, or alkyl, or a stabilized
phosphat e derivative {to forma stabilized nucleotide prodrug). 19. The use
of claim 13, wherein the 2'-deoxy-(3-L-erythro-pentofuranonucl eoside is
(i-L-thym dine or a pharmaceutically acceptable salt or prodrug thereof of
the formula: 56 wher ei n R |s H, nono, or tri phosphate, acyl, or
al kyl, or a sta I ed p eri vat t i zed
nucl eotide prodn T%l go S8R ts Sc hvgny"éihe o %@ gt'lfé'giryca BQH

- deoxy-~3-L-erythro pentofuranonucle05|de or a phartnaceutlcalty
acceptable salt or prodrttg thereof for the preparatiog of a nedi canment for
the treatnent of hepatitjg B, mhemirh t he

- deaxy- ( 3- Ler ytdir g-opent edour anon e05|demm§§ﬁﬁﬁe’de;9Ia ti HSc. RO OH O
whereln R |sH@e@é§$Zj fr §i'%He gr Al stimof H %o chai ned,
branched or cyelTcC @Ikyl_"CﬁBTalky aryl“‘TIfalkox | k

CO- aryl oxyal kyl , gf}substltuted ar3rt0HaIkyIsuffonyI aryl Hlfonyl
aralkylsulfonyl am no acid reS|dueuwnmno) di, or trlpho hate, or a
phosphat e derivative: and BASE is a“Blfine or pyrim di n&%%se which my he
optlonally substituted. 21. The use of claim 20, mhereln he

- deoxy- ~i - L- efeyt hr o- pent of ur anonug!| eoside is j3-1, ydtlenosi ne or a
pharnaceuticahk ] cceptaQLgmgggt rodr ug thereof) Nt e fornula

wherein | ~ i soAy-NONO gldﬁbmhslo phat gy, & F’”C'or z a stablllzed
phosphat e derivdk:fEPEta f " a stah;1;$£' nUC1®mt|de
OBz Ref 6.6 Ref 5,6,8 OBz
5 (97.2% 4 (92.8%) 3(95.8%)
p?e(;CIpntat)e _cf'ystals pracipitate

Lawessan's reagent
Ref1 | dry CH,CI,
raflux

s NH»
HN N*
A, A
Y N o OBz MeOH/NH3 o N o OH
100°C
—_—
Ref 1,2
OBz OH
6 (quantitatif) -L-dG (78.6%)
salid after crystals
purification

2-Amino-B-L-arabinofuranoe|1°,2’:4,5]oxazoline (1)

A mixture of L-arabinose (170 g, 1.13 mol), cyanamide (100g, 2.38 mol}, methano!l
(300 ml), 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 1 vacuwo. Yield, 130 g (66.0%) of the analytically pure
compound 1, m.p. 170-172°C; "H NMR (DMSO-d5) 8 ppm 6.35 (br s, 2H, NH ), 5.15 (d, 1H,
II-1,J=5.6 Hz), 545 (br s, 1H, OH-3), 4.70 (br s, 1H, OH-5), 4.55 (d, 1H, H-2,J = 5.6 Hz),
4,00 (brs, 1H, H-3), 3.65 (m, 1H, [1-4), 3 25 (m, 2H, -5, H-5")
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22. The use of claim 20, wherein the
2' -deoxy- p-L-etytl >ro-pentofuranonucl eoside is (3-L-2'-deoxycytidine or
pharmaceutically acceptable salt or prodrug thereof of the fornula; NH, ~~N
AO- ~, 'O wherein Ris H, nono, di or tri phosphate, acyl, or alkyl, or a
stabilized phosphate derivative (to forma stabil zied nucl eotide prodrug).
23. The use of claim 20, wherein the

- deoxy- p- L- eryt hr o- pent of uranonucl eoside is -L-2'-deoxyuridine or
pharmaceutically acceptable salt or prodrug thereof of the fornmula O H-N RO
[1~~01 /\J\f/1 O wherein Ris Ili, nono, di or tri phosphate, acyl, or
al kyl; or a stabilized phosphate derivative (to forma stabil zied
nucl eoti de prodrug). 24. The use of claim 20, wherein the

- deoxy- ~3-Reaggs hr o- pent of ur anonucl eosi de is (3-L-2'-deoxyguanosi ne or
pharnaceutiqahh&uaﬁﬁEmkﬂbbﬁyxaktuma9prodrug t hereof of ttte forntula: NFi~

58 wher ei o tri phosphate, acyl, or alkyl) or a
stabilized p 3@% %felﬂmf%§é’F§ég%Po forma stabilized nucl eotide prodrug).

25 The use of cIa|n120 wherein the

- deoxy- ~3d? thro en#ofuranonucle05|de is ~-L-2'-deoxyinosine or
pharnaceutl I'r &%B@"&%'Be@blt or prodrug thereof of the fornula: ,NJH N
N A solution of compound 1 (98.8 g, 0.57 mol) and methyl propiolate (98 ml) in 50%

aqueous ethanol (740 ml) was refluxed for Sh, then cooled and concentrated under
diminished pressire to the Dalf of the ariainal velveme Afiapy copicmon o gt w0 (070
ml), the product was collected with suction, washed with ethanol and ether, and dried. The
mother liquor was partialy concentrated, the concentrate precipitated with acetone (1000 ml),
the solid collected with suction, and washed with acetone and ether to afford another crop of
the product. Over-all yield, 80 g (62%) of compound 2, m.p. 236-240°C; 'H NMR (DMSO-
dg) 8 ppm 7.87 (d, 1H, H-6, J=7.4 Hz), 6.35 (d, 1H, H-1°,J= 5.7 Hz), 595 (d, IH, H-5,1 =
7.4 Hz), 5.90 (d, 1H, OH-3"), 5.20 (d, 1H, H-2’, J = 5.7 Hz), 5.00 (m, 1H, OH-3"), 4.44 (br s,
1H, H-3"), 4.05 ( m, 1H, H-4"), 3.25 (m, 2H, H-5, H-5’).

Reagent:
Methyl propiolate: Fluka, >97%, ref 81863

3*,5'-Di-O-benzoyl-0** -anhydro-f-L-uridine (3)

To a solution of compound 2 (71.1 g, 0 31 mol) in anhydrous pyridine (1200 ml) 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 diluted 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-ds) &
ppm 8.1-7.4 (m, 11H, C¢HsCO, H-6), 6.50 (d, 1H, #-1', ] =5.7 Hz), 5.90 (d, 1H, H-5,J=7.5
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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| ..HO-" wherein Ris H nono, di or tri phosphate, acyl, or alkyl, or a
stabilized phosphate derivative (to forma stabilized nucl eotide prodrug).
26. The use of claim 20, wherein the

2' -deoxy- (i-L-erythro-pentofuranonuel eoside is p-L-thym dine or a
pharmaceutically acceptable salt or prodrug thereof of the fornula: CHy N
RO OH O wherein Ris H nono, di or tri phosphate, acyl, or alkyl, or a
stabilized phosphate derivative (to forma stabilized nucl eotide prodrug).
59 A AS . A(fy.ASS .AS( . Al .A3; A . Al%Aye.A .AF, .ANAY,.A? AY. A
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XPXX" >X" " | PSADBRRD RSP AHK Rl RRAX PX RAAPSRArH3Am 8O WiPE] with 214 lohexxaR??p~~p?~9?
1???p>?x~xx\p)ét)r(o-félh<§€ei:ﬂ%\ f’T?lf-re-LIt-g) L\}v%s concentrated under reduced pressure and diluted with

petroleumn 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 (CDCly) & ppm 8.91 (br 5, 1H, NH), 8.1-7.5 (m,

11H, C¢HsCO and H-6), 6.43 (q, 1H, H-1',J 2 =57 Hz and J ;» = 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-0-benzoyl-2’-deoxy-fi-L-4-thic-uridine (6)
A solution of compound 5 (69 g, 0158 mol) and Lawesson’s reagent (74 g) in

anhydrous methylene chloride (3900 ml) was refluxed under argon ovemight. After
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-M Aczupj e 2%ﬁb§§1@a¥ﬁ5¥%h%@ Fgafgaiﬂca]ca]ca]cAa]ca]cAa]ca]ca]ca]ca]ca]ca
] ca] ca] ca] c®esrhza] caj ca] c

: cally

2] cav] oa cayraarery et Rk g el e S0 Cal Lav] ca] cal caV] ca] cavl ca ca |
MP#] #h$S%8BARRL&EE ' 2( A(GK(X(Z(((:))))){val g _ZyY e]]ca] caD$] ca] ca] ca] ca] caU
L%]caLﬂcaLﬂ3af8%{§§ngUP8a]ca]ca]caLﬂca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

A solution of compound 6 (7.3 g, 0.016 moal) in methanol saturated with ammonia (73

lc
))))))*****;Ja)] \lras%eﬁef v 10p<E tszi %%2?%3}3?5%5@{@&@}3%%?@183& gal cajcal ca

] ca] cMa] ca] ca] ca] cabc ca ca
a]calcac a] éoé']eera‘jv%s %’E}]O&at(‘é] I@dgwfcbxccg rgssuge. An aqueous solution ‘of the residue was

>5d556| 79: : washMBGi el}KN wampﬁfmmwméw&macp}&&&&e] wisGatlCotod ¢ ~al c
alc alc a] Ct%} a+ eac% % fac]n%aolmtf& gai a]'rl)un?léj}§= 73 g). The 10 residues were

a]ca]ca]ca]g ]ca cafcalcalc .
V~YY" ] }] - ~ Neamtibinegh altatbbwigti @wﬂ%@flﬂhhﬂmpieqi lo}aie I 7gb ioxgsgle T edibejzaaifle a] ca] caV] ¢
a] caV] ca] CaMLr@%]ugﬁM;cp@m%\él&ﬁla@a;‘p’k l.caM-calcaMeal sRMliGaksaM.cql caVl ca] ca]
C&]C&]C&V]C&%qallll kkkkk] %oo gg gsst snhc VQpj, ¢l ca
W] caV] ca] c& 68?%%%?&@]35 1d% Qf %ﬁgﬁf QVTC ¢S A ] caV] ca] ca
V] ca] caV] ca(DMSO) & ppm 8.22 and 8.00 (2 br s, 2H, NH>), 7.98 (d, 1H, -6, J= 7.59 Hz), 6.12 (1, IH,

H-1",J=6.5Hzand J = 7.6 Hz), 5.89 (d, 1H, H-5,J = 7.59 Hz), 5.3 (br 5, 1H, OH-3"), 5.1 (br

s, [H, OH-5"), 4.2 (m, 1}, H-37), 3.80 (g, 1H, H-4, J= 3.6 Hz and J = 6.9 Hz), 3.6-3.5 (m,

2H, H-5°, H-57"), 2.2-2.0 (m, 2H, H-2°, H-2"); FAB<0, (GT) m/e 226 (M-H)", 110 (B);

FAB>0 (GT) 228 (M+H)", 112 (B+2H)"; [0]o®® - 56.48 (c = 1.08 in DMSO); UV (pH 7) Amax

=270 nm (¢ = 10000).

Reagent:

Methanolic ammeonia: previously saturated at -5°C, tightly stoppered, and kept in a freczer.
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3’,5’-Di-0-benzoyl-2’-deoxy-3-N-toluoyl-g-L-thymidine (9)

To a solution of compound 7 (86.6p, 0.154 mol) in anhydrous pyridine (1530 ml)
containing N-cthyldiisopropylamine (53.6 ml} was added, portionwise at 0°C, p-toluoyl
chloride (40.6 ml). The reaction mixture was stirred for 2 h at room temperature, then water
was added to stop the reaction and the reaction mixture was extracted with methylene
chloride. Th‘c organic phase was washed with water, dried over sodium sulfate and
evaporated to dryness to give crude 3’,5’-di-O-benzoyl-2’-deoxy-3-N-toluoyl-5-iodo-p-L-
uridine (8) which can be vsed for the next step without further purification

A soiuton of he crude mixture ¥, pailadium acetate (3.44 ), triphenylphosphine (8.0
g) in N-methylpyrolidinone (1375 ml) with triethylamine (4.3 ml) was stirred at room
temperature for 45 min. Then, tetramethyltin (42.4 ml) was added dropwise at 0°C under
argon. After stirring at 100-110°C overnight, the reaction mixture was poured into water and
extracted with diethyl ether. The organic solution was dried over sodium sulfate and
concentrated under reduced pressure. The residue was purified by a silica gel column
chromatography [eluant: stepwisc gradient of ethyl acetate (0-10%) in toluene] to give
compound 9 as a foam (42 3 g, 48 3% for the 2 steps). 'H NMR {DMSO}) 3 ppm .8.3-7.2 (m,
15H,2 C¢HsCO, 1 CH;C¢H4CO, H-6), 6.29 (t, 1H, H-1°, J= 7.0 Hz), 5.7 (m, 1H, H-3"), 4.7-
4.5 (m, 3H, H-S, H-5", H-4’), 2.7-2.6 (m, 2H, H-2*, H-2""); FAB<0, (GT) m/e 567 (M-HY’,
449 (M-CH;CsH4CO), 243 (B), 121 (CsHsCOO); FAB>0 (GT) 1137 (2M+H)", 569
(M+H)", 325 (M-B)’, 245 (B+2H)", 119 (CH3C4HsCO)"

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-f-L-thymidine
A solution of compound 9 (42.3 g, 0.074 mo!) in methanol saturated with ammonia (1850 ml)
was stirred at room temperature for two days. After evaporation of the solvent, the residue

was diluted with water and washed several times with ethy| acetate. The aqueous layer was
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separated, evaporated under reduced pressure and the residue was purified by a silica gel
column chromatography [eluant: stepwise gradient of methanol (0-10%) in methylene
chloride] to give pure 2’-deoxy-p-L-thymidine {11.62 g, 64.8%) which was crystallized from
ethanol; m.p. 185-188°C; 'H NMR (DMS0) & ppm 11.3 (s, 1H, N, 7.70 (s, 1H, H-6), 0.2
(pt, 1H, H-1"},5.24 (d, I|H, OH-3", ] = 4.2 Hz), 5.08 (t, 1H, OH-5", J = 5.1 Hz), 4.2 (m, 1H,
H-3"),3.7 (m, 1H, H-4’), 3.5-3.6 (m, 2H, H-5°, H-5""), 2.1-2.0 (m, 2H, H-2’, H-2""); FAB<Q,
(GT) m/e 483 (2M-HY’, 349 (M+T-HY, 241 (M-HY, 125 (BY; FAB>0 (GT) 243 (M+H)", 127
(B+2H)"; )"; [0]p2 - 13.0 (¢ = 1 0 in DMSO): UV (pH 1) vypee = 267 nm (¢ = 9700V 1, =
234 i (g = 2000,

Reagent:

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

Example 6  Stereoselective Synthesis of 2°-deoxy-fi-L-inosine (§-L-dI)

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-glucopyranosyt series (Ref: I. 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)).

Ny o)
N SN N
v l N </ I‘\NH
HO Y ,) HO N Z
l‘ OH H NaNO,, oH N
0 Acetic Acd, 0
H,0
p-LdA B L-dl

Thus, a solution of B-L-dA (200 mg) in a mixture of acetic acid (0.61 ml) and water
(19 ml) was heated with sodium nitrite (495 mg), and the mixture was stirred at room
tempecrature 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. Appropnate fractions were collected
and evaporated to dryness to afford pure B-L-dI which was crystallized from methanol (106
mg, 53% yield not optimized): m.p.=209°-211°C; UV (H,0), Ana=247 nm; 'H-NMR
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R N /R _
10F510%& () an%%g (/%,(Il-l each, H-2” and H-2"); mass spectra (mature, glycerol-thioglycerol, 1:1, v/v),
FAB>0: 253 (m+H)", 137 (base + 2H)"; FAB<0: 251 (m-H}, 135 (base)’; {aJp?’= +19.3 (-c
0.88, H>0).

Anti-HBYV Activity of the Active Compounds

The ability of the active compounds to inhibit the prowth of virus in 22 15 cell
cultuies (Hepus cens transiouned witn hepatius vinon) can be evaluated as described in
detail below.

A summary and description of the assay for antiviral effects in this culture system and
the analysis of HBV DNA has been described (Korba and Milman, 1991, Antivirel Res.,
15:217). The antiviral evaluations are performed on two separate passages of cells. All
wells, in all plates, are seeded at the same density and at the same time.

Due to the inherent variations in the levels of both intracellutar and extracellular HBY
DNA, only depressions greater than 3.5-fold (for HBV virion DNA) or 3.0-fold (for HBY
DNA replication intermediates) from the average levels for these HBV DNA forms in
untreated cells are considered to be statistically significant (P<0.05). The levels of integrated
HBYV DNA in each cellular DNA preparation (which remain constant on a per cell basts in
these experiments} are used to calculate the levels of intracellular HBYV DNA forms, thereby
ensuring that equal amounts of cellular DNA are compared between separate samples.

Typical values for extracellular HBV virion DNA in untreated cells range from 50 to
150 pg/ml culture medium (average of approximately 76 pg/ml). Intracellular HBV DNA
replication intermediates in untreated cells range from 50 to 100 pg/pp cell DNA (average
approximately 74 pg/ug ccll 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 intracellular HBV DNA to 2-3 genomic

copies per cell and 1.0 pg/m! of extracellular HBV DNA to 3 x 10° viral particles/ml,



'S, 10%& () -

g10% (& ()-!

' 1888 ' ?( G WU3~_@
| 3*ML0% - & () -! pSs$10%&' ()-! Ss$10%& ()-I
) - X(Z(((:))aB~_@! 3*nLL610%& () - 410%& ()- 34
109& () - 2109& ()-!3*nL0%>& () -

9109%&' ()-!'f glOo%& () -

e
()

1> 118&9s10%& () - | 610% ()-5910%& ()- | 34

109& ()-12109% ()-!3+: 109 ()- o- -
109& ()-!YL0% ()- YLO% ()-s
5<5=5>5} ASH= ! |

Example 7

, MOR[& ()-!,

r-s-t-w0A3b3cD Il ° $
10%&' ()-L 10 10 1010%& () - b33H445;
10 10 103@ 109&' ()-!KkF3+10988& ()- F3+109%& ()-!tFI (

nL0% -

“3 0% ()-))))))))*]> ! 3LI0%& ()-! #X
10 10 10Z100& ()-*B**+++, 6, } <] >
1> 3+: 109 ()-3(10%&' ()-! p$SL10% ()- $10%& ()-! pl0%&' ()- 109%& ()-6,>,,, -

The ability of the tniphosphate derivatives of B-L-dA, B-L-dC, p-L-dU, B-L-2"-dG, B-
L-dl, and $-1.-dT to inhibit hepatitis B was tested. Table 1 describes the comparative
inhibitory activities of triphosphates of p-L-dT (B-L-dT-TP), f-L-dC (B-L-dC-TP), -L-dU
(B-L-dU-TP) and B-L-dA (B-L-dA-TP) on woodchuck hepatitis virus (WHV) DNA

polymerase, human DNA polymerases o, f, and .

Tuahlie
vy Lo pu e Poi u JJHA palp DNA poly
Inhibitor ICs0 K. (uM) Ki® (nM) K. (uM)
B-L-dT-TP 0.34 >100 >100 >100
f-L-dA-TP 23 >100 >100 >100
-L-dC-TP 2.0 >100 >100 >100
B-L-dU-TP 8 >100 >100 >100

*ICsy: 50% Inhibitory concentration
bK, value was determined 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 o for dATP as approximately 2 6 uM
Human DNA polymerase B exhibited a steady state Ky 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 transtected Hep G-2 (2.2.15)

cells.
Table 2
Compound HBYV virions® HBV Ri® Cytotoxicity Selectivity Index
ECs0 (nM) ECso (uM) ICsp (M) ICso/ECs0
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

42

& ()-!~F10%& (

m o- aB



109AA& ()--' @LO%& ()->5d556| 79: a?SH= !!
1 k109&' ()-f109%& ()-f!k10%& ()- MLOY&' ()-MB

910%&' () - 109& ()-::"=}?~???WBCrS1! 1" 10%z& ()-*I"' 10%& ()-* 10 10
10! | %4.0%&' () - S| 940%&' ()-S! f109& ()-fCDG 1A I 11J3{\:1 1y109%& ()-M/10%& ()-
M 10 10

1071 109& ()-*! 1" 109& ()-*! 1" 109%& ()-*JK\ LM NpPPdE{\: ! 1 3( 109%& () -
@.O0%& ()-Sy109%& ()- @O% ()- 109%& ()- 109 ()- PRRSSSSSS}ASH=!"! 10 10
108109& ()-15g109%& ()-!fl1)10%e& ()-!t1)109% ()-1)109%& ()-SVWWZ"]}]*?SH=! !
L3s109% & ()-! FL109% ()-m FL10% (& ()-m FL10% & ()- mY@O0% & () - YI0% & () -

] *M+n, A-AAPdiT i~ @ 109109 () -F 109%&' () - YH F 109&' () - Y+F 109%&' ()-Y+ 10 10
10 4f109& () --iiiiotttttnbW 10 100 100
lOQ?chO‘Vﬂﬁ?(' g:) -1 1096 ().- mt: 1094D& (? -m-1090& ()- 10 o
ompound BV virions” HBV Ri Cylotoxicity Selectivity Index
ECsq (kM) ECso (1M) ICs0 (uM) ICs0/ECso
B-L-dI 1.0 1.0 >200 >200
p-L-dU 5.0 5.0 >200 >40

Extracellular DNA

PReplicative intermediates (Intracellular 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 celis. The results are provided in Table 3.

Tabhle 3
Combination Ratio ECs
L-dC + L-dT 1:3 023
L-dC + L-dT 1:1 053
L-dC + L-dT 3:1 039
L-dC + L-dA 1.30 022
L-dC + L-dA 1:10 041
L-dC + L-dA 1:3 075
L-dT + L-dA 1:30 .054
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

combination of L-dA + L-dC + L-dT was also synergistic in this model.

Exampie 10
The inhibition of hepatitis B replication in 2.2 15 cells by B-L.-dA and (-L-dC, alone

and in combination was measured The results are shown in Table 4
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¥B-L-2’-deoxy- °B-L-2’-deoxy- % Inhibition *C.L
adenosine (uM) cytidine (uM)

0.5 90

0.05 24

0.005 1

0.5 95

0.05 40

0.005 10
0.05 0.05 80 0.34
0.05 0 ans SA AN

T JURIVNE’ sU B 050

0.005 0.05 72 0.35
0.005 0.005 54 0.35
0.005 0.0005 30 0.i6
0.0005 0.05 50 0.83
0.0005 0.005 15 0.28
0.0005 0.0005 0 N.A,

B-1.-2"-deoxy-adenosine: 1Cs0=0.09 uM
b3-L-2’-deoxy-cytidine: 1Cs0=0.06 pM
‘Combination indices values indicate synergism effect (<1), additive effect (=1), 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 1s 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 adminstered 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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quantative PCR.
The results are illustrated in Figure 3 and Table 5.

Table 5
Antiviral Activity of LdA, LdT, LdC in Woodchuck Model of Chronic HBV Infection
Control LdA LdT Ld4dC
day ng WHV-DNA per ml serum'*
i 381 436 423 426
1 BN ) .;
3 412 140 14 62
7 446 102 6 46
14 392 74 1 20

'LdA, LdT, LdC administered orally once a day at 10mg/kg
2limit of detection is I ng/ml WHV-DNA per ml serum

The data show that L-dA, L-dT and L.-dC are highly 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 L-dC
would show antiviral activity similar to L-dT. Fifth, all animals receiving the drugs gained

weight and no drug-related toxicity was detected.

Toxicity of Compounds

Toxicity analyses were performed to assess whether any observed antiviral effects are
due to a general effect on cell viability. The method used is the measurement of the effect of
B-L-dA, B-L-dC and $-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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Table 6
Compound CFU-GM (uM) BFU-E (pM)
B-L-dA >10 >10
B-L-dC >10 >10
B-L-dT >10 >10
P1.-) i
Lamuvidine >10 >0

Preparation of Pharmaceutical Compositions

Humans suffering from any of the disorders described herein. including hepatitis B,
can be treated by administering to the patient an effective amount of a §-2'-deoxy-f-L-
erythro-pentofurancnucleoside, for example, §-L-2-dcaxyadenosine, §-L-2’-deoxycytidine,
B-L-2’-deoxyuridine, B-L-2'-deoxyguanosine or f-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 pharmaceutically acceptable carrier ar diluent
in an amount sufficient to deliver to a patient a therapeutically effective amount of compound
to inhibit viral replication in vivo, without causing serious toxic effects in the patient treated.
By “inhibitory amount” is meant an amount of active ingredient sufficient to exert an
inhibitory effect as measured by, for example, an assay such as the ones described herein

A preferred dose of the compound for all of the abovementioned conditions will be in
the range from about 1 to 50 mg/kg, preferably 1 to 20 mg/kg, of body weight per day, more
generally 0.1 to about 100 mg per kilogram body weight of the recipient per day. The
effective dosage range of the pharmaceutically acceptable prodrug can be calculated based on
the weight of the parent nucleoside to be delivered. If the prodrug exhibits activity in itself,
the effective dosage can be estimated as above using the weight of the prodrug, or by other

means known to those skilled in the art.
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"()- 1BOf"z 10%"“‘%é gompound 15 cgr%%lnén)tly acitrfu;;lgtergd%%lugil any suitable dosage form,
including but not limited to one containing 7 to 3000 mg, preferably 70 to 1400 mg of active
ingredient per unit dosage form. A oral dosage of 50-1000 mg is usually convenient,

Ideally the active ingredient should be administered to achieve peak plasma
concentrations of the active compound of from about 0.2 to 70 pM, preferably about 1.0 to 10
uM. This may be achieved, for example, by the intravenous injection of a 0.1 to 5% solution
of the active ingredient, optionally in saline, or administered as a bolus of the active
ingredient.

Live LollunlistaatUln U1 Aua v Cullpobind I lue diuy Lomposition will depend on
absorption, inactivation, and excretion rates of the drug as well as other factors known to
those of skill in the art. It is to be noted that dosage values will also vary with the severity of
the condition to be alleviated. It is to be further understood that for any particular subject,
specific dosage regimens should be adjusied over time according to the individual need and
the professional judgment of the person administering or supervising the administration of the
compositions, and that the concentration ranges set forth herein are exemplary only and are
not intended to limit the scope or practice of the claimed composition. The active ingredient
may be administered at once, or may be divided into a number of smaller doses to be
administered at varying intervals of time.

A preferred mode of administration of the active compound is oral Oral
compositions will generally include an inert diluent or an edibie carrier. They may be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic
adminstration, the active compound can be incorporated with excipients and used in the form
of tablets, troches, or capsules. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition.

The tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: a binder such as microctystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating agent such
as alginic acid, Primogel, or com starch; a lubricant such as magnesium stearate or Sterotes; a
glidant such as collaidal silicon dioxide; a swectening agent such as sucrose or saccharin; or a
flavoring agent such as peppermint, methy! 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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wafer, chewing gum or the llf\e A syrup may contain, in addition to the active compounds,
sucrose as a sweetening agent and certain preservatives, dyes and colorings and flavors.

The compound or a pharmaceutically acceptable derivative or salts thereof can also be
mixed with other active materials that do not impair the desired action, or with materials that
supplement the desired action, such as antibiotics, antifungals. antiinflammatories, protease
inhibtiors, or oticr nucleuside or nonnucleoside antiviral agents. Solutions or suspensions
used for parenteral, intradermal, subcutaneous, or topical application can include the
following components: a sterile diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents such as benzy! alcohol or methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as
acetates, cifrates or phosphates and agents for the adjustment of tonicity such as sodium
chloride or dextrose. The parental preparation can be enclosed in ampoules, disposable
syringes or multiple dose vials made of glass or plastic.

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

In a preferred embodiment, the active compounds are prepared with carriers that will
protect the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible palymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, cotlagen, polyorthoesters, and polylacetic acid. Methods for preparation of
such formulations will be apparent to those skilled 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 10 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 stearoy! phosphatidyl

ethanolamine, stearoyl phosphatidyl choline, arachadoyl phosphatidyl choline, and
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lipid on the surface of the container. An aqueous solution of the active compound or its

monophosphate, diphosphate, and/or triphosphate derivatives is then introduced into the

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

container and to disperse lipid aggregates, thereby forming the liposomal suspension.

This invention has been described with reference to its preferred embodiments.
Variations and modifications of the invention, will be obvious to those skilled in the art from

the foregoing dctailed description of the invention [t is intended that all of these variations

and mouatiicahions ve nicluaed wiintit Lie scope 01 e Llis uivenion
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We claim:

1. A method for treating a host infected with hepatitis B comprising
administering an effective amount of an anti-HBV biologically active 2°-deoxy-B-L-erythro-
pentofuranonucleoside or a pharmaceutically acceptable salt or prodrug thereof, wherein the

2°-deoxy-f3-L-erythro-pentofuranonucleoside has the formula:

wherein R is selected from the group consisting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO-substituted ary],
alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, amino acid residue, mono, di, or triphosphate, or
a phosphate derivative; and BASE is a purine or pyrimidine base which may be optionally
substituted.

2. The method of claim 1, wherein the 2’-deoxy-p-L-erythro-
pentofuranonucleoside is §-1.-2’-deoxyadenosine or a 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

(to form a stabilized nucleotide prodrug).
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3. The method of claim 1, wherein the 2’-deoxy-B-L-erythro-
pentofuranonucleoside is §-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
(to form a stabilzied nucleotide prodrug).

4. The method of claim [, wherein the 2’-deoxy-f-L-erythro-
pentofuranonucleoside is B-L-2'-deoxyuridine or pharmaceutically acceptable salt or prodrug

thereof of the formula:

wherein R is H, mono, di or tri phosphate, acyl, or atkyl, or a stabilized phosphate derivative
(to form a stabilzied nucleotide prodrug).

5. The method of claim 1, wherein the 2’-deoxy-f-L-erythro-
pentofuranonucleoside is -L-2’-deoxyguanosine or pharmaceutically acceptable salt or

prodrug thereof of the formula:

[o]

(1T,
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wherein R is H, mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
(to form a stabilized nucleotide prodrug).

6. The method of claim [, wherein the 2'-deoxy-f-L-erythro-
pentofuranonucleoside is f-1.-2’-deoxyinosine or pharmaceutically acceptable salt or prodnig

thereof of the formula:

. A
(S

N

OH

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

(to form a stabilized nucleotide prodrug).
7. The method of claim 1, wherein the 2°-deoxy-f-L-erythro-

pentofuranonucleoside is $-L-thymidine or a pharmaceutically acceptable salt or prodrug

thereof of the formula:

[o]

Hy
HN |
OA\

H

RO
OH
Q

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

8. A method for treating a host infected with hepatitis B comprising
administering an effective amount of two or more anti-HBV biologically active 2’-deoxy-p-
L-erythro-pentofuranonuclieosides or a pharmaceutically acceptable salt or prodrug thereof in
combination of alternation, wherein the 2’-deoxy-f3-L-erythro-pentoturanonucleosides have

the formula:
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wherein R is selected from the group consisting of H, straight chained, branched or cyche
alkyl. CQ-alkyl, CO-aryl, CO-alkoxyaikyl, CO-aryloxvalkyl, CO-substituted aryl,
alkylsultonyl, arylsulionyl, aralkylsultonyi, amino acid 1esidue, mono, di, Or UpHospRaie, vl
a phosphate derivative; and BASE is a purine or pyrimidine base which may be optionally
substituted.

9. A method for treating a host infected with hepatitis B comprising
administering an effective amount of an anti-HBV bioclogically active 2'-deoxy-fB-L-erythro-
pentofuranonucleoside or a phanmaceutically acceptable salt or prodrug thereof in
combination or alternation with an additional anti-hepatitis B agent, wherein the 2’-deoxy-f-

L-erythro-pentofuranonucleoside has the formula:

BASE
RO

OH

wherein R is selected from the group consisting of H, straight chained, branched or cyclic
alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO-substituted aryl,
alkylsutfonyl, arylsulfonyl, aralkylsulfony!, anuno acid residue, mono, di, or triphosphate, or
a phosphate derivative; and BASE is a purinc or pyrimidine base which may be optionally
substituted,

10.  The method of claim 9, wherein the additional anti-hepatitis B agent is
selected from the group consisting of 3TC, FTC, L-FMAU, DAPD, famciclovir, penciclovir,
BMS-200475, bis pom PMEA (adefovir, dipivoxil), lobucavir, ganciclovir, or ribavarin
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wherein R is H, mono, di or tri phosphate, acyl, or albyl, or a stabilized phosphate denivanve
(to form a stabilized nucleotide prodrug).

15.  The use of claim 13, wherein the 2°-deoxy-p-L-erythro-pentofuranonucleoside
is p-L-2’-deoxycytidine or pharmaceutically acceptable salt or prodrug thereof of the

formulia:

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

16.  The use of claim 13, wherein the 2’-deoxy-B-L-erythro-pentofuranonucleoside

o]

HPJ)j
D’J\N
RO

OH

()

is p-L-2'-deoxyuridine 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

(to form a stabilzied nucleotide prodrug).
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wherein R is H, mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
(to form a stabilized nucleatide prodrug).
18.  The use of claim 13, wherein the 2’~-deoxy-B-L-erythro-pentofuranonucleoside

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

N

RO
OH

wherein R is H, mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
(to form a stabilized nucleotide prodrug).
19.  The use of claim 13, wherein the 2’-deoxy-B-L-erythro-pentofuranonucteoside

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

56



10% & ()
- 10E10E
9@@L09 . f A+ .
9&Y10%&-()? 10 (10 ,,llbcyg@.lo% &'()_@~]§+ 10% & ()- 9, (109
of 100K & () - & SFUMLO%E ()-- 9 & ()-10% & 10E 9, 410% () % & ()-
of LOv& () - &QTKYet Y810 0,3 Lo ()9 L () 9810% e ()e oF ’
Of F+10YE&: ()- mMLOYDEDE 3(/)_ &S ()- 9 31098 109 ()- 9910%& (
o 0% & (5. osh B 10% ¢ 019 T09Rg | ool 1 10810 o . g 9O
or 891008: ()- [[: 2Y810 & () - ot10% & OomLOve () of partone |
2v810 9 10% Y% & ()- - 9l psMLOY! \
6 & ()- 9@l - 10E10E10E, / & ()-&Y8
0% & () ./ 109&& () - 10
-- 910%

acyl, or alkyl,ora stabilized phosphate derivative

wherein B is H, mono, diortl phosphate-,

stabilized nucleotide prodmg).

anti-HBV piologically acti
aceutically acceptable salt or prodry
wherein

treatment of hepatitis B, ¥

_L-erythro-

ve 2 -deoxy-P
a thereof for the

(to form a
20.

pentofuranonuclcos
fame

Use of an
ide or a pharm

preparation o dicament for the the 2’-deoxy-B-L-
erytluo-pentoﬁxranonucleoside has the formula:
pASL

RO
OoH

ting of H, straight chained, pranched of cyclic
CO-aryloxyalkyl, CO-substituted aryl,
di, or triphosphate, or

id residue, mono,
dine base which may be optionally

ted from the grouP consis
-aryl, CO—aikoxyalkyl,
aralkylsulfonyl, amino ac
e or pyrimt

wherein R is selec
alkyl, cO-alkyl, cO
a\kylsulfonyl, arylsu\fonyl,

jve; and RASEisa purin

a phosphate derivat
nonucleoside

-pentofurd

-deoxy-B-L-erythIo
g thereof, of the

substituted.
m 20, wherein the 2!
able salt of prodrut

71.  Theuse of clai
is B—L-’Z’-dcoxyadcnosine ora pharmaccut‘lcally accept

1)
R&\éi;y

¢ tri phosphate, acyl, or atk

formuta:

yl,ora stabilized phosphate derivative

erein R is H, mono. dio

wh
d nucleotide prodrug)-

(to form 2 stabilize

57



& ()- 10%& ()-E 109%& ()- 9S10% & ()-@N[:zY810 9 10% & ()- 9@®10%

& ()- 9,*10% & ()-@0S!910%X ()-E ~S!'910%c& ()- 9@10% & ()- Normal"
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A “Default

Par agraph Font H' &s*=2<_FP, [fq{"_4!) 1G?FOVY_dkv& [ X "$)>5Vitqlkwo&3&5DR"q;

MNOPQRSTUVWKYZ[ \ ] *_" abcdef ghi j kIl mopqgc! h$1&F ) *6, o- b3>5: CIPS}] it~ E] T. | 4xCqg

56+ ~L 9 g

$(, 3] 4455HIBF( G XMRTTU UJUl U' W XXXXYSY~YYYZZZZ[ <[\[[I\\ & 6] DO []I]1]1]]]1~~:n
bc! cBcWenccTf ggh" hkoXyCl & #T8f Ur st uvwxyz{| } ~ " #$9R' () *+6Ti mes New

RomanAri al Courier New'h Root EntryWr dDocunent c
" H#PUR' () *+, -. 01234967 8@_011" claim 20, wherein the 2’-deoxy-fi-L-erythro-pentofuranonucleoside

<=>7? @\BCDEF Gl )< MRS IRARA B We¥idcb R allyabe stedigdaie bk smanarsdr uvm y z{ | } ~
" #$9&' () *+, -./0123456789: ;
<:>?@\BCDEFC£9|f" _MNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ;
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~

| #$U& () *+, -. /01 /.j
'y

N
PO—‘,_.__‘ /

N’

wherein R is H, mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
(to form a stabilzied nucleatidc prodrug).
23. The use of claim 20, wherein the 2’-deoxy-f-L-erythro-pentofuranonucleoside

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

e

N
RO
CH
0

wherein R is 11, mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
(to form a stabilzied nucleotide prodrug).

24.  The use of claim 20, wherein the 2’-deoxy-B-L-erythro-pentofuranonucleoside
is B-L-2’-deoxyguanosine or pharmaceutically acceptable salt or prodrug thereof of the

formula:

RC

(o)

58



wherein R is H, mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
{to form a stabilized nucleotide prodrug).
25.  The use of claim 20, wherein the 2’-deoxy-f-L-erythro-pentofuranonucleoside

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

</N NH
S
ot f
N~
whetein R is H, mono, di or tri phosphate, acyl, or alkyl, or a stabilized phosphate derivative
(to form a stabilized nucleotide prodrug).

26.  The use of claim 20, wherein the 2°-deoxy-B-L-erythro-pentofuranonucleoside

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

HN

° N

RO
OH
0

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

(to form a stabilized nucleotide prodrug).
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