WO 01/92263 PCT/ SE01/01241 1 NOVEL TRI AZOLO PYRI M DI NE COVPOUNDS The
present invention relates to a pyrimdine conpound useful as a

phar macew® omb2263 nt er redi ate, to a process for preparing Bar/dEq@ym24ri di ne
conpound, to intermediates used 5 in said process, and to the use of said
pyrim di ne conmpound in the preparati onlof pharmaceuticals. The present

i nvention provides a conpound of formula (1): C H2ZN LN HO-\ _O HN N S~~
O The present invention al so provides a process for preparing a conmpound of
formula 10 (l), conprising reacting a conpound of formula (11): C H2N N
(1) < N wth a sal tiNQ/ELaTRIAZOLORYRIMIDIBECOMPOUNDS HO *' ~O NH2 (111)
OO X in the presence of a suitable base (such as an al kali netal

hydr oxi de (such as sodiumor 15 potassium hydroxide) a tertiary am ne
(such as a trilt€hr&ent ikyéntmmiraletes foa pervaiveconyioanl yhefnd ave) pharmacsutidahbl e
sol vent (.such (ggtsﬁg al cohol., such as an al i.phatic al cohal coptaining from

1 to 6 carisBhe 2 DEQes 101 PRETIag g BV IR pupRging, tyntermediaies Ysedr e i n
the rangeniRQpiRQG, aido mfe%@oﬁ%@ﬁffﬁwu@fo@ﬁm@&g&@ e g@s&aﬁ&@of enper at ur e

exceeds the boiling point of the solvent), In seal system under
aut ogeni cphprmeapsutieals. WO 01/ 92263 PCT/ SE01/ 01241

The present invention provides a compound of formula (I):
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The present invention also provides a process for preparing a compound of formula

Oll"

10 (I), comprising reacting a compound of formula (II):

cl

CHN A ()
l

cl N/)\S/\/

with a salt of a compound of formula (III):

no R . N,
w ()

O)<o
in the presence of a suitable base (such as an alkali metal hydroxide (such as sodium or
15 potassium hydroxide) a tertiary amine (such as a tri(C.¢ alkyl)amine, for example
triethylamine)), a suitable solvent (such as an alcohol, such as an aliphatic alcohol
containing from 1 to 6 carbon atoms, for example ethanol), preferably at a temperature in
the range 100-150°C and, where necessary (for example when the temperature exceeds the

boiling point of the solvent), in a sealed system under autogenic pressure.



2 A suitable salt of a conpound of fonnula (Il11) is a salt of a mneral or
organic acid. Suitable mneral acids include hydrochloric, hydrobromc,
hydr oi odiveQ on92263 ¢ or sul phuric acid. A suitable organi cPe@r/SHVME241f Or
exanpl e, an organic achiral acid such as acetic, trifluoro acetic, oxalic
or p-toluenesul phonic acid, or an orgagic chiral acid such as L s tartaric
acid, dibenzoyl-L-tartaric acid or di-p-toluoyl-L-tartaric acid. |In another
aspect the present invention provides a process for preparing a conpound

() A N SN ASOIDsaliRgR S oA € BrarpI B F SHapt 3t Orseeis s
hal ogen, : s 1 Gl a ok I 1 upgd . a (11),
T R S S A Rt S
(as descrdcied siiteble prgapiqecol/isdfor ehanpleygoergahio ficHimhacil audt s acdineg

hydr ogenat.i.on i s preferably .cond ed usi.ng a hea net al , catal yst (such as
ot 1 SR e Sl SEp o RIS b G ST O & Rg ol R e 1 &

al cohal , th@irixpTalRNZsy1-BL-ERAAGhCilios 8r-PHARSNAL JariariBlacid. SUi tabl e tenperature
(such as 10-70C, for example 20-50C) 5 and at a suitable pressure (such

as 1-5 bar, f dnanrotherpispechBsuregnbanvintion providesmprooéss forpreparinglaV) can be
prepared by chl orinating.a conpound .of formula (VILI); \, - N(VIII)
NN o NP HARR R 2SRRI Rissrme ek ofor it 5PV br § nat 1 mg
agent (such as phosphorus 20 oxychl ori@g) in(ﬁge presence of a suitable
ni trogen containi ng base (sug& as riethylam'ne, especially pyridine) and
at a suitable tenperature (s hNﬁﬁ' K range 50C to the boiling point
of phosphorus oxychl oride; for exanple ;tho 90C). A compound of formula
(V1) can be prepared by routing atigeinQf~1 i terature met hods.
wherein Ar is phenyl optionally substituted by halogen, C;.4 alkyl or C;4 alkoxy; to give a
10 compound of formula (II), and reacting the compound of formula (II) with a compound of
formula (IIT) (as described above) to provide the compound of formula (I).
The hydrogenation is preferably conducted using a heavy metal catalyst (such as
platinum on carbon), in a suitable solvent (such as a C,.4 aliphatic alcohol, for example 2-
propanol (iso-propanol)), at a suitable temperature (such as 10-70°C, for example 20-50°C)

15 and at a suitable pressure (such as 1-5 bar, for example about 3 bar).

A compound of formula (IV) can be prepared by chlorinating a compound of

formula (VIII):
OH
Ar_ _N (Vi)
N/ l \N
~
HO N/ks/\/

wherein Ar is as defined above, with a suitable chlorinating agent (such as phosphorus
20  oxychloride) in the presence of a suitable nitrogen containing base (such as triethylamine,
espécially pyridine) and at a suitable temperature (such as in the range 50°C to the boiling
point of phosphorus oxychloride; for example 70 to 90°C). A compound of formula (VIII)
can be prepared by routine adaptation of literature methods.
In a further aspect the present invention provides a process, as hereinbefore

25 described, for the preparation of a compound of formula (II).



In a further aspect the present invention provides a process, as

herei nbefore 25 described, for the preparation of a conpound of formula
(rr). wowanrpe268 PCT/ SE01/ 01241 3 The conpound of fornubPar/fE)i/a2a41 be used
to prepare the pharnmaceutical conpound of formula (A): HN~~ F OH N NN -
~NF Co (A) HO OH as described bel ow. ,5 Thus, a conpound of formula (A)
can be prepared by deprotecting a corrpgund of formula (V): HNN" F - OH
NNNF CO- \NN ' (U -Ofor exanple using a strong mneral acid (such

as hydrochlori ¢ acid) i sui t ahl e solvent (such as nethapo] or ethanol).
10 A conpound @F CP’S‘PH‘&F?A;O%Q)‘W]&%%“ F@%teal‘w%@a@ﬁﬁlﬁgﬁcaut%hmmnéf
formula dffbgndiPfaya salt thereof (such as a mandelate salt) fromwhich the

conmpound of forrmul'a (VI) is generated in situ}, with a conpound of fornula
(M1): WO 01/92263 PCT/ SE01/ 01241 4
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as described below.
5 ' Thus, a compound of formula (A) can be prepared by deprotecting a compound of
formula (V):
o F
HN
OH N
[ /SN F
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Q N Néks/\/

y (V)

for example using a strong mineral acid (such as hydrochloric acid) in a suitable solvent
(such as methanol or ethanol).

10 A compound of formula (V) can be prepared by coupling a compound of formula
(VI) {or a salt thereof (such as a mandelate salt) from which the compound of formula (VI)

is generated in situ}, with a compound of formula (VII):



OHCl NNI ---NOA\NNS ' (MIl) HN'~F O(VlI) for exanple in the
presence of a suitable base (such as a tertiary amne, such as a tri(CL_6
al kyl ) amwe 01/92263 exanpl e triethyl am ne) and a suitabl e soP@BREO(0IDI1 exanpl e
a polar solvent, such as an al cohol (such as an aliphatic al cohol
containing from1l to 6 carbon 5 atons, ,for exanple ethanol) or a nitrile
(such as acetonitrile)) and at a suitable tenperature (such as a
tenperature in the range 10-40C, for exanple anbient tenperature). A
conmpound of forrmula (VII) can be prepared by reactingdﬁoconpound of formula
(1) with an alkali netal nitrite (such as NajgR) or a rganic nitrite (for
exanpl e iso-anyl nitrite) in the presencefof a siINtapke acid (such as
acetic acid) and a suitable solvent (such jo as teff orNa mixture of water
and acetic acid) and at a suitable tenperatyye (suchblas_ ;eqﬁepature in
the range -10 to 15C, for exanple -10 to 10Cj. i, M a Burtter aspect
the present invention provides the use of th yoound of formula (1) in a
process for the preparation of the conpound o} rmul(®1)A). A salt of a
conpound of foraﬁua g can be prepared bysredcting a conpound of 15
formul a (IIIﬁJMnth lecessay acid in a st | e solvent (such as water,
an aliphatic al cohdl__eaqt ai n|n 1to 4 carb atons (for exanple ethanol)
or a sinple ester (such as et hyl acetate)) ata suitable tenperature (such

as from g, m?)gegnrﬂfé%)%rce?%&%%% & sgigabﬁé)bagg @.\chﬁs 9%@?8"}9?\%4 %&f %tﬁ( s ) Can

be prepared a co
(IrX)y 20 aﬂlq»ﬂ)amxxmmir@thptwtdethgkmam)mnd@sunzt’olasolmﬂtIﬁfoaekmaply alpsataal cat aI yst

(such as RLLALAT 00 | COTRN), Lt e, BLEREREP g Bt o 43480 20 o0

5  atoms, for example ethanol) or a nitrile (such as acetonitrile)) and at a suitable temperature

(such as a temperature in the range 10-40°C, for example ambient temperature).
A compound of formula (VII) can be prepared by reacting a compound of formula
(D) with an alkali metal nitrite (such as NaNO;) or an organic nitrite (for example iso-amyl
nitrite) in the presence of a suitable acid (such as acetic acid) and a suitable solvent (such
10 as water or a mixture of water and acetic acid) and at a suitable temperature (such as a
temperature in the range —10 to 15°C, for example —10 to 10°C).
Thus, in a further aspect the present invention provides the use of the compound of
formula (I) in a process for the preparation of the compound of formula (A).
A salt of a compound of formula (III) can be prepared by reacting a compound of
15 formula (IIT) with the necessary acid in a suitable solvent (such as water, an aliphatic
alcohol containing 1 to 4 carbon atoms (for example ethanol) or a simple ester (such as.
ethyl acetate)) at-a suitable temperature (such as from 10 to 60°C, for éxample 30 to 50°C).

A compound of formula (III) can be prepared by deprotecting a compound of

formula (IX):
0 \/@
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for example by hydrogenation {such as with a heavy metal catalyst (such as palladium on

20

carbon) in the presence of a solvent (such as an aliphatic alcohol containing 1 to 4 carbon



WO 01/92263 PCT/ SE01/ 01241 5 atons, for exanple ethanol) at amnbient
tenperature at a suitable pressure (such as 1 to 3 bar, for exanple 1.0 to
1.5 bar) woAuenspound of formula (1 X) can be prepared by pemsEIWNg24
conpound of formula (X): O R*. ~o NO o000 0 (X) 5 wherein R*is Cl-4
alkyl (preferably ethyl), such as with a suitable borohydride (for exanple
an al kali netal borohydride, such as |ithium borohydride), lithium

al um ni urnhydride or DI BAL Hin a suitable polar solvent (such as

tetrahydr f for par e r ing a
conmpound %EO%? ?%‘Fuﬁxam%go ﬁa? 68%%‘%61(31@ af Fa;?e)p : SS% Ei%é%

conpound  baf fRRRpId Woes elsrbaBF is Cl4 al kyl (especiall y et hyI ) and L is
a leaving group, especially ha %en (for exarrgl e bronpb)}, in the presence

of a suitable ApeMEPOUREIO) &MU cHEde BEPHRY yaefdymﬁ)acamow efferprlasence
of a suit(&}.e base (such as 15 potassiumtert-butoxide, sodiumhydride or a
Cl-6 al kyl"Tithiumspecies). A conpound of formula (XI) can be prepared by

reacting a conpound of formula ¢@Xl1): HO NH2 )
R*, 0 H
° ag
o8

0)<(3

wherein R* is Cj4 alkyl (preferably ethyl), such as with a suitable borohydride (for

(X)

example an alkali metal borohydride, such as lithium borohydride), lithium
aluminiumhydride or DIBAL-H in a suitable polar solvent (such as tetrahydrofuran).

A compound of formula (X) can be prepared by reacting a compound of formula

10 (XD:
oA

~ ©
d)<:o (XI)
with a suitable compound L-CH,CO,R* {wherein R* is C,4 alkyl (especially ethyl); and L
is a leaving group, especially halogen (for example bromo)}, in the presence of a suitable
polar solvent (such as tetrahydrofuran) and in the presence of a suitable base (such as
15 potassium tert-butoxide, sodium hydride or a C;¢ alkyl lithium species). '

A compound of formula (XI) can be prepared by reacting a compound of fonnula

(XII):
HQ NH,
6 3 (Xt

with benzyl chloroformate in the presence of a suitable base (such as potassium carbonate)
20  and a suitable solvent (such as a ketone (for example 4-methyl-2-pentanone) or a

hydrocarbon (for example toluene)).



O (XI'l) with benzyl chloroformate in the presence of a suitable base (such
as potassium carbonate) 20 and a suitable solvent (such as a ketone (for
exanpl e Avoet/pek3 2- pent anone) or a hydrocarbon (for exanpC®SE@/uzne)). WO
01/ 92263 PCT/ SE01/01241 6 In a still further aspect the present invention
provi des a process for the preparation ,of a salt of a conmpound of formula
(I'11) as herei nbefore described. In furpher aspects the present invention
provi des an internediate conpound of fonnulae (1), (IV), (M1), (VIIl),

(X) or (XI), or a salt of a cogpound aof forrmula (I11). 5 _The foll ow ng
Exanpl es 11 ustiP asBIiHEDST 0w TS RTESERARISPEOR DI espRIRFASE for (R RIERAIRRD t he

preparati @Jﬁkﬁffﬁf&&@ -,afl 5 :
di met hyl t gfragfﬁl;éfg-kgg% cycl opent gf%?[aﬁ%ﬁéﬁdbggoigﬁ?%p?ﬁ.Oxy} - 1- et hanol ,

L-tartaric aci dndather agfects)the pres@t epyeatiorPpopiestn orierofediate compound of

3aS- (3aa, 4a, = -6- -2, 2:=di hyl, - -
e ey DA L VAT, BB a8 2
(39.39)s was addag fbno@ir%t&@ﬁmésqnus@ffate[tﬁ@&/em.4a, 6a, 6aa)] -

6- am no-tetrahydro-2, 2-di net hyl - 4H cycl opent a- 1, 3- di oxol - 4-ol,
hydrochl ori de, (prepared as descri MAM%OSMZ) (27.1g9) in

4- met hyl - 2- pent-anope 00 . ter (150n).,1 ed. f owed b
dr opwi ge adgi tion g¥mé§1r?21@1}ls)ﬂghels X r%éaﬁag[%oél ()(f 23&5%%4%8&@%%%??8%’% xt ur ey
was st i rr efimathylte@inydenperal topertayH][ 4,3 Naivxs]-Dei ok e) -1 RthmbY AthtarhasEsais

separated. The aqueous phase was extracted w th 4-nethyl-2-pentanone
(2x5011). (He¢  conbi ned organi cs were concentrated and the residue was

Phe. sublt (P e Bl o0 B e R A i BB oo fRtig e {2 o' Ve
(111, br sgycloberdtt1(RHioxbl-4-5)]-cafbadlc adiftl phdhylnfetéhd ebtdHd, d), 4.27 (1H, m,
4.19 (1H, br m, 2.24 (111, br s), 1.69 (1H, d), 1.41 (3H, s), 1.26 (3H,
s). Potassium carbonate (39.3g) was added to a suspension of [3aR-(3aa,4a,60,6a0)]-
6-amino-tetrahydro-2,2-dimethyl-4H-cyclopenta-1,3-dioxol-4-ol, hydrochloride, (prepared
as described in WO 9905142) (27.1g) in 4-methyl-2-pentanone (500ml). Water (150ml)
15 was then added followed by dropwise addition of benzyl chloroformate (23.1g). The
reaction mixture was stirred at room temperature for 4 hours before the organic phase was
separated. The aqueous phase was extracted with 4-methyl-2-pentanone (2x50ml). The
combined organics were concentrated and the residue was purified (SiO»,
dichloromethane:methanol, 95:5 to 90:10 as eluant) to give the subtitle compound
20 (39.23g).
'H NMR (CDCl;) § 7.32 (5H, m), 5.65 (1H, brs), 5.10 (2H, br s), 4.59 (1H, d),
4.48 (1H, d), 4.27 (1H, m), 4.19 (1H, br m), 2.24 (1H, br s), 1.69 (1H, d), 1.41 (3H, s), 1.26

(3H, s).

25 Step b: Preparation of [3aS-(3aa,4a,6a,6a)]-[2,2-dimethyl-6-(2-hydroxyethoxy)-
tetrahydro-4H-cyclopenta-1,3-dioxol-4-yl]-carbamic acid, phenylmethyl ester.
Potassium tert-butoxide (3.6g) in tetrahydrofuraﬁ (20ml) was added over 5 minutes
to a solution of the product from Step (a) (39.23g) in tetrahydrofuran (200ml). After 15
minutes, ethyl bromoacetate (3.7ml) in tetrahydrofuran (10m!) was added dropwise. The
30 mixture was stirred at 0°C for 10 minutes, then further ethyl bromoacetate was added

(3.7ml x4). The reaction mixture was stirred at 0°C a further 2 hours.



25 Step b: Preparation of [3aS-(3

aa, 4a, 6a, 6aa)] -[ 2, 2-di net hyl - 6- ( 2- hydr oxyet hoxy) -

t et r ahydmoo 49| opent a- 1, 3- di oxol -4-yl ] -carbam c aci d, poERRiwma4lyl

ester. Potassiumtert-butoxide (3.6g) in tetrahydrofuran (20n) was added
over 5 mnutes to a solution of the pzoduct fromStep (a) (39.23g) in
tetrahydrofuran (200nl). After 15 mnutes, ethyl bronpacetate (3.7inl) in
tetrahydrofuran (1011) was added dropwi se. The 30 m xture was stirred at 0C

for 10 mnutes, thep further ethyl bronpacetate was added 3.7mL x4). The

reacti on i xt iffél%go’@gﬁﬁl@#?@g A bER pddgsl posampsio tkmmt/(W%@rxe ) _

PCT/ SEOL43ddfhas theh Stk 5P BOC SV A ASs. RactdDeeiPacid bgg? @%gsﬁdee%ﬂv%ew se to
whi ch éC

the reaction m xture was then stirred at < ours. aci al
aceti c acdo the(@Bipnixtars. Aftdestirdngfoni3§eninti@s,twaec@dDOmb)i wasudded dbpeisesndr ri ng

for 30 m.nutes,. wat. 100 dded d i d_th | ti i xt
wes ot 1B OnB S et R e RO PR Sl e entid appats
aqueoys RHAsRs PRSseS¥ds Rehaed With RS BidtatB CRlABbiddiorE AR WEH vakigaNk &8 Wer e

washed with saturated sodi um bicarbonate and brine, dried and
concent r atethtedriodivre bicdthonaigsn brind, idsigd andcorenizatd. Thecetiducovaspuaified 25: 75

to 50:50 el uant % gl ve ~t.he . suptitl e cogpound .. (38,. . M5 _((APClI) 218
( MrH, 16%%2,_ e’cﬂyal_ioacﬁatéeghc aneg, rzéggrt%gﬁé a&elu[ag g g]é/e thelsu%tl’ggz:ompoungi

aa, 4a, 6a(tmag) - 2- [ [ 6- am no- 2, 2-di net hyl -tetrahydro-4H cycl openta- 1,3

- di oxol -4-yl ] ox -et hanol (alternatively naned: 2-{[(3aR 4S, 6R, 6aS)-6-
anino-2, 2-dir %@P?Qt&l&{w > 3003} cycl openta[d] [ 1,3 ]-dioxol-4-yl]oxy}
-1-ethanol ). A slurry of 5% palladiumon charcoal (4g) in ethanol was added
to a solution of the is product fromStep (b) (39.96g) in ethanol (250m)
and t he SteptdiPeepagasionyd ] BuFe (Babetd, 6d,640)3-2-[18+anding-2 20difethy$-tetrbhgdroadil yst was
filtered off and the filtrate_was concentrated to %irve the subtitle

conpound Yg8r@tag ) .3 -fiexqlaPriloxy] sthaps(aticmatiady namped: 3t HPaR:4HpRHa%)a07 on of [3
R ( 3aa, 63,6 -2 I [R-amh 10-.2,:2= i - | ta-
aR- (3aa 0-9Q—d?ﬁl)g%(hyfte{r&g/dm{F?—fg%léjlg%frtgtayﬂ%g-ldiog&ﬂa- @%f{/—ﬂé?haﬁééﬁ (z)pen a |

1, 3 --di oxol - 4-¥l et’hano er nat’i nane
A slurry of 5% palladium on charcoal (4g) in ethanol was added to a solution of the

15 product from Step (b) (39.96g) in ethanol (250ml) and the mixture was hydrogenated at 1.2
bar for 20 hours. The catalyst was filtered off and the filtrate was concentrated to give the
subtitle compound (23.65g).

MS (APCI) 160 (M+H", 100%).

20  Step d: Preparation of [3aR~(3aa,40,60,6a0)]-2-[[6-amino-2,2-dimethyl-tetrahydro-4H-
cyclopenta-1,3-dioxol-4-yl]oxy]-ethanol L tartrate (alternatively named: 2-
{[(3aR,4S,6R,6aS)-6-amino-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]-dioxo0l-4-
ylJoxy}-1-ethanol, L-tartaric acid salt (1:1)).

A stirred solution of the product obtained in Step (c) (545g) in ethanol (3.81) was

25 heated to 35°C. L-tartaric acid (352g) was added (temperature rise to 45°C) and the mixture
was stirred at 40 - 45°C for 1 h. The mixture was cooled to 20°C and the resulting thick
slurry stirred for 16 h then filtered. The collected solid was washed with two portions of 2-
propanol (300ml, then 500ml), sucked dry then dried in vacuo at 40°C to give the product
as white crystals (728g).

30

EXAMPLE 2



{ [(3 aR 4S, 6R, 6aS) - 6- am no- 2, 2-di et hyl t et r ahydr o- 3aH-cycl openta[d] [

1, 3] -di oxol -4- yl]oxy}-1-ethanol, L-tartaric acid salt (1:1)). A stirred
sol uti onvod ot/pe6pr oduct obtained in Step (c) (5459) in ethanskol@2481) was
25 heated to 35C. L-tartaric acid (352g) was added (tenperature rise to
45C) and the m xture was stirred at 49 - 45C for 1 h. The m xture was
cooled to 20C and the resulting thick ®°slurry stirred for 16 h then
filtered. The collected solid was washed with two portions of 2- propanol
(300m, then _500m ), sucked dry then dried in vacuo at 40C to give the
product as N Exannly dfusiratey fbw&)paraé@nmm@& De3-Gr#-grezorery3E01/ 01241

8 Thi ?Wﬁ
t ranlss( %’I%B&(a'gﬁxzé uoetrligg %%%%3%?8&%# t’fmsrrpR 2S)F% Fnindel ate salt
(alter natdnﬂmirypl‘rmybcb'cﬂmomﬂma;ﬂﬁﬁk)-z{hydroxy-Z-phenylethanoate

di f1 uorophenyl) cycl opropanani ni um (2R) - 2- hydr oxy- 2- phenyl et hanoate. s Step
1: Preparation of (E)-3-(3,4- dlfluorophenyl) 2-propenoic acid. A stirred

m xtuge @fe rPr%BaE’@acﬁll@(ﬁjﬁ%3 anﬁﬂ@ére Jrﬁ &gfgozgga gwere heated to 90C.

Mal oni ¢ aci 6kg) was ded, ow a d| tion, over 50
m nutes, of 3£4st1rcbdf1humrrebép15zrai1nhsﬁ35cﬁétgo Mﬂbgﬁdmé’ ((1372kgamer@hneatéd>¢b woeC.was

ti d 90C f th 4 t WAt 58, 5kg

2dded andiaisnie seRd 7 6k w8 Sy T et o GO RE e SEH e oAPdr 11 1 od ou
f th b dified
Co pH 1 Wk SRR O TR iﬁ‘%‘?“f%@%EE%l‘? OO MR U on”

cool ed t hoBsGndi3b hnm’ufe@ yatst (%rﬁk@gwaib&iesl@hd 33 lites ef the Iplyﬁdinedvabc)r
filtration, 1% hydrochloric acid (34,8 L per wash), once

wi th Yat é‘?lX‘CJG@I_ﬁH?? V‘?ﬁ\g{l Sﬁlﬁ@%m&réa t%ﬁ.r&ﬁféarure bFesueH FpreffSHret hee Feactien mixe

pr oduct i VR 4 nut es,
af f or di nﬁ?i}&?%ngd&b ﬁ%&%ﬁ%( all |?1Hgﬂ%§codu%ég{§l> %%rll?wPlﬁlggggg%lﬁ)gh@lg

( E) - 3- ( 3cdeldd td 25AChpitk nyde Lirpum Theeylidchtre cbdestedbysfiltratien, waskéditvacof
ropenoi ¢ acid t ol uene (7 4kg) and

byt di he 0 g roRROT a5 B B e SRRt WA T PRt was

thoroughly in the filter. The product was then dried under vacuum at 40°C for 24 hours and
15 40 minutes, affording 13.7kg of the crystalline product.

Step 2: Preparation of (E)-3-(3,4-difluorophenyl)-2-propenoyl chloride.
A stirred mixture of (£)-3-(3,4-difluorophenyl)-2-propenoic acid (8.2 kg), toluene
(7.4kg) and pyridine (0.18kg) was heated to 65°C and then thionyl chloride (7.4kg) was
20  added over 30 minutes. The reaction was stirred for a further 2h 15 minutes after the
addition was complete, then diluted with toluene (8.7kg). Excess thionyl chloride, sulfur
dioxide and hydrogen chloride were then distilled out, together with toluene (10 L), under
reduced pressure, yielding a solution of the (£)-3-(3,4-difluorophenyl)-2-propenoyl
chloride (approximately 9kg) in toluene.
25
Step 3: Preparation of (1R,2S,5R)-2-isopropyl- S—methylcyclohexyl (E)-3-(3,4-
difluorophenyl)-2-propenoate.
A solution of L-menthol (7.1kg) in toluene (8.5kg) was added over a 20 minute
period to the solution of (£)-3-(3,4-difluorophenyl)-2-propenoyl chloride (prepared as in
30 Ste;; 2) and pyridine (0.18kg, 2.28 mol) stirring at 65°C. The reaction mixture was stirred

at 65°C for a further 4 hours and 40 minutes after the addition was complete, then cooled



20 added over 30 minutes. The reaction was stirred for a further 2h 15

m nutes after the addition was conplete, then diluted with toluene (8.7kg).
Excess t wonyd226hl ori de, sul fur di oxi de and hydrogen chlpeT/deowvmed t hen
distilled out, together with toluene (10 L), under reduced pressure,
yielding a sol ution of the (E)-3-(3,4- 9If| uor ophenyl ) - 2- propenoyl chl ori de
(approximately 9kg) in toluene. 25 Step 3: Preparation of

(1R, 2S, 5R) - 2-i sopropyl - 5- net hyl cycl ohexyl (E)-3- (3 4-
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6.47kg), then water (6.1kg)._ The ‘sol ution was driéd azeotropically by

distill at(iBﬁSéR){ZH&m@P}déﬂmemﬁyclb}lemw 313 dulcibebrpplenyil2epropenaatst hy |

squOX|d he remaining 5 toluene was distilled off
under re -35%@‘§ﬁ1%e}m§§%’g?“§?‘?ﬁfb& 47. 3kg of a solution of _

(1R, 2S, 5R) 2 i sopropyl - 5- net hyl cycl ohexyl
(E)-3-(3,4-difluorophenyl)-2-propenoate (approx. 13.3+kg) in di Jret hyl

sul f oxi déﬁ&é’geparatmrneﬁdm@thmu@xmumm@;h@db (Gmsthiylimetinléng)dde’-

(di rret hylg net hyl ene) oxo-? 6- 10 sul fane. Sodi um hydroxi de powder (1.2kg),
prepa ed {’/F Illng sodi um hydroxide pellets in a rotary m 'l through a

lim netal si ewgiunehelirb£iiepd R uLke) priptfedibg thitlehg(bdridhy Wekide pslldts ied 1 n
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15 methylcyclohexyl trans-2-(3,4-difluorophenyl)cyclopropanecarboxylate.

Step 5: Preparation of (1R, 2S, 5R)-2-isopropyl-5-methylcyclohexyl trans-2-(3,4-
difluorophenyl)cyclopropanecarboxylate. ‘
A solution of (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl (E)-3-(3,4-

20  difluorophenyl)-2-propenoate (approximately 8.6kg) in dimethyl sulfoxide (approximately
27.9kg) was added with stirring over 20 minutes to a mixture of dimethylsulfoxonium
methylide (approximately 2.6kg, prepared as described above), sodium iodide
(approximately 4.2kg), water (approximately 500g) and sodium hydroxide (approximately
56g) in dimethylsulfoxide(27.7kg) at 25°C. The reaction mixture was stirred for a further 2

25 hours and 50 minutes at 25°C, then used directly for the preparation of (1R,2S,5R)-2-
isopropyl-5-methylcyclohexyl trans-(1R,2R)-2~(3,4-
difluorophenyl)cyclopropanecarboxylate.

Step 6: Preparation of (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl trans-(1R,2R)-2-(3,4-
30  difluorophenyl)cyclopropanecarboxylate
A crude solution of (1R, 25, SR)-2-isopropyl-5-methylcyclohexyl trans-2-(3,4-

difluorophenyl)cyclopropanecarboxylate produced as described in step 5 was heated with



di f 1 uorophenyl) cycl oprop anecarb oxylate. A solution of

(1R 2S, 5R) - 2-i sopropyl - 5- net hyl cycl ohexyl (E)-3-(3,4 20

di f | uor oph@nyd262- pr openoat e (approxi mately 8. 6kg) in di neChgkEoigubfioxi de
(approximately 27.9kg) was added with stirring over 20 mnutes to a

m xture of di nethyl sul foxonium nethyli 8e (approxi mately 2.6kg, prepared as
descri bed above), sodiumi odi de (appré imately 4.2kg), water

(approxi mately 500g) and sodi um hydr oxi de (approximately 56g) in

di met hyl sul f oxi de(27. 7kg) at 25C. The reaction mxture was stirred for a
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mixture was cooled to 24°C and diluted with water (29.3kg), after which the liberated

menthol was extracted into toluene (3 washes of 3.3kg each). The remaining aqueous
material was acidified to pH 2 with 37% hydrochloric acid (3.3 L) and the product was
extracted into toluene (8.6kg, then 2 more washes of 4.2kg and 4.3kg). The combined

20 toluéne extracts were washed with 1% hydrochloric acid (4.9 L), then diluted with further
toluene (4.2kg) and azeotropically dried by distillation c;f the solvent (25 L) under reduced
pressure. A final dilution with toluene (24.2kg) was followed by distillation of the solvent
under reduced pressure (10 L) affording a solution containing zrans-(1R, 2R)-2-(3,4-
difluorophenyl)cyclopropanecarboxylic acid ( approximately 3.45kg) suitable for the

25 production of frans-(1R, 2R)-2-(3,4-difluorophenyl)cyclopropanecarbonyl chioride.

Step 8: Preparation of trans-(1R, 2R)-2-(3,4-difluorophenyl)cyclopropanecarbonyl
chloride.
Pyﬁdine (70ml) was added to a solution of trans-(1R, 2R)-2~(3,4-
30 diﬂuorophenyl)cyclopropanecarboxylic acid (approximately 3.45kg) in toluene
(approximately 12 -15kg) ), prepared as described above and the mixture was then heated
to 65°C. Thionyl chloride (2.3kg) was added over a period of 1 hour and the mixture was



15 m nutes. Solvent (28 L) was distilled out of the m xture under reduced
pressure, then the mxture was cooled to 24C and diluted with water

(29. 3kg) wabt/exeémhi ch the |iberated nenthol was extract eBCT/RE@/aioiluene (3
washes of 3.3kg each). The remaini ng aqueous naterial was acidified to pH
2 wth 37% hydrochloric acid (3.3 L) aﬂ? the product was extracted into
tol uene (8.6kg, then 2 nore washes of 4’2kg and 4. 3kg). The conbi ned 20

t ol uene extracts were washed with 1% hydrochloric acid (4.9 L), then

diluted with further &oluene (4. 2kg). and azeotropically dried by
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t ol uene V\t/é ppr oxi mat el ]6591%%9)#} r red as descri bed above and the

m xture g‘e’?%gaﬁprﬁég’?aééy 0 B5E> © F%W@hl oride (2.3kg) was added over a
period of 1 hour and the m xture was WO 01/92263 PCT/ SE01/ 01241 11 stirred

at 70C for 3 hours. Thionyl chloride (0.5kg) was added and the m xture was
stirred Sfen fyRmparationefuransdd R70-2-M3.#difHoreptieguidey clspreprineeaybonyhizidd. de

(0.5kg) was ad d g he reaghion, m re was.stirred for, 1 r .at 70C,
then Rhol ad t o SOEOIERl P A REERL PR Rt Sl e o dmBtbaf. o

15kg eachppprvexienarayl 8. 8idp) inrtgluehs (apbtoairhably®-9 89| pr&pakedbin(Sapps.axit@ivat y 60 L)
fromthe m xture under reduced pressure, then the solution of trans- (1R

2R) - 2- ( 3,38984 pYSi PSR AL TY BYRIt o sTaEEE Phaym éride £1-d8kappr oxi mat el y
3.8kg) i is "
P apar at | o Rt g BB e Pl (S SXEE 28y
azi de. X01A’Gcorhetmpaturefvas stmsd §tIRC for 1 hour and 55 minutes, then the aqueous layer
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washed once more at 0°C with water (3.8kg), then with 20% aqueous sodium chloride (3.8
L), then stored at 3°C for further use.

Step 10: Preparation of trans-(1R,2S)-2-(3,4-diﬂu0rophenyl)cyclopropylaminé.

20 A cold solution of trans-(1R, 2R)-2—(3,4-diﬂ1iorophenyl)cyclopropanecarbonyl
azide prepared as described in Step 9 was added over a period of 41 minutes to toluene
(6.0kg) stirring at 100°C. The mixture was stirred for a further 55 minutes at 100°C, then
cooled to 20°C and added over a period of 2 hours and 15 minutes to hydrochloric acid
(3M, 18.2kg) stirring at 80°C. After 65 minutes the solution was diluted with water (34kg)

25 and cooled to 25°C. The toluene layer was removed and the aqueous layer was basified to
pH 12 with 45% aqueous sodium hydroxide (3.8kg) and the product was then extracted
into ethyl acetate (31kg) and washed twice with water (13.7kg per wash), affording a
solution containing #rans-(1R,2S5)-2-(3,4-difluorophenyl)cyclopropylamine (2.6kg, 91.8%
enantiomeric excess) in ethyl acetate (29.5 L).

30
Step 11: Preparation of trans-(1R,2S)-2-(3,4-difluorophenyl)cyclopropanaminium (2R)-2-
hydroxy-2-phenylethanoate.



added over a period of 74 mnutes to a m xture of sodium azide (1.24kg),

t et rabut yl anmmoni um brom de (56g) and sodi um carbonate (922g) in water
(6.2kg), wobreizegy at 1.5C. The mixture was stirred at OCP€DREM/thour and 55
m nutes, then the aqueous |ayer 15 was diluted with cold water (3.8kg),
stirred briefly, then separated. The t %uene | ayer was washed once nore at
OC with water (3.8kg), then with 20%ag eous sodiumchloride (3.8 L), then
stored at 3'C for further use. Step 10: Preparation of
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trans- (I R 25)-2-(3, 4-difluorophenyl)cycl opropyl am ne (2.6kg, 91.8%

enanti omeric excess) in ethyl acetaea®9Ex L). 30 Step 11: Preparation of
trans- (1R, 2S)-2- (3, 4-di f] uor ophenyl’) cycl opr opanai ni ni um ( 2R) - 2-
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acid (2. ) was:.added to a solution containing trans- (1R, 2S)-2-
(3, 4- g’i flzp@lglrg%%]#glﬁgﬁ) cycl opropyl ai ni ne (2.6kg, 91.8% enantioneric excess),

stirring Sep LAKH-DilnydedtyyR-(popyatléanypydmidine. The m xture was stirred at 25C
for 3 hours and 8 mnutes, then fil ﬁred and washed twi ce with ethyl
e

acetate (13.8kg total) The crystalli product was 5 dried at 40C under
reduced pressure for 23 hours, affq g trans- (1R 29)-2-(3, 4-
di f1 uor ophenyl ) - cycl opr opanai ni ni uilh (/E

N

R) - 2- hydr oxy- 2- phenyl et hanoat e
(4.45kg). EXAWPLE 3 HO g7

Water (670ml) was added to 2-thiobarbituric acid (200 g). The resulting mixture
was stirred and sodium hydroxide (126.3g) was added in portions. The mixture was stirred
15 for 40 min. then diluted with water. 1-Methyl-2-pyrrolidinone (400 ml) and l-iodoprbpane
(140.9ml) were then added. The resulting slurry was stirred at 20°C for 22h. The pH of the
mixture was then adjusted to 6.5 by addition of 1M HCI (600ml) over 30 min, then to pH
2.5 by the addition of 6 M HCI (180ml) over a further 30 min. The resulting slurry was
stirred for18h and the product was isolated by filtration and washed successively with
20  water (4 X 100ml), ethanol (200ml) and water (2 X 200ml). The product was dried under
 reduced pressure overnight at 50°C to yield the title product as a white powder (185g).

Step 2: 4,6-Dihydroxy-5-[(E) -2-(4-methylphenyl)diazenyl]-2-(propylsulfanyl)pyrimidine.

OH

N
N~ >

N
I ~
HO” N s "



This Exanple illustrates the preparation of

4, 6-di chl oro-2-(propyl sul fanyl)-5- 10 pyri m dinam ne. Step 1:

4, 6- Di hyavoery92263 pr opyl sul fanyl )pyriinidine. OH N HO VRCEREQ®id ) was
added to 2-thiobarbituric acid (200 g). The resulting m xture was stirred
and sodi um hydroxi de (126.3g) was adde? in portions. The m xture was
stirred is for 40 mn. then diluted w 1°‘| wat er. 1-Met hyl - 2-pyrrolidi none
(400 m) and 1-iodopropane (140.9nl) were then added. The resulting slurry

was stirred a O0C. § 2 Th Hof th i xture was then adjusted to 6.5
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HO N S~--~ WO 01/92263 PCT/SEQ1/01241 13 Ethanol (25nil),
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separate vessel, a solution of p-toluidine (3.01 g) in water (10 m) was
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SOl S e e oo (U T i (89 SRRLE .00 ond
temperature rose to 8°C). The resulting yellow suspension was stirred overnight and the pH
of the mixture was adjusted to pH 1 by addition of 6 M HCI. The mixture was filtered and
the collected product washed with water (25ml) ethanol (10ml). The product was dried
under reduced pressure at 50°C over 24 h to give the product as a yellow solid (6.97g).

15

Step 3: 4,6-Dichloro-5-[(E)-2-(4-methylphenyl)diazenyl]-2-(propylsulfanyl)pyrimidine.

Cl
~N

N~ | XN
cl N/)\S/\/
Pyridine (2.58ml) was added to a stirred, heated (70°C) slurry of 4,6-dihydroxy-5-
[(E) -2-(4-methylphenyl)diazenyl]-2-(propylsulfanyl)pyrimidine (Step 2, 5g) in toluene
20 (15ml). Phosphorous oxychloride (18.7ml) was added dropwise to the mixture over 15 min
(exotherm to 94°C). The reaction mixture was heated for a further 4.5 h then evaporated.
The residue was azeotroped twice with toluene (2 x 30ml). The residue was dissolved in
toluene (50 ml) and filtered to remove some solids. The collected solid was washed with
toluene and the combined filtrates washed with water (30ml) and saturated aqueous sodium
25 bicarbonate solution (30ml). Evaporation gave the title product (4.98g) as a red oil that

slowly crystallised on standing.



(10nl) was cooled to OC and added dropwi se to the toluidine - containing
reaction mxture over 30 mnutes. The tenperature during the addition was
kept betweent/®22ehd 5C. 10 The resulting m xture was cool eBCT/SEQ@12an1d added
to the cold (0C) Solution A (the tenperature rose to 8C). The resulting
yel | ow suspension was stirred overnight,and the pH of the m xture was
adjusted to pH 1 by addition of 6 MHC . The m xture was filtered and the
col | ected product vvashed with water (25nml) ethanol (1 On). The product was
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e. cl N;_NN 50 NPyrldlneHQ\,Z ml) was added to a stirred, heated
(700) slurry of 4,6-dihydroxy-5- -J{(EFN ,
-2-(4- et hyl phenyl )di azenyl ] -2-(pr yéﬂjlf nyl)pyrimdine (Step 2, 5g) in
tol uene 20 (15m ). Phosphorous oXychNoride (I8.7nml) was added dropwi se to

for a furt her At g S§ Sty 12 et R ERetiobea 1w co wi th
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filtered to renpveé sone solid he collected solid was washed with
t ol uene dhdt 40f€/3.3vat meat affildtinuat escathahentalywtt(0. S\eg, é|0°/c( BOonPYCardesat ur at ed

aqueo m 25 bi car bonat 0 ration_gave the title
roduot DICGEE) Ca Pt e e e et ORI b e o, Thasart wg W
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4, 6-di chl or o- 2- (propyl sul fanyl ) -5-pyri mi di nai ni ne ( N' "S A

stirred sombined rﬁlt@&temwsnednontﬁn@n@dmﬁ@@d@ed@rmmymgmua)l@ulmmypl]ed2-
to 20°C and dissolved in ethyl acetate (5kg) and water (5.51) was added. The pH of the

10 stirred mixture was adjusted to pH 2 by the addition of 3M aqueous hydrochloric acid
(800ml). The phases were allowed to separate and the aqueous phase was discharged.
Water (2.751) was added to the organic phase and the pH was adjusted to 2 by the addition
of a small amount of 3M HCI (45 ml). The aqueous phase was separated and the organic
phase concentrated under reduced pressure at 30-50°C, to give 4,6-dichloro-2-

15 (propylsulfanyl)-5-pyrimidinamine as a reddish viscbus oil containing ethyl acetate that
was dissolved in ethanol (8.5kg). Solvent (6.51 of ethanol/ethyl acetate) was then removed
by distillation at reduced pressure. A further portion of ethanol (4.5kg) was added to the
residue and the distillation repeated to remove 6.5 1 of solvent. The ethanol solution of the
product was used without further purification in the following step. |

20

EXAMPLE 4
This Example illustrates the preparation of [le[10t,20c,3B(lS*,ZR*),SB]]-3-[7-[2—
(3,4-diﬂuorophenyl)cyclopropyl-mnino]-5-(propylthio)—3H— 1,2,3-triazolo[4,5-d]pyrimidin-
3-yl]-5-(2-hydroxyethoxy)cyclopentane-1,2-diol (alternatively named (18,28,3R,5S)-3-[7-

25 {[(1R,2S)-2~(3,4-difluorophenyl)cyclopropyl]amino } -5-(propylsulfanyl)-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-3-y1]-5-(2-hydroxyethoxy)-1,2-cyclopentanediol).

Step 1: Preparation of [3aR-(3aa,4a,6a,6a0)]-2-[[6-[[ 5-amino-6-chloro-2-(propylthio)-4-
pyrimidinyl]aminotetrahydro-2,2-dimethyl-3aH-cyclopenta[d][1,3]dioxo0l-4-
ylJoxy]Jethanol (alternatively named 2-[((3aR,4S,6R,6aS)-6-{[5-amino-6-chloro-2-



(propyl sul fanyl)pyrimidine (Step (3), 1.1kg) in 2-propanol (16.6kg) was
hydr ogenated for 5 1h at 40C/ 3.2 bar over a platinumon carbon catal yst
(0. 81kg, vo0%4/9208 Pt / C). The hydrogen gas pressure was rel papsgolaneiit he
reactor flushed with nitrogen. The reaction m xture was filtered. The
coll ected solid was washed with 2- propﬁi (1. 7kg) and the conbined
filtrates were concentrated under reduted pressure. The residual oil was
cooled to 20C and dissolved in ethyl acetate (5kg) and water (5.51) was
added. The pH of the 10 stirred mxture was_adjusted to pH 2 by the

addi ti on (HPPWI%UQO%WWWW&Q}W?}@ grdigpet h@ﬁe*mhyyiro- phases were al |l owed
to separ Rﬁz& |scharged Water (2.751) was added
to the or% 80?&9{)[@?3?& ulsyl was a usted to 2 by the addition of a
smal | amount of 3M HC (45 rri) The aque s phase was separated and the
organi ¢ phase concentrated under rebticedyressure at 30-50C, to give
4,6-dichloro-2 15 (propyl sul fanyl) 5- py || m di nam ne as a reddi sh viscous
oil containing ethyl acet at €% hato was sokved-in ethanol (8.5kg).

Sol vent (6.51 of ethanol/ethyl ace\‘) was then renoved by distillation
at reduced pressure. A further portiaqn of ethanol (4.5kg) was added to the
residue and the distillation repeafjedyto renove 6.5 1 of solvent. The

et hanol solution of the product \A/%}Qused wi t hout further purification in
the foliow ng step. 20 EXAMPLE 4 This Exanple illustrates the preparation
of [IS[Ia,2a; 3 }

(3,4-difluor og&%&%l§%ﬁ%?oggh-6a%kﬁg£¥z-Q(j P ylsullfanﬁl) 3P %mmdl%ar%m%rl azol o[ 4,5
- d] pysi nmi(gtepared ayin) Exgu(pde hydderokyedsaaidpd Kyﬂ{&ﬁ&hﬂ&ﬁﬁ6ﬁ$}2@-ﬁiﬁmb0 22kt ernatively

{” "R SestiathaRRl o e iental Ydiguold-wiends bl AS IR 3 |
2, 31 £ 1 (RIP{10] e TH B bish i shrrda idic G WY B @3EeOXMnide B.981g) Opent aned

|oI). Step 1. Preparation of
[ 3aR- ( Bammamm%taa}qlnmwx@bﬁvaeeaﬂpmd @5&@ Time@t«élpmwalpdm ) the-

pyri m di am noltetr met h H cycl opent
5] i ox GRS e i L ETs SPREEr iR rAbraipe kept whidin this |
2[((§aR¢ feﬁgheﬁf bén, a4 43085 Hd Al E‘&Tﬁ@% %%a%ﬂ% LS
(pr oplyl su gﬁl %yrol£ m&%n n;I/]IQ%O%m nL7 % gﬁgd]{’génset hy%det r g H(?
of the mixture was adjusted to 50°C and the solvent distilled off under reduced pressure at
30 to 40°C. Ethyl acetate (4.95kg) and water (5.51) were added, the pH of the mixture
adjusted to pH 5 by the addition of 3M hydrochloric acid (100 ml), and the phases were

separated. The organic phase was washed with 15% w/w brine (5.51), then separated. The

15 organic phase was concentrated under reduced pressure (4.81 of solvent removed) to give
2-[((3aR,4S,6R,6a5)-6-{[5-amino-6-chloro-2-(propylsul fanyl)-4-pyrimidinylJamino } -2,2-
dimethyltetrahydro-3aH-cyclopental[d][1,3]dioxol-4-yl)oxy]-1-ethanol as a brown-red
viscous 01l containing ethyl acetate. The product is used without further purification in the
following step. 4

20
Step 2: Preparation of [3aR-(3aa,4a,6a,6a0)]-2-[[6-[ 7-chloro-5-(propylthio)-3 H-
[1,2,3]triazolo[4,5-d]pyrimidin-3-yl]tetrahydro-2,2-dimethyl-3aH-
cyclopenta[d][1,3]dioxol-4-ylJoxy]ethanol (alternatively named 2-({(3aR,4S,6R,6aS)-6-[7-
chloro-5-(propylsulfanyl)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-y1]-2,2-

25 diniethyltetrahydro-?J aH-cyclopenta-[d][1,3]dioxol-4-y1} oxy)-1-ethanol).



cyclopenta[d] [ 1,3] dioxol-4-yl)oxy]-1-ethanol). G HZNL N HO-~0 HN
N~S~~ OO The et hanolic solution of

4, 6- di chived ov/226pr opyl sul fanyl ) -5-pyriinidinam ne, 5 (prPOBESE@/E341 N
Exanple 3, Step 4) was added to 2-{[(3aR 4S, 6R, 6aS) - 6- ai ni no- 2, 2-

di i net hyl t etrahydro- 3aH—cycIopenta[d][§53]-dioxol-4-y|]oxy}-1-ethano|,
L-tartaric acid salt (1:1) (1.18kQ) the resulting stirred thick slurry
was charged triethylarine (0.95kg) nmaintaining the tenperature between 20
and 25C. The reactor was seal ed and the Eﬁnperature i ncreased to 120-125C.
The reaction mxture was kept within this7l0 tenperature range for 30h,
then cooled to 75C, and the pressure d. The tenperature of the

m xture was adjusted to 5Q0¢ and the sol vent |distilled off under reduced
pressure at 30 to 40C Ethyb/éEEIate ~REKgy-and-wat er (5.51) were added,
the pH of the m xture adjusted t by the addition of 3M hydrochloric
acid (100 m ), and the phases were eparated. The organi c phase was washed
with 15% w w brine (5.51), then separated The 15 organi ¢ phase was
concentrated under reduced pressu Ex< .81 of solvent renoved) to give
2-[((3 aR 4S5, 6R 6a, 5)-6- {

[ 5- am no- 6- chl or o- 2- % pr o sul fanyl) pyrimdinyl] amno } -2,2-
di i net hyl t et r 3HY@rBASH Hg§yéﬂﬁbéwmapd}@ﬂ@@34ﬁﬁ@%d$ﬂﬁmym¥bxy] 1- et hanol as a

Do ¢ AT L2 ARG RN 2 AL B Eea T AR A1,
Prepar at iedunof, af SEHnEireSiea s BB 2 dckfic BHd €7 g 2B fpreaioy ). Ol)he3H- [

1, 2, 3]tr|azolo[4 5-d] pyr||n|d|n 3-yl ]tetrahydro-2, 2-di net hyl -3
cycl ope ntrgiu&}r{glsOiﬂt@nov@@coqle@ £q %@qwmﬁmng)(a@ﬂtaéphmowé s«;dlﬁ@rre@ltezﬁé?gh

3 e s R 2 ol et B i okl bvas held betow 7°C. The

di met hyl tekfpdwds Sredalibwatioopent @-7alihdnletBll dbaxe I(s Sy Vyavadded Afuesnol ). WO
01/ 92263 PCT/ SEO1/ 01241 16
potassium carbonate solution (41, 37%w/w) was added. The mixture was separated and the

organic phase washed with further aqueous potassium carbonate solution (3.8kg, 21%
10 w/w). The aqueous phase was discarded and the organic phase concentrated under reduced
pressure to give the sub-titled compound as a red-brown viscous oil used without further

purification in the following step.

Step 3: Preparation of {3aR-[3aa,4a,6a(1R*,25%),6aa]}-2-[6-({7-[2-(3,4-difluorophenyl)
15 cyclopropyllamino-5-(propylthio)-3H-1,2,3-triazolo[4,5-d]pyrimidin-3-y1} tetrahydro-2,2-
dimethyl-4H-cyclopenta-1,3-dioxol-4-yl)oxy]ethanol (alternatively named 2-
({(3aR,4S5,6R,6a5)-6-[7-{[(1R,25)-2-(3,4-difluorophenyl)-cyclopropyllamino }-5-
(propylsulfanyl)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl1}-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1,3]dioxol-4-yl} oxy)-1-ethanol). | |

F
HN' | ~
N//N | \N F
HO\/\O \Fl N/)\S/\/
o 0

20



C ~NI ~N N HO, NS O O2-[((3 aR 4S,6R, 6aS)-6- {

[ 5- Al ni no-6-chl oro-2-(propyl sul fanyl)-4 pyrimdinyl] am no

}-2, 2- duveo hyd2et r ahydr o- 3 aH cycl openta[d] [ 1, 3] di oxol - BepRE@xopd411-

et hanol, as obtained in Step 1 was dissolved in acetic acid (5.75kg) and
water (650m ). The 5 resulting soluti 171 was cooled to 2C (wth stirring)
and a solution of sodiumnitrite (2329? In water (1.251) was added such
that the m xture tenperature was held below 7C. The m xture was then
allowed to warn to 7C then ethyl acetate (8 9kg) was added. Aqueous

pot assi um car Bets{(bR.38)-&t(3 SrPifmerophomglicysloprepanamiairm @0-Irhydroxe2was

separat e r pot assi um
car bonat 3311@!{?1 %%goﬁt?@g@ﬁ%?w%%%%ﬁgg%sweOyégg %SO lg)glelf%as di scar ded
and t he qf@aRri4s, msqammwa@wbwmd@nylmﬂqqgzjs]umzeﬁﬁugsad]pmgidwesx he
subtltleqbg ound as _a.r r own VIS us qil us W thout further
purificath iv nf"ﬁ@“?%ﬁ@’é%’%? §¥‘éﬁpen§( [lﬁ]dpﬁélpﬁ‘b’htoi’%}‘rltﬁthaml (Prepared

{3aR-[3aa, sfﬁ?s%@(z}@sséﬁea %@?ﬂﬁl}uﬁl‘e 3(2_'8%1;%) ggiﬂé’e%ﬁhg Ltﬁ&éﬁ?ﬂ&ﬁ%@a& g_ yl}tet

cycl opropy no-5- (prop triazo
r ahydr o- Zrigthyklimmst (08 1kg)Hateych opeatiat theJeattion tdm;xbrgthﬁeaxa;s] miingined between

(al ternatjvel, med 2 ( aR, 4S GR?ﬂré
[ (1R, 29) 29- ?(43% JB TRy ﬁ@wﬁvyas&}gp% 3 >h| t}lg%ﬁqqﬁ;gﬁmatgd at reduced pressure at
(propyl sujgb
{Tr PRy or ohentb i tiductds dhicd eyl st (5.1 e s (8D THEPHGERS e o) |
1,3 ] di cxifred 4wy phasoxixtuie ﬁhsh@djﬁdtéd toh¥Rl Wb tte add@hm a3 THI(SE(%Omlm“I%O VO
01/ 92263 PCT/ SE01/ 01241
10 mixture was then allowed to settle and separate. The aqueous phase was separated and the
retained organic phase was washed with 15% w/w aqueous sodium chloride solution
(4.15kg), the organic phase was concentrated under reduced pressure at 30-50°C giving the

crude title compound as a red oil, that was used directly in the next step.

15 Step 4: Preparation of [15-[1a,20,3B(15*,2R*),5B]]-3-[7-[2-(3,4-difluorophenyl)-
cyclopropylamino]-5-(propylthio)-3H-1,2,3-triazolo[4,5-d]pyrimidin-3-yl]-5-(2-
hydroxyethoxy)cyclopentane-1,2-diol (alternatively named (15,2S,3R,5S5)-3-[7-{[(1R,2S)-
2-(3,4-Difluorophenyl)cyclopropyl]amino } -5-(propylsulfanyl)-3H-[1,2,3 Jtriazolo[4,5-
dlpyrimidin-3-yl1]-5-(2-hydroxyethoxy)-1,2-cyclopentanediol).

N
'HO\/\O \N //‘\S/v

20 HO  OH
Aqueous hydrochloric acid (3 M, 4.81), was added to a stirred solution of 2-
({(3aR,4S,6R,6a8)-6-[7-{[(1R,2S)-2-(3,4-difluorophenyl)cyclopropyl]-amino}-5-
(propylsulfanyl)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl}-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1,3]dioxol-4-yl} oxy)-1-ethanol (1.931kg) in methanol (13.4kg), maintaining
25 the temperature during the addition between 20 and 25°C. The mixture was then stirred for
24 h at 20°C. Sodium hydroxide (45% w/w aqueous solution; 780ml) was then added to

adjust the pH of the mixture to pH 7.2. The methanol was then removed by distillation at



17 trans- (1R 2S)-2-(3,4-D fl uorophenyl)cycl opr opanasni ni um

(2R) - 2- hydr oxy- 2- phenyl et hanoate (0.77kg) was charged to a vessel foll owed
by a sol woonIxb3 2- ({(3aR, 4S, 6R, 6aS)-6-[ 7-chl or o- 5- ( pr oppCEaEF1IZNY41) - 3H- [
1,2,3]triazol o[ 4, 5-d] pyri m di n- 3-

yl]-2, 2-di net hyl t etrahydr o- 3aH cycl ope? a-[d][1, 3] di oxol -4-yl }oxy) - 1- et hano
| (prepared 5 as in Step 2) dissolved il acetonitrile (3.85kg). To the
resul ting sti rred mixture was added triethylamne (0.81lkg) at such a rate

that the r éll on tenp I‘%ti.ll‘e vvaa mai nt ai ned between 20-25C. The reaction
mxture W& u0§= iPF‘?S%He?B etp3l srefaiet] ‘e @ffedatl be mixtureHatkentiqsrtedsliand the  30C.

To the MExy %Qx Qd SO BEE %@E@wﬁ@?%ﬁ@as%@l%@%ﬁ g%f)gx%%odﬂ;ﬁe pH of

t he stlrre m Xt ure ust e ion of 3M
HC (450 mh)qud'éhelutlmﬁ) (ng)uEély\h/acsetattheh@l)aMsammwmbys éistﬂlﬁmanmﬂ r&epar ate. The

aqueous phase s se at ed ed or gani c_phase was washed with
12% w w gﬁﬁ% P@Sﬁ Wstase &ndg(gé 8‘1&‘89{‘%%6 24l the ppyturg fﬁ,]éergcf gﬁﬁi ehHase was
concent ra«mﬁe@wﬁﬁ fétHy?Qéb@ﬁ@ (PEESS PSR NIRQY %@9 Wér@gn&h@ eg title

conpound as a red oil, that was used directly i n the ne is Step 4:
Pr epar at |add1t®h/d§51@a[101aoi2%thﬂpﬁ(0b@fe Fekien, tEq)E]O]luth[Was[cEy(tﬁﬁ pradiutA mtenphéthyl ) -

! Lth
57 pyr | IAPATREa B PBY chCtPbedbY Al maliaritn fasne lecnigue found t
(al t er natdorginy1 0188RA ptobiust, 2 RcénBatidn biftht efhlRacBite wis bdustéd Bhdilauor ophenyl )
cycl opropyl] am nogg - 5- ropg;&sulfanyl )-3H[ 1,2, 3] triazolo [4,

d] pyri mi dionceatrption ef §rol el asgipta Hbadhe arude pradnepuan teahei.oThe etharhacetaue F810 N
1 S o
PRI s O el AR KN SRR

[ (IR, 2S) 13-1(1{'61 Zﬁh@:irefshlltmg clunenyas) stiyretl dgroauinl thefRinide jso-dctane (2540ml) was

I | f
(1pr205}/t ¢ i2dge %‘[e& 55maf pytS TRFting mixfime was stigpdrat 4Ry $ 9 6 for A arin then gppled to

cycl opentz@é@lbb& 3l @h@gmhy%r] 1sHALY he Fr@tehedoh thelr @hér&ggndq HadRh Bang

(13.4kg), nmaintaining 2 e tenperature during tron bétween 20 and
25C. The mixktec@sisisg bhsn-atdner(dSEg)rand ethyl acetate (1.6kg). The collected solid was

15 dried in vacuo to give the title compound (920g).

If desired, the crude product can be further purified by employing one of the
following three methods. '

Recgystallization from ethvl acetate / iso-octane

20 The crude product is dissolved in ethyl acetate (4.8 ml/g) at 55°C, then filtered to
remove particles. The clear solution is taken back to the reactor for recrystallisation and the
temperature is set at 50°C. iso-Octane is then added (4.8 ml/g) during 10 min. The slurry is
allowed to stand for 30 minutes after which it is cooled to 20°C during 2-3 hours and
finally the temperature is kept at 20°C for about 30 minutes. The product is then filtered

25 and washed with iso-octane (2x1.5 ml/g). The product is dried under reduced pressure at
50°C giving pure product (>98% pure by h.p.l.c. analysis).

Slurry with n-butyl acetate

The crude product is suspended in n-butyl acetate 4 ml/g and stirred at room
temperature for 10 hours. The slurry is cooled to 0°C during 3-4 hours and kept at 0°C for
30 1 hour. The product is filtered and washed with 2 ml/g of cold n-butyl acetate (<0°C). The



24 h at 20C. Sodi um hydroxi de (45% w w aqueous sol ution; 780nl) was then
added to adjust the pH of the mxture to pH 7.2. The nethanol was then
renmoved lwodi/g2sd | ation at WO 01/ 92263 PCT/ SE01/ 01241 18pcEdp@ad2{ir essure
and ethyl acetate (14.3 kg) added. The m xture was heated to 45 and the
aqueous | ayer separated. The organi c phase was then washed 15% w w aqueous
sodium chloride solution (7.2kg). Ethyl” acetate (101) was renoved by
distillation at reduced pressure. Fresh ethyl acetate (7.2kg) was charged
and the mxture filtered. The fi r.was 5 washed with ethyl acetate
(1.5kg). PRI ERGRCTIoR 1 v a0 5@%5%% R %Qa%@upure byhple.

addi tion/dhg{4il)l ation of ethyl acetate. Wen the solution was dry, the
product content” of the ethyl acetate solution was detennined by a

chr omat ogiSaphi withswayropsmhni que and found to contain 1016g of product, the

concentration the ethyl acetate was adj ust til a cqoncentratjon of
5i nl et hyl ace&g?énﬁegr °f § S IBﬁgHW%Pm%ﬁgIﬁ@%@ﬁbﬁﬁﬁgﬁéggpﬁgT7a%etate
10 sol yt i g wRSNeRAd BEd'f*JEO@W.]d %f&&a&% 2 ) was

t hen added Sve?Iy 15 nig. The resu f%ng slurry aas §%?rfggE§%?t 0 mn. then
mor e i So- abdwi36 nfidbwd e maduct adbedfiibared afd washed withemt/gofkcolid hg-plosinoie was
stirred at 42&§QC for 30 Hin,then cooled tqo 20C over 3h. The slurry was

stirred al“%6¢ il fe profys s dradiaderredieedmassiwis ahe P10 &lvinginerepreduct

consistin o/ | g) and ethyl acetate (1.6kg). The collected
solid mas%Tgigkﬁgﬂgﬁ%ﬁggéﬁébégfgive the title conpound (920g). If desired,
the crude product can be further purified by enploying one of the
followi ng three methods. Recrystallization fromethyl acetate / iso-octane
20 The crude product is dissolved in ethyl acetate (4.8 m/g) at 55C then
filtered to .renove particles. The clear solution is taken back to the
reactor for recrystallisation and the tenperature is set at 50C.

i so-Cctane is then added (4.8 m/g) during 10 min. The slurry is allowed
to stand for 30 mnutes after which it is cooled to 20C during 2-3 hours
and finally the tenperature is kept at 20C for about 30 m nutes. The
product is then filtered 25 and washed with iso-octane (2x1.5 m/g). The
product is dried under reduced pressure at 50C giving pure product (>98%
pure by h.p.l.c. analysis).




Slurry with n-butyl acetate The crude product is suspended in n-butyl
acetate 4 m/g and stirred at room tenperature for 10 hours. The slurry is
cool ed t wo@/eh2s3 ng 3-4 hours and kept at OC for 30 1 hoepeT/SEh@iptioduct is
filtered and washed with 2 m/g of cold n-butyl acetate (<0C). The WD

01/ 92263 PCT/ SEO1/ 01241 19 product is (;hen dried in vacuo at 50C, giving
pure product (>98% pure by h.p.1.c. a% lysis). Slurry with iso-propanol
The crude product is suspended in iso-propanol 3 m/g and stirred at 50C
for 72h. 5 The slurry is then cool eg 58 gOC during 3 hours and the
tenperature is kept at 20C for abo i nutes. The product is then
filtered and washed with 1 m /g of cold iso-propanol (<0C). Finally, the
product is dried under reduced pressure at 50C giving pure product (>98%
pure by H.p.| Accompraingoif §rmuladlnl/ 92263 PCT/ SE01/ 01241 20 CLAIMS 1. A
conmpound.of forrmula (I): A4 HNN HO\ o~HN NS OXO 5 2. A process for
preparing a conpound of formula (1), conprising reacting a conpound of
formula (11): G HZN N (I1) < N $4N= A

N
HO |
o
@) HN NJ\ S/\/
: (n
x°
5
2. A process for preparing a compound of formula (I), comprising reacting a
compound of formula (II):
Cl
H.N il
~
o i N

with a salt of a compound of formula (III):

HO/\/O NH,
A

9, b

X

10

3. A process for preparing a compound of formula (I) as claimed in claim 2

comprising hydrogenating a compound of formula (IV):

Ci (IV)
ArsN® 7N
Cl N/)\S/\/
15 wherein Ar is phenyl optionally substituted by halogen, Ci4 alkyl or C;4 alkoxy;

to give a compound of formula (II), and reacting the compound of formula (IT) with

.a compound of formula (III) to provide the compound of forinula (I).



with a salt of a compound of formula (I1l1): HO'" ~ONH2 (I1l) O0X 10 \ 3.
A process for preparing a conpound of fornula (I) as clainmed in claim?2
conpri si Mo hyezeyenati ng a conpound of formula (1V): C (P&)/SEAro124IN. ~N N
Cl NS --~ 15 wherein Ar is phenyl optionally substituted by hal ogen, Cl-4
al kyl or Cl-4 al koxy; to give a conpou pl of formula (I1), and reacting the
conpound of forrmula (11) with a conpound of fornmula (I1I1l) to provide the
conpound of fornmula (I). WO 01/92263 PCT/ SEO1/ 01241 21 4. A process for
preparing a conpound of fornmula (Il1): d HZN N (Il) d N 'S conprising
hydrogenating a conpound of formula (IV): d (IV) A, NNN 5 d N
wherein Al i s APHQBYs f@ﬁ{rb@ﬁ@gla)eoﬁﬁb@ﬁﬁd g,pfogguggnﬁgal ogen, C114 alkyl or Cl4
al koxy. 5. A process for preparing a conpound of formula (I11) as clained
inclaim?2 conprising chlorinati nng conmpound of formula (M11): CH Ar\

N ~N (V1) H,N ()

B
cl N/)\S/\/
comprising hydrogenating a compound of formula (IV):
Cl (V)
Ar\N/,N | N
Cl N/)\S/\/

wherein Ar is phenyl optionally substituted by halogen, C;4 alkyl or Cy4 alkoxy.

5. A process for preparing a compound of formula (II) as claimed in claim 2,

comprising chlorinating a compound of formula (VIII):

OH
N N (V1)

-~

B
. HO N/)\S/\/

wherein Ar is phenyl optionally substituted by halogen, C;.4 alkyl or Ci alkoxy, to
provide a compound of formula (IV), and then hydrogenating the compound of

formula (IV).

15 6. The use of a cofnpound of formula (I) to prepare a compound of formula (A):

A F
HN'
OH
//N SN F
G N
0 N S
Qr (A)

~
-
-

I

OH

Ouw

comprising;:



Il ~N HO N~S to wherein Ar is phenyl optionally substituted by hal ogen,
Cl-1 alkyl or Cl-1 alkoxy, to provide a conpound of forrmula (1V), and then
hydr ogenav® ngox2be conpound of forrmula (1V). 15 6. The uspCDRE@/wafipound of
formula (1) to prepare a conmpound of forrmula (A): HN," I Floo NF OHNN
~ ON (A HO H conprising: WO 01/ QZZQ%PCT/ SE01/ 01241 22 (a) reacting a
conpound of fornmula (1) wth an al kali tal nitrite in the presence of a
suitable acid to prepare a corrpound of formula (MI1): OHCO NN N O\N
N-" (V) OX und of forpula (VII) with a

conpound of f 5?}?15?%ti{1é/?):omeg)ﬁr)c{ ) OFBu 5?@3’? lexdimpsiaheitaie in hepagssngey) : F

of a suitable acid to prepare a compound of formula (VII):

(b) coupling the compound of formula (VII) with a compound of formula (VI):

HA™ F
2 (V1
F

to provide a compound of formula (V):

o F
HN
OH N
[ // F
o /k
o o (V)

and, -

(c) deprotecting a compound of formula (V) to provide the compound of formula

10 (A).
7. A process for preparing a salt of a compound of formula (III):
HO R . NH,
W (1)
o 5

X



HN' OGHNNNCO NN S---- " O(V) x 0 and, (c) deprotecting a
conpound of fornmula (V) to provide the conpound of formula 10 (A). 7. A
process fwooopsepari ng a salt of a conpound of fornula (I1PQT/SEH@EBR410 N H 2
(rrr)y 0 0 WO 01/92263 PCT/ SEQ1/01241 23 conprising reacting a conmpound of
formula (111) with the necessary acid.2 8. A process for preparing a salt
of a conpound of formula (I11): HOB\/O0 ?\IHZ (I'r1)y O 5 conprising the steps:
(a) preparing a conpound of formula (XI): i HONu O\ 1 O6 (XI) x by

reacting a CO%B%%Hgmg]}echﬁgmé Icgm <))(1|1n|.d) of forIEInOuIaN (|_HI) %1&%&12: %ecessary acid.

8. A process for preparing a salt of a compound of formula (III):
Ho R . NH,
D’ (1)
o

X

5 comprising the steps:

(a) preparing a compound of formula (XI):
"] H\n/o\/©
04!
o’Xé (X1)

by reacting a compound of formula (XII):
HO

1 NH,

-

o (X1

X

10 with benzyl chloroformate;

(b) preparing a compound of formula (X):

R 0]

. o) H

0 N 0
i><6

by reacting a compound of formula (XI) with a compound L-CH,CO,R*

L

(X)

{wherein R* is C;4 alkyl; and Lis a leaving group};

15 (c) prepariﬁg a compound of formula (IX):



x 10 with benzyl chlorofonnate; (b) preparing a conpound of fornula (X): O
i R, H NYO\ 00 00 (X) by reacting a conpound of forrmula (XI) with a
conmpound we CH2GERPR* {wherein R* is Cl -4 alkyl; and L is BCl/sBMingtgr oup};
15 (c) preparing a conpound of fornmula (IX): WO 01/92263 PCT/ SE01/ 01241 24
HOONO Y 00 (IX) x by reducing a %rrpound of formula (X); (d)
preparing a conpound of formula (Il11): " HO'-/ONH 2 (Ill) 0 5 by
deprotecting a conmpound of formula (IX); and, (e) preparing a salt of a
conmpound of forrmula (I11) by reacting the conmpound of fornula (I111) with
the necessary acid. 9. An internediate corrpounforrrula (), (v,

I
I
(VIE), (M11), (X) or (XI) ol[,Oa:\s,apt 1{@\((lj/foa gQmpound of forrmula (I11).
o8
0)<<3 (IX)
by reducing a compound of formula (X);

(d) preparing a compound of formula (III):

HO R __ NH, |
w )

x°
5 by deprotecting a compound of formula (IX); and,

(e) preparing a salt of a compound of formula (III) by reacting the compound of

formula (III) with the necessary acid.

9. An intermediate compound of formula (II), V), (VID), (VIII), (X) or (XI) or a salt

10 of a compound of formula (III).



