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NEW PROCESS Fi el d of the Invention The present

invention relates to a new process for the preparation
wapaene®ed uti on of mandelic acid derivatives fPOMGB2006/001861

(racem c) mandelic acid derivative m xtures, by

si mul taneous resolution (by salt formation) and

racem sation with chiral bage cyclic am des. The

invention also relates to the use of the resol ved

mandel ic acid derivatives as internedi ates suitable

for |arge-scal e manuf agwPROCESS for exanple,

phar maceuti cal conpounds. Background Mandelic acids

are used in the manufacture of a range of interesting
FieldRF BfeinSentionUch as pharmaceuticals. The present

Invention relates in particular to the preparation and
Thepsesewffinveatier kedadesria AaeV ipeocassi far e proparetigeandggsolution of

maﬂdglﬁce{cﬁ@&jéﬂ% %lriggéeﬁné Qﬁanhélfcga%ldscfeﬁlv&nfé%%ﬁ&t tying
of, for r mac utlca onpounds .
simglcanpmis m@ls@hmsn ﬁlas&aitl foepchtiom) AMOr@Rmdsatidibwith thP(I;’ﬁase cyclic

amﬁ%@tﬁp‘égyen%@ag SO I'C 20‘(%4{160 Qsééggﬁ}e(rgso Or I Ejl¥1deqat eld2 c%nt)atlves as

TEMOC HE - (S R ARV
intehigedifSuitade oy leﬁrgé scaleonarmifdcamingiof, forcdxample, bm;mynd;al c

am des, such as proline amde. In that application
COMPAYREi n netal salts, and certain amine salts of

mandel i ¢ acid derivatives (particularly (R)-

3-chl oro, 5-di fl uoro-net hoxy mandelic acid) are al so
Backgeandbed. |n particul ar, there is disclosed a process

Mahdlic Bﬁﬁﬁiﬁ! 'ugbgl ih 8)6 mﬁfufz{c@re o2Plah 1ﬁt¥re§t‘x‘r@§hbl€é{ﬁ%dsuch as

mandel i ¢ acid fromracemc m xtures of said
phagpacewiralsi yThe mﬁgmtmuftee@onmhwé lin partietilardo Big psepatation and use of

resoleerdngndgl A’X‘%He&aﬁ@és & int%%@l?gia&epgultagfe fgll'l)arlﬁgys&hé ﬁlaﬁl@a&ﬁmng

of, fmbmmﬂe plmnnmentwai eompomdi; eentenpahdsasrdeseived jin WO 02/44145.
optionally

In PCT application PCT/GB2004/004964 (priority date 28™ November 2003) racemic

mandelic acid derivatives may be resolved by salt formation with chiral base cyclic

amides, such as proline amide. In that application certain metal salts, and certain amine

salts of mandelic acid derivatives (particularly (R)- 3-chloro,5-difluoro-methoxy mandelic

acid) are also described.

In particuiar, there is disclosed 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:

(a) 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 mixture 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.
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substituted, mandelic acid; and a chiral base (D)- or
(L)-cyclic am de, wherein the chiral base used is
we@paohaeso¢d) for separation of (i?)-mandelic acPCBEGBR06/001861
(L) for separation of (S)- mandelic acids, at an acid
base nolar ratio of 1 : 0.25-0.75; and wherein the
m xture may optionally contgain water in the range of 5
to 15 % (vol.) of solvent; and (b) separating the
respective (R Z(O or (S)Z(L) mandelic acid-cyclic
It is3béignde Atdod hat ksid tQR)ber (N [oita shibktitaded ShaelicBids” Ry be
(5)-optionall substltute I|c aci ds" may be as

as dessibed IO 0R/AhEH D 2pd Wharsin it AEOB: %ndéiaﬁ@sab?mwm% ns
subffflePinSideRS 8dd L eagE 2B o%aﬁeﬁﬂ&ﬁhfs ts#éc RDE\EkGeRE] dS

are 1 ncor por at I nt IS Speci catlon by reference.
It is also to be understood that said "(R- or (S)-

Itis %g)%n%% #rg O%Qﬁla% lsélﬁ‘e‘ 1 es ggﬁésru?:ge& dlg Qéd%\}%&ggs?% Z}%’C[hcgjse

mamlahic mﬁmmfdhmblemlés dessrited dh WG 062/4461dd, swbetcrdintad

mandel i .c e cor rat dinto this
denigiians o ioser wie ulel PR BRI SARE ot ibsioBiif inteythis pgeification
by refekdncs PEBH fﬂcﬁfyota@éﬁ B th@fspécﬁi&aoram;ereﬂ@me e detuils and

exanpl es of preparatjon of such subs
exampleg f RG] SHoh WL PGS he fi@g é“aﬁ%‘#ﬁﬁéﬂ @gﬁ)éﬂﬁ‘%for
exdhaﬁrghﬂ%ﬂeﬁﬂggﬂgral outline of the process in PCT
flcatlon PCT/'GB2004/ 004964 is as fol l ows (wherein
X and n are as defined therein): racemc

A g@e@%ﬁ%@ %ﬂhg QL s\{ﬁlﬁ)bmi Rglg?anoﬁ f’C“i"/? RRABAIER is as fol ows

eso ved I C aci cycllc am
(wheeelitt R) Ry, Khmdabmwaukﬁhehégmpﬁeferably Rl and X are both
H and Ris -CHF 2. In PCT application
PCT/ GB2004/ 004964, once the desired ("right") mandelic
aci diopr ol i nam de (MAPA) salt has been isol ated by
fad.t tlon t he not h&: CE S
t he ot%ebﬂng&ﬂggmg ma dellp cid enantionmer (and al so
S unpretrprrated pﬂiiln '
&c aci d) may gbe ;~@nisé Hr See racenksd

R
schene

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

In the above scheme, preferably Ry and X are both H, and R is ~-CHF,.

In PCT application PCT/GB2004/004964, 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
illustrated 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/three recycles may permit up to 70% - 80% overall yield of the “right” mandelic acid.
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illustrated below. The resulting racemate may agai n be
used in the process of the invention to isolate nore

wo@Roobhesdsesi red enantioner. This racem sati on/ PEDEGBRINGHO1861

process may be repeated a nunber of tines to obtain

hi gher yields of the desired enantioner, for exanple
two/three recycles may perrmgt up to 70% - 80% overal |
yield of the "right" nmandelic acid. Racem sation Schene
Al t hough the racemi sation/recycling process may permt
hi ghep yiel ds of the desired enantionmer to be
ot ai ned, there renmmi ns an ongoi ng need for further

pr ocesse ich are nore efficient (for exanple, by
avairdi ng eat®d wor k-up and recycle steps) and/or

e evkn hi gher yieldsp The conbi nat¢on of
sapton prtesses wigh o situ rasgmisation to give
crystal ['i sationi nduced aSym®tric tran§for¥ati has
been, r epdf &4 gf AZ : S

F,HC

S, J., Aiiaans o A A, 0
Br uggionk, A.; Zwanenbur Tet r ahed synmet ["Zy f
1999, 1110, 3701-3718),c0 Li cule@go o- N,

cfdrst-akd,j sation-indiced asynmetric transformations of
mandel i ¢ aci d using al phaxmet hyl benzyyami ne i rn @queous phase
copbigat i on wi t hOkpeEhase

(
FHCPT , 52 Di fzabi cycl o[ 4. 3. 0] non- 5-&n and TBD
(1, 3,4,6, 7, 8-Hexahydr o- 2Hpyri m daf - .o, di
Mojpes liguar #PMIey  but " the results Olr'giegglo/r%wgqbggug@
fmﬁﬁ?? i sat i oni nduced asymet r i,6 45anRghJuEREI On usi ng
chiral cyclic am des, such as prolinamde, has not
been reported. Description of theflnvention 5 The
present invention nmakes it possjbHe for the resolution
and raceni sation of mandelic acilds o pr ogr ess
effectively sinultaneously in the,sane reactor vesse
or reaction system as descri beI ow. According to
the invention there is progicdéd~& paocess for
dynam cally resolving an o optionally substituted (R)-
or (5)-mandelic acid froman enantioneric m xture of
sai d Racemisation Scheme

Although the racemisation/recycling process may permit higher yields of the desired
enantiomer to be obtained, there remains an ongoing need for further processes which are
more efficient (for example, by avoiding repeated work-up and recycle steps) and/or

produce even higher yields.

The combination of resolution processes with in sifu racemisation to give crystallisation-
induced asymmetric transformations has been reported (Ebbers, E. J.; Ariaans, G. J. A,;
Bruggink, A.; Zwanenburg, B. Tetrahedron Assymetry 1999, 10,3701-3718). In
particular, crystallisation-induced asymmetric transformations of mandelic acid using
alpha-methylbenzylamine in combination with DABCO (1,4-Diazabicyclo[2.2.2]octane),
DBN (1,5-Diazabicyclo[4.3.0]non-5-ene) and TBD (1,3,4,6,7,8-Hexahydro-2H-

pyrimido[1,2-Alpyrimidine) are described, but the results were poor. Crystallisation-
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optional l'y substituted mandelic acid by salt formation
with a chiral base (D)- or (L)-cyclic am de conprising
wao b@eseps of: (a) formng a resol ving m xtur ePCGB2006/001861
solvent, or mxture of solvents, of (i) an
enantioneric mxture of an optionally substituted _
mandelic acid; 5 (ii) a chigal base (D)- or (L)-cyclic
am de, and optionally (iii) an additional racem sing
base; at an acid : total base (i.e. cyclic am de and
indwrpd bymaheteid dutsfanation atgihsiang chas@idesRLeH aspadlim@e, Bds
east 1 : 1; provided that the cyclic am de base :
nmb%qndemegr ratio is at least 0.75 : 1; and wherein the
resolving m xture nay optionally contain water in the
rantge of 2 %0 0 15 % (vol.) of solvent; (b) heating
Deseyjptionefthg Ipyengiont ur e above anbi ent tenperature and

. e ambient . e and
e E B R e LR R n RSh b i aias

prosreféﬁlffeftii\f(.@hf) frayltangouslyaintteeisapreaeastativagyelt @ redetiopsyamatsrdescribed
beldly.Scl osed in PCT application PCT/ GB2004/004964) with,

for exanple, 0.5 equivalents of D-prolinanide. Another

0.6 equival ents of D-prolinamde may then be added

nce the crystallisation has started, wiith the 0.1
AC°§€§‘E‘%%/t8|t§en’t“§‘¥‘§s?8é%eée ISPYCB!‘EE&PF?F&Fﬁ BAyRmiGay sesolyingase
optibmallyrsabseimtedi(R)Osy. (@Tﬂlﬁnclleiﬁﬁ i&léig ‘i’lfo%ﬂ etshg:/nji%t%n?e{h% mix’%lre ct>f sgiél

- [ [ [ after abou
optifaly Sub P edmandgliti it by SAlibogmatonafiya chirgl base (D). or (L) cyclic

idSconirRing-the {telisfdruor omet hoxy) phenyl | (hydroxy) aceti c
améé:ilfjﬁﬂaf tn(egr filétisr ation and a slurry wash is about 73

OFIURE & reselvigmiyare inpsolvertoprmixbne afsplvsatssofar t ed
di t : r Yo ' C
opl 1ot | o BelecBL ARG S a8 PO ARS SytsulsIypagtic 4
equi V@) entaschirh] s pn@rvicddic atridd, led oftichakbgui val ent s

of D F)O! iaﬁ%ﬁhﬁgﬁatﬁ%eﬁ&s‘%ﬂgbbclge;added once the
crystal’l i sat1on has

at an acid : total base (i.e. cyclic amide and optional additional racemising base) molar
ratio of atleast 1 : 1; provided that the cyclic amide base : acid molar ratio is at least 0.75 :
1; and wherein the resolving mixture may optionally contain water in the range of 2 % to
15 % (vol.) of solvent;

(b) heating the resolving mixture above ambient temperature and

(c) separating the respective optionally substituted (R)- or (8)- mandelic acid-cyclic

amide salt.

The resolution may be started (according to the procedure disclosed in PCT application
PCT/GB2004/004964) with, for example, 0.5 equivalents of D-prolinamide. Another 0.6
equivalents of D-prolinamide may then be added once the crystallisation has started, with the
0.1 equivalents excess of D-prolinamide acting as a base for racemisation. The ratio of the R-
vs the S-enantiomer is typically about 85/15 after about 22 hours at 90°C, and the yield of (2R)-

[3-chloro-5 -(difluoromethoxy)phenyl] (hydroxy)acetic acid after filtration and a slurry wash is
about 73 %.
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started, with the 0.2 equival ents excess of
D-prolinam de acting as a base for racem sation. The
WO 2006023964 t he R- vs the S-enantioner is typi caPCyGRR@®EN01861
85/ 15 after about 22 hours at 100C, and the yield of
the D-prolinamde salt of (2i?)-[3-chloro-5-
(di fluoronet hoxy) phenyl ] (hgdroxy)acetic acid with 99%
ee after filtration and a slurry wash is about 82 %
Al ternatively, an excess equival ent of base (for

In ant @RI, the r@so@ﬁi&n\&ﬁ‘aly% sBkteA B cBin %@ﬁl@ pRdded@t dRBeSedah PCT

e start of the resolution. Furthernore, a m xture of
apphngaquwc;B@@oﬂéw%@e\auh Eesrexamplap). & equiyaleris ef D-prolinamide.

Anot%g;p(P 5‘1 ?(gﬁ%lex%tsaoﬁy ?)kdlﬁlaﬁme ty":tfileln be Va?ﬁizdj&{ e gcir?sgaﬁﬁéaﬁ% hay

e resolu rnative
startm gmhlthn (hl’neqlavabaftee)(cbgsmfaapﬂoynammée witing asa pise forradmaisation. The

ratio d’?g‘%‘j&v{?% ?xga% 016151‘[}'5] Zc%by 4 ou?%%fter about 22 hours at 100°C, and

the yiel®oftha Dafrohiy4hial 4alSefQPROB-Biees- (DBN), 1, 4-

di azabi cycl o[ 2. 2. 2] oct ane (Dabco 9{( hexyl am ne,
(diftegremethexc)plaemy elydmxwéert@r@ésdwlﬁm poe %#66 &ltragiop@nd a slurry wash is
abm@gfe/ azine, ethylenedi an ne, phenethyl am ne,

am noet hanol, or 4-am no-|butanol) is used to
performthe racem' sati on The ratio of the cyclic

Altegﬁ}xyeﬁ%,lag%%ce&/ﬁ 5‘?[1 gfgre&sa%pg?%\}y arl& lgntg)vﬁ%? Qe added all at

oncd £ H@J sthrf MhPresglosas (for exanple, 0.75 -
equi val ents based on mandelic acid), and suffl ci ent
organi c am ne base is provided to effect racem sation

FurthdrRoreS ¥ 3R ofBades mdy-be cBPMWYA! BiHegars S tHH eBsHREMCa cyclic
acid). The organic anm ne base may be added at the sane

amuiq ses (asglefined heyein) i uaad WecHage theé?soawp@,rwlalsg@r alippagive organic
a?i@ma(llg%ng Sithi ot a pl 1@ il %r@ﬁ% eaf- 14, S éétb'eﬁ)iailleﬁﬂn@ qGur) .

he arount  of clid am se and
dlazmlngpa:itn[@ 4 ffindec-Beese (PRE), lisdiachdisuiclaihd-Gleonddad (ABN), did-
diaza queciorgg ? 2 cl)’]ctaS eRBLE ag) |1§?}g%ﬂé% 81@%}%1&%1% gclohexy%)amme
p1peﬁdfnb,q1’1pdrazlmer, efhyl}bnedialdme,qfheﬁethylamlne 2- amlnoethanol or 4-amino-1-
butanol) is used to perform the racemisation. The ratio of the cyclic amide base : organic
amine base may vary provided sufficient cyclic amide base is provided for resolution purposes
(for example, 0.75 — 1.0 equivalents based on mandelic acid), and sufficient organic amine base
is provided to effect racemisation (for example, 0.1 — 0.5 equivalents based on mandelic acid).
The organic amine base may be added at the same time as the cyclic amide base, or after a
suitable interval (to permit a degree of resolution to occur). Furthermore, the amount of cyclic
amide base and organic amine base that is added may be added all at once, or in separate

portions.

In a further alternative, the additional racemising base may be a carbonate or hydroxide of a

Group I or Group Il metal, such as sodium or potassium hydroxide; or potassium or magnesium

carbonate.
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Goup | or Goup Il metal, such as sodi um or potassium
hydr oxi de; or potassi um or nagnesi um carbonate.ln a

wo eoobhzeal t ernati ve, the m xture of mandel i ¢ BCT/G82G06/001861
be resol ved may be added in portions to the cyclic
anm de base (and optional alternative base). In this
way, an excess equivalent qf base is maintained during
addi tion of the acid. It is believed that the acid :

total base (i.e. cyclic am de and optional additional
Ina ﬁ@ﬂi&”&u%hﬁﬂvé) %q)nxﬂﬁ’é &f mérﬁfeh@aﬁmtﬂ e rR61vEd mh§ 88 hdded'in %ortions
so that the’acid is in the formof a salt/s during,t

to the cyntie smjidednase (ahdoptidrel alisspdive base). Ibkhibivey, @ eggess equivalent of
base?ﬁl:é‘lglg{a?ne%l Q?ﬁné_r%dd ?qh@f&l‘?e fgparat ion of the respective

i C acl cycllc amde salt. In this
speci fication, unl ess ot hervvl se stated, the term

. rcycl | i de’ tlona stitut.ed forns..
tei pifahifodfsin e BibES e e froppat bl pofisie
baseﬁﬂibliﬁraélaéﬁédzlﬂib@ﬁ:gé’ast car boganthe eiaidn thebform ofa saét/s during the
er.i di ne- 2- car boxami_ d s _su stitute rng_ .
proct G gHaL U BRI GP BHTLTRR BatE PHEH FPAGGER okt fjspective
(R)- Gy(sgmarﬂeﬁé/limd eYclRRmAdeditt abl e ring carbon atom by

or halo (for exanple, chloro, fluoro or
brorm) Unsubstltut ed cyclic amdes are preferred, but

In thﬂk‘f)@mﬁ&gﬁ%g | I GeneHBS &bl o &qu%lfﬂ:yéhd' élﬂlQe’nanﬁlﬁ tioh4IR?

monosub’stitution on a sSult e'ring carbon atomis
subspmddpnwhemmf anldumhsbe,dm isgt limited to, prelinennpide, azetidine-2-

carbg)?ad %Fﬂsg i er1 1ne 2 aﬁlget a%t\xe a‘gts&tesﬁ}% nmgre ( D)
II( 3 yp P am e S a Cﬁ or exanp € in
Subs‘tmitmnlmayl He)ontahm’g tifiegenodn, by diis ddkyipor obea sojdtiloriag tarbon

subst he nit b
sor -+ A ESH Rl e SRt oy Srerarel Ol ofc
amideS dfdhréfrréd, Bf WhenCibQittesubbtianidnh oA S riHh @itfoge atofl drbhdho-
I.(x) below (wherein nis O, 1 or 2; RLis Hor Cl-

subsfifution on 4 quieblesting capban@tes iserefgmed - ky1 ). . . X 1(X)

In this specification it is to be understood that, unless stated otherwise, when a (D) or (L)
cyclic amide salt is drawn (as for example in formula IT) then the cyclic amide may be
optionally substituted on the nitrogen atom by Ci.¢ Alkyl, or on a suitable ring carbon atom
by Ci.6 Alkyl or halo (such as fluoro, chloro or bromo) as shown in formula I(x) below

(whereinnis 0, 1 or 2; R; is H or C;.¢ Alkyl and X is H, halo or Cy.¢ Alkyl)...

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 or2; Ryis H or Cy¢ Alkyl and X is H, halo or C;.¢ Alkyl)...
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In this specification it is to be understood that an
optionally substituted (D) cyclic am de as descri bed
wheweilzsohs t he (2R) st ereochem stry shown in POF/GBR@6/001861
I (y) below (whereinnis O, 1 or 2, RLis Hor Cl1-6
Al kyl and Xis H haloor G-6 Alkyl). . . Xi(y) In
this specification it is tg _be understood that an
optionally substituted (L) cyclic am de as descri bed
herein has the (2S) stereochem stry shown in fornula
I (z) below, (whereinnig0O, 1 or 2, RLis Hor Cl-6
Al kyl and Xis H halo on Cl1-6 Alkyl). .. I(z) It is
to be understood that jall' ijsomers within the
definitions of chiraL( ase-cycki® ani de discl osed
herein are covered by t+h invéntion. For the avoi dance
of doubt it is to be undérstomd,that in this

specification "G - ' means a carbon group having 1,
2, 3, 4, 5 or 6 carbon atdiys. In this specification,
unl ess stated otherwi se, the term"al kyl" includes

both straight and branched chai n al kyl groups and may
In thixespedifitatios itrioto Beiumidéredod that aredphtiphallyetubstituted (Iyregpijd amide as

describesiatoin s S5 8 peteorfeatisrlg i o iy oy e n s

1 or 27 REXH or GarAkgithand ¥ H, hhieloe Ci§ Alkydv.. ded a process for
resolving (R - or (S)- optionally substituted nmandelic
acids froma (racemc) mxture of said optionally
substituted nmandelic acids by salt formation with a
chiral base (D)- or (L)-cgyclic am de, and racem sation
of the unresol ved enanti in the sane process,
conprising the steps; (th) ' a mxture in a
solvent, or m xture of $§Lvents, of (i) a (racemc)
m xture of, optionally subsStitu,ed, nmandelic acid
enant i omers;

1(z)

It is to be understood that all isomers within the definitions of chiral base cyclic amide

disclosed herein are covered by the invention.

For the avoidance of doubt it is to be understood that in this specification ‘Ci.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
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.

Particularly, there is provided a process for resolving (R)- or (S)- optionally substituted
mandelic acids from a (racemic) mixture of said optionally substituted mandelic acids by
salt formation with a chiral base (D)- or (L)-cyclic amide, and racemisation of the
unresolved enantiomer in the same process, comprising the steps:

(a) forming a mixture in a solvent, or mixture of solvents, of
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(ii) a chiral base (D)- or (L)-cyclic am de, wherein
the chiral base used is either (D) for separation of
w@ pddpArndel i c acids, or (L) for separation of PCT/GB2006/001861

(S)-mandelic acids, and optionally (iii) an additional
racem sing organi c am ne base; at an acid : total base
(i.e. cyclic amde and optiggnal organic am ne) nol ar

ratio of at least 1 : 1; provided that the cyclic

am de base is present in a nolar ratio of at | east

0. 75; and (e jeX | LAlieahgai n
vvater(l)?n tﬁ!@%"% éﬁ 1o eszb/s) gﬁigééb?%}eg?ﬁof slol vent;

( bynansemnensy t he mi xture above anbi ent tenperature and

C epar at i ng .t.h e i V. r . :
onadil e AichAR ATOI GREREIE e Rritne St bl ad s
i s provi deitha (P) foc egmration of @ ahanidelip {cid)ss oraf) {Bpeparation of

substi t ut mandel i ¢c.acids fr a (racemc) mxture of
sai d subs?‘%f‘ﬁ}?‘@%ﬁ%‘ﬂ%se?r? Opélﬁl%g'] by salt formation with
a chigipl baseditiblal raeemisinp-oegemid dniagbate, and

racem sation of the unresol ved enantioner in the sa

at ancit QL base i PEGHGgMdrend ppianal prapmip RN 5102“ 16y Teast

1: 1k ProRide @ e e cyQlic Midd bHs€isQPhresSH iM 8 Rdc3ar rfio dfiak 1edst 0.75; and
(facemc) m x%’ure of mandelic acid derivative .

wherairhe ingjnisresmay ontionaHi enfain water\Hethe ranerof $ “atel 1acp bepl) of

solvkfiom CHF2, H, G -6 Alkyl, CHF, CHO2 and CAF2; (ii)
either a chiral base (D)-cyclic amide or (L)-cyclic

(b) hedtibg tiof mixtureabevelabjentsampetiaprqatids 0, 1 or 2; R is H

© Ch S P P B g )
separation of (i?)-mandelic acids, or (L)

Particularly, there is provided a process for resolving (R)- or (S)- substituted mandelic

acids from a (racemic) mixture of said substituted mandelic acids by salt formation with a

chiral base (D)- or (L)-cyclic amide, and racemisation of the unresolved enantiomer in the

same process, comprising the steps:

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

(i) a (racemic) mixture of mandelic acid derivative enantiomers of formula I;
0]

HO
OH

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

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



for separation of (5)-mandelic acids; and optionally
(ii1) an additional racem sing organic am ne base; at
w@eooaa2ide4 total base (i.e. cyclic am de and optT/GB2006/001861
organic amne) nolar ratio of at least 1 : 1; provided
that the cyclic am de base is present in a nolar ratio
of at least 0.75; and wherg n the m xture may
optionally contain water in the range of 2 %to 15 %
(vol.) of solvent; (b) heating the m xture above
anbi ent tenperature and {c) separating the respective
(RI1(D or (S)Z(L) mandeljic acid-cyclic am de salt of
formula Ha; Particul ar ndel i ¢ aci d-cyclic am de
salts of fornula Ha ale _of mfa 11; 11 wherein Ris
selected from CHF2, H, R kyl, CH2F CHA 2 and
CaF2;, and nis 0, 1 or !l nnepe aspect of the
process of the invention, the acid : total base nol ar
ratio is 1l: 1.025 to 2.50() for exanple 1 : 1.10 to

speriren S PR et s oo PR SR PL fobihelifiog or )

Pf&&éﬁarzﬁloﬁ%f (Hanarideld acﬁdi;eamlydpltlbmlhrm de base . acid
nmolar ratio is at, least. 0.75 : 1. It is to be
5 (i cray 2B 9mal TRGRNIEIAG OFgANIS A% i n this specification
at ar?‘ic?@ t%f%‘l/ﬁe{se X8y dIFRIRE@ and@dpticdal Oigamic amirt) oks eatlol dfl att$cast
g. 005. Suitabl e solvents for the process
1:1 pm@med dht the ey elifeamiplg basa fsrenspt 1P|ar’i*i1‘t1§c¥atb‘3/°f ﬁf‘ésw 75 o
AbLio 1'5"’)@ o) of
wheldh g bR PR PR R 23610 13l
SOlVMltBK DMF, DMSO, DMA, dioxane, N-rmethyl pyrroli d| none
acet oni t C
0 0 4 HEFHRA th‘imb)étﬁ%aaﬁé‘geegn gnt%%)%%%g?r%ctl hyl ether,
(c) et handeparatingy thpspdctive (R)/(D) or (S)/(L) mandelic acid-cyclic amide salt of

o
HO -
o X
0 ([);N 11 0
HR,
RO Cl NH,

IIa

formula Ila;

15

Particular mandelic acid-cyclic amide salts of formula Ila are of formula II;

([)\N 11
+H,

wherein R is selected from CHF,, H, Cy6 Alkyl, CH,F, CHC], and CCIF,; andnis 0, 1 or
20 2.
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(in general, any higher alcohol may be used), heptane,

i so-octane or a mxture of any of s these solvents.
w®ioeaeoss ot her than ethyl acetate or PCT/GB2006/001861

4- et hyl - 2- pent anone (M BK, nethyl isobutyl ketone)

may be used, and are suitable for the formation of

(S)- 3-chloro, 5-di fluoro-nefghoxy nmandelic

acid. L-prolinani de salt. These sol vents incl ude

acetonitrile, acetone, 2-butanone o (MEK, nethyl ethyl

In oﬂfeea{sﬁ&ﬁ bf the ?f&ce@lgﬂﬁe iRRInBh, 184 20T : tothBbds: moPar RAtRIIAMON1.025 to

et hano i s expected that these sol vents can
2. 5094 @66@@%@ 1.8¢ta h54 deneremple lofl-the (R)- 3-chloro, 5-
di f 1 uor o- met hoxy mandelic acid. D-prolinamde salt. The
above-nenti oned sol vents nay be used as pure sol vents,
Statgmerdsthat tht eyclis amidetbasst i ressit éivd melr mtiprod a4 leass §45 mean that

thecrﬁcﬁ mﬁ%%as%b%&tﬁmfw}%p&fs egsto%elsm vent or sol vent

aln water (suitably in an
anmount fron1296to 1596v/v) A preferred solvent is one

.Wh boi l.i n oi t above .700C t.o 80C. Acetate .
teis o b i o SR SR Al UGB Pp e Rt oR o PV Hybarppentel
varidRlA5RN t9dse MnBK &r. @ sseaci fically preferred. 0 The
process of the invention is perfornmed at a tenperature
above anbi ent tenperature (typically 200C) to ensure

Suitsﬂ@tsow ma@ fASORERY ti3h i@ PRk %rﬂoﬁh&t&?ﬁyﬁ the®

tenpe ature epends on t e sol vent system
follcmeﬂng ctheblacatatt, isg-pranyt acssesmpiiatyl atrtate (i8 @erd, (R6AC) acetates may

be S?Csf ]ﬁﬁ@l@ ﬂ%ﬁ?@ﬁfﬁd %/IAa %ierl% N%ﬁ%tﬁ‘}ﬁ?)h‘?(ﬁ dthénd %@&8&@&1

4} anot aspec ere 1s provi
acetph€) Qessanofhie mhﬁethyiVZmemmnnw;AMrchut&hnethyMar&ﬂiaabb d-propanol
mandel i c id,c c amd alt aof fornula [l
(i Gngeany efe A Snabr e Bihise g ORI i ot g of
thesels6lventand CCl F2, and nis 0, 1 or 2 . In one
enbodi nent of this aspect there is provided a process
wherein R of Formula Il is CHF2, and n of Fornula |11

Solvehtslothdr @R &REN L &ehtdYr FREMYl-BpMianone (MIBK, methyl isobutyl ketone)
may 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), tert-butyl methyl ether (TBME), 2-propanol and ethanol. It
is expected that these solvents can also be applied in formation of the (R)- 3-chloro,5-

difluoro-methoxy mandelic acid.D-prolinamide salt.

The above-mentioned solvents may be used as pure solvents, or as mixtures with other
solvents from those mentioned above. Furthermore, the solvent or solvent mixture may
optionally contain water (suitably in an amount from 2% to 15% v/v). A preferred solvent
is one with a boiling point above 70°C to 80°C. Acetate solvents (especially iso-propyl
acetate or n-butyl acetate) or MIBK are specifically preferred.

The process of the invention is performed at a temperature above ambient temperature

(typically 20°C) to ensure that racemisation proceeds at an appropriate rate. A suitable



VI I n another aspect, there is provided a process of
the invention which forns an isolated mandelic acid
W@ ywbilzsoedri de salt of fornula IV, wherein R is B&l/e8@d/001861
fromCHF2, H G -6 Alkyl, CH2F, CHO 2 and CO F2; and n
is O 1 or 2. In one enbodi nent of this aspect, there
is provided a process, wherpgi.n R of Fornula IV is
CHF2, and n of Formula IV is 1, represented by Fornul a
VIl1; VIl In another aspect, there is provided a

tempaf 2% ASplis SBie kOVER E%S%ﬂm salrddaing iRt exiapiBLbAVE 50°€ to
CHF2, represented by Formula V; Vin the above aspects

70°Ga eefespbly @benerfi0SC, ang aip ¢/ Bie refluxiprapergige gf the pnigare.
optionally substituted on the nitrogen atomby G -
Al kyl, or on a suitable ring carbon atom by Ci1-6 Al kyl

In ammthel aspect; arHs providedi o procesiof regnemtipn whish ferssshdsatptédor
formula |{x bove...Ih cem c) nmandelic acid

3 nmn@%%?@h‘?@é %?@ F%E%g?%§¥%%ﬁional addi ti onal organic

am ne base and solvent (for exanple, ethyl acetate)
m xture in step (a) of 6he processes may be optionally
heated to reflux. The pffesence of water (in the range
of 2% to 15% (vol HPOf ~sqlvent) is preferred, and the
heati ng of the m xturle na9 bg—t;;’omed by addition of
the water to obtain a suspen Bon.”Thi% suspension is
normal ly stirred atux rfo[: cfut es before
cool i ng and separ at he desiHed ndel i c
aci d-cyclic am ge-sar& Tae concentMdtion of (racenic)
mandel i ¢ acid derivative in the solvent m xture is
usually in the range of 0.B5-2.5 mmol per m of

| vent . : e AGt.ac ndel d@rach g, ;
e KDk sk Bt o, 15 AT E s bR bna a0, o
1o 2. 0.25-2.0 mol per m of solvent. Particularly
preferred is when the (racem c) mandelic acid
derivative is added at a

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

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

0]
HO -
O
(@)
() >
o (
NH,
F,HCO Cl

15 VI

In another aspect, there is provided a process of the invention which forms an isolated

mandelic acid cyclic amide salt of formula I'V;
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15

concentration range of 0.25-1.25 mol per m of
solvent. The isolated salt may be dissolved in a
worRoobz®epf HC and sol vent (such as et hyl acepEr/6B2006/001861
foll owed by separation of the organic |ayer and
concentrating said organic layer to dryness to obtain
the resol ved mandel ic acidqderivative. Preferably, the
m xture of HO and solvent I1s a 1:1 (vol.) mxture of
IMHO and solvent. The resol ved mandelic acid
derivative may be anal ysed by conventional chiral HPLC
techniques. Alternativegly, (S)-
3-chl oro, 5-di f | uoFBvne Texy mandelic
acid. L-prolinam de sglt may be i1solated and then a
different salt of (Ryx 3-chl®xo, 5<difbuoro-net hoxy
mandel i ¢ acid isol g roﬁ\thg nmotfier |iquors (such
as the triethanol gm alt). The sqid mandelic acid
cyclic amide saRPs reépreséhted by the Fornulas |1,
[, 1V, VI and VIl are oqkﬁinable by the processes of
the present invention. Al so provided are the products
whefdht Riig@cediont OHFR ) Cp.5 adis/ deid 4y CHEd, andtGCIR,; tid s
. specification and within any of the Exanples discl osed
nis Qe FiZn. There is a need for a nore convenient and nore
economcally efficient process for the manufacturing
of large scale quantjities of high quality. (pur .
In oRee LT AR Ai0othdr® FarT ISR e el BOE by i
CHESO3d%h M{Jﬁq{/% | M6prtdeARd by $¥6rilla WRK, € environnental |y
f%lend?y solvents etc. are Vvital for comercia
application. The present invention provides for such a
process. The processes of ¢ he invention use an
I nproved process for the I nuf acture of resol ved
mandel i ¢ aci d deri vd®uest .vmich non- expensi ve raw
materials and thermal |l y|safeé rk\up conditions are
used to achieve these g4ality Y esahvedOnmandel i c acid
derivatives ready to n fughher Fhenica
processing. The inven furthék prigMi des t he use of
a mandelic acidzemnjlc X Isalt accofding to the
i nvention in the manufacture of pharnmaceutica
products; the use of a manddlic acidcyclic

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

CHF,, represented by Formula V;
O

HO
OH

F,HCO cl
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am de salt according to the invention as chem cal

internmedi ates and the use of a mandelic acid cyclic
wa@pioda2®ed t according to the invention as chenPCHIGB2006/001861

i nternedi ates in manufacture of pharmaceuti cal

products (for exanple for use in treating

cardi ovascul ar diseases). |j§ _this specification the

term"racem c m xture" may include m xtures of

enantiomers in ratios other than, as well as, a 50:50

In thgjag%\;é_f&%&ts ARd %@p@&%ﬁ@nﬁé Syclit AmidRXREPMEy e smio%giy_:lsubaimted

partlcu ar process of the I nventi on I NS
on theinitnogen B@MBYY Gi-sAlkyk ooén & piablegingrcarbor honyrye esdIkfgy halo

i nvel v i f i n i j s at vari ous
(Squé Sagueosfg’(c?ﬂnoér% 5%?8‘8”%3)&?18‘%%? Orl(}{) m {legg;‘i ago%g : 50 m xtures).
The term "racem sati on" covers the conversion of an

The JRtRiF e b s P Beb /Bt Frelhp By SRl Mipe

base@Rd @ﬁlbélﬁ\(i;o@b%dﬂ{plé, fémyl':‘zlétﬁfatd) Qﬁﬁmjref]ineoép €99 dnRprocesemanbde
.as_the nol e racti on enotl ng the enanti I's 0n a

optigpally fipated preflu. The pragpnce 0%3? 7 (PRhe Bageg 2ol %e (18] of

solveiflis priferdd € ald e BOMHEE BF hehliRifke By $dR116WRd byddiition of the
(~-enantioners. In areaction a chiral conpound is

watesfq elfaipigisasneatiomdhis sprpentipwisapreHbiredayreiiuy for 19 gynutes
befoggédte;ﬁgg?%cf&gw&n%t € dddird) RRAM. LY cliSarhigk B and 20%

nantionmer then the e.e’ Is:

(80-20)/(80+20) = 60% Exanpl es The present invention

is describ iLn.npre detai.l 4 he. f LNg: . .
e R T B bl LA sy gy o
the 1a8gagf 0L.2302.6 himd peckal dfsbhwht. Peeferithiy ythe ateoie nfatBi€; acl 3

.M /g.of ndel i c acj.d to th L id
derifac PO b R o 2 OGP PPHER B RES NP t e
Part@Arly Pecre@ddit ivien e $rab@ait pelaide1i8 8AC derfvatiod 4taldud avh

L-Erol inamde (0.5 eq.i in ter (3 nolar
congsHBRtON 18RS Hdridel 3 T EK WW&S% d and

The isolated salt may be dissolved in a mixture of HCI and solvent (such as ethyl acetate)
followed by separation of the organic layer and concentrating said organic layer to dryness
to obtain the resolved mandelic acid derivative. Preferably, the mixture of HCI and solvent
is a 1:1 (vol.) mixture of 1M HCI and solvent. The resolved mandelic acid derivative may

be analysed by conventional chiral HPLC techniques.

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 (such as the triethanolamine salt).

The said mandelic acid cyclic amide salts represented by the Formulas IL, III, IV, VI and

VII are obtainable by the processes of the present invention.

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

specification and within any of the Examples disclosed herein.
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crystallisation started soon after. After half an hour
additional MBK (sane as before) was added and then a
w@etoatizzoM of L-prolinam de (0.6 eq.) in water PGI/GBR@G/001861
equi val ent/ mandel i ¢ acid). The suspension was stirred
at 80C for 4 hours then at 90C for 2 1 hours. The
suspensi on was cool ed to QggQver 1 3A hours. The
substance was isolated by filtration, washed with M BK
and then dried (crude yield 75 % . If the optical

TherB'W d Aebd 23819, thd€ cBRRA¥NAIRA MRt cSRbMIaRE bfickent Fro8RE fd? $heof
slurry wash experinents in MBK with varying water

manefaeitang of(large Scals qyantitias of high wplity Kare)etohved maandelic asid

. it . i i
o ML 0% 15158, SRR G801 LS Lol
friendlyssolventy etvasda vital fivt Bhmértial Splisatinnil hefpréd2® invantipaiprgivides

a_subst ith 99 ¢ i t %
s L N
manwfattuet dffiesolved nabddlic aéidl dfivativeeinakidvienaxppensientw nsitergls
and BT SERQCRYD EHAETBHale F PHER BT B PepoD g gandeli
acid @V livEd Ry &sdRl faRh@fchdricsl plydeasiige 1 esol ution

process is conparable with the yield fromthree cycles
of the resolution/racem sation process disclosed in

The Egg?t?d?l L@t QRdds qeﬂ_«{] (B84 841 B8k dt@e salt accordinF éo

qual 1ty/purity of the material is conparable). Exanple
the iiventipy et sanefeiirs: dfpharmsrengicBpsedicisnkaereofaguangelic acid-

SO- k g . o f i
ercll el QBaHit e KR RRR G Spemtallfighe iy anfTRRL bFa
mandeiin aeitt cychepeida tait sccoSingrtp itregnvasios asehemicahintermbdiates in

splution . was heated to, 8QC. A sol.ution of .. .
mangagi o} Pty 2 g o (or siaRle £ S Fmgne perdigvareyas
diseaek)d) and water (3 nolar equival ent/nandelic acid) was

added and crystallisation started soon after. After
hal f an hour additional MBK (3.87 nm/g of mandelic

In (8€ ki MR RonaRd R RMerh R GRix R %%/t ih@BdthixRrsy 6 enAdioh{dss in
(0.7 eq.) in MBK (0.43 m /g _of mandelic acid)_ and
ratiogepther thas, asoyelaseqiff: Yamiviee whRefetraptioagrg {for example from 99:1 to
1:99). A particular process of the invention begins with a 50:50 mixture of enantiomers.
The process may involve differing mixtures of enantiomers at various stages (including,
but not limited to 50:50 mixtures). The term “racemisation” covers the conversion of an

unresolved enantiomer into a mixture containing the enantiomer to be resolved.

The phrase “e.e.” denotes an abbreviation for enantiomeric excess and is defined as the

mole fraction denoting the enantiomers in a mixture:
% e.e. = ([R] - [S]/([R] + [S])

where [R] and [S] are the concentrations of the (R)- and (S)-enantiomers. In a reaction a
chiral 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%.
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The suspension was stirred at 100C for 22 hours. The
suspensi on was cooled to QOC over 2.25 hours. The
wG@uivstiziee was i solated by filtration, washed PT/GBRMOBK01861
and then dried (crude yield 84.9 % . The ee of the
crude D-prolinamde salt of the (i?)-enantioner of the
mandel i ¢ acid was 94.32% [{51he optical purity and
the assay of the salt are not satisfactory, a series
of slurry wash experinents in a nunber of solvents has
Exaiiign that both the optical purity and the assay
sical content purity) can be inproved. A slurry
Theweestntiinveniden is describest ingnerprgtteil ingthe &ollowéng 1Rp-limiting Exfraples.
acid. D-prolinam de salt with 99. 1% ee. The yield
including the slurry wash was 81.8% Wth 2-butanone
Ex : Psnsoicvesitlutior usimel girglimamidash, t he
(i?)-mandel i c aci d. Dprolinam de salt was obtained with
96. 0% ee ith 83.9% yield. Oher solvents or &5ol vent NH
thi ch can be used for the slwoy Mash
200w w H2O, acetonitrile, and 2- Gr OfJE"ﬁIGH 0
The aboMe experinqﬂ§lﬁg%ag1pé rolinam de gy be
repeatfe si ng L—ﬂpéﬁﬁﬁﬁﬂﬁk}igﬁobtain
rrer of thelipghgelic acid. Th
bat@ t hi@CHfypnanm ¢ sesol uti on prddéss
than the yield fromthree typical cycles of the
resol ution/racem sati on process disclosed in PCT
appl i cati on PCT/ GB2004/ 004964 (and the quality/purity

f.oth teri ey | . I alic ac
vy RSB Sl TR Ak Bhep B SRR PG o i
eq.)lanambiesteeiRpdratuan Serringargs sested fiel thosdaitnngsiettbd tb 08€. A
solul%iﬁg %f Ial%%éh%%ﬁﬂ?f%@ q‘g&%{?f) ginerfnfs)’]\a}]g%qugvéun rrlllggdellig a&ﬁP\l;vgs a]d'ded and
crystalB4akion Safedtobh BAEOA Fel b hHandRitionaladiBK adathe(@Pbefore) was

proline am de were added to ethyl acetate saturat e;:l In..
add@@@r@rthm sedytingtod L-prﬁhl@pﬁ% (Ot )dp é\ﬁajcer (3 molar equivalent/mandelic

acid). The suspension was stirred at 80°C for 4 hours then at 90°C for 21 hours. The suspension

2

was cooled to 0°C over 1 % hours. The substance was isolated by filtration, washed with MIBK
and then dried (crude yield 75 %). If the optical purity and the assay are not satisfactory, a
series of slurry wash experiments in MIBK with varying water content (0-15 % w/w) has
shown that both the optical purity and the assay (physical content purity) can be improved.
Extrapolation of the results indicated that a slurry wash in MIBK with 20 % w/w of H,O should
give a substance with 99 % ee and with an assay of 100 % (the yield of the (S)-mandelic
acid.L-prolinamide salt would then be about 73 %).

The above experiment using L-prolinamide may be repeated using D-prolinamide to obtain the

(R)-enatiomer of the mandelic acid.

The yield from one batch of this dynamic resolution process is comparable with the yield from
three cycles of the resolution/racemisation process disclosed in PCT application

PCT/GB2004/004964 (and the quality/purity of the material is comparable).
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The m xture was heated to reflux and stirred for 10

m nutes at reflux. The thin suspension was cooled to
WQ@3l602®64 13 hours foll owed by further cool i ngPe€DGBA@E&001861

over 40 m nutes. The suspension was filtered and

washed with ethyl acetate (3 x 30 m) to give the

salt. A sanple was dissolvgg.in a 1:1 m xture of 1M

HC and ethyl acetate. The organic | ayer was

separated, concentrated to dryness and anal ysed by

Exalﬁgierzazl Dﬂ;alnﬁc tsBlutidHivsae B piRifadad ogy, see Reference
anpl e ; 'S showed a high degree of purity of

the "cor@ect" enantioner (see Tabl eQl), - NH,
3- clioqr 015 di f | uor o- met hoxy nmami@l L& aci sy Tibl e 1 MA=
. 2
o}

racem ( delic acid derivative,

3-chl 5-di f Iwetrgvideg 2laoixy nmandet®¢ aci d. PA=

(D) - ne am demisikago PA= Am)un equi val ent s of
( Dk i TeeHaM de g@epar ed t o aracem coehipdel ic acid

derivative. EtOAc= ethyl acetate, as solution
saturated in water. Water/EtOQAc (%9 = concentration of

MetWR B buf] 1EHLRY tm&ﬁ@ts%ﬂnlr/ggpﬂnaﬁé%c Qédd)lv\%sed'dd% {ASmandelic acid (1

oncentrati on rangfe of em C mandel | ¢ acl
eq.) etemibiet tengpeprure rtirohg wahsthrtedoad dtesokutidn was beates te 30709 A

z e tiomeri cess j t 0 | e. '
solufforphtF iy i (T RS Rk 65 Relol ar@R'ofigh BREAENG molar
equialentfmenidélie acid) evas iadit}eﬁiaﬁﬂ by sBBivatpnrsearted cami afterrgfge hal€ an hour

.aci Ive. Reference, Ex -9 | . .
adcifigned DRI B oSl STk ARt Aol EB G Dypryjpamide
(0.7 ¥8)) HIRISBRNO4 AFE R naddelRUkld) ARDwter (Bail& eduivdlest/mandelic acid).

racem ¢ mandelic acid derivative

The SUSPRRSATGVES-SHITEY Bo082 (TS By Wita HRFeTUpRENSIER Wagprplqdrp 0°C over 2.25
hours. The substance was isolated by filtration, washed with MIBK and then dried (crude yield
84.9 %). The ee of the crude D-prolinamide salt of the (R)-enantiomer of the mandelic acid was

94.32%.

If the optical purity and the assay of the salt are not satisfactory, a series of slurry wash
experiments in a number of solvents has shown that both the optical purity and the assay
(physical content purity) can be improved. A slurry wash in acetone, for example, gave the (R)-

mandelic acid.D-prolinamide salt with 99.1% ee. The yield including the slurry wash was

81.8%. With 2-butanone (MEK) as solvent for the slurry wash, the (R)-mandelic acid.D-

prolinamide salt was obtained with 96.0% ee in 83.9% yield. Other solvents or solvent mixtures
which can be used for the slurry wash are MIBK with 20 % w/w H,0, acetonitrile, and 2-

propanol.

The above experiment using D-prolinamide may be repeated using L-prolinamide to obtain the

(S)-enantiomer of the mandelic acid.
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proline am de were added to ethyl acetate and the
m xture heated to reflux. At reflux, water was added

wa@paetidroc4ni xt ure was stirred for another 10 ni PQCE/68B2@6/001861

reflux. The thin suspension was allowed to cool to 18C
over 3 hours (in Reference Exanples 4-8; 4 hours in

Ref erence Exanple 9). The z§pensi on was filtered and
washed with ethyl acetate? x 30 mM) to give the
salt. The salt was dissolved in a 1:1 m xture of 1M

The §'é_1lglld ﬁ%’ﬂ? 01%5 ¥dn oq{f}ﬁ% %améc Q@olﬁ’ﬁ&ﬁﬂb&sé R hef"ﬁﬁn the yield from three

, concen ess and anal ysed’'b
typlcahctybhb of#Rk G spfutipn/sagemhtian precteh@@imloﬂgsi in BEE apnicatiance

PCT@%“&@P%%ct@ndetﬁ%@%ﬁﬁ‘?ﬂqy el Sy PEPL Sompphie] 1

3-chloro, 5-di fl uoro-net hoxy mandelic acid. To

he foI I owi ng schene was

eneg LXAMDAGS o HACEN ROGEr ML 5cemi ¢ mandel i ¢ aci d
Refeg@[d.e\]@ﬂah“ﬁesq ghl oro 5 d| fI uor o- et hoxy mandelic acid
&

éf refbe Bxanmpled MR folldwiBE meBOU0wRY S da AR K ollufgs il ddtiui)s

d (D) -proline amde (4.80 g, 42 mmol , 0.45 eq) were

aSOlﬁlﬂl@@dnffé letlhyl acetate (54.5 nml) and the mixture
heated to reflux. At reflux, 5.5 m of water was added

and the m xture stirred for another 10 m nutes at
The raetiniexmarifiakic adid derivatipehshlote, wdifuerotasiekytreandelist acidanddB)-

o B 5 TSR g €1 o,

The &akttne vhasdeapl @ rnfsx sidssiokd &ot 10miautds 4t reflugt Thethof sugpgnsion

d et hyl t at
was gerlal 900 SVGnad Rt RAb L LGy aP R SEoRlS AR TS e 40 pyptes
The Q%Eﬁmﬂ"?&s@ilteﬂﬂ a?xd%@ﬂ@dmﬁﬁet%%a@état% rex 3o aily 0 @live the salt. A

enant |1 oner From t he not her kl»guor nmore mat eri al

Samnlpy@s dissolgestin avlhl wictwasf M HEY awl ctvd spriefeatite dpqnadayer was
sepa-(qu;ff cgl‘rf'c\é b Q&’{ortﬁ{r s £hdBnd gfetdhag c‘ﬁﬁ'laltHPI—,r@ Erof §uiSble

|c ac vvas an HPLC (for suitable
met]mlohrggtpdee @pfe@es ERefgle d bk T@sah@w@ #aigh desteccefrusiyneidhe

cor?e%t Qg{lagtflontlgr?seecl%{)feel?,t(R)—%Oaﬂérogljgﬁfluc;l;g-%e%ho%y mandelic acid.

Table 1
Reference | mmol | mmol |Eq. | EtOAc | Water/EtOAc | mmol MA/ | e.e.
Example | MA' PA PA | (ml) (%) ml water- (%)
No. EtOAc
1 1.16 0.57 0.49 10.97 8.1 1.20 84.2
2 1.16 0.57 049 |0.51 8.1 2.27 953
3 1.09 0.53 0.49 |0.67 8.1 1.63 90.6

MA= racemic mandelic acid derivative, 3-chloro,5-difluoro-methoxy mandelic acid.

PA= (D)-proline amide.

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

EtOAc= ethyl acetate, as solution saturated in water.

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

mmol MA/ ml water-EtOAc= concentration range of racemic mandelic acid derivative per

ml of ethyl acetate and water.
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MA = racem ¢ nmandelic acid derivative
3-chl oro, 5-di fl uoro-net hoxy mandelic acid. PA =
W@ Dosp2robd ne ani de. Eq. PA = Anount of equi val Beit/&Bef06/001861
proline am de conpared to racem c mandelic acid
derivative EtQAc = ethyl acetate in nml. Water/Et QAc
(99 = concentration of watgg_in ethyl acetate. nmol
MV nml water-EtOAc = concentration range of racemc
mandel i ¢ acid derivative per m of ethyl acetate and
e.e. (?@t:eern?ntﬁ)‘n?enc(e@ess d&NRALE @EBY nBleSdeasS déi‘l%flhé‘ﬁl@ eAsntiohRrs%n
‘ol e traction denoting the enantionmers in m xt ure.
amixtyreCorrected for purity, i.e. initially 85- 90% pure
c..a ion
b CORERTEE £ Bl PR Tl altE my i AG apRRE O
Exanpl e 10 The racem ¢ nmandelic acid derivative
Refegerb IExamplesdid | uor o- met hoxy mandelic acid (0.2 g, 0.79
In theg¥m eferaitd Hxbplet eHei fokoveing thethod waAS gsedOwitB nolnines SndGansxyn)s
were added to 1nl di oxane and the m xture heated to
as ouflase in Bﬁl?Fﬁg heat-up a thick suspension was fornmed.
The HIEMRYSRABE RN I@F afivd 1-61164¢, 5adifudrS)mamngahindelécict and (D)-

l'iberated by extractive wor k up usin and h I
prolige amise averpadyisd ¢p ehyiesteiend e n@’éweé’fgs g(é%re Bi‘af\h{é? x)

wateWa? hédd %n(”r:ff@ Rk ird Fas stﬁ@@ EFafcthér0n Rihul®hf1eflud. THE eHin

uor, In ethyl acetate, fromthe
suspeesoml WHSI atlowpd tlx:cemktO(lfS&E oest drhlus, (irf RefenenspyExampirs ik drhowrs

iR GRS SREIRY St SRR 1O hPvatEg Vi BRI S »
30 nflPlol BRRA Etsit. TBe CalhoR diGolvedied 1: tnﬂﬂ:urd:,ofl.l\& 3Giohd ethpls

acetate. The organic layer was separated, concentrated to dryness and analysed by chiral

HPLC (for suitable methodology, see Reference Example 11A). This showed a high degree

of purity of the “correct” enantiomer (see Table 2), (R)- 3-chloro,5-difluoro-methoxy
mandelic acid.

To exemplify in more detail, the following scheme was used in Reference Example 6:

The racemic mandelic acid derivative 3-chloro,5-difluoro-methoxy mandelic acid (26.18 g,
93.3 mmol, 1 eq, 90% pure according to HPLC) and (D)-proline amide (4.80 g, 42 mmol,
0.45 eq) were added to ethyl acetate (54.5 ml) and the mixture heated to reflux. At reflux,
5.5 ml of water was added and the mixture stirred for another 10 minutes at reflux. The
thin suspension was allowed to cool to 18°C over 3 hours. The suspension was filtered and |
washed with ethyl acetate (3 x 30 ml) to give 8.6 g of 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. This showed 98.2% of the “correct” (R)-enantiomer.
From the mother liquor more material crystallised, which was filtered, washed and dried.
This gave another 1.6 g of the salt. The free (R)-mandelic acid was analysed by HPLC (for
suitable methodology, see Reference Example 11A) and contained 99.0% of the “correct”

enantiomer.
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concentrated under reduced pressure at 50-550C to a
vol une of 2.78 L. The solution wasextracted at 15-25C
W@Ra0k/12084 aqueous hydrochloric acid (0.62 kg, BCHGEGBRawG/001861

0.92 eq) to renove D-prolinamde. The organic sol ution
was washed with deionised water (0.58 kg) after which
phase inversion occurred wiqgh the organic phase bel ow

t he agueous phase. Sodi um clhl oride (0.030 kg) was

added to invert the phases again and the phases were
separated. The organi c phaggawas washed with 8. 7%

Refe"é-‘? ucgﬁ ililﬁm% A mV(\)lzia ;’ Eg.nge;_l@f[ﬂ)/}lc: therWEEgﬁfigqé | m e e.e.
0,

ixaﬁ‘l‘f er duczﬁdApresgure NpIE "B T ?o(r)emai b (%)
% residue (0.483 kg) had Ja chenfcal pt |‘f)y of ggqﬁo" as

det-er-Red—by—HRLL-ard—aR—epH-ca—ptt+y—Fet—che

4 S endr9ner28 8n0d3s il er m B8 by Thiral | MOLe TeR-2

5 resididAfas filssol 048 i et nhASE (1733 kg, | 1:567 1) 989

6__and J0%M¥quedl® ol BdPassidim hy8SBxi d@-2 0 84l kG0 4 4687

7 _nol, |215631e[])7.%as| dded| &5 2514020 THO.Oni xt ilé3vwas | 99.0

8 heat dd76800 683#BC and0st | 66366 1 660approaki mat e1P83. 5 | 98.2

97 hour s| 422801 | zop! €080r acx@0sat 2800 hgd.ccur  éd9 99.6

MA 2Ge8ndt REandddicGbid@RlivatRe G-chieb, baldlorsvak thdik g friah it aoidf

under reduced pressure at 40-50C. Di chl oronet hane

PA ¢ {DBprolipe amide2 L) and water (0.20 kg) were added to
Eq. gﬂe—- ARYERYT Sl 98F (R06he! MBI ohlPAFR YRR emROWAHetiOacid

50C. 20% Aqueous hydrochloric acid 5 (1.17 kg, 1.10

derivative. 41 nol, 3.50 eq) was added within 20 minutes to

Etotég‘e= ?

tﬁglre{cg&eti}mﬂ.phase m xture at T = 0-200C

X0 rmc reaction, pH = 1). The m xture was stirred

Water/BtO Ac (8)r=+ avhcafiratii of water imiethyt asstage. 20- 250C until the
i,pi.tate i, | roduct was_ di i
mumf Y B S st L RACHH Hont B e BRI RIPLEE Blavalifle per

ml GTQUBOBStBOMdwaer. was extracted with dichl oronet hane

(S

.e.&)’% %gaelt( "Ofr%fiaglfclé:)ps' (%%?le%g og‘?i’/cglﬁgle g{?ﬁ@c&i{f@f‘lg‘{?@t %ﬁvve iSmrs in

amh@&guced pressure at 40-500C. This gave 0.443 kg of an

1) Gapected Enadiurityo he migally $5P0% ereerAseRas mardelie a¢l

ol ly product with a HPLC purity of 97.1 ar e.a% .The
Sepyativey

2) 'ﬁlfe sﬁsrf)%ns%%lp&assaqio]iweg Yo EB4£5 18°C over 4 hours.

Reference Example 10

The racemic mandelic acid derivative 3-chloro,5-difluoro-methoxy mandelic acid (0.2 g,
0.79 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

HCl1 and ethyl acetate. 0.05 g enantiomer of ee: 92% was obtained.

Reference Example 11A : Racemisation of mother liquor

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

Reference 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
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were : 5 Colum: Symmetry Shield RP 8, 2.1 x 50 nm
3.5 M Waters Flowrate: 0.5 nL / mn. Detection: UV,

WQ2®6nza9%pl une i njection: 15 nmL Tenperat ure coPTIGB2006/001861

200C 0 "Running tine": 35 mn.; Post time: 5 mn.

Mobi | e phase: A: 50 nL acetonitrile + 200 nL anmoni um
di hydr ogenphosphat e buffer,¢_750 nL pure waterB: 800
niL acetonitrile (HPLC-grade) + 200 ni anmmoni um

di hydr ogenphosphate buffer G adient: The HPLC

extragtgglgﬂ fyﬂ zgﬂfb@tvﬁgﬁﬂw)l&/% ’QA(ﬁuseg\Fs{ I%Yd%cﬂg{r;ﬂé%\?\gﬁg 6_2 k%omt msgb 92 eq) to

remo@h Drjerohagmide The 5(gamc4o]gt1wamp@gﬂ_ with 'éiwoplé@c}swatfr @-Bike)
C

after 59h10h§ﬁ1‘ﬁ$ u1%1%e?§g gc%%)@ﬁle %/ i c;lﬁﬁtsc:, l?rgé&? Eﬂeodﬂueoligﬁ/b e,

Sodlmhahbndﬂ (0T w,hs Qddpd tpiamert the Phﬁﬂ% hgpirr vwldhe phasescvee =

oGO kLRSS AT RESRERIRLS, (24 890 o
0.40 85y Ehebrghifie phas iwae dox&eﬁmitémnuchfas possibdampider mdasd (preﬁglr e
at 50t 6OO°EIh%hef r%lrnlal%\{%gnrgsuﬁ\:leef (8r4§5]?<§) h%ﬁ%%ler%ical 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 L) and 30% aqueous
potassium hydroxide (0.84 kg, 4.46 mol, 2.43 eq) was added at 25-40°C. The mixture was
heated to 68-75°C and stirred for approximately 3.5 hours until complete racemisation had
occurred according to chiral HPLC. Methanol was distilled off under reduced pressure at
40-50°C. Dichloromethane (1.35 kg, 1.02 L) and water (0.20 kg) were added to the
aqueous solution and the mixture was cooled to 0-5°C. 20% Aqueous hydrochloric acid
(1.17 kg, 1.10 L, 6.41 mol, 3.50 eq) was added within 20 minutes to the stirred two-phase
mixture at T = 0-20°C (exothermic reaction, pH = 1). The mixture was stirred over a
period of about 10 minutes at 20-25°C until the precipitated oily product was dissolved
completely in dichloromethane. The phases were separated and the aqueous solution was
extracted with dichloromethane (0.53 kg, 0.40 L). The combined organic phases were
washed with water (0.48 kg) and concentrated under reduced pressure at 40-50°C. This

gave 0.443 kg of an oily product with a HPLC purity of 97.1 area%.

The HPLC conditions used for determination of the purity of the MAPA salt by HPLC
were :

Column: Symmetry Shield RPS8, 2.1 x 50 mm, 3.5 pm, Waters

Flow rate: 0.5 mL / min.

Detection: UV, 220 nm

Volume injection: 15 pL

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
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Ref erence Exanple HB : Resolution of the mandelic acid
obtai ned after racem sation A solution of the racemc
worenwdatioes aci d (obtai ned after the first racenPGHGBRVS/001861
in ethyl o acetate (1.433 kg of a 29.9% (w w)
solution, 0.429 kg racem c mandelic acid, 1.698 nol,
1.00 eq) was filtered and.agded within 30 mnutes to a
stirred solution of D-prolinamde (0.095 kg, 0.853
nol, 0.49 eq) in ethyl acetate (0.407 kg, 0.452 L) as
vel | as water (0.p:880 k@)acafonifidle (BELCARidRY +020@ mAtkhirhordum
_was conpleted a clear solution was obtained. The
dihygjogenphesnhate el ed to 58C within 45 min. No-
Grac?érX:St allisation was observed. The m xture s was cool ed
urther to 0-20C within 2.5 hours The salt started to

preci pi t at e Hmedpproxi mat e| 4 BIBL. AAft er st VePhasgBfor a

further hourrat—6-20C—the Hd—was—fttergdof f—and
washed twice with a pre-copled (0-500 m xture of

ethyl acetat®/ water = 9:1/ 49w w, 2 x0.20 kad. A wet,
off-white p wder (O 264 kg was—obtai-ned—in—99 30

=T A% LI B AA® RN (I ) I T /U

purity and 0% 6% opti cal ;u]ery. I f necess Qy, t he

optical purfiy can be Turtpgr inproved by|sgurrying
the productlwith ethyl acetate/water and fiiltering

For exanple, the optical purity can be inproved
er -h I 1.0, [ e-
he R pafind DR RIRRGEART LR ot o
HPIC perel:i nam de salt (0.264 kg) was suspended in a

m xture of eth etate kg, 1.11 L) and water
Colymgn: 10 Eﬁ)f?lp%%bsgi(&%éﬂﬁ% cated to 73-750C and
Flove tdté:r ed 1foahl. Bthitm nut es at this tenperature. The
suspensi on was cooled to 3-5C within 2 hours and then
Detectiphy ed ol aABt her hour at this tenperature. The
' . fi ed of f and washed twice with a
Vo%?!éir@%c\gl@%d (lé)é E%C) m xture of ethyl acetate/water =
Tenfpetatyrovcolpma: 20°C. 38 kg). The white solid was dried
“R under. re,ducego%[inessure (10 nbar) at 35-4Q0C until the
UARRE M aci d- prol i nam de salt had constant weight.
Mobild fthaga weH a2 52 -js@parfol prriflomacetic acid = 900mL/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 Reference Example.

Reference 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 a 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
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(73.9% based on D-prolinamde) with a chemi cal purity
of >99% and optical purity of >99% This
WO 2awe/m2®ed i on-resol uti on procedure can be repertBGB2G06/001861
exanple twice. Furthernore, the D- or L-prolinamde
may be recycl ed using conventional extraction
techni ques. Reference ExanE%e 12 : Different salts
Once the mandelic acid enantioners are separated then
thF desired enanti onmer can be isolated as a different
[

020 & Ayl drEh e beliach WA ReoBmaLL S oo PR ey i ymen

opticaipufigr ent salt may be isolated either fromthe
prolinam de salt, or fromthe nother |iquors remaining
after the prollnan1de salt has been filtered off.

If neéEhsagy, ltHleptleadq)lﬁﬁb&an bRﬁJ:rtth m’(ﬁrmred bS-SUIrIfyllngih@pnmélld‘h with ethyl
manael | ¢

BNGCTCIEY BRI ST VX ET VR N

folloWr@GESRKIN oc&mggnother i quors can then be racemn sed
for recycling, for exanple as described
before. Alternatively, (S)- 3-chloro,5-difluoro-nethoxy

Refel %Q El)(h%p?eciel?jetl{&%kk ﬂé"d&&’tﬁes alt may be isolated and
The \Betamndphﬁ @@Dfpr@wmquah&&% i) cress espaded in 3 Bigis of ethyl
fr t r

acetafg @{QO liérh rﬁ’ﬁ@?ﬁd {g(ﬁtglméolrﬁo %Q 5 Slgsjri‘cgl \?T%slt 1&%’{%3 %3%‘7@6 @Ieaéld

st1rr£cfb1d3 (memtds iatidis teeps ahite. Trhwswlbmob avag seaded i9r3-5°C within 2

oSS B SR Tl vos Mt o

was}(e(hl Z\kfl’éi) ]x)s{zt%-agﬁé-%c;lccﬁ({)(ﬁ_ﬂbﬁ hﬁbﬁlémnfbtﬂlyb(@c):’eate/water =9:1 (w/w,2x0.38
en I ox cefic [ [ ful,j I at

ko). Bt WhIS T i AF Al s mheseos O Cnbintpe g g 8 ©

mamﬁél% Qldeﬁlgrdll%alhﬁ% dalt RaddoM i hieie. Thﬁilgatvb © IQLIB kg of ﬁrB)luct
| or o, 5-di fl uoronmet hoxy mande

(73. 9%4 hatmdeorblamslrn@@lcteé) with@ cbmlablgaurwf@c?%w@ppeal aElil‘a of
99(ﬁdthough 3-chl oro, 5-di fl uoro-nethoxy nmandelic acid is
capable of formng salts with, for

,_r\

This racemisation-resolution procedure can be repeated, for example twice. Furthermore,

the D- or L-prolinamide may be recycled using conventional extraction techniques.

Reference Example 12 : Different salts

Once the mandelic acid enantiomers are separated then the desired enantiomer can be
isolated as a different salt suitable for further processing. Depending upon 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.

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.
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exanpl e, a, a-di phenyl -D-prolinole, such salts are not
satisfactory for |arge-scal e manufacturing purposes

w@ bavsitziged ow yi el d and | ow enantioneri ¢ excesspCT/GB21E001861

appl i cati on PCT/ GB2004/ 00496 t he Exanpl es descri be the
isolation of, for exanple, (R)-

3-chl oro, 5-di fl uoro- net hoxy; mandel ic acid froma
racem c m xture by resolution with D prolinan de.
These cyclic am de resolving salts are expensive, and

Alterﬁﬁf\‘f}?lygg@@@% S5 iSRS nRihokH hbh®lic Al e -SBlindreidSiliThdy be
. even rre efficient | ar ge-scal e manufacturing. |n PCT
isolateid thert ¢ diffeROTalRE 0BM A6blPys -diflioreraethesymendelic agide

isolatgﬁﬁ eyidgd mg{htels H%X%Tré qsgctheag tﬁ@tﬂ?t?&n&cﬁarﬁ‘iﬁé gﬁ‘% The (Pl seRyRS 3
such salts provides an efficient, Inexpensive
difluérs ahelidxy manfleliavitbl ipoolineinile sals may thehibd nsadfer wpgmisation and
rec Cqurneati ng opportunities for econom c enanti osel ective
Y& cesses and for inprovenents of the process using
resolution with, for exanple, Dprolinam de.
Enanti osel ective routes_t

Lo, - .
R)- éclalmo@ﬁ—éiﬂsor@rmftb@%nﬁ@@%s@é Eﬁﬁh@r‘f@ofaér@fh%o%ﬂﬂ%ybf
| A ' re B .
el B B S 08 ShLUEe ppangre
low théleng pint (SPUL)add fxchacd tostrystdllisee Fudhdnaarse (£)h 8-chloro,5-difluoro-

enant i .G . it f ' i rec
et GREaR T i % e PP s A Rl 6 ke
Alth&eher@insge,s ki aiqb-esetigl avinfi¢lemciaGT canapleiof &iringng salts with, for

PCT/ GB2004/ 004964 d I b [
examplq, gtqerg%p%mgroéiaplg,ségﬂ e{a&f t;arlgeno ga%rsJ aEt%}j} f%? la(r)gfe-stca%

Gl 5ol fl b0k R laony 1smegatibhedctdessRef er ence
man%%anp@e&fgos: {rri e%héﬂ%l am ne salt lt rieet ha?lsos??arri ne
Et OAc/i sooctane Triethanolamne (21 1.8 m, 1.564

[ ). was e .t ha: -
R T s R T R L
exanfg®, (WP3(dBlor&A-dithbdro-neitvgy HEhdeig)acidefrmn amcemwmsm}rmg})
resob&ggne %vpcﬁ -Sr%ﬁ;lafar}ﬁ e.a’]i"heasgtc)yllc?irc] tam%&”r@seolixgﬁéj Sdftts a;rehe%pgrgg)e,t dndthus
cheaper salts are of further interest to permit even more efficient large-scale

manufacturing.

In PCT application PCT/GB2004/004964 further new salts are provided of substituted
mandelic acids. The discovery of such salts provides an efficient, inexpensive isolation of
mandelic acids as a solid, thereby creating opportunities for economic enantioselective
processes and for improvements of the process using resolution with, for 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 useable in a subsequent (coupling) reaction.
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acconpani ed by a weak exotherm The solution was
heated to 66C and i sooctane added until the solution

wG@r@onzsdes o turn cl oudy. The sol ution was cool BCI/6BoM6P01861

to anbi ent tenperature overni ght. The sol ution was
then cooled to 00C and the salt precipitated after 1 4
hours stirring at 00C. The,guspensi on was stored in
the refrigerator overnight, filtered, washed with
Et QAc/i sooctane 1.46: 1 (2x 1.23 nl), then vacuum

The Igerférgl%e%l&aégg %’109" ﬁ’cﬁ‘n PC@Q 18afidn EEHABTR04/0884) d@sfcrlbch&le

crystal I or o, 5-di fl uor o- net hgxy mand
prepamnod of theend:thnmllaamnm ?;alfsﬂzfl(-{?) Bredlore. prglifhsrormethppy man (éfld-
The crystallinity of the triethanolam ne salt of the
(i?)-mandelic acid was confirmed by DSC (endot herm
Refens€ExampB AR : dndethdRdbmifsalt ol | owi ng XRPD d- val ues and
intensities were obtained: The mai g reproduci bl e peaks
hav been tabul ated using the {foll ow ng definitions
NS (very strong): >5080Lel~ j-nt. tromg: 28-50%
PHt. m (medium): 9-28%rel. d It~ M): 4- 9%
i nt. Wiathepelemingeak): <4%rel . int~\_The relative
ensitie ed fr |ffractogr nms nmeasur ed
BaRE2 ﬁﬁﬁfgﬁéﬁéx- Iy cmtgffra@l'l on anal ysis
( XRPD) wa's perfornmed on sanpl es prepared according to

TriethirRMRanel( mtsgﬂ dss564 @ﬁogwpﬂ@dtm 09656 8% solutivechfithe (R)-
G acovazzo et al (1995

mandslip S0 548 a2 el Pesound et (O PRAAD) FlLwiipice g
HCI(%| a§&1 YARL waﬁnné) ‘in @ﬁi?pmtvatel a'ﬂ ﬁﬁl@féﬂﬁ% afuft. XhB&iﬁﬂR@Mﬁﬁgr

ffractonetry, Sons, w _Yor k; Bunn,
accompwlec( 1A gpak @@@ImaThe@oy@pa wa@b%aéﬁﬁﬁy 66% %PRP&WHG added
untll t Z thlLI;%&gtg@ toﬁ‘a}f:nf Jﬂ) Elti‘%n%lag %@tﬂ«g@ﬁ@wfﬂy ‘t0 Emblent
e‘9 rac | rocedures John and

tempSmmi:‘re onMgI{’o ﬂ“he s&ummwanhéwebd\mec’@ @;@rthmmeqy@taf?g after
1/z AL ﬁg’gyag 8 oa< v'mlP eeﬁaspgxr%g)nwveg%s ot cfifneﬁ"i% rée?a[t er e rfﬂjte‘?ed
Washgdﬁmth EtOAc/isooctane 1.46:1 (2x1.23 ml), then vacuum dried at 40°C to glve
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 (endotherm onset =

68°C) and XRPD. The following XRPD d-values and intensities were obtained:

d-value Relative
(A) intensity
73 m

6.9 m

6.1 s

5.6 VS

54 m

5.2 m

4.60 m

4.45 m
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measur ed peak val ues were adjusted and thereafter

cal cul ated i nto d-val ues.

Di fferential scanning

w@adoenzavet ry (DSC) was performed using a Per ki PE/GBR006/001861

DSC7 i nstrunent,
exanpl e those described i n Hdhne,
Differentia
DSC onset tenperatures may vary in the range

and XRPD di stance values may vary in the

(1996),

Ber | i

5C (e.g. 20),

n.

according to standard net hods, for
GW H et a

Scannpsg Cal orinetry, Springer,

433 range
Exanmm

K on the
le 12 : Ei

| ast given deci mal place. Reference
nantiomeric selectivity of the

4llcongl

dnerate ti

i et hanol anmi ne salt The tri et hanol am ne

3 Sobdl t
parti

UI J L.III 0]
cularly i

0- 5-di fl uoronet hoxy mandelic acid is
iteresting as it occurs as a crystalline

3.72 congl

nt

onerate. T

Lonpri e
LA YA LA "2 NLEAYZ A3

his makes it possible to inprove the
cess of (R)-

noa
ullulrf

3.643_ch

gt o, 5-difl

uor o- met hoxy mandel i c acid as product

3.59Trom
diffe

rence het\

an enanti ¢

sel ective process. There is a distinct
een a congl onerate and a racemc

3.48 conpo

und. Looki

ng at a 50:50 m xture of both

346cndm
cryst

TeETS, a

al's of the

congl onerate consists of a m xture of
two enantioners in equal anounts.

3.35Al t ho

neut r

ugh in bul

r\I

k the conglonerate is optically

II\,UL T

331g enaﬁP

+ ha 1
PR L R |

i oner

di vidual crystals contain only the R or
This is in contrast to a racemc

3.24C0NPO

anoun

upd where
s_of bot

the individual crystals contain equa
enantioners and the racemc crystals

3.09f orm

aMper f ect |

y ordered array of R and S nol ecul es.

Racen
305dIStI

COMpoU

ds and congl onerates can be

ngui shed by determ nation of their nelting point

2.92di agr

het o

ans ( phase

di agrans) or by using powder X-ray

diffr
279of pur

Fa¥al
AC T T U1 UI

solid state IR spectroscopy; the data

B enantionmers are identical

with the data of the

2.60congl

DFET at €,

canpo

ind

but different fromthat of a racemc

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

vs (very strong):

s (strong:

m (medium):

w (weak):

vw (very weak):

>50% rel. int.

28-50% rel. int.
9-28% rel. int.

4-9% rel. int.

<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.
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For the triethanol am ne salt of

3-chl oro-5-di fl uoronet hoxy mandelic acid, being a
w@orvgheaves at e nakes it possible to isol ate thePCT/GB2006/001861

triethanolam ne salt of the (i?)-mandelic acid from an

enantiomerically enriched m xture of the mandelic acid

by direct crystallisation.Jdhe maxi mumtheoretica

yield can be cal cul ated by: 100-100x(anmount of the

wrong enantiomer present in the sanple + sane anount

& A18Ian&e!}eL ‘315-‘3@% ﬁf}éybif%&fo}m&fe&hre@ BRI asDbdnd, N&or
arting with 95% w w of the desired

Yorke iXanay mmtmes wetrepenfaxned ising adh AN ytiaab ¥ Pegt BRQ MFP wi t h
dlffraicp 2 V\f}%fsa}nhF v%%sagglg%fl%@lnéﬂ o out, tVe APy kree: Ying! d

etc ucr omet hoxymandel i c
measaet @eald tallueamwee: aljustkl 200 therafier dabpulagadantoldevalisgs. t he

product of an enanti osel ective process. Reference
Exanpl e 12-1 Racemni ¢ 3-chl oro-5-difl uoronmet hoxy
Diffe?@aﬁ@ledchlﬁnl@g’JMﬂor(rﬁehyZBS@] wa@paﬂﬁmmmmg wasrk‘étﬂEdtact ES:C7a

e s s ot el s S5 LB B
H. etléi; 1'996)H§lu{°e’ff9dua1 856n R CATorMREH] Stﬁ)ngbﬂ’lBeﬂiﬂyDSGQﬁtﬁt e at

i ent nper at ur e. The enantioneric _excess 0

tempenaayreﬂmmry 8 the raes 7o CHe 8stA hhiaBh XRED delprsene %lm%"ary
in th%ea]pgg:‘cf’gﬂ Héx&ﬂ%{\%k dé_cui-ﬂ'rﬁ apal ysis (perforned as in

rence 11 ab ve) Tri et hanol am ne (0.417 g,
2.739 mvol) was added to the solution at 23C. The

Refegedllngl%{xb |u5$a lbi - n&n&%r_ré?%;gg&ﬂ!gylg 5@ ngioqﬁhrat-mﬁethanolamme

salt was added and the sol ution was seeded with a few

ranul es.of th ne salt
The fegphaiRineonh 063 shpRLs FEmeems It R imhafle ccidds prrigdaty,
intertgﬁm %%ﬁ oE’%ﬁ@ﬁ@ﬁ?stﬁKﬁﬁWﬂn@loﬁ%}a‘ce Tiés makes itipossibla® iopoivedhe
0 and since cry i zatign had not started the
enaniaBgiif groREsOT (8 é"aFt%é‘H oresPigHoxh MRAdelie sG1d Ly P{Ogiu&t%em an
enan@i}sfeﬁecavgﬁfé&%s but as there was still no pr eci pitation

he salt, the solution was heated again to 70C,
seeded and then allowed to cool. Finally, the

TheS'y 5 hidlid: ARt AMe ﬁét@%&?éjcﬁﬁloﬁﬁﬁtégﬁ@ef raBiRik REMpSAAJILBEking

at a 50:50 mixture of both enantiomers, a conglomerate consists of a mixture of crystals of

the two enantiomers in equal amounts. Although in bulk the conglomerate is optically
neutral, the individual crystals contain only the R or S-enantiomer. This is in contrast to a
racemic compound where the individual crystals contain equal amounts of both
enantiomers and the racemic crystals form a perfectly 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 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-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.
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The suspension was cooled to anbient tenperature and
left to stir overnight. A sanple was filtered off the

wmeoob/ 1296401 ng, the optical purity of which wasPCT/GB2006/001861

determined to be 98. 1% ee by chiral HPLC anal ysis (see
Ref erence Exanple 11). The bul k of the suspension was

cooled to, and stirred at.3f£ for 2 1A hours. The salt
was isolated by filtration, washed with
Et OAc/i sooctane 2.5: 1 (2x2.07 m) and vacuum dried at

The r?&?ﬁﬁ%ﬁé&étﬁ:laf ylélﬁ Bk ¥eEcaAdiatdd Bye t banod@athAimt 5Bthe wodng

| oro-5-di fl uoronet hoxy mandel i c aci
enanfder@rgsenide the(sgmglg?— sgme 88108%0f thpncgs%cﬁ gnanfjo d}/iiofa} argpunt
of soflg' eFo§ @J( ﬁ(@%%tagt ev[}lfﬁ X i@ opﬁle %gsn'%cfoeﬁ&‘ntféﬁle{; e BAxifitC

ference Exanple 11). Reference Exanpl e
yleld]is'7_9(?%>F&tm$1ng ovitB- 9@% YMVDOJ‘Eh@j figsired ersmHemerx he Fearaun yicktss

80%( g‘f LﬁRS%- r%}ro % cﬁéuor )Ic})éx@%g?lg:da?% ‘%@bﬁlg Oe. %g é%‘%l can, forI _

) mm )
exan@lldi‘Daﬂe@ﬁdmmﬁah&niﬂﬂbselédﬁvé Pocé®s. salt using HA (aq),
and water washing) in ethyl acetate at anbi ent
tenperature. The enantioneric excess of (i?)-nandelic
Refe@@ﬂcdmxa apl ution was determ ned to be 91. 1% by

I fe
Racorpt Bichlahp S0 bl B A L2 aE: Ogd Sardhifeg agded to
a0. 3‘52?\4 t&Hn! e %%?agdelfgh&dt (@160 &30 M PmfdE Prépared FOnLhO (R)-
dition. e sol ution was heated to 700C.. At 700C
MA1(EbBAtsa1m usipgHE1(a1) andwvaisaweshiag)dn ethl asgieigef ROIGRS

tempefa%trg %ﬁ@f&%ﬁrﬁeﬁ\@’g%&%@% B8 (BImddend s QhanRassal t

nethoxy mandel i ¢ aci d
detefrSifeBRhbe®? 486hy RefaeH@hGemaxaﬁﬁieefomﬁ)d asTmRefsesnes Pamnigl

ab°V§S gd’fgﬁ%&ﬁ’g%’s%égghym e ep at e tﬁdeﬁlg OPIUHOI{]QJBOC The

t1on was
tempeRathi@doddlto aswnambdﬂmdeﬁha‘ iutionmag hedtertte 70%G. rAiI7I0§,C

at about 400C. the tall T
is00RE5* QOUPBA GG AT GLUR YRR SR LA § 1y DL of
trletﬂa\ﬂ%fa%lﬂé@alt ﬁ(ﬁﬁ%ﬁl@ro‘@-&fﬁbfcﬁﬁlﬁﬂy Q{afndélﬁetci’dlqm S%IHen:’.eB g,

Ical purity of which det dt 97
Refeenqgﬁxgmp}ealﬂ? HEReolan i Soqlehie RS e @é%%%%%&%%%t

start-ga ﬁletégé&iné)&rast J&Sea%éﬂ?"@ﬁ@@hﬁﬁn was cooled to 26°C over 3 hours, but as
there was still no precipitation of the salt, the solution was heated again to 70°C, seeded
and then allowed to cool. Finally, the crystallization started at 58°C after another seeding.
The suspension was cooled to ambient temperature and left to stir overnight. A sample was
filtered off the next morning, the optical purity of which was determined to be 98.1% ee by
chiral HPLC analysis (see Reference Example 11). The bulk of the suspension was cooled
to, and stirred at 1°C for 2 % hours. The salt was isolated by filtration, washed with
EtOAc/isooctane 2.5:1 (2x2.07 ml) and vacuum dried at 40°C overnight to give the
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 Reference Example 11).
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was cooled to and stirred at | OC for 2 3A hours. The
salt was isolated by filtration, washed with

wEe@batidspoct ane 4:1 (2x7.5 m) and vacuum dr i BOI/&B2006/001861

400C overnight to give the triethanol am ne salt of
(i ?)-3-chl oro-5-difluoronethoxy mandelic acid as a
white powder (5.451 g, 92.689. The optical purity of
the salt was determned to be 98. 7% ee by chiral HPLC
anal ysis (see Reference Exanple 11). It is to be noted
Refe*éﬁ@&E§%Bfg12t-fe salts described herein nmay be in the
rphs, solvates or hydrates, and such
Racefniy drshlarce5-difboranesisse dnapgelicrsid @7522 mgnt 47 BEobovas added
the j nt j g '
toa G MG RUEP! (e GUBIAN (A0 B TP Simbl By Bt ¢
MA-{Dy-PA palandingHCYaq)e sl whtegwashingdin eshidlakstats abhambienit ed

R) - S) .- del i Ld f ; : ' ' .
ook, e PP S A5G BT, 2P SRR b it
to be@bl:l 198bY |c1_ﬁiea1 P iCdmalyksit sea Refrenab Ekampte (| D) Triethanolamine (2.566
o et S TR D3 e e 0 Wl
2ddiSQ. YOt SutiH wisi ReaR t€TTIRAL AOTRUiiSoobiaké (8,€mfwandded and the

optionally substituted mandelic acid; (ii) §h'ral
solutiersway( Bydedaritya fewagranuics OﬁFhed’é?th%inmBB? ?%I@] 'Eﬂﬂf”foys'an
diﬂu?g)%léettﬁogigﬁanﬁé&%f@@g"/pé%,s Soe Fetlferdite Fxhflple 10DRE sblatiéh was

I'c amde and optional additional racem sing
coolﬁh@éﬁ@@h@ﬁlnﬁaﬁi&’@albﬁaﬂa@ hpcbgg stanted the seqgingyasaepepiedt Thehe
soluﬁgrg\!vﬁsgcf?%@\%i%g/rsgaggseatnﬁ s@e%eg f !nﬁ)ﬁre fidtd. @iﬂaﬁ?grgtt aboBERPC Ql|1e7s'§1t

e resolving mxture y optionally

crystailizedi Thewaspensiomwashoted tgmoof te@péiature 4 164 fossbir oyerpight. A

samg A e AP i BT (1 POe Sh Ay e F a8 nined o be
97.009¢d HNHiday HPLO ShAlY4id @ek RéPprenar Exaiple hiprilie iutk of the suspension
was %gclﬂgci Eoyagldlsgirrgdn:ltdlgc Sfc?r 2t % hours. The salt was isolated by filtration, washed
with EtOAc/isooctane 4:1 (2x7.5 ml) and vacuum dried at 40°C overnight to give the
triethanolamine salt of (R)-3-chloro-5-difluoromethoxy mandelic acid as a white powder

(5.451 g, 92.0%). The optical purity of the salt was determined to be 98.7% ee by chiral

HPLC analysis (see Reference Example 11).

It is to be noted that any of the salts described herein may be in the form of polymorphs,
solvates or hydrates, and such forms are also covered by the invention. Also covered by

the invention are any tautomers of the mandelic acid derivatives described herein.
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2. A process, according to claim1, wherein the chiral
base (D)- or (L)-cyclic amde is of fornmula I(x);
wob@eaeyen is 0, 1 or 2; RLis Hor G- A kyl pemGE2008/001861
H, halo or Cl1-6 Alkyl, X 1(X) 3. A process according
toclaiml1 or 2, for resolving (R - or (S)- optionally
substituted nandelic acids2fcoma m xture of said
optionally substituted mandelic acid enantioners by
salt formation with a chiral base (D)- or (L)-cyclic
Clai§1 de, and racem sation of the unresol ved enanti oner

I'n the sane process, conprising the steps: (a orman
L a friprecarseor dyramacaily gplving an HPR?I&;% S%‘?S“&‘quxﬂé&'t% ,(%arﬁeﬁc
acid foff AhledbicHeri® B{iktﬁféadf!séﬁdl%ﬂ‘%&{allﬂl YRt rRnasldekc a5d By salt

enantioners; (ii) a chiral base (D) - or é’ilé)_cyd iC
formatidrowith ailkirad beset(Rer os i r@iclip amisde gemgrising g Sigat 0fi:D) for

(a) >PAT at fo?rﬁjng{a r%sj)o&ﬁ L iCa @5edlB or Rixthrledof §Vents, of

separ ation el'tc acids, "and optional ly (iii)
an adili t iaoradntiomeseingiturg ob ageptionaliniubstitied mandglicaaid;

id . total i, lic.am ti I
2019 i, SRS, o A B oreL
that (fif)e agydditionadrdceiRishgdasd;s present in a nolar ratio

ot ansi A 4 6 PYEn Ao BT PR P FRgE BTG e molgs
ratiolofOlt 19asOf : Bk thdt e Jy€lad dnfige bhre : BEid inbl ratinOiv et least 0.75 :

anbi ent tenperature and (c) separating the res ectfj v&
1; Ry hQr e ChsrroqoRyivR G PRI OPEOLY GO BT i breia0en §! 2 10
15 (yéggﬁ_%ps%gven@ccordi ng toclaiml, 2 or 3, wherein the

se’ or basés are added in nore than one portion and
(b)af heating e esalwing pottic ahovesmpbicnd imuictigE awgr tion may

(c)o P 1éeip?lrnagﬁ‘ilnlg %qusp%g%% %pé‘&%aﬁ{r s&‘b%a{uitJaQRﬁt Jr @S)( Bhndelic acid-cyclic

amide salt.

2, A process, according to claim 1, wherein the chiral base (D)- or (L)-cyclic amide is
of formula I(x); whereinn is 0, 1 or 2; Ry is H or Cy.¢ Alkyl and X is H, halo or Cys Alkyl,

X

o ¢ )+‘N _0
HR,
NH,
1)

3. A process according to claim 1 or 2, for resolving (R)- or (S)- optionally

substituted mandelic acids from a mixture of said optionally substituted mandelic acid
enantiomers by salt formation with a chiral base (D)- or (L)-cyclic amide, and racemisation
of the unresolved enantiomer in the same process, comprising the steps:

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

@) a mixture of optionally substituted mandelic acid enantiomers;
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5. A process, according to any preceeding claim

wherein the additional racem sing organic base is
wa@owed239ef ore the chiral am de base. 6. A procBSEGB2006/001861

according to any preceeding claim wherein the

addi tional racem sing organic base is added after the

chiral am de base. 7. A pragess, according to any one

of clains 1 to 6, wherein the acid : total base nol ar

ratiois 1 : 1.025 to 2.500. 8. A process, according

Gi) U &Y Rkeasd bP%)QbéiidEmM@ &fRtdin theehie bhse uaeﬂ deithasp) for
is used al one cess, according to

. an
sepatg e ellirgnagedicrpidgtfe |(Ie) far separatign Pfc(S%rFﬁaH%ehB é%‘éls’l"@d used
optm%Ifn acid : base nolar ratio of 1 : 0.75. 10. A

cess, according to any preceding claim wherein the
(iii) teax@d&tmahaqmam)ma@mm@amc 11. A process,

atan g 1Cdo Iaﬂ)%s%g £ Ia%)é i é—ﬁ%@q e?ﬁ)t%ngl'm %1{1$£m15§)3191>1}411 ko ()Bz)a\; least

roma m xture
1: 1§1ﬁb@idsdmhsttth¢ ctotic amidechatd is preserd iremanotarr catierof ablpass 8176; and
for tion with

al, base (D). or [ '
wheigf b BEgHe SV BROBRY EREB Aot Bre e T CBHES
solvél@® process, conprising the steps: (a) formng a
mxture in a solvent, or. mxture of solvents, of (i) a

mi ¢ dBipatingrhemixdar pRova ambicgLieTPER R %hant i oners of
fo cWEﬁaritmélthé’(\:ﬂEge@ﬁ% (R)/E& &E{IS'F?J) echnfidiRMcfdyelic HhnidCsal®

i) either a chiral
base (D)-cyclic amde or (L)-cyclic am de of formula

Q(&gce}é_\gq gﬁc% cﬂn%to %1861 3, ﬁg \ghergfh tileShabd Bbaldsare N dd¥d indh6te

than one portion and after the first port1on any add1t10na1 portion may optionally be added
after heating step (b).

5. A process, according to any preceeding claim, wherein the additional racemising

organic base is added before the chiral amide base.

6. A process, according to any preceeding claim, wherein the additional racemising

organic base is added after the chiral amide base.

7. A process, according to any one of claims 1 to 6, wherein the acid : total base molar

ratiois 1: 1.025 to 2.500.

8. A process, according to any preceding claim, wherein the cylic amide base is used

alone.

9. A process, according to any preceding claim, wherein the cylic amide base is used at

an acid : base molar ratio of 1 : 0.75.

10. A process, according to any preceding claim, wherein the temperature is above
50°C to 70°C.
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I (x) wherein the chiral base used is either (D) for
separation of (i?)-mandelic acids, or (L) for

waepanzson of (>S)-mandel i c acids; and opti onetT/GB2006/001861

(iii) an additional racem sing organic am ne base; at
an acid : total base (i.e. cyclic amide and optiona
organic amne) nolar ratiogiof at least 1 : 1; provided
that the cyclic anmide base Is present in a nolar ratio
of at least 0.75 ; and wherein the m xture may

11. OR 0¢r8§@é Yook ARk & e[ihy\(fﬁegc@amg Blafril ol REGEnE(R)2 ofAS)-Gubsiitdted

sol vent heating the m xture aboye
mandamceistﬁmem@rtme@f gaidy S‘(l%ljedé"é"’éléiﬂé?c acierepRons el ve
formagth v&ﬁg) ra]]:tglé (gﬂj) xr%? @g&llccanﬁ&é ‘Qn&bé%rhﬁatﬁﬁ' AeheSkdsoRtd
% ess, according to any
enantmrm alihe ganod @b eRss, wheps$ing tlhéte@R) / (D) mandelic

C am de .sal.t ; VI 13, A

@ p& % n%%%%ﬂ%?ﬁﬁv?&cg§nm£%3£e Hﬁggc ai m wherein the
S @) vermixiws efmbadetie heid dedvdtive ematibmbrs af &rawk, I
i so-propyl acetate, n-butyl acetate, M BK, DM, DVSO,
DMA, di oxane, N-rmethyl pyrroljidi none, acetonitrile,
acetone, 2-butanone, tdOL-Db | pethyl ether, ethano
2-propanol , heptane, iso-o0ctan®tbr a mixture of any of
t hese sol vents.

RO Cl

I
wherein R is selected from CHF», H, C1.s Alkyl, CH,F, CHCIl, and CCIF»;

(ii) 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 Ci.6 Alkyl,

X
"(?;N 0
HR,
NH,
I(x)

wherein the chiral base used is either (D) for separation of (R)-mandelic acids, or (L)
for separation of (S)-mandelic acids; and optionally
(iii) an additional racemising organic amine base;
at an acid : total base (i.e. cyclic amide and optional organic amine) molar ratio of at least
1: 1; provided that the cyclic amide base is present in a molar ratio of at least 0.75; and

wherein the mixture may optionally contain water in the range of 2 % to 15 % (vol.) of

solvent;
®) heating the mixture above ambient temperature and
(© separating the respective (R)/(D) or (S)/(L) mandelic acid-cyclic amide salt of

formula Ila;
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-32-
0
HO -
o X
N ([);N 11 0
HR,
RO Cl NH,
Ila

s 12. A process, according to any preceding claim, wherein the (R)/(D) mandelic

acid/cyclic amide salt is of formula VI;

@)
HO -
O
Z > (@)
'l,/
Y F
NH,
F,HCO cl

VI

10 13. A process, according to any preceding claim, wherein the solvent used is selected

from ethyl acetate, iso-propyl acetate, n-butyl acetate, MIBK, DMF, DMSO, DMA,

dioxane, N-methylpyrrolidinone, acetonitrile, acetone, 2-butanone, tert-butyl methyl ether,

ethanol, 2-propanol, heptane, iso-octane or a mixture of any of these solvents.

15



