WD 98/ 52949

PCT/ EP98/ 02835 CARBOCYCLI C NUCLECSI DE HEM SULFATE AND | TS USE I N
TREATI NG VI RAL | NFECTI ONS The present invention relates to a navel
salt of (‘WEsH4i s- 4-[ 2- ani no- 6- PCT/EPI8/02835

(cycl opropyl am no) - 9H puri n-9-yl ] - 2-cycl opent ene- 1-net hanol or a..solvate
5 t hereof, pharmaceutical formulations containing such a conpound and
their use in medicine, specifically in the treatnent of human

I mmunodeficiency virus (H V) and hegpatitis B virus (HBV) infection.
(1S, 4R)-ci s-4-[ 2-am no- 6- (cycl opropyl am no) - 9H puri n-9-yl ] -2-cycl opent ene-1
- 10 nmet hanol ('the conpound') and its antiviral use, especially against
H V i nf cARBORLLIC NUCLEPSIDECHEMISUEEATENANRrIGHUSE Dt KREAT NGe t IRALC NFEOTIONSTDer
0434450 which also refers to pharmaceutically acceptabl e derivatives .
specifically salts, esters and salts of such esters of the conpound,

and in pafdd ' Sckd oai Agvalalsh of (1S,4R)-thedf2apdnos- | n
addi ti onqrﬁgrc‘glgtgéﬂgjqﬁg%?ﬁtﬁﬁém. I?’éCT 6895/302014 (15 ()je_scri bes the

Z UZ % i nat e(cg@lbgraﬂy_iarhméx)mi/-prdn@whlﬂebyclopentﬂ\e-mpemgamlbungr (1a solvate

oycl BbontbRtact, RERRBRGANCE! IMURIGTS GABBINEY Hed CPARLAPARd Hheioysg,
ti-HV, . ' ' : d

o be. pr dpapediefie” SBEEHEIh (e TRanERF oF nifien! RyfuRGHENGNc) WRE BRI o

manuf act yrRy hep4titisoB viras ¢HBV) infectiohor nul ating into an acceptabl e product

for admnistration to humans. W have found that manufacture of the
free base of the conpound produces an anor phous solid which traps

sol vents gpd,is.. t f , | _dyat SCOhS . | f4i cation,
or for dAnBEEsH-TeArnge-EEr iR P S 2-cvcipperibhésd
Wierfgs thietidiol (s eompound9id ke dntivirdGEePabpatialf\pagaingt HIV iffections,
PCT/ GB95/ 02014 has advantages in its preparation, for exanple, it forms the
sal t is describgd fin &urepean patant tSpasificatioo Nnbeno4344%0 wiichhalse refers
Ty poonamdne Rnl aseeptaot tehlaiis bhelincdll Sdis) Ustdl b Lans ¥ ot
such esters of the compound, and in particular describes hydrochloride salts of
the compound. In addition PCT Patent Application No. PCT GB95/02014

15 describes the succinate salt of the above compound.

The compound (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl}-2-
cyclopentene-1-methanol is currently under clinical investigation as an anti-HIV
pharmaceutical agent. There exists a need for the compound to be prepared in a
20 form suitable for ease of isolation in large scale manufacture, and for eas_e' of
formulating into an acceptable product for administration to humans. We have
found -that manufacturé of the free base of the compound produces an
amorphous solid which traps solvents and is, therefore, unsuitable for large scale
purification, or for formulation, without additional purification procedures.
25
Whereas the succinate salt described in PCT Patent Application No.
PCT/GB95/02014 has advantages in its preparation, for example, it forms the salt
easily from stoichiometric ratios of the acid and base and crystallises very easily

out of solution, it is not an ideal subject for pharmaceutical formulation,
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specifically tableting. |In particular, the succinate salt of the conpound
aggl omer atwe 98/29%MLr m a ' | unpy’ mass which will not easily pRGFEBREHY thus
unsui table for use in commercial tableting machi nes, such that an extra
processing step of high energy mlling is required to give a uniform
particle size. 5 An additional conplication attendent upon formnul ation of
t he succinate salt of the conpoung is that it can exist in several
crystal forns, each form having slightly di fferent physi cal
properties. The preparation of the succinate salt of the conpound
r equi r es speciicaliy t tabléting. t o lav padiautar, pthegpssuncinate osalin @ésthe: dcorppaund
which if forned reqaipr r ewoy, ki ng, to the dei_!sei r.ed f.orm. ave

a

10 \\e
ound t hASKIMMBSERIGEAPBED Bt 4R BIRSS, MY YL RotoPaRive PoyFh & JIGs
the di SC'@éﬁgaﬁgédﬁt&Még'iﬂecaﬁns&c@dtﬁgﬁ@%gﬁ% r SRIE that N8n extra

hem sul fate sa particularly su e an ant ageous to prepare on
a | arge gretessitgdidprof high emagyimillingy isfequired torgivéia pniégran partivle size.
pharmaceutical forpmulatjions. Specjfically 15 the hem sulfate salt forns a
free & | oAmgddiianal 9omnilqaﬁlonaatﬁeytd@rw upeafermilaiiensf the succinate galt afdhey e,

and whi ch | ' 2 S J 0 : in
conmmer ci aﬁorﬁ%% {sxw;hgﬁ%n%ggﬁqﬁ%ggaﬁ%ew %gfejgﬁr or ér%% ﬁﬁoﬁ@ ﬁﬁ-ﬂﬁﬁsﬂlp{‘ t'Ys
bel i eved difierett Phydicat propettiestor Thec praphrationstef theesdozimate Thalt séf theloes
not readi |y "hydrate or solvate (e.g. on stor%%e). The salt filters

and dri ecomgnlind reires clage @tientionitetavaid dbe oreparatiopapfaundesires farmsmer
advant age i.s, the hiaher .aqueoug. S Iubhlfi trx of the hem sulfate as
conpar ed WR§ch ifdouned reayite reyTking o dbe qasyed form. o i suifate particularly
suitgble for the preparation of liquid formnul ati ons. We have al so
found that where the hem sulfate salt is prepared by a 'salt 25 exchange'
process, Wedaviesfounddhat e advantagesoof thie bempisedfates salt ohthe ocdOmpoBndRvei s-

par t1 oul dnpiteiusest ByARRIBTSR SalispRdisucciple Safl retirarerporisat At
ng ;%y0}’%@%&2??%rseug?rbéeﬂavﬁg‘;%rd%ﬁfa@e%% & grepare? O &V #Hye- sdBES arfd1§n need
particular for use in the preparation of pharmaceutical formulations. Specifically
15 the hemisuifate salt forms a free flowing powder, which lacks any undue tendency
to agglomerate, and which is easily poured and compacted, and thus ideal for use
in commercial tableting machines without the need for milling. The salt is
believed to exist as a single morphic and crystalline form. The salt does not
readily hydrate or solvate (e.g. on storage). The salt filters and dries readily,
20 thereby assisting ease of preparation. A further advantage is the higher aqueous
solubility of the hemisulfate as compared to the succinate, which makes the

hemisulfate particularly suitable for the preparation of liquid formulations.

We have also found that where the hemisulfate salt is prepared by a ‘salt
25 - exchange’ process, that is to say by conversion of a precursor salt of (1S,4R)-cis-

4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl}-2-cyclopentene-1-methanol,

particularly the glutarate or succinate salt, an enrichment in optical purity over that

of the precursor salt is achievable. Thus, the need for any further preparative or
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purification steps to enhance the optical purity of the hemi sulfate salt
product rayO 98/52949 be reduced or elim nated. Accor di FeT/ERS(QB35 i r st

aspect of the invention there is provided the henmisulfate salt 5 .. of (1
S,4R) - ci s-4-[ 2-am no- 6- (cycl opropyl am no) - 9H puri n-9-yl]-2-cycl opent ene- 1-
nmet hanol or a solvate thereof, including a hydrate thereof, hereinafter
referred to as the conpound according to the invention. For
t he avoi dance of doubt, as used herein, the hemsulfate salt of (1
S,4R)-cis-4- 10 i ) )

[ 2- ami no-pawrification stenstoenhancedhemptical puy|of the hiemipeifate seltipraguetmay

means tAPe aal t far bet ween

(1S, 4R) - desreduced grieligigated, .| onr opyI ani no) - 9H puri n- 9-

yl ]-2-cycl opent ene- 1-nmet hanol and sul furic acid in a stoichionetric ratio
of 2:1. Further aspects of the invention include: 15 a) The
conpound Adcordingito\tbetfirstraspect ofthe investior there ip provided the hemisulifate salt

b) Aot 1850 (184 R aisr-Learie SRy ioPToRNEMINIaH oM B F 2o eEHOR AN or
Afret 96 (1SARELSTS- YEoPr . oy .
human an peRpr Gt 8 Yoivale gt ntlof SORRIREMEREES ReriRphaPidena o,

c) Use ofasathecsompoundacesrdinpto thetihgentivrention in the manufacture of a
medi canent for the treatnent of a viral infection particularly an HV or an
HBV 25 i nfection. The conpound of the invention is particularly

useful f cEorttprg atvro'l3 a%nncr:eenéf c%utft',' Xs used heirglfn,e%é RBRisulfate salt of (1S,4R)-cis-4-
10  [2-amino-6-(cyclopropylamino)-SH-purin-9-yl]-2-cyclopentene-1-methanol means
the salt formed between (1S,4R)-9§-4-[2—amino-6-(cyclopropylamino)-QH-purin-Q-

yl}-2-cyclopentene-1-methanol and sulfuric acid in a stoichiometric ratio of 2:1.

Further aspects of the invention include:
16
a) The compound of the invention for use in medicine, particularly in the

treatment of viral infections, specifically an HIV or an HBV infection.

b) A method for the treatment of a viral infection particularly an HIV or an HBV
20 infection in a human which comprises administering to said human an effective

amount of the compound according to the invention.

c) Use of a compound according to the invention in the manufacture of a
~medicament for the treatment of a viral infection particularly an HIV or an HBV

25 infection.

The compound of the invention is particularly useful for the treatment of HIV

infections.



4 It will be appreciated by those skilled in the art that reference
herein to treatnent extends to prophylaxis as well as the treatnent
of established infections or synpt ons. 5 Exanpl es of clinical
condi t i onswoeesseetoby HI V i nfections which nmay be treated i nPCI/EP98/02835
accordance with the invention include Acquired I nmune Deficiency Syndrone
(AIDS) or synptons that frequently precede AIDS, or related clinical

condi tions such as AIDS-rel ated conpl ex (AARC), progressive

general i sed | ynphadenopat hy (P&A) 4 Kaposi s sarconmm, thronbocytopenic
purpura, AIDS rel ated neurol ogi cal 10 conditions, such as multiple
sclerosis or tropical paraparesis and also anti-HV anti body- positive
and Hi V- pegiilt bs appreciated dysthose Iskileddn the8ritbahreferancederein to tpaatment s.
The conpounds of the ipvention e or.in conbination

may , be adm ni stered. .al o
1 o rexends ta PEPkYENS £ MAUARNG reAIBIDt BF coRB P IHEHIOTS Oy v

I nfecti on% éﬁ@g as Nucl eosi de Reverse Transciptase Inhibitors
(NRTI's) f m npl e zi dovudi ne, zal citabine, [|am vudi ne,
di danosi ne, stavudine, 5-chloro-2', 3" -dideoxy-3'- fl uorouri di ne,

adefovir and (2R, 5S)-5-fluoro-1-[2- (ggdr oxynet hyl ) -1, 3- oxat hi ol an- .
5-yl 18yt dsxamplesafglinical caaditinpg caused by dahpinfegtionsy whichenay dealreatediine,

aqul nav: Bocarsiand it the Ve nbaRe, AeipEgGAtng IOeRL%y” Syphume™ ©
anti - H'vV ﬁgg:s? orf GmppsaEeitat i'rfédﬂéhﬁ%(i@r?écede AIDS, 'BiLrefated Bhhitiap conbifions

exanpl e i euki'n 11, erythyropoe tucaresol, and I nterferons
f or exanpsuchaas ADSrrietated complexi \RCYnprageessive generalisedHymphadeanopathy

" he 2oPCLkKanasis Saraame vuepeirobeRl SumuRo ANGY, WarRfonedrological” ©
2R, - 5= N o e inilh , ;0| - | A ' ,
(2R $§) %éjr}dgﬁr%éjs&% as mum?ﬁe YHERSIdTRY hgﬁgﬁsﬁ@ggﬁﬁaﬁa al uc%}mym\?' ne

i mrune no , and I nterferons ove.
conbi nat i amtibodyypdsitivednamd sHB/-pdsitivgecbaditions includingqudDSi adyynpiomatidi ng
that any duration between the adm nistration of each t her apeutic

agent doeRalgss.di ni ni sh their additive effect.

The compounds of the invention may be administered alone or in combination
15  with other therapeutic agents suitable in the treatment of HIV infections, such as
Nucleoside Reverse Transciptase Inhibitors (NRTis) for example zidovudine,
zalcitabine, lamivudine, didanosine, stavudine, 5-chloro-2',3'-dideoxy-3'-
fluorouridine, adefovir and (2R,5S)-5-fluoro-1-[2-(hydroxymethyl)-1,3-oxathiolan-
5-yllcytosine, lovaride, non-NRTls for example nevirapine, delavuridine, a-APA,
20 HBY-1293 and efavirenz HIV protease inhibitors for example saquinavir, indinavir,
nelfinavir, ritonavir and VX-478, other anti-HIV agents for example soluble CD4,
immune modulators for example interleukin I, erythyropoetin, tucaresol, and
interferons for example o -interferon. In addition the compound of the invention
may be administered in combination with other therapeutic agents suitable in the
25 treatment of HBV infections for example lamivudine, (2R,5S)-5-fluoro-1-[2-
(hydroxymethyi)-1,3-oxathiolan-5-yijcytosine, immune modulators, and interferons
as described above. Such combinations may be administered together or
sequentially providing that any duration between the administration of each

“therapeutic agent does not diminish their additive effect.



Wiile it is possible for the conpound of the invention to be adm ni stered

as the raw chemcal, it is preferable and advantageous to present the
conmpound of the i nvention as a pharmaceutical fornul ation, and
represent SWOIR¥er feature of the 5 invention. The pha?ﬂé%‘i?ﬁlﬁséﬁ
formul ati'on conprises the conpound of the i nvention together wth one
or nore acceptable carrier(s) therefor and optionally ot her

t herapeutic agents. The carrier(s) nmust be "acceptable"” in the sense of
bei ng conpatible with the other ingrediefts of the fornulation and not

del eteri ous to the recipients thereof. 10 The conpounds
according to the invention may be adm ni stered by any route

appropriate to the condition to be treated, suitable routes including oral,

rectal , vyhulevﬁgﬁﬁiqss %%8%4 &&ﬁb E%f%h?ﬂﬁ@?ﬁtg&ﬂnto BYKhin¥idred as the

subllngual ral g sSubcut aneous,

i nt ramJSC%ﬂrchedﬁbéla\ne@mferabrermteIamhntabéousrtbrptébemaﬂheamnpaud@roﬂtlthe It
wi Il be appreciated that the Preferre route may v

exanpl e, inuentiondis &@hagmacautioal dpfmidation, and repres@ntSe%lehﬁr featyre of the

atvsaneive. g bEFERSEH TBhbARRehoRodRib. PR ArRella o aheaing
the @%ﬂrohtﬁﬁg&ihérhﬁm one éﬂ Rloré %cEegmbsma théfefbﬂanalépﬂo?\ﬁauyhe

reci pi ent ultimately be at the discretion of the attendant
physi ci an other trerapeltic ageeatserThe marrier(s) nnmd:lbe)f'amdaeﬁablal’ iihi theesensel of

i ndications, a suita effec Ve dose in the eof 1to
120 g pePeing SeTRRIBISAALIS RNesIngElents qf e oduyaton andings dpieignous

t he range ki | ogram body wei ght per day and nost
preferably t8fth§réé?plgﬂ %e?%ge of 5 to 60 ng per kilogram body wei ght per
day sueh as 5 to 20 ng per 25 kil ogram body wei ght per day. The dose nmay
if desired be presented as two, three, four or nore sub-doses

adni ni st erlde gempeYREsraceoedingtter the inventisngnayitbe administaredy any route
appropriate to the condition to be treated, suitable routes including oral, rectal,

nasal, topical (including transdermal, buccal and sublingual), vaginal and
parenteral (including subcutaneous, intramuscular, intravenous, intradermal,

15  intrathecal and epidural). It will be appreciated that the preferred route may vary
with, for example, the condition of the recipient.

For each of the above-indicated utilities and indications the amount required of
the individual active ingredient will depend upon a number of factors including the
severity of the condition to be treated and the identity of the recipient and will

20 ultimately be at the discretion of the attendant physician. in general, however, for
each of these utilities and indications, a suitable, effective dose will be in the
range of 1 to 120 h'ng per kilogram body weight of recipient per day, preferably in
the range of 3 to 90 mg per kilogram body weight per day and most preferably in
the range of 5 to 60 mg per kilogram body weight per day such as 5 to 20 mg per

25  kilogram body weight per day. The dose may if desired be presented as two,
three, fodr or more sub-doses administered at appropriate intervals throughout
the day. |



6 The formnul ations include those suitable for oral, rectal, nasal,
topi cal (including buccal and sublingual), vaginal or parenteral

(i ncludi ng subcut aneous, i ntramuscul ar, intravenous, intraderna

i ntrat hecaW@pR#s2848 dur al ) adni ni strati on. The for mul at i RfrER§()2833
conveniently be presented in unit dosage formand may be 5 pr epar ed-by
any of the nethods well known in the art of pharmacy. Such nmet hods
i nclude the step of bringing into association the active ingredient with
t he carrier which constitutes one gr nore accessory ingredients. In
general the formul ations are prepared by uniformy and intimtely
bringing into association t he actlve |nqred|ent with liquid carriers
or finely The farswiationsginciyde §}°§eo$u'tﬂhlﬁ op RERlL dectehenasals topieadlsdnglyding

shapi ng t u Fo S pr nv abl e
for oral ;kﬁfﬁocﬁr taﬁét |%W"Hgvalge 65’&“—,2} pggsg%?e@g? d@i@géﬂg ga‘%e}s&gﬂé é
capsul es, rpaRRissulaf, intavehsus dntrademall mMtfithecal and dp‘n@ﬁ%ﬂ)eédhﬁﬁdtréﬂ“@mnt

of the active ingredient; as a powder or granules; as a solution or a

suspensi onThmfmmtm;munay icgovenientiy bscpreaqnt@dus umtqm:%age)foras apd may be
oi | -in-water |derru I gn terszin-oil U|de Lon. The Ive
i ngre entp"ep‘?“'e Pé(yaﬁl’s% @\? eé@g&'aéﬁelgémgw&ll eo?"pggtp agnagyy §3’°th
cont ai ned ¥

compr essi dHeliBdinciyde the BREPERTINging intp asﬁzé'éﬁbﬁ“zé@ {8 IEGICPL with the

i ngr edi entcarri€io whicls scenstitibeetonenay rberqoraepassmybmgwdlpntsssnnggenem thea

sui tabl e machi ne the active ingredigent [ ee- f orm such as a

powder formylatigns Afe Jyepaad Yuél']'f?"ﬁ‘M@B t'rna?'ﬁma?nq elnfo 35SECHE Hé'
| ati t

gles ?nlt ggr aﬂ B E(Célt)é %@)%an? Wﬂhm Eafr@hé Bk ﬁﬁs%’l %{iﬁggﬁgsfdg@scqrhgﬁééér gécj)\'/1 u 0 ne

Crosstpi nmgnsp@bggg@ymm product. ceI | ul ose), surface-active or
di spersi ng agent. Moul ded tablets nay be nade by 25 noulding in a

sui tabl e machine a m xture of the powdered conpound noi st ened with an

inert |i quEgmlithtisHY of tRe preiskat %Vé%itloﬁp‘suﬁﬁlé'mr Qﬁap%rﬁﬂwatmom ped
may be formulated so as to provide slow or controlled rel ease of the active
presented as discrete units such as capsules, cachets or tablets each containing
a predetermined amount of the active ingredient; as a powder or granules; as a
solution or a suspension in an aqueous liquid or a non-aqueous liquid; or as an
156  oil-in-water liquid emuision or a water-in-oil liquid emuision. The active ingredient
may also be presented as a bolus, or paste or may be contained within

liposomes.

A tablet may be made by compression or mouiding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in
20  a suitable machine the active ingredient in a free-flowing form such as a powder
or granules, optionally mixed with a binder (e.g. povidone, gelatin,
hydroxypropylmethy! cellulose), lubricant, inert diluent, disintegrant (e.g. sodium
starch glycollate, cross-linked povidone, cross-linked sodium carboxymethy!
cellulose), surface-active or dispersing agent. Moulded tablets may be made by
25 moulding in a suitable machine a mixture of the powdered compound moistened
with an inert liquid diluent. The tablets may optionally be coated or scored and

may be formulated so as to provide slow or controlled release of the active



7 I ngredi ent therein using, for exanple,

hydr oxypr opyl net hyl -cel | ul ose i n varying proportions to provide the
desired rel ease profile. A capsul e nmay be nmade by filling a |oose
or conpress¥@ % r or an appropriate filling machineF 5'?‘?93’H?£3Fy
with one or nore additives. Exanples of 5 sui tabl e additives incl.ude

bi nders such as povi done, gelatin, lubricants, inert di l uents,

di sintegrants as for tablets. Capsules may al so-be fornmulated to contain
pellets or discrete sub-units to provide &l ow or controlled rel ease of the
outline I ngredi ent . This can be achi eved by extruding and.

spheroni sing a wet m xture tqe Hrg&uglus H lon acid (e.g
m crocryst‘Qgrﬁqiéntcmqrﬁlno%'ﬂgplfﬂ% exafIR'Ge HY Rropy'metiylcglvigse '"TY\%’V'”Q

spher oi dsyé}&g,grt% WP r}hge{eg%é’g% Ehbra em - per meabl e menbr ane

(e.g. eth rag o pro Uce sustai ned rel ease
properties. r |nfect|ons of the eye or other external tissues,

Fo
.g., d th bl I d
opi cal "ol At FERRIIS, vk Sapdey Y e 768s8L 5t Ridmplsaset BRReR ‘o o
amount  of, [.?"’o ﬁ%@"ﬁl‘hﬁ rHaétfiRe! © ﬁ@ﬂfv\w/ WithPéied Q{rﬁ’ﬁbbé Qdditives. EkampRi 8f w
and nost pre ePaIy 0.%to 10%)vv? en fornulated in an ol nt ment,
the achi v&dn@@cﬁd@ﬁﬂi\@mlmﬁ dipdergeduchh tas mqvﬁt&mea @elatm;f ilubricamts, ainert

o o SRR 5 I G obes i B R, B

ol | “base. pel?er or q@&%ﬁé tb-Uri8 g %Eﬂ/r? %/r\?é g{ﬁb‘ﬂear s%alﬁg the butline

i ncl ude, f'or exa a pol yhydr

i.e. an al mgkédueditaVT iig dancbe achieved by extrindidg and s;@ﬂerupisirvglehNQtSmmawa’éne
gl ycol , butane-1, 3-diol, manpni toI sorbitol, c@g cerol and
pol yet hyl ethe dugadus anexsusian aeid {ag- syerocryrtalipgiceiuioss) plusea diuent such

of 25101 ot adKdEe | e tarpat il HrGay G BAA s SRR MR BhufPafinadbl

Exanpl es ofnepibstlne (e. é; sthyineeéliutess tEadraght \WH3BDD)StoSpidditiceMsustained release
di net hyl sul fox:_tde and rel ated anal ogues.
properties.

For infections of the eye or other external tissues, e.g., mouth and skin, the
formulations are preferably applied as a topical ointment or cream containing the
15  active ingredient in an amount of, for example, 0.075 to 20% w/w, preferably 0.2
to 15% w/w and most preferably 0.5 to 10% w/w. When formulated in an
ointment, the active ingredients may be empioyed with either a paraffinic or a
water-miscible ointment base. Alternatively, the active ingredients may be

formulated in a cream with an oil-in-water cream base or as in a water in oil base.

20  If desired, the aqueous phase of the cream base may include, for example, at
least 40-45% wiw of a polyhydric alcohol, i.e. an alcohol having two or more
hydroxyl groups such as propylene glycol, butane-1,3-diol, mannitol, sorbitol,
glycerol and polyethylene glycol and mixtures thereof. The topical formulations
may desirably include a compound which enhances absorption or penetration of

25 the active ingredient through the skin or other affected areas. Examples of such

dermal penetration enhancers include dimethyisulfoxide and related anaiogues. .



8 The oily phase of the enmulsions of this invention may be
constituted from known I ngredients in a known manner. Wile this
phase may conprise nmerely an enul sifier (otherwi se known as an

emul gent ) WOBSBE4] r abl y conprises a mi xture of at | eaBET/BRB/02835
emulsifier with a fat or an oil or with both a fat and an oil. Preferably,
5 a hydrophilic emulsifier is included together with a |ipophilic

enul sifier which acts as a stabiliser. It is also preferred to

i nclude both an oil and a fat. Togetherg the enul sifier(s) with or
Wi thout stabiliser(s) make up the so-called emulsifying wax, and the
wax together with the oil and/or fat nmake up the so-called ermIS|fy| ng

oi nt ment K eiARhase of the, epHisions pf Hhis p@\f%m@npmyeb%pom@tm@mm known

the Tor mifigredientd dn, a RO Hhandds, WHIE ARk BHaSk i Soifdstopterefiuata,
cet ost eareﬁxuleiﬁ@amlhenn%éllﬁfoy\ln as an emufgdi), it 6ééfﬁél5l¥|cdﬁ%‘r%e%t %f??&ﬁf‘rﬁaé?d

sodi um | auryl sul phate. According to a first process
corrpound atfleastoonenemuisifiar witty alfat or ap ailaat with bottha fatiangdtan eil. oPrefertably,i ¢

or [ o PVaOPHIR SnisieE B MR frod eVt & et emulsifies whish acts
appr oxi mﬁseélétabmser i |§ al$é %?&é?rﬁhyto lﬁglﬁﬁélﬁdtﬂ%n Hﬁ)é@dpé ﬁterf@b thiF r%ﬁge

aqueous organi ¢ sol vent ferably at elevat tenpéera

prefer able;nmmﬁer(e) wathl wwitbomastabmser(e} make uptthe suhoakied emmgﬁ;mgmﬁm
Upon cool i dgF sta s . of the conpound of the I nvention form

Pr ef er abl@P éP‘ItPSS'Ehe(Bﬁ”'F the olcargfopfat makei wp' thenso-salled iepnulaifying20
a smal | W%ﬁ%a@é wiriEh FAFRAMRCHI! i <L BASL W the AR TBIIRRARET 2"

recrystal I on may used to rnpriove arity
According to an alternative process (B), the conpound of the invention may

(15, Bk - ErBLgEfs 2nfrnblaief sMoiisers: sitahls for s, m,tae formulation of the
%"118 inggrgﬁgﬂE gﬂgaﬂlgig‘_‘v‘inbﬁﬂ@' WS §0, 28Bah 188, S@tbdtedRfl alcohol, myristyl

6- (cycl o@eghal.glyeasyl mpnptstearate ang spdiuye laygyhsulpleate. met hanol in a
substantial ly 1:1 nolar ratio in solution.

According to a first process (A), the compound of the invention may be prepared
by admixture of sulfuric acid and (1S,4R)-cis-4[2-amino-6(cyclopropylamino)-9H-
15 purin-9-yl}-2-cyclopentene-1-methanol in a stoichiometric ratio of approximately
1:2, preferably in solutidn, more preferably in an aqueous organic solvent,
preferably at elevated temperature, more preferably at the reflux temperature of
the chosen solvent system. Upon cooling, crystals of the compound of the
invention form. Preferably crystallisation is effected by ‘seeding' the solution with
20 a small quantity of the compound of the invention. Optional washing and

recrystallisation may be used to improve the purity of the product.

According to an alternative process (B), the compound of the invention may be
formed by admixture of (18,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-
yll-2-cyclopentene-1-methanol monosulfate (1:1 salt) and (1S,4R)-cis-4-[2-amino-

25  6-(cyclopropylamino)-8H-purin-9-yi}-2-cyclopentene-1-methanol in a substantially
1:1 molar ratio in solution.



9 A particularly advantageous process (C) for preparing the conmpound
of the I nvention conprises conversion of a salt of (1

S, 4R) - ci s-4-[ 2- am no- 6- .
(cycl opr opyDRR45284Y - OH- puri n- 9-yl ] - 2- cycl opent ene- 1- net hanol Ptca"'%q?g“@aﬁpound

of the invention. Suitable salts for conversion i.nclude dicarboxylic
acid salts such as 5 the succinate, glutarate, hem suberate (i.e. salt
formed from2:1, base: suberic acid), adipate, funmarate, hem sebacate
(i.e. salt fornmed from 2:1, base: sebacigc acid), and pinelate salts.
M xtures of dicarboxylic acid salts may be enpl oyed. Use of the

succinate and glutarate salts is preferred, Preparatign of the succinpate

salt is dequartiodarly rad@ntagepus AreepsNdC) Hot/ riepsripgothe compqundhafsther (1

S, 4R) - 1Q . . ; -cis-4-[2-ami -

ci s- 4- [ 2-RYRMHONs- ERTANSER o SR IS - off pari R2o- y?f] &180,?5) ecge'ﬁt[%naem'fp- 21 hano

! Yepdiy Ed‘spvrarﬁ%y-@kgbamiswl}-na:ylaﬁmmﬁ@l1em'eménml@o the compuumideoind
an

salicyl at’e” sa m xtures thereof. Such salts represent a further
f eat ure dhetitneeritionerSiitable salts for canvessionineude dicarhexyistacid saits spcbasnt

e St BBt 5. st ool 2 ol M
6(cycl opr | g - L Ni Q= - I . I
N A T G A R e
avoi danceacid), dmidopimélate salts. Magprespof dicarbetyiccadid realtsi mayr be iemployed.
salt of (1S,4R)-cis-4[2-am no- . . . _
6( cycl oprdss Phthensycainate andigbiarpte salts is pisiaredPrenatation of the presingate,qi q)

s 0§ dBskibby WWBGThbphcatBn'id. PETIGEbSR201a Cingf salts of (15,4R)-

(1S, 4R) - &
6(cysd 0IOF&Q-MLléﬂélrﬂfLﬁc_-fQi(it:ﬁGléﬂnnarlpt?lafﬁihoi’-gﬁbtphmm@nylpﬁazybldmmh -ettarioll i s
. | e Sa |

1:1) and — is a 2:1 salt i .e. ratio of
(1S, 4R) - cussful far @pmg:s@qmgq;mgghg@}quaﬂate.@)dude he benzoate and salicylate salts

9H-purin-9-yl ]-2-cycl o ne-.1i | e | 1) I Xing is
pr ef er abl %Q’Lﬁpﬁfyﬁ\?{g&nnggﬁﬁﬁ%#g&ég%gbt %&8?@?";‘6’@”’%&%‘*1@&@@ organi c
sol vent preferably at el evated tenperature, nore preferably at the
reflux tenperature of 25 t chosen, sol vent stem The hem sul fat

Cryst al s Band prafeaetaRpech o MegPaeent iverio. e EPMYersh T Eeoe SHEF ek | v
W th Seedﬁépgzao?ﬁxﬂfréy' ngglfﬁ?écrdc'i@d-anm' | salt oF O?ﬁs,%R)fciﬁLZ-amino-

i nt erconver sion provides advantages in terns of the purity of—the
conpesnd §fcytlbpropyaminia)oH-perinidyipltajoiementene-1-methanol other than the

hemisulfate in the appropriate stoichiometric ratio. For the avoidance of doubt, the
appropriate  stoichiometric ratio (.e. salt of (1S,4R)-gi§-4[2-amino—
6(cyclopropylamino)-9H-purin-9-yl]-2-cyclopentene-1-methanol:sulfuric acid) will
be 2:1 if the salt is a 1:1 salt (i.e. ratio of (1S,4R)-cis-4[2-amino-
20  6(cyclopropylamino)-9H-purin-9-yl]-2-cyclopentene-1-methanol to acid is 1:1) and
1:1 if the salt is a 2:1 salt (i.e. ratio of (1 S,4R)-§-4[2—amino-6(cycldpropylamino)—
9H-purin-9-yl}-2-cyclopentene-1-methanol to acid is 2:1). The admixing is
preferably carried out in solution, more preferably in an aqueous organic solvent,
preferably at elevated temperature, more preferably at the reflux temperature of
25 .the chosen solvent system. The hemisulfate crystals are formed upon cooling of
the reaction mixture, optionally with seeding, as previously described. This
process of salt interconversion provides advantages in terms of the purity of the

compound of the invention thereby obtained.



10 A particularly advantageous feature of the process of conversi on

of the abovenentioned salts to the hemsulfate is that the conversion
results in an enhancenent of optical purity, i.e. there |s a | esser
amount of tWE%MMAted (1 R 4S) isomer in the conpoundPGR/EPAR0283S

i nvention'thus produced than there was in the 5 starting salt.

Suitabl e solvents for use in the processes of the invention i ncl ude

al cohol s such as, for exanple, ethanol or -propan-2-ol. Such solvents
may be used al one or in adm xture, qgptionally in the . presence of a
further organic solvent, such as acetone, or in the presence of

wat er, thereby form ng an aqueous organi c solvent 10 m xture The

conpound (A Partigulasly ~adyantageeus ¢ € r 81 BFACKSS- msgmve?rsmrwqf- the

patent - SpoBpPrRREfaNe, B8 @ﬂﬁ%ﬁ%fzﬁ%kﬂ S TR llioR BRbRE A e
PCT/ GB/ 9508RRAn¥éThERt 8F Eptict PUFIEY, dlec thérerisid idakef eh&smﬁqﬁr the urwdnted (1R,

succi nate salt of the conpound (1S, 4R)-ci s-4-[2-am no- gcyc opr opyl am no) -
9H puri n- 949) }scan@rytaltbep@mmmdlofn@manemlmthusepwhmdé sadhere wasdn thece

wth CT Pat ent Application No. PCT/GB95/02014, which is incorporated
her ei n5by rtlng P&%-erence. The invention is further described in
the foll ow ng exarrpl es which are illustrative 20 thereof and not limting
t her et 0. used in the follow ng exanples, ans industri al

met hyl at ed Syiablet %O'Ve"ts foy HeR R m%tﬂ"'%‘i@ﬁfﬁﬁl of t&ﬁd“Y?‘N‘% uge ginahols such
as, for example, ethanol or propan-2-ol. Such solvents may be used alone or in

admixture, optionally in the presence of a further organic solvent, such as
acetone, or in the presence of water, thereby forming an aqueous organic solvent

10 mixture.

The compound (1S,4R)—gi_s_-4-[2—amino—6-(i:yclopropylamino)-QH-purin-9—yl]-2—
cyclopentene-1-methanol can be synthesised in accordance with European
Patent Specification Number 0434450 or alternatively PCT Application No.
PCT/GB/9500225 which are incorporated herein by reference.

15  The succinate salt of the compound (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-
9H-purin-9-yl]-2-cyclo-pentene-1-methanol can be synthesised in accordance with
PCT Patent Application No. PCT/GB85/02014, which is incorporated herein by
reference.

The invention is further described in the following examples which are illustrative
20  thereof and not limiting thereto.

As used in the following examples, IMS means industrial methylated spirits

(denatured ethanol) and IPA means propan-2-ol.



11 Internediate 1 Preparation of

(1S,4R) -ci s-4-[2-am no- 6- (cyclopropyl am no)-9H purin-9-yl]-2-

cycl opentene-1 -nethanol 5 (1

S, 4R) - ci s-MOPY¥SEP no- 6- chl or o- 9H- puri n-9-yl | - 2- cycl opent ene- PET, P9ﬁ/0283F
hydrochl ori de salt (EP0434450 (80g)) was heated under .reflux in i ndustri al
nmet hyl ated spirits (800m ) with cycl opropylamne (110 m) for about 5 h.
The m xture was cooled to 70 to 75[err] C-and an aqueous sol ution of
sodi um hydr oxi de (10M 55m, 2 noltr equival ents) was added dropw se.
The resul tant suspension 10 was cooled to 20 to 25[err]C and filtered,
the collected solids being washed with I M (2x60m ). The conbi ned
filtrateslnigimediate dgs were treated with charcoal (8g) and the
filter-aid Harborlite J2 (4g) then heated to 40 to 50[err]C. After about
0. 5h, the m xture was cooled to 15 to 20[err]C and the solids were

renoved bppi hi'fdtﬂin @m 1S 4R)—cMMmirtd16#(NBc[Wﬂhmmml)-&H&ﬁhim-Q&ylj-z-he
combi ned fil V%ﬁ hags 15 were concentrated by distillation
under red&¥€ g?ﬁ' sMANANPESi qual vol ume of about 240m . 1M
(560mM ) was added and the m xture was concentrated under reduced

pressg e {9SaR)ass-d-@lamiio-BehitroLidpurindByl}- 2—Eyrelouemteneo‘rmmbanol
reconcentration Was repeated and the resultant co centrate was, di,| g ?d Wit h

| MB hydmﬂqu%@a‘ieé5884%4%t(z§0§)b wadieated sunder AWK on' rial

di vi ded |nt r 20. t ;0N Opce at ed
by distil Mg PM&% Gh SRirits @y@b}po 8‘“—? ggﬁlgp{%pyéarpggel ?1@%) tdt amuﬁeﬂof I;ﬁzi;%out
60m . AcetqRgiré WENTEdomaos 65l 78PC AMte afii AGussus Solution of sude@niydrbridet o
about 60n1 I's dilution and re-concentrati on was regeat ed twce to

gi ve a fl i1oMyS56mie2 aiolabequiva@mts) wae added| drapwisa s pea sesitapisuspension2s

(2xadhi) avap Erolei o ROhcan & and e Ine EBHeERy Heltnitt kipshBatitn 008 ™
glgz?g, (2)(?9_!@80 T%%‘E:bﬂﬂ'h%lt(é?é@%ﬂ@%ﬁfﬂ(ds wére/ h@%tedwﬂ*ﬂé?éh%o@l’%g)
OCH[ er r]) ,and té(fiitervaid Harbbrlité Jay(ém);ﬂnerpyde)atecttcszoup °C. After about 0.5h,
the mixture was cooled to 15 to 20°C and the solids were removed by filtration,
washed with IMS (2x160m! and 1x80ml) and the combined filtrates and washings
15  were concentrated by distillation under reduced pressure to a residual volume of
about 240ml. IMS (560ml) was added and the mixture was concentrated under
reduced pressure to a residual volume of about 240mi. The dilution and
reconcentration was repeated and the resultant concentrate was diluted with IMS
(240ml) and heated to obtain a complete solution which was divided into four

20 equal portions.

One portion was concentrated by distillation under reduced pressure to a residual
volume of about 60ml. Acetone (140ml) was added and the mixture re-
concentrated to about 60ml. This dilution and re-concentration was repeated
twice to give a fluid volume of about 80ml. The resultant suspension was cooled
25 to 0 to 5°C and the product was filtered, washed with cold (0 to 5°C) aceton.e
(2x40ml) and dried in vacuo to give the title compound as an orange solid (16.8g,
90%); 'H-NMR (D,0)5: 7.71(s, 1, purine CH), 6.22(m, 1, =CH), 5.93(m, 1, =CH),
5.37(m. 1, NCH), 3.61(m, 2, OCH),), 3.04(br m, 1, CH of cyclopropyl), 2.82(br m,



12 1,CH), 2.80-2.70(m 1, CH), 1.58-1.50(m 1, CH), 0.90-0.60(m 4, 2

X CHerr] of cycl opropyl ). Exanple A 5 Preparati on of
(1S, 4R)-ci s-4-[ 2- am no- 6- (cycl opropyl am no) - 9H puri n-9-yl ]
cycl opent s¥@ 9952982 hanol hem sul fate salt. A stirred n?ﬁ?’&rgmozﬁwat er

(25m ) and I PA (100m ) was heated to 45 to 55[err]Cand 10 (1 S, - -

4R) - ci s4-[ 2- ami no- 6- (cycl opropyl am no) - 9H puri n-9-yl ]-2-cycl opentene-1 -
met hanol succinate salt (W®06/ 06844 (50g)) was-added, and washed in with

| PA (12.5m ). The m xture was heat2d under reflux for about 0.5h to
give a clear solution and then cooled to 65 to 75C and a sol ution of

concentrated sul furic acid ) added. A

m xt ure of,CGHA2@0723/m, én@"“a?éa‘lg?%(’gli gH\ya{)%Qsé &é&f@d“ ?lgalts’ﬁéogol ution
was cooled to 45 o 55[err] C, whereupon a seed of authentic (1S,
4AR)-ci s- 4?31"&0 - 6- (cycl opropyl ani no) - 9H-puri n-9-yl ] - 2-

cycl opent ene- 1- rret hanol hem sulfate salt was added. After stirring in this
tenperature range for about 1h to allow crystallisation to becone

est abl i shed, further I PA (300m ) was added, naintaining the
tenperature of the mxture in the 20 range 45 to 55[err]C. The suspension
was cooled to O to 5[err]C over about 2h, and the product was

filtered Exas b[yjAvvith | PA (2x75m ), and dried in vacuo at 40 to 45[err]C

to glge the e conmpound as a fawn col oured powder (34.3g, 90%; mp.
224-

NH), 8. 53&&21:2::'2::0%6&0 (18 4@5{%&%&3%&58%&@%#3&%@“]ﬁ*.;n-q.f%]i-E.e
s b TR N A
8—|—|)2’ of2 2;65333&&.&%&? water (25ml) a§1d IPA (1cwml) was heateé(to 45 to %52'(0 and
13 10 (1S, 4R)-pl_s-4-[2-amlno-6-(cyclopropylammo)-9 H-purin-9-yi]-2-cyclopentene-1-
methanol succinate salt (W096/06844 (50g)) was added, and washed in with IPA
(12.5ml). The mixture was heated under reflux for about 0.5h to give a clear
solution and then cooled to 85 to 75°C and a solution of concentrated sulfuric acid
(6.07g) in water (12.5ml) was added. A mixture of IPA (37.5ml) and water
15  (12.5ml) was added and the solution was cooled to 45 to 55°C, whereupon a
seed of authentic (1S, 4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl}-2-
cyclopentene-1-methanol hemisulfate salt was added. After stirring in this
temperature range for about 1h to allow crystallisation to become established,
further IPA (300ml) was added, maintaining the temperature of the mixture in the
20 range 45 to 55°C. The suspension was cooled to 0 to 5°C over about 2h, and the
product was filtered, washed with IPA (2x75ml), and dried in vacuo at 40 to 45°C
to give the title compound as a fawn coloured powder (34.3g, 90%); m.p. 224-
225°C (decomp.); 'H-NMR (DMSO-d6)s: 10.76(br m, 1, purine NH), 8.53(vbr m, 1,
NH), 7.80(s, 1, purine CH), 6.67(br m, 1, NH,), 6.13(m, 1, =CH), 5.87(m, 1, =CH),
25  5.40(m, 1, NCH), 3.45(d, J = 5.8Hz, 2, OCH,), 2.96(br m, 1, CH of cyclopropyl),
2.87(m, 1, CH), 2.67-2.57(m, 1, CH), 1.65-1.55(m, 1, CH), 0.84-0.64(m, 4, 2 x
CH, of cyclopropyl).



Exanpl e B Preparation of

(1S,4R) -ci s-4-[2-am no-6-(cycl opropyl am no) - 9H puri n-9-yl ] - 2-

cycl opent gne-1- et hanol hem sul fate salt 5 A stirred su%%ensi on of
(1S, 4R- cj A4 no- 6- (cycl opr opyl ami no) - 9H pur i n- 9- T/EP98/02835
yl ] -2-cycl opent ene- 1- net hanol succinate salt (W096/ 06844 (1000g)) i.n -~

I ndustri al nmet hyl ated spirit (IMS) (7000nml) was heated under refl ux
for about 0.5h to obtain a clear solution. The solution was cooled to
about 70[err]C and a sol ution of g@ncentrated sul furic acid (121g) in

| M5 (1000m ) was added. After seeding with 10 authentic (1
S,4R-ci s-4-[ 2-am no- 6- (cycl opropyl am no) - 9H puri n-9-yl ] - 2-
cycl opent deX@MRIERt hanol " hemi sul fate salt, the mixture was stirred at about

70[err]C to allow the product to crystallise. After about O0.5h, the
m xture was cooled to 20 to 30[err] C over about 2h. The m xture was
filtered Prdparatiba ol SyaRMIsY-[2Ramifo-6-(cycloprop@ianiinb) MHLpdirired-yIi2vacuo
at 40 to 4“5;@”'&@ to,'q,iﬂs\l/)%1 ﬁ%ﬁim gagnps(oﬂ(%yd asa aﬁggwn 123 (’:)gl ourey powder
(764g, 9ZFHCIORE 2 1ethanel hemisylfate t he product of Exanpl e A
Exanmple C Preparation of

1S, | A%.00) - Qbk BUL - Q- o .
(e oA Sl S08181%50 (1 SAFOBKL T SinS'8 Ryl bt G i
S, 4R) - ci yi{2{cReclopentere-{-ayethapobsytcinateosald (WD96/068441(1000g)) in industrial
cycl opent ene- 1- net hanol succinate salt (1%% I n industrial nethylated

spirit (Imethylated spirgdiV$) &MY ¥yvag baated urderrefluy fanhabeut @iShute ohtaimbout

Ot oo et B0ERanZS e BbioR"wablEoaghld SRl 1042 74 1 sBlukR 87,1
The SOt errkeblimesruee (05 gl AP (1000 faF St Bcida i -
authentic (1S,4R-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl}-2-
cyclopentene -1-methanol hemisulfate salt, the mixture was stirred at about 70°C
to allow the product to crystaliise. After about 0.5h, the mixture was cooled to 20
to 30°C over about 2h. The mixture was filtered, the cake was washed with IMS
(2x 2000ml) and dried in vacuo at 40 to 45°C to give the title compound as a fawn
15  coloured powder (764g, 92%), spectra identical to those of the product of

Example A.

Example C

Preparation of (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-
20 cyclopentene-1-methanol hemisulfate sait

A suspension of (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-SH-purin-9-yi}-2-
cyclopentene-1-methanol succinate salt (10g) in industrial methylated spirit (IMS)
(30ml) and water (5ml) was heated under reflux for about 0.5h to give a clear
25  solution. The solution was cooled to 55 to 65°C and a solution of concentrated
sulfuric acid (1.21g) in water (2.5ml) was added, followed by a mixture of IMS
(7.5ml) and water (2.5ml). The solution was further cooled to 45 to 55°C and



14 acetone (80m ) was added over about 0.25h to the m xture within
this terrperature range. The resultant suspension was cooled to O to
5[err]C o 8}%)3% 1h. The product was filtered, washed with acetone
(2x10n ) .4 89 %2 in vacuo at 40 to 45C to give the ECEEEREIFdund
as a fawn col oured powder (6.28g, 820/() 5 which was.spectroscopically

I dentical to the product of Exanple A Exarrpl e D

Preparati on of

(1S, 4R)-ci s-4-[ 2-am no- 6- (cycl opr opyl anm{go) - 9H— purin-9-yl]-2-

cycl opent ene- 1- met hanol hem sul fate salt 10

R e
L0 o SRS OBES THOEIGHARY Slabaidht NGB ciRY o By BleTHgPabl

concent r atied Fhd product aeisdfilteret Myash8dwith acetoheﬂgﬁ‘rl onfl) 5n612irﬁd PR ent)
and I M5 (10m ) was added dropw se. The acid was 1 washed in with further

| VB (10m 3t 49dp #ReC tegdive the title spewoupd asea fawo celbured powder (61285 [82%) C

2P 250 Ghicind SRRl b ica R SRl b Bxtid . 12 and

yel | ow sol i d (6.15g, 88%, spectra identical to those of the product
of Exanpl Example E 20 Preparation of

(1S, 4R) - Dani no- 6- (cycl opr opyl am no) - 9H puri n-9-yl ] - 2-

cycl opentene-1 -nethanol hem sulfate salt A further portion of the

| M5 solution of Internediate 1 was heated to 75 to 80[err]C to ensure

conpl et e Braparation 6N{tS,4R)-cisd-[2iamindB-(cyclopropiantind)-aHsplirihiauy]o- 25
concentraé;&oilémé“é_q A anr(% I?Msdlfhtg@l 30m ) was added dropw se, to

gi ve an ange co oure suspensi he m xture was cooled to 0 to 5C
over about 2h
10 (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-cyciopentene-1-

methanol (Intermediate 1) (5.98g) was suspended in IMS (40ml) and the
suspension was heated under reflux for about 0.5h. The mixture was cooled to
70 to 75°C and a mixture of a solution of concentrated sulfuric acid in IMS (10M,
1.03ml, 0.5 molar equivalent) and IMS (10ml) was added dropwise. The acid was

15  washed in with further IMS (10ml) and the resultant suspension was cooled to 0
to 5°C. The product was isolated by filtration, washed with IMS (2 x 12ml) and
dried in vacuo at 40 to 45°C to yield the title compound as a pale yellow solid
(6.15g, 88%), spectra identical to those of the product of Example A.

Example E

20  Preparation of (18,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-
cyclopentene-1-methanol hemisulfate salt

A further portion of the IMS solution of Intermediate 1 was heated to 75 to 80°C to
ensure complete solution. This was cooled to 70 to 75°C and a solution of
25  concentrated sulfuric acid (3.90g) in IMS (30ml) was added dropwise, to give an

orange coloured suspension. The mixture was cooled to 0 to 5°C over about 2h



15 and the product was filtered, washed with IM5 (2x40m ) and dried

I n vacuo at 40 to 45[err]C to give the title conpound as a
yel | ow ora 987&})&9(1 (17.79, 769, spectra i dentical topihasoseisss he
pr oduct of O this product, 5.0g was suspended in a.

m xture of |sopropanol (IPA) (40m) and 5 water (10al) and heated-under
reflux for about 0.5h and then allowed to cool to 55 to 60[err]C,
wher eupon seeds of authentic (1 S, 4R)-cis-4-[2-am no-6-

(cycl opropyl am no) - 9H puri n- 9-yl ] - 2- cycl dPent ene- 1- met hanol hemi sul fat e
salt wer e added. The suspension was cooled further to O to 5[err]C

Flterod. AR Hapiadust wag BTelwBsRed Sl MisteRubmi{ and MichOly Faclfat 40
to yield t '8%5 d!oe?ﬁerfﬁélﬁﬂé cmpound hs@&@ﬂ&w@range som‘(\ﬁPVQ( 46%), sﬁé&&a

spectra i entlca o those of the product of Exanple Exanpl e F
(1 S, 4R) - ddenticd] 20 Hmosecfthedqrotugk ofpipxamploN. OH- puri n- 9 yl ] - 2- cycl opent ene-
1- net hanol benzoate salt 15 (1

S, 4R) - ci s-4-[ 2- am no- 6- chl oro- 9H puri n-9-y1] - 2-cycl opent ene-1 - net hanol

hydr ochl oroﬂmu§ pradudP03.84468s (saegenm xmaahammrmfesopnmamnl (lm)wsommm )
W th cl opr opyl am ne (£94 5m) bté? q4_£ The sol uti on was oI ed
to 45 %o 5@ er (1 ml)aﬂ@ﬂ thleéﬁﬁ Hndes FPﬂ‘M Qira hiad thed 3 ‘(‘ngﬁ)c

h | f h C
Char £0% o 88 oneb8 2o b, Beds o dithénilas (380l 70 i
conbi ned fccyélbahﬁ:ﬁ/lammompnqﬁ-m@ne-om@pmmewnmthanol hémiémlfétét i galt

under reduced pressure to a volune of about 210m . After dilution with
| VB, (490mvire: a@deﬂal Theauspession was centachiusthar 4o Aieu$°C apdi the temperatyre on

AN e | WESTISREAEL L aHBR 1P ThRCS AN el HhidrBS, WtRbaSRRR S EHBrHFS
10 and dried in vacuo at 40 to 45°C to yield the title compound as a buff coloured

powder (4.4g, 88%), spectra identical to those of the product of Example A.

Example F

(1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yi]-2-cyclopentene-
1-methanol benzoate sait

15
(1S,4R)-cis-4-[2-amino-6-chloro-9H-purin-9-yl}-2-cyclopentene-1-methanol

hydrochloride salt EP0434450 (70g) was heated under reflux in IMS (700mi) with
cyclopropylamine (94.5ml) for about 4h. The solution was cooled to 45 to 50°C
and treated with filter-aid Harborlite J2 (3.5g) and charcoal (7g). After about 0.5h,
20 the mixture was cooled to 20 to 25°C and filtered. The solids were washed with
IMS (2 x 140mi) and the combined filtrates and washings were concentrated by
distillation under reduced pressure to a volume of about 210ml. After dilution with
IMS, (490ml) the solution was re-concentrated to about 210ml. The dilution and
reconcentration was repeated once and the final concentrate was divided into

25  seven equal portions.



16 One portion was diluted with IM5 (80m) and warmed until a

conpl ete sol ution was obt ai ned. Benzoic acid (4.85g) was added as a
singl e poyid Qixefd the m xture was heated at 70 to 7 give a
conpl et e- gg% on, which was then al llowed to cool sl g‘[vflr,ﬁ‘lgg&%s

450C the m xture was seeded with authentic 5 (1 -

S,4R) - ci s-4-[ 2-am no- 6- (cycl opropyl am no) - 9H purin-9-yl ] - 2- cyclopentene 1-
nmet hanol benzoate salt and the m xture was further cooled to O to 5[err]C.
The solid was filtered, washed with | M5 (2x20m ) and dried in vacuo
at 40 to 45[err]Cto give the title conpound as a white solid (8.7g,

649 , ) 157 95 2,
benyoat & Oy POGIOR 3y ) ted WA INS¥0mi) and weeld T comBleld solign 7' o5
2 CH;)ené oglla(sb&ﬁalneﬂ 2Bénzvic mcld1(4 Nfﬁ) wﬁs é&ldgﬂ 2% a §ﬁ?)e p5rtﬁ5| éﬁdzﬂneoa_lz)
= , r ,
3. 04( br mixture masm@#eafat(?@cmog @pﬁﬂ glvez W’(‘biegerﬁomtlom-t)\lhlm was th&rs(m 1,
’ éﬂ%\ggé(tg]co?)l slowly. eﬁ‘g‘i‘g ALY Q@Z@ftﬂe%&{ﬂre was seecFH d2 w% Ct}{l%r? ropyl).
( 18 sR) fLo?sanpn@nﬁ:d-sxéy@@psWléﬁhaylbr-ﬁﬁhrwmﬂ{]? oXUup%nte e
cycl op ent ene et hanol hem sul fate sa nsron o
S, 4R) - ci methgaoldmnm §aljiandrihemlmrerv¢asﬁﬂhemcoole@-tplq t25°Q0 The solid

Cor P ggsid awariiest Wik 10 B 0 e nacks  4DIOGRE trover or
(1 25m )tl'Y@ﬁthe compo%%% & WhiteSolidqB e%m%)cwd){gééwgsﬂm s warmed to

70 to 75C ture was cool ed. The

solid wa(sDMMd@)&m?t%(hP/R benzoa(eZ‘X‘H)m B3and1 dsestbate O&@CVCB‘F(& 0p fthe
45[Srr]Cto?|vethet|t econ‘s)oun a white 25 solid (3 87% ,
n

spedPra Cbn?iR04m, 2o bepsaatedtHy. o 28¢ Bﬂ%ﬂ BiH)ER drfme 1A=CH), 5. 86(nE>daan e H
=CH), 5.81(brm, 1, OH), 5.39(m, 1, NCH), 3.45(d, J = 6.0Hz, 2, OCH,), 3.04(br

m, 1,CH of cyclopropyl), 2.87(br m, 1, CH), 2.65-2.55(m, 1, CH), 1.63-1.53(m, 1,
CH), 0.70-0.54(m, 4, 2 x CH, of cyclopropyl).

15 Example G

Preparation of (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yij-2-
cyclopentene-1-methanol hemisulfate sait.

A suspension of (18,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yi}-2-

20  cyclopentene-1-methanol benzoate salt (5g) in IPA (25ml) was warmed to 60 to
- 65°C. A solution of concentrated sulfuric acid (0.64g) in water (1.25ml) was
added and the resultant cloudy suspension was warmed to 70 to 75°C. The
‘mixture was cooled to 20 to 25°C and filtered. The solid was washed with |PA
(2x10ml) and dried in vacuo at 40 to 45°C to give the title compound as a white

25 splid (3.57g, 87%), spectra identical to those of the product of Example A.

Example H



17 Preparation of

(1S,4R) -ci s-4-[2-am no-6-(cycl opropyl am no) - 9H-pur| n-9-yl]-2-

cycl opent e%g %SI%Wanol glutarate salt (1 PCT/EP98/02835

S, 4R) - ci s. ? amno- 6- chl oro- 9H puri n-9-yl ] -2-cycl opentene-1 -nethanol. 5
hydrochl ori de salt (EP0434450) (25g) was heated under reflux in | M5~(250m)
with cycl opropyl am ne (30nil) for about 4h. The solution was cooled to 45 to
50[err]C, diluted with IMS (75m ) and treated with charcoal (1 g) and
filter-aid Harborlite J2 (0.5g). Alfer about 1h, the nixture was
cooled to 20 to 25[err]C and filtered. The SO|IdS were washed with

IMS (50m ) and the caonbined filtrates, an washi,ngs dil.uted with
e o Pramam o ot i) g a AR @V slobro by IAInG R aE DB YT 2
pressure h@c&@ﬂéﬁteﬁ%n‘i-ma'nﬁmmutaawsam luted with I M5 (90n ) and

re-concentrated to about 75m . The process of dilution and re- concentration
was repeat ed twice nor

f I t d t 75m
and | (R AR Bostrinor Syl PR R Yl ZeVaepBhienes ebenal added &

T, e S ] S B L WS i

I M5 (25n M;ﬁﬂ@y@t@phﬂlmlr@mmamradcﬁatoeuer i wol@tidrowas. cooled toTh8 to
m xture was further cooled to O to 5[err]C, stirred for about 2 hours and

filtered. 50°C, dited pwtutSwékSralsaed Weated with shauees! &1@) @ndefilteraigacuo

ol fa°( 27 HayBohlieni2°(,50). , AT Hetis e thesmifil Bad Kael f 20 2850 b
7. 60( S, glt%bﬁ%”?h%olxdé_bﬂgr@b\ﬁlaﬁhedwnﬂHMSQS@nﬂX #hd the cthbmed ﬂtratés%fi{dn

1, NCH), 3.44(d, J =
OCHZ)‘&O 3. Wfshings w;areoﬁilmtcadcwho Sp(yl|5})ml)z a8 mennconcemi;edzbswuatﬂm(qn 1

2 CH
gH) gl ut ar émeﬁfféﬁ‘?ﬁq pr§sg2e to Sbotl ?g )f’épﬁé %%%l%e@m{ﬁ%ﬁé @0 '
CHerr] Ofan%iy F% g&‘iééqmat%d zo %’Eout '?Sﬁﬂ{)"ﬁ)el ocess of dituti ﬁraﬂd Fé‘c@rfncentratlon
(1S,4R)-cis-4 am no- cycl opropyl amn H purin-9-yl|

cycl opent avas tepeated dwide inene.s Thediral smht:entrate was diluted with IMS (75ml) and

heated to 70 to 75°C to give a solution. To this was added a solution of glutaric

15  acid (13g) in IMS (75ml) which had been pre-heated to 70 to 75°C. The mixture

was further diluted with IMS (25mi) and cooled to about 25°C over about 2 hours.

The mixture was further cooled to 0 to 5°C, stirred for about 2 hours and filtered.

The product was washed with IMS (2x50ml) and dried in vacuo at about 45°C to

furnish the title compound as a light brown solid (27.1g, 78%); mp. 184-188°C;

20 'H-NMR (DMSO-dg)s: 7.60(s, 1, purine CH), 7.27(br m, 1, NH), 6.10(m, 1, =CH),

5.86(m, 1, =CH), 5.82(br m, 1, OH), 5.39(m, 1, NCH), 3.44(d, J = 5.9Hz, 2,

OCH,), 3.04(br m, 1, CH of cyclopropyl), 2.87(br m, 1, CH), 2.65-2.55(m, 1, CH),

2.24(t, J = 7.2Hz, 4, glutarate 2 x CH,), 1.70(m, J = 7.2Hz, 2, glutarate CH,), 1.62-
1.54(m, 1, CH), 0.68-0.54(m, 4, 2 x CH, of cyclopropyl).

25 Example |

Preparation of (18,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-
cyclopentene-1-methanol hemisulfate sait.



18 A suspension of (1
S,4R) - ci s-4-[ 2-am no- 6- (cycl opropyl am no) - 9H purin-9-yl ] - 2-

cycl opent g %Sﬁ?ﬁ hanol glutarate salt (20g) in a m xture aicikPesihoddsl ) and
wat er - ? Om) was heated to reflux to give a solution. The sol utdi on

was cool ed to about 75[err] C and a solution of -concentrated sulfuric
acid (2.4g) in water (5m) was added. 5 The resul tant sol ution was
diluted with a m xture of IPA (16m) and water - (4m) and then with

| PA (20m ). The solution was cooled to B to 55[err]C, seeded with
authentic (1 S,4R)-ci s-4-[2-am no-6-(cycl opropyl am no)-9H purin-9-yl]-2-

cycl opentengnds n ’ £t e Sl ' 2. gwput es.
P e Ll - By BT larnito) T S Ay 2
m nut es tcyelopehterid 1-meihapohglutarateasalt (20gdn aomixdiunet o5 (80ml) andwateout 2

hours and_t hen to abou er s%irring fcir a further 2
luti

hours t hé2Bmbdyes f\ﬁﬁeé quf’;é}‘{%‘ot,o %3%&1#?% ﬁtlbt,@ Solution waxepe eddo@bouted in
toita (17 5GAnd Pt ofbdfickftrafin S SagToMEH ifater (5] was addett O

A 5 lhe rdeultant eoldition was dilltedpaitata mixtafe of IPA (16ml) and water (4mi)
(1S,4R)-cis-4-[ 2-am no-6- (cycl opropyl am no) - 94 purin-9-yl ] - 2- .
cycl opentansethemwithalif ( shhe s3clution wasr epeled doBR &p PACE. Seeded Wwithhe

(15 9R - Aknante O3 RRLSEE 12 affino-shiraeba it ey va:2-
cycl opentgpgypbntidi3Akthabbl fifié@fta! salfafd | dtFrednfiit Alemr 36 Indihated)apd ng an

enantionmeric ratio of 97.5:2.5 as shown by chiral HPLC (eluant (1.0 v/v
acet oni t thé eesultand seispensioowagpadded ildA (J60ahovar ahattetS minutes 3herm dheim

Chr gfech Chiral - AGP, 100 x 4.0 JQw 1.0m /mon; detection at 220 was
25 T < usaension was sPOBs TG SRTbR5 (G er PORHk 2ALE Feh ey oAb ot ed to
reflux tae AY=¥ t | 4t C 7 o 80C
and & soln oAy St Rrebluer 2 hais (PP product war TiRgE AdsRcd i A
(33.5nm ) (2r40mijdest deied ihhacsolattalsout 45°C to give the title compound as a light

brown solid (14.98g, 93%), spectra identical to those of the product of Example A.

15 Example J

Preparation of (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl}-2-
cyclopentene-1-methanol hemisulfate salt from the succinate salt in the
presence of its enantiomer.

20 A mixture of (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl}-2-
cyclopentene-1-methanol, succinate sait and its enantiomer (134g) having an
enantiomeric ratio of 97.5:2.5 as shown by chiral HPLC (eluant (1.0 v/v
acetonitrile in aqueous 0.05M potassium phosphate buffer, pH 6.5; column
ChromTech Chiral-AGP, 100 x 4.0mm; flow 1.0ml/min;detection at 220nm) was

25 suspended in isopropanol (IPA) (302ml) and water (67ml) and heated to reflux to
give a clear solution. The solution was cooled to 75 to 80°C and a solution of

concentrated sulfuric acid (16.26g) in water (33.5ml) was added, and the solution



19 was clari.fied by a hot filtration, followng through the filter
wth a mxture of |PA and water (3:1, 1 34nm). The filtrates and
washi ngs were led to 45 to 50[err] C and seeded wt 8

aut hent i _ctvfgfs @ci S-4-[2-am no-6-(cycl opropyl am no) - 9H punl}h- -13’/9I 0-2835_
2-ycl opent ene- 1- net hanol, hem sulfate salt. Further |IPA (804nm) was- added
inb5 this tenperature range and the resultant suspension was cooled to O

to 5[err]C. The suspension was filtered and the product was washed
with | PA (2x200n) and dried in vd8uo at 40 to 45[err]C to give the
title conpound as a white crystalline solid (759, 689% .

Fati b orwan i, BY f bl ¥flioh? spldyvibo RRSUIH YA Rt wARY ikile A

exper i meghd wier @1 1 b utTherfilBgtescandwashingisdvéreccooiéd tabdas 50°C ard
enantionmers of the input succinate salt wth the same experinental

pr ot ocol seeded witheauthentield Si#R)-gigrirhe-reinofe(QyRiapropYBMING)-9idAurin-9-yi)-
SO NATZ YSlpEntene 1-methanglychemisiitals siFe Eiiter IPA (808mi) was added 3 !

0.5 i nae and the¥2sBitaft duspension was cooled to 098 89CL. The
99. 700, 3this temperature range anc fhe Foszita P 99.5: 0.5

96. 0: 4. Osuspension was filtered and the produet Gvasl washed with IPA §2x2@0ml)kand
Preparatign

n _of o . . . . .
(1S, 4R) - €fied In vacueah4040 A5 Citoaive e ilie spmpaund-as,agvhits crystalline solid
cycl openE&e-G%%SEt hanol hem sulfate salt fromthe glutarate salt in the
presence*’or’’its ‘énanti oner.
Analysis of the product by chiral HPLC (conditions as above) showed the ratio of

10 enantiomers to be 99.2:0.8.

A range of similar experiments was carried out on 8g scale using different ratios
of enantiomers of the input succinate salt with the same experimental protocol.

The results are summarised below in tabular form:

RATIO OF ENANTIOMERS OF RATIO OF ENANTIOMERS OF
INPUT SUCCINATE SALT PRODUCT HEMISULFATE SALT
99.5:0.5 99.9:0.1
99.0:1.0 99.7:0.3
98.0:2.0 99.5:0.5
96.0:4.0 99.0:1.0
15
Example K

Preparation of (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-
cyclopentene-1-methanol hemisulfate salt from the glutarate salt in the
presence of its enantiomer.



20 A  mxture of (1

S, 4R) - ci s-4-[2-am no- 6- (cycl opropyl am no) - 9H purin-9-yl | - 2-

cycl opent hanol, glutarate salt and its enanti oner i ng an
enantlomas?é ra)[;g% of 98 6:1.4 as shown by chiral HPLC (conéf?ﬁg@ﬁ@gg% above
in 5 Exanpl e J) was suspended in isopropanol (IPA). (400m ) and water

(100m) and heated to reflux to give a clear solution. The solution
was cooled to 70 to 75[err]C and a solution of concentrated sulfuric
acid (12.01g) in water (25m) was added20 followed by a mxture of |PA
and water (4:1, 100m ) and then by |IPA (100m). The sol ution was

cooled to 50 to 55[err]C and seeded with authentic (1S,4R)-cis-4- 10
[ 2- ami no- 6- (cycl opropyl ami no) - 9H puri n-9-yl ] -2-cycl opent ene-1 - net hanol

heni sul f dhe sixture Fupt het19,.4R)-ciodi2amine-tx propylamina)eShbuain.g-gil+2ange
d | t.ant led to 0.0 5 . Th
uspensi dcRRenfeife-dBgahoR.” BEisdres el SRdcHs Ehanioemery C1dday haAng 22n00n )

dd '
agl : er L?%ngxlt’léﬁféiﬁl at Sf)ﬁtllo”fo( gg gef"ﬁheé% kFrown by chRaﬂHP‘f’.Ct g&%nhp]tfdn‘ér%éé%gﬁygqn as a

chird HFEExamplenbl wasrsmspendedme xsopr&pamil (dPA) (400ml) aﬂdowatért(l‘leom)t aAd of
enantio rs t Preparati on of

(1S, 4R) - ‘2 r% g° Q'V@cﬁcﬂl%ﬁfr yil%n%@ﬁ splution wasocqgled do 78oto 75°C

|
‘éyZR?pﬁP?ir'bF jsgm*’#ﬂéf?? oI SuRE id (12,019} nhater (250 wasadste. 1-
met hanol foliowed ydaanixtdre OfLIPY)amhwvasert (431 HO0AW) am’théﬁ%% IPR"(GobRPL ed in

| M5 (about, 25m) until a_clear solution was fornmed 'S vvas al’T owed

to cool t@%ﬁ@lHt‘OQﬁNas sopled PSRl SBhe andsaeeded withspghentic: (Wﬂ‘ﬁdls-ép ed

e 19 g nBLeelonbp oy o purkRg A ZhysBashenel Shidands . VSobr e,
C. [err] taBuffstaneattl] Fusthit W’A](BO@nﬁ)SMsQiddéd Jﬁ?us7 &#mpératdr;ﬂ%g;%cz m o1

aromatic CH); 7.66(s, 1 H purine CH;
H, the resultant suspension was cooled to 0 to 5 C The suspension was filtered

and the product was washed with IPA (2x200ml) and dried in vacuo at 40 to 45°C
to give the title compound as a white crystalline solid (72g, 90%).

15  Analysis of the product by 6hiral HPLC (conditions as above in Example J)
showed the ratio of enantiomers to be 99.6:0.4.

Example L

Preparation of (15,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl}-2-
20 cyclopentene-1-methanol salicylate salit.

(1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl}-2-cyclopentene-1-
methanol (Intermediate 1) (1.0g) and salicylic acid (0.482g) were heated in IMS
(about 25mi) until a clear solution was formed. This was allowed to cool to about
25  20° C and the resultant suspension was filtered and the solid product dried in
vacuo at about 40° C to give the titie compound as a white solid, (1.163g , 78%);
~m.pt: 195 - 198° C; 'H-NMR (dmso-dg)d: 7.78(d of d, J=7.7Hz, J= 1.7Hz, 1H,
aromatic CH); 7.66(s, 1H, purine CH); 7.66(br m, 1H, NH); 7.43-7.48(m, 1H,
aromatic CH); 6.85-8.92(m, 2H, 2 x aromatic CH); 6.11(m, 1H, =CH); 6.11(br m,
30  1H, OH); 5.87(m, 1H, =CH); 5.40(m, 1H, NCH); 3.45(m, 2H, OCH,); 3.03(br m,



aromatic CH); 6.85-6.92(m 2H, 2 x aromatic CH); 6.11(m 1 H, =CH); 6.11
(br m 30 1H, OH); 5.87(m 1H, =CH); 5.40(m 1H, NCH); 3.45(m 2H, OCH2);

3. 03(br PCT/EP98/028?51 '
1H, mo;u’gﬁﬁ’r"%ﬁ?opyn 2.87(m 1H, CH): 2.55-2.65(m 1H, CH): 1.63-1.55(m
1 H, CH); 0.73-0.58(m 4, 2xCH2 of cycl opropyl ). The -so- forrred

salicylate salt nmay be converted to the desired hemsulfate salt by 5 a
met hod anal ogous to that described at Exanple G for conversion of the
benzoate salt to the henisulfate salt. 21 Exanpl e M Pr epar at i on
of (1S, 4R)-cis-4-[2-am no-6-(cycl opropyl am no)-9H purin-9-yl]-2- 10

(1S SR Bl ph iR T8 Bl 2 h AT FE BRI, ©
yl]-2- cygjmpgr‘pty.o@g;ma; RrOH goﬁ:chBngpyi)n i ndustrial nethylated spirits

(I M5) 40mL) was heated to 60[err]C to obtain a clear solution. A
sol uti on of concentr ated ric acid was added

ul f 6,99 in, M5 (15M )
dr opwi se &rﬁ?‘f@i@‘%%@y@%ﬁégu may geﬁ’é’&f’%ﬁeﬁ&ﬁ@?e (F?@FVGQ he(gwggg%sqjt B¥h to
oncegno | {Hd t to
30[ e?r] éo%ﬁg@oﬁﬁb oﬁ"r8 ﬁe%"}@"s‘?? | sa rﬂb?é é %)Na%crg%?ér':aﬁgédaﬁg
t he cool bégzoa't@@ltsmheﬁféntUME daltc t her cool ed to O to 5[err] C over
about 0.25h, and stirred for about 1 h within this tenperature range. The
product 20 was filtered, washed with IM5 (2 x 15m ), and dried in vacuo
at 40 tog451 erlr!E: to give the title conmpound as a fine white powder
(9 07g r¥a err]HHNVR (DMSO-d[err])[err]: 0.78 (2H, m, 0.93
, 1.10 (3H, t, J 7.1Hz) (ethanol), 1.63 (1H, dt, J 13.8,

s 5l Frifafmien SR AT R & %"?ﬁ&*‘ﬂ?"“@egé*’%""*#?'l%fT7 "

(1H10n) , cyc pemtsnssi-mﬁtbaaa 8.0 (1H s). Exanpl e N

A stirred suspension of (15,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-
yl]-2-cyclopentene-1-methanol (10.00g) in industrial methylated spirits (IMS)
(40ml) was heated to 60°C to obtain a clear solution. A solution of concentrated

16  sulfuric acid (6.99g) in IMS (15ml) was added dropwise, and the mixture was
heated under reflux for about 0.25h to once more obtain a clear solution. This
mixture was cooled to 20 to 30°C over about an hour, with crystallisation
occurring during the cooling. This suspension was further cooled to 0 to 5°C over
about 0.25h, and stirred for about 1h within this temperature range. The product

20 was filtered, washed with IMS (2 x 15ml), and dried in vacuo at 40 to 45°C to give
the title compound as a fine white powder (9.07g, 67.5%); 'H-NMR (DMSO-dB)s:
0.78 (2H, m), 0.93 (2H, m), 1.10 (3H, t, J 7.1Hz) (ethanot), 1.63 (1H, dt, J 13.8,
5.5Hz), 2.64 (1H, dt, J 13.8, 8.8Hz), 2.8 - 3.0 (3H broad m), 3.46 (2H, m), 3.74
(2H, q, J 7.1Hz) (ethanol), 5.42 (1H, m), 5.88 (1H, m), 6.17 (1H, m), 5.4 -7.8

25 (broad, exchangeable), 8.0 (1H, s).

Example N

Preparation of (15,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-
30 cyclopentene-1-methanol hemisulfate salt.

A stirred suspension of (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-8H-purin-9-
yi}-2-cyclopentene-1-methanol monosulfate salt (5.009), and (1S,4R)-cis-4-[2-



Preparation of

(1S,4R) -ci s-4-[ 2-am no-6-(cycl opropyl am no) - 9H purin-9-yl]-2- 30

cycl opentene-1 -nethanol henmisulfate salt. A stirred |Qn of
(1S, 4R) - ci &Q”{’-"Z"S’m no- 6- (cycl opr opyl ami no) - 9H puri n- 9- PUITESEI08S
yl]-2-cycl opentene-1 -methanol nonosul fate salt (5.00g), and (1

S, 4R) -ci s-4-[ 2- . 22
am no- 6- (cycl opropyl am no) - 9H puri n-9-yl ] - 2- cycl opent ene- 1- et hanol

(3.725g) in I sopropanol (1 PA) (30m 22and water (10m ) was heated under
reflux for about 0.25h to obtain a clear solution. The solution was

0. 25h ol A SEXARP rpeif%fge R e B R T
occurred qgég,eagghep () LR e wBtah 01 GriaS O | NP o 0P cfthfr 1] C

over about n fur her co to’'0to err] C over about 0. 25h,

and 0.25h 6 obtdinabcletr suumm HTine sblusiohavaeecesled ¢o abogeS0 T 65PC pdnd t
was filtered, washed with IPA (2 x 10m ), and dried in vacuo at 40 to

45[err] C tIBAgi4Qmhrwasjadded over abﬁpber%ﬁfam\nﬂaimeg hettempsratire @ 30 do

Beampi® 1150 Fa b Bl A phed fuit W adBiion? TAE Hfbade WHEFBERY R 28 ana

C are pr e%r:ﬁjiob?l cg{/ tARUhAIr ferPfurfh2® cooled tol (MY §€t @VEFaMbLLD. QSﬁObHG' on

of povi done, fol addi tion of magnesium stearate and

conpr essi astirred Ior aboEbr‘k‘ruhAamlmrthls temperature range. The product was filtered,
/ t abl et /t abl tive ingredie 25

g;'é’,o wq«g)ged V\{_@C[P&G(ZB( ﬁoW andA dried in vag@i)oat 46 to 45°65to give 819( tifle

Povi done B, [ compound as a fine white Jp%wder (5.17g, .9)9 1%), spectra identical to those of the

10  product of Example A.

Example 1:  Tablet Formulations

The following formulations A, B and C are prepared by wet granulation of the
ingredients with a solution of povidone, followed by addition of magnesium

stearate and compression.

15 Formulation A
mg/tablet mg/tablet
(a) Active ingredient 250 250
{b) Lactose B.P. 210 26
(c) Povidone B.P. 15 9
20 (d) Sodium Starch Glycoliate 20 12
(e) Magnesium Stearate 5 3

500 300



(e)
RETERI s

(b) .Lactose
26 (d)
Sodi um St ar ch

20 (d) Sodi um Starch d ycoll ate 20 12

Magnesi um St ear at e 5 3

500 300

For nul at i KO @8/52949 ng/ t abl et

(a) Active ingredi ent 250 250

150" 5 (c) Avi cel PH 101 60

Povi done B. P. 15 9 (e)

d ycoll ate 20 12 (23 Magnesi um St ear at e

200 10 Fror%ul atpon Cl (Controlled Rel ease Fornul ation) >0 The
formul at i (ﬁﬂ.ﬁ'&'_ﬁgﬂb&ed by wet granul ation of the ingredients (below wth
a sol ution of povidone followed by the addition of magnesium stearate
ﬁg?t abl et cigpres?g?nm@&_tve | ngredi ent Mg/tablet 500 (b)
OV A RE 112250 (1erhegel KO e i
28 20 (®) Magroeai um St ear at e 150 7 -
o0 5 (c) Avicel PH 101 60 26
(d) Povidone B.P. 15 9
(e) Sodium Starch Glycollate 20 12
4] Magnesium Stearate 5 _ 3
500 300
10  Formulation C1 (Controlled Release Formulation)
The formulation is prepared by wet granulation of the ingredients (below) with a
solution of povidone followed by the addition of magnesium stearate and
compression.
mg/tablet
15 (a) Active Ingredient 500
(b) Hydroxypropylmethylcellulose 112
(Methocel K4M Premium)
(c) Lactose B.P. 53
(d) Povidone B.P.C. 28
20 (e) Magnesium Stearate 7
700

Capsules are prepared by dispersing the active ingredient i

n the lecithin and

arachis oil and filling the dispersion into soft, elastic gelatin capsules.

Formulation C (Controlled Release Capsule)




Capsul es are prepared by dispersing the active ingredient in the lecithin

and arachis oil and filling the dispersion into soft, elastic

gel atin capsul es. Forrmul ation C (Controll ed Relea§§ bR -
24  WRESEZPowi ng control | ed rel ease capsul e formul atFGHE S prepar ed
by extruding ingredients a, b, and c using an extruder, folloewed by
spheroni sati on of the extrudate and drying. The dried pellets are
then coated with rel ease- controlling nenmbrane (d) and filled into a
t wo- pi ece, hard gelatin capsul e. 5 24

ng/ capsul e (a) Active | ngredi ent 250 (b)

2"2? ot y_ﬁt]g l(flgwﬁingf cl:énlilr@%a qﬂl%gzsge capsule fg%ulatiléﬁcé OégpaB@d by extruding

o138 4 (ingredieitd' a1 bohnid &fdéiﬁ%%gﬁf}ua@@'fsnawed by spiéroniitioR"brthd | | ™
coated taBlet I's prepared using a direct conpressi'on process. he

hem suf agxarsddte ahd( Unfing.R) - The - driéd - pellets - &ire( ¢iyen opoatesi| withnogleasepuri n- 9-
yl]-2-cycl opent ene- 1-net hanol is sifted and, bl ended with mcrocrystalline

15 cel contrafing:mersbrane-d3 apd diled igton twe-piageg harl gelalin capsule. and

colloidal silicon di oxi de are then sifted and bl ended with the other
i ngredients. The blend is conpressed into tablets which are then
coat®d using standard fil mcoating matcapsulegy .

(8) Active Ingredient 250

(b)  Microcrystalline Cellulose 125

(c) Lactose BP 125

(d) Ethyl Cellulose _13

10 513

Formulation D (film coated tablet)

The following film coated tablet is prepared using a direct compression process.
The hemisufate salt of (1S,4R)-cis-4-[2-amino-8-(cyclopropylamino)-9H-purin-9-
yl}-2-cyclopentene-1-methanol is sifted and blended with microcrystalline
15  cellulose and sodium starch glycolate. Magnesium stearate and colloidal silicon
dioxide are then sifted and blended with the other ingredients. The blend is

compressed into tablets which are then coated using standard fiim coating

technology.
mg/tablet
20 Tablet Core
(a) hemisulfate salt 351.0
(b) Microcrystalline Cellulose 414.6
(c) Sodium Starch Glycolate 240

25 (d) Magnesium Stearate 8.0



ng/ t abl et 20 Tabl et Core (a) hem sul fate salt

351.0 (b) M crocrystalline Cellul ose 414. 6 (c) Sodi um
Starch @ | 24.0 25 (d) Magnesi um St ear at e 8.0
25 - ‘?é’?’gﬁ& | oidal Silicon Dioxide 2.4 Tor i CAPESTabl et
Wi ght 800.0 Tabl et Coat (f) Opadry[err] ~Yel | ow
24.0 (g) 5 (9) Purified Water USP g.s. Total Tabl et
Wi ght 824.0 The amount - of col |l oi dal silicon dioxide
present in the tablet core may be varie@b to e.g. 0.8ny. Exanpl e
2: Injectable Fornulation 10  Active ingredient
(r)ﬂ.ZOO g ©) Stc,eorll'okaeal th/éo%gﬁ%x]‘d'eee phosphat E“puffer (pH 7.0) to 10

Total Core Tablet Weight 800.0

Tablet Coat

\]] OpadryTM Yellow 24.0 (9)

5 (9) Purified Water USP q.s.
Total Tablet Weight 824.0

The amount of colloidal silicon dioxide present in the tablet core may be varied
fo e.g. 0.8mg.

Example 2: Injectable Formulation

10  Active ingredient . 0.200g
Sterile, pyrogen free phosphate buffer (pH 7.0) to 10 ml

The active ingredient is dissolved in most of the phosphate buffer (35-40°C),

then made up to volume and filtered through a sterile micropore filter into a

sterile 10ml amber glass vial (type 1) and sealed with sterile closures and
16  overseals.

Example E: Intramuscular Injection

Active Ingredient | 0.20 g
Benzy! Alcohol 0.10g
Glycofurol 75 145¢g

20  Water for Injection g.s.to 3.00 ml



The active ingredient is dissolved in nost of the phosphate buffer

(35-40[err] O, then nmade up to volune and filtered through a sterile
mcroporefllter into a sterile 10mM anber gl ass vial d .
seal ed witW< sgtséF?"Pe closures and 15 overseal s. %%?‘é&?‘z&zs@

| ntramuscul ar | nj ection Active | ngredient

0.20 g Benzyl Al cohol 0. 10 g

A ycofurol 75 : 1.45 g 20 Water for

I nj ection g.s. to 3.026m

26 The active ingredient is dissolved in the glycofurol. The benzyl

mixture i The Achve inaredient s RSopd T8 S buycBRitel” The BT aldneLR theh'cea e
in steri '5‘do@dﬂan8 cﬂ§§ol¥é@' and Waﬂér dlided to 3 mEXInR! midure | is tr%/ri lfiliered

Suspensi on tive 1 ngredi ent

Sor bi t ol tAedugh alsterlle m:cropore filter and saaleddo sterile 3 mi gtasyomle I(type 1).
2.0000 g D| spersi bl e Cel | ul ose 0.0750 g 10 Sodi um
Benzoat e 0. 0050 g Fl avour, Peach 17.42.3169
0. 0125 mMExam |e4Pur|f|ed Wat er g.s. to 5.0000 m The
sodi um be‘n_zﬁ%'l—s di ssolved in a portion of the purified water and the

5  Syrup Suspension

Active ingredient - 0.2500 g
Sorbitol Solution 1.6000 g
Glycerol 2.0000g
Dispersible Cellulose 0.0750 g
10 Sodium Benzoate 0.0050 g
Flavour, Peach 17.42.3169 0.0125 ml
Purified Water g.s.to 5.0000 mi

The sodium benzoate is dissolved in a portion of the purified water and the
sorbitol solution added. The active ingredient is added and dispersed. In the
16  glycerol is dispersed the thickener (dispersible cellulose). The two dispersions

are mixed and made up to the required volume with the purified water.

Example 5: Suppository

mg/suppository
Active Ingredient 250
20 Hard Fat, BP (Witepsol H15 - Dynamit Nobel) 770
1020

The active ingredient is used as a powder wherein at least 90% of the particles

are of 63um diameter or less.



~

sorbitol solution added. The active ingredient is added and dispersed. In
the 15 glycerol is dispersed the thickener (dispersible cellulose). The

two di spev\g*d)&;s”” are m xed and nade up to the required %8)%&@ t he

purified Exanpl e 5: Supposi tory

ng/ supposi tory Active | ngredi ent -

250 20 Hard Fat, BP (Wtepsol H15 - Dynamt Nobel) 770

1020 The active ingredient is used as a powder wherein at |east 90%
of the particles are of 63[err]m@arreter or |ess.

27 One-fifth of the Wtepsol HI5 is nelted in a steamjacketed pan

at Aoler! bfefifth of e WilpsHi HA6 ' s fdid! il Bledri-jdiddted pal o5

200[err]m5|eve an nol ten base ng, using a

si | ver sonnfaxirhaeh. WIhé attive indredient ési sifiedithfough a 200psvsiave ahid pddeddo is
achieved. Maintaining the mxture at 45[err]C, the remainin 5 Wt epsol
H15 i s adthedmolenthasenwite mixiog, Uaingsa sivesson Hited withea scuiting yntil a

h h | |
Cereen - Soolih gRARREAN (o AchizyBls Mty e Iniite e D, 38 rorEming or v ] .
Al a e| % Oﬁégél oPHAB is added3f] Bie’ shféﬁé?\sfd?{ 8hd ]sﬁfrgd 8B riduré rz‘aehJS?rl?é)bE!'hSus5

fille tabl e plastic noul ds. uppositories arée allowed to
cool to rmmn (Thepentdesuspension is ;E&seﬂl thrdugrPaMpnestamless steel screen
ny/ pessary Actj ve i ngyredi ent o 250

and, with continuous s :rrlng. is allowed to cool to 45°C. At a temperature of

38°C to 40°C 2.02g of the mixture is filled into suitable plastic mouids. The

suppositories are allowed to cool to room temperature.

10 Example 6: Pessaries

mg/pessary
Active ingredient 250
Anhydrous Dextrose 380
Potato Starch 363
15  Magnesium Stearate _ 7
1000

The active ingredient is used as a powder wherein at least 90% of the patrticles

are of 63um diameter or less.

The above ingredients are mixed directly and pessaries prepared by direct

20 compression of the resulting mixture.

Example 7: Topical formulation

Cream
Active compound 5.00g
Glycerol 2.00g



Anhydr ous Dextrose 380 Potato Starch

363 15 Magnesi um St ear at e 7
1000 ctive ingredient is used as a powder whergi %ﬁf]h st 90%
of the parvy?gg;gé“@ are of 63[err]mdianeter or |ess. Fethe %%,above
ingredients are m xed directly and pessaries prepared by direct 20-. -
conpression of the resulting m xture. Exanpl e 7: Topi cal
formul ati on : Cream
Active conpound 28%. 00g d ycerol
2. 00g 28
Cetosteary | co 6. 75 Sodi um | auryl sul phate
0.75g9 ée@?&ag&ls%??h?}ar affin %'759 2. 50g Liquid
paraffin godjum lauryl sulphate 5. 009 5  oCf8gpr ocr esol _
0. 10g Purified water to 100. 00g Di ssol ve
t he acti véAhitersoftrparaffira mi xture of puri 2% wat er and gl ycerol and

Liquid paraffin 5.009

5 Chilorocresol 0.10g
Purified water to 100.00g

Dissolve the active compound in a mixture of purified water and glycerol and
heat to 70°C. Heat the remaining ingredients at 70°C. Add the two parts
10  together and emulsify. Cool and fill into containers.



~

heaf to 70[err]C. Heat the remaining ingredients at 70[err]C. Add the two
parts 10 together and emulsify. Cool and fill into containers. CLAI M

1. The.hemysglgspagqesal t of PCT/EP98/02835
(1S, 4R)-ci s-4-[ 2- am no- 6- (cyclopropyl am no) - 9H puri n- 9-
yl]-2-cycl openténe- 1-methanol or a sol vate thereof. 2. A nmethod for the

treat nent of n in a human host which conprises

admi ni steri ng“"“llllﬂ""l lll”“m ef fective,gmount of a conmpound as clained in
Claim1 3. *A €onpouhd sas *cl ai med in aim1 for use in nedicine. 4,
Use of a conpound as clainmed in Claim1l in the manufacture of a nedi canment
for the treatnment of a viral infecti QLAIM®. Use of a conpound as cl ai ned

in daim4 wherein said viral infection 1s an HV or HBV infection. 6. A
process for the preparation of the conmpound claimed in Claim1 which

process cg "D’Zh? Z@m.su%?ég‘s?%% POSB?,(I)RZ!&Q-HIIZ-C&rﬁﬁb%-?é%Iopropylammo) 9H-purin-

(1S4R) cl's am n m no) - 9H pur

9-yl ] - 2- cg-sAjpeptiopentenerbniethanolior ansalvalecthecenft ri c rati o of approxi mately
1: 2. 7. A process for the preparation of the conpound clained in CCaiml
whi ch process conpri ses: adm xture of (1

S, 4R) - ci s2 4- TRe ¥Bhipound &y elatrhéd iry Ciatind]n the- fowni of-Phydirate’.-

5 3. A method for the treatment of a viral infection in a human host which
comprises administering to said host an effective amount of a compound as

claimed in Claim 1 or Claim 2.
4. A compound as claimed in Claim 1 or Claim 2 for use in medicine.

5. Use of a compound as claimed in Claim 1 or Claim 2 in the manufacture of a

10 medicament for the treatment of a viral infection.

6. Use of a compound as claimed in Claim 5 wherein said viral infection is an
HiV or HBV infection.

7. A process for the preparation of the compound claimed in Claim 1 or Claim 2

which process comprises:

15  admixture of sulfuric acid and (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-
purin-9-yi]-2-cyclopentene-1-methanol in a stoichiometric ratio of approximately
1:2.

8. A process for the preparation of the compound claimed in Claim 1 or Claim 2

which process comprises:

THIS SHEET HAS BELN
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cycl opentene-1 -nethanol sulfate (1:1 salt) "and (1

S,4R) - ci s-4-[ 2- am no- 6-

(cycl opr of) g3r%k9a9) - 9OH puri n-9-yl ] - 2- cycl opent ene- 1- net hanolPGIVEPAS/0283%:

substantially 1:1 nolar ratio in solution. 8. A process for the .

preparation of the conpound clainmed in Caiml V\/ni7 rocess conprises
|m,it

adm xture of sulfuric acid and a salt of (1S, 4R)- ’m;’mmnym’sr t han

(cycl opropyl am no) - 9H purin-9-yl ] - 2- cygéopent ene-1
the hem sulfate salt. 9. A process a5 clained in daim8 hheteimn said
sulfuric acid and said salt are present in approximtely the stoichionetric
rati o refimixtaet 0 6Hr m (1S4 RpoisedH{Z-amino-6-(cycRipropylamingy-8ldquiina8-yth2xi med
in either of Clains 8 or 9 W;lejkein the salt of

0

[ 2- alm' neyslapeptenssi speihaneh ateyu(?+3- osakt) - Enéig‘ﬁ%}&ﬁéiéﬂ@f‘ﬁﬁog i s
therei n CHGBERY MBI OL- Gy eiu 2 chbioparfibReI o ladl S, substaily

consi st iNg mbiak ko inaotutia. ut ar at e, hem suberate, adipate, funarate,
hem sebacate and pinelate salts and any m xtures thereof. 12. A process
as clainmed in either of Clains 8 or 9 wherein the salt of (1S, 4R)-cis-4-

[ 2- agri nag BA( b B&NatIBH SRMhE cdnblnd chiifleaRATCRIA- LoPeiliAng! i s
sel chr!t e?'fﬁtﬁfﬁ?? %Ogdr?gﬁ%q{:%nsi stgihl;lg ofb bogﬂgoart‘ ecg@ sal i c?li}gtﬁbggjlit gngnd any
m Xt ur eswhichmpeodess cdfiprisespadmbdsreast sutburiceatid andraysalf of 5 ,4R)-@ig-0 42
wherein the optical purity of ¢ hem sulfate is greater than fhat of the
st ar t i nd2snino-6-{c .°|‘£)PVBH¥!%H§B%$§G§F"WQTM&VF@H“’&%@(?@% apot oBNATd as
cl ai med 4 ' E}‘ﬂs har maceutically acceptable carrier therefor. 15.
A phar ngggﬂﬂ‘%g o@fr%g?g?ﬁ'on as claimed in daim14 in the formof a

tablet, a capsule, or liquid formulation.
10. A process as claimed in Claim 9 wherein said sulfuric acid and said salt are

10  present in approximately the stoichiometric ratio required to form the compound.

11. A process as claimed in either of Claims 9 or 10 wherein the salt of (1S,4R)-
cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yi]-2-cyclopentene-1-methanol is

a salt with a dicarboxylic acid.

12. A process as claimed in Claim 11 wherein said salt with a dicarboxylic acid is
15  selected from the group consisting of succinate, glutarate, hemisuberate, adipate,

fumarate, hemisebacate and pimelate salts and any mixtures thereof.

13. A process as claimed in either of Claims 9 or 10 wherein the salt of (1S,4R)-
Cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl}-2-cyclopentene-1-methanol is
selected from the group consisting of benzoate and salicylate salts and any

20  mixtures thereof.

14. A process as claimed in any of Claims 9 to 13 wherein the optical purity of the

hemisulfate is greater than that of the starting sait.
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16. A pharmaceutical formulation as claimed in Caim 14 adapted for
parenteral admnistrati on“ll'lnml“\lﬂ"ﬂu mlut ical formulation as clained in
any -of Cl\gbgsighet 0 16 ad m si ng one or m)rePldTmmplemiSc
agents. selected fromthe grioup cbnst st ng of nucl eoside reverse .
transcri ptase inhibitors, non-nucl eoside reverse transcriptase inhibitors,
prot ease inhibitors, im"rune nodul ators and i nterferons. 18. A

di carboxyl ate salt of '

(1S, 4R)-ci s-4-[ 2-am no-6- (cycl opropyl am no) - 9H puri n- g-

yl]-2-cycl opent ene- 1- net hanol wherein said di carboxylate is selected from
the grougs cRBhaFhaBsutiial BriilARSEcomMpRsings cairpound! wbﬁumédrmmé:ﬁﬂ

heni sebacat e and pi el at e. 19. The glutarate salt of
(1S, 4R) -ariGlaim [2ardraphagmacgutiealiyasceptable cagiergberefop- y| | -
2-cycl opent ene-1 -net hanol . 20. The nonosul fate, benzoate or salicylate

salt of (1S,4R)-cis-4-[2-am no-6-
(cycl oprimyA phiannacébtiqal formulatjor) a8 -claimeddarClaine-15 inrthe fiarmlof a tablet, a

capsule, or liquid formulation.

5  17. A pharmaceutical formulation as claimed in Claim 15 adapted for parenteral

administration.

18. A pharmaceutical formulation as claimed in any of Claims 15 to 17
additionally comprising one or more therapeutic agents selected from the group
consisting of nucleoside reverse transcriptase inhibitors, non-nucleoside reverse

10 transcriptase inhibitors, protease inhibitors, immune modulators and interferons.

19. A dicarboxylate salt of (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-8H-purin-
9-yl}-2-cyclopentene-1-methanol wherein said dicarboxylate is selected from the
group consisting of glutarate, hemisuberate, adipate, fumarate, hemisebacate

and pimelate.

16  20. The glutarate salt of (1S,4R)—gi§-4-[2-amino-6-(cyclopropylamino)—QH;purin-Q-
yl}-2-cyclopentene-1-methanol.

21. The monosulfate, benzoate or salicylate salt of (1S,4R)-cis-4-{2-amino-6-

(cyclopropylamino)-9H-purin-8-yl}-2-cyclopentene-1-methanol.
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