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THE TI TLE OF THE | NVENTI ON Pol y
canpdsi tion Technical Fiel (EPO0438796A2 The p

rel ates to a pol yacet al 5 resin conposition.
present invention is concerned with a pol yacet aI resin corrposr

ti on” conpr pROCEBSFORCYHE ENANTIOSRLECTION-SYNTHESIS OF ALKVLATED OXINDOLES USED/AS INTER-
| east one aliphatic car bmEDIATES WNOTHE PREPARATION OF PHYSOSTIGMINEed t O t he

terminal -stabilized pol yacetal resin, the 10 at | east one aliphatic
carboxylic acid netal salt havi ng occl uded therein a specific
amount of aPAGKGROUND OF THE INVENTION:t al conpound sel ected fromthe group
consi sting of a netal hydroxide and a net aI chl oride, wherein the
al i phatic car Hb'ﬁﬁ"?’l!""&tﬂ"&’r?%?&ﬁ"%‘&l"i' 815v1 ‘gem""“‘&f Mo gripylarly, this -
surface the'r“é‘l??”d?"‘? ?J'Q'P@’ Vo ‘V"“‘es'a.' Ugﬂ s, of purileg; and ROmERY Amines
group- corfsi L84 " ‘ °"‘ ("' phy‘ g ﬂg )8 FOONAY o) e 133
on asurface °h°“°'q be; oy ake_ ﬁf) rﬂi il
d e m. I S Ne n glia
conmpoun %, s 3241.9 Gyrdpash
ot ot onl y/nersx r: 32?& et e o ol 6 S S EE P
agi ng i 501 OlxgleyiRinpptrase crcrfg AP Ryl ﬁfhéacraak AGRERS it bings t
properties. g eecaptor. Thrs M af &ﬁbﬂ&ra@&@&ﬁirﬁl | shed nd InCRREAR chllf GERe
tion can bepgygtrenely advant ageously used for varl ous 25 appl i cations,

especi al l'y, pipsbaet direimeddncd¥E 6 oddsivable to stimulate acetylcholine receptors. One method Involves the
2 - use[WhliridRectfaganiats)\buch ab entichctitbeteraSe Hruls, Which ErilbR tat hytIyeio BEIACh by AChE.
tions fons awpe ko agichblipssterssel daig Lidcke ACKED ancoiabibifsl the destruction of neledsadhACH a piginer S
enpl oyed i nneastracinites level wid ificreasddobialogical response risult.cThe alsaleld Physostigmine, which can be
Backgr ound ielated from the seeds of the Calebar bean, has been found to be particularly effective as an an-
ticholinestarase drug. Physostigmine has a high affinity for AChE and ig capable of lnhlbltmg AChHE for
prolonged periods.
.20 {t is believed that degeneratron of the cholinergic pathways in the CNS and the resuitant development of
. apparent irregularities in neuron arrangement may be a principal cause of senile dementia of the Alzheimer
type. This disease leads to progressive regrassion of memory and learned functions. Since the average age
-of the population ig on the increase, the frequency of Alzheimer's digease i¢ increasing and requires urgent
- attention.
25 It has been suggested thet cholinergic egomsts such as the enhcholmesterese drugs. are usefut in the
 trestment of Alzheimer's disease. Nevertheless, drug treatment with anticholinesterase druge has not proved
- entlrely satisfactory. Thug, there Is a need in the art for new forms of drugs for the treatment of this disease.
- The enantiomers of physostigmine and pharmaceutically active physostigmine-like compaounds, such as
the compounds described in U.S. Patent 4,781,107, are under investigation for the treatment of Alzheimer's
‘30 disease. In ‘order to sstisty the. need for compounds having the highest pharmaceutical activity, there exists
& need in the art for a process for. the stereoselective synthesis of the ensntiomers. Specifically, the
enantiomer (-)physostigmine is of current Interest, and while methods for preparing physosligmine and
physostigmine-like compounds have been proposed. there exists a need In the ant for a stereosslective
process for. producing the 8- or (-)forms.
36 it has been found that the compound 1,3-dimethyl-S-methoxyoxindolylethylamine, also referred to as 3-
: (2-aminoethyi)-1,3-dihydro-1,3-dimethyl-S-methoxy-2H-indol-2-one, i¢ an important intermediate in a recently
. discovered methdd of synthesizing (-}-physostigmine. While this amine can be prepared using conventional
techniques, a racemic mixture is usually formed. Resolution of the racemic amine mixture into its R and S .
components makes it possible to synthesize (+ )-physostigmine and (-)-physostigmine.
. 40 A process for the stereoselective synthesis of the amines and their precursors could provide certain
advantagee Such a process could reduce or eliminate the nesd for resolving mixtures of enantiomers.:
- While stereoselective syntheses that are catalyzed by enzymes are highly enantiosefective, non-enzymatic
processes have a wide. range of selectivity. Accordingly, the results obtained in procosses baged on
- sgynthetic chemical techniques are generally unpredictable,” and successful resuite in stereoseiecuve
45 syntheses have been difficult to achieve.
~ Thus, there exists a nead in the art for methods based on chemical techniques for producmg
enantiomers of physostigmine and physostigmine-like compounds. Thete alco exists a need in the art for
methods for the agymmetric synthes(e of intermediates for use in the process. The method should meake it’
oossible to obtain the intermediates in a state of high optical purity. In addition, the process should be easy
so {o carry out and should employ reagems that are readily availabls. '

SUMMARY OF THE INVENTION

Accordingly, this invention aids in fulfiling these needs in the art by providing & process for the
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Pol yacetal resins not only have an excel | ent bal ance of nechani cal

strength, chem cal resistance and “§7ﬁiﬁlg properties, but can also
be gasily processed. By virtue of these advantages, pol yacetal
resins are 1Q eoselé%n%eiggﬁhéiﬁebgan dcgpglhgrgﬁ e;lgoogésac%&\bm&iig@lréemﬁcc%h“@ole of the
w de varlety @PP I'ons 1 ncluding nec

mechani cal parts for electric and el ec- tronic eqU|pnent as well as
aut onobi | es. Wien a polyacetal resin is used in the above- 15

mentioned fields, it is ne;"
good thermal aging resista ’
Further, fromthe vi ewpoint i nproving nolding productivity, it
i's inportant that t he | &Nk resin have good anf#)nol d deposi t
20 properties. Oon entlonal ly, as a nethod for inproving
t he 10 thermal aging resi stancg"gf a polyacetal resin, it is

generally known to add an aliphatic rboxylic acid netal salt to

the polyacetal resin [see, for exanple Exam ned Japanese Pat ent
Appl i cat i on- whete; Roig seleated g»dpa group consisting of methyl, ethyl, and benzyl, with at least one equnvalentga

fication No. 9922‘9‘!) the greyp pongisting: At °'1'&5°‘°°“°““"“°- bromoagstaniy RS’

~.and Exam n&d iﬂgg{? A@sﬂg‘i nin @ biphasic '?ﬂg‘! vigg A0; §quedys; g
No. 60-56748 igﬁﬁ
No. 1425771) ]c“:"::n o ) o ?ﬂm. : rggg %ﬁ‘éﬁ mpu &ﬁ”"é&%ﬂg@‘"
carpoxylic acC G ONE T? a 8 { yacetal resin, although
the-thernq%.aglng reS|stance of t he pol yacetal resin can be

i nproved to sonme degree, agifpg di scol oration resistance and
anti-nold deposit 10 pol yacetal resin becone |ow, The.
poor agi ng discoloration résiy osx2 nol ded product to have
a poor appearance. The po§r anet deposit properties of the

pol yacetalesresin lead to g of the molding pregyctivity,

because a set of - 15 useh\f@::lng such a pol yacet al

sary that tEﬁ‘poI yacet al resin have
3 aqi di scol orati on resi stance.

resin

36

Z

(1I)

. lz . is Sheet Has Been R laced
. | R
§0 Ry is a vinyt group or an ethyl group, .
-. Rg i8 hydrogen or a methoxy group,
X Is chiorine or bromine,
Y i¢ independenily selected from the gQroup consisting of hydrogen, chioring, bromina. fiuorine,
trifluoromethy! groups, and nitrile groups; and
56§ nic1.2,3,4,0r§.
The 5-alkoxy-2,3-dihydro-1,3-dimethy{-2-oxo-1H-indole=3-acetonitriies that are formed in the process Of
this invention can be further reduced to thelr corresponding amines which can be used in the synthesis of
stereospecitic forme of physostigmine and physostigmine-like compounds. in particular, the S-form of 1,3-
3

Received Time 22, Feb, 22:24 -~ Print Time 22 Feb.-22:53



ﬁeeds to be frequently dismantled and cleaned._ It has been strongly

desired in the art to solve these pr%'oo 9 | ens.

SUMVARY OF THE I NVENTI ON 20 The present inventors

ext ensive a s 1 soI

above- nenti y"s "‘%P"”QI‘&’W@'“%IP H‘or c{%kﬁgﬁgY Wsésﬁaéﬁﬁed M Imll
unexpect edI BBsé b?@isnx&ﬂéﬁsénéﬁ@ ific ali hatlc car

acid neta il Pm —aterm nal - st abl lized poI yacet al re5| n,

wher ein f[she Thig invention will be more tully undersmod by reference to the rehction scheme fordhd mﬁiHeﬁlc
carboxyl i c gatnekigBiaikyiatd blinddRE 28513l WUAG conversion of haas EathPdURISE bithary STRéX SaCknd
sel ected f rammh PringiinpsHiingz Qe useful in the preplarafidn/vf ertintiomersodt physbatigiia bty Bdbtiginine-
met al chl or iideompoontis having pharmacatitical oty y has attached to a surface thereof

a netal conpound sel ected fromthe group consisting of a netal
hydr oxi dee aPETALERDESCRIEHION QFRAEFERREDEMBRDIMENTR: occl ud- "ed net al
compound and the surface-attached netal conpound are, respectively,
present in an Thaesymmelje eynthesis of thefarespnt invensionsip@iveseanyareianct gmechisah gutisinate;te a chiral
anount of f Prductusing prhiral reagenp A piprhra) "9%{9!' §erves %M chingpredyptduring the
wei ght of fmm Thq H@W&ﬂ. Hg’eqa "eﬂambm'aﬂwséﬂm thig [auengefe | uded
met al Coﬁﬁ:)ou sns nthesns in which; asymmetric
resul t ant p ?, |o eSynthesis g into the
(herrar ag'f 3:’ ° J@gﬂ Eﬁ»‘ b
resi stance eoso eﬂcp, ?Lj am WPouinip
i nventio a,m "enarm

88 one nantiomer of 8
Accor di ng y wehtstrhéur@rﬁ'n sy m&&ﬁﬁnaﬁéeeﬂip e'&%?'ﬂassuble enamiom br. Qﬂei
a pol yacet af thésk 6 :ﬁ@ﬁ?ageﬁt inveRtion WHically grBduces the preBdMRihdht SnaRfMRNM &h uh . ta !
of . excel | enio% RedbbitsoROLIEly about 85% t6 BLEEEN) GPthe Q0tst Rhdnfidther&inidd as products of the
di scol or at | Athesas| St ance and excellent anti-nold deposit properties
are exhild t- As used hereifl thé naprésiom tenantiomurti mikturbe Ngha Mribadre DE RRaNOIE'E 8o Ousee
satisfied bigtexchangesblyitomter wiraminicinpdifisations of the enantiomers. The expressions also include solutions
containing both of the enantiomers, wherein the solutions exhibit either (+) or (-} optical’ fotation as
: cbserved and measured with a polarimeter. -
. : The terms "resolve” and “resolution” ag used harein are intended to encompass the complete or partial
30 separation of two enantiomers of 5-alkoxy-substituted 1,3-dimethyl-indolylethylamines, also referred to 83 5-
. alkoxy substituted-3~(2-aminoathyl)-1,3-dihydro-1,3-dimethyl-2H-indol-2-0ns. The sepsration is described in
more detail hereinafter, These two terms are intended to cover separations in which only one of the
-enantiomers s obtained in a pure state. The terms are aiso intended to encompass some degree.of
separation of the enantiomers, wherein neither of the enantiomers Is abtained completely trea of the other
35 -Separation of the enantiomers may or may nct be quantutatwe \
'rhe heavy jine in the. form of a wedge

. in the formulas herein signifies that the substituents are sbove the average plaﬁe of the ring system in
connection with-which the wedge appears. The heavy broken lines (n the form of & wedge

- BE | LT3

signify that the substituents are below the average plane of the ring system. For example, in the formula for
-one of the primary amines produced according lo this invention, the methyl group in the 3-position is above

so the average plane of the oxindole ring, whereas the sminoethyl group is below the average plane of the
ring. Thus, the methyl group and the aminoethyl group are trans to each other relative o the average plane
of the ring.

The stereoselective synthesis of the invention can be carried out as shown in the Reaction Scheme

Referring to the Scheme an oxindole 1 can be alkylated with 8 halogenated acetonitrile in the presence of a

56 chiral calalyst to give an enantiomeric mixture comprising alkylated oxindoles 2a and 2b, which are termed
[R]- énd [8]-5-alkoxy-2.3-dihydro-1.3-dimethyl-2-0x0-1H-indole-3-acetonitriles. It was surprisingly discovered =~
that one of the alkylated oxindoles predominates in the reactisn product. In addition, it was unexpectedly
found that the alkylsted oxindoles 2a and 2b are obtained in relatively high chemical yieid.

4
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25 The foregoing and ot her objects, features and

5, * advant ages of the present momn&m |1 be apparent

fromthe follow ng detailed description and appended cl ai ns.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON_ ccordin 0 the rese

i nvéntion, ther&e F@"”""""c m"““’°\ﬁ°ﬂ g%ﬁ?@l"‘éﬁd" ee &3 ﬂ'"’ﬁ%gﬁ onaied In

presence ofa lyst in,

conpr i si ng flé’,.!gqﬂsg,swmﬁ%f ;? n' et The Moy B ’3/5. i

i e m as pura arjgrm of optic m ible in order 10
term nal - B q’?ag physnsti and ph This can be
| east one ne cipitatin Eﬁ;ﬂh gax &I t rtanc

b

nmet al s e °a"r°1 a rretgll'e or| and havi ng attached to n
gr oup consi Shiindalek the idimii@l hydr oxi de and metal chloride, wherein
the at | east one occluded netal corrpound and the at |east one

al1phat i c cafy 4 physostlgmlne

aIJphatlc caPRaR q‘p

a surface g4 hEr et aatmrﬁm%tmﬁa%ﬁ off b §ks&1@ﬁ%ﬁ%ds &dPried GUISY the eteraoseledtiilkylaliéh of an
surface-attached net al compound gre, respectively, present in an

amount of ° from1 tcR #Wht and in an armount of fromO

to 20 ppmmy wei ght, each base nfong total wei ght of the at | east
one aliphatic carboxylic acid W the at | east one occl uded
nmet al compound and t he at ' %gstcgne sur face-attachéd) net a

compound. 25 ' The ponacetaF%LeS|n conposition of the present

6 ' I nvention has excel | ent rmal aging resistance and

excel | ent #gi ng di scol oration resistance, so that it sol ves the

probl ems whi Cnerem tuetme rﬁe qs \é\ﬁec@edal‘mSh% group consisting of methyl (compound (1a)), ethyl
(oompound (lb)). and benzyl (compound (1¢c)). The oxindole 1 is 2 racemic mixture. The oxindole 1 is

: employed in the process of this invention as a racemic mixture, which ¢an ba prepared by the synthetic
25 methods digclosed In Julian-et al, J. Chem. Soc.. 567:563-566 and 755-757 (1935) and in US. Patent
4,791,107, .
The oxindole 1 can be selectively converted to an enanﬁomerlc mixture comprising alkylated oxindoles
~ 2a and 2b using a chiral phase transfer catalyst. Examples of suilable cafalysts are those derived from
. substituted N-benzyl cinchoninium or quinidinium or N-benzyl chinconidinium or quininium halides. The
30 - reaction is characterized by high enantioselectivity.
More particularly, the stereoselective conversion of oxindole 1 fo an enantiomeric mixture compriging
~ the alkylated oxindoles 28 and 2b can be carried out by stirring 8 racemic mixture of the oxindole 1 and a
chiral catalyst in a two-phase system comprised of a strong inorganic base and an organic solvant under an
~ inert gas. atmosphere until the reaction goes to substantial completion. Chemical conversion can be
35 monitored by analyzing the reaction mixture hy GLC for the farmation of the alkylated oxindoles 2a and 2b.
: . The enantiomer 2a or 2b that- predommaues is dependent upon the nature of the. chiral catalyst that s
e - employed..

- The chiral catalyst for the selective conversion of oxindale 1 to the alkylated exindole 2a or 2b is 8
substlh.ltad N-benzyl cinchoninlum or. quinidinium compound of the formula
40 _
»
(1)

. 80

) or a substituted N-benzy! cinchonidinium or quininium compound of the formula
5
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article produced froma conventional polyacetal resin conposition

is used in a high-tenperature atnosER0 438 786 A2 nanely, the problens of
| ow srechani cal properties (due to unsati sf act orthistshet HalBeaRpHced
resi'stance) and poor app,

di scol oration resi stancg
conposition of the present inven

arance (due to unsati sf
. Further, since the po

onXlas al so excel |l ent

deposit properties, it cgl |np - i ng productivity as
wel I, ThQ§, t he polyaceta | conpggi tion of the present.

I nvention can be suitably ' g9 ~ vari ous nechani cal
parts, especially 15 mechani cgl I n association with
aut ono- bile engin

m myd J apane?gﬁgat ent

Appl i cation Publication MO, 55-22508 Exam ned

Japanese ,fat ent Speci fication No. 60-56748
20 di scl ose a nethod fgr 1 nproving pmal agi ng " resistance
of a polyacetal resin by ing an al g carboxylic acid neta

salt to the polyacetal resi fowever, in the above-nentioned two
pat ent docunents, there is no descri ptlon about the content of a
nmetal 25716 whdigdroxi de or a netal chloride in the ali phatic carbox-

7 ) [8cp vinwh gfoumer &1 etRyhg™UR: 0 be enpl oyed, and there is no

descri ption ab@uﬂm@"ﬂﬂﬂmamlbrodum ng the aI i phat ic car boxylic
acid netal §aﬂ‘i"'°t"&?‘!5«?'°§¥?g

t ermi nal - st %08 1"1’9?6'&1"5% 3piecte %/31"“ hgdregen. °’“°""e' bm’“lﬁ‘g g@?’@ﬂ Wﬂ‘{"ﬁ@wlsqrﬂ‘ps' and’ nitrile

COITpOSI t I

el T A e ﬂwc s ey g
o i

an oxymet hy M and the subsutu & foltbula () In which Rz

oxynet hyl eng dr Tethoxy, respecively. Q% ferr SURYE R WB 4icnidro or

cyclic olgk- gdrifuor eﬂﬂ@ﬁ‘ﬁése%ta ﬂéﬁlb@ bssbtﬁ't nﬂﬁe fabd¥Bres! dlid U."Brg. Chem.

(trioxane) ogg7asd QF4BRTEEAN AR dofimbriaiY aviilaBib e FRARE ChemidaliCo., Hanppaugd, NY. 11788, or
obt ai ned oxmbmml@naydaam@n&bamﬁ of South PRinidd, &Kl t0 a

- . The. substituted- N-benzy!. cinchoninium and quinidinium compounds end the substituted N-benzy}

1 ' - .cinchoriidinium 'and quininium compounde are empioyed in the asymmetric synﬂ'lasls of the invention in an

- s0 amount sufficient to catalyze the reaction of the oxindole and the halogenated acetonitrile fo produce one of

_the enantiomers of the alkylated oxindoles in a predominant amount over the other enantiomer. For

example, the catalyst can be employed in an amount of about 5 to about 50 mole % based upon the

amount of oxindole 1..in a preferred embodiment -of this Invention, the compounds are omployed as

_ ‘cafalysts in an amount of about 10 to about 15 mole % based upen oxindole 1.

%8 The substituted N-banzyl cinchoninium and quinidinium compounds provide the alkylated oxindole 2a in
- excess while the sybstituted N-benzyl cinchonidinium and quininium compounds yield the alkylated
oxindole 2b In excess when the compounds are used in a catalytically effactive amount. It will be

- understood thst the asymmetric synthesis of this invention can aiso be carried out in the presence of a
surfactant, such as Triton X-400. See U.S. patents 4,578,509 and 4,605,761,

. 40 Alkylation - of the oxindole appéars to proceed by-conventional mechanisms. For thls reason it was
antlc:pated that a racemic mixture of the alkylated oxindalos would be obtsined. Quite unexpectedly,
however, it was found that the alkylation reaction was stereoselective and that either one of the enantiomers
of the alkylated oxindoles can.be obtained in excess, depsnding upaon the cheice of catalyst. Moreover, the

) ‘predominant enantiomer is obtained in high chemical yield. The chemical yis!d is at least abOUt 60% based

45 . on oxindole 1, and ig generally about 65% to about 85% based on oxindole 1.

' The sterecselective synthesis of this invention is carried out in a biphasic reaction mixture comprised of
an organic solvent phase containing the racemic mixture of oxindole 1 and the catalyst and an aquecus
phase containing a streng inorganic base. The oxindole 1 and the catalyst are dissoived in an aromatic

~ hydrocarbon solvent. Halogenated aromatic golvents and halogensted aliphatic solvents can aiso be
so employed. Typical of the solvents that can be utilized are benzene, toluene, xylene. chiorobenzene, and
methylene chioride. Solvent mixtures of hexane and cyclohexane can slso be utilized. Technical grade
solvenis have been found to yield acceptable results. The preferred solvent is foluene because reaction
mixtures contsining this solvent gave the highest selectively of the alkylated oxindole 2a or 2b in the
examples hereinafter. The selectivity obtained with other solvems ¢an be optimized with 8 minimum of

55 experimentation,
The aqueous phase of the reaction mixture containe a strong inorganic base, such as potassium
hydroxide, sodium hydroxide, or lithium hydroxide. Technical grade bases have been found to produce
acceptable resuits. The preferred base is sodium hydroxide because of ita low cost, availability, end

8
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term nal stablllzatlontreatrrent and-a terninal -stabi - . lized
-pol yacetal resin obtained by a rret hod ?H%Mn'l_S
oxynet hyl ene- oxyal kyl ene copol yner, containing 0.1 to 20 % by

wei ght of ox¥€‘£ I ene gespgf\g, N&lefmiohl 8 carbon atons, is produced
froma mxtu e or s 95 em rnlanmhﬁt‘wlﬁgent Wﬁfﬁ&ﬁf H?c‘dolp';rhe base
ol i goer and, %)4 eprotonation 3% ﬂ%bge e in the ueous
ant i oxdant a ﬁs seloctidty. MEDLHNEen oﬂ-gfﬁ eﬂmusadﬂ ti ijﬂ fyadb&ﬁ 5% to
COpOl YMBT & ghoyr 50% Shys&&qhﬁ%eﬂa E&hcéhlrhﬁhr& Bade docakNeb,! R bdic2bvith 1E10nE RN the allglated
Exanpl es of gMfdoleaetredse®! s as conmonomers include ethyl - - ene oxi
propyl ene oxi derne @kieatd ghasehasatiining thd indryahiicobese should have midifuesolubilitf rhsié 8:38HH lvent
a gl ycol °f or ghdse abmaifinghing ragernit odidole 1 anfi diengatalyst ih brdére mamamebiphiasiy rattion Mixtdiré.
i s preferred Thé1adume ratio of the organic phase of the reaction mixture fo the aqueous phée Is typically abolit @1 to
t erm nal - sb alabdut 2@1l Aoeastian etixtlre cantsining e @gapicvihasshend the aqueoug pirese it &eolume ratio of
f or mal dehyde sigpat5:1 hasaboeramwno produce GGorahiamesuils. wei ght or |less, nore
preferably 300 Teprerdsgic seiveghphase and the oxindole & dnsthe imaction mbure isgeopadlt jabout 20:t fecabout -
pol yacetal r &8st habout 30:1 to apeti48d- Hhe @Q@'{f@rﬂ' ferred @tio dral 1e Jhesp ratios are
ni trogen st remssedﬂsthe volume ?E’Ea"@fs"mﬁ‘?’ﬁ%ﬁ"‘%ﬁ ht of $ho pxi E‘gﬁ"g‘acet al resins
i ncl ude arf® ox Hé}‘l"é‘fﬁ‘& ‘S?!'g ?ﬁ?@' e\ gxindols e & halogen

qonsmﬂ % pce

itrile selected
br anched m)l " trile, and i°%"ﬁi;§'€ ":2':
copol yner, s : l e‘gm ) fgﬁa por ‘ﬁ‘g T 25
weight of a ° ’ﬁXl aceto ilel on 3 ; 5}% ﬁﬁen?%nd/ #rably
wei ght of g ab ls&] = - feadifg of th
recurring ‘oxygg Eﬁre‘lﬁﬂ%té %le i} iEredsbdV/erd f%&‘l leld although th f
configurati o ziﬁ’d< copol'ynmers.-1 ncl ude
and A-B confi gwrna E‘sQﬂnes:s of the mven'uéib |@\gér@ﬂﬁﬁéaﬁﬂﬂ Sutdt Liehdpbratdietor ?&ﬂt 53 Cto
represents aam W Lower temperahle@ﬁﬂé 99&&?&9 aécompanied ® R@be&l&ﬁh of fha lafk/1atd) SkiraiBle
% by 25 280} B eitrRUghNBaGRNMbst beexicisbd!® adoldy e ndigbrid isaseifidch Separatingdrom the aqueous
amount  of t heoldiol kiDiok tdmpragres.cThe ptofeerad Bthpéfating rangé thtarging ol the eynthdsizds $Homcis” C
copol yNer. to about 25° C. espeBlaltyf about @8’ Gxanpl es of hi ndered phenol. antioxdants
whi ch can-be acdkhedteteoseinctive suntmsis of the aliyiates) cxintinld 281 2b is an exothermic reaction. The reaction
' mixture can. be cooled by internal or external means to maintain the reaction {emperature. The need for
' g0 cooling can be minimized and.even avoided by gradually adding the halogenated acetonitrile to the.
~ biphasic reaction mixture. :
it ls desirable to provide an inert gas blanket over the biphasic resction mixture in which the
asymmetric synthesis is carried out in order lo exclude oxygen from the reaction. Examples of sultable mert
- gases include nitrogen, argon, and helium. Nitrogen s preferred for economic reasons.
35 ‘The stereoselective synthesis of the invention can be carried out at atmosphenc prsssure Sub-
- atmospheric pressures should be avoided.

.. ft has been found that alkylation of the racemic mixture of oxindole 1 proceeds very rapidly. With
-  gradual addition of the alkylating agent to the biphasic reaction mixture, the reaction ig generally complete

within about 1 to about 2 hours. Shorter reaction times can be employed, although cooling of the reaction = .

4« mixture may be required. Similarly, longer reaction periods can be utilized, althcugh there is no spparent

' " advantage. in extending the reaction time. In any event, the alkylating reaction ls carried to substantial

completion, which cen be monitored by gas chromatography or other suitable means. In order to optimize
selectivity for the alkylated oxindole 2a or 2b, the reaction mixture should be agitated.

The biphasic reaction mixiure can be prepared as foliows. The racemic mixture of oxindole 1 can be

45 . dissolved in the organic solvent and the catalyst can be added to the resulting solution. The aqueous
solution of the inorganic base can then be added to the organic solution and stirred for 2 sufficient peried o
form the biphasic reaction mixure. Mild stirring for about 10 minutes has been found 1o be sufficient to form
the biphasic mixture. The halogenated acetonitrile employed as the alkylating agent can then be added to
the: biphasic reaction mixture. Slow addition of the alkylating agent improves selectivity for the predominat-

g0 ing alkylated oxindole 2a or 2b.

The optical purity of the enantiomers formed in the process of this invention can be expressed as the
excess of the enanticmer in the reaction product as & percentage of the total enantiomers in the original
-golution. The amount of an enantiomer {s conveniently expressed as the percent anantiomaric excess.

- which is abbrevisted "% ee". The percent enantiomeric excess can be calculated as follows:

This Sheet Has Been Replaced

“Received Time  22.Feb,22:24  Print Time . 22 Feb, 22:5?




oxi-de, propyl ene oxide, epichlorohydrin, 1,3-dioxolane and
1,4- but anedi ol , include n-octadecyl qum'@u@l -t- 25

buty4 4" - hydroxyphenyl) propi onate, n-octadecyl-3-(3"-

9

met hyl -5' -t - but yl - 4' - hydr oxyphenyl ) - pr opi onate, n-
tetradecyl -3-(3',5' -di -t-butyl - % hydr oxyphenyl ) - pr opi - onat e,
1, 6- hexanedi ol - bi s-[3- (3, 5-di--t 3 bﬂ?yf-%? x 10
yphenyl ) - propi onate], 1, 4-butanedi ol - bMs&® )5.di-t- S

butyl - 4- Rydr oxyphenyl )-propionate], triethylene

gl ycol - bi's-fnded 3-t - butyl - 5-net hyl - 4- hydr oxyphenyl ) - : propi onat e] ,
tetrakis( i iRNBncdnttadon o oneldr the eRaMtiothers, and -

4' - hy dr oxy piaeid Ye)daficaRira86rads e el ghBrRiomer. O- bi s[ 2- { 3- ( 3-

t - but yl - 4- hi Qrcgmpietaty RERbIGSH el ihd BhsAtdnRRY bxeies is eual i weldht to the total material so that %
di met hyl @i heg, hnti thusSoptickDpurify! 1a00%.SThé iericEntration REl€acmBithe enantiomers is, of course, expressed
N, N - bi s- 3-dn3the Edmectiasis,-andl tanl beexprysdsdary ¢itherracwejght @ riclanidsis because the enantiomers have
hexanet hyI ethesiimamotuladeidht. t et r anet hyl enebi s- 3- (3" -

met hyl - 5' - t - bAtnpmber-df pabstiiegd Nepeory)) gincheriintumy saits have lhegn screened for selective conversion of
N, N' - bi s [ x(ng9i6 1 ¢ alitylated toyindale-2ayAll thexspadtionswelerpeulpd oub by #tirring 8 mixture ingolé m¢2.5
N-sal i nysoymmw angi-the enpropriate vBE gzasmol) in & two-phase system consisting of 8 ml of 50% NaOH
3- (N-sal i cyand\R0)miraf Qliene 2"‘4&'1 f" m&éﬁréO “&hd‘ squfien. g8 jchlproacetonitrile (2.78 mmol) in 20 mi °f
{3 (3,5 di ta: I"@afhih %gy gpr eﬁlomexcﬁ@.?mﬁ?" addgwm g
These anti e e % 1umn ora hiracel OJ column (Diu@et mcgﬁndu@es lgs)

t hese anti
(et hyl e fe- ?ghém%g{eap?nfﬁﬂyum E-swﬂmaﬁrjﬁmﬂmm@d«mphoratoéwgﬂpyrn (i) as

nmet hane is r éspect to the nethed for
produci ng the term nal -stabilized polyacetal resin to be used in
t he present invention, there is no particular limtation. 25
Cust omary production nmet hods can be enpl oyed. For

10 ' exanple, when it is desired to produce the pol yacetal

resin in a copolynmer form a nethod can be used in

. -l
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miﬁﬁb%&&ﬂmT cyclic ether as a conpnomer are subj ected to

pur i r exanple, distil |ERO4&3B 796 A2 and adsorption to renove
acti tai ning conmpounds as inpurities, such as water,
n form c acid; the nononer and conobnoner are copol yner-

net h

i zed; and the obtai ned oir%rgar IS
Bl 6] i
LJ8

sub
stabilization treatnent

E:edtoa t er m_nal

_ lﬁi‘?'_‘% i b@ok 1 uder .

Exanpl es of methods for the R P A DA et T LI R OSSR 1)
conpounds from the raw material nononers include a method in which
each of trioxane and a cyclic ether is subjected to ' distillation in
t he presence of benzene, thereby renov- 15 ing,the active

hydr ogen- cont ai ni ng conpounds by azeo- M, tr§pic distillation, and a
met hod in which each of trigkang a | ig=ether is passed

t hrough as;gcol um havi ng padked | sorbent, such as:

zeolite, t hereby renoving t unds by adsorption.(x30
In the production of the termnal-s i zedeoI resin, it
is preferred that renoval of the i ds-(active

hydr ogen- cont ai ni ng conpounds, such hanol and foermc
acid) froMthe raw nate- rial ; Yr)so that the
total amount of 25 active hydrogen(hy®rogen of OH)-contai ni ng conpounds
in the raw naterial nononers becones 20 ppmor less in
terfs of the amount of Herr]O based on the weight of the

triexane. _Raw material nononers whi ch have -been sub- jected to

removal of° actgxpxshydr ogen- cont ai ni ng CQ!E.!J¥%§- pounds by di sii iglgakaon
or adsorption, are_copolynerized I n e presence of a catalyst,
t her eby obtaining a ®aude pol yBgetal re&pin. The p@ynerization is
conduct - ed by bulk polynerization. Either of a batchw se :
met hod ang a corti nuous net h¥dB¥&n be Enpl oyed.BAs a 10 €1 batch tyEé '
pol yneri zati on &pparatus, a g R¥cal |y gnown H  react®h vessel R8ving
_ ny. - : 2=F Br _ S -
used. As a vinyl

a s't,l rrer can b_ _ " 2-CFq - Br 3
, . 5 vinyl B 2, G-é_l 2 Br >3
' _ 6 _ vinyl H 3=-F Bx - 8
% 7 vinyl H 3=Br Bz - 48
o .8 vinyl H 4-Br Br : 68
s vinyl . R 4-CF3* Bx. ' 72
10 vinyl H 4-CN Bx Y |
11 . vinyl H 3,4-Cla Cl 78
38 12 _ vinyl H 3,4-Cly Br 77
- 13ee  wvinyl H 3,4-Cla®*s C1 17
- 1qewnr vinylk H 4-CP3 BT R 5
- 15 - Bt L 4-CP3 Br - 69
' ) -16 . vinyl OCH3 - - B Br 39
@ 17 _ ~wvinyl OCH3; 3,4-Cl2 Br 77
- *4=CP3BCNB o
& *¢]:1 toluene/hexanes
| %23, 4Cly=-BCNC - ¢

*ee*25% NaOH

Substitution in the 3 and/or 4 position of the benzyl moiety of the catalyst with electron withdrawing

so groups, such as Br, Cl, or CF;, significantly increased the %ee of alkylated oxindole 2a, (Expts. 7. 8, 8, and
12). This is probably due fo a tighter ion-palr being formed.as a result of increasad positive character on the
N-atom of the cinchoninium catalyst. That the observed enhancement of % ee by electron withdrawing
groups is mainly due to inductive effect and not resonance effect is suggested by the low % ee observed

for the 4-cyanobenzylcinchoninium bromide, (Expt. 10). The fluore-substituted catalysts gave unexpectedly

s5 low % ee for reasons not yet identified, (Experiments 3 and 6). As expected, the dihydrocinchoninium
catalyst behaved similarly to the corresponding cinchoninium salt, (Experiments 8 and 15). Unexpectedly, a ..
moderate % ee was observed with benzylquinidinium bromide, (Experiment 18). No further improvement in

% ee was observed when the benzyl group was further substituted with an electron withdrawing group,
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contl nuous type pol yreri zati on appar at us sel aced
m xer, such as a co-kneader, a tw n- ERP éﬁ?’ conti nuo
kneader or a tw n-paddle type 15 - continuous m xer, can

pol yireri zat g&aemnt 17). 4 gt %m&.&r&% Eg R 12 e eadhl D dP 0% &sn&&&m was
DY € pr ef ef f (Experments o ol fFHSH Al Bt was
Exanpl es of néHekisteR. rlzatlon catal ysts to be use he -

pol yneri zat i ong rseg%aérhugrhot P6dsiid o laegariie ﬁ\slptddu@mddem% oxindol® Ao thd 'olhbd biHdbrde
hydrat e, £nenfh& indind odtéretselsctved Spnhesis of the inventidh. Pbreford/ AR trudd' mixture containing the
sul f ur - cont aikylsteddondgia i employsnLtidnext step of theVradctionDWiliEn involvés’ the! Ednigislon ofineCriarile
nmay be eit hefoupsnotghs aaiaiiated oxindoles th AlieTcanesponding priniapy aminés da Fethiviic RGUAHGIE it the
in a suitabpmsence of hydrogengger.i Thissatep\obthe reaifon ichrebendaoied ommkmmva\muachuma- Fat5
| ysts, the esowd tHatdnse reetpropmdet (6m dire starpaselectiva eynthesis can ‘be taken up in a suitable
12 70 salyent, suchceammetharioh gthenal zoni 2prerangh olhadresuiting: stjutioncan be fhiydrogensted in the
ride, speci Pleesnrce pf a Buisiis amoprt jof mptalliocativst. lsydh astFtQer orcplatinum on carbonyip rag raqueous,
trifluori dedieehglf Wc@wﬁ@# HCmedivanig dermaa m ’?mrarcempﬁsmo primary apipgeci and\Bk.(The catgluett

to the armth*YEJ‘Fa"Y I‘I@F;'E Y “’f ‘b°“t 5 f°i QH‘?"‘&Q?‘a'P ght. tTh% "Q?ﬁﬁ"ﬁl"g‘ﬁ'c’d put at @
used in out 15 Cto proceeds to

mﬂ’ﬁ ‘?
pref er abl’§/ gu 59“% nds. Such as If or ro \{ @ Qﬂdmcawbe
the trioxan " pla E aﬁi{ p"m 'y a A8s ars m V‘B%f‘&?"r{s'a“"‘
n as that of the of the catal reductlo
crude pol yaCelrh of f a Hm nesaa ﬁcm rfr%Fn'ﬁ@v’e& GelcRon/ch:
it is pre- pe turther i wm@ {aldhc Gy Mé: tRolubifity
to the tgp m:ﬁlﬂcteﬁi bf ch éiaémé}ﬂom sa%s sSHe 16 Brferentially isolate ane ¥thé 4lts AMore
pol ymer i zat p@iicua, o Hsétion iR Refsidky skaaaﬁ the enantiomers ofVﬁz ipRdarl hine in solution s
pol yner i zat hiRWed &1 irlodGtt withi dntptically actal dirivalie of tartafid® BdictdoTorCe &it hCreddily Frm& &€
Or in an or grasipitteSih MecrBiction mixture. THOAENHbMdr I)arbophcatly ﬁerEbeQﬁavdaﬁ fetiore the
Further, a precipitate byrtiabiment with a chiraeat beséit i Ng a cat al yst by adding a basic
subst ancest o e pattculady, tecereatiomere of the iprimary moinee cantiearbmived with a chitahacithselected
ext ruder cafrorhéhegrous cossistingdfiibengoyliftatac acid dibReroyl-L-tarixicoacisic ditoluoyl [Rxtartarie @eifl.oar
deacti vat i ng%{wﬂ i¢ poich{The) preferred chirel agid fisgibeneoy-Priartarigacirykerayse the $-enantiomer of
i nor gani ¢ -@atm:goxmdolylaﬂnylamme can be selectively pracipitated from an enantiomeric mixturs
. with this acld in relatively high optical purity. It is preferred that the chiral acid be in a substantially optically
go pure state. The D-form of the chiral acid can be employed to preferentisily precipitate enantiomer 3a, whiie
the L-form of the chiral acid can be employed to preferentially precipitate the enantiomer 3b.
' The. amount of the chiral acid employed in the enrichment process will generslly be about 0.5 to about
1 equivalent of acid per equivalent of the primary amine, and preferably about 0.6 10 about 0.9 equivalent. It
has been found that the amount of the chiral acid used as the resolving agent can affect the identity of the
- 55 enantiomer of the primary amine that is preferentially precipitated. For example, when the racemic aming
3a and 3b is troated with one or more equivalents of dibenzoyl-D-tartaric acid in an appropriate soivent,
such as acelonitrile, the diastereomeric sait corresponding fo the R-enantiomer 3b is preferentially
- precipitated. On the other hand, when less than 1 equivalent of dibenzoy!-D-tartaric acld is employed, the
_diastereomeric salt corresponding to. the S-enantiomer 3a is preferentially precipitated. in the preferred
<0 method of carrying out the enrichment process of the invention, the enantiomer 3a is preferentially
K precipitated from a racemic mixture of 3a and 3b with dibenzoyl-D-tartaric acid in an amount of about 0.6 to
about 0.9 equivalent of the acid per equivalent of the primary amine.

The enrichment process Is caried out in a solution comprising the enantiomers and the chiral acid. The
solution is. prepared with an organic solvent in. which the enantiomers and the chiral acid are soluble, but in

4s which one of the tartaric acid salts of the enantiomers is less soluble g0 that one of the saits of the
~ enantiomers. will preferentially precipitate. The solvent is typically & liquid organic compound, such as a
‘eyclic or scyclic substituted hydrocarbon. Ethars, such as diethyl ether, dioxane, and tetrahydrofuran, can
be employed. Examples of suitable halogenated solvents are methylene chioride and chioroform. The
organic compound can be an aromatic compound, such a3 toluens or xylene. Aliphatic nitriles, such as

so acetonitrie and propionitrile, can also be employed. The preferred solvent is scetonitrile.

The ratio of the solvent volume to the amount of enantiomers in the mixture being resolved can be
varied over a relatively broad renge. The ratio of the amount of golvent to the amount of enantiomers can
typically be about §:1 to about 15:1, where the ratio is expressed as the volume of solvent relative to the
weight of the ensntiomers in the sclvent. Preferably the ratio is about 8:1 to about 12:1. In a preferred

55 process of carrying out this invention, the ratio of the volume of solvent to the weight of enantiomers is
about 10:1.

The solution containing the enantiomers can be prepared by dissolving the enam:omene mlmre in the -

soivent: Dissolution can typically be carrlsd out at a temperature of about 0°C to about 80" C. but will

10
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and organic acid salts of alkali netals or_ alkaline earth netal s.
O these, hydroxides, carbonates phd& 0 mmmphates, silicates, borates,
formates, acetates, stear- ates, palmtates, propionates, oxal ates
and‘the |ike

lithium sod? ally cggog‘&ﬁ g£eratureo ouHa cmaboutzzé.L mll thech-raP id can be

us ] solvent nti meric
barium are p m ne c unds suc :

triethylam ne é.é b3l agent is ada awenmﬂs@a ﬁe ehh%ﬁakeasm rsahgé ¥sidtion is aged
deactivat g . under conditions to for::g &p Bdrhgri¥ing b Qir Bf b RRirsP @e1d TR narftidmer that is
catal yst,  gselactivelydieciititad. M@ing G u BiSallp hrrGC &k af » foMperiture of B6MI 6°T RELSW 30° C. The
term nal st agel ot Zenpofatiree 'WhFkh WRNbwer 8Ad 6F thiB tngeiwill Qénerally facilitate Sieadtinktior ioh Precipitates
unst abl e t er gdNRrdasethe Fieldbigchtsahé ysite aro generally less soludle dn the sdientaethe &xwerltemperatures.
menti oned a Orthe@theChanp. thesuge®t temperatires within the sppapendadt thislrange skl generslly prosids bighar
one hydr oxy | segctivitp-titad18; formation of onet af theisalty ot teeeantintne(ecwillbe, favareld\pur theiather sit. an

al kal i metal - Resolution ofr theyanantideaeric mixtuze ot the primary emines accordingi & {his| ipvantion arovides &

resin pre¢ipitate afwhe ofhthe epantiomers nrthe: form ofi & salteftartarie) 8¢idy (The tartpric acid salt can be
kneadi ng t hecamessigd foathe CWSSPW@Q ifrae P#Pe by gopvapfional ‘Q&Mﬂ '19‘3'“"‘3 %ﬁﬂwmgidasalt
gener at ed ga%ende dtsPR!”eﬁW%f nfan be “"‘“” ERMPESPd Dhey
f or mal deh ntﬁmlegaa c@ s&é:ib amount su nt ?o 5n re Examples of
vol atile mitzonate heﬁ? {4 d° "'“ ‘f

G-
to ~obt ain a athylon e or gﬁg‘ga "(go% lg‘%?uch
20~ ic&;ﬁ‘:g asaweuapafumv Kol ﬁam the organic piise
the |ike, prie wﬁ%

erally be utiized WiHolit 1P bukitication.

conduct ed icﬂl §£ue& ﬁ«é)eorreaspt:ndmgI Nba¥d et b RBridd ol &S imtidre
‘hydr oxyl grOﬁﬂ g,g{,}g@l n| ng conmpound I s added to t he polyner and the
resultant 25  The Bptéhilpufty b teGiinidBCaminé Ba b sl bRresssdamt % healobRinkd ) e asymmetric

14 synthesis of this invention and resolution with the optically active derivative of tartaric acid will typically be
' 25 at least about 70% ee. An optical purity of about 70% ee to about 80% ee can be attained without further
purification by recrystallization. The level of optical purity can be increased to about 96-88% ee by one or
two recrystallization steps. Optimum enrichment levels can be achieved with 2 minimum of experimentation.
The stereoselsctive synthesis of the-alkylated oxindoles 2a and 2b according to the pregent invention
: makes it possible to substantially increase the chemical yield of the enantiomer of the primary amine 3a or
30 3b of interest in the enrichment step. Specifically, enrichment of an enantiomeric mixture of the alkylated
oxindoles in which one of the alkylated oxindoles predominates (as in the process of the invention) will
result In a higher chemical yield of the primary amine of interest than enrichment of a racemic mixture of
the alkylated oxindoles, because of the higher concentration of the desired enantiomer in the smng
.. mmixture,
35  The concentrations of enantiomers in a reaction mixture obtained iIn this invention ¢an be determmed by
(1) treating the primary amine with ()-menthyl chloroformate, followed by HPLC analysis of the correspond-
ing diastereomeric carbamates; or (2) by treating the amine with (+)-camphorsuifonyi chioride, followed by
R HPLC analysis of the corresponding sulfonamide. The relative composition of a mixture ot enantiomers is
given by the areas under the peaks corresponding to the diastereomers in HPLC chromatograms. .
@® The absolute. configuration of the enantiomer is assigned by converting the amines to known com-
- pounds whoge sbsolute configurations have been estsblished. For example, the absolute configuration of
" the carbon atom &t the 10-position of the primary amine can be determined by convarting the tartaric acid
salts of amines 3a or 3b into the corresponding optically pure primary amine 3a or 3b by neutralization with
. dilute NaOH. The resuiting optically pure primary amine can be reductively cyciized in ‘high yield by
45 refluding the amine in n-butsnol In the presence of excess sodium metal. The product can then be
derivatized with (8)«(-)-a-methylbenzyl isocyanate. The optical purity and absolute configuration of the
resulting product can be confirmed by HPLC analysis accordlng to the rnathod of 8chonenberger and
Brossi, Helv. Chim. Acta., 88:1486 (1 986).
This invention will be more fully understoad by reference to the follomng examples in which all parts,
so proportions, ratios, and perceéntages are by weight unless otherwige indicated.

Chiral Phase Transfer Alkylation ' Sheet Has Been RTlaced

e TN

N-{4-(Trifluoromethyl)benzyl]cinchoninium Bromide As Catalyst
To a solution -_eontaining 0.48 g of (2)-5-methoxy-1,3 dimethyloxind_ole in 20 ml of toluene was added,

11
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subétance, such as triet YA AATHNE-U héZ us8d as a pH adj usting agent.
When- a basi c substance is used as agp 0438 786 A2l adj usti ng agent, the basic

sﬁbgt ance is added in an anount of 0.001 to 10 % by wei ght,
preferably 0.02 to 1.0 % by wei ght, based on the wei ght of the
crude under pitbgeac®tnb (Femole. %N chidkyitioomethisbantyilcindberiniumrbtomide (&£F;-BCNB)

al kal i ne efotiowedrhyt 8im of §P%shaQH: ABSr siimiagiithe mistueel for HI min, a solution goptaiting 8.2 grafh
metal s wi t phidreaseigeitilecn 28 an oftojudee was added dropwisgrayerri hour Aftet somplete rpaetiono2b miet
basi ¢ subsicgreld watet wassaddegl. The mixtuterwas fiteeed; threugh seatheplite pad;tinsiog yite 10 miof tpluepe.j 1y
an anourft The fitrate wagctrangfesipd 40 ¢ ePeTAIGLY fmfh g thee? Its, werp feparteds The taluang extraghyyas
10 to 2000° ?ﬂ"bgd M‘FH E{fqmﬁiag’ RPutgAnd 'F@r’?so‘rﬂﬂ'ﬁfé on a Daicel ChirgipgbOD column
pol yacet al ©/H4eg; ¢ h 18P @’”B%' prane; Mipe, [he, Snagtiomeric excess ok somnopnd 28.f; which RJiA
wi th wat er M81RY/3F delprmined 19.be.

ol - 15 vent, it is preferred that the
wat er aq%/g;amtpﬂea organic sol vent be used in an anount of from 0.01
to 10 % by=———~ wei ght, based on the wei ght of the crude pol yacetal-

resin. The ' ) ilization _ treatment is
sel ected iNI[£ _ Jhﬁ&%eﬁzhg’ c&ﬂﬁu&%ﬂ@%% tenperature of the crude

pol yacetal I qfé Nydcaaurd ueb&ibed. Gn Example 1 whY FdpBdad with f01@ WQN_-EGQ-(&@IQNB)SJ&%E
W th respeghcnbrinidrh @hioride (3,4-ClEEND) lird idekticdl NaniaR{ The Gndrémerit Addekd & doehpbtinatzabh €

term- which R RahdihyPivasioun@ hd/GeCBROds deRfmirbd by BIPEC 8936/Cof @ Meadfon ddkie.t O,

for exanple, Exam ned Japanese Patent Application 25 Publ i cati on
Speci fi cat bamphi@d 58- 11450 (correspondi ng

15 to US. Patent No. 4,366,305), Unexani ned Japanese

Pat ent 2 pNi{£Bromobengviicidehonininm SromidefAscCatalyetn No. 58- 152012
(correspondi ng to European Patent Publication No. 0 088 541) and

| nt er nat i onaEhPaPaﬂufeAggF(lbeﬁiﬂi Example .1 was repeated pitiy 0.399 5 B4 rymobenzyilcinchaninium

I n the proRemide ¢hBrACNB) in identical dashien. Thesenaptiomeriqyprcess of compoynd 28 in whighy isgRethyd
i nvent i on, a8 feHnd tR-beRp%, iggd by HPLC sssay efithpspaction™ivyff he added to a

reacti off nj xt ulre during the pol ymeri zation reaction for producing a
crude pol 04 '

N-[3-Bromobenzyl]cinchoninium Bromide As Catalyst

80 The procedure described In Exémple 1 was repeated with 0.14 g of N-[3-bromobenzyljcinchoninium
bromide (3-Br-BCNB) in identical fashion. The enantiomeric excess of compound 2 in which R is methyl
was found to be 48% as determined by HPLC assay of the reaction mixture,

Example §

N-Benzylquinidinium Bromide As Catalyst
The procedure described in Example 1 was repested with 0.13 g N-benzylquinidinium bromide (BQNC)
in identical fashion. The enantiomeric excess of compound 2a in which R is methyl was determined to be
40 39% by HPLC assay of the reaction mixture.
Exampie 6

N-[3.4-DichiorobenzyI]qyinidinium Chiloride ;Ag Catalyst

The procedure described in Example 1 was repeated with 0.20 g of N-{3,4-dichlorobenzyl]jquinidinium
chioride (3,4-Cl.-BQNC) in identical fashion. The enantiomeric excess of compound 2a in which R is methyl
was determined to be 77% by HPLC assay of the reaction mixture, :

so Example 7

Ne[4-(trifluoromethyl)benzyi]dihydrocinchoninium Bromide As Catalyst

The procedure described in Example 1 was repeated with 0.13 g of N-[4«(triflucromethyl)benzyl)s
ss dihydrocinchoninium bromide (4-CFj-H2-BCNB) in identical fashion. The enantiomeric excess of compound
* 2ain which R ig methyl was found to be 89% by HPLC assay. '

Example 8

' | This Sheet Has Been RTlaced
12 ,
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.10° tal resin or HOEPATENT-U hs"Ifarm nal stabilization treat- -
nent, for the crude pol yacet al reS| n. ﬁammnﬁ hi nder ed phenol
dnt] oxi dants include n-octadecyl - .
(3'$5' -di-t-butyl -4'-hydr oxyphenyl ) propi onate, n- '
octadecyl 3- E_{B"'CMPMMJQHCHPNM Womm-ﬁhﬁhtmyphenyl ) pr o- 15 pi onat e,

n-tetradecyl-3-(3",5 -di-t-butyl-4'-hydroxy- phenyl ) - pr opi onat e,

1, 6- hexanedi 0| gm gyu yegcr@pd tn_ Example 1 was repeated with 0. 13 g of N-[4-chlorobenzyl]cmchommum
but yl - 4- hydr p,é‘h Tgc @pgqgﬂ%ﬂ @fhlonl The enaptiomerin excess of compound 2a in which R is methyl
bi s- (3- ( 3,%- U?’ un it Be 793 BK MALG,a545M Shie repstion mixtuea el, | triethyl ene

gl ycol - bi s-| (tg but yl - 5- net hyl - 4- hydrox- 20 yphenyl ) - propi onat e] ,
pentaerythrléﬁﬁftrakis-(&( T

3,5-di-t- but xvphenyl ) propi anat el,. 3. 9:bi s(2-
(o tih 3 ok Xﬁ'n A8 587 ony) -

1,1- d' et hy' et kiﬁ Lﬁce‘&ﬁcrﬁu Fﬁ% { Wi 2 7’3 U’Nﬂﬁﬁ of 34:04-BCN in identioal fashion.
N, N - - 3- (Fhe; enant 19 E foun be 77% as determined by
hexarret hyI en oagggdgq,,m h ho ene -

16 met hyl -5 -t-butyl - 4 hydroxyphenol )prop| onyl di am ne,

N, N - bi s- }3-&dmple dd - t but yl - 4- hydr oxyphenol ) propi onyl | - hydr azi ne,
N-sal i cyl oyl =N—=5ari cyl i denehydr azi ne, _ .
3- (N-sal i cyl stgp (AR N-{B.@-{DichibrajodnbylldiacHosium CHlofdeMs Cataiybt2 - 5

{343, 5-di - bUTyT-Z-NydroxyphnenyT ) pr opi onyT oxyyetnyl]- oxyam de.

These anti oxXi dIo.snigae cortainkgeilo grotl (z)-5-ehethbiyyt,3 dimethyl-oxiaidiei and cszrblonawmcn@fué
t he abovez2aremelé B idR0A mt piostislene was added ugtien érsefficient 4 guydeail el of 50% NaOH. After stirring this
gl ycol - bi s- [Bixtu@-fer-19umir:| a gluen opleining 2.17 g of clpldracetoniile|ith20 ¥l of tofuenswvasraddes] overst
preferred. 1igur Afer compléterractionuiténmixtyfe wasicaelediie HPS Gy enrteqim af 'Pw-m'ﬁ k2O was gpided.
nal - st abi | i ZB@ "$astioppidyrg |wap ew 'hrsua!vea Ealite; ned dinging \a 40 mi of w'uenecﬂwdambieeq/ﬁ'm
the foll ovm ‘(ﬂqﬁd ‘° feparatpny 4 dithe 2 layers were 3 ss’ye@tsa'mwn

N Mot “und 109 1§ colg HeQ sglYpnl 508 %@3?6?1
e gge'n”sta P%gmg £ %aatpﬂ%j‘ r%zym : &J bfggfg & e s °:a

pol yace- 32‘"?% |er‘| ‘f' I n an aqueous sodiumsulfite

Solution. Thge @Rty neulifiol &'NEReS' BiHEry Addg! &7 M ned

J0

The nitrile, 2a, obtained from Step (A) was taken up in S0 mi of methanot and 7.25 mi of concentrated

hydrochioric acid. A sample of 0.5 g of PtO2 was added. The mixture was subjected to hydrogenation for 3

hours at 45 psi. The catalyst was removed by filtration through filter paper rinsing with 15 ml of methanol.

The combined filtrate was concentrated nder reduced pressure, and the residue was digsolved in 100 mi

o5 of ice-cold water. The acidic aqueous solution was first extracted with 50 mi of methylene chloride, and then

basified with § mi of 50% NaOH. The basic aqueous solution was extracted with methylene chloride (3 x 50

.- mi). The combined organic exiract was dried (Na2SQ¢) and concentrated under reduced pressure giving
— _ 4.70 g (92%) of the corresponding amine, 3a.

- 40 Step (C): Enrichment of Amine by Selective Pr'ecipitation With Chiral Tartaric Acid

The amine, 3a from Step (B) was dissolved in 26 mi of acetonitrile. A solution containing 6.42 g of

dibenzoyl-D-tartaric acid in 25 mi of acetonitrile was added rapidly under nitrogen. After stirring for another

30 minutes, the precipitate that formed was filtered to gwe 1038 g of a white sofid. This eolid was

45 recrystallized from 60 ml of 10% water-acetonitrile mixture giving 7.88 g (47.4%) of the tartrate salt of the

amine; m.p. 136-137° C. The optical purity was determined to be 99% by means of derivatization with (+)-
camphorsulfonyl chloride foliowed by HPLC analysis of the corresponding sulfonamide.

Example "

N-[4-(Trifluoromethyl)benzyi]cinchonidinium Bromide ﬁ Catalyst

Use of this catalyst gives predominantly the isomer leading to { +)-physostigmine.
To a stired solution containing 1.19 g of 13-dimethyl-6-methoxyoxindole and 0.83 ¢ of
55 chloroacetonitrile in 50 mi of toluene and 10 mi of §0% NaOH under nitrogen was added 0.53 g of the
above catalyst in 1 portion. After 30 min. the layers were separated. The loluene solution was washed with
water, and then concentrated under reduced pressure to give the desired product in quanlitative yield. The
enantiomeric excess (ee) of enantiomer 2b was dstermined to be 41% in the following manner. The nitrile
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.by titration using O. o1 HRE s?ﬁﬁiﬁr'%g-é-}&cﬁgé |t is pre- ferred that the
amount of the formal dehyde be 600 F§9 438 796A%), \\ejght or |ess, nore
preferably 300 ppm by wei ght or | ess, based on the wei ght of the

polyacet alwaE ?e%h&d to the correatﬁ};\;;; a m Bpgésl:rﬁ)eg a‘r %)i &f ‘edlor%alowed watréa?o
lc
Su

used Mhire Wt R With BibEC 2
aI i phatic 5 %‘E. A thqc% foh aﬁet&ﬂ?ﬂél%thhy‘bnet&lo ('grgnllmm. 254 i What

I n t he pr esent |nvent|on

17 s Exarhgé poxylic acid net aI sal ts can be used individually or

I n conbi natTom —The carboxylic acid noiety of aliphat- e ¢

car boxyl i N-@QTAlusrBh@hylBédz{ifintRoniaRmUBrSRidd & Galifyst present invention may
or may not~ be substituted wtin a —hydroxyl group. Exanples of

satur at ed al trehiprbéeaiure adescribed in ExanipieXy|waé r&it6ts with 0113 Geof ONR3-(iriucrtiriethyl)eadylH C
acid, mgr icinehoninium bromkie (3-Q-BEGNED &l iderticat faatibr The easptidmibricioicdss chicomdtun 2 wsh

behem C adaurd td becR8casrdelermsicadchy HPEC @tday ofdle eactioromiktonei C aci d,
melissic acid and ceroplastic acid. Exanples of 10 unsat ur at ed.

al i phati c Bxemied/| i c acids include undecy- l enic acid, oleic acid,
elaidic acid, cetoleic acid, eruci c acid, brassidic aC|d sor bi c
acid, |ﬁsn&-Bﬂ(olch'ofo)benaﬂlaeqham""Pm Hhlords ss Btalyst angd ~b3-d 28| Sue-
acid Strate F¥and stearoli c aC| d. O the above mant | oned ali phat [ c 15

car boxylic a ds Iaurlc tearlc acid

preferred. Qﬁ 9 "’

m

&d-methyl-oxm 3-
ca(rjboxyl | 6“ X & ne(ﬁc:gex% purg ngan OH (q,ra qé”i? i Y %g
sodi um™p d

i §§ o %g{ B ‘§
bari um angyg i BpiRddCaiirhé £'ir ferr@é‘ dtlm o layers weré Qélva

eSpeC' al | Xoltﬁﬁ@ itloff Gvas extracled \mth 20 ml QNW%E tvm;a Jﬂh@lﬁfll loPRAS. | AfterCé¥ EM&{ bI‘C
acid m%asolvem the slighth} broWwRisiD @il WdslQtkaidd &8 DaREINCHIAbe! &soabdndmnzadmnga@qm
25 I € SdopropanoltieReibd) niiduré.OTha. haitdibric ERéesseds IR confplofrivegzldl Yhich R is ethyl was

determined tc be 71%.

3/)«»0’

Example 14
a0 _ :
g—ula.4-(DicHloro)benzyl]cinehoninium Chioride as Catalyst and ()-5-Benzyloxy-1..3-dimethyloxindole as -

bstrate

The procedure describsd in Example 13 was repeated with 2.80 9 of (£)5-benzyloxy-1+1,3-dimethylox-
g5 indole, also referred to as 5-benzyloxy-1,3-dihydro-1,3-dimethyl«2H-indol-2-0ne in identical fashion. The
enantiomeric excess of compound 2a in which R is benzyloxy was determined to be 73% by means of
HPLC assay on a Daicel Chiralcel OJ column eluting with 40% isopropancl-hexanes.
The cempound (¢)-5-methoxy-1,3-dimethyi-oxindole employed in the Examples is also referred to as
1,3-dihydro-1,3-dimethyl-5-methoxy-2H-indol-2-0ne.
40 The process of this invention has 2 number of advantages. The process for the stereoselectwe
. gynthesis of enantiomers provides precursors ot physostigmine and physostigmine-like compounds in high
chemical vield and purity. The availability of one enantiomer of a given structure in considerable
predominance over other enantiomers makes it possible to enhance the results obtained when the
enantiomers are subsequently resolved. The techniques for carrying out the stereoselective synthesis do
45 not present any unusual difficuities. The reagents required for the process are readily available or can be
easily prepared using conventional techniques. This invention provides a practical, economical procass for
the total synthesis of selected enantiomers of physostigmine and related compounds,
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. 18 0.01 to 1. OH%I?t""'éENﬁyﬁ-\;éz-d“i’;‘t?; nore preferably 0.01 to
0.5 parts by weight, per 100 parts bEPEAISRIBA2 t he

term nal -stabilized pol yacetal resin. \Wen the anount ' of the
al ikphati c ‘carboxylic acid netal salt is |ess 5 than 0.01 parts by
weikght, the thermal aging resistance g of a polyacetal resin

conposition obtain@d fromthe &r m nal -stabilized pol yacetal resin

and the aliphatj carboxylic ggtd netal salt beconmes pgor. t he
ot'her Ban en the armuntgg. \1/% aliphatic carboxyl |§ aci?lo
metal sal® is nor¢ tga_ 3. @ parts by we not only oes & he
‘pol'yacetal resin gggposition undergo viger ous - di scol or&¢i oyt during
agi ng, |eading ,@ he appearance of a pr oduct
obtained fromthe n conposition becorresg_ooorq. but

pol y§icet al

al so the 15 “#nti-nold degogit proéerties of the polyacetalresig
conposi tion are &owered. p< = There is particular lTmtation
with respect to t he hod for produci ngg ghe specific alsphatic

car box- ylic acid ned'a§ salt to be used the present,inven- 20
tion, as long as the produced—ade phati cecar boxy® agi d ' nmetal sakt
has occl ugked therein at -1 east one netal conpound sel eched fromthe
group consisting gf a netal gdr oxi de .and a netal - cQ ¢¢, and has
attached to a o surface thereof vat | east one netal cdp&ild sglected
25_. fromthg p consisting of & | hydroxi de and a 2=l

19 : | oi de, wherei cclyded netal .conmpounk-@nd

the surfaeke-attagheg L@t aly, conpound ar
an anount .of frop=¢ to 300* ppm by wei
to 20 ppm by wei each based

al i phatic carbox)y+c acid - met:

and the sur- ¢ face-attached
25 = P~

= £8pectj vel y, esent in
and " in an anp&Mt of fromO
n the total wei-ght gf the ;
alt, the occluded n®tal conpound
al conpound. The specific aliphatic

20

[ ]
CICH,CN
CAT.

it

i,

4]
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Claims
as : ' ' '
1. A process for the stersoselective synthesis of an alkylated oxindole, wherein the process comprises:

a) reacting a racemic oxindole of the formula

_ 60 : : 2 oY
,, _ o @310
&s ' ‘g‘,

where R is 'selected. from the group consisting of methyi, ethyl, and benayl, with at least one
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carboxylic aci d metal sgdt cfaybe:r used:iin the present i nvention can
be obtained by, for exanpl e, the” 10 ng procedure. First, a
e b aBAe

crude aliphatic carbox- ylic salt product is obtained in
particle formby a neutralization reaction between an aliphatic
carboxylic acid and a netal hydroxide Lmhlch reaction IS
represent ed by fcwsnnza(l) descri bed ®low], a 15 doubl e deconposition

reacti on between ;

z\ar boxyl ic acid nmetal salt and a

metal chl ori deg[ Whi @ ' react.j_-'o I @represented by for )
descri beds Suntd| O, gr a neutPeddaldti gm reaction betwee i -
phatic carboxylicl a®@e&nd~a netal oxipHeZ«¥ ch geac- 20 t i

represented by f
crude aliphatic oxylic améi
subj ected to a wAshi ng treat

la (111) describegrilonj. = Then, t

i i tal salt product is epeatedly

inwhichit is stirr§ i nat er
ed lgetal 25

and dehydeat- © ed unig'l€the agbunt of th urface-atta

cormpound t her eof becones no& mre th%n 20 ppmb im ght

20" ~ and the amount & 8 he occluded neta® gonpound t her ect

becomes from1l to 300 ppm b ight, to,therebygo®tain a desireda
al i phati c carboxy1 ic acid netal “salt to be ————@cd i N th& present

i nvention® 5 As menti oned iabove in the present i n\?ntl on, a
crude aliphatic d¢grboxylic acid netal sal t product gf 30 i ch a
speci fic aliphatjc carboxylic acid met salt to b i Nt he

présent invengi Qn N be ob-

t r eat nenty)
reacti on

tion reaction rg
neutralization
XRCOOH + M OH)

al ﬂed by the above-nentifon
_ anpl e, the neutr
r Fr&ented by fornulfa fl-) bel @w, the doubl €
sented by formula bel ow or the
tion represented rorula (111) Obel ow 15
-> (RCOO [err]M ¥ xH err] O - (1)

can

rr]

wherein Bsreprsents an al kyl . group,gan al kenyl group or an
al kynyl group; Mrepre-

as

40

45

§0

z |
=l .
§lz¢de
5 (o]
&
2= -
d
élaims

1. A process for the stersoselective synthesus of an alkylated oxindole, wherein the process comprises:
a) reacting a racemic oxindole of the formula

RS 1)

whers R is selected' from the group consisting of methyl, ethyl, and benzyl, with at least one

NI




.'sents a monoval ent or miPE PAEEEAY. Lide ART atom and x I S .an

i nteger of 1 or 20 more, WRP OMS8dBEAYs on the val ence

of M 2RCOOM + MCI[err] ->(RCOO)[err]M +2|VCI (II)

whérein R repr esen n 03/ gdr ouepo gﬂ i a0

enat ni ec 9 g ac oni

?lelp()?lg}ll group. bmmc{g eton!trlleg1 and iodoacetonitrile, mfg b%f):ar{sﬁﬁ‘r%? lifr:inzxttﬁ? ;i\'r]mg ngaq aosi g J%
¢ i a strong ino roton an ojvent p|

di val ent met al o%gﬁcﬁfglvem torgth ;gm u%gnr:‘l -benEEsg%ani nium of

( L1 ) unmdlmymgkﬁw na[ S n

al kenyl grou 3 yny group, and represents a

di val ent netal atom In the neut ralization reaction

represented by formula (1) abai an aliphatic carboxylic acid is

reacted with a nmetal hydroxi ¢¢e to thek&by produce a : crude aliphatic

carboxyhkd c acid netal s3 pr odct 18 t he production of a crude

al i phatic carboxylic aqqﬁ ,,* . alt product by the reaction of

formula (1), M QDL #rr @6 q e hydroxide) is use uzan excess

anount relati ve £ 0 \he" arfount 0 (aliphatic carboxylic

acid) in order to ensur- unfeact ¢

Ther ef ore, unreacted \‘ ) [£

s g2 )  does not 15. remai n.
rr] remains, caused to be
occl uded i h RCOOM (crude al Mphatic car bo ylic acid netal salt

product) and al so attached t'02t he surfate thereof. In

the doubl e deconposition reaction represented 20 by formula (Il) above,

an allphatlc carbox id . ..., metal .salt S starting
materiaP is refc thtuted &ge"z’ﬂ/i"{"ﬁ“ﬂ'dﬂ‘g?'a?f QU f@%f @F’P% as a reactant
to thereby produce .a crude alippatic carboxylic acid netal salt '
product [(RCOO)2M]. In the productionfdf a crude 25 al i phatic
carboxylic acid netal salt product by e ¥ '

25 R,

w
a0
2.9 Thls Sheet Has Been Repl
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: whers :
R1 is a vinyl group or an ethyi grou
R: is hydrogen or a methoxy group.
x is chlorine or bromine,
@w Y is ‘independently selected from the group consisting of hydrogen. chiorine, bromine, fluorine, -
' trifluormethyl groups, and nitrile groups, and
nis 1,2, 9,4,0r8.
b) optionally converling nitrile groups of the resulting alkylated oxindole to oorrespondmg primary
amines by catalytic reduction in the presence of hydrogen gas to form a mmture of enantiomers of
45 the primary amines, and
¢) contacting the mixture of enantiomers of the pnmary amines with a chiral acld selected from the
group congisting of dibenzoyl-D-tartaric acid, dibenzoyl-L-tartaric acid, di-toluoyl-D-tartaric acid and
ditoluoyl-L-tartaric acid, in an amount sufficient to preferentislly precipitate & salt of the chiral acld
: and one of the enantiomers, and recovering the resulting precipitate, and
s0 d) basifying the' resulting tartaric acid sait to form the corresponding free base.

2. Process as claimed in claim 1, wherein the halogenated acetonitrile ls':about' 1.1 to 1.5 equivalents
based on the oxindole.

65 3. Process as claimed in claim 2, wherein the halogenated acetonitrile ig chioroacetonitrile.

4. Process as claimed in claim 4, wherein the steréoseleetive synthesis ig carried out at a temperature of
about 50° C to about 30° C.
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S22 . reaction of TG HAIFY Fik ARy Cl nmetal chlori de) is

used in an excess ampunt relative to EM@4 A2 of RCOOM (al i phati ¢
carboxylic acid nmetal salt as starting rrateri al) in order to ensure
that unreact gd unreac

M CI [er r] r ergi aﬂ%osg aféaﬁaed in_claim 1, wRereig?r erBoselchw? u grasnf H :taﬁ&ftzaman (lrga,;tm

alt phatic arboxylic acid netal salt product) and al so attached
to the surfage f t . Wals

(P11 D 585 SRR ikl 1 B CE Sl oftdiniaRP i $8 ot s oty iR HeBgensted
occl uded i n t he obtained aliphatic : carboxylic acid netal salt
product and al S9ocRés a3 eRntbalirelaim 1, where:rﬁh@bi&ld&if: fdaltioh MBdROE stirfs@r exanpl e, when
the aliphatic carboxylic acid netal salt (RCOOM as a starting

mat e- 8. IPrétess # chifnedlin ¢ddiva ] wheiy DB ¥askHyCand &1 i§l3 B-Gichicre bSGifluodbdthyl.

t he net al m:hl oride (MO Jerr]) as a reactant is cal cium chl ori de,

t he obt ai neda.crRuabessadsi qidiraddi i claia 1 owhyrein cheasdiveint is selected from ttial graupl consieinytal Genzede,
an-al i phatic cdolizos\sylegs, ablprdbenzene, methybemb chliontdesaridta mixtuch of @deé tthe bovs sal@nts with
by- produced. Tthexane or cycloheianepr oduced sodi um chloride is occluded in the

obt ai ned 20 al i phatic carboxylic acid calciumsalt product and al so
attached t'o 1h&rarass Hcraimedbincdlsim ¥ whereindhe aquedys Rhserontaing about 26% djaboutl Pk kY
chl ori de. weight of the inorgagieBashie it r al i zat i on reacti on represent ed by

formula (111) above, an allphatlc carboxylic acid is 25 reacted with a -
metal oxi de 1o Pl’ 8?36153/ r't? m @ organic solvént phase and the aqueous phasge in the

23 | ﬁ". al iofRyaEq rgack ; B '§I°f° n 8 ¥glyme ratioqf abaut §:1. product In the
producti o O'i Q’ Ja% c% lte% ef{ Hﬁ)ﬁ a %)Sytlné goh%ﬁt' éla&e &n the rla%Fn)ic ?xmgoale gﬁ m ﬁ rl{lﬁ of

by the reactlo
excess anount re ative t he anmount of RCOO—l (aliphatic carboxylic

acid) in 13, Proc@é’sde%rclaﬁn%d%‘%ldﬁ@t tMFemQHJ mﬁ%amm&&wﬁnd&? Hﬁ'lﬂ'a ratio of -
The exce5§5 M’ O absut 8GR abdut kSREMWED W th water in the

14. Process as claimed in clanm 1c), wherein the ratio of the volume of solvent to the total weight of
- enantiomers of the primary amines is about 8:1 to about 12.1.

% 15, Process as claimed in claim 15, wherem the ratio of the volume of solvent to the total weight of
enantiomers of the primary amines is about 10:1.

16. Process as claimed in claim 15, wherein the solvent is acetonitrile.

95 17, Procoss ag claimed in claim 17, wherein the ¢hiral acid is employed in an ameunt of about 0.5 to about
1 equivalents of acid per equivalent of enantiomers of the primary amines.
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; REPLACED SHEETS SG o
react i [n Sy.stAmat Qabed m.a wpd@bl . hY.drioxi d’é’”["i\”] (OH) [ters] L

: “f_orrredrmtaql_q gydrqeewle ks 1968ludedliin (RCOO) 2M' 1G4 . 16051 |
al i pha ,+c/g‘g,grgt()b>5yl ;;qgedam d tggg;@h sal.t : prodtict".‘.) al g0 .atiached,
the sufgace, ttll] ........ topoddauever|, a part of the ex ”___f",‘"M 088 4 g ic$ «
be ocg ,up_l_ cf,,;Tn (RCOF))“[ err] M} and al so attacﬁed T~ the ‘$Urt ace
‘t her eot? IR e eaEHeA of formula (1), when M %met al,)‘
M OH) [ epnd:c:{smlmh;dmosnsenou SYNTMESIS|OF Auwmmmpmﬁoems USED'ASIN s
MOH) [err] is used i TMEDIAPESON THE BREFARATION. QFIPHYSOSTIGMINE ol , preferabl y
from1l.01 to 1.05 nol, relatlveton nol or nols of RCOCOH

(aliphati ' starting material).
Intherm r@) MClZ(mataI chloride as a
reactant) ifusisvailion FLla%Q 1 EBIBdss Rk o' $Bl8dtive synthesis df- stideclssinets. Mofasticynig.fvas abl y
from 1. OJnpvbdBonlrefates {87l process for the stefeBsefbiclive Byritiidsi€ off Ghkrilioridrs SRyl atibiptimatyi apives | C
car boxy| iut &8 useful in @Risphtiesik ad (+$plybostiginine 4l f)-phiysegtigmadecr i al ) .

24 The cholindrgic héutonsil apstdm can teffouhd inthd cenfral Inbrvgus ¥ ®n( (BRISKIn thecduthaomic

as a r eackaos)systen, asal the skajatal entosystern Acklylohplide (eqmtmhelne!rotransmm in gi}gpnglia,

pr ef er abltye WWSE“'GPW P"@)Qe M‘?‘"ﬂ'@f"&ﬁ“ﬁ@"f ¢f s cholinergic "°'Yﬂ9?
al i phat i dingig

As shown.in ﬁg%? éﬁf"t qm?:fé'onmn % Kgsaftentbmdsto(én
net al salﬁca % eg?éxgw m}’ected% "ol o

I ng treat mant
i's obtaine it is mm.etwma&e .ae%mmwmwwuc
car boxy! '&e%@mdmd%bﬂs&m ahgawcmm{eww-emch JbytACBE.NET al

of the obiRdnn@danithofenérase driy BlookY |ACRE aad ehhibies tb dastiuttion of releasedpAGixi a dhigher

( RCOOM).  t meuloransmibigrasvbiald incresed\bislbgicaljrebpoaset ramitt The alkaloid, phfSPmmm-swh‘ct' HG' h?et al
(M of t higolawet tiém ftheciseedsi ofcthé IGaIEHY [bean; s been found g cecparticularly aﬁw
nmonoval entichelinesterase dug) Riwsostigming| has achigh afﬁ"l'!hh!' I‘P@"%P%EM'H\P& ", A%B'?af?fpl es

f prelpRged praods.
Sod ,mJ nmova e bepyod that degeneruian of e hoorgia putbways in the G dnd tidWbstaht dovelopfbrt 9
: apparent irregularities in neuron arrangement may be a principal cause of senile dementia of the Alzheimer

type. This disease leads to progressive regression of memory and leamned functions. Since the average age
of the population is on the increase, the frequency of Alzheimer's disease is increasing and requires urgent
attention.

it has been suggested that cholinergic agonists, such as the anticholinesterase drugs, are useful in the
treatment of Alzheimer's disease. Nevertheless, drug treatment with anticholinesterase drugs has not proved
enticely satisfactory. Thus, there is a need in the art for new forms of drugs for the treatment of this disease.

The enantiomers of physostigmine and pharmaceutically active physostigmine-like compounds, such as
the compounds described in U.S. Patent 4,791,107, are under investigation for the treatment of Alzheimer's
disease. in order to satisfy the need for compounds having the highest pharmaceutical activity, there exists
a nead in the art for a process for the stereoselective synthesis of the. enantiomers. Specifically, the
enantiomer {-)physostigmine is of current interest, and while methods for preparing physostigmine and
physostigmine-like compounds have been proposed, there exists a need in the art for a storeoselective
process for producing the S- or {-}-forms.

it has been found that the compound 1,3-dimethy!-S-methoxyoxindolylethylamine, also referred to as 3-
(2-aminoethyt)-1,3-dihydro-1,3-dimethyl-5-methoxy-2H-indol-2-one, is an important intermediate in a recently
discovered method of synthesizing (-)-physostigmine. While this amine can be prepared using conventional
techniques, a racemic mixture is usually formed. Resolution of the racemic amine mixture into its R and S
components makes it possible to synthesize ( +)-physostigmine and (-)-physostigmine.

A process for the stereoselective synthesis of the amines and their precursors could provide certain
advantages. Such a process could reduce or eliminate the need for resolving mixtures of enantiomers.
While stereoselective syntheses that are catalyzed by enzymes are highly enantioselective, non-enzymatic
processes have a wide range of selectivity. Accordingly, the results obtained in processes based on-
synthetic chemical techniques are generally unpredictable, and successful results in stereoselective
syntheses have been difficult to achieve.

Thus, there exists a need in the art for methods based on chemical techniques for producing
enantiomers of physostigmine and physostigmine-like compounds. There alco exists a need in the art for
methods for the asymmetric synthesis of intermediates for use in the process. The method should make it
possible to obtain the intermediates in a state of high optical purity. In addition, the prooess should be easy
to carry out and should employ reagents that are readily available.

SUMMARY OF THE INVENTION

Accordingly, this invention aids in fulfilling these needs in the art by providing a process for the

R
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f potassium lithium calcium magnesium barium zinc, ' al um num and

‘strontium As shown in formula (11), when the crude aliphatic
carboxylic acid netal salt product [(RCOO[err]M] to be subj ect ed
to a washing treatnment is obtained by the reaction of forrmula (11)
bet ween an al i phatic carboxyl - ic acid nmetal salt (RCOOM as a
starting Nedieédsetéctiidisintfesis of an oxindoRiEivitkeirCthé Prode8copripliseb featting  raaemia oxirdiale ottnd |,
the netal (fmuaf the aliphatic carboxylic acid netal salt (RCOOM
as a : 25 starting
material .(that is, the netal (M of the netal chloride (MJ) as a
by- product] is a nonoval & al , CHy and the netal (M) of the

obt ai ned crude aliphatic oxylic acid netal salt product
[(RCOO)[err]M] to be 5 - ed to a washing tregangent [that is,
‘the netal (M) of the net dhlorlde(MCI[err]) as a reactant] is
a divalent - netal. In the esent invention, exanples of

nonoval ent netals (M in formula ) include sodium : pot assi um and
l'ithium and exanples of divalent netals 10 (M) in fornmula (1)

i ncl ude cal wharerRR iselgetessiromthe groupiconsisting of methyl.gthyk andcbeagytiwithy at lopat peerpquivalent ofa
As shown i nhalegenatadacetpnitrit “Wn'“l"h@w&@'&lﬁ' hf tchloroacetonitrile, P'@'"E‘EPW I?“E
acid netal &deace ‘ERIUE‘P i“'“ﬁua

Ignzyl

giod creactuon m| pgg“
washi ng tre% irop %'mmm%@‘a%p
a ne aﬁq oge m/(% %s a reactant, the netal (M') of

bet ween an as a s?ar I'ng
mat eri al an

t he ob- tai ned crude aliphatic carboxylic acid nmetal salt.

product ((RCOO) [err]M] to beysubject to a washing treat- 20 ment
(that is, the netal (M) theorretal xi de (MO as a reactant] is
a divalent netal. Int pAssent X%i nvention, exanples of dival ent
nmetals (M) in formula - { ;l | ude caIC|um magnesi um barium
zinc and stronti 5“ When the reaction dfnforrrula(l) i s
enpl oyed, a

or a substituted N-benzyl cinchonidinium or quininium compound of the formula

(II).

where
R is a vinyl group or an ethyl group,
Rz is hydrogen or a methoxy group,
X is chlorine or bromine,
Y is independently selected from the group consnstmg of hydrogen chlorine, bromine, fluorine,
trifluoromethyl groups, and nitrile groups; and
nis1,2,3,4,0r5.

The S-alkoxy-2.3-dihydro-1 3-d|methyl-2-oxo-1H-mdole-3-aoetomlnles that are formed in the process Of
this invention can be further reduced to their corresponding amines which can be used in the synthesis of
stereospecific forms of physostigmine and physostigmine-like compounds. In particular, the S-form of 1,3-
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26 crude aliphatic carboxylic acid netal salt product
‘(RCOOM to be subjected to a washing treatnent can be

follows. An aliphatic carboxylic acid ( RCOOH)
whi ch has -been heated to a

prooduced as
is placed in water
tenpgrature of fromthe nelting
tenperature of the aliphatic carboxylic acid to 95 [err]C, and the
r esul t anigimethyt-s-metholoxihdélyRinyidmind is Lsefltor prépalimpr1physostiginine.n an emul sion. The
obt ai ned errur5| on is cooled to a tenperature of |ess t han t he
mel ti ng (BAEFEESCRIPHON OF REBCHON BOMEME: car boxyl - ic acid and t hen,
m xed wi th an aqueous sol ution or

suspen5| on of a rret aI hydr oxi de .
[ M OH) [ er r ] This imvaetion el etroore fully undefs!aqﬁb f"gr e of
f rom t he synthesis of aliyialed oxjpgoles %Y"L aﬁ ,
95 [err]%ﬁﬁ"&?‘%\ﬂﬂﬂ"’t usely '8"1’ p3rafog o ar to d va ce

reaction I'C car'%oxyl i c aci d and t he net al

A oxi deperhitep OF PREERAED BUBGOIMENTS subj ected to

filtrat

tottrereby obtain a crude aliphatic
car boxylic Wﬂydﬁﬁtﬁ'syr&ﬁ'ss& ofmepresenturpérﬁéumolves conversion of an achitAhshstiatedo a erdrelt | on
of f or nul goduttlusing & ctédrrbaysoA prachiral function senvescks tal preduestr for & chirl proghigt during jthe

met al sal nbaqmoma@llowing nomenclafuRCDAIcbrvertionsiaee emplpyectin depcibipgshigigweniong t r eat ment
can be rhe@lnct!a Wsﬁ'm FWWR(]*Y&F‘? °F”E',s %a‘f’ﬁ\ﬂ f"l ‘t"‘"& (fsy"‘“‘e""’

o ol oh ﬂeyh iy, e ey v v
iC as"‘ ! : >
r2n7xed Wi tﬁhuralumt: @:%;ﬁ?‘ X Wbismmamﬁ@mn“ o

FlfiNdsi8 Ghat produces one enantiomer of a
given structure in considerable predommance over ihe other possible enantiomer. The enantioselective

synthessofUwpresemmenumtypieallypmdueosmepmdominaMenanhanerinmamoumofabmn

70% to about 90%, usuallyaboutesxtoaboutsa% of the total enantiomers formed as products of the
nthesis.

sy As used herein, the expressions "enantiomeric mixture” and "mixture of enantiomers” are used

interchangeably to refer to racemic modifications of the enantiomers. The expressions also include solutions

containing both of the enantiomers, wherein the solutions exhibit either (+) or (-) optical rotation as

observed and measured with a polarimeter.

The torms "resolve™ and "resolution” as used herein are intended to encompass the complete or partial
soparation of two enantiomers of 5-alkoxy-substituted 1 3-dimethyl-indolylethylamines, also referred to as 5-
alkoxy substituted-3-{2-aminoethyl)-1,3-dihydro-1,3-dimethyl-2H-indol-2-one. The separation is described in
more detail hereinafter. These two terms are intended to cover separations in which only one of the
enantiomers is obtained in a pure state. The terms are also intended to encompass some degree of
separation of the enantiomers, wherein neither of the enantiomers is obtained .completely free of the other.
Separation of the enantiomers may or may not be quantitative . '

The heavy line in the form of a wedge

o'»

in the formulas herein signifies that the substituents are above the average plane of the ring system in
connection with which the wedge appears. The heavy broken lines in the form of a wedge

signify that the substituents are below the average plane of the ring system. For example, in the formula for
one of the primary amines produced according to this invention, the methyl group in the 3-position is above

« the average plane of the oxindole ring, whereas the aminoethyl group is below the average plane of the
ring. Thus, the methyl group and the aminoethyl group are trans to each other relative to the average plane
of the ring.

- The sterecselective synthesis of the invention can be carried out as shown in the Reaction Scheme.
Referring to the Scheme an oxindole 1 can be alkylated with a halogenated acetonitrile in the presence ofa
chiral catalyst to give an enantiomeric mixture comprising alkylated oxindoles 2a and 2b, which are termed
{R}- and [S}-5-alkoxy-2,3-dihydro-1,3-dimethyl-2-oxo-1 H-indole-3-acetonitriles. It was surpnsmgly discovered
that one of the alkylated oxindoles predominates in the reaction product. In addition, it was unexpectedly
found that the alkylated oxindoles 2a and 2b are ottained in relatively high chemical yield.

e
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(Mdferr]). The resultant mixture is heated to a tenpera- : ture of
from50 to 95 [err]C and allowed to stand for 1 to 3 hours to
advance. a reaction between the aliphatic carboxylic acid netal salt
and the netal chloride. The resyltant reaction mixture is subjected
to filtration and dehydration, to thereby obtain a crude aliphatic

carboxyl i c acie BRiPdnamiBrhdric QY Empristdd the alkylated oxindREd 24! 1€ 26 88ATel Hydtagahated in
fornula (11 tnb phegerREBI PdakMst 18 form a mixture EdighdingrilnEH) hins 3aAhd 81X Whittf ard Carfled (R}- al
sal t pr oductnd [s}5-alkoxy-8-(2Rkidodthyd 1 3ldivydro-1 B dieth@2bjiraa2edest Thedpritvarg laining 34 maichent
can Rbea peibyl goadis asimpatahtomsmediate ia e plepdration dfa-hysostigmineaci d

(RCOOH) is pl dbedrinay grpiteshovithbe hraltable ifhasanuretpeiatmed theppticalli®pmer as pogsikicin grdar e of
from the melobtpipgigh erfiye rapd optisa! pprity |gbphysostigmine and ippisesigrainadlity semaunds. TS gpnibg 95
[err] C, and2haeed bysselectiyply precipitating the,pnaptigmer Jasor 3p;with é&;‘;’al ?“"L"ﬁﬁ %U&’W?can
emul si on. Tlg%‘;::';;ai:" 4b. 08¢ AetetforAARing de qrentiarpsc QutyeSaand ARl ey 8ss
than t h.e mel { Iﬁg af %ﬁl@ @&n‘f”egs S)ffthet J?&erﬂlirlvprmgrl ik gan‘i\'egropt%)ﬁle's.t%selecﬁve'aﬁylﬁ gl aﬂ.nd
then, m xed gWhdo o@’iﬂegm{ﬁagus sol ution or suspension of a netal oxide
(MO . The resultant . mxture is heated to a tenperature of fromthe
mel ting tenperature of the aliphatic carboxylic acid to 95 [err]C
and al lowed to stand for RONQ 3npours dvance the 25 reaction

bet ween the aliphatic carboxy

28 metal oxide. The 1% reaction m xture if sub-

jected to filtration and dehydrati?n, ?o t her eby obtain (1) a crude
al i phatic carboxylic acid netal sap., pr oduct . The crude

al i phatic carboxylic acid netal salt 5 product obtained by the
reaction of forrmula (1) can be " used as a starting aliphatic

carboxyl i C ashbdinRE Albsttddnt R is solected IMdm! (G grddP CohsiRingObt étfiyMidompbunt) (1a)), ethy!
The et hod f(@mppunadiby. 4hg banzgt (ehepodridl (MNAIThe oxiridbl AXis a racemic mixtitrh.i The aRindbld e isal
sal t productempbyaict tei pracbsshbf this ibviedtie ad 8 racemic widuee) which/aah \be ptehaed Bystpe sinthets
reacti ons of:\;qgvdmmec{' in) Julian et al, J. Gherh.) Sagin §7:5631565 andhTHH-E57 (1935) and in U.S. Patent
.791,107.
The oxindole 1 can be selectively converted to an enantiomeric mixture comprising alkylated oxindoles
2a and 2b using a chiral phase transfer catalyst. Examples of suitable catalysts are those derived from
- substituted N-benzyl cinchoninium or quinidinium or N-benzyl chinconidinium or quininium halides. The
reaction is characterized by high enantioselectivity.
More particularly, the stereoselective conversion of oxindole 1 to an enantiomeric mixture comprising
the alkylated oxindoles 2a and 2b can be camied out by stirring a racemic mixture of the oxindole 1 and a
chiral catalyst in a two-phase system comprised of a strong inorganic base and an organic solvent under an
inert gas atmosphere until the reaction goes to substantial completion. Chemical conversion can be
monitored by analyzing the reaction mixture by GLC for the formation of the alkylated oxindoles 2a and 2b.
The enantiomer 2a or 2b that predominates is dependent upon the nature of the chiral catalyst that is
employed. ' .
The chiral catalyst for the selective conversion of oxindole 1 to the alkylated oxindole 2a or 2b is a
substituted N-benzyl cinchoninium or quinidinium compound of the formula

H'O R‘
A\ * . x=
- H s N*
H (1)
Ry )

or a substituted N-benzyl cinchonidinium or quininium compound of the formula
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The thus obtained crude aliphatic carboxylic acid
product is repeatedly subjected to a washing

is stirred in water and dehydrat- 15  ed until the anount of the
surface-attached netal conpoundgt her eof becones not nore than 20
ppm by wei ght and the occluded netal conpound thereof beconmes from
1 to 300 ppm by weightg to thereby obtain a desired

i sqlt to be used in the 20 pr esent

¢ invention, it is preferred that the

i c acid netal salt, which is-
crude aliphatic carboxylic
fq exanpl e, the reaction of

‘netal salt
treatnment in which it

al'i phatic carboxylic acid net
i nventi on. In th
nmetal of the desired &hiphat

obt ai ned by the washi ng t£y
acid netal salt product 2f
formula (1),

29 (1) or
(111) above, be sel ect ed N s{E¥) ng of dival ent
metal s, such as cal ci umisfagiesi um barium zinc and strontium
It is preferred that the/mEtal of theld ded 5 met al compound of

the desired aliphatic c&zﬁboxyl iC acﬂz netal salt (which netal
conpound is selected frofthe group consisting of a netal hydroxide
and a net al chloride) be selected fromthe group consisting of

sodi um pobergsium |ithium calcium magnesium barium 10 ~zinc and

st ront i umPh is a vinyl group or an oyl gr¥R. pr esent i nvention, when the desired ali-

phatic ca f ?ﬂ%"%ﬂ'ﬁ’""salt obt ai ned by the washi ng treat ment
has - | . ' ' . . . .t h
28 1R TS 8k, o 5 oy AL

term"ano pe) anount of
the plurald g, 2, 3, 4 or 5.0he QeshtES N-tiRAyPLinchSHIRRAL BUSHE SubsiBted! Risdehy qulididalbal | C
car boxyl i Gomgdufidsfabedthe Sotinlila (1}-inkviih FG  is hjirdgBe oDMBREY respectively. Thb BitsBiitbd Ny
when the eyl crdhonidiniihahd Be Substinaed)N-behzyd Quitinium compoundsThdvé the Satiniila Gipinashicr &, by

t he washi righydrogert oramstholya @smttiveli OThe prefetraxiodatatysts are mompoudds drewhidhel is Gi4-dichloro or
plural ity ‘fiflurpmethyl. Jhese catalysts camibe atepareshiayouiining the irecedusesescaihestin . Qrfg. Chem.

sur f ace- at 8% [f& #745-4752 and are commercially available from Fluka Chemical Co., Hanppauge, N.Y. 11788, or

from Chemical Dynamics Corporation of South Plainfield, N.J.

The substituted N-benzyl cinchoninium and quinidinium compounds and the substituted N-benzyl
cinchonidinium and quininium compounds are employed in the asymmetric synthesis of the invention in an
amount sufficient to catalyze the reaction of the oxindole and the halogenated acetonitrile to produce one of
the enantiomers of the alkylated oxindoles in a predominant amount over the other enantiomer. For
example, the catalyst can be employed in an amount of about $ to about 50 mole % based upon the
amount of oxindole 1. In a preferred embodiment of this invention, the compournds are employed as
catalysts in an amount of about 10 to about 15 mole % based upon oxindole 1.

The substituted N-benzyt cinchoninium and quinidinium compounds provide the alkylated oxindole 2a in
excess while the substituted N-benzyl cinchonidinium and quininium compounds. yield the alkylated
oxindole 2b in excess when the compounds are used in a catalytically effective amount. it will be
understood that the asymmetric synthesis of this invention can also be carried out in the presence of a
surfactant, such as Triton X-400. See U.S. patents 4,578,509 and 4,605,761.

Alkylation of the oxindole appears to proceed by conventional mechanisms. For this reason it was
anficipated that a racemic mixture of the alkylated oxindoles would be obtained. Quite unexpectedly,
however, it was found that the alkylation reaction was stereoselective and that either one of the enantiomers
of the alkylated oxindoles can be obtained in excess, depending upon the choice of catalyst. Moreover, the
predominant enantiomer is obtained in high chemical yield. The chemical yield is at least about 60% based
on oxindole 1, and is generally about 65% to about 85% based on oxindole 1. |

The stereoselective synthesis of this invention is carried out in a biphasic reaction mixture comprised of
an organic solvent phase containing the racemic mixture of oxindole 1 and the catalyst and an aqueous
phase containing a strong inorganic base. The oxindole 1 and the catalyst are dissolved in an aromatic
hydrocarbon solvent. Halogenated aromatic solvents and halogenated aliphatic solvents can also be
employed. Typical of the solvents that can be utilized are benzene, toluene, xylene, chlorobenzene, and
methylene chloride. Solvent mixtures of hexane and cyclohexane can also be utilized. Technical grade
solvents have been found to yield acceptable results. The preferred solvent is toluene because reaction
mixtures containing this solvent gave the highest selectively of the alkylated oxindole 2a or 2b in the
examples hereinafter. The selectivity obtained with other solvents can be optimized with a2 minimum of
experimentation.

The aqueous phase of the reaction mixture contains a strong inorganic base, such as potassium
hydroxide, sodium hydroxide, or lithium hydroxide. Technical grade bases have been found to produce
acceptable results. The preferred base is sodium hydroxide because of its low cost, availability, and
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met al compounds” neans the total armuht of the plurali- ty of
“surface-attached netal conpounds of the desired aliphatic

carboxylic acid netal salt. 25 The anount of each of the occl uded
nmet al conpound 30 and
surface-attached netal conpound of the desired al i phatic carboxylic

acid nmetal galib nggggmg,gcegyo,memnmn washing treatnent is a val ue
determ ned byt eh RordaRit bWHs employed in ah BoURESURIGIBnt US bupBori ARl Si$) SIABErb&LEina PHeybase
Two sanpl eSuriclidnk 95 aasaptotbrRateNaerd.aNfds@ddn Biindtthae tieaiBcentration of the\wasegih theaaaasotsik en
from the demasecdiead ihplselbdtivityCEheBoncpdtiation of base in tecaqubopphase is Alpically Bheut £§% 49
sanpl e i s e SA%ij by waight. -As the concentratipnodf Gose é?ﬂﬁ[aﬁﬁef“ar?ﬂﬁﬁﬁt“vd?f aRp ok the \alisylated | S
5 times or oxindole decrepsgs.c (v o t he am)unt of t he first sa

to thereby
10 Obt al Mm ¢ 0 { | mn Or% Bf%a‘?r?'a tyta ltche orgamcf:::tufe
ultrasoni c ghe %H (o] f ttj'Péoan'i:rg.i)xtu us phasets ’31 to
subj ected t&of 'ﬂ?? mte lc hase a“
metal salt abgh%r,ehybég m,m,ab,e,gsu trate. Wth respect to th e
obtained filt m&ganfcfkelv&ﬁphase xintid 16 m&ﬁBjreSdﬁbH’lﬁ\Rﬁrellﬂﬁeﬁer&W | abdut- 20: Eto[Ab&E € Nt
therein 80:1, pref¥ably GGb6un BO:1 &l dbu@ |45:1.0mb Parituladyl pldferedmaticCin rabovb #021) Mhesé yatiost Fe
t her eby det epressae as thevauraohthe frginizrsoivgnt phHase th the vaightat the axindole 1. t ached

met al conpoundheétkylatieg agent ki hej racemier vy [of @‘"&9‘? d can be a halogﬁ'!??dl“‘%‘&l"!'e se@ﬁfef’ he
ot her hand, framh the group pepsistisgnef ehloragceiayitrile,

ltrll
whi ch met hatigpre alkylating agent bpcause Ay

"°’f‘ Wé”“g‘e’t"éﬁﬁ
.ég;‘? 1013 ngsal,.mast Eﬁsreab.
Sbparbit C

sanpl e], a“dzb %m ﬂ%ﬁm 8

subj ect ed_ t E( i 6 1: lncreasmg the
then, subjeg ¢ rbibtvéhd ﬂ@&&oﬁm fRcrbddBs &.’émrcar yieR| ABEGh tereGRRd)
gi id netal &ﬁh.{tage fiAHg YheQlikl/iating gt in large excess.

The stereoselective synthesis of the invention is generally carried out at a temperature of about §°Cto
about 30° C. Lower temperatures are generally accompanied by higher selectivity of the alkylated oxindole
2a or 2b, although cautionmust be exercised to avoid the inorganic base from separating from the aqueous
solution at Iow temperatures. The preferred temperature range for carrying out the synthesis is about 15°C
to about 25° C, especially about 20° C.

The stereoselective synthesis of the alkylated oxindole 2a or 2b is an exothermic reaction. The reaction
mixture can be cooled by internal or external means to maintain the reaction temperature. The need for
cooling can be minimized and even avoided by gradually addmg the halogenated acetonitrile to the
biphasic reaction mixture.

it is desirable to provide an inert gas blanket over the biphasic reaction mixture in which the
asymmetric synthesis is carried out in order to exclude oxygen from the reaction. Examples of suitable inert
gases include nitrogen, argon, and helium. Nitrogen is preferred for economic reasons.

The stereoselective synthesis of the invention can be carried out at atmospheric pressure. Sub-
atmospheric pressures should be avoided.

it has been found that alkylation of the racemic mixture of oxindole 1 proceeds very rapidly. With
gradual addition of the alkylating agent to the biphasic reaction mixture, the reaction is generally complete
within about 1 to about 2 hours. Shorter reaction times can be employed, although cooling of the reaction

‘mixture may be required. Similarly, longer reaction periods can be utilized, aithough there is no apparent
advantage in extending the reaction time. In any event, the alkylating reaction is caried to substanfial
oompletion. which can be monitored by gas chromatography or other suitable means. in order to optimize
selectivity for the alkylated oxindole 2a or 2b, the reaction mixture should be agitated.

The biphasic reaction mixture can be prepared as follows. The racemic mixture of oxindole 1 can be
dissolved in the organic solvent and the catalyst can be added to the resulting solution. The aqueous
solution of the inorganic base can then be added to the organic solution and stirred for a sufficient period to
form the biphasic reaction mixture. Mild stirring for about 10 minutes has been found to be sufficient to form
the biphasic mixture. The halogenated acetonitrile employed as the alkylating agent can then be added to
the biphasic reaction mixture. Slow addition of the alkylating agent |mproves selectivity for the predominat-
ing alkylated oxindole 2a or 2b.

The optical purity of the enantiomers formed in the process of this invention can be expressed as the
excess of the enantiomer in the reaction product as a percentage of the total enantiomers in the original
solution. The amount of an enantiomer is conveniently expressed as the percent enantiomeric excess,
which is abbreviated "% ee". The percent enantiomeric excess can be calculated as follows:

-
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afiltrate. The obtained filtrate is mxed with puri- fied water in
‘a volune ratio of- 1:1. Wth respect to the resultant m xture, the
metal ions and counter ions which are present therein are
guantitatively determ ned by i'gn chromat ogr aphy, to thereby
determ ne the overall anount (Vverr]) of the surface-attached neta
conpound and occl uded netal conpound of the aliphatic carboxylic

acid netal salt. The anmount pf @‘% conpound of the
al i phatic carboxylic aci.d rret ([ [3]) can be determ ned by '

subtracting the amount (Werr]) det mned with respect to the
first sarrple fromthe anount _ (V\2) determ ned with respect to the

second sa The above-nentioned counter ions to the netal
i ons lAl'sW&ta“?"é’ég’P%ﬁ%"'! é“’ﬁf‘“f’ons sel ected fromthe group 15

consi st FRJ‘ i lost 8 ht to the total thaléiafsoltidP S Of
counter 3 ;Eg% tration feac?F:fa‘db "eﬁiﬁdﬂ%rsqy BNdolutsél lelprsdsed
determ n%ﬁ‘:ﬁ @Q&ﬁ’essed on either aﬂBMht W@Jbeeﬁis@ﬁ@emﬁoﬁerdtﬁfbs and
chl ori ne yeQlfe mAiBcular weight. D€ directly determ ned by ion chromatography,

hydr oxyl 20a numbet &iGbstiigiid Nty éinchidhiniin dald have been derbappdrion exlkctivoaoma@rsion of

t he det efrhdoRdl taERyEEd oRihdolacgacAil theovaactions wese Gartidvicoutieyt stiving a mixture of oxiridple d (Bhount s
of metal mnehsndithd apprbmiete Gatalysh (25 mmol) in a two-phase WWF‘M@HB a&beﬂ@% pNaRH

al i phat i @n¢ 89 b eamednmgeﬂfﬂf wm =° “W‘E!&‘E’ﬂ( 0f
i nvent i orﬂ':‘l‘l'xrua%" hor §1°"'0 [ect ed
32 UL ?d n %Lu _

net al chI:C;‘r[;'H’EdR :,' it v oﬁﬂ%‘ " @ﬁl ﬁméa‘i‘ d&mesud)

phorato]europi .h@i)a@f at
| east ;ﬁ’frﬁ
net al r oxi

group consi sting of
chlorlde or has on a surface thereof a

very | | m ted ~ specific amount of the at |east one netal conpound. In
the aliphatic carboxylic acid netal salt to be used in t he present
invention, the at | east one occluded netal conpound and the at

| east one surface-attached netal
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10 conpound are, respectively, present in an anount of ' froml to

*300 ppm by weight and in an amount of fromO to 20 ppm by wei ght ,:
each based on the total weight of . the aliphatic carboxylic acid
netal salt, the at | east one ocgl uded netal conpound and the at

| east one sur- 15 - face-attached met&l conpound. . The

pol yacetal resin conposition of the present I nvention is obtained

by adding from0.01 te@aB1€ par tl& tzzchn:y\ﬁmin ot bhsnabmet rrentloned

al i phatic carboxylic Al ; Ase Nanpfel ta of a
termnal - 20 stabilized polyacetal re5|n “The polyacetal resin
conposition of the present invention neets a denmand such that al
of thermal aging resistance, excellent agi ng di scol oration
resi stance and excellent anti-nold M depnélt properties are exhibited
si mul t aneously. The 25 anount / tthoch dysetal conpound of the
al i phatic : N N... 33 car boxylic
acid netal salt to be used in the Se invention is fromyyto
300 ppm by wei ght, preferably fro : by wei ght., nore
preferably from1l to 10 wei ght, . An the total weight of
t he 5 ° aliphatic carboxylic nmetal salt, | east one
occluded netal conpound and the at | eggt one surfac-- ) attached
met al conpound. Wen the anount of the cluded nmet al compound of
the at |east one aliphatic carboxylic acid netal salt exceeds 300
ppm by wei ght, 10 t he agi ng discoloration resistance of the obtained
pol yacetal resin conposition becones drastically | ow, ~ leading to a
problen1tkwuiinﬁiappearance_sm_éainugﬁaﬁélxssél praduct. beco . In
this case, the anti-nold e%£§lt properties of Jhe polyacetal resin
conposition 15 al so be@@ne poor .&<¢\Wen t anount t he occl uded '
metal conpound; of the ali p car bgxylic ag d netal sal{3is less
than 1 ppm by gweight, the aggng H resistagee of thelo
pol yacet al ressn conposi ti el conesu 2-F Br 5
vinyl B 2-CF3 Br 4

5 ~ wvinyl B 2,6=-Cla Br : >3

6 vinyl H 3-F Br 8

7 vinyl H 3-Br Br 48

8 vinyl H 4-Br Br 68

9 - vinyl - H 4-CP3* Br 72

10 vinyl H 4-CN ~ Br _ >2

11 vinyl H 3,4-Cly Cl 78

12 vinyl H 3,4-c13 Br 77

13%+ vinyl H 3,4=Cla*** C1 17

14nwns vinyl H 4-CF3 Br 61

15 _ - Bt B 4-CF3 Br 69

16 vinyl OCHj3 B Br 39 -

17 vinyl OCH3 3,4-Cl2 Br 27

*4~CF3BCNB
*+]1:1 toluene/hexanes
**%3,4-C1l2-BCNC

*k*425% NaOH

Substitution in the 3 and/or 4 position of the benzyl moiety of the catalyst with electron withdrawing
groups, such as Br, Cl, or CF3, significantly increased the %ee of alkylated oxindole 2a, (Expts. 7. 8, 9, and
12). This is probably due to a tighter ion-pair being formed as a result of increased positive character on the
N-atom of the cinchoninium catalyst. That the observed enhancement of % ee by electron withdrawing
groups is mainly due to inductive effect and not resonance effect is suggested by the low % ee observed
for the 4-cyanobenzylcinchoninium bromide, (Expt. 10). The fluoro-substituted catalysts gave unexpectedly
low % ee for reasons not yet identified, (Experiments 3 and 6). As expected, the dihydrocinchoninium
catalyst behaved similarly to the cormresponding cinchoninium salt, (Experiments 9 and 15). Unexpectedly, a
moderate % ee was observed with benzylquinidinium bromide, (Experiment 16). No further improvement in
% ee was observed when the benzyl group was further substituled with an electron withdrawing group.
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low. On the other hand, the anount of the surface- 20
‘conpound of the aliphatic carboxylic acid netal salt to be used in

the present invention is fromO to 20 ppm by wei ght, preferably
fromO to 10 ppm by wei ght, nost preferably O ppm by wei ght. Wen
t he anount of the surface-attached netal conpound of the 25

al i phat i Expeifma@xy). iAGlight tantaidh alfect @dst b ddil SheddseDiateltlye % ee of the reaction was

34 low. (Ewgrigbrits 4 tafd2)aWhen- the Pdleetd Hmsiedctio wasaapbrdiablylfighosruntprisg effect was

I n the preedsienti nvention, if desired, various customary additi ves
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\;.Mdzjlhﬂr\[/em“ oxmdoels Ieétwe symhesg A e&[n Hon T vov ] conversuc;g\ﬁa(hen
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; mﬁ&aﬂh gor mc
aci d scay Ot the stereosel sgnthes 73@?&&&%9 up iZ8 iaB@d a
nol d rel agid, asﬂ@ﬂis manw ethanol lae 2ipRB&NoD Thé tedalting Nsolutich ¢an | bg aFBGEnats® & the

Cconposi t ipaddence of a catalyti€ ot BLMbtalif calalyst, sudilad P1OR 9r pistingre P carbdny infancaguddud t O
5.0 part sidoylicveorgritraten BCI i@Bimta forms alpyxtue Cayiprising primaty amines 3a and 3b. The catalyst

t er m nal -is tyalodlly iemeldyqddn o @mount ofrabaut §% to about 50% by weigitts The feastian; Qasipd| gyitat ag¢

| east ondemperaties ef 3boyt 4%, @ to abput 30° CMMFMPM%\Q“’EIE@HM'

t tial comp c aci an h mlc BX _

ﬁ%"é#ﬁ‘""%’"w"m ﬁ&zﬁ ol v i sl o

hydro y ga 35 ﬁg mi refromthe reduction reaction can

d' -1-but yle onmutﬂﬂlh%ﬁée acliveOadn@6@ ) 6iRbrtarie Geid. Different solubility
-bis-[ 3a£§m€‘ns€lis -of uJa jadlerebmétiy G5i@ W&W&sﬁblam piiemAmilCikolate one of the salts. More

1 4- but anggticGibriyD ia SedcBon( rlixtore ChonthinidyIboth of!thé yealanGotyeps6fNtié primary amine in solution is

pr opi onat sl}:wedtbumrhyhiunm opttigady botits dorijdlive( §-tantatin acid toJorm a salt, which readily forms a

attached net al

met hyl - 4- Mymtetny'phe Muomgéq pmoptieally purified state can be recovered from the
(met hyl enewmmv i ’a'!l‘s;'&ydroxyphenyl ) ro Ived v%ltShachural acid selected
onat e] et hé"m the group consi% tadag a:% mgmy tartarlc acid, ditoluoyl D-tartaric acid, or

ditoluoyl-L-tartaric acrd. The preferred chiral acid is dibenzoyl-D-tartaric acid, because the S-enantiomer of
1.3-dimethyl-5-methoxyoxindolylethylamine can be selectively precipitated from an enantiomeric mixture
with this acid in relatively high optical purity. it is preferred that the chiral acid be in a substantially optically
pure state. The D-form of the chiral acid can be employed to preferentially precipitate enantiomer 3a, while
the L-form of the chiral acid can be employed to preferentially precipitate the enantiomer 3b.

The amount of the chiral acid employed in the enrichment process wilt generally be about 0.5 to about
1 equivalent of acid per equivalent of the primary amine, and preferably about 0.6 to about 0.9 equivalent. it
has been found that the amount of the chiral acid used as the resolving agent can affect the identity of the
enantiomer of the primary amine that is preferentially precipitated. For example, when the racemic amine
3a and 3b is treated with one or more equivalents of dibenzoyl-D-tartaric acid in an appropriate solvent,
such as acetonitrile, the diastereomeric salt corresponding to the R-enantiomer 3b is preferentially
precipitated. On the other hand, when less than 1 equivalent of dibenzoyl-D-tartaric acid is employed, the
diastereomeric salt comresponding to the S-enantiomer 3a is preferentially precipitated. in the preferred
method of carrying out the enrichment process of the invention, the enantiomer 3a is preferentially
predpltatedtromaracemicmixh:reotSaandSbmmdnbenzoyi-D-tartancacidmanamountofabouto.Sto
about 0.9 equivalent of the acid per equivalent of the primary amine.

The enrichment process is carried out in a solution comprising the enantiomers and the chiral acid. The
solution is prepared with an organic solvent in which the enantiomers and the chiral acid are soluble, but in
which one of the tartaric acid salis of the enantiomers is less soluble so that one of the salts of the
enantiomers will preferentially precipitate. The solvent is typically a liquid organic compound, such as a
cyclic or acyclic substituted hydrocarbon. Ethers, such as diethyl ether, dioxane, and tetrahydrofuran, can
be employed. Examples of suitable halogenated soivents are methylene chloride and chloroform. The
organic compound can be an aromatic compound, such as toluene or xylene. Aliphatic nitriles, such as
acetonitrile and propionitrile, can also be employed. The preferred solvent is acetonitrile.

The ratio of the solvent volume to the amount of enantiomers in the mixture being resolved can be
varied over a relatively broad range. The ratio of the amount of solvent to the amount of enantiomers can -
typically be about 5:1 to about 15:1, where the ratio is expressed as the volume of solvent relative to the
weight of the enantiomers in the solvent. Preferably the ratio is about 8:1 to about 12:1. In a preferred
process of carrying out this invention, the ratio 'of the volume of solvent to the weight of enantiomers is
about 10:1.

The solution containing the enantiomers can be prepared by dissolving the enantromenc rmxture in the
solvent. Dissolution can typically be carried out at a temperature of about 0° C to about 60° C, but will
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35 met hyl phenyl ) propi onyl oxy} -1, 1-di net hyl et hyl | 2, 4, 8, 10-
t et raoxaspiro(5, 5)undecane, N, N -bis-3-(3',5 -di-t-

“but yl - 4- hydr oxyphenol ) pr opi onyl hexanethylenedianine,

N, N -tetranet hyl enebi's-3- (3" -net hyl - 5'-t1?utyl
hydroxyphenol)proplonyldlan1ne N, N -bis-[3-(3,5-di-t-

but yl - 4- hy dgéagesiy bR RaHiedJuPR kddmMitbrhgdratliveet iabidt 18NCIPabo@ B2 *C. Simitarly, the chiral acid can be

oyl - N - sal i giysolvélitin @lugiknt #hid is gandraly ¥l dafy Isehyshy) Rthedivent employed fok 1hd, eRarftiérhedid Ol €

and N, N - bi efx@ee{ 3- ( 3, 5- di - but yl - 4- hydr ox- yphenyl
) Propi ony!l oxy JAdertiyd fesnivinaragent is adfib toethe solition ot m@.@ﬂanﬁomeﬁam gesulting soltion deaed
i ndi vi dual | Yndgf congitions, tehform i Rsgeipitate °°'“P"3'“9 a sa" A%‘“a pnd;the, teaantiameg) that is

f or mal dehydé" '!W’B'W Ag"‘g is Mpl“i‘%g‘éﬂ §|‘?1‘b°§'tﬁ9hca§‘°

is || 3
nyl on 4,6, andmcr rf H' u! P'Eﬂ?
12, and a c ﬁ@ ne'gﬁﬁ:'i (m'”
6/6,12, Can ahon % anuomers wull \\ZPEE m&@&]@ alni ng
a fornal dehyd eaam&w% Qiaﬁtibﬂ%ﬁmxmre of the pAin@W aiitesd Hud6rdifig
acryl am de precipitatd F kot the enantiomerk i)/ the (¥ 6P @fsalt ofitaktaric ﬁau)crhyminc(h&daﬂr&u&m de
or a deri v- converted to thetorkeepondingy ledfbavd Hyhcoveptidnal rtectiqugs. FatDexample, thestartalic asd sait20
pol y- [ err] - sandaidiseoivadhinovater, sndithe msultiogl sdiufiomesh partreated Wity ancasipaplss solution comprisedif de
or a deri valenwtexic 'n@svesfbaw t"ha“aﬂmuﬂe?“'ﬁv'laﬁ Propidle; 2 substantially r'“‘?“l‘f*’tﬁ@mp'” of
presence of Sufabi:f H‘F'H?h €°‘as;}“m “Vdmﬁeb‘g?ﬂ!l"% “"‘ car-

f or mal deh d%’ﬁ& H"““““"‘“ iemiloiay
conbi nat gnw ; ﬁgg »'%§A E'vm wmft&d Hen?ﬂ&]“i%“: chase
pol ynmer dﬁd&

provides the amme in the form of a tree base whlch can generall utilized wnthout

f or Ml dehy d@odve@ed ol theedB 4B dhk Gt Béiresponding. freaPGisy 6 ba wﬁ&ﬁb:ﬂ at ambient
conpositi On einpbratives.s I emar kabl y hi gh retention of strength at a
t hermal agi ng The opticdigpudtg of the primary tafirie Sanor\8hi egpvedsitbas’ ¥ Sdeobainag b thi | adymmmetric
heat ed at 1%50wiesis of|ti@s invention and fagelution @Ot oplically active derivative of tartarié)egidwilldypically be
form c aci dakleastaaedP% aenin entieal pysity of about 70%09 9@bayt B34 e ¢an bel alfained withewt further
conpound, aﬁ“’ﬁ&%‘?’t YfRcrystaliization. The fevel of optical purity can be increased to about 96-99% ee by one or

two recrystallization steps. Optimum enrichment levels can be achieved with a minimum of experimentation.

The stereoselective synthesis of the alkylated oxindoles 2a and 2b according to the present invention
makes it possible to substantially increase the chemicat yield of the enantiomer of the primary amine 3a or
3b of interest in the enrichment step. Specifically, enrichment of an enantiomeric mixture of the alkylated
oxindoles in which one of the alkylated oxindoles predominates (as in the process of the invention) will
result in a higher chemical yield of the primary amine of interest than enrichment of a racemic mixture of
the alkylated oxindoles, because of the higher eoncentratton of the desired enantiomer in the starting
mixture.

The concentrations of enantiomers in a reaction mixture obtained in this invention can be determined by
(1) treating the primary amine with (-}-menthyi chloroformate, followed by HPLC analysis of the comrespond-
ing diastereomeric carbamates; or (2) by treating the amine with (+)-camphorsulfonyl chloride, followed by
HPLC analysis of the corresponding sulfonamide. The relative composition of a mixture of enantiomers is
given by the areas under the peaks corresponding to the diastereomers in HPLC chromatograms.

The absolute configuration of the enantiomer is assigned by converting the amines to known com-
pounds whose absolute configurations have been established. For example, the absolute configuration of
the carbon atom at the 10-position of the primary amine can be determined by converting the tartaric acid
salts of amines 3a or 3b into the corresponding optically pure primary amine 3a or 3b by neutralization with
dilute NaOH. The resulting optically pure primary amine can be reductively cyclized in high yield by
refluxing the amine in n-butanol in the presence of excess sodium metal. The product can then be
derivatized with (s)-{-)-a-methylbenzyl isocyanate. The optical purity and absolute configuration of the
resulting product can be confirmed by HPLC analysis according to the method of Schonenberger and
Brossi, Helv. Chim. Acta., 69:1486 (19886).

This invention will be more fully understood by reference to the following examples in which all parts,
proportions, ratios, and percentages are by weight unless otherwise indicated.

Chiral Phase Transfer Alkylation
Example 1

N-[4-(Trifluoromethyl)benzyl]cinchoninium Bromide As Catalyst

To a solution containing 0.48 g of (£)-5-methoxy-1.3 dimethyloxindole in 20 mi of toluene was added,
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product between an am no-substituted triazine conmpound and

*f.or mal dehyde, and a pol ycondensat e between an 10 am no- substi tuted
triazine conpound and fornal dehyde. Il'lustrative exanpl es of
am no-substituted tria- - zi ne cor{)ounds i ncl ude guanam ne

(2, 4-di am no-sym triazine), am ne

(2, 4, 6- t hddhiEgeR YOTtY § KTOZhdke Yo) olN-{4-(rifluorometriyiybynzytieinchoniniey bismish &40k FRENSIT ne,
NN- di phe mysbwaal s ae of $6% NaOHNathde ahirdrigl the mmmoneq mig, R solfion tcoptgidiemnielohni ne,
benzo-  chioroacetogjtilaria@Ad m of Blushe (Nas ailded dEPWISACoYpY L riterrcomplptp .28 mi of

di ami no- @eereel twpter waseridad; Enejmidure zaﬂmm@mwm _pad rinsing with o fojuses e

2, 4-di armi The fittrate, w and the 2 layers separated. The toluene extract was

yzed on hiralcel OD column
2, 4-di am IO o & Mlgd ﬁ'%mii ol Jt Gomtin 2a in which R is
hexyl - 'r‘l | PO 52T he, -
24damn rrercaposymtrlazme 2, 4- di oxy- 6- am no-

Sym tri azdRfple 2- OXY- 4, 6-di am no-symtriazine and

N, N , N - tetracyanoet hyl benzoguanan ne. Exanpl es of addition

pr oducts 1B ESi44DicKlor6)benayT)cinchoniaim Chioride Wb Catalystit ed tri azi ne conpound and
f or mal dehyde 1 nclude

37
N- et hy| ol niea pioprgure\deseribed rie tExgmale r’re?'m“!ﬂnui“‘ 012 g of “'[3 4-(dichloro)benzyl].

N, N, N - tginchesinivgy ehiasde G-GlsBONC) in identical fashio !"‘W ng 2%

bet ween athichif i Eethy! was found ta he,78% 95 fleferiged;by 3?Yn°6 6’? mal dehyde

I ncl ude a polycondensate between nel am ne and formal dehyde.

The above——a-n#ﬁe substituted triazi ne conpounds, addi tion products
bet ween WMMM:&@B%IW conmpound and fornal dehyde,
and pol yco‘nd‘ensm ~———an am no-substituted triazine conpound

and f or mal deahy gocelire descritbedinin lEgampect was@peated wéth 10314 grof iN{{4-brombienzytiGinghoninium
Exanpl es bbmide ¢8r-BCNBDin|idanticabtashivn. The @nantidosric excessof compound 2a inywlich Rjistmethyy o| et
ray absor wasfound tp ke84 as deteimined by HPLC assay of the repqign et 1 ay absor ber and a

hi ndered am ne |ight stabilizer. Exanples of benzotriazole

ul travi ol Eamele 15 absor bers incl ude

2-(2'-hyd - - triazole,
2-(2' - hydwwﬂﬁ%é%w%%nzo- triazol e,
2- (2" - hydr 0)¢%s ProcatiureTdesdBORNExample I Was RPBEASY with 0.14 g of N-{3-bromobenzyllcinchoninium

bromide (3-Br-BCNBY) in identical fashion. The enantiomeric excess of compound 2a in which R is methyl
was found to be 48% as determined by HPLC assay of the reaction mixture.

Example §

N-Benzylquinidinium Bromide As Catalyst

The procedure described in Example 1 was repeated with 0.13 g N-benzylquinidinium bromide (BQNC)
in identical fashion. The enantiomeric excess of compound 2a in which R is methyl was determined to be
39% by HPLC assay of the reaction mixture.

Example 6

N-{3.4-Dichlorobenzyllquinidinium Chioride As Catalyst

The procedure described in Example 1 was repeated with 0.20 g of N-{3,4-dichlorobenzyi]quinidinium
chioride (3.4-Cl2-BQNC) in identical fashion. The enantiomeric excess of oompound 2ain which R is methyl
was determined to be 77% by HPLC assay of the reaction m|xture
Example 7

N-[4-(trifluoromethy!)benzyl]dihydrocinchoninium Bromide As Catalyst

The prooédure described in Example 1 was repeated with 0.13 g of N-[4-(trifluoromethyl)benzyl]-
dihydrocinchoninium bromide (4-CF3-H2-BCNB) in identical fashion. The enantiomeric excess of compound
2a in which R is methyl was found to be 69% by HPLC assay.

Example 8

-
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triazole, 2-[2'-hydroxy-3",5-bis-([err], [err] di et hyl benzyl) -
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2> 2.6,6-t etbr‘m@t(ﬁrﬂ'?ﬁ .mw faghiogy B&I‘ ic Zx?s%ofﬁzompound 2a in which R is methyl

t et r amet hy | YEF {9494 P b 20 EIQP&%WPB‘R?“’?“T B*E®t et r amet h-

yl pi peri di A} phenyl acet oxy) -2, 2, 6, 6-tetranet hyl pi p- 5 eridi ne,
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2,2, 6, 6-tetTamethytprperrarne,

4- cycl ohexyl oxhe-plocedufa doséribbd rERbrpld D wiciopadton avth d.12@ ntz34-Clo-BCNB in identical fashion.
| oxy- 2, 2, 6, Theteednticumasic lexdessi gf @oiphiund>2a i-whith fois ynefhylDwag f@ind t(be 77% as determined by
tetramet hyI WL eassay plites reaptignarvikiyrec ar bamoyl oxy) - 2, 2, 6, 6-

t et ranet hyl pi per| di ne, 4-(cycl ohexyl car banoyl oxy)

2,2,6,6-tet B pi peri di ne, 4-(phenyl éar banoyl oxy) -

2,2,6, 6- tet I ne

0] 52, 2, 6, PR Ny Pk Rlolibellincncrpojum cropds s Comvg

bis(2,2,6,6-tg} Bmﬂnﬁﬂm@'s&eﬁ bﬂ)!)Ls\mM 8 @imethyl-oxindole and 1.92 g of 3,4-Cl-BCNC (15
bi (2, 2, 6, Gmbigsd) W00 Ay biSlodré 6 h @MESNE N2 purge 40 mi of 50% NaOH. After stirring this
bi s(2, 2,6, Gm&ahrfermatdty.lasblummmdyd;ﬁs@btawm;emnmmuomlomluenewasaddedover1
'bi s( 2, 2, 6, Ghdue AfterTamplgtb redetion, e michyrs wasictiojed 8a210-15 " C, and 160 mi of ice-cold Hz0 was added.

bi s(2, 2, 6, GWMWWWh)QWMWMW@G'WW The combined filtrate
1 2 b|s(2 2"{}0@0?@[0# '@rd the [§endeated. The toluene solution was exiracted

- bi s(2, 2 wigh @ of solvent, 5.02 g (83%) of
bis(2 2.6, 6;:%?}: iﬁ ete brm:; ThedencanatluorB%rme{cessof
bIS(2266 arr airet yI-4-pirperridy

hexamet hyl egg >€i:aétysaﬁ4aa&ﬁﬁauaﬁuséﬁ@am&yﬁmﬁa§ etrameth- 25

yl - 4- pi peri dy'r'

The nitrile, 2a, obtamed from Step (A) was taken up m 50 ml of methanol and.7.25 mi of concentrated
hydrochloric acid. A sample of 0.5 g of PtO; was added. The mixture was subjected to hydrogenation for 3
hours at 45 psi. The catalyst was removed by filtration through filter paper rinsing with 15 ml of methanol.
The combined filtrate was concentrated under reduced pressure, and the residue was dissolved in 100 ml
of ice-cold water. The acidic aqueous solution was first extracted with 50 mi of methylene chloride, and then
basified with 5 ml of 50% NaOH. The basic aqueous solution was extracted with methylene chioride (3 x 50
ml). The combined organic extract was dried (Na2SO«) and concentrated under reduced pressure giving .
4.70 g (92%) of the corresponding amine, 3a.

' Step (C) Enrichment of Amine by Selecuve Precipitation wm Chiral Tartaric Aad

The amine, 3a from Step (B) was dissolved in 25 ml of acetonitrile. A solution containing 6.42 g of
dibenzoyl-D-tartaric acid in 25 mi of acetonitrile was added rapidly under nitrogen. After stirring for another
30 minutes, the precipitate that formed was filtered to give 10.38 g of 2 white solid. This solid was
recrystatiized from 60 mi of 10% water-acetonitrile mixture giving 7.86 g (47.4%) of the tarirate salt of the
amine; m.p. 136-137" C. The optical purity was determined to be 99% by means of derivatization with (+)-
camphorsulfonyl chioride followed by HPLC analysis of the corresponding sulfonamide.

Example ﬂ

" N-[4-(Trifluoromethyl)benzyl]cinchonidinium Bromide As Catalyst

Use of this catalyst gives predominantly the isomer leading to (+)-physostigmine.

To a stirred solution containing 1.19 g of 13-dimethyl-5-methoxyoxindole and 0.83 g of
chloroacetonitrile in 50 mi of toluene and 10 ml of 50% NaOH under nitrogen was added 0.53 g of the
above catalyst in 1 portion. After 30 min, the layers were separated. The toluene solution was washed with
water, and then concentrated under reduced pressure to give the desired product in quantitative yield. The
enantiomeric excess (e6) of enantiomer 2b was determined to be 41% in the following manner. The nitrile
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al cohol and a fatty acid, preferably one which is obtained by the
reacti on Exdmple13| east one type of a saturated or unsatu- 20 . rated fatty
acid having 1( n[g' 1p or nore carbon atons with a pol yhydri c_al cohgl
havi ng 2 NA34@ichiorpibenzyliginchopiniume, Ctipride as Catalyst ﬂ!&gimm%ﬂ‘ﬂﬂ%ﬁoiﬁ
usabl e f &®%roducing fatty aci d esters include ethylene glycol,
- diethylene g ¥filwe contln 21st af GHA sniei-onintiif? BY ifedd YA -dinydro-1,3-

di propy! %ﬂﬁe %sf J A'3,4-0RHON 176 fm)ls}eeoamdiom bno vElb YRG0 |

40 ﬁenpburgetfel |oysw OH. memcglm.s .emkhdmo @in., a Béitiom Gontaining
ythritol ,omrgadwmbaoemcbhtia mi of\idlich@vas aIOsdiverel, hoBrO Aitr complete reactiont 48wl of @8 bi t Ol
and mannicoldiHz0 Wasiagibd Ihe feadtian mixtugecwad Jittered through a Gedite pald: rinsing witic 2G| of toldepir i C
aci d, nyrThetcombipesi fiiralaywps- transfgred to aypeppratony dindel. andethy Iwo layefsgwere separated. The
12- hydro%?'SQ"EéP' extractedWMZOmloszHCl and twice with 20 ml of H20. After evaporation of

solvent, the shght!y brownish oil was assayed on a Daice! Chiralcel OD column eluting with a. 10%

isopropanol-hexanes mixture. The enantiomeric excess of the compound 2___a_ in which R is ethyl was
determined to be 71%.

Example 14 :

N-[3 HD:chloro)benzyI]cmchommum Chioride as Catalyst and (2)-5-Benzyloxy-1..3-dimethyloxindole as
Substrate

The procedure described in Example 13 was repeated with 2.80 9 of (£)-5-benzyloxy-1-1,3-dimethylox-
indole, also referred to as S-benzyloxy-1,3-dihydro-1,3-dimethyl-2H-indol-2-one in identical fashion. The
enantiomeric excess of compound 2a in which R is benzyloxy was determined to be 73% by means of
HPLC assay on a Daicel Chiralcel OJ column eluting with 40% isopropanol-hexanes.

The compound (£)-5-methoxy-1,3-dimethyl-oxindole employed in the Examples is also referred to as
1,3-dihydro-1,3-dimethyl-5-methoxy-2H-indol-2-one.

The process of this invention has a number of advanmtages. The process for the stereoselechve
synthesis of enantiomers provides precursors of physostigmine and physostigmine-like compounds in high
chemical yield and purity. The availability of one enantiomer of a given structure in considerable
predominance over other enantiomers makes it possible to enhance the results obtained when the
enantiomers are subsequently resolved. The techniques for carrying out the stereoselective synthesis do
not present any unusual difficulties. The reagents required for the process are readily available or can be
oasily piepared using conventional techniques. This invention provides a practical, economical process for
the total synthesis of selected enantiomers of physostigmine and related compounds.
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arachic acid, behenic acid, lignoceric acid, cerotic acid;, nontanic

-acid, nelissic acid and ceroplastic _ aci d. Exanpl es of unsaturated
al i phati c carboxylic aci ds include undecyl enic acid, oleic acid,
elaidic 10 acid, cetoleic acid, erucic acid, brassidic acid,

sorbic acid, linoleic acid, linolenic acid, arachidonic: .aci d,
propiolic acid and stearolic acid, natuna fatty ~ acids containing
t hese unsaturated aliphatic carboxylic acids, and a m xture

t hereof . The above-nenti oned 15 fatty acids nmay or nmay .not be
substituted with a hy- droxyl group. O the above-nentioned fatty
aci d es- ters, a fatty acid ess#er which is obtained by the

reaction of a fattyacid selected frompalmtic acid, stearic aci d,

beheni c acid ang 'nnEpnlc acid, with 3 (% pol yhydric al co | ect ed
fromglycerol, Peaer tﬁg ol sofbitan and sorbit nig
preferred. The z..gbowe ment i oned| f & L\ aci d esters. may

a nonoestgr, a di

con- tain joed exanpl e, ™t he fatty aci
er and a 25 trie
Further, the fatty~acid ester y contys

esters can be any
41 hydrexyl group wi &h is la ocked wt%jori c acid o%thg

ydroxyl group. Fo

like. Preferred &anples of fagty ac™ esters i ude gl ycer ol
nonopal mtate, glycerol dldenﬁtate gl ycer ol tripalmt&te,
glycerol nonostearate, egceroF di stear te gl ycer tristearate,

gl ycerol nonobehenat e, g|ycero| dlbehenare-giycerol ri behenat €,
.gl ycer ol nononont anat e, gl ycegol di nontanate, glycerol?trinonta-
nate, pentaerythrifol nonopalmtate, ®entaerythritol gli paAl m t at e,
pentaerythritol t# palmtate, pentaer thritol tefraga ngﬁte
pentaerythritolgnbn tqgrate é' e aerythrltol di st ear 3L.g,
pentaerythritol*tgi s & - ate, | p éérythrltol tetrasd ate
pent aerythritol nUﬂobehenate erythrltol di beheny
pentaerythri - o
-
2 e |
Blzgde
F3 _
S o
.. '.
Z2=3 -
-t
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tol tribehenate, pentaerythritol tetrabehanate, penta- 15 erythritol
‘nononont anat e, pentaerythritol dinontanate, pentaerythrito
trinmontanate, pentaerythritol tetranon- tanate, sorbitan

nonopal mtate, sorbitan dipalmtate, sorbitan tripalmtate,

sor bitan nonostearate, sorbitan di stearate, sorbitan tristearate,
sor bi tan nonobehe- 20 nate, sorlistan di behenate, sorbitan

tri behenate, sorbi- tan nononont anate, sorbitan di nontanate,
sorbitan trinmontanate, sorbitol nonopalmtate, sorbitol dipalm-
tate, sorbitol tripalmtate, sorbitol nonostearate, sorbito

di stearate, sorbitol tristearate, sorbitol nonobehenate, sorbito
di behenate, sorbitol tribehe-

42 nate, sorbitol nononontanate, sorbitol dinontanate and
sorbitol trinontanate. As an exanple of a fatty acid ester
cont ai ni ng &@Medr oxyl group bl ocked with boric acid or the like,

there can be nentio e borl C a ; SchJss algte) ter
of a fatty ic s“&?ﬁﬁmgm H§§% Ea%ént %tgﬁlcatlon s
6

Lai d- Open SpeC|F|ca- : mno““?“ 0762). These fatty acid ester
conmpounds can be used individually or in conbination. The poly-

al kyl ene glycol usable as a nold relei e agent in téag 10 present
invention is, for exanple, one which i : sented by the

fol |l ow ng fornula 15 [err]

wherein each Rl err] independently represen 0o- gen
atom an unsubstituted or substituted Cerr] ] al kyl group, or
an unsubstituted or substituted &Mgyl group, x is from2 to
6, and y is from 1,000 20 to 20, 000. The above-nenti oned

pol yal kyl ene gl yg@le &3 sdiRie® ol 6 Group consistingddf rethiyt, iy RAI1beARYL. with at least one
~ polynerization of an al kyl ene oxi de-

e s

-

A
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Exahples of al kyl ene oxi des include ethyl ene oxide,

oxi de, butylene oxide, epichlorohydrin, 25 styl ene oxi de 23 Been Re placed
3, 3- bi s(chl oronet hyl ) oxet ane, lll]ﬂﬂ mlcﬂH"I

t et rahydr of ur an, 2-nethy|tetrahydrofura§ and oxepane.

pol yal kyl ene glycol s  can be used individually or i n conbi nation.

am do gr oup- CQRivleRt Hi% Raldgadtddl dcetonitrile semwnm%dg,&sagﬁs&u@sofaehmmﬁ.ﬂeease
agent in the pkddeaddlonitile, and iodbdddtENnfile.GR a Giphatio lreablibn MltRe hHWHY anfdgGddus Phase
represent ed byomprising a strbtibamirﬁﬂnicmasd’l@ 4 @épmitdnation agent and a solvent phase comprising an

R2- C- N- R3- N- C-drganif @olyept for 1h@ oxindole and a\iatalylisi amogat ©h a gébsFlfitest N-penzyl irinchahigium Jof

represents a @GuieiinimEpopquid of the formula al kyl group, and Rerr] represents
a Cerr]-Cerr] alkylene group. Exanpl es of am do
group-contai ning aliphatic conpounds i ncl ude :

uryla- 15 m de,
erqgic aci d am de. These am de
X'pounds can be used individually or

t to the forn1o&'t e- additives, the
conposition of the pres

R P ery mor in a mlte form
or Wrodu pol.yacetal resin
I nvention, . there is no particular
limtation. GCenerally, pol resin conposition of the

present invention 25 - San be obtalned b nelt kneadi ng in an extruder
a .

et hyl enebi sst earyl am de, etfQyl enebis
et hyl enebi sol eyl am de apa q%d '
group-containing alip
i n conbi nati on.

addi tives may be added
Wth respect to the ne

or a substituted N-bénzy’l cinchonidinium or quininium compound of the formula

x)

where

R is a vinyl group or an ethy! group,

Rz is hydrogen or a methoxy group,

x Is chlorine or bromine, '

Y is independently selected from the group consrshng of hydrogen. chiorine, bromine, fluorine,
trifluvormethyt groups, and nitrile groups, and

nis1,2,3,.4,0r5.

b) optionally converting nitrile groups of the resulting alkylated oxindole to corresponding primary
amines by catalytic reduction in the presence of hydrogen gas to form’ a mixture of enantiomers of
the primary amines, and _

c) contacting the mixture of enantiomers of the primary amines with a chiral acid selected from the
group consisting of dibenzoyl-D-tartaric acid, dibenzoyl-L-tartaric acid, di-toluoyl-D-tartaric acid and
ditoluoyl-L-tartaric acid, in an amount sufficient to preferentiaily precipitate a sait of the chiral acid
and one of the enantiomers, and recovering the resulting precipitate, and

d) basifying the resuiting tartaric acid sailt to form the corresponding free base.

2. Process as claimed in claim 1, wherein the halogenated acetonitrile is about 1.1 to 1.5 equivélents
based on the oxindole. :

3. Process as claimed in claim 2, wherein the halogenated acetonitrile is chioroacetonitrile.

4. Process as claimed in clalm 1, wherein the stereoselective synthesis is carried out at a temperature of
about 50 C to about 30" C.
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term nal -stabilized polyacetal resin and the specific al i phatic

‘carboxylic acid netal salt as essenti al conponents and, if desired,
additives as optional conponents. The extruder may be a

singl e-screw extrud- 5 er or may be a tw n-screw extruder.

Addi tives may be added to a reat®ion systemduring the

pol YIer i Zatg OBiocess as claimbd ACdIR" LP&e.P[nQ%rLPAoFB%c&JE%yRRJsx% Cheida Ju?@' inert gas
The extrusi Onggnegphgsat ure is not particularly estricte

general, it can be appropriately 10 selected in the range of from 170
t.0. 240 [er rg CProcess as claimed in claibil £, Whér€s R6thntibly i BEthérinaoiel isfredcted@ltrting Baidgbrategol -
yacetal resinamonipiesition of the present invention, there is.no
particular limtation. ‘The pol.yacet al resin conposition of the

present i nvienProgees exriimrd in daim 1. whersindhe biphypsie reactipf Bburedh#i®d, known met hod,
such as ext n conpr es |on
ol i g, e Process g a5 PRt e e o gV of el e

25 Process as claimed in claim 1, wherein the solvent is élaﬁct the grou consistin %E&IZJ}@E
FOR CARRYI NG 4itbne! 'efferioNichibbizbhe, methylene chioride, 4Ha! £ 2] Bhe, b1 dboie BRbats with

i nvention Wi | lnefafe 6@yciohexane. scribed in nore detai I wrth reference to the

fol |l ow ng Ref erenti al’ Exanpl es, Exanpl es and Conparative Exam 5
ples, but t e Plcesspis etined dulcdimn bt wheeinctm squeoiscbhas contains aboul 25% toi abguttsA® by
" scope of the M@@h\!‘eimﬂﬂ% - In the foll owi ng Referenti al

Ex I ti Ex "0 d
"part(s) " rﬁ%a ag%begg gﬁg g.ca ot e B B spiemt, Pt o
10 in Exa Sty COMPaF a3 RveR asureme,nt and

12. Process as claimed in claim 1, wherein the solvent phase and the racemic oxindole are in a ratio of
about 20:1 to about 80:1 (v(w).

13. Process as claimed in claim 1, wherein the solvent phase and the racemic oxindole are in a ratio of
about 30:1 to about 45:1 (v/w).

14. Process as claimed in claim 1c¢), wherein the ratio of the volume of solvent to the total weight of
enantiomers of the primary amines is about 8:1 to about 12.1. '

. 15. Process .as claimed in_claim 15, wherein the ratio of the volume of solvent to the total weight of
: enantiomers of the primary amines is about 10:1. :

16. Process as claimed in claim 15, wherein the solvent is acetonitrile.

17. Process as claimed in claim 17, wherein the chiral acid is employed in an amount of about 0.5 to about
1 equivalents of acid per equivalent of enantiomers of the primary amines.
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eval uation of the thermal aging resistance, aging di scol oration

‘resi stance and anti-nold deposit proper- ties, and neasurenent of
each of the anmounts of the " surface- atfached netal conmpound and the
occl uded netal 15 conpound of an aliphatic carboxylic acid netal salt,
were conducted in accordance with the foltow ng neth- ods.

(A) Thermal aging resistance (in terns of anpunt . of formal dehyde
gas generated froma polyacetal resin): 20 3 g of a

t ermi nal - st abi | i zePROCESSHOR THE ENANTIOSELECTION SYNTHESISOR: ner nade

and ol ten At Eﬁ%wp&m@ﬁ%ﬁ#ﬁ&ﬁmﬁﬁm?& 7 ogen

gas (6 - liters/hr). W@Nr@pIWSQSﬂmerat ed from 25
er

t he pol yacetal resin was absor

46 aqueous sodiumsulfite sol ution and titrated wth 0.01

N sulfuric acid, to thereby determ ne e A t of the

formal dehyde gas generated in terns oIA—|. H@ged on . t he wei ght of

t he pol yacetal resin. ' (B) Thermal aging resistance (tensile

strength retentivity): Dunbbel | specinmens (20 mm x 180
mm x 3 nm) wer& process forpthepsﬂeﬂsclectng synthesis of r@]-rrmndl [ﬂ-l;ﬁdehydmd 3-

fol |l ow ng

t
( manuf act ur ed déWG“’é'&aﬁ‘l’ I -mdojle-s-acetomtnlescomp e%reac%n'g ‘Fﬁ"’g&A KR 1e
Co., Ltd., Jangbs tituted ( 76%}1&9&&61&%@%@&&& hQiddifrile in the

InJectlon pressure: Injection time: 15 sec. 15
Cooling tinme: pIBsemecof a substimted N-benugil awinchopinium uquinidhtiuine; cipchonidinium,

The et e Stgeadblnyih Sy  The HRGnd S HIER ol AEBS Yo &

(manuf act ur ed lﬂﬂﬁa@‘ﬁxﬂn&ﬂbﬁ@dtﬂ&ﬂé ¥eduction in the presence of hydrogen gas. One of the
primary amines, such as enat_ltiomers of 3—(2—aminoéthyl)—l,3—dihydro—l,3-
dimethyl-5-methoxy-2H-indol-2-one, can be enriched by contact with a chiral
tartaric acid in an amount sufficient to preferentially precipitate a salt of the chiral
acid and one of the enantiomers. The product can be used in the synthesis of
stereospecific forms of physostigmihe and related compounds having
pharmaceutical activity.
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20 Cor por at-i on, Japan). On the other hand, another speci - | m‘f?@r’iw

“{vas heated at 150 [err]C for 500 hours in a Geer oven, and t he
tensile strength of the heated speci nen was measured in the sane
manner as nenti oned above. From t he measured tensile strength

val ues, the tensile 25 strength retentivity of the heated speci nen was
deter- 1 47 m ned.

(O Aging di S@eb%ay QBrr ‘Eﬁeshﬁ&ﬁ%ioselection syntﬁe§@§cbﬁ’ealﬁ§lat88d in

t he sanme manner ti oned above was al |l owed it and for 500
hours in a - xind°é§§r usedn 3, ipfecnediptesein: the Rﬁﬁpﬁﬁéﬁ' EPePfted to
150 [err] C anghlylsestiigmdnepeci men was eval uated with re- spect to
the col or change in accordanc 0 INVENTION ysj ng Handy col or

}_ezt erJHC—T ( manuferef siriatretivicnord 1ayes 'lco a prodeasTes: tistddlmniveCo., y
¢ ent e
by the 3{3?][‘) s}HEhéLeﬂé E‘é‘f cgte]r%oistgE%CO :%z?é[ l?%?'tg Pi‘Qk%&?t ‘”@1?1; eﬂ%%ﬁ

yacet al
resin t&eﬁpﬁelmeﬁm 4 pHProgessaten mmusmr@sﬁs&eﬁ'sim %imtrm&tls

i ¢ carboxyli cofceflanticthersild) ndrdillee RAdYgeBRiady bRSh8s that ardhisaiagd in

Total salty, TRTEhE dyatiler S AlhaEedeigmind dndl T SphPfdfdinelC ¢
attached metal conpBenehehinergic Aawrongl syeten Ganddg found in fghey)

conrpoundI of ??:e&lth:ﬁhahefvﬁﬁ heyeddnt (@S] ,nﬁhxai:he autonomi2| hervous

Two sanpl es. ang.gse ) re
taken fromt he a | gﬁatgflé ﬂim%‘ a%wéfe%al L'ortos éﬂ]&“{ ACEt?%#‘%anélA?st
sanpl e was pl APER )i hspahefpewrouansmm:eﬁn(ebl rﬁ#fgﬂléﬁvf thét sanple), to

t hereby obt ai menromusculafi janction )b thienpdstigdngiome Syhapséscos 0 an
ul- 25 U aRO U615 hEZETE Mhe Abold & O Ll i&g{ﬁélglijnéhqlér ng%al_ly an

excitatory neurotransmitter that binds to nicotinic and
muscarinic receptors. '

. Acetylcholinesterase (AChE) is an enzyme that hydrolyzes
‘and thereby deactivates ACh after it binds to a receptor.
This enzyme is present in all peripheral and central
junctional sites and in cextain cells of the body.

In some circumstances, it is desirable to stimulate
acetylcholine receptors. One method involves the use of
indirect agonists, sucq as anticholinesterase drugs, which
inhibit the hydrolysis of ACh by AChE. When an

anticholinesterase driig blocks AChE and inhibits the destruc-
tion of released ACh, a higher neurotransmitter level and
-ihcreased biological response result. The aikaloid,
physostigmine, which can be isolated from the seeds of the
Calabar bean, has been found to be particularly effective as
ad.anticholinesterase drug. Physostigmine has a high affin-

ity for AChE and is capable of inhibiting AChE for prolonged
periods. ' '

It is believed that degeneration of the cholinergic
pathways in the CNS and the resultant develooment of apparent
irreqularities in neuron arrangement may be a principal cause
of senile dementia of the Alzheimer type. This disease leads

to progressive regresszon ‘of memory and learnedkfunctlons.
Since the average age of the popula 3

et A TR T [aF e

REPLACED SIiERTS 18 . i W
i D ascription @ paged . e o

paged A3 1o pages

aced f
to paged .......... f / y
- p *"-rr.'n.‘] - - i . A
...i..... 10 POESL e i




k4

48 then, subjected to filtration to separate the aliphatic

“*carboxylic acid rretal salt, to thereby obtain a fil- trate. Wth
respect to the obtained fiItrate t he metal ions which were present
therein were quantita- 5 tively determ ned by ion chromatography

usi ng the apparatus under the conditions as described below, to

t hereby determ ne the anount (W) of the surface- attached net al
conmpound. The counter ions to4he nmetal ions of the occluded
10 metal conpound or the surface-attached nmetal conpound : of the

al i phati c cathefrequencydofeAdeheiér 8 alifease is inteaasingeandgpe of ions
sel ected frap %{ﬁéy meﬁ@.nﬁltéé?tion. ing of hydroxyl ions and chlorine

ions. O thes ounter ions, hydroxyl ions cannot be

directly 15 o has beepcpyogestedi that ishaldmensisnagoniapsy such as
However, si neige ratalchoamxealaérabéwm@s; Qi¥e Giefd in the tﬁe&wéxw of

determ ned ( i S C et erm ned
by ion chrona rap '%lrﬁﬂ%l?ggg ﬁ&vg&w |dft}gn§rgg@% %Fgas in the
det er mi nat i oﬁn estgrase rlsngy hnyorm(qum extirelyosatisfac-
quantitati ve{:drylet érhus, there TsNadnebdssd €xe 41t Frenhekwngeragoent of

netal ions, : nts of nmetal ions and chlorine
ions. In thgﬁ%fl%% ngh é%%?gﬁﬁi Igtxgﬂb? BeA8Ree t he t ypes of
the negative ionsThe m@imgﬁdph?seatim and a:ha)macensicehtyed W t h
al i phatic Caébﬂxv‘élﬂmfé‘déiﬁ.gﬁine—like compounds, such as the compounds

o onat € oRg s S L Wil 3, 0317061 V0 anai%mvesaftsatla%‘détéhe
wer e known, §ﬁryth%t%weﬁtnﬁpt of Alzhedmer(feadiseasc. clin daderntoed. 5
[Quantitati veadsésyntmtnééu Hoxrd c%@euﬁhenaaméltn&mighest (in the

f.ol I ow ng REfﬁégﬂéégﬁtf3§{WLé¥iv- Odlgﬂgre exists a need in the art for a
process for the stereoselective synthesis of the enantiomers.
Specifically, the enantiomer (-)physostigmine is of current
interest, and while methods for preparing physostigmine and
physostigmine-like compounds have been proposed, there exists
a need in the art for a stereoselective process for producing -
the S- or (-)-forms.

"It has been found that, the compound 1,3-dimethyl-5-
methoxyoxindolylethylamine, also referred to as 3-(2-
aminoethyl)-1,3-dihydro-1,3-dimethyl-5-methoxy-2H-indol-2-
one, is an important intermediate in a recently discovered
method of synthesizing (s)-physosﬁigmine. While this amine
can be prepared using conventional techniques, a racemic
mixture is usually formed. Resolution of the racemic amine
mixture, into its R and § components makes it possible to
synthesize (+)-physostigmine and (-)-physostigmine.

' A process for the sﬁereoselective synthesis of the
amines and their precursors could provide certain advantages.
Such a process could reduce or eliminate the need for resolv-
ing mixtures of enantiomers. While sterecoselective syntheses
that are catalyzed by enzymee are highly enantioselective,
non~enzymatic procesees have a wide range of selectivity.
Accordingly, the results obtained in processes based oni;;
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were quantitatively determ ned)] Appar atus: Conductivity

*detector, Water 431 - (manuf actured and sold
by Waters, 10 ' USA) Col um:
Shimpack 1Cd (150 mm x 5.0 mm) : : (manuf act ur ed
and sol d by Shimadzu Cor por ati on, Japan)

Vol une of filtrate to be applied to a colum: 15 '

10 [err]| ' Mobi | e phase: 5 mmol HNJ err]

(the nobil e phase had been : -3 - prepared by
. 5 :

? gdllngoa 61 ﬁthetic chemical techniques are gpn&agif?ugnpﬁ j.ecr'l:r hlseo,I ution

at 1.0 ni/mamd successfqliaresukis im dtterevseldecoivel synthesés Hawe balen on

(in dtiff%iEﬁh.{:O%”Hcﬁfé@é ential Exanples, calciumions,

magnesi um i ons or zinc_jons guant i tat ively 25 det er m ned) |

50 Thils, KhBES SELSLEA AR WY Fh9cAZE: §PT BaTReds psed

(manuf act ur exh whemichd bgchviques for producing enantiomers of USA)

Col um: Shi
(rraﬁtrJTact ulr?(g%tk% (&éﬁ %&Me-lﬁ:e compounds.. Theffbrporat i on,

Japan) exists a need im| ‘&hﬁ art ifox mathads For,shei agymeetrie| um:

ioo [lerr]l synthesis of interiddiates s use T ithe! brbeaedLanme 10°
mol tart

oo beenar Hdthdi 'stould make it possible to obtain, gﬁggﬁﬁg%aﬁf 1‘]"1

et hyl enedi ar® riak) ofshighygptical purity. In addition, the progess artarl c
acid to wat esh\ild He easy to carry out and should exlest redgbhts that
vol ume to are readily available.

Y THE X TON
Accordingly, this invention aids in fulfilling these
needs in the art by providing a process for the
stereoselective synthesis of an oxindole, wherein the process
comprises reacting a racemic oxindole of the formula

R, : | .,G"a | |
| “To et
CH,

where R is selected from the group consisting of methyl,
ethyl, and benzyl, with at least one equivalent of a
" halogenated acetonitrile selected from the group consisting
of chloroacetonitrile, bromoacetonitrile, and
iodoacetonitrile. The reaction is carried out in a biphasic
reaction mixture having an aqueous phase comprising a strong
inorganic base as a deprotonation agent, and a solvent phase
comprising an organic solvent for the oxindole. The biphasic
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1liter), at 1.0 mM/mn On
‘t he other hand, the second sanple was placed.in met hanol (10 m /g
of second sanple). Subsequently, the 20 resul tant m xture was subjected
to an ultrasonic treatnent at 60 [err]C for 1 hour and then
subjected to filtration to separate the aliphatic carboxylic acid
netal salt, to thereby obtain a fi-d grate. The obtained filtrate

was ni xed with purified water in a volume ratio of 1:1. 25 Wth respect
to the resul teAdctioR: Mixturet dncludes wecatalytic amount of a substituted

51 . Nrbtzylatlivehyniifi @h "8 Qfh it d193 uhNEBRBO@RE 0¥ Yerd! fdtamia

sanme manner as nentioned above, to thereby detear1ne t he overall
anount (Werr]) of the surface-attacheg netal conmpound and

occl uded nmetal conpound of the secg Aple. The anount of the
occl uded netal conpound of N ~ "ah %arboxylic aci d net al

salt was determ ned by swpirLdct.i saayount (Werr]) determ ned
with respect to the first sanple Y t'he fano ferr]) deterninedT

Wi th respect to the second sanpl e ii-nnld deposi t
properties: : A nol deo

Bcetal resin conposi-
tion of the present invention was obt ) nol di ng

Lned using t

machi ne under the foll owi ng nol di ng corl@itions: L Mol di ng

machi ne: 1S 1OR (srhatitatede ¥-beuzydl cﬂ.ﬂﬁmnidinium or quininium by
Toshi ba Machi ¢émgeund ldfd the formula Japan) -

Cylinder tenperature: 210 [err]C Mol d tenperature: 40 [err]C

I njection pressure: 70 kg/cnferr]G 20
Cooling tinme: 10 sec R,
Subsequently, the anti-nold dep05|t
. product were eval uated according to
. shots).

X'Injection tinme: 10 sec

t he nDIded

i terion (500
- (1I)

where R, is a vinyl group or an ethyl group,

Rz is hydroqen or a methoxy group,

X is chlorine or bromine,

Y is independently selected from the group consisting
of hydrogen, chlorine, bromine, fluorine, trifluoromethyl
groups, and nitrile groups; and

nis i, 2, 3, 4, or S..

The s-alkoxy-z 3-dihydro-1, 3-dimethyl—z-oxo-ln-indo1e-3-
acetonitriles that are formed in the process of this inven-
tion can be further reduced to their corresponding amines
which can be used in the synthesis of stereospecific forms of
physostigmine and physostigminetlike compounds. In

 particular, the S-form of 1,3-dimethyl-5-methoxyoxindolyl-
ethylamine is useful for preparing (-)-physostigmine.
BRIEF DESCRIPTION OF REACTION SCHEME

This invention will be more fully understood by refer-
ence to the reaction scheme for the

asymmetric synthesis of. alkylated oxindoles 2a and 2b and
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52 [err]: Ml d deposit was not observed

*X: Mol d deposit was observed in a cavity or a vent
portion Additives used in the follow ng Exanples are as- 5
fol |l ows. (1) Hi ndered phenol anti oxidant:

c-1: triethylene glycol-bis-[3-(3-t-butyl-5- '

nmet hyl - 4- hydr oxyphenyl ) pr opi onat €] c-2:

tetraki s[nmethylene-3-(3",5 -di-t-butyl- 10 - . '

4- hydr oxyphenyl ) pr opi onat e] net hane (2) Am de conmpound as a

pol ymer coreenverrjdmoof these compounds| tieiprimamyneminesn3ar egdn3hli om
(thermal Stfd -primary amines hréChseful in the preparati®nlogylon 6,6 15

LR S g TR E T S e

(3) Forni chaeing phameapeutical activity. e-1: nelanmine 20 :
e-2: a pol ycondengghi i iidéR pdT oNE bR PREFERRED EMBODIMENTS and
f or mal dehyde, havi'ng a nol ecu of 700 and

ar _ Wel
average particl erne asymmetric synthesis °ﬁiEh%t%ﬁeﬁﬁnﬁquWﬁWéhﬁYsoluble in
hot water involves conversion of anf aGfiifalr stbstraterctd\d childalxi de) 25

4) Li ght iy} e Z O
1 5o ngasaasechning & chial zeagens,, A pposhiral function servds

zyl ) pheny| | 88HERRNPERFU%BRN Lor a chiral product duping’ the reaction.
Bi s(2, 2, 6, 6Thet felkdbwithg nenartlatiire and conventions are employettdacate
describing this invention.

As used herein, the expression “asymmetric synthesis"
_means a synthesis in which an asymmetric atom, instead of
being in a molecule before the commencement of the synthesis,
is introduced into the molecule in the course of chemical
reaction. Thus, for example, the asymmetric synthesis of the
present invention is a reaction in which an achiral unit in a
substrate molecule is converted by a chiral reagent into a
chiral unit in such a manner that the stereoisomeric products -
are produced in unequal amounts.

The gxpressién "enantioselective synthesis" means a
synthesis that produces one enantiomer of a given structure
in considerable predominance over the other possible
enantiomer. The enantioselective synthesis of the present :
invention typically produces the predominant enantiomer in an
amount of about 70% to about 90%, usually about 85% to about
88%, of the total enantiomexrs formed as products of the
synthesis. :

As used herein, the expressions “enantiomeric mixture"”
and "mixture of enantiomers® are used interchangeably to
refer to racemic modifications of the enantiomers. The
expressions also include solutiOns'containing both of the .
enantiomers, wherein the solutions exhibit either (+) oxr (=)
optical rotation as observed and measured with a polarimeter.

The terms "resolve" and "resolution" as used herein are
intended to encompass the complete or partial separation of
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5 .  f-3: 1-[2-{3-(3,5-di-t-butyl - 4- hydr oxyphe-
“nyl ) propi onyl oxy}ethyl]-4-{3-(3,5-di-t-
but yl - 4- hydr oxyphenyl ) pr opi onyl oxy}

2,2,6,6-tetranet hyl pi peridi ne . - f-4: a condensation
product of .1,2,3,4- 10 but anet etra- carboxylic acid,
1,2,2,6, 6- pent amet hyg - 4- pi peridinol and [err]

.tetranethyl-3,9-[2,4,8,10-tetraoxaspiro

(5, 5) undecane] di eirbagrdntiomers of S-alkoxy-stb&titured! NQBydZmeehPpyl oxalic -
acid bisanilide 1&5’0

. | d rel eas ent: .

g-1. glycerol nnnos%¥%ﬁ%§§%amlﬁ§;' £f§° detersed e@:as5?7&&F9§¥h§veﬁﬁfﬁﬁ3ﬁ5ﬂ
(nol ecul ar wei gh#-(2-aminoethyl)~1,3-dihydro-153 ethyl-2H-indol-2-one g- 3:
e}hylFnebifSFearrhanSegarﬁalon is &eéerawdd an F&fenafféiﬁjhe:ﬁin;fiE%pductiOn
of pol yacetal re - -liter_kneader .having two
agitating bl adesigﬁa‘(= at"}g temsaafgc%'é?e%dae%%t’e%vefi ﬁﬁﬂr&ﬁiﬁ’gsaiﬁe‘gﬁ%
medi um was only Qe offtdie gnantivmexsis abtained ihe pwredsrates s
§|4€V&t ed to 80 [ eekhs, aﬁ@&&&@n@%&&éﬁoﬁéﬂr@}&ﬂ&rhtﬁﬁ néttﬁlﬂg Idegree off separa-

pp e er .ol .of ri oxane, .o
1, 3- di oxol ane t?t \%Eln\(,:vﬁE ;{)}be geﬁ%no ° %Fgak‘l' T%?Féﬁﬁgr of the edantiomers
3-(3', 5" -di-t-buthfl obtpined Ganrderrlyr pee it dhenpthere Separationadfbthe
a(cjipled, ~and 0.7 x ehdheithes® may oreimlyl Abt de Quantitativedl ecul ar wei ght
adj usting agent were r t.0 _a ed | tPa.dr
t'hereby obtain a nixtggg.gggkirli%e E%rgﬁetF???ﬁ%r?dgeggﬁu etheﬁnagﬁg
pol ymeri zati on formulaschezginisigadfiggethat thee sybshiteents ang aboreaphe
anmount Hvdragkaplane df Rile FAAGEBYEEdn A ebnheEtlon it Whicd] o

di butyl ether be 0, o[ |, peL, ol .of t tgi_oxane,
and a pol ymeri za%er gégﬁér& %1{4 he oken lines Eﬁ the form of a

on was conduct ed.
wedge l‘ @ »5ignify that the substituents are below the

average plane of the ring system. For example, in the
formula for one of the primary amines produced according to
this invention, the methyl group in the 3-position is above
the average plane of the oxindole ring, whereas the
aminoethyl group is below the average plane of the ring.
Thus, the methyl group and the aminocethyl group are trans to
each other relative to the average plane of the ring.

The .stereoselective synthesis_of the invention can be
carried out as shown in the Reaction Scheme. Referring to

the Scheme an oxindole 1 can be alkylated with a haiogenated'

acetonitrile in the presence of a chira. catalyst to give an
enantiomeric mixture comprising alkylated oxindoles 2a and -
2b, which are termed. [R]}- and {S]- 5-alkoxy-2,3-dihydro-1,3-
dimethyl-2-oxo-1H-indole-3-acetonitriles. It was surpris-
ingly discovered that- one of the alkylated oxindoles
predominates in the reaction product. 1In addition, it was
unexpectedly found that the alkylated oxindoles 2a and 2b are
obtained in relatively high chemical yield.

The crude enantiomeric mixture comprising the alkylated
oxindoles. 2a and 2b can be hydrogenated in the presence of a
catalyst to form a mixture comprising primary amines 3a and
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30 Mnutes after the start of the reaction, a heating medi um at 30

‘[err]C was circul ated through the jacket and 2 liters of an
aqueous 1 %triethylam ne solution was 15 added to the reaction

m xture, and the reaction m xture - was further agitated for 1 hour,
to thereby deactivate the catalyst and term nate the reaction. .
Then, the - contents of the kneader were taken out, and subjected
to filtration to thereby obtain a fiIter-dhke The 20 ‘obtained filter
cake was drj.ed at 100 C, t hereb obtain 2.7 kg of a

pol yacet al  $Rsi eh eﬁeﬁR]' and [511|Qnﬁ%¥Qﬁﬂa%ﬂh&Uﬁmﬂa§etb$bhted
unti | thedanmmuqfdnm 3-dimethylonnl-1m65-21ioﬂé§?. Oltha pedmaelyasehal
resin produgg s g c 0, JBss
was 25 f‘.i.ﬁrod*uce Wa”?ﬁ*ﬁ?ﬁcs %t“ﬁth#%% Lpterysdides

55 inehe RF Kebr?hﬂsﬂﬂtigmanfﬁrn nal stabilization

‘reaction with rm@rm2§|ﬂhbeswhldrbéfa$&ﬂﬁle in as ureyﬂcfbfin resin

RS o A P T g iy

vacuum at tFéeldatanthoptral purity ofr phyabstignine ahd iphysostigmineacti on
ﬁonedof thelike co \ﬁmgud%bi% &a¥p BE-t wehsévé&?b? éeféévfiwiélyet hyl a|m ne o

used as a ased on _the wel ol yaceta
resin, to tﬁg&g?;g%%ﬁ "gl? gf’ °”18g "fthl‘? il W&S&F‘Zr esin
(a-1) in thacidrhecfopnla el;maric acid walk dasprecdbi 0 Qriee metthwidnEdx

pol yzﬁgg al peeparfaglthe enantiometﬂl% #X¢BreO8al Qﬁ&?éﬂ% R peener at ed
was pp

e vvas 10 g/ 10 mn.
[ Product i ong]SFcﬁH’?%c%? gr?agggxﬁ ’ﬂ‘;i] Substantially the sane
procedure as in The psmuic S.vntheﬂitsonfothpop;tesenal imeenticqma-ik) was

- repeated, exaepied out 1b% thetstdiediilicRr 1%k }ﬂg?gﬁt Pon LOE EUxiHadaae

ext ruder " ¥/a Torr in the term na TizatTon reaction of
the pol yaceP&l th&s 52t her eby obtain tern nal -stabi -

o (1)

wherein the substituent R is selected from the group consist-
ing of methyl (compound (la)), ethyl (compound (1b)), and
benzyl (compound (lc)). The oxindole 1 is a racemic mixture.
The oxindoie 1 is employed in the process of this invention
as a racemic mixture, which can be prepared by the synthetic '
methods disclosed in Julian et al., J. Chem. Soc., 57:563-566
and 755-757 (1935) and in U.S. Patent 4,791,107.

The oxindole 1 can be selectively converted to an
enantiomeric mixture comprising alkylated oxindoles 2a and 2b
using a chiral phase transfer catalyst. Examples of suitable
catalysts are those derived from substituted N-benzyl
cinchoninium or quinidinium or N-benzyl chinconidinium or

quininium halides. The reaction is characterized by high
enantioselectivity.
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20 |ized polyacetal resin (a-2). Wth respect to the

‘obt ai ned pol yacetal resin (a-2), the anount of for- mal dehyde gas
generated was 540 ppm and the M val ue was 10 g/ 10 mn.

[ Producti on of polyacetal resin (a-3)] 25 Substantially the same
procedure as in the produc- -8 - : 56
tion of polyacetal resin (a-1) was repeated, except that  t he
degree of vacuuriexe mﬂrtimla@‘ﬂl'bh‘bhexstmselective cme%&iiinrofi n the
term nal Stéi?iﬁd&?é'ﬁ'\:d@ﬁbh@ﬂt@&meric mixtdhe ndl thgsSin, to

t her eby obt aj nal bi iz po 5| n Wth
respec%/ to hgyi sted °xir5;ﬁ1§sn38 BBty 2R can e’?%ﬁﬁ}y’iaj:fdg)‘mtt Eﬁ%‘z‘%f for-
mal dehyde gasrgemt@tm 230 thenoxindobe 1andilaichiral cata\'wstlﬂng/ 10
21 Inl ter- knead‘g?g.n It naég: a§E§I%&é)ﬂn0 ganic 1:’aEet capabl e
of mrculatﬂ"}g151Wé‘fg%‘i)ﬂfvof"é'&g %g" té M"’r’?ﬁé‘{'\é L £Bperat ure
of the kneatdteactien goes to miibstantdalocéfipletidi, Chéemide] ebniversienc
cont ai ni ng éﬁn be monit@ﬂ.ﬁcﬁ ez it Otﬁer/&a ﬁqtdh ure Byt GLexegg: of

é5(3 5' d| Ao o )ém REELR. V%m% |8ﬁ P ? ﬁ%t a ‘zh. Theas added,

and 0.7 x 10!!&'4:}0!!91' 3& ort2ly thatapredoninates is dependent wipoghthe
adj usting agaRLréehe €he'Sefrdlcatdiyst ’éﬁQt %&%t he kneader to
uor e

boTyreri ot o c3be phiFal Catiyet cor s {ss LeRELES CRRRERHOR BE | an
anount suchoxindole 1ttetthécalkyldteshoxintiolei 2a of 2brim dri fl uori de
di butyl et hgupaedtiRed: N-benfl E‘é{rlccl)i?giuct gﬁ; Be gﬁini&flé{)mh c:t:mpov.xtx-fd'f of the

and a pol ynerizgtion_reaction was c nut-e
start of th&qeeg flr a heating
N' \ * /_—ﬂ\
s (1)

Ry (Y)n
or a substituted N-benzyl cinchonidinium or quininium
compound of the formula !

N (iI) |

_ (V)a Ry
where R, is a vinyl group or an ethyl group,
R, is hydrogen or a methoxy group,

X is chlorine or bromine,

Y is independently selected from hydrogen, chlorine,
bromine, fluorine, trifluoromethyl groups, and nitrile
groups; and

nisi, 2, 3, 4 or 5.
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57 - mediumat 30 [err]C was circul ated through the jacket and 2

‘liters of an aqueous 1 %triethylam ne solution was added to the
reaction mxture, and the reaction m xture was further agitated
for 1 hour, to thereby deactivate 5 the catalyst and term nate the
reaction. Then, the : contents of the kneader were taken out, and
subj ect ed to filtration to thereby obtain a filter cake. The
obtained filter cake was dried at 100 [err]C, to thereby obtain
2.7 kg of a polyacetal resin. The abovednEn- tloned operatlon was

ted t d
E)glo;:cgt al‘fﬂ%%}ﬁﬁ@%%@ﬁ?&@ Not;erlﬁfi cinchor&n&.%a#ngaglg arts 0 r‘ﬁ r:§‘bt ai ned
pol yacet aN-benzyl qui-é%ﬁ’%“%‘é&s"%"%d"ﬁ'estb&r F°§F“ 2 Fhyin
g'r])éC?Le rik 3s( Rydrbgey! ob- ﬁétlfmkyﬂﬂﬁﬁeeqﬂmyyl )Tlgeléuhstitlmemlmﬂ?'; e]der
(/D rati }"l %I:iﬁ‘cﬁki{iﬁi% &id %%Lbsft tut 38-1391&% Ngwii il u

e"termna

st abi | i zatQQﬂPQ"@é@t P‘éﬁe the formyja h(FEhdhml hvBIzaﬂ-PI bydsegeRr &F the
pol yacet almgt@oxy, respecti%&ycarm&%ﬁﬁeﬁé@rcaQﬁaﬂ.QstBOaSesuohpdbthads t he

of vacaum St HHSN, St sads LT RipFS o, b iiimengva el 17 Ce0reE
reaction mmm@mhm@mperedmyumwnq)fthe procedug@Ber and 0.1 %
of triet hYAé’éEﬂQ:édliQﬂ JAS Ohghaehém. 1987, swbﬁ'iwqa)sz kagedrenceiie wei ght
gt)l ;ggepol acen{fll.ly availablree?rgh &'Quicge&ﬁeﬁicﬁ ¥ ,agfg%p@a%' y Ska?' i fggl N
(a-4) in th788; reoffyon (Genical: Bynempest Corporation @f (feuwsbt ai ned
pol yacet al pj £ i dfa A)N. 3 he amount of
The substituted N-benzyl cinchoninium and quinidinium
compounds and the substituted N-benzyl cinchonidinium and
quininium compounds are employed in the asymmetric synthesis
of the invention in an amount sufficient to catalyze the
reaction of the oxindole and the halogenated acetonitrile to
produce one of the enantiomers of the alkylated oxindoles in
a predominant amount over the other enantiomer. For example,
the catalyst can be employed in an amount of about 5 to about
50 mole % based upon the amount of oxindole 1. 1In-a -
preferred embodiment of this invention, the compounds are
employed as catalysts in an amount of about 10 to about 15
mole % based upon oxindole 1.
The substituted N-bengzyl cinchoninium and quinidinium -
compounds provide the alkylated oxindole 2a in excess while.
the substituted N-benzyl cinchonidinium and quininium -
compounds yield the alkylated oxindole 2b in excess when the
compounds are used in a catalytically effective amount. It
will be understood that the asymmetric synthesis of this
invention can also be carried out in the presence of a
surfactant, such as Triton X-400. See U.S. patents 4,578, 509
and 4,605,761.
Alkylation of the oxindole-appears to proceed by
conventional mechanisms. For this reason it was anticipated
that a racemic mixture of the alkylated oxindoles would be
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-fornaldehyde gas generated was 560 pph1and the M val ue was 10

g/ 10 nin. Wth respect to the obtained pol yacetal resins
(a-1) to (a-4), the amounts of fornmal dehyde gas gener- ated and
the M values are shown in Table 1 bel ow.

Table 1 10 " Type of Mel t .i ndex Anmount of generated

pol yacet al val ue f or mal dehyde gas (ppm resin

(g/10 m n) ' a-1 - 1010 1100

a-2 ' 10 540 15 a-3 10
260 obtained. Quitie unexpectedly, however, it was fmhd that the

Referent al Jixyaktod rdfiction wd¥ WhiiieodB]Bke kDAl | En XM Grdci

17000 i of Of the enagiibhere ofite ahustel SELASALE FRH PLOREALIPE. Tho

resul tant min excesss depending mpdmerthie/ choisenofincatalyst. aforexver, and
t he obt ai ne C : : ’
%t?éﬂﬂr%dbﬁu%ﬁt eﬁaﬁéiéxfbe% is mﬂbtained in high chemical

e_Cop0 S|1_.on Was an aqueous

59 - err
suspensi on &t eﬂ"{? T&‘P € got ielkids at, 1egst abput 60% basedqn o
water, to trmc.’amo](d)ual and ursxgen&a]]?t;e abdwt’ 65% to aboutt85% dbaddt ol ci um

hydroxide t Qg {5? ric acid was 1.05:2 The obtai ned m xture
was heated to j%ﬂr C and ged for 1 hour to, advance a reaction
bet ween t he 2&55&PFGISEFH“%nﬂwﬁﬁhﬁﬁiﬂ«ﬂfuﬁhﬁﬁdFB¥F851°n is car-

Then, the resied anit risne bdphesitureaceson ninttute comprisedoofomh to room

tenperat ur e, o aith S AVt Phabk! tofitaining the racemic mixture of
oxindole 1 and the catalyst and an aqueous phase containing a
strong inorganic base. The oxindole 1 and the catalyst are
dissolved in an aromatic hydrocarbon solvent. Halogenated
aromatic solvents and halogenated aliphatic solvents can also
be employed. Typical of the solvents that can be utilized
are benzene, toluene, xylene, chlorobenzene, and methylene
chloride. Solvent mixtures of hexane and cyclohexane can
also be utilized. Technical grade solvents have been €ound
to yield acceptable results. The preferred solvent is
toluene because reaction mixtures containing this solvent
gave the highest selectively of the alkylated oxindole 2a or
2b in the examples hereinafter. The selectivity obtained
vith other solvents can be optimized with a minimnm of
experimentation.

The aqueous phase of the reaction mixture contains a

~ strong inorganic base, such as potassium hydroxide, sodium
hydroxide, or lithium hydroxide. Technical grade bases have
been found to produce acceptable results. The preferred base
is sodium hydroxide because of its low cost, availability,
and effectiveness in the process of the invention.

. The inorganic base is employed in an amount sufficient
to support catalysis of the reaction. The base functions as
a deprotonation agent. It has been found that the concentra- ~~
tion of the base in the agueous phase affects the selectiv-
ity. The concentration of base in the aqueous phase is-
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10 tion to thereby obtain a filter cake conprising a crude

"cal cium stearate product. The obtained fil|ter cake was dehydr at ed,
and washed with purified water while stir- ring for 1 hour,
followed by filtration and dehydration (washing treatnent). The
washing treatnent was repeat- 15 - ed several tines until a desired

cal cium stearate having a Werr] (anount of surface-attached

cal ci um hydrox- - i de of the desiregg calciumstearate) of 10 ppm and
a Werr] (overal |l amount of surface-attached cal ci um hydroxi de

and occl udsypieatly nabgut o?&'dd;o mbouﬂtesoasbyedetghtl ums Xhe st ear at e)

of 275 PPTcyAzeRbratiGs. of ey’ thetBliectiviey Mfidde M |

det er mi ned d de rJ be
obt ai ned déggr eg’e%f 'E’gﬁlzﬁ degreases. desi gnated as aliphatic
car boxylic aci d'l‘lretad;ueavhs gliase containihp. theSinorgahfi: dskes i shivudid

i phati
gol phatte Q‘QWOEI éif Céglwﬂtf%g%‘st S5e F.Fys?%verég S EMERNS i n
the pr oduc""rlg cepic exindols, é‘tlaé‘dcéhﬁoﬁylt#&ﬁ& n@t-‘& T ko madn~1) was

conduct ed, tadimept biphasiberecticty nibddRireint ThaSvbtume Patio ofe@died until

gf CigC'(EBq m Siobpﬁﬁ)ééngfaﬁl %%%Jcé’fénu%i%turgb g 38‘8 ﬁ%f?‘éﬁ% val ue .l

st ear at e WITYPdES1dWaabauEs3tl to abouft 3fdi.i c Ac xeBSkiPhcmbxturest al salt
(b-2). contaikﬂngdunél oag@.ﬁmlprs&sa la&zd:aﬂﬂaowubeuac HagBt fh #alt . 10

(b-3)] upgt I t (o] e S|nt UcC-
tion of ali &lutml Crgé:f;l. o%s'll gg&{égl %y]ﬁe 2| saﬁ'} F]EE':%“‘(IE) EllKﬁa?wmﬁm:e Pav@'c‘)ﬁg’d’ct ed,
except that¥a8¥dbtfashi ng treatnent was re- peated. until a cal ci um
stearat e havi ng The\\begahi¢abukveht Ophdde and el okivbienel 1vahugnef 4 (ppm
was' obt ai n%act@ﬁl Eull&%ure is gen&?aﬁ{r] eﬂ:ouetS'io :q. %al %&:ontshsz.ii ?t € vas

desi gnated "a
preferably about 30:1 to about 45:1." The particularly

preferred ratio is about 40:1. These ratios are expressed. as
the volume of the organic solvent phase to the weight of the
oxindole 1.

The alkylating agent for the racemic mixture of oxindole :
1 can be a-halogenated acetonitrile selected from the- group
consisting of chloroacetonitrile, bramoacétonitrile, and
iodoacetonitrile. Chloroacetonitrile is the preferred
alkylating agent because it'has‘provided the highest
selectivity of the alkylated oxindoles 2a and 2b. Technical
grade alkylating agents have yielded satisfactory results.

' The halogenated acetonitrile is employed in an amount of
at least about one equivalent, and preferably about 1.1 to
about 1.5 equivalents, of the racemic mixture of oxindole 1.
Increasing the amount of the alkylating agent relative to the
oxindole generally increases chemical yield, although theré
is no apparent advantage in utilizing the alkylating agent in
large excess.

The stereoselective synthesis of the invention is gener-
ally carried out at a temperature of about 5°C to about 30°C.
Lower temperatures are generally accompanied by higher
selectivity of the—alkylated oxindole 2a or 2b, although cau-
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al i phatic carboxylic acid netal salt (b-3). [ Producti on of

-al i phatic carboxylic acid netal salt (b-4)] 20

Substantially the same procedure as in the produc- tion of

al i phatic carboxylic acid nmetal salt (b-1) was conduct ed, except

t hat the washing treatnent was re- . peated until a calciumstearate
having a Werr] value of O and a Werr] value of 0 was obtained.:
The thus obtained 25 desi r-ed caIC|un1§tearate mas desi gnat ed as

al i phatic car boxylic

d netal d d
Total sat tioh misfibe Txerciséf Wb A, fé#%ﬁﬁ%ccﬁa%eb%}%aédié' to
1,000 m of sepsratingufme QRBICONF @h’lH&élaneh e ttamperagmyes.r | C.  The
resul tant mmbupeemsréalteﬁﬁeiadﬁaerz%\gewb@ Baﬁf‘yi out tﬁféﬂsmn and

t he obtai ne n I err th

enul si on Wa%yg'gg‘ gnigﬁggcgj‘gg fgté to a?&xﬁ ngcgf egﬂ:ﬂ jQja@f s‘&'ﬂ'ﬁ zﬁy&'om de
in 40 m of 10 Thepgtereegelgctive iaynthesdsy ofbthenalkylated @xinfledenl ar
ratio of thessed ob h¥danXeféthémite wdattiion .ACileP8action mixtu¥e kanThe

obt ai ned m xture O Jlerr]C and hour to
advance a r €5ctT0 epxé%ﬁgfﬁgaﬁ ot Gt P@a§5|5°aﬂgf#$ﬁﬁ%‘€h

hydr oxi de. IHtelon temperatnze. t¥herneed tfon coeddngosani heun.’mmﬂsze;l landed

t ﬁefggly g gt rfeA ma@at graddas Jaﬁfd ithef hhtlbgen?grad C%?(eeé%ﬂtfs iGe
dehydr at ed, %é dgﬁhéﬁfﬁaﬁﬁF ﬁFF??% xture. water while stirring for 1
hour, followed byt idlst d&ﬁmblsoto pmnﬁ-dhafa;drialez&ngéwabhanbet rexgmeiite) .
Then, the V‘%ﬂ&ie reactibheﬁi%ﬂie"‘m 4&!&&1%6 %Qgﬁﬁuo’ériw' thésidrer eby

diu earate

obt ai n sodi,u ar,at e, obt ai ne
was di ssol vetf |‘f?‘?*(ﬁr§l0°r‘t‘l ia EPFFlg‘a %‘EG‘P“WW% rom the rﬁ%%‘h*-??bat ed
to 80 [err] Examples if rauirtgblioinéetrgsaés diriclifde nitwogen;cargenadckiell an

aqueous sol Ukd PPl Hitrdgeh is preferred for economic reasons.

The stereoselective synthesis of the invention can be
carried out at atmospheric pressure. Sub-atmospheric pres-
sures should be avoided. _

It has been found that alkylation of the racemic mixture -
of oxindole 1 proceeds very rapidly. With gradual addition
of the alkylating agent to the biphasic reaction mixture, the
reaction is generally complete within about 1 to about 2
hours. Shorter reaction times can be employed, although
cooling of the reaction mixture may be required. Similarly,
longer reaction periods can be utilized, although there is no
apparent advantage in extending the reaction timu. In any
event, the alkylating reaction is carried to substantial
completion, which can be monitored by gas chromatography or
other suitable means.- In order to optimize selectivity for
the alkylated oxindole 2a or 2b, the reaction mixture should
be agitated.

The biphasic reaction mixture can be prepared as fol-
lows. The racemic mixture of oxindole 1 can be dissolved in
the organic solvent and the catalyst can be added to the
resulting solution. The aqueous solution of the inorganic
base can then be added to the organic solution and stirred -
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62 calciumchloride in 20 m of purified water, to t her eby

"obtain a mixture. The nolar ratio of the cal cium chloride to the
sodi um stearate was 1.05:2. 1 Hour . later, the obtained m xture was
subjected to filtration and dehydration, to thereby obtain a filter
cake com prising a crude cal cium stearate product. Wth respect

to the obtained filter cake, the above-nenti oned wash- I ng
treatment was repeated several times untijs a de- ' sired cal cium
stearate having a Werr] (anount of surface- 10 attached cal ci um

chl ori de dwr sosuffichieoati gerbédite form the ddphasdccaeactiiont earate) of 7

m and a HREr a | c
EEI ori de e'lﬂ%‘ '!lﬁ.ld f&%]rgé E%% andJ%]ﬁ'eosocc%Qgedh%gl glsgm éﬁ%ar:ll de and
sodi um chi® l?fes"(ﬁfiﬂi@n&e§9r BrEa'FE?LH#Bli tyxers The 112 ppm was
obt ai ned. h&dxgendtedchacéteniktribe bﬁ&plo&edveass dﬂteal&lkylating agent éGant he

met hod desgdbed, 'ﬁdégggo( Q}xe g@iﬁﬁas}.—@ eact:lron bt abﬁ%ﬂ gdagired

cal ci um stearate was nat e hati ¢ carboxyli c acid netal

salt (b-5)tion of 'qib\s ageati bna:we%aﬁqi@gﬂ&vétarcternﬁbm salt
(b-6)] predominatiftﬂ; @l¥ylated exffddleaga asklezbto 1,000 nl of

ified t b d | t ant .
ﬁ]u;![ ulr: vvawg gil rred‘;hé%l %q%ﬁ%bbg ﬁhgné‘qalg‘g{é&e%n;%%%moed j'gn&hrﬁﬁzuob'?gl ned
enul si on WBECe®%S Rf 1this; invemompnpcbe mxm%m%@l@mxge@ﬁ afs added.

an agqueousthe enantiomer in the reg.ction product as a pdxtentage of thg
sus penS| on m r I e
wat er, ?gbgng%€10£& tgpré 0%?-573%5& g%fuglon. "'P%ﬁ |°6“°8$1 ﬁ’g &8 ci um
hydr oxi de FEail'hémﬂ%ri% ernenfently expressed as the percent

enantiomeric excess, which is abbreviated "% ee". The

percent enantiomeric excess can be calculated as follows:

$ ee = ([A)-[B]) x 100
([A]+[B])
where [A] is the concentration of one of the
enantiomers, and

[B] is the concentration of the other enantiomer.

In a completely resolved material, the enantiomeric excess. is
equal in weight to the total material so that % ee, and thus
optical purity, is 100%. The concentration of each of the
enantiomers is, of course, expressed on the same basis, and
can be expressed on either a weight or molar basis because
the enantiomers have the same molecular weight.

A number of substituted N-benzyl cinchoninium salts have
been screened for selective conversion of oxindole 1 to
alkylated oxindole 2a. All the reactions were carried out by
stirring a mixture of oxindole 1 (2.5 mmol) and the appropri-
ate catalyst (0.25 mmol) in a two-phase sjstem consisting of
8 ml of 50% NaOH and 20 ml of toluene under nitrogen for 10
min. A solution of chloroacetonitrile (2.75 mmol) in 20 ml
of toluene was thén added via a syringe pump over a period of

" 1 hour. After completion addition, the reaction mixture was
analyzed by GLC for chemical conversion. Enantiomeric excess
of alkylated oxindole 2a was determined by'ﬁPLC on a
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1.05:2. The obtained m xture was heated to 50 [err] C and 5 aged for 1
"hour to advance a reaction between the | auric acid and the cal cium
hydr oxi de. Then, the resultant reaction m xture was all owed
to cool to roomtenperature, and subjected to filtra- tionto
thereby obtain a filter cake conprising a crude calcium |l aurate
product. The obtained filter cake was dehydrat ed, and washed w th
purified water while stir- ring fag L hour, followed by filtration
and dehydrati on (washing treatnent). The washing treatnent was

r epeat - Chiralarels ©Pe collumines arthiracele O edlamhc(Daicelrchiemiva ng 15
a Werr] (afgiid e 1Geaalt B¢ Nk i ' 0 _ t he
desired cal ¢l umﬁﬁuers;'?gﬁagf ai&& s]gm an?éo\ Wersjr?ﬁ\6 oégrg-ﬁg {:ris[s al I anount
of surface- ﬁ??%%éd‘% %ngx&-samemene )-d-cagpbpgatalewrepinm

hydr oxi de, 0II1heaslatie chiralcshiift reagent .aurmbec reg@hl®8lapensi@s obt ai ned.
Each of - t hep A} £rdd (%?drﬂe I. Werr] was determ ned by the nethod

described in 1tem above. The thus obtained desired cal cium

| aurat e was Jebieh dt-e d Agymmet pha (A cylation ofc Oxindodet | salt (b-
6) . - (Production of aliph (SRS O S

(b-7)] : 64 S 60 g of
beheni c acid was added to 1,000 m of purified water which had been
heated to 90 [err]C. The resul tant m xgyre was stirred to thereby
obtain an emul sion, and the obtgj ned -ejul sion was cooled to 5

50 [err]C. To the cool ed enul si gn W agreieous suspensi on
of 6.8 g of calcium hydroxide iMN20 pecf, purified water, to

| t hereby obtain a m xture. The nol¥ of the cal ci um hy{Epxi de

to the behenic acid was . The oby ai ne i xture was heated to
90 [err]C and 10 aged for 1 N 0 advance a ti on between the
behenic acid and the cal ci um hydr dxte.
Ry h
Expts. Catalysts : $ ee 2a
R R2 b4 P4
1 vinyl H' H Cl >3
2 vinyl H "H Br 10
3 vinyl H 2-F Br 5
4 vinyl H 2-CF3 . Br 4
5 vinyl H 2,6-Clo Br >3
6 vinyl H 3-F Br 8
7 vinyl H 3-Br Br . 48
8 vinyl H 4-Bxr Br. 68
9 vinyl H 4-CF3* Br 72
10 vinyl H 4-CN Br >2
11 . vinyl H 3,4-Cly - Cl 78
12 vinyl H 3,4-Clo Br 77
13%* ‘vinyl ‘H 3,4-Clo*** C1 17
14kkkk vinyl H 4-CF3 ' Br 61
15 Et H 4-CF3 Br 69
16 vinyl . OCH3 H ‘Br 39
17 vinyl OCH3 3,4-Cls Br 77
*4~CF3BCNB
**1:1 toluene/hexanes
*#%3,4-Cl-BCNC

**%+25% NaOH
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Then, the resultant reaction mxture was all owed to cool to room
-tenperature, and subjected-to filtra- tion to thereby obtain a
filter cake conprising a crude 15 cal ci um behenat e product. The
obtained filter cake was dehydrat ed, and washed with purified water

while stir- ring for 1 hour, followed by filtration and dehydrati on
(washing treatnent). The washing treatnent was repeat- ed several

tinmes until a desired cal cium behenate.2@gs - having a Werr] (anmount of
surface-attached cal ci um hydr ox- i de of the desired cal cium
behenate) of 10 ppmand a Werr] (overall amount of -

sur f ace- at t achedbsaitiutiohyin thel3 and/or 4apdsdtidnded the denmr¥dydroxi de,

?Let \r;\([%e(rj? Sycgkchﬂ v@ata st%?%l@c&fonzaitﬁaﬁh%ﬁg% d.edgach of

err etermned by th t hpd de crlbedlnltem
(D) as ‘Br, Cl, or F3, s gni ica.ntTy 'incz%egeﬁ gﬁ 9 g The t hus
obt ai ned Weﬂab&iuﬂnhehﬁaatezxmss 7. 8, Ydeengni2dd a@h&m%ﬁmatlc

car boxyl | - fopmeduaki anrééupt i phatic
car boxyl | a&)lg@::e 1'a (:?ghter ng%ir being o? s‘tleari c aci d

was added Qfo @Wﬁﬂ GPSiti"e °th?FF?’écP’%v§tlﬁ' Kuatom ﬁ’gd"gﬁen heated to 80
[err]C. Tl“einchoniniuhes:dﬁaaqstm XxThat the chserws tenhamcewpnptobfak nean

| C T
The cool PRretdetl Yiinaling GRoUBS £2UethIY due ro indlcpehe] C - 1O
magnesi um a§feekiand inpH Feanongnce effectpﬁmwwmcﬁ tg‘et ﬂ‘@ By bt a| n a

m ij ure. TeBséPvéd for the q-atyaaobbnumcmn@mmmmmmm t{Expite stearic
acCl

and aged fbp)l h%}ﬁ?oflb@o%‘;vrgsﬁlcb%q{ai re!act% gggta\ﬁia‘t%mﬁ&%l%earl c acid

and the na8neei ferhyeassngqot yet identified..(Experimants aﬁna"fde c)t'l on
m xture Waisabkgéeﬂed, the dilydxsdinchondaiuinecptakyst ehelvedubj ected to

L Ereioae ol ot b i, SALbSRLESE 6401 70 @t v 2

: (Experiments 9 and 15). Unexpectedly, a moderate $ eec was
observed with benzylquinidinium bromide, (Experiment 16}. No
further improvement in % ee was observed when the benzyl '
group was further substituted with an. electron withdrawing
group, (Experiment 17). A slight cdunterion'effect was.
observed for the case where the % ee of the reaction was low,
(Experiments 1 and 2). When the & ee of the reaction was
appreciably high, counterion effect was nonexistent.

It is generally not possible to separate the predominant
alkylated oxindole from the other oxindole formed in the
stereoselective synthesis of the invention. Therefore, the
crude mixture containing the alkylated oxindole is employed
in the next step of the reaction, which involves the conver-
sion of the nitrile groups of the alkylated oxindoles to the
corresponding primary amines via catalytic reduction in the
presence of hydrogen gas. This step of the reaction can be
carried out using conventional techniques. For example, the
crude reaction product from the stereoselective synthesis can
be taken up in a suitable solvent, such as methanol, ethanol,
or 2-propanol. The resulting solution can be hydrogenated in
the presence of a catalytic amount of metallic catalyst, such
as PtO2 or platinum on carbon, in an aqueous, alcoholic,
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was dehydrated, and washed with purified water while stirring for 1

*hour, followed by filtration and dehy- dration (washing treatnent).
The washi ng treat nent was repeated several times until a desired
magnesi um st ear- 25 _ ate having a Werr] (anount of surface-attached
magnesi um : : 66 hydr oxi de
of the desired magnesi um stearate) of 17 ppm and a W2 (overal
anount of surface-attached nmaghesium ~ _ 1 Dydroxide and occl uded
magnesi um hydr oxi de, of the desired magnesi um stearate) of 281 ppm

was obt ai ne¢oncehtratedaltl aledium toe formaadmiktaré cemprialirigrpideaaky t he
t hod ' p it T, bl al I red
e nosi um s AR4PSBC 35 8RE 48, (AR Ckal§R0 s Thip By it S5

1 C acid

netal salt @Bognt of about| Hh o ahquty S0% by weight. cFhe xeaqtion ¢axet al
salt 10 riedOpht at a temperatuke) off abohd’ 16°6Ctd aPSuLBEL tforl, 000 M

f i fied \Mﬂ 5 T
?esultant nﬁﬁ%ﬁééﬁmggagfﬁ?re @%h?ﬁg$§%§u@%ﬁgfghéﬁrggcéfzﬂ]é%ﬁﬁ%§a51F°and
t he obt ai nefubeiantdal gempletien o Acids, suych asr pulfurictaritool ed
emul si on waphdddphdbrde agidousnd -hydrobroaiReazia) eanlBe Doyedd n

hydr oxi de i ur ) fj wat er,. to thereby taln a mxture. -
The nol ar 'bl?a_%emorfg Cd o TPﬁeezééucéﬁ S Brigary gfeﬁ?? cg%ﬂ%d %’s :
1. 05: 2. The apRrexizately the same xelative swpoatipa andthavof thejed for 1

hour to advagihdolerndit ¢heDBtiRENoL NEhe catalytilcedeiiacttbl fidckdie zinc

hydr oxi de. Then, the resultant reaction m xture was all owed
to cool to rQﬁﬁﬁ%%ﬁﬁmarature, and subjected to filtra- tionto

t her eby obt ai n a The tteeec 9fe thenprimary aminaagidz2®and 3bzincthecarate

product.  Thénhbtcindd o inik@ureakPoofhe reduction reaction can be
further improved by resolution with an optically active °
derivative of tartaric acid. Different solubility
characteristics of the diastereomeric salts make it possible
to preferentially isolate one of the salts. More |
particularly, a reaction mixture containing both of the
'enantiomers of the primary amine in solution is allowed to
interact with an optically active derivative of tartaric acid
to form a salt, which readily forms a precipitate in the
reaction mixture. The enantiomer in an optically purified
state can be recovered from the precipitate by treatment with
a mineral base. '

More particularly, the enantiomers of the primary amines
can be resolved with a chiral acid selected from the group
consisting of dibenzoyl-D-tartaric acid, dibenzoyl-L-tartaric
acid, d{toluoyl D-tartaric acid, or ditoluoyl-L-tartaric
acid. The preferred thiral acid is dibenzoyl-D-tartaric
acid, because the S-enantiomer of 1,3-dimethyi-5-

. methoxyoxindolylethylamine can be selectively precipitated

- from an enantiomeric mixture with this acid in relatively
high optical purity. It is preferred that the chiral acid be
in a substantially optically pure state. The D-form of the
chiral acid can be employed to preferentially precipitate
enantiocmer 3a, while the L-form of the chiral acid can be
employed to preferentially precipitate the enantiomer 3b.
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67 _dehydrated, and washed with purified water while stir-

‘ring for 1 hour, followed by filtration and dehydration ' (washi ng
treatment). The washing treatnent was repeat-. ed several tines
until a desired zinc stearate having a Werr] (amount of
surface-attached zi nc hydroxi de of the desired zinc stearate) of 15
ppm and a W2 (overall anount of surface-attached zinc hydroxi de and
occl uded zinc hydroxide, of the degyred zinc stearate) of

263 ppm was obt ai ned. Each of the Werr] and Werr] was deter- 10 m ned

l(:j)y t hedrret hod dertny idweshnth oft @be( aliﬁbQVGGidT&@I?yw i:[n fhes egbléhﬂéﬂt g

a al,l atJ c _cgr xylic,aci
motal salt PEOUeE WA GerlBNTHE aB8pe 0,5 o HPRE o aLYALERE 76
sal t acit-pey jequivalent of the grimany phinec em meﬁambam d retal
salt (b-  about ®)6 wcw&ﬁ: N @budehleHE) hyﬂf%éi%eéaamnthhe

ht of h ac t.al 3§ wer e charged
Mo a o1 1f Helki ¥ e ity a8ih ussd as [ thetesotying, aiEnE: 68 o
the jacket affegt Ms&@tiﬁy of tluq )eannM.omereoﬁtﬁtb Privety @ndne
tsﬁgggaﬁgﬁ[ Ftﬁﬁttbé preferex(xzont W]s Ftlle%a%gg)ésrrgfe m xﬁ;%'{ gfgl{adtnﬁer at 860
Fpm Epgpfe, rnine 35 FHE AR AP FreatRoLFithoRe CEARES ) ¢
acid netal eguivabents ofi dibenzayie-Dediaxtamicydetdi e &5 appropriste
attached tOsbg?gﬁﬁrIgféhoisaﬁééﬁﬁﬁiﬁ%ﬁﬂ%&?%&%‘H aste§?%%eric %ﬁit cor-
cluded in aF°fRSP nEaFﬁo&é g %&ﬁqg} %thgk éﬁeg EPt - all
because theﬁabpppitatedarbeuythe cherrhand, shien less tha@blEéquindhénﬂot be

mel ted at 4Qg] ﬁﬁ.bleﬁ‘zoiﬂeba@k'ﬂiriw&‘éid )i femploved, 'Eﬂéféfgs f@&l}ﬁq
\(/:\glsngg B%?nr O)iltd?:og;:egpoﬁggtlgctca{heo Xs--enantiomeil:a s prefefintsfall (Cb 10)

precipitated. In the preferred method of carrying out the
enrichment process of the invention, the enantiomer 3a is
preferentially precipitated from a racemic mixture of 3a and
3b with dibenzoyl-D-tartaric acid in an amount of about 0.6
to about 0.9 equivalent of the acid per. equivalent of the
primary amine.

The enrichment process, is carried out in a solution
comprising the enantiomers and the chiral acid. The solution
is prepared with an organic solvent in which the enantiomers
and the chiral acid are spluble, but in which one of the-
tartaric acid salts of the enantiomers is less soluble so-
that one of the salts of the enantiomers will preferentially
precipitate. The solvent is typically a liquid organic
coméound, such as a cyclic or acyclic substituted

- hydrocarbon. Ethers, such as diethyl ether, dioxane, and
tetrahydrofuran, can be employed. Examples of suitable
halogenated solvents are methylene chloride and chloroform.

The organic compound can be an aromatic compound, such as
toluene or xylene. Aliphatic nitriles, such as acetonitrile
~and propionitrile, can also be employed. The preferred

solvent is acetonitrile. '

The ratio of the solvent volume to the amount of
enantiomers in the mixture being resoclved can be varied over

=T
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[Production,of al i phati c carboxylic acid netal sal t (b-11)]

-Substantially the sanme procedure as in the produc- 10 tion of aliphatic
carboxylic acid netal salt (b-1) was conduct ed, except - that the
washi ng treatnent was re- peated until a cal ciumstearate having a
Werr] value of O and a Werr] value of 1 (ppn) was obtained. The

t hus obt ai ned desired cal cium stearate was designated as 15

al i phatic carboxylic acid netal salt (b-ll)g . [ Producti on of

al i phatic carboxylic acid netal salt "~ (b-12)]

Srbsha?Fia'éyEéiﬁﬁivémy}brmmaduaﬁges iﬂ%éhﬁaﬂhﬂdﬁbthe amountt bfnsolvent
al i phatic car -
tha’? the wa ﬂi%gtﬁ%@%%{%gh}%%gﬁ cdn %@ifcea(}lgnﬁel Sgaﬂucé?ﬁ’tgxcept

_ cal Crum St earate
havi ng a W abettyvh$ vk, sthexe the ratippps)expxeased agthe ¥rlune ?fpn) was

obt a: _neg- t TQSlvertx)t nle;atlswe Ay aﬂthafdedﬁatzeﬁllwé GérdfitilonRira! ¢nWekedesi gnat ed
as all phatl Cc_cal XylLc Aacl ne sSa - _esect to
each of thesgggﬁ gbbtgﬁ]@%rﬂqllx the 8tio 95 gl):ou@‘rtsl to abouf’ 19:1°5P

69 Inphaprefenred processciof carxyingl out (this inyention), thae
amount (W ekrak)oObt! ERe SWo It 0¥ isdAvent Rbathé Gyt of hantiomers
overal | anngphg&VF%rgh% of the surface-attached netal conpound and
the occl uded®nBPEP*c bUnd, and t he anount (Werr]-Werr]) of the

occl uded netal cBhposnliutieon stentaining the ppambitmers can be pyepared 15
- by dissolving the enantiomeric mixture in the solvent. Dis-

solution can typically be carried out at a temperature of

about 0°C to about 60°C, but will generally be carried out at
room temperature of about 18°C to about 22°C. Similarly, the
chiral acid can be dissolved in a solvent, which is generally

the same solvent as the solvent employed for the enantiomeric
mixture.

After the resolving agent is added to the solution of
the enantiomers, the resulting solution is aged under condi-
tions to form a precipitate'comgrising a salt of the chiral
acid and the enantiomer that is selectively precipitated.
Aging is typically carried put at a temperature of about 0°C
to about 30°C. The use of temperatures within the lower end
of this range will generally facilitate the formation of
precipitates and increase the yield because the salts are
generally less soluble in the solvent at the lower
temperatures. On the other hand, the use of temperatures
within the upper end of this range will generally provide
higher gelectivity; that is, formation of one of the salts of
the enantiomers will be favored over the other salt.

Resolution of the enantiomeric mixture of the primary
amines according to this invention providés a precipitate of
one of the enantiomers in the form of a salt of ta;iaric
acid. The tartaric acid salt can be converted to the cor-
responding free base by conventional techniques. For
example, the tartaric acid salt can be dissolved in water,
and the resulting solution can be treated with an aqueous
solution comprised of a non-toxic inorganic base in an amount
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20 25 - [err] 71

‘Exanple 1 . 1.5 kg of polyacetal resin (a-1) [the amount of

f or mal dehyde gas generated from pol yacetal resin (a-1) was 1,100
ppm, and 0.1 part, relative to 100 parts of 5 °  the polyacetal resin
(a-1), of aliphatic carboxylic acid netal salt (b-3) were charged
into a 3-liter Henschel m xer. The tenperature of a jacket of the
Henschel nixer was el evated so that the<tdfperature of the contents

of the mx 40 [ Subs entl.y, .10 th ontents of the
Henschel m'es>r<ueé}}i \%gggtmgge§£§']6 ¢ h%rS&%%anti%YBEBsﬁﬁnﬁniﬁﬁuﬁem' nutes to
t her eby obtEXamples pfupuitable basegsl inalude sodinmahydroxide,rpotms-t aken

out. of the sium hydrogigehebodidk carbibhatid) antE PotaB8F uRPEARbLRALYAS
r epeat ed- ur)flel t t

e tqtal amoupt .of,fhe obtained m x- 15 ures becane 10
kg. 10 kg { n@bggi & rﬁFgfﬁr‘&tM organic iﬁ‘?ﬁ'?’&&frcgm?ot et3FPescrew
extruder (l9¥s mmlud:iozq) An organicviolvents, \such as pethjlénem The
extrusion V&ﬂcﬁﬁwc%tyl acetatddgie 'Oé i gfc oé.ﬁ%&et hgahnpgr nal

t enper at ur e_of extruder was tfusion rate was

r t
5 20  kdPTRECHSh FOR, St BHIPAER- of TheLZgaRS RR8SEOGARpPE “and
t he degree sdpaxatednfatont lvhey aguenas pRagde! r Evaporation ofhehebgolbeatn a

pol yacet al fﬁﬁﬁ Wmﬂf %haggeprovides ﬂ?é a&:ﬁﬁ'ﬂa Q.Qxlﬁ(éetfgkrmr 8%' 8
composi tiongyas éﬁé‘“&ﬁ?ﬂi)éﬁn generally be utilized without further
2y _ y be u zed withou e
purification. Conversion of the tartaric acid salt to the
corresponding free base can be carried out at ambient -
temperatures. ' }

The optical purity of the primary_amine 3a or 3b
expressed as % ee obtained by the asymmetric synthesis of
this invention and resolution with the optically active
derivative of tartaric acid will typically be at least about
70% ee. An optical purity of about 70% ee to about 80% ee
can be attained without further purification by
recrystallization. The level of optical purity can be .
increased to about 96-99% ee by one or two recrystallization
steps. Optimum enrichment levels can be achieved with a

. minimum of experimentation.

The stereoselective synthesis of the alkylated oxindoles
2a and 2b according to the present invention makes it pos-
sible to substantially increase the chemical yield of the
enantiomer of the primary amine 3a or 3b of interest in the
enrichment step. Specifically, enrichment of an enantiomeric
mixture of the alkylated oxindoles in which one of the
alkylated oxindoles predominates (as in the process of the
invention) will result in a higher chemical yield of the
primary amine of interest than enrichment of a racemic
mixture of the alkylated oxindoles, because of the higher
concentration of the desired enantiomer in the starting
mixture. ' .

The concentrations of enantiomers in a reaction mixture
obtained in this invention can be determined by (1) treating
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a cutter. The pelletized polyacetal resin conposition 25 was dried at
‘80 [err]C for 5 hours and then, charged into a '

72 *  nolding machine | S-80A (nmanufactured and sold by Toshi -

ba Machine Co., Ltd., Japan), to thereby obtain a dunbbel | speci nen
(20mm x 180mm x 3mm). The nol di ng conditions were as follows: the
cylinder tenperature was 200 [err]C, the injection pressure was 60
kg/cr’r{ err]G the i njection tinme 7ad0 1% seconds, the cooling tine

\glgs ai ned sp&&?nﬁﬁgﬁggls'a?’%d&%ngtg @ﬁyit #ﬁfﬁ’\é\g&rg&é #Sr}o"?ggt b¥or 2

days under #FLGi anahysiscof tthe mewondingedpesuemmmbc Xaxhamatesand

thgcrrerlsﬁt VRl Oy ck8athly the amin Wik (:§sEERphéstiohypUl tant
speci

agi_ng resi ng_discol o I on
resi stance éﬁi’&°r de, folleye ‘ilrcma : iﬁrsgﬁepfl V\E?’ér%%ﬁ”fﬁ% Resul t s
are shown i rsu'ﬂ;fbhmm&delS The fs.‘emil\es contposdtiod 6fnpambxtuxe Efnpl es 1 and

r2epeat ed excer!)‘[%igﬁk F].Ql é¥v&rﬂ€g§a§ffeal 30 hBe?S the Eééﬁ?'@oﬁres ondd- was

nmount atic carboxylic "aci

metal sal ts WRg &% 9&a§§e§ﬂmﬁ nin HPLC °W'$BF§°§“RESUI ts are shown in
Tabl e 3. 'lﬁealaﬂblse&uiet ooﬂﬁigu:ation of thﬁjbahamﬁ.onétyis hees sigreed

procedure as, mi‘igl potnaRt wﬁBQE &ﬂ@oiﬁf@s of

al i phatic car- i C aC|d net salts mere Cc as s own in
Tabl e QﬁiqﬂﬁﬁﬁﬂﬂﬁsaXQVEhbﬁﬂnl?Fﬁ%ﬁﬁ hed .5 For eEﬁQgg
- 73 ahsolu&éo dontigarayidheos athe pamw rattoss aitn tliaeattpl-poéition
~ was repeat edy g exee &;rfnm.'ty RRKACERR! bE CRéteduiirfed [Hy Gonverting the
: tartaric acid salts of amines 3a or 3b into the corresponding
optically pure primary amine 3a or 3b by neutralization with
dilute NaOH. The iesulting optically pure primary amine can
be reductively cyclized in high yleld by refluxing the amine
in n-butanol in the presence of excess sodium metal. The
. product can then be derivatized with (8)=~(-)-a-methylbenzyl
isocyanate. The optical purity and absolute configuration of :
the resulting product can be confirmed by HPLC analysis ac-
cording't6 the method of thonenberger and Brossi, Helv.
Chim. Acta., £39:1486 (1986).
This invention will be more fully understood by refer-
ence to the following examples in which all parts, propor— :
tions; ratios, and percentages are by weight unless otherwise

indica.i:ed.
Chiral Phase Transfer Alkylation
_* ample 1 .
N-[4-(Triflnoromethyl)benzylicinchoninium Bromide As Catalvst

To a solution containing 0.48 g of (t)-5-methoxy-1,3
dimethyloxindole in 20 ml of toluene was added, under
nitrogen, 0.13 g (10 mole %) of N-{4-(trifluoromethyl)-
benzyl]cinchoninium bromide (47CF3-BCNB) followed by 8 ml of
50% NaOH. After stirring the mixture for 10 min, a solution
containing 0.21 g of chloroacetonitrile in 20 ml of toluene
was added dropwise over 1 hour. After complete reaction, 25
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anount of formal dehyde gas generated from pol yacet al -~ resin (a-2)

‘was 540 ppm{ was used instead of polyacetal resin (a-1). Results
are shown in Table 4, Exanpl e 15 - Substantially the
sanme procedure as in Exanple 1 was repeated, except that polyacetal
resin (a-3) [the anount of fornal dehyde gas generated from

pol yacetal 10 resin (a-3) was 260 ppnm] was used instead of polyacetal
resin (a-1). Results are shown in Tabl ex42] - Conpar ati ve Exanple 3
Substantially the sane procedure as in Exanple 1 was repeat ed,

except thanl a0f piceteoshmatex wasaedded. 15The mixtaires avas (fi-ldered! i phatic

carboxyl i CtREbEghed dmaPl lcelite pad(Rifibiflydy % compound
occl uded t@ﬁretgj S use‘!l steaﬂ ofﬂeﬁ\ i:ﬁatl car xyel c.acid

net al rRte Jas s£f§r§p §ﬁoﬁ/nsFHa‘T% %Y funnel, andcih@, 4t ve
Exanpl e 4 2 layers were Ssapamecb.l I meoiameWMa«ms I n Exarrpl el
was repefit ednceitLite hﬁ}d@é Phfidey preldive’ indCifle Eenidve Tl sat

een obt ai ned

(b-21) g g |c€§f| fo
by bond| ng2336Y S‘F %a’P hiralceﬂy@Po?P&Em{‘oel-ﬁﬁi%%r‘ﬁa@b &fL0¥  phati c

car boxyl i ciaopdoﬁ&nol-heuné mbkturedl- 3)fheenanttomepit ceticeds 04 phati c
car box-

Ve aci d
netal salt cf’gpgﬁmdl?%?uf?sw%%cehs oj\'/\% nlleﬁh?%b & detezﬁiqed to be ﬂﬁfxanpl e 16
1.5 kg of polyacetal resin (a-1) [ttﬁ%@m—of for rral dehyde gas
generated fr@a[BokyaDethliorosben inchoniniuwnachloiffe 03 part

of aliphatic Caﬂ%%&b&edure des@f{tbd S Exadigiel 1 dhs QeEeQéé& With

triethylene.

bl -1 32 (3. QU 91 56 Nedyh={dhghleng hrnerhisiashondodpm chloridas(d 4-

hi ndered plgmesonat) e ddehtiBal?Bagiidn Of MHd @hahtiomerfcbexdsss lod part
of gl ycerolc %tdeiati%’ w?&%ﬁ ﬁekg-methyl was found to be 78% as

determined by HPLC assay of the reaction. mixture.

Example 3 :
N-[4-Bromobenzyllcinchoninium Bromide As Catalyst

The procedure described in Example 1 was repeated with
0.14 g of N-[4~bromobenzyl]cinchoninium bromide (4-Br-BCNB)
in identical fashion. The enantiomeric excess of compound 2a
in which R is methyl was found to be 68% as determined by
HPLC assay of the reaction mixture.

- Example 4
=Bromobe cinchonini: romide 2 lyst
_ The procedure described in Example 1 was repeated with
0.14 g of _N-[3-bromobenzyl]cinchoninium bromide (3-Br-BCNB)
in identical fashion. The enantiomeric excess of compound 2a
in which R is methyl was found to be 48% as determined by
HPLC assay of the reaction mixture.

Example §

N-Benzyvlquinidinium .Bromide As Catalyst
The procedure described in Exe_xmple 1 was repeated with

0.13 g N-benzylquinidinium bromide (BQNC) in identical -
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tive to 100 parts of the polyacetal resin (a-1), were charged into

»a 3-liter Henschel mxer. A specinen of a pol yacetal resin
conposition was obtai ned in substan- tially the same manner as in
Exanple 1. Wth respect 15 to the obtained specinen, the thermal. agi ng
resi st ance, agi ng discoloration resistance and anti-nold deposit
properties were evaluated. Results are shown in Table 5.

Exanpl e 17 20 Substantially the.sggm procedure as in Exanple 16
was repeated, except that potyacetal resin (a-3) [the anount of

f or mal dehy dfaghtomendthe ehantiomprigaenteds of compound 2a( Andyhiels R60 ppni
was used i nggeqagein wa%@fn t bé°HE K dprc Wy 3etRe AL ' "

Table 5. 25 r at
75 tion @mtially the sanme procedure as in Exanple 16
was repeated, except that aliphatic carboxylic acid nmetal salt

(b-10) [ali phatlc carboxylic acid megﬁlmagét (b-10) had been

obt ai ned by bond| ng 250 ppm of cal ci hydrOX| de to the surface of
al i phati c car bBxlEré=Richlorobenzyligm o Ag

$ILFhat|c car boxThe procedu&e(aéﬁardbﬁatih Qﬂ&ﬁpié’iﬂwadaféﬂdh%earéiﬁﬂomﬂ in
abl e resin
(a-1) [the ar'n%ﬁn of. N-[3q(%&i%%8§%§a%]g&§nb%#§% giﬁiﬁxg%eygrc’ygcet al
resin (a-1)€1,-BONC)in idenfsiqadiifashigno. 1TharQnQnt¥QMQQ%R|€@GG§Bb9£yI|c

d net al d32a .t Geitich mails Fivin
Zﬁla 3m(e3la KPQ'F E:guﬁéf e]:.5 FR':V hyggh?lrﬁgﬁ;??ﬁ opi oendatttg] rlr)gt h;:eb%s a
hi ndered pheno t?l(Dﬁ%fl%? xé&% part of

et hyl enebi sst earyl am de, each relative to 100 parts of the
pol yacetal resin (a- ged into a 3-liter Henschel

' Substant i al 1y BRLS Eﬁsiﬁ%m&ﬁﬁ%gzgﬁ@gg g eehontalin O 2 ned 20

The procedure described in Example 1 was .'repeated with
0.13 g of N-[4-(trifluoromethyl)benzyl]dihydrocinchoninium
* bromide (4-CF3-H2-BCNB) in identical fashion. The
enantiomeric excess of compound 2a in which R is methyl was
found to be 69% by HPLC assay.

t
X e 8

=[4-Chlorobenzyl lcinchoninium Bromide As Catalyst

The procedure described in Example 1 was repea.ted with
0.13 g of N~[4-chlorobenzyl]cinchoninium bromide (4-Cl-BCNB)
in identical fashion. The enantiomeric excess of compound 2a
in which R is methyl was found to be 70% by HPLC assay of the..
reactiqni mixture. :

Example 9
4~(Dichloro)behz inchoninium Brom.tde as _Catalvst
The procedure described in. Example 1l was repeated with
0.12 g of 3 4-c12-BCNB in identical fashion. The
enantiomeric excess of compound. 2a in which R is methyl was
found to be 77% as determined by HPLC assay of the reaction
mixture. '
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respect to the obtained specimen, the thermal aging resi st ance,

»agi ng discoloration resistance and anti - mol d deposit properti-es
were evaluated. Results are shown in Table 5. 25 Exanpl e 19

" 76 . "~ Substantially the same procedure as in Exanple 18

was repeated, except that polyacetal resin (a-3) [the anmount of

f or mal dehyde gas generated from pol yacet al resin (a-3) was 260 ppm
was used instead of pol yacetal- Leggn (a-1). Results are shown in
Tabl e 5. Conparative Exanple 6 Substantially the sanme
procedure as in Exanple 18 Exsmple it ed, except that aliphatic
carboxylic aC| oxylic acid netal
salt 10 t)e% ((?)be iahnﬁgﬁggt bé r#PiZ}%B“ ?Tl?'g? cal ci um hy-
droxide to the surface o a I phat 1 ¢ carboxylic aC|d . netal salt

(b-3)] was usedreé nesteiactunie aidnnh&hlngc&rbog -of (+)-5-mdthoxyeilg3netal salt

(b-3). Resy . l,e AP - 0

1.5 kg of g£+yé@%f‘%are5|n Iﬁ€1 Pehg ok 3h% éf; BCN @?égﬁh ggh%ge gas
_gener at ed 2P8nRboPL skelugne sns, adde )under an effiaienty Ny Hurae,40om3 part
of aliphatbg 50%bRAGIL C After stid®ifgTehdb Mbktutd- £r 10 dimas,t aof

triethyl ene
bi s- [ 3- (3- Fogﬂ¥§$n5chq rhg hyolro fer‘fg} )'Loraceton tiile in 20 ml of

propr o
hi nder ed pﬁ@ﬂ&ﬁnanﬂléxﬁq‘gﬂ oerns heur.of Afypsncomplete %eQFt’E?“J [3'159( of

gl _yCﬁrol rraﬁi&&hearaag cBoSe@atd m-w'c, anld 160! mmtdsfls@@-@;&ai d malsecul ar

et S =g Foaction aERbrd PRIz b0 3 100 15 100

77 pad rinsing with 40 ml of toluene. The comh'ned filtrate was
transferred to a separatory funnel, and the 2 layers were
separated. The toluene solution was extracted with 100 ml of
cold 3N HC1l, and 100 ml of cold H,O. After evaporation of
solvent, 5.02 g (83%) of compound 2a in which R is methyl was
isolated as a slightly brownish oil. The enantiomeric excess
of compound 2a was determined to be 73% by HPLC.

Step (B): Catalytic Reduction of Nitriles to Primary
: Ag;nes '

The nitrile, 2a, obtained from Step (A) was taken up in
50 ml of methanol and 7.25 ml of concentrated hydrochloric
acid.  a samplé of 0.5 g of ?to2 was added. The mixture was
subjected to hydrogenation for 3 hours at 45 psi. The
catalyst was removed by filtration through filter paper rins-
ing with 15 ml of methanol. The combined filtrate was
concentrated under reduced pressure, and the residue was dis-
solved in 100 ml of ice-cold water. The acidic aqueous solu~
tion was first extracted with 50 ml of methylene chloride,
and then basified with 5 ml1 of 50% NaOH. The basic aqueous
solution was extracted with methylene chloride (3 x S0 ml).
The combined organic extract was dried (Na,S0,) and
concentrated under reduced pressure giving 4.70 g (92%) of
the corresponding amine, 3a.
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Henschel m xer. A specinen of a polyacetal resin . conposition was

‘obtained in substantially the sane _ - manner as in Exanple 1. Wth
respect to the obtained speci nmen, the thermal aging resistance,

agi ng di scol or- 5 ation resistance and anti-nold deposit properties
wer e eval uated. Results are shown in Table 6. - Exampl e 21
Substantially the sanme procedure as in Exanple 20 was repeated,
except that polyacetal resin (a-3) (the -1@4 - anount of f or mal dehyde gas
generated from poI yacet al resin (a-3 was 260 nk was used instead
of polyacetal Step cr)és@r{;ﬁg}ﬁnt a2 Lﬁ"ljé‘ 3% i’-ﬂ’eT ngigitation :

Conparative Exanple 7 S it ’ . e—&S i n

Exanple 20 15 lepqgt e | ag hoxyl ]
nmetal salt (b- 10']5 e[\aﬁlﬁnnétgc car%’gﬁ% taﬂ\a 691@%5]195.& E'B ég A%bg‘ﬁO) had
been obt ai REPERRN %932591HE3796f°%T—%#mg 642 g ®fdAdkraeoyYd-Phe
surface of e&rﬂmtc Qaid dex s ﬁlaefdacetonitrirma Q&assddaeabrig was used

gpzt gﬁgwgf I%h#@%%i&ocfer P Ongggr sti:l\fr*._&gd%é w&ers %]0 mg.pm LE, 5€§SU| ts.

pol yacet al PresiPitats thate foxmedi wae filtered kg rﬁl‘@eﬁ»ﬁdésgssc’geherat ed

flromhpol yacehite 66114 { a-This?solid ¥ ZedBPstllizetExondGoPaLt oEf 10%
allp atic c

acid net al QLPFFZ%&%OM(}%‘E g‘ﬁ‘t‘tSFe n?f‘g"hn% % 8% %5(47 -4%) of 5’P§ of

et hyl enebi s§§§§¥9¥%n$%l’et of %#MBP.ZNEE- 136-137°C. The optical
hydr oxy- 3, Splirst{ cwds . dStddmidicd® by beensy| hﬁéyxk& -dddeidatization

iyl Eebagi?gp?‘ e tpdh o, rAlecleh{old By meic anpayte, 100

parts of thefp§h9a€@¥a¢smlmq sulfonamide. charged into a 3-liter
Henschel m xer. A specinen of a pol yacetal resin conposition was

obtained in sub;tan- Example 11

N-[4- (Trif luoromethyl )benzyl Jcinchonidinium
Bromide As Catalyst

s Use of this catalyst gives predominantly the isomer
leading to (+)-physostigmine. .
To a stirred solution containing 1.19 g of 1,3-dimethyl-

S5-methoxyoxindole and 0.83 g of chioroacetonitrile in SO0 m1
of toluene and 10 ml of 50% NaOH under nitrogen was added
0.53 g of the above catalyst in 1 portion. After 30 min, the
layers were separated. The toluene.solution was washed with
water, and then concentrated under reduced pressure to give

- the desired product in guantitative yield. The enantiomeiic
excess (ee) of enantiomer 2b was determined to be 41% in the
following manner. The nitrile was reduced to the correspond-
ing amine as described in Step (B) of Example 10, followed by
derivatization of the amine with (-)-menthylchloroformate
with HPLC analysis of the resultant carbamate on a Whatmann
Partisil PXS 10/25 column eluting with 10% acetonitrile/
methylene chloride (2 ml/min; 254 nm detection).

_ Example 12
N=(3-(Trifluoromethyl)benzyllcinchoninium Bromide as Catalyst
The procedure described in Example 1 was repeated with

0.13 g of N-[3~-(trifluoromethyl )benzyljcinchoninium bromide
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tially the sane manner as in Exanple 1. Wth respect 10 to the obtained

-speci men, the thermal aging resistance,. agi ng di scol oration

resi stance and anti-nold deposit properties were evaluated. Results
are shown in Table 7. Exanpl e 23 15 Substantially
the sane procedure as in Exanpl e 22 was repeated, except that

pol yacetal resin (a-3) [the anmount of fornmal dehyde gas generated
from pol yacetal - resin (a-3) was=289 ppn] was used instead of

pol yacet al resin (a-1). Results are shown in Table 7. 20

Conpar at i ve3ESByA@E) in identical fagbignii aThe enantiamenicoexeess as in
Exanpl e 220f com oun'® 2 GRAAIFRIndC¥ecBe 84! as! dObemitndd HYHOLICC agti d

netal salt al i td C lic acid netal salt (b-10) had
been obt ai ﬁ € %Q&Z{ﬁ‘ ;5"8'%% C¢al ci um 25 hydr oxi de to the surface
of aliphatic car boxyl ic acid Example 13

metal salt (ﬁ— 3] 4051 S9ESo N1 1¢finehb ?ﬂi{:ﬁ ERiGPIde as Catal}fstC aci d
netal salt ( Eamﬁmgibljls-ﬁrﬁé doan EQE oxindole #s ubstratggxafm' e 24
5 .5 kg of polyacetal. resin the anount o '

f or mal dehyde ga?ogermixtm:bfc:mﬂauy@at.als geofn (£y-8yethoxy-1,3ws 1, 100

d L n - I It (b-3
gplrri pa?'? Ofﬁi%étﬂgi oseina&w 8&1& %ré&seéaf to as 1,3-4 &Ehf'df@lfl salt (b-3),

gl ycol - bi sdf"g‘eﬁgﬂ' EUFW"?;YH&T\VM%JH?‘B ‘nﬂyaraiyﬁhﬁﬁy%ﬁ'r%h'(ﬂ%{%] as a
hi nder ed pHdaiSomodet kyxin 80 ml of deollyenencvas @ddedanhdet an efficient

. 1-[2-{3- (3, by4-
hydroxypherllql5 g’“’g& ?)I'Ey s ie?g ﬁla%( 3lt%te§ gtirring this mixture for
Ut y1 - 4¢ hy b EABhand! PRABLEER, FeRYAINIRE &7 & ofrehioroacetonttrile
yl pi peri di rigy .8 ®Aclofr ebduene was mwrd&mfl Houmol after compBé'eé al resin

(a-1), wer ég}_ag d i/t gsa e s?@ﬁﬁ% I men of a
pol yacet al 1o a8 &l °§ khé on'd ained In _Su sfaéf the same
mixture was filtered through a Celite pad. rinsing with

of toluene. The combined filtrate was transferred to a
separatory funnel, and the two 1ayers were separated. The
toluene solution was extracted with 20 ml of 2N HCl, and '
twice with 29 ml of Hzo. After evaporation of solvent, the
slightly brownish oil was assayed on & Daicel Chiralcel OD
column eluting with a.10% isopropanol-hexanes mixture. The
enantiomeric excess of the compound 2a in which R is ethyl
was determined to be 71%.

Example 14 -
N-[3,4-(Dichloro)benzyl]cinchoninium Chloride as Catalyst.
and (+)=5-Benzyloxy-1,3-dimethvloxindole as Substrate

The procedure described in Example 13 was repeated with
2.80 g of (+)-5-benzyloxy-l-1,3-dimethyloxindole, also .
referred to as 5-benzyloxy-1l,3-dihydro-1,3-dimethyl-2H-indol-
2-one in identical fashion. The enantiomeric excess of
compound 2a in which R is benzyloxy was determined to be 73%
by means of HPLC assay on a Daicel Chiralcel OJ column
eluting with 40% isopropanol-hexanes. -
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manner as in Exanple 1. Wth respect to the obtained speci nen, the

-thermal agi ng resi stance, aging discolor- 20 ation resistance and
anti-nold depesit properties were eval uated. Results are shown in
Tabl e 8. Exanpl e 25 Substantially the sane pr.ocedure
as in Exanple 24 was repeated, except that polyacetal resin (a-3)
[the 25 anount of fornmal dehyde gas generated from pol yacet al

80 resin (a-3) was 260 ppn] was-uggd.i nstead of pol yacet al

resin (a-1). Results are shown irn Table 8. Conpar ati ve Exanple 9

Substantially t h'éhéammpmuubo(t.ﬁ;)e-S&metho@ahpB-edﬂﬂethyl-oxmmg.er epeat ed,
except that eﬁ#gg&g cé[r‘é)cmyﬁﬁe%m % Tégo rﬁfﬁﬂ lals (1b3lgk_h§,§§:b,phat iC

carboxylic ac en obt ai ned by bondi ng 250
ppm of " cal citudrd imethYlh’}'CH‘ FRRF 1B ~iREoLadraBR: of aliphatic carboxylic

acid metal salt (b-3)] wax used*i nstead of ali phatlc car box- 10
ylic acid netal t Ny T, 8.

Exanpl e 26 i-ﬂE pfgcégg Beﬁgist iIn ace?'Bfl regl n e anount of
f or mal dehyd@dyantagrss at Sbefpmw ﬁa;rettaﬁ FESTROBR: qst ynthesis 980

ppni, and O.cdpantibhmett prophadés Cpraily®ois of physostﬁ@thrm salt (b-3),
0.05 part of h%logﬁl;igmgne-lgﬁe compound¥'in Yigh! ngﬁﬂggi PSR M de.

t of 2-
E%r ogy 3, [5 pnityer r Fhpepvpidahil ity irfane M#@Eﬂ%r&&“’eﬂ
trld alz?l gebg &m&iroeofinb cohdidefabléd b :fétmmhmlncdre pirge- othler (enantiomerrs
ri
et gt -6, odKes, 1y gRdipde Bl AP ekt obraineq (ef Ul
condensat | orenantdemenst arep ssbaemeaﬁl-y “resolved ++ effhg- §&FM$% % d,
1,2,2,6, 6- peéliﬁ?‘;éw lowt wu&e%tereoselectﬂélcdyrém{ésis do not present any

[err] t et ranet d%z#féﬁ‘ﬂ% 19- te.é. r’é?%??w Feapired for the process

aspiro(5,5) U
' are readily available.or can be easily prepared using

conventional techniques. This invention provides a practi-
cal, economical process for the total synthesis of selected
enantiomers of physostigmine and related compounds.

%
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81 : _parts of the polyacetal resin (a-1), were charged into

*a 3-liter Henschel m xer. A specinen of a pol yacetal resin
conposition was obtained in substantially the same nmanner as in
Exanple 1. Wth respect to the obt ai ned speci nen, the thermal aging
resi stance, aging . discoloration resistance and anti-nold deposit
pr oper - " ties were evaluated. Results are shown in Table 9.

Exanpl e 27 Substantlall the sane procedure as in Exanple 26
10 was repeated, except that?Polyacetal resin (a-3) [the

anount of fornmal dehyde gas generated from pol yacet al resin (a-3)
was 260 ppn] was used instead of polyacetal : resin (a-1). Results
are shown in Table 9. Conpar ati ve Exanple 10 15

Substantially the same procedure.as in Exanple 26 was repeat ed,
except that aliphatic carboxylic aci'd metal salt (b-10) [aliphatic
carboxylic acid netal salt ‘(b-10) had been obtained by bondi ng 250
ppm of cal ci um hydroxi de to the surface of aliphatic carboxylic
acid 20 nmetal salt (b-3)] was used instead of aliphatic carbox-

ylic acid rrr%_al salt (b-3). Resufgls are shown in Table
Exanpl e 28 SubstantFal |y the sanme procedure as in Exarrpl e 17

25 » WS gepeat ed, except,tbe é) 1 part of a poly-[er alg@ni ne
Oy e§per§
yI

82 Bl capol r containi Dl ,of a primary am d ram
of the copoliyrnsr gezlsed I nst ead onEZS part of
yown i n Tabl e 10. Exanphe 29

g _c :
~E- g -é‘
SR IR .
. —_— . a§ z

o .'

..ul\/ N“z

"\New

_ .CH
RO : l
sot¥!
N
|
. cty -
3 -

b

RO

CICH,CN

CAT.

toluens
20°C
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Substantiall.y the sane procedure as in Exanple 27 was r epeat ed,

except that 0.3 part of a pol ycondensa- tion product of nelam ne
and- f or mal dehyde, having a nol ecul ar wei ght  ahis SK¥ot Hus Becd Replicdd age
particle diame- ter of 50 [err]m (soluble in qmmmm”mm [err] C
or dinmethyl 10 sul f oxi de) was used |nstead of 0.

Results are shown in Table 10. - ‘Eﬁﬁ

Substantially the sane procedure as in Exanpl e 23 was repeat ed,
except that 0.5 part of 2-ethoxy-2'- 15 et hyloxalic acid bisanili de was
used instead of 0.5 part of :

2-[ 2- hydr S\@ImS5- bi s- ([err], [err]-di met hyl benzyl ) phe-

nyl ]-2H benzotri azol e. Results are shown in Table 10. Exanpl e 31
Substantially the sane procedure as in Exanple 1 20 was repeat ed,

except that. pol Aarecass foedhe stereaselgative synthesis of-amalkylated psindeled winpiein gas
generated from gal resin (a-4) was 560 ppm was used instead
of pol yacet al e a'%géié?'ﬁ‘pf‘iesx) Results are shown in Table 10.

Exanpl e 32ap5 reacting a récemicokinddle yof tie formula pr ocedure as in Exanple 1

83 was repeated, except that aliphatic carboxylic acid

nmetal salt (b-11) was used i ead of ali WIC car box- ylic acid
nmetal salt (b-3). Results are | 11.

Conpar ative Exanple 11 Sub tan_t ially the,  same procedure as in

Exanmple 1 was repeated, exeepNThet aliphatic carboxylic acid
metal salt.(b-12) was used instead of faliphatic carbox- ylic acid
metal salt (b-3). Results are shown i Hgable 10 . As appar ent
from Tables 3 to 11, the polyacetal " resin corrp05|t|on of the

present inventi QR ORAL seleBfbdirom the group eonsistmg of methyl, ethyl, and benzyl, with
at least one equivalent of a halogenated acetonitrile selected from the group
consisting of chloroace’toniirile, bromoacetonitrile, and iodoacetonitrile, in a
biphasic reaction mixture having an aqueous phase odmprising a strong
inorganic base as a deprotonation ageht and a solvent phase comprising an
organic solvent for the oxindole and a catalytic amount of a substituted N-
benzyl cinchoninium of quinidinium compound of the formula )

H'O R‘
7\ X~ -
N _ H}.._ ;‘. L-‘-)

= or a substituted N-benzyl cinchonidinium or quininium compound of the
formuta
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pol yacet al

resin, and an aliphatic carboxylic acid 15 metal salt having

‘occl uded thereirn a specific anmount of - a netal conpound, wherein the
al i phatic carboxylic acid netal salt does not have attached to a
surface thereof a netal conpound or has on a surface thereof a very
limted specific anmount "of the netal conpound, has 20 excel | ent
thermal agi ng resistance, aging discoloration resi stance and
anti-nold deposit properties. B8l uation of |ight resistance:

0.2 part of carbon black (acetyl ene bl ack) was : bl ended wi th 100

parts of each of the pelletized
obtai ned i n Exanpl es 22, 23, X
24, 25, 26, 27, 29 and 3(. . ey otmm n a mxture. The

25 yacetal resin-conpositions

84

obtai ned nixture was introduXed ) extruder (L/D

ratio: 22) having no vent,
extrusi on was conduct ed under
tenperature of the

the screw

dried at 80 [err]C for 5 hodrs.and then

ile nelt-kneadi ng. The

onditi ond} such tha¢\the internal
e gNC thekr'e olution rate of

on rate was 3 kg/hr, to

dl or ed pellets were

nolded into a flat plate

was 100

(67 mMm x 13 mm x 3 m) usﬂ@. tRe injection nol di ng machi ne under

the follow ng-..
( manuf act ur ed mrel‘ﬁisavmylgrouporaneﬁ\ylgrou;, sol’d by Toshi ba Machi ne
Lt

Co.
t errper ature:

condi ti ons: Mol di ng machi ne: | S-100E- 3A

Japan) : Cyl i nder

200 [eﬁg]i%;hydrogenorameﬂpqﬁyegrppgn pressure: 40 kg/cnferr] G

Injection tinme: 15 €8 chidtine or brominéb()' ing time: 25 sec Mol d

t enper at ure:
W th respect

and

b)

The obtained flat plate was exani ned

70
Ler r\) !s)lnde@nndew selacted fromethe: groupotonsisting ob igdtogens,

chlorine, bromine, fluorine, trifluormethyl groups, and nitrile groups, and
nisi, 2 3 4,or5.

optionally converting nitrile groups of the resulting alkylated oxindole to
corresponding primary amines by catalytic reduction in the presence of
hydrogen gas to form a mixture qf enantiomers of the primary amines, and
1

contacting the mixture of enantiomers of the primary amines with a chiral acid
selected. from the group consisting of dibenzoyl-D-tartaric acid, dibenzoyl-L-
taria_ﬁc acid, di-toluoyl-D-tartaric acid and ditoluoyl-L-tartaric acid, in an amount
sufficient to preferentially precipitate a salt of the chiral acid and one of the
enantiomers, and recovering the resulting precipitate, and

basifying the resulting tartaric acid salt to form the corresponding free base.

Procecs as claimed in claim 1, wherein the halogenated acetonitrile is about 1.1
to 1.5 equivalents based on the oxindole.

Process as claimed in claim 2, wherein the halogenated acetonitrile is
chloroacetonitrile.
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evaluated with respect to the difference in col or ([err]E 25
raccordance with JI'S Z-8730 using the foll ow I ng appar at us.

85 (Light-resistance test) Appar at us: EL- SUN- HC- B- EM
Type fadeoneter _ (manuf actured and sold by Suga

value) in

Test _ Instrunents Co., Ltd., Japan)
Bl ack .panel tenperature: 83 [err]C Exposure period: 400 hours
(Difference in color) : AppaBQat us: Handy color tester HC- T

manuf actured 10
g;o 4. Process as claimed in clgim 1; &ﬁ‘&Fﬁ'“ the sterea/seFec%vergig Fé{? %%J{Hgg ;[NZ.S

al 5o eval uat ed gy aha"t@rﬁﬁaﬁurb%faboutvcde\wdwnnc of cracks, as follows.
The exposed surtface of the flat plate was observed using a

m croscope at 15 100 nagnlflcatlon as to whether or not cracks were
devel oped

pl at es sho%lved r?(go erence |ﬁ%§)r’%§?‘]@@g@ o ,éc?r‘{g%%th%ist@eﬁmeat

cracks on the smtimanénerhgassatmosmre [err]
6. Process as claimed in claim 1, wherein substantially all of the oxindole is
_reacted with the halogenated acetonitrile.

7. Process as claimed in claim 1, wherein the biphasic reaction mixture is stirred.

8. Process as claimed in claim 1, wherein R is methyl and Y is 3,4-dichloro or 4-
trifluormethyl.

8. Process as claimed in claim 1, wherein the solvent is selected from the group
consisting of benzene, toluene, xylene, chlorobenzene, methylene chioride, and
a mixture of one of the above solvents with hexane or cyclohexane.

10.  Process as claimed in claim 1, Wherein the aqueous phase contains about 25%
to about 50% by weight of the inorganic base. -

11.  Process as claimed in claim 1, wherein the organic solvent phase and the

aqueous phase in the biphasic reaction mixture are in a volume ratio of about
5:1. '

4

12.  Process as claimed in claim 1, wherein the solvent phase and the racemic
oxindole are in a ratio of about 20:1 to about 80:1 (v(w).

13. Process as claimed in claim 1, wherein the solvent phase and the racemic °
: oxindole are in a ratio of about 30:1 to about 45:1 (v/w).
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[err] [err] [err] [err] [err] [err] [err] [err]
: | NDUSTRI AL APPLI CABI LI TY The

pol yacetal resin conposition of the present This Sh excel | ent
t hermal agi ng resistance and excel | ent ag i on
resi stance, so that it sol ves the probl e count er ed

when a shaped article produced froma conventional polyacetal resin
conposition is used in a high- terrperatme at nospher e, nanely, the
probl ems of |ow nechani cal (i)r operties and poor appearance. Further,

 since thd4pol Procass as elgimed in claim é@)rﬁﬁ!ﬁfelﬂdheﬂﬁQﬁfeﬂﬁrMP of splvent th has
| |1
ot - <! i total weidh? dr ofBhHOREAPSH inch bARERY, afihes i diiie W TS eBold'®

conposition of12‘.11e present invention can be extrenely
advant ageously used for various applications, especial- 15 “ly,
production of nechanical parts which will be used under hi gh

t enper at u{s coPrdcksas claivhed in ciEimnts; avherein the ratio of the volume of solvent to
the total weight of enantiomers of the primary amines is about 10:1.

16. _Process as claimed in dlalm 15, wherein the solvent Is acetonitrile.

17. Process as claimed in claim 17, wherein thé chiral acld is employed in an
amount of about 0.5 to about 1 equivalents of acid per equivalent of
“enantiomers of the primary amines.
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peFrod of ti.ne. 20 25

96 ‘ CLAI M5 1. A polyacetal
resin comnposition conprising 100 parts by weight of a

term nal -stabilized pol yacet al resin, and from-0.01 to 3.0 parts by
‘wei ght of at | east one aliphatic carboxyllc acid netal salt added
to said term nal -stabilized pol $8cetal resin, said at .
| east one E#%g@@&%p carboxylic acid netal sal t havi ng occl uded
therein at me netal com 10 pound sel-ected fromthe group

consi sting of a netal hydr oxi de and a netal chloride, and having

attached tprocess Foft SHE &Eiﬁ%ﬁ%ﬁro)ﬁ{tﬂ%mﬁlaIWﬁQﬁﬁd sel ected

fromthe group _consisting a met

chloride, QKERAPHesHesed %a@i m&e% Q8 nehey preparationn®fund and t he
‘at | east oppysystagriaét ached netal conmpound are,. respectively,
present in an anount of - from1 to 300 ppm by melght and in an
anount of fromX process for thepstergoseleptiivecsynthasdée of {Ri-tandl

ht of I I t,
We' ght o (12 ,|3-d%. Fyd 3l 1 Qﬁam miﬁ-&?dg%?gglﬁgéibﬂi@ifés Sf‘

sai east ~one oécl ude

as
one sur f aceREREiRef FeRting: SAFEHH g_an s-alk oxyy-subgfd tut §9n~$bﬁb0§Tt|on
accor di ng dimetiyloxinddlescwith a halogendedcetonitydile 4h thest one

. gl)'ngf‘g: : ﬁgﬁé&?&iﬂé’é \$f 2° substithtedPhdbersyl éfnéfd:ﬁ%ﬁga f GRThigenBERYP
cinchonidinium, or quininium catalyst. The resulting
alkylated oxindoles can be converted to primary amines by
' catalytic reduction in the presence of hydrogen gas. One of
the primary amines, such as enantiomers of 3-(2-aminoethyl)-
1,3-dihydro~1,3~dimethyl-5-metloxy-2H~indol-2~one, can be
enriched by contact with a chiral tartaric acid in an amount
sufficient to preferentially precipitate a salt of the chiral
sacid and one of the enantiomers. The product can be used in
the synthesis of sﬁereospecffic forms of physostigmine and

related compounds having pharmaceutical activity.

t

o084 - 1—
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97 of calcium mnagnesium barium zinc and strontium = flema=7 %3
The resin conposition according to claiml1,. where- in the netal of
said at | east one occluded netal com pound is selected fromthe
group consi sting of sodium potassium I|ithium calcium nagnesium
barium zinc and strontium - 28 - 4. The resin conposition
according to claiml1, where- 10 in said term nal -stabilized pol yacet al
resin is one whi ch generat es f-ornal dehyde gas in an anmount of

600 ppm by wei ght or |ess, based on the weight of said pol yacet al
resin, whyerimgated at 230 [err]C for 60 m nutes In a nitrogen
stream 15 5. The resin conposition according to claim11, which
further conprises from0.1 to 5.0 parts by weight of at | east one
addi tive gel ech ¢lobdsdMor e detedseiedlive Syhttbsis of an allgiated oxiridolesiwtertin a
pol ymer containing a fornmal dehyde- 20 reactive nitrogen atom a formec
aci d scavengerthegrocess COMPIIgeH: st abilizer and a nold rel ease agent.

6. The rgsin It ' Lia 5, where- in said
ant i oxi da S Eaé ﬁégsﬂaegﬁﬁéﬁﬁﬁﬁéra%“ﬁ%@@d% ant i oxi dant .
7

98 The resin conposition ording to claimb5, where-
in said pol yner containing aR&Qr deh -reactive : nitrogen atomis
at | east one nenber selected fr e
N o
{
| CHy
(N

where R is selected from the grbup consisting of methyl, ethyl, and benzyl, with
at least one equivalent of a halogenatéd acetonitrile selected from the group
consisting of chloroacetonitrile, bromoacetonitrile, and iodoacetonitrile, in a
biphasic reaction mixture having an aqueous phase odmprising a strong
inorganic base as a deprotonation ageﬁt and a solvent phase comprising an
organic solvent for the oxindole and a catalytic amount of a substituted N-
benzyl cinchoninium oz quinidinium compound of the formula

H‘O &
7N X~
“ .o . - -
—— j'o :‘9 L_‘_,)
AN/ H
Rz )I

or a substituted N-benzyl cinchonidinium or quininium compound of the
formula
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group consi sting of a polyam de resi.n“'i 'patl)ll;yécr yl am de and a

derivati¥e thereof, and a copol ynmer of- acryl am de w t h anot her

vi nyl fononer. 8. The resin conposi.tion according to claimS5,
wher e- in said formc acid scavenger is at |east one member

sel ected fromthe group consisting of an am no- substi tut ed
triazi ne conpound, an addition product bet ween an am no-substituted
triazi ne conpound and f ormal dehyde and a pol ycondensate between an

$hm no- 1514,  Broeess belottmet uﬁuam 'POQMSH Adtépdyatiie huedn of | ht
e resin co | L Qlhe® il! ﬁg ME e “Et:p ig
stabilizer f’éas %ﬁ%orre {Qaﬁ ke gn?ntl eog?%%p

consi sting of grmammm@&weamut 8 l to abouk 2.4k et ray absorber, an oxalic

anilide ultraviol et ray absorber and a hindered am ne |ight
stabilizer. 10 The resin conposition according to claim§5,

wher e- 15, Fhe oodl &b E{ ﬁ%ﬁr‘? 1$9W?1%rétﬁ ac‘t@aéflthg%l%gbo? "sofvént to

sel ected group consi

99 the total weight gbéﬂadﬂenmrg lof ¢od pdmﬂnaammasde apouti0:1.
contai ning aliphatic conmpound.

16. . Process as claimed in claim 15, wherein the solvent is acetonitrile.

17.  Process as claimed in claim 17, wherein the chiral acid is employed in an
S amount of about 0.5 to about 1 equivalents of acid per equivalent of
enantiomers of the primary amines.
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&) Process for the enanﬂoseleeﬂon gynthesis of alltylated o:dndoles used as lntetmedlatea in the
preparaﬂon of physostlgmlne.

& A process for th;e staraoselective. ‘synthesis of [Rl- and (S}-2,3-dihydro-1,3-dimethyl-2-0x0-1H-indole-3-
acetonitriles comprises raacting raceamic and S-alkoxy-substituted (:)-1,3-dimethyloxindoles with a halogenated
acetonitrile in the presence of a substituted N-benzyl cinchoninium, guinidinium, cinchonidinium, or quininium
cawlyst. The resulting alkylated oxindoles can be converted to primary amines by catslytic reduction in the
presence of hydrogen gas. One of the primary amines, such as enantiomers of 3-(2-aminoethyi)-1.3~dihydro-1,3-
dimethyl-5-mathoxy-2H-indol-2-one. can be enriched by contact with a chiral tartaric acid in an amount sufficient
ta preferentially precipitate a salt of the cniral acid and one of the enantiomers. The product ¢an be uged in the

- synthesis of stereospacific forma of physostigmine and ralated compounds having pharmaceutical activity.
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