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WO 2004/112774 PCT/US2004/019616 Resolution of
a-(Phenoxy)phenylacetic Acid Derivatives FIELD OF THE INVENTION

(0001( The present invention relates to an enantioselective resolution

process for the separation of a-(phenoxy)phenylacetic acids from its
enantiomeric mixture. 5 BACKGROUND OF THE INVENTION [0002]

Esters and amides derivatives of a-(phenoxy)phenylacetic acids, such as

hatbfeiatd 12até chiral compounds and are useful in amelioratiny '
of physiological conditions, including conditions associated Witf?:g%yc%ﬁ%mm
lipid deposition, e.g., Type R diabetes and hyperlipidema. See, for

example, UREsphibierNufso3(BLz 060 wrh6ddackin AdA Derivatives
(phenoxy)phenylacetic acids contain a single chiral center at an

asymmetrically substituted CHbBQCHHLEIBREEY THaN:arbonyl carbon
489/ arithtiyerstorenexisioln B8RS AHQNSH 0Q03] Cytochrome
e AR e

B4R0.2G9 Is.an.enzyme known to playa significant ro
o%épe%qﬁg ﬁﬁ?@y iy BRI reaantiavatichaiges.in drug
15 metabolism mediat?}d %fginhibition of cytochrome P450 enzymes has a

high potential to precipiaie SYnTCAR? S EFR BRGSO Datients. It is also

KIR9%in thstees mdmidmd@iw&owmw@&@ﬁﬁf% 155810 1AOLCRIG A uto fonate
ple, U.S. patent No. ’

anhik 50 2C9, See, for example,
g%ﬂ%@%‘iﬂﬁﬁé@@%ﬁ% PR sheRing AYBrEneahpFiengicatetislitions,
'elediss crndiinatonsariatrsiovish ibdcoseirisitviapo siabrlangl 19y ATiALY QLIIHG
Hpgerasiiem 205Lo0 | drugs, including anticoagulants,

%ﬁ-inflam mgﬁfyggﬂﬁ]%i‘@ﬁd%%?é}*&%&w }ﬁﬁﬂéﬁé%gééd B s
@W?‘i‘?ﬁﬂé"ﬁ%ﬁ%&ﬁwth@tahmgbsehm&mwwan%@fgﬁ@&@gi iSubstituted

catbon iR AINHOE (RSSARIIUE ggrgggag I 9 {iﬂggbgrogytochmme P450 2C9

& %rlgpared to the (+)-enantiomer. | 'f’ st is destaBietonmrtomeric

enantiomer of halofenic acid or its derivatives which is substantially
[%%g of gﬁog%-ena{%iomer to reduce the 25 possibility of drug interactions.
erefore, agnie a8
day SR TPl SoHs i erromamiattivienpirpe simfcpmadtsin
il iphatc raslentedarntone g enlbEpMBeYEal,
n@%l&xﬁ‘m@%&%e%%?m' SUMMARY OF THE INVENTIO J g} n
one aspect, there i provi%% 04 RYSR RS MR mnssersdisaliisioputentiplao
PrECTphRks s fiseradacstat fannipoutiened. NasREDMRWA that 2 racemic -
(phenoxy)phenylacetic acid, €.8., halofenic acid, inhibits cytochrome P450 2C9. See, for
example, U.S. patent No. 6,262,118, Thus, administration of a racemic a-(phenoxy)phenyl-
acetic acid, such as halofenic acid or its derivatives, can lead to a variety of drug interaction
problems with other drugs, including anticoagulants, anﬁ;inﬂannnatory agents and other
drugs that are thetabolized by this enzyme. It has been found that the {-)-enantiomer of
: - : - " #:L 4
halofenic acid is about twenty-fold less active in its ability to inhibit cytochrome P450 29
compared to the (+)—enanﬁor"ner. 4d. Thus, it is desirable to administer the (-)-enantiomer of
halofenic acid or its dexivati\fes which is substantially free of the (+)-enantiomer to reduce the

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 a-(phgnoxy)phenylacidic acid, e.g., (-)-halofenic acid.



OR RI -'x said method comprising: (a) resolving an enantiomeric mixture
of a a-(phenoxy)phenylacetic acid of the formula: O R'O OH 0 x using
an enantiomerically enriched chiral amine compound; to produce an

enantiomerically enriched a 0X lacetic acid, wherein the total
amount of enantlome%&%%@ﬁﬂ’e@gdﬁ#ﬁﬁ%ﬁmg%‘mpound used is less

[Oodﬂa%% molar, L%&lé'}éad%“vﬁﬁéﬁ 'Em{&%@@%rt%%‘%@eﬁgﬁ%w&R%WJ@QF“C
acid compound; (b) producm?&an enantiomerically enriched activated

(phEQGCHH@WB%WWé%WmﬁB%%(gé {uFRAtive by contacting the

enantiomerically enriched a-(phenoxy)phenylacetic acid with a carboxylic
acid activating reagent; and (c) contacting the enantipmerically enriched
activated a-(phenoxy)phenyl- acetic aC| b compound of
the formula (R7-0),M to produce the a® ('he xy)phenyl-acetate
compound, wherein R'is alkyl or haloallcyl; X{s halige; R~ is
heteroalkyl; M is hydrogen or a metal; and the s ript w is the oxidation

said muaSQ Ofd% aahﬁ sed herein is a method for producing an enantiomerically
enriche noxy)phenylacetic acid compound of the formula: la WO
2004/112974 p@gmmmggmm@mxmm of a a-(phenoxy)phenylacetic acid of

the formula:

. O

NSV Ol

L P
\\I

using an enantiomerically enriched chiral amine compound,;

to produce an enantiomerically enriched a~(phenoxy)phénylacetic acid, wherein
the total amount of ehantiomerically enriched chiral amine compound used is less than 0.5 molar
equivalents with respect to the a-(phenoxy)phenylacetic acid compound;

(b) producing an enantiomerically enriched activated «-(phenoxy)phenyl-
acetic acid denivative by cor;tacting the enantiomerically enriched o-(phenoxy)phenylacetic acid
with a carboxylic acid activating reagent; and |

{c} contacting the enantiomerically enriched activated a-(phenoxy)phenyl-
acetic acid derivative with a compound of the formula (R"~O),M to produce the o.-
{phenoxy)phenyl-acetate compound,
wherein

R'is alkyl or ﬁaioalkyl;

X is halide;

R’ is l%pieroéiigyl;

M is hy@rdécn or a metal; and

the subscript w is the oxidation state of M.

Disclosed herein is a method for producing an enantiomerically enriched o-

(phenoxy)phenylacetic acid compound of the formula:

ia
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\\I X wherein R1 is alkyl or haloalkyl, and X is halide; 5 from an
enantiomeric mixture of the a-(phenoxy)phenylacetic acid compound
comprising a first and a second enantiomers. In one particular

embodiment, the enantiomeric mixture is a racemic mixture. [0006]
Mé&théd/ehdeidsed herein may include: (a) producing a solutioperas2o04/019616
comprising a solid enantiomerically enriched 10 acid-base salt of the first
enantiomer by contacting the enantiomeric rijixture of the a-
(phenoxy)phenylacetic acid comp than 0.5 molar

equivalents of an enantiomericall chiral amine compound under
conditions sufficient to produce the ratio Qf\ e amount of free first
enantiomer to the amount of the free secona enantiomer in the solution is
abpeuiihto 3; and 15 (b) separating the solid acid-base salt of the first
enantiomer frﬁmt olution at a temperature where the concentration of

an acid-base salf 8 é’rgéai)%ﬂgyleﬁﬁﬁtiomer of the

a-(phehoxy)pHenipdidetic acid compound is near or below its saturation

int t least.a portion of the second enantiomer, can be converted

e e b DR A rS9LsAgomprsin o
Erfh ad mescorithesebbepeTh énreselfing ehatiarbedien dni i ensatiothe Beixture is a
HReysiesandsubjected to a similar enantiomeric enrichment process to
'&Cé@:ase the yield of the first enantiomer acid-base salt. [00081 In one

ﬂpa utdFEmib SR e ercRmal teitive compound is of the formula: OR2
ORS Ar R6 NR5R6 25 wherein each of R2 and R3 is independently
hydrogen or Sky!; BFISsciitR R gR grempridtheonlis mantiohetivelaeeriched
aeithbhedin R &ReLRERcYEls b ietye R4 en or alkyl. 2 WO
2004/112774 PCTIUS2004/010 16 i (B8 RIS LRI e
(phenoxy)jphenylacetic acid compound with less than 0.5 molar equivalents of an

enantiomerically enriched chiral amine compound under conditions sufficient to produce the
ratio of the amount of free first enantiomer to the amount of the free second enantiomer in the
solution is about 1 to 3;-and

(b)  separating the solid acid-base salt of the first enantiomer from 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.

[9007] At least a portion of the second enantiomer can be converted to the first enantiomer,
€.g., racemized, by contacting the second enantiomer with a base. The resulting enatiomeric
mixture can then be recycled and subj ected to a similar enantiomeric earichment process to

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

{0008] Inone particular'_ embodiment, the chiral amine compound is of the formuia:
! _ OR? OB
At R*
NRR®
wherein
each of R? and R’ is independently hydrogen or alkyk; 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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each of R5 and R6 is independently hydrogen or alkyl, or one of R5 or R6

is an amine protecting group; and Ar is aryl. BRIEF DESCRIPTION OF

THE DRAWINGS 5 [00091 Figure 1 is a graph showing the solubility

p wg% 9J g—z)_hand (+)-CPTA/CAF D- Base salts in 2-propanol. [0010]

Figuré SH5U4 resuits of a process for resolving a racemic mBEIYeseho4/019616

CPTA using CAc'iQf ase Lg:de[ varigty of crystallization conditions. s

[0011 ] Figure 518 & 2P SRR Erstenon At pome Af8 AR RS is an

DABESPEEftinER Y radsopropanol and a solution comprising a mixture

of isopropanolgnd LR TA (1 1%). [00121 Figure 4 is a graph showing the

composition of a mixture with a various amount of each components.

[0013] Figure 5 is a gFABRERERIAYIBIION-OR FHEDRIOW BiGiSe for

clyseallizabgnant heapnehcwiddHedb RGP HdRs1BPIE .Sl.}ga@- PTA/CAF D-
argg)g% Sonog%f the midel predlctlon to experlmental results tor entry 4 o

@gure [‘(.r)1 %ﬁ%?&ﬂ e 7 is a graph showing the amount of (+)-salt

f ik iorh SI%EJS ction of fhe amount of CAF D-Base added. [00161

igUIe 8 is graphic TepTESeTk ARSI e dpriirEnges meemtisravaumsdIGRBA using

SO iRasonadery YariefsFid oresR 1 [R408] doiglitR:@ shows the actual and
calculated amount of CPTA in mother liquor and a graphic comparison of

A%MJ|aﬁéﬁ}iﬁe’i’é%ﬁﬁgélGhQWﬁ*@mM(ﬂawmﬁhﬁh@—%ﬂqmmmmD-Base salts

o048k Bigrpadfeshous abies AU SRRUTENAI AR AN0D pra cr10s)

solubility model calculation for Figure 7 (i.e., en?ry
19 Fi %1@1_1,9 ' erimental data and.g solubility
% g} cgggfg&gr? E!for entt‘;);ill%zl'é 0 VF%S’PS% §%\5{1¥§0§§ %%ﬁ%fﬁ Piftfe Fiqus gmount of
8?3 ﬁoé?ﬁﬂﬁﬁ%s'solubility of racemic CPTA at various temperatures in
bggth roethane. 3 WO 2004/112774 PCT/US2004/019616 [00211
igUte 128 &8 BIFeRb iRy as bttt sitrerumtiorqraiiefovariatalization and
teatiperatures in heptane. [0022] Figure 13 is a table of results in Example
24 showing yield of CPTA resolution

[0014]  Figure 6 is a table showing comparison of the model prediction to experimental
resulfs for entry 4 of Figure 2.

[0015] Figure 7 is a graph showing the amount of (+)-salt formation as a function of the
amount of CAF D-Base added.

[0016] Figure 8 is a graphic representation of experimental data for the resolution shown in
entry 11 of Figure 2.

10017} 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 experimenta] 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,
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using CAF D-Base under variety of crystallization conditions. 5 [0023)
Figure 14 shows a cooling profiles for the resolution crystallization of
various entries in Figure 2. [0024] Figure 15 is a table showing the

amount of i—v)-halofenate yield from (-)-CPTA salt in Example 26. [0025]
PIgdreHB3&™ graph showing solubility of racemic CPTA sodRGHHURR04(019616

IOUS eratures in water. [0 Figure 17 j raph.showing .
L e e b e R S S e ranres i
1'(\‘3)3Iﬁ'a‘fofenate. [0027] Figure 18 is a table showing the results of CAF
D-Base recovery at various pH as described in Example 30. 15 [0028]

Bdte Padretpdsintebitofessults bEssoblkstemnnpsthoot Pidermsolution

dsing SAF b BAChHIhRRC20H NERARE AL HEigsmined in Example 33.

[0029] Figure 20 is experimental results of solubility determination of

[CaeMiCRZIRT A4 sRsliem cealtdB Matessasrdaleuninad in S amnie 44 (0300
Fﬁure IS eéoerlmental results of basic hydrolysis of (+)-halofenate as
Gt MASH 56 in Example 42. DETAILED DESCRIPTION i. Definitions

] "Alkyl" refers to straight or. branched aliphatic hydrocarbons chain
s G DR S e o by A s BTk Or S T A el
imffdampte Wieferably one to four carbon 25 atoms. Exemplary alkyl groups

include, but are not limited to, methyl, ethyl, n-propyl, 2-propyl, tert-butyl,
(P, Hrginth édilse FOB2hSAIYY' sedbibis tyood raendyaPTA Mees el aiorarious
tg{%g&pgbom%%py(jrocarbon mo_iety of 6 to 10 carbon ring atoms.

Unless stated or indicated otherwise, an aryl group can be substituted

jHaone; ' - O ree substi ts
e SR S B T,

hydrdysinefé sbrdefettfom alkyl, haloalkyl, nitro, and halo. More
s%c_ifically the term aryl includes, but is not limited to, phenyl, 1-naphthyl,
0D - Eighie B inadrbirshruingdbn wruitief GASIHGHas oo nitogionspH as

dengiiydnorxadprituent(s) discussed above.
{0028] Figure 19 is experimental results of solubility determination of racemic CPTA in

1,2-dichloroethane and heptane as determined in Example 33.

[6029] Figure 20 is experimental results of solubility determination of racemic CPTA

sodium salt in water as determined in Example 41.

[0030] Figure 21 is experimental results of basic hiydrolysis of (+)-halofenate as determined
in Example 42,
DETAILED DESCRIPTION

T

i Definitions

{0031] “Alkyl"” refers to straight or branched aliphatic hydrocarbons chain groups of one to
ten carbon atoms, preferably one fo six carbon atoms, and more preferably one to four carbon |
atoms. Exemplary alkyl groups include, but are not limited 1o, 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 chloramphenicol D base, i.e.,
D-threo-(-)-2-amino-I- (nitrophenyl)- 1,3-propanediol. [00341 "Chiral" or
“chiral center" refers to a carbon atom having four different substituents.

Heyvyexg,ths;yltimate criterion of chirality is non-superimposability of
mirror images. (00351 The terms "CPTA" and "halofenic acid"f&#&seen/ 119616

[ fg}&gﬂgﬁ@t&y rei drefer 10t )

(?é%h loro heny|)t?étﬁ?%g%%“étﬁﬁi%%%%@)%’&iﬁ%}eﬂmGm and halo. More

e ety s o,
nhieMelSach6luding & BRRMIG referably, enantiomeric ,

n%t%t‘}ge refers to a chiral cg}rﬁpoun%wr%a\{%tgeda“s’ﬁ%gf‘%ﬂféﬂfl"&&‘ﬂf?f’m{ﬁ@Scussed

of each enantiomers. More preferably, enantiomeric mixture refers to a

r ic I where each enantiomer is present in an equal amount. 15
1%%33@ 1 [?r‘)%:l oRSTiL PR AletnreicoidDbesmipodiidneviors-antio- 1 -
énidmtibenel) ik, 3gresentdo R higher amount than prior to being subjected to
a separation process. [00381 "Enantiomeric excess" or "%ee" refers to the

e oo S, S0T S I Sy i
1 T b} pE " 0. \ 0
the first ‘enantkl)mer) %Bbogf%‘gnéeégﬁﬂrgﬁéWS%PﬂWH& of goirror images.
CEUYRIOSHIQN 20, COMRY) a%0,0f the first,enantiomer and 2% of the
E’;@g %ci?enantiomer, Ihﬁ%ﬁﬂ%{%ﬁ%ﬁg aé%?((:easrg B BrSharesAb g e and refer
seo8rRbeBvh Crothyomethudnhenctdtidetcanitihalo” are used

tﬁbgrgﬁhqp eably herein and refer to halogen, which includes F, Cl, Br, and

a5 well 8 PRBEIHMETHES, Bewts ashibN cantb eSRNAIGOD niitostieybntiomers,

ineferdinpaatioshgeatixatedetiaefig siRinNg or mare hydragen 25
@aﬁngsa@ggs %ﬁa rezflalced with h?alo ens, incl%glng peerr%grlsoﬁﬁ’l%y‘f f%ﬁf&%gu“d
triflu rongﬂeqt y .e%(? N} aﬁﬁ%ﬁéf@”?‘%@‘lﬁﬁcé@mimw&yﬂx enantiomeric
BlEhIssshe - (Strifluorbmetyicphenosyiaseiue:li ti |
4-ch|oro-a—(3-.(trifluoromethyl)phenoxy)benzeneacetig? g?:?g , Iéz_an equal amouat.

;@ﬁiylém%ﬁ@%ﬁpmiched” nleffr;lrs to a composition dv;h%re one enantiomer is
R aranReRYst enoxyjacetic acid), 2-
(acetylamiF]o)ethyloeéttka{r%){IP ﬁ}gxz%%ﬁgf%% TAISBEA BrS66

(00842 1 “Eiataraaliod n ) nched or ynbranched. acyclic saturated

alkyl moiety containﬁ%%‘fngnga%{(zhrprfcféréﬁeﬁae1r gpoét%%og?tc?ﬁél@%’iﬁ&%bemeeﬂ the first
hETSPBSISTH CemigirFamsiameenisantibmeithexomtaiontfiads Dbl e@iaBon: %eo
=EXeviifafithetaroaias containipgshstinents include =0, -ORa, .
cégpéﬁgg%%wﬁ%% N R% =O)Rb o-c:(=0)Ngﬁe’kggbqfﬁé’fg?é?}ﬁ%%ﬂ%re

nis an 5 nteger ot o't8 Teémjo‘ﬁ rREBHerrRBdshantéqraeidtistpantiomeric
OXeparob e, Tt pitutionbinyh 989296 or 96%.

{00.39} | The terms “halide™ and “halo” are used interchangeably herein and refer to halogen,
which includes F, Cl, B, and 1, as well a5 pseudohalides, such as —-CN and ~SCN.

[6040] “Haloalkyl” refers to alkyl group as defined herein in which one or more hydrogen

atoms have been replaced with halogens, including perhaloalkyls, such as trifluoromethyl

[0041] “Halofenate” refers to 2-acetamidoethyl 4~chlorophenyi-(3-tn‘ﬂuoromethyl-
phenoxy)acetate (i.e., 4-chloro-o-(3-(tri fluoromethyt)phenoxy)benzeneacetic acid, 2-

(acetylamino)ethyl ester or (4-chloropheny)(3 -triffucromethylphenoxy)acetic acid), 2-
(acetylamino)ethyl ester).
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aralkyl. Representative examples of heteroalkyl include, for example,
N-acetyl 2-aminoethyl (i.e., -CH2CH2NHC(=0)CH3). [00431 The terms
"heterocyclyl" and "heterocyclic ring" are used interchangeably and refer

tov%%&}%ro_ir_patic cyclic moiety of 3 to 8 ring atoms in which one, two, or
threering Htoms 10 are heteroatoms selected from N, 0, or SEOY/adees8 1616
ia,@oné?te er from 0 to 2), the remaining ring atoms being C, where one or
two to

atorS reAabtimsans asarshdecmlranchedrsylig setusatesrilisd moiety
statearindndic atemopihRRyisRHRNGISHR QY LRGSR ABIANAN stitments,

%g}étufggei{éggﬁgnde tly. with, one, two, or three substituents selected
from halogen, a i 15a%ll, VEIro Xy EPRIAD ReteInaoy-sratunipaeshetiiynisdnciude
8t TGO R NRRES, BURS OO JHDiter R R Ba8D3AOS RNGh HiSre  is an
derbsatives el 441 ."Leavi roup’. has the megni

con'?égi tionaﬁﬁéz'pgg‘%éégv%té%?% s%h‘%%é’%é‘%g& r$ Péd%;?%’%i%%p gél.?‘%y L aryl, or
a Eﬁ‘r‘\!ﬁy r RErSTcHsa BraTariserfdeirspriod inblpdenioc eopirile, AhabetytLid@inoethyl
Hako, (sTigkCashloeohren)o, and iodo), alkanesulfonyloxy,

arenesulfonyloxy, alkylcarbonyloxy (e.g., acetoxy), arylcarbonyloxy,

feploxTHosytexyhaersdfuoromeiRassyiaayiasy, %
4045qg1igrogh§tnox¥3r methoxS;/, N,O- dimet thy%xﬁ%ﬁ%frﬁa{%ﬁ%?ﬁgﬁ?ﬁg and refer
[00451 The tetm’ mlectamﬁl?ﬁe?éfb‘lgpaﬁ?w iy bishenfo ey eesing itoms

aserhpimcgrons pelnnetdiSosUNh oS 60 GihRO4 &larQntsel Mty i efers.to
thenfMeMRLef i iomer present in the 25 composition. For
exampleg,| ifhag ggorﬁg gﬁ# n’cm%%neeso %{% gf%?ﬁ@%ﬂ%?ﬂfﬁ&?ca‘?’?ﬂlw bya
SPHREKRoHE dralstoTiatd adngisatad ghentyiod, tihe firstenahiometas ©89tonally

bdTtitiiesn alberySAd e dwhe ot RISINIRTERIBAR.aPIgnal
ut?sél_tgged F’r{)hen%ll gro%p. Suitable phenyl substituents are same as oSe‘ ’
L S e SRR byt spesiifiralhy themsrhstepraplokizchedesstia is not

limitsibty, Of Yhiofcerautel i©AsayatessindAls isphenyl 30 as defined herein,
Thus, the term "a-(phenoxy)phenylacetic acid" refers to acetic acid that is

mﬁgﬁm ighgrpObitiaimewitarineQp ﬁﬁﬂ%&hﬁgggi%%%?&%ﬂﬂ B nthetic

Lbsfitute Xy moieties.

,P%Tluszt%%?/%li%%i%n %’gﬁf B otectina oy St p RErdiplered o ferycisaphile and

Wﬂ@ﬁ%ﬁé‘@l@kﬂbﬁé@aaj\%o@wm&omduamm?mﬁe&mmymy,

SIS clivildee&xa ' s can be found in

%%\J/ Gre %ﬂé&m%P.G.l\t/l. %ﬁéfgééwml?\ﬁp é?%%li%ssg#ﬁ 8%%’%(‘: Synthesis,
%ﬁ%ﬁ}%ﬁﬁ%@y&ag’&ﬁ (&8w2vodiairopensns) Haethoan, H:0-

Hiartindhydtalyl Sanop entibenies,

[0045] The term “metal” includes Group [, II, and transition metals as well as main grouop
metals, such as B and Si.

[00456] .“Optical purity” refers to the amount of a particular enantiomer present in the
composition, For example, if a composition comprises 98% of the first enantiomer and 2%

of the second enantiomer, the optical purity of the first enantiomer is 98%.

{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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5 Synthetic Organic Methods, Vols. 1-8 (John Wiley and Sons,
1971-1996), which are incorporated herein by reference in their entirety.
Representative hydroxy protecting groups include acyl groups, benzyl

angdripg gthers. tetrahydropyranyl ethers, trialkylsilyl ethers and allyl
ethers. Representative amino protecting groups include, formplC sty /019616

tri a e I, benzyloxycarbaonyl (CBZ), tert-butoxycarbonyl
(Dfmrinﬁﬁgd sil I%ﬁ%l)f%fﬁ%i%@ﬂﬁéféﬂgﬁﬁmﬂ%ﬁw (SESYvEiydup in a
2{?&0 m&@tmﬁ%@?@ﬂ z&gﬂ;ﬂmmﬁﬂyﬁ 93xz|xmplcs otf) protlccf\iﬂg COSIPS can be
oued yHri RAHAROR , Bitro-veratryloxycarbony ,

ang the like. [0049] The term "I'\fig%‘c(at"s')’ vﬁ%ﬁc% e%%&fo"éaéfﬁ%ﬁ tresissalt edition,
refers ?c])1 Kineti BhdIBF ¥Rekmiddnandilanienn 0030kAonsed hebripetinn of
telrivhaatingtricubtealiny oRr freardingiiede s dadding Py ob2 mixlng two
O[S ERAGRNIE, nt;_lefr ag{groxzr'ate conditions to prodtice the w%’d‘f'gg‘f ¢

' roduet it HiGHEehp pReerstartativg bivdrossqtiotacting groups

- and/or the desire

et o o e RO EUIDRL o s e
were initall Ri%ded, ie. the%{génaqf%gl%ﬁ%‘%sﬁi}?;%%r@ﬂm& BretElvirifproacetyl,
ﬂ{g lﬁ’fﬁcﬁ@ﬁﬁg&f;@z\}vﬁﬁhmﬁe@mm,%anmtigﬂ(@iﬁ@?zm
ieivaetibrethutbR 2h e SESy By u erein, the terms
‘Hiane ARIUSHAbONE, Snfose %il%%%%ﬁ@%%P&Péﬁ#gl%sgmﬂw, 5-
variable incorporates bR Brdalasreton s IREQE) ablafadike.

Qﬂ%f% d, more preferred and most preferred definitions, if any.

i 2] Many (%;k%ga%&ltg c‘c"?lﬁ"?% HEEIRE feaptieagt acaliaefrnte isetithay/or
HEABIktEELES to rotate the plane of plane-polarized light. In

describing an optically active compound, the prefixes R and S are used to

k
005
HéhBle @tié‘ii@ Rieénctnfiguratioatinbth ecorpleqtle SDVLURENrs 10 adding or
oEx dhadvsglixasid; 1" or (+) and () are employed to designaie
etgn 0 rotatigga(g‘fﬁt?glr?g%dg@rﬁo%ﬁlggﬁrbf/ KRR dhsingicased pnd/or the
‘?_gl”’ 2 ﬁhﬁfh‘?é‘égﬁ]mwat@-tﬁeaz@hguam;dhammm@gt@)gﬁimd

méanthgdbsiethereinpesribincBaxorralon; Jrere 30.is no correlation

hetweenn eerllglﬁﬁgagor (igg absolutépgtereoclz e Sty é‘ﬁ%%??ﬁ@“ou of two
rotation of an enantio eard T‘&Fgf@@ﬁ SHeTRfcalsaUITed ntbrseliates which are

FepfpesLindls oilsue wteckoisimety loara RO isal AUER A S ATE dior he

dRieRr grp@ges of one another. A specific stereoisomer can 7 W
2004/112774 PCTms2004/019616 also be referred to as an

[esEntiomeied aadia MdLEofsuch,i s is gften called an "
"enantiomeric” or “racemic” mltjlz'fﬁﬁ?.l ‘@%@eé%ﬁesﬁ%mgéeﬁm@mm” when

EBNCEAI BRI NFMRBISUT THER:TO ERAGAMEHE ISR Yri Al well as
peditiod, xﬁdaaptefeﬁa(&/&quﬁﬁrbmfened definitions, if any. '

[6052] Many organic compounds exist in optically active forms, i.e., they have the ability
to rotate the plane of plane-poiarized light. In describing an optically active compound, the
preﬁxeg R and S are used (o denote the absolute configuration of the molecule about its chiral
center(s). The prefixes “d” and “1” or (+) and () are employed to designate the sign of
rotation of plane-polarized light by the compound, with (-) or (1) meaning that the compound
fs “levorotatory” and with () or (d) is meaning that the compound is “dextrorotatory”. There
18 no correlation between nomenclature for the absolute stereochemistry and for the rotation
of an enantiomer. For a given chemical structure, these compounds, called “sterecisomers,”

are identical except that they are mirror images of one another, A specific stereoisomer can
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Publishing Co., U.S.A. 1981). 5 [00531 The terms "substantially free of its
(+)-stereoisomer,"” "substantially free of its (+)- enantiomer," are used
interchangeably herein and mean that the compositions contain a
substantiallly reater proportion of the (-)-isomer in relation to the

(W—?s?@ﬂ%‘ﬁ Fr% preferred embodiment, the term "substantiallpdreesabotsiseis
(). steregisomer” means that the composition is at least 90% by weight of

the 135iEBREF AR A5 v BAFHIRmSRT GRicsaistureofsydl dipmertrisa e maiel an
prsfattiethenol odimeaiith @nﬁ&fﬁﬂe'.'ssl&b?@%]!i gﬂ}éim@s%rjtﬁ,(&) ﬁl%g?ﬂ% i o) o'

it ' east 99% by weight of the =~ 7
RN CHEASHEE o e i et
d)r\él?BFPé’éBéFﬁbéﬁﬁﬁbrh?&lﬂe term "substantially free of its (+)- stereoisomer"

means that the co‘r;npositi(_)n contains greater than 99% by weight of the
@%éémg Aottt pesaniale fen efingelisipooidhacotabaBanidI free of its (+)-
somes i the-aReaIRRkiame b AT niptodiction [00°A While chiral .
%X&Ebe?ﬁ has made an extensive progress in recent years, it Rsi
racerahlf a'ta_ & ﬁ%‘gﬁ{’gﬂﬂgf{ﬁg Hféﬁ?éd'b??% igeraletivaustiial(hoewae:fon a preferred
prépukaténn dfoaptis b saliielyl Soe GRKEL19QROUBHE THRIGAN AEUAL osiion
gogl@g&%gg r\;}&eﬁgzeg m@x racemic form and the final product is

resolved t0'yield arrenantiomencafy BirddTedesmesondess ofdos s ivmier. Ina

%&&%f@;w;@mbn@nm,ﬁhmqmmmsimﬁﬂntm&aréy i@ﬁ%ﬁihﬂélk%ilﬁlgﬁgrsg@g&s hat
epRnat R ically,active. chiral compounds, Altho X
enantjomers O%F%qégﬁ%%ﬁ% ﬁal%le%g Qgﬁsg%ﬁreﬁ?c&f’ &t ar less
%ﬂtgﬁa{i*‘bﬂsé’m%oﬁl Hiedrom emnieredridhmdindst, different sThumtally free of its (+)-
gaznisomer’ ol authiial Mg Rien B eS| viheyith a significant!
4§0§_§e§idﬁieﬁect£§§ than the othe: enantioﬁ%ﬁ@%ﬁ%&g t‘l%er?é}ﬁ{lﬁme%')'
between 25 CRITEBEET 4R Wit angrateietdlamamtofiseniesindbee)hamition.

ween XVJ?AJPV sometime, many chiral drugs are still administered in a
racem‘!&omr‘%%lc . [00561 Diastereomeric crystallization is widely used on
e T B SO s e oot
one re-crystallization process ?s %l{éé%eslsfiale %B&?gg B oG BEDsen of optically
a88ﬁ?pb§ﬂﬁ§ﬂf?ﬁé>@f§md§ufﬁmihpa chirgLrity 906 7dsThbqatesinta racomic
fmreatih MRS Ras Vel ﬁ%aﬁ%mﬁi&@%gﬁ%j@%%ﬂed compound.

enantionleric mixture, preferably a’racemic mixture,
(eogsheriy jnbenyloetinasitd MO AR BIALRET/MER00U0L0,
p?eoeq}%&&?df e(l/%ghalof,enlc acid. Preferably, methods of the presen?

invention provitRacs iaty active chiral compounds. Although enantiomers of a chiral
compound have exact same chemical bonds, the spatial orientation of atoms in enantiomers is
different. Thus, one enantiomer of a chiral drug often exerts desired activity with a
significantly less side-effect(s) than the other enantiomer, While such relationship between
chirality of an optically active drug and its side-effect(s) has been known for sometime, many

chiral drugs are still administered in a racermic form.

[0056] Diastereomeric crystallization is widely used on industrial scale. The theoretical
once-through yield of a resolution via diastercomer crystallization is 50 percent. Typically
however, more than one re-crystallization process is necessary in order to produce a

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 o~(phenoxy)phenylacetic acid
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acid-base salt of the (-)-enantiomer of a-(phenoxy)phenylacetic acid
compound. In this manner, the (-)-enantiomer can be readily separated

from the solution. [0058] The carboxylic acid group of the enantiomerically

erW¥ichediad7(phenoxy)phenylacetic acid can then be activated by a
carboxylic acid activation group to produce an activated PCYTU82004/019616

aﬁ?ﬂ??é’ﬁét?iaéﬁ%&ﬁﬂi@a?id’wﬁl_?f_imﬁ@ibbi%d(j@@?&é’p‘ﬁﬁ&@nﬁﬂx@ﬁ@%rmdes a solid
NS ne 0 IC mpounas to_progauce an
O o NP S erapaes i

enantiomerically enfic
B Be 67 simat e cansiemsihorhuniied Fonsthesstatiomerically

Egriched a-(phenoxy)phenylacetic acid compounds produced using 10

é’ﬁ?dds%ﬁﬁ%’%?@éwiﬁmw dre amefidnriuatugiAghed o-

dpleh YRbasMacel ' Ivatives such as,those disclosed in U.S.

Patont N 3217,os%?%ﬁﬂ%ﬂ%??ﬁé’%%ﬁg”o% CRREOKYHS BRIEiRRTB oM tRap to

55%‘?5?%%?8%?&4@@%@]@@&@@%&6&adﬂos&lieﬁtd’:ﬁﬁ Rrabalizati®in aloohol, an

FDIRS) /AR D IR GABONE) : [oselective crystallization processes.

Q?I%Uire r%lgrr%et an_ 15_omtf§%%%§ﬁ§%§o%ﬁ F%%‘éfs%%?ﬂ%?’?ﬁ%éﬁ?@é‘ﬁ‘ed o~
omposi AF9UCIel Seimeiemidqsti Sabastenityotithuedatyiess Rispectively.

entorathaneitaundthalynd AN itlons disclosed herein, ‘
égghgnog%) henylgz]a.cetic_acid %{I)ﬁrf? ém(? %[i}géé%{?ﬁ&ce]ntc %%R%%?%l?ﬁﬁ‘ifﬁﬁ using
& produic éj By 5" SmiieR smnpeiton protising THpbciokgiRasheskc acid

derivativs sichesreseaiRAI A phAsSER e prising.an
tHE‘EBS%@&t}e_‘QV di cover by the present invento'rrs%”t a‘fﬁe%zl3 '2{")1 &f Iﬁﬁ%ﬁ%’ﬁ@"ds of
mixture of a a—(pﬁgﬁé@ B Rpdusing dordalefersstind can be
gnanti b %l%t.ggré'ch?q usi_ng a chirgl amine _compound_. In particular,
n&etﬁo%s%ﬁﬁ%ﬁ?gﬁo provide a desired enantiomer of the
.‘%éﬁgﬁeWw%*emfaems??imt;ogoemuwd@@gmﬁgﬁvﬁyc@&@&éseﬁg%?é‘Ehan-
080%.pysiarabivallgast %0, more preferably at least about 9/%,
ﬁmd %%st preferagly at Iea(glt%gf)tc?’ﬁ fé’lé]yo? 3536B8H AR Gk 18 fiscufirdent optical
PRt oot P st At Ve honeptowid henantépnoesic: RBRIRSH MR herein,
oe(phatisiypiierPRds SRRl iALA LRGRINS Mixture, of a a-
Sig}%henoxg%ﬁhenylacetic acid co.mpound%gﬁﬁlg%? tl&fg?ﬁnﬁ'@@g@mq@qeé by a
& ST PR PIeeeT U Epis o oo sTcivietiznisR i atittent helpatyhre
bagad o t@mfﬂﬂsﬁk‘@fﬁ@fﬁ%&@ﬂ@@wﬂ@fﬁé ;EP&QA‘? gl\@entors that an
enantiomeric mixture of a a~(phenoxy)phenylacetic acid compound can be enantiomerically
enriched using 2 chiral amine compound. In particular, methods of the present invention
provide a desired enantiomer of the o-(phenoxy)phenylacetic acid compound in optical purity
of at least about 90%, preferably at least about 95%, more preferably at least about 97%, and
most preferably at least about 989,

{0060] Inone embodiment, methods of the present invenﬁon provide enantiomeric
enrichment of an enantiomeric mixture, preferably a racemic mixture, of 2 o~
{(phenoxy)phenylacetic acid compound of the formula:

] ?
o
N OH
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solid enantiomerically enriched acid-base salt of the
a-(phenoxy)phenylacetic acid compound uing a chiral amine compound.
[00611 In particular, methods of the present invention are directed to the

resolutio 1- 5 (phenoxy)phenylacetate acid, e.g., halofenic acid (where
mgébﬁgﬁt,% Xis Cl), of the formula: 0 R1~. OH x Il wher&FER$294/019616

alkyl or. hglaalkyl,.and X is halide. 10 [0062] In one particular embodiment,
mﬁ%ﬁ%&g R ‘ﬁflé% rleosfgﬁ[lcfﬁiﬂﬂﬁ&ﬂ A& tfidere o rrmecre genermlly ifvolves forming a
apiierengipiaivylicatathaiciti Obkseramuler iy opisiesablyabRaseHAUd compound
WRSEE: isChIre-[00631 Yet in another embodiment, methods of the

present invention are glrec(tléd to the resolution of

a o] cetic acid of Formula, | or, preferably, Formula I,

e B R RSP dferesoluion of
ptirnsEY eheneietad(sherigfpheniibeaic eRtiismysaizadysite.
arshiRgl-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 (-)-gnatiomer of
a-(phenoxy)phenylacetic acid. In th nngt, the (-)-enantiomer is 20

readily separated from the solution, rmple, by filtration. In one

particular embodiment, the chiral base islqn.amine compound of the

formula: OR' OR3 Ar R4 NR5RG6 Il wherein each of R2 and R3 is
independently hydrogen, alkyl or a hydroxy protecting group; or 25 R2

and R3 tqgether with atoms to which they are attached to form a

Iéterieyelis milyl wioietyelRA, mb yiogsidar alkyl; each of R5 and R6 is
independently hydrogen or alkyl, or one of R5 or R6 is an amine

(P88 tin grewprtinwthrmibaiyle UDAMBOAO 04 hd BTckdnt invention are directed to the

E’eQJiMWéj&%gx@ga@)phenylacetate acid of Formula I or, preferably of Formula II, where
X is chloro.

{0063]  Yet in another embodiment, methods of the present invention are directed to the

resolution of a-(phenoxy)phenylacetic acid of Formula I or, preferably, Formula II, where R!
is haloalkyl, preferably trifluoromethyl.

{0064] In one particular embodiment, o~(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 o~-{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? QRS
Ar R+
NRRS
x

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;
RYis hydrogen or alkyl; each of R® and R% is independently hydrogen or alkyl, or one of RS or
R® is an amine protecting group; and Ar is aryl,

10
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10065) In one particular embodiment, R2 and R3 together along with
oxygen atoms to which they are attached to form 1,3-dioxane, a
substituted 1,3-dioxane (e.g., dialkyl substistuted I,3-dioxane, such as
di@ @4 ,3-dioxane), or a derivative thereof 100661 In another
% ment 2 and R3 are hydrogen. 5 [0067) Yet in anoth@§T/U52004/¢19616

0068} In still anoth bodiment, A
ZE%E%’?LE%%%\% S A g e el agtd

fy fh NF%%ﬁ@éW%f@f@rﬂé’d%mwbsdmmbpheﬁykad@@ﬁQ] &hillcyi
fsusbivueambinations, ShihesySiarramor QLPD&Q;?&% jogd %bﬁ?"e il f%(?f
e Ty preterr

other preferred embodiments. For exam one par icufa

¢odeed] babeni Bier AR ARHE ORI RA 8{3%98%%& Il above, wherein R,
R3, R4, R5 and R6 are hydrogen and Ar IS 4-Titrophenyl. And a

pa06Eulayiyt ﬁrref@rfgd@mbmygpw?gg%gz acid compound is of

Formula Il above, wherein R1 is trifluoromethyl and X is chloro. In this

tﬂﬂﬁﬁlerlmsuldmmnemmpﬁ@f@rmscmg; RARES A

ﬁ’lc(ﬁtt}?i@ 1) oonaﬁ %géaé% %1 undssare em bodred) a\lrtvlr{t"ﬁ}?rrhﬁp reforred Ar

present | entro &é PR REBTREI54 e FaRistY iR 4triseophenyl.

REyntabe Iba%% IS staII atron of the ' )

a-( henoxy)p enylacet: caac?l Sl aoans dessHbed Bbptie ailbismy other
ﬁ@eéwamrgémgn; ermrmmpia rane memar BERHB an amine

BRS¢ o -'s erern R2 R3,

R4 and Ar are those defined herein) i$ uéed’rn cry

SRR phehy Rt alidresrmed mﬂﬁbhh@bw}p%aglmwtrraed bmﬁhgitfae;f
M@m%@v@ Qﬁﬁ@t@ﬁf‘ﬁ' IR ﬁffﬂﬁ@&ﬂ%&ﬁ%ﬁ&%% 91]?0%0 lﬁ} lél}’\t/aalé%n t L?t wide
e ra

refera ly about 0,48 molar equivalent or less, more pre

PamER A R se aad an@bﬁm@pémwuamcmm@m embodied

mdmmxleptta@éﬂﬁmseﬁhgﬁpuld be recognized that the chiral amine compound
25 itself should be of a sufficient enantiomeric purity in order to yield a

[aghly chentiesmerisalhtoRieheshad(PheRR PR AGEL Cbgs%'%sed
Qﬁa\fﬁt' es. é%%?ll T{lte crystallization is typically conducted in a Solvent
{Towa & difete RECEBHIBRAGR }slras%ﬁfsam faya rignfiespedirstentho optical

perimfsheansof shera gahenaxs)PRenacRIs; vasd AR %ﬁfﬁ%@hﬁ\%}ic{)i&d U the

sihis,ppanner, one of the diastereomeric salt precipitates out of 11

2004/112774 PCT/US2004/019616
OR? QR

Ar r?
NH,

(wherein R% R?, R* and Ar are those defined herein) is used in crystallization of the o~
(phenoxy)phenylacetic acid compound, higher %ee obtained by using the chiral amine
compound in an amount less than 0.5 molar equivalent, preferably about 0.48 molar
equivalent or less, more preferably about 0,47 molar equivalent 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 o-(phenoxy)phenylacetic

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

11
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the solution preferentially. Suitable crystallization solvents include protic
solvents, such as alcohols. A particularly preferred crystallization solvent
is isopropyl alcohol. (00721 The yield of enantiomerically enriched
a-(phenoxy)phenylacetic acid also depends on, among others, the
A8ty stallization solvent used. For example, if a 'largenuantyoSs1s
gqucgstallization solvent is used, the mixture becomes too dilute and the

[

W AR B e el c SyitRbis srpiailization sa)eeain inglude sobtisrolysatt,isuch as
wobohallh hetkabatignwilhe GyrensakyR iR with BeHRFesiEsRb1.

diastereomeric salt which may lead to crystallization of the undesired

taspreomeiiddaltedaetomedycihadng %ﬁ%%ﬁ%%@ R also depends

lomer.  Thus, when isppropanol is used as the crystallization solvent,
e R AL OGN SRS P b R g cvntity
o aryRsaltization s @ grass1peEy, cm@n?:xam bﬁd&e@-t&ﬁhﬂ[l@)@ﬁ):phﬁ@mﬂpﬁﬂﬁmﬁon is
Raigp r rom.about 3 grams tq.about 5 grams,
A L A TR R S
BrsspapRrEhyshtae gudeskrabdirsterneneric saitooliivhanty thel coystatlifatioion of the
Pioanss ielveneeting, he-arystaliaalion J}ﬁi&ﬂl m SPXUUS I8 &antiomer.

em e\;_gture above the nucleation tems;‘erqture of both’enantiomers to

1SN ITRRIAR Rl SHF et Bothe SR AdRE spiypx B BRouHe! crystallization
mﬁ?“mgs;prtsh b. '|'ﬁﬁnh' t tt% | ta'mw@%&g #: Mé@?tﬁ&?'eoaé
u .DOlll oint o € solution, prereraply rrom abou
G SR M A A et AR
gaostsil Bortipecsonitipiraanimtkaiganpriordpandioraile Heneliale forably

aggﬂp@gg%gpmpound is added. Heating is carried out until the solid
materials are substantially completely dissolved, which typically ranges

ers abgut, ferably fram gbout 1 to apout8 .=
B SR e pptivaton
SN MR tHirdR atemPestise ArielieT theldationiiontereumenbahlinatosat to

difstirennptiamer aftberadnbanesy-2Smhen &tlﬁé&%tﬁﬁ&éﬁo‘?{%ﬁeﬁgn is

hgg]ox%th nucleation tglg}%erature of the second diasteréomeric sa _

Salto @r%%‘ﬁﬁ?ﬁ‘i%‘”&&}* 825 QpHERGRAHH e b badling PRist afibww solution,

pfoferabiip frovh abeali GG aisssalt . theofisgrelanliome ewitathachi Eiiution is
it IS helieyed that

j . Without.bei y any theqry,
htér{{eyﬁgoe% a chiral éyr%%nseg Hét‘fg" ri?l%]%gﬁ%%ﬂrene%%%tg%*c? s %@%ﬁ% 5 sidlsggae
0%@&%% ippdded tHideatien itommsicd but 30 iticahthtnsle aratatiaitially
P EREHeaCRASS SO TR OS] 3#&%‘?572 Lodi¥§é %e%:{‘“lﬁ%?&abiy

frduez?'gio kinetic and/or thermodynamic rate difference between 0
SHLTRSH R AbAY & RAWSty pical compound, the solubility profile of the

{O%ﬁﬁh e[}gé( ngsqgl?i%ﬁ%%g)gggnlisz then cooled until it is at or below the nucleation
temperature of the first diastereomeric salt, e.g., salt of ( -)-enantiomer of the o-(phenoxy)-
phenylacetic acid, but preferably above the nucleation temperature of the second
diastereomeric salt, e.g., salt of (+)-enantiomer of the o~{phenoxy)phenylacetic acid. This
allows formation of a solid acid-base salt of the first enantiomer with the chiral amine
compound, Without being bound by any theory, it is believed that the use of a chiral amine
compound results in formation of an acid-base salt with one of the enantiomer at a
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 o~-{phenoxy)phenylacetic acid

12
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0'WO 2004/112774 PCT/US2004/019616 compound of the present
invention has a higher solubility at a higher temperature. Therefore, by
cooling the crystallization solution to just above the nucleation

tem Ethe second diastereomeric salt affords a higher recovery
yield of the solid first diastereomeric salt. [0075] After the slurBEE¥Stpa&aI616

theg lizati olution can ke further coaled until the 5 temperature of
B SR e B, L1 fspfmamperaure. Theretor,
drsterdBaibriensitiztinnpnivionsdprmatinn denoieiese @MBHGHRIS the sccond
adiskdannm sal AR aHhe.Sag iomer, while increasing the formation

of the diastereomeric solid g@%fﬁ%?ﬂ%? &%L?ﬁg lgrﬁéﬁt EreqBsTapalt-
Teerte afiepplingutheicrystallizatl jan.m ffect the gptjcal purity
qfthe 10 so:écigacid%%?se salt that %p%@r&ig&?%s%ﬁ%nﬁﬁfgﬁﬁ %)‘éther cooled until the
crysta ﬁ;éﬁé’ '35 RAUTPTS IS BeAE A R Vit sheratokpirabld Snantiom étamayomeric
getitrappan-nitiutaheRiiior ofilie Aot ACRESE SRl LN EAPRI. ong
ehantinmer Hawever. a too slow cooling rate increases the production

time and?c%@gf?%é?é %r%ﬁ%%%’r’;?&?&h?fa%%ﬁ%ﬁﬁ%ﬂ%ﬁéﬁl@ Beidbate deltiod the
5 GsRGPEARImizes the loss of optical impurity but at a rate sufficient to

be economical. Typically, the 15 crystallization solution cooling rate is

M%ﬁéb&hqx%@mﬁrm:abgmsiammmpmemmwmm@%%%@%fme
Il Dab AR > pigf from abouf 0.25.C/minto about
9%% The ct talliggﬁg%ﬁjé%rﬁt%ﬁ %%@gle’n%?éﬂ%%ﬂal%%‘é’&f@{] n s cooled too
SRturatioh 5%%% I8 BB R Y 4wl votinethsdetiivd of the soitibsitedase salt
efitaatiissived chypiadt, tHewsystallization,sQlution s maintained at this . .
gﬁ@&%a@ﬁ%%@%ut 1 toi bout 72 hours %%ng;g‘erablﬁg%%rﬁe&g%u%ﬁ% time
about 48 hours, And More ?5?@&&%%@8&?%@%@&@8@6 Winks minimizes
feoless %fs;g&f_aémmmg & smal Lsa%omﬂ_t @W\%@h?ﬁ!?&% PANNGe
alowsisalectyay the.solid, acid-hase salt of the first  ~
nantiomer, Qgg\f&ggﬁwg Fge%l%t]eﬁn%%fg%ﬁ% | gco%r%jéﬂéﬁa?ﬁﬁw be/Brmanreferably
‘%‘?‘FE(?P@H&QI& ‘tHein fchardt Jidldwn heddesicgdnablioboer 560 €55°C/min to
atane i 0] XTheecis o0ftaddus B p melatequivalent of the chiral amine .
£ompqund i us?d, &ttheoretigal yiel%é?s 50% o%%%%é?gr' the'Séturiion point of
a-(rb]pgﬁ(.eng?l(j SRetS é‘%%saﬁa?dr61m%%@nmw.eﬁmwms@e In
s S e A B
pI?ééast about 600/?? r%%re B%fxeragwsafi?gég?%% E% LRy aRaeE to about 30
hB}Iéﬁferably at least about 75%. Assuming 100% 30 selectivity, these

lelds.correspond to adding about 0.25, 0.30, 0.35 and 0.375 molar
%QJJ WalbReBpIriedcHAiag amind smopuofdhinbihise REBHRINNG ANEWEWHRetive

famatisit of teaa'&id-base salt of the first enantiomer. However, the resulting yield will
correspondingly be small. Theoretically, the amount of vield of the desired enantiomer from
a racemic mixture is 50%. Thus, if 0.5 molar equivalent of the chiral amine compound is
used, the theoretical yield is 50% of the total a~(phenoxy)phenylacetic acid (or 100% of the
desired enantiomer). In order to be economically desirable, methods of the present invention
provide at least about 50% yield of the desired enantiomer, preferably at least about 60%,
more preferably at least about 70%, and most preferably at 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,

13
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amine compound that need to be added to the crystallization solution. 13
WO 2004/112774 PCTIUS2004/019616 (0078) It is believed that the
tendency for the second enantiomer to form a solid acid-base salt with

the §hikal 2 iﬂe compound is one of the major causes for variability of
conventional ‘crystallization processes. Thus, by determining Frd/U52004/019616

s turad] int.of the second, j.e., undesired, enantiomer, one can
mﬁgﬁfﬂgi?eugﬁ%%e?\ll%%%ﬁutﬁﬁtrecﬁ2?5 it g?raﬂgedﬁ?&ﬁéﬁ%ﬁg%%?rfPéﬂ’(fnSBWﬁé‘d'baSe
sSRUNER M fitamDasempeundionnecifecasidreneadityrdathisinad Raventional
oreystililiegidn Jastae Ty SOl S HREY &Qattul‘g 148 10|1Iz§ ?r? ﬁ!llgstc)ceand, ie.,

nOted%stz?e while methods of the present invention are discusse

reterence 1o e BRHc ARSEAR SHpARRRSAYERt el istalaiding of atselid acid-base

ratbem@ombﬁﬂm&cmﬁtbﬁxdﬁidﬂidhésaﬁ@ﬁﬁﬁﬂﬂ%ﬁ;p@@ﬂs@ﬁ BSRARR RS ined by one
10 the present invention

f iGhi e (+)-enanti . The method o

ecgiéﬁe%%grﬁgﬂ g%\tﬁ%& %s%?%&;)gr}eﬁé{rﬁ?g%@ﬁ?fched in the (-)-enantiomer and

asligeugl fi i.e.. mother liquor, enriched jn the (+)- enantiomer. ]
LI{EgI’a iog{ c%‘tl ?ﬁgﬁ) e%?cr%%ﬁé?ﬂ”n%%t%?#ﬁ%ﬂ the BT B aRErE distisned in
cEifTF@GRéPfmemriehpenipfitdechantipnoaritibeisqacibnidachenplishrtytures, methods
asfdtiGationqhiBesalbwith.for exa ilut iQ l_acid or any, .
ottltler iqrfé)r anic Qrtor%gﬁé%%%ﬁ&r?\?g%ﬁ&%ﬁéﬁéﬁ r{v?\}n &?ﬁ?&?@@?&rg@(ﬁ% Gpthod of
this Ii%esﬁﬁgb‘?é?‘\ﬂﬁﬂI@iﬁ’i‘é‘ﬂ%@é‘ﬂﬂ?@sléa%nmiﬂ et eraished imtheijeshantiomer
Dyttt Eenfel alermomdpci fu@HARA NI REkh Ao RIEICT AR08 S Bun

t t the (+)-enantiomer enriched filtrate to the racemic mixture. For
B Ry vt DS SRR o HEAcBRS Bomepited sl

lﬁ?é}r?dgl@iém I%ﬂmmpﬁbhsdéyem:hfw efahs shiewibe ﬁﬁ?@@%pﬂ@ 4 dilute énineral
reaacle chiral-amine compoun n also be recovere ]
from the %{Egv%g %lgg%%ﬁ%«%%r %@)ln\?girsi%orrll SRR %@%@?‘Vﬁrﬁgﬁﬁéﬂts of this
TSRS ST OHR sy esatvr aventhe filzate etfaw anilgsital yquydliog thymtate can be
HuniberltreatctMy iy Bhrsisppd e it PSR w}ﬁ tic acid [0080
%%earglethod.o{ E_Jrogucinspgg race?n%%ﬁu_re o?ta-(p g'r%(l)%%/?gﬁlegﬁﬁ a(gel%%: éltmtc to
acid of FOMmMUIA T TGP SER GBI SR N P LSBT ous
RO hBROXIdCOIRIGO TOILrR eI Ry A EydrehSisd2ed5 SCheRed. I

lﬂfdition, the chiral amine compound can also be recovered from the above described

conversion step and recycled. Thus, the process of the present invention lends itself readily
to a recycling-type of procedure,

IV.  Synthesis of racemic o-( phenoxvphenvlacetic acid

{0680]  Cne method of producing a racemic mixture of a~{phenoxy)phenylacetic acid of
Formula [ is shown in Scheme I below.

Br
X~©/\COZH . s0c, ROH
e
= 2. Bry b - CO;R
S

1
2 R
; o 0 NSy~ OH
R ) R 0 ‘ 3
S A I Hydrolysis A + Base
Sy
I " 4

Scheme |

i4
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WO 2004/112774 PCTIUS2004/019616 [00811 Thus, conversion of
phenylacetic acid Ito an activated carboxylic acid derivative, e.g, acid
chloride, followed by a-bromination gave a-bromophenylacetyl chloride

(NRlo ShR-T he acid chloride was then converted to ester 2, where R is
typically alkyl. Preferably, alcohol ROH, which is used to conV&r/Hi@MR%616

chiqiide ta-ester 2. is the same 5 alcphol that is used as a solvent in a
O L RS B D T e rarRosoR e v,
isegig ﬁmg&ﬂ@a@ﬁm Hawaogﬁ:nfisﬂmgaﬁbﬂaaﬁga%%&m #R1dA8e (not

s unt of by-product, e.g., by " ",
trlgns-ggti%??aat%%g oﬁ%ﬁg}wﬁ% ?ﬁf‘rﬁ%ﬁgz%%’. ]“—%F 25%“’?5?63 issmisply elegt
2Prederdbhie rdoptinl ROPraiyehits pastdoleatycadbantibetarithe ikt G eBtsame

redeionisceRYenie Ity icalr E%%Hﬁééhi?é?ﬂ@%ﬂ! %8%%1 L ]éo the number of
&s@acem nt reaction of ester 2 with a phenol compoun inthe

di

presance of ShaBEs S riiEzedn Jasidiioney usinedbeiame RO wis, solvent in
ghesubeeqpine m‘:mhfﬁmegﬂcf@ﬁﬁ?}wg& g-g!)’gfr?fm%ﬁﬁcatlion, {onnation is
g Sl e R RE R GRS I o
(&%W@M)S?Qmﬂwmﬁmylphemj@nﬂyeﬁ&i&didudiﬁ-isc@i%ﬁﬁ;o@@élvent. A
hespraRaiad .0y sleRsM t iate_jsojation, in about 85% yield
1551?0 Iowin% crystalIizatio%mﬂﬁe%%gr?ggg@ﬁhﬂ%%ﬁggﬁﬁﬁ%ﬁ@{ ase, such as

SN S (e REESIRE AYIEREHe h e Fo0S SnbBmesyjioimeriaatis ecidebed 4,

&H 1% VR ' I ul intermediates i L

prg%iﬁr?:]g a variety of p a%n%ggﬁggﬁﬁgﬁgﬁ%%%ﬁ' %sl??ﬁ’éﬁaﬁ%aﬂ%“cm acid I

BTOXYIRhRMYIagsti j nds gl in\y.S. Patent No.., .

%ﬁso. R e TR i Lo
FIBPERERATIR LY ERPp btk e dite folatphingtaco’até yield

caltopinmchpidieditrnida RpRkH. \ OR |1 E X ;-~ IV from a racemic

ge,,amoiet of the formu

Fé: tyl 2-aminoethyl (i. e a
- %&éﬁ TR hraylrsstinanld teonewrsinice useful
infsturdiofettie prdRitBRAARISRYIRESHG AGIESANRAYD Qo%(;r@&% 'ﬁé@galg w“ .

g’ 3 5i’t{) dh'ab?ve and.producing.an enantiomerically enric activa
ii?p%]eﬁ/ 3 B’haecﬁgff;a%cé icompqunds disclosed in U.S. Patent No, 3,517,050. Thus, anther

aspect of the present invention provides a method for enantioselectively producing a ¢-
(phenoxy)phenylacetate compound of the formula:

0
AN or?

= /!
X
\\\/

v

|
Rl

from a racemic mixture of a o~(phenoxy)phenylacetic acid compound Formula I, wherein R
is alkyl or haloalkyl, X is halide and R7 is heteroalkyl, preferably N-acety] 2-aminoethyl (i.e.,
a moiety of the formula ~CH;CHNHC(=0)CH,). The method involves resolving the
racemic mixture of the a-(phenoxy)phenylacetic acid compound of Formula I as described
above and producing an enantiomerically enriched activated a~(phenoxy)phenylacetic acid

by reacting the enantiomerically enriched a~(phenoxy)phenylacetic acid with a carboxylic

is
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by reacting the enantiomerically enriched a-(phenoxy)phenylacetic acid

with a carboxylic 15 WO 2004/112774 PCTIUS2004/019616 acid

activating reagent. Suitable carboxylic acid activating reagents include
thionyl halides (e.g., thionyl chloride), anhydrides, thioester generating
r@'é@g%}’&ﬁﬂ other carboxylic acid activating reagents knovetorsn®s/019616
skilled in the art. [00841 The activated a-(phenoxy)phenylacetic acid is

|
ST FHLEERE (e At cSHibIG At B idaetinatimeraagsitainaiugs thiauybtylides
@tbatictayiceloeddpaive ditipy aBldese @@H&@ﬂlﬁ%’k‘éﬁ%&fnt&%ﬁ%r carboxylic acid
a

C lacetate compound, of Formu , Where R7 is as
%g‘?r%}egéabo% Q%?%‘%Wﬁy%r%%eesgg fo??&;‘?ﬁg?zi’lfte.g., Na, K, Li, Ca, Mg, Cs, etc.
he rpt w js, the axidation state of M. The present inventors
e B e e e P il homgoond of

f@W@(ﬁhﬁﬂéb?m@ambﬁ@')%h&ajgmibemgﬁwa PASR0KS & erical
skanifigan iZzati 00851 Addition jects, advantages, and nove
g&%pqgthis: Ei%vign%t?lgélal\i\?% 620 °§“§18§§%§h}‘?{8 H?o%’&%&ﬂ%fbﬁ i#5 fivdingq above,

features o
MNigdhvdzeaamritonestiisefoNeding RanvileS thareaid ihih serot is the
oienradtaodhg Mnitag EXAME ents.and erimental Setup
aL%Q%?l Unless otherwf)s% state‘a%%?asg%égrﬁg%gg ] \?egﬁ él%\gl(vge)?eea%th% SRiegn the
Torn A AREHE s sRapediehibrmsi i M catfie thail antinéhwasany
sigsidichiaimethframal.ancaster Synthesis. The racemic CPTA, i.e.,
halofenic acid was prepared according to the procedures 4 disclosed in

[9&Pateddition] 85T Aa0angH, 308 dolRiat b whieh A 6 R6HRUY A8 ome
al%%%m Ryﬂg%ger&%ffe%qc?ﬁlg thﬁlr entirety. | ‘ )
R,2R)-(-)-2-Amino-k (45t SpHE AR aIsPopfhail i Enacexamplep disesof,

Wiish etstanidetemeed POE Amisinigas. [00871 Operations were conducted
under a positive nitrogen atmosphere. A Camile process control computer

attached to a recirculating heatinggdadAadi®ig system was used to
@wﬁmﬁlﬁﬁs in thejacketed straight-walled bottom-drain
[O% S rfz% tors. 25 Unless otherwise indicated, solvents were removed

LSy a BiFEhPHRTHAe Salsdr steeais Eodsobsnis wviipurdiashd Gromet attich of
Clpriioal 0:Fisbetig samifibe NVRIQ ISR EIANACHITLIRY S kA% Gin LalGager
S)}Hﬁxé%‘ g:eﬂlcorchg(n\lli.@%\ﬁgéuum p gnp,was_ used to supply vacuum of less

than | forn Tor vacuur distifatBIRiCRPASH &8 R shared deterdinadel thy Iespdures
digsilgsed imblijpRetensiNos BMELEIOMNASHKE GouloBTaialcans: YO P berein by
refeRAQR P HARES (1M 2 Amino- 1-(4-nitrophenyl)-1,3-propandiol e, CAF
D-Base} was obtained from TCI Americas.

[0087] Operations were conducted under a positive nitrogen atmosphere. A Camile
process contrql computer attached to a recirculating heating and cooling system was used to
reguiate jacket temperatures in the jacketed straight-walled bottom-drain glass reactors.
Unless otherwise indicated, solvents were removed using a Buchi rotary evaporator at 15 to
25 torr with a bath temperature of up to 40 °C. Solid samples were dried in a vacuum 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 Metter 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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30 points were determined using a Mettler Toledo FP62 melting point
apparatus. pH was measured using a calibrated Orion Model 290A pH
meter. Proton and 13C NMR spectra were recorded on a Broker Avarice

30 Mlalzspegtrometer. 16 WO 2004/112774 PCT/US2004/019616

[0088] Chiral HPLC analysis was carried out at X=240 am byfRjetfiH§#{3os16
L@Jﬁmwﬁa issglved in mobile phase onto a (R,R)WHELK-O 1.5 pm 250
x4, ' WHYSH S5 FATE ey ahtremtimg bitaiacting A phiof sample

flﬁwdﬁmmoéi(vbﬂé{mﬁl@@)M@W@E@tﬁgz@% Fo55alid %ﬂg’@%gis

PTAJCAF D-Base diastereomeric salt, the 5 solid was add
e SRR R o XA heeangaine
dhpAEtel/ asfite sciholimgdlie soipknbMueabe ANEHIY o WitRenelic 8, the
residuaWag gl ' ile phase for analysis. 100891 Achiral HPLC
analysis was %gj%%%gﬁg{g&%@gcu Fﬁgbaf?n?é%a#r%% BESSFUARR dnto methylene

GBI dliRrmssmEnsHEe eobie BoRHEn o0t LA bryef B(@)AR0was

4issotvedial a8 b k48 Gndydis> mUmin flow of the gradient starting at

66 vol% water/34 vol% acetonitrile/0.1 vol% trifluoroacetic acid and

ipossgsing finganyio 26.alve walerZf et acaipnitrienL volf

togi%légro cetic acid at 20 minutes was uosed. &)0901 o{) é‘#gfi‘sﬁé ot {icoléf(a,mple
SETb DIkl shasrppiss Rarsremenet hEBidnfiie WAS(YsLE® ast.6hem column at

Hfjectich 56 venhiinen shtereninrg: R5p traf] PTA and
OBlofeagle, A5 yere aval ated by HPLC %@ﬁfﬂgtﬁﬁ%ﬁ'@f@%ﬁ B 01
method and the aeftAParaaleing foeadvie 20 saltonsiss Rt antatonendtile/o.1

KoY thidlu2cmartiymid Exmptatds[@89d4eRrevious resolution of CPTA has

been reported in U.S. Patent No. 3,517,050, in which cinchonidine was
196861 astitreutlysis baseidandlthieds)fesrnl enRarne haRTMeresiiiaied 2Q used as

@s thediasteremay) .One major drawback to this procedure was that
thehgesired -ggename?inaé%trﬁgnrﬁg?ﬁé%r?ﬁ‘lgﬁéj SR Bkimgnd halofenate
EEpsraieneoy e asenastariiercfrentbstaiticlinc(BRO dhissehamaplelysis
mhesdarthe sesyliscehcanaliing sriasemicmiyapf CPTA using a variety

of different chiral bases to obtain a solid enantiomericaily enriched

Expisalmer. Unlike 25 the previous method, methods of the present

b tion allow the sqlid epantiomerically enriched (-)-CPTA to be readily
@%ﬂeﬁ?&“ﬁ%%&%‘ﬁ&ﬁfﬁ%&ﬁ3&%@@@#& BrtqgaPiel B kRE50, in

Yechsdshomijirosisenbytiotysisitr bagimicd BRI AR ERECbIEbPASRecipitated
oS RDIRGSHRL TP )gllz{jr&sdgw Ec-{cpt\oatgys g}gcc ‘:zrl%l x?fsst%at the desired (-)-
enantiomer remained in the mother liquor, making separation of a pure (~)-enantiomer
fraction difficnlt.

{0092]  This example shows the results of'resolving a racemic mixture of CPTA using a -
variety of different chiral bases to obtain a solid enantiomericaily enriched (-)-isomer. Unlike
the previous method, methods of the present invention allow the solid enantiomerically
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 chira)l base
were mixed in ethanol, methano! 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 ovemight in the
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were mixed in ethanol, methanol and acetone in glass vials, and the
solutions were allowed to 30 stand undisturbed. After holding overnight at
ambient temperature, the samples that remained in solution were placed
|n a refrigerator at 5 C. After holding overnight in the 17 WO 2004/112774
45%6%’[()19616 refrigerator, a small amount of water WASTAR e 09616
Ies thagremalnegaa solution in ethanol. After four days at

gb‘% o Aol emotnte

Yot atksh & é&ﬂﬁ%ﬂ@%@m@ Helktion in
eiemelrigdiatbruibof thendamplespemal) e wytheuefligrsatofudnd W

&Eplaced

iqfigal df |p|tat formatlo r the.course of a month.
e e P e L B A S e s
paripAicHlz Shaghnd @sar@w@@ foummsl csmma toFahié dmbathle A liRagREe bases
dodatiRgdd i ti
i ehAaRAllIoN: éﬁ%?ﬁhéyégé%ﬁgaﬁ] ol @ 5?&4@?0}1}1& is

4H S{-)- Methylbenzylanvne
5 €) Quinidine E E L-Tyrosi

Aceton

ine Hydrazide C (22 C) L-Leucine

&thﬁ/l Egter %/drochl rld(s* E E 1-2-Amino-l-butanol E E E E Brucine B

e R B e e dheaqlitions £ £
(S) (+)-2-Amino-3-methyl-I-butanot B (5)-(+)-2- Aminc*! 5‘?’6‘&(&%‘8
e 3’3%%?2%'|'n"JZE3|”§'3Ef£E§§TéF’§*§”§‘*£" e
(15,25)-(F 2Kt opheny)-1,3- pﬁ)pandiol € (SC) (IR 28)H()- &
2R))-2-Amino-I- (4. rdtrophenyl) 1,3- pro‘dp%%: I C(220C) L+)(;8‘|2r;’gll|o*1o &0
B E E E (-)-Cirnetitidiitine C (22 C) E E
L-Tyrosine Hydrazide C(2°C)
L-Leucine Methy| Ester Hydrochloride* E E
| I-2-Ammino-1-butanol E E E E
Brucine ' E E E E
{8)-(+)-2-Pymrolidine-methanal E E E E
(8)-(+)-2-Amino-3-methyl-1-butanol E
(sj~(+)-2—Anuno-1-propanoi E
{8)(-}-2-Amino-3-phenyl-1-propancl E
(18,28)-(+)-Pseudoephedrine E B E E
(18,28)-(+)-2-Amino-T-phenyi-1,3-propanediol 3 E E E
(1S,ZS)-(+)-2-Amino-1-(4-nitxophenyi)~1‘,3-pr0pandi01 C{5°C)
{1R,28)-()-Narephedrine E E E E
(1R 28){(-)-Bphedrine E
(IR, 2R}-(-}-2-Amino-1-(d-nitropheny)-1,3-propandicl| C (22 °C)
(+)-Cinchonone E E E E
(-}-Cinchonidine C(22°C)
(-)-Strychnine E E B E

E — Evaluated
C — Crystallized at (Temperature)
* - With I mol/mol of Aqueous Sodium Hydrox

18
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[ [ 10
-)-Strychnine EE E $ E - Evaluated C - Cry;talllzed at (Temperature)
’(*?Wit}/] I mol/mol of Aqueous Sodium Hydroxide 18.WO 2004/11.2774
PCT/US20041019616 [00941 Four chiral bases, quinine, L-tyrosine
hwaragideit-zcinchonidine,and both enantiomers _ J
ofz-fgﬁnol-l-(4-nitrophenyl)-l,3-propand|ol, were found to glvg%”f%%%ﬂﬁﬁ%‘%m
$0095 [froRowad el 4S8 TR, @Wﬁﬁéﬁ%%yﬁ%Jj@gcﬁ%gﬁgg,dmm

iselat dyati both the solid phase and mother liquor were ~
analy§%§ %éﬂ%ﬁ%gg@ 5%35 & ﬁﬁ&%%‘@@t‘f%ﬁﬂ?ﬁ%ﬁﬂi‘%%@@ﬁmﬁ@ﬁm salts
6th wsaBinSP The Resstmplontthersstaiinarashaidnis Fahledy Fresefand
taerhreesiahausd ndTabIR.? I9AYS &Jé?e(a’:r?a'ﬁggsé‘?rﬂ%leﬁﬂ %e@gé%eﬁhe

solid.phase. Table 2. Results from Chira creen. ‘
%‘b@@‘?ﬁ’é‘ﬁj"%@ SONITOHEHIRRE6 109 96Uy Sor et Gateulated ih Thblc 2,
Ethanol 22 66.8 33.2 12.0 88.0 69.3 (1S,28)-(+)-2-Ar_n|_no- -(4- Ethano

DR B.328IHs Tiof BRiZalBH®R BeRek.-1,3- ro andiol QumlneAEtilar}ol %2 )
39.960.1 60.1 39.950.1 Acetone 22282718889 41, B R Ve
523.0 7R%83.5 16.5/55.4 Methanol 22 25 wg;zL@g@ TREV D, () | Caleulated
2-Propanol 30 43.2 56.8 64°595.7) 67 LPropanpl** 30]40.4 59.6 78,8

o W | Annl——l_ll'nl_ﬁr)nEQ. * .@,F,e__D_I_Il_fp**' __*
23 yfroshle HYAFDRRUTO 2R kg,n 07 7 OF5H4P-3.58: 434, 407 1 5931 1203
Slow e uREnE rofiie LLB[W'_U%EU_ "ié‘.’&“' 232 T "‘: £ ] 693
of salid calculated from the isomeric ratio in the s¢lid and mothér Tiquor
(LFraSh i Fibeed is shqwn Zelo. SBlEE MaXmurss goTescal 332
nitroplenyll- L hpropandialh . purity is.50%. Yields over 50% lindicaté inclusion
' : Equgﬁ’ﬁ?f’lo cplcutate yieltrgntldomeiratipd9.s | 50.1
Acetone 22 282 { 71.8 | 58.9 | 41.] 289
Acetone® 5 23.0 77.0 R3i.5 16.5 554
Methanol 22 258 74.2 53.0 1470 10.9
2-Propanol 30 432 1 56.8 | 64.3 | 35.7 67.6

2-Propanol** 30 404 | 59.6 | 788 | 211 75.0

2-Propanol* 21 423 | 57.7 1 59.1 | 409 339

* - More Dilute
** - Slower Cooling Profile

[6095] Inciuded 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 caleulate 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; yB+2zF=bh

Selving: XE+w(1-E} = a; yE+ Z(1-E) =b

E = isolated yield = (a-w)/(x-w) = (b-z)/(y-z)
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15 Set: a = area % Component | in starting material; b = area %
Component 2 in starting material; x = area % Component | in isolated; y =
area % Component 2 in isolated; w = area % Component | in mother

koW 9heZimavea % Component 2 in mother liquor; E = g matefial isglated.
F = g material in mother liquor. 20 And: a+b=100%;E+F=I Tﬁ(@m]@?@@ﬁm

Ex@nyl + ZF = b Solving: xE + w(1-E) = a; yE + Z(1-E) = b E =isolated
ﬁﬁé‘%%v)/(x-w = (b-2)/(y-z) 19 WO 2004/112774 PCT/US2004/019616
fé@?ﬁhm Mﬁ?@é%ﬁﬁ@%ﬁé%ﬁ@g&m@ Sfite S Rytes Fmeimpel and

Gpadphddiase in ethanol and 2-propanol. [00971 The results for ethanol
and 2-propanol are summarized in Table 3 below. For this 5 evaluation,

[dosBlurnigsraare ﬁam@dia}hgaﬂﬁaﬂei?gj@ Haamﬁaf@_a!m%m@ls,b@mrthﬁor this
enantiomeric .composition o th the solid.and sQlution.phase

R i S R R A0 SRR D R SOl el he
eaxpieutedovsightsitrefibyibthgsvdid amdnaohifiin plelssdctetBdbe®ypm this

: d i rratl i N IS ¢ o
ey e e e W Rbe LRl sov
R it P Acee) cesindatedrivam deiispneigetion Bsarn aeirrongd. .y farludtdhin Gigble 3

- i9400)id098)) laztinis, mﬂﬁuwemwfréﬁ%@%{gﬁw&?é&?ﬁ@@%H%SQ%CPTA
e

le of CAFD B I TA. AR imately 72% yield of
C@}?&%ﬁ‘&ﬂ&@%%g%ﬁ% %?%?@dw%%&%%gﬁal corz Ipeosigon of
, with an 87.6 % f the (-)-CPTA salt in th lid phase.
R o S R O A P PP R S RSB & AR e pr
medn o6 AR AtlonAgauex Eniteie 7266 glekics!. thtigheCRNA O 2 uenvithiae dklculated
i - Q. | AED B C .
A O B e e e Y m e

selidphesa, GlrFoboparelsnhaniaslenileliidtiDrBasalieJprapandorhpeisiiiens,
c¥YiBra i Ok eB8 vl ks IR TR, HiBR-P BlighRbARR . CRiEHIALRAWIE HHieved when

percent yields, which do not take into account physical losses, were 41 to

025980la R SiameryRass BEF mslarddilhieardred 7 Yadsodesr sendisions,
appesxilutity F6TRhA il kR -P EHse CaDreke/mbleak &iGalittddlom the phase

0, i 0 i
co{%\ﬁel:)%lgio{?sl( I'w%}% an §7-90 %ee of (-)-CPTA in the solid phase. Calculated weight percent
yields, which do not take into account physical losses, were 41 to 42%; actual weighed

isolated yields were 37 to 39%.

Table 3. Resolution of CPTA with CAF D Base.

wtYe mole/mole | T*C Solid M.L. %Yield YYield
CPTA base %(+) | %) | %) | %) | %ee | S0%Max | (-)-CPTA
Ethanol

13.68 1.02 11 102 | 89.8 | 758 | 242 { 79.7 394 68.9
0 89 | 911 | 764 | 23.6 | 823 39.1 69.9
-9 62 | 93.8 ;780 {2201 876 39.0 724

14.09 0.50 18 66 | 934 | 555 | 445 | 86.7 11.2 20.7
-5 103 | 89.7 | 59.7 | 403 | 79.3 19.7 35.0

2-Propanol
15.72 101 12 1 459 | 54.1 | 669 | 33.1 | 8.2 80.4 85.8
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CPTA base %(+) %(-) %(+) ] %(-) %ee 50% Max (-)-CPTA Ethanol 13.68
1.02 11 10.289.8 75.8 24.2 79.7 39.468.9 08.991.1 76.4 23.6 82.3 39.1
69.9 -96.293.8 78.0 22.0 87.6 39.0 72.4 14.09 0.50 18 6.6 93.4 55.5

44y Saf1 k72 20.7 -5 10.3 89.7 59.7 40.3 79.3 19.7 35.0 2-Propanol

15.72 1Al 12 45.9 54.1 66.9 J 33.1 8.2 80.4 85.8 20 WO 2 0 B4 UF30941p49616
r1US2604/6196161-8A616-53; 0-32-06-7.84.287.116.6 050 36
8,3 91.7 69.6 30.4 835 32.0 o Qigfb 2B d 738 b1 7.6 ¥ 623 801
2/8.018%.0 14.9‘3@.1 84.0631.2868.% 84077]059% 493463 &3.4 645 oo 41 SR8
-0-56-1-807.5-92.5 63386 7 85 02318 44.0_20 6(7. 93.3 79.7 20.3 '
6.6 40.7 75.6 16.7 0/55%50|8'8-31. 2% p B5%8(6363 2578616.6 35.9.1 9p.063.3
9,031.081.7 31.7 57, 487 895_";}.( %Qgﬁ‘ B39-6-35-83-6/9-55.794.8
018,188.641.878.9 15.394{782.2178 83%141%11}8 8 183321 0.54 668'5
3 98:7 82,1 1970 87|3 #2.4 76.2 | T00DYT6Recrystallizafion of R EPTA 53
CAPD-Base-salt-from 25 "‘FC"?.‘?P.O! ncreaised the _optical putity from
dpproximately 87 %eg o 98 %8e it 8y rdsifrédodey, or 9298 440 |
recovery based on the &)-CP bA Cpmtent ofdhe fepd(Table#—Taple4 5%
Rec.stallization of (- .CPTAICAP D Base from 2-Pro anol. %ee M.L. wt)o "
9% Yi&id O/ice Bdéd wtosSalt fsblalted 36[+94% (]) Bield 63-CPTA 788.6 T3.0456
97 8512878 3,53 813 }2 9-98.0-45,0 55.0.87.8.92!18 5 [01001
Dverall, an approxim atefy 3 5;9/0 yiealgﬁégut X maithunt 509 of tHe 57.6
-)-CPTA CAF 6 | 52 | 948 | 750 | 25.0 | 896 358 579
S | 57 19437 819 | 18.1 | 886 418 789
U |53 | 947 [ 822 | 178 | 93 419 788
18.34 0.54 6 |63 | 937821 | 17.6 | §73 424 75
[0099] Recrystallization of the CPTA CAFR 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.
| Yoo ML. wi% % Yied )
%eeFeed | wi% Salt Isolated %(+) %(-) Yield (-)~CPT A
86.6 13.0 97.7 48.8 51.2 87.8 93.3
i 87.3 2.5 98.0 459 55.0 87.3 533
[0100]  Overall, an approximately 35% yield out of 2 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

methyleyclohexanone will aiso 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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D Base salt, with an optical purity of approximately 98 %ee, was obtained
from racemic CPTA. 101011 Crystallization of optically enriched
enantiomers often increases the chiral purity. Following removal of the
r&solving agent, crystallization of (-)-CPTA from 10 methylcyclohexanone
will also increase the optical purity to some degree. In one eXpEfaptI19616

%ﬁ}glg@tion of (+)-CPTA increased the optical purity from 99.1 to 100
; mother liquor was 95 %ee. 21 WO 2004/112774

ROPRY ST0E40496it Gllksrarmplse3RLARY phisilexoMpie BRI I+)- and (-

selubility frefigs,0f ase salt of (+)- and (-)- isomers of CPTA in
2-propanol. [0105(;5 1%%5%%? optimization of the CPTA resolution using

Gro3p BasgdheoRat Rl 2 ArRfesar hoth of the. di eric salts ip...
2-propanol were dﬁeterminend. The resu t[é%%)r%gg ([)%n ?r‘?%%s)rgaf?*fﬂeeso%g‘hty

P sl betro Bhs siwsternemaic srlip dndepotianp bl disldinanad sBhesssults are

ChbGPRAighERIgUER {5, HIRrds HRE o GRTA ARSI SEAMEL nidine.
approx +t<§| TEgree mes less soluble than the\ﬁ(;+ -CPTA form. Equations
GEELT NG th KonuBHNES A0 AHEsRgR o B e e p msorimetly

Seywa trscarmly siUR2HENIB) .(Ihémaiaf@ﬁintﬂ@ﬁaligdh@;aé&iiﬁﬁg SR hdkifes
R e B TR AR AT et point for
EirdntibREh eBtik Be°feppeleet babidintintigembies theldustitnas S8l fits the

thaiMgating.angnantiomerically enriched undesired isomer of CPTAin 1
N aqueous sodium hydroxide at reflux resulted in racemization in less

hagyon s 8 detecte HPL alysis
e e e e e e e

PP Gtaihig (esionad hadspang eneumtionsmieatl Yl autiohdvard coiredhismakr of
SITer iwasichueges s SR e atiew den el HneeRidingsalt §100m.
HgL PE\?J%%%?% qnp &SSmlé of methagol. The slung was_20 heated to

FOflliX 10 give 2SO Wishdebwted baE Grnaismy hrindated GBTA.

ggg %lllérﬁy was heated to 68 C to give a light slurry, then allowed to cool to
am emperature. The mixture was filtered at 26 C and rinsed with

0365 L Brie sxampledliyivetaftendhiddonniden maquindpatsdo C, 23.48 g of
+)-CPTA - chinconidine salt. The recrystallization procedure was
hted Withreod wnttohdindnvithnd ¢R6hed mietransl deagive Wi8:23 9 @6f crude

(HCPTA - chinconidine salt, 610 mL of ethanol, and 125 mL of methanol. The shurry was
heated fo reflux to give a solution, then cooled. A very thick slurry formed at 42 °C. The
slurry was heated to 68 °C to give a light slurry, then allowed to cool to ambient temperature.
The mixture was filtered at 26 °C and rinsed with 150 mL of ethanol to give, after drying
under vacuum at 40 °C, 23.48 g of (+)-CPTA ~ 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 g sample 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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25 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
CW?':@@Q{E@% conditions were also used at that time for the CPTA
analysis). J'7] A 3.61 g sample of the purified salt was mix&@ Witbr8a/019616
mL_of water and 50 mL of 30 toluene, and 2.9 g of sulfuric acid was

adGtY Thé Rl hade Wsmmimle Gith GUm A TRBASF chivemnidine salt (10.2
evapuriateestmiaadsitlhios Elie REIdUaNMES S PUIReH %%&%i&g apHof 1.9
Cy@lﬁb&?&%@%f@@[}{%ﬁ% %Oﬂ%4é,}§2774.PCT/USZO 4/019616 to give 1. ggc% ’
(+)-CPTA” Alterna vely 6,375 BrEATc@haeestra wasirdonithia andaof (race, dried
m mgwé@tw;tﬁm@ mmabzf@&ﬁa@:awfa%?hm%%%mﬁs stirred with 22
agGigdi of sulfuric acid. The organic phase was
washed W%ﬁyggc n%f E%xfgevggdt%a%rgﬁ%?jm(ﬁ? gﬁag%rgigomtggﬂlfaﬁmﬂtﬂerpé&}‘ﬁﬁﬁwas warmed
e&%ﬁBra@e@?B.%\OF@%‘H&éﬂ Tiedadsidd dwadigtivobued th P2-HisalicOfive, after drying at
medhRyicyeehexans at i erature ta.form a slurry. The slurry
was warmed to 4§ ég %ﬂ%@%ﬁﬁ% g%#eg@tﬁgﬁgd%zé‘olid isolated by
filradianiés give, after drying at 40 C under vacuum, 2.62 g (7.92 mmol,
7 éﬁ’éleld of (+)-CPTA. Example 5 [01081 This example illustrates a

4 ot U5 FHRERES M el pACRS e RrosmtiysCIRE A -A84OHO815Am (+)-CPTA.
Zﬁp-@%ro%zﬁ-bottom flask was charged with 0.91 g of (+)-CPTA and 2.6 g
of thidnyf thtsrice 4Rgr tAEomifaskeHee shetked vetiulk9b gifd-o-SHTROMA 2.6 ¢ of
Cbivngisibloridaeis ©blprigemiRsBaani Y. ing.a sample with .
Qﬁf&@@g@g%gh@l Z %;Ithe D oduct Wﬁﬁa ngg{éﬁg%r%ﬂg%idé?ﬁrgﬁs %n'rto acid
solution was adtcl!le(g{eil% ot &F@ﬂ%ﬁ AmBle %l trsthann erhanelyzing decptoduct with
28 Hofatetyridrainidenisietiont2amid 4-gispetenfoanamisP kR M tion was

- WitRed 9077 oyidi Hed.i ' _The. Iti lution was
B R e R wic

dded
39395 &#ﬂ%%@g@m@@m oflwatev]tidgiedufity S@d eaddide R of water
tangige naliter ssneyaivef. the Selyant, f i, HPLC analysi
sho @9[4?06‘ ea% of h%{ofen,atgﬁa{?w"é 5%%%%% io? %@?ﬁ%‘fﬂ?‘éﬁgé’f@ of water,
ana\ﬁ// .ISgIn e?t%%ioﬁtﬁ% HR H4folishienpyalof the Wi PhRg of an oil. HPLC
g'nﬁlé’ﬁ!aﬁﬁgm Azcar&eam;qlzi_lilﬁelﬁ?@i Emhseawgmgi?ﬂlku&%m@kﬁz@%@%%m
QRREERAf : Lr -bottom flask with an
overhead sgt?rtée@r%\%igég c gr‘gzei:sdE£ gv]ﬁ[%u %8"2?%%%18?8?@8%; 500 mL of
wRighaRd 16.3 g of 2-propanol. The slurry was stirred, and 32.3 g of

ib ueous 45% potassium hydroxide was added. After heating to reflux for
Ar. thRiSsxamme illustrates 2 method for preparing racemic CPTA.

{0111] A 2-L round-bottom flask with an overhead stirrer was charged with 102.7 gof
halofenate, 500 mL of water, and 16.3 g of 2-propanol. The shurry was stimred, and 32.3 gof
aqueous 45% potassium hydroxide was added. Afler heating to reflux for 1 hour, the solution
was cooled to ambient temperature and charged with 380 mL of hexanes. The pH was
adjusted from 12.5 to 2 with 24.57 g of 37% hydrochloric acid. 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 (o 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.c., (4-chlorophenyl)(3-trifluoro-
methylphenoxy)acetic acid.
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25 was cooled to ambient temperature and charged with 380 mL of
hexanes. The pH was adjusted from 12.5 to 2 with 24.57 g of 37% -
hydrochloric acid. The three phase mixture was heated to 60 C to give
twa %g@ Ihe lower aqueous phase was removed and extracted with
50 mL of hexanes. The combined organic layers were heate8 @ Gfidfif/4i o616
itmosih,?ric pressure to remove 100 mL of cloudy distillate. The solution
d to 30 C and seeded 30 with CPTA. A slurry formed, The slurry

Was 2ooterdsimamiste pais aaddlatselickisolated dayfitatlianiaalond S Shanol
QS§Z§H43/O eitelg)}.ggig_ argeig CPTA, i.e., (4-chlorophenyl)(3-trifluoro-
methylphendxy)atetc acid. 23 WO 2004/112774 PCTIUS2004/019616

ple,7 is e ple sl-f esentative r su% of chiral )
Eeig%tio% Scr J(ra%%rﬁgr?ng gtﬁ%%]o el é’l‘ e?’ \%%{e‘f{/a%é R ‘g’e’?s 28 [%)’i&@&aﬁfﬁ to give
aSriieoi0143 b mre e righes)viflCPeraindie disip khadzin 6:88 theohethanof cach

QSR B TAIEGNL ﬁ%]aﬁ‘il{m'@m@L%x’%&)!i?é%%ﬁﬁ%ﬁ#ﬂ%&%ﬁé‘&&?%ﬁ% %Ejve al

wiﬁh the amounts of each base listed in Table 5, and the amount 0

Kt drelfc retiork il fedrieanasiadeertolyrmang $2865 hstall rfe el etliam! was

hikel was:addedsdpSone Laaes @f&(@@rﬁﬁm oumtiof ethanplvasagdedd

{}dthg base. Q[rior{go addition of the CP %sol tion. The vials were

S e Sl e oottt S B b B S RTS8 et vprgalpeo each
Presiphares. nvampladiedokd Byshhehiie GasiwinoTad ailidsanalyzethed by
Birehical I$. SOl isol by filtration, and als
anaglmyggé thﬁlr%egg‘(fﬁ he%eggﬁ‘?g gq:gg E%%ﬁsiﬁ%%%ﬁﬁs%é %g’ ?ﬁ% exfame% L
disyek) Theecreainingiviplyisiersndsect iacers frigarrddriget 46 r ARS: GoAfigr TRigive

leYipHRdive Ss BRI TRE SAPRIGNES Analyzed %ﬁ&{&%@%ﬁﬁgﬁaﬂﬁe\v e

described. The remaining vials were charged with 50 L of water,

TR b e TcRiield tambisstoempraeiing for 15 ehdapsfiiferatdacing in

thioraigiionsl NeaHIasas WRESHIHS LIS, AL MO nirble 5 Base
Screening in Ethanol. wt CPTA Wt EtQH Water Base Solution (g) Base

Tadidsldedsaddranith ip LirMathylbenzylamine 0,8836 0A620 O g 0.05 g

78 1-2-Amino-I-butanol 0.8198 0.0314 0 0.05w{CPTA Wt EtOH | Water
(1R,2S)-(-)-Norephedrine 0.5273 0.0342 0.2007 0.05 ¥D
(18,28)-(+)-Pseudoepti&drine 0.7295 0.051550!4timde) (Bse)(|Sidded | Added |-

AO.-0210-0-1D20. 0

LS S ¥ P T R - oy 2 3. I ey e

B 1-2-Amino-1-butano] 0.8198 0.6314 0 0.05

7C (1R,28)-(-)-Norephedrine 0.5273 0.0342 | 0.2007 0.05

7D (185,28)-(+)-Pseudoephedrine 0.7295 0.0515 | 0.1459 0.05

TE!  (18,28)-(+)-2-Amino-i-(4-nitrophenyl)-1,3- 0.5580 0.0510 | Q.1228 0
propanediol

7F (1,28)-(+)-2-Amino-1-phenyl-1,3-propanediol 0.5640 0.0405 | 0.1287 0.05

G (-}-Cinchonidine 0.3484 0.4390 { 0.3637 g
TH (+)-Cinchonine 0.6409 0.0796 | 0.2103 0.05
T ) Quinine 0.5381 0.0750 | 0.1735 0
7 {(-)-Strychnine 0.58i2 0.0828 | 0.2295 0.05
7K Brucine 0.7566 0.1287 0 0.05
7L (8)-(+)-2-pyrralidine-methano] 0.8681 0.0383 9 0.05
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propanediol 7F (1,2S)-(+)-2-Amino-I-phenyl-l,3-propanediol 0.5640 0.0405
0.1287 0.05 7G (-)-Cinchonidine 0,3484 0.4390 0.3637 0 711

(+)-Cinchonine 0.6409 0.0796 0.2103 0.05 71 Quinine 0.5391 0.0750

04630 d/1 {42)-Strychnine 0.5812 0.0828 0.2295 0.05 7K Brucine 0.7566
0.1287 0 0.05 7L (S)-(+)-2-pyrrolidine-methanol 0.8681 0.038% HU§¥98+ue16
WiR:a00441 12774 PCT/US2004/019616 Example 8 [0114) This example
SEP‘% re%esentative results of chiral resolution screening in acetone

uSin B PR B JGRrRST P Y oA eSS NE BT 67sefusion FeTusnivesn acetone
disstdvediinty &kl bidsC grade acetone to give 5 a solution. Glass

vials were individually charged with the amounts of each base listed in
M%@B@mﬁm@m{ukﬁmgm@;ﬁrﬁ (ﬁieéumﬂ pefestetest m;;ﬁygrﬁiéé%ﬂ%ne to give
meALLaLo §fack, S ed. In some cases, a small amount of
acetone was %ddedg an%gt ngl ?ﬁ?ﬁ%r%%vaarg%ﬁg@é FEBBIR A e istgd in

soAbtfch. 2nd e amemp: of SooGRT Aosalutieouileniatyditogide a Was ladeierigio of acid

ViabieM:d hasvialswere allowed o 8 ight atambien :
teg;g}er %%ﬁg 10 Vial 16D formed a pr%g%}?gtgé%%%agﬂggg%égﬁdége TIXEUTe was

dé 3U&0 So RSP thee Pisns hditisnatin A 3En. TEDI @dsee hydroxide
Evearnfuled 1). vidie 68MARNG W e waIS RIacs NG SafUBRIAION AL 16 Noyre,
fgm?gﬁfgreci ;iltateé.arg was, analyzed. Vial 16G formed a very T|ght v
precipitate. "AftaroRaPAHIETA 12 ARahyaedat A tEResr Rk Drawipfitie results are

Tramaapldnkebledalyedtk anp forevidlslycnaicaie dia aRItRERI, the refrigerator.

REGCIRtRtesS e Nl 5% e 6. Base,Screening in Acetone. wt CPTA
Wt Acetone BaséH goﬁﬁﬁgeﬁ g?%aass%n%sz s ﬁgﬁé’ﬁmﬂ a very light precipitate.

iepane weptoriali6lirves @8R coomdyaBBipitate. The sample was analyzed as
vz

B @Sk ndhminavabam fouopaRedigld.dRas 0.0168 16
S-(-)-Methylbenzylamine 0.8948 0.0592 16D Quinine 0.1968 0.0347 0.85

ToRe(8) EaeSayvaatidinesaeihanol 0.8181 0.0452 16F Brucine 0.2163

0.0463 wt CPTA Wt Acetonc—’
Base Solution (g) | Base (g) | Added (g)

16A (1R,28)-(-)-Norephedrine 0.8568 0.0704

168 (18,28)-(+)-2-Amino-1-phenyl-1,3 ~propanediol 0.1824 0.0168

16C S{(-}-Methylbenzylamine 0.8948 0.0592

16D Quinine 0.1968 | 00347 | 0.85
16E (S)}-(+)}—2-pyrrolidine-methanal 0.8181 0.0452

16F Brucine 0.2163 0.0463

16G : (+)-Cinchonine 03987 | 0.0630

I6H (15,28):(+)-Pseudocphedrine | 10835 | 0.0974

161 ()-Strychnine 0.1463 ] 00963 0.25
16J Quinidine 0.3753 0.0663

16K -2-Amino-1-butanol 0.7248 0.0353

16L L-Tyrosine Hydrazide 0.4508 0.0472 0.39
16M L-Leucine Methy! Ester Hydrochloride 0.5585 0.0544
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16G {+t Cinchonine 0.3987 0.0630 16H (IS,2S)-(+)-Pseudoephedrine
1.0835 0.0974 161 (-)-Strychnine 0.1462 0.0265 0.25 16J Quinidine

0.3753 0.0663 16K 1-2-Amino-I-butanol 0.7248 0.0353 16L L-Tyrosine
Hydrazide 0.4508 0.0472 0.39 16M L-Leucine Methyl Ester Hydrochloride
o%‘%é%?b%’&ﬁ 25 WO 2004/112774 PCTIUS2004/019616 1BNIVSAiHE®19616
Q4712 0.0829.2.00 160 (+)-Cinchonine 0.3363 0.0539 0.30 Example 9
[048) This example shoiriisresentative results pf Gk7aBregolomtesy

$ mingimmethanol-tsitga-varety-of-chiral-bages. 101171
ﬁ%&) g of CPTA was dieanliai 8.03 g of HPLG gratisme
give a solution. Glass vials were individually charged with the amounts of
eRahbase listed in Table 7, and the amount of the CPTA solution

calculated to give a 1 to | molar ratio of acid to base was added.

A@bﬁﬂbnﬂy? 4B nEheVs RerBHRIHIKY ERRsitiel whitbrserlutionviere@dg in methanol
Thiyinlaneye Alloweshtesstand overnight at ambient temperature. Vial

27B solidified, and an additional 300 pJ. of methanol was added before

trot Eﬁ,rln ms;y@ﬁﬁfazyégpgimﬁcmgd@h@@m:@g J?Hﬁi@@aﬂalé?etlﬁam! to
e In the retrigerator. Naq itignal precipitates were noted a er .
e G L e ARt S ieaunie phcesh e icd n

ga?m 793955 & %Wmmﬁwmmwm&ﬁt@ %9\0@:?;&@2 1 Z1dar ratio of acid

inine, 2 14300 382,246 (inghoping Q4822.00324, 27D .

I-2-Amino-l-%%%n‘§g§%8§%%.(g5%% Hgﬂ?]gpgi(gfoor\%‘gé@%%ﬂ%y amin 3‘18%91 tat 27J,

J s vils ¥aee alis wed fo tand ayarigi el pmbieny BOD @O0 VIFIG Brswidéticd, and

Qril @RIOHRA 36D AT EHARIGINEARAR b AL Chmple was analyzed as described
299

(aJBS’ S)r-(+)-2-Amino-!-EJhenyI-I 3-propandiol 0.3032°0.0
ove. The Temaming vials were placed in the refrigerator. No additional precipitates were

noted after one month.

lTable 7. Base Screening in Methanol,

Base wt CPTA solution (g) | wt base (g)
274 (1R,28)-(-)-Ephedrine 0.4896 g 0.0478 g
278 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
27E (18,28)-(+)-Pseudoephedrine . 0.7600 0.0749
271G Brucine 0.1891 0.0436
278 Quinidine 0.5845 0.1144
271 (18,28)-(+)-2-Amino-1-phenyi-1,3-propandiol 0.3032 0.0299
27 L-Leucine Methyl Ester Hydrochloride (.5033 0.0545
27K (8)-(+)-2-Pyrrolidine-methanoi 0.7133 0.0434
271 (1R,28)-(-)-Norephedrine 1.1788 0.1070
2™ (-)-Strychnine 0.4525 0.0905
27N (8)-(+)-2-Amino-3-methyl- 1-butancl 0.1478 0.0092
J
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27J L-Leucine Methyl Ester Hydrochloride 0.5033 0.0545 27K
(S).(+)_2_pymolidine-methanol 0.7133 0.0434 | 27L
(1R,2S)-(-)-Norephedrine 1.1788 0.1070 27M (-)-Strychnine 0.4525
0.Q0R021M+9)-(+)-2-Amino-3-methyl-I-butanol 0.1478 0.0092 26 WO
2004/112774 PCT/US2004/019616 270 (S){+)-2-Amino-l-propGh3i5ai8seee16

0[B48 7 27P (S ERoNnGarRhenyprepanel-0-3406-0.0307_Exampl
1 18] This exam_gg shows th'g? Sult of resolving CPTAWAM quining. 0:0417

(0
[()ﬁ@] A 150-nmiBljatRetit Batiemt-draispiiask was charged wikse 70 0.0307

(8-r7Fmmoeh-of-EPFA--2.65-g(8.17Z mmal) of quinine, and 50 mL of

2-§ropanol. The mixture was heated to 5 70 C to give a solution, then
c C at a rate of 0.2 C/min and held for 2 hours to give a slung.

CioitebHPHG: apalysi |42 88 and 56.47 area% of (+)
and (- ];_-|CPTA, gﬁf@ﬁ%ﬁﬂ%@iﬁﬁ%g‘s@%r?é‘éﬂ‘%ﬂ%%%-19
afesd of )b ansl (NERE boksSRESY el %@%}%’%ﬁ! %‘yh@‘?o%‘%ﬁi%"ﬁ%on of

h 0 en cooled to 30 C at a rate o mifi'a

o?géﬁf% h?% %](I@(“:Ii a’éfHPR/.O Eqﬂ’r%ﬂnpl@E@SQHﬁiy@fszﬁ@WGdf-ngrt&'as heated to

4019 trgdoach (o thér) CET o RS PEGHYGHY, | id_phase, and

17%@% a1)d. 20,88 ar Jcl/ of agg,and (-)-CPTA%%?%ESZ#&%% Bead it 2 hours o
e slurrywas gﬂ‘u}geg &iﬁﬂ lﬁ]‘ﬂféﬁimﬁ%ﬁ%fa"r?@ﬁéa@eﬁ&)? Bre@dof (+) and (-

g€ Bsclsrionti wHpricUslelitorBesE; atdsiase aids2. (3/miny, ARSI 1A

Rdpsmaitet L houn At 30 f.lhe mixture was stirred for 2 days at ambient ’

erature, then tlhe solid was ﬁ%ﬁ%a%?imﬁoﬁa‘t‘?@rﬁ% 0itl9 °C at a rate of

tem
Q,B%Eéwm t5Ghols! exfeanighs trgivg aisideny v aOHIAHIZB% 6 (54YRnARI BY 94 and

_ i _Chi lysi d 42. d
A 55 )RS QUINIRS SAEOF £ EFTAcc%Qé@ f?/g‘i?%ﬁ%? é%ﬁar%uﬁgsézéq%z%?ss area%

57.75 area% 0%&;) and (-)-CPTA, resp
8656 56 DD a reems 6Yey,) inrttie(SpIORITA Thespecsively B IR YT of 2.
beniainol el Fesei $o2 ¢ RISQ 4 ' e 2 (see E le 1). Example
g}asﬁo [0120] This example s%v%dst%%%;s[ﬁﬁ gfcf}egz?){/tﬁ]%(@gg‘?ﬁa\ﬁﬁfﬁ%ﬁ: §-/min.
E o1 A0 f5trafien dthora-alr 30 flaFhonmicchvangackivitd 29 54905t ambient
CRPpAattr8 @ 0o AP BISAHLE 4 i ; : .
%)-1;gllreo-cggi-2-amino-lf nitro ohenyl)-f,ggg?gggﬁgcﬁo sedy ’élbﬁpéo&aml fo give, after
propanol. thEfiddre ke WakhbeamesioCheainne sifofiGR The Chiral HPLC
Yudyed foraddelast 1t iTeTAkERQ6S (+) and (-)-CPTA, respectively, in the solid phase
and 56.56 and 39.20 area% of (+) and (-)-CPTA, respectively, in the mother li quor. The

results are also included in Table 2 (see Bxample 1),

Example 11
f0120] 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 CAFD
Base (i.e., D-threo—(-)—?.-amino-I~(nitropheny{)-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 |
“Catarate of 0.1 °C/min. The mixture was hazy at 62 °C. After 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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C at a rate of 0.1 C/min. The mixture was hazy at 62 C. After holding at 6
C for 9 hours, 25 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%
|d) of (-)-CPTA CAF D Base salt. Chiral HPLC analysis of the solid
X%’ﬁ‘r?ﬂ‘%’é’&’éﬂea% of (+)-CPTA and 93.46 area% of (-)-CPTAGHESHbtHLs16
liquor contained 81.41 area% of (+)-CPTA and 17.76 area% of (-)-CPTA.
04/112774 PCT/US2004/019616 Example 12 [0122j This

[ep@nplenshovim piesrRou! i reenstalizing R HACAEEA PSS sl
[0123] A 150-mL bottom-drain flask was charged with 8.00 g of the

{di)zﬂPTA GAmD baaﬁ@&ath(ifr@mvﬁmﬂapé@dki aPpue ) apetho 2P Bh CAF D

d.to 5 reflux t lut th
coof%o Jacke}fal‘gﬁl%gge Vg%e o ag gf rrfﬂar%’d’ag : }?ﬁafﬁg‘zf'ﬂflﬁo %@?&’%%ﬁm

réfiter g ternpetatiors mén?é’oﬁl fcm fatioiempbeiaeiof vesisoiad 610.1 °C/min
at 40 C under vacuum to give

m’gg Eé)n rinsed |th2 anol., g dr6e

e s R 7 K FACORED, BIR L e ration,
nﬁls)ed'rﬂq&fsblpdo@@malﬁmlﬂdﬁ% zawea%éeér(v&ag@&m gav’f% gmrea%%q{ecovery)

er li r contained. 44.53 area% of (+)-CPTA
é(ll)qsp-g%a@/&?%%% gﬁ%& %he é?alc%r WasTelFéﬁmEjocﬂ‘ﬂf’\ﬂﬁ%oe?@étﬁﬁévﬂqféﬂ“
CEdtond 93l avaporffod BTAsesidushef ﬂq%rg:éscéim"xtx) SExesamlerk8)-CPTA
ethod for aring (+)-CPTA CAF D

m{BQa%jﬁd]‘-th l"T?e éf@%?l *’E“?]a erg\?gég;hg?d% witt? h 09 %gaé %ﬁ‘% }nﬁ\ﬁ f gy was

epRoTatREP 7 Acsititoiding (38 walt)200 mL of water, and 100 nlL of

methélene chloride. The pH was adjusted to 1.9 by the addition of 1.8 g of
E lacid. The organic layer was washed three times with 100-mL.

[opoajonsyd dilie Banaeussylfisicasid Péb%ﬁr(g@@?w@éﬁ'ﬁ@se salt

filtered, and evaporated to a residue o 5.79 g. The residue was dissolved

[6I28R.- 24 1%31&31@%@61!&@@@ Wil 908 LAT7 0 Base Wﬁﬁe%i%@rﬂlﬁnchomdme
Sag S%Q WaSPé?iated to reflux to give a solution, then cooled 20 to

i B R T °§mﬁw¥§?ﬁ?é@m%ré®%e§a%ﬁw%ﬂﬂgﬂ y the
adglmmedfatﬁ ghésdlidowas. |§@am@wmmmumma&eﬁymamhm

der vacuum at 40.C to (80% vyield

P R A L i B D e S8 e hporbe
tovn'@léxaﬁfﬁ&%lgomesr@mw@fcbﬁmmé@cg@mm@mumﬁé galfCAF
D Bade WRRRAARGE. The resulting slurry was heated to reflux fo give a solution, then cooled

to ambient temperature and the slurry stirred for three hours. Afier cooling in an ice bath, the
solid was isolated by vacuum filtration, rinsed with 5 ral. of 2-propanol, and dried under

vacuum at 40 °C to give 7.39 g (80% yield) of (+)-CPTA CAF D Base salt (m.p. 172-173
°C).

Example 14
[0126] This example shows solubility of diastereomeric CPTA-CAF D base salts 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 HFigure 1.
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[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, 30 then samples of

RS were removed and analyzed by quantitative BET/ES2004/019616

najysis rmipe. t centrgtion. The results are shownin =
B OB S8 G T OReeD e 5 606 epbgeafr sotion
ARBFEN My 8:00).g Tifi§-JaBRpbikt GARIBRdd SR ren U ted it Bdudéd in the

SRIGR : solution at 82 C (14.7 wt%). This data point was included
ﬁlo%%u?}g%iqgt&tﬁlhot included in the solubility equation. Table 8. Solubility
L2 rPEORANA VL (9) W4, 2-propanol (g) T C Wt% in solution (-)-CPTA

WEERE B3 L2 Bropangirgy 0720 240 2L
F D Base Salt 7183458

0.688 (+-CTA C 1.8420.01.85 0.2

6.03 0.17 2.09 8.5 1.32 5 ExaniiileAlSAPDABsd bag example illustrates a
' ' riched CPTA._(0129] A 50-ml

ethod-forracenlizing-en

m
LILBATA I MAVAV | ™=

! g-enantiomerically en
round batiom flask Was charddd with 0.31 g of (fEPTA (68.7% ee) ahtf

9.4"g ofghksodiur fydroxide; ghe sofutiorrwas hegted to-refluxforogegse
hour, then cool to _ambient temperaturejand acidified with | g of 37%

hydrocH@fic acid. The CPTAsas 10 ex{racted intB4methylene chlorideiss
A-tha-ealhrantivad avanarratod to.an.n i

dllu Uic SUTVCTIT7/WWa S TvVapuTra r L) O '}

99.4 area% of CPTA, and chivdl AIPLCanaIG&%E f8lind a 50/50 mixture of

the CPd.Zs enantiorhers. Exapgple 16 [0130] Thisggample iystrates 9 gs
ing a racem|c mixtureiof CPTA using 15 GAF D-Base
under &riety of clystallizatiéh conditidns. [013%1-8The gendral 6.03

s | o—toy haraa
~Crystaitgggion-procedure wag {gcharge CPTA-GAE-B-Base;rand-2

propanol at room tgmperature and heat|to a solutién at about 75C. T ¥

solution was cooled

Example 15

{0128] This example illustrates a method for racemizing enantiomerically enriched CPTA.

[0129] A 50-mL round bottom flask was charged with 0.31 g of (-)-CPTA (68.7% ee) and
%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 of 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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to about 60 C and hold 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 20 over about an hour, the
?(le} /?Iszgooled to the isolation temperature. The first 5 entries in

Flgu e 2 used a slow cooling rate of about 0.05-0.10 C / minub& TER36M®IN19616

n.29 WO 2004/112774 PCTIUS2004/019616 temperature. The
g%ﬁé?%@ggrllrﬁenvghﬁrsewg%s grug‘é%ﬁr%sfgtg"Bf‘BgZ@%Of@@f Ut/ minute. A

fiber WpspTebls inserset Witkdirdotly trtoriseitiystal |mmwwmm@ Hagsity.
sIur?/ density. [0132) The amount of CAF D-Base added and the solute
Entidormaisisef A BTiRasiaddetontdhriables vnichgivierise maefzhe

fmpdmmﬁmmao iV0RIPRABDDRIPLING CobodeidB (e AAIRE cor e -

EIPTA an&%AF D- dna?to remain supersat or varying a
o‘% tithgisha ABI-Base) fervariasmegiatutied Brperingatsounts
dfitimisisdeiitonsdtiatec m@mmﬁdm&@mauyvmr&m dRsesiHENWag;bgld
5%@11@% S, ?t 1% od ce g ity crystal (99.7% (-)-Salt). .
Thr ours‘faterry an |nc Lise HE éﬁ%‘mw&%@ﬁ &t oromat s Cand
RFRfieRd digep s EIGTYo Ilfkl(t}) ‘Bate Mies RRefRR IfAQUEShd Qignal of
dherslyray n 1. roduc [

sWirtywasdsolated.an dlg]lﬁ{g T\y E I 2 e 1al % HHé]% %Wéléeﬂ?[g hours,

E g of 83.3/16.7%. Analysis of the crystal pro
PRBY (R isaiated rhd thacsryatal madust @h@mm@i@Pm)neEmwmmf 83.3/16.7%.

Amdipisaitated ihe ;ﬁﬁﬁ&'lﬁqﬁﬂ%ﬁ%%@ﬁ%ﬂ\@ C}@Pﬁ?ﬁﬁ%rtg e Sall e

t{l)%t% I%.g r Ilg1 rS contain both dissolved salt and free CPTA. Analysis
BLC FerBne Hiets P@M%%W&F@%W%‘ﬁl%@fﬁé%@ﬁme
d@ﬂmnermw Batib 1 B1Bigukndoshovsath dbih sty vyaas BRIGRIRTA. Analysis

it alt >98% (-)-CPTA). After heating
e SRR aPtt k5 phocit s oy & of
Ffsyre%trlg:;s&az t#l;;lm]wf@i@@)fm %imumatsl, mmmﬂzmémgﬁﬁm&@gau
(LU X, QMiEk Y r e
SIS ?(EB tio y t?bswa?:)le or(Sa v%/?nbgff %&%%cﬁ‘ﬁ% Ee HaLERYS pooygr quality
pre F gﬁ\r ve thé Edithtion temperature of the (+)-Salt. [0134[ At
d| % of 2- ropanol ram of CPTA and with 0.45
equ?\l/ ? mor EE ' BUggdona{ 1 g ?ﬁ?’éf’?ﬁ%‘ﬁ?@émmmkbfwﬂeamz 8,
mf;@er&ﬁngawmeﬁsatymﬁmﬂeﬂﬂ ﬂ@ﬁn‘dﬂlﬁl H&ﬁ%i&lﬁf@?&l ﬁglﬁoég%@e‘?{oﬁéeréear
ur tarted wit valents of base, an
ptt:fe%%g gﬁ%%&ugci@ ae't:g%"é 193%35“ &d uﬂ ée T#‘) ‘Salt) even after
in It. After addin more C ase to ve 0.45
[j%%?va%ﬂ%ggéﬁ?; X %Bfap%r 12I@ Hoars °: Afgg Tl?b &%QHBUP&E’“" of
dr-588¢1iAl Matation %&?ﬂm@m& ppp&mﬁoemalmeﬂb&t {88 séifiration level (or
wiihd AatianlesRRplide (XL PBRRY P RS MMAIBNLIRNE S5l 1 atents

of base, and the crystal product at 21 °C remained pure (>99% (-)-Salt), even after seeding
with (+)-Salt. Afier adding more CAF D-Base to give 0.45 equivalents, the slurry was held
for 14 hours, and then for 6 more hours after seeding with (+)-Salt. The crystal product
analyzed at 98.7% (-)-CPTA ratio. Increasing the total base to 0,47 equivalent gave crystal
product which slowly increased in (+)-Salt composition to (- / +)-CPTA 92.3/7.7%.

[0135] Entry i1 of Figure 2 (3.9 g of 2-propanol per gram of CPTA, 0.45 eq. base)
maintained high purity of the (-)-Salt (99.] %) after 14 hours, but upon addition of more base
to 0.48 eq., the resulting ratio of the product was (-/+)-Salt=89.2/ IO.S%K. Entry 9 of
Figure 2 (at 0.45 eq. base) maintained 99.5% (-)-Salt purity afier 16 hours at 22 °C.
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product which slowly increased in (+)-Salt composition to (- / +)-CPTA =
92.3/7.7%. [0135] Entry | 1 of Figure 2 (3.9 g of 2-propanol per gram of
CPTA, 0.45 eq. base) 30 maintained high purity of the (-)-Salt (99.1 %)

aftes 1k Hawrs, but upon addition of more base to 0.48 eq., the resulting

ratio of the product was (- / +)-Salt = 89.2 / 10.8%. Entry 9 of Hti§{H&2e{419616

(FabdeebaisdnaaLaired %ﬁ%&ﬁﬁ%@mw&v?ﬁ&%&&é JoM 022 639
%20 74 PCT/U82004/019616 Calculated yields o '(t-s)ma'flyleff -
m%%hg%#é?ea%fcﬁfeég YR trLER R srsenh @se alroos pmahe racemic CPTA

cabhistew yierithareydetivetiintier aifateedmassiHalanoetian the (+)-CPTA.

racemic CPTA feed, by knowing the crystal and mother liquor

dBiplsifibFroteegiaes phabad W@@Tmefm:ﬁ@;b%ﬁﬁﬁgﬁs@?fﬁi ralgéu%a@b&ﬁ.f
Prépaneiul s ou 2 5 propanol per gram o
T Aot A e el igean be
Wit %@*ﬁﬁ%é@&gﬂfmo Example 17 [01371 This example

Eg(gvidle model to describe the resolution/crystallization of CPTA salt.
ID‘%%‘?The concentration of free CPTA depends on the amount of

Bade] chBniedk anpléheodabienhbaptindeLan S XU IR ALEsion of CP
Qycharging 4.0 grams of 2-propanol and 0.50 equﬁ/ﬁgﬁc %ﬁ'ﬁ%‘?g& Q}TA
results in formation of the salt in 2-propanol which contains 11% free

BEA. Thi ossesse ater solubility for both the (-)-Salt and
ft@he (ﬁ ; sgﬁég%g%% & §r?% i%‘egg_%éc&ﬁ%r?ﬁﬁ}r/ﬁﬁweﬁ ibraecBasged and the
T 50 Uy e A o DN SR AR s
(83 ectkg@glts are of similar shape%%%& ﬁ;?hgtﬁfgf BAHBRanoE s hsentains
slof Ry TRICRIYP BesassanerenisrophbtifafosystbrthsgUIINGHR the (+)-

1L, 094 WeedeRrTAnni 2spHpaTRGaR-als0 ined. hawn in Figure
péreﬁgplr:‘;g ﬁﬂg;l 4 showgd the I'oa%i{ugggr var?g%s?%tfg?e%ﬁ’?gﬁ}%ﬁ% é???%g’g@iﬂam m

not usually fall 20 exXacP BT Al SOMBORFFIRSy GFath ef ) reiennid MrcFigure 3
SI(’?F?’-%B&%H%ifﬂytbamm@smm&%fmsshaggading which gives a

oint above the "11.0% free CPTA" line is more dilute (i.e., <11.0% free

f“pé?ﬁi‘A v 2sheo pembipstions okttiblimditpwe Coatbiinrthan iae b 3 é’gﬁ 8 .
sySloMVRESRIM: RO REIQW «110%" line result in solvent containing > )
4,1 .Q% freeg PTA, and trﬁ?z‘éﬁég%{?ﬁ?ﬁl ?SE cg%% é’r%ﬁ%ﬁ’é&ﬁﬁﬁ%ﬁ’%ﬂ Figure

' |5ur§¥?f&%%%wsé%ms@gmm aoRigian ridtiol akdasion
eRRetiyamubisdinthelsnediictsaiubility:rauations ot the .()-Salt and.the
rltkSaliag herefore S() 58?01421@ oé.lg%%il?fa"#‘o%é(i)"%“ S estimated 25

0.0286 ‘%eg’éﬁ’ﬁiln‘%g“’ a point above the “11.0% free CPTA” line is more dilute (i.e.,
<11.0% free CPTA in 2-propanol), and exhibits a lower solubility than the “11.0%” line.

Conversely, points below the “11.0%” line result in solvent containing > 11.0% free CPTA,
and the salt solubility is greater than determined in Figure 3, To estimate conponent
solubility, a constant multiplier factor, %, was used. The modified solubility equations for the
(-)-Salt and the (+)-Salt are therefore Sy = 0.0142 1 e 9926137 54 S = 0.028684¢%0771T

{0149] 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
(+)|~Szj1it which is formed upon addition of the resolving agent base. One of the more detailed
experiments is shown in Figure 5 (see also Fi gure 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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[01401 Even with a good estimation of the (-)-Salt and the (+)-Salt

solubility by adjusting k, one can still not describe the crystallization, for

the other unknown is the ratio of (-)-Salt and (+)-Salt which is formed

u\ff8ﬁ(§a’d?ﬁaﬁ'of the resolving agent base. One of the more detgl{efq[ggﬂwmm
shown in Figure 5 (see also Figure 2). This experiment

xperiments i
E%sg%aﬁ‘?ﬁéq‘eﬂqﬁiméﬁd 6PEBENEd (hemapiep) etk a4 Rda 803 1GRVBBSH ()-Salt ang

U dtuBeithtibe kol Saltsatie BfifR4433.6%. 31 WO 2004/112774

PCTIUS2004/019616 By heating the slurry and continuing to take
E{)_—Salt in the solvent
0

[&kthpleSothatshtteasisabing fapbath (:Salt and, the
vaRRDE RIOWRS;: 01411 }é} match thgﬂs?j%%l |t§1/%rtﬁ°oadré‘(1 ) the actuAl Bavay used,
i quevAS BRO e fisdrety afd-sclatbiny fiSak ane thenipulaied o

regression te(c nique Wa
EYdetpreriovof Lﬁsaﬂyaaﬂcoh)psﬁihimfﬁdm@pmggg,ﬁgo&%\ﬂeéﬂq ANSWEr. o
whsSori¥ald GRMRQSH other liquor composition, and crysta y%?da) yield) which
which W?é%cohsist%rﬁjgvé?% (éato' \EPEHRE o Ss@ieeishg TRed 0ai fand. a5

YU TRl Ry 55 Sl o 580G 4 58 1h.4) 0501 b4 19V S 0,314 e, o

(+{(--Balt0425r88n Qf sl +)-.Salt were formed upon
¢ addition of CAF_D-%ase%,ag%rggggﬁ%?néé?;mﬁdg%ﬁﬁgﬁ?d?%bﬁﬁé optained. Figure
) Zhovﬁs & CRABS TS o T IS My dvi odieralicisiesinutatian efiifete mass
aberplet¢hmizema O sanes ok thgisalation; the amount of (-)-Salt and
saft v the crystal, I%&xhe"amofnfﬁ gfi 9—% %%t%ﬁﬁfgéﬁ (fré' é%g’#&ﬁ’éqroum of (-)-
liquor, and also the SmEURET(-JoR sy Amgun(of Ge6 cOOT BAMNIE)-free

ChihébtiethnquoihDliguorocaupesteaaatitiagdry bk (Sﬁlly?gﬁh%@’?:? Ffree CPTA

in B4 1RR0HSE liguor by an extractive work-up, Using’s _
differenges, isppro% ?n%x“éo 1P 15 BB RAUMDER! ot BB enhes régpeseitnin Example
1S’IIéf'éFﬁsiique with the solubility model was applied to other experiments
which fed differing amounts of resolving agent. Using a combination of the

(0183, iFiy rastorsikm rthhiscomiotitaoiot e SARASEEH (e 108 510 of
s. formed upon the addi_%i%%f bast’]e%%%%xpmments

 whie | i .
hich &2 ﬁﬁ’fﬁiﬁ?ﬁ%ﬁfﬂp méé/&v1lé% aggnt, Usipa a EXBRINHSR At s Aedubility factor

ka@ el tended to a unique soluti
rom TRESESH P wliag fredAiva stronsirueteyl SThisesHISIOWE A0y ..
ve the extrapolated minimum

fortktpmanhedareIH B Y815 AEr (b 12 £ Saighe RaTHSR Wikigiot the

expgl%gé c%IO.S%eq.g an increasing amou
thaqbe'”g; ﬁﬂ By %@m,%ﬁbi@mg@mm@manﬁmw?ﬁmms shows
esmitharcSBdregisval i dga -D-Base will { coordinat
incréégﬁ?gaa&?ﬂl% 89};%%%1&05%3%&%&5%&%%@@ 6%‘.%‘&%}”(3)?§51{ 0f0.34 cq),an
L hdd |01r};2 %ﬂ% &éf a&m%ﬁ ;m%b:ﬁmmé@mwa;@ama?@;et
cilebetBAIap! ; , valent
%tot%&%ﬁg%& |S§F§&ﬁﬁmu

o B O i ot vty (i

Ad 25% (23.3-27.1%

Ifptdey s id efdbenuemtioFiperam auniabiRe £ G thal G S AL
acid) can be calculated, Between 0.35f0.75 equivalent of base charged, the % r&t‘io of {(-)-
ED};TA / total CPTA free gci'd} is around 25% (23.3-27.1%). The “selectivity” for the ratio of
- { +)-Salt that is formed thus is de ‘

thu pendent on the amount of free (-)- ins (i
solution), which comes to af i ' L e (o
s mes o an endpoint of about (-)-CPTA, / (+)-CPTA = 1/3. Itisbelieved
that once the (-)-CPTA concentration s depleted by addition of about 0.34 eq.of baseto a (- /
+)-CPTA ratio of 1/3, continued addition of base forms the (~/+)-Salt at a ratio of 3/1 {to

keep free (- / +)-CPTA at a constant 1/3 ratio in solution).
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solution), which comes to an endpoint of about (-)-CPTA/ (+)-CPTA =1/

3. Itis believed that once the (-)-CPTA concentration is depleted by
addition of about 0.34 eq. of base to a (-/ +)-CPTA ratio of 1/3, continued
aggiti se forms the (-/+)-Salt at a ratio of 3/1 (to keep free (- /
+q¥%lgapi\8a#a?ionstant 1/3 ratio in solution). 32 WO 2004/11FFFfUS2004/619616

A& IHd4904/019616 Example 18 (01431 This example illustrates
resolution of a racemic mixture of CPTA. [01441 A 200-mL vessel was

b Ththeronerls Slusiefes eselutismasi racemirobara ot CERSe (23.1
g;dn% 0.450 eq.), and 85 mL of 2-propanol. The mixture was heated to a
itien 42078y essr s Aieesid itk 0 B0 » GRS 631 & mxhelitd9] BOGICAF D-

ltfm (el tSﬁinlchﬂo fo.wa&@,e@g@yﬁm Gﬁﬁﬁz@gsihmﬂ HEe m&llﬁéé\i%a g%ﬁg& to a solution
R a or (0] - Qurs, sidrry was coaoled to a

B A e b AP Bl in was
ﬁﬂ??%déffakéﬁ%ﬁd wpa¢medb@ﬁpa. 15fed hotdegians1i 0 fusgiell-Thehours, the
aaar. et e reidhiedsand sped. aldlhe splidaas washed i 2

mL of 2-prl%£anol. The 10 wash was weig nd saved, ana Su
EBRRIfed T ik erpahepanainian byl hoLstastiardfrsied-fRE] sitenther

tliovrec coldglabiomatweighitd dd-GRINa0d il GRI A ﬂ%%@pl%téﬁr%m fhe

mass balance ground this sample (total accountability of CPTA'In the

R e Bt 67 S A AL S S S PosERBlates by the

ziﬁcdyiiabqb me%gm&gmﬁoﬁvﬁgmw@mﬁ&%gd/@%mn each
- i t..Figure the analytical and mass

L S N SR R o

ePia jinuseand visk arai SBE eligar ca)stH sohpositiinokogvahynsio Haen the

eitglepT Abbresiatians o fi19vre/3 ate .ag followsr: R.A: 5 resolving.agent
2 e R R o

tglr xtgé = cre%t’il, ML =_mother ligt
TG SRV PRt IARES E5sris i dinarimng ey Saks aRbcatbulaedgield (from
Vessolios Samaled o Unce ot Eore ) bl e o

as .S ed, two i seg Figure 8) before the final isolation on
%ggb%?#f‘ﬁ"r%se‘ R g ﬁfr'%nﬁ%?’.‘%sh g‘r‘?io‘fﬁé?ﬂ’i‘&&% PE7EL EiRb¥ i) merystal, ML =
weihshigetd, Y9 1 gelthe solid was washed with 19.2 g of 2-propanol, with
recovery of 18.8 g of wash solution. The washed solid (10.07 g) was

- [R1ARer dheterphuatiordnd shecfuhtimkforidrnehetl torRadfirg (15-Zam e about 2

oabdiirs o bssare o i PRI MU B v
S?i')lé@ﬁ%"& Lirges fspo1 by gys, Sobefhrnstmfinalyrelation o c6OFMENREiga it
FGRAATHE heotricidatedvialle] frGRIAyv-RaResUPoN e JARA RNl with
IB%JgO Ot 2-propanol, with recovery of 18.8 g of wash solution. The washed solid (10.07 g}
was further dried by suction on the funnel for an hour to 8.36 g (15.4 mmol salt). Analysis of
all streams from the final isolation accounted for 13.45 g{40.67 mmol) of CPTA. The final
crystal product ratic was (- 4)-CPTA = 89.2 / 10.8%, for an isolated yield of (-)-CPTA =
33.8%a (from CPTA). The calculated yield of (-)-CPTA, based upon the feed, mother liquor,

and crystal composition, was 35.0%.

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

+)-CPTA in Mother Liquor.
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and crystal composition, was 35.0%. Example 19 30 101461 This
example illustrates an extractive work-up process to quantify (-/+)-Salt and
(- /+)-CPTA in Mother Liquor. 33 WO 2004/112774 PCTIUS2004/019616

%147 A mixture of the (-/+)-Salt, 80/20, was only sparingly soluble in
SRPENE Hioride at about 0.016%, while racemic CPTA VW&S/US2004/019616

jderab mor less than 3.4%, The final mother
&q fré‘mﬂ%etbrgr +Sr§ﬁ§? ég @? @’lﬁ‘f‘eo?l%f@é“ég'@f %‘Bl?fﬁ‘d}]@@yﬁe’%ﬁﬂome
25 pbeais 4 bﬂ'%smw xavapmréfﬁﬁ‘gﬂw 8fgjdasylarsy seiskicaief B1RA4R2 than

3%% regidye, %mﬁiﬁﬁ%&%&%mm& %étﬁ/? ggfﬁrﬁge%dfﬁéﬁeg 68 Willeiguires

-Salt = 80/20, and allowed stan
h whasvapRiaag 04 76 @Mﬁ@hﬁ%ﬁ@i@mﬁa@%@m Fddeehidue

vandithe lpedlof the &%&H&@ﬁd@ﬁi‘&’{@éﬂ @pggmbinged. gat!u'@@/ﬁ'bssnd allowed to

ext act. Th meth e chloride extract was evaporated to give a lassy
T R A S s

cWasMpmra‘l&eﬁIarﬂ GGy aﬁmam@mmdxﬂwaﬂh@c&asuﬁa WO Brst
C enerall ar to th com
eﬁfﬁ{@’c \{}'1%{ fégepc ngg ga as L ratg%lg l§we 3932% f%’i §] and

predicte byt sol |tymo Worin

thyemi grakemebhy ERGWs @bmmwmg&mmmw@m@ ae(sé Iﬁlgami

aAHeRAlS yGortaining, GF E&nlﬁe[gﬂéﬂ é%ﬁﬁ@ﬁ Vé?o%&ﬁtﬁ‘@%fg raily rto
dlssolvm 2. 405 of racemic CPTA in 19.42 g of 2- propanol (Fisher I—ﬂg}_é

‘ﬁ”@?f igterRe s elrlityns dok @S(ﬁ?‘%\fﬁ‘dﬁalg?ﬁeg respective

Econc nirations of CPTA in solution were 11.0% and 13.5%. Solubility of
—@FPé’ngi@PTA CAF D-Base Salt (i.e., (-)-Salt) or (+)-CPTA CAF D-Base

[BaR)(i. ChisxEalilwiasydetppiines by-agr avpric-CI OB AL 828M8Ricohols
C&sﬁg rgt&;% e portion of the supernatant 20 liquid from a saturated
utiorr was remove to a V|aI of known welght The solution welght was

vol t d
e S S A R AR e
P’&Pa%ﬁ%@m’ﬁﬁﬂﬁéﬂﬁ Wﬁﬁlgmﬁé@qgnmeﬁ‘@%dmﬁﬁétgnﬁmhaﬂw &8s of
re\éﬁlﬁm% %@h&ﬁ&ﬁi&qs%?@mﬁflﬁ%%%{%@ ARI0Y; E‘V)Qﬂdtﬁsﬁ“}h %@mﬁﬁ{?ﬁg t&xg( )

ssolved CPTA from the "solvent” could be calculated. Subtractin

hoH SRS IR frethe T GaveRRé weihPoBassiSelb(ban(h-$at) was
desehrantd DatogarenBhonadddg Wes o anthb@BreExRRIE @the supernatant

liquid from a saturated solution was remove to a vial of known weight. The solution weight
was determined, and the volatile solvent was evaporated with a purge of nitrogen. The solid
was further dried o constant weight in a vacuum oven at about 50 °C/1 mm Hg. The vial
was re-weighed to determine the loss of volatile solvent and weight of solid remaining. From
this, the amount of dissolved CPTA from the “solvent” could be calculated. Subtracting the
weight of total solid from the CPTA gave the weight of soluble salt in the soiveni. Data are

shown in Figures 10A and 10B.

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% yield 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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[0150J This example illustrates a method for preparing enantiomerically

enriched (-)- halofenate. 30 [0151] CPTA was prepared in five steps, as

discussed above, without intermediate isolation in about 85% yield

following crystallization from heptane. Resolution gave an average of

Ky o ?B‘%?ﬁéx 50%) of >98% optically pure (-)-CPTA diasterebmeniossads1s
fter removing 34 WO 2004/112774 PCTIUS2004/019616 the resolving

EORIG JEeTre (SR A TS o (o i e RG T BB AR 55% Yield
hg thsmg thioriylt ehibdecaylethértaiieh memlr@mﬁﬂﬁﬂlﬂ lﬂﬁzéh Eesidue

idue ., wit diym hyd CPTAC
o H S R ot
fEren e sxcirhbackdbioiislh higenocess @tmmmngugeatevmﬁamm@ﬁ%ater in
EDCAYSHY. Y BRE, f@ﬁfﬂ%ﬂstﬁ%@z‘?@@@fo@% (RGN E é@ %%)’?A using

using aqueous sodium hydroxid fﬂaave about 90% recovery. Ov

ARUEPIOSR G FRxide it apmi st vaeTd Wrarelisthe H5stpies ainldcrom 4-

WWME%MS% U.‘ireﬁ%)fg%'@n@@'\éﬁéﬁft%t@gﬂ&&@é%%&'%@@@%%}c
siens. Exa 2I %0 L(HSZ] |s example illustrates a method for
}. 15

preparhg. RLOBPERSC( /-~~~ COZH sock " f COR Brz-~ |

EOREC,0 ¢ R7--CI S Rai CF3 CF NaOH CF3KOHOAOH \O

=) 51 off oY 4 [0153] The synthetic route to CPTA is outlined above.
afialvinthisrorainglt dtust tee zwicthof Ifmgesfaiing CPdiAhloroethane to give
2, 2- propanol was added to give the isopropyl ester; 3 The dlsplacemgnt
reactl @aa>trifluor gl was acc d usmg po SSI m

cx ide in Zﬁf&ﬁan/@cﬁgvang—&%t enc
removal of the 1,2- dlcﬁ'loroetrﬂ.’:g{n@E the ligdid 3 Wa;sRaéjded to’so tlon

a,a,cx trifluoro-m-cresol and potassium

9 cr, _ NaOH_
o OH

[0153] The synthetic route to CPTA is outlined above. Following bromination of the acid
chioride 1 in 1,2-dichioroethane to give 2, 2-propanol was added to give the isopropyl ester 3.
The displacement reaction with a,,e-{rifluoro-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 o0, 0-triflucro-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 siﬁply cooling the reaction
mixture, Befter isolated yields were obtained, however, by isolation of the carboxylic acid.
For isolation, the basic aqueous CPTA reaction mixture was lacidiﬁed with hydrochioric 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 z white solid in
approximately 85% yield from 4-chlorophenylacetic acid.
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hydroxide in 2-propanol to give 4. The 2-propanol solvent was removed,
and the hydrolysis to CPTA was completed by heating with agqueous
sodium hydroxide. [0154] The sodium salt of CPTA can be isolated as a
solid by simply cooling the reaction 20 mixture. Better isolated yields were
Bt AMEY R Bwever, by isolation of the carboxylic acid. For isafisagtieiscie

~ basic aEueous CPTA reaction mixture was acidified with hydrochloric acid,

PTA was extracted into 1,2-dichloroethane. Solvent exchange of

[185eparaledunftis ARG RPb e horocthansdedhsrtaneaffarded

CPTA as a white solid in approximately 85% yield from

[a16b5jorapbesibiteticfagiemid WO 142 A Btahd Ja2 ROAMOL A Biown in
ows sQlubility of CPTA in

xample 2 155] This ex le s | )
P e e AT EoeTret BRE ST G eanie Eplese-
sippdres-fiiciiidwodttaane and heptane are shown in Figures | | and 12,
respectively. Included in the Figures are the equations for the least 5
(8 re Biedfoh thelsabubflinbmb Basédigurehia sotuhilitytridile tipbiguiaaldy 25
W iration i | % CRPTA in 1.2-dichlofoethane at
e o O A B Tor e
CEoritrrsRstitorendiéopst A crystallization from heptane was exothermic.

Seeding of a solution of 10 approximately 170 g of CPTA in 500 mL of
[Hafan St Astrsntiziion fromkrnisarature wibrmic Beading afaprution of

appysthizayorr@ragressedinCGuesiallizatignincreaged et TR ARre
in%%erg}bn {j‘,}%\/ Htng: an l%StIS from 93-95. to >99 area %. HPLC assay ofa
‘crystallization i ?h&fsﬁ%ﬂ} TR EinE Y8 liration nfresser Ahg S purity
mmmﬁlejwy@m @?siwiir_fﬁaigmﬁmmaﬁg WSE%EEI}/&%@ Hﬁ@é@%@ﬁlﬁaﬁon
rystallization, isolated yjelds wer , an the loss to the mother

P S B T P g bmonas Grepne
meisendiasarudehy pvikly osorystaitizbbip prystitidititos, 0 k66 Redukisgefhigh, and
tHe REASROMIRRURING FAmRiEase under various crystallization 20

conditions are shown in Figure 13. Final chiral purity for each preparation,
Eeitaiped after zero, one, or two recrystallizations, is in bold type. The
lar ratio of the CAF D-Base was varied from 0.5 to 0.56. The amount

(5P rdparramisahewsted e the BA sealutiamwadaricrrietryS eatlbiznion
cardithhol) based on the initial charge of racemic CPTA. Chiral HPLC results

f0160] Results of CPTA resolution using CAF D-Base under various crystallization
conditions are shown in Figure 13. Final chiral purity for each preparation, obtained after
Zer0, one, or two recrystallizations, is in bold type. The molar ratio of the CAF D-Base was
varied from 0.5 to 0.56.’ The amount of 2-propanol solvent listed for the crystallizations and
recrystallizations are both based on the initial charge of racemic CPTA. Chiral HPLC results
for both the isolated solids and mother liquors are normalized to 100%. The caleulated 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 vield 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 césc, 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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for both the isolated solids and mother liquors are normalized to 100%.
The calculated yield 25 and overall yield are calculated from the ratio of
the (+)-enantiomer and (-)-enantiomer forms in the isolated solids and

m@@%yg 5. The actual percent yield in the last column is of weighed,
dried material, and is based on a maximum yield of 50%. [018CI/Tazee#M19616

viglds, af dlaesqi 1 gﬁgr salt at >98%, optical purity ranged from 28 to
35%, and avgg?;%e&g% 0. %?1 6%1?%&5%#& 1iﬁ%ell[‘£‘é’%ﬁ}g§%?ﬁtﬁflﬂé§6wm§f liquor
dGEAELRiISYRL Al ehaifEd diithbut 8 stallization (experiment 2 in

Fi %ril;%) The chiral purity of the first isolated solid ranged from 73% to

dg% o.2 ThiollH Ilécﬁ%ﬁ“wr\‘ﬁﬁ@é?ﬁem W@tﬁfﬁi&hﬁtﬁy&_ﬁi%@i@s listed in
2004 LTI RERNISIOAIBERC aoRRiA B ASSIPA ORIGA DU A o

' erall vield was obtained when the mother liquor
%%%%‘Zﬁi‘é’?’i\f {8 ﬁBEF@A. 5189496 8inid 2a(oHeRTE tHacduting profikisg the
fe e pd sititiofFigystaizativnopliniad b7 (grdenel HesssasiRva Ol m goneral,

(onEP RdMd mggw;%gmﬁr in,Figure 14 correspqnds to the 5
experiment number in Figure ieg.l g%noi%?ée&iﬁé‘?&ﬂ(?*d('-)-CPTA was
detesmined ysing the salctated. vi Figure 13 and the percent of
(-)-CPTA in the isolated %%Lt?eaflegfy Ic%lg:é(%mlrﬂa SRS SR HSTEY RS 23-RAve vield of
tepet dhataeiedds antieribe nurs imitfiotd 16 168) seafQAbmiokar

equivalents of CAF D-Base consistently gave 35-37% yield of material
=298% optically pure without the need for recrystallization. 10

Breplaab dotaad shhis Sxasnpig S 9%%&%9{5 O&‘E'Pfﬂz}e@g?ﬁg (AR D -Rase.

(-)-CPTA from the CAF D-Base. [01651 To separate
[CKE]D-Basepatae dinsteraqmgy g salk wasgnixes . wi 2-dichlorgethane,
and Pﬂﬁf%s %ﬁirochloric acid was addeg%é_ ’g%g\%{%%?ﬁ%ﬁgcga%ggﬁgmed
phast of eSS maN% 3BT A P he ygirebinsipRaiseras ntdedrig the a pH in the
Haydeoe plosiclel Sat tihd Shihe TARORRSE WASSSORHAL
tﬂ@éﬁlﬁf)t@%sg@éfﬂg %Q_?escf-:-, Ahe bulk of the\? 1,2- dichIorQettﬁ}';;ltr.?éz&i\?vr}c'\sl&sﬁ belae saltor
removed by distilation t6 remove resraodshatdhe cramitatbasy thatulk of the 1,2-
dehioahgar e arcoin B AL SiB166Tibie exatngle sbovGompathas far
rasterfying (q)-&P TA without any significant 20 racemization. O 0 0 ~
F~C\ F3C'o-
Example 26
[0166] This example shows a method for esterifying (-)-CPTA without any significant

racemization.

O o
FC 0. FC G /\/ﬁ
0
\O/ t 8 soq, g~ - NHAS \O/ E/
i

Ct

{0167] (-)-CPTA was reacted with thionyl chloride in 1,2-dichloroethane at reflux to yield a
corresponding acid chloride. Reaction progress can be monitored by HPLC analysis. 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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OH sus HO~~NHAc 0 CI CI [01671 (-)-CPTA was reacted with thionyl
chloride in 1,2-dichloroethane at reflux to yield a corresponding acid
chloride. Reaction progress can be monitored by HPLC analysis. A small

WB‘!&EHWF illate was removed to remove excess thionyl chloride. The
mixture was 25 cooled, and a large excess of vacuum distilleB-T/US2004/019616

tylethanolamine was added. Stirring at ambient temperature gave,
B S A 5 0 D580 1 480 o8 B pAgn i
ésavmentipriasautioarhuixets eolvdiog UenEhasimsadding diasanciivent exchange
EHIHR0 AN AR SR aAsSIIM. Satbonate splution. (-)- Halofenate was
isolgt*%e; by solvent excﬁanigare%?J % %?gg%%?ﬂggt%?ﬁs rlgsrﬁréwgéugﬂameg m Figure 15.

[ERAnerek rized dgoF . 1 Ejrst
cro isolated%?g%%k?ffg%%%ﬁ 7 to 59&?&? g&%‘g%é%dg gégﬁ%?ﬁhlf his solated
P§81§f86‘ NI TSGR FAdR VY St thFs Fpo 809604l thibp stbpdal a higher

seceligiekmatiordethadigher quarpllyiolhBoweyal theRIQENEL ALY

was poorer with the second crop material. [0170] Molar accountability of

iatrq P%Ma@u@#&ﬂtﬁ&ﬂﬁ&&tﬁ%ﬂ@é@&@&!mnﬁ% imifefﬁﬁamg%md
I er liguor, ranged from 90 to 99%. Example 27 10 [01711
e O B R Ve aE e i teitmg (1. CPTA
i Beating CPTA in aqueous base caused racemization. The

remaining CPTA from the resolution step in Example 25 was

QA Prbximbtenanposde 6 tuethpd fantiorengdithegtding ¢ataRs sesidual

CAF D-Base. [01731 To recover and racemize the (+)-CPTA, the

BIgi pietinaddiidviacasanweddsandusts reptaizetonitihe remaining CPTA from

thed-dighierogtban L lo 2 removed ..

atpe CAF-D-B,gse %{f';*,\MFJIE;EJESIequen{a ?gg%%@&&%zgg%es&’ggﬁc? Sﬁ'ﬁ@a&‘r{}]&fl&é’ which
S ARIBYE s e o588 solution heated to reflux. The

[& %(Llc oroethane was either removed by distillation prior to the addition
SHAL bhaIea it BBz fieda-SERdrdhoR-RnBav g elueitipmsoaeyed and

replstedswitition-diehBOSetyiak] W asdepiacRs WaSHISHRRA 50m NRRBRE! the
g atl 2 egus solution for fouy, hoyrs with 1.4 malar
‘?ﬁ%yffﬁ%&?ﬁ? i %m%%%%"x‘? 6. 1SBIRIBABT U EATHRLS BAfadirdetpd the
afienvh editiondreviddd weiverclbsrisistidt qualipnéces: fathdtecreselbipistllation
siano [0 ZAdiEhe ilj odiym _salt of racemic CRTA. in water,
Pdete(lE ined gnd @ﬁsggg E}Eﬁ;ﬁ%’ gllcl?)? lgO}l?a}rlT%%Sse aéz{ﬁﬁrllno&%wu}%gf@ﬁon of the
basipsnlntion. 4An 809% ield ofacemis CRITA was isolated from heptane after heating an

aqueous solution for four hours with 1.4 moiar equivalents of sedium hydroxide. Isolation of
CPTA as a crystallized intermediate provided a more consistent quality feed for the

resolution step.

{0174] The solubility of the sodium salt of racemic CPTA in water, determinéd and
expressed as the acid form, is shown in Figure 16. Addition of the isolated sodium salt to
water gave a pil 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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25 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

0@315}(19 % Q;Jrve Example 28 [01751 This example shows a method for
producmg BTA from (+)-halofenate. 38 WO 20041112774 PCT/US2064/619616

REITE)'S 2002164 9646m[0 17 6 knbulelition ok fear !s%x%:ﬁ‘ﬁ’?ﬂfo%‘dé‘{@&%ﬁ b wivs of

%?Pdd}lee % ide ta about 10 wt% of 87 %ee +) halofenate In water an
Warmlnﬁ ?,? 0 B0 EYREE AR st AR IR “ComplisthinparoRransiady
@‘F‘metpbgg?@ﬂm@wﬁ?&%n Her@avmmmmlxt:m m@wmaﬁl@@ﬁéﬁ;abe@?mee (7)-CPTA
QR e e solution wa o reflux, an

the engﬂ(tlomeng(é%g E}%{ﬁlmlﬁ% overtime. gﬁﬁgé",ﬁeﬁg’f éﬂﬂl%@‘?ﬁg‘ﬂmmc

L moRiereH o brate EER inwlurqevadsteefihath alulmsabdﬂﬁijl@e racemization

aaalysis sneibeghoegeiredhin reflex. ro
e{ggg{lZ g% 12.6 over the coﬂ%f} m)’z{r}gggfnéﬁggn )l PR?IB ?%éeg}%x The

WSB reddik avFthocasia e Edaiasmiraor ﬂsﬁgﬁ&loﬁ)ger reaction

With W molauiequitale RiolireQRVERIANHORRE thah APPIRNIMAIELY, 60, Eﬁ’vlfém
1@@%1‘%’ }gma mal H 0f9.4.10[01771 Use of 0.5 molarr%?{uwalents of
ium )QPC? FEAPRY i8R 1269 tsevativmis é’ﬁ?}ﬁydrolyzed

r heating to reflux.overnight left approximately 1 %
(g G e g e 1%
?&E@?ﬁ%ﬁ@ﬁdmeémm R GRIT A0 0 disatich\woe Tk 69426 Bapproximately
(s aasriouer, RXARE R ST s shails lstales ametiod

for recoverln )-CPTA from enate” crys tAlfZaton A
r?ogr@aOBPéWowwaﬁdeﬁﬁiﬁﬁrgmnmeme (-)-halofenate

r st Illzgtlon mother liquor contains a large amount of (-)-halofenate and
%}é@a%%r By hydrolysis of the (-)-halofenate, additional (-)-CPTA can be

[gkmrammmcémmﬁté@a%tm SeR: B%Eﬂﬂggoﬂd#
%%% lgfgnate Illzatlon mother I|qu0|(r;(88 3 %ce of (- )(hl}fé]%llo e%%?ef e

A F‘n quoPiz 7 rapidly gave 65.8 %ee (-)-CPTA. The (-)- CPTA
th DB t It (96.4 %ee) b
o e A Sy AR AR GHe oo o s rgpton
r%ﬂgﬁbhémmmmm rdoamted,; (a&m%tmm OBEIRAL a8y hydrolysis of the
(%H@kei@fea&%d&&@]%w&;e%m% tgd) E@fﬁ«% fﬁ%?gs%

and 25 14 mol% remained a hemo quor
[0180] Hydrolysis of 2 (-)-halofenate crystallization mother liquor (88.3 Y%ee of (-)-

halofenate) at 50 °C and a final pH of 12.7 rapidly gave 65.8 %ee (-)-CPTA. The (-)-CPTA
was recovered as the CAF D-Base diastereomeric salt (96.4 %ee) by addition of CAF D-Base
fo a 2-propanol solution. From the amount of diastereomeric salt initially toaded, 55 mol%
was obtained as (-)-halofenate, 28% was recovered as the (--CPTA / CAF D-Base salt, and
14 mol% remained as CPTA in the mother liquor.

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 sodivm hydroxide to a pH greater than about 12

resulted in precipitation with good recovery in a form that was easily filtered. Resuits are
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[01811 This example illustrates a method for recovering CAF D-Base.
[01821 The CAP D-Base is found in the acidic phase from separation of
(-)-CPTA from the diastereomeric salt, and from the acidic wash step of

tgg%g@]'/ﬁ {g7govery from the resolution 30 mother liquors. Basification
with ‘aqueous sodium hydroxide to a pH greater than about 1S Gp616

@B% |ta nw%% od reco er I'g"z form that was easily filtered. Results
SN 5B RIIBIEC SHOWAT Brnergilvezaegter than 90%;

R‘@e@wﬁmmm«mm raotine i saitasis geneGaliyagreniars inane3a¥eous

REQYS! Yal{omR gb%]rm%lp@zwther liquor was lower. Concentrations in
the aqueous solution ranged from about 5 to 20%. [01831 The

E db f
N MR AU

f RelYneneamt buArS trg,jﬁ &5“@99 ayl KeHgra;ctnlyl dneratéiEginheim)

2, (395 D 9)- f@ﬁﬂ&& SofzidRRAMAE HYENS MATe)- Ik 20,CAMEEIN AN 1ts more
H?? %rece[nantl melting paint was found to be a sensitive metho %
Sessing ena 0B P BREHOHS AR ade & snsitive method

assessirg enan a“t SHBUF
@@ﬁﬁi@m@mﬁmmdwm@f tHevearaplesby ahemTIBg R SBRGFAIANOf two

of aderivatve.showed no loss of chiral purity, 10 The enantiomeric purity
the rﬁg)vered CAF Bré% se, néar the de eXc TR RS {HER SETor e chiral purity.

E?é%‘ﬁ{%?ﬁs@Wé@fﬁbﬁﬁﬁ@m@%@fﬂymmmmdmmmm«mmm

aibiSALRbE examnleHbiaiates fnetesMetbod for,preparing racemic
CPTA. [01851 A 500-mL round-bottom flask in a heating mantel and fitted

Buitinmpte Bverhead stirrer 15 and condenser was charged with 73.28 g

gao nﬂ of4 %ﬁ Iacetlc acid, 70 ml, of 1,2- dichloroethane,
d§‘§ ﬁg}?ﬁ%%&@oérﬁéf RiGRERBS TRRsTS FRdehat 50

Cio h The reactio ture was analyzed by HPLC analysis. To
éﬁ‘?@olu%‘ogrﬁ%g SPEERHE % or({%’ &é&%@wa&%@ Biicd rfonmingether stirrer

anecsptiser wasovapmiditit 7028 16.G0andPdt. 4Th@fe§wﬁﬁgoaubrm0m ml, of
wrodissinansoleds Q of 2- ropanol
was added dr§ Qvﬁglé@{aﬁé‘ %%a%?rhnu?&g#u e?’atul(ffg fesic 'Vg'é%’rf?g

R Pecbifg k% by @h%ﬁéaﬁéaeﬁ@wrmmwmd@emwmtyﬂhMMtxon

ofas VAIBRI PasRiend taMaLtatie) areliha A0Ne0Hs %8%%}4’ yarmed at 70
gggéed The arganic phase was Washed with 37 mL of water

1P B AHRS @ﬁ%@@&a%@%&wmﬁmm@bghmd 10§ k. (1.31

nigoHl)aif, zzﬁr@wﬁlyés h&dﬁ@@@bb@é&o rfakRR R AYE GRS IS w)é\!;?% 7°C.
@%r&o?i z’f’ T%Otﬂ%(ﬁ?ﬁﬁ 15 mol) of 85% potassium hydroxide and 370 mL
prop g;rwgﬂaﬂﬁied to water,” The solution was warmed to
ambient temperature, and the aqueous layer was removed, The organic phase was washed
with 37 mL of water. The separated 1,2- dichloroethane solution was evaporated to give

134.1 g of an oil.

{0186] A 1-L round-bottom flask with an overhead stirrer was charged with 34.0 g (0.515
mol) of 85% potassium hydroxide and 370 mL of 2-propanol. The mixture was warmed to
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 o, 0~triflucro-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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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-,n-cresol

was added dropwise. The maximum temperature reached was 13 C. The
sQiyt PARS ooled to 5 C before the dropwise 30 addition of 134.1 g of

the o#o%te%ngd above. The material was rinsed in with 18 g of@/US2004/619616

RiepanelsIng AS SYARO to a residue, then charged, with 250
mL of water ar?ﬁg)s %@004/%%%%4%%%@%2%5%6@5f5’ Byt o reflux for
(6}535 mol) of 50% aqueous sodium hydroxide. The mixture was heated

tg reflux for 1 1t. [01871 After cooling to ambient temperature, the mixture
WHS Hiushrerba tpimSieptiemprantise thand e wae dltodasith 250 mL of 1,2-

diébeifieasanbie, Ard ke $1e WEOpYISRseddNY (11 &éBwiReBER 53T %(0.72 mol)
Iﬁf‘;?ﬁkﬂ"é'ccﬁﬁ)‘g- ,g\ggr %{Perr]%sg]separan?n, the solvent was removed from
the 1,2 dichiotCethAns phadé Ryt esayaieYy trererditrnt wemecressier Bometye 1,2-
tishtewpeiitnd Basy of ghertahe gufimicaporiiedetddad esidue.alihith a3 Ther
[ f _heptane, giving 160 g of an ail. The
B o L O Ty S Do By
GrRrtancs RiipEWAichofaisobhilfde rasitvateibuss $afedeisoidiion ofveatokickith 257
Wi hegiliationd heilor Rk waswashedwith 49.d:ufheptane then - .+
Eﬂe @lﬁt:] acuym to give 125.5!5‘3\1%2)%8%/0 mol%ggg/fgﬁéﬁéé%ﬁbé TA SHEDY
(ko B e me e R ES oo hero dpd padong seotum t
gicehafc 19 k{080 oo sptiuyied) of Rmple 22. 15 [01891 A 50-mL
round-bottom flask equipped with a magnetic stirrer and reflux condenser

Brenpledded with 2.10 g (6.35 mmol) of racemic CPTA, 21 g of
pa ) of.thionyl chloride. HPLC analysis after
e e e e Ui e und £ of

Kitldnal 1.0 g (8.4 mmol) of thionyl chloride was added to give less
than 1 area% of CPTA. The solution was cooled to ambient temperature

B4 8% c ateth 2ol vimrnd-brgjorm Apslraylopebiitts odiagnblicastimeratel fEhiex condenser

sadhaiwes Ry anoraedsanddhe rmasidue dissrlvad, 812253%&;391%1%% 080 g 4.2
:ﬁ‘r';tlgf w %ang \é\{égh vg;t 2 x 10 mL), the solvent was evaporated to a
PR SFP SRS ithof SRvyRatTor bavims s i e bpeRdised B2 area% of
1 98d8l areave 6ot (P /areadédditionabne)g BxamplelPerasiddH)cHaiSwas added to

R B PR G B O R g, Sy TG e A treated
with 1.0 g (12 mmol) of solid sodium bicarbonate. The solvent was evapoerated, and the
residue dissolved in 25 mL of toluene. After washing with water (2 x 10 mL), the solvent
was evaporated to a residue of 2.31 g (6.2 mmol, 98% yield) of compound 4 of Example 22
(95.8 area% of 7, 2.4 area% of toluene).

Example 33
[0190] This example illustrates a method for determining solubility of racemic CPTA.

{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 gof1,2-
dichloroethane. The bath temperature was warmed to 35 °C, and the slurry was stirred for
one hour, The agitatpr was shut off, and the solid was allowed to settle for 30 min. A 0.1360
g sample of the supemate 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, 2 0.54 g-sample of CPTA in 1.92
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[01911 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
wWhE @Mt 7And the solid was allowed to settle for 30 min. ACLARGB0igs16

sanﬁqlg‘gf B e supemate was removed and diluted to 25.00 mL with
Froninie SIgtiee SERHSHNAS se&issaiony Pigtdsitye malysiswifhfosupernate

w%mms Of tet belnBIEASE EFTRNS Illaﬁ&%ﬁél(?%ﬂﬁbﬁﬂ wigsd 1A dRin
ROysisad Q%Ft 2.C. a0. =S e of CPTAIn 1.92 41 WO
58%4/112774 Pe?:P gé%ifﬁé%‘ﬁgsgfgﬁl,2-dich|oroethane was stored in

@j@{ﬁ'@grﬁ;or overnight before analysis of the supernate by HPLC
analysis. The solubility of CPTA in heptane, included in Figure 19 shown

1R urd his evpampipciléustintesc: imethoidritar dedhing 2 Facamipl eBd:f: [IS21A
This example illustrates a method for resolving a racemic mixture of

EHA. bilobbottam-dstinaeactnires chatprdweth et gadanitmts) 2ROHHE 16.4 ¢
MO rioG BT ARIRS-Q)-0 (i1 Me)) enyl)-1,3- - ]
ilg%ZR};éj—Z-ami o-ﬁ %)-nitroph(a?\»%/flj-ﬁqplgo?g)hégiglr? a,&llg_dg-l CésA% , a%%:fc)’ and
&of -E)"R)aﬁ'ﬁgof RSP eﬁé%t%ﬂ"ﬁ)*?@*@ﬁb%l?@%éb%t?@n%etth@nﬁO °C
g@l@éﬁt@ti()m ﬁmdéseldxf@nihh;;‘vgae g@g@&igtgg glg @m&ﬁg)ﬁgg@@m‘%ﬁmw of 2
' ' I rature o and h or 14 h; the interna
e M L0 Sl o
filvatigwand ginsgdow iths¥opafidtpiipenciothiss imtes diqdonaaivashisisas as
sapledtio it Canalysiv ADAIG SRS At shaw 13 PG 0 e

50.48- gvetcake was reloaded to the 1-L reactor
‘5%?‘8{8% & aikeid SrartgainQa erhgpienencbfias thithlenpolieted to 2 gentle

L Aol the sl At Lo e e Gt o
SIS; e results.are lis N Flgure . siurry tforme _upo
coollnag&tﬁo? %/?,’ %e r g? \a)vrgﬁr%%ﬁ%g“f e Hfr A, fﬂfé‘%‘ﬁl’rﬁ’?%ﬁ@‘@t&ﬂ@@ °C.
Adoreranng26 @/ tidotBembn, 18 Gy Suds CHB1, N DR (2 80/ GHNMen to 18
sy athet j J] ling xates recorded in Figure 14 were
T e B ARG o oy aftes
reCondssLinGTi e dreruitngdsn v sobidiy g Vep RTe@ Bygv 6 0uth filieatioB4 5ed with
Ifigld} DikopdRol RIAHGAR 2 BasanHE g{%@fﬁb@@sm&?fﬂ%»‘o leé’j@dof(-)_
g

(ﬁgfa%%g;g er quég nd wash are included in Figure 13." EXamp
1-This ek Aifip Rt <trabelsraplis Rioheiselsedsrlitbrnd mretbertiquor and
v@§isefornded linfEiate. 1 3.

Example 35
[0194] This example illustrates preparation and resolution of racemic CPTA from
halofenate.

{0195] A 1-L round-bottom flask with an overhead stirrer was charged with 129.75 g
(0.312 mol) of racemic halofenate, 325 g of water, and 32.6 g (0.408 mol) of 50% aqueous
sodium hydroxide, The slurfy was heated to 60 °C for 1 hour to give a solution, then cooled.
At a temperature of 40 °C, 328.5 g of 1,2-dichloroethane and 44 £ (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 residie 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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- |solated solid and the 492.8-g mother liguor and wash solution are seRown

25 [01951 A 1-L round-bottom flask with an overhead stirrer was charged
with 129.75 g (0.312 mol) of racemic halofenate, 325 g of water, and 32.6
g (0.408 mol) of 50% aqueous sodium hydroxide. The slurry was heated

t _ our to give a solution, then cooled. At a temperature of 40
C% %%%g.g%g?bl,2-dich|oroethane and 44 g (0.45 mol) of 37%" hY/Af3es#8HRe16

i - ixture was coqled . The pH
B, A R R el Ot R B Rt R fgpoor
Wi d QarI25E frinobr ofiatdt Difsseand dofbecef forsonssioludlof mibk®iR gras
T%Wh ?j @7(%%@%@3@&%9? ) %m%%%r%%d@W%%%l%ﬂe%ﬁxmm was
resiaye,.co Ining.thearetically . of racemic )
E%‘gﬁﬁ’f;?% @%%Bsé’gégléﬁ’}@’fééié a@wﬁﬁ&i&@a M rveshed Biifh69mL of 2-
bedpfesiatE Rbatied) waschhsgé thédsaldied BslitbmdliRingEacteiométhi@RAthd wash
: - -Base and 400.9 .0f2- anol. The mixture was
T P B e ek et o e 1
Freatinxaloeavsish 4hfizatie-rrmnohduththsolidtise ateddly FacGungiwratelntion,

anasmaae@mim@msot%@wwmlaﬁﬁh&?y%@alﬂﬁéédfgfoﬁwtﬁo%ﬁ

Y vacuum

|
R R YR AR G2 Preoland dustiae mad 318 40805 fomhk 1%
yizddXof tloGy-GIhATA B DIRprdpaaebnaait tae MMUeRAARddR o 4%

' tion,. solution was cooled to 5 C at 0.5 C/min, and the
O 8 o A0 T B A A e B 15

Bx apol, and dried to give 51.81 g (0.0956 mol, 31 % 10 yield) of the
E%WCAF D-Base diastereomeric salt. HPLC analysis results for the

[1618te dlSétieran!s Hustgtes mnothed feuocemidingeh)-SHlAcnareinetigadoemic.
apfigure 13. Example 36 [0196] This example illustrates a method for
racemizing (+)-CPTA and recovering racemie CPTA. 15 [0197] The

0380{ution-aReh IeGHY Skalizall Y i jop: of
e Al GO R B BRI o Foo g o
(%’f %‘éﬁ%@&%ﬁé@%@ﬂ%@éﬁ%ﬁ%ﬁﬂeﬁ%ﬂa{@sécg EhAHEmRE @ ERRINAME “o6e of

thhd-ibetateibliasteredoete ﬁm gma%@f%agmﬁlez@btﬁf Eﬁgég%%&&@%ﬂ, Qras
W tre It of 1,2-dichlorgethane . 0
O e e e e S i e § Schloroethane,
retriRictatmidand @9 alddhplmdsiitiactd. 700 ggiifiatelid@0xgs wasved and
e the: i 0 1 g..The residu
e A ANV, s R o
TSIHERT FSdrBxitias Eadin e soReaisA Wikl HdRedrfomma sud 4 i0adfomol) of

Soadquesaseotin y &l Rk GRS wEI S SR IO RMASISOPIRI 0 sive 2
ratégnal%?g bvy\r”ctz ’lﬁ g—[g}lﬁoafn]élgéis. The solution was cooled and treated with 140 ml, of 1,2-
dichloroethane and 32.0 g (0.325 mol) of 37% hydrochloric acid. The organic phase was
removed and evaporated to a residue of 80.1 g, which was treated with 250 mL of heptane in
a 40 °C water bath to give a slurry. The solid was isolated by vacuum filtration and dried to
give 63.83 g (0.193 mol, 89% vield) 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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dichloroethane and 32.0 g (0.325 mol) of 37% hydrochloric acid. The
organic phase was 25 removed and evaporated to a residue of 80.1 g,
which was treated with 250 mL of heptane in a 40 C water.bath to give a
slurry. The solid was isolated by vacuum filtration and dried to give 63.83
3@ B8 MEI* 89% yield) of racemic CPTA. Resolution of a SEETpiS2gema 9616

ts I with those of fresh.CPTA (entry 10 of Figure
B A e b o SRR b A ) oty o -
lap taARbrBase dRberbbindidhlosedthat®, WDe2004dtet 279 4.6 g (77 mmol) of 37%

HGIHISRORGD 10646 J0% X Lah B0 belASK I B NALNSHC I HRL WSS
mmol) of (-)- CPTA / CAF D-Base, 100 g of

charged with 40.0 g (73, |
TR e o 1) CGAHH Sl o8 O A1 FReApiSR 2oucous plaso was 0.9
HBiUfoskiyrid aeil2 Aleteanplitieidissoluippaoi 1he sokdniRa, |90, OIIRNIS) of
@t@rs? Awaasa%’él It I%cxlveldzqé}ghyglas ead with 10 mL of water. The pH of the
ombined aqueous f)lhase was 0.9 5 HPLC assay of 128.2 g of the

ﬁggaggcj}@hase.found 24.32 g (73.6 mmol, 99.8% of theory) of (-)-CPTA as
a solution in 1,2-dichloroethane. Example 38 [0200] This example

(O 99r atEBiz sxasmim pisHAitadonwiN podtyiktitand Nmmirts 160 2044m4n80-mL
round-bottom flask e%uipped with a magnetic stirrer, heating mantel and a
i

(39 5hort parmbistimdisptivanlesieesthprgedtivitnaguedag@ter, heating mantel and a
siN-R el @UARRGEMER 36 RIREaHVHREEHS ¥ %W%&&l@ﬁﬁﬁ%ﬁﬂﬁ%eﬂaotgﬁced

u%. Bubbles formed as the liquid was heated, although no condensa

L L STRMBL BRRMHD Y C8Iler cBukblsnsmed piSrdiarid oras heated,
abipprgixitoatelyehSeCrta affpetb 6D dHU49 204 @OMEEN a0 head temperature of

-acetylethanglamine.as r liguid. 15 Example 39 [02021 This
S L I B IR R o
liggd-mL round-bottom flask with a magnetic stirrer was charged with 35.5
g (65.4 mmol) of the (-)-CPTA / CAF D-Base diastereomeric salt (99.4

£84.0 g of 1,2- dichloroethane, and 35.5 mL of water. To the slurry

[0ve5 adgiad & 2.0 (Efmmel) PL3A% 20 Byﬂ@&ﬁgﬂﬁﬁﬁ 2Rgl the mixture

was stirred at ambient temperature to give two Clear phases. The lower

(020N RIASE VAR ARIPOYSH ARY Wﬁ%ﬁ‘ﬁﬂ%&i@ﬁc7sﬁr9e9€v%aéﬁs{r§@%ﬂ %‘g%'o (65.4

m%hase was, evaporated to a residue of 26.13 g, then dissolved in 55.
RIS frahe /b dhaBats tastesemetiorsiin® Do ter Rk sohl.2-
dinblatirghaeNtadVs s i 8gNeKE StUHEE MEky was added 6.7 g (68 mmol) of 37%

hydrochloric acid, and the mixture was stirred at ambient temperature to give two clear

~ phases. The lower organic phase was removed and washed with 7.0 g of water. The organijc

phase was evaporated to a residue of 26.13 g, then dissolved in 55.6 g of 1,2-dichloroethane
and placed in a 250-miL round-botfom flask in a heating mantel with a magnetic stirrer and
fitted with a reflux / distillation head. HPLC agsay of the solution found 22.06 {667 mmol,
102% of theory) of CPTA. To the solution was added 7.5 mL (100 mmuol) 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 0f25.85 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 I,Z-dichlorpcthane. The lower organic phase was removed and
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fitted with a reflux / distillation head. HPLC assay of the solution found
22.06 g (66.7 mmol, 25 102% of theory) of CPTA. To the solution was
added 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 selutien-was cooled to ambient temperature, then chilleq,gaﬂ%gzi&gmwm
bath for the addition of 25.85 g (251 mmol) of distilled

Nragieky etiharohanung 4tk analysiisidd vas enphddRE RYATSH éﬂﬁ g). The oil
temperature rt%sg to about 26 %@f er trlle addition. The solution 30 was™ -
added-SIswiY With BRIE % B BT 73 ¥ ORIStalssirR Tarfgii sofid

3Bsiyipé Whiehe chiltb in Aiddd hadT ibhanm aximbeRdRaH MRt HRFRAA0 e e 29.19
VaS 1l rel AR CRELONMSITR WRSFINSRd p with S mL of 50 e
1,2-dicrllIorfoethai%géﬁ%%\a%r%r%aﬁr%%l%%%s%ﬂvgvgg] EOREVU LI AP Gluted with

FooMiditionat 2wl p§ 20 oopamd 613 Hashed wittB7 AroligvatenbBhitemperature

seluieRmARAARORALIGNGABIbGIZAMG) i BFi ol WRS AR ERNr »
4 g of heps{ane, and the solvent was removed to give 31.56 g of a solid
U G e R IS R G RE ARG St 2R SEIeton ad died

rgivoledite Give lamg samr/]osya&gilyes lgpﬁaﬁthﬁaﬁé?ligg/‘(&;l&’fli&?&i‘ﬁdd& 48tected by
L of 2:propanol at 4 en diluted with 5 an additional 28 mL of 20
rghn:‘a{ mP?E %né@ﬁ%t%%%

propanolan ﬁ?éhe. Cooling to ambient temperature gave a
thjn,slurr, hick sl rmed upon cooling in an ice bath, After stirrin _
A et B AR R Ao e o e
HepthPe gaf CEfiad Theglechihed gviBdradimnd, B4 3Wofiele)eofdue was dissolved
(nhelofenate )- d by chiral HPLC analysis .
(>99.a%ede}?)%i %3%04%%%%%@%&6%%%%‘5 SR Tt T‘Fqsugo’?‘}:g{%‘(’al"“3’”‘“ght
WeRbfeRtEmpERtyr o f RhfoTersteaapkilled s grorcciptrantike solitwesvatiected,

eviafDRALR Y p2Tchd A, ardf dhedresics was dissoluad: W kiRl 50 09

IR S P S WL BBb sy of

8hd4lge Stlichwischlestan wabddunih.86q; 08 Beptanel nod) Hiagide-giueand
5.64.04%3,6 Iy éﬂ OZ%}; ield, 89.9% 15 halofenate and 3.9% CPTA by
HPL@ana yS|s[,T1§ /éz) Shed ¥lo$'(-)-halofenate. HPLC assay of 81.74 g of

eihgr liquor and wash found 3.66 g (8.8 mmol, 13.5%) of halofenate
and_0.93g (2.8 mmol, 4.8%) of CPTA. Example 40 [02051 This example
{12%latees pramplg ibissaragatiod fivioRtng soiuim CRRA20DR0STT he
mother liquors from a resolution cryst_allization'and recrystallization
@A8diniRbe mabeohnezsdigo renlitisn enasiitmmsed oty istiuticmtaining
HEGRYENEIPE @VAPORAIHQ FCATICHIINEA R Bo Rl 4 SSLdVE AR BAFOINET to 2
in Jd46 0(% 8I l,Ziglchlqroethane, and treated with -
residue g- The residue was dissolved in 146 g of 1,2-dichloroethane and treated with
28.6 g of water and 6.3 g of 37% hydrochloric acid at 40 °C. The 219 g organic phase was
evaporated to a residue of 71.86 g. To the residue was added 120 g of water and 21.5 g
(0.269 mol) of 50% sodium hydroxide. The solution was heated to reflux, then allowed to
cool to ambient temperature to give a thick slurry. The solid that formed upon cooling was
isolated by vacuum filtration, rinsed with 25 mL of water, then dried to give 31.78 g (0.0901
mol, 46.7% recovery) of the sodium salt of CPTA. Chiral HPLC analysis found that the
material 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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28.6 g of water and 6.3 g of 37% hydrochloric acid at 40 C. The 219 g
organic phase was evaporated to a residue of 71.86 g. To the residue
was added 120 g of water and 21.5 g 25 (0.269 mol) of 50% sodium

rwdroxide. The solution was heated to reflux, then allowed to cool to
ambteh ¥ derature to give a thick slurry. The solid that forreed/upms/019616

talanlli was isolated by vacuum filtration, rinsed with 25 mL of water, then
%}lena%-dive 31.78 g (0.0901 mol, 46.7% recovery) of the sodium salt of

GHTA. ChisaiketrpiCitnatyisdawisbi Rt thecmaREah v @RREEBIG R crTa
K353y Qithe 188.6 g mother liquor and wash found 28.3 g 30 {0.0856 mol,
44.4%) of CPTA. 45 WO 2004/112774 PCT/US20 04/0 1 96 1 6 Example

41012041, FRi: le Hustrates a method for determining the solubility
{of_r@ceéiéﬁggnr%wg)%%%%%ﬁﬁt? TUB68] K PMERRRSHIHEREE sonesricd de 2
TG TRt athrerdwisteonmidtddie a Bire camitiop PasetiatB.angdd 20 o g
oahvarge b BtBnsh ol ihe Faeem iym saltand 2009 o

1si\iatet:. The bath fgen% erature wasﬁv{/lg(fgégcfst??%géﬁ%nsgu %Vé?ﬁrsry"vevégor one hour.
S

TrrEAiSE BARHELREARd theitalist Wraslinwedie, seide oo bt AbaiiBwed 0.4. A
0:806tpedopBloftir: STpenpit: was 8o vdd ArddRA &SR PRIS0Ah NG BHRSIAAIR e, an

asi ve ,%nd dilut 5.00 mL with acetonitrile, and the §o|ut|on

e ‘ffs_%?éoye %ﬁ%ﬁ%%%’é@%ﬁ@%&W@ﬁéﬂ&f@&ﬂéﬁhﬂrﬂf@fa@w at 1°C.

4 2dditonsd deii el GRIAG TGP sediddedal waistsiddadieymainiaiom,

t Miatdhe pi re. and 25 g of.water was added to give a

TE%]@ etr slurry %}%ﬁﬁgﬁ%&%@gargvﬁ@ brﬁ?/rv%lgrﬁ}(c?‘%%é‘mg peggture.
ﬁ@eﬁﬁ&ﬁf?@fﬁ%}rﬂef By tHeabignidrmpesovedgube additatius dtydemese sodium

hpdvadie, andlyisisnaiasicaationamhaldld By 25 344200143 & Resylis are,
wh in_Figures 16 and 20. 15 Example 42'[0209] This éxar%%{séaw shown in
FROP 160y %’
[ ustratesﬁ rolysis and racemization of (+)-halofenate. [02101 A 250-mL

E{ég{.ﬁg%-ggttom flask equipped with a magnetic stirrer and heating mantel
was charged with 7.28 g (17.5 mmol) of (+)-halofenate (86.9 %ee), 72.2 ¢
(03P arShiansample ifugtiBeshyiriybioifH)Y%atiess Sqdiumbrdiaxide.

The slurry was heated to 50 to 60 C. The 20 pH of the resulting solution
(0G4 1285 mareund Cottonlyisksioippet 8% i rHHE RFARA 1iREY ke

e e M
g (%gé mmol) ggg(ﬁ‘ﬁgaggcous sodium hydroxide. The slurry was heated to 50 to 60 °C. The
pH of the resulting solution was 12.8. Chiral HPLC analysis showed 80.4% of (+)-CPTA and
10.5% of (-)-CPTA. The solution was heated to reflux for 90 minutes. Chiral HPLC analysis
showed 49.6% of (++)-CPTA and 47.0% of (-)-CPTA. The pH was 12.6. Afier cooling to
ambient temperature, approximately 50 mL of 1,2-dichioroethane was added, and the pH was
adjusted to 0.8 by the addition of 7.3 g (74 mmol) of 37% hydrochloric acid. The organic
phase was evaporated to a residue of 6.0 g. The residue was treated with 25 mL of heptane,
warmed to dissolve the oil, and 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%

46



10

15

20

25

30

ambient temperature, approximately 50 mL of 1,2-dichloroethane was

added, and the pH was adjusted to 0.8 by the addition of 7.3 g (74 mmol)

of 37% hydrochloric acid. The organic 25 phase was evaporated to a

r y%fyﬁg 0,9. The residue was treated with 25 mL of heptane, warmed

to dissolve tiw_e oil, and then cooled in an ice bath. The solid ﬁg’&’éﬂ%‘?ﬁ’@@ﬁ“

byf ustoteradjhiaiatangdiied. & oivePEA ¢ (hRigs MBIt SR Yo AKE Mo of (4.

rz:}v CPTA. Data for this and two similar hydrolyses are shown in ;

Figure§17 and 21. [02111 Similarly, heating 6.75 g (16.3 mmol) of

( -Ql%[ﬁfe&ate with 0.65 g (8.1 mmol) of 30 50% aqueous sodium

h e h 67.5 g of water for 2 hours at 60 C gave 37.5% of halofenate

al¥d B4 20khef Gipe Hesttries iramfiationvel( gt gave St &H TARNd)-

1Y A6 S 8904 04/019616 .of halofenate, witha

final pH of 4.8. Chiég?%l—% g’%@%%%%i%é%ouéa é?]%gﬁff%g%ﬁ%ﬁ%?hf-@ﬁ?ﬁ?r tiquors.

Esample 43102324 This.£6a0Rle ! eparation of (-)-halofenate

with repcovery of the (? 5 CPTNCg?F&%ggéaﬁsée%ﬂﬁiFe%g%gr é%‘gll?ﬂ}ré%btﬁégz‘z’

(SRR fatte LIRTAIEATOR Rendiesymarmeriosas® AlIkeehidd botidm-

fiskiovibimag e wersir iR \VaRI ¢\ rIed Mf?gég’é%d’%oéﬁﬁ}%)a&fdth $he organic

g}kcﬂés’%AaEaP‘Baﬁﬁf dias eret,omerlc salt (97.1 %ee), 124 g of 1,2-
|C?ﬁqroetﬁzfne, REE AR oL eRd Yo ks 7 aeesting Ry Aredntered-bottom

dtiek nheborgapivaphbwiivangaptirataeeand veashediwilbidn RhdGf Watelched,

thenmplacedin qgﬁg ound- 10 flask in a heating mantel with a

magnetic st_irre%%\ re u%t%(%gg? %%tﬁm%g%d\}\fgl? %{%tg%%g ,ipagﬂ’&‘t Yottt to 40

hesplution Veniied 3ithg & maficel| h Bghdbsoitktion After mdaleg tomd) of

€hisher saluth Lt | i d | L
mf&;ﬁg‘j% e o e Ll B of
urs an

SHBUMG a8 Yedrndadnakatieardbn dreprir b 3 ah B674
batio fos fthiatilapMise sibditioslhi38. e« 2Adiba mmrhaldisilgon 7 1 18 °C
%ﬁﬁgtt leth Q%'ﬁ"mA e. 'I;he reaction temperature rose from 7 to 18 C
during.ﬁ]e a% |t|c')n.rief’fesru§-ﬁlr$iﬁ‘éeg{}% R R S STRRR RS Brataliqpavas added
st sEr iRt dddegiofmotasturingrtoo @y in HF pdtassiater cdeonate iBeThth. The
& tet Ghuled in an.leeha i was remaved o
Wk:é%\gﬁwith 5]!.J .P&gfg}/’vater. Theﬂéﬁﬁr?ﬂc%%ggagf(%}é% 6 of Ralo q}%t e&a?n%/" of
R STRETH B ACTEAHEIS AEFANSRRED e R0 ARG, £, reated

wih eSS 20 Mlith AR e Repians iherdmeenaieg 9 %J%Sgéﬁe%gﬁﬁﬂﬁoived
isoélpsrescl)gag was dgss%lved |g 61 53920f Zggopanpl and charged to the

TP sokoharshimeLd riatsg Withe2ob BoSPREHEsasioRg WG, 8 of
lapthueokadati3CIOMG, in@totlethe 3 SCGHRIR0C3ken BNE *C/min to —3 °C. The

solution became hazy at 27 °C, and a thick slurry formed at 15 °C., The solid was isolated by

vacuum filtration, washed with 40 mL of heptane containing 5 mL of 2-propanol, and dried
to give 21.01 £(50.6 mmol. 55% yield, 98.93% by HPLC) of (-)-halofenate (99.9 %ee). The
395.7 g mother liquor and wash solution, containing 14.65 £(35.3 mmol) of halofenate (88.3
%ee) and 1.78 g (5.4 mmol) of CPTA by HPLC assay, was evaporated to a residue of 21.57
8. The residue was heated to 50 °C with 100 mL of water and 5.0 £ (63 mmol) of 50%
aqueous sodium 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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solution became hazy at 27 C, and a thick slurry formed at 15 C. The solid
was isolated by vacuum filtration, washed with 40 mL of heptane
containing 5 mL of 2-propanol, and dried 25 to give 21.01 g (50.6 mmol.

% viel 3.93% by HPLC) of (-)-halofenate (99.9 %ee). The 395.7 g
S%{%éeﬂr%%tzj%ﬁand wash solution, containing 14.65 g (35.3 m#{oljusre04/019616

balpiRRAta 883 d, L7 4 mmol) of CPTA hy HPLC assay,
was Egva rated t?ﬁ@@%e%%é@%@%h?‘?gg f%)l’feesvffggé Pi‘éaét‘egés 2"%’&38 gof
ﬁ%ﬂ%ﬁ%@%ﬁ%&%&wg 1891 ) soF 008 8 gerevisodithnresidual oil

Hipsoteidlen g weousolbiiorsIbHRkGanalsisraiiRa RV E QI NHES IR as

F”e%@e Oé% frC a;l’ an% Qf'%ago OI; alofenate. The solution was cooled,
diluted with 50 mi of 1o~ diéibroritrel e pH RMasawme A5 $34pe of (-
1T BANRIGTH B)er e ofibaly80f B 7 Tio thededatitaric asidefianywaaliodwithded 6.50
j18 Z 0 ic phase, containin .3 34.2 mmol)
B L kel A S ol R o T it wret o 40
Wik Bty theomeep o€y pdonbuiongehé sofiddsstiates, bvery sxmpofiitadoty

wbsitwilof §480IhaolHesia)asdisealyedsn ﬁﬁ&gwgp@ﬁ/cm D-
alggé;)e%tmg. Cooli 99{ ve an oil. The solvent was removed and’the

residual ol la]i%’g%ﬁ?ld |E’ﬁh.%’rgreéii"?ﬁ%?m%lb??@i@ﬁ’é?fﬁh%ﬁ?@)&ﬁé@ﬁlﬁviﬂiﬁ&ﬂy

leadstihgl e EoMERTWastisemoyad/angda e piced Witho 36 85%4-¢ mother liquor
PIRRR [ PLC analysis foun %ee of (5)-CPTA (a

3)/(-)4&9%% Hl?&%lgg)i gr%f’?hi <0 uﬁi 8dﬁgag’§% Mé}ﬁ%%?ﬁﬁé?a?&?é%éémi% of the
dieafedoniiedy Badedol) of CAF D-Base. A thick slurry rapidly formed.

The sIurrl was warmed to 40 C with stirring, then cooled in an ice bath
4olid isolated by a vacuum filtration, washed with 7 g of

[@zpappanel sxamhsdetiR-aRee, 13Ok O 2R DM A k5 FRT ACARR:
BBagslse giastereom%ric salt, whi?:)h correspon%ls to g%g)c%\%?cégﬁl%%ﬂsm D-
§ O &t initially 10 loaded. The (+)/(-)-CPTA ratio was 1.77/97.86. HPLC

( y %{[@;45.34-9 mother liquor and wash solution found 4.34 g (13.1
runol) 6f CPIRGRIPRLIASK SRR e enatin slivses FpcBoeadransiit6 5 (0.148
nmmaﬂwmu@@mamm%wm@37@%%@%@&9@%@%@%&&%?%5#%@. To
' F.D-Base ir. CRT AF. D- 15 Base salt. [0215], A 1-L
O B ey e
The pHa T iheawvkavs [y PINCAFLD IBaseoszihi® B ks removed and washed with

d Brolehiprget ded 15
‘ ok e TR Corf Bl W 1.7 RO 1 B mon
OtRe ‘4 GARMYS Fagmhdrosidy urrachet e layBravesling shedy and filtered
andatshiestiditla20hd & Mol MaLes: WaRCAR BINGOAENE2eS7DNAGE 434051 Sy,

bR IPEIRAMIN A2 G301 189% oy,

Example 45
{0216] This example illustrates a process for recovering CAF D-Base from the resolution

mother liquor.

{0217] A 60.0 g sample of racemic CPTA was resolved with 20.88 g of CAF D-Base in
240 g of 2-propanol as described above to give a 74.7 g wetcake. The wetcake was
recrystallized in 218 g of 2-propanol to give 32.35 g (32.8% yield) of (-)-CPTA/CAF D-Base
salt. The mother liquor and wash solutions from the crystallization and recrystallization,
thearetically 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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of 50% aqueous sodium hydroxide to reach a pH of 12.1. The resulting
slurry was filtered and the solid was rinsed with 25 mL of water and dried

to give 30.79 g (0.145 mol, 98% recovery) of CAF D-Base (mp

160.4-161.0 C). Example 45 25 [0216] This example illustrates a process
for ?e’t%ﬁém@CAF D-Base from the resolution mother liquoE JBAEF04019616

RO psaDEiR S IRENECSE MEANMARIC Ve il 8 1BB19 ATGARArRA
in ?4(&[% of 2- r%{)anol as described above to give a 74.7 g wetcake. The
¢

A AR At IR AT SAPATES5% 30 BROBAHBLTEREILTam 85 & (Bh3dus the

we e was e
yidditioof (£ - BPT GACHARIBaSE03Dagakn TERednat hediigider amd washng slurry was

| I stalization and recrystallization, theaqretjcal or
e I AP P R E e
fReovERd GhESF P dm 46 ks B forated to a residue of 72.9 g. The
residue was dissolved in 48 WO 2004/112774 PCT/1J82004/019616 265

¢001 41, 2-Hin laiesttsd tabh itk Ak My e 3R ¢ bhentd B 0rHaO.As 3 4ror
gydro hloric _acid. T&ei a Hgg)t(/)us_layer was separated, and the pH was

hereaseamvamte: 61 RO BRfORe R nBe ghengss i) Grsobeill be
suggedied squisonshsfdiiedickehd e and aitingialincynvedsyiiitiared andiha seidew of

r with water.ta give 7.12 q (33.6 mmol, 87% 5
L e A S I
taBlisxtionp rited herainise bimsbritioeperitrdd hevisimrard fcheitlustiativéor all
RuEReses only and that various modifications 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 claims. All publications, patents, and patent 10 applications
cited herein are hereby incorporated by reference in their entirety for all
purposes. 49 CLAIMS 1. A method for enantioselectively producing a
a-(phenoxy)phenylaeetate compound of the formula: 0 R1 OR x said
method comprising:
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(a) resolving an enantiomeric mixture of a a-(phenoxy)phenylacetic acid of
the formula: 0 R"\ O\ OH x using an enantiomerically enriched chiral
amine compound; to produce an enantiomerically enriched
a-(phenoxy)phenylacetic acid, wherein the total amount of
enantiomerically enriched chiral amine compound used is less than 0.5
molar equivalents with respect to the a-(phenoxy)phenylacetic acid
compound; (b) producing an enantiomerically@ﬁrl@ngpsactivated
a-(phenoxy)phenyl- acetic acid derivative by contacting the
enantiomerically enriched a-(phenoxy)phenylacetic acid with a carboxylic
acid lactivatihgrehgeéhier shanfe)sderticthgpitsenantdomearicalyx sinichgticetate
compoundq)qi%@tmi{ghenoxy)phenyl- acetic acid derivative with a compound of
the formula (R'-O)wM to produce the a- (phenoxy)phenyl-acetate
compound, wherein R' is alkyl or haloalkyl; X isGhaIide; R7 is heteroalkyl;
M is hydrogen or a metal; and 50 the subsgript is the oxidation state of
M. 2. The method of Claim 1, whergin a- y)phenylacetate
compound is (-)-halofenate. 3. Thet od_ef Claim 1, wherein said step
{phenoxy)phenylacetic
acid comprises: (a) producing a crystallizatio®rSolution mixture comprising
said method S6tichretagptiomerically enriched acid-base salt of a first enantiomer by
contacting the enantiomeric _mixture of the a-(phenoxy)phenylacetic acid
comidund VR MRS ERAARBHRINERR BRG] atitraphanme idemdasric acid of
the formulinder conditions sufficient to produce the ratio of the amount of first
enantiomer to the amount of the secongl enantiomer.in the salt is at least
about 3:1, wherein the totakamoupt offenantiomerically enriched chiral

amine compound used is le ﬁt n 075 mtar
&

S
X

using an enantiomerically enriched chiral amine compound;

to produce an epantiomerically enriched a-(phenoxy)phenylacetic acid, wherein
the total amount of enantiomerically enriched chiral amine compouﬁd used is less than 0.5 molar
_equivalents with respect to the oc—(phenoxy)phenylacetic acid compound;

(&) producing an enantiomerically enriched activated «-(phenoxy)phenyl-
acetic acid derivative by contacting the enantiomerically enriched a-(phenoxy)phenylacetic acid
with a carboxylic acid activating reagent; and

{(c) contacting the enantiomerically enriched activated o-(phenoxy)phenyl-
acetic acid derivative with a compound of the formula (R’—0) M to produce the a-
{phenoxy)phenyl-acetate compound,
wherein

R' is alkyl or haloalkyl;

X is halide;

R’ is heteroalkyl;

M 1s hydrogen or a metal; and
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equivalents with respect to the a-(phenoxy)phenylacetic acid compound
and (b) separating the solid acid-base salt of the first enantiomer from the
solution mixture at a temperature where the concentration of an
acid-base salt of the second enantiomer of the a-(phenoxy)phenylaeetic
acid compound is near or below its saturation point. 4. The method of
Claimhg, avhenein said tbteprid)odfproducifyythe crystallization solution

mixture compyrising the, salid enantiomerically enriched acid-base salt of

e s oo e . T e S SR S 1€ compound
is (-)-halof@mperature above the nucleation temperature of a first enantiomer; and

(i) s%)sequ tly lowerjng. the.solution mixture temperature, to a . .

temperature] BY BIOATA Lo Ticle AL HBh B AIER AP G HRE he enantiomeric
mixture o LHRNGQFIRTS@pRBANHOsIercally. enfieRed a- (phenoxy)phenylacetic

acid. 5, The method of Claim 3, wherein said step (b) of separating the

solid @id- DRSS UCRS P HY TRz oTisPHEE BYRBHE YR RS A ure

enantiomdiRAl 9 AbleYe Pasaiadiot temp Gratuieupiiamacid-base aalb ohthe secomndric
enantiomer. 6. The method of Claim 1, further comprising recovering the

- mixture op R (piSBORSIRPBUHE Bl eRd SRR RABEh VA e rd s tnpsTsa ommRRed
chiral amiseRABIRAS9lGAGIdhasesalteftbr tinst soantiomerad 41 dhemethods frst

of Claim 6, wherein the enantiomerically enriched chiral amine compound

enantiomerdg dha HRoiG IS saBd s damer Shibsstals hiidsathriued tid. wheremn the.
total amoREOYEHAHSHIEN AMINg SORRRRUNG Sntihe dhelhoshafsdaing Lsfurhen 5 molar

) comprising racemizing at least a portion of the second enantiomer in the
equivaleneiniet el itidhe ki By dBheactirer tisesisbeprarsiadtiomer with a

base, 94 The method of Claim 8, wherein the enantiomeric mixture of the

a- (phenoxy)phenylacetic acid compound used in said step (a) comprises

a racéthizedepaisHeadhy iohidraaitdaccauill ebthpdupdnEoiThe i@ folution
mixture a%%ﬁ&rﬂﬁ%%é?@tﬁ@ Eéﬁ@éﬁifh%iSB'BPQH ﬁﬁ@@s@&lf@%@é%g SRRiomer

of the a-(phenoxy)phenylacetic acid compound is near or below its saturation point.

4. The method of Claim 3, wherein said step (2) of producing the
crystallization solution mixture comprising the solid enantiomerically enriched acid-base salt of
the first enantiomer comprises:

(1) heating the solution mixture to a temperature above the nucleation
temperature of a first enantiomer; and

(ii}) subsequently lowering the solution mixture temperature to a temperature
at or below the nucleation temperature of the first enantiomer to an enantiomerically enriched -
(rﬁhen_ xy)phenylacetic acid.

5. The method of Claim 3, wherein said step (b} of separating the solid acid-
base salt of the first enantiomer is conducted at a temperature near or above a saturation
temperature of an acid-base salt of the second enantiomer.

0. The method of Claim 1, further comprising recovering the chiral amine
compound by removing the chiral amine compound from the separated solid acid-base salt of the

first enantiomer.
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NRSR6 wherein each of R2 and R3 is independently hydrogen or alkyl; or
R2 and R3 together with atoms to which they are attached to form a
heterocyclic ring moiety; R' is hydrogen or alkyl; each of R5 and R6 is
independently hydrogen or alkyl, or one of R5 or R6 is an amine
protecting group; and Ar is aryl. 11. The method of Claim 1, wherein the

a-(phenoxyjghenvlasgtic @Q&@%&H@Hﬁﬂ@@&&%&%%y enriched chiral

) 4-chIoro-a—(s-trifluorqmethyiphenoxy)pheng;petic acid, said method

amine congeRRplisieg: RPIMGHIBHEE FRhafe atd e senstisTmiBreredsisiiEmEpepyered

chiral amifd i ically enriched acid-bas_e sa_lt of (-)-4-ch|c_)ro-a-(3- _ _
tifluoromethylphenoxy)phenylacetic acid by contacting the enantiomeric
mixture of 4-%?1loro-a- (3-trifluoromethylphenoxy)phenylacetic aciol with

less than 0. 54 BI&HEGUR 41EHPbT A BBE RARRE TBifHRR &y teast a portion of
the second fagionZeAMite- kéfaniteaphgoybnlad-niep dnedigldstiapatit 4cgam snabtdmer
) alcoholic solvent per gram of (-)-4-chloro-
with a basg. 3 trifluoromethylphenoxy)phenylacetic acid; (b) separating the
enantiomerically enriched acid-base salt from the solution mixture which
is engiched Withr{re)-Ebibfhaia: (S-trvilcieionbetbylphemosyyphenylacdtibe o-
acid; and (c) removing (1R,2R)-2-amino-1-(4-nitrophenyl)-1,3-pro danediol
(phenoxy )RR YRECHE CEILETIERS ot Be BN REREIF ST GBS T4 SHoro-

(phenoxy)gr@@qﬁlggp{@mgmﬁn@magxy)phenylacetic acid. 12. The method of Claim
11, wherein the alcoholic solvent is isopropanol. 13. The method of Claim

12, wherein.about 0.4 r equivalent or.less of . .
7 0 R Ao B SR Ao o s FSRQURgdS of the
formula: acid-base salt. 14. The method of Claim 13, wherein said step (a) of
producing a solution mixture comprisingsan enantiomerically enriched
acid-base salt of (-)-4-chloro- a-(3- triflloromethyl-phenoxy)phenylacetic
acid comprises heating the sglutionpaiixtuge to a temperature at or above
a nucleation temperature of the (-)- 'qibase salt. 15. The method of
_ Claim 14, wherein said step (b) of separating the enantiomerically
wherein  enriched acid-base salt is performed at a temperature near or above a

satugglignf R? and R’ is independently hydrogen or alkyl; or R? and R’ together with
atoms to which they are attached fo 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.

11.  The method of Claim 1, wherein the a-(phenoxy)phenylacetic acid is an
enantiomeric mixture of 4-chloro-a-(3-trifluoromethylphenoxy)phenylacetic acid, said method
comprising:

(a) producing a crystallization solution mixture comprising an
enantiomerically enriched acid-base salt of (-)-4-chloro-a-(3-
trifluoromethylphenoxy)phenylacetic acid by contacting the enantiomeric mixture of 4-chloro-a-

(3-trifluoromethylphenoxy)phenylacetic acid with less than 0.5 molar equivalent of an
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temperature of an acid-base salt of the (+)-enantiomer. 16. The method of
Claim 12, wherein the enantiomerically enriched (1R,2R)-
2-amino-I-(4-nitrophenyl)-1,3-propanediol comprises at least a portion of
(1R,2R)-2-amino-I- (4-nitrophenyl)- 1,3-propanediol that is removed from
the acid-base salt of said step (c). 17. The method of Claim 12, further
. comprising racemizi t least rtion of (+)-4-chloro- oy
enantiome R e Be b rareeenedig iy 4 erms
of an alcohdBc Tle mepkrodrafGlam -1+ hMidwerein therghantomagip rxtrg pienylacetic acid;
AFCQL{ ro- a-(3-trifluorgmethyl henoxl% henylacetic acjd comprises at least .
= poflon of G HBRIHE BN ASTA SR DO AGIY B APIALRHR Bisgonation
mixture whHidBtilSaeaB@Zaethy3)-4-chloro- «-(3-trifluoromethylphenoxy)phenylacetic acid;
and
(c) removing (1R,2R}-2-amino-1-{(4-nitrophenyl}-1,3-propanediol from the
acid-base salt to produce enantiomerically enriched (-)-4-chloro- ¢-(3-trifluoromethyl-
phenoxy)phenylacetic acid. '
12. The method of Claim 11, wherein the alcoholic solvent is isopropanoi.

13, The method of Claim 12, wherein about 0.47 molar equivalent or less of

 (1R,2R)-2-amino-1-(4-nitrophenyl)-1,3-propanediol is used to form the acid-base salt.

14. The method of Claim 13, wherein said step (a) of producing a solution
mixture comprising an enantiomerically enriched acid-base salf of (-)}-4-chloro- «-(3-
trifluoromethyl-phenoxy)phenylacetic acid comprises heating the solution mixture to a

‘temperature at or above a nucieation temperature of the {-)-acid-base salt.

15. The method of Claim 14, wherein said step (b) of separating the
enantiomerically enriched acid-base salt is performed at a temperature near or above a saturation

temperature of an acid-base salt of the (-+)-enantiomer.

_ 16.  The method of Claim 12, wherein the enantiomerically enriched (1R,2R)-
2-amino-1-(4-nitrophenyl)-1,3-propanediol comprises at least a portion of (I1R,2R)-2-amino-1-

(4-nitrophenyl)-1,3-propanediol that is removed from the acid-base salt of said step (c).

17.  The method of Claim 12, further comprising racemizing at least a portion

of (f)méléchloro— a-(3-trifluoromethylphenoxy)phenylacetic acid obtained in said step (b}).

18. The method of Claim 17, wherein the enantiomeric mixture of 4-chloro-
a~(3-trifluoromethylphenoxy)phenylacetic acid comprises at least a portion of (+)-4-chloro- a-

(3—triﬂuorbmethylphenoxy)phenyiacetio acid that is racemized.
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