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1. 1, 3- OXATH OLANE NUCLEOSI DE ANALOGUES The present invention relates to
“nucl eosi de anal ogues and their use in nedicine. Mbore speC|f|qmegJ%iﬁue

invention is concerned with 1, 3-oxathiol ane nucl eosi de anal ogues,

2phar naceuti cal fornulations thereof and the use thereof in the treatnent of

viral infections. The only_compound currently approved for the 10

treatment of conditions c@usedPByL#WEUISGSEiaZIdOs@ deoxyt hym di ne (AZT,
zi dovudi ne, BW 509U). Fbmevbr-f.mi&1cgﬂp@qng_@a§g@1§#gp ficant side-effect
liability and thus either :gannetpe eqﬁ]gygﬂJgﬁ” Qnce enpl oyed, may have to
be withdrawmn in a 5|gn|f|Cant YRR . ngQS qulemL§ There is in
consequence a continuing hg@dklowprovb 84C qppOUn S, Whi'th are effective
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1,3-OXATHIOLANE NUCLEOSIDE ANALOGUES

The'present invention relates to nucleoside
analogues and their use in medicine. More specifically
5 the invention is concerned with 1,3-oxathiolane
nucleoside analogues, pharmaceutical formulations
thereof and the use thereof in the treatment of viral
infections.
The only compound currently approved for the
10 treatment-of conditions caused by HIV is 3'-azido-3'-
deoxythymidine (A2T, 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may have to be withdrawn in a significant number of
15 patients. There is in consequence a continuing need to
provide compounds which are effective against HIV but
with a concommitant significantly better therapeutic'
index.

The compound of formula (I)
NH,

F
NZ

20 | (1)
| | O/l\N |

HOCH,

_ : S
is a racemic mixture of the two enantiomers of formulae

(1-1) and (I-2):
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.Wth a conconm tant S|gn|f|cantly better therapeutic |ndex The conpound of
forml a (I') [err] is aracemc mxture of the two enantioners of formnulae
(I-1) and (1-2): -2- [err] In accordance with a first aspect of the
present invention, there is provided (-)-cis-4-am no-5-fluoro-1-(2-
hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl)-{1H)-pyri m di n-2-one or a
pharmaceutical |y acceptable salt, ester ®réd salt of an ester thereof

F. F
N~ N~ :
[ |
0/'\N (I-1) o)\n (I-2)
HOCHZ HOCH;

We have now found that, surprisingly, the
(-)-enantiomer of the compound of formula (I) is much
more active than the (+)-enantiomer, although both

5 enantiomers show unexpectedly - low cytotoxicity. There
is thus provided in a first aspect of the invention the
(=) (or laevorotatory) enantiomer of the compouﬁd of
formula (I) and pharmaceutically acceptable derivatives
thereof. .

10 The (-)-enantiomer has the chemical name
(-)-4-amino-5-fluoro-1-(2-hydroxymethyl-1, 3-
oxathiolan-s-yl)-(1H)-pyrimidin-2-one (hereinafter
compound (A)). This enantiomer has the absolute
stereochemistry shown in formula (I-1).

15 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, more preferably no more than about 2%, and
most preferably less than about 1% w/w is present.

20 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)

25 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
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I n accordance with a second aspect of the present invention, there is
prOV|ded a mxture of the (-)-enantioner of

Ci s-4-am no-5-fl uoro-1-(2-hydroxymnet hyl - 1, 3- oxat hi ol an- 5-
2Yl)-(1H) -pyri mdin-2-one or a pharnmaceutically acceptable salt, ester or
salt of an ester thereof, and the (+)- enajtiomer of

Ci s-4-am no-5-fluoro-1-(2-hydroxynethyl-1,3- oxathiolan-5-yl) - (1H)
-pyrimdin-2-one or a pharmaceutically acceptable salt, ester or salt of an
ester thereof, pﬂwﬂdedﬂie.-a(lﬂ)y atreptaie iderjivatdivesi thelreofpoatt of no

more than 5K W | L RROHANGS Wl Bty e g@@e%;&&gbggdpswﬂe

i nvention, there |s harnaceutlca acce deri vati ve of

(-)-cis-4-am n@MKWW%MW@fy@PhWtthlane ring.

1, 3- oxat hi ol anwﬁfaiﬁlc!a!di)mpwﬂ H1di FuehO FanctiSnailn grbapBy direxYngladed s

;FEL?;:FKSY tfmafgagn éﬂgngég}e OEME%rea%venki Seleﬁted fronlgydrogen

particular interest are pharmaceutically acceptable
derivatives obtained by modification of the 2-
hydroxymethyi group of the oxathiolane ring.

Preferred esters of compound (A) include the

10 compounds in which the hydrogen of the Zahydroxymethyl
g.oup is replaced by an acyl function R-C- in which the
non-carbonyl moiety R of the ester is selected from

15 hydrogen, straight or branched chain alkyl (e.g.,
methyl, ethyl, n-propyl, t-butyl, n-butyl), alkoxyalkyl
(e.g., methoxymethyl), aralkyl (e.g., benzyl),
aryloxyalkyl (e.g., phenoxymethyl), aryl (e.g., phenyl
optionally substituted by halogen, C,, alkyl or C,,

20 alkoxy); sulphonate esters such as alkyl- or
aralkylsulphonyl (e.g., methanesulphonyl); amino acid
esters (e.g., L-valyl or L-isoleucyl) and mono-, di- or
tri-phosphate esters. |

With regard to the above described esters,

25 unless otherwise specified, any alkyl moiety present
advantageously contains 1 to 16 carbon atoms,
particularly 1 to 4 carbon atoms. Any aryl moiety
present in such esters advantageocusly comprises a
phenyl group.

30 In particular the esters may be a C, ,, alkyl
ester, an unsubstituted benzyl ester or a benzyl ester
substituted by at least one halogen (bromine, chlorine,
fluorine or iodine), C,¢ alkyl, C,, alkoxy, nitro or
trifluoromethyl groups.

35 Pharmaceutically acceptable salts of the
compound (A) include those derived from
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aral kyl,. aryl oxyal kyl, aryl, al kyl sul phonyl, aral kyl sul phonyl and ester
“groups of amno acid esters. In accordance with a fourth aspect of the
present invention, there is provided a m xture of a pharnmaceuti cal - 2a
~- acceptable salt, ester or salt of an ester of (-)-cis-4-
“ami no-5-fl uoro-1- (2- hydr oxynmet hyl - 1, 3- oxat jii ol an-5-yl ) -
(1H) - pyrimdi n-2-one and a pharnaceutically acceptable salt, ester or salt
of an ester of (+)-cis-4-amno-5- fluoro-

(2- hydr oxynet h&ﬂhalm%daif&faa(n@a%déﬁtablﬁellﬁhcr iicTafidno2gangc wedae n t he

?Shggrg)é]ylrrﬁ;gyl%% %%#sasp%a?n% ch-:-sb% su:.%a)ﬁle lé.rclzcz.tdlsor:ll.hcl %rer] , Wwherein R

hydrochloric, hydrobromic, sulphuric, nitric,
perchloric, fumaric, maleic, phosphoric, glycollic,

5 lactic, salicylic, succinic, toluene-p-sulphonic,
tartaric, acetic, citric, methanesulphonic, formic,
benzoic, malonic, naphthalene-2-sulphonic and
benzenesulphdnic acids. Other acids such as oxalic,
while not in themselves pharmaceutically acceptable,

10 may be useful as intermediates in obtaining the
compounds of the invention and their pharmaceutically
acceptable acid addition salts.

Salts derived from appropriate bases include
alkali metal (e.g., sodium), alkaline earth metal

15 (é.g., magnesium), ammonium and NR,+ (where R is C,,
alkyl) salts.

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

20 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

25 human immunodeficiency viruses (HIV's), the causative
agents of AIDS.

The compounds of the invention are also
useful in the treatment of animals including man
infected with the hepatitis B virus (HBV).

30 There is thus provided as a further aspect of
the invention compound (A) or a pharmaceutically
acceptable derivative thereof for use as an active
therapeutic agent in particular as an antiviral agent,
for example in the treatment of retroviral infections

35 or HBV infections.
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of the-invention, wherein the (+)-enantioner is present in an anmount | ess
*than about 5% w w. In accordance with a fifth aspect of the present
invention, there is provided a pharnaceutical conposition conprising
~effective amounts of (a) (-)-cis-4-amno-5-fluoro-1- (2-hydroxynethyl-1, 3-
" oxat hi ol an- 5- yl')-(1H)-pyri mdi n-2-one or_ a_grrnxture of
(-)-cis-4-am no-5-fl uoro-1-(2- hydroxynethy - oxathiolan-5-yl) - (1H)
-pyrimdin-2-one and (+)-cis-4- am no-5-fluoro-1- (2-hydroxynethyl -1,
3-oxat hi ol an-5- yl) (1H]21n Wrﬂdﬁﬂi:%'%:?mtﬁnawl&rd%?ﬁm&lhbreaﬁmpt abl e
salts, esters ar of e r er, T antiomer is
present in an aﬁﬁﬁm’téer%s% W%ﬁ?djﬂ%’lﬁ vv/rvil\g%% ojrkea tv)ﬁé-(rggpeutlc agent
sel ected from amfeahbion, dganaardtidularn @malmémtetqnowaaumldmeH@V or

nucl eosi de a retrovirus such as HIV, in a mammal including man
5 comprising administration of an effective amount of
compound (A) or a pharmaceutically acceptable
derivative thereof.

There is also provided in a further or
alternative aspect use of compound (A) or a

10 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

15 as AIDS-related complex (ARC), progressive generalized
lymphadenopathy (PGL), AIDS-related neurological
conditions (such a dementia or tropical paraparesis),
anti-HIV antibody positive and HIV-positive conditions.
Kaposi's sarcoma, thrombocytopenia purpurea and

20 associated opportunistic infections for example
pneumocystis carinii.

The compounds of the 1nventlon are also
useful in the prevention of progression to clinical
illness of individuals who are anti-HIV antibody or

25 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

30 fluids such as blood or semen in vitro.

The compounds of the invention are also
useful in the treatment of animals including man
infected with the hepatitis B virus.

It will be appreciated by those skilled in

35 the art that reference herein to treatment extends to

—_—
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transpor.t inhibitors, 2',3' -dideoxyadenosine, 2',3'- dideoxythym dine,
2", 3" -dideoxy-2', 3" - didehydrocytidine, imunonodul ators, erythropoietin,
anpligen, thynonodulin, thynopentin, foscarnet, ribavirin, binding
~inhibitors of HHV to CD4 receptors and gl ycosylation inhibitors. In
accordance with a sixth aspect of the present invention, there is provided
(-)-cis-4-am no-5-fluoro-1-(2- hydroxynethyl-1, 3-oxathiolan-5-yl) - (1H)
-pyrimdin-2-one. - 2b - In accordance with a seventh aspect of the
present invent pophylaxds aspwellded &hei kreatmeht(of- eatabliabedof

ci s-4-am no- 5- fh %Ql%ngzogyg9%é¥gﬁghyl 1, 3- oxat hi ol ane- 5-
It will be further appreciated that the
- amount of a compound of the invention required for use
5 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

10 physician or veterinarian. In general however a
suitablg dose will be in the range of from about 0.1 to
about 750 mg/kg of bodyweight per day preferably in the
range of 0.5 to 60 mg/kg/day, most preferably in the
range of 1 to 20 mg/kg/day.

15 The desired dose may conveniently be
presented in a single dose or as divided doses
administered at appropriate intervals, for example as
two, three, four or more sub-doses per day.

The compound is conveniently administered in

20 unit dosage form; for example containing 10 to 1500 mg,
conveniently 20 to 1000 mg, most conveniently 50 to
700 mg of active ingredient per unit dosage form.

Ideally the active ingredient should be
administered to achieve peak plasma concentrations of

25 the active compound of from about 1 to about 75 uM,
preferébly about 2 to 50 uM, most preferably about 3 to
about 30 uM. This may be achieved, for example, by the
intravenous injection of a 0.1 to 5% solution of the
active ingredient, optionally in saline, or orally

30 administered as a bolus containing about 1 to about
100 mg 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

35 15 mg/kg of the active ingredient.

This Sheet Has Been Rep Iaced




yl )= (1H).- pyri m di n- 2-one and the (+)-enantionmer of cis-4-

=~ am no- 5-fl uor o- (2- hydr oxymet hyl - 1, 3- oxat hi ol an-5-yl) - (1H) - pyri m di n-2-one,
wherein the (+)-enantiomer is present in the anount of no nore than 5% w w.
_We. have now found that, surprisingly, the (-)- enantioner of the conpound
“of formula (1) is nmuch nore active than 1 he (+)-enantioner, although both
enanti oners show unexpectedly | ow cytotoxicity. There is thus provided the
(-)(or | aevorotatory) enantioner of the conpound of formula (1) and

phar meceutical | y accept alhd1deritvaisi posstibdecthatTh€ot- hsenant i oner has the
chem cal nane

am no- 5- fIuoroQﬁkf?pﬁdebfynthnF ff theaﬁﬁygpglog mF¥ be
(1H) - pyri ni di n-adndmd stiemed asf the GeprbﬁGiGA})lt ¢§|§reﬁ§ﬁﬁbéﬁet°has the

absol ute ster epahe@nt! 'thes A vieN ihgr@UHiant! ad) a pharmaceutical
5 formulation.
The invention thus further provides a
pharmaceutically formulation comprising compound (A) or
a pharmaceutiéally acceptable derivative thereof
together with one or more pharmaceutically acceptable

10 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.

15 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

20 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
pharmacy. All methods inqlude the step of bringing

25 1into association the active compound with liquid
carriers or finely divided solid carriers or both and
then, if necessary, shaping the product into the
desired formulation.

Pharmaceutical formulations suitable for oral

30 administration may conveniently be presented as
discrete units such as capsules, cachets or tables each
containing a predetermined amount of the active
ingredient; as a powder or granules; as a solution, a
suspension or as an emulsion. The active ingredient

35 may also be presented as a bolus, electuary or péste.
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Preferably conpound (A) is provided substantially free of the corresponding
:*(+)-enantioner, that is to say no nore than about 5% w w of the
(+)-enantioner, nore preferably no nore than about 2% and nost preferably
..less than about 1% w w is present. By "a pharnmaceutically acceptable
~derivative" is meant any phar maceutical |y gacceptabl e salt, ester, or salt
of such est.er, of conpound (A) or any other conpound which, upon

adm nistration to the recipient, is capable of providing (directly or

indirectly) comapieds(Ahdocapdudelsi tokabrklaahinyaiserabobht magr residue
thereof. It will e.appreC|a%3gng¥ those.skilled hnaghgiart t hat cggPound

(A) may be nodiSPR &1PO°BP8$' excipients suc nding agen
fillers, lubricants, disintegrants, or wetting agents.

The tablets may be coated according to methods well

5 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 é dry product for constitution with water
or other suitable vehicle before use. Such liquid

10 preparations may contain conventional additives such as
suspending agents, emulsifying agehts, non-agueous
vzhicles (which may include edibie oils), or
preservatives.

The compounds according to the invention may

15 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.

20 The compositions may take such forms as suspensions,
solutions, or emulsions in oily or aqueous vehicles,
and may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. Alternatively,

. the active ingredient may be in powder form, obtained

25 by aseptic isolation or sterile solid or by
lyophilization from solution, for constitution with a
suitable vehicle, e.g., sterile, pyrogen-free water,
before use. '

For topical administration to the epidermis

30 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 agueous or oily base
with the addition of suitable thickening and/or gelling

35 agents. Lotions may be formulated with an aqueous or

_
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-3-. phar.maceutically acceptable derivatives thereof, at functional groups
:*in both the base noiety and at the hydroxynethyl group of the oxathi ol ane
ring. Modification at all such functional groups are included 5 within the
..scope of the invention. However, of particular interest are
"phar maceutical |y acceptabl e derivatives obg ai ned by nodification of the 2-
hydr oxymet hyl group of the oxathiolane ring. Preferred esters of conpound
(ﬁo i nclude the 10 conpounds in which the hydrogen of the 2-hydroxynethyl

g.:oup is repl agery Bage A lwil1NGin Qerdedrdll a1rdeaositatlhedw&amaaﬂwl
nnlety R of the ester.is selected fro 5 _hydrogen, str el branched
chai n al kyl (e.gPULSAE¥ART agephs. r?tpﬁrgolésﬁ 5%[ ts, ‘%#ﬁ B3 koxyal kyl
(e.g., nethoxyrstdents,, satspdqdlr(ge aggqnttaanz:}'iz)qken:.ng agents, or

coloring agents.

5 Formulations suitable for topical
administration in the mouth include lozenges comprising
active ingredient in a flavored base, usually sucrose
and acacia or'tragacanth; pastilles comprising the
active ingredient in an inert base such as gelatin and

10 glycerin or sucrose and acacia; and mouthwashes
comprising the active ingredient in a suitable ligquid
carrier. _

Pharmaceutical formulations suitable for
rectal administration wherein the carrier is a solid

15 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

20 carrier(s) followed by chilling and shaping in moulds.

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

25 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

30 non-aqueous base also comprising one or more dispersing
agents, solubilizing agents or suspending agents.
Liquid sprays are conveniently delivered from
pressurized packs.

For administration by inhalation the

35 compounds according to the invention are conveniently
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aryl oxyal kyl (e.g., phenoxymethyl), aryl (e.g., phenyl optionally
*substituted by halogen, Cerr] alkyl or Jerr] 20 al koxy); sul phonate
esters such as al kyl - or aral kyl sul phonyl (e.g., nethanesul phonyl); am no
..acid esters (e.g., L-valyl or L-isoleucyl) and nono-, di- or tri-phosphate
"esters. Wth regard to the above describefpesters, 25 unless otherw se
specified, any alkyl noiety present advantageously contains 1 to 16 carbon
atons, particularly 1 to 4 carbon atons. Any aryl noiety present in such

esters advant aaewslefeaomshseﬁ anahewétafptwebmzer or a In particular
the esters may_b an_unsubst anzyl ester or a

St Enabodst o SHAE A
benzyl ester Bﬁ?FFPﬁ &853G ?Eag BheSPRY TURFY PP RS chi or i ne,
fluorine or iodehéyerOhgrah atkgsol Gspray. aJRxagﬁuzﬁz¢¢)mncks may

comprise a suitable propellant such as

5 dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane; carbon dioxide or other
suitable gas. In the case of a pressurized aerosol,
the dosage unit may be determined by providing a valve
to deliver a metered amount.

10 Alternatively, for administration by
inhalation or insufflation, the compounds according to
the invention may take the form oi a dry powder
composition, for example a powder mix of the compound
and a suitable powder base such as lactose or starch.

15 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.

20 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 other active ingredients

25 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. 1In particular the
compounds of the invention may be employed together

30 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

35 particular an antiviral agent.

\
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trifl uoronmet hyl groups. 35 Phar maceutical |y acceptable salts of
*the conmpound (A) include those derived from -4- pharnmaceutical ly

accept abl e i norgani ¢ and organi c aci ds and bases. Exanpl es of suitable
__acids include hydrochloric, hydrobrom c, sulphuric, nitric, perchloric,
“fumaric, maleic, phosphoric, glycollic,.5¢4actic, salicylic, succinic,

t ol uene- p-sul phonic, tartaric, acetic, citric, nethanesul phonic, formc,

benzoi c, nal oni c, napht hal ene- 2-sul phoni ¢ and benzenesul phoni c acids. O her

aci ds such as oxalic, whirhe pombinathensereferpedr tacabbdveahnay acceptabl e,

conveniently be p:esented for use in the form of a
pharmaceutical formulation and thus pharmaceutical
formulations comprising a combination as defined above
5 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 ganciclovir, interferons such as alpha,
10 beta or gamma-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'-
15 dideoxy-2',3'-didehydrothymidine and 2',3'-dideoxy-
2',3'-didehydrocytidine, immunomodulators such as
interleukin-2 (IL-2) and granulocyte macrophage colony
stimulating factor (GM-CSF), erythropoietin, ampligen,
thymomodulin, thymopentin, foscarnet, ribavirin and
20 inhibitors of HIV binding to CD4 receptors e.g.,
soluble CD4, CD4 fragments, CD4 hybrid molecules,
glycosylation inhibitors such as 2-deoxy-D-glucose,
castanospermine and 1-deoxynojirimycin.
The individual components of such
25 combinations may be administered either sequentially or
simultaneously in separate or combined pharmaceutical
formulations.
When the compound (A) or a pharmaceutically
acceptable derivative thereof is used in combination
30 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.
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10 *may be useful as internediates in obtaining the conmpounds of the
“invention and their pharnaceutically acceptable acid addition salts. Salts
derived from appropri ate bases include alkali nmetal (e.g., sodiun,

:al kaline earth netal 15 (e.g., nmagnesiun), anmmonium and NRerr]+ (where R
Is CJerr] alkyl) salts. References hereinafter to a conpound according to
the invention include both the conpound'(ﬂ? and its pharnaceutically
accept abl e derivatives. 20 The conpounds of the invention either

t hensel ves possess anti Vi'haées%aﬁc%&ﬁd d/aq{d q; e‘r:Lt%%% I iﬁ%i%glﬁgﬂy#o such

conpounds. In particular t ¢ npoun are e Vel Womd ng the
replication of REEEBYRPIRAerivatinas da ke prepesed byeanyusethed25 hunan

i munodef i ci encynging UBRStiéllaf®)fort Rthe PieParation of compounds of
analogous structure, for example as described in
5 European Patent Publication 0382526 A2.

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

10 an optically pure starting material 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
resolution of the end product of each reaction.

15 In one such process a 1,3-oxathioclane of
formula (VIII) R,0
OJ L
S (VIII)

wherein the anomeric group L is a displaceable group,
is reacted with an appropriate base. Suitable groups'L
20 include -OR where R is an alkyl group, e.g., a C,
alkyl group such as methyl or R is an acyl group, e.qg.,
a C,_¢ alkyl group such as acetyl or halogen, for
example iodine, bromine or chlorine.
The compound of formula (VIII) is
25 conveniently reacted with 5-fluoro-cytosine or an
appropriate pyrimidine base precursor thereof
(previously silylated with a silylating agent such as
hexamethyldisilazane) in a compatible solvent such as
methylene chloride using a Lewis acid such as titanium
30 tetrachloride, trimethylsilyltriflate, trimethylsilyi
iodide (TMSI) or tin (IV) compound such as SnCl,.

-
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agents -ef AIDS. The compounds of the invention are also useful in the
*“treatnment of animals including man infected with the hepatitis B virus
(HBV). 30 There is thus provided as a further aspect of the
..invention conmpound (A) or a pharmaceutically acceptable derivative thereof
for use as an active therapeutic agent inqparticular as an antiviral agent,
for exanple in the treatnent of retroviral 1 nfections 35 or HBV infections.
-5- A nmethod for the treatnment of a viral infection, in particular an

i nfection caused by HBV Orhe 1,3-oxathiolanes of formula (VIII) may be

prepared for example by reaction of an aldehyde of
formula (VII) with a mercaptoacetal of formula (VI) in
a compatible organic solvent, such as toluene in the

5 presence of an acid catalyst for example a Lewis acid
such as zinc chloride.

HSCH,CH(OC,Hs), (VI)

The mercaptoacetals of formula (VI) may be
10 prepared by methods known in the art, for example G.
Hesse and I. Jorder, Chem. Ber., 85, pp. 924-932
(1952). |
The aldehydes of formula (VII) may be
prepared by methods known in the art for example E.G;
15 Halloquist and H. Hibbert, Can. J. Research, 8, pp.
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.
20 In a second process the compound (A) is
obtained by base interconversion of a compound of
formula (IX) '

HOCH, B

o (IX)

-
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a retrovirus such as HV, in a mamal I ncluding man 5 conpri ses

.- adnministration of an effective anount of conpound (A) or a pharnmaceutically

acceptabl e derivative thereof. There is also provided in a further or
~alternative aspect use of conpound (A) or a 10 pharmaceutically acceptable
“derivative thereof for the manufacture Qf 4 nedi cament for the treatnent of
a viral infection. The conpounds of the invention are also useful in the
treatment of AIDS related conditions such 15 as AIDS-rel ated conpl ex (ARC),

progressive genghété 280dis yarmhaé@rmatémi(ﬁ@)to A S dciiorcyd odwienl 0gi cal
R N T T e PR Tt A e
purpurea and chemical transformation (e.g. the conversion of uracil
base to cytosine) or by an enzymatic conversion using a
5 deoxyribosyl transferase. Such methods and conditions
for base interconversion are well known in the art of
nucleoside chemistry.
In a third process a compound of formula (XI)

0O
' kf]__NHz Py (XI)
S

10 may be converted to the compound (A) by conversion of
the anomeric NH, group to the 5-fluoro-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

15 nucleoside synthesis, for example in Nucleoside Analogs
- Chemistr Biolo and Medical Applications, R.T.
Walker et al., Eds., Plenum Press, New York (1979) at
pages 165-192 and T. Ueda, Chemistry of Nucleosides éng
Nucleotides, Vol I, L.B. Townsend Ed., Plenum Press,

20 New York (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, starting materials having protected

25 functional groups, and 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

30 protected by a group selected from aralkyl (e.gq.
benzyl), acyl, aryl (e.g. 2,4-dinitrophenyl) or silyl;

-_
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20 associ ated opportunistic infections for exanpl e pneunocystis carinii

: 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
25 HI V-antigen positive and in prophylaxis follow ng exposure to HV. The
“conpound (A) or pharnaceutically acceptab}g derivatives thereof may also be
used for the prevention of viral contam nation of physiological 30 fluids
such as bl ood or senen in vitro. The conpounds of the invention are al so

Eseful in tB he kh%b&ﬁ@htofreﬁﬂlvﬁm Bfi aaéuﬁraaeaﬁmngnéﬁsapdbuﬁa g heh
epatitis Vir W C t hose_s the art
that reference® %3?8 dtHLFPe§Fﬁ8%F8e§ ﬁ gr¥6y51s or ﬁyé?ggeno ysis
as appropriate using standard conditions. Hydroxyl
groups may be protected using any conventional hydroxyl
5 protecting group, for example, as described in

Protective Groups in Organic Chemistry, J.F.W. McOmie,
Ed., Plenum Press, New York (1973) or T.W. Greene,

Protected Groups in Organic Synthesis, John Wiley and
Sons, New York (1981). Examples of suitable hydroxyl

10 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

15 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

20 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 acetic anhydride followed by removal of

25 acetate groups so formed at an appropriate stage in the
synthesis. Silyl groups may also conveniently be
removed using a source of fluoride ions such as tetra-
n-butylammonium fluoride. '

In the above processes compound (A) is

30 genérally 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., chromatography on silica gel or by

35 fractional crystallization, either directly or on a
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-6- prophylaxis as well as the treatnment of established infections or
“synptons. It will be further appreciated that the anount of a conpound of
the invention required for use 5 in treatnment will vary not only with the
..particular conmpound selected but also with the route of adm nistration, the
nature of the condition being treated andqghe age and condition of the
patient and will be ultimately at the discretion of the attendant 10

physi cian or veterinarian. |n general however a suitable dose will be in

t he range of frsubtable derlviatiseothereofnyeky.of abetipbesgliprpparddy

preferably irltég} example with acetic anhydride) followed, after
separate, by convérsion back to the parent product
(e.g., by deacetylation with methanolic ammonia).

5 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

10 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
convention methods. Pharmaceutically acceptable acid
addition salts may be prepared by reacting the free

15 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

20 such as an alcohol (e.g., methanol). Pharmaceutically
acceptable salts may also be prepared from other salts,
including other pharmaceutical acceptable salts, of ﬁhe
compound (A) using conventional methods.

Compound (A) may be converted into a

25 pharmaceutically acceptable phosphate or other ester by
reaction with a phosphorylating agent, such as POCl,, 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

30 for example by hydrolysis.

Resolution of the final product, or an
intermediate or starting material therefor may be _
effected by any suitable method known in the art: see
for example E.L. Eliel, Stereochemistr f Carbon
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range of- 0.5 to 60 ng/ kg/day, nost preferably in the range of 1 to 20

- ng/ kg/ day. 15 The desired dose nmay conveniently be presented in
a single dose or as divided doses adnm ni stered at appropriate intervals,

~ for exanple as two, three, four or nore sub-doses per day. The conpound is
““conveniently administered in 20 unit dasage.form for exanple containing
10 to 1500 ng, conveniently 20 to 1000 ngy, nost conveniently 50 to 700 ng
of active ingredient per unit dosage form Ideally the active ingredient
shoul d be adni rdompenadist,o Mucriasw liddal 19629mandoScHnt Walleons Tables ofhe
active compoun f e to about 75 [err]M, preferably about 2 to
50 [err] M sqie(go viHE A q’%o%t 3 to about 30 [err]M This may be

achi eved, for exanple, byfhuse fion expapdes thg compenngs (3)omayt %e

of the obtained by chiral HPLC using a suitable stationary
5 phase for example acetylated B8-cyclodextrin or
cellulose triacetate and a suitable solvent for example
an alcohol such as ethanol or an aqueous solution of
for example tfiethyl ammonium acetate. Alternatively

the compounds may be resolved by enzyme mediated

10 enantioselective catabolism with a suitable enzyme such
as cytidine deaminase or selective enzymatic
degradation of a suitable derivative a 5'-
nucleotidase. When resolution is effected
enzymatically the enzyme may be employed either in

15 solution or, more conveniently, in immobilized form.
Enzymes may be immobilized 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

20 the following examples which are not intended to limit
the invention in any way. All temperatures are in
degrees Celsius.

Intermediate 1

25 1.3-oxathiolane

(i) 2-Benzovloxymethvl-5-acetoxy-1,3,o0xathiolane
Benzoyloxyacetaldehyde (216.33 g, 1.32 mol)

was dissolved in pyridine (373 ml, 4.61 mol) and 1,4-
dithiane~2,5-diol (100.31 g, 0.66 mol) was added to the
30 solution. The heterogenous mixture was stirred at 60-
65°C under nitrogen atmosphere for 1 hour. At the end
of the reaction, a complete solution was obtained.
Dichloromethane (650 ml) was added to the reaction

5% sol uti on
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active i ngredient, optionally in saline, or orally 30 admnistered as a

- bol us containing about 1 to about 100 ng of the active ingredient.
Desirabl e bl ood | evel s may be mai ntained by a continuous infusion to
provi de about 0.01 to about 5.0 ng/kg/hour or by intermttent infusions
“containing about 0.4 to about 35 15 no/kg of the active ingredient. -7-
Wiile it is possible that, for use in therapy, a conpound of the invention
may be adm nistered as the raw chemical it is preferable to present the

active ingredigittefe aandal Vafdltdsclled HPOPY aiitdN salt-ice bath.
Acetyl chloride (281 ml, 3.95 mol) was added dropwise
to the solution at 0-5°C over 1.5-2 hours. The
reaction mixture was stirred at 0-5°C for 30 minutes,

5 then it was poured carefully onto a cold (0°C) solution
of saturated sodium bicarbonate. The organic layer was
separated. The water layer was extracted with
dichloromethahe (3 x 200 ml). The combined organic
layers were washed with saturated sodium bicarbonate

10 solution (3 x 200 ml) and brine (200 ml). The solution
was dried over sodium sulfate and concentrated in
v.acuo. The traces of pyridine were removed by
azeotropic distillation with benzene. 320.79 g crude
product was obtained which was purified by Kugelrohr

15 distillation or filtration through a short silica gel
column. [Solvent system: hexane/ethyl acetate (3/1)].

(ii) Cis- and trans-2-benzoyloxymethyl-5-(N,'-acetyl-
5'-fluoro-cytosin-1'-yl)- 1,3-oxathiolane
5-Fluorocytosine (4.30 g, 33.3 mmol),

20 hexamethyldisilazane (25 ml) and ammonium sulfate (129
mg) were boiled under reflux until the cytosine
dissolved (3 hours) and then further refluxed for 2
hours. The hexamethyldisilazane was evaporated in
vacuo and toluene (100 ml) was added to the residue to

25 co-evaporate the solvents. The resulting solution

bis(trimethylsilyl)-fluorocytosine in dichloromethane
(40 ml) was added under argon to a solution of 2-
benzoyloxymethyl-5-acetoxy-1, 3-oxathiolane (8.537 g,
30.3 mmol) in dry dichloromethane (100 ml) and

30 molecular sieves (4A, 2 g) previously prepared under
argon and cooled at 0°C for 20 minutes.
[{(Trifluoromethane-sulfonyl)oxy] trimethyl silane (6
ml, 31 mmol) was added to this mixture at 0°C and the
resulting solution was stirred at room temperature for
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The invention thus further prOV|des a pharnaceutlcally formul ati on
-“conprising compound (A) or a pharmaceutically acceptable derivative thereof
together with one or nore pharnaceutically acceptable 10 carriers therefor
..and, optionally, other therapeutic and/or prophylactic ingredients. The
carrier(s) must be 'acceptable' in the segge_of being conpatible with the
other ingredients of the fornulation and not deleterious to the recipient

t hereof. 15 Phar maceutical formulations include those suitable

for oral, recta ,hdlﬁk?sﬁﬂ THRP| £3alt rlaitieC hiad @.@amﬁc&boamdm&ubwhitngaab) ml
vaginal or DS Shalnd Wi WL AT i RO
i nhal ati on or iorg#rfilcatliayer HWas ﬁcnm@l@Nﬁ@n@asnpﬁlmhesglinEOpr|ate be
conveniently fjjtered and evaporated to dryness. This afforded a '
5 crude 5-fluoro-cytosine derivative (10.1 g). R¢ = 0.57
(EtOAC:MeOH 9:1). '
This residue was acetylated in the next step
without furthér purification. The crude material was
dissolved in dry dichloromethane (120 ml) in a 500 ml
10 round bottom flask under argon. Triethylamine (12.7
ml, 91.1 mmol) and dimethyl aminopyridine (111 mg, 0.9
mmol) were added .o the solution. The flask was then
immersed in an ice bath for 1 hour under argon.  Acetic
anhydride (4.3 ml, 45 mmol), distilled over sodium
15 acetate, was syringed into the cooled flask. The
mixture was stirred overnight and then'carefully
decanted into an erlenmeyer flask containing saturated
sodium bicarbonate solution. The product was then
washed with distilled water followed by brine solution.
20 The methylene chloride portions were dried and
evaporated under high vacuum to dryness, yielding an
acetylated a/8 mixture as a colorless foam, weighing.
9.6 g after drying. Flash chromatography of this
material using ethylacetate: methanol (9:1) afforded
25 3.1 g, 7.8 mmol (46%) pure trans- and 3.5 g, 8.9 mmol
(30%) pure cis- title compounds.

trans-isomer: R; = 0.65 in ethyl acetate:methanol
9:1
U.V.: (MeOH) Lambda max: 309 nm
30 'H-NMR 6 (ppm in CDCL,)
8.77 (b, 1H; C,'-NH-Ac)
8.06 (m, 2H; aromatic)
7.70 (4, 1H; C,'-H, J, =6.3 Hz)
7.62 (m, 1H; aromatic)
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presented in discrete dosage units and nmay be prepared by any of the

“met hods well known in the art of pharmacy. Al nethods include the step of
bringing 25 into association the active conpound with liquid carriers or
_finely divided solid carriers or both and then, if necessary, shaping the
"product into the desired fornul ati on. Pbapgaceutical fornulations suitable
for oral 30 admi nistration may conveniently be presented as discrete units
such as capsul'es, cachets or tables each containing a predeterm ned anount
of the active ingred.ag (ms 28 ;pexdmatde)granul es; as a solution, a

suspensi on or as an 6er’gJ|I #{1 1‘;lhecacﬁ5ve I ngredi ent 35 may al so be
ec da

presented as a bolus I ry” orsﬁa te.
(dd, TH; C,~H)
4.48 (dd, 2H; C,~CH,0COCH;)
5 3.66 (dd, 1H; C,-H)

3.34 (44, 1H; C,-H)
2.56 (s, 3H; NH-COCH,)

cis-isomer: R, = 0.58 in ethyl acetate:methanol 9:1
U.V.: (MeOH) Lambda max: 309 nm
10 'H-NMR 6 (ppm in CDCl,)
8.72 (b, 1H; C,'-NH-Ac)
8.06 (m, 2H; aromatic)
7.87 (d, 1H; C,'-H, J =6.2Hz)
7.60 (m, 1H; aromatic)
15 7.49 (m, 2H; aromatic)
6.32 (dd, 1H; Cs~-H)
5.47 (44, 1H; C,-H)
4.73 (dd, 2H; C,~CH,0COCH,)
3.62 (dd, 1H; C,~H)
20 3.19 (dd, 1H; C,~H)
-2.55 (s, 3H; NH-COCH,)

(iii) (#)-Cis-hydroxymethyl-5-(5'-fluorocytosin-1'-
vyl) -1,3-oxathiolane
1.2 g (3.05 mmol) of cis-2-benzoyloxymethyl-

25 5-(FQ'-acetyl-5'—fluorocytosin—1‘-yl)-1,3—oxathiolane
was stirred in 30 ml of methanolic ammonia at 0°C for 1
hour and then overnight at room temperature. The
mixture was evaporated under reduced pressure. The
residue was triturated twice (2 x 30 ml) with anhydrous

30 ether. The solid residue was recrystallized'in
absolute ethanol to give 655 mg (2.64 mmol, 87%) of
pure cis title product: m.p. 204-206°C; R, = 0.21 in
ethylacetate:methanol (9:1). The desired compound was
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-8- Tablets and capsules for oral adm nistration nmay contain conventional
“ exci pients such as binding agents, fillers, lubricants, disintegrants, or
wetting agents. The tablets nay be coated according to nethods well 5 known
_in the art. Oal liquid preparations may be in the formof, for exanple,
"“aqueous or oily suspensions, solutions,_egylsions, syrups or elixirs, or
may be presented as a dry product for constitution with water or other
sui tabl e vehicle before use. Such liquid 10 preparati ons may contain
conventional addehti€seduby 46, SOCHNME agd APen! Lambda Sidy i (H,090S80s 9
non- aqueous vehicles (which may include edible oils), or preservatives. The
conpounds accorgrng to the invention may

cis-isomer:

'H-NMR 6 (ppm in DMSO-dg)

5 8.22 (4, 1H; C¢'-H, Jy =7.26Hz)
7.84 (4, 2H; C,'-NH,)
6.16 (t, 1H; Cy-H)
5.43 (t, 1H; C,~CH,~OH)
5.19 (t, 1H; C,-H)
10 3.77 (m, 2H; C,~CH,0OH)
- 3.35 (44, 1H; C,-H
C-NMR (DMSO-d;)
Ce' c," c,' c,'
153.46 158.14 134.63 126.32
15 - (3 =14.0Hz) (J =24.1Hz) (I =32.5Hz)
Cs C, c, CH,OH
86.82 36.80 86.77 62.32

20 5-yl)-(1H)-pyrimidin-2-one

(i) (#) cis-2-hydroxymethyl-5-(5'-fluorocytosin-1'-
yl)-1,3-oxathiolane monophosphate

To a stirred mixture of Intermediate 1 (500
mg, 2.024 mmol) in dry trimethyl phosphate (10 ml)

25 cooled to 0°C, was added dropwise phosphorus
oxychloride (1.22 ml, 13.1 mmol). The reaction mixture
was stirred at that temperature for 1 hour and then
quenched in ice water. The pH of the cold mixture was
adjusted to 3 by the addition of aqueous 1N sodium

30 hydroxide, then applied to a charcoal column (5 g,
DARCO), which was eluted with water followed by ethanol

IThis Sheet Has Been Replaced

Il

[0



15 al so be fornul ated for parenteral adm nistration (e.g., by injection,
“for exanple bolus injection or continuous i nfusion) and may be presented in
unit dose formin anpoules, pre-filled syringes, small volunme infusion or
in nulti-dose containers with an added preservative. 20 The conpositions
"may take such fornms as suspensions, solutgens, or emulsions in oily or
aqueous vehicles, and may contain formulatory agents such as suspendi ng,
stabilizing and/ or dispersing agents. Alternatively, the active ingredi ent
may be in powdendf agweoakt ammedidSihyaaseftia:1oration ofFraceione solid or

oy yopnt |1 72t @Rehl AThAOLILER mohBphOORARLL Wbl dbhbied ahdD! € Vb Cl e,

e.g., sterile, “pyrogen-tree e use fopl ca nlnlstratlon
to the ep|dernﬁgaPQrﬁﬁédcéﬁﬁoéﬁﬁ§eﬂB€BFHYn@aﬁoaPH%1¢ﬂv%@t¢dﬁ°

containing 15 g of DEAE sephadex A25 (HCO,;-form).

5 Elution was undertaken with a gradient of water (300
ml), 0.1M-NHHCO, (300 ml), and 0.2M NH,HCO; (100 ml).
Evaporation of appropriate fractions after dilution
with water (30 ml) afforded (:) cis-2-hydroxymethyl-5-
(5'-fluorocytosin-1'-yl)-1,3-oxathiolane monophosphate

10 as a white solid R, = 0.5 (n.PrOH:NH,OH 6:4) yield = 612
mg, 1.77 mmol, 87.9%. 'H NMR 6 (ppm in D,0). “3.27 (d,
1H, C',-H, J,; =6.47Hz), 6.33 (a4, 1H, CH), 5.47 (t,
1H, C,-H), 4.84 (m, 2H, C,-CH,OH), 3.63 (dd, 1H, CH),
3.30 (a4, 1H, C,H). HPLC>99%.

15 (ii) (+)-Cis-2-hydroxymethyl-5-(5'-fluorocytosin-1'-
¥l)-1,3-oxathiolane
To a solution of (%) cis-2-hydroxymethyl-5-

(5'-fluorocytosin-1'-yl)-1,3-oxathiolane monophosphate
(100 mg, 0.29 mmol) in 3 ml of glycine buffer solution

20 [glycine (52.6 mg) and magnesium chloride (19 mg) in
water (10 ml)], was added in one portion 5'- ' .
nucleotidase [Sigma, 3.5 mg at 29 unit/mg]. The
resulting mixture was incubated at 37°C with shaking.
The reaction was monitored by HPLC [chiral column a-

25 acid glycoprotein (AGP) using 0.2M sodium phosphate as
eluant at pH 7 with a flow rate 0.15 ml/min] at
different intervals. Only the (+)-enantiomer was
observed after 2.5 hours. More enzyme (2 mg) was
added, and incubation was continued for a further 3

30 hours. HPLC analyéis clearly showed selective and
complete hydrolysis of the (+)-enantiomer. The
resulting mixture was applied to a column of DEAE
sephadex A-25 (HCO; form). Elution was undertaken with
water (155 ml), followed by 0.1 and 0.2M NH,HCO, (100 ml
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formul ated as oi ntnents, creams or | otions, or as a transdernal patch.
‘O ntnments and creans may, for exanple, be fornulated with an aqueous or
oily base with the addition of suitable thickening and/or gelling 35
.agents. Lotions may be fornul ated with an aqueous or -9- oily base and
will in-general also contain one or nore_egylsifying agents, stabilizing
agents, dispersing agents, suspending agents, thickening agents, or
coloring agents. 5 - Fornulations suitable for topical _
adm ni stration eachhe mpbbopﬂﬁhudeffeéemé SONPaining €Ké | FErsegredi ent
in a flavored b%igteHSH%LEXQ Ege were combined and concentrated. The
remaining solid was purified on a short column silica
using ethyl acetate, methanol (4.5:0.5) as eluant and
5 then separated by HPLC (employing the above mentioned
conditions). This afforded pure (+)-cis-2-
hydroxymethyl-5-(5'-fluorocytosin-1'-yl)-1,3-
oxathiolane (23 mg, 0.093 mmol, 32%) as a white solid
(a)?s+123°%C [c, 1.00, MeOH] m.p. 185°C NMR 6 (ppm in
10 DMSO)- 8-26 (d, 1H’ C'G—H' JH_F =5.22 HZ), 7087 (s' 1H'
NH,, D,0 exchangeable), 7.63 (s, 1H, NH,, D,0
cvxchangeable), 6.20 (dd, 1H, C; . H), 5.48 (t, 1H, C,H),
5.24 (t, 1H, CH,-QH, D,0 exchange), 3.84 (m, 2H, C,-
CH,0H), 3.50 (44, 1H, C,H), 3.37 (dd, 1H, C/H).

15 (iii) -)-Cis-2-hydroxymethyl-5-(5'-fluorocytosin-1"'-

yl)-1,3-oxathioclane

Appropriate fractions from the sephadex

column containing the second eluted nucleoside
described in step (ii) were combined and evaporated

20 under reduced pressure. The residue was dissolved in 2
ml of water and treated with alkaline phosphatase .
(Sigma, 1 ml at 60 units/ml) followed by incubation at
37°C for 1.5 hours. Solvent was then evaporated and
the residue was purified by column chromatography on

25 silica gel using EtOAc:MeOH (4:1) as eluent followed by
HPLC (separation using the same conditions mentioned
above). This afforded pure (-)-cis-2-hydroxymethyl-5-
(5'-fluorocytosin-1'-yl)-1,3-oxathiolane (20 mg, 0.081
mmol, 28%) m.p. 190°C (d) rf=0.21, EtOAc:MeOH (4:1).

30 U.V.: (H0) max : 279.1nm. 'H NMR & (ppm in DMSO-d;),
8.25 (@, 1B, C',-H , J,=7.26 Hz), 7.88 (b, 1H, C',-NH,,
D,0 exchangeable), 7.85 (b, 1H, C',-NH,:D,0
exchangeable), 5.24 (t, 1H, C,-H), 3.83 (m, 2H, C,-CH,-
OH), 3.19 (44, 1H, C,-H), 3.15 (d4d, 1H, C,-H).
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and acacia or tragacanth; pastilles conprising the active ingredient in an
“‘inert base such as gelatin and 10 gl ycerin or sucrose and acacia; and

nout hwashes conprising the active ingredient in a suitable liquid carrier.
. Pharnaceutical formulations suitable for rectal adm nistration wherein the
carrier is a solid 15 are nost preferably presented as unit dose
suppositories. Suitable carriers include- @acea butter and other naterials
commonly used in the art, and the suppositories may be conveniently forned
by adm xture of the active conpound with the softened or nelted 20
“carrier(s) followed by chintérmediate @mnd) Exanple &s depdatulaa i ons

suitable for vagifern@€d pretésd | fir Prefdifriie Y LompoudRs 3 IfTmullanpons,

creanms, gels, pastes, foans or sprays containing in
J (%)

Intermediate 2

5 1'R,2'S,5"
OXATHIOLANE-~2S5—-CARBOXYILATE

To a suspension of 5-fluorocytosine (155 mg,

1.2 mmol) in CH,Cl, (1 mL) at room temperature under an
argon atmosphere was added, successively, 2,4,6-

10 collidine (0.317 wL, 2.4 mmol) and t-butyldimethylsilyl
trifluoromethane-sulfonate (0.551 mL, 2.4 mmol). The
resultant mixture was stirred for 15 minutes and a

clear solution was obtained. A solution of
(1'R,2'S,5'R) -menthyl-5R-acetoxy-1,3~oxathiolane-2S-

15 carboxylate (330 mg, 1 mmol) in CH,Cl, (0.5 mL) was
introduced, followed by iodotrimethylsilane (0.156 mL,
1.1 mmol). Stirring was continued for 3 hours. The
mixture was diluted with CH,Cl, (20 mL) and washed
successively with saturated aqueous NaHSO;, water, brine

20 and then was concentrated. The residue was taken up in
ether-hexanes (1:1, 10mL) and saturated agueous NaHCO;
(2 mL) and stirred at room temperature for 15 minutes.
The aqueous layer was removed and the organic phase was
centrifuged to afford a white solid which was washed

25 with hexanes (3x5 mL) and then dried under vacuum. The
product (1'R,2'S,5'R)-menthyl-5R-(5"-fluorocytosin-1"-
yl)-1,3-oxathioclane-2S-carboxylate (350 mg, 88%) thus
obtained contained about 6% of (1'R,2'S,5'R)-menthyl-
5S-(5"-fluorocytosin-1"-yl)-1,3-oxathiolane-2s- .

30 carboxylate (NMR). This material was recrystallized
from MeOH/CH,Cl,/benzene to give a crystalline product:
[«],%+22° (c, 0.19, MeOH); m.p. 216-218°C, 'H NMR
(cDCl;) & 0.78 (4, 3H, J= 7Hz), 0.91 (t, 6H, J=7.3 Hz),
1.00 (m, 2H), 1.39-2.04 (m, 7H), 3.12 (dd, 1H, J=6.6

-
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addition to the active ingredient such carriers as are 25 known in the art
"to be appropriate. For-intra-nasal adm nistration the conpounds of the

i nvention may be used as a liquid spray or dispersible powder or in the
.formof drops. Drops may be formul ated with an aqueous or 30 non-agueous
base al so conprising one or nore dispersing agents, solubilizing agents or
suspendi ng agents. Liquid sprays are conweagently delivered from
pressuri zed packs. For adm nistration by inhalation the 35 conpounds

according to the invention are conveniently - 10 -
Hz, 6.1 Hz), 3.52 (dd, 1H, J=4.7 Hz, 6.1 Hz), 4.79 (dt,

1H, J=4.4 Hz, 4.3 Hz), 5.46 (S, 1 H), 5.75 (bs, 1H,
exchangeable), 6.42 (5t, 1H, J=5.0 Hz), 8.10 (bs, 1H,
exchangeable), 8.48 (d, 1H, J=6.6 Hz); C NMR (CDCl,-

5 DMSO-d,): § 16.7, 21.2, 22.4, 23.7, 26.6, 31.8, 34.4,
36.6, 40.5, 47.2, 77.1, 79.1, 90.8, 126.3 (d, J=33 Hz),
137.1 (d, J=244 Hz), 154.2, 158.3 (d, J=15 Hz), 170.1.

Example 2
S-HYDROX THYL-S5R- '=-FLUOROCYTOSIN=1'-YL}~-1,3~-

10 NXATHIOLANE
To a suspension of lithium aluminum hydride
(10 mg, 0.54 mmol) in THF (1 mL) at ambient temperature
under an argon atmosphere was slowly added a solution
of (1'R,2'S,5'R)-menthyl-5R~-(5"-fluorocytosin-1"-yl)-
15 1,3-oxathiolane-2S-carboxylate (54 mg, 0.135 mmol) in
. THF (2 mL). The reaction mixture was allowed to stir
for 30 minutes, then quenched with excess methanol (2
mL), followed by the addition of silica gel (3 g). The
resultant slurry was subjected to silica gel column
20 chromatography (EtOAc-Hexane~MeOH, 1:1:1) to provide a
gummy solid which was dried azeotropically with toluene
to give 20.7 mg (63%) of a white solid as the product:
[@),%+114° (c, 0.12, MeOH); 'H NMR (DMSO-d6) & 3.14 (dd,
1H, J=4.3, 11.9 Hz), 3.42 (dd, 1H J=5.3, 11.9 Hz), 3.76
25 (m,2H), 5.18 (m, 1H), 5.42 (t, 1H, J=4.8 Hz), 6.14 (m,
l1H), 7.59 (br m, 1H, exchangeable), 7.83 (br m, 1H
exchangeable), 8.20 (d, 1H, J=7.66 Hz). '

Example 3
Biological Activity
30 (i) Antiviral Activity

Antiviral activity of the compound of Example
1 was determined against HIV-1 in the following cell
lines.
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del'i veréd froman insufflator, nebulizer or a pressurized pack or other
“conveni ent neans of delivering an aerosol spray. Pressurized packs may
conprise a suitable propellant such as 5 dichl orodifl uoronet hane,
-trichlorofluoromethane, dichlorotetrafl uoroethane, carbon di oxide or other
suitable gas. In the case of a pressurized aerosol, the dosage unit may be
determ ned by providing a valve to deliwer2&a setered anount. 10
Alternatively, for adm nistration by inhalation or insufflation, the
conpounds according to the invention may take the formof a dry powder
conposi tion, for exanpl e 68p6Gceellsx afhuman Briymphrhlrsteisiiqaedd e powder

base such as | agtgse Qﬁféégéghw1éﬁ Hiﬁmqrgwg&gn(nygmsltlon may be presented
in unit dosage formin, ﬁ&‘_exan]t_) I3 S Eﬁjalr?sr-ceﬁarfédlga es or §9-
line, infected with HIV~1 strain RF.
5 Antiviral activity in C8166 cells was
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,
Biochem Biophys Res Commun., 142, pp. 128-134 (1987):
10 Mossman, J.Immun. Meth., 65, pp. 55-57 (1983)].
Antiviral activities were also determined by analvzing
the amount of HIV p24 antigen synthesized in the
presence and absence of enantiomers.
The results are shown in Tables 1 and 2

15 below:
Table 1
50% Antiviral Activity (ug/ml)
Inhibition of
Assay Formazan syncytium formation
Cells MT-4 C8166
20 Virus (HIV-1) HIV-1 RF HIV-1 RF
(+) —enantiomer > 1. 0.04
(=) -enantiomer 0.14 0.0018
Intermediate 1 0.065 0.013
AZT 0.0038

e
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gelatin-.or blister packs fromwhich the powder may be admi nistered with the -
.‘aid of an inhalator or insufflator. 20 When desired the above
described formnul ati ons adapted to give sustained rel ease of the active
_ingredient may be enployed. The pharnmaceutical conpositions according to
“the invention may al so contain other active ingredients 25 such as '
antimicrobial agents, or preservatives.-The eonmpounds of the invention may
al so be used in conbination with other therapeutic agents for exanpl e other
antiinfective agents. In particular the conmpounds of the invention may be
enpl oyed together 30 with known antiviral agents. The invention thus
provides, in a further aspect, a conbiﬂ&ﬂﬂéhghonprising t he conmpound (A) or
a

50% Inhibition HIV p24 Synthesis (pug/ml)

Cells c8l66
Virus RF

5 (+)-enantiomef 0.1
(-) -enantiomer 0.0022
Intermediate 1 0.011
AZT 0.017

(ii) cytotoxicity

10 The cytotoxicities of the compounds of
Example 1 and the racemic compound (Intermediate 1)
were determined in two CD4 cell lines: H9 and CEM.

Compounds for test were serially diluted from

100 pug/ml to 0.3 ug/ml (final concentrations) in 96 .

15 well microtitre plates. 3.6 x 10; cells were inoculated
into each well of the plates including drug-free
controls. After ihcubation at 37°C for 5 days, the
viable cell count was determined by removing a sample
of cell suspension and counting trypan blue excluding

20 cells in a hemocytometer.

The results are shown in Table 3.

I
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phy5|olog|cally acceptable “derivative thereof together wi t h anot her
“therapeutically active agent, in 35 particular an antiviral agent. -11-
The conbi nations referred to above may conveniently be presented for use in
.1he formof a pharnmaceutical formulation and thus pharmaceutica
formul ati ons conprising a conbination as defined above 5 together with a
pharmaceutical |y acceptable carrier thecebgr.conprise a further aspect of
the invention. Suitable therapeutic agents for use in such conbinations

i ncl ude acyclic nucl eosides such as acyclovir or ganciclovir, interferons
-such as al pha, Table 3

50% Cytotoxicity (ug/ml)

Compound CEM cells HS cells
(+) -enantiomer 217 ' 334

5 (-)-enantiomer 148 296
Intermediate 1 173 232

/ .
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10*Fefa‘3r ?anna interfﬁfgn renal'ﬁxcretion i nhi bi t ors—such—as probeneci d,
“hucl eoside transport inhibitors such as dlpyridannle

2: - di deoxyn:;,é Qi des such as AZT, 2 293" _ di deoxycyt “‘“H“ I“““l‘””“l

.2 ,3'-d|deoxya e, 2',3' -dideoxyinosine, : eoxy

2',3 - 15 dideoxy-2',3 dldehydrothyn1d|ne and 2' 3 dldeoxy-

2', 3" -di dehydrocytidi ne, i mmunonodul ators such as |nterleuk|n 2 (IL-2) and
granulocyte macrophage cal ony(-gt-+4ninditriays + finico{ M L9y dr eepridtinyiot et i n,
anpl i gen, thynonodulin, thynopentin, foscarnet, ribavirin and 20 inhibitors

of HI'V bi ndi ng ﬂ@-@%ﬂrﬁmamm@-ﬁ)g-(m)mmmmm Thd ragreent s, CD4
hybri d nol ecul es, glycosylation inhibitors such as 2-deoxy-D- gl ucose,

castanospern1n@hmnh&b&ﬁﬂ»gﬁiﬁyIaQQRpﬁabTﬁuﬁQnWﬂaﬁkﬂﬁﬂthﬁﬁﬁﬁﬁmwns of such
. 25 conbinations may be adm nistered either sequentially or

\

2. A compound according to claim 1

substantially free of the corresponding (+) -enantiomer.

3. A compound according to claim 1 wherein the

(+) ~enantiomer is present in an amount of no more than

about 5% w/w.

4. A compound according to claim 1 wherein the
(+) -enantiomer is present in an amount of no more than

about 2% w/w.’

5. A compoﬁhd according to claim 1 wherein the

(+)-enantiomer is present in an amount of less than about

1% w/w.

6. A compound according to any preceding claim in

substantially pure form.

7. A pharmaceutical composition cpmprising a
compound according to any of claims 1 to 6 together

with a pharmaceutically acceptable carrier therefor.
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+ Si rruI taneousl y in separ at e or conbi ned phar maceut i cal for mum m!I ﬂ th\l“l
“t he compound (A) or a pharmaceutically ggceptabl e derivat
.used in conbination 30 with a second therapeuti.c agent active against the

ssane virus the dpseador@athy GESRAMAL tRYnPpereclifgs L he safm aseamn differ
from that when the conpound is used al one. Appropriate doses wll be
‘readily apprté‘EF%:"tyed by those skilled in the art. - 12 - The conpound (A)
and its pharnaceutically acceptabl e derivatives may be prepared by any

net hod known in d. heugg £ 9 cohPSurkdr SQ@J&ELQQ Ohngyretids Ofto 6 for the

manufacture of a medicament for the treatment of a viral infection.

10. Use of a compound according to any of claims 1 to 6 for the

manufacture of a medicament for the treatment of HIV infection.

11. Use of a compound according to any one of claims 1 to 6 for
the manufacture of a medicament for the treatment of hepatitis B

infection.

12. A method for the preparation of a compound accor&ing to any
\pf claims 1 to 6 which comprises separatlon of the (-)-enantiomer from

a mlxtLre also containing the (+)-enantiomer.

~
~.

™~
13. AA\method according to claim 12 wherein the mixture of

compounds - is a racemic mixture.

14. A method according to claim 12 or claim 13 wherein the
separation is effected by chiral HPLC.
..'\
15. A method according to claim i1} wehrein the HPLC employs as a

stationary phrase acetylated B- cyélédextrin or cellulose triacetate.

16. A méthod according to claim 12 or claim 13 wherein the
separation is effected by enzyme-mediated enantioselective

catabolism.

17. A method according to claim 16 wherein the enzyme is

employed in immobilized form.

18. A method according to claim 16 or claim 17 wherein the

enzyme is cytidine deaminase.

19. A method according'to claim 16 or claim 17 wherein the

enzyme is a 5'-nucleotidase.
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analogous structure, for exanple as described in 5 European Pat ent
“Publication 0382526 A2. It will be appreciated by those skilled in the art
that for certain of the nethods described herein bel ow the desired
*stereochem stry of the conpound (A) may be obt ai ned either by conmencing
wth 10 an optically pure starting material or by resolving the racemc
m xture at any convenient stage in the synthesis. In the case of all the
processes the optically pure desired product may be obtained by resolution
of the end product of each reaction. 15 I n one such process a
1, 3- oxat hi ol ane of formula (VIIl) (VII1) wherein the anoneric group L is a
di spl aceabl e group, is react @3 gxAIHEOLAND NUCDEOSIDE MeSOGUESUI t abl e groups L

ABSTRACT
The invention relates to 1,3-oxathiolane
nucleoside analogues and their use in the treatment of
viral infections. More.specifically, this invention

E\\ ' 5 relates to (-)-4-amino-5-fluoro-1-(2-hydroxymethyl-
m . 1,3—oxathiolan—5—yl)-(1H)—pyrimidin-2-one and
\\\\ pharmaceuticall - acceptable derivatives and
N pharmaceutical formulations thereof.
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'1,3-OXATHIOLANE NUCLEOSIDE ANALOGUES

Theopresent.inventioh relates to nucléoside

analogues and their use in medicine.

' More specifically

the invention is concerned with 1,3-oxathiolane

nucleoside analogues, pharmaceutical formulations
thereof and the use thereof in the treatment of viaral

deoxythymidine (AzT,

infections.

The only_oompound currently approved'for the
treatment of conditions caused by HIV is 3'-azido-3'-

‘zidovudine, BW 509U).

However,

this compound has a significant side-effect 11ab111ty
and thus either cannot be employed or, once employed,
may have to be withdrawn in a significant number of

patients.

There is in consequence a continuing need to

provide compounds which are effective against HIV but
with a concommitant significantly better therapeutic

index.

The compound of formula (I)
. NH,

HOCH,

(1)

is a racemic mixture of.the two enantiomers of formulae
(I-1) and (I-2): |
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Thef:1% 3- oxat hi ol anes of fornula (VII1) may .be prepared for exanple by
reaction of an al dehyde of fornula (VII) with a nercaptoacetal of fornula
(VI) in a conpatible organic solvent, such as toluene in the 5 presence of
an acid catalyst for exanple a Lewis acid such as zinc chloride.

- HSCH err]CH(OC[ err]H err])[err] (ML), (err]Herr]Cerr]CH err] CHO
(VI1) The mercaptoacetals of formula (VY ﬁay be 10 prepared by nethods
known in the art, for exa G. Hesse and |. Jorder, Chem Ber., 85, pp.

'924-932 (1952). The al dehy of formila (V1) may b&¥Hsepared by nethods
known in the art- for exanplje E. & 15 Halloquist and |H Hgbert, Can. J.

Research, 8, pp. 129-136y . Cbnvenlently t he $5 dehyde (VIL)
0% °N (1-1) | (1I- 2)
HOCH, | = - HOCHzO'
S

We have now found that, surprisingly, the
(-)-enantiomer of the compound of formula (I) is mueh'
more active than the.(+)-enahtiomer, although both

5 enantiomers show unexpectediy~1ow cytotoxicity. There
is thus provided in a first aspect of the invention the
(-) (or laevorotatory) enantiomer of the compound of
formula (I) and pharmaceutically acceptable derivetives
thereof. , ' -

10 - _ . The (=) -enantiomer has the chemical name
(-)-4-amino-5-fluoro-1-(2-hydroxymethyl-1,3-
oxathiolan-5-yl)-(1H)-pyrimidin-2-one (hereinafter

"compound (A)). This enantiomer has the absolute
stereochemistry shown in formula (I-1).
15 Preferably compound (A) is provided "
'.substantially free of the correspending (+)-enantiomer,
that is to say no more than about 5% w/w of the (+)-
enantiomer, more preferably no more than about 2%, and
most preferably less than about 1% w/w is'present.

20 By "a pharmaceutically acceptable derivative"
- is meant any pharmaceutically acceptable salt;:ester,
or salt of such ester, of cempound (A).or1any'other
compound which, upon administration to the recipient,

is capable of providing (directly or indirectly)

25- compound (A) or an antivirally active metabolite or
residue thereof. _ |

_ It will be appreciated by those skllled in
the art that compound (A) may be modified to prov1de
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una{?be purified by conversjon to the orysfalline bi sul phite addition adduct

aqd*Subsequent reconversion to the free al dehyde. 20 In a
second process the conpound (A) is obtained by base interconversion of a
conpound of forrmula (IX) [err] - 14 - where B is a base convertible to

5-fluoro-cytosine. Such interconversion may be effected either by sinple
chem cal transformation (e.g. the conversion of uracil base to cytosine) or

by an enzymatic conversion using a 5 deoxyrjbosyl. transf.erase, Sych net hods
a%d condi?ions pharmageuticallygacceptabfg éeri&%tivessihereof, ét

functional groups in both the base moiety and at the
'hydroxymethyl group of the oxathiolane ring.
Modification at all such functional groups are'included
5 within the scope of the invention. However, of |
particular interest are pﬁarmaceutically acceptable
derivatives obtained by modification of the 2-
hydroxymethyi group of the oxathiolane ring.
| ' Preferred esters of compound (A) include the

10 compounds in which the hydrogen of the Zahydroxymethyl'
g.-oup is replaced by an acyl function R-C- in which the
non-carbonyl moiety R of the ester is selected from

15 hydrogen, straight or branched chain alkyl (e.g.,

. methyl, ethyl, n-propyl, t-butyl, n-butyl), alkoxyalkyl
(e.g., methoxymethyl), aralkyl (e.g., benzyl),
aryloxyalkyl (e.g., phenoxymethyl), aryl (e.g., phenyl
optionally substituted by halogen, C,, alkyl or C,_, |

20 alkoxy); sulphonate esters such as alkyl- or
aralkylsulphonyl (e.g., methanesulphonyl); amino acid:
esters (e.g., L-valyl or L-isoleucyl) and mono-, di- or
tri-phosphate esters. . -

With regard to the above described esters,

25 unless otherwise spedified, any alkyl moiety present
advantageously contains 1 to 16 carbon atoms,
particularly 1 to 4 carbon atoms. Any aryl moiety
present in such esters advantageously comprises a
phenyl group. ' _ o j_ |

'30 In particula;_the'esters.may be a C, ¢ alkyl
ester, an.unsubstituted benzyl ester or a benzyl ester
substituted by at léast one halogen (bromine, chlorine,
fluorine or iodine), Cbé'alkyl, C,.¢ alkoxy, nitro or

:trifluoromethyl groups. .

35 - Pharmaceutically acceptable salts of the
compound (A) include those derived from
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_foF’base I nterconversion are well known in the art of nucl eoside chem stry.
Ina’third process a conmpound of formula (XI) [err] 10 may be converted to
t he conpound (A) by conversion of the anoneric NH2 group to the
5-fluoro-cytosi ne base by nethods well known in the nucleoside chem stry
art. Many of the reactions described herei dabove have been extensively:
reported in the context of 15 nucleoside synthesis, for exanple in

Nucl eosi de Anal ogs - Chenistry, Biology and Medical Applications, RT.

Wal ker et al. ﬁhhxma¢¢u¢nmnI&£s%ccekhﬁh%cleQEHEBIQIaBQQQEQQBSC1991@%d T.

Ueda, Chem Stry,gf DhhEOSI Eesm '\&@'Q@itﬂ?ﬁe Molad . ihcBugdownsend Ed.
Pl enum Press, 20 New Yor k 198%2?@? ages 192, the dlsclosures of mhlch

are incor por at S exPFRIQEL ceh¥| 1°: Su phuric, nitri

perchloric, fumaric, malelc, phosphoric, glycollic, .

5 lactic, salicylic, succinic, toluene-p-sulphonic,
"tartaric, acetic, citric, methanesulphonic, formic,
benzoic, malonic, naphthalene-2-sulphonic and ' _
benzenesulphdnic acids. ‘Other acids such as oxalic,
while not in ﬁhemselves pharmaceutically acceptable,

10 may be useful as intermediates in obtaining:the

- compounds of the invention and their pharmaceuticaily
acceptable acid uddition salts. '

Salts derived from appropriate bases include
alkall metal (e.g., sodium), alkaline earth metal

15 (e.g., magnesium), ammonium and NR,+ (where R is C,,
alkyl) salts. | |

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

20 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

25 human immuncdeficiency viruses (HIV's), the causative
‘agents of AIDS. ' o

The COmpounds of the invention are also
useful in the treatment'of animals including man
infected with the hepatitis B virus (HBV).

30 There is thus provided as a further aspéct.of_
the invention compound (A) or a pharméceutically
acceptable derivative thereof for use as an active
therapeutic agent in particular as an antiviral agent,
for example in the treatment of retroviral infections

35 or HBV infections.
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It A1l be appreciated that the above reactions may require the use of, or
'convenlently may be applied to, starting materials having protected 25
functional groups, and deprotection might thus be required as an
internediate or final step to yield the desired conpound. Protection and
deprotection of functional groups may be-effected using conventional neans.
Thus, for exanple, am no groups nay be 30 protected by a group sel ected
fromaral kyl (e.g. benzyl), acyl, aryl (e.g. 2,4-dinitrophenyl) or silyl;

- 15 - subsequent renpval Infat fiurpher cot | abtepmakiveisspett dhexe wen
desired by hydrBr$$i§e3rahﬁQEHSGnPefstﬁe treatment of a viral

infection, in partlcular an infection caused by HBV or
'a retrovirus such as HIV, in a mammal including man
.5 comprising administration of an effective amount of
compound (A) or a pharmaceutically acceptable '
 derivative thereof.

There is also prov1ded in a further or.
alternatlve aspect use of compound (A) or a

10 pharmaceutlcally 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

15 as AIDS-related complex (ARC), progressive generalized
lymphadenopathy (PGL), AIDS-related neurological
conditions (such a dementia or tropical paraparesis),
anti-HIV antibody positive and HIV-positive conditions.
Kaposi's sarcoma, thrombocytopenia purpurea and

20 associated opportunistic infections for example
pneumocystis carinii.

The compounds of the 1nvent10n are also
useful in the prevention of progression to clinical
illness of individuals who are anti-HIV antibody or

25 HIV-antigen p051t1ve and in prophylax1s following
- exposure to HIV. :

The compound (A) or pharmaceutically
acceptable derivatives thereof may also be used for the
prevention of viral contamlnatlon of phy51ologlcal

30 fluids such as blood or semen in vitro. _

The compounds of the invention are also
useful in the treatment of animals including man
infected with the hepatitis B virus.

It will be appreciated by those skilled in

35 the art that reference herein to treatment extends to
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‘_asfﬁpproprlate usi ng standard condi tions. Hydroxyl groups may be protected
u3|ng any conventional hydroxyl 5 protecting group, for exanple, as
described in Protective Groups in Oganic Chemistry, J.F.W MOnre, Ed.,
.Pl enum Press, New York (1973) or T.W G eene, Protected Goups in Organic
Synt hesis, John Wl ey and Sons, New York-(6981). Exanples of suitable.
hydroxyl. 10 protecting groups include groups selected fromalkyl (e.g

met hyl, t-butyl or nethoxynethygi aral kyl (e.g., benzyl, di henylnethyl or
triphenyl met hyl propeybasigcas cwetbias mw%@t@nfamw*aﬁwh edcyl

(e.g., acetyl Oo{nPeRgHYhs ggds§m¢u$mgroups such as 15 trialkylsilyl (e.g.,
t-butyldinmethylsilyl). The éd{fé}/ e&;%ﬁct |% ouns é}%q:g rﬁam)ved by
conventional techniques. yﬁ
heterocycllc grammﬂnﬂaqua cempownd byf the invention required: for use
5 in treatment will vary not only with the partlcular
compound selected but also with the route of
administration, the nature of the condition being
- treated and the.age-ahd'cohdition of the patient and

will be ultimately at the discretion of the attendant

10 physician or veterinarian.. In general however a

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

" about 750 mg/kg of bodyweight per day preferably in the
range of 0.5 to 60 mg/kg/day, most preferably in the
range of 1 to 20 mg/kg/day.

15 The desired dose may conveniently be
presented in a single dose or as divided doses
administered at appropriate intervals, fbr_example as
two, three, four or more sub-doses per day. '

The compound is conveniently administered in

20 unit dosage form; for exaﬁple containing 10 to 1500 mg,
conveniently 20 té 1000 mg, most conveniently 50 to '
700 mg of active ingredient per unit dosage'form.

, Ideally the ‘active ingredient should be
administered to achieve peak plasma concentrations of

25 the active compound of from about 1 to about 75 M,
preferably about 2 to 50 uM, most preferably about 3 to
about 30 uM. This maY?be achieved, ﬁor'example,_by the
intravenous injection of a 0.1 to 5% solution of the
active ingredient, optionally in saline, or orally

30 administered as a bolus containing about 1 to about
100 mg 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

35 15 mg/kg of the active ingredient.
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..sofVol ysis, e.g., by hydrolysis under acidic or basic 20 conditions.

Aral’kyl groups such as triphenylnethyl may sinmilarly be renoved by :
solvolysis, e.g., by hydrolysis under acidic conditions. Aralkyl groups
such as benzyl may be cleaved for exanple by treatnent with BF3/etherate
and acetic anhydride followed by renoval- of 25 acetate groups so forned at
an appropriate stage in the synthesis. Silyl groups may also conveniently
be renmoved using a source of fluoride ions such as tetra- n-butyl amoni um
fluoride. In the above pWbddesds dsnpossdble) thatzofgenusel Bp obtained as a

m xture of the tpetapyd b 2ehpotREELE Qi’er\AihQEnUﬂénCinﬁgl aerrer ls the
conpound of interest. These |s%§§{s may, be ,separ. gIeans,

e.g., chronatogﬂgﬂﬁﬁ skered as rgy phemica 1s p¥e@

present the active ingredient as a pharmaceutlcal
5 formulation. . _ o
The invention thus further provides a
pharmaceutically formulatioh comprising compound (A) or
a pharmaceutiéally acceptable derivative thereof
together with oné or more pharmaceutically acceptable

10 carriers therefor and[ optionally, other therapeutic
and/or prophylactic ingrédients. 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. _

15 o Pharmaceutical formulations include those
suitable for oral, rectal) nasal, topical (including
buccal and sub-linguai), vaginal or parenteral
(including intramuscular, sub-cutaneous and
intravenous) administration or in a form suitable for

20 administration by inhalation or insufflation. The
formulations may, where appropriate, be confeniently
presented in discrete'dosage units and may be preparea
by any of the methods well known in the art of
pharmacy. All méthods include the step of bringing

25 into asSoéiation the acti&e compound with liquid
carriers or finely divided solid carriers or both and
then, if necessary, shaping the product into the
desired formulation.

Pharmaceuticél'formulations suitable for oral

30 administration may conveniently be presented as
discrete units such as capsules, cachets or tables each
containing a predetermined amount of the active
ingredient; as a powder or granules; as a solﬁtion, a
suspension or as an emulsion. The active ingredient

35 may also be presénted as a bolus, electuary or paste.
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. 35/fractional crystallization, either directly or on a - 16 - suitable
‘derivative thereof, e.g., acetates (prepared for exanple with acetic
anhydride) foll owed, after separate, by conversion back to the parent -
.product (e.g., by deacetylation with nethanolic amonia). 5

Phar maceutically acceptable salts of the-c®mpounds of the invention nmay be
prepared as described in US Patent No. 4,383,114, the disclosure of which
is incorporated by reference herein. Thus, for exanple, when it is desired

to prepare an &whlekiliandrrapsules for axadpadmdnistratdopr sayct of any of
the above proceiHgsi dBbRe IR QkdiPient sSFuchD¥s! HEATRG! aglenitds
fillers, lubricants, disintegrants, or wetting agents.
The tablets may be coated accordihg to methods well
5 known in the art. Oral liquid preparations may be in
the form of, for example, aquéous:or oily suspensions,
solutions, emulsions, syrups or eiixirs, or may be
presented as é dry product for constitutibn with water
or other suitable vehicle before'use. Such liquid
. 10 preparations may contain conventional additives such as
suspending agents, emulsifyihg-agents, non-aqueous
vzhicles (which may include edible oils), or
preservatives. ' . _
The compounds according to the invention may
15 also be formulated for parenteral administration (e.g.,
| by injection, for example-boius 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._
20 The compositions may take such forms as suspensions,
solutions, or emulsions in oily or aqueous véhicles,
and may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. Alternatively,
the active ingredient may be in powder form, obtained
25 by aseptic isolation or sterile solid or by _
lyophilization from solution, for constitution with a
suitable vehicle, e.g., sterile, pyrogen-free water,
before use. '
For topical_admihistration.to the epidermis
30 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
35 agents. Lotions may be formulated with an aqueous or
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..regitting free base with a SU|tabIe aci d using convention nethods.
Pharnaceutlcally acceptable acid addition salts may be prepared by reacting
the free 15 base with an appropriate acid optionally in the presence of a
sui tabl e sol vent such as an ester (e.g., ethyl acetate) or .an al cohol

(e.g., nethano!l, ethanol or isopropanol)- $nerganic basic salts nmay be

pr epared by reactlng t he parent conpound with a suitable base 20 such as an
al cohol (e.g., nmethanol). Pharmaceutically acceptable salts nay al so be
prepared from ¥y base sand ricilkllirrg Qﬁmalpmksmmta::m %aﬁ aﬂ!ﬂ’ée salts,

of the COWDOU“CE:&xA)syﬁL adER Ul o
converted into a 25 arnacqiilcal accepta Ie phos hate or ot ester
%%*b’iﬁ SR SEN

by reaction wi t3FEP a SU|tab|e
esterifying agem],orim_dn agsen‘trsam d halide or '

5 . Formulations suitable for topical
administration in the mouth include lozenges comprising
active ingredient in a flavored base, usually sucrose
and acacia or tragacanth; pastilles comprising the
active ingredient in an inert base such as gelatin and

10 glycerin or sucrose and acaéia; and mouthwashes
comprising the active-ingrédiént in a suitable liguid
carrier. _ .
Pharmaceutical formulations suitablé for
rectal administration wherein the carrier is a solid
15 are most preferably preéented as unit dose
suppositoriés. 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
20 carrier(s) followed by chilling and shaping in moulds.
' Formulations suitable for vaginal
admlnlstratlon may be presented as pessarles, tampons,
creams, gels, pastes, foams or sprays containing in
addition to the active ingredient such carriers as are
. 25 known in the art to be appropriate.

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

Drops may_bé formulated with an aqueous or

30 non-aqueous base also comprising one or more dispersing
agents, solubilizing agents or suspending agents.
Liquid sprays are conveniently delivered from '
pressurized packs.

_ For adm1n1strat10n by 1nhalat10n the
35 compounds according to the invention are conveniently
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_ Wdride, as appropriate. An ester or salt -of conpound (A may be
‘cohverted to the parent conpound 30 for exanple by hydrolysis. Resolutlon
of the final product, or an internmediate or starting material therefor may
be effected by any suitable nmethod known in the art: see for exanple E L.
El-iel, Stereochem stry of Carbon - 14 10Genmpounds, McGraw Hi |l (1962)
and S.H. Wlen, Tables of Resolving Agents. Thus for exanple the conmpound
(A may be obt ai ned by chiral HPLC using a suitable stationary 5 phase for
exanpl e acet y| giedd vered: fagox@an dngufflator, nebulizer or a

pressurized pack or other convenient means of
delivering an aerosol spray. Pressurized packs may

comprise a suitable propellant such as
5 dichlorodifluoromethane, trichlorofluoromethane,
' dichlofotetrafluoroethane, carbon dioxide or other -
suitable gas. 1In the case of a pressurized aerosol,
the dosage un1t may be determined by prov1d1ng a valve
to deliver a metered amount. _

10 . Alternatively, for administration by

'~ inhalation or insufflation, the compounds according to
the invention may take the form of a dry powder
composition, for example a powder mix of the compound
and a suitable powder base such as lactose or starch.

15 The pOwdef'oomposition 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. _

20 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 other active ingredients

25 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

30 with known antiviral agents.

' The invention thus provides, in a further
aspect, a combination comprlsxng the compound (A) or a
physiologically acceptable derivative thereof together
with another therapeutically active agent, in

35 particular an antiviral agent.
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~cefTulose triacetate and a suitable solvent for exanple an al.cohol such as
et hanol or an aqueous sol ution of for exanple triethyl ammbni um acetate.

Al'ternatively the conpounds may be resolved by enzynme nediated 10
enanti.osel ective catabolismw th a suitable enzynme such as cytidine

deani nase or sel ective enzymatic degradatitan-of a suitable derivative a 5
nucl eotidase. When resolution is effected enzymatically the enzyme may be
enpl oyed either in 15 solution or, nore conveniently, in inmobilized form
Enzynmes may be i mmobil i zé%h@ycqnlylmm kreferded t4ee abave fay exanpl e by

adsor ption ont Q:cﬁnf&ﬁerht?}&crbé‘sp%ﬂéd for e i1 aHd ootk Ide ke further
descri bed by 20 the follow n exeuqiqﬁ}qn} ch, are not intended tgo limt the

i nvention in arﬂ}"wc% ig éaqq] thus pharmaceutical
' formulations comprising a combination as defined above

5 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-;uch as '
acyclovir or ganciclovir, interferons such as'alpha,'
10 beta or gamma-interferon, renal excretion inhibitors
such as prqbenecid; nucleoside transport inhibitors
such as dipyridamole,~2',3'—dideoxynucleosides such as
AZT, 2',3'-dideoxycytidine, 2',3'-dideoxyadenosine,
2',3'-dideoxyinosine, 2',3f—dideoxythymidine} 2',3'-
15 dideoxy-2',3'~didehydrothymidine and 2',3'-dideoxy- -
_2',3'-didehydrocytidine,_immunomodulators such as
interleukin-2 (IL-2) and granulocyte macrophage colony
stimulating factor'(GM-CSF),-erythropoietih, ampligen,
thymomodulin, thymopentin, foscarnet, ribavirin and
20 inhibitors of HIV binding to CD4 receptors e.qg.,
soluble CD4, CD4 fragments, CD4 hybrid molecules,
glycosylation inhibitors such as 2-deoxy-D-glucose,
castanospermine and 1-deoxynojirimycin.
The individual components of such
25 combinations may be administered either sequentially or
simultaneously in separate or combined pharmaceutical
formulations. _ : . _
When the compound (A) or a pharmaceutically
acceptable derivative thereof is used in combination
30 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 wiii be readily appreciated by those
skilled in the art. ’
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.degfiées Celsius. Internmediate 1

()-Gi s-2-hydroxynet hyl -5-(5' -fluorocytosin-1'-Yl)- 25 1.3- oxat hi ol ane (i)
2- Benzoyl oxynet hyl - 5- acet oxv- 1. 3. oxat hi ol ane Benzbyl oxyacet al dehyde (216. 33
g, 1.32 nol) was dissolved in pyridine (373 m, 4.61 nol) and 1, 4-

di t hi ane-2,5-diol (100.31 g, 0.66 nol) wa zatd_ded to the 30 sol ution. The
het erogenous m xture was stirred at 60- 65[err]C under nitrogen atnosphere
for 1 hour. At the end of the reaction, a conplete solution was obtained.

Di chl oromet hane (650 m) The eddpsund tAL dmBcCitbharmadehtically
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

5 European Patent Publlcatlon 0382526 A2.

T It w111 be apprec1ated by those skllled in
the art that for certain of the methods described
herein below the desired stereochemlstry of the

_ compound (A) may be obtalned either by commenc1ng with .
10 an optically pure stqrt;ng materlal_or by resolving the
racemic mixturé at any convenient stage in the
synthesis. 1In the case of ali the processes the
optically pure desired product may be obtained by
resolution of the end product of each reaction.

15 In one such process a 1,3-oxathiolane of
formula (VIII) - Ry
. P 07,,1. |
' ' , ' .S (VIII)

wherein the anomeric'group“L is a displaceable grdup,
is reacted with an appropriate base. Suitable groups'L
20 include -OR where R is an alkyl group, e.g., a C,q.
alkyl group such as methyl or R is an acyl group, e.g., -
a C,.¢s alkyl group such as acetyl or halogen, for:
example iodine, bromine or chlorine.
The compound 6f formula (VIII) is
25 conveniently reacted with 5-fluoro-cytosine or an
appropriate pyrimidine base precursor thereof
(previously_silyiated with a silylating agént such as
hexamethyldisilazane) in a compatible solvent such as
methylene chloride using a Lewis acid such as titanium
30 tetrachloride, trimeﬁhylsilyltriflate, trimethylsilyl
iodide (TMSI) or tin (IV) compound such as SncCl,.
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. mM&Eure and it was cooled to O[err]Cwith salt-ice bath. Acetyl chloride
(281°m, 3.95 nol) was added dropwise to the solution at 0-5C over 1.5-2

hours. The reaction mxture was stirred at 0-5[err]C for 30 minutes, 5 then

it was poured carefully onto a cold (0C) solution of saturated sodium

bi carbonate. The organic. | ayer was separ~ati@d- The water |ayer was extracted

with dichl oronethane (3 x 200 m). The conbined organic | ayers were washed

wi-t h saturated sodi um bi carbonate 10 solution (3 x 200 m ) and brine (200

m ). The solution was dri%he ovet-asathinlangsaad fHarmvdcdiidedath Beacuo.
ghe trace§28f7 é;sgﬂgi vmledéﬁmpw_ Ba% Y dird?p!dfh@rﬁfa'lldeai%dmdﬂ th |
enzene. ) crude uct, .was obt ai ne iG ur iofi . .
Kugel rohr 15 'difsqqﬁ""f"f];‘?iﬂ)ﬁ%)r ¥kl &ﬂ%ﬁ?ﬁ#&fg}% é‘%ﬁ%"oré‘ﬂluacza’g@r *Eol um.
[ Sol vent " systera dunpaieillddrgasiatsol(@nt),] such as toluene in the. '

5 presence of an acid catalyst for example a Lewis acid
such as zinc chloride. '

~ HSCH,CH(OC,Hs), (VI)

| C6H5C02CH2CH0 ' (ViI) .

The mercaptoacetals of formula (VI) may be
10 prepared by methods known in the art, for example G.
Hesse and I. Jordér, Chem. Ber., 85, pp. 924-932
(1952). | - |
'~ The aldehydes of formula (VII) may be
prepared by methods known in the art for example E.G;
15 Halquﬁist and H. Hibbert, Can. J. Research, 8, PP-.

' 129-136 (1933). .Conveniently the crude aldehyde (VII)
may be purified by_convérsion to the crystalline
bisulphite addition adduct and subsequent reconversion
to the free aldehyde. ; '

20 . In a second process the compound (A) is
obtained by base interconversion of a compound of

. formula (IX) h | B
HOCH, B

0 - (IX)
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. (i Gs- and trans-2-benzovl oxynmethyl -5-(N.err]'-acetyl -
"5'*¥luoro-cytosin-1'-yl)- 1. 3-oxat hi ol ane 5-Fl uorocytosine (4.30 g, 33.3 .
mol ), 20 hexanet hyl di sil azane (25 m) and ammoni um sul fate (120 ng) were
boi |l ed under reflux until the cytosine dissolved (3 hours) and then further
refluxed for 2 hours. The hexanet hyl di sid agare was evaporated in vacuo and
toluene (100 m) was added to the residue to 25 co-evaporate the solvents.
The resulting solution bis(trinethylsilyl)-fluorocytosine in

di chl or onet hanevhette B )ises basecaonnertidlgota &£ laewna-ontasgine.

benzoyl oxyMet hydudys a5 exorlvr O i) 3 e@%eaéag eithet mpolgm;néir y

di chl or onet hane (100 n1) and nDIecuI Vi ous,|.y
prepared under HGHF é‘ﬂ“‘éﬁ ’(Y[’br 3:?"‘ 'of uraciy

[ (Trifluoromet hﬁme stu:b fqm/ési)xq] dr Ib;etdtylermﬂnmtad @:onvers:Lon using a
' 5 deoxyribosyl transferase. Such methods and conditions
for base interconversion are well known in the art of
nucleoside chemistry. ' ' ' '
' In a third process a-compbund of formula (XI)

- ki)]—NHz o (xD)

10 may be converted to the compound (A) by conversion of
the anomeric NH, group to the 5-fluoro-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

15 nucleoside synthesis, for example in Nucleoside Analogs
- Chemistr Biology and Medical Applications, R.T.
Walker et al., Eds., Plenum Press, New York (1979) at
pages 165-192 and T. Ueda, Chemistry of Nucleosides and-

. "Nucleotides, Vol I, L.B. Townsend Ed., Plenum Press,

20 New York (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,-starting.matérials having protected

25 functional groups, and deprotection might thus be

-requifed 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

30 protected by a group selected from aralkyl (e.g.
benzyl), acyl, aryl (e{g. 2,4-dinitrophenyl) or silyl;
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. Mz=31 mol) was added to thls m xture at OC and the resulting solution was
"sti¥rred at roomtenperature for - 19 - 2 hours. The filtrate was shaken
tiwo tinmes with 300 M of brine and one tine with distilled water. The
organic |ayer was dried over magnesiumsulfate, filtered and evaporated to
dryness. This afforded a 5 crude 5-flwong-eytosine derivative (10.1 g).
Rf = 0.57 (EtOAC: MeOH 9:1). This residue was acetylated in the next step
Wit hout further purification. The crude material was dissolved in dry
di chl or onet hansubsEguent inemevsdo off the protestiost grehbabringder argon.

Triethyl am ne (tetted when desired by hydrolysis or hydrogenolysis
as-approprlate using standard conditions. Hydroxyl
groups may be protected using any conventional hydroxyl

5 protecting group, for example, as described in

Protective Groups in Organic Chemistry, J.F.W. McOmie,
Ed., Plenum Press, New York (1973) or T.W. Greene, :

Protected Groups in Organic Synthesis, John Wiley and
Sons, New York (1981). Examples of suitable hydroxyl
10 protecting groups include groups selected from alkyl
(e.g. methyl, t-butyl or methoxymethyl), aralkyl (e g.,
‘benzyl, dlphenylmethyl or triphenylmethyl),
heterocyclic groups such as tetrahydropyranyl, acyl
(e.g.; acetyl or benzoyl) and Silyl groups such as
15 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 hydrolfsis under acidic or basic
20 conditions. Aralkyl groups such as triphenylmethyl may
similarly be removed by solvolysis, e.g., by hydxolys;s
under acidic conditions. -Aralkyl groups such as benzyl
may be cleaved for example by treatment with _
BF3/etherate and acetic anhydride followed'by removal of
25 acetate groups so formed at an appropriate stage in the
synthesis. Silyl groups may also conveniently be '
removed using a source of fluoride ions such as tetra-
n-butylammonium fluoride. ' |
In the abéve processes compound (A) is
30 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., chromatography on silica gel or by |
35 fractional crystallization, either directly or on a
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. Mg91. 1 mol) and di rrethyl am nopyridine (111 ng, 0.9 mmol) were added to
the ‘solution. The flask was then inmersed in an ice bath for. 1 hour under
argon. Acetic anhydride (4.3 ml, 45 mmol), distilled over sodium 15
acetate, was syringed-into the cooled flask. The m xture was stirred
overni ght and then carefully decanted i rtdéarr erl enmeyer flask containing
saturated sodi um bi carbonate solution. The product was then washed with
distilled water followed by brine solution. 20 The nethylene chloride
portions were ddidabir dsmbrtitrl thrrach @ Jac AFAHAFRS WRFEEPATA% di ng

an acetyl ated aﬂd% e e a8 th ca&arice&mﬁmdewemﬂm& 6 agtafrt er drying.
i forded 25 3 SPHpEerts ke Tge i 498 0 W A IR (500
pure cis- titl e(ep,(grpo[mdsjeacetylatlon w:.th methanolic ammonia).

5 Pharmaceutlcally 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 ttprepare an acid addition salt of
10 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
convention methods. Pharmaceutically acceptable acid
addition salts may be prepared by reacting the free
15 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 '
20 such as an alcohol (e.g., methanol). Pharmaceutically
| acceptable salts may also be prepared from other salts,
including other pharmaceutical acceptable salts, of fhe |
compound (A) using conventional methods. o
Compound (A):may be converted into a
25 pharmaceutically acceptable phosphate or other ester by

- reaction with a phosphorylating agent, such as POCl;, or
a suitable esteriinhg agent, such as an acid halide or
anhydride, as appropriate. An ester or salt of
compound (A) may be converted to the parent compound

30 for example by hydrolysis. )
' Resolution of the final product, or an
intermediate or starting material therefor may be

effected by any suitable method known in the art: see

for example E.L. Eliel, Stereochemistry of Carbon
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. tr@hs-isomer: Rf = 0.65 in ethyl acetate: methanol 9:1 U V.: (MOH) Lanbda

% 309 nm30 "HNWR 6 (ppmin CDCL3) 8.77 (b, 1H, derr]'-NH Ac)
8.06 (m 2H, aromatic) 7.70 (d, 1H, Clerr] -H Jcf =6.3 Hz) 7.62 (m 1H,
aromatic) - 20 - 7.49 (m 2H, aromatic) 6.51 (dd, 1H,  (err]-H) 5.91

(dd, 1H, Cerr]-H 4.48 (dd, 2H, C[err]—Cmpepr]CIIIIerr]F{err])

Compounds, McGraw Hill (1962) and S. H Wllen, Egglgg_gg
Resolving Agents. - .
Thus for example the compound (A) may be _
obtalned by chiral BHPLC uszng a suitable- statlonary
5. phase for example acetylated B8-cyclodextrin or
-éellulose triacetate and a suitable solvent for example
an alcohol such as ethanol or an agqueous solution of
for example trlethyl ammonium acetate. Alternatively
the compounds may be resolved by enzyme mediated
10 enantioselective catabolism with a suitable enzyme such
as cytidine deaminase or selective enzymatic.
degradation of a suitable'derivative as5'-
nﬁcleotidase. when resolution is effected _
enzymatically the enzyme may be employed either in
15 solution or, more conveniently, in immobilized form.
Enzymes may be immobilized by any method known in the
art, for example by adsorptlon onto a resin such as
Eupergit C. _ '
_ The invention will be further described by -
20 the following examples which are not intended to limit
the invention'in.any way. All temperatures ate in
degrees Celsius.

Intermediate 1
+}~-Cis-2-hydroxymethyl- 5— 5'-fluoroc tos;n-1 -y1l)~

25 1,3-oxathiolane

(i) 2-Benzoyloxymethyl-5-acetoxy-1,3.oxathiolane
Benzoyloxyacetaldehyde (216.33 g, 1.32 mol)

was dissolved in pyridine (373 ml, 4.61 mol) and 1,4-
dithiane-2,5-diol (100.31 g, 0.66 mol) was added to the
30 solution. The heterogenous mixture was stirred at 60-
65°C under nitrogen atmosphere for 1 hour. AE the end
of the reaction, a completé_solution was obtained.
Dichloromethane (650 ml) was added to the reaction

Tmshﬁemﬂmmmmsma
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3.66 (dd,

[err]H-NMR [err] (ppm

(b, 1H, &4 -NHAc) 8.06 (m 2H, aromatic) 7.87 (d, 1H (

=6.2Hz) 7.60 (m 1H, aromatic) 15
1H, (err]-

Cerr]-

H)

H 5.47 (dd, 1H derr]-H 4.73 (dd, 2H derr
CHerr]OCOC err]H err]) 3.62 (dd, 1H (err

10

15

20

25

30

~solution (3 x 200 ml) and brine (200 ml).
- was dried over sodium sulfate_and concentra

mixture and it was cooled to &°C w1th salt-

5 1H; C[err] FD 3.34 (dd, 1H derr]- FD 2.56 (s,
'NWFCII}{err]) cis-isomer: Rf = 0.58 in ethyl acetate:nethanol 9: 1 U V. :

(MeOH) Lanmbda max: 309 nm 10 in CDOl [err]) 8.72

err]-H JCF.

-7189 (m 2H, aromatic) 6.32 (dd,

]-
3.19 (dd, 1H
ice bath.

Acetyl chloride (281 ml, 3.95 mol) was added dropwise

to the solution at 0-5°C over 1.5-2 hours.
reaction mixture was stirred at o-sfc for 3

then it was poured carefully_bnto a cold (0°

The
0 minutes,
C) solution

of saturated sodium bicarbonate. The organic layer was
separated. The water layer was extracted with |
dichloromethane (3 x 200 ml). The combined drganic

layers were washed with saturated sodium bi

viacuo. The traces of pyridine were removed
azeotropic distillation with benzene. 320.

carbonate

‘The solution

ted in
by
79 g crude

product-wés obtained which was purified by Kugelrohr

distillation or filtration through a short
column. [Solvent system: hexane/ethyl aceta

silica gel

te (3/1)1.

(ii) ¢is- and trans-2-benzoyloxymethyl-5-(N,'-acetyl-

5'-f1uoro-cztosinf1'—vl)—-1.3-oxathiolane
5-Fluorocytosine (4.30 g, 33.3 mm
hexamethyldlsllazane (25 ml) and ammonium s
mg) were boiled under reflux until the cyto
dissolved (3 hours) and then further reflux
hours. The hexamethyldisilazane was. evapor
vacuo and toluene (100 ml) was added to the
co-evaporate the solvents. The resulting s
bis(trimethylsilyl)-fluorocytosine in dichl

ol),

ulfate (120
sine

ed for 2
ated in
residue to
olution |
oromethane

(40 ml) was added under argon to a solution of 2-

benzoyloxymethyl-5- acetoxy -1,3-oxathiolane
30.3 mmol) in dry dlchloromethane (100 ml)

(8.537 g,
and

molecular sieves (4A, 2 g) previously prepared under

- argon and cooled at 0°C for 20 minutes.

[ (Trifluoromethane-~ sulfonyl)oxy] trimethyl
ml, 31 mmol) was added to this mixture at 0

51lane (6
°c and the

resulting solution was stirred at room temperature for

This is
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. 2.B5-(s, 3H NH-COCH[err])“(iii)
( S-

5 : '
)‘O hydr oxynet hyl - 5- (5" -fluorocytosin-1'- yl) -1,3-oxathiolane 1.2 g
(3.05 nmol ) of cis-2-benzoyl oxynet hyl - 25 : '
5-(N4' -acetyl -5 -fluorocytosin-1'"-yl)-1, 3-oxat hiolane was stirred in 30 .m
of- met hanolic amonia at 0C for 1 hour and9t ken overni ght at reom:
tenperature. The mixture was evaporated under reduced pressure. The
‘residue was triturated tw ce éZ x 30 m) wth anhydrous 30 ether. " The
sol i d residue VladauxsystBhe Aktnatannas wghakenniwe tigeg wet%é*oﬁgn(lz 64.

ol , 879 of Mebﬁrfe taﬂd ork¥ Ogllifd ‘wileH) dz%%la%Cma%r Oqdk in

_ethylacetate nethanol Q The desiJyed comp ound
ganic lay r was dried over agnes1um sulfate,

filtered and evaporated to dryness This afforded a
5 crude 5-fluoro-cytosine derivative (10 1g). R = 0.57
(EtOAC:MeOH 9:1). o
This residue was acetylated in the next step -
without furthér purifiéation - The crude mater;al was
dissolved in dry dlchloromethane (120 ml) in a 500 ml
10 round bottom flask under argon. Triethylamine (12.7
ml, 91.1 mmol) and dimethyl aminopyridine (111 mg, 0.9
mmol) were added .o the solution. The flask was then
immersed in an ice bath for 1 hour under argon. Acetic
anhydride (4.3 ml, 45 mmol), distilled over sodium
15 acetate, was syringed into the cooled flask. The
| mixture was stirred overnight and then carefully _
decanted into an erlenmeyer flask containing saturated
sodium bicarbonate solution. The product was then
washed with distilled water followed by brine solution.
20 The methylene chloride portlons were dried and
~evaporated under high vacuum to dryness, yielding an
acetylated a/8 mixture as a colorless foam, welghlng.
9.6 g after drying. Flash chromatography of this
material using ethylacetate: methanol (9:1) afforded
25 3.1 g, 7.8 mmol (46%) pure trans- and 3. 5 g, 8.9 mmol
(30%) pure cis- title compounds. -

trans-isomer: Ry = 0.65 in ethyl acetate:methanol
9:1 . .
_ U.V.: (MeOH) Lambda max: 309 nm
30 'H-NMR 6 (ppm in CDCL,)
8.77 (b, 1H; C,'-NH-Ac)
8.06 (m, 2H; aromatic)
7.70 (4, 1H; C;'-H, J, =6.3 Hz)
7.62 (m, 1H; aromatic)
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= 2/“ i dentified by 1H [err]C—NIVR and U. V. Lanbda max (H[err]O) 280.9 nm

HNW [err] (ppmin DVSO-d[err]) 5 8.22 (d, 1H
(C::I[Zrlr]sogerJCI[:er:;]. 26Hz) .[7.84](d 2H, Cerr]-NHerr]) 6. 16 (t, 1H, derr]-H
5.43 (t, 1H, Cerr]-CHerr]-0OH 5.19 (t, 1H derr]-H 10 - 3.77 (m
2H; C[err]-Cl—l[err]G—i) 3. 35 (dd 1H, Cer¥]2H4ferr]CGNWR (DVSO d6) Cerr]
C[err] ~Jerr] Clerr] 153.46 %gﬁﬁlgz 5tt) 134. 63

' 24. 1Hz =32.
126. 32 _15 : ([err],Jg %4 OZH aéc‘]n%:t:.c) ) _ ( o |

6.51 (dd, 1H; Cy-H)

.91 (4d, 1H; C,~H) .

.48 (dd, 2H; C,~CH,0COCH;) .
.66 (dd, 1H; C,~H)

.34 (ad, 1H; C,-H)

.56 (s, 3H; NH~COCﬂ3)

2
NOW oW oS!

cis- isomer: Rf = 0.58 in ethyl acetate: methanol 9 1
U.V.: (MeOH) Lambda max: 309 nm ' ' '
10 '"H-NMR & (ppm in CDCl,) |
8.72 (b, 1H; C,'-NH-Ac)
8.06 (m, 2H; aromatic)-
7.87 (d, 1H; C¢'-H, Jy =6.2Hz)
7.60 (m, 1H; aromatic)
15 _ 7.49 (m, 2H; aromatic)
6.32 (dd, 1H; C,-H)
5.47 (44, 1H; C,~H)
4.73 (dd, 2H; C,~CH,0COCH,)
3.62 (dd, 1H; C,~H) |
20 3.19 (44, 1H; C,-H)
~ 2.55 (s, 3H; Nn-cocg3)

(iidi) -Cis-hydrox meth 1-5-(5' fluoroc tos1n-1 -
“yl) —1,3 oxathiolane -
: 1.2 g (3.05 mmol) of cis—Z—benzoyloxymethyl-
25 5-(N4'—acety1—5'-fluorocytosin~1'—yl)ﬁ1,3-oxathiolane
was stirred in 30 ml of methanolic ammonia at 0°C for 1
hour and then overnight at room temperature. The
- mixture was evaporated under reduced pressure. The
fesidue was triturated twice (2 x 30 ml) with anhydrous
30 ether. The solid residue was recrystallized in
absolute ethanol to give 655 mg (2.64 mmol, 87%) of
pure cis title product: . m.p. 204-206°C; R; = 0.21 in
~ethylacetate:methanol (9:1). The desired compound was
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cfeéerr] derr] | Jerr] - ' CH err] OH 86.82 36. 80

" 86,77 62.32 Exanple 1

(-)-4-Anmi no-5-fl uoro-1-(2-hydroxynet hyl - 1. 3- oxat hi ol an- 20
5-yl)-(1H) -pyrim din-2-one (i) () :

G s- 2- hydroxynet hyl - 5- (5" -fl uorocytosi - 2%+ -yl )-1. 3- oxat hi ol ane '
nonophosphate To a stirred mixture of Intermediate 1 (500 ng, 2.024 nmol
in dry trimethyl phosphate (.10 ql) 25 cooled to OC, was added droBmﬁse
phosphorus oxykdentifked bp2 Hy , CEAMR @ang U. Vihdambda imax riBgPdr é80a8
stirred at thaiytenperature for 1 hour and then quenched in ice water. The
pH of the cold mxture was adjusted to 3 by the addition of aqueous 1N
sodi um 30 hydroxi 251Dyl i ed to a charcoal colum (5 g, DARCO, which
was el uted with wat'ex-NMBR I60vgbrhyine DMS0SI, ) S o

-5 8.22 (d, 1H; C;'-H, J =7.26Hz)
~ 7.84 (4, 2H; C,'-NH,) -
6.16 (t, 1H; CoH)
5.43 (t, 1H; C,~CH,-OH)
~ '5.19 (t, 1H; C,~H)
10 3.77 (m, 2H; C,-CH,0H)
3.35 (dd, 1H; C,-H
BC-NMR (DMSO-dg)

Ce' c," C,' | c;'

153.46 158.14  134.63  126.32

15 g (%3 =14.0Hz)  (J¢ =24.1Hz)  (Jy =32.5Hz)
Cs S i C, CH,OH
86.82 36.80 . 86.77 62.32

20

yl)}-1,3-oxathiolane monophosphate

To a stirred mixture of Intermediate 1 (500-

mg, 2.024 mmol) in dry trimethyl phosphate (10 m;)
25 cooled to 0°C, was added dropwise phosphorus _
oxychloride (1.22 ml, 13.1 mmol). The reactidn mixture
" was stirred at that temperature for 1 hour and then
quenbhed in ice water. The pH of the cold mixture was
- adjusted to 3 by the addition of aqueous 1N sodium
30 hydroxide, then appliea to a charcoal column (5 g,
' DARCO), which was eluted with water followed by ethanol

This is the replacement sheet

pate: 13 JUN 1096



. -22= and aqueous anmonia in a (10:10:1) ratio. Fractions contalnlng crude
" monophosphat e were conbi ned and evaporated and subsequently was applied to
a’ colum containing 15 g of DEAE sephadex A25 (HCO err]-form. 5 Elution
was undertaken with a gradient of water (300 m), O.1MNHerr]HCJ err] (300
m), and 0.2M NH err]HCO err] (100 m). -E@2peration of appropriate
fractions after, d||ut|on wth water (30 n1) af forded ()

ci s-2- hydroxynethyl - (5" -fluorocytosin-1'-yl)-1, 3-oxathi ol ane _
nonophosphat e nd aasqteem tammenia i a- @031(0(1- Pr G#‘NH[-er rﬂI@‘F‘G'-QF)S yield =

612 g, 1.77 m@nt&?ni%@ crdd R fodHBEBH At Pvtird Qombithed drill
Clerr]-H JH_Fevapora%ezd anc‘f’ Lgbsequentl err alg)pl:.ed '7tcg d column
| containing 15 g of DEAE sephadex A25 (HCO;-form).
5 Elution was undertaken with a gradient of water (300
ml), 0.1M-NHHCO, (300 ml), and 0.2M NH,HCO, (100 ml).
Evaporation.of appropriate fractions after dilution
" with water (30 ml) afforded (%) cis—2—hydroxymethyi45e
| (5'-fluorocytosin-1'-yl)-1, 3-oxathiolane monophosphate.
10 as a white solid R; = 0.5 (n.PrOH:NHOH 6:4) yield = 612
mg, 1.77 mmol, 87.9%. 'H NMR 6 (ppm in D,0). 8.27 (d,
1H, C'y-H, J,, =6.47Hz), 6.33 (dd, 1H, Cg,-H), 5.47 (t,
1H, C,-H), 4.84 (m, 2H, C,~CH,0H), 3.63 (44, 1H, CH),
3.30 (ad, 1H, C,H). HPLC>99%.

15

yl)-1,3-oxathiolane

To a solution of (i) cis-2-hydroxymethyl-5-
(5'-fluorocytosin-1'-yl)-1,3-oxathiolane monophosphate
(100 mg, 0.29 mmol) in 3 ml of glycine buffer solution

20 [glycine (52.6 mg) and magnesium chloride (19 mg)‘ih

. water (10 ml)], was added in one portion 5'- .

" nucleotidase [Sigma, 3.5 mg at 29 unit/mgl. The
resulting mixture was incubated at 37°C with shaking.
The reaction was monitored by HPLC [chiral column a-

25 acid glycoprotein (AGP) using 0.2M sodium phosphate as
eluant at pH 7 with a flow:rate 0.15 ml/min] at
different intervals. Only the (+)-enantiomer was
observed after 2.5 hours. ~More enzyme (2 mg) was

~ added, and incubation was continued for a further 3

30 hours. HPLC analysis clearly showed selectlve and
complete hydrolysis of the (+)~- enantlomer. The
resulting mixture was applied to a column of DEAE
sephadex A-25 (HCO, form). Elution was undertaken with
water (155 ml), followed by 0.1 and 0.2M NHHCO, (100 ml

This is the replacement sheet
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CIHTC2-H), 4.84 (m 2H, Clerr]-CHerr]OH), 3.63 (dd, 1H, C[err]H), 3.30
(dd,” 1H, C4H). HPLC>99% 15 (ii) -
(%) -G s-2-hydroxynet hyl -5-(5'-fluorocytosin-1'- yl)-1.3-oxathiolane To a
solution of () cis-2-hydroxymethyl-5- (5" -fluorocytosin-1'-yl
) -1, 3- oxat hi ol ane nonophosphate (100 ng,- ®2% mmol) in 3 m of glycine
buffer solution 20 [glycine (52.6 ng) and ‘magnesi um chloride (19 ng) in
water (10 m)], was _added in one portion 5 - nucleotjdase [Sigma, 3.5 ng at
29 unit/ng]. ThearBdul t ARBTAPXiALE fRactiewmLMtainirg &hs E3Fsh shaking.
The reaction waglgesadt Aneleby il Fetehtohbined LEAd ccordentaratied! ycips ot ei n
(AGP) using 0.2M sodi um phosphate_as el pan H,7 Wt Oo\V: 0. 15
m/mn] at diffEF’&ﬁ{‘"f*ﬂ?eWg?g."ﬁf‘n9“%%1?4)3’%n%n?’?%#érg%@é’ﬁ’%bgsg%‘ré af ter
2.5 hours. Mreushrgnethglngretiate, methanol (4.5:0.5) as eluant and
5 then separated by HPLC (employing the above mentioned

conditions). This afforded pure (+)-cis-2-

hydroxymethyl~5-(5f—fluqrocytosin-1f-yl)-1,3-

oxathiolane (23 mg, 0.093 mmol, 32%) as . a whi;e solid

(a)?'s+123% [c, 1.00, .MeOH] m.p. 185°%C NMR & (ppm in

10 DMSO). 8.26 (d, 1H, C',-H, J,, =5.22 Hz), 7.87 (s, 1H,

NH,, D,0 exchangeable), 7.63 (s, 1H, NH,, D)0

vxchangeable), 6.20 (dd, 1H, C;H), 5.48 (t, 1H, C,H),

5.24 (t, 1H, CH,-OK, D,0 exchange), 3.84 (m, 2H, C,-

CH,0H), 3.50 (d4, 1H, CH), 3.37 (dd, 1H, CH).

15 (iii)
yl)-1,3-oxathiolane

Appropriaté fractions from the sephadex

column containing the. second eluted nucleoside
described in step (ii) were combined and evaporated

‘20 under reduced pressure. The residue was dissolved in 2
ml of water and treated with alkaline phosphatase .
(Sigma, 1 ml at 60 units/ml) followed by incubation at
37°C for 1.5 hours. Solvent was then evaporated and
~the residue was purified by column chromatography on

25 silica gel using EtOAc:MeOH (4:1) as eluent followed by
HPLC (separation usihg the same conditions mentioned
above). This afforded pure (-)-cis-2-hydroxymethyl-5-
(5'-fluorocytosin-1'~yl)-1,3-oxathiolane (20 mg, 0.081
mmol, 28%) m.p. 190°C (d) rf=0.21, EtOAc:MeOH (4:1).

30 U.V.: (H,0) max : 279.1nm. 'H NMR 6 (ppm in DMSO-d),
8.25 (d, 1H, C's-H , J,=7.26 Hz), 7.88 (b, 1H, C',~NH,,
D,0 exchangeable), 7.85 (b, 1H, C',-NH,:D,0 _ -
exchangeable), 5.24 (t, 1H, C,-H), 3.83 (m, 2H, C,~-CH,-
OH), 3.19 (44, 1H, C,-H), 3.15 (44, 1H, C,~H).
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..added, and incubation was continued for a further 3 30 hours. HPLC
ana1y5|s clearly showed sel ective and conpl ete hydrol ysis of the
(+)-enantiomer. The resulting mixture was applied to a col unm of DEAE
sephadex A-25 (HCO3 form. Elution was undertaken with water (155 m),
followed by 0.1 and 0.2M NH4AHCO3 (100 m - 23 - each). Appropriate
fractions containing the first eluted nutl?osi de were conbi ned and
concentrated. The remai ning solid was purlfled on a short colum silica

using et hyl acetate, and epar at ed by

HPLC (enpl oying the abovgfyﬁg%f'g%%g%lg oncﬁa}}d ?ﬁg%ptlﬁg d5 grd(?%' pure

(+)-cis-2- alternate process for preparing the compound of formula
(A). '

ntermediate 2

OXATHIO E-2S~CARBOXYLAT,

-To a suspen51on of 5~ fluorocyt051ne (155 mg,
1.2 mmol) in CH2c1 (1 mL) at room temperature under an
argon atmosphere was added, successively, 2,4,6-

10 collidine (0.317 uL, 2.4 mmol) and t-butyldlmethylsllyl
tr1fluoromethane-sulfonate (0.551 mL, 2.4 mmol). The
‘resultant mixture was stirred for 15 minutes and a
clear solution was obtained. A solution of
(1'R,2's,5'R)-menthyl-5R-acetoxy-1,3-oxathiolane-2s-

15 carboxylate (330 mg, 1 mmol) in CH,C1l, (0.5 mL) was
introduced, followed by iodotrimethylsilane (0.156 mL,
1.1 mmol). Stirring was continued for 3 hours. The
mixture was diluted with CHgH? (20 mL) and washed
successively with saturated eqerus NaHSO;, water;_brine

20 and then was concentrated. The residue was taken up in
ether-hexanes (1:1, 10mL) and saturated aqueous NaHCO;
(2 mL) and stirred at room temperature for 15 minutes.
The aqueous layer was removed and the organic phase was
centrifuged to afford a white solid which was washed

25 with hexanes (3x5 mL) and then dried under vacuum. The
product'(1'R,2'S,S'R)-menthyl-SR-(5"-f1uorocytdsin-1"-
yl)-1,3-oxathiolane-2S-carboxylate (350 mg, 88%) thus .
obtained contained about 6% of (1'R,2'S,5'R)-menthyl-
58=-(5"-fluorocytosin~1"-yl)-1,3-oxathiolane-2S-

30 carboxylate (NMR). This material was recrystallized'
from MeOH/CH,Cl,/benzene to give a crystalline product:

- [@),?+22° (c, 0.19, MeOH); m.p. 216-218°C, 'H NMR '
(cpcl;) § 0.78 (4, 3H, J= 7Hz), 0.91 (t, 6H, J=7.3 Hz),
1.00 (m, 2H), 1.39-2.04 (m, 7H), 3.12 (dd, 1H, J=6.6
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.hydﬁbxynethyl 5- (5'-f|uorocyt05|n 1'- yI) 1, 3- oxathi ol ane (23 ng, 0.093
mmpl, 32% as a white solid 21 0 (a)[err]+123[err]C [c, 1.00, MeOH m p.
185 C NMWR [err] (ppmin 10. DMSO). 8.26 (d, 1H, CJerr]-H JHF =5.22 Hz),
7.87 (s, 1H, NHerr], D err]O exchangeable), 7.63 (s, 1H NHerr], Derr]O
exchangeable), 6.20 (dd, 1H, Cerr]-H), 5.48 (t, 1H, CH, 5.24 (t, 1H,
CH err]-QH, D[err] O exchange), 3.84 (m 2R5C2- CHerr]OH), 3.50 (dd, 1H
C4H), 3.37 (dd, 1H, CAH). 15 (iii)
(-)-GCis-2-hydrogymneth cytQsip-1' t hj ol an
Appropriate fraﬁmhsxf*jﬁ?ﬂtﬁégé gﬁgd CO‘?TJ%(T? c%ﬁt a?'n’rrfgz he‘l’segco e| ut ed
nucl eosi de- descilHbed=#n4sHep ¢iB)Haks e5codbb{edl did, evdftor ¢hed ), under
reduced pressur xch%ﬂ?e&ﬁfé?ueav"éﬁ gsesoiyedyid @ Hey Ofg Vg e(béand_u; reated
W|th al kal i ne p ase 13
exc angeable), 8.48 (d 1H, J=6.6 Hz); ~“C NMR (CDCl,~
5 DMSO-d,): 6 16.7, 21.2, 22_4 23.7, 26.6, 31.8, 34.4,

36.6, 40.5, 47.2} 77.1, 79.1, 90.8, 126.3 (d,'J=33 Hz),

137.1 (d, J=244 Hz), 154.2, 158.3 (d, J=15 Hz), 170.1.

'Example 2 o ' - :
ZS-HYDROXYMETH!L-SR-{5'-ELUOROCYTOSIN-1'—YL[-1,3—
10 NXATHIOLANE . '_ | -
To a suspension of lithium aluminum hydridé
(10 mg, 0.54 mmol) in THF (1 mL) at ambient temperature
under an argon atmosphere was slowly added a solution
of (1'R,2'S,5'R)-menthyl-5R-(5"-fluorocytosin-1"-yl)-
15 1,3-oxathiolane-2S-carboxylate (54 mg, 0.135 mmol) in
THF (2 mL). The reaction mixture was'allowed-to stir
for 30 minutes, then quenched with excess methanol (2
mL), followed by the addition of silica gel (3 g). The
. resultant slurry was subjected to silica gel colunn
20 chromatography (EtOAc-Hexane-MeOH, 1:1:1) to providg a
gummy solid which was dried azeotropically with toluene
to give 20.7 mg (63%) of a white solid as the product:
[@],%+114° (c, 0.12, MeOH); 'H NMR (DMSO-d6) § 3.14 (dd,
~1H, J=4.3, 11.9 Hz), 3.42 (dd, 1H J=5.3, 11.9 Hz), 3.76
25 (m,2H), 5.18 (m, 1H), 5.42 (t, 1H, J=4.8 Hz), 6.14 (m,
1H), 7.59 (br m, 1H, exchangeable), 7.83 (br m, 1H
exchangeable), 8:20 (4, 1H, J=7.66 Hz). - .

Example 3
Biological Activity
30 (i) Antiviral Activity
Antiviral activity of the compound of Example
1l was determlned agalnst HIV-1 in the following cell
lines.
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.(swﬁﬁn, 1 m at 60 units/m) followed by incubation at 37C for 1.5 hours,
SoJ vent was then evaporated and. the residue was purified by colum

chromat ography on 25 silica gel using EtOAc: MeCH (4:1) as eluent followed
by HPLC (separation using the same: condltlons nentioned above). This

af forded pure (-)-cis-2-hydroxynethyl - -
(5" -fluorocytosin-1'-yl)-1, 3- oxathlolane (2% ny, 0.081 nnDI 28@@ m p. 190C

(d) rf=0.21, EtCAc8NggH 84 1). 30 U V.: (F%a;r]c» max %7381?g1 iﬂ NVR 6
EPFQ}L? Eﬁth??) E{err]g exé gngéégfé F%“% n(%flﬁﬁpﬁtg1a5t°ld cell
Clerr]- NH[err]1Dpeﬁr}ef§%§ndnyé§blH;V‘S gurdin HF, C2-H), 3.83 (m 2H,
Cerr]-CHerr]- OF, 3.19wedd, cdihs™ & hlmdh - T%&ﬁ@é’ukééiuﬁc?éiﬂ H.
line, infected with HIV-1 strain RF.
5 : Antiviral activity in C8166 cells was
‘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,
Biochem Biophys Res Commun., 142, pp. 128-134 (1987)}
10 Mossman, J.Immun. Meth., 65, pp. 55-57 (1983)].
' Antiviral activities were also determined by analvzing
‘the amount of HIV p24 antigen synthesized in the
presence and absence of enantlomers.
The results are shown in Tables 1 and 2

15 Dbelow:

Table 1
50% Antiviral Activity (ug/ml)
' ' _ | | Inhibition of _
Assay Formazan syncytium formation
Cells MT-4 . 8166 '
20 Virus (HIV-1) HIV-1 RF HIV-1 RF

(+) —enantiomer > 1 | : 0.04

 (-)-enantiomer '. 0.14 ~ 0.0018
Intermediate 1 6.065 : 0.013

AZT | . 0.0038
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.- Z&>- Intermediate 2 and Exanple 2 depict an alternate process for

preparing the compound of formula (A). Internediate 2 5

(1'R 2' S, 5" R) - MENTHYL- 5R- (5' - FLUOROCYTOSI N-1"-YL) - 1.

OXATHI OLANE- 2S- CARBOXYLATE To a suspensi on of 5-fl uor ocyt osi ne (155 ng, 1.2
mml) in CHerr]CJ[err] (1 nL) at room tenperature under an argon

atmosphere was added, successively, 2,4762716 collidine (0.317 nL, 2.4
nmol ) and t-butyldinethyIS|IyI trlfluoronethane sul fonate (0.551 nm., 2.4

mmol ).  The resultant. m xture was stirred for 15 minutes and a clear. =
sol ution was obtained. A solution of _ _ - _

(1'R 2' S, 5" R) - nent hyl - 5R- acet oxy- 1, 3- ofgﬂﬁk%#%ne-zs- 15 carboxylate (330
my, 1 -mml) in CHerr]d[err] (0.5 n.) was ,

50% Inhibition. HIV p24 SynthGSlS (pg/ml)

Cells - C8166
lVirus R ~ RF

5 _(+)-enantiomef' . 0.1
(=) -enantiomer ' 6.0022
Intermediate 1 3 ~ 0.011
AZT | - 0.017

(ii) cCytotoxicity

10 . The cytotoxicities of the compounds of
Example 1 and the.raceﬁic-ccmpound (Intermediate 1)
were determined in two.CD@_cell'lines: H9 and CEM.

Compounds for test were serially diiuted from
100 pg/ml to 0.3 ug/ml.(final.concentrations) in 96

15 weli microtitre plates. 3.6 x 10° cells were inoculated
into each well of.the plates including drug-free
controls. After incubation at 37°C for 5 dajs, the
viable cell count was determined by rgmoving a sample
of cell suspension and'countiﬁg trypan blue excluding

20 ce;ls in a hemocytometer. | |

The results are shown in Table 3.
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9| ntroduced fol |l onwed by |odotr| rrethyl si |l ane (0 156 m., 1.1 mml). Stirring
was contlnued for 3 hours. The m xture was dil uted wnth CHerr]dJ[err] (20
m.) and washed successively with saturated aqueous NaHSO err], water, brine
20 and then was concentrated. The residue was taken up in et her-hexane_s
(1:1, 10nt) and saturated aqueous NaHCO3 (2 nmL) and stirred at room
tenperature for 15 minutes. The aqueous ta&&r-was renoved and the organic
phase was centrifuged to afford a white solid which was washed 25 with
hexanes (3x5 nlL) and then dried under vacuum The pr oduct

(1'R 2'S,5' R)-nent hyl - 5R (5"-f| uor ocyt ospRlg:3

yl) -1, 3- oxat hi ol ane- 2S-car boxyl ate (350 ng, . 88% thus obt ai ned cont ai ned
about 6% of (1'R 2'S, 5 R -nenthyl- -

5S-(5"-fluorocytosin-1"-yl)-1, exad i %(ﬁ%(? ?‘] rboxylate.(NVR). -
This material was recrystalllzed fr&m 6330 er( %él“flzrr]/benzene to give a

crystalline pro umpoun 'CEM cells H9 cells
(+)-enant10mer 0217 . 334
5 (-)=enantiomer - 148 . 296

Intermediate 1 173 - 232

This is the réplacement sheet
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;[a][err] mp: 216- 218[err] , [err]H NVR (CDO [err])
6 0.78 (ﬂlﬁmmmlmu’mmw 91 (t 6H, J=7.3 Hz), 1.00.(m 2H), 1.39-2.04 (m
7H), 3.12*(dd, 4H" J$6.68 - 25 - Hz, 6.1 Hz), 3.52 (dd, 1H 5 J=4.7 Hz, 6.1
Hz), 4.79 (dt, 1H, J=4.4 Hz, 4.3 Hz), 5.6 (S, 1 H), 5.75 (bs, 1H,

exchangeabl e), 42 (5t, 1H J=5.0 Hz), 8.10 (bs, 1H, exchangeable), 8.48
(d, 1H, J=6.6 HzyS ]CNI\/R(CDCI[err] 5 DMSO-d[err]): 6 16.7, 21.2,
22.4, 23.7, 26.6,°31.8., 34.4, 36.6, 40.5, 47.2, 77.1, 79.1, 90.8, 126.3

(d, J=33 Hz), 137.1 (d, J=244 Hz), 154.2, 158.3 (d, J=15 Hz), 170.1.

Exanpl e 2 ZS'HYDROXY'VETHYE:5R1(-§LAEEHQBQC¥I@§LB%'-1¥'&-h}d%bxymetnyl—
1,3-oxathiolan—5—y1)-(1H)—pyrimidin-2-one_or'a '

pharmaceutically acceptable derivative thereof.

2. A compound according to claim 1

sﬁbstantially'free of the oorresponding (+) -enantiomer.

3. A compound'according-to claim 1 wherein the
(+)-enantiomer is present in an amount of no mere than

about 5% w/w.:

4. A compound according to claim 1 wherein the
(+) -enantiomer is present.in an amount of no more than

about 2% w/w.

5. A compound according to claim 1 wherein the -
(+)-enantiomer is present in an amount of less than about

1% w/w.

6. A compound according to any preceding claim in

substantially pure form.

7. A pharmaceutlcal comp051tlon comprlslng a
compound according to any " of claims 1 to 6 together

w1th a pharmaceutlcally acceptable carrier therefor.

s Sheet Has Been Replaced

This is the replacement sheet.
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100 pensi on of |ithium al um num hydride (10 , 0.54
mml) Imm-’[im‘ﬂ“wmﬁiﬂ“anbl ent tenperature under an grgon a'g m)sﬁere was
sl owl y added & s®l utidn of .

(1'R 2'S,5 R -nment hyl -5R- (5"-fluorocytosjn-1"-yl)- 15 y

1, 3- oxat hi ol ane-2S- car boxyl ate (54 ny, GAKE mmol) in THF (2 nL). The.
reaction m xture wa 0 S n with
excess net hHanol 3 (2 ﬁt@m&)?}ﬁ\ﬁf akgﬁhét%e%gggﬁr}cg#m%f1S%A1?cg&gglgg?ﬁgg) The
resul t ant sltbera}waas subjected to silica gel columm 20 chromatography

( Et OAc- Hexaln?a I\/EO—lh 1: I1 1) to provide a gumry solid which was dried
azeotropically wth toluene to give 63% _of a.vx/n sthe
product: [a][er+14s§ &Fr} ‘(°6‘p°‘6‘d12°°%’951§q°f E'W/? D*\/§6§ #

(dd, 1H J=#adyfattufe Kf)a xﬂedéaan(eihd fdd—ltﬂeStz&,atxﬂénthf—lm) v18a176n25ct1pm 2H)
5.18 (m 1H), 5.42 (t, 1H J=4.8 Hz), 6:14 (m L _

10. Use of a compound accordlng to any of claims 1l to 6 for the

" manufacture of a medicament for the treatment of HIV 1nfect10n.,.

11. Use of a compound according to any one of claims 1 to 6 for T

the manufacture of a medicament for the treatment of hepatitis B

. infection.

12. A method for the prepafatidn of a compound aécording to any
of clalms 1 to 6 which comprises separation of the (-)-enantiomer from

a mixture also containing the (+ )-enantlomer

'13. 'A method according to claim 12 wherein_the mixture of

compounds is a racemic mixture.

14. A method according to claim 12 or claim 13 wherein the

separation is effected by chiral HPLC.

15. A method according to-claim 14 wehrein the HPLC employs as a

stationary phrase acetylated B- cyclodextrin or cellulose triacetate.

16. A method according to claim 12 or claim 13 wherein the.

séparation is_effected by enzyme-mediated enantioselective -

catabolism.

17. A method according'to claim 16 wherein the enzyme is

employed in_immobilized form.

18. A method according to claim 16 or.claim'17 wherein the

enzyme is cytidine deaminase.

19. A method according to claim 16 or claim 17 wherein the

enzyme is a 5'-nucleotidase.

s Sheet Has Been ReIP|a°ed ~ This is the replacement shest
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JH) 7 7.59 (br m 1H exchangeable), 7.83 (br m 1H-exchangeable), 8.20 (d,
1H, J=7.66 Hz). Exanple 3 Biological Activity 30 (i) Antiviral Activity
Antiviral activity of the conpound of Exanple 1 was determ ned agai nst

HV-1 in the followng cell lines. - 26 - C8166 cells, a human
T-1ynphobl astoid cell line, infected with HV-1 strain RF. MI-4 cells, a. -
human T-cell |eukaem a cell line, infecjied with H V-1 strain RF.

1, 3-OXATHIOLANE NUCLEOSIDE AMALOGUES

- ABSTRACT
The invention relates to 1,3-oxathiolane

nucleoside analogues and their use in the treatment of
viral infections. More .specifically, this invention

5 relates to (—)-4-amino—5-f1uofo-1—(z-hydroxymethyl—
1,3-oxathiolan-5-yl)-(1H)-pyrimidin-2-one and '
pharmaceuticallj'acceptable derivatives and
pharmaceutical fbrmulations thereof. '

This is the replacement shea!
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Activity ([er {]ﬂ gwr&cm-g@éﬁé 8P aPhafifiadut ically acceptable saﬁ(éﬁéfgpsal* of an
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5 2. A mixture of the (-)-enantiomer of cxs-4-ammo—5-ﬂuoro-1-(2~
hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-pyrimidine-2-one “or a
pharmaceutically acceptable salt, ester or salt of an ester thereof, and the (+)-
enantiomer of cis—4—amino-5-ﬂuoro-1-(2-hydroxymethy[-1,3-oxathiolan-5-yl)-
(1H)-pyrimidine-2-one or a pharmaceutically acceptable salt, ester or salt of

10 ' an ester thereof, wherein the (+)-enantiomer is present in the amount of no

more than 5% wiw.

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

15
4. The mixture as claimed in claim 2 or claim 3 wherein the (+)-
enantiomer is present in an amount of less than 1% w/w.

5. ' A phamaceutical composition comprising a compound as
20 claimed in claim 1 or a mixture as claimed in any of claims 2 to 4 together
with a pharmaceutically acceptable carrier therefor.

6. - A method for the treatment of a mammal., including a human,
suffering from or susceptible to viral infection, comprising administration of an

- 25  effective amount of a compound as claimed in claim 1 or a mixiure as claimed
in any one of claims 2to 4. |

7. | A method for the treatment of 2 mammal, including a human,
suffering from or susceptible to HIV infection, comprising administration of an

30 effective amount of a compound as claimed in claim 1 or a mixture as claimed
in any one of claims 210 4.

8. A method for the treatment of a mammal, "mcluding a human,

This Sheet Has Been Replac This is the replacement sheet
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HIV-lRF : H V-1 RF (+)-enantioner > 1

20 \ﬁrus IV-

0.04 (-)- IM{' _ 0.0018 Internediate 1 0. 065
0. 013 AZT "””m,” 0.0038 . - 27 - Table 2 50%

| nhi bition. HIVp4 Synthesis ([err]g/m) 3@lls :
C8166 Virus - RF 5 (+)-enantioner

0.1 (-)- enantsuffering from or susceptible to Mapatitis B rensaprising mdministration of an
0.011 effective amount of a compound as claimed in claim 1 or a mixture as claimed |

in any one of claims 2to 4. -

5 9. A method for the preparation of a compound ac_oording to claim
1 which comprises separation of the. (-)-enantiomer from a mixture also

containing the (+)-enantiomer.

10. A method according to claim 9 wherein the mixture of
10 compounds is a racemic mixture.

11. A method according fo claim 9 or claim 10 wherein the
separation is effected by chiral HPLC.

15 12 A method according to claim 11 wherein the HPLC employs as
a stationary phrase acetylated B-cyclodexirin or cellulose triacetate.

13. A method according to claim 9 or claim 10 wherein the
separation is effected by enzyme-mediated enantioselective catabolism.

20 ' _ _
14. A metho'd according to claim 13 wherein the enzyme is
employed in immobilized form.

15. A method according to claim 13 or claim 14 whereln the enzyme
25 s cytidine deaminase. '

16. A method according to claim 13 or claim 14 wherein the enzyme
is a 6'-nucleotidase.

30 17. A phamnaceutically acceptable derivative of (-)-cis-4-amino-5-
' fluoro-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl-(1H)-pyrimidin-2-one, wherein
the hydroxy group is replaced. by the acyl function,

R_Eu; . wherein R is selected from hydrogen, alkoxyalkyl, aralkyl,
ThlslTlTit, l,iiilreinlﬂill This is the replacement sheet
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» .- . . \
AZT 0.017 (ii) Cytotoxicity 10 ' he '
cytotoxicities of the conpounds of Exanple 1 and the racemcluﬂmnﬂhmnu,”
(Intermediate 1) were determned in two CD4 cell lines: H9 and Lo
Conpounds for test were serially diluted3from 100 [err]g/m to 0.3 ¥

[err]g/m (final concentrations) in 96 15 well mcrotitre plates. 3.6 X

10[err] cel | grady@iikytosmi, adirgsulphonyl2afalsutiphdnyl mdo bater Yrongs o iantino

dr-ug-free control's. y,&ftg? iﬁ’(zzlubgtio)ﬁll at ’ggé[e?r]ai'for 5 da?s, ﬁe vi abl e

cel I count vAeld®stessi ned by rempving a sanple of cell suspension and

counting trypan blue excluding 20 cells in a henocytoneter. The results.are

shown in Table 3. . , ' :
18. A mixture of a pharmaceutical acceptable salt, ester or salt of an

| 5 ester of (-)-cis-4-amino-5-flucro-1-(2-hydroxymethyl-1,3-oxathiolan-5-yI)-(1H)-
‘pyrimidin-2-one and a pharmaceutically acceptable salt, ester or salt of an
ester of (+)-cis-4-amino-5-fluoro-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-
pyrimidine-2-one, wherein the 2-hydroxymethy! group is replaiced by the
? |
10 acyl function, R-C— | wherein R is as defined in claim 17, wherein the (+)
enantiomer is present in an amount less than about 5% wiw.

19. A pharmaceutical composition for use as an antiviral agent
comprising a compound according to claim 17 or 18, and a pharmaceutically

15 acceptable carrier therefor.

20. A pharmaceutical composition comprising effective amounts of
(@) (-)-cis-4-amino-5-fluoro-1-(2-hydroxymethyl-1,3-oxathiolan-
5-yl)-(1H)-pyrimidin-2-one or a mixture of (-)-cls-4-amino-
20 5-fluoro-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl-(1H)-
| pyrimidin2-one  and  (+)-cls-4-amino-5-fluoro-1-(2-
hydroxymethyi-1,3-oxathiolan-5-yl-(1H)-pyrimidin-2-one, or
pharmaceutically acéeptable salts, esters or salts of esters
thereof, wherein the (+) enantiomer is present in an
25 amount less than about 5% wiw, and
- {b) a therapeutic agent selected from acyclovir, ganciclovir,
renal excretion inhibitors, nucleoside transport inhibitors,
2',3-dideoxyadenosine,  2',3-dideoxythymidine, 2'3-
dideoxy-2',3"-didehydrocytidine, immunomodulators,
30 erythropoietin, ampligen, thymomodulin, thymopé_nﬁn,
foscamet, ribavirin, binding inhibitors of HIV to CD4
receptors and glycosylation inhibitors.

This Sheet Has Been Replaced This is the replacement sheet
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28 - Table 3 50%Q/t0t0X|C|ty ([err]g/n1) Conmpound

148
29 1.

296 Intermedlate 1
(-)-cis-4-amno-5-fluoro-1 32

- (2- hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl)- (1H)-pyri md| n-2-one or a
phar maceut i c2I1L y acceptmlphenaabeuuoasCemposnisaldf cidimaf0eashereint inga} fiie (B

A.mi xture of th enantioner of cis-

20

15

20

25

30

- -fll,i%o-l-(Z-

enantn er 1s present in an amount less%an about

22. . A method for the treatment of a mammal, including a human,

. suffering from - or susceptible to a viral infection which comprises

administration of an effective amount of a pharmaceutical composition of
claim 19, 20 or 21.

23. The method according to claim 22, wherein the viral infection is
HIV. |
24. A method for the prophylaxis of a mammal, including a human,

that has been exposed to a virus, comprising the administration of an
effective amount of a mixture 61; (-)-cis-4-amino-5-fluoro-1-(2-hydroxymethyl-
1,3-oxathiolan-5-yl-(1H)-pyrimidin-2-one and (+)-cis-4-amino-5-fluoro-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl-(1H)-pyrimidin-2-one, or pharmaceutically
acceptable salts, esters or salts of esters thereof, wherein the (+) enantiomer
is present in an amount less than about 5% w/w.

25, The method of claim 24 wherein the (+) enantiomer is present in
an amount less than about 1% w/w.

26. The method accOrding to claims 24 or 25, wherein the virus is
HIV.
27. A method for the treatment of a mammal, including a human,

suffering from or susceptible to viral infection comprising the rectal, nasal or
vaginal administration or administration by inhalation or insufflation of an
effective amount of a mixture of (-)-cis~4-amino-5-fluoro-1-(2-hydroxymethyl-
1,3-oxathiolan-5-yl-(1H)-pyrimidin-2-one and (+)-cis-4-amino-5-fluoro-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl-(1H)-pyrimidin-2-one, or pharmaceutically
acceptable salts, esters or salis of esters thereof, wherein the (+) enantiomer
is presentht 5% wiw.

This Sheet Has Been R This i the replacement sheet
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) .‘ . \
hydr oxynet hyl -1 , 3-oxat hi ol an-5-yl)-(1H) -pyrimdin: -2-one or a

e et oo g g

ci s-4- ani no- 5-f | uor o- 1- ( 2- hydr oxynet hyl 3133 oxat hi ol an- 5-y

(4H) -pyrim di n.-2-one or a pharmaceutically acceptable salt ester or salt
of 10 an ester thereof, wherein the (+)-enantioner is present in the
aount of negrore t hanTA%NéiHod dccording to clamﬂwnwmmeiaémnomér% ai m 2
wherein the (+)-enantionmer Is present 1n an anmount of no nore than 2% w w.
15 4. preseat ini an amouat lassdharcgbout tHaWM.2 or claim 3 wherein the (+)-
enantioner is present in an anount of less than 1% w w. 5. A
pharmaceutical conposition conprising a conpound as 20 claimed in claiml
or a m xgurems cl ai "efhé mathyd of clalmi27eor28 whtrdindhé Wirus i Hiva
pharmaceutically acceptable carrier therefor. 6. Use of a conpound
as clainmed in claiml or a mxture as clainmed in any one of clains 2 to 4,
for the manufacture of a medi canent for

This is the replacement sheet
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75 the treatnent of viral infections. 700084 o RAL
6, wherein the viral infectionis HV. 8 ** L oA
6, wherein the viral infection is 30 hepatitis B~ s
the preparation of a conmpound according to claln1limh$tﬁ conpnbses 0 page

CCO

separation of the (-)-enantioner froma #ixturejalso 30 containing the
(+)-enantioner. 10. A net hod according to: cI i nT %m,hewmﬂ*t h&[lﬂd‘k’f ure
of conpounds is a racemc m, re. 5 11. A-tethod ccordi-ng-to-ctairm
9 or claim 10 wherein the sepP&ation is effected by ch HPLC.
' F S F
. l . - | I |
O/k-ﬁ - (;_1) O/ N~ (I-2)

In accordance with a first aspect of the'présent _
invention, there is provided (-)-cis-4-amino-5-fluoro-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl) - {(1H) -pyrimidin-2-one or a
pharmaceutically acceptable salt, ester or salt of an ester
thereof. _ _ _

In accordance with a second aspect of the present
invention, there is provided a mixture of the (-) -enantiomer
of cis-4-amino-5-f1uoro-l-(2¥hydroxymethyl-1,3-oxathiolan-5-
yl) - (1H) -pyrimidin-2-one or'a'pharmaceutically acceptable
salt, ester or salt of an ester thereof, and the (+)-
enantiomer of cis-4-amino-5-fluoro-1- (2-hydroxymethyl-1,3-

- oxathiolan-5-yl)- (1H) -pyrimidin-<2-one or a pharméceutfcally
acceptable éalt ester or salt of an ester thereof, wherein
the (+)-enantiomer is present in the amount of no more than
5% w/w.

In accordance with a third aspect of the present'
invention, there is provided a pharmaceutically acceptable
derivative of (-)-cis-4-éminoF5-fluoro-1-(2-hydroxymethyl-
1,3—oxathiolan-5¥yl)—(1H)fpyrimidin-2-one, wherein the

; hydroxy group is replaced by the acyl function,

R:i— ' wherein R is selected from hydrogen,-alkoxyalkyl,

aralkyl, aryloxyalkyl, aryl, alkylsulphonyl, aralkylsulphonyl
-and'ester groups of amino acid esters. |
" In accordance with a fourth aspect of the present
invention, there is provided a mixture of a pharmaceutical

- This is the replacgment sheet
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<12, - A nethod according to claimi11l wherein the HPLC enpfoys as lo a
stationary phrase acetyl ated B-cycl odextrin or cellulose triacetate. 13.
A nethod according to claim9 or claim 10 wherein the separation is

effected by enzyne-nedi ated enanti osel ective catabolism 15 14. A
met hod -according to claim 13 wherein-thg-enzyne is enployed in inmmobilized
‘form 15. - A nethod according to claim13 or claim14 wherein the
enzyme is cytidine deam nase. 20 16. A nmet hod according to claim13
or clai m Keouptadie EEQtené)éEéx* or étﬂﬁt&feﬁilm df7 ( ) c1sﬁ4-
pharmaceutical’ly acceptagl r|vat|v ¥i f

f 1 uor o- 1- (FUIRRNSE} N@Fﬁyl‘l %éb y£03 %ﬁ%h WAL one,

sel ected fron1h dr ogen, al kox k ar al k
salt, Xeste%‘ or salt )()6}:1 ayn ester 3/% (+) -cis-4-amino-5-

fluoro-(2-hydroxymethylfl,3-oxath101an-5—y1)—(1H)-
pyrimidin-2-one, wherein the 2-hydroxymethyl group is

wher ei n t hey iy Hy@xmidiaup |031é eai@@%rtynﬁ&@ewwalrmm@ptmmeu nRis

replaced by the acyl

function, RJE—._' wherein R is as defined in third aspect

of the invention, wherein the (+)-enantiomer is present in

an amount less than about 5% w/w.

 In accordance with a fifth aspect of the present
1nvent10n, there is prov1ded a pharmaceutical compos1t10n
comprising effective amounts of '

(a) (-)-cis-4—amino-5-fluoro;1-(2-hydfoxymethy141;3—
oXathiolan-S-Yl)-(1H)4pyfimidin-2-one or a mixture of
(4)-cis-4-amino-5-fluoro-1-(2-hydroxymethyl-1,3- _
oxathiolan-5-yl) - (1H)-pyrimidin—2-one and (+)-cis-4-
amino-5-fluoro-1-(2- hydroxymethyl -1,3-oxathiolan-5- |
yl) - (1H) pyrlmldln -2-one, or pharmaceutlcally
acceptable salts, esters or salts of esters thereof,
wherein the (+)-enantiomer is present in an amount
less than about 5% w/w, and

(b)  a therapeutic agent selected from acyclovir,
ganciclovir, renal excretien inhibitors, nucleoside
transport inhibitors, 2! 3'-dideoxyadenosine, 2',3'-
d1deoxythym1d1ne, 2',3'- dldeoxy—Z' 3'-
didehydrocytidine, 1mmunomodulators, erythrop01et1n,
ampligen, thymomodulin, thymopentln, foscarnet,
ribavirin, binding inhibitors of HIV to CD4 receptors

- and glycosylation inhibitors.

In accordance with a sixth aspect of the present
invention, there is. provided'(a)acis-4eamino-5-f1uoro-l-(2~
hydroxymethyl -1,3-oxathiolan-5- yl)-(lH) pyrlmldln 2-0One.

This is the replacement sheet
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. 31 aryl oxyal kyl, aryl, alkyl sul phonyl, -aral kyl sul phonyl and ester groups of
am no acid esters. 18. A m xture of a pharmaceutical acceptable
salt, ester or salt of an 5 ester of (-)-cis$-4-am no-5-fluoro-1
- (2- hydroxymet hyl -1 , 3-oxat hi ol an-5-yl)-(1 H)- pyrinidin-2-one and a
phar maceutical |y acceptable salt, ester’or salt of an ester of -
(+)-cis-4-am no-5-fluoro-(2-hydroxymethyl-1 ,3-oxathiolan-5-yl)-(1 H-
DTN, -2 OnEy et oL e Feluer Qe L gt ouno ks peplsced by he 10
(A *) - a?ggggiurﬁ%ﬁic?% Prt%'?li Oihélf%\ﬂoﬁﬂ@éldt al ﬂiitﬁ_ﬁé_noﬂlb‘oul - ffant domes. of
Conpound. GEEBTAN HEAG K1 S WA br (3anY ARARKTBRAY hakedt PEAFPYOIANSSEapt abl o
carrier thereforH) 3yrimidin- A phar andethecdh) cenpnsidmen ofinpiisskng
effectlve gggﬁggf-f{uoro~(2—hydrokymethylei}37oxathiolan-5-y1)-(1H)f
pyrimidin-2-one, wherein the (+)-enantiomer is présent in
the amount of no more than 5% w/w.

We have now found that; surprisingly, the (-)-
enantiomer of the compound of formula (I) is much more
active than the (+)-enantiomer, although both enantiomers
show unexpectedly low cytotoxicity. There is thus provided
the (-) (or laevorotatory) enantiomer of the compound of
formula (I) and pharmaceutically acceptable derivatives
thereof. _

The (-)-enantiomer has the chemical name (-)-cis-4-
_amino¥5—f1uoro—l-(2-hydroxymethyl-1,3-oxathiolan—5-yl)-

(1H) -pyrimidin-2-one (hereinafter compound (A)). This
enantiomer has the absolute stereochemistry shown in
formula (I-1). _ _

Preferably compound (AX is prdvidéd substantially free
of the corresponding (+)-enantiomer, that is to say no more
than about 5% w/w of the (+)-enantiomer, more preferably no
more than about 2%, and most_preferébly less than about 1%
w/w is present. ' "

By "a pharmaceutically acceptable derivétivé" is meant
any'pharmaceutically acceptable salt, ester, or salt of
such ester, of compound (A) or any other compound which,
upon administration to the recipieﬁt,‘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

This is the replacement sheet
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(a) (-
5-yl)-
5-flu

)-cCi s-4-am no-5-fl uoro-1-( 2- h"yc;irox'yrret:hyl -1 , 3-oxat hi ol an-
(1H) -pyrimdin-2-one or a mxture of (-)-cis-4-amno- 20
oro-1 -(2-hydroxynmethyl-1 , 3-oxathiolan-5-yl-(1 Hy- pyrimdin-2-one .

and (+)-cis-4-am no-5-fluoro-1-(2- bygrgxynethyl-l,B-oxathioIan-5-yI ) -
(1H) - pyrimdin-2-one, or pharmaceutically acceptable salts, esters or
of esters thereof, wherein the (+)-enantionmer is present in an 25

anount | ess than about 5% ww, and (b) a therapeutic.agent selected from

acycl ovir,
i nhi bitors,
di deoxy-2',

eryt hropoi etin

3" - di deb@ethedsfer the treatnento g B Midiale, 2,3 -

3'iﬁfgébygﬁociﬁ'é?f%&culéﬁnﬁﬁ”ﬁﬁkédﬂiﬁﬁ5céﬂ%ed by HBV or
nonodul t hynopentj n, f.osgarnet, rlbaV|r|n

salts

ganciclovir renal excretion inhibitors, nucleqgside transport

bi ndi ng i nhi b"l’tB?%r%YlﬂPsi/ syeh &% FEVeptr 1aly) 4 9 AR nhi bi tors.
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comprises administration of an effective amount of
compound (A) or a pharmaceutlcally acceptable

.derlvatlve thereof.

There is also provided in a further or
alternatzve aspect use of compound (A) or a
pharmaceutically acceptable derivative thereof for the
manufacture of a medicament for the treatment of &
v1ra1 infection.

' The compounds of the invention are also

~useful in the treatment of AIDS related conditions such

as AIDS-related complex (ARC), progressive generalized
lymphadenopathy (PGL), AIDS-related nenrological"
conditions (such a dementia of'tropical paraparesis),
anti-HIV antibody positive and HIV-positive conditions.
Kaposi's sarcoma, thrombocytopenia purpurea and
associated opportunistic 1nfectlons 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: pharmaceutlcally

'acceptablenderlvatlves thereof_may also be used for the
' prevention of viral contamination of physiological '

fluids such as blood or semen in vitro.

The compounds of the invention are also
useful in the treatment of animals 1nclud1ng man
infected with the hepatitis B virus.

It will be appreciated by those skllled in
the art that reference herein to treatment extends to
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. 32-‘ 21“!!1“ NML!I““!"N“*&CEM i cal corrp05|t|onof claim 20 wherein in (a) fhe‘
[ ml

(+) spresent in an amount | ess than about 1% 22. Use
of a conpound as clainmed in claim17 or claim18 or a 5 conposition as
clainmed in any one of clainms 19-21, for t2% manufacture of a nedicanent for

the treatmett of viral-)icid-desimims5-Ridro-1- 2-hydr6xyrﬁ-éti‘2¢»dsﬁ-dkamwlén-@-ﬂzm 22,
wherein the viral ,inf_'e_&tion is HV. 10 24, . A use according to
\A_(ﬁi roRe ar& phainaceutically aceentabls salts ester or saltusfeamf a

clai m 22, WAHIBYITK 956 o . ip sal .
conpound asegﬁgltﬁdﬁﬁl claiml or a mxture as clainmed in any one of clains

2 to 4, for Pacture of a nedicanent for 15 t he prophyl axi s of
viral infection. 26. A use according to claim 25, wherein the viral
infection is H V. 27. : A use according to claim25, wherein the viral
infectian i2. | A mixture of the (-)-enantiomer of cis-4-amino-5-fluoro-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-pyrimidin--2-one -~ or a

pharmaceutical_ly acceptable salt, ester or salt of an ester thereof, and the (+)-

enantiomer of - cis-4-amino-5-fluoro-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-

(1 H)-pyrimidin'._*.-"-z-one or a pharmaceutically acceptable salt, ester or salt of

10 - an ester thereof, wherein the (+)-enantiomer is present in the amount of no
more than 5% wiw. - |

3. The mixture as claimed in claim 2 wherein the (+)-enaritiomer is

present in an amount of no more than 2% wiw. - ' : -
15 - | | ) g

4. The mixture as claimed in claim 2 or claim 3 wherein the (+)-

enantiomer is present in an amount of less than 1% wiw. |

5. A pharmaceutical composition comprising a compound as
20 claimed in claim 1 or a mixture as claimed in any. of claims 2 to 4 together
with a pharmaceutically acceptable carrier therefor.

6. Use of a cdmpound- as claimed in claim 1 or a mixture as
claimed in any one of claims 2 to -4', for the manufacture of a medicament. for
25  the treatment of viral infections. o |

7. A use according to claim 6, wherein the viral infection is HIV.

-8 A use according to claim 6, wherein the viral infection is
30 hepatitis B. P |

9. . A method for the prepération of a compound according to claim

1 which comprises separation of the (-)-enantiomer from a mixture also
: : This is the replacement sheet
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.20 m Use of a conpound as clainmed in claiml or a
mxturtﬁﬁ"mmr ny one of clains 2 to 4 for the manufacture of a
medi ca '"Eﬂmaﬂ],ﬂnasal or vaginal adm nistration or adm ni st ration by
i nhal at i on® ort 23 isnswiflation, for the treatment of a viral infection. 29.
A use according to claim 28, wher ei nthg viral infection is HV. 30.

- A use according to claim 28, Wnereinthe viral infection is 30 hepatitis

B. 31. merf | uoro-1 ' . : :
“(2- hydroxcfr’r’é?ﬁrfgq’lesﬁzxat ONSI-5-yl ) - (1H)-pyri midi n-2-one. 33 32.
A mxture of ( ) -enantionmer of cis-4-amno-5-fluoro-1-(2- hydroxynethyl -

, 3- oxat hi ol ane-5-yl)-(1 pyrim din-2-one and the (+)-
10. A met od according to c!alm 9 whereln the mixture of

compounds is a racemic mixture.

11. A method according to claim 9 or claim 10 wherein the
separation is effected by chlral HPLC |

12 A method according to claim 11 wherein the HPLC employs as
10 astationary phrase acetylated B-cyc!odextnn or cellulose triacetate.

13. A method according to claim 9 or claim 10 wherein the
separation is effected by enzyme-mediated enantioselective catabolism.

15 14. ‘A method according to claim 13 wherein the 'enzyrr.le is
employed in immobilized form.

| 15. A method accordmg to clalm 13 or claim 14 whereln the enzyme
is cytidine deamlnase
20
- 16. A method according to clalm 13 or claim 14 whereln the enzyme

isa 5'—nucleot|dase

17. A pharmaceutically acceptable derivative of (-)-cis-4-amino-5-
25 fluoro-1-(2-hydroxymethyl-1,3-oxathiolan-5-y1) - (1H) -pyrimidin-2-one,

wherein the hydroxy group is replaced by the acyl function,

O! , wherein R is selected from hydrogen, alkoxyalkyl, aralkyl,

This is the replacement sheet
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enantlo”&fl uor o- (2- hydr oxynmet hyl - 1, 3- oxat hi ol an-5-yl ) -
( 1H) ”ﬁm, u”m" wher ei n the (+)-enantioner is present in the
anmount of+n oW W, :

31

aryloxyalkyl, aryl, alkylsulphonyl, arélkylsulphonyl and estet groups of amino
acid esters. | |

18. A mixture of a pharmaceutical accéptable salt, ester or salt of an

5 ester of (-)-cis-4-amino-5-fluoro-1-(2-hydroxymethyl-1 ,3-oxathiolan-5-yl)-(1H)-
pyrimidih-2-one and a pharmaceutically acceptable salt, ester or salt of an
ester of  (+)-cis-4-amino-5-fluoro-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)- -
pyrimidin -2-one, wherein the 2-hydroxyméthyl group is replaced by the o

| -9 __ ' |
10 acyl function, ®C— , wherein Ris as defined in claim 17, whefein the (+)-

enantiomer is present in an amount less than about 5% wiw.

19. | A pharmaceutical composition for use as an antiviral agent
comprising a compound accordmg to claim 17 or 18 and a pharmaceutlcally
15 acceptable carrier therefor. '

- 20. A pharmaceutical composition_'cbmprising effective amounts of
- (a) (-)-cis-4-amino?5-ﬂuoro-1-,(2-hydroxymethyl-1-,a-okathiolan-- .
_ 5-yl)-(1H)-pyrimidin-2-one or a mixture of (-)-cis-4-amin6-

20 | 5-fluoro-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl-(1H)-

- | ~ pyrimidin-2-one  and  (+)-cis-4-amino-5-fluoro-1-(2-
hydroxymethyl-1,3-oxathiolan-5-y1)- ( 1#) -pyrimidin-2-one, or
pharmaceutically a‘cCeptable salts, esters or salts of esters
thereof wherein the (+)- enantlomer is present in an

25 - amount less than about 5% wiw, and _

' (b) a therapeutic agent selected from acyclovir, ganciclovir,'
renal excretion inhibitors, nucleoside transport inhibito_rs,
2',3"-dideoxyadenosine, ~ 2',3'-dideoxythymidine, 23"
dideoxy-2',3-didehydrocytidine, immunomodulators,

30 - 'erythropoietin, ampligen, thymomodulin, thymopentin,
foscarnet, ' ribavirin, binding ‘inhibitors ~of "HIV to CD4

receptors and glycosylation inhibitors.
| | | This is the replacement sheet
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21. A pharmaceutical composition of claim 20 whereln in (a) the (+)
enantiomer is present in an amount less than about 1%.

22, Use of a com'pound as claimed in claim 17 or claim 18 or a
composition as claimed in any one of claims 19-21, for the manufacture of a
medicament for the treatment of viral ihfections_. '

23, A use according to claim 22, wherein the viral infection is HIV.
24. A use according to claim 22, wherein the viral infection is
hepatitis B. | |
25, | Use of a compound as claimed in claim 1 or a mixture as

claimed in any one of claims 2 to 4, for the manufacture of a medicament for

the prophylams of vxral infection.

- 26. A use according to claim 25, wherein the viral infection is HIV.
27. A use according to claim 25, wherein the v_iral infection is
hepatitis B. | |
28. Use of a compound as claimed in claim 1 or a mixture as

25

30

claimed in any one of claims 2 to 4 for the manufacture of a medicament for
rectal, nasal or vaginal admmlstratnon or admmlstratlon by mhaIatlon or
msufﬂatnon for-the treatment of a viral infection.

29; _ Ause accbrding to claim 28, wherein the viral infection is HIV.

- 30. : A use according to ciaim 28, wherein the vi_ral infection is
hepatitis B. | |
31. - (-)-cis-4-amino-5-fluoro-1 4(2-hydroxyrhethyl-1 .3-6xathiolan-5-yl_)-

(1H)-pyrimidin-2-oné.

Date: U4 BEC_ 138
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32. | A mixture of (-)-enantiomer of cis-4-amino-5-ﬂuorp-1-(2-
hydroxymethyl-1-,3-oxathiolane-5-y|)-(1 H)—pyrimidin-z-ohe- and  the (+)-
enantiomér of cis-4-amino-5-fluoro-(2-hydroxymethyl-1,3-oxathiolan-5-y1 ) - ( 1H) -
pyrimidin-z-one, wherein the.(+)-enahtio'mer is present in the ambunt of no |

- more than 5% wiw.
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