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reductlon of the resulting olefin. Isolation of the desired cis isomer requires the use of
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There is therefore a need for an efficient, stereoselective synthesis of said

cyclohexanepropanoic acids, amenable to execution on a large scale.

In a first aspect, there is provided a process for the preparation of a compound of formula I:

ot




e r WD 2005/ 080309 PCT/ GL12005/000544 2 Ar'SO Are'
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2, 5-di fl uorophenyl; 5 conprising the steps of. (a)

stirring a mxture of a cis-sulfide of formula (2) and

a trans-sulfide of formula (3): Ar'S Are Atm COZH
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collecting the cis-sulfide of fornaba (2); (c)

oxidising,the cis-sulfjde of fornula (2) to the
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10 with 4-chlorobenzenethiol in an acidic medium in which said mixture of sulfides is

partially soluble, causing preferential crystallisation of cis-sulfide of formula 2%

(b) collecting the cis-sulfide of formula (2);

(c) oxidising the cis-sulfide of formula (2) to the corresponding sulfone; and

optionally

15 (d) neutralising the product of step (c) with alkali.

In a second aspect, there is provided the compound of formula (5):

Ar
HO CO,H

)
where Ar” is 2,5-difluoropheny.

In a third aspect, there is provided the-compound of formula (4): |

2
Ar ‘@_\,cozﬁ
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wherein Ar? is 2,5-diflucrophenyl.



wherein Are is 2,5-difluorophenyl. 2a 1In a fourth
aspect, there is provided the conpound of formula (2):
Ar'S Ar2 ' CO2H (2) where Art is 4-chlorophenyl and
Ar2 is 2,5-difluorophenyl. -Syitable identities for R
include H Na, K and Li, but is preferably H or Na.
The key step in the process defined above is the
isolation of a sulfide of fornmula (2) in which the
sul fide group and the propanoic acid group are in the
requisite cis configuration. Thereafter, the sulfide
group riay feh aspegl; Werg smrvides the compaUpSof [CTAYLAS by
conventional nmeans, and (if desired) the propanoic
acid functionality,conyerted to the corresponding

al kali nmetal salt 2R e _sodiumsalt by
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neutralisation wthfh OpIine kali, or to a
suitable ester or am de derivative as described in WO
03/018453. It is surprisingpy found that the
cis-sulfide of formula (2) is significantly |ess
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conditions via an olefin of formula (4): .
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i n*accordan W th step (a) of the "above-defined
preqied sylfond bycaventional mearsf and (if desired) the propanoic acid
functionality converted to the corresponding alkali metal salt such as the sodium salt
by neutralisation with the appropriate alkali, or to a suitable ester or amide derivative
as described in WO 03/018453.
It is surprisingly found that the cis-sulfide of formula (2) is significantly less

soluble than its trans isomer (3) in a wide variety of solvents, and hence can crystallise
preferentially from a mixture of the two isomers. Furthermore, the isomers are

‘believed to interconvert under acidic conditions via an olefin of formula (4):
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sulfides (2) and (3) is stirred in an acidic nediumin
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solubility of the sulfides (2) and (3) and/or the solubility differential between the

sulfides (2) and (3). The amount of excess 4-chlorobenzenethiol is not critical, but
about 2 - 3 molar equivalents are typically used.

20 In one embodiment the acidic medium comprises a solvent and an acid. In
principle, any solvent may be used in which a solubility differential exists in favour of
the trans-sulfide (3). Examples include n-heptane, methylcyclohexane,
trifluoroethanol, hexafluorobenzene, trifluorotoluene, hexafluoropropan-2-ol,
acetonitrile and mixtures thereof. Others may be identified by simple

25  experimentation. Particularly preferred solvents include hexafluoropropan-2-ol in




5 perfluorinated carboxylic acid. Preferred acids

include trifluoroacetic acid, benzenesulfonic acid,
canmphorsul fonic acid and G . aal kyl sul fonic acids in
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For exanple, WO 2005/080309 PCT/ GB2005/ 000544
: After cooling (if necessary) the cis-sulfide of formula (2) is collected, e.g, by

25  filtration. If desired, the filtrate may also be collected and recycled. This may be
important when the acidic medium comprises one or more expensive fluorinated
solvents. As an alternative to filtration, the cis-sulfide (2) may be collected by
extraction into a solvent which is immiscible with the acidic medium. For example,

| when the acidic medium is aqueous MSA, extraction into ethyl acetate or isopropyl

30 * acetate may be used, the sulfide being isolated by subsequent evaporation of the
extract to dryness. Prior to collecting the cis-sulfide, the mixture may be diluted with

an antisolvent for the sulfide to promote further crystallisation of same. For example,



5 when MSA containing 5-15%/v water is used as the

acidic nmedium it is advantageous to dilute the
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20  distillation of the solvent,

The mixture of cis- and trans-sulfides used in step (a) of the process of the
invention may be generated by any suitable means. In one embodiment of the

invention, said mixture is generated by the reaction of 4-chlorobenzenethiol with an
olefin of formula (4):

2
ArA—@\,CO2H
25

@
wherein Ar? represents 2,5-difluorophenyl. Advantageously, said reaction is carried
out in the acidic medium subsequently used in step (a) of the process of the invention,

so that the mixture of cis- and frans-sulfides is generated in sin.
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out in the acidic nediumsubsequently used in step (a)

of the process of the invention, so that the m xture

of cis- and trans-sulfides is generated in situ. WO
2005MBBH980PET/ GB2005/ 000544 6 | n anot her embodipggiter005/000544
of the invention, said mxture i& generated by the

reacti on of 4-chl orobenzenethiol with a carbinol of

formula (5): Ar HO CO2H (5) 5 wherein Ar2 represents

2,5-di fl uorophenyl, said reaction being carried out in
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n a preferre getonifile 3 redured temipgrature (e.g. about -10
m xt dbe ob-167®- and trans- sulfides is generated by

the reaction ‘gfwﬁ chl orobenzenet hi ol wi th a carbi nol
mxture of fof ilbs reasily appatenico shoseikilegrisatheiart, carbinols represented by

subsequefdin)laSRfist Bleisthe PasAlonts. I8 PEESSa %f) enctort})%asses both of

i nvention. . )
said isomers, either as pure compounds or as mixtures in any proportion. Both

isomners are equally useful in the invention, and carbinols (5) are typically generated
20 and used as an approximately 1:1 mixture of cis and frans isomers.

In a preferred embodiment of the invention, said mixture of cis- and trans-
sulfides is generated by the reaction of 4-chlorobenzenethiol with a carbinol mixture
of formula (5) in the acidic medium subsequently used for step (a) of the process of
the invention.

25 In a typical procedure in accordance with the invention, 4-chlorobenzenethiol
is charged to a suitable reaction vessel and methanesulfonic acid added in sufficient
quantity to dissolve most of the thiol when heated to about 40°C {e.g. about 2.4 litres
of acid per mole of thiol). Water (from about 8% to about 12% viv with respect to the
acid) is then added slowly with stirring and cooling s0 as to maintain a temperature of

30  about 30-40°C. Thereafter, the carbinol (3) and/or olefin (4) (about 0.8 — 0.9
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25 In a typical procedure in accordance with the

i nvention, 4-chlorobenzenethiol 1is charged to a

sui tabl e reaction vessel and nethanesul fonic acid

waadodssisine suf ficient quantity to dissol ve mosérehdobsoesss
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slowly with stirring and cooling so as to maintain a
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t o t&hsfidelt2)abgetties wathl e fansQsohRe Kﬂlﬂglfdf i abd¥i-GesbrfoRl belatich N
rapid_ consunption of the car bi d formation of a

mi xt WSS RIS # frdectyeaorymylaion gfthe éffsged grispmee sych yhat dilution
tege,ineivatd¥, filtralibPard vARing HONES 2 h@ﬂ e\ uﬁ cr&dlgﬁmgluct comprising

above- descri bed reaction  m xtur
sel exdimraeassutiideal) Repriducibibity ddfadilitatdd biy theiagdition of sgwalt h

E)ng/lngjeéwgkﬁﬂ Ew %IFP%&Z%&ESP?? no} {o% ol gasrt]ed \eﬁigiﬁgsqprotocol,

>9 O%rgiuceOfGBQ%smhfm igmuli]y obEmable dia(al sbiglel 1edtystailisation of the

faci érﬁqte{%}%igctbé'},e léangg' tgb& Bg li'ngtr,nz{}% qoh%ntg:gf H%a%g f ‘% BE %i%ht

ci s-sSu
10si nglaﬁ'hal 18 thercabhob(5) andfigr ORfE (4) Bém S feigndr Abdng ksScarried out for

rout| obta| F?E??’ i‘/Fé ?} le recrysta Ilsatlon of
t he @ éwb'rafa Y apfrast 3ot rridynast preferahiag least B hous (c-2-
I S Ns¥krniph gt @RIy cart¥Yshducid Mh%&p&&ufe@u@k'p\/c?cﬁ@y the

car bi nol ) and/or olefin (4) being sufficient. Aging
i s CRRpycled by sfirripgat moderatelyplovatad tperatugss.dpraxaply imthe range of

| easfpount 35QUSbARG5eDSt preferably at |east 10 hours
“(e.g. overnight Agi ng can be conducted at anbient

enper at & tegud 0\)%3 fmﬂ‘@fpemabthy mlmm tumbled tcbgmlsd:nt kemripergture

t f
e TERE S ol £YBAEH ¢ £ PELAN B HRTRAR fing o
t he th’fgarlu’g split prodiict whleful'thettwaree Alteretiot1@,thd Gillmﬂblths mlxture
t enper he crude, product i sol ated,

7 T Bt e feed ih AP e e e B el R rbceiere
Cr ugep®piliadete)oehied is Wlbkéaluén\ﬂ& EV@6rale@ tdrynett foFrd\adel tHeesJaNle

he dllﬁﬁ‘?‘g aﬁje%&f,‘% can be extracted with a
t EFU95 Reppu gféfrfi“ %@P Perferaly futhar pifiediet at e
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evaporated to dr%c@ess to provide the sane 20 crude

pr oduct . I FrEher praRpdinagnss.of thefnvemtiop the pasbipplaiatuatxiformula (5) is
furtphgiredsy:i fied by recrystallisation froma suitable

sol vent such as acetonitrile.
(a) conversion of carboxylic acid (6a) to magnesium salt (Gb):

OZQ\/COZH'

a)R'=
. (®) Eb; R' = MgX
(b) reaction of (6b) with Ar*-M’; and
(c) treatment of the resulting product with acid;
wherein M’ represents Li, MgX or CeXj; X represents Cl, Br or I; and Ar® represents
2,5-difluorophenyl.
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. . . t he
~" In further embodinents of the invention,

gérbinol m xture of formula (5) is | rf prepared by:

(a) conversion of carboxylic acid (6a) to nagnesi um

sal t VBEPUS8BMOZR  (a) R =H 25 (6) (b) R = MX fl((?l?%'gmoosmoosu
reaction of (6b) with Are-M; ané (c) treatnent ?S o
resulting product with acid; V\herel n M rgp/ra\egen s o

MyX or CeX2; X represents C, Br 1; an r
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h as neth
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Vely,
Creat od wi { B ineproghos o9 ue ik of BeitButisr & hagE.
such as tri et hylbarrageat AE:M . mayne Plapared BEcon GRAE g ¥r example,
may beopr gRaLe ){4@ nt |lonal means. For exathrrp )
10 treat ment o Are E%n A5light excestf nebusllishiumin the presence of one
n-but yl | i tenuzumntmf NrNaN;N REAHGS/ Iy lé?;@&mm%gﬁl;h]ﬁ?# gaqg%gafeoc under

nedi anine in TI
DI rT d gl r v L?ht%;"@ he Y‘g %98@“%“ %foafrp ok Witabde fOAns}m the pricésa (df E0ng et al, J.

for use i Medh€hedpy. 0981534, G4 find Ig&éeseétala Org 91!3) Similarly,
1981, 24, 74 and Brj dges et al O" et 9?9%

55, 773). EimeRtef f*y -Br vitheone mamaiemf of/a’MgBrmwrbemem*’c under
eqw %' enhm@gc ?&@a&sla@ Wil &%mlwﬁe(égféﬂ&r}der

2
nitrogen provides a Sof Ut on U HSE ipfheprpesss, where R? and
use in thé& bayeshesame dafieitions RAd mafirredSdbiniies &hﬁfo%@(@?phaxbu etal,

f
ot b 1 andBfoRLE] 269578, 180" Addidon o5 TR solution of Ar*MgX to 2
arbri

slurry of CeXj; in THF at about -10-0°C provides a solution of Ar?

use in the process.

-CeX, suitable for

20 Reaction of (6b) with Ar’-M' is typically carried out in THF at about -60 to -
20°C (when M = Li) or about -30 to -20°C (when M’ = MgX) or about 0°C when
M'=CeX,. Conventional work-up (e.g. quenching with acefic acid at low temperature,

warming to ambient, dilution with dilute hydrochloric acid and extraction into

toluene) provides the crude carbinoi mixture of formula (5) which may be further
25  purified by recrystallisation (e.g. from a mixture of toluene and heptane).

The compound (6a) is known in the literature (Adkins et al, J. Am. Chem. Soc.,
1938, 60, 1467; and Adkins et al, J. Am. Chem. Soc., 1940, 62, 2422). 1tis
conveniently prepared by hydrogenation of 3- -(4-hydroxyphenyl)propanoic acid or 3-
(4-hydroxyphenyl)propenoic acid over RWAI;0; in isopropyl acetate at about 70°C,
30  followed by oxidation of the tesulting cyclohexanol with NaOCl in the presence of
RuCl3 and acetic acid in isopropyl acetate. Details of these, and all other steps of the

inventive process, are provided in the Examples section contamcd herein.



whD@o0s/086389i N t he process. 20 Reaction of (6b)g‘\§fn@§2

C

Tetrahedron Lett. 1999, 40, 7449). Addition of a THE
solution of Ar2-MgX to a slurry of CeX3 in THE at
about -10-0C provides a solution of Ar2-CeX2 suitable

Are-M is typically carried out in TIIF at about %08j000544
to - 20C (when M = Li) or about -30 to -20C (when M

= MgX) or about OC when M =CeX2. Conventional work-up
(e.g. quenching with acetic acid at | ow tenperature,
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acid and
car bRHEE a3 R@inﬁ%a"éﬁsmrsawmﬁuﬁhe( sap%?fshp ieeptipe Thercompeunds of
25 potrhdlh €1 aldYorhed sk Heh é&ﬁ;soqﬁhs%?f&m i ga {gh&%ﬁ €
of toluene and heptane he ‘conpound ? nown in
t he 39ueqys Fetharesulfiaie ast and Aa'l SH. JHOWYL‘I, Gleemay Emsolatcd in pure
3 T
852 ko ol S0 Pl o (. OG0 n e
hydrabg@neof&rrrsﬂfm&N(Pﬂsthy!idlvetxyuﬂham;ﬂchlpxroﬁpmmw c acid or
3- (4-h roen0|ca|d ver Rh/ Al 208 in
i 30|(or opzl%gé%?&% of ﬂg S Thol {oc%&lsgl g?ff"l“('}e\ke(fnﬁnmy as

oxi daliibitors 6ffthd grecessipof PPy 60648 anl B thikdrdte h@e@@hn e
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section contai ned herein 5/ 080309
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f 5 t hensel |, and
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inv eaimmacﬁuud’dlie agoppe sulls tlmfeof dndraiphidrinadedicadly Bcck REBTR Ghrfid?.
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onpounds. of fornu 5 re xed wth
aqueo?j%s}gﬁnﬁﬁ'ﬁ FREPPFISRT Ereéfb?‘ﬂt ﬁ"& ki““ @’rql;na"t—ﬁb\!évd?ﬂls’ £apayles,
fay pbwde.rs gfaatled sterle pai‘élﬁer’él sfoﬁllhfﬁhsl dr sbB&isioRd] midMerddrBRLARAL -
of i nol s i(é@) Apmam .g. trifluoroacetic acid)
ifiid seipyscditu P ‘%Pfqeﬂnaéﬁatﬁﬁﬁ @rtodniesendericesauc h
as QiR TR BAN ParertBh@], RurkdAt ﬁlbﬁrtguﬁlrb?re@ﬁgfdmﬁ'é@aqﬁﬁ or for

di scl osed herein have an act|V|ty as

2

t he 2ypigisaation by inhalatipor fRsutflatien: fFot prepsring sedid@pmpositions such as
t heg8fRl @e Hﬁrﬁ:ﬁﬂdi actiPe itl'lgl'gdlel‘it EARIE M ? Phaplﬁgcegt} 4(%91‘16? such as

di sorders 1 nvol ving excessive secre
ep8isiconvsprionpl tatdeting ingyadisnt known foalndse siqullednn the ahgad.gras ' s

di SgasShed in on(h?;olf'P ?Witoﬁnéd%t%%t 1K gctth \)/rpelgatﬂ Iu\rﬁ dosage

process nmay be used’
forms contain from 1 to 100 mg, for example 1, 2, 5, 10, 25, 50 or 100 mg, of the

active ingredient, Tablets or pills of the composition can be coated or otherwise

compounded to provide a dosage form affording the advantage of prolonged action, as

25  described, for example, in WO 01/70677.

30

The liquid forms in which the compositions may be incorporated for
administration orally or by injection include aqueous solutions, suitably flavoured
syrups, aqueous or oil suspensions, and flavoured emulsions with edible oils, as
described in WO 01/70677.

For treating or preventing Alzheimer’s disease, a suitable dosage level of the
active ingredient is about 0.01 to 250 mg/kg per day, preferably about 0.05 to 100
mg/kg per day, and especiaily about 0.1 to 50 mg/kg of body weight per day. The



phar maceuti cal conpositions conprising one or nore of

the said products or pharnaceutically acceptable

salts thereof and a pharmaceutically acceptabl e

car r i¥eQ 200508084%r abl y these conpositions are in UNIFCT/GB2005/000544
dosage forns such as tablets, piltls, capsules, 15

powders, granules, sterile parenteral solutions or

suspensi ons, nmetered aerosol or liquid sprays, drops,

anpoul es, transdernmal patches, auto-injector devices

or supposimpeyndsmay by adorigibteregar ergierabf 1 iont tirisdgaday. In some cases,

subl i ngual dmpistration  or for

admi ni str ao%‘#’g@&al%gﬁgflg% Flgsr? Hgpts FRE P ¥Pdt i on.  For

preparing sol i Assapnfooddtdriniiig theleve] sfactiif eleSeleddAEcompounds towards
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into unit dosage forns. Typical unit dosage forns

contain froml to 100 ng, for e I 2, 5, 10, 25,

50 or 100 ng, of the active in%@ Tabl ets or

pill's of Emampledposition can be coated or otherw se
conpounde rovide.a dosage. form affording the

advant ageg' Bupbidlohebropnd Cid s 25 described, for

exanpl®, AmiXOrelEBA0bYToxybhenylpraptn6ic had (B33KE),Woh RE/ AL catalyst
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orally or gg)iaﬁ‘}/’é@fr Ry ageita GRAe) 6L by digeenated 6200 psi) at 70°C for 12

sui t abl y fidusy g €sbledi iRSed. aqueous or oi l
suspensi ons, and flavoured enul sions with edible oils,

as descr Tobg respitiggrabition 96F-hydox payelohexaliproprgoisracid was added RuCly
prevent i n@zg‘}laﬁ&ls‘deﬂ@écicf(s%@zaﬁﬁm ofoldl B{) 53?' %}Jgo%é #Bc1 g0-13%, 26Kg)

| evel of the active ingredient 1Is
my/ kgt¥perwasagdedistosfle with btiring owintahigythe empéiture @Sy At stirring a

day, and fﬁﬁ!%g)gl Iy ét 538% To] &OIE)Oang H’A%Q{ %%%dg@g% ghsdnysrs were

wei ght per . The - oo SR AR
PCT/ GB2008papEnhd theBuarnsriags etttk IR RAL03) LTRS koftbined organics

areginmen of 1.to 4 tines per .. ln sone cases,

however ; gttt S iiaaebeaf a5 BussRarened with chircon
Assays f and filedr@. "THBird3@ltinE SolbtRM Qlas &ncditrhied, | ahd tRfsolvBR switched to
rel \e/éant co&ggndgﬂ t owar ds g%/lh;.secr etase are di scl osed

i n WO 01 ARSEFEAn G LiCP0LR) Shinedhition mps sepdrdand the slvynt s8BEEA to 9:1

5 8704.  SigRardliBAe, giing¥BepB kL RACMiMEINAHch PR eck®2washed with

61- 68.
heptane and dried under nitrogen.

Example 2

25  cis and trans-3-[4-( 2,5-difluorophenyl)-4-hydroxycyclohex yllpropanoic acid

(Method 1)
N,N,N,N-tetramethylethylenediamine (8.8 mi, 57.8 mmol) was diluted with THF (70

mL) and purged with N, (3x) before cooling to ~70°C. "Butyllithium (25.2 mL, 57.8
mmol) was then added dropwise maintaining the temperature below -60°C. After
- 80  aging 10 minutes at -65°C, 1,4-difluorobenzene (6 g, 5.4 mL, 52.6 mmol) was ‘added
' dropwise, maintaining the temperature below -60 °C, and the resulting solution was
aged at ~60°C for 90minutes.



EXAMPLES Exanple 1 3-(4-oxo0-cycl ohexyl)proyanoic acid
10 A m xture of 3-(4-hydroxyphenyl)propenoic acid
(3.33Kg), 5% Rn/ A1203 catal yst C (248g) and i sopropyl
woacedssaisesof | PAc) (30L) was hydrogenated (200 p§tr},G§§003,9&;544
for 12 hours, then cool ediand filtered. To the
resul ting solutlon of 3-(4- hydroxycyclohexyl)propan0|c
acid was added RuCl3 (42g) and acetic acid (5.6Kg).
After cooling to 5C, aqueous NaOCl (10-13% 26Kg) 15

was hodegarste ovdsy, m&&o&wm}fexmrommm@awm 1€ mmol) in THF
a further 3 hours at

t
56 nngW"%f %bigj“? ‘3}&@('1 )S)cbe% %ﬂ%%ﬁada depprapplinagneyisms
Wer echiG@RarMtieUHENd 55 ha., anum \ba@)é&&ed%prvﬁs%%‘& go‘ﬁ‘hﬁ Ebepmg
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oM athé srpsTay- et (GDCE) Thww@t(sqxlgwxyas waresed o197, then

aar sdaeh sioRfio e lafy Rl 5 o?-ﬁv K nt H}eh ' ﬁ&rgst?lnh’t% 5:91@ ¥ ¥mperature

concentrate and“the s
hept bate 0] Upon complele additiis the @ftmneranurc wasalkbeed edvaam o —20°C

th Dl | P
or otV The SRR el Sherda bi\RPEBDGis ipentpr KelipadiB L,
Wi t h104mapolxbaiow AAC eird alidwedtd earnn id angigen. 2NDHROTII40 nid) s
i d - 3-14-(2 ,
o i Rt i scarpt b unaloyed b BHEIR AR s aver ey cur
l(OI\/Etzhd(ﬂw]orQinN,lﬁi{ef\blhﬁbdsm&ilfhﬂzeidlxl 1e0edham ne (8.8 nl,

was diluted with THE (70 nl) andTgurged

vvl t ﬁE"i@"TE 1n §gqug F‘é 8 affqgied 513 Qe@mdemﬁf&slpq siwamn
( 25.redifBolvedih t81uerr5rm$ hLYRS0 e afded tdjéo‘apeeﬂc;% @c and seeded, at

mai ntal ning the tenperature bel ow -60 T.

agi i ﬁ&?f‘@g"daff’m"é‘sﬁeptiﬂﬂ‘-‘ﬁﬁﬂﬂ way @5@’(@%50(@61930 min at
5. 443Lcu@m Was Wived S m

the tenperature bealsow eG?)&%GI toqgl%k%ﬁd(e ‘?f(teeé:u Oq}saﬁjgsml%was
180 ilfersd, wesbed vighedl 1 heptaa@lfeos (190 theutlmmand/%ml) and dried under
200 ®CT/ GB2005/ 000544 11 In a separate
vesg{agﬁlggg?ﬂcoc;(ro cycl ohexyl ) propanoic acid (5.38 g,

31.6 mmol) in THE (80 nL) was purged with N2 (3x)

bef %&hocdofl ing to -65 C. |sopropyl magnesi um

1-Bromo-2,5-difluorobenzene (157.3 g, 0.815 mol) was diluted with THF (500 mL)
20  and purged with N; (3x) before cooling to —30°C. Isopropylmagnesium chloride
(2.0M in THF) (400 mL, 0.80 mol) was then added dropwise maintaining a
temperature below -10°C. The resultant opaque solution of 2,5-
difluorophenylmagnesium grignard was aged 1.0 hr at —10°C.
In a separate vessel, 3-(4-oxo-cyclohexyl)-propionic acid (85.1 g, 0.50 mol) in THF
25 (1000 mL) was purged with N (3x) before cooling to -58 °C. Isopropylmagnesium
chloride (2.0M in THF) (240 mL, 0.48 mol) was added dropwise maintaining a
temperature below -55 °C. The resultant solution was aged for 0.5 h at -55 to —50 °C
then warmed to ~30 °C over 15 min and held at this temperature a further 0.5 h. This
solution was added slowly to the solution of difluorophenylmagnesium grignard
30  cooled to -30 °C, so that the temperature remained in the range —30 to -20 °C. The
resultant thick shurry was aged for 0.75 h below -10°C. The mixture was quenched
with acetic acid (86 mL, 1.50 mol) below 5 °C, warmed to 10 °C, then treated with 1M
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chloride (2Min THF) (15.5 nL, 31.0 mml) was added

dropwi se over 30 mn keeping the tenperature bel ow

-60 C. The resultant solution was warned to -10 C
woihees/@omdded slowy to the aryllithium sol utp@fGB2005/000544

prepared above, maintainingzthe tenperature bel ow

-60C. Upon conplete addition, the tenperature was

allowed to wvarmto -20C slowy. The thick slurry was

guenched by the dropw se addition of acetic acid (6

ni, HOD@Stwl) pndoeluent (@50CnRY) dgealat 25/0€Xfoi 1 iaiarafd then the layers cut,
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slurry was allowed to cool to anbient. After 19hours,

the slurry was 15 filtered, washed with 2:1

heptEmmnM@Buene (15n1) then heptane (15m ) and dried
d

U] C Hils = = i VA
0 | udckd MAth THE (500 nL) 20 and purged MAth N2 (3x)

befo [in | sopropyl magnesi um chl ori de,

2. CHENRIPRREFTRNg e 2. LDSBRHR Hiohlagmetere Uil gnder nitrogen
d I OPWhsSBOIBR I SHCThd Beated wlﬁm%nahﬂﬁ&lap Ble@W einbPe (1458,
resul t ant opaque sol ution of

di f | 13 pBiohe dysohuigh elthe garking! gn:atrl@ fwasE@g]ely 2422, Afmmopl) in
-10 &h]érﬂmé\hﬁl% WS?H])ewa\é 83%8 stowly, kee eping (:tgéeniperatur% in the rangs

3- (4- oxo-cycl ohexyl”) - propi oni ¢ ac
15 Thepweeps f(nﬂeoﬁcn&)’temamngurfg@@r Wotuoumm( Sienteds eraporated,

(ofe]0) ne | oride

" eflSkeh S kS BRUAPYSCRARG L (hng SR bl Moy
rm: mcabmtmg(Baml)taedmaaﬁﬂﬂlmﬂ) hﬂdled)VVI‘heSEs_ul'ﬁng Q'd’hﬂ wae ﬁudcrt:cﬂ Rdashed
sol ut.i,on .wa e .5 at -nb C en .
e A Past S AE L B veicnd rsiind o Papiape AEC anatysis

t enpindigdddracl : Brmixiré bR Dd orahs isdddre sol uti on was added

9 lowy to the solution of difluorophenyl magnesi um
érignard 30 cooled to -30 C, so that the tenperature

remggpldg the range -30 to -20 T. The resultant
thlck slurry mas_aoed for 0_75 h below 10 C The

nol )Th@ S}OQM& Fofr x\ﬁﬁﬁ@(Jldoﬁlgg-gndg—chtld?&ﬂlobﬁegat% éﬁ“u}el% a]de toa

mixture of hexafluoropropan-2-ol (0.5mi) and FC-75 (0.5mt), followed by triflic acid

25  (8ul). The resulting slurry was stirred overnight at ambient temperature, then filtered.
HPLC analysis of the solid product indicated a mixture of 98.5% of the cis isomer and

1.5% of the trans isomer had been obtained.

Example 5

30  cis-3-[4-(4-chlorophenylthio-4-(2.5 -difluorophenyl)cyclohexvipropanoic acid

To a stirred mixture of 4-chlorothiophenol (65.0g, 0.449mol) and methanesuifonic

acid (1.07L) under nitrogen was slowly added water (118ml), with cooling to maintain
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toluene (750 nL), aged at 25 C for 10 mn and then the

| ayers cut. The organic |ayer was washed with H20 (1

X 12390 ad05/0800@b t hen extracted with 1M NaOH (1250 pr)gr2005/000544
The NaOH | ayer was stirred with ol uene (1500 ni)

before 2M HCI (700 nL) was charged at 22C and the

m xture agitated for 5 mn. The toluene 5 | ayer was

washed with H20 (2 x 1000 nlL) then filtered and

evapor at eck tempevaiwra of 3040°Gr theaaﬂamonrem@xudﬂe pr(umggt 0.%Bi%nol) was
purified ed i.n

and trans %adege Céfln%ﬁp(glugxh ﬁ%ﬁ@? SrtlﬁlngnujfeEﬁ rTPpunf' ed cts sulfidc was added as
5-di f | uor agdde ITj(é miaert laestitlel BidR g @i 35-423C) c8Qkd and diluted slowly with

4- Chl orobenzeﬁe(} 15.67g, 108nmmol) in
di chl or om&RA ﬁ‘h%’ﬁﬁ)('mlﬁ'ﬁlﬂ"é‘rwﬁ'i“ﬁr“b’@@ﬁ ain jgempasasiine ¢f 2239°C. After
-15C agd taglﬁg?li RiEkh¥ 3‘0hmhﬁ}&§ he twhicd Ldl'igr\ﬂag&llgétgi@yﬂiltra%on washed with

et herate ‘E% A sol ution
m xture f rwéﬁ{ Srigd & 48°Q pilgr vagquanoThe ciude product was slurried with

di chl oro R epi the |
tenper at g?%n)?gﬁte &%ﬁl}r an g%&?éﬂ{%ﬂ? %ggﬁé 8*346&11%:5( %i%‘:(fpl%ﬁft{]“éfmm
stirring dissolptionwas compldta thes alldvied tealol cFti rédBBing crystalline material was
evapor at e acetanitrile, this al so

ev agor at egfmeclt%(g I%)'Jr'?l Eehs% |8 g’bt\énﬁgvfglgr ?Ftﬂ?lm]%ﬂ’d\ﬂ“f"h&qg under vacuum. Final purity
acet oHl t r whsas{agaidt P8 amvet%nat er (100m ) added. The

resulting solid was filtered, washed wth water,

dried at 40C in vacuo and recrystallised from heptane.

HPLC anal Bsinfple ¢ ndi cated a 1:1 m xture of cis and

trans isone > ‘O Exarrple 4 CIS

panoic acid

. I
5-di f | uormlaﬁjauét)fﬁmé 5@? ﬁlg‘ﬁgﬁmﬁ]ﬁ abbiit ﬁél;ﬁg%OgHWas treated

product from Exanpl e oro
(70ngP wek@pvigab g:owﬁn hyﬂqogqqpemxdﬁ: (27.5 wt%, 4.07ml, 36.5mmol) and the

EC- 7
ol | owed T er Ry 4 37 8 or bt ) ARt cos by teraperatre, water
slurry wati0gd) Waseddadvhmmn@hhd ) r@ﬂhh@lwsﬁﬁe@ﬁ Alr#E€) hour. The
then fil s of solid product
i ndi cat egﬁgﬁ%\y}? ar ec%ﬁ?%é%ﬂgd “o‘f"asﬁ’\’fgw'éff wateragd driediat d0°C in vacuo.
1.5% of the trans isonmer had been obtai ned. Exanple 5
20  Example 7

cis-3-[4-(4-chlorophenyl)suifonyl-4-( 2,5-difluorophenyl)cyclohexyllpropanoic acid,

sodium salt

Product from Example 6 (100g, 0.226mol) in isopropanol (2L) at 45°C was treated

with 2M aqueous sodium hydroxide (112ml). The resulting solution was distilled at
25  atmospheric pressure, removing 1L distillate. Fresh isopropanol (1L) was added and

the distillation repeated. After adding further fresh isopropanol (1L) and repeating the

distillation again, the mixture was allowed to cool to ambient and aged a further 1

hour. The product was collected by filtration, washed with isopropanol and dried at
40°C in vacuo.
30




30

ci s-3-f4-(4-chl oroohenvl)thio-4-(2,5-difl uorophenyl)cv
‘WE0hesxdel nropanoic acid To a stirred mxtu _

4- chl or ot hi ophenol (65.09,40.449m01) and ESTRﬁnmmmmﬁu

met hanesul fonic acid (1.07L) under nitrogen was

slowy added water (118m), with cooling to naintain

WO 2005/ 080309 PCT/ GB2005/ 000544 13 a tenperature of

30- #R4mpitlge car bi nol from Exanple 2 (106.8g, 0.374npl)

. led in a single portlon t hen after 10 m nutes
lg & rorgrpepylicyaloher3raylipsapangiiecs seed. The

m X‘I‘Hﬂ@or%@tlcsatcidr (B gﬁh QY. %%B% A & a%ﬁ’hor? 8{’&15 ﬁro%ucpgf

diluted slowy w wat er con
cooFranple d(%ig &ﬂ%mmolazmbthmrmﬂwne(@fnl)zme@umﬁg tixtur®was

59} Pl al L cpblalih b ol ShefiBink o gl Rare o
at a@cﬁ’m déﬂmi)a&hmlayerﬂm gepardied. pTieciginico @G Grhwish&ﬂmth

rLI r.OX | ly,300 per
pr 0 ateﬁ?‘%ﬁ o eisogrﬁ)gﬁ?eé{ihg%bﬁ %da‘(@g}ﬁe&tl 8?1" %P""as
c ongebrgsdtaliset] Iﬁmm I2At,ane driddat 405Qlin vallas resul ting
crystalline material was collected, washed with
further acetonitrile and dried 40C under vacuum Fina
purity 10 was assayed as 98.7 wt% C Exanple 6
ci s-3-[4-(4-chl oroohenvl)sul fonvl -4-(2
5-di f | uorophenvl) cycl ohexvl | nrooanoic acid The
product from Exanple 5 (5.0g, 12.17 mmol) in acetic
acid (50nl) was treated 15 dropwise at 50C with
hydr ogen peroxide (27.5 wt% 4.07nm, 36.5mol) and the
m xture kept at 55-60C for 4.75 hours. After cooling
to anbient tenperature, water (100m ) was added
dropwi se and the resulting slurry stirred a further |
hour. The product was collected by filtration, washed
with water and dried at 40C in vacuo. 20 Exanple 7
Ci S- 3-14- (4-chl oronhenvl ) sul fonvl -4-(2
5-di fl uorophenvl ) cvcl ohexvl | nrooanoi ¢ acid, sodium
salt Product from Exanple 6 (100g, 0.226nol) in
i sopropanol (2L) at 45C was treated w th 2M aqueous
sodi um hydroxi de (112nl). The resulting sol ution was
distilled at 25 atnospheric pressure, renoving 1L
distillate. Fresh isopropanol (IL) was added and




the distillation repeated. After adding further fresh
i sopropanol (1L) and repeating the distillation

' the m xture was all owed to cool to anbient
WO?@S@Q’&"% urther 1 hour. The product was col F@@Béﬁps‘@?ﬂs““

filtration, washed with il opropanol and dried at 40C
in vacua 30 WD 2005/ 080309 PCT/ GB2005/ 000544 14
Exanpl e 8

f4-ﬁé§£gj f 1 uoroohenvl ) cycl ohex- 3-enyl | propanoi ¢ aci d
Tri acetic acid (6.8nm, 87.9mvn1l) was added to a
sol ut i o @bcebdtor the prdpeedtion bf a doxmiapddoof ZorfndlagY): 8. 79l )
i n di chi oronet hane (14Orrfl) The resulting mxture was
5 stirred at anbi eAt' SOsQp

partitioned between watg andcopAc (15(hnt).

The | ayers were separéfed. e organic Iayer was
washed with water (50m) and.brine (50m), dried
(Na2SO4) and evaporated. The“Yesi due was

51 eGinésdiaR kdpedehtd H Offanl dBAG metil i rtifepRebn&td-rofhBnyY Q7
WO 2005/ 080309 PCT/ GB2005/ 000544 15 CLAIMS: 1. A

pr deRsEsents go-difforapheyhr at i on of a conpound of formula
( DeompA¥ingtfsiéfsdr:CO2R (1) 5 wherein R represents H or
an al Eall metal, Are represents 4-chl orophenyl and Are
r epr esefR &g Byt aphwiide of EwRpa (B |awga trens-sylfide of

of sodfla @i rring a mxture of a cis-sulfide of formula
(2) ancfa trans sulfide of formula (3): Ar'S. Are Arm

Vv CHg’ Al
A 1 }O\,co H
Ar'S

10
@ | 3
with 4-chlorobenzenethiol in an aéidic medium in whiéh said mixture of sulfides is
partially soluble, causing preferential crystallisation of cis-sulfide of formula (2);
(b) collecting the cis-sulfide }>f formula (2);
15' (¢} oxidising the cis-sulfide of formula (2) to the corresponding sulfone; and

optionally
(d) neutralising the product of step (c) with alkali.

2. A process according to clainmt 1 wherein said acidic medium comprises an acid
20  selected from trifluoroacetic acid and C).qalkylsulfonic acids in which one or more of

the carbon atoms may optionally be perfluorinated.

3. The process according to claim 2 wherein the acid is triflucroacetic acid,
trifluoromethanesulfonic acid or methanesulfonic acid. |

25
4. A process according to claim 2 wherein said acidic medium additionally

comprises a solvent selected from n-heptane, methylcyclohexane, trifluoroethanol,



10 Ar S (2) (3) wth 4-chlorobenzenethiol in an
acidic mediumin which said mxture of sulfides is
partially soluble, causing preferential

woryevebicosat i on of cis-sulfide of formula (2pericdsRiosooosas
collecting the cis-sulfideiof formula (2); 15 (c)
oxidising the cis-sulfide of fornmula (2) to the
correspondi ng sul fone; and optionally (d)
neutralising the product of step (c) with alkali. 2. A
pr oc éssflacrobamadénegrifloorctohikwe, Hexafber@irdpas-aicll adstbiflirle and mixtures
medi ﬂﬁ' grrpri ses an acid 20 selected from
trif M8 6acetic acid and Ci . 4al kyl sul fonic acids in
whi ch one or nore of the carbon atonms nay optionally
be pgrfl uorinated. 3. The process according to claim?2
wher 8i n tHEOLEF acqogd“tsrtp f-‘llﬂlﬁb’f whereinthe agidicanedium is methanesulfonic
t5 i f hdi@EHmBliienas Ybdud» Fabditi19 %’Gva ul foni ¢ acid.
25 4. A process according to claim erein said
acidic medium additionally conprises a solvent

11 Puor coPhaor oOREIE e FEL 8 e PR 08 i sasr e

h ex af?l) auﬂmﬂnlédeqﬁfpmwué} i pelermatchylheicddn of drohRishe@Rnethiol
n xtures thereof. 5. A process '

accor %‘%@g&%ﬁno mm ijal(ﬂ}Nher ein the acidic nediumis ¢

r met hanesul fonic 5 acid Cof aj ning fromabout 5 to

about 15 % water by wplt & A rocecfibaccordi ng to
aim1 wherein the m xtu of cis 2de of formula
) and trans-sulfide of fornula (3) is generated by

reacti on of 4-chlorobenzenethi4 with an olefin of

for 4) wherein Ar2

repﬁéegﬁﬁﬂfeggsal%?ﬁodrl oup?ﬁoé’ﬂﬁﬂ(’ sai d reaction being

car rdagideagtibn beingtdagied ouidi the AEitic wEdingAded i s&p e of b s

t he sai d
Process.

15

7. A process according to claim 1 wherein the mixture of cis-sulfide of formula
(2) and trans-sulfide of formula (3) is generated by reaction of 4-chlorobenzenethiol

with a carbinol of formula (5):

Ar
HO COZH

20 . (%)
wherein Ar’ represents 2,5-difluorophenyl,
said reaction being carried out in the presence of a Lewis acid, and the mixture of

sulfides being isolated prior to carrying out step (a) of the said process.

25 8. A process according to claim 1 wherein the mixture of cis-sulfide of formula

(2) and trans-sulfide of formula (3) is generated by reaction of 4-chlorobenzenethiol

with a carbinol of formula (5):



process. 15 7. A process according to claim1l wherein
the m xture of cis-sulfide of formula (2) and
trans-sulfide of formula (3) is generated by reaction

wohodghredsoor obenzenet hiol with a carbinol of 5(?1‘/&50‘35/000544
nt's

(5): Ar HOCO2H 20 (5) wherein Ar2 represe
2,5-di fl uorophenyl, said reaction being carried out in
the presence of a Lewis acid, and the m xture of

sul fides being isolated prior to carrying out step (a)

of the said process. 2% 8.ro_cess according to
9,

-su#éi e of formul a
(2) and trans-sul fideHP form i 2"3enerat ed by
reacti on of 4-chl orobenzenethiol wth a carbinol of
formula (5): WO 2005/080309 PQC3F) GB2005/ 000544 17 Ar

HO - (429 er.eid..Ar2 represents

2, S%Ffzﬂgﬁorﬁﬁenf/lfs,%j;%ﬁﬁqm? hgg‘f]'i on being carried out in

t he said staatiombeliigicartitsielt innhesdcRif thellunPhsed Restépah)bf t said
ocess. 9. A process according to claim6 or claim8
er B ¥'he aci dic medi um conprises an acid and

hexaf | uor opropan-2-ol together with a co-sol vent

selected from perf]|uorohexane and Serfl uori nated

2- but'yl t ¢t PAFFFHIGPEIELR claitr 0. claj B méereiagheasidie wedignt o

g'c ialdéﬂnﬁ)ri%% Qh 8¢i8 akd YR x#fdofbphobart-5of r;loEéMGQ Wth R20S5YL: Olca from

perfluorohexane and perfluorinated 2-butyltetrahydrofuran.

10

10. A process according to claim 9 wherein the acid is trifluoromethanesulfonic

acid.

11. A process according to claim 6 or claim 8 wherein the acidic medium is

15 methanesulfonic acid containing from about 5 to about 15 % water by volume.

12. A process according to claim 7 or claim 8 wherein the carbinol of formula 5
is prepared by:

(a) conversion of carboxylic acid (6a) to magnesium salt (6b): -

(8 R'=H
20 ©) (b; R’ = MgX
(b) reaction of (6b) with Ar’-M"; and
(¢) treatment of the resulting product with acid;
wherein M' represents Li, MgX or CeXy;

X represents Cl, Br or I; and

25  Ar’represents 2,5-diffuorophenyl.

13.  The compound of formula (5):



11. A process according to claim6 or claim@8 wherein
the acidic nediumis 15 methanesul fonic acid
contai ning fromabout 5 to about 15 % water by vol une.
wb2o05spsoocess according to claim7 or claim j
the carbinol of formula (5)g is prepared by:gfg?gﬁﬁ§&mﬁu
conversion of carboxylic acid (6a) to magnesi um salt
(6b): OC®RR (a)R=H20 (6) (b) R= MX (b)
reaction of (6b) with Are-M; and (c) treatnment of the
resulting product wth ~— Wherein M represents
Li, MgX or CeX2; X r I; and 25 Ar2
represents 2,5-difluo s Ogdbmpound of
formula (5): WO 2005/ 080309 PCT/ GBZOOS/ 000544 18 Ar
HO CO2H (5) where Ar2 is 2, sdifluorophenyl. 5 14,
The conmpound_of fornmula (4): Are CO2H (4) wherein
Are ?@ﬂQAS‘ﬂ?P@ﬂBPBEW@Wy . 10 15. The conpound of
formula (2): AAr2 r2 11 CO2H (2) where Ar' is

4- chI orophenyl and Ar2 is 2,5-difluorophenyl.
5 The compound of formula (4):

2
Ar‘@xcozH

)

Br or

wherein Ar? is 2,5-difluorophenyl.
10 © 15.  The compound of formula (2):

Ar's
A!’2 o 002H

2
where Ar' is 4-chloropheny! and Ar? is 2,5-difluorophenyl.



