0 5 MAR 2002 WO 99/ 19327 PCT/ GB9S/ 03080 - 1 PROCESS FOR THE SYNTHESI S COF
CHLOROPURI NE | NTERMEDI ATES 5 The present invention relates to a process for
the preparation of a carbocyclic purine nucl eoside anal @LMAR dﬂﬁ')a‘ ormul a
(1), its salts and pharmaceutically acceptable derivatives thereof. 10 An
enantionerically pure conpound of forrmula (I) C1L 15 20 ""CH2OH (1) has been
descri bed | @5 - 2217320 and can be used as an internediate in the

manuf act ure of abacavir, a 2 25 am nopurine nucl eosi depqﬂf%ﬁgmfﬁsé with the
following structure (I1) 30 35 "CH2OH (II') ire~erawa 166166* 1111111111111
111111111111111111 ' Q00002+ O 5 MAR 200Z WD 99/ 19327 PCT/ GB98/ 03080 2 This
is described in EP 0434450 as having potent activity against human

i mrunodeficiency virus (HV) and hepatitis B virus (HBV).

PROCESS FOR THE SYNTHESIS OF CHLOROPURINE INTERMEDIATES
5 The present invention relates to a process for the
preparation of a carbocyclic purine nucleoside analogue

of formula (I), its salts and pharmaceutically
acceptable derivatives thereof.

10 An enantiomerically pure compound of formula (I)
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has been described in GB-A-2217320 and can be used as an
intermediate in the manufacture of abacavir, a 2-

25 aminopurine nucleoside analogue with the following
structure (II) .
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5 There exists a need to synthesise large quantities of abacavir for
clinical trials and once abacavir has been approved by the national

medi ci ne regul atory agencies, |arge quantities of abacp SIP éﬂlﬂ al so be
required for sale as a prescription nmedicine for the treatnen gf HYV 10
i nfections. Processes for the manufacture of abacavir using

enantioneri cal | ure conpounds of forrmula (I111) 15 HO NHBoc 20 via the

2- ani nopuri‘ﬁ%”"é{zgr medi ate of formula (1) are descri bBET/GBI@IBY |y in PCT
Publ i cati on Nos. W91/15490, in W95/21161, in EP 0434450 and in
Tetrahedron: Asymretry Vol. 4, p. 1&17 - (1993). However, the procedures
descri bed prvide a uns tlsfa I%ﬁ(jr 3 te to 25 the 2-am nopurine

derivative of “foriufs 861 ES otaﬁge AV EYLiBCESPRe i sol ation and
purificati or\a%‘lv&tﬁumﬁms%mﬂm eﬁWﬂPé@%lﬁésnl\nrm@ i(HI® ragidati vel y hi gh
cost and a hepatyikeébds fwirrushersyint hesis. 30 W have devel oped a process for
the production of the internedi ate of forrrula (I) from

N- pr ot ect ed-4- ami no- %cl opﬁa'tenes OE‘ forrrg 0.5 MAR 2002 WD 99/19327
PCT/ GB98103088 =2 S*ERFSi¥ £ @ Fﬁg‘P q"s’“&’-b%%‘i’étftl ng group,
whi ch provi d’é@"&"hrgﬁpwl@%laﬁb qr§-aﬁﬁr@d:@$lpeeﬁmvehas BEea protecting

group P willagiesiveabby the aatfeydl @edicine regulatory agencies,
large quantities of abacavir will also be required for

sale as a prescription medicine for the treatment of HIV
10 infections.

Processes for the manufacture of abacavir using
enantiomerically pure compounds of formula (III)

HO—\@‘NHBOC
" (III)

20 via the 2-aminopurine intermediate of formula (I) are
described generally in PCT Publication Nos. W0S1/15490,
in WO95/21161, in EP 0434450 and in Tetrahedron:
Asymmetry Vol. 4, p.1117, (1993). However, the .
procedures described provide an unsatisfactory route to

25 the 2-aminopurine derivative of fofmula (I), inasmuch ag

15

they require the isolation and purification of a number
of intermediates resulting in a relatively high cost and
a low yield for the synthesis.

30 We have developed a process for the production of the
intermediate of formula (I) from N-protected-4-amino-
cyclopentenes of formula (IV)



10 substituted oxycarbonyl group. One aspect of the present invention
conprises an in situ conversion of cycl opentenes of flp NMAR: 200
am nopurine derivatives of fornula (1) easily and 15 conveni ent
the need to isolate any internediates. In our procedure, the deprotection
of the starting material of formula (1V) in. situ provides the desired

am no al cohol w thout any wasteful workup, and because of the
coupl i ng anyO&¥¥sation, 20 again without any work upPEF/GBSEP®ei on of
internedi ates, the overall yield of the process is increased.

a further aspect of the invention,
the preparation of a 25 conpound of formula (1),

%0 to 2-
y- Wi t hout

di rect

According to

- 3therefore, we provide a process for
Cl 30 35 "CH2OH (I ) 05

MAR 2002 WO 99/ 19327 PCT/ (GB98/ 03080 - 4 optionally in the formof its salt

or conplex, which conpy olysk%@ a conmpound of formula
defined above in the presence~Q <0, Condensing the product
(V) formed 5 HONH2 (V) 10 'a 3 in the preggppe of a base w
conpoung of formula (VI) C
wherein P is a protecting group,
which provides a high yield and is more cost effective.
The protecting group P will desirably be an acyl or
10 substituted oxycarbonyl group.
One aspect of the present invention comprises an in situ
conversion of cyclopentenes of formula (IV) to 2-
aminopurine derivatives of formula (I) easily and
15 conveniently without the need to isolate any
intermediates. In our procedure, the deprotection of
the starting waterial of formula (IV) in situ provides
the desired amino alcohol without any wasteful workup,
and because of the direct coupling and cyclisation,
20 again without any work up or isolation of intermediates,
the overall yield of the process is increased.
According to a further aspect of the invention,
therefore, we provide a process for the preparation of a
25 compound of formula (I),
Cl
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15 /NHR NY H2ZN N C1 (VI) 20 in which R represents CHO or-H, followed by
ring closure in situ of the resulting internediate of formula (VIl) ClL 25
30 NHR H2ZN N NH CH2OH (VI1) in which R represents CHO or H, to pr.oduce a
conpound of 35 fornula (1), which can then be optionglj WAR388%ed with an
acid or conplexing agent to formits salt or conplex. 0 5 MAR 2002 WD

99/ 19327 PCTI (B98/ 03080 - 5 As described above, preferred protecting
groups in tWe¥HIpound of fornula (1V) are acyl or suBST/GBM0E0

oxycar bonyl groups. Preferred acyl groups include fornyl or |ower alkanoyl
(having e.g. 1 to 4 carbon 5 atons kFndthe al kyl portion), especially an
acetyl group. Pre rred substltuted oxycar bonyl groups wll be of the
formula R Cﬁp(S)]' S\ﬁ FoR TREY e lth SaYEy Profomtierkyhigh oup. A preferred
al kyl group qosprapes b‘w@tIOIYalmeef eompourst a;lfkﬁbrtgncwnms &enzyl . 10 The
hydrol ysi s stefines apeferiabkie gohiseves &y ik @&idéhs‘iﬁ%aéwe%d hydrol ysi s
in an orgam&oﬁglcgegf fog;ﬁ&liaa%)arfor%ganol a cyclic et a chlorinated

hydrocagbon
HO—\@,NHZ
(V)

10 in gitu in the presence of a base with a compound of
formula (VI)

cl
15 = NHR
Ny
HoN N Cl (VI)
20 in which R represents CHO or-'H, followed by ring closure

in situ of the resulting intermediate of formula (VII)

Cl

25 N NHR
//lQ: I

H,NT SN ONH

: Ke,

“CH,OH (VII)

in which R represents CHO or H, to produce a compound of
35 formula (I),which can then be optionally reacted with an
acid or complexing agent to form its salt or complex.



It is preferred to use an organic or mneral acid such 15 as
trifluoroacetic acid or hydrochloric acid in an al kanol sol vent such as

i ndustrial nethylated spirit (IMS), optionally in theﬁz)geﬁggo&p f water.
The condensation step is then carried out w thout any 1'solatton of the

hydrol ysis product of forrmula (V). This condensation reaction is preferably
carried out wunder ref lux in a polar solvent such as an al cohol, e.g.

et hanol or WOPHHWE, or water or acetonitrile, or. m xPOF/EB%©ME cof , in the
presence of at |east sufficient 25 base to neutralise both the acid used
for the hydrolysis and that producedsduring the condensation. Generally,
there will be at | east 2 eqpivalents based on the anmount of conpound of

formul a (1V) 28 TRP ORI e B R ERSPIpRTOLLAEL PG| FEAVRST AR ©Fe an al kal i

met al car bongpepenB@Lhfexmbendi¥) axegacpbteassibstiouteddi um carbonate, and

mor e Er Ief er abkycamfiylnyRbRy.DopaS ferrRECE GFI ggouwrmcmaaé _OnSt ﬁr e i of

triet am n 4 e . : e. gr,ouy in the conmpound o

fornulg Vl)gogé% gﬁ%gﬁﬁg%gﬂﬁgggﬂ%su%ﬁkfégggThg ??ﬁgcgfgéﬁre reaction is

then car iedaﬁgtf‘s, Y &PA awflhaartwfy'i eBPRiadhY AN AFPLIF eFkWing

i nt er medi at ePeefeiMER 200t \NOLed/ dBB2ZbPAN] @B98P9308A bebof ptrduct of

for mul a (VI forxnliliss RI'OCCONV,ERMeRE]Y rOakk{ ask aut ayg;yilngrt éfﬁh&ﬂ ort hof or mat es

|n the presencs.of ACBHCEILIA! efh YGRS O ARbudloys pineral acid,

optionally in the preSence .of on€ or nore non-aque8h$ % sol vents, e.g.

t et r ahydr of uUPRRT Sy Pratetla@Eowr tavBenzyl.
10

The hydrolysis step is preferably achieved by mild acid-

catalysed hydrolysis in an organic solvent, such as an

alkanol, a cyclic ether or a chlorinated hydrocarbon.

It is preferred to use an organic or mineral acid such
15 as trifluorocacetic acid or hydrochloric acid in an

alkanol solvent such as industrial methylated spirit

(IMS), optionally in the presence of water.

The condensation step is then carried out without any
20' isolation of the hydrolysis product of formula (V).
This condensation reaction is preferably carried out
under reflux in a polar solvent such as an alcohol, e.g.
ethanol or butanol, or water or acetonitrile, or.
mixtures thereof, in the presence of at least sufficient
25 base to neutralise both the acid used for the hydrolysis
and that produced during the condensation. Generally,
there will be at least 2 equivalents based on the amount
of compound of formula (IV). The base will desirably be
a trialkylamine or an alkali metal carbonate or
30 bicarbonate, e.g. potassium or sodium carbonate, and
more preferably, sodium bicarbonate. Preferred
combinations are triethylamine or sodium bicarbonate in
IMS. The group R in the compound of formula (VI)
preferably represents CHO.
35
The ring closure reaction is then carried out, again

without any isolation of any preceding intermediate



Sui tably, the unisolated product of forrmula (VII) is added to.a m xture of
acid and a trialkylorthoformate. A preferred conbination conprises use of
fromabout 1.5 to 3, preferably around 2 nol ar equival ents of 10
hydrochloric acid in triethylorthoformate, which resul tB5 MARp2082i pitation
of the hydrochloride salt of the 9- substituted-2-am no purine of fornmula
M The free base may, if desired, be liberated by treatnent with base. 15
The process™&P19¥ i nventi on has been found to provi de PCFiGBISAS080f conpounds
of fornmula (1) starting froma conpound of forrmula (1V) of in excess of
80t. This conpares very favourably-wsth yields of compounds of 20 formula
(1) which are obtained_using earlier stepw se procedures in which the
i nt er medi at RFHIET 861 SRWLA WAT B gThés is srruenienslyupdrssed when t he
conpound of odtrusihg ¢ridlkylertseibrastes airt ithg pdsnical ofor yi el ds of
ar ognd 75% M@rﬁénheapé@@ﬁgbasd@f%;hpéﬁon%dﬂ &HQL&EF%I&QD 25 Ng- V‘?9]§/ 211|61 i's
used, starti ; u ornul a . e _conpounds of fornula
(V1) can be é%gltoﬁgg} ge%P@gagg?r%rhcgdogso%eggﬁ%ﬁed 1R -P@8874161. The
corrpoung can®He 365 s yhithre SPEEAPYIATUEAR: YR | §oehARel abl BMD, 5- di ami no- 4, 6-
di hydr oxypyr$witdibae, bhe nedseciated predwet lofafdimerei(@r) reagent of fornul a
(VI11) 35 RaddedHEd 8 miGlture of acid and a trialkylorthoformate.

A preferred combination comprises use of from about 1.5

to 3, preferably around 2 molar equivalents of

10 hydrochloric acid in triethylorthoformate, which results
( in precipitation of the hydrochloride salt of the 9-
substituted-2-amino purine of formula (I). The free
base may, if desired, be liberated by treatment with
base.
1s

The process pf the invention has been found to provide
yields of compounds of formula (I) starting from a
compound of formula (IV) of in excess of 80%. This
compares very favourably with yields of compounds of

20 formula (I) which are obtained using earlier stepwise
procedures in which the intermediates are isolated,
which give, typically around 56% when the compound of
formula (III) is used as starting material, or yields of

) around 75% when the procedure described in Publication

25 No. W095/21161 is used, starting from a compound of
formula (V).

The compounds of formula (VI) can be synthesised by a
method as described in W095/21161. The compound can be

30 synthesised from the readily available 2,5-diamino-4,6-
dihydroxypyrimidine, by reacting this with a Vilsmeier
reagent of fbrmula (VIII)

Ry @
35 N=—CHC1 cl

/
Ry (VIII)



(M11) 05 MAR 2002 WO 99/19327 PCT/ (GB98/03080 - 7 .to forma conpound of
formula (1X) C1 5 RI\ N=CHN R1 R2 NHC=N N " XA (IX) (wherein in both
formulae (MI1) and (IX), R and R2 are 10 as define @5 &AEW) 21161, viz:
that R, and R2, which may be the sane or different ar¢ds from Cl-8
straight- chain alkyl, C -9 branched alkyl, C3_8 cycloal kyl; and aryl :
gr oups (such as henyl or naphthyl), which may be optionally substituted,
for exanpl € 8?”@%74 al kyl or 15 halogen (e.g. C). |n &CPEBIsHBRE
enbodi ment of the invention R and R2 are both nmethyl), followed by
hydr ol ysis. Conpounds of formula (VI-I I7) -may be prepared froma 20 variety
of formam de OE secondar% aé{n % reactlon with a variety of acid
hal i des, such™as osp SRy ych Xbhosphor us pent achi oride, thionyl
chloride, phosgene, and oxalyl chlorlde for exanple as detailed in a
review by C.M Marson, Tetrahedoyy 1992, 48:3660 25 3720 and references
therein. The conpound of fornul a (Vi an,ﬁe Ris Hcan be prepared from
the comgound of fornula (1X) hy- %Nl\g
2

Rig x
. NHC=N N Cl
Ry

(IX)
(wherein in both formulae (VIII) and (IX), R, and R, are

10 as defined in WO95/21161, viz: that R, and R,, which nmay
be the same or different are selected from Ci-s straight-
chain alkyl, C,, branched alkyl, Cs.s cycloalkyl, and aryl
groups (such as phenyl or naphthyl), which may be
optionally substituted, for example by C,., alkyl or

15 halogen (e.g. Cl). In a preferred embodiment of the

invention R; and R, are both methyl), followed by
hydrolysis.

Compounds of formula (VIII) may be prepared from a

20 variety of formamides of secondary amines by reaction
with a variety of acid halides, such as phosphorus
oxychloride, phosphorus pentachloride, thionyl chloride,
phosgene, and oxalyl chloride, for example as detailed
in a review by C.M. Marson, Tetrahedon 1992, 48:3660-

25 3720 and references therein.

The compound of formula (VI) where R is H can be
prepared from the compound of formula (IX) by hydrolysis
in acidic solution, e.g. at pH 3 + 0.5, by adding a

30 water miscible cosolvent, such as ethanol. The compound
of formula (VI) where R ig CHO éan also be prepared by
the hydrolysis of the compound of formula (IX) in the
minimum of water, with the pH controlled as described
above. Under these conditions the compound of formula

35 (VI) where R is CHO precipitates as formed and can be
filtered off.



in acidic solution, e.g. at pH3 0.5, by adding a 3§ mn50|ble

cosol vent, such as ethanol. The conmpound of formula l) ere Ris CHO
can al so be prepared by the hydrolysis of the conpound of formul-a (1X) in
the mninmmof water, with the pH controlled as described above. Under

t hese conditions the conpound of formula 35 (VI) where Ris CHO
precipitates as forned and can be filtered off. 0 5 MAR 2002 WD 99/ 19327
PC1' / GB98/ 849327 8 The conpound of ‘fornmula (1V) may BSE/GRIE3A%0ed by

met hods anal ogous to those described in Tetrahedron: Asymretry Vol . 4,

p. 1117 (1993). 5 The foll ow ng Exanppes are intended for illustration only
and are notq ot o] the invention in any way. 0 5
MAR 2002 mﬂéglgag‘g’g’g éc‘# &3’&‘)‘&) é’éﬁ F‘)‘ aw?ﬁFBa’ﬂe‘?Dr‘%’pa‘F&FP% of

(1S, 4R) - @ 421G R0t 8- Ess 839‘FF’|§?.ﬁd| hn Trihahedreyc|Asyeneene- | - met hanol
hydr ochl ori¥el gal b..151A &uggpensi on of (1R, 4S)-rj -[4-(hydroxynethyl)-2-
cycl opent ene- 1-yl ] carbanic acid 1 1-di methylethyl ester (100g) in

i ndust ki al eated with concentrated
hydr ocRl or |%:E%C| &%gg éﬁ% 5 mﬁ a&% uﬁ%gPEn’t}s};“S&r’f&t%ﬁ% resul t ant
solution vaRIhERE Gr? cf’qthérnEBF“Fe%\F@r 1h‘bﬁut"—h@ s¢epeHedt Ehg under reflux was
mai nt ai ned ¥nvergliont iR &ty wae sol uti on was



cooled to 20 to 25C and diluted with IM5 (600mL). Triethylamne (170nl) was
added followed by N-(2-am no- 15 4, 6-di chl oro-5-pyri :ﬁlﬁi%)b&)r mam de
(Wp95/21161) (97g) The suspension was heated under I 2802 about 17h to
give a clear solution, which was cooled to 25 to 30C and finely divided
pot assi um carbonate (169g) was added. The suspension was stirred in this

t enper at ur e ng}%g”for 20 about 0.5h then cooled to O to 5C and the solids
filtered of 12 solids were washed with I M5 (3 x 180RET/GENE3080 x 140ni)
and the conbined filtrates and washi ngs wer e concentrated under reduced
pressure to a red gum This was redi3ssolved in I M5 (1000m ) and the

sol ution vvasE%éwggﬂgentrat ed under reduced pressure to a gum The dilution
and re-concentration were repeated twice nore, and the final gum was

redi ssolved in IM5 (350mL). Meanwhile, a mxture of triethylorthofornmate
(900mML) and PBfpaxetiomyaf dilgr 4R) {SHdF): - (2-0CGihY - vahlpreper-aoirdnd cooled to O

to 5C. Concesuygt-adchyrbaitens i C-midthan b8 Gyl ¥ added,) dTRi ntai ni ng the

t enperaure between O and 10C, and nore THE (100m ) was then added. To
this mxture was added the | M5 concentrate prepared above, which was 35
rinsed in wi?HFYHRREIDDAD (1¥ntSImsientt- (RydraaritdyLd-220 to 25C and seeded
wi t h aut henté¢xclcp8nt®)e ¢li-y14d- §&bamic acid, 1, L-dimethylethyl

ani no- 6- chl oseeeHHPUEGN-19r Yhiuge:Lua! RPERfi18REd legBliRanas)0 5 MAR 2002 WO
99/ 19327 PCT/.G8) 0308Q ceata Pl QERLALI Ao 5ol o000, SLIT ring continued for
about 20h. e slurry was ti1ltered, & Sof i s washed AWth a mixture
of tertObut y[43Brhyt 2 ANEE SAGLYANSTES) 13093 tRe ARFUlfRRt ArlugiPad i n vacuo at
40 to 45C t owag \n@ath@ tq tthe boil over about 0.5h. Heating under
’ reflux was maintained for about 2.Sh. The solution was
cooled to 20 to 25°C and diluted with IMS (600ml).
Triethylamine (170ml) was added followed by N-(2-amino-
15 4,6-dichloro-5-pyrimidinyl) formamide (W095/21161) (97g).
The suspension was heated under reflux-for about 17h to
give a clear solution, which was cooled to 25 to 30°C and
finely divided potassium carbonate (169g) was added. The
suspension was stirred in this temperature range for
20 about 0.5h then cooled to 0 to 5°C and the solids
filtered off. The solids were washed with IMS (3 x 180ml
and 1 x 140ml) and the combined filtrates and washings
were concentrated under reduced pressure to a red gum.
This was redissolved in IMS (1000ml) and the solution was
25 concentrated under reduced pressure té a gum. The
dilution and re-concentration were repeated twice more,
and the final gum was redissoclved in IMS (350ml).

Meanwhile, a mixture of triethylorthoformate (900ml) and
30 tetrahydrofuxan (THF) (400ml) was prepared and cooled to
0 to 5°C. Concentrated hydrochloric acid (80ml) was
added, maintaining the temperature between 0 and 10°C,
and more THF (100ml) was then added. To this mixture
was added the IMS concentrate prepared above, which was
35  rinsed in with IMS (100ml). The mixture was warmed to
20 to 25°C and seeded with authentic (1S,4R)-gcis-4-(2-
amino-6-chloro-9H-purin-9-yl] -2-cyclopentene-1-methanol



5 conmpound (117g, 82% as a fawn coloured solid 1H NVR (DVSO d6) 6:
" 8.38(s, 1, purine CH), 7.50(br m ca 5, NH3+, OH HOD), 6.20(m 1, :CH)
5.94(m 1, =CH), 5.49(m 1, NCH), 3.46(m 2, COCH2), 2. 91(br r&
2.70-2.60(m 1, CH), 1.75-1.66(m 1, CH. 10 Exanpl e( Mot i on of
(1S, 4R)-ci s-4-[ 2-am no- 6-chl oro-9H purin- 15
9-yl]-2-cycl opent ene-1| - nmet hanol hydrochl oride salt. A suspension of
(1R, 4S) - ci swpas/peydr oxynet hyl ) - 2- cycl opentene-|-yl] cachasismiaci d, 1,
1-di met hyl ethyl ester (100g) in industrial nethylated spirit (IMS) 20
(600m) was treated with concentratedghydrochloric acid (48ml, 1.2 nolar
equi val ents) and the resultant solution was heated to the boil over about
0. 5h. Heat i ydregbioridsf lsaktvwersd rediint big ewnt dnuehdgr 3houd hmisol uti on was
cool ed to 20rte0 s26€r@nchss @i terda, cahbomlla (i3 Adavasc RS, added fol | oned
by N-(2-am Q f Emﬂhd 95/21161) (97g) and
| MS (GOOW&)rlﬂ’c%ﬁge%ﬁ;:%l gﬁtvxg)sﬂ 5 %}éﬂl?)r? glﬁ re %m) ; g)%oﬁt 4h and then
cool ed to af®ut |aﬁg4°a'i° t4ﬁ|§ e FERat &itde about | h, the
sol i ds fer e SOPPERE et ddg0f B2Bhdranas fiewr wiclhuted® so2id H00mR) . The conbi ned
filtrates antbmsashj)sgssves & cancpitinyd ed) Ynieh (pkeduced spregsure to a
residual voldireygh) akouly (400. _~yThisy 4/\@15 pediggol wedyin II\/IS (1000m ) and
reduced preésure {o a‘gum The 35

the solutio s.C ent.r at ed under
di | ution ang‘lqﬁéﬂcah%;&‘t r &t i Oaher & PelpEaled t \Wee #ot%s 26848 the final gum
was redi ssolive@H) n 3 MS-¢386A1) .1,.0C8) MAR 2002 WO 99/ 19327 PCT/ GB98/ 03080

10
Example B
Preparation of (1S,4R)-gig-4-[2-amino-6-chloro-9H-purin-

15 9-yl]l -2-cyclopentene-l-methanol hydrochloride salt.

A suspension of (1R,4S)-cig-[4-(hydroxymethyl)-2-
cyclopentene-1-yl] carbamic acid, 1, l-dimethylethyl
ester (100g) in industrial methylated spirit (IMS)

20 (600ml) was treated with concentrated hydrochloric acid
(48ml, 1.2 molar equivalents) and the resultant solution
was heated to the boil over about 0.5h. Heating under
reflux was maintained for about 3h. The solution was
cooled to 20 to 25°C and sodium bicarbonate (103.4g) was

25 added followed by N-{(2-amino-4,6-dichloro-5-
pyrimidinyl) formamide (W0O95/21161) (97g) and IMS
(600ml) . The suspension was heated under reflux for
about 4h and then cooled to about -5°C. After stirring
at this temperature for about 1h, the solids were

30 filtered off and washed with IMS (2 x 100ml). The
combined filtrates and washings were concentrated under

- reduced pressure to a residual volume of about 400ml.
This was redissolved in IMS (1000ml) and the solution
was concentrated under reduced pressure to a gum. The

35 dilution and re-concentration were repeated twice more,
and the final gum was redissclved in IMS (350ml).



- 11 Meanwhile, triethylorthoformate (900n) was cooled to 0 to 5C and
" concentrated hydrochloric acid (80ml) was added, mai n@mmgﬂdi&g
tenmperature between 0 and 10C. To this mxture was a ]
concentrate prepared 5 above, which was rinsed in with M5 (600m ). The
m xture was warnmed to 20 to 25C and seeded with authentic
(1S, 4R) - ci s-4-9é/2-am' no- 6- chl oro-9H purin-9- yl]-2-cycl opent ene-| - met hanol
hydr ochl ori J&%¥PY and stirri ng was continued for aboCTERBOFEE sl urry was
10 filtered, and the solid was washed with IM5 (2 x 150nl) and dried in
vacuo at 40 to 45C to give the title tkonpound (114g, 81c) as a fawn

o et ot xR Sl 08 st o, o

35 Eﬁmg gychriﬁtar@ﬁ -T’?I?fépf‘r‘fgﬁlﬁ?”d Hydrseht iicdacsdl (80m2) wasuspensi on of

(1R, 49) - ci s- pddgdyy dréryatning the- tayerepent drewdey|d aear bard.c acid, 1,

e el s s b LR ()
. ea

(1350) 30, veksty (shoth 04482 47 LR hgeey oon L
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and dried in vacuo at 40 to 45°C to give the title
compound (11i4g, 81%) as a fawn coloured solid,
spectroscopically identical to the product of Example A.
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Example C
Preparation of (1S,4R) -cig~4- [2-amino-6-chloro-9H-purin-
9-yl]l -2-cyclopentene-l-methanol hydrochloride salt.

20

A suspension of (1R,4S)-gig- (4- (hydroxymethyl)-2-
cyclopentene-1-yl]l carbamic acid, 1, l-dimethylethyl
ester (72.5kg) in industrial methylated spirit (IMS)
(435L) and water (about 200L) was treated with

25 concentrated hydrochloric acid (36.5L, 1.2 molar
equivalents) and the resultant solution was heated to
the boil over about 1.5h. Heating under reflux was
maintained for about 2h. The solution was cooled to 20
to 25°C and sodium bicarbonate {(75kg} was added followed

30 by N-(2-amino-4,6-dichloro-5-pyrimidinyl) formamide
(WO95/21161) (70kg) and IMS (435L). The suspension was
heated under reflux for about 4h and then cooled to
about -5°C. After stirring at this temperature for
about 1h, the solids were filtered off and washed with

35 IMS (2 x 144L). The combined filtrates and washings
were concentrated under reduced pressure to a residual
volume of about 290L. This was diluted with IMS (about



about -5C. After stirring at this tenperature for about |h, the solids
were filtered off and washed with 35 M5 (2 x 144L). The conbined filtrates
and washi ngs were concentrated under reduced pressure to a_ residual

vol ume of about 290L. This was diluted with I Ms (aboutl B MARBI2002 WO

99/ 19327 PCT/ GB98/ 03080 - 12 300L) and the solution was concentrated
under reduged ssure to a residual volunme of about 290L. The dilution
and re-cong‘gon%g/rlgizfon were repeated twice more, and t TP ncentrate
was diluted with.IM5s (610L) 5 and heated to about 35-40C. The resultant
mxture was filtered and the solidsifere washed with IMS (2 x 144L) The

conbi ned fi g nate j re concentrated . under reduced pressure
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40 to 45C t999”2’;5'}gﬁgyh.hg‘é%{)ﬁgﬁﬂf{,@]‘ﬁ%- 79.516) as a fawn col oured

soli d,lgpectroscopl t hé product of Example A

Meanwhile, a mixture of triethylorthoformate (660L),
concentrated hydrochloric acid (58L) and IMS (72L) was
prepared at 0 to 8°C. To this mixture was added the IMS
concentrate prepared above, which was rinsed in with IMS

15 (2 x 72L). The mixture was warmed to 20 to 25°C and
seeded with authentic (1S,4R)-cis-4-[2-amino-6-chloro-
9H-purin-9-yl] -2-cyclopentene-1-methanol hydrochloride
salt and stirring was continued for about 7h. The
slurry was cooled to 18 - 21°C, filtered, and the solid

20 was washed with IMS (72L and 217L) and dried in vacuo at
40 to 45°C to give the title compound (81.7kg, 79.5%) as
a fawn coloured solid, spectroscopically identical to
the product of Example A.

25
Example D
Preparation of IlS,4R)-giﬂ-4-[2-amino-G-chlorc-9H-purin—
9-yl] -2-cyclopentene-l-methanol hydrochloride salt.

30 '

A suspension of (1R,48)-gig- [4- (hydroxymethyl)-2-
cyclopentene-1-yl] carbamic acid, 1, l-dimethylethyl
ester (10g) in industrial methylated spirit (IMSS(SOml)
was treated with concentrated hydrochloric acid (5ml,
35 1.2 molar eguivalents) and the resultant solution was
heated to the boil over about 0.5h. Heating under
reflux was maintained for about 3h. The solution was



~ 25 Exanpl e D Preparation of (1S, 4R)--4-[2-am no-6-chl oro-9H-purin-
9-yl]-2-cycl opent ene-| -nmet hanol hydrochl oride salt. 30 A suspension of
(1R, 4S)-ci s-[ 4- (hydroxynet hyl )-2- cycl opentene-1-yl] carbam c acid, 1,

1-di methyl ethyl ester (log) in industrial nethylated [ggl th @g?/B)(GOrﬂ)
was treated with concentrated hydrochloric acid (5ni, 1 ar

equi val ents)wdad;g TZJ'ue resul tant solution was heated to the boil over about
0. 5h. Heating un 48t ref lux was maintained for about JFFTVSHEOMY ution was
0 5 MAR 2002 WD 99/19327 PCT/ GB98/ 03080 - 13 cooled to 20 to 25C and
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tenperature B G- afitf fedid T%ertemfélﬁ?’i&duPéfV\%&d &lged the | M5 sol ution
prepared 15 SpBREed\fildhrakes snfseastinogi vérd Bneenterste@mindedhe ni xture
was war ned t @ee@lkcdd p2bEsarsl tse@dgdmWiWwhich was redissolved in IMS

(17ml) .

10
Meanwhile, triethylorthoformate (21.4ml) was cooled to 0
to 5°C and concentrated hydrochloric acid (1.9&1) was
added, maintaining the temperature between 0 and 10°C.
To this mixture was added the IMS solution prepared

15 above, which was rinsed in with IMS (2 x 2.5ml). The
mixture was warmed to 20 to 25°C and seeded with
authentic (1S,4R)-gis-4-[2-amino-6-chloro-9H-purin-9-
yl] -2~-cyclopentene-li-methanol hydrochloride salt and
stirring was continued for about 19h. The slurry was

20 filtered, and the solid was washed with IMS (2 x 4.5ml)
and dried in vacuo at 40 to 45°C to give the title
compound (2.06g, 61%) as a pale yellow solid,
spectroscopically identical to the product of Example A.



authentic (1S,4R)-.] -4-[2-am no-6-chl oro-9H purin-9-

'yl )-2-cycl opent ene-i - net hanol hydrochl oride salt and StidEi”g wﬁﬂz -
continued for about 19h. The slurry was 20 filtered, and e %I was
washed with IM5s (2 x 4.5nl) and dried in vacuo at 40 to 45C to give the
title conmpound (2.06g, 6111) as a palelﬁeIIOM/solid, spectroscopical ly
i dentical tQ, the product of.Exanple A. 0 5 MAR 2002 14 5 C1 N/ N 10
"TICH2OH ( fEoptionally in the formof its salt or conplex, which
conprises hydrolysing a conpound of forrmula clainms: 1_ A process for the

preparation of a, compound of _ formula I% . H2N N N (1V) 20 NHP (1V) 25
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15 optionally in the form of its salt or complex,
which comprises hydrolysing a compound of formula
(IV)

‘ HO NHP
20
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wherein P is a protecting group, in the presence of
an acid, condensing the product of formula (V) formed
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compound of formula (M) C1 35 Y NHR HZN N -Cd (VM) 0 5 MAR 2002 . WO
99??9327 PCT/ GB98/ 03(()80)- 15 5 in which R represents ngfol | owed by
ring closure in situ of the resulting internedi ate of I VII) d NHR
H2ZN N NH 10 U CH2OH (VI1) in which R represents CHO or H, to produce a
conmpound of 15 fornmula (1), which can Ithen be opltl onal |y re?ggggswatsh an
or co j agent to formits salt or conpl ex.

2ﬂafjmad |nm(p:)(lbgﬂlr9nﬂ? vvhgerel n Ris CHO 20 3. A process a§CEG§?%°é&F in claimlJd.
or claim2 wherein P is an acyl or ﬁrgbgtl tuted oxycarbonyl group. 4. A
process as clainmed in claim3 wherein“P is a fornyl, Cl_, -al kanoyl group

or oxycar boryl wBLeh R Qfep%ésé@tféﬂd}@ chp?(@);m@%@'bn Bm's Aoyl or aralkyl.

5. A processpa ere up or is
tert Eutyl oiF %enzylﬂgﬁ geg‘i\ de5eE d&F’é?n%fd ﬁm‘dh? é‘fnghe pr ecedl ng
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Cl
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in which R represents CHO or H, to produce a compound of
15 formula (I), which can then be optionally reacted with

an acid or cbmplexing agent to form its salt or complex.
2. A process as claimed in claim 1 wherein R is CHO.

20 3. A process as claimed in claim 1 or claim 2 wherein
P is an acyl or substituted oxycarbonyl group.

4. A process as claimed in claim 3 wherein P is a
formyl, C,.-alkanocyl group or oxycarbonyl group of
25 formula R'OC(0) wherein R' is alkyl or aralkyl.

5. A process as claimed in claim 4 wherein P is an
acetyl group or R' is tert butyl or benzyl.

30 6. A process as claimed in any of the preceding claims
wherein the hydrolysis step is carried out in an
alkanol, a cyclic ether or a chlorinated hydrocarbon in

the presence of an organic or mineral acid.

35 7. A process as claimed in claim 6 wherein the
hydrolysis step is carried out in IMS and the acid is
trifluorcacetic acid or hydrochloric acid.



wherein the hydrolysis step is carried out in an al kangjn ﬁ%‘?y@b c ether
or. a chlorinated hydrocarbon in the presence of an org 5 er al

acid. 35 7. A process as clainmed in claim6 wherein the hydrolysi-s step-is
carried out in IMS and the acid is trifluoroacetic acid or hydrochloric
acid. 05 MAR 2002 .................. — 16-8. A process as clainmed in any
one of the preceding clains wherein the condensation reaction is carried
out under r&fluxA BrgceASpaﬁxﬁkaémedléhnedyinnelmﬂﬂﬁheMpﬂéﬂéuiﬁ@ pol ar

solvent |s ag1alg@hohe dalel 1l AHRIANLLELLE 200cENg, RISES A

trial kylamne or an al nmet al car onate or |car gtgapﬁ}q§)oug\
process as chafasdrefilokai m 9 wherein the base. is potassiumor sodium
carbonate or sodi um bi carbonate. 11. A process as clained in any of the
preceding clains wherein the ring closure reaction is carried out using a
15 triat kyl of t hof brraPeesfi BReCpeddatt elnfckaimngraheaeiid th&dpaﬂtaxonal ly

one of IOl & 90ogepSafohYEBRB1 12a AL eSS =05 £L81 B0ahA ¢hd M 11

wherein the ring . closure reaction is carrie
triethyl ort RASE et @ i A+ ALKY+ BREREe 37 aﬁyoﬁﬂd@aﬂbrm@tahccdrb@aaté PEOCESS
as,clalned|u1d3ﬁbdﬁédemhereln the non- aqueous solvent is tetrahydrofuran
ethyl acetate or,” 25 IM5. 14. A process substantially as described in any
of the preceding claims with reference to the Exanpl es.

10 10. 'A process as claimed in claim 9 wherein the base. is

potassium or sodium carbonate or sodium bicarbonate.

"11. A process as claimed in any of the preceding claims
_ wherein the ring closure reaction is carried out using a
1S trialkylorthoformate in the presence of a mineral acid

and optionally one or more non-agqueous solvents.

12. A process as claimed in claim 11 wherein the ring
closure reaction is carried out using

20 triethylorthoformate in the presence of hydrochloric
acid.

13. A process as claimed in claim 11 wherein the non-
aqgueous solvent is tetrahydrofuran, ethyl acetate or
25 IMS.

14. A process substantially as described in any of thé

preceding claims with reference to the Examples.



