WO 2005/ 095377 PCT/ GB2005/ 001200 1 CHEM CAL PROCESS The present invention
concerns a process for the preparation of al koxycarbonyl nmet hoxy

cycl opent anes which are useful internediates in the preparation of 5

phar maceut | ive triazol o[ 4,5-d]pyrimdine cyclo e
conpound [@OP%?@%, 30 (1S*, 2R*) . 5(3)]-3-[7-[2- (3, 4- d?@ﬁgﬁg’ﬂ"e’:‘r{% )-

cycl opropyl ] am no] -5-(propylthio)-3H 1,2, 3-triazol o[ 4, 5-d] pyrimdin-3-yl)-5-
(2- hydroxyet hoxy) -cycl opent ane-1, 2-di ol (Conpound A), and simlar such
conpounds, are disclosed in V\Dw 99/ 05143. These conpounds
are disclosed as P2T (which 10 i eferred to as P2Y12) receptor

ant agoni sts. Such antagoni sts can be used as, inter alia, inhibitors of

pl atel et activation, aggregation or degranul ation., Coppounds of fornula (1)
(see bel ow) ar &'hg SEFFNL MVAIHORSOPREES & PEOCPSS Fordhe RERSEOMEE A (see exanple | of

WO 01/ 9226@&oxyada&ryrmx9kyaape9€ané WHRERAURER PntehREdRILAn tlopripardbiek 0sed  in
exanple | of WD 01/92263 and in that exanple the process was conducted at

0C. It ‘hasPhesnasedicalloastise trisgelolivefipgidinneycippentansspr ocess of exanple 1 of WO
01/ 92263 (say tﬂﬁg&%@“ﬁ'gfﬁ"gg' gu, I(%,@%ajé %k?ﬁiggﬁ?}g{ﬁﬁg?%gg%hﬁﬁper ature at

0C, conpeting si actions fedd to & n the level of
i mpur i ti esgychproppidansngles-(pmofytthio)-d4d Sk trinzde[# 6 elmmimidiaddyaS-(2-esul ti ng
reduction § i el C f. - This is clearly
o obl ert e B SEThRg ) Flo R osRURERT ol Eoctibind ik ' Ve have
now unex pediscdgky in2AWOf00B4A83 dalt Wi98105 143e Theso canpounds ap diselbed aoBra(whicB nol e

scal e nore, the use of a r te ratuyr |l qws the ¢ oynd of
Formut & (15 ooy unts RS PR baem AR REr SoPr ATARE R AL S GH At o of t he
unwant ed sinfke alif; aslibinsof plitdet REMARHH, aggiasetidn ddegramNdtides a process for the
preparation of [of0) u of farm (1): H.0 O 25 wherein R is
B arkyl - R Chrporoar ropiadBiEh bdne) 9 i i mgpaciinng Garl R A G ol Kyl
(such as (see example 1 of WO 01/92263). The preparation of a compound of formula (1) is disclosed

in example 1 of WO 01/92263 and in that example the process was conducted at 0°C. 1t has

15  been found that when scaling up the process of example 1 of WO 01/92263 (say to more than
0.2 mole scale) and keeping the temperature at 0°C, competing side-reactions lead to a
significant increase in the level of impurities, an increase in the reagent requirement, and a
resulting reduction in the percentage yield of compound of fomula (I). This is clearly a
problem as it makes the process more costly and less efficient. We have now unexpectedly

20  found that when the process is operated on a 0.2 mole scale or more, the use of a lower
temperature allows the compound of formula (I) to be produced in good yield and minimizes
the products of the unwanted side reactions.

The present invention provides a process for the preparation of a compound of formula
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wherein R! is Cis alkyl; R? and R? are, independently, C1 alkyl; and R*is Cig alkyl (such as
tert-butyl) or benzy! (wherein the phenyl ring of benzy! is optionally substituted by nitro,
S(0)(Ci.4 alkyl), cyano, Cy4 alkyl, C.4 alkoxy, C(O)(Ci.4 alkyl), N(C.¢ alkyl),, CF; or

OCF3); the process comprising reacting a compound of formula (I[):



tent-butyl) or benzyl (wherein the phenyl ring of benzyl is optionally
substituted by nitro, S(O2(C2_4 alkyl), cyano, Cl.4 alkyl, C, .4 alkoxy,
C(O (A4 alkyl), N(Cs-6 alkyl)2, CF3 or OCF3); the process conprising
reacting a f formula (11): WD 2005/ 095377 PCT. 00 2 H
HO ay iyQO 4ﬂ§9?%??0 0 0 R"R3 wherein R2, R3 and R4 ggg%ggﬁégﬁ%ﬁkd above,
with a suitable base; and reacting the product so forned with R OC(O CHzX,
wherein R is as defined above and X is,chloro, brono or iodo; wherein the
process is carried out in a suitable oﬁvent at a tenperature in the range 5
-40C to -5C, and wherein at | . \Emtgs of the compound of formula (I1)
are used in the process. Al kyl psllant noieties are straight or branched
chain and conprise, for exanple, % t 096 (such @ 1 to 4) carbon atons.
Exanpl es of al kyl groups are netﬂy{? et hyl, n-propyl, iso- propyl or
tert-butyl. 10 In one particulaﬁfas@%ct the present invention provides a
process wherein R js C,-0 alkyl (for exanple ethyl). In another aspect the

present i nydereing, lbalr@sliRéese ag defined ebayesWilly ajuiatite bagpgnikipagting the pradudtendent |y,
Cl. alkyl; t§:REd @}%ﬁlﬁ%lé( HA dyiZR iR Bis ROdRinfRiHavd andl}@is%hlfo}'lf, bhglo ASP&ET of the

invention R4 i's benzyl (wherein the phenyl ring of benzyl is 15 optionally
subst i t ut etvhprgindie progesidy yrried it inessuifphlesakuent & aderspetaturt inthetingenzyl . In a

still fyrthepcASRESHLd Qﬁer%%@% 0 BYERLE B c&ﬁf&ﬁégggfo&'l@%@??t&s Oqﬁ&ien Xis

brono. ~“Suitable bdases I nclude an alkall neta r exanpl e
pot assi um pex¢ss. but oxi de). In another aspect of the invention the nolar

L0 S 4 SN e o ARPRLE 9, SRS 4L bt £
to 6 (such as 1 to 4) carbon atoms. Examples of alkyl groups are methyl, ethyl, n-propyl, iso-
propyl or tert-butyl.

10 In one particular aspect the present invention provides a process wherein R' is C4
alkyl (for example ethyl).

In another aspect the present invention provides a process wherein R? and R? are,
independently, Ci.4 alkyl; for example R? and R? are both methyl.

In a further aspect of the invention R*is benzyl (wherein the phenyl! ring of benizyl is

15 optionally substituted by Cy.4 alkyl); for example R* is unsubstituted benzyl.

I a still further aspect the present invention provides a process wherein X is bromo.

Suitable bases include an alkali metal C,. alkoxide (for example potassium tert-
butoxide). |

Tn another aspect of the invention the molar ratio of suitable base: R'0,CCH,X :

20  compound of formula (IT) is (1 to 1.3):(1 to 1.3):1, for example (1.1 to 1.3):(1.1 to 1.3):1, such
as about 1.2:1.2:1.

Suitable solvents include cyclic and aliphatic ethers (such as tetrahydrofuran, diethyl
ether, diisopropyl ether or methyl tert-butyl ether) and aromatic solvents (such as benzene,
toluene or a xylene). The solvent can be a mixture of two or more solvents (for example a

25  mixture of an ether and an aromatic solvent, as exemplified above). In another aspect the
invention provides a process wherein an ether, as exemplified above, is used as solvent.

In yet another aspect of the invention the temperature is in the range -30°C to
-10°C, for example -25°C to -15°C.

In a further aspect the process of the present invention comprises adding a solution of

30  suitable base to a solution of a compound of formula (II) at -15 to -25°C, and then adding to



as about 1.2:1.2:1. Suitable solvents include cyclic and aliphatic ethers
(such as tetrahydrofuran, diethyl ether, dijpropyl ether or nethyl
tert-butyl ether) and aromatic solvents (such as benzene, toluene or a
xylene). T can be a mxture of two or nore so L.exampl e a
25 mxture o ﬁgﬁwgt er and an aromatic sol vent, as exen%#?@#%%gé@%gh). In
anot her aspect the invention provides a process wherein an ether, as
exenplified above, is used as solvent. ,ln yet another aspect of the

invention the tenperature i $.] range -30C to . -10C, for exanple -25C to
-15C. I'n a'tPtmpeey 2 s ‘fhﬁgbgpgg§§?“5%“T%§8p?ﬂg%wfd%ﬁ?@ﬁﬁﬂﬁﬁéégﬁprises

addi ng a sedidnton of 30 suitable base to a solution of a conmpound of
formula (11) at -15 to -25C, and then adding to WO 20051095377
PCT/ GB2005/ omzﬁ@omgomlﬂiog?%mwﬂewabgmw ad?etb@cbem’@g&?@ngﬂog%t% - 25C,

a suit abl e nRiRE diRe)sEin i8S ilerdtire GRleXdle WO ®i@mennd of fornula (U) can be
prepared by a nethod, or _a nethod analogous to a nethod, disclosed in the

literatare (forThedalpvias eswonly dbustetes thednvEREe of | owi ng Exanpl e il lustrates
the invention. EXAMPLE 1 This Exanple illustrates a process for the

preparation of I3aS—(3aa,4a,6a,6a(X)]-[2,2-
di net hyl -6 car bonyl ) net hoxy) -t et rahydr o- 4H- cycl opent a-

L7 1 LT e S ORI T e 45 090

[ 3aS- ( 3aa, dmditey]-6a @) oxftaiomahmethosybehyigriondH-2yQepenta-1,3-dioxol-4-yl]-carbamic
di met hyl.- 4H-.cycl ope -1, 3-di oxol -4-yl]-carbam c acid, phenyl nethyl ester
(80g, ééo ﬁﬁ@lp?'e“ﬁ‘ﬁ%ﬂﬁs?ﬁeom ), under a nitrogen atnosphere, was cooled to

-22C. A solution of potassiupdlb tert-butoxidg (36.1g, 312 in THE was
prepared and addgd t0 Ghe coﬂlﬂ- Solution A H
% ETO CHacH;-OJ\’O‘Q’N‘n’O

¥ -O o ] o
O 0,0
A o

A solution (Solution A) of [3aS-(3aa,4c,6a,6aa)]-[tetrahydro-6-hydroxy-2,2-
dimethyl-4H-cyclopenta-1,3-dioxol-4-yl}-carbamic acid, phenylmethyl ester (80g, 260 mmol)
in THF (160ml), under a nitrogen atmosphere, was cooled to —22°C. A solution of potassium

[5  tert-butoxide (36.1g, 312 mmol) in THF was prepared and added to the cooled Solution A
over a period of 30 minutes, while maintaing the reaction temperature at about —20°C. This
provided a reaction mixture.

A pre-made solution of ethyl bromoacetate (53.2g, 312 mmol) in THF was then added
to the reaction mixture over a period of 30 minutes while maintaining the reaction

20  temperature at about —20°C. The resulting mixture was stirred for approximately an‘hour at —

22°C. HPLC analysis showed that there was a 98% conversion to the desired product.

Table below shows variations on this process.
Ex Mole ratios of t-BuOK EtBrAc Hold titme
reagents to (II) Addition Addition min.

t-BuOK [ EtBrAc | Time| Temp. | Time| Temp.
(min)| C) |@min)| (°C)
2 140 | 146 | 13 | -20 | 34 | -20 23
3 115 | 115 | 22 | 22 | 42 | 22 20




over a period of 30 mnutes, while nmaintaing the reaction tenperature at
about -20C. This provided a reaction m xture. A pre-made sol ution of ethyl
bronpacetate (53.2g, 312 mmol) in THE was then added to the reaction

m xture ov ' of 30 m nutes while maintaining t | 0
tenperaturgﬁ%ti}oogﬁg%saﬁd- 20C. The resulting m xture was st ?r%rrﬂé'ﬁﬁ%}rommz
approxi mately an-hour at - 22C. HPLC anal ysis showed that there was a 98%
conversion to the desired product. Tabl4e bel ow shows variations on this

r N

a1 o r II)

process. Ex Mpte—+atos—oi—+t—Buok—Et-Br-Ac—Hal-d Fepg -5t
Addi tion Addi{i & a\ nmletr?%‘lf&u&t BraBURK e ITe EBE e Teﬁﬁr.l—‘f—t#ﬁ!ﬁ. Cnin. 1C)
2 1.40 1.46 13 -20 34reagilts2S3(ID3 |1. Wodditidid iz - Rddidlen - 22 2QmW) 2005/ 095377
PCT/ GB2005/ 001200 4 Ex Mdle ratlios qf t-BYOK EtBrAc Hold tinme reagents to
(1) AdditionjAddititrfthK EtBricppliment Beop: [TTims | TEemR-Tj ne Term nijn- C i n.
(c) 4 1.20 1.20 30 [20 45[-20 15 : A2 - 30 -30 20 § 1.20 1.20
20 -22 30 -22{20 74 1.10 I.10 2C%3M0%8@20p1. 20 20 -42 30 -22 20
9 1.20 1.20 30 -22 1820 2P 130 (1001.j20-20. 20 485 |- 22045} -21 130 11 1.20 1.20
30 -22 40 -20 }46- 121 2. 131-23/428 10 1 -22/.28 391 13 1.15.1 15 12
-20/-22 15 -19/- 94 3ol.10 1.10 20 =30 30 -30

6 1.20 120 | 20 22 30 22 20

7 1.10 1.10 20 -10 30 -10 20

8 1.20 120 | 20 22 | 30 -22 20

9 1.20 1.20 30 =22 180 -22 150

10 1.20 1.20 25 21 45 -21 10

11 1.20 1.20 30 -22 40 -20 10

12 1.2 1.2 13 | -23/-28]| 10.{ -22/-28 30

13 1.15 1.15 12 -20/-22 | 15 | -19/-24 30

Ex = Example number
(= [3aS-(3aa,4d,6a,6acr.)]-[tctrahydro-6~hydroxy-2,2-dimethyl-4H-cyclopenta-1 ,3-dioxol-
4-yl]-carbamic acid, phenylmethy! ester
5 t-BuOK = potassium tert-butoxide
EtBrAc = ethyl bromoacetate
* = Both the THF solution of compound o formula (I) and potassium fers-butoxide were

filtered before use

10



Ex = Exanpl e number (I1)

[ 3aS- (3aa, 44, 6a, 6aa)] - [tetrahydro 6- hydr oxy- 2, 2-di net hyl - 4H cycl openta-1, 3-d
i oxol - 4-yl]-carbam c acid, phenylnethyl ester 5 t-BuOK = potassium
tert-butoxide EtBrAc = et hyI bronpacetate * = Both the TI4F sol ution of
conpound of forrmula (I1) and potassiumtert-butoxide were filtered before
use 10 5 Cains 1. A process for the preparation of a conpound of fornula
(1): RO-O-/~~IyOR4 (1) O OO R2XR3® wherein R is Cl1.6 alkyl; R2 and R3
are, independently, Cl.6 alkyl; and R4 is C1_6 al kyl or benzyl (wherein the
phenyl ring of benzyl is optionally substituted by nitro, S(O 2(Cl.4

al kyl), cy@amsCl4 al kyl, ClA al koxy, C(O (Cl.4 alkyl), N(Cl.6 al kyl)2, CF3
or OCF3); the process conprising reacting a conpound of formula (11): HOk/
rNy0. R4 RzxR3 wherein R2, R3 and R4 are as defined above, with a suitable
base; and rleact Arrgogeise for treaetaparatinn of araeegownd of fRMOE(O) CH2X, wherein Rl is as
defi ned above and X is chloro, brono or iodo; wherein the process is
carried out in a suitable solvent at a tenperature in the range -40C to
-5C, and wherein at |east 0.2 noles of the conpound of formula (I1) are

used in the process. 2. A process s cl ai inclaiml wherein R, R2 and
R3 are independently selected, (5 Q. 3 A process as cl al med in
claim1 or 2 wherein Rl is etRyl~

'b
nzn

O.

wherein R' is Cy alkyl; R? and R® are, independently, C1.5 alkyl; and R* is Cq alkyl or
benzyl (wherein the pheny! ring of benzyl is optionally substituted by nitro, S{0),(C1.4
alkyt), cyano, Cq4 alkyl, Cy4 alkoxy, C(O)C;., alkyl), N(C15 alkyl),, CF; or OCF3;); the
process comprising reacting a compound of formula (1!}

© (n

wherein R, R® and R* are as defined above, with a suitable base; and reacting the
product so formed with R'OC({O)CH,X, wherein R' is as defined above and X is chloro,
bromo or iodo; wherein the process is carried out in a suitable solvent at a temperature
in the range -40°C to -5°C; and wherein at least 0.2 moles of the compound of formuia
(l) are used in the process.

2. A process as claimed in claim 1 wherein R', R?> and R® are independently
selected from Cy.4 alkyl.

3. A process as claimed in claim 1 or 2 wherain R’ is ethyl.
4. A process as claimed in claim 1, 2 or 3 wherein R? and R® are methy!.
5. A process as claimed in claim 1, 2, 3 or 4 wherein R* is benzyl optionally

substituted by C,.4 alkyl.



4. A process as clainmed in claiml1, 2 or 3 wherein R2 and R3 are nethyl. 5.
A process as clained in claiml1, 2, 3 or 4 wherein R4 is benzyl optionally
substituted by ClL.4 alkyl. 6 6. A process as clainmed in claiml1, 2, 3, 4 or

5 wherein R4 is unsubstituted benzyl. 7. A process as clainmed in any one of
clains 1 to 6 wherein X is bronb. 8 A process as clained in any one of
claims 1 to 7 wherein the base is an alkali netal Cl-r, al koxide. 9. A

process as clained in any one of claims 1 to 8 wherein the base is potassium
tert-butoxide. 10. A process as clainmed in any one of clains 1 to 9 wherein
the molar ratio of suitable base: R Q2CCH2X : conpound of fornmula (I1) is
(1 to 1.3)%.(1 ta ploc@ps ks clhimedinprabt @S2, 3agd ot baihemsin Rhisamgulostiitaf banzgi ns 1 to
10 wherein the nolar ratio of suitable base: R QRCCH2X: conpound of formula
(1) is (7.1 toAkrdesé s tlainmedlin3hy dne diklaiks [rto 6ederels Xds biomad | n any one of
claims 1 to 11 wherein the nolar ratio of suitable base: R Q2CCH2X :
conpound @& f or Adracesk lap daméd B dny2onk. of ERimé\ 1[0 Gomteseiaghe badenis@dniatkatiny one
of cl ai s nietélcC,}2lkokideci n the solvent is selected froma cyclic ether, an
aliphatic ethers and an aromatic solvent. 14. A process as clainmed in any
one of cl & nms 1AtpproceSsabelagmed inlaay ©oé veclbimss! toSelismtiadhd baem is pbtasdiydr of ur an,
di et hyl ettérebytoride.sopr opyl ether, nethyl tert-butyl ether, benzene, toluene
and xylene; and a m xture of two or nore of said solvents. 15. A process as
cl ai med i n0any éanmocdsscdsaclaimetl ih anybnehdroims tihte $ ehesirt thesmolar ratio of
tetrahydr csbinatmnbasbﬁR‘quﬁmKeszsmasurui cfiforeralla () @y toh8):dftodl&Aitms 1 to 15
wherein the tenperature is in the range -30C to -10C. 17. A process as

cl ai med i Mtany dmmocdssdAsaglamed in any 6nevoécleims 1 e 10 evheeziathe molas ratio oft he
range - 25G@uitable B488; R'O,CCH,X: compound of formula (11} is (1.1 to 1.3):(1.1 to 1.3):1.

12. A process as claimed in any one of claims 1 to 11 wherein the molar ratio of
suitable base: R'0,CCH,X : compound of formula (M) is 1.2:1.2:1.

13. A process as claimed in any one of claims 1 to 12 wherein the solvent is
selected from a cyclic ether, an aliphatic ethers and an aromatic solvent.

14. A process as claimed in any one of claims 1 to 13 wherein the solvent is
selected from tetrahydrofuran, diethyl ether, diisopropyl ether, methyl tert-butyl ether,
benzene, toluene and xylene; and a mixture of two or more of said solvents.

15. A process as claimed in any one of claims 1 to 14 wherein the solvent is
tetrahydrofuran.
16. A process as claimed in any one of claims 1 to 15 wherein the temperature is in

the range -30°C to -10°C.

17. A process as claimed in any one of claims 1 to 16 wherein the temperature is in
the range -25°C to -15°C.



