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(57) Abstract

A diastereoselective process for the preparation of compounds
W is S, S=0, 802, or O; X is S, $=0, SO2, or O; R is hydrogen or
or pyrimidine base or an analogue or derivative thereof, is described.

[ % “

of formula (I), wherein
acyl, and Rz is a purine
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30 anal ogues is an inportant goal. 2 [err] purine or pyrinidine base'
(A) Different enantioneric fornms of the sanme cis-nucl eosi de anal ogue may, 5
however, have very different antiviral activities. M M Mnsuri et al.,
"Preparation of The Geonetric Isonmers of DDC, DDA, DA4C and DAT As Potenti al
Anti-H 'V Agents", Bioorg. Med. Chem Lett., 1 (1), pp. 65-68 (1991).
Therefore, a general and economcally attractive stereosel ective synthesis
of the enantioners of the biologically active cis-nucl eosi de anal ogues is
an 10 i nportant goal. International patent application publication no.
W92/ 20669 di scl oses a di astereosel ective process for producing optically
active ci s-nucl eosi de anal ogues and derivatives of formula (I). 15 [err]
wherein Wis S, S=0, [err] or 0; 20 Xis S, S=0 [err] or 0; [err] is
hydrogen or acyl; and [err] is a desired purine or pyrimdine base or an
anal ogue or derivative thereof; the process conprising the step of reacting
the desired purine or pyrinidine

4
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base or anal ogue thereof with an internediate of formula (Ila) or (I1b) 25
[err] wher 8¥m9D174 R3 is a substituted carbonyl or carbonyPCHERHBHEORve;
and L is a leaving group; using a Lewis acid of the formula (111) 3
[err] wherein 5 [err] and [err] are independently s@Fect 3
group consi sting of hydrogen; [err] alkyl optionally subst| 'f‘ﬁ’Pe _b }9%1’%
brono, chloro, iodo, [err] al koxy or [ery] aryloxy; [err] _ar_a.l_Kym___“"
optionally substituted by hal ogen, [err] alkyl or [err] alkoxy [err] aryl
optionally substituted by fluoro, brono, chloro, iodo, [err] alkyl or [err]
al koxy; trial kyl si PROCESS' FOR THBDDIASTBREOSEILECTWSYWBSI OFr] is

sel ected fromthe group consistyng, ¢ chloro; 1odo; [err]
sul phonate esters, optionally SoB¥cH ' ~ brono, chloro or iodo;
[err] alkyl esters optionally substltuted by fluoro, bronmo, chloro or iodo,

pol yval ent h?hé?ﬁiseﬁt firy Eh'rﬁlért%’ cald st&é@ﬂ@l&cﬁ\te &F&e@@?&rtﬁb préparstian

[err] Si err| are as above) t ted
uns?t ulr §':1ed ?E@MYI“PE? P]s'%"i’?os'gﬁﬁﬁ jagyes and (&Wﬁgl’ﬁ%t i tut edsa[ g; ?] =0 o
aryl sul pheny

Nucleosides and their analogues and derivatives are an important class of
therapeutic agents. For example, a number of nucleoside analogues have
shown antiviral activity against retroviruses such as human immunodeficiency
10 virus (HIV), hepatitis B virus (HBV) and human T-lymphotropic virus (HTLV)
(PCT publication WO 89/05662 and European Patent publication 0349242 A2).

in particular, 4-Amino-1-(2R-hydroxymethyl-{1,3]Joxathiolan-5S-yl)-1H-pyrimidin-
2-one, which may be represented by the following formula:

15
NH,

)\
o _7

(also known as 3TC™ or lamivudine) and its pharmaceutically acceptable
derivatives, disclosed in International application PCT/GB91/00706, publication

20 no. WO91/17159, has been described as having antiviral activity, in particular
against retroviruses such as the human immunodeficiency viruses (HIV's), the
causative agents of AIDS (W091/17159) and hepatitis B virus (HBV) (European
Patent Application Publication no. 0474119).

1] )4

HOCH

25 Most nucleosides and nucleoside analogues and derivatives contain at least
two chiral centres (shown as * in formula (A)), and exist in the form of two pairs
of optical isomers (i.e., two in the cis-configuration and two in the frans-
configuration). However, generally only the cis-isomers exhibit useful biological
activity. Therefore a general stereoselective synthesis of cis nucleoside

30 analogues is an important goal. '
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substituted or unsubstituted [err] al koxyal kyl; and trial kyl siloxy. The
process f oWl92f 20669 al | ows the stereo-control |l ed synt hggpgppsiiorspsr acem c
20 ci s-nucl eosi de anal ogue from an equi nolar m xture of (lIla) and (11b),.
and of a given enantioner of a desired cis-nucleoside anal ogue in high
optical purity if the starting material is optically pure (ll1a) or (l1b).
However, the W92/ 20669 process relies on the use of a Lewis acid of
formula (111). 25 - There are a nunb@r of disadvantages associated with
t he use of such Lewis acids. In particular, they are highly reactive and
unst abl e conmpounds and there are therefore hazards associated with their
use. Furthernore, they are expensive and have significant toxic effects.
These di sadvant ages are ofHda{tic ar PO Piidiep#ser | atjion to the
| ar ge-scal e production of nucPeo§i dg 30 anal ogues in factory processes.
We have now found that, by judici sel ecti ofVof “t he | eavi ng group L in
internmediates (Ila) and (lI1b), the reaction with the purine or pyrimdine
base, or _..4 analogue thereof. cap be successfully effected -w thout the
add 1§ on QErerEpOatlaretic, s OF 8 Al dlaosidg | aRAIPSYH MM 1| on
of a8 ew homever,othaver vena diffetgnt antiviraihactiviiesnt Mn\MnMansusic tr a@i.ngl y
briovi des  SpREIEAR G°L THE BEORBER. 1AmBrsOBHBIE, DA HAC B DA HPTUeS
and derivatiVes of formula err erern

Potential Anti-HIV Agents", Bioora. Med. Chem. Lett., 1 (1), pp. 6568 (1991).

Therefore, a general and economically attractive stereoselective synthesis of
~ the enantiomers of the biologically active cis-nucleoside analogues is an
10  important goal. ' ' :

international patent application publication no. WO092/20669 discioses a

diastereoselective process for producing optically active cis-nucleoside
analogues and derivatives of formula (l). '

w
X

15

wherein
Wis 8, $=0, SO,, or O,

20 Xis §, 8=0, §O, or O,
R, is hydrogen or acyl; and
R, is a desired purine or pyrimidine base or an analogue or derivative thereof;
the process comprising the step of reacting the desired purine or pyrimidine
base or analogue thereof with an intermediate of formula (lla) or (lib)

25 -

w w
. L : L 11b)
(la) Ryhm (_7""" R,-(JN‘ (
X X

wherein :

30 R, is a substituted carbonyl or carbonyl derivative; and
L is a leaving group; : '
using a Lewis acid of the formula (lil)



10 Wis S, S=0O [err] or O Xis S, S=0, [err] or O; [err] is hydrogen
or acyl; an@VQ8¥974 s a purine or pyrimnm dine base or an anal BGUEPISIAE03Of ;
t ke process conprising the step of glycosylating the purine or pyrimdine

base 15 or anal ogue or derivative thereof with an internedi ate of
formula (1Va) or (IVb) [err] wherein [err] is a substituted carbonyl or
carbonyl derivative; and 20 G represents hal o, cyano or [err] where

[err] represents al kyl optionally substitlUted by one or nore hal o, or
optionally substituted phenyl; characterised in that the glycosylation
reaction is effected without the addition of a Lewis acid catal yst. 25

In a preferred enbodi ment, the present nﬂvention provi des a stereosel ective
process for producing cis-nucl eoside anaj'ogues and derivatives of formula
(1) as previously defined, which proggssicappri@gs the step of

gl ycosyl ating the purine or pyrimdine base or anal ogue or derivative
thereof with an internediate of formula®lVa) or (1Vb) as previously

defined, characterised in that the 30 gl ycosylation reaction is effected
wi t hout the agl%ie}_eiign of a Lewis acid of formula (I11): 5 [err] wherein

5 Rs, R and R; are independently selected from the group consisting of
hydrogen; C, 5o alky! optionally substituted by fluoro, bromo, chloro, iodo, C4¢
alkoxy or Cg. aryloxy, C,; o aralkyl optionally substituted by halogen, C4 5
alkyl or C, 5o alkoxy Cg g aryl optionally substituted by fiuoro, bromo, chloro,
iodo, C4_5q alkyl or C4_5q alkoxy; trialkylsily!; fluoro; bromo; chioro and iodo; and

10 |
Rg is selected from the group consisting of fluoro; bromo; chloro; iodo; C4.5
sulphonate esters, optionally substituted by fluoro, bromo, chiloro or iodo; C4.5
alkyl esters optionally substituted by fluoro, bromb, chioro or iodo, polyvaient
halides; trisubstituted silyl groups of the general formula (Rs) (Rg) (Ry) Si

15 (wherein Rs, Rg, and R; are as defined above), saturated or unsaturated
selenenyl Cg,o aryl; substituted or unsubstituted Cg,; arylsulphenyl;
substituted or unsubstituted Cg 54 alkoxyalkyl; and trialkylsiloxy.

The process of W092/20669 allows the stereo-controlled synthesis of a racemic .

20 cis-nucleoside analogue from an equimolar mixture of (lia) and (lib), and of a
given enantiomer of a desired cis-nucleoside analogue in high optical purity if
the starting material is optically pure (lia) or (lib). However, the W0S2/20669
process relies on the use of a Lewis acid of formula (Hf).

25 There are a number of disadvantages associated with the use of such Lewis
acids. In particular, they are highly reactive and unstable compounds and there
are therefore hazards associated with their use. Furthermore, they are
expensive and have significant toxic effects. These disadvantages are of
particular importance in relation to the large-scale production of nucleoside

30 analogues in factory processes.

We have now found that, by judicious selection of the leaving group L in
intermediates (lla) and (lIb), the reaction with the purine or pyrimidine base, or
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fromthe group consisting of fluoro; brono; chloro; iodo; [err] sul phonate
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t%h%lc{b?% BAldfY cary el éﬁd&gﬁuh e{fﬂeﬁ@d’wuthé Qéﬁrﬁéﬁ’

rou gener a aforrrula

i odo,

esters,

al kyl

polyvalen
[err] Si

#iral kyl optionally

T odo

or o,

trisub stltEye

heenqa»m paRtiguler, withowt theoaddit an@é@/!e?wssaedr%&f@anera
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15

20

25

30

R, is hydrogen or acyl and

R, is a purine or pyrrmrdrne base or an analogue thereof

the process comprising the step of glycosylating the purine or pyrimidine base
or analogue or derivative thereof with an intermediate of formula (Iva) or (IVb)

(va) R,Il.l"' ():7'”'6 Rem(’ _7,,» (Vb)

wherem Rs is a substituted carbonyl or carbonyi derivative; and -

- G represents halo, cyano or R9803 where R® represents alkyl optronally

substituted by one or more halo, or optionally substituted pheny!;
characterised in that the glycosylation reaction is effected without the addition
of a Lewis acid catalyst.

in a preferred embodiment, the present invention provides a stereoselective
process for producing cis-nucleoside analogues and derivatives of formula (1) as
previously defined, which process comprises the step of glycosylating the purine
or pyrimidine base or analogue or derivative thereof with an intermediate of
formula (IVa) or (IVb) as previously defined, characterised in that the
glycosylation reaction is effected without the addition of a Lewis acid of formula

(n):
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addition of a substituent (e.g., 5-fluorocytosine) or replacenent of one
group by awaes@et®ric group (e.g., 7-deazaadeni ne); sugar rREIVERIGOIODHNS,
such as 6 substitution of hydroxyl groups by any substituent or
alteration of the site of attachnent of the sugar to the base (e.g.
pyrim di ne bases usually attached to the sugar at the N-1 site may be, for
exanpl e, attached at the N3 or C-6 site and purines usually attached at
the NN9 site may be, for exanple, attached at 5 N-7). A purine or
pyrim di ne base neans a purine or pyrimdine base found in naturally
occurring nucl eosides. An anal ogue thefeof is a base which mnmics such
naturally occurring bases in that its Iructurﬁ (the kinds of atons and 10
their arrangenent) is simlar to t h8sh iﬁ?allﬁlbccurring bases but my

ei ther possess additional or lack certgin of the functional properties of
the naturally occurring bases. Such anal ogues i nclude those derived by
repl acement WhereitH noi ety by a nitrogen atom (e.g., 5-azapyrim di nes such

as 5-azacyt ORL "R, @ndCRYEers Shiepéndently’ selde: ey o
7- deazaadeni nLé gs 7 & epéndently selRECA I e 9; ébnsisting of

- 15 eazagyani ne). ar .hoth (e.g., 7-deaza,.
8- azapur i nes’?ydrgge?fepil-%?'kyggpé?#éj@c#%gggd y @l‘é’Pog[@E"'a? °rrz?eé?|‘?°'t¢105e
baz gafs. V\ge [) ei alkoxyh or Cdagi 'altyll?(yg ﬁﬁgoe?&a'lkyhmptionaw substitated bgnimaiegen,0C, 5
nodi fi e venki on i : , . 0
ydr oxyl . - arSiRR'6HE, 208l V8; gp i oty uBsltifed bl ord ko Aforo.
and deri vat i 968, &naov@kyl afwm alkoxyios drialkylsidi fiuare; thsomot chizgo and iodo;
and

10 Rg is selected from the group consisting of fluoro; bromo; chloro; iodo; C.9
sulphonate esters, optionally substituted by fluoro, bromo, chioro or iodo; C4.5
alkyl esters optionally substituted by fluoro, bromo, chloro or iodo, polyvalent
halides; trisubstituted silyl groups of the general formula (Rs) (Rg) (R;) Si
(wherein Rs, Rg, and R; are as defined above); saturated or unsaturated

15 selenenyl Cg,o aryl, substituted or unsubstituted Cg,, arylsulphenyl;
substituted or unsubstituted Cg 54 alkoxyalkyl; and trialkylsiloxy.

It will be appreciated that, if the glycosylation step is carried out using an
equimolar mixture of intermediates (IVa) and (IVb), a racemic mixture of cis-

20 nucleoside analogues will be obtained. However, it is preferred that
glycosylation is effected using an optically pure compound of formula (IVa) or
(IVb), thereby producing the desired cis-nucieoside analogue in high optical
purity.

25 A "nucleoside" is defined as any compound which consists of a purine or
pyrimidine base linked to a pentose sugar.

As used herein, a "nucleoside analogue or derivative" is a compound
containing a 1,3-oxathiolane, 1,3-dioxolane or 1,3-dithiolane linked to a purine
30 or pyrimidine base or an analogue thereof which may be modified in any of the
following or combinations of the following ways. base modifications, such as
addition of a substituent {e.g., 5-fluorocytosine) or replacement of one group by
an isosteric group (e.g., 7-deazaadenine); sugar modifications, such as



As used herein, halo neans brono, chloro, fluoro or iodo. As used herein,
unl ess avbeoswiaeL stated, al kyl neans straight, branched pergyssiorspzsat ur at ed
hydr ocar bon groups, or mxtures thereof. 25 Optionally substituted phenyl
ubstituted phenyl or phenyl substituted by one or nore [err]alkyl,
nitro, amno, halo or cyano groups. Preferably R2 is a pyrimdine base.
erably R2 is cytosine or 30 5-fluorocytosine. R3 is a carbonyl

hydr ogen, hydroxyl, trialk]?silyl, trialkylsiloxy, [err] alkyl,
[err] aral kyl, [err] al koxy, [err] al kylam ne (secondary or tertiary),

| £t hi.o. [err ryl; [err] alkenyl:.[er al .k | ; or Jerr]
SubBligen S i orodeq by an, sLbstityBh, be AuSHabart of e e of 11

al kyl or pgtachmeni/tf the sugarito Ri3e baser{egihpylimidine basés asudly aftached tonal | y

neans uns

Mor e pref
l'i nked to

[err] alk
is 1,2-di

substi t ut
| i nked at

di al kyl anPRE Ruftnes:usually @it
i.s aghioppyponyl (C=S) substituted with hydroxyl, [err] alkoxy, or [err]

10

PR AR 0 B e et pe S5 e

tag S site; may,bey for example, attag

A purine or pyrimidine base means a purine or pyrimidine base found in
naturally occurring nucleosides. An analogue thereof is a base which mimics
such naturally occurring bases in that its structure (the kinds of atoms and
their arrangement) is similar to the naturally occurring bases but may either
possess additional or lack certain of the functional properties of the naturally
occurring bases. Such analogues include those derived by replacement of a

~ CH moiety by a nitrogen atom, (e.g., 5-azapyrimidines such as 5-azacytosine)

16

20

25

30

35

or conversely (e.g., 7- deazapurines, such as 7-deazaadenine or 7-
deazaguanine) or both (e.'g., 7-deaza, 8-azapurines). By derivatives of such
bases or analogues are meant those bases wherein ring substituents are either
incorporated, removed, or modified by conventional substituents known in the
art, e.g., halogen, hydroxyl, amino, C,_g alkyl. Such purine or pyrimidine bases,
analogues and derivatives are well known to those skilled in the art.

As used herein, halo means bromo, chioro, fluoro or iodo. -

As used herein, unless otherwise stated, alkyl means straight, branched or
cyclic saturated hydrocarbon groups, or mixtures thereof.

Optionally substituted phenyl means u'nsubstituted phenyl or phenyl substituted
by one or more C,_galkyl, nitro, amino, halo or cyano groups.

Preferably R, is a pyrimidine base. More preferably R, is cytosine or
S-fluorocytosine.

R, is a carbonyl linked to hydrogen, hydroxy|, trialkylsilyl, trialkylsiloxy,

C,.30 alkyl, Cy.3¢ aralkyl, C4_39 alkoxy, C,_3o alkylamine (secondary or tertiary),
C1.30 alkylthio; Cg.z0 aryl; Co 5 alkenyl; C, 5o alkynyl;

or R% is 1,2-dicarbonyl, such as

& or R

¥



thiol. 15 Preferably R3 represents a group [err] where [err% represents an
optlonally‘?GH§P?Fﬁted al kyl group. Preferably R4 represent &€ Q1593
auxiliary. The term"chiral auxiliary" describes an asymetric nol ecul e
that is used to 20 effect the chem cal resolution of a racemc nlxture
Such chiral auxiliaries may possess one chiral centre such as
[err]-met hyl benzyl am ne or several chira¥ centres such as nenthol. The
pur pose of the chiral auxiliary, once built into the starting nmaterial, is
to allow sinple separation of the resulting diastereoneric mxture. See,
for exanple, J Jacques et al., Enantioners, Racemates and 25
Resol utions, pp. 251-369, John Wley & Son C>NEM/YOrk (1981). Preferably
the chiral auxiliary RA will be selected f (d) ment hyl, (1)-nenthyl,
(d)-8-phenyl menthyl,  (1)-8- phenylnenth '°'(+) norephedrlne and (-)-
norephedrine. Mre preferably R4 is (I)-nmenthyl, or (d)-nenthyl, nost
preferably 3 fer Preferably X is S 8
Preferably ngﬁpé&ﬁq@?wg%&bﬁ%a?w grélﬁ-%ﬁnﬂ nore preferably O, The
i nt er red at eor@&@® i @nranhydride\Veycheasl (1 Vb) may be isolated or they may
conveniently be generated in situ. 5

o

0
I

CH,-C-0-C-

optionally substituted with C,_g alkyl or Cg.5 aryt;

10
or R® is an azomethine linked at nitrogen to hydrogen, C,_oq alkyl or C4_4q alkoxy
or C4_5 dialkylamino and at carbon to hydrogen, C_5g alkyl, or C4 oo alkoxy;
or R3 is a thiocarbonyl (C=S) substituted with hydroxyl, C,_5, alkoxy, or C4 o
thiol.

15

Preferably R, represents a group -C(=0)OR, where R, represents an optionally
substituted alky! group. Preferably R, represents a chiral auxiliary.

The term “chiral auxiliary" describes an asymmetric molecule that is used to
20  effect the chemical resolution of a racemic mixture. Such chiral auxiliaries may

possess one chiral centre such as a-methylbenzylamine or several chiral

centres such as menthol. The purpose of the chiral auxiliary, once built into the

starting material, is to allow simple separation of the resulting diastereomeric

mixture. See, for example, J Jacques et al., Enantiomers, Racemates and
25 Resolutions, pp. 251-369, John Wiley & Sons, New York (1981).

Preferably the chiral auxiliary R, will be selected from (d)-menthyl, (I}-menthyl,

(d)-8-phenylmenthyl, (l)-8-phenyimenthyl, (+)- norephedrine and (-)-

norephedrine. More preferably R? is (1)-menthyl, or (d)-menthyl, most preferably
30 (I}-menthyl. '

Preferably W is O.
Preferably X is S.



Suitably the internedi ates of formulae (1Va) and (1Vb) are generated from
the corr¥938R¥%7Mhg trans al cohols of fornulae (Va) and (VECT/EPeS«0150310
wherein R3, Wand X are as previously defined, or fromthe epineric cis

al cohols of formulae (Vc) and (Vvd): [err] 15 by reaction with a reagent,
suitable to introduce the group G Suitable reagents for introducing the
group Gwill be readily apparent to tigose skilled in the art and include
hal ogenati ng agents such as, for exanple oxalyl 20 brom de. Preferred
hal ogenati ng agents are Vilsneier-type reagents, which nay conveniently be
gener at ed Praférably GYe f such as

di met hyl f or mam dlg u\g@%@ht&ﬁhgeﬁglégggn%ﬁ Pﬁgpggﬁéﬂﬁf suf:hhéﬁy ah oxal yl hali de,
e.g. oxalyl chlorlde a thionyl halide, e.g. thionyl chloride, a phosphorus

hal i de, e.The p'riteerpadiates of farmulaé d&va)r apd (fvillomay be islated e they may

al kyl or Q?’?Q r anhydri de. The hal ogenation reaction is
suitably e ct gg‘“k%@“@éﬁ@énﬂ%&ﬂ conditions. The intermedi ate of

for a (Iva) or (IVb) is reacted W|thaS|IyIated purine or pyrimdine
base, con\Buiibly the irlefinsdiaieRtberichie PV&P'ahEW‘IVEPERe nfratéd from the

@ e or onaeRreREongitg hack albChYIZRT arulSe VR and Bl Frovem S 2

an am de such as
di et hyl f or mam de, an ester, such as ethyl acetate, an ether such as

w OH w
(Va) Rslmn-(-f Ry’ _7-~~°H (V)
X X

_ {
10 .
wherein R, W and X are as prevnously defined, or from the epimeric cis
alcohols of formulae (Vc) and (Vd) .
R, m.,,,(_]... OH Ra\(W g OH
X - (Ve) xf (Vd)
15 '

by reaction with a reagent, suitable to introduce the group G.

Suitable reagents for introducing the group G will be readily apparent to those
skilled in the art and include halogenating agenfs such as, for example oxaly!

20 bromide. Preferred halogenating agents ar'e'_Vilsm'eier-type reagents, which
may conveniently be generated in_situ by reaction of an N,N-disubstituted
amide, such as dimethylformamide (DMF), and a halogenating agent such as an
oxalyl halide, e.g. oxalyl chloride, a thionyl halidé, e.g. thionyl chioride, a
phosphorus halide, e.g. phosphorus trichioride or phosphorus oxychioride, an

25 alkyl or phenyl sulphony! halide or anhydnde The halogenation reactuon is
suitably effected under conventional condmons

The intermediate of formula (IVa) or (IVb) is re_a;;:ted with a silylated purine or
pyrimidine base, conveniently in a suitable organic solvent such as a
30 hydrocarbon, for example, toluene, a halogenated hydrocarbon such as
dichloromethane, a nitrile, such as acetonitrile, an amide such as
dimethylformamide, an ester, such as ethyl acetate, an'ether such as



9 tetrahydrofuran, or a ketone such as acetone, or a m xture thereof,

pref er abl y vab 9sdormat ed tenperature, such as the refl ux tenpPCHEPSS®1IB t he
chosen solvent. Silylated purine and pyrimdi ne bases may be prepared as
described in 5 W92/ 20669, the teaching of which is incorporated herein
by reference, for exanple by reacting the purine or pyrimdine base with a
silylating agent such as t-butyldinethylgilyl triflate, 1, 1, 1, 3, 3,

3- hexanet hyl di sil azane, trinmethylsilyl triflate or trinethylsilyl chloride,
with acid or base catal yst, as appropriate. Suitable nethods are descri bed

in detail i ntdtfhyArSTOFETRY a'KbtENE SIEas adBtohBCof ismpiGreRRsred?, prefdraBlycat

o pyri mi di neleyaled GRSl o, ot Bady mRsRbEe d HE bacten SNt
spegi }‘ [ cast gr eoi soner of ef or irrul a (). tAppr opriate reduci ngf agents will be '
(raggrr;ol g, ESdréﬁg%térd;cﬁngﬁ%g ag'éeh% @q“sdlj@ as %:’ﬂ@ﬂ%’%ﬁhﬁ%’%&mﬁﬁ ?%’é‘,’e? i'P hi um
bor ohydfi de ¥O83R08RPLE® rganhing: of whigais ineerparatadthereisy byirefergpeeyfars
ot o oo AR IRARG RIS orcyndn sese T snbiTG MR,
Dt b ey rhaHRy S RO BT £, Y Y SRR AMERERRS Beafll, HMIRLT "
pr ocessI dteisg triflatel omtridéetyisigcehloride, fwithalacichopobase icatalysti @sl Bppripriateied
o practi oal - Suifip® fishdlis S UeBineu i udia) MU RIER AR BlamdRss PLoT Ty
in pol 8P nedia, making their efficient isolation from such nedia
difficult. YHehdgpubrwsideuadalbbaé cbitainedC drame UnélTeattidro bimther compoumy dfe
efficiently #osr%ltﬁg (a? v}ci{hotrﬁesﬁ)t.lzr%e' 8 pilrri'm%?rl'ngi)ase or analogue thereof may then be
reduced to give a specific sterecisomer of formula (I). Appropriate reducing
agents will be readily apparent to those skilled in the art and include, for
15 example, hydride reducing agents such as lithium aluminium hydride, lithium
borohydride or sodium borohydride. We have found that stereointegrity is
maintained using sodium borohydride in the presence of a phosphate or borate
buffer, for example dipotassium hydrogen phosphate, as the reducing agent.

20 According to the process of the invention, as well as the process described in
WOQ092/206689, the final compound is typically obtained as a solution in a polar
solvent, such as an aqueous solvent. This presents a practical problem in that
compounds of formula (1) have a high solubility in polar media, making their
efficient isolation from such media difficult. We have now found that

25 compounds of formula (l) may be efficiently isolated from solution in polar
solvents by formation of a salt having poor aqueous solubility. If desired, the
water-insoluble salt may subsequently be converted to the free base, or to a
different salt thereof by conventional methods. We have further found that the
salicylate salt is particularly suitable for this purpose.

30
The present invention thus provides a process as previously described further
comprising the step of isclating the compound of formula (I) as a water-insolubie
salt, especially a salicylate salt.



solvents by formation of a salt having poor aqueous solubility. If desired,
t he Mt?P-gwﬁ% ubl e salt may subsequently be converted periEbssidisme base, or
to a different salt thereof by conventional nmethods. W have further found 4
that the salicylate salt is particularly suitable for this purpose. 30 The
present invention thus provides a process as previously described further
conprising the step of isolating the conmpound of formula (1) as a

wat er-i nsol ubl e salt, especially a §H?icy|ate salt. ~ 10 Salicylate salts
of conpounds of fornula (1) are within the scope of the pharnmaceutically

'accept abl e derivatives described and clajnmed in Eurgpean Patent Appl I cation
publ i cat i Aficylate osaltss of comPeinds Okt fornulgo (1)\arer mithim othen seopg £of, n@ﬂe

fS|oe0| fi ?eﬁﬂmbeainmwdamﬁlé détivEtives| described! and Qil?métmweﬂur Cive’
orma ur ernative
aspect,  tatefl ABBREEar, bubiErBh G ORashee phd upliBatn Bo W@gﬁ{mﬁés of
formul a (m)t arernatyspegifically rdmioSed ff@rein. | Suphrsalts arar theveforennovéloamdi t hat
fornatio e PRV MR0-1- ((2R-hydroxynethyl -[ 1

, 3] g?iat hlnfo #@ghéﬁ%éﬁﬁgrﬁ?ﬁ}cﬁsﬁﬂgwﬁﬁgﬁb?l am Vl(Jdi ne?/ [er?/] af %lorEis
consi der abl e advant ages for the isolation of that conpound from pol ar

sol vent s. Inlbfurther ror altermdtiver aspeetiithdipresénttineentivreprovidest duticglate eams ovi des

4-am no- %ﬁp%%%iéﬂmm $r1hyd$Lfé>§%ine an-5S-yl)-1H pyri m di n- 2- one

sal i cyl at

10 In particular, we have found that formation of the salicylate salt of 4-amino-1-
(2R-hydroxymethyl-[1,3]oxathiolan-58-yl)-1 H-pyrimidin-2-one (lamivudine,
3TC™) affords considerable advantages for the isolation of that compound from
polar solvents. '

15 In a preferred embbdiment the invention therefore 'prdvides 4-amino-1-(2R-

hydroxymethyl)-{1,3]oxathiolan-5S-yl)-1 H-pynmldln-z-one salicylate, or hydrates
thereof.

The salicylate salt of lamivudine is a pharmaceutically acceptable salt and as
20 such it and its hydrates may be used as antiviral agents as described in
WO091/17158, which is incorporated herein by reference.

The salicylate salt of lamivudine or its hydrates may be formulated as a -

pharmaceutical composition as described in W091/171589. '

25 | , '
The salicylate salts of compounds of formuia (1) may be prepared by treating a
solution containing a compound of formula (l) with salicylic acid. Suitable
solvents include for example, water and polar organic solvents such as ethers, |
for example tetrahydrofuran or dioxan and alcohols, for example methanol and

30 ethanol or mixtures of solvents, in partlcular mixtures containing an organic
solvent and water.

The salicylate salts are conveniently converted, if desired, to the corresponding
free bases by treatment with a base, suitably a tertiary amine such as, for
35 example triethylamine.



thereof. The salicylate salt 'of |am vudine is a pharmaceutically acceptable
salt and asWR@s/29174uch it and its hydrates may be used as aﬁﬂ@%?séﬂls gent s
as described in W91/17159, which is incorporated herein by reference. The
salicylate salt of lamvudine or its hydrates may be fornulated as a

phar maceuti cal conposition as described in WX1/17159. 25 The salicylate -
salts of compounds of fornula (I) may beiprepared by treating a solution
contai ning a conpound of formula (1) with salicylic acid. Suitable solvents
i nclude for exanple, water and pol ar organi c solvents such as ethers, for
exanpl e tetrahydrofuran or di oxan and al cohols, for.exanple nethanol and 30

et hanol, or mxtures, of solvents, .i.N ticul ar . xture Lo
organi ¢ sol vrermi‘eénﬂ'"té’tleerwat?ﬁ'@sé’g\qqigygé{se a§'§| &@tﬂﬁ% g%'n@éﬁf%?*éyaggﬂ\%q ed,
if desired, tcorivieesionto frepdasiesyill beseddifeapireciatechbythaseskillecinibe @rt.
sc,lwhtabl y a Lfrtiary am ne such as, for 35 exanpl e triethylam ne. 11
er suitable water-insoluble salts and hods for thejr ti d
conversi @n t dntermediate @lcahals () ?%Gﬁ)ﬁrgﬁ%‘?é?ﬂ'ﬁ'ﬁgﬂ %3@58%%%5 gpégopﬁn _
; lhgoﬁg lt-s ?Vc)mh%bﬁ ; aré @ byl thehmkethddéagesorihed\in) WOBLR/20866%; plonexampie,sby
. A [ | "
W92/ 20669, f' “83&%8% dhe ﬁgaﬁaﬁ?ﬁﬁé?&%sﬂ'&%ﬁ@?ﬁ?ﬁﬁ%@%ﬁ% of an
conpounds or dlgehydelchfommutanRgfCHO, or a derivative thereof, with hydroxyacetaldehyde
or mercaptoacetaldehyde, or suitable derivatives thereof. Further details of the
10 preparation of such alcohols may be found in the accompanying examples.

Compounds of formulae (Va) and (Vb) are key intermediates for the preparation
of enantiomerically pure cis-nucleoside analogues or derivatives, according to
the process of the invention. The absolute stereochemistry of the groups R;, W

16 and X in (Va) or (Vb) is preserved in the resulting cis-nucleoside analogue or
derivative of formula (I). |

Reactions for the preparation of aicohols of formulae (Va) and (Vb) and their cis
epimers (Vc) and (Vd) typically result in the formation of mixtures of isomers.

20 When compounds of formulae (Va) or (Vb) are isolated by crystailisation from
mixtures containing their enantiomers and/or their cis stereoisomers, the yield
may be limited by the proportion of the desired isomer (Va) or (Vb) present in
solution.

25 We have now found that crystallisation of the trans isomers (Va) and (Vb) is
favoured over the crystallisation of the corresponding cis isomers (Vc) and (Vd).
Where R; is an achiral moiety', a 1:1 mixture of the trans isomers (Va) and (Vb)
may be crystallised from mixtures of the cis and trans isomers (va), (vb), (Vc)
and (Vvd). :

30
Accordingly, the present invention provides, in a further or aiternative aspect, a
method for enhancing the yield of the trans isomers (Va) and (Vb) from a
mixture of the trans and cis isomers, which method comprises treatment of the
mixture of trans and cis isomers, at least partially in solution, with an agent



al dehyde of . forrmula [err], or a derivative thereof, with

hydr oxyagolesbaiefiyde or mnercapt oacet al dehyde, or suit abl epgpipdsifisoses
thereof. Further details of the 10 preparation of such al cohols nay be

found in the acconpanyi ng exanpl es. Conpounds of fornulae (Va) and (Vb) are®
key I ntermedi ates for the preparation of enantionerically pure

ci s-nucl eosi de anal ogues or .derivativgs, according to the process of t he

i nvention. The absol ute stereocheni st of the groups [err], W15 and X
in (Va) or (Vb) is preserved in the resulting ci s- nucl eosi de anal ogue or

derivative or Reactions for th reparation_of al cohols of i
f or nul ae %bhdwﬁéﬂﬁg t'RISreoRyersion; Rf; gﬁ‘gvdg oA (Without, semplele r esul t
i n the forsuppressiast ohthetanystallisatiors ohthedrariisomevien conpounds of fornul ae

(Va) or (Vb) are isolated by crystallisation from mxtures containing their
enantlorreﬁﬁlsa}[.\d/or their cis stereoi somers, the yi‘eld may be limted by the
f

proportio v furthar  digcovesed thatywhese Ruis qosl@!ﬂrmocerty.smmglentr_a\_@ Ve

have Siow femantiomerof forsA(Va)ser! (VB iy BiéSelobivsly chtEIiSed tam @Rfbd(d) i S
favoured U EQ tallisation of the corresponding-cis isoners (Vc) and
(vd). \Where E?g %oé{#gchlral noiety, a 1:1 mxture of the trans isoners

(Va) and (Vb) may be crystallised frommxtures of the cis and trans

i somers (s, fd(@xan‘fpV@cdﬁkfodn@offaﬂnﬁlﬁ(‘(%?m&n ngfogﬁﬁgtc JU)?id?t on

provides, in %rt r or ternative aspec enhanci’ng' t he

yiel d of " where, Qﬁ s@!ﬂﬁt'vﬁ%rﬁ%ﬁtﬁﬂﬁ?@lrﬁom & Haixturansf and
cis 1050rrers$erenisouier§mrhpdrtnla?ra &ﬂﬁ(tdrée@ﬂnﬁming)blddh@lﬂ%Pr(Vbearfd g and

cis i sorrere?”mgltlc E%%ﬁ&ot?&éﬂ/@)' éﬁ’d Nh)sol ution, with an (

Similarly, compounds of formula (Vb) wherein Rs represents -C(=0)R,, where Ry
is d-menthyl, can be selectively crystallised from a mixture of sterecisomers, in

15 . particular a mixture containing alcohols (va), (Vb) and the eplmerlc cis alcohols
(Ve) and (Va).

Therefore, in a preferred aspect, the present invention provides a method for
enhancing the yield of a single enantiomer of formula (Va) or (Vb) from a

20 mixture of isomers, which method comprises treatment of the mixture of isomers,
at least partially in solution, with an agent capable of effecting interconversion of
the isomers without complete suppression of the crystallisation of the desired
single enantiomer (Va) or (Vb).

25 Agents capable of effecting interconversion of the isomers without complete
suppression of the crystallisation of the trans isomers include, for example,
alcohols, such as, for example, méthanol, ethanol, n-propanol, i-propanol, n-
butanol, i-butanol, t-butanol, and organic bases, in particular tertiary amines, for
example, pyridine and triethylamine and Hunig's base. A preferred agent is

30 triethylamine.

The interconversion of isomers may be effected in any suitable solvent or
mixture of solvents which does not otherwise react with the alcohols of formulae
(Va) or (Vb) or their cis isomers, under conditions of ‘concentration and
35 temperature which permit crystallisation of the desired isomer or isomers and



12 capable of effecting interconversion of the isonmers wthout conplete
suppr essi orV@PSAH# crystal | i sation of the trans isoners. WePHHEBRS 0B

di scovered that, where R3 is a chiral noiety, a single trans 5

enantionmer of formula (Va) or (Vb) may be selectively crystallised froma
m xture of stereoisoners. Thus, for exanple, conpounds of fornula (Va)
wherein R3 represents -C(=O R4, where [ey3] is [-menthyl, can be

sel ectively crystallised froma mxture of 10 stereoi soners, in
particular a m xture containing al cohols (Va), (Vb) and the epineric cis
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0
20 miXt ur sange of aheuls 10047 8R° GresUsH ARG dQ rsg?éat nment of the mixture

o;fi s;)_rrer s, at least partially in solution, with an agent capable of

Che crystal | 1164 HF cPRrPRisiost PY o4rOSR ERId, i e St HHaE SoIctitl 7 St

Agents  capabltemperattife; ciritergonwersiaroragent | and, o patticslarionties dwrPHBUOf coffift et e

SUppr essi grcgﬁtg?é%ﬁeﬁ%iﬁﬁ ;ég;bhf RideR c@ﬁtl:l&cﬁéd ta%ﬁﬂ?ﬁn’tég?a@dse)&ea@be depehdent on

i - p?‘épam . rthe nature of the gi'oup%r Rf,’S?SRd ?N prrreeéen%?r? Itr'le {asto%aer}g.l I’-lovr\}éf/)err? %\ré%l an
organic base is used as the interconversion agent, the preferred quantity is
generally less than two mole-equivalents based on the total of all isomers of
(Va) and (Vb) present.

15 Further guidance as to preferred reaction conditions may be gained from the
accompanying examples.

The interconversion of isomers may be conducted separately from the
preparation of the isomeric mixture; however, it is conveniently conducted
20 concomitantly with that preparation. '

The interconversion procedure may also be used to increase the isomeric purity
of isolated (Va) or (Vb).

25 By means of the interconversion process, the isolated yield of the desired
isomer (Va) or (Vb) may be enhanced to greater than 50% of theory (based on
formation of all sterecisomers), typically to between about 60% and about 90%
of theory; but it is not ruled out that yields approaching 100% of theory may be
obtained.

30
A particularly preferred embodiment of the process of the present invention
using |-menthol as chiral auxiliary is represented in Scheme 1 and is described
in detail in the accompanying examples, which are to be construed as
illustrative of the invention and not as limiting thereof.



but anol, i-butanol, t-butanol, and organic bases, in particular tertiary
am nes, ftwooszenpl e, pyridine and triethylam ne and Huni gl"(.srlﬁﬁﬁlsof‘
preferred agent is 30 triethylam ne. The interconversion of "I soirers may
be effected in any suitable solvent or m xture of solvents which does not
ot herw se react with the alcohols of fornulae (Va) or (Vb) or their cis

i soners, under conditions of concentration and 35 t enperat ure which
permit crystallisation of the desired!4soner or isoners and 13- whi ch do
not cause significant degradation of the desired isomer or isoners.

- Suitabl e solvents may include for exanple, aliphatic or aromatic

hydr ocar bons, ethers, esters and chlorinated hydrocarbons. The
interconversion will preferably be S‘cﬁéﬁ@d at a tenperature of about [err]
to [err] nore preferably in the 5 range “range of about [err] to [err] such as
~about [err] tq [err] It will be appreciated by thdse skilled in the art

t hat sel ectiorf of solvent, tenperature,Jinterconversion agent and,
particularly ke qugnt | ty of the integkconversion agent is best conducted
as an int egr exeflci s dependent t i nature of the groups [err]
X and W prese en/“an ; i

1| apsOHbase i s used as
the interconversion agent, the pre err 1 Atit %‘generarry_re§s t han
two nol e- equixal ents b&ed on the total: of all i rs of (Vva) and (Vb)
present. 15 Furt her gui dance as to/ﬁ?eferred reacti on conditions nmay be
gai ned fromthe acconpanyi ng exanpl es.

— - NH, {
o | NZ
Ol A o0
o UL s
B | N
(not isolated)
NH, NH,

The invention is further illustrated by the following non-limiting exambles. All
temperatures are in degrees centigrade. DMSO means dimethy! sulphoxide.

10. Example 1 o
4-Amino-1-(2R-hydroxvmethyi-

(a) (2R .5R)-5- Hvdro_xy—[1,3]oxath|olane-2-carboghc acid, 28-|sogrog¥ I-5R-
methyl-1R-cyclohexy! ester



The i nterconversion of isoners may be conducted separately fromthe
prepar at i onworIsRg4i someri c mi xture; however, it is conveni EFIEFIY¥YARuCt ed

20 concom tantly with that preparation. The interconversion procedure
may al so be used to increase the isonmeric purity of isolated (Va) or (Vb).
25 By neans of the interconversion process, the isolated yield of the -

desired isoner (Va) or (Vb) may be enhant®d to greater than 50% of theory
(based on formation of all stereoisoners), typically to between about 60%
and about 90% of theory; but it is not ruled out that yields approaching

100% of theory may be obtained. 30 A particularly preferred enbodi nent of

the p ! . ! ' d er rent ot
e Bracess oh SR B oA BcaNal s TRl g Bl g Sl pi 1
exanpl es, whi tohuence (125mk) wassstiredl and heatgs: toarefiex. oWales was dRMAYAdaRY
not as |im tiagadtispi€aistillation. fiaF DeER-Stafk r8p" IThe rbkalting\soNiticof EmentHyher

o o et Sl o by A B FBbf el FrEMILFD AoAEShrls |
70mL distillate, and then cooled to 20-25°. The volume was adjusted to 75mbL
by adding ca 15mL toluene, dithianediol (8.25g) was added, and the mixture
heated at refiux for about 1h. The mixture was cooled to about 80°, and
clarified. The filtrate was cooled to 0-5°, and a solution of triethylamine (1.5mL)

10 in hexane (150mL) was added over ca 1.25h at 0-5°. The resulting suspension
~ was stirred at 0-5° for about 6h, then the product isolated by filtration. The
product was washed with a mixture of toluene and hexane (1:3, 2x50mL), and

dried in vacuo at 40-45° to constant weight.

15
acid, 2S-isopropyl-5R-methyl-1R-cvclohexy| ester
A solution of (2R,58)-5-chloro-{1,3]oxathiolane-2-carboxylic acid, 2S-isopropyl-
5R-methyl-1R-cyclohexyl ester was prepared as follows:

20 :

A solution of (2R,5R)-5-hydroxy-[1,3]oxathiolane-2-carboxylic acid, 2S-

isopropyl-5R-methyl-1R-cyclohexyl ester (300g) in dichloromethane (3000mL)

containing methanesulphonic acid (0.7mL) was treated with dimethylformamide

. (85mL), cooled to ca 8° and thiony! chloride (80mL) added over ca 10min. The

25 resultant solution was stirred at 10-15° for ca 1.5h, then concentrated by

distillation under atmospheric pressure {over ca 1.5h), collecting ca 2.1L
distillate. The solution was cooled to 20-25°.

A solution of silylcytosine was prepared as follows:

30 .
A suspension of cytosine (116.5g), methanesulphonic acid (0.7mlL) and
hexamethyldisilazane (242mL) was heated in toluene (290mL) at reflux until a
clear solution was obtained (ca 1.5h).



10 Exanpl e 1 4- Am no-1: (2R- hydr oxymet hyl -[ 1, 3] oxat hi ol an-5S-yl )-1
H-pyri myelh sgaypne (@) (2R 5R)-5- Hydroxy-[1. 3] oxat hi ol aneper/gpyslaesey! | C

acid, 2S-i1sopropyl-5R nethyl-1R-cycl ohexyl ester 15 A m xture of

&

| -ment hyl gl yoxylate hydrate (25g) and acetic acid (2.5m) in toluene
(125nL) was stirred and heated to reflux. Water was renoved by azeotropic

distillation via a Dean-Stark trap. The resulting solution of

| -ment hyl 5

gl yoxyl ate was concentrated by disti f€ati on under reduced pressure
collecting ca 70nL distillate, and then cooled to [err]. The vol une was
adjusted to 75nL by adding ca 15nL tol uene, dithianediol (8.25g) was added,
and t he niThesplutioanfallyleytosing was freatedhwith triethytamine(143mk). she sebdirad t o
abfu: [erot (ZtQ_BSt)-?-@mbfd-ﬁqa]oIbmﬁlaﬂiéaaéa?b_ Wi@@@b@dsggon{@bylsRagﬁkhyl- _
sol ution r am,. ne 0. . -in hexane - s added, over ca
T725n ot 1BveoaxYl RET el rheiblhining' B, SeERRT refise washD 5 Wilbou: o

t hen the dichtbromethariea(30Q0mily). f Therrasulting mixturerwas heateds atveefludfori 4t a

L g ) e o

[ 1, 3] oxat APol @YRE-¢a dadthoxihe &

t t
B a0y

SRSION NWAS sy'ﬁeﬁefpﬁﬂa 420, \h8Rexy |

ester A shexdne(M200nldradded Gvernda Omirl aBB0-85° hiTHeasgspersiirhwas  stiredci d,

251 S0P OB inkt i RefBratFo e ARRE e o™ >TRE SRR a8 WwhsHoc R 20
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15

20
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water (2x600mL) and isopropy! acetate (2x60'0rriL), and dried in vacuo at 40-45°
to constant weight. 'HNMR (De-DMSO) 5y 0.-'/_'5 (3H,d); 0.89(d), 0.9(m), 0.91(d),
1.0-1.2(m) (SH); (SH,m); 1.43, 1.50 (2H,m); 1.67 (2H,m); 1.8-2.0 (2H,m); 3.14
(1H,dd); 3.55 (1H,dd); 4.69 (1H,dt); 5.70 (1H,s); 5.80 (1H,d), 6.36 {1H,dd), 7.28
(brs), 7.33 (brs) (2H); 7.97 (1H,d) '

monosalicylate

A solution of dipotassium hydrogen phosphate (137g) in water (150mL) was
stimed at ca 20°, and (2R,5R)-5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-
[1,3]oxathiolane-2-carboxylic acid, 2S-isopropyl-5R-methyl-1R-cyclohexyl ester
(100g) added. IMS (750mL) was added, and the suspension stirred for 10min.
A solution of sodium borohydride (20g) in water (200mL) containing sodium
hydroxide solution, 25% w/w (2mL) was added over 70min, 'keepin the
temperature in the range 15-30°. The addition funnel was rinsed with water
(50mL), and the mixture stirred at 15-30° until the reaction was judged complete

by HPLC (150min). The mixture was allowed to settle, and the lower aqueous

layer discarded. The pH of the organic phase remaining was adjusted to 4-4.5
with conc. hydrochloric acid (27mL), whilst maintaining the temperature in the
range 20-25°. The addition funnel was rinsed with water (20mL), then the pH of
the solution adjusted to 6.8-7.2 with 2M sodium hydroxide solution (110mL).
The addition funnel was rinsed with water (20mL), and the reaction mixture was
transferred to a distiliation vessel, washed in with water (50mL), and the
solution heated to reflux. The solution was concentrated to ca 6.45vol under
atmospheric pressure, then cooled to 20-25°. ' '



A sol ution of 2R 5R) - 5- hydr oxy-[ 1, 3] oxat hi ol ane- 2- car boxyl_i ' S
I sopropyl - | -1 R-cycl ohexyl ester (300g) in dichl ord’%ﬁgﬁt’%oomm

cont ai ni ng nethanesulphonic acid (0.7nm) was treated with dinethylformm de
(85nL), cooled to ca [err] and thionyl chloride (80nL) added over ca 10m n.
The 25 resultant solution was stirred at [err] for ca 1.5h, then
concentrated by distillation under atnospheric pressure (over ca 1.5h),
collecting ca 2. 1L distillate. The solution was cooled to [err]. A solution
of silylcytosine was prepared as follows: 30 A suspension of cytosine

(115. 59), rreMemmﬂul/mmaﬂnovedihy eftraction awithhtohsenet (5O, Rax 200n{L)4 Bve.)

?fg; geghjed ' Bal@uiiFade AN diufd B! »yaaeygésém% %a{reaehg&iwgﬁw.c%@i ned
triethyl am n@%i,g{\gg{ljmgm,yltg(wqjﬂ (ﬁpr%k) The mixture was heated to give a solution
(2 é R, 59) - 5- clh(awq’]; thel} eosied lt@BsﬂeTﬁe%@thlbrWa§ séédéh wnthtauthenttc lamivudine

-1 SOPLO C X es nalL ntal nin
Fot o Bonant Ao hen ol b St e SBh e SheBehEbh v g e Rl AP s
heat ed at reé this temperature, then fitteaeldiedT hne) paodmottwasa vmisredl withywater (¢ x
(73n) and W%%L(Q%Pgmi.i‘%r% gﬁe&?n vh@&é %t 48"@6" @ %}Qg{ CSUNMR'Y

suspenS|on was stirre over ca

10nin at [erQe-DMSO)sddAddeh IAS (d9) €2r"9d367t %Fﬁn@zp at &8 (1H,d);

overni ght, t&22 (iH,meee (THen)sBl48d 106m) Ve ¢aHWri;I7.86{ B4,ddy 7692 nd
|soprowl acet at(e (25600m(_) a)nd oﬁj(l ed |)n vaguo ar{ ert ¥ Tt

{d) 4-Amino-1-(2R-

4-Amino-1-(2R-hydroxymethyi-[1,3]Joxathiolan-5S-yl)-1H-pyrim idin-2-one
monosalicylate (66.7g) was stirred with IMS (470mL), and heated to 70-75° to
15 give a solution. The solution was clarified into a crystallisation vessel, and
rinsed in with a further 170mL IMS. Triethylamine (26mlL) was added, and the
solution distilled until 280mL remained. The solution was cooled to 70° over 20
min, seeded, then isopropyl acetate held at 60° (600mL) added over 2.25h,
maintaining the temperature above 55°. The mixture was cooied to room
20 temperature overnight, then cooled to 8-10° and stirred for 1h. The product was
isolated by filtration (transferred to the filter with 30mL isopropyl acetate),
washed with isopropyl acetate (2 x 130) and dried in vacuo at 40-45°, to
constant weight. 'HNMR (De-DMSO) &4 3.10 (1H.dd); 3.39 (1H.dd); 3.72
(2H,m); 5.15 (1H,t); 5.29 (1H,t); 5.72 (1H,d); 6.19 (1H,dd); 7.17 (1H, brs); 7.22
25 (1H,brs); 7.80 (1H,d). '



to constant weight. [err] 0 75 (3H, d) 0.89(d), 0.9(m, 0.91(d),
1012 . (9H, M) 14;3 = =787 (2H n): 2H ) ;
3.14 (|%d%'§ 3. 55 (1H, dd): jiHﬁzH SEER, (11 s): 5’%’387’%1395 . 6.36

(1H,dd), 7.28 (brs), 7.33 (H 7‘"37 (iHld) 15 ()

4- Am no- 1- (2R- hydr oxynet hyl - [1 3] oxat h| ol an-5S-yl) TH—pyrl m d| n- 2 one
nonosal i cyl ate A solution of dipotassi um hydrogen

(150nmL) was stirred at ca [err] and “
(2R, 5R) - 5- (4- ami no- 2- oxo- 2F pyri m di Fe1-yl)- 20

[ 1, 3] oxat hi ol ane- 2-carboxylic acid, 2S-isopropyl R—c cl ohexy

ester (100g) added. IMs (750ni) wasgyd and the sus_penS| on stl rred for
10m n. A solution of sodium borohyd'ﬁ‘%rl 0g) in water (200nL) containing
sodi um hydroxi de sol ution, 25%w w (2nL) was added over 70m n, keeping the

 tenperat ute mAtsItaeoedgetl\Eepl'dcesi for ptddutlngltofnpbwﬂds\mfioﬁnméw wi th water
25 (50m), and the mxture stirred at 15-30 until the reaction was

j udged conplete by HPLC (150nm n Thegym xture was allowed to settle, and

the | ower aqueous |ayer di sceﬁﬂ‘a ) f;eHRaf t ® organi c phase remaining"-
sdj usted to 4-4.5 with conc. hydyodghloric acid (27nL), whil st

maln aining the tenperature in the range [err]. The addition funnel was

rinsed with waWBer&Ponl), then the pH of 30 the solution adjusted to

6.8-7.2 with 2Wiscs||sl.-smhs omge solution (110nmL). The addition funnel was -

G st 11t on VLSS 30@5@%{;‘ O e s e o e
to reflux. TheRgid bydrogenas acyinandtrated to ca 6. 45vol under atnospheric ‘
preggure, thenreaglaislirind bripyrimidi base or an analogue or derivative thereof:

the process comprising the step of reacting the purine or pyrimidine base

or analogue thereof with an intermediate of formula (IVa) or (lVb)

Ve o e (X"—VJ,,,,G R__( _7,,,,, (V)

wherein R; is a substituted carbonyi or carbony! derivative; and

G represents halo, cyano or R5SO,- where R® represents alky! optionally

substituted by one or more halo, or optionally substituted phenyl;

characterised in that the reaction with the purine or pyrimidine base or
20 analogue thereof is effected without the addition of a Lewis acid catalyst.

15

2, A process as claimed in claim 1 further comprising the stép of reducing
Rs to the group ROCH..

25 3. A process as claimed in claim 2 wherein the reduction is effected using
sodium borohydride in the presence of a borate or phosphate buffer.

4. A process as claimed in any one of claims 1 to 3 wherein R, is a
pyrimidine base. :
30
s A process as claimed in claim 4 wherein R, is cytosine or 5-
fluorocytosine.
N
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17 Menthol was renoved by extraction with toluene (500nm, 2 x ZOOnLé t he
aqueous pha¥@95@%74i | uted with water (255nL) then treated WPEHWEBIVOISH) | ¢
acid (36g), washing in with water (40nmL.). The mi xture was heated to give a
solution (at [err]), then cooled to [err]. The solution was seeded with
aut hentic | am vudi ne 5 salicylate, then cooled to [err] over ca 4h. The
suspension was stirred for 1h at this tenperature, then filtered. The
product was washed with water (1 x 100mi18 2 x 200nL), and dried in vacuo at
[err] to constant weight. [err] [err] 3.11 (dd), 3.45 (dd) (2H); 3.77
(2H,M; 5.20 (1H, mM; 5.82 (1H d), 6.22 (1H M; 6.91 (2H M ; 7.48 (1HM;
7.62 (2H,br); 7.80 (1H,dd); 7.92 (1H,d). 10 (d)

j— ﬁm_ no- % ( (ZQ%Rth g@ﬁbﬂ&%bhbdéigﬁh%%iﬁﬁela&&?md ‘lb tol SlwhereindR Irepresents a
-Am no-1 - - hydr ox hyl < X i ol an-5S-yl)-1.. ri - 2
nonosal i cyl at e (6@'96‘}1%26@#4 ;"afrﬁn'a%h f%%e ?f%rﬁ_ri P%g#%ﬁ&eﬁ%gltﬁga[ %’Wl] to
15 give a sol utgromp. The solution was clarified into a crystallisation
vessel , sand rinsed in with a further 170nL I MS. Triethyl am ne (26nlL) was
added, and the solution distilled until 280nL repai ned. The sol uti on was
cooled to [erfr] O\Pepmsﬁiaﬁ,d@@@&éﬂ,CH'H\sﬁl‘Mhﬁ'ﬁif‘MPPE&s@P&iﬁcﬁgﬁba%‘“ﬂ%rr]
(600nm.) added over 2.25h, maintaining the tenperature above [err]. The

Td stirred Bor 1 oS Rs elaimerd 6 REHT 2 SerBl RA 1 Petpeted o 8L ey
the filter with 3qimentbyl ddy-B-phenyimenthyl--phenyimentyds GHy noseehedring 2 x

130) angydried in 1) hat 0 constant weight. [err] 3.10 (1H dd);
3.39 (1M dd); 3. D R (PnérephBifihe. ght. [err] ( :

9. A process as claimed in any one of claims 1 to 8 wherein Wis O and X is
S.
15 10. A process as claimed in any one of claims 1 to 9 wherein G represents
Cl, Brorl.

11. A process as claimed in any one of claims 1 to 10 wherein the compound
of formula (1) is isolated as a water-insoluble salit.
20
12. A process as claimed in any one of claims 1 to 11 wherein the compound
of formula (l) is 4-amino-1-(2R-hydroxymethyl-[1,3]oxathiolan-5S-yl)-1H-
pyridin-2-one or a salicylate salt thereof.

25 13. A process as claimed in any one of claims 1 to 12 wherein the

intermediates of formulae (IVa) and (IVb) are generated from the
corresponding trans alcohols of formulae (Va) and (Vb)

w OH w
(va) R3m....(_7/ Rs;{ —7\“0H (Vb)
X X

wherein R3, W and X are as defined in claim 1, or from the epimeric cis
alcohols, by reaction with a reagent, suitable to introducg the group G.

30
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(2H,mM; 5.15 (1Ht); 5.29 (1Ht); 5.72 (1Hd); 6.19 (1H dd); 7.17 (1H,

brs); 7wilestei7a (1H brs); 7.80 (1H d). 18 CLAIMS 1. pcEmB@ise®sel ective
process for produci ng compounds of formula (I) [err] wherein Wis S, S=0
[err] or O0; Xis S, S=Of[err] or O; [err] is hydrogen or acyl; and 10

[err] is a purine or pyrimdine base or an anal ogue or derivative thereof;

t he process conprising the step of reacting the purine or pyrinmdine base

or anal ogue thereof with an intermed@@&te of fornmula (1VvVa) or (I1Vb) [err] 15
wherein R3 is a substituted carbonyl or carbonyl derivative; and G
represents halo, cyano or [err] where [err] _regre_sents al kyl optionally
substit ut®l byA@fecess agclaimaddn claimops wheseinithelptarmediates ghéonmulae

characterised 4 hrol ' he purine or ri mdi ne base or 20
eoé?arswd p\/ﬁ?afé?aéﬁér‘aibd’\l#ltd. p py

anal ogue ther Is effeCted w thout € addition of a Lewis acid catal yst.
2. A process as clainmed in claim1 further conprising the step of
reduci ng 1&rr]Atmethbd forr entraricing the yield of the trans isomers (Va) and (Vb) from

5 a mixture of the trans and cis isomers, which method comprises
treatment of the mixture of trans and cis isomers, at least partially in
solution, with an agent capable of effecting interconversion of the
isomers without complete suppression of the crystallisation of the trans
isomers.

10 _

16. A method for enhancing the yield of a single enantiomer of formula (Va)
or (Vb) from a mixture of isomers, which method comprises-treatment of
the mixture of isomers, at least partially in solution, with an agent capable

. of effecting interconversion of the isomers without complete suppression
15 of the crystallisation of the desired single enantiomer (Va) or (Vb).

17. A method as claimed in claim 16 for the selective crystallisation of
compounds of formula (Va) wherein R, represents -C(=0)OR,4, where R,
is l-menthyl from a mixture of sterecisomers containing alcohols (Va),

20 (Vb) and the epimeric ¢is aicohols.

18. A method as claimed in claim 16 for the selective crystailisation of
compounds of formula (Vb) wherein R; represents -C(=O)0R4, where R,
is d-menthyl from a mixture of sterecisomers containing aicohols (Va),

25 (Vb) and the epimeric cis alcohols.

19. A method as claimed in claim 17 for the selective crystallisation of
(2R,5R)-5-hydroxy-[1,3]oxathiolane-2-carboxylic acid, 2S-isopropyl-5R-
methyl-1R-cyclohexy! ester. "

30 . _

20. A method as claimed in claim 19 wherein the agent capable of effecting
interconversion of the isomers without complete suppression of the
crystallisation of the desired single enantiomer is triethylamine.

35 21.  Asalicylate-salt of a compound of formula (I), or a hydrate thereof.

AT




25 3. A process as clained in claim2 wherein the reduction is

ef fected usW@g52YM um borohydride in the presence of a bor aPEUBPISM¥Ephat e
buffer. 4. A process as clained in any one of clains 1 to 3 wherein R2 is
a pyrimdine base.. 30 5. A process as clained in claim4 wherein R2 is
cytosine or 5- fluorocytosine. 19 6. A process as clained in any one
of claine 1 to 5 wherein R3 represents a group [err] where [err] represents
an optionally substituted al kyl group. 217. A process as clained in claim
6 wherein R4 represents a chiral auxiliary. 8. A process as clained in
claim7 wherein [err] is selected from(d)-nenthyl, (1)-nmenthyl,
(d)-8-phenyl nenthyl, (I)-8-phenylnenthyl, [err] norephedrine 10

and (-) - nor ephedr Yogmir-1-(2R-Hydee3Avethsl-[d| 3joxarHioldn-88Yy PIE-rintibRi-2%né to 8
wherein Wis O ang ‘X '!%esa'&gg& e%q e%épr ocess as clained in any one of
claims 1 to 9 wherBI'W'ES ‘%ﬁ& Epr r or 1. 11. A process as clained
in any one of clains 1 to 10 wherein the conpound of formula (I) is

i sol ated as agzwatl 4l sloRasd Bodentiafy las described in Scheme 1.

24. A process essentially as herein described with reference to Example 1.

[T



20 127 wqQRse9ems as claimed in any one of' clains 1 to 11PGUrEPSSionNso8he
cgnpound of formula (1) is
" 4-am no- 1- (2R- hydr oxynet hyl -[ 1, 3] oxat hi ol an-5S-yl)-1H pyridi n-2-one or a
salicylate salt thereof. 25 13. A process as clained in any one of
claims 1 to 12 wherein the internedi atges of fornulae (IVa) Mﬂm{mw
generated fromthe correspondi ng trans al cohols of fornmulae (Va) an ?%r
[err] 30 wherein R3, Wand X are as defined in claiml, or fromthe
epinmeric cis al muss@rowm omswskeasaaasmws SYNTHESIS OF Nt roduce
the group G prQ A " ar m nerern the
i ntermedi at es of forrrulae(l FR G ——~-‘ in situ. 15. A
“met hod for enhancing the yield of the trans isonmers (VvVa) and (Vb) from5

a mxture nt of
t he m xt ur'gﬁ OH:% BH rEfa§e§ Mﬁfa%t?r%eagf{ﬁé pﬁégﬁ) :héig?é%&ghﬁew th

an agént c%fpﬁﬂilcé"bﬁcﬂw E&WWQW%aaemyﬁgla@d dﬁrlvah\ees somers Wit hout

conpl ete suppression of the crystallisation of the trans isonmers. 10 16. A

h f h f f I \%
met hod °"NGC eg&%'eggarttd (athgi'rear'galgguéas %'nggdenv qgrétsl grréeranoicmpoor{aw gags ac?f

therapeutic agents. For example, a number of nucleoside analogues have

shown antiviral activity against retroviruses such as human immunodeficiency
10 virus (HIV), hepatitis B virus (HBV) and human T-lymphotropic virus (HTLV)

(PCT publication WO 89/05662 and European Patent publication 0349242 A2).

in particular, 4-Amino-1-(2R-hydroxymethyl-{1,3]oxathiolan-5S-yl)-1H-pyrimidin-
~ 2-one, which may be represented by the following formula:
15
NH,

N/

)\ |
2,,“.(_7

(also known as 3TC™ or lamivudine) and its pharmaceutically acceptable
derivatives, disclosed in international application PCT/GB91/00706, publication

20 no. WO91/17159, has been described as having antiviral activity, in particular
against retroviruses such as the human immunodeficiency viruses (HIV's), the
causative agents of AIDS (W081/17158) and hepatitis B virus (HBV) (European
Patent Application Publication no. 0474119).

Sz

HOCH

25 Most nucleosides and nucleoside analogues and derivatives contain at least
two chiral centres (shown as * in formula (A)), and exist in the form of two pairs
of optical isomers (i.e, two in the cis-configuration and two in the trans-
configuration). However, generally only the cis-isomers exhibit useful biological
activity. Therefore a general stereoselective synthesis of cis nucleoside

30 analogues is an important goal.
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or (Vb) ‘{,(?93)39@,,@ xture of i somers, whi‘ch et hod conpri seg-tppaligigdt of the
I'somers, at least partially in solution, wth an agent capable
of effecting interconversion of the isonmers wt hout conpl et e suppression 15

mxture

of the cr
A net hod

conpounds
| - ment hyl

ystallisation of the desired single enantiomer ( PWEME@SHE@W

as claimed in claim116 for the selective crystallisation of
of fornmula (Va) wherein R3 Tepresents [err], where [err] is

froma m xture of stereoi sonmers containing al cohol s (va), 20

(Vb) and the epineric cis alcohols. 18. A nethod as claiped in clajm 16
el B Few

for the senalaguedhersaf; sam be-sucsassiuily. sffestedwitputs

repr esent acidtathlysthane irl ﬁémbulai without the! addition af @ kéwiscaciti oftferreaiasoner s

cont al nin | cohol s (Va), (Vb) and the epineric cis al cohols.
et

(2R 5R) 5- hydr oxy- [1 3] oxat hi ol ane- 2-carboxylic acid, 2S-isopropyl -

met hyd - 1R
t he agent

BYEin R3

d as cl ai ned |n cIa|m17 for the selective crystallisation of

ectlng I nt ersion o rs without

S
conpl et e SRHQWQ!@Q i Gisrnyip epﬁs!ecaqﬁj@ms and ﬁ’@'r'l‘@weﬂ?éf%y‘? ZﬁESI ngl e

enantiomer is triethylam ne.

formula (1), or ahydratethe 4- Am no- |
- (2R- hydr oxynet hyl -[ 1, 3] oxat hi b %Efzﬁ’l—k pym m di n- 2- one
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15
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wherein

Wis S, §=0, SO,, or O;

Xis S, §=0, §O,, or O;

R, is hydrogen or acyl; and

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

the process comprising the step of glycosylating the purine or pyrlmldme base
or analogue or derivative thereof with an intermediate of formula (IVa) or (IVb)

(IVa) w G w G 1Vb)
Ryl __7'"" R, —7»-‘ (
i -

wherein R; is a substituted carbonyl or carbonyl derivative; and

G represents halo, cyano or R%SO,- where R® represents alkyl optionally.
substituted by one or more halo, or o;t—ianally substituted phenyl;

characterised in that the glycosylation reaction is effected without the addition
of a Lewis acid catalyst.

In a preferred embodiment, the present invention provides a stereoselective
process for producing cis-nucleoside analogues and derivatives of formula (l) as
previously defined, which process comprises the step of glycosylating the purine
or pyrimidine base or analogue or derivative thereof with an intermediate of
formula (IVa) or (IVb) as previously defined, characterised in that the
glycosylation reaction is effected without the addition of a Lewis acid of formula

(HE):

SR-

C[,gg?e 3 arﬁﬁnﬁan é&&&ng fgr@‘aee' &s srarél:ﬁve praéessl Jomher ei n

A sali cyI ate salt of a conmpound of
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sal i cVl w@,ﬁgﬂ"hydrat es thereof. 5 *23. 7 A process esSSPCi/EPSsIOYS03s
described in Scheme 1. 24. A process essentially as herein described V\Ath
reference to Exanple 1.

8 REPLACEMENT SHEET
CLAIMS
1. A stereoselective process for producing compounds of formula (1)
RPCHz\(f’J/Rz 0)
5 X

wherein
Wis S, §=0, SO,, or O;
Xis S, §=0, §O,, or O;
R, is hydrogen or acyl; and

10 " R, is a purine or pyrimidine base or an analogue or derivative thereof,
the process comprising the step of reacting the purine or pyrimidine base
or analogue thereof with an intermediate of formuia (IVa) or {IVb)

(Va) WG w G
R,Ilm--(_]"" th(JN' (ivb)
X X

15
wherein R, is a substituted carbonyl or carbonyl derivative; and
G represents halo, cyano or R9802- where R2 represents alkyl optionally
substituted by one or more halo, or optionally substituted phenyl;
_ characterised in that the reaction with the purine or pyrimidine base or
20 analogue thereof is effected without the addition of a Lewis acid catalyst.

2. A process as claimed in claim 1 further comprising the step of reducing
Rs to the group R{OCH..

25 3. A prbcess as claimed in claim 2 wherein the reduction is effected using
sodium borohydride in the presence of a borate or phosphate buffer.

4. A process as. claimed in any one of claims 1 to 3 wherein R, is a
pyrimidine base, . .
30
S. A process as claimed in claim 4 wherein R, is cytosine or 5-
fluorocytosine. '
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