l 3- Oxat hi ol ane Nucle05|de Anal ogues The present invention relates to
nycl gosi de anal ogues and their use in nedicine. Mre specifically the
vention is concerned with 1,3-oxathiol ane nucl eosi de anal ogues,

pharnaceutlal formul ations thereof and the use"thereof in the treatnent of

viral infections. The conpound of formula (1) [err] also known as BCH 189

or NGPB-21 has been described as having antiviral activity in particular

agai nst the hunman |nnunodef|0|ency V|ruses (HIV‘s) the causatlve agents of.

AIDS (5th Anti-Ai ds Confer encel,3kDxethd 2 e

‘Abstracts T.C. O 1 and MC. P. 63; European Patent Appllcatlon Publlcatlon

No. 0382562). The conpound of fornula (I) is a racemc mxture of the two

enanti omers of for nmul d&e(RResyntyAgveqtioy  telpeds Lo MFLRRZIGNAPBRF ARG their

tested in the forRmsefid héaiAaeMiMBre TdpRcOMAa11ly the invention is concerned with

1, 3~oxathiolane nucleoside analogues, pharmaceutial formulations

‘7‘04'002.-7 wes.

thereof and the use thereof in the treatment of viral infections.

The compound of formula (I)

NH,

N/
M
HOCH, .
S .
also known as BCH-189 or NGPB-21 has been described as having
antiviral activity in particular against the human immunodeficiency
viruses (HIV's), the causative agents of AIDS (5th Anti-Aids
Conference, Montreal, Canada 5th-9th June 1989: Abstracts T.C.0.1
and M.C.P. 63; European Patent Application Publication No. 0382562).

The compound of formula (I) is a racemic mixture of the two

enantiomers of formulae (I-1) and (I-2):-

NH, - NH,
N7 '| N7 |

o )\N (1-2) o )\N (1)
HOCH, 0 HOCH, O—;-

Y |

and was described and tested in the form of its racemate. The only
compound currently approved for the treatment of conditions caused
by HIV is 3’-azido-3’-deoxythymidine (AZT, zidovudine, BW 509U) .
However, this compound has a significant side-effect liability and

thus either cannot be employed or, once employed, may have to be

withdrawn in a significant number”of patients. There is in
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compound currently approved for the treatnent of conditions caused by HV
I § 3'-azido-3' -deoxythym di ne (AZT, zidovudi ne, BW509U). However, this
conpound has a significant side-effect liabijity and thus either cannot be
enpl oyed or, once enployed, may have to be withdrawn in a significant
nunber of patients. There is in 2 consequence a continuing eed to

provi de conpoundsc¥hi&dudice Qf E8atiMeimPalerat t &l prdiadridompauaanCeRIGH aite
significantly better therapeutic index. Vétbhave now, f o nd.th.aft., 1
surprisingly, enaRtiShers 9P e B8 ifoNatola ?%I%cﬁumf“éta(qlé) SEPHTAGRT Yt BRYLeT
agai nst H 'V but t tidrapeeief iddeg.enantionmers (the(-)-enantioner) has

consi der abl y lover cyf@t Xt EaRat ifa Ot Q%Epﬁﬂgﬂﬁéﬂferenantiomers of the

compound of formula (I) are equipotent against HIV but that one of
the enantiomers (the(-)-enantiomer) has considerably lower
cytotoxicity than the other enantiomer. There is thus provided in a
first aspect of the invention the (-) (or laevorotatory) enantiomer
of the compound of formula (I) and pharmaceutically acceptable
derivatives thereof. o

The (-) enantiomer has the chemical name (—)fitimino-l—(z—
hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)- pyrimidin-2-one
(hereinafter compound (A)). f£ has the absolute stereochemistry of
the compound of formula (I-1) which has the name (2R,cis))-4-amino-
1-{(2-hydroxymethyl-1, 3-oxathiolan-5-yl) - (1H) -pyrimidin-2-one.

Preferably Compound A is provided substantially free of the
corresponding (+)-enantiomer, that is to say no more than about 5%
w/w of the (+)~- enantiomer, preferably no more than about 2%, in
particular less than about 1% w/w is present.

By "a pharmaceutically acceptable derivative" is meant any
pharmaceutically acceptable salt, ester, or salt of such ester, of
compound (A) or any other compound which, upon administration to the
recipient, is capable of providing (directly or indirectly) compound
(A) or an antivirally active metabolite or residue thereof.

It will be appreciated by those skilled in the art that
compound (A) may be modified to provide pharmaceutically acceptable
derivatives thereof, at functional groups in both the base moiety
and at the hydroxymethyl group of the oxathiolane ring. Modification
at all such functional groups are included within the séope of the
invention. However of particular interest are pharmaceutically
acceptable derivatives obtained by mbdification‘of the 2-
hydroxymethyl group of the oxathiolane ring. '

Preférred esters of compound' (A) include the compounds in which
the hydrogen of the 2-hydroxymethyl group is replaced by an acyl

O
function R-g- in which the non-carbonyl moiety R of the ester is

selected from hydrogen, straight or branched chain alkyl (e.g.
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The (-) enantionmer has the chem cal nanme (-)-cis-4-Amno-|-
(2- hydroxynet hyl - 1, 3- oxat hi ol an-5-yl')- (I H - pyrimdin-2-one (hereinafter

conpound (A)). It has the absolute stereochgnistry of the conmpound of
formula (1-1) which has the nane

(2R ci s))-4-am no- 1- (2 hydr oxynmet hyl - 1, 3- oxat hi ol an-

5-yl)- (1 H)-pyri ningL %%yll Nn BECHY aneebmh &x-fbluli:ijl)ﬂsﬂ%ﬁcy@ftkirhe(e g.
present |nvent|on ere ErOVIde harnaceutlc CO OSIt (L 1
conprising: a phaﬁﬁﬁeéﬁf‘ﬁw Y a%’é%’p’f‘é’o éec%rr‘?ee?”fhe RS nd‘ Yl (e.g.

(-)-cis-4-am no- bhérﬁvxblyéﬂr@xy,rmﬁ:hyl(elgB-plmanhioptmllta&}yls)lb#(t]!ﬁ)lted by halogen,
pyrim din-2-one Qr Lmeceuti c cC BSesabled eggg;ﬁ, ther
t her apeutic agenfo'ls’él r}‘l"ed ’fféjém 2%5‘}/}“@ dggiéﬂnué%e%gsﬁ Jﬁé I'n aéggg]r(ggﬂc%e
‘with a second aspeztkydsulphenyr deent mehpeasiphonyl) i amino “adid esters (e.g. L+

valyl or L-isoleucyl) and mono-, di- or tri-phosphate esters.

With regard to the above described esters, unless otherwise
spécified, any alkyl moiety presént advantageoﬁsly contains 1 to 16
carbon atoms, pafticularly 1 to 4 carbon atoms. Any aryl moiety
present in such esters advantageously comprises a phenyl group.

In particular the esters may be a C;_jgalkyl ester, an
unsubstituted benzyl ester or a benzyl ester substituted by at least
one halogen (bromine, chlori;e, fluorine or iodine), C;_galkyl,
Cj_galkoxy, nitro or trifluoromethyl groups.

Pharmaceutically acceptable salts of the compound (A) include
those derived from pharmaceutically acceptable inorganic and organic
acids and bases. Examples of suitable acids ihclude hydrochloric,
hydrobromic, sulphuric, nitric, perchloric, fumaric, maleic,
phosphoric, glycollic, lactic, salicylic, succihic, toluene-p-
sulphonic, tartaric, acetic, citric, methanesulphonic, formic,
benzoic, malonic, naphthalene-2-sulphonic and benzenesulphonic
acids. Other acids such as oxalic, while not in themselves
pharmaceutically acceptable, may be useful as intermediates in
obtaining the compounds of the invention and their pharmaceutically
acceptable acid addition salts.

Salts derived from appropriate bases 1nclude alkali metal (e.q.
sodium), alkaline earth metal (e.g. magnesium), ammonium and NRy+
(where R is Cy_jalkyl) salts.

References hereinafter to a compound acéording to the invention
include,both the compound (A) and its pharmaceutically acceptable
defivatives.

The compounds of the invention either themselves possess
antiviral activity and/or are metabolizable to such compounds. In
particular these compounds are effective in inhibiting the
replication of retroviruses, including human retroviruses such as

human immunodeficiency viruses (HIV’s), the causative agents of

-
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there is provided use of a conmbination of the (-)-enantioner of

ci s-4-am no-1-(2- hydr oxy-met hyl -1, 3- oxat hi ol an-5-yl) -(1H)-pyri ni di n-2-one
or pharnaceutically acceptable salt thereof_gnd another therapeutic agent
selected from2', 3 -di deoxy nucl eosi des for the rmanufacture of

medi cament (s) for the treatnment of H V infections. In accordance with a

third aspect of the preseetid wast g>m1dreae5@ d TuRERY d8dedt CATRASI id&eati@&
treating an H V infectiagn COgP“ S dm ni ﬁ?ﬁrl ng an_anpunt of a 2'

2a di deoxynucl eosiGEPEHpbting" &t P % 8‘“{’65‘ PEPEPYRLS FieEhtatioe tneréot for
replication of H Msienagorbianatveomheridewd itoxgaritt \inr pabttdicnya effseahi am ia@pamt

of the conpound ( 'a)g'egtl.,s'féi ae@a&%.-el-il( ?l:-he treatment of retroviral infections.

In a further or alternative aspect there is provided a method
for the treatment of a viral infection, in particular an infection
caused by a retrovirus such as HIV, in a mammal including man
comprising administration of an effective amount of compound (A) or
a pharmaceutially acceptable derivative thereof.

There is also provided in a further or alternative aspect use
of compound (R) or a pharmaceutically acceptable derivative thereof
for the manufacture of a medicament for the treatment of a viral
infection.

The compounds of the invention are also useful in the treatment
of AIDS related conditions such as AIDS-related complex (ARC),
progressive generalised lymphadenopathy (PGL), AIDS-related
neurological conditions (such as dementia or tropical paraparesis),
anti~HIV antibody positive and HIV- positive conditions, Kaposi’s
sarcoma, thrombocytopenia purpurea and associated opportunistic
infections for example Pneumocystis carinii, '

The compounds of the invention are also useful in the
prevention of progression to clinical illness of individuals who are
antiFHIV antibody or HIV-antigen positive and in prophylaxis
following exposure to HIV. '

The compound (A) or pharmaceutically acceptable derivatives
thereof may also be used for the prevention of viral contamination
of physiological fluids such as blood or semen in vitro.

It will be appreciated by those skilled in the art that
reference herein to treatment extends to prophylaxis as well as the
treatment of established infections or symptoms.

It will be further appreciated that the amount of a compound of
the invention required for use in treatment will vary not only with
the particular compound selected but also with the route of
administration, the nature of the condition being treated and the
age and condition of the patient and will be ultimately at the
discretion of the attendant physician or veterinarian. 1In general
however a suitable dose will be in the range of from about 0.1 to

This Sheet Has

R



hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl)- (I H) - pyri m di n-2-one or a

phar maceutical ly acceptable salt thereof. In accordance with a fourth
aspect of the present invention, there-is ngyjded use of a conposition
canprising (-)-cis-4- ' . :

am no- 1- ( 2- hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl )-(1H)-pyrim di n- 2-one or a
phar maceut i cal |y aggaPhablenaabi LBGLAh: A G prdeclbleary ciuichrgsiddes for
t he manufacture of a nedi canmént for ameliorating toxicity associated W th

t he admi ni strati oftodf? pEEg/day MGpERTRTCTHLY dastHhfe rarge Q€ coltlatEg/igidava
Ei ;th aspect of ]Ehe_ prrﬁée:&_tsikéwaa%% Qﬁyd&am%ﬁénﬁlslmb?vgﬁaadnt&ei@fa shegle dose
-)-enantiomer of cis-4-aming-1- - r oxymet - - ,

oxat hi ol ane- 5-yl ) °F| &§ -Wﬁidﬁﬁd%ﬁ%%sz-aﬁﬁé“b? %feﬁhéf' nBREARPAAF T i EEEBLan Eor
derivative thereokxanplehss naoufthecees goof ox muei surenses per tdag. t r eat ment of

a viral infection, saifl!lGRLIRNGDEINANASRIG! Rlnef: Wekba | QWEE: CULOIQXIEGLEY
than treatnent using the (+)-enantioner. -
for example containing 10 to 1500mg, conveniently 20 to 1000mg, most
conveniently S0 to 700mg of active ingredient per unit dosage form.

Ideally the active ingredient should be administered to achieve
peak plasma concentrations of the active compound of from about 1 to
about 75 uM{ preferably about 2 to 50 uM, most preferably about 3 to
about 30qu This may be achigved, for examﬁle, by the fhtravenous
injection of a 0.1 to 5% solution of the active ingredient,
optionally in saline, or orally administered as a bolus containing
about 1 to about 100mg of the active ingredient. Desirable blood
levels may be maintained by a continuous infusion to provide about
0.01 to about 5.0 mg/kg/hour or by intermittent infusions containing
about 0.4 to about 15 mg/ké of the active ingredient.

While it is possible that, for use in therapy, a compound of
the invention may be administered as the raw chemical it is
preferable to present the active ingredient as a pharmaceutical
formulation.

The invention thus further provides a pharmaceutical
formulation comprising compound (A) or a pharmaceutically acceptable
derivative thereof together with one or more pharmaceutically
acceptable carriers therefor and, optionally, other therapeutic
and/or prophylactic ingredients. The carrier(s) must be
"acceptable’ in the sense of being compatible with the other
ingredieqts of- the formulation and not deleterious to the recipient
thereof: _ .

Pharmaceutical formulations include those suitable for oral,
rectal, nasal, topical (including buccal and sub-lingual), vaginal
or parenteral {including intramuscular, sub-cutaneous and
intravenous) administration or in a form suitable for administration
by inhalation or insufflation. The formulations may, where
appropriate, be conveniently presented in discrete dosage units and

may be prepared by any of the methods well known in the art of
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In accordance with a sixth aspect of the present invention, there is

provi ded use of a 2',3'-dideoxy nucleoside in an anobunt effective to
inhibit the replication of HV and a toxi ci tz reduci ng anmount of the
conmpound(-) cis-4-am no-1-(2- -

hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl)-(1H)-pyri m di n-2-one or a

phar maceuti cal | y accept abl alt. thereo erejn I.d.use conpri_ses... ..
co-adm ni strati onplg?m{gﬁ%‘ Zs,lg'rqe%}m eso@c{nd&(e:}l\%‘gs#cfé) gﬁ %*{‘?Jf el{;:rtgonﬁ%ﬁoncd'afﬁn
ci s 4-am no- 1-( 2- hjeraptjinet ¢ndpotingd- winhatlhfwidagabrigrs- 01 Hjinelyi diiided2sohiad

or a pharmaceuticglly; B5CePtRhCafRItheh? & HBEERhry] NHaHIANE AR o Rt BEd N0
froman HV infection. In accordance wwth a seventh aspect of the present

i nvention, there tRe gediFfeforydabiony 2'  3' - di deoxy nucl eoside in an

Pharmaceutical formulations suitable for oral administration
may conveniently be 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, a
suspension 6r as an emulsion. The active ingrédient may also be
presented as a bolus, electuary or paste. Tablets and capsules for
oral administration may contain conventional excipients such as
binding agé%ts,_fillers, %ubpicants,ldisintegrants, or wetting
agents. The tablets may be coated according to methods well known
in the art. Oral liquid preparations may be in the form of, for
example, aqueous or oily suspensions, solutions, emulsions, syrups
or elixirs, or may be presented as a dry product for constitution
with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending
agents, emulsifying agents, non-aqueous vehicles (which may include
edible o0ils), or preservatives. .

The compounds according to the invention may also be formulated
for parenteral administration (e.g. by injection, for example bolus
injection or continuous infusion) and may be presented in unit dose
form in ampoules, pre-filled syringes, small volume infusion or in
multi-dose containers with an added preservative. The compositions
may take such forms as suspensions, solutions, or emulsions in oily
or aqueous veﬁicles, and may contain formulatory agents suéh as
suspending, stabilising and/or dispeising agenté. Alternatively,
the active ingredient may be in powder form, obtained by aseptic
isolation of sterile solid or by lyophilisation from solution, for
constitution with a suitable vehicle, e.g. sterile, pyrogen-free
water, before use.

For topical administration to the epidermis the compounds
according to the invention may be formulated as ointments, creams or
lotions, or as a transdermal patch. Ointments and creams may, for
example, be formulated with an aqueous or oily base with the

addition of suitable thickening and/or gelling agents. Lotions may
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2h amount effective to inhibit the replicat on of HV and a toxicity
reduci ng anount of the conmpound(-) cis-4-am no-1-(2-

hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl ) - (1H) - pyri gi di n- 2-one or a

phar maceutical |y acceptable salt thereof, for the nanuf acture of

medi canent (s) for the treatnent of H Vi nf ections by co- adm nistration.

Preferably ConpouBd #rinS14Veaviaaf asulgieans iod! bityf bR QfldtJlQlCﬂ{ eReanding,
(+)-enantioner, that is to.say no nore than about 5% w w of

(+)-enantiomer, pFBRERLDI Y HC TS W&‘Hlébﬁﬁf“?%g‘?"ﬁsparsttﬁ‘?&llé?“l‘%s%g?m‘aﬁ
about 1% w w i s paespatsiBy ddeqhmr macpehbiiay| yganospitabcredengvaséves, | S
meant any phar macggflc#,%)é acceptable salt, ester, or salt such ester, of

conpound (A) or any Ot entso'und whi ch, upon administration to the

recipient, is capabl eFe#mLpllﬂGVPm ng(imlreeéﬂ yeopicd ndinbdiskysticonpouwrhe ad)tror

an antivirally include lozenges comprising active ingredient in a flavoured base,
usually sucrose and acacia or tragacanth; pastilles comprising the
active ingredient in an inert base such as gelatin and glycerin or
sucrose and acacia; and mouthwashes comprising the active ingredient
in a suitable liquid carrier.

Pharmaceutical formulations suitable for rectal administration
wherein the carrier is a solid are most preferably presented as unit
dose suppositories. Suitable carriers include cocoa butter and
other materials commonly used in the art, and the suppositories may
be conveniently formed by admixture of ‘the active compound with the
‘softened or melted carrier(s) followed by chilling and shaping in
moulds.

Formulations suitable for vaginal administration may be
presented as pessaries, tampons, creams, gels, pastes, foams or
sprays containing in addition to the active ingredient such carriers
as aré known in the art to be appropriate.

For intra-nasal administration the compounds of the invention
may be used as a liquid spray or dispersible powder or in the form
of drops.

Drops may be formulated with an aqueous or non-aqueous base
also comprising one more more dispersiﬁg agents, solubilising agents
or suspending agents. Liquid sprays are conveniently delivered from
pressurised packs.

For administration by inhalation the compounds according to the
invention are conveniently delivered from an insufflator, nebuliser
or a pressurised pack or other convenient means of delivering an
aerosol spray. Pressurised packs may comprise a suitable propellant
such as dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In
the case of a pressurised aerosol the dosage unit may be determined
by providing a valve to deliver a metered amount.

‘#’_,,__’~—*~”’;"’~——f’
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active nmetabolite or residue thereof. It will be appreciated by those
skilled in the art that conpound (A) may be nodified to provide
pharmaceutical ly acceptabl e derivatives thereof, at functional groups in
both the base noiety and at the hydr oxymat'h§/l'gr oup of the oxat hiol ane
ring. Modification at all such functional groups are included within the

scope of Lhe Inventi g JaRVEr. ol PBEL! QUkal JaALer s n%ﬁymﬁ&ﬁr@%‘i%ﬁ lly

accept abl e derivatives Sbt al ned nodi frcation o dr oxynet hy
group of the oxaEMLtﬂféﬁbqu\r nghe PrEsamdaccesrding bf wbonpeREiARaY dtkadehs he

conmpounds in whi gbrd e BYSFPPBRaOE bhigoAtRYA) %&nemwlegs PHraks hBPbacek by

an acyl function [err] in which the non-carbonyl noi et%qR of the ester is

sel ect ed from hy8PBPEAS ¥t &i YH2bte BP&‘?ﬁFhEﬂsecﬁ&F?l 331 k3Atope ¢ starch. The

powder composition may be presented in unit dosage form in, for
example, capsules'or cartridges or e.g. gelatin or blister packs
from which the powder may be administered with the aid of an
inhalator or insufflator. '

When desired the above described formulations adapted to give
sustained release of the active ingredient may be employed.

The pharmaceutical compositions according to the invention may
also contain otheg activeling;gdients such as antimicrobial agents,
or preservatives.

. The compounds of the invention may also be used in combination
with other therapeutic.agents for example other antiinfective
agents. In particular the compounds of the invention may be employed
together with known antiviral agents.

The invention thus provides, in a further aspect, a combination
comprising the compound (A) or a physiologically acceptable
derivative thereof together with another therapeutically active
agent, in particular an antiviral agent.

The combinations referred to above may conveniently be
presented for use in the form of a pharmaceutical formulation and
thus pharmaceutical formulations comprising a combination as defined
above together with a pharmaceutically acceptable carrier therefor
comprise a further aspect of the invention.

Suitable therapeutic agents for use in such combinations
include acyclic nucleosides such as acyclovir or ganéiclovir,
interferons such as «, 8 or y~interferon, renal excretion inhibitors
such as probenecid, nucleoside transport inhibitors such as
dipyridamole, 2’,3’'-dideoxynucleosides such as AZT, 2’,3‘’-
dideoxycytidine, 2',3'-dideoxyadenosine, 2’ ,3’-dideoxyinosine,
2’ ,3"-dideoxythymidine, 2’,3’-dideoxy-2’,3’-didehydrothymidine and

*,3’~-dideoxy-2',3"~ didehydrocytidine, immunomodulators such as
interleukin II (IL2) and granulocyte macrophage colony stimulating
factor (GM-CSF), erythropoetin, ampligen, thymomodulin, thymopentin,

foscarnet, ribavirin and inhibitors of HIV binding to CD4 receptors
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-3- nethyl, ethyl, n-propyl, t-butyl, n-butyl), alkoxyalkyl (e.g.

nmet hoxynmet hyl ), aral kyl (e.g. benzyl), aryloxyal kyl (e.g. phenoxynethyl),
aryl (e.g. phenyl optionally substituted by_Ralogen, (Jerr] alkyl or (err]
alkkoxy); sul phonate esters such as al kyl - or "aral kyl sul phonyl (e.g.

met hanesul phonyl ); amno acid esters (e.g. L- valyl or L-isoleucyl) and

mono-, di- or tri-pBospfiabse e5iichs MhbRedt80adrh woztibemafeewesqeéﬁrcioggpatio?
y

esters, unless otherwi se specified, any alkyl noiety present advantageous
contains 1 to 16 cAPEEAtAFBINEUCHASt PCHPAKY P 19145 4 ScafBBha 2R AL IARy 28y L~
nmoi ety present incedefmogstiysimdvant ageously conprises a phenyl group. In

particul ar the estersfﬂgy.be.a.gFerr al kyl ester,. an _unsubstituted benzyl
ester or a benzyl ester substituted %ﬁm tnfgggtognguﬁglSﬁgﬁl?%gbﬁ?ﬁeTay be

chl orine, fl uoriru?deﬁ"i§ﬁﬁrﬁé)?itGFer?ﬁQEPkyié11Y or simultaneously in separate or
combined pharmaceutical formulations.

When the compound (A) or a pharmaceutically acceptable
derivative thereof is used in combination with a second therapeutic
agent aétive against the same virus the dose of each compound may be
either the same as or differ from that when the compound is used
alone. Appropriate doses will be readily appreciated by those
skilled in the art.

The compound (A) and its pharmaceutically acceptable

derivatives may be prepared by any method known in the art for the
preparation of compounds of analogous structure, for example as
described in. European Patent Application Publication No. 0382562,
' It will be appreciated by those skilled in the art that for
certain of the methods described herein below the desired
stereochémistry of the compound (A) may be obtained either by
commenéing with an optically pure starting material or by resolving
the racemic mixture at any convenient stage in the synthesis. 1In
the case of all the processes the optidally pure desired product may
be obtained by resolution of the end product of each reaction

In one such process (A) a 1,3-oxathiolane of formula (VIII)

R,
O .L

(T

wherein the anomeric group L is a displaceable group, is reacted

(VIII)

with anaappropriaté base. Suitable groups L include -OR where R is
an alkyl group, e.g. a Cj_galkyl group such as methyl or R is an
acyl group, e.g. a C1_6alkyl group such as'acetyl or halogen, for
example iodine, bromine or chlorine.

The compound of formula VIII is conveniently reacted with
cytosine or an appropriate pyrimidine base precufsor thereof
{previously silylated with a silylating agent such as

hexamethyldisilazane) in a compatible solvent such as methylene

e
P

e
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Cerr] alkoxy, nitro or trifluoronethyl groups. Pharmaceuti-cally acceptable
salts of the compound (A) include those derived from pharmaceutically
accept abl e i norgani ¢ and organi c aci ds and bases. Exanpl es of suitable

aci ds include hydrochl oric, hydrobromc, sulphuric, nitric, perchloric,
fumaric, maleic, phosphoric, glycollic, Iactlc sallcylic succini c,

Lol uene-p- sul phofue, Jatial ¢, aget Gy SI4T Lo EUIANeRILANOD G, QLG

benzoi c, mal onic onic an benzenesu RohicE ST
aci ds such as oxaomgounghsheh metSnCi,t Mnteﬁlmelssrlphaymmmteeal | y accept abl e,

nmay be useful as intepedi @L8§amoqghagwqow@lacqrmey 0l§ay0fbe P?eﬂ;amé%ntfb.@n

and their pharmaceuticall'y acceptabl e acid addition sa s derived
from appropri at e TS K &GGC&PR&IanEPaﬁlf%PXFesﬁﬁﬂﬁfﬁﬂulélKXFFhe"é&Ptﬁ
metal (e.g. Wagnﬁﬁrldﬁlatoaaéﬂmnbflrﬁo&ﬂﬁhaNR[/ﬂr ih+a (c‘d‘ﬂﬁdt&b& |o$g£;[1%r E&Wekyl )such
salts. References herﬂenn%f ter,to L%nd acc.%rdl ng.to ntlon
presen an acid cata yst or examp e a Lewis
acid such as zinc chloride.

HSCH,CH (OCoHsg) 5 (VI)
CgH5CO,CHoCHO (VII)

The mercaptoacetals of formula (VI) may be prepared by methods
known in the art, for example G. Hesse and I. Jorder, Chem. Ber 85,
924-932 (1952).

The aldehydes of formula (VII) may be prepared by methods known
in the art for examplé E. G. Halloquist and H. Hibbert, Can. J.
Reséarch, 8, 129-136 (1933). Conveniently the crude aldehyde (VII)
‘may be purified by conversion to the crystalline bisulphite addition
adduct and subsequent reconversion to the free aldehyde.

In a second process (B) the compound (A) is obtained by base
interconversion of a compound of formula (IX)

HOCH, B
© Ix)
S

where B is a base convertible to cytosihe. Such interconversion may
be effected either by simple chemical transformation (e;g. the
conversion of uracil base to cytosine) or by an enzymatic conversion
using a deoxyribosyl transferase. Such methods and conditions for
base irrterconversion are well known in the art of nucleoside
chemistry.

In a third process (C) a compound of formula (XI)

k()? NH, (X

S
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I.ncl udebot h the conpound (A) and its pharmaceutically acceptable
derivatives. The conpounds of the invention either thenselves possess
antiviral activity and/or are netabolizable,to such conpounds. In
particul ar these compounds are effective ininhibiting the replication of
retroviruses, including human retroviruses such as human i munodefi ci ency

viruses (HV s), xﬁJ}ebQ%@EH@% [0S cgttlpd%ln@S(A) by~ é]dnvzbgfcﬁl b§ étﬂu§nomer1c
provi ded as a further aspect of the invention conpound (A

(
phar maceut i cal | y Mtx &3l °dEPEVEY FRRLTH SRS ‘“’15’0f’“’EIE%‘:“EIS‘“!';t’n1 d‘d’c°i"\i’e in the
therapeuti c agentndclleqakibi cHemasensanl antiviral agent, for exanple in the
treatment of retrov'rﬁgn§rgéxéﬂé”¥%actlons described hereinabove have been
extensively reported in the context of nucleoside synthesis, for

example in Nucleoside Analogs - Chemistry, Biology and Medical

Applications, R. T. Walker et. al., eds, Plenum Press, New York

{(1979) at pages 165-192; T.Ueda in Chemistry of Nucleosides and
Nucleotides, Vol I, L B Townsend ed., Plenum Press, New York (1988)
at pages 165-192 the disclosures of which are incorporated by
reference herein. '

It will be appreciated thét the above reactions may require the
use of, or conveniently may be applied to, starting materials having
protected functional groups, and deprotection might thus be required
as an intermediate or final step to yield the desired compouﬁd.
Protection and deprotection of functional groups may be effected

. using conventional means. Thus, for example, amino groups may be
protected by a group selected from aralkyl (e.g. benzyl), acyl, aryl
(e.g. 2,4-dinitrophenyl) or silyl; subsequent removal of the
protecting group being effected when desired by hydrolysis or
hydrogenolysis as appropriate using standard conditions. Hydroxyl
groups may be protected using any conventional hydroxyl protecting
group, for example, as described in ‘Protective Groups in Organic
Chemistry’, Ed. J. F. W. McOmie (Plenum Press, 1973) or ‘Protective
Groups in Organic Synthesis’ by Theodora W. Greene (John Wiley and
Sons, 1981). Examples of suitable hydroxyl protecting groups

"include groups selected from alkyl (é.g. methyl, t-butyl or
methoxymethyl), aralkyl (e.g. benzyl, diphenylmethyl or
triphenylmethyl), heterocyclic groups such as tetrahydropyranyl,
acyl (e.g. acetyl or benzoyl) and silyl groups such as trialkylsilyl
(e.g. t-butyldimethylsilyl). The hydroxyl protecting groups may be
removed by conventional techniques. Thus, for example, alkyl,
silyl, acyl and heterocyclic groups may be removed by solvolysis,
e.g. by hydrolysis under acidic or basic conditions. Aralkyl groups
such as triphenylmethyl may similarly be removed by solvolysis, e.g.
by hydrolysis under acidic'conditions Aralkyl groups such as

benzyl may be cleaved for example by treatment with BF3/etherate and
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In a further or alternative aspect there is provided a method for the
treatnent .of a viral infection, in particular an infection caused by a
retrovirus such as HV, in a mammal including pan conprising adm nistration
-of -an effective amount of conpound (A) or a pharnaceutially acceptable
derivative thereof. There is also provided in a further or alternative

aspect use of conpestid GAdydriad ﬂ@mmmcsytﬂeﬁa&alyoacmeaeéﬂgeo@ﬁ isyatd iRd at
t hereof for the manufacture of a ned rrﬁ the treatnent of a viral

i nfection. The coﬁBoﬁﬁ%l’?%?‘attﬁesFﬁ?ferh'ﬁ & a?-‘énté?essdsthe?thY]i P8 St PR%L R
of AIDS related condvénienslgued BgopedIsiahat exbwoorPb£XE1uARKIe fNnBYEeSS|aske

generalised | yrrphgg@ﬁqgagml dleFdm NSk el at ed neurol ogi cal conditions
~(such as- denentia or trop i cal par apar esl s anti-H V antibody positive and

HI V- positive conditi éﬁstheKaB@Sﬁ 'Pso%e&ﬁeﬁr?@mpwndoﬁbbew orerrblp ePprined and
associ at ed opport mikddeCot theCéisOBRd ftQhn£%30Re 3 PRANTBE el Si£ ALY 45 the

compound of interest.

These isomers may be separated by physical means e.g.
chromatography on silica gel or by fractional crystallisatién,
either directly or on a suitable derivatives thereof, eg acetates
(prepared for example with acetic anhydride) followed, after
separation, by conversion back to the parent product (eg by
deacetylation with methanolic ammonia) .

Pharmaceutically acceptable salts of the compounds of the
~invention may be prepared as described in US Patent No. 4,383,114,
the disclosure of which is incorporated by reference herein. Thus,
for example, when it is desired to prepare an acid addition salt of
compound (A) the product of any of the above procedures may be
converted into a salt by treatment of the resulting free base with a
suitable acid using conventional methods. Pharmaceutically
acceptable acid addition salts may be prepared by reacting the free
base with an appropriate acid optionally in the presence of a
suitable solvent such as an ester (e.g. ethyl acetate) or an alcohol
(e.g. methanol, ethanol or isopropanol). Inorganic basic salts may
be prepared by reacting the parent compound with a suitable base
such as an alkoxide (e.g. sodium methoxide) optionally in the
bresence of a solvent such as an alcohol (e.g. methanol).
Pharmaceutically acceptable salts may also be prepared from other
salts, including other pharmaceutically acceptable salts, of the

compound (A) using conveéntional methods.

- Compound (A) may be converted into a pharmaceuﬁically
acceptable phosphate or other ester by reaction with a
phosphorylating agent, such as POClj3, or a suitable esterifying
agent, such as an acid halide or anhydride, as appropriate. An
ester or sait of compound (A) may be converted to the parent

compound for example by hydrolysis.
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The conpounds of the invention are also useful in the prevention of
progression to clinical illness of individuals who are anti-H V antibody or
Hl V-antigen positive and in prophylaxis fgll wi ng exposure to H'V. The
conpound (A) or pharnaceutically acceptabl e derivatives thereof may al so be
used for the prevention of viral contam nation of physiological fluids such

as blood or semen in gdsbiioht ofMhd ﬁﬁaﬁws&s‘atat&damuke%ﬁ&Idzegtmlwe
art that reference herein to treatnent extends to prophyl axis as well

the. treatnent ofa&stimi |t§ﬁ§%f‘1rn1“é%tqeoﬁgf"(ﬁ"’egy‘ﬁbt"t}ﬁssuﬂtﬁb\’l\?I“}etﬁédfm"ﬁefn
appr eci at ed that thieasgrausée Cﬁ‘oraefamm@urnieeéodhbﬁmmeaf | ARbSE Qldinp B6hdsOI biISe

0 Lreatment wille Vri gl AREYwAD, {SeA0A SUBL oRmaUN. o8l Seled DUl

also with the ro ration nature o condi
treated and the @geHartileondition of the patient and WI II be ultimately at

the discretion of thepnalt efdaRbnPlly $hé RRpSind’/ RhL WPl ned byICALLAl uprc
using a suitablé stationary phase for example acetylated B-
cyclodextrin or cellulose triacetate and a suitable solvent for
example an alcohol such as ethanol or an aqueous solution of for
example triethyl ammonium acetate. Alternatively the compounds may
be resolved by enzyme mediated enantioselective catabolism with a
suitable erizyme such as cytidiqe deaminase or selective *»
enzymatic degradation of a suitable derivative using a 5'-
nucleotidase. When resolution is effected enzymatically the enzyme
may be employed either in solution or, more conveniently, in
imﬁobilised form. Enzymes may be immobilised by any method known in
the art, for example by adsorption onto a resin such as Eupergit C.
The invention will be further described by the following
examples which are not intended to limit the invention in any way.

All temperatures are in degrees Celcius.

INTERMEDIATE 1

5~Methoxy-1, 3-oxathiolane-2~-methanol, benzoate.

A solution of zinc chloride (1.6g) in hot methanol (15ml) was
added to a stirred solution of mercaptoacetaldehyde, dimethyl acetal
(34.29) and'benzoyloxy acetaldehyde (48.3g) in toluene (1300ml)
which was then heated io reflux under nitrogen for 50 min. The
cooled mixture was concenﬁrated, diluted with some toluene, then
filtered through Kiesulguhr. The combined filtrates and toluene

“were washed with aqueous saturated sodium bicarbonate solution (x2)
and brine, dried (MgSOy4) then evaporated to an oil which was
subjected to column chromatography od silica (2kg,'Merck 9385 )
eluted with chloroform to give the title product as an oil (45.1g) a
mixture of anomers (ca 1:1); 1H NMR (DMSO-dg) 3.1-3.3(4H), 3.42(6H),
4.4-4.6 (4H), 5.41(1H), 5.46 (1H), 5.54 (1H), 5.63 (1H), 7.46 (4H),
7.58 (2H), 8.07 (4H);ymax (CHBrz)1717.6cm L.
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however a suitable dose will be in the range of fromabout 0.1 to about
. 750ny/ kg of bodywei ght per day preferably in the range of 0.5 to 60

ng/ kg/ day, nost preferably in the range of % to 20ng/ kg/ day. The desired
dose may conveniently be -presented in a S|ng e dose or as divided doses
admini stered at appropriateintervals, for exanple as two, three,. four or
nore sub- doses pefyaMrprhRg £onmpound is conveniently adm nistered in unit
dosage form for mal ning 10 to 1500 , ,conveni entI 20 to .
1000y, nost convéh ‘ BenzovAgaymetdy 1 4ly 39 2H di
form Ideally the4aﬁbhye |ngred|ent should be adn1n|stered to achleve peak
pl asma concentrations_of, the a Lye.co d of b Qut 1

[err]M preferably abBUf*$%F% ’[réerlly]%lp s“fmﬁ"I {92;‘%31 AP Y?S ‘fbl(?lii?)%aﬁ‘?
30[err]M This rraySQ)enlachmce\ﬁedpnim sgpigtiee (3Dyma)h@ap nneraewén@ugeflux under

nitrogen until a clear solution was obtained. This was cooled and

- -. c-a a) &~

then evaporated to a colourléss 0il, which was dissolved, under
nitrogen atmosphere, in acetonitrile (100ml). The solution was
added to a stirred ice cooled solution of 5-methoxy-1,3~oxathiolane-
2-methanol, benzoate (intermediate 1) (19.43g), in acetonitrile
(600ml) and trimethyl silyl trifluoromethanesulphonate (14.7ml) was
added. Thé& ice bath was Temoved, and the solution was heated at
reflux under nitrogen for 45 mins. After cooling and evaporation,
the residue was purified by column chromatography over lkg of silica
gel (Merck 9385) eluting with chloroform/methanol 9:1. Appropriate
fractions were cooled and evaporated to afford a crude residue.
This was fractionally crystallized from the minimum of hot methanol
(c.1200ml) to afford the title compound (6.32g) as white crystals.
1H NMR( d®DMSO) & 11.36 (1H,bs). 7.50-8.00 (6H,m), 6.20 (1lH,t), 5.46
(2H,m), 4,62 (2H, m), 3.48 (1H,.m), 3.25 (1H, m). ' '

INTERMEDIATE 3

(:)—(cisl—4—Amino-1-(2—benzovloxymethyl—1L§—oxaphiolan—5—yl)-(1H)—

pyrimidin-2-one

Method (3)

A suspension of cytosine (20.705g) and ammonium sulphate (few

mgs) in hexamethyldisilazane (110ml) was stirred and heated at
reflux for 2!'/2h, under nitrogen. Solvent was removed by
evaporation,. and the residual solid was dissolved in dry
acetonifrile (350ml). This solution was transferred using flexible
needle techniques into a stirred, ice-chilled solution of's—methoxy-
1l,3-oxathiolane-2-methanol, benzoate (Intermediate-l) (43.57g) in
acetonitrile (650ml) under nitrogen. Trimethylsilyl
trifluoromethanesulphonate (33ml) was added, the solution was
'a;lowed to warm to ambient temperature (1!/:h) then heated to reflux
for an overnight period. The residue mixture was concentrated,

diluted with saturated aqueous sodium bicarbonate solution (500ml),
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injection of a 0.1 to 5% solution of the active ingredient, optionally in
saline, or orally adm nistered as a bolus containing about 1 to about 100ng
of the active ingredient. Desirable blood Lesels may be nmaintained by a
continuous infusion to provide about 0.01 to about. 5.0 ng/kg/ hour or by
intermttent infusions containing about 0.4 to about 15.-ng/ kg of the active
i ngredi ent. Wil e thbnidkepaSdabl fent Betiyl hostayee(Ixs00ABN.apYhe aoﬂmnaauml:zaéts

the invention nmay be administered as t che ical it er b
present the activ&<Fgfai*ent*ds “&*ph &r’faé&lwt’l &4 %lrnr?ul(2§§mﬁ S‘ﬁﬁ L8004 Bsbg)

i nvention thus furtheer epragw tkesed tphaax nbcent voabhf grsulsatbiiee teoghprd siagumn
compound (A) or a%@%Q@&&%'hga{@kysﬂ%smg@ge deLb¥aitya thepeod qugewﬁ{,l

with one or nore armaceut | cal accepta carriers therefor and
optional Iy, other atCHéP'aﬁ'éEﬁtlhé“ahdﬂd‘rt“ﬁPépﬁ?lgdé’tel & PhETERE Ot anomeRs (ca 1:1
carrier(s) nust bei. ssfHeptaRl fixcube tWie &BRELIIGkeDEEBY wirapatdshle antit dehah6l
ot her (9.0ml) to give a solid (10.23g) which was recrystallised from
ethanol (120ml) and water (30ml) to give the title product as a
white solid (9.26g);Amax (MeOH) 229.4mm (E!® 610); 272.4mm (gl®
lcm lem

293); lH NMR (DMSO d6) & 3.14 (1H), 3.50 (1H), 4.07 (2H), 5.52 (1H),
5.66 (1H), 6.28 (1H), 7.22 (2H), 7.56 (2H), 7.72 (2H), 8.10 (2H).

Method (b)
Phosphorus oxychloride (7.0ml) was added dropwise to a stirred
, lce-cooled suspension of 1,2,4~triazole (11.65g) in acetonitrile
(120ml) then, keeping the internal temperature below 1500,
triethylamine (22.7ml) was added dropwise. After 10 min a solution
of (+)-cis -1-(2-benzoyloxymethyl-1,3-oxathiolan-5-yl)-(1H)~
pyrimidin-2, 4-dione (Intermediate 2) (6.27g) in acetonitrile_
{(330ml)was slowly added. Stirring was then continued at room
temperature overnight. The mixture was cocled by means of an ice
bath and triethylamine (30ml) was slowly added followed by water
. (21ml) . The resultant solution was evaporated, and the residue was
partitioned between saturated sodium bicarbonate solution (400ml)
and chloroform (3x200ml). The combined chloroform extracts were
dried and magnesium sulphate, filtered and evaporated to give a
crude residue (9.7g). The residue was dissolved in 1,4-dioxan
{240ml) and concentrated aqueous ammonia solution (s.g 0.880, SOml)
was added. After 1!/zh the solution was evaporated and the residue
dissolved in methanol. This caused precipitation of a solid, which
was filtered off. The mother liquors were purified by column
chromatography over silica gel (Merck 9385, 600g). Appropriate
fractions were pooled and evaporated to give the title compound as a

fawn solid (2.18g), identical to that obtained by Method (a).

———

e
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i.ngredi ents of the formul.ation and not deleterious to the recipient

t hereof , Pharmaceutical fornulations include those suitable for oral,
rectal, nasal, topical (including buccal and sub-lingual), vaginal or
parenteral (including intranuscul ar, sub-cutt&@neous and i ntravenous)

adm nistration or in a formsuitable for adm nistration by inhalation or
insufflation. The fornul ati ons nmay, where appropriate, be conveniently
presented in di sctBtdcisidgiming 2 ~ . athiplanTirva i =

met hods wel | known, Jipidhezasde Of -6- pharmacy. Al methods include the
step of bringing Tnto_assocr ation the active gonpound with liquid carriers
or finely divided sol Fd®t3Re%rE 8f FotH Hid iRt~ {4 HTeERELFY e U¥dpitng -

the product into oxathiolan-5-yl)-(1H)-pyrimidin-2-one (Intermediate 3) (8.19g) and

poife

Amberlite IRA-400 (OH) resin (8.24g) in methanol (250ml)} was stirred
and heated to reflux for 1i/sh. Solids were removed by filtration
then washed with methanol: The combined filtrates were evaporated.
The residue was triturated with ethyl acetate (80ml). The resulting
white solid was collected by filtration to give the title product
(5.09g), 1H NMR (DMSO-dG) 3.04 (1H), 3.40 (1H), 3.73 (2H), 5.18
{1H), 5.29 (1H), 5.73 (1H), 6.21 (1H), 7.19 (2H), 7,81 (1H).

Example 2: Chiral HPLC separation of the enantiomers of (%)-(cis)-4-

amino-l-{2-hydroxymethyl-1, 3-oxathioclan-5-yl)-(1H)-pyrimidin-2-one. -

(A) The racemic product of Example 1 (25mg) was subjected to

preparative HPLC under the following conditions:

Column: Merck Hibar cellulose triacetate, 250 x 10mm, 10p
Eluant: ethanol; |

Flow: 3ml/min;

Detection: uv, 270nm;

Temperature: ambient.

Evaporation of the appropriate pooled fractions gave (2R,cis)-
4-amino-1-(2-hydroxymethyl~1,3-oxathiolan-5-yl)-(1H) -
pyrimidin-2-one (6.8mg, e.e. ca 100%) and (2S,cis)-~4-amino~1-(2-
hydroxymethyl-1, 3~oxathiolan-5-y1) - (1H) ~pyrimidin-2-one (3.6mg, e.e.
ca 90%). - '

(B) The racemic product of Example 1 (26mg) was subjected to
preparative HPLC under the following conditions:

Column: ASTEC cyclobond I acetyl, 250x4.6mm;

Eluant: 0.2% triethylammonium acetate (prepared by adding
glacial acetic acid to 0.2% triethylamine in water, to a final pH
7.2);

Flow: 2ml/min;

Detection: uv, 300nm;

Temperature: ambient.
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t.he desired fornul ati on. Pharmaceutical fornulations suitable for oral

adm ni stration may conveniently be presented as discrete units such as
capsul es, cachets or tablets each containing,a_ predeterm ned amount of the
active ingredient; as a powder or granules; "as a solution, a suspensi-on or
as an emul sion. The active ingredient may also be presented as a bol us,

el ectuary or paste. Tablets and capsules for oral adm nistration nmay
contai n conventional excipients such as binding agents, fillers, '

| ubricants, disintegrBAtROTasioRerE BRPZREHTCE. EradtdopaITaes CRie HEReBEY e -
accordi ng to net hagisowe! {2-KpeRymdthyhel ,8FbxathE Bdn-b+qui- thy-epar at i ons may
be in the formof, f.or, 6 ex | e, eous or . oi suspensi ons, ..sol yti ons,
enul si ons, syr upsb’()rrmé?’l‘ni?F he é%éa'%gyarbe cﬁ‘rl%esé%l%/’ecd S £4_§m%f‘r°§§bf%§ﬁ§’f°xf’8?thy 1
constitution w t h-Wwéeratdriobathdryiin (L btry nieidict-2-dref 6¥glis e . ThEee [f chegiuing
preparations may gonf abgh.GeoVLRLLMRLqdAILIMRS SRS RUSRRNDL DRGNS

enmul si fying agents, non-aqueous vehicles (which may incl ude
: following conditions: '

Column: ASTEC cyclobond I'acetyl, 250x4. 6mm

Eluent: 15mM ammonium acetate,, pH 6.8;
Flow: 0.5ml/min
Detection: uv, 300nm;

Temperature:.5°.

Evaporation of the appropriate pooled fractions gave (2R, Cis)~-
4—amino-l-(2-hyd£oxymethylfl,3—oxathiolanf5~yl)- '
(1H) ~pyrimidin-2-one (S.Omg, e.e ca. 91%) and (2S,cis)-4-amino-1-
(2-hydroxymethyl-1,3-~oxathiolan-5-yl) - (1H) -pyrimidin-2-one (7.6ng,

e.e. ca 96%).

Example 3
(=) ~cis-4-Amino-1-(2-hvdroxymethyl-1, 3-oxathiolan-5-y1) - (1H)~

.pyrimidin-2-one

(1) (51-6is-4-Amino—l-(Z—nydroxymethvl-l,3—oxathiolan—5—vl)-(1ﬂ)—

pvrimidinone, dihydrogenphosphate, ammonium salt

A cold (00), stirred suspension of (+)-cis-4-amino-1-(2-
hydroxymethyl-1l, 3-oxathiolan-5-yl)~(1lH) -pyrimidin-2-one (1.00g)
(Example 1) in dry trimethylphosphate (20ml) was treated with
phosphorous oxychloride (2.44ml), and the mixture was stirred at
00for 35 mins then quenched in ice water (60g). The cold mixture
was adjusted to pH 2.5 by the addition of agqueous N-sodium
hydroxide, then applied to a charcoal column (10g, DARCO), which was
eluted with water, then ethanol-aqueous ammonia. Fractions
containing crude monophosphate were combined and concentrated. The
resulting solution was applied to a column containing 25g of DEAE
Sephadex A-25 (HCO3- form). Elution was performed with a gradienﬁ
of water (120ml) to 0.1 M-NH/HCO3 {(240ml), then 0.2,0.3 and 4M
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edible oils), or preservatives. The conpounds according to the invention
may al so be fornulated for parenteral adm nistration (e.g. by injection,
for exanple bolus injection or continuous i 0 usi on) and may be presented in
unit dose formin anmpoules, pre-filled syrifiges, snmall volume infusion or
in nulti-dose containers with an added preservative. The conpositions may
Lake such forms ag, suspefishonse, SAoR AllsecOivefll ShifiopkNadl l¥adiioRguRRNS
vehicles, and may dontdin formilatory agents such as suspending,, . :
stabi | i si ng and/ oromdiisperasicngongpmtratedy Fhe FEFidealy solpeion: #pg Ailugee didht
[)nayI be ih_nl powder Jaf%rem (mrltl@i_E'ﬁ‘d;ifb%eébg-@.ﬁié&toi@Dﬁeatﬁ@rtﬁﬁﬁ.e&izaﬁhée 230hi white
y lyophilisation fromsolution, for cgnstit:utio | syita vehj ,
e.g. sterile, pyr¥Ryet fited’ht e’f",‘a“béf’ggeb ge?rt)Fo?deéﬂ"éZ(IE %aﬁ%“?%’@% T a{yl ?ﬁlﬁt 0
t he epi derm s the(manpaurds (agcordisng (LB & he Oi-dvaneiion Jvehyd (BE) § of Ml atldid - as

oi nt nent s, creanse.q3(5l8t'i8c_)51§,(lg;_as a transdermal patch. G ntnents and
creans may, for . 7

(ii) (2R, cis)-4-Amino-1-(2-hydroxymethyl-1,3~-oxathiolan-5Syl)}-

(1H) -pyrimidin-2-one and (ZS,cis)~4-Amino-1-(2-hydroxymethvlfl,

3-oxathiolan-5-yl) - (1H) -pyrimidin-2-one

57 -Nucleotidase (from crotalus atrox venom) [EC 3.1.3.5] (60mg
ét 17 units/mg) was added to a solution of (+)-cis-4-amino- (2-
hydroxymethyl—l,3-oxathiolan-5-y1)-(1H)—pyrimidin42—one, 6’ -
dihydrogenphosphate, ammonium salt (1.35g) in buffer [30ml,
prepared from-glycine {526mg) and magnesium chloride (190mg) in
water (100ml)]. and the mixture was incubated at 37O for 2.5h. More
enzyme (20mg) was added, and incubation was continued for a further
3.5h. The resulting mixture was applied to a column of DEAE
Sephadex A-25(HCO3-form). Eiution was performed with water (160ml),
then 0.1, 0.2, 0.3 and 0.4M NH4HCO3(200ml each) . Appropriate
fractions containing the first eluted component were combined and
evaporated, the residue was subjected to column chromatograbhy on
silica (60g, Merck 7734), eluted with chloroform-methanol mixtures.
Evaporation of the appropriate fractioné from methanol-ethyl acetate
gave (2R, Cis) -4-amino-1~(2-hydroxymethyl~-1l,3-oxathiolan-5-yl)-(1H)~
pyrimidin-2-one as a white solid (0.30g)- [a]D?141370 (c.1.04 MeoH);
;H NMR (DMSO)$& 3.04 (1H), 3.40 (1H), 3.73 (2H), 5.18 (1H), 5.29
(1H), 5.73 (1H), 6.21 (1H), 7.19 (2H), 7.81 (1H).

Appropriate fractions from the Sephadex column, containing the
'secohd eluted component, were combined and evaporated. The residue
was dissolved in water (30ml), treated with alkaline phosphatase
(from Escherichia coli) (EC 3.1.3.1] (1.5ml at 4léunits/ml), then
incubated at 370 for one hour. Solvent was removed by evapqratibn
and the residue was subjected to column chromatography on silica
(60g, Merck 7734), eluted with chloroform-methanol mixtures.

Evaporation of the appropriate fractions from methanol-ethyl acetate
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exanple, be fornmulated with an aqueous or oily base with the addition of
sui tabl e thickening and/or gelling agents. Lotions may -7- be formul ated
with an aqueous or oily base and will in gengral also contain one or nore
enul sifying agents, stabilising agents, dispersing agents, suspendi ng
agents, thickening agents, or colouring agents. Formnul ations suitable for

t opi cal adm ni strgivedN2s Lilshes-raihs-i-Netideox@eenges , BOSHAL h 50 13g-5:6t1) @1H) -
ingredient in a flavou d hase, usuall sucros ng,acac| g on_tragacanth
pastilles conpristhg" r?‘hdg a?tlve Thot &R ° |£r)1dgn% 92 g?e sutéaé1 Z glel ;ét’i n
and glycerin or sHeds&HaANR a@uw)as anen rtéﬁth\@aﬁheslf@@n%rﬁsl(ﬁght Pe 18ctiHle

ingredient in a syifaly® | s d16AM 6181 (1), 7.19 (2m), 7.81 (1m).

Example 4
(-)-cis—-4-Amino-1-(2-hydroxymethyl-1,3-oxathioclan-5-y1l)~(1H)

pvrimidin-2-one

(i) Threé 50ml flasks of.nutrienp broth (Oxoid Ltd) were
innoculated with a loopful each of Escherichia coli (ATCC 23848)
scraped from a Nutrient Agar plate. The flasks were incubated
overnight at 370¢ with shakiné at 250 rev/min and then each flask
was used to innoculate 41 of CDD medium (glutamic acid, 3g/1: MgS0,,
0.2g/1: K804, 2.5¢g/1; NaCl, 2.3g/}, NaZHPoézﬂzo, l.1g/1,
NaHy,P0,42H,0 0.6g/1 cytidine, 1.29/1) in a seven litre fermenter.
The cultures were .fermented at 750 rev/min,'370C with aeration at
41/min. After growth for 24hrs the cells were collected by
centrifugation (5000g, 30 minutes) to yield 72g wet weight. The
cell pellet was resuspended in 300ml of 20mM Tris HCl1l buffer (pH
7.5) and disrupted by sonication (4 x 45 seconds). The cell debris
was removed by centrifugation (30,000 g, 30 minutes) and the protein
in the supernatant was precipitated by addition of ammonium sulphate
to 75% saturation. The precipitate was collected by centrifugation
(30,000g. 30 minutes) and the pellet was resuspended in 25ml of
HEPES buffer (100mM, pPH 7.0) containing'ammonium sulphate (75%
saturation). Enzyme solution was prepared by centrifuga;ion at
12,000 rpm for 30 mins. The supernatant was discarded and the
pellet dissolved in Tris HCl buffer (pH 7.0; 100mM) to the original
volume. ,
(ii) . The product of Example 1 (115mg was dissolved in water (100ml),
and stirred. Enzyme solution (0.5ml) was added, and the mixture was
maintained at a constant pH by the continual addition of HC1 (25mM) .
The cohversion was monitored by chiral HPLC, which showed that the
{+) enantiomer of the substrate was preferentially deaminated.

After 22hr the (+) enantiomer of the substrate (RT 12.5min) had been
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- Pharmaceutical formulations suitable for rectal adm nistration wherein the
carrier is a solid are nost preferably presented das unit dose ‘

suppositories. Suitable carriers include cggoa butter and other naterials
commonly used in the art, and the suppositories may be conveniently fornmed
by adm xture of the active conpound with the softened or nelted carrier(s)

foll owed by chill iagi1aeeishapived, | dhdTohd GolufnTWhaAtddgosteauts P €0 Dby the
vagi nal admi nistration nmay be presented as pessaries, tanpons, creans,

gel's, pastes, foaf@3iitor ffa§¥cc ot RiNG=PH%Rddition to the active
i ngredi ent such carri ene sduaiod kfmwiweed mbole wast elwtedetiappybpr icalewn BPOrQAE

i ntra-nasal adni nj e h n o Iy ent s d a
liquid spray or dlbé }{ea?%}l‘b{%gb%\lf\%%rmgg%' iq%xt {].esthlg,r r%r%f rg%)szg% d(t}%sgénlgl' E’éhe
fornul ated with apchgrreowds veshrshvagbewrise hd280als A CoNBrR TG HRé AdridD -

mor e di spersing agesdtSons0lddhl) iweir80:AQRN} and analysed by reversed phase HPLC.
Fractions 5-13, containing the unreacted (-) enantiomer of the
substrate, were combined and adjusted to pH 7.5 with HCl.
Fraction 47, containing deaminated product, was adjusted to pH7.5
with dil. NaOH. Analysis by chiral HPLC showed that this material
was a mixture, consisting of one enantiomer (RT 10.2min) as the
major component with the other enantiomer (RT 8.5min) as a minor

component (e.e ca 9%90%).

(iii) Stage (ii) above was repeated on a larger scale . The
compound of Example 1 (363mg) in 250ml of water was incubated with
enzyme solution (0.5ml), prepared as in Stage (1i). Furﬁher aliquots
(0.5ml) of eniyme were added after 18 and 47 hrs. The reaction
mixture was stirred for 70hr., then left standing for a further
64hr. Analysis by chiral hplc indicated that the (+) enantiomer of
the substrate had been completely deaminated, and the resulting
solution was adjusted to pH10.5 with NaOH.

The solution above was loaded onto the same QAE column, and
eluted as in stage (i). Fractions 2-6, contaihing a mixture of the
residual substrate and deaminated product, were bulked. Fractions
7-13, containing the residual substrate ((-) enantiomer), were
bulked and adjusted to pH7.5. Fractions 25-26, containing
deaminated product, were bulked and neutralised

Fractions 2-6 above were re-eluted through the same QAE column.
Fractions 3-11 from this second column contained unrected substrate

-({~) enantiomer). Fraction 70 contained the deaminated product.

{(iv) The resolved substrate fractions from stage (ii) and (iii) were
combined and adjusted to pH7.5. This solution was eluted through a
column of XAD-16 (40x2.4cm), packed in water. The column was washed

with water, and then eluted with acetone: water (l:4 v/v).

S
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or suspendi ng agents. Liquid sprays are conveniently delivered from
preessuri sed packs. For adm nistration by inhalation the conpounds accordi ng
to the invention are conveniently delivered,froman insufflator, nebuliser
or. a pressurised pack or other convenient neans of delivering an aerosol
spray. Pressurised packs may conprise a suitable propellant such as
di chl orodi f 1 uor Orflnr‘-abéﬂﬁrs c&r{tia(:\tnlx&br QLLUPI OBRi{t3RRer of BCH 189 were bulked and
di chl orotetrafl uoroethane, carbon di oxi (}e or other suitable gas. In the
case of a pressurfreete-dsiessP qive yFEitR POHTS™ (AS"™2- det er mi ned by
providing a val ve to ®Rl MRy méthdas afsed sWentere as £81ldisternatively, for
adm nistration by inhalation or insufflation, the conpounds according to
the invention may take the

1. Reversed Phase analytical HPLC

Column : Capital Cartridge
Spherisorb ODS-2 (5uM)

. 150x4. 6mm
Eluant “ : Ammonium dihydrogen phosphate (50mM)+
5% MeCN
Flow £ : 1. 5ml/min w2,
Detection : uv, 270nm
Retention Times : BCH 189 5.5min

deaminated BCH -189 8.1lmin

. 2, Chiral analytical HPLC

Column : Cyclobond I Acetyl
250x4 . 6mm .
Eluant : 0.2% Triethylammonium acetate (pH7.2)
Flow _ : 1.0ml/min
Detection : Uv, 270nm
Retention Times : BCH 189 _ 11.0 and 12.5min

deaminated BCH-189 8.5 and 10.2 min
(The bioconversion was followed by monitoring the loss of the peak

at 12.5min., and accumulated of product at 10.2min) .

Example 5
(-)-cisr4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-y1l)-(1H) -

pvrimidin-2-one

A loopful of E. coli B cells (ATCC 32848) scraped from a well
grown nutrient agar plate was used to inoculate two Florence flasks
each containing 250ml of nutrient broth. The culture was incubated
at 370 with shaking (250 rev/min, S5cm throw) for 18 hours. This was
then used to inoculate 40L of CDD-medium, with cytidine, in a 70L

fermenter.
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formof a dry powder conposition, for exanple a powder m x of the conpound
and a suitable powder base such as | actose or starch. The powder

conposition may be presented in unit dosageg, formin, for exanple, capsul es
or.cartridges or e.g. gelatin or blister packs from whi ch t he powder nay be
adm nistered wwth the aid of an inhalator or insufflator. Wen desired the

above described fornybadiQngsadapt &k Q HbHLaSibH eRBUas & HABEsO! §d¥/min
active |ngred|ent may be enpl oyed. The, pharmaceuti cal conpositions

according to t he*$TAFenft oho eiFvARSB Sohting 8PPRY et FERRGLEAR et 3% fch
as antlnlcrObIa|TEQ@&tEthHodﬂﬁﬁﬁﬁTﬂ%&BVGSreThEtﬁéﬂpﬂunﬂﬁeCﬁeﬂd&hﬂe&Men&h%n
may al so be usedferneggatJorglaEvlgnrvt\IA h O];[ gr th%re%)eu I.C a er&t snfor gxarﬁ%lﬁe
other antiinfecttVe agen nts. “th 6hr the conpouné PHY PG aRtR
may be enpl oyed ¢aganiers mmﬁrllimﬁ/m arg |0¢M Hasggetis8g ﬁEhve’FirWthwa@nftm
provides, in a furthe¥c 3spECho & 1G0HRIRAL ON

CDD Medium

g/L
L-Glutamic a%id >,
MgS0, 0.2
K2504 2.5
NaCl 2.3
Na,HPO, 1.1
.NaHZPO4 0.6

Made with distilled water. Sterilised at 121%C for 30 minutes.
Cytidine (1.2g/L) was filter sterilised and added prior to
inoculation.

The. frozen cell paste (150g) was thawed and suspended in 750ml
of 100mM Hepes (N-(2-hydroxyethyl]lpiperazine-N’-[2-ethane sulphonic
acid]) buffér (pH 7.5) containing 1lmM ethylenediaminetetraacetic
acid (sodium salt) and 1lmM dithiothreitol (disruption buffer). The
cells were disrupted by passing the suspension through a Manton-
Gaulin homogeﬁiser operating at 7500psi. This was carried out three
times with cooling of the suspension to approximately s0c after each
pass through the homogeniser. The homogenate was clarified by
centrifugation (1400g; 60min). The cytidine'deaminease activity was
‘adsorbed onto a Q-Sepharose column (490mg bed volume) pre-
equilibrated with 50mM Tris (hydroxymethyl) methylamine (pH 7.5)
containing 1lmM sodium.chloride. The pooled active fractions (210ml)
were added onto a phenyl-Sepharose column (490ml bed volume), pre-
equilibrated with the sample buffer containing 3.2M ammonium
sulphate. The bound enzyme was eluted by a gradient of decreaéing

ammonium sulphate concentration. Fractlons containing the cytidine
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conprising the conmpound (A) or a physiologically acceptable derivative

t hereof together with another therapeutically active agent, in particular
an antiviral agent. The conbinations referred to above may conveniently be
presented for use in the formof a pharnace@®ital fornulation and thus
phar maceutical formulations conprising a conbination as defined above
together with a pharpaceutical]y acceptable carrjer therefor conprise a

further aspect of“PRE"33fvEAETHITY ¥aFe AOPLe? HEPapPuPe HfeReEtfadly Ry ijfied
such conbi nat i onsenizyek udkes atgal pLedipdlkedsd At hSBICEH Ammoatyt|Mphatd. After

ganciclovir, inte 0, uch er . herr err]-interferon al
.excretion inhibi tc(r)effig[plsél}gﬁ%fsn é?g% r'1e(£:(%mdL,nL ntI'Jhc% ggfsll%e? r zfﬁglf)s ref‘g‘fcgﬁlhblgfmgr gf
such as di pyri daraypernagany’ frgiddexjrnyel exsisteedsaet 8s AZT, 2',3' -

di deoxycytidine, 2', 3 2gh d0X) 86RO wa cedt riHudEOXNMBHOR), NGomin) and the

2',3 -dideoxythym dine, 2', 6 3'-dideoxy-2',3' -didehydrothym di ne and

2', 3" - di deoxy- 2" P$LICHIGENYEEOLYRTY &P rAteLi Hinfh MR 2 GPRPRAFERRLE Butfer (pi
7.5). The suspension was dialysed overnight against 1M potassium
phosphate buffer (pH 7.5). The retentate (20ml) was then diluted
with an equal volume of distilled water. To 35m1lof this solution
dry Eupergit C beads were added (lg) and the mixture was allowed to
stand at room temperature 150-300 hours (determined by measuring
residual cytidine deaminase activity in solution). The immobilised
enzyme was washed with 100mM Tris/HCl buffer (pH 7.0) containing 1lmM
EDTA, 1lmM DTT, 0,5M NaCl and 500ppm p-hydroxybenzoic acid ethyl
ester {(storage buffer). The.immobilised-enzymé (2.7g wet weight)
was stored-in this buffer at 49c until required for
biotransformation.

The product of Example 1 (3g) was dissolved in 500ml of
distilled water in a magnetically stirred 1L flask. The
bioconversion was carried out at 320C in a pH-stat. The pH was
maintained constant at 7.6 by addition of 1M acetic acid. 1lg Wet
weight of the immobilised enzyme beads was washed with distilled

water prior to start of the reaction. The conversion was monitored

by chiral-HPLC which showed that the (+) enantiomer of the substrate
was preferentially deaminated. At the end of the reaction (72h) the
enzyme beads were filtered off and the filtrate was used for
isolation of the desired (-)-enantiomer.

The pH of the reaction mixture was adjusted to pH 10.5 using
ammonia solution (1M) and the solution applied to Duolite All3 super
resin in‘’the OH cycie (50ml; 0.4 bed volumes per hour). The uridine
analogue adsorbed to the resin and the (-)-enantiomer passed
straight through. Any (—)—enantiomer.still on the resin was removed
by washing with 0.04% ammonia solution (2 bed volumes; flow rate 0.8
bed volumes/hour).

The pH of éhe spent solutions and washes (600ml) was adjusted
to pH 7.0 with concentrated sulphuric acid and the solution applied

to XAD16 resin (50ml; flow rate 1.4 bed volumes per hour). The
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interleukin Il (1L2) and granul ocyte macrophage col ony stimulating factor
(GW CSF), erythropoetin, anpligen, thynmonodulin, thynopentin, foscarnet,
ribavirin and inhibitors of H V binding t_021C[_)4 receptors 9 e.g. soluble
CD4, CH4 fragments, CD4 hybrid nol ecul es, glycosylacion inhibitors such as
2- deoxy-D-gl ucose, castanosperm ne and 1- deoxynojirinycin. The individual

conponents of SWghumOWbi %&hw%m&b&ﬂdm Wi St €286 (Rt b@fumé?qufq%' Ak Y or
si mul taneously in separate or conbi ned pharmaceutical formul ations, \Wen

t he conpound (APSSr V& Wesndesuth )| f"eﬂ:c‘é‘pﬁ ae fatianee eheredivish
used in conbi natacetonei:tited $ETqBOoY I}EE@.D.EEItbda afJRRés pelki mrfgai nst the sane

virus the dose of eal'%e buqn‘p?%n engat'}g.omer containing fraction (4 bed volumes) was
concentrated on a Buchi evaporator to a small volume before
filtration through a No. 3 glass sinter. The filtered solution was
freeze dried to yield 1.2g of title product identical to that

obtained in Example 4.

Example 6
Tablet Formulations

a, The following formulation is prepared by wet granulation of the
ingredients with a solution of providone in water, drying and

screening, followed by addition of magnesium stearate and

compression.
ng/tablet
(a) Active ingredient . 250
{b) Lactose B.P. 210
(c) Providone B.P. 15
(d) Sodium Starch Glycollate 20
(e) Magnesium Stearate 5
500
B. The following formulation is prepared by direct compression:;
the lactose is of the direct compression type.
J—

e e
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either the sanme as or differ fromthat when the conpound is used al one.
Appropriate doses will be readily appreciated by those skilled in the art.
The conmpound (A) and its pharnaceuticall y_ag%e_pt abl e derivatives may be
prepared by any nethod known in the art for the preparation of conpounds of
anal ogous structure, for exanple as described in European Patent

Appl i cation ‘Publication No. 03 ‘a‘p‘p‘r‘evl—a‘[‘EE by those
skilled in the art that for ceftain of the met hpds. descri bed herein bel ow

the desired stereochenistry of{ the conpound (A) | &/ H¥PEbthi ned either by
commencing with an optically pure starting mateq Ial or by fesolving the

racem c m xture at any conveni e%tgteagg reﬁlé bynt’ gosi S. | n the case of
all the processes the opticall %6 product” may bl obtai ned by
resol uti on of the end product oﬁaaem:sﬁ reaction [n oh#d such| process (A a
1, 3-oxat hi ol ane of formula (VI idarr] 100
' Magnesium Stearate 5
500
C. (Controlled Release Formuiation). The formulation is prepared

by wet granulation of the ingredients (below) with a solution of
providone in water, drying and screening followed by the addition of

magnesium stearate and compression.

mg/tablet
(a) Active ingredienf 500
({b) Hydroxypropylemethylcellulose
(Methocel K4M Premium) ' 112
(c) Lactose B.P. 53
(d) Providone B.P. 28
(e) Magnesium Stearate 1
700

Example 7

Capsule Formulation

A capsule formulation is prepared by admixing the ingredients

below and filling into a two-part hard gelatin capsule.
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wherein the anoneric group L is a displaceable group, is reacted with

an, appropri ate base. Suitable groups L incl ude -OR where R is an alkyl
group, e.g. a (ferr]alkyl group such as nethyl or Ris an acyl group, e.g.
a*Cerr]alkyl group such as acetyl or hal ogen, for exanple iodine, bronine
or chlorine. The conpound of fornmula VIII is conveniently reacted wth
cytosine or an appropriate pyfrmdine base pretﬂgrsor Thereof] (previously

silylated with a silylating ggent such as hexanethyl.disilazape) ina
conpati bl e sol vent such as ngt hyl ene -10- chl of }cfé‘pﬁ%li%g A Lewi s acid
such as titaniumtetrachloride, tin (1V) conmpound such as Sn[c[err], or

trimethylsilyltriflate. The 1, §étﬂ)§§tm&£§ﬁ%§ of forf]z”ly a (M) may be
prepared for :
Lactose 72.5
Avicel 50
Magnesium Stearate 2.5
250

Example 8

Injectable Formulation

Active ingredient 0.200g
Sodium hydroxide solution, 0.1M g.s. to a pH of about 11.

. Sterile water g.s. to 10ml

The active ingredient is suspended in some of the water (which
may be warmed) and the pH adjusted to about 11 with a solution of
sodium hydroxide. The batch is then made up to volume and filtered
through a sterilizing grade membrane filter into a sterile 10ml

glass vial and sealed with sterile closures and overseals.

Example 9
mg/suppository
Active ingredient 250
. Hard Fat, B.P. 1770
2020

One-fifth of the hard fat is melted in a steam-jacketed pan at
-45°C maximum. The active ingredient is sifted through a 200um sieve

and added to the molten base with mixing, using a high shear
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‘exanpl e by reaction of an al dehyde of formula (M 1) with a nercaptoacetal

of formula (VI) in a conpatible-organic solvent, such as toluene in the
presence of an acid catalyst for exanple_a, Lemns acid such as zinc
chloride. HSCH err]CH(OCClerr]H err])[err] (V1)
Cerr]Herr]Cgerr]CH err] CHO (VIl) The nercaptoacetal s of
formula (V) rraytnece&r e 8d abymdBnhadspdeiavh id) alchgedd., HOIn@XATRL &G
Hesse and 1I. der, Chem_gBer 85, 924-932 (1952)..The al dehydes of " fornul a
(VI1) may be pr’%b’étl"‘éa By 1536 Ghe KRR LT hPﬁ‘é fa?‘r"'t lfcfrddﬁﬁatr?pr' e ppusgension

Hal | oqui st and #&hd Hitbbe«d toCamsuré. a Reseaecdys 3,1x129‘-11é3ﬁ1t(&93&)spens;on is ]
Conveniently th d | deh b rifire conver n_to the
crystalli neybl ss?%:dt gh% %ﬁt%%ﬁoﬁg t)alms gt%?e %reenet% ?%conve'?m o(r%“f'm“tshe
free al dehyde. ?W%%@cdﬁd%%%@és@ (°B)>1tq?e 4@ oahda tAPeézatabe #ifn88°®ytobase

i nt erconver si ong@¥c,a2¢ PPV Anef miaupdl 8s (49)ied into suitable, 2ml plastic

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

Example 10
Biological Activity

Antiviral Activity

Antiviral activity of the compounds of Example 2 were
determined against three stralns of HIV-1 and one strain of HIV-2 in

the following cell lines.

JM cells, a semi-mature T-cell line derived from a patient

with lymphoblastic leukaemia, infected with HIV-1 strain GBS.

C8166 cells, a human T—lymphoblastoid cell line, infected with
HIV-1 strain RF. '

MT-4 cells, a human T-cell leukaemia cell liné, infected with

HIV-1 strain RF.

CEM cells, a human T-lymphoblastoid cell line, infected with
HIV-1 strains RF and U455, or HIV-2 strain ROD.

Antiviral activities in C8166, JM, and CEM cells were
determined by'inhibition of syncytium formation (Tochikura et al
Virology, 164, 542-546) and in MT-4 cells by inhibition of formazan

conversion (Baba et al; (1987) Biochem Biophys Res Commun., 142,

128-134; Mossman (1983) J.Immun Meth; 65, 55-57). Antiviral
activities were also.determined by analysing the amount of HIV p24
antigen synthesised in the presence and absence of enantiomers.

The results are shown in Tables 1 and 2 below:-
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[err] where B is a base convertible to cytosine. Such interconversion may
be effected either by sinple chem-cal transformation (e.g. the conversion
of uracil base to cytosine) or by an enzymgiic conversion using a

deoxyri bosyl transferase. Such methods and conditions for base

I nterconversion are well known in the art of nucl eoside chemstry. In a
third process (C) a conmpound of fornmula (XlI) [err] may be converted to
t he conpound (A) by conversion of the anoperic NH2 group to the cytosine
base by nethods well known in the nucl €88+ chem stry art. Many of the
reactions described herei nabove have been '

50% Antiviral Activity (ug/ml)
Assay Formazan inhibition of syncytium formation
Cells MT-4 CEM CEﬁ CEM JM C8166
Virus (H_IV-l) HIV-1 RF| HIV-2 ROD |HIV-1 RP HIV-1 U455|HIV~1GB8 |HIV-1 RF
(+) ~enantiomer | 0.28 0.045 0.07 0.006 0.03 0.05
(<) —enantiomer | 0.20 0.055 | 10.04 ‘0.008 0.05 0.01
Table 2

Inhibition of HIV p24 Synthesis

50% Inhibition HIV p24 Synthesis (ug/ml)

Cells C81l66 IM MT-4
Virus RF GB8 RF

’ | {+) —enantiomer 01021 . 0.033 0.0008
(f)-enantidmér 0.016 0.016 0.0004
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extenéively reported in the context of nucleoside synthesis, for exanple in
Nucl eosi de Anal ogs - Chem stry, Biology and Medical Applications, R T.
Wal ker et. al., eds, Plenum Press, New York (1979) at pages 165-192; T. Ueda

in Chenistry of Nucleosides and Nucl eoti de$® Vol |, L B Townsend ed.,
Pl enum Press, New York (1988) at pages 165-192 the disclosures of which are
i ncorporated by reference herein. It will be appreciated that the above

reactions may require the use of, or conveniently nay be applied to,
starting materials having protected functional groups, and deprotection

m ght thus be regubg&ﬂoﬁﬁﬁgg internediate or final step to yield the

desired compound. Protection and deprotection of functional groups may be
ef fected using conventional nmeans. Thus, for exanple, am no groups nay be
protected by a grouprmsetendteditiosn atatiey koforthdsben ZBapmp18 @)l thalddcehn€e J-

e, 1} Poelbgtad |abs 4 SARpLe AT Lol bE RIS 0RLOME,
: enantiomers were determined in five CD4 cell lines: HY9, JM, CEM,
C8166 and U937. |
Compounds for test were serially diluted from 100ug/ml to
0.3ug/ml (final concentrations) in 96 well microtitre plates.
3.6x104 cells were inoculated into each well of the plates including
drug-free c¢ontrols. After incubation at 370¢ for 5 days®the viable
cell count was determined by removing a sample of cell suspeﬁsion
and counting trypan blue excluding cells in a haemocyﬁometer.

The results are shown in Table 3.

Table 3
Cytotoxicity
50% Cytoxicity (pug/ml)
Compound CEM cells| JM cells| H9 cells 'U937 cells| CB8166 cells
(+) -enantiomer 1 1.5 2 _ 4 35
(-) —enantiomer | >100 30 >100 >100 >100
Bcﬁ-189 . 3 3.5 8 15 | ' 90
1:1 Mix of 2.5 ND* ND " ND ND

ND = Not Determined

—_—_

—_—
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hydr ogenol ysis as appropriate using standard conditions. Hydroxyl groups
may be protected using any conventional hydroxyl protecting group, for
exanpl e, as described in 'Protective Goups in Oganic Chemstry' . Ed—J-

Fr W MOme (Plenum Press, 1973) or 'Protective G oups |n eranlc

Synt hesis' by Theodora W Greene (John Wley and Sons, ml mjmuw“m
sui tabl e hydroxyl protecting groups include groups select

(e.g. nmethyl, t- yh, or nethoxynethyl) aral kyl (e.g. benzyl

di phenyl net hyl Sgﬂﬁ?#%%enyl met hyl ), heterocyclic groups such as
tetrahydropyranyl, acyl (égg. acetyl or benzoyl) and silyl groups such as
trialkylsilyl (e.g. (Lybytysdi,opt hzdr@dlrxk}me&%yq hydr&es%lmew&eeisuymg g1 pups
may be renoved by conventional techni ques, exanpl e

h fo | kyl,
silyl, acyl andPHefefHEPcPRT °grdbhe Tfé’f“b’ecarléi’rﬁ‘féﬁpwl%&e\‘iﬂ%?’% th§r§°f by
hydr ol ysis under acidic or basic conditions. Aral kyl groups such as
tri phenyl met hyl nayAS|n1IarIy be I8 mded q%_solyoly t%thégl QXeQYQEQL%FiS
under aci di ¢ cofdi t FoR&™ URPaPRyT 4 SUps™ su o
correspondlng (+) -enanticmer.

3. A compound as claimed in Claim 1 or Claim 2 wherein the (+)-

enantiomer is present in an amount of no more than about 5% w/w.

2, 2,
4. A compound as claimed in any one of Claims 1 to 3 wherein the

(+) ~enantiomer is'present in an amount of no more than about 2% w/w.

5. A compound as claimed in any one of Claims 1 to 4 wherein the

(+) —enantiomer is present in an amount of less than about 1% w/w.
6. A compound as claimed in Claim 1 in substantially pure form.

7. A pharmaceutical composition comprising a compound as claimed
in any one of Claims 1 to 6 together with a pharmaceutically

acceptable carrier therefor.

-~

8. A compound as claimed in any one of Claims 1 to 6 for use in
therapy.
9. Use of a compound as claimed in any one of Claims 1 to 6 for

the manufacture of a medicament for the treatment of a viral

infection.

10. A method for the treatment of a mammal, including man,
suffering from or susceptible to viral infection comprising
administration of an effective amount of a compound as claimed in

any one of Claims 1 to 6.

- This Sheet Has Been Re; laced




.benzyl may be cl eaved for exanple by treatment wth BF 1
2 - acetic anhydride followed by renoval of acetate grammmm"mmnimqjan
appropriate stage in the synthesis. Silyl groups may al o sonventent
‘renoved using a source of fluoride ions suklt as tetra-n-butyl ammoni um
fluoride. In the above processes conmpound (A) is generally obtained as a
m xture of the cis and trans isoners of which the cis isonmer_is the
conpound of i nt¥rest mefhgdef 95 SR rRrsRA2 b s 8pat £BROHP pystardnaisye. g.
chr omat ogr aphy eie sid |caa1g\el 10tob§’ Gt e | vl r iGegssaphrsBiorOmpE alhlehqk) -
directly or on id Lives,Lher et at ared for
éﬁiﬁg ycﬁl de) %%O?Te al §§1n1§9 é%g I#% géa&&&&&%%

exarrpl e wth ace

12. A hethod as claimed in Claim 11 wherein the mixture of

compounds is a racemic mixture.

13. A method as claimed in Claim 11 or Claim 12 the separation is

effected by chiral HPLC.

14. A method as claimed in Claim 13 wherein the HPLC employs as a

stationary phase acetylated f-cyclodextrin or cellulose triacetate.

15. A method as claimed in Claim 11 or Claim 12 wherein the
separation is effected by enzyme-mediated enantioselective

catabolism.

16. A method is claimed in Claim 15 wherein the enzymé is employed

in immobilised form.

.17. A method as claimed in Claim 15 or Claim 16 wherein the enzyme

is cytidine deaminase.

18. A method as claimed in Claim 15 or Claim 16 wherein the enzyme

is a 5'-nucleotidase.
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..separation, by conversion back to the parent product (eg by deacetyl ation
Wit h nmet hanolic ammmoni a). Pharmaceuticall'y acceptable salts of the
conpounds of the invention may be prepared as described in US Patent No. .
4,383,114, the disclosure of which is incorlporated by reference herein.
Thus, for exanple, when it is desired to prepare an acid addition salt of
conpound (A) the product of any of the above procedures nmay be converted
into a salt by treatnent of the resulting free base with a suitable acid
usi ng conventional nethods. Pharnmaceutiggétiaegceptable acid addition salts
may be prepared by reacting the free base wth an appropriate acid
optionally in the presence of a suitable solvent such as an ester (e.g.

hyl |, cohol , 3t h h .
ot gani ¢ basl o sai 16 Aeyne- bReidER By PRebapeRg ety AR ooBRBow
a suitabl e base 1Wﬂxﬁﬁcé&mc§ﬂl;ﬁ9&eﬁﬁah é}xva§i99§ H&r‘?@ic@&#a@'ﬁ%rgr&x@&tio‘?x@%ér&’oé :

the presence of a 'solvent such as an
methods for its preparation and 1ts use as an antwlral agent are described.

R —
heet Has Been Reﬁaced
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Phar maceut i cal |y acceptahle. salis oy

Y¥0h00n-7 s

al so be prepared -from-ot-her. .salts, .

T TRy S

includi np ot karipleaedEUt ixcal | ﬁﬁ‘acceﬁ)t abl e sal tg/ of, --d’."' (A) k,n
usi ng Colentianal: NREROAEN 1Cpmodund.. _
-‘phar maceuin €al, l(y) accve,@t;(abioe phasphat.e e
phosphor yl-at,ing,agenapesUch (@paROCLLenr |, or tabl e est pr 'f.-yl ng. ager;t
such as an, agi.d. ‘hal lpe @1 anhyscide... s a proprl "An ester:arzasal i-0
corrpound%;(__A) TRY. he ¢ nverted to .t_‘h_e.__‘ ar ent cor?rpound for exanmple by E
hydr ol ysils BREN Ja: S5 semlt!i”é'}'ﬁle%‘n'—-’ehe"fi nal product, or-an i.nterp CT@& pate or !
starting materlal t heref or may be effect ed by any swtable ‘et hod “known:in__}
the art see for exanple 'ig8 ¢ G H@aTmIpounds'
The present invention relates to nucleoside analegues and their
use in medicine. More specifically the invention is concerned with
1,3-oxathiolane nucleoside analogues, pharmaceutial formulations
thereof and the use thereof in the treatment of viral infections.
The compound of formula {I) ' '
REPLACEMENT SHEET}
ey
0 10CT 1996

also known as BCH-189 or NGPB-21 has been described as having

antiviral activity in particular against the human immunodeficiency

viruses (HIV's),

Conference, Montreal, Canada

and M.C.P. 63; Eurcpean Paten
The compound of formula (

enantiomers of formulae (I-1)

NH,

h/

o
Hoc% f]v

and was described and tested

compound currently approved

by HIV is 3’-azido-3’-deoxythymidine (AZT,

the causative agents of AIDS (Sth Anti-Aids

Abstracts T.C.0.1
0382562) .

Sth-%th June 1989:
t Application Publication No.

I) is a racemic mixture of the two
and (I-2):-
NH,
N/'
a-2) A | -1
07 >N
HOCH, . =
iifi:‘
in the form of its racemate. The only

for the treatment of conditions caused

zidovudine, BW 509U).

'However, this compound has a significant side-effect liability and

thus either cannot be employed or, once employed, may have to be

withdrawn in a significant number of patients.

There is in



E. L. Eliel (MGawHIl, 1962) and ' Tabl es of ResoRhM(}f‘gﬁémgdﬁmt. H.
Wl en.. Thus for exanple the conpound (A) nay obtai nedf By CHI T al usi ng
a Suitabl e stationary phase for exanple acetylated |efrh-1gy }: @:ﬁ,e r| n or
cellulose triacetate and a suitable solvent_for exapp]le an a ol Isych as
et hanol or. an aqueous sol ution of for exan’p‘te triethy It gt e.
Alternatively the conpounds may be resol ved by enzype nedi at ed

enant | osel ecti ve Sﬁ‘ ggéx{csema""'c%ﬁca S“A %Q!eﬁ ES'ZQ/{%:%AC'Z ggogm C‘JE{E‘%n are
deam nase or sel ec enzynat dat’ion a sultab erivative using
a 5' - nucleoti daséfect\i\nenaqaes@ﬁ t!itIdetl witgf Pee%@@mnwwmimélfﬁ-yaqm ketteme
may be enployed ehdNgbudft SQdition or, nore conveniently, in inmobilised
form Enzynes may be i-nmobilised by any nethod known in the art, for
exanpl e by adsor pt i offeoR# B PIeLONPE kM trs SEABET §F19Y - TRAPFHOBSES BF iRl

be further deSCI‘chﬁ(d:uhyl sheobidla0\Wt NG re xadifibesenshagdi ndt e O but ARG be

limt the Inventl e gHaQQYo%ﬁQ@'(the(f)—enantiomer) has considerably lower

- cytotoxicity than the other enantiomer. There is thus provided in a
first aspect of the invention the (-) (or laevorotatory) enantiomer’

of the compound of formula (I) and pharmaceutically acceptable

derivatives thereof. IR

_ The (-) enantiomer has the chemical name (-)/~4-Amino-1-(2-
hydrokymethyl-l,3-oxathiolan-5~yl)-(1H)— pyrimidin-2-one
(hereinafter compound (a)). It has the absolute stereochemistry of
the compound of formula (I~1l) which has the name (2R,cis))-4-amino-
1-{2~hydroxymethyl~-1, 3~oxathiolan-5-yl1) - {14} -pyrimidin-2-one.

Preferably.Compound A is provided substantially free of the
corresponding (+)-enantiomer, that is to say no more than about 5%
w/w of the (+)- enantiomer, preferably no more than about 2%, in
particular less than about 1% w/w is present.

By "a pharmaceutically acceptable derivative™ is meant any
pharmaceutically acceptable salt, éster, or salt of such ester, of
compound (A) or any other compound which, upon administration to the
recipient, is capable of'providing {directly or indirectly) compound
{A) or an antivirally active metabolite or residue thereof.

- It will be appreciated by those skilled in the art that
compound (A) may be modified to provide pharmaceuticaily acceptable
derivatives thereof, at functional gfoups in both the base moiety
and at the hydroxymethyl group of the oxathiolane ring. Modification
at all such functional groups are included within the scope of the
invention. However of particular interest are pharmaceutically
acceptable derivatives obtained by modification of the 2-
hydroxymethyl group of the oxathiolane ring.

Preferred esters of compound (A) include the compounds in which
the hydrogen of the 2~hydroxymethyl group is replaced by an acyl

o | _
function R-g- in which the non-carbonyl moiety R of the ester is

selected from hydrogen, straight or branched chain alkyl (e.g.

This Sheet Has Been R,
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Al'l tenperatures are in degrees Celcius. |NTERVED ATH
3- oxat hi ol ane- 2- nmet hanol , benzoate. A solution of zinc
hof nethanol (15m) was added to a stirred sol ution gf
z
r

=]

mer capt oacet al dehyde, di nethyl acetal (34.2g) and ben cyl%ﬂﬁ%@%l.d hyde
(48.3g) in toluene (1300m ) which was thepsheated to g¢f | ux under ni

for 50 mn. The cooled m xture was concentrated, diljuted wmt r
toluene; then filtered through Kiesul guhr. The conbi IL-@-GL.LLJ trates and
tol uene were was&ee@l w t@t 1eQUS 88T LS %Mt@@dlﬂ%@dﬂar bangs ey Syt 1(8Ng ( X2)
and brine, dri ed t hen § aorat ed o _an whi ch # §ul?Lect ed
to col um chrorré&e Wir 2F4: X‘Z nErc e§§§ ) élrﬁf'gﬁy R

chl.oroformto glphendaMeth;tJJ)e zmzodm:-tg asha&ll oidt 16ddB llygjubat biutkary bélageoner s

1:1); 1IH N 6 3. o e 11
z(s.cia (1)H) 5, 52/%( 1TA) %‘ﬁes) i iH)‘* g&ﬁg@ &%Q@,E% ?ngﬁ)% ﬂ% so“‘(f4‘H§F-|)§’[ ar f'] £
(C}ﬂBr[err]) 1717_qgehﬁg%sp}phony- (elg methanesulphonyl). amino acid esters (e.g. L-

valyl or n—isoleucyl)'and mono-, di- or tri-phosphate esters.

With regard to the above described esters, unless otherwise
'specifigd, any alkyl moiety present advantageously contains 1 to 16
.carbon atomé,,particularly 1 to 4 carbon atoms. Any aryl moiety
preéenﬁ.in such éstéis advantagéoﬁslf-ésmbriseg a phenyl group.

In particular the esters may be a C;_jgalkyl ester, an
'unsubstituted'behzyl ester or a benzyl ester substituted by at least
~one halogen (bromine, chlorine, fluorine or iodine), C;_galkyl,
' Cjlgalkoxy, nitro or trifluoromethyl gr§ups.

Pharmaceutically acceptable salts of the compound (A) include
those derived from pharmaéeutically acceptable inorganic and organic
acids and bases. Examples of suitable acids include hydrochloric,
hydrobromic, sulphuric, nitric, perchloric, fumaric, maleic,
phosphoric, glycollic, lactic, salicylic, succinic, toluene-p-
sulphonic, tartaric, acetic, citric, methanesulphonic, formic,
benzoic, malonic, naphthalene-2-sulphonic and benzenesulphonic
acids. Other acids such as oxalic, while not in themselves
pharmaceutically acceptable, may be useful as intermediates in
'obtainiﬁq the compounds of thé invenﬁioﬁ'ﬁnd their pharmaceutically
acceptable acid addition salts.

Salts derived from appropriate bases include alkali metal (e.g.
sodium), alkaline earth metal (e.g. magnesium), ammonium add NR,+

(where R is C;_salkyl) salts.

References hereinafter to a compound according to the invention
include,both the compound (A) and its pharmaceutically acceptable
derivatives. .

The compounds of the invention either themselves possess
antiviral activity and/or are metabolizable to such compounds. In
particular these compounds are effective in inhibiting the
replication of retroviruses, including human retrovxruses such as

human meunodef;cxency viruses (HIV’s), the causative agents of

AIDS.



- 14 - | NTERMEDI ATE 2 ([err]) -cis-1- (2-Benzovl oxy o
3-oxat higlan-5-yl) -(1H) -Pvrimdin-2- 4-dione A nigﬁﬁigzgﬁf ﬁ%ﬁyi jound

uracil (9.62g) hexanethyl disilazane (50 nl) and anrorTGﬁT?U?pha% 30 ng)
was heated at reflux under nitrogen until a clear SOluqu&Hﬁaﬁw bt ai med.
This was cool ed and then evaporated to4a_colourles oi | o

di ssol ved, under nitrogen atnosphere, in acetonitrifl é e
solution was added to a stirred ice cool ed sol ution_of

5-met hoxy- 1, 3- oxaehkeé dlsar@us s rtibaacls abeaadeirea{pddteoHE L 43Q) ,

' ' r hanesul nat e
I( 24?3?1} ?n:/v;ébrlz‘ipg)a‘eg()@hzr %ngh%r 3 \A%ngI’ Irr%é\!/ce(?u%:jggﬂg'ngg Ut %ﬁ?°g/a§°rheat ed
at use as an active therapeutic agent in partxcular as an antiviral

agent, for example in the treatment of retroviral Lnfectlons.

In a further or alternat;ve aspect there is provided a method
for the treatment of a viral infection, in particular ‘an infection
caused by a retrovitﬁs'such as HIV, in.aeﬁammal including man
comprising administration of an effective amount of compound (A} or
a pharmaceutla‘ly acceptable derlvatlve thereof

There is also provxded in a further or alternative aspect use
of compound (A) or a pharmaceutically acceptable derivative thereof
for the manufacture of a medicament for the treatment of a viral
infection.

The compounds of the invention are also useful in the treatment
of AIDS related conditions such as AIDS-related complex (ARC),
progressive generalised lymphadenopathy (PGL), AIDS-related
neurological conditions (such as dementia or tropical paraparesis),
anti-HIV antibody positive and HIV- positive conditions, Kaposi’s
sarcoma, thrombocytopenia purpurea and associated opportunistic
infections for example Pneumocystis carinii.

The compounds of the invention are also useful in the
prevention of progression to clinical illness of individuals who are
anti-HIV antibody or HIV-antigen positive and in prophylaxis
following exposure to HIV. '

The compound (A) or pharmaceutically acceptable derivatives
thereof may also be used for the prevention of viral contamination
of physiological fluids such as blood or semen in vitro.

It will be appreciated by those skilled in the art that
reference herein to treatment extends to prophylaxis as well as the.
treatment of established infections or symptoms.

It will be further appreciated that the amount of a compound of
the invention required for use in treatment will vary not only with

lthe particular compound selected but also with the route of
administration, the nature of the condition being treated and the
age and condition of the patient and will be ultimately at the
discretion of the attendant physician or veterinarian. In general

however a suitable dose will be in the range of from about 0.1 to



reflux under nitrogen for 45 nins. After cooling and@?&éﬁfa‘ﬁ fel;
resi.due was purified by colum chronatography over 1kg of silica gel
9385) el"uting with chlorof orn nethanol 9:1. Approprilatie 6re@ET ®% War ¢
cool ed and evaporated to afford a crude residue. Thijs was fractionalfly
crystallized fromthe mnimumof hot nethanol (c.1200nT)yto afford—theg
title compound (6.32g) as white crystals. 1H NVR( d[lerr] DMBO) [err] 11

7.50-8.00 (6H, M, 6.20 (1Ht), 5.46 (2H M, 4,62 (2H, m, 3.4
3. 25aKduit, 790mg / kN TERMANATEht3 per day preferably in the range of 0.5

(1H, bs) .

(1H m,

I\/Erck
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4- A I
E)g/rl(%l 3|) n- 2- glﬁg%l{)/emi&gp%gmﬁ& g%‘lr?g?!od) ? tgié?%%? 5 nglofgo%”é‘)ggé@&aﬁmmni um
sul phat e (few ngsfhe #eHMQWW sohegrdapt Xyl boraceserteds ih rar géngledddmsat ed

at reflux forg2 Ad %Lv;HQ&ie&oéEst E%@ﬁst@%&eﬁ Mo&:?@t\.’@dumér%¥@90rﬁ;ﬂ on,
and the residual solid was dissolved in

example as two, three, four or more suo-doses per day.

The compound is convenzeptly adm;nx;tered in unit dosage form;
for example cont&ining 10 to.lSOOmgL-cbﬁveniently 20 to 1000mg, most
conveniently 50 to 700mg of adtive ingredienc“per unit dosage form.

Ideally the active Lngredlent should be admlnxstered to achieve
peak plasma concentratxons of the actzve compound of from about 1 to
about 75 uM, preferably.about 2 to 50 UM, most preferably about 3 to
about?30uM.' This may be achieved, for example, by+#.he intravenous
injection of a 0.1 to 5% solution of the active ingredient,
optionally in saline, or orally administered as a bolus containing
about 1 to about 100mg of the active ingredienﬁ. Desirable blood
levels may be maintained by a continuous infusion to provide about
0.01 to about 5.0 mg/kg/hour or by intermittent infusions containing
about 0.4 to about 15 mg/kg of the active ingredient.

While it is possible that, for use in therapy, a compound of
the invention may be administered as the raw chemical it is
preferable to present the active ingredient as a pharmaceutical
formulation.

The invention thus further provides a pharmaceutical
formulation comprising compound (A) or a pharmaceutically acceptable
derivative thereof together with one or more pharmaceutically
acceptéble carriers therefor and, optionally, other therapeutic
and/or prophylactic ingredients. The carrier(s) must be
‘acceptable’ in the sense of being compatible with the other
ingredients of- the formulation and not deleterious to the recipient
thereof:

Pharmaceutical formulations include those suitable for oral,
rectal, nasal, topical (including buccal and sub-lingual), vaginal
or parenteral (including intramuscular, sub-cutaneous ana

intravenous) administration or in a form suitable for administration

"by inhalation or insufflation. The formulations_may, where

appropriate, be conveniently presented in discrete dosage units and

may be prepared by any of the methods well known in the art of
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esired formulation. . _

Pharmaceutical formulations suitable.for'oral administration
may conveniently be presented as_discrete units such as capsules,
cachets or tablets each cbntaihing.a-predetermined amount of the

active ingredient; as a powder or granules; as a solution, a

suspension or as an emulsion. The active ingredient may also bé

presented as_é bolus, electuary or paste. Tablets and capsules for
oral administration may'contain conventional excipients such as
bindin¥% agents, f£illd#rs, lubricants, disintegrants, or wetting
agents. The tablets may be coated accor&ing to meﬁhods well known
in the art. Oral 1iquid pﬁeparatidns may'be in the form of, for
example, aqueous or oily suspensions, solutions, emulsions, syrups
or elixirs, or may be presented as é dry.product for constitution
with water or 6ther suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending
agents, emulsifying ageﬁts, non-aqueous vehicles (which may include
edible o0ils), or preservatives.

The compounds according to the invention may also be fdrmulated
for parenteral administration (e.g. by injection, for example bolus
injection or continuous infusion) and may be presented in unit dose
form in ampoules, pre-filled syringes, small volume infusion or in
multi-dose containers with an added preservative. The compositions
may take such forms as suspensions, soiutions, or emulsions in oily
or aqueous vehicles, and may contain formulatory agents such as
suspending, stabilising and/or dispersing agents. Alternatively,
the active ingredient may be in powder form, obtained by aseptic
isolatien of sterile solid or by lyophilisation from solution, for
constitution with a suitable vehicle, e.g. sterile, pyrogen-free
water, before use.

For topical administration to the epidermis the compounds
according to the invention may be formulated as ointments, creams or
lotions, or as a transdermal patch. Ointments and creams may, for
example, be formulated with an aqueous or oily base with the

addition of suitable thickening and/or gelling agents. Lotions may
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31.59g). The m xture was crystallised fromwater (45M)R£PﬂA@§lﬁ@hﬁ@-’- 3.
to give a solid (10.23g) which was recrystallised fromjet 4204
water (30m) to give the title product as a white soli
(MeOH) 229.4mm (E[err] 610); 272.4mm (E[err] 1cm

[err]H NVR (DMSO d6) 6 3.14 (1H), 3.9204(1lH), 4.07 (2H) .
(1H), 6.28 (1H), 7.22 (2H), 7.56 (2H), 7.72 (2H), 8.10](2H
Phosphorus oxychloride (7.0mM) was added dropwise to a S

. Method (

l.ed

suspensi on 8¢ fbraulatetl 40l 8n (akhe®RDbri dL19CRIRNbAd iWi1(12Q@&herd1heDso ke'e“fai ng
the internal tenperature bel ow 15&%&%’&‘#“ et hyl am gglgzz. 7m ) was added

dropwi se. APPBF21% % F &9155t #8H 49" ¢y stabiliising agdents,

-1 - (2- benzoyk epgrmetdy |adendsox sukpendind-agdent(siHrhipkenkndi ag@nds dicone

(I nternmedi aE?lo%)rié@'a?Zx@s.i n acetonitrile (330mM )was slowy added. Stirring
a

was then continue room t enperature overnight. The m xture was cool ed by
means of an i ceFormulations suitable for topical administration in the mouth

include lozenges comprising active ingredient'in a flavoured base,

"usually sucrose and acacia or tragacanth; pastilles comprising the
active ingrédient in an inert base such as gelatin and glycerin or
sucrose and acacia; and mouthwashes comprising the active ingredient
iﬁ a'éditable-liquid—éarfier.- - |

Pharmaceutical formulatibns'suitable for rectal administration
wherein-;he carrier is a solid are most preferably presented as unit
dose suppositories. Suitable carriers include Ccha butter and
other materials commonly used in.the ért, and the suppositories may
be conveniently formed by admixture of the active compound with the
softened or melted carrier(s) followed by chilling and shaping.in
moulds. | |

Formulations suitable for vaginal administration may be.
presented as pessaries, tampons, creams, gels, pastes, foams or
sprays containing in addition to the active ingredient such carriers
as are known in the art to be appropriate.

For intra-nasal administration the compounds of the invention
may be used as a liquid spray or dispersible powder or in the form
of drops. |

Drops may be'formulated with an aqueous or non-aqueous base
also comprising one more more dispersing agents, solubilising agents
or suspending agents. Liquid sprays are conveniently delivered from
pressurised packs.

For administration by inhalation the compounds according to the
invention are conveniently delivered from an insufflator, nebuliser
or a pressurised pack or other convenient means of delivering.an
aerosol spray. Pressurised packs may comprise a suitable propellant
such as dichlo:odifluoromethane, trichlorofluoromethane,
dichlorotetrafluorocethane, carbon dioxide or other suitable gas. 1In
the case of a pressurised aerosol the dosage unit may be determined

by providing a valve to deliver a metered amount.
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bath and triethylam ne (30m) was slowy added foll owed y wat-e¥ ( 1r11)‘ I
The resul tant sol ution was evaporated, and the residue S pﬁ igé oned
bet'ween ‘sat ur at ed sodi um bi carbonate sol ution (400m ) an 0 r1A?6
(3x200m ). The conbi ned chl orof orm extrdcts were dried andioagnesi um
sul phate, filtered and evaporated to give a crude resid (9.79). The
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anmoni a sol ution (’é‘g'03880’e15f0m5°‘i/va’sd‘&ﬂﬂéﬂ“ﬁa°t1€r“ Py/onh e hatisruPiton was
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col umm chr onat &Gt 8%%/ rl EOPRPSE + e ERT ﬁ?@p %(ngj’)"’ Jﬁé‘p?
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solid (2.189) podENLLERs fohNly AR gLoGARY Mt (BlagW! €nl cor

example, capsules or cartridges or e.g. gelatin or blister pecks

from which the powder may be administered with the aid of an
inhalator or insufflator.

When desired-the above described fo:mulations adapted to give
sustaxned release of the active 1ngted1en* may be employed o

 The pharmaceutxcal composxtxons according to the lnvention may
also contain other active ingredients such as antimicrobial agents,
or preservatives.

The compounds of the invention may also be used in combination
with other therapeutic agents for example other antiinfective
agents. In particular the compounds of the invention may be employed
together with known antiviral agents.

The inéention thus provides, in a further aspect, a combination
comprising the compound (A) or a physioclogically acceptable

" derivative thereof together with another therapeutically active
agent, in particular an antiviral agent.

The combinations referred to above may conveniently be
presented for use in the form of a pharmaceutical formulation and
thus pharmaceutical formulations comprising a combination as defined
above together with a pharmaceutically aeeeptable carrier therefor
comprise a further aspect of the invention.

Suitable therapeutic agents for use in such combinations
include acyclic nucleosides such as acyclovir or ganciclovir,
interferons such as «, B or y-interferon, renal excretion inhibitoré
such as probenecid, nucleoside transport inhibitors such as
dipyridamole, 2',3‘—dfdeoxynucleosides such as azT, 2',3'-
dideoxycytidine, 2',3’-dideoxyadenosine, 2’,3’-dideoxyinosine,
27,3’ ~dideoxythymidine, 2’,3'~dideoxy-2’,3’-didehydrothymidine and

*,3’-dideoxy~-2’,3'~ didehydrocytidine, immunomodulators such as
interleukin II (IL2) and granulocyte macrophage colony stimulatiné
factor (GM-CSF), erythropoetin, ampligen, thymomodulin, thymopentin,

foscarnet, ribavirin and inhibitors of HIV binding to CD4 receptors



| REPLACEMEN
-16- ([err])-(cis) -4-Am no-1-(2-hydroxynethyl-1.3-oxath “ME}‘T St
pyri m di n-2-one A suspension of (cis)-4-amno-1-( 2-bén oﬂ9 ,@BXI ,
oxat hi ol’an-5-yl ) - (1H) - pyri m di n-2-one (Internediate 3) |(. EW
s stirred and
| tration then washed

Anberlite IRA-400 (OH) resin (8.249) 'in nethanol (250
heated to reflux for 1 1/4h. Solids wére renoved- by fi
with nmethanol. The conbined filtrates were evaporat ed.
triturated with eth acetate (80m). The resylting white solid

col | ect ed by -fi I3%H \?/Jreoﬁ P G vé‘ t5r 408 B‘I‘?fd&c‘f“”%“b‘?sg) glsﬁ%smmm

( DVBO- d[err]i)nhabﬁdorélﬂ)qh &k 20-dedky;D3g AR ose2Hrasbad8sgdthine5 a2 (4 H),
5.73 (1H), Q%ej% 449 (2H), 7,81 (1H) . Exanple 2: Chiral HPLC
separation o enaﬁ'tlomars of ([err])-(cis) -4- Amno-1-

( 2- hvdr oxvret hy|Thie 3ingdstidud JareomppnentS1HE spyhi geabanatdnas pAY The

racem c prodidetinOfceedan®lhel (it idAy SHINGREEEShddRAs1y 1n separate or

combined pharmaceutical formulations.

When the compound (A) or a pharmaceuticaily acceptable
derivative thereof is used in combinaiion with a second therapeutic
agent active against the same virus the dose of each compound may be

- either the same as or differ from that when the compound is uSed
alone. Appropriate doses will be readily appreciated by those
skilled in the art.

The coﬁpound {a) qnd its pharmacgutically acceptable
derivatives may be prepared by any method known in the art for the
preparation of compounds of analogoué structure, for example as
described in European Patent Applicatioﬁ Publication No. 0382562.

It will be appreciated by those skilled in the art that for
certain of the methods described herein below the desired
stereochemistry of the compound (A) may be obtained either by
commencing with an optically pure startxng mater1a1 or by resolving
the racemic mixture at any convenient stage in the synthesis. In
the case of all the processes the optically pure desired product may
be obtained by rgsolution of the end product of each reaction

In one such process (A) a2 1,3-oxathiolane of formula (VIII)

R, o
-\/. L (VIID)

S

wherein the anomeric group L is a displaceable group, is reacted
with an.appropriate base. Suitable groups L include -OR where R is
an alkyl group, e.g. a Cj_galkyl group such as methyl or R is an
acyl group, e.g. a Cj_galkyl group such as acetyl or halogen, for
example iodine, bromine or chlorine.

The compound of formula VIII is conveniently reacted with
cytosine or an appropriate pyrimidine base precursor thereof
{previously silylated with a silylating agent such as

hexamethyldisilazane) in a compatible solvent such as methylene



preparative HPLC under the follow ng conditions: Col uny » A Ropr
cellulose triacetate, 250 x 10mm 10[ err] El uant: _ g E’ngﬂiﬂ‘
3ni/mn? Detection: uv, 270nm Tenperature: anbient. |Eyaporation of [ hg
appropriate pooled fractions gave (2R cis)- 0 10CT 1996

4-am no-i-(2-hydroxynethyl -1, 3-oxathi ol an-psyl) -(1H)-}pyrim din-2-one
(6.8ngy, e.e. ca 100% and (2S,cis)- 4am'no°l(2- ' '
hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl)-(1H) -pyrimdin-2-0 (3. 6ng, e.e. ¢
90% . (B) The ra&&@l:fhe%?ﬂlr&;c% Qw;?@!@'ﬁzcl i@@ﬂ@m‘ﬂﬁ%e%‘z‘?&ﬂ%ﬁ:f& t@m (IV)

preparative HPLC under the Tollow ng conditiaons: AST
cycl obond | acetSAPOYBHRACHE A SO ya P tr‘methylﬁlkm)btt‘ﬁjéttﬁyl anmoni um acet ate

(prepared by addi ng gheqi,3FoRgeiiclanes b ol t(VIEE NyhaAbBEpidbarRkCEort O
a final pH

example by reaction of an aldehyde of formula (VII) with a
mercaptoacetal of formula (VI) iﬁ'a éqmpatible organic solvent, such
.as toluene in the presence of an acid catalyst for example a Lewis
acid such as zinc chloride. ' -

HSCH,CH (0CoHg) 5 (VI)
CgHgCOLCH,CHO (VII)

The mercaptoacetals of formula (VI) may be prepared by methods
known in the art, for example G. Hesse and I. Jorder, Chem. Ber 85,
924-932 (1952). -

The aldehydes of formula (VII) may be prepared by methods known
in the art for examéle E. G..Halloquist and H. Hibbert, Can. J.
Research, 8, 129-136 (1933). Conveniently the crude aldehyde (VII)
may be purified by conversion to the crystalline bisulphite addition
adduct and subsequent reconversion to the free aldehyde.

In a second process (B) the compound (A) is obtained by base
interconversion of a compound of formula (IX)

HOCH, B
° )
S

where B is a base convertible to cytosine. Such interconversion may
be effected either by simple chemical transformation (e.g. the
conversion of uracil base to cytosine) or by an enzymatic conversion
using a deoxyribosyl transferase. Such methods and conditions for
base inmterconversion are well known in the art of nucleoside
chemistry.

In a third process (C) a compound of formula (XI)

R,0 |
koy _NH, (X1)

S



7.2); Flow _ 2m /min: Detection: uv, 300nm RE?E@CE@@DH‘S@F@T

- 17 - Evaporation of appropriate fractions gave crudle \Ln,CTJ} 4
am'no- | - (2- hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl) -(1H) y%f?bﬁ#% 3 one
(25ng) and crude (2S, ccis)-4-amno-i-(2-hydroxynethy 996

-1, 3-oxathiolan-5-yl)- (H-pyrimdin-2s9ne (17ng) . ¥These fractions he
separately subjected to further preparative.HPLC runfunder the foll ow

Ent .

I e
L

condi tions: Col umm: ASTEC cycl obond | acetyl’, 256x4—6mr-Eluent
15mM amoni umatet cdnertqat6. Gie compound (A) by conversion of the anomeric

NH, group to the cytosine base by methods well known in the
nucleoside chemistry art. |

Many of the reactions described hereinabove have been
‘extensively reported in the context of nucieoside synthesis, for

example in Nucleoside Analogs -~ Chemistrv, Bioloagv and Medigal

Applications, R. T. Walker gg.“g;., eds, Plenum Press, New York
{1979) at pages 165-192; T.Ueda in Chemistry of Nucleosides ahd
Nucleotides, Vol I, L B Townsend ed., Plenum Press, NewlYork (1988)
at pages 165-192 the disclosures of which are incorporated by
reference herein. '

It will be appreciated that the above reactions may require the
use of, or conveniently may be applied to, starﬁing materials having
protected functional groups,'énd deprotection might thus be required
as an intermediate or final step to yield the desired compound.
Protection and deprotection of functional groups may be effected
using conventional means. Thus, for example, amino groups may be
protected by a group selected from aralkyl (e.g. benzyl), acyl, aryl
{e.g. 2,4-dinitrophenyl) or silyl; subsequent removal of the
protecting group being effected when desired by hydrolysis or
hydrogenolysis as appropriate using standard conditions. Hydroxyl
groups may be protected using any conventional hydroxyl protecting
group, for example, as described in ’'Protective Groups in Organic
Chemistry’, Ed. J. F. W. McOmie (Plenum Press, 1973) or ’Protective
Groups in Organic Synthesis’ by Theodora W. Greene (John Wiley and
Sons, 1981). Examples of suitable hydroxyl protecting groups
include groups selected from alkyl (e.g. methyl, t-butyl or
methoxymethyl), aralkyl (e.g. benzyl, diphenylmethyl or
triphenylmethyl), heterocyclic groups such as tetrahydropyranyl,
acyl (e.g. acetyl or benzoyl) and silyl groups such as trialkylsilyl
{e.g. t-butyldimethylsilyl). The hydroxyl protecting groups may be
removed by conventional tecﬁniques. Thus, for example, Alkyl,
silyl, acyl and heterocyclic groups may be removed by solvolysis,
e.g. by hydrolysis under acidic or basic conditions. Aralkyl groups
such as triphenylmethyl may similarly be removed by solvolysis, e.g.
by hydrolysis under acidic conditions. Aralkyl groups such as

benzyl may be cleaved for example by treatment with BF3/etherate and



Fl ow. 0.Sm /m n Detection: uv, 300nm Tenper O
Evaporation of the appropriate pool ed fractlons gave ( ,
(2-"hydr oxynet hyl -1, 3-oxathiolan-5-yl) - (IH)-pyrindin-R-one {5 0mg—E.le
ca. 919 and (2S,cis)-4-am no-I- (2-hydroxynethyl-1, 3-fo at@'m@ﬁlg':g ]
-(IH) -pyrimdin-2-one (7.6ng, e.e. ca1P6Y. Exarrple 3 (-) -cis

(2- hydroxynmethyl -1, 3-oxathiolan-5-yl) - (1H) - pyri mfdi
([err]) -cis-4-Anmno-1- (2-hydroxynethyl-1, 3-oxathiol
pvri m di non@gcetidcrdhydreiap htsiphadd by ararona UEs et ade Grodps (;
suspensi on

hydlrooxymet h?lfn IQ%Q%?(%? |os§%gé i%)r.ne sv?'ﬁ)?/?slln%'dl nléy %rou(pf 886) J(‘sé’xarrpl e
1) in dry tFPﬁﬁ?ﬁ’;ﬁWSBﬁa’F@%Qnﬁu\ﬁaé sounneediwWFiypride ions such as

tetra-n-butylammonium fluor;de.

In the above processes compound (A) is generally obtained as a
mixture of the cis and trans isomers of which the cis isomer is the
-compound of interest. | |

These isomers may be separated by physical means e.g.
chrdmatoq:aphy on silica gel or by fractional crystallisation,

" either directly or on a suitable deri&ativesnﬁhereof,_eg acetates
{(prepared for example with acetic anhydride) followed, after
separation, by conversion back to the parent product (eg by
deacetylation with methanolic ammonia).

Pharmaceutically acceptable salts of the compounds of the
invention may be prepared as described in US Patent No. 4,383,114,
the disclosure of which is incorporated by reference herein. Thus,
for example, when it is desired to prepare an acid addition salt of
compound (A) the product of any of the above procedures may be
converted into a salt by treatment of the resulting free base with a
suitable acid using conventional methods. Pharmaceutically
acceptable acid addition salts may be prepared by reacting the free
base with an appropriate acid optionally in the presence of a
suitable solvent such as an ester (e.g. ethyl acetate) or an alcohol
{(e.g. methanol, ethanol or isopropanol). inérganic basic salts may
be prepared by reacting the parent compound with a suitable base
such as an alkoxide (e.g. sodium methoxide) optionally in the
presence of a solwvent such as an alcohol (e.g. methanol}.
Pharmaceutically acceptable salts may also be prepared from other
salts, including other pharmaceutically acceptable salts, of the
compound (A) using conventional methods.

Compound (A) may be converted into a pharmaceutically
acceptable phosphate or other ester by reaction with a
phosphorylating agent, such as POCly, or a suitable esterifying
agent, such as an acid halide or anhydride, as appropriate. An
ester or salt of compound (A) may be converted to the parent

compound for example by hydrolysis.



phosphorous oxychloride (2.44n), and the m xture was
35 mns then quenched in ice water (60g). The cold m x
pH'2.5 by the addition of aqueous N-sodi um hydroxi de,

charcoal colum (10g, DARCO, which was eluted with wa
et hanol - aqueous ammoni a. Fractions coggal ni ng crude nopophospate—wet
conmbi ned and concentrated. The resulting solution was- applied to a col unp
cont ai ni ng 25g of DEAE Sephadex A-25 (HCJ err].- form. Elution was

performed with aeg:rmduaﬂbfoénewaim éﬂoﬁﬂ&i)oi&romﬂz%w&l‘erbfi@@ﬁfﬂnh
(240m ), then

respectivel Wter/iﬁ%r%herreg?e ‘?aryac?leol%gc?/\%eér_'g%%" L %%a%’qﬁdm%%dn°§e% T4 48. The
resi dual sotks iagh weeedfdtitesdmyet hsvmeecm(ment.b ofndafhope2enmpundsd bg Qi ve
the title pgpoquck, fa fmmiaheuﬁql | fh o] a%g)mhss rdﬁéséﬁﬂﬁg%&%@;) py2 /1. ONm
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une vvas adj ustedl 1o
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ef, then

(E[err]%err]crrfl

Thus for example the compound (A) mav obtained by chiral HPLC
using a suitable scationary phase for example acetylated B-
cyclodextrin or cellulose triacetate and a suitable solvent for
example an alcohol such as ethanol or an acueous solutlon of for
example trlethyl ammonium acetate. Alternatlvely the compounds may
be resolved by enzyme mediated enantioselective catabolism with a
suitable enzyme such as cytidine deaminase or Selectig?
enzymatic degradation of a suitable derivative using a 5'-
nucleotidase. When resolution is effected enzymatically the enzyme
may be employed either in solution or, more conveniently, in
immobilised form. Enzymes may be immobilised by any method known in
the art, for example by adsorption onto a resin such as Eupergit C.

The invention will be further described by the following
examples which are not intended to limit the invention in any way.

All temperatures are in degrees Celcius.

INTERMEDIATE 1

S-Methoxy~1, 3-oxathiolane-2-methanol, benzoate.

A solution of zinc chloride (l1.6g) in hot methanol (15ml) was
added to a stirred solution of mercaptoacetaldehyde, dimethyl acetal
(34.2g) and benzoyloxy acetaldehyde (48.3g) in toluene (1300ml)
which was then heated to reflux under nitrogen for 50 min. The
cooled mixture was concentrated, diluted with some toluene, then
filtered through Kicsulguhr. The combined.filtrates and toluene
were washed with aqueous saturated sodium bicarbonate solution (x2)
and brine, dried (MgSQ,) then evaporated to an oil which was
subjected to column chromatography on silica (2kg, Merck 9385 )
eluted with chloroform to give the title product as an oil (45.1g) a
mixture of anomers (ca 1:1); 1H NMR (DMSO-dg) 3.1-3.3(4H), 3.42(6H),
4.4-4.6 (4H), 5.41(1H), 5.46 (1H), S.54 (1H), 5.63 (1H), 7.46 (4a#),
7.58 (2H), 8.07 (4H);ymax (CHBrs}1717.6cm™L.



(D20)[err]3.23 (1H), 3.55 (1H), 4.0-4.2(2H),
6.33(1H),8.08 (1H). (ii) (2R
Ci s)-4- Am no- 1- ( 2- hydr oxynet hyl - 1, 3- oxathi ol an- 5yl )
and (2Sci s) - 4- Am no- 1- ( 2- hydr oxynet hyI

3-oxat hi ol an-5-yl)-(1H) - pyri m di n- 2- ohe 5 - Nucl eot i

atrox venom[EC 3.1.3. 5] (60mg at 17 units/ng) was
of (+)-cis-4g BO3a
hydr oxynet [, 3- h| oI an 5 yI ) - (1H) pyr| m d| n- 2 one
di k--mc-: eany2=173-23

gl yci ne (S%and rragne5| um chI ori de (190rrg) I n vvater (100n1 )) and t he
m xture was incubated at_37[err] for 2.5h. Myre enzyne (20ng) was added,
and i ncubati on Wé‘%‘ﬁﬁt?ﬁ@&ef%ﬂrS“?%PfW‘é Se) BETRERh P AYARPR ure was
applied to (aocmiaumndoimmAEmSe@tpadex P&oZE@HGQdEmI’e]até@rd”ﬁ) reEluit nadeyas
Cer o7 ok Pt 008 e SR80 0o o D A cpraot oo
el ut ed Cc”ng@ﬁ9n9vqggqgtegntn|ae@oaqgkless oil, which was dissolved, under

nitrogen atmosphere, in acetonitrile (100ml). The solution was

added to a stirred ice cooled solution of S-methoxy-1,3-oxathiolane-

. 2-methanol, benzoate (intermediate 1) (19.43qg), in-acetonitrilé

(600ml) and trimethyl silyi trifluoromethanesulphonate {14.7ml) was

added.Q;The ice bath gas removed, and the solution was heated at

reflux under nitrogen for 45 mins. After cooling and evaporation,

;he_residue was purified by column chromatography over lkg of silica

gel (Merck 9385) eluting with chloroform/methanol 9:1. Appropriatg

fractions were cooled and evaporated to afford a crude residue.

This was fractionally crystallized from the minimum of hot methanol

(c.1200ml) to afford the title compound (6.32g) as white crystals.

1H NMR( d®DMSO) & 11.36 (1H,bs). 7.50-8.00 (6H,m), 6.20 (1H,t), 5.46

(2H,m), 4,62 (28, m), 3.48 (1H, m), 3.25 (1H, m).

INTERMEDIATE 3

(£)-(cis) -4-Amino-1-(2-benzoyloxymethyl-1, 3-oxathiolan-5-yl)-{1H) =

pyrimidin-2-one

Method (a)

A suspension of cytosine (20.705g) and ammonium sulphate (few
mgs) in hexamethyldisilazane (110ml) was stirred and heated at
reflux for 2i/:h, under nitrogen. Solvent was removed by
evaporation,. and the residual solid was dissolved in dry
acetonitrile (350ml). This solution was transferred using flexible
needle techniques into a stirred, ice-chilled solution of S5-methoxy-
1,3-oxathiolane-2-methanol, benzoate (Intermediate I) (43.57g) in
acetonitrile (650ml) under nitrogen. Trimethylsilyl
trifluoromethanesulphonate (33ml) was added, the solution was
allowed to warm to ambient temperature (1!/zh) then heated to reflux
for an overnight period. The residue mixture was concentrated,

diluted with saturated aqueous sodium bicarbonate solution (500ml),



evaporated, the residue was subjected to col um chror‘rﬁ
(60g, I\/Erck 7734), eluted with chl orof ormnmet hanol m 3=
t he appropriate fractions from nethanol -ethyl acetatefga
(+)-(Cis)-4-am no- 1-(2- hydroxynet hyl - 1, 3- oxat hi ol an- 5}y C _
pyrimdin-2-one as a white solid (O. 309)15 Flerr]]Dlerf] gl37[err] (c 04
MeOH); [err]H NVR (DMSO [err] 3.04 (1H), 3.40 (1H), B.73 (2H), (1H),

5.29 (1H), 5.73 (1H), 6.21 (1H), 7.19 (2H), 7.81 ( L—AppLapLLng§WESJ
fractions frofMthexSearadestTort, 265t M=180%He Is%&ﬁ&l‘“‘é‘l“&fie?j‘té nent ,
were conbi nedwass «wsapar il wale 2235619 was sumolwwinmndwécer(uee@JF)

t ted with kal h t h h I C313
(1ot ot 4160REPS AP AR | Teubat R E> STTcPPp POP IS Holr> SSHPEMt vas

renmoved by evaposwsdtiayraphgd dhesildsaduédogns meubk eTied , te‘coéd.lmith et:hy].
chr Oat 007 aphy c0fl &l stRahBO0ns MaCk ¢ ke &l L&Y BB CRLAAS Qemﬁt hanol

m xt ur es. Evaporati on e appropriate fractions from net hanol -et
acet at e 31.59g). The mixture was crystallised from water (45ml) and ethanol

(9.0ml) to give a solid (10.23g) which was recrystallised from

ethanol (120ml) and water (30ml)lto give the title product as a
 white solid (9.26g);Mmax (MeOH) 229.4mm (E!¥ 610); 272.4nm (E!®
lcm lcm

293); 10 NMR (DMSO d6) § 3.14 (1H), 3.50 (1), 4.07 (2H), 5.52 (1H),
5.66 (IH), 6.28 (lH), 7.22 (2H), 7.56 (2H), 7.72 (2H), 8.10 (2H).

Method (b)
Phosphorus oxychloride (7.0ml) was added dropwise to a stirred
. ice-cooled suspension of 1,2,4-triazole (11.65g) in acetonitrile
(120ml) then, keeping the internal temperature below 15°C,
triethylamine (22.7ml) was added dropwise. After 10 min a solution
of (+)-cis -l1-(2-benzoyloxymethyl-1l,3-oxathiolan-5-yl)-(1lH)~
pyrimidin-2,4~dione (Intermediate 2) (6.27g) in acetonitrile
(330ml)was slowly added. Stirring was then continued at room
temperature overnight. The mixture was cooled by means of an ice
bath and triethylamine (30ml) was slowly addéd followed by water
(21ml) . The resultant solution was evaporated, and the residue was
partitioned between saturated sodium bicarbonate solution (400ml)
and chloroform (3x200ml). The combined chloroform extracts were
dried and magnesium sulphate, filtered and evaporated to give a
crude residue (9.7g). The residue was dissolved in 1, 4-dioxan
(240ml) and concentrated aqueous ammonia solution (s.g 0.880, SOml)
was added. After 1!/:h the solution was evaporated and the residue
dissolved in methanol. This caused precipitation of a solid, which
was filtered off. The mother liquors were purified by column
chromatogfaphy over silica gel (Merck 9385, 600g). Appropriate
fractions were pooled and evaporated to give the title compound as a

fawn solid (2.18g), identical to that obtained by Method (a).

Example 1



- 19 - gave (-)-(cis)-4-anm no-I-(2-hydroxymet hyI-1,3-o>{§;tTﬁy'q’l :
pyrimdi.n-2-one as a white solid (0.32g); [[err]]Derr{- S?[err](c
MeOH);[err]H NVR (DVBO) [err] 3.04 (1H), 3.40 (1H), 3.{73 ﬁg} Cﬁ‘;JQS(
5.29 (1H), 5.73 (1H), 6.21 (1H), 7.19 (2H), 7.81 (1H). QCT, 1996
(-)-cis-4-Am no-I-(2-hydroxynet hyl - 1,"31gxat hi ol an- 5-yl
pyrimdin-2-one (i) Three 50m flasks of nutrient brot
i nnocul ated with a Iooful each of Escherl chia CO|_I_
froma Nutri&R{8e3 ping ‘ ; ' :

wi t h shaki nggai;mzm-lzewem n and then each fl ask was used to |nnocul ate 41

f di K
2. 5o 1 NaG . SRSHTAPAIeRr PFLPCH U T SREET Tty S REgy o yednyi-, 5L

‘oxathiolan-5-yl)~ (;H)-pyrlmzdxn-z-one {Intermediate 3) (8.19g) and

fQ(Ol d Ltd) wer

Amberlite IRA~400 (OH) resin (§.24g) in methanol (250ml) was stirred
and heated to reflux fer 1l!/«sh. Solids were removed bylﬁilt:ation
then washed with methanol. The combined filtrates were evaporated.
The reeidue was triturated with ethyl.acetate {80ml) . Thelresulting
white solid was collected by filtration to give the title product
(5.099), 1H NMR (DMSO-ds) 3.04 (1H), .3.40 (1H), 3.73 (2H), 5.18
(1H), 5.29 (1H), 5.73 (1H), 6.21 (1H), 7.19 (2H), 7,81 (1H).

Example 2: Chiral HPLC separation of the enantiomers of (#)-(cis)-4-

Amino-l-(2-hvdroxvmethvl-1, 3~oxathiolan-5-vl) - (1H) -pyrimidin~2-one.

(AR) The racemic product of Example 1 (25mg) was subjected to

preparative HPLC under the following conditions:

Column: Merck Hibar cellulose triacetate, 250 x 10mm,10p
Eluant: ethanol;
Flow: 3ml/min;

Detection: uv, 270nm;

Temperature: ambient.

Evaporation of the appropriate pooled fractions gave (2R,cis)-
4-amino-1-(2-hydroxymethyl~-l, 3~oxathiolan-5-yl)-(1H) -
pyrimidin-2~one (6.8mg, e.e. ca 100%) and (2S,cis)-4-amino-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl)~(1H) -pyrimidin-2-one (3.6mg, e.e.
ca 90%).

(B) The racemic product of Example 1 (26mg) was subjected to

preparative HPLC under the following conditions:

Column: ASTEC cyclobond I acetvl, 250x4.6mm;

Eluant: 0.2% triethylammonium acetate {(prepared by adding
glacial acetic acid to 0.2% triethylamine in water, to a final pH
7.2):

Flow: | 2ml/min;

Detection: uv, 300nm;

Temperature: ambient .



NaH err] P err]2H err] O 0.6g/1 cytidine, 1.2g/1) in a sefg [ lmm
fermenter. The cultures were fernmented at 750 rev/mn, 3 Iu! L'~'f
aeration at 41/mn. After growh for 24hrs the cells werg ¢ol ect ecl Dy
centrifugation (5000g, 30 mnutes) to yield 72g wet wei ght ﬁhpogqfl»]b?@el | e
was resuspended in 300m of 20mM Tris HC1 buffer (pH 7.5) pnd di srupted |by
sonication (4 x 45 seconds). The cell debris was renoved} b
(30, UUO g, 30 mnutes) and the protein in the supernatant was precipitate
by addition of ammoni um sul phate to 75% saturation. The preciprtate was
collected by centrifugation (30,000g.-30 mnutes) and the pellet was -
resuspended i n EFAPOBALIIEPRS IMFPRFLIFROGARFE 157 IoYe COMOS f#highmbni um

sul phat e (758{@_,5&t1um.tuyagaxymgmne mkmulgmamsygr.qggyed by centrifugation
at 12,000 r mfor 30. m ns, The supernatant was di scarded and the pell et

di ssol ved i RYTFHEIPRAOBRf ‘fzéf"g’( BEC 7739 1G56nfAS) £ 8- ¥Ha ot 7 \grivdrovdteshel | (i)
The product -0f 3fo@npiciab- HyJJ.‘SH'gmNasyﬁmﬁsn{-\zedné N 1Rader (rﬂéléliﬂf}acuons

were separately subjected to further preparative HPLC run under the

follow1ng conditions:

Column: . ASTEC cyclobond I acetyl, 250x4.6mm
Eluent: 15mM ammonium acetate,, pH 6.8;
Flow: 0.5ml/min

Detection: uv, 300nm;

Temperature: 50,

Evaporation of the appropriate pooigd_fzag;ions gave (2R, Cis)-~-
4famino-1-(Zthdroxymethyl-l,3-9xathiolan-5¥yl)-
(1H) ~pyrimidin-2~one (5.0mg, e.e ca. S1%) and (2S,cis)-4-amino-1-
{2-hydroxymethyl-1, 3-oxathiolan-5-yl) - {1H) ~pyrimidin-2-one (7.6ng,
e.e. ca 96%).

Example 3
{=)—cis-4-Amino-1-(2-hydroxymethyl-1l, 3-oxathiolan-5-v1)-(1H) -

pyrimidin-2-one

(i) [(*)-cis~4-Amino-1-~(2-hvdroxymethvl-1,3-oxathiolan-5-vy1)-(1H)-

pvrimidinone, dihvdrogenohosphate, ammonium salt

A cold (09), stirred suspension of (+)-cis-4-amino-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl)-(1H) ~pyrimidin-2-one (1.00qg)
(Example 1) in dry trimethylphosphate (20ml) was treated with
phosphorous oxychloride (2.44ml), and the mixture was stirred at
0%for 35 mins then quenched in ice water (60g). The cold mixture
was adjusted to pH 2.5 by the addition of aqueous N-sodium
hydroxide, then applied to a charcoal column (10g, DARCO), which was
eluted with water, then ethanol-aqueous ammonia. Fractions
containing crude monophosphate were combined and concentrated. The
resulting solution was applied to a column containing 25g of DEAE
Sephadex A-25 (HCO3~ form). Elution was performed with a gradient
of water (120ml) to 0.1 M-NH4HCO3 (240ml), then 0.2,0.3 and 4M



and stirred. Enzyme solution (0.5n) was added, and the mix hl
mai ntai ned at a constant pH by the conti nual addltlon of HC bz.?wr N !
conversion was nonitored by chiral HPLC, which showed thaj th 19%6 ~ !
enantionmer of the substrate was preferentially deam nated] 22hr tﬁ {
(+) enantiomer of the substrate (RT *21&mi n) had been . 20 - conplét
renoved, and the solution was adjusted to pH 10.5 by the H'd'dT’t‘f*G-n«O-L..ng__‘
sodi um hydroxi de. The sol ution produced above was eI__ut ed thrpugh a colum
of QAE SephdBafiCe:nA320 PR4P nefd0®m: rsepectisely - p‘\m@reqmaltebﬁlat:e;brtsow@dll. The
col um was vasBesedVianl ¥eHRht£2QAM IneaRdsidian Wit i bICLAO0aiMreaFEASE | ONS
(40nl) were taken and anal ysed by reversed phase HPLC. Fractions 5-13,

cont ai ni ng tRESRNH 405 g ffe“éﬁaﬂ’f‘leﬁn’é? giFe e title product as a white

solid (1.37g); Amax (pH6 buffer), 271.0nm (El%lcm190). 1y NMR
(D20)&83.23 (1H), 3.55 (1H), 4.0-4.2(2H), 5.43(1H), 6.07 (1H),
6.33(1H),8.08 (1H). '

(ii) (2R, cis)-4-Amino-1-(2-hvdroxvmethvl-1,3-oxathiolan-5Svl)-

(1H) ~pyrimidin-2-one and (2S,cis)-4-Amino-1-{2-hvdroxvmethyl-1,

3-oxathiolan-5-vl) - (1H) ~pyrimidin-2-one

57 -Nucleotidase (from crotalqs atrox venom) [EC 3.1.3.5] (60mg
at 17 units/mg) was added to a solution of(+)-cis-4-amino- (2~
hydroxymethyl-1,3-oxathiolan-5-yl) - (1H) -pyrimidin-2-one, 6‘~
dihydrogenphosphate, ammonium salt (1.35g) in buffer [30ml,
prepared from glycine (526mg) and magnesium chloride (190mg) in
Qater (100ml)] and the mixture was incubated at 379 for 2.5h. More
enzyme (20mg) was added, and incubation was continued for a further
3.5h. The resulting mixture was applied to a column of DEAE -
Sephadex A-25(HCO3-form). Elution was performed with water (160ml),
then 0.1, 0.2, 0.3 and 0.4M NH4HCO3 (200ml each). Appropriate
fractions containing Ehe first eluted component were combined and
evaporated, the residue was subjected tqrpolumn chromatography on
silica (60g, Merck 7734), eluted Qith chloroform-methanol mixtures.
Evaporation of the appropriate fractions from methanol-ethyl acetate
gave (2R, Cis)-4-amino-l-(2-hydroxymethyl-1,3-oxathiolan-5-y1)-(1H)~
pyrimidin-2-one as a white solid (0.30g)- [«]D21+1379 (c.1.04 MeOH):
lh NMR (DMSO)& 3.04 (1K), 3.40 (1H), 3.73 (2H), 5.18 (lH), 5.29
(1H), 5.73 (1H), 6.21 (1H), 7.19 (2H), 7.81 (1H).

Appropriate fractions from the Sephadex column, containing the
second eluted component, were combined and evaporated. The residue
was dissolved in water (30ml), treated with alkaline phosphatase
(from Escherichia coli) ([EC 3.1.3.1] (1.S5ml at 4l6units/ml), then
incubated at 379 for one hour. Solvent was removed by evaporation
and the residﬁe was subjected to column chromatography on silica
(60g, Merck 7734), eluted with chloroform-methanol mixtures.

Evaporation of the appropriate fractions from methanol~-ethyl acetate
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substrate, were conbi ned and adjusted to pH 7.5 with HCl ractlon' 47

cont ai ning deam nated product, was adjusted to pH7.5 with Sla _
Anal ysis by chiral HPLC showed that this naterial was a m tur1e CEAMS stii ng
of one enantioner (RT 10.2mn) as the rraj or conponent. wift h_t he other
enantioner (RT 8.5nin) as a mnor conporént (e.e ca 90%| (iii) Stage (Ti)
above was repeated on a |arger scale . The conpound of °

B(-a-ngl-e_;l._.gaﬁan:g_)_
in 250mM of water bat ed w enz SQ) repared as
in Stage (i).%Hf t(}%\g'rc‘ép ‘gd‘ﬁ‘f? 1(5(%21’{5“‘6 “@ﬁ?%& \%\e g 51"? 7 (48 -and 47.
hrs. The reacbioimidint-@rensass st iwhied $arid7qlr 32gt hem)lnéflt-lstz&mdlmsf or a
further 64hr. l.ygi i r gl dicaje n mer
the substrate ﬁtﬂﬁ bge%légénﬁ e)tg ?/h(gJegrlr?gat:‘e b 91 f%e-;gr.'g‘sz& % seq@ Hf t|on
was adj usted P2HHR®. :55\1\13( H1MaO8l: 2ITH&H )50 Mk g dﬁﬂbbdvél wad) | oaded onto the

sanme QAE columm, and eluted as in stage (i1). Fractions 2-6, containing a

m xture of the
Examole 4

(-)-cis-4—Agipo-l-ig;hvdroxvmethvl-l,3-ox§thiolan—5-vl)-{lﬁ)

pvrimidin-2-one

(i) Three 50ml flasks of nutrient broth (Oxoid Ltd) were
innoculated with a loopful each of Escherichia coli (ATCC 23848)
séraped from a Nutrient Agar plate. The flasks were incubated
overnight at 379 with shaking at 250 rev/min and then each flask
- was used to.iﬁnoculate 41 of CDD medium (glutamic acid, 39/1: MgSO,.,
0.2g/1: K804, 2.5g/1; NaCl, 2.3g/1, Naj HPO42H,0, 1.1g/1,
NaHZPO42H26 0.6g/1l cytidine, 1.2g/l) in a seven litre fermenter.
The cultures were fermented at 750 rev/min, 370 with aeration at
41/min. After growth for 24hrs the cells were collected by
centrifugation (5000g, 30 ﬁinutes) to yield 72g wet weight. The
cell pellet was resuspended in 300ml of 20mM Tris HCL buffer (pH
7.5) and disrupted by sonication (4 x 45 seconds). The cell debris
was removed by centrifugation (30,000 g, 30 minutes) and the protein
in the supernatant was precipitated by addition of ammonium sulphate
to 75% saturation. The precipitate was collected by centrifugation
(30,000g. 30 minutes) and the pellet was resuspended in 25ml of
HEPES buffer (100mM, pH 7.0) containing ammonium sulphate (75%
saturation). Enzyme solution was prepared by centrifugation at
12,000 rpm for 30 mins. The supernatant was discarded and the

pellet dissolved in Tris HCl buffer (pH 7.0; 100mM) to the original

volume. ,

{ii) The product of Example 1 (115mg was dissolved in water (100ml),
and stirred. Enzyme solution (0.5ml) was added, and the mixture was
maintained at a constant pH by the continual addition of HCl (25mM).
The conversion was monitored by chiral HPLC, which showed that the
{(+) enantiomer of the substrate was preferentiallf deaminated.

After 22hr the (+) enantiomer of the substrate. (RT 12.5min) had been

This Sheet Has Been Re ﬂ
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resi dual substrate and deam nated product, were bul ked. i&ﬁﬁAﬁﬁﬁ KNT1SGEET

containing the residual substrate ((-) enantioner), were
adjusted to pH7.5. Fractions 25-26, containing deam nated
bul ked and neutralised Fractions 2-6 above were re-eluted

QAE colum. Fractions 3-11 fromthis 5etrid col unn cont af né
substrate ((-) enantloner) Fraction 70 cont ai ned the deam nat ed product.

bfiTKedand

red 108 €
PhroﬁSETthe S

i

(iv) The resglo %gg {em%{?,f A&t 'n8“§oluﬁ9{9 %ane afes egd‘ﬁ

conbi ned and a ]ust |s SO | on was

hblg We{

nr ough colunn

of XAD- 16 (4@42¢idemof G&WeéO#ﬂﬂw\bY‘tHO"l%e col utm was washed with water,
and then el uted WhehsQGREONGrod@led ahchiedwdd/ biuted tnzéugh Er&qhmr& QaE

contalnlng the é() enantionmer of BCH 189. were-bul ked a
Sephadex (A2S; Pharmacia; 30X 1.6cm), pre—equllzbrated

to pHl1ll. The

column was washed with water (200ml) and then with HCl (0.1M).

Fractions (40ml) were taken , and analysed by reversed phase HPLC.

. Fractions S-13, containing the unreacted (~) enantiomer of the

substrate, were combined and adjusted to pH 7.5 with HCL.

Fraction 47, containing deaminated product, was adjusted to pH7.5

- with dil. NaOH. Analysis by chiral HPLC showed that this material

was a mixture, consisting of one enantiomer (RT 10.2min) as the
major component with the other enantiomer (RT 8.5min) as a minor

component (e.e ca 90%). .

(iii) Stage (ii) above was repeated on a larger scale . The
compound of Example 1 (363mg) in 250ml of.water was incubated with
enzyme solution (0.5ml), prepared as in Stage (i). Further aliquots
(0.5ml) of enzyme were added after 18 and 47 hrs. The reaction
mixture was stirred for 70hr., then left standing for a further
64hr. Analysis by chiral hplc indicated that the (+) enantiomer of
the substrate had been completely deaminated, and the resulting
solution was adjusted to pH10.5 with NaOH.

The solution above was loaded onto the same QAE column, and

. eluted as in stage (i). Fractions 2-6, containing a mixture of the

residual substrate and deaminated product, were bulked. Fractions
7-13, containing the residual substrate ((-) enantiomer), were
bulked and adjusted to pH7.5. Fractions 25-26, containing
deaminated product, were bulked and neutralised i

Fractions 2-6 above were re-eluted through the same QAE colump.
Fractions 3-11 from this second column contained unrected substrate

{(-) enantiomer). Fraction 70 contained the deaminated product.

(iv) The resolved substrate fractions from stage (ii) and (iii) were
combined and adjusted to pH7.5. This solution was eluted through a
column of XAD-16 (40x2.4cm), packed in water. The column was washed

thh water, and then eluted with acetone: water (1:4 v/v).



freeze-dried to give a white powder (190ng). The HPLC net hods used above
were as follows:- i. Rever sed Phase anal ytical HPLC Col um

Capital Cartridge Spherisorb ODS-2 (SuM 150x4. 6nm El uant

: Ammoni um di hydr ogen phosphat e (50rr1_§/92+1 5% MeCN Fl ow

1.5mM /mn Detection . W, 270nm Retention Times
BCH 189 5.5mn - : deamnated BCH -189 8. 1mn 2. Chiral analytical HPLC
Col umm Fracti ing L 0h9NGhadk 1 SRE! ¥E $80% 49 OI0TL Bl
§0000 1 ot hyl aEachtons concainind e H9Mehaaks  WPRELHAR ana

freeze-dried to give a white powder (190mg).

' The HPLC methods used above were as follows:- ' REPLACEM}?NT Sa_\EET
1.. Reversed Phase analytical HPLC ' : 01 -OCT 1996
Column K Capital Cartridge -

Sphérisorb 0DS-2 (SuM)

150x4.6mm _
_ Eluant . : . . Ammonium dihydrogen phosphate (50mM)+
5% MeCN
Flow . : 1.5ml/min
Detection : UV, 270nm -
Retention Times : BCH 189 5.5min

- deaminated BCH -189 8.1imin

2. Chiral analytical HPLC

Column : Cyclobond I Acetyl
250x4. 6mm
Eluant : 0.2% Triethylammonium acetate (pH7.2)
Flow : 1.0ml/min
Detection : uv, 270nam

BCH 189 11.0 and 12.5min

Retention Times
deaminated BCH-189 8.5 and 10.2 min-

{The bioconversion was followed by monitoring the loss of the peak

at 12.5min., and accumulated of product at 10.2min).

Example S

(=)-cisr4-Amino-1-(2-hvdroxvmethvl-1,63~oxathiolan~5-v1l})~(1lH) -

pvrimidin~-2-one

A loopful of E..coli B cells_(ATCC 32848) scraped from a well
grown nutrient agar plate was used to inoculate two Florence flasks
each containing 250ml of nutrient broth. fhe culture was incubated
at 379 with shaking (250 rev/min, Scm fhrow) for 18 hours. This was

then used to inoculate 40L of CDD-medium, with cytidine, in a 70L

fermenter.




FI ow

270nm Retention Ti nes ' BCH 189 ' 11.0 and 12.5nin
: 8.5 and 10.2 mn (The bioconversion was foll owed
and accunul at ed of product

: deanm nat ed BCH- 189
by monitoring the loss of the peak at 12 5min.,
ExanpLe 5

at 10.2mn).

1.0m /m n Detection

(-)-cisr4-Anmno-1-(2-hvdroxvnet hy- 1, 3- oxat hi ol an- 5- vli)-(IH)-

pvrimdin-2-one A |@HYi4;ofE For GAé fﬁrxG@Adasc1%T%r§2§é@olisa§p8d4d‘r.r/ﬁﬁha

wel | grown nutrient agar ~f%hate was used . to inocul ate two Fl orence

each cont ai ni nd*¥86iP%0

fl
teVéRED b?‘d‘t‘ﬁ"“?h?eﬁﬁ’l 2hr & WRPITAEUbat ¥d 3aYt

W,

37[err] with sheddew P(u%ﬁ&ornewn@\emeSenwahéoMtém d8: &TwrﬁermEmt&rwas'rhben
used to inocul agemgtq of CDDnedlyorrl].l\gnhh cygegl ne n a 70L fergﬁa{]}p‘ﬂs

ation was run ours ore hazvest using a
continuous centrifuge. The cell paste (150g net weight) was frozen

at -200 prior to cell breakage.

CDD Medium
. REPLACEMENT SHEET
- e . . g . "
0 10CT 1996

L-Glutamic acid 4 3 .

K2504 . : 2.5 '

NaCl 2.3

N32HP04 ) 1.1

Made with distilled water. Sterilised at 1219C for 30 minutes.
Cytidine (1.2g/L) was filter sterilised and added prior to
inoculation.

The frozen cell paste (150g) was thawed and suspended in 750ml
of 100mM Hepes (N-[2-hydroxyethyllpiperazine-N’-{2-ethane sulphonic
acid]) buffer (pH 7.5) containing lmM ethylenediaminetetraacetic
acid (sodium salt) and 1mM dithiothreitol (disruption buffer). The
cells were disrupted by passing the suspension through a Manton-
Gaulin homogeniser operating at 7500psi. This was carried out three
times with cooling of the suspension to approximately s0c after each
pass through the homogeniser. The homogenate was clarified by
centrifugation (1400g; 60min). The cytidine deaminease activitf was
adsorbed onto a Q-Sepharose column (490mg bed volume) pre-
equilibrated with 50mM Tris (hydroxymethyl) methylamine (pH 7.5)
containing 1mM sodium chloride. The pooled active fractions (210ml)
were added onto a phenyl-Sepharose column (490ml bed volume), pre-
equilibrated with the sample buffer containing 3.2M ammonium
sulphate. - The bound enzyme was eluted by a gradient of decreasing

ammonium sulphate concentration. Fractions containing the cytidine



- 22 - Conditions for the fernmentation were as foll ows
750 reviimin stirring speed at a tenperature of 37[err]C

Three Rusht on

inpel lers were fitted to the fermenter. The fermentati or] was"r"lQC'HPr“‘l

hours before harvest using a Sharples continuous centrif
(1509 net weight) was frozen at -20[erzj e prior to cell
Mediumg/L L-G utamc acid 3 MgSg err]

Klerr] S err] 2.5 Nad

uge. The cell

RELACEEN. ST

1-1 b s ]

8
pést

breakage. CDD

Q2

2.3

Na[ err] HFK]:@F?TL“ase activity were pooled] (695ml) and the partially purified

enzyme was then precipitated with 80% ammonium sulphate. After

centrifugation (1400g; 60min) the pellet was resuspended in 54ml of

supernatant from the above and stored at 40c,

.6.2ml of this solution was centrifuged (18000g, 90min) and the

pellet was dissolved in 24ml of 0.S5M potassium phosphate buffer (pH

7.5). The suspension was dialysed. overnight against 1M potassium

phosphate buffer (pH 7.5). The retentate (20ml) was then diluted

with an equal volume of distilled water. To 35ml of

this solution

dry Eupergit C beads were added (lg) and the mixture was allowed to

stand at room temperature 150-300 hours (determined by measuring

residual cytidine deaminase activity in solution). The immobilised

enzyme was washed with 100mM Tris/HCl buffer (pH 7.0) containing lmM

-EDTA, 1mM DTT, 0,SM NaCl and 500ppm p-hydroxybenzoic acid ethyl

ester (storage buffer). The immobilised-enzyﬁé (2.7g wet weight)

was stored in this buffer at 4%c until required for

biotransformation.

The product of Example 1 (3g) was dissolved in 500ml of

distilled water in a magnetically stirred 1L

bioconversion was carried out at 329C in a pH-stat.

flask. The
The pH was

maintained constant at 7.0 by addition of 1M acetic acid. 1g Wet

weight of the immobilised enzyme beads was washed with distilled

water prior to start of the reaction. The conversion

by chiral-HPLC which showed that the (+) enantiomer of

was monitored

the substrate

was preferentially deaminated. At the end of the reaction (72h) the

enzyme beads were filtered off and the filtrate was used for

isolation of the desired (-)-enantiomer.

The pH of the reaction mixture was adjusted to pH 10.5 using

ammonia solution (1M) and the solution applied to Duolite All3 super.

resin in‘the OH cycle (50ml; 0.4 bed volumes per hour).

The uridine

analogue adsorbed to the resin and the {~)-enantiomer passed

straight through. Any (-)-enantiomer still on the resin was removed

by washing with 0.04% ammonia solution (2 bed volumes:

bed volumes/hour).

flow rate 0.8

The pH of the spent sdlutions and washes (600ml) was adjusted

to pH 7.0 with concentrated sulphuric acid ahd the solution applied

to XAD16 resin (50ml; flow rate 1.4 bed volumes per hour). The



NaH err] P err] 0.6 Made with distilled water.

Sterilised at 121[err]C for 30 mnutes. Cytidine (1.2g/L) was filter
sterilised and added prior to inoculation. The frozen cell paste (150g) was
t hawed and suspended in 750m of 100nMM

(N-[ 2- hydr oxyet hyl ] pi perazi ne-N -[ 2- et hane suI phoni c aci d]) buffer (pH 7.5)
containing | MM et hyl enedi am netetraaceti ¢ acid (sodiumsalt) and 1mM

di thiothreitol céﬂimﬁr&%t WQIhRAUGf18 disc INGLGh S VoI L odli SydiRhed ?Yoy..p%éé 3g the
suspension thr oug f’a Mant on- Gaul i n honobgeni ser operating at Opsi. This
h

was carried ouPefhFeéupptelefi PRUEHORPAGEBE (he~80SPEASITGT ted'“éﬁﬁr hitkat el y
S[err]C after eesdonpasatethr:QugfickheachonTEysat SetunegeniRGENAL € Was

ctivity vad adsor Bub SBRE oA E5-CEPRRF R R i CFSORY Golg GPUER pr.

equi | i brated wephcé&@wid tled 2 ay BRoRY netdnd »a cpat vyl amsmelQpierZur@ izl ni ng

| ™M sodi um chl @Ei&%ti;rrh%hpaﬂheg et Bvﬁagg ahtops (r.z.é-oﬂﬁllered solution was
freeze dried to yield 1.2g of title product identical to that
obtained in Example a.

__Ezample 6
Tablet Formulations

A, The following formulation is prepared by wet granulation of the
ingredients with a solution of providone in water, drying and

screening, followed by addition of magnesium stearate and

compression.
nmg/tablet
{a) Active ingredient 250
f_

(b) Lactose B.P. 210

|REPLACEMENT SHEET () Providone B.2. 15

(d) Sodium Starch Glycollate 20

~ 10CT 1996 (e} Magnesium Stearate 5

500
B. The following formﬁlation is prepared by direct compression;

the lactose is of the direct compression type.



wer e added onto a phenyI-Sepharose colum (490m bed volune), pre-

equilibrated with the sanple buffer containing 3.2M anmoni um sul phat e.

The

bound enzynme was el uted by a gradi ent of decreasi ng ammoni um sul phate

concentrati on.

Fractions containing the cytidine

23- deami nase activity

were pool ed (695m ) and the partially parified enzyme was then precipitated

w th 80% amroni um sul phat e.

~was resuspended in 54m o

Suunar nAat
oA

Nt ha ~Abhaoviao

After centrifugation (1400g; 60m n) the pellet

ant f r ~n

4[err]C. 6.2m of this so
pel l et was di ssolved in 2;

XL
rJ\al TTAL CATTL

Ll v |

ution was centrif
iml of 0.5M pot asg

T CITC AUV O

uged (1800
i umg/phibdgrh

and stored at
g, 90m n) and the
ite buffer (pH 7.5).

q

A
q

The suspension was dialys
(pH 7.5) The retentate

d—overTm ght

Lactose

Avicel

agarT

20m ) was then di
Active Ingredient

Magnesium Stearate

Sl

| ut ed
250

145
100
S

- 500

™Mpotas

si um phosphate buffer

C.

(Controlled'Release Formulation).

The-fofmu

lation is prepared

by wet granulation of the ingredients (below) with a solution of

providone in water, dtying and screening followed by the addition of

magnesium stearate and compression.

mg/tablet
(a) Active ingredient 500
- (b} Hydroxypropylemethylcellulose
— (Methocel K4M Premium) 112
"E} A T T T
Rﬁg_@nCEMﬂ\fT SHEET {c) Lactose B.P. 53
{d) Providone B.P. 28
N 10CT 199 ,
{e) Magnesium Stearate 7
700
Example 7 .

Capsule Formulation

A capsule formulation is prepared by admixing the ingredients

below and filling into a two-part hard gelatin capsule.



w th an equal

volune of distilled water.

To 35m of this solution dry

Euper gi.t C beads were added (1g) and the m xture was allowed to stand at

room t enperature 150-300 hours (deterni ned by neasuring. residual
deam nase activity in solution).

cytidine

The i mmod® |4 sed enzynme was washed with

100mMM Tri s/ HC1 buffer (pH 7.0) contalnlng lnNIEDTA 1mM DTT, 0,5M Nad and

500ppm p- hydroxyben20|c aci ¢

bi oconversion was carried ogt -at 32[err]C in @
mai nt ai ned constant at 7.0
the i mobilised enzyne bead$ yas.washed with g
The conver
that the (+) enantioner of

of the reaction:

Example 8

hyacsdue tingreddntl M

ion was nonitored
Hisebstrat e

Magnesium Stearate

;cetueSaC|d

huffpr)

L

wat €
HPL

*;,;t::g,ia

2.5

250

Injectable Formulation

Active ingredient 0.200g

Sodium hydroxide solution, 0.1M q.s.

Sterile water q.s.

to l0ml

The i nmobili sed
]C until

g) was di ssol ved
flask. The

e pH was

1g Wt wei ght of
r prior to start
C whi ch showed

to a pH of about 11.

The active ingredient is suspended in some o0f the water (which

may be warmed) and the pH adjusted to about 11 with a solution of

sodium hydroxide.

The batch is then made up to volume and filtered

through a sterilizing grade membrane filter into a sterile 10ml

glass vial and sealed with sterile closures and overseals.

Exagglg 9
REPLACEMENT QH?: T
0 10CT 1996 | ’

mg/suppository
. |Active "ingredient 250
Hard Fat, B.P. 1770
2020

One-fifth of the hard fat is melted in a steam-jacketed pan at

45°C maximum.

and added to the molten base with mixing,

using

The active ingredient is sifted through a 200um sieve

a high shear



was preferentially deam nated. At the end of the react REPLﬁlzﬁiﬁﬂﬁégéﬂﬁﬁne

beads were filtered off and the filtrate was used for
destred (-)-enantiomer. The pH of the reaction m xturel
10.5 using amoni a solution (1M and the solution applje
super resin in the OH cycle (50m; 0.4 bet¥ wol unes per )T he uriidi
anal ogue adsorbed to the resin and the (-)-enantioner jpassed straight

through. Any (-)-enantiomer still on the resin was renoved by washtng

spratrton—of—t

sradhbstesk td 1
to e@|f§%§ All

H
3
ne

Wit h

0. 04% anmoni a SEEGEEHN WLibed spoPUhEd SPEIOWTT 4f c2ENiBVBEd BLoRRWYiRGuEYe The

pH of the spentmixehild ia@n$s®@)de NSRS (1600HH 1 ¥as RdhisdLdot thePBudpdhsibi h

concentrated sul phurjc acid and the sol ution aePLied to XAD16 resin (50m ;

flowrate 1.4

O $5TRPESC HEPSHET A homagrgous mt

The entire suspension is
passed through a 250um stainless steel screen and, with continuous
stirring, is allowed to cool to 40°C. At é'temperature of 38°C to
400c, 2.02g of the mixture is filled into suitable, 2ml plastic

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

Example 10

Biological Activitv

Antiviral Activity

Antiviral activity of the compounds of Example 2 were
determined against three strains of HIV-1l and one strain of HIV-2 in

the following cell lines.

JM cells, a semi-mature T-cell line derived from a patient

with lymphoblastic leukaemia, infected with HIV-1 strain GBS.

C8166 cells; a human T-lymphoblastoid cell line, infected with
HIV-1 strain RF. '

MT~4 cells, a human T-cell leukaemia cell line, infected with

HIV-1 strain RF.

CEM cells, a human T-lymphoblastoid cell line, infected with
HIV-1 strains RF and U455, or HIV-2 strain ROD.

Antiviral activities in CB8166, JM, and CEM cells were
determined by inhibition of syncytium formation (Tochikura et al

virology, 164, 542-546) and in MT-4 cells by inhibition of formazan

conversion (Baba et al; (1987) Biochem Biophys Res Commun., 142,
128-134; Mossman (1983) J.Immun Meth; 65, 55-57). Antiviral
activities were also determined by analysing the amount of HIV p24
antiged synthesised in the presence and absence of enantiomers.

The results are shown in Tables 1 and 2 below:-



- 24 - colum was washed with distilled water (2.5 bed volunes, flowrate 2
bed volunes per hour) and the (-)-enantionmer eluted with acetone: water
1:3¥(flowrate 1.5 bed vol umes per hour). The bulk (-)-enantiomer
containing fraction (4 bed volunmes) was~c¢dntentrated on a Buchi evaporator
to a small volune before filtration through a No. 3 glass sinter. The
filtered solution was freeze dried to yield 1.2g of title product identical
to that obtained in Exanple 4. Exanplg qﬁtablet Formul ati ons A. The
follow ng fornulation is prepared by m%%‘g?anulation of the ingredients

with a solution of providone in water, drying and screening, followed by
addi tion of pmgnesi um stfarate and conpression. ng/tabl et
' 50% Antiviral Activity (ug/ml)

assay Formazan inhibition of syngycium formation

Cells MT-4 czM cEM CEM am 8166

Virus (HIV-1) HIV-1 RF| HIV-2 ROD {HIV-1 RF | HIV-1 U45S|HIV-1GB8|HIV-1 RF

(+) -enantiomer | 0.28 0.045 0.07 0.006 0.03 0.05

(=) ~enantiomer | 0.20 0.055' 0.04 0.008 0.05 - 10.01

Taﬁle 2

Inhibition of HIV p24 Synthesis

50% Inhibition HIV p24 Synthesis (ug/ml)

Cells C8166 JM MT-4
Virus RF GBS RF

. (+) ~enantiomer 07021 . 0.033 0.0008
(-) ~enantiomex 0.016 0.016 - 0.0004




(a) Active ingredient 250 (b) Lactose B.P

210 (c). Providone B.P. 15 (d) Sodium Starch

G ycol l ate 20 (e) Magnesium Stearate - . 5 500 B. The
follow ng formulation is prepared by dijgect conpression; the |actose is of
the direct conpression type. - 25 - ng/tablet Active |Ingredient

250 Lact ose - 145 Avi cel 100

B _Cvtotoxicity

The cytotoxicites of the compcounds of Txample 2, the racemic
compaund (BCH-189; Example 1) and a 50/50 mixture of the two
enantiomers were determined in five CD4 cell lines: HY9, JM, CEM,
C8l6s and U937.

Compounds for test were serially diluted from 100pg/ml to
0.3ug/ml (final concentrations) in 96 well microtitre plates.
3.6;10?_99;1;_we:e_inocula;ed into each well of the plates including .
drug-fres controls. After incubation at 370¢ for 5 daygs, the viable
cell coun£ was determined by removing a sample of cell suspension
and counting trypan blue excluding cells in a haemocytometer.. .

" The rasults are shown in Table 3.

Table 3
Cytotoxicity
S0% Cytoxicity (ug/ml)
Compound CEM cells| JM cells] H9 cells U937 cells| C8166 cells
(+) ~enantiomer 1 1.5 2 4 35
(~) -enantiomer | >100 30 >100 >100 >100
8CH-189 : 3 3.5 8 15 90
1:1 M;x of 2.5 ND* ND ND ND

ND = Not Determined
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_ _ “)mm ntrolled Rel ééée For mul ati on).
The .formulation is prep Mne“ﬂ \“‘lmﬁoatlon of the i R‘Ri__ﬁé@l .

with a solution of provi IR wht ey, *dryi ng and scree

addi ti on of magnesium stearate and conpression. ng/tablet{(a) Active

i ngr edi ent 500 (b)3W™ydroxypropyl enef hyl eel Qg osa,
(Met hocel K4AM Prem um : 112 (c) Lactose B.p.
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1. (-)-4-Amino-1~(2~ hydroxymethyl -1, 3-oxathiolane=-5-yl) -{1H) -

pyrimidin-2-one or a pharmaceutically acceptable derivative thereof.

2. A compound as claimed in Claim 1 substantially free of the

corresponding (+)-enanticmer.

3. A compound as claimed in Claim 1 or Claim 2 wherein the (+)-
enantiomer is present in an amount of no more than about 5% w/w.

2, 2,
4. A compound as claimed in any one of Claims 1 to 3 wherein the

(+)~enantiomer is present in an amount of no more than about 2% w/w.

5. A compound as claimed in any one of Claims 1 to 4 wherein the

{+) -enantiomer is present in an amount of lass than about 1% w/w.
6. A compound as claimed in Claim 1 in substantially pure form.

1. A pharmaceutical composition comprising a compound as claimed
in any one of Claims 1 to 6 together with a pharmaceutically
acceptable carrier therefor.

8. A compound as claimed in any one of Claims 1 to 6 for use in

therapy.

9. Use of a compound as claimed in any one of Claims 1 to 6 for
the manufacture of a medicament for the treatment of a viral

infection.

10. A method for the treatment of a mammal, including man,
suffering from or susceptible to viral infection comprising
administration of an effective amount of a compound as claimed in

any one of Claims 1 to 6.

Sheet Has Been Replaced

T



A capsule formulation is prmﬂm‘m\m\m“ﬂm g the I ngr edi eWMﬁMPN’ECBHEET

fidling into a two-part ha 26 - ngfcapsul e Active
i ngredi ent 125 Lactose ¢ : 72.5 Avife] P 10CT 1294
50 Magnesium Stearate 2.5 250 Exanpl e 8 I njectable fFornul ation

Active -i ngredi ent 0. 2009 Sodi um hydr oxi gei solution, 0.1M g} sT—to—=apttof
about 11. . -

11. A method for the preparation of a compound as claimed in any
one of Claims 1 to 6§ which comprises separation of the ({-)-

enantiomer from a mixture alsoc containing the (+)-enantiomer.

12. A method as claimed in Claim 11 wherein the mixture of

compounds is a racemic mixture.

13. A method as claimed in Claim 11 or Claim 12 the separation is

effected by chiral HPLC.

14. A method as claimed in Claim 13 wherein the HPLC employs as a

stationary phase acetylated f-cyclodextrin or cellulose triacetate.

15. A method as claimed in Claim 11 or Claim 12 wherein the
separation is effected by enzyme-mediated enantioselective
catabolism. ' . |

16. A method is claimed in Claim 15 wherein the enzyme is employed
. ]

in immobilised form.

17. A method as claimed in Claim 15 or Claim 16 wherein the enzyme

is cytidine deaminase.

18. A method as claimed in Claim 15 or Claim 16 wherein the enzyme

is a 5’-nucleotidase.

—
' "This Sheet. Has- Been Repl

I
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Sterile water gq.s. to 10m The active ingredient is suspended in sone of
t:he.water (which may be warned) and the pH adjusted to about 11 with a

sol ution of sodium hydroxide. The batch is then nade up to volunme and
filtered through a sterilizing grade menbgpane filter into a sterile 10m
glass vial and sealed with sterile closures and overseals. Exanple 9

ng/ supposi tory Active-ingredi ent 250 Hard Fat, B.P. .

1770 2020 One-fifth of the hard fat is nelted in a steamjacketed pan at
45C maxi mum The active ingredient is ABFTRACThr ough. a 200[err] m sieve and
added to the nolten basel\'M %tlmr{r}&(flﬂn 'A#ES'IG‘&EE&?EESR{%R‘EOGUES'

(-)-4-Amino-1-(2-hydroxymethyl-1,3 -oxathiolan-5- y1)-(1H)-pyrimidin-2-one,
its pharmaceutically acceptahle derivatives. pharmaceutical formulations thereof,

methods for its preparation and its use as an antiviral agent are described.

REPLACEMENT SHERT
0 10CT 1996




stirrer, -until *a smoth dispersion is achleveH .t A
: 45Lerr]C t he renatnlngmh rd fat is added to 1h¢,su { ! ihd
~ertsure a honogenagusiii The: we @Qﬁfﬁ suspensi on ; is pa sed.throuah
250[err] m st ai nl ¢ss stge :$eheen ahd, with cont.i, Au i U;
to cool to 40[erre—At-—-a-f-éhperatlire of 38[err]C t 0 40[ eFF}C, - 2“@2@?@1 -t h
mxture is filled into suitable, 2mn Fﬂmstlc 'mol ds. The supp05|tor|es are

| dt |t t t ---"--'|I tal i AGt '
Antiviral Act FOPPSIRGRESd ona?r#%%vmfﬂwepea Ot s R

det er mi ned ageffeitivhr epminst HIvsbof Wikl -4 caadomust I‘sﬁlgm.ﬁfcahh\#- Betdert he
foll ow ng cel Fhééa%g§$iel%&e s, a sem-mature T-cell line derived froma

patient with asfic eukaema infected with H'V-1 strain G38.
We have now found that, surprisingly, enantiomers of the

D"

compound of formula (I) are equipotent against HIV but that one of
the enantiomers (the(~)~enantiomer) has considerably lower
cytotoxicity than the other enantiomer. There is thus provided in 2
first aspect of the invention the (-) (or laevorotatcry) enantiomer
of the compound of formula (I} and pharmaceutically acceptable
derivatives thereof.

The (-) enantiomer has the chemical name (-)-ms-4-Am1no—1-(2-
hydroxymethyl-l,3-oxathiolan-5-yl)-(IH)- pvrimidin-2-one
(hereinafter compound (A)). It has the absolute stereochemistry of
the cempound of formula (I-1) which has the name (2R,cis))-4~amino-
1-{2~-hydroxymethyvl-1, 3-oxathiolan~5-vl) ~(1¥) -pyrinidin-2-one.

. Preferably Compound A is provided substantially free of the
corresponding (+)-enantiomer, that is to say no mgre than about 5%
w/w of the (+)- enantiomer, preferably no more than about 2%, in
pa;ticular less than'about 1% w/w is present.

By "a pharmaceutically acceptable derivative™” is meant any
pharmaceutically acceptable salt, ester, or salt of such ester, of
compound (A) or any other compound which, upon administration to thes
recipient, is capable of providing (directly or indirectly) compound
(A) or an antivirally active metabolite or residue thereof.

It will be appreciated by those skilled in the art that
compound (A) may be modified to provide pharmaceutically acceptable
derivatives thereof, at functional groups in both the base moiety
and at the hydroxymethyl group of the oxathiolane ring. Modification

at all such functional groups are included within the scope of the

s

invention. FHKowever of particular interest are pharmaceutically
écceptable derivatives obtained by modification of the 2-
hydroxymethyl group of the oxathiol#ne ring.

Preferred esters of compound (A) include the compounds in which
the hydrogen of the'z-hydroxymethyl group is replaced bQ an acyl

o

function R-g— in which the non-carbonyl moiety R of the ester is
selected from hydrogen, straight or branched chain_ilkll_igés__ﬁnﬁ

REPLACEMENT & 7
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C8166 cells, a human T- Iyrrph Iast0| d cel 1 We infected with H V-1 strain
RF. MI-4 cells, a human T-ce line, infected with H V-1
strain RF. CEMceIIs, ahurra Régcell Ilrle,,_lnfected wi.th
H V-1 strains RE and U455, or Hi 2L st'rafn Anti vi | atl.mag Wi e
C8166, JM and CEMcells were determ ned y i nhibition Syt

formation (Tochi kura et al Virol ogy, 164, 542-546) andi-a M]j -
i nhi bition of forwagnmriapme/ersion (Baba et al; (1987) Bi ochem B| ophys Res
Commun., 142, 128-134; Mssnan (1983) J.Imun Meth; 65, 55-57) . Antiviral
activities were al so determ ned by anal ysing the amount of H 'V p24 antigen
synt hesi sed in tHe préeisebAmitodb@ehpedrofymenant 4ioreosat Fhel 4res8l-¢5) -AE) -

shown in Tables L,afithanDel QW o a pharmaceutically acceptable derivative thereof.

2. A compound as claimed in Claim 1 substantially free of the

corresponding (+)-enanticmer.

3. A compound as claimed in Claim 1 or Claim 2 wherein the (+)-
enantiomer is present in an amount of no more than about 5% w/w.

w.f :'J
4, A compound as claimed in any one of Claims 1 to 3 wherein the

(+) ~enantiomer is present in an amount of no more than about 2% w/w.

S. A compound as claimed in any one of Claims 1 to 4 wherein the

(+)-enantiomer is present in an amount of l2ss than about 1% w/w.
6. A compound as claimed in Claim 1 in substantially pure formm.

7. A pharmaceutical composition comprising a compound as claimed
in any one of Claims 1 to 6 together ‘with a pharmaceutically
acceptable carrier therefor.

.8. A compound as claimed in any one of Claims 1 to 6 for use in

therapy.

9. Use of a compound as claimed in any one of Claims.1l to 6 for
the manufacture of a medicament for the treatment of a viral

infection.

10. A method for the treatment of a mammal, including man,
suffering from or susceptible to viral infection comprising
administration of an effective amount of a compound as claimed in

any one of Claims 1 to 6.

This Sheet Has Been RT
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.Forﬁazan

;

|nh| i 0 'S r'urhforrrﬁtrl on Lells :
f 'MZ”"J - DMlaged ........! 166 Virus (HI\#l')
HI V-l F W1 RF (+)-enanti oner
0. 07." - .05 (-)-enantii omer..

---------

_Tabl 3‘"1“‘5@% Aq "\ﬁrr,@{ ~AGt- LV_L.L,y.,,_(_[__QI’ rjg/m) Assay
n ﬁ

0.04f /™" <. oomzed

Synt hesi s, 50% I rihihi .t...l..Q.D ...........

m166 J . NI T _ 4 v r us .. " " .
GBS NH4 HCQR . (12)) eqapantqo(gﬁ-brrespect:.velnzl Appropr:.ate fz@cgggxs were

0. 0008 (-) - esdthe@"EHd concentPat@ll The residual SoXutBon was dildte@0Q4n

water (40ml) and freeze-dried to give the title product as a white
solid (1.37g): Amax (pH6 buffer), 271.0nm (Bl%lcm190): 1y NMR
(D20)83.23 (1H), 3.55 (1H), 4.0-4.2(2H), S5.43(1H), 6.07 (1lH),
6.33(1H),8.08 (1H).

(ii) (2R, cis)-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5yl)-

(1H) -pyrimidin-2-one and (2S,cis)-4-Amino-1-(2-hydroxymethyl-1,

3-oxathiolan-S-y1)-{1H) ~-pyrimidin-2-one

5’ ~-Nucleotidase (from crotalus atrox venom) {(EC 3.1.3.5] (60mg
at 17 unxts/mg) was added to a solution of(+)-cis-4-amino- (2-
hydroxymethyl—l,3-oxathlolan-5-y1)-(lH)-pyrxmldln-z-one, 67 -
dihydrogenphosphate, ammoniam salt (1.35g) in buffer (30ml,
prepared from glycine (526m§) and magnesium chloride (190mg) in
water (100ml)]} and the mixture was incubated at 379 for 2.5h. More
enzyme (20mg) was added, and incubation was continued for a further
3.5h. The resulting mixture was applied to a column of DEAE
Sephadex ArZS(HCO3-form). Elution was performed with water (160ml),
then 0.1, 0.2, 0.3 and 0.4M NH4HCO3(200ml each). Appropriate
:frattions containing the first eluted component were combined and
" “evaporated, the residue was subjected to column chromatography on
silica (60g, Mexrck 7734), eluted with chlorofoermethanol mixtures.
Evaporation of the appropriate fractions from methanol-ethyl acetate
gave (+r{cis)—4-amino—1-(2~hyd;oxymeth§1—1,3-o§athiolan-5—yl)—(1H)-
pyrimidin-2-one as a white solid (0.30g)- [e]D?1+1370 (c.1.04 MeOH):
14 NMR (DMSO)5 3.04 (1H), 3.40 (1H), 3.73 (2H), 5.18 (1H), 5.29
(14), 5.73 (1#), 6.21 (iH), 7.19 (2H), 7.81 (1n).

Appropriate fractions from the Sephadex column, containing the
second eluted component, were combined and evaporated. The residue
was dissolved in water (30ml), treated with alkaline phosphatase
{from Escherichia coli) [EC 3.1.3.11 (1.5ml at 41l6units/ml), then
incubated at 37° for one hour. Solvent was.removed by evaporation
and the residue'was'subjected to column chromatography on silica

{60g, Merck 7734), eluted with chloroform-methanol &ixtures;

Evaporation of the appropriate fractions from methanol-ethyl acetate \——”""——
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B Cytotoxicity The cytotoxicites of the conpounds é; -FAel racem c
"conpound (BCH 189; Exanple I) and a 50/ 50 mi xture BEPEEQHg* ﬁa'Jr)ners
were determned in five CD4 cell lines: H9, JM CHM{ C8166 and U9$7
Compounds for test were serially diluted from 100[err]ggr|j50099@. 3tefr]/m
(final concentrations) in 96 well mcrotitre platgs.] 3.6x10[err] c¢elll s were
i nocul ated into each well of the plat&d 7including.| detg=freeontT ol|s.

After |ncubat|on at 37[err]C for 5 days, the V|ablp cell count_was

determ ned Db r}p(w nﬁ_agagﬁrgpiﬁg?_t‘ &l etlﬂsg{l g’garte and g%n}t’
(c.1.08,

excl udi ng c®t Is i'n °a*haebcyt o

Tabl e 3 Cytesmixigiihy2~one as a white SOlld (0.32qg); [a)D21—132

%ngétrypan bl ue

MeOH);IH-NMR (DMSO) & 3.04 (1H), 3.40 (1H), 3.73 (2H), 5.18 (1H),
5.29 (1H), 5.73 (1H), 6.21 (1H), 7.19 (2H), 7.81 (1H).

Example 4
(~)-cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-y1)-(1H)

pyvrimidin-2-one

(i) Three 50ml flasks of nutrient broth (Oxoid Ltd) were
innoculated with a loopful each of Escherichia coli (ATCC 23848)
scraped from a Nutrient Agar plate. The flasks were incubated
overnight at 370¢ with shaking at 250 rev/min and then each flask
wis used to innoculate 41 of CDD medium (glutamic acid, 3g/1; MgS0y,,
.29/1: KpS6,, 2.5g/1:; NaCl, 2.3g/1, NapyHPO,2H,0, 1.lg/1,
NaH,PO42H,0 0.6g/1 cytidine, 1.2g/1) in a seven litre fermenter.
The cultures were fermented at 750 rev/min, 370c with aeration at
41/min. After growth for 24hrs the cells were collected by
centrifugation (5000g, 30 minutes) to yield 72g wet weight. The
cell pellet was resuspended in 300ml of 20mM Tris HCl buffer (pH
7.5) and disrupted by sonication (4 x 45 seconds). The cell debris
was removed by centrifugation (30,000 g, 30 minutes) and the protein
in the supernatant was precipitated by.addition of ammonium sulphate
to 75% saturation. The precipitate was collected by centrifugation
(30,000g. 30 minutes) and the pellet was resuspended in 25ml of
HEPES buffer (100mM, PH 7.0) containing ammonium sulphate (75%
saturation). Enzyme solution was prepared by centrifugation at
12,000 rpm for 30 mins. The supernatant was discarded and the
pellet dissolved in Tris HC1 buffer (pH 7.0; 100mM) to the original

volume. ,

(ii) The product of Example 1 (115mg was dissolved in water (100ml),
and stirred. Enzyme solution (0.5ml) was added, and the mixture was
maintained at a constant pH by the continual addition of HCl (25mM) .
The conversion was monitored by chiral HPLC, which showg@ that the
{(+) enantiomer of the substrate was preferentially deaminated.

After 22hr the (+) enantiomer of the substrate (RT 12.5min) had been



50%Q/t0X|C|ty ([err] und CEMcells: JMcells H9 cells
U937 cells (8166 ceI mq, M’ 1 1.5
4 35 (-)-en 30 >7 00 i RT,O

i

>100 BCH 189 g | CEMENT S5
1:1 M x of ND BQEL&—“"” '

Not Det ermi ned 30 CLAI M5 1 A phar maceuti cal conpokit 'é)BEEG‘gW' sy
pharmaceutical |y acceptable carr|er %ﬁm&conpound

(-)-cis-4-anipg-].(2h éiproor LAY 1,75 oxat hi ol an-5{yl)

9

&3

1. The (-)-enantiomer of cis-4-amino-1-(2-
hydroxymethyl-1, 3-oxathiolan-5-yl)~-(1H) -pyrimidin-2-one or

pharmaceutically acceptable derivative thereof.

2. A mixture of the (-)-enantiomer of cis-4-
amino-1-(2-hydroxymethyl-1, 3-oxathiolan-5-yl)-(1H) -
pyriﬁidin-z-one or a pharmaceutically acéeptable derivative
thereof, and the (+)-enantiomer of cis-4-amino-1-(2-
hyuroxymethyl-l,3-oxa£hiolan—5—yi)-(1H)—pyrimidin-2—one or
pharmaceutically acceptable derivative thereof, wherein the
(+)-enantiomer is present in the amount of no more than 5%

w/wW.

3. The mixture according to claim 2 wherein the
(+) -enantiomer is present in an amount of no more than 2%

w/w.

4, The mixture according to claim 2 or claim 3

wherein the (+)-enantiomer is present in an amount of less

than 1% w/w.
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-(I'H) - pyrimdin-2-one or a phar table salb“fﬁeréa
anot her therapeutic agent sel éct w“ﬂm “‘L eoxy nucl i :eo,s~| v i .Y
conposition according to cIa|n11 esot er therapéut §Q%p$1¢%?
sel ected from AZT, 2',3'- dldeoxycytldlne 2',3 - dldeoxyadeqosﬂ

| SRV

di deoxyi nosi ne, 2',3' " di deoxyt hym di ne, , 3" -di deoxy-

2', 3" -di dehydrot hym di ne, and 2', 3'- deoxy 2', 3 dldehydrocytldlne 3. A
conposition accordin to cIa|n11 wheérei n said conpositi 1.0~1.500-
my of said conpound. §'iaFieb‘|’il§8€oF‘a‘f‘Pl‘bS’t'i)l°6’l z%ofﬂpfls\?vﬁgr 8| n said

t ta 20- 1 OO f
ccor i ng 1 EOBPATH BOGRIAS Mot BrloSt F R LB PHEOS0R 0 G BY sai

compound. of claims 2 to ‘4 together with a pharmaceutlcally acceptable

carrier therefor.

6. A method for the treatment of a mammal,
including a human, suffering from or susceptible to wviral
infection, comprising administration of an effective amount
of a compound according to claim 1 or a mixture according to

any one of claims 2 to 4.

7. A method for the preparation of a (-)-
enantiomer according to claim 1 which comprises separation
of the (-)-enantiomer from a mixture containing the (+)- and
(=) -enanitiomers of cis-4-amino-1-(2-hydroxymethyl-1,3-
oxathiolan-5-yl)-(1H)-pyrimidin-2-one or a pharmaceutically

acceptable derivative thereof.

8. The method according to claim 7 wherein the

mixture of compounds is a racemic mixture.

9. A method for the preparation of a mixture

according to any one of claims 2 to 4 which comprises

is Sheet Has Been Re laced
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6. A conposition according to claim 2, whererm the ot her tdﬂﬂﬁﬁéﬂﬁﬁﬁNﬁQﬁﬁﬁﬂ‘

i's AZT. 7. A conposition accofding ﬂ ein the
t herapeutic agent is 2'3' -di deoxy m 'm ' &'pom ti

claim2, wherein the other therapedti & agemt Is
conposition according to claim2, wherein the other thera e

2' 3' - di deoxyi nosi ne. 10. A conposition according to claimj2,

wherein the

ot her therapeutic agent is 2'3'-dideo¥a hynidine. 11. A conposition

aFCPrd!ng t O &b 240 Yon Wt rfik@ udeherolnN8r 8PESE Intisa@aRt comitaining
2' 3' -di deoxy-2", 3" - didehydrothym dine. 12. A conposition according to

claim2, whegsie tih BNt RS aRgHenandgoneris 2’ 3' - di deoxy-2', 3" -
di dehydr ocyti di ne.

10. The method according to claim 9 wherein the

first mixture of compounds is a racemic mixture.

11. The method according to any one of claims 7

to 10 wherein the separation is effected by chiral High

Performance Liquid Chromatography (HPLC).

'12. The method according to claim 11 wherein the

HPLC employs as a stationary phase acetylated B-cyclodextrin

or cellulose triacetate.

13. The method according to any one of claims 7

to 10 wherein the separation is effected by enz&me—mediated

enantioselective catabolism.

14. The method according to claim 13 wherein the

enzyme is employed in immobilized form.

15. The methodlaccording to claim 13 or claim 14

wherein the enzyme is cytidine deaminase.

laced
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31. 13. Use of a conbi nation of the (-)-enantiomer of

- Ci s-4-am no- 1- (2- hydroxy- nethyl -1, 3- oxat hi ol an-5-yl ) -(lH-pyr-ni-ein=—2=ome
or pharmaceutically acceptable salt thereof and anot her therapeuti

selected from2', 3 -di deoxy nucl eosi des for the manufact muﬂﬂuu“m“! j‘
medi canment (s) for the treatnent of HV infections. 14. A

claim 13, wherein the other therapeutic agent is selected fronlAZT

- 2',3" -dideoxycytidine, 2',3 dldeoxyaden03|ne552 3' - di deoxyi nosi ne,

2', 3" -di deoxyt hymi di nel6’ , Bhe dirveflay -ax:ox3ting &@hy&amhym@rn@lamdfi

2',3' -dideoxy-2',3'- dldehydrocytldlne
wherein the enzyme is a 5'-nucleotidase.
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5. Ausp C
is 10- 15&)0‘

1l 13,31 V\:hel’F,‘I n the MM**&?‘%’E@”@’)-ena“’t@omﬂ"
ordi pg to claim 13,[ whergifithegmunt of said
(-)- enantlo 17' A use accor(dijng3 DSER o 13, jwherein the
anmount; of Saj | r~1 s 504700 ng. 18, A use according to claim
13, eranthermméammHSVHSWmnMacLwe f ytremlngfﬂv
infection with the (-)-enan H :
use accordca@sequam@énalmo-“.mwfm

si mul t aneo t}gg ﬁ! t égaP il ot her
t her apeuti écll?kaé(g((:at]é\:wgl2 ?‘?& twr1 -%rée%t??é\m&l \%PS%E? ?@Qn{:i‘?
oonpr|5|ngb%UhenlBh%wap@p%mcanmﬁﬁ$ of az2,3 - dldeoxynucle05|de conpound
effective to inhibit the gromh or replication of HHV in conbination with a

We have now found that, surprisingly, enantiomers of the
compound of formula (I) are equipotent against HIV but that
one of the enantiomers (the(-)-enantiomer) has considerably
lower cytotoxicity than thé other enantiomer.

The (-) enantiomer has the chemical name (-)-cis-4-Amino-1-
(2-hydroxymethyl-1,3-oxathiolan-5-~yl) - (1H) - pyrimidin-2-one
(hereinafter compound (A)). It has the absolute
stereochemistry of the compound'bf formula (I-1) which has
the name (2R,cis))-4-amino-1-(2-hydroxymethyl-1,3-oxathiolan-
' 5-yl) - (1H) -pyrimidin-2-one. '

In accordance with a first aspect of the present invention,
there is provided a pharmaceutical composition comprising:

a pharmaceutically acceptable carrier,

the compound
(-)-cis-4-amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl) - (1H) -
pyrimidin-2-one or a pharmaceutically acceptable salt
thereof, and .

another therapeutic agent selected from 2',3'-dideoxy:
nucleosides. |

In accdrdance with a second aspect of the present ihvention,
there is provided use of a éombination of the (-)-enantiomer
of cis-4-amino-1-(2-hydroxy-methyl-1,3-oxathiolan-5-yl)

- (1H) -pyrimidin-2-one or pharmaceutically acceptable salt
thereof and another therapeutic agent selected from
2',3'-dideoxy nucleosides for the manufacture of
medicament (8) for the treatment of HIV infections.

In accordance with a third aspect of the present invention,
there is provided a composition for treating an HIV infection
comprising administering an amount of a 2',3'-



“toxicity reducing effective anount of the conpound (-) R 218 ‘A
(2- hydroxynet hyl -1, 3-oxat hi ol an-5-yl) - (1H)-pyrimdi nt2{one or a
phar maceutical |y acceptable salt thereof. 21. A conpositiol ®SEPITEPENn
wherein said 2', 3" -di deoxy nucl eoside is AZT, 2',3' -dide xycytldlne
di deoxyadenosi ne, 2',3'-dideoxyinosine, 2',3" - dideoxyth UrTTE,

2', 3" -dideoxy-2', 3" -di dehydrot hym di ne, 2=
28.a gegirfrclxeaxyf%ﬁﬂé&emé deGeybhAanes £22c i e ST i An PRTROBRLT §RokOAPELS! NI
hydr oxymet hgPplicat byatdf HEN- Snyepmbinpt boni wigh na 2teniécstyareducing

phar maceut L £aLeY; 36 CARbERE CoP At hel BEREOInANY. A-dis 32- ShiRGXY -Ruc! cosi de for

t he manuf acture of a nedi cament anel |orat|nﬁ toxicity associated with
the adni ni BY#sexyReERY} hes 2-oxatiatanySnkit) eésfigpyrimidin-2-one or a

pharmaceutically acceptable salt thereof.

B -

In accordance with a fourth aspect of the present'invention,
there is provided use of a composition comprising (-)-cis-4-
amino-1- (2-hydroxymethyl-1,3-oxathiolan-5-yl) - (1H) -pyrimidin-
2-one or a pharmaceutically acceptable salt thereof and a:
2',3'-dideoxy nucleoside for the manufacture of a medicament
for ameliorating toxicity associated with the administration
of the 2',3'-dideoxy nucleoside.

" In accordance with a fifth aspect of the present invention,
there is provided use of the (-)-enantiomer of cis-4-amino-1-
(2-hydroxymethyl-1,3- oxathiolane-5-yl) - (1H) -pyrimidine-2-one
or a pharmaceutically acceptable derivative thereof in the
manufacture of a wmedicament for the treatment of a wviral
infection, said treatment being associated with lower
cytotoxicity than treatment using the (+)-enantiomer.

In accordance with 'a sixth aspect of the present invention,
there is provided use of a 2',3'-dideoxy nucleoside in an
amount effective to inhibit the replication of HIV and a
toxicity reducing amount of thé'compound(-) cis-4-amino-1-(2-
hydroxymethyl-1, 3-oxathiolan-5-yl) - (1H) -pyrimidin-2-one or a
pharmaceutically acceptable salt thereof, wherein said use
comprises co-administration of the 2',3'-dideoxy nucleoside

" and of the compound (-) cis 4-amino-1-(2-hydroxymethyl-1,3-
oxathiolan-5-yl) - (1H) -pyrimidin-2-one or a pharmaceutically
acceptable salt to a mammal, including man, suffering from an
HIV infection.

In accordance with a seventh aspect of the present invention,
there is provided use of a 2',3'-dideoxy nucleoside in an



4

32 23. A use according to claim22 wherein said nygt E?ﬁg
2',3'-di deoxycytidine, 2',3'-di deoxyadenosi ne, 2' |8&Lf&DEeE
2', 3" -dideoxyi nosi ne, 2',3" - dideoxythym dine,

2',3' -dideoxy-2',3'-didehydrot hyni dine, or 3 n SEP 1998

2', 3" -dideoxy-2', 3" -didehyrdrocytidine. 24. Use of} tjhe (-)-enanti qmgr of
ci s-4-am no- 1- (2-hydroxynethy|-l,3-oxagﬂgolane-5-yl - - m di rje- 2
-one or a pharnmaceutically acceptabl e derivatijve tg§%§g£_ﬁ£HLngaﬂnanacture
of a nedi camenntf effensiveehipndnhibitather 5pPlheaEIPBOLSHIY 8R€afinent
bei ng aS.S_OEbitieqtg tBalieyRy a¥bahexbei tiet BARpLLAAYUPNE 1 HSEDEMEAB-1- (2-
(-+)-enantionmer. 25. Use of "a 2', 3" -di deoxy_nucl eoside in_an anount

ef fective hydroxymethyl-l,3-oxath101an-5-yl)—(1H)—pyr1m1d1n—2—one or a

—+

pharmaceutically acceptable salt thereof, for the manufacture
of medicament (s) for the treatment of HIV infections by co-

administration.

Preferably Compound A is provided substantially free of the
corresponding (+)-enantiomer, that is to say no more than
about 5% w/w of the (+)-enantiomer, preferably no more than
about 2%, in particular less than about 1% w/w is present.

"By "a pharmaceutically acceptable derivative" is meant ahy

. pharmaceutically acceptable salt, ester, or salt such ester,
of compound (A) or any other compound which, upon
administration to the recipient, is capable of providing
(directly or indirectly) compound (A) or an antivirally
active metabolite or residue thereof.

It will be appreciated by those skilled in the art that
compound (A) may be modified to provide pharmaceutically
acceptable derivatives thereof, at functional groups in both
the base moiety and at the hydroxymethyl group of the
oxathiolane ring. Modification at all such functional groups
are included within the scope of the invention. However of
particular interest are pharmaceutically acceptable
derivatives obtained by modification of the 2-hydroxymethyl
group of the oxathiolane ring.

Preferred esters of compound (A) include the éompounds in

which the hydrogen of the 2-hydroxymethyl group is replaced
O -

by an acyl function R—g— in which the non-carbonyl moiety R

of the ester is selected from hydrogen, straight or branched

chain alkyl (e.g. |



‘to inhibit the replication of HV and a tOXICIty reduci ng

ﬁ;gfggg(rjm'g hgll C|1534o§21t Rloollan(&%)-yl ) (1H) - pyr| m di n- 2- one orﬁmim '”i""”m,m,’

pharmaceutical ly acceptable salt thereof, wherein said use conprlses
co-adm ni stration of the 2',3'-di deoxy A%l eosi de and of the compound.. (-)...
cis 4-am no-1-(2- hydroxynethyl 1, 3- oxat hi ol an-5-yl ) - (1Fﬂ1pMjrﬂ)QIﬂ{g e

or a pharmaceutically acceptable sal t G mal , |nclud|ng q&ﬂhgaquerl g
froman HYV in ecﬁlon us m. 25 mhereln shi.d

co adm i skr at PoRRRENaEE] h??§ °°‘§$°S+Eé°2 BOBPELELI o5 wher ei n sai d
co-adm ni strat f%ﬁ s3Co8P fE ?agrée 3' - di deoxy nucl eoside in

an.anount effe O, LONL bit, ths_repll gg f00h A1 9XLELLY
reduci ng aﬁDUﬂt(kﬁ) £§r58589ﬂ Z S a%g%g¥ﬂ uiécglly agceptab%e)

salt thereof, and
another therapeutlc agent selected from 2', 3' -dideoxy
nucleosides.

2. A composition according to claim 1 wherein the other
therapeutic agent is selected from AZT, 2',3'-
dideoxycytidine, 2',3'-dideoxyadenosine, 2',3'-
dideoxyinosine, 2',3'-dideoxythymidine, 2',3'-dideoxy-
2,3~ dldehydrothymldlne, and 2',3"'- dldeoxy 2',3'-
dldehydrocytldlne

3. A composition according to claim 1, wherein said
composition contains 10-1500 mg of said compound.

4. A composition according to claim 1, wherein said
composition contains 20-1000 mg of said compound.

5. A composition according to claim 1, wherein said
composition contains 50-700 mg of said compound.

6. A composition according to claim 2, wherein the other
therapeutic agent is AZT.

7. A composition according to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxycytidine.

8. A composition a¢cording to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxyadenosine.

9. A composition according to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxyinosine.

10. A composition according to claim 2, wherein the other
 therapeutic agent is 2'3'-dideoxythymidine.

11. A composition according to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxy-2',3"'-~
didehydrothymidine.

12. A composition according to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxy-27,37?-
didehydrocytidine.

\\
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*hydr.oxymet hyl - 1, 3- oxat hi ol an-5-yl ) - (1H)-pyri m di n- 2- one jgm,H
phar maceutically acceptable salt thereof, for the manufa WI"’””!MI””L
medi canent (s) for the treatnment of H V infections by co- adni ffi strasi og. W90,
Use according to claim 27, wherein saidzgf-adninistration I s sequenti al .

sdr d

30. Use according to claim 27, wherein co-adm nistration is

s|nultane05§: Use of a combination of the (-)-enantiomer of

cis-4-amino-1- (2-hydroxy- methyl-1,3-oxathiolan-5-yl)

- (1H) -pyrimidin-2-one or pharmaceutically acceptable salt
thereof and another therapeutic agent selected from
2',3'-dideoxy nucleosides for the manufacture of
medicament (s) for the treatment of HIV infections.

14. A use according to claim 13, wherein the other
therapeutic agent is selected from AZT,
21,3'-dideoxycytidine, 2',3'-dideoxyadenosine, 2',3'-
dideoxyinosine, 2',3'-dideoxythymidine, 2',3'-dideoxy-
2',3'-didehydrothymidine, and 2',3'-dideoxy-2',3'-
didehydrocytidine.

15. A use according to claim 13, wherein the amount of said
(-) ~enantiomer is 10-1500 mg.

16. A use according to claim 13, wherein the amount of said
(-) -enantiomer is 20-1000 mg.

17. A use according to claim 13, wherein the amount of said
(-) ~enantiomer is 50-700 mg.

18. A use according to claim 13, wherein the medicament (s) is
manufactured for sequentially treating HIV infection with
the (-)-enantiomer and the other therapeutic agent.

19. A use according to claim 13, wherein the medicament (s) is
manufactured for simultaneously treating HIV infection
with the (-)-enantiomer and the other therapeutic agent.

20. A composition for treating an HIV infection.comprising
administering an amount of a 2',3'-
dideoxynucleoside compound effective to inhibit the
growth or replication of HIV in combination with a
toxicity reducing effective amount of the compound
(-)-cis~4-amino-1- (2-hydroxymethyl-1,3-oxathiclan-5-yl) -
(1H) -pyrimidin-2-one or a pharmaceutically acceptable
salt thereof. )

21. A composition of claim 20 wherein said 2',3'-dideoxy
nucleoside is AZT, 2',3'-dideoxycytidine, 2',3'-
dideoxyadenosine, 2',3'-dideoxyinosine, 2',3'- '
dideoxythymidine, 2',3'-dideoxy-2',3'-didehydrothymidine,
or 2',3'-dideoxy-2"',3'-didehyrdrocytidine.

22. Use of a composition comprising (-)-cis-4-amino-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl) - (1H) ~pyrimidin-2-one
or a pharmaceutically acceptable salt thereof and a
2',3'-dideoxy nucleoside for the manufacture of a
medicament for ameliorating toxicity associated with the
administration of the 2',3'-dideoxy nucleoside.

REPLACEMENT SHEET
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23. A use according to claim 22 wherein said nucleoside is
AZT, 2',3'-dideoxycytidine, 2',3'-dideoxyadenosine,
2',3'-dideoxyinosine, 2',3'-dideoxyinosine, 2',3'-
dideoxythymidine, 2',3'-dideoxy-2',3'-didehydrothymidine,
or 2',3'-dideoxy-2"',3'~didehyrdrocytidine.

32

24. Use of the (-)-enantiomer of cis-4-amino-1-
(2-hydroxymethyl-1,3-oxathiolane-5-yl) - (1H) -pyrimidine-2
-one or a pharmaceutically acceptable derivative thereof
in the manufacture of a medicament for the treatment of a
viral infection, said treatment being associated with
lower cytotoxicity than treatment using the
(+) ~enantiomer.

25. Use of a 2',3!'-dideoxy nucleoside in an amount effective
to inhibit the replication of HIV and a toxicity reducing
amount of the compound (-) cis-4-amino-1 -(2-
hydroxymethyl-1,3-oxathiolan-5-yl) - (1H) -pyrimidin-2-one
or a pharmaceutically acceptable salt thereof, wherein
said use comprises co-administration of the 2',3'-dideoxy
nucleoside and of the compound (-) cis 4-amino-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl) - (1H) -pyrimidin-2-one
or a pharmaceutically acceptable salt to a mammal,
including man, suffering from an HIV infection.

26. The use of claim 25 wherein said co-administration is
seqguential.

27. The use of claim 25 wherein said co-administration is
simultaneous.

28. Use of a 2',3'-dideoxy nucleoside in an amount effective
to inhibit the replication of HIV and a toxicity reducing
amount of the compound (-) cis-4-amino-1-(2-
hydroxymethyl-1,3-~oxathiolan-5-yl) - (1H) ~-pyrimidin-2-one
or a pharmaceutically acceptable salt thereof, for the
manufacture of medicament (s) for the treatment of HIV
infections by co-administration.

29. Use according to claim 27, wherein said co-administration
is sequential.

30. Use according to c1a1m 27, whereln said co-administration
is simultaneous.

REPLAC CEMENT SHEET

i

3 O SEP 1998 1




10.

11.

12,

Qoxv01~7 oS

—_—

. L I

CLAIMS

A pharmaceutlcal composition comprlslng

a pharmaceutically acceptable carrler,

the compound ,

(-) -cis-4-amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)
- (1H) -pyrimidin-2-one or a pharmaceutically acceptable
salt thereof, and

another,;herapeutlc agent selected from 2',3'- dldeoxy
nuc1e651des

A composition according to claim 1 wherein the other
therapeutic agent is selected from AZT, 2',3'-
dideoxycytidine, 2',3'-dideoxyadenosine, 2',3'-
dideoxyinosine, 2',3'-dideoxythymidine, 2',3'-dideoxy-
2',3'-didehydrothymidine, and 2',3'-dideoxy-2',3"'-
didehydrocytidine.

A composition according to claim 1, wherein said
composition contains 10-1500 mg of said compound.

A composition according to claim 1, wherein said
composition contains 20-1000 mg of said compound.

A composition according to claim 1, wherein said
composition contains 50-700 mg of said compound.

A composition according to claim 2, wherein the other
therapeutic agent is AZT.

. - A composition according to claim 2, wherein the other

therapeutic agent is 2'3'-dideoxycytidine.

A composition according to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxyadenosine.

A composition according to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxyinosine.

A composition.according to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxythymidine.

A composition according to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxy-2',3'-
didehydrothymidine.

A composition according to claim 2, wherein the other
therapeutic agent is 2'3'-dideoxy-2',3'-
didehydrocytidine.




