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NEW PROCESS Fi el d of the Invention The present
invention relates to a new process for the preparation
w@anasoedes uti on of mandelic acid derivatives fPONGB2004/004964
racem ¢ mandelic acid derivative m xtures, by salt
formation with chiral base cyclic am des. The
invention also relates to mandelic acid derivative
cyclic amde salts, toNEWRROCHSSer netal and amine
salts of mandelic acid derivatives, as well as to the
use of the resolved nmandelic acid derivatives as
es sui table for | arge-scal e manufacturing
F‘eldcﬁrhﬁ?g'? Bpl e, pharmaceutical conpounds. Background
i assns
The P¥§S¥Gh"ﬁ‘%ﬁﬁfﬂn§@%§%@3“53??%%%@%2“%@”&@2@3 R
acid derivaeldsdr@t retenc mandedic aofd dehivatve mivtmes, Hyask feemion with chiral
descri bed, e.g. - nethyl benzyl am ne,

“base gydie @gyd@m{l‘h@ inveptigrad g relates to mandelic acid derivative cyclic amide salts,

to cer{tq;sl og}eﬁ E) iaﬂégmb%asglﬁ ?’ mar'tlﬁ ﬁ%zﬁgljd c%&lv%xvc?s aes vg'e%vells) tb the use of the

resol&ed) m%ﬂ’éﬁg %blr(leden(lat)veg a@fﬂté}ﬁlehla@dtsﬁﬂé’dle fRTRBELAIE ARn@ABturing of,
adrenal 1 ne. These am nes as wel | as otherS are

for ext@gde,iphatmaceufichl chibpersiset al . Tetrahedron. Asynmet ry
1997, 8, 4047-4057 and references cited therein. In .
Hoover et al., ( . Med. Chem 1974, 17, 34-41) are
Bac di scl psed 21 substituted mandelic acids with
ckgEe L nces to original literature. The descri bed

Varidu SRliNdsHave Bé&ﬁreﬁ&?ed(a's)remﬁg ﬁ%é?l@s foP hiaHaR ééﬁﬂdén"‘v)atwes For the
-met hyl benzyl am he. J. N euwenhuijzen et al. (Angew.

resol@ii@nof mmdehEdcidQﬁ)ﬁﬁmbdrqu chﬁsnam;ﬂaﬁl)a\mésen dézesbe¢dhe.g. o~
resol uti on of 4-chl oromandel i ac

methy bRz aTBiER 73 DeaY HEURP-tL WA Op (ﬂr@d?”abvl\lnﬁ}’lf -Hethyimigagolidin-4-one

of. ni,tro-s t Z
@Myl i Shisbtshdas seihid dhiuiRs Tl eaSY Yo 3TMio 4 busgmol,
ampRtdiihO LAARAERIIING. Piedsd aifirfel ab Wel @B BitlePirb MEREBEY 1AW 'Ebbers et
al. Tetrahedron: Asymmetry 1997, 8, 4047-4057 and references cited therein.

In J. Hoover et al., ( J. Med. Chem. 1974, 17, 34-41) are disclosed 21 substituted mandelic
acids with references to original literature. The described resolving bases are (-)-ephedrine,

brucine and (+)-0-methylbenzylamine.

J. Nieuwenhuijzen et al. (Angew. Chem. Int. Ed. 2002, 41, 4281-4286) describes the
resolution of 4-chloromandelic acid with a-methylbenzylamine with or without a 1:1

ortho:para mixture of nitro-substituted oi-methylbenzylamine (10mol%).

JP2001072644 describes optical resolution of 2-chloromandelic acid with N-benzyl-o:-
methylbenzylamine and derivatives thereof. JP 1221345 describes optical resolution of

phenyl-substituted mandelic acid derivatives with amino acid hydrazines.
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and derivatives thereof. P 1221345 descri bes optica

resol ution of phenyl-substituted nmandelic acid
wa@letoseatiss/es wWith am no aci d hydrazi nes. HowevePCT/GB240d/004964

remai ns a need for further pgans for resolving

mandel i c acid derivatives. Mandelic acids are used in

the manufacture of a range of interesting nol ecul es,

Howés%f hha® rBRamIaGReEd fdr@ldher Thtas for E@olﬁﬁ@ﬁiah@éhcaﬂcﬁpdenvatlves
relates to the use of the resolved mandelic acid

Mandbdtci acils iavessed $n thmtmarmﬁmtlae of a sanige ab ingeresting mokgeulss: aheh as
manuf acturing of, for exarzgaée phar maceut i cal

Phaf@é‘iﬁ%%ﬁis'rhué’ e inveRtien AR et dhs Nl therepglved manddlis acid
e P e B 05 RS A R A By

phmﬁﬁcéﬁﬁ@ﬁ%biﬂtf:oﬁﬂdsde @eédxﬂ@ulnﬂﬁés deRxitiddaH Vol 0g/48H19b) or o- 5-
| uor one hoxynande ic acid), e.g.

-nethylbenzylanlne (S)-|-naphthyl et hyl ami ne, (+)-
h [
AnuCI or onl A5t oi Cll Mé{eoabl e1}1¥ eaZ)rlr'lt gz%:ﬁ%[;j:]sﬁeﬁén order to obtain

acceé‘tﬁl;lg ?é/soﬂitll%ge g Bgagflﬁ aci %ﬁ@g{&y@?}% ?];a?;, 3?@8%% g;b][l g r of

mﬂub@h&qms@ﬁiaﬁdmfcg% gfchﬁﬂ:t}BIl'leh@?laﬁrnﬁdW a9 Neaptenylyth@laghine, (+)-
and | ow enantioneri c excess). By large-scale we
cinchmuieu(alié dcrlwdxroamuu}aanmf, (Ko 2epaine-2t e ylothanely &)-cphedrive, L—

phenglg q% @,,aq) §X 5%3%—@313%3 B\gpng‘,ﬂf t Cq%%n yc naeLd uqul%l satlsfactory
resulﬁsmof ﬁkagebﬁﬁfe IﬁXﬁlf&ﬁuﬁF% ose§ ﬁ&k}} o Wﬁ!ﬂﬁ% d 26{1’ gﬁantlé\ﬁl ric

SO Ssurpri et a

exce&§! Bgildlg @-@&d]@w%ahélﬁd@ﬁlamiﬁ&@ﬂeldf KaCahnfl@Ed ofahitwes.
(par |cularly (R - 3-chloro, 5-difluoro-nethoxy

mandel i ¢ aci d) which have desirable characterlstics
and are usefu ufactur|n I OC/ es <
We aﬁeWémrzlsmgiv PR It ic Apdleriv Ry pagrbey ol ved by

f
sae AT ?&fa%%%e'%k‘? = Sk bk %?’?%%t e mandel i ¢
acids fromracemc mxtures of said optionally

substituted nmandelic acids by salt
We have also surprisingly found certain metal salts, and certain amine salts of mandelic acid

derivatives (particularly (R)- 3-chloro,5-difluoro-methoxy mandelic acid) which have
desirable characteristics and are useful in manufacturing processes — see Example 12 and

claims hereinafter.

Description of the Invention

Accordingly, there is provided a process for resolving (R)- or (S)- optionally substituted
mandelic acids from racemic mixtures of said optionally substituted mandelic acids by salt
formation with a chiral base (D)- or (L)-cyclic amide, comprising the steps:

forming a mixture in a solvent, or mixture of solvents, of a racemic, optionally substituted,
mandelic acid; and a chiral base (D)- or (L)-cyclic amide, wherein the chiral base used is
either (D) for separation of (R)-mandelic acids, or (L) for separation of (S)-mandelic acids, at
an acid : base molar ratio of 1 :0.25-0.75; and wherein the solvent, or mixture of solvents,

may optionally contain water in the range of 5 to 15 % (vol.) of solvent; and
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formation with a chiral base (D)- or (L)-cyclic am de,
conprising the steps: formng a mxture in a solvent,
w@eoosios4ie8 e of sol vents, of a racem c, opti onalPCHGB2004/004964
substituted, mandelic acid; .and a chiral base (D)- or
(L)-cyclic am de, wherein the chiral base used is
either (D) for separation of (2?)-nmandelic acids,or
(b) (séﬁar:itﬁfg thE RRpadtive raR;J(D)(o%)(S)z%r) %ﬂd@h@&‘dl&t%?fclﬁ:t arfiide 84t d
base nolar ratio of : ; eln the
Acceulingstota fughemaspeat o thefinsitioe;thete mpgovuhtilaqﬂadekg/for resolving (R)- or
cont.ain Watgt(l in the range of 5 to 15 % (vol.

(S)- suhpsigied m&ﬁd i5)acids 6%{%%@1%%%@& é@lﬂ\ﬁebm}tz@ man@hc acids by
(BBl By L0 s B8l Mg an

hereplafeess for resol ving (R - or (S)- substituted
mandel i ¢ acids fromracem c m xturers of said
substituted mandelic acids by salt formation with a

R AMRE e R R éétio%pﬁ%gbespgﬁﬁﬂr%éﬁéé«?%é’amay be as
s EOSSAR 1, g AR A SRR

manﬁﬂidjac@c&fdr@ irtcb@jwata@ﬂmdﬂﬁ@dp@&ﬁdatﬁm byoméréﬁ/cesubst ituted
mandel i ¢ acids are incor porat ed into this

spec:lflcatlon by reference. is also to be

1eis gt Endecreh iy ddoe(%?%qsg& ﬁép%@mtéé* R E e those
manﬁélict dﬁgje@%rlﬁ%}#% ﬁgthgﬁgﬁécﬁu%%ek& 1%%\46 6%&5&453 rigccli Wih%lte%ll said

sal scl ose stitute

defintibkSandrdisdlsrea @mltlait&ﬂmhﬁkldhctabﬂﬁ afeifErbb&IdIiRMd thi specification by
reference. Also incorporated into this specification

refergyee: ehlgp ma)oaated thee giis saearﬁxstambmteéqem em éq;Ialﬂsaandmxamples of

.1 ut del i S d in
prepgiafiah Shuep bl prBtclisasi B critends B pRid1 4bar smample,
Exar® %{Illtﬂgreg{ the process is as foIIows (vvherel n R R, X
n are’as defined herein): (D) or (L)-cyclic am de

I 1 NH,

A general outline of the process is as follows (wherein R, R;, X and n are as defined herein):

0 0O
HO,
HO OH OH
(D) or (L) cyclic amide O
i HR,
RO Cl

RO Cl

racemic mandelic acid derivative  (R)- or (S)-mandelic acid/(D)- or resolved mandelic acid
(L)-cyclic amide salt

In the above scheme, preferably R; and X are both H.

In this specification, unless otherwise stated, the term “cyclic amide” includes optionally
substituted forms thereof and includes, but is not limited to, proline amide, azetidine-2-
carboxamide and piperidine-2-carboxamide as well as substituted forms thereof. Substitution

may be on a ring nitrogen atom, by C;.¢ Alkyl, or on a suitable ring carbon atom by Cy.¢ Alkyl



racem c mandelic acid derivative (R - or (S)-mandelic
acid/ (D) - or resolved mandelic acid (L)-cyclic am de
W@ 2005/054168 he above schene, preferably and X arBCHGBR0OK004964

In this specification, unlesé-otherwi se stated, the
term"cyclic am de" includes optionally substituted
fornms thereof and includes, but is not limted to,

or halor (6dri exami, dielorag flebiodirrbeerBe). dandmbstitoied eyelidamides are preferred, but
pi gerl di ne- 2-car boxani de, as well as substituted fornsg

whensigstinied, Shpimiienien s ADERYTISEN 81PTa0F MARO-AYRSHBYCR Ogtaowtable ring

by on a suitable ring carbon atom by Al kyl or
Carboﬁfl“@@@ﬁ rrpl e, chloro, fluoro or brono).

In thlyg}géé%ah%ﬂ fiqd t&y&&ﬂd%rs?éBdQBﬁ 18ssREREEHthEEvisd) wheWA&D) or (L)

tituted, substitution on a ring nitrogen atom or
5  cyclicramilesaly$¢ dlrhwhl(mmfoo exeaaneirt ﬁmﬂnelarlil)vtgemmemf:ﬂuaamldﬁ ingay be
preferred. In this specification it is

optiopailiesubségtediancthe NioEEL YoM it Eus leér%%@ sum%,lﬁ rigg cggpon atom by

Cis &g(ym }g&%/ &Pﬁ% ﬁsa 1{]11';]oer8 & 2#’ or gan %@VX{Q sﬁg\gn Erpf o L rafﬁ)%eicﬁv (wherein

n is 0SWRsbI Rifsad 0P, § AByNbhd RUSH, ﬁhl@mrwseukyl? .. 0r on a
Suitable ring carbon atom by Al kyl or halo (such as

fluoro, chloro or bronmp) as shown in fornmula I (x)
bel ow (wherein nis O, or X; is Hor . Alkyl and X is
H, halo or C Al kyl). HR Kx) In this
specification it is to e understood that an
optionally substitut eanD) i eQni de as descri bed
herein has the (2R) ster ﬁem’ try shown in formul a
I (y) below (wherein n is O0; ér &H,is Hor A kyl andX
10 is H halo or Alkyl). .. X

I(x)

In this specification it is to be understood that an optionally substituted (D) cyclic amide as

described herein has the (2R) stereochemistry shown in formula I(y) below (wherein nis 0, 1
or 2; R; is H or Cy.¢ Alkyl and X is H, halo or C;.¢ Alkyl)...
15

I(y)

In this specification it is to be understood that an optionally substituted (L) cyclic amide as
20  described herein has the (2S) stereochemistry shown in formula I(z) below, (whereinn is 0, 1

or 2; R is H or C1.¢ Alkyl and X is H, halo or C;¢ Alkyl)...
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.0. N HRKy) Inthis specification it is to be
understood that an optionally substituted (L) cyclic
w@piodes4ases descri bed herein has the (2S) stereoRtIEGBG0AP04964
shown in fornmula I (z) below5{wherein nis 0, or 2; R
is Hor G-6 Alkyl andX is H, halo or Alkyl). .. X HR
NH, I(z) It is to be undergtood that all isonmers
within the definitions of ghiral base cyclic am de
di scl osed herein are coyerked|by the invention. For the
avoi dance of doubt it i(s)to upgderstood that in this
speci fication neans a“ca[,}ib gryup having 1, , 3, , 5
or 6 carbon atoms. In thi ﬁ%pe fii cati on, unl ess
stated otherw se, the term"al kyl™® i ncl udes bot h

strai ght and branched cha| | kyl groups and may be,
but is not limted to, neth ethyl, n- propyl ,
i propyl, n-butyl, i-butyl, s- butyl, t-butyl, n-pentyl,

-pentyl, t-pentyl, neo-pentyl, n-hexyl or ihexyl,
It is to beenddrstoddt thet all sgmers veition tter defimfins o6 thirdd dagerayghic poide
there is provided ?‘E process for resolving (R - or (S)-
dlSdc@%g?lP’tnlﬁr%aoYFé‘Wd@” 1VeHeMf r om raceni ¢ ni xtures of
said substituted mandelic acids by salt formation with
a chiral base (D)- or (L)-cyclic amde, conprising the
For tlﬁ%eﬁf@ﬁilan&@%f cfdﬁb?it Otode Mindérdfoddithht & &7 spetificatfdn 1T %t khesns a
solvents, o
carbon group having 1, 2, 3, 4, 5 or 6 carbon atoms.
In this specification, unless stated otherwise, the term "alkyl" includes both straight and
branched chain alky! groups and may be, but is not limited to, methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, i-pentyl, t-pentyl, neo-pentyl, n-hexyl or i-

hexyl, t-hexyl.

According to another aspect of the invention there is provided a process for resolving (R)- or
(S)- substituted mandelic acids from racemic mixtures of said substituted mandelic acids by
salt formation with a chiral base (D)- or (L)-cyclic amide, comprising the steps:

(a) forming a mixture in a solvent, or mixture of solvents, of

a racemic mandelic acid derivative of formula I,

O

HO
OH

RO Cl
1
wherein R is selected from CHF,, H, C;¢ Alkyl, CH,F, CHCI; and CCIF;; and

either a chiral base (D)-cyclic amide or (L)-cyclic amide of formula I(x)

whereinnis 0, 1 or 2; R; is H or C16 Alkyl and X is H, halo or C;.¢ Alkyl,
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a racem c mandelic acid derivative of formula |l ; R C
| wherein Ris selected fromCHF , H Al kyl, CHF,
w@RiGs/0ane8 CCl F ; and either a chiral base (D)-pgriGBe004/004964

amde or (L)-cyclic amde ofgfornmula I(x) wherein nis
0, or 2; is Hor Alkyl and X is H, halo or Alkyl,X .0
+NH R NH. Kx) wherein the hiral base used is either
(D) for separation of (i?)ymandelic acids, or (L) for
separation of (S )-mandel| cids; at an acid : base
nolar ratio of 1 : 0.254p0.75; a@owherein t he sol vent,
or m xture of solvent$, opt¥onal | y contai n water
in the range of 5 to 15 %{®pl .}, of solvent; and (b)
separating the respective (R)Z(D?or (S)Z(L) mandelic
acid-cyclic am de salt of 1;12 rfrula Ha;, H X n N HR T NH
The amounts of racem c man )fl c acid derivative and

vHldiRtheRAH81 K246 b 18 BHRIG (DY féisBParkf@on & (R)-mandelic acids, or (L) for

separation of (S)-mandelic acids;

at an acid ; base molar ratio of 1:0.25-0.75; and wherein the solvent, or mixture of
solvents, may optionally contain water in the range of 5 to 15 % (vol.) of solvent; and

(b) separating the respective (R)/(D) or (S)/(L) mandelic acid-cyclic amide salt of

formula Ila;
O
HO -
o X
N ( )\N 0
THR,
RO Cl NH,
1la.

The amounts of racemic mandelic acid derivative and chiral base cyclic amide in step (a) of
the processes are added at a molar ratio of 1 : 0.25 - 0.75; alternatively at a molar ratio of 1 :
0.4 - 0.7. In another aspect, a mandelic acid derivative : chiral base molar ratio of 1 : 0.48 -
0.52 is used (for example in ethyl acetate solvent), and in another aspect the molar ratio is 1 :
0.50. It is to be understood that the molar ratios also cover experimental variation around

these limits, e.g. + 0.005.

In this specification, unless otherwise stated, the term “ethyl acetate” means ethyl acetate,
which, however, may be replaced by another acetate, such as propyl acetate or butyl acetate.

In general, (1-4C) acetates may be used.

Other solvents may also be used, and are suitable for the formation of (S)- 3-chloro,5-
difluoro-methoxy mandelic acid.L-prolinamide salt. These solvents include acetonitrile,

acetone, 2-butanone (MEK, methyl ethyl ketone), 4-methyl-2-pentanone (MIBK, methyl
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the processes are added at a nolar ratio of : 0.25 -
0.75; alternatively at a nolar ratio of 1 : 0.4 - 0.7.
w0 poodledtiber aspect, a mandelic acid derivati vePCT/GBRG0al004964
base nolar ratio of : 0.48 ~70.52 is used (for exanple
in ethyl acetate solvent), and in another aspect the
molar ratio is 1 0.50. It is to be understood that the
isobtil Rétohid)! iePShidyiSAetb Pitlicr € XBYIH)NRpiepanvbdridadthmo]. dr io erpected that
these limts, e.g. 0.005. In this specification,
thesesleenss eanhalsalbeseppiicd ireprmetien ¢fdhe( R Sshloradedifiparo-methoxy
ans . et hyl . acetat whi ch, however, may be repl aced
ma“ﬂélc &?ﬁé&og’&m&gtsuch as propyl acetate or butyl
acetate. In general, (1-4C) acetates may be used.
O her solvents may al so be used, and are suitable for
The tb&vef@emidned Bolotnté Hay bd-vséd ayrpurs solelerdts, wonenietitesxyith other
mandel i ¢ aci dX-prol i nam de salt. These solvents
solvenie froaethgssemeniianed poovea dtberanore, the sl HIH O SIRAL DHE IS may

opti%ﬂ&i;mﬁ@%ﬁ&?{ﬁ (sﬁg%@% g{zl’m_ %rg&fnrt] %%?1?5 %ﬁéﬂﬁ%}(\ﬂ&. (A preferred solvent is

ethy(%c%M%n 2-propanol and ethanol. It is expected that
these solvents can also be applied in formation of the
(R - 3-chloro, 5-difluoro-nethoxy mandelic
acid. D-prolinam de salt. The above-nentioned sol vents
A fugthgr aspeqis theaigveniion psevidesr yocess fergesalwing (s oflPnhoptionally
her sol vyents fromthose nti oned, ahove . .
subsBHE RS et Bt ERE ol Ot AREAP g ypggtoted mandeli
idOBY SAMRIY G PRI hHEL Rk o BI0)-dcHiB a2 BOMPHisihg BB steps:
adt 502%0 15% \}/ V). R pr efers?gpd}igole@eﬁc 1i s et hyl gceltgo\te. P
(a) Fortning b erix@spi@cthydhicdtite/wataredfihiracenyic optictedy aulptinced mandelic

_for_ resol ving SR)- or (S)- optional lﬁ’ substituted .
acidpgnscreshival hasedB)f erdfacaelicrangides Whsipiadhepass ypegl is (D) for separation of
optional.l\y. substi.t ut mandel i c _acGi b . . .

@ RGP tof iEiaibh P B TS &t pfp 6 s Phseloifldio ot 1 ges-0.52
and GABRE Gk Vehtd € irSthe Biige GR) t 05 % (\Q)l.?oﬁétﬁﬁuefcgtater;‘ tRhhy|
acetate/water of a racemc optionally substituted
(b) heaihgland seming saphdixaureht refluxydsea (D)- or (L)-cyclic
am de, wherein the base used is f(D) for separation of
(c) cooling said mixture/suspension from step (b), followed by filtering said cooled

mixture/suspension to obtain the respective R/D or S/L. mandelic acid cyclic amide salt.

According to another aspect of the invention there is provided a process for resolving (R)- or
(S)-mandelic acid derivatives from racemic mandelic acid derivatives by salt formation with a
chiral base (D)- or (L)-cyclic amide, comprising the steps:
(a) forming a mixture in ethyl acetate/water of a racemic mandelic acid derivative of formula
I;

0O

OH

RO Cl
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(R) acids, and (L) for separation of (S) acids, at an
acid : base nolar ratio of : 0.48-0.52; and wherein
W b@seaties is in the range of 5 to 15 % (vol . )PCF/GBRIVYI004964
acetate; then (b) heating angstirring said m xture at
reflux; then (c) cooling said m xture/suspension from
step (b), followed by filtering said cooled
whefix RUE 8é18¢t6d0 8051 ORFS, H, Al 2A 1Ryl ORL,F SSHEL dnde-EIFD a6 aShiral base
mandel ic acid cyclic am de salt. According to another
(D)-awbprydic antide wierim therbasdiescd id @);fmosnpdedoa op (R)cests, and (L) for

for resqglving (R S nde rivatives
SepAERIA QLS LA ALY Coste P %rerma 15 0, SaLand wherein

the &lgtrepﬁtlh e %«yota% Fohisr & (v?la)soq e nace%te (th% cyclic am de,

npri si'ng a mxture in ethyl
() %@ﬁlr@tﬂd\&ﬁhﬁ{g $iid ﬁuitaféea!mreﬂlﬁmmﬂkﬁll ic acid derivative of
formula | ;wherein Ris selected fromCHF , H Al kyl,
(c) Chbling BOMixiw/sgspamsiondron step )y falllowad &y (fibiering said cooled

o e B IS Sy U5 e g i

at an acid : base nolar ratio of 1 : 0.48-0.52;
Off&%{dl%\/\ﬂérel n the water is pn the range of 5 to 15 %
(vol.) of ethyl acetate; flhen (b) heating and stirring
said m xture at refHD, en (c) cooling said

m xt ur e/ suspensi on fro ste[?( ; 1 owed by
filtering said cool ed xtur e/ glyspernsi on.to obtain the
respective (R Z(O or (L) nmengel e4ci d cyclic

am de salt of formula HO | | théerel Ris selected

fromCHF , H, AIkM , AiC and ClH; ; and n is O,
1 or 2. In another aspect "of 't he invention, there is
provi ded a process for resolying (i?)- nandelic acid
derivatives fromracem c nmandelic acid derivatives by
whesah R ik eeloettd fromVCHE,, &, dhigrAlkylh @3BF( CHCI, and CCIF;; andnis 0, 1 or 2.

In another aspect of the invention, there is provided a process for resolving (R)-mandelic acid
derivatives from racemic mandelic acid derivatives by salt formation with a chiral base (D)-
cyclic amide, comprising the steps:

(a) forming a mixture in ethyl acetate/water of a racemic mandelic acid derivative of formula

L
O

HO
OH

RO Cl
|
wherein R is selected from CHF,, H, C;.¢ Alkyl, CH,F, CHCl; and CCIF;; and a chiral base
(D)-cyclic amide, at an acid : base molar ratio of 1 :0.48-0.52; and wherein
the water is in the range of 5 to 15 % (vol.) of ethyl acetate; then

(b) heating and stirring said mixture at reflux; then



cyclic am de, conprising the steps: (a) formng a
m xture in ethyl acetate/water of a racem c mandelic
w@ediod/oslass vati ve of fornula | ; | wherein R i SPCGEGBRI084104964
fromCHF ,H A kyl, CHF, CH®-and COF ; and a chiral
base (D)-cyclic amde, at an acid : base nolar ratio
of : 0.48-0.52; and wherein the water is in the range
(c) eboling saidlfmixtiexsaspension fmtthstep Getolibeed bl dittefihy sdié abd)le@
and stirring said mxture at reflux; then(c) coalin
rruxgla?/alsme@ewe/o@wpe angeliq acithe ol gnydy saltfqﬂfpméa IHy
filtering said cooled m xture/suspension to obtain a
mandel i ¢ acid cyclic amds salt of formula Il1; H
wherein Ris selected fromCHF , H Al kyl, CH F CHC
and COF ; and n isHO 1 2. In one enbodl nment of
this aspect there is prpvi déd ess wherein R of
Formula 111 is CHF , n of rmulla 111 is 1,
represented by For nul ; NH,-.EE:Z)/ Pn anot her
aspect of the inventi her e |-IstZprOV| ded a process
for resol ving (S‘% cid deri ives from
racem ¢ mandelic %i d derivatives by salt formation
5 with a chiral base (L)- cycljg am de, conprising the
steps: (a) formng a mxture in ethyl acetate/water of
whegeini Rae Blectefragl CHFA ¢, € dekyaCHYE, CHICT,aad@GFS; and his 0, 1 or 2.

In one embodiment of this aspect there is provided a process wherein R of Formula III is

CHF,, and n of Formula III is 1, represented by Formula VI;

")
P

F,HCO cl 2

HO

10
VI

In another aspect of the invention, there is provided a process for resolving (S)-mandelic acid

derivatives from racemic mandelic acid derivatives by salt formation with a chiral base (L)-
15  cyclic amide, comprising the steps:

(a) forming a mixture in ethyl acetate/water of a racemic mandelic acid derivative of

formulaI;

O

OH

RO Cl

I
20  wherein R is selected from CHF,, H, C;.¢ Alkyl, CH,F, CHCI, and CCIF,;



wherein Ris selected fromCHF , H . A kyl, CHF,
CHO and CAF ;and a chiral base (L)-cyclic am de, at
w@rooaos4des base nolar ratio of 1 : 0.48-0.52; BOTGB2004/004964
wherein the water is in the.ngoge of 5 to 15 % (vol.)
of ethyl acetate; then (b) heating and stirring said
m xture to reflux; then (c) cooling said
and BlcKiraltRES USRBAEE amidel SanscRD: Had molLlrhteyed 10Y.48-0.52; and wherein
filtering said cool ed m xture/suspension to obtain a
the watadislin thearange @lyictoi 16 arvele of gthyl edetdterthen a |V, HO, , ,
erein Ris selected fromCHE ,H C Alkyl, CHF, CHC
(b) ﬁgﬂm@(ﬂnﬁ SUITHOf ng(%ﬂ)r,e tare{ﬂnnghepn one enbodi nent of

© PSRy thg R R ARG 59 U Bl

mixtuegsispeni@ctomptdnos Mahded dcid E¥AlidHmide HEQfIemanaTVier
aspect of the invention, @here is provided a process
of the invention, vvhgrein R of Formula | is CHF ,
represented by For niiPa. n the above aspects
and enbodi nents, the cylclic am[de u3ed may be

optionally substituted-g ) ghom by Al kyl,
or on a suitable ring y yl or halo
(such as fluoro, chl brorm")Hzas shown for fornula

| (x) above. The rr@ém“mandel i c aci d NH:

derivative/cyclic am de and solvent (for exanple,

ethyl acetate) mxture in (ajvVof the processes may be

heated to reflux, followed by addition of the water to
whegsin Riip selected iem<iTahe, Friiis Ak peHal . §rHEL apd GelFs; ynd
nisé}fﬁffd at reflux for 10 m nutes before starting the

cool'i'ig process.

In one embodiment of this aspect, there is provided a process, wherein R of Formula IV is

CHF,, and n of Formula IV is 1, represented by Formula VII;

0
HO., -
v 0
(Do
+
R R,
F,HCO cl
VII

In another aspect of the invention, there is provided a process of the invention, wherein R of

Formula I is CHF,, represented by Formula V;
@)

HO
OH

F,HCO ci
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The racem c mandelic acid derivative/cyclic am de and
sol vent (for exanple, ethyl acetate) mxture in (a) of

w0 b@spsaeesses may be optionally heated (for eReEREB204/004964
to reflux). The presence of-wmter (in the range of 5
to 15% (vol.) of solvent) is preferred, and the
optional heating of the mxture may be foll owed by

In th2dlové peers ahd embodigfentspthebydicarhide usedpenbe @ptmn'ﬁlly Substituted
suspension is normally stirred at reflux for

on the Ritrpgen &temd?}’ecsobllﬁ}'h T aRd s8ikhe Bng Agben etomslsy Eed Alkyl or halo

S T S e T AN

cooled to 20 to 25 Cfor 10 to 15 hours, followed by
further cooling to 15 to 19 C for addi tional 40 to 60

The Madeiti € man @RS Ridddrivati Vdieyctio apedesinadsol venc (ot @dmiple, atiglitcetate)
2 C for hours followed by further coohg{g to 18C for
mixeriiny (Ehelihe peocassaemay be Arated iaeflye) fpllowpd by adgition; plothe water to

rocesses desc erejl.n i.s .cool e
obralghp ffsbabior, 1his RuSgesRios iy B Aiaed B ghey i oinis borore
arﬁt%stﬁgegél Scsgol ed to 18C for 3 to 4 hours. " The
added ano H%ﬂ% %f optional water in step (a) in the
processes is in the range of 5 to 15% (vol.) of ethyl
acetate. This gives a solution wherein the
The é%ﬁe;@%maaﬂtﬂwc& degivatye/eyelis amide) g sofveat (o1 cxagmplaethyl acetate)
er add tate
i, @pe pifesies BS o5 ahloriud shied 0¥ saiterth FelyBop e
presEitieSE v@zfte15f1¥1 SheliAped ¥ t0)159% \A}]\%tl Myt scﬁﬁﬁ'&d)ai% %refenred and the optional
Particularly preferred is en’ t he added anount of
heatinpt ofithe misxtorethay befojlewed b atiditidhof thelwaterad obtalrythe suspension. This
acetate. The _concentration of racenm c mandelic acid
suspgayipw Htopmally stigred @reifux foe 40 minutanbeiap copling prdspparating the

m.xt ur .ysua in the range of 0.5-2.5 mMmuol per m
desifed g Cﬁ%‘fﬁ?ﬁ éﬂﬁpﬁ% 'er. Preferably, the racenic

mandel i ¢ acid derivative is added at a concentration

range of 1.0-2.0 mmol per m of ethyl acetate and

The\AaztpensmlE’ar gtee (d) af the gmocfefsms rdesztrilbsd hérein mirebe eaded © 20 to 25°C for
ic acid derivative is added at a concentrati

10 19 §Ageusstolloped by s cpilinerp 130 197 for adeiignal 49Hg 60 minutes.
Prefgliabgr I-Jce)srl}g?esn;sjf? egg I t rggr g%g?% i {dlaeﬁglﬁg %olf%%eﬁ'by%gﬂh& cooling to

18°C for additional 45 minutes.

Alternatively, the suspension in (c) of the processes described herein is cooled to about 15 to

19°C for 3 to 4 hours. Preferably, the suspension is cooled to 18°C for 3 to 4 hours.

The added amount of optional water in step (a) in the processes is in the range of 5 to 15%
(vol.) of ethyl acetate. This gives a solution wherein the concentration of water is 5 to 10% in
ethyl acetate, e.g. 0.3 ml water added in 3.7 ml ethyl acetate is 7.5%. Preferably, the added
amount of water is in the range of 5 to 10% (vol.) of ethyl acetate. Particularly preferred is

when the added amount of water is in the range of 6 to 7% (vol.) of ethyl acetate.



be further washed with ethyl acetate. The salt may be
dissolved in a mxture of HO and ethyl acetate

wo edosomaes by separation of the organic | ayer aPdI/GB2004/004964
concentrating said organic Layer to dryness to obtain
resol ved mandelic acid derivative. Preferably, the
m xture of HCl and ethyl acetate is a 1:1 (vol.)

The Rodentretid ofiat¥zhic anghdelidydid deelatitve in thetHy 5&dtMednd water solvent
_~mandelic acid derivative may be anal ysed by
mix@ghigaseallyrialthetingapl HSI2S marhpetjubefl ethyl agetatevnd vesgreBteferably,

eSS e e e v dee g (R lB) B B
of e%?{(éﬁéla@ecehldi:wﬂ%aﬁﬂ%ﬁgﬂw&cgﬁl it iqge %chlﬁcclggnc}erl]i@gﬂig derivative

5  is adedleb arh combntedtiohhasgeasfied-1. 2thRbEpdrsnlf @iyl @ebtae ARM daler C
acid cyclic amde salt, represented by formula I1l1;

Hivherein Ris selected fromCHF , H C _ A kyl, CHF,
The Sishgefio cotiping B sell ahifingd abites [« of Bechricetss deSértbed herein may
5 C A : : . - . ,
TR SIS BN S Rt Gy Bty B A bichan vy
acetats felixveedabycheparation oBiht Srganltdagsr@hd comoghaatingseet bigahibayer to
mandel i ¢ acid-cyclic am de salt may be optionally
10 dryngspyerobtain egolyad praadelic acihdaivativimbPisferably the roixtwa 04 HCI and ethyl

e A R T t rRE o e i

deri PH9¥ Snay be analysed by conventional chiral HPLC techniques.

In another aspect of the invention there is provided a (R)/(D) or (S)/(L) mandelic acid cyclic

15  amide salt having the formula II;

0
HO _
0
i ([)\N l 0
+H2
RO cl NH,
i

wherein R is selected from CHF,, H, C;.¢ Alkyl, CH,F, CHCI; and CCIF;; andnis 0, 1 or 2.

20 In one embodiment of this aspect there is provided a mandelic acid cyclic amide salt,

represented by formula III;

0
HO )
0
n([)\N] ,,,,, 0
+H2
RO cl NH,
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The said mandelic acid cyclic am de salts represented
by the Fornmulas I, and VI are obtainable by the
wpe@sesHes of the present invention. Al so provPUEGBar0d/004964

the products obtainable by thg_processes described

within this specification and within any of the

Exanpl es di scl osed herein. There is a need for a nore

whefe R L8 ediﬁgmr@tﬁ ?P@Q%'Nlﬁﬂ' CHZFféﬂelzeaﬂH QL 358 nfls)o 1or2.

e manufacturing of large scale quantities of high

quallty (pure) resolved mandel i ¢ aci d derlvatlves

where factors |ike costs, manufacturing tine,

Prefeﬁablé/ ed masfetisracid- Fxphprairréﬁw}t Is § Mgl apid-oydicayide aiﬂt wherein

present invention
Ris) P@gE$P n%ﬁgﬁggdégoc glaVl"orocesses of the

i nvention uses an i nproved ocess for the manufacture
of resolved nmandelic gd deki vatives in which
non- expensi ve raw materi ays arfd nally safe work up
conditions are used to achieve t quakbty resol ved
' ' ady t S further
gnt i orTqurt er provides the
use of a nandel'ﬁlﬁ@ m de saNfbaccording to
the invention in'2 manuf act ure of pharmaceutica
products; the use of a mandelic acid-cyclic am de salt
according to the invention a¥lchenical i nternedi at es
and the use of a mandelic acid cyclic am de salt
according to the invention as chenical internediates
Int efhb%@ WG Yh @ eRbodRRAARER ¢tk miRE ARChThd ﬁﬁﬁd&?&%ﬂ &clic
use i1 n treating cardi ovascul ar di seases).
anncﬂH‘ISaERSIﬁay e eptiondiéyaibstitusel abthe aitiagen atont by Ceg Aﬂlkylowmml asuitable
excess and i s defined as the nole fraction denoting
ringtcaedoa miam by fras Alky] of hﬁiq&ﬁ%ﬁheas fiypeo, hloro prpromop ag ﬂm]n for formula
1) V\,here [Rl and [S] are the concentrations of the
© and ("-enantiomers. In a reaction a chiral
conpound is often obtained as a m xture of
enantioners. If, for exanple, 80% of the (R)-
Theanidnhamiskc adid cydicrama da palts2Oftesmtadey th&Fopmans [IoHkand VI are

then the e.e. is: 80-20/80+20 = 60%
obtainable by the processes of the present invention.

chem cal processing. The

Also provided are the products obtainable by the processes described within this specification

and within any of the Examples disclosed herein.

There is a need for a more convenient and more economically efficient process for the
manufacturing of large scale quantities of high quality (pure) resolved mandelic acid
derivatives, where factors like costs, manufacturing time, use of more environmentally
friendly solvents etc. are vital for commercial application. The present invention provides for
such a process. The processes of the invention uses an improved process for the manufacture
of resolved mandelic acid derivatives in which non-expensive raw materials and thermally
safe work up conditions are used to achieve these quality resolved mandelic acid derivatives

ready to use in further chemical processing.
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The present invention is described in nore detail in
the following non-limting Exanples. Exanples 1-3 In
wao b@sesfsanpl es the foll owi ng net hod was used, PET/GB2004/004964
vol unes and anpunts as outlipgd in Table 1. The
racem ¢ mandelic acid derivative
3-chl oro, 5-di fl uoro-net hoxy nmandelic acid and (D) -

The Rivhiife fudfHeffrowiles tirdde df b traatidlid ackEejcticansas suledoedrdin}: to the
water (8.1% water in ethyl acetate). The m xture was

invehigen adthe omansfacxe @ﬁiﬂlagnaqent;@al PeedutB; thermae efa mandelic) agid-cyclic

iR o ORI b R B FRGPED 'RSTEscigey anHaunt b mandelic acid

cyclerE‘}?lﬁ? §£§§&bﬂi§%é"@5tgné idvkﬁﬁcﬁpasacﬁgm‘f@f Hﬁani@dfalfbs% %Inufacture of

to give t A sanp

pharéias&@icdBsrotliict® (foi dxamplé for@s@fn tié‘d.luh@caxﬂmi/aﬁtuﬂaﬂdlseases)
acetate. The organic |ayer was separated, concentrated
to dryness and anal ysed by chiral HPLC (for suitable

dol Qgqy, see Thi s showe
The gE@F% e Bf %%‘Eﬁt?% 3p 35?”@%“’“1“8’} ?‘fé’@f”’m@ﬂ%ﬁ’f‘ie e?%@ned as the mole
fl uor o- met hoxy mandel i c
ﬁacg&p%&?&g? t&@n@&mﬁg g H’ivaufy Eg. Et OAc Wat er/ Et QAc
mol MV e.e. (% no. VA1 PAPA(mM) (%9 mM water-
EtOAc 1 1.16 0.57 0.49 0.97 8.1 1.20 84.2 2 1.16 0.57
% e.0.4RD- B1/[B]+[3] 27 95.3 3 1.09 0.53 0.49 0.67 8.1 1.63
90.6 MA= racem c mandelic acid derivative,
3-chl oro, 5-di fl uoro-nmet hoxy mandelic acid. PA=

whe%eB))R'] RhASGe HY (%ﬁcenﬁqtmx%%‘f B0 bn P s) RAMMRA SO TR a%actlon a chiral

proli'ne anmi de conpared to racem ¢ mandelic acid
compound is often obtained as a mixture of enantiomers. If, for example, 80% of the (R)-

enantiomer is formed and 20% of the (S)-enantiomer then the e.e. is: 80-20/80+20 = 60%.

The present invention is described in more detail in the following non-limiting Examples.

Examples 1-3

In these Examples the following method was used, with volumes and amounts as outlined in
Table 1.

The racemic mandelic acid derivative 3-chloro,5-difluoro-methoxy mandelic acid and (D)-
proline amide were added to ethyl acetate saturated in water (8.1% water in ethyl acetate).
The mixture was heated to reflux and stirred for 10 minutes at reflux. The thin suspension was
cooled to 23°C over 13 hours followed by further cooling to 18°C over 40 minutes. The
suspension was filtered and washed with ethyl acetate (3 x 30 ml) to give the salt. A sample
was dissolved in a 1:1 mixture of 1 M HCI and ethyl acetate. The organic layer was separated,
concentrated to dryness and analysed by chiral HPLC (for suitable methodology, see Example
11A). This showed a high degree of purity of the “correct” enantiomer (see Table 1), (R)- 3-

chloro,5-difluoro-methoxy mandelic acid.
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derivative. EtOAc= ethyl acetate, as solution

saturated in water. Water/EtOQAc (%9 = concentration of
WwWOR08/054168 et hyl acetate. mmol MA mM  wat er - Et GACEGB2004/004964

concentration range of racemg.mandelic acid

derivative per m of ethyl acetate and water. e.e. (%

= enantioneric excess defined as the % nole fraction

denoting the enantioners imglem Xture. 1) Corrected

for—purTty y—80% PpuUT € T aCcer o] mTanmget 1 C
Exagfplél| @fholvat FOA: | h WhesE(BOA phakl Me/ | e.e. (%)
foll pw nIg Iy d, with|vol unes and anpbunts as
no. out | | MeAI' i n em

deri yative 3 iff | uoro-
and LD\ nrg B—8—a5-GBC

tleﬁ was
\Z o e v o anaot ol Q 842
aUOCT U TATO CIrpC™ I AT S ST TTT©U TUI AaATTutd

L the unur e lueet ed b Gy, A ghet |

2 mnutggeat refdux. | phw t|y s suspgnsi on was jad ppwed to | 953

coot{to 18Cjover 3[hourg (i n EXanptes 4-38; @ hours in
3 Exanpl®99). | &S suspalsijdnoias {i8llt ered and Wé3hed 90.6

wth ethyl acetate (3 x 30 m) to give the salt. The,
MAsz sacemigmanilelicicidderiviative, B-chlerpt diflaorgrmetpricmapgdadic acid.

ethyl acetate. The organic |ayer was separ at ed,
PA‘C@&EH@?%?IB’&WO dryness and anal ysed by chiral HPLC

Eq. gﬁg&%@%ﬂt%’?% iVRIERS g@ Qf@g%poliﬁ@ %n@é‘%ﬁ%ﬁ:eh thMcemi®tdndelic acid

gh degre urity of “correct”

derienggt i omer (see Table 2), (R - 3-
chl oro, 5-di f|l uoro- met hoxy mandelic acid. To exenplify
EtOAg=mashd agetets) bs salpfionssgirdgod HgWatehene was used in

e b; _The racem ndel i,.c.acid derivative
warg BRPAT (Pk= SPren bR G G TRy Rt Bt ac o (26, 16 g
mmJBviR/ MR aterE@FA c=SOW QB oR SHRE O RiEein® MRhdelic@BH derivative per ml
-proline amde (4.80 g, 42 mmol,
of ethyl acetate and water.
e.e. (%) = enantiomeric excess defined as the % mole fraction denoting the enantiomers in a

mixture.

1) Corrected for purity, i.e. initially 86% pure racemic mandelic acid derivative.

Examples 4-9

In these Examples the following method was used, with volumes and amounts as outlined in
Table 2.

The racemic mandelic acid derivative 3-chloro,5-difluoro-methoxy mandelic acid and (D)-
proline amide were added to ethyl acetate and the mixture heated to reflux. At reflux, water
was added and the mixture was stirred for another 10 minutes at reflux. The thin suspension
was allowed to cool to 18°C over 3 hours (in Examples 4-8; 4 hours in Example 9). The
suspension was filtered and washed with ethyl acetate (3 x 30 ml) to give the salt. The salt
was dissolved in a 1:1 mixture of 1 M HCI and ethyl acetate. The organic layer was separated,
concentrated to dryness and analysed by chiral HPL.C (for suitable methodology, see Example
11A). This showed a high degree of purity of the “correct” enantiomer (see Table 2), (R)- 3-

chloro,5-difluoro-methoxy mandelic acid.
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0.45 eq) were added to ethyl acetate (54.5 m) and the

m xture heated to reflux. At reflux, 5.5 nm of water
wor®sasidesl and the m xture stirred for anot herPADGB2004/004964

m nutes at reflux. The thin.ssspension was allowed to

cool to 18 C over 3 hours. The suspension was filtered

and washed with ethyl acetate (3 x 30 M) to give 8.6
To e&e f{hiyhﬁ stk Uetad), S8 Mpll@ving schdinesodsused imEgardpld 6m xt ure

M HQ and ethyl acetate. The organic |ayer wa

The swpancamemdeh@@mﬂedﬂrwatlwfblom,%éb@r%thIn}@@dh@wld (26.18 g,

93.33pL d i SUHBIE SRS KR TR a0 (P RRTSHOR BGle 80,8 47 mmol.
0.45%(# et ddasgth etﬁ@ &Eta&@gﬂﬂ thi)8h&the ﬁ‘i@c%ﬁ@ ﬂe?@g téijfcﬂﬁﬁ: At reflux, 5.5

gave anot the salt. The
ml of w’é)ern*msdahecralmomel nﬂﬂﬁreadnmﬂeyliachmmeHM @ififites atseflta e thin
met hodol o}g{‘% see Example 1 z‘ and cont ai ned 99. 0% of
suspepsion was alkeved tosant todi$eE OVErra% ure. Thesnpneasipnnyas dilsred and washed

withey gqtuge ) 9 G3ve S & o i St £ bty webiglssalvB by 41
mixtird g%t BPHEL ndedill Sidhate. ThoBredficlaer Xl Jerfetled) Rfcchyted to

drynkbbandllandlfsed By Etirdd HFS Cl Thxkhd@ed 98.2%300e Oc@ret6 8@1) enantiomer.
38400 0.50 66800 4600 6.4 1.08 98.2 42240 21120 50
Frorg $gomothsoiaqupr anore routayil erywallised, yddeh wandikersd; ‘Ea%'éﬁi gnd dried. This

gaveF;)?{lroj;t\l/e?EI ve étlh él? é[megée_e (53 HheT a%c?cp %¥s anaTygs%h le I-ﬁfLCd (for suitable

methodology, see Example 11A) and contained 99.0% of the “correct” enantiomer.

Table 2
Example | mmol | mmol | Eq. EtOAc | Water | Water/ mmol e.e.
no. MA' |PA PA |@ml) |@l) |EtOAc |MA/ml | (%)
(%) water-
EtOAc
4 5.96 2.9 0.49 3.7 0.30 7.5 1.61 99.2
5 1045 |5.1 0.49 6.4 0.52 7.5 1.51 98.9
6 93.30 | 42.0 0.45 54.5 5.50 9.2 1.40 98.7
7 155.31 | 77.7 0.50 91.5 10.20 | 10.0 1.53 99.0
8 76800 | 38400 |0.50 66800 | 4600 6.4 1.08 98.2
9 42240 | 21120 |0.50 33000 | 2500 7.0 1.19 99.6

MA = racemic mandelic acid derivative 3-chloro,5-difluoro-methoxy mandelic acid.
PA = (D)-proline amide.

Eq. PA =-Amount of equivalents-of proline amide compared-to racemic mandelic acid
derivative

EtOAc = ethyl acetate in ml.

Water/EtOAc (%) = concentration of water in ethyl acetate.
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Eq. PA = Anount of equivalents of proline am de
conpared to racem c mandelic acid derivative EtOAc =
werdwghsacetate in m. Water/ EtOAc (% = concenPCEGBRIV4/004964
of water in ethyl acetate.nompj.MN m water-EtOAc =
concentration range of racem c mandelic acid
derivative per m of ethyl acetate and water. e.e. (%
mmal MARI wARERIHIO ARXE &shgesleftioneth Rof tritRnie Mh&elfc Red d@fVative per ml
denoting the enantioners in a mxture. 1) Corrected
of ethpkacptatd angd watee. initially 85-90% pure racemnic
mandel i ¢, aci d deri i ve. The us i on
e.c. ) nmupalees@rquag%ﬂéd&?éb el daolien ?Patlam% epggtiomers in a
ﬁgenlc mandel i ¢ aci d derlvatlve
¢hl oro, 5-di fl uoro- net hoxy mandelic acid (0.2 g, 0.79
1) CoH®dted ﬁﬁ}@uﬁty) 1.8rifitiall$ 88150dLpire riehic fhafdslivnlcid erfyafite.)
were added to 1ml dioxane and the m xture heated to 90
2) TIs: sudpensinp Wasatllowysdao covldk 18Us peerdlilmmrssas f or ned. The
suspension was filtered and (S)-mandelic acid
i berated by extractive work up using 1M HC and et hyl

Exa%%%gpe. 0.05 g ena_nti oner of ee: 92% was obt _ai ned.

e ; Racem sation procedure Once the desired

The ¢aceiihinandeli aerl deeivawvedd-plilotd, sraifiudeo-(ddifoAy nsaldelibiasd (0.2 g, 0.79
been isolated by filtration, the nother |iquors

mmalp ad{Lipglinerareide (385%10.48mmak; Kkb eq.y wmr@ldyd teahoé dicxane and the

mix oD G0 a BB hede P PR TRNAE Mes Tafeicd Thaghsgension was
fllte{eggagﬁq(ﬁeﬂande?l@echldeb%{HtétﬁE &Rr%ﬁ@@%ﬂpﬁ?ﬂn%irﬁfHCI and ethyl

I’ng racenmate nmay agal n be use process o
acetAtB.£0.051Y efdritdfmel of ie80IMb vaFDbRImt. t he desired
enantioner. This racem sation/recycling process may be
repeated a nunber of tinmes to obtain higher yields of

mix

Example 11 : Racemisation procedure

Once the desired (“right””) mandelic acid/prolinamide (MAPA) salt has been isolated by
filtration, the mother liquors containing an excess of the other (“wrong”) mandelic acid
enantiomer (and also some unprecipitated prolinamide salt of the “right” mandelic acid) may
be racemised — see racemisation scheme below. The resulting racemate may again be used in
the process of the invention to isolate more of the desired enantiomer. This
racemisation/recycling process may be repeated a number of times to obtain higher yields of
the desired enantiomer, for example two recycles may permit up to 70% overall yield of the

“right” mandelic acid, and three recycles may permit up to 80% yield.
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the desired enantioner, for exanple tw recycles may

permt up to 70% overall yield of the "right" mandelic
w@eoodos4angl three recycles may permt up to 80%CT/GB2004/004964

yield.HO, NH d HO 10% aqueggs HCI F HCO Organi c

phase n aqueous phase F HCO Mdther Iiquor fromthe .

MeOH 30% aqueous KOH first resolution 2. 15% aqueous
Raceni sati on Schene Exanple HA :

[ of nother |iquor The nother liquor, in
et hy aceé aty, fyomthe resolution process (for
ex e, f, mﬁny of Exanpl es 1-9 above), gontaining
th ong ?—rmmgellc aci d enantioner in extess (3.35
FzHCR)g, 5% L, corresponds®e 0462 kg mifldeteuaci d,

o, o)
hl ori éHﬁCINﬁ
co remope D<prad i nancde. "
eor gani c sol uti on was shed with dei oni sed wat er

(0.58 kg) after i nver si on curred with
thganl c phas\cle@@%F'g&Fg%e

queous pHase. NGGHEQHPhase
de (0.030 kg) was added

Mother liquor from the 1. MeOH / 30% aqueous KOH

first resolution
2. 15% aqueous HCI

o]

HO,
OH

F,HCO a

Racemisation Scheme

Example 11A : Racemisation of mother liquor

The mother liquor, in ethyl acetate, from the resolution process (for example, from any of

Examples 1-9 above), containing the “wrong” mandelic acid enantiomer in excess (3.35 kg,
3.53 L, corresponds to 0.462 kg mandelic acid, 1.83 mol) was concentrated under reduced
pressure at 50-55°C to a volume of 2.78 L. The solution was extracted at 15-25°C with 10%
aqueous hydrochloric acid (0.62 kg, 1.69 mol, 0.92 eq) to remove D-prolinamide. The organic
solution was washed with deionised water (0.58 kg) after which phase inversion occurred

with the organic phase below the aqueous phase. Sodium chloride (0.030 kg) was added to

_invert the phases again and the phases were separated. The organic phase was washed with

8.7% aqueous NaHCOs (0.71 kg, 0.74 mol, 0.40 eq). The organic phase was concentrated as
much as possible under reduced pressure at 50-60°C. The remaining residue (0.483 kg) had a
chemical purity of 76.5% as determined by HPLC and an optical purity for the S-enantiomer
of 81% as determined by chiral HPLC. The residue was dissolved in methanol (1.33 kg, 1.67
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invert the phases again and the phases were separated.
The organi ¢ phase was washed with 8. 7% agueous NaHCO

W@ 2003054468 0.74 nol, 0.40 eq). The organi c phaBET/GB2004/004964
concentrated as nuch as possi®le under reduced
pressure at 50-60 C. The renmi ning residue (0.483 kg)
had a chem cal purity of 76.5% as determ ned by HPLC

L) aA 0B A8 sGRtashiuid Aniré:qde (00! 1oz, AR YhHO DBI3 eﬁﬁ wad 8ddd at 25-40°C.
determned by chiral” HPLC. The resi due was di ssol ved
The nrixtvet Wasbdatddito3B-KYC ahd6titryd tmdppOXimajekydus hpos asidl apmplete

e e S B S T B
o S8 BREE PAOLY B BRMRUTE 34 KEOTR oy 00 ke ver

addéverb e Rjueb@ssdhitidn dnldese AiftutenagrcobRdus 04°0r 26% U dhedls
40- 50 Di chl oronmet hane (1.35 kg, 1.02 L) and water

hydioohl¢ic hgl)i (hd7 kgatided., 0d1mhd, 2o equeasasidad vothimZ@iminges to the
m Xt ure was

. ., cool to . 0-5 C.. 20% Aqueous hl oric
stirrgl {vp-phase pigire g OLZ,OQ& (@oihmC S @)d“ YAk 5 agte was

s b R0 PUATR 10l S0 g o oot v
diss¥iesd shpleRlly RVEEhIarop@thag. THe fHactstwek® sepanait® sndthe 2Queds

Cuntil the precipitated oil gor oduct was dissolved
soluti omplag extractédwith dichtnromethinen@.53Hee ORd9eEhaeomebined organic phases

e A B S SR R B R 1 Src.

s A PEATE R MR AERLC ABBE T W%, Y T

gave 0.443 kg of an oily product with a HPLC purity of
97.1 area% The HPLC conditions used for determ nation
The §TPLiG eonslitionsyused farsletenmipatiem pf thp purim «f the MAPA salt by HPLC were :

Colyge SR e 2 1 5 T by U Ly, 220
Flow o4t 4 k. /8kiti on: nL Tenperature colum: 20 C
Detection: UV, 220 nm

Volume injection: 15 uL

Temperature column: 20°C

“Running time”: 35 min.; Post time: 5 min.

Mobile phase: A: 50 mL acetonitrile + 200 mL ammonium dihydrogenphosphate buffer + 750
mL pure water

B: 800 mL acetonitrile (HPLC-grade) + 200 mL ammonium
dihydrogenphosphate buffer

Gradient:
Time (min) % Phase A % Phase B
0 90 10
5 90 10
30 10 90
35 2 98
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"Running tine": 35 mn.; Post tine: 5 mn. Mbile

phase: A: 50 nL acetonitrile + 200 ni amoni um
walrdvpasagenphosphat e buffer + 750 nL pure wat ePCBGB3®3/004964

nmL acetonitrile (HPLC- grade)2¢-200 nL amoni um

di hydr ogenphosphate buffer Gadient: Tinme (mn) %

Phase A % Phase B 0 90 10 5 90 10 30 10 90 35 2 98The

The HREEC @&fdﬁidds QRS 6% 6tefrRimati6t 6ff tht Bpfida0 Pusly drfiee AP A 8dlt by HPLC
purity of the MAPA salt by HPLC were : Col um:

werdChi r al pak AD, 250 X 4.6 nm DAICEL Flow rate: .0 nL /
m n Det ectian: injection: 10 nL
COIW%@FTQW%@ISQM g?ﬁn(rbXan time": 30 min Mbile
ey e /| 2-propanol / trifluoroacetic acid =
Flo Eﬁn d&)t?réﬁﬁnt The resulting racemate nmay again be
Detdtsih: IUV,1218 ngf ocess of the invention to isolate nore
of the desired enantioner, for exarrpl e according to

Voluheirfjestiooni ng0 Bxanpl e. Exanpl e HB ; Resolution of the

mandel i ¢ aci tained after racen i
Temperature colum 309(? em sati on

“Running time”: 30 min

Mobile phase: n-Hexane / 2-propanol / trifluoroacetic acid = 900mI/100 mL/1 mL

The resulting racemate may again be used in the process of the invention to isolate more of

the desired enantiomer, for example according to the following Example.

Example 11B : Resolution of the mandelic acid obtained after racemisation

A solution of the racemic mandelic acid (obtained after the first racemisation) in ethyl acetate
(1.433 kg of 2 29.9% (w/w) solution, 0.429 kg racemic mandelic acid, 1.698 mol, 1.00 eq)
was filtered and added within 30 minutes to a stirred solution of D-prolinamide (0.095 kg,
0.853 mol, 0.49 eq) in ethyl acetate (0.407 kg, 0.452 L) as well as water (0.153 kg) at 72~
75°C. After the addition was completed a clear solution was obtained. The mixture was
cooled to 58°C within 45 min. No crystallisation was observed. The mixture was cooled
further to 0-2°C within 2.5 hours. The salt started to precipitate at approximately 55°C. After
stirring for a further hour at 0-2°C, the solid was filtered off and washed twice with a pre-
cooled (0-5°C) mixture of ethyl acetate/ water = 9:1 (w/w, 2 x 0.20 kg). A wet, off-white
powder (0.264 kg) was obtained in 99.3% purity and 97.6% optical purity.

If necessary, the optical purity can be further improved by slurrying the product with ethyl
acetate/water and filtering. For example, the optical purity can be improved further by the

following re-work procedure.
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A solution of the racem c mandelic acid (obtained
after the first racemsation) in ethyl acetate (1.433

W ooshH546829. 9% (W w) sol ution, 0.429 kg racen BCT/GB2004/004964
mandelic acid, 1.698 nol, 1.9p.eq) was filtered and
added within 30 mnutes to a stirred solution of
D-prolinam de (0.095 kg, 0.853 nol, 0.49 eq) in ethyl

ﬂ@ RR-wérk edurd52 L) as well as water (0.153
ter the addition was conpl eted a

9
The slet mandeiicmcnbla -prelinaptide saled, 26%rke) mias Suspendessn egnixgte phethyl

aceisip L keok bl R Dispred I{RDRERe R5bembrra toiieg 19 74:75°C and
T (o]
stnrgcg%br é)(g mlgﬁef 94 t&lgé&ﬁ%ftﬁ%{é ?“thlgr ?@ﬁﬁél?ﬁbﬁs @(?(i}(ru% 0 3- Sh% av1th1n 2 hours

and fien @uﬁe&;fortahﬁthsﬂldlﬂ avéhss fehipbRnee, ’nfefsoﬁﬂ dvawaﬁlhﬁﬂ dffirEwashed
with a precool ed éo 5 C mxture of ethyl acetate/
twicewaitithra preg:ogle(lma\ﬁf )znu(xtgregﬁ e acepatofutater of 3 1 (i w62 x 0.38 kg). The

LT STpobAreEn T T AT BB A i
prol&? (Fk salt ahla stéﬂme? 1¥1¥ géxle%.ﬁﬁ'ﬂ of: BdR% §‘% E‘ﬁs%ﬁ‘ on D-

ace vvater tering or exa

prolﬁﬁhh&‘@wmw ¢Heym@eﬁ @uh@ cbﬂ’ﬂ;99%/ et éplfchf@fntjwf T>9£€%
foll owing re-work procedure. Exanple H C: Re-work
procedure The wet mandelic acid D-prolinam de salt

) S.Sus ed | amxtreofe . acetate
Thls(fi“’%s%’% rf”@&u% SR e beapir ek B SamblediagsE i Bore te
%ﬂaﬁﬂﬁrﬁﬂeﬁﬁa rZ%] fedBitth édn%lﬁﬁ)ngpéxtl%gtlé'ﬂ !@:Hltnﬁgué%t
tenperature. e suspension was cooled to
W|th| n 2 hours and then stirred for another hour at
this tenperature The solid was filtered of f and
Examnlée:2: Differentsalts a pre-cooled (0-5 C) mixture of

et.h tate/water = 9:1 (W W, .2 0,38 . ..The .
Oncf ey 3o sl SRy ae b gt ealing pcot Phoryiber gap pe isolaed
as a?ﬁf(fﬁ‘ént%glt Guitiibid for Eﬁ%ﬁwl’?f&@ésﬁ @éﬁén@ﬁg Wmélﬁﬂhﬂﬁah% akid enantiomer

constant wei ght I's gave 0.225 Kg of product
is re(ided Yachbadigfdrenn sdlk mpy bé isobusdigthendroin the plodintmide salt, or from the
urity of >99% and optical purity of >99% This
motherdisprprsaemainingeafisr the pralipaeide sy %ﬂ%@ﬁn bleiedpfat ed, for
exanple tw ce. Furthernore, the

Thus, for example, (R)- 3-chloro,5-difluoro-methoxy mandelic acid.D-prolinamide salt may
be isolated and then converted into a different salt for further processing. The mother liquors

can then be racemised for recycling, for example as described before.

Alternatively, (S)- 3-chloro,5-difluoro-methoxy mandelic acid.L-prolinamide salt may be
isolated and then a different salt of (R)- 3-chloro,5-difluoro-methoxy mandelic acid isolated
from the mother liquors. The (S)- 3-chloro,5-difluoro-methoxy mandelic acid.L-prolinamide

salt may then be used for racemisation and recycling.

(R)- 3-chloro,5-difluoro-methoxy mandelic acid ((2R)-[3-chloro-5-(difluoromethoxy)-
phenyl](hydroxy)acetic acid) is a useful intermediate, but the free acid compound has a low

melting point (52°C) and is hard to crystallise. Furthermore, (R)- 3-chloro,5-difluoro-
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D- or L-prolinam de may be recycl ed using conventiona
extraction techniques. Exanple 12 : Different salts
w@ewe/ 054168 mandel i ¢ acid enantioners are separ aPE€UGBR@A/004964
the desired enanti omer can bg2isol ated as a different
salt suitable for further processing. Dependi ng which
mandel i ¢ acid enantioner is required, such a different
mettsolytm A1 O acill $0Very eclubletcbaipafedao i spbstinktB@ Hatl@elRakid. As
or fromthe nother liquors remaining after the
menfprgd mlmrddtfmgln 3tshlprpdaliflperptiaethex omandelinasid i§ oapable of forming

S bl P B S R e
scalE AN GaEGHnE B%,ﬁ)o?es h%w ifrg Fﬁ'&; ﬁl%ﬁi dnd(18% e&h‘ﬁﬁéq‘ﬁ&ic excess).

processi ng- ors can t pe racen
for recycling, for exanple as described before.
Al ternativel (S)- 3-chloro, 5-di fl uoro-net hoxy
The Fxpaaples abens és«antpﬁtm iselation of.dar exampje. KB)- |3s@11@me’ijdlélﬁaro methoxy

i fferent, sa

ma“‘é‘é]b“h?"b‘} g* OB adﬁaF?‘B’&rIBIXhE? BQS %ﬁ%ﬁa D Replipamidy- aTgge cyclic amide

resofv'i at(ljt? %réé@%@ﬁﬁ‘lﬁéo 'ra{g&‘ gn%l? ﬁlée;[ Er ia?t)s s3pe o of further interest to permit even more

efflcmitmhrge peald maaufhctaris@l t may then be used for
racem sation and recycling. (R)-
3-chloro 5-di fl uoro-nmet hoxy mandelic acid

We 00 BB BEBeT s ey Pt SEGEEAAPLT NG o formpl D as @ futher
featdr@ %f fHe‘iﬁvéh‘ﬁbﬂ mmmrﬁ;@issnﬁh ls ¢ ﬂf%{utdbg]ﬂl él%'c{éht, im&pdsive

hard to crystalllse. Furthernore,

1sola'310ﬁ h)lf OanSrldhhfc lavids asre kdlak yherebndetatimgapipdrtisitisefoy economic

sol ubl e conpared to the unsubstituted mandelic acid.
enanmgsqigqﬂvpms% ang ggr Imaravee\asis of the process using resolution with, for

) h% 5-di,f | uoro- net hoxy mandelic acid is capable

exan&?e’f PSSt s with, for exanple,

- di phenyl - D-prolinole, such salts are not satisfactory

for |argescal e manufacturing purposes (having | ow
Enanticstldctivedroh@ste{@ns-ichlves, S{dﬁhmesm@thoxmalﬁehuphdareaﬂm/ef interest,

describe the jsolation of, for exanp J
and BLuRh 67555 80 sffw%rlee%fl%@(%lh%fﬁa%maedea&aal ip @fagtive. Preferably
the Sf.ﬁ ég%ulg)?gcf(};syaﬁl?nebgnl{agge {h% glﬂl e[Lonnt%rm%lon andd)e directly

am dé resol Vi n Xpensi ve

useabRUf aGhiBRBAENt I UpBindY Badonf urt her i nt erest to permt
even nore

The Examples below describe the preparation of certain metal salts of (R)- 3-chloro,5-
difluoro-methoxy mandelic acid (calcium, zinc and magnesium salts). Also described is the
preparation of certain amine salts of (R)- 3-chloro,5-difluoro-methoxy mandelic acid (i.e. the
salts formed with 4-hydroxy-2,2,6,6-tetramethylpiperidine, triethanolamine, piperazine, 1,4-
dimethylpiperazine, 2,4,6-trimethylpyridine and 4-hydroxy-1,2,2,6,6-pentamethylpiperidine.
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efficient |arge-scale manufacturing. W now provide
further new salts of our substituted mandelic acids
w@ edoshodriegil a 1) as a further feature of the i NRENGBRIVA/004964
The di scovery of such salts.pgovides an efficient,
I nexpensi ve isolation of our mandelic acids as a
solid, thereby creating opportunities for economc
Exa 1208 €L Il MR PIcGaElS 6 _aacthiab S-aiflueY & ifdthéxyinahddic acid
process using resolution wt exanpl e,
D- pr ol i(ham de. Enantloselectlve routesCIo (R)
3+l orlg, 5-di fl uoro-met hoxy marjdel i agi d are |al so of
i nt eNEst ,0ldNnd i n such cases an |[ef TI CNENtO'1 neXpensi ve
salt lof the mandel i cVd¥bd is atitractilve. Prefgrably

ox thersant shoul d be cPfEPal Line,| enhaite the ,
ena oleri c purity upen format|i on be di rectq'%/*
ciseabt’e toCHFsubsequent (coupl ifrig (n'ggHFWhe

Exanpl es bel ow descri be the preparation of céds ai n

nmetal salts of (R)- 3-chloro, 5- difluoro-nmethoxy
Caldigmd@lt ¢ acid (calcium zinc and nmagnesi um salts).
~ AIsO described is the preparation of certain am ne
To assabpemsion of RA493: @178 mumsl) of thedBDmmtdcltmaq?d traeppedd from the (R)-

MA%‘%@S @@Sﬁggﬁgf@)tp lefflgéflg‘fd V\%pgm Watfie(2.5 ml) was added a 25% wiw
e AN AT 08 oRBRE! 556 ml; 1 off, WRWHRPREARL Wash (.15

ml). 4otiél fe@ﬁumg,s&uaoﬁ Wi @acﬂadadmmwnmf@enlsog (19064ahB]. ©.6letp) of
Ca, Zn and My salts of (R)-

calcigmnuéHlorids, ing). dlinfl lof wrater meitihe waterrtaustl washc0d 1) HO soligiwzy formed

Clr @) OCHF cr 2 Cal ci um sal
immggiately. A’?ter lcf%ur at ambient temperature the m}xture was cooled with an ice-bath

and kept at 0°C for 2 hours. Then, the suspension was filtered and the solid material washed
twice with ice-cold water (2 x 0.9 ml). The compound was dried at 40°C under vacuum to
give 0.37 g (0.681 mmol, 76.6%) of the crystalline calcium salt (as confirmed by XRPD — as

described hereinafter).

The procedure can also be performed with calcium acetate in place of calcium chloride.

Magnesium and zinc salts

Crystalline magnesium and zinc salts (as confirmed by XRPD — as described hereinafter)
were obtained using an analogous procedure to that described for the calcium salt. The (R)-
mandelic acid.Mg salt was obtained in 16% yield (MP= 186°C) and the (R)-mandelic acid.Zn
salt was obtained in 78% yield.

In a further experiment, the Mg salt of a racemic 3-chloro,5-difluoro-methoxy mandelic acid
was obtained (75% yield), using an analogous procedure to that described above, by addition
of 0.6 eq of magnesium hydroxide to a suspension to the racemic mandelic acid in water. The
salt was obtained as a crystalline solid (as confirmed by XRPD), with a melting point of

113°C.
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To a suspension of 0.449 g (1.778 mol ) of the

(i?)-mandelic acid (prepared fromthe (R - MA-(D)-PA
wa@2005/0896%g HCl (ag), and water washi ng) in watRBCT/GB2@4/004964

m ) was added a 25% w w amonga sol ution in water

(0.133 g, 1.956 mml, 1.1 eq), with a water transfer

wash (0.15 m). To the resulting solution was added a

Q{ﬁ%ﬂb’ 41281 AGhind-shiks oﬂglﬂl S%Yoﬂ!ﬂlﬂuﬁr(ﬁnfwﬁoﬁ maAd&icktid
C orl ern \Nater a water transter

Ex -11: ‘Ftigthaho s forned i medi ately. After 1
houroat anbi ent terrperature, t hey m e was cool ed
it hilan i ce-bath and kept 0 0 for 2 |hours. Then,
stgpension was filtere solhg+matePHa

waghed tw C@‘eﬁf tngl! giﬁécold watler (2 x @79 nl). The
und wa C uprdery vacuum toygive 0.37 ¢
1 mmol EtOkc/BYbctahet he ¢ al l'i ne cal gun1salt
coOCHFred by XRPD - a€l“de iHRher ei nafter). The
procedure can al so be perforned with cal cium acetate
Triethunplagdse (@fl 183llcl 664 atvhal) vdeaddet gme Si3dmMsdluzibmof thel(R}mandehc
Crystalline magnesi um and zinc salts Ejas confi rned

acichBBB0 2, hd2eameeh BRe o e B D bl HGk s, and water

wasﬁ‘léllgi1 rﬁelrﬂ%g %ta@.ﬁﬁ g.m?) ?te}ﬁg)ﬁtaag at ,ﬂgs i @d\g%ﬁo%{ccé\%lgamed by a weak
exo@RIAl Tl%%oltﬁhoﬁ@s/&sﬂe%g td b6 &ﬁ@@oc%@ aﬂﬂlﬂﬁl riti? }hé@ﬂlﬁ@n' séarted to

acid.Zn salt was obtained in 78% yield. In a further
turnectquelyi Teasglutidnew Aycoddd slowlyao ambemt temperature overnight. The solution
3-chl oro, 5-di fl uoro-nmet hox nandellc aci d, was obt ai ned

was(tremgapied ta)°C aa thy s Papeapi tep L chepy Birting pHAC. The suspension
wasg?o&cr‘(i)mbtgg reff%g Yitor %¥e1%9 % tf l%ped? &Va&eg with EIO/K@%B?&B&W 46;1

a susp enst m'c man
(2x1.23 ¥}, &en vhBEurf @h%d \A@@ombaé?]mﬂsmﬁ oL 244y ] lss% T@hd @irystalhne
(as confirmed by XRPD), with a rrel I ng point of
(R)-B&Totexadifluerdt 2Bthox pmandelsaidid tristhahRamine salt (melting-point (MP) =
,3-chloro, 5-di fl uoro-met hoxy mandelic acid Exanple
68°¢»B-1 : Triethanol ani ne salt

The crystallinity of the triethanolamine salt of the (R)-mandelic acid was confirmed by DSC
(endotherm onset = 68°C) and XRPD. The following XRPD d-values and intensities were

obtained:

d-value Relative
(A) intensity
7.3 m

6.9 m

6.1 S

5.6 Vs

54 m

5.2 m

4.60 m

445 m

4.33 m




HO. HO tri et hanol am ne Et OAc/i sooct ane OCHF,

Tri et hanolam ne (211.8 m, 1.564 mmvl) was added to a
WO285054% 0l uti on of the (i?)-mandelic acid (OPGBEGBRV04/004964

1.422 mol ; prepared fromthes¢(R)-MA-(D)-PA salt using

HCQ (aq), and water washing) in ethyl acetate at

atrbteft—tenperature. The additi on was acconpani ed by a
4.11weak exptherm The solution was heated to 66C and

i sooctane addedluntil the solution started to turn
3.80cl oudy.s The sol ytion was cooled slowy to anbi ent

t enperlat ure ovenni ght. The solution was then cooled to
3720 C andSthe saltl precipitated after Whours stirring

364at 0 ¢._The suspension was stored in the refrigerator

overn g$h+ f+tered, washed with Et OAc/i sooctane 1. 46:
3.59(2x1.23,m ), then vacuumdried at 40 C to give 0.500 g

(244 mot5—88% of the crystalline (R)-
3.483- chl grm, 5-di f | yor o- net hoxy mandel i c

aci d. ffri et hanol am ne salt (nelting-point (MP) = 68C).
3.46The crystallinitly of the triethanolanmne salt of the

(i?)-mandelic agid was confirnmed by DSC (endot herm
3.33%0nset A168C) and XRPD. The fol |l owi ng XRPD d-val ues and

331! nt ens!ri;li es were obtained: d-value Relative (A

HteRstty—+3—m6.9 m6.1 S
3.24 m

3.09

3.05

2.92

2.79

g8 |B |[B |B |B

2.60

The main, reproducible peaks have been tabulated using the following definitions ...

vs (very strong): >50% rel. int.

s (strong: 28-50% rel. int.
m (medium): 9-28% rel. int.
w (weak): 4-9% rel. int.
vw (very weak): <4% rel. int.

The relative intensities are derived from diffractograms measured with variable slits.

X-ray powder diffraction analysis (XRPD) was performed on samples prepared according to
standard methods, for example those described in Giacovazzo, C. et al (1995), Fundamentals
of Crystallography, Oxford University Press; Jenkins, R. and Snyder, R. L. (1996),
Introduction to X-Ray Powder Diffractometry, John Wiley & Sons, New York; Bunn, C. W.
(1948), Chemical Crystallography, Clarendon Press, London; or Klug, H. P. & Alexander, L.
E. (1974), X-ray Diffraction Procedures, John Wiley and Sons, New York. X-ray analyses
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5.6 VS 54 m52 mM4.60 m4.45 m4.33 nd.11 3.80 S

3.72 VS 3.64 S 3.59 3.48 3.46 3.35 3.31 3.24 3.09 3.05
wWQ2®302169 m 2. 60 The mai n, reproduci bl e peaksP¢EHGB2004/004964

been tabul ated using the follggd ng definitions vs

(very strong): >50%rel. int.

were performed using a PANalytical X Pert PRO MPD diffractometer. The sample was
analysed with, and without, internal reference. The measured peak values were adjusted and

thereafter calculated into d-values.

Differential scanning calorimetry (DSC) was performed using a PerkinElmer DSC7
instrument, according to standard methods, for example those described in Hohne, G. W. H.
et al (1996), Differential Scanning Calorimetry, Springer, Berlin.

DSC onset temperatures may vary in the range +5°C (e. g. 22°C), and XRPD distance values

may vary in the range +2 on the last given decimal place.

Example 12B-2 : Other amine salts

Crystalline solid salts of (R)- 3-chloro,5-difluoro-methoxy mandelic acid with 4-hydroxy-
2,2,6,6-tetramethylpiperidine (MP = 153°C), piperazine (MP = 135°C), 1,4-
dimethylpiperazine (MP = 93°C), 2,4,6-trimethylpyridine (MP = 66°C) and 4-hydroxy-
1,2,2,6,6-pentamethylpiperidine (MP = 145°C) were obtained in an analogous way to
Example 12B-1.

The crystallinity of the above amine salts of the (R)-mandelic acid was confirmed by XRPD

as described herein.

The above amine salts may be formed with the single (R)- or (S)- enantiomer, or with a
racemate of 3-chloro,5-difluoro-methoxy mandelic acid. For example, solid salts of a
racemate of 3-chloro,5-difluoro-methoxy mandelic acid were obtained by an analogous
procedure to that described above with 4-hydroxy-2,2,6,6-tetramethylpiperidine,
triethanolamine (crystalline, MP = 53°C), 2,4,6-trimethylpyridine (crystalline, MP = 72°C)
and 4-hydroxy-1,2,2,6,6-pentamethylpiperidine (crystalline, MP = 120°C).

The dicyclohexylamine salt of a racemate of 3-chloro,5-difluoro-methoxy mandelic acid was
obtained by an analogous procedure to that described above (but dicyclohexylamine salts of

single MA enantiomers were not obtained).
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S (strong: 28-50%rel. int. (nmediunm: 9-28%rel. int.

w (weak): 4-9%rel. int. vw (very weak): <4%rel. int.
wab@sosdiet i ve i ntensities are derived from PCT/GB2004/004964

di ffractogranms neasured wthayariable slits. X-ray

powder diffraction analysis (XRPD) was perfornmed on

sanpl es prepared accordi ng to standard nethods, for

Exa C : FaanGofReike seleelvityoffha conslonierate trivthanolabBne salt
undanmental s o yst al I ogr aphy, or niversity

The Bietsarolahaink sals pf RehlarmdS metRoxy mapndegdigaicid is particularly
olghDLiF LR, L8 2 P Poueie DL REL B Y A0, e
A AL S S8 A i om

enaﬂ?{o@g@a%gﬁ@cegghn Wl ey and Sons, New York. X-ray
anal yseswere perforned using a PANal ytical X Pert PRO
I\/Pthi ffractometer. The sanple was anal ysed with, and
wi.t hout,, ipternal reference, The neasured .peak val ues ..
Theffs & datipei G BiRbe N LA el (P A THE GOy deoking at a
. : I
50: kB8 B HERNHAE (G0N PORERAS Yok AL AIBSAAE of B1YSRR of the two

enarﬁioﬁ&@@iﬁlcbﬂ It dveslus. Adthoexaimbuik theessgldertitd BegtitallyHheutral, the
hne, .WH et a (1996), D fferential Scanning

indigdndrciryseals gont@pronhyide R @er¢riaptiomgcThissein eantpelrta @yaeesnic

my Vv in the.range +5 C (e. g. 2C nd. XRPD .
ComBP‘i‘}daWaﬁ%e\‘}%q 13 Vlli]—ﬁ:l; 91‘\}’3 Cpﬂt(a.ph%upﬁﬂ'é%ur;s %bqlﬁi)] gnqnfigmers and the

I { 2ld : '

race%;% gx{}]/gt?ﬁﬁhfe}ﬁ a g?%%&?a?%%g‘ghﬁﬁ%fzﬁ aftd § oid1B&es2 RdeEmRA dnfpounds
and BordMbRéates cah b didtifguisHel by \etrmitation ofithelt méltilg point diagrams

4- hydroxy- 2,2,6,6-tetramethyl pireridine (MP = 153 C),
(phast gegamiser bypsing pawde@)X-ray ditfrasitionon ol yate dBispectiopopy; the data
of p&[%%éﬁltﬁg’{éérg ﬁgerilder:mrft}cgy\l)vﬁﬂ Eﬂedcia?aeof(th/gco:ng?grr%ra%? gut different from that of

a racemic compound.

For the triethanolamine salt of 3-chloro-5-difluoromethoxy mandelic acid, being a
conglomerate makes it possible to isolate the triethanolamine salt of the (R)-mandelic acid
from an enantiomerically enriched mixture of the mandelic acid by direct crystallisation. The
maximum theoretical yield can be calculated by: 100-100x(amount of the wrong enantiomer
present in the sample + same amount of the desired enantiomer)/total amount of solid. For
example, starting with 95% w/w of the desired enantiomer, the maximum yield is 90%.
Starting with 90% w/w of the desired enantiomer, the maximum yield is 80%, etc. (R)-3-
chloro-5-difluoromethoxymandelic acid with an e.e. of 90% can, for example, be the product

of an enantioselective process.

Example 12C-1
Racemic 3-chloro-5-difluoromethoxy mandelic acid (51.25 mg, 0.203 mmol) was added to a

0.351 M solution of the (R)-mandelic acid (0.607 g, 2.405 mmol; prepared from the (R)-MA-

(D)-PA salt using HCl(aq), and water washing) in ethyl acetate at ambient temperature. The
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1,2, 2,6, 6-pent anet hyl pi peridine (MP = 145C) were
obt ai ned i n an anal ogous way to Exanple 12B-1. The
weeywsoadibs nity of the above anmine salts of thePCT/GB2004/004964
(/?)-mandelic acid was confiryged by XRPD as descri bed
herein. The above amne salts may be forned with the
single (R - or (S)- enantioner, or with a racenmate of
enaBtiGiiéry @Gcésschffthélm)%ﬁﬁieh@ ¥¥id E@ﬂﬁ%bluﬁoﬂ%a@ defeBhined to be 92.4% by
exanple, solid salts of a racemate of
chirgl HRLEraoakysidi(périmmpd me ithBxamptet d ebove) dbicdhamifnine (0.417 g, 2.739

e S S B o 1 e i
ﬁ%ﬁ%lh@%@ % 6’6‘;@/ %ta/bt’é rlgo Fz]hg mlaga& a%angﬁ]ae solution was

yridine (Cry &

seedbdhylgt OFv gnaﬁul%s 6f ﬁre@ﬁ&hﬁf@irﬁm& BAIPSI (RY130&h10r0-5- d1ﬂ110romef-thoxy
(crystalline, MP 120 C). The dicycl ohexylam ne sa

ma@e}lg@@dﬁ%S%feessaﬂﬂmkslm)f IThersolutieh M@ﬁyoﬂlﬁﬂ tteBSI:’C and since

b I re to that
o e T I T g
3 hdffs, SRR h QIR s f &%ﬂ?@&g}?&? %)ﬁ' OE ﬁa%)saﬁxtﬁgﬁglélﬁg%%vcvaé heated again to

Enanti oneric se € con’

70°C/ seeddiicand|theni AR weedl th cJ&leFﬁlﬁllﬁttﬁ@ﬂ%tﬁmzﬂl@orﬁﬁHtecpa{t 58°C after
3-chl oro-5-di fl uoronet hoxy mandelic acid

anothgy %eﬁélﬂ}gaTh%/SWSmTEms\t/aSWObd td tlmbmuutempaﬁatlﬂe any $dfadﬁ| stifBvernight.
t

A sagx%g% WagﬁLtFJie og({}gllg ég)?tg%gl%régf th%%%fc’llczabllp%nEyOOfI W 1rcl?\v/veas det?:rrmned to be

98. 1% EbPERrar HPIIC MO {T@E@Eﬁfn ess)e L[f?% bifi (]% tﬁ%SL@PgIESil(H'lC\E/aS cooled

froman enanti ose ve pr ere

to, add kfirecamcieClfot %ehlo@rs CRHRGRIP WRE Alofatatisl ﬁltfaﬁﬁﬁ W &shed with
npound. Looking at a 50:50 m xture of bot

EtOéﬁ/asﬂor:@ﬁ@ 29;1 @>@dNgnb rand ataupodrisdsit 40oE oaennght tor givothe
wie g sl oS OB OB Sl aaiiag & White powder
o387k W o S L L1 LSO SLER, S

HPLcbanaiysisdsedBxenplee1).ndi vi dual crystals contain equal
anounts of both enantioners and the

Example 12C-2
Racemic 3-chloro-5-difluoromethoxy mandelic acid (371.29 mg, 1.470 mmol) was added to a
0.351 M solution of (R)-mandelic acid (3.500 g, 13.856 mmol; prepared from the (R)-MA-

(D)-PA salt using HCl(aq), and water washing) in ethyl acetate at ambient temperature. The
enantiomeric excess of (R)-mandelic acid in the solution was determined to be 91.1% by
chiral HPLC analysis (see Example 11). Triethanolamine (2.566 g, 16.856 mmol) was added
to the solution at 23°C. The temperature rose to 29°C upon the addition. The solution was
heated to 70°C. At 70°C isooctane (8.6 ml) was added and the solution was seeded with a few
granules of the triethanolamine salt of (R)-3-chloro-5-difluoromethoxy mandelic acid (99.8%
ee; see Example 12B). The solution was cooled to 65°C and since crystallization had not
started the seeding was repeated. The solution was cooled by stages and seeded four more
times. Finally at about 40°C the salt crystallized. The suspension was cooled to room

temperature and left to stir overnight. A sample was filtered off the next morning, the optical
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racem c crystals forma perfectly ordered array of R
and S nol ecul es. Racem ¢ conpounds and congl oner at es

w@ 205084168 st i ngui shed by determ nati on of thei PCTreBR0AGO4964
poi nt di agrans (phase diagrapg) or by using powder
X-ray diffraction or solid state IR spectroscopy; the
data of pure enantioners are identical wth the data

puri§f oftWificit Wagiemiia¢ o Bel7.0% ek & ehiral HPIT bhdysio®{sed Example 11).
racem c conmpound. For the triethanol am ne salt of

The Bulkiifdhesuspetistanustsaeetaddr ynertis atd *@donl Yatuivng The salt was

. I . kes. | i bl [ h .
isolgd B RGP By e it RyPA ot rons i hdrs B 484 daquuigh g at 40°C
over@&‘?\g I[dr ég?f quéﬁlgrfcﬁﬁﬁin%!ggﬁ oﬁ@tﬁEﬁo&f—S—H o%ﬂ&ﬁb%)g{naﬁﬂeqm acid as

cryst I sation. e maxi mum t heoret'|
a whifeglothdea(5.45 &3 Ogb)ATRE optical pl}iky b ehe(salruRtdetirmined to be 98.7% ece
W ong enantioner present in the sanple + sane anount
byCbifraltf%éL@esalyeésj(seﬂﬁwnphéﬂ)-/tot al anount of solid. For
exanpl e, starting with 95% w w of the desired
enantioner, the maximumyield is 90% Starting with
v OB S B M5 SRR W e BE TR MM o,
solvaes or Wydriteq Ané sech fofmOQUatsdrvovired beXanipkentione Alkecovered by the
product of an enantiosel ective process. Exanple 12C 1
invertereatie @ng tasidroers ob thgimandelio atid Heriyativandesciieddedrein.
(51.25 ng, 0.203 mmol) was added to a 0.351 M sol ution
of the (i?)-mandelic acid (0.607 g, 2.405 mol;
prepared fromthe (R -MA- (D)-PA salt using HO (aq),
and water washing}lin ethyl acetate at ambi ent
tenperature. Theenanti onmeric excess of the
(i?)-mandelic acid in the solution was determ ned to
be 92. 4% by chiral HPLC analysis (perforned as in
Exanpl e above). Triethanol am ne (0.417 g, 2.739 nmol)
was added to the solution at 23 C. The tenperature
rose to 25 C upon the addition. The sol ution was
heated to 70 C. At 70 C, isooctane (1.5 m) was added
and the solution was seeded with a few granul es of the
triethanol am ne salt of
(/?)-3-chl oro-5-difl uoronet hoxy
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mandelic acid (99.8% ee; see Exanple 12B). The
sol ution was cooled to 65C and since crystallization
whawsodtiest art ed the seedi ng was repeat ed. ThePGDGBRG08/04964
was cooled to 2 C over 3 houg@,. but as there was still
no precipitation of the salt, the solution was heated
again to 70 C, seeded and then allowed to cool.
Claimghal 'y, the crystallization started at 58C after
~ anot her seeding. The suspension was cool ed to anbi ent
t enpepracessdoresplviag(Rl-or $r ppéensatlyisybatituted uagelic agids from
I.ltered of.f .the _.ne

A N
basem_ %:ﬁzg.[sj-éc&éﬁ@alﬁiﬂ%%n?grﬂsiﬁg thIEféng k of the suspension

and rred at for 2 A hours. The
(a) $@intinpvasnik&dé At Lblvant,for infix@ke offsolwsash ex awadelmic, optionally
Et OAc/i sooctane 2.5:1 (2x2.07 m ) and vacuumdried at
substigutesl, gnandalie heidy andgi ahiral base (P)-ear hheydisiardde ayherein the chiral base

usecfm e%tge p@}&&{ S%Pgragér;ggj@{) Bt NpX XGFH% rc])%j glll,)I fg)g?e%ﬁgﬁn]op y? 8?) -mandelic
acidb M aRBb ‘o st ﬂSfaFFaR”orb@dl ; o 29@ 2 BBV Bokar, bFfxture of

alysis Exanpl e C 2 Racemc
solv8ntehh@y optiomilf bmaamnmtthomhamrgelonf 6 tadﬁ c% (W1} o2&lvant; and
1.470 mmol ) was added to a 351 M sol ution of
(b) eeparatingritie respecdioe dRY @)W ES M( L) neangslic agidicyclisrapde syt.
fromthe (R -MA- (D)-PA salt using HC (aq), and water
washing) in et hyI acetate at anbient tenperature. The

2. €nany *JIQ)@@SI‘SI ScoB SR im(1, ?&fx@?&dﬁ%'(}?}b@ﬁ'@b bﬁbsﬁhﬁed mandelic acids
0

sol utf on was determnedto be 91 y chiral
fron@ruekinid mixteres oBudrpibatithied manwdetit heidobp Balnﬁ)n@ﬁtl(‘.iﬁﬁltg a chiral base
16. 856 mmol ) was added to the solution at 23C. The
(D)wr(béﬁmlmaémﬂ@»sc@ntp@w@g uPeRF t he addition. The

i) e ST Soah S R o Tel§e T & ow

gr ai‘fé'c@xﬁlcqﬁaﬁdéﬁc htiekheaRkarisendal;t of

(i ?)-3-chl’oro-5-di f | uor onet hoxyqgmandel i ¢ acid (99. 8%
ee; see Exanple 12B). The sol utjjon was cooled to 65 C
and since crystallizati orHBad

RO

wherein R is selected from CHF;, H, Cy.¢ Alkyl, CH,F, CHCI, and CCIF,; and
either a chiral base (D)-cyclic amide or (L)-cyclic amide of formula I(x)

wherein nis 0, 1 or 2; Ry is H or Cy.¢ Alkyl and X is H, halo or C;.¢ Alkyl,
X

o ¢ )\N _0
*HR,

2

I(x)
wherein the chiral base used is either (D) for separation of (R)-mandelic acids, or (L) for

separation of (S)-mandelic acids;
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started the seeding was repeated. The sol ution was
cool ed by stages and seeded four nore tines. Finally

w@rooahduss 40 C the salt crystallized. The suspRCEGBRO04/004964

3.

salt

4.

was cooled to roomtenperaturg;and left to stir

overnight. A sanple was filtered off the next norning,

the optical purity of which was determ ned to be 97. 0%

eat dnyactchi b3k nidPhsGabdal ¥Si0R5(G2S HYak&n e solvERE o?Hlith re of
of the suspension was cooled to and sti rred at Coror 2
heplyents, Ty epsionalijaepnitaiin wates dnlthye fanpe ofd toohs %washest solvent; and

hth Et OAc/ i sooct ane 4. x7,5 m) and vacuum dried at
\4/1\%’5 CBTERE Jia™ efR?CEj‘r"?/éq){d?i ot ﬁ%/éluhmqieam agd-eyglic agiide salt of
(/' ?) todm@fal1@4.0- 5- di f 1 uor onet hoxy nandelic acid as a

white powder’ (5.451 g, 92% . The optical purity of

the salt was determ ned t¢ be 98. 7% ee by chiral HPLC
anal ysis (see ExanplRO,41)\|t.is tp be noted that any

may _be in the form of

pol ynor phs, sol vates orlhydrate
al so covered by the i ion.n S0 d by the

s of th ngelic acid

derivatives descrgpel wereiy, O ai nbil. (A process for
resolving (R - or (S)- optionally substituted nmandelic

acids fromracenc mxtures g, said optionally

substituted nandelic acids by salt formation with a

chiral base (D)- or (L)-cyclic am de, conprising the

st eps: (a% formng a mxture in a solvent, or mxture

of <OPIRSRYSs accoFding fodaim tor dpyheseinithe/ (R((BS mandeledicid/cyclic amide
qga&ﬂaé id; and a chiral base (D)- or (L)-cyclic

am e#h@ﬁmi

n the chiral be used is either (D) for

such forns are

separation of (/?)-mandelicjacids, or (L) for
separation of (S)-manggbic agids, at an acid : base
molar ratio of 1 : 0.25-0Y75; @n erein the solvent,
or mxture of solvents, may optipnally cqntain water
in the range of 5 to 15.20wol .) “qf smggat; and (b)
separating the respecti R) Z(Dyfppr ($) Z(L) mandelic
acid-cyclic am dE laélt. ADLOCess, Alktording to
claim1, for resoOP Pg (R - or I(S)- substituted
mandel ic acids fromracem c m xtures of said
substituted mandelic acids bYIsalt formation with a
chiral base

A process, according to any of claims 1 to 4, wherein the solvent used is selected

from ethyl acetate, acetonitrile, acetone, 2-butanone, 4-methyl-2-pentanone, terz-butyl methyl

ether, 2-propanol and ethanol or a mixture of any of these solvents.

5. A process, according to any of claims 1 to 5, wherein the solvent used is ethyl
acetate.
6. A process, according to any of claims 1 to 5, wherein the mixture is heated

(preferably to reflux) before cooling and filtering off the respective (R)/(D) or (S)/(L)

mandelic acid-cyclic amide salt.



(D)- or (L)-cyclic am de, conprising the steps: (a)
formng a mxture in a solvent, or m xture of

waolosentiss of a racem c mandel i c acid deri vat i RET/GB2004/004964
formula |l ; RO | wherein R32s selected fromCHF , H,
Al kyl, CHF, CHO and CAF ; and either a chiral base
(D)-cyclic am de or (L)-cyclic amde of fornmula I(x)

7. wherepmocess) &cOrdingto2ny iof cleinos 1 A éywheaeid the acsd Hyashaladar ratio is 1 :
or C. Alkyl, X NHI1(X) wherein the chiral base used

0.4-94. either (D) for separation of (2?)-mandelic acids,
or (L) for separation of (~-mandelic acids;at an acid
. base nolar ratio of 1 : 0.25-0.75; and wherein the

8. SOl WeRlocesRl addbhn 18 2% of BlaMBNT B 3, FAkr@RthORahdeYic acid cyclic amide
contaln water in the range of 5 to 15 % (vol.) of

5  salt Bokpanted, thathotier ligeparateimsedtdnd theppeess repealeR) dt(1€3st amce, to

(Sz lrtﬁqlgu) mandel i ¢ acid-cyclic am de salt of fornula

obtapfurthey resolvedymapdlicagid Gyelie pmidsgatio claim 1 or 2,
wherein the (R)I (D) mandelic acid/cyclic amde salt is
of formula VI; F HCO VI 4. A process, according to any

9. of & ghn®)dr t/H) meh@IR Vid KRS AYRIYalthaeRgite HRhARIED;

o
HO . X
0
N ([)\N 11 0
*HR,
RO cl NH,

10
b
wherein R is selected from CHF,, H, C1.¢ Alkyl, CH,F, CHCI; and CCIF;; and
wherein n is 0, 1 or 2; Ry is H or Cy¢ Alkyl and X is H, halo or Cy.¢ Alkyl.
15
10. A (R)/(D) mandelic acid/cyclic amide salt, according to claim 9, which is of formula
VI,
O
HO —
’ ( _/\
N ",,,I(O
*H
2 NH2
FZHCO Cl
© 20 VI

11. A metal salt of a mandelic acid derivative of formula Ia;
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fromethyl acetate, acetonitrile, acetone, 2-butanone,

4- mef hyl - 2- pent anone, tert-butyl nethyl ether,
wQ2psopasol and et hanol or a m xture of any of P€TI682004/004964

solvents. 5. A process, accosgi.ng to any of clainms 1

to 5, wherein the solvent used is ethyl acetate. 6. A

process, according 1to 5 wherein

the m xture is heated (pref%ably to reflux) before

cooling and filtering off the respective (R)Z(D) or

(S)1 (L) mandelic aci dHQgl ie\anide salt.7. A process,
according to any off claing 1 t@ 6| wherein the acid
base nmolar ratio i : 0Jl4-0.7. .&ﬁ'bTocess,
according to any o ' H to 3 erein the
mandelic acid cyclic a alt ip separated, the

not her |iquors rac ¢fe rocess repeated, at
| east once, to obtain further Tesplved mandelic acid
cyclic am de salt. A (R) Z(D) 2(S) I (L) mandelic
acid/cyclic amde salt having the formula Hb; HO
vvherein Ris selectedfromClI-E H . Alkyl, CHF, CHCI
and wher ei 2. is Hor C Al ky

and
whegHRIRYS ﬁ@leﬂed FramdCHF. & Afuoy%lkyh GHLR, GRS By G herein the
metffiog o ielsCof Pl i RER AR, B Dot & o

mandel ic acid derivative of fornula la;++ M

RO

12. A metal salt, according to claim 11, wherein the mandelic acid derivative of formula

Ia is the (R)-mandelic acid or (S)-mandelic acid derivative, preferably the (R)-mandelic acid.

13. An amine salt of a mandelic acid derivative of formula Ib;
O
HO -
O
Amine-H +
RO Cl
Ib

wherein R is selected from CHF,, H, Cy.¢ Alkyl, CH,F, CHCl, and CCIF,; and wherein the
amine is selected from triethanolamine, 4-hydroxy-2,2,6,6-tetramethylpiperidine, piperazine,
1,4-dimethylpiperazine, 2,4,6-trimethylpyridine, 4-hydroxy-1,2,2,6,6-pentamethylpiperidine

or dicyclohexylamine.

14. An amine salt, according to claim 10, wherein the mandelic acid derivative of
formula Ib is (R)- or (S)-mandelic acid, and wherein the amine is selected from
triethanolamine, 4-hydroxy-2,2,6,6-tetramethylpiperidine, piperazine, 1,4-dimethylpiperazine,
2,4,6-trimethylpyridine or 4-hydroxy-1,2,2,6,6-pentamethylpiperidine.



la wherein Ris selected fromCHF , H Al kyl, CHF,
CHO and CAF ; and wherein the netal ion Mis
wa@edosos4ads from cal cium zinc or magnesi um 12. PAT/GBR@H/004964
salt, according to claim 11-3dkerein the mandelic acid
derivative of fornmula la is the (i?)-mandelic acid or
(S)-mandelic acid derivative, preferably the
15. ( 7?)Amanide salc, aacording13 clafm 18w Aé, widreindhe mandgiitelcidderivative of
acid derivative of forpula |b;. Am nhe-H + wherein Ris
fornydp B isd &)t napdetipyacid, and the pipine igfyigthanolamingnd cal F ;
and wherein the amne is selected from
tri et hanol am ne,
16. 4- hydspatedndigbo @nly 8F ERITRS 9¥d 15 WREER A€ maRHAR! RTd R]R)-3-
1, 4-di et hyl pi'perazine, 2,4,6-trinmethyl pyridine,
chlote,hiydifluncy-nhetigxy, ibarBlctie atid (€A Bwhmeo-HedifRioosmethox y)phenyl]-
i C cIQheﬁ&#anine. 14. An amine salt, according to
(hydepayaseiis acidher ei n the mandel i c acid derivative of
formula Ibis (R - or (S)-mandelic acid, and wherein
the amne is selected fromtriethanol am ne,
4- hydr oxy- 2, 2, 6, 6-t etranet hyl pi peri di ne, piperazine,
1, 4-di et hyl pi perazine, 2,4,6-trimethylpyridine or
4- hydr oxy- , 2, 2,6, 6-pent anet hyl pi peri di ne.15. An am ne
salt, according to claim13 or 14, wherein the
mandel i ¢ acid derivative of fornula Ib is (R)-
mandelic acid, and the amne is triethanolamne. 16. A
salt according to any of clainms 9 to 15 wherein the
mandelic acid is (R -3- chloro, 5-di fl uoro-net hoxy
mandel ic acid
((2/?)-[3-chloro-5-(difl uoronet hoxy) phenyl ] -
(hydroxy)acetic acid).



