1 PROGESSZ%&B TﬁE éﬁA?\?rl AL TPRAENENT | 96814 %SeR0a NTERVEDI ATES USED | N To #isp1s-
PREPARATI ON OF PHYSOSTI GM N@@Aﬁfmw OF THE | NVENTI ON Thi s invention o0
rel ages t-o a.process for t he ,sel ective synthesis of stereoi soners. Mre
partiTularly, this invention reI ates to a process for the stereosel ectlve

synt hesi s of ePROCESS FORTHE EINANEIONELECTIVE NITHESES (O IN 2 ERM KL £d N

the synthesis of (+)- physosti gm ne and ( ) - physost | gm ne. The choli nergl c
neuronal system can be fQJSEE ik ARATION ST [E
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(ACh) is the neurotransmtter in all ganglia, the neuromuscul ar junction,

and the post- ganglionic synapses of the cholinergic nervous system

Acetyl choline i's normally an BACKGROUND QF THE INVENTION

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

The cholinergic neuronal system can be found in the central nervous system
(CNS), in the autonomic nervous system, and in the skeletal motor system. Acetylkcholine
(ACh) is the neurotransmitter in all ganglia, the neuromuscular junction, and the post-
ganglionic synapses of the cholinergic nervous system. Acetylcholine is normally an
excitatory neurotransmitter that binds to nicotinic and muscarinic receptors.

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

In some circumstances, it is desirable to stimulate acetylcholine receptors. One
method involves the use of indirect agonists, such as anticholinesterase drugs, which
inhibit the hydrolysis of ACh by AChE. When an anticholinesterase drug blocks AChE
and inhibits the destruction of released ACh, a higher ,neurotr-an.smitter 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
anticholinesterase drug. Physostigmine has a high afﬁnity for AChE and is capable of
inhibiting AChE for prolonged periods.

lt.js believed that degeneration of the cholinergic pathways in the CNS and the
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It has been suggested that cholinergic agonists, such as the anticholinesterase
drugs, are useful in the treatment of Alzheimer’s disease. Nevertheless, drug treatment
with anticholinesterase drugs has not proved entirely satisfactory. Thus, there is a need
in the art for new forms of drugs for 'the treatment of this disease.

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

It has been found that the compound 13-dimethyl-5-methoxyoxindolylethylamine,
also referred to as 3-(2-aminoethyl)-13-dihydro-13-dimethyl-5-methoxy-2H-indol-2-one, is
an important intermediate in a recently discovered method of synthesizing (-
‘physostigmine. While this amine can be prepared using conventional techniques, a
racemic mixture is usually formed. Resolution of the racemic amine mixture into its R
and S components makes it possible to synthesize (+)-physostigmine and (-)-
physostigmine.

A process for the stereoselective synthesis of the amines and their precursors cout

provide certain advantages.- Such a process could reduce or eliminate the need for
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di sease. NevgldeRoit§s Accoidifigly] @idisaRilts obtained in processes based on synthetic chemical
techniques are generally unpredictable, and successful results in stereoselective syntheses
have been difficult to achieve,

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

employ reagents that are reidily available.

SUMMARY OF THR INVENTION

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

NN
&,
wherein R is selected from the group consisting of methyl, ethyl, and benzyl, with at least
one equivalent of a halogenated acetonitrile selected from the group consisting of

chloroacetonitrile, bromoacetonitrile, and iodoacetonitrile. The reaction is carried out in a

biphasic reaction mixture having an aqueous phase comprising a strong inorganic base as
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t he stereosel ective synthesis of the enantionmers. Specifically, the
enanti omer (* berzybdncheninium ios quinidiniure compoundaf the formulhi | e net hods for
preparing physostigm ne and physostigm ne-1ike conpounds have been
proposed, there exists a need in the rt fory, a stereosel ective process for
producing the S- or (-)-forns. It ha een flﬁ d that the conpound
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SN (1)
- (Y)

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

R;
- H™ (1)
o,
where R, is a vinyl group or an ethyl group,
R, is hydrogen or a methoxy group,
X is chlorine or bromine,
Y is independently selected from the group consisting of hydrogen, chlorine,
bromine, flucrine, trifiuoromethy] groups, and nitrile groups; and
nis1,23,40rS.
The 5-alkoxy-23-dihydro-1,3-dimethyl-2-oxo-1H-indole-3-acetonitriles that are
formed in fhe process of this invention are resolved by preferential crystallization and
. ) . ) 4 Sheet Has Been Replae
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(-) physostignine. Wile tHOEQSANEAIENTAED be prepared using conventional
techni ques, a racemc mxture is usually formed. Resolution of the racemc
am n& mxture into its R and S conponents naekes it possible to synthesize
(+) - physost thgnican berfurthey recviced de theincormespanding amipes whichicandheuseddnithet i ve
synthesis of the am nes and their precursors could provide certain
advant ages. synthésissofstexzospecifin forims of pbysastignlinerand: pbysdstigminelikecompognds. In
resolving m xtures of enantioners. Wile stereosel ective syntheses that are
catal yzed bparticular, the S-form of 1.3-dimethyl-5-methoxyoxindolyl-ethylamine is useful for

- preparing (-)-physostigmine.
BRIEER DESCRIPTION OF THE DRAWING

This invention will be more fully understood by reference to the drawing, which
depicts a reaction scheme for the asymmetric synthesis of alkylated oxindoles 2a and 2b
and conversion of these coinpounds to primary amines 3a and 3b. The primary amines
are useful in the preparation of enantiomers of physostigmine and physostigmine-like
compounds having pharmaceutical activity. '

The asynunetric synthesis of the present invention involves conversion of an
achiral substrate to a chiral product using a chiral reagent. A prochiral function serves as
the precursor for a chiral product during the reaction. The following nomenclature and

- conventions are employed in describing this invention.

As used herein, the expression, "asymmetric syi\thesis‘; ﬁ\eans a synthesis in which
an asymmetric atom, instead of being in a molecule before the commencement of the
synthesis, is introduced into the molecule in the course of chemical reaction. Thus, for
example, the asymmetric synthesis of the present invention is a reaction in which an
achiral unit in a substrate molecule is inverted by a chiral reagent into a chiral unit in

such a manner that the stereoifometric products are produced in unequal amounts.
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As used herein, the expressions "enantiomeric mixture” and "mixture of
enantiomers” are used interchangeably to refer to racemic modifications of the
enantiomers. The expressions also include solutions cqnﬁining both of the enantiomers,
wherein the solutions exhibit either (+) or (-) optical rotation as observed and measured
with a polarimeter. |

The terms "resolve” and "resolution” as used herein are intended to encompass the
complete or partial separation of two enantiomers of 5-alkoxy-substituted 1,3-dimethyl-2- -
oxo~-1H-indole-3-acetonitriles. The separation is described in more detail hereinafter.
These two terms are intended to cover separations in which only one of the enantiomers
is obtained in a pure state. The terms are also _inten&ed to encompass some degree of
separation of the enantiomers, wherein neither of the enantiomers is obtained completely

free of the other. Separation of the enantiorners may or may not be quantitative.

The heavy line in the form of a wedge * in the formulas herein signifies that the

substituents are above the average plane of the ring system in connection with which the

wedge appeers. The heavy broken lines in the form of a wedgé ® signify that the

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

group are trans to each other relative to the average plane of the ring.
» ’
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conprises reacting a r acerVBCHSKi HABITARDf the formul a [err] wherein Ris
selected fromthe group consisting of nethyl, ethyl, and benzyl, with at
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agent, and o Ronitrle in the presence of a chitdl catalyst 1 give a enantiomesic mixkure comprising
alkylated oxindoles 2a and 2b, which are termed [R}- and [5}- 5-alkoxy-2,3-dihydro-1,3-
dimethyl-2-oxo-1H-indole-3-acetonitriles. It was surprisingly discovered that one of the
alkylated oxindoles predominates in the reaction product. In addition, it was
unexpectedly found that the alkylated oxindoles 22 and 2b are obtained in relatively high
chemical yield.

The crude enantiomeric mixture comprising the alkylated oxindoles 2a and 2b is |
preferentially crystallized. The pure enar;tiomer can be hjdrogenated in the presence of a
catalyst to form a primary amine 3a or 3b, which is termed [R])- or
(S)-S-alkoxy-3-(2-aminoethyl)-1,3-dihydro-1,3-dimethyl-2H-indol-2-one. 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 available in as pure a form of the optical isomer as
possible in order to obtain high yields and opti-cal purity of physogtigyz_ﬁne an
dphysostigmine-like compounds. This can also be achieved by selectively precipitating
the enantiomer 3a and 3b with a chiral tartaric acid to form a tartaric acid salt 4a or 4b.
One method for preparing the enantiomeric mixture 3a and 3b will now be described in

- greater detail. _
The asymmetric Qynthesis of the present invention is camed out by the
stereoselective alkylation of an oxindole of the formula:

(1)
N O
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oxi ndol e. The bi phasic re?ﬁgwﬁ FMEE @’%Sﬁ‘é?ﬁ?a%@s a catal ytic anount of Sai3
substitut.ed N..henzyl cin i qU| ni di ni um conpound of..hewdoriul a
[er[‘L or a substituted N benzyl ci nchoni di ni um or qui ni ni um conpound of the*
formila where Rlerr] is a vin group .or an ethyl group, err] is hydr en
or a met hoxngewlpthmbétIMi% is Selgpted from the groupsonsising.a h)&l "Eﬂ
fromthe group consisting of gdro en, chlorine, bromne, fluorine,

trifl uor onet da)), ethylisompovad-(1b)); and bergyhompaund (1a). Theoxindols 14s aacemis
5-al koxy- 2, 3-di hydro-1, 3-di net hyl - 2- oxo- 1+ i ndol e- 3-acetonitriles that are

formed in t hmn;tntme'&e oxindples] isremployeschincthe process obthipinvention ae A racemic
crystallization and
mixture, which can be prepared by the synthetic methods disclosed in Julian etal,].

Chem. Soc,, 57; 563-566 and 755-757 (1935) and in U.S. Patent 4,791,107,

The oxindole 1 can be selectively converted to an enantiomeric mixture comprising
alkylated oxindoles 2a and 2b using a chiral phase transfer catalyst. Examples of suitable
catalysts are those derived from substituted N-ben2yl cinchoninium or quinidinjum or N-
benzy! chinconidinium or quininium halides. The reaction is characterized by high
enantioselectivity. |

More particularly, the stereoselective conversion of oxindole 1 to an enantiomeric
mixture comprising the alkylated oxindoles 2a and 2b can be carried out by stirring a
racemic mixture of the oxindole 1 and a chiral catalyst in a two-phase system comprised
of a strong inorganic base and an organic solvent under an inert gas atmosphere until the
reaction goes to substantial completion. Chemical conversion can be monitored by
analyzing the reaction mixture by GLC for the formation of the alkylated oxindoles 2a
and 2b, The enantiomer 2a and 2b that predominates is dependent upon the nature of
the chiral catalyst that is employed

The chiral catalyst for the selective conversxon of oxindole 1 to the alkylated

oxindole 2a or 2b is a substituted N-benzy! cinchoninium or qmmdimum compound of

Ry
o
8;,4
H
R

the formula

R
%Hqﬁﬁ_

N X
LQ
Y
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physosti‘gm ne-1ike conpounds. In particular, the S-form of

1, 3-di et hyl - 5- met hoxyoxi ndol yl - et hyl ami ne is useful for preparing
(-)-physostigm ne. BRI EF DESCRI PTI ON OF THE DRAW NG This invention will be
nore fully understood by reference to the drawing, which depicts a reaction
schene for oresiubsti rﬁ W“&R&MWW he 4and
conversion of these corrpounds to primary am nes 3a and 3b. The primary

am nes

(1)

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

R, is hydrogen or a methoxy group,

X is chlorine or bromine,

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

nis1,2,3,40r5. o
The substituted N-benzyl cinchoninium and the substituted N-benzyl quinidinium
compounds have the formula (@) in which R, is hydrogen or methoxy, respectively. The
substituted N-benzyl cinchonidinium and the substituted N-benzyl quininium compounds
have the formula (TI) in which R, is hydrogen or methoxy, tapé&ively. The preferred
catalysts are compounds in which Y is 3 4-dichloro or mndofomethyl These catalysts
can be prepared by utilizing the procedures described in J. Ong. Chem. 1987, 52, 4745-
4752 and are commercially available from Fluka Chemical Co., Hanppauge, N.Y. 11788, or
from Chemical Dynamics Corporation of South Plainfield, New Jersey.

The substituted N-benzy! cinchoninium and quinidinium compounds and the

substituted N-benzyl cinchonidinium and quininium compound are employed in the

) , . Thls Sheet Has Been Rep
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presant invention involves conversion of an achiral substrate to a chiral
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precursor fo produ ring the reaction. The follow ng
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used herein, the expression, ~asymetric synthesis” neans a synthesis in

whi ch an AHMRYR 'gxigéy;gﬁ in Eg&%%n ﬁgaand Sver :ﬁ%@w&ﬁﬂrﬁm.e Fob @xample,

comencenen esl I's I1ntroduced into the nolecule in the
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the present I nvertion is on In an achiral unit 1n a subStrate

mol ecul € T s, L BV $EdkiRo1 1 th s preferAF GhbédiinF o thiid fiivehtidr, thé compounds are

employed as éatalysts in an amount of about 10 to about 15 mole % based upon oxindole
1.

S.15

The substituted N-benzy! cinchoninium and quinidinium compounds provide the
alkylated oxindole 2a in excess while the substituted N-benzyl cinchonidinium and
quininium compounds yield the alkylated 'oxindole 2b in excess when the compounds are
used in a catalytically effective amount. It will be understood that the asymmetric
synthesis of this invention can also be carried out in the presence of a surfactant, such as
Triton x-400. Seg US. Patents 4,578,509 and 4,605,761.

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

The stereoselective synthesis of this invention is carried out in a bipﬁask reaction
mixture comprised of an 6:ganlc solvent phase containing the racemic mixture of
oxindole 1 and the catalyst and an aqueous phase containing a strong inorganic base,
The oxindole 1 and the catalyst are dissolved in an aromatic hydrocarbon solvent.
Halogenated aromatic solvents and halogenated aliphatic solvents can also be employed.

Typical of the solvents that can be utilized are benzene, toluene, xylene, chiorobenzene,

10
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the selectively of the alkylated oxindole 2a or 2b in the examples hereinafter. The selectivity
obtained with other solvents can be optimized with a minimum of experimentation,

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

The inorganic base is employed in an amount sufﬁciént to support catalysis of the
reaction. The base h;nctions as a deprotonation agent. It has beenfound that the
concentration of the base in the aqueous phase affects the selectivity. The concentration

| of basé in the aqueous phase is typically about 25% to about 50% by weight. As the
concentration of base decreases, the seléctivity for one of the alkylated oxindole decreases.

The aqueous phase containing the inorganic base should have minimum sojubility
in the organic solvent phase containing the mc.emic oxindole 1 and the catalyst in order to

_maintain a biphasic reaction mixture. The volume ratio of the orgaﬁic phase of the
reaction mixture to.the aqueous phase is typically about 3:1‘ to a bout 10:1. A reaction
mixture containing the organic phase and the aqueous phase in a volume ratio of about

- 5:1 has been found to produce favorable results.

The organic solvent phase and the oxindole 1 in the i'e;u‘ctiun' mixture 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 solvent phase
to the weight of the oxindole 1.

The alkylating agent for the racemic mixture of oxindole 1 can be a halogenated

acetonitrile selected from the group consisting of chloroacetonitrile, bromoacetonitrile, and

e
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enanti orer S° The éibzrgessqogﬂ?TgT%TENTﬂﬂi \P68-48P2AG ons cont ai ni ng both ofs.ihe
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1, 3-di net hy oxo-| H i ndol e-3-acetonitriles. The separation is described

in nore det gldviQ] M Eh&st selbbidvity bfthelalkylBted 'oxiridoles/ziamd 2b. CTechhical grade
separations®in which only one of the enantioners is obtained in a pure

state. The %ﬁ%ﬁ?rﬁfmﬂ*’%“%aa“d“w‘w sonme degree of separation

of the enan erein‘neither of the enantionmers is obtai ned
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be quantitati ve. ne 1n of a wedge > in the formnulas
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: oxindole 1. Increasing the amount of the alkylating agent relative to the oxindole
generally increases chemical yield, although there is no apparent advantage in utilizing
the alkylating agent in large excess. |

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

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

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

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

It has been found that alkylation of the racemic mixture of oxindole 1 proceeds
very rapidly. With gradual ad‘dition of the alkylating agent to the biphasic reaction

12
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wedge ap%zegEBs. 96I'h(313F\Ze('aavymip %Jgﬁnﬁeﬁm-i%s't%e?%m of a wedge > signif ys.tibat
the substituents are belo QHéTeF\i\HIH@BT.pI ane of the ring system For

exant)l e in the formula for one of the prinmary am nes produced according to
this*invention, the nmethyl group in the 3-position is above the average

pl ane of t hmixtute)dhe reaction is génerallyscantpletenwithiotabpit §toabout2 haurs, Shorter
average plane of the ring. Thus, the methyl group and the am noethyl group
are trans tyeaction tifries@an belemployed, althtughcanlingof thereacton mixture mgy be 7 The
stereosel ective synthesis of the invention can be carried out as shown in

the Fi gur e. rejafred Sipilarty, longéri rgaction periods icani be atilizech although theraiisend apparent
el ogendt edadvantage in extending the reaction time. In any event, the alkylating reaction is carried
to substantial completion, which can be monitored by gas chromatography or other
suitable means. In order to optimize selectivity for the alkylated oxindole 2a or 2b, the
reaction mixture should be agitated.

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

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

The percent enantiomeric excess can be calculated as follows:
% ee =([A){B) x
100
'(-[A+f[3_])
where [A] is the concentration of one of the enantiomers, and
where [B] is the concentration of the other enantiomer.
In a completely resolved material, the enantiomeric excess is equal in weight to the total

material so that % ee, and thus optical purity, is 100%. The concentration of each of the

enantiomers is, of course, expr'essed on the same basis, and can be expressed on either a
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acet oni €fi "-IEQ Fﬁ t’r?es'%re'é%‘?%@ SATEATRRT. r 989 4852a898/st to give an enanti onerisc

m xture conprising al kyl H0BGHAxTATANTES, 2a and 2b, which are- termeavfR] - and
[S]- 5-al koxy- 2, 3-di hydro-1, 3- dinethyl - 2- oxo- 1Hi ndol e- 3- acetonitriles. It
was ‘surprisingly discovered that one of the al kyl ated oxi ndol es

predormi nat eweight ok enclarbasisbecansithetenantiomensitiave the samevnolecular yeeighti| v
found that the al kyl ated oxi ndol es 2a and 2b are obtained in relatively

hi gh chenical yi &l Aumbercofsubstituted:N-benzy! cinchininiumresaltshavie beeny screened for

al kyl ated oxindoles 2a and 2b is preferentially crystallized. The pure

enanti oner geléctive condersipnoftaxindole 1 he alkylated oxindble2ac Alhthesteactionsovere garried
primary am ne 3a or 3b, which is termed [R- or

[ S] - 5- al koxyu ﬁhhﬂr& of oxindole 125 hnidi)kindthe\appropriatel ctalysb(025 The

prinmary amne 3a | n ch Ris a nethyl group is an inportant internediate

in the prepagrél) fda vao(pﬁas@ bystamidotisisting of 8 ml of 50% NaOH and 20 ml of toluene
under nitrogen for 10 min. A solution of chloroacetonitrile (2.75 mmol) in 10 ml of
toluene was then added via a syringe pump over a period of 1 hour. - After completion
addition, the reaction mixture was analyzed by GLC for chemical' conversion.
Enantiomeric excess of alkylated oxindole 2a was determined by HPLC on a Chiralcel OD
column or a Chiracel Of column (Daicel Chemical Industries Ltd.) and by NMR
spectroscopy using tris{3-(heptafluoropropyl-hydroxymethylene)-d-camphoratoleuropium
(i) as the chiral shirft reagent. The results are summarized in Table 1

(1

..
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The pri rrgﬁngm'gﬁe 3 d%“%&gﬁT%‘E$¥-i%9aﬁéﬂ5§a@% a formof the optical g 54
| soner as possible in ordéIIOE@IﬁToMTE\NTmBhi gh yields and optical purity of
phys@stigm ne an dphysostigm ne-like conpounds. This can also be achieved
by sel ectively precipitating the enantioner 3a and ' hi L3

tartaric ad at@harifacisﬁsal 4a
preparing tphe erfanti ofreri 1 Xt a andj3b wll ng

carried out§ by tde st ¢ "afi on 2F an|oxi n@pl e d

H 2“CF3 Br 4

5 vinyl H 26Cl, Br >3

6 vinyl H 3-F Br 8
7 vinyl H 3-Br Br . 48
8 vinyl H 4-Br Br 68
§ 9 vinyl H 4-CF,* Br - 72
10 vinyl H 4-CN | Br >2
11 vinyl H 3,40, Br
- 12 vinyl H 34-C, Br 77
13% vinyl 34-CL, ca 17

Br

Br

Br

Br

* & CRBCMB
** 111 tolvene/hexate
e 34-C1-BCMC
ee 25% NsOH
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8 wher ei % [t Bibdf; Fue tOERHITSPATENEST e @epdBRzadBe group consi sting of rethyl

(compound (
oxi ndol e 1~
of this inv

la)), ethyl (cOPEAShRATEMINGT and benzyl (conmpound (1c))...The
i"S‘“er"racem ¢ mixture. The oxindole 1 is enployed in YHe process
ention as a racem c m xture, which can be prepared by the

S e S5 1og it ihe /8P 4 Hontlon of the PAIRT mSdy of e citbisORin

sel ectively
oxi ndol es 2
suitable ca
or quinidin
reaction is
t he stereos

SERATHARR I AU 8, 1 0, SR ekl e o
S S TGP TP Sl BT hG b
S e B GORE ROk At B b 8 1
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 th 4-cyanobenzylcinchoninium bromide, (Expt. 10). The fluoro-
substituted catalysts gave unexpectedly low % ee for reasons not yet identified,
(Experiments 3 and 6). As expected, the dihydrocinchoninium catalyst behaved similarly
to the corresponding cinchoninium salt, (Experiments 9 and 15). Unexpectedly, a
moderate % ee was observed with benzylquinidinium bromide, (Experiment 16). No
further improvement in % ee was observed when the benzyl group was further
substituted with an electron withdrawing group, (Experiment 17). A slight counterion
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.

The csude enantiomeric mixture comprising the alkylated oxindoles 2a and 2b is
subjected to a preferential recrystallization whereby a desired, optically pure, e.g. R-
enantiomer or S-enantiomer, alkylated oxindole in high optical purity is separated from
the residual remaining racemate. The racemate is preferentially precipitated Jeaving the
optically pure oxindole in the filtrate.

A suitable recystallization solvent is selected. Such solvent is selected from (1) a |
suitable protic solvent, such as an alcohol, e.g. methanol, ethanol, isopropanol, etc., (2) a
suitable aproptic solvent, such as an aliphatic ether, e.g., tertiary-butyl methyl ether,
isopropylethyl ether, etc. and (3) a suitable mixture of a protic and aprotic solvent. )

The enantiomeric mixtyre comprising the alkylated oxindoles 2a and 2b is treated

—_—

\\_\
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m xt ur e Lortpt | 8 ng®PHe épggﬁsﬁt%%@ﬁd@ﬁﬁvéi@maand 2b can be carried ou by
stirring a racem c m xturBOESHST B&TENRABUol e 1 and a chiral catalyst..in a

t wg- phase system conprised of a strong inorgani c base and an organic
sol‘'vent under an inert gas atnosphere until the reaction goes to

subst ant i al witRTRe fcrpitallishesn selivetain acuitable temperatureptypleally dt byom teshperature
the reaction mxture by G.C for -the formation of the al kyl ated oxi ndol es 2a

and 2b. The%m@#tnyqngner;algamrhm amt?imd of tintiepaeffecnéomplete t he

nature of the | fal “catalyst that is enployed. The chiral catalyst for the

Sibot 1 10t e R e T o i mr G Ao o aund o1 e Torml & o
[err] and 2b and selected recrystallization solvent, is then allowed to cool to room temperature
and/or aliowed to remain at room temperature for a short period of time, e.g. typically 5
to 10 minutes, whereupon 2 major amount, typically 65 to 82%, of a first, pure enantiomer
(either R or S) which Q-originally present in the mixture of 2a and 2b in an enriched
amount thereof, will remain in solution; and whereupon a residue comprising a mixture
of the other, second enantiomer and the remainder of the first enantiomer will precipitate
out of solution as a solid mixture, ' _

The resulting two phase mixture of pure enantiomer in solution and precipitated
solid is optionally, but preferrably, cooked to a temperature of about 0°C to about 5°C,

e.g. by means of an ice bath, for a period of time to insure complete precipitation out of
the resultant residue solid mixture of enantiomers.

As préviously indicated, alkylation of the oxindole proceeds via a stereoselective
process and either one of the enantiomers of the alkylated oxindoles is obtained in excess, -
depending upon the choice of catalyst employed. Accordingly, either the R-enantiomer or
the S-enantiomer can be presen in the enantiomeric mixture of 2a and 2b in an enriched
amount. It is this enriched enantiomer which is separated from the precipitated solid
mixture comprising at least th eother enantiomer. _ |

The resulting two-phase mixture is then subject to a conventional separation, e.g.
filtration, whereby the precipitated residue is sepamed from fhe filtrate containing the
first, optically pure enantiomer. The filtrate is then concentrated using conventional
means, e.g. rotoevaporation, and the firs, optically pure enantiomer is separated, e.g. by
filtration. The resulting first enantiomer is of high optical purity.

The first enantiomer can then be treated further to form the amine, 3a or 3b, and

————
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or a. suBStFRUEd 1 BbnzYPECHEH CRBANTER T @88-49s2888 ni ni um conpound of thes.z3
fornmula [err] where R er rHOECHSTaPANERPABTgr oup or an ethyl group.. Blertsl. is

hydrogen or a nmethoxy group, X is chlorine or bromne, Y is independently
sel’ect ed from hydrogen, chlorine, bromne, fluorine, trifluoronethyl

O o o e B BT N Doyt 1 ch aram compounis nave the
formula (1) gieargfe.g: 'y 8CBrobsi Heltrobyelrs, 1988, Vsl) 271709, i eithaithe® gr S The

configuration. Employing the teachings of Lee et al, 1. Org, Chem.., 1991, Vol. 56, 872,
the eserthole can be converted to physostigmine and related compounds. |

In particular, the optically pure first enantiomer is reduced with hydrogen in
acetic acid in the presence of platinum oxide. Amine 3a or 3b is then treated with ethyl
chloroformate in the presence of triethylamine in toluene. Reductive cyclization using
Bthium aluminum hydride in tetrahydrofuran followed by chromotographic purification
provided pure eserethole or esermethole of high optical purity.

The resultant eserthole or esermethole is reacted with fumaric acid in a
conventional manner, e.g. typically at 45 to 50°C for 0.5 to 1 hours to form a fumarate
salt which is recrystallized from methanol to give essentially 100% enantiomeric purity.

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

The absolute configuration of the enantiomer is assigned by converting the amine
to known compounds whose absolute configurations have been established. For example,
the absolute configurations of the carbon atom at the 10-position of the primary amine
can be determined by converting the tartaric acid salts of amines 3a or 3b into the
corre ing optically pure primary amine 3a or 3b by neutralization with dilute NaOH.
‘The resuiting optically pure primary amine can be reductively cyclized in high yield by

refluxing the amine in n-butanol in the presence of excess sodium metal. The product

18
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substi t UFREERBEN AP 3% rHOESHS Td PATENFRRTR dPaskianszatest i t ut ed N-benzyl qui ni gigym
conpounds have the formul d0EGHST RABEMMBEHh R{err] is hydrogen or nethoxy,’
respectively. The preferred catalysts are conpounds in which Y is
3,4-dichloro or 4-trifluoronethyl. These catal ysts can be prepared by
utilizing tpgn tHeaRddérivatided with (S)-()u-thethpltenzylisocyanats 7Thesoptical parity sad
and. are commercially avail able from Fl uka Chem cal Co., Hanppauge, N.Y.
11788, or f apuplsieeonfghrabonafithe résalting prodact cah Beconkinmed by (HRLC analysis

Jersey. The substituted N benzyl cinchoninium and quinidi ni um conpounds and
the substi t gécpdiNghotheymelhodwfSehoneribergerard Brossi, Helvo Ciinyp Aotal, 68: 44861(1986)ed
in the 10
This invention will be more fully understood by reference to the following
examples in which all parts, proportions, ratios, and percentages are by weight unless

otherwise indicated.

CHIRAL PHASE TRANSFER ALKYLATION

To a solution containing 0.48 g of (£)-5-methoxy-1.3-dimethyloxindole in 20 m!i of
toluene was added, under nitrogen, 0.13 g (10 mole %) of N-[¢-
(trifiucromethyDbenzyl]cinchoninium bromide (¢-CF,-BCNB) followed by 8 ml of 50%
NaOH. After stirring the mixture for 10 minutes, a solution containing 0.21 g of
chlorcacetonitrile in 20 ml of toluene was added dropwise over 1 hour. After complete
reaction, 25 ml of ice-cold water was added. The mixture was filtered through a small
celite pad rinsing with 10 mi of toluene. The filtrate was transferred to a separatory

~ funnel, and the 2 layers were separated. The toluene extract wa‘s“-concentrated_ under
reduced pressure and the residue was analyzed on a Daicel éhiralcel OD column eluting

with a 10% isopropanol-hexane mixture, The enantiomeric excess of compound 2a in

which R is methyl was determined to be 72%.

T
.
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asymetric synt Resi s ‘of qogggT E%}]Egtgﬁ WO4PSZRRunt sufficient to cat alg.zs
the reaction of the oxind a ARG ogenated acetonitril-e-te--preduce
one_ of the enantioners of the al kyl ated oxi ndoles in a predom nant anmount
over "the ot her- enantioner. For exanple, the catalyst can be enployed in an
anount of about 5 to about 50 nole % baEXAMPBIE2t he ampunt of oxindole 1.

In a preferred embodi ment of this |nvent|on t he conpounds are enpl oyed as
catal ysts in an anount NE[3AHDighlom)venzylis mvm ehionie ASSAIRWE oxi ndol e
1. The substituted N benzyl ci nchoni ni um and qgui ni di ni um conpounds provi de
the al kyl ated oxindole 2a in excess while the substituted N benzyl

ci nchoni di ni um and qui ni ni um conpounds yield the al kyl ated oxi ndole 2b in
excess when the cTheprocddure described imExampie 4| was repeated avithe0.12 gof Nelddrt . | t
wi |l be understood that the asymretric synthesis of this invention can al so

be carried ddichioro)benzylicinchuvivniam ehleridé 8,4-C1tBCNQYin identical fashion. The
enantiomeric excess of compound 2a in which R is methyl was found to be 76% as

determined by HPLC assay of the reaction mixture.

The procuedre described in Example 1 was repeated with 0.14 g of N-{¢-
bromobenzylicinchoninium bromide (4-Br-BCNB) in identical fashion. The enantiomeric
excess of compound 2a in which R is methyl was found to be 68% as determined by

HPLC assay of the reaction mixture,

The procedure described in Example 1 was repeated with 0.14 of N-{3-
bromobenzyljcinchoninium 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.

—_—

—_————
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Triton x- 40 g%e 8% FHOLES?E sPTENTABT s (5941082209605, 761. Al kyl ation of ¢l

oxi ndol e appears to proce 9Téﬂnﬂﬂﬁﬁ?onal mechani snms. For this reason it
was ant|C|pated that a racemc m xture of the al kyl ated oxi ndol es woul d be
obt ai'ned. Quite unexpectedly, however, it was found that the al kylation
reaction was stereosel ective and that EXAMPLES: of the enantiomers of the
al kyl at ed oxi ndol es. can be obtained in excess, dependlno upon the choice of
catal yst. Moreover, the predNienzyl] inidin - 2SRRI i n hi gh chem cal
yield. The chem cal yield is at |east about 60% based on oxindole 1, and is
general |y about 65%to about 85% based on oxindole 1. The stereosel ective
synthesis of this invention is carried out in a biphasic reaction mxture
conprised of an Thepeocedaré described irs Exaropled wasirepeated withe 13 gWNxt ur e of
oxi ndole 1 and the catal yst and an aqueous phase containing a strong
i nor gani ¢ bbeaezyldiinidindumibromifie BQNQ) dn dderdicalfashion. The endntivmeric excess of
aromatic hydrocarbon sol vent .

compound 2a in which R is methyl was determined to be 39% by HPLC assay of the

reaction mixture.

The procedure described in Example 1 was repeated with 0.20 g of N-{34-
dichlorobenzyllquinidinium chloride (3,4-Cl,-BQONC) in identical fashion. The
enantiomeric excess of compound 2a in which R is methyl was determined to be 77% by

HPLC assay of the reaction mixture.

The procedure described in Example 1 was repeated w:m 0.13 g of N-{4-
(trifluoromethyl)benzylldihydrocinchoninium bromide (4-CFy,-H,-BCNB) in idlentical
fashion. The enantiomeric excess of compound 2a in which R is methyl was found to be
69% by HPLC assay.
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Hal ogena%zeaE r%ﬁmt? ‘E2soMIEREL PATENTRET o gembpB2real i phatic sol vents can a,sp
be enpl oyed. Typical of t WECED] DATENEARThat can be utilized are..benzene,

t ol uene, “XyY€n€, chl orobenzene, 11 and net hyl ene chl oride. Sol vent

m xt Gres of hexane and cycl ohexane can also be utilized. Technical grade
sol vents have been found to yield acce(EXAMPLE®uUlts. The preferred sol vent
I s toluene because reaction mxtures cont ai n| ng t hi S soI vent gave the

hi ghest sel ectively of tNg|4 g A it id AR Ays

herei nafter. The sel ectivi ty obt a| ned Wi t h ot her sol vents can be optim zed
with a mninum of experinentation. The aqueous phase of the reaction

m xture contains a strong inorganic base, such

The procedure described in Example 1 was repeated with 0.13 g of N-{4-

chlorobenzyllcinchoninium bromide (4-CI-BCNB) in identical fashion. The enantiomeric
excess of compound 2a in whech R is tnethyl was found to be 70% by HPLC assay of the

reaction mixture.

The procedure described in Example 1 was repeated with 0.12 g of 34-Cl,-BCNB
in identical fashion. The enantiomeric excess of compound 2a in which R is methyl was
found to be 77% as determined by HPLC assay of the reaction mixture.

To a mixture containing 5.0 g of (+)-5-methoxy-1,3-dimethyloxindole and
1.92 g of 34-C1,-BCNC (t5 mole %) in 200 ml of toluene was added under an efficient N,
purge 40 ml of 50% NaOH. After stirring this mixture for 16 minutes, a solution
containing 2.17 g of chloroacetonitrile in 20 ml of toluene was added over 1 hour. After
complete reaction, the mixture was cooled to 10-15°C, and 160 ml of ice-cold H,0 was
added. The reaction mixture was filtered through a Celite pad rinsing with 40 ml of
toluene. The combined filtreate was transferred to a separatory funnel, and the 2 layers
were sgpamted. The toluene solution was extracted with 100 ml of cold 3N HCI, and 100

22 — |
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as pet assi S%Bhsgr oXi de, %gHw TRRT;: 269-A752P98 hi um hydr oxi de. Techni sads
grade bases have been fou rﬂo&Md'seiaccept able results. The preferred
base.i s sodi um hydroxi de because of its |ow cost, availabili ty, and

ef fe¢tiveness in the process of the invention. The i nor gani c se i s

enpl oyed i nmirofaotdiM,0s Aftércvaporation of gplvent, 582 g (ﬂﬁhb@ﬁ‘mﬂiz&m winchR ds
base functions as a deprotonation agent. It has been found that the
concentrat i guethy! wasisolated mauh@mhmmn&sﬁhammmmpeéﬂwwynd Tae
concentration of base in the aqueous phase is typically about 25%to about
50% by wei glwas deterniined to be 78 %chy HRLGf base decreases, the selectivity for
one of the alkylated oxindole decreases. The aqueous phase containing the

i norgani c base should have m ninumsolubility in the organic solvent phase
containing the racem c oxindole 1 and the cat al yst in order to maintain a
bi phasi c reacti on m xt Sten BY:hCatal ed ' jes toy Pritnary Al

reaction mxture to the aqueous phase is typ| cal | y about 3 1 to a bout
10: 1. A reaction

The nitrile, 2a, obtatned from Step (A) was taken up in 50 m} of methanol and 7.25

mi of concentrated hydrochloric acid. A sample of 0.5 g of PtO, was added. The mixture
" was subjected to hydrogenation for 3 hours at 45 psi. The catalyst was removed by

filtration through filter paper rinsing with 15 mi of methanol. The combined filtrate was
concentrated under reduced pressure, and the residue was dissolved in 100 ml of ice-cold
water. The acidic aqueous solution was first extracted with 50 ml of methylene chioride,
and then basified with 5 ml of 50% NaOH. The basic aqueous chloride solution was
extracted with methylene chloride (3 x 50 ml). The combined organic extract was dried
(Na,SO,) and concentrated under reduced pressure giving 470 g (92%) of the
corresponding amine, 3a.

The amine, 3a, from Step (B) was dissolved in 25 ml of acetonitrile. A solution

containing 6.42 g of dibenzoyl-D-tartaric acid in 25 ml of acetonitrile was added rapidly
under nitrogen. After stirring for another 30 fninutes, the precipitate that formed was
filtered to give 10.38 g of a white solid. The solid was recrystallized from 60 m! of 10%
water-acetonitrile mixture giving 7.86 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 (+)-
campht:rsulfonyl chloride follt:wed by HPLC analysis of the corresponding sulfonamide.
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M Xture SonCal I‘gllsn(_‘}?.t e o'?ogax'ém PRIENTABT , 69 0828ucous phase in a vol unes.2s
ratip of about 5:1 has be st dTENTAb'P oduce favorable results. The organic
sol vent phase and the oxindole 1 in the reaction mxture is generally about *
20:1"to about 80:1, preferably about 301 to about 45:1. The particularly
preferred ratio is about 40:1. These r aEXAMPIE1EXpressed as the vol ume of
the organic solvent phase to the weight of the oxi ndoI el The al kyI ating
agent for the racem qNJ4.RErifldroi siodviicihe haidintun Brofnidie entla] _
acetonitrile selected Tromt he group COI’ISI Stl ng of chI oroacetom trile,

br omoacet oni t ri{Jge offiis catalyst gives predominately the isomer leading to (+)-physostigmine,

To a stirred solution containing 1.19 g of 1,3-dimethyl-5-methoxyoxindole and 0.63
g of chloroacetonitrile in 50 m! of toluene and 10 ml of 50% NaOH under nitrogen was
added 0.53 g of the above catalyst in 1 portion. After 30 minutes, the Jayers were
separated. The toluene solution was washed with water, and then concentrated under
reduced pressure to give the desired product in quantitative yield. The enantiomeric
excess (ce) of enantiomer 2b was determined to be 41% in the following manner. The
nitrile was reduced to the corresponding amine as described in Step (B) of Example 10,
followed by derivatization of the amine with (-)-metnthylchloroformate with HPLC
analysis of the resultant carbamate on a Whatmann Partisil PXS 10/25 column eluting
with 10% acetonitrile/methylene chloride (2 ml/min; 254 nm detection).

The procedure described in Example 1 was repeated with 0.13 g of N-[3-
(trifluoromethyl)benzyljcinchoninium bromide Q-CF,-BCNB) in identxcal fashion. The
enantiomeric excess of compound 2a was found to be 68% as detemuned by HPLC assay

of the reaction mixture.
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| odoacet onlEt: R. 1Bior JEEHTnPATENTRET; @@H@S&@f erred al kyl ating agentg, sg
because it has prOV| ded t HBEGESHPASENT4BT ectivity of the al kyl ated oxindol es
2a and 2b. Technical grade al kyl ating agents have vyiel ded satisfactory
results. The hal ogenated acetonitrile is enployed in an anount of at | east
about one equivalent, and preferably alEXAMPLEIB0 about 1.5 equivalents, of
the racem c mxture of OX|ndoIe 1. Increasing the anDunt of the alkylatlng

: Dighinroihenzy! iR pASAAlAYSANd. al t hough

t | Bidimathvidoanaole g¢ aubatrate in large

excess. The stereoselectlve synthe5|s of t he |nvent|on IS generally carried
out at a tenperature of about 5[err]C to about 30[err]C. Lower tenperatures
are general ly acconpani ed by hi gher selectivity of the al kyl ated oxi ndol e
2a or 2b, althoug & fuktupe containing2.85 grafi(grs-ethoxpld-dimetisyloxindglenalso beferred
fromseparating fromthe aqueous solution at | ow

to as 1,3-dihydro-1.3-dimethyl-5-ethoxy-2H-indol-2-one and 0.77 g of 34-CL-BCNB (15

mole %) in 80 ml of toluene was added under an efficient N, purge 16 ml of 50% NaOH.
After stirring this mixture for 10 minutes, a solution containing 0.87 g of chloroacetonitrile
in 8 ml of toluene was added over 1 hour. After complete resction, 48 i of ice cold H,0
was added. The reaction mixture was filtered through a Celite pad rinsing with 20 ml of
toluene. The combined filtrate was transfesved to 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 solvent, the slightly brownish oil was assayed
on a Daicel Chiralcel OD column eluting with a 10% zsopropanol-hexans mixture. The
- enantiomeric excess of the compound 2a in which R is ethyl was determined to be 71%.

- The procedure described in Example 13 was repeated with 2.80 g of (£)5-
benzyloxy-1-1,3imethyloxindole, also referred to as S-benzyloxy-1.3-dihydro-dimethyl-
2H-indol-2-one in identical fashion. The enantiomeric excess of compound 2a in whickh R
is benzyloxy was determined to be 73% by means of HPLC assay on a Daicel Chiralcel O
column eluting with 40% isopropanol-hexanes.

The compound (+)-5-methoxy-1,3-dimethyl-oxindole employed in the Examines is
also ref.,erred to as 1.S-dihydro‘-l.3-dim‘ethyl-s-methoxy-ZI-l-indol-z-one.

5 This Sheet Has Been Replac
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terrperat%ﬁEEB "Phe 187 erHOEGHITe APRENTARTL aacsAgeodzor carrying out the a1
synthesis is abut 15[err] GOECHSRIPAQENTABf err] C, especial |y about 20[er__]%
The stereosel ective synthesis of the al'kylated oxindole 2a or 2bi's an -
exothernmic reaction. The reaction nmixture can be cooled by internal or
external nmeans to maintain the reactlon%mmjre The need for cooling
can be mnimzed and even avoi ded by gradual 'y addi ng the haI ogenat ed
acetonitrile to the biphagi . : A2 doka t 0 provide
an inert gas bl anket over“tHE-pfpr

asymmetric synthesis is carried out in order to exclude oxygen fromthe
reaction. Exanples of suitable inert gases include nitrogen, argon and

Lo 1T AR NGt el e AR e,

synt hesis of the carrie at atnospheri c” pressure.

Sub- at mosphert g Riee Sid & Fubtip Akt (RYQIEE With a polyethylene rubing connected to a 50
mL syringe) was added 50 g of 1,3-dimethyl-5-ethoxyoxindole, 249 g of [N-(34-

dichlorobenzyl)cinchoninium chlioride (2 mole %) and 625 mL of toluene. This was
followed by the addition of 125 mL of 50% NaOH solution. The biphasic mixture was
stirred for 15 minutes. To this mixture was then added a solution containing 20.33 g of
chloroacetonitrile (1.1 equivalents) in 31 mL of toluene via a syringe pump. After
complete reaction, the biphasic mixture was cooled to about 10°C, and 500 mL of ice cold
H,0 was slowly added. The reaction mixture was filtered through Celite. The reaction
flask and the Celite pad was rinsed with 300 mL of toluene. The 2 phases were
gseparated. The aqueous phase was extracted once with 300 mL toluene. The combined
toluene solutions were extracted twice with 150 mL portions of 3N HC), once with H,O
{300 mL) and once with a'saturated NaCl solution (300 mL). The toluene solution was
concentrated under reduced pressure to give 68.0 g (>100%) of 1,3-dimethyl-5-
ethoxyoxindolyl-3-acetonitrile (5/R 87/13 by chiral hpl) as a solid. The above solid
residue was dissolved in 177 mL of hot methanol. The clear solution was cooled to room
temperature and then at 0-5°C for 3040 minutes. The precipitated solid was filtered and
washea with 20 ml of cold methanol, air dried to give 1_4.08'5 (23.7%) of essentially pure
racemic 1,3-dimethyl-S-ethoxyoxindolyl-3-acetonitrile as a solid. The filtreate was
concentrated to give 4445 g (74.7%) of highly pure (35)-1 3-dimethyl-5-ethoxyoxindolyl-3-
acetonitrile (S/R 99/1 by chiral hpk).

Thisgpe, o o
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It has, béar Fourd %3 aM 1 iFORENPBT.-hees eszmwae ni xt ure of oxi ndol e 1g
proceeds very rapidly. WtHOEGEHdPEDENBBAi ti on of the al kyl ating agent t 5" The
bi phasi ¢ reaction 13 mixture, the reaction is generally conplete within
about | to about 2 hours. Shorter reaction tines can be enpl oyed, although
cooling of the reaction mxture may hEXAMPLESA8-22Sinilarly, |onger reaction
peri.ods can be utilized, although there is no apparent advantage in
extending the reaction tine. In any event, the alkylating reaction is
carried to substantial conpletion, which can be nonitored by gas .
chr omat ogr aphy oMhetprecedswe pfBxamplechiswad repeated except thativarigus gﬁﬂbiﬂmtﬁdtlﬁ'
for the al kyl ated oxi ndole 2a or 2b, the S
dimethyl oxindoles were employed with various recrystallization solvents. The results of

these syntheses are given in the TABLE below.

EXAMPLE | R | SOLVENT | DILUTION | BEFORE® | AFTER*
% ee % ee
(v/w) Ror® | Rors)
. 16 Methoxy | iPrO 2 70(5) 78(5)
17 Methoxy | BuOHC, | 7 - 208) 75(5)
18 Methoxy 95 EtOH 5 70(S0 82(S)
19 Methoxy MeOH 3 70(5) 82(S)
20 Ethoxy ‘BuOHC, 23 73(8) 91(s) -
21 Ethoxy MeOH 9 T 738) 83(S)
Ethoxy MeOH 4 74(S) 98(S)
Ethoxy MeOH 9 52(R) 95(R)

a: based on the theoretical amount of pure enantiomer available
b: % ee of the crude oxindole
¢ % ec of the Rltrate

-
. o 4 . eggev\““{\ |
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22 FEB ’ :

reaction i xture shoul d %OECEé%LE %HQBT r@%ﬁ?ﬁ%ﬁﬂ c reaction mxture cansiss
prepared as follows. The ﬁg NiBT.e of oxindole 1 can be.di.ssol ved in
the organic solvent and the catal yst can be added to the resulting
solution. The aqueous solution of the inorganic base can then be added to
the organic solution and stirred for a EXAMPRLER4 period to formthe -

bi phasic reaction mxture. MId stirring for about 10 m nutes has been
found to be sufficient to formthe bRiBsarstiplerbyinarate S| ow addi tion of the
al kyl ati ng agent inproves selectivity for the predom nating al kyl ated

oxi ndol e 2a or 2b. The optical purity of the enantioners fornmed in the
process of this invention can be expressed as the excess of the enantioner

in the reaction ppoRuUEder@hole percentage of. the total enantioners in the
original solution. The anount of an enantioner is conveniently expressed as

the percent enant 19 Esohtidh:Edtitaining ¥%1'g 'of (FRITFdintétRl-5-&thagyoxindolyl-3-
acetonitrile (95% ee) in 246 mL of acetic acid is added 2.46 (g) of platinum oxide. The
mixture is hydrogenated for 7 hours at 45 psi at room temperature. The reaction mixture
is filtered and the filtrate is concentrated under reduced pressure. The residue is
partioned between toluene and a dilute sodium hydroxide solution. The toluene solﬁtion
. is concentrated to give 51.92 g of the corresponding amine. _

The a solution of 49.9 g of the above amine and 24.29 g of triethylamine in 500 mL
of toluene at 0°C is added, under nitrogen, 23.87 g of ethyl chloroformate. After
complete addition, the mixture is washed with water and the toluene solution is dried
over anhydrous sodium sulfate. The filtrate is concentrated under reduced pressure to
give 60.21 g of the corresponding carbamate.

To a solution of 42.07 g of the carbamate in 106 mL of tetrahydrofuran at 0°C, is
added under nitrogen, 273 mL of a 1M solution of lithium aluminum hydride in
tetrahydrofuran. After the addition is complete, the mixture is heated under reflux for 1.5
hours. After a standard workup, the residue is purified by chromatography on silica gel
to give 17.58 g of (R)-eserethole 5% ze).

B._(R):-Eserethole Fumarate

To a solution containing 38 g of eserethole (R/S 97.5/2.5) in ethanol is added a hot
solution of 21.49 g of furmaric acid in ethanol. The warm mixture is allowed to-cool to

T00m temperature, and then cooled further in an ice-bath. The precipitate that formed is

—
/
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The percenfE%ngﬁt 131 | HOELSTSBATENTAe asaidmsbadped as fol | ows: % ee

|-[B]) x 100 ([A]+[ BEJEGHSRrPATEMSHBT. s the concentration of one of he?

enantiomers, and where [B] is the concentration of the ot her enantioner. In
a c"orrpl etely resol ved rraterlal the joneric e |ght
to the tot diltened to give 476 g REWhiteszys dlﬁ' @ﬁ!“% {3\/53?'6*99 > The
concentration of each of the enantioners i

same basi s,methanckie give 378 8-af-the fumagate A% i’;&‘e%si%g-r CHiral ﬁl%%gssa%'d £ ‘?‘ he

material showed that it is 100% optically pure.

The process of this invention has a number of advantages. The process for the.
stereoselective synthesis of enantiomers provides precursors of physostigmine and
physostigmine-like compound in high chemical yield and purity. The availability of one
enantiomer of a given structure in consideralbe predominance over other enantiomers
makes it possible to enhance the results obtained when the enantiomers are subsequently
resolved. The techniques for carrying out the stereoselective synthesis do not present any
unusual difficulties. The reagents required for the process are readily available or can be
easily prepared using conventional techniques. This invention movﬂs a practical,
economical process for the total synthesis of selected enantiomers of physostigmine and
related compounds.

29
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vei ght &F B 576 b&®i38 hHEEWSE RATENTeRRN BEDMRSZPave t he same nol ecul ar s.35
wei ght. A nunber of substHGEGHEM PAREN@AEY! cinchoninium salts have been ™
screened for selective conversion of oxindole 1 to al kyl ated oXindole 2a. .
Al'l* the reactions were carried out by stirring a mxture of oxindole 1 (2.5
mmol ) and t e i ate catalyst (0.25 nmmol) in a two-phase system
consisting of 8 mM of 50% NaOH and 20 ml of toluene under nitrogen for 10
m n. A sol uyi on of ntdthed BREBlaiilhg h opticAlly Pusid@iantiomer 6F arl alklated oxindoleas
t hen added VI a a syringe punp over a period of 1 hour. After conpletion
addition, t Bad%dn M xture was anal yzed by GLC for chem cal conversion.
Enantiorreri c excess of alkylated oxindole 2a was determ ned by HPLC on a
Chiralcel OD colum or a Chiracel QJ colum (Daicel Chem cal Industries
Ltd.) and by NVR spectroscopy usi
tris[3-(heptafluoroprgg
the chiral shirft reagen

N (I ) as l

, where R is selected from the group consisting of methy), ethy], and benzy), from a
mixture comprising a first and a second enantiomer of said oxindole where the first
enantiomer is present in an amount greater than the second enantiomer, which comprises:
(a) treating the mixture with a suitable recrystallization solvent to selectively
dissolve a major amount of said first enantiomer to form a solution and to form a
precipitate of a mixture comprising at leasf the second enantioner; and
()  separating said solution from said precipitate.

2 The method as defined in Claim 1 which further comprises removing the first
enantiomer from said separated solution.

3. The method as defined in Claim 1 wherein said suitable recrystallizauon solvent is
selected from a suitable protic solvent and a suitable aprotic solvent.

4. The method as defined in Claim 3 wherein said protic solvent is selected from
methanol, ethanol and isopropanol. |

5. The method as defined in Claim 3 wherein said aprotic solvent is selected from
tertiary-butyl methyl ether and isopropyl ethyl ether.

6. A method for the stereoselective synthesis of an alkylated oxindole, whic'h

compriges: .

””\ 30 - /;;1 :
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TABLE- | AsyFr_rEr?etErje?ciﬂeﬁ | APFORTMTONARTolbes Awsiiang Chiral Phase Transfer,

Catalysts. [err] EXPTS.  HOECHST PATENTABT CATALYSTS

% eg 2a.Rerr] R[err[ Y X Vi nyl H H d >3
d >3 15 vi nyl H H Br
10 - reactmg a racemic oxindole of the formula

RQ\O\__ICH,
' N~ o
b

where R is selected from the group consisting of methyl, ethyl, and benzyl, with at least
one where R, is a vinyl group or an ethyl group, -

R; is hydrogen or a methoxy group,

X is chlorine or bromine, _

Y is independently selected from the group consisting of hydrogen, chlorine,

bromine, fluorine, trifluoromethy! groups, and nitrile groups, and

Nis 1,2 3, 4 or 5 to gorm an enantiometric mixt;xre of the alkylated oxindole
where a first enantiomer is present in a greater amount than a second enantiomer in said
enantiometric mixture; and _

treating said enantiometric mixture with a suitable recrystaliization solvent to
separate said first enantiomer from said second enantiomer.
7. The method as define din Claim 6 wherein said suitable recrystalliation solvent is

selected from a suitable protic solvent and a suitable aprotic solvent.

8. The method as defined in Claim 7 wtyerein said pmtié solvent is selected from
methanol, ethanol, and isopropanol and said aprotic solvent is selected from tertiary-butyl
methy! ether and isopropyl ethyl ether. '

9. A method for the stereospecific synthesis of an alkylated oxindole, wﬁch
comprises:

reacting a racemic oxir:dole of the formula

This Sheet Has Been Rep
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22 vFFﬂy'l% 13:36  HQRCHST PATENTABTR-@&9.4052209  Br 5 4 S.37

3 -
vinyl H I@EC-HSFGRMENTABT. Br 4 Qarvorausadtl NYI
H — Y276 [err] Br >3 6 vi nyl H *
3-F -~ Br 8 7 vi nyl H . 3-bBr
Br . 48 8 Vi n\él H 4- Br - Br
68 9 vi nyl R 4- GGy 1] Br 72 10
vi nyl H 4- CN r 1) >2 11 vi nyl
H 3,4-CJerr] 78 &2 vi nyl H
3,4-C[err] Br 7 1%xx0 vi nyl H
3,4-ClJerr]*** d 17 *ok kK Vi nyl H
4-CF[err] | Br 61

where R is methy] with at least one equivalent of chloroacetonitrile in a biphasic reaction

mixture having an aqueous phase having a strong inorganic base as a deprotonation

agent and a solvent phase comprising an orgaric solvent for the oxindole and a catalytic

amount of a substituted N-benzyl cinchoninium or quinidinjum compound of the formula

H\ R;
0O
.-). x.
H Y~N. (1)
H

- R,

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

R, is hydrogen or methoxy group,

X is chlorine or bromine, _

Y is independently selected from the group comkﬁné of hydrogen, chlorine,
bromine, fluorine, trifluoromethy! groups and nitrile groups; and

nis 1,2, 3, 4 or 5 to form an enantiometric mixture of the alkylated oxindole
whete a first enantiomer is presentina greater amount than a second enantiomer; and

treating said enantiometric mixture with a suitable recrystallization solvent to

separate said first enantiomer from said second enantiomer.

32 This Sheet Has Bee
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15 22 FEB Ebe 13:36  HOEEHST PATENTABT4-vEBA®E2dn0 Br 6%.38

> & : o Br 39 17 vi nyl
\élcﬁf/lerr] o eé,r]4- Cl [gQErC]H”1 PWENTA%& 77 * 4-CFlerr] BOMB **1: 1

t @l uerie/ hexane 3, 4-C - BCMC 25% NaOH. 16 Subst.i tuguliﬂg ,&b&ﬁﬁzﬁl&'ﬂ@h‘lﬁ?ﬁ‘\
posi tion % t hgBSRERbA EBideined in Claimc whesein stifSH ,

. . t.

1.

methanol,
methy] ether and isopropyl ethyl ether.

A
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el ect r off ‘(ﬁf‘f ha‘?a\?vn?r?j’ gr'@&E’iST BRTENTART. 96952298, CF3, significantly 52

i ncreased the %e of al kylDEGHSY FBXENTABT.e 2a, (Expts. 8, 9 and 12). This
s p{Obabiy due to atig i off: pai r bei ng forned a resul jegmx
positive character on the atom‘of t he ci nchoni ni um cat al “'m t he

ohserved enhamt of % ewolpypal €CL T Ll QRe\MtzRTONO T OUPS ':V”’f nly due

to i nductive and not reson I S suggested by the | ow % ee

0 b; e lr ve anAMmmm&m‘wwdmp TRETPATENT EOOPERATION 'tl RBA'Q’ RCD-

SuUps a&ﬁﬂne ce gt P17 EB% no 3

i den{ifie er | t As eftf)deuraagons) roci nchom nium
et e s 08,0, [, 7 i

cata oAk eaﬁg.ggummm Dibks U Mg Ddetober 1996 (08.12.9¢)
A A e s e . N—

i ncr eased

( EXpé+-rents—Q and 15} —trexpeet-odlly

benzy lath iudh M %pnb.ﬁmnm: (Exp, Bl giid@ (AT) BE) CH, ‘DECHK,
was t)gserve t he benzyl m’lﬁa?%'w sidﬂ.utﬂ‘dxi;‘%hma ¥T.SERCt r on
Wi t hlf2e)\imergntiomabEiling Dniex per i me 194mgs ey i ght counterion

; (30) Prigrity Data P anmmtmmhupm
. o
08/067,892 27 May 1993 (27.05.93) Us
M) + HOBCHST-ROUSSEL

PHARMACEUTICALS
CORPORATED [US/US): Routs #202-206 Nomy
Box 2500, Somerville, NJ 08876-1258 (US). ro..

(72) Iaventors: LEEMB-.K.JMMM'
Sadoa, NJ 08889 (US), WONG. ms-.‘.ﬂ'
Hawthorne Place, Summit, NJ 07901 (US).

m)m MAURER. Barbara, mm& e
Geals Incorporated, Route 2500.
Samerville. NJ 088761258 (US). '

(56) Tl PROCESS FOR THE ENANTIOSELECTIVE SYNTHESIS OF INTERMEDIATES USED IN THE PREPARATION OF

(57) Absirect

This iavention relates © a process for the preparation of optically alkylated oxindoles which usohl the prepartion of
ewdwwnmﬁkewmwrm&d activity, e -

o
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effectagxaégol@,geri\geglsfomoﬂchgr eaneTadier ssoldbws296ee of the reacti on was EmS
(E>'<peri ments 1 and 2). gﬂ.}«?hﬁlg ﬁ$nof the reaction was appreciably high,,
counterion effect was nonexi'sten e crude enantioneric mxture
conprising the al kyl ated oxindoles 2a and 2b is subjected to a preferential
recrystalllzatlon whereby a desired, optically pure, e.g. R enantioner or
S<=enant i oner, al kyl ated oxindole in high optlcal pugaty is separated Eﬂﬂn1
the residual regginipg racep@Be. The racegt eqays prbi.arent iR

precipitated | eaviy opti cal | gicpume oxi fdol ¢ In|théNiltrg
ol vent™ eatsel ect ekl & *

suitabl e recystall if ‘ bReQl vent is ,
from (1) a suitable rotlfc S8l venso® Na®¥h as an al iﬂ?o e.g. net han
solvent such as an

et hanol, isopropanol, etCH, (2) a abl e apr opt

aliphatic ether, e.g., tertiary-bu met hyl et her isopropyl et hyl efpher,
etc. and (3) a swtable M xture of a protic and. apfotic SO{-IM

MeOH/onc. HCI

— .
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tenperature a
of tine,

HonA3-§ oS

The enantioneric mxture conprising the al kylated oxindoles 2a and 2b is
17 with the recrystallization solvent at a suitable tenperature,

sel ected recrystlal NizahNo&T6ol{vant, is then all otomm’ i
an/or allowed to|rémain aj room e? hGr ¥t ,,S'“"'Odi
e.g. typrcarTy 5o 10 |ni nutes, wheréupd tlo paged .. i
typically 65 tjo 82% of a first, pure enantlorrer ( ' Ror S) whichis |
originaliy present in the mixture of 2a and 2p [ &nh C8hRESHEHT ..4e({AT... {

typically at rf slightly higher, zecQ:@berBOEEEETE, TQF a7
sufficient perj Wﬁ@m ect conplete |$‘sal ut“%t? ,fw L]e. n% u,rce z.,
The resul tant isdl uti on, conprijsiing the di ssol \*/eg(m nt@ 4 ,eg

This invention relates to a process for the selective synthesis of stereoisomers.

More particularly, this invention relates to a process for the stereoselective synthesis of
enantiomers of nitriles and primary amines that are useful in the synthesis of (+)-
physostigmine 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. Acetylcholine
(ACh) is the neurotransmitter in all ganglia, the neuromuscular junction, and the post-
ganglionic synapses of the cholinergic nervous system. Acetylcholine is normally an
excitatory neurotransmitter that binds to nicotinic and muscarinic receptors.

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

In some circumstances, it is desirable to stimulate acetylcholine receptors. One
method involves the use of indirect agonists, such as anticholinesterase drugs, which
inhibit the hydrolysis of ACh by AChE. When an anticholinesterase drug blocks AChE
and inhibits the destruction of. released ACh, a higher neurotransmitter 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
anticholinesterase drug. Physostigmine has a high affinity for AChE and is capable of

inhibiting AChE for prolonged periods. ..

It is believed that degeneration of the cholinergic pathways in the CNS and the
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anount thereof, will remain in solution; and whereupo
-a m xture of the other, second enantioner and the re
enantionmer will precipitate out of solution as a sol
resulting two phase m xture of pure enantioner in sol
solid is optionally, but preferrably, cooked to a te

si due conpri sing

R
t]on and preé‘b}t ted
er athi? JASF 158ho

,Lfor a period jof
time to insure conplete precipitation out of the res _ ) il d

m xture of enantioners. As previously2indicated, alk
proceeds via a stereosel ective process and either one of the enan s of
the al kyl ated oxi ndol es is obtained in excess, dependi ng upon the choice of
catal yst enpl oyed. Accordingly, either the R enantioner or the S-enantioner
can be presen in the enantioneric mxture of 2a and 2b in an enriched

Ao ¢t el 8RR eRe O SRAR BELIAREE debrdtCRRRLAG R he

principal cause of senile dementia of the Alzheimer type. This disease leads to

progressive regression of memory and learned functions. Since thé average age of the
population is on the increase, the frequency of Alzheimer's disease is increasing and
requires urgent attention. |

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

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

It has been found that the compound 1,3-dimethyl-5-methoxyoxindolylethylamine,

“also referred to as 3-(2-aminoethyl)-1,3-dihydro-1,3-dimethyl-5-methoxy-2H-indol-2-one, is
an important intermediate in a recently discovered method of synthesizing (-)-
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 5 components makes it possible to synthesize (+)-phy§ostigmine and (-}
physostigmine.

A process for the stereoselective synthesis of the amines and their precursors could

provide certain advantages. Such 2 process could reduce or eliminate the need for



m xt ure conprising at least th eother enantioner. The resulting two-phase
'm xture is then subject to a conventional separation, e.g. -filtration,

whereby the precipitated residue is separated fromthe ~—@nLaLn|%
s@a&é@ @5«

z-.('\l

the first, optically pure enantioner. The filtrate is t
usi ng conventional neans, e.g. rotoevaporation, and th

pure enantioner is separated, e.g. by filtration. The re ulﬂgqggﬁluﬁa
enantiomer is of high optical purity. Thg first enanti can therb
treated further to formthe am ne, 3a or 3b, and 18t r

eserethol e or esernethole, using conventional techniqugs well known in

resolving mixtures of enantiomers. While stereoselective syntheses that are catalyzed by
enzymes are highly enantioselective, non-enzymatic processes have a wide range of
selectivity. A-ccordingly, the results obtained in processes based on synthetic chemical
techniques are generally unpredictable, and successful results in stereoselective syntheses
" have been difficult to achieve.

Thus, there exists a need in the art for methods based on chemical techniques for
producing enantiomers of physostigmine and pHysostigmine—like compounds. There also
exists a need in the art for methods for the asymmetric synthesis of intermediates for use

in the process. The method should make it possible to obtain the intermediates in a state

of high optical purity. In addition, the process should be easy to carry out and should

employ reagents that are readily available.
SUMMARY OF THE INVENTION

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

- for the stereoselective synthesis of an oxindole, wherein the process comprises reacting a

racemic oxindole of the formula

RO j TCH3 (1)
N

‘ o
CH,
wherein R is selected from the group consisting of methy], ethyl, and benzyl, with at least
one equivalent of a halogenated acetonitrile selected from the group consisting of
chloroacetonitrile, bromoacetonitrile, and iodoacetonitrile. The reaction is carried out in a

biphasic reaction mixture having an aqueous phase comprising a strong inorganic base as



the art, e.g. Yu & Brossi, Heterocycles, 1988, Vol. 27, 1709, in ei ther the
.R or S configuration. Enploying the teachings of Lee et al . . CXg
Chem ., 1991, Vol. 56, 872, the eserthole can be con 1 Skl gm ne
and rel ated conpounds. In particular, the optically EEPLKE%&%ﬂ”ﬁ idrer
I's reduced with hydrogen in acetic acid in the presgnde of platinumjoXi de.
Amine 3a or 3b is then treated with ethyl chlorofornatie Rm SAR PFEsgnde of
triethylamne in toluene. Reductive cyclization using{lithium alum qumh
hydride in tetrahydrofuran foll owed by chronotographj cpar-t+fHcattomn
provi ded pure eserethole or esernethole of high optijcal purity. The
resultant eserthole or esernethole is reacted with fimaric acid 1n a
conventional manner, e.g. typically at 45 to 50[err]Cfor 0.5 to 1 hours to
forma fumarate salt which is recrystallized from nethanol to give
essenti al | y depfiloratiamhgaveanda spivent phasd bemprisitg ab beganirsolykniefoattiel omers in a
reaction mxture obtained in this invention

oxindole. The biphasic reaction mixture includes a catalytic amount of a substituted N-

benzyl cinchoninium or quinidinium compound of the formula

H\ R]
/ o)
Y-k x
-/ o AN (1)
H
R,

n

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

(I1)

n

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

R, is hydrogen or a methoxy group,

X is chlorine or bromine,

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

nis1,2,3,40r5.

The 5-alkoxy-23-dihydro-1.3-dimethyl-2-oxo-1H-indole-3-acetonitriles that are

formed in the process of this invention are resolved by preferential crystallization and



can be determned by (1) treating the primary amne with (-)-menthyl
chloroformate, followed by HPLC anal ysis of thehcorrespondl ng

di astereoneric carbamates; or (2) by treating the am ne—w-t ;’
(+) - canphor sul fonyl chl oride, foll owed by HPLC anal ysis REPWMENT S&%E!}
correspondi ng sul fonani de. The relative conposition of p [ Xture of
enantionmers is given by the areas under the peaks correpppndimganpigite
di astereonmers in HPLC chromatograns. The absol ute confi guf ation of the
enanti omer i s assigned by converting the anine to known{ct
absol ute configurations have been established. For exanple, the absolute
configurations of the carbon atomat the 10-position of ®tfe prinmary am ne
can be determ ned by converting the tartaric acid salts of gm’ nes 3a or 3b
into the ¢ onding optically pure primary amne 3a or 3

neutral i za Bﬁa'g\}’? rﬂwger Eﬁpdé‘CNa'&-'l eitFUTespanding ARINGp Mhicky 929 hsused B‘Y'ihPrary ani ne

can be reduc‘tlxesvglo}( steYe%lséezceﬁccj: fl n hlfgpmygosngmmeyand physostigmine-like-compounds. In

particular, the S-form of 1,3-dimethyl-5-methoxyoxindolyl-ethylamine is useful for

preparing (-)-physostigmine.
BRIEF DESCRIPTION OF THE DRAWING

This invention will be more fully understood by reference to the drawing, which
depicts a reaction scheme for the asymmetric synthesis of alkylated oxindoles 2a and 2b
and conversion of these compounds to primary amines 3a and 3b. The primary amines

are useful in the preparation of enantiomers of physostigmine and physostigmine-like

compounds having pharmaceutical activity.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The asymmetric synthesis of the ﬁr&sent invention involves conversion of an
achiral substrate to a chiral product using a chiral reagent. A prochiral function serves as
the precursor for a chiral product during the reaction. The following nomenclature and
conventions are employed in describing this invention.

As used herein, thg expression, "asymmetric synthesis” means a synthesis in which
an asymmetric atom, instead of being in a molecule before the commencement of the
synthesis, is introduced into the molecule in the course of chemical reaction. Thus, for
example, the asymmetric synthesis of the present invention is a reaction in which an
achiral unit in a substrate molecule is inverted by a chiral reagent into a chiral unit ir_m

such a manner that the stereoisometric products are produced in unequal amounts.

2



refluxing the amne in n-butanol in the presence of excess sodi um netal.
- The product 19 can then be derivatized wth
(S)-(-)-a-nethyl benzylisocyanate. The optical purity a N‘Eﬁi‘ CHES
configuration of the resulting product can be confirne - Y
accordi ng tothe nethod of Schonenberger and Brossi, Heljv %bnﬁ?@%@
1486 (1986). This invention will be nore fully understgod b renc
the foll owi ng exanples in which all parts, proportions, '

percentages are by wei ght unless othergi se indicated.
ALKYLATI ON

elt
atio
I'RAL PHASE TRANSHER

The expression "enantioselective synthesis” means a synthesis that produces one
enan‘iomer of a given structure in considerable predominance over the other possible
enantiomer. The enantioselective synthesis of the present invention typically produces
the predom.inant enantiomer in an amount of about 70% to about 90%, usually about 85%
to about 88%, of the total enantiomers formed as products of the synthesis.

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

The terms "resolve” and "resolution" as used herein are intended to encompass the
complete or partial separation of two enantiomers of 5-alkoxy-substituted 13-dimethyl-2-
oxo—lH-indole—B—acetpnitriles. The seéaraticm is described in more detail hereinafter.
These two terms are intended to cover separations in which only one of the enantiomers
is obtained in a pure state. The terms are also intended to encompass some degree of
separation of the enantiomers, wherein neither of the enantiomers is obtained completely

free of the other. Separation of the enantiomers may or may not be quantitative.

The heavy line in the form of a wedge ™ in the formulas herein signifies that the

substituents are above the average plane of the ring system in connection with which the

wedge appears. The heavy broken lines in the form of a wedge ¥ signify that the

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

group are trans to each other relative to the average plane of the ring.



EXAMPLE | N-[4-(Trifluoromethyl)benzyllcinchoninium bronide et
-containing 0.48 g of ()-5-nethoxy-1, 3-di net hyl oxi ndol RE%?L@FM%W EHII‘J
was added, under nitrogen, 0.13 g (10 nole %9 of N-[4- e
(trifluoronethyl)benzyl]cinchoninium brom de (4-CF[errl -1BCNB) é&lﬁg@y\e
m of 50% NaOH. After stirring the m xture for 10 m nufe ‘é’é I on

containing 0.21 g of chloroacetonitrile in 20 m of tolukne was..added-
dropwi se over 1 hour. After conplete reaction, 25 mM ol Ice-cold water
added. The  m xture was filtered through a small celite s+ '
m of toluene. The filtrate was transferred to a separatory funnel, and the
2 layers were separated. The tol uene extract was concentrated under reduced
pressure and the residue was anal yzed on a Daicel Chiralcel OD colum

eluting with a 10% i sopropanol - hexane m xture. The enantioneric excess of
conpound 2a i n The stereoselective synthesis of the invention can be carried out as shown in the -

a3 A

Figure. Referring to the Figure, an oxindole 1 can be alkylated with a halogenated
acetonitrile in the presence of a chiral catalyst to give an enantiomeric mixture comprising
alkylated oxindoles 2a and 2b, which are termed (R]- and (S}- 5-alkoxy-2,3-dihydro-1,3-
dimethyl-2-oxo-1H-indole-3-acetonitriles. It was surprisingly discovered that one of the
alkylated oxindoles predominates in the reaction product. In addition, it was
unexpectedly found that the alkylated oxindoles 2a and 2b are obtained in relatively high
chemical yield.

The crude enantiomeric mixture compris.ing the alkylated oxindoles 2a and 2b is
preferentially crystallized. The pure enantiomer can be hydrogenated in the presence of a
catalyst to form a primary amine 3a or 3b, which is termed [R}- or
{S]-5-alkoxy-3-(2-aminoethyl)-1,3-dihydro-1,3-dimethyl-2H-indol-2-one. 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 available in as pure a form of the optical isomer as
possible in order to obtain high yields and optical purity of physostigmine an
dphysostigmine-like compounds. This can also be achieved by selectively precipitating
the enantiomer 3a and 3b with a chiral tartaric acid to form a tartaric acid salt 4a or 4b.
One method for preparing the enantiomeric mixture 3a and 3b will now be described in

greater detail.

The asymmetric synthesis of the present invention is carried out by the

 stercoselective alkylation of an oxindole of the formula:

RO CH,
N



which Ris nethyl was determ ned to be 72% 20 EXAMPLE 2
N-[ 3, 4- (Di chl oro) benzyl ] ci nchoni ni um Chl ori de As Catal yst e
RE?LA- et |

described in Exanple 1 was repeated with 0.12 g of N3, ¥
(di chl oro) benzyl | ci nchoni nium chloride (3,4-C[err]-BCNC)} ifr1denti cq‘lf_
s et Bids
nym xt ure.

fashi on. The enantioneric excess of conpound 2a in which

found to be 78% as determ ned by HPLC assay of the reacti
EXAMPLE 3 8

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

The oxindole 1 can be selectivels' converted to an enantiomeric mixture comprising
alkylated oxindoles 2a and 2b using a chiral phase transfer catalyst. Examples of suitable
catalysts are those derived from substituted N-benzyl cinchoninium or quinidinium or N-
benzyl chinconidinium or quininium halides. The reaction is characterized by high
enantioselectivity.

More particularly, the stereoselective conversion of oxindole 1 to an enantiomeric
mixture comprising the alkylated oxindoles 2a and 2b can be carried out by stirring a
racemic mixture of the oxindole 1 and a chiral catalyst in a two-phase system comprised
of a strong inorganic base and an organic solvent under an inert gas atrﬁosphere until the
reaction goes to substantial completion. Chemical coﬁversio;\ can be monitored by
analyzing the reaction mixture by GLC for the formation of the alkylated oxindoles 2a
and 2b. The enantiomer 2a and 2b that predominates is dependent upon the nature of
the chiral catalyst that is employed.

The chiral catalyst for the selective conversion of oxindole 1 to the alkylated

oxindole 2a or 2b is a substituted N-benzyl cinchoninium or quinidinium compound of

the formula

X
(D)

(V)q



N-[ 4- Bronobenzyl ] ci nchoni ni um Bromi de As Catal yst The procuedre descri bed

in Exanple 1 was repeated with 0.14 g of N-[4- bronoben MO
bromi de (4-Br-BCNB) in identical .fashion. The enanti (pupi A(EMERESBEL! |
conpound 2a in which Ris nmethyl was found to be 68%a§—¢ mHed b
assay of the reaction mxture. EXAMPLE 4 N-[3-Brnobe Mg REPF um
Brom de as Catal yst The procedure described in Exarrpl‘e \1 repeate
0.14 of N-[3- bronobenzyl]cinchonini um bromn de (3-Br-BGNB ;

q\l_,)__J_.n_-l—-el-eﬁﬁ"c
fashion. The enantioneric-excess of conmp8und 2a in wh ch Ris nethyl __\_/gs
found to be 48% as determ ned by HPLC assay of the re re.

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

oY

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

R; is hydrogen or a methoxy group,

X is chlorine or bromine,

Y is independently selected from hydrogen, chlorine, bromine, fluorine,
h'iﬂuoromet!.\y.l groups, and nitrile groups; and

nis1,2,3,40r5.
The substituted N-benzyl cinchoninium and the substituted N-benzyl quinidinium
compouﬁds have the formula (I) in which R, is hydrogen or methoxy, respectively. The
substituted N-benzyl cinchonidinium and the substituted N-benzyl quininium compounds
have the formula (II) in which R, is hydrogen or methoxy, respectively. The preferred
catalysts are compounds in which Y is 3,4-dichloro or 4-trifluoromethyl. These catalysts
can be prepared by utilizing the procedures described in J. Ong. Chem. 1987, 52, 4745-
4752 and are commercially available from Fluka Chemical Co., Hanppauge, N.Y. 11788, or
from Chemical Dynamics Corporation of South Plainfield, New Jersey.

The substituted N-benzyl cinchoninium and quinidinium compounds and the

substituted N-benzyl cinchonidinium and quininium compound are employed in the



21 EXAMPLE 5 N-Benzyl qui ni di ni um Brom de As Catal yst The procedure
-described in Exanple 1 was repeated with 0.13 g N benzyl qU| ni d|
bronmi de (BQONC) in identical fashion. The enantioner e e
in which Ris nethyl was determ ned to be 39% by HPL%
m xture. EXAMPLE 6 N[ 3, 4- Di chl or obenzyl ] gui ni di ni ums

10

asymmetric synthesis of the invention in an amount sufficient to catalyze the reaction of
the oxindole and the halogenated acetonitrile to produce one of the enantiomers of the
alkylated oxindoles in a predominant amount over the other enantiomer. For example,
the catalyst can be employed in an amount of about 5 to about 50 mole % based upon the
amount of oxindole 1. In a preferred embodiment of this invention, the compounds are
employed as catalysts in an amount of about 10 to about 15 mole % based upon oxindole
1.

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

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

The stereoselective synthesis of this invention is carried out in a biphasic reaction
mixture comprised of an organic solvent phase containing the racemic mixture of
oxindole 1 and the catalyst and an aqueous phase containing a strong inorganic base.
The oxindole 1 and the catalyst are dissolved in an aromatic hydrocarbon solvent.
Halogenated aromatic solvents and halogenated aliphatic solvents can also be employed.

Typical of the solvents that can be utilized are benzene, toluene, xylene, chlorobenzene,



_"—//

di chl or-obenzyl ] qui ni di ni um chloride (3,4-d[err]-BOWo—rmr IOl ennT
fashion. The enantioneric excess of conpound 2a in FEhARENVE {{TLS y Yhas
determned to be 77% by HPLC assay of the reaction Ure. EXAMPLE |7
N-[4-(trifluoronethyl)benzyl]dihydroci nchoni ni um Brdniide 448 JARtBOYst] The
procedure described in Exanple 1 was repeated with O 1? g of N-[4-
(trifluoronethyl)benzyll di hydroci nchoni ni um brom de {4beHerri=Herr| - BCN\B)

in identical fashion. The enantiomeric excess of compound 2a in which - R is
met hyl was found to be 69% by HPLC assay. ' '

and methylene chloride. Solvent mixtures of hexane and cyclohexane can also be utilized.
Techrical grade solvents have been found to yield acceptable results. The preferred
solvent is toluene because reaction mixtures containing this solvent gave the highest
selectively of the alkylated oxindole 2a or 2b in the examples hereinafter. The selectivity
obtained with other solvents can be optimized with a2 minimum of experimentation.

The aqueous phase of the reaction mixture contains a strong inorganic base, such

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

The inorganic base is employed in an amount sufficient to support catalysis of the
reaction. The base functions as a deprofonation agent. It has been found that the
concentration of the base in the aquéous phase affects the sel&ﬁvity. The concentration
of base in the aqueous phase is typically about 25% to about 50% by weight. As the

' concentration of base decreases, the selectivity for one of the alkylated oxindole decreases.

The aqueous phase containing the inorganic base should have minimum solubility
in the organic solvent phése containing the racemic oxindole 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 is typically about 3:1 to a bout 10:1. A reaction
mixture containing the organic phase and the aqueous phase in a volume ratio of about

. 5:1 has been found to produce favorable results.

The organic solvent phase and the oxindole 1 in the reaction mixture 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 solvent phase
to the weight of the oxindole 1.

The alkylating agent for the racemic mixture of oxindole 1 can be a halogenated

acetonitrile selected from the group consisting of chloroacetonitrile, bromoacetonitrile, and



22 EXAMPLE 8 N-14- Chl or obenzyl]ci nchoni ni um Broni de As Catal yst The
‘procedure described in Exanple 1 was repeated with 0.13 g of N-[4-

chl orobenzyl ] ci nchoni ni um brom de (4-Cl -BCNB) in identi
enantiomeric excess of conpound 2a in whch R is nethyl
by HPLC assay of the reaction m xture. EXAVPLE 9

N-[ 3, 4- (Di chl or o) benzyl ] ci nchoni ni um Brom de As Cat al ysit

described in Exanple 1 was repeated with 0.12 g of 3,4-[ClJerr]-BCNB i

i'dentical fashion. The enantioneric exgess of conpound ﬁ

met hyl was found to be 77% as determ ned by HPLC assay
m xt ure. :

[

Thé Opﬂége‘ﬁa? e

ain which_Ris

f_ _the reaction—-

iodoacetonitrile. Chloroacetonitrile is the preferred alkylating agent because it has

provided the highest selectivity of the alkylated oxindoles 2a and 2b.

alkylating agents have yielded satisfactory results.

Technical grade

The halogenated acetonitrile is employed in an amount of at least about one

equivalent, and preferably about 1.1 to about 1.5 equivalents, of the racemic mixture of

oxindole 1. Increasing the amount of the alkylating agent relative to the oxindole

generally increases chemical yield, although there is no apparent advantage in utilizing

the alkylating agent in large excess.

The stereoselective synthesis of the invention is generally carried out at a

temperature of about 5°C to about 30°C. Lower temperatures are generally accompanied

by higher selectivity of the alkylated oxindole 2a or 2b, although caution must be

exercised to avoid the inorganic base from separating from the aqueous solution at low

temperatures. The preferred temperature range for carrying out the synthesis is abut

15°C to about 25°C, especially about 20°C.

The stereoselective synthesis of the alkylated oxindole 2a or 2b is an exothermic

reaction. The reaction mixture can be cooled by internal or external means to maintain

the reaction temperature. The need for cooling can be minimized and even avoided by

' gradually adding the halogenated acetonitrile to the biphasic reaction mixture.

1t is desirable to provide an inert gas blanket over the biphasic reaction mixture in

which the asymmetric synthesis is carried out in order to exclude oxygen from the

reaction. Examples of suitable inert gases include nitrogen, argon, and helium. Nitrogén

is preferred for economic reasons.

The stereoselective synthesis of the invention can be carried out at atmospheric

pressure. Sub-atmospheric pressures should be avoided.

It has been found that alkylation of the racemic mixture of oxindole 1 proceeds

very rapidly. With gradual addition of the alkylating agent to the biphasic reaction



EXAMPLE 10 Step (A): N-[3.4-(dichloro)benzyllcinchonium Chloride As
Catal yst To a m xture containing 5.0 g of

(+)-5¥mat hoxy- 1, 3-di net hyl oxi ndol e and 1.92. g of 3, ! i@ﬁ\l@%’ﬁg nol e
% in 200 nl of toluene was added under an efficient . e

NaOH After stirring this mxture for 10 mnutes, a's
2.-17 g of chloroacetonitrile in 20 M of tol uene was .
After conplete reaction, the mxture was cooled to 10{1%[err olm
of ice-cold Herr]O was added. The read8i on mi xt ure Tiltered through a
Celite pad rinsing wwth 40 mM of toluene. The conbi ne .
transferred to-a separatory funnel, and the 2 | ayers were separated. The
t ol uene solution was extracted with 100 m of cold 3N HCl, and 100

mixture, the reaction is generally complete within about 1 to about 2 hours. Shorter
reaction times can be employed, although cooling of the reaction mixture may be
required. Similarly, longer reaction periods can be utilized, although there is no apparent
advantage in extending the reaction time. In any evént, the alkylating reaction is carried
to substantial completion, which can be monitored by gas chromatography or other
suitable means. In order to optimize selectivity for the alkylated oxindole 2a or 2b, the
reaction mixture should be agitated.

The biphasic reaction mixture can be prepared as follows. Thé racemic mixture of
oxindole 1 can be dissolved in the organic solvent and the catalyst can be added to the
resulting solution. The aqueous solution of the inorganic base can then be added to the
organic solution and stirred for a sufficient period to form the biphasic reaction mixture.
Mild stirring for about 10 minutes has been found to be sufficient to form the biphasic
mixture. Slow additi_on of the alkylating agent improves selectivity for the predominating |
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 t}.\e enantiomer in the reaction product as a percentage of
the total enantiomers in the oﬁginai solution. The amount of an enantiomer is
conveniently expressed as the percent enantiomeric excess, which is abbreviated "% ee".

The percent enantiomeric excess can be calculated as follows:

% ee = ([A)}-{B])

TARE) * 1%

where [A] is the concentration of one of the enantiomers, and

where [B] is the concentration of the other enantiomer.
In a completely resolved material, the enantiomeric excess is equal in weight to the tetal
material so that % ee, and thus optical purity, is 100%. The concentration of each of the

enantiomers is, of course, expressed on the same basis, and can be expressed on either a
4



23 mM of cold Herr]O After evaporation of solvent, 502 g (83% of

. conpound 2a in which Ris nethyl was isolated as a slightly brownish oil.
The entntioneric excess of conpound 2a was determ ne Do~y
Step (B): Catalytic Reduction of Nitriles to Primry mm@gﬁﬁ}'g"hgﬂ'

2a, obtained fromStep (A was taken up in 50 m of Aarot-and™7. 2% of
concentrated hydrochloric acid. A sanple of 0.5 g of Pthz.gbAwg dded.
The m xture was subjected to hydrogenation for 3 hourjs jat psi . Thd
catalyst was renoved by filtration through filter paperlrinsing-w-h-13 n
of nmethanol. The conbined filtrate was concentrated uphder reduced pressyure,
and the residue was dissolved in 100 m of ice-cold e fr—Tre—aCTarc
aqueous solution was first extracted with 50 m of nethylene chloride,

=

weight or molar basis because the enantiomers have the same molecular weight.

A number of substituted N-benzyl cinchoninium salts have been screened for
selective conversion of oxindole 1 to alkylated oxindole 2a. All the reactions were carried
out by stirring a mixture of oxindole 1 (2.5 mmol) and the appropriate catalyst (0.25
mmol) in a two-phase system consisting of 8 ml of 50% NaOH and 20 ml of toluene

-under nitrogen for 10 min. A solution of chloroacetonitrile (2.75 mmol) in 10 ml of
toluene was then added via a syringe pump over a period of 1 hour. After completion
addition, the reaction mixture was analyzed by GLC for chemical conversion.
Enantiomeric excess of alkylated oxindole 2a was determined by HPLC on a Chiralcel OD
column or a Chiracel OJ column (Daicel Chemical Industries Ltd.) and by NMR
spectroscopy using tris[3-(heptafluoropropyl-hydroxymethylene)-d-camphoratoleuropium

(Il as the chiral shirft reagent. The results are summarized in Table 1 -

% )y
EXPTS. CATALYSTS % ee 22
R, R, X X
1 vinyl H H Cl >3




and then basified wwith 5 ml of 50% NaOH. The basic aqueous chloride
solution was extracted with nethylene chloride (3 x 50 m). The conbi ned
organi c extract was dried (Na[err]SO err]) and concentrated-unrder-redited
pressure giving 4.70 g (92% of the corresponding amipgp, ;_EMEE\HpSLM
Enri chnment of Am ne by Selective Precipitation Wth | Fartaric Acid
The amne, 3a, fromStep (B) was dissolved in 25 m df acihczjig&ﬂr-‘gd;‘p. A
sol ution containing 6.42 g of dibenzoyl-D-tartaric agiq in- m  of
acetonitrile was added rapidly under nitrogen. After |sti_Ling..fer—atrdt her

30 minutes, the precipitate that fornag was filtered fo give 10.38 g of
white solid. The solid was recrystallized from60 m of-38%c—

= /U

wat er-acetonitrile mxture giving 7.86 g (47.4% of the tartrate salt of
the amine; mp. 136- 137[err]C. The optical purity was determ ned to be 99%

PSRN RS e e U O e L el R
3 vinyl H | 2-F Br 5
4  vinyl H 2CF, Br P
3 vinyl . H 2,6-Cl, Br >3
6 vinyl H ‘3.F Br 5
7 vinyl H . 3Br Br 48
8 vinyl H 4Br Br 68
9 vinyl H 4-CF,* Br 72.
10 vinyl H 4CN Br )
n vinyl H 34-Cl, Br 78
12 vinyl H | 3401, Br -
13* vinyl H 34-CLr p —
147 vinyl H 4CF, Br )
15 Et H 4-CF, T By "
16 - vinyl OCH, H Br 39
17 iyt | ocH, | saq, | & -
* 4-CF,BCMB
** 11 toluene/hexane
“ 34.C1,-BCMC

seee 25% NaOH



24 EXAMPLE 11 N 14- (Trifluoronet hyl)benzyl]cinchonidi ni um Brom de As
-Catal yst Use of this catalyst gives predom nately the isoner leading to

(+)-physostigmne. To a stirred solution containing 1.19 g of
1, 3-di met hyl - 5- met hoxyoxi ndol e and 0.83 g of chl or ogeet UL ®
toluene and 10 m of 50% NaCOH under nitrogen was ad &é?ﬁ%éﬁ&héggéﬂ
catalyst in 1 portion. After 30 mnutes, the |ayers V\Bl’e “Separ at ed.
tol uene solution was washed with water, and then cohc _nt'r(dt,@dlﬁf}?a

pressure to give the desired product in quantitativ
enanti oneric 1o

Substitution in the 3 and/or 4 position of the benzyl moiety of the catalyst with
electron withdrawing groups, such as Br, Cl, or CF,, significantly increased the %ee of
alkylated oxindole 2a, (Expts. 7, 8, 9 and 12). This is probably due to a tighter ion-pair

being formed as a result of increased positive character on the N-atom of the

‘cinchoninium catalyst. That the observed enhancement of % ee by electron withdrawing

groups is mainly due to inductive effect and not resonance effect is suggested by the low
% ee observed for th 4-cyanobenzylcinchoninium bromide, (Expt. 10). The fluoro-
substituted catalysts gave imexpectedly low % ee for reasons not yet identified,
(Experiments 3 and 6). As expected, the dihydrocinchoninium catalyst behaved similarly
to the corresponding cinchoninium salt, (Experiments 9 and 15). Unexpectedly, a
moderate % ee was observed with benzylquinidinium bromide, (Experiment 16). No
further improvement in % ee was observed when the benzyl group was further
substituted with an electron withdrawing group, (Experiment 17). A slight counterion
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.

The crude enantiomeric mixture co.mprising the alkylated oxindoles 2a and 2b is
subjected to a preferential recrystallization whereby a desired, optically pure, e.g. R-
enantiomer or S-enantiomer, alkylated oxindole in high optical purity is separated from
the residual remaining racemate. The racemate is preferentially precipitated leaving the
optic-ally pure oxindole in the filtrate.

A suitable recystallization solvent is selected. Such solvent is selected from (1) a
suitable protic solvent, such as an alcohol, e.g. methanol, ethanol, isopropanol, etc., (2) a
suitable aproptic solvent, such as an aliphatic ether, e.g., tertiary-butyl methyl ether,
isopropylethyl ether, etc. and (3) a suitable mixture of a protic and aprotic solvent.

The enantiomeric mixture comprising the alkylated oxindoles 2a and 2b is treated



excess (ee) of enantiomer 2b was deternined to be 41%in the foll owi ng
-manner. The nitrile was reduced to the correspondi ng am ne as described in
Step (B) of Exanple 10, followed by derivatization of the anine-w-th

(-)-metnthyl chl oroformate with HPLC anal ysis of t f ahat e on
a What mann Partisil PXS 10/25 columm eluting with RE tﬁﬁ‘ gﬁ %?

acetonitrile/ methylene chloride (2 mM/mn; 254 nmid ectlon) EXAVPLE 12

N-[3-(Trifluoronethyl)benzyl]ci nchoni ni um Brom de {As anajé{ﬂt‘l?%e procedure
described in Exanple 1 was repeated with 0.13 g of] N[ 3-
(trifluoronethyl)benzyl]cinchonini um BZon de (3- CH rr=t~=BERBT 111 T ddnti cal

fashi on. The enantioneric excess of conmpound 2a found to be 68%las
determ ned by HPLC assay of the reaction mxture.

with the recrystallization solvent at a suitable temperature, typically at room temperature
or slightly higher, e.g. .25'C—30'C, for a sufficient period of time to effect complete
dissolution of the mixture. The resultant solution, comprising the dissolved mixture of 2a
and 2b and selected recrystallization solvent, is then allowed to cool to room temperature
and) or allowed to remain at room temperature for a short period of time, e.g. typically 5
to 10 minutes, whereupon a major amount, typically 65 to 82%, of a first, pure enantiomer
(either R or S) which is originally present in the mixture of 2a and 2b in an enriched
amount thereof, will remain in solution; and whereupon a residue comprising a mixture
of the other, second enantiomer and the remainder of the first enantiomer will precipitate
out of solution as a solid mixture.

The resulting two phase mixture of pure enantiomer in solution and precipitated
solid is optionally, but -preferrably, cooked to a temperature of about 0°C to about 5°C,
e.g. By means of an ice bath, for a period of time to insure complete precipitation out of
the resultant residue solid mixture of enantiomers.

As previously indicated, alkylation of the oxindole proceeds via a stereoselective
process and either one of the enantiomers of the alkylated oxindoles is obtained in excess,
depénding upon the choice of catalyst employed. Accordingly, either the R-enantiomer or
the S-enantiomer can be presen in the enantiomeric mixture of 2a aﬁd 2b in an enriched
amount. It is this enriched enantiomer which is separated from the precipitated solid

. mixture comprising at least th eother enantiomer.

The resulting two-phase mixture is then subject to a conventional separation, e.g.
filtration, whereby the precipitated residue is separated from the filtrate containing the
first, optically pure enantiomer. The filtrate is then concentrated using conventional
means, e.g. rotoevaporation, and the firs, optically pure enantiomer is separated, e.g. by
filtration. The resulting first enantiomer is of high optical purity.

The first enantiomer can then be treated further to form the amine, 3a or 3b, and



25 EXAMPLE 13 N-[3, 4-(Di chl oro) benzyl ] ci nchoni ni um Chl oride As Catal yst and
(+)-5-Ethoxy-1 3-d inethyl oxindole as Substrate To a m xtur .
2.15 g of (+)-5-ethoxy-1, 3-imet hyl oxi ndol e, al so referrgﬁp}_ﬂ(}ﬁﬁﬁ!\]‘j‘ Sﬁi
1, 3-di hydro- 1, 3-di net hyl - 5- et hoxy- 2H-i ndol - 2-one and 0
3,4-CI[err]-BCNB (15 mole %9 in 80 nl of toluene was addgd g‘%ﬁi‘% a‘%?
efficient N2 purge 16 m of 50% NaOH. After stirring tHi s ) @ ]
m nutes, a solution containing 0.87 g of chloroacetonitiife in 8, _of
tol uene was added over 1 hour. After conplete reaction,} 48 m of ice cold
H err] O was added. The reaction mixture8was filtered th '
rinsing wth 20 m of :

0

thereafter to form eserethole or esermethole, using conventional techniques well known in
the art, e.g. Yu & Brossi, Heterocycles, 1988, Vol, 27, 1709, in either the R or S
configuration. Employing the teachings of Lee et al., |. Org. Chem.., 1991, Vol. 56, 872,
the eserthole can be converted to physostigmine and related compounds.

In particular, the optically pure first enantiomer is reduced with hydrogen in
acetic acid in the presence of platinum oxide. Amine 3a or 3b is then treated with ethyl
chloroformate in the praence of triethylamine in toluene. Reductive cyclization using
lithium aluminum hydride in tetrahydrofuran followed by chromotographic purification
provided pure eserethole or esermethole of high optical purity.

The resultant eserthole or esermethole is reacted with fumaric acid in a
conventidnal xﬁanner, e.g. typically at 45 to 50°C for 0.5 ta 1 hours to form a fumaratle
salt which is recrystallized from methanol to give essentially 100% enantiomeric purity.

The concentration of enantiomers in a reaction mixture obtained in this invention
can be determined by (1) treating the primary amine with (-)-menthyl chloroformate,
followed by HPLC analysis of the corresponding diastereomeric carbamates; or (2) by
treating the amine with (+)-camphorsulfonyl chloride, followed by HPLC analysis of the
corresponding sulfonamide. The relative composition 6f a mixture of enantiomers is
given by the areas under the peaks corfesponding to the diastereomers in HPLC
chromatograms.

The absolute configuration of the enantiomer is assigned by converting the amine
to known compounds whose absolute conﬁgura_lfions have been established. For example,
the absolute configurations of the carbon atom at the 10-position of the primary amine
can be determined by converting the tartaric acid salts of amines 3a or 3b into the
corresponding optically pure primary amine 3a or 3b by neutralization with dilute NaOH.
The resulting optically pure primary amine can be reductively cyclized in high yield by

refluxing the amine in n-butanol in the presence of excess sodium metal. The product



tol uene. The conbined filtrate was transferred to a separatory funnel, and
the two | ayers were separated. The tol uene sol ution was extractednmjghmgo
m of 2N HCl, and twice with 20 ml of Herr]O After ﬁwgﬁgﬁgﬁﬁﬁﬁ
solvent, the slightly brownish oil was assayed on a tﬁﬁakee+'_
colum eluting with a 10% i sopropancl - hexanes m xture. e. e | gperijc
excess of thegconpound 2a in ahich Ris ethyl was dete néé§3gkb€%$10

el As_Cat al ysi d

rocedure describeg

EXAMPLE 14 N-[ 3, 4-(Di chl oro)benzyl | ci nchoni ni um Chl or

(+) - 5-Benzyl oxy- 1, 3-di net hyl oxi ndol e as Substrate The
in Exanpl e 13 was repeated with 2.80 g oﬂg()-S-

benzyl oxy-1-1, 3-di net hyl oxi ndol e, also referred to as .
5-benzyl oxy-1, 3-di hydro-di methyl - 2H-indol -2-one in identical fashion. The
enant i OeT g, %689 elaBINANTE. A kil el afodySnde VN Siftcal B SHET ™ e

to be 73% by neans o C assay on a ral'ce
absolute configuration of the resulting product can be confirmed by HPLC analysis

according tothe method of Schonenberger and Brossi, Helv. Chim. Acta., 69: 1486 (1986).
This invention will be more fully understood by reference to the following

examples in which all parts, proportions, ratios, and percentages are by weight unless

otherwise indicated.

CHIRAL PHASE TRANSFER ALKYLATION

EXAMPLE 1
N-| 4-(Trifluoromethylbenzyllcinchoninium bromide

To a solution containing 0.48 g of &)-S-méthoxy-ls-dimethyloxindole in 20 m! of

. toluene was added, under nitrogen, 0.13 g (10 mole %) of N-{4-
(trifluoromethylbenzyllcinchoninium bromide (4-CF,-BCNB) followed by 8 ml of 50%
NaOH. After stirring the mixture for 10 minutes, a solution containing 0.21 g of
chloroacetonitrile in 20 m! of toluene was added dropwise over 1 hour. After complete
reaction, 25 ml of ice-cold water was added. The mixture was filtered through a small
celite pad rinsing with 10 ml of toluene. The filtrate was transferred fo a separatory
funnel, and the 2 layers were separated. The toluene extract was concentrated under
reduced pressure and the residue was analyzed on a Daicel Chiralcel OD column eluting
with a 10% isopropanol-hexane mixture. The enantiomeric excess of compound 2a in

which R is methyl was determined to be 72%.



colum eluting with 40% i sopropanol - hexanes. The conpound
() - 5-nmet hoxy- 1, 3-di net hyl - oxi ndol e enpl oyed in the Exam nes is al so

referred to as 1, 3-di hydro-1, 3-di net hyl - 5- net hoxy- 2H i ndol - 2- one- 26
EXAWPLE 15 A. (3S)-1, 3-Di et hyl - 5- Et hoxyoxi ndol yl - 3- Acet-eat-t-fi+e—F7 L
3-necked RB-flask fitted with a nechanical stirrer, NZME, m r,
condenser, and a rubber septum (threaded with a pol yethyfene rubi ng
connected to a 50 nL syringe) was added 50 g of 19 JAN 1997
1, 3-di met hyl - 5- et hoxyoxi ndol e, 2.49 g of [N (3, 4-

. 20

EXAMPLE 2

N-[3.4-(Dichloro)benzylicinchoninium Chloride As Catalyst

The procedure described in Example 1 was repeated with 0.12 g of N-{3,4-
(dichloro)benzyl]jcinchoninium chloride (3,4-Cl,-BCNC) in identical fashion. The
enantiomeric excess of compound 2a in which R is methyl was found to be 78% as

determined by HPLC assay of the reaction mixture.

EXAMPLE 3

N-[4-Bromobenzyllcinchoninium Bromide As Catalyst

The procuedre described in Example 1 was repeated with 0.14 g of N-[4-
bromobenzyljcinchoninium bromide (4-Br-BCNB) in identical fashion. The enantiomeric
excess of compound 2a in which R is methyl was found to be 68% as determined by

HPLC assay of the reaction mixture.

EXAMPLE 4
N-I}Bmobengllcinchdninium Bromide as Catalyst

The procedure described in Example 1 was repeated with 0.14 of N-[3-
bromobenzyl]cinchoninium bromide (3-Br-BCNB) in identical fashion. The enantiomeric
excess of compound 2a in which R is methyl was found to be 48% as determined by

HPLC assay of the reaction mixture.



di chl orobenzyl ) ci nchoni nium chloride (2 nole %9 and 625 nL of toluene. This
. was followed by the addition of 125 nL of 50% NaCH sol ution. The bi phasic
mxture was stirred for 15 minutes. To this mixture was then added a.
sol ution containing 20.33 g of chloroacetonitrile (1. vatent-a,gm 31
mL of toluene via a syringe punp. After conplete read@ﬁ@ﬁm(kh i phas|

m xture was cool ed to about 10[err]C, and 500 nlL of i ercord He

slow y added. The reaction mxture was filtered through

reaction flask and the Celite pad was rinsed with 300
phases were separated. The agueous phagd was extracte
tol uene. The conbined toluene solutions were extracteq tw ce With
portions of 3N HCl, once with Herr]O (300 nm.) and onc sat ur at ed
NaCl solution (300 nmL). The toluene solution was concentrated under reduced
pressure to give 68.0 g (>100% of EXAMBLES hyl -5-

et hoxyoxi ndol yl - 3-acetonitrile {S/R 87/ 13 by chlral Plc) as a solid. The
above solid N-Benzylquinidinium Bromlde As Catalys

L
’f‘ .

‘The procedure described in Example 1 was repeated with 0.13 g N-
benzylquinidinium bromide (BQNC) in identical fashion. The enantiomeric excess of

compound 2a in which R is methyl was determined to be 39% by HPLC assay of the

reaction mixture.

EXAMPLE 6
NI34-Dichlorobenzyllquinidinium Chloride As Catalyst

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

HPLC assay of the reaction mixture.

EXAMPLE 7

N-J4-(trifluoromethybDbenzylldihydrocinchoninium Bromide As Catalyst

The procedure described in Example 1 was repeated with 0.13 g of N-[4-
(trifluoromethyl)benzylldihydrocinchoninium bromide (4-CF,-H,-BCNB) in identical
fashion. The enantiomeric excess of compound 2a in which R is methyl was found tc be

69% by HPLC assay.



residue was dissolved in 177 nL of hot nethanol. The
‘cool ed to roomtenperature and then at 0-5[err]C for

precipitated solid was filtered and washed with 20 nt of cold nethanol,

dried to give 14.08 g (23.7% of essentially pure r

1, 3-di net hyl - 5- et hoxyoxi ndol yl -3-acetonitrile as a s
concentrated to give 44.45 g (74.7% of highly pure

(3S)-1, 3-di net hyl - 5- et hoxyoxi ndol yl - 3- acetonitrile

hpl c) . 27 EXAMPLES 16-22 The procedwye of Exanple
t hat various 5-substituted 1, 3-

EXAMPLE 8

cl ear solution was
The

30-40 m nut es.

.._-.- At 1oonsinas SRS

ETI ﬁﬁﬂte was

Y R AnoywsEhi |
16 was repeated

CRHIM% Crﬁt@i

u-|4-C_hlorobenleIcinchoninium Bromide As Catalyst

The procedure described in Example 1 was repeated wit

h 0.13 g of N-[4-

chlorobenzyllcinchoninium bromide (4-CI-BCNB) in identical fashion. The enantiomeric

excess of compeund 2a in whch R is methyl was found to be 70% by HPLC assay of the

reaction mixture.

EXAMPLE 9

N-[3 4-Dichloro)benzylicinchoninium Bromide As Catalyst

The procedure described in Example 1 was repeated with 0.12 g of 3,4-Cl,-BCNB

in identical fashion. The enantiomeric excess of compound 2a in which R is methyl was

found to be 77% as determined by HPLC assay of the reaction mixture.

EXAMPLE 10

Step (A): N-[3.4-(dichloro)benzyllcinchonium Chloride As Catalyst

To a mixture containing 5.0 g of (+)-5-methoxy-1,3-dimethyloxindole and

air

g
gxcept

1.92 g of 34-C1,-BCNC (15 mole %) in 200 m! of toluene was added under an efficient N,

purge 40 ml of 50% NaOH. After stirring this mixture for 10 minutes, a solution

containing 2.17 g of chloroacetonitrile in 20 ml of toluene was added over 1 hour. After

complete reaction, the mixture was cooled to 10-15°C, and 160 m! of icecold H,0O was

added. The reaction mixture was filtered through a Celite pad

toluene. The combined filtreate was transferred to a separatory funnel, and the 2 layers

rinsing with 40 mi of

were separated. The toluene solution was extracted with 100 ml of cold 3N HCI, and 100



di met hyl oxindol es were enployed with various recrystallization sol vents.

. The results of these syntheses are given in the TABLE=

EXAMPLE

% ee (v/w
29

70(S)
82(S) 19

Eclbel-aw—TABt

Recrystal lization of 1.3-Di nethyl-5-al koxyoxi ndol yl - %@L@LMENT ISH;:E& r]
Rlerr] SOLVENT DI LUTI ON BERCRE-H AFTER % ee

(Ror 9 (Ror S 16 Met HOXY 4 g@ﬁ[é*rr]o
70(S) 78(S) 17 Met hoxy Bu C[1e e 7
75(S) 18 Met hoxy 95 Et OH 20( SO
Met hoxy MeCH 3 3 70( S) §2(S)

2

ml of cold H,0. After evaporation of salvent, 5.02 g (83%) of compound 2a in which R is
methyl was isolated as a slightly brownish oil. The entntiomeric excess of compound 2a

was determined to be 73% by HPLC

Step (B): Catalytic Reduction of Nitriles to Primary Amines

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

(Na,SO,) and concentrated under reduced pfessure giving 4.70 g (92%) of the

corresponding amine, 3a.

The amine, 3a, from Step (B) was dissolved in 25 ml of acetonitrile. A solution

containing 6.42 g of dibenzoyl-D-tartaric acid in 25 ml 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 solid. The solid was recrystallized from 60 ml of 10%
v;rater-acetonitrile mixture giving 7.86 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 followed by HPLC analysis of the corresponding sulfonamide.



20 Et hoxy "BuOHC[ err] 23 73(S) 91(8) 21
. Et hoxy Me OH 9 73('S) 83( S) 22

MeOH 4 74(S) 98(S) 23 DT UNTOL
9 52(R) 95(R) a: based on the theoret] AL aRDHE
enantioner available b: % ee of the crude oxindole c: 5‘
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EXAMPLE 11
N-[4-(Trifluoromethyl)benzylicinchonidinium Bromide As Catalyst

Use of this cal:alysf gives predominately the isomer leading to (+)-physostigmine.

To a stirred solution containing 1.19 g of 1,3-dimethyl-5-methoxyoxindole and 0.83
g of chloroacetonitrile in 50 m! of toluene and 10 ml of 50% NaOH under nitrogen was
added 0.53 g of the above catalyst in 1 portion. After 30 minutes, the layers were
separated. The toluene solution was washed with water, and then concentrated under
reduced pressure to give the desired product in quantitative yield. The erantiomeric
excess (ee) of enantiomer 2b was determined to be 41% in the following manner. The
nitrile was reduced to the corresponding amine as described in Step (B) of Example 10,
followed by derivatization of the amine with (--metnthylchloroformate with HPLC
analysis of the resultant carbamate on a Whatmann Partisil PXS 10/25 column eluting

with 10% acetonitrile/methylene chloride (2 m!/min; 254 nm detection).

EXAMPLE 12

N-[3-(Trifluoromethyl)benzylicinchoninium Bromide As Catalyst

The procedure described in Example 1 was repeated with 0.13 g of N-[3-
(trifluoromethylbenzyl]cinchoninium bromide (3-CF,-BCNB) in identical fashion. The

enantiomeric excess of compound 2a was found to be 68% as determined by HPLC assay

of the reaction mixture.
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R-Eserethole Fumarate A. R-Eserethole To a solution containing 49.1 g of
(3R) -1, 3-di net hyl - 5- et hoxyoxi ndol yl -3- acetonitrile (95%ee) in 246 nL of
acetic acid is added 2.46 (g) of platinumoxide. The N XLULE . duSummmmmsos
hydrogenated for 7 hours at 45 psi at room tenperat ur gpE ggggﬁﬁfiﬁ@&&g
m xture is filtered and the filtrate is concentrated et ttICEd
pressure. The residue is partioned between tol uene an dhl #ggsg?y ur;

hydr oxi de sol ution. The toluene solution is concentratied t % g .92 d of
t he correspondi ng am ne. The a solution of 49.9 g of thejaboue.awk-Ae~and
24.29 g of triethylamne in 500 nL of $®luene at Jerr{C is added, under
nitrogen, 23.87 g of ethyl chloroformate. After conple da-t-ommTNne
m xture is washed with water and the toluene solution is dried over

anhydrous sodium sul fate. The filtgaled g goncentrated under reduced
pressure to R

V.
=

N-[3.4-(Dichloro)benzylicinchoninium Chloride As Catalyst and
(+)-5-Ethoxy-13-dimethyloxindale as Substrate

To a mixture containing 2.15 g of (+)-5-ethoxy-1.3-dimethyloxindole, also referred
to as 1.3-dihydro-1,3-dimethyl-5-ethoxy-2H-indo}-2-one and 0.77 g of 3,4-C1,-BCNB (15
mole %) in 80 ml of toluene was added under an efficient N, purge 16 ml of 50% NaOH.
After stirring this mixture for 10 minutes, a solution containing 0.87 g of chlorloacetonitrile
in 8 ml of toluene was added over 1 hour. After complete reaction, 48 ml of ice cold H,0
was added. The reaction mixture was filtered through a Celite pad rinsing with 20 ml of
toluene. The combined filtrate was transferred to a separatory fuﬂnel, and the two layers
were separated. The toluene solution was extracted with 20 ml of 2N HCl, and twice
with 20 mi of H,0. After evaporation of solvent, the slightly br&wnish oil was assayed
on a Daicel Chiralcel OD column eluting with a 10% isopropancl-hexa;t\es mixture. The

enantiomeric excess of the compound 2a in which R is ethyl was determined to be 71%.

EXAMPLE 14

N-[3,4-(Dichloro)benzyl]cinchoninium Chloride As Catalvst and
{+)-5-Benzyloxy-1.3-dimethyloxindole as Substrate

The procedure described in Example 13 was repeated with 2.80 g of (+)-5-
benzyloxy—l-lz-dimethy;loxindole, also referred to as 5-benzyloxy-13-dihydro-dimethyl-
2H-indol-2-one in identical fashion. The enantiomeric excess of compound 2a in which R
is benzyloxy was determined to be 73% by means of HPLC assay on a Daicel Chi-ralcel O]
column eluting with 40% isopropanol-hexanes.

The éompouhd (+)-5-methoxy-13-dimethyl-oxindole employed in the Examines is

also referred to as 1,3-dihydro-1.3-dimethyl-5-methoxy-2H-indol-2-one.
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give 60.21 g of the correspondi ng carbamate. To a sol ution. ot 42..07% Df
the carbamate’in 106 mL of tetrahydrofuran at (err] Gui:Ssa z;l ’&g
nitrogen, 273 nL of a 1M solution of |ithium alum nu "f'yﬁ%-“
tetrahydrofuran. After the addition is conplete, the {mixt gpt
under reflux for 1.5 hours. After a standard workup, itHe bl ‘r’%’de‘“"
purified by chronmatography on silica gel to give 17.598 th
(95% ee). B. (R)-Eserethole Fumarate To a sol ution copnt ai n| ng 38 9 of
eserethole (R'S 97.5/2.5) in ethanol is added a hot sblutior—ef—24t49 of
furmaric acid in ethanol. The warm m'?hure is allowed to cool

ol e

to room
tenperature, and then cool ed further an ice-bath. The precipitate that
fornmed is

EXAMPLE 15

A. (35)1 .Zj—Dimethxl—S-Ethoxyoxindolx' 1-3-Acetonitrile

" To a2 L 3-necked RB-flask fitted with a mechanical stirrer, N,-inlet, thermdmeter,
condenser, and a rubber septum (threaded with a polyethylene rubing connected to a 50
mL syringe) was added 50 g of 1,3-dimetl;ny1-5-ethoxyoxindole, 249 g of [N-(34-
dichlorobenzylcinchoninium chloride (2 mole %) and 625 mL of toluene. This was
followed by the addition of 125 mL of 50% NaOH solution. The biphasic mixture was
stirred for 15 minutes. To this mixture was then'added a solution containing'20.33 g of
chloroacetonitrile (1.1 equivalents) in 31 mL of toluene via a syringe pump. After
complete reaction, the biphasic mixture was cooled to about 10°C, and 500 mL of ice cold
H,O was slowly added. The reaction mixture was filtered through Celite. Thé_ reaction
flask and the Celite pad was rinsed with 300_mL of toluene. The 2 phases were
separated. The aqueous pha#e was extracted once with 300 mL toluene. The combined
toluene solutions were extracted twice with 150 mL portions of 3N HC], once with H,O
(300 mL) and once with a saturated NaCl solution (300 mL). The toluene solution was
concentrated under reduced pressure to give 68.0 g (>100%) of 1,3-dimethyl-5-
ethoxyoxindolyl-3-acetonitrile (S/R 87/13 by chiral hpl) as a solid. The above solid
residue was dissolved in 177 mL of hot methanol. The clear solution was cooled to room
temperature and then at 0-5°C for 30-40 minutes. The precipitated solid was ﬁltered. and
washed with 20 mi of cold methanol, air dried to give 14.08 g (23.7%) of essentially pure
racemic 1,3-dimethyl-5-ethoxyoxindolyl-3-acetonitrile as a solid. The filtreate was

concentrated to give 44.45 g (74.7%) of highly pure (35)-1,3-dimethy}-5-ethoxyoxindolyl-3-
acetonitrile (5/R 99/1 by chiral hplc).



29 filtered to give 47.6 g of white crystals. This is re-crystallized agaln
from 190 nL of nethanol to give 37.8 g of the fumarate as white crystals.
Chiral hplc assay of this material showed that it is 100% optically pure.
The process of this invention has a nunber of advantages. The process for
the stereosel ective synthesis of enantioners provides precursors..of
physosti gm ne and physostigmi ne-1ike conpound in hi gh {GHgR, kﬁvwghﬁzﬁhq
purity. The availability of one enantionmer of a given “~“%,£v1*r““” i

A

not present any unusual difficulties. The reagents req
are readily available or can be gxAMPLES 16-22

The procedure of Example 15 was repeated except that various 5-substituted 1,3-
dimethyl oxindoles were employed with various recrystallization solvents. The results of
these syntheses are given in the TABLE below.

TABLE

Recrystallization of 1.3-Dimethyl-5-alkoxyoxindolyl-3-acetonitrile

C .
R10 s
CN
. T 0
CH,
EXAMPLE R SOLVENT | DILUTION | BEFORE® | AFTER®
' ' % ee % ee
(v/w) (RorS) (R or S)
16 Methoxy iPr,0 29 70(S) 78(5)
17 Methoxy ‘BuOHC, 7 70(5) 75(S)
.18 Methoxy 95 EtOH 5 70(S0 82(S)
19 Methoxy MeOH 3 70(S) 82(S)
20 Ethoxy ‘BuOHC, 23 738 | 919
21 Ethoxy MeOH 9 73(S) 83(S)
2 Ethoxy | MeOH 4 74(5) 98(5)
23 Ethoxy MeOH 9 52(R) 95(R)

a: based on the theoretical amount of pure enantiomer available
b: % ee of the crude oxindole
< % ee of the filtrate



eaéily prepared using conventional techniques. This invention provides a

. practi cal,

econom cal process for the total synthesis of selected

enanti onmers of physostigm ne and rel ated conpounds. 30 VE CLAIM 1.

met hod of obtaining an optically pure enantionmer of an al kyl at ed oxi ndol e
selected from[err]

met hyl , et

, Where Ris selected fromthe group consisting of

A

hyl , and benzyl, from a
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EXAMPLE 24

R-Eserethole Fumarate

A. R-Eserethole

To a solution containing 49.1 g of (3R)-1,3-dimethyl-5-ethoxyoxindolyl-3-
acetonitrile (95% ee) in 246 mL of acetic acid is added 2.46 (g) of platinum oxide. The
mixture is hydrogenated for 7 hours at 45 psi at room temperature. The reaction mixture
is filtered and the filtrate is concentrated under reduced pressure. The residue is
partioned between toluene and a dilute sodium hydroxide solution. The toluene solution
is concentrated to give 51.92 g of the corresponding amine.

The a solution of 49.9 g of the above amine and 24.29 g of triethylamine in 500 mL
of toluene at 0°C is added, under nitrogen, 23.87 g of ethyl chloroformate. After
complete addition, the mixture is washed with water and the toluene solution is dried
over anhydrous sodium sulfate. The filtrate is concentrated under reduced pressure to
give 60.21 g of the corresponding carbamate.

To a solution of 42.07 g of the carbamate in 106 mL of tetrahydrofuran at 0°C, is
added under nitrogen, 273 mL of a 1M solution of lithium aluminum hydride in
tetrahydrofuran. After the addition is complete, the mixture is heated under reflux for 1.5

hours. After a standard workup, the residue is purified by chromatography on silica gel
to give 17.58 g of (R)-eserethole (95% ee).

B. (R)-Eserethole Fumarate

To a solution containing 38 g of eserethole (R/S 97.5/2.5) in ethanol is added a hot

solution of 21.49 g of furmaric acid in ethanol. The warm mixtuvre is allowed to-cool to

room teinperature, and then cooled further in an ice-bath. The precipitate that formed is




m'xture conprising a first and a second enantioner of said oxindole V\/nere

the first enantioner is present in an anount greater
enanti onmer, which conprises: (a) treating the m xt
recrystallization solvent to selectively dissolve a
first enantioner to forma solution and to forma pr
conprising at |east the second enantioner; and (b)

solution fromsaid precipitate. 2. The net hod as

whi ch further conprises renoving the first enantione

] or T anount of
eqi PHASENTBIR I
geparati ng saic
d efireeht--~Ehat=m
r fromsaid separdted

sol ution. 3. The nethod as defineggin Caim1l wherefmsarg=surtanl e
recrystallization solvent is selected froma suitable protic solvent and a
suitabl e aprotic solvent. 4. The nethod as defined in Claim3 wherein

sai d proti Gliteed teegive #56 g of wbitedrybtabmTinist i asolystakizdh agdin &ooh 198 agdr aipanol .

methanol to give 37.8 g of the fumarate as white crystals. Chiral hplc assay of this

material showed that it is 100% optically pure.

The process of this invention has a number of advantages. The process for the

stereoselective synthesis of enantiomers provides precursors of

physostigmine and

physostigmine-like compound in high chemical yield and purity. The availability of one

enantiomer of a given structure in consideralbe predominance over other enantiomers

‘makes it possible to enhance the results obtained when the enantiomers are subsequently

resolved. The techniques for carrying out the stereoselective synthesis do not present any

unusual difficulties. The reagents required for the process are readily available or can be

easily prepared using conventional techniques. This invention

provides a practical,

economical process for the total synthesis of selected enantiomers of physostigmine and

related compounds.



5.

The met hod as defined in Caim3 wherein said aprotic sol vent
selected fromtertiary-butyl nethyl ether and isopropyl ethyl
A method for the stereosel ective synthesis of an al kyl ated oxi nd

i
et her.

conpri se 31 reacting a racenm c oxindole of the formitd g
I s sel ectsmmwnm sting of methyl, ethy mcmr -
| east one vinyl group or an eth I D,
"m ” yl group yl g L‘p 1o JAN 99T
' 30
WE CLAIM:

"L A method of obtaining an optically pure enantiomer of an alkylated oxindole

selected from -

Rowit W@f

b, o

"O

» where R is selected from the group consisting of methyl, ethyl, and benzyl, from a

mixture comprising a first and a second enantiomer of said oxindole where the first

enantiomer is present in an amount greater than the second enantiomer, which comprises:

(a)  treating the mixture with a suitable recrystallization solvent to selectively

dissolve a major amount of said first enantiomer to form a solution and to forma
precipitate of a mixture comprising at least the second enantioner; and

()  separating said solution from said precipitate.

2. The method as defined in Claim 1 which further comprises removing the first

enantiomer from said separated solution.

3. The method as defined in Claim 1 wherein said suitable recrystallization solvent is

selected from a suitable protic solvent and a suitable aprotic solvent.

4. The method as defined in Claim 3 wherein said protic solvent is selected from

methanol, ethanol and isopropanol.

5. The method as defined in Claim 3 wherein said aprotic solvent is selected from

tertiary-buty! methyl ether and isopropyl ethyl ether.

6. A method for the stereoselective synthesis of an alkylated oxindole, which

comprises:

S
6.




Rlerr] is hydrogen or a methoxy group, X is chlorine or bromne, Yis
i ndependently selected fromthe group consisting of hydrogen, chlorine,
brom ne, fluorine, trifluoromethyl groups, and nitrile groups, and Nis 1,

2, 3, 4 oWiomtric m xture of the al kyl ated oxi ndol e
where a fi nanti o present in a greater anount than a second

enanti oner ‘\mm‘ mwﬁi\& tric mxture;, and treati ch
m xture W|t “ stallization sol vent toll W@HEETLt

enanti omer from‘sald second enantioner, 7. The me§hed as deTTTre "t
Claim6 wherein said suitable recrystaﬂlatlon sol vept |s1fsglAe€_t®g f'oma

suitable protic solvent and a suitable aprotic sol vept t hpd as
def.ined in Caim7 wherein said protic solvent is se|etted—f+om

“ \w | T ™rr

reacting a racemic oxindole of the formula

RO CH,
L
b

where R is selected from the group consistiﬁg of methyl, ethyl, and benzyl, with at least
one where R, is a vinyl group or an ethyl group, -

R, is hydrogen or a methoxy group,

X is chlorine or bromine,

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

Nis 1,2, 3, 4 or 5 to gorm an enantiometric mixture of the alkylated oxindole
where a first enantiomer is present in a greater amount than a second enantiomer in said
enantiometric r_nixfure; and

treating said enantiometric mixture with a suitable recrystallization solvent to
separate said first enantiomer from said second enantiomer.
7. The method as define din Claim 6 wherein said suitable recrystalliation solvent is

selected from a suitable protic solvent and a suitable aprotic solvent.

8. The method as defined in Claim 7 Qherein said protic solvent is selected from
methanol, ethanol, and isopropanol and said aprotic solvent is selected from tertiary-butyl
methyl ether aﬁd isopropyl ethyl ether.

9. A method for the stereospecific synthesis of an alkylated oxindole, which
comprises:

reacting a racemic oxindole of the formula



met hanol , ethanol, and isopropanol and said aprotic solvent is selected
~fromtertiary-butyl methyl ether and isopropyl ethyl ether. 9. A net hod
for the stereospecific synthesis of an al kyl at ed oxi ndol e, which conpri ses:

react|?grg—nggﬂLg,g*+ﬁdU#e of the formula 32 [err] where Ris nethyl
with a nm‘ant of chloroacetonitrile in a biphasic.keaetd On

east
nixture “% phase having a strong i nor( i) BRT
depr ot on m\ i‘ REPEAQEW %Sﬁa
32 10 JAN 1997
RO CH,
N O

where R is methy] with at least one equivalent of chloroacetonitrile in a biphasic reaction
mixture having an aqueous phase having a strong inorganic base as a deprotonation
agent and a solvent phase comprising an organic solvent for the oxindole and a catalytic

amount of a substituted N-benzyl cinchoninium or quinidinium compound of the formula

H\ Ry
S«
={¢ H N+ (1)
H
R, 0,

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

R, is hydrogen or methoxy group,

X is chlorine or bromine,

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

nis 1,2, 3, 4 or 5 to form an enantiometric mixture of the alkylated oxindole
where a first enantiomer is present ina greater amount than a second enantiomer; and

treating said enantiometric mixture with a suitable recrystallization solvent to

separate said first enantiomer from said second enantiomer.



agent and a sol vent phase conprising an organi c solvent for the oxindole
and a catalytic anount of a substituted N-benzyl cinchoninium or

qgui ni di ni um conpound of the formula [err] where Rlerr] is a vinyl group or
an ethyl group, R err] is hydrogen or nmethoxy group, X is chlorine or

brom ne, s sel ected fromthe group consisting of hydrogen,

chl ori ne, bH trifluoronethyl groups and nitrite groups; and
nis 1, 2, m"rmlﬂmimyam an enantionetric mxture of the alkyl at ed
oxi ndol e mheTe @ L|r$ iomer is present ina greater anount than a

second enantioner; and treating said gmantionmetric mxture wwth a suitable

recrystallization solvent to separate said first enantionmer fromsaid
seeond “enant i omer.

10. The method as defined in Claim 9 wherein said suitable recrystallization solvent is
selected from a suitable protic solvent and a suitable aproptic sijent.

11. The method as defined in Claim 10 wherein said protic solvent is selected from
methanol, ethanol andlisopropanol and said aprotic solvent is selected from tertiary-butyl

methyl ether and isopropyl ethyl ether.




33 10. The method as defined in Caim9 wherein said suitable
recrystallization solvent is selected froma suitable protic solvent and a
sui tabl e aproptic solvent. 11. The met hod as defined in C aim10 wherein
said protic solvent is selected from net hanol, ethanol and isopropanol and
said aprotic solvent is selected fromteg4iary-butyl nmethyl ether and
_isopropyl ethyl ether.

PROCESS FOR THE ENANTIOSELECTIVE SYNTHESIS OF

INTERMEDIATES USED IN THE PREPARATION OF PHYSOSTIGMINE
ABSTRACT
This invention relates to a process for the preparation of optically pure alkylated

oxindoles which are useful in the preparation of enantiomers of physostigmine and

physostigmine-like compounds having pharmaceutical activity.
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