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PROCESS FOR THE ENANTIOSELECTION SYNTHESIS OF ALKYLATED OXINDOLES USED AS INTER-
MEDIATES IN THE PREPARATION OF PHYSOSTIGMINE

BACKGROUND OF THE INVENTION .

This invention relates 1o a process for the selective synthesis of sterecisomers. More particularly, this -
invention relates to a process for the stereoselective synthesis.of enantiomers of nitriles and primary amines
that are useful in the synthesig of (+)-physastigmine and {-)-physostigmine.

The cholinergic neuronal system can be found in the central nervous system (CNS), in the autonomic
nervous system, and in the skeletal motor system. Acetylchcline (ACH) is the neurotrangmitier in all ganglis,
the neuromuscular junction, and the post-ganglionic synapses of the cholinergic nervous system. Acetylchos
line is normally an excitatory neurotransmitter that binds to nicotinic and musearinic receptors.

Acetyicholinesterase (AChE) is an enzyme that hydrolyzes and theraby deactivates ACh after it binds to
a receptor. This enzyme is present in alf peripheral and central junctional sites and in certain cells of the
body.

In some circumstancas, it is desirable to stimulate acetylcholine receptors. One method Involves the
use of indirect agonists, such as anticholinesterase drugs, which inhibit the hydrolysie of ACh by AChE.
When an anticholinesterase drug blocks AChE and inhibits the destruction of released ACh, a higher
neurctransmitter level and increased biological response result. The alkaloid, physostigmine, which can be
isolated from the seeds of the Calabar 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.

{t is believed that deganeratlon 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.

It has been suggested that cholinergic sgomsts such as the anhcholmesterase drugs. are usefut in the
 trestment of Alzheimer's disease. Nevertheless, drug treatment with anticholinesterase druge has not proved
" entirely satisfactory. Thus, there is a need in the art for new forme of drugs for the treatment of this disease.

.. The enantiomers of physostigmine and pharmaceutically active physostigmine-like compaunds, such as
the compounds described in U.S. Patent 4,781,107, 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 need In the art for a process for. the stereoselective synthesis of the enantomers. 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.

it -has been found that the compound 1,3-dimethyl-§-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.

A process for tha stereoselective synthesls of the amines and their precurgors could provide certain
advantagas. 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
synthetic chemical techniques are generally unpredictable,” and successful resulte in stereoseiecuve
syntheses have been difticuit to ashieve.

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(s of intermediates for use in the process. The method should meke it’
oossible to obtain the intermediates in a state of high optical purity. In addition, the process should be easy
to 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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stereoselective synthesis of an oxindole, wherein the process comprises reactung a racemic oxindole of the
formula

(1)

. whers R is selectad from the group consisting of methyl, ethyl, and benzyl, with at least one equivalent of a

halogenated acetonitrile selected from the group consisting of chloroscetonitrile, bromoacetonitrile, and
jodoacetonitrile. The reaction is camied out in a biphasic reaction mixture having an aqueous phage
comprlsing a strong inorganic base as a deprotonation agent, and & solvent phase comprising an organic
solvent for the oxindole. The biphasic reaction mixture includes a catalytic amount of a substituted N-benzyl
cinchoninium or quinidinium compound of the formula

‘o

N3 - (1)

(1I)

is Sheet Has Been 1|{|
R is a vinyt group or an ethyl group,
. Rg is 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
nis1.2,3,4,0r8$.

The S-alkoxy-2,3-dihydro-1,3-dimethyl-2-oxo-1H-indola:3-acetonitriles that are formad 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-
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dimethyl-S-meﬂloxyoxindolylathylamihe i8 useful for preparing (-)-physostigmine. I ’""" l"l" ml ,l’ﬁl’

BRIEF DESCRIPTION OF REACTION SCHEME

Thig invention will be more fully understood by reference to the reaction scheme for the asymmetric
synthesis of alicylated oxindoles 22 and 2b and conversion of these compounds to primary amines 3a and
8b. The primary amines are useful in the preparation of enantiomers of phygostigmine and physostigmine-
like compounds having pharmaceutical activity.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The asymmetric synthesis of the present invention involves conversion of an achiral substrate b a chiral
product using a chiral reagent. A prochiral function serves as the precursor for a chiral product during the

-. reaction. The following nomenciature and conventions are employed in describing this invention,

1§

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, ie 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 subsirate molecule is converted by a chiral reagent info a

-chiral unit in such a manner fhat the sterecisomeric products are produced in unequal amounts.

The expression "enantioselective synthesis™ means a synthesis that produces one enzntiomer of &
given structure in considerable predominance over the other posgible enantiomer. The snanticselective
synthesis of the prasent invention typically produces the predominant enantiomer in an amount of sbout
70% to about 80%, usually about 85% to about 88% of the total enantiomers formed as products of the
gynthesis.

As used herein, the expressions 'enantiomenc mixture™ and “"mixture of enantlomers" sare used
interchangeably fo refer (o racemic modifications 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
soparation of two enantiomers of 5-alkoxy-substituted 1,3-dimethyl-indelylethylamines, aiso referred to ag 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 enantiomiers Is ebtained complately tree of the other

‘Separation of the enantiomers may or may not be quantitative .

L 4

. The heavy lirie in the form of a wedge '

’

. in the formulas herein signifies that the substituents are sbove the average plane of the ring system in

S0

connection with which the wedge appears. The heavy broken lines (n the form of & wedge

signify that the substituents are balow 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

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 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
chiral catalyst 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-ox0-1H-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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The crude enantiomeric mixaure 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 3b, which are termed [R]-
and [S]-5-alkoxy-3-(2-aminoethyl)-1.3-dihydro-1,3-dimethyl-2H-indol-2-ones. The primary amine 3a in which
R is a methyl group is an important intermediate in the preparation of (-)-physostigmine.
§ The primary amine should be availsble in as pure a form of the optical isomer &s possible in order 1o
obtain high yields and optical purity of physostigmine and physostigmine-llke compounds. Thie can be
. achieved by selectively precipitsting the enantiomer 3a or 3b with a chiral tartaric acid to form & tartaric
acid salt 4a or 4b. One method for preparing the enantiomeric mixture 3a and 3b will now be described in
greater detail.
70 The asymmetric synthesis of the present invention is carried out by the stereosehctuve elkylation of an
oxindole of the formula: _

CH,

7%

(1)

wherein the substituent R Is selected from the group consisting of methyl (compound (1a)), ethyl
(compound (Ib)), and benzyl (compound (ic)). The oxindole 1 is & 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.. 57‘563-538 and 755-757 (1935) and in U.S. 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 28 or 2b that- predommaues is dependent upon the nature of the. chiral catalyst that s
employed..
The chiral catalyst for the selective conversion of oxindole 1 to the alkylated oxindole 22 or 2b is 8
substlh.ltad N-benzyl cinchoninlum or. quinidinium compound of the formula
40

(1)

or a substituted N-benzy! cinchonidinium or quininium compound of the formula
ThﬁﬁTifﬂiﬁlﬁTﬁlﬁﬁll i
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N (1I)

(), R

where,

Ry is a vinyl group or an ethyl group,

Rz is hydrogen or & methoxy group.

X is chigrine or bromine,

y is independently selected from hydrogen. chiorine, bromine, fiuorine, triﬂuommethyl groups, and’ nitrile
groups; and

‘nis 1. 2, 3, 4 or 6, The substituted N-benzyl cinchoninlum and the substituted N-benzyl quinidinium

compounds have the formula (I} in which Rz is hydrogen or methoxy, respactively. The substituted N-

‘benzy! cinchonidinium and the substituted N-benzyl quininium compounds have the formula (If) in which Rz

is hydrogen or methoxy. respectively. The preferred catalysts are compounde in which Y is 9,4~dichloro or
4triflucromethyl. These catalysts can be prepared by utilizing the procedures described in J. Ong. Cham,
1987, 52, 4745-4752 and are commercially available from Fluka Chemical Co., Hanppauge, N.Y. 11788, or
(rom Chemicsl Dynamics Corporation of South Plsinfield, N.J.

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

.cinchoriidinium 'and quininium compounde are empioyed in the asymmetric synthesis of the invention in an

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 ‘employed as

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

The substituted N-banzyl 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 thst the asymmetric synthesis of this invention can aiso be carried out in the presence of a

L]

surfactant, such as Triton X-400. See U.S. patents 4,578,509 and 4,605,761,

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 ab0ut 60% based
. 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 solvenis and halogensted aliphatic solvents can ajso be
employed. Typical of the solvents that can be ulilized are benzene, toluene, xylene. chiorgbenzene, 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
experimentation,

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

8
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effectiveness in the pracess of the invention.

The inorganic base is empioyed in an amount sufficient to support catalysis of the reaction. The base
functions as a deprotonation agent. it has been found that the concentration of the base in the aqueous
phase atfects the seloctivity. The concentrstion of base in the aqueous phase g typically about 26% to
about 50% by weight. As the concenfration of base decreages, the selectwaty for one of the alkylated
oxindole decreases.

The aqueous phase containing the inorganic base should have minimum solubility in the organic solvent
phase containing the racemic oxindole 1 and the catalyst in order to maintain a biphagic reaction mixure.
The volume ratio of the organic phase of the reaction mixture fo the aqueous phase Is typically about 3:1 to
about 10:1. A reaction mixture containing the organic phase and the aqueous phase in a volume ratic of
about 5:1 hag been found to produce favorable results.

The organic soivent phase and the oxindole 1 in the reaction mixiure is generally about 20:1 to about
80:1, 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 soivent phasé 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, bromoacetonitrile, and iodoacetonitrile. Chioroacetonitrile 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 acetonlirile 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 relstive to the oxindole generally increases chemical yield, althOugh there is no apparent
advantage in utilizing the alkylating agent in large excess.

The stereoselective synthesis of the invention is generally carried out st a temperature of about 5° C to
about 30" C. Lower temperatures are generally accompanied by higher salectivity of the alkylated oxindole
2a or 2b, aithough cautionmust be exercised to avoid the inorganic base from separating from the aqueous
solution at low temperatures. The preferred temperature range for carrying out the synthesrs is sbout 15" C
to about 25" C, especially about 20°C.

The stereoselective synthesis of the alkylated oxindols 2a or 2b is an exothermic reaction. The reaction
mixture can. be cooled by internal or external means {0 maintain the reaction temperature, The need for
cooling can be minimized and. even asvoided by graduslly adding the halogenated acetonitrile fo 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 is preferred for economic reasons.

‘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 ¢ooling ot the reaction

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

. dissolved in the organic solvent and the catalyst can be added to the resuling solution. The squeous

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-
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
-golution. The amount of an enantiomer is conveniently expressed as the percent snantiomeric excess,

- which is abbrevigted "% ee". The percent enantiomeric excess can be calculated as follows:
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t oo = ([A]=[B))} x 100
([AY*(B1)

where

[A) is the concentration of one of the enantlomers. and

{B] is the concentration of the other enantiomer.

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

A number of substituted N-benzyl cinchoninium salts have been ecreened for selective conversion of
oxindoie 1 to alkylated oxindole 2a. All the reactions wars carried out by stirring a mixture of oxindole 1 (2.5
mmol) and the appropriate catalyst (0.25 mmol) in a two-phase system consisting of 8 mi of 50% NaOH
and 20 m! of toluene under nitrogen for 10 min. A solution of chioroacetonitrile (2.75 mmol) in 20 mli of

_ toluene was then added via a eyringe 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 HPLC on a Chiralcel OD column or a Chiracel OJ ¢olumn (Daicel Chemical Industries Ltd.)
and by NMR spectroscopy using n-is[s-(heptaﬂuoropropyl-hydroxymethytene-d-camphorato]europnum (i as
the chiral shift reagent. The results are summarized in Table I.

—_—
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Table I. Asymmetric Alkylation of Oxindole 1

ne (1)

:
E
E

R Ba X X
1 vinyl "B e Ccl >3
-2 vinyl H H Br 10
3 - vinyl " 2-F Br _ S
4 vinyl H 2=-CF Br 4
5 vinyl B z 5-51 2 Br >3
6 vinyl H By . 8
-7 vinyl H 3-5: Bz - 48
.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
12  wvinyl  H 3,4-Cly Br 77
13ee  wvinyl H 3,4-Cla®*s C1 17
14vnn vinyl H 4-cr3 . BT 8
15 - Bt R 4-CP3 Br - 69
16 . vinyl OCH3 - B Br 39
- 17 _ - winyl 3 3,4-Cl2 Br 77

_ *4-cr;acua

*e);l toluane/hexanes L

. ##23 4eCly=~BCNC . ¢

‘“‘**25\ NaOH

Substitution In the 3 and/or 4 position of the benzyl moiety of the catalyst with electron withdrawing
groups, such as Br, C\, or CF3, 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
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 benzylguinidinium 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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(Expenment 17). A slight countenon 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 oxindale
formed in the stereoselective synthesis of the invention. Therefore, the crude mixture containing the
atkylated oxindole is employed.in the next step of the reaction, which involves the conversicn of the nitrile
groups of the alkylated oxindoles to the corrésponding 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-propancl. The resulting solution can be hydrogenated in the
presence of a catalytic amount of metallic catalyst, such as PtO: or platinum on carbon, in an aqueous,
alcoholic, concentrated HCI medium to form a mixture comprising primary amines 3a and Sb. The catalyst
is typically employed in an amount of about 5% {o about 50% by welght. The reaction carried out &t a
temperature of about 15°C to about 30° C for sbout 1 hour Yo about 2 hours untll the resction proceeds to
substantial completion. Acids, such as sulfuric acid. phosphoric acid; and hydrobromic acid, can be
employed in place of HC1. The % ee of the primary amines are formed in approximately the same ralative
proportion as that of the oxindoles st the start of the catalytic reduction of the nitrile.

The % ee of the primary amines 3a and 3b In the enantiomeric mixture from the reductiorn reaction can

" . be further improved by resolution with an optically active derivative of fartaric acid. Different solubility

20

a5

characteristics of the diasteraomeric salis make it possible to preferentiglly isolate one of the salts. More
particularly, a reaction mixture contasining 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 gait, which readily forms a
precipitate in the raaction mixture. The enantiomer in an optically purified state can bs recovered from the
precipitate by treatment with a mineral bese.

More particularly, the enantiomers of the primary amines can be resolved with a chiral acid selected
from the.group congisting of dibenzoyl-D-tartaric acid, dibenzoyl-L-tartaric acid, ditojluoyl D-tartaric acid, or
ditoluoyl-L-tartaric acid. The preferred chiral acid is dibenzoy!-D-tartaric acid, because the S-enantiomer of
1.3-dimethyl-5-methoxyoxindolylethylamine ¢can be selactively precipitated from an enantiomeric mixture

with this acid in refatively 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, 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 afiect the identity of the
enantiomer of the primary amine that g preferentially precipitated. For example, when the racemic amine
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 dibenzoyl-D-tartaric acid is employed, the

_diastereomeric salt corresponding to. the S-enantiomer 3a is preferentially precipitated. in the preferred

40.

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 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
which one of the tartaric acid salis 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
acetonitrile 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 enantiomers in the sclvent. Preferably the ratio is sbout 8:1 to about 12:1. In a preferred
process of carrylng 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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generally be carried out at room temperature of about 18" C to about 22 C. Similarly, the chiral acid can be
dissolved in a soivent, which is generally the same solvent as the golvent empioyed for the enantiomeric
mixture.

After the resolving agent is added to the solution of the enantiomers, the resulting solution is aged
under conditions to form a precipitate comprigsing a sait of the chiral acid and the ananﬂomer that is
selectivaly pracipitated. Aging is typically carried out at & 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 soivent &t the lower tamperatures.
On the other hand, the use of temperatures within the upper end of this range will generally provide higher
selactivity; that is, formation of one of the salts of the enantiomerg will be favored over the other salt.

Resolution of the enantiomeric mixture of the primary amines according to thie invention provides a
precipitate of one of the enantiomers in the form of a salt of tartaric acid. The tartaric acid salt can be
converted to the corresponding (ree 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 sufficient to provide a substantially basic mixture. Examples of
suitable bases include sodium hydroxide, potassium hydroxide, sodium carbonate, and potasslum car-
bonate. The amine ig extracted with an organic solvent from the aqueous golution. An organic solvent, such
as methylene chicride, ethyl acetate, diethyl ether, or toluens, can ba employed for this purpose. The
organic phase can be separated from the aqueous phass. Evaporation of the solvent from the organic phase
provides the smine in the form of a free base, which can generally be utilized without further purification.
Conversion of the tartaric acid sait to the comresponding free bage 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 invantion 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 96-88% 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
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
Mixture. .

' 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 {+)-camphorsulfonyi chioride, 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. o

The absolute. configuration of the enantiomer is assigned by converting the amines to known com-
pounds whose sbsolute configurations have been established. 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 8a or 3b into the coriesponding optically pure primary amine 3a or 8b by neutralization with
ditute NaOH. The resulting optically pure primary amine can be reductively cyclized in high yield by
refluxing 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., 69:1486 (1986).
This invention will be more fully understoad by reference to the follomng examples in which all parts,

proportions, ratios, and percentages are by weight unless otherwi;e indicatad.

Chiral Phase Transfer Alkylation ' Sheet Has Been RTlaced
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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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under nitrogen, 0.13 g (10 mole %) of N-{4«(trifluoromethyl)-benzylicinchoninium bromide (4-CFz-BCNB)
followed by 8 ml of 50% NaOH. After stitring the mixture for 10 min, a solution comaining 0.21 g of
chloroacetonitrile in 20 ml of toluene was added dropwigse over 1 hour. After complete reaction, 25 mil of
ice-cold water was added. The mixture was filtered through a small celite pad ringing with 10 ml of toluene.
The fittrate was iransferred t0 & separatory funnel, and the 2 layers were separated. The toluene extract was
concentrated under reduced pressure and the residue was analyzed on a Daicel Chiraicel OD column
eluting with a 10% isopropanol-hexane mixture. The enantiomeric excess of compound 2a in which R is
methyl wag determined to be 72%.

Example 2

N-[3.4-(Dichloro}benzyllcinchoninium Chioride As Catalyst

The procedure described in Example 1 was repeated with 0.12 g of N-[3.4«(dichioro)benzyi].
cinchoninium chloride (3,4-Clz-BCNC) in identical fashion. The enantiomeric excess of compound 2ain
which R i¢ methy! was found to be 78% as determined by HPLC assay of the reaction mixture.

Example 3

N-{4-Bromobenzyl]cinchoninium Bromide As Catalyst -

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

Example ¢4

N-[3-Bromobenzyl]cinchoninium Bromide As Catalyst

The procedure described in Exémple 1 was ropeated with 0.14 g of N-[3-bromobenzyt]cinchoninium
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 ol 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
39% by HPLC assay of the reaction mixture.

Example ]

N-[3 4-D|chiorobenzyI]qumidimum Chioride As catalysl

The procedure described in Example 1 was repeated with 0.20 g of N-{3,4-dichlorobenzyl]jquinidinium
chioride (3,4-Cl2-BQNC) in identical fashion. The enantiomeric excess of compound 2ain which R is methyt
was determined to be 77% by HPLC assay of the reaction mixture.

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}-
dihydrocinchoninium bromide (4-CFa-H2«BCNB) in identical faghion. The gnantiomeric excess of compound
2a in which R is methyl was found to be 89% by HPLC asgay.

Example 8
eet Has Been RTlaced
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N-[4-Chlorobenzyl]cinchoninium Bromide As Catalyst

The procedure described in Example 1 was repeated with O. 15 g of N-[4:chlorobenzyi]cinchoninium .
bromide (4-CI-BCNB) in ideritical fashion. The enantiomeric excess of compound 2a in which R is methyl
was found lo be 70% by HPLC assay of the reaction mixture.

Example 8

N-£3.4~(Dichloro)benzy]cinchoninium Bromide as Catalyst

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

Example 10

Step (A): N-[3.4-(Dichloro)oenzyl]cinchonium Chioride As Catalyst

To a mixture containing 5.0 g of (z)-5-methoxy-1,3 dimethyl-oxindole and 1.92 g of 3,4-Cz-BCNC (15
mole %) in 200 mi of toluene was added under an efficient Nz purge 40 mi of 50% NaOH. After stirring this
mixture for 10 min., a solution containing 2.17 g of choloracetonitrile in 20 mi of toluene was added over 1
hour. After complete reaction, the mixture was cooled to 10-16° C, and 180 ml of ice-cold HzQ was added.
The reaction mixture was filtered through a Celite pad rinsing with 40 mi of tolusne. The combined filtrate
was transferred to a separatory funnef, and the 2 layers were separated. The toluene solution was extracted
with 100 mi of cold 3N HG1, and 100 mi of cold Hz20. 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 _(E_)_ Catalytic Reduction of Nitriles to Primary Amines

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
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 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 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
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
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

183 | This Sheet Has Been Replaced
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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 (-)-menthyichloroformate with HPLC analysis of the resultant carbamate on a Whatmann
Partisil PX8 10/25 column eluting with 10% acetonitrile/ methylene chioride (2 mi/min; 254 nm detection).

Example E

N-[3-(Trifluoromethyljbenzyi]cinchoninium Bromide as Catalyst

The procedure described in Example 1 was repeated with 0.13 g of N-{3-(trifluoromethyl)benzyl]-
cinchoninium bromide (3-CF1-BCNB) in identical fashion. The enantiomeric excess of compound 23 was
found to be 88% ag determined by HPLC assay of the reaction mixture.

Example 1_:!

N-[3.4(Dichioro)benzyl]cinchoninium Chloride as Catalyst and {+)-5-Ethoxy-1 a-dumethymxmdole as Sub-
strato

To a mixture containing 2,18 g of (z)-5-ethoxy-1,3-dimethyl-oxindole, aiso referred to as 1,3-dihydro-1.'3-
dimethyl-5-ethoxy-2H-indol-2-one and 0.77 g of 3.4-Cl>-BCNC (15 mole %) in 80 ml of toluene was added

-under an efficient N2 purge 16 mti of 50% NaOH. After stirring this mixture for 10 min., a solution contalning

0.87 g of chloroacetonilrile in 8 mi of toluene was added over 1 hour. After complete reaction, 48 ml of ice
cold H.o was added. The reaction mixture wag filtered through a Celite pad ringing with 20 mi of toluene.
The combined filtrate was transferrad {0 a separatory funnel, and the two layers were separated. The
toluene solution was extracted with 20 ml of 2N HCI, and twice with 20 ml of H.O. After evaporation of
golvent, the slightly brownish oil was assayed on a Dalcel 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

g—ulﬁ.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-
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.

The process of this invention has 2 number of advantages. The process for the stereoselectwe

. gynthesis of enantiomers provides precursors of physostigmine and physostigmine-like compounds in high

chemicsal 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 unusgual difficulties. 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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1. A process for the stersoselective synthesis of an alkylated oxindole, wherein the process comprises:

a) reacting a racemic oxindole of the formula
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1.

A procese for the stereogelective synthesus of an alkylated oxindole, wherein the process comprises:
a) reacting a racemic oxindole of the formula
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equivalent of @ halogenated acetonitrile selected from the group consisting of chloroacetonitrile,
bromoacetonitrile, and iodoacetonitrile, in a biphasic reaction mixture having an aqueous phase
comprising a strong inorganic base as a deprotonation agent and a soivent phase comprising an
organic solvent for the oxindole and a catalytic amount of a substituted N-benzyl cinchoninium of
quinidinium compound of the formula

or a substituted N-benzy! cinchonidinium or quininium compound of the formula

Thls Sheet Has Been Repl
where : |

R is a vinyl group or an ethyl grou _

R: is hydrogen or a methoxy group.

X is chlorine or bromine,

Y is ‘independently selected from the group congsisting 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 mrxture of enantiomers of

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 preferentially precipitate a sait of the chiral acld
and one of the enantiomers, and recovering the resulting precipitate, and

d) basifying the' resulting tartaric acid sait to form the corresponding free base.

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

Process as claimed in ¢laim 2, wherein the halogenated acetonitrile is chloroacetonitrile.

Process as claimed in claim 1, wherein the steréoseleetive synthesis ig carried out at a temperature of
about 50° C to about 30° C.
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Process as claimed in claim 1, wherein the stereoselective synthesis is carried out in an inert gas

5.
atmosphere.
Process as claimed in claim 1, wherein gubstantially all of the oxindole is reacted with the halogenated

6
§ - 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 ig 3,4-dichioro or 4-trifluormethyl
Process as claimed in claim 1, wherein the solvent is selected from the group consisting of benzene,

10
toluene, xylens, chiorobenzene, methylene chloride, and a mixture of one of the above solvents with

9,
hexane or cyclohexane.
15 10. Process as claimed in claim 1, wherein the aqueous phase contains about 26% lo about 50% by

weight of the inorganic base.
11. Process as claimed in claim 1, whersin the o@anic solvént phase and the aqueous phage in the

biphasic reaction mixture are in a volume ratio of about 5:1
12. Process as claimed in claim 1, wherein the soivent phase and the racemic oxindole are in a ratio of

20
about 20:1 to about 80:1 (v(w).

2 about 30:1 to about 45:1 (viw).

enantiomers of the primary amines is about 8:1 to about 12.1.

enantiomers of the primary amines is about 10:1.
16. Process as claimed in claim 15, wherein the solvent is acetonitrile

1 equivalents of acid per equivalent of enantiomers of the primary amines

-
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13. Process as claimed in cigim 1, wherein the solvent phase and the racemic oxindole are m a ratio of
14. Process as claimed in clanm 1c), wherein the ratio of the volume of solvent to the total weight of

% 15, Process as claimed in claim 15, wherem the ratio of the volume of solvent to the total weight of

95 17, Procoss ag claimed in claim 17, wherein the ¢hiral acid is employed in an ameunt of about 0.5 to about



