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[0002] The present invention relates to a stereoselective process for the preparation of (-)-

halofenate (4-Chloro-a-(3-trifluoromethylphenoxy)phenylacetic acid) and intermediates
thereof.

BACKGROUND OF THE INVENTION
[0003] Esters and amides derivatives of (-)-4-Chloro-o-(3-
trifluoromethylphenoxy)phenylacetic acid (halofenic acid) are chiral compounds and are
useful in ameliorating a variety of physiological conditions, including conditions associated
with blood lipid deposition, Type II diabetes and hyperlipidema (see, e.g., U.S. Patent
Application No. 10/656,567 and U.S. Patent No. 6,262,118 which are incorporated herein by
reference in their entirety). Halofenic acid contains a single chiral center at an
asymmetrically substituted carbon atom alpha to the carbonyl carbon atom, and therefore
exist in two enantiomeric forms. It has been found that the (-)-enantiomer of halofenic acid is
about twenty-fold less active in its ability to inhibit cytochrome P450 2C9 compared to the
(+H)-enantiomer. Id. Administration of a racemic halofenic acid or its derivatives can lead to
a variety of drug interaction problems with other drugs, including anticoagulants, anti-
inflammatory agents and other drugs, that are metabolized by this enzyme. Id. It is desirable
to administer the (-)-enantiomer of halofenic acid or its derivatives which is substantially free

of the (+)-enantiomer to reduce the possibility of drug interactions. Thus, enantiomerially



asymmetrically substituted carbon atom al pha to the
carbonyl carbon atom and therefore exist in two
W(em(mnmisszmeri c forms. It has been found that theCT/US2006/036928
(-)-enantioner of halofenic acid is about twenty-fold
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adm ni st er -)-enantiomer of eni c ac

to be predyded atith/igh ﬁmn@hmesc putitaadtin highyyiéldeby bfiowh eynthetlc methods
(+)-enantionmer to reduce the possibility of drug
i nteractions. Thus, enantioneriallyenriched forns of
a- (phenoxy) phenyl acetic acids or its derivatives are
val uabl e chem cal internedi ates for the preparation of
phar maceuti cal conpounds. [0004] As shown bel ow,
vari ous synthetic routes for making
a- (phenoxy) phenyl acetic acid derivatives have been
reported in literature. Unfortunately, these nolecul es
are often difficult to be produced with high
enantioneric purity and in high yields by known
synt heti c net hods. Schene 1. Synthesis of
a- (phenoxy) phenyl acetic acids. [0005] As illustrated
in. Schene 1, Devine et al. were able to nake a-
(phenoxy) phenyl aceti c aci ds stereosel ectively using a
pyrrolidine derived |actam de as a chiral auxiliary
(see, U.S. Patent Nos. 5,708,186 and 5, 856,519, the
teachi ngs of which are incorporated herein by
reference). However this nethod al so has severa
drawbacks including a) nultiple isolation steps and b)
| ow i sol ated yields. Therefore, there is a need for a
nore efficient process for producing
a- (phenoxy) phenyl acetic acid stereosel ectively as wel |
as derivatives thereof, e.g., (-)-halofenate. Quite
surprisingly, the present invention fulfills



this and ot her needs. SUMVARY OF THE | NVENTI ON [ 0006]

The present invention provides nethods that can be
wais@d/oss243 el i ably convert substituted phenyl aceCT/US2006/036928

acids to corresponding a-(substituted)phenylacetic

[ ri.vative el ds nd in high
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[0005] As illustrated in Scheme 1, Devine et al. were able to make o-
(phenoxy)phenylacetic acids stereoselectively using a pyrrolidine derived lactamide as a
chiral auxiliary (see, U.S. Patent Nos. 5,708,186 and 5,856,519, the teachings of which are
incorporated herein by reference). However this method also has several drawbacks
including a) multiple isolation steps and b) low isolated yields. Therefore, there is a need for
amore efficient process for producing o-(phenoxy)phenylacetic acid stereoselectively as well
as derivatives thereof, e.g., (-)-halofenate. Quite surprisingly, the present invention fulfills

this and other needs.



the nethod conprising: (a) contacting a conpound of
formula (I'1): (H with a carboxylic acid activating

w0 e@gmss243el ected fromthe group consisting of PET/US2006/036928
thi onyl halide, an anhydride and a thioester

brom nat 1 ng. ¢ RESEVARE B A HE BSVENIER Dy o e i a
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(b) with achiral alcohol selected fromthe group
substltutc«bplwsflacn@c adids ﬁorcoaresmm}imglob(mbstdhtcé)lﬂmn;{d@m]acidrdenvatwes

..., anothe odi nent, .t resent invention provides
mhlgh}aag ﬂfﬁg‘fﬁ’ﬂn&?&’}l B%tg'l c acid conpounds of the
formula (1V): whereln Rl is a menber selected fromthe
[0007] gd\ﬁawhcmmmhmglrmnt,tthepmm\feptlomprosrfldlesmmhﬂﬂom asoducing
a compoul %f iaa(l)ﬁa) or (b) and 2 when Rl has the fornul a
P Fc‘je i ndicates a carbon which is enriched in
one stere0|soner|c confi gur,
l'i nei ndi cates the poi htg0f
O her features, objects ahd vant ages of the
invention and its pretfer nbodi ments wi Il becone
apparent fromthe det itﬁ@ description which foll ows.
DETAI LED DESCRI PTI ON

ion; and the wavy
tachnment of R1. [0009]

)
wherein

R’ is a member selected from the group consisting of:

Q
ey gy f L w52

CH3 CHs

CH3 CH3
(a) (b) | O (@,

2

each R? is a member independently selected from the group consisting of (C;-
Cy)alkyl, halo, (C1-Cy)haloalkyl, amino, (C;-Cy)aminoalkyl, amido, (C;-C4)amidoalkyl, (C;-
Cy)sulfonylalkyl, (C;-Cy)sulfamylalkyl, (C1-Cy)alkoxy, (Ci-Ca)heteroalkyl, carboxy and
nitro;

the subscript n is 1 when R' has the formula (a) or (b) and 2 when R! has the
formula (c) or (d);

the subscript m is an integer of froin 0 to 3;

* indicates a carbon which is enriched in one stereoisomeric configuration;
and

the wavy line indicates the point of attachment of R';

the method comprising:

€)) contacting a compound of formula (II):



L Definitions [0010] "Alkyl" refers to straight or
branched al i phatic hydrocarbons chain groups of one to
WO enw7o32on at ons, preferably one to six car boOPCHUSI086/036928

and nore preferably one to four carbon atons.
Exenpl ary al kyl groups inclyde, but are not limted
to, nmethyl, ethyl, n-propyl|, 2-propyl, rt-butyl,
pentyl, and the like. [00X1]>gfryl " refers to a
nonoval ent nonocyclic or |bicyclic aromatic hydrocarbon
noi ety of 6 to 10 carbog rijng atons. Unl ess stated or
i ndi cat ed ot herw se, aniér | group can be substituted
with one or nore substjtuents, preferably one, two, or
three substituents, ahe nore preferably one or two
substituents selected from al kyl, haloal kyl, nitro,
and hal o! More specifical( the termaryl includes,
but is not limted to, phenyl, 1-naphthyl, and

with a catb&raRidtabidl actiddithgtrbgeeht ksct@BRbmake poup Bonsistipgtaf anlibhyl

) substituted wth one or nore substituentgs) I scussed

halide, aggphydride@od 2]thivesier agneraing reagerntain aceomirafivleseheps (o a
carbon atom having four different substituents.

(b) Haoeweiting theeprodidt whistep ¢a)ividr bromind inchéanglaitible sobvent;
non- superinposability of mrror inmages. [0013] The

© t &t Byin& i bro of fe ab)ankifa it alARE] séfREd from the group
i nt erchangeably herein’and refer to

consistingdofchl or ophenyl ) (3-tri fl uor onet hyl phenoxy) aceti c
aci d.[0014] "Enantionmeric m xture" means a chiral
conmpound having a m xture of enantioners, incIudingi@
racem c m xture. Preferably, enantioneric m xture N

oefers to a chiGal conpound hayi ng—a sujpstanti al |y o]
Ho\%Jé ual anDunHeﬁfﬂ\ h enanti op pr ef er abl y)—

e%ﬁ}iomﬂic i xtUrelreferdQqd ar Nﬂ?ﬁ*@ﬁ@@k@ er eH
CHgath’ enant i onet s s~pPesent i nCila equal @hgunt . {t]

in a compatible solvent.

[0008] In another embodiment, the present invention provides a-(substituted)phenylacetic

acid compounds of the formula (IV):

CF,

51

O

Cl 1 n
(Iv)
wherein

R!is a member selected from the group consisting of:



[0015] "Enantionerically enriched" refers to a

conposition where one enantioner is present in a
whe@hmess2asrount than prior to being subjected tPCHUS2006/036928

separation process. [0016] "Enantioneric excess" or

"Oee" refers to the amount of difference between the

first enantionmer and the second enanti oner. O
Enantioneri c excess is defined t he equatl on: %e = —N
Yo of the first antioner) - 0 of na te)
N QP oner ) 9 ’N conpo & on co rlse 989;%
Ci_[éh{?rst enant I‘-? d 2% the s&cond «End ntfi"’tSi 0\3,,
he™€nanti omeri c %xc §s of t fGest enant€lerer is N
(88% 2% or 96% [O@}7] The terns "haldde" and "hal o" (d)
are used interchangeably herein and refer to hal ogen,
whi ch includes F, d, Br and |, as well as

pseudbhattisgagt n s crheask - 1N thmformaianz) ¢:0b1 8d 2 when R has the

) kyl" refers to alkyl group as defined herein in
ﬁynnﬂa&ﬁﬂgﬂ&%ne or nore hydrogen atons have been repl aced

Wi th halde@eR s cafbds ity epetiudl i@k Wefeoiduthic@Bnfiguration;
trifluoromethyl. [0019] "Hal ofenate” refers to

and 2. acet ami doet hyl

? chl Qe QRS ML idafatds thd HORCSERAMLRORRPRY) acetate
[0009] 40&@ tﬁa’adm‘es ©Bjetts and hdeemeapets biythk pireendsy hidig preacst | C

cmbodirpgts il esoRes ARPYOBL Bohs et Gy obtisondys dllovts

acid), 2- (acetylam no)ethyl ester). [0020]
"Het eroal kyl " neans a branched or unbranched acyclic
saturated al kyl npiety containing one or nore

het er oat ons or GMETATLEY BESECIRIPIIONMT cont ai ni ng
substituents, where the heteroatomis O N, or S.

I——IS’@ﬁéﬂ?lﬁry het er oat om cont ai ni ng substituents include
[0010] ‘Q%lkggg)%ferng(sP%@ﬁor brm ’ahpl']\gtﬁa})yggocgﬂggs chdih gx@uyg‘)@f@ne to

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

[0011] “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 substitiients, and more
preferably one or two substituents selected from alkyl, haloalkyl, nitro, and halo. More
specifically the term aryl includes, but is not limited to, phenyl, 1-naphthyl, and 2-naphthyl,
and the like, each of which is optionally substituted with one or more substituent(s) discussed

above.

[0012] “Chiral” or “chiral center” refers to a carbon atom having four different substituents.

However, the ultimate criterion of chirality is non-superimposability of mirror images.

[0013] The terms “CPTA” and “halofenic acid” are used interchangeably herein and refer
to (4-chlorophenyl)(3-trifluoromethylphenoxy)acetic acid.



integer fromO to 2 ). Each of Ra and Rb is

i ndependently hydrogen, al kyl, haloal kyl, aryl, or
w@e@kyd243 Repr esent ati ve exanpl es of het er oal kpeT/US2006/036928

i nclude, for exanple, N-acetyl 2-am noethyl (i.e., -CH

(00141 CSEagplipthan e eHeAREP EhiEH, hEpaTad B g mn&gr'et‘p&%ﬁanﬁomers
including ﬁqa&ﬂfshﬁkﬁre SeRRrabsy, %nﬁﬂ%n@m[&&aﬁ% refERtd & Bhirdl Wolrpbund

refers to the anmount ‘of a particular enantioner
having apubsfentialiyrequilemsamtsodiceétoenantiomersx deregrefefably, enantiomeric

sition.co s 98% of the fi.rst enantione
lmmeﬁp b iR B Sk Rhageifindsif BlestI T SQTRL p Ak
irst enantionmer is _98% [0023] Unl ess ot herw se
[0015] s %aéaom%@ lyenrrhagdh sefprsto pepmmpesitign ghepneshantigmer is

s S AT B B hA T QP lop g e o

Simlarly, .the term"phenox fers to a
[0016] n%%vg}ma PLIE FEPCFO I oge. T mea}()é%wﬁf i efegcppgen the first
enant1orQ§fahH@ﬁje gl &mﬁ?xﬂér Erﬁﬁu&ﬁ&% excess is defined by the equation: %ee

a- (phenoxy) phenyl acetic acid” refers to acéetic acid
= (% of thedirsti enagtidysen) t (Yoeed thersetral ezmapbsmtsn)o hws, tifa eomposition

ubstituted.ph nal |y, . .
compris G ep 0F hegiS ey g or o Eoigad Fhespifesiipp sgpmtiomeric
excess o ERURSt drRhsBeri0 989Dk @k Yoyhat when attached to a

reactive group in a nolecul e nmasks, reduces or

o071 YRGS gl AT oo L S S PRREH o s,

which irehulee B Cly BrGmolpss well ﬁimndcﬂlaﬁyleﬁ, ke &,—-CN dncbeEBGNon
John Wley & Sons, New York, 1999, and Harrison and

2 | ;
[0018] H@ﬂeﬁbﬁﬁ’ﬂ %%fefs'é to alkgf’ gﬁﬁg %k \E}vgﬁrgd %ﬁﬁ Es}gf]vg&h%lg %f‘ bfore })1ydr0 gen

atoms haml b@hn mpéaqed cwihgeicgeny lmpémcbnmp@‘;aahoelﬂwlsemb ap mﬂmomethyl
entirety. Representative hydroxy protecting groups

[0019] “Halofenate” refers to 2-acetamidoethyl 4-chlorophenyl-(3-trifluoromethyl-

phenoxy)acetate (i.e., 4-chloro-a-(3-(trifluoromethyl)phenoxy)benzeneacetic acid, 2-
(acetylamino)ethyl ester or (4-chlorophenyl)(3-trifluoromethylphenoxy)acetic acid), 2-
(acetylamino)ethyl ester).

[0020] “Heteroalkyl” means a branched or unbranched acyclic saturated alkyl moiety
containing one or more heteroatoms or one or more heteroatom-containing substituents,
where the heteroatom is O, N, or S. Exemplary heteroatom-containing substituents include
=0, -OR?, -C(=0)R? -NR’R®, -N(R*)C(=0)R?, -C(=0)NR’R" and.-S(0),R? (where n is an
integer from 0 to 2 ). Each of R* and R is independently hydrogen, alkyl, haloalkyl, aryl, or
aralkyl. Representative examples of heteroalkyl include, for example, N-acetyl 2-aminoethyl
(i.e., -CH,CH,NHC(=0)CHj).

[0021] The term “metal” includes Group I, II, and transition metals as well as main group

metals, such as B and Si.



i ncl ude acyl groups, benzyl and trityl ethers,
tetrahydropyranyl ethers, trialkylsilyl ethers and

wa@bdoylodeshers. Representative am no protecti ngPQr/Use6/036928
i nclude, fornyl, acetyl, trifluoroacetyl, benzyl,

[0022] tb ‘re(?}%}gc{aﬁét}/nccgf %%QI% l(torﬁ)%garzr)%mI §td pa%}nﬁ%ﬁy Sanpony prt(:sBe%‘r: d the

composttioh "BbheKagiple) if £tapRanf @RrisésSESS) of tHel fir¥l endfilomer and 2%
substituted trityl groups aIIonxygarbqngI, 9-

of the secprebenaniipmet id etigekpustin gt the fvgienantiomer is 98%.
nitro-veratryl oxycarbonyl (NVOC), and the |ike. [0025]

[0023] TUelebestherivisd sitedyirditeraf“ehernyligrefers s drosptivinaidy sulfstituted phenyl

reaction product refers to kinetic and/o " 1w
group. $1Ht@ﬂﬁ&8%ﬂrﬁugstrfa?@% are[spyHe 61 thege G%Séagwg\néfiﬁ defir{Eon ef Ayl
Similarly {he ?é%n”ghendﬁ@ R Rfth Qgﬁoi&:}r of iR EE O &P Sferifl Ar® is phenyl
g Ing of mxrng two or nofe reagents under

as defineplpreipr iTatig thotedht ‘comheiaxyjphedyiaecticraeid” refecsatb edetinatidthat is

. the desired product. It oul d, be appreciated that the
substitoied gpARoAro A B TR GEBEE TS iR A PO Aty Broaraly substtuted

henox¥§Sieligd product may not necessarily result directly
P *@%nwt e conbi nation of two reagents which were

initjall dded,. i .e., t b g .
o024] ; hepleBing B8 “{afors i s il B ST P PRE <8 KPRV SRR @
moleculd skt &Iu¥ed @afisvehnt thivged @iV IR! EQBmpPles bhprotdtehg atfls can be

and/or the desired product. [0027] As used herein, the

found in BWrGreensomnd RiSHVIn Bt Bogieciivgr(erouph Bs@rageiaq Syadhasisr 2 pdition,

' variahl.e i b .
s IR L3601 08 Q050 L) PSS RACRE G5 ol 05
SynthetipBE@itie Mbrhod| ColRr bReTatmoWilay ambSonspt @710t 9%, which are
i definitions, if any, [0028] Mny organi c conpounds .
incorporgigddiersi by peiproReq it %f PRl o presFatve hmgym@q% groups
i 1ok dups tRnEA AN % il 1 4ily9 B d
it PG 1 B0 AR A AL 08B
allyl ethprse fReperseratarecinBna peotegiag grouenduds, forenydlrsetylttefluoroacetyl,
benzyl, Bgnnzgfio l}'lfcr:aarf)(l)n%fﬁ] (8&2},951—%10?&8&&%0%’? (()]%c)l ttnsme gllrsﬁlyl (TMN), 2-
trimethylsilyl-ethanesulfonyl (SES), trityl and substituted trityl groups, allyloxycarbonyl, 9-

fluorenylmethyloxycarbonyl (FMOC), nitro-veratryloxycarbonyl (NVOC), and the like.

[0025] The term “rate” when referring to a formation of a reaction product refers to kinetic

and/or thermodynamic rates.

[0026] As used herein, the term “treating”, “contacting” or “reacting” refers to adding or
mixing two or more reagents under appropriate conditions to produce the indicated and/or the
desired product. It should be appreciated that the reaction which produces the indicated
and/or the desired product may not necessarily result directly from the combination of two
reagents which were initially added, i.e., there may be one or more intermediates which are
produced in the mixture which ultimately leads to the formation of the indicated and/or the

desired product.

[0027] As used herein, the terms “those defined above” and “those defined herein” when
referring to a variable incorporates by reference the broad definition of the variable as well as

preferred, more preferred and most preferred definitions, if any.



center(s). The prefixes "d" and "1" or (+) and (-) are
enpl oyed to designate the sign of rotation of

w@b@nmsgas ari zed i ght by the corrpound, Wi th (PQT/U62004/936928
nmeani ng that the conmpound is "l evorot atory and with

0021 g il BpBARETS Ul 8 GORSARS, .2, e vt

to rotate mlmepiamemﬂpiametmﬂaﬁzree light 0h dé@nsingraﬁ%h@m;sédwe @&ﬁpéﬁ}{d the
rotation of an enantioner. For a given chem ca

Preﬁxeggr%léﬁﬁr@ usqdaglenels thsorhselite eomfigaration pétheahelere ebOUt its chiral
center(8) Ehe PRLHAeE 8 SHCaPr | . %dt ate %ﬁlﬁEone& goées &btge sign of

one anot her. A speci eol' so
rotation eff Idaneepblamzedélghhbj} ﬂleauompouﬁxi, ,w1t}i9(nﬂ01€(lp‘f’rr9éhﬂihg tlQiCt t}&k&ﬁhpound
ed an "enantioneric" or "racemc'

is “lovag @i el (b (8 infiafingite s compouad i HemoRRIIOR. There

is no cd&eé%{og}%g%ﬂ?? gﬁ%ﬁﬁ?ﬁl ol éé_&cd}eéﬁ%r}ﬁ%@gf? the rotation

of an enaptiowpr. Ties argiyenschemidsd semtting) thesd comeponhids, teslled “stereoisomers,”

e el SN IRIPEe e BT B " Aot hbiomer

also be tdffmtred foeastaﬁl‘l"ﬁﬁ@itibhiéHS aA@ B @k firdo SHER (B Rek-Sis |0¥’ceﬂ LR L
,rtlon of .the (-)-|sorrer inrelation to

enanﬁ%’ ¢ SYnEAcemiqy ixgET See.ck cHbRItiewel A. t?hHeathccmk C.H,
INTROJﬁ}@PW’frbad)kéANL%ecﬁEMI%%Rﬁfé;zs‘fécgﬁe° '@mﬁgef Mﬁgﬁﬂ%

that the conposition’is at
Publishing)Co.sGiseh. H18d).10% by wei ght or |ess of the
(+)-|somer In a nore preferred enbodi nent, the term

[0029] " TBE SR tbdstavitifll P BeObf itd gr)-(si"e)reo%q%é;rg"t %8%%}%1&1%%% Rfits (+)-

that the conposition contains at

enantioger,¥ s used intesehnngeabiyl hal%rtmd\me:ayl‘thatdhe b(ﬁﬁposo:tfonts hentam a
referre ent the term

substangli{'l gré ?ﬁé +1E51101t;1 F)ggle ]IS Igel‘(l_p)relag?lélloe Qmelhelgﬁspreferred
embodmi&ﬁit tHehmTCﬁHﬁbashﬁdl@l’fré‘dHﬁ@' (*y stﬁfe@ﬁbﬁ%r’*rﬁ@eﬁls Qﬁa{"ﬂpé’compomuon

is at least 909A> {)y welght of t&xe (-)-isomer and 10% by weight or less of the (+)-isomer. In a
more preferred embodiment, the term “substantially free of its (+)-stereoisomer” means that
the composition contains at least 99% by weight of the (-)-isomer and 1% by weight or less
of the (+)-isomer. In the most preferred embodiment, the term “substantially free of its (H-
stereoisomer” means that the composition contains greater than 99% by weight of the (-)-

isomer. These percentages are based upon the total amount of isomers in the composition.

I1L. Introduction

[0030] 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 resolution of racemates is often used in industrial processes for preparation of optically
active, i.e., chiral, compounds; chiral synthesis has made an extensive progress in recent

years.



i somer. These percentages are based upon the total
anount of isoners in the conposition. |Il. Introduction
w(Q 0@3038248 t hough enantioners of a chiral conmpoRPeURENE036928
exact sanme chem cal bonds, the spatial orientation of
atons in enantioners is different. Thys, on i
[0031] (B predRb sGRiep TR dgF 2 ethpdoior synthssiainga elbiloughenylacetic
o S <iani fi | Cda. of f (
acid chifif 3 deknl . TheXhARH SAERRLLY o GRS MR fieSEd ek G
alkylatid¥ dfSNtrifiRebrhéthyIPRsHR td SbrePscdSBiTEISDrodice @J—@m@ﬁ@iyb}imén?faceﬁc
) optically active, i.e., chiral, conpounds; chiral
acid deriypHvese sihgs Hepsnpetiads pradesed einigvecthedspridasspriesent Eyeniion are

.year.s..[0031] The, present. i nvention prowvid a method.
wseful i BB g R PR e Sy PABERE: G o died in U,
Patent APpliatichaNs. M@1d56S67 BRE 1eh PAént O&S. 612601118 M€high yields. In

a- (hal o) phenyl acetic acid directs the al kylation of

particuls, eqrppqunds arrembiipghelibe preseritinyansion laecuselbd i piodueing &)-

Q-(phenoxy)phenylacetic acid derivatives. Thus,
halofenafe. :

conpounds produced usi ng nethods of the present

i nvention are useful in producing

a- (phenoxy) phenyl acetic acid derivatives such as those

di sclosed in U S. Patent Application No. 10/ 656, 567
IIL. SHetosdl StivPSyathesiNo. 6, 262,1 18 in high yields. In

particyl ar, conpounds and et hods of the pr t .
100321 P85 gl 5ot Beee aierscielgr BRRPGST- Do FEfab enate require
multipld dtdps atll @EBRIE b 86fbYtiSY I 18855i8ld[0? X3 inAFfifiehteshtiRBIPIRity to be

previ ous stereosel ective processes to produce’ -
commergiajly jyigbls. dbewever.ayesenkinfentoisglage squad shai madercstipin dopdigions
. osition in.l.owyield or is of .insufficient.optical
disclose BEHeR o tphgmos ety iordic 3 pappind At cTenp PR pute can
be prodided eNhighS/idld¥ed higHRGtitd PuridPRan f&R idoditidn GRPEI Th&Bhigh yields
are unusual since bromination of similar compounds with bromine do not result in high yields
(see Harpp et al. J. Org. Chem. 40(23): 3420 (1975). Thus, in one aspect, methods of the

present invention are based on the surprising and unexpected discovery by the present

inventors that substitutedphenylacetic acids can be activated, brominated with bromine and

esterified to result in a chiral a-halophenyl acetic ester intermediate in high yield.

[0033] This intermediate can then be used to stereoselectively produce o~
(phenoxy)phenylacetic acid derivatives. In particular, methods of the present invention
provide a desired enantiomer of a a-(phenoxy)phenylacetic acid derivative in yields of at
least about 40%, preferably at least about 50%, more preferably at least about 60%, and most
\preferably at least about 70%. In particular, methods of the present invention provide a
desired enantiomer of the a~(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 98%.

[0034] One method of stereoselectively producing a a-(phenoxy)phenylacetic acid

derivatives, such as xiv, is shown generally in Scheme 2 below.

10



di scl osed herein, a-(phenoxy)phenyl acetic acid
conpound of a sufficient optical purity can be
w@e@doseds i n high yield and high optical puritRCWUS1906/036928
few isolation steps. These high yields are unusual
since brom nation of simlar conmpounds with brom ne do

Scheme g, {Gengd Rouien high yiel ds (see Harpp et al. J. Og.

Chem 40(23): 3420 (1975). Thus, in one @8pect,

met hods of the present inventigp are ba on the

sur and) gogxpecdiesd di scoveryt byt hepsesent
R n.véWhat subst i ted e yI cetic dgi can be
act | ed, br Jat ed wi't | om@e and esterified 10

result in ac {% L, a-hal ophenyl acetic Beseer
inter¥edi ate | i'gh yiel d.Xi[ 0033] Thigaddabefon@di at e
can then be used to stereosel ectively produce a-
(phenox&}phenylacetlc acid derlvatlves In parti cul ar,

met h of the present invention pro¥O®¥ a desired
enan@ié&g; of a a: Qng oxy)phen{;ifﬁrr acid
deri | in yi ut [40% preferably
at le st bogt 50% nore preferabty t about
QQ%@LBH st preferably at |east ab % In

pdt t ar © net hods of the present invention provide a
desired &antiomer of the a-(phendX) phenyl acetic acid
conmpound in optical purity of at |east about 90%
preferably at | east about 95% nore preferably at

ast about 97%. and ref er abl abo
0351 gE5S pamatipets ain St he grmeies Batidifled sfPRbnB ng
denvatn% Ad(PHeEeMARE L ACE Wl@l rﬁ‘&lb&l%rbl‘ﬁﬁ{é ¥@$ve GUCh as

iv, 1s showm generally in Schene 2 bel ow. Schenme 2:

bromopl@aybcabfl IRdideexi fr0B8Giteprh (Bhe phbie pretvetcidisgpeéidraklycamn be

nalophefitRegh BEG RS Py S G BV et e B E R b

chloro-pHbNRactic acid.

[0036] Examples of carboxylic activating agents suitable for use in the present invention,
include, but are not limited to thionyl halides such as thionyl chloride (SOCl,); anhydrides,
such as trifluoroacetic anhydride (TFAA), and thioester generating reagents. The carboxylic
acid activating agent is preferably a thionyl halide and more preferably thionyl chloride. Itis

commercially available as a clear liquid and may be used neat or in a compatible solvent.

[0037] The acid halide is then converted to chiral ester xiii, where R! is a chiral alcohol
auxiliary. A wide variety of chiral auxiliaries can be used, including those disclosed in the
Examples section below. Preferably, the chiral auxiliary used results in making only one
diasteromer of a-(phenoxy)phenylacetic acid. It should be recognized that the chiral alcohol
auxiliary compound itself should be of a sufficient enantiomeric purity in order to yield a
highly enantiomerically enriched o-(phenoxy)phenylacetic acid derivative. In this manner,
one enantiomer at the a-position is readily made, for example, by removing the chiral
auxiliary. In one particular embodiment, the chiral auxiliary is an chiral alcohol compound of

the formula:

11



br omophenyl acetyl halide xi in two steps. The phenyl

acetic acid is preferably a hal ophenyl acetic acid,
worerog/ops2es er abl y 4- hal o- phenyl acetic acid and P@OF/ES2006/036928

preferably 4- chloro-phenylacetic acid. [0036]

Exanpl es of carboxylic activating agents suitable for

use in the present invention, include, but are not

limted to thionI hal i des such. as t hi ony chlorlde
O(sod 2); anhydrijdes, such as t fI o. iC anhde@de*
HO\%JQQ' ), and N e generg bi 3 o- t The
oH xylic aci t|v tlng age IS prefé (%4y a
St hionyl halide and re prefer Py t hi ony¥ i%hlorlde
It is conmercially available as a clear |liquid and

PreferabBEhb eEEh1RE@hoPhasithe forf@lPat i bl e sol vent. [0037] _T_he
acid halide is then converted to chiral ester xiii,

where R1 is a chiral alcoﬁol auxiliary. A w de variety
of chiral auxiliaries R-used, including those

di sclosed in the ExaanQ§4s ctyon below. Preferably,
the chiral auxiliary used Sesults in maki ng only one

di ast eronmer of a-(phenoxy)phenyl acetic acid. It should
[0038] bEhe deplaesmeatitaantion efrstesixl with aalaebwarlafgbséw F%tPS?d phenol

compoSETRRLALAS B I8 o AL O R

acid este? Riif. CReAnFled MRREMIDALNYE aseatin Qle&ﬁi,;ﬂadﬂ:ﬁfent/ﬁhcmm 1nl:1[1de but
this manner, one enantioner at the a-position

are not lireidedl toyrydesaede, sush asihipmehydpgxide @etﬂﬁﬁ@mthiféf%mq» spdium
hydroxi eua)glld] thgflﬂe aha)x(i)&e gl aefs lﬁlllﬁ'u.lfi’lhal &ig%g%%% um alilﬁ)x‘fcne' E@ium

ary oun
‘hydroxidedrithaliks; @ﬁlé Iﬂ&ﬂjlllye thipéridd) suchl asdith:luhdhydhuds pd‘msﬁm Iydrade,

0038] The di spl n reaction of ester xi wth an
sodium hydssnd shedike »§H@ ed phenol conpound x in the
presence of a base, such as a hydroxi de gives

[0039] aHMfodystof)tin er(phaumly)rd'lenylacetic acid ester xiii affords o-
(phenoxy)phenylacetic acid xiv. Examples of hydrolyzing agents that may be used include,

but are not limited to hydroxide, such as lithium hydroxide, potassium hydroxide, sodium
hydroxide and the like; hydroperoxide, such as lithium hydroperoxide, potassium

hydroperoxide, sodium hydroperoxoide and the like; and the like.

[0040] This synthetic route is shown more specifically in Scheme 3 below:

12



acid ester xi. Exanples of bases that may be used in
t he di spl acenent reaction include, but are not limted

w0 ooopsi2axi de, such as |ithium hydroxi de, potaBGIT/uf2006/036928
hydr oxi de, sodi um hydroxi de and the |ike; al koxi de,

Schemé 9€ [3té@8oskickiid! %ﬂe‘éﬁ’ﬂf &l i um al koxi de, sodium
¢ emhy dr oxi dSe and ?ne qil grt;égﬁ(%%gél | ke; hydride, such as

it hi um hyged. deq s b i, de, sodi um hydride and
the |ike; fld dlfﬁl‘t& QB%YOOMF‘J‘Q’?& /dr ol ysis of the
a- (phenoxy hen acetic acid ester xiii afford
p’%gh)ﬂ i &0° @leBE CxpwpmisBX EpI es
dr IyZ| ng aggnts that may be—used—ncl u
C” ™ot limited tojhydroxide, such as |ithiamXH
ot assi um 3«)&&@ siediaHythydidxio@e and thegslike;
hydr oper oxi d as |ithium hydroperoxi de,
pot assi um hydr oper oxi de, sodi um hydroper oxoi de and the
like; and the like. [0040] This synthetic route is
shown nore specifically in Schenme 3 bel ow. Schenme 3:
St ereosel ective synthesis of halofefgc acid 1) SQ2C (
108 eq.) / cat!)BDMETHF. 5 nol %9 ; 1, 2<di chl or oet hane,

700C, 2 h (18%@ ditipn to@ramnide 26, (- ) -hal of eni ¢ acid

@ examl e ﬁ11o'i‘ophenyl acetic 1, caw be
~gated with thionyl chloride To a | tQ)th

cgr boxylic acid. This can then be at d hN\@)m ne

t0 form 4-chl orophenyl acetyl chjo . ¥he

esterification is conveniently carri ed out with
(S) - N5Nt et ranet hyl enel act am de 5

COOH
LiOH, H,O-» /@/\o
—_—
THF / H,0O cl @\
CF3

6, (-)-(R)-halofenic acid

For example, 4-chlorophenylacetic acid 1, can be tréated with thionyl chloride to activate the
carboxylic acid. This can then be treated with bromine to form 4-chlorophenylacetyl
chloride. The esterification is conveniently carried out with (S)-N,N-
tetramethylenelactamide 2. This reaction sequence is particularly advantageous as the
reactions are conveniently carried out in one reaction vessel with only one isolation step. The
displacement reaction of ester 3 with 3-trifluoromethylphenol 4 in the presence of potassium
hydroxide gives a-(phenoxy)phenylacetic acid ester 5. Hydrolysis of the o-
(phenoxy)phenylacetic acid ester 5 with lithium hydroxide afforded o~(phenoxy)phenylacetic
acid 6. In this manner, (4-chlorophenyl)-(3 -trifluoromethylphenoxy)-acetic acid, i.e., CPTA,

can be prepared in five steps in about 73% yield following crystallization from heptane.

[0041] Thus in one embodiment, the present invention provides a method of producing a

compound of formula (I):
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2. This reaction sequence is particularly advantageous
as the reactions are conveniently carried out in one

w0 e@chssms vessel with only one isolation step.PdNES2006/036928
di spl acenent reaction of ester 3 with
3-trifluoronethyl phengl 4 in the presence of potassium
hydr oxi de gi ves a- (phenoxy)yphenyl acetic acid ester 5.
Hydrol ysis of the a- (ph ?(lphenyl acetic acid ester
5 with ['ithium hydrox|de afflofded

cijd 6. hi this manner,

a- (phenoxy) phenyl acet| c ¢!
2? riomet hyl phenoxy) - acetl C

(4-chl orophenyl ) - (3-tyi

acid, i.e., CPTA, can/ile prepared in five steps in

about 73%yield follow ng crystallization from

hept ane. [0041] Thus in o@e enbodi nent, the present

i nvention provides a nethod of producing a conpound of
formula (1):(1) wherein Rl is a nenber selected from
the @feupniabet sdléddl Pbm BaEufRohsstRgBETDEr

i ndependent|y selected fromthe group consisting

O (Cl- C4)alkyl, halo, (d-C'haloal kyl, anino, O
(Cr Cram noal kyl am do, (CrCram doal kyI (C1- N

CQ‘A)suI fonyl al kyI (G-CA)sulfa al I;fyhl—\ C 4) al 0)@ o
Mhet er g}da;(gu\ oxy and n,l ubseri pt
1 \Wwhen or mJI or and@ \ﬁhéno O\‘a%

he f ormul aC 3(: (d) eCHubscrl pt GH3i S an
a| nt eger of from 3; indicates a @arbon which is O (d)
enrlched in one s ere0|soner|c configuration;

wherein

each R? is a member independently selected from the group consisting of (Ci-
Cyalkyl, halo, (C1-Cy)haloalkyl, amino, (C;-Cs)aminoalkyl, amido, (C;-C4)amidoalkyl, (C;-
Cy)sulfonylalkyl, (C,-Cy)sulfamylalkyl, (C;-Cs)alkoxy, (Ci-Cy)heteroalkyl, carboxy and
nitro;

the subscript n is 1 when R' has the formula (a) or (b) and 2 when R! has the
formula (c¢) or (d);

the subscript m is an integer of from 0 to 3;

* indicates a carbon which is enriched in one stereoisomeric configuration;
and

the wavy line indicates the point of attachment of R

The method generally involves:

(a) activation the carboxylic acid of a compound of formula (II):

0]

OH

/|
R2m/\
(D

with a carboxylic activating agent in a compatible solvent;

14



and the wavy |ine indicates the point of attachment of
R1. The nmethod generally involves: (a) activation the
weanossphs ¢ acid of a conpound of formula (I1)PCY/H2006/036928

with a carboxylic activating agegt }nfa corpaE:F;e (H
S P BREd ound o ormul a ;

® mﬁ%ﬁﬁgh%%?%8§@|lc %&@gmgggﬁggting reagent sel ected
fromthe group consisting oQ)a thionyl halide, an
anhydride and a thioester generating reagent; in a
conpati bl e solvent; (b) br ing the product of
step (a) with bromne in conpati bl e solvent; (c)
esterifying the product tep (b) with a chiral
al cohol selected fromthe/gfoup consisting of: in a
conpati bl e solvent. [004 The present inventors have
found that the brom nakmng agent used in the
preparation of the a-(phenoxy)phenylacetic acid has a
significant effect on easdllpf isolation and over al
yield of the process. For exanple, when bromine is

with a aagtectylio atilcvABRSSaght J8RetdAT IR ﬁleggro%p c%nsistin of a fl-'ionyl

. henoxy) phenyl acetic acid conpound, higher overa

halide, é‘? %‘ﬁ’d’éﬂéﬁ andpihipentar gercialing reagintign etcempatiblesglermtt i ng

agents. The anmount of hal ogenati ng agent used i s not

(b)  paraipating the produet dAAEp (2] RethdIBMATe il %%Gnigﬁtiﬁllé RbIG&At! ¥
more than 1.00 nol ar equival ent, preferably about 1.5

(©) mebtafifying the product of step (b) with a chiral alcohol selected from the group

consisting of:

o Q Q /9 HO, 0
HO_» Ho\%JL DN N :
W/[LD N/\ HO‘» ~— Ag—OH and 0=<" OH

CH3 CH3 L\/O CH3

in a compatible solvent.

[0042] The present inventors have found that the brominating agent used in the preparation
of the a-(phenoxy)phenylacetic acid has a significant effect on ease of isolation and overall
yield of the process. For example, when bromine is used in the process of making the o-
(phenoxy)phenylacetic acid compound, higher overall yields are obtained than by using other
halogenating agents. The amount of halogenating agent used is not particularly important.
The amount used is typically more than 1.00 molar equivalent, preferably about 1.5 molar
equivalent or more, more preferably about 1.55 molar equivalent.

[0043] The reactions are typically conducted in an compatible solvent. A compatible
solvent is one which is inert to the reaction condtions and can readily dissolve the reactants.
Suitable solvents for the above reactions are known by those of skill in the art. For example,
suitable solvents for the carboxylic acid activation, bromination, and esterification reactions

include, but are not limited to, aprotic solvents, such as halogenated alkanes, tetrahydrofuran,
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equi val ent or nore, nore preferably about 1.55 nol ar
equi val ent. [0043] The reactions are typically

w@oemdoss2esl i n an conpati bl e solvent. A conpati BCBUS2006/036928
solvent is one which is inert to the reaction

. [ readid y. di sspl ve.the reactants
scomatig GRS A EAnpEP A o BS el B AR T Reand sghvent
is a halégensted efkafifithdreipleferiblyal, -dibidbrR¥an®! e, suitable

solvents for the carboxylic acid activation,

[0044] bR BhOGhb A mefH,] (ﬁleeocﬁ)ﬁﬁﬂafﬁioﬁ ?}dc 159@9&4 Rdx5: ;'g %:el rlégceﬁon%ig(ture
are not limted to, aprotic solvents, Stche a8
to a tentpetabuye mathedamgekalitesn abait7aR¢do dicdlingpsifpéf the solution,

O T TR N
comple® ANRA yf)(}_@élﬁf ﬁhg%sﬁfgﬁiglaﬂo&’l 16 afb &4 R B?é?@ra I{L%lggo%]abgﬁt 2 to

it
one enbodi nent , rom nation proces$ |nvoP
about 1B &getsndit {dweerrtemperiabmesyiongerreadtmnadinesmpey be ngeded.nlttwiB be

. nge,of .fro ut .70 o the boilin oi.nt of the
reacily GG & o BF BRI o predie bt Eises ol Bl ets iR in e
method g &td ResenbinGaiitidrechnWeétmotordd B3 €orf Kol O RIPIE, GOARlSESotion

ich typically ranges fromabout 1 to about 24 hours,

wh . .
deemed,cogmndgta Bibgn theprmenss of uprepciedaioting 1@ ghnta islesythan abwt 1%.
tenperatures, |onger reaction tinmes may be needed. It
[0045] wiThe bixenine agh by remppad @rior foadditee e dhial hlcbRoltaigiliart This

_ hat the progress of this and other reactjons in the
can be a3 g FOBRSCHR thsreacion Veripkin g IFUREPUBY FRskemer g thybromine

under rédEeBHRERUE  THEhEasufd) el B IERG éﬂemggﬁq?gotmﬁﬂ?éuﬂr

when the ampunt” of unreacted Starting reagents 1s [‘ess
importaphan about 1% [0045] The bronine can be renmoved prior
to addition of the chiral alcohol auxiliary. This can

[0046] ba&¥hd eslatiby cAMBNE™L AN dr e af BPSCAfted heV@HBLAIcoIRd] Au¥iBEHUThdded.
and renoving the brom ne under reduced pressure.

This aﬂggfg?% tesgintherny arasurend tipegtcdication waeicn. The ratstand amount of
cooling REfHe! EAHHRG s¥1utiBRYS Itlcﬂril)taﬁicularly important. In one embodiment, the

esterification reaction involves cooling the reaction mixture to a temperature in the range of
. from about 0 °C to room temperature. The reaction is carried out until complete, which

typically ranges from about 5 to about 60 minutes, typically about 30 minutes.

[0047] In one embodiment, this method can be done in one reaction vessel. In another

embodiment, only the final product, the compound of formula (I), is isolated.

[0048] In particular, methods of the present invention are directed to intermediates in the

synthesis of o-(phenoxy)phenylacetic acids of formula (V):

0
R3 o}
18§ 5“ w
R2
V)

wherein R® is haloalkyl and R? is halide. In one particular embodiment, methods of the

present invention are directed to the synthesis of a-(phenoxy)phenylacetic acid of Formula I
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[0046] The solution can be cooled prior to and/or

after the chiral alcohol auxiliary is added. This
w@bkdoomss2idr the exothermc nature of the esterPE€T/U8L00086928

reaction. The rate and amount of cooling of the

NN S e
present 1ﬁx9e%1oﬁ %é (;1?6(:{6%6[ teORsSThttd b o {FheBok PPRETyM i€ adia of Bermula I

rom a out 0 OCto roomtenperature. The
or, prefefangQIFIoﬁﬁulaN oterd Rﬁlscp]refembly trifluorguhethyd, me:tgqmother

embodm@% pg’gqe:p%esrggtgg?gr@%ggtﬁgﬁ od ?Eﬁ)‘glﬁ‘??ﬁ%ﬁt dhes stcrg}]ngéjeiljec‘?lw FYnthesis
of compbttld ﬁg?Bgﬁsga Wh&‘ém"i@q"i@ G1An@RE i§ €ERLs. b anlofessatid. | n

anot odi nent, only the final product t he

o0so1 CRIBR o SR Eb b SR olguncs o

ected to internediates in the syntheS|s of
fOmlulagwé)phenoxy)phenylacetlc acids of formula (V): wherein

R3 i s hal oal kyl apd R¥;i s hal i dé. hi one particul ar
enbodi nent, metho nt invention are
directed to the s r henoxy) phenyl acetic
acid of Formula I of Formula V, where R2
is chloro. In ano , methods of the
present invention Eighe resol ution of
a- (phenoxy) phenyl Formula | or,
preferably, Formnu S preferably
trifluoronethyl. enbodi nent of the
present invention TydS gre directed to the
st ereosel ective synthesis ofl conpounds of Fornula V
wherein R2 is O &nd R3 is &3 <. d. hal of enic acid.
[0049] In one particul ar odi nent,
a- (substitut ed) phenyl acetic”acid compounds of the

whereinf ormula (1V): (1V)

R! is a member selected from the group consisting of:

Q
v YM %fo%@ f OA & iﬁg;

CH3 CHs O CH3 CHs
@ (b) O (d)

the subscript n is 1 when R! has the formula (a) or (b) and 2 when R! has the
formula (c) or (d);

* indicates a carbon which is enriched in one stereoisomeric configuration,

and
the wavy line indicates the point of attachment of R! are synthesized using the chiral

aux111ary A particularly preferred compound of Formula I and IV above is wherein R'is

Ho\)L
o L)

[0050] Unexpectedly, a-(substituted)phenylacetic acid compounds of the formula (IV):
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wherein RL is a nmenber selected fromthe group
consisting of: the subscript nis 1 when Rl has the

wo oromab®R43 a) or (b) and 2 when Rl has the fornedHUSZN6/036928
or (d); * indicates a carbon mhich is enriched in one
stereoi soneric cor#iggﬁatlon agd the wavy |ine
i ndi cates the point ofi attachnent of Rl are
synt hesi zed usi ng |t hg iral auxiliary. A particularly
preferred conpoung and |1V above is

wherein RL is [0030 ,

a- (substituted)rhegnyl acetlQ 3 \corrpounds of the
formula (FV): (1V) |wherein Rl|is a Renber selected from
the group consi stiing of: 2 Script nis 1 when RL

has the fornmula (a) or (D) when Rl has the
formula (c) or (d); indi h rcarbon which is
enriched in one stereoisonerjc cpnfiguration; and the
wavy |ine indicatgs the point of| gftachment of Rl; are
produced in high stereoselectivity and in high y|eId
In order to be econom cal (I¥)desi rabl e, methods of the
whereigPf €Se€nt invention provide at |east about 50%yield of
"t he desired enantioner, preferably at |east about 60%

© nore Rfafemalby selected @dm #RPibuy’ QsistRgl ofost

/ () W :gf °
kt ﬁi\ ﬁo 2L{O‘CG;N\—/ *CHZ;?% and O o]

N
(a) (b) (©) O @

the subscript n is 1 when R has the formula () or (b) and 2 when R! has the
formula (c) or (d);

* indicates a carbon which is enriched in one stereoisomeric configuration;

and

the wavy line indicates the point of attachment of R;

are produced in high stereoselectivity and in high yield. 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%.

[0051] In one embodiment the compound is selected from the group conéisting of:
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preferably at |east about 75% [0051] In one

enbodi nent the conpound is selected fromthe group
w@ongiost2ehg of : wherei n the dashed and bol d | i nBGT/US2006/036928

indicate the relative stereochemistry of the conpound.

I'n anﬁtﬁgi;ﬁzzﬁglnent the conpgund is selected from
the grou nsijsti ng of : wherein -ashbd and bold

l'i nes intkea be ahsQl ute steres ry of {he
conpeyid. O 2] rEhoﬁuld be noted that @hll t hods

of the o on are .«.,J ce to
t he enrl 'ant @he - -enant|c ofkg fenic
aci d, nethods of the present i nvention are al so

appllcable for enriching the (+)-enantionmer. The
met hod of the present invention essentially provides a

conpognd -nriched inthe (-)- enantioner based on the

enant i i chnent ﬂ\tj a@m auxiliary and

t he stere Vi t f ere . _Use of the
é e a

(+)- enantloner c adizl y %cconpl?shed by use of

t he of Ghe | al coho

auxi | i ar orHﬁk t he ti onehdcan be nade
using (R)™ Ntetranethylenelacta je>cl[ 0053] The
chiral auxiliary can be recovered fromthe above

descri bedrsi on step and reused/recycl ed. Thus,

t he prdeesdy the present invention lends itself
readily to a Recy gtype of procedure.lV. Synthesis
iliaries [0054] One nethod of

ol auxiliary 2 is shown in

o Synthesis of Chira

Auxiliary OO HR, 2 HO NR 2
N Cl
o

wherein the dashed and bold lines indicate the relative stereochemistry of the compound. In

of chir

another embodiment the compound is selected from the group consisting of:
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R4 R7 8 2 [0055] Reaction of lactic ester 7 with an

excess of the appropriate cyclic am ne gives the
wa@hiorabs2azixi | i ary 2. By using an excess of cycPCT/USI0061636928

per equival ent of ester the conversion is high and the

amourg of racem zation is mnimzed. For exanple,
pyrroli % i.e., where R i% oI ned to forma
five menker's 'gg) is particula advint ageous as
pyrroI|d| ne iis a: go@ol vent for Yhexawic (ést@r and

t he Faé o9 s fently m@rried out pe N\/lJnthis
manner, |@ N, Ngg%nrarret hyl enel @ de (%?f?be
prepared>n one step in-:about 95%.y Id Ouility of

enantionerically enriched a-(phenoxy)phenyl acetic acid
[ 0056] Enantionerically pure a-(phenoxy)phenyl acetic
acid conpounds are useful internediates in preparing a

vari étl pha@maceut i cald y, . acti onpounds,
i ncl udi (phenoxy) phén H%lcetci d conpounds
di scl ose . P et pl iZat on M. 10/ 656, 567

and RJ at e)nt . 62 d_18 s, anot her aspect
of the ent entl on proWi dd met hgd, f or

enant i o ct [ ve ¥ produci nPa

a- (phenoxy) phenyl acet at e conpound of the formula: Vi

froma a- (p oxy) phenyl acetic acid conmpound Fornul a
V, wheregs S aI kyl or haloalkyl, R2 is halo and R7
|s heter oaI er ably N-acetyl 2-am noet hyl

.e., |etao the formula - CH 2CH2NHC("OQ) CH 3) .
The ve ter eosel ectively synthesizing a
Cl

wherein the dashed and bold lines indicate the absolute stereochemistry of the compound.

[0052] It should be noted that while methods of the present invention are discussed in
reference to the enrichment of the (-)-enantiomer of halofenic acid, methods of the present
invention are also applicable for enriching the (+)-enantiomer. The method of the present
invention essentially provides a compound enriched in the (-)-enantiomer based on the
enantiomeric enrichment of the chiral auxiliary and the stereoselectivity of the reaction. Use
of the (+)-enantiomer can be readily accomplished by use of the opposite enantiomer of the
chiral alcohol auxiliary. For example, the (+)-enantiomer can be made using (R)-N,N-

tetramethylenelactamide.

[0053] The chiral auxiliary can be recovered from the above described conversion step and
reused/recycled. Thus, the process of the present invention lends itself readily to a recycling-

type of procedure.
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(phenoxy) phenyl acetic acid conmpound of Fornula V as
descri bed above and reacting theenantionerically
wenoo7obeds a- (phenoxy) phenyl acetic acid with a PCT/US2006/036928
carboxylic acid activating reagent. Suitable
carboxylic acjd activating reagents include thionyl
IV. § f ghiralalcolqy; argh| ori de), anhydrides (e.g.
. . g .
oose) s LB 0RSL ARl SR0RRLS s Bldupk b 4 o
skilled in the art. [0057] The activated

a- (phenoxy e acetic acid is than reacted with a
SChemeéb%é@&?ﬂSB%Egﬂgla ‘Ha (R7-O WM e.g., N acetyl
et hapol am ne derivative, to produce enantionerically
ri gheds@- (phenoxy) phenyl acet at e conpound Falr mul a
H@PY\%@?% R?FisN'é%E};def' — vt ydrl-gjg_ oNRE,
megal , e.g., Na, K, Li, Ca, My, Cs, etc. and tHte
superscript wisgthe oxidation state of M The @resent
i nventors have di scovered that the reaction between
the activated acid and the conpound of fornmula (R7-0
VWM can be carried out wi thout any significant
[0055] rRxetionr af lactic est@T58ith Auldidesootthe aprepiate cueliccaniag giyes the

. and novel features of .this invention.wl eco .
chiral v 5y £ BY £ PRI SO Of PR Lot oo BRI e opyfrsion
is high afd tHeBndit bPMcaHiANSRI BiRirh#26d. €Bdr exwhiptd) poir6lidife 8 (i.c., where

5. intended to be limting. EXAMPLES Reagents and .
R® is cormkiped torformal figamerpbered 59§ ismpeisylaghy s gitageoys ag pgrolidine is a

re nt s..and e . i i ch .
s sol AT 1P cHEL UBTE RS, RS IBAGH AR n i
manner, (9PN t@thmbilsigénctadpaside cuebaplepagé in aamdepincabeut 9% yield.

Cam | e process control conputer attached to a

recircul ating heating and

V. Utility of enantiomerically enriched o-(phenoxy)phenylacetic acid

[0056] Enantiomerically pure o-(phenoxy)phenylacetic acid compounds are useful
intermediates in preparing a variety of pharmaceutically active compounds, including o~
(phenoxy)phenylacetic acid compounds disclosed in U.S. Patent Application No. 10/656,567
and U.S. Patent No. 6,262,118. Thus, another aspect of the present invention provides a
method for enantioselectively producing a a-(phenoxy)phenylacetate compound of the

formula:

VI
from a o-(phenoxy)phenylacetic acid compound Formula V, wherein R? is alkyl or haloalkyl,
R? is halo and R’ is heteroalkyl, preferably N-acetyl 2-aminoethyl (i.e., a moiety of the

formula —CH,CH,NHC(=0)CH3;). The method involves stereoselectively synthesizing a o-

(phenoxy)phenylacetic acid compound of Formula V as described above and reacting the
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cool ing systemwas used to regul ate jacket
tenperatures in the jacketed straight-wall ed

whoaross2ds ai n gl ass reactors. Unl ess ot herw sePCT/US2006/036928
i ndi cated, solvents were renoved using a Buchi rotary

iR o b B B ST AR
reagent@Sufthb10 Qarb%)g%/ﬁcoac%ﬁa&%ﬁng RaSERERHIY Ao HdHAR D (MY

~used to supply vacuumof less than 1 torr for vacuum ~
chloride)i snhiyidtides (ergs TP#t)ethidesiee Eenewing reageatspimbethprcakkaxylic acid

. ..Fisher apal ysis usi a trohm 756 KF Coul oneter and
acnvatlpﬁ’fﬁ%&?\%ﬁﬂﬁ%‘%u?t es&@;‘gﬁdéﬁg%n " Melting points were
determ ned using a Mettler Tol edo FP62 nelting point
[0057] apparatvated gHiphenoxmphsuylecstio sridds thag a¢ackndavidiya cpmpepnd of the

formule]',v@g —g{)&é\z,o %ﬁ?ﬁ-%%bﬁ rgplaﬁ{)/lgﬁlglge %31%211%3%? tONB{'FC;dageeeCI}aEI 1or\1/rlvgrriceally

enriched REGHE enlRE&e Bhipbahd SiRtdenRAV Y, Stiferd RS isCaldefifgl above,
~out "at =240 hm by injecting 10 nL of sanple dissolved

M is hyidrogenior hengtdlas g, dlat B, bi, (REMNEE] ¢c.@nd t5e snpemsipiw 4s the

oxidati%tgﬁ% !Q%lg{[] o&ﬁ%ﬁr‘eg%-‘;tr %?V%Plﬁ)lr O%V\%Sd\}/s)cgﬂeg)e((gh-gaé ;h%%ee\{gtllopl b%twleeg the
activatddl RBP4 tha 66 Suriicd fFornh @1 G T-OACKI dadlbe REfedaud kiihiost s
. _carried out at =220 nmby injecting 5 nL of sanple
significgpiggefnyid#iqmn nobi | e phase onto a Phenonenex LUNA 5 nm
A 8(2) 250 x 4.6 mmcolum at 25 0C. A 1.5 nL/mn
[0058] f | Adalitidnal blejegs cedlivembgest ard novgl fehtubds ofahi%anmvehtion 84l bedovbe
acetonitrjle/0,1 vol%trifluoroacetic acid and
appareqt g o3 Fhiljed ir{B&RTLJIPPR SXRPITOR Giclbe FlPN g Popmbles thereof,
which #€ 8bORidhfiéd &1 im¥@k% tri fl uoroacetic acid at 20
m nutes was used. [0062] For analysis of acidic
sol utions of esters, such as hal ofenate, acetonitrile
was used as

EXAMPLES
Reagents and Experimental Setup

[0059] Unless otherwise stated, reagents and solvents were purchased from Aldrich
Chemical or Fisher Scientific. Operations were conducted under a positive nitrogen
atmosphere. A Camile process control computer attached to a recirculating heating and
cooling system was used to regulate 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 HY VAC vacuum
pump was used to supply vacuum of less than 1 torr for vacuum distillations. Water levels
were determined by Karl Fisher analysis using a Metrohm 756 KF Coulometer and
HYDRANAL Coulomat AG reagent. Melting points were determined using a Mettler
Toledo FP62 melting point apparatus. pH was measured using a calibrated Orion Model
290A pH neter. Proton and *C NMR spectra were recorded on a Bruker Avance 300 MHz

spectrometer.
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the injection solvent. When determ ned, product

concentrations for hal ofenate were eval uated by HPLC
w@s®ap3srss ng t he external standard net hod and PEEUS2006/036928

achi ral anal ysis procedure at sanple concentrations of

[0060] %%W%ﬁ#ﬁ@waiﬁmt%ﬁ%%m@?%@ﬁﬂ%%ﬂe
dlssolvgt?%%%])lg? Ha@%: (Iﬁjﬂ)grbe(g(%)?\gH@Lﬁ 611?5 y§02>t g;éx}xrﬁ%?%@? egis

Technohtgi€X) @né pliiting iwithed] .Q /b flbeTaiO6 4/ 014 v/ivnr) h3xRy/S.-
renoval of excess pyrrolidine and resulting
propan@t/aﬁ:gﬁ%? n vacuo, the oil residue was purified with
distillation (104 0C, 2 nmmHg) to give 113 g (93% of
[0061] ( g)cmahHPéﬂwmszisWaesrwtrwdtm@eﬁ(QB)nmby anj ecair@&;h]l; ofsample
E N d 4.30 , J
dlSSOIV%A el H"P'\@Fe oA, 1)1@11%13}@@?(61 M um)Cl&(ZB%iOzx 63 tmgolumn at

25 °C. gleg é}%ﬁlé rk_}l'é'\év &k (th%ﬁrafil@g mflﬁ% Fg?&blggar a{/gé HOM’ acetonitrile/0.1
vol% trefbumpoascetc 48) ahd ﬁﬁsﬂe}asfﬁg liaeattt toDonat¥% WihtasRa Uslge scebdnitrile/0.1
of ok rsed in.an bath and fitted with an addition
VOM’ﬁ?fiﬁpfﬁ%a}ceté?\@fngaﬁ%(ﬁm%?wwe%dded 500 nL of anhydrous
1, 2-di chl oroet hane, 4- chl orophenyl acetic acid (174.04
- 10062] g 1@8%31181$)0fﬁ§41dl(3ﬁ@111b31)8)Of@Btelm supheas hatotfersite, a%m(ﬁﬂe 48s used as
the 1nje%(gl g@rﬁ?veng g/hngld@efnglegtpr? %{yt‘g{)&%n Qt?ﬁ%?{néﬂ ﬁertltle(\)zvrelred ©
evaluaté(fbylHPL@SB&)XﬁMgEth%ﬁeﬁﬁ%tﬁﬁ’da&@mz:@hdaqan(ic’lhé adt@falanalysis
erature) over 15 mnutes. Vi rous gas evol uti on
proced%@gg ?)P%@Fﬂtﬁqt@ln?‘)gleﬁﬁ thae o faggﬁslr heating (at ~40-45
0C). The vigorous gas evolution slowed to a steady
stream and then the gas evolution stopped. After
stirring at 70

Example 1: Synthesis of a chiral alcohol auxiliary.

(S)-N,N-Tetramethylenelactamide (2)

[0063] Pyrrolidine (120 g, 1.69 mol; 2 eq.) was added dropwise to 100g (0.847 mol) of
ethyl (S)-(-)-lactate at 0°C and stirred at room temperature for 3 days. After removal of
excess pyrrolidine and resulting ethanol in vacuo, the oil residue was purified with distillation
(104 °C, 2 mmHg) to give 113 g (93%) of (5)-N,N-tetramethylenelactamide (2) as a pale-
yellow oil. "H NMR (CDCls): § 4.30 (1H, g,/ = 6.63 Hz), 3.74 (1H, br, OH), 3.31-3.61 (4H,
m), 1.85-2.03 (4H, m), 1.34 (1H, d, J= 6.24 Hz) ppm.

Example 2: Preparation of (-)-halofenate (6)

Preparation of compound (3)

[0064] To a2-L 3-neck flask under air, immersed in an oil bath and fitted with an addition
funnel and a condenser was added 500 mL of anhydrous 1,2-dichloroethane, 4-
chlorophenylacetic acid (174.04 g 98%, 1.0 mol (Acros)) of in one-portion, DMF (0.40 mL,

ca. 0.5 mol%) in one-portion and thionyl chloride (95 mL, 1.3 mol, 1.3 eq.) over ~ 1 minute.
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OC for 2 hours, bromne (80 nL, ca. 249 g, 1.55 nol;

1.55 eq.) was added to the resulting pale yell ow
waodoanssms (at 65 0C) over ~ 1 minute to gi ve arP@r/OB2006/036928

solution. The reaction was stirred at 80 0Cto 85 0C

mhe Rk TR L b B BB o

gas evolitio@ibegeh §protimatelyamisited gbr dkatinpo@Et L40e PE). UTie \dﬁ&ous gas
used in the next ester formation step wthout further

evolutig flpwed fora Bepdystiownand thendhe gas eyielwionstapped.adftgr stirrng at 70

°C for %@gg% in(gmg% gg()e ﬂl\’/l_\é'séa. %4% %? (le§§ {/I\%%ljh it f%g&?ﬁ&ag Eh(%dqg ttllﬂéal%gulting pale

yellow dol@tiah @hbHPOedvrarnd. mixtenivs obiowa sehgione Mheeehctiyn was stirred
odistill]ation in vacuo until ca. 100 of solutjan -

2t 80 o el Lt ER) BB S S onSlaSd Ehrpoalsddaroom

temperz%ﬂféﬁp"l"h%-t)fbn?o £G4 YlibRe Slution was storgd at ro w te:rlnfgrar’cr%rle)and used in

) - N, N-tetranet hyl enel actam de (20. 1g,
the nextgnter tfpinaation|stemi wighop Aurther gyrificatior. nol ) in 100 nL of
1, 2-di chl oroethane at 0 OC. The resulting brown

[0065] NMThE YbRtVAST WalEBE d URlokide (B3R, 0TS Rbl)if 19V@khlbrdethane
The reaction m xture was quenched with water (100 ni),

prepared ghovengasodibded with 40@ mlveisl . 2dirhiaroethangn Excgssthsemigerwis
.0f: o i t. - .
femm’e? %88@#{])%{10"}%’e‘9“%%§%%a?@e‘§&m%§w ?@%3&%@@?& @?W%“de

solutiort Wwesthen addudt drapeide tona vdction ¢f(SHNN-téBarBetylehelactutifle (20.1g,

roduct. as. a .br oi | ich was used in the next step,
0.140 ol e e Churs 10 o MoFedRT oo loERBR D °C-
The resifthg bRAGS InidiGreAw SO aile@RipQb rSorf t@apdrhlitdReP1 B &8 ction
(3.% g; 0.0204 nol) in aghydrous F (20 nL) at room
mixturet wafpaeachedevidinw ated (O rafle)o prd the drgarhé Layet was separatediagd washed

SR R e
was driélf MMNEESOPand then concentrated in vacuo to give 45.8 g of crude product as a

brown oil which was used in the next step without further purification.

Preparation of compound (6)

[0066] To a solution of a,0,a-trifluoro-m-cresol (3.3 g; 0.0204 mol) in anhydrous THF (20
mL) at room temperature was added dropwise lithium tert-butoxide (20 mL of a 1.0 M
solution in THF; 0.02 mol). The resulting lithium phenoxide solution was added dropwise to
a solution of bromide 3 (crude, 7.5 g; 0.02 mol) in 40 mL of THF at -5 °C. After stirring at -5
°C for 1 hour, a pre-mixed solution of hydrogen peroxide (Fisher 30%; 105 mL, 0.4 mol) and
LiOH+*H,0 (21g, 0.05 mol) in water (50 mL) was added at room temperature over 20 min.
The reaction was stirred at 0-4 °C for 1 hour, quenched with saturated aqueous sodium
bisulfite (150 mL), then IN HCI was added to adjust the pH of the solution to about 2. THF
was removed by distillation in vacuo, and then the reaction mixture was diluted with EtOAc
(100 mL). The organic layer was washed with water and brine, dried over Na,SO, and
evaporated to give 7g of crude acid. The crude acid was crystallized from heptane to give

4.6g of a white solid. Chiral HPLC analysis 96.5:3.5 enantiomers.
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a solution of bromde 3 (crude, 7.5 g; 0.02 nol) in 40
mL of THF at -5 0C. After stirring at -5 0C for 1
whoaw/0382ps e- m xed sol uti on of hydrogen peroxi deCT/BEs®€036928
30% 105 niL, 0.4 nol) and Li OH H20O (21g, 0.05 nDI) in
. ratur
10067) 7Pk GHergio oo % SREER, R e ERRE SR oG With other
chiral aupibmidsddtedi dbbvaat ur at ed aqueous sodi um bisulfite (150
m.), then IN HOJ was added to adjust the pH of the
solution to about 2. THF was renoved by distillation
in vacuo, and then the reaction mxture was diluted
gc | ayer was washed with
SO and evaporated to

X ; crude aci d. The crude acid was crystallized
[0068] f ngmsn amé atomgnﬂwra nigresél (4. 7Wg; ©.645ulol)dn aghydrebs THF (20

mL) andd‘f%hhcég? g?dem amoaEl tgglh’ % r}gg‘%al |o 006?%1‘5 gﬁﬁ?’%ﬁ‘{e (lesg,

40 mmot) Nitietsobreat Whi Fenivee bftenl hiddndaly idsidueivas didsslved ithome,
3:_Alternative Preparation of hal of enate (6)

anhydrO[lElg %@Eﬁl (39ank)- sE}eaﬁwhngalﬂthmphwﬁel sabitien tvas eddesi dropwise to a
solutlon((ﬁ” bZdrﬂlde%S@ﬁljdenP ' &od ﬂ{b\fefa{n%l‘ﬁ%l Lfb'% géé’lol %L%@%—{F w1th

tol uene B 50m t era
stirring myrdomxEniperdayode ﬁtrd 1 4.-6 8Cg1nd46): ammldjtiondh®hs at A\ to\m«e ‘H
d.after 1 hr_and he resi due was di ssolved in 30
NBMKgﬁlngﬁﬁ?é§@ﬂ§mﬁ¥¥ﬁ?%@pﬁ{ ‘The resulting lithium
phenoxi de sol uti on was added dropwi se to a sol ution of
[0069] bHadmgen BerpidgdBisharp 0%,@09@@,40 &mO)l) wackddad tq é)sdigt)on 01f

St i rr ro erat ur

it 5o %06 0,2 & 0¥ bl 1P vy 4 SREREY B et t Toom
tempera&%éiforﬁﬂ MR ThovatidlhRagths@plpedy adied tOh cBIdQBT RN IS lactamide

069 dr ogen peroxi de F| her 30% 209 nL, 0.8 nol)
4in TH g() d%e fquc‘go%wpmt;rgﬁql 4 {0- C for 1 hour, quenched with 1N HCI and
adjusted pH to 2. THF was removed by distillation in vacuo and then the reaction mixture
was diluted with EtOAc (150 mL). The organic layer was washed with water, saturated
Na3S,0; and brine, dried over Na,SO4 and evaporated to give crude acid. The crude acid was
crystallized from heptane to give 8.4g of a white solid. (99:1 enantiomers, determined by
chrial HPLC).

[0070] It isunderstood that the examples and embodiments described herein are for
illustrative purposes 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
applications cited herein are hereby ineorporated by reference in their entirety for all

purposes.
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l'ithium hydroxide (4.2 g, 0.09 nol) in water (100 ni),

and the mxture was stirred at roomtenperature for 20
wOore07/038243 sol ution was then slowy added to aPCDUN2006/036928

solution of lactamde 4 in THF at 0 OC. The reaction

at 0-4 0C for 1 hour, quenched with I N HC
WHATQ%QZL%PFQ?S%‘ pHto 2. THF was renoved by distillation

1. lnmaﬁa@f&qﬁegaﬁﬁg atcbﬁlpbﬁﬁéfﬁﬁnﬁ]a)ﬁ)ur e was diluted
wi th Et QAc ani ¢ l'ayer was washed
wth water, saturated thS_ and brine, dried over

crude acid. The crude

Na2SO4 and evaporat ed |t er
ptane to give 8.4g of a

acid was crystallized|fro

white solid. (99:1 enantj s, determ ned by chria

HPLC). [0070] It is unde d that the exanples and

enbodi ments described |pefeinjare for illustrative

pur poses only and that- variotis nodifications or

changes in |ight thereof )l be suggested to persons

~skilled in the art and are to be included within the

Whel'emspirit and purview of this application and scope of

t he p |ons nts, and

pat ent” S a3 Bk I AlSsaREbED,

i ncorporated by reference in thelr entlrety for al

pur poses. WHAT IS CLAIMED I'S: 1. A nethod for prepariné:j7

@cmmmmdoffmmma(l):(I)@Nﬂgﬁ Rlpi s a nmenb o
0 elected frontiégl%v p consisti R2, |575/8
ke e |ndebend nt | Iectedcj n1thngrg O and O o
CHgo i/sting Of (CEHs b % CH, CHs *

N
(a) (b) (c) <;] (d)

each R? is a member independently selected from the group consisting of (C;-
Cy)alkyl, halo, (C;-Cy)haloalkyl, amino, (C;-Cy)aminoalkyl, amido, (C;-Cs)amidoalkyl, (C;-
Cysulfonylalkyl, (C;-Cy)sulfamylalkyl, (C;-Ca)alkoxy, (C1-Ca)heteroalkyl, carboxy and
nitro;

the subscript n is 1 when R' has the formula (a) or (b) and 2 when R' has the
formula (c) or (d);

| the subscript m is an integer of from 0 to 3;

* indicates a carbon which is enriched in one stereoisomeric configuration;
and ‘

the wavy line indicates the point of attachment of R';

the method comprising:

(a) contacting a compound of formula (II):
O

OH



C4) al kyl, hal o, (CrG‘hal oal kyl, am no,
(@ Cram noal kyl, am do, (Q GOam doal kyl, (Cl-
w@2)osbfanyl al kyl , (Q GOhet eroal kyl, carboxy apdI/nB10€9036928
the subscript nis 1 when RL has the fornula (a) or
. (b) and 2 when Rl has the formula (c) or (d); e
with a casbsadieapid agtivaiingmeagsniegieotes é?rfléh? S@@%}p senﬁg%ﬁ%g 8%5@%“3’&
halides, &fiyffifes 'dﬁﬁob&er%ﬁén%ﬁﬁ%éage@QQnﬁtc% AHiFRIEES;
configuration;, artl the Wav I'ne indicates the point
of aftachnment of ;. th t.hod .conpri si ng:
) PR TRGPTeBECHEP 6D Tt IS g o lnsplyent
carboxylic acid activating reagent selected fromthe
(©) gesteuifyiog fwi product obsten th)ovith a pliral alsoholasteptedifipas therggoup
consistithifpeSter generating reagents; in a conpatible
&8 vent; (b) bronminating the product of step (a) with
brom ne in a conpatible solvent; (c) esterifying th
product of step (b) with a chiral alcohol select edg
fromthe group %onsisting of: in a conpatible sol vernN

o stereosel ectiivel y produce &corpoun Oof f or nu W
HO.» ~ 2. TheH /bﬁ cl ai mols rejh 'L_Is ;é The-
thed of any gf, thegpreceding,clains, 8Hef he.  OH
CH 3 H3 CH N
tonmpound of ’ 3 O

in a compatible solvent to stereoselectively produce a compound of formula ().

2. The method of claim 1, wherein R! is
0]
L0
CH; .
3. The method of any of the preceding claims, wherein the compound of

formula (1) is 4-chlorophenylacetic acid.

4. The method of any of the preceding claims, wherein the carbonyl
activation agent is thionyl halide.

5. The method of any of the preceding claims, wherein the carbonyl
activation agent is thionyl chloride.

6. The method of any of the preceding claims, wherein bromine is present
in a concentration of about at least about molar equivalent the amount of the compound of
formula (II).

7. The method of any of the preceding claims, wherein the solvent is a
halogenated alkane solvent.

8. The method of any of the preceding claims, wherein the solvent is 1,2-
dichloroethane.

9. The method of any of the preceding claims, wherein said conditions
comprise carrying out the bromination at a temperature of at least about 70 °C.

10.  The method of any of the preceding claims, further comprising

removing excess bromine under reduced pressure before said step (c).
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formula (I11) is 4-chlorophenylacetic acid. 4. The
nmet hod of any of the preceding clains, wherein the

W@ 2000088243 act i vati on agent is thionyl halide. BCT/UBm®06/036928
nmet hod of any of the preceding clains, wherein the

et holof - T BoR R 3 Bh L PRy RS s e TSR

conductb® idbRSeHohegsegoncent rati on of about at |east about
nol ar equi val ent the anmount of the conpound of fornula

(11).12%. THee method of ety afithe preceding stima dvhegeia oalyHbe
cmn(amﬁ%ﬁﬁin thﬁ%sq!wgg} i s a hal ogenated al kane sol vent.
POU( @mwg? & 87 ﬁy of the preceding clainms, wherein
the spd.venh cofpbugd ofithe fbonagtivane. 9. The met hod of
any of the preceding clains, wherein said conditions
conprise carrying|outCFhe brom nation at a tenperature
of at |east about QC. 10. The| net hod of any of the
precedi ng cl ai s, 2r CoOnpripging renbving excess
. brom ne under redi Opef ore said step (c).
9711. The net hod ¢ r ecedi ng cl ai ns,
wherein the nethod is conducfed pne reaction
vessel. 12. The ngthod of a of | the precedi ng cl ai s,
wherein only the

| Cl 1 n
(Iv)
wherein

R' is a member selected from the group consisting of:
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the subscript n is 1 when R? has the formula (a) or (b) and 2 when R! has the
formula (¢) or (d);
* indicates a carbon which is enriched in one stereoisomeric configuration;

and

the wavy line indicates the point of attachment of R

14. A compound selected from the group having the formula:
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conmpound of Formula (T) is isolated. 13. A conpound of
the formula (1V): (1V) wherein RL is a nenber selected
wo e@mosd2e3 gr oup consi sting of: the subscript nPCEHU$2006/036928
when Rl has the fornmula (a) or (b) and 2 when Rl has
the frmula (c) or (d); indicgﬁes a carbon which is
enri chey one st ereoi someri hgur@tion; and the
@- sates the point ont of Rl 14,

wavy |i Reg
A conpound sel eci ed f m the group”havind@th

f or rsCa: €in | hed aﬁQCoo IOnesr%kaggte t he
relativ er elagh stry of the oun 5
compoun el ected Trom t'he group ke ing

fornul a: wherein the dashed and bol d Iines |nd|cate t he
absol ute stereochem stry of the conpound. 16. A
conpasition conprising a conpound of clains 14 or 15

in aﬁneﬁfﬁﬂlﬁfﬁfic excess)%ﬂiaﬂlffjff about 95%
3
0 K\NJ\! 0 CFs

F3C o] ,\H/N\) ¢

wherein the dashed and bold lines indicate the relative stereochemistry of the compound.

15. A compound selected from the group having the formula:
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wherein the dashed and bold lines indicate the absolute stereochemistry of the compound

16.

nto
]

A composition comprising a compound of claims 14 or 15 in an
enantiomeric excess of at least about 95%
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