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FI ELD OF THE | NVENTI ON 10 The present invention provides novel

i At er medi aMEs9I84G2R2 processes for the preparation of 3R¢TU3H7ESI23

" oxi ndol.e derivatives which are nmodul Bt-ors of the | arge-conductance
cal cLam acti vat ed potassi um (Maxi - K) channel s and, therefore,

useful in the protection of neuronal cells, especially in the
treatnment or prevention of ischem c stroke. The 15 present invention

al so provides a sinple and conveni ent chiral process for the
preparation of the 3-fluoro oxindoles and to certain chiral

i nt ermedi at es t hereof. 20 BACKGROUND OF THE _
| NVENTI ON A nunber of 3-aryl substituted oxindol e conpounds

are describeds PREWARATRJNW”S-Q*LBbRO“dXINWLE PDERIVATHVES
5, 565, 483 and , 169, issued Cctober 15, 1996 and February 11,

1997, 25 respectlvel y, Whl ch are useful for the treatnent of disorders
responsive to nodul ati on of the | arge conductance cal ci umactivated

(Maxi - K) channel s, and having the general fornmula 30
FIELD OF THE INVENTION

10 The present invention provides novel intermediates and
processes for the preparation of 3-fluoro oxindole derivatives which are
modulators of the large-conductance calcium-activated potassium
(Maxi-K) channels and, therefore, useful in the protection of neuronal
cells, especially in the treatment or prevention of ischemic stroke. The

15 present invention also provides a simple and convenient chiral process
for the preparation of the 3-fluoro oxindoles and to certain chiral
intermediates thereof.

20 BACKGROUND OF THE INVENTION

A number of 3-aryl substituted oxindole compounds are described
by P. Hewawasam et al. in United States Patents 5,565,483 and
5,602,169, issued October 15, 1996 and February 11, 1997,

25 respectively, which are useful for the treatment of disorders responsive to
modulation of the large conductance calcium-activated (Maxi-K)
channels, and having the general formula

30



-2- ferr] wherein R is defined as hydrogen, hydroxy or

fluoro. The conpounds descri bed by P. Hewawasan et al. are generally
prepared by wel |l -known 5 procedures enploying the use of isatins as

i Nt er medi atw@ 98/16221l t er nat i ve route via cyclization opceOs97/15323
aniling-ester internediate for the preparati@n. of conpounds wherein
R i s.iydrogen is al so descri bed. Si nce the general nethod
produces a racem c m xture of 10 conpoupds, there is also described a
met hod for the stereospecific inserfiorgof a 3-hydroxy noiety via
sel ective oxidation with the a »atNe chiral oxidizing agent to

2~@onfigurati on. However, in
gfluorination is carried out
|50RY aceni ¢ mi xture of

provi de conpounds having the (3R .
the i nstance wherein Ris fluoro and R
wi th diethylam nosul fur trifluoride (DAST)r&
3-fluoro 3-aryl substituted oxindoles are de bed and separation
of the enantioneric forns of the conpoundRfs &chi eved by the
separation of the racem c m xture using high pressure |iquid

chr omat ogr aphy. The separation of enantioners by chiral colum

chromat ography i syhgfeid'R &f défiie'hs Pya hARSG & fidor8" Pheé 85mphEhak 20
asmgl(geant’l mer . e

scale for the preparation o . .
present i nvent or sdespribedody Poliewawasampetal. asengenesally preghared by welt-dmomincal

chiral process f epar.al. j; iall [ ey enant i.oners
of 3-fluoro s§bs?ﬁ5 rtOEF QHFH:? %’?\?Wé’i@Hﬁ%@%l&ﬁ%ﬁ"&aise%{%e%ﬁeﬁalA" emative
i ntermedi at es t henoaibd via cyclization of an anilino-ester intermediate for the preparation

of compounds wherein R is hydrogen is also described.

Since the general method produces a racemic mixture of

10  compounds, there is also described a method for the stereospecific
insertion of a 3-hydroxy moiety via selective oxidation with the
appropriate chiral oxidizing agent to provide compounds having the (3R)
or (3S) configuration. However, in the instance wherein R is fluoro and
the fluorination is carried out with diethylaminosulfur trifluoride (DAST) a

15  racemic mixture of 3-fluoro 3-aryl substituted oxindoles are described
and separation of the enantiomeric forms of the compound is achieved
by the separation of the racemic mixture using high pressure liquid
chromatography. The separation of enantiomers by chiral column
chromatography is not an efficient process, especially on a commercial

20 scale for the preparation of a single enantiomer.

The present inventors have now found a simple, convenient and
economical chiral process for the preparation of substantially pure
enantiomers of 3-fluoro substituted 3-aryl oxindoles and to certain chiral

25 intermediates thereof.



-3- ' SUMVARY OF THE | NVENTI ON The

present invention provides a novel process for the 5 preparation of an
oxi ndol e conpound of the formula [err] 10 wherein the wavy
bond ([ errWpP9846228sents the racemate, the (R)- enant iPEITAYSIHISR2B e

(S)-enantionmer using certain novel racenic=-&nd chiral

fluor-o-substituted internediates and to a process for their preparation.
15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention provides novemm&ﬁm% i nt er medi at es
whi ch are useful for the preparats S of the
| ar ge- conduct ance cal ¢i um activat ed.potassi,um (Mxi,-K) cha 20
descri bed herein, andﬁ-| i%’ﬁsﬁ%‘é“’ﬁﬂﬁgfﬂw‘?ﬁﬂﬁas Fe'??‘ﬂe' pr&ces& ﬁﬂ%é wherein

the wavy bonds ([ prégaratieniofaenéinddie compomie of thefdula 25  enantioner or

the (S)-enantioner; and R is hydrogen, a carboxyl - protecting group
or a cation of an addition salt; or solvate thereof.
H
F3 N
4O
|

10  wherein the wavy bond ( v ) represents the racemate, the (R)-
enantiomer or the (S)-enantiomer using certain novel racemic and chiral
fluoro-substituted intermediates and to a process for their preparation.

15 DETAILED DESCRIPTION OF THE INVENTION

The present invention provides novel racemic and chiral
intermediates which are useful for the preparation of certain modulators
of the large-conductance calcium-activated potassium (Maxi-K) channels

20 described herein, and which have the formula

F COOR

NO, OCH;3
g "
F3C
cl

wherein the wavy bond ( ) represents the racemate, the (R)-
25 enantiomer or the (S)-enantiomer; and R is hydrogen, a carboxyl-
protecting group or a cation of an addition salt; or solvate thereof.

The present invention also provides processes for the preparation
of compounds of Formula IV and to processes for the preparation of
30 3-fluoro oxindole derivatives of the formula



The present invention also provides processes for the preparation of
conpounds -of Fornmula IV and to processes for the preparation of 30
3-fluoro oxindol e derivatives of -the formul a

-4- Jerr] woO98n6222 wherein the wavy bond ( [err] ) rrqIessansi23t he
racemate, the (R)- 5 enantioner or the {8)=enantioner.

The term"(er]r alkyl"™ and "Cerr] alkyl" as used herein and in the
clainms (unless the context indicates otherw se) mean straight or

branched chain al kyl groups such as nethyl, gethyl, propyl, isopropyl, 10
butyl, isobutyl, t-butyl, anyl, hewrg NQhe I|ke Most preferably, these
groups contain 1 or 2 carbon atons. o The term"a cation of
an addition salt" as used herein and i clhins is intended to
i nclude al kali nmetal salts such as sqgl 1% potassi um cal ci um and
magnesi um the amoniumsalt, salts wt t oxi ¢ am nes such as

trial kyl am nes, pyridine, picoline, dibenzsla e, et hanol am ne,

N- net hyl nor phol i ne, N nethyl gl ucam ne, |ysine, arginine, salts with
optically active salt-form ng agents descri bed her ei n and ot her

am nes whi ch have eerJ sed to formsalts of car ci ds.

Sui t abl e reduci ngW Mé‘”e}ﬁpé?%ﬁﬁ i Q eﬁ]@@e&le (F3

5 enantlomer or the (S)-enantiomer.

The term "C1.g alkyl* and "C1.4 alkyl” as used herein and in the
claims (unless the context indicates otherwise) mean straight or
branched chain alkyl groups such as methyl, ethyl, propyl, isopropyl,

10  butyl, isobutyl, t-butyl, amyl, hexyl, and the like. Most preferably, these
groups contain 1 or 2 carbon atoms.

The term "a cation of an addition salt" as used herein and in the
claims is intended to include alkali metal salts such as sodium,

16  potassium, calcium and magnesium, the ammonium salt, salts with non-
toxic amines such as trialkylamines, pyridine, picoline, dibenzylamine,
ethanolamine, N-methylmorpholine, N-methylglucamine, lysine,
arginine, salts with optically active salt-forming agents described herein,
and other amines which have been used to form salts of carboxylic

20 acids.

Suitable reducing agents which can be employed in the present
invention are reducing agents which effectively reduce the nitro group to
an amino group without affecting other functional groups. Reducing

25 agents such as sodium dithionite, iron in acetic acid and the like are
preferred.

The term "wavy bond ( )" which is attached to a fluorine atom

as used herein in the chemical structures and in the claims is intended to
30 include the racemic mixture as well as the two individual sterecisomers
designated herein as (R)-enantiomer and (S)-enantiomer. It should be



i hvention are redu0|ng agents which effectively reduce the nitro group to
an am no group w thout affecting other functional groups. Reducing 25
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As the conpounds gheftigephisamidta rddetic Mixt@ssess an asynmetric
carbon atom at the 3-position of the oxindole ring, the 10 present
I nvention includes the process for the preparation of the racemate as
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Forrmula | as describe erein alns use a single
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processes. Resultl ra tes ca separ at ed.,i nt.o. ant odes

el ramner - af t &if RoTRIg 28 dscapednaraly e i the GRim THS B85 i SPEle,

by formng a m xtdgsigidtion mwagqay @m(syfsméﬁded/\tdimcnm Ardstly gt i ve salt-
20 form ng agents, separatlplgxt e xture into diastereqgneric salts and

converting the sefareaisrmen MixiurRsot IRomerssaibhp saratated ioingividyal
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hi gh pressure i quid chromat aphy columms, the opti |ve
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usual manner after introduction of suitable salt-forming groupings, e.g.
by forming a mixture of diastereosiomeric salts with optically active salt-
20 forming agents, separating the mixture into diastereomeric salts and
converting the separated salts into the free compounds. Although the
enantiomeric forms may be separated by fractionation through chiral
high pressure liquid chromatography columns, the optically active
enantiomers of the compounds of Formula | are preferably prepared by
25 stereoselective synthetic procedures described herein. The use of
optically active reagents in combination with the appropriate
intermediate of Formula V described herein is the preferred method to
produce the desired enantiomer of the compound of Formula .

30 Certain of the intermediates of the present invention can exist in
unsolvated forms as well as solvated forms including hydrated forms
such as monohydrate, dihydrate, hemihydrate, trihydrate, tetrahydrate
and the like. The products may be true solvates, while in other cases,
the products may merely retain adventitious solvent or be a mixture of



optically active reagents in conbination with the appropriate
internedi ate of Fornmula V described herein is the preferred method to
produce the desired enantioner of the conpound of Forrmula I. 30
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phenyl (Clerr]) ahhdlcontitivgs, wradnaﬁé'lb%hiﬁwh‘a@ldl’éﬁ@ﬂt dr dapalie @l kyI e.g.,

benzyl, 4-net hoxyb(gg 4-ni trobenzyl, benZyhydryl and trity
met hoxynet hyl ogenation.; Exampies of su% ¢§a§umyemom@wam9nﬁtmtectmg

(Cferr]) al kanoqu}w?g %&ﬁﬂa Lehéé& s%gh % saaﬁk@rcgté)éxmlmééetpyl silyl such

propi onyl oxynet h err kenyl suc
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Al Kemy! oxyoar bomy Be s A RLORABE M, 3R srutiiopeRdLpheny Gliva alodcne
T robonzyl + 2.4 g b ey (O F4) B, &, beRapl -metSpeRaA Ty &
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di sclosed in " Pr qfigfibtdéthGkestbohl, BepdidkyMEthe 4y alkRESHBLT (-4 alky!
20  such as acetoxymethyl, propionyloxymethyl, (C2.4) alkenyl such as viny!
and allyl, unsubstituted or substituted phenyl (C1-4) alkoxycarbonyl such

as benzyloxycarbonyl and 4-nitrobenzyloxycarbonyl, and (C2.4)

alkenyloxycarbonyl such as allyoxycarbonyl. Particularly advantageous
carboxyl-protecting groups are C1.g alkyl, benzyl, 4-nitrobenzyl, 2-

25 nitrobenzyl, 2,4-dimethoxybenzyl, 4-methoxybenzyl and the like and,
preferably, methyl or ethyl. Other suitable protecting groups are .
disclosed in "Protective Groups in Organic Synthesis", Theodora W.
Greene (thn Wiley & Sons, 1981), Chapter 5 for carboxyl, which is
hereby incorporated by reference.

30

Fluorinating agents which can be employed in the present
invention are, for example, N-fluoro-bis (phenylsulfonyl) amine (NFSi),
1-fluoro-4-hydroxy-1,4-diazoniabicyclo [2.2.2] octane bis
(tetrafluoroborate) (NFTh), 1-chloromethyl-4-fluoro-1,4-



Greene (John Wley & Sons, 1981), Chapter 5 for carboxyl, which is
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such as fracti onal crystallization include resolving agents such as:

(S)-(-)-a- 10 “f%tm\ﬂi benzyl amine, (R)-(+)-a-nethyl benzyl anine, (R and
(S 2- phenyl gl yci nol, (R) phenyl ephri ne

D phenyl al ani nol [ (R) - 2- am no- 3- phenyl - opanol ]

L- phenyl al ani nol [ (S) @mallwrca@wgrﬁalmormmg agents wgncbmmb? en@momed asthe

hed S, 2R
Qgﬂggr ?ntral, n((al R}J$3§§-ﬁl\p0n€r§lﬁ&r ?Y%eﬁle %cg%rﬁél%\&ﬁﬂre lﬁwm ilr‘aﬁ‘ndﬁg;eiphedr|) ne,
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2R) - 1, 2-di am nocycl ohexane, (1S, 2S)-1,2-di an nocycl ohexane and the
li ke. 2515 crystaliigationj %m&!v'asc@qm 89sh @# clrlke- modul at or
conpound of Formul a | prepared by variou rocedur es and,

referably, by methyibenryiaminag Rher L arbeiwinencarnet (2) AodS) 2-
phenylglycinol, (R) phenylephrine, D-phenylalaninoif(R)-2-amino-
3-phenyl-1-propanol], L-phenylalaninol[(S)-2-amino-3-phenyl-1-
propanol], (1R, 2S) norephedrine, (1S, 2R) norephedrine, (1R, 2S)

20 ephedrine, (1S, 2R) ephedrine, (1R, 2S) N-methylephedrine, (1S, 2R) N-
methylephedrine, (R)-cyclohexylethylamine, (S)-cyclohexylethylamine,
(1R, 2R)-1,2-diaminocyclohexane, (1S, 2S)-1,2-diaminocyclohexane
and the like.

25 The large conductance potassium channel modulator compound
of Formula | may be prepared by various procedures and, preferably, by
employing the intermediates of the formula

F COOR
NO, OCHs
g "
F3C
cl

30 wherein R is as defined previously. Thus, the present invention provides
a process for the preparation of the intermediates of Formula IV and also



[-err] 30 wherein Ris as defined previously. Thus, the present
I nventi on-provides a process for the preparation of the

i nt er medi a‘gvﬁs)ammgor mula IV and al so PCT/US97/15323
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conpounds of

REACTI ON SCHEME 1 [err]
provides an improved process for the preparation of the compounds of

Formul a |I.

Formula |.

REACTION SCHEME 1
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1. NagS$304

2. Hydroysis

As illustrated in Reaction Scheme 1, the compounds of Formula IV
may be prepared by chlorination of commercially available
2-methoxyphenylacetic acid with a chlorinating agent such as sulfuryl
chioride in an organic solvent such as tetrahydrofuran and acetic acid

10 and then converted to the carboxyl-protected compound of Formula il.

Some of the carboxyl-protecting groups defined by R1 which can be
employed to block or protect the carboxylic acid moiety are described
herein and others are well-known to those skilled in the art. For
example, the methyl ester of Formula |l was prepared from the acid using
15 dimethyl sulfate and anhydrous potassium carbonate in an organic
solvent such as acetonitrile or by using methanol with a catalytic amount



5 : As illustrated in Reaction Scheme 1, the conpounds of

Formu a IV may be prepared by chlorination of comercially avail abl e
2- met hoxypweywsigget i ¢ acid with a chlorinating agent such asp@pnsédsigses
chloride in an organic solvent such as tetyghydrofuran and acetic acid 10
and then converted to the carboxyl -protected conpound of Fornmula II. -
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exanple, the neth ester of Fornula Il was prepared fromthe acid using

15 di methyl sul® '@%ﬂd'“&'ﬁ'ﬁ'}/ﬂ%ﬁ%‘%‘ﬁ@ﬁm%m Dbiraateaboutan 007 tm 30 °C
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herein and poef etoq:irb;zluueiatfteNahl acidic-worduphibeydesivetdftudro asterecdMpound pfoduce

after an acidic 'yvon“ﬂg {,he desired fluoro ester conpound of For mul a
| Va. il A is desired to prepare the racem ¢ conpound of
Formula la as shovvn in Reaction Schene 1, the fluoro ester of Formula

| Va may be 15 treat Wit h r‘g?ﬁu,ci ngcha ents well-known in the art.
Preferably, the henjtis ¢psirad taprapate dhe ragamiceumpennd oh Fermula ta

anot her reduci nGhaP8lkdin in R r foh&s
affecting the fluoro srt}llogt |etagg,gh(§b%nhé 1Tﬁgéjﬁggul téﬁt ch’;lﬁlo ﬁ%olggt ergﬁen

spont aneousll§ cyeeatedvithoresdusingiagents well-knowesinrtbe aftacEneferﬁlw ther o
oxindol e of For mdhgefiéh iarried out with sodium dithionite or another reducing agent
which will reduce the nitro group without affecting the fluoro substituent.
The resultant anilino-ester then spontaneously cyclized to provide the
desired racemic 3-fluoro oxindole of Formula la.
20



-10 -

REACTI ON SCHEME 2 [err]

The substantially pure enantionneric forns of 3-fluoro oxindole of

For.mul as I
of Fornmul as

Rcliafle!

. are advant ageously prepared fromthe res 1k 5
azgd VI'b, respectively, as wn in Reactionqlc erf’z 5%

The fluoro ester of Formula IVa is first hydfolyzed under basic conditions

10

REACTION SCHEME 2

IVa
j Hydrolysis

NO,
. COH

Resolution FeC O O —l Resolution

H30

CO;H

Py

[¢]

5

11\ 0 N
(*]
N
be o
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/

,
CH30 O CH;;O
. c

CI
Via Vib
1. Na28204/ NaHCO; 1. NaxS204/ NaHCOg3
2. HCI 2. HCI
FsC 'r':' :
\©/\Z:O
S§YF
a
(S) - enantiomer (R) - enantiomer
Ib lc

The substantially pure enantionmeric forms of 3-fluoro oxindole of
Formulas Ib and Ic are advantageously prepared from the resolved acids
of Formulas Vla and VIb, respectively, as shown in Reaction Scheme 2.
The fluoro ester of Formula IVa is first hydrolyzed under basic conditions
to provide the racemic acid of Formula V. The (S)-enantiomer of
Formula Ib and the (R)-enantiomer of Formula Ic may be prepared from -
the corresponding racemic acid of Formula V by conventional resolution
methods such as fractional crystallization after the introduction of a
suitable salt-forming group. The resulting mixture of diastereoisomeric
salts which is formed with an optically active salt-forming agent as



to provide the racemc acid of Fornula V. The (S)-enantioner of

Formu a I'b and the (R)-enantioner of Fornula Ic nay be prepared from

the correspayed g7 acem c acid of Formula V by conventional iéiﬁfsﬁlis%a 10
met fods such as fractional crystallization gfter the introduction of a
suitable salt-form ng group. The resulting mxture of diastereoisoneric
salts which is f ' : ' LL\e ] t._as

- 11 - degc%rglg@é%w hggégﬁﬁgggtsebégéggpa%maénﬁéﬁ%%de)%gr a eé(;gggs!%l ved salt
is conver tedvened te amuopolind ofBormuka Ibtorde. [Rrefdtablye thdbait-foiming
salt-form ng agents are (S)-a-methyl benzyl am ne and

(R) - a- met hyl benz fgarishareatR)-a-methylhenzylamineiand (Rneameathylhenzylamine and
fractional crystallization. The resalytipn .. 5 nmay he carried out in an

i nert organic somme?ﬁgﬁdﬁ SPRREALOY li%yaﬁa%m(grygiamzatlogoh erfeselition, s

2- propanol i rg whj béeartsdbuthh anliner@Ygari tZ 0

sol ution. ey When_ it ig desi r%%mf&?og}régpt)'aﬁd%%feg%%g’t gﬂ%"f%’
pure (S)- 10 efalenbaueh as 3=propanelim whicf the resalvedisall noay rrystallize v i s
first resolved from thd'8biifionS) - a- met hyl benzyl ami ne and the resulting

di ast ereoi soneric sa}t Is converted to the optically active acid of
Formula Vla which is then readily reduced and cyclized to provide

the chiral conpound o . f ol 1.0 e s sequence as
above with the racem S:NIE%F gf"l%?lesggd tgérrgﬁ?f@lweo%‘f&%%w%lﬂ??@ﬁe enri ched
not her | i qudl0 deenhastiorhepof Fommula Ib, the escemici avid of FohaukcVds fitsthesened VI a

and treating the acid wwth (R)-a- . methyl benzyl an ne the
substantial Iy puleingfS)eramethythenzytarripenand the resulting diasteresisarodrié rsath t he

correspondi ng separat ed, diastereql sqgneri.c salf. 20 .. l.bna
preferred enbodi ﬁeqﬂnv&rte[dntg tﬁ“ﬁ\f@ﬁl"?ﬁ)ﬁ aphge @GPFLB{JEB@%'P Via whichds then, | v
have the fornmul ardefilylreduced andbeyalized &b probitethEeHpan eofdgiunk of PRGIENT S
the racemate, th% (gg . .

Ib. following the same sequence as above with the racemic acid of

15  Formula V or, preferably, the enriched mother liquor derived from the
resolution of the acid of Formula Vla and tréating the acid with (R)-o-

methylbenzylamine the substantially pure (R)-enantiomer of Formula Ic
is produced from the corresponding separated diastereoisomeric salt.

20 In a preferred embodiment of the invention the compounds of
Formula IV have the formula

F COOR
NO; OCH3
g "

FsC
cl

25  wherein the wavy bond ( v+ ) represents the racemate, the (R)-
enantiomer or the (S)-enantiomer; and R is hydrogen, a carboxyl-
protecting group or a cation of an addition salt; or solvate thereof; with a
reducing agent to produce a compound of the formula



enantiomer or the (S)-enantioner; and R is hydrogen, a carboxyl -

protecting group or a cation of an addition salt; or solvate thereof;

a r ' gent to produce a compound of the formula

58/ 16200 WOSkRGE PCT/ USe7/ 15353 FCTUssmitad
12 - FCOR ™ [err] and, (b)
cyclizing the reduced conpound fromstep (a Q* neutral or acidic
conditions to produce the oxindol e conpow‘d‘lo formula 1. 5

I n anot her aspect, this invention providgs> #3s for the

preparation of a 3-fluoro oxindole conpé e formula [err]

wherein the wavy bond ( [err] ) repres
enantioner or the (S)-enantioner, c&%rising thd steps of: (a)
reduci ng a conpound of the fornula 15 [err] ¢

and, (b) cyclizing the reduced compound from step (a) under neutral or
acidic conditions to produce the oxindole compound of the formula i.

In another aspect, this invention provides a process for the
preparation of a 3-fluoro oxindole compound of the formula

10
wherein the wavy bond ( ) represents the racemate, the (R)-
enantiomer or the (S)-enantiomer, comprising the steps of:

(a) reducing a compound of the formula
15

F COOR
NO, OCH;

PO

cl

. wherein the wavy bond ( \~~) represents the racemate, the (R)-
enantiomer or the (S)-enantiomer and R is hydrogen, a carboxyl-
20 protecting group or a cation of an addition salt; or solvate thereof; with a
reducing agent to produce a compound of the formuia

W th

10



wherein the wavy bond ([err]) represents the racemate, the (R)-
enanti oner* or the (S)-enantioner and R is hydrogen, a carboxyl- 20

protecti nowasakg228r a cation of an addition salt; or sol vatepdhpsfflsazsM th

a reduci ng agent to produce a conpoun f_ the formla

- 13 - [err] and, (b) cyclizing he reduced conpound from step

(a) to produce the oxi ndoI e conpound of teso gormula 1. 5

a preferred enbodi nent, the invention prom;, a. Bocess for t he
preparation of the (S)-enantionmer of For 3the (R)-
enantiomer of Forrmula Ic J[err] In still another
aspect, this invention provides a alololes preparing a racemc
conmpound of the fornmula [err] 3

Cl

and, (b) cyclizing the reduced compound from step (a) to produce the
oxindole compound of the formula |.

In a preferred embodiment, the invention provides a process for
the preparation of the (S)-enantiomer of Formula 1b and the (R)-
enantiomer of Formula lc

o
(/R =
-
O

17

CH30< j
a

(S) - enantiomer (R) - enantiomer
10 | b le

In still another aspect, this invention provides a process for
preparing a racemic compound of the formula

15 IVa

wherein R is hydrogen, a carboxyl-protecting group or a cation of an
addition salt; or solvate thereof comprising the steps of (a) fluorinating a
compound of the formula

20

In



wherein R is hydrogen, a-'carboxyl-protecting group-or a cation of an
addi tion salt; or solvate thereof conprising the steps of (a) fluorinating

a . co the formula 20

-14- Jer ;T'][WHB%&E: wherein Rerr] is car boxyl - pr ot ec‘;'ﬁ'f%s’é’r‘%’ﬁ% W th
a fluorinating agent and (b) optionally,” hydrolyzing the

car boxyl -protecting group to produce said 5 racemate conpound wherein R
i s hydrogen or a cation of an addition Hs@PboORYr sol vate thereof.

In still a further aspect, this inventionNBedyi degHghe resol ution of the

conmpound of Forrmula IVa with a chiral ress
corresponding (S)-enantionmer of Fornula

g _#sgent to produce the 10
@ -enanti oner of
Formula VIb [err] . FaC
a

wherein R! is a carboxyl-protecting group with a fluorinating agent and
(b) optionally, hydrolyzing the carboxyl-protecting group to produce said

5 racemate compound wherein R is hydrogen or a cation of an addition
salt; or solvate thereof.

In still a further aspect, this invention provides the resolution of the
compound of Formula IVa with a chiral resolving agent to produce the
10 corresponding (S)-enantiomer of Formula Via and (R)-enantiomer of

Formula Vib
F3C NO, FaC NO>
O CO2H \©/\<cozu
%, 3
CH30 O F CH3°©F
a c
Via Vib
15 The compounds of Formula | are modulators of the large-

conductance calcium-activated potassium channels and the utility
thereof is more fully described by P. Hewawasam et al., in United States
Patent No. 5,565,483 issued on October 15, 1996.



15 = ‘The conpounds of Fornula | are nodul ators of the |arge-

conduct ance cal ci um acti vated potassi umchannels and the utility

ther eof i sywpgAedy! |y described by P. Hewawasamet al., in Uikt S
Pat ent No. 5,565,483 issued on Cctober 15, 6. B3
- 15 - _ DESCRI PTI ON OF SPECI FI C EMBODI MENTS

In the fol low ng exanples, rgbcHIBRRSAIHESPRERE! KRBOPIRRNAES
Centigrade. Melting points Were recorged o a aften ary
mel ti ng point apparatus and boiling points were neasured at specific
pressures (nmm Hg) and h erat ures, are yncorrected. Proton,

nmagnetic resonance (1 'E&Mﬁ%@gc%%ﬂlerﬁdﬂB?Wef%%ﬁ%ﬁé:% given in degreqqir)

spectra were rec@arttigrade NeltikgrpaifisiWere fbdordee B 8 G&Ndhkamp capillastym ned
in the solvents indicateqd and chem cal, shjifts are reported in 10 'd units

downfi el d froth t HREtiRGHAAIRL aRRAAINT anH0iURG PRITS WalRemeasaechatispecific
i nterproton coup!ﬁrasmggagﬁsrﬁgm)gém@ bgﬁpféﬁg?lg??ﬂé%férgoé}gﬁﬁégi' Bro

patterns are desi gnat sin triplet; q,
quartet; m nul tirpaghetidresdmansd (HEMMRIdand caban nugrittichiesonahde br oad
doubl et; dt, doublfé of triplet; bs, broad singlet; , doubl et of quartet.

15 Infrared (I R('EGNMR) spsrirg Wereskasorded opra Beukemhl 3R0.c Allspacttanweren
Ki | ' ' .
a Perkin El mer 7%@%5&&9%@@;30%{;{?{;}% H0ael dnd ndfiicdiTrlns 67 HOBGhedin

to 1601 cnferr] sorption o tyrene filmand reported TnrTecrp
centineters 1@n{ &l unity do@pfieldairomothex internal ftandard ¢etrametindsitiriee (TMSYdaineh a

Per ki n- El 241 ' - ts indicatged. Lution 20
mss spectra (o) SRrOITECEplt kOsRR B Ferdtfed 7 Eradbth  Slutihe " 0,
el Ght | Capi | ar & cLortr ophor al o ves dererm naqon G Lol LoApiet 6, DY

. ar L I
\Igliel)gyst ens IC)|270A- ﬁ?a@(&@s M'Rq?{i %%W%gp?%;r‘ijcﬁ\qql@.'etf%@ﬂ? bdapread
30 [err] C and 15 deubiet; o ldoaBret (03 Urifiet; [y, 'Hréad Wiridle® dgu BolBidt &F pfarfetl M 25

t auodeoxychol i c ?ci din 8 1 M sodi um phosphat e dibasic_and detector
15 Infrared (IR) spectra using potassium bromide (KBr) were determined on

5

a Perkin Elmer 781 spectrometer from 4000 cm-1 to 400 cm-1, calibrated

to 1601 cm™! absorption of a polystyrene film and reported in reciprocal
centimeters (cm-1). Optical rotations [oc]ZD5 were determined on a

Perkin-Elmer 241 polarimeter in the solvents indicated. Low resolution

20 mass spectra (MS) and the apparent molecular (MH+*) was determined
on a Finnigen TSQ 7000. The element analysis are reported as percent
by weight. Capillary electrophoresis was determined on an Applied
Biosystems 270A-HT CE System (72 cm x 50 um i.d. fused silica) at
30 °C and 15 kV of voltage (80-90 nA) with a run buffer of 0.1 M

25 tauodeoxycholic acid in 0.1 M sodium phosphate dibasic and detector
set at 220 nm.

High pressure I'iquid chromatography (HPLC) was carried out with
the sample dissolved in methanol and insjected on a YMC-Pack 0DS-A,
30 150 x 6 mm, S-5 mm, 120 A column using (A) water w/0.1%
trifluoroacetic acid and (B) acetonitrile w/0.1% trifluoroacetic acid as
solvents with the detector set at a wavelength of 220 mm. The flow rate
was set to 1.0 mL per minute and the column eluted with a gradient of



set at 220 nm Hi gh pressure liquid chromatography (HPLC) was
carried ‘out with the sanple dissolved in nethanol and insjected on a
YMC- Pack ODS- A, 30 150 x 6 M S-5 mm 120 A colum usin

w 0. 1% wo%sf’fsﬂ%uor oacetic acid and (B) aggtonitrile w 0. gl’1‘9@0"8QMWS%"'
trifluoroacetic acid as solvents with e detector set at a wavel ength
of 220 mm The flow rate was set to 1.0 nL per mnute and the col um
elufed with a gr

' f . : o amo , - 16 -
S0% (B) 1 o 9000 RerE) 36 909, (BLin 29 Brinutgs: Rolsbwith 89% B for 5 minutes: stes,
back to 50% (B) vk P56 B) dndhaldier 5 ritiutes. BHGl MRLCIeisy dbtesthined  on

a Chiracel-OD colum._ =~ 5 It should also be evident to those
skilled in the 20 aGhiracgifPBraluma. substitution of both the materials
and net hods di scl osed herein w || produce the exanples illustrated

bel ow and t hose enconpassed by the scope of this invention. 10

EXAMPLE 1 & 5- Chit shouli alsblhegyidenty taathmisiecskiltadiin tinet rg thatsappropriate

Chr B necked 3 LRt BB e Bea Hrid dtnods digpioged HURIEWALT | 77

bar, argon inl etprodyesthe @xantples diusirkted deldwand those ervpmsassed by dhe

septa, was vacuuni ar go pu,r%; .. The flask was charged wth
commerci al |y ava$3oRs ef YU veplionNphenyl acetic acid (300 g, 1.81 20 nol)
and anhydrous THF (2 L). The m xture was cool ed to approxi mately -15

[err]C and stirred until the solution becane honogeneous. Neat sul furyl
chloride (209 nL, 2.55 nol) was added dEXAMBLE,ily an additional funnel
while stirring over an hour. The internal tenperature was maintained

5-Chloro-2-methox enviacetic _acid. methyl ester

Step A. 5-Chloro-2-methoxy phenylacetic acid
15

A flame dried three-necked 3-L round-bottomed flask, equipped
with a septa, stirring bar, argon inlet, thermocouple and addition funnel
capped with a septa, was vacuum/argon purged. The flask was charged
with commercially available 2-methoxy phenylacetic acid (300 g, 1.81

20 mol) and anhydrous THF (2 L). The mixture was cooled to approximately
-15 °C and stirred until the solution became homogeneous. Neat suifuryl
chloride (205 mL, 2.55 mol) was added dropwise via an additional funnel
while stirring over an hour. The internal temperature was maintained
below -5 °C (ranging between -15 and -5 °C). Immediately after the

25 complete addition of sulfuryl chloride, HPLC analysis showed the
reaction was complete. The reaction mixture was poured into cold water
(16 L) with vigorous stirring. The resuitant slurry was stirred for 3 hours
and the white precipitate was collected by filtration, washed with water
(2 L), air dried for about 24 h, and vacuum dried to afford 345.3 g (95%

30 yield, 97% by HPLC) of the title compound as an off-white solid that was
used without further purification in the next step.

SUBSTITUTE SHEET (RULE 26)



bel ow -5[err] C (rangi ng between -15 and -5 [err]C). Imediately after the
25 ‘conplete addition of sulfuryl chloride, HPLC analysis showed the
reaction The reaction m xture was poured into I

(16 L) wt g‘gy@us stirring. The resultant, slurry was sti r?ghﬂ*sg%‘%z%ours
and the white precipitate was coll ected by~ fl fration, washed with water

(2 L), air dried for about 24 h, and vacuumdried to afford 345.3 g (95% 30

yield, 97% by HP of t he _ off-white solid that was

used without furtHEP B prChloe t d thyl

17~ " SStep B 5 Ohl bro-2- et h tic acid, methyl ester
- ep or o- 2- met hoxyp acetic aci met hyl ester

A flame dried three- ne%ﬂéﬂl%dueﬂéhMD%@kefﬁﬁd- mmpot;qmq@bﬁalsk equippedh a

st opper, mechani SHAN

condenser, was vg@iuu g‘%r ;r)rﬁérged 'é hﬁr g}eedﬁg)%ﬁé %ﬁg r%ﬂux

pr oguct t obE 62123 5{: ed condgnsar, sz(sausaclmrg/argoﬁ zaurgéd Taitdﬂamowasm{a&gégr lWi%hhthe

car ponat e n ace 1tr . 0} e

resul t ant suspe%?r%ﬂuwgeﬁ‘ﬁ d"a’%ﬁ&y&ﬁxg@ g'a{ (’99 F'Y‘i""l-'f PRIBSSHAR [

5 minutes with St:amcbmeé(adstd‘l%@ﬁ%l?dﬂﬂ%ﬁlﬁ’{rdl‘é&s%e@&ﬂtﬁle33'ﬂEf rirGth
he

1.5 hto 10 conplete the esterification reacti on m xture was coo

to room t ef@RMltaNt suspaRsionvas agdeedrlimathyl sulfate £2Q0 wals, Z}Gérmbbcb\mrt h
triethylamne (7 aj}ﬁ RSk 3
wi th ethyl acet at% eﬁiﬁutegtﬁgtr%ﬁfr F‘ébc | ne?’%téﬁ (gtre waé{ é%&g?ﬁ% Qdfggqo%%qo
rotary evapolt@t opompla!rerﬂae&sienimtmm Thaireaction dhixturewasacdaled toadodb
bet ween et hyl The organi,c | ayer was
separated, was hegé'ﬂ})g ha('@&%@qﬁa egégﬁglr‘f Uﬁ/} ﬁHkQPeweﬁ q_hFd “3%
saturated sodi untmé‘thyialnwlaes(wbuﬁLpnThé resulast shecipitaty Wasmaﬂﬁaléﬂﬂ washed
sul fate. The sol ut, o f4 gégsj Bcl the solv nt was renoved on a
rotary evapor at o¥! Wo ?%t % ghd theicombiged filfrate \Ma%mnsentratﬁq 8n 2o
residual oil wasrétapy evhperaitORy afferela fadidds. ['Ifﬁ'é }éélé& ﬁﬁwﬁ@ﬂ"‘g) to
afford 310 g1éab ut 85% |eI d, 97% by HPLC) of the t|t e cohpoun
vi scous pal e gtyveen e hyl acetate (2 L) and 0.25 N HCI (1 L). The organic layer was
separated, washed with saturated sodium bicarbonate (2 x 2 L), 50%
saturated sodium chloride solution (2 L) and dried over magnesium
sulfate. The solution was filtered and the solvent was removed on a
rotary evaporator to afford the crude ester as a dark brown oil. This
20  residual oil was distilled under vacuum (170 °C at about 25 mm Hg) to
afford 310 g (about 85% yield, 97% by HPLC) of the title compound as a
viscous pale yellow oil.

EXAMPLE 2
25

5-ghIoro-g-flgoro-2-me;hoxy-g-[2-nitro-4-(trifluorome;hyl)-
phenyllbenzeneacetic acid, methyl ester

A four-necked 12-L round-bottomed flask, equipped with a septa,
30 mechanical stirrer, argon inlet, thermocouple and 2-L addition funnel
capped with a septa, was argon purged. The 5-chloro-
2-methoxyphenylacetic acid, methyl ester from Example 1 (309.15 g, 1.44
mol) and 4-fluoro-3-nitro-benzotrifluoride (207.5 mL, 310.0 g, 1.48 mol)

SUBSTITUTE SHEET (RULE 26)



EXAMPLE 2 25
5-Chl-oro-[-err]-fluoro-2-nethoxy-[err]-[2-nitro-4-(trifluoronethyl)-

phenyl ] benzeneacetic acid, nethyl ester A four-necked 12-L
round- bot t BiQRW/16283sk, equi pped with a septa, 30 nechani cal BCTAUSRI1S32 gon
inlet, thernocouple and 2-L addition funnel-18 - capped with a septa, was
argon purged. The 5-chl oro- 2- met hoxyphenyl acetic acid, nethyl ester
from Exanple 1 (309.15 g, 1.44 nol ) and

4-f | uor o- 3- ni t r o- wWere transfarred inde tij@fiask via a Grihula @ndldié8olved)in anhydrous

SUBSTI TUTE SHEET 0 . \ .
-18 - wer efﬁH_ﬁéé '?nHedThﬁt%e?m.gl?tl yellow; salutjop was eooleddn @ sol ved i n
anhydr ous TatEet(;ﬁémmde biﬂetwhpp:roximatw y@d) l°gw A @oliitioPnofiRRiupRo! ed in

[ dr h C A [ ut f
Menium o Chexamtamefuidsiazanein ok A-Q N, 6.6 L% b6 moladadk amanoayslow
orange-yel | ows 5p ddlof)%@é Yravefertd P {HY A84itibA fhﬁﬁe?&ﬂ Uiéiﬂaﬁﬂ@&% tﬁr%d

then added to the reaction m xture over a tot
i nternal tenper atfi@astign mipture over & iskakofchShoursr Fhedsternahtemperaturet oftbe

-26 and -16 [err | '

2o and was[ o ]xlgeacgghiplxture wag rTY iftaingd b w%g R?ﬁtﬁtngiz ﬁ%ﬁfli@l e of
conpl ete additi onamlyssmtaftammmmmmsamm tll'lero‘lrda'ﬂ:tlen&\I?slﬁceltivipﬂléttaor)°‘ftﬁ4r6r=17 total
N-fl uoro-bis he cu err :
1.48 nol, pi n(kpl n %@H“]B% }%@WEPBWB? of co‘nplggﬁé(ﬁf ﬁgﬂ‘gr@h B;tb( 20 Lo
Peabody Stred, Buéiahethyllﬂ&nlazarw;ﬂwdmu&anﬂH\l fluoro-Hig - (Bﬁeﬁylsmﬂfﬁﬂﬁhét ed
into the reaction m Y 2)0 ni.nut es. enperature o

reaction nixture M&é Aeufiyeeg” a{ﬂaZbBGt 1 4@"’["&9'}‘& 'ﬁ@OlQJ’uﬁ"lﬁg Signal,

exot herni ¢ addi t i Roff4lb R&Sed¥ch! L4, @obpéés S'tl%‘élt,fﬁﬂﬁfelé N\g‘?pﬁnhlydro THF

(Accufluorferr]) solution. The cool | ng) was renov eac
m xture was al | ovideRd b) Wassannuiated:in [hﬁ rgactionpemixiieuover 20 minutasd 'Flmc

et oo ALY HERSOR i g g ARSUAIRIRABRABG
20 preci pitd6i ordwing the Bxothermid additionsof flmﬁNdfmdrAGME(bhmyﬂslﬂfo]rM)amme
mxture was  (ARHRRGAHEhoRRRRT A oA RalrEs demayaR ane Ui (#aGion a; o
(2 x 4 L). The mixtureowhs rwdwmnuanhaa@bdmm W@ eRed avbiii1 Hotr S84 HPLC
carbonate (4 x 4 . . .
analysis showed the reaction was complete. The reaction mixture was
quenched with acetic acid (200 mL) resulting in an exotherm to 40 °C,

20  precipitation of the N-fluorobenzenesulfonide (Accufiuor™) by-product
and a color change from dark reddish-brown to orange. The mixture was
diluted with water (4 L) and extracted with ethyl acetate (2 x 4 L). The

. combined organic layer was washed with 10% sodium carbonate (4x4
L), 50% saturated sodium chloride solution (1 x 4 L), 0.5 N HCI (1x4L)

25  and saturated sodium chloride solution (1 x 4 L). The first two base
washes, the 50% saturated sodium chioride solution wash and the HCI
wash were back-extracted with ethyl acetate (2 L) and this organic layer
was washed with saturated sodium chloride solution (1 L). The combined
organic layers were then concentrated under vacuum at about 35 °C on a

30 rotary evaporator to afford a semi-solid black residue (87% by HPLC).
The residual oil was azeotropically dried with ethanol (2 x 500 mL) to
remove water and ethyl acetate before crystallization. A 5-L flask
equipped with a mechanical stirrer was charged with this residue and
dissolved in ethanol (1.5 L) while stirring and heating in a boiling water

SUBSTITUTE SHEET (RULE 26)



LY, 50% saturated sodiumchloride solution (1 x 4 L), 0.5 NHO (1 x 4 L)
25 ‘and saturated sodiumchloride solution (1 x 4 L). The first tw base
washes, the 50% saturated sodi um chl oride solution wash and the HC

wash were WAI/182%2 acted with ethyl acetate {2 L) and this oPGEMUSEIRGR,
was washed with saturated sodi um chloride sof8t1on (1 L). The conbi ned
organic layers were then concentrated under vacuum at about 35 [err]C on a

30 rotary evaporator to afford a seni-solid black residue (87%% HPLC) .
The residual oil bath. ddeptaneiB L) yas slewly\added arighibe hot watydathwas

remove water and Mve@C%@t&IEﬁérP%scéI@égigd %ﬁwt@ﬁoﬁér& 't@ﬁﬁ)ned'ature

equi pped with a nechanical stirre 'S Tesl
di ssol ved i n et hafosler @lhdurs) tovbiystallize the ppductl Aétar stigingfor tBohoursy thet er

SUBSTI TUTE SHEET (RUL
19 - bat h. ‘ﬁg’;ﬁ ‘B}l”?sec‘l‘i'e%% S aNY stigedfor A6 PRUrFo TR bat h
was r ey edsushiEnsion Wasonntema wakshid thitPoolioni ethBRbIREpEAOTY! L). The

t enperat ure over yr to crysi3 he product. After stirring

for 16 hours, thes‘glld Wassﬁ!% ae |f@'na|9®!§ 2 "’19(5‘ YAquUUm drjeghte afferd 448.29
2.5 hours. The co o r

et hanol / hept ane (?ﬂtpeﬁﬂfé‘@&ﬁﬁ%hﬁa (??? /\f?\a}s'é'g’l ?ggrwhﬁgkw bou%"i)f(ilf ‘;"hﬁﬁ t hen
vacuum dried to alP@@ﬁFl'tIClﬂmed splid. of the title conpound (78.8%yield,

99. 3% by HPLC) as an off-white- peach col ored solid. mp. = 125

- 127 [err]C (decm)% _13232 127“‘@'(de€?| cd. for (Jerr]Herr]Jgerr] NCICIF[ err]:

~C, 48.42; H, 8.41;
F, 18.02 10 Found: C, 48. 35; H 2.69; N, 3.23;
15 ) r]G 0.60
EXAMVPLE 3 %5!%.‘*‘5%9"0%?5?52'31%8%%@%@{%5& ?@?79 A §éd| hydr o-6- 20
(trifluoronethyl)-2H i ndol -2-one Cl, 8.41: F, 18.02

Found: C, 48.35; H, 2.69; N, 3.23;
15 Cl, 8.34; F, 18.49; H20, 0.60

EXAMPLE 3

20 trifluorome 1)-2H-indol-2-one

A 250-mL 3-necked round-bottomed flask, equipped with a stir bar
and thermocouple was charged with 5-chloro-a-fluoro-2-methoxy-o.-

[2-nitro-4-(trifluoromethyl)-phenyl]benzeneacetic acid, methyl ester
25 (12.5g, 29.64 mmol) and dissolved in THF (50 mL). Tetrabutylammonium
chloride (0.84 g, 3.01 mmol) was dissolved in water (50 mL) and added to
the THF solution. The reaction mixture was heated to about 60 °C and
sodium dithionite (24.0 g, 118 mmol) was added portion wise as a solid
over 75 minutes while stirring vigorously. After 5 minutes HPLC analysis
30 showed that the reaction was complete. The reaction mixture was
cooled to room temperature and the layers were separated. The
aqueous phase was extracted with ethy! acetate (50 mL). The combined

SUBSTITUTE SHEET (RULE 26)



A: 250- nL -3-necked round-bottomed flask, equipped with a stir bar and

t hernmocoupl e was charged with 5-chl oro-a-fl uoro-2-nethoxy- a-

[ 2-nitro-4- trlfluoronethyl) phenyl ] benzeneacetic acid, nethyl ester 25
(12.5g, 29YBABAEBR) and dissol ved in THE (50 nl). Tetrabutyl $A70/I23
chloride (0.84 g, 3.01 nmmol) was dissolved 4 80water (50 nL) and added to
the THF solution. The reaction m xture was heated to about 60 [err]C and
sodiumdithionite (24.0 g, 118 nmmml) was added portion wise as a solid

over 75 m nutes woiganiciayers mereittaatedwith 1M reethanolic iH@s( 15ANLC) andl lyesated 30

o room t emper at (os g TPRE TeBRGE; HEEC e Snfwed thet iR ayclizapfc. ™
was extracted w twastcoppleteet 'ﬁHF asd methandhwer® inbedd by concentrating on a
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nmet hanol™ wer e “renove

cyclization was . co THE and
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‘yer vas washed ohiofidg Sgfutioh ‘#@%&"%‘éd%‘%mﬁé% T sohifor Wi thn

(2x50 nlL), sat ur adibted svithuhexane (1001hdr)l, treated withaactivatedrcharcoad siogé)t;l over
SO4. The sol ut t . ted wth 0

W act fvat ed-cHiatEE o @bt p °C 167  Wyiel, choles a”e%@??rape%%u Siigred

m nutes, cooHl&d ttthromgmﬂamqmi cosceritrdte@raifia Y8tary WBBP&'@?M hﬂ‘ordi'?d 54

concentrated on a 97) orator to afford 10.54 ¢ 9% crude

product as a foarkdS7ph gﬁ‘?"&%uﬁhés@i v dhis ma&n@ln@as dlSSOIVthlD\ ¢thanghd
heated to refl ux Yl’?faﬁﬂ H@aﬁeé't@%ﬂuﬁ‘iﬁ?%éé@ﬁ%s) slowl¥ addBHHB'AL).Y: 2

seed crystal of t | e conmpound was a
crystallization d? ref ﬂ'@b(u\( oﬁjﬁéed &rysiabot thﬁtlt[eecormoumu@vaaaddedlrewaltmgtmr red

et hano/ vat er (40 G enaEon T8 e Auer il APl 759,71 miRgThl aye for

conpound (73%yi elGihogis stsdom kenPerature andi then diltesédy| Wasieed eithd1 ;1
mp. =165 - 170 étﬁ%l)ﬁﬂ&%ef'(@b'mu, air and vacuum dried to afford 7.77 g of the title

compound (73% yield, 97.5% by HPLC) as a white crystalline solid.

m.p. = 165 - 170 °C (dec.).
20 Anal. calcd. for C16H1002NCIF4: C, 53.43; H, 2.80; N, 3.89;
Cl, 9.86; F, 21.13
Found: C, 53.36; H, 2.75; N, 3.77;
Cl, 10.00; F, 21.03; H20, 0.10

25 EXAMPLE 4

henyl]lbenzeneacetic acid

30 In a 3-necked 5-L round-bottomed flask, equipped with a

mechanical stirrer and thermocouple, was suspended 5-chloro-c-fluoro-

2-methoxy-a-[2-nitro-4-(trifluoromethyl)phenyllbenzeneacetic acid,
methyl ester (450 g, 1.067 mol) in methanol (2.0 L) and 1.0 N agqueous

SUBSTITUTE SHEET (RULE 26)



20 Anal . ‘calcd. for CJerr]Herr]Jerr]NCIF[err]: C, 53.43; H 2.80; N,

3.89; d, 9.86; F, 21.13

Found:  Gyo¥anéBs M 2.75; N, 3.77; PCTIUSS 7115323
d, 10.00; F, 21.03; Herr]O 0.10 25 _p4 _

EXAVPLE 4
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conmpound were added resulting crystallization/precipitation
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C, d A3c QHR r e title
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to afford pyge thi{ 85CoUAUPE misg) to afford pure title compound.

EXAMPLE 5

20 trifluoromethyl henyllbenzeneacetic acid, salt

A 5-L three-necked round-bottomed flask, equipped with a
mechanical stirrer and thermocouple, was charged with the racemic acid
of Example 4 (392.87 g, 0.964 mol) and dissolved in isopropanol (2.0 L)
25 to afford a light yellow solution. While stirring vigorously the reaction

_mixture was heated to 50 °C and then (S)-o-methylbenzylamine was

added over five minutes, causing the reaction to turn slightly green in
color. Heating was discontinued and a seed crystal was preferably
added. Crystallization was observed within 15 minutes. The reaction

30 mixture was cooled to room temperature over 2 hours while stirring and
then the crystals were collected by filtration and washed with isopropanol
(500 mL). After drying under vacuum, 208 g of the title compound as a

1:1 salt with (S)-a-methylbenzylamine (41% yield corrected for about 9%



EXAMPLE 5
(S)-(-)-5-Chloro-2-nmethoxy-[err]-fluoroc-[err]-[2-nitro-4- 20

(trifluor phenyl ] benzeneacetic acid, salt PCT/USDPS3R3 _
t'hr ee- nec@etgséﬁok?nzd- bottonmed flask, equipped_wWj4h a machaﬁlI cal stirrer
and t hernocouple, was charged with the racem® acid of Exanple 4

(392.87 g, 0.964 | ) and disso]yed jn iso (2. oD fford a
i ght yell ow sol utg?%?r%”loga&‘iq\f?'i'ﬂ'&egi%?Qﬁg@ﬁﬁp&u{tgggﬁﬁi‘y Mé} Wit ure
was heated to 50 [gptaihed@ya HOEY Wishe Sofitet iNiklirbautewas fouRd to be 99.8% ed
over five mnutes, causing the feaction to turn slightly green in

col or. Heating wagn@ndeserioall¥Purasdetarmiaeq by sanibaryelectpphetesis.
added. Crystallization was observed within 15 mnutes. The reaction 30

m xture was cooled to roomtenperature over 2 hours while stirring and
then the crystals ge gggbgetggh BvieOHpt Fation and washed with isopropanol
(500 nL). After dryrBg under \facu’um. 8 g of the title conpound as a

1:1 salt with (S)-a-nethyl benzylam ne (41% yield corrected for about 9%

- 22 - of 2-propanol as determned by [err]H NVR, about 99. 9% by
HPLO) was obtAnaledalad. forfC1gH0QgNECH £68Hd1NIBsHgOoduct was found to
be 99. 3% enantionerically pure as determ ned by capillary

el ectrophoresi s. 5 [[err]][err] = -203 [err] (c=1, MeCH). Anal .
calcd. for CJerr]JHerr]Qerr] NC Flerr]. erd,ds506:;]H 406f N, ¥[78;r ] O

C, 55.06; H 4.96; N, 4.76; 10 a, 6.02;
F, 12.90 10 FoundCh 682, 6541380 H 4.88; N, 4.69;

a, 6.15; F, 12.91; Herr]O 0.11

Found: C, 54.94; H, 4.88; N, 4.69;
Ci, 6.15; F, 12.91; H20, 0.11

15 EXAMPLE 6

S)-(+)-(5-Chloro-2-methoxyphenyl)-3-filuoro-1,3-dihydro-6-
(trifluoromethyl)-2H-indol-2-one

20

trifluoromethvllphenvilbenzeneacetic acid

The salt of Example 5 (8.83 g, 16.70 mmol) was dissolved in tert-
butylmethylether (125 mL) and washed with 1 N HCI (2 x 120 mL), water
25 (120 mL) and saturated sodium chloride solution (120 mL). Concentrated
the organic layer on a rotary evaporator to afford the free acid of the title
compound in quantitative yield as an off-white solid.

Step B. (3S)-(+)-(5-Chloro-2-methoxyphenyl)-3-fluoro-1,3-
30 dihydro-6-(trifluoromethyl)-2H-indol-2-one
The free acid obtained in Step A was dissolved in THF (42 mL)
and then water was added (42 mL). Sodium bicarbonate (5.63 g, 66.83
mmol) was added slowly (evolution of gas is observed) to afford a



15 = : EXAMPLE 6
(38) ‘(+) - (5- Chl or o- 2- met hoxyphenyl ) - 3-fl uoro-1 , 3-di hydr o- 6-

(trifluor ev@ddiezdz 2H i ndol -2-one 20  Step A PCT/US97/15323
(S)-(-)-5-Chloro-2-met hoxy-[err]- quoroa[z?snltro 4-
(trifluoronethyl)phenyl]benzeneacetic acid The salt of
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treated with 1 With saturafat:lfwmkmcmbﬁibdnla?e @b)utwmam%wa% [err]C for 5

m nut es and cool ed owly to roomtenperature. The reaction m xture

was concent rat eao%q:prgrated °" ?d’?% evapesatar &e affptd b1&3 géea%)anftcrudeu due was
part i t1oned bet BRRuctiEVA yéllowdthRdsid | Hlidinardfidl WaS Bissohill Hemahdf.

organi c | ayer was wash saturated so I car bona
(2 x 100 mL) antR4 mL) artd)heaﬁqdrt@treﬂumarw wmwae\shqmlyaadned (24afrﬂ.()rd 5.53 g

(92% of cryde t ﬁg%fgratﬂil,ogté%teda&ygta’( o HiNiRE Bo &lndndd whd Sady resu?tlng in

di ssolved in e
crystallization of the product while still hot. The material was stirred for 2
hours at room temperature and filtered, washed with 1:3 ethanol/water
(50 mL), air and vacuum dried to afford 4.95 g of the title compound (83%
yield, 99% by HPLC) as a light yellow crystalline solid which can readily
20 be decolorized with neutral charcoal.

m.p. = 202 °C (dec.)

[0]2° = +156 ° (c=1, MeOH).
25

The enantiomer was identical to the racemate of Example 3 with

respect to 1H and 13C NMR, mass spectrum, IR and elemental analysis
and was found to be 99.9% enantiomerically pure by chiral HPLC.



(24 nL) and heated to reflux and water was slowy added (24 ni). 15
Preferably, a seed crystal of the title conpound was added resulting in
Crysta”i%h@&} the product while still hot. The material was stirred

for 2 at roomtenperature and filtered, washed RCIPSP7/45323

et hanol / wat er (50 nm), air and vacuuRfdried to afford 4. 95 g of the
title conpound (83% yield, 99% bé HPLC% as_a light yellow crystalline
solid which can readily 20 be decol o tEhZneutral charcoal .

mp. = 202 [err]C (dec.) [[err]][err]= +156 [err] (c=1, MeOH). 25
The enantionmer was identical to the racemate of Exanple 3 with respect

to 1H and 13C N{R)-(H)s5-Chkmid-2vmeéthory-@ftuoréal-[200itY6L4- and was
found to be 99. 9% enantionerically pure by chiral HPLC

- 24 - trifluoromethyl)-phenyllbenzene mcid, salt
(R-(+)-5- or o- 2- net hoxy-a-fluoro-a-[2-nitro-4-
(trifluoronethyl)-phenyl]benzeneacetic acid, salt 5 The

not her |iquor obt ai ngtefmotherhiguoe obtaihedifrom the aspdlationh Example 5 with
(S)-[err]-nmethyl benzyl am ne was concentrated on a rotary evaporator to
dryness and t he($keunethylpenayiaminewasdiancentrated ontaratanyeyapetaigt & her

.2 L). The sol ut] hed with 1 N HJ (2 x 500 ni). The 10
or gani c 1 ayer wASNERANR taFURELFRAIc R J5SOIVRE)in4RE-Ruty adihylether

with 0.5N aqueo(m)o'iﬂdi.zlE).hSrHé%lﬁi%ﬁWa‘étvaéhé@w&QW HEED@ X geP%E Mrfe
| ayer was di scarded. The aqueous |ayer was cool ed to about err]C and
slow y aci di% i erganigriayar wWasidilged with fiexanes (about 0@ mijcand extracted he pH

1 i ng vi gor outp -8 Auetius SUiBiPRHoxRS BB (2% oG DL TR e,
was filtelayer was discardedvi The agqueous daydrfwasl cobledhin about PaCeand! | ow
solid (195 o MBicifRPHEmISH P 416 o MRR ENeERELESH HXl SIS B pH
adjustment a seed crystal of the product was preferably added) while
15  stirring vigorously. After stirring for about 1 hour at 0 °C, the solid was
filtered and washed with water to afford the acid as pale yellow solid (195

grams, about 49.5% yield when corrected for solvent).

A 2-L three-necked round-bottomed flask, equipped with a
20 mechanical stirrer and thermocouple, was charged with the above
obtained solid (195 g, 0.48 mol) and dissolved in isopropanol (600 mL) to
afford a light yellow solution. While stirring vigorously the reaction
mixture was heated to 50 °C and then (R)-a-methylbenzylamine was

added over five minutes. Heating was discontinued and crystals started
25 forming immediately. The reaction mixture was cooled to room

temperature over 2 hours while stirring and then the crystals were

collected by filtration and washed with isopropanol (300 mL). After drying

under vacuum, 203 g of the title compound as a 1:1 salt with (R)-a-
methylbenzylamine (40 % yield corrected for about 12.7% of 2-propanol
30 as determined by 1H NMR; about 99.9% by HPLC) was obtained as a

fluffy white solid. The product was found to be 99.7% enantiomerically
pure as determined by capillary electrophoresis.



A 2-L three-necked round-bottoned flask, equipped with a 20 nechani cal
stirrer and thernocouple, was charged with the above obt ai ned solid
(195 9, OwAsegMekidz and di ssol ved in isopropanol (600 nL) to PCTIUsﬁflgﬁﬁd a

| i ght yellow solution. Wiile stirring vi g_o? sly the reaction m xture
was heated to 50 [err]C and then (R)-a-net %Jbenzyl am ne was added
over, five mnutes,sHeating was discontinued and crystals started 25

form ng i medi afedly .= ¥864rrdest] MeOkXt ure was cooled to room

t enperature over hours while stirring and then the crystals were
collected by filtration and washed with isopropanol (300 niL). After drying
under vacuum 203 g of the title conpomllrgl salt with (R -[err]-

met hyl benzyl amine (40 % yield correcte 12. 7% of 2-propanol 30

as determ ned by 1H NVR, about 99.9% by HPLC) was obtained as a fluffy

white solid,. Th d to be 9%7% nantionerical |, pure
as det erni n&d enyl)-3-fluoro-1.3-dihydro-6-

- 25 - [ﬂt?fﬂ%gbi('éhiéfh%%%eifﬁ_#cm?lonubq‘b : .
EXAVPLE 8 5 3R)-(-)-(5- or o- Z-net hoxyphenyl ) - 3-f | uor o- 1. 3- di hydr o- 6-

(trifluoronethyl)-2Hindol - 2-one Step A

(R -(+)-5-Chl org;2- npt '

_(trg(l uolrom7at ?ﬁﬁi%yl ; _ - d

in anpl e : g, | .

tert-butyl net hyl et her 1_ he. lPpnzs ) el cid . 120 m),
wat er (1201@L) and saturated sodi umchloride solution (120 m) .
Concentrated the or ' . on, A Lotar V, at o o afford the 1
free acid of the ti?f@%&bﬁa%ﬁﬁlﬁ’e.dd”q%ﬁmﬂea?i@g% %léﬁ-bsmaw'bwasmm te

sol i d. dissqived irf sa)t-b(utyln(éihfhtmqﬂ 25TRLandnkasiéd with 1 WHEI 2%

di hydro-6-(trif thyl)- ' - - '
! y.ro (tri 42‘60 Fncf.r}?wa¥el) (1233;71%0and2 sgtrcl?ated sodium chloride solution (120

mL). Concentrated the organic layer on a rotary evaporator to afford the
15 free acid of the title compound in quantitative yield as an off-white solid.

Step B. (3R}-(-)-(5-Chloro-2-methoxyphenyl)-3-fluoro-1,3-

dihydro-s-(trifluorome;hyl1-2H-indol-2-one

20 The free acid obtained in Step A was dissolved in THF (60 mL)
and then water was added (60 mL). Sodium bicarbonate (8.1 g, 96.2
mmol) was added slowly (evolution of gas is observed) to afford a
homogeneous solution. Sodium dithionite (15.04 g, 73.47 mmol) was
added portion wise as a solid over 60 minutes while stirring vigorously

25  (evolution of gas is observed). HPLC analysis after 15 minutes showed
the reaction was complete. The reaction mixture was diluted with
saturated sodium chloride solution (60 mL) and ethyl acetate (60 mL) and
the layers were separated. The organic layer was treated with 1 N
methanolic HCI (30 mL) and heated to 60 °C for 5 minutes and cooled

30 slowly to room temperature. The reaction mixture was concentrated on a
rotary evaporator and the resultant residue was partitioned between ethyl
acetate (100 mL) and water (100 mL). The organic layer was washed
with saturated sodium bicarbonate solution (2 x 100 mL) and
concentrated on a rotary evaporator to afford 7.45 g (86%) of crude



20 - The free acid obtained in Step A was dissolved in THF (60 nl)
and t-hen water was added (60 nli). Sodium bi carbonate (8.1 g, 96.2

nmol ) was W’ﬁfisﬂzov"' y (evolution of gas is observed) to affggé,gégg
97/15323

honmogeneous sol ution. Sodiumdithionite (15,04 g, 73.47 mol
added portion wise as a solid over 60 m nut while stirring vigorously 25

| uti f [ . H lysis. aft 15 mi nut es .shawed
the react on washosef 85 &l V&bt selriescf” b dp el was, dbaeivefif Sthno
sat urated sodi un32inb) add hedted ito meflio ant)wated welshslbwicatidée (26 thilyl)A and
the | ayers were se ratgﬂ. ﬁge rgani c | ayer was . tr ?tea with 1 N
net hanol i ¢ HJ (%?éjﬁﬁﬁys pf ﬁtt@& Gngeun Wﬁscpfreé?fagw ded sesyiting vl ed 30
slowy to room terseilidationof tE préagst WhildTsHll HoE vﬁé_rﬁ&'é?iSPWaéts‘%ﬁre@?o?gyl

rotary evaporator and the resul tant residue was partitioned between e
acet at e (1005ni)hqifa atapem teroperatyre and fillerashiwashegewithes 1 elisamal/water wi t h

saturated sodi urpop rﬁEf.béi??ég ﬁhggi g”?%% /;éffé?&)g.;ﬂlﬁjg%?qhe title CORPSUR ('aéf?’/f,j on

a rotary evaporator to a

- 26 - prydeide 89:6%cby HRLEY as ailight lyetlowTerystaltinecsolid wiich cars seddi
i n et hanol : flux and water was slowy adde
(20 nL). A bééég&@!&épgymﬁﬁgﬁﬂ@ ?P%Fcé)agorrpound was preferably added
resulting in crystallization of the product while still hot. The

materi al wag.stirred far hours at roomtenperature and filtered,
washed vvith?Q: 1'Et91é“'ngl%ﬂ/é gfec.). (20 nL), air and vacuumdried to afford
5.26 g of the title conpound (61% yield, 99.6%by HPLC) as a |ight
yell ow crystalline solid which can readily be decolorized with
neutral charcoal a]25 10.158 p(c__a,:mgo[.g.rr] C (dec.). [[err]][err] =
-158 (c=1, Me P The enanti omer was identical to the
racemate of Exanple 3 with 15 respect to 1H and 13C NVR;, nass spectrum

| R and el enent al anal_f(si S . and was found to be 99.9% enantionerically
pure by chiral HPLC. The enantiomer was identical to the racemate of Example 3 with

15 respect to 1H and 13C NMR;, mass spectrum, IR and elemental analysis
and was found to be 99.9% enantiomerically pure by chiral HPLC.



27 VWhat is clainmed is: 1. A process for preparing an
oxi ndol e ‘conpound of the fornul a 5 [err]

wherein t ond ([err]) represents the racemate, the (B
ehan‘tiorre?ﬁl(()jr%%iﬁzeﬁ( S)-enantionmer, conpri si_nQ7t he steps of: ?%,’rmssmss%sa)

reduci ng a conpound of the formula [err] 15 wherein the wavy bond
([err]) represents the racemate, the (R)- enantioner or the
(S)-enantioner; and R is hydrogen, a carboxyl - protecting group or a
cation of an addWhatris slditedas: sol vate thereof; with a reduci ng agent
to produce a conpound of the fornula [err]
1. A process for preparing an oxindole compound of the formula
5
1
wherein the wavy bond ( ) represents the racemate, the (R)-
enantiomer or the (S)-enantiomer, comprising the steps of:
10

(a) reducing a compound of the formula

F COOR

NO. OCHj3
ST
ci

15  wherein the wavy bond ( ) represents the racemate, the (R)-
enantiomer or the (S)-enantiomer; and R is hydrogen, a carboxyi-
protecting group or a cation of an addition salt; or solvate thereof; with a
reducing agent to produce a compound of the formula

F COOR
NH; OCH3
NYA¢
20 Cl

and, (b) cyclizing the reduced compound from step (a) to produce the
oxindole compound of formula 1.

e

el



and, -(b) cyclizing the reduced conpound fromstep (a) to produce the

oxi ndol e corrpound of fornmula 1. - 28
- cess of claim1 wherein the oxindole conmpound is the
racemat e. wog'ghP{z? . A process of cI ai m k%/ner ein the oxi F&I B EHEdund

is the (R - 5 enantlorrer rocess of cI ai m 1 wherein the
oxi ndol e conpou process of

claim1 further r%orrprl C1H| e%%ef claim ﬁf”%%%’@rrspr@“@‘?ée compouiiehisithe of

formula [err] racematdd W th a chiral resolving agent to produce the
correspondi ng (R)- enanti omeric conpound or the (S)-enantiomneric
conpound. 6. A process for preparing a racemate conpound of the

formula [err] g, A process of claim 1 wherein the oxindole compound is the (R)-
5 enantiomer.

4. A process of claim 1 wherein the oxindole compound is the (S)-
enantiomer.
10 5. A process of claim 1 further comprising the step of resolving the

compound of formula

F COOH
NO2 OCH;
F3C l ]
cl

15 with a chiral resolving agent to produce the corresponding (R)-
enantiomeric compound or the (S)-enantiomeric compound.

6. A process for preparing a racemate compound of the formula

F COOR
NO; OCHg

LT

20 a
wherein R is hydrogen, a carboxyl-protecting group or a cation of an
addition salt; or solvate thereof comprising the steps of (a) fluorinating a
compound of formula

* [ L ] S *



wherein R is hydrogen, a carboxyl-protecting group or a cation of an
addition salt; or solvate thereof conprising the steps of (a) fluorinating

a co formul a 9 -
[-err] . wm}'&f wherein R is a carboxyls, rot ecting gr oup W tgﬂus:ﬂg
fluorinating agent and (b) opti onal'lé ydrol yzi ng the

car boxyl -protecting group to produce said racemat e conpound wherein R
i s hydrogen or a cation of an addition H mOB‘ or solvate thereof.

7. A process of claim6 wherein the fl
bi s(phenyl sul fonyl )am ne. 10 8.
15 wherein the wavy bond ([err]) repr acemate, the (R)-
enantioner or the (S)-enantioner; argc Bgen, a carboxyl -
protecting group or a cation of an addition salt@ or solvate thereof.

M2 at iggHagent is N-fluoro-
A_eonpotqd of the fornmula [err]

wherein R' is a carboxyl-protecting group with a fluorinating agent and
(b) optionally, hydrolyzing the carboxyl-protecting group to produce said

5 racemate compound wherein R is hydrogen or a cation of an addition
salt; or solvate thereof.

7. A process of claim 6 wherein the fluorinating agent is N-fluoro- .
bis(phenylsulfonyl)amine.
10
8. A compound of the formula
F COOR
NO. OCHj3
LA
Cl

15  wherein the wavy bond ( v~ ) represents the racemate, the (R)-
enantiomer or the (S)-enantiomer; and R is hydrogen, a carboxyl-
protecting group or a cation of an addition salt; or solvate thereof.

9. A compound of claim 8 wherein the compound is the racemate and
20 Rs hydrogen or a cation of an addition salt; or solvate thereof.

10. A compound of claim 8 wherein the compound is the (S)-
enantiomer and R is hydrogen or a cation of an addition salt; or solvate
thereof.
25
11. A compound of claim 8 wherein the compound is the (R)-
-enantiomer and R is hydrogen or an anion of a carboxylic acid addition

salt; or solvate thereof. —

L i



9: A conpound of claim8 wherein the conpound is the racemate and 20 R
is hydr ogen or a cation of an addition salt; or solvate thereof.

A co claim8 wherein the conpound is the (S)-
enantl onmer an@ E&ﬁtzs hydrogen or a cation of_an addition sal t"“é'FS’Z’&Wate

t hereof . 11. A conpound of cl ai “88 Wherein the conmpound is the
(R) -, enantl oner and R is hydrogen or an anion of a carboxylic acid
addi tion salt; or solvate thereof.

- 30 - 12.12 TheTRg apmsslird oFbIﬁIW@wWB?élﬁ'H‘ls% droiAr ogen. 13.
The conpound of claim 10 wherein I's hydroge y ? The conpound of

claim 1l wherein R is hydrogen.
13. The compound of claim 10 wherein R is hydrogen.

14.  The compound of claim 11 wherein R is hydrogen.
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