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It has been found that adenosine 5’-diphosphate (ADP) acts as a key mediator of
thrombosis. ADP-induced platelet aggregation is mediated by the P2Y 12 receptor subtype

15 located on the platelet membrane. The P2Y'12 receptor (also known as Pz, P2Y opp or
P2Tac) is a G-protein coupled receptor primarily involved in mediating platelet

activation/aggregation.

W099/05143 discloses generically a series of triazolo[4,5-d]pyrimidine compounds having
20 activity as P,y (also known as P2Y 3, P2Y app or P2Tac) antagonists. Recently, a new class
of direct (non-prodrug) P,r receptor antagonists has been described which offers significant
improvements over other anti-thrombotic agents. International Patent Application
WO00/34283 discloses novel "direct” Py receptor antagonists, including the compound of
formula (I). WO01/92262 discloses crystalline and amorphous forms of the compound of

25 formula (I).

WO001/92263 discloses a process for preparing [15-[1a,2a,3B(15*,2R*),5B]1]-3-[7-[2-(3,4-
difluorophenyl)-cyclopropylamino]-5-(propylthio)-3A-1,2,3-triazolo[4,5-d]pyrimidin-3-
yl]-5-(2-hydroxyethoxy)cyclopentane-1,2-diol (alternatively named (18,2S,3R,55)-3-[7-

30 {[(1R,25)-2-(3,4-Difluorophenyl)cyclopropyl]amino} -5-(propylsulfanyl)-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-3-yl]-5-(2-hydroxyethoxy)-1,2-cyclopentanediol).
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Qutline of the invention 10 The present invention provides a process
for preparing a conpound of forrmula (I) conprising (a) reacting a
conmpound of forrmula (I1) NH2 15with oxalic acid or

di benzoyl 'éﬁtfi@é’&f%é &v@iﬁfoﬁ to formthe oxalate salt or the
di benzoyl -t- tartrate sait of the conpound of formula (11); and

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

HO OH
comprising
() reacting a compound of formula (IT)

Ho™ A% NH,
o

x°

15 with oxalic acid or dibenzoyl-L-tartaric acid to form the oxalate salt or the dibenzoyl-L-

tartrate salt of the compound of formula (IT); and
(b) reacting the salt of the compound of forrmula (IT) with a compound of formula (VI)

Cl

H,N RS

N (V1)
|
cl N/)\S/\/

20



(b) reacting the salt of the conpound of formula (I11) with a conpound
of formula (M) C 3 in the presence of a tertiary am ne at between
80 and | 15&oati0aronxygen concentration bel ow 2. 0% by valQIsE2000050999
obtain the conmpound of forrmula (I11) C HO'\- ON#LS and isolating
the conmpound of formula (IIl) in crystglline form 5and (c) reacting
the conpound of fornula (Il11) with acetic acid and sodiumnitrite at
bet ween 0C and 40C to obtain the conmpound of formula (1V) C 1 NNN

in the presence of a tertiary amine at between 80° and 115°C at an oxygen concentration

below 2.0% by volume, to obtain the compound of formula (III)

cl
H,N Sy
HO
N\ HN N/)\S/\/
O)SO (D)

and isolating the compound of formula (111) in crystalline form;
s and
(c) reacting the compound of formula (IH) with acetic acid and sodium nitrite at between

0°C and 40°C to obtain the compound of formula (IV)

Cl

\/\V\}qf)\/v

o\/o

™.

o av)
10 and
(d) reacting the compound of formula (IV) with a compound of formula (VII) ata
temperature equal to or below 40°C
RY F

HaN' VII)

F

to obtain the compound of formula (V)



HO | 17-q (1V) ioand (d) reacting the conpound of fornula (1V) with
a conmpound of formula (VII) at a tenperature equal to or bel ow 40C
to obtai n wheommsgmund of formula (V) WO PCT/SE2009/050999
2010/ 030224PCT/ SE2009/ 050999 4 and (e) deprotecting the conmpound of
formula (V) using aqueous hydrochloricgacid in nmethanol in a

t wo- phase systemto obtain the conpound of formula (1). 5 The
conpound of fornmula (11) can be prepared as described in WO 01/ 92263
Al . The conpound of fornpula (VI) can be prepared as described in WO
2005/ 095358 A2. 4, 6- DN orq-5-mitro-2-(propylthio)pyrimdine may

al so be reduced to &N onpol 5f formul a

o //N ~N
o NI
N N S/\/

and
(¢) deprotecting the compound of formula (V) using aqueous hydrochloric acid in

methanol in a two-phase system to obtain the compound of formula (I).

The compound of formula (IT) can be prepared as described in WO 01/92263 Al.

The compound of formula (VI) can be prepared as described in WO 2005/095358 A2. 4,6-
Dichloro-5-nitro-2-(propylthio)pyrimidine may also be reduced to a compound of formula
1o (VI) using methodology described in EP 0931053, EP 0842920 or utilising other types of
reagent systems for the reduction of aromatic nitro groups than platinum/vandium
combination catalysts, as described for example in R. Larock Comprehensive Organic

Transformations, ISBN 0-89573-710-8, VCH Publishers Inc., 1989, page 411.

15 In one embodiment, step (a) is carried out in ethanol or in a mixture of water and ethanol.
In one embodiment, the mixture is heated to about 40-70°C. In one embodiment, oxalic
acid is added to the compound of formula (11) and the mixture is heated to about 60-70°C,
followed by addition of iso-propylacetate during a period of 1-3 hours and the formed
slurry is cooled to about 20-30°C for about 1-3 hours. In one embodiment, the precipitated

20 solid is isolated before being reacted further.

In onc embodiment, step (a) is carried out in ethanol. In one embodiment, step (a) is
carried out by adding dibenzoyl-L-tartaric acid to the compound of formula (IT) at about

40-60°C. After stirring the mixture for 30 min to 2 hours, the mixture may be cooled to



10 (VI') using nethodol ogy described in EP 0931053, EP 0842920 or
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enmbodi nent, the cofpound of fornula (V) i$ charged in excess. |n one

enbodlnenﬂmhmﬁe reaction is carried out at atnospheric pressure or at
a presgure of 0.5 to 1.5 bar above atnospheric pressure. In one

enbodi nent, the oxygen concentration is below 1.0% by volune. In one
enbodi ne ntStept (episcxyge pucancenparaticad abait D8l @M0OC5H0dng exmbbdiment, §tbp G ep

d 0C 4
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20C 30C. lcarrkAeueibaldénte it onclehbol@aat, lttwprb@cc@frstdpe(d) Rubed i theubfent
I n one enbodi.nent, the product of ste (c) is used in the subsequent
reaction SEaHORSEMBIthoytdwalation s ong ﬁmh%méﬁtb@a itoHagne sokufin pihe gprapound

sol utign off f8-BRIAPVPRWS directly in the subsequent step, without distillation.

Step (d) is, in one embodiment, carried out at a temperature of about 10-30°C. In one
embodiment, the compound of formula (VII) is added to the reaction mixture at a rate that
keeps the reaction temperature at or below 30°C. In one embodiment, the product of step

25 {c)is dissolved in toluene. In one embodiment, the compound of formula (VII) is dissolved
in aqueous potassium carbonate and the reaction is carried out in a two-phase system. In

one embodiment, the product of the reaction of step (d) is washed with acetic acid.

Step (e) is carried out in a two-phase system. In one embodiment, the product of step (d) in
30  toluene is mixed with methanol and concentrated aqueous hydrochloric acid. In one

embodiment, NaHCO; is added to the reaction mixture within 5 hours from the addition of



200f forrmula (IV) is used directly in the subsequent step, w thout
distillation. Step (d) is, in one enbodinment, carried out at a

t enper at urgo@bioaheik 10- 30C. I n one enbodi nent, the conposElo®@iosovoe
formula (VIl) is added to the reaction m xture at a rate that keeps
the reaction tenperature at or below 3QC. In one enbodi nent, the
product of step 25(C) is dissolved in toluene. In one enbodi nent, the
conpound of fornmula (VII) is dissolved in aqueous potassium carbonate

and the r ' i Jg ' : - . SV
oo o S RASATIERE P Ule bt RIS HYELRMLA L 0 frperr
acetic aciaf.10-208Fep (e) is carried out in a two-phase system In one
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hours and the resulti n%asl urry was cooled to 20C.in_2 hours. The

cool ed s| urasydggdduciag 2 haprsiand grorrasplimeiurevssookd & 2¢°6nad hpuss. Retir s .

The preci I i ] ; IS - tate
(141"ka) . ndeae g O e B B o N i Ree 2

whi t e sol ipgodutil Gakigolatapprashedraitle isp-r8ajacttateNMA kd@0d Ntid uwidkBRcden t@
6.51 (app br. 8. n&)h y p% 4.7, N ,
. a. B sy S i ad R UG PR apfro el A2, TR B
H , 2.12- 2M80(d) 55.39) (appl bSO NH, 00 OM anll O protondf 4(7. (aph &/,=4H231 {3, 3
H) . 13C NVR (100 MHz, DMSO- d63 8 164.7, 110.8, 82.8, 82.7, 82.1
70.5, 60. ¢h6158pn d, 5261z, bED.13-9b@pp br s, 1'H), 3.40-3.59 (m, 5'H), 2.12-2.23 (m, 1 H),
1.89-2.01 (m, 1 H), 1,36 (5, 3 H), 1.23 (s, 3 H). “C NMR (100 MHz, DMSO-d6) § 164.7,
110.8, 82.8, 82.7, 82.1, 70.5, 60.0, 55.1, 32.5, 26.1, 23.9.
20 .
Example 2. Preparation of Bis[(3a5,4R,65,6aR)-6-(2-hydroxyethoxy)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-aminium] 2,3-

bis(benzoyloxy)succinate

25 To an ethanol solution of dibenzoyl-L-tartaric acid (82 kg in 126 kg of ethanol) a solution
of (3a5,4R,65,6aR)-6-(2-hydroxyethoxy)-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1,3]dioxol-4-amine in ethanol (approximately 100 kg in approximately 320
kg of ethanol, prepared as described in W001/92263) was added at 50°C. The resulting

mixture was stirred for 1 hour at 50°C and then cooled to 10°C within 3 hours.

30 The product was isolated, washed with ethanol (150 kg) and dried under vacuum to give
the title compound as a white solid (157 kg, approximately 86% yield). 'H NMR (400
MHz, DMSO-d6) & 7.96 (app d, /= 8 Hz, 4 H), 7.59-7.66 (m, 2 H), 7.50, (app t, J = § Hz,
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di benzoyl -L-tartaric acid (82 kg in 126 kg of ethanol) a solution of
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(s, 2 M), 4.47-4.57 (m 4 H), 3.73-3.80 (m 2 H), 3.37-3.55 (m 8 H),
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(propyl t hio)pyrimdin-4-yl]am nol -2, 2-di net hyl t etrahydro- 3aHcycl opent
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104, 6- 'crﬁffg-ﬂ’&hﬁwétl}l O-2=(PEPUISYPPHTIE 5 (7 k@l #0e Apratingg) varjug catalyst
pl at i num \ARAMH VAl ¥iStarbdd, ath PHARdVISH &dit UM RF) Gk BRRged%odétr waikd
1%V, 11.15 kq) wer e char %ed %ﬁet her with nethyl-tert- Utaﬁy et her

(298 ko). mEyInebuyisthinE 8 &) dde mixtpmprasdoniad & sppsaimpaly fyad agen
o dor o COUrEG P ERLRR AL R bl (RARRMLE WS R IPHE XAl B SRR 11
duri ng 9h cantrdai® exatheBnbdhe fbbiyalr mgéure pressedeluang O AS060audE daon was
chec keg ( iygr%gg/%ﬂ pr-gps%reca%td%él c':sotnve\fl\la’m%nUals tck?ercﬁgd (ng9%). The catalyst was filtered off
and washed with methyl-tert-butylether (117 kg). The hydrogenation was repeated with a
second portion of 4,6-Dichloro-5-nitro-2-(propylthio)pyrimidine (71 kg). The two
hydrogenation solutions were combined. Water was separated off and the organic layer
was distilled under reduced pressure and at a jacket temperature of 30°C. To the resuiting
20 brown oil ethylene glycol (221 kg) was charged and the distillation was continued until no
more methyl-tert-butylether was distilling off.
To the ethylene glycol mixture of 4,6-Dichloro-2-(propyithio)pyrimidin-5-amine
((3a8,4R,68,6aR)-6-(2-hydroxyethoxy)-2,2-dimethyltetrahydro-3aH-
cyclopentafd/][1,3]dioxol-4-aminium oxalate (118 kg) and triethylamine (161 kg) were
25 added. The resulting reaction mixture was inerted and heated to 100°C over 3h and kept at
this tempcrature for 9 h and then cooled to approximatcly 40°C. Iso-propylacctate (740 kg)
and water (644 kg) were added and the mixture was stirred for 30 min at 40°C. The
agitation was stopped and the phases allowed to separate, the water layer was sent to
waste. The organic layer was washed with water (644 kg), and the phascs were again
30 separated. The organic layer was concentrated by vacuum distillation at a jacket
temperature of 55°C, in order to remove water; additional portions of iso-propylacetate

were added (2 x 130 kg). When the desired water content was rcached the concentration of



and washed with methyl-tert-butylether (117 kg). The hydrogenati on
was repeated with a second portion of
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7 hours. After |h at recipitated t was isolated, io0

washed wi tdatalyspiPdatioge) \@aactlm@)on ﬁﬁlsbp@,r?e “odt an@ b%pf -SSR0 % averochakasy
90 ootane La58 RO art S ag Ui os R R pSRREOL s sl
as a whit eveoa cfrfaingeirioe vl piathliehledtikgyto 63809 The reaction mixture was stirred during
3h at 65°C and 8 bar hydrogen pressure and the conversion was checked (> 99%). The
catalyst was filtered off and washed with methyl-tert-butylether (1240 kg). Water was
separated off and the organic layer was distilled under reduced pressure and at a jacket
25 temperature of 30°C. To the resulting brown oil ethylene glycol (880 kg) was charged and
the distillation was continued until no more methyl-tert-butylether was distilling off.
To the ethylene glycol mixture of 4,6-Dichloro-2-(propylthio)pyrimidin-5-amine
((3a8,4R,65,6aR)-6-(2-hydroxyethoxy)-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1,3]dioxol-4-aminium oxalate (530 kg} and triethylamine (707 kg) were
30 added. The resulting reaction mixture was inerted and heated to 100°C and kept at this
temperature for 9 hours and then cooled to approximately 40°C. Tso-propylacetate (3185

kg) and water (2773 kg) were added and the mixture was stirred for 30 min at 40°C. The



Exanpl e 4. Preparation of 2-[((3aR 4S, 6R, 6aS) - 6-{15- Am no- 6- ehl or o- 2-
15( propyl thi o) pyri m din-4-yliam no}-2, 2-di net hyl tetrahydro-3aH

cycl opent aydlofoh3@24i oxol-4-yl) oxyl ethanol PCT/SE2009/050999
4,6-Di chl oro-5-nitro-2-(propylthio)pyrimdine (600 kg@00% and a

pl ati num vanadi um catal yst (Pl ati num vanadi um on carbon, 2% Pt and 1%
V, 46 kg@00% were charged 20 together wth nmethyl-tert-butyl ether
(2492 kg). A hydrogen pressure of 8 bars was applied over a certain

period W thiRhalds RlophERIHdEk yﬁ}ﬁs&%@ow@&'% s"eﬁaﬁ%'tﬁé‘wgleﬂa LS aMBsnt3b 1 1 1 ed
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m xture ofhdn- (M@{&S?-ﬁ( Mh&hl&)&ml(mo %{'lﬂflé)'p ~4-ylJamino}-2,2-
R3aS, 4R, 6S, 6a (2- hydr oxyet hoxy di net hyl t'et rahy dro-3a11-

cycl opent ﬂmqtpﬁtwm%%ﬁﬂﬂémwaﬁﬁf[bﬁhipcacpbfl(ygsw]w@;noér«r@s edipgedipl ani ne
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and heate o 100 and ept at thi er at hours and t hen
cool ed t o (popylond)mateldyn- dﬁﬂamir@(})—a;ﬁ dquwltka«itetrdtyéro( 388y dgpentaid( lviddiexol-
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with water (2773 kg), . and the
agai n sepakafgHno- %lom-gmpeﬂrwgww -AaHeBHe; - ?y%@%@@ NG
di still aticofopdntadd)| BSIRIxol-$FDEEAEMER] 06.9 RS at GZanﬁ&j%c’dﬁldrtﬁéﬁ%gled to
wat er; addi tional portions of i'so-propylaCetate 5 were added (1706

kg). When OPGén dbeirs giftardhat 0°Cothe erecipitaisd prdedtemstisbatebnsereral sentafigef
t he

2 R 3alk, 4R RS W 4 Bresols (U Qupisge o oYt ag e iy
am no) - 2t product was washed with iso-octane and dried under vacuum to give the title

i L CaRREE

2-[((3aR 48 6R, 6aS) - 6- ([ 5- Am no- 6- chI or o- 2-
§ g{ 3{’ f"lt 2; Bﬁ)(l)c% D it oF AR 35 2R L cts-m/ e Y S tacyapc! open
20 [1,2,3]triazolo[4,5-d]pyrimidin-3-yl]-2,2-dimethyltetrahydro-3aH-
cyclopenta|d][1,3]dioxol-4-yl}oxy)ethanol

To 2-[((3aR,4S,6R,6a5)-6-{[5-Amino-6-chloro-2-(propylthio)pyrimidin-4-yljamino}-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)oxy]ethanol (180 kg) in toluene

25 (749 kg) and acetic acid (153 kg) were added sodium nitrite (33.2 kg) in water (88 kg)
charged with a rate that kept the temperature of the reaction <30°C. After the conversion
criterion was reached (> 99%) potassium carbonate (176 kg) in water (360 kg) was added
to the reaction solution whereafter the water layer was separated off and the organic-layer
was used in the next step.

30



10 4-yl)oxy]ethanol). The solution was heated to 62C and i so-oct ane
(5051 kg, pre-heated to 63C) was added during 30 mi nutes. The m xture
was seededweizbiviedeq (3aR, 4S, 6R, 6aS) - 6- PCT/SE2009/050999

{[ 5- Ami no- 6- chl or o-2- (propyl t hi o) pyri m di n-4-yl]am no}-2,2-dinethylte
t rahydr o- 3aHcycl openta[ d] [ 1, 3] di oxol-44y0oxy] et hanol (0.9 kg), at 62C
and 58C and then cooled to OCin 7 hours. After |h at OC the

preci pitated product was isolated in several centrifuge 15| oads,

washed wit - L ' i :

a0 oct aneixefle R Akoh BED (Toik USRENasy 7 RARPYSARERA i 11.2.9)
under vac uuiardlo[4ei-dipytimddini 3-y -2 ZediputindtetisthydvoR3 aFé-cydopxnita (i Sliexli d
(610 kg, 849 . Exanpl e 5. Preparation of

2- ({(3aR, @%ﬁ%@:‘)‘“@ [ 7- Chl or 0- 5- (propyl t hi 0) - 3H20[ 1, 2, 31t ri azolol4,
5-d] pyri mdin-3-yl11-2, 2-di net hyl t et rahydr o- 3aH

cycl opent g [ 1, 31di oxol-4-vylioxy)ethapol To . o X
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am no -2, Zfimethyl-tetrahydro-3aH-cyclopenta zg 13£dioxol_—4-yl)oxylethanol (320 kg) and sodium
di met hyl t et r ahydr o- 3aH- cycl opent a[[ i[’ , 3] di ox01-"4- yDoxy] et ﬁanol (180
kg) in tolny@tﬂaegfz&gwgreld@)sola ingoarwe atwate 288k pgnd rdpencd ditfdloked bliogm
nitrite ( _ N i _ hat t e
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2-({(3aR 4S, 6R, 6aS)-6[ 7-chl oro-5-(propylthio)-3H[1,2,31- triazolo
[4,5-d] pyri mdin-3-yl]-2, 2-di net hyl t et rahydr o- 3aH cycl openta[d] [1, 3]

di | 4- t ] i -2-(3.4-
00 T 7B SRR A .0

di met hyl - tRiflnerppdenyIBaelopyapyt pevined fo{dropdiide)eddd11,3.3tbegelp s Franol  ( 320
" . by . . . o of vat
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kg) was chdyogedthanbh a rate that kept the tenperature of the reaction
CO C. After full conversion was reached (>99.9%, potassium carbonate
(317

trans-(1R,28)-2-(3,4-Difluorophenyl)cyclopropanarninium (2R)-2-hydroxy-2-
phenylethanoate (146 kg, prepared as described in WO2008/018822, W(02008/018823,

20  W001/92200) and potassium carbonate (156 kg) were dissolved in water (576 kg) and
charged to the 2-({(3aR,4S,6R,6a8)-6-[7-Chloro-5-(propylthio)-3H-[1,2,3]triazolo[4,5-
d|pyrimidin-3-yl]-2,2-dimethyltetrahydro-3af-cyclopental[d]| 1,3 ]dioxol-4-yl} oxy)ethanol
solution with a rate that kept the temperature of the reaction <30°C. After the conversion
criterion was reached (> 99%) the water layer was separated off. The organic layer was

25 washed twice with acetic acid (18 kg) and sodium chioride (13 kg) in water (560 kg) and
then twice with sodium chloride (54 kg) in water (438 kg), whereafter the organic layer

was used in the next step.

Example 8. Preparation of 2-({(3aR4S,6R,6a8)-6-[7-{[(1R,25)-2-(3,4-diffuorophenyl)-
30 cyclopropyll]amino}-5-(propylthio)-3H-[1,2,3] triazolo[4,5-d]pyrimidin-3-y1]-2,2-
dimethyl-tetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-yI} oxy)ethanol



i okg) dissolved in water (640 kg) was added to the reaction sol ution.
After the extraction the water |ayer was separated off and the

organi c | ayerowasomsed in the next step. Exanple 7. Prauarsomonsomds
2-({(3aR 4S,6R, 6aS)-6-[7-{1( 1R, 2S) - 2- (3 4-

Di fl uor ophenyl ) cycl opropyl |

am no} - 5- (propyl thi o) -3H 11, 2, 3]tr|azol 0[4 5-

15dl pyri m di n- 3- yll 2 2-di net hyI t et rahydr o- 3aH-cycl opent a[ d] [ 1, 3] di ox

0l-4- vyl QK;M);-;I&‘ D1ﬂuorophenyl clopropanammmm (2R)-2-hydroxy-2-
trans- (1R 19 | uor o(g eny cycl opr opanani ni um
(2R)-2-h mhevoglethampﬂﬁém let) lvadh petessivm gabongte (S%@qgéme@ dagsolyed trwaserd 193+
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t he water Ia er was separated off. The organic | ayer was 2$ washe

twice witHh f’awﬁi laygoyag seregptedyft. é'}he oEgsaicURYE Hag Prehed (vith adgixture of ety
(560 kg) apg b aﬁ&%da%n%mt) ﬁ%&?g&%ké ?ﬁdlﬂ%wa@h &h Wift38

kg), vvhereafte he organi c ayer s use e next
Exanpl e 8. mlptueq)@:raaptpqm:lcbﬁ‘ﬁkg) and sodium chloride (22kg) in water (952kg) A third wash of

241(3aR 4 47-{ 4-.d r Qphe

30cycl opr (?Eﬁ/ g‘ﬁ‘?ﬁl % s Jﬁ%‘pﬁ’)}tﬁ%&u %’)‘@ﬁﬁ‘fc gjé%?fr |v%zte(§%@fg§ Wc?f ﬁ???rﬁ‘lh%l n
- 3-y11- 2, Drgalicneydnywlas igddriakhediest 3t cycl opent a [ d]

[ 1, 31di oxol-4-yl }oxy) et hanol WO 2010/ 030224PCT/ SE2009/ 050999 11
trans- (1R 2S)-2-(3, 4-Di fl uorophenypcycl opr opanam ni um

(2R) - 2- hy dixauise9. HHepaakieh bR 1SAE, 223189 R PRIARSEUINIGRLAPARAA)-
(280kQ) vvere*ﬁﬂsso vg |]§ vva (Sa{tazﬁ??k g) a*r?ggyhaF %? fo 1t he sol ut| on
of cyclopropylamino]-5- (propy]thlo)-3H-1 2,3- trlazolo 4, S-d]pyrlmldm-S-yl] -5-(2-

0 pyr i o RO BRSO RM R 2l TR L) o L 2 sl amereld e
5cycl opental[d][1, 3] di oxol-4-yl }oxy) et hanol solution fromexanple 5
above W th, 8 ,r AL LRAL 6a5)-6-[7-{[(1R,25)-2-(3,4-DifluorophenyleyclopropylJamino} -5-
(propylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yi]-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1,3]dioxol-4-yl}oxy)ethanol solution from above was cooled to 15°C, a
20 solution of concentrated aqueous hydrochloric acid (465 kg) in methanol (623 kg), also
tempered to 15°C, was charged. The reaction was stirred at 15°C until the conversion
criterion was fulfilled (> 97%) and the phases were allowed to separate. The methanol-
water layer, containing the product, was added to sodium bicarbonate (404 kg) in water
(749 kg), keeping the temperature below 22°C. When pH > 6 the aqueous layer was
25 extracted with ethylacetate (756 kg) and the phases were separated. The water layer was
again washed with cthylacctate (1080 kg) whercafter the aqueous layer was discharged.
The ethylacetate layers were combined and washed once with water (490 kg).

The water content in the remaining ethylacetate solution was decreased to <0.8% (w/w) by
vacuum distillation at 50°C, followed by a clear filtration and the concentration was

30 adjusted to 6.2 L/kg 2-[((3aR.45,6R,6a5)-6-{[5-Amino-6-chloro-2-(propylthio)pyrimidin-
4-yl]amino}-2,2-dimethyltetrahydro-3al-cyclopenta[d][ 1 ,3]dioxol-4-yDoxy]lethanol. The

mixture was heated to 50°C and then iso-octane was added (1152 kg) during 45 minutes.



kept the tenperature of the reaction <30 C. After full conversion was
reached (>99.9% the water | ayer was separated off. The organic |ayer
was washedweizohvaoxrd xt ure of acetic acid (96kg) and sodramsEzbisosicde
(96kg) in water (768kg) and then washed again with a m xture of
acetic acid (32kg) and sodium chloridej422kg) in water (952kg). A
third wash of il)the organic | ayer was done with sodi um chl ori de
(96kg) in water (864kg), whereafter the organic | ayer was used in the

next step. i :
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keepi n§ t HEdrexseoxyIsydopantang-bidiolyhen pH > 6 the aqueous | ayer was
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am nol- 2, Inigliuieivhyddirted atpoddRhyda s qy fr peastat dleltho 3haicoxate-AlowBOKy | et

hanol. The m xture was heated to 50C and then iso-octane was added
(1152 kg) SeRardthglhegnsihangl/water laygs, oqpiaiping Yrpagstued. 325 0ddsAdG0899Y P2 The

slurry waso&ael BichrbdhalkG78khng vater (1004'%s) SRk Ldafins KHRPEmBEratufl etween

hhe
tenperature for 3.5 hours. %)he groduct Was isolated and washed with a
col d (<50)15m5kEutles W geinedvarodd 8 rer cppplatigh ohithg qrenshdenitaren g3 28) kug .
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and some of the water phase was transferred by decantation to another reactor. The water
layer was washed a second time with ethyl acetate (289 kg) and this second ethyl acetate
phase and some of the water phase was transferred by decantation to another reactor. The
water layer was washed a third time with ethyl acetate (289 kg) and this third ethyl acetate

25 phase and some of the water phase was transferred by decantation to another reactor. The
phases were separated and the water phase was discarded. The ethyl acetate phase was
washed with a solution of sodium chloride (150 kg) dissolved in water (434 kg). The
mixture was stirred for 30 min at 24°C after which the stirring was stopped and the phases
were allowed to separate. The water phase was then discarded and more ethyl acetate

30 (1556 kg) was charged to the ethyl acetate phase at 24°C. The mixture was filtered through
charcoal filter plates followed by a filter with K200 paper filter plates. The filters were
washed with ethyl acetate (492 kg) at 24°C and this washing portion was pooled with the



5[ ((3aR 4S, 6R, 6a5) - 6-

{[5- Am no- 6- chl or o- 2- (propyl t hi o) pyri m di n-4-yl ] am no) - 2, 2-

di met hyl t elvoahydser2B8ab- cycl opent a[ d] [ 1, 3] di oxol- 4-yl ) oxpdredsaanekowse
Exanpl e 10. Preparation of

[ 1S- LI a, 2a, 313(1S*, 2R*), 5011-34742- (3, 4y di fl uor opheny1) -

cycl opropyl am nol -5- (propylthio)-3H 1, 2, 3-triazol o[ 4, 5-4pyri m di n-3-y
11-5-(2- 10 hydroxyet hoxy)cycl opentane-1, 2-di ol A solution of

2- ({(3aR, ) .
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, 5-d] pyr i rfudhan30.4 94 2 b vaiumet digtiltagon aHIEE enBadkleyhhepesstadjvsted to 2200
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L1311 oio)edihlooni et hapols (30Kl el oe ot e migior o
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the reaction m xture was c)g:rtated vrgorousl at, 15C f bef o
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(745 kg) in water l'e keeping the te ture etmeen
15- 25C. TﬂéSdH@ahﬁe@pﬁﬁéhlp K ezdinre fordoidph. dhie @mduf:t w&sescxiﬁj%aml washed
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transferr opyltrﬂ@%nmmﬁﬂ 91y Ta it O, N @RS AS Mty drol By entfafYAN3 4B Rol-
washed a third tine with ethyfﬁgcetatel?ag9 kg) andw$%?£ Eﬂgd]ethy

acetate Zﬁfﬁhﬁgktﬁﬁ@~sone of the water phase was transferred by
decantation to another reactor. The phases were separated and the

wat er phase was di scarded. The ethyl acetate phase was washed with a
solution of sodiumchloride (150 kg) dissolved in water (434 kg). The
m xture was stirred for 30 mm at 24C after which the stirring was

st opped and the phases were allowed to separate. The water phase was
t hen di scarded and nore ethyl acetate 30 (1556 kg) was charged to the
et hyl acetate phase at 24C. The mi xture was filtered through charcoa
filter plates followed by a filter with K200 paper filter plates. The
filters were washed with ethyl acetate (492 kg) at 24C and this
washi ng portion was pooled with the WD 2010/030224PCT/ SE2009/ 050999
13 filtered ethyl acetate solution. The water content in the ethyl
acetate solution was decreased further to 0.4 % w w by vacuum
distillation at 50C and the volune was adjusted to 2200 L (criterion
6. 88 L/ kg

2-[ ((3aR 4S, 6R, 6a5) - 6-{[ 5- am no- 6- chl or o- 2- (propyl t hi o) pyri m di n4-yl ]
am nol - 2, 2-di net hyl t et rahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol - 4- yDoxy] et
hanol ). The



5m xture was heated to 57C to obtain a clear solution and it was then
cool ed to 50C before addition of iso-octane (1435 kg) over 1.72 h.
The obt ai ng@ 25{ousE¢s Was cool ed to OC over 2.35 h and t harrdepdondsoos
this tenperature for 2.33 h. The product was isolated and washed with
a cold (about 0C) m xture of ethyl aceé te (828 kg) and iso-octane
(724 kg). Finally, the isolated product was dried under vacuum at 40C
to give the title conpound as a white tosolid (328 kg, 82% cal cul ated
from2- [((3aR, 4S, 6R, 6aS) - 6-{[ 5-am no-6-chl oro- 2-

(propyl thio)pyrimdin-4-yl]am no}-2,2-di net hyltetrahydro-3aH cycl open
ta[d] [1, 3]ctlaNstieh (ylegdem] et hanol ). WD 2010/ 030224PCT/ SE2009/ 050999 14
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2- ([ (3aR|4S, 6R, 6aS) %ta“%%er?l di et trﬁ‘chf etrahydro-3 all - Yield
cycl opent i T 3 bk 11|50,
salt (1: J?U?bllé[zﬁﬁd? X 1%%21‘%@?%%)@5[[ 3 [%S g(i/‘?l%%{lg - dﬁq]ﬁgg %en;d/jf)/-
cycl opropyl am no] - 5¢ Qmmoﬁyﬁ t hi 0) - 3HL1, ZSH-diﬂh(azpﬂemﬁ@-, 5-d] pyrimdijn-3-y

1]-5- (2-|hydroxyet hoxy) GXGLORS AL ScloeQy lamino]-5-(propylthio)-3H-

cyclopentald][1,3]- 1,2,3-triazolo[4,5-d]pyrimidin-3-y1]-5-
dioxol-4-ylJoxy}-1- (2-hydroxyethoxy)cyclopentane-1,2-
ethanol, L-tartaric acid diol
salt (1:1)
Present (3aS,4R,65,6aR)-6-2- | [LS-[10,20,3B(1S*2R*),5B]]-3-[7-[2- | 79%
invention hydroxyethoxy)-2,2- (3,4-difluorophenyl)-

dimethyltetrahydro-3ai- | cyclopropylamino]-5-(propylthio)-3H-
cyclopenta[d][1,3]dioxol | 1,2,3-triazolo[4,5-d]pyrimidin-3-yl]-5-
-4-aminium oxalate (2-hydroxycthoxy)cyclopentane-1,2-

diol




55% Present invention (3aS, 4R, 6S, 6aR)-6-(2- hydroxyet hoxy) -2, 2-

di net hyl t et rahydro-3al |- cyclopenta[d][1, 3] di oxol -4-am nium oxal ate
[1S-]1la, 2awd 2bB03@228* , 2R*), 513]]-34742- (3, 4-di f| uor opeEmsERY69/050999
cycl opropyl am no] - 5- (propyl thio)-3H1, 2, 3-triazol o[ 4, 5-d] pyrimdin-3-y
1] -5- (2-hydroxyct hoxy)cycl opentanc-1, 25 diol 79% WO

2010/ 030224PCT/ SE2009/ 050999 15 Cains 1. Process for preparing a
conpound of formula (1) 5conprising (a) reacting a conpound of
formula (IldjmsW th oxalic acid or dibenzoyl-L-tartaric acid to form
the oxal ate salt or the dibenzoyl-Ltartrate salt of the compound of
formula (11); and 10 (b) reacting the salt of the conpound of fornula

(I'1) wth 1@PPo%Q&We]%frinE%rcm%&n(d\éf)formula (D

Hd bH

s comprising
(a) reacting a compound of formula (II)

HO™ ™A M,
oAl

o]

X

with oxalic acid or dibenzoyl-L-tartaric acid to form the oxalate salt or the dibenzoyl-L-

le) o

tartratc salt of the compound of formula (IT); and

(b) reacting the salt of the compound of formula (11} with a compound of formula (V1)

Cl
H,N | Sy (V)
Cl Nél\s/\/

in the presence of a tertiary amine at between 80° and 115°C at an oxygen concentration

15 below 2.0% by volume, to obtain the compound of formula (III)



Cl H2N Cr"."...%\LS in the presence of a tertiary am ne at
bet ween 80 and 115C at an oxygen concentration 15 bel ow 2. 0% by
vol une, towohbmiozzhe conpound of formula (111) 16 C pasE20®o5@Y Ng
t he conpound of fornmula (111) in crystalline form and (c)
reacting the conpound of formula (111);th acetic acid and sodi um
nitrite at between 5 0C and 40C to obtain the conmpound of formula
(rv)y d

Cl

H2N 2 N

HO

o4

O‘XB

and isolating the compound of formula (III) in crystalline form;

(D

and
(c) reacting the compound of formula (I11) with acetic acid and sodium nitrite at between

5 0°C and 40°C to obtain the compound of formula (IV)

and
(d) reacting the compound of formula (IV) with a compound of formula (VII) ata

10 temperature equal to or below 40°C

HNY F
: (V1)

F

to obtain the compound of formula (V)



HOO \' V-1 \ [i

(1v) and
40C

(d) reacting the conpound of formula (1V)

wi th a conpound of fornula (VI1) at a tenperature equal to or bel ow
t o wbbaionzé2be conpound of fornmula (V) 17 and PpCT/SE2009/050999

17

and
(¢) deprotecting the compound of formula (V) using aqueous hydrochloric acid in
methano] in a two-phase system to obtain the compound of formula (T).
5

2. A process according to claim 1, wherein step (a) is carried out in ¢thanol or in a mixture
of water and ethanol.

3. A process according to claim 1 or 2, wherein the compound of formula (II) is reacted
with oxalic acid.

4. A process according to claim 3, wherein iso-propylacetate is added to the reaction
mixture in step (a).

5. A process according to claim 1 or 2, wherein the compound of formula (II) is reacted
with dibenzoyl-L-tartaric acid.

6. A process according to any one of claims 1-5, wherein the compound of formuia (V1) is
charged in excess in step (b).
20

7. A process according to claim 6, wherein the tertiary amine used in step (b) is
tricthylamine.

25

8. A process according to any one of claims 1-7, wherein the oxygen concentration is
below 1.0% by volume in step (b).



(e) deprotecting the conpound of fornula (V) using aqueous
hydrochl oric acid in nmethanol in a two-phase systemto obtain the

conmpound ofvof20fofga4 (1). 5 2. A process according to cr@w$R2809/050999
wherein step (a) is carried out in ethanol or in a mxture of water

and et hanol . 3. A process accordingsto claiml or 2, wherein the
conmpound of forrmula (I1) is reacted iowth oxalic acid. 4. A process
according to claim3, wherein iso-propylacetate is added to the
reaction mxture in step (a). 155. A process according to claim1l or
2, wherein the conpound of forrmula (I1) is reacted with

di benzoyl -9 At@odcas accomiigdo chim A, phacadke @ggear cinngnttation imbetne.6% by
clains 1-5 1V\/nere'n he conmpound of fornmula (VI) is charged in excess
in step (B?}m%UnS%P( ‘process according to claim®6, wherein the
tertiary amne used in step (b) is tricthylamnc. 8. A process
according to any one of clainms 1-7, wherein the oxygen concentration
is 25bédl OVJ,Oj_Agn)gqus ageprding to ﬁnysqr@p)f (:b'l}ms 1-Qgyvherein the Solvent used in step (b) is

2010/ 0302 / ocess according to claimS8,
%ﬂﬁ%ﬁlﬁgﬁgg@aﬂ%ﬁ&%ﬁe k%gg@gg{

wherein the oxyg ncentration | ow 0.5% by volunme in step (b).
510. A process according to any one of clains 1-9, wherein the

sol vent usl%dAip?oc%gsea%ccgrg%gitg claim 10, wherein the solvent used in step (b) is cthylene
glycol.
10
12. A process according to any one of claims 1-11, wherein step (¢) is carried out at 20°C-
30°C.

13. A process according to any one of claims 1-12, wherein the product of step (¢) is used

15 in the subsequent reaction step without isolation.

14 A process according to any one of claims 1-13, wherein the compound of formula (VII)
is added to the reaction mixture in step (d) at a rate that keeps the reaction temperature at
or below 30°C.

20
15. A process for preparing an oxalate salt or a dibenzoyl-L-tartrate salt of the compound

of formula (II)

Ho” "% NH,
S

wherein the compound of formula (II) is reacted with oxalic acid or dibenzoyl-L-tartaric

25 acid to form the oxalate salt or the dibenzoyl-L-tartrate salt.

16. Process for preparing a compound of formula (I1I1) wherein an oxalate salt or a

dibenzoyl-L-tartrate salt of the compound of formula (IT)



et hanol , isopropyl al cohol or ethylene glycol. 11. A process
according to claim 10, wherein the solvent used in step (b) is

et hyl ene gwgpeolonsd®s 12. A process according to any onecafSEedodiossoo
1-11, wherein step (c) is carried out at 20C 30C. 13. A process
according to any one of clains 1-12, whgrein the product of step (c)
is used 15in the subsequent reaction step without isolation. 14 A
process according to any one of clains 1-13, wherein the conpound of
formula (VI I)\i;oadd%g' to the reaction mxture in step (d) at a rate
t hat keeps'@ he™Tr y Oh terrpegpture at or below 30C. 20 15. A
process for preparifig an oxal at’e salt or a dibenzoyl-L-tartrate salt
of the conmpound §f Formula (11) wherein the conpound of fornula
(11) is reacted Wet® oxalic acid or dibenzoyl-L-tartaric 25acid to
formthe oxal ate“salt or the dibenzoyl-L-tartrate salt. 16. Process
for preparing a conpound of faornul a(yél 1) wherein an oxal ate salt or
a di benzoyy repctedvith acempeynd obforpmia @dhpound of fornula (11) 19 is
reacted with a conmpound of formula (VI) C H2 N(VI)

cl
H,N | S (V1)
cl N/)\S/\/

s in the presence of a tertiary amine at between 80° and 115°C at an oxygen concentration
below 2.0% by volume, to obtain the compound of formula (YI1)
Cl

HO™\__ |

and isolating the compound of formula (IIT) in crystalline form.

10 17. Process for preparing a compound of formula (IV) wherein a compound of formula

ain

cl
/\—O HN N/)\ S/\/
O)EO (111

is reacted with acetic acid and sodium nitrite at between 0°C and 40°C to obtain the

HO

compound of formula (IV)



| CIN< 'SNZ 5in the presence of a tertiary amne at between 800 and
115C at an oxygen concentration bel ow 2. 0% by volume, to obtain the
conpound ofvof0fomgba4 (111) C and isol ating the conpopgwsmbosfosrsssl a
(I11) in crystalline form i0l7. Process for preparing a conpound of
formula (1V) wherein a conpound of forpyla (I11) is reacted with
acetic acid and sodiumnitrite at between OC and 40C to obtain the
conmpound of formula (1V) WD 2010/ 030224PCT/ SE2009/ 050999 20

Cl

J\/\/

N

HOV\W

\/
0. .0

S -

18. Process for preparing a compound of formula (V) wherein a compound of formula (1V)

Cl

oN =y
N,
\/\
-

0.0
5 >< (Iv)

is reacted with a compound of formula (VII) at a temperature equal to or below 40°C

HN F
2 (Vi)

F

to obtain the compound of formula (V)

o F
HN
OH
[ //N F
Cb’ e
= - V
L

10

19. A compound selected from the oxalate salt or the dibenzoyl-L-tartrate salt of the

compound of formula (II)



Cl HON. N O O 18. Process for preparing a conpound of formula (V)
wherein a compound of formula (IV) C 5(1V) is reacted with a
conpound oWof2ormatzas (VI1) at a tenperature equal to or HEISB2OEH9Y O
obtain the conmpound of forrmula (V) 10

21

Ho” % NH,
A

ENge)

X



