WO 2005/ 054168 PCT/ GB2004/ 004964 -1 A PROCESS FOR RESOLVI NG OPTI ONALLY
SUBSTI TUTED, MANDELIC ACI DS BY SALT FORMATI ON WTH A CH RAL BASE CYCLI C

AM DE Fi elvd 2005084168 | nventi on The present invention relpgr@aB200/08498£W pProcess
for the preparation and resolution of.gandelic 5 acid derivatives from
racem c mandelic acid derivative mxtures, by salt formation with chiral
base cyclic amdes. The invention also relates to mandelic acid derivative

cyclic anAPRQEESS FO INGYORTIONARN \aSUBSTITE THD, MANDIEREE! | ¢ aci d

deri vat i veACIRS BEISAIZE FORMATION VofTH AcCHIRAY! BASEEYEa T AMIDE
derivatives as internediates suitable Tor Targe-scare mamuteacturtng of, - for

exanpl e, '&Efr‘ggeiut i.cal. conpounds. 10 Background Various am nes have been
r epor t eaFigld efdhglnyention jont s for nmandel i c aci d deiivatives. -For the :
resol uti | ' | ' cribed,
R L e R

(R) - 25 t epdid Beriwatived-frovh Rackinie daidelic sbiddetivaie dixufEyby salf formationchicndtial

bruci ne, qui ni ne, gui ni di ne, (-)-ephedrine, (-)-2-am no-I-butanol,

anphet anbabe cadlig amidesnBhe inaentiph alse redaphiesnandeligedcid desiveli teerysliapmidgsaltss i bed in
E.J. Ebbers at _al. trahedron. try.1997,. 8, 40474057 and references
ci ted ¢ hESrAn offr st ok Rl of Mapet tig ceetfuiyes. 8wl 9 R i 10

di scl osegsgitebmbdelib 4iA e APRYE] dsGnterdibdbdsdaitMid for [é&zﬁ&:;aféﬁﬁaﬁmmuﬂﬁa gk nal

literature. The described resol ving bases are (-)-ephedrine, brucine and
(+) - a- nefdregkbeple ydhamaeeuticl cddippundsnhui j zen at al . (Angew. Chem Int. Ed.
2002, 41, 4281-4286) describes the resolution of 4-chloromandelic acid with
a- metifyl benzyl amine with or without a 1:1 25 ortho:para m xture of

nitro- Suﬁah%ﬁt"&%‘%j a- et hyl benzyl am ne (10nol 9%9. JP2001072644 descri bes
optical resdlution of 2-chloromandelic acid with N benzyl-a-

et hyl beNzybw@rinii@esaiade bedhirsiied eSretd1Gihg Bfents)Br handedd acidRieavithes Faphtcal
resol ution of phenyl-substituted mandelic acid derivatives with am no acid
hydr azi neesolution of mandelic acids a number of chiral amines have been described, e.g. o-
~ methylbenzylamine, 2-benzylamino-1-butanol, (R)-2-tert-butyl-3-methylimidazolidin-4-one
15 (BMI), (+)-cinchonine, brucine, quinine, quinidine, (-)-ephedrine, (-)-2-amino-1-butanol,
amphetamine and adrenaline. These amines as well as others are described in E.J. Ebbers et

al. Tetrahedron: Asymmetry 1997, 8, 4047-4057 and references cited therein.

In I. Hoover et al., ( J. Med. Chem. 1974, 17, 34-41) are disclosed 21 substituted mandelic
20  acids with references to original literature. The described reselving 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 ci-methylbenzylamine with or withouta 1:1

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

JP2001072644 describes optical resolution of 2-chloromandelic acid with N-benzyl-c-
methylbenzylamine and derivatives thereof. JP 1221345 describes optical resolution of
phenyl-substituted mandelic acid derivatives with amino acid hydrazines.

30



30 WD 2005/ 054168 PCT/ GB2004/ 004964 -2 However, there renmains a need for
further neans for resolving mandelic acid derivatives. Mandelic acids are
used i n ME20HMETBCt ure of a range of interesting nol BOUGCBHN/EITH as
pharmaceuticals. Thus, the inventionzalso relates to the use of the resolved
mandelic acid derivatives as internediates suitable for |arge-scale

manuf acturing of, for exanple 5 pharnaceutical conpounds, e.g. conpounds as
descr i slvdvar, Wordfrdiht 4meed\fon further medns farsesylvihg alatidblio geiglulelivalzes.i bed in the
art, were tested in order to obtain _acceptable resolution of nmandelic acid

der i VﬁtMng i¢ pradscare tegin thegnanpfagtugs of a ralil&emj é‘“rtﬁtﬁﬁtlf’rm%ﬁﬂ%fewcé agcid), e.qg.
t +
oy i AR R sl b el RB heteelelld AFLIS e dekedbeniRBTMRS:

phenyl adeﬁmmb@as lmﬁnail@ce@lmhﬁeydrmg@mle m@iwactﬂmge)f%r émﬁﬁe yi el ded

particul arly satisfactory results for |arge-scale manufacturing purposes

( havii ngphranecqytishiccosmpeundswe.emompovirsias descabeskis YO WB{A145.ge- scal e we i ncl ude
manuf acture of Kg quantities of material. 15 W have now surprisingly found
that racem c mandelic acid derivatives may be resolved by salt formation

Wi th chy Bﬁhbé%%? Gas‘?:é/ GhirGaiRgThuR %ecr?b‘é& ﬂ1 tHE ade] r»@éré BRteB i Oifier dobliAy e al so

surpr|S|ng y found certain netal salts, and certain amne salts of mandelic
acid decdptabla resdutionant mandélivrdcid c(eﬁ)/atn@s Qiafmulnﬂ& SBegHidruedr o- met hoxy mandel i c
acid) which have 20 desirable characteristics and are useful in

manuf acilparomgethpaaaselie acih s, @szlatﬁtbwlbeazz agiee, (Dr hnsrhtidstaylpming -

oo v iSRRI, P RpigR RO ARG (0L AR pledflelahcr, REGAE 2B OF 1o,
r acem CphehylAlhiiele, £id cﬁaldii%}@ﬁyll-m Hn)zileSNbﬁd ¢ftthﬁse§}1ema§ﬁhicalaﬁ9 sgtRfdotorpal t

formation with a chiral base (D) L) - clycllc am conprising the steps:
form ngemltnfortlug@sqaﬂn mamﬁaqtmgpumosm AR, ommsldlavémveenauuomemacem c,

optional | y substitut elic_acid nd a_chiral e (D- or (L) cyclic
ani de, SKREFki F‘fﬁSSEﬁ?ngl{’T‘g‘é‘gemﬂ’é’@GmF%Of gippnHtipsf mpatert i’iepar ation of

(R -mandelic acids, or (L) for separation of (S)-mandelic acids, at

15  Wehave now surprisingly found that racemic mandelic acid derivatives may be resolved by

salt formation with chiral base cyclic amides, such as proline amide.

We have also surprisingly found certain metal salts, and certain arnine salts of mandelic acid
derivatives {particularly (R)- 3-chloro,5-difluoro-methoxy mandelic acid) which have
20  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
25  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 (§)-mandelic acids, at
30  an acid : base molar ratio of 1 :0.25-0.75; and wherein the solvent, or mixture of solvenis,

may optionally contain water in the range of 5 to 15 % (vol.) of solvent; and



30 an acid : base nolar ratio of 1 : 0.25-0.75; and wherein the solvent, or
m xture of solvents, my optionally contain water in the range of 5 to 15 %
(vol .) of . and WD 2005/ 054168 PCT/ GB200410049 ; separating

t he respé@@?@éﬁ?é8§(t» or (S)/(L) mandelic acid-cycligé£ﬁ¥%gﬁ@gwt. Accordi ng
to a further aspect of the invention,”"there is provided a process for
resolving (R)- or (S)- substituted nandelic acids fromracemc m xturers of

i d bstituted del i i b Lt f t] W th hiral b D) -
or (L b it e TB e Sparbu RN e D rm B Rl B el er 1t s L be
under st ofgtolkdias to%ﬁhér(ag%ett O thé f2vertidh! BBk MrodidBSh biddkRdoreaighs (r)aGH ds” may

be as described in WO 02/44145, and wherein said definitions and disclosed
opt i onal (S¥ ssbrbisuted mamdelic meidsifrbmcacemicimixdurersiof s20d pastitutd mandelid dvids by

specification hy referepce. 10 It is also to be understoo hat said "(R)-
or (9S)- %ﬁé@mafla? @’HLMEH@I%I& &BT B"s&j'ﬁ%ﬁ]/wlﬁ‘gn Wﬁscﬂﬁﬁg"éﬁ eg&fﬁ%‘df ragnents of
t he npl e%llgig%tegescri bed in WD 02/ 44145, and wherein said definitions and

di scl'osed subst’ituted mandelic acids are incorporated into this

specification by reference. Also incorporated into this specification by

reference are details and exanpl es of 15 preparation of such substituted
mandel i clt #dp §8 ueestead bef spid WO on(Srantionally sybstitutadgnendeliquoidsmaybetaper ei n) . A

dof tnad iR RQ bR G Pdsin B ity RS o ARHGLE Prigfihy styififled’ 212 &
RO I cl phaddelic Mills &R idebrpofaasdafloGhis Bptdilchiforatsy @fed@icbvat i ve (R)- or

(5)-mandelic acid/(D)- or resolved mandelic acid 20 (L)-cyclic amde salt
In tHe above schene, preferably RI and X are both H In this specification,

untess of AEHe'S Be Bhdtsiosd thitsald ™A of - subsifiiied andels atidS mePhd 6% ' ¥
mandelic acid fragments of the molecules desciibed in WO 02/44145, and wherein said
definitions and disclosed substituted mandelic acids are incorporated into this specification by
reference. Also incorporated into this specification by reference are details and examples of
15  preparation of such substituted mandelic acids described in WO 02/44145 (for example,

Example 1 therein),

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

9]
H - X HO,
HO oH ° o OH
(D} or {L}-oyclic amlde b 0
et - n \N D
*thR,
o RO a NH RO al

RQ

racemic mandelic acid derlvative  (R)- or (S)-mandelic acid/(D}- or resolved mandelic acid
20 {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
25  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 Cy.¢ Alkyl, or on a suitable ring carbon atom by Cy.¢ Alkyl



25 substituted forns thereof and includes, but is not limted to, proline
am de, azetidi ne-2- carboxam de and pi peri di ne-2-carboxam de as well as
subst i t ut"e2405PF68t her eof . Substitution may be on a PCHGBRIKOBGENn atom by
Cl-6 Alkyl, or on a suitable ring cardbon atomby Cl1.6 Al kyl WO 2005/ 054168
PCT/ GB2004/ 004964 4. or halo (for exanple, chloro, fluoro or brono).
Unsubstituted cyclic am des are preferred, but when substituted,

subst i tatRe{lessxample ghlarpiffusgeer tiemen. dinspbstigrtedtistic awrides Areaeferredbutabl e ri ng

car bon is.nreferred. | ni s, ification it Is.to be er.stood that,
unl ess eg'trp 3{8&6‘33@5&?%@&‘0%19@ ralltngg(n B?d%glr? atf’ﬁor néo@félf’?t%&éorﬁ Tt S&ﬁ%{e f88dr awn (as
for exaafton atdin {sQfr8feéd.! 1) then the cyclic amde may be optionally

substituted on the nitrogen atomby Cl1.6 Alkyl, or on a suitable ring carbon

at om byin tigs sg@cifickipon ivis thak ondesuiedd tha, driless sated okeowise,ovhebradMpr g shown in
formula | (x) bel qw (wher ei nis 0,.1 or_ 2; is Hor,Cl.6 Alkyl and Xis
H, ;?;I FYG1e %ﬁldB S&F Bygwn &S ?@r eﬁazgpﬁg@fomﬂﬁéﬁ ﬁﬁgjﬂ‘q eyic apidepaydes peci f i cat i on
it is to j | | ' : . [ ] de as
escri BRfORANBATLEN by I Blpgin Ak R APl PG A titte e <660 B el w
(wher ei @y.gAlksl d2 halb (swoh a2 fluld, etdorbl 00 broio) Gs okl in dorehula i(%) Bdlovhédterati Cl. 6

Alkyl)... 15 X nO0O N +HR NH2_ .
nis 0, I or2; Ry is H or Cy¢ Alkyl and X is H, halo or Cy.¢ Alkyl)...

X

ORI S

THR, L
10 2
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 (whereinn is 0, 1
or 2; R; is H or C,.¢ Alky! and X is H, halo or C¢ Alkyl)...
15

Iy)

In this specification it is to be understood that an optionally substituted (L) cyclic amide as
20  described herein has the (28) stereochemistry shown in formula I(z) below, (whereinnis 0, 1

or 2; Ry is H or Cy.¢ Alkyl and X is H, halo or Cy¢ Alkyl)...



I(Y) In this specification it is to be understood that an optionally
substituted (L) cyclic am de as 20 described herein has the (29

st er eochavo stsgs4sésown in formula |1 (z) bel ow, (wherei npoaricB26ds/odaos0r 2; RL is ,
Hor C-6 Alkyl and Xis H, halo or Ck.6 Al kyl)... WD 2005/054168 :
PCT/ GB2004/ 004964 -5- X HR NHZ 1I(z) It is to be understood that all

isoners within the definitions of cpiral base cyclic amde 5 disclosed

herein are covered by the invention, For the avoidance of doubt it is to be
understood that in this specificati "Cl-6'" neans a carbon group having 1,

2, 3, 4, 5 or 6 carbon atoms. |t} hi Of i cation, unless stated

ot herwi se, the term"al kyl" i nd) ug botii straight and 10 branched chain

al kyl groups and may be, but is not™ti mped to, nethyl, 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-I'I%yI. Accordi ng to anot her aspect of the

invention there is provided a process for resolving (R - or 15 (S)-
substituted nmandelic acids fromracem c m xtures of said substituted
mandel i_c. acj ds ql%t saljt formation with a chiral base (D)- or (L)-cyclic

ani de, Ici8fpbs Wdseriqaddhal ad tromersyithin theidefinitions olrchiral base eyclipppidet , or mixture
o S0, 60l e SR BRI 2010 YET (LY O UL 0 G
CC1P2; and

For the avoidance of doubt it is to be understood that in this specification ‘Cy.s" means a

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

10 branched chain alkyl 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
15 (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
20 I
wherein R is selected from CHE», H, Ci.¢ 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; Ry is H or Cy.s Alkyl and X is H, halo or C1.¢ Alkyl,



either a chiral base (D)-cyclic amde or (L)-cyclic amde of formula I(x)
wherein nis 0, 1 or 2, RLis Hor C1L.6 Alkyl and Xis H, halo or Cl-6

Al kyl , WOV2Q0B/08845.68 PCT/ GB2004/ 004964 -6- X N HR pehiB00a00498her ei n t he
chiral base used is either (D) for segaration of (R -mandelic acids, or (L)
for separation of (S)-mandelic acids; 5 at an acid : base nolar ratio of 1

0.25-0.75; and wherein the solven{, or mxture of solvents, nmay

optionally contain water in the range of 5 to 15 % (vol.) of solvent; and
(b) separating the respective (R|/ (D) Jor (S)/(L) mandelic acid-cyclic am de
salt of formula Ha; O HO X Rnd 1 10 Ha. The anpunts of racemc
mandel i ¢ acid derivative and chiralNbaséftyclic anide in step (a) of the
processes are added at a nol ar r at iR of 0.25 - 0.75; alternatively at a

molar ratio of 1 : 0.4 - 0.7. In another %aspect, a mandelic acid derivative
chiral base nolar ratio of | : 0.4fy 15 0.52 is used (for exanple in ethyl
acetate solvent), and in another aspect the nolar ratiois 1 : 0.50. It is

to be undevisteiothetchiral Hakeuse iseitheail) dor sapaationaf €R)-exndlic weids,ar (Mot at i on
around these Lim téf e.dg_ 0,005. In this specification, unless otherw se
stated, t FEPFE{qR Of &S ligpcids" means et hyl acetate, 20 which, however,

1Y e 1 ohh & ey Phag ARASRIAGE! 26 95 0T AMALREY soR B 8] Suldlre Byt V! 2cState

I n general, acet ates may
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 ITa;
9]
HO .
0 X
n( )\N 0
‘ tHR, |
RO Cl NH,
10 Ila.

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 -
15 0.52is used (for example in ethyl acetate solvent), and in another aspect the molar ratiois 1 :
0.50. 1t 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,
20  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,

25  acetone, 2-butanone (MEK, methyl ethyl ketone), 4-methyl-2-pentanone (MIBK, methyl



O her solvents may al so be used, and are suitable for the formation of (S)-
3-chl oro, 5- difluoro-nethoxy mandelic acid.L-prolinamde salt. These ‘
sol vent sWOnbzebdis&cet onitrile, 25 acetone, 2-but anonect/vBrosombdayl et hyl ;
ket one), 4-nmethyl-2-pentanone (M BK, -met hyl WO 2005t 054168 PCTI GB2004/ 004964
-7 i1sobutyl ketone), tert-butyl nethyl ether (TBVME), 2-propanol and ethanol.
It is expected that these solvents can also be applied in formation of the
(R - 3- shbwyldketond}, térerbutyt melh};ﬂmtl)er (mnvlﬂalz-propmoﬂaﬁqahmbl lcinexiecedliat 5 The

above-nent i oEed solvents may . b 5% ure solvents, or as mxtures with

ot her tscAp Alse H%%@hﬁﬁﬁ’cq"’gﬂﬁﬁm dR)IFrehlererndiflaoropehey vent or _
sol vent d ly contain vvater (suitably in an anmount from 5%
to 15% gﬁ@l &Sdrﬂ’ reorh:ﬂ ?kent is ethyl acetate. 10 A further aspect of :

the invention provides a process for resolving (R)- or (S)- optionally
substituted nmandelic acids fromracemc m xtures of said ot['ﬁtl onal |y
subs{ i t Yheebavameatipred sglvenis my bs ypad 28 PHTPO]vieRLs frtay mixtres wath athese (D) - or

L | f hyl
Cont o Crferf Bl woi? AU Inolb rit i Rine, 8ol B xSy XM B, " o1 BV
chiral Qﬁt&ﬁaﬂﬂm@ﬁ watel (soMebLY fn SdnstRmt MEE156 B ﬁsb@v/w%e;(aﬂéfeﬁ@d k§védols for

separation of 15 (R) acids, and (L) for separation of (S) acids, at an acid
base etbylacetati o of 1 : 0.48-0.52; and wherein the water is in the range

of 5to 15 % (vol.) of ethyl acetate; then (b) heating and stirring said

m xture at reflux; then (c) cooling said m xt ur e/ suspensi on fromstep (b),

f ol Lpwe . t he

O HPEH R0 41 FREAOR) Bl ALY B SUSORITRRTe 9 R (e

anot her substimied nndelieadids\enm raoemichsik Birdsof paid vpittediin smom&slsnémbhd esol vi ng

(R - ég) mandel ic acid derjvatives fromracem c nmandelic acid

deri vat AqidsDyRplidemaation midys dhiral fash(Iy- olh)cxglicpgude. copprigng e piepsic| i ¢ anmi de,
conpri Sl(ﬁrjran%ilg gsg{txﬁﬂcﬁge dﬂ%tlﬂ){}%%&&t@ﬂ/ % El(’)ﬁaﬂ{rﬁlc'ogg&}@f/lsu&%}t@& ShyREer of a

racemc I°c "aci I'Ve 0
acid; and a chiral base (D)- or (L)-cyclic amide, wherein the base used is (D) for separation of

15 (R)acids, and (L) for separation of (S) acids, 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 mixtute at reflux; then
(¢) cooling said mixture/suspension from step (b), followed by filtering said cooled
mixture/suspension to obtain the respective R/D or S/I. mandelic acid cyclic amide salt.
20
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
25 I
O

OH

RO Cl



0 OH ROHO G | WD 20051054168 PCTI GB20041004964 -8 wherein Ris selected
fromCHF2, H C-6 A kyl, CH2F, CHCl2 and CCIF2; and a chiral base (D)- or
(L) - cycl ivéo amvp/082¢168herei n t he base used is (D) for sepacdaiGBofs@isnédy) aci ds,
and (L) for separation of (S) acids,.gat an acid : base nmolar ratio of 1 :
0.48-0.52; and wherein the water is in the range of 5 to 15 % (vol.) of
ethyl acetate; then 5 (b) heating and stirring said m xture at reflux; then
(c) coolvitegisRiissecdd o SFEDSTQAYIOOHS, EMEDind EOIH, 04 cBifalltabd €ri ng
said cool ed m xture/suspension to obtain the respective (R/(D) or (S)/(L)

mandel i dDcardLL§xelic amidei wiereinthe bagsrusedistD) orsepargion of (RyadidsROMQLLfor NH2 7
10 I'l wherei.n R.i& .selected from CHE2, H, - |, F,. CHCl 2 and CCl F2;
and n i SopEapnof @.aeﬁf’rﬁﬁﬂﬁ?ﬂé g8 %trat’@f"f&'e&f@b% ?‘Eﬂn%ﬁrﬁgre i s provided a

Pr 0Cess fopakes el i Rhek BE S TRISIA) (v61)2% bikyl S8Eicy@lchves from raceni c mandelic
acid derivatives by salt formation wth a chiral base (D)- 15 cyclic am de,
conpidi si(hp hediimgsheé piring adid hmixtorenay refluk; ¥tenre in et hyl acetate/water of a
racem c mandelic ,%ci,d derivative of forpula 1; O HO

(c) cooling said mixture/suspension from step (bsr,ufollowed by filtering said cooled

mixture/suspension to obtain the respective (RY/(D) or (S)/(L) mandelic acid cyclic amide salt

0
HO _
0
n([)\N 11 0
+H2
RO cl NH,
11

wherein R is selected from CHF,, H, Cy.5 Alkyl, CHF, CHCI; and CCIF,; andnis 0, 1 or 2.

of formula II;

10

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)-
15 cyclic amide, comprising the steps:
(a) forming a mixture in ethyl acetate/water of a racemic mandelic acid derivative of formula
L
0

OH

RO Cl
I
20  wherein R is selected from CHF,, H, Cy.5 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



OH ROC 114 1 20 wherein Ris selected fromCHF2, H Cl.6 Al kyl, CH2F,
CHC12 and CCIF2; and a chiral base (D)-cyclic amde, at an acid : base
nol ar r awi2005/053168 0. 48- 0. 52; and wherein the water iBCcT/GBt0Sotasdage of 5 to
15 % (vol.) of ethyl acetate; then ¢B)} heating and stirring said m xture at
reflux; then WO 2005/054168 PCT/ GB2004/ 004964 -9 (c) cooling said
m xt ur e/ suspension fromstep (b), followed by filtering said cool ed
m xt ur eA8usping sud otixtursruspensian framdedn (0), ddlawved pylfileriagsaddcsdtd of formul a
H; 0 HQ +H2 NH .ROCl. 5 || erein Ris selected fr CBF2, H C _6
Al kyl, CHEEe S&Fﬁfﬁoﬁ%"b&ﬁ?ﬁ?a‘lg‘\ﬁ% aﬁ“#cé’dg, argidg salpof foypuig B ehodi ment of this
aspect there is provided a process wherein Rof Forrmula Ill is CHF2, and n
of Formula Ill is 1, represented ky Formula VI; HO O HZ F2HCO CI NH2 10 VI
I n anot her aspect of the invention there is provided a process for
resol ving (S)-mandelic acid HBeyi jves fromracem c nmandelic acid
derivatives by salt formation wijth a ch'['mjbase (L)- 15 cyclic am de,

N

conprising the steps: ( ., 0
N
+Ha (

Cl NH,

n

RO

5 IiX
wherein R is selected from CHF», H, Ci Alkyl, CH,F, CHCI, and CCIF;; andnis 0, 1 or 2.

In one embodiment of this aspect there is provided a process wherein R of Formuia ITI is

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

HO -~

0
o, 0
NP

2
F,HCO cl NA,
10 2
Y |

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

formula I;
O

OH

RO Cl

1
20  wherein R is selected from CHF,, H, Ci.¢ Alkyl, CH;F, CHCI, and CCIF;;



(a) forming a mxture in ethyl acetate/water of a racem c mandelic acid
derivative of formulal; 0 OH ROHO 7 C | 20 wherein Ris selected from
CHF2, HweCsonksy|l , CH2F, CHCl2 and CClI F2; WD 2005/ @54300R0349682004/ 004964
-10 and a chiral base (L)-cyclic an.qg. at an acid : base nolar ratio of | :
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 mxture to reflux; then
(c) coddndnghial EseDyicyElR anidnanai and { baeemslae fatioloX, 1 f @48-0\8R dandywHekdis er i ng
said cooled 5 mxture/suspension to obtain a mandelic acid cyclic am de
sal t ofth¢ Waispisdn the:rangeof 560 1§ (valg afethyipeetaisythgser ein R i s sel ected from

CHF2, " 2.F, . . F2: and nis0,1lor2. 10 I n one
Sty B 185

enbodi I's as i ded a process, wherein R of Formula

IVis Fedolid Wi mXhurEQdspbston! f¥orh Sted (b)! RROEREERY Berilp shddlea VI, 0 HO, O

+N F2H Cl NH2
5  mixture/suspension to obtain a mandelic acid cyclic amide salt of formula IV;

0"
) ([)\N l e
'-I-H2
al NH2

|AY
wherein R is selected from CHF;, H, Cy.¢ Alkyl, CH,F, CHCI; and CCIF,; and

HO.,,

RO

nisQ,1or2.
10
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;
Q
HO., -
O
WO
"H
2 NH,
F,HCO Ci
15 viI

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

Formula I is CHP,, represented by Formula V;
O

HO
OH

F,HCO cl

20 v



15 VIl In another aspect of the invention, there is provided a process of
the invention, wherein Rof Formula | is CHF2, represented by Formula V; O
OH F2HCBHC0@H 03488 V WO 20051054168 PCT/ GB2004/ 004964rCHEk200m0d4b@ above
aspects and enbodi nents, the cyclic &alfi-de used may be optionally substituted
on the nitrogen atomby Cl.6 Al kyl, or on a suitable ring carbon atom by
ClL 6 Alkyl or halo (such as fluoro, chloro or bronmp) as shown for fornula

| (x) abdviése aBovEhspacticadiembndinwetsi the aysilid aohide) used imagp be yptionallpsibdetutedd sol vent

f | e, ethyl] t I xt i f th be heat ed
Lo°ref I B Berirsasnatprbhy Gaedih 81 & pitablfati&lonfbn (han By e ALOL AR on. Thi <
Suspenskéaeha&m&,@ld%oﬁ&bﬁfo&%s%wﬁ?érf%lﬁ@t(éﬂ@m%.nut es before starting the

I
cool i ng process. e racem c nandelic acl erivative/cyclic am de and
solvent (for exanple, ethyl acetate) mxture in (a) of the processes may be
optionally heated (for exanple, to_ reflux). The resence of water (in the

r?ngﬁ offhgracemirgyandgliy aoid deriveBys/eistiy amide ﬁ%@ﬁ‘é]’@é or gienninethabacesivdl  heating
ous pens HRLGE (T e OUET R AT, Riiohid8 pVBhdliph & GEbRR0 "0 o

bef or e eb@in d@sponsion ETAE flshé@ioh ienotmaliegirfedcht FEINE Eby 10 BidbiEds ByBld C am de
salt. The suspension in step (c) of the processes described herein nay be

cool ed siring thecopiag proeess10 to 15 hours, followed by further cooling to 15
to 19C for additional 40 to 60 mnutes. Preferably, the suspension is
cool ed to about 23C for 13 hours followed by further cooling to 20 18C for

addifhi Ongk rftem{¥ diadeBe aci‘ﬂi g&{\%ﬁ%é/é’)féiié’ amidd Gnd SRER %ﬂoPé‘xai\ﬂble% GhyPicetall§ Processes

described herein is cooled to about 15 to 19Cfor 3to hours. Preferably,

t he suspersiedn (3)of degirectstes b Ge bptiondlly beated(barrexample, to reflux). The
presence of water (in the range of 5 to 15% (vol.) of solvent) is preferred, and the optional
heating of the mixture may be followed by addition of the water to obtain the suspension. This
suspension is normally stirred at reflux for 10 minutes before cooling and separating the

15  desired mandelic acid-cyclic amide salt.

The suspension in step (c) of the processes described herein may be cooled to 20 to 25°C for
10 to 15 hours, followed by further cooling to 15 to 19°C for additional 40 to 60 minutes.
Preferably, the suspension is cooled to about 23°C for 13 hours followed by further cooling to

20 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.

25  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. Particulatly preferred is

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

30



25 The added anount 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

t he concewd sabosapesof water is 5 to 10%in ethyl acetatecsognodssd nm wat er
added in 3.7 m ethyl acetate is 7.5%pPreferably, the added anount of
water is in the range of 5 to 10% (vol.) of ethyl acetate. Particularly
preferred is when the added anmount of water is in the range of 6 to 7%
(vol .) dfheebitghir@rptolt@RemBmiieR00hd 0aHA6% RET SBACRIHRMMI %ter sdldent he
concentration of racem c nmandelic acid derivative in the et acetate and
wat er s dhigiveg is uagally din theirangeof Q15+3:S mmol per ke gihyb pcetatGaml Bat mﬁrequdﬂy,m of

et hyl tat e .and ter ref er abl c_mand cid der| vative
is adde %Eaceémw%‘ Craéf{q% Pté‘f?d%a%dfed ig%gofc%%r?ﬁ%lf raBg ﬁb m’é"f’h ”%}cet ate
and wat Qﬂeth?pﬁcuaw&nar\werppﬁﬁaﬂ&%rbﬁnm RyHeR éhel rAGRYL &aﬂﬁ&ﬂealcidcdeﬁ%tﬁ’e
derivative "5 is added at a concentration range of 1.0-1.2 mmol per nl of

et hyl5 adetdied abnebnvetiation Fnge slibPd2snmal peonp of ethplpcetae saadIWatalrbt ained in step
(c) of the processes described herein nmay be further washed with ethyl
acetate. The salt may be dissol ved in a mxture of HC and ethyl acetate

fol | OWEC‘H% %’r Rﬁéﬂdﬂﬂfﬁsg{%tﬁ@&lt% a% dét%ﬁ:?jef‘ﬁg pF&E%@é‘&és@ﬁlSé&%&ﬁ{ aPf gani

| ayer to yness to arn res acli d derrvative referably,

the m xtberferdes wahedarith etliylytetatd CRieahlemag badibsclvddila. mixmirxsAHE] @ ethyl HC  and
ethyl acetate. The resolved mandelic acid derivative may be anal ysed by
convent |9@¢taﬂc feliaved) by sepacationcd thequganic layer apdeonsenteating stid ofgapiedayepient i on

havi g ChEPoPrgts ff%‘mi%ﬂ%‘fﬁhﬂé e VR E ey e Pufifedrioae BRES From
CHF2, H acgilte@s ﬂ H)ol.) Erifnre SHM B(ABAY @@Egetat@”md}eécﬂv&l;méld@]ic #&id 20 In one

enbodl ment of this aspect there is provided a mandelic acid cyclic am de
sal t, dcnvatlve may be analysed by conventional chiral HPL.C 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;

HO -
0
n([)\N 1 0
+H2
RO Cl NH,

wherein R is selected from CHF;, H, Cy.¢ Alkyl, CH;F, CHCI, and CClIF,; and nis 0, 1 or 2,

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

represented by formmla IXI;
O
HO . .
)
n ([)“N ]' (O
+ H,
RO ¢l NFH,



represented by formula I1l; O HO+N Hz RO C NHz IIl WO 2005/054168

PCT/ GB20041004964 -13 wherein Ris selected fromCHF2, H Cl.6 Al kyl, CH2F,
CHC12 andWOQMW54Bd n is O, 1 or 2. Preferably, sai deemaE®bisagi d-cyclic
am de salt is a mandelic acid-cyclic .ggi.de salt, wherein R is CHF2, and n
Is 1, represented by Fornmula VI; 0 HOOH2 F2HCOCI NH2 5 VI In the
above aspects and enbodi nents, the cyclic am de used in the mandelic

aci d- cy ciwhereindrisdelestad frommmeHommn@l lQHzBL@HCIZtaﬁa@tmp aﬁchﬁasm %PQGH atom
by Cl-6 Alkyl, or on a suitable 10 ring carbon atom by G or halo

(such as quoro chloro or brono) as shown for forrrula I(x) above The said

mandel i ¢ I| fis Le ented b r mul, 11 and VI
are obtgll%?%%qlg%% n?%lggﬂpc?%&dzgs ag agyde Sﬁlglsﬁrr&‘g’é]ﬁ € ‘ggﬁﬁcﬁﬁugﬁ@hﬁfvg%mﬂr ovi ded
are the RiodHE, %n@msal @@}pésem@ab?pg Pypsses descrl bed within this
specification and w thin any o he @xarrpl es di scl osed herein.

HO
( ) e

NH
F,HCO 2

VI

In the above aspects and embodiments, the cyclic amide used in the mandelic acid-cyclic
amide salt may be optionally substituted on the nitrogen atom by Ci¢ Alkyl, or on a suitable
10  ring carbon atom by C.¢ Alkyl or halo (such as fluoro, chloro or bromo) as shown for formula

I(x) above.,

The said mandelic acid cyclic amide salts represented by the Formulas 10, III and VI are
obtainable by the processes of the present invention.

15
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

20  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

25  safe work up conditions are used to achieve these quality resolved mandelic acid derivatives

ready to use in further chemical processing.



There is a need for a nore convenient and nore econom cally efficient
process for the 20 manufacturing of |arge scale quantities of high quality
(pure) rd4H20PEF48ndel ic acid derivatives, where facPoOT/6Bhiokerseast s,

manuf acturing tinme, use of nore envitBhwrentally friendly solvents etc. are
vital for comercial application. The present invention provides for such a
process. The processes of the invention uses an inproved process for the
manuf acifhe svensfonrfgldrpeayides tigaise of amhntle&,le raeideyclicemmide sabhicctrdingrie éhepensi ve
raw materials d ther 5 safe u ondi tions re used .o achieve

t hese qlfaf™isp Zlée %ﬁé@ agn%tcc‘?}“bc\%g Fl'i}‘gst (E]?Fe'é';e of a3 Ef’&”ﬁ’é’ecyic € further
chem Cahmf&'e%l?ﬁédoﬁgng M%@ﬁ@éﬁﬁﬁ%@ﬁenﬁgﬁ %&9%&% usé éﬂa@?ﬁe iBYygqti on
further provides the use of a nmandelic acid-cyclic am de salt according to
the i negiliciaotidd salttabeording uf the invemtionfas phemiosdatetniegiidtesin atnofasturd dfe use of a
mandel i c_aci d-cyclic, ande salt according to fhe invention as chem cal

i nt ef me@hamaceulipyl productg dfor sxamplefos yeq mérea%n&par@g/‘@sw&aramea@sba| t according to
the invention as chem cal internediates in nanufacture of 5 pharnmaceuti cal
products (for exanple for use in treating cardi ovascul ar di seases). The
phrase 'The phrased@R0t dfoRD ambibr@NdtdhiforenbfionRR kiR 6 JeMRASS tRHoles def i ned
as the nole fraction denoting the enantioners in a mxture: 10 %e.e. = [R]
- [ 9]/ [ Rectionjdshotjtgshe ejapfiomerd itf Snixfue: t he concentrations of the (R - and
(S)-enantionmers. In a reaction a chiral conpound is often obtained as a

m xture of enantioners. If, for exanple, 80% of the (R)- enantioner is
formpd ange 20fe1Qfisping «S) - enantiomer then the e.e. is: 80-20/80+20 = 60% 15
The present invention is described in nore detail in the foll ow ng
non-limting Exanples. Exanples 1-3 In these Exarrpl es the foll ow ng net hod

was used, nmes, and anounts tl d able 1.” The racem c
mande | &1 ) gt 1S A5 e cono e P ot o (A eSS Thaih darieBone Perdhng (D) -
proline, Q%d%&ﬁn%%dtag aGhilhke &%ﬁ&ﬁfo&e&aﬁufd’i‘%ﬁﬁnﬁﬁ' 800 &'nd Gyl% water in

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

15

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

20 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

25  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. ‘

30



The m xture was heated to reflux and stirred for 10 m nutes at reflux. The
thin suspension was cooled to 23C over 13 hours followed by further cooling
to 18C ov¥P24@B/0Mieit es. The 25 suspension was filteredcanssloagipds W th et hyl
acetate (3 x 30 nil) to give the salt{45A sanple was dissolved ina 1:1

m xture of 1 MHO and ethyl acetate. The organic |ayer was separated,
concentrated to dryness and anal ysed by chiral HPLC (for suitable

met hodol ogy, see Exanple 11A). Thi srappowed a hi gh degree of purity of the
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Eq. PA= Amount of equivalents of (D)-proline amide compared to racemic mandelic acid

derivative.

EtOAc= ethyl acetate, as solution saturated in water,

Water/BtOAc (%) = concentration of water in ethyl acetate.

mmo] MA/ ml water-EtOAc= concentration range of racemic mandelic acid derivative per mt
of ethyl acetate and water.

10 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 a8 outlined in

Table 2.

15

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
20  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 HCl 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 2), (R)- 3-

25  chloro,5-difluoro-methoxy mandelic acid.



Exanples 4-9 15 In these Exanples the foll ow ng nethod was used, with

vol unes and anounts as outlined in Table 2. The racem c mandelic acid

deri vat i weo 3sosh$4a680, 5- di f | uor o- net hoxy nmandel i c acid aaddERotofyegd | Ne am de
were added to ethyl acetate and the megiure heated to reflux. At reflux,
water was added and the m xture was stirred for another 10 m nutes at
reflux. The thin suspension 20 was allowed to cool to 18C over 3 hours (in
Exanpl esrofex@mpHiyhe Hose detailtaiBliewidy schEfie was usddansixgmpiwas il tered-and washed
W th ethlyl acetate (3 x 30 m) to give the salt. The salt was dissolved in
a 1:1 mibhegacemiss mandeli¢H@tid derivativegichigret-diflsoromhethex ymandelic agid (26aksg.separ at ed,
concentrgted to. dry s _and anal ys chit.al -HPLC .(for_ suitabl

net hodol aﬂmggéehgﬁ%lpém APFR .ngﬁﬁng%@@)?@F’ﬁﬁn&é@&e@ %flEBH?‘ﬁty of the
"correcty' | Rd i s f z %8 hoxy
mandel | o e D B R S v e
det aisl , mlhé watr Waskddpd aod dreniwase sisred fomantihenid] minfites BhefluacBrithinnmandel i ¢

acid derivative 3- cgl oro, 5-di f] uor o- net hox-é, mandel ic acid (26.18 g, = 93.3
mol , 1 seipensenpialowsd ioren! iyl e G e TouEn dhe BYsPErsim Wes THiscdend dagsdg, 42

o rer 1 (utieifithedit & 23058 Bk oPAELALR bt w dPRa e LT ST Froa

f or anothigfureléf INVIrFICIemdathyl 8dckdte Thd bfzahibildver HuSRpASea condetledened to cool
to 18C over 3 hours. The susl%gnsi on was filtered and washed wth ethyl

acet at e dtmess B applyseddygphiral IPIC.JThif shpwed 8%P% of thesgapea” (Bsnaityseived in a
1:1  mxture of HC1 and ethyl acetate,.The ani ¢ l.ayer ) par at ed,
condiht bR et aa wOf ik pBaiR) Suigh i TRRE. et Seq iR T88 25, of
the "c Orgra‘é&&ﬁbﬂﬁeﬂ Y GHThd QIEThe fEL (R)-2MAAIR aBRLAR anklySHaQSy FIBILE (fERduREbI8!
crystall1sed, which was filtered, washed and dried. Thi's gave another 1.6 g
of the sadthodoldgy, see Emariple-IiAh aed ¢ontained @9 N&softha‘gesredt” lpgaritoner. (f or sui t abl e

met hodol ogy, see Exanple 11A) and contained 99.0% of the "correct'
enantionmer. Table 2 Exanple mml mmol Eq. Et OAc Water Water/ mmol e.e.

Table 2
Example | mmol | mmol | Eq. EtOAc | Water | Water/ mmol e.e.
no. MA! {PA PA (o} (ml) EtOAc |MA/ml | (%)
(%) water-
EtOAc
4 5.96 2.9 049 |37 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 08.7
7 155,31 |77.7 0.50 1915 1020 {10.0 1.53 99.0
8 76800 | 38400 | 0.50 66300 | 4600 6.4 1.08 98.2
9 42240 21120 | 0.50 33000 [2500 |7.0 1.19 99.6

15 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.

20 Water/EtOAc (%) = concentration of water in ethyl acetate.



no. MA' PAPA(m) (mM) EtOAc MW m (%9 (%9 water EtOAc 4 5.96 2.9 0.49
3.7 0.30 7.5 1.61 99.2 5 10.45 5.1 0.49 6.4 0.52 7.5 1.51 98.9 6 93.30
42.0 0. 45W9205/054189 9.2 1.40 98.7 7 155.31 77.7 0, 50 Ri/Ee20@vidsi0. 0 1. 53
99.0 8 76800 38400 0.50 66800 4600 64%4.1.08 98,2 92 42240 21120 0.50 33000
2500 7.0 1.19 99.6 15 MA = racem c mandelic acid derivative

3-chl oro, 5-di fl uoro-net hoxy nmandelic acid. PA = (D)-proline amde. Egq. PA =
Amount - ahmehMA/ ail enites-Bad) Ap Eaioncontratidriian gosfR@seeml: inandefit Q8 e PINE biGnACi d
derivative EtOAc = ethyl acetate in nm. 20 Water/EtQAc (% = concentration
of wat eroficthybage(ate apdeyafere. WO 20051054168 PCT/ GB2004/ 004964 17 nmol MN

E - at | . G P | j. i d i vati n
o7 oty SC sEURRELR SA058 e SR R ILARG s BEutBiThcs e O

of ethyl ate nan
nol e fragixh@e denoting the enantioners in a mxture. 5 1) Corrected for
purity, i.e. initially 85-90% pure racem c mandelic acid derivative. 2) The

suspénsi BiCongsted far pudty, t.o initigly $90% Quisvetemic moudedic agidalepvaive0 The racenic

mandel i i.d derivative 3-chlor -dLfl uor.o- met hoxy mandelic acid (0.2 g,
0.79 1?) |S‘)ISP5?193,DH(\BS_EE|P8F§E%Cﬂgﬁ{oglé @63’?5519}}0“5?: 48mml, 0.6 eq,) were added
to 1 m dioxane and the mxture heated to 90C. During heat-up a thick

suspension was fornmed. The suspension was filtered and (S)-mandelic acid
| i ber at dixdmplef@racti ve work up using 1 M HC1 and et hyl

The racemic mandelic acid derivative 3-chloro,5-difluoro-methoxy mandelic acid (0.2 g, 0.79
10 mmol) and (L)-proline amide (0.05g, 0.48mmol, 0.6 eq,) were added to 1 ml dioxane and the

mixture heated to 90°C, During heat-up a thick suspension was formed. The suspension was

filtered and (S)-mandelic acid liberated by extractive work up using 1 M HCI and ethyl

acefate. 0.05 g enantiomer of ee: 92% was obtained.

15 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 salf of the “right” mandelic acid) may
be racemised - see racemisation scheme below. The resulting racemate may again be used in
20  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.



acetate. 0.05 g enantiomer of ee: 92% was obtained. 15 Exanple 11:
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5 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%
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
15 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



OH FZHCOHO CI  Racem sation Scheme 5 Exanple 11A : Racem sation of nother
| i qguor The nother liquor, in ethyl acetate, fromthe resol ution process (for
exanpl e, WPEMSEAI6HT Exanpl es 1-9 above), contai ni ng ROTEGB2W4M0¢I64 mandel i ¢
acid enantioner in excess (3.35 kg, -3953 L, corresponds to 0.462 kg
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had occur.re accor 2381 h| ra tﬁ% I\/bt hanol was di t' || ed of f under
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(exotherm c reacti on, m xture was stirred over a period of

H =
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di ssol ved conpl etely in dichloronethane. The phases were separated and the
aqueous 10 solution was extracted wi th dichl oronethane (0.53 kg, 0.40 Q The
conbi nedTrs HENC ¢omfiddGRused for determination of the purity of the MAPA salt by HPLC were

15  Column:Symmetry Shield RP8§, 2.1 x 50 mm, 3.5 um, Waters
Flow rate: 0.5 mL/ min.
Detection: UV, 220 nm

Volume injection: 15 pLb
Temperature column: 20°C
20 “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

25  QGradient:
Time (min) % Phase A % Phase B
0 90 10
5 90 10
30 10 90
33 2 98




were washed with water (0.48 kg) and concentrated under reduced pressure at
40-50C. This gave 0.443 kg of an oily product with a HPLC purity of 97.1
area% Th@OoHRS@s¢wWHditions used for determ nation of ther/@sdobddosssh t he MAPA
salt by HPLC were : 15 Col um: Symrmet.ng.Shield RP8, 2.1 x 50 nun, 3.5 m
Waters Flow rate: 0.5 nL / min. Detection: W 220 nm Vol une injection: 15
L Tenperature colum: 20C 20 "Running tinme": 35 mn.; Post time: 5 mn.
Mobi | e phissHPLAcofftions useifop détériihion o208 oplicad pryios mMAYAr QE nBirggphat e
buffer + 750 nlL pure water B: 800 nL acetonitrile (HPLC-grade) + 200 nL
amoni uM¥@&i-hydr ogenphosphat e buffer 25 G adient: Tine (mn) % Phase A %

et cooob ot 3D pa < A IMCEEC 1S uced for detorm nation of the

optical Ppuwihe: qaio &he dPA salt by HPLC were : Col um: Chiral pak AD, 250 x
4.6 m DAICEL Flowrate: 1.0 nL /mn 5 Detection: W, 215 nm Vol une
i nj ecti oRetedtwpnp UV, BdAmer at ure col um: 20C

Volume injection: 10 pL
Temperature column: 20°C
“Running time”: 30 min
Mobile phase: n-Hexane / 2-propanol / trifluoroacetic acid = 900mI/100 mIL/1 mL
10
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

15 A solution of the racemic mandelic acid (obtained after the first racemisation) in ethyl acetate
(1.433 kg of & 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

20 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 (0-3°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.

235
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,

30
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Example 12 : Different salts

15  Once the mandelic acid enantiomers are separated then the desired enantiomer can be isolated
as a different salt suitable for further processing. Depending which mandelic acid enantiomer
is required, such a different salt may be isolated either from the prolinamide salt, or from the

mother liquors remaining after the prolinamide salt has been filtered off.

20 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-diflucro-methoxy mandelic acid.L-prolinamide salt may be
25  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)-
30  phenyl]l(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-



twice with a pre-cooled (0-5C) mxture of ethyl acetate/water = 9:1 (wWw, 2
x 0.38 kg). The white solid was dried under reduced pressure (10 nbar) at
35-40C until the mandelic acid.D prolinam de salt had constant weight. This
gave 0. 2%% 085/05#16Br oduct (73.9% based on D- prol i narRERGBUN4/¢4%%4cheni cal
purity of >99% and optical purity of-2289% 10 This racensation-resol ution
procedure can be repeated, for exanple tw ce. Furthernore, the D- or

L- prol i nam de may be recycl ed using conventional extraction techniques.
Exanpl emgthoxy mandedic apid isedry solutge cproparediie thewnsubstitnted indndetiaatidoer s ar e

Sur s abi EoPPeR g AT oBIORT > Bk SRR meRd R afdr Spelle Phtomiagy | oner
isr equédlt@@mthsféﬁ?gxﬁnﬂb fdl &M@‘ﬂknﬁ@?rdﬂ%]ebﬁch §£Is%}ee§ot§aﬁsﬁ%for{, r&%&@e

prolinan de salt, or from t he her |1 quors renaining af

proli namalj:enmlfactthmg poseresfthadvieg low yo6ld an@dwnastjorfiavic exzaspl e, (R)-

3-chl oro, 5-di fl uoro-net hoxy nmandelic acid.D-prolinamde salt nay be

i solated and then converted into a different salt for further processi ng.

The not ' : e as
doscri ot Beripiel ey ¢ Qe RO ERH T Sl REM NS ahboHAME 031 1 ¢
aci d. L- mandelioacidd@ns &t dcetiymiReire Bpresciofal with Badolimedde Thekd efciom&Rl t of
(R - 3-chloro, 5-difluoro-nethoxy nmandelic acid isolated fromthe nother

| i quor sresqiw@g@g;&ar@e@wm% and Gnf phicape salt aio b furtherdalercet tagedmit eypRanarhani de
I d.f d I R
sal t mayth g%{%gg%gﬁg ﬁ%xy Iﬁ%m sation and recycling. (R)-

3-chl or o, ndelic acid

((2R)-[ 3-chl or o-5- (di fl uoronet hoxy) 30 phenyl] (hydroxy)acetic acid) is a
useful intermediate, but the free acid conpound has a low nelting point
(52C) aM tiow pravide fuwther pest sdlts jof eur spbstituted mands]ic @@@is (of fayimuba Ip p6a Hirtheior o WO

2005/ 054168 P /GB2004/ t hox delig acid is very sol uble
conpar e aiuf)e‘?ﬁge TYERting, qﬁﬁg’éﬁf’vﬁ% int a&ﬁ%ﬁ’% ﬁ@'ﬁ{e%ﬁgﬂpe@é‘rvﬁ er, although
3-chl or I B0 salts Wi th,
for exaﬁgﬁﬁgﬁ gf(gﬂg?%ﬂgin% ?%ag?%ﬁﬁ tkﬂ‘ére%'g%g %Bg%ﬁg%g{e&gatl sfactory for

| ar ge- swaatieselmtivd protassdsngd furippoesmérhant the ploosys yikiak eesaladon ewhdoant i oneri c

excess). o
15 ~ example, D-prolinamide.

Enantioselective routes to (R)- 3-chloro,5-difluoro-methoxy mandelic acid are also of interest,
and in such cases an efficient, inexpensive salt of the mandelic acid is attractive. Preferably
the salt should be crystalline, enhance the enantiomeric purity upon formation and be directly

20 useable in a subsequent (coupling) reaction,

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
25  salts formed with 4—hydroxy—2,2,6,6~tetramethy1piperidine, triethanolamine, piperazine, 1,4-
dimethylpiperazine, 2,4,6-trimethylpyridine and 4-hydroxy-1,2,2,6,6-pentamethylpiperidine.



5 The Exanpl es above describe the isolation of, for exanple, (R)-
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mandelic acid OO0, HOHO OH p d) )1 Cl2
ml). To the resulting solution was adde a solutlon of 0.118 g (1.067 mmol. 0.6 eq) of

calcium chloride in 0.7 ml of water, with a water transfer wash (0.1 ml). A solid was formed
immediately, After 1 hour at ambient tempetature, the mixture was cooled with an ice-bath

10 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).

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

Magnesium and zinc salts
Crystalline magnesium and zine salis (as confirmed by XRPD - as described hereinafter)

were obtained using an analogous procedure to that described for the calcium salt. The (R)-
20  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,3-difluoro-methoxy mandelic acid
was obtained (75% yield), using an analogous procedure to that described above, by addition
25  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.



Caz+ CI OCHFz Hzo CCalciumsalt To a suspension of 0.449 g (1.778 mmol) of
the (R -mandelic acid (prepared fromthe (R 5 MA-(D)-PA salt using HCl(aq),
and wat er Wa3#HisAgo8 n water (2.5 m) was added a 25% wPeT/GBINEMID@6S0!| Ut i on
in water (0.133 g, 1.956 mml, 1.1 eq)24with a water transfer wash (0.15
mM). To the resulting solution was added a solution of 0.118 g (1.067 mmol .
.6 eq) of calci umchl oride in 0.7 m of water, with a water transfer wash
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salt O HGyas then cooled to 0°C and the salt precipitated after 1% hours stirring at 0°C. The suspension

10  was stored in the refrigerator overnight, filtered, washed with EtOAc/isooctane 1.46:1
(2x1.23 ml), then vacuum dried at 40°C to give 0.500 g (1.244 mmol, 88%) of the crystalline
(R)- 3-chloro,5-difluoro-methoxy mandelic acid.triethanolamine salt (melting-point (MP) =
68°C).
The crystallinity of the triethanolamine salt of the (R)-mandelic acid was confirmed by DSC
15 (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 8
5.6 Vs
- |54 m
3.2 m
4.60 m
4.45 m
4,33 m




HO OH HO | N+~~~CH
Tri et hanol ami ne (211.8 |,

tri ethanol am ne Et QAc/i sooctane 1 OH Cl
1.564 nmmol) was added to a 0.356 M solution of the

OCHF2 C OCHF2

(R - mandel WO 2085454168 (0.359 g, 1.422 mmol ; prepared fropct/B200R04dé- (D) - PA

salt using HCl(aq),
tenperature.. The additi on was acconpani ed by a weak

and wat

acetate at anbi ent
exot herm The sol ution

er washi ng)2si-n et hyl

was heat Bd To 66 and 1soodt ane added until the solution started to turn
cloudy. [T#élsolutimn was cqoled slowy to ambient tenperature overnight. The
sol ution s theh cooled tjo OC and the salt precipitated after 11/2 hours
stirring~at—0c—T ion 10 was stored in the refrigerator overnight,
filtered]swashed V\Q\St h Et OA9/i sooctane 1.46:1 (2x1.23 m), then vacuumdried
at 40C t pgrveo6-p00—g—(1+—244 mol, 88% of the crystalline (R)-
3-chl or o} 564 f | uof®- net hoxy nmandel i c acid.triethanol ani ne salt
(rmeltingtpoint (MP) _ "68C). The crystallinity of the triethanolam ne salt
of the (B-S%andelli®m acid was confirnmed by DSC 15 (endotherm onset = 68C)
and XRPD| 1 e fol] owing XRPD d-val ues and intensities were obtained:
d-val ue REF&tive Pt=) intensity 7.3 m 6.9in N6.1s56vs 54in 5.2
in 4.60/ 4R 4.45 /4 4.33 in
3.35 m
3.31 m
3.24 m
3.09 m
3.05 m
2.92 m
2.79 m '
2.60 m
The main, reproducible peaks have been tabulated using the following definitions ...
vs (very strong): >50% rel. int.
8 (strong: 28-50% rel. int.
5 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.
10
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.
15 (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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Differential scanning calorimetry (DSC) was performed using a PerkinElmer DSC7
instrument, according to standard methods, for example those described in Héhne, G. W, H.
et al (1996), Differential Scanning Calorimetry, Springer, Bexlin.

DSC onset temperatures may vary in the range +5°C (e.g. #2°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,
tristhanolamine {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,3-difluoro-methoxy mandelic acid was
obtained by an analogous procedure to that described above (but dicyclohexylamine salts of

single MA enantiomers were not obtained).

al@ﬁ%ﬁéﬁ%tbﬁgsfaﬁﬁ?y Oxford Uni verS|ty Press; Jenkins, R and



Introduction to X-Ray Powder Diffractonmetry, John Wley & Sons, New York;
Bunn, C. W 15 (1948), Chem cal Crystallography, C arendon Press, London;
or Klug, HVYORO0RSM6Exander, L. E. (1974), X-ray Diffrapti/eBoRyeesdur es,
John Wley and Sons, New York. X-ray a2dl-yses WD 2005/ 054168
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= 530, 2,4,6-trinmethylpyridine (crystalline, M = 72C)R i
racemic crystals form a’petfectly ordered array of R and S molecules. Racemic compounds

and conglomerates can be distinguished by determination of their melting point diagrams
(phase diagrams) or by using powder X-ray diffraction or solid state IR spectroscopy; the data
15  of pure enantiomers are identical with the data of the conglomerate, but different from that of

a racemic compound.

For the triethanolamine salt of 3-chloro-3-difluoromethoxy mandelic acid, being a
conglomerate makes it possible to isolate the triethanolamine salt of the (R)-mandelic acid

20 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% wiw of the desired enantiomer, the maximum yield is 30%.
Starting with 90% w/w of the desired enantiomer, the maximum yield is 80%, etc. (R)-3-

25  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-3-difluoromethoxy mandelic acid (51.25 mg, 0,203 mmol) was added to a

30  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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15 triethanolamine salt of (R)-3-chloro-5-difluoromethoxy mandelic acid as a white powder
(0.897 g, 88.8%). The optical purity of the salt was determined to be 99.5% ee by chiral

HPLC analysis (see Example 11).

Example 12C-2
20  Racemic 3-chloro-5-difluoromethoxy mandelic acid (371.29 mg, 1.470 mmol) was added to &

0.351 M solution of (R)-mandelic acid (3.500 g, 13.856 mmol; prepared from the (R)-MA-
(D)-PA salt using HCI(aq), and water washing) in ethyl acetate at ambient temperature. The
enantiomeric excess of (R)-mandelic acid in the solution was determined to be 81.1% by
chiral HPLC analysis (see Example 11). Triethanolamine (2.566 g, 16.856 mmol) was added

25  to the solution at 23°C. The temperatute 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

30  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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rac elrbn c O%)I Porzl%lixllgl a mixture in a solvent, or mixiure of solvents, of

a racemic mandelic acid derivative of formula I,
O

HO
OH

RO Cl
I
wherein R is selected from CHE,, H, C1.¢ Alkyl, CH,F, CHCI; and CCIF;; and
20 either a chiral base (D)-cyclic amide or (L)-cyclic amide of formula I(x)

wherein 1t is 0, 1 or 2; R; is H or Cy.¢ Alkyl and X is H, halo or Cy¢ Alkyl,
X

N

+
HR, NH,

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

25 separation of (S)-mandelic acids;



substituted, mandelic acid; and a chiral base (D)- or (L)-cyclic am de,
wherein the chiral base wused is either (17) for separation of (R)-mandelic
acids, or (L) for separation of (S)-mandelic acids, at an acid : base nolar i
ratio of 1 : 0.25-0.75; and wherein _the solvent, or mxture of solvents, :
may optionally contain water in the'3rlénge of 5to 15 % (vol.) of solvent;

and 10 (b) separating the respective (RI1(D) or (S)1(L) mandelic acid-cyclic
am de sal t. atdn add PERERSIEs ra@FF O B 23D. A5 0an@ hkin the smém,ro%ﬁ,g!é&w% (R - or (9)-
substituted mandelic acids fromracemc mxtures of sald substituted

nmandel i ¢ acfEnsymaypptionelly spataingritefiin the gngsif 540 15%$el.) ¢fidplventirand L) - cycl i ¢

am de, conpfy Sy ; . i . j ! ol vent, or

m xt ure of gﬂgﬁe}%%tn;slgﬁlg?&sﬁégﬁtrma%g%g])(rbr‘%%?jei [ cllg%ﬁﬁgﬁﬁ%g?l\%tsof formula I; O
HO OH RO Cl fpwbedlain R is selected fromCHF2, H Cl -6 Al kyl, CH2F, CHC12
and CCIF2; and 20 either a chirdl base (D)-cyclic anmde or (L)-cyclic anide
of formula I (x) wherein n i®,0, 2;«Rl is Hor C1 6 Alkyl and X is H,
halo or CI-6 Alkyl, X n ~~N ~(Q | (x) wherein the chiral base used
is either (D) for separation o jc acids, or (L) for 25

separation of (S)-mandelic ag id: base nolar ratio of 1 :

0. 25-0.75; and wherein the sg %ﬁdu e of solvents, may optionally
contain water in the rang®03f 5 tocl5 % (VolNY, of solvent; and (b)
separating the respective (R/(D) or (S)1(L) mandelic acid-cyclic am de salt
of formula Ha; Ha.

3. A process, according to claim 1 or 2, wherein the (R)/(D) mandelic acid/cyclic amide

salt is of formula VI;

HO -

NP
2 NH,
F.HCO Cl
VI
4, A process, according to any of claims 1 to 3, wherein the solvent used is selected

from ethyl acetate, acetonitrile, acetone, 2-butanone, 4-methyl-2-pentanone, rerf-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 4, 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.



HOX ROC 11121 HH2 Ha. 3. A process, according to claiml or 2, wherein
the ()?)/(D) mandelic acid/cyclic amde salt is of formula VI; O O +N
F2ZHCOHO  H2 NH2 VI 4. A process, according to any of claims 1 to 3,
wherein the solvent used is selected fromethyl acetate, acetonitrile,
acetone, 2-butanone, 4-nethyl-2-pentanone, tert-butyl nmethyl ether,
2-propanol and ethanol or a m xture of any of these solvents. 5. A process,
according to any of clains 1 to 4, wherein the solvent used is ethyl
acetate. 76. AApereesiceording iy pfglaimes LAY, where the 4rid bajegnolr mjjRdsrlsi n t he
mxture i g4hpated (preferably to reflux) before cooling and filtering off
the respective (R/(D) or (3)1(L) mandelic acid-cyclic amde salt. 32- 7. A
process, according to any of clains 1 to 6, wherein the acid : base nol ar
ratio is o O 4-0.7 : 6%88m W £ i 1to 3
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9. The (R)/(D) mandelic acid/cyclic amide salt of formula VI;

0
HO -

0
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NH,

F,HCO cl

VI



