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WO 2004/ 112774 PCT/ US2004/ 019616 Resol uti on of

a- (Phenoxy) phenyl acetic Acid Derivatives FIELD OF THE
wo DMENTI7GN [ 0001] The present invention rel at eBCT/OSEN4/019616

enanti osel ective resol ution process for the

separation of a-(phenoxy)phenylacetic acids fromits

{0002 el bfioH 4 - endn SR T lic At DRENALTYs
a-(phenoxy)phenylagghtﬁ are un§§ﬁﬁTﬁ§ halofenate,

are chiral conpoun naneliorating a
(00014 ITHicypreseninyéitivnaglacalto @ Btintiogglsctive irgkolutidhpgocess for the

condi tions associated with blood |ipid deposjtion,
sepagatign of py(phenaxyophepzlaseticaasids iy éls lengitioareaic ng&BIre.f or

exanple, U S. Patent Nos. 3,517,050 and 6, 262, 118. a

10 (phenoxy) pheBAICKGEROUNIS OISTEBINVBNHON ngl e chi ral
center at an asymmetrically substituted carbon atom

[0003] pHistarpandymiday émmtlvewﬁmﬁpl@n@m)pmlqcnw aqidy, such@sdualofenate,

nant L operi ¢ 4
are %hérafac\fl]g?nepnozu;ﬁﬁ%ark \?\Hs?fg 1& gi?ellgLaQ%g Ta%é/n&rhg?gl glc%P%o%(&ﬂlons
inclwdh @éuditioms agsosiesl Wit bbod §ipid ddpobisiol,OMNT {1 WdRbetes and
skilled in the art that chang sin drg‘% 15 netabolism

hyperhipidemad Sesy forrgrianiple, §hS dRaterny dNash3, _éh%_o 80l R3S dras
e A e
carb8n afop¥1pIgx16)tRE EBbRERkIHon ACIrl, and therefob@d:aéten o al(idndomenc

i nhibits cytochrome P450 2C9. See, for exanple, U S
formsat ent No. 6,262,118. Thus, administration of a

racem c a- (phenoxy) phenyl - acetic acid, such as
[0008h! @fyestheorae PAS®DLCY issantnziymakinyes fo phay alsédlfidant mle in the

oS o v iR s Boain o ang st T i s Ghgp i are
meta%gﬁah%mﬂmecﬁﬁ ibifdh 915 R‘t&%ﬁ rﬂé P4563£ ek 78s h&;laieﬁtial to
as of

enzyne een the (-J-enantio
precipalamfs@mﬁcaac advers eﬁfwmtm putdanty - it o a:‘llsd lemsvratbdt acémiciot-s

bility to inhibit cytochrone P45Q0 2C9 _conpa
(phef%whpfly@ﬁ%nﬁ 3cifingre- Hedotenig geid, pmhikits cytachromg %‘{55%9 See, for

exa 5”[5:' SS a% ttﬁbe 6(2 ﬁ%ar'lth'ug’ %ﬁ}lfﬁgtra&ﬁ &faergée‘fm@g g)ﬁgﬁoxy)phenyl-

S der ives ich st ant free o

acetlb -h?ctdemhtals haeferfi®adié dtlaﬁdéxhatlvé’@ cm&sd b 4 Varjetpdf dhug dnteraction
i nteraction 0004 Therefore, there is a need for

probigms; Wit piher %@ggc yeing griicnasyiapts aar}swa@awaéqmagﬁgaanqa gfher

drug§l tl{%@ %%&ﬁdﬂ?@? bg gﬁfig Fﬁmnge A %h?e'éﬁ %ﬁ@&@ﬁ:ﬁ%&tmmﬂ of

halofehMENiﬂ b Eaebhtydoll laspmtive of its ﬂnlltyrtesminblt cytoelmbme 450 2C9

comBhred o B ) et e Ui HBES A e Skl & dvmriyitat e (Q-<qaptipmer of

halofeRIERRUNGE iRf deiR BT RWRERs suﬂstM@aﬂQQﬁ’/e& &e4)-enantiomer to reduce the
PCT/ US2004/ 019616
possibility of drug interactions.

[0004] - Therefore, there is a need for an efficient process for producing a product enriched

in a desired enantiomer of a o-(phenoxy)phenylacidic acid, e.g., (-)-halofenic acid.

SUMMARY OF THE INVENTION
[0005] One aspect of the present invention provides a method for producing an

enantiomerically enriched o-(phenoxy)phenylacetic acid compound of the formula:
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O RLOOH x wherein R is alkyl or haloalkyl, and X

is halide; 5 froman enantioneric m xture of the
wa@2qoph&texy) phenyl aceti c acid conmpound conpri SPEMUS2004/019616

first and a second enantioners. In one particular

enbodi nent, the enantioneric mgture is a racenc

m xture. [0006] Methods § h &sent i nvention

i ncl udes: (a) producing oI ution conprising a solid

enantiomerically enriched” 1¢ agi d- base salt of the

first enantiomer by contactirg.the enantioneric

m xture of the a- (phenoxy)phenil acetic acid conpound
whé%i%h | ess than 0.5 nol ar equival ents of an

enantiomerically enriched chiral am ne conpound under

condi t i dh'sisalifyl bchaedlkylpamdr oduce the ratio of the

anount of .free first enantioner to the anount of the

free sec%h%hazﬂﬁhti oner in the solution is about 1 to
fon e R P PO e M B R R blld Qhmprising
first @nipescadnt éhantienerst heowopuenilaranibodimént ghe acintdeoasgemixture is a

salt of the second enantioner of the
racgiCc fHEWS% y) phenyl acetic aci d compound is near or bel ow

its saturation point. [0007] At |east a portion of
[0006le Bedwmdd ofthaprésontenvandion beclodssverted to the first

enanti o , 20.e.9., racem zed,.by cantacting .t .

second %gnt i Qfﬂ%‘fc“gﬁ g Wl'ztloﬁ’a?&pﬁfH@yar sé’§§ RE ARty enriched
aciDALISATBS Ihe firflehhttidEnG 3 chRBMEhE RMEbREri@Rfkture of the o-

subjected to a simlar énantioneric enrichnment process
(ph¢mvxy)phenyasetic tabid opirplotndvith bess thandt5 mwobn eqwwaents of an

aci d- base salt. [0008]. I n one part,icul ar. enbodi.nent
enapiQneiE & A SRR TR WHE PORHRa s eip espepduce the
ratié\bf B ard VR FreedprstiRh @ Rerad et ShouRe ofhe 188 sécdnd enantiomer in the

I ndependent |y hydrogen or alkyl; or R2 and R3 together
solutionhs altaoutrd t¢ 3; amdi ch they are attached to forma

heter ocy(%s 'c srei)a?rgtirrltgo I8 5¥rid ﬁ%d-'b%sehs)éﬂro?gleerhrgtrenglllt@ﬁlxér ffom the
solution at a temperature where the concentration of an acid-base salt of the second

enantiomer of the o-(phenoxy)phenylacetic acid compound is near or below its saturation

point.

[0007] At least a portion of the second enantiomer can be converted to the first enantiomer,
e.g., racemized, by contacting the second enantiomer with a base. The resulting enatiomeric
mixture can then be recycled and subjected to a similar enantiomeric enrichment process to

increase the yield of the first enantiomer acid-base salt.

[0008] In one particular embodiment, the chiral amine compound is of the formula:
ORZ OR?

Ar R4
NRR®

wherein
each of R? and R? is independently hydrogen or alkyl; or R? and R? together
with atoms to which they are attached to form a heterocyclic ring moiety;

R* is hydrogen or alkyl;
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WO 2004/ 112774 PCT/ US2004/ 019616 each of R5 and R6 is

i ndependent|ly hydrogen or alkyl, or one of R5 or R6 is
w@poo4am7me protecting group; and Ar is aryl. BRIEBS2004/019616

DESCRI PTI ON OF THE DRAWNGS 5 [0009] Figure 1 is a

graph sheishRg RPRRd ROlidiBdépehiler? XQ‘delr@g’eanr allky),-oranelof R’ or R® is an
(+)-CPTA/ CAF D- Base salts in pr opanol 0010]

ammp@mtectmgﬂ@\ms apdsults of a process for resolving a
racemc K#étltl of CPTA using CAF D Base under a
variety o Stallization conditions. [0011] Figure 3
is a graph sh@®RIBF DBECRIATION OFyT'HE DRAWINGS

100851 oFltre  coBRaPh Shart o el 1S ROl o ARRI LA CAF D-

Baseedy igllzl‘,/poﬁan410012] Figure 4 is a graph show ng the
conposi't a m xture with a vari ous anount of

(00f B} pERE 2 S Lrealivah Spresrl b P Ry aTae S BERG G TA using
CAF@BaEEQunCﬂe?a[vQQé@]oﬁEfa@téﬂ%aﬁoﬂl SorlifictlRl € showi ng

conparison of thé prediction to experinental

ts f t 4 of
o0 S 5 Ll BB P3Pl AR L baso st
in ;fuvé"i%b;bx@gaxﬁfl ahi & solaffBh BémeYisikgNr nidx fRes 6f igststeshano] AULEPTA (11%).
Fi gure is a graphic representation of experinental

[00 ESF{&%&: Jl Fkoaogrg?? @{)éﬂagg tt%ré%ﬁ@oklﬁo é)? 32‘? L‘¥ gv#g%fvanous amount of

eacﬁabmpb@etrml amount of CPTA in nother liquor and a
graphi ¢ conpari son of a caI cul at ed percent age of

[OOE]) Eﬁéo 53 i%x’\%gﬁ c}vfl éa‘ﬁ%@hﬁéﬂ Bfile fof Qx%@ihlhzatlon and

vv| ng experinent al data and
heaEingoI ubility nodel cal cuI ation for Figure 7 (i.e.,
entry 13 of Figure 2). 25 [0019] Figure 10B is a t abl e

[OO'fﬂownggreeé Ref ﬂa%%hé@lr%%ﬁlpﬁﬂ%rﬁoﬁﬁé HRdki ﬁrﬁdl@ﬁ&ﬂo ex enmental
cal culation for entry 4 of Figure 2 at 28.3 C

resiHisfar entiyl4 pEFigutrZaph showi ng sol ubility of racem c
CPTA at various tenperatures in 1,2-dichloroethane. 3

[00Y¥] 28(ptell Blal grapldiduiBR L Ot/ o6 61 (+) 38R Trnfatiotag a Fhctidn of the
Eh showi ng solubility of racem c CPTA at various
am‘?@%'eé AfUPpBase addedept ane.

[0016] Figure 8 is a graphic representation of experimental data for the resolution shown in

entry 11 of Figure 2.

[0017] Figure 9 shows the actual and calculated amount of CPTA in mother liquor and a

graphic comparison of a calculated percentage of (+)-CPTA salt with the experimental data.

[0018] Figure 10A shows tables showing experimental data and a solubility model

calculation for Figure 7 (i.e., entry 13 of Figure 2).

[0019] Figure 10B is a table showing experimental data and a solubility model calculation

for entry 4 of Figure 2 at 28.3 °C.

[0020] Figure 11 is a graph showing solubility of racemic CPTA at various temperatures in

1,2-dichloroethane.



[0022] Figure 13 is a table of results in Exanple 24
showi ng yield of CPTA resolution using CAF D Base
waoie@eniaras i ety of crystallization conditions. BC[/0828}/019616
Figure 14 shows a cooling profiles for the resolution
[0021)y s Fiduré T2is Dgraphi shoawingsodubiBtytofiraceniio CPTduat eaous temperatures in
0024] Figure 15 is a table show ng the anount of
(3. hal of enate yield from (-)-CPTA salt in Exanple
26. [0025] Figure 16 is a graph showi ng solubility of
[0022)c e Figur CPT s sstabliewdresalts indixaugplé 24ishowiag yieldoefrGRT resolution

t 00 7.4S.a h showi ng CPTA
us"?%@‘\é\"%i @'ﬁﬁsgw(ﬁ‘]&aﬁtg gfryég{hizgtu%n %qﬁﬁwpfng hydr ol ysi s
(-)-hal of enate. [0027] Fié_gure 18 is a table show ng
5 [002He Feayug 14 shytwsapgoobingarndilesdpiihergsolitioprystlidzatipn g various
I in Exanple 30. 15 [0028] Figure 19 is
ennqgs i #1§Lgrgt2 resul ts of solubili ty determ nati on of
racem c CPTA in 2-di chl or oet h hept as
10038 e FIEURLS 157 Exlg S he TonmbpT £y hapEns gt fom (--CPTA sal
in prgjrléﬁr@nt al results of soI ubi |'i ty determ nati on of
racem c CPTA sodi um salt in water as determned in

le 4 [ 003 ure 1.is exper. tal .resu
lﬂﬂgﬁ DB H il oy oy iy e ziic BB AGPi b verious
10 gra'tﬁemlne 42. DETAI LED DESCRI PTION 1. Definitions
031] "Alkyl" refers to straight or branched

WO?QrE FROLT bt et BeaargCoha e PRy R L sk e

hydmglﬁs@fgf).gﬁ@bénmeone to four carbon 25 atorrB
Exenpl ary al kyI groups include, but are not limted

[OOE‘@n ty th% n%lst hylle s&cﬂm‘ﬂ% 8(8%5 ult% &‘f rC?!ﬁy Jesrgééctop&g% various pH as

des&ﬁfw\,ialgmm pta3®cyclic or bi cycl ic aromati c hydrocarbon
noi ety of 6 to 10 carbon ring atons. Unless stated or

15 [ook§di F%tu?éjl@fst& ¥i‘1rﬁ tal3Bsuk ¥F sARRHR, m%tloﬁ%?%cb&i&t@ﬂfA in

wi't h dhe or stituents, préferably one, two, or

1,2 dahderosth st artd&e:ptanﬁ andefermonal i4 BAGn0O23.112774
PCT/ US2004/ 019616 preferably one or two substituents

[0029)| eFf ge fG @'@xﬁéﬂﬁﬁémtalh@eluﬁ@bké’dlublﬁtyi d@ernAitdion B eace GPTA
speci ca ly t termaryl includes, but is not

sodjunmrialin waser gshisteyinined imEpamplgi4l. and 2-napht hyl,  and
the |i ke, each of which is optionally substituted with

[0030] PBigub®? Bisesp&ihéitantsusy offbs&tdisyrRelysia 8O{9-halofenate as determined
20  in Example 42.

DETAILED DESCRIPTION

L. Definitions
[0031] ““Alkyl” refers to straight or branched aliphatic hydrocarbons chain groups of one to

ten carbon atoms, preferably one to six carbon atoms, and more preferably one to four carbon
25 atoms. Exemplary alkyl groups include, but are not limited to, methyl, ethyl, n-propyl,
2-propyl, tert-butyl, pentyl, and the like.

[0032] “Aryl” refers to a monovalent monocyclic or bicyclic aromatic hydrocarbon moiety
of 6 to 10 carbon ring atoms. Unless stated or indicated otherwise, an aryl group can be

substituted with one or more substituents, preferably one, two, or three substituents, and more
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5 [0033] "CAF D base" refers to chloranphenicol D
base, i.e., D-threo-(-)-2-am no-1I-

w@ niosnanenyl ) - 1, 3- prop anedi ol . [ 0034] " Chi r aPCT/082004/019616
"chiral center" refers to a carbon atom having four

prefibdbl Po&Yr (FBRE étftﬁk?&t lectddI¥&Y Glleyl, HAfa Syﬁ,'rﬁ‘@gg,%nd halo. More
criterion of chirality iIs non-sugen nposabil ity of

speetficallyr the tagesyl ih6ipdss) bitHe notdimited OPPUenyh lanaphthiybfead 2enaphthyl,

T e T I INE I SR

abod€i d. [0036] "Enantionmeric m xture" nmeans a chiral

compound having a mi xture of enantioners, including a
ceuy 1 xt ke Pref.erabl . [ [ Xt e .
0SB K PO AR R R LPE Bt v

(nitepHalylprByibsanellickach enanti omers. More preferably,
enantioneric mxture refers to a racem c m xture

er h i " ] | PRt substituents.
00T AR RN ATRL by LS ERbol BRSSP st
Howowmpdbé titiarmtadriegomofchimhtytis aopsupaimprses&t ofimirmr images.
hi gher anmount than prior to being subjected to a

[00% PatRd Qs AEPELS gnd HHRARIBLic 25AaRLd QBB fiktercRXGRASY hefein and refer
"%ee" refers to the anbunt of difference between the

to (4-chlotophemd)(B itxiftueromsthylfheneedereticandnt i oner .
Enantioneric excess is defined by the equation: %e =
[0036Y0 OfEdahfohbliSii@iRN ie@h®i thiral CHprpbuidiBavBEOMEk ture of enantiomers,
. enantioner). Thus, if a conposition 20 conprises 98%
inclpding gaadentie mixiem threfeablya saampipmsicipixtye seferg to a chiral compound

GRS RSty 5 SRR PR B G5R Shrb I o

mixaure réfbslte s ravemicimduieiilere ehgpaiiomdrds preseraidan @fval amount.
to hal ogen, which includes F, d, Br, and |, as well
0 Ldes. » ASfer ositEdh whaRARk enanti '
R R R S A
presehi ok logleer amonmtr thampdordg éring2Bbmtedto haspardiieeprocess.
repl aped wi t h hal ogens, including perhal oal kyls, such
(0038} terEdahHONMORELRYEs” or FORElererbiad Mot of BffBfeficd Between the first

2-acet am doet hyl 4-chl orophenyl -(3-trifluoromnet h¥ll - )
enarp nanry andl deetcatnsl qniantgomer. Enantiomeric excess is defined by the equation: %oee

_od-chlaro-a-(3-(triflugraneth henoxy) benzeneacet i .

=( é SIF &e%%gt eelglﬁtéqxéqrgh{/ﬁ 8? {hgtsFi%rHe%{g.gﬁo%?l)f. l%Eus, T posﬁlon

compfis€sY89% epihe Firbt)enantiomdr laH@ 2@t thy kedoad exantidgrt, the enantiomeric
acid), 2- (acetylam no)ethyl ester). 5 WD 2004/112774

2
excesepf ihstosiamantosna is PG of RaYeer oal kyl " means a

branched or unbranched acyclic saturated al kyl noiety
[00399 nt Ehenterigs GradidST anddihelol ateused tinerhamgeably hereimaderefer to halogen,

whiﬂg{nz og% )g;:ﬁ? ?,Eji%hrrﬂ asgyel %S%mggaéﬁ, smearswgnd —-SCN.
het er oat om cont ai ni ng substituents include =0 -O0OR

[0040¢( =B dRaalkyIRIR:LRS to alkyRerp @ aOi¢tined-hefesOymRbiRh oag dr more hydrogen
-S(O.nRa 0, 5.intg 0, t . h
o L Sy T D Bl 8t

‘hal oal kyl, aryl, or aralkyl. Representative exanples
(004 ndiadelsmatryiefarnta raestamigpedybinshioronienye@yirifluoromethyl-
pher?dx%gc@&?et &%l, 4-chloro-a-(3-(trifluoromethyl)phenoxy)benzeneacetic acid, 2~
(acetylamino)ethyl ester or (4-chlorophenyl)(3-trifluoromethylphenoxy)acetic acid), 2-

(acetylamino)ethyl ester).
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(i.e., -CH2CH2NHC(=0O) CH3). [0043] The terns
"heterocyclyl"™ and "heterocyclic ring" are used

w0 ndognedtangeabl y and refer to a non-aronatic BPLIUBI04/019616
noiety of 3 to 8 ring atons in which one, two, or

[OO%E]V ee‘I—fgk %lﬂloﬁaﬂsoa Blaficialof ﬁﬂ%ﬂ%d?@&&ﬁts%a{té@zﬁkﬂ moiety

renis an integer fromoO to
contammgmm@r miong hettrea®nisair vge Gr nmfneh@eroatenmontamng;smsutmnts

whia S BetetoR a1 S N0 o SR B ton Ch e ARty include
=0 h@gﬁ ,ceE=R? Qmwnh aNkw Cé*@}?é" m&@@@%@ ngi@)ﬁ] Y(whietd is an

, or three subst Ibt uents se ted from hal ogen,
mt@ekﬁlom 0 gq:\yp Ezmhd}f&(ynd anmdemldmtlydw;irogn@,raékyl haloalkyl aryl, or

c t he t er cl
ara{ 3 “hebitalnh G B R G0RY o 18 FPle, KAt 2-aminoct
(. eand:HZKL%NH@r] =0)0Ag4] " Leavi ng group” has t he nmeani ng
conventionally associated with it in synt heti c
[OO Paﬁ'hg |téﬂ1%%§tg{%§;dgl”gaﬂg l“g%}e%%?@cgﬁ] ] nC 04 i d&%ﬁ%{g@aﬁ& and refer
to a(mrshro&&tle bi¢lfcamoibty@ s, to 8m:hg A6la3 in whichoas b oamthex ying atoms

areg};%%z&%f@ong%%%ﬁﬁé@l Ky &%r ggg' lpx%%ls ap @t%eger %Cet 8 toy %) the
rerr%ﬁr%?%l W @ \tlﬂé?é(b 8(81' th%)r ¢ Ia 5 th&y Sptionally be replaced by a

, tro eno N,
carblony tghoiph )Iﬁrlcmytamah mmndleawl d)thamsdg ¢he f[@@ﬂ@d@ﬂcly‘l'tﬁeg can be optionally

" [." .inclu Lra Sltl a
Subaﬁeuﬁ oo AStE St ehint o o6 HireE fbs LR it F3igThg, atio
aryl, @l arRinb! dr¥alkdx§f M&efsﬁecmeau@rfwehn BbtefocRalit in@khhé'sf but is not

enant i omer present in the 25 conposition. For exanple

limited to, d Sreiosdrei and ils Gapvatives 208thediket he first enanti omer
and 2% of the second enantioner, the optical purity

[00@4] t WEedviiSiroaptaidsitRearifg %%n{x&ﬁﬂ?]asddﬁia&ﬁ&wth it in synthetic
otherwi se stated, the term "phenyl" refers tgo an

orgaRie iCheBISHY, s Aem e gﬁh}@rgapabl@ p%‘eﬁpng Gspleead by stgpphile and

nc R KB 3 8150 B3 RS HESEMBRRL LR A D10
alkylefdbsylboy €e. grpaoetoyypfarytl&mbcfmﬂmy mesy¥it g tosmex[yel n Ar a
Thu the term

s phenyl 30 as defiped her
mffuarct%ﬂﬂmvgw%f 30 62 o PP IORREI0), T NG
i Xt the 2-position with an
dm{gggfl%%(gﬂ}éggﬁ%sﬁattg?gg@phenyl and opt| onal |y

(00RSY ok s ndbel R B, (T, bt Ao e 4 el ag myaip erouop

meRlsBichia¥ B fiatsiwhen attached to a reactive group in a
nol ecul e masks, reduces or prevents that reactivity.

anp ) .
0B bR S P AR BBy SR et in e
confpusitions iFor exansteliif & Ocﬁmposiltﬁiifbdiﬂﬂrsys %%@ﬁﬁhe fiyeven¥mtidmer and 2%

é999, and Harrison and Harri % fe .. Conpendi um of
of the sgrepdh epangiopyendhe eptiet MBHY of s figst efa@tlctnafah#’% ey and
Sons, 1971-1996), which are
[0047] Unless otherwise stated, the term “phenyl” refers to an optionally substituted phenyl

group. Suitable phenyl substituents are same as those described in the definition of “aryl.”

Similarly, the term “phenoxy” refers to a moiety of the formula —OAr®, wherein Ar” is phenyl
as defined herein. Thus, the term “o-(phenoxy)phenylacetic acid” refers to acetic acid that is
substituted on the 2-position with an optionally substituted phenyl and optionally substituted

phenoxy moieties.
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i ncorporated herein by reference in their entirety.
Represent ati ve hydroxy protecting groups include acyl

w@e@ups277benzyl and trityl ethers, tetrahydr opRCEOF1004/019616
ethers, trialkylsilyl ethers and allyl ethers.

[odaepr e@ﬁﬂ&@ \g]?mﬁ‘mré‘@rsﬁb @trﬁ&tatyrtaatgzv&m&aéﬁealw d@eactive group in a
fornyl, ace trifluoroacetyl, benzyl

mqb@ﬁWn@kycradMﬁ 91 PIETBIEy that reaetivity: dpowlds@hproteaing)groups can be

yVh..Si I ; rd
fo dllﬁ'rrg';‘&' F ?md f’haneg‘l{lll%ls on )Qfecf gngoupts in p yganéc .gyntheszs 3" edition,
JolsUWslel '&US(&Q Néthdrk,gIQQQPald Hﬁﬂrﬁb@wﬁﬁm&y tt,al9 Compendium of
fl uor enyl et ‘%I 0X car bon

Syniheticdnegnisgt akbé OWd@y ané Rang, A871-1R0), which are
ch&)Q)fla%d ll:m‘antb rPerdn@t E1 th}é\@ Chtife %ﬂr&gﬂttaﬁv@lé%cﬁ{)ﬁ?éfo?&tmg groups

a Sa ers to netic and/ erno

1nchaih e.syl grﬁ)lﬁfs%enéyl ansledtylh ethersntettahgdrbgyramyltethesd, imdkylsilyl ethers and
reactln%‘ft refers to

allyhl]- CE% gsapta%er grqn@é)é%t g Fauns 1gﬁﬁg%g?m‘gxleacety} trifluoroacetyl,
bexfz?f‘ @Eﬁi chiBoRY198HeS, téﬁ%ukd?@b&‘%ﬁ}q (BBY/ H{métﬁ? s11%1 (TMS), 2-

déesired product”. Tt Should bé appreC| at’eéd th
trimeshysil Wretheneshfopylo@ESH grityhend mmsuam@dnt)dlgoﬂups, etllyéoxycarbonyl 9-

o R S R UMD PG aeviertceaty LA AFE and e ke

initially added, i.e., there nmay be one or nore
[00#8} e The éirat satewhemreferaing o o furowtion af 2 balt Tefors tor kinetin akd/or
| eads to the formati on of the indicated
th&ﬁﬁ ﬁﬁ%@%ﬁwﬁo desired product. [0051] As used herein,
the ternms "those defined ahove" and "those defined

[00RRK e usgehiaareiny Bp & igatiee a “alaclBE eof Hetipar sfeis tpydding or
mu{lﬁé ﬁﬁ@&clﬁoxter}@aé%ﬁ%dgﬁ{g#}%ﬁ gfﬂ:o% 1tfoﬁ§ %I ltﬁe i¥ddl and/or the

referred,” nore

desdedi pmdtwto sshoufd lfemppre[cwéiﬂhaﬂ\tha yeaom;awhmhwmmemﬂls indicated
have t

t |1 t f hey
e ‘f‘%ﬁlf@g Bradgelmiees n'f%%siﬂ éiﬁ%suafdlrﬁp%méo%hmrg@aatwn of two
reaéén@ﬂvhlch Qve?@ﬁ‘&'idu?' adde eoﬁ{d‘é:f‘ﬂa Be 86E bVfio gﬁut gﬁateé Bich are

prefixes R and S’are used to denote the a
prOdkmﬂmg Lheamxtme whidhhdtimmsiebclahds talbioaiformatsorcdfi thaindicated and/or the
desSE é The prefixes "d" and "1" or (+) and (-) are
& Pr&‘} %f to designate the sign of rotation of

gﬂane pol arized |ight by the conmpound, vvlth or (1)
[00 Apysedhereiphe éempotmae defined jabo sy @nd  ‘thog dibjerein” when

refq@x&ﬂe%(fb: aqgab e%n&?f%}%% g'ﬂ%&re}lgee trl]lg%g;)ga(rgilrj ee%n{t fon ¢ of t arigRle as well as

prefenﬁ&,nﬂblatpuéferré@ﬁnd mestpbsfotred @efhtigspiraay stry and for
the rotation of an enantioner For a given chenica

[0053)" UMaH Srgah{i&R ﬁt?éah? deivl t%ﬁﬁ?'l%oge gfsha?e the ability

areldetlca pttatteyaemrrorlmi
to rofate theplehepf plAn@p@amiaddlght dn descsibivey ancetically ¥five compound, the

o R T RS, Bl e A2 B i

cen&f(&)& Wlfe&irhﬁﬁ%sa‘ﬂ” an® RS (P Bid @} @rem;il@iéﬁ% ﬁem%la)fé {#e ign of

., Streitwi esser, A. & Heathcock

rotatlme@wpﬂmm lzbGhNITT commausdRyith 0 ar Edimeaping that the compound
is ‘‘1@0<§‘r’3fa(;t‘(§ry’7 aS&V%N'(H (ﬁf{d) fs Lh%a‘nﬁ@ tH% tEQCOm;SJOu%dAS “&egcgr%}dtatory”. There

is no correlation between nomenclature for the absolute stereochemistry and for the rotation
of an enantiomer. For a given chemical structure, these compounds, called “stereoisomers,”

are identical except that they are mirror images of one another. A specific stereoisomer can
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5 [0053] The terns "substantially free of its

(+)-stereoi soner,"” "substantially free of its (+)-
wep@attioner , " are used interchangeably herei n BOMUA®a4019616

that the conpositions contain a substantially greater
als®'bO RErréPHd 23%an tBfantioet,3 91'1‘635 rﬂlﬂufe%f%ﬁélpﬁo&@rstlg‘ 8ften called an

(+)-isomer. In a preferred enbodi nent, the term
“enagiipysergitardracpmiq gnixpfre. See, £8), Streiswinssasofved Heatlznosk, C. H.,

v PRODUCACRPRRISAENC GlphotEre T clgha ot
PulflishingSCsPU.S. AN 13,0 nore preferred enbodi nent, the
term"substantially free of its (+)-stereoisoner”

n « i i i It :
008573 b LOGSOMOELL L PR BB R oris -
enahhem(erg—’) anesnserbmterd:hangmwmemmn&fn&fan ¢lcht dretmmmmmtms tdiain a

erm. substantially free of i (+)- i.soner

st e
Subﬁ@aﬁﬂ%“x FEICE AP UHAP GE f&ﬁ.@ﬁ%ﬁtla rﬁgﬂqyﬁ@ TS FD HpIRcTo § preferred
ernf‘é’dfdlﬂ’{@htgme t&fm ts!ﬂx%tﬁnt)a‘lly' PRI its {-ﬂk@ér@m@@rﬁ@re %e%ﬁ? thafth®€ composition

based upon the total anount of ‘isoners in
is at lrap OO by)welghllaf the (- )JlmezndudﬂO%rby[mglznt]orWas Ioé theh(iHy-adomer. Ina

synt hesi, s an ext nsi v r n recent
mofptHRE) Sl irToh T or A B L nEE 01 TRk e gr” means that
the @’Bﬁlb@ﬂtl&{ ccﬁfﬁeﬁh§ﬁ Led3t YT Siwdi @t P ERAESBothr arkll BRBK Hdig or less
of optically active, i.e., chiral, ‘compounds.

of tirg b+)claq>m9r In tltqme%tlprftf@rmsbm@dl@ergyihpm@m “Fubstpntiadly free of its (+)-
&
b SIS s IR AR hBEs R B Rod S o AR Siebor e -
1501{1&0 S esd péroenpdges afeshagdd lﬁlﬁ‘)ﬁQhN joRg) abroanf 6 edmers atlthelcomposition.
particularly useful in a large scale preparation of
1. PhagiBg&Lcal |y active chiral conpounds. Al though
~enantroners of a chiral conpound have exact sane

[0054e nWdxle chiraldyntheie hspatdedn extérsiviedtd gressah rel:bﬁ)marsn resolution of
[ Thus enant j oner of

enant i rs.i di ff

faceém%?saﬁfﬁﬂf?{?@ms?feee‘ﬁe@&zi pf hiesshtadys B PACES i RiRpaation of optically

acti®é,GR fchﬁﬁn&d%du%ﬁ§ ?&ﬁ@al@f E%H&eﬁ%})mﬁ)gﬁm i @?ntﬁ%“ferd in a racemic
enanti oner ' e such [ationshi p between

form land gei fingl pfoduet ippasolvad twylaldtamwaamtmmgeraaﬂiy ﬁmmched compound.
side-effect(s) has been known for sonetine, many

[oossp  Blhis gfdéc@é‘s oFrEsoblihg thed Al prodhd iEphrtibulaly At if all&4b8kcale
0056] astereoneric crystallization is wdely use

prematlm@hwce@wllé activeechitabenmenoundy. Aldraightehpwsipgrers of a chiral
con?ﬂgﬁétghgje e?(a«gtesﬁr?lﬁ:l&l&ﬁgflllvﬂo%dg tﬁ‘é 5 %Elglocgﬁentaﬁoﬁ%?giolrﬂszlﬁ haolﬂlomers 18
percent. ypi cally,

han

differentc rmﬁl&addemnamﬁmrmfe chiesl drﬁg ofara®as Yedikdacteity with a
uf ficient

a 30 Sltl nthatis of a
Sl%‘f&%ﬂ ¥flesy a@w&é&? f’rﬂ@%‘?f@%wpe‘i N EHe sesh gl onshigsbetween
hir@l i
o AR SRy AR TR B Y SPOMS RaSecinonn for somefime, many
chiral ¢rpgeare sl plminyitereé in z rageintd foﬂnV\D 2004/ 112774
PCT/ US2004/ 019616 conpound, e.g., hal ofenic acid.

[0058] ef Piagtetepmenie ChRtSliAtioh RewiEBIREY oh MAARELPRaR! Ahedoretical
a solid  acid-base salt of the (-)-enantioner of

OHC%rﬂ(r@%hmlﬁ)%ﬁémh&@@t%dlaatie@omsmrwnulzauqn is@0gercent. Typically,
howBHlore 1 ohe do-G9QRL AR pr6aRs Rhcb&RMY i oRRPRY AbGLe 2

e SO
composition that is of a sufficient optical purity.

[0057] The present invention provides a method for enantiomerically enriching an

enantiomeric mixture, preferably a racemic mixture, of a-(phenoxy)phenylacetic acid
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[ 0058] The carboxylic acid group of the
enantionerically enriched a 5 (phenoxy) phenyl acetic
wa@edod/1eam t hen be activated by a carboxylic acPdI/us2004/019616
activation group to produce an activated
congpoupdeng xl)a)lﬁfﬁmﬂmbﬂc Preferaby, thetlvdus off t}reqmesbet ineerttongrovides a solid
wi th an al coho mne, a thiol, or.o

a°‘41%‘1€é6‘§> Af the&- )@@ﬁﬁeﬂmwf@b(péﬁwa@eaﬁlaeﬂ&ﬁﬂ@mnwﬂ1 Jp this
[ 'tﬁ@{ig-eﬁantlgmg? %Q&Wée@ﬁﬁ&éd‘:ﬁcﬁﬁ ik Shftns, am des,

|oes or ot eri‘vatives, respectively. Thus,
enantlonerlcally enrlcheg phenox gfhené cetic acid
(0038 p S erEDIYHG aid Bromn oy iGnWé‘Pﬂ’Sﬂg ‘g?es ent
(phéd%}cgﬂ}hexgila% E a&%%faﬂlt &%eparcﬁgélgd B¥a carboxylic acid ;hctwatlon group to

Iac acird derivatives suc

prodtse adtlﬁatédJ@Qthnﬁxy}pﬁen}FPﬁeﬁa tcitipwhidh babdfedcted wvith an alcohol, an
particular, nmethods of the present invention are

amige,df thiol,jqy o'ﬁregdg@lpcp@llqc 9ommmjlﬂémrgduqe|ap enantiomerically enriched a-

Enant i, st al n
BBl R actol e Pl Bl &G (e AR Sempeetely
Thlfseé}iéhfi@m&%aﬂytehﬁéhedlﬁ(;Slféﬁoiﬁpl@én‘;ﬁdcéﬁd zth@t:cbrﬁ}betﬁfd@ eRlaced using
in order to produce a conposition that is o

methods ofchepesanp irivention gaus¢fyl inHivoducang aﬁp@geny)phmémm geid
der@is 0 s AP HHERS ot R0t [ (bl Bt Gt methods of
the gféfséﬂt%\%ﬁﬁo@%'u@@ﬂul wrb&lyol@@) hfophaduced by a single

rystallization process. Thus, in one aspect, methods

I of the =ntC nti.on are based on the surprising
ﬁﬁﬁ%&%ﬁ&%—m by the present inventors that
[0059] 285 89RALbAREHoSt dhafidkeRcBie @ystallization processes require more than

a- (phenoxy)phenylacetlc acid conpound,  can be
onegeratitstadliraipe p1acgss ie Arde Feprodusericampasition|thalds plea sufficient optical
purﬁﬁ ven Q&Ier ;lreseg?{ng!:l%gis ave ?&%‘&‘Eﬂ& ertégﬁaﬂrc%flgﬁ{)ns disclosed herein,

provi esire enan I oner
o- (ﬁreﬁ@fb@ﬁl@éﬁ?)a@@tﬁﬁéﬂuﬁ@&h%@rﬂ%f ql s ey bptidal poidtyl cadlbe produced by a
purity at | east about 90% preferabl { at | east
smgdm@mtabga&;onmpeespr Ehes; iibpye aspestemethodpefiibe presgnt apgntion are

baséHDngg& %‘B 1%%9 i(% ﬁ% xp%?t%{l g?sgg\lfgrg gﬁ the p%gsellfigxggxltoJSQhﬁ

e pre I‘nventi on prov

enaﬁi@ﬂéridlﬂﬁdtur@ of & &E@ﬁ&f@@")pmﬁylaébtﬁ%m dodipRihé€ c# bé etfa@tiomerically
preferably a racemc mxture, of a
enrichadaising 4 ghwhgminescomponed. dhmﬁﬁfmmﬂrdméﬁwﬂh@f the prAseR:inyention

provifes dfvitienfuioter 6 SBE Dpher kR Aid ORPORu in e purty

of aPlea&@boutPons; rp@éﬂeﬁéblyrﬁf Wa¥esholiP9 3% NBlork préftdblly at least about 97%, and
enantiomerically enriched aci d- base salt of the

mosh preferablsey JoestahgutSdti ¢ acid conpound uing a chiral
am ne conpound.
[0060] In one embodiment, methods of the present invention provide enantiomeric

enrichment of an enantiomeric mixture, preferably a racemic mixture, of a o.-

(phenoxy)phenylacetic acid compound of the formula:

. O
R\\ o
o
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[00611 In particular, nmethods of the present invention
are directed to the resolution of a- 5
w@ piven®eyd phenyl acet ate acid, e.g., hal of eni c BCT/US2004/019616
(where R is CF3 and Xis d), of the fornula: 0 R
wl%géﬂlﬂé{e%% dlkyl dmﬁfo]%ll&}] I_i'(r)lcrl] 2§1s %5%??’40 u’f}grﬂ}%&gg%ﬂ%ﬁﬂ%ﬁfeé férming a
sohébmmﬁsmﬁcalbeemmh&bmd bascesalt iobthear-hehoxgplemhytaoetidweid compound
res ion of a enoxy)phenylacetate acid of Formula
uing e "%P’é‘ﬂ‘?rcé’ﬂ?%? ¢ Formula 11, where X is chloro.
[ 0063] Yet in another enbodi nent, nethods of the
[0G91¢s dntpairtiwbim,tmeihodurqf thié presdne thvientidrhare dirested tat the mesofution of a-

(P*tﬁ"é%fwﬁ Bl b &5 'uf?al%ég égfﬂeﬁmg% s CPEIGN ig{); of the

fbﬁ%ﬁ&GYab|y trlfluoronethyl [0064] In one particul ar
enbodi nent, a- (phenoxy)phenylacetlc acid is
crystalllzed using a chjral base A W de variety of
chiral bases can be use8, @ut hose disclosed in
the Exanples section bel Prgf{erably, the chiral
base used results in a solid a base salt of the
(-)-enantioner of a-(phenoxy)pherylacetic acid. In
this manner, the (-)-enantionerxis 20 readily
separated fromthe sol ution, ﬁor exanpl e, by
filtration. In one particul ar~enbodi nent, the chira

wHéﬂﬁﬁle %ﬁ%%ﬂh@l@al&zﬂﬁﬁ’&'ms giliddhe formula: OR OR3 Ar
++NRS 111 erein each of R2Z and R3 is

[Od&gqu r(])dg B:ti b ul% ﬁ%ﬁe Iﬂgn alr(l}é}f‘toﬁ f %‘ t}%%é}?téﬁ% rlg)k\eﬁﬁ?it (i}%gted to the
resbﬁ'l@ﬁén JF @ @héxﬁﬁb%eﬁﬂaéa@i’c@h@d Bﬁp&mx ¢bi ‘f)réfbﬂagly'BIIF%hMula II, where
R4 is hydiogen or al kyl; each of R5 and R6

X isgblopendent |y hydrogen or al kyl, or one of R5 or R6
is an ami ne protecting group; and Ar is aryl. 10 WO
(00880 4/Ylet 27 Db tIREBMUSRA, BAABIE of[(ROSBent thvemigon are directed to the
particul ar enbodi rent, R2 and R3 toget her al on% Wi th .
resphige AT gt (phenory)phamyledetic Beig of Fermaulpd ehaueterabhip Famula II, where R

R =1 o (=9 0 s

5, 5-di nmet hyl -1, 3-di oxane), or a derivative thereof.
[0064] In one particular embodiment, a-(phenoxy)phenylacetic acid is crystallized using a

chiral base. A wide variety of chiral bases can be used, including those disclosed in the
Examples section below. Preferably, the chiral base used results in a solid acid-base salt of
the (-)-enantiomer of a-(phenoxy)phenylacetic acid. In this manner, the (-)-enantiomer is
readily separated from the solution, for example, by filtration. In one particular embodiment,

the chiral base is an amine compound of the formula:
OR? OR?

Ar R
NR3R®
II1
wherein each of R? and R? is independently hydrogen, alkyl or a hydroxy protecting group; or
R? and R’ together with atoms to which they are attached to form a heterocyclic ring moiety;

R* is hydrogen or alkyl; each of R® and R® is independently hydrogen or alkyl, or one of R’ or
R® is an amine protecting group; and Ar is aryl.

10
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[0066] In another enbodi ment, R2 and R3 are hydrogen.

5 [0067] Yet in another enbodinent, R4 is hydrogen.
wQ 0@88]127rn still another enbodi nent, Ar is a PCT/US2004/019616
-substituted aryl. A particularly preferred Ar noiety

[0065] OPi b il & RsHodinié? R PARIBA togARer@8RRCkh bYygen atoms to
referred Ar noiety is 4-nitro phenyl. [0069] Stil]

whidhheyietre aiashed foaforriss-Sloxae A sHastisrpd b Slioxans (o 8. dialkyl
subgﬁ%ﬁ%tl -(glg‘p&'\é su‘% laL SfSO(ilmeﬁ{RJqu3 dIB&ﬁf rJr“zilddenvatflve thergof

br exanpl e rtlcu ar |

base am ne Oco und of Forrrulalll
IOOggfo g‘ ’WEI?F enhé{}aﬂé ’ °$€6‘ are hydrogen; and
is 4- n|trophenyl And a partlcularly preferred
[0067]( pNehimaypiheeeybatiment R ydcogepound is of  Fornul a
Il above, wherein R is trifluoronethyl and X is
(00681 ONPstill dhotHek @mmm:m yr3 1% Q@ostlt{ﬁ*éd ﬁ?}/ praﬁfcﬁfaﬂ&rp%’ferred Ar
chiral bases and a-(phenoxy) phenyl ic acid
moietis el ysubwsitoed pgvznyl m efpAcia p@f@@én%r naigdhisidaritrophenyl.
15 [0070] The present inventors have found that the
[OOG@I]DUStlll difrtteRi coalbit@ises oSe piafierredr gtsﬁ;&d desariiddabod wilhfdrm other

phenoxy) phenyl acetic acid has %t%glfi cant effect
prefmeti ﬁ@béélﬁle@éﬂ op mmgle{ﬁnetnq@w@ifékymr ed ehieH bpggigen emine

oS P, P SIEOR, ST G g s+
mtrapiltbnﬂ Aida phﬁsﬁaﬂﬁﬁfdf@%d%(ﬁieﬁbxy)pha@%eﬁ@ac1d compound is of

tallization of the a- Ewenox%) phenyl acetic acid
X?p%@ herve, wbelﬁmR%énﬂmram flyjofon dn élwrs mgnner, a wide

B
w1t1h1ﬁ$1$epre’£6hempélﬁf®r ably about 0. 47 nol ar equi val ent or
| ess, and nost preferably about 0. 45 nol ar equi val ent

002 | S5 AL B RGRRRITAIgh g Doyttt

crysta1HAdtof 168 FieCo Q’sHehb)}/y)phbr@'ldéetﬁc ddid haﬁd slgaifidh@leiffect on the optical
enantionerjically _enriched a-(phenoxy)phenyl acetic

purify: pithg epgnjigricvie snrichwasnd.1 Faexamples dien achirplaming compound of the
fn% chally conducted in a solvent that allows a
ferent solubility of salts that are forned between

two enantioners of the a-(pb®@noxly)phenyl acetic acid

and the chiral anmne. In ner, one of the

di astereoneric salt precipitdies out of 11 WD

2004/ 112774 PCT/ US2004/ 019616 *t he sol uti on
(wheret RY, @it RBAddyAr ¥ ihoab defikddiiekéth) is28éd fﬁrbr%@émmoﬁ of the o

i ncl ude protlc sol vents, such as al cohols.
(Phesaky)pbenyigaetic atié tempeunds higherloee obiningd bs'oﬂsmﬁhe ¢hiral amine

pyl 72 eId

compSRY RSP ap D3 SR sty Phaoms 048 mal
equidblent eldpsnfidre preferably about 0.47 molar equlvalent or less, and most preferably

about 0.45 molar equivalent or less. It should be recognized that the chiral amine compound
itself should be of a sufficient enantiomeric purity in order to yield a highly enantiomerically

enriched a-(phenoxy)phenylacetic acid derivatives.

[0071] The crystallization is typically conducted in a solvent that allows a different
solubility of salts that are formed between two enantiomers of the a-(phenoxy)phenylacetic

acid and the chiral amine. In this manner, one of the diastereomeric salt precipitates out of

11
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on, anong others, the anount of crystallization

sol vent used. For exanple, if a'large quantity 5 of
wa@eoogtigd7l4 zat i on sol vent is used, the m xture PEDURES4/019616

too dilute and the solid formation is reduced. If the

theddoitivn pi’éfex%hbiﬂba' $uifaBlel RYstAREMRAsoNERE 1ﬁo$ude%ot$d’fﬁl|l¢ents such as
the solution wll be supersaturated with

alcghelss Arnagticpilaziyt mp@arﬁé erystadligationpolyent nwomreaﬂ amhol
crystallization of the wundesired diastereoneric salt,

[0072¢r el yietd o€ em@tibimeriCdllyl ehaichdild (phenoky)phélBdceelacid also depends
enantioner. Thus, when isopropanol is used as the

oncgnyengAthers,4he gROWE|0f emstallmgmamiw ugsd. dioy sxampleZAs lasge quantity

of sﬁﬁizgﬁcm solijée%g lSI ek ﬁé Sﬁﬁf?}eybe%rﬁég 88 AHhte2nd WA R4 Formation is

red(upétb rﬁ@xhe) amlimmy bﬁ@?ﬁthkhz&@drﬁbo@fﬂiﬁ)ﬂﬂdzﬂds tommllpthefselmabxh will be
from ab graps, t o_about grang, still nor

su&g@pggtgg Wthftp%mdgéggﬁ dlgstgre@mgﬁg szaflbwgng qayjeas ig ,cghsgalhzatlon of the
f.
S8 8 ROREEE S, o A TPl BOAFI 08 oo
Thhe attien gsophpacolyis tigdd| ds 2lat ¢rgstallizdtisodolitent therdmxdunt ef ¢rystallization
t enper epperature of both

ve the nucleatio
SOI@?\‘%‘F‘?‘@WF%@T gly fepra abouy ggi’J‘B%foa‘iﬂ’("P%\? BLATRIRCT gRe %r&fr’n‘)fthe a-
o et 1 ARG, ol Pl B e
grags, gilt motayeeforbly frgmpxblontt3 ﬁ)ErdIﬂnﬂOSﬁbbwﬂ‘ﬁ bgramspamifmosilpk@ferably
fr m about 70 C to about 80 C. Mdre preferably, the
33@%{?5? i zation solution is 40, heated to about 75 C.
The sol ution can be heated prior to and/or after the
[005B] r & omml@odlm@ltcmmoxﬁtaihza@oa@MSS ineely éshpating thercrystadlization
unti | re substa
sol on e o Aferdry e RF 1R BoRhton irpr ARl 8 vl grantiomers o
dissdioeifubltabtidlly AlbsHott nandbimhsss. FoeEamalt, the érystallia@di solution is
to about 8 hours, [0074] The crystallization solution
heated torsdpmperatusriinghe Fange o1 fremgabont 6 tsvihe heiling epwaef Ge solution,

pre?e??ﬂi? 'ﬁ?f‘rtj:{l&%upéo b I?oo%ﬂeow g? d{:ﬁyog’_é ?%E%%%l}%yt?@ lcglgtaﬁiz%tion solution is

heapdieinabat 15 °C. amedsphbmh cpii b¢ headd pri@hourd/ohsftontied &ﬁh’l ffline
te erat t he second diasteregneric salt, e.
corapg %Jiﬁ; gﬁafms i§ farieg out wail ghe MW%@WW&%@FWQY
[ S
°°r@*?“3%¥ F o e AR BTN B P so 2ol 16%0rsS Heferably
fromabpoiunts. abwitt hlsaitrs.bei ng bound by any theory, it is
believed that the use of a chiral am ne conpound

[0078P UIThs ciybtallREAGH {ohtidH is BenaobRd RafFit $2dt br Velb® tROBuEation
the enantioner at a 30 significantly faster rate than

termfperatre pﬁﬁlecffrstahasamcund:rmltsagt salf oft (Aeerantiemer of the a-(phenoxy)-

enant.i one d o kinetic. and/ or
phe AP R h PHE r b T oo l%ﬁméf‘émﬂgwt qfgfe seedta
dia8BRBIhERERIIS €. g., /§§lt¥9&‘ -Rak &G ¢ Fﬁ@'lylacetlc a01d This
sol ubi lity profile of the a-(phenoxy pheny acétic acid

allop fvm&wéh‘fa:BQl'ﬁ?$l%ﬁ$w20ﬁ4h®ﬂ®61@ntlcmnmuh dleafmra}mmne

DL 0 her ]t .
con?ﬂéo%nl%e.r g\{ E elfng anyg@eo&% JF 18 r?gpf\ﬁsg tHat ?he use of 9 cglral amine
conqmﬂﬂtl adeshiti ﬂ;t fofifattodl dftah@Bidthst Balt with @y of the enattloaRt kon

? nperature of the second
significantly faster rate than formation of an acid-base salt of the other enantiomer. This rate
may be due to kinetic and/or thermodynamic rate difference between the two enantiomers.

As with a typical compound, the solubility profile of the a-(phenoxy)phenylacetic acid

12
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di astereoneric salt affords a higher recovery yield of
the solid first diastereoneric salt. [0075] After the
wa@bkamny2776 formed, the crystallization sol uti oPCT/ER200€019616
further cooled until the 5 tenperature of the
conftutll bPtheiptesRRinvaitionhay 8 hIéB@r &ﬁﬁt&iﬁ@ﬁ dt Qﬂu@ﬁk fimpekatéirBe Therefore,
second di astereoneric salt. prevents formation
by esfoliag theaerysialbigationi soltstl@mt@mtahﬂwp élmn@éﬁatlon t@metratere of the second

dingt GO Prie FAPRERTT bl defoef @%@25@9%%%”% %r?{ PR flg sate

enantioner. [0076] The rate of cool i ng

[00g3]y s Adter the shureris §amedi the chsiallizatien ﬁoltlh@n @aabec%trthmomeg until the
I
temLashiBFor 8 SEHLR (A o G Bkl B RSl psggroomertc
saltf &%is, preventsufoetastionadf] aadi sstaradh exiesolideyidyedse kalafrpmd:he second
wi.thin the lattic ofthesctzlldamd base zal fl
enapiimyrayhisiagrerdne e Temadipr ol the digtiereprgricspiidi aqi- P%%F galtof the
ﬁmgaﬁﬁgaﬁgs the production time and cost. Therefore,
t he cryst allization solution should be cooled at a

(005" STHERE ool feteryeitedian SoldhioR Bieh et BB PPGoel pigly of the

soha 2cidrpass il tha@k f@theaOlFet &hpIo)qf the GrysellRzatidn k61 TdRRAYbIed too
05 CUmn to about 1 G mn, preferabl y from about

fastothi ugdesirble gnagomer may g@l trappedawduwﬂteela%weﬂéﬂla tsbljd aqidbase salt
of tﬁae eléire&) er‘?‘asnglg{nt?é EHE&%W] ﬁ)@ &;Po & Cégléléh Stte t aI { Igtzl)?tdﬁcﬁon time

and mestn tThefeforet@e 3glsta¢hzaﬁblﬁi sdlagéh shvlld bb‘cdohﬁ a% @Q‘QIB Gkhich minimizes
undesi red, enanti oner.. E/{)‘?It cally, th
the quy gf anticRLimnusity BYiab e 1en setdicient worbs qqe@oratcak hi ypically, the

crysttaﬁﬂ?a?oﬁ:) Ffuﬁpﬁ %olﬁ'%orlé{e 1% fibfh a%%QPQ %gc&&g WS ’abou?cg °C/m1n preferably

from) pede IOalb‘lGlnﬁlli anabeho’ °81/1hm abtmbredftefehebily fom| zﬂb@ﬁt?(} 25\3C/m1n to
a.small ampunt of. chiral a

usin
ab%fo(ﬁ% o cd{ha FIYstRdlizepmeqlpyen is thsnptingipegmat @weég? $adpuration point of
the é&mdacnﬁ@a%e%ak bt ot s&{b%dfl' d Sind8HARL e@ﬁaame#bw@;uy, te

resulting correspondi ngl'y be sma
crysraibmtlenlsalahby is maletamcdwnthlsatferrgpcmltlde &6 aboat blmsahoeblﬁ hours,

pre(GfRBY A batnd P aHE SR ot FlorSptelirstle 20hapbIg tg out 30
hourtsed, the theoretical yield is 50% of the total
a- (phenoxy)phenylacetic acid (or 100% of the desired

an b .
0012 AL SR L850 bR P RRR TR b G DRl st
forngdvion tof ¥ %olitl atid-tke 4o fdRS fifs€ en Bifiafiet. OHBWevem 513 @ésﬁhin}g yield will

at | east about 60% nore preferably at |east ab

corrogpondiagly besrally drearetinlly, die amapnt obisld of fholesited smnrﬁlgmer from
araéégxgc/‘hﬁs?t @is%@)ﬁ VTﬁLbé 1ft0h§eﬁglayg Qa:}ent%‘f%@aﬁﬁpgmhfé compound is
and 0.3 nmol ar

ing a out 0.30, 0.3
usedscttw thedretidal grfeld héoe/hoﬁthb taati nrépheaopgpinshylashiicécid (or 100% of the
represent a m ni mum anount of t$e %ﬂlral '
g

desipsgiRIBRHRMEhatn oEEdo s cpnoRiRllY & mepadeihe arepeg invention
proviéd #1tR0abol? sYR 200 8f ke dnbtiARCI0 BcPdrafrl G 1000884t 60%,

I's believed t'hat the tendency for
more peqf@mbiw@t letast abontd e,soH imzbshpieferaiy @t least about 75%. Assuming 100%

selectivity, these yields.correspond to adding about 0.25, 0.30, 0.35 and 0.375 molar
equivalent of the chiral amine compound, which represent a minimum amount of the chiral

amine compound that need to be added to the crystallization solution.
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salt with the chiral am ne conmpound is one of the
maj or causes for variability of conventional

w@eyogtigd7l4 zat i on processes. Thus, by determ ni PQI/UR®04/019616
supersaturation point of the second, i.e., undesired,

067Ntk ABMievEl BaCtRE téi‘[ﬂéﬂc?"félethe Gedoh8 eRiMtiomer to form a solid acid-base
unpredi ctability of a so aci d-base 5 formation of

salf wathghe elrithl et qoammund Bugwerof Heumajor oausprofon variabality o€ conventional

cr)g?a?ﬁzaklgp ggcgcl%s{%/nggus ﬁ/ ﬁ[ée 1%%1@dl}g?uﬁefsagq§%mnop%xg org g}e s&cond ie.,
untld&k&ted Wdniahorfier baglsanahinihee pf ﬁ%@éﬁt unPrAtALIRty DTQ solid acid-base
di scussed in reference to the enrichment o
5 formafiop of e sspend enantiomer. Supersaftiraian pRty gadwirgadily determined by one

ski”l‘e&ﬁr}‘{h%%rtégg 9‘3%01u%&1t$r]@ eﬁi&%?‘?nt i nvention are al so

appli cab ar’enric +)-enantionmer. The

d of 10 the es [ nv on essentially
IO@?’E Thepud Sopotd &ab&ifﬁ@? msthaden e REd Rt Iy ggon are discussed in
ref@fe}lceeQQHé bﬂ‘f@ﬁnem@ﬂf’( Peﬁa!ng&hgr tfhh lts;p?és@nt ih ﬂ‘?e racémf‘chﬁktures methods
iquor, enriched in the (+)- enantioner. berati on of
Ofthﬁ;epreS@eBmv%lo@-a)e émaanplmmldc farairickog Vier @-)@haltthn&nech Thaimethod of
ound the.precipitated salt. n_be .
10 oty OB LA TRy R RGP bRtUaRGpriend 8 4750 enantiomer
andh liGuidf fAfrate XPd Pt Sthelidgliok, Wi cHadN| 1iad (+)a@daﬂt1@1'hela r!Mb&*ah&{ of the
i norganl c or organic acid conventionally known t

degiged( raﬁz@tl@aerta@ aecovpiyf 15> ehatalipmineviorpeund frgm the precipitated salt

0 t.he fi.ltr.ate
argf);/ rceg&ilg)ﬁg cog*p?: gﬁc'eidl Qytarc 4 %'waggp1 ogg'xe Sf'iE ry\flﬁ]e? or eﬁ(%lg{)l&j %h&tﬁ mineral
acidor dnpbthepﬁx@fgahﬁ:kﬂr)br AdasRid Convemidiatly kAéwn to hydrolyze salts of this
+)-enantionmer enrjched filtrate to the racemc

15 natgﬁex t\Whide thipprogedieleavesitheliltcaje aspaindesirad byaproguct, the filtrate can be
furﬁﬁ? fELZE quﬂisa'cﬁ%ralgrléfe%ﬁ b edfo%b%bé{g{h%g+ﬂg?a§1§%fﬁtef &lliched filtrate to

Is racemc mxture ca e reus
therrecopuit eadxturcn Fcacbdampkanthet(h)eexmhtwmbr @l bearacaompalusingcayueous

s e ered romthe above de crjbed 20
SOCﬁ 3@5 ‘6‘8“ ISTAGERUE BYXtusgGRE ¢ ?Ih'ée wa%'eg% eydleds In

addi&S Y cHiRY SRideWdnipBBaPcdnt 3& ge k@é\%'réd/ frothh@above described
recycl i ng-type of procedure. IV. Synthesis of racemc

20 COTHE(SMWMQY(WCI%\C'Eltulsdhapm@eisﬂﬂ 8i0d présemt meehitaeh lefids itself readily
C ¢ m xture of a-(phenoxy)phenyl acetic
to{;ec%cqgllgr@?%?{m%eﬁurqs shown in Schene | below. Br [/ X
Il C02H 1. SOOI Z ROH 1 CO2R 2. Br2 X-/ \'i 0 2 R

IV. (1-| Swithesigwfpremiic v-(phenaa)thenyldeatioasidcs + Base

[0080] One method of producing a racemic mixture of o-(phenoxy)phenylacetic acid of

Formula I is shown in Scheme I below.

Z CO,H
H 1. socl
2. Br, X— | 2

1 ~ ,
2 R
0 1 o S oft
R! R
o} o) 3
NEN OH , l\ o~ OR -
I S Hydrolysis S + Base
4
25 I X X

Scheme I
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PCT/ US2004/ 019616 [0081] Thus, conversion of
w@b@aglacetic acid 1 to an activated carboxyl i BCHUBIN04/019616

derivative, e.g, acid chloride, followed by

oy TR 7 e SR RSTY LGF LAY GG B0 gt
e.gaciBElbEdR fhBowadbEalbrommbhyi gavel?i-bfcﬁm@mletjyla@tﬂ@htdnde (not
ROH, which is used to convert the acid chloride to

shevg)e Thg acidghiasideseasihen C@P&@Ffél to epigx 2, whage Bds hgigally alkyl.

n |
Presfngnglg/ alcél{l)l 3(?[—? 2‘?@%‘? ?ers V e 'ilklgr? the zﬁls& %]'lk?]md?tg rég{er , nlE] the same
alcaltslithdt @wseld s usolvgnttxha sBl&H&‘Qudﬂﬂ'taaﬁoﬁ hin thig|mamer, ithe nunfteer of

bse uent reacti on, amunt of py-produ
ditfgery NGO MBI FABENAG. T SR g hsing R g DG T solvent in
the%’ﬁ@%h@nt rbRBBH.ARY ngﬁﬁt%"fbg rddult, e. t?an@ e'ﬁf%nﬁcatlon formation is

i sopropyl, Is particularly advantage
mlmuhmlq ll?embxz{mﬂe,t isapropd esten,e i, evitelre;/Raarsop@QYb tﬁtpalrmpularly

sopropanol sol vent 10 di spl acenent, reaction
el 5 P BB r SR SR Y i ohF ot ! spivent. A
dlsﬁﬁéénerﬁ WEAR i8S of St X h PRerlof cEmpoRflt PmShé! Presence of a base, such as
ydroxi de), gave a a- (phenoxy)phenylacetlc acid ester
a hatdrotelgld r(@gy poswim dydphaiehepyph enphansty)rhenylacetisscrrester 4.

Hy; )Eﬂf %rl ded z;?heng)?}p)gﬁ( n)yP cgt?cy altc? gsttelzrc4 e?f%orgecl a—(p{lgl%?(}%phenylacetlc acid I.

(4-chl orophenyl)-(3-trifluoronethyl phenoxy)-acetic
[0082] dIn thisam,anneﬂ:?RﬂA;hloraphdngl)f(Bé@ﬁu@dmeﬁlyﬂpheﬂom)qustic acid, i.e.,
i,.t hout inter i sal.ation in about 85% vyi el .
CPHisy PObs e b TS Ses Bt} Skl olaGan 13 4o0p v picld
fou% é@%fllz&@édﬂoxﬁ@k‘)ﬁﬁ@d a- ( phenoxy) phenyl aceti ¢ aci d
[ 1"Enantionerically enriched

V. P B?l Xfngngt?n l as it gl rr‘gcggicgcli dg—fpgggbé&x;g% Xalrac(:eel‘,1%53101&J |

[OO@@Er ERGRHh &G Rl 1}‘ eMHeH%L @ nyla Ui\ @nounds are useful

(phenoxy) phenylacetic acid co nds disclosed in U S.

intdPaiediates NO prepardg/a Odafkty a'fpl&rmmduhezﬂly%uas peapowids}iheuding o-
present invention provides a net

(phg%yﬂpl@gg]agqttq acid %pna}ogg%th@ogdan UdS fPatent No. 3,517,050. Thus, anther
asp%ﬁg)??f?gg %Péﬂf@(rfaﬁt?&t &B%d&@é‘ﬁ%éﬁ%ﬂ f?xf entanﬁ?sfepercﬂ%ﬁ prleucﬁ)lg aa-

roma racemc m x
(phendxyhsieayiiraierynpoedd of the fodmaipound Fornul a |,
wherein R 25 is alkyl or haloalkyl, X is halide and
R7 is heteroal kyl, preferabl Yo N- cetyl 2- am noet hyl
~

(i.e l OR?
Rl
A /l
\—I_X
v

from a racemic mixture of a o-(phenoxy)phenylacetic acid compound Formula I, wherein R
is alkyl or haloalkyl, X is halide and R’ is heteroalkyl, preferably N-acetyl 2-aminoethyl (i.e.,
a moiety of the formula —-CH,CH,NHC(=0)CH3). The method involves resolving the
racemic mixture of the o.-(phenoxy)phenylacetic acid compound of Formula I as described
above and producing an enantiomerically enriched activated o-(phenoxy)phenylacetic acid

by reacting the enantiomerically enriched o-(phenoxy)phenylacetic acid with a carboxylic
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a noiety of the formula - CH2ZCH2NHC(=0) CH3). The net hod

i nvol ves resolving the racem c m xture of the
wa@2qoph&texy) phenyl acetic acid conmpound of For neCHUB208$019616

descri bed above and produci ng an enantionerically

acidedbtivati@treasérit V 8hieshlScaBIXGNO %dill RbEVatingGeidefitsafdlade thidonyl halides

reacting the enantionerically enriched o
(e-gai}élﬁﬁﬂrfg*mqﬁhéﬁi}ﬂb’@@f,iﬂéloaﬁ‘?fcgeﬂmaﬁn&“@ﬁﬂﬁﬁ»@yﬂ jogher ggrbeggylic acid

; : acid activating
acug'gglger%%%Yléﬁggtggég%%%@?%g%%i d activating reagents

i ncl ude thionyl halides (e(%ﬁ%,. , thionyl chlorijide),.
(00841 ny bhs ersivated jor-rdsraxy)Rhendacaticagidris shpafeactedyidh a cprapound of the

K | | o . .
o AR50 851408 B SRR KL Peomoricay
enriehedndagploapX Ppaemyllaeaid ongound bSFéana Eaaieeed RMstd3 dafined above,
.conmpound of the 5 formula (R7-a§, .M e.g., Nacetyl
M lfelﬂr%ﬁgﬁnanﬁ aiactgb eigudNa Feli (3, Mo §iscetccandihe Sipsrscapy w s the
. - o [ :
L e L ST e
activap¢chhcid endythe chimpotnd dfl fornfida (IM-O)QS1 captbe. cagrivd dubevithout any
. superscript wis the oxidation state of M The
Slg“b&“g’%‘éﬁl"e@i’?\?@ﬂ@-or s have di scovered that the reaction
between the activated acid and the conpound of
[0085¢r ndvdlditipidd -ob)cel] shvantbgescardrnoye! features dfftinis inventiorl @ill become

signifjcant.. racem zation. [Q0851 i tional objects
P dh {isE kil i g P PR a8 Br ol e L oRgRs Drdgm gy thpreot
whiSIe&@B irAfRd e figidnose skilled in the art upon

exam nation of the foll ow ng exanpl es thereof, which

are not intended to be | i, EXAMPLES 15 Reagents

and Experinental Setup [EMB%W%S ot herwi se stated,

Reagepgaid Bxnithcaell gemps were purchased from Al drich
m cal or Fisher Scientific. N Acetylethanol am ne

Ch
[00sghs Gnlses otbergisestnted speanenkiodyentsyprerpsshgsed fimam Aldrich
Chetn%¥$ 81 ?isgg;TS%ietn'rt]ig@b N-R@é&ﬂ%ﬁgh&aﬁ%ﬁ%é@sc}oﬁﬁ%ﬁg ggltnelhatncaster

according to rocedures i'sc
SyntNesis. Bh&iadeEOCRINA, iG,.,26”fdi8adt wasfpredatadhacasding to the procedures

._Jncornparat ed rej 20 reference in their entiret )
discloee P S ns N hoL AR ADphid Gt ehiah e e herein by
f'-', 2 . ; . i Negfr ANRL .
e RIS SRR LGN AR g . O
D-Bage) mag ohtazteddiph €& AngriCasri | e process control
conputer attached to a recirculating heating and

[0087P Ol Dptgations iR Yéhduste®inded a poSitive AitR gkR at®sphere. A Camile
tenperatures in the jacketed straight-walled

procpsstaoptphipaanpitiey aifgehed e rasirsulating hpatingand cheling system was used to
bl . " i
e il SET) 3 SR SR AT oA s
Unles$ othprwige #dlidatedSod]vahtssaerp rarovel iy 4 Bdchi fotaryeavapattor at 15 to
. HYVA
25 t%%th%é@tﬁ%gﬁo’ef%&gbgﬁ £5P zipg‘{gi] L§ﬁ/-1\6]qu%nc s were rig ?nuau\?;cuum oven at
40 °C, 15 to 25 torr. A Cenco HYVAC vacuum pump was used to supply vacuum of less

than 1 torr for vacuum distillations. Water levels were determined by Karl Fisher analysis
using a Metrohm 756 KF Coulometer and HYDRANAL Coulomat AG reagent. Melting
points were determined using a Mettler Toledo FP62 melting point apparatus. pH was
measured using a calibrated Orion Model 290A pH meter. Proton and *C NMR spectra were

recorded on a Bruker Avance 300 MHz spectrometer.
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than 1 tort for vacuumdistillations. Water |evels

were determ ned by Karl Fisher analysis using a
worimony56 KF Coul oneter and HYDRANAL Coul one€T/B&2004/019616

reagent. Melting 30 points were determnined using a

(00gh,c Piral BBEf oty s i 8 o 12 D BEY VB RE o sampte
dlsEcﬂ@&Pﬁ rﬁmelp%(;s% £ PRRYWAIMEL B 11586RPI6Y 44 meh SR (Regis
Avance 300 MHz spectroneter. 16 WD 2004/ 112774

Tedb@dldgB2D Aty adiGe] §ith EIOGBSL/r@u ﬁca’i' of—MﬁiOa’r(a{}’\yg) ke xwaes/2-
proftslisfGischtich Tsip o asmEeoLhE 6o CAR R iest i oBmic sal, the

sol@&@a%dﬂe@t sHidrdchRReic 2cid RARROCPUASSHAs exfidcted kit Rathylene
with a 1.0 /mn flow of 95/5/0.4 (v/v/v) hexanes/?2
chlpridgs afien remowinigdhastlvent fiom he mathyenemhdaridstlayeriehe residue was
se diast reoneric salt, the 5 solid was
dISS%P%Aa‘ Obiqllegi?soﬁar@r}gsé%l oric acid and t he CPTA was
extracted into nethylene chloride; after renoving the

[0089) v éyehiral FPA.€ alies wys eaveedpntat Mae20 amdy, injepiing S BI@f sample

s B e E AR Erquar LA Sah o SRL330 A By column

25 9] ARGt S A /Rid-A&k 0§ﬂ%&ﬁherﬁi 'sﬁﬁtﬁlf\éa@ d6 'vBl%%'tér@4Nm%cetomtnle/0 1

onto a Phenonenex 2) 250 x 6 M
vol%tlrxﬂmrcaipethmciz@cnncrpaﬂngshmﬂm 6 Ivol% wrater/ﬁé vglaaraenitrile/0.1

star, t O/Wa er/ 34 voI%acetomtnIe/Ol
vol °otln‘9<: 9 % bda%tgo r%mggf gagH%e increasing linearly to
26 vol % water/ 74 vol % acetonitrile/0. 1 vol %

[0099];  Fabansbsist qf@ci&éq wlgions of erteretsesh pikalefsadie, qeovnifile was used as
the E@Fct?o& %’\ﬁehts awhe ﬁﬁét?r'nﬁpéao k{ggdlugpébé;%nﬁeﬁ’%ﬁ r C h?rgi?]halofenate

wes@viieated bWHRL O edsey mSingthe eptedthl standod @@ﬁhddaztﬂd(lhs adhdal analysis
CPTA and hal ofenate 15 were eval uated by HPLC assay
ProgRqURgak ARPESAOSP FRTAL QR d e dhavet: ﬁaegflgfrd the achiral
anal ysis procedure at sanple concentrations of |ess
Exanpde 12. 5 ng/ nL. Exanple 1 [0091] Previous resol ution

TA. h b U. t : .
00811 THieR trsdRimroch P T an ptneRaroRie S, Aol Npr.517.050, in
whieh cirholase waa 'ﬁge(i £38hd cDiraPBAR! ARIRE (‘Qterf&RT&ner of CPTA precipitated
astﬁ@r ecipitated 20 as the diastereoneric salt. One major

diapigrsrnesic silf-sOpe meind drasvbagls ta thistproorducreway tat the ylesired (-)-
enaﬁp&%r art%{r}lgwedgr@ %(ﬂhermq;ugrg rr]ré'%ir&o aljagﬁléJ glgrlé (-rjganantlomer
ﬁaﬁbﬁfduﬁﬁuhlt [0092] This exanple shows t he results of
resolving a racem c mxture of CPTA using a variety
d I .
[OngdanFﬁfg%é(f?@ le% g\%g#rer?gsﬁﬁ§ o{ f%f@lbg-% r?.'e}?@erﬁ}‘a Ifu%ture %gCP"EA using a
variptyeofi (hffsremﬂmﬁbasmtombﬁm ofolidhenaptiemeritallyroneichédof@)-isomer. Unlike

the BgV?o\évlgfgr?q? g}ﬁ éa &F%%Es%ﬁgg | %%BSPB qge so(hd) engna%e\néncally
enriched (-)-CPTA to be readily isolated from the solution.

[0093] Racemic CPTA was prepared by the potassium hydroxide hydrolysis of racemic
halofenate. For chiral base screening, equal molar mixtures of CPTA and the chiral base
were mixed in ethanol, methanol and acetone in glass vials, and the solutions were allowed to
stand undisturbed. After holding overnight at ambient temperature, the samples that

remained in solution were placed in a refrigerator at 5 °C. After holding overnight in the
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[0093] Racem c CPTA was prepared by the potassium

hydr oxi de hydrol ysis of racem c hal ofenate. For
wa@bioal27base screeni ng, equal nolar m xtures oOPCIZBIM04/019616

and the chiral base were mxed in ethanol, nethanol

refrﬁ)%afiat@g 86MAR alfdufl GfSatdt vdsaddedtd the @axﬁ;ﬂbyﬂma@ﬁlama solution in
| owed to 30 stand undi sturbed. After holdin

ethagpbr Highfoundayssbpabient temperatire the aquseussethgsiob qmms were placed

ol ? fri
bacl e AFtebily it 08 Mot RaRa R AR Biedlod?
perib@itallisMIREDLY @ﬂé&lplﬂa&ffbhgﬂfoatd%r the ceume bf anoutht. Alist of the bases
wat er was addedto%fhe sanpl es that remalnﬁma .
and §GjveRt SORAIANS ErAEAG, S femneTatEgH atgubich grystafiipie salts were found is
Sho&,gqu%@gqre t he aqueous et hanol sol utions were placed
|ntherefr|gerator Al of the sanples remined

LB A g, e 0L AT eciea o

list of the bases 5 and sol Jent cond|t|88]r¥§“t§>‘(%'i?ﬁ‘ned
and tenperatures at which cr +Re-sal-t5 feynd
is shown i®2Fable 1. Table 1. %%es Eyﬁrrﬁqzedﬁfe fre cpT AMeOH
RESOI WP ethy P System Base O Er@H (dg)—Acetgne ¢
MeCOH SU()I?)-I\/E?%E ;gnzyl amne EEEE Qinine C (22
O C (220 Guidid2 C) Quinidi hed@&lF Tyrosinecec) | c@2°c
Hydrazide C (22 C L-Leucing Methyl| Ester
Hydr ochl or QdedtlinE E 1-2- Aminp-1|-butanol E E|E EE E
Brucine EEEFF (S)-(+)-2-Pyrro iidine-nethanaol E E E
E i (é)rTs(IQS)ncﬁywﬁdﬁo 3-nmethy| -1 - but apol E C(22°0)
Q\-(-L\Mﬁ no-l-propanol E (S)_(-r.g-A“rﬂg}g-g
- Jteshighe Mothy] o%feéb‘é‘ﬁ%@v%? (1S, 29) - (+) -[PseudoephedFi ne [E  E
| \@Aﬁgé-l-%@ﬂﬁ Amo=1t-—= ..er‘gl -3~ %i'—Op I‘Idl?{ e E
EE
(IS, 2S) - (FBukmdmM no- 1 - (4-ni tyophenyf - L g3- propagdi of] E
C(500) (1R 2S)-(-)-Norephedrine EEEE (1
R, 29)S)-(+)R-Phopdiidile-mexgankl E E E E
UR2R)-(-)-2-Am no-1-(4-nitrophenyl)) -1, 3- propandi ol
C( @@@)2-Ammo -3-methyl-1-butanol E
(S)-(+)-2-Amino-1-propanol E
(S)-(-)-2-Amino-3-phenyl-1-propanol E
(18,25)-(+)-Pseudoephedrine E E E E
(18,28)-(+)-2-Amino-1-phenyl-1,3-propanediol E E E E
(18,28)-(+)-2-Amino-1-(4-nitrophenyl)-1,3-propandiol| C (5 °C)
(1R,28)-(-)-Norephedrine E E E E
(1R,28)-(-)-Ephedrine E
(1R,2R)~(-)-2-Amino--(4-nitrophenyl)-1,3-propandiol| C (22 °C)
(+)-Cinchonone E E E E
(-)-Cinchonidine C(22°0)
(-)-Strychnine E E E E

E — Evaluated
C — Crystallized at (Temperature)
* - With 1 mol/mol of Aqueous Sodium Hydroxide
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(+)-CG nchonone E E E E (-)-C nchonidine C (22 C
(-)-Strychnine EEE E E - Evaluated C - Crystallized
waeoogTemer ature) 10 * - Wth 1 nol/nol of AqURCIIES2004/019616
Sodi um Hydr oxi de 18 WO 2004/ 112774 PCT/ US2004/ 019616
[0094]0 9I4<}urEﬁ1ral babés( quininesEgyrosiut hidrazide,-(t)ysinchioniiine, and both

dra2| -)-cinchoni din and both antjoners
enapleiiih B! 4.aps amnqﬂw STy 3 PBpPdigtav e o i @ By prgtaline slts

frorh Qa&}n\r@cpims Rk karﬂﬁemh{ aystsml%a &tfecs%ﬁu%va@l"m\ateﬁy ﬁgratlon and

['es that crysta I zed; the so was i sol at ed
botlli thetsplacﬂ phase andchotttsoiifuerteers analgzqdﬁafs:élrahIdPthth determine the

ena S HERee 0 9 SO R | UGB A SOReG B Table 2.
Thréé 8Mhb BSses SERANINATB1SNONR thd(hakhsticiner ehit@Refin tHeolid phase.
bases shown in Table 2 gave the (+)-enantioner

ol MBS, TS S

LJI* -t ;
% (+) % % (+) %( ) Cal CU| atie Sé T\@;}L;;L}quor % Yield

L- Tyr'ds Fne Wdrazi%?vegpet 2% t‘Z»_(g)"[g@” ﬁ ﬂ({ EHE %L | Calculated
|

20. 3 ( ) Gi nchioni'di ne Ethanol “42 66.8 33.2 12.0| 88.0C

Lo’E’yrﬁsmg(H)Br&ﬂ; (T Aoefoll 107 22K T REFATR 222 57 2§98 | 203

E-?fano?m Zdé 39 9 rrOEtfia(l)](Qairre” 392-23’5 658 i?glzgwe%”éggg 693

(18,28) -@399&:&%&%&# Lhaol ACETIONEG) O 124939 V/g® B35 1o7pPs 332

Ao A

nitroRedb)- MR 0122 25.8 74.2 53.Q 47.0/10.9| 2-Priopang!

ifiing©: 41 0716 22-Priogggol “gh 130 &t 4 8998 50.1
78.8721.1 75.0 | 2-Propangl * 21 42.3 5yY.7 59.1 40.9
23.9 7 - More [DIlgsk@ne ™ |- F20Wer 28001 I7Mg Pregg lie4ly | 289
[0095] Included in Table |2 is the percent Vield |of

solid cal cul at dd Atsenct he 1 spner|i g3.0at i7g.0i h 83X he| s@bijd 554
and nother |iquor streans. The equati Bn used i s |showq

bel ow. The maxi|muNethanol 22 258 | 742 | 53.0 | 47.0 10.9

2-Propanol 30 432 | 56.8 | 643 | 357 67.6

2-Propanol** 30 404 | 59.6 | 78.8 | 21.1 75.0

2-Propanol* 21 423 | 57.7 | 59.1 | 409 53.9

- More Dilute
** - Slower Cooling Profile

[0095] Included in Table 2 is the percent yield of solid calculated from the isomeric ratio in
the solid and mother liquor streams. The equation used is shown below. The maximum
theoretical yield with 100% isomeric purity is 50%. Yields over 50% indicate inclusion of

the other isomer.
Equation to calculate yield from isomer ratios.

Set:  a=area % Component 1 in starting material; b = area % Component 2 in starting
material; x = area % Component 1 in isolated; y = area % Component 2 in isolated; w = area
% Component 1 in mother liquor; z = area % Component 2 in mother liquor; E = g material
isolated; F = g material in mother liquor.
And: a+b=100%;E+F=1
Then: xE+wF=a; yE+2zF=b
Solving: xE+w(1-E)=a; yE+ Z(1-E) =)

= isolated yield = (a-w)/(x-w) = (b-z)/(y-z)
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theoretical yield wwth 100%isoneric purity is 50%
Yi el ds over 50% i ndi cate inclusion of the other
WO sengr277Equat i on to calculate yield from i sonmeCT/US2004/019616
ratios. 15 Set: a area % Conponent 1 in starting
Ex(u= igsial; b = area % Conponent 2 in starting
erial; x = area % Conponent 1 in isolated; y = area
[0096] CoTiis eeathpl2 shows Eielrestulssipf wso:lvmgé“ePTA‘%’\@hrﬁE)bﬁ &hbase in gthanol and
not her liquor; z = area % Conponent 2 in nother
2-popRfly . E = g material isolated; F =g rraterial in
not her |iquor. 20 And: a+b=100% E+F=l . Then:. XE
[009R+z Fhdyre sglwﬁon ethanat and g¢propapokarg supmarized IILEa)ble—3 BCIOE For this

T Oy R AT T e

enaff@ngicconipvstion vE botasthit tcﬂidoafndrsebmbu iphapeCRTArmintd BAF Bis
base in ethanol and, 2- cPanol [00 7% The rg@gl ts, 500
inforgatien, KagGee ahire sold Blbaéﬁ ap %ﬁfp@C@é EgeRtyigldimaxignum 50%
yielf %181\’\4 Oéﬁ? Ee)t Eﬂl&llat\g’d R Heidopir B&tf&ewﬁfe%eﬁérﬁﬁné@e MBcluded in Table 3
ious points in the cooling profile, and
is t}tefyeelde)lﬁ &r)t(tRihﬂaMInclc srijedsed from thé whighhparbent yodld dndaﬂnd (-)-CPTA
sol ution phases det.erm Fromthis, information,
Conf‘?ﬁ‘éoé/fé‘és ‘P@H’é QB?’flﬂluth@g/ [ipgﬁééb(? &¥Clei ght per cent
yield (maxi rum 50% yield with 100 %e), cal cul ated
[00$8]orr1ntths pastinuiar studyi e bogs resulle iresthanebused lnaplsf AR D Base per

e

frorf By @ial &m Jsﬁloslqiﬂb@tlpms@ {veR6k 18T 10 %0086 thie €1)cCRT A balt in the
100 %33;} f0098 In this particular study, the best
e

solid@b@ﬁet enthaedr eawizalent afgi AT BrBasam BopeRaEoh#2 st

7
confena i ep ERVEL FRLRLY R Bl mjonion s et when
0.59iol0 fTC A BB ase pM‘ trioleaot T A wie asall ider (hepe @ﬁmlmj t

in.the solid phas qui val.e

appreximpehisle /9% vield pgwgkng%?A ol ﬁ?ffaéf-‘ S@SWE%FF&%‘ﬂ?thtfﬁ Pghthe phase
| ! I Cglculated weight percent

e P e i, REhE SO pIARE CEllatsdreight
yielggrwhich éo oét talRTitovasows gliysitil desses, Mesed Lorti%; astig] weighed
. a(gﬁro 'matelg g 79% vyield of the (-)-CPTA CAF D Base
isolg WIS 3diP AP%@d from the phase conpositions, with

an 87-90 % e of (-)-CPTA in the solid phase.
TabfaB.c BesotwtipnvafiGREA pathdehlf D Basel ds, which do _not t ake

) aamwmblep hJ & dal Sdilses| weMd.-41 fo 42% %dielhl | %Yield
(\?/P\B’I!A? had base %) | %O | %@ | %0 | %ee | 50%Max | (-)-CPTA
Ethanol
13.68 1.02 11 10.2 | 89.8 | 75.8 | 242 | 79.7 394 68.9
0 8.9 91.1 | 764 | 23.6 | 823 39.1 69.9
-9 6.2 93.8 | 78.0 | 22.0 | 87.6 39.0 72.4
14.09 0.50 18 6.6 934 | 555 | 445 | 86.7 11.2 20.7
-5 103 | 89.7 | 59.7 | 403 | 79.3 19.7 35.0
2-Propanol
15.72 1.01 12 459 | 54.1 | 669 | 33.1 8.2 80.4 85.8
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20 isolated yields were 37 to 39%

of CPTA with CAF D Base.
wohoel1t794ri el d CPTA base % +)
Max (-)-CPTA Ethanol

% -)

Tabl e 3. Resol ution

% +)

w%nole/nole T C Solid M L.
% -) PEBUSHNE/019616
13.68 1.02 11 10.2 89.8 75. 8

24279739 416& 9T 0 BT 9 k461 45 4 3

69.9 -9 6.2 938. 287 45' 22.%8':487.{58'6 9?)06_2 4 14 Og 6 50 871

186 5. 6] 93940 550344 98,86 61F1} 49.60} 70.4-[0839.|3 8Y 6 58.6

59.7 40.3 79.3{19.7({35.0] 2-Propanol 15.72 1.01 12

45.9 54.1 66. 9131 802 BR94 BI38 | 261 WorRe©(4/ 132574 62.3

PCT/ US2004/ 019616 8 46,6 53i4 68.0 33.0 6.{7 84.2

87.1 16.6 0.50|3@ 8| .91} D269| G480 25.83. H1.BZ. 0 B5B26 68.5

22 10.2 89.8 78.9 26.1 79.6 37.5 62.3 |2 8.0 92.0 74,

2501 8%.00.8Y. 2| 689 5 26.37| 0385| 49526385 13474 4. 5388. 5 56.1

47 4 38.0 56.11 50 5 9P 5 6R3.3 367 85 0. 23 8 44 0

20 6.7 93.3 79| 75%20| F7-86| §240| 353‘?5 #1q. $Q.|55 388g. 8| 440

91.2 64.2 35.8. 823125 6146, 35191909 69.0 310

81,7 31.7 57. 6| &5 B84} 8375 8935, Fb. ¥ad g 4379 5 756

5794%4119;_81 Qg}_thT%%L ’.LI\A'rIS_’)_g 466

18 gh. s93% ol 780 g 183 SAASCRES f) 2.1 584 :

87342479 2—FH00P9-R Y on tHhe7CPTA

CAF D Base sal }$om921pr2g‘g?l %9' cre‘gc %Il he 8pﬁi ca 576

purity from apprgxi Tef &y ofg /@g 0,98 /@ﬁ% T3 8¢% 67.9

mass recovery, |or 98% recover gased cn g (-)-CPTA

content of the[Tged (sIab[©43)] 81'.9b| 6.0 &1 418 78.9

stallization of (-)} CPTA CAP D Base frgm 2-Rro anol .

Y%ee M L. wt% % Yiiel d 5.9eeokeeldsnt % Bad t| dxpliatedi 94 +)| 788

% -) Yield (-)tCPTA

18.34 0.54 6 6.3 93.7 | 82.1 | 179 | 87.3 424 79.2
[0099] Recrystallization of the CPTA CAF D Base salt from 2-propanol increased the

optical purity from approximately 87 %ee to 98 %ee with 87% mass recovery, or 93%

recovery based on the (-)-CPTA content of the feed (Table 4).

Table 4. Recrystallization of (-)-CPTA CAF D Base from 2-Propanol.

Yoee M.L. wt% % Yield
%ee Feed wt% Salt Isolated %(+) %(-) Yield (-)-CPTA
86.6 13.0 97.7 48.8 51.2 87.8 93.3
L 87.3 12.9 98.0 45.0 55.0 87.8 92.8
[0100] Overall, an approximately 35% yield out of a maximum 50% of the (-)-CPTA CAF
D Base salt, with an optical purity of approximately 98 %ee, was obtained from racemic
CPTA.
[0101] Crystallization of optically enriched enantiomers often increases the chiral purity.

Following removal of the resolving agent, crystallization of (-)-CPTA from

methylcyclohexanone will also increase the optical purity to some degree. In one

experiment, crystallization of (+)-CPTA increased the optical purity from 99.1 to 100 %ee;

the mother liquor was 95 %ee.
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86.6 13.0 97.7 48.8 51.2 87.8 93.3 87.3 12.9 98.0

45.0 55.0 87.8 92.8 5 [0100] Overall, an approxi mately
w21 a4l out of a maxi mum 50% of the (-)- CPTRCTIBE2004019616

Base salt, with an optical purity of approximtely 98

Ex §§ Je 38S obtained fromracenic CPTA [0101]

Ilization of optically enriched enantioners

[0102] erTHinexa@gse Blushatecthe salubiity piofiles FF UATOD Bege saltrof/a)- and (-)-
of the resolving agent, crystallization of (-)-CPTA
isofegte 1@%?%%1%%Flehexanone will also increase the
optical purity to sone degree. In one experinent,
[0103Y s tTad did Taoptomizetior| ef)th©OPRA resrletisecsing@AbI? Besd, the Solubility

s orbotn ¢S e disp eicomne sy o R T e TR ot il ar
ShC[V@fiLM igdidi1s megtr%t@ml ClﬁlFtE BE&Ssalth@as%%}}abéd using cinchonidine-

profil és of Base sal (+) - isoners

resolveCPNACP A2 -Aor I pangd| shoyve,ltb@]iesmd &)CETA dpﬂStemozlmr |1%%ppr0><lmately

I LT i —
inchiedeti $n the fZuls Q@@%lcu%cﬁo}dlehﬁ ciaA&@thnalboR (REHI)S TAeEata point for
shown in Figure 1. The (+)-CPTA CAF D Base salt

was
thqfr)e@BTécﬁalﬁ i $iy° € ivae Rohineluded inrdstepmindeg the)equion, buclosely fits the
hows, the desired (-)-CPTA di astereoner is

°31°“1§¢é8x?\¥8f“é¥y three tinmes | ess soluble than the

(O l CPTA form Equations describing the solubilitie
{0104t | Feeemizatiomal fir gndesingd L8 Tdagrapticmerropld petgsycled back into the

ar [ )
pro?tg%é; ﬁ%ﬁp@f ﬁ) ?ld %Egatglg an E; ) ngr?etrf;i}a%9 CélfG? 'ieurlénéghrg&]?somer of
CPf[TZlﬂnequ atjhenus sbdmmdiydscedldle aftlréﬂnxt fesultedah caa:lemhﬂdon in less than one
bility. [0Q104] em z f the undesired
hmérn:ﬁ%? fllv-ode st %?diaf HBE analvgs phipe 1@8%&%-
Thus, it was found that heating an enantionerically
Exempleched undesired isonmer of CPTA in 1 N aqueous

oiREE, TR et el SR B LR GRERT 2oL
detected by HPLC anall)(/3| s of the isolated CPTA.

[0186h At %rlzlrop@chbgqtomrmas witheplowethead Sirrea s charged Wetl 3B kg of crude

e AT 850t B e S B Sy s

hea@écm@&eﬂ&x*bcr ST fsoludh, figddodiede Asﬁér% thi&ld Slus: f@(fmed at 42 °C. The
et hanol, and 125 nL of net hanol e slurry was 20

slutrg atas dheatod tebd U tq givg aightslwny, thénor]ovied do cchdo @uibient temperature.
med. at

Th Gty ¥ Bl S0 itngd s of edietol 4 B meier grvine
unde? Yheuuth AW RND3 USRS ()-BPFA — chinconidine salt. The recrystallization
procedure was repeated with 600 mL of ethanol and 120 mL methanol to give 18.23 g of (+)-
CPTA - chinconidine salt (55% recovery from two crystallizations). No (-)-CPTA was
detected by chiral chromatography, although the degree of separation did not allow for an

assessment of low levels (the halofenate chiral analysis conditions were also used at that time

for the CPTA analysis).

[0107] A 3.61 gsample of the purified salt was mixed with 50 mL of water and 50 mL of
toluene, and 2.9 g of sulfuric acid was added. The organic phase was washed with 30 mL of

water, then evaporated to a residue. The residue was crystallized from 20 mL of cyclohexane
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The m xture was filtered at 26 C and rinsed with 150

nL of ethanol to give, after drying under vacuum at
wa00@11234 48 g of (+)-CPTA - chinconidi ne sal tPCT82004/019616

recrystallization procedure was repeated with 600 niL

ohvELPRAS (ARER” Ao AP Pt T A 2 firBhtink s r02
matoy)swad mxmwlmrms) g oNfiethy) ethdi bAd 28 g ofdﬁt&cirﬁﬁaditﬁﬁédltoraslm of 1.9

gronat hy,  al t hough the degree of separation d
Wi rops pb o FBie 2gid Tscsganiephaseas Bished w2y mheof water, dried

(ﬂh%h@ig?@%ﬁat I t@xledtaﬁf?il a%ﬁ?\ %1/ éélss 2. P’g%gﬁd %\Q%alé%ﬁgred with 22

mBafplethydéycidhexqmerat hinbitns ehipeviase 16 R)@ﬂh amlﬁﬂﬂy S50hdlufd was warmed
g@%g{ and 50 nL of 30 tol uene, and g of sulfuric .
t040i°K Hhsa caplad in anrise bathgad ithe ﬁ?ﬁés@l%bm FRéign e giyegater drying at

408¢ 191{ er Va6 2%'2 e@é%x%r ft@% ﬁﬁldﬁfﬂ}:@s Cf;%/jlgﬁ‘ o-hrgiane 22

resi ue was Cry Ize
WO 2004/112774 PCT/U82004/019616 to give 1.22 g of
ExamplepTA  Alternatively, 6.3 g of the (+)-CPTA -

[0 gt?ﬂétn E?Fib g%‘ﬁ@ﬂg A tré%g a %eg%o}e?mes%lr%gq& %fo@%l%? 19018 [Sﬁ-CPTA
ofl Ko Bl '@@;:@srg%@hw&;gasm R o
thi%H&lf@ﬂcﬁ')de dld thenie @ﬁ@heﬂ\{g P%ﬁ&tts g}Je% 5%th 2 g}‘b‘ﬁﬁerlﬁﬁ to acid

resi due was stirred exane
chlpridg misis @lﬂnltbsawcamudeng ) sefmplmwaths:hetharyxl aﬂ'dh enzflj/zung ghe product with

th bat
HIRS ARG L Pert e Aoy om s TG e e rraind g pigtion was
ad@éd to400 ﬂN@ﬁJ’étW@Hﬁﬁé‘lﬁmlﬁe ﬁ?lzgmUotﬁi@Nﬂarﬁlethyﬂ%x{%xmﬁieQbMF) with
of (+)-CPTA. Exanple 5 [0108] This exanplé illustrates

0.3 gref mouliteghiligdin nescrezbaﬂg The rebiadting sofutien W?T)added to 25 mL of water
01 d- bot t
and ;?) mcrlgé-fadvhetth%pﬁgglqu]e &rgacq_c) P o ggﬁeé)ar%tteélo ga%l}e% \}zlm\l\giwl of water,

dried (MEBOg), amhdltérbe toginé, wher heavalof e EGT4HX0.9Pg @ ¥R oA HPLC
sol.ution. Conversion to acid chloride was nonitored

angfysig shorveadi43. frea’s ahprlafenpte andad Bepad Ofaﬂ_ﬁdrl%m &hiral HBLE paalysis
md?écjigéiﬂ‘ﬁﬁt tgé Bglogeﬁgﬁegvaﬁ% T 254 tﬂe g-tbl %%g(?m? ol ution was

I et et her, 'S S0rut i on was
add d to 2.0 g of N-acetyl ethanol amne in 12 nL of
nmet hyl f ormam de (DMF) with 15 0.37 g of pyr|d| ne

I
[°lggéeéﬁ?so“%%@ﬁ“§%§§£‘?em R R A e

T3 (X S o TG SER R e SRS bt aBF i 1827 gor
halbﬁam@oea‘sommtdrevawl MRIN6.3 B 0P 2-plopio R TH ﬁurgﬂ% tirred and 32.3 g of
anal XSI s showed 45 area% of hal of enate an 0 ar ea% of

aquepynd S ‘Grotagsiumplydrasid yag added.ndiflernbesting keareflupsdor 1 hour, the solution

v ShAPOR e 50 Mk SIEBE ARG 2 g

adjpstep fromni@. § mczwith 288V A of 37% hydrochlonc a01d. The three phase mixture was
heated to 60 °C to give two phases. The lower aqueous phase was removed and extracted
with 50 mL of hexanes. The combined organic layers were heated to distill at atmospheric
pressure to remove 100 mL of cloudy distillate. The solution was cooled to 30 °C and seeded
with CPTA. A slurry formed. The slurry was cooled in an ice bath and the solid isolated by
filtration to afford 64.0 g (78.4% yield) of racemic CPTA, i.e., (4-chlorophenyl)(3-trifluoro-

methylphenoxy)acetic acid.
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[0111] A 2-L round-bottomflask with an overhead

stirrer was charged with 102.7 g of hal ofenate, 500
workooafi1zivat er, and 16.3 g of 2-propanol. The slPCT/YSWa$019616

stirred, and 32.3 g of aqueous 45% pot assi um

h%dgo%lde was added. After heating to reflux for 1

the solution 25 was cool ed to anbi ent

[0 mrpemJ &iafh gw&meméﬁ@&nmtrﬁvs rexafls Otchdfal R8HIAN6S scrddhéngdifd ethanol

was adjusted from12.5 to 2 with 24.57 g of 37%
uwngaﬁaeﬁVprbnﬁémaw The three phase nixture was heated

to 60 Cto give two phases. The | ower aqueous phase
[0M3$ repmmsld ofhd6 @ (Brsachmd]) ofiOPT ASPagdissolveldan 81985 of Biteinol to give

a SSRGS [ EMOg b B EViRls VaEhisge Gy aiged oy amounts of cach
bas‘%g%\%adlt %Cgl_?_ -,I-th\d ﬁnlglaH‘fduﬁpofWﬁé eth lﬁ‘tll"pA %&ugm?@ﬁcﬁ?g% &fgive a 1

urry formed. urry was coole
to 1 modar ratoeofraidtodrase wheadieli th send cises) alsylallfa'rrionmmfl ethenol was

ff d,64.0 78..4% | CPTA i.e,.,
sl B eb e apidhed Adaiten b s Lok sRiforthey e befealiowed t
staRd blbrnigBt M&&A&?&&&@%ﬁ@% ﬁ%@@é@rec@%@t@' & sZmple of each

[0112] "This exanpl e shows representative results of
supshiatewvas awived pwhansdyzed by ehiral HRILG analysis. ughmhés were isolated by

ol it o B IESr e Cob i VB OB 21568 Fhamle 1
abdve). TN renfairdnS Haltiw @B pldledila rORIdAtor £650°€S Aﬁéﬂ She\WBYE7E give a
i ndi vidually charged with the anbunts of each base

precipstated Tihp samapleavas analyged mra\rmuﬂiu d@bnbehb ‘Hetrameining vials were

chaggorith o) g e toree A pent el ccarutedror s G beorptacing in

the%@ﬁ’iﬁ@ﬁat&f N%)tzﬂﬁﬁﬁina c1pﬁ§@§€3’e1teqlo‘ﬂé%‘itaffep End@SRMPri or to
addition of the CPTA solution. The vials were all owed

&%ﬁﬁasmgcrggﬁﬁgmgﬁ%ani. anbi ent tenperature. Vials 7G

es- A
$upernate was renmpved and anal y; (§}Dédhl r alVtp| EIOH | Water
anal ysis. The sglids were isolate I bn d
& ol G | e

al so anal yzed e of t he resul

TAf TSEE BRG] bR TNE 7 EIEIGREIg VI fli&oneT § 0.05
pl aced in ?\?Ia tore at 5 C Af({]ger one day, 7E © &

7Bﬂgl ve a prefhRidA Butanl€ Sanpl € Wag #bgl YZedh@s| o 0.05
reviously described. The remainjing vials| were

7C¢har ged AR DSY"0-Mogphetiicer, and helok2at anbo®srt | 02007 | 0.05
tenperature for three days beforge placing in 15/the

D¢ ef ri gerEs,28)-(+Neseadbepiieddmal pr ec| pidt7ades (weo&lsnptlelds9 0.05
fter one nonth. Table 5. Base Bcreenind in Ethanol.

TEwt CHIR)-(-2E0R I -oitropBast- 10| uf | OF58Y) (BREEI0(H)0.1228 | 0
ndded Added prepagediol) - Met hyl benzyl ani ne 0. 8836 D. 4620
D 0. 0.05 g 7B 1-2-Amino-l-butanol 0.8198 0.0314 0

7F () fl52S)-(+)-Z-Amino-1-phenyl-1,3-propanediol 0.5640 | 0.0405 | 0.1287 | 0.05

7G (-)-Cinchonidine 0.3484 0.4390 | 0.3637 0
7H (+)-Cinchonine 0.6409 0.0796 | 0.2103 0.05
m ) Quinine 0.5391 0.0750 | 0.1735 0
7] (-)-Strychnine 0.58‘12 0.0828 | 0.2295 0.05
7K Brucine 0.7566 0.1287 0 0.05
7L (S)-(+)-2-pyrrolidine-methanol 0.8681 0.0383 0 0.05
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7C (1R, 2S)-(-) - Norephedrine 0.5273 0.0342 0.2007 0.05
7D (IS, 2S)-(+) - Pseudoephedrine 0.7295 0.0515 0. 1459
W@ 2@3/1127F (1S, 2S) - (+) - 2- Ami no- | - (4- ni t r ophenyl PEWPS2004/019616
0. 5580 0.0510 0.1228 0 propanediol 7F
Exﬁria RY - (+)-2-Am no-1|-phenyl -1, 3-propanediol 0.5640
405 0.1287 0.05 7G (-)-C nchoni di.ne 0.3484 0. 4390,
[016 4B Thisexamply showsirerspeshiative tesslipol ehirgymsolgtion eeseqningsin acetone

0.0750 0.1735 0 7J Strych
““@%%&8%&@5’%%2%595 0.05 7K Brucine g )7566”0/(:198960
(01850 gsarnle 0§ Sb6 4t CrLAwastRalen 1) Do Bh AP L e i agcigne to give
as&Q&aT%] G JiaRXATP LRI ABOUE dhaRl-8 SRR @b 'afﬁ%uﬁt‘é‘%%&c% tafe listed in

hiral resolution screeni'ng I'n acetone using a
Tabla 6 atdythe imotitrafithd@BEA. so[mn@}ilcmamn:p lgeveaf 1 tb. binolyr etio of acid

to lt%Fs)%- @a‘é"gS%e%i 5 gcler%/xg gasle% a;sgga lva[%é()f bl LC q%q%?agi gge (%{aethet: r%ixture was
waﬁﬁ&f Re8o¥d dord Q)e%l%'@ kﬁlﬁt?orPfA@(ﬁﬁBna@@s@ 3bo ﬁﬁ‘?@f 1R soa_ﬁgl Bydroxide

6, and t he anoun t he CPTA sol ution cal cul ated
wagad.cbdao viat 0OMI. rieaiials werellofved ¢d stand ovdraigbt atcsnbachd emmperature
a s anpu dded

qul ﬁgﬁrfgﬁ? Sgg%élglta%q%%ast zglag%gg %s et oe{aoabal ¢ eoqne of e gesults are
sun%ﬁhﬁ'iédQH Taﬁi@@' (‘séé’@)@einll ple 19 ﬂ%orem-alrﬁﬁr% Vialy \ﬁ&g b3Ed in the refrigerator.

droxi d was added to vial 16M e vials were

Vwéll b M@dmpd) a pregipitatey en%wemnaéxzeén‘bf 1dnit6G @n‘ped avenydight precipitate.

ang e vok V3L 50 v BGET bR a B Tp RS TACARE W B anplyzed as

previvudigbhdcated. SNE alditiomll @rebipitallévdre®iedi Ng Vi al s were
placed in the refrigerator. Vial 16 N forned a

Talﬂé gcmgé%&m@g M@e%}%nal yzed. Vi aI 16G foered a very

I'Tt previprtatce. AL 1 UTIT VVCCK ‘I I C?T‘I}X asS otr ACCtOIle
to contain a precipitate. The sarrpl e (was anal\ze as
previously indicatgd. No additional prggiipi fA1 %S%%_e Added (g)
noted. 15 Table 6. Base Screening injAcetone: A

16¥¥| Acetone (1Rang (S0Ublhdiringd) Base (d) @ gaRd (9d.0704oA
(1R, 2S) - (-)- Nor éphedri ne 0.8568 0.0704 16B

161315 298 ,28501)2-000 69 ﬁher@lr@mﬁroﬁhne’m&f opanggsnal 0. d.673%

0.0168 16C S-(-)-Methyl benzyl am ne (.8948 0. 0592 ]
16C S-(-)-Methylbenzylamine 0.8948 0.0592
16D Quinine 0.1968 0.0347 0.85
16E (S)-(+)y—2-pyrrolidine-methanol 0.8181 0.0452
16F Brucine 0.2163 0.0463
16G (+)-Cinchonine 0.3987 0.0630
16H (18,2S)-(+)-Pseudoephedrine 1.0835 0.0974
161 (-)-Strychnine 0.1462 0.0265 0.25
16J Quinidine 0.3753 0.0663
16K 1-2-Amino-1-butanol 0.7248 0.0353 7
16L L-Tyrosine Hydrazide 0.4508 0.0472 0.39
16M L-Leucine Methyl Ester Hydrochloride 0.5585 0.0544
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16D Quinine 0.1968 0.0347 0.85 16E
(S)-(+)-2-pyrrolidine-nethanol 0.8181 0.0452 16F

w@eamagitng79. 2163 0. 0463 16G (+) - G nchoni ne 0. 3B&7WUS2004/019616
0. 0630 16H (I S, 2S) - (+) Pseudoephedrl ne 1.0835 0.0974

‘%‘? 3753 0. 068 16Kk B8 no- | - but anol| 02705 §. 9908 | >0

'T L-Tyr osi e [ #aFadbhiRe 0- 4508 0. 0472793388 16Wl539 0.30
L Leuci ne Met hyl "Ester Hydrochl oride [0.5585 0.,0544 25

T WD 20047 112774 PCT7TUS20047/ 019616 16N Qui nine E 0. 4712
B 0.0 2.00 160 (+)-C nchonine 0.3363 0.0539 0.30
e e 9 [0116] This exanple shows representative
[0118F Ul Trss Sfanfpié £Iﬁ:|wsrr€§x@§ét'ﬁdti‘9@ rS&EIeSNHMaI fe@olnﬁ&h@asémng in methanol
using a variety of chiral bases. [01171 A sanple of
using @0agetyfof CRTA bases. di ssol ved in 8.03 g of HPLC grade
nmet hanol to 5 give a solution. dass vials were
[0117gli VA gatahik b f 2 0areOsICPTA vat BigsAvaAURtSS0308 oenpnckga@@ methanol to
listed in _Table 7, and the amount of the CPTA
gives solution. CHassulials wara igdigidpallycharged withiemquatsiad eagh base listed in
t
o 7o e 4RRGRIEAUEERT S pofidh ceRUBlagg ofed Dol mler fafd of acid
to bk avaa latidatie dA dditiodadly(l0.80@mii fHt N addiantiiyenixide was added to vial 27J.
te erature ial 27B saljdified, and an additional...
The ey spWireaﬂowe%/ Fattand %@guglat&éamgléflbﬁegmm@re-aﬁ%lé%gildlﬁed, and
| .
an Q&‘cﬁ 18@?%0@§Ldoeﬁ{fc{;dé§1§g?v%9 aé(gfr%g;ﬁgfr‘or QE sétgg?t\’i&ﬁgn@gfd%&i & described
abcp.ree dihgirtidhiaimgnasle wenoplackddh tigs refriperaimntNo adaiinel precipitates were
Base Screeni ng in Methanol. Base wt CPTA solution (g)
notggl afigisene(gynth27A (1R, 2S) - (-) - Ephedrine 0.4896 g 0. 0478
g 27B Quinine 0.1420 0.0282 27C (+)-Cinchonine
'Tab)leﬂ82321568&3214ing2ﬂMelhaﬁolé\m no-1 -butanol 1.0012 0.0539

27E S-(-)-Met hyl bemeyd am ne 0. 7892 0. O5T€PTAR%Blution (g) | wt base (g)

(1S, 2S) - (+) - Pseudoephedrine 0.7600 0.0749
27A (1R,2S)-(-)-Ephedrine 0.4896 g 0.0478 g
27B Quinine 0.1420 0.0282
27C (+)-Cinchonine 0.1822 0.0324
27D 1-2-Amino-1-butanol 1.0012 0.0539
27E S-(-)-Methylbenzylamine 0.7892 0.0576
27F (18,28)-(+)-Pseudoephedrine 0.7600 0.0749
27G Brucine 0.1891 0.0436
27H Quinidine 0.5845 0.1144
271 (18,2S)-(+)-2-Amino-1-phenyl-1,3-propandiol 0.3032 0.0299
27] L-Leucine Methyl Ester Hydrochloride 0.5033 0.0545
27K (S)-(+)-2-Pyrrolidine-methanol 0.7133 0.0434
27L (1R,28)-(-)-Norephedrine 1.1788 0.1070
27 (-)-Strychnine 0.4525 0.0905
27N (S)-(+)-2-Amino-3-methyl-1-butanol 0.1478 0.0092
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27G Brucine 0.1891 0.0436 27H Quinidine 0.5845 0.1144
271 (1S, 2S)-(+)-2-Am no-I-phenyl -1, 3- propandi ol 0. 3032

w02@2927727J L- Leuci ne Methyl Ester Hydrochl or PCEUS2004/019616
0.5033 0.0545 27K (S)-(+)-2-Pyrrolidine-nethanol

27@) r133 0. 04 (+)42/Anﬁnbt‘i —proparlot ) - NOT Ephedr i Neg 4568788 0.0417
.|1070 27 -)-Strychnine 0.4525 0.0905 27N

27(P<) (+) - 2ASAM-DGniso-BRhdhyl-1 rdpuicanol 0. 1478 0o RARZ 26| 0.0307
WO 2004/ 112774 PCT/ US2004/ 019616 270

(S)-(+)-2-Am no-I|-propanol 0.9268 0.0417 27P

Ex éfe(lo) 2-ni no- 3- phenyl -1 - propanol 0. 3406 0.0307
T e 10 [0118] This exanple shows the result of

[0118} O ITWii g ¥k afip T shohwts Mh itk BEresd1OhE YPTN $4@-qitnihaiCket ed
bottomdrain flask was charged wth 2.70 g (8.17 mmol)

e T L,

CPTAsdl. cﬁﬂ g 117 trinesi) efplide,tand 30 nﬁL af 2. propanel. ofheniZtuté man heated to
d held for, 2 hours to ve a slu Chiral HPLC

70504 §Ypd Sahltlanstaﬁw@l%qqf@%@cmaé agBlef B min ancbbgg & 2 hours to

giv(e ) IL@gW é4hll‘al ﬁ%ﬁ}g?sgoa ¥1‘f)!é/ 3hogz%gt4?%)83a%{:}r?g49 Il?e%% of (+) and (-

)- CPé‘Q,peaspeomfleLy, in the bbled plodseltand 61.5TRd SUUOrayeada st (F9ahe ()-CPTA,
to 60 C, then cooled to 30 C at a ratoe of 0.04 C/rrln
resparif Vel i@ the ealniint Theslyry waghentes toyp0 “Ehihealcopled ¢ 30 °C at a rate of

R h 4 and 10 44 % of (+) an
007 B R PRIRErty df 50 M AT Bl o808 29 94 ana
44,29 ared9, 5T]+ps CBTFA( r'e‘spébﬁ%l(y- mrtﬁé’&ﬁld PIRSEQEE 7Y 8U¥ind R0.88 area%
the solution. The_ slurr luted with 50 nL of 2-

of (39 aphroCPard refpaetglt én é@ sqiutlgn gifb@ slyrry ovag dilsied withelp mL of 2-

prof ) B8 b s S B Bl Pl S e g2 “cvmin
A sﬁIrf}f gtﬁ@edfte rfm%l SRS ur aﬂim Nt The ﬁﬁmsfeawsﬁnea m 4438 at ambient

solid was isolated by filtration and rinsed wt
tempepatwpathet thesolyd wes lsafat&eirby]ﬁltxahgm augyl winmsebd withel: pmmlncﬂ t1@Qive, after

sy Ve, ZHRBTS S Pl r A GaTie 1§ arCRbp o fchinal FPLC

analysjs foims 42 25 R4y, 75 SRRCIA(¥EhG S) UP‘l‘he re%ﬁédn@el@'hﬁ‘ﬁﬁe solid phase
and_ 56.56 and 39. 20 area% of 4&
and s Heand; 39} Qareq’n of 1o ardt(he¢PT :cﬂ@@i?eCtl‘{"ﬂﬁ, in rﬂ@fsmpthgr liguor. The

res e R P TR R BBITL™ Rt ot 1 a5l vi ng

CPTA with CAF D base. [0121] A 150-nL bottomdrain
Example k1 \vas charged with 19.54 g of CPTA, 6.82 g of CAF

[OIQJ] This example shows the result of resolving CPTA with CAF D base.

[0121] A 150-mL bottom-drain flask was charged with 19.54 g of CPTA, 6.82 g of CAF D
Base (i.e., D-threo-(-)-2-amino-1-(nitrophenyl)-1,3-propandiol), and 80.2 g of 2-propanol.
The mixture was warmed to 70 °C to give a solution, then cooled to a jacket temperature of 5
°C at arate of 0.1 °C/min. The mixture was hazy at 62 °C. Afier holding at 6 °C for 9 hours,
the solid was isolated by filtration, rinsed with 5 mL of 2-propanol, and dried at 40 °C under
vacuum to give 12.03 g (37.4 wt% yield) of (-)-CPTA CAF D Base salt. Chiral HPLC
analysis of the solid found 6.34 area% of (+)-CPTA and 93.46 area% of (-)-CPTA; the
mother liquor contained 81.41 area% of (+)-CPTA and 17.76 area% of (-)-CPTA.
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Base (i.e.,

D-threo-(-)-2-am no-I-(nitrophenyl)-1, 3-propandiol),
w@r@48®R724 g of 2-propanol. The m xture was waP@EUS1004/019616

70 Cto give a solution, then cooled to a jacket

ature of 5 Cat arate of 0.1 Cmn. The

m%e was hazy at 62 C. After holding at 6 C for 9
[0122purEhis @kanigie siawd the vaaslt bErcatsadliziyg ¢-)-CPTAtCARD Basaseld

with 5 nL of 2-propanol, and dried at 40 C under
[012\320 Al rrsé Sn1ObdiforkArdds ﬂgsk(v?»Zs c¢haViedowiti£8.00 g OF the)): @"WSCAF D

Base salt. Chiral HPLC analysis of the 'solid
Bas¢ snhtr(drom Bxarapled 46abéve) #pd ERT & ofiddpropanyd ”ﬁheera%twﬁ was heated to

refht(x t%) _ggg%ﬁsogﬁgoenl gxnegtggitg éxd,aqbgcp{ YB%’%n@glfn %F %@J(;/\ﬁl 2 e 0{9 1O£C/m1n
and AOA% %ré %rﬂalpg% pera esélll‘ DIREEB 6 Hoty h% sbBd {vgé%gﬁteﬁmxsﬁltration,

exanp t of recrystallizing (-
rinsédArit2Basgandglahd dné@ml°%rikﬁ9vmuubﬁbtgm&j93ag (86f6 WS% recovery)
was chapag?edvvlthSOO ofthe&)@A%F
of (JAIRTA € r@@aamﬂlts(nm KBohBS)° Candhe 401l qpnigineg Op%@am of (+)-

CPTThe @farte%W%( Qe(iﬁfg,ttéﬁgolﬂ{eﬁljl H%(ro(;trog?gj é%4%3 éa%rag/&) @Jf) -CPTA

and @4 117 @femmof(ademAI crhatrea&fbrlvms Rleaatd bie it mbwhe Ohie &2tdde was
for 6 hours. The solid was isolated by filtration,
evanor#edip weﬁwuzoﬁpaﬁar{éﬂwta(ﬁd dried at 40 C under vacuum
to give 6.93 g (86.6 w%recovery) of (-)-CPTA CAF D
ExangEseBsalt (m p 184 185 C). The solid contained 0.995

r ea%, of 9.01 area% of
(0124 s @faaepé? UGHtTa EOTR 10 e S O &iﬁ%@& R sl
54. 47 area% of (-)-CPTA. The reactor was cl eaned out
[0125 t A ddeflaskevasTihergad extithnl®. ng(lki/mprmimféme to-@Trresinchanidine

0. 3. le 13.[0 |
salt, 3pp Gy oot gt DR SSPEEnesh gt Thedbh ReEaE M fi .0 by the
add1ﬁ@1|1 bfl. g[gQif%ﬁﬂfuﬁc dcil. Thesdganie sayehdag wdswdttmea Bml¢with 100-mL

5 mmol) of the (+)-CPTA cinchonidine 15 salt, 200
portwns of difiete aqueounenliun agid, dricdveragnrena suknte) fifferedand gypporated
toa }%% Sg{f%% jh%f%%g%e?\}ézgacpgsoﬂ%qgé b%g o({/fva Zj]?{ggﬁ} E nd 3.5 gof CAF

D Bﬁseﬁm addéd 'Blm\sﬁﬂ-ltmglﬂmtry oAs heéteditd reflex fogieou solswd:f titen@ooled
acid, dried cgne5| um sul fate and

filtered

to at@bl&pfdﬁ@p@r@tur@ andthe sl pbirrge 1 @t%eaoumhémégww i g ice bath, the
soli SRR Ly et e lon i eRAIP mt T o Rl 2y Ak uiter
vacuuef dtubd otoglivee7.39 gé8athiyiadd) dfifepCeaal €AF T0Bise salltr’(rn@nﬂ 72-173

tenperature and the slurry stirred for three hours.
°C).After cooling in an ice bath, the solid was isolated

by vacuum filtration, rinsed wth 5 nL of 2-propanol,
Exampld 1dri ed under vacuumat 40 C to gi ve 7.39 g (80%

of (+)-CPTA CAF. D Base salt -173 C
[Olz)é]< a,”ﬁﬂ)l%ex?m(plg shows solubﬁlty oP (%astereomeric CPQ‘A—&KI% D base s%us in 2-

propanol.

[0127] Samples of (-)-CPTA CAF D Base and (+)-CPTA CAF D Base (>98 %ee) were
added to 2-propanol in the amounts shown in Table 8, and mixed using an ultrasonic bath.
All samples remained slurries. The slurries were held overnight at the temperature listed,
then samples of the supernates were removed and analyzed by quantitative HPLC analysis to

determine the CPTA concentration. The results are shown in the table, and in Figure 1.
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25 [ 01261 This exanple shows solubility of
di astereoneri ¢ CPTA-CAF D base salts in 2- propanol.
wQ 0ma/1)273anpl es of (-)-CPTA CAF D Base and (+)PCRUS0GHH 9616
D Base (>98 %e) were added to 2-propanol in the
Addniousilyg 8000yof (-)‘lCPETAI ©AB D Baxt salt xephired iSAQ @of 2-propanol for solution
ul trasoni c bath. sanpl es remained slurries. The
at & Uy tlidekWiie) e This Kieltaww Mg, chllﬁi@dﬂmﬁla!lé?rbéwafl@ﬁrlécluded in the
t hen sanpl es of the supernates were renoved
SOILﬁlg{fé@lﬁﬁged by quantitative HPLC analysis to

lgeterm ne.t he CPTA concentration. The results are
Taklg SusSoiybilitpran 2-Bropanob ny in Eiqure 1. 28 WD 2004/ 112774

PCYt Sep@4/ 019618t 2xeperal @Dal [y, 8. 08°g of (-)- CPYtie insolution
‘—@LD—B%%&%%W%I f-or

solution at 82 C (14( »CW%AF Pasedalta poi nt was
Hekyded+nr—Hgure rotHaeluded—in—the 35
sol u?;i‘ﬂ"i ty equati on. 1’}'Zbl e 8. | Sol ubi ‘?y in 2.
2=Prppanot—T € W% ingsotutipnm—W—Sg-t—(g)—W
2 priganol (g] T (-)Q@TA CAF| D Base Salt 0,31 1,17 %37

.- 90 21 . 4 —0 2% 431 940 btitbﬁgg
(+)-CPTA CAF b Base Salt 0 25/1.84 2000 1.85 |0. 27

1.83 45.8 6.03 0.17 ﬁ ?@?T§M®gése§ﬂaml & 15
[0128] This exanple illustrates a nethod for

racemezi ng enantioneiggally ephriched2€d’TA. [ 0129] Ai1.85
50-nlL round bottom flask was charged with 0.31 g of

(-)-CPTA (68. 7% ee) aRdl 9.4 g of 1MNE®di um hydr oxi de.o3
The solution was heated to reflux for one hour., then

cool0.tb anbient tenp€tature and aci @ified with 1 g b2

37% hydraochloric acid The CPTA was 10 extracted intao
met hyl ene chloride, and the sol vent was evaporated to

EX%IQ% of 0.46 g. HPLC analysis found 99.4 area% of
and chiral HPLC analysis found a 50/50 m xture

[0128] t ,ﬂfbis egRMpleatlasitatesraanethoEfoamplemiziBg enantiomerically enriched CPTA.
[0129] A 50-mL round bottom flask was charged with 0.31 g of (-)-CPTA (68.7% ee) and
9.4 g of IN sodium hydroxide. The solution was heated to reflux for one hour, then cool to
ambient temperature and acidified with 1 g of 37% hydrochloric acid. The CPTA was
extracted into methylene chloride, and the solvent was evaporated to an oil 0of 0.46 g. HPLC
analysis found 99.4 area% of CPTA, and chiral HPLC analysis found a 50/50 mixture of the

CPTA enantiomers.

Example 16
[0130] This example illustrates a process for resolving a racemic mixture of CPTA using

CAF D-Base under a variety of crystallization conditions.

[0131] The general crystallization procedure was to charge CPTA, CAF D-Base, and 2-
propanol at room temperature and heat to a solution at about 75 °C. The solution was cooled
to about 60 °C and held until nucleation occurred. Several batches were seeded with (-)-Salt
(i.e., salt of (-)-CPTA and CAF D-Base) to induce nucleation. After the slurry had developed
over about an hour, the vessel was cooled to the isolation temperature. The first 5 entries in

Figure 2 used a slow cooling rate of about 0.05-0.10 °C / minute to reach the isolation
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[0130] This exanple illustrates a process for

resolving a racem c m xture of CPTA using 15 CAF
wBade’sder a variety of crystallizati on conPdT/U82084/019616

[ 01311 The general crystallization procedure was to

tempérafde Thel Gthe ANpefimBas @sedad fstér cdY1ARRMNE lof 8R50MONC / minute. A
tenperature and heat to a solution at about 75 C. The

fibeg gptig prohe iinsastsd|dizgctly istonthe grystdlizer tondeterarine Whaslurry density.
nucl eati on occurred. Several batches were seeded with
[0132]) - Bied dmourit of CAFSIBasehdded Jan@iHe sodutel c%n@thsaeé sdm)a of the

i nduce nucl eation. After t lurry had.devel o
impgriapt VaBales Whichdiiye riser@ th?efg@éﬁa%gorewlw et endy for the (+)-

I r 15
Salt 2(?‘9 i m+§ PR AdUf £F DIBEse 'tJ x;e%% i ﬁg:%:%s'%@%a}tﬁd‘ofocr: E?Wgeamounts

use ow cooling rate _ o
of timenis beli¢ved tehe h ntae casws! fat vzmabﬂﬁy WO dOewped @24 This is

PCT/ US2004/ 019 The oth
deripaglits f“a@kt‘é’r S Edoeihg DATEDLIHes s oL SN 15 2C and
producB&hi 91{)/9@?(9'937 % N§SEkE dl"}gfbé R&rb lfétérnirpmt:ﬁ@se m the signal of

crysta Ilzer determhne the slurry densi t

the fiber mﬁtmpmbeaﬁd@utﬁd theBkeky raldtf@tiomnﬂtht: KKe)-Sat. u!{‘éer another 27 hours,

o GG P B P RS P2 17
AnalRiCemBY cfystal plddudt by HPISaived thegatio 68(--CPTA(ahli {ERTATA. Since

and CAF D-Base) .to remmin supersaturated for varying

the GppGRTS. ingplutiphris yndersauraserbiie covstab apelies Bereiers sbvep &he
dlaslile%foh?e?fc s'a]g}‘at il '2\58 ?cg.v%?s\r/&] %ﬁotthhdgsﬁ ved salggrm%] tqflﬁfﬁd Analys1s

ur ry
by HRILC Beﬂmu ftise (&tmb’iﬁedﬁrmuﬂlt of¢aoH leﬁﬁdlolftndjj las D?lHﬂ"lAt )Slmllyﬂy &htry 6 of

Flgqfrgg skt g v 3 o R g0 e 8 dPCaIG Figh purity sl
(>9é%|:§?|s(¥P’ﬁM§:| ﬁﬁ&‘ i x?% oied e @?lgalt ibe8Ed 3RPENARD 0317er quality

10" t was | solated and the crysta
proquebl{uct)-ColAar Bbd/488%]/ +)-CPTA ratio of 83.3 /
16.7% Analysis of the crystal product by HPLC gives

[0133!9 Ihathe? t@hls, ket o fAR6l () '*9a‘lt%-&?ﬂede‘nBi?eequ1@mf2 ak fii€éntries 2, 8,

TAin solution is undersaturated the crysta
and 30 f fiduse 2, hér@f’%ﬁtlbzajiovessdftsrrebledpla‘ghléh isotasion gowld|be done near,

ther ) | ved salt and
pret{ﬂagé’ J&?ﬁa %/agl 'S Onbtgl%fzé;f@gr gg{(])lr t(ﬂc_ij Sﬂg conbi ned
amount of each enantioner as CPTA. Simlarly, entr

(01341 145t ajogding of 3 drmic?-Piearnal Rer giamy A CREA 2pdih s egewalent of
CAI?B;JB%S%S r}L»o 1315‘% IBBIQQHﬁgQat%@%bp%H{s'tﬁﬁe Qﬂ}rtnea[l(tﬁg SHbration level (or

ter heatin
withiu thean¢tedatd e domgpy vEthe ¢o)-Balt. gEmtry 13 in Piguxbicdtarfed-with 0.43 equivalents

CPTA = 81.2 9 0133 In o rtgials, .
of b b SV PEHCEL)L S rmgBed PBI AL A Giekn st seeding
with (3)alt! iAgRr 4ddifg modddARD @‘asé: toggi*o@o 45 efuivalents, the slurry was held

crystallization is desirable whi ch i sol ation coul d

for Hehqmm @ng gwen, for @ mope kduss gﬁtﬁryseq:dggg wgtb(ﬁv)gSalt hEhe crystal product
anal t@%'?‘?(-%-%gp[%{ xaag H.rz?nrg:?%asla %eqlé %Jo)éarl%gi%etafr% do 1?71 e&gﬂy&fént ave crystal

prodmlct hhia:hdsﬁnﬂg mdté?dsaﬂtn (8§-SalcAbmpPedaceto (an+)-€BTAL+ ON3 AT.7%.
roomtenperature appears to be very near the

0135t Uity Dot 1B &J A@mn i HoPahd1 P Blaft s BODEA ; Z(Pﬁ‘ﬁé ‘BE

[ ﬁ IL}JSa(I)t g N @ B()F}aurg)e started with q Se)
malmqmpd' ai@mugty of the (-)- Salt (99 1%) aﬁer 14 hours, but upon addmon of more base
to 0.48 eq., the resulting ratio of the product was (- / +)-Salt = 89.2/ 10.8%. Entry 9 of

Figure 2 (at 0.45 eq. base) maintained 99.5% (-)-Salt purity after 16 hours at 22 °C.
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of base, and the crystal product at 21 C remai ned pure

(>99% (-)-Salt), even after seeding 25 with (+)-Salt.
w@\baen1aadi ng nore CAF D-Base to give 0.45 equUP@HUSIWNE)19616

the slurry was held for 14 hours, and then for 6 nore
Calbwlated yidfldseof (9)e@PRIT Adrom the tiired baahds. un'dhethesthditnops werect0.7-

7 B2 A8 B R AR S SRS BB b cora

feed Ib9Wnwi e@ &1 it fhdth CBRResitibh 85 @PfFAa{d +)-CPTA.
ee+b?CPTAr£gCt32 I 7. 7% EISﬁ‘lief’srl fl?r%tryl 11 (o?‘ Fi gur x ()

f n 45 es se
IOI%@ e LB RE AR PRt bR Per R e f%ffg oha-
progdnoperlgtarl @ CPIT Abptovidp @i gtoislirity @1)-Sat (W@"/@G}ﬁ'@duc‘t Gvhich can be
0.48 eq., the resulting ratio of the product was (- /
used yitBgyia further recrystellizatign. Ent ry 9 of Figure 2 (at 0. 45
eq. base) mai ntai ned 99.5% (-)-Salt purity after 16
Exahmple 7 at 22 C. 30 WD 2004/ 112774 PCT/ US2004/ 019616

ated ields. of (-)-CPTA fromthe_ three batches
IOI%S‘ﬁ Thi carndle BriRdes aeodb Rudeserite the 1esgbtioparysta igadan of CPTA

saltyi eI ds are derived froma forced mass bal ance fromthe
racemc CPTA feed, by know ng the crystal and nother

10138 0o By ARG OB BT S0 6P TH FecRiin b ahp ol bage ARl and the
solv@ﬂaloaaaﬁglt Fér @caﬁip162a5esar@@ambm@r bPERAEiAk 4 O AP prip@@panm and

hi gh pu“:ﬁ: 2)- Sal t (>98.5% product, which can
0.5 QJ%’@@V&I@IK REGAFD fHiase, hesults it foymation pEthe sohin Zwenpicd Vdf!ch contains

o B T o L L BT (o e
SaltThel weyduedtinidd 8 Rhé¥n {r BigufeRl Ariderendso @Blutieetha Q&UBﬂhty data in

of base charged and the solvent Ioadlng For exa
Pure2-pEaPENQls cssed CRRTEN 19 comBPRANh §erSTamE ArsopAnol. o lgure 3

ShO\gS ﬂ{e%%g lfor%ﬂ%es;??glzﬁge gzﬁtéiay@!)gﬁﬁulglf sh D-Base, results

ormation o " whi ch contains

% f e CPTA. This Ive [ eat er
Olé"ih by iy corehingisgh of e 1gad il ¢ P LR AR &-E43e aagprpropanol, &
systé esiBn AR 1€ 0% %QC?TASB opfhdTL @580 Be athuQédir &s sho¥nSif Figure
includes the solubility data in I5 pure 2-propanol,

4. P@@E@@ée&ihowa, the tondivgs foovepoe expermenty iarfiigdre 2-dd optarsoally fall

exadly o ey Figeera e O SR o Cortlr ool GBS e P e s
follgve allemiih@hieh g Apofafibd¥eBRs e11.09tred-CPF IR is nidre dilute (i.e.,

stem resultlng in 11 0% free CPTA in 2-propanol can

<1 1&?36%@%&@@@@9@9 aouibits ioggr @1umlltyAbmﬁhg i1 60%” line.
Con@&g@ﬁﬁ oqotlﬂltg bls 8@%?9 f @%” Yigt h% u? é&%lﬁ 'ggﬂ%%ldgg E%@%r I%eeZCPTA

usua 0 exac
and tHeesalt splubidity 1sEgﬂehtérhbar( de):erﬁﬁhéd xsltﬂlglhb Bi Ty dsﬁmdé&;omponent

i mat ed as I ovvs | oadi ich,. | ve
solufii & coRgam FuInler RO BT Yefe The g Eeadp M ¢ eﬂuaélons for the
¢ siilslan@%ﬁé‘ @ aﬁlF’Feﬁhbﬂafo%e Bl )QP@@?M ke md”emi 81,150 828 RAET7IT,

sol ubi | than t 0% Iine.
[0140] Even with a good estimation of the (-)-Salt and the (+)-Salt solubility by adjusting £,
one can still not describe the crystallization, for the other unknown is the ratio of (-)-Salt and
(+)-Salt which is formed upon addition of the resolving agent base. One of the more detailed
experiments is shown in Figure 5 (see also Figure 2). This experiment used 0.75 equivalent

of base and when sampled at 21.5 °C, gave the product with (- / +)-Salt ratio of 66.4/33.6%.
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Conversely, points belowthe "11.0% line result in

sol vent containing > 11.0% free CPTA, and the salt
wa@olhid7rdy is greater than determined in Fi guP€T/BS2000019616

estimate conponent 25 solubility, a constant

By Hﬁd{nﬁ%tﬂe's ﬁﬂt&htlmhn wAakdIsi@thles] iR sARgdtionathe for both( )-Salt and
sol ubi lity "equations for the Sal t and the (+ )-Salt

the (ébﬁa{th%tf@fselvgn@aob@fqlm 0' 02613T and S(+) =
0. 02868ke’' 02771T [0140] Even with a good estinmation
(01401 tTemétch tiadolubalitg nidudel {otthe &alidl dand, wibegdressionbigchnique was used,

wheg2bly dhegalebilin BHIOr § G1 R Secdirnin ok SR € Al Yesg Pignigplated to
glve(an)an§%1t 1@”9 st(al"éoné%sfho\“ﬁqfn%ﬁlek)ﬁ%&%[ Hﬁ% o4A8R A4 gb’s{a??lgld) which

he reso ving a base e nore detal
was B@lsestpm withetht sbsesvedhiatan Bynseldcgug & =50.08 el afesd ratiogfor .75

cquifins L Fest e ook T AR G0 S b BB and 314 eq. of
(+)-Salt waletforradd oﬁfad@@oﬂbg@Aﬁ‘o 'D-Ba3d) X\@og@%éé}ﬁ&ﬁ%s obtained. Figure

PCT/ US2004/ 019616 b}g heati ng the slurry and
6 Sh@wthem@mgns@ tTdreso rhpy é@delt Howsaplenktion af thegemplste mass

balax?cel f{& aso%%lbotﬁﬂ‘%d gi((i:??%? +2§ P%il ﬁl%m\égs@:?l tfl Egnt of (-)-

Salt asd 9lSaleih dhe Rothedli @S, md als@&ﬁ@hxﬁblﬁlt\wﬁ-)iﬁ':‘ee@PTAl\ﬁﬁf (eb;free
the solubility factor k and the feed ratio of é
CPTénia the-mother {iqugsr Onewregsdnrstiarquagtifiing(-v)-3ltan &oe/rﬂ Trec CPTA

in mé{rl]ﬁ?hgli/ogt Sahae&trﬁg@&idrf( rl]lsrlllSI ﬂlg{}) it“f&[: %:eg nfgﬁ%vtlde%l 'Example
19 belbser ved data. By selecting k = 0.68 and a feed ratio

for 0.75 equivalent of salt at 58.1 % (-)-Salt /
[0145}1 %%’e(ré%res%ﬁ]nt tedtnidire w191 ths @olﬁgrhtyofnoﬁel)wagaalpbhéﬁg the?’ tdperiments

were fornmed upon addition of
whlc[b-fségé)fenng ag@gdtsap@ reselvang agras Ghnga nmubmﬁﬂl(gutpfdhe Golublhty factor

ubilit I I .
eang IR AR FGRE BT Beisil Bt Gucs hbgtio g ot fea R e yiicn wes
forme8 @bai tHRMAdd{d8 o@HB’ééWthé)xfnoﬁel)terﬁéHtto aRfiqud yol9Rér whizh i éne
crystal, the anmount of (-)- Salt and ( +)-Salt in the

eXpepigicntal r¢sukqm orrongheseaths graphdn &igyue ¥ v consirupiede TapTasult shows

that T oée;r)aeso{l\r/lgg a%e%P Ipédfieq_ga%éaWegggaqolgt%&) &yx}i%ﬁgneﬁ)@%feq.), an

increasihp @molihiafa#-)- Bylt afoudd. aWithv& batigkboupd byahtheory, in some
sQlubility differences, is provi

embiyfimgnis, iés q@fa@lthwgle%@a@stﬂaquxvéken%sqgée'ﬂfqpiﬁ D-Base will
coordiflatélubedtialth Sl WP DR TS Sorpin bl EXRRHAIFL) Balt.

Addia’ondmb byatd mihh@f:urt/hm Righuelsi, thet amduaat b HE-)- CIPTamildt(h)aCPTA (free

amd)(cajm é:la cu a}\bgeé)is(f%%\ﬂgg ﬁ&&&gle&f cbfelwé%l(tz e a{'kﬁeﬁ ratio of {(-)-

CPTAddbial gpmffr&ah%ﬁi)} is hidGndRshal (23 8pded, ). OTIR: “UBlebtikEty” for the ratio of
solution which fit the experinmental results. From

-/ wﬁeaéhatm@r@p@ms isdeprafentory theesnasohef frert eGP TAHhe remains (in
solut[ uvk'ﬂlcﬁ Q&W%s eﬂ?}%&@t}%gﬁt rﬁfé?‘f)ﬂ' Rg) ?ggﬁg 4'1 73 ?tqggeheved

ove the ex rapo m poi n
that ¢rive teas) -0 TAn@ubéntatiof #)dePhdtdd b;sacfdwmmf abth(]mu&q REbG to a (- /

nd by t heor in. s
+)- CE@K rajaar | hircaprinyeiaddtion ol ba fnb gamf\?ér ehksalgatéda%of /3 (to
keep e (CAR).BPBASE aWbhdtant 1 /3 ratio in solution).
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coordi nate substantially only with (-)-CPTA, formng
al nost exclusively (-)-Salt. Additionally, by aid of

WO b@4aw79€ in Figure 7, the anmount of (-)- CPTAP@NTS2004/019616
(+)-CPTA (free 25 acid) can be cal cul ated. Between

Ex&in#b-18. 75 equi val ent of base charged, the %ratio of
E‘é-)- CPTA / total CPTA free acid) .is around 25%

(01¢3};" Fhisexample ilfpsirates spsodutiop;af pragegtic prgmepfiP A (-
+)-Salt that is fornmed thus is dependent on the anopunt

[0144] f ACROO(m] v@&'EAwamnargedmaitm $7.0igrof GRJIAU€S 1ohinmally ¥ g of CAF D-

Baéfeo(g? ? mm?lg &535 ngu o ﬁ%ﬁﬁbg#&ééga%glcﬁ B i Slt.;g-\;: _w%g)géatgd t%) a solution

at 7‘80’@0 ﬁﬁﬂ hah tdled st @i pd? ﬂ“rﬁﬁ t@§4 @@ diabb@, ﬁguﬂg&y tth@ solfition was
base to a (- / CPTA rati o of

seeé@rthh] Gé@ab@mrﬂummeabas eAﬁ@r heldingat §4 °C feﬂ) abSat t-16 haurs, the

f o]
stulfB bef eted 0223 G 20 NP st noldingisr A iop Ry 734C. a smal
sanfplel (IR0 PHAOMRENLEnd deps@arel @nbll T RALABSdITH-FitRYFIME. The mother

illustrates resolution of a racemc m xture of CPTA.

liquop ¥a4 weighprigingisavedeanskihe walid wanwgshgd withh2 m. @f 2gprepanol. The
wasgf%d‘gegé‘qe)ﬁ’a an%‘)egsélnlis]aggongfﬁa%néﬁgfxﬁ %'Icﬁé (tl‘?c ¢r sl,}gfgox&na%ysxs by the

starfal@ﬁilﬁd HRL@sEddnl bilowed Eal@ﬂat?o% c@weag}(ﬂ%t (h)eﬂPTAdna(H)iCPTA in each
5C/ nmnto 54 C.__About 9% hour |later, the solution

Streaaé&s Asmariplaice Aropng thigsample (tokg a@@um@ﬂ@a@fn ORTAAp thercrystal,
motlggllollqjdeugg 4l 3‘%%1&9&& 8 gS%%%\tre }?n ilggat 12&9{ ? P’I Trgf%tlggﬁ %ﬁgérf@‘cfrom the

total CPHAL r@rys:tal PERitCwas9%.irdI019% sarptrCPTA ratig byva&lglmk Bipure 8 shows
and separated. o diumfritted .. The,
the R yisR! A4 0 oA Race i BB SHAmEHTRe e Y TCUE éfleld (from
CP’F&QFbéé@@B@FEeWnﬁ&h& hoRéryéaPERARMRRon is %Weﬂ-gxs Stﬂe
I gh and saved, ‘and suctlon was co tlnue
Abhrh‘eatamysm Hlguresdy alleyis ifelldws: . = stsalvitey agienta d oHRLact=srysstt:elnML =
tﬁ 90 dYC@I cul ﬂ:ﬁl on of weight% (-)-CPTA and (+)-CPTA
MOAE WHehH tr}g%tl A mass bal ance around this sanple
accountability of CPTA in the crystal, nother

t ot al
: [0145] qublic vessed was seedem severad simes vgﬁ\ﬁémalmnwwg@t)a‘iaétd and about 2

I C T
ol 4, E11EA S BRPAS BP-0R o 9B FET i e
sampled Uwe tihes liseeFidie Bhbefafeahy fihgldbolativgh cmsso-m ARdam-fritted
sults in the rectangul ar boxes. The cal cul ated yield

funel; D moBPAJiTH S Clin MelsyHBPNENd Dchr The gafidayas washed with
19. %ﬁ}g é#o?hﬁm With géc}é?ég}a"rog slg.%g% %f\gaésﬁfsgﬁlngx\?\s The,washed solid (10.07 g)

tiohs in
wasrfwsﬂmﬂr‘dhn@ bpgeation ox1 thxf funnel forachqgttaB 36/ (15.4 mmiohealt). Analysis of
014

ol gl pm s el ApeRuie RT3 R0 61 el B CRTA. e final
crysﬁ’h’ Qtﬂdu& rat:f@ w'ﬁ@ (Lr/$) Catrar s 89.231 0390 ol isblaBasgeld lalf ¢6-CPTA =

was added. The vessel was 'sa

33.8¢ Wdﬁpmr@%rrf\be @Waée(gylebié?fdr)ec?m Yasechnpanstye é@qdomomi:r liquor,
and @ﬁyg& %mp%ﬁ%ﬂiolﬁﬂ};v%g 13 b@ funnel. The nother |iquor was

ow-'gol'd, 59.1 g. The solid was washed

Exampfe 19
[0146] This example illustrates an extractive work-up process to quantify (-/+)-Salt and (-

/+)-CPTA in Mother Liquor.

33



10

15

20

25

30

19.2 g of 2-propanol, wth recovery of 18.8 g of wash

sol ution. The washed solid (10.07 g) was further
waleooad13794 sucti on on the funnel for an hour toP@&r/B82094/019616

(15.4 mol salt). Analysis of 25 all streans fromthe

[ou&ln alp rhﬁ@tlr@bfﬁ{é (AST-SHIRERMR, Yas dBlydparinglyBolaFle iirpledhyithe chloride

he final crystal product rati o was

at abongsp (21 6%, whiBoracensie CATA was eansiderabby mogsrsofu b§e éraﬂ)iﬂgﬁss than
3 4‘2 5 e r{ao%%%pﬁa&r Cfro-{-llﬂ §e %?thl% o‘?'éﬁtgy X 'OFF%UPJZ be 55 %@ee Figures

quor-, cryst
2 ambSiposs dnlat}ncd wasvapbradivg OElx’ZaﬁgI te afg%sgﬁ)re[sﬂlldﬁio ﬂﬂﬂ% g. . The residue

e ey 6 it el a”aﬁ(étnf 2 Spb el ARS8 g atowed o
star%%&éﬁu 31?0 41'/1'33 ?381?(7& tﬁ> %ﬁl&ﬁg QLR rerhed/ 3 ndk. 67 ﬁ‘iétﬂgll%ne

Sal 0, was onyspanngysoule
chlondmd:rhyxﬁmie awchihe buﬂceofthttt ligiid witas merm\&%anmbmémeéc\eﬂm the first

| ubl e
e TR Tt P B FEs PP afagn 1 £ alssar st Fof g7+ & and
the Bidlyzed b9fHIFIL(9 UTRe #enfbiniR® tﬁcl&lﬁﬁ? & aFe@ipotiicd B OG22 and

was anal yzed by evaporating 0.1286 g to a gl assy
anahyzsd HyELF3{C. dimktgfrgm trp extrastivel werlsumarp ceiuy's aregsgeraly similar to

the B O FUFRE AT R RS RT s b b tbleet

t he super nat ant I|qU| d was renmoved, 3 nL of nethylene
Examle2dde were added, and the bul k of the l'iquid was

[Olﬁgtmﬁ ﬁg CQQIH %Hmygdiulyﬂlgbft(aéaﬁd tepErdd b Be-xrsté%alts in alcohols

e ch orlde extr porate to give a
congiilaﬁgy:Pﬁw id, 0.0074 g, and then analyzed by HPLC
The remaining thick slurry was evaporated to 0.0162 g

[01&’9]0' A8h 1087 WEEHPYeliBl GissbiO glztzﬁo § BPﬁb&H@ @XM %m ¥Bg of 2-

wor k- up procedure are genera simlar to
pronzzmb Ggsher BFPLET Ghide} exch. %@/g Dﬁ@csle@PTAw 3 hﬂ@eqf eth;igol The

Fi 20 Th
e ROV RPTTS 9 7 L B SRR AAR by b te Tl e
CPPA G @iyt B-B&RMaiti(1¢.NQ)- §B§A>r (APCPPALT AL BoBugsBAlt (V8 (+)-Salt) was
prepared by dissol vi of racem c CPTA in 19.42

deteg*mg;edzhy PpErepaFic r(npﬁhgge At mgL\@n@rgg@ytuéer, azpog(pngpfélpe supernatant
liqu c?ﬁgfg s gfItAd s&uﬁ%@ﬁreﬂov@&?g(}% of lIlllevn ?1%8 7 o) r%s%lu’uon weight

concen I'n solution were
was]dﬁtéi%neﬂo hiubthk vblatitef solveat wag evaPbthfed vifia Pudga o€ nifmigen. The solid

-CPTA CAF D S i.e., .
WaS(ﬂlyth@élrte;i t%%nstaalérvewitr vagium qyen gt ?ig;e;,%%t%&fg Afbe vial
wasareg’lléigﬁkdttg RehAIE b 108 Wo'idtf?@s&(/erft BRd SLREE Mﬁtrergﬁmng From

l'i'quid froma saturated sol ution was renove to a vial
thispthelenmnnt wshg;htved ﬂi’@ﬁs&bmtthc)i’soxhangkmuld/mcaﬂ%tl@ﬁdn Piduracting the

wei g ottt Hom hed G Bvg B8 IRt Sila i e RUFE, Data are

showRiif Btgurdy @AVARUWB.oven at about 50 C/'1 nm Hg. The
vi al

Example 21
[0150] This example illustrates a method for preparing enantiomerically enriched (-)-

halofenate.

[0151] CPTA was prepared in five steps, as discussed above, without intermediate isolation
in about 85% vield following crystallization from heptane. Resolution gave an average of

32% yield (max 50%) of >98% optically pure (-)-CPTA diastereomeric salt. After removing
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was re-weighed to determne the | oss of volatile

sol vent and wei ght of solid remaining. From this, the
wa@eauni27ef di ssol ved CPTA fromthe "sol vent" cpai/uSive4/019616

cal cul ated. Subtracting the 25 weight of total solid

thefréwwlh 8ocat) the QREPTIANRay @kt diTed?b ghel(ViHatofemdté m abouh§5% yield
sol ven Data are shown in Figures 10A and |

usipg myé chlpriflgashly-appiylethanalamine. | By hudioheing the ﬁ’é’tﬂﬁ‘é dquor residue
i SRR A, SRS, TR b SRR ERE I s e gt mother

liqast afld speledbatkalovigh theiprbcugs. Tid ressteiigapentives|isdlated frommwater in
about 85%vyi el d foll ow ng% crystallization fro

s reconredor ekt od vt eduane raromicss ARTdG (iDFRTA using
[ )
aqtéQ}@ so%; §<%pg% Igﬁégé ouPYS: é% cggxflgpg%«?egamﬁeeﬁ&@ﬁ@se vfeld from 4
chlpGpheis2aedd Oid 6/116 154178%. r“ﬂwmmmggbng@m protése used three organic
gg%CPAwas r|f| to give (-)-halofenate in
solygil Ang BYES S0l diso 8cfg%nns ptghl onyl chloride and

N- acet yl et hanol am ne. By hydrol yzi ng the not her | i quor
Exampledde with aqueous sodi um hydroxide, (-)-CPTA can

d f. d | d
013541 S sSapien I Gt et B LB RISl i ng"agent

was isolated fromwater in 5 about 90% recovery by asBr

pH &adj astgpnt . Recow cem-z2ati of the 0

(ﬁﬁ usi-#8% aq s g‘%ﬂ.ﬁ%»h xi de gave-ab

90% T ecovery. Ow&fa the firgt ,¥igld fr OY
3

chl or ophenyl aceti c acfd{mas 15-17% The entire

ei ght-step process used three organic solvents, and
three solid isolation steps. Exanple 22 10 [0152] Thils
exanple illustrates a nmethod for prepa
CO2H SOC12 COR I \ CORDI \ O C
R=CI 2 R=CI 3 6 )
\ 0 I 2-Propanal ¢ ©H

OH
al Ci

[0153] The synthetic route to CPTA is outlined above. Following bromination of the acid
chloride 1 in 1,2-dichloroethane to give 2, 2-propanol was added to give the isopropyl ester 3.
The displacement reaction with a,,c-trifluoro-m-cresol was accomplished using potassium
hydroxide in 2-propanol. Following a water quench and wash and removal of the 1,2-
dichloroethane, the liquid 3 was added to a solution of a,o,0-trifluoro-m-cresol and potassium
hydroxide in 2-propanol to give 4. The 2-propanol solvent was removed, and the hydrolysis

to CPTA was completed by heating with aqueous sodium hydroxide.

[0154] The sodium salt of CPTA can be isolated as a solid by simply cooling the reaction
mixture. Better isolated yields were obtained, however, by isolation of the carboxylic acid.
For isolation, the basic aqueous CPTA reaction mixture wasAacidiﬁed with hydrochloric acid,
and the CPTA was extracted into 1,2-dichloroethane. Solvent exchange of the separated
organic phase from 1,2-dichloroethane to heptane afforded CPTA as a white solid in
approximately 85% yield from 4-chlorophenylacetic acid.
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[0153] The synthetic route to CPTA is outlined above.
Foll ow ng brom nation of the acid chloride 1 in
wa 2@4d1omM or oet hane to give 2 2-propanol was apdptiS1004/019616
give the isopropyl ester 3. The displacenent reaction
0 a-trifluoro-mcresol was acconplished using
E‘X—#D‘%lg‘sggl um 15 hydroxide in 2-propanol. Follow ng a
[0164]} e Thisuaamiplesshdweaslnbiditylofr @b arh 1 @tdieteroettrne and heptane.
di chl oroet hane, the liquid 3 was added to a sol ution

[0186] @TRe olubility Hﬁa@exﬂi‘c@feﬁ@in RO R rdsBAng AndMegtaay afbShown in
in 2-propanol al ve 4. The 2dzpropanol sol vent was

Figneasd ead 1&m§sne|e@v yd h@mdefisnthe radle qaypiions fogthgyeast-
S uheeath l%g qltap aqueous sodi um hydroxi de. [0154] The
q§5<§ h g‘a?l %f CPTA can be isolated as a solid by
nply cooling the reaction, 20 m xture. Better

[0132h | Besad o thr gelubpliteprofiienidigure Héwe%»cemf?;l%% [pApToginately 25

f
RO LR Bl 0L AR P2 s chosenfor
CPhyxaadticordondaiongd, and the CPTA was extracted into

1, 2-di chl oroet hane. Sol vent exchange of the separated
[Ol@gga@P‘T APHISENTARIR ford hEpaRe RLOSIIRNRIL BdeR:TR solutlon of

aff orded TAasavvhlte solid in approximtely 85%
appydxaindtely b7 g oE GPBAIpHEN yilacihieptanaef 40 “GEsyid in a temperature

. 2004 74 CT/ 004/ 019616 0155
inclEgShi6°d S IS Cam BRI T P R SR ERTRTA it
HRNEPLC LANSSE bR 04 WPLdd dr¥a O HFIRIGE Aksay @A Aryshllization

1, 2-dichl'oroet hané and heptane are shown in Figures
mother liqubrl®hich espeied 16 Iayea %t CB&Téd foumdtlm tlfangi% 6@61@ ims to the
uati ops _for the eas e of . th
mofhst BT s sah BHTTH M SBP OB P PY S aPDane doted fRFisg i pieh, and
the%’é@@@ﬂiefrﬁ&th&fhcﬁx%r apprxdrmately 25 wt % CPTA in
2-di chl oroethane at a tenperature of approximately
Exairnl s chosen for the CPTA extraction conditions.
CPTA crystal lization from heptane was
[016%0t ITRisrdxempBetewn giehf oBCBDA wésolutionfunddrGrasipyr afidrysedl kit afion
170 g of CPTA in 500 nL of heptane at 46 Cresulted in
conditioliperature increase to 54 C as the crystallization
progressed. Crystallization increased the CPTA purity
[01 é&] d8earitsiof é]PTWrebtﬂhﬁbmu&ihg@M IDBane 9Bded Fatiousx@Pstaltizaion

HPLC assa tallization,. nother
confce PR A etee Ci-ongh HrACEFRY araaHuPIoRgie o ghtangd after
zerc‘/ | gl Cord t@%&eér?stﬁl'ﬁ%atldﬂét@% bl @RI TheSndIkEralsl bF thé GRS D-Base was
i mproved by crystallization, 1solated yields were

varh:dg}om aﬁdo 015%. tThe amoyst of:2-propanad spkvent| listaddor theerystalizations and
recryg%ﬂfzaﬁ? %ﬁ%tg gqunstp§ {(r@ CE 3 ho;@":’achg? gP?R %PTrA 1 HPLC results

for 86thdhé is8Ia%ed solids and mother liquors are normalized to 100%. The calculated yield

and overall yield are calculated from the ratio of the (+)-enantiomer and (-)-enantiomer forms
in the isolated solids and mother liquors. The actual percent yield in the last column is of

weighed, dried material, and is based on a maximum yield of 50%.

[0161] Overall yields of the diastereomeric salt at >98% optical purity ranged from 28 to
35%, and averaged 32%. In one case, using the lowest ratio of resolving agent, this was
obtained without recrystallization (experiment 2 in Figure 13). The chiral purity of the first

isolated solid ranged from 73% to 98%. A single recrystallization was generally sufficient to
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[0160] Results of CPTA resolution using CAF D Base
under various crystallization 20 conditions are shown

WO pooiteprr4e 13. Final chiral purity for each  PCT/US2004/019616
preparation, obtained after zero, one, or two

obthmahy 8ésired blzt&ial pmﬁty iAShfgn oberhll yield&as dbteing®d when ftatrhother liquor
of the CAF varied fromO0.5 to 0.56. The

reagmsg@rﬁO/%Qrago Bfﬁﬂr&‘ﬁa‘lA WdMrERTA i sted for the

crystallizations and recrystallizations are both
[0152\]5 efigmre 1hshomwnithd aloliap arafdesofor trmcremlmidﬁFbTﬁstalﬁbdt'roals listed in

ordf Qs Eese iSO RBAL SRR LRI e d empnds o the

exp%ﬁn@ﬂfjmﬁf{t%?ﬂ'l Figitfeetlzd 'F}fe(?sdlﬁle@ Ylehd 6 fCPT'At\b‘% (fe?érfn%eﬁfusmg the
+)-enant | orrer and (-)-enantionmer forns in

calcpté@tbéamhi ofdligute 12and thetpement ¢ﬁq(ub€l§TA1rh ¢hedigolatgt npﬁécrrwénin general,
{ hed,, d d
ontlyish el op FEmeERUTT & RanrhBir Vel of 509

0161] Overall yields of the diastereoneric salt

at
[0163j30dIspef &:4F melaricayivalantg @d CGATORYBYse consitayly gaie 35-37% yield of

e_case tio of
ma s 2oy i sl PR B Tl
recrést allization (experinment 2 in Figure 13). The
purity of the first 1isolated solid ranged from

G 8 o A AL A e

(018161 40 aERSrasbLkCETh B RO the GladPreomgrie altpvas mixed
/»8 4
B

aqueoqaaﬂmd ofdeds |t1mamsabbutsz €thd zrqueomsjﬂrasmomiammga]se Imgirgdhddritie salt of

CPTA. Exper t nunber gur e
the gf&y( 185%’6?18@3 pde aﬁf‘é‘I rl% fp‘%?tFrrfﬁﬁsch ‘h‘F A‘b%‘rga’i“ﬁ th‘s@zﬁh& bykk of the 1,2-
dicHibRelaRé #hefmbved By afstillatlon® Tan¥asSredighartge Ctdi'ﬁ'ﬁl@tg solvent
the cal cul ated vyi e?, of Figure 13 and the percent of
rempovyl-g@8PT A pih t he i solated material. In general, |onger
hold tines at |low tenperatures led to an i ncrease in
gm'p_iég [0163] Use of 0.45 nol ar equivalents of CAF
Base consistently gave 35-37%yield of materi al
[01661at Thia sxanggoslensts 2mrPibpd ferrasterifying ()-GHIA mébgutrasy significant
tallization. 10 Exanple 25 [0164] This exanple
raanﬁ%t}’%a nmet hod for separating (-)-CPTA fromthe CAF
D-Base. [0165] ofo separate (-)-CPTA from tthe CAF

D Base, rthe.dbaster eoneric salt wds v D
1, 2-di chl .@- ancg safid_ ageréoud “hy dr N ¢ aci do was
added to grve pH in the aqueous phase i | ess than

about 2. The ayleous phase containing thel
hydrochl oride salt of 15 the CAF D Base was separ at ed.
After a water wash of the organic phase t he bul k of

[016He ()-CPT4iveds|reactsst widimthiowsd chlonide éd1 ,Bydidileroethhia atoefluzoto yield a

corrrgf,epo ﬁlgrae ﬁ%&%]éle tez‘i"crtlon prgg‘es%tc%n 2 rr\lloenrllttoredrb%'rﬁﬂﬁb agz?l\)/'s%s. A
small amount of distillate was removed to remove excess thionyl chloride. The mixture was
cooled, and a large excess of vacuum distilled N-acetylethanolamine was added. Stirring at

ambient temperature gave (-)- halofenate.
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[0166] This exanple shows a nethod for esterifying
(-)-CPTA without any significant 20 racem zation. OO
WOR00HE3Q7TG OH FC 0 0,-,-, N If, 1 \ SOCl2 HO ~NMA/UR0GH/019616
Cl [0167] (-)-CPTA was reacted with thionyl chloride
[0168) 1TRe Edt&iH QtiBR IdRA6n ﬁ‘ﬁxtﬁx%fd/déﬁakx?clﬁéﬁ% l/@dding the reactlon mlxture to
corresponding acid chlorid ction ress can
an gyurpusqrodabsiomn ¢4Pb@asnsolytivns (-)AHakfenate \ama pteg by Solvent exchange

anddCﬁf/’st z}l} %1%%0%'#?%? }ﬁee({'g %lxgpqe\rrga? rg%%gl\éogl gt;:(s:lﬁg aaé hﬁrﬁm\énzed in Figure 15.

excess of vacuumdistilled N-acetylethanol am ne
[0169d eHirstsren isplatpdaticldnrppeahiromdipe pataand aysipged 556 This isolated

wel{agi@%%%.?sha rea ?er i 1%%9% 1d 8% %ol tglgl lt%ZO‘Q ‘s"éc%glg QI]O% afforded a higher

|cat|on reactlon

oveealbﬁelﬂeﬁo\bguea,dﬁt ppduttequalgoydsqoortr xitlr the tsm:ond nr@qnlﬁemm
pot assi um carbonate solution. (-)- Hal ofenate was

[01*7(?:]0| ﬁfo‘?&g agé’oﬁ’l@clbYlﬁE%f %C@aﬂg ‘Foad@(f‘ Cfo&r[cb’z?stl%lhﬂea ﬂﬁl‘o%afer e
hept ane: 2- propanol”. Results are summarized In
haléfegaie endLGPTA[lﬁ 1iGohothEer hquocr:n@pgadsfmmﬁédo $9%l ds ranged
from47 to 59% and averaged 55% This isolated 5 yield
Exdngpé egents a reaction yield of 75 to 80%for this
step. A second crop afforded a higher overall |eI d;
[01PdweTkis exahple sheisia meghed for secowesing god secypling ()
second crop nmaterial. [0170] Mol ar account abi I|ty of
[0171]e HEdthg CPDAMh aduedtisbas chisel adoemimbﬁf Fhatenaisingd CPTA from
hal of enate and CPTA in the nother |iquor ranged f.rom
the gryolugon sivp iEREFPPIE 25 as@PprYXIMAtely TS oes@liBf 6+ssrgmomer, which

also'géoﬁxt&qgsxfe%gﬁ%?&é/ﬂhg& and recycling (+)-CPTA. [01721

i n agueous base caused racem zation. The

(01 G KR O a1y e Y4 b L et J2BRAIR. FEIER WARFERNed and

repl@!:e?iowffﬁ’ 'i‘t2ad1£}§ofo%§iagé‘ a{Na@ﬁﬁg Q/‘lt%‘%?ﬁer it Q]p_fﬁﬂwla_@ ab8& N RMmoved the
and racem ze the (+)- t he 2-propanol sol vent was

CAFé}@aeedfoa aubsed,@enrc eepbwed A\Wﬁcruslsp@um oydroridewaaadled, and the

aqugdti gl Bl 1B P2 B PRl BT R DS distitation

pnd?‘ft’(dﬂl‘é)éﬁ@i‘ﬁo%&h%%@l@,so&ﬁ@ntdi*% aASHdEDEp bl FolAWihgaddiGon of the
to reflux. The 1 2-di chl or oet hane was either renpved

basigyroltitioni Anfolppic {dnfiragerip GPA warisplatsd fopm Dpptanmafics heating an
£ I
aqué&s% u?g el ng 4 O(ﬁ.lu? P/gtﬁq 4%”%8%5 %@?@F@Q o# 90\’&1&19 n?gr%ég?grl‘solatlon of

aSI race
CPTa3s b 8osallledd fintermddént proeidetitaanole@andistgntajuality feed for the

resolution step.

[0174] The solubility of the sodium salt of racemic CPTA in water, determined and
expressed as the acid form, is shown in Figure 16. Addition of the isolated sodium salt to
water gave a pH of about 9.5, and the solubility profile shown in the upper solubility curve.
Addition of a small amount of sodium hydroxide to give a pH of about 12.6 decreased the

aqueous solubility to that shown on the lower curve.

Example 28
[0175] This example shows a method for producing CPTA from (+)-halofenate.
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20 aqueous solution for four hours wth 1.4 nol ar
equi val ents of sodi um hydroxi de. Isolation of CPTA as
wa2angst7ad | i zed i ntermedi ate provided a nore cPOBUS1004019616
uality feed for the resolution step. [01741 The
[0136] ukidditiop Oéfro:mbt@bmollﬁrhegwlvale@hs of hmdlymﬂmsdqtnabout 10 wt% of

87 ?%tgm-kllaqgﬁ rég‘irgvev%gra Ql%d»ggrtn{) ﬁg he Ce I%Flﬁ ed n a gﬂgtanltlﬁlly

corfsikte hybrolyss M}HI'A gPM€aleragdrhigdtionlzo lgive%pﬁrox@xﬁdtety‘rﬂ) %ee (+)-CPTA
solubility profile shown in the upper solubilit

occared éTer}&dﬂ@ pf Bigursr 1 7). dhapolubionyat hesteddtg apfli. ﬁp@#f@@e@tiomeﬁc
h .
ratlég?%ttl\éreldaovg é&%hg\?msj% m]o"i?ar%ﬂglt%ﬁ eﬁ?%?gaste Qmo@%ﬁg}%%ﬁtg lr%cemlzatlon

own o ower curve

(< 32%6[3 03 Ting cthal HPEKamplysis sih]) acemricddn 1dse thapr2dchues stgeflex. The
A from (+)-hal ofenate. 38 WO 2004/ 112774

pH rd@np%ﬁr@ml/ 60 oy @ thrasoussiithorcenization Ashgllhionger reaction
f t
tim QU YRR Fu 2 SO U HAOTEER £ PREN WA Bt hgpifent,
rac¢reizatidredopped at sppstiantdlpbd yo 70cog|vetiea Ayapd y69.4. t o
CPTA. Partial racem zation to give approximately 70

[019"?”]e Ukd of 89 ﬁ‘lolﬁ%ﬁng'éI%ﬂts(o l'grdﬁf xidd BHT px%@matglt}alo% of the

sol ution was heated to ref the en ntlorrerlc
halefanate umylir¢lgreddifioy 2 hotisrae 60 W‘tﬁwatingml raflue qmmlghehftsappfommately

o I t %e b .
1 o e Bt P R4 . R OB 8 teRialiTy RuisBSee MeegiiEation. The
am& B 6ECRTANRELREd whb §2.6PkbEARPET-nbBriet: 8 to 12.6

over the course of the racem zation. A slightly |onger

Exd: on time was required with 2 nolar equival ents
= .6 to 11.6). Wth 1 nolar equival ent,

[0178iC eThig @k Arfple SIGRARE a Al etiRRPloO¥dcBRrRIgY(-POPTA fdin V@halofenate
with a final pHof 9.4. 10 [0177] Use of 0.5 nolar

crygelizatignaratierdiquebdi um hydroxi de | eft approxi mately 40%
of the hal of enate unhydrol yzed after 2 hours at 60 C

[017@at Angoted presfdusly amdehowg i Figefet 1 5afrr(oxhatefenity cryktalization

mo ?'@ﬁ@? ?&ﬁ%@%a Torke Aot ioL Corkalnlinati A e P By Bhygpolysis of the

-)- @Jﬂ%ﬂﬁé odufRdal V@SCI_"IQ-AQ;ar(‘%g gQrﬁer:StQ@ ad fE):d eNant fRBMfion step.
'€ 29 15 Thi's exanpel lustrates a net hod

f t 0
l"l%‘ﬁysﬁaﬁffphﬁtor%%rﬂ()r%sﬁp s pafaP g Reherla G @y %oee of -
haldfeRitd)Qt S 3C afdla SRAWH bN1 7 e4pidly ave 6918 Yee)-)PP DA ETAE €)-CPTA

crystallization nother |iquor contains a |ar ge amount
wasgecquetediqs thef @AR R Basrudipstyreopgric sabh(Snddnen)\pyiaddigiontof € AF D-Base
| o
o Z BRI £ O bRl ol Il A0 35 mos
wascd’btaane(d a)s{l)&iad)ffemmé a8ed wad @kbdvezad asthe (AHOPTIA | C4FdD-Base salt, and
ee of | ofenate) at 50 C and a final pH
14 ‘é?ﬁ/i‘? IWEQ@S&(PJ)%W%@ gwilierdighorc .y - CcPTA. The (-)- CPTA

Example 30
[0181] This example illustrates a method for recovering CAF D-Base.

[0182] The CAF D-Base is found in the acidic phase from separation of (-)-CPTA from the
diastereomeric salt, and from the acidic wash step of the CPTA recovery from the resolution
mother liquors. Basification with aqueous sodium hydroxide to a pH greater than about 12

resulted in precipitation with good recovery in a form that was easily filtered. Results are
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was recovered as the CAF D-Base di astereoneric salt
(96.4 %e) by addition of CAF D-Base to a 2-propanol
wa otz From t he anpbunt of di astereomeric SBECT/US2004/019616
initially | oaded, 55 nol % was obtained as
shdwn fmgﬁ’rfeQ'SatP&cogéy/WthE APRNRIREEr RS alt M (geﬂer&-\}fr’);r greter than 90%;
CAF D e salt, and 25 14 nol % remni ned as CPTA in
recokieryrfrsnh the resodutenm mothigmligios wae 1qver 8 ConTunitratienceimtheaqueous

4 r a.me r recovering CAF D Base. [0182]
Sowhby%kﬁ&f:ﬁéma ngogzud% in the acidic phase from
aration of (-)-CPTA fraomthe diastereoneric salt

IO@E flhs gnamomezicugitakthe SApD dase gan bpdoteryped oy gﬂreﬁll analysis
of {l{e(?ﬁélﬁ%%%ﬁt;% %gbgﬁ ﬁﬁgﬂ:{ (;M; I\gée Bhioht %HQ 'VS FebpSirbh. %ztabg N(Weinheim)

to’a gredter tha
324 5a6t(199)). eémihb&dnglnmpram:a)ﬁlhé éit)i and (A@-lfdmgpﬁg r&emu&r welts more

formthat was easi.l f|| ered. Results, are \\O
ey A 1 S ot PO D ek R MRSt % 1Ry ﬁOé)efssenSItwe method
forRRE&RMRE ¥ndntigMekib %ﬂtﬁ%&ﬁ&:@ﬁ%éa&r@ﬁ%ﬂt dﬁﬁe &f‘aﬁﬁBﬁlexllé/ ?]urlty of two
greater than 90% recovery fromthe resol ution nother
of thie qamplewhs chromatogr Gunc saparativn ohs demvative shayrsimgsloss of chiral purity.

The QhatdioRisf 81 t&fﬂﬁtfé@r@g?vbet?ﬁcggﬁ Bage ngh 148 dliedtt? timit of the HPLC
andigsi £imBiho e v AYingiati@fuidhaBRH NS the sobrc@imdtéigalmel ting poi nt
by DSC (D. Pitre, Nebul oni, and V. Ferri; Arch.
Exinargy (Veinheim 324, 525 (1991)) As the
=T nmerate of the (+)- and (-)-forns, e.g.,
[0184F e Mhaisesxan®ld iHustit& anbth@nmethod foroneparingatcdntie (PaAe
enantioner, nelting point was found to be a sensitive

[01%?} hadsod Qi r@?ﬁc‘? Eéﬂt&ﬂ ﬂ%ﬂ@ﬂta' l‘ryﬁﬁﬁ% alel hr‘i(%’ ﬁtté_cpwﬁl\{?ﬁ onerhead stirrer
measur enent o enantioneric purity o
andseomdbresst Wys ciargaday itly 72,08 g0 48Q atod) o felctdérophetpiicetd acid, 70 ml, of

d I I Th t
L5 gRRBpediene e Al ol 2 88 mall i ehiorals, e Biepes yamed a
50 td 39 9C Rk 19 he THelLactisR alixv®isSwiBifARPed YRSIPLC analys1s To the solution
i ndi stingui shable fromthe source material. EXanple 31

of ?-[CM@ﬂ?I‘IGIEhW§ %i)dadrﬁP el (. 3Bme B8 bramint fead thesdhaipnf was warmed at 70

to Py FER P TRERT fip St Aicete AR Mo 80T i Bo Reao mL (131

mo?tdf Qfsﬁépanlaﬁwﬁﬁﬁjddéﬁ RIS, 'Fiﬁe%n&;ﬂﬁfu&?@niﬂeﬂﬁlrz $ea%§ecgwas 17 °C.
of 4-chl orophenyl acetic acid, 70

After @olldg tht HE,dbc rﬁan@on mumwmddcﬁ ®6Nactm1 )Thwfsottmoo rwsls warmed to
llgrllt.cl} rtTh% ﬁ% ol 331 a&g{s hed
REPFasLe 8 ‘?ﬁ%& GPE had W&ﬁé‘f‘g}%ve& eﬁﬁ%"c‘}“’ ?%’a%‘”as ©
w1tﬂ'<37tn’ﬁ€oﬁ®hﬂéi | Tt sephrafedi 102-cld Hbrodai@sol@eihedas’apdrated to give
57 nol) of bromi ne, and the solution was warnmed at

1347bg°fén?‘$ C for 20 h. The resulting a-brono product

was cooled in an ice bath and 100 nmL (1.31 20 nol) of
[0186]pr Aplahabuniaisottuohd Sdskowipwn &eerhdddestinmex ivasichdr geipeitiaBd0e (0.515

mofy R B ol o1 w0 Tl Tt br T be i g digmed t

41 °C using a water bath to dissolve much of the solid. The mixture was cooled in an ice

bath, and 73.8 g (0.455 mol) of a,a,a-trifluoro-m-cresol was added dropwise. The maximum
temperature reached was 13 °C. The solution was cooled to 5 °C before the dropwise
addition of 134.1 g of the oil obtained above. The material was rinsed in with 18 g of 2-

propanol. The slurry was evaporated to a residue, then charged with 250 mL of water and
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anbi ent tenperature, and the aqueous |ayer was

renoved. The organi c phase was washed wth 37 ni of
wowten127The separated 1, 2- di chl oroet hane sol uP€DOS284019616

evaporated to give 134.1 g of an oil. 25 [0186] A 1-L

42 B@U0G3baidpor S0opakueod Sbdamin By@bRiied The niik&ife Washeated to reflux for
charged with 34.0 g (0.515 nol) of 85% potassi um

1 bhydroxi de and 370 nlL of 2-propanol. The nixture was
warmed to 41 C usi ng a water bath to dissolve nuch of
[018% dier doolibigao minbient empemticohe chiktarawas ditutedbwith 25 @me of 1,2-

0. 455 | f fl -
dlcale&ee&ﬂgaargmté%gﬁﬁ?é et 2. bigdhe ouiiss addimae il e (0.72 mo)
of 3;178/0 GydrbBRlo oLyl Wi"cei“@%hé‘s@ Qéfﬁgatfo‘ﬁ ﬁlegoﬁi%flpxﬁlﬁ‘s feffved from the 1,2-

dropw se 30 addition of of the oil obtained
d1chlbmn@1an&“phas¢ao givied02 Regsofrresidusd Thm: reithe w8s geaséd with 131 g of

herfiay Gk P codn Enista APLE ThA prSe RSt Sy 7 2 o
heptéab! H9RR040QGHGMG 1. HheGeddfad o Ias FBired &f andidatacHbtare with 257

sodi Um hydr oxi de. The m xture was heated to refllux for

g of heptarfeda @MG adlurey, vduel Wmsgcftlldﬁdamnem batﬂ@ hpleraiselebon effke solid by

1. X1 u 5 .
ety e B ke VR el L e ftmndcham g e e o
givé“l@@.%nga@@tﬁdlm%)idelZl}oQCP@A72 rml) 5 of 37%
hydrochl oric acid. After a phase separation, the
jygpt was renoved fromthe 1,2 dichloroet hane phase
e 202.2 g of residue. The residue was treated
[Olﬁs]t hThi3 kxgmple illheptaanaencthntifoe peapariag e dademi@amidsiecifieompound 4 of
Iiﬁ % The process was repeated with 97 g of heptane,
Exagmple % 160 g of an oil. The residual oil was stirred
at anbient tenperature with 257 g of heptane to give
[01 S9]s| Ar50ymIvnhinodrboiésn dhsk ¢qipped vath 4 megiedichstitref andgeflux condenser

ol at.i o olid. by 10 fi tion. .Jhe filter
Lt 210 806 a8 Pandle e i LR O e d Biriants s 2 42
mrrﬁ) VGRS AY It Blorfiley Q{Pwarﬁgys(b AfRr 38ehinmxks atG8fuy irdiddled®.2 area% of
TA. Exanple 32 [0188] This exanple illustrates a

7 antbt kb area%frof&%%r Pagdditiopdd® & (ft vamed 06fh1@r¢)flrﬁbh9ﬁée was added to
glvé) c8s %X & gpareat/z gf C%"EA[ %g %luﬁ 01513 Qfamfoc;l q%a %ﬁtqg%éér%ke and treated

hetrc strrrer an conaense

w1tMva$) g:(rlarrgmdl)\Mftsdmc}Zsoﬂﬁn@ b{c@rb35atmhé s@iﬁeﬂtmmvspcﬁﬂ?d\ and the
propano and

re&éwr gllsw!néed ipad el phiojusne. éﬁpéwa%nwﬁbt%era@ xﬂ&rmh)« He sotvent
o GRS R s SRt Mgt 2

(95 Zctexdo ©H7, 24 ueatesfonba). 1 ar ea% of CPTA. The sol ution
was cool ed to anbient tenperature and treated 20 with
Exalnfle 93 (12 mmol ) of solid sodi um bi carbonate. The
solvent was evaporated, and the residue dissolved in
[019§ nThisfexaroplgdHistraims pancthedster Agenminingselubilityf xacemic CPTA.
m.), the sol vent
[0191] A 100 mL water jacketed resin pot with a magnetic stirrer was connected to a

recirculating water bath and charged with 9.44 g of racemic CPTA and 16.78 g of 1,2-
dichloroethane. The bath temperature was warmed to 35 °C, and the slurry was stirred for
one hour. The agitator was shut off, and the solid was allowed to settle for 30 min. A 0.1360
g sample of the supefnate was removed and diluted to 25.00 mL with acetonitrile, and the
solution was assayed by HPLC analysis. Results for this and a series of other measurements

are shown in Figures 11 and 19. For analysis at about 2 °C, a 0.54 g-sample of CPTA in 1.92
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was evaporated to a residue of 2.31 g (6.2 nmmol, 98%

yi el d) of conpound 4 of Exanple 22 (95.8 area% of 7,
wQ2eb4a15a86 of toluene). Exanple 33 25 [0190] TRECEUS2004/019616

exanple illustrates a nethod for determ ning

g of 0/ 2udithibiottahe ka6 Sk 1@BTé‘ﬁ1gefa€&9)1/13nﬁgﬂ @)@fd’l\‘&m\iﬂiﬁi of the supernate
acketed resin pot wth a nmagnetic stirrer

is o hg sowé)elrtv @ﬁpgiff\ng hgptane, %Wdaﬁ@@ﬁaﬂ%ébpwn in
Flggképg%a%e nﬁneﬁ%ﬁgg %ag?tenpnd 16.78 g of 1,2-

or oet ane erature was warned to 35
B the slurry was stirred for one hour. The
——ﬁéﬂ@ggx or was shut off, and the solid was allowed to
[0198] t @id @Jag@% f“i'uE‘trat& Qm@t%@@ f@rQCﬁ)lﬁﬁgElré‘ceﬁ{w H"ﬁure of CPTA.

super nat e renoved and [uted to

I dth I t P
03381 01 b s %‘#ss&ghg‘;eﬁ v@bﬁ%ﬁ?@’mr Kt o4
(7m@mmmmksm)a(t)ez-ahmm1J(nnﬁfc%é@ﬁ) 13- Iﬁsganﬂe&ol FOAF D- Base), and
anal ysis at about 2 C, a san‘pl e of CPTAin 1.92

19%g0 pmmohﬂé‘mmumﬁm@@@d 3616 giyedrsolution, then cooled to 60 °C

andlhé:fd gdrclr}& O'E Iteléllﬁﬂﬁ g\@ﬁg%ag ?916% Dt §25 eéfrﬂlg% Qﬁ)a%fcﬁlsﬁrﬁperature of 2

over ore € Ssuperna

°C ambheld s 141H:| ehesmtanﬁul |t¢1ﬁp€r£tﬁre®F§EA¢ i T\lm):toa;ﬂavasnmdatwbpl vacuum
Figure 19 shown in was _determned in_ a

flteghign g nﬂ%‘m’l&h” Eﬁé?rmr@asql s f{eon@tiefr Hetios 2pd yaph wolution was

LAy T RO PO YRS PLARETL o1 546
wactedvaged tonht 1 -14 &a2tog with4® 3 gadl2)proparolf Tahd thEsldrrg watddd & a gentle

mmol.) of o . . .
reflyx W%Jafkf)t tomngraties. 9180 ACHP 8RS gHamfion: s spiugpamassappled for
HPL@&Eal@msﬁﬁ% Sdsult8 B 1isteA3n BiRhe 23.PARRARPTormIN8p& éHo‘IM% to 65 ° C.
héated to 70 Cto give a solution, then cool ed
Aftaxow@mmmb 681G fdr 30 minhthe Fhieryrveastdopledgo $D 4€ ay 0,26 4C/min, then to 18

°C G @bt B3 LR e bR [ Boding el

recdrded sOF 1|gdreV‘lalswér% k&, £ Thb Yo b b idd]afed | by @b ingh fiddddion, rlnsed with
rinsed with 27 of 2-propanol. The not her Il(iuor and
(8]

18 gabP-peanapel, ard dmd unglepicaEms o givarl 2 ag 10,4 manol oS Y éeld) of (-)-
CPT&SI%A}?’ lgg%gsg %ﬁ&iyétsgﬁéégtggtgorr th\%I %hasf%bsop%dganm&ﬁé}qlquor and

wash-gp¢ Opehried jn Rigdrd 182 slurry warnmed to a gentl e reflux
with a jacket tenperature of 85 Cto give a solution.
Exa@e??' ution was, sanpled for 15 HPLC anal ysis; the
results are listed in Figure 13. A slurry fornmed upon
[0184o| Thig exampls illusBrates Af¢paratinmand nggotutios ®f ckmic GBT Aifrom
hlthetSI urry was cooled to 40 Cat 0.25 Cmin, then to
alglgnalg: at 0.4 C/min, thento 2 Cat 1 Cnin. (In other
reparations, linear cooling rates recorded in Fi ?ure

[0193] wérleLueend- Yottrme flash Wigh emevarbeadztiangr wys hecgagnwvith 129.75 g
(0. 3flb d—ﬁ&l%f I%Qemfcl H&?oqgna\f\é 225 é)%\&% eg il e E ?@gé@ /ﬂdofg /eéjqueous

vacuumto
sodm&n hydro®ide GPlﬁé\sl/un@AtFas heidad & 60-ﬂﬂ‘_ﬁrar1ﬁu|uy&i Sive esolllutxsn fth)dfn cooled.

At z} trcla(renplersa(t)Lllrgto? gO §8 iZ% Sa of {‘rgt(P ﬁlloroet%gl?er andn 44 g (0.45 mol) of 37%

hydrochloric acid were added, and the two-phase mixture was cooled to 29 °C. The pH of the

-

aqueous phase was 0.85. The organic phase was separated and washed with 250 mL of
water, then evaporated to a residue of 118.2 g. 2-Propanol (149 g) was added, and

evaporated to a residue of 131.2 g. The residue, containing theoretically 103.2 g of racemic
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wash are included in Figure 13. Exanple 35 [0194] This
exanple illustrates preparation and resol ution of

wo a@em7LPTA from hal of enate. 25 [0195] A 1-BCT/US2004/019616
round-bottom flask with an overhead stirrer was

CPE‘h&fa@étﬁoMHeﬁnﬂo%ﬁt dthatbfertdts BadedyWay cl@efr &BeN-L. bottom-drain reactor
hal of enate, 325 of water, and 32. g (0.408 nol) of

with 33610 (ch236 ngqih@%«ﬁﬁ%%s@i and 40@rgé>fs’-| mrpp@qlvagh%@a%tw was
waxkx?edatg 69 EC{B gg\wrhollﬂ%t%t tsl%BQCtYlgré g%cﬁgcl H)tf @at d WC‘?&% eﬂle mixture was

a tenp
chlllecﬂtodﬁc‘ﬁl mdxhb balitkisalattd 44 vgm(uﬁh ﬁﬁraﬂmh)m@ﬁvaﬁ?é%wnh 60 mL of 2-
dr ochl ic acid we

d d has .
propitl. FL S arebgireRt e o1 95 el %ﬂ g 1 &6 taejheidiggior and wash
solRitRSke m:pmslﬁéur%{l@ (SEFRReR ‘ﬁ)haﬁl% 9Hag. %%ﬁ:ﬁ@é &8s A¥hded to the 1-

washed wth 25 wat er,” then evaporated to a
L reasiir dlomgofitil 48 @ ofy2- p@p@ncdpamldhe (ixterafeatedso 4806 do givnd solution.

e frppfrede SeEaP R, st 3 fden il 3ohs Rppgted by vacuum
filtraHO4 rinked Mh%@%%ﬁ@%@%&%ﬁi drsddhb ghassds PR (0 @956 mol, 31%

amount of hal of enat e Ioaded was charged to

yielddof (dr G RA (GAR DeBase wiastereymierio sglt( l&@ab@m)rewﬂts Gnrthe
ol g B o2 ey gl PO vl B oA o iRy e 12

1Cat 0.075 Cmn. The mxture was chilled to -7 C,
e solid isolated by vacuumfiltrati on and washed

L R T R -

CPTMash solution are shown in Figure 13 (experinent 9).
The 92.74-g wetcake was reloaded to the 1- L reactor

[019& ]on@‘hé"‘retsg'luﬁgg afdl Rbr ﬁfaﬂfz‘ﬁf?@rpﬁbthe?ﬁguérp Eroffl thE &‘és%hllﬁ%ﬁg?‘ij%z g of

give a sdlution. The sdlution was cool e
CPT@ dﬁsmbad IIDEﬁaIﬁlelmBﬁ abawegl cartt@ningy/d téag (0.20msD loif TPTA (44 %ee of
olated b ratia [ nse i t.h 60 nlL
the LS BhERaRY baGa Aithe eldg B Biaf b RGfaee dioudonBiiOtupres
evap&tateii @b 6 resiductdta 08:7)g. GMbAedidife vhsHameeddi sl 85 £ RLdGchloroethane,

salt. HPLC analysis results for the 1isolated solid
35.hpaf wzg:r,@ng 6@8 g pb3 Hehypioghloric aeid- W lergraiantiaghwag moved and

| Thi
cvep R el bR YarT TSy Mlad 1 bordh (bR o o
resil@CONVEB. 1 pg Thaedidue waCEdted #th[141974 offReter &8I0  M38ehol) of
recryst allization nother liquors fromthe resolution

S0%pquegus sodjurg thydromids, msk%% satirn washeatad te refbixafen ¢ dours to give a
race%&g?é 9%@1’11% I—fP'lL(j6 xgaé%sg on 1))n Was gga—l’% G dRE Q;thtlﬁg l, of 1,2-

ant | oner purity
dlchlmbt«hhmfjardi 350 en(@d328miot) osf 3[7%, hynh@chlcqu.wi a’flm‘jorgmlaphase was

e of 10 The residu streted
remyy Ay PRt o il Of S 12 il Ve ERrecet 65, tane in
a 4@@@9&95&5% Bive G sifrhyd.- Tthh@lcvg@rsbrat&iW@acm MeIRNMLHd dried to
give 63 83 g (0.193 mol, 89% yield) of racemic CPTA. Resolution of a sample gave results

consistent with those of fresh CPTA (entry 10 of Figure 13).

Example 37
[0198] This example illustrates a method for isolating (-)-CPTA from the diastereomeric

salt.
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20 evaporated to a residue to 79.0 g. Water (80 g) was
added, and the solvent evaporated to a residue of
wQa 200¥/1p774he resi due was treated with 141. 9 g PET/NEL1064/019616
and 24.6 g (0.308 nol) of 50% aqueous sodi um
[OIMdrAﬁoﬂsnLaﬂaelk twith agndgnetiostings wvaschargad wothrdfeQ g 73 ommel) of (-)-

cr BT G R ek "1 0hp o T il 4Tty R 745 7 3G ot 374

hydfficatdrieraert. haner c%ﬂﬂ)léi@d@scgut(&} (ﬂ&ﬁe galld), tiaf lo®éPorganic phase was
hydrochl oric acid. The organjc ﬁhase was 25 renoved

remamﬂ dapseshad sdtht 19 raLloégfaEf&eTm p @fihf‘gwf\)\m{l aqugaus phase was 0.9.
HPLG LGB Y24, tndeBlic BRRL M I Py 0 EpHRY 200 G O thory) of
(-)-€PTAraataisotutiandn dR2idichldrocthgnere 63. 83 g (0. 193 mol , 89%
yield) of racem c CPTA. Resolution of a sanple gave
Exahf éjfggs consi stent with those of fresh CPTA (entry 10
—of Flgure 13). Exanple 37 30 [0198] This exanple
[026Q]1 UEhis ak@spla iHetiated afvecuuins pirafidatign of N-grRActhangamine
di astereoneric salt. 43 WO 2004/ 112774
[0203GT | NS084/:8d:268 8 tonk ﬁﬂ-&%qu{bpé@ Qitfla rﬁih%fﬁﬁc\éhir& ﬁeath mantel and a
no

magnetic stirrer was charged with 40

shox@pat(h distillgapm headomgs @awéemtmm% gof N—ace?ylethanolamme and placed

1, 2-di chl oet han of er
undgy £yt G eBBiATStely s R BUBIE 0BGy & e folif Gl iRda,
althhgh iecd@ehshte WhecdiRwed. Diﬁﬂaﬂeﬁev&h)@ﬂectwst a m@dmempbranfé of
washed with 10 nL of water. H of the

appEiadaly lét%’%owéf@r@@ﬂ 8 (%ﬁh@cag%ray opN- afzfg?ezhagw@fm%%s a clear
Ii u?chanl c phase found 24.32 g (73.6 mmol, 99. 8% of
9 eory) of (-)-CPTA as a solution in

1, % gl chl or oet hane. Exanple 38 [0200] This exanple
Exap] rates a vacuum purification of

[026\i'] ac 1¥ Ie%rﬁ%l@‘?fh?s‘ﬁ‘afé@ a Mhdefilidr Aroalcit (HHalsferl@d t om

equi ppe a magnetic stirrer, heati ng mant el

wu?a'it &5@6 RSl R R L B RSB B s ¢ o5
mm®a}) \GREED)- QPT@\ME&F DIBLR! dastréorh@id saltBod hl%ée)fsmrgdf as-
the liquid was heated, although no condensate

dichieropibere@nd Bp Stml pawetonato Bt shaey wgs added Ghba o8 r\ﬁ?nol) of 37%
hydﬁo(s rfcazitcw fnd ;he r@&ﬂ{ré; g)g yfrgcjtdh %%le%t Ee(?nl?egt&{eq? éﬁfezgvo Qlear

o I 6COVEry amne as a c
phasds 0 Thd loviér oEgzﬁﬁ(pblﬁhsS af B2fR%ed Bhd svashkaingitie 7i0ld efstatat &he organic

PhacoURRENSBRIEH b HAESIH AR 3 QiDL SO i 85 Ok TR pRgpethane
and gﬂe{cgd fira 55(9-n{L615mﬂ11 bmzag)ﬂag’lz it %‘ﬁeaﬁn& Tt Tc‘f‘%th%aé?ieﬁ@%ﬁrrer and

astereoneri c sa
fittediveitl orafleixH alistillationdh8. HIPHC assayof the solﬁuom mné,IZ@rOﬁ;g (66.7 mmol,

102}{/\‘)@0f tﬁggﬁgop Cng (I% thémsoIfutzon vaas3217d%ed 7.5 mL (100 mmol) of thionyl

chloride, and the solution was heated to reflux for 2 hours. Heating was continued to collect

6.1 g of distillate. The solution was cooled to ambient temperature, then chilled in an ice bath
for the addition of 25.85 g (251 mmol) of distilled N-acetylethanolamine (KF analysis 1176
and 1288 ppm water). The temperature rose to about 26 °C after the addition. The solution
was added slowly with stirring to 9.90 g (71.6 mmol) of potassium carbonate in 36 g of water
chilled in an ice bath. The maximum temperature reached was 15 °C. The reaction mixture

was rinsed in with 5 mL of 1,2-dichloroethane. The lower organic phase was removed and
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20 hydrochloric acid, and the m xture was stirred at
anbi ent tenperature to give tw clear phases. The

wo omen197gani ¢ phase was renoved and washed w POT/USIIOH019616
of water. The organic phase was evaporated to a

warsﬁ‘e?i WHIL 3P nI26¢ ddtef: Tl‘ié"é%‘lhtﬂin%'e‘(l@ﬁbrht@d ?b5g16e &n 81 (32.84 g). The oil
-di chl oroet hane and E aced in a
e

was @@nt@d wotht g 6f laﬁpltanenarai t aftlvmj “mammvednto give 3@@&@& gsolid
stir | at i on

reec TR i s A e Reb i o e RbHd w5 B kve 20,19

of 25013@1%%1@& Thess1id) was disddhAd id 28 tileo SR piephiy) ataG *@di&@ddiluted with

7.5 mL (100 mmol ) of thi ongl chl oride, and the
an gdditional 28 ials oh 2Aprapang and BpALs ofheptaney Ceolingigrampienfdemperature

ga\cf\eo{{h'lrm’lﬁxq‘};\a% t‘ﬁﬁ!kl ‘flg‘['){ tggg%%g%ntco?g% kellr % tﬁ? téatﬂh %f’her stirring for 2

ution was coo
houilj the ealid wasisolate Hyataouurf diltrdtion, aﬁhédtwmm%é ofPhepBmegand dried to

giv%ﬁ%h}?g@%?l%o? aﬁidi‘llfglz@gd)m{ 2,5%& | ?I;atsg )&@E@‘pg@tg was detected by

ter t he additi on. The solution 30
Chl\%\ggﬁ)aé%ergﬁy#g(vﬁ%?g\%t@ stirring to 9.90 g (71.6 nmol)

10300k RS ashrs SRA e the o ier PabuALEONG | £ Ecor halbfenate
an(-%[ 096 5%@@1119{! ‘f’h&%d{{/&lt VO'Q@%VJ oPR&H ahd 1 Yy % o? thHreSiiue was dissolved

, 2- di chl or oet hane. The r ofgani c ase was
in Fembvd@- Ian;ianMAAdmt@@(MB& ]J‘H7 <7ﬂh€|9(§ﬁb lgS_Q@ﬂélhﬁjl Q@ebstirring overnight
at 3\3@3 ?g}\amg%}"gttuae f‘]@eesﬂxgtﬁ}\ogfta? Elzlloléw gl@%gllj;g {)Ellltﬁ gn%ﬁ}sé so%gzas collected,
nnﬁerdw}ﬁd \theptﬁﬂe an@tribeRt @0@5 6@?({13 B‘?nrﬁ@l' 2@176/ Rl 89.9%
removed to o ve 31. 56@% a so resid 0 the

halgfsnitd and §.9%c §&d A76y HPLE dmalysiand.6 died) ofz(e) bzdbﬁfbem% W&$.C assay of
d t
81.r7$ gl sso?@gayﬁluorfg& r‘ﬁfs%;ouﬁdg%g@aﬁo r%lgt 218 ) ?tﬁt% fd nate and

0,9g|gl(_tg&dm\0o1,t4rg%) &nCeodi tional 28 nL of 20 pr opanol and
334 nL of heptane. Cooling to anmbient tenperature

fgﬁeﬂg‘l@ thin slurry. Athick slurry formed upon cooling
ice bath. After stirring for 2 hours, the solid

(0268 Tholeaxtmgldylusteatesmmethbd fatiscdating raceneid GH"HAhscREurg sait.
heptane, and dried to give 14.21 g (34.2 mml, 52.3%

[0246E! ‘ﬁle ﬁfot}(er)th@}sq{&H atr&olien in"})sfali‘l?ﬂaﬂgﬁ 91?& Fec%’%&lhzatlon containing

det ect ed i ral C anal ysis (>99. 8% ee
in the@29 4. 9I-$3<IQO Bsmal) oﬁﬂPZQAba}secgoroﬂletrewlmwmwovlerww evaporated to a

wash 11, 2 f f CPTA.
resifig O¢ Ponné just s o BaT HEHG & 82 oS efindinlitated wih
28.9@%f Hafey Ahd 6B gbfl37]% hitiroehlodc aélaraam@l’c PEéIR 19 Brgahlc%ase was
mL of heptane gave a slurry after Stll‘l‘l&? overm

evaperatadip amesidempletiafug e To theaesidun wys addsd 20 Bloéwaten aach21 5g

AP RO S PR M er RS Wpted o
cooy teedmbiefGedperhburt ad gvae adiiek slogy. BTB%(ﬂBTtAaﬂlibrthL&‘pon coohng was
ysi s, Y%ee). (-)-hal of enate. HPLC assay_o

) |
isolgted by vgegm %Ilutéaq%‘t H@?edl"i’l m.f Wahthen drgd B ge 3l s g (0.0901
mo£a6 g mbvgﬁ%ﬁcﬁ?@ s&flurlﬂ%lal@t)?ﬁﬁﬁ‘ﬁ WMfral BPP8 MhalyRisGoilPhhat the

materlal was racemic. HPLC assay of the 188.6 g mother liquor and wash found 28.3 g

(0.0856 mol, 44.4%) of CPTA.
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[0205] This exanple illustrates a nethod for isolating
racem ¢ CPTA sodiumsalt. 20 [0206] The nother |iquors
wo e@ang7resol uti on crystallization and PCT/US2004/019616
recrystallization containing in theory 63.9 g (0.193
Exatdple 4pf CPTA based on the resol uti on recovery vvas
evaporated to a residue of 91 g. The residue wa
[02¢f11s thus egampleilestngtesfa metbadyfog Hetarmoiainghe SelRbility eqeesmic CPTA
Sodmn{ 28 6 g of water and 6.3 g of 37% hydrochloric
acl at 40 C. The 219 g organi c phase was evaporated
tQ a residue of 71 g. To the resi due was added 128
lOZ%be&PéPLaY?aerz&ckste& resin pey. iffha msenetisy stistseva genggeted to a
f
remh‘?(\?je{t% azga‘?er b-gcf:l'g% %Hgf'ééagg):/ﬂe’lﬁ? 4%‘2%%’2%51%{1@%?% 3c§ecf"lgrﬂ salt and 20.0 g
of watérc Khs [bathr tgmpditaturs wla evatrhed tof 30k dndjﬂmrshxmowmlrwdéor one hour.

i sol ated by vacuu f|| atlo nse
ThegefalPr Senaiiar ot s g1 Sen ined aglisdbald R T Hyges 04 A
0. 363%%3&@%134} onhetsﬁﬁerﬁQt@ R §Rded @hd GERd 1605 0amIHREE acetonitrile, and
anal ysi's found that the material was racemc. HPLC

the sadutign whs @ﬂs&veli&e' BPC ﬁmlhw Angjyeis waﬁ tepraist at dliaamatd 9 °C.

An %3%1%%3 8%3 @%A%@ﬁ ﬁa Wfi %[ :}ﬁa%oaosﬁ(u%%%t tﬁe higher

tembérhti®d, aad €5 Eﬁ)ﬂ(ﬁitélﬁﬁasfa@ﬂedjﬁtg@{?m ﬂinliifbr %l&ﬁ’y&@ Ehﬂlb‘)vblt t¢m@trature.
racem ¢ CPTA sodiumsalt. [0208] A 100-

ThejpiEt was Bgraased §9 iPof ahgmbierd tempppaeirecdysthe ﬁ%ﬂowa%%% aqueous sodium
e 5 o
nydf R GAG the PR iR RLREHLRL [958, 02 BT R I AG Shovm in
Figwrks Wahet 20.The bath tenperature was warned to 35 C, and
the slurry was stirred for one hour. The agitator was
Exafdhld 40f f, and the solid was allowed to settle for 30
— mn. The pHwas 9.4. A 0.3036 g-sanple of the
[02069) peThnatrampls iHestrates dydnotystiand rantizatds of (+rtkalefendie.
acetonitrile, and the solution was assayed by HPLC

[021508al XQ‘S@amf\%\hﬁdstb&toﬁ@ﬁaék%ﬁﬁ 8flwath adfadneBO stirddr 28 h@atmg mantel
An addi ti onal . g TA sodi um salt was added

wastchanggd mithi 7n28ag§1hﬁ nyn@l of (e-blodtnate (8t5é>r%e¢)a?m & of geger, and 4.21
g (5% ergw&l?/e\rlﬁb ér%r%ae sas%%ﬁgn EH?drgx g fi“hé thﬂp%as %8%5 Yo g(f t? 60 °C. The

ure ease

pH aittha E’é&uﬂﬁntg sbmaws lllZeB lShiitah HPaﬂbhdal)@n shbwed 86 .4%ueus-CPTA and
and the anal ysi s, was contl n

10.539 0 () 5 T A Rhessmitien \as aatedite SOEBR oL FmNAIFS. (gl ABLC analyss
shoyfq A0y et (1) EPRATRL £1.0% o€ LH LA Lho BHAHRN2.6. After cooling to

amben {dflmbdvﬁtamhppro{diiﬂalﬂ}' 58 nd56f Tm-ducdﬂmdethand was dddadand the pH was

MR e e e -
phaée&ﬁasgevé Sated £8 a%eﬁdtﬁ:f of\w £ ThéRdidhe ks tBate®$ifh WAL )of heptane,

of O%a ueous sodi um hydroxi de. The slurry was heated
warmgd o dissplg®the oilThad then cooled in an ice bath. The solid was collected by

vacuum filtration and dried to give 5.10 g (15.4 mmol, 88% yield) of racemic CPTA. Data

for this and two similar hydrolyses are shown in Figures 17 and 21.

[0211] Similarly, heating 6.75 g (16.3 mmol) of (+)-halofenate with 0.65 g (8.1 mmol) of
50% aqueous sodium hydroxide in 67.5 g of water for 2 hours at 60 °C gave 37.5% of
halofenate and 54.2% of CPTA. Heating to reflux overnight gave 92.1% of CPTA and 1.1%
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20 pH of the resulting solution was 12.8. Chiral HPLC
anal ysi s showed 80. 4% of (+)-CPTA and 10.5% of
W@ 2004@2FA  The sol ution was heated to reflux fBET/B82004/019616
m nutes. Chiral HPLC analysis showed 49. 6% of
of halpfeppEAwitha firial PPbafi.8, -QhiGPHRLCrnalysid foersl 408(63/128tratio of (+)/(-
C@ofgl ng to anbient tenperature, approximtely 50 niL
)- 2-di chl oroet hane was added, and the pH was
adJ usted to 0.8 by the addition of 7.3 g (74 nmol) of
rochl oric acid. The organic 25 phase was
a ue h
IOﬁVlia?Qagg it BnlsRlsF HRaghactnSr s bBab Y EedRiot e O

CRIIA/C AFO- Bdke ﬂla@téﬁéoﬂfknb@alaﬁomﬁe bathhloferae: @odtaltlzavws mother liquors.
collected by vacuumfiltration and dried to give 5.10

O3 T BN St e TR 900 02

mmial) afitheZd)- CP’DRIGI]AFSD-IBabaiailhgtc;rehmam: sedt 07.13%¢e)( 1Bt Bof 1,2-

Ky tiisn s ok U o SAEQS Pl 06 oo daploric gl dhe organi

phﬁb@%a% sBparBed g %&eﬁ?m?‘n/s ®hL Jf@&a@ére{l‘l@ﬁ Sla@émln%%/ﬁqﬁfround bottom

A ating to reflux overnight gave 92.1 % of
ﬂadmh aahehtlﬁ/g mnmmmagnzw aterﬂiT /AJsﬂ@Mﬂ(smgam Iwﬁd was attached

<£ E‘\?@Bf%%?ﬁ\r% tgﬂ ?%%}r%%%é? é g,%ftdll 1%]&];3 y+c;1fattllat1j)ncﬁrﬁ&r cooling to 40
°C, Ehaﬁzﬂhﬁoﬁ%a& 8idiéd wihhios 8 8, lzfthéﬂlbr@éthﬁﬁ’é Q&d PI ﬁﬂa(q@t) in@fol) of
hal of enate with recove@a{n he (-) 5 CPTA/ CAF

thlgl}%&bémdﬁ awgs edéwshekite heating ot reftux ﬂoé2 hoyrsiand sreerang22.6 g of

aisiEBe okBn e R Rat R o R b lich 3PP ¢ 074
mnd]) Of @istiiell 8-acefRihan6landiite he)re&FHbA térfg¥ratBreBase rom 7 to 18 °C
di astereoneric salt (97.1 %e), 124 g of 1, 2-

durgg: e 3Adisiona ddter stirring opermight aframbipr tanpergiurey herpebitipn gras added
79
w1t'§e t/ ‘ig?gﬁdtr glc %55\2 tﬁ&cs dﬂnwc% E&Egé &aﬂ' v(\)/g?%%? cﬁ‘ﬁi%d n ?n ice gath The

org;amc@hﬁ&()waﬂ_rerrmadi athwasmd $0thf 1ag5kf watela Treadrgagc pme e$5 2% of
th a t' St reflux / distillatio

nallsotsand Srica CF Tty BRECoRERbHoY eealdh 26 61100 fgads treated

w1tﬁq 34 égof‘ﬂegﬁhc? tthdd éuaﬁoﬁbéd% §tsblllci é‘it4333" he, ’ﬁl@ %hcﬁ%@dh@@aé issolved

sol ut1 on” was [uted wt
in 6_Ll P gohif Siropavet wrahehargeddo m 1AL bott&D- dmnlryacozfr alcmlgl witty320 g of

hl ori d d, Aft ti f | 2 .
herjige, watffed Bestbon At o164 3o iy @i s & heCmif rdip: The
soliash K@@ thatyataly AC end@tHick sﬂﬂirr{r Remed apys 88 B dlidaMsQéolated by

38.6 (374 15 mmol) of distil
vacnugcieifrptien, rgasbedyith éO minef heptane |09Wam§@%mé{ ofrZepropanel, and dried
to %6@51 61 g‘%séﬁ n%f’ g%dta'lt@ é?fp'bzgr%% AbY '}ﬁ*ihcg%ff&% htafotfér{a'ié (38.9 %ee). The

395 gembthem liquos tnd washgsolutioh 2contagniag 1966 @(35.0mmal) bbhalbenate (88.3

o, LN 51 of wat er h|IIed|n ice bath. The organic
7oCphgel 7?%5 (r-émspel o ﬁBTﬁdévﬂé%L@aﬁws\xasgevapoaﬂ&éé? aregiie of 21.57

g. ‘Pﬁ&?e@idﬁe Wl@?l@at@@ﬁ; 2560k ithhab ﬂ‘fLe@Ia&/ﬁela.ﬂﬂ $o éj{%ﬁfﬁ%lﬂoé(f 50%
anal ysi s) was evaporated to an oil
aqupc@taso@dxm hydroxide to give a solution. HPLC analysis after about 10 minutes found

83.6% of CPTA and 0.3% of halofenate. The solution was cooled, diluted with 50 mL of 1,2-
dichloroethane, and the pH decreased from 12.7 to 1.6 with 7.3 g (74 mmol) of 37%
hydrochloric acid. After washing with 30 mL of water, the 72.9 g organic phase, containing

11.32 g (34.2 mmol) of CPTA by HPLC assay, was evaporated to a residue, treated with 36 g
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20

25

30

20 with 133 g of heptane, then evaporated to a solid
of 43.3 g. The solid residue was dissolved in 61.5 ¢
wokoi2am7epanol and charged to the 1-L bottom dPEI/NS2004/019616
reactor along with 320 g of heptane, warnmed to 50 C
of hnpmhxreothlem dvaoraedtond residae aﬂ1439 gt Man ody rdsidiferwvas dissolvéd in 38 g of

i P ORI ST MG hefeh gt residua o
dis¥AGaiim3lig § Bﬁ&bﬁﬁlcy\éﬁﬁéﬁﬂxewﬂnrblﬂi@rrﬂéd RithlR8BEMIEThe solvent was
contalnumiw propanol, and dried 25 to give

renpoved angrqpbeed mﬂmﬂS 6 stw@adpl hioBVPh(C sRlG)s @fmd 65.8 %ee of (-

o QR ERIO o > RLAE ol GooRE A Pl Rirptur TR added 650
g (336 aines1pb LCASD -Basd@R SthidR dludry £8i8ly(fordedMTHe) s1@iry QBE' Aarmed to 40

.~ by HPLC assay, was evaporated to a residue of 21.
C yithpHeinge dica ¢eolgd én hrea:p@athta@dsme @lwvéqiatm@by ﬁwaélﬁurméﬂtéa’aon

oo 54P B 3B B8 I, T G S0

Bas‘eaimnﬂereéiﬁer&Ssaﬁio/whfch@%ﬁésmds > ﬂ% ﬁefcoh@iy@ff elneaf (B0 gDifiealt initially

ut.i on s.cooled, diluted with
o2l it U e ske el A a1 HRLE ST ih 8.3 g moter iquor
Cc | )
andv\"v;aééﬁl ség%v?ﬁﬂ fé}l?r;;‘gi mh)( 9&6@@ opﬁgfgzggﬁg cgrr‘xg r??lgs g{]faégxél’olﬁ of the
50. @gmfaalnlmtgally]ldzacﬂﬂ g (34 2 mol ) of CPTA by HPLC assay,
was evaporated to a residue, treated with 36 g 47 WO
ExaAf§1d43412774 PCT/ US2004/ 019616 of heptane, then
evaporated to a residue of 14.9 g. The oily residue
[02hdls dhissapmpls illpstagesg mpcesh épreqowenng 6 AlfdatBasg from CPTA/CAF D-
Bmg%ghlng gave an oil. The solvent was renoved and the
esidual 0|I di ssolved in 34.8 g of :
msthlc | ohexane. An oil formed with cooling.

The
[02%3)) vénlt @nd bettany daskayvih g apAgaetécostinrer vag sherggd vith 80.16 g (0.148

a f 0
molf oPRASHER TAIAF P-Bhtd e 5F P itiStolitaff, K€ 8Byt ofivater. To
the a?narl‘mas&ldtled efper (&thllﬁn enolpsf Mﬁyﬁrfigl;ﬁemf: gc&lB%ivﬁ_ghrthlc)em phases.
of _CAF D-Base. A thi urry rapi or ne ]
Thegpl, of Qleveﬁge%aﬂ%a% 1Lhe IV erpTgRTis YRGWat REPVER apbayashed with
16 ﬂnn A dt&e T*B@%Bmﬁﬁiédtaan&?oﬁ@ %h&g’se éf&iz@%)?@awea’%ed’ gﬁﬁ“{?ﬁ g (0161 mol)

I'tration, washed r opanol
of 5@(% giugeus $ddum yd@Eide tormeich apH ¢f-12. ICPIIA €At sBayevas filtered

i 0
andJhE 301 65 opegt sty b ek g ST Rogve 0. DTS KL e
recc{vt}}?(oszﬁpiﬁ-@&is@t(h@ 0% 16117497. 86. HPLC assay of the

g nother I'iquor and wash solution found 4.34 ¢
3o 4 nnDI) of CPTA, which corresponds to 14 nol % of
O g of salt initially | oaded. Exanple 44
[02]16)2 1'413115 'Eharﬁplexmfﬂ&la&:s lalprotebd fof @Sofeig0CAFD-Bake from the resolution
ecover i ng CAF D-Base from CPTA/ CAF D- 15 Base salt.
‘nm%ﬁéfBPrA 1-L round-bottomflask with a magnetic
stirrer was charged with 80.16 g (0.148 nol) of the
[0217]) - BRDA) Cadmple Bl sawemid €PTA3Vasgem1lveﬂ,inﬂd2@88 grod é1ATaPReBase in

240agn(§jf Zggrog%noqfas \Algstc%'i)éd ;rlg)ove to give a 74.7 g wetcake. The wetcake was
recrystallized in 218 g of 2-propanol to give 32.35 g (32.8% vyield) of (-)-CPTA/CAF D-Base

salt. The mother liquor and wash solutions from the crystallization and recrystallization,
theoretically containing 40.32 g of CPTA and 8.23 g (38.8 mmol) of CAF D-Base from the

amount of salt obtained, was evaporated to a residue of 72.9 g. The residue was dissolved in
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the slurry was added 15.2 g (0.154 nol) of 37%
hydrochloric acid, giving two cl ear phases. The pH of
\thmMﬂqueous | ayer was 1. 2 The Iomer organic PGVGSNMH&B6N
enmpved and washed with 16

2650&%1 Aulichieraetheare, gl axeof Vraf@f Tfmé)4 %@Otﬁr@@f’l&&f\kﬂﬁ/ﬂl}ﬁ‘@lom
i B AR, S URIAILEN 230
additiooh dft3e8 83@(4805 maml)y ofitea aqudohs @liurh hgdrowalee Thengbuimgsthry was

ﬁlt%@%%%%t%e fid o onlpeied anensad it PR B¢ 3 ey, 87%

@oe@m;RJf@A#bugéseqﬁ@sm@ PIELE). for recovering CAF
D-Base fromthe resolution nother |iquor. [0217] A

60.0 g sanple of racem c CPTA was resolved with 20.88
[02 gS]Of It @A der Basigthatrthe 244ngjeoinenvaipraerd$ dessribebimareihack for
above to give a 74 7 wet ca The we
iluSAEEs Sp RSl i e GO0t HDFioaBART CPONESE Yol a1 s will be
suggé}s?edgcef"p\éfs@hsdgkll@éd 1(1 tﬂe 9? Iﬂ 58k B BRARICS Q’l@lﬁ‘l the sgifi€and purview of
i quor and solutions fromthe
thlscapyhtaaﬂohlaz@scpoq»n 0£thxb apecmqpsltc:iamns z &l mlhllcattohemawmsc aid patent

taining 40. 32 f CPTA a 8.2
sppfiihop: BigEndieln e Hhabruipbtime e Suferdise I iy Shaely B au
porated to a residue of 72.9 g. The residue was

di ssolved in 48 WD 2004/ 112774 PCT/ US2004/ 019616 265
g of 1,2-dichloroethane, 50 nL of water, and 4.0 g
(40.6 mmol ) of 37% hydrochloric acid. The aqueous
| ayer was separated, and the pH was increased fromO0.6
to 12.3 by the addition of 3.88 g (48.5 nmmol) of 50%
aqueous sodi um hydroxi de. The resulting slurry was
filtered and the solid was collected and rinsed with
water to give 7.12 g (33.6 nmol, 87% 5 recovery) of
CAF D-Base (np 162.4-163.0 C). [02181 It is understood
that the exanpl es and enbodi nents descri bed herein are
for illustrative purposes only and that various
nodi fi cations or changes in |light thereof will be
suggested to persons skilled in the art and are to be
included within the spirit and purview of this
application and scope of the appended clains. A
publications, patents, and patent 10 applications
cited herein are hereby incorporated by reference in
their entirety for all purposes. 49 WD 2004/ 112774
PCT/ US2004/ 019616 WHAT IS CLAIMED IS: 1 1. A nethod
for producing an enantionerically enriched a- 2
(phenoxy) phenyl aceti ¢ acid conpound of the fornul a:
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00 NN AW

O FBCOOH 3 ClL 4 wherein 5 R is alkyl or

hal oal kyl, and 6 Xis halide; 7 froman enantioneric
woreostar7of t he a- (phenoxy) phenyl acetic aci d cPOPUSIVA4/019616

conprising a 8 first and a second enantioners, said
WHET OdLa@MBD |:ng: 9. (a) producing a sol ution

conprising a solid enantionerically enriched 10

aci d-base salt of the first enantiomer by _contacting
the enanti onefineethqddon prodyeing j4a egangiomerically enriched o-

nyl.acet | ' d wwth Iess than 0.5
(ph%gggﬂﬁééﬂgggﬁéﬁﬁé%%kﬁgﬁgﬁgﬂ%gén |%nerically enri ched
chiral am ne conpound under condi i ons sufficient to
produce the 13 ratioFgf. the ang f free first
enanti omer to the anount he |free " second enanti oner
in the 14 solution is abowt 1-4£0y,3; and 15 (b)
separating the solid acid-base t of the first
enantionmer fromthe 16 solutioff at a tenperature
where the concentration of an adild-base salt of the
Wh&@-ond 17 enantioner of the a-(phenoxy)phenyl acetic
aci'd conpound is near or belowits saturation 18
poi nt. IRZis alklyeonidlbaiklylpindCl ai m 1, wherein said step
(a) of producing the solution 2 conprising the solid
enant i oneds k8IdEY enriched aci d-base salt of the first

rord U SR oS R IO DRI S8 hfrsin
first 416 o detGiid @RAAMSHOREYaid MBthob cOmbyisihgweri ng the sol ution

tenperature to a tenperature at or below the 7 . .
nucl eat i®@h t apdicarad eolwifon eanrising 2 sbidnprfiaapericglly enriched

GRS 88 A8, S S e
(phioay)phbivascedit abildaofipdundvviih &és8 tigml 015 &loddy eqbivalehts of an

separating the solid 2 acid-base salt of the f.irst

enagligperi s Fiiched shinelanaae spmpeundrdpatandiions aptfisientiggiyeduce the
rati?ﬂfét%te Urathosk fre% ﬁr%gﬁ@éff%{eto eezﬁﬂo Cf'oﬁﬂ}%éﬁse% s§@c!ntd Ahntiomer in the

second enant 1 oner. net hod of alm1
solutiontihayouc dbipsj aidng recovering the chiral amne 2

conpound, by renovi.ng the.chiral am ne coppound.fro
t hgp Sgpé(pb%/ecfegggt‘:ubgg tge Seid %‘léé'%é%ﬂ ﬁrylté)%‘ the Hl}gt gnantlomerr%om the
solution at a temperature where the concentration of an acid-base salt of the second

enantiomer of the a-(phenoxy)phenylacetic acid compound is near or below its saturation

point.

2. The method of Claim 1, wherein said step (a) of producing the solution
comprising the solid enantiomerically enriched acid-base salt of the first enantiomer
comprises:

(1) heating the solution to a temperature above the nucleation temperature
of the first enantiomer; and

(11) lowering the solution temperature to a temperature at or below the
nucleation temperature of the first enantiomer to produce the solid acid-base salt of the first

enantiomer.
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10

3 the first enantioner. 1 5. The nethod of d aim 4,
wherein the enantionerically enriched chiral 2 am ne
W@ oimpowTd4 used i n produci ng the acid-base sal t POf/USENN4H019616
step (a) conprises the recovered 3 chiral am ne
compound, 1 6. The method of daim1 further
conpri si Ag r adbeaimeihng ofiClpianarwherein spidistepdh) of separating the solid
wRRE0E AT BBl b8 AFAREEL B R B or oy o strtion

tenTﬂmmfetdﬁ@d a0id-Yak@kdn 6f thwvbebad Bndnfiemenant i omeri ¢
m xture of the a- 2 (phenoxy)phenyl acetic acid

conpound ,used_jn said step (a). conprises a racem zed a
3 (phenofy) phziw rrg@mq,f Cﬁ@m?@aﬁﬁbmmﬁn@%wn&m@aml amine
corﬁ oﬁd%y%ﬂaov?{g?ﬁéggﬁrat&%%i%o%umﬁl th® H.ﬁ&i V\i’] elrdgfcld I%ase salt of

for mJ I I NRS

theefastrﬁnaﬁUMerand R3 is independently hydrogen or alkyl;
or R2 and R3 together 6 with atonms to which they are

ﬁ;g?gg:ﬁ g? fa?ﬁm atlg»% zéﬂ \Blfjl %e&%g %ﬁ?n:agtgalrﬁegcaﬁé erin?ched chiral
amirfRdSpPOMeNEded 1H‘,t5ﬁi’d@li‘?1@ tRd acd-b¥de,saRbf E step (B@oﬁfpn@ th§ recovered

an 9 amine protecting group; and 10 Ar is aryl
chipal giner@ipoEnénant i oneri cal |y enri chi ng
(-)-4-chloro-a-(3 2

trifluorgnet h'ﬂl@{ﬁu p%ﬁé%f@lz_ﬁgﬁ R go(x%ﬁ'is%ng 1a8h3thg at least a

enanti oneric or o- a-

pomon bF the rsecvmt] ey hipthomneniy Yiensepathiad @dlutio@by dontading thesdaont
r| slgg 51 WO 2004/ 112774 PCT/ US2004/ 019616 4 (a)

mme ViR 222501 ut i on conprising an enantionerically
enriched acid- 5 base salt of

(-)-4-chjoro-gu{ I%ethroa k@@gl&r@mke@ﬁ&ﬁ%xatml rfhg(ﬁfr'e 6f the a-

acid by contacting the enantioneric mxtu

(phénmdyb;ﬂfeﬁylaee(ti& -detd édmwun&at;éaiymhﬁmwpﬂp&wxﬁpﬁsw @tacema&ddx
with | ess than 0.5 mpl ar equi val ent of an

(Phé?%ﬁﬂﬁh@mélﬁ%l&la{cgﬂ @HRWALd (1R, 2R) - 2- ani no-1 - (4 8
ni trophenyl)-1, 3- propanedl ol in about 4 grans of an

al cohol ig sol ¥ H g of wiiedei 4fh 9 ch
a-(3-tri fI uor omsth pﬁenoxy ﬁheﬁye%cgt |hc aagllglgecompoundm()fthe

formula;
OR? OR?

Ar ﬁ“
NR°R$

wherein

each of R and R? is independently hydrogen or alkyl; or R? and R® to gether
with atoms to which they are attached to form a heterocyclic ring moiety;

R* is hydrogen or alkyl;

each of R® and R® is independently hydrogen or alkyl, or one of R’ or R® is an
amine protecting group; and

Aris aryl.

9. A method for enantiomerically enriching (-)-4-chloro-o.-(3-
trifluoromethylphenoxy)phenylacetic acid from an enantiomeric mixture of 4-chloro-a-(3-

trifluoromethylphenoxy)phenylacetic acid, said method comprising:
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10
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10 (b) separating the enantionerically enriched
aci d-base salt fromthe 11 solution which is enriched
wowao/1{27y4 4- chl or o- PCT/US2004/019616

a- (3-trifluoronethyl phenoxy)phenyl acetic acid;, 12 and_
13 (c) rémovi pgoducing a solution comprising an enantiomerically enriched acid-

1R 2R)<2- ani no- | - (4= ni trophenyl ) - 1..3- diol f
bageraliod (- dpiass oS pb P SRR oy the
enflonft nikiots it £ ShECe. G AL pRICHSRBL henylecetio acid with lss
thed, 0. @iz iequivhlenod fenleobitionsericaliy enished S BR2BYRrahino- 13(4-

nitéq]?hpg)g}gég?grgggqegfg)é 91 é)lognlf 3’ %’ram\,\s',hoe a%l ali]co%gﬁg tsol\ge'n z)ep'&ar%rof (-)-4-

R 2R ' ¥al | )i, 3- propanedi ol is
Ch{l?islcgd; @)fr}?%?ﬁ@%gb rggérlgkgé@gﬁggww afljdiz The net hod of
d ai m 11 (bmwherepanatiari the stanpomajicaly guriobertcaodybase salt from the

solution . 2 conpri.sing an_enantjongricall nri ched .
solyHipry Whichds §I§theéﬁv1kh-(5*?-ﬁz<%lllﬂre-r 95-(3égﬁwpmef%g%eaﬂ@tmlgﬂnylmm acid;
and Phenoxy)phenyl acetic acid conprises heating the

solution mxture to a tenperature at or 4 above a

nucl eati ¢¢) t engeovdhg (R ,OR)-2heifie-)]-(daiitefimsyl)dal-propanediol from

13. The nethod of daim 12, wherein said step {b? of
thesasihbaseisaly ta preduce eaniiemeiastly earieheddnrt-e - fctrifygemethyl-

Phgﬁxgkﬂg@?@ﬁg{tﬁragﬁd at a tenperature near or above a 3

enperature of an acid-base salt of the
(+)-enantioner. 1 14. The method of C aim 10, wherein
t he enantlDoneflihe atdthoderfiCleined, Rherein the alcoholic solvent is isopropanol.
(1R 2R) - 2-am no-1 - (4-nitrophenyl)-1, 3- pr opanedi ol

g?gfn'r inz_eﬁ_l? t4 h&’?%&%ﬁféﬁgﬁ Iigu%? é%w%%%ﬂéﬁ%%@%ﬁhlg?laf gquivalent or less
of glgﬂ@ﬂ_rﬁ@l-aﬁﬁ%nl ghﬁli@&oﬂﬂénﬂﬁ Q-?@bﬁné@ﬁolﬁ@ﬁ@dﬂo $dr@Pthé 6did-bhse salt.
: u

e met hod of aim 10 rther conprising
racem zi ng at | east a Zré)iorti on of (+)-4-chloro-
u

a- ( 3- t ri iPuor dhemrayhgsheifdsip) pheriarein stidstepdphrignedicig solution

BYRIURT M et i e
ph&ﬂﬁgﬁjher_l)tflﬁ&ti@ Raidt doRiPRisbLhaatidg tHesolftiof n2ix@id @ Dtemperature at or
a-(3-trifluoromet hyl phenoxy) phenyl acetic acid

abevsraprycieation tempeaginienf thg ¢)-a¢iddrsysat. 4- 3 chl oro-
a- (3-trifluoronethyl phenoxy)phenyl acetic acid that is

racem zedq 1 ' der £ oo
a- ( phenogg’/) phir %{3 ac eﬁ%@gﬁ h’ﬂ%ﬁg E%I%?egf( )t"ﬁfggea araling tne
endmiometiaallyoerthdhe@acid-base salt is performed at a temperature near or above a

saturation temperature of an acid-base salt of the (+)-enantiomer.

14. The method of Claim 10, wherein the enantiomerically enriched
(1R,2R)-2-amino-1-(4-nitrophenyl)-1,3-propanediol comprises at least a portion of (1R,2R)-

2-amino-1-(4-nitrophenyl)-1,3-propanediol that is removed from the acid-base salt of said

step (c).

15. The method of Claim 10 further comprising racemizing at least a

portion of (+)-4-chloro- a-(3-trifluoromethylphenoxy)phenylacetic acid obtained in said step

(b).
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10
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12
13
14

3 x 4 and a chiral am ne conpound of the fornmula: OR

OR3 Ar R4 5 1INRSR6 6 wherein 7 R is alkyl or
whadoealkgd; 8 X is halide; 9 each of R2 and RBCT/ES2004/019616

i ndependent|y hydrogen or alkyl; or R2 and R3 together

10 with atons to which they are attached to forma

het er ocydlsi ¢ IThegndiiidedfiClaiki 1 RAwheein iy @@atioméricikytire of 4-

12 each of R5 and R6 is_independent|y hydrogten or .
chlgreqya-(3-giflupsemethyiRBenox yipben gaggiic agnl %mm%p% deasta peygon of (+)-4-

1.18.. The b alt of

e gy eRr@d rnsmu bt iR S RREds Lelg

compound and the chiral am ne conmpound are

enant i ongyi calAryaedbiseREH derdveliron R&y- Qﬂieﬂoﬁ@ﬁﬁkngﬂbétxccﬁmd

Cl aim 18, wherein the a-(phenoxy)phenyl acetic acid
compmmyinfdhq: formula:

(-)-4-chloro-a-(3-trifluor orret hyl phenoxy) phenyl aceti c

acid. 1 20. The acid- base 0 O aim 18, wherein

the chiral am ne conpoun

(1R, 2R)-2-am no-1-(4-nitr -13propaned|ol 1

21. An enantionerically enrlc e
(-)-4-chloro-a-(3-trifluoronet -
henoxy) phenyl acetic acjd haV|ng an enantlonerlc
a3 Eeal ApHinGFORoN oAHSIPTONS, 53 VIO 2004/ 112774
PCT/ US2004/ 019616 1 22. A precess for
enanti osel ectively producing a A 2
(phenoxy)phenylacetate conpound of' the formula: O 0
OR7 R x 3 4 said nethod compRfsing:

wherein

R' is alkyl or haloalkyl;

X is halide;

each of R? and R’ is independently hydrogen or alkyl; or R? and R? together
with atoms to which they are attached to form a heterocyclic ring moiety;

R* is hydrogen or alkyl;

each of R and R® is independently hydrogen or alkyl, or one of R’ or R®is an
amine protecting group; and

Ar is aryl.

18.  The acid-base salt of Claim 17, wherein the a~(phenoxy)phenylacetic

acid compound and the chiral amine compound are enantiomerically enriched.

19. The acid-base salt of Claim 18, wherein the a-(phenoxy)phenylacetic

acid compound is (-)-4-chloro-o-(3-trifluoromethylphenoxy)phenylacetic acid.

20.  The acid-base salt of Claim 18, wherein the chiral amine compound is

(1R,2R)-2-amino-1-(4-nitrophenyl)-1,3-propanediol.

21. An enantiomerically enriched (-)-4-chloro-o-(3-trifluoromethyl-

phenoxy)phenylacetic acid having an enantiomeric excess of at least about 95%.
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1
2

5 (a) producing a racemc mxture of a

a- (phenoxy) phenyl acetic acid of the 6 fornmula: OH 7
wo2@4(1i0774 esol vi ng the racem ¢ m xture of the PCT/US2004/019616

a- (phenoxy) phenyl acetic acid 9 using less than 0.5

nol ar equi val ent of an enantionerically enriched

chiral ap.ne &@pguessfdr eddtibselgutivdlyqroduting a a-

enantionerically enriched a-(phenoxy)phenyl acetic
(phepaxyphenylaeetate porapeyndgiake ©ranta omeri cal Iy enri ched

activated a- (phenoxy) phenyl - 12 acetic acid by

contacting the enantioner ca r|ched

a- (phenoxy)phenylacetlgqa0|g with &' 13 car boxylic

acid activating reagent d) contacting the

enantionerically enriched act| vafed a-(phenoxy) phenyl -

15 acetic acid with a conpoun the formul a

produce the a-(phenoxy)phenyl 16 acetate

SM4&§M%%ﬁ%mB%%ggmhereln 18 R is alkyl or haloalkyl; 19

X is hal(ayle; pR6dRIng srdeemizrmidiicylof a 22(plensx hplimghesticarcid of the

a netal; and 22 the subscript wis the oxidation state
forgplapg 1 23. The nethod of C aim 22, wherein the

a- (phenoxy)phenylacetate 2 conpound i's

(-)-hal ofenate. 54 L::r

(b) resolving the racemic mixture of the a-(phenoxy)phenylacetic acid

X

using less than 0.5 molar equivalent of an enantiomerically enriched chiral amine compound
to produce an enantiomerically enriched o-(phenoxy)phenylacetic acid;

() ﬁroducing an enantiomerically enriched activated o-(phenoxy)phenyl-
acetic acid by contacting the enantiomerically enriched a-(phenoxy)phenylacetic acid with a
carboxylic acid activating reagent; and

(d) contacting the enantiomerically enriched activated a-(phenoxy)phenyl-
acetic acid with a compound of the formula (RS—O)WM to produce the a-(pﬁenoxy)phenyl—
acetate compound,
wherein

R! is alkyl or haloalkyl;

X is halide;

R’ is heteroalkyl;

M is hydrogen or a metal; and

the subscript w is the oxidation state of M.

23. The method of Claim 22, wherein the a-(phenoxy)phenylacetate

compound is (-)-halofenate.
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