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- SUBSTITUTED~-1,3-OXATHIOLANES
" WITH ANTIVIRAL PROPERTIES

_ The present invention relates to novel
substituted'i 3-oxathiolane cyclic compounds having
pharmacolog1ca1 actzvity, to processes for and inter-
mediates of use in their preparation, to pharmaceutlcal

~compositions containing them, and to the use of these

compounds ih'the antiviral treatment of mammals.

_ Retrov1ral infections are a serious cause of
dlsease, most notably, the acquired immunodef1c1ency
syndrome-(AIDS). The human immunodeficiency virus (HIV)
has been recognized as the etiologic agent of AIDS and

'~ compounds having an inhibitory effect against HIV

multlplication have been actively sought.
Mitsuya et al., #37-pzido-3’-deoxythymidine
(BW A509U): An antiviral agent that inhibits the

- infectivity and cytopathic effect of human T-lymphotropic

virus type III/lymphadenopathy-associated virus in

- vitroe®, WLM 82, pp. 7096-7100

(1985),_re£ers to a compound of formula (A) (3'-821d0-
2’3’=-dideoxythymidine), commonly referred to as AZT.

' This COmpound_iégsaid to be useful in providing some

protection'fériAIDs carriers against the cytopathogenic

effect of immunodeficiency virus (HIV).
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has been recognis2€d as the etiol ogi c agent of Al DS and conpounds having an

I nhibitory ect against HV nmultiplication have been actively sought. 15
M t suyg. al ., "3 -Azido-3' -deoxythym di ne (BWA509U): An antiviral agent
t ha nhi bits the infectivity and cytgpathic effect of human T-1ynphotropic

fus type 11/l ynphadenopat hy-associated virus in vitro", Proc. Natl.

“Acad. Sci. U S A, 82, pp. 7096-7100 20 o 1985), refers to a conpound of
formula (A) (3'-azido- 2'3'- dldeoxythynldln commonly referred.to as AZT.
This compound is said to be useful In g

()
HO

o - Ns
MitsﬁYa e£ a1., #*Inhibition of the in vitro
infecti?ity and cytopathic effect of human T-lympho-
_ trophic virus type IIIl/lymphadenopathy-associated virus
5 (HTLV-III/LAV) by 2’3’~dideoxynucleosides®”, Proc. Natl.
Acad. Sci. U.S.A., 86, pp. 1911-15 (1986), have also
referred to a grouﬁ of 2’,3’- dideoxynucleosides shown in
formula (B) which_aré said to possess protective activity
against HIV-induced cytopathogenicity.

LY
N 7

N

10 o ) B (B)

HO

Balzarini'et al., "Potent and selective anti-
HTLV-III/LAV activity of 2’/,3’-dideoxycytidinene, the
27,3’-unsaturated derivative of 2’/,3’-dideoxycytidine”,
Biochem. Biophvs. Res. Comm., 140, pp. 735-42 (1986),
15 refer to an unéaturated analogue of these nucleosides--
2’3’=-dideoxy~-cytidine, shown in formula (C)--as being
characterized by antiretroviral activity.
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protection for, S carriers agai nst the cytopathogenic effect of

|nnunodef|-"ncy virus (HV). 2 [err] Mtsuya et al., "Inhibition of the
in vitpeinfectivity and cytopathic effect of human T- Iynpho- trophic virus
ty II/Iynphadenopathy associated vigus 5 (HTLV-111/LAV) by
3' - dldeoxynucle05|des Proc hbtl L _
NH,
N7

(€)

Baba et al., “Both 2’,3’-dideoxythymidine and
its 2/,3’-unsaturated derivative (2’,3’-dideoxy-
thymidinene) are potent and selective inhibitors of human

5 immunodeficiehcy virus replication in vitro®, Biochem.
nigpngs&_gggi_ggmmﬁ 142, pp. 128-34 (1987), refer to
the 27/, 3’-unsaturated analogue shown in formula (D) of
2’,3’-dideoxythymidine. This analogue is purported to be
a potent selective ihhibitor of HIV replication.

0

HN CHg

A

10 R (D)

 Analogues of AZT known as 3’-azido-2/, 3’-
dideoxyuridine'shown in formula (E), where Y is bromine
or iodine, have been said to have an inhibitory activity
against Moloney murine leukemia in T.S. Lin et al.,

15 #Synthesis and antiviral activity of various 3’-azido, 3’
amino, 2’,3’-unsaturated and 2’,3’- dideoxy analogues of
| pyrimidine, deoxyribonucleosides against retroviruses”,

J, Med. Chem., 30, pp. 440-41 (2987). . _ _

i
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Acad. Sci . ”, 86, pp. 1911-15 (1986), have also referred to a group of

2', 3" - di ynucl eosi des shown in fornmula (B) which are said to possess
#*Ve activity against H V-induced cytopathogenicity. [err] Bal zarini

"Potent and sel ective anti- HT&V-111/LAV activity of

, 3' -di deoxycyti dinene, the 2';3 -unsaturategderivative of

2',3'-di deoxycyti di ne", Bi ochem - Bi ohys. Res. mm ., 140, pp. 735-42 (1986),

15 refer to an unsaturated anal ogue ofytATes ‘EIeosides-- 2

3' - di deoxy-cytidine, shown in fornula (C)--as be1 g

" HO
| (E)

| N3

Finally, the 3’/-fluoro analogues of 2/,3’-
dideoxycytidine shown in formula (F) and of 2/,3’~
dideoxythymidine shown in formula (G) are referred to in

5 Herdewijn et al., ”3/-Substituted 2’,3’-dideoxynucleoside

analogues as potential anti- HIV(HTLV-III/LAV) agents”,
J. Med. Chem., 30, pp. 1270-78 (1987), as having potent
antiretroviral activity.

(F) (G)

HO

F . F

10 Thé_mpst'potent anti-HIV compounds thus far
reported are 2/,3’-dideoxynucleosides, more particularly,
27,3’-dideoxy cytidine (ddcyd) and 3’-azido=-2,3’-
'dideoxythymidine (AzddThd or AZT). These compounds are
also active against other kinds of retroviruses such as

15 the Moloney murine leukemia virus. Because of the
increasing incidence and the life-threatening
characteristics of AIDS, efforts are being expended to
discover and develop new non~toxic and potent inhibitors
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characterized by antiretroviral activity. 3 [err] Baba et al., "Both
2',3" -dideoxythymdine and its 2' ,3 '-unsaturated derivative

(2%, 3' -di deoxy- thym dinene) are potent and selective inhibitors of human 5
i mmunodeficiency virus replication in ®itro", Biochem Biophys. Res. Comm,
142, pp. 128-34 (1987), refer to E :

- of HIV and:blockers of its infectivity. It is therefore
an object of the present invention to provide effective
anti-HIV compounds of low toxicity and a synthesis of
such new compounds that is readily feasible.

5 ‘A structurally distinct class of compounds
known as 2-substituted-S5-substituted-1,3-oxathiolanes has
now been discovered and found to have antiretroviral
activity.ﬂ'In.particﬁlar, these compounds have been found
to act as_honétoxié inhibitors of the replication of HIV-

10 1 in T-lymphocytes over prolonged periods of time.
. .There is accordingly provided in a first aspect
a compound'of fqrmula (I)

| o “b—'{i?— .

wherein R,'ié hydrogen;
15 R, is a purine or pyrimidine base or an analogue or
derivative thereof:;
z is §, S=0 or S0,; and
pharmaceutically acceptable derivatives thereof.
It will be appreciated by those skilled in the
20 art that the compounds of formula (I) contain at least
two chiral centers (shown as * in formula (I)) and thus
exist in the form of two pairs of optical isomers (i.e.
enantiomers) and mixtures thereof including racemic
mixtures. Thus the compounds of formula (I) may be
25 either cig isomers, as represented by formula (II), or
trans isomers, as represented by formula (III), or
mixtures thereof. Each of the cis and trans isomers can
exist as one of two enantiomers or as mixtures thereof
-including racemic mixtures. All such isomers and '
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the 2', 3" -unsaturated anal ogue shown in fornmula (D) of

2', 3 dldeoxythynldlne Thi s anal ogue is purported to be a potent sel ective
|ﬂh|b|tor of HV repllcat|on [err] Anal ogues of AZT known as 3'-azido-2'

3' - dideoxyuridine shown in formula (g), where Y is brom ne or iodine, have
been said to have an |nh|b|tory activity against Ml oney nmurine | eukema in
T.S. Linet al., 15 "“Synthesis and antiviral activity of various
3'-azido, 3' anmino, 2',3 -unsaturated and 2',3'- dideoxy anal ogues of

pyri m di ne, demdeMmﬂesn@mdmg f@ééﬁﬂeruszﬁures are included

within the scope of the invention.

ROCH, ‘R, ROCH,

(II) ko | (III)
Z Z-—-—\J Rj )

The compounds of formula (I) are preferably in
5 the form of their gis isomers.

It will also be appreciated that when Z is S=0
the compounds exist in two additional isomeric forms as
shown in formulas (IIa) and (IIb) which differ in the
configuration of the oxide oxygen atom relative to the

10 2,5-substituents;'.The compounds of the invention
additionally_enhracé such isomers and mixtures thereof.

ROCH. o M ROCH, o_ Ry

(IIa) \go 7 O (1Ib)

C?

The purine or pyrimidine base or analog or

derivative thereof '-'R,' will be linked at the 9~ or 1-
15 ‘position respectively. ‘

By purine or pyrimidine base or an analogue or
derivative thereof is mgant a purine or pyrimidine base
found in native nucleosides or an analogue thereof which
mimics such bases in that their structures (the kinds of

20 atoms and their arrangement) are similar to the native
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J.” Med. Chem, 30, pp. 440-41 (1987). 4 European publication EP
A-337,713 is directed to 1,3-droxolane nucl eosi de anal ogues of fornula (E)
with antiviral properties. Finally, the 3'-fluoro anal ogues of 2',3'-

di deoxycytidine shown in formula (F) afd of 2' , 3' - di deoxyt hym di ne shown
in formul a ((3 are referred to in . e

bases but m;Y;éiﬁher;possess additional or lack certain
- of the functional properties of the native bases. Such
analogues_include those derived by replacement of a CH,
moiety by a_hitrégén atom (for example, S~-azapyrimidines

5 such as Sfazacytdsine) or vice verse (for example 7-
deazapurines, for_ékample 7-deazadenosine or 7
deazaguanosine) or both (e.g., 7-deaza, 8~-azapurines).
By derivatives bfeStch bases or analogues are meant those
compounds wherein ring substituents are either

10 incorporated, removed or modified by conventional
substituents known in the art, e.g., halogen, hydroxyl,
amino, C,.¢ alkyl. ‘such purine or pyrimidine bases,
analogues and derivatives will be well known to those
skilled in the art.

15 : éoﬁveniently the group R, is selected from:
L NHRs
R
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Herdewijn et al., "3 -Substituted 2', 3" -di deoxynucl eosi de anal ogues as
potential anti- H V(HTLV-I111/LAY) agents", J. Med. Chem, 30, pp. 1270-78
(1987), as having potent antiretroviral activity. The nbst potent anti-HV
conpounds thus far reported are 2',3' -d deoxynucl eosi des, nore
particularly, 2',3"-dideoxy cytidi ne (ddCyd) and. 3' - azi do 2',3 - .
dldeoxythynldlne (AzddThd or "AZT).. These conpounds are al so actlve agalnst
ot her ki nds of retrOV|rusesA§fch as the Nbloneﬁ murine | eukem a virus.
Because of the increagn dence and €&he |iRe-threateni Xy

wherein R, is_ sele#ted from the group of hydrogen,
hydroxymethyl or saturated or unsaturated cl- 6 alkyl

groups; N _
R, and R, are independently selected from the group of
5 hydrogen, hydroxymethyl, trifluoromethyl, substituted or

unsubstituted, saturated or unsaturated °1 6 alkyl,
bromine, chlorine, fluorine, or iodine:;
R, is selec_ted- from the group of hydrogen, cyano, carboxy,
_ ethoxycarbonyl, carbamoyl, or thiocarbamoyl; and
10 X and Y are i'ndependently selected from the group of
hydrogen, bromine, chlorine, fluorine, iodine, amino or
hydroxy groups. B
Preferably R, is
R ' NH R_;

wherein Ry and :R. _aré_ as defined hereinabove.
15 2 is preferably -S-.
By "a pharmaceutically acceptable derivative”
means any ﬁham'aceutically acceptable salt, ester, or
salt of such ester, of a compound of formula (I) or any
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characteristics of AIDS, efforts are being expended to discover and devel op
new non-toxi ¢ and potent inhibitors 5 of HV and bl ockers of its
infectivity. It is therefore an.object of the present invention to provide
effective anti-H V conpounds of |low toxcity and a synthesis of such new
conpounds that is readily;feashb{e;_The present-invention provi des novel 2-

other compound which, upon administration to the recipient,
is capable of providing (directly or indirectly) a compound
of formula (I) or an antivirally active metabolite or
residue thereof. , :

5 It will be appreciated by those skilled in the
art that the compounds of formula (I) may be modified to
provide pharmaceutica ly acceptable derivatives thereof,
at functional groups in both the base moiety, R, and at
the hydroxymethy; group of the oxathiolane ring.

10 Modification at all such functional groups is included
within the scope of the invention. However, of
particular.interestlare pharmaceutically acceptable
derivatives (e.q., esters) obtained by modification of
the z-hYdroxyhéthyi'group of the oxathiolane ring.

15 Preferred esters of the compounds of formula (I)
include the compounds in which R, is replaced by a carboxyl
function R g - in which the non-carbonyl moiety R of the
ester grouping is selected from hydrogen, straight or
branched chain aikyl (e.g., methyl, ethyl, n-propyl, t-

20 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;., alkoxy);fsubstituted dihydro pyridinyl (e.g., N-
methyldihyrdro pydirinyl):; sulphonate esters such as alkyl-

25 or aralkylsulphonyl (e.g., methanesulphonyl):; sulfate
esters; amino acid esters (e.g., L-valyl or L-isoleucyl)
and mono-, di- or tri-phosphate esters.

- Also included within the scope of such esters
are esters derivod'trom polyfunctional acids such as

30 carhoxylic'acids_oontaining more than one carboxyl group,
for example, diéai:b_oxylic acids HO,C(CH,).CO,H where n is an
integer of 1 to 10 (for example, succinic acid) or
phosphoric: acids._ Methods for preparing such esters are
well known. 8ee, -for example, Hahn et at., *Nucleotide

35 Dimers as Anti Human Immunodeficiency Virus Agents”,

mwm pp. 156-159 (1989) and Busso et
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substit ut ed- 5- substi t ut ed- 1, 3- oxat hi ol anes whi ch have antiretroviral
activity. In particular, these conpounds have been found to act as
mon-toxic inhibitors of the replication of HV-1 in T-lynphocytes over
prol onged periods of time. There is acggrdingly provided in a first aspect
ci s- 2- hydroxynet hyl -5- (cytosin-1' -yl) -1, 3-oxathiol ane, and.
pharmaceutical ly acceptabl e derivatives thereof. )

Ci s- 2- hydr oxynet hyl -5-(cytosin-1'-yl)-1, 3- oxathi ol ane nmay be represented
by the fornul a adks] *Nucleotide Dimers Suppress HIV Expression In

Vitro”, AIDS Research and Human Retroviruses, 4(6), pp.

449-455 (1988). Where esters are derived from such
acids, each acidic group is preferably esterified by a

5 compound of formula (I) or other nucleosides or analogues
and derivatives thereof to provide esters of the formula
(IV) |
O
CHy-CH
. \Z
(IV)
I
- J
8] 0
where W is -0-3-(¢H9,—é-0- and n is an integer of 1 to 10
Q -
10 or -o-?-o— or -o-?-o- , J is any nucleoside or
(o2 o

nucleoside analog or derivative thereof and Z and R, are
as defined abhove. Among the preferred nucleosides and
nucleoside analogues are 3’-azido-2/3’-dideoxythymidine,
2',3'-dideoxycytidine, 2?’,3’-dideoxyadenosine, 2/,3’~-

15 dideoxyinosine, 2’,3’-dideoxythymidine, 2/,3’-dideoxy-
2’,3’~-didehydro-thymidine, and 2’,3’-dideoxy-2/,3'~
didehydrocytidine and ribavirin and those nucleosides
whose bases are depicted on pages 7-8 of this
specification. We most prefer a homodimer consisting of

20 two nucleosides of formula (I).

With regard to the above described esters,
unless otherwise.specified, any alkyl moiety present
advantageously contains 1 to 16 carbon atoms, preferably
1 to 4 carbon-atons_and could contain one or more double

25 bonds. Any aryl moiety present in such esters
advantageously comprises a phenyl group.

Ik
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It will be appreciated by those skilled in the art that fornmula (1)
contains two chiral centers (shomn as * in formula (1)) and thus includes
two pairs of optical isoners-(i.e. enantioners) and m xtures thereof

i ncl udi ng racem c m xtures. Both cis-ixbners and m xtures thereof,

I ncluding racem c m xtures, are included within the scope of the i nvent i on.
The cis- isoners nmay al so be represented by fornmula (Il1), and simlarly,

the trans-isonmers may be represented by fornmula (111) [err]
In particular the esters may be a C,,, alkyl

ester, an unsubstltuted benzoyl ester or a benzoyl ester
substituted by atileést-one halogen (bromine, chlorine,
fluorine or iodine), saturated or unsaturated C,, alkyl,

5 saturated or unsaturated C, , alkoxy, nitro or
trifluorometth.grdups.

' Pharmaceutically acceptable salts of the
compounds of formula (I) include those derived from
pharmaceuticaily.accéptable inorganic and organic acids

10 and bases. 'Examples of suitable acids include
hydrochloric, hydrobromic, sulfuric, nitric, perchloric,
fumaric, maleic, phosphoric, glycollic, lactic,
salicylic,:succinic, toluene-p-sulfonic, tartaric,
acetic, citric, methanesulfonic, formic, benzoic,

15 malonic, naphthalgne-z-sulfonic and benzenesulfonic
acids. Other acids such as oxalic, while not in
themselves pharmacéutically acceptable, may be useful in
the preparatioh_df_éalts useful as intermediates in
obtaining the_cbmpoﬁnds of the invention and their

20 pharmaceutically acceptable acid addition salts.

. Salts derived from appropriate bases include
alkali metal'(e.g.,'sodium), alkaline earth metal (e.g.,
magnesium), ammonium and NR,+ (where R is C,, alkyl)
salts. |

25 '~ References hereinafter to a compound
according to the invention includes both compounds of
formula (I) and their pharmaceutically acceptable
derivatives.

Spécitic compounds of formula (I) include:

30 Cis-2-hydroxymethyl-5-(cytosin~1’-yl)-1,3-

| oxathiolane, ';;ang-z-hydroxynethyl-s—(cytosin-l'-yl)-
1,3-oxathiolane, and mixtures thereof;
Cigs~2-benzoyloxymethyl-5-(cytosin-1’-yl)~1,3~
oxathiolane, trans-2-benzoyloxymethyl-5-(cytosin-1’~yl)-
35 1,3-oxathiolane, and mixtures thereof;
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6 By "a pharnmaceutically acceptable derivative" neans any pharnaceutically
acceptabl e salt of a conpound of forrmulae (1) or (Il1), and the follow ng
esters thereof: a [err] al kanoyl ester, an unsubstituted benzoyl ester or a
benzoyl ester substituted by at |east gope hal ogen (brom ne, chlorine,
fluorine or iodine), [err] alkyl, [err] al koxy, nitro or trifluoronethyl
gr oups.
¢is-2-hydroxymethyl-5-(N,’ -acetyl-cytosin-1/-yl)-
1l,3-oxathiolane, transg-2-h: droxymethyl-5-(N,’-acetyl-
cytosin-1/-yl)~1,3-oxathiolane, and mixtures thereof;
Cis-2-benzoyloxymethyl-5-(N,’-acetyl-cytosin-1’/~
5 yl)-1,3-oxathiolane, trans-2-benzoyloxymethyl-5-(N,’~
acetyl-cytosin-1/-yl)~-1,3-oxathiolane, and mixtures
thereof; and
Cig-2-hydroxymethyl-5-(cytosin-1’-yl)-3-oxo-1,3~
oxathiolane; _
10 Cis-2-hydroxymethyl=~5-(N-dimethylamino-methylene
cytosin-1/~yl)-~1,3-~-oxathiolane:
Bis-Cjig-2-succinyloxymethyl-5-(cytosin=-1/-yl)-
1,3~-oxathiolane;
Cis-2-benzoyloxymethyl~5~(6’~chloropurin=-N=-9’-

15 yl)-1,3-oxathiolane; trans-2-benzoyloxymethyl-5-(6’~
chloropurin-N-9/-yl)~-1,3~oxathiolane, and mixtures
thereof; _

Cis-2-hydroxymethyl=-5-(6’-hydroxypurin~-N-9‘-yl) -~
1,3-oxathiolane;

20 Cis-2-benzoyloxymethyl-5-(uracil-N~1’-yl)~1,3~

oxathiolane, trans-2-benzoyloxymethyl-5-(uracil-N-1’-yl)-~-
1,3-oxathiolane, and mixtures thereof;

Qig-z—hydroxymethyl-s-(uracil-N-l'-yl)-1 3-
oxathiolane;

25 Cis-2-benzoyloxymethyl-5-(thymin-N-1’~yl)~-1,3~
oxathiolane, trans-2-benzoyloxymethyl~-5-(thymin=N-1’-yl)-
1,3-oxathiolane, and mixtures thereof:

Qigrz-hydroxymethyl—s-(thynin-n-l'-yl)-1 3-
oxathiolane;

30 in the form of a racemic mixture or a single enantiomer.

The compounds of the invention either
themselves possess antiviral activity and/or are
metabolizable to such compounds;' In particular these
compounds ére_eftective in inhibiting the replication of

35 retroviruses, including human retroviruses such as human
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It will appreciated by those skilled in the art that the conpounds of
formulae (1) or (Il1) may be nodified to provide pharmaceutically acceptable
esters at the hydroxynethyl group of the oxathiolane ring. Preferred esters
of the conpounds of fornulae (L) or (Ii% i nclude the conpounds in which H
I's replaced by a carboxyl. function n whi ch the non-carbonyl noiety R
of the ester grouping is selected from hydrogen, straight or branched chain
al kyl (e.g., methyl, ethyl, n-propyl, t- butyl, n-butyl), phenyl optionally
substituted by {ihoscderiSiéhcp! ¥¥tudés| piv’ &) KOkNe causative agents of
AIDS. ' __
There is thus provided as a further aspect
of the invention a compound formula (I) or a
5 pharmaceutically'accéptahle derivative thereof for use as
an active therapeutic agent in particular as an antiviral
agent, for example in the treatment of retroviral
infections. _
| - In a further or alternative aspect there is
10 provided a méthod'for the treatment of a viral infection,
in particﬁlar an infection caused by a retrovirus such as
HIV, in a mammal, including man, comprising
administration of an effective amount of an antiviral
~compound of formula (I) or a pharmaceutically acceptable
15 derivative thereof. '

There is also provided in a further or
alternativefaépect of this invention, use of a compound
of formula (I) or a pharmaceutically acceptable
derivative thereof for the manufacture of a medicament

20 for the treatment of a viral infection.

| The compounds of the invention are also

useful in the treatment of AIDS related conditions such
as AIDS-related complex (ARC), persistent generalized
lymphadenopathy (PGL), AIDS-related neurological

25 conditions (suchfas dementia), anti-HIV antibody positive
and HIV- positive conditions, Kaposi’s sarcoma, '
thrombocytopenia purpurea and opportunistic infections.

The compounds of the invention are also
useful in the prevention or progression to clinical

30 illness of individuals who are anti-HIV antibody or HIV-
antigen positive and in prophylaxis following exposure to
HIV. S
~ The compounds of formula (I) or the
pharmaceutically acceptable derivatives thereof, may also
35 be used for the prevention of viral contamination of

biological fluids such as blood or semen in zi;;n._. -
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Unl ess ot herwi se specified, any al kyl noiety present advantageously
contains 1 to 16 carbon atons, preferably 1 to 4 carbon atons.
Pharmaceutically acceptable salts of the conmpounds of fornulae (1) or (I1)
i ncl ude those derived from pharnmaceuticglly acceptabl e inorganic and
organi c aci ds and bases. Exanples of suitable acids include 7

 Certain of the compounds of formula (I) are
also useful as intermediates in the preparation of other
compounds of'thé'invention.
. ‘It will be appreciated by those skilled in

5 the art that references herein to treatment extends to
prophylaxis as well as the treatment of established
infections or’5ymptoms.
© It will be further appreciated that the

amount of a compound of the invention required for use in

‘10 ~ treatment will vary not only with the particular compound
selected but also with the route of administration, the
nature of the condition being treated and the age and
condition of the patient and will be ultimately at the
discretion of the attendant physician or veterinarian.

15 In general however a suitable dose will be in the range
from about 1 to about 750 mg/kg of bodyweight per day,
such as 3 to about 120 mg per kilogram body weight of the
recipient per day, preferably in the range of 6 to 90
mng/kg/day, most preferahly in the range of 15 to 60

20 mg/kg/day. _ _

. 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.

25 " The compound is conveniently administered in
unit dosage form: for example oontaining 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

30 administered to achieve peak plasma concentrations of the
active compound of from about 1 to 75 uM, preferably
about 2 to 50 uM, most preferably about 3 to about 30 uM.
This may.be-aohieved, for example, by the intravenous
injection of a 0.1 to 5% solution of the active '

35 ingredient, optionally in salinc} or administered as a
bolus containing about 0.1 to.about 110 ng/kg ot the
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hydrochl ori c, hydrobrom c, sulfuric, nitric, perchloric, fumaric, naleic,
phosphoric, glycollic, lactic, salicylic, succinic, toluene-p-sulfonic,
tartaric, acetic, citric, nethanesulfonic, formc, benzoic, malonic,

napht hal ene- 2-sul foni c and benzenesul f38i ¢ acids. Qther acids such as
oxalic, while not in thensel ves pharnaceutically accept abl e, may be useful
in the preparation of salts useful as internediates in obtaining the

. conmpounds of theggnven i on har praceuti cal |y acceptabl e acid

addition salts ive ipgre aep%onléﬁgFGBP;StPlﬁageieVﬁéFuEéY be

maintained by a continuous infusion to provide about 0.01

to about 5.0 mg/kg/hour or by intermittent infusions

containing about 0.4 to about 15 mg/kg of the active
5 1ngredient.

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

10 '  The invention thus further provides a
pharmaceutical-formulation comprising a compound of
formula (i)'or é'pharmaceutically acceptable derivative
thereof together with one or more pharmaceutically
acceptable'ca:riers therefor and, optionally, othef

15 therapeutic'and/qr 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 therefor.

' Pharmaceutical formulations include those

20 suitable for oral, rectal, nasal, topical (including
buccal and sub-lingual), vaginal or parenteral (including
intramuscular,;sub?cutaneous and intravenous)
administration or in a form suitable for administration
by inhalation or insufflation. The formulations may,

25 where appropriate, be conveniently presented in discrete
dosage unité and may be prepared by any of the methods
well known in the art of pharmacy. All methods include
the step of bringing into association the active compound
with liqhid éarriers or finely divided solid carriers or

30 both and then, if necessary, shaping the product into the
desired formulation.

" Pharmaceutical formulations suitable for
oral administration may conveniently be presented as
discrete units such as capsules, cachets or tablets each

35 containing a predetermined amount of the active

ingredient}-as a powder or granules; as a solution; as a
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alkali netal (e.g., sodium), alkaline earth nmetal (e.g., magnesiumn),
ammoni um and NR4+ (where R.is [err] alkyl) salts. References hereinafter to
a-gonpound according to the invention includes both conpounds of fornulae
(1) or (Il) and their pharnapeutlcalI)lﬁacceptable derivatives. The
conpounds of the invention either thenselves possess antiviral activity
and/ or are netabolizable to such conpounds. In particular these conpounds

are effeCtiveiéﬁéﬂﬂﬂéﬁéﬂ;“%flﬁ%'gﬂﬂéﬂﬁféfg%fﬁ'The'active ingredient may
also be présented'as a bolus, electuary or paste.
Tablets and ¢apsules_£or oral administration may contain
conventional excipients such as binding agents, fillers,

5 1ubricants,gdisintegrants, or wetting agents. The

tablets may be coated according to methods well known in
the art. Orai_liquid preparations may be in the form of,
for example,“aéuéous-or oily suspensions, solutions,
emulsions, syrups'qr elixirs, or may be presented as a

10 dry product for constitution with water or other suitable -
vehicle beforg[hse. ‘Such liquid preparations may contain
conventionéiiadditivés such as suspending agents,
emulsifying agents, non-agqueous vehicles (which may
include edible oils) or preservatives.

15 _ ‘The éompounds according to the invention may
also be formulated for parenteral administration (e.g.,
by injectioh;:for example bolus injection or continuous
infusion) and may'be_presented in unit dose form in
ampoules; pre-filled syringes, small volume infusion or

20 in multi-dose containers with an added preservative. 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

25 active ingrédient may be in powder form, obtained by
aseptic isolation of sterile solid or by lyophilization
from solution,'forjconstitution with a suitable vehicle,
e.g., sterile, pyrogen-free water, before use.

~ For topical administration to the epidermis,

30 the compounds hdcdrding 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 agqueous or oily base with
the additiéh of suitable thickening and/or gelling

35 agents. Lotions may be formulated with an aqueous or
oily base and will in general also contain one or more
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rétroviruses, including human retroviruses such as human 8

i mmunodeficiency viruses (H V' s), the causative agents of AIDS. There is
thus provided as a further aspect of the invention a conpound formula (I)
or a pharmaceutically acceptable derivative thereof for use as an active
therapeutic agent in particular as an antiviral

emulsifying agents;TStabilizing agents, dispersing
agents, suspending agents, thickening agents, or coloring
agents. -

'-{rormulitians suitable for topical

5 administratidn”in the mouth include lozenges comprising
active ingfedient_in'a flavored based, usually sucrose
and acacia or trqqacanth: pastilles comprising the active
ingredient in an inert base such as gelatin and glycerin
or sucrose'and acacia; and mouthwashes comprising the

10 active ingredient in a suitable liquid carrier.
Pharmaceutically formulations suitable for
rectal administratiqn wherein the carrier is a solid, are
most preferabIYfrep:esented as unit dose suppositories.
Suitable carriers include cocoa butter and other
15 materials commonly'used in the art, and the suppositories
may be convénient1y formed by admixture of the active
compound with the'éoftened or melted carrier(s) followed
by chilling and shaping in molds.
Formulations suitable for vaginal
20 administration may be presented as pessaries, tampons,
creams, gels,.pastes, foams or bprays containing in
addition to the_active ingredient, such carriers as are
known in the art_tp_be appropriate.
For intra-nasal administration the compounds
25 of the invention may be used as a liquid spray or
dispcrsiblg_powder:or in the form of drops.

';_Dropéfmay be formulated with an aqueous or
non-agqueous base also comprising one or more dispersing
agents, soluhilizing agents or suspending agents. Liquid

30 sprays are_conveniehtly delivered from pressurized packs.

" For administration by inhalation, the
compounds acéording.td the invention are conveniently
delivered from_an.insu:flétor, nebulizer or a pressurized
pack or other convenient mean§ ot delivering an aerosol

35 spray. Pressnrized packs may comprise a suitable
propellant such as dichlorodifluoromethane,
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agent, for exanple in the treatnment of retroviral infections. In a further
or alternative aspect there is provided a nethod for the treatnent of a
viral infection, in particular an infection caused by a retrovirus such as
H'V, in a manmal, including nman, conprhéing adm ni stration of an effective
amount of an antiviral conpound of forfula (1) or a pharnaceutically
acceptabl e derivative thereof. There is also provided in a further or
alternative aspect of this invention, use of a conpound

trichlorofluoromethane, dichlorotetrafluorcethane, 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.

5 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. The

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

When desired, the above described

15 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
such as antimicrobial agents, or preservatives.

20 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 with
known antiviral agents.

25 The invention thus provides, in a further
aspect, a combination comprising a compound of formula
(I) or a physioiogically acceptable derivative thereof
together with another therapeutically active agent, in
particular, an antiviral agent.

30 The combinations referred to above may
conveniently be presented for use in the form of a
pharmaceutical formulation and thus pharmaceutical
formulations comprising a combination as defined above
together with a_pharmaceuticaily acceptable carrier

35 therefor comprise a further éspect of the invention.
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of formula (1) or a pharmaceutically acceptable derivative thereof for the
manuf acture of a medi canent for the treatnment of a viral infection. The
conmpounds of the invention are also useful in the treatnment of AIDS rel ated
condi tions such as AIDS-rel ated conpl exd@ ARC), persistent generalized

| ynphadenopat hy (PGL), Al DS-rel ated neurol ogi cal conditions (such as
dementia), anti-H'V antibody positive and H V- positive condi ti ons,

Kaposi | o sarcorn, I ombooy! SREIL P BRL SR AL LPESLALY 25t Subd BE 4SS
combinations include acyclic nucleosides such as
aciclovir, ganciclovir, interferons such as alpha-, beta-
and gamma~-interferon; glucuronation inhibitors such as

5 probenicid; nucleoside transport inhibitors such as
dipyridamole; nucleoside analogues such as 3’-azido-
2’,3’~dideoxythymidine, 2’,3’-dideoxycytidine, 2/,3’-
dideoxyadenosine, 2/,3’-dideoxyinosine, 2’,3’-
dideoxythymidine, 2’,3’-dideoxy-2’,3’~didehydro-

10 thymidine, and 2¢,3’-dideoxy-2’,3’~-didehydrocytidine and
ribavirin; immunomodulators such as interleukin II (IL2)
and granulcdyte macrophage colony stimulating factor (GM-~
CSF), erythropoietin, ampligen, thymomodulin,
thymopentin, foscarnet, glycosylation inhibitors such as

15 2-deoxy-D-glucose, castanospermine, l-deoxynojirimycin:;
and inhibitors of HIV binding to CD4 receptors such as
soluble CD4, CD4 fragments and CD4~hybrid molecules.

The individual components of such
combinations may be administered either sequentially or

20 simultaneously in separate or combined pharmaceutical
formulations.

When the compound of formula (I) or a
pharmaceutically acceptable derivative thereof is used in
combination with a second therapeutic agent active

25 against the same virus, the dose of each compound may be
either the same or differ from that when the compound is
used alone. Appropriate doses will be readily

appreciated by those skilled in the art.

The compounds of formula (I) and their

30 pharmaceutically acceptable derivatives may be prepared
by any method known in the art for the preparation of
compounds of analogous structure.

R, and R, as used hereunder have the same
meaning as defined above unless otherwise stated.

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

formula (VIII)
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uSeful in the prevention or progression to clinical illness of individuals
who are anti-H 'V antibody or H V- antigen positive and in prophyIaX|s
f-ol | ow ng exposure to HV. The conpounds of formula (1) or the
pharmaceutical |y acceptabl e derivative20thereof, may al so be used for the
prevention of viral contam nation of biological fluids such as blood or

senen-in vitro.
RO, O
\‘(jl_
_ e (VIII)

wherein R, is hydrogen or hydroxyl protecting group as
defined herein and the anomeric group L is a displaceable
5 atom or group and is reacted with an appropriate base.
Suitable groups L include alkoxy carbonyl groups such as
ethoxy carbonyl or halogens, for example, iodine,
bromine or chlorine or -OR where R is a substituted or
unsubstituted, saturated or unsaturated alkyl group,

10 e.g., a C,, alkyl group such as methyl, or R is a
substituted or unsubstituted aliphatic or aromatic acyl
group, e.g., a C,., aliphatic acyl group such as acetyl
and an aromatic acyl group such as benzoyl.

The compound of formula (VIII) is

15 conveniently reacted with the appropriate purine or
pyrimidine base R,-H (previously silylated with a
silyating agent such as hexamethyldisilazane) in a
compatible solvent such as methylene chloride using a
Lewis acid (such as titanium tetrachloride or stannic

20 chloride) or trimethylsilytriflate.

The 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 orgaﬁic solvent, such as toluene, in the

25 presence of an acid catalyst such as a para-toluene
sulfonic acid or a Lewis acid, e.g., zinc chloride.

(VI) HSCH,CH(OC,H;) ,

CH;COOCH,CHO (VII)
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971t will be appreciated by those skilled in the art that references herein
to treatnent extends to prophylaxis as well as the treatnent of established
infections or synptons. It will -be further appreciated that the anmbunt of a
conmpound of the invention required forause in treatnent will vary not only
with the particul ar conpound selected but also with the route of

adm ni stration, the nature of the condition being treated and the age and

condition of the patient and will be ultimtely at the
The mercaptoacetals of formula (VI) may be

prepared by methods known in the art, for example,
G. Hesse and I. Jorder, “"Mercaptoacetaldehyde and dioxy-
1, 4-dithiane”, Chem. Ber, 85, pp. 924-932 (1952).
5 - The aldehydes of formula (VII) may be

prepared by methods known in the art, for example,
E.G. Halloquist and H. Hibbert, “Studies on reactions
relating to carbohydrates and polysaccharides.
Part XLIV: 5ynthesis of isomeric bicyclic acetal

10 ethers”, Can. J. Research, 8, pp: 129-136 (1933).

In a second process (B) one compound of

formula (I) iz converted to another compound of formula
(I) by base'intetconversion. Such interconversion may be
effected either by simple chemical transformation (e.qg.,

15 the conversion of uracil base to cytosine) or by an
enzymatic conversion using, for example, a deoxyribosyl
transferase. Such methods and conditions for base -
interconversions are well known in the art of nucleoside
chemistry.

20 In a third process (C) the compounds of
formula (I) may be prepared by the reaction of a compound
of formula (IX)

HO_ R,
(IX)
HZ
with a compound'ot_formula (X)
PO
25 . - (X)

CHO
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di'scretion of the attendant physician or veterinarian. |n general however a
suitable dose will be in the range fromabout 1 to about 750 ngy/ kg of
bodywei ght per day, such as 3 to about 120 ng per kil ogram body wei ght of
the recipient per day, preferably in t?g range of 6 to 90 ng/ kg/ day, nost
preferably in the range of 15 to 60 ng/kg/day. The desired dose may
convenientl'y be presented in a single dose or as divided doses adm ni stered
at appropriate intervals, for exanple as two, three, four or nore sub-doses
per day. where P is a protecting group, followed by removal of the

protecting group.
The compounds of formula (IX) may be
prepared for reaction by a suitable epoxide (XI)

R
5 | | (XI)

with an appropriate sulphur-cohtaining compound, e.q.,
sodium thioacetaté.  Compounds of formula (XI) are either
known in the art or may be obtained by analogous
processes.

10 In a fourth process (D) a compound of
formula (XII)

(XII)

_ may be converted to a compound of formula (I) by
15 conversion of the anomeric NH, group to the required base
by methods well known in the art of nucleoside chemistry.
Many of the reactions described hereinabove
have been extensively reported in the context of purine
nucleoside synthesis, for example, in “Nucleoside
20 Analogues - Chemistry, Biology and Medical Applications”,
R.T. Walker et al., Eds, Plenum Press, New York (1979) at
pages 193-223, the text of which is incorporated by
reference herein.
It will be appreciated that the above
25 reactions may réquire the usé'bf, or conveniently may be
' applied to, starting materials having protected
functional groups;_and_deprotcction night thus be
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The conpound is conveniently adm nistered in unit dosage form for exanple
containing 10 to 1500 ng, conveniently 20 to 1000 ng, nost conveniently 50
to, 700 ng of active ingredient per unit dosage form ldeally the active
. ingredient should be admi nistered to acly eve peak plasma concentrations of
t he active conpound of fromabout 1 to 75 [err], preferably about 2 to 50
[err], nost preferably about 3 to about 30 [err]. This nay be achi eved, for
exanples by the intravenous injection of-a 0.1 to 5% solution of the active
i ngredi ent, opt ire@ined assan dihtemmeginte surfithalds step to yield the

desired compound. Protection and deprotection of
functional groups'may be effected using conventional
means. Thus, for example, amino'groups may be protected'

S by a group selected from aralkyi (e.g., benzyl), acyl or
aryl (e.g., 2,4-dinitrophenyl); subsequent removal of the
protecting group being effected when desired by
hydrolysis or hydroqénolysis as appropriate using
standard conditions. 'Hydroxyl groups may be protected

10 using any conventional hydroxyl protecting group, for
example, as described in "Protective Groups in Organic
Chemistry”, Ed. J.F.W. McOmie (Plenum Press, 1973) or
*Protective Groups_in"Organic Synthesis” by Theodora W.
Greene (John Wiley and Sons, 1981). Examples of suitable

15  hydroxyl protecting groups include groups selected from
alkyl (e.g., methyl, t-butyl or methoxymethyl), aralkyl
(e.g., benzyl, diphenylmethyl or triphenylmethyl),
heterocyclic_gtdups such as tetrahydropyranyl, acyl,
(e.qg., acetyl'or'benzoyl) and silyl groups such as

20 trialkylsilyl (e.g;,'t-butyldincthylsilyl). 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.qg.,
by hydrolysis under acidic or basic conditions. Aralkyl

25 = groups such as triphenylmethyl may similarly be removed
by lolv01ysis, e.g., by hydrolysis under acidic
conditions. Aralkyl groups such as benzyl may be
cleaved, for example, by treatment with BF,/etherate and
acetic anhydride followed by removal of acetate groups so

30 formed at an appropriate stage in the synthesis. Silyl
groups may also cbnveniently be removed using a source of
fluoride ions such as tetra-n~butylammonium fluoride.

- In the above processes the compounds of

formula (I) are generally obtaincd as a mixture of the

35 cis and ;;gng isoners.
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bol us containing about 0.1 to about 110 ng/ kg of the 10 active

i ngredient. Desirable blood | evels nay be maintained by a continuous
infusion to provide about 0.01 to about 5.0 ng/kg/hour or by intermttent
i nfusi ons cont ai ni ng about 0.4 to abou2415 ng/ kg of the active ingredient.
Wiile it is possible that, for use I n

'These iéomers may be separated, for exémple,
by acetylation, e.g., with acetic anhydride followed by
separation by physi¢a1 means, e.g., chromatography on
silica gel and deacetylation, e.g., with methanolic

5 ammonia or by fractional crystallization.
 Pharmaceutically acceptable salts of the
compounds'of]the'invention may be prepared as described
in United States Patent No. 4,383,114, the disclosure of
which is incotporatéd by reference herein. Thus, for
10 example, when it is desired to prepare an acid addition
salt of a compound of formula (I), the product of any of
the above proceduras may be converted into a salt by
treatment df'the”resulting free base with a suitable acid
using conventicnal methods. Pharmaceutically acceptable
15 acid addition salts-may be prepared by reacting the free
base with an appropriate acid optionally in the presence
of a suitable solvent such as an ester (e.g., ethyl
acetate) or an alcohol (e.g., methanol, ethanol or
_ isopropanol). 1Inorganic basic salts may be prepared by
20 reacting the free base with a suitable base such as an
alkoxide (e.g., sodium methoxide) optionally in the
presence qtia solvent such as an alcohol (e.g.,
methanol) .  Pharmaceutically acceptable salts may also be
prepared from other salts, including other
25 pharmaceutically_acbeptable salts, of the compounds of
formula (I) using conventional methods.

- A compound of formula (I) may be converted
into a pharmaceutically acceptablq-phosphate or other
ester by reaction with a phosphorylating agent, such as

30 POCl,, or a suitable esterifying agent, such as an acid
halide or anhydride, as appropriate. An ester or salt of
a compound of formula (I) may be converted to the parent
compound, for example, by hydrolysis.

' Where the ‘compound of formula (I) is desired

35 as a single isoﬁer it may be obtained either by
resolution of the final product or by stcrnonpacitic
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t herapy, a conpound of the invention may be adm nistered as the raw
chemcal it is preferable to present the active ingredient as a
phar maceutical formulation. The invention thus further provides a
pharmaceutical formulation conprising ggconpound of formula (1) or a
pharmaceutical |y acceptable derivative thereof together with one or nore
phar maceutically acceptable carriers therefor and, optionally, other
therapeutlc and/ or prophylactic ingredients. The carrler(s) nmust be
‘acceptabl e' i rsyrithesis ef ¥ém hidogeredBly hperav staibingt iftet D41 e cahg Of

the forn“|ai'c”Eonvenient 1ntermed1ate.
Resolution of the final product, or an

intermediate . or startxng material therefore may be

5 effected by any suitable method known in the art: see
for example, Stereochemistrv of Carbon Compounds, by E.L.
Eliel (HcGraw'Hill; 1962) and Tables of Resolving Agents,
by S.H. Wilen. |

'{The invention will be further described by

10 the followingwéxamples which are not intended to limit
the invention"in any way. All temperatures are in |
degrees celsius. '

15 2-thiobenzoyl acetaldehvde diethylacetal

CsH,COS~-CH,CH(OC,H,) , (V)

. 'To a solution of potassium t-butoxide
(11.5 g. 0.11 mol) in DMF (100 ml) was added thiobenzoic
20 acid (17 g. 0.11 mol) and the solution partially '
evaporated in vacuo, benzene added in two consecutive
portions (2 x 30 ml) and evaporated in vacuo each time.
To the residual DMF solution wa#‘added bromoacetaldehyde
diethylacetal (20.3 g. 0.1 mol) and the mixture stirred
25 at 120° for 15 h. After cooling, it was poured onto
water (500 ml), the product extracted with ether (3 x
200 ml), the extract.washed with agqueous NaHCO, followed
by water,'then dried and the solvent removed in vacuo.
The residue was distilled in vacuo to give 17.2 g. of
30 pure (V), b.p. 131-133 /0.07 mm. It was characterized by
'H NMR §(ppm in CDCly): : ' '
7.97 (4, 2H; aromatic)
'7.47 (m, 3H; aromatic)
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and not deleterious to the recipient therefor. Pharnmaceutical formulations
i ncl ude those suitable for oral, rectal, nasal, topical (including buccal
and sub-1lingual), vaginal or parenteral (including intranuscular
sub- cut aneous and intravenous) admi ni sgéation or in a formsuitable for
adm ni stration by inhalation or insufflation. The fornul ati ons may, where
appropriate, be conveniently presented in discrete dosage units and may be
prepared by any of the nethods well known in the art of pharnmacy. All
net hods include the 4t8p 6% bHhgreB(PRsB) akkoci ati on the active conmpound
3.66 (m, 4H; 2 x OCH,CH,)

3.30 (d, 2H; SCH,-)
1.23 (t, 6H; 2 x OCH,CH,)

5 Example 2

- HSCH,CH (OC,H,) , . (Vi )

The preceding thiobenzoyl derivative (V)

10  (17.2 g) was dissolved in 100 ml THF followed by the
addition of 6 g NaOH in 20 ml H,0. The mixture was
refluxed under N, for 15 h, then cooled and diluted with
water (200 ml) and the product extracted with ether (3 x
200 ml). The extract was dried, the solvent removed in

15 vacuo and the residue distilled in vacuo to yield 7.1 g
of pure (VI), b.p. 60-62°/18 mm. It was characterized by
'H NMR §(ppm in CDCl,):

4.51 (t, 1H; CH(OC,H,),)

3.51 (m, 4H; 2 x OCH,CH,)
20 2.65 (ad, 2H; HS-CH,)

1.54 (t, 1H; HS-)

1.23 (t, 6H; 2 x OCH,CH,)

Example 3

Benzovloxvacetaldehyde

25 >
C¢H;COOCH,CHO (VII)

This known intermediate was prepared by a
previously unreported method from the known l-benzoyl
glycerol. Thus, 50 g of the latter in a mixture of

30 500 ml of CH,Cl, and 25 ml of H,0 was treated portionwise
with 80 g of NaIO, under vigorous stirring at room
temperature. After addition, stirring was continued for
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necessary,

formul ations suitable for oral adm nistration may conveniently be present
as discrete units such as capsul es, cagRhets or tablets each containing a
predeterm ned amount of the active |ngred|ent as a powder or granules; as

a sol ution;

10

15

20

25

as a

2 h after which time'loo g of ugso. was added and stirring
continued for 30 min. The mixture was filtered, the
filtrate evaporated in vacuo and the residue distilled
in vacuo to yield 26 g of pure (VII) b.p. 92-94°/0.25 mm.
'H NMR (200 MH,; TMS as internal reference)
§(ppm in CDCl,,):

9.71 (s, 1H:; -CHO)

8.11 (4, ZHE aromatic)

7.60 (m, 1H; aromatic)

7.46 (m,IZH: aromatic)

4.88 (s, 2H; -CH,CHO)

Example 4

: 0
CeHeCOOCHe —Q—oc.u.
_ (XIII)
o Y

The preceding mercaptoacetaldehyde acetal (VI)
(7 g) was mixed in 100 ml of toluene with 7 g of the
above benzoyloxyacetaldehyde (VII), a few crystals of
para-toluene sulfonic acid added and the mixture placed
in an oil-bath at 120° under N,. The formed ethanol was
allowed to distill over, the mixture kept at 120° for an
additional 30 minutes, then cooled and washed with

‘aqueous NaHCO,, dried and evaporated in vacuo. The

residue was distilled in vacuo to yield 9.8 g of pure
(XIII) as a mixture of gis- and trans-isomers, b.p. 140-
143°/0.1 mm; R, 0.51° (hexane-EtOAc);
'H NMR $(ppm in CDCl,):

8.05 (m, 2H; aromatic)

7.57 (m, 1H; aromatic)

7.43 (m, 2H: aromatic)
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with liquid carriers or finely divided solid carriers or both and then, if

shapi ng the product into the desired fornul ati on. Pharnmaceuti cal
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suspensi on; or as an enul sion. The active ingredient may al so be presented
as a bolus, electuary or paste. Tablets and capsul es for oral
adnlnlstratlon may contain conventlonal exci pi ents such as bindi ng agents,
fillers, lubricants, disintegrants, 2@etting agents. The tablets nmay be
coat ed according to net hods wel | knomn in the art. oral liquid preparations
may be in the formof, for exanple aqueous or oily suspensions, solutions,

enul si ons, syrups or gelgigXioy sented as a dry product for
constitution with waterlf,g dt ﬁgr salyéb?’ek@ehi cle before use. Such liquid

preparations may confaP® (m: 2H; C,-C¢H;CO,CH,)
3.80 (m' IH: C2-c‘Hsc°zCHz)

H

5 3.76 (m, 1H; C,~OCHCH,)
3.17 (m, 2H; C.~H,)

1.21 (t, 3H; C,~OCH,CHs)

0

CHCODCH ‘(_oj—”y_\ " (XIV)
5- =

A mixture of 2.7 g of cytosine, 30 ml of
hexamethyldisilazane (HMDS) and 0.3 ml of trimethylsilyl
15 chloride (TMSCl) was heated under reflux under
dry N, until a clear solution resulted (3 hours) and the
excess reagents evaporated in vacuo. The remaining
volatiles were removed under high vacuum (15 min.), the
solid residue taken up in 250 ml of 1, 2~-dichloroethane '
20 and 5 g of the abové_key intermediate (XIII) in 50 ml of
dichlorcethane added under dry argon followed by 4.7 ml
of trimethylsilyl triflate (TMST,). After 3 days of
heating under reflux under argon, it was cooled and
poured onto 300 ml of saturated agqueocus NaHCO,. The
25 organic layer was collected, the aqueous phase extracted
‘ with CH,C1l, (2 X 100 ml) and the combined extracts washed
with water, dried and evaporated in vacuo. The residue
was purified by chromatography on silica gel using
CH,C1,:CH,OH 9:1 as the eluant to give 2.5 g of a pure
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conventional additives such as suspending agents, emnulsifying agents,

non- agueous vehicles (which may include edible oils) or preservatives. The
cdngpounds according to the invention y al so be formulated for parenteral
adm nistration (e.g., by injection, for xanple'bolus i nj ection or
continuous infusion) and may be presented in unit dose formin anpoul es,
pre-filled syringes, small volune infusion or in nulti-dose containers with

~an added preser mixture e gispomd i frEnsE(XIvkeinushl { Drosths asispseerens,
solutions, or ey & Sy ”HOM or ﬁ@‘é@oﬁrﬁe@ega%’teq"Qs the N-acetyl

derivatives as described in the following example.

Example 6

5 is- = = =5-(N,’~

NH  (XV)
l
COCHy

CeHsCOOCH;

The preceding mixture (XIV) (2.5 g) in 100 ml
of dry pyridine containing 0.1 g of 4-dimethylamino-
10 pyridine (DMAP) was treated with acetic anhydride (7 ml)
at room temperature and after 16 hours, the mixture was
- poured onto cold water followed by extraction with CH,Cl,
(3 X 150 ml). The_extract was washed with water, dried,
and evaporated in vacuo. Toluene was added to the
15 residue, then evaporated in vacuo and the residual oil
purified by chromatography on silica gel using
EtOAC:CH,0H 99:1 as the eluant to yield 1.35 g of pure
trans-(Xv) as the fast moving product and 1.20 g of pure
cis-(XV) as the slow moving component. These were
20 characterized hy’fn NMR spectroscopy.

trans-(XvV): m.p. 158-160°; R,: 0.48 EtOAc:CH,OH 95:5
' U.V.: (CH,0H) Lambda max: 297 nm
‘H NMR &(ppm in CDCl,):
9.00 (b, 1H: C,’=-NH-Ac)
25 8.06 (m, 2H; arcmatic)
7.74 (4, 1H; C¢’~H)
7.56 (m, 1H; aromatic)
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may contain fornulatory agents such as suspendi ng, stabilizing and/or

di spersing agents. Alternatively, the active ingredient nmay be in powder
form obtained by aseptic isolation of sterile solid or by |yophilization
from solution, for constitution with a38uitable vehicle, e.g., sterile,
pyrogen-free water, before use. For topical admnistration to the
epiderm s, the conpounds according to the invention nay be fornul ated as
oi ntnents, creans or7.56i dms, 18y aromatdedsdermal patch. G ntnents and

- creans may, for exaaneV_Qa,fQﬁgub?ifﬁﬁ\M th an aqueous or oily base with
7.45 (m, 2H; éromatic)
6.53 (dd, 1H: C,-H)
5 5.89 (44, 1H; C,~H)
4.46 (dd, 2H; C,~CH,0COCH,)
3.66 (dd, 1H; C.-H)
3.32 (d4, 1H; C,~H)
2.25 (s, 3H; NH-COCH,)

10 Cis-(XV): m.p. 150-152°; R,: 0.40 EtOAc:MeOH 95:5)
U.V.: (CH;0H) Lambda max: 297 nm
'H NMR &(ppm in CDCl,):
9.03 (b, 1H:; NH-Ac)
8.21 (d, 1H; C,’-H)
15 - 8.05 (m, 2H; aromatic)
7.60 (m, 1H; aromatic)
7.50 (m, 2H; aromatic)
' 7.29 (d, 1H; C,’-H)
6.34 (dd, 1H:; C.-H)
20 5.52 (dd, 1H; C,-H)
4.80 (dd, 2H; C,~CH,0COCH,)
3.66 (dd, 1H; C,~H)
3.24 (a4, 1H; C.,-H)
2.23 (s, 3H; NH-COCH,)

25

(XVI)
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t*he addition of suitable thickening and/or gelling agents. Lotions may be
formul ated with an aqueous or oily base and will in general also contain
one or nore 12 emul sifying agents, stabilizing agents, dispersing
agents, suspendi ng agents, thickening3agents, or coloring agents.
Fornmul ati ons suitable for topical ' '

a) I:gﬂgf(xvx): 375 mg of the preceding
trans-(XvV) was dissolved in 100 ml of methanolic ammonia
at 24° and'after-stirring for 16 hours, the solvent was
removed in vacuo and the residue crystallized with ether.

5 It was recrystallized'from ethanol-ether to yield 174 mg
of pure product, m. p. >220° (dec). It was characterized
by 'H and *C NMR. _ | '

'H NMR - §(ppm in DMSO=-d,) :
7.57 (4, 1H; C4'-H)
10 7.18 (d, 2H; C,’-NH,)
6.30 (dd, 1H; Cs=H)
5.68 (d, 1H; C,;’-H)
5.48 (t, 1H; C,-H)
_ 5.18 (t, 1H; C,-CH,0H)
15 3.45 (m, 3H; C,~CH,OH + C.H)
3.06 (dd, 1H; C,~H)
U.V.: (CH,O0H) Lambda max: 270 nm
3¢ NMR (DMSO-d,, Varian XL-300); & in ppm:

C,’ C.’ Cs! .. Ce’ Cs C, C; CH,OH
20 154.71 165.70 93.47 140.95 87.77 36.14 86.80 64.71
b) ~ Cis-(XVI): treating 375 mg of cis-(XV) by

the same preceding procedure led to 165 mg of pure
product after recrystallization from ethanol-ether, m.p.
171-173°. It was characterized by 'H and °C NMR.
25 'H NMR: §(ppm in DMSO-d):
7.80 (d, 1H; C¢’-H)
7.20 (4, 2H; C,’-NH,)
6.18 (t, 1H: Cs=H)
5.70 (d, 1H: Ci’=H)
30 5.14 (t, 1H; C,-CH,0H)
3.71 (m, 2H; C,~CH.OH)
3.40 (4d, 1H:; C,~H)
2.99 (dd, 1H; C,~H). .
U.V.: (CH;OH) Lambda max: 270 nm
'35 3¢ NMR §(ppm in DMSO-dq)
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administration in the mouth include | ozenges conprising active ingredient
in a flavored based, usually sucrose and acacia or tragacanth; pastilles
camprising the active ingredient in an_inert base such as gelatin and

- glycerin or sucrose and acaci a; and no8fhwashes conprising the active
ingredient in a suitable liquid carrier. Phar maceutical 'y fornul ations
suitable for rectal admnistration wherein the - carrier is a solid, are nDst
preferably repreeghted as‘unit dase’ suppo.sﬂ tories. Suitgble cagyi era;
oboar orred PbacesnisBlBs" 83186 a&iocammaky joedelaa ety B30 51

_ suppositories

(XVII)

The preceding cis-(XVI) (100 mg) in 30 ml of
ice~cold methanol was treated with 93 mg of meta-chloro-
perbenzoic acid and after stirring for 15 min a white

10 solid separated which was collected and washed with 10 ml
of methanol to give 45 mg of pure sulfoxide isomer a.
The methanol filtrates were evaporated in vacuo and the
solid residue washed with 15 ml of ethanolether (1:1) and
then with 30 ml of ether to give 50 mg of pure sulfoxide
15 isomer h. The isomers were characterized by 'H NMR.

Isomer (XVII)a: m.p.>270°(dec); R,:0.30 (CH,Cl,-MeOH 3:1)
U.V.: (CH,OH) Lambda max: 270 nm
H NMR § (ppm in DMSO-d,):
7.68 (d, 1H; C¢’'-H)
20 7.36 (s, 2H; C,’-NH,)
 6.69 (ad, 1H; Cs-H)
5.76 (d, 1H; Cs’-H)
5.47 (t, 1H; C,-CH,0H)
4.63 (4ad 1H; C,~H)
25 3.88 (m, 1H; C,~CH-OH) -
3.72 (m, 1H; C,~CH-OH)
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may be conveniently fornmed by adm xture of the active conpound with the
softened or nelted carrier(s) followed by chilling and shaping in nolds.
Formul ati ons suitable for vagi nal adm nistrati on nay be presented as
pessari es, tampons, creams, gels, past83, foams or sprays containing in
~addition to the active ingredient, such carriers as are known in the art to
be appropriate. For intra-nasal admnistratian the conpounds of the
invention may be used.3& qadi,quHd €psgy or dispersible powder or in the

form of drops. 3.05 (ad, 1H: C,-H)

isomer (XVII)b: m.p.>220°(dec):; R,:0.32 CH,Cl,:MeOH 3:1
'H NMR § (ppm in DMSO-d,):
5 7.76 (4, 1H; C,’-H)
7.28 (d, 2H; C,’-NH,)
6.66 (dAd, 1H; C,-H)
5.77 (4, 1H; C;’-H)
5.45 (t, 1H; C,-CH,0H)
10 4.64 (t, 1H; C,~H) |
3.77 (t, 2H; C,-CH,OH)
3.65 (dd, 1H; C,~H)
3.17 (44, 1H; C,-H)

15

/CH3

) | NECHN

Hy I CH,4

| |
” o (XVIII)
HO\?ij >HO\§‘C§
S

300 mg of gig-2-hydroxymethyl-5-(cytosin-1/-yl)
1,3-oxathiolane was suspended in 10 ml of N-

20 dimethylformamide dimethyl acetal (m-dihethyl acetal).
The mixture was stirred at room temperature overnight (18
hours). Volatile ﬁa_terial was removed by evaporation
under reduced pressure. The régidue was crystallized in
ethanol-ether. It yielded 345 mg (93%) of pure product.

25 ‘m.p. 162-164°C; R, 0.56 in CH,CI,.KGOK 4:1
U.V.: Lambda max: 325 nn
'H NMR &§(ppm in DMSO-d,):

8.64 (s, 1H, N=CH-N)

lﬂin i
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Dr'ops may be fornulated with an aqueous or non-aqueous base al so conpri sing
one or nore dispersing agents, solubilizing agents or suspendi ng agents.
Liquid sprays are conveniently delivered from pressurized packs. For

adm ni stration by inhalation, the conpd@#ds according to the invention are
conveniently delivered froman insufflator, nebulizer or a pressurized pack
or other convenient neans of delivering an aerosol spray. Pressurized packs
may cgnprl se a sui ta%l.empr(%o’el IHelntcjggtl §s=d|7(.:gl I(-)Irz())dl f | uor onet hane,

6.22 (t, 1H, Cs~H, T = 4.9 Hz)
5.97 (d, 1H, Cs’-H, J = 7.2 Hz)
5.37 (t, 1H, -OH, J = 5.8 Hz, D,0 exchange)
5 5.22 (t, 1H, C,-H, J = 4.4 Hz)
3.77 (t, 2H, C,~CH,0H, J = 4.9 Hz)
3.50 (ad, 1H, C,~H, J = 4.9 and 9.9 H2)
3.17 (s, 3H, =CH,)
3.12 (dd, 1H, C,~H, J = 4.2 and 11.9 Hz)
10 3.04 (s, 3H, -CH,)

(XIX)

HO\{éj >

15 284 mg of cis-2-hydroxymethyl-5-(N, N- _
dimethylamino methylene cytosin-1’-~-yl)-1,3-oxathiolane
was dissolved in 10 ml of dry pyridine and cooled at 0°C
in an ice-bath. 60 ul of succinyl chloride was added via
a syringe. The mixture was stirred overnight (18 hours)

20 and poured into 50 ml of saturated aqueous NaHCO,
solution. The mixture was extracted with methylene

. chloride (3 x 50 ml). The combined CH,Cl, solution was
washed with water (2 x 50 ml) and dried over Mgso,. After
filtration, solvent was removed by evaporation under

25 reduced pressure. The foam residue was dissolved in 10
ml of CH,Cl, containing 5 ml of methanol. 2 ml of 80%
aqueous acetic acid was added and the mixture was stirred
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13 trichl orof | uoronet hane, di chl orotetrafl uoroet hane, carbon di oxi de or
other suitable gas. In the case of a pressurized aerosol, the dosage unit
may be determ ned by providing a valve to deliver a netered anount.
Alternatively, for adm nistration by i88alation or insufflation, the
conpounds according to the invention may take the formof a dry powder

conposition,

10

15

20

| Ci B20
N-——j:[ '\‘jl ; +
“\ ‘ A ' \W
N o 4

for exanple a powder m x of the conpound and

at room temperature overnight. The mixture was
evaporated to dryness. The solid residue was purified on
silica gel using CH,Cl,: MeOH 4:1 as eluant. It yielded
145 mg (54%) of pure product.
m.p. Dec >230°C; R,: 0.23 (in CH,Cl,:MeOH 4:1)
U.V.: (MeOH) Lambda max: 271 nm
H-NMR & (ppm in DMSO=d,)
7.69 (d, 2H, 2 x Cg’~H, J = 7.6 Hz)
7.28 (d, 4H, x NH,, J = 24.9 Hz, D,0 exchange)
6.24 (t, 2H, x C,~H, J = 5.6 Hz2)
5.76 (d, 2H, X C/’=H; J = 7.4 Hz)
5.35 (t, 2H, 2 x C,~H, J = 4.5 Hz)
4.37 (d, 4H, 2 x C,~CH,0~)

N NNV

3.10 (dd4, 2H, 2 x C,~H, J = 5.6 and 11.7 Hz)
2.60 (s, 4H, 2 x -CH,-C~0)

| (XX)

0 B8z0

Cl

1.7 g of 6-chlqropurinq-was heated at reflux in
50 ml of HMDS (hexamethyldisilazane) containing 50 mg of
(NH,) ,SO, (ammonium sulfate) until the solution became
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a- sui tabl e powder base such as | actose or starch. The powder conposition
may be presented in unit dosage formin, for exanple, capsules or
cartridges or e.g., gelatin or blister packs fromwhich the powder may be
adm nistered with the aid of an inhal36or or insufflator. Wen desired, the
above described fornulations adapted to give sustained rel ease of the
active ingredient, nmay be enployed. The pharmaceutical conpositions

according to the invention nmay al so contain other active ingredients such
as antini crobi @-eafeht ShowF) pr cEXFEES| JYRS was removed unde? reauced

pressure. The oily residue was dried under high vacuum
for 1 hour and then dissolved in 100 ml of dry 1,2~
dichloroethane.

L 2.7 g of 2-benzoyloxymethyl-5-ethoxy-1,3~-
oxathiolane (XIII) was dried in a 500 ml round bottom
flask by evaporation twice with 50 ml of benzene and
dissolved in 200 ml of dry 1,2-dichloroethane.

The solution of silylated 6-chloropurine was
10 then transferred into the 1,3-oxathiolane solution
ﬁhrough a canula under argon atmosphere. 11 ml of 1M
TMS-triflate (trimethylsilyl trifluoromethane sulfonate)
was added to the reaction flask. The mixture was heated
at reflux for 5 hours, then cooled to room temperature.
15 The mixture was poured into 300 ml of saturated sodium
bicarbonate solution (NaHCO, solution) while stirring.
The organic layer was collected and the agqueous phase was
extracted with CH,Cl, (2 x 100 ml). The combined organic
phase was washed with water, dried over Mgso,, filtered
20 and evaporated under reduced pressure. The residue was
purified and separated on silica gel using Hexane-ethyl
acetate 7:3 as eluant. It yielded 1.05 g (28%) of the
less polar product, which was identified as alpha- or
trans- isomer as a foam, and 710 mg of lower product as
25 beta- or cig-isomer. Total yield 46.1%; cis:trans ratio
1:1.4

trans-isomer (a-isomer): R,: 0.43 in Hexane:EtOAc 1:1
U.V.: (MeOH) Lambda max: 264.7 nm
H-NMR &§(ppm in CDCl,):
30 8.76 (s, 1H, C,’~H)
8.48 (s, 1H, C,'-H)
8.06 (m, 2H, aromatic)
7.56 (m, 1H, aromatic)
' 7.45 (m, 2H, aromatic)
35 6.90 (dd, 1H, C,~H, J = 5.0 Hz)
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The compounds of the invention may al so be used in conbination wth other
t herapeutic agents, for exanple, other antiinfective agents. In particular
t he conpounds of the invention rmay be enpl oyed together with known
antiviral agents. The invention thus proyides, in a further aspect, a
conmbi nation conprising a conpound of fo la (1) or a physiologically
accept abl e derivative thereof together with another therapeutically active
agent, in particular, an antiviral agent. The conbinations referred to

above may 5.78 (dd, 1H, C,~H, J = 6.0 Hz)
4.56 (m, 2H, C,~CH,0COCH,)
3.74 (m, 2H, C,~H)

gis-isomer (beta-isomer): R,: 0:35 in Hexane:EtOAc: 1:1
S U.V.: (MeOH) Lambda max 264.7 nm
'H-NMR §(ppm in CDCl,):
8.72 (s, 1H, C,’-H)
8.51 (s, 1H, C,’-H)
8.00 (m, 2H, aromatic)
10 7.56 (m, 1H, aromatic)
7.44 (m, 2H, aromatic)
6.61 (t, 1H, Cy-H, T = 4.7 Hz)
5.62 (t, 1H, C,-H, J = 4.9 Hz)
4.69 (m, 2H, C,-CH,0COCH,)
15 3.66 (m, 2H, C,-H)

Example 12

- ) - -y an . .--'— - -

N NH
l«x I N/| o
HO ' '
?0

S

20 533 mg of gis~-2-benzoyloxymethyl-5-(6-
chloropurin-N-9’~-yl)-1,3-oxathiolane was dissolved in 25
ml of methancl. 5 g of sodium hydroxide (NaOH) and 3 ml
of water were added into the solution. The mixture was
heated at reflux for S hours and cooled to room

25 temperature. The solution was then diluted with 100 ml
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conveniently be presented for use in the formof a pharnmaceuti cal
formul ati on and thus pharmaceutical formul ations conprising a conbination
as_defined above together with a pharnmaceutically acceptable carrier
therefor conmprise a further aspect of @lge i nvention. 14 Suitable

t herapeutic agents for use in such conbinations include acyclic nucl eosi des

. such as

of water, neutralized with pyridinium resin and filtered.
The resin residue was washed with 100 ml of methanol.
The combined filtrate was evaporated under reduced
pressure. The residue was purified on silica gel using
5 CH,Cl,:MeOH 4:1 as eluant. It yielded 183 mg (51%) of
pure product, which was identified as inosine derivative.
m.p.: 208-210°C; Ryt 0.27 in EtOAc:MeOH 4:1
U.V.: (MeOH) Lambda max: 246 nm
H-NMR: §&(ppm in DMSO~-d,)
10 12.42 (s, 1H, =-NH, D,0 exchange)
8.36 (s, 1H, Cy’-H)
8.07 (s, 1H, C,’-H)
6.37 (t, 1H, Cs~H, J = 5.1 H2)
5.29 (t, 1H, -OH, J = 6.0 Hz, D,0 exchange)
15 5.24 (t, 1H, C,~H, J = 4.9 Hz)
3.63 (m, 4H, 2H from C,~-H and 2H from CH,-OH)

20 (XXII) 0]

760 mg of uracil was heated at reflux in 30 ml
of HMDS in the presence of 50 mg (NH,),S0, until the
solution became clear. The mixture was evaporated under
reduced pressure. The residue was dried under high

25 vacuum for 1 hour and dissolved in 100 ml of dry 1,2-
dichloroethane.
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aciclovir, ganciclovir, interferons such as al pha-, beta- and

gamma-i nterferon; glucuronation inhibitors such as probenicid; nucl eoside
transport inhibitors such as dipyridanDIe nucl eosi de anal ogues such as
3'"-azido- 2',3'-dideoxythymdine, , 3'3%di deoxycytidine, 2',3'-

di deoxyadenosi ne, 2',3'-dideoxyin05|ne 2',3 - dldeoxythyn1d|ne

2',3" -dideoxy-2', 3" -di dehydro- thym dine, and

s it er a1 (1 L2y okt B GEReR AR AR i g

factor (Gv CSFbxath;ibh.mqeomals drmﬂalhygavandmﬁﬁmdmume with 50 ml of
benzene in a 500 ml round bottom flask and dissolved in
150 ml of dry 1,2-dichloroethane.

5 X .The silyated uracil solution was transferred
into the oxathiolane solution through a canula under
argon atmosphere and 1.5 ml of TMS-Triflate in 20 ml of
1,2-dichloroethane was added. The reaction mixture was
heated at reflux under argon atmosphere for 48 hours,

10 cooled to room temperature and poured into 300 ml of
saturated aqueous NaHCO, solution. The organic 1ayer was
collected. The aqueous phase was extracted twice with
CH,Cl, (2 x 100 ml). The combined organic layer was
washed with water (2 x 200 ml),'once with NaCl solution

15 (1 X 150 ml) and dried over MgsO,. After filtration,
solvent was removed by evaporation in vacuum and the
residue was purified on silica gel using Hexane:EtOAc 1:1
as eluant. It yielded 594 mg (32%) of pure product.

The product was shown as only one spot in the

20 TLC. However the H-NMR spectrum indicated the presence
of two isomers cis:trans in a ratio of 1:1.2 and which
were not separated at this stage.

R;: 0.35 in Hexane:EtoAc 3:7
U.V.: (MeOH) Lambda max: 261 mm
25 H-NMR & (ppm in CDCl,)
8.88 (broad s, 1H, N,’-H)
8.05 (m, 2H, aromatic)
7.71 (d, 1H, C4’-H gis, J = 8.2 Hz2)
7.57 (m, 1H, aromitic)
30 7.45 (m, 3H, aromatic and N,’-H)
6.55 (dd, 1H, C,~H trans, J = 2.4 and 5.4 Hz2)
6.35 (dd, 1H, C;-H ¢is, J = 4.1 and 5.6 Hz)
5.79 (t, 1H, C,-H trans, J = 5.4 Hz)
$.73 (d, 1H, C,’-H trans, J = 8.2 Hz)

35 5.57 (4, 1H, C,’~H ¢ig, T = 8.2 Hz)
5.46 (t, 1H, C,-H gis, J = 3.9 Hz)
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t hynopentin, foscarnet, glycosylation inhibitors such as 2-deoxy-D- gl ucose,
cast anosperm ne, 1-deoxynojirinycin; and inhibitors of HV binding to CD4
receptors such as soluble CD4, CD4 fragnments and CD4- hybrid nol ecul es. The
i ndi vi dual conponents of such conbi nat4@ns may be adninistered either
sequentially or simultaneously in separate or conbi ned pharnmaceuti cal
formul ations. \Wen the conpound of formula (1) or a pharmaceutically
accept abl'e derlvatlve ther&of S ugﬁ i n gnblnatlon with a second
t herapeutic agent actt? H, 20-COC,

4.45 (t, 2H, =-CH,0COC.H)

3.57 (m, 1H, C,~H)
3.17 (m, 1H, C,~H)

5 Exapple 14

- J e\ Lot Bl Nl f- - -

Y

HO 0 (XXIII)

300 mg of a mixture gig- and trang-2

benzoyloxymethyl- S5-(uracil-N-1’-yl)-1,3-oxathiolanes was

10 dissolved in 75 ml of methanolic ammonia. The mixture
was stirred at room temperature overnight. The solution
was evaporated by dryness. The residue was purified and
the two isomers were separated on silica gel using

: EtOAc:MeOH 98:2 as eluant.
15 The top product was isolated as a solid product

and was identified as gis-isomer.

Cig-isomer: m.p. 162-164°C; R,: 0.57 in EtoAc:MeOH 95:5
U.V.: (MeOH) Lambda max: 261.4 nm
H-NMR §(ppm in DMSO-d,): '
20 11.36 (s,1H, N,;’-H)
7.88 (4, 1H, C '-H, J = 8. 1 Hz)
6.18 (t, 1H, C,;-H, J = 4.8 Hz)
5.62 (4, 1H, C,’=-H, J = 8.1 Hz)
5.33 (t, 1H, C,~H, J = 5.7 H2)
25 5.17 (t, 1H, -OH, D,0 exchange) .
3.72 (t, 2H, C,-CH,0H, J = 4.6 Hz)
3.41 (ad, 1H, C,-H, J = 5.7 and 12 Hz)
3.20 (4d, 1H, C,-H, J = 4.6 and 9.9 H2)

- This Sheet Has Been Re

i




agai nst the sane virus, the dose of each conpound may be either the sanme or
differ fromthat when the conpound is used al one. Appropriate doses wll be
readi |y appreciated by those skilled in the art. The conpounds of formula
(1) and their pharmaceutically accept alle derivatives may be prepared by
any nmethod known in the art for the preparati on of conpounds of anal ogous

structure.

10

15

20

25

I n one such process (A) a 1, 3-oxathiolane of fornula (VIII)

BZ 0‘\6
BzO _:n
C)
(XXIVv)  H,C

C

/jCHa
N

Bzo-.(oj,,OEt

1.7 g of thymine was heated at reflux in 50 ml
of HMDS containing 50 mg of (NH,),SO, until the solution
became clear. The mixture was evaporated under reduced
pressure. The residue was dried under high vacuum for 1
hour and dissolved in 150 ml of 1,2-dichloroethane.

3 g of 2-benzoyloxymethyl-5-ethoxy-1,3~
oxathiolane was dried by evaporation twice with 75 ml of
benzene and dissolved in 150 ml of dry 1,2-
dichloroethane.

The silylated thymine solution was transferred
into the oxathiolane through a canula under argon
atmosphere. 3.3 ml of TMS-Triflate (trimethylsilyl-
triflate) in 30 ml of dry 1,2-dichlorcethane was
introduced into the reaction mixture through a canula
under argon atmosphere. The solution was heated at
réflux under argon atmosphere for 36 hours, cooled to
room temperature and poured into 300 ml of saturated
agqueous NaHCO, solution. The organic layer was collected
and the aqueous phasg'was extracted twice with methylene
chloride (2 X 100 ml). The combined organic phase was
washed twice with water (2 X 200 m1), once with NacCl
solution (1 X 150 ml) and dried over MgsO,. The solution

Sheet Has Been Re‘ilaced .
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15 [err] wherein [err] is hydrogen or hydroxyl protecting group as defined
herein and the anoneric group L is a displaceable atom or group, S
reacted with an appropriate base. Suitable groups L include al koxy carbonyl
groups such as ethoxy carbonyl or hal od@ns, for exanple, iodine, bromne or
chlorine or -OR where Ris a substituted or unsubstituted, saturated or
unsat urated al kyl group,

was filtered. The filtrate was evaporated in vacuum. -
The residue was purified on silica gel using Hexane:EtOAc
1:1 as eluant. It yielded 1.3 g (35%) of pure product.
The product was shown as only one spot on TLC
5 but the 'H-NMR spectrum indicated the presence of the two
isomers ¢is and trans in a ratio of 1:1.2.
Re: 0.30 in Hexane:EtOAc 2:3
U.V.: (MeOH) Lambda max: 266 nm
'H-NMR §(ppm in CDCl,):
10 8.60 (broad singlett, N,’-H)
8.06 (m, 2H, aromatic)
7.59 (m, 1H, aromatic)
7.49 (m, 2H, aromatic)
7.38 (4, 1H, C,'-H-gcig, J = 1.3 Hz)
15 7.28 (d, 1H, Cs'-H-trans, J = 1.3 Hz)
6.55 (dd, 1H, C,~-H-trans isomer, J = 3.1 and 5.6 Hz)
6.38 (t, 1H, C,~H-gig isomer, J = 5.5 Hz)
5.78 (dda, 1H, C,~H-trans, J = 4.4 and 6.4 Hz)
5.46 (t, 1H, C,~H -gjig-isomer, J = 4.3 Hz)
20 4.69 (4, 2H, C,-CH,0COCH,, J = 4.2 Hz)
4.45 (m, 2H, C,-CH,0COCH,)
3.58 (m, 1H, C,~H)
3.13 (m, 1H, C,-H)
1.93 (d, 1H, Cs’'-CH,~trans isomer, J = 1.2 H2)
25 1.78 (4, 1H, C,’-CH,~cig isomers, J = 1.2 Hz)

Example 16

- ) an. -y o N ? = - -

9 CH;
L

HOw _O

(XXV)

-‘This Sheet Has Been Replaced
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e.g., a [err] alkyl group such as nethyl, or Ris a substituted or
unsubstituted aliphatic or aromatic acyl group, e.g., a [err] aliphatic
acyl group such as acetyl and an aronmatic acyl group such as benzoyl. The
conpound of formula (VI11) is convenieddy reacted with the appropriate
purine or pyrimdine base [err] (previously silylated with a silylating
~agent such as hexanet hyl di sil azane) in a conpatible solvent such as

met hyl ene chl ori de using #oloewgs ofciad miktutreagilg-t ana Bylagig-ach! ori de or

stanni ¢ chl ori dglngbyh bFethy T -sLiEhimihe -1’~yl)~-1,3-oxathiolanes
(XXIV) was dissolved in 100 ml of saturated methanolic
ammonia. The mixture was stirred at room temperature
5 overnight (18 hours). The mixture was then evaporated to
dryness under reduced pressure. The residue was
separated on silica gel using EtOAc:MeOH 98:2 as eluant.
The less polar product wvas identified as cig-
isomer mp: 167-168°C; R,: 0.66 in EtOAc:MeOH 95:5
10 U.V.: (MeOH) Lambda max: 266 nm
H-NMR &§(ppm in DMSO-d,)
11.38 (s, 1H, N,’-H)
7.73 (4, 1H, C,’-H, J = 1.1 Hz):
6.16 (t, 1H, Cs~H, J = 5.5 Hz)
15 5.31 (t, 1H, C,~H, J = 5.9 Hz)
5.14 (t, 1H, OH, D,0 exchange)
3.70 (t, 2H, C,~CH,0H, J = 5.1 Hz)
3.36 (d4, 1H, C,-H, J = 5.7 and 1.7 Hz)
3.16 (44, 1H, C,-H, J = 5.5 and 11.7 Hz)
20 1.75 (4, 3H, C;’=CH,, J = 1.7 Hz) '

Example 17

Tablet Formulatjons
A. The following formulation is prepared by wet

granulation of the ingredients with a solution of

25 povidone in water, drying and scteening, followed by
addition of magnesium stearate and compression.

| ng/tablet
(a) Active ingredient 250
(b) Lactose B.P. 210
30 (c) Povidone B.P. | 15
(d) Sodium Starch Glycollate - 20
(e) Magnesium Stearate o 5
500
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The 1, 3-oxat hi ol anes of formula (M I1) nmay be prepared, for exanple, by
reaction of an al dehyde of formula (VI1) wth a nercaptoacetal of formla
(VI) in a compatible organic solvent, such an toluene, in the presence of
an acid catal yst such an a para- toluene 44yl fonic acid or a Lew s acid,
e.g., zinc chloride. [err] 16

B. The following formulation is prepared by direct
compression:; the lactose is of the direct compression

type.
mg/tablet
5 Active ingredient 250
Lactose 145
Avicel 100
Magnesium Stearate ]
10 500

C. (Controlled Release Formulation) The formulation is
prepared by wet granulation of the ingredients (below)
with a solution of povidone in water, drying and
screening followed by the addition of magnesium stearate

15 and compression.
- : ma/tablet
(a) Active ingredient 500
(b) Hydroxypropylemethylcellulose 112
(Methocel K4M Premium)
20 (c) Lactose B.P. 53
(d) Povidone B.P. 28
(e) Magnesium Stearate 7
700

25 Example 18
Capsule Formulation
A capsule formulation is prepared by admixing
the ingredients below and filling into a two-part hard

gelatin capsule.

This Sheet Has Been Re ﬂ
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The mercaptoacetals of forrmula (VI) may be prepared by nethods known in the
art, for exanple, G Hesse and |I. Jorder, "Mercaptoacetal dehyde and
diroxy-1, 4-dithiane", Chem Ber, 85, pp 5924-932 (1952). The al dehydes of
formula (VI1) may be prepared by netho known in the art, for exanple,
E.G Halloquist and H Hi bbert, "Studies on reactions relating to

car bohydrat es and pol ysacchari des. Part XLIV: Synthesis of isoneric
bicyclic acetal ethers", Can. J. Research, 8, pp. 129-136 (Ra43Psule,
second process (B) a conpaound, of fornu ) [err] wherein R2.is a purine
~or pyrinidine base othertﬁﬁﬁ?%ﬁn{RQFEA{Eé%onverted to a co d of
formula (1) by base intenagaggégon. Such interconversion may Pf gffected
ei ther by sinple *

Avicel 50
5 Magnesium Stearate 2.5
250
Example 19
Injectable F lati
10 Active ingredient 0.200 g

Sodium hydroxide solution, 0.1M g.s. to a pH of about 11.
Sterile water g.s. to 10 ml.
The active ingredient is suspended in some of
the.water (which may be warmed) and the pH adjusted to
15 about 11 with a solution of sodium hydroxide. The batch
is then made up to volume and filtered through a
sterilizing grade membrane filter into a sterile 10 ml

glass vial and sealed with sterile closures and overseas.

Example 20
20 suppository
ng/suppository
Active ingredient . 250
Hard Fat, B.P. 1770
25 2020
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chenical transformation (e.g., the conversion of uracil base to cytosine)
or by an enzymatic conversion using, for exanple, a deoxyribosyl
transferase: Such nethods and conditions for base interconversions are well
known in the art of nucleoside chenmistdf In a third process (C) the
conpounds of formula (1) may be prepared by the reaction of a conmpound of
formula (I X) [err] [err] with a conmpound of fornula (X) [err]

' One-fifth of the hard fat is melted in a steam-

jacketed pan at 45°C maximum. The active 1ngredient is
sifted through a 200 um sieve and added to the molten
base wiih mixing, using a high shear stirrer, until a

5 smooth dispersion is achieved. Haintéining the mixture
at 45°C, the remaining hard fat is added to the
suspension and stirred to ensure a homogenous mix. The
entire suspension is passed through a 250 um stainless
steel screen and, with continuous stirring, is allowed to

10 cool to 40°C. At a temperature of 38°C to 40°C, 2.02 g
of the mixture is filled into'suitable, 2 ml plastic
molds. The suppositories are allowed to cool to room
temperature.
Example 21

15 Antiviral Activity
| In vitro testing was conducted on several of
the compounds of this invention to determine their
inhibitory properties. The results'are shown in Tables 1
and 2. The concentrations reported are ug/ml in the

20 incubation media which affect the susceptibility of a
continuous line of T-cells developed at the Lady Davis
Institute for Medical Research (Montreal) by Dr. Mark A.
Wainberg toward infection by HIV-1 following.a protocol
similar to that of H. Mitsuya.and S. Broder, "Inhibition

25 of the in vitro infectivity and cytopathic effect of
human T-lymphotropic virus type III/lymphadenopathy-
associated virué (HTLV-III/LAV) by 2/3’-dideoxy-

Sheet Has Been Reilaced
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17 where P is a protecting group, followed by renoval of the protecting
group. The conpounds of forrmula (1 X) nmay be prepared for reaction by a
sui tabl e epoxide (XI). H2ZN (XI) with an appropriate sul phur-containing
conpound, e.g., sodiumthioacetate. Cogpounds of fornula (XI) are either
known in the art or nmay be obtai ned by anal ogous

nucleosides”, 2IQQ;_HQLL;_AEQQ;_EQi;_HSA, 83, pp. 1911-15
(1986). Protection of the cell line from infection was

monitored by staining with monoclonal antibodies against
viral proteins in the standard manner (Table 1). In all
5 experiments, comparisons were made with the drug AZT as
the control. In order to confirm'the results, the drug
effects were monitored by measuring reverse transcriptase
(RT) activity in the U-937 line of human monocytic cells
as assayed in the usual manner with tritiated thymidine
10 triphosphate (TTP) (Table 2). Finally, the drug effects
| on cell viability as measured by the well-know cytolytic
effects of HIV-1 on the MT-4 cell line was.evaluated in
the accepted manner (Table 1).
I .-! .
15 No toxic effects were observed in the above
tests.

_ Iable 1
Inhibition of HIV-1 product by compounds
of formula (I) in MT-4 cells

20 a) viable cell counts (6 days in culture) using 2 pg/ml
of compound ' -
Compound _Cell Viability &
no drug o 6.47
AZT © 88.6
25 cis-XvIi : 87.4
trans-xXvi e 24
cis-XVII(b) : -_ 14
cis-XxXVv : : o 11
cis-XXI : - 18
30 | cig-XXIII e 14
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processes. In a fourth process (D) a conpound of formula (XI1) [err] may be
converted to a conpound of fornmulae (1) or (Il1) by conversion of the
anoneric NH2 group to the required base by nethods well known in the art of
nucl eosi de chenmistry. Many of ‘the reacdsons descri bed herei nabove have been
extensively reported in the context of purine nucleoside synthesis, for
exanpl e, in "Nucl eoside Anal ogues - Chenistry, - Biol ogy and Medi cal
Applications", _
: ' b) P=-24 immunofluorescence

Time in Culture $ Immunofluorescent Cells
(Days) No Drua  ~2ua/ml AZT ~  2ud/ml cis-XVI
3 5.9 1.0 1.0
5 6 99 1.0 7.6

c) Reverse transcriptase assay
Time in Culture RT Activity (CPM X 1000)/ml

_(Days)  No Drug  2ug/ml AZT  2ug/ml cis~-XVI

10 3 " 36.43 1.564 2.381
6 339.0 1.748 2.301
Table 2
Inhibition of HIV-1 production by compounds of
15 formula (I) in H-9 cells
Reverse transcriptése assay
Time in Culture RT Activity (CPM X 1000)/ml

(Days) NoDrug 2ug/ml AZT  2ug/ml cis=XVI

5 9.117 3.346 3.077
20 8 438.5 3.414 5.853
11 2550 2.918 ' 3.560
14 2002 8.320 2.872
17 584.5 2.997 2.399
21 365.2 . 3.111 2.907
25 25 436.4 | 15.88 4.020
29 92.38 32.08 3.756
33 1111 612.2 3.803
37 32.28 878.2 4.193
41 384.4 994.0 4.515
30 45 33.64 32.91 3.441
is Sheet Has Been Re; laced




R*T. Wal ker et al., Eds, Plenum Press, New York (1979) at pages 193-223,
the text of which is incorporated by reference herein. It 'wll be - -.. .
appreci ated that the above reactions may require the use Ofﬂﬁ?@mt s Bo

. en

conveniently may be applied to, starting materials having pr _ laced
functional groups, and deprotection might thus be 18 mm ,IH””,”,I
- 49

"CLAIMS:

1. A 1,3-oxathiolane of formula (I), the
5 geometric and optical isomers thereof, and mixtures of

those isomers:
| 0
R,0C Hz—g__)_Rz (1)
10 wherein:

R, is hydrogen;
R, is a purine or pyrimidine base or an analogue

or derivative thereof:; _
Z is selected from a group consisting of S, S=0

15 or S0,; and
' pharmaceutically acceptable derivatives thereof.

2. A compound of formula (I) as defined in
claim 1 in the form of its gig_isomer.

20 3. A compound of formula (I) as defined in
claim 1 or claim 2 wherein Z is S.

4. A compound of]formula {(I) as defined in
any one of claims 1 to 3 wherein R, is selected from:

o gL
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required as an internediate or final step to yield the desiredT UiasiBeen Replaced
Protection and deprotection of functional groups nay be effecte
conventional neans. Thus, for exanple, am no groups nay be prot
group selected fromaral kyl (e.g., benzylb, acyl or aryl (e.g.,
2, 4-di ni trophenyl ); subsequent renoval of the protecting group being
. effected when desired by hjaFolysis or hydrogenol ysis as approprha{e usi ng
standard conditions. Hydrox groups may be pratected using any
conventional hydroxyl prote group, for s descr
"Protective Goups in OgaMc
P X

NHa Ru K,, NHz
7 — N7 N\
| 1] [ >
N WNT N N N
l l
o Re c R,
WN N\ N7 N\ z Ny
| | I
Hz“ N ' Mﬂkn l x)\ﬂ
Y
o
D
) X

wherein:

R, is selected from the group of hydrogen or C,_,
alkyl groups; _

R, and R, are independently selected from the

5 group of hydrogen, hydroxymethyl, trifluoromethyl,

substituted or unsubstituted, saturated or unsaturated
C,.s alkyl, bromine, chlorine, fluorine, or iodine:;

R, is selected from the group of hydrogen, cyano,
carboxy, ethoxycarbonyl, carbamoyl, or thiocarbamoyl: and

T e L o mos x



Chenmistry", Ed. J.F.W MOQrie (PlenumPress, 1973) or "Protective Goups in
Organi c Synthesis" by Theodora W G eene (John Wl ey and Sofigs Shds 839 Been Re; 1aced
Exanpl es of suitable hydroxyl protecting groups include grou
fromal kyl (e.g., nethyl, t-butyl or nethoxynethyl), aralkyl TEM malﬂ II
di phenyl net hyl or triphenyl nethyl), heteFUcycIic”groups such
~tetrahydropyranyl, acyl, (e.g., acetyl or benzoyl) and silyl groups such as
~trialkylsilyl (e.g., t-butyldinethylsilyl). The hydroxyl protecting groups
may be renpved by conventX cared lemmenﬁmeﬁléﬁﬁaﬂ&o@'Mgroup
silyl, acyl and of hydrogen, bromine, chlorine, fluorine, iodine, amino

or hydroxyl groups.

5. A compound according to any one of
5 claims 1 to 4 wherein R, is |
N HR;

P Ry

A

wherein R, is selected from the group of hydrogen or C,.
alkyl groups and R, is selected from the group of
hydrogen, hydroxymethyl, trifluoromethyl, substituted or
unsubstituted, saturated or unsaturated ¢, , alkyl,

10 bromine, chlorine, fluorine, or iodine.

6. A compound selected from the group
consistlnq of:
gig-z-hydroxynethyl-s-(cytosin-l'-yl)-1 3~
oxathiolane, trans-2-hydroxymethyl-S-(cytosin-1’/-yl)-
15 1,3-oxathiolane, and mixtures thereof;
Cig-2-benzoyloxymethyl-5-~(cytosin=1/-yl)~1,3~
oxathiolane, trans-2-benzoyloxymethyl-5-(cytosin=1’-yl)-
1,3-oxathiolane, and mixtures thereof:
Cis-2-hydroxymethyl-5-(N,’-acetyl-cytosin=-1/-yl)-
20 1,3-oxathiolane, trans-2-hydroxymethyl-5-(N,’-acetyl-
cytosin-1’-yl)~-1,3-oxathioclane, :and mixtures thereof:;
Cis-2-benzoyloxymethyl=-5~(N,’-acetyl~cytosin-1’~
yl)~-1,3-oxathiolane, trans-2-benzoyloxymethyl=5-=(N,’-
acetyl-cytosin—l'—yl)-1,3-oxathib1anc, and mixtures
25 thereof; and )
Cig-2-hydroxymethyl-5-(cytosin-1’-yl)~-3-oxo~-1,3-
oxathiolane;
Cigs-2-hydroxymethyl-5-(N-dimethylamino-methylene

HII\Il\ I |||\| |\I\| l\ \IIl



het er ocyclic groups may be renoved by sol volysis, e.g., by hydrolysis-under -
acidic or basic conditions. Aral kyl groups such as triphenyl net hyl

simlarly be renoved by solvolysis, e.g., by hydrolysis undefh cen Replaced
conditions. Aral kyl groups such as benzyl may be cl eaved, forl ) Hl”ll
treatment with BF/ etherate and acetic angydride followed by r

acetate groups so forned at an appropriafe stage in the synthesis. Silyl
groups may al so conveniently be renoved using a source of fluoride ions

such as tetra-n-BYEgBaRNDArYikd rLudrP¥athiglane: above processes the
conpounds of Bis-Cis~2-succinyloxymethyl-5-(cytosin=1’~yl)-
1,3-oxathioiane: S
Cis-2-benzoyloxymethyl=-5=-(6’-chloropurin-N-9‘-

5  yl)-1,3-oxathiolane; ;;ana-z-bénzoyloxymethyl-s-(6'-
chloropurin-N-9/-yl) -1, 3-oxathiolane, and mixtures
thereof:

Cis-2-hydroxymethyl-5=-(6’~hydroxypurin-N-9/-yl) -
1,3-oxathioclane;

10 Cis-2-benzoyloxymethyl-5-(uracil=N=1’-yl)-1,3~
oxathiolane, ;;;ng-z-benzoyloxynethyl-s-(uracil-N—l'-yl)-
1,3-oxathiolane, and mixtures thereof:;

Cis-2-hydroxymethyl-5-(uracil-N-1’-yl)~-1,3-
oxathiolane;

15 ¢Cig-2-benzoyloxymethyl-S-(thymin-N-1’-yl)-1,3~
oxathiolane, trang-2-benzoyloxymethyl-5-(thymin-N-1’-yl)-
1,3-oxathiolane, and mixtures thereof;

Cig-2-hydroxymethyl-5-(thymin-N-1’-yl)-1,3-
oxathiolane:

20 and pharmaceutically acceptablc-dcrivatives thereof in
the form of a racemic mixture or single enantiomer.

7. Cis - 2-hydroxymethyl-5-(cytosin-1’-yl)-
1,3-oxathiolane, and pharmaceutically acceptable
derivatives thereof.

- 25 8. A compound acédrdinq to any one of
claims 1 to 7 in the form of a racemic mixture.

9. A compound according to any one of
claims 1 to 7 substantially in the form of a single
enantiomer.

30 10. A compound of formula (I) as defined in
any one of claims 1 to 9 or a pharmaceutically acceptable

T+ ¢ L K 5 %



fdrnula (1) are generally obtained as a nixture of the CIS and trans"w
| soners. 19 These isoners nmay be separated, for

ex
e.g., wWith acetic anhydride followed by separation by phy5|cal
chromat ography on silica gel and deacetylation, e.g., with neth

- ammoni a or by fractional crystallization53

eerReplaced

derivative thereof for use as an active therapeutic
agent.

11. A compound of formula (I) as defined
in any one of claims 1 to 9 or a pharmaceutically
5 acceptable derivative thereof for use in the manufacture
' of a medicament for the treatment of a viral infection.

12. A pharmaceutical formulation comprising
a compound of formula (I) as defined in any one of clainms
1-9 or a pharmaceutically acceptable derivative thereof
10 together with a pharmaceutically acceptable carrier
therefor.

13. A pharmaceutical formulation according
to claim 12 additionally comprising a further therapeutic
agent.

15 14, A 1,3-oxathioclane of formula (VIII),
the geometric and optical isomers thereof, and mixtures

of those isomers:
RO 0o
Y 7’“'— (VIII)
Z
wherein:

20 R, is hydrogen or a hydroxyl protecting group; and
L is an alkoxy carbonyi group, iodine, bromine,
chlorine or -OR where R is selected from the group
consisting of a substituted or unsubstituted, saturated
or unsaturated alkyl group and a substituted or
25 unsubstituted, saturated or unsaturated aliphatic or
aromatic acyl group. :

L



Pkhar maceutical |y acceptable salts of the conmpounds of the invention.may_he.
prepared as described in United States Patent No. 4,383,114, the disclosure

of. which is incorporated by reference herein. Thus, for i s
désired to prepare an acid addition salt of a conpound of m l he
product of any of the above procedures nﬁx be converted in

t

treatnment of the resulting free base w a suitable acid using
- conventional methods. Pharnmaceutically acceptable acid addition salts may
be- prepared by reacting the free base with an appropriate acid optionally

I n the presence - 15. The ester of formula (IV) the geometric
and optical isomers thereof, and mixtures of those
isomers:

/,/(> 2
CHp~CH
l Z (IV)
7V _ _
J

5 wherein:. o o

W is PO,~, SPO,, or -o-é-(cag,-é-o- where n is an
integer of 1 to 10; _

J is any nucleoside or nucleoside analog or

derivative thereof:;

10 Z is S, S=0, or S80,; and _

_ R, is a purine or pyrimidine base or analogue or

derivative thererof.

- 16. A compound according to claim 15
wherein J is:

-cw-gb—taz |

':17. A process for the preparation of a
compound of formula (I)

R,OC Hz_g-o_j_nz | .

wherein R, i§ hydrogen;

15
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. prepared fromother salts, including ott

of a suitable solvent such as an ester (e.g., ethyl acetate) or an al cohol
(e.g., nethanol, ethanol or isopropanol). Inorganic bamt:fmyg@nﬂa dmRehmm
prepared by reactlng the free base with a suitable base suc
(e.g., sodium nethoxide) optionally in the presence of a so
al cohol (e.g., nethanol). Pharnmaceuti cal g acceptabl e salts a s
pharmaceutical ly acceptable
~salts, of the conpounds. of formula (1) using conventional methods. A
'conpound of formula (1) nBy i & @EurEinedr pyr1m1d1ne base or an analogue

or derivative thereof;
z is S, S=0 or S0,; and
pharmaceutically acéeptable derivatives thereof,
5 which comprises:
‘(a) reaction of a compound of formula (VIII)

10 0 |
\l<f/ ;ruL. (VIII)
Z

wherein R, is hydrogen or a hydroxyl protecting group and
L is a displaceable atom or a group with a base R,~H
10 group; o

(b) base interconversion of one compound of
formula (I) into another compound of formula (I):
(c)reaction of a compound of formula (IX)

HO_ Ry
(IX)
HZ
15 with a compound of formula (X)
PO
(X)
CHO

wherein P is a protecting group; or
(a) conversion of a compound of formula (XII)

|III||I| [ III|| l|||| || IIII



|nto a pharnmaceutical ly acceptabl e phosphate or other ester by reaction _
with a phosphorylating agent, such as [err], or a sui tabl e esterifying
agent, such as an acid halide or anhydride, as appropriate. mmmBﬁRﬁced -

salt of a conpound of formula (1) may be converted to the pa
for. exanpl e, by hydrolysis. \Were the cog%gund of formula (Iiﬂ'ﬂ"ﬂ i H
asingle.isomer it may be obtained eithe y resolution of t
product or by stereospeC|f|c :

ROy O Hy

(XII)

5 to a compound'of formula (I)
and if necessary or desired subjecting the
compound resulting from any of steps (a) to (d) to one or
two further reactions comprising:
(i) removing any protecting groups:;
10 (ii)‘converting a compound of formula (I) or a
salt thereof into a pharmaceutically acceptable salt
thereof. | -

~ 18. A process as defined in claim 17
15 wherein the compound of formula (I) is obtained in the
form of its cis isomer.

.'19. A process according to claim 17 or
claim 18 wherein 2 is S.

20 " 20. A process according to any one of
claims 17 to 19 wherein R, is:

unR,__
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I nf er medi at of the final product, or an internediate or
starting re may be effected by any suitable nethod known in
the art: see or exarrpl e, Stereochem stry 2f Car bon Conpounds, by E.L.

ol vi ng Agents, b)ml%. H WIlen.

20 synt he%ssﬁemeﬁtﬂEi‘il |1y pure starting material or any conveni ent

Eli el (I\/bGr aw H Il, 1962) . and Tabl es of
The i nvention will" "beQurt her described

N7

5 wherein:

Ry is selected from the group of hydrogen,
trifluoromethyl or saturated or unsaturated C, , alkyl

groups;

R, and R; are independeritiy selected from the

10 group of hydrogen, hydroxymethyl,' trifluoromethyl,
substituted or unsubstituted, saturated or unsaturated C,.
¢ alkyl, bromine, chlorine, fluorine, or iodine;

' R, is selected from the group of hydrogen, cyano,

carboxy, ethoxycarbonyl, carbamoyl, or thiocarbamoyl; and

15 X and Y are independently selected from the group
of hydrogen, bromine, chlorine, fluorine, iodine, amino
or hydroxyl groups.

IIIIIIII IIIIII IIIII IIIII II |III



v

the foll ow ng exanples which are not intended to limt the invention-in any
way. All tenperatures are in degrees cel sius. EXAI\/P E% rag:gegn elaced

2-(benzoyl thi o) acetal dehyde diethylacetal [err] To a tassi um
~t-butoxide (11.5 g. 0.11 nol) in DWP (100 m ) was add aC|d
(17 g. 0.11 nol) and the solution partlalég evaporate zene

~added in two consecutive

21. A process according to any of claims 17
to 19 wherein R, is: NHRy

5 wherein R; is selected from the group of hydrogen,
trifluoromethyl or saturated or unsaturated C,, alkyl
groups and R, is selected from the group of hydrogen,
hydroxymethyl, trifluoromethyl, substituted or

- unsubstituted, saturated or unsaturated C,, alkyl,
10 bromine, chlorine, fluorine, or iodine.

+22. 'A process according to any one of
claims 17 to 21 wherein the compound of formula (I) is
selected from:

15 Cis-2~hydroxymethyl-5-(cytosin-1'-yl)-1,3~
oxathiolane, trans-2-hydroxymethyl-5-(cytosin-1'~-yl)-
1,3~oxathiolane, and mixtures thereof:

Cis-2-benzoyloxymethyl-5-(cytosin-1'-yl)-1,3-
oxathiolane, trans-2-benzoyloxymethyl-S5-(cytosin-1'-yl)-

20 1,3-oxathiolane, and mixtures thereof;

Cis~-2~-hydroxymethyl-5-(N,'~-acetyl-cytosin-1'-yl)-
1,3-oxathiolane, trans-2-hydroxymethyl-5-(N,'-acetyl-
cytosin-1'-yl)-1,3-oxathiolane, and mixtures thereof;

Cig-2-benzoyloxymethyl-5~-(N,'-acetyl~cytosin-1'~

25 yl)-1,3-oxathiolane, trans-2-benzoyloxymethyl-S5-(N,'~-
acetyl-cytosin-1'-yl)-1,3-oxathiolane, and mixtures
thereof; and _

Cis~2~hydroxymethyl-5-(cytosin-1'-yl)-3-oxo~1,3-
oxathiolane;

30 Cig-2-hydroxymethyl~5-(N-dimethylamino-methylene
cytosin-1'-yl)-1,3-oxathiolane;

Bis~-Cig-2-succinyloxymethyl-5-(cytosin-1'-yl)~-
1,3-oxathiolane;
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portions (2 x 30 nl) and evaporated in vacuo each time. To the residual DV
sof ution was added bronpacetal dehyde diethyl acetal (I8 .SBeefHasBech R¥pthded AN

thhe m xture stirred at [err] for 15 h. After cooring, onto
water (500 ml), the product extracted with ether (3 x Hﬁ[ﬂﬂﬂ’extract
-washed w th aqueous [err] followed by mati%, then drie vent
renoved i n vacuo. The residue was distill I n vacuo to glve 17.2 g. of
pure (V), b.p. [err] mm It was characterized by [err]: 7.97 (d, 2H

aromatic) Cis-2-benzoyloxymethyl-5-(6'-chloropurin-N-9'-
yl)=-1,3-oxathiolane; trans-2-benzoyloxymethyl-5-(6'-
chloropurin-N-9'-yl)-1,3~oxathiolane, and mixtures
thereof; | .
5 Cig-~2-hydroxymethyl-5-(6"'-hydroxypurin-N-9'~-yl)-
1,3-oxathiolane; '
Cig-2-benzoyloxymethyl-5-(uracil-N-1'-yl)-1,3-
oxathiolane, trans-2-benzoyloxymethyl-5-(uracil-N-1'-yl)-
1,3-oxathiolane, and mixtures thereof:;
10 Q;g-z-hydroxymethyl-s-(uraczl-N—l'-yl)-1 3~
oxathiolane;
Cis-2-benzoyloxymethyl-S-(thymin-N-1'-yl)~-1,3-
oxathiolane; trans-2-benzoyloxymethyl-5-(thymin-N-1?~yl)-
1,3-oxathiolane, and mixtures thereof;
15 gi§42-hydroxymethy1-5—(thymin—N-l'-yl)-1,3-
oxathiolane;
and pharmaceutically'acceptable derivatives thereof in
the form of a racemic mixture or single enantiomer.

20 23. A process according to any one of
claims 17 to 21 wherein the compound of formula (I) is
Cig-2-hydroxymethyl-5~(cytosin-1'-yl) -1, 3-oxathiolane,
and pharmaceutically acceptable derivatives thereof.

25 24. A process according to any one of
claims 17 to 23 wherein the compound of formula (I) is

obtained in the form of a racemic mixture.

25. A process according to any one of

30 claims 1 to 7 wherein the compound of formula (I) is
obtained substantially in the form of a single
enantiomer.

26. A process according to any one of
35 claims 17 to 25 wherein in step (a) the group L is
selected from a group consisting of alkoxy carbonyl,

"« €C L M 5 x



7.47 (m 3H, aromatic) 21 [err] Exanple 2 Mercaptoacet al dehyde

diet hyl acet al

[err] The preceding benzoylthio derivative (V) (17.2 g) was

dt§solved in 100 M THF foll owed by the

10

60

iodine, bronine,'chlorine or -OR,-wﬁere R is a
substituted or unsubstituted, saturated or unsaturated
alkyl gronp'or R is a substituted or unsubstituted
aliphatic or aromatic acyl group.

- 27. Alprocess according to any one of
claims 17 to 26 wherein step (a) the compound of formula
(VIII) is reacted with a silylated purine or pyrimidine
base in a compatible solvent in the presence of a Lewis
acid or trimethylsilyltriflate.

28. A method for the preparation of a
pharmaceutical formulation comprising admixing a compound
of formula (I) as defined in claim 17 or a
pharmaceutically acceptable derivative thereof with a
pharmaceutically acceptable ca:rier therefor.
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agddition of 6 g NaOH in 20 mM [err]. The m xture was refluxed under [err]

aior_15 h, then cooled and diluted with water (200 m) and the product

. exXtracted with ether (3 x 200 m). The extract was dried, the solvent

rénmoved in vacuo and the residue distilled in vacuo to yleld 7.1 g of pure

(VI), b.p. [err] mm It was characterized by [err]: 4.51 (t, 1H [err])
3.51 (m 4H 2 .x [err]) .2.65 {(dd, 2H [err]) 1.54 (t, 1H T[err])

Disclosed are compounds of the formula

: | 0
Z

10 wherein R, is hydrogen;
R, is a purine or pyrimidine base or an analogue
or derivative thereof; |
Z is 8, S=0 or SO,; and
pharmaceutically acceptable derivatives thereof.
15 Also described are use of the compounds as
antiviral agents, pharmaceutical formulations, and
methods for”thé-preparation of the compounds.

3 ..rk“\-_
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1.23 (t, 6H, 2 x [err]) Benzoyl oxyacet al dehyde [err] This known
i ntermedi ate was prepared by a previously unreported method fromthe known

1- benzoyl ‘glycerol. Thus, 50 g of the latter in a mxture of 500 m of
[erry and 25 m of [erf] was treated portionwise with 80 g of [err] under
vigorous stirring at roomtenperature. After addition, stirring was
continued for .
" ACH sG EPLACEMENT SHEETS  SG
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SUBSTITUTED-1,3-OXATHIOLANES
WITH ANTIVIRAL PROPERTIES

" The present invention relates to novel
substituted 1,3-oxathiolane cyclic compounds having
5 pharmacological activity, to processes for and inter-
mediates of use in their preparation, to pharmaceutical
compositions containing them, and to the use of these
compounds in the antiviral treatment of mammals.»
Retroviral infections are a serious éause of

10 disease, most notably, the acquired immunodeficiency
syndrome (AIDS). The human iﬁmunodeficiency virus (HIV)
has been recognized as the etiologic agent of AIDS and
compounds having an inhibitory effect against HIV
multiplication have been actively sought.

15 ' Mitsuya et al., #3’/-Azido-3’-deoxythymidine
(BW A509U): An antiviral agent that inhibits the
infectivity and cytopathic effect of human T-lymphotropic
virus type III/lymphadenopathy-associated virus in

20 (1985), refers to a compound of formula (A) (3’-azido-

2’3’=dideoxythymidine), commonly referred to as AZT.
This compound is said to be useful in providing some
protection for AIDS carriers against-the cytopathogenic
effect of immunodeficiency virus (HIV).
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22 2«h after which tinme 100 g of [err] was added and stirring * continued
for 30 mn.. The mxture was filtered, the filtrate evaporated in vacuo and
t he re5|due distilled in vacuo to y|eId 26 g of pure (VII) b.p. [err] mm
[errT NVR (200 [err]; TMS as internal reference) [err](ppmin [err]): 9.71
(s, 1H;, [err]) 8.11 (d, 2H, aromatic) 7.69 (m 1H, aromatic)

0O
N (A)

HO'

N3 . *

Mitsuya et al., “Inhibition of the in vitro
infectivity and cytopathic effect of human T-lympho-
trophic virus type III/lymphadenopathy-associated virus

5 . (HTLV-III/IAV) by 2’3’-~dideoxynucleosides”, Proc. Natl.

Acad. Sci. U.S.A., 86, pp. 1911-15 (1986), have also

referred to a group of 2/,3’~ dideoxynucleosides shown in
formula (B) which are said to possess protective activity
against HIV-induced cytopathogenicity.

NH,
N 7

O‘L\N !

10 | | | (8)

HO

Balzarini et al., "potent and selective anti-
HTLV-IIXI/LAV activity of 2/,3’-dideoxycytidinene, the
' 2’,3’-unsaturated derivative of 2',3'-d1deoxycyt1dine"

Biochem. Biophys. Res. Comm., 140, pp. 735-42 (1986),

15 refer to an upsa_turated analogue of these nucleosides--
2/37-dideoxy-cytidine, shown in formula (C)--as being
characterized by antiretroviral activity.

This is the replacement sheet
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7.46 (m2H, aromatic) 4.88 (s, 2H, [err] Exanple 4
2- Benzoyl oxynet hyl - 5- et hoxy- 1, 3-oxat hi ol ane [err] The precedi ng
mer capt oacet al dehyde acetal (VI) (7 g) was mixed in 100 m of toluene with
7 g of- the above benzoyl oxyacet al dehyde (VII), a few crystals of
par a-tol uene sul fonic acid added and the m xture placed in an oil-bath at
[err] under [err]. The formed ethanol was allowed to distill over, the
m xture kept at [err] for an
' NH,

Y
OJ\ﬂ
: ' (©)
. HO ' ,
Baba et al., ”Both 27,3’-dideoxythymidine and
its'z',3'-unsatura§ed derivative (2’,3’-dideoxy-

thymidinene) are potent and selective inhibitors of human
5 immunodeficiency virus replication in vitro~, oc .

Biophys. Res. Comm,, 142, pp. 128~34 (1987), refer to

the 2/,3’-unsaturated analogue shown in formula (D) of

2’ ,3’=-dideoxythymidine. This'analogue is purported to be
a potent selective inhibitor of HIV replication.

o

HN I CHs

OJ\N
10 | ' (D)

Ho

Analogues of AZT known as 3’-azido-2’, 3/~
dideoxyuridine shown in formula (E), where Y is bromine
or iodine, have been said to have an inhibitory activity
against Moloney murine leukemia in T.S. Lin et al.,

15 #Synthesis and antiviral activity of various 3/-azido, 3’
T amino, 2’,3’/-unsaturated and 2/,3’~ dideoxy analogues of
pyrimidine, deoxyribonucleosides against retroviruses”,

J. Med, Chem., 30, pp. 440-41 (1987). :
This is the réplacement sheet
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additional 30 minutes, then cooled and washed with aqueous [err], dried and
evaporated in vacuo. The residue was distilled in vacuo to yield 9.8 g of
pure (XIl11) as a mxture of [err] and [err] b.p. 140- [err] mm R 0.51
(hexane-Et QAc); [err] NVR [err](ppmin ferr]): 8.05 (m 2H, aromatic) 7.57

(m 1H aromatic) 7.43 (m 2H, aronmatic) 0
'o'. N
HO
' (E)
N3

Finally, the 3’~fluoro analogues of 27/,3’-
dideoxycytidine shown in formula (F) ‘and of 27,3/~
dideoxythymidine shown in formula (G) are referred to in

5 Herdewijn et al., #37-Substituted 27 ,3’-dideoxynucleoside
analogues as potential anti- HIV(RTLV-IXII/LAV) agents"

. Med. Chem., 30, pp. 1270-78 (1987), as having potent
antiretroviral activity.

1 NH
CH; 2
H N 7
o _
(G)
HO
F
10 The most potent anti-HIV compounds thus far

reported are 2’,3'-dideoxynuc1eosides, more particularly,
2’,3’-dideoxy cytidine (ddcyd) and 3’-azido-2/,3'- '
‘dideoxythymidine (AzddThd or AZT). These compounds are
also active against other kinds of retroviruses such as
15 the Moloney murine leukemia virus. Because of the

increasing incidence and the life-threatening
characteristics of AIDS, efforts are being expended to
discover and develop new non-toxic and potent inhibitors

Tﬁi‘s is the replaoement shoet
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23 ferr] Example 5 G s- and trans-2-benzoyl oxynet hyl -5-(cytosin-1'-yl)-1. 3-

oxat hiolanes [err] A mxture of 2.7 g of cytosine, 30 m
hexanet hyl di si |l azane (HVDS) and 0.3 m of trinethylsilyl

of
chloride (Tisd )

was *heat ed under reflux under dry [err] guntil a clear solution resulted (3

hours) and the

of HIV and blockers of its infectivity.

It is therefore

an object of the present invention to provide effective
anti~HIV compounds of low toxicity and a synthesis of
such new compounds that is readily feasible.

5 A structurally distinct class of compounds
known as 2-substituted-5-substituted-1,3-oxathiolanes has
now been discovered and found to have antiretroviral

- activity. 1In particular, these compounds have been found
to act as non-toxic inhibitors of the replication of HIV-

10 1 in T-lymphocytes over prolonged periods of time.
There is accordingly provided in a first aspect

a compound of formula (I)

R)OC l—b__{j}:{z

wherein R; is hydrogen:

15 R, is a purine or pyrimidine base or an analogue or

derivative thereof;
Z is 8, =0 or S0,; and

pharmaceutically acceptable derivatives thereof.
It will be appreciated by those skilled in the
20 art that the compounds of formula (I) contain at least
two chiral centers (shown as * in formula (I)) and thus
exist in the-form of two pairs of optical isomers (i.e.
enantiomers) and mixtures thereof including racemic
mixtures. Thus the compounds of formula (I) may be
25 either cis isomers, as represented by formula (II}, or
trans isomers, as represented by formula (III), or
mixtures thereof. Each of the ¢is and trans isomers can
eiist as one of two enantiomers or as nixtures thergof
including racemic mixtures. All such isomers and
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excess reagents evaporated in vacuo. The remaining volatiles were renoved
under. high vacuum (15 mn.), the solid.residue taken up in 250 m of 1, .
2-di chl oroet hane and 5 g of the above key internediate (X I1) in 50 m of
di chl or oet hane added under dry argon followed by 4.7 m of trinethylsilyl
triflate [err]. After 3 days of heating under reflux under argon, it was

cool ed and poured onto 300 nl of saturaged aqueous [err].

The organic | ayer

was col |l ected, the aqueous phase extracted with [err] (2 X 100 m) and the

conmbi ned extracts washed with water, dried-and evaporated
resi due

- within the scope of the invention.

ROCH,

O

in vacuo. The

mixtures thereof including racemic mixtures are included

(III)

Ry

The compounds of formula (I) are preferably in

5 th_e form of their ¢is isomers.

It will also be appreciated that when Z is S=0
" the compounds exist in two additional isomeric forms as
shown in formulas (IXIa) and (IIb) which differ in the
configuration of the oxide oxygen atom relative to the
10 2,5-substituents. The compounds of the invention
additionally embrace such isomers and mixtures thereof.

ROCH;  o. M ROCH

(1Ia) \<,/O / |

Ko

Ry

O .

The purine or pyrimidine base or analog or
derivative thereof R, will be linked at the 9- or 1-

15 position respectively.

By purine or pyrimidine base or an analogue or

derivative thereof is meant a purine or pyrimidine base

found in native nucleosides or an analogue thereof which

mimics such bases in that their structures (the kinds of
20 atoms and their arrangement) are similar to the native

s e - This is the replacement sheet
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was purified by chromatography on silica gel using [err] 9:1 as the el uant
to give 2.5 g of a pure 24 m xture of cis- and train-(XIV) in a'l:1
rati o.as ascer- tained by [err] NVR These were separated as the N-acetyl
deri-vatives as described in the follow rmg exanple. Exanple 6 G s- and
trans-isoners of 2-benzoyl oxynet hyl -5-(N," - .

bases but may either possess additional or lack certain
of the functional properties of the native bases. Such
_analogues inhclude those derived by replacement of a CH,
moiety by a nitrogen atom (for example, S5-azapyrimidines

s such as 5-azacytosine) or vice verse (for example 7~
deazapurings,.:or example 7-deazadenosine ‘or 7
deazaguanosine) or both (e.g., 7-deaza, 8-azapurines).
By derivatives of such bases or analogues are meant those
compounds wherein ring substituents are either

10 incorporated, removed or modified by conventional
substituents known in the art, e.g.; halogen, hydroxyl,
amino, C,., alkyl. Such purine or pyrimidine bases,
analogues and derivatives will be well known to those
skilled in the art. '

15 ' Conveniently the group R, is selected from:
| NHR, ' NHR3 0
NZ Ry | N"L\‘Fl N Rs
J l 1 | | |
o] N . ' @) N o
| | 1 :
Re NH,
=N
\
S
" l
e
Uy’ I
»)\
K ‘
NHa Ro
g
1§
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acetyl-cytosin-1'-yl)-1.3-oxathiolane [err] The preceding m xture (Xl V)
(2.5 9g) in 100 mM of dry pyridine containing 0.1 g of 4-dinethylam no-
pyridine (DMAP) was treated with acetic anhydride (7 m) at room
tenperature and after 16 hours, the m xture was poured onto cold water

foll owed by extraction with [err] (3 X %0 m). The extract was washed with
wat er, dried, and evaporated in vacuo. Toluene was added to the residue,
t hen evaporated in vacuo and the residual oil purified by chromatography on
silica gel using

wherein R; is selected from the group of hydrogen,
hydroxymethyl or saturated or unsaturated c1-6 alkyl

groups;
R, and Ry are independently selected from the group of
5 hydrogen, hydroxymethyl, trifluoromethyl, substituted or

unsubstituted, saturated or uhsaturated.cl__6 alkyl,
bromine, chlorine, fluorine, or iodine:
R, is selected from the group of hydrogen, cyano, carboxy,
ethoxycarbonyl, carbamoyl) or thiocarbamoyl; and

10 X and Y are independently selected from the group of
hydrogen, bromine, chlorine, fluorine, iodine, amino or
hydroxy groups. ' .

Preferably R, is

NHR3 )

NF Rq

A

wherein R, and R, are as defined hereinabove.
15 Z is preferably -S-.
By "a pharmaceutically acceptable derivative”
means any pharmaceutically acceptable,salt, ester, or
salt of such ester, of a compound of formula (I) or anj

This is the replacement sheet
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Et OAc: CHOH 99: 1 as the eluant to yield 1.35 g of pure trans-(XV) as the

fast noving product and 1.20 g of pure cis-(XV) as the sl ow noving

conmponent. These were characterized by [err] spectroscopy. trans-(XY): mp.

[err]; [err]: 0.48 [err] 95:5 U V.: [erg] Lanbda max: 297 nm[err] NWR (ppm

in[err]): 9.00 (b, 1H [err]) 8.06 (m 2H aromatic) 7.74 (d, 1H, [err])

7.56 (m 1H, aronatic) _
other compound which, upon administration to the recipient,
is capable of providing (directly or indirectly) a compound
of formula (I) or an antivirally active metabolite or
residue thereof.

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

10 Modification at all such functional groups is included
within the scope of the invention. However, of
particular interest are pharmaceutically acceptable
derivatives (e.g., esters) cbtained by modification of
the 2-hydroxymethyl group of the oxathiolane ring.

15 : Preferred esters of the compounds of formula (I)
include the compounds in which R; is replaced by a carboxyl
function p_& in which the non-carbonyl moiety R of the

ester grouping is selected from hydrogen, straight or
branched chain alkyl (e.g., methyl, ethyl, n-propyl, t-

20 butyl, n-butyl), alkoxyalkyl (e.g., methoxymethyl), aralkyl
(e.g., benzyl), arch_oxyalkyl (e.g., phenoxymethyl), aryl
(e.g., phenyl optionally substituted by halogen, C,., alkyl
or C,., alkoxy): substituted dihydro pyridinyl (e.g., N-
methyldihyrdro pydirinYl) ; sulphonate esters such as alkyl-

25 or aralkylsulphonyl (e.q., methanesulphonyl); sulfate '
esters; amino acid esters (e.g., L-valyl or L-isoleucyl)
and mono-, di~ or tri-phosphate esters. _

Also included within the scope of such esters

are esters derived from polyfunctional acids such as

30 .carboxylic acids containing more than one carboxyl group,
for example, dicarboxylic acids HO,C(CH,),.CO,H where n is an
integer of 1 to 10 (for example, succinic acid) or
phosphoric acids. Methods for preparing such esters are .
well known. See, for example; Hahn et at., #Nucleotide

35 Dimers as Anti Human Immunodeficiency Virus Agents”,
Nucleotide Analogues, pp. 156-159 (1989) and Busso et

Tnis is the replacement sheet
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25 [err] Exanple 7 G s- and trans-2-hydroxynethyl-5-(cytosin-1'-yl)-1, 3-
oxat hi ol anes [err] o

10

"al., *Nucleotide Dimers Suppress HIV Expression In
Vitro”, AIDS Research and Human Retroviruses, 4(6), pp.
449-455 (1988). Where esters are derived from such
acids, each acidic group is preferably esterified by a

5 compound of formula (I) or other nucleosides or analogues
and derivatives thereof to provide esters of the formula
(IV) | |
O™
- CH—Cf
\Z : S
: (Iv)
|
J
0 0 .
‘where W is -0-3-(cng,-5-o- and n is an integer of 1 to 10
Q i -
10 or -o-?-o- or -o-?-o- ., J is any nucleoside or
o” o

nucleoside analog or derivative thereof and Z and R, are
‘as defined above. Among the pfeferred nucleosides and
nucleoside analogues'are 3’-azido-2’3’~dideoxythymidine,
2/,37’-dideoxycytidine, 2/,3’~dideoxyadenosine, 2,3/~
15 dideoxyinosine, 2',3'-dideoxythynidine; 2?,3’~dideoxy-
2/,3’-didehydro~-thymidine, and'2',3'-dideoxy~2',3'r
‘didehydrocytidine and ribavirin and those nucleosides
whose bases are depicted on pages 7-8 of this
specification. We most prefer a homodimer consisting of
20 two nucleosides of formula (I).
With regard to the above described esters,
”unless otherwise spec;fled, any alkyl moiety present
advantageously contains 1 to 16 carbon atoms, preferably
1 to 4 carbon atoms and could contain one or more double
25 bonds. Any aryl moiety present in such esters
' advantageously comprises a phenyl group.

s e | This is the replacement sheet
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26 .a) Trans-(111): 375 ng of the preceding trans-(XV) was dissolved in
100 M of nmethanolic amonia at [err] and after stirring for 16 hours, the
sol vent was renoved in vacuo and the residue crystallized with ether. It
was recrystallized fromethanol -ether tdlyield 174 ng of pure product, mp.
[err] (dec). It was characterized by [err] and [err] NVMR J[err] UV.: [err]
Lanbda max: 270 nm

In particular the esters may be a C,,, alkyl
ester, an unsubstituted benzoyl ester or a benzoyl ester
substituted by at least one halogen (bromine, chlorine,
fluorine or iodine), saturated or unsaturated C;-¢ alkyl,

5 saturated or unsaturated ¢, alkoxy, nitro or
trifluoromethyl groups. _
Pharmaceutically acéeptable salts of the
| compounds of formula (IX) include those derived from
pharmaceutically acceptable inorganic and organic acids

10 and bases. Examples of suitable acids include
hydrochloric, hydrobromic, sulfuric, nitric, perchloric,
fumaric, maleic, phosphoric, lecollic, lactic,
salicylic,.succinic, toluene-p-sulfonic, tartaric,
‘acetic, citric, methanesulfonic, formic, benzoic,

15 malonic, naphthalene-2-sulfonic and benzenesulfonic
acids. Other acids such as oxalic, while not in
themselves pharmaceutically acceptable, may be useful in
the preparation of salts useful as intermediates in
obtaining the compounds of the invention and their

20 pharmaceutically acceptable acid addition salts.

Salts derived from appropriate bases include
alkali metal (e.g., sodium), alkaline earth metal (e.q.,
magnesium), ammonium and NR,+ (where R is C,., alkyl)
salts. _

25 . . References hereinafter to a compound
according to the invention includes both compounds of
formula (I) and their Ipharmaceut_ically acceptable
derivatives. _

Specific compounds of formula (I) include:

30 Cis-2-hydroxymethyl-5-(cytosin-1/-yl)~-1,3-
oxathiolane, trans-2-hydroxymethyl-5-(cytosin-1/-yl)-
1,3-oxathiolane, and mixtures thereof;

Cis-2-benzoyloxymethyl-5-{cytosin-1/-yl)~1,3~ o,
oxathiolane, trans-2-benzoyloxymethyl-5-(cytosin-1’-yl)-

35 1,3-oxathiolane, and mixtures thereof;

o ' This is the repidosment sheet
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[err.] NVR ([err] Varian XL-300); [err] in ppm [err] 154.71 165.70 93.47
140.95 87.77 36.14 86.80 64.71 b) Cis-(lIl): treating 375 ng of
cis-(XV) by the same preceding procedure led to 165 ng of pure product
after recrystallization fromethanol-ether, mp. [err]. It was
characterized by [err] and - [err] NVR [err] NVR [err] (ppmin
DMSO-d6): 7.80 (d, 1H;, [err]) 7.20 (d, 2R [err]) 6.18 (t, 1H, [err])

Cis-2-hydroxymethyl-5-(N,’~acetyl-cytosin-1/-y1)-
1,3-oxathiolane, ;zgn§—2¥h,ﬂroxynethyl-s-(N"-acetyl-
cytosin-1’/<yl)-1,3~oxathiolane, and mixtures thereof;

Cis~2-benzoyloxymethyl-5-(N,’-acetyl-cytosin-1/-

5 yl)=-1,3-oxathiolane, ;:gng-z-behzoyloxymethyl-S-(N.h-
acetyl-cytosin-l'-yl)-l 3—oxathiolane, and mixtures
thereof. and

g;g-z-hydroxymethyl-s-(cytos;n—l'-yl)-3-oxo-1 3~
oxathiolane;

10 glg-z-hydroxymethyl-s-(N-dimethylamino-methylene
cytosxn-l'-yl)—l 3-oxathiolane;

Bis-gig-z-succinyloxymethyl-s-(cytosin-l'-yl)-
1,3-oxathioclane:; ~

Cis~-2-benzoyloxymethyl-5-(6’~chloropurin-N=-9’-

15 yl)-1,3-oxathiolane; ;xggg-z-benzqyloxymethyles-(6'-
chloropurin-N-s'-yl)-1,3-cxafhiolane, and mixtures
thereof:;

gi_-z-hydroxymethyl-s-(6'-hydroxypurin-n-9'-yl)-
1,3-oxathiolane;

20 Cig-2 -benzoyloxynethyl-s-(uracil-N-l'-yl)-1 3~
oxathiolane, trans-2-benzoyloxymethyl-S5-(uracil-N-1’-yl)-
1,3-oxathiolane, and mixtures thereof:

Cis~2-hydroxymethyl-5-(uracil-N-1’~yl)=-1,3~
oxathiolane; | : _

25 ' Cis-2-benzoyloxymethyl-5-(thymin-N-1/-yl)~1,3~
oxathiolane, trans-2-benzoyloxymethyl-5-(thymin-N-1/-yl)-
1,3-oxathiolane, and mixtures thereof;

Cis-2-hydroxymethyl-5-(thymin-N~1/-yl)-1,3-
oxathiolane;

30 in the form of a racemic mixture or a single enantiomer.

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

35 retroviruses, including human retroviruses such as human
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5.70 (d, 1H, [err]) 5.14 (t, 1H, [err]) 3.71 (m 2H, [err]) 3.40 (dd, 1H
[err]) 2.99 (dd, 1H, [err]) U V.: [err] Lanmbda max: 270 nm[err] NWR (ppm
in-[err]) [err] 154.63 165.59 93.86  140.91 86.47 36.22 85.75 62.79

13

immunodeficiency viruses (HIV’s), the causative agents of
AIDS. . :

There is thus provided as a further aspect
of the invention a compound formula (I) or a

5 pharmaceutically acceptable derivative thereof for use as

an active therapeutic agent in particular as an antiviral
agent, for example in the treatmeni of retrovirai
infections.

In a further or alternative aspect there is

10 provided a method for the treatment of a viral infection,
in particular an infection caused by a retrovirus such as
HIV, in a mammal, including man, comprising
administration of an effective amount of an antiviral

' compound of formula (I) or a pharmaceutically acceptable

15 derivative thereof. '

There is also provided in a further or
alternative aspect of this invention, use of a'compouhd
of formula (I) or a pharmaceutically acceptable '
derivative thereof for the manufacture of a medicament

20 for the treatment of a viral infection.

S The compounds of the invention are also
useful in the treatment of AIDS related conditions such
as AIDS-related complex (ARC), persistent generalized
lymphadenopathy (PGL), AIDS-related neurological .

25 conditions (such as dementia), anti-HIV antibody positive
and HIV- positive conditions, Kaposi’s sarcoma,
throabocytopenia purpurea and opportunistic infections.

The compounds of the invention are also
useful in the prevention or progression to clinical
30 illness of individuals who are anti-HIV antibody or HIV-
antigen positive and in prophylaxis following exposure to
HIV.
The compounds of formula (I) or the
pharmaceutically acceptable derivatives thereot,'nay also

35  be used for the prevention of viral contamination of

biological fluide such as blood or semen in vitro.

- This is the replaosment shaét

"l - o 12



27 Exanple 8 Tablet Fornul ations A The follow ng fornulation is prepared
by wet granulation of the ingredients with a solution of povidone in water,
drying and screening, followed by addition of magnesi um stearate and
conpression. ng/tablet (a) Active ingredhent 250
(b) Lactose B.P. . - 210

Certain of the compounds of formula (I) are
also useful as intermediates in the preparation of other
compounds of the invention.

It will be appreciated by those skilled in

5 the art that references herein to treatment extends to
prophylaxis as well as the treatment of established
infections or symptoms.

It will be further appreciated that the

_ amount of a compound of the invention required for use in

10 treatment will vary not only with the particular compound
selected but- also with the route of administration, the
nature of the condition being treated and the age and
condition of the patient and will be ultimately at the
discretion of the attendant physician or veterinarian.

15 In general however a suitable dose will be in the range
from about 1 to about 750 mg/kg of bodyweight per day,
such as 3 to about 120 mg per kilogram body weight of the
recipient per day, preferably in the range of 6 to S0
mg/kg/day, most preferably in the range of 15 to 60

20 mg/kg/day. S

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.

25 The compound is conveniently administered in
unit dosage form; for example containing 10 to 1500 mg,
conveniently 20 to 1000 mg, most conveniently 50 to 700
ng of active ingredient per unit dosage form.

) 'Ideally the active ingredient should be

30 administered to achieve peak plasma concentrations of the
active compound of from about 1 to 75 uM, preferably
about. 2 to 50 pM, 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

35 ingredient, optionally in saline, or administered as a
bolus containing about 0.1 to.about 110 mg/kg of the
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(c): Povidone B.P. 15 (d) Sodium Starch
d ycol ate 20 (e) Magnesium Stearate

5 500 28 B. The following formulation is prepared by direct
conpression; the lactose is of the direct conpression type.

15

active ingredient. Desirable blood levels .may be
- maintained by a continuous infusion to provide about 0.01
to about 5.0 mg/kg/hour or by intermittent infusions
containing about 0.4 to about 15 mg/kg of the active
5 ingredient. , )
While it is possible that, for use in
therapy, a compound of the invention may be administered
as the raw chemical it is preferable to present the
active ingredient as a pharmaceutical formulation.

10 - : The invention thus further provides a
pharmaceutical formulation comprising a compound of
formula (I) or a pharmaceutically acceptable derivative
thereof together with one or more pharmaceutically

- acceptable carriers therefor and, optionally, other

15 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 therefor. |

Pharmaceutical formulations include those

20 suitable for oral, rectal, nasal,'topical (including
buccal and sub-lingual), vaginal or parenteral (including
intramuscular, sub-cutaneous and intravenous)
administration or in a form suitable for administration
by inhalation or insufflation. The formulations may,

25 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 include
the step of'bringing into association the active compound
with liquid carriers or finely divided solid carriers or

-30 both and then, if -necessary, shaping the product into the
desired formulation. _

Pharmaceutical formulations suitable for
oral administration may conveniently be presented as
discrete units such as capsules, cachets or tablets each

35 containing a predetermined amount of the active

. ingredient; as a powder or granules; as a solution; as a
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ngltabl et Active ingredient - 250 Lact ose
145 Avi cel : 100 Magnesium Stearate

5 500 C. (Control l ed Rel ease Formul ati on) The fornulation is prepared by
wet - granul ation of the ingredients (belgy) with a solution of povidone in
water, drying and screening foll-owed by the addition of nmagnesium stearate

and conpressi on.
suspension; or as an emulsion. The active ingredient hay
also be presented as a bolus, eléctuary or paste.
Tablets and capsules for oral administration may contain
conventiopal excipients such as binding agents, fillers,

5 lubricants, disintegrants, or wetting agents. The

tablets may be coated according to methods well known in
the art. Oral liquid preparations may be in the form of,
for example, agueous or oily suspensions, solutions,
emulsions, syrups or élixirs, or may be presented as a

10 dry product for constitution with water or other suitable
vehicle before use.  Such liquid preparations may contain
conventional additives such as suspending agents,
emulsifying agents, non-aqueous vehicles (which may
include edible 0ils) or preservatives.

15 The compounds according to the invention may
also be formulated for parenteral administration (e.qg.,
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

20 in multi-dose containers with an added preservative. 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

25 active ingredient may be in powder form, obtained by
aseptic isolation of 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 agqueous or oily base with
the addition of suitable thickening and/or gelling

35 agents. Lotions méy be formulated with an agueous or
oily base and will in general also contain one or more
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ng/tablet (a) Active ingredient 500 (b)

Hydr oxypr opyl enet hyl cel | ul ose 112 (Met hocel K4M Prem unm (c)
Lact ose B. P. 53 (d) Povidone B.P.
28 -((e) Magnesium Stearate 7 700 Exanpl e 9.

Capsul e Formul ation A capsul e fornul atiof?is prepared by adnmi xing

enulsifying agents, stabilizing agents, dispersing

agents, suspending agents, thickening agents, or coloring

agents. .

Formulations suitable for topical

5 administration in the mouth include lozenges comprising
active ingredient in a flavored based, usually sucrose
and acacia or tragacanth; pastilles comprising the active
ingredient in an inert base such as gelatin and glycerin
or sucrose and acacia; and mouthwashes comprising the

10 active ingredient in a suitable liquid carrier.

Pharmaceutiéally formulations suitable for
rectal administration wherein the carrier is a solid, are
most preferably repfeéented as unit dose suppositories.
Suitable carriers include cocoa butter and other

is materials commonly used in the art, and the suppositories
may be conveniently formed by admixture of the active
compound with the softened or nelted carrier(s) followed
by chilling and shaping in molds.

' Formulations suitable for vaginal

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

For intra-nasal administration the compounds

25 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 agqueous or
non-agqueous base also comprising one or more dispersing
agents, solubilizing agents or suspending agents. Liquid

30 sprays are conveniently delivered from pressurized packs.

For administration by inhalation, the
compounds according to the invention are conveniently
delivered from an insufflator, nebulizer or a pressurized
pack or othef convenient means of delivering an aerosol

35 spray. Pressurized packs may comprise a suitable
propellant such as dichlorodifluoromethane,

. This is the replacement sheet
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the ingredients below and filling into a two-part hard gel atin capsul e.
29 ng/ capsul e Active ingredient 125 Lactose

72.5 Avi cel
2.5

10

15

20

25

30

35

50 Magnesi um St earate

18

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

Alternatively, for administration by
1nhalation or insufflation, the compounds according to
the invention may take the form of a dry powder
composiéion, for example a powder mix of the compound and
a suitable powder base such as lactose or starch. The
powder composition may be presented in unit dosage form
in, for example, capsules or cartridges or e.g., gelatin
or blister packs from which the powder may be
administered with the aid'of'ah inhalator or insufflator.

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

The pharmaceutical compositions according to
the invention may also contain other active ingredients
such as antimicrobial agents, or preservatives.

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

The invention thus provides, in a further
aspect, a combination comprising a compound of formula

‘(I) or a physiclogically acceptable derivative thereof

together with another therapeutically active agent, in

particular, an antiviral agent. _
The combinations referred to above may

| conveniently be presented for use in the form of a

pharmaceutical formulation and thus pharmaceutical
formulations comprising a combination as defined above
together with a pharmaceuticaily acceptable carrier
therefor comprise a further aspect of the invention.
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"250.Exanpl e 10 Injectable Fornmul ati on Active ingredient 0.200 g Sodi um

hydr oxi de 'solution, 0.1Mq.s. to a pH of about 11. Sterile water g.s. to 10
m . The active ingredient is suspended in sone of the water (which may be
war med) and the pH adjusted to about 11 weth a solution of sodium

hydr oxi de. The batch is then made up to volunme and filtered through a
sterilizing grade nenbrane filter into a sterile 10 ni

Suitable therapeutic agents for use in such
combingtions include acyclic nucleosides such as
aciclovir, ganciclovir, interferons such as alpha-, beta-
and gamma-interferon; glucuronation inhibitors such as

5 probenicid; nucleoside transport inhibitors such as
dipyridamole; nucleoside analogues such as 3’/-azido-
2’,3’-dideoxythymidine, 2’,3’-dideoxycytidine, 2/,3’-
dideoxyadenosine, 2’,3/-dideoxyincsine, 2¢,3’-
dideoxythymidine, 2’,3’-dideoxy-2’,3’-didehydro-

10 thymidine, and 2/,3’-dideoxy-2’,3’~didehydrocytidine and
ribavirin; immunomodulators such as interleukin II (IL2)
and granulocyte macrophage colony stimulating factor (GM-
CSF), erythropoietin, ampligen, thymomodulin,
thymopentin, foscarnet, glycosylation inhibitors such as

15 2~deoxy-D-glucose, castanospermine, l-deoxynojirimycin:
and inhibitors of HIV binding to CD4 receptors such as
soluble CD4,'CD4 fragments and CD4-hybrid molecules.

The individual components of such

- combinations may be administered either sequentially or
20 simultaneously in separate or combined pharmaceutical
formulations.

' ' When the compound of formula (I) or a

pharmaceutically acceptable derivative thereof is used in
combination with a second therapeutic agent active .
25 against the same virus, the dose of each compound may ‘be
- either the same or differ from that when the compound is
used ﬁlone. Appropriate doses will be readily
appreciated by those skilled in the art.
~ The compounds of formula (I) and their
30 pharmaceutically acceptable derivatives may be prepared
' by any method known in the art for the preparation of
compounds of analogous structure. :
R, and R, as used hereunder have the same
meaning as defined above unless otherwise stated.
35 In one such process'(h) a 1,3~-oxathiolane of

formula (VIII)
" This is the replacement shoet
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glass vial and sealed with sterile closures and overseas. suppository
ng/ supposi tory Active ingredi ent 250 Hard Fat, B.P

1770 2020

10

15

20

25

30 One-fifth of the hard fat is nelted in a steam

20

ROL O
\l(jL
7 - (VIII)

wherein R; is hydrogen or hydroxyl protecting group as

"defined herein and the anomeric group L is a displaceable

atom or group and is reacted with an appropriate base.
Suitable groups L include alkoxy carbonyl groups such as
ethoxy carbonyl or halogens, for example, iodine,
bromine or chlorine or -OR where R.is a substituted or
unsubstituted, saturated or unsaturated alkyl group,
e.g., a C;.4 alkyl group such as methyl, or R is a
substituted or unsubstituted aliphatic or aromatic acyl
group, e.g., a C;., aliphatic acyl group such as acetyl
and an aromatic acyl group such as benzoyi.

The compound of formula (VIIX) is
conveniently reacted with the appropriate purine or
pyrimidine base R,-H (previously silylated with a
silyating agent such as hexamethyldisilazane) in a
compatible solvent such as methylene chloride using a
Lewis acid (such as titanium tetrachloride or stannic
chloride) or trimethylsilytriflate.

The 1,3-oxathiclanes 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
presence of an acid catalyst such as a para-toluene

sulfonic acid or a lewis acid, e.g., zinc chloride.

(VI) HSCH,CH (OC,H,) ,

CH;COOCH,CHO (VII)
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jagketed pan at [err] maximum The active ingredient is sifted through a
200 [err] sieve and added to the nolten base with m xing, using a high
shear stirrer, until a snooth dispersion is achieved. Miintaining the
mxture at [err], the remaining hard fat is added to the suspension and
stirred to ensure a honbgenous m x. The gntire suspension is passed through
a 250 [err] stainless steel screen and, mnth continuous stirring, is
allowed. to cool to [err]. At atmmmaﬂueof[mr]to[ar] 202g(ﬁthe
m xture is filled into suitable, 2 mM plastic nolds. The suppositories are
all owed to cool to room The mercaptoacetals of formula (VI) may be

prepared by methods known in the art, for example,
G. Hesse and I. Jorder, 'Hercaptéacetaldehyde and dioxy-
1, 4-dithiane”, Chem. Ber, 85, pp. 924-932 (1952). |
5 The aldehydes of ‘formula (VII) may be

prepared by methods known in the art, for example,
E.G. Halloquist and H. Hibbert, “Studies on reactions
relating to carbohydrates and polysaccharides.
Part XLIV: Synthesis bfjisomeric'bicyclic acetal

10 ethers”, Can. J. Research, 8, pp. 129-136 (1933).

' In a second process (B) one compound of

formula (I) is converted to another compound of formula
(I) by base interconversion. Such interconversion may be
effected either by simple chemical transformation (e.g.,

15 the conversion of uracil base to cytosine) or by an
enzymatic'cohversion_nsing, for example, a deoxyribosyl
transferase. Such methods and conditions for base
interconversions aréféell_known in the art of nucleoside
chemistry.

20 In a third process (C) the compounds of
formula (I) may be prepared by-thelreaction of a compound
of formula (IX) B

HO_ Ry
(IX)
HZ
with a compound of formula (X) - .
PO
25 _ | (X)

CHO
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tenperature. Exanple 12 Antiviral Activity In vitro testing was conducted
on the conpound of this inventionand AZT to determne their inhibitory
properties. The results are shown in Tables 1 and 2. The concentrations
reported are [err] in the incubation nedia which affect the susceptibility
of a continuous line of T-cells devel oped at the Lady Davis Institute for
Medi cal Research (Montreal) by Dr. Mark 22 Wi nberg toward infection by

H V-1 follow ng a protocol

where P is a protecting group, followed by removal of the
protecting group.

_ The compounds: of formula (IX) may be
prepared for reaction by a suitable epoxide (XI)

R

5 . . (X1)

with an appropriate éulphur-containing compound, e.q.,
sodium thiocacetate. Compounds of formula (XI) are either
known in the art or may be obtained by analogous

_ ' processes. '

10 In a fourth process (D) a compound of
formula (XII) '

R1Q 0. NH,

(XII)

méy be converted to a compound of forhula (I) by
15 . conversion of the anomeric NH, group to the required base
by methods well known in the art of nucleoside chenmistry.
Many of the reactions described hereinabove
have been'extensively'reported in the context of purine
. hucleoside sYnthesis, for example, in “Nucleoside
20 Analogues - Chemistry, Biology and Medical Applications”,
"~ R.T. Walker et al., Eds, Plenum Press, New York (1979) at
pages 193-223, the text of which is 1ncorporated by
reference herein.
It will be appreciated that the above
25 reactions may require the use of, or conveniently may be
applied to, starting materials having protected
functional groups, and deprotection might thus be

o T ' This is the replacsment sheet
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simlar to that of H Mtsuya and S. Broder, "Inhibition of the in vitro
I nfectivity and cytopathic effect of human T-I|ynphotropic virus type

I11/1ynphadenopat hy- associated virus (HTLV-111/LAV) by 2'3'-di deoxy- 31
nucl-eosi des", Proc. Natl. Acad. Sci. USA, 83, pp. 1911- 15 (1986).
Protection of the cell line fron1infecti%g was nonitored by staining with

nonocl onal anti bodi es

required as an intermediate or final step to yield the
. desired compound. Protection and deprotection of
functional groups may be effected usihg conventional
means. Thus, for example, amino groups may be protected
5 _ by a group selected from aralkyl (e.g., benzyl), acyl or
aryl (e.g., 2,4-dinitrophenyl); subsequent removal of the
'protecting group being effected when desired by
hydrolysis or hydrogenolysis as appropriate using
standard conditions. Hydroxyl groups may be protected
10 using any conventional hydroxyl protecting group, for
_ example,'as described in ~Protective Groups in Organic
Chemistry”, Ed. J.F.W. McOmie (Plenum Press, 1973) or
*Protective Groups in Organic Synthesis# by Theodora W.
Greene (John Wiley and Sons, 1981). Examples of suitable
15 hydroxyl protecting grbups 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
20 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.q.,
by hydrolysis under acidic or basic conditions. Aralkyl
25 groups such as triphenylmefhyl 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 BF,/etherate and
acetic anhydride followed by removal of acetate groups so-
30. formed at an appropriate stage in the synthesis. Silyl
groups may also conVénientLy be removed using a source of
fluoride ions such as tetra-n-butylammoniun fluoride.
In the abcve'processeé the compounds of
formula (I) are generally obtained as a mixture of the

35 cis and itrans isomers.
S - . This is the repidosment sheet
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against viral proteins in the standard manner (Table 1). In al
experiments, conparisons were made with the drug AZT as the control. In
order to confirmthe results, the drug effects were nonitored by measuring
reverse transcriptase (RT) activity in the U-937 line of human nonocytic
cells as assayed in the usual nmanner mﬁt? tritiated thym dine triphosphate
(TTP) (Table 2). Finally, the drug effec % on cell viability as measured by
the well-known cytolytic effects of HV-1 on the MI-4 cell |ine was
eval uated in the accepted manner (Table 1). Toxicity

These isomers may be separated, for example,

by acetylation, e.g., with acetic anhydride followed by
separation by physical means, e.q., chromatography on
silica gel and deacetylation, e.g., with methanolic

5 ammonia or by fractional crystallization.

Pharmaceutically acceptable salts of the

compounds of the invention may be prebared as described
in United States Patent No. 4,383,114, the disclosure of
which is incorporated by reference herein. Thus, for

10 ekample, when it is desired to prepare an acid addition
salt of a compound of formula (I), the product of any of
the above procedures may be converted into a salt by
treatment of the resulting free base with a suitable acid
using conventional methods. Pharmaceutically acceptable

15 acid addition salts may be prepared by reacting the free
base with an appropriate acid optionally in the presence
of a suitable solvent such as an ester (e.g., ethyl
acetate) or an alcohol (e.g., methanol, ethanol or
isopropanol). Inorganic basic salts may be prepared by

20 - reacting the free base with a suitable base such as an
alkoxide (e.g., sodium methoxide) optionally in the
presence of a solvent such as an alcohol (e.gq.,
methanol). Pharmaceutically acceptable salts may also be
prepared from other salts, including other

25 pharmaceutically acceptable salts, of the compounds of
formula (I) using conventional methods.

' A compound of formula (I) may be converted
into a pharmaceutically acceptable phosphate or other
ester by reaction wigh_a phosphorylating agent, such as

30 POCl,, or a suitable esterifying agent, such as an acid
halide or anhydride, as appropriate. An ester or salt of
a compound of formula (I) may be converted to the parent
compound, for example, by hydrolysis.
Where the compound of formula (I) is desired
35 as a single isomer it may be obtained either by
resolution of the final product or by stereospecific

R This is the replaoem'é'rit sheet
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No toxic effects were observed in the above tests. Table 1 Inhibition of
H V-1 production in MI-4 cells a) Viable cell counts (6 days in culture)

using 2 [err] of conmpound Conpound : Cell Viability no drug
6.47 AZT 88.6 cis-11
87.4 . 25

synthesis from isomerically pure starting material or any
convenient intermediate.

Resolution of the final product, or an
-intermediate or starting material therefore may be

5 effected by any suitable method known in the art: see
for example, Stereochemistry of Carbon Compounds, by E.L.

Eliel (McGraw Hill, 1962) and Tables of Resolving Agents,
by S.H. Wilen.
The invention will be further described by
10 the following examples which are not intended to limit
the invention in any way. All temperatures are in
dégr_ees celsius.

EXAMPLES
Example 1
15 2-thiobenzovl acetaldehvde diethylacetal
C,H,COS-CH;CH (OC;H,) 2 (V)

To a solution of potassium t-butoxide
(11.5 g. 0.11 mol) in DMF (100 ml) was added thiobenzoic
20 acid (17 g. 0.11 mol) and thé solution partially
evaporated in vacuo, benzene added in two consecutive
portions (2 x 30 ml) and evaporated in vacuo each time.
To the residual DMF solution was added bromoacetaldehyde
diethylacetal (20.3 g. 0.1 mol) and the mixture stirred
25 at 120° for 15 h. After cooling, it was poured onto
water (500 ml), the product extracted with ether (3 x-
200 ml), the extract washed with aqueous NaHCO, followed
by water, then dried and the solvent removed in vacuo.
The residue was distilled in vacuo to give 17.2 g. of
30  pure (V), b.p. 131-133°/0.07 mm. It was characterized by
'H NMR &(ppm in CDCl,): ' '
7.97 (4, 2H; aromatic)
7.47 (m, 3H; aromatic)
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32 b) P-24 i nmunof | uorescence Time in Cul ture %

| mmunof | uorescent Cells (Days) - No Drug [err] AZT [err] [err] 3
5.9 1.0 - 1.0 6 99 1.0

7.6-0) Reverse transcriptase assay Tinme in Culture RT
Activity (CPM X 1000)/ m (Days) No Deeég [err] AZT [err]
cis-11

4.59 (£, 1H; =-CH(OC.Hy),))
3.66 (m, 4H; 2 X OCH,CH,)
3.30 (d, 2H; SCH,~)

1.23 (t, 6H; 2 x OCH,CH,)

-5 Example 2
Mercaptoacetaldehyde diethvlacetal

HSCH,CH (OC,Hy) (VI)

The preceding thiobenzoyl derivative (V)

10 (17.2 g) was dissolved in 100 ml THF followed by the
addition of 6 g NaOH in 20 ml H,0. The mixture was
refluxed under N, for 15 h, then cooled and diluted with
water (200 ml) and the product extracted with ether (3 x
200 ml). The extract was dried, the solvent removed in

15 vacuo and the residue distilled in vacuo to yield 7.1 g
of pure (VI), b.p. 60-62'/18 nm. It was characterized by
'H NMR &(ppm in CDCl,):

4.51 (t, 1H; CH(OC,Hi),)
_ 3.51 (m, 4H; 2 x OCH,CH,)

20 2.65 (Add, 2H; HS-CH,)

1.54 (t, 1H; HS-) .
1.23. (t, 6H; 2 x OCH,CH,)

Example 3
e t de

25 _ |
" CgH,COOCH,CHO (VII)

This known intermediate was prepared by a
previously unreported inethod from the known 1-benzoyl
glycerol. Thus, 50 g of the latter in a mixture of

30 500 ml of CH,Cl, and 25 ml of H,0 was treated portionwise
| with 80 g of NaIO, under vigoroué stirring at room
temperature. After addition, stirring was continued for

This is the raplacament sheet
is Sheet Has Been Reﬁaced
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3 . 36. 43 ' 1.564 2.381 6 339.0

1.748 2.301 Table 2 Inhibition of HHV-1 production in H9 cells
Reverse transcriptase assay Tinme in Culture RT Activity (CPM X
1000)/ M (Days) No Drug [err] AZT [err] cis-11 5 9.117

3. 346 3.077 8 438.5 27 3.414 5.853 11
2550 2.918 , 3.560 14 2002 8. 320

2.872

2 h after which time 100 g of Mgso, was added and stirring
continued for 30 min. The mixture was filtered, the
filtrate evaporated in vacuo and the residue distilled
in vacuo to yield 26 g of pure (VII) b.p. 92-94°/0.25 mm. "
5 'H NMR (200 MH,; TMS as internal reference)
§(ppm in CDCl,,): | '
9.71 (s, 1H; =-CHO)
8.11 (d, 2H; aromatic)
7.60 (m, 1H; aromatic)
10 7.46 (m, 2H; aromatic)
4.88 (s, 2H:; -CH,CHO)

Example 4
~Benzo e -5 -l ., G
CeHsCOOCH —Q—ucﬁ |
) (XIII)
| 'S
15 The preceding. mercaptoacetaldehyde acetal (VI)

(7 g) was mixed in 100 ml of toluene with 7 g of the
above benzoyloxyacetaldehyde (VII), a few crystals of
para~-toluene sulfonic acid added and the mixture placed
- in an oil-bath at 120° under N,. The formed ethanol was
20 allowed to distill over, the mixture kept at 120° for an
additional 30 minutes, then cooled and washed with
aqueous NaHCO,, dried and evaporated in vacuo. The
residue was distilled in vacuo to yield 9.8 g of pure .
(XIII) as a mixture of gigr and trans-isomers, b.p. 140-
25 143°/0.1 mm; R, 0.51 (hexane-EtOAc);
-3y NMR & (ppm in €DCl,):
8.05 (m, 2H; aromatic)
7.57 (m, 1H; aromatic)
7.43 (m, 2H; aromatic)

This is the repldcement sheet
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17 . 584.5

2.907 25

32. 08

32. 28

4.515 45
5
10
15
20
25

2. 997 2.399 21 365. 2 3. 111

436. 4 - 15.88 4.020 29 92. 38

3. 756 33 111.1 612. 2 3.803 37

878. 2 © 4,193 41 . 384. 4 994. 0
33. 64 32.91 :

28 - 3.441

5.55 (m, 2H: Cs~H, C,-H)
4.55 (m, 2H; C,~C,HCO,CH,)
3.80 (m, 1H; C,~CH,CO,CH,)
3 i,
3.76 (m, 1H; C,~OCHCH,)
- H
3.17 (m, 2H: C,-H,)
1.21 (t, 3H; C,~OCH,CHs)

0 >_
CeHsCOOCH; —(_j—w Bery 0
| 5— — .

. A mixture of 2.7 g of cytosine, 30 ml of
hexamethyldisilazane (HMDS) and 0.3 ml of trimethylsilyl
chloride (TMSCl) was heated under reflux under |
dry N, until a clear solution resulted (3 hours) and the
excess reagents evaporated in vacuo. The remainihg

volatiles were removed under high vacuum (15 min.), the
‘'solid residue taken up in 250 ml of 1, 2-dichlorocethane
and 5 g of the above key intermediate (XIII) in 50 ml of

dichloroethane added under dry argon followed by 4.7 ml
of trimethylsilyl triflate (TMST,). After 3 days of
heating under reflux under argon,_'it was cooled and
poured onto 300 ml of saturated agqueous NaHCO,. The
organic 1&yer' was collected, the agueous phase extracted
with CH,Cl, (2 X 100 ml) and the combined extracts washed
with water, dried and evaporated in vacuo. The residue
was purified by chromatography on silica gel using
CH,C1,:CH,0H 9:1 as the eluant to give 2.5 g of a pure
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33 ferr] wherein [err] represents hydrogen, a [err] al kanoyl group,s
benzoyl group or a benzoyl group substituted by at | east one hal ogen, [err]
al kyl, [err] alkoxy, nitro or trifluoronethyl group, or a pharmaceutically
acceptable salt thereof in the formof a single optical isomer or a mxture
of optical a conpound according to clai M3 wherein the conpound oxat hi ol ane
or a pharmaceutically acceptable salt 3. A conpound according to claim?2

|r1theform(ﬁ a

mixture of cis- and trans-(XIV) in a 1:1 ratio as ascer-
tained by H NMR. These were separated as the N-acetyl
derivatives as described in the following example.

The preceding mixture (XIV) (2.5 g) in 100 ml
of dry pyridine containing 0.1 g of 4~dimethylamino-

10 pyridine (DMAP) was treated with acetic anhydride (7 ml)
at room temperature and after 16 hours, the mixture was
poured onto cold water followed by extraction with CH,C1,
(3 X 150 ml). The extract was washed with water, dried,
and evaporated in vacuo. Toluene was added to the

15 residue, then evaporated in vacuo and the residual oil
purified by Chromatography on silica gel using
EtOAc:CH,0H 99:1 as the eluant to yield 1.35 g of pure
trans-(Xv) as the fast moving product and 1.20 g of pure
cis-(XV) as the slow moving component. These were

20 characterized by"H NMR spectroscopy.

trans=(XV): m.p. 158-160°; R,: 0.48 EtOAc:CH,0H 95:5
U.V.: (CH,OH) Lambda max: "297 nm
'H NMR §(ppm in CDC1,):
9.00 (b, 1H: C,’-NH-Ac)
25 8.06 (m, 2H; aromatic)
7.74 (4, 1H; C,’~-H)
7.56 {m, 1H; aromatic)

This is the replacement sheet

Dais: 12 JuN 199

This Sheet Has Been RTilac




racem ¢ m xture. A conpound according to Claim?2 substantially in the form
of a single anantioner. A conpound according to any or Clains 2 to 4
wherein the conpound [err] [err] A conmpound according to any preceding
claimfor use in the manufacture of a nmedicanment for the treatnent or a
vrxal infection. ' 30

7.56 (m, 1H; aromatic)
7.47 (4, 1H: Cy’-~H)
7.45 (m, 2H; aromatic)
6.53 (dd, 1H; Cs;~H)

5 5.89 (dd, 1H; C,~H)
4.46 (dd, 2H; C,~CH,0COCH,)
3.66 (4d, 1H; C,~H)
3.32 (44, 1H; C,~H)
2.25 (s, 3H; NH~COCH,)

10 Cis=(XV): m.p. 150-152°; R,: 0.40 EtOAC:MeOH 95:5)
U.V.: (CH,0H) Lambda max: 297 nm
‘H NMR 6(ppm in €DCl,):
9.03 (b, 1H; NH-Ac)
8.21 (4, 1H; C,’'-H)
15 8.05 (m, 2H; aromatic)
7.60 (m, 1H; aromatic)
7.50 (m, 2H; aromatic)
7.29 (d, 1H; Cy’-H)
6.34 (dd, 1H; C,-H)
20 $.52 (dd, 1H; C,~H)
' 4.80 (dd, 2H; C,~CH,0COCH,)
3.66 (dd, 1H; C,~H)
3.24 (dd, 1H; C,~H)
2.23 (s, 3H; NH-COCH,)

25

(XVI)

" his is the replacement shoet
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34 Jerr] 35 [err] wherein P is a protecting group; or [err]
: 31

a) Irans-(XvI): 375 mg of the preceding
Ltrans-(XV) was dissolved in 100 ml of methanolic ammonia
.at 24° and after stirring for 16 hours, the solvent was
removed in vacuo and the residue crystallized with ether.
5 It was recrystallized from ethanol-ether to yield 174 mg
of pure product, m.p. >220° (dec). It was characterized
by 'H and ¢ NMR. '
'H NMR &(ppm in DMSO-d,):
7.587 (4, 1H; C,’-H)
10 7.18 (d, 2H; C,’~-NH,)
6.30 (dd, 1H; C,-H)
5.68 (d, 1H:; C;’-H)
5.48 (t, 1H; C,~H)
5.18 (t, 1H; C,-CH,OH)
15 3.45 (m, 3H; C,~CH,0H + CH)
3.06 (44, 1H:; C,-H)
U.V.: (CH,OH) Lambda max: 270 nm
¢ NMR (DMSO-d,, Varian XL-300); § in ppm:
c,’ c,’ Cs’ C’ c, G, C, CH,0H
20 154.71 '165._70- 93.47 140.95 87.77 36.14 86.80 64.71

b) Cis=(XVI): treating 375 mg of gis-(XV) by
the same preceding procedure led to 165 mg of ptire
product after recrystallization from ethanol-ether, m.p.
171-173°. It was characterized by H and ’c NMR.

25 'H NMR: §(ppm in DMSO-d,):
7.80 (d, 1H; C,’-H)
7.20 (d, 2H; C,’~NH,)
6.18 (t, 1H; C,~H)
5.70 (d, 1H; Cs’-H)

30 5.14 (t, 1H: C,~CH,OH)
3.71 (m, 2H; C,~CH,OH)
3.40 (dd, 1H; C,=H)
2.99 (4ad, 1H; C,-H).

U.V.: (CH,0H) Lambda max: 270 nm
35 3¢ NMR & (ppm in DMSO-dq)

This is. the repldoement sheet
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36 {err] 37 [err]

32

c,’ c,’ Cs’ Cy’ ¢ c. C,  CH,0H
154.63 165.59 93.86 140.91 86.47 36.22 85.75 62.79

(XVII)

The preceding gis-~(XVI) (100 mg) in 30 ml of
jice-cold methanol was treated with 93 mg of meta-chloro--
perbenzoic acid and after stirrin§ for 15 min .a white

10 solid separated which was collected and washed with 10 ml
of methanol to give 45 mg of pure sulfoxide isomer ga.
The methanol filtrates were evaporated in vacuo and the
solid residue washed with 15 ml of ethanolether (1:1) and
then with 30 ml of ether to give 50 mg of pure sulfoxide

15 isomer b. The isomers were characterized by H NMR.
Isomer (XVII)a: m.p.>270°(dec):; R,:0.30 (CH,Cl,~MeOH 3:1)

U.V.: (CH,0H) Lambda max: 270 nm
H NMR & (ppm in DMSO-d,):
7.68 (d, 1H; C¢'~-H)
. 20 7.36 (s, 2H: C,’=NH,)
6.69 (dd, 1H; Cy-H)
5.76 (4, 1H; C,’-H)
5.47 (t, 1H; C,~CH,0H)
4.63 (dd 1H; C,~H)

25 3.88 (m, 1H; C,~CH-OH) .
H
H
. I This is. the replacement shéet
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38 of water, neutralized with pyridiniumresin and filtered. The resin
resi due was washed with 100 m of methanol. The conbined filtrate was
evapor at ed under reduced pressure. The residue was purified on silica gel
usinig 5 CH2Cl 2: MeOH 4:1 as eluant. I{,yielded 183 ng (51% of pure
product, which was identified as inosine derivative. mp.: [err] [err]:
0.27 in EtQAc: MeOH 4:1 U. V.: (MeOH) Lanbda max:.246 nm[err]: [err](ppmin

[err]) : 3.36 (dd, 1H; C,-H)
3.05 (dd, 1H:; C,-H)

Isomer (ﬂ:;) ! M.p.>220°(dec); R,:0.32 CH,Cl,:MeOH 3:1
'H NMR § (ppm in DMSO-d,): -

5 7.76 (d, 1H: C.’-H)
7.28 (d, 2H; C,’-NH,)
6.66 (dd, 1H; C,~H)
5.77 (4, 1H; C,’-H)
5.45 (t, 1H; C,-CH,OH)

10 4.64 (t, 1H; C,~H)
3.77 (t, 2H; C,~CH;OH)
3.65 (dd, 1H; C,~H)
3.17 (dd, 1H; C,~H)

ample
15 Cis-2-hydroxymethyl=5-(N-dime : e osin-
*-yl)=1,3-oxat |
' Ha
N | NCH 3
2 l CH,
| ‘ |
log
o* . (XVIII)
HO\(ij | - Ho\gﬁ
. _ .

300 mg of g_;s-z-hydroxymethyl-s-(cytosin-l'-yl)
1,3-oxathiolane was suspended in 10 ml of N-

20 dimethylformamide dimethyl acetal (DMF-dimethyl acetal).
The mixture was stirred at room temperature overnight (is
hours). Volatile material was removed by evaporation
under reduced pressure. The residue was crystallized in
ethanol-ether. It yielded 345 mg (93%) of pure product.

25 m.p. 162-164°C; R, 0.56 in CH,Cl,:MeOH 4:1
U.V.: Lambda max: 325 nm
'H NMR &(ppm in DMSO-d,):

8.64 (s, 1H, N=CH-N)

e e : Tht% ia the feplawmem sheet
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10 » . 12.42 (s, 1H, -NH, [err] exchange) 8.36 (s, 1H, [err]) 8.07 (S,
1H, [err]) 6.37 (t,1H, [err], J=5.1 Hz) 5.29 (t, 1H, -OH J = 6.0 Hz, D20
exchange) 15 - 5.24 (t, 1H, [err], J=4.9 Hz) 3.63 (m 4H, 2H from
[err] and [err] from[err]) Exanple 13 Cs- and ,

trans- 2- benzovl oxymet hyl -5-(uracil-N-1'-34 )-1, 3- oxathi ol anes [err]

8.04 (d, 1H, C,’~H, J = 7.2 Hz)

6.22 (t, 1H, Cs~H, J = 4.9 Hz)

' 5.97 (d, 1H, Cy'-H, J = 7.2 Hz)

5.37 (t, 1H, -OH, J = 5.8 Hz, D,0 exchange)
.5 5.22 (t, 1H, C,~H, J = 4.4 Hz)

3.77 (t, 2H, C,~CH,0H, J = 4.9 Hz)

3.50 (dd, 1H, C,~H, J = 4.9 and 9.9 Hz)

3.17 (s, 3H, =CH,)

3.12 (dd, 1H, C,~H, J = 4.2 and 11.9 Hz)
10 3.04 (s, 3H, -CH,)

o;g;};;o;age . | - .

| NH,
7
LH; )]
"CH, 9_ &
0

I 0"\(0 ) )
Cf’ ' O‘—
HON g QS .
\gj C-0

15 284 mg of gis-2-hydroxymethyl-5-(N, N-
dimethylamino methylene cytosin-1/-yl)-1,3-oxathiolane
was dissolved in 10 ml of dry pyridine and cooled at 0°C
in an ice-bath. 60 pl of succinyl chloride was added via
a syringe. The mixture was stirred overnight (18 hours)

20 and poured into 50 ml of saturated agqueous NaHCO,
solution. The mixture was extracted with methylene
chloride (3 x 50 ml). The combined CH,Cl, solution was
washed with water (2 x 50 ml) and dried over Mgso,. After
filtration, solvent was removed by evaporation under

25 reduced pressure. The foam residue was dissolved in 10

ml of CH,Cl, containing 5 ml of methanol. 2 ml of 80%
aqueous acetic acid was added and the mixture was stirred

\4
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760: mg of wuracil

50 ng [err]

under reduced pressure.

2- benzoyl oxynet hyl -

until

was heated at

the sol ution becane clear.
The residue was dried under
hour and dissolved in 100 M of dry 1, 2- glchloroethane

reflux in 30 mM of HVDS in the presence of
The m xture was evaporated
vacuum f or

5- et hoxy- 1, 3-

at room temperature overnight.

evaporated to dryness.
silica gel using CH,Cl,: MeOH 4:1 as eluant.

The solid residue was purified on
It yielded

145 mg (54%) of pure product.
m.p. Dec >230°C;
U.V.: (MeOH) Lambda max: 271 nm
'H-NMR & (ppm in DMSO-d,)
X C'-H, T = 7.6 Hz)
X NH,, J = 24.9 Hz, D,0 exchange)
Cs~H, J = 5.6 Hz)
Cs’=H; J = 7.4 HzZ)
C,-H, J = 4.5 H2z)

(d,
(d,
(tl
CY
(t,
(4,

2H,
4H,
2H,
2H,
2H,
4H,

hi gh 25
39 1.5

The mixture was

"Ret 0.23 (in CH,Cl,:MeOH 4:1)

2

NNV NN

X

X
X
p <

Cz—cHzo-)

(dd, 2H, 2 x C,~H, J = 5.5 and 10.9 Hz)
(dd, 2H, 2 x C,~H, J = 5.6 and 11.7 Hz)

(s, 4H, 2 X =CH,=C-0)

1.7 g of _6-ch.loropurine was heated at reflux in
50 ml of HMDS (hexamethyldisilazane) containing 50 mg of

g of

(XX)

(NH,) ,SO, (ammonium sulfate) until the solution became

5
7.69
7.28
10 6.24
5.76
5.35
4.37
3.42
15 3.10
2.60
20
N‘
N
H
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oxat hi ol ane was dried by evaporation twice with 50 m of benzene in a 500
m round bottom flask and dissolved in 150 mM of dry 1, 2-dichloroethane. 5
The silyated uracil solution was transferred into the oxathiol ane sol ution
t hrough a canul a under argon atnosphere and 1.5 m of THS-Triflate in 20 n
of 1,2-dichloroethane was added. The reggtion mixture was heated at reflux
under argon at nosphere for 48 hours, 10 cooled to roomtenperature and
poured into 300 m of saturated aqueous [err] solution. The organic |ayer

was col |l ected. The aqueous phase was extracted twice with
clear (1 hour). Excess HMDS was removed under reduced

pressure. The oily residue was dried under high vacuum
for 1 hour and then dissolved in 100 ml of dry 1,2-
dichloroethane.

5 © 2.7 g of 2-benzoyloxymethyl-5-ethoxy-1,3~-
oxathiolane (XIII) was dried in a 500 ml round bottom
flask by evaporation twice with 50 ml of benzene and

~dissolved in 200 ml of dry 1,2-dichloroethane.
The solution of silylated 6-chloropurine was

10 then transferred into the 1,3-oxathiolane solution
through a canula under argon atmosphere. 11 ml of 1M
TMS-triflate (trimethylsilyl trifluoromethane sulfonate)
was added to the reaction flask.  The mixture was heated
at reflux for 5 hours, then cooled to room temperature.

15 The mixture was poured into 300 ml of saturated sodium

- bicarbonate solution (NaHCO, solution) while stirring.
The organic 1éyer was collected and the agqueous phase was
extracted with CH,Cl, (2 x 100 ml). The combined organic
phase was washed with water, dried over Mgso,, filtered

20 and evaporated under reduced pressure. The residue was
purified and separated on silica gel using Hexane-ethyl
acetate 7:3 as eluant. It yielded 1.05 g (28%) of the
less polar product, which was identified as alpha- or
trans- isomer as a foam, and 710 mg of lower product as

25 beta- or gigrisomer. Total yield 46.1%; cis:trans ratio
1:1.4

trans-isomer (a-isomer): R,: 0.43 in Hexane:EtOAc 1:1
U.V.: (MeOH) Lambda max:‘264.7 nm
lH-NMR & (ppm in CDCl,): | T .
30 8.76 (s, 1H, Cy’-H)
8.48 (s, 1H, C,’-H)
8.06 (m, 2H, aromatic) . )
7.56 (m, 1H, aromatic)
: 7.45 (m, 2H, aromatic)
35 6.90 (dd, 1H, C,;~H, J = 5.0 Hz)

e This is the replacement sheet
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[er.r] (2 x 100 mM). The conbi ned organic | ayer was washed with water (2 x
200 m), once with Nad solution 15 (1 X 150 m) and dried over [err].
After filtration, solvent was renoved by evaporation in vacuum and the

resi due was purified on silica gel using Hexane:EtQAc 1:1 as eluant. It

yi el ded 594 ng (32% of pure product. The product was shown as only one
spot in the 20 TLC. However the [err] spectrumindicated the presence of
two isonmers cis:trans in a ratio of 1:1.2 and which were not separated at

this stage. [err]: 0.35 in Hexane: EtoAc 3.7
5.78 (dd, 1H, C,~H, J = 6.0 Hz)

4.56 (m, 2H, CZ-CHzOCQCsﬁ,)
3.74 (m, 2H, C,~H)

cis-isomer (beta-isomer): Ry: 0:35 in Hexane:EtOAc: 1:1
5 U.V.: (MeOH) Lambda max 264.7 nm '
!H-NMR & (ppm in CDCl,):
8.72 (s, 1H, C,’~H)
8.51 (s, 1H, C;’-H)
8.00 (m, 2H, aromatic)
10 7.56 (m, 1H, aromatic)
7.44 (m, 2H, aromatic)
6,61 (t, 1H, Cs~H, J = 4.7 Hz)
'5.62 (t, 1H, C,-H, J = 4.9 Hz)
 4.69 (m, 2H, C,~CH,0COCH,)
15 3.66 (m, 2H, C,~H)

(XXI)

20 : 533 mg of gis-2-benzoyloxymethyl-5-(6-
chloropurin-N-9/-yl)~-1,3~oxathiolane was dissolved in 25
ml of methanol. 5 g of sodium hydroxide (NaOH) and 3 ml .
of water were added into the solution. The mixture was
heated at reflux for 5 hours and cooled to room

25 temperature. The solution was then diluted with 100 ml

e This is the replacement sheet
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U-V.: (MeOH) Lanbda max: 261 nm 25 [err] [err](ppmin [err]) 8.88
(broad s, 1H, [err]) 8.05 (m 2H, aromatic) 7.71 (d, 1H [err],J= 8.2 Hz)

7.57 (m 1H, aromatic) 30 7.45 (m 3H, aromatic and [err]) 6.55
(dd, 1H, [err] trans J = 2.4 and 5.4 Hz) 6.35 (dd, 1H, [err], J =4.1 and
5.6 Hz) 5.79 (t, 1H, [err] trans, J .4 Hz) 5.73 (d, 1H, [err] trans, J =
8.2 Hz)

of water, neutralized with pyridinium resin and filtered.
The resin residue was washed with 100 ml of methanol.
The combined filtrate was 'evapofated under reduced:
pressure. The residue was purified on silica gel using
5 CH,Cl,:MeOH 4:1 as eluant. It yielded 183 mg (51%) of
pure product, which was identified as inosine derivative.
m.p.: 208-210°C; R,: 0.27 in EtOAc:MeOH 4:1
U.V.: (MeOH) Lambda max: 246 mn
H-NMR: &(ppm in DMSO-d,)
10 12.42 (s, 1H, -NH, D,0 exchange)
8.36 (s, 1H, C4'-H)
8.07 (s, 1H, C,’-H)
6.37 (t, 1H, C,~H, J = 5.1 Hz)
5.29 (t, 1H, -OH, J = 6.0 Hz, D,0 exchange)
15 5.24 (t, 1H, C,~H, J = 4.9 Hz)
. 3.63 (m, 4H', 2H ‘from C,~H and 2H: from CH,=OH)

20 | o (xx1I) 0

760 mg of uracil was heated at reflux in 30 ml
of HMDS in the presence of 50 mg (NH,),SO, until the
solution became clear. The mixture was evaporated under
reduced pressure. The residue was dried under high

25 vacuum for 1 hour and dissolved in 100 ml of dry 1,2~

dichloroethane.
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35 - 5.57 (d, 1H, [err], J =8.2 Hz) 5.46 (t, 1H [err], J = 3.9 Hz)
40 [err] 5 Exanple 14 [err] 300 ng of a m xture [err] and trans-2-
benzoyl oxymet hyl - 5-(uracil-N-1'.-yl)-1, 3-oxathiolanes was

39

1.5 g of 2-benzoyloxymethyl-5-ethoxy-1,3-
oxathiolane was dried by evaporation twice with 50 ml of
benzene in a 500 ml round bottom flask and dissolved in
150 ml of dry 1,2-dichloroethane.

5 . The silyated uracil solution was transferred
into the oxathiolane solution through a canula under
argon atmosphere and 1.5 ml of TMS-Triflate in 20 ml of
1,2~dichloroethane was added. The reaction mixture was
heated at reflux under afgcn atmosphere for 48 hours,

10 cooled to room temperature and poured into 300 ml of
saturated agqueous NaHCO, solution. The organic layer was
collected. The aqueous phase was extracted twice with

" CH,C1l, (2 x 100 ml). The combined organic layer was
washed with water (2 x 200 ml), once with NaCl solution

15 (1 X 150 ml) and dried over Mgso,. After filtration,
solvent was removed by evaporation in vacuum and the
-residue was purified on silica gel 'using Hexane:EtOAc 1:1
as eluant. It yielded 594 mg (32%) of pure product.

The product was shown as only one spot in the

20 TLC. However the 'H-NMR spectrum indicated the presence
of two isomers gis:trans in a ratio of 1:1.2 and which
were not separated at this stage.

R;: 0.35 in Hekane;EtoAc 3:7
U.V.: (MeOH) Lambda max: 261 nm
25 ‘H-NMR §(ppm in CDCl,)
8.88 (broad s, 1H, N,’-H)
8.05 (m, 2H, aromatic)
7.71 (d, 1H, C,’-H gis, J = 8.2 Hz)
7.57 {m, 1H, aromatic)
30 7.45 (m, 3H, aromatic and N,'-H)
6.55 (dd, 1H, C,~H trans, J = 2.4 and 5.4 Hz)
6.35 (dd, 1H, C;-H ¢is, J = 4.1 and 5.6 Hz)
5.79 (t, 1H, C,~H trans, J. = 5.4 Hz)
.73 (4, 1H, Cs’-H trans, J = 8.2 Hz)

35 5.57 (d, 1H, C,’-H gis, J = 8.2 Hz)
5.46 (t, 1H, C,-H cis, J = 3.9 Hz)

| Replaced This is the replacement sheet
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10:

at room tenperature overnight.
residue was purified and the two i somers were separated on silica gel

dissolved in 75 M of nethanolic anmmobni a.

Et GAc: MeOH 98: 2 as el uant.
as a solid product and was identified as cis-isoner.

[err];

[err]

[err]: 0.57 in EtoAc: IVEO—| 95:5 U V.:
[err](ppmin [er_}r])

15

d, 2H,

11.36 (s, 1H,
- CH2° -COC‘H 5 )

4.45 (t I} ZH' "CH:OCQC;H,)

3.57

3.17

(m, 1H,
(m, 1H,

C.,~H)
C,~H)

HO~ 0

[err])

(XXIII)

300 mg of a mixture gis- and trans-2-

The m xture was stirred

The sol ution was evaporated by dryness. The
_ usi ng
40 The top product was isol ated
Ci s-isoner: mp.
(MeOH) Lanmbda max: 261.4 nm

-benzoyloxymethyl- 5-(uracil-N-1’~yl)-1,3-oxathiolanes was

1o dissolved in 75 ml of methanolic ammonia.
was stirred at room temperature overnight.
- was evaporated by dryness.

the two isomers were separated on silica gel using
EtOAc:MeOH 98:2 as eluant.

15

and was identified as cis-isomer.

Cigs~isomer: m.p. 162-164°C;
U.V.:
H-NMR

20

25

is Sheet Has Been Re

i

Il

(MeOH) Lambda max: 261.4 nm

s(ppm in

11.36 (s,1H,

7.88
6.18
5.62
5.33
5.17
3.72
3.41
3.20

ilaced :

(a, 1H,
(t, 1H,

(dl 1Hl Cs'

(t, 1H,
(t, 1H,
(t, 2R,

DMSO~d,) :
N,/ =H)

C,'=H, J = 8.1 Hz)
C,-H, J = 4.8 Hz)
-H, J = 8.1 Hz)
C,~H, J = 5.7 Hz)
-OH, D,0 exchange)
C,~CH,OH, J = 4.6 Hz)

(dd, 1H, C,-H, J = 5.7 and 12 Hz)
(dd, 1H, C,~H, J = 4.6 and 9.9 Hz)

This is the repiacement sheet
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‘The mixture
The solution
The residue was purified and

The top product was isolated as a solid product

R,: 0.57 in EtoAc:MeOH 95:5



7.88 (d, 1H, -[err], J =8.1 Hz) 6.18 (t, 1H, [e ] J = 4.8 Hz) 5.62 (d,
1H, [err], J:81Hz)533(t 1H, C2-H, J = 5. Hz) 25 5.17 (t,
1H, --OH, [err] exchange) 3.72 (t, 2H, [err], J =.4.6 Hz) 3.41 (dd, 1H,
[err], J =5.7 and 12 Hz) 3.20 (dd, 1H4jerr], J = 4.6 and 9.9 Hz)

oxathiolanes

0 - | /j,CHa
Hukjc"h BzO‘ﬁ]
0" N Bzo-E _7,,0£-:f BZO

H

(XXIV)  H, cﬁ/

5 1.7 g of thymine was heated at reflux in 50 ml
of HMDS containing 50 mg of (NH,),S0, until the solution
became clear. The mixture was evapor'ated under reduced
pressure. The residue was dried under high vacuum for 1
hour and dissolved in 150 ml of 1,2-dichloroethane.

10 3 g of 2-benzoyloxymethyl-5~ethoxy-1,3-
oxathiolane was dried by evaporation twice with 75 ml of
benzene and dissolved in 150 ml of dry 1,2-

dichloroethane. _
The silylated thymine solution was transferred

15 into the oxathiolane through a canula under argon
atmosphere. 3.3 ml of TMS-Triflate (trimethylsilyl-
triflate) in 30 ml of dry 1,2-dichloroethane was
introduced into the reaction mixture through a canula
under argon atmosphere. The solution was heated at

20 reflux under argo'ri' atmosphere for 36 h__ours + Cooled to
room temperature and poured into 300 ml of saturated
agueous NaHCO, solution. The organic layer was collected
and the aqueous phase was extracted twice with methylene
chloride '(2'x 100 ml). The combined organic phase was

25 washed twice with water (2 X 200 ml), once with Nacl
solution (1 X 150 ml) and dried over MgSO,. The solution

This Sheet Has Been Relp This is the repidcsment sheet
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41.Exanple 15 C s- and trans-2-ethyl-5-(thymn-N1'-y1)-1, 3- oxathiol anes 5

- 1.7 g of thym ne was heated at reflux in 50 mM of HHDS contai ning 50 ng of
[err] until the solution becane clear. The m xture was evaporated under
reduced pressure. The residue was dried under high vacuumfor 1 hour and

di ssolved in 150 ml of 1,2-dichloroethaf®. 10 3 g of

2- benzoyl oxynet hyl - 5- et hoxy 1, 3- oxathiolane was dried by evaporation tw ce

with 75 m of _
was filtered. The filtrate was evaporated in vacuum.

The residue was purified on silica gel using Hexane:EtOAc
1:1 as eluant. It yielded 1.3 g (35%) of pure product.
The product was shown as only one spot on TLC
5 but the H-NMR spectrum indicated the presence of the two
isomers ¢is and trans in a ratio of 1:1.2.
Ret 0.30 in Hexane:EtOAc 2:3
U.V.: (MeOH) Lambda max: 266 nm
'H-NMR & (ppm in CDCl,):
10 8.60 (broad singlett, N,’-H)
8.06 (m, 2H, aromatic)
7.59 (m, 1H, aromatic)
7.49 (m, 2H, aromatic)
7.38 (d, 1H, C¢’~H-¢is, J = 1.3 H2)
15 ' 7.28 (4, 1H, C,/~H-trans, J = 1.3 Hz) :
6.55 (dd, 1H, Cs~H-trans isomer, J = 3.1 and 5.6 Hz)
6.38 (t, 1H, Cs~H-gis isomer, J = 5.5 Hz)
5.78 (d4, 1H, C,~H-trans, J = 4.4 and 6.4 Hz)
5.46 (t, 1H, C,-H =-gis-isomer, J = 4.3 Hz)
20 4.69 (d, 2H, C,~CH,0COCH;, J = 4.2 Hz)
4.45 (m, 2H, C,~CH,0COCH,)
3.58 (m, 1H, -C,~H)
3.13 (m, 1H, C,~-H)
1,93 (4, 1H, C;'-CH,~trans isomer, J = 1.2 Hz)
25 1.78 (d, 1H, C,’~CH,-cis isomers, J = 1.2 Hz)

(xxv)
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benzene and dissolved in 150 ml of dry 1,2- dichloroethane. The silylated
thym ne solution was transferred 15 I nto the oxat hi ol ane through a
canul a under argon atnmosphere. 3.3 m of TMS-Triflate (trinmethylsilyl-
triflate) in 30 mM of dry 1,2-dichloroethane was introduced into the
reaction m xture through a canul a under "argon atnosphere. The sol uti on was
heat ed at 20 refl ux under argon at nosphere for 36 hours, cooled to room

t enperature and poured |nt 0 of sat r at ed, aqueous err sol uti on.
mp IxE -

The organic |ayer was col | € ure gis- and
benzoyloxymethyl-s-(thymin-u-lo-yl)_1 3-oxathiolanes

(XXIV) was dissolved in 100 ml of saturated methanolic
ammonia. The mixture was stirred at room temperature
5 overnight (18 hours). The mixture was then evaporated to
dryness under reduced pressure. The residue was
separated on silica gel using EtOAc:MeOH 98:2 as eluant.
. The less polar product was identified as cis-
isomer mp: 167-168°C; R,: 0.66 in EtOAc:MeOH 95:5
10 U.V.: (MeOH) Lambda max: 266 nm
H-NMR  §(ppm in DMSO-d)
11.38 (s, 1H, N;’-~H)
7.73 (4, 1H, C¢’~-H, J = 1.1 Hz)
6.16 (t, 1H, C~H, J = 5.5 H2z)
15 5.31 (t, 1H, C,~H, T = 5.9 Hz)
5.14 (t, 1H',.OH, Dgo' exchange)
3.70 (t, 2H, C,~CH,0H, J = 5.1 Hz)
3.36 (dd, 1H, C,~H, J = 5.7 and 1.7 Hz)
3.16 (44, 1H, C,~H, J = 5.5 and 11.7 Hz)
20 1.75 (d, 3H, Cs'-CH,, J = 1.7 Hz)

Example 17

Tablet Formulatjons .

A. The following formulation is prepared by wet
granulation of the ingredients with a solution of

25 povidone in water, drying and screening, followed by
addition of magnesium stearate and compression.

Bg/tablet

(a) Active ingredient ' 250

(b) Lactose B.P. . : 210

30 (c) Povidone B.P. : 15

(d). Sodium Starch Glycollate . - 20

(e) Magnesium Stearate - 5

500

Th%is}honﬂﬂ&a&nentﬂmun
bae: 1 2 JUN 1956
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and t he aqueous phase was extracted twice with nmethylene chloride (2 X 100

m ). The conbi ned organi ¢ phase was 25 washed twice with water (2 X 200
m), once with [err] solution (1 X 150 nl) and dried over [err]. The
solution 42 was filtered. The filtrate was evaporated in vacuum The

residue was purified on silica gel usind4err] 1:1 as eluant. It yiel ded
1.3 g (35% of pure product.

B. The following formulation is prepared by direct
compression; the lactose is of the direct compression

type.
. ng/tablet
5 Active ingredient 250
Lactose _ 145
Avicel ) 100
Magnesium Stearate ' 5
10 : : $00

c. (Controlled Release Formulation) The formulation is
prepared by wet granulation of the ingredients (below)
with a solution of povidone in water, drying and
screening followed by the addition of magnesium stearate

15 . and compression.
- mgztah;s:--
(a) Active ingredient ' 500
(b) Hydroxypropylemethylcellulose 112
(Methocel K4M Premium)
20 (c) Lactose B.P. 53
(d) Povidone B.P. 28
(e) Magnesium Stearate 7
700

25 Example 18
Capsule Formulatjon
| A capsule formulation is prepared by admixing
the ingredients below and filling into a two-part hard

- gelatin capsule.

' This is the repldosment sheet
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The product was shown as only one spot on TLC 5 but the [err] spectrum
indicated the presence of the two isoners cis and trans in a ratio of
1:1.2. [err]: 0.30 in Hexane:EtOAc 2:3 U. V.: (MeOH) Lanbda nax: 266 nm
[err] [err](ppmin [err]): 10 458. 60 (broad singlett, [err]) 8.06
(m 2H, aronatlc) 7.59 (m 1H, aromatic) 7.49 (n1 2H, aromatic) 7.38 (d,

1H, [err] J = 1.3 Hz)

Active ingredient 125

Lactose i . 72.5
Avicel 50

5 ‘Magnesium Stearate 2.5
250

Example 19
Injectable Formulation
10 Active ingredient 0.200 g
Sodium hydroxide solution, 0.1M q.s; to a pH of about 11.
Sterile water g.s. to 10 ml. _
The active ingredient is suspended in some of
the water (which may be warmed) and the pH édjusted to
15 about 11 with a solution of sodium hydroxide. The batch
is then made up to volume and filtere§ through a
sterilizing grade membrane filter into a sterile 10 ml

glass vial and sealed with sterile closures and overseas.

Example 20
20 suppository
‘mg/suppository
Active ingredient ' | 250
25 | 2020

R - This i3 the repigzcament sheet
Sheet Has Been' RTIlaced '
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15 :

4.69 (d, 2H,
3.13 (m 1H,
1.78 (d, 1H,

10

15

20

25

This Sheet Has Been Replaced
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7.28 (d, 1H [err],

3.1 and 5.6 Hz) 6.38 (t, 1H, [

J - 4.4 and 6.4 Hz) 5. 46 (t, 1 J =
[err], J = 4.2 Hz) 4.45 (m é&i [err]) 3.58 (m 1H, [err])

[err]) 1. 93 (d, 1H, [err] |soner J = 1.2 Hz) 25

[err] isoners, J = 1.2 Hz)

J =1.3 Hz) 6.55 (dd, 1H, [err] isoner, J
;

err]
H [err] -cis-isomer, 4.3 Hz) 20

One-fifth of the hard fat is melted in a steanm-
jacketed pan at 45°C maximum. The active ingredient is
sifted through a 200 um sieve and added.to the molten
base with mixing, using a high shear stirrer, until a
smooth dispersionlis achieved. Maintaining the mixture

at 45°C, the remaining hard fat is added to the

-suspension and stirred to ensure a homogenous mix. The

entire suspension is passed through a 250 pm stainless
steel screen and, with continuous stirring, is allowed to
cool to 40°C. At a temperature of 38°C to 40°C, 2.02 g
of the mixture is filléd into suitable, 2 ml plastic
molds. The suppositories are éllowed to cool to room
temperature.
Example 21
Antiviral Activity

In vitro testing was conducted on several of
the compounds of this inQention to determine their
inhibitory properties. The results are shown in Tables 1
and 2. The concentrations reported are xg/ml in the
incubation media which affect the susceptibility of a
continuous line of T-cells-developed at the Lady Davis
Institute for Medical Research (Montreal) by Dr. Mark A.
Wainberg toward infectiéﬂ by HIV-1 following a protocol
similar to that of H. Mitsuya and S. Broder, *Inhibition
of the in vitro infectivity and cytopathic effect of
human T-lymphotropic virus type III/lymphadenopathy-
associated virus (HTBV-III/LAV) by 2’3’-dideoxy-

B Thie is the repisosment shoet

Date: "] 2 JUN 1988
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Exanmpl e 16 G s-2-hydroxynet hyl -5-(thym n-N-1' -yl -1,"3-oxat hi ol anes [err]

43 500 ng of a mxture cis- and trans-2-

benzoyl oxymet hyl -5-(thym n-N-1' -yl ) -1, 3- oxat hi ol anes (XXIV) was di ssol ved
in-100 M of saturated nethanolic anmoniga. The m xture was stirred at room
tenperature '

nucleosides”, Proc. Natl, Acad. Sci, USA, 83, pp. 1911-15

(1986) . Protection of the cell line from infection was
monitored by staining with monoclonal antibodies against
viral proteins in the standard manner (Table 1). 1In all

5 experiments, comparisons were made with the drug AZT as

the control. 1In order to confirm the results, the drug
effects were monitored by measuring reverse transcriptase

(RT) activity in the U-937 line of human monocytic cells

as assayed in the usual manner with tritiated thymidine

10 triphosphate (TTP) (Table 2). Finally, the drug effects
on cell viabiliﬁy,as meagured.by the well-know cytolytic

effects of HIV-1 on the MT-4 cell line was evaluated in

the accepted manner (Table 1).

oxic
15 No toxic effects were cobserved in the above
tests.
Iable 1
.Inhibition of HIV-1 product by compounds
_ of formula (I) in MT-4 cells
20 a) viable cell counts (6 days in culture) using 2 pg/ml
of compound
_compound _Cell viabilitv 3
no drug 6.47 '
. AZT - 88.6
25 cis-xvI1 87.4
trang-xvi 24
cis-XVII(b) 14
cis-XXv : 11
cis-XXT 18
© 30 cig-XXIII ) 14
o Replaced This s the repiacement shoet
eplac:
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5 - overnight (18 hours). The m xture was then evaporated to dryness
under reduced pressure. The residue was separated on silica gel using
Et OAc: MeOH 98: 2 as eluant. The | ess pol ar product was identified as cis-

i somer np: .Jerr]; J[err]: 0.66 in EtOAc: MeCH 95:5 10 UV.: (MOH
Lanbda max: 266 nm[err] [err](ppmin48rr]) 11.38 (s, 1H, [err]) 7.73
(d, 1H, [err] = 1.1 Hz) 6.16 (t, 1H, [err], J= 5.5 Hz) 15 5.31 (t,

1H, [err], J = 5.9 Hz)
b) P-24 immunofluorescence

Time in Culture % Immunofluorescent Cells
{Days) No Drug 2uga/ml AZT 2ua/ml cis-XvI
.3 5.9 _ 1.0 ' 1.0

5 6 99 | 1.0 7.6

c) Reverse transcriptase assay

Time in Culture  RT Activity (CPM X 1000)/ml
—(Days) No Drug 2ug/ml AZT  2ug/ml cis-XVI
10 3 36.43 1.564 2.381
6 339.0 . 1.748 2.301
_ - Table 2
Inhibition of HIV-1 production by compounds of
15 formula (I) in H-9 cells
Reverse transcriptase assay
.~ Time in Culture  RT Activity (CPM X 1000)/ml
—{(Davs) ___ No Drug 2ug/ml AZT 2ua/ml cis-XVI
5 9.117 3.346 3.077
. 20 8 438.5 3.414 5.853
11 2550 - 2.918 3.560
14 2002 8.320 | 2.872
17 584.5 : 2.997 : - 2.399
_ 21 | 365.2 3.111 2.907
25 25 436.4 15.88 - 4.020
29 92.38" 32.08 3.756
33 111.1 612.2 3.803
37 32.28 878.2 4.193
41 ©  384.4 994.0  4.515

30 45 . . 33.64 : 32.91 3.441
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5.14 (t, 1H, OH, [err] exchange) 3.70 (t, 2H, [err], -3=-5-1-Hz) 3-36 (dd,
1H, -{err], J =5.7 and 1.7 Hz) 3.16 (dd, 1H, [err], J =.5.5
1.75 (d, 3H, [err], J = 1.7 Hz) BmmNe17TmnaRnﬂT ﬁ

nd, 11.7 Hz) 20
en Replpeed” -
foltow ng formulation is prepared by wet égranul_ation of ﬂﬁﬁaﬁutﬂmﬁ;s
4 | owed

with a solution of 25 povi done in water, drying and
by addition of magngsiMgn stearate and conpression.
_ 1. A 1,3-oxathiolane of formula (I), the
5 geometric and optical isomers thereof, and mixtures of
those isomers:

. . o
RiOC Hz—-g—j——Rz G
10 wherein:

R, is hydrogen;.
R, is a purine or pyrimidine base or an analogue
or derivative thereof; o
Z is selected from a group consisting of §, S$=0
15 or S0,; and .
pharmaceutically acceptable derivatives thereof.

2. A compound of formula (I) as defined in
claim 1 in the form of its gcis isomer.

20 3. A compound of formula (I) as defined in
claim 1 or claim 2 wherein 2 is s. T

4. A compound of formula (I) as defined in
any one of claims 1 to 3 wherein R, is selected from:

NHR, .NHR.3

7 Ry N/AN N Rs
o O X
? o N7 (o] .

This is the replacament shoet
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ng/tabl et (a & | ngredi ent 250 (b) Lactose
ThlS'Sheeth QB’”‘& 1 210 30 (¢c) Povidone B.P.

15 (d) “mﬂ““ h dycollate 20 (e) Magnesium
St ear 5 500 29 44 |

wherein:

R, is selected from the group of hydrogen or C,.
alkyl groups;

R, and R, are independently selected from the

5 group of hydrogen, hydroxymethyl, trifluoromethyl,

substituted or unsubstituted, saturated or unsaturated
C,., alkyl, bromine, chlorine,.fluorine, or iodine;

R, is selected from the group of hydrogen, cyano,
carboxy, ethoxycarbonyl, carbamoyl, or thiocarbamoyl; and

This is the replacement shoet
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B. » The following fornulation is prepared by di rect §Pr%3§b9e97ke lgb@d
- lact-ose is of the direct conpression type. ng/tablet Active
i ngredi ent : 250 Lact ose Ulmu |||||| “ll || “ 145
Avi cel ' 100 Magnesi um St ear
5 10 ' 500 C. (Controll ed

Rel ease Formul ation) The fornulation is prepared by wet granul ation of the
i ngredi ents (bel ow) X and Y are independently s&lected from the group

of hydrogen, bromine, chlorine, fluorine, iodine, amino
or hydroxyl groups.

5. A compound according to any one of
5 claims 1 to 4 wherein R, is
. NHR;

wherein R, is selected from the group of hydrogen or C,
alkyl groups and R, is selected from the group of
hydrogen, hydroxymethyl, trifluoromethyl, substituted or
unsubstituted, saturated or unsaturated C,, alkyl,

10 bromine, chlorine, fluorine, or iodine.

6. A compound selected from the group
consisting of:
Ccig-2-hydroxymethyl=-5-(cytosin-1/-yl)~1, 3~
oxathiolane, frans-2-hydroxymethyl-5-(cytosin-1/-yl)-
15  1,3-oxathiolane, and mixtures thereof;
¢ig~-2-benzoyloxymethyl-5-(cytosin-1’-yl)~1,3~-
oxathioclane, trans-2-benzoyloxymethyl-5-(cytosin-1/-yl)-
1,3-oxathiolane, and mixtures thereof;
Cls~-2-hydroxymethyl-5-(N,’~acetyl~cytosin-1/~-yl)~
20 1,3-oxathiolane, trans-2-hydroxymethyl-5-(N,’~acetyl-
- cytosin-1’-yl)-1,3-oxathiolane, and mixtures thereof;
Cig-2-benzoyloxymethyl-5-(N,’-acetyl-cytosin-1’~
yl)-1,3-oxathiolane, trans-2-benzoyloxymethyl-5-(N,’~
acetyl-cytosin-1’-yl)-1,3-oxathiolane, and mixtures
25 thereof; and
gig~2-hydroxymethy1-5-(cytosin-l'-yl)-a-oxo—l 3-
oxathiolane:;
Cis-2-hydroxymethyl- 5-(N-dinethylanino-ncthylene

This is the repidosment sheet
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w th a solution of povidone in water, drying and screenlnﬂl e@
addition of magnesi um stearate 15 and conpressi on. ng/t e
i ngredi ent . 500 (b) Hydroxypropyl eme ,r
112. ( Met hocel K4M Premium 20 (c) ngtose B. P.

53 (d) Povidone B.P. 28 (e) Nhgne5|un18tearate
7 700 :

10

15

20

25

30

cytosin-1’-yl)-1,3-oxathiolane;
Bis-gis-z-succinyloxymethyl-s-(cytosin-l'-yl)-
1,3-oxathiolane;
Cis-2-benzoyloxymethyl-5-(6’~chloropurin~-N=-9/-
yl)=-1,3-oxathiolane; trans-2-benzoyloxymethyl-5-(6’~-
chloropurin-N-9’-yl)~1,3~oxathiolane, and mixtures
thereof; -

Cis-2 -hydroxymethyl-s-(6'-hydroxypurin—N-9'-yl)-"

1,3-oxathiolane:;

Cis-2 -henzoyloxymethyl-s-(uracil-n-l'-yl)-1,3-
oxathiolane, trans-2-benzoyloxymethyl-5-(uracil=-N-1’/-yl)-
1,3-oxathiolane, and mixtures thereof;

Cis-2-hydroxymethyl-5-(uracil=N-1’-yl)-1,3-
oxathiolane:;

Cis-2~benzoyloxymethyl-5-(thymin-N=1’-yl)-1,3~
oxathiolane, irans-2-benzoyloxymethyl-5-(thymin-N-1’-yl)-
1,3-oxathiolane, and mixtures thereof;

Cis-2-hydroxymethyl-5-(thymin-N-1’-yl}-1,3~
oxathiolane; _
and pharmaceutically acceptable derivatives thereof in
the form of a racemic mixture or single enantiomer.

7. gig - 2-hydroxymethyl-5-(cytosin-1’/-yl)-
1,3-oxathiolane, and pharmaceutically acceptable
derivatives thereof. '

8. A compound according to any one of
claims 1 to 7 in the form of a racemic mixture.

9. A compound accbrdinq to any one of
claims 1 to 7 substantially in the form of a singlc
enantiomer.

10. A compound of formula (I) as defined in
any one of claims 1 to 9 or a pharmaceutically acceptable

This is the repisosmert sheet
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25 = Exanple 18 Capsule Formul ation A capsule formulation is prepared by

adﬁixlng the ingredients below and filling into a two-part hard gelatin
cap§ule 45 mng/ capsul e Active ingredient _ 125
: ' 53

derivative thereof for use as an active therapeutic
agent.

11. A compound of formula (I) as defined
in any one of claims 1 to 9 or a pharmaceutically
5 acceptable derivative thereof for use in the manufacture
of a medicament for the treatment of a viral infection.

12. A pharmaceutical formulation comprising
a compound of formula (I) as defined in any one of claims
1-9 or a pharmaceutically acceptable derivative thereof
10 together with a pharmaceutically acceptable carrier
therefor.

13. A pharmaceutical formulation according
to claim 12 additionally comprising a further therapeutic

~ agent.
15 14. A 1,3-oxathiolane of formula (VIII),

the geometric and optical isomers thereof, and mixtures
of those isomers:

RO~ O |
\'( 7~L (VIII)
Z |
wherein:

20 R, is hydrogen or a hydroxyl protecting group; and
L is an-alkdxy carbonyl group, iodine, bromine,
chlorine or -OR where R is selected from the group
consisting of a substituted or unsubstituted, saturated
or unsaturated alkyl group and a substituted or
25 unsubstituted, saturated or unsaturated aliphatic or
aromatic acyl group. '
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Lact.ose 72.5 Avi cel

50 % Magnesi um St ear at e 2.5 250 Exanple 19
I nj ectabl e Fornul ation 10 Active ingredient 0.200 g Sodi um hydroxi de
solytion, 0.1Mg.s. to a pH of about 11. Sterile water g.s. to 10 m. The
active ingredient is suspended in sone okyuthe water (which nmay be warned)
and the pH adjusted to

15. The ester of formula (IV) the geometric
and optical isomers thereof, and mixtures of those

isomers:
0 o)
Ch-cd Y
\
l Z (Iv)
7V .
J
5 wherein: Q

W is PO,”, SPO,, or -0-8-(c39,-c-o- where n is an

integer of 1 to 10;
J is any nucleoside or nucleoside analog or

. derivative thereof;
10 Z is s, s=0, or S0O,; and
R, is a purine or pyrimidine base or analogue or
derivative thererof.

16. A compound according to claim 15

o

17. A process for the preparation of a

15

compound of formula (I)

ROCH, 7—R2
: . _ (I)
wherein R; is hydrogen; This Sheet Has Been Reilaced

This is the replacement sheet
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15 » about 11 with a solution of sodi um hydroxi de. TheTQ %ﬁ gfﬁ
nmade up to volune and filtered through a sterilizing grade:
into a sterile 10 m glass vial and sealed with sterile clo

aced

over seas. Exanple 20 20 suppository:Active ingredient
250 Hard Fat, B.P. 1 25
2020

R, is a purine or pyrimidine base or an analogue
or derivative thereof:;

Z is S, S=0 or SO,; and

pharmaceutically acéeptable derivatives thereof,
5 which comprises:

(a) reaction of a compound of formula (VIII)

RO~ 0
| ~1<j/ ;7ML. (VIII)
Z

wherein R, is hydrogen or a hydroxyl protecting group and
L is a displaceable atom or a group with a base R,~H
10 group: :
(b) base interconversion of one compound of
formula (I) into another compound of formula (I):
(c)reaction of a compound of formula (IX)

HO. Ry
(IX)
HZ
15 with a compound of formula (X)
| PO
(X)
CHO

wherein P is a protecting groub: or
(d) conversion of a compound of formula (XII)

AR R

Thmistharewanamentﬂﬁgﬁ
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46 (ne-fifth of the hard fat is nelted in a steam jacketed pan at [err]
maximum The active ingredient is sifted through a 200 [err}m§§9¥ d

added to the nolten base with m xing, using a high shear stii 0 1) Replaged
snoot h di spersion is achieved. Mintaining the mxture at [+ﬂ Lu '", I
‘remaining hard fat is added to the suspeﬁ% on and stirred to

honogenous m x. The entire suspension is passed through a 250 [err]
stai nl ess steel screen and, mﬁth ntinqgus st';{g ng, is allowed to

{XII)

5 to a compound of formula (I)

and if necessary'or desired subjecting the
compound resulting from any of steps (a) to (d) to one or
two further reactions comprising:

(i) removing any protecting groups;

10 (ii).cohverting a compound of formula (I) or a

salt thereof into a pharmaceutically acceptable salt
thereof. |

_ 18. A process as defined in claim 17
15 wherein the compound of formula (I) is obtained in the
form of its cis isomer.

19. A process according to claim 17 or
claim 18 wherein 2 is S.

20 20. A process according to any one of
claims 17 to 19 wherein R, is:

NHRg o)
F ’ Ry N ' Rs
oJ\,, oJ\N.
[ {
Re

-_—

L i
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10 . cool to [err]. At a tenperature of [err] to [err], 2.02 g of the
mxture is filled into suitable, 2.m plastic nolds. The suppositories are
allowed to cool to roomtenperature. Exanple 21 15 Antiviral Activity In
vitro testing was conducted on several of the conpounds of this invention
to determine their inhibitory properties. Jhe results are sp wn in Tables 1
and 2. The concentratiofs reported are pgkhi in the 20 ﬁéubation medi a

whi ch affect the susce il of a _

5 wherein:

Ry is selected from the group of hydrogen, _
- trifluoromethyl or saturated or unsaturated C,.; alkyl
groups;

R, and R; are independently selected from the

1o group of hydrogen, hydroxymethyl, trifluoromethyl,
substituted or unsubstituted, saturated or unsaturated C,.
¢ alkyl, bromi-ne,. chlorine, fluorine, or iodine; .

R, is selected from the group of hydrogen, cyano,

carboxy, ethoxycarbonyl, carbamoyl, or thiocarbamoyl; and

15 X and Y are independently selected from the group
of hydrogen, bromine,. chlorine, fluorine, iodine, amino

or hydroxyl groups. —- — o
This Sheet Has Been R#[ilaced- :
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conty nuous |ine of T-cells devel oped at the Lady Davis Instltute for
Medi-cal Research (Montreal) by Dr. Mark A. Wi nberg towal¥s

H V-1 followi ng a protocol simlar to that of H Mtsuya
"Inhibition 25 of the in vitro infectiyjty and cytopat
human T-1ynphotropic virus type III/Iynpﬁg%enOpathy- aSSOCIated Vi rus

(HTLV-111/LAV) by 2'3'-di deoxy-
. 21, A process according to any of claims 17

to 19 wherein R, is: NHRjy
na” R
l
°J\'f
5 wherein Ry is selected from the group of hydrogen,

trifluoromethyl or saturated or unsaturated C,, alkyl
groups and R, is selected from the group of hydrogen,
hydroxymethyl, trifluoromethyl, substituted or
unshbstituted, saturated or unsaturated C,, alkyl,

10 bromine, chlorine, fluorine, or iodine.

22. A process according to any one of
claims 17 to 21 wherein the compound of. formula (I) is
selected from:

15 g;g-z-hydroxymethyl-s-(cytosxn-l'-yl)-l 3-
oxathiolane, trans-2-hydroxymethyl-5-~(cytosin-1'-yl)-
1,3-oxathiolane, and mixtures thereof:;

Cig-2-benzoyloxymethyl-5-(cytosin-1'~yl)-1,3~-
oxathiolane, trans-2-benzoyloxymethyl-5-(cytosin-1'-yl)-

20 1,3-oxathiolane, and mixtures thereof;

Cis-2-hydroxymethyl-5-(N;'~acetyl-cytosin-1'~-yl)~
1,3-oxathiolane, trans-2-hydroxymethyl-5-(N,'-acetyl-
cytosin-l'-yl)-1,3-oxathioiane, and mixtures thereof;

Cis-2-benzoyloxymethyl-5=-(N;'-acetyl~cytosin-1'-

25 yl)-1,3-oxathiolane, trans-2-benzoyloxymethyl-5-(N,'-
acetyl-cytosin-l'—yl)-1,3-oxatbiolane, and mixtures
thereof; and

g;_rz—hydroxymethyl-s-(cytosin-l'-yl)-3-oxo-1 3-
oxathiolane;

30 Cis~2-hydroxymethyl-5-(N-dimethylamino~methylene
cytosin-1'-yl)-1,3-oxathiolane;

Bis-Cis-2-succinyloxymethyl-5-(cytosin-1'-yl)~
'1,3-oxathiolane;

This is the repidoement sheet
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nucleosi des", Proc. Natl. Acad. Sci. USA, 83, pp. 1911-15 (1986). aced
Protection of the cell line frominfection was nonitored b AT
nonacl onal anti bodi es against viral proteins in the standard]

1). «In all 5 experinments, conparisons were nmade with thel
the control. In order to confirmthe res8%s, the drug effects were

noni-tored by nmeasuring reverse transcriptase (RT) activity in the U 937
line of human nonocytic @ig-R-benzoyigwpmeéthylrS-(SdachianopurimntNr-a'-iti ated

t hymi di ne 10 ¥1) Phosrdiaith i BRE ; ( Fberlzofdbkymet Rl LG & f ects on
Cel_ l-_ Vviability asctquzs'g;;uerdln%-tthy%L ; Dg:‘é‘ét%’itoqla tel, -Cand mixtures
thereof; |
5 Cis-2-hydroxymethyl-5-(6'~hydroxypurin~N-9f-yl)-
1,3-oxathiolane; :
Cis-2-benzoyloxymethyl-5~-(uracil~N-1'-yl)-1,3-
oxathiolane, trans-2-benzoyloxymethyl-5-(uracil-N-1'-yl)-
_ 1,3-oxathiolane, and mixtures thereof;
10 gig-z-hydroxymethil-s-(ufacil-N-l'-yl)-1,3-
oxathiolane;
Cis-2-benzoyloxymethyl=~-5-(thymin-N-1'-yl)-1,63~
oxathiolane, trans-2-benzoyloxymethyl-5-(thymin-N-1'-yl)-
1,3-oxathiolane, and mixtures thereof;
15 Qig-zéhydroxymethyl-s-(thymin-N—l'-yl)-1,3-
oxathiolane: :
and pharmaceutically acceptable derivatives thereof in
the form of a racemic mixture or single enantiomer.

20 23. A process according to any one of
claims 17 to 21 wherein the compound of formula (I) is
" Cis-2-hydroxymethyl~5-(cytosin-1'-~yl)~-1,3-oxathiolane,
and pharmaceutically acceptable derivatives thereof.

25 24. A process according to any one of
claims 17 to 23 wherein the compound of formula (I) is
obtained in the form of a racemic mixture.

25. A process according to any one of
30 claims 1 to 7 wherein the compound of formula (I) is
obtained substantially in the form of a single
. enantiomer.

26. A process according to any one of
35 claims 17 to 25 wherein in step (a) the group L is
selected from a group consisting of alkoxy carbonyl,

This is the: repléoement’ sheet
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effects of HHV-1 on the MI-4 cell |line was evaluated in the accepted nmanner

(Tabl-e 1). Toxicity 15 No toxic effects were observed in the
abowe tests. Table 1 Inhibition of H V-1 product by conmpounds of formula
(1) «in MI-4 cells 20 a) Viable cell counts (6 days in culture) using 2
[err] of conpound Conpound 60Cell Viability %

iodine, bromine, chlorine or -OR, where R is a
substituted or unsubstituted, satufaféd or unsaturated
alkyl group or R is a substituted or unsubstituted
"aliphatic or aromatic acyl group.

S ' 27. A process according to any one of
claims 17 to 26 wherein step (a) the compound of formula
(VIII) is reacted with a silylated purine or pyrimidine
base in a compatible solvent in the presence of a Lewis
acid or trimethylsilyltriflate.

10 28. A method for the preparation of a
pharmaceutical formulation comprising admixing a compound
of formula (I) as defined in claim 17 or a
pharmaceutically acceptable derivative thereof with a
pharmaceutically acceptable carrier therefor.

This Sheet Has Been Re
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no prug

Ci s- XVI

ci s=XVI1 (b)
18 80

10

15

6.47 AZT 88.6 25

87.4 trans- XVl 24
_ 14 ci s- XXV 11 cis- XXl
cis-XXl11 14
61
ABSTRACT

Disclosed are Compounds of the formula

| . . .
aocuz—( 7——92
z |

wherein R, is hydrogen; .

R, is a purine or pyrimidine base or an analogue
or derivative thereof;

Z is s, S=0 or S0O,; and

pharmaceutically acceptable derivatives thereof.

Also described are use of the compounds as
antiviral agents, pharmaceutical formulations, and
methods for the preparation of the compounds.

" This Sheet Has Been RTilaced
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sy

n. g M
¥ 4§ h) P-24 immunof | uorescence Tine in Culture % | munof | uor escent
*Cel'| I's (pays) - No Drug 2ug/ M AZT [err] cis-XVI 3
5.9 ' 1.0 _ 1.0 5 6 o
1.0, 7.6 ¢) Reverse transcriptase ass J#%ﬁﬁ%§®ihﬁﬁﬁﬁl
RT Act|V|ty (CPM X 1000)/ m (Days) No Drug [err] AZT
[erf] cis-XVI 10 : 3 3643 A 5841 JUL 1996 2.381
6 339.0 1.748 2.301

SUBSTITUTED-1, 3-OXATHIOLANES
WITH:ANTIVIRAL PROPERTIES

5 ABSTRACT

Disclosed are compounds of the formula

0
e~
VA

10 wherein R, is hydrogen:;
R, is a purine or pyrimidine base or an analogue
or derivative thereof:;
Z is S, §=0 or S0,; and
pharmaceutically acceptable derivatives thereof.
15 Also described are use of the compounds as
antiviral agents, pharmaceutical formulations, and
methods for the preparation of the compounds.



‘TaBle 2 Inhibition of HV-1 production by conpounds of 15

formula (1) in H9 cells Reverse transcriptasfe a QT' %urc
RT Activity (CPM X 1000)/m (Days) No Dr U9 ff Deseri :e%?i]; S Sf[?g
cCis-XVI 5 9.117 3.346 I Clatmin 0 1 1 2287 2o to paged .22
438.5 3.414 5.853 11 O Doty - pased 2210 pagedgdl
3.560 14 2002 8. 320 1AVIBES) i paged .7 to pamed 5.
2. 997 2.399 0 Abstract ~ :paged .. to paged ..
" Y DATE OF RECEIPT..3:!12-)97
l HO R
0Z >N 0
HO 0
o]
N3
(E) (E')

European publication EP A-337,713 is directed
to 1,3-dioxolane nucleoside analogues of formula (E')
with antiviral properties.

Finally, the 3'-fluoro anaiogues of 2',3'~
dideoxycytidine shown in formula (F) and of 2',3'-
dideoxythymidine shown in formula (G) are referred to in
Herdewijn et al., "3!'-Substituted 2',3'-dideoxynucleoside
analogues as potential anti- HIV(HTLV-III/LAV) agents",
J. Med. Chem., 30, pp. 1270-78 (1987), as having potent

antiretroviral activity.
0 N“z

H ‘ s H/

o A

(F) ‘o Ko ()

F

The mgst potent anti-HIV compounds thus far
reported are é',3'—dideoxynucleosideé, more particularly,
2',3'-dideoxy cytidine (ddCyd) and 3'-azido-2',3'-
dideoxythymidine (AzddThd or AZT). These compounds are
also active against other kinds of retroviruses such as
the Moloney murine leukemia virus. Because of the
increasing incidence and the life-threatening
characteristics of AIDS, efforts are-being expended to

discover and develop new non-toxic and potent inhibitors

This is the replacement sheet
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21 365. 2 3. 111 2.907 25 25

436. 4 15. 88 4.020 29 92. 38 32.08
3.756 33 111.1 612. 2 3.803 37 32.28
878. 2 4.193 41 384.4 5 994.0 4.515 30
45 33P%IV and blodRe?l of its infééﬁ%%kty.‘4f% is therefore

an object of the present invention to provide effective
anti~-HIV compounds of low toxicity and a synthesis of
such new compounds that is readily feasible,

The present invention provides novel 2-
substituted-5-substituted-~1,3-oxathiolanes which have
antiretroviral activity. 1In particular, these compounds
have been found to act as non-toxic inhibitors of the
replication of HIV-1 in T-lymphocytes over prolonged .

periods of time.
There is accordingly provided in a first aspect

cis-2-hydroxymethyl-5-(cytosin-1'-yl)-1,3~-oxathiolane,

and pharmaceutically acceptable derivatives thereof.
Cis-2~-hydroxymethyl-5-(cytosin~1'-yl)-1,3~

oxathiolane may be represented by the formula

)
o > N
HOCH; —Tj——u\_}—nu, (1)
\ —

It will be appreciated by those skilled in the
art that formula (I) contains two chiral centers (shown
as * in formula (I)) and thus includes two pairs of
optical isomers (i.e. gnantiomers) and mixtures thereof
including racemic mixtures. Both cis-isomers and
mixtures thereof, including racemic mixtures, are
included within the scope of the invention. The gig-
isomers may also be represented by formula (II), and
similarly, the trans-isomers may be represented by

formula (III)

HaN HOCHz.o
.| N {
HOCH, N/ko (II) OYV (III)
b

This is the replaosment sheet
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CLAIMS: 1. A 1,3-oxathiolane of formula (1), the 5 geonetric and
optical isoners thereof, and m xtures of those isoners: [err] 10

wherein: [err] is hydrogen;. [err] is a purine or pyrimdine base or an
anal ogue or derivative thereof; Zis selected froma group consisting of
S=0 15 or [err]; and 6

By "a pharmaceutically acceptable derivative" means
any pharmaceutically acceptable salt of a compound of
formulae (I) or (II), and the following esters thereof: a
C,.1¢ alkanoyl ester, an unsubstituted benzoyl ester or a
benzoyl ester substituted by at least one halogen (bromine,
chlorine, fluorine or iodine), C;_¢ alkyl, C,_¢ alkoxy,
nitro or trifluoromethyl groups.

It will appreciated by those skilled in the art that
the compounds of formulae (I) or (II) may be modified to
provide pharmaceutically acceptable esters at the
hydroxymethyl group of the oxathiolane ring.

Preferred esters of the compounds of formulae (I) or
(II) include the compounds in which H is replaced by a
carboxyl function R-C in which the non-carbonyl moiety R of
the ester grouping is selected from hydrogen, straight or
branched chain alkyl (e.g., methyl, ethyl, n-propyl, t-
"butyl, n-butyl), phenyl optionally substituted by halogen,
C,.4 alkyl or C;_, alkoxy.

Unless otherwise specified, any alkyl moiety present
advantageously contains 1 to 16 carbon atoms, preferably 1

to 4 carbon atoms.

Pharmaceutically acceptable salts of the compounds of
formulae (I) or (II) include those derived from
pharmaceutically acceptable inorganic and organic acids and
bases. Examples of suitable acids include

S.

This is the replacement sheet
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phar maceutical ly acceptabl e derivatives thereof. 2. A conpound of fornula
(I) as defined in claiml1l in the formof its cis isoner. 20

3. A conpound of fornmula (1) as defined inclaim1 or claim2 wherein Z is
S. 4. A conmpound of formula (1) as defined in any one of clains 1 to 3
wherein [err] is selected from [err] ~— % 7

hydrochloric, hydrobromic, sulfuric, nitric, perchloric,
fumaric, maleic, phosphoric, glycollic, lactic,
salicylic, succinic, toluene~p-sulfonic, tartaric,
acetic, citric, methanesulfonic, formic, benzoic,
maloniic, naphthalene-2~sulfonic and benzenesulfonic
acids. Other acids such as oxalic, while not in
themselves pharmaceutically acceptable, may be useful in
the preparation of salts 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 (e.q.,
magnesium), ammonium and NR,+ (where R is ¢, , alkyl)
salts.

References hereinafter to a compound according
to the invention includes both compounds of formulae (I)
or (II) and their pharmaceutically acceptable
derivatives.

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

This is the reblzoement sheet
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50 [err] wherein: [err] is selected fromthe group of hydrogen or [err]

al kyl groups; [err] and [err] are independently selected fromthe 5 group
of hydrogen, hydroxymethyl, trifluoronmethyl, substituted or unsubstituted,
saturated or unsaturated [err] alkyl, brom ne, chlorine,fluorine, or
iodine;, [err] is selected fromthe group of hydrogen, cyano, carboxy,:

et hoxycar bonyl, carbanoyl, or thiocar®anoyl; and

imﬁunodeficignqy viruses (HIV’s),” the causative agents of
AIDS. T

There is thus provided as a further aspect
of the invention a compound formula (I) 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. '

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

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

The compounds of the invention are also
useful in the treatment of AIDS related conditions such
as AIDS-related complex (ARC), persistent generalized
lymphadenopathy (PGL}, AIDS-related neurological
conditions (such as dementia), anti-HIV antibody positive
and HIV- positive conditions, Kaposi’s sarcoma,
thronbocytopenia purpurea and opportunistic infections.

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

The compounds of formula (I) or the
pharmaceutically acceptable derivatives thereof, may also
be used for the prevention of viral contamination of
biological fluids such as blood or semen in vitro.

_This is the replacement sheet
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51- X and Y are independently selected fromthe group of hydrogen, brom ne,
chlorine, fluorine, iodine- amno or hydroxyl groups. 5. A conpound
according to any 'one of 5 claims 1 to 4 wherein [err] is [err] wherein

[err] is selected fromthe group of hydrogen or [err]

9

It will be appreciated by those skilled in
the art that references herein t6 treatment extends to
prophylaxis as well as the treatment of established
infections or symptoms.

It will be further appreciated that the
amount of a compound of the invention required for use in
treatment will vary not only with-the particular compound
selected but also with the route of -administration, the
nature of the condition being treated and the age and
condition of the patient and will be ultimately at the
discretion of the attendant physician or veterinarian.

In general however a suitable dose will be in the range
from about 1 to about 750 mg/kg of bodyweight per day,
such as 3 to about 120 mg per kilogram body weight of the .
recipient per day, preferably in the range of 6 to 90
mg/kg/day, most preferably in the range of 15 to 60
mg/kg/day.

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 of more sub-doses per day.

The compound is conveniently administered in
unit dosage form; for example containing 10 to 1500 ng,
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 the
active compound of from about 1 to 75 uM, preferably
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 administered as a
bolus containing about 0.1 to about 110 mg/kg of the

This is the replacement sheet
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al kyl groups and [err] is selected fromthe group of hydrogen,

hydr oxymet hyl , trifluoronethyl, substituted or unsubstituted, saturated or

unsat ur at ed

[err] al kyl, 10 brom ne, chlorine, fluorine, or iodine.

conpound sel ected fromthe group consisting of:
C s- 2- hydroxymet hyl - 5- (cytosin-1'- yI) -1 3 oxat hi ol ane,
t rans- 2- hydr oxynet hyl -5-(cytosin-1'- 1, 3- oxat hi ol ane, and

m xtur es { heg 0l uqCy s 2aBBARY OB %#yéﬂé&sﬁ&&+7y$iy%3‘

oxat hi ol ane,

rans enzoy oxyne OSlI n-
maintained by a continuous infusion to provide about 0.01

to about 5.0 mg/kg/hour or by intermittent infusions
containing about 0.4 to about 15 mg/kg of the active
ingredient.:

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

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

Pharmaceutical formulations include those
suitable for oral, rectal, nasal, topical (including
buccal and sub-lingual), vaginal or parenteral. (including
intramuscular, sub-cutaneous and intravenous)
administration or in a form suitable for administration
by inhalation or insufflation. The formulations may,
where appropriate, be conveniently presented in discrete
dosage units and may be prepared by any of the methods
well knewn in the art of pharmacy.. All methods include
the step cf bringing into association the active compound
with liquid carrieis or finely divided solid carriers or
both and then, if necessary, shaping the product into the

desired formulation.
Pharmaceutical formulations suitable for

oral administration may conveniently be presented as
discrete units such as capsules, cachets or tablets each
containing a predetermined amount of the active
ingredient; as a powder or granules; as a solution; as a

6. A
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1, 3- oxat hi ol ane, and m xtures thereof;

Ci s-2-hydroxynethyl -5-([err]-acetyl -cytosin-1 '-yl)- 20 1, 3- oxat hi ol ane,
trans- 2- hydroxynethyl -5-([err]-acetyl- cytosin-I'-yl)-1, 3-oxathi ol ane, and
m xtures thereof; G s-2-benzoyl oxynethyl-5-([err]-acetyl-cytosin-1" -
yl)-1, 3- oxat hi ol ane, trans-2-benzoyl oxynethyl-5-([err] -

acetyl -cytosin-1'-yl)-1, 3-oxat hi ol ane, and m xtures 25 t hereof; and

G s- 2- hydr oxysespensiamytaxsias 1an yéx)uBsxban.l Theoaaitiivad amgredient may

Gi s-2- hydr oxygpLRY bed pldlinBidVd £ "We 185N bEB8tuary or paste.
Tablets and capsules for oral administration may contain
conventional excipients such as binding agents, fillers,
lubricants, disintegrants, or wetting agents. The
tablets may be coated accorsding to methods well known in
the art. Oral liquid preparations may be in the form of,
for example, aqueous or oily suspensions, solutions,
emulsions, syrups'or elixirs, or may be presented as a
dry product for constitution with water or other suitable
vehicle before use. Such liquid preparaéions may contain
conventional additives such as suspending agents,
emulsifying agents, non-aqueous vehicles (which may . -
~include edible oils) or preservatives.

‘The compounds according to the invention may
also be formulated for parenteral administration (e.g.,
by injection, for example bolus injection or continuous
infusion) and may be presented in unit dose form in
ampoules, pre-filled syringes, small volume infusion or
in multi-dose containers with an added preservative. The
compositlons 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 by
aseptic isolation of 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,
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 adueous or oily base with
the addition of suitable thickening and/or gelling
agents. Lotions may be formulated with an aqueous or
oily base and will in general also contain one or more
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This Sheet Has Been Re | aced 52 cytosin-I'-yl) -1, 3-oxathiol ane;

Bi s- C s- 2-succi nyl oxynet hyl -5-(cytosin-1'-yl)- 1, 3-oxat hi ol ane;

Ci s-2-benzoyl oxynet hyl -5- (6" -chloropurin-N-9' - 5 yl)-1, 3- oxat hi ol ane;
t n- 2- benzoyl oxynet hyl -5-(6' - chl oropurin-N9' -yl)-1, 3- oxat hi ol ane, and

m Xt ures 12-

emulsifying agents, stabilizing agents, dispersing
agents, suspending igents, thickening agents, or Eoloring
agents. . )
Formulations suitable for topical
administration in the mouth include lozenges comprising
active ingredient in a flavored based, usually sucrose

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

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

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

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

Drops may be formulated with an aqueous or
non-aqueous base also comprising one or more dispersing
agents, solubilizing aqents or susyending agents. Liquid
sprays are conveniently delivered from pressurized packs.

For administration by inhalation, the
compounds according to the invention are conveniently
delivered from an insufflator, nebulizer or a pressurized
pack or other convenient means of delivering an aerosol
spray. Pressurized packs may comprise a suitable
propellant such as dichlorodiflﬁoromethane,
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t hereof ; G s-2-hydroxynet hyl -5-(6' - hydroxypurin-N-9" -yl)- 1, 3-oxat hi ol ane;
10 Ci s-2-benzoyl oxynet hyl -5-(uracil -N-1' -yl )-1, 3- oxat hi ol ane,
trans- 2- benzoyl oxymet hyl -5- (uracil-N-1"-yl)- 1, 3-oxat hi ol ane, and m xtures
t hereof; Ci s-2-hydroxymethyl-5-(uracil-N1'"-yl)-1,3- oxathiolane; 15

G s- 2- benzoyl oxynet hyl -5-(thym n-N-1' -yl ) - 1, 3- oxat hi ol ane,

trans-2- benzoyl oxynet hyl -5-(thym n-MN3' -yl )- 1, 3-oxat hi ol ane, and m xtures

t her eof ; trichlorofluoromethage;fdichlorotetrafiuoroéthane, 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.

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

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

The pharmaceutical compositions according to
the invention may also contain other active ingredients
such as antimicrobial agents, or preservatives.

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

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

' The combinations referred to above may
conveniently be presented for use in the form of a
pharmaceutical formulation and thus pharmaceutical
formulations comprising a combination as defined above
together with a pharmaceutically acceptable carrier
therefor comprise a further aspect of the invention.
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Ci.s- 2- hydroxymet hyl -5-(thym n-N-1'-yl) -1, 3- oxathi ol ane; 20 and
pharmaceutical |y acceptable derivatives thereof in the formof a racemc
m xture or single enantionmer. 7. G s- 2-hydroxynethyl-5-(cytosin-1"-yl)-
1, 3-oxat hi ol ane, and pharmaceutically acceptable derivatives thereof. 25
8. A conpound according to any one oflglains 1 to 7 in the formof a

e o e o bR BRERT SRR Werle 48 ad 18 D
combinations include acyclic nucleosides such as
aciclovir, ganciclovir, interferons such as alpha-, beta-
and gamma-interferon; glucuronation inhibitors such as
probenicid; nucleoside transport inhibitors such as
dipyridamole; nucleoside analogues such as 3‘/-azido-
2/,3’~dideoxythymidine, 2’,3’~-dideoxycytidine, 2/,3’-
dideoxyadenosine, 2’/,3’~-dideoxyinosine, 2/,3/~ :
dideoxythymidine, 2’,3’-dideoxy-2’,3’~didehydro-~
thymidine, and 2’,3’-dideoxy-2’,3’-didehydrocytidine and
ribavirin; immunomodulators such as interleukin II (IL2)
and granulocjte dacrophage colony stimulating factor (GM-
CSF), erythropoietin, ampligen; thymomodulin,
thymopentin, foscarnet, glycosylation inhibitors such as
2-deoxy-D-glucose, castanospermine, l-deéoxynojirimycin;
and inhibitors of HIV binding to CD4 receptors such as
soluble CD4, CD4 fragments and CD4-hybrid molecules.

The individual components of such
combinations may be administered either sequentially or
simultaneously in separate or combined pharmaceutical
formulations.

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

| The compounds of formula (I) and their
pharmaceutically accepfable derivatives may be prepared
by any method known in the art for the preparation of
compounds of ahalogous structure.

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

formula (VIII)
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enanti oner.

30 10. A compound of formula (I) as defined in

any one of clains 1 to 9 or a pharnaceutically acceptable 53 derivative
thereof for use as an active therapeutic agent. 11. A conpound of formula
(1) as defined in any one of clains 1 to 9 or a pharnaceutically

15

R¢C
Q

L
_j\‘ (VIII)
S

wherein R, is hydrogen or hydroxyl protecting group as
defined herein and the anomeric group L is a displaceable
atom or group, is reacted with an appropriate base.
Suitable groups L include alkoxy carbonyl groups such as
ethoxy carbonyl or halogens, for example, iodine, bromine
or chlorine or -OR where R is a substituted or
unsubstituted, saturated or unsaturated alkyl group,
e.g., a C, . alkyl group such as methyl, or R is a
substituted or unsubstituted aliphatic or aromatic acyl
group, e.g., a C;_. aliphatic acyl group such as acetyl
and an aromatic acyl group such as benzoyl.

The compound of formula (VIII) is conveniently
reacted with the appropriate purine or pyrimidine base
R,-H (previously silylated with a silylating agent such
as hexamethyldisilazane) in a compatible solvent such as
methylene chloride using a Lewis acid (such as titanium
tetrachloride or stannic chloride) or
trimethylsilytriflate.

The 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 an toluene, in the
presence of an acid catalyst such an a para-toluene
sulfonic acid or a Lewis acid, e.qg., zinc chloride.

(VI) HSCH,CH(OC,H,), ,
C¢HgCOOCH,CHO (VII)
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5. acceptabl e derivative thereof for use in the manufacture of a

nmedi canent for the treatnent of a viral infection. 12. A pharmaceuti cal
formul ati on conprising a conpound of forrmula (1) as defined in any one of
clainms 1-9 or a pharmaceutically acceptable derivative thereof 10

together with a pharmaceutically acceptable carrier therefor. 13. A

phar maceuti cal formulation according to claim 12 additionally conprising a
further therapeutic agent. 15 16 14. A 1, 3- oxat hi ol ane of
formula (M11),

The mercaptoacetals of formula (VI) may be prepared by methods known in the art,
for example, G. Hesse and L. Jorder, "Mercaptoacetaldehyde and dioxy-1, 4-dithiane", 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. Halloquist and H. Hibbert, "Studies on reactions relating to carbohydrates and
polysaccharidés. Part XLIV: Synthesis of isomeric bicyclic acetal ethers”, Can. J. Research
8, pp. 129-136 (1933). '

In a second process (ﬁ) a compound of formula (')

wherein R, is a purine or pyrimidine base other than cytosine is converted to a compound of
formula (I) by base interconversion. Such interconversion may be effected either by simple
chemical transformation (e.g., the conversion of uracil base to cytosine) or by an enzymatic
conversion using, for example, a deoxyribosy! transferase. Such methods and conditions for
base interconversions are well known in the art of nucleoside chemistry.

In a third process (C) the compounds of formula (I) may be prepared by the reaction

of a compound of formula (IX)

Ko INJNHZ

HS

{1x]}.

with a compound of formula (X)

PO

w (x)

CHO

This i3 the repizosment sheet

Date: . 3 pEC 1997



the geonetric and optical isomers thereof, and m xtures of those isoners:
[err] wherein: 20 [err] is hydrogen or a hydroxyl protecting
group; and L is an al koxy carbonyl group, iodine, bromne, chlorine or

[err] where Ris selected fromthe group consisting of a substituted or
unsubstituted, saturated or unsaturated al kyl group and a substituted or 25
unsubstituted, saturated or unsaturated allizphatic or aromatic acyl group.

where P is a protecting group, followéd by removal of the
protecting group.

The compounds of formula (IX) may be prepared
for reaction by a suitable epoxide (XI).

N (XI)

A USN
o]
with an appropriate sulphur-containing compound, e.gq.,
sodium thioacetate. Compounds of formula (XI) are either
known in the art or may be obtained by analogous
processes.
In a fourth process (D) a compound of formula
(XII)

RO (o]
—\( 7’ (XIT)

may be converted to a compound of formulae (I) or (II) by
conversion of the anomeric NH2 group to the required base
by methods well known in the art of nucleoside chemistry.

Many of the reactions described hereinabove
have been extensively reported in the context of purine
nucleoside synthesis, for example, in "Nucleoside
Analogues - Chemistry, Biology and Medical Applications",
R.T. Walker et al., Eds, Plenum Press, New York (1979) at
pages 193-223, the text of which is 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 functional
groups, and deprotection might thus be
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54-15. The ester of fornmula (IV) the geonetric and optical isoners thereof,
and m xtures of those isoners: [err] 5 wherein: Wis [err], [err], or
[err] where nis an integer of 1 to 10;:

18

required as an'iﬁégrmediate or final step to yield the
desired compound. Protection and deprotection of
functional groups may be effected using conventional
means. Thus, for example, amino groups may be protected
by a group selected from aralkyl (e.qg., benzyl),.acyl or
aryl (e.g., 2,4-dinitrophenyl): subsequent removal of the
protecting group being effected when desired by
hydrolysis or hydrogenoljsis as appropriate using
standard conditions. Hydroxyl groups may be protected
using any conventional hydroxyl protecting group, for
example, as described in “Protective Groups in Organic
Chemistry”, Ed. J.F.W. McOmie (Plenum Press, 1973) or
#Protective Groups in Organic Synthesis” by Theodora W.
Greene (John Wiley and Sons, 1981). Examples of suitable
hydroxyl protecting groups include groups selected from
alkyl (e.g., methyl, t-butyl or methoxymethyl), aralkyl
(e.g., benzyl, diphenylmethyl or triphenylmethyl),
heterocyclic groups such as tetrahydropyranyl, acyl,
(e.g., acetyl or benzoyl) and silyl groups such as
trialkylsilyl (e.g., t-butyldimethylsilyl). The hydroxyl
protecting groups may be removed by conventional

. techniques. . Thus, for example, alkyl, silyl, acyl and
heterocyclic groups may be removed by solvolysis, e.g.,
by hydrolysis under acidic or basic conditions. Aralkyl
groups such as triphenylmethyl may similarly be remcved
by solvolysis, e.g., by hydrolysis under acidic
conditions. Aralkyl groups such as benzyl may be
cleaved, for example, by treatment with BF,/etherate and
acetic anhydride followed by removal of 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 the compounds of

formula (I) are generally obtained as a mixture of the

cis and trans isomers.
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J.i's any nucl eoside or nucl eoside analog or derivative thereof; 10

Zis S, S=0 or [err]; and [err] is a purine or pyrimdine base or anal ogue
or derivative thererof. 16. A conpound according to claim15 wherein J is:
15 [err] 17. A process for the preparation of a conmpound of fornula (1)

19
_ Thése isomers may be separated, for example,
by acetylation, e.g., with acetic anhydride followed by
separation by physical means, e.g., chromatography on
silica gel and deacetylation, e.g., with methanolic
ammonia or by fractional crystallization.

Pharmaceutically acceptable salts of the
compounds of the invention may be prepared as described
in United states 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 a compound of formula (I), the product of any of
the above prdcedures may be converted into a salt by
treatment of the resulting free base with a suitable acid
using conventicnal methods. Pharmaceutically acceptable
acid addition salts may be prepared by reacting the free
base with an appropriate acid cptionally in the presence
of a suitable solvent such as an ester (e.g., ethyl
acetate) or an alcochol (e.g., methanol, ethanol or
isopropanol). Inorganic basic salts may be prepared by
reacting the free base with a suitable base such as an
alkoxide (e.g., sodium methoxide) optionally in the
presence of a solvent such as an alcohol (e.g.,
methanol). Pharmaceutically acceptable salts may also be
prepared from other salts, including other
pharmaceutically acceptable salts, of the compounds of
formula (I) using conventional methods.

A compound of formula (I) may be converted
into a 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 apprépriate. An ester or salt of
a compound of formula (I) may be converted to the parent
compound, for example, by hydrolysis.

Where the compound of formula (I) is desired
as a single isomer it may be obtained either by
resolution of the final product or by stereospecific
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[err] 55 R2 is a purine or pyrinidine base or an anal ogue or derivative
thereof; Zis S, S=Oor [err]; and pharmaceutically acceptable derivatives
Ehere§f, 5 whi ch conprises: (a) reaction of a conpound of fornula

VI - : -

20

-syﬁthesis from isomeribally pure starting material or any
convenient intermediate. o

. Resolution of the final product, or an
intermediate or starting material therefore may be
effected by any suitable method known in the art: see
for example, Stereochemistry of Carbon Compounds, by E.L.
Eliel (McGraw Hill, 1962) and I;plgg_g;_gg;_l_ing_bg_n;§

by S.H. Wilen.
The invention will be further described hy

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

Example 1

2-(benzoylthio) acetaldehyde diethylacetal
C‘H,COS-CHZCH (OC;H,) 2 (V)

To a solution of potassium t-butoxide

(11.5 g. 0.11 mol) in DMF (100 ml) was added thiobenzoic
acid (17 g. 0.11 mol) and the solution partially
evaporated in vacuo, benzene added in two consecutive
portions (2 x 30 ml) and evaporated in vacuo each time.
To the residual DMF solution was added bromoacetaldehyde
diethylacetal (20.3 g. 0.1 mol) and the mixture stirred
at 120° for 15 h. After cooling, it was poured onto
water (500 ml), the product extracted with ether (3 X
200 ml), the extract washed with aqueocus NaHCO, followed
by water, then dried and the solvent removed in vacuo.
The residue was distilled in vacuo to give 17.2 g. of
pure (V), b.p. 131-133°/0.07 mm. It was characterized by
Iy NMR &(ppm in CDCl,):

7.97 (4, 2H:; aromatic)

7.47 {m, 3H; aromatic)
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[err] wherein [err] is hydrogen or a hydroxyl protecting group and L is a

di spl aceable atomor a group with a base [err] 10 group; (b) base
i nt erconversi on of one conmpound of forrmula (I) into another conpound of
formula (1); (c)reaction of a conpound of fornula (I'X) [err] 15 with a

conpound of formula (X) PO (X) 21

4.59 (t, 1H; -CH(OC,H,),))
3.66 (m, 4H; 2 x OCH,CH,)
3.30 (d, 2H; SCH,-)

1.23 (t, 6H; 2 x OCH,CH,)

Example 2

e toaceta de diet ce
HSCH,CH(OC,H,) , (VI)

The preceding benzoyithﬁf&derivative (v)

(17.2 g) was dissolved in 100 ml THF followed by the
addition of 6 g NaOH in 20 ml H,0. The mixture was
refluxed under N, for 15 h, then cooled and diluted with
water (200 ml) and the product extracted with ether (3 x
200 ml). The extract was dried, the solvent removed in
vacuo and the residue distilled in vacuo to yield 7.1 g
of pure (VI), b.p. 60-62°/18 mm. It was characterized by
'H NMR é(ppm in CDCl,):

4.51 (t, 1H; CH(OC,H,),)

3.51 (m, 4H: 2 x OCH,CH,)

. 2.65 (dd, 2H; HS-CH,)
1.54 (t, 1H; HS-)
1.23 (t, 6H; 2 x OCH,CH,)

EXample 3
Benzovloxyacetaldehyde

C¢H,COOCH,CHO (VII)

This known intermediate was prepared by a
previously unreported method from the known l-benzoyl
glycerol. Thus, 50 g of the latter in a mixture of
500 ml of CH,Cl, and 25 ml of H,0 was treated portionwise
with 80 g of NaIO, under vigorous stirring at room
temperature. After addition, Qtirring was continued for

- This is the replacement sheet

Date:> 3 DEC 197



CHO wherein P is a protecting group; or (d) conversion of a conpound of
formula (XI1) This Sheet Has Been R laced 56 [err] 5 to a conmpound of
formula (1) and if necessary or desired subjecting the

. 22
"~ 2 h after which time 100 g of MgsO,.was added and stirring

continued for 30 min. The mixture was filtered, the
filtrate evaporated in vacuo and the residue distilled
in vacuo to yield 26 g of pure (VII) b.p. 92-94°/0.25 mm.
'H NMR (200 MH,; TMS as internal reference)
§(ppm in CDCl,,):

9.71 (s, 1H; -CHO)

8.11 (d, 2H; aromatic)

7.60 (m, 1H; aromatic)

7.46 (m, 2H: aromatic)

4.88 (s, 2H; =-CH,CHO)

Example 4

- o -y o - -

0
CeHsCOO0CH, —(j—-oc;&
(XIII)
s .

- The preceding mercaptoacetaldehyde acetal (VI)
(7 g) was mixed in 100 ml of toluene with 7 g of the
above benzoyloxyacetaldehyde (VII), a few crystals of
para-toluene sulfonic acid added and the mixture placed
in an oil-bath at 120° under N;. The formed ethanocl was
allowed to distill over, the mixture kept at 120° for an
additional 30 minutes, then cooled and washed with
aqueous NaHCO,, dried and evaporated in vacuo. The
residue was distilled in vacuo to yleld 9.8 g of pure
(XIII) as a mixture of gj.;-'and ‘trans-isomers, b.p. 140~
143°/0.1 mm; R, 0.51 (hexane-EtOAc): '

'H NMR é(ppm in CDCl,):
8.05 (m, 2H; aromatic)
7.57 (m, 1H; aromatic)
7.43 (m, 2H:; aromatic)
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conpound resulting fromany of steps (a) to (d) to one or two further
reactions conprising: (i) renoving any protecting groups; 10
(ii) converting a conpound of formula (1) or a salt thereof into a
pharmaceutically acceptable salt thereof. 18. A process as defined in claim
17 15 wherein the conpound of for{g.ll_a (I') is obtained in the formof its
cis isoner. 19. Aéorocess }?ccordi.ngc o.claim17 or claim18 wherein Zis S.
4.55 (m, 2H; C,~C,H,CO,CH,)
3.80 (m' IH; Cz-C‘H3COzCHz)

H
3.76 (m, 1H; C,-OCHCH,)

H
3.17 (m, 2H; C,~H,)

1.21 (t, 3H; C,-OCH,CH,)

Example 5

Cis~- and trans-2-benzoyloxymethyl-5- o$in=1’-y}l) -3, 3~

oxathiolanes

- | o )
| 0 > (XIV)
CeHsCO0CH, —(—7_~ \)— Nty
\ —

A mixture of 2.7 g of cytosine, 30 ml of
hexamethyldisilazane (HMDS) and 0.3 ml of trimethylsilyl
chloride (TMSCl) was heated under reflux under |
dry N, until a clear solution resulted (3 hours) and the
excess reagents evaporated in vacuo. The remaining
volatiles were removed under high vacuum (15 min.), the
solid residue taken up in 250 ml of 1, 2-dichlorocethane
and 5 g of the above key intermediate (XIII) in 50 ml of
dichlorocethane added under dry argon followed by 4.7 ml
of trimethylsilyl triflate (TMST,). After 3 days of
heating under reflux under argon, it was cooled and
poured onto- 300 ml of saturated aqueous NaHCO,. The
organic layer was collected, the aqueous phase extracted
with CH,Cl, (2 X 100 ml) and the combined extracts washed
with water, dried and evaporated in vacuo. The residue
was purified by chromatography on silica gel using
CH,C1,:CH,0H 9:1 as the eluant to give 2.5'g of a pure
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20 20. A process according to any one of clainms 17 to 19
wherein [err] is: [err] .57 [err] 5 wherein: [err] is selected from
the group of hydrogen, trifluoronethyl or saturated or unsaturated [err]

al kyl
24

mixture of g_;;»- and trans-(XIV) in a 1:1 ratio as ascer-

tained by 'H NMR. These were separated as the N~-acetyl

derivatives as described in the following example.

Example 6
- and trans- =he - ’.
cetvl-c sin=-1/- - - +hi

0
| 0 }_
CeHeCO0CH, —Q—« \ ?m (xv)
5 " cocHy

The preceding mixture (XIV) (2.5 g) in 100 ml
of dry pyridine containing 0.1 ¢ of 4-dimethylamino-
pYridin’e."""'(Dmp)' was treated with acetic anhydride (7 ml)
at room témpefatufé and after 16 hours, the mixture was
poured onto cold water followed by extraction with CH,CI,
(3. X.150. ml). The ‘extract was washed with water, dried,

-and evaporated fn vacuo. Toluene was added to the
residue, then evaporated 'in vacuo and the residual oil
. purified by chromatography on silica gel using
"EtEOAc:CH,OH 99:1 as the eluant to yield 1.35 g of pure
trang-(Xv) as the fast moving product and 1.20 g of pure
cis-(XV) as the slcw moving component. These were
characterized by 'H NMR spectroscopy.
trans=-(XvV): m.p. 158-160°; R,: 0.48 EtOAc:CH,0H 95:5
U.V.: (CH,0H) Lambda max: 297 nm
'H NMR §(ppm in CcDCl,):
9.00 (b, 1H; C,’-NH~AC)
8.06 (m, 2H; aromatic)
7.74 (&, 1H; C,’-H)
7.56 (m, 1H; aromatic)
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groups; [err] and [err] are independently selected fromthe 10 group of
hydr ogen, hydroxynethyl, trifluoronethyl, substituted or unsubstituted,
saturated or unsaturated [err] 6 al kyl, brom ne, chlorine, fluorine, or
iodine; R6 is selected fromthe group of hydrogen, cyano, carboxy,
et hoxycar bonyl , carbanoyl, or thiocarbanoyl; and 15 X and Y are
I ndependently selected fromthe group of Imnsdrogen, brom ne, chlorine,
fluorine, iodine, am no or hydroxyl groups.
7.47 (4, 1H; Cg'-H)

7.45 (m, 2H; aromatic)

6.53 (dd, 1H; Cg-H)

5.89 (dd, 1H; C,-H)

4.46 (dd, 2H; C,~CH,0COC.H,)
'3.66 (dd, 1H; Cg-H)

3.32 (dd, 1H; C,-H)

2.25 (s, 3H; NH-COCHj)

Cis-(XV): m.p. 150-152°; Rg: 0.40 EtOAc:MeOH 95:5)
U.V.: (CH,0H) Lambda max: 297 nm
ly NMR & (ppm in €DCl;):

9.03 (b, 1H; NH-Ac)

8.21 (d, 1H; C4'-H)

8.05 (m, 2H; aromatic)

7.60 (m, 1H; aromatic)

7.50 (m, 2H; aromatic)

7.29 (d, 1H; Cg'-H)

6.34 (dd, 1H; Cgz-H)

5.52 (dd, 1H; C,-H)

4.80 (dd, 2H; C,-CH,0COC.H,)

3.66 (dd, 1H; C,-H)

3.24 (dd, 1H; C,;-H)

2.23 (s, 3H; NH-COCH,)
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58 21. A process according to any of clainms 17 to 19 wherein [err] is:
[err] 5 wherein [err] is selected fromthe group -of hydrogen,
trifluoromethyl or saturated or unsaturated [err] alkyl groups and [err] is

SEber £t el or  unstbot R ot RSETERIE LEATR N b’ PLURRIRYY
brom ne, chlprans:- (kKVyowasedissalvidiein 100 ml of methanolic ammonla
at 24° and after stirring for 16 hours, the solvent was
removed in vacuo and the residue crystallized with ether.
It was recrystailized from ethanol-ether to yield 174 mng
of pure product, m.p. >220° (dec). It was characterized
by H and 3¢ NMr.
'H NMR & (ppm in DMSO-4,):
7.57 (4, 1H; C,'-H)
7.18 (d, 2H; C.'-NH,)
6.30 (dd, 1H, Cg~H)
5.68 (d, 1H; Cg'-H)
5.48 (t, 1H; C,-H)
5.18 (t, 1H; C,-CH,OH)
3.45 (m, 3H; C,-CH,OH + C,H)
3.06 (dd, 1H; C,~H)
U.V.: (CH;0H) Lambda max: 270 nm
13¢ MR (DMSO~d,, Varian XL-300); ¢ in ppm:
c,! c,' Cg' Cg' Cy Cq C,  CH,OH
154.71 165.70 93.47 140.95 87.77 36.14 86.80 64.71
b) Cis-(IX): treating 375 mg of gis~(XV) by
the same preceding procedure led to 165 mg of pure
product after recrystallization from ethanol-ether, m.p.
171~173°. It was characterized by ly and 3¢ NMR.
y aMR: 6 (ppm in DMSO-d):
7.80 (d, 1H; C¢'-H)
7.20 (4, 2H; C,'-NH,)
6.18 (t, 1H; Cg~H)
- 5.70 (d, 1H; Cg'-H)
5.14 (t, 1H; C,~CH,OH)
3.71 (m; 2H; C,~CH,OH)
3.40 (a4, 1H; C,~H)
2.99 (dd, 1H; C,~H)
U.V.: (CH,0H) Lambda max: 270 nm
3¢ NMR 8 (ppm in DMSO-d,)
c, c,' Cg' Cg' Cg C, C, CH,OH
154.63 165.59 93.86 140.91 86.47 36.22 85.75 62.79
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22. A process according to any one of clains 17 to 21 wherein the conpound
of formula (1) is selected from 15
Ci s-2- hydroxymet hyl -5-(cytosin-1"-yl)-1, 3- oxat hi ol ane,
trans- 2- hydr oxynet hyl -5-(cytosin-1'-yl)- 1, 3-oxat hi ol.ane, and m xtures
t hereof ; G s-2-benzoyl oxynet hyl - 5- (cyt osi n- 1' yI)-1,3- oxat hi ol ane,
t rans- 2- benzoyl oxynet hyl -5- (cytosi n-1' yl? 1, 3- oxat hi ol ane, and
m Xt ures the(gﬁig%ié__ hydr oxynet hyl - [err]-acetyl-cytosin-1'-yl) -
1, 3-oxat hi ol ane,_ trans- 2- hydr oxynet hyl - 5- (N4' - acet yl -
Tablet Formulations
A, The following .formulation is prepared by wet
granulation of the ingredients with a solution of
povidone in water, drying and screening, followed by

addition of magnesium stearate and compression.

| ng/tablet
(a) .Active ingredient 250
(b) Lactose B.P. ' 210
(c) Povidone B.P. 15
(d) Sodium Starch Glycolate 20
(e) Magnesium Stearate ' 5
500

This ig the replacement shoet



cytosin-1'-yl)-1, 3-oxat hi ol ane, and m xtures thereof;

Ci s-2-benzoyl oxynet hyl -5- ([err]-acetyl-cytosin-1'- 25
yl)-1, 3- oxat hi ol ane, trans-2-benzoyl oxynet hyl -5-(N4' -
acetyl-cytosin-1'- yI) 1, 3- oxat hi ol an and m xtures .thereof; and

G s- 2- hydr oxynet hyl - tosin-1'-yl 0x0-1, 3- oxathlolane 30

G s- 2- hydr oxyBet hyFbe. %RK&PH&FHyI&#ﬂm&ﬁﬁ&Qﬂd%ﬁéPrePared by direct
cytosin-1' 3”&oﬂp§e9§§éhkOtaaelactcse is of the direct compression
Bi s-Ci s-2- sugglqgloxynethyl -(cytosin-1'-yl)- 1, 3-oxat hi ol ane;

EQLEQQLQE
Active ingredient S o 250
Lactose 145
Avicel ) 100
Magnesium Stearate 5
500
c. (Controlled Release Formulation) The formulation is

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

and compression.

ng/tablet
(a) Active ingredient ' 500
(b) Hydroxypropylemethylcellulose 112
(Methocel K4M Premium)

(c) Lactose B.P. | 53
(d) Povidone B.P. 28
(e) Magnesium Stearate 7

700

Example 9.
Capsule Formulation

A capsule formilation is prepared by admixing
the ingredients below and filling into a two-part hard

gelatin capsule.
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59 G s-2-benzoyl oxynet hyl -5-(6'-chloropurin-N-9' - yl)-1, 3- oxat hi ol ane;
trans-2- benzoyl oxynmet hyl -5-(6' - chloropurin-N-9'-yl)-1, 3-oxat hi ol ane, and
m xtures thereof; 5 - Cis-2-hydroxynet hyl -5- (6
-hydroxypurin-N-9 '-yl) - 1, 3-oxat hi ol ane; .

G s-2-benzoyl oxynet hyl -5- (uraci | -N-1"5y1)-1, 3-

mg/capsule
Active ingredient 125
Lactose 72.5
Avicel L L 50
Magnesium Stearate 2.5
250

ExamgleiO:

Injectable Formulation

Active ingredient 0.200 g

Sodium hydroxide solution, 0.1M g.s. to a pH of about 11.
Sterile water g.s. to 10 ml.

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

glass vial and sealed with sterile closures and overseas.

Example 11
suppository
ng/suppository
Active ingredient - 250
Hard Fat, B.P. : - 1770
2020

Th%isihwréphosmentshﬂﬂ
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oxat hi ol ane, trans-2-benzoyl oxymet hyl -5-(uracil-N-1"-yl)- 1, 3-oxat hi ol ane,
and m xtures thereof; 10
Ci s-2- hydroxymet hyl -5-(uracil -N-1'-yl.)-1, 3- oxat hi ol ane;
G s-2- benzoyl oxynet hyl -5- (thym n-N-1' -yl) -1,3- oxathiol ane,
trans- 2- benzoyl oxynet hyl - 5- (t hymi n-N-130yl)- 1, 3-oxat hi ol ane, and mi xtures
thereof; 15 onE-giZthydEoxnertiitda e hydiMededdyhih- & 3team-
oxat hi ol ane; and pharnmaceutically acceptabl e derivatives thereof in the
formof a rajesketeiixpanecatr 4StGighexmant i oTRe. active ingredient is
sifted through a 200 pm sieve and-added to the molten
base with mixing, using a high shear stirrer, until a
smooth dispersion is achieved. Maintaining the mixture
at 45°C, the remaining hard fat is added to the
suspension and stirred to ensure a homogenous mix. The
entire suspension is passed through a 250 um stainless
steel screen and, with continuous stirring, is allowed to
cool to 40°C. At a temperature of 38°C to 40°C, 2.02 g
of the mixture is filled into suitable, 2 ml plastic

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

Example 12
Antiviral Activiﬁz
In vitro testing was conducted on

the compound of this invention and AZT to determine their
inhibitory properties. The results are shown in Tables 1
and 2. The concentrations reported are ug/ml in the
incubation media which affect the susceptibility of a
continuous line of T—cells'developed at the Lady Davis

- Institute for Medical Research (Montreal) by Dr. Mark A.
Wainberg toward infection'by HIV~1 following a protocol
similar to that of H. Mitsuya and.s._Broder, #Inhibition
of the in vitro inféctivity and cytopathic effect of
human T-lymphotropic virus type III/lYmphadenopathy—

associated virus (HTLV-III/LAV) by_2?3'-dideoxy—
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20 23. A process according to any one of clains 17 to 21
wherein the conmpound of fornmula (I) is G s-2-hydroxynethyl-5- (cytosin-1'
-yl) -1, 3-oxat-hiolane, and pharnaceutically acceptabl e derivatives

t hereof. 25 24. A process according to any one of clains
17 to 23 wherein the conpound of formula (I) is obtained in the formof a
racem c m xture. 25. A process according t® any one of 30 clainmns 1 to 7

wherein the conpeundsalohor gia (hadis 9PLAL NoE FUDBEAT b3 ol abRg - O™

15 (1986). Protection of the cell line from infection
was monitored by staining with monoclonal antibodies
against viral proteins in the standard manner (Table 1).
In all experiments, comparisons were made with the drug
AZT as the control. 1In order to confirm the results, the
drué effects were monitored by measuring reverse:
transcriptase (RT) activity in the U-937 line of human
monocytic cells as assayed in the usual manner with
tritiated thymidine triphosphate (TTP) (Table 2}.
Finally, the drug effects on cell viability as measured
by the well-known cytolytic effects of HIV-1 on the MT-4
cell line was evaluated in the accepted manner (Table 1).

No toxic effects were observed in the above
tests.

Table 1
Inhibition of HIV-1 production in MT-4 cells

a) Viable cell counts (6 days in‘éulture) using 2 pg/ml
of compound |

Compound Cell viability
no drug . §.47
AZT 88.6
cis-II | 87.4
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26. A process according to any one of 35 claims 17 to 25 wherein in step
(a) the group L is selected froma group consisting of al koxy carbonyl,

60 i odine, bromne, chlorine or -OR, where Ris a substituted or
unsubstituted, saturated or unsaturated alkyl group-or Ris a substituted
or unsubstituted aliphatic or aromatic acyl group.

32
b)  P-24 immunofluorescence
Time in Culture % Immunofluorescent Cells
— (Days) No Drug 2ug/ml AZT  2ug/ml cis-IT
3 5.9 1.0 1.0
6 99 1.0 7.6
c) Reverse transcriptase assay
Time in Culture RT Activity (CPM X 1000)/m)
—(Days) No Drug 2ug/ml AZT  2pa/ml cis-TI
36.43 1.564 2.381
338.0 1.748 2.301
Table 2

Inhibition of HIV-1 production in H~9 cells
Reverse transcriptase assay

Time in Culture RT Activity (CPM X 1000) /ml
(Days) _No Drug  2p/m)} AZT 2ug/ml cis-IT
5 9.117 3.346 3.077
8 438.5 3.414 5.853
11 2550 2.918 © 3.560
14 2002 8.320 2.872
17 ' 584.5 2.997 2.399
21 365.2 3.111  2.907
25 436.4 15.88 4.020
29 92.38 32.08 3.756
33 111.1 612.2 3.803
37 32.28 878.2 4.193
41 -'384.4 994.0 4.515
45 33.64 32.91 - 3.441

Thig iz the replacament sheet

- 3 DEC 197

Date:



5 27. A process according to any one of clains 17 to 26
wherein step (a) the conmpound of fornmula (VIII) is reacted with a silylated
purine or pyrimdine base in a conpatible solvent in the presence of a
Lewis acid or trimethylsilyltriflate. 10 _ 28. A nethod for
t he preparation of a pharmaceutical feormulation conprising adm xing a
conpound of formula (1) as defined in claB® 17 or a pharmaceutically

accept abl e dw ive thereof with a pharmaceutically acceptable carrier
t her ef or.

1. A gj.s-_l,:l-cxathiahne ef foraula
Reoe a  (A)

wharein R, repracents hydrogen, a &y, 4 alkanoyl
group, 3 banzeyl group ar a banzayl group
substituted by at leact one halogen, ©, . alkyl,

Q. alkexy, nitre or tyirlucromethyl graup, ar a
pharmacautically accsptable salt thereof in the roxm
of 3 single optical isomar or s nmixture of optical
izonare,

2. A ¢onpound azserding to claim 1 wherein the campaund
iz giz-2-hydrozymethyl-5-{cytasin~1!~yl)~-3, 3~
oxathiolans or a pharmaceutically accaptable salt
thezaot.

3. & compound according to claim 2 in the rform of a
racenis mixture.

4, A compound according o Claim 2 substantially in was
forn of a singla enantioner.

S. A compound acecording to any of Claiwms 2 to 4 vhowein
the compound is zig-2-hydrexymethyleSe{cytosin-i+'~
Y1) =1, ,3-oxathielana.

&, A compound ascoxrding to any preceding <lalm foxr use

in tha mapufacturs of a wmadicanent for tha treatment
of a viral inrfection.

[
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34

7. A pharmaceutical formulatien camprising a Sompound
according to any of Claims 2 to 5 togather with a
pham:eu;icauy ageaptible earrisy theraefon.

8. A pharmaceutical formulation accarding ta Claim 7
additionally comprising a further therapeuties agent

9. A process Lor the preparation af a campound as
clained in any of Clains Z ro § which cempriges:
(a) reaction aof a compound of formula {VIiy)

A
2 A
(vizx)

wherein B, is hydrogean er a hydroxyl Protecting group and
L is a dizplaceabla atom or group with eytosine;
'(b) base interceonversion of campound of

" formula (1)
Ry
{\’(gj,“ (x*)

wherein Ry {2 a purins ox pyrimidine hase other than
cytosine inro gia-2-hydrexymathyl-5-(cytosin-1'-yl]~1,1e
oxathivlane;

(€} xeastien of a coupound of éom:.a {Xrx)

with a compound of formula (X)

0N R AR
* L s | |
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35

™ S

- whersin P is a praotecting group; or
(d) convarsion of & sompound of formula (XII)

{X21)
to gig-z-hydroxymethyl-5—(cytasin-1tayljel, 3= °
exathiclans
and if necessary or desived subjecting the
cappound Tssulting from any of steps (a) to (d4)
to one or two further reactions samprisings
(i) wemoving any protssting greups;
{4i) =onvexting clg~2-hydroxymethyl-g-
(cytosin=2'-yl) -1, 3~axathiclane or a
Balt thargof Into a phérmacauticaliy
acceptablie calt theruof,

0. A preacsss nccording to Clain 9 vherein tha chéained
conpourid is in the form af a racenie mixturs,

31. A procuwss according to Claim 9 wherein tha sbrained
conpound is sulstantially in the form of g singla
snantianar.

12. A progssia accerding to any one aof Claims 8 tq 11
wharain in etep (a} tha group L is gselected 2rom a
group consiaking of alkexy carbenyl, ledine,

bremina, chlerine or -0OR, vhera R id 2 substituteq
or unsubstituted, saturated or unsaturaved allkyl

R B
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13.

1‘.

36
group ar R-i5 a substituted ar unsubstituked
sliphatic or arouatia syl group.

A process accoraing to any ene of Claims 8 te 12

whexein. in step (a) the compound:of. formula.(VIII) is
reacted with a eilylated cytosine in a compatible

solvant in the presenca of a lewis acid or
trimethylsilyltzririate.

A methed for the prsparation of a pharmacautical
formulation comprising admixing a campound as
clainmed in any of Claimg 2 to S with a
pharmaceutically accaprtable carriar thevefor,

s ¢ L MO § %
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