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PROCESS FOR THE ENANTIOSELECTION SYNTHESIS OF ALKVLATED OXINDOLU USED AS INT.IR· 
MEDIAT&S IN THE PREPARATION OF PHVSOSTICMINE 

BACKGROUND OF. THE INVENTION . 

This invention relates ro a ·process for the selective synthesis of stereoisomers. More particularly, this · 
irivention relates to a pracess for the stereoselective synthesis of enantlomars of nitrlles and primary amines 

s that are useful in the synthesis of ( + )-physostlgmlna and (·)·physostigmine. 
The cholinergic neuronal system can be found In the central nervous system (ONS), in the autonomic 

nervous system, and in the skeletal motor system. Acetylcholine (ACh~ Is the neurotransmitter in all ganglia, 
the neuromuscular junction, and 1he po.t-ganglionic synapses of the cholinergic nervous system. Acetylcho• 
line ls normally an excitatory neurotranamittet that binds to nicotinic and muscarinic recepfDrs. 

10 Acetylcholineaterase (ACf'!E) Is an enzyme that hyclrol~zes anCf meraby deactivates ACh after it binds to 
a receptor. This enzyme is present in all peripheral and central junctional sitet and in cenatn cells of the 
body. 

tn some Qircumstances, it ls desirable to stimulate acetylchOline receptors. One methOcl Involves the 
use of indirect agonists, such as anticholineaterase drugs, which inhibit the hydrolysis of ACh by AChE. 

rs W~n an anticholinesterase drug blocks AChE and Inhibits the destruction af released ACh, a higher 
neurotranS'mitter level and Increased biological response result. The alkaloid, physosttgmlne, Which can be 
Isolated from ·the seeds of the Calabar bean, has been found to be particularly effeetive BB an an· 
tichollneaterase dtug. Physoltigmirie has a high affinity for AChE and ii capable Of Inhibiting AChE for 
prolonged periods. · . 

20 It is believed that degeneration of the cholinergic pathways in the CNS and the resultant development at 
.· apparent' irregularities in neuron arrangemenr may be a p(jncipal cause of senlle dememis of the Alzheimer 

type. This disease leada to progressive regression of memOty and l&amed fUncttons. Since the average age 
. Of the population is on the lncr&lie, ·the frequency Qf Alzheimer's disease Is increasing and requires urgent 
attention. · 

2s . It has. been suggested th•t cholinerglc .agonists, such as the anticholineaterase drugs, are useful In the 
treatment of Alzheimer's disease. Nevertheless, drug treatment with antieholinesterase drugs has n01: proved 
entirely sati'1'actOr'f. Thus, there Is a need in the.art for new forms of drugs for the treatment of this disease. 

The. eiiarttiomets ot physostigmlne and pharmaceutically active physostigmlne-llk8 compau.ndl, such as 
~-compounds ·described In U.S. Patent 4;791;107, are under investigation for the tteacment Of Alzheimer's 

·ao disease. In order ·to satisfy the. need lot c:ompounds having the higheat ·pharmaceutical activity, there exists 
a ·.need in the art for a· process for. the atereoselective synthesis Of tne enanttom~s. Specifically, the 
enantiomer (·}physostigmine is of currern Interest,. and while methOcls tor preparing physosligmine ~ 
phyl08tigmlne-lilce compounds ~ve ~eel') Proposed. there exls~ ·a need In the art far a stereoselective 
pt0eess .. for. producing tM S- .or (·Horms. · 

os It has been fou!'ld th~t the compound 1.,3-dimethyl-6-methoxyoxlndolylethylamine, also referred to as 3· 
(2·aminoethyl)·1,3-dlhydrc>-1,3-dlmethyl.;s-methoxy-2H·indol·2·one. is an Important Intermediate in a recently 
discovered method of synthesizing (-}·physost.igmine. While this amine can be prepared using conventional 
l&Chniques, a racemic mlxtllre is. usually formed. Resolution of the racemic amine mixture Into .Its R and 8 
components malcea It possible to synthesize ( + )-physostigmlne and (•)-physoatigmlne. 

. 110 . A process for the stereoselective synthesis Of the amines and their precuraota could provide certain 
advantages. Such a proceu co1.11d reduce or eliminate lhe need for resolVing mbctures of. enantiomers.­
Whlle stereoseleclive.synthes~s that are cataiyzed by enzymes are htghly enantioselectiva, nonioenzymatic 
processes have a· wide. range Of selectMty. Accordingly, the results obtained in processes based on 
.synthetic chemical techniques are generally unpredictable, · and successful results in stereoselecd'lfe 

ff syntheses have been diffic;uli to achieve. 
Thus, . there· exists a need in the art for rnelhods based on chemical techniques far producing 

enantiamers of physostigmlne and phyaostigmine-like compounds. There al~ e>Cists a need in the art for 
methods for the asymmetric synthesis of intermediates for use in the process. The metf1ad shOuld make it' 
po88ible to obtain the intermediates In a state of high optical purity. In addition, the PfOC88S should be easy 

so to carry out and Should employ reagents that are readily available. 

SUMMARY OF THE INVENTION 

Accordingly, this Invention aid• In fulfllllng these nHcl• in th• art by providing a process for the . . 
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stereoaelective synthesis Of an oxlndole, wherein the process comprises reacting a racemic oxlndole of the 
formula 

'°'cl::(~ .~ . I . . 
~. . 

H Q 
(1) 

I 
CHa 

where R is selected ·from the group consisting of methyl, ethyl, and benzyl, with at least one equivalent of a 
halogenated acetonltrlle selected front the group consisting of chloroacetonitrile, bromoacetonltrlle, and 

1s lodoacetonitrile. 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 
sol\/Gnt for the oxindole. The biphaslc reaction mixture includes a catalytic amount of a substituted N·benzyl 
cinchoninium or quinidinium compound of the formula · 

25 ·(I) 

or a substituted N·benzyl clnchOnldinlum or quininium compot.ind of the formula 

(%%) 

where li1lilli1il1f 
so A1 is a vlnyt group or an ethyl group, 

Rt la hydrogen or a methoxy group. 
X Is chlorine or bromine, 
Y is independently selected from the group consisting Of hydrogen, chlortn.-. bromine, fluorine, 
trifluoromethyl groups, and nitrile groupsi and 

SS n Is 1. 2. 3, 4, or s. 
The S-alkoxy•2,3edlhydro-1,3-dlmethyt-2-oxo-1 H-lndole+acetonltrlla• that are formed in the Pl'OC881 or 

this invention can be furthat reduced to thelr corresponding amines which can be used In lhe synthesis of 
1tereospeclfic forms of physoatlgrnine end phyaostlgmine·like compounds. In particular. the s-torm of 1.3-

3 
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dlmethyl·S·methoxyoxindolylethylamine is useful for preparing C+physostigmine. · 

BRIEF DESCRIPTION OF REACTION SCHEME 

a This invention will be more fully understood by reference to the reacdon scl'leme for the asymmetric 
synthesis of alkylated oxindoles 2a and 2b and conversion of these compounds to primary amines 38 and 
3b. The primary amines are usetul in the preparation of enantiomers of physostigmlne and physostigmlne· 
like compoun~ havin~ pharmaceutical activity. 

10 DETAlLED DESCRIPTION OF PREFERRED EMBODIMENTS 

The asymmetric synthesis of the present invention Involves conversion of an achlral substrate to a chiral 
product using a chiral reagettt. A prochfral function serves u the precuraor for a chlral product during the 
reaction. The following nomenclature and conventions are employed in describing this Invention. 

ts As used herein, 1he expression "asymmetric synthesis" meana a synthesis in which an asymmetric 
atom, instead of being in a molecule before the commencement Of the 1yn1hesls, is Introduced into the 
molecule in the course of chemical reaction. Thus, for example, the asymmetric synthesis of the present 
lrwention 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. 

:ea The expression "enantioselective synthesis" means 'a synthesis tl'lat produces one enantiomer of a 
given structure in considerable predominance over the other passible enantfomer. The enantloselective 
synthesis of the present invention typically produces the predominant enantlomer In an amount .of about 
700/o .to about 90%, usually about 85% to about 88%, of the total enantiomers formed as products at' the 
syn1hesis. · 

as As · U$ed herein. the expressions •enantiomeric miX\ure" and "mixture of enantlomers" are used 
interchangeably to refer ro racemic modifications of the enantiomers. The ~esaions also include· solutions 
containing. bOth Of the enanti0m~s •. wherein the aolullons exhibit either ( +) or (·) optical · rotation as 
obserwcl and measured with a polarimeter. · 

The terms "resolve• and "resolution• as use4 herein are Intended to encompass the complete or partial 
30 1epa~ation of two enantiomers of 5-allcoxy-substituted 1,3-dimethyl-lndolylethylamines, alao referred to as &· 

alkoxy substitUted-3·(2-aminoethyl)-1,3odlhydro·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 .or the 
enantiomers la obtain~ in a pure· state. The terms. ·are also Intended to encompass some degree. Of 
separation Of the enantlomers. lllf'herein neither of the .enantiomers Is obtained completely free of ·the other. 

• ·Separation of the.enantiomers may or mar not be quantitative. 
·. The heavy line in the. form Of a wedge · • 

in the ·formulas herein sJgnlfiff thar ·the substituents are above the average plane Of. the rfng system in 
connection with which the wedge appears. 1'.h• hea"Y braken ffnes In the form of a wedge 

signify that the substituents are below the average plane of the ring system. For example, in the fannula for 
·one of the primary aminea produced according to this invention. the methyl group in Che 3-polltlon Is above 

so the average plane of the oxinaote ring, ·whereas the arnlnoethyl group la below Iha average plane Of the 
ring. Thus, the methyl group ~ the amlnoethyl group are trB/IS to each other relative to the average plane 
of the ring. . 

ihe stereoselective synthesis of !ha Invention can be carried cut as Shown in the Reaction Scheme. 
Referring to ihe Scheme an oxlndole 1 can be alkylated with a halogenaied acetonlUlle In the presence Of a 

5& chiral catalyst to give an enantiomeric mixture comprising alkylated oxtndoles 2a and 2b, which are termed 
[R]· 8nd [S]-5-elkoxy-2.3-<lihydro-1.S-dimethyl·2-oxo·1H·inclole-3-acetonltl'ile&.·1t was surprllingty discovered 
that one of the alkyl•d oicindoles predominates In the reactiOn product. In addition, ll wai unexpectedly 
found that rtte alkylated oxlnclolee 2a and lb are obtained in relatively high chamleal yield. 

4 
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;. The crude enanUamer1c mixture compritlng the aikylated oxindolea 2a and 2b can be hydrogenated Jn 

--. 

the presence of a catalyst to form a mixture comprising primary amines 31 and 3b, which ara termed [RJ­
artd [S]-6-alkoxy-3-(2-arninoethyl)-1.3·dihyclro•1,3·dimethyl·2H•indol·2-ones. The primary amine 311 In which 
R is a methyl group 11 an important intermediate in the preparation of (-)·phy~atigmlne. 

s The primary arnine ahould be available in as pure a form of the optical isomer as possible in order to 
obtain high yields and optical purity of physostlgmine and physosttgmlne·llke compounds. Thia can be 
achieved by aelectlvely precipitating the enantiomer 3a or 3b with a chiral wtarlc acid to form a tartaric 
acid salt ca or 411. One method for preparing the enantiomeric mixture 31 and 3b wlll now be described in 
greater detail. 

10 The asymmetric synthesis of the present invention is carried out by the atereoselective alkylation of an 

15 

ao 

oxindole of the formula: 

(1) 

wherein the substituem · R Is selected from the group consisting of methyl (compound (1 a)), ethyl 
(compound (lb)), and benzyl (compound (1c)). The oxindole 1 la a racemic mixtUre. The o:idndole 1 ls 
employed in the Proct!SS Of this invention as a racemic mixture, whieh can be prepared by the synthetic 

25 methods diactosed In Juli..,,.· et al., J. Chem. Soc., 67:563·588 and 755-757 (1935) and In U.S. Patent 
4,791,107. . . - . 

The oxindole 1 can be eelectiVely converted to an enantiomeric mhcture comprising alkylated oxindoles 
2a lt\d a &Jaing a chlraJ phase transter catalyst E:icarnples of suitable catalysts are those derived from 
aub~utecl N·benzyl cinch~ninium or quinldlnlum .·or N·benzyl chinconidinium or qulninium halides. The 

30 reaction is char~rlzed by hlgi; enantiosel•ctivity. 
Mare particularly, the ateteoselectlve conVertlon of. oxindofe 1 to an enantiomeric mixture comprising 

· the alkylatad oxincloles 2a and 2b ~n be carr'ied out by stirring. a racemic mixture of the cxtndole 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 

as monitored by analyZ!ng the reaction mixture. by OLC for the formation of the alkylated oxindoles 2a and 2b. 

85 

The enantlQmer 2a or 2b that predominates is dependent upon the nature of tl'le chiral cataly11: that Is 
employed. · · · 

The chiral catalyst for the selective . eonverafon Of oxindole 1 to the alkylated oxindole 21 . or 2b is a 
·substltUted, N·benzyl cinchoninlu~ or. quinidinlum compound ,of the formula 

(%) 

or a substituted N•benzyl clnchonidlntum or qulnlnium compound of the formula 

6 
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5 

(ll) 

10 

rs where. 
R1 Is a vinyl group or an ethyl group. 
R2 is hydrogen or a methoxy group. 
x is chlorine or bromine, 
y is independently selected from hydrogen, chlorine, bromine, fluorine, trifluoromethyl groups, and· nitrlle 

20 groups: and 
n· is 1. 2, 31 4 or 5. The substiwted N·benzyl clnchonlnlum and the substituted N-benzyl quinidinium 
compounds have the form1.11a {I) in which Ra is hydrogen or methoxy, respectively. The substituted N· 
. benzyl clnchonldinium and the substituted N·benzyl qutninium compounds have the formula (n) In which F'2 
Is hydrogen 0r melhoxy, respectively. The preferred catalysts are eompounda In which Y ls.S,4-dichloro or 

a 4-trifluoromethyl. These catalysts can. be prepared by utilizing the procedures described in J. Ong. Chem. 
1987, 52, 4746-4752 and are commercially available from Fluka Chemical Co •• Hanppauge, N.Y. 11788, or 
from Chemi!=al Dynamics Corporation of South Plainfield, N.J. 

·.The. eubStiJuted· N·benzyf. Cinchonlnium and qulnidlnium compounds and .the substituted N·benzyl 
. cinchonidinium and quininlum .~pounCls are employed In the asymmetric synthesis of the Invention in an 

so amount &Ufficient to catalyze the reaction of the· oxinclole and the halogenated acetonltrile to produce one Of 
. the .enantiomers of tne alkyl&ted oxindolea -in a predominant amcunr ·over the other enanttomer. For 

examP48, the catalyst can be .empfoyed in an amount of about 5 to ~t SO mole % based upon the 
amount of oxindole 1 •. In a _preferred embodiment ·Of thts lnvenlion, the compounds are ·employed u 
·catalysts in an amount of abo\ll 10 to about· 1s mole % -based upon o>dndole 1. 

ss The substitLJted N·benzyl cin!Chontnium and, quinldinlum compounds provide the alkylated OXindole 2a in 
· excess While lhe S\lbstltuted N-benz:yl cinchonldinium and qulnlnium compounds yield .the alkylated 

oxindole ab In excess when the compaunds are used in a catalytically effective . amou~ It wiU be 
understood that the asymm&tric synthesis of this invendon can also _be carried out in the presence of a 
surfactant, such as Triton X-400. See U.S. patents 4,578.509 and 4,605,781. 

40 . Alkylaticm. of lhe OXindole .aPPiart to proceed by· conventional m~hanlams. For this reason it wu 
anticipated that a racemlc mixture of the alkylaled oidndolea would be obtained. Quite unel(f)eCtedly, 
howe'ler. it was found that the. alkylation re1ction wu ster808elective and that either one of the enantiomers 
ot the aikylmed oxindolea. can. be obtained ·1n excess, depending upon the cheice Of catalyst. Moreover, the 
. praclomlnanl enantiomer ia obtained in high chemical yield. The chemical yield is at least abCM 80% based 

•5 on oxfndole 1, and is generally about 85% to about 85% based on oxlndOle 1. 
The stereoselectlve Synthesis of this Invention Is carried out in a biphasic reaction mixture comprised of 

an organic solvent phase containing the racemic mixture of oxinaole 1 and the catalyst and an aqueous 
phase containing a strong Inorganic baa. The oxindole , and the catalyst are dlssarved in an aromatic 
hydrocarbon solvent Halogenated aromatic solvents and haloginlled aliphatic solvents can also· be 

so employed. Typical Of the SOl'lentl that can be utilized are benzene, toluene, xylene. chlorobenzane, .and 
methylene chloride. SOIVent mixtures of hexane and cycl~ane can also be utilized. Technical grade 
solvents have bean fOund to yield acceptable re1ults. The preferred solvent ls toluene becauae reaction 
mixtures containing this solvent gave the highest 1electh1ely of 1he atkylated oxlndole 2a or It» in the 
uamples hereinafter. The selectivity obtained with other solvents can be optimized with a minimum of 

ss experimentation. 
The aqueous phase of the reaction mixture contains a strong Inorganic base, such u potassium 

hydroxide, sodium hydroxide. or tidiium hydroxide. Technical gtade bases have, been found to produce 
acceptable resultt. The preferred base la sodium hydroxide bec•use Df lta low cost, avallabillty, encl 

e 
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effectiveneas in the procesa of the invention. 
The inorganic base is employed in an amount sufficient to support catalysis. of lhe reaction. The base 

t1.1nctions as a deprotonation agent. It has· been found that the concentration ot the base in the aqueous 
phase affects the selectivity. The concentration of base in the aqueous phase ls typically about 250/o to 

6 abou_r SOo/o by weight. As the concentration of base decrnaea. the selectivity for one of the alkyfated 
oxlndole decreases. 

The aqueous phase containing the inorganic base should .have minimum solubility in the organic solvent 
phase containing the racemic oxlndole 1 and the catalyst in order to maintain a biphasic reaction mixture. 
The volume ratio Of the organic phase of the reaction mixture to the aqueous phase ls typically about 3:1 to 

to about 10:1. A reaction m~re containing rhe organic phase and the aqueous phase in a volume ratio Of 
about 5:1 has been found to produce favorable results. · 

The organic solvent pttue and the oi<lndole 1 In the reaction mixture is generally about· 20:1 to about 
80:1, preferably about 30:1 to about 45:1. The pat1icularty preferred ratio is about 40:1. These ratios are 
expressed as the volume of the organic;: 1olvent phase to the weight of the OXinclole 1. 

ts The alkyladng agent for the racemic mixture of axindole 1 can be a halogenated acetonitrile selected 
from the group consisting Of chloroacetonitrile, bromoacetonitrile, and lodoaCetOnltrlle. ChloroacetoniU'lle is 
the preferred alkylaling agent because it has provided the highest selectivity of the allcylatec:J oicindoles aa 
and 2b. Technical grade alkylating agents have yielde~ satisfactory re&Ults. 

The halogenated acetonltrile is employed In an amounr of ar least about one equivalent. and preferably 
- 20 about 1. 1 to abOut 1.s equivalents, of the racemic mixture of oxindole 1. Increasing the amount Of the 

alkvlating agent relative to ttie oxindole generally increases chemical yield, althOugh there it no apparent 
advantage in utilizing the alkylating agent in large excess. · -

The stereoselectlve synthesis Of the invention is generally carried out at a temperature of about 5 • C to 
abo&Jt. 30 • C. Lower temperaturH are generally accompanied by higher selectivity of the alkylated oxlndole 

25 2a or lb, although cautionmust be exercised to avoid the inorganic base from separating from the aqueoua 
solution at low temperatures. The preferred temperature range for carryJng o&n th& synthesis is about 15" C 
to about 25 • c, especially about 20 • C. 

The stereoselectlve ·synthesis of !he alkylated OXindQle 2a or 2b is an exothermic reaction. The reaction 
mixture can. be cooled. by internal Qr external means to maintain the reaction .temperature. The need for 

:w cooling can be minimized and .. even avoided by gradually adding . the halogenated acetonltrile to t:na. 
biphasic reac1ion mixture. 

tt Is desirable to provide an inert gas blanket over the biphasic reaction mixture in which the 
asymmetric synChesis Is _carried out in order to exclude oxygen trOm the reaction. Examples Of cultable inert 
gases fnclude nitrogen, argon, and helium. Nitrogen Is prefettecl for economic reasons. 

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

tt. has been found that alkylation of the racemic mixture of oxindole 1 proceeds very rapidly. With 
gradual addition of the allcylatlng agent to the blphasic raiction mixture, the reaction la generally complete _ 
within about 1 to about 2 hours. Shorter l'.88Ction times can be employed, althOugh cooling· ot the reaction 

40 mi:icture may be required. Similarly, longer reaction periods· can be utilized, altl'lcugh Chere· IS no apparent 
- advantage. In extending the reaction _time. In any event; .the alkylating reaction 19 cartiecl to substantial 

«;0mpledon, which can· be monitored by gas chromatography or other suitable means. In order to optimize 
selectivity for the alkylated oxlndole 2a or 2b, the reaction mixture should be agitated. -

The blphasic reaction mixture can be prepared as fOllows. The racemic mixture of oxlndole 1 can be 
46 . . dissolved in the organic aolven(and the catalyst ean be added to the resultlng SOiution. The aqueous 

solution of the Inorganic base can then be added to the organic solution and stirred tor a suffieient period to 
form the blphasic reaction mixtUre. Mild stirring for abOut 10 minutes has been found to be sufficient to form 
the biphasic mixture. The ·halogenated acetonltrile employed as the alkylatlng agent can then be added to 
the· biph11sl~ reaction mixture. Slow addition of the alkylating agent impro~ selectivity for rhe predominat· 

so ing alkytated oxlndole 2a or 2b. 
The optical purity of the enantlomers formed In the process of this Invention can be expressed as the 

excess of ttie enantiomar in tt\e reaction prod"ct as a percentage ot the total enantiomers In I.he ortglnal 
.aolurion. The amount of an enantlomer Is convenlentty ex:pre ... d •• tht percent enant10m1rlo 1icc111 • 

. which Is abbreviated "o/o ee". The petcent enantiomaric excess can be calculated a.follow&: 

7 
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t ea • j(AJ•CBJl x 100 
( [A]+[B]) 

[A] is the concentration of one of the enantiomers, and 
[B] is the concentration of the omer enantiomer. 
In a c:ompletely resolved material, the enantiomerlc exceaa is equal In weight to the total material so that % 

10 ee, and thus optical purity, is 100%. The concentration of each of the enantiomers Is, of c:ourse, expressed 
on the same basis, and can be expresaed on either a weight or- molar basis beeaUse the enantiomers have 
the same molecular weight. 

A number Of aubstituted N-benzyl cinchonlnlum 1atts have been screened for selective conversion of 
oxindole 1 to alkylated oxindote -za. All the reactions ware carried out by stirring a mixture of oxindote 1 (2.S 

rs mmol) and the appropriate catalysr (0.25 mmol) In a two-phue system conalsdng of 8 ml of 50% NaOH 
and 20 ml of toluene under nitrogen for 10 min. A soludon of chloroaeetonitrile (2.75 mmof) in 20 ml of 
toluene wu then added via a syringe pump over a period of 1 hour. After completion addition. the reaction 
mixture wu analyzed by GLC for chemical conversion. Enantiomaric eiccess of alkylated oxindole 2a was 
determined by HPLC on a Chiralcel OD column or a Chlracel OJ COiumn (Oaicel Chemical Industries Ltd.) 

_ 20 and by NMR spectroscopy u1ing lrls[3·(heptafluoropropyl·hydroxymethylene-d-camphoratoJeuropium (Ill) as 
the chiral shift reagent. The resultl are 1umm~ri2ed In Table I • 

:as . 

. 40 

•5 

&O 

55 
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':able 1. AaC9ti:ic ~lation of O&J.ndole i 
Ql~hlral Ph11a 'lflQlfll cai.alzsta 1 

5 

H ~ 

·o~x-
10 ~ ···J...... . 

HH N~· 
(I) 

fS 
Rt 

h , 

• • 

ilO 
l1Pt8 •. <:atalzat.a ' '' 21 

.81 .&2 % x 
1 vinyl B H Cl >3 
2 vinyl H H Ir 10 
3 vinyl H 2-F Ir 5 
4 v~nyl K 2-c:"a . Br 4 s vinyl B 2,1- 12 Br :11o3 
6 vln:rl R 3-P . Br I 

30 ' vinyl B 3-Br Br 48 
8 vinyl B 4-k k 68 
9 vinyl B 4-cl' .. b. 72 

10 -Vinyl .K 4-Clf
3 

k >2 
11· vinyl H 3,4-C12 Cl '78 

as 12 vinyl H 3,4•Cl2 Ir 77 
13•• vinyl R 3,4-C12••• C:l 17 
14**** vinyl H 4•Cl'3 . Br 61 
15 It B 4•Cl'3 Ir '' i6 _vinyl OCH H Br 39 

40 17 vinyl OCH~ 3,4-Cl2 :az 77 

•4-c:r 38.CNB . . . 
'5 ••111 colu.ene/hazanea 

. ***.3, 4•C:lz-BCllC . 
****25t HaOH 

• 
• Substitution In . the 3. 811dlor 4 position of the benzyl moiety of 1he catalyst with electron withdrawing 

50 groups. such as Br, Cl, or CF11 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 tf1e 
N·atom of the clnchonlnium catalyst. Thac the observed enhancement of % ee by •lectron withdrawtng 
groups is mainly due to· inductive effect and not resonance effect ls suggested by the low % ea observed 
for the 4·cyanobel'.lzylcinchoninlum bromide, (Expt. 10). Th& fluoro•substltuteCI catalysts gave unexpectedly 

55 tow % ee for reasons not yet identified, (Experiments 3 and 8). As expected, the dihydroctnchOninium 
catalyst beh8'19d similarly to the corresponding cinchoniniu~ salt. (Experiments 9 and 15l!. UneJCpSCtedly, a .• 
moderate% ee wis observed with benzylqulnldlnium bromide, (Experiment 18). No further improvement in 
% ee was obeetved when the benzyl group \lU further substituted with an electron withdrawing group, 

a 

Received Time 2 2. F e b. 2 2 : 2 4 Print Time 22.Feb.22:52 



I 

IP 0 438 788 A2 

(Experiment 17). A slight counterion affect 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, "counterlon effect was 
nonexistent. · 

It is generally not possible to separate the predominant alkytated oxindote trom the other oxlndale 
s formed in the stereoselective synthesis of the invention. Therefore, the crude mixture containing the 

alkylated oxlndole is employed. in the next step of the reaction, which involvea the conversion of tne nitrlle 
groups of the alkylated oxindoles to the cor$spondlng primary amines via catalytic reduction iii the 
presence· of hydrogen gas. Thia step of the reaction can be carried out using con'llenr.onal techniques. For 
example, the crude reaction product from the stereoSEilective synthesis can 'be taken up in a suitable 

10 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 Pt<n or platinum on carbon, in an aqueous. 
alcoholic, concentrated HCI medium to form a mixture comprising primary amines 3a and 3b. The catalyst 
is typically employed in an amount of about 5% to about 50% by weight. The reaction carried out at a 
temperature of about 16 • C to about 30 • 0 for about 1 hour to about 2 hours undl the reaction proceeds to 

1s substantial completion. Acids, such as •ulfuric acid. phosphoric acid; and hyClrobromlc acid, can be 
employed in place of HC1. The % ee of the primary amines are formed in approximately the same reli1Uve 
proportion as that of the oxindoles at the start of the catalytic reduction of the nltrlle. 

The o/o ee of the primary amines 31 and 3b In the enantiomeric mixture from the reduction reaction can 
. .be further improved by resolution with an optically active derivative of tartaric acid. Different solubility 

20 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 enantiarner In an optically purified state can be recovered from the 
preclpita~e by treattn~ with a mineral base. 

as More particularly. lhe enantfomers of the primar}t amines can be resolved with a chiral acid selected 
from the. group contisting of dibenzoyl·D-tartaric aeid. dibenzoyl·L·tartaric acid, ditoluoyl D-tartarlc acid, or 
ditoluoyl·L-tartaric acid. The preferred Chiral ~id Is dibenzoyl-D-tartarlc acid, because th!it 8-enantiomer of 
1,-3-dimethyi.&-methO,(yoxindolylethylamine can be selectively precipitated from an enantiomerlc mixture 
~itti this acid in relattvely high optical purity. It Is preferred that the chiral acid be In a substantially optlcally 

aa pure state. The 0-form of the chiral acid can be employed to preferentially precipitate enantlomer 3a. Whlle 
the L·form of the chiral acid can be employed to preferentially precipitate the enantlOrner 3b. 

The amount of the chiral acid employed in the enrichment process will generally be abaut 0.5 to about 
1 equivalent of acid per equivJlent of the primary amine, and preferably abOut 0.6 to about 0.8 equhralent. It 
has been found that the amount of the chiral acid used as the resolving agent can affect the identity of !he 

3B enantiomer of the primary amine that Is preferentially precipitated. For example, when the racemlc amine 
3a and 3b is treated with one or more equivalents of dibenzoyl-0-tartaric acid In an 143propriate solvent. 
such as acetonltrile, the diastereameric salt corresponding to the R-enanti(!mer 3b Is preferentially 
precipitated. On the other hand, when less than 1 equivalent of dibenzoyl·D-tattarlc acid Is employed, the 
diutereomeric salt corresponding to the S-enantiomer 3a Is preferentially precipitated. In the preferred 

40 method · of carrying out the .,,richment process of the invention, the enantiomer 3a is preferentially 
precipitated ·trom a racemi~ mixture of 3a ·and Sb with dibenzoyl·D-tartarlc acid In an amount of about o.e to 
about 0.9 equivalent of the aeld pet equivalent of the primary amine. 

The enriehment process Is catried out in a solution ·comprising the enantlomers and the chiral acid. The 
solution ts.prepared with an organic solvent in.Which the enantiomers ana the chiral acid are soluble, but in 

"' which one of .the tartaric acid salts of the enantiomars is _less soluble so ihat one of the salts of the 
· enantiomers. will preferentially precipitate. The solvent is typically a liquld Organic compound. such as a 
· cyclic or acyclic subsdtured hydrocarbon •. Ethers, such as diethyl ether. diO>Cane, ana tetrahydrofuran. can 
be employed. Examples of suitable halogenated solvents are methylene chloride and chloroform. The 
organic compound can be an aromatic compound, sucti as toluene or xylene. Aliphatic nittiles, such as · 

50 acetonitrile and proplonllrile,. can also be employed. The preferred IOIYent ls acetonitrlle. 
The ratio of the salvent 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 enantiometS 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 enan1iorners in the solvent. 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 enantlomera Is 
about 10:1. 

The solution containing the enantiomert can be prepared by dissolving the enantiotneric mixture In the · 
solvent: Dissolution can typically be carried out at a temperature of about o' C to about 80 • C. but will 

10 
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generally be carried out at room temp&rawre of about 1a· C to about 22· c;. Similarly, the chiral acid can be 
dissolved in a solvent, which· is generally the same aolvent as the solver1i employed for the enantiomerie 
mixture. 

After the resolving agent is added to the solution of the enantiomers, the resulting solution is aged 
5 under conditions to form a precipitate comprising a salt of the chiral acid and the enantiomer that Is 

selectively precipitated. Aging is typically carried out at a temperature Of about O • C to about 30 • C. The 
use of temperatures within the lower end of this range will generally facilitate the formation at precipitates 
and Increase the yield because-the salts are generally leas soluble in the solvent ai the lower temperatures. 
On the other hand, the use of temperatures within the upper end of this range will generally provide higher 

ro selectivity: that Is, formation of one of the salts of the enantiomers will be favored over the other salt. 
· Resolution of the enantiomerlc mixture of the primary amines according to this invention provides a 

precipitate of one of the enanliomers In the form of a salt of tartaric acid. The tartaric acid salt can be 
converted to the corresponding free base by con\l'entional 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 

1s non-ioxic inorganic base in an amount sufficient lo provide a substantially basic mixture. Examples of 
suitable bases include sodium hydroxide, potassium hydrolCide, sodium carbonate, and potassium car­
bonate. The amine is extracted .with an organic solvent from the aqueous solution. An organic solvent, such 
as methylene chloride, ethyl acetate, diethyl ether, or toluene, can be employed fOr this purpose. The 
organic phase can be separated from the aqueous phase. Evaporation of the solvent from the organic phase 

20 provides the amine. In the form of a free base, which can genetally be utilized without further purification. 
Conversion of the tartaric acid salt to the corresponding free base can be carried out at am~ent 
temperatures. 

The optical purity of the primarv amine 3a or lb expressed as o/o ee. obtained by rhe asymmetric 
synthesis of rhis Invention and_ resolution with the optically active· derivative Of tartaric acid will ryplcally be 

as 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 98·99% ae by one or 
two recrystallization steps. Optimum enrichment levels can be achielled with a minimum Of experimentation. 

The atereaaelective synthesis of the·.alkylatad oxindoles 2a and 2b according to the presem Invention · 
makes it possible to ·substantially Increase the ohemica' yield· of the enantlomer of me primary amine 3a or 

30 3b of Interest in the enrichment atap. ·Specifically. enriChment of an enantlomerlc mixture of the alkylated 
oxindales in which one of. the allcylated OJ<indoles predominates (as in the proceas of the Invention) will 
.result In a higher chemical yield of me primary amine Of. lntereat than enrichment of a racemic mixture of 
the alkylated oxindoles, because of the. hlgher concentration of the desired enantlomer in the starting 
mixture. . · 

35 The concentrauons of.enanttomera ln a reaction mixture o~necl In this invention can be clatei'rnined by 
(1.) treating the primary amine with <+menthyl chloroformate, followed by HPLC analysis of the corraapond· 
ing diastereomeric carbamates; or (2) by treating the amine with ( + )-carnphorsu11ony1 chlOride, followed by 
HPLC analysis of the corruponcling sulfonamide. The relative compoaitlon ot a mbdure of enantiomers is· 
given by the areas under the peaks correspanding to the 'diastereomers In HPLC chromatograms. 

40 The absolute configuration of the enantiomer Is assigned by converting the aminn co known com-
pounds whose 8b8olute configurations have been estabUshed. For example, the absolute configuration Qt 

· the carbon atom at the· 10·poaltlon of the priman' amine can be deter,.,,lned by converting the tlrtatic acid 
salts of amines 3a or 3b Into the co«esponding optically pure primary amine 3a or 3b by neutraliiation with 
dilute NaOH. Tbe resulting ·optically pure primary amine can be reductively cydizsd in ·high yield by 

46 refluxing the amine in n-butanof In the presence of excess sodium metal. The . product can then be 
-derivatized with (s)·(")"Cll·methylbenzyl isocyanate. The optical puriiy and absolute configuration of the 
resulting product can be confirmed by HflLC analysis according to the method of 8chonenberger and 
Brossi, Helv. Chim. Acta., 89:1488 (1988). • 

This invention will be more fuCly understood by refel'ence to the folloWing. examples in Which all parts, 
50 proportions. ratios, and percentages are by weight unless otherwise Indicated. 

~~~~~~~~~~-

Chlral Phase Ttansfer AJkylatlon 

Example!. 
GS 

N-[4--(Trifluoromethyl)benzyl}cinchoninium Bromide~ Catalyst 

To a solution ·containing 0.48 g of (:l)-5·methoxy·1,3 dlmethyloxindole in 20 ml of toluene was added, 

11 
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under nitrogen, 0.13 g (10 mole %) of N·(4•(trifluoromethyl)·benzyl]cinchoninium bromide (4-CF,-BCNB) 
followed by 8 ml of 50% NaOH. After stlr~ng 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 ml of 
ice-cold water was added. The mixnire was filtered throogh a small ceffte pad rinsing with 10 ml of toluene. 

s The filtrate was transferred to a separatory funnel, and the 2 layers were separated. The toluene extract was 
concentrated under reduced pressure and the residue was analyzed Ort a Daicel Chiralcel OD column 
eluting with a 10% isopropanol·hexane mixture. The enantiomerlc excess of compound 2a in whicn A is 
methyl was determined to be 72%. -

10 Example 2 

N•[3,4·(0ichloro)benzy1Jcinchoninium Chloride ~ Catalyst 

The procedure described. in Example 1 was repeated with 0.12 ·g of N-(3,4-(dichloro)benzylJ. 
1s cinchoninium chloride (3,4·ClrBCNC) in identical fashion. The enantlomeric excess of compound 2a in 

which R is methyl was found to be 78% as determln•d by HPLC assay of the teaction mixture. -

Example~ 

ao N·(4-8r0mobenzyl]cinchoninium Bromide As Catalyst · 

The procedure described in Example 1 was repeated with 0.14 g of N-(4-bromobenzyl)cinchonlnium 
bromide (4-Br·BCNB) in identical fashion. The enantiomeric excess of compound 2a in which R is methyl 
was found to b9 88% as determined by HPLC assay of the reaction mixture. -

Example~ 

N-(3-Bromoben.:yl)clnchoninium Bromide As Catalyst 

aa The procedure described in Example '1 was repeated with 0.14 g of Ni3-bromobenzyfJcinchon1n;um 
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•Benzylquinidlnium Bromide Al Catalyst 

The procedure described in Example 1 was repeated with 0.13 g N·benzylquinidinium bromide (BQNC} 
in ide.ntic1I fashion. The enantiomerlc excess of compound 2a in which R is methyl was determined to be 

40 39% by HPLC assay of the reaction mbcture. -

Example! 

N·[3,4·Dichlorobenzyl]qµinidinium Chloride As catalyst 

The procedure described in Example 1 was tepeated with 0.20 g of N-[3,4-dichlorobenzyl]quinidinlum 
chloride (3,4-C12·BQNC) in identical fashion. The enantiomeric excess of compound 2a in which R is methyt 
was determined to be 77% by HPLC usay of the reaction mixture. -

so Example! 

N·[ 4-(trlfluoromethyl)benzyijdihydrocinchonlnlum Bromide As Catalyst 

The procedure described in E><ample 1 was repeated with. 0.13 g of N-[4--(trifluoromethyl)benc:yl)­
ss dihydrocinchoninium bromide (4-CF2·H2·BCNB) in identical fashion. The enantiomeric excess of compound 

!! in which R is methyl was found to b~ 89% by -HPLC assay. 

example! 

12 
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N-[4-Chlorobenzyl)clnchoninium Bromide ~ catalyst 

The procedure described in Eicample 1 was repeated with 0.13 g of N·(4-chlorobenzyi)cinchoninium 
bromide (4·Cl·BCNB) in identical fashion. The enantiomeric eKcess of compound 2a in which R is methyl 

s was found 10 be 70% by HPLC assay of the reaction mixture. -

Example! 

N·[3,4-(Dlchloro)benzyl]cinchoninium Bromide !! Catalyst • 
10 

The procedure described in Example 1 was repeated with 0.12 g of 3,4-Cl2·BCNB in identical fashion. 
The enantlomeric excess of compound 2a in which R is methyl was found to be 77% as determined by 
HPLC assay ot the reaction mixture. - · · 

1s Example~ 

Step (A): N·[3,4·(Dichloro)ben2yl]cincho11ium Chloride As Catalyst -- ----
To a mixture·contBinlng 5.0 g of (&)·5·methoxy·1,3 dimethyl·o1<indole and 1.92 g of 3,4-012·BCNC (15 

RO mole %) in 200 ml of toluene was added under an efficient N2 purge 40 ml of 500/o NaOH. After stirring this 
mixture for 10 min., a solution containing 2.17 g of choloracetorlitrile in 20 ml of toluene was added over 1 
hour. After complete reaction, the mixture was cooled to 10·15° C, and 180 ml of ice-cold H20 was added. 
The reaction mixture was filtered through a Cellte pad rinsing with 40 ml of toluene. The combined filtrate 
was transferred to a separatory funnel, and the 2 layers were separated. The toluene solution was extracted 

as with 100 ml of cold 3N HC1, and 100 ml ot cold Hao. After evap0ration of solvent, 5.02 g (83%) of 
compound 2a in which R is methyl was isolated as a slightly brownish oil. The enantiomerlc excess of 
compound 2a was determined to be 7S% by HPLC. 

Step !!t Catalytic Reduction ~ ~ ~ Primary Amines· 

The nltrlle, 2a, obtained from Step (A) was tal<en up in 50 ml of methanol and 7.25 ml of concentrated 
hydrochloric acid. A sample of 0.5 g of Pt02 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 

115 of Ice-cold water. The acidic aqueous solution was first extracted with 50 ml of methylene chloride, and then 
basified with 5 ml of 50% NaOH. The b&sic aqueous solution was e>Ctracted with methylene chloride (3 x 50 
ml). The combined organic eldract was dried (Na2S04-) and concentrated under reduced pressure giving 
4.70 g (92%) of the corresponding amine, 3a. 

· 40 Step (C): Enrichment ~ ~ !!r Selective Precipitation With Chiral Tartaric Acid 

The amine, 3a from Step (B) was dissolved in 25 ml of acetonittile. A solution containing 6.42 g of 
dibenzoyl-O·tarlaric acid in 25 mt 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 a white soffd. This solid was 

4& recrystallized from 80 ml of 10% water-acetonltrlle mixture giving 7.88 g (47.4%) of the tartrate salt of the 
amine: m.p. 138·137' C. The optical purity was determined to be 99% by means of derivatlzatlon with ( ... )· 
camphorsulfonyl chloride followed by HPLC analysls of the corresponding sulfonamtde. 

Example .!..! 
so 

N·[ 4·(Trlfluoramethyl)benzyl]clnchonidlnium Bromide ~ Catalyst 

Use of this catalyst gives predominantly the isomer leading to ( + )·physostigmine. 
To a stirred solution containing 1.19 g of 1.3-dimeth~1·5·metho1<voxindole and 0.83 g of 

55 chloroacetonitrile in 50 ml 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 solutlon was washed with 
water. and then concentrated under reduced pressure to give the desired product in quantitative yield. The 
enantiomeric excess (ee) of enantlomer 2b was determined to be 41% in the following manner. The nitrile 
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was reduced to the corresponding amine as described in Step (B) of Example 10, followed by derivatization 
of the amine with (-)·menthylc~loroformate with HPLC analysis of lhe resultant c:arbamate on a Whatmann 
Partisil PXS 10125 column eluting with 10% acetonitrile/ methylene chloride (2 ml/min; 25• nrn detection). 

Example 12 

N~[3·(Trifluoromethyl)benzyl)cinchoninium Bromide as Catalyst 

The ·procedure described in Example 1 was repeated with 0.13 g of N·[3·(trifluoromethyl)benzyl]· 
10 cinchoniniom bromide (3-CF:rBCNB) in identical fashion. The enantiomeric e>ecess of compound 2a was 

·found to be 68°4 as· determined by HPLC assay of the reaction mixture. -

E><ample .!_! 

rs N·[3.4(Dichloro)benzyl]cinchoninium Chloride as Catalyst ..,nd ( + )·5·Ethoxy•1,3·dimethytoxindole as Sub· 
Strate - - --

To a mixture containing 2.15 g of (.t)·5-ethOJ<y·1,3-dimethyl-oxindole, also referred to as l,3·dihydro-1;3• 
dimethyl·5·ethoxy·2H·indol·2·one and 0.77 g of 3;4-Cl2·BCNC (15 mole%) in 80 mf ·of toluene was added 

ao ·under an efficient Na p1.1rge 18 ml of 50% NaOH. After stirring this mixture for 10 min., a solution containing 
0.87 g of chloroacetonitrile in 8 ml of toluene was added over 1 hour. After complete reaction, 48 ml of ice 
cold H:lo was added. The reaction mixture was filtered thtough a Celite pad rinsing with 20 ml ot toluene. 
The combined filtrate was transferred to a separatorv funnel, .and the two layers were sepatated. The 
toluene solution was extracted with 20 ml of 2N HCI, and twice with 20 ml of H20. After evaporation of 

a solvent, the slightly brownish oil was assayed on a Dalcel Chiralcel OD column eluting· with a. 10% 
isopropanol·he>eanes mixture. The enantiomeric excess of the compound 2a in which R is ethyl was 

ao 

determined to be 71 %. -

.Example~ 

N-[3,4-(Dicliloro)benzyl]cinchonlnium Chloride !! Catalyst ~ (:t)·S·Benzyloxy·1,.3·dimethyloxindole !! 
SUbstrate 

The procedure described in Example 13 was repeated with 2.80.9 of (t)-5•benzyloxy•1•1,klimethylox· 
as indole, also referred to as 5·benzyloxy·1,3-clihydro-1,3~imethyl•2H·indol·2·one in identical fashion. The 

enantiomeric e>ccess of compound 2a in which R is benzyloxy was determined to be 73% by means of 
HPLC assay on a Oaicel Ctiiralcel OJ-column eluting with 40% isopropenol·hexanes. 

The compound (~)·5•methoxy•1,3•dimethyl·o>eindole employed in the E><amples is also referred to as 
1,3·dihydro-1,3-dimethyl·5·methoxy·2H-indol·2·one. 

AO The process of this invention has a number of advantages. The process for the stereoselective 
synthesis of enantiomers provides precursors ot physostlgmtne and physoatigmlne·like compounds in high 
chemieal yield and purity. The availability Of one enantiomer ot a given structure in considerable 
predominance O\ler other enantiomera mal<es it possible to enhance the results obtained when the 
enantiomers are subsequently resolved. The techniques for ·carrying out the stereoselective synthesis· do 

46 nol present any unusual difficulties. The reagents required tor the process are readily available or can be 
easily prepared using con11entional techniques. This invention provides a practical, economical process for 
the total synthesis of selected enantlomers of physostigmine and related compounds. 
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Claims 

1. A prcce~s for the stereoselective synthesis of an alkylated oxindole, wherein the process comprises: 

a) reacting a racemic o~ndole of the formula 

where R Is selected from the group consisting of methyl. ethyl, and benzyl, with at least o"e 
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Claims 

1. A process for the stereoselectill'e synthesis of an alkylated oxindole, wnerein the process comprises: 
a} reacting a racemic oxindole of the formula 

1111u11ii1nr 
where R is selected from the group consisting of methyl. ethyl, and benzyl, with at least one 

' lllllll llllll lllll 111ll 111111 
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equivalent Of a halogenated acetonitrile selected from the group consisting Of chloroacetonitrile, 
bromoacetonltrlle, and iodoacetonitrile, in a biphasic reaction mhrture· having an aqueous pl'iase 
comprisi,,g a strong inorga,,ic base as a deprotonation agent and a solvent phase comprising an 
organic solvent for the oxindole and a catalytic amo1.1nt of a substituted N·benzyl cinchoniniuM of 
quinidinium compound of the formula 

20 or a substituted N•ben2YI cinchonidinlum or. quininium compound of the formula 

25 ll, 

110 

35 

50 

where 
R1 is a vinyl group or an ethyl group. 
Ra is hydrogen or a methoxy group, . 
xis chlorine or bromine. -

(I) 

Y is independently selected from the group consisting of hydrogen, chlorine, bromine. fluorine, · 
ttitluormethyl groups, and nltrile groups, and 
n is 1, 2, 3. 4, or 5. 
b) optionally converting nltrile groups of the resulting alkylated oxindole to corresponding primary 
amines by catalytic reduction in the presence of hydrogeri gas to form. a mixture of enantlomet& of 
the primary amines. and 
c) contacting· the mixtUre of eriantiomers of t~ primary amines with a chiral acid sel~tecl from the 
group consisting of dibenzoyl·D·tartarlc acid, dibenzoyl•L41artaric acid, di·totuoyl·O-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 resuitlng precipitate, and 
d) basifying the·resultlng tartaric acid salt to form the corresponding free base. 

2. Process as claimed in claim 1, wherein the halogenated acetonitrile Is ·~out 1.1 to 1.5 equivalents 
based on the 01dndole. 

ss 3. Process as claimed in claim 2, wherein the halogenated acetonitl'ile i~ chloroacetonitrile. 

4. Process as claimed in claim 1, wherein the stereoselectfve synthesis is carried out at a temperature of 

about so· c to about 30° e. 

16 
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.. s. Process. as claimed in claim 1, wherein the stereoselective synthesis Is carried out in an inert gas 
'"' atmosphere . 

. 8. Process as claimed in claim 1, wherein substantially all of the oxindole is reacted with the halogenated 
& acetonitrile. 

10 

7. Process as claimed in claim· 1, wherein the blphasic reaction mixture is stirred. 

8. Process as claimed in claim 1, wherein R is methyl and Y is 3,4-dichloro or 4•ttifluormethyl. 

9. Process as claimed in claim 1, wherein the solvent is selected from the group consisting of benzene, 
toluene, xylene, chlorobenzene, methylene chloride. and a mixture of one of the above solvents with 
hexane or cyclohexane. 

1s 10. Process as claimed in claim 1, wherein the aqueous phase contains about 25% to about 50% by. 
weight of the inorganic base. 

20 

11. Process as claimed in claim 1, wherein the organic solvent phase and the aqueous phase in the 
biphasic reaction miidure are in a volume ratio of about 5:1. 

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

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

14. Process as claimed in claim 1c), wherein the ratio or the volume of solvent to the total weight of 
enantiomers of the primary amines is about 8:1· to about· 12. 1 . 

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

18. Process as claimed in claim 1 S, wherein the solvent is acetonltrile. 

:is 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. enantiorners of the primary amines. 

40 
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