WD 2006/ 125964 PCT/ GB2006/ 001861 -1 NEW PROCESS Field of the

I nventi on The present invention relates to a new process for the

pr epar at i owoaoeb/nsw®l uti on of 5 mandelic acid deri vat inMEFGER01861
(racemic) mandelic acid derivative m xtures, by sinultaneous
resolution (by salt formation) and racem sation with chiral base
cyclic amdes. The invention also reljates to the use of the resol ved
mandel ic acid derivatives as internediates suitable for |arge-scale
manuf acturi ng of, for exanple, pharnaceutical conpounds. 10
Background Mandelic acids are uNBW PROCESSnanufacture of a range of
interesting nolecules, such as pharmaceuticals. The present
invention relates in particular to the preparation and use of

resol ved iFiehteflthelnventibderi vati ves as intermedi ates suitable for
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mandel i c i

3 chi or o, ApfiEst kb3 1RELRl L Bbikitd B torcample phgmueceutcal, | |
parti cul acompduedse is di scI osed a process for resolving (R)- or (S)
optionally substituted nandelic acids fromracem c m xtures of said
optionally substituted nmandelic acids by salt 25 formation with a
chiral badackgpuncor (L)-cyclic anide, conprising the steps: (a)
formng a ' : Qchra@cem c,
optionall ;1/@ nééltés? ad %teg B‘A @%E%%%E%gdgméﬁgﬂﬁg% g;gfeéﬁ (SD)

(L) - cycl i pharmachsticalsh é‘?hemrﬁsmii évehfionaglatessiapartigaderdo the prapetaton qupyse er
i:ﬁg;?f 'Cog%slgf éﬁ%&éﬁ@&'&‘h hfg-w@ﬁ%cgﬁs 111%[1{1&(&1'&%?5%@?&3 g’?ﬂ&%g IsQffe ﬁgnuﬁ'a?%mng d
wher ei i t loé for sxtmple phargna@oticrd toroprahdsye. g@nmaowdm@&cﬁbpﬂ mO0ZMAMSef 5
to 15 % (vol.) of solvent; and (b) separating the respective (R)/(D)

or (S)/(L) mandelic acid- cycllc am de salt. .
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
20  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
s 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, optionaily

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 (5)-

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

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



WO 2006/ 125964 PCT/ GB2006/ 001861 2 It is to be understood that
said "(R)- or (S)-optionally substituted mandelic acids" may be as

descri bed wo 2198644145, and wherein said definitions gadksh&abRsed
optionally substituted rmandelic acids are incorporated into this

specification by reference. 5 It is also to be understood that said
"(R)- or (S)- substituted mandelic achds" may be those nandelic acid
fragments of the nol ecul es described in WO 02/ 44145, and wherein said
definitions and di scl osed substituted nmandelic acids are incorporated
into ]E hi sTts9RGE ihdeatdodnhat Byld F(ﬂf)-gfr%ﬂ_cll@tmn%ﬂﬁ Subktfteied ﬂﬁﬁc&hedmﬁs’ﬂnﬁyﬂab! s
specificati re ails exampl e arat| on
of such s%@f‘ﬁ%‘{l@m ﬁf’i elﬂéaé%&?q"g’élﬂ q&ﬁ%i‘%ﬁ?@% P for 10
exanpl e, kbaigice mhnddie aeddgre 111601@6:@&ﬂ<’tﬁt0 Distshacifalidn Hyhrefepnegsess i n PCT
appl i cation PCT/ GB2004/ 004964 is as follows (wherein It, R, X and n
are as defined therein): o O HOOHHOIOHOCOH \ (D or (L)-cyclic
am de 3 Rii(idal tXbe Mdetstdad tiDsdid GR) -hﬂR(S)NdbstIﬂatéd ieAndelicabiyl mapbaitiedei C

d d t I d I
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unprecipitate roli salt of the "right" mandelic acid) may be
racem @edexm@geeE ﬁ??&fﬁ“@n scheme illustrated bel ow. The resulting

racenat e nay again be used in the process of the invention to

i sol ate re of t ired en onLr, i ng
process "B%mlzc?}ﬁ é’ﬁ"cﬁssﬁlbaﬁ%tfipp ’f’atPP%@‘i %l%trqh “Srﬁélg’x’g. el ds
of the deswn@dnmnnmmwm dsafefinedathqabia): tvvo/three recycles may permt

up to 70% - 80% overall yield of the "right" mandelic acid. WO
2006/ 125964 PCT/ GB2006/ 001861
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racemic mandelic acid derivative  (R)- or {S)-mandelic acid/(D}- or resolved mandellc acid
15 (L)-cyclic amide salt

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

Tn PCT application PCT/GB2004/004964, once the desired (“right”) mandelic

20  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

25  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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farther processes which are
repeat ed wor k-up and recycle
yields. 10 The conbination of

there remains an ongoing need for
nore efficient (for exanple, by avoiding
steps) and/or produce even higher

resol ution processes with in situ

racemn sationgb ve crystallisation-

i nduced asymmetric

t ransf or mat i ons[ ha$ n reported (Ebbers,

E. J.; Ariaans, G J. A ;

Bruggi nk, A.; neng.#B. Tetrahedron Assynetry 1999, 10,
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Racemisation Scheme

s 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.

10

The combination of resolution processes with in situ 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-Diazabicyelo[2.2.2]octane),

15

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-



-4 induced asymmetric transformation using chiral cyclic am des, such
as prolinam de, has not been reported. Description of the Invention

5 The presgptodsiiyegsi on nmakes it possible for the resolpdp@RoRReisst
racem sation of mandelic acids to progress effectively

simul taneously in the sanme reactor vessel or reaction system as
described below According to the inyention there is provided a
process for dynamcally resolving an 10 optionally substituted (R)-
or (S)-mandelic acid froman enantioneric mxture of said optionally
substi t ut éducedngehherio erhthfdiatiol dsing QEPREYHH adbd) s h @B hfofharlds Bad D) -

or (L)-cycltic am('a%ﬁ conprising the steps of. (a) formng a resolving
moxture i ROR°CHERURE: or mixture of solvents, of (i) an enantioneric
m xture of an optionally substituted nmandelic acid; 15 (ii) a chiral

base (D) - Dg{f&@’ﬁ?’ﬁﬁfﬁ'lahﬁge%%'g?’ , and optionally (iii) an additional

racem si ng total base (i.e. cyclic am de and

opti onal abkdprbdenniabentian eEksiingsdias &) tERésdlution @ldirfeRfisafdén dre@aleld asiddio
provi ded t atestereﬁ%= tc%i;l i.C ﬁm de, hase : acid nol alr ratjio is at |east
0.75 1; RRE AR A0 aslith §ie fns lsrctor Yasrelap teaghinn sysfem andessriped
water in bédewrange of 2 %to 20 15 % (vol.) of solvent; (b) heating
the resol ving m xture above anbient tenperature and (c) separating

the respective optionally substituted (R - or (S)- mandelic
aci d- cycl According thehsakéntioR hetdieproeided arb&ss fsyrBficilpftadng accor di ng
to the progedure discl d i.p PCT application PCT/ GB2004/004964)
wi th, Por Sesaall S@?S%&%‘P S BAts AER B TARES SRHBE NG . 6
equi val enbgiopdllyBupstimktedannddtc mid/byt fak forbeticdaiach @Rekbakd®)- or (L)-cyclic
crystal i gaf Eg@mh&% SIS esd .wWith the 0.1 equival ents excess of
D- prol i namnide Act n& 8% 0kse for racemi sation. The ratio of the R
vs the S-engntfoomieg a rsolvingindgiiteyin abatutint, 8bhddurabt @lveab@t 22 hours at
90C, and the yield of (2R). 30. . . . L
[3-chl oro--(difl t}gr ot BESAPFISHEAYE'E AL AR BRRER aybstituted pyndelic acid;
filtrasion and a(ipl ura ghirakiske (05- ordhpesiclid dnite, alopRd0MAly1 25964
PCT/ GB2006/ 00186&.. s . )
1ii))  an additional racemising base;
at an acid : total base (i.e. cyclic amide and optional additional racemising base) molar
ratio of at least 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
20 15 % (vol.) of solvent;
(b)  heating the resolving mixture above ambient temperature and
(¢) separating the respective optionally substituted (R)- or (S)- mandelic acid-cyclic

amide salt.

25 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)-

30 [3-chloro-5-(difluoromethoxy)phenyl](hydroxy)acetic acid after filtration and a slurry wash is
about 73 %.



-5 1n an alternative, the resolution may be started (according to the
procedure disclosed in PCT application PCT/GB2004/004964) with, for
exanpl e, Owb 266ubsoed ents of D-prolinam de. Another 0. 50@%2?!0%}0@1@815
of D-prolinam de may then be added once the crystallisation has
started, with the 0.2 equival ents excess of D-prolinamde acting as a
base for racemisation. The 5 ratio ofsthe R~ vs the S-enantioner is
typical |y about 85/15 after about 22 hours at 100C, and the yield of
the D-prolinam de salt of (2R)-[3-chl oro-5-

(di f1 uor afgh hexeliRd) eiwedoﬁdﬁéﬁ Y Yob @t@@éd'(é‘cc&ﬁh}g toMhb gjo@afa@ascws&ﬁh PCT

filtration and a sl ur i.S . about ternatiyvely
excess ecﬁHPR‘F&PMCHﬁBBé%OW%) vathaiprremple, &5 %Y%Fséﬁpslaqufe added

all at %fo%le@é 7Teaﬁva§é1ﬁ§ &fmﬁroqﬂama@ﬁa} b W hddédbnbdde e@@enlsamﬁhzst ure
of bases be enpl oyed. For exan&@@lll n this, enbodi

|
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di azabi cﬂ‘}ﬂﬂ{?@ g%%m@m@w@%’@@ﬂ hlagodt azabi cycl o[ 4. 3. 0] non- 5- ene
(DBN), ﬂu&oﬁéﬁ%k@éﬁe gﬁ@ 9&3{1@% W/ﬁ’% A ¥iMaAG 88 a slury wash is
cycl ohexy am ne fﬂ ; ne pi peridine, piperazine,

et hyl enedibauti83ée. phenet hyl am ne 2- am noet-hanol, or 4-am no-1-
butanol) is used to performthe racem sation. The ratio of the cyclic
am de base : organic 20 am ne base may vari/m?rovi ded sufficient

cycl i oo aniliendsizely, ansxensoeduinatent erbaaeé% Bl | B gAEAlenss) may e added albpte
0.75 - 1. &ggﬂ{g&/ﬂﬁgﬁtﬁeggﬁ% on mandelic acid), and sufficient
organi c am ne base is provi ded to effect racemisation (for exanple,
0.1 - 0.5 equi vaI ents based on mandelic acid). The organic am ne

base ey REaddgd odfix L?;Féeofsbm;lﬂa& BBeifofell R eRirlo el fhenOt oRtfit or

swtab ein erv to permt-a 6_?ree of resolution to occur)

Fur t her mosmide saife(asdeboet hmm)clyusedcton camithyaesolnsion.arhilsanglpmetive erdaaic

base t hat s
porti ons. ggt?? Eﬁl?ﬁr Jﬁ]@t er n %a?/’jé!he ?a%%@gddls%@oaﬁggm?ggg{rﬁais ?-n base
my be a d:azabmmdo[é Adijuiidper sxe RB 1.5 diaggbinyploj4. 10 Iney-Srape (OB such

car bonat el SRR TR PR BBl B0 AR Ryl i

piperidine, piperazine, ethylenedlannne phenethylamine, 2-aminoethanol, or 4-amino-1-

butanol) is used to perform the racemisation. The ratio of the ¢yclic amide base : organic
20  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
25 amide base and organic amine base that is added may be added all at once, or in separate

portions.

Tn a further alternative, the additional racemising base may be a carbonate or hydroxide of a
Group I or Group II metal, such as sodium or potassium hydroxide; or potassium or magnesium

30  carbonate.



In a further alternative, the mxture of mandelic acids to be

resol ved may be added in portions to the cyclic am de base (and
opti onal base). In this way, an excess equ

base is nghﬁ?g?ﬁgﬁMﬁurlng addition of the acid. 5 It |I§)\é (ﬁ?g§@68gha
the acid : total base (i.e. cyclic am de and optional additional
racem sing base) nolar ratio should pe at least 1 : 1 so that the
acid is inthe formof a salt/s during the process, and that the
respective squbiIity of different salts permts separation of the

respect i ﬁff. i %&aﬁ@ tt}ﬁrﬁa%féafsalaﬁ@ehg 24y .ﬁh'b&réé‘éfbéﬁemﬁﬁde addécﬁnb&ulw s

specific ess otherw se st at ed e term cyclic amd
i ncl udes tgﬂ@lcmﬁwam}de baghiand entiond) altesatiye b#‘fé)r dothisivay, ﬂh@ﬂcﬁﬁéé@nvw of s

not |im tg ﬁﬂdﬂfo gtiigi ne- 2- car boxam de and

pi peri di ne- fﬁca} ox e as mgfﬁ%as substituted fornms thereof.
Substitution may be on aring nitrogen atom by Cl1.6 Alkyl, or on a
sui t abj e {sPe&ed %@%QYbagé- i8, c%ﬂfé/elxm@é au'ﬂ%bf?olﬁf ﬁﬂitﬁ)&iﬁmeﬂxsmg

chl or o, uoro or no). Unsub S%I tuted cyclic am des_are

preferr ecbasq3m01mﬁ? Sb@l%‘é’?? gtlnagidl - lssgpiapt Fhﬁaﬁlﬂéfﬁﬂﬁﬁ oy ofiggali(s fwigdbe at om
or mono- y&%&t ol bhdt QR leébeétw%%mﬁh fﬂiff&&n&aﬁ@@mﬁé s‘%ﬁ&rht%mﬂffﬁ‘fe%s’b@ﬁvel n
this specification it is to be understood th unl ess stated

ot her wi se@iéH- @aIEQB)IC@ﬂid'EY_C}IGa’@JﬁGIS@IE anide salt is drawn (as for
exanple in formula I1) then the cycllc am de may be 20 optionally
substituted on the nitrogen atom ¥ Cl-6 Alkyl, or qn a suitable ring
car boro atTrhis prpciBgation Apikeps otbprwisgisiied sthrigma s Yﬁlll‘iﬁé‘iﬂée BHRdss gptprally; o)
as shown %uﬂstft& émhas ﬂhé&%fa%h&mdes(, Mt% ﬁit Hmﬂed ® >29}011]1% affide2izeBliné-3- H or
Cl.6 Al kyl and H halo or Cl1.6 nQ O +HR1 NH2 25
1(x) In tW@X%’é@fﬁMR}aﬁtﬂd&‘? Z3 @arb%awe%wﬂ wantstitnisd formsdhessptopt i onal |y
substi tut %stﬁt@&onqﬂﬁl Becbnaarﬂr%%lt?cfgen %ﬁcify' @l%d\lﬁﬂr&bﬁaﬁﬁ&bkhﬁ;g(cm:l

stereochem stry shown in faormula I( (vvhereln nis or 2;
RL is H oftorgby &1-anilkyl orislp Goriesanpple, (gBiog, 8’1‘“@:&1‘ ‘BOW)kﬁnf“bS“tu%cY"h‘*

2006/ ]1? S 9%dg)sc;rré %ﬁgcﬁfbgp\%ﬁe@%ubmﬁned&uﬁstmmon on a ring nitrogen atom or mono-

substitution on a suitable ring carbon atom is preferred.

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 formmula XI) then the cyclic amide may be

20  optionally substituted on the nitrogen atom by Cy.¢ Alkyl, or on 2 suitable ring carbon atom
by C16 Alkyl or halo (such as fluoro, chlore or bromo) as shown in formula I(x) below
(wherein n is 0, 1 or 2; Ry is H or Cy.¢ Alkyl and X is H, halo or Cy.¢ Alkyl)...

X

25 1(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; Ry is H or Cy.s Alkyl and X is H, halo or Cy.s Alkyl)...



HRI NH2 1I(y) In this specification it is to be understood that an
optionally substituted (L) cyclic amde as s described herein has
the (25 skenherahagt stry shown in fornula |(z) bel ow, EMRRIBIROMNSES
O, 1or 2; R is Hor C1.6 Alkyl and Xis H, halo or ClI-6 A kyl)...

nl N% +HRI NH2 1(z) 10 It is to be understood that all isoners
within the definitions of chiral base cyclic amde disclosed herein
are covered by the invention. For the avoidance of doubt it is to be
understood that in this specification 'Cl-6' neans a |s carbon group
having 1, 2, 3, 4, 5 or 6 carbon atpns. In this specification, unless

stated otherw se, the term"al kyl" 4 ncl udes both straight and
branched chai n al kyl groups and y be, but is not limted to,
met hyl, ethyl, n-propyl, i- prapyls b , i-butyl, s-butyl,
t-butyl, n-pentyl, i-pentyl, t-pefiggd, neo-pentyl, n-hexyl or

i -hexyl, t-hexyl. 20 Particularly, t Her &H; s provi ded a process for
resolving (R)- or (S)- optionally s P tituted mandelic acids froma
(racemic) mxture of said optionall& ubstituted mandel i ¢ acids by
salt formation with a chiral base (D)- or (L)-cyclic am de, and

racem sation of the unresolved enantioner in th roces

conpri si g ﬂPﬁ@eé‘%l n 1t2%t°(%§fn‘$e(5§t?ﬂr&3€at g ?ﬁ%?f‘ﬂ&é“‘i’%ﬁggdgﬁ? &5&? amgy as

m xture afescDbd Béttia hasthe 100) 26:Q6chdaBRH dhoRGTH BRRAA HEDEEBE Twherén (iig0, a
(racemc) mixture of  optionall ubstituted,, mandelic acid

enant i oma]r%r;z’%{i ?s)% %r%ll'fi‘aﬁ%?l aﬁggéyvé)a?o ?frct“f éﬁ‘)@yu i c anmide, wherein the
chiral base used is either (D) for separation of (R)-mandelic acids,
or (L) for separation of

X
"(%;N 0
HR, NH,
I(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.¢’ means a
15 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.
20
Particularly, there is provided a process for resolving (R)- or (S)- optionelly substituted
mandelic acids from a (racemic) mixture of said optionally substifuted 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:

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



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

optional owganisa2e9d Nne) nolar ratio of at least 1 : LlpcRigashidRsisiihat
the cyclic am de base is present in a nolar ratio of at |east 0.75;

and wherein the mxture nay optionally contain water in the range of
2 %to 15 % (vol.) of 10 solvent; (b)gheating the m xture above
anbi ent tenperature and (c) separating the respective (R)/(D) or
(S)/ (L) mandelic acid-cyclic amde salt. Particularly, there is

provided a pr oce@s f of (chR2R) Minksre bfRoptiGallé SbstithleShdntisiicadidmandel i c is
acids froma (racemc) mxture of said substituted mandelic acids by
salt formati ofNaRIPKELE: chiral base (D)- or (L)-cyclic amide, and

raceni sation of dihe YRhRIAGLNE]D)-QPENIChORFRmid)whétein iANRalbasaReEs
conprising the steps: (a) formng a mxture in sol vent, or, m xture
thr SELIRF wﬂﬁ%&tﬁ&@ﬂa@dﬂmﬁﬁ% é'ﬁ%ﬁe MBSt i ve

of solvents, of (i) &
enanti pners of forrrul@_ﬂuéndeﬁ)cacm@agﬁoptzﬁ [ C wherein Ris selected
fromCHF2, H C1.6 AKyl, CH2F, CHCl12 an CCI}I;Z;_ (ii) either a chiral
base (D)-cyclic @hi dén@#&ltlwl@g;ee}lmg%rﬁ%wna%e BPrul a | (x) wherein n
IS 0, 1 OfaRacifid toked bade P, Gctib aildl ¥hd GpBOhaKbaic afifkPm6ter 16¥lo &F #Alldaytl , WO
2006/ 125964 PCT/ GB2006/ 001861, -9- X N /0 nO +HR (Nylﬁ‘z i I g@% V\clrere| n
the chiral : baswided St fhe cusliclaidebese is pipseulp amplar saio g b lpgst Bl 4R | ¢
aci ds, or whdrdin teQhixREPRRPSHtBARIR TcoktBh waRn Gethk eange bTS% tansl%apdsli) ofial | y

10 solvent;

(b) heating the mixture above ambient temperature and

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

Particularly, there is provided a process for resolving (R)- or (S)- substituted mandelic
15 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
(@) a (racemic) mixture of mandelic acid derivative enantiomers of formula ;
O

HO
OH

RO Cl
I
wherein R is selected from CHFs, H, C1.s Alkyl, CH,F, CHCL; and CCIF;
(ii) either a chiral base (D)-cyclic amide or (L)-cyclic amide of formula I(x)
whereinn is 0, 1 or 2; Ry is H or Cy.¢ Alkyl and X is H, halo or Cy.6 Alkyl,

20



5 (iii) an additional racem sing organic am ne base; at an acid :
total base (i.e. cyclic am de and optional organic am ne) nolar ratio
of at | easwo 2006712864 provi ded that the cyclic am de basecrfmiRaeREl | N
a nolar ratio of at least 0.75; and wherein the m xture may
optionally contain water in the range of 2 %to 15 % (vol.) of
solvent; to (b) heating the m xture apove anbient tenperature and (c)
separating the respective (R)/(D) or (S)/(L) mandelic acid-cyclic
amde salt of fornmulalla; 0O HOX OHR RO/ C NHZ Ila 15
Particul ar mandelic acid-cyclic amxe salts of formula Ila are of
formulall; 0O HOON + HZ RO R wherein Ris selected from
CHF2, H, Cl1.6 Al kyl, CH2F, CHC12 |F2; and nis O, 1 or 20 2.
WO 2006/ 125964 PCT/ GB2006/ 00186r1( - /d%e aspect of the process of
the invention, the acid : total bd“qmlrml ar ratiois 1 : 1.025to
2.500, for exanple 1 : 1.10 to 1.50 (foMNYexanple 1 : 1.10).

1(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

5 (iif) 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;
w () heating the mixture above ambient temperature and
(c) separating the respective (R)/(D) or (S)/(L) mandelic acid-cyclic amide salt of
formula Ila;

o
HO i
o X
n([);N 11 0
HR
RO cl L ONH,
1L

a

15
Particular mandelic acid-cyclic amide salts of formula IIa are of formula IT;

0
HO i
0 r_j
/é n( )\N /O
*H
2
| RO cl NH,
I

wherein R is selected from CHF,, H, Cy5 Alkyl, CHzF, CHCl; and CCIFy; andnis 0, 1 or
2 2.



Statenents that the cyclic am de base is present in a nolar ratio of
at least 0.75 nean that 5 the cyclic amde base : acid nolar ratio
is at | easyyoQoobpzéosd- |t is to be understood that the mhribdRfobRe | N
this specification also cover experinental variation around these
limts, e.g. 0.005. io Suitable solvents for the process of the
i nventi on include, but are not limtegyby, the follow ng ethyl
acetate, iso-propyl acetate, n-butyl acetate (in general, (1-4C
acetates may be used), M BK, DM, DVSO DMA, dioxane,
N- et hyl prdh@ hdpdb RO proref P invehtom, th@@di‘d QB@I bade RULARAEHE: 1 : 1.025 to
4- et hyl - ent anone, tert but met hyl et her, ethanol, 2-propanol
(in gener%tF » SR XA hbi 1 é@tf’oll'ﬁﬂy Vmﬁi . heptane, iso-octane or
a mxture of any of is these solvents. SoI vents other than ethyl
acetate or 4-nethyl - nt anone (M BK, neth i SO one)
be used, 2AAGmEREhatthe %fl ale beseds BBYeRER F B“ﬁ}g‘B’Fa“E’ s?attlé/ast 53 b Anat ™
3- chl o5 0, fae didiic uidR-baR!: REM nold¥Raas 4tGead®@. M. 4- prol i nani de salt. These
sol vents include acetonitrile, acetone, 2-butanone 20 (MEK, nethyl
et hyl ketone), tert-butyl nethyl ether (TBME), 2-propanol and
et hanol . 1tts tobs udeRfsideitht tHaatoldrhake insthik yebifisatibaalsa kewr bepetmpitiled in
formation of the (R)- 3-chloro, 5- difluoro-nethoxy nmandeli ¢
aci d. Dprﬁqaﬁ%ﬁrﬂ‘éﬁsﬂéﬁff’ﬂmﬁ*ﬁé’gﬁ%&% ‘ment i oned sol vents may be used as
pure solvents, or as mxtures with other 25 solvents fromthose
ment i oned above. Further nore, the solvent or solvent )ét%urtﬁ

%% v/ V).

opt i orfal | Suitablesalvepiier ie Presaistoh He JivERIoRRcliE e 2 neiHiraisy
A preferr fcﬂlowg\éagl acelafe, RBSropiyl iaetatehobdtymeem@(lﬂge@m\(@z@@@efa&sﬁﬁga

Acetat e sol vents (especi al p opyl acet ate n- but cetate)
or M BK aP®ussie ﬁ M%?’ oxafie, ety 1ng ?‘F?Ey“imﬂgentl on

is perfor a&@bnatz-alt&ﬁﬁpatﬁémﬁa @h@ﬂ@eme@t ma&ﬂweateuﬁ@ol Z-prppenchl | y
ZOC) to ensure that racem satio roc e s at an appr o rlat rat.e.

sui tabl e WDE%/@EQ%SB@FW 8’681 ine 159-g¢ i“{?r?gér“g H‘E’p"%ds on
t he sofveRlsSblpE sel ected and is, for exanple, above 50C to 70C,
preferably above 70C, and up to the reflux tenperaure of the m xture.
I n anot her aspect, there is provided a process of the invention which

Bor s an isgRbal Sifler tBanB Blctate GQletBYCletiadit (RIS thethy] idobiitplkle@nd)l | ;

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
2  (MEK, methyl ethyl ketone), fert-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-

diffuoro-methoxy mandelic acid.D-prolinamide salt.

The above-mentioned solvents may be used as pure solvents, or as mixtures with other

25 solvents from those mentioned above. Fuxthermore, 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.

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

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



HOOn +N'lY NH2 RO C HZIIl wherein Ris selected from CHF2, H
Cl.6 Al kyl, CH2F, CHC12 and CCIF2; and nis O, 1 or 10 2. In one
enbodi mentwehodsibHsaspect there is provided a process wae/gw26v6/B0REL
Formula Ill is CHF2, and n of Forrmula Ill is 1, represented by
Formula VI; O HOOH2 NH2 F2HCO CI 15 VI In another aspect, there
is provided a process of the inventionf which forns an isolated
mandel i ¢ acid cyclic am de salt of forrmula IV, WO 2006/ 125964

PCT/ GB2006/ 001861 -12- 0 HO,,, 0 +N HZ RO/ C NH2 IV wherein R

i s sel ectigdpdratdeidnds oihe Solvet bikivilseledidddnd isR¥c Zandiig] akeve BEC tand

ni sO, lor2. s :
70°C, preferably above 70°C, and up to the reflux temperaure of the mixture.

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

5 mandelic acid cyclic amide salt of formmula ITI;

O
HO _
O
N ([)\N ] 0
AT
RO cl NH,
m
wherein R is selected from CHF,, H, Cy.¢ Alkyl, CH;F, CHCI; and CCIFz; and nis 0,1 or

0 2.

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

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

O
HO -
O
{ S"u,, 0
N F
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 IV;



I n one enbodi nent of this aspect, there is provided a process,
wherein R of Formula IVis CHF2, and n of Fornula IV is 1,

r epr esent aglobyshesogl a VII; 0 HO, OO C+N FZHCO C %C%hﬁu&ﬁthh

I n anot her aspect, there is provided a process of the invention,
wherein R of Formula | is CHF2, represented by Formula V; 0 OH
F2HCOHO G 15 V WO 2006/ 125964 PCT/ 82006/ 001861 -13 In the above
aspects and enbodi nents, the cyclic am de used nmay be optionally
substituted on the nitrogen atomby CL.6 Al kyl, or on a suitable
ring carbon atom by C1.6 Al kyl orohalo (such as fluoro, chloro or
brono) as shown for fornula.lé qbove. s The (racem c) nmandelic acid
derivative/cyclic anide/optl% \al-"atdi"t i_onal organic amne base and
solvent (for exanple, ethyl acefate) nmjixturle in step (a) of the
processes may be optionally ed t otk The presence of water
(in the range of 2%to 15% (v of sélyent) is preferred, and the
heating of the m xture may,be~fg wed by add¥H,i on of the water to
obtain a suspension. This suspen5|on is nornally stirred at reflux
for 10 m nutes to before cooling antWv separating the desired nandelic

aci d-cycl i al Th onc a ndelic acid
derivati "&heF?’P H Sei fﬁb@i‘?ﬁ“ﬁ?’i@tﬂr‘g @E’(}S@@%F?{;Hl&i ag?ﬁbﬁg?’a%ge of
0.25-2.5 40| 1pex. mM of solvent. Preferably, the (racen c) nmandelic
acid derlvatlve is added at a concentration range of 0.25-2.0 nmol
per m?®of solvent. is Particularly preferred is when the (racemi c)

mandel i ¢ RGhe etdbsdimedtiof tisi aspeat] dert 1apromdecba)prowm, wheieinrR offogonlafV is
0.25-1.25 f so0lvent. t salt nmay be dissol ved
in a mxtyres BWdDMﬂﬁélﬁglaég Fﬁpre(s% Y§§° @ﬁ% acet at e)

O
HO, -
(] O
@]
N
+
H
2 NH2
FZHCO Cl
10 Vi

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

CHF,, represented by Formula V;
0]

HO
OH

F,HCO cl



foll owed by separation of the organic | ayer and concentrating said
organic layer to dryness 20 to obtain the resolved mandelic acid
derivati vewoBo®fieseadbl vy, the m xture of HCl and sol vent pi§:gs2dosdoisst
(vol.) mxture of 1IMHC and solvent. The resol ved nandelic acid
derivative may be anal ysed by conventional chiral HPLC techni ques.
Alternatively, (S)- 3-chloro,5-difl uof,0-nmethoxy mandelic
acid.L-prolinam de salt may be 25 isolated and then a different salt
of (R)- 3-chloro, 5-difluoro-nmethoxy nmandelic acid isolated fromthe
mot her | i jg WS BokeStdfdtsdad biodihid, BRR 1@%%@@&@-13@@0@* shvoemmde! i c
acid cyclic amde salts represented the Formulbas 1, 11, 1V, V

! p . .
and Vi | Grthe EessnsiE & Gis Alkd, 95108 @suiiable g opthen pemdE G- ARVLMRBN. 30
Al'SO I OViseids kol dMBorPbQsES) s ARkl bR DY)l aB6vepr OCesses descr i bed
within this specification and within any of the Exanpl es discl osed
herein. WD 2006/ 125964 PCT/ GB2006/ 001861 -14 There is a need for a

nor e CHONVERI R mid il CacRCQRMOMveRYdIY afidelpliGial adaitiRaA $Seahidhmidee
manuf act uri ng of ar1ge scal e quantities of, hlgh qgﬁl i té éegure)b
resol ved anerdisplention xagmpls, GHYljageae) mkwrcdn FISE (3 PSthp pioEesiey g be
manuf act UgtiBeklk heRed SEMART THOH@sAMVIIHARNRRMES fakige FFRUADAEY (Sl ¥eNt S

etc. are vital for comrercial application. The present nvention
provi des $91veaY isqugfprred, fﬁ‘dotﬁ t.mgT‘PféhedP%'@ées‘E@’sbecff’ﬁ)‘{VWg%Vﬁ el ‘gﬁheuse an

i mproved REBGE SBtafnQlsufpRBsion IR bdpinsior istorh @S GliMeTht peEtus €bri 10 ndlfiteh
derivatives in which non-expensive raw mat&igri |s ,and,. thermally safe
work Up CEEERIF £90ing ang ssparatng thedesindirandelicpgidevelitamidiseltes ol ved
mandelic acid derivatives ready to use in further chem cal
processing. to The inventiqn further provi.des the use.of a mandelic
hei - oy cl The compeation of Carecny ARARFE6cid AREVAHTR B (R O eR P LEHES SHAAINAR ur o
of | phar rra&gb&n'g@afo.ﬁ{;md Ehd pcﬂﬂae)fumenﬁfpmaermlaﬁdm (edeerBiR) ﬂandéﬁ@dd(ijct ﬁ‘“ de
salt accordjng to i nvention as c i i nt.er nedi ates .and the use
of a nané@vﬁtgveéﬁ@{d&‘gﬁtlaiCBH%?H’F‘H’é’n?é‘E? ogg.]gg%@i%oltpgr Tﬂ%fasPﬁ%hti on as
chenmi gal papieaBdirefeRd ik Whed @O Hhaaid) kandic plidderbatuetis adlbd mraoduct s

(for exanple for, use in, treating cardjaovascular 15 diseases). In
this spechchnﬁaPWaFﬁé)r}toezﬁfﬁ%F%‘g@rﬁeEmjrﬁoffgﬁ? “ may include m xtures of
enantioners in ratios other than, as well as, a 50:50 mixture of RS
enant! Orre,rr e1 I)lgtgd segftanqgfl b% dfisrscgi\%dg igh]ﬁ‘li%u?re of HCI and solvent (such as ethy! acetate)

followed by separation of the organic layer and concentrating said organic layer to dryness

20 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
25 isolated and then a different salt of (R)- 3-chloro,5-diflucro-methoxy mandelic acid

isolated from the mother liquors (such as the friethanolamine salt).

The said mandelic acid cyclic amide salts represented by the Formulas IT, I, IV, VI and
VII are obtainable by the processes of the present invention.

30
Also provided are the products obtainable by the processes described within this

specification and within any of the Examples disclosed herein.



1:99). A particular process of the invention begins with a 50:50
m xture of enantioners. 20 The process may involve differing m xtures

of enanti ogBhFsAbso¥Ar | OUS stages (incl ud| ng, but not bickdesheh 861
50: 50 m xtures). The term "racem sation" covers the conversion o

unresol ved enantioner into a m xture containing the enantiomer to be
resol ved. The phrase "e.e." denotes any abbrevi ation for enantioneric
excess and is defined as the 25 nDIe fraction denoting the
enantioners in a mxture: %e.e. ([R] - [SD([R +[S]) where [R]

and [9S] afh%retlbg &l 'R %&é%rﬂlgﬁergfan& ﬂ&e@@nomﬁ:ﬁﬂiy éfdieRpaRtds@smEs. INn a

reaction a So chira npound is often obtained as a m xture, of
enant i onmepanufapuring @frlaféﬁ éﬂﬁﬂ qantiigepidreh qyality (meye) aspabed miwdelic 214 or ned

and 20% qen%ﬁﬁesé@h &r8 Rk REFdosth, M8y ﬁ&ﬁnﬁtﬁm h-‘& of b3 HikbrdniRlBAP)
60% WO 2006/ 125964 PCT/ GB2006/°001861 - 15 npl es_ The, present

i nvent i onfripasilyjinivents Biseare witgderconmessial al?ﬂhﬂ%tw& ?h@ rpr%wt HYyention Pravifes i ng

Exanpl L £S5 for ﬁé@%ﬁﬂoees; Thd YBRUS of B A bR e ifitobedi bdsitathele O O /7
NH2 prolinamde 1.1 equiv. MBK/ H2O Cl 41

OCHF2 9ooem@chr@rmnmlve¢nm4qh9 peidl desivafisey in whithgre-RAngie Tay mat
mandel i ¢ Qi mMRSa RAARK ub SorldiRndBOGRH klacBRidthést quifly J)escﬂiredaii@ﬂﬁﬁt

tenperature. Stirring was started and the solution was heated to 80C.

A 10 sol u%ciQﬂ@nWVEﬂﬁ?Qi’l‘PHWMD‘?@%.I)IO‘ieFF%ter (3 ol ar

equi val ent/ mandel i ¢ acid) was added and crystall i sati on started soon

after. After half an hour additional M RK mal re St added

and t Hen Bhedareptionrther provides fhepshetdanangelss é‘a -yc }° ‘? ?°)§I

equi val engyt gREGRN ifthe AEhEtheturREpiBUERSRELGHoMAS; 15 weroeﬁlnﬁ;ndeaa@;dor 4

hours then at 90C for 21 hours, The suspensj.on C tiled t(\%aoc over

1 ' hour styclipemide fltassroding the SFRsPR e FlllPtF’a’i‘ﬁ\ﬁalﬁfF "%g RE¥ Wit h M BK
mandelic acid cyclic amide salt according to the invention as chemical intermediates in
manufacture of pharmaceutical products (for example for use in treating cardiovascular

15  diseases).

In this specification the term “racemic mixture” may include mixtures of enantiomers in
ratios other than, as well as, a 50:50 mixture of R:S enantiomers (for example from 59:1 to
1:99). A particular process of the invention begins with a 50:50 mixture of enantiomers.
20 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

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

where [R] and [S] are the concentrations of the (R)- and (S)-enantiomers. Ina reaction a

5  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%.



is and then dried (crude yield 75 %9. If the optical purity and the
assay are not satisfactory, a series of slurry wash experinents in
M BK wi t h wahyisAgsowpt er content (0-15 % w w) has shomcg}tgmdgmilgﬁlt he
optical purity and the assay (physical content purity) can

inproved. Extrapolation of the results indicated that a slurry wash
in MBK with 20 % w w of H20 shoul d géve a substance with 99 % ee
and with an assay of 100 % (the yield of the (S)-mandelic 20

acid. L-prolinam de salt would then be about 73 % . The above

experi mengeHshifgd L-prolinam de nmaybe repeated using D-prolinamde to
obtain the -enationmer. of the mandelic acid. 25 The yield from one
bat ch of Thfmesgytiripnion is descnpqdan meregietst én the follgwipg mgplipitieixapples-yi el d
from three cycles of the resolution/racemnm sation process disclosed
in PCT ap-llcatlon PCT/GBZOO4/004964 .and the quality/purity of the
mat eri al £EABRBAREEA RO UIDDAS seplingride 32006/ 001861 - 16
Exanpl e 2: Dynanlc r e qutlon u3|ng D prol i nam de C)&NHZ OH HO
+NHZ \'\ D-prollnanlm- 1.2 equiv. MBK/H20 C OCHF2[j100*¢t C

Met hyl i so- but yHCGet-ong, (M BK; 3.87 nug of mand&Pic-asjd) ded
to the mandelic acijd (1 s eq.) at anbi ent tenperafure. Stirring was
on of

D prolinam de (0. ) in M BKyf ,A@ mug of man{ acid) and water
(3 nolar equiy Ryl i C acuﬂc:mas added cgr bkl sation
started soon after. After Kal f an hour additional MBK (3287 nug of
mandel i ¢ acid) was added and then a solution of D-prolinamde (0.7
eq.) in MBKK (0.43 mug of mandelic acid) and water (3 nDIar
eqU|vaIent/nandeI|c acid). to The_suspensjon, was %@lrre OOCJfW

22 hour s. MeH! Serkpahetor QREKbHrda of Banselicrrish wes aied fpd Emn Pigaci

subst ance eél[v}iﬁt ahﬁféhﬁ&:ﬁﬁlar&uref Stﬁrhﬁ?%h@ﬂartebl\/@&ftﬁasdluﬁoh with Ilgteanelsecme . dri ed
(crude yield 84.9 %

the crude D-prolin .salt of . the
(R) - endnt PYHEGL oébperﬂ@%d%ﬁ ieg:) awﬁer\%@ola@%l“g@f%ﬂwﬂc oM VEpE d&%?ﬂq
D:Jr ity anéryfstbﬁs@ﬁﬁ S0irt&H sobid i A frer RAIE axIur SRt oBAIATIBN (amSasIRfore) vadf
sturry wash

added and then a solution of L-prolinamide (0.6 eq.) in water (3 molar equivalent/mandelic
acid), The suspension was stirred at 80°C for 4 hours then at 90°C for 21 hours. The suspension
was cooled to 0°C over 1 % hours. The substance was isolated by filtration, washed with MIBK

15 and then dried (crude yield 75 %). If the optical purity and the assay are not satisfactory, a
series of shury 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 shurry 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

20 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.

25 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}.



experinments in a nunber of solvents has shown that both the optical
purity and the assay (physical content purity) can be inproved. A
slurry wasfohmeasdtpne, for exanple, gave the (R)- nmangelridiao6/001861
acid.D-prolinanm de salt with 99.1%ee. The yield including the slurry
wash was 81.8% Wth 2-butanone (MEK) as solvent for the slurry
wash, the (R)-mandelic acid.D 20 proljgnam de salt was obtained with
96.0% ee in 83.9%yield. Oher solvents or solvent m xtures which
can be used for the slurry wash are MRK with 20 % w w H20,

acetoni t rmxla%m@zﬂpbamaﬁ pReRfbn usMEDIROBLANPET | MENt  USi NG
D-prolindmde may be repeated using L-prolinamde to obtain the 25
(S)-enantionmer of the mandelic acid. WO 2006/§25964 \PCTizB2006/ 001861
-17 The yield f batch of this dyn&f@ Yufi) '8 process is

hi gher than the yifeld fromthree typical cycles of the
resol ution/raceng i on pﬁﬁﬂ@ﬁﬂ;ﬁiﬁéosed ' CT application
d the WG y/ purit e material is

o

PCT/ GB2004/ 0049
conpar abl e). 5" Refer && Exanfiies : Racethi sati dF'6f nmother |i quor
Ref erence Exanples 1-3 In these Reference Exanples the follow ng

met hod was used, with volunmes and amounts as outlined in Table 1. 10
The r acenViethylbsvetaiiylketaus MIEBE:; B:8a niligaf Bandslip pad)3vadpdded & e mendslig geid (1

mandel § ¢ e addfichs (dRler P! Sufhp Ak BV 1RAHRAok Rastehi¥d Rt 2k e
sat ur at ed%§" Wat er s vat er 1 n- et yl "acetate). The m xture was
heat ed t csohuibh ofD-grdingmide (G ed.pin MIBRA0 48 mdig of mandefis goid) ang watep(3nolar

suspensi on_ .
cool i ng +QuiyRREARHG ol v b g lriliRicn ol (AR AR R G hour
washed wi additions} MIBEKcE187 mal/g(d mandsdic a¢il)) was agdodand then & gahetion g Dopreliggmids

was di sso ﬁ%ﬂ.)iﬂhﬁBﬁg%z@ﬂr%?ggf ﬁaﬁ&feliéac'i\‘il)glﬁiwé%aﬂbquﬁ%@hﬁndeﬁb&iﬁ. oy

organi c layer‘was 'separa concent ed to dryness and anal yse

chi r alo HPLIE spfpensienvasstitred atrtB8I0in? hpyrs. Teesumpspdonewascopirdiod e overZ)25
Thi s showed a-i isQfeR Uy Riths ith RIBRGnd tRA AL @ARE yicRIee
Tabl e 1) \,Aﬁo?ﬁj Tﬂ@@ﬁ?@?%ﬁ“ﬁ?&“?ﬂ%ﬁ%ﬁ@% r‘;}ca)xgﬁd‘r%ndel_i c aci d. 20@.Tab?ue 1
Ref er encedhts). Thest ofihe ciEdCRmratinewide Blafshaifhenapigmes ofthe mandghis peid fps
PA PA (rﬂ%éz%g_ m water- (%

15 Ifthe 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 irproved, A shirry 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-

20 ‘ 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 Ha0O, acetonitrile, and 2-

propanol.

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

35 (S)-enantiomer of the mandelic acid.



No. EtQAc 1 1.16 0.57 0.49 0.97 8.1 1.20 84.2 2 1.16 0.57 0.49 0.51
8.1 2.27 95.3 3 1.09 0.53 0.49 0.67 8.1 1.63 90.6 MA= racenic
mandel i ¢ agbdosdAcicat i ve, 3-chl oro, 5-di fl uoro-nmet hoxy mprasalzbkeREd-
PA= (D)-proline am de. Eq. PA= Anount of equivalents of (D)-proline
am de conpared to racem c nandelic acid s derivative. EtOAc= ethyl
acetate, as solution saturated in vat.ef. . Water/ EtOAc (99 =
concentration of water in ethyl aceta]te. nmmol MA nml water- Et QAc=
concentration range of racem c mandelic acid derivative per m of
ethyl ac ECTale i i QR:LGRlyield HBmekiSe
(% = eng[trlgtg' %}rerl cw%(%gcshso' e%%ﬁ%{&%gggl?ﬁ%f%éﬁol g, rﬁéa{ct I gn ?&enoti ng the
enant i ondyrical eycles ofithz resplutionspcenypatior progess disclosad inRET applicationj ¢ j g |y
86% pur e g 4RI hﬂtﬁ&?ﬂliﬂﬁpﬁlﬁ%ﬁftﬁé%ﬁeﬁﬁl ResBpaes. Exanpl es 4-9
In these Retference Exanples the foll'owi ng nethod was used, with

vol umes and anounts as outlined in Table 2. The racem c nmandelic

aci d d@“ﬂ%%’ M&E”fas_ﬂﬁcéanq{aéaﬂisiﬁdﬁQJfgxo@mlngw- mandel i ¢ acid and (D)-
proline re adde 0 et hyl acefate and the m xture heated to
reflux. AReferenceExamplesdal er was added and the mixture was _stirred for

anot her 10 thepaRefaenceExemples the fotlowingimsthodsyrs pesdsTihvolERes Pl BRETS o

cool to Jaggumﬁgq'in?fag@q_rs (in Reference Exanples 4-8; 4 hours in
Ref erence Exanple 9). The suspension was filtered and washed with

ethyl acetate (3 x 30 m) to give the salt. The salt was di ssol ved
in a 11 fiothdhss QindblidhdilierRneeatdhtro,5-aBRbdtethokh enagdddiantid ahdld+ Was
separated, concentrated to dryness and %{l%@yse&e@/ chiyal %5 Q%C
(for sui temline arudaisee iy to bl asgiaiesaiited VAT (%! 7 WA 0 of] ©@ifdned a
hi gh degreg mQfurdid Helte@fo i and itk RIGh: 1 0aRiattd 4 faffux (Heehif skpensidh,

(R - 3-chloro,5-difluoro-nethoxy. mandelic acjd. .
was cooled to 23°C over 13 hours followed by further cooling to 18°C over 40 minutes.

The suspension was filtered and washed with ethyl acetate (3 x 30 ml) to give the salt. A

15 sample was dissolved in a 1:1 mixture of 1 M HCI and ‘éthyl 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 1), (R)- 3-chloro,5-difluoro-methoxy mandelic acid.

20 Table 1
Reference | mmol | mmol |Eq. | BtOAc | Water/EtOAc | mmol MA/ | e.e.
Example | MA! PA PA | (@mb (%) ml water- (%)
No. EtOAc :
1 1.16 0.57 0.49 |0.97 8.1 1.20 84.2
2 1.16 0.57 0.49 |0.51 8.1 2.27 95.3
3 1.09 0.53 049 | 0.67 8.1 1.63 90.6

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

PA= (D)-proline amide.

Eq. PA= Amount of equivalents of (D)-proline amide compared to racemic mandelic acid
25  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.



To exenplify in nore detail, the follow ng scheme was used in

Ref erence Exanple 6: The racem c nmandelic acid derivative

3-chl or o, Swei2bisuosoas met hoxy mandelic acid (26.18 g, 2@cR830080s61 1
eq, 90% pure according to HPLC) and (D)-proline am de (4.80 g, 42
mmol, 0.45 eq) were added to ethyl acetate (54.5 m) and the m xture
heated to reflux. At reflux, 5.5 m_f water was added and the

m xture stirred for another 10 mnutes at reflux. The thin

suspensi on was allowed to cool to 18C over 3 hours. The suspension

was filteleyanthaniiaie st demabdwilihes elofd feacfich dendhgthy erafticiicrin8. 6 g
of the salt. ‘A sanple was dissolved in a 25 1:1 m xture of 1 M HC1

and et hyl2™8®at e. The organi c | ayer was separated, concentrated to

dryness agéoaaaddieeshiy, iehhiialy $49)-fure Bbinsic Sdanuutid ald 8erdivd, t he

“correct" " (R)-enantioner. Fromthe nother |iquor nmore material
crystallised, which was filtered, washed and dried. This gave

anot hey RefergneerExapmplesdd T -mandel i c. aci.d |
FPLC (1 orln et RefEPReSABeRBID I ) o e R SR A BT FRATosRr

(I;(C):'rll'; %Eggggg/%gtgggé%gframgg, "correct” 30 enantioner. WO 2006/ 125964

1861 -19 Taple 2 Reference ol | Eqg. ..Et OAC er
Wt er/ nmbe resemic mae@alhcpercaf AR OE#&EWP@D&W%WE AP FRADIN,
g %4 9vv(élt 2 rp6§§51{9§ﬁg2 : ].(1564?&% %ﬁiggmgetﬁ&é %g&B%d%e?:ﬂxﬁxeﬁmimﬁﬂ:reﬂma Atoeflt®, 45 5.1
) ) ; ) ) . ) 42.0.0.45 54.5 5.50 .9 2.1.40
98.7 19 1wateravaspdded apd Hhg epftue vigg St foy qgotherdlf TyiguiEs atéeﬁ;’ésﬁﬁ%@’émo
0.50 6680Q; 806k PacklibrB:2Boto 1 ARMDIRIIBIR erbhle IXAAPLEB04 B 1. 19
99.6 MA =Tracem ¢ nmandelic acid derivative

3- chi or o, BReferengp Examale PoXhe srarsauien wasflicrpd apshwashedsyith pihyageteta (i e
Eq. PA = i 10 thS G, B QiMttvas Qfssdlelid HB1 AfiktGHR of 0 IPHCRshdtethyt aceni ¢

mandel ¢ ezlic(e::i!ate. Tlfe ocxl'gal;nlicvlg;ér\x/v%s separated, concentrated to dryness and analysed by chiral

15 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. _ A
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,

2 933 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 mi 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

25 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”

30 enantiomer,



Et OAc = ethyl acetate in m. Water/EtOAc (% = concentration of water
in ethyl acetate. nmml MAV nl water-EtOAc = concentration range of
racem c mdqb05ﬁ2@g4d derivative per nml of ethyl acet abegeacheomiser -
10 e.e. (% = enantioneric excess defined as the % nole fraction
denot i ng the enantiomers in a mxture. 1) Corrected for purity, i.e.
initially 85-90% pure racem ¢ mandel i{ acid derivative. 2) The
suspension was allowed to cool to 18C over 4 hours. is Reference
Exanpl e 10 The racem ¢ mandelic acid derivative

3-chl oro, 5-di fl uoro-met hoxy mandel ifgppreai d (0.2 g, 0.79 mmol) and

(L) - pr ol M REe A Gt J3Hmol [ 0] EtOAS [ Whtdr [WRerA0J@RNGI0 T du.

di oxane | ang l]e MAXt ures hegtged t C. I Ngehsad - YA/ i Ioks
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acid IitTerat ed by extrlactivg work|up using 1 M 20 HCI mpdcet|hyl

acetate. [ B 050 AT TOTFT Lo BF- | 470 TG 3001 $hBET.HRICT eTe.)
Exanpl e %Iusbdls pm |0 EpUITRYy T T {gQh~ T1g st NETy 437 qUOfgg g N

et hyl acgetate—fHrpmthe sof o oC (T Ug exampt T of
Ref erenc é&f..gt 93‘;’%)1“ %};v d{;g,ung?glﬁ !lzc?.géle Pg\lbung iﬁg:gn(]et §9 cild
enant i on H—25 ,‘ SBady Q‘”OW 86200146 %gerHUb g U4 KO
mandel | craete—3 S i at‘“‘g‘%ﬁ( red pre e|at
50- 55C t B2.a—vol-uk ‘24@ 1320 [ 0.50° 1 33000 O oo T E S39%

"'O)

1 _1 O
PCT/ GB200¥ATORERRC me #T%%?IFQE’?‘%V ?@%“’é?@%“% e a%%%%‘h?
hydr ochl opA & (B¥-biblifarhide.k g, 1 69 rml 0.92 eq) to renove
D-prolin he or anl C.S ., Ve, washe wat er
(0. 58 kg) qg’?‘t M’? %eéls’ 350 a%%oén r%eeéor&{]ﬁg&e@g?gggl c
phase bel gsmvhiive agueous phase Sod| um chl oride (0.030 kg) was added
to invert_the ph Sﬁ%g % n.and the phases were s separated. The

organi c pﬁ'&%@ th 8. 7% aqueous NaHC®3 (0.71 kg, 0.74 nol,
0.40 eq). Wﬁt@lﬂww%)&masﬁaﬁmfmmw}ryaa@meas much as possible

under reduce -60C. ..The re g)
had a chef’?in‘cog}\&ﬁtﬁ‘ﬁl afr'(];f&)% S9R°Y au&éfmgerﬁq%é:g{n%qnﬁgﬁkddgﬁd{e g‘r’\ﬁ’gg %fc al
purity f ol bhg@hfSaesmanindoras. of 81% as deterni ned by chiral HPLC. The
resi dul% Was (g) S‘Se(ljllu‘}./h%glellflg exrzzgstshda Hx%ldag gh'es/o3 m%ﬁ’fra&tio@ideﬁt}tinﬁ% e%%oﬁﬂﬂ%?us

a mixture.

1) Corrected for purity, i.. initially 85-90% pure racemic mandelic acid derivative.

2) The suspension was allowed to cool to 18°C over 4 hours.

15 Reference Example 10 o
The racemic mandelic acid derivative 3-chloro,S-difluoro-methoxy mandelic acid (0.2 g,

0.79 mmol) and (1)-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

20 HCl 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
25 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



10 pot assi um hydroxi de (0.84 kg, 4.46 nol, 2.43 eq) was added at
25-40C. Thebmogtgsrgpwas heated to 68-75C and stirred for

appr oxi matwbyoeodazsobpours until conplete racem sation ha

according to chiral HPLC. Methanol was distilled off uggg@r@beugﬂ?gg
pressure at 40-50C. Dichl oronethane (1.35 kg, 1.02 L) and water
(0.20 kg) were added to the aqueous,gQl ution and the m xture was
cooled to 0-5C. 20% Aqueous hydrochloric acid 1s (1.17 kg, 1.10 L,
6.41 nol, 3.50 eq) was added within 20 mnutes to the stirred

J;n Wgt 5?23 %gme?wm%ab whtt1 095 afd€duk am]gdmfbﬂmaeid (®6Xkd, 0169 nppl] 0-52E)) toThe
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undgr 5[ edbis t gﬂeh dpmgf%gmﬁ: g{as%afsmed'ﬂﬁihﬁwgaqneoﬂ.Nh&EOg@O.@I k@ 0.7d oy,
product w a urjty of 97.1 area%,The C condi 1] ed
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gol5u me QY 5OB6°Cy Thdephiting8sidu2 (1438 KgPhaira chBnbalmuriéatf €6.5% 21 ow r at e:

. mn.. tection:. UV, .220 nm. Mol une 1 njectd : .
Tenper at @F@“E’B%Wﬁ?% (Scion OP%% H‘I“ﬂ& fciri\{f%é#‘?na%’t nlr%r ?111.; %19/1 O Scfe%{r Lnr'%%d 5 min.,
(I;/DEI ge p haﬂﬁrﬁiHP%;C. 58 fébid?@ﬁﬁﬂ‘misb]lvéd ia metti206 (h83 ey 6Ly and 30% aqueous
i hydr ogenphqsphat e buffer + . 750 ure er o 1

PCT/ 820081048 g! o EOB“.‘* k§o‘b4%’i‘°‘ag'13? o e§ piB 8&35\“@ é?ﬁﬂ%&%@%@ L
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ase occurredlagcor g9 t% c}noral 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
15 (1.17kg, 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 mixiure 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

2  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 :
25 Columm: Symmetry Shield RP8, 2.1 x 50 mm, 3.5 pm, Waters
Flowrate; 0.5 mL /min.
Detection: UV, 220 nm
Volume injection: 15 pL
Temperature column: 20°C
30 “Running time™: 35 min.; Post time: 5 min.
Mobile phase: A: 50 mL acetonitrile + 200 ml. ammonium dihydrogenphosphate buffer +
750 mL pure water



30 10 90 35 2 98 5 The HPLC conditions used for determ nation of
Col um: Chiral pak

t he opti cal

AD, 250 x ﬁoﬁomsgwl CEL Flow rate:

purity of the MAPA salt by HPLC were :

1.0 m / mn Det eglcir@ibaodedpisel 5

nm io Volune injection: 10 L Tenperature colum: 20C "Running
time": 30 mn Mbile phase: n-Hexane / 2-propanol / trifluoroacetic
acid = 900m./100 nlL/1 nmL is The resul4jing racemate may agai n be used

in the process of the invention to isolate nore of

enanti oner,
Ref erence Exanple 11B :

t he desired

Res @ 830 0D acfonitiile (HRDCgtAde) -e200cno hhmomied

for exanple according to the foll ow ng Reference Exanpl e.

after rac sat i
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After the addition was
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'on) in ethyl 20 acetate (1.433 kg of a
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aar ool uuti An
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The salt started to pr - i ng
for a further hour at P32C, the solid?was filtered pi¥ and washed
twice with a pre-cooled (0-5C) m xture of ethyl acetate/ water =901
(ww, 2 x WD 2006/ 125964 PCT/ GB2006/ 001861  -22 0.20 k

of f - whp t e TheolRlef cquditipgsiused for dgiernypstion plctle PI?PC@@‘@%"% thei "%"% ﬁ%}t 6%

optical pypiéWerd:f necessary, the optical purity can be further
i nproved by slurrying the‘ﬁgroduct with et hyl 5 acetate/water and

filteringColar: exafmpialpak 4Lt UAIGRE can be i nproved further by
the foll giGer €- wﬁpfr@pedure
Detection: UV, 215nm

10 Volume injection: 10 pL
Temperature column: 20°C
“Running time: 30 min

Mobile phase: n-Hexane / 2-propanol / trifluoroacetic acid = 900mL/100 mL/1 mL
15 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 afier the first racemisation) in ethyl
20  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 acstate (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 cc;oled 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

25

washed twice with a pre-cooled (0-5°C) mixture of ethyl acetate/ water = 9:1 (w/w, 2%



Ref erence Exanple 11C : Re-work procedure The wet mandelic acid
D-prolinam de salt (0.264 kg) was suspended in a mxture of ethyl io
acetate (wBQodsaseds 11 L) and water (0.10 kg). The susperidmbioshaRst
heated to 73-75C and stirred for 30 mnutes at this tenperature. The
suspensi on was cooled to 3-5Cwithin 2 hours and then stirred for
anot her hour at this tenperature. Th«a solid was filtered off and
washed twice with a pre-cooled (0-5C “nixture of ethyl acetate/water
= 9:1 (WwWw, 2 x 0.38 kg). The white solid was dried under reduced
pressureg 3 t 2B @b 30, RekFari@oplsed | nam de
salt had gg%%ﬂﬁ%%ﬁgﬁ%@%ﬁ%ﬁ%ﬁ%@%@ kg o?bpr oduct (73.9%
based onopsioglmtshani de) with a chemical purity of >99% and opti cal
purity of >99% This racem sation-resol ution procedure can be
repeated, for exanple twi ce. Furthernore, . 20 the D or ‘(E)rol am de

may be r é@?@?séady s o c SHURTER brrfarthes mmprayadiby g Hheduoduct wiggthyl o o e
Exanple 1detateAhibf SldeiHeris@! fos ek, TR SpHEANSiehy Gmae hbprendfidieny Ge ar e

separat ed then the desired enantioner can be isolated as a different
sal t sui fellsnangrervor PRl ™pr ocessi ng. Dependi ng upon whi ch mandelic
25 acid enantioner is required, such a different salt may be isolated
ei t her fromthe roI i nam de salt or fromthe nother |iquors

remai ni NG BIDE A H4 s been filtered off. Thus,

for ex a”ﬁlh we( &ndeg‘c £<J‘tl D%Q@]ﬁmﬂldﬁs |sﬂ9(‘0Q6¥E§)W¥usﬁi&ﬂl@@iﬂ #®mixture of ethyl

d. D-prol de salt Lated and the t
G 11 oitoniaceth (L4017 EhBH S LLKROIE RO T TGRS ot hon

be racensgee foP50 MV ai Ak terh aﬁ&&qrmls@paﬁlodmsédotmdo B&PO ithin'B0
2006/ 125964 PCT/ GB2006/ 0018% -23 Alternativel

1 () -

3- chl or o,/Buwgiapd ther irrd PRy therivgkat this ‘ﬁ@?ﬁaqirepﬁ%s?ﬁ‘i}#%@wﬁ?ﬂff%y be
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chl oro, I fl uoro-met hox ndel i c_aci not her
i quors (ke a¥ite Fras G O e By Gsr‘HJBa)( %&-@@w@ﬁﬁ
di f1ugy o- ﬂ@ﬂ@]@@éld@-?ﬂﬂlhh@ld@@élﬂmﬁ cﬁﬁsfaht Waght dehisgbé 0.025/kd dfardoe used
for racem sation an S recycli P%f@’r?, chl g iflu ro.-mafthoxy
mandel i ¢ @&PY, breRyn Poreiepids) ‘3“1( e ‘H‘DQ%’ and optical purity ©
phenyl ] (hydspxy) acetic acid) is a useful internediate, but the free
acid compound has a

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

20  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
25 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-diflnoro-methoxy mandelic acid.D-prolinamide salt
30 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.



|l ow nelting point (52C) and is hard to crystallise. Furthernore, (R)-
3-chloro,5-difluoro 1o nethoxy mandelic acid is very sol ubl e conpared

to the unswbshisgéoedl mandelic acid. Al though PCT/GB2006/001861
3-chl oro, 5-di fl uoro-nmet hoxy mandelic acid is capable of formng salts

with, for exanple, a,a-diphenyl-Dprolinole, such salts are not
sati sfact ory for large-scale manuf a?gurr ng purposes (having |ow
yield and | ow enantioneric excess). Is In PCT application

PCT/ GB2004/ 00496 t he Exanpl es describe the isolation of, for

exanpl e, Aﬁt@naﬂ@lf %P@Q;hﬁ)r&% FilrrieroQndiRdxb @M ddiiB Bele. Llﬁolﬁﬁhﬁﬂefsalﬂﬁhyabe
racem c m xture resol ition with D'p rolrnam%%;r?lgisg nglrc am de
resol vi nipokpdand ﬁ%a ditfsentsaltel GRntchlpgs-diflypepeto ¥ %f further
i nterest d.0: R the BYERr ARIR (Bchheine HethaAdigEnS Sat) EThd @R BEcAld)5-i Ng. 20
I n PCT application PCT/GB 004/ 004964 further ng?u%eal ts are rovr ded

of subst |dlfh19@dneth‘ﬁﬁd@ﬂnﬂ% licpe]dd sprofipagnidy selt g iy &9 recgmysa %@r des
an effJ cighlyingl nexpensive isolation of mandelic acids as a solid,
thereby créating opportunities for econom c enantiosel ective
processes and for inprovenents of the process using resolution w-th,

for exang EFS ﬂo?éS -BiRbiNATh &S mﬁﬂﬁﬂtab@%@Rﬁ[?:tth&oJSC(Hﬁlﬁ&oh@ﬂléﬁ)

3-chl oro, uoro- net hoxy mandelic acid are also of interest, and
in such chewd(tarrosyheaticerid) is o teofif dnermediate vt thefiree peid purreBRd ks aci d i s

attractive, meﬁmgllpﬁﬁ?ﬁk‘)@r?ta&? is38hd o SR, BerGIMElealr] ﬂ@hlox@ Bhemes-t he

enanti omeri ¢ pu ormation’ 30 and be directly useable in a
subseaque ety u:rahdahlg }wId dsaeery mblwpe%wmwsmﬂwé@eﬁeéw 61 -24

The Ref er@ﬁl%ﬁ @(aﬁ@o%sdﬁl%r(?p’l Eﬁ%ﬁgh@&m ik E&J%l@ B £ %n%@@?tfu%ﬂgGAf

descri be preparation o e triethanol am ne sal
3- chl or 0, &zamipié, oyediphemsi-ibmypline dedhisaltsed wpt satipfasterydaclarsEteppl e 12:

;I' :" et hanol arlr& NS Sgall)]}rpose&h%mw%lgand 10&93nt101§¥ené€x\:%§)han0| amne H ~

15 InPCT application PCT/GB2004/00496 the Examples describe the isolation of, for
example, (R)- 3-chloro,5-difluoro-methoxy mandelic acid from a racemic mixture by
resolution with D-prolinamide. These cyclic amide resolving salts are expensive, and thus
cheaper salts are of further interest to permit even more efficient large-scale
manufacturing.

20
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-

25 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 ena;ltiomeric purity upon formation

30 and be directly useable in a subsequent (coupling) reaction.



Cl OCHF2 CIHO OCHF2 EtOAc/isooctane OH 5 Triethanolamne (211.8 |,
1.564 mmol ) was added to a 0.356 Msolution of the (R - mandelic acid
(0.359 9, wo4dw/5%wed ; prepared fromthe (R)-MA- (D) -PA sghfcrdsishibiss
HCl(aq), and water washing) in ethyl acetate at anbient tenperature.
The addition was acconpani ed by a weak exotherm The solution was
heated to 66C and isooctane added io,until the solution started to
turn cloudy. The solution was cooled™slowy to anbient tenperature
overnight. The sol ution was then cooled to OC and the salt

preci pi t 3f gl @l & Exarh {eébéiwr&%mﬁidf aprﬁl'g. 11 POFGRINR RUSPERSIHDE tHeas
stored inthe refrig ator over ni filtered, tﬁhed Wi_t.h

Et OAc/ i swgarm@.ﬂwaqhmlan*@ezslt G- rphdsro-g-SElvarermethesy wndslisecidy gi ve
0.500 g (1.244 mml, 88% of the crystalline (R)-

3-chloro, 5 dlfluoro mathoxy mandellc | s acid.triethanol am ne salt
(el ti ngRefere A 2gdylethpnglapnesad| | jnity of the triethanol amne
salt of the (R).- mandel ic acid was confirgredH DSC (endot henn onset =
68C) and XRPD. {[The foll owi ng XRPD d-yval Ugs andjintensities were
obt ai ned: ®WPwatugyRel ative (A) inté& ﬁ 077.3Ng 6P 6.1 s 5.6

vs 5.4 m 52 m 4 60 dadfiem VO 2006/ 12596’1&’\\CT/ GB2006/ 001861

-25- 4.33 31 m

EtOAc/isooctane

ol OCHF, cl ocHr, M

5
Triethanolamine (211.8 pl, 1.564 mmol) was added to a 0.356 M solution of the (R)-
mandelic acid (0.359 g, 1.422 mmol; prepared from the (R)-MA-(D)-PA salt using
HCl(aq), and water washing) in ethyl acetate at ambient temperature. The addition was
accompanicd by a weak exotherm. The solution was heated to 66°C and isooctane added

10 until the solution started to turn cloudy. The solution was cooled slowly to ambient
temperature overnight. The solution was then cooled to 0°C and the salt precipitated after
1% hours stirring at 0°C. The suspension was stored in the refrigerator overnight, filtered,
washed with FtOAc/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

s acidtriethanolamine 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: A

d-value Relative
(A) intensity
73 m

6.9 m

6.1 s

5.6 Vs

54 m

52 m

4.60 m

4.45 m




3.80 s 3.72vs 3.64 s 3.59in 3.48 in 3.46 m 3.35 m 3.31 in
3.24in 3.09m 3.05in 2.92in 2.79in 2.60 mThe nain,
r epr oduci bwe 2p&aksshave been tabul ated using the fol | owdrg:B2006/001861

definitions ... vs (very strong): >50%rel. int. s (strong: 28-50%
rel. int. s m(nmedium: 9-28%rel. int. w (weak): 4-9%rel. int. vw
(very weak): <4%rel. int. The rel atiz¢e intensities are derived from

diffractograns neasured with variable slits. 10 X-ray powder
diffraction anal ysis (XRPD) was perforned on sanples prepared
accordi ng.33to stlmdard nethods, for exanple those described in

G acovazze;—G—et—a—{399%), Fundanentals of Crystall ography, Oxford
Uni versit4y11PreSS'mJenki ns| R and Snyder, R L. (1996), Introduction
t o X- Ray sBewder ffractonqetry, John Wley & Sons, New York; is Bunn,
C W (1948)—Chemcal-G~ystallography, C arendon Press, London; or

mug, H. |P:720D 2008 125964 | PCT/ GB2006/ 001861 -26 & Al exander, L. B.

(1974), [Xg4ay D firaction|Procedures, John WIley and Sons, New
3.59 m
3.43
3.46
335
3.31
3.24
3.09
3.05
2.92
2.79
2.60

gl sl 8| B8|{B| B EB|B|B|B

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;

s Bunn, C. W. (1948), Chemical Crystallography, Clarendon Press, London; or Klug, H. P.



York. X-ray anal yses were perforned using a PANal ytical X Pert PRO
MPD diffractoneter. The sanple was anal ysed with, and w thout,
internal rgberRNeses The neasured peak val ues were ad] petrRre03M01861
thereafter calculated into d-values. 5 Differential scanning
calorinmetry (DSC) was perfornmed using a PerkinEl mer DSC7 instrunent,
according to standard nethods, for exanple those described in Hohne,
G W H et al (1996), Differential Scanning Cal orinetry, Springer,
Berlin. DSC onset tenperatures may vary in the range 5C (e.g. f20)),

and XRPDgdAgkARGEL Vigt! g@ﬁ),@l‘ay\@fﬂacﬁ&l PrBockti@s, TeigWiléZana BoksNew ast
gi ven deci mal pl ace. f

ef érence Exanple 12 . FEpanti ric selectivity
of the c¥mg chiavandyses werernarommednee 2 BAN Pﬁﬂg&mﬁam ne salt of
3- chl or 0 frglirdhig PREBLRAGK Yy BNRLA GitldGhahwitSoupatbral séfarchos. Tise _
interesting as It occurs as_a crystalline cgan%lri‘(l) r%{e. Thi s makes it
possi bl e measuredpesk ealyes sveredipsied sreafigy calrulat t?%"- ues.

3-chlaro, 5-di fl uoro-net hoxy mandelic acid as product from an

enanti osel ective process., There is a distinct difference ween a
congl omeRifferentighscanping eaiqrimediy (e veps PE’SW%“@&%M%@PQ@ mi xture

of both GRAGMERTRESIng t6¢ARAETRIRLS fGeRENSE tosf desoriBbdinHENGG. 8.y st al s
of the two enautioners in equal anpunts, Althqugh iy, bulk the

congl onerhetal(99ghDiideentipl Scanipg Galoripgy: SRiets gﬂg‘P’ ]%%%I{S&ﬁ s contain
only the (B Qhat@e &R 4rp Rthe raddh 3°C Go.d. 22°0) a8 XRPDU distahce VA0S friag vary
conmpound where the ’individual crystals contain equal anmpunts of both
enant ilﬂomé'ii@eéﬁ@e#%@n%dwe%%‘%g?@ef orma perfectly ordered array
of R and S nol ecul es. 25 Racem ¢ conpounds and congl onerates can be
di stingui sh det erm nati gn of. tpei,r_ el ting point diaqgr
(phase diBeferanse)Example 12 Jinantipmerie selectivipy 01 g GOnp Ometiie S8 tate
| R spectr@fcopy; the data of pure enantioners are identical with the

data of the _conglonerate, byt different, fromthat .of a.r i C
conpound. Thedrigtaanolapinesplt gf ?ﬁ‘élﬁ%rf’%ff{l T fthoxy man Hacils PrdcBfifly"

3-chl gy pglﬁfefgistﬁﬂg_tgg Etﬁjgmrbwcrmnﬁﬁ|cbﬁgliﬁ,ﬁérﬂe. Théx nlaegcesait possiblyl to ingratesharak es
it possible toisolate the trjet ol ani ne salt t.he - ic
aci d fro%a%twn@ﬁaﬁﬁ%%&frq%c ér%ﬂ’eﬂaﬁt}%ﬁ“ % H}a&d"glf a‘f‘ﬂ%“ 5&@%‘8@@% %Ci d
by di rectenaraabiadtivt sakésen. WO 2006/ 125964 PCT/ GB2006/ 001861 - 27

There is a distinct difference between a conglomerate and a racemic compound. Looking
s ata50:50 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 contrastto 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 § molecules.
s 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.

3 For the triethanolamine salt of 3-chloro-5-difluoromethoxy mandelic acid, being a
conglomerate makes it possible to isolate the triethanolamine salt of the (R)-mandelic acid

from an enantiomerically enriched mixture of the mandelic acid by direct crystallisation,



The maxi num theoretical yield can be cal cul ated by: 100-100x(anount
of the wong enantioner present in the sanple + sanme anount of the

desired engphih@ABies4 t ot al anount of solid. For exanpl %Tﬁgﬂ%gﬁyoﬁgﬂ
with 95% w w of the desired enantioner, the maxinmum vyield is 90

Starting with 90% w w of the desired enant i onmer, the maxi mum yi el d is
5 80% etc. (R -3-chloro-5-difluoro t;hoxymandellc acid with an e.e.
of 90% can, for exanple, be the product of an enanti osel ective
process. Reference Exanple 12-1 Racem ¢ 3-chl oro-5-difl uor omet hoxy

mandel i ¢ ¢ xibmd Beoriibat Held @ B@Eﬁlbﬂlafé@ﬁy adﬁi-ﬂjﬂbx(@louﬂﬁbfmeﬁwﬁﬁg. M

solution of the (R -mandelic acid 607 epar d from
the (R)- emmtipmyrmosentdp thegainplg +isesng %Ea‘)un ofite %éﬂf‘ér Wg’gﬁﬁ*"%‘%{ o ethyl
acetate af AHADERRkamyIE m&ﬁ%wh@svww SR HebifdR it oM the magfmithe

(R -mandelic acid in the_solu ggzaéﬁsﬁget er.m ned to .be 92, lé% by

chiral Hpiek igQ8YoySipging H’é@ﬁB?%&’ of FRATERRE. B8 TR B oy e) .

Tri et hangheynBe#)3- &ﬂtﬂ'ogrdﬁuo?é)xﬂeﬂmi?ﬁ&ndMac&ﬂsdﬂdaﬂdb bH20% cdnyfor on - at
23C. The 15 terrperature rose tq C.upon the addition. The sol ution

was heat edapie,hghe nip “?b@aneP@BBS(?e%"é’P(‘?fesg n) was added and the
solution was seeded with a few granules of the triethanolamne salt
of (R)-3-chloro-5-difluoronethoxy nmandelic acid (99.8% ee; see

Ref er enc apple Irke 5ol uti on was cool ed to 65C and since
cryst al | | gabhR-dhaso-Hkflucsdrddthord niahexlis eqd ‘(ﬁngasu@s 0 pepmatobvas Fiied to

sol ution was cool ed to 26C ove s 20 ther Il no
preci pt t & §-31 Meolppen %féil%"i R)'FH‘B‘E‘%‘B F“E}Ew(')@’?\ﬁag a??ar&?lglopr %F‘ﬁﬁ%%%@
seeded apd. alt hoMe Bl (aq)¢ @fd watkr weahiny), in tthel acetytswadnihlematl on
started at 5 after anot her seedi

The oled to
anbi ent  tEwpEREeyF R HRBIRAE SXBSYE 5&% (&lg?lﬁiieg G?CF i} Seasgp Wgso
filtered @hdmind® W2 40bEHIG] HPDE mn;tsiso;pdrfomm asyn mfemmecﬂxamab 11

Beanpl ¢ 1EPYSTREBIPRIGE QAL BocieRE D Rat R g P AR P CEIRIT,

at 1C forg Ferﬁﬂrefteéertg 25%epos A adiiEisn. rmahcamd vhyhéaltddtto AICoAL 7&R§s hed
wth EtOAc

over ni ght 1SPQ9|t3§g€]g§ %ﬁgva%@ﬁ@étag‘iﬁ'ﬁ Is‘gl a§§ﬁq %‘F’ﬁﬁj R s B 80
(R) - 3-chl gy ealaé%l&ihﬁmé ?\@F@(Rf—ﬁ@liﬂ&rofﬂadifiﬁdrbxﬁethﬁdydnaéelm auili(§%8% ewdesr )
(0 8570 i i R KL B Sl S R RS, °
2006/ 125964 R £BRAGAHDRBEEN. The solution was cooled to 26°C over 3 hours, but as
26 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
25 to, and stirred at 1°C for 2 % hours. The salt was isolated by filtration, washed with
EtOAcfisooctane 2.5:1 (2%2.07 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 (ses Reference Example 11). o

30



-28- Reference Exanple 12-2 Racem c 3-chl oro-5-difl uoronet hoxy
mandelic acid (371.29 ng, 1.470 nmmol) was added to a 0.351 M

sol uti on okobiRsAp@edel ic acid (3.500 g, 13.856 nmol ; phrepeeshshEigen
the (R - MA-(D)-PA salt using HCl (aq), and water washing) in ethyl
acetate at anbient 5 tenperature. The enantioneric excess of

(R -mandelic acid in the solution waggdeternm ned to be 91. 1%y
chiral HPLC anal ysis (see Reference anple 11). Triethanol am ne
(2.566 g, 16.856 nmol) was added to the solution at 23C. The

t enper at WofrbRs Rxh@pkde-4pon the addition. The solution was heated
to 70C. mﬁgtﬁ\?(&G m) s agdded d th sol.utio s
seeded wikeppmic ?@WO@r%rﬁmue@m@Yh%h@aﬁﬁ?@ Cﬁjacﬂa'%ﬁel'%g pmgjy was adaed’

(R) - 3- chkoy 0351 1Gofkibh hdvars YoidEssbe ol 13, 886inen St RRedeim the ¢R)-

Ref erence Exanple 12). The sol ution %coo}\lﬂgd e{lag a250 antd si nce
cryst al | MACPHRA salbusies HSYam i Wafrs v HPtie ostal A APREnt The

sol ut i,0n (YRS £RE!18M RihtiBhdsesHeands %ﬁam el i elitoreas dférmaedy at

about 40C the salt crystallized suspensi.o s ,cool ed oom
t enper at 49 e Hnkyo P&F]P”%léﬂ" japalgi(ser Rpfrrenon, X%P@“@&F&W& ter E%Sé(r)ﬁff

the next £6mot) Kas Bdell Bahe Plltoh Yt 3PC Vi edmpamtrelmsetortP@dpdndhdre i s

97.0% ee by chiral HPLC anal ysis e Ref.erence le 11). e bul k

of the s@dfitiprs Thp solyfin %&F%@S@goﬁgt Zﬁ%rl?oé’&tméet (S%X@lalyg'?s ?lldc%%nﬁl}% The

?6“ t Wa% sbﬁabxg&%e@dedfv&ﬂhtarfgb ig@nmemtbaﬁethwﬁtahﬁﬁs@e\of (msﬁemioma@- 4:1
2X7.5 | _and vacuum dr | ed, C ov i ght to qi e .o

tri et WandliBypromaethogymas, el{"l@flﬁgégc#’)B‘?’ﬁgegiag?r Gﬁ(?'ﬁ%rﬂﬁﬁ E@X@her%’lﬁlgg? e aci d

as advvhi tc%olé@wd C gﬁ@siﬂ&kgs rgtall&gtidﬁ%d nailhagtgcpmb e%tlin@u}ai; tepeatdd. Thee sal t

was deternined to . 7% ee chira HP. n |

Ref er encegoﬁiilalhﬁﬁ%cof%i%ylsfag‘?s?n@ B%Eeélr}lﬂ‘gf’%oﬁe Pray hélﬁ@ %]a B’cﬁt] 20 Sa %Ssalt

ﬂegcri bedcrj?s@andﬁea. %Iﬁ%éuﬁﬁnﬂidh\&d&%ﬁél&fﬁlr@fm mwamb quing Jeft to sfincaremight A
ydrates, and suc roe, are, al sp covere the.inyv ;

cover ed bympleryeas filigied OF She BEREmARYey mpélf’élpggtgforff”ﬁ]é’ﬂ ng%éet%&%neé‘ﬁ%

deri vay i V@S esEy sRRUHPEC Ghdlysis?ee RRfrencd Brtamplel11).A'hp bulkef the bwpension

dynam cally resolving . a su it d - 0 S) - del.i J f

formul a Wasf‘%o{%]ﬁia?ﬁnéﬁﬁﬂ?‘f%ﬁié %OEEM&M&JQ‘%F %5015%@2 ﬁ[t}ﬁg%lgwﬁ%ﬁ elic

aci d by sgli EfCKMBédcRRe QTP Sil)@nd vdoeurs Biqaisat 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
20  HPLC analysis (see Reference Example 11).

1t 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 deseribed herein,

235



(a) formng a mxture in a solvent, or mxture of solvents, of (i) a
m xture of mandelic acid derivative enantioners of formula g O HO
OH ROC | wherein Ris -CHF2; (ii)oeither a chiral base

(D) -cycl i cclaimsde or (L) cyclic amde of formula I(x) |I' H2 NI-12 |(X)
wherein t;‘ue chA

i!?re her éa t( &%‘;t Iq%geIOf cid of oule
gs%lgﬁgf'f fh QE ntBan i )F:%onal $§§%—§%Eﬂl gnﬁa-g agyd ferma mqwusfﬁg

base (i.e. cycl | c am de and optional additional racenising base)

nmol ar r atqap Gbrmiing a MiddrR it 9 sdvafiOsr nmﬂg;élcﬁiggvériﬁégt he cyclic am de

base is presenl miaudRk ManddioizeidUerdtive bimth rﬁg,g wherein the
m xture may optionally contain water in ta rangeo /oto 15 %

(vol.) of solvent; (b) heating the mxtur above anbi ent tenperature
and (c) separating the respective ( %(S)/(L) mandel i ¢
acid-cyclic amde salt of forrmula Ila;j O N +H ROO2 NH2 -~ C
Ila

RO Cl

wherein R is ~CHF»;

(i} elther a chiral base (D)-cyclic amide or {L)-cyclic amide of formula I(x)

Q""«f"

+
Ha Nn,
1)

wherein the chiral base used is either (D) for separation of (R}-mandelic acid, or (L) for
separation of (8)-mandelic acid; and optionally

(il  an additional racemising base;

at an acid : total base (i.e. cyclic amide and optional additional racemising base) molar ratio
of 1:1.025 to 2.500; provided that the cyclic amide base is present in 2 molar ratio of at
least 0.78; and wherein the mixture may optionally contain water in the range of 2 % to 15 %
{vol.) of solvent;

(b} heating the mixture above ambient temperature and
(c} ssparating the respective (R)/(D) or (S)/(L) mandelic acid-cyclic amide salt of
formula lfa;
0
HO -
0
{\ N ) “”’fo
My
RO Cl 2
lla

2. A process, accarding to claim 1, wherein there is an additional racemising base.



2. A process, according to claim1, wherein there is an additi onal
racem si ng base. -30- 3. A process, agcor ding to claim1l or 2,

wherein the base or bases are added in nore than one portion and

af ter thedf | rsh PEReess: easording teegkalint | anawhgreinttheobasemy bagsizpn added ib@ore
added af theP cRe geiling asd after t firstportianpanyeediiona partioniinag opfonaybe added

pr ecedi ngd AEMNA MR &n t he addi tional racemising base is an

organi ¢ am ne (such as benzyl am ne, _

1, 8- di azahi cyoh D‘OS.GSB.. opeondieg toany pesceBiBfiainl whersin the additional racemising base is an
di azabi cy@u@lidaming](aenth-25-benayl4riiBe) 1,8-tiadehityaln ol Qjydeal72er (DR LEEIE

( Dabco), qﬂi@%’mﬁlpHe%-olr)@ryaeoné&@rﬂ)aﬁmfﬂ@zaubm.abmpha(ﬁaamo). PEBIMick, ne,

pi per azi n&YloBeAnIAR dilyaiohexviapiing eipridingipinerazive, atnylereeltamdms pherethyiamine, 2-
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