; e3eEuXEr $@TX M) 9 JUN 2003 WO 00/ 47581 THERAPEUTI C NUCLEGCSI DE COVPOUND 5
FI ELD OF THE | NVENTI ON PCT/ GB00/ 00429 The present invention relates to (1
R, 4S)-4-(6-am no-9H purin-9-yl)-2-cydopent ene-1nethanol and its use in
medi cal therapy. 10 BACKGROUND OF THE | NVENTI ON Fbpatit@g ﬁNém%us (HBV) is
a small DNA containing virus which infects humans. it i J er of the
class of closely related viruses known as the hepadnaviruses, each nenber
of which selwabtashy i nfects either nmanmal i an or avi an ROBERINOECh as t he
woodchuck and 15 the duck. Recent insights into the nechani sm of
replication of the hepadnavirus genone indicate the inportance of reverse
transcription of an RNA internedi ate, suggesting that the reverse
transcriptase is a |ogical chenotherapeutic target. HBV is a viral pathogen
of major worldw de inportance. The virus is etiologically associated with
primary hepatocel | ul ar carHHERAPENTIENUCLEOSIDECTOMAROUNG cause 8090 of the
world's liver cancer. 20 Cinical effects of infection with HBV range from
headache, fever, mnal ai se, nausea, vomting, anorexia and abdom nal pains.
Replication of the virus is usuallx controlled by the i mune response, with
a course of recovery lasting wEEkEOBGFHEINMENON n hunans, but infection may
be norse severe |l eading to persistent chronic liver disease outlined above.
25 U.S. Pat gjtpriient iftveRfibh reffesdb SR, #1095 (6infhROFY. SO 2LdyBoftHche9si des and
their use in %hq)géfﬂgnenggglebV. Wang et al. (Bioorganic Ft Medicina
Cheni stry LEFANQ apd s seinmedicslthetapyy 998 “di scl ose the synt hesis of
L-carbocyclic 2'.3'-didehydro-2', 3' di deoxyadensosine and its use in HV
infections. 30 SUMVARY OF THE | NVENTI ON 35 An aspect of the present

i nvenjgi on relates to the useaRkgRdUND OF THE INVENTION _

4S) - 4- (6- am no- 9H puri n-9yl ) - 2-cycl opent ene- 1- net hanol in the treatnent of
Hepatitis B infections, 0 9 JUN 2003 WO 00147581 2 DETAI LED DESCRI PTI ON
OF THE | NVERmmatiss B viruse(HBVleis arsmall BYA rontaining aisusuvitieh indpesdwmass. dt istor nul a (1)
PCT/ GB00/ 00#2mberlo$ theleaevaf claseiy(rdlated viruses known as the hepadnaviruses, each member

4S) - 4- (6- ampQridHfeRMiVe R irtedtd Jither MMFhAREMN FAR ndstRich 3OAE wastdhubl and

phar mgceuti gal | ccept abl e ts thereof for.th ro | axi s _and treat nent
of HeBgt 111 tieguf AECAPBRGhS SH ot Rgirs o opipion 37 HEHEPOHTPE @pore, 1y

48) - 4- ( 6- anindisate thejmppriange of revemse dgascidgsion obaneRNAeteaeiiate. syggestioethgl| t s of

or gani ¢ car tiexgletse transcistast isChlogial aitediotherapéuaic trargst. HBMS aviiat pathagen of 15

2o ot haneb(Top SARUARE mpBfiineh. [ fle\fusPl ERlogeff kiates PR ey o, SCh
p-tol uenesuH_ _g’ﬁ%ﬁ’éé TGO §NY ity Y t(foeacéi’sagh,%ﬁ'"s ﬁgﬁh"ag’mﬁ‘f}dﬁ’& R1SE ¢,

sul phfri c, PYicapstegte objirdection withniRY waged omspdachte feyse UpalaiscyBaseas gl t s of (1
R, 4S) - 4- ( Evamiting addrexianid abdonyiha) pdnsC Repliogion tob the-vik@is mul_lvammrolw by be

physi ol ogi CaleliMmaRCREIAR! Fith b chimse (o RXovdlyldstifPweRd SrimHeHsitY RishndnE, Bt 2

) infection may be more severe leading to persistent chronic liver disease outlined above.

25 U.S. Patent No. 4,916,224 discloses dideoxycarbocyclic nucleosides and their use in the
treatment of HIV. Wang et al. {Bioorganic & Medicinal Chemistry Letters 8, pp. 1585-
1588, 1998) disclose the synthesis of L-carbocyclic 2'3'-didehydro-2'3'-
dideoxyadensosine and its use in HIV infections.

30
SUMMARY OF THE INVENTION
An aspect of the present invention relates to the use of (1R, 4S5)-4-(6-amino-9H-purin-9-
yl)-2-cyclopentene-1-methanol in the treatment of Hepatitis B infections.
35
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physi ol ogi cal | y acceptable acid. However) rafts of acids which are not
physiologically acceptable may al so find use, for exanple, in the
preparation or purification of a physiologically acceptable conpound. All
salts, whether or not derived froma physiol ogicall yéﬁ:g@ﬂ)z@al e acid, are
within the scope of the present invention. 25 A pref t of (1R

4S) - 4- (6- am no- 9H purin-9-yl)-2-cycl opent ene-1-net hanol is the succinate
salt. 0 9wWOWKBO03 WO 00/ 47581 PCT/ GBO0/ 00429 3 5 (1 PRJ/GB00/00429

4S) - 4- (6-am no- 9H puri n-9-yl ) - 2-cycl opent ene- 1- net hanol nay be synt hesi zed
by the known 3-step sequence (see, e.g., Y.F. Shealy and J. D. dayton, J.
Amer. Chem Soc. 1969, 91: 3075-3887 and references therein) involving the
condensati on of (15, 4R)-4am no-2-cyel opent ene-1-net hanol or a salt thereof
(4) with 5-am no-6 chloropyrimdine O HN ---Q (BOC) ?0 ~/ ~~J DVAP (eat), THF
(91% 1 ,) NaBH4 THFI HpO O 2) loluens BOCN~ pH 3 [/~~/J 90% 2 | 1 NJ NJ N
NH2 CH(OElI~ N HCl (concd) N ~OH ~--- NHN~O ~.J (74% 6 S BOCNH_ A "OH 3

HCl (1.2 ~quiv) EtCOH te8u§gAﬁE?B%}éR'HTWEI'NWW BuOH E1~N rel lux, 18 h
N

4 NH3 (~ NHZ Part bonb N

5 The present invention features compounds of formula (1)
NH,
N
) N l \>
) g
'OH
()

also known as (1R, 4S)-4-(6-amino-9H-purin-9-yl)-2-cyclopentene-1-methanol and
10 pharmaceutically acceptable salts thereof for the prophylaxis and treatment of Hepatitis

B infections.

Physiologically acceptable salts of (1R, 45)-4-(6-amino-9H-purin-9-yl)-2-cyclopentene~
1-methanol include salts of organic carboxylic acids such as acetic, lactic, tartaric, malic,

15 isethionic, lactobionic, and succinic acids, organic sulphonic acids, such as
methanesulphonic, ethanesulphonic, benzenesulphonic and p-toluenesulphonic acids and
) inorganic acids, such as hydrochloric, sulphuric, phosphoric and sulphamic acids.

For therapeutic use, salts of (1R, 4S)-4-(6-amino-9H-purin-9-yl)-2-cyclopentene-1-
20 methano! will be physiologically acceptable, ie. they will be salts derived from a
physiologically acceptable acid. However, salts of acids which are not physiologically
acceptable may also find use, for example, in the preparation or purification of a
physiologically acceptable compound. All salts, whether or not derived from a
physiologically acceptable acid, are within the scope of the present invention,
25
A preferred salt of (1R, 4S)-4-(6-amino-9H-purin-9-yl)-2-cyclopentene-1-methanol is
the succinate salt.



10 15 in refluxing n-butanol in the presence of an excess of a

- non-nucl eophilic base, e.qg. triethylamne. The resulting pyrimdine
internediate (5) may be converted to the 6chloropurine internediate (6) by
triethylorthoformate in the presence of a catalytic afdudiiN 263 aci d.

Am nation of (6) with ammonia may provide (1) in good yield and purity.

(1S, 4R) - 4- am no- 2- cycl opent ene- 1- net hanol may be synthesized in 3 steps
from (+) - 2awabieyal of 2. 2. 1) hept - 5-en-3-one , for exanpFPEVCEYYY Exanpl e 1.
In one aspect of the present invention there is provided (1 R

4S) - 4- (6- am no- 9H puri n-9yl ) - 2-cycl opent ene- 1- net hanol , or a

phar maceutically acceptable salt thereof for use in nedical therapy,
particularly for the treatnent of Repatitis B virus infections. 09J UN
2003 WD 00/ 47581 PCTI GB00/ 00429 4 5 The pr esenti\ invention featuyres a method
for the trdth #Bht-(amaoiHpurinnd)-BexFlopedcnen g ?’l?ﬂ'"iaﬁ & REET2E B¥pr i si ng
admi ni st er itpgkicwnSRiteh Lqbdnca(stdeg.anE Sheahadridy. BfGlaytan; 4 Amaméaem. Sof (1 R,

4S) - 4- ( 6- anLRO-QHhPMIAaB7 Ird/ tekereheGEHRLPRERIENIGY the EBAdRARNNN OF (1514R)-4-

phar maceutica I% acﬁce t abl e ﬁ]alt toheraeof it P{hgjcg( ap}p]y Jifhe g_?§,; olgg @ human.
Anot her as FEWIO-GEYqgpenteneslegsginanqly 4 on*Fleat’ires the ‘Use o (IR

4S) - 45 ( 6- archlocoppimidine 9- y| ) - 2- cycl opent ene-i - net hanol or a pharmaceutically
acceptabl e salt thereof in the manufacture of a nedi canent for the
treatment or prevention of a hepatitis l;;x,ihrus infection. 10 (1 R,
4S) - 4- (6-am no-9H—8uri n-9-yl)-2-cyclo en#nene:r 1-nmet hanol, also referred to
herein as the mwetive i ngiegdi enteoc e 28 ni st ersechif Qr &_rer apy by any
suitable route | uetiReh » re@, = pi calmc udi ng buccal and
subl i ngual ), vagi nal andmparenteral (including subcutaneous, intranuscul ar,
i ntravenous and tntradermal). It w# | be 15 appreciated that the preferred

route will vary with the condition and age of the reci hﬁm-gutv)t he nature of
the infection agd the chosen actigve i ngredi ent The anolEdsseskiequi red of the
active ingredi w |1 depend gh.nunber g fiactors'including the

and 20 will ulti™ma e Nding ” “f"w@?ﬁam physi ci an or
veterinarian. In genefal h&fever, f eagh ofaihese utTliti and
indications, a suitable effective dgse of a ®&ifound ot fornula (1) will be

in the range of 0.0t to 1 mi, er kil ogram body wei ght of recipient per
day, advantageously in the range of t ¢ 70 mg per kil ogram body wei ght per
day, preferably in the ranpé'é(bé’%’)f o] 6?:@ per kil ogram body wei ght per
day. 25 The desired dose is preferabl yy as one, two, three or four
or nore subdoses adm ni stered at appropri ake/i nterval s t hroughout the day.
These sub-doses may be adm nistered in unit dosage forns, for exanple,

cont ai ni ng about 25 to 2000 ny, preferably @bout 25, 50, 100, 150, 200, or
250 ng of active ingredient per unit dose form 30 Wile it is possible for

the aktive ingpedi P BlioleiolR RE Plelindd BF 51 RLRI 2 hin-hiRicBhiflectosdhled L0 present

it as a phar .maceu"t‘.q cal” conposi U] Q. urt her .aspect of ent

i nvention f &isthylasines fhe ey P%'&'J?%Wﬁé@f‘{]a\t%@ "&ag%r ?ogyerﬁgé@?‘lq %

4S) - 440( 6- anchicroplingLinfermediatel (6P by ytidthyhesthotormate indhe, pissnceopf 3 catalytic

phar maceut i gabhnt oRSGE MnaidtBn 5BBE withinewika rayraxid8 B) ip lyasdwietbandipyttyl v
acceptabl e carrier therefor. 0 9 JUN 2003 WD 001 47581 PCTI CB00100429 5
The conpositions of the present invention co ise. at  ,active

i ngredi ent ; (B4RI&faRAG2-SYsispeNtee oy e tharel iy ﬁc gﬁ@c%zfd o Letg%ﬁfgorn‘r)r{n}gezut ically
accept abl e azabicydo[2.2:1}hepteén-aode dpt Gxemplk.layindxaiane t-her apeut i ¢ agents. Each
carrigy nust be "acceptable" in the sense 5 of being conpatible with the
ot her 1 ngredient t.he P& I é-OMBolon-guhig-o-eci pi ent

t hereof . Conposi a{%?egtn%f tFen%rﬁsgﬁgR{%h%dsn gnesrglﬂ'? édgfa%:d gg'rdsré?gl It tHefeGH Ifrumeqﬁs al ,

topi cal (i ndlRdfveigPEREarmethancs Ab? PrasTasey U lASFRE oF " bar en[%er al (i ncl uding
subcut aneousyedicatt therapyspanticatarly fonthe dreatmsosofheretifnR Yia YeEPNS adni ni strati on.
10 The conpositions of the present invention may conveniently be presented
in unit dosage form prepared by any of the nethods well known in the art of
pharmacy. Such nmethods include the step of bringing into association the
active ingredient with the carrier which constitutes one or nore accessory
i ngredients. 1n general, the conpositions are prepared by unifornly and
intimately bringing in to association the active ingredient with liquid 15
carriers or finely divided solid carriers or both, and then, if necessary,
shapi ng the product.

severity of theg domdition ‘g*gf‘ el rleated aphd 'the identjty of Y he recipient
{4 HCI ng . l"' q! c|a



Conpositions of the present invention suitable for oral adm nistration may
'‘be presented as discrete units such as capsul es, cachets, sachets of
granul es or tablets (such as a 20 swal |l owabl e, dispersible or chewable

tabl et) each containing a predeterm ned anount of the active ingredient; as
a powder or granules; as a solution or a suspension in{§ny§qgRous |iquid or
a non-aqueous liquid; or as an oil-in-water liquid enulsion or a water - )
in-oil |iquiYo&TFsi on. The active ingredient may al so Bel'pPla8¥H ed as a
bol us, electuary or paste. 25 A tablet may be nade by conpression or
moul di ng optionally wth one or nore accessory ingredients. Conpressed

tabl ets nay be prepared by conpressing in a suitable nachine the active
ingredient in a free-flowing formsdch as a powder or granules, optionally
m xed with a binder, lubricant, inert diluent, preservative, surface active
or di sper si Abe Besealgeventionieathdeamethipd By thetggtmsat gfaderalijis Byiwsdefagiionn a

sui t abl e madhi r@stacomipiding’ &indidistérihg tpawid dbad thenapaticdly Wfectivenadunsidrh an i nert
liquid dilugqg -45)-[5'-‘?6-5mé-%g%uW$-ﬁ%-kﬁﬁﬂﬁt%ehemEt‘ﬂi’ﬁo?@r erphamrc&mcﬁ?y may be

fornmul ated so as, to 0 r..controll ed rel ease of the active
i ngr edi ent eRspEpin St thereas: Hig "%@%W'&b"%‘sl 6 PCTI CBOO/ 00429

Conpositions suitable for topical admnistration in the nmouth include
| ozenges compbther igect e tRChrbsért inRptier featiiresithe asef dfVRIr4SH4eaimmo-giisual | y
sucrose and pRRGIA- Lyl ARIEAThHharddPld dHafmacE Ry aflepblk U AEkbpif

ingredient ip an inert pasis such as gel atl nd glycerin, or sucrose and
acaci a; and tﬁﬁﬂfqﬂf\ﬁgﬁ%g L BFAPMER Y '?'ﬁgrc%fﬁ‘ff?t\f’é pfeﬁ‘d'&'g%f’gﬁbcqaﬁt'sa's ¥riSuit abl e
l'i quid carriiefectioGonpositions for rectal adnministration may be presented as
a suppwmsitory with a suitable base conprising for exanple cocoa butter or a

o esent cd ad paTontt s SNy LA 2 Gk kRl el SR BTy €

f or nul ati onds @Bﬁf%"lemgﬁ’i’j“% ﬂg‘? %q"BWStF'S f“ﬁg“&a@i' P’(/@Visﬂigﬂ’bgdp‘étﬁfncg‘ﬂi% carriers
as are knowerdlnrectale nagat, toricabdineludimao pudcalt and Cbiingual), tvegingl andi padbteeal f or

p?r enteral aidai:mgstsﬁmt'taﬁébu&. NGtratA@cAsH efttiSendtsd and NintPedeiRRn.S h5w'n|fs<aéoni c
steri inj Vi - S rs,

bact eff ost aErealed Bt thE Broflef ﬁﬁé‘ﬁgﬂﬁﬁﬁ?ﬁ?ﬁ%k%@ﬁ%ﬂaﬁéf s 4

non- aqueous "SRt natire ef ?G?Et'%rﬁ" heragsen AL e edE%sendi ng agents and

t hi ckeni ng agents. The conpositions nmay be presented in unit-dose or

nul tidose sdant edour®ieqiird os thd sutive harepiest, willigpint @poraa chumber Jf fattors My be
stared 102 ildfi il o lORRItSFRBE EARHA ANl RAA hd fopRydank N

addition of 20 ft, erile |1qu carrijer,. for. .exa e water for

i nj ectq ons, " E'?tﬁfyé’Fﬁtﬁ‘FidBﬁ"c 9% of &hs at a@%‘@ﬁ'ﬂﬂ‘eﬁ&%"f‘?ﬁ"@'&t'f‘@ﬁ"eéaél utions
and suspensihonevereyr rsh mf dhese auilifies camd Jndigations, pswithbleseffegivendasesofadd tabl et's
of the kijn_d cBIBOln® B fopmule@aWill BEid thelrBfyedEL.OVE 100 GigQel B ramBydyeldght be
presepted i tLer - ‘ & Fdight - Si z€
part i£| es 01[6 fg;%?%g& ;ﬂri]afe ,"E%?WS{;?@?'G{%ﬁmﬁtﬁﬁygﬁ'@g‘a@gﬂg&i tlggllli:ls are

t hose cont aiPff 9t PEETEraRlY | theo@moef 1 5% pq Mg A5 KosamhbRs¥ weBh PR dRYsi n above
recit@d) or an appropriate fraction thereof, of the active ingredient. 30
I't shoul (cji baheigelreds tROG preriablypraeted asodhe} fvol titee dtfoddorembie spiedosascul ar |y
nmentioned a ; 0 . vgption 1! er agents
conventi onallmi{‘ﬁ‘!ng@ gr {H?ﬁ)zb%thgﬁfrggl%:rnﬁbfggb%}hﬁgtda 'e@%xfs gg%ngtTagtr?gi n
question, fGAMBsEES o 'E’H"ogﬁa@uf“f’égl & PEMPlsy SOntalnipg Apeut ryétﬁ(’oﬁ) hs@g'i ncl ude
flavoring adesfersblpaboutizs; 60, i k$0n200agrekad og of aqdivegingredieny OO dp® fOm1- 47581
PCT/ GB®0/ 00429 7 A further aspect of the invention relates to kits to be
used in the i Shakn@ boRA baD BoRlbhab b gadih OB lold, )f DhRfHRNS: These
kits include one or nore oral dosgge,of a_comnmpound 0 f‘or . a rftj and may

i ncl ude one PSP & LBRATTICEHISR! CRRPSPau urtigesrest ofghe REFESIVET st r at i on,
a kit of thdeatpeepharmarevtity!l dompbsitibes comeprising b, etSk-&iif-emino- Alapusintdey)- 5

capl ets, gelzeapBpdtenki1GHéttaroDrofiUd aihb@iateutiodlty adctdpRdiea sfio p@eyidardl af or mul a
(1) agd one dbrmiMRdfchiBlEhie GARSUcRTor, Capl ets, gelcaps or liguid —
formul ati ons containing a conpound of fornula (1) in dosage anounts within
t he ranges descri bed above. The kits may include as an insert printed
dosing information for the co-adm nistration of the agents. 10 The active

i ngredient may al so be presented in a conposition conprising mcroneter- or
nanonet er-size particles of active ingredient.



(1 R 4S)-4-(6-am no-9H purin-9-yl)-2-cycl opent ene- 1- net hanol nmay be
‘admi ni stered with other therapeutic agents. Cher therapeutic agents may

i nclude agents that are 15 effective for the treatnent of viral infections
or associ ated conditions such as nucl eosi de reverse transcriptase
inhibitors, for exanple, zidovudine or abacavir, 2',3" {8 digo¥grytidi ne,
2',3'-dideoxyadenosine, 2', 3" -di deoxyi nosi ne, 2' 3' -di dehydrot hym di ne; (1
al pha, 2 betwpoﬂﬂahpha)-Q-[Z,S-bis(hydroxynethyl)cyclobﬁ??ﬁ}@ﬂ%ﬁine

[ (-)BHCG SQ 34514]; oxetanocin-G

(3, 4-bi s- (hydroxynet hyl ) - 2- oxet anosyl ] guani ne); acyclic nucl eosides (e.gqg.
acyclovir, 20 valaciclovir, fanticlovir, ganciclovir, penciclovir); acyclic
nucl eosi de phosphonates (e.g. 5
(S)-1-(3-hydroxy-2-phosphonyl - net hoxypr opyl ) cyt osi ne (HPMPC) or PMEA
protease inhibitors such as indinavir, ritonavir, nelfinavir, anprenavir,
sanqui navi r ThO¥ehgosicibrane tnugaie&@s indentian abiogrise at feast fonaaictivarmgredibin es

C'b s-1-(2-( *a e%xm%t t&jé ?h fav g l;Ho n%cydtbcﬁryfalc&graempﬁ & {Q 10,
(rj: oi\c/): ;:,]2 Gan 0 wﬁ%y o[t%rtr frc?aé @3 aérgcr_mu_sty be] "a&e;?tnblc in the sgnsc

7- chl of o- 5- EPbeiygy mpyuwmh thbethzomra*i'@m ¢f-the qomppsitine andaet deRBHYys to

7-chl or o- 1, 3hdictipidiitathéredfl Coimpasitions inelide) th@tisuitable dovzaal) reataiphasal Xogigdl ne
(Ro24-7429) (ml‘lﬂ'&lﬁd fb%&%ﬂ%n(? %Qm@éal)a "V a‘?réreﬁﬁ%céﬁ'ﬁﬁ&uﬁﬁbﬂsﬁc tgttkohph' bi tors

such as probeneci nuc itors such as dipyridanoie;
pent oxi f yl i |"H5’m”f&f-“56é'it§ﬂvﬂ'5?§’t@f’r‘f5’a?m "W'ﬁ Teine, a -trichosanthin,
phosphonofornic 30 acid, as well as |m'runom)dul ators such as interleukin Il
or thygrosi n,Thgf@w&.mybﬁtm&mphﬁgﬂmaaiasamhveﬁeinmabab:iestgtea aCinit dsage

eryt hr opoet igfyy, | %e Al aSPof tﬁ‘metﬂ@dl‘%}ell ﬁﬁJanyPl@rEgi'rﬂﬁ%EP d“3"5 %étﬂcﬁ§ t hereof;

or non- nucl e rev r ranscri n ) su

nevi r api ne dF{@"ég’f’)d f'?ﬁ}'?gr'f‘@é’ssf’gamﬂ% ac&}‘ﬁj'"%fé‘ﬁ'w BH& and
phosphonof orcmsmlmsmuc ormere accdssety ingredignte HnJenerdlethe WSlﬁp@a@mamNRTl s such
as (-)-6 35 by uniformly and intimately bringing in to association the active ingredient with liquid

chl or g« 4-cy Vi du benzoxazin
5o '8 Wa%l% B s 3 B B Ym0 T RS AP

DVP- 266) , aﬁ&’ th noxal i ne NNRTI's such as i sopropyl

(2S)-7-fluoro- 3 4di hydr o- 2- et hyl - 3- oxo-1 (2H) - qui noxal i necar boxyl at e
(HBY1293). Thmpbsitwnapremé peseagdnGon suitedie tbir 6@ 4dmifistration may be presented

43) - 4-(6- amaE‘fa.s%'e‘%cp&Mtk@ éélc)a s%fe?x:géhggeﬁzﬁt'&eofl rgﬁﬁgad?%blé@x'suaﬁasagm nl stered

7-

tly,
1(‘: glnflcj) ﬁg e%ﬂﬂ%’lwg °-£rse='f'w¥8 ‘g‘é‘ﬁaﬁeotgai’tﬁ Fas tc?'gf F'B%aBFfﬁVrTPgWEdﬁF'g”'ﬁé’? i ntended
to |imt thdheadiye ingrediant &srveavdeonr JrANWRSY AR yOIUIDNaPRY SUSRENFioD I 20 - (1 R,
4S) - 4- (6- Amaqmcoes!-hqmdrdrranen—yhl)eo&nwei@pemanm-vlatmhmamhls;érabr a(vldter- 4R) -

tert-Butyl f

(-2 Arbi 35 g;%ﬂ ik e L R e T,

54.565 g, 1 0 nole) was dissolved in dry tetrahydrofuran (350 ni).
Di -tebf- butyl carbonate (Aldrich, 114.87 g, 0.510 nole as 970/0) and

4-di met hyl ami tamwmaycbemadéwwnip&byonw&omgmg vtioRalgdd@chnt or hbre actdséry ed

m xture. Thengrr%kst Jols) é&kmaé@g ; Wﬂﬁb EmpReli St s IR AhiE © for 2

hours. Sol v WAas . e orate ress re and resi dua
orange sol i gn QAEVE f 5‘% M in& CW‘EW‘% "f]éH gr@"‘{/eé ?ﬁt'f’?az' Yconpound

as white 20 reixegswish 8 birgs, Rbrigpnt, @rrsa/d)b:entmrpsewwca@dacwcrmr( dmesioys: 1. 50
(s, 9B), 2. 24edtaMpuld&l tdbletd my Ye e by Mbuldidg BS stitdblesmachinkf m»éur96f thm 1 ,

6.66 (M 1 Hpyg ccﬁgog(p%d]wgggt é\ﬂﬁ%a tﬁr& d'égﬁc glﬁﬁé ﬁa’ﬁv“ H’
7.2t; N, 6. 95 AL #g '
4R)-tert - But I°°’1‘\t1‘-"{1‘2f5695§/{ff"(‘5>?§’r‘r€? fRymylated 38 45 10, piaK "e%"“imﬁ %{' ?) SA sol ution
of (1S, 4R) -the aative aregibnt3hansin- 2- azabi cycl o[ 2. 2. 1] hept - 5 ene- 2- carboxylate
(part a of this exanple, 95.50 g, 0.456 nole) in tetrahydrofuran (500
m.)-water (50 m) was added over 10 minutes to a vigorously stirred

sol ution of sodi um borohydride 30 (Aldrich, 21.96 g, 0.580 nole as 99% in
water (100 nlL). The tenperature was nai ntai ned bel ow 35C. After 2 hours,
the solution was cooled to maintain the tenperature bel ow 25C whil e
concentrated hydrochloric acid (50 nL) was added over 10 m nutes.
Addi ti onal water (100 m ) was added to dissolve solid and the solution was
extracted with toluene (4x300 nlL). The conbi ned organic | ayers were washed
wth 9:1 saturated 35 sodium sul fate saturated sodi um carbonate (200 nl)
and dried (sodium sulfate). 0 9 JUN 2003 WO 00147581 9



PCT/'GB00/ 00429 Evaporation of solvents under reduced pressure left a
‘colorless syrup which crystallized on stirring with hexanes (Z00 nlL) to
provide title conpound as a fine white powder (87.i 6 g, 900/0), mp.
72-73C, 'H-NMR (DVMBO-d6)err: 6.78 (d, J = 7.6 Hz, 1 H)95U/Qu@nd 5.60 (two
m 2H), 4.58 (t, J =5.25 Hz, 2H), 4.45 (m 1 H), 3.35 (moverl apping
water), 2.60 5 (m 1 H), 230(m 1 H, 1.3B (s, 9H), 1.20 1 H; [a]
689 +2.80 (VG S8et hanol ). Anal . Calcd. for Cl1H19NOZPCT ,“%?995; H,
8.9S; N, 6.57. Found: C, 61.87; H 8.97; N, 6.55. (c) (+)-(1 R,
4S) - 4- Am no- 2- cycl opent ene- 1- met hanol hydrochloride 0 (+)-(1S,
4R)-tert-Butyl N-[4-(hydroxymethyl)-2-cyclopenten-1-yl]carbanmate (part b of
this exanple, f0.66 g, 50.0 nmol) wls refluxed in absol ute ethanol (25 )
wi th concentrated hydrochloric ac id r 2.5 hours.
Evapor at i on“YFP %‘HP%%F?'@E'CI t opiFy @”&'Bﬁﬁ'gﬁ'hd" g‘ V\ﬂg‘fth Q'S'F '°zﬁ'ﬁ§§ spect rum
(ES): 114 (MH]p)flSthtM/Rtt(VDI\rmm)@ a1Bavgred Yo, uBwly secrog ié!ﬁcﬁcgﬁlﬂsr(tvm m -
2H) 4. 1% ( tragatanit)); paﬁdlés]co(nﬂnsmb the detide ihfrediehithn andnddt l(aﬂiksu]:?b‘bgc_laﬁn%ﬁ(m I 1 H%’d)
.4 (m hi nmed ke Qs g exanpl e.
[1 R 45) zig% <§s§8$s c'%%?fg rﬂ;)rl m%@%g{%ﬁg%ﬁbﬂg@%cﬁ@ ihPdieAe irfX
2-cych opent '%‘i%’ffél 20 A solution of (+)-(1S,
4R) - 4- am no- 2- cycI opent ene- 1- met hanol hydrochl oride (from debl ocki ng of

t0.66 g, SO0CEmpEIRbASolecthraiministatichRiaythe ptesdhitddyss a suppository with a suitable

N-[ 4- (hydr Oé%’@?@n%is%%g&ﬁgalggﬁecﬂfo%%u&e%l’L ,%w?aqgate as described in part c of

this exanpl e oropyrimdine (Adrich, 16.40 g, 0.100
nmol e)), and triethylamine ( 15.2 g, 0.150 nole) in 1- but anol (25 L) was
refl ued unBempasitionssgidable for vagBalladministratitinemay bl presentedea pessaniod, tachpads, and 1 N
sodi um hydr en¢arflg gélﬂ-QﬁstEﬂ-)oaﬂﬂ@Eéaranb'rrﬁilét|cﬁ§ coMRAifing hoaTtiah a6 thingkeive r educed

pressure ang1 Hﬁnﬁ%ﬁi% ?elrsa§ I]elk ?Mﬁﬁtkﬁré'?tﬁg%@?@'?cﬂﬂgl@d on silica gel. Title

conmpound el ue Yo rret ano I'orof orm pal e yell ow gl ass (10.8
g). Crystallization of such a sanple fromethyl acetate gave title conpound
as whit e ne€ohpsitions itatds for pdrtiieral bifdiRstfdDvBd gy aguepus ghd A®n{agyeols H) 6.76
(d, Ji5= 6. Bisbtenic dtekill injtidP schitidn WhitR nal \ebntath artibxiddats1duffeft, ddteridsthts 4. 66 (t,
I{I) i 28Hf ar?d %es:ﬁh% l?JC {h’c fb]rmulagor;LaJI’%Ous%hg norgaqzéo&rﬂenlje stppens?ongo (m 1
45) - 4- ( 6- c:hwb% mgyinslide suspenging agengs and Spigkenian doentsy e £omapsitions may be

4S) - 4- [ ( 5- Amicsented-ic lwhibdosedor pyultidosecsieaisd Jamteinee) fozcxﬁpwleopramumgndiwabt hanol

(f rom part ﬂn@ﬁaﬁﬁﬂs&r&%ﬁ@ﬁk@x—u@'e@ obhiliZt8) @nditign r} uiririgi Rlyltié sdattlaptopr mat e (150

7 O OV i bt g e mgs@q .aas%gww g o

hydrochlorlc acl

evapor at ed Qﬁ&“?"r‘i@‘eP‘ésl"tfﬁ%ﬂ“ é%‘lti%s Redk sysaEnsiops Bﬁé&’cb%ff‘?ﬁé"é’n eHI 8?'8? orm (300
m.) and sat pewdessdgranules eod taglot iolitie &iad breviadsty dgst@iedni) . The aqueous | ayer was
ext réct ed with chloroform (2x100 nL). The conbi ned chl oroform | ayers were

dried (sodi wgeuagpw.ﬂ# Fé.ent%, ggaséaé érgé%t\é\ﬁafnea &mjs@sﬂ[?ﬁgerﬂwmg%u&ﬁaw%P' pressure

and the resi romat I'ica El uti on

with #thyl 3?:'5’!'5{%‘55%1%“ qspf@t'l‘,‘dﬁ?j’éﬂm as Whl te needl es from ethyl acetate
(7.45 g, 74010), mp. 121-124C, 'HNVR (DMBO-ds) 8: 8.81 (s, 1 H), 8.64 (s,

1 W, 6.24 anerRddhit @Béé@e EBmpddillons Bre #Rosé @dntdinikl a déily dese ér: unik daipsud- Hz, 1 H),

3.3 (m 2 7 Anal .
Cal cd, for @?’ﬁ—f(ﬁhgﬁaa%véjre%d]%an %p'(ogp '%%ﬁnl){lbn %‘f?egggm&f 'J{Ctifg.mgrﬁd'l’ ound: C,
52.8t; H 4.46; N, 22.31; 14.22. (f) (+)-(1 R

48S) - 43q 6- Amltrsbomﬂbxpurrcicmo@d thaR incdditioprthe ingrediemte pavtieuirly tgn{icheRpbove

4S) - 4- ( 6- Chitky eonPosifish b thds Ml,e)nuan G%¢ [RRAP toRie adentEédnddi@bnd) fin ame gart a of

(P exrp! gy lBio s Bk (4lAct Db s ARRRIG or0 ™) 11 @

a oration o at'i
crystalli zataF'BW'SU?t"{"H‘@VI”EEidEIﬂ%i’P”’éQcﬁgF"&s P18 MEKRAAB N Sacet onitrile gave title
conpound as white prisnms (1.61 g, 87%, mp. 195200C,' H- NVR (DVSO-d6) err:
8.15 (s, 1H), 8.06 (s, 1H), 7.21 (br s, 2H), 6.15 and 5.95 (two 20 m 2N),
5,61 (m 1 H, 4.76 (t, J =5.4 H, 1 H, 3.48 (t, J =5.5 Hz, 2H), 2.92
(m 1H, 2272 (m 1 H, .67 (m 1 H); [a] ses +4.5 (c 0.5, nethanol).
Anal . Calcd, for Cl11HI3NSO C, 57.13; H 5.67; N, 30.28. Found: C, 57.25;
H, 5.67; N) 30.33. 25 Exanple 2 Hepatitis B Virus Activity Method The
activity of conpounds agai nst Hepatitis B Virus was assessed as descri bed
in Jansen,



30 R et al., Antimcrobial Agents and Chenot herapy, Vol. 37, No. 3, pp.
441- 447, 1993. Results The 1C50 for (+)-(1R

4S) - 4- (6- Ami no- 9H puri n-9-yl ) -2-cycl opent ene- 1- met hanol agai nst Hepatitis B
virus was 1.0 err-M (n = 2). Cytotoicity was found to Be >%&ﬁ err-M 35 Q
9 JUN IUU, i ~ ~ O 00/47581 PCT/ GD0O/ 00429 s !| Exanpl &33UNTHH| et

For nmul ati on | low ng formulations A, B and C are y wet
WS el

granul ation 0 ingredien is with a solution of povi ol'l owed by
addi ti on of nmagnesium stearate and conpression. Formul ation A Active

| ngredi entm tabl et Lactose B. P. 250Povi done B. P. 210 Sodi um Starch

A ycol | atel5 Magnesi um St ear at e205I §500For mul ati on g _Active Ingredient m
tabl et 20 Lact ose B.p. 250Avicel PHi 0O t 150Povi done B.P. 60 Sodium Starch

pctive | ngrBAIORT SBeLaL PSR e aia R Hs ot i i deadien Bl 7
“tabl et 250 Mbfgrimy frgmyviral infections. These kits include one or more oral dosage of a
compound of formula (I) and may include one or more additional therapeutic agents. By
way of illustration, a kit of the invention may include one or more tablets, capsules,
5 caplets, gelcaps or liquid formulations containing a compound of formula (I) and one or
more tablets, capsules, caplets, gelcaps or liquid formulations containing a compound of
formula (l) in dosage amounts within the ranges described above. The kits may include as
an insert printed dosing information for the co-administration of the agents.

10 The active ingredient may also be presented in a composition comprising micrometer- or
nanometer-size particles of active ingredient.

(1R, 4S)-4-(6-amino-9H-purin-9-yl)-2-cyciopentene-1-methanol may be administered
with other therapeutic agents. Other therapeutic agents may include agents that are
15 effective for the treatment of viral infections or associated conditions such as nucleoside
reverse transcriptase inhibitors, for example, zidovudine or abacavir, 2'3'-dideoxycytidine,
2'3'-dideoxyadenosine, 2',3'-dideoxyinosine, 2',3'-didehydrothymidine; (1 alpha, 2 beta, 3
alpha)-9-[2,3-bis(hydroxymethyl)cyclobutytlguanine [(-)BHCG, SQ-34514]; oxetanocin-G
(3,4-bis-(hydroxymethyl)-2-oxetanosyllguanine); acyclic nucleosides (e.g. acyclovir,
20 valaciclovir, fameiclovir, ganciclovir, penciciovir); acyclic nucleoside phosphonates (e.g.
(S)-1-(3-hydroxy-2-phosphonyl-methoxypropyi)cytosine (HPMPC) or PMEA; protease
inhibitors such as indinavir, ritonavir, nelfinavir, amprenavir, sanquinavir; oxathiolane

) nucleoside analogues such as famivudine, cis-1-(2-(hydroxymethyl)-1,3-oxathiolan-5-yl}-
- 5-fluorocytosine (FTC), ribavirin, 9-[4-hydroxy-2-(hydroxymethyl)but-1-yl]-guanine
25 (H2G), dioxolane G, L-FMAU; tat inhibitors such as 7-chloro-5-(2-pyrryl}-3H-1,4-

benzodiazepin-2-(Hjone (R05-3335), 7-chloro-1,3-dihydro-5-(1H-pyrrol-2yl)-3H-1,4-
benzodiazepin-2-amine (R024-7429); interferons such as o~interferon; renal excretion
inhibitors such as probenecid, nucleoside transport inhibitors such as dipyridamole;
pentoxifylline, N-acetylcysteine (NAC), Procysteine, a -trichosanthin, phosphonoformic
30 acid, as well as immunomodulators such as interleukin Il or thymosin, granulocyte
macrophage colony stimulating factors, erythropoetin, soluble CD4 and gcneticalI'y
engineered derivatives thereof; or non-nucleoside reverse transcriptase inhibitors
(NNRTIs) such as nevirapine (BI-RG-587), ioviride (o. -APA) and delavuridine (BHAP), and
phosphonoformic acid, and 1,4-dihydro-2H-3,1-benzoxazin-2-ones NNRTIs such as (-)-6-
35 chloro-4-cyclopropylethynyl-4-triflucromethyl- 1,4-dihydro-2H-3,1-benzoxazin-2-one



~l 0°359 0 9 JUN 2003 PCTI CBO0100A29 The fol |l owi ng formul ations, D and E,
‘are prepared by direct conpression of the adnixed ingredients. The | actose
in formulation Eis of the direct conpression type (Dairy Crest15
"Zeparox"). Formulation D mtablet Active |ngredient [ﬁg @2‘] zr egel atini zed
Starch NF15 150 400 Fornul ation E 25 mtablet Active P l&nt 250 Lact ose
B.P. 150 Avicel 100 30 500 35 0 9 JUN 2003 WD 00147581 13 5 " 10 IS 20
Formul ati on O P r ol | ed Rel ease Formul ation) PCT/ GBOOFEHaHY e
formulation is prepared by wet granul ation of the ingredients with a
sol ution of povidone followed by the addition of magnesi um stearate and
conpression. mtablet Active
| ngr edi ent 500Hydr oxypr opyi net hyl cef Ful osell2( Met hocel K4M Prem um Lact ose
B. P. 53Povi dgn .2 i um St ear at 00 ug_rel kes_pl ace over a
period of a&é&aggggr ﬁ%%ggﬁﬁ‘!nﬂ‘ém%‘g}%lrﬁ\?@sé‘f &P Tfrol‘fgﬁ?g?}'@ﬁ?é?fﬁ'ﬁ'e 4:
Capsul e For fillvdipi2onbyl-8-eapdat)-auinexatinscaboxgatei JHBY189r ed They therapexting t he
i ngr edi ent s agdntsf Drlodihgit (1 Ry ASIM-i(6yardneqsHt pririd-9al)cd+eyclpehtdnet I-ineigarionmay a t wo- part
hard gel ati ge cRRisteRd oSHROMMIRLLRBRIN, bishan of the RLRRBMBSitR. @ Sim | ar
manner,. 25 Fornmul ation B

The following examples are intended for illustration only and are not intended to limit

the scope of the invention in any way.

) Example 1
10 (+)-(1R, 45)-4-(6-Amino-9H-purin-9-y!)-2-cyclopentene-1-methanol

(a) (1S, 4R)- tert-Butyl 3-oxo-2-azabicyclo{2.2.1lhept-5-ene-2-carboxylate

{+)-2-Azabicyclo{2.2.1]hept-5-en-3-one (Chiroscience, Cambridge, England; 54.565 g,

15 0.500 mole) was dissolved in dry tetrahydrofuran (350 mlL). Di-tert-butyl carbonate

(Aldrich, 114.87 g, 0.510 mole as 97%) and 4-dimethylaminopyridine (Aldrich, 600 mg)

were added to the stirred mixture. The resuiting solution was stirred at ambient

temperature for 2 hours. Solvent was evaporated under reduced pressure and the residual

orange solid was crystallized from toluene-hexanes to give title compound as white

20 crystals (95.72 g, 91%), m.p. 85-86°C; "H-NMR (CDCls)8: 1.50 (s, 9H), 2.24 (app AB g, J =
8.4 Hz, 2H), 3.39 (br s, 1H), 4.96 (m, 1H), 6.66 (m, 1H), 6.89 (m, 1H).

Anal. Caled. For CniHisNOs: C, 63.14; H, 7.21; N, 6.69. Found: C, 63.20; H, 7.26; N,

6.65.
)
25 (b) (+)-(1S, 4R)-tert-Butyl N-[4-(hydroxymethyl)-2-cyclopenten-1-yljcarbamate

A solution of (1S, 4R)- tert-butyl 3-oxo-2-azabicyclo{2.2.1]hept-5-ene-2-carboxylate
(part 2 of this example, 95.50 g, 0.456 mole) in tetrahydrofuran (500 mL)-water (50 ml)
was added over 10 minutes to a vigorously stirred solution of sodium borohydride
30 (Aldrich, 21.96 g, 0.580 mole as 99%) in water {100 mL). The temperature was maintained
below 35°C. After 2 hours, the solution was cooled to maintain the temperature below
25°C while concentrated hydrochloric acid (50 ml) was added over 10 minutes.
Additional water (100 ml) was added to dissolve solid and the solution was extracted
with toluene (4x300 mL). The combined organic layers were washed with 9:1 saturated
35 sodium sulfate/saturated sodium carbonate (200 ml) and dried (sodium suifate).



m ca sul e Active Ingredient 250 Lactose B.P. 143 30 Sodi um Starch

"G ycollate 25 Magnesi um Stearate 2 420 35 0 9J UN 2003 WO 00147581 14 5
"~ 0 15 20 Fnrm~~l ~~inn |~ Active Ingredient Macrogel 4000 B.P. mca sule
250 350 600 PCT/ GB00100429 Capsul es of fornulation C aregn@ ed by
melting the Macrogel 4000 B.P., dispersing the active ingredie in the
melt and filld#ng % e nelt into a two-part hard gel ati n,;@pﬁ,byj@mForrml ation
Dm ca sul eActi ve T ngredi ent 250Leci t hi n100Arachis O | 100 450 Capsul es of
formul ation D are prepared by dispersing the active ingredient in the

l ecithin and arachis oil and filling the dispersion into soft, elastic

gel atin capsul es. Fornul ati on Em c% sul eActive Ingredient150.025 Vitamn
ETPGS400. OPol yet hyl ene d ycol 400 NF200. 5Propyl ene d ycoI USP39. 5 Four (4)

ki | ogranms ( R Co.) was
30 heated a‘%%&%fon i E(?qung Lﬁg% @E&k@ JE& ?‘tu ?@aq@&s 2. 005 kg
of pol yet hyAMeHiring| ‘S’/‘(’:'bf‘”ﬁb E%‘E ()tG)p“("I'de&| @@ng 3551 White ROWAS ned from
Uni on Car bi(8a16g, %00\ @ye 7R-FAIC; %NMRH@MS@QG)& @780 wad. Gaﬁadﬁﬁ B80damdii xed unti |
a honogenecs (54 Mtzmm msmcymd zHThasr(msuhtmst(maﬂwbp.agwwmﬁ Jdpeated to

65C. 1.5 k agdd ( 8 Fbl RIRQ! lc%ot Renbdoguef i ed sol ution of
PSR BBl e i R e e
RSN ¥ S e e G A

2003 WO 0®B5675!i 1

(c) (+)-(1R, 45)-4-Amino-2-cyclopentene-1-methanol hydrochloride

lo

(+)-(1S, 4R)-tert-Butyl N-[4-(hydroxymethyl)-2-cyclopenten-1-ylJcarbamate (part b of
this example, 10.66 g, 50.0 mmol) was refluxed in absolute ethanol (25 ml) with
concentrated hydrochloric acid (5.0 mL, 60 mequiv) for 2.5 hours. Evaporation of volatiles
left title compound as white solid; mass spectrum (ES): 114 (M+1); 'H-NMR (DMSO-d¢)5:

15 7.9 (m, 3H), 6.03 and 5.75 {two m, 2H), 4.11 (m, 1H), 3.41 (d, J = 5.4 Hz, 2H), 2.8 (m, 1H),
2.36 (m, 1H), 1.4 (m, 1H). This solid was used immediately in the following example.

(d) (1R, 4S)-4-[{5-Amino-6-chloro-4-pyrimidinylJamino]-2-cyclopentene-1-methanol

20 A solution of (+)-(1S, 4R)-4-amino-2-cyclopentene-1-methanol hydrochloride (from
deblocking of 10.66 g, 50.0 mmoles of (+)-(1S, 4R)-tert-buty! N-[4-(hydroxymethyl)-2-
cyclopenten-1-ylJcarbamate as described in part ¢ of this example), 5-amino-4,6-
dichloropyrimidine (Aldrich, 16.40 g, 0.100 mole), and triethylamine ( 15.2 g, 0.150 mole)

) in 1-butanol (25 mL) was refluxed under nitrogen for 18 hours. The solution was cooled

25 and 1 N sodium hydroxide (100 ml) added. Volatiles were evaporated under reduced
pressure and the residual solid was chromatographed on silica gel. Title compound eluted
with 5% methanol-chloroform as a pale yellow glass (10.8 g). Crystallization of such a
sample from ethyl acetate gave title compound as white needles, m.p. 151-154°C; 'H-
NMR (DMSO-deé) &: 7.75 (s, 1H), 6.76 (d, J = 6.8 Hz, 1H), 5.93 and 5.82 (two m, 2H), 5.1

30 {m, 3H), 4.66 (t, ) = 5.3 Hz, 1H), 3.40 (br t, J = 6.1 Hz, 2H), 2.75 (m, 1H), 2.20 (m, 1H), 1.38
(m, 1H).

(e) (1R, 4S)-4-(6-Chloro-9H-purin-9-yl)-2-cyclopentene-1-methanol

35 (1R, 4S)-4-{(5-Amino-6-chloro-4-pyrimidinyl)Jamino]-2-cyclopentene-1-methanol (from
part d of this example, 9.63 g, 40.0 mmol), triethylorthoformate (150 ml), and



1'S PCTI GB00100429 forned. The sol ution was cool ed to 28-35C. The sol ution
was then de-gassed. The m xture was preferably encapsul ated at 28-35C at a

fill weight equivalent to 150 ng of volatiles-free conpound, into Size 12
obl ong, white opaque soft gelatin capsules using a capshBgUNiZildi ng nmachi ne.
The capsul e shells were dried to a constant fill noisture of 3-610 5 water

and a shell Bar s of 7-10 Newtons, and placed in a syiablofodsPnt ai ner.
Forrmul ati on Q 8@{;’%§rol | ed Rel ease Capsule) The follow ng controll ed rel ease

capsule formulation is prepared by extruding ingredients ~ 10 a, b, and c
usi ng an extrudcr, followed by spheronization of the extrudate and dryi ng.
The dried pellets are then coated wgh rel ease-controlling nenbrane (d) and
filled into a two-piece, hard gelatin capsule. mca sule 15 (a)Active

Iogglr eldi ent 1%&%&)4\4& mfmaagﬁghlal :J_cidng4tc)ﬁt)l gl:r‘ésﬁiréf@%ma'—?@ﬁrgs\%ﬁlic?- W‘J"?S(A d)zgt hyl
ul ose a .Injectable For iLon 0 i_on ng
Active I ngr é\%ﬁpsfﬁ%z’gg tﬁﬁ/&?%‘ﬂlse'f'di ‘gasA%%rtg'ogquh?atwgﬁ% 8‘?01%%"} E%gd"ﬁﬁjﬁf' dr oxi de
Sol ution 0. 1atr@gted aquepusspdiunpcearepnzted16 wE)j fhe agyequp layerswasi ytragiednwitls0 The
active i ngr edb@fdrmi (2x100 98iQ| We dormiingdpslorafbrnt hgernavkrer dried IsodiudOsufdteand t he pH
Py o0, de. as Rtes aire bt iy idhita joRaled SAEBIE @i 06f s WBE <000 o
and fil tere&hrfﬁggﬁfgﬁheg og,siliFq ?eét%ﬁ‘}“&? Hﬁgfg’ylfﬂcfggrga}'%&g ca?mg?'g':aiaf &’wﬁ) n anber
gl ass vial @esdiss from esfiyiacstatd @45 i Mpe).gv-pr121-82436; "HHNMR (DMSOAdekp: BB sseal s. 0
I%y J UN f2003HM@60%J‘ Ef)gm 51\656.5)!%&?;#11&2}“]95]733%01)& 4;1;5 (t.ngrzsgdilnzfsz).X@qneriGI e,
rogen- fregy) pbk ¢n FAPSPERL $HBYI Gf sHyd- S- to ng anpl e 6:
I ntrajyuscul ar [ nfegcti o I I en ) enzyl Alcohol 0.10 g
L oo ML e B S PRt RIS 09,
The active Hnfftd 81 1422di ssol ved in the glycofurol. The benryl alcohol is
t hen added and di ssol ved, and water added to 3 ml. The m xture is then

filtered thydugingsSteflAfindlohlaRRES) A LbBsenBREL1SRARES I N Sterile 3 ni
anber glass™vrats (type 1).

15 (1R, 4S)-4-(6-Chloro-9H-purin-9-yl)-2-cyclopentene-1-methanol (from part e of this
example, 2.00 g, 7.98 mmol) was stirred in liquid ammonia (50 mL) in a Parr bomb at
25°C for 18 hours. Evaporation of volatiles and crystallization of the residual solid from
methanol-acetonitrile gave title compound as white prisms (1.61 g, 87%), m.p. 195-
200°C; "H-NMR (DMSO-ds) 8: 8.15 (s, 1H), 8.06 (s, 1H), 7.21 (br s, 2H), 6.15 and 5.95 (two

20 m, 2K), 5.61 (m, 1H), 4.76 (t, J = 5.4 Hz, 1H), 3.48 (1, J = 5.5 Hz, 2H), 2.92 (m, 1H), 2.71 (m,
1H), 1.67 {m, 1H); [o] ses +4.5° (c 0.5, methanol).

Anal. Calcd. for CnHiNsO : C, 57.13; H, 5.67; N, 30.28. Found: C, 57.25; H, 5.67; N,
30.33.

25 Example 2
Hepatitis B Virus Activity

Method
The activity of compounds against Hepatitis B Virus was assessed as described in Jansen,
30 R. et al., Antimicrobial Agents and Chemotherapy, Vol. 37, No. 3, pp. 441-447, 1993.

Results
The 1Cso for (+)-{1R, 4S)-4-{6-Amino-9H-purin-9-yl)-2-cyclopentene-1-methanol against
Hepatitis B virus was 1.0 uM (n = 2).  Cytotoxicity was found to be >200 pM.

35



20 Exanple 7: Syrup Active |Ingredi ent250 ngSorbitol Solutionl.50

gd ycerol 2. 00 g25 Sodi um Benzoat e0. 005 gFl avor, Peach 17.42.31690. 0i 25
mPurified Water g.s. t0o5.00 mM The active ingredient is dissolved in a

m xture of the glycerol and nost of the purified 30 water .UEMUWW ous

sol ution of th‘%vc%%ﬂi um benzoate is then added to the solution, followed by
addition of the sorbftal solution and fi nally the flavor. The volune is
made up with purified water and m xed well. 35 0 9 JUN 2608w/ 47581
17 Exanple 8: Suppository Active Ingredient Hard Fat, B.P. (Wtepsol

H15- Dynamt Nobel ) ng/capsul e suppository 250 1770 5 2020 PCT/ GL300/ 00429
One-fifth of the Wtepsol H15 is nelted in a steamjacketed pan at 45C

mexi mum The gachdye ingredient is sifted through a 200um sieve and added
to the mlten‘ﬁ@r@e—dﬁ—?—ﬁf—t—gﬁ?&%@ﬂ using a Silverson fitted with a cutting
head, until arhségfo,owtwh di spersion is achieved. Maintaining the mxture at 45
C, the renai ntedolimirgrediylddin A ed to the suspension and stirred to
ensure a homogm oy So)Kidh O;Ih%é Aﬁ? iaﬁléejggfﬁﬂfé?i’fé‘i’ Birwat grapale S@Coftehy iﬁé}g&ger& 2501rm
stainl ess stegh,sereen and," W% delitwrhuyusdidttions 6 Aagndsgmal).owed Lo cool to
45 C. At a tenperatite of 38 Cto 40 C, 2.02 g of the m xtirgeiesand || ed
into suitable, 2 mM plastic 15 nolds. The suppositories are allowed to cool
to room tenpéﬂm&'ﬁtMExanpl e 9: Pessariesm essaActive Ingredi ent 25020
Anhydr at e Dextrose380Pot at o St arch363Magnesi um St earate7 1000 25 The above
i ngredi ents i xed directly. A ains 18 Onfydoikd N 2003 1. The use of
(1R l%) -4-( ?@ﬁwﬁé@"m purin-9-yl)-2-cycl opentzﬁd]e- H— met hanol or a

phar naceut i caifee BBcept abl e salt thereof for {he preparation of a

medi canent f BevidoheB.br eat nent or prophyl axi s of!'% Hepatitis B virus
infection. 2SodifAfsihise QC?,otr ding to claim1l whdbein the pharnmaceutically
accept abl e S@%Jn LS Rlate 20

4S) - 4- ( 6- am no- 55—55'?) tl':?rﬁtQQ-W ) - 2-cycl opent ene- Iz met hanol succinate salt. 3.
A pharpaceutical conposition conprising an effective anti-Hepatitis B virus
amount® of ( 1 R 4S)-4-(6-am no-9H puri n-9-yl9-2-cycl opent ene- 1- net hanol or
a pharmaceutically acceptable salt thereof td§eéther with a pharmaceutically
accept abl e g/ uia%r herefor. 4. The pharnaceutical conposition according to
claim 3, fur‘r'lfl"{er—gb-é(pri sing an antiviral agent other than (1R

4S) - 4- (6-am no- 9H puri n-9-yl)-2-cycl opent ene- | ﬁt hanol. 5. A pharmaceuti cal
conposi t i onAetive bigebdirge to claim 3 or 4 in the tof a tablet or capsule.

20 Lactose B.P. 5o
Avicel PH 101 o

Povidone B.P, s

) Sodium Starch Glycollate .

. Magnesium Stearate s
25 5

——

500



6. A phar naceut i cal conposition according to claim3 or 4 in the formof a
sol ution, suspension, or syrup. .Ah.AY_.A A?. AY@ Ar. A. . AYhE . AYA2 . AF{
_.Al. A .AYA . Ah3l . A AY . A9A . A{ . A Aa3Df: | 32h+45 2C

999||°|||°||9||x9899|||p xpx3xxx988<<<<<|x|x<x<x0 9; Ra°B[ I G
MXY] j v} xsnf a\ VU] ca] ca] caD] ca] ca] ca] caU] ca] cal] ca] cal] ca] ca] cRa] c<a] ca] ca] ca
] ca] caV] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca
vEGQ KMORTDf pt y{ | wgkf " [ Unf a\ VU] ca] calf ca] cal] cal] ca] caU] ca] cal] ca] cal] ca] caU
] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] ca] ca] ca] cal] ca
p$357uswzt oj d_ZTU] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] caU
] ca] ca] cal] Ul caU] ca] caU] ca] ca] cal] ca] ca
4! Ritq% % ( ( i U%])ﬁe . X/ 0000000003459;

,ytoje [VU ] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] d—%ﬂ&fﬁg%] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] capd]legdies} ca] ca] ca] ca] ca] cal ;
;5 DER====>1Latdba APAADDDDDDDD. EFFFO&R2G@ | {vpk@o{) Wyt oj e [ VU] c™a] ca] ca] c™a] ca]
c”a] ca] cal] galgaUl ca] cal] ca] cal] ca] ca] c*a] ca] ga] c*a] ca] c*a U c”*al] ca
U] c™a] ca] cal,cal ca] ca] cal bMVNN NhNKk Nz NCa Qg QQQRASASf Tl TTTTTYUUUURVXVE VUVWWV} w
rmhc rYTje | a‘% (5'5] cal] ca] ca] ca] ca] c”a] caV] ca] cé] c”a] c™a] ca] ca] c™a] caV] ca] ca]
c”a] ca] ca] cMepeesumateazatk cal] ca] ca] ca] c”ajca 4
WZWNAKXXXYYY#Y' YAYCYZZTZXZf Zr 2272777777777 wgl ga\ W e [] c] ca] cal] ca] ca] cal] ¢
a] calligal ca] ca] ca] ca] c*a] ca] ca] c”a] ca] ca] ca] cgggal cal ca] ca] c”a] cal] ca] cal ca
]calcajc”a Z[ | [[Q\\\]]]"""%l’\4"6"
ASNANQRVANAANM Z | wlgbl]We []c]c™a] ca] ca] ca] c”a]ca] ca] ca]ca]ca] cal]c
a] ca] ca] ca] ca] cal c ca] ca] ca] ca] ca] ca] c*a] ca] c*a] ca] ca] ca] cal] ca] c”a
\" ", c9cHcKeZke Rb@ViRgFokh@ations, D and E, are prepared by dlrect compression of the admixed

gggg(ﬂlOFin] bt Thborbsp R Ghdenles Btk WL Rl B 4 Bl Btz ) C2) 22l e

] c”ha] cal] ca
pqqq9q@1Rq2r r s| tt Eu{ qu |valf [Vje []]ca]cal cal ca]

EkVkk Pt mx
ca] ca] ca] ca] ca] ca] ca] c™a] cal] ca] ca] ca] c”a] cal] ca] ca] ca] ca] c”a] ca] cMa] ca] ca]
ca] ca] ca] cafefalaioRaf H 10%& ()-@ 10%& ()-10%& ()- F10%0n& ()-F

10%2& ()- @10%& ()- |10%& ()-?wJ3)!fl*!110% iar ! h3(

106" & ()-3! itw(g lnlg(r):é&enp 8 1{0"10%&' ()-8 ! 10‘%'?&%—8

250
20 Pregelatinized Starch NF15 150
400
) Formulation E
25 mg/tablet
Active Ingredient 250
Lactose B.P. 150
Avicel 100
30 L
500

35
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Formulation F {Controlled Release Formulation)

The formulation is prepared by wet granulation of the ingredients with a solution of
povidone followed by the addition of magnesium stearate and compression.

5
mg/tablet
Active Ingredient 500
Hydroxypropylmethylceilulose 112
. (Methocel K4M Premium)
)10 Lactose B.P. 53
Povidone B.P. 28
Magnesium Stearate 7
700
15
Drug release takes place over a period of about 6-8 hours and is complete after 12 hours.
Example 4: Capsule Formulations
20 Formulation A
A capsule formulation is prepared by admixing the ingredients of formulation D in
Example 3 above and filling into a two-part hard gelatin capsule. Formulation B (infra) is
) prepared in a similar manner.
25
Formulation B
mg/capsule
Active Ingredient 250
Lactose B.P. 143
30 Sodium Starch Glycollate 25
Magnesium Stearate 2
420

35
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47 Active Ingredient 2

Macrogel 4000 B.P. 350
5 —_
600
Capsules of formulation C are prepared by melting the Macrogel 4000 B.P., dispersing the
. active ingredient in the melt and filling the melt into a two-part hard gelatin capsule.
ho
Formulation D
mg/capsule
Active Ingredient 250
Lecithin 100
15 Arachis Oil 100
450
Capsules of formulation D are prepared by dispersing the active ingredient in the lecithin
20 and arachis oil and filling the dispersion into soft, elastic gelatin capsules.
Formulation E
mg/capsule
) Active Ingredient 150.0
25 Vitamin E TPGS 400.0
Polyethylene Glycol 400 NF 200.5
Propylene Glycol USP 39.5

Four (4) kilograms (kg) of Vitamin E TPGS (obtained from Eastman Chemical Co.) was
30 heated at 50°C until liquefied. To the liquified Vitamin E TPGS, 2.005 kg of polyethylene
glycol 400 (PEG400) {low aldehyde, <10 ppm, obtained from Union Carbide or Dow
Chemical Co.) heated to 50°C was added and mixed until a homogeneous solution was
formed. The resultant solution was heated to 65°C. 1.5 kg of active ingredient was
dissolved in the liquefied solution of Vitamin E TPGS and PEG 400. 0.395 kg of propylene
35 glycol at room temperature was added and mixed until a homogenous solution was
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10. ESFFF2CH %‘% Vi &'85{%8&!‘21?3%,&%"?{ : P#%@&“@E% atentto E5°1'99 of
volatiles-free compound, into Size 12 oblong, white opaque 50ft gelatin capsules using a
capsule filling machine. The capsule shells were dried to a constant fill moisture of 3-6%

5 water and a shell hardness of 7-10 Newtons, and placed in a suitable container,

Formulation F (Controlled Release Capsule)

_ The following controlled release capsule formulation is prepared by extruding ingredients
)10 a, b, and c using an extruder, followed by spheronization of the extrudate and drying.
The dried pellets are then coated with release-controlling membrane (d) and filled into a

two-piece, hard gelatin capsule.

mg/capsule

15 (a) Active Ingredient 250
(b) Microcrystalline Cellulose 125
(c) Lactose B.P. 125
(d) Ethyl Cellulose 13

20 513
Example 5: Injectable Formulation

) Formulation A

25 mg
Active Ingredient 200
Hydrochloric Acid Solution 0.1M or
Sodium Hydroxide Solution 0.1M q.s. to pH 40t07.0
Sterile water g.s. to 10 ml

30

The active ingredient is dissolved in mast of the water (35° - 40° C) and the pH adjusted

to between 4.0 and 7.0 with the hydrochloric acid or the sodium hydroxide as

appropriate. The batch is then made up to volume with water and filtered through a

sterile micropore filter into a sterile 10 m! amber glass vial (type 1) and sealed with sterile
35 closures and overseals.
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20 Example 7: Syrup
Active Ingredient 250 mg
Sorbitol Solution 1.50¢g

) Glycerol 2.00 g

25 Sodium Benzoate 0.005 g
Flavor, Peach 17.42.3169 0.0125 ml
Purified Water gss. to 5.00 mi

The active ingredient is dissolved in a mixture of the glycerol and most of the purified

30 water. An aqueous solution of the sodium benzoate is then added to the solution,
followed by addition of the sorbital solution and finally the flavor. The volume is made
up with purified water and mixed well.

35
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Mamtammg the mixture at 45° C, the remammg itepsol H15 is added to the suspension

and stirred to ensure a homogenous mix. The entire suspension is passed through a

250pm stainless steel screen and, with continuous stirring, is allowed to cool to 45° C. At

a temperature of 38° C to 40° C, 2.02 g of the mixture is filled into suitable, 2 ml plastic

15 molds. The suppositories are allowed to cool to room temperature.

Example 9: Pessaries

mg/pessa
Active Ingredient 250
20 Anhydrate Dextrose 380
Potato Starch 363
Magnesium Stearate 7
) 1000

25
The above ingredients are mixed directly.
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Root  Ent r y\Wor dBgpup@nkebrding 63 ) Whereif 4&ticall ble salt i
<=>7 @BCDEEGH! JKLMNCPORSTUWKYZ 1] A af)e(l:de&f;%ﬁfi LlIjﬂkiﬂ rncally, cceptable syt 1s
(1R, 4S)-4-(6-amino-9H-purin-9-yl)-2-cyclopentene-1-methanol succinate salt.

3. A pharmaceutical composition comprising an effective anti-Hepatitis B virus
amount of (IR, 48)-4-(6-amino-9H-purin-9-yl)-2-cyclopentene-1-methanol or a
) pharmaceutically acceptable salt thereof together with a pharmaceutically acceptable

carrier therefor.

4. The pharmaceutical composition according to claim 3, further comprising an
antiviral agent other than (1R, 4S)-4-(6-amino-9H-purin-9-yl)-2-cyclopentene-1-

methanol.

5. A pharmaceutical composition according to claim 3 or 4 in the form of a tablet

or capsule.

6. A pharmaceutical composition according to claim 3 or 4 in the form of a

) solution, suspension, or syrup.



