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PROCESS FOR THE PREPARATION OF OPTICALLY ACTIVE

COMPOUNDS USING TRANSFER HYDROGENATION

FIELD OF THE INVENTION

The present invention relates to a catalytic process for the preparation of
optically active compounds and their conversion thereafier to desived drug
substances, More particularly, the present invention relates to a catalytic
process for the preparation of (8)-3-(1-Dimethylamino-ethyl)-phenol using
asymmetric catalytic reduction and transfer hydrogenation, thereby providing an
improved route to forming drug substances such as rivastigimine and

rivastigimine hydrogen tartrate.

BACKGROUND OF THE INVENTION

Currently, there are no published efficient large scale production methods
for the formation of rivastigimine. Prior art methods are thermodynamically
inefficient or economically inconvenient.

Processes for manufacturing the drug substance rivastigmine ([3-[(18)-1-
dimethylaminoethyl]-phenyl]-N-ethyl-N-methylcarbamate marketed as Exelon®)
and {S)-3-(1-Dimethylamino-ethyl)-phenol are known from WO 98/42643 and
WO 2005/058804, which are incorporated herein by reference. However, as
discussed above these processes are inefficient on larger scales. The drug
substance rivastigimine is currently used for the freatment of Alzheimer's disease

and there is a need to improve on existing inefficient production methods,
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it is an object of at least one aspect of the present invention to obviate or
at least mitigate one or more of the aforementioned problems.

ft is a further object of at least one aspect of the present invention {o
provide an improved process for the manufacture of (5)-3-(1-Dimethylamino-
ethyl)-phenol.

it is a yet further object of at least one aspect of the present invention {o

provide an improved process for the manufacture of rivastigimine and its salts.

SUMMARY OF THE INVENTION
According to a first aspect of the present invention there is provided a
process for the preparation of a compound according to the following general

formula (1)

QH

o(HO)

h
wherein
R¢ = Cyag alkyl, Cpog alkenvl, Coo alkynyl, Cygo organchalide,
preferably Ca,p organchalide, an aryl, an amine or amide group;
and
n=1t05

said process comprising:
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L

(a) performing an asymmetric catalytic reduction on a
hydroxyphenone according to the following general formula

{H):

L3

{1

10 wherein
Ry = Gy alkyl, Capo alkenyl, Coze alkynyl, Cigs organchalide,
preferably Ca.zo organchalide, an aryl, an amine or amide group;
n=1to 5 and
wherein said asymmetric catalytic reduction is performed using transfer
15 hydrogenation,
Preferably the transfer hydrogenation is performed using a chiral transition

metal based catalyst.

Typically, the asymmetric catalytic reduction may produce an enantiometric

20 excess of the following optically active compound (i)
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(1
As well as forming optically active compound (1), the asymmetric catalytic
reduction may also produce a lesser amount of the following optically active
5  compound (V)

OH
L(HO)

V)
Alternatively, but presently less preferred, the asymmetric catalytic
reaction may produce an enantiomeric excess of the optically active compound
10 (V)

OH
LHO)
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L4y

As well as forming optically active compound (IV), the asymmetric catalytic
reduction may also produce a lesser amount of the following optically active

compound (1iH:

(1)

As indicated above the asymmetric catalylic reduction may result in an

enantiomeric excess of compound () over compound (V). Typically, the
asymmetiic catalytic reduction gs herein defined may result in an enantiomeric
axcess of compound (Iif) to compound (IV) of from about 96% : 4% or higher,
about 98% : 2% or higher, about 99% : 1% or higher, prior to, for example, any
form of purification process such as crystallization. A crystallization purfication
process may improve the enantiomeric excess. A crysiallized product of the
asymmetric catalytic reduction product may resull in an enantiomeric excess of
compound (i) to compound (IV) of from about 97% : 3% or higher, about 88%
2% or higher, about 99% : 1% or higher or about >89.5 % : about <0.5%, or
about »99.7 % : about <0.3%. The present invention may therefore result in
commercially useful enantiomenic ratios of the formed compounds {e.g. a high

ratio of compound (I}).
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It has been surprisingly found that the enantiomeric ratios of the formed
compotnds may be dependent on the amount of catalyst used. For example, by
increasing the amount of catalyst may increase the amount of compound (Hif)
formed.

The present invention therefore relales to a process which relies on
utifising chiral catalysis to introduce stereochemical selectivity on reduction of a
hydroxyphenone. The reduced hydroxyphenone may be a chiral polyol or diol.

in general formulas (1) - {(IV), n may equal 1, meaning that general
formutas (1), (i) and (1V) relate io a diol and that general formuia (If) relates to a
singly hydroxylated phenone.

The hydroxyl group on the aromatic ring in general formulas () ~ {IV) may
occur at position 3 on the aromatic ring.

Conveniently, Ry may be a Cy.«o alkyl, Cp.ig atkenyl, Cy.qg alkynyl or Cyzg
organchalide, e. g.. Cyop organchalide,

Typically, Ry may be any of methyl, ethyl, propyt or buiyl. Preferably, Ry
may be methyl.

in particular embodiments, Ry may be methyl, n may equal 1 and the
hydroxyl group may occur, for instance, at position 3 on the aromatic ring with
the resulting structure of general formula (1}) then being 1-{3-hydroxy-phenyl)-
ethanone which is shown below as formula (V).

The 1-{3-hydroxy-phenyl)-ethanone may be selectively reduced to the
chiral diol of (R)-3-{1-Hydroxy-ethyl)}-phenol which is shown as formula (Vi)

below:
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HQ

(V) (Vi

The transfer hydrogenation may be performed using a chiral metal catalyst

5 such as a transition metal based catalyst to perform an asymmetric reaction. For

example, any suifable first, second or third row transition based metal catalyst

may be used. Typically, the chiral metal based catalyst may be a complexed Ru,

Rh or Ir based catalyst and may, for example, contain aryl, mono-, bi-, or poly-

dentate ligands or multiple unsaturated (e.g. aryl) ligands such as described in

1 Noyort et al., Acc. Chem. Res. 1997, 30(2); 97-102, which is incorporated herein

by reference. Preferably, the chiral melal based catalyst may be a Ru based

catalyst. A preferred type of chiral metal calalyst may be a
{diphenylethylenediamine} based Ry catalyst.

In particular, the chiral metal catalyst may have the following general

e
(¥4

formula (Vi)
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(VI
wherein
5 M = a transition metal;
L4 = an aryl based group, a carbonyl, Cy-y alkenyl or Ca-go alkynyl;
and
Lo = a halide, an organohalide, a borohalide, a sulphonate, nitriles,

carbenes, carbon monoxide, phosphines, a carbonyl, an amine- or amide-
10 containing group.
The transition metal M may be a first, second or third row transition metal.
Typically, the transition metal M may be Ru, Rh or Ir. Preferably, the transition
metal M may be Ru.

{y may be a substituted aryl group, a substituted phenyl group, Cio

o
1

atkenyt or Capqe  alkynyl. Typically, Ly may be p-ocymens, benzene,
cyclooctadiens, iriphenyiphosphine, or norbormnadiene.
[z may be an organoffuoride, an organochloride or a flucroborate.

Typically, L. may be chioride, bromide, icdide, tetraflucroborate,
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tripentafluorophenylborane  (i.e. BARF), mesylate, tifluoroacetate, triflate,
methylallyt or acetylacetonato.
In particular embodiments, the chiral metal catalyst may be as shown in

structure (Vi)

(V)

The transfer hydrogenation may be performed using a chiral metal catalyst

10 according to any one of or combination of the following: {1R,2R)-(-}-Chloro-N-{4-

toluenesulfonyl-1,2-diphenylethylenediamine)(p-cymene)ruthenium; or (1R, 2R)-(-

3-N-4-toluenesuitfonyl-1,2-diphenylethylenediamine in combination with ruthenium
p-cymene chioride dimer.

The catalyst may be present in a range from about 0.008 mol % to about

{5 5.0 mol %, about 0.01 mol % to about 1.0 mol % or from about 0.05 mol % to

about 0.5 mol % based on the starting compound of formula | Typically, the

catalyst may be present in an amount of about 0.1 mof %.
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The transfer hydrogenation reaction may be performed in an alcohol
based sclution such as a Cy fo Cyp alcohol. For example, methanol, ethanol,
propanol, i-propanal, butanol or combinations thereof may be used as the
reaction medium. An amine such as tertiary amine (e.g. triethylamine) may also
be present. In addition a hydrogen donor such as HCOOH or an alcohol must be
present. The alcoho! functioning as a hydrogen donor may be a secondary
alcoho! {e.g. isopropanol} or ethanol. To improve the yield and rate of the
catalytic reaction, the catalytic process may be heated up to about 50 -~ 100 °C or
about 70 + 10°C for about 1 — 10 hours or typically about 4 hours. The reaction
product may then be purified by, for example, crystallization. For example, the
reaction product may be distilled and an crganic solvent such as toluene added.
An alcohol such as ethanol may then be added. The obtained product may be
filtered and removed according 1o known processes.

The transfer hydrogenation may result in a highly enantiomerically pure
compound {e.g. a polyol or a diol such as (R)-3-(1-Hydroxy-ethyl)-phenol) with an
enantiomeric excess of greater than about 70 %, 80 %, 890 %, 95 %, 99 %, 99.5
% or 99.9%.

The transfer hydrogenation may also resull in a high conversion rate of
greater than about 70 %, 80 %, 90 %, 95 %, 99 %, 99.5 % or 99.9%.

On formation of the enantiomerically pure polyol or diol referred to above,
such as in formulas (1) and (1), the polyol or dicl may then be converted via a
series of sieps 1o a chiral amino alcohol such as (8)-3-(1-Dimethviamino-sthyl}-

phenol. Firstly, in the series of steps, the alcoholic hydroxy group is activated for



15

WO 2010/072798 PCT/EP2009/067821

11

nucleophilic substitution. As the activation technigue may be mentioned
sulfonylation of the hydroxy group to form sulfonate esters. Thus the hydroxy
group is derivatised fo provide a leaving group. For example, the hydroxyl
groups may undergo sulfonylation using, for example, a sulfonylating agent such
as suifonic anhydride (e.g. methanesulfonic anhydride), a sulfonyl chioride, an
atkyt sulfonic acid, an ethyl sulfonic acid or a tosylate {(e.g. p-ioluene sulfonates).
Both hydroxy groups (i.e. the phenolic hydroxy group and the alcoholic hydroxy
group) may therefore be mesylated using methanesulfonic anhydride or be
otherwise sulfonated. The sulfonylating agent, e.g., methanesulfonic anhydride,
may be contacted with the polyol or diol in the presence of a base, particularly a
non-nucleophilic base, such as Hinig's base (ethyldiisopropylamine), for
example. In one procedure, methanesulfonic anhydride or ancther sulfonylating
agent is combined with the polyol or diol, e.g. (R)-3-(1-hydroxyethyl)phenol, in
the presence of an aprotic solvent, for example a dipolar aprotic solvent, e.g.
ethyl acelate, and oplionally a nucleophilic catalyst, for example 4-
dimethylaminopyridine. HUnig's base or ancther non-nucleophilic base is then
added under cooling, for example maintaining the temperature at about 0°C or
less until the resulting exothermic reaction is completed (heat generation is
ceased).

The activated polyol or diol may then be contacted with a nucleophile,
e.g. an amine such as a diakylamine, padicularly dimethylamine, o subject the
activated (particularly mesylated) alcoholic hydroxy group to nucleophilic

substitution with concomitant inversion of the chiral centre. The free phenoiic
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12

L

hydroxy group is then regenerated; thus, mesylated or otherwise sulfonylated
phenol groups may be cleaved in an aqueous alkali solution {e.g. NaOH, KOH,
etc.) to form a chiral amino alcohol.
The term "activation" or the term “activated” as used herein means that in
5 a compound having more that one ~-OH hydroxyl group each of them is
derivatized and upon such a derivatization at least one of them is activated for a
nucleophilic attack. For example, with reference to formula (Vi), following the
activation step, for example, by using a mesylating agent, the alcoholic hydroxyl
group -OH is activated and the phenolic hydroxyl group -OH is derivatized, to
10 form the methanesulfonic acid 3-(1-methanesulfonyloxy-ethyl)-phenyl ester.
A preferred chiral amino alcohol to be formed may be (S)}3-(1-

Dimethylamino-ethyl)-phenol as shown below in structure (IX):

~n

HO

i5 (IX)

The formed chiral amino alcohol {e.g. (S)-3-(1-Dimethylamino-ethyi)-
phenol} may then be used as an ingredient, e.g., a starling material for the

preparation of an active pharmaceutical ingredient. Such an example would be
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by acylation via an acylation/salt formation to form, for example, rivastigimine
hydrogen tartrate.

The term acylation, as used herein, refers to the conversion of a group -
OH info a group -OCOR’, wherein R’ is alkyl or the like or is OR” or is NR",
wherein R" is alkyl or the like. In a preferred embodiment, the acyiation of a
aroup -OH refers to a carbamylation whereby a group -OH is converted into a
group ~-OCONR" with an agylating ageni, preferably named carbamylating agent,
of formula R'NCOX, wherein preferably R” is C;Hg{CHs) and X is OH or an
aclivating group, e.g. halo. Acylation is used herein as a broad term and
incorporates reactions such as carbamylation, which is for instance used in the
preparation of rivastigimine.

The term alcohol, as used herein, includes alkylic or aromatic alcohols.

The acylated/salt form {(e.g. rivastigimine hydrogen tartrate) may then
undergo, for example, a base liberation {o form a free base form of rivastigimine.
Allernatively, the chiral amino alcohol may be directly acylated to form an
acylated free base. In preferred embodiments, (8)-3-(1-Dimethylamino-ethyl}~
phenol may therefore be used to form rivastigimine hydrogen tartrate or
rivastigimine, which may be used to treat Alzheimer's disease. The (5)-3-(1-
Dimethylamino-ethyl)-phenol may therefore be formed into a salt, free base or
prodrug form of rivastigimine. A free base, sall and/or a prodrug form of
rivastigiming may also be formed into a pharmaceutical delivery product, for

example a pharmaceutical composition, e.g. capsules or other oral formulation,
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or a transdermal delivery system, for example a transdermal patch such as, for
example, described in WO 2007/084407, which is incorporated herein by
reference. In preferred embodiments, rivastigimine may be used in a transdermal
patch and rivastigimine hydrogen tartrate may be used in capsties.

Product (e.g., composition of matter) comprising a rvastigimine salt or
rivastigimine free base and further comprising a detectable amount of 3-(1-
Dimethylamino-ethyl)-phencl forms also an aspect of the invention, 3-(1-
Dimethylamino-ethyl)-phenol may be the (R)-enantiomer, the {S)-enantiomer, or
a combination thereof. Racemic mixtures of 3-(1-Dimethylamino-ethyl}-phenol
are therefore included within the invention, as are included the isolated or

enantiomerically pure (R)- and (S)-enantiomers.

According to a second aspect of the present invention there is provided a
process for the preparation of 3-(1-Hydroxy-ethyl}-phenol according to the

following formuda (X):

OH

X

said process comprising:
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ek
LY

{a) performing an asymmeiric catalytic reduction on 1-(3-
Hydroxy-phenyl)-ethanone according to the following formula

{Vy:

LA

(V)

wherein said asymmelric catalytic reduction is performed using transfer
hydrogenation.

Typically, the asymmetric catalytic reduction may produce an enantiomeric

10 excess of the following optically active compound (V1), (R) - 3-(1-Hydroxy-ethyl}-

phenol;

HO

s

(Vi)

As well as forming optically active compound (V1), the asymmetric catalytic
20  reduction may also produce a lesser amount of the following compound (X1), (S} -

3-(1-Hydroxy-ethyl}-phenol.
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(Xt
Alternatively, but presently less preferred, the asymmetric catalytic
5 reaction may produce an enantiomeric excess of the optically active compound

(X

Xn

As well as forming optically active compound (X1), the asymmetric catalytic
10 reduction may also produce a lesser amount of the following optically active

compound (V1)
OH

HO »
.{;’ ff{
3

vh
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As indicated above the asymmetric catalytic reduction may result in an
enantiomeric excess of compound (VI) over compound (XI). Typically, the
asymmetric catalytic reduction as herein defined may result in an enantiomeric
excess of compound (V1) to compound (X1} of from about 96% : 4% or higher,
about 98% : 2% or higher, about 88% : 1% or higher, prior to, for example, any
form of purification process such as crystallization. A crystallization purification
process may improve the enantiomeric excess. A crysiallized product of the
asymmetric catalytic reduction may resull in an enantiomeric excess of
compound (V1) to compound (XI} of from about 97% . 3% or higher, about 98% :
2% or higher, about 99% : 1% or higher or about >89.5 % : about <0.5%, or
about >89.7 % : about <0.3%. The present invention may therefore result in
commercially useful enantiomeric ratios of the formed compounds (in particular
smbodiments, for pharmaceuticals as inlermediate or final products). it has been
surprisingly found that the enantiomeric ratios of the formed compounds may be
dependent on the amount of catalyst used. For example, increasing the amount
of catalyst may increase the amount of compound (V1) formed.

The (R)-3-(1-Hydroxy-ethyl)-phenol (i.e. compound (VD)) may then be
converted {o (8)-3-(1-Dimethylamino-ethyl)-phenol) via a series of steps. Firstly,
in the series of sleps, the alcoholic hydroxy group is activated for nucleophilic
substitution. As the activation technigue may be mentioned sulfonylation of the
hydroxy group to form a sulfonate ester. Thus the hydroxy group is derivatised {o
provide a leaving group.  For example, the hydroxyl groups may undergo

sulfonylation using, for example, a sulfonylating agent such as sulfonic anhydride
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{e.g. methanesulfonic anhydride), a sulfonyl chloride, an alkyl sulfonic acid, an
ethyl sulfonic acid or a tosylate (e.g. p-toluene sulfonates). Both hydroxy groups
{i.e. the phenolic hydroxy group and the alcoholic hydroxy group) may therefore
be mesylated using methanesulfonic anhydride or be otherwise sulfonylated.

in aspects where the (R)-3-(1-Hydroxy-ethy)-phenol is mesylated, the
mesylation reaction may take place via a mono mesylated species, e.g. (R}3-{1-
hydroxysthyliphenyl methanesulionate and/or (R)-1-{3-hydroxyphenyhethyl
methanesulfonate.

The sulfonviating agent, e.g., methanssulfonic anhydride, may be
contacted with the polyol or diol in the presence of a base, particularly a non-
mucieophilic base, such as Hinig's base (ethyidiisopropylamine), for example. In
one procedure, methanesulfonic anhydride or another sulfonylating agent is
combined with the (R)-3-(1-hydroxyethyl)-phenc! in the presence of an aprotic
solvent, for example a dipolar aprotic solvent, e.g. ethyl acetlate, and optionally a
nucleophilic catalyst, for example 4-dimethylaminopyridine. Hinig's base or
another non-nucieophilic base is then added under cooling, for example
maintaining the temperature at about 0°C or less untl the resulting exothermic
reaction is completed (e.g. heat generation is ceasad).

The activated (R)-3-(1-hydroxyethyl)-phenol may then be contacted with a
nucleophile, e.g. an amine such as a dialkylamine, particularly dimethylamine, to
subject the aclivated (particularly mesylated) alcoholic hydroxy group fo
nucleophilic substifution. The mesylated or otherwise sulfonylated phenol groups

may then be cleaved in an agqueocus alkall solution {e.g. NaQH, KOH, etc) to
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form (8)-3-(1-Dimethylamino-ethyl}-phenol which is shown below as structure

(X):

(IX}

The formed chiral amino alcohol of (8)-3-{1-dimethylaminoethyl)phenol)
may then be used as an active pharmaceutical ingredient starting material for the
production of useful active pharmaceutical compounds via, for example, an
acylation, particularly an acylation/salt formation and then, for example, a base
liberation from the salt. In preferred embodiments, (8)-3-(1-Dimethylamino-
ethyl}-phenol) may be used to form rivastigimine or rivastigimine hydrogen
tartrate which may be used o treat Alzheimer's diseasea.

According to a third aspect of the present invention there is provided a
pharmaceutical composition comprising an active pharmaceutical compound
formed according at least in part o the first and second aspecis.

As indicated above, a preferred chiral amino alcohol is (8)-3-(1-
Dimethylamino-ethyl)-phenol. The (8)-3-(1-Dimethylamino-ethyl}-phenol) can be
used as an ingredient, e.g. as a staring material which under acylation,

patticularly an acylation/salt formation, forms an aclive pharmaceutical
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compound such as rivastigimine or its sait form (e.g. rivastigimine hydrogen
tartrate). Under base liberation, rivastigimine may then be formed from its salt.
Rivastigimine and rivastigimine hydrogen tartrate may then be used to form
rivastigimine confaining products which may be used o ireat Alzheimer's
disease, and/ or Parkinson Disease Dementia.

According to a fourth aspect of the present invention there is provided a
transdermal patch comprising an active pharmaceutical compound formed, at
least in part, according to the first and second aspects, .9. a pharmaceutical
compaosition according to the third aspect.

According to a fifth aspect of the present invention there is provided a
capsule comprising a pharmaceutical composition according to the third aspect.

According to a sixth aspect of the present invention there is provided use
of a chiral alcoho! or a derivative thereof (e.g., a dimesylated derivative, e.g.
dimesylated derivative of the compound |, i, IV, VI or Xi} obtainable, or
obtained, according to the first and second aspects in the preparation of an
active pharmaceutical ingredient for production of pharmaceutical compositions.

Typically, the chiral alcohol may be (R)-3-(1-Hydroxy-ethyl)-phenol which
may be used to form (S)-3-(1-Dimethylamino-ethyl}-phenol. The ({S)-3-(1-
Dimethylamino-ethyl)-phenol may be used to manufacture pharmaceutical
comnpositions comprising rivastigimine or its salt form (e.g. rivastigimine hydrogen
tartrate).

According to a seventh aspect of the present invention there is provided a

chiral metal catalyst having the following general formula (Vi)
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(Vih
3
wherein
M = a transition metal;
L+ = an aryl based group, a carbonyl, Cy-n alkenyt ar Gy alkynvl;
and
i) 2 = a halide, an organphalide, a borohalide, a sulphonate, nitriles,

carbenes, carbon monoxide, phosphines, a carbonyl, an amine- or amide-
containing group, for use in the first and second aspect of the invendion.
Typically, transition metal M may be a first, second or third row transition
metal. Typically, the transition metal M may be Ru, Rh or ir. Preferably, the
15 transition metal M may be Ru.
L« may he a substituted aryl group, a substituted pheny! group, Ca-p

alkenyl or Cp-qp alkynyl Typically, Li may be p-cymene, benzeng,
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[
o8]

cyclooctadiene, friphenylphosphine, or norbomadiene. Ly may be a neutral
ligand.
L, may be an organofiuoride, an organochloride or a fluoroborate. Typically, Ly
may be chioride, bromide, iodide, tetrafluoroborate, tripentafiuorophenylborane
{i.e. BARF), mesylate, {rifluoroacetate, triflate, methylaliyl or acetylacetonato. Ly
may be an anionic Hgand. Products {e.g. compositions of matter) containing a
detectable amount of the chiral metal catalyst or of the metal of said chiral metal
catalyst.

In an alternative embodiment of the seventh aspect of the present
invention, there is provided a chiral metal catalyst having the following general

formuia (VHa):
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fn particular embodiments, the chiral metal catalyst may be as shown in

structure (Vi) below:

5 {VHD
in an alternative particular embodiment the chiral metal catalyst may be as

shown in structure (Viiia) below:

(0 (Vilia)
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Preferred chiral metal catalysts may be any one of or combination of the
following: (1R, 2R)-(-)-Chioro-N-{4-toluenesulfonyl-1,2-
diphenylethyienediamine)(p-cymene)ruthenium; or (1R, ZR}{~)-N-4-
toluenesuifonyl-1,2-diphenylethyienediamine in combination with ruthenium p-

5 cymene chioride dimer.

According {o a sighth aspect of the present invention there is provided use

of the catalysts according o the seventh aspect in reducing compounds

according fo the following general formula (1)

” (HO)

(1)
15
wherein
Ry = Crop alkyl, Copp alkenvt, Cog alkynyl, G organchalide,
preferably Cie organchalide, an aryl, an amine or amide group;
and
20 n=1{os.

An alternative preferred chiral metal catalyst is (R,R,R)-Chloro-N-
{camphorsulfonyl -1,2-diphenylethylenediamine)(p-cymene)ruthenium (R.R R})-

CsDPEN).
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According to a ninth aspect of the present invention there is provided a
process for the preparation of (8)-3-(1-Dimethylamino-ethyl)-phenol comprising:
{a) performing an asymmelric catalytic reduction using transfer
5 hydrogenation on 1-(3-Hydroxy-phenyl}-ethanone {(compound V) to

form (R}-3-(1-Hydroxy-ethyl)-phenol (compound Vi) as shown

below:

OH

H O e
J;Q(

{V} (Vi)
I8
{b) performing an activation, preferably derivatization step on the
hydroxyl groups of the formed (R)-3-(1-Hvdroxy-sthyb)-phenol to
form activated hydroxy alcoholic groups and activated, preferably
derivatized hydroxy phenolic groups on the (R)-3-(1-Hydroxy-ethyl)-
i5 phenol, e.g. mesylated groups;
{c} performing a nuclecphilic substitution on the activated hydroxy
alcoholic groups with dimethylamine; and
(d) cleaving the activated, preferably derivalized hvdroxy phenolic
groups;

20 wherein (8)-3-(1-Dimethylamino-ethyl)-phenol is formed.
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Typically, the activation step may use an activating group, in particular by
derivatization of the hydroxyl groups to form a leaving group. For example, a
sulfonyl group may be added to the hydroxyl groups of the (R)-3-(1-Hydroxy-
ethyl}-phenol {o form a sulfonate leaving group. The hydroxyl groups may
underge mesylation or other sulfonylation using a sulfonylating agent, for
example, a sulfonic anhydride (e.g. methanesulfonic anhydride), a sulfony
chioride, an alkyl sulfonic acid, an ethyl sulfonic acid or a tosylate (e.g. p-loluene
sulfonates). Both hydroxy groups (i.e. the phenolic hydroxy group and the
hydroxy alcoholic group) may therefore be sulfonyiated, e.g. mesylated.

in the presence of an aprotic organic solvent (e.g. ethyl acelate), a base
such as N N-diisopropylethylamine (i.e. Hiinig's base) may be added at a

lowered temperature. A nucleophilic substitution reaction may then be performed

may be used to substitute the activated alcoholic hydroxy groups. Mesylated or
otherwise sulfonylated phenol groups may then be cleaved in an agueous alkali
solution (e.g. NaOH, KOH, etc) to form the (8)-3-(1-Dimethylamino-ethyl)-
phenaol.
According to a tenth aspect of the present invention there is provided a
process for the preparation of rivastigimine comprising:
(a) performing an asymmelric catalytic reduction using ftransfer
hydrogenation on 1-(3-Hydroxy-phenyl)-ethanone {compound V} to
form (R)-3-(1-Hydroxy-ethyl)-phenol {(compound Vi) as shown

below:
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) Vi)

(b} converting the (R)}-3-(1-Hydroxy-ethyl)-phenol to  (8)-3-(1-
b Dimethylaming-ethyi)}-phenol;
{C) acylating the (8)-3-(1-Dimethylamino-ethyl}-phenol o form
rivastigimine,
Step (¢) may comprise steps (¢1) and {c2).
{c1) performing an acylation/sall formation on the formed (85)-3-+(1-
10 Dimethytamino-ethyl)-phencl; and
{c2) performing a base liberation on the acylated/salt form of the (S)-3-
{1-Dimethylamino-ethyl}-phenol.
The rivastigimine free base made by any method described herein may be
contacted with a pharmaceutically acceptable acid to form an acid addition salt
15 thereof. The free base or an acid addition salt thereof, or both, may be
incorporated into a drug delivery product, e.g. a pharmaceutical composition (e.g.
a capsule for oral adminisiration) or a fransdermal delivery system, for example a
fransdermal patch.
The (R)-3-(1-Hydroxy-ethyl)-phenol may be converted to (S5)-3+1-
20 Dimethylamino-ethyl)}-phenol by nucleophilic substitution with dimethylamine, and

more particularly by forming activated hydroxy alcoholic groups and activated,
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preferably derivatized, hydroxy phenolic groups on the (R)-3-{1-Hydroxy-ethyl)-
phenol. A nucleophilic substifution reaction may then be performed on the
activated hydroxy alcoholic groups by contacting the (R)-3-(1-Hydroxy-ethyl)-
phenol with dimethylamine. The activated hydroxy phenolic groups may then be
cleaved to form the (8)-3-(1-Dimethylamino-ethyl)-phenol.

This latter compound may in furn by acylated with an acylating agent of
the formula CoHz(CHOINC(OXX, wherein X is OH or an aclivating group, e.g. halo
such as chiovo, for example, to form rivastigimine as the free base or an acid

addition salt.

An aspect of the invention, includes products {e.g. compositions of matter)
containing detectable amounts of the starting material, byproducts, intermediates
and the like. Examples of dectectable compounds that may be found in a product
directly or indirectly obtained from the present invention include 1-{(3-hydroxy-
phenyi}-ethanone, 3-(1-Dimethylamino-ethyl)-phenol, 3-(1-hydroxyethyl)phenyl
methanesulfonate, 1-(3-hydroxyphenyllethyl methanesuifonate, methanesulfonic
acid 3-{1-methanesulfonylioxy-ethyl)-phenyt ester and methanesutfonic acid 3-(1~
Dimethylaminoe-ethyl)-phenyl ester. The 3-(1-hydroxyethyl}-phenol may be the
{R)-enantiomer, the (S)-enantiomer, or a combination thereof. Racemic mixitures
of 3-(1-hydroxyethyl}-pheno! are therefore included within the invention, as are
included the isolated or enantiomerically pure (R)- and (S)-enantiomers. In
particular embodiments, the compound is (R)-3-(1-hydroxyethyl)-phencl; the (R)-

3-(1-hydroxyethyl)}-phenol may be in enantiomeric excess over the (S)-isomer,
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e.g. an excess of 96% or more, as previously mentioned in the context of the
synthesis of (R)-3-(1-hydroxyethyl}-phenol.  Enanfiomeric excesses as defined
herein were determined using chiral HPLC methods using chiral stationary
phases (Daicel chemical industries) and suitable mixtures of heptane and
isopropanal as mobile phase.

Methanesulfonic acid 3-(1-methanesulfonyloxy-ethyl)-phenyl ester itseif
forms an aspect of the invention, as do producls (e.g. compositions of matter}
containing a detectable amount of the compound. Methanesulfonic acid 3+(1-
methanesulfonyloxy-ethyl)-phenyl may be the (R)-enantiomer, the (8)-
enantiomer, or a combination thereof. Racemic mixtures of methanesulfonic acid
3-(1-methanesulfonyloxy-ethyl)-phenyl are therefore included within the
invention, as are included the isolated or enantiomerically pure (R}~ and (S)-
enantiomers.

Methanesulfonic acid 3-(1-Dimethylamino-sthyl)-pheny! ester itself forms
an aspect of the invention, as do products (e.g. compositions of matier)
containing a detectable amount of such compound. Methanssulfonic acid 3-(1-
Dimethviamino-ethyl)-phenyl ester may be the (R)-enantiomer, the (S)-
enantiomer, or a combination thereof. Racemic mixtures of methanesulfonic acid
3-<(1-Dimethylamino-sthyl)-phenyl  ester are therefore included within the
invention, as are included the isolated or enantiomerically pure (R)- and (5)-
enantiomers,

3-(1-hydroxyethyl)}-phenyl methanesulfonate itself forms an aspect of the

invention, as do products (e.g. compositions of maiter) containing a detectable
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amount of such compound. 3-(1-hydroxyethyl)-phenyt methanesulfonate may be
the (R)-enantiomer, the (S)-enantiomer, or a combination thereof. Racemic
mixtures of 3-(1-hydroxyethyl}-phenyl methanesulfonate are therefore included
within the invention, as are included the isolated or enantiomerically pure (R)-
and (8)-enantiomers.

1-(3-hydroxyphenyl)-ethyl methanesulfonate itself forms an aspect of the
invention, as do products (e.g. compositions of matler} containing a detectable
amount of such compound. 1-{3-hydroxyphenyl}-ethyl methanesulfonate may be
the (R)-enantiomer, the (S)enantiomer, or a combination thereof. Racemic
mixtures of 1-(3-hydroxyphenyi}-ethyl methanesulfonate are therefore included
within the invention, as are included the isolated or enantiomerically pure (R)-

and {&)-enantiomers.

Examples of detectable compounds that may be found in a product
directly or indirecily obtained from the present invention, may therefore include 1-
{(3-hydroxy-phenyl}-ethanons, {8)-3-(1-Dimethylamino-ethyl}-phenol,
methanesulfonic  acid  3-(t-methanesulfonyloxy-ethyl)-phenyl  ester
methanesulfonic acld 3-(1-Dimethylamino-ethyl)-phenyl ester, the chiral metal

catalyst and/or the metal of said chiral metal catalyst.

Also included in the invention is a process for preparing rivastigimine
comprising effecting a nucleophitic substitution of the hydroxyethyl group of (R)-

3-(1-hydroxyethyl)-phenol with dimethylamine and acylating the phenclic hydroxy
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group of the resulting product with an acylating agent of the formula
CoMs(CH3)NC(OIX, wherein X is OM or an aclivating group, e.g. halo. The
nucleophilic substitution may proceed by activating the hydroxy group of the
hydroxyethyl radical and contacting the activated compound with dimethylamine.
The starting compound (R)-3-(1-hydroxyethyl)-phenol is in one class of
processes included in a racemate but in another class of processes is in an
enantiomernic excess over its (S)-isomer, e.g. an excess of 86% or more, as
previously mentioned. The (R)-3-(1-hydroxyethyl}-phenol may therefore be in
isolated form. Where the (R)-3-(1-hydroxysthyl}-phenol is not of sufficient
enantiomeric excess, or if enhanced enantiomeric excess is otherwise desired,
the end product 3-[1-dimethylaminoethyl]-phenyl] N-ethyl-N-methylcarbamate
may be treated to select the desired (18)-isomer (rivastigimine), for example by
conventional procedures such as, e.g. HPLC or the use of a chiral resolving
agent. As previously mentioned, the acylation may be an acylation/sall formation
process. In any event, the rivastigimine may be converted o an acid addition
salt thereof; similarly, the rivastigimine or its acid addition salt may be further

processed into a pharmaceutical delivery product.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described, by way of
example only, with reference to the accompanying drawings in which:

Figure 1 represenis a process (stepwise or otherwise) according lo the

present invention for the formation of {(8)-3-(1-Dimethylamino-ethyl)-phenol using
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asymmetric catalytic reduction and transfer hydrogenation of 1-{3-Hydroxy-
phenyl)-ethanone; and

Figure 2 represents a process according fo the present invention using
asymmetric catalylic reduction and transfer hydrogenation of 1-(3-hydroxy-

phenyh)-sthanone to form {(R)-3-(1-Hydroxy-ethyl}-phenal

DETAILED DESCRIPTION

The present invention relates to a process which relies on utilising chiral
catalysis to introduce stereochemical selectivity into a hydroxyphenone target
molecule. By using asymmetric transfer hydrogenation, a hydroxyphenone such
as 1-(3-Hydroxy-phenyl)-ethanone is converted to a highly enantiomerically pure
diol with high catalyst tumover rates and selectivities without the need to protect
the free phenol functionality.

Figure 2 relates to an embodiments of the present invention and shows
the chiral reduction of 1-(3-hydroxy-phenyl)-ethanone to form (R)-3-(1-Hydroxy-
sthyl}-phencl. With suitable further processing steps, as exemplified in Figure 1,
the enantiomeric excess of (R)-3-(1-Hydroxy-ethyl}-phenol is carried over into the
product (8)-3-(1-Dimethylamino-ethyl)-phenol which may be used to form
rivastigimine or rivastigimine hydrogen tartrate on a large scale.

Initially, the 1-(3-hydroxy-phenyl)-ethanone as shown in Figures 1 and 2
undergoes a chiral reduction using asymmetric transfer hydrogenation to form

(S)-3-(1-Hydroxy-ethyl)-phenol. The transfer hydrogenation therefore reduces
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the hydroxyphenone such as  1-{3-hydroxy-phenyl}-ethanone in an
enantioselective fashion.

As shown in Figure 1, the (8)-3-(1-Hydroxy-ethyi}-phenol may undergo a
double mesylation of the hydroxyl groups in the presence of, for example, NN~
Diisopropyiethylamine {i.e. Hinig's base) to form a di-mesylated compound {(R)-
Methanesulfonic acid 3-(f-methanesulfonyloxy-ethyl)-phenyl ester. There may
then be a nucleophilic substitution of the benzylic mesylale with dimethylamine
under inversion to form the compound (S)-Methanesulfonic acid 3-(1-
dimethylamino-ethyl)-phenyl ester and then finally cleavage of the phenolic
mesyiate with aqueous sodium hydroxide to form {5)-3-(1-Dimethylamino-ethyl)~
phenol. The (5)-3-(1-Dimethylaminoethyl)-phenol is produced in a very high
enantiomerically pure form.

in an advantageous aspect of the invention, crystallization of the product
may be used to increase the enantiomeric purity, for example, by initiating a
further separation of the enantiomers via kinetic conglomerate crystallization. The
conglomerate crystaliization has the advantage of enabling an efficient elevation
of the enantomeric purity, since generally the whale of any enantiomeric excess
{e.g., (S)}3-(1-Dimethylaminoethyi}-phenol} is concentrated in the crystals,
leaving almost racemic liguors enriched in the other enantiomers. Said
conglomerate resolution leads to an efficient enantiomeric resolution of 3-(1-
Dimethylaminoethyl}-phenol. The conglomerate crystallization has also the
advantage of avoiding the need for enanfiomer enrichment via diastereomeric

sait formation:
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The first stage in the kinetic separation process is the preparation of a
supersaturated solution. The supersaturated solution may be prepared by any
means iy which the system conditions {e.g. temperature, pressure, solvent
composition, eic) are adjusted to cause the enantiomer components in the
solvent to dissolve and then further adjusted so that the amount of at least one of
the enantiomer components in the solvent is greater then the solubility of that
enantiomer under the further adjusted conditions. For example, the
supersaturated solution may be prepared by the addition of an anti-solvent to the
solvent/enantiomer mixture in an amount sufficient to reduce the solubility of at
fleast the desired enantiomer below the amount present in the mixture:
Alternatively, the supersaturated solution may be prepared by concentrating the
solvent /enantiomer mixture using a distillation.

Alternatively, the supersaturated solution may be prepared by heating the
solvent/enantiomer mixture, e.g. a suspension, to a temperature high enough to
dissolve both enantiomers in the solvent and then cooling the solution down to a
fevel at which the amount of one or both of the enantiomers in the solvent is
greater than their solubility at that temperature. Preferably the heated solution is
a homogenous solution.

The solventenantiomer mixture may be heated fo a temperature up to the
boiling point of the solvent e.g. about 10°C or more below the bailing point. In an
aspect, the solvent/enantiomer mixture may be heated to a temperature above

40°C, for example above 50 °C, such as above 60°C, e.g. above 70°C or above
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S0°C. The solvent/enantiomer mixture may be heated up to about 100°C, e.g. up
to about 80°C or up fo about 80°C, such as up fo about 70°C.

The solution may be cooled down by more than §°C, for example more
than 10°C, such as more than 20°C or 30°C. The solution may be cooled down
by less than 100°C, for example less than 80°C or less than 80°C, such as less
than 40°C.

The solution may be cooled down to a temperature above its freezing
point. For example, the solution may be cooled down to below 30°C, more
preferably below 20°C, still more preferably below 10°C and still more preferably
below & °C. The solution may be cooled down to a value equal {o or above about
0°C, &.g. above about 10°C or above about 20°C.

The solvent may be any suitable solvent or mixiure thereof capable of

dissolving both enantiomers to give a system with a single eutectic point.

Suitable solvents include non-polar solvents e.g. aromatic non-polar solvents

such as toluene, benzene, alkylacetate solvents such as methyl, ethyl or
isopropyl-acetate e.g. isopropyl-acetate; non-polar atkyl or cycloalkyl solvenis
e.g. cyclohexyl. In a preferred aspect, the solvent is isopropyl-acetate or a
mibdure of isopropyl-acetate and hexane or {oluene.

Alternatively, the solvent may be a polar solvent, e.g. water, isopropanol/
water mixture or acidic/basic agueous alcoholic mixtures.

in aspects of the invention, where the solvent is a non-polar solvent, the
water content of the solvent may be negligible, for example less than 0.3wt%, for

axample less than 0.03wi% or less than 0.003wt% relative to the solution.
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Crystallization may be induced by the addition of the desired enantiomer
in any form suitable to induce crystallization. For example, the enantiomer may
be added as one or more seed crystals (optionally present as a solid phase in a
solvent) or as a supersaturated solution containing the enantiomer in dissolved
form. In this aspect, the supersaturated solution of enantiomer may be introduced
into the main solution at a temperature above that of the main solution so that the
enantiomer of the added solution rapidly forms seed crystals of the desired
enantiomeric form. The seed crystals act as a substrate for the formation of the
desired enantiomer in crystal form, Preferably the seed crystals are micronized.
iy an aspect, at least 90wi%, for example at least 99wt% or at least 99.9wt% of
the seeds have a size (or largest dimension in the case of non-spherical seeds)
of less than 400 pm, for example less than 350 ym or less than 300 pm such as
fess than 275 pm. In an aspect, at least 90wt%, for example at least 99wt% or at
least 99.9wt% of the seeds have a size {or largest dimension in the case of non-
spherical seeds) of greater than 100 ym, such as greater than 150 um, for
example greater than 200 um or greater than 250 ym. In an aspect, substantially
all of the micronized seeds have a size < 275 ym. The size of the seed crystals
may be measured using any suitable technigue such as electron microscopy, or
dynamic light scattering e.g. using a Malvern Mastersizer 2000 instrument.

The total mass of the sead crystals of the desired enantiomer required is
comparatively small relative to the amount of enantiomer in solution since only a
small amount of the enantiomer is required o act as a nucleation centre. For

example, the seed crystals of the desired enantiomer may be added in an
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amount, relative to the total amount of the desired enantiomer in the mixiure, of
greater than 0.0005g/g for example greater than 0.001 g/g, such as greater than
0.005 gl/g or greater than 0.01 gig. The seed crystals of the desired enantiomer
may be added in an amount, relative to the total amount of the desired
enantiomer in the mixture, of less than 0.1g/g for example less than 0.05 g/g,
such as less than 0.03 g/g.

During the crystallization step, the liguid may be stirred continuously in
order to maximize the rate at which the dissolved molecules of the preferred
enantiomer are contacted with the forming crystals (spontaneously forming or
seed). The time that the crystallization process is carried out for will depend on
the purity and yield desired and the enantiomeric excess of the desired
enantiomer.

in an aspect (for example where the ratio of the desired enantiomer to the
other enantiomer is less than 65:35 e.g. less than 60:40 or less than 55:45), the
time before commencing the recovery of the crystals of the purified enantiomer
following addition of the seeds may be greater than 5 minutes, for example
greater than 10 minutes, such as greater than 15 minutes or greater than 20
minttes. This time may also be less than 5 hours, for example less than 2 hours,
such as less than 45 minutes or less than 35 minutes.

In an aspect, (for example where the ratio of the desired enantiomer to the
other enantiomer is greater than 65:35 e.g. greater than 75:25 or greater than
85:15, such as greater than 955 or greater than 99:1), the time before

commencing the recovery of the crystals of the purified enantiomer following
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addition of the seeds may be greater than 2 hours, for example greater than 4
hours, such as greater than 8 howrs or greater than 18 hours. This time may also
be less than 48 hours, for example less than 36 hours, such as less than 30
hours or less than 24 hours.

The crystals of the preferred enantiomer may be recovered by any
suitable means, for example the crystals may be removed by filtration. During
this stage, the optional sliring may be stopped. This has the effect of reducing
the rate at which any crystals of the less preferred enantiomer spontaneously
form since any crystal formation in the absence of stirring will then be controlled
by diffusion imited kinetics.

The crystallization or recrystallization procedure may then be repeated for
2 or more times, e.g. 2, 3 or 4 times.

Optionally using the crystaliization procedure, the (§)-3-(1-Dimethylamino-
ethyl}-phenol of formula (IX) can be obtained in an enantiomeric ration (8:R) of
90:10 or higher, e.g. 95:5 or higher, e.g. 89.1 or higher, e.g. 99.5.0.5 or higher,
e.g. 8.8:0.1 or higher.

Figure 2 represents the transfer hydrogenation of 1-(3-Hydroxy-phenyl)-
ethanone. The reaction is carried out with about 0.4 eg. NEt;, about 2 eq.
HCOOH, about 0.1 mol % catalyst in EtOH at about 70 £10°C for about 4 hours.

The catalyst used is as follows:



15

WO 2010/072798 PCT/EP2009/067821

(Vi

The chiral catalyst (Vill) results in over about 99 % conversion and over
about 97.5% selective reduction of 1-(3-hydroxy-phenyl)-sthanone {o the chiral
{R)-3-(1-Hydroxy-athyl)}-phencl. Substrates with free hydroxyl groups pose a
challenge as the hydroxyl oxygen potentially may bind to the ruthenium catalyst
usually employed and thereby lead o deactivation and low turmover numbers.

it has been found that a transfer hydrogenation system as herein
described gives excellent results in the sltercoselective reduction of
hydroxyphenones such as 1-(3-hydroxy-phenyl)-ethanone.

The obtained (8)-3-(1-Dimethylamino-athyl}-phenol may then be used as
a starting material or otherwise, e.g. as intermediate, to make rivastigimine.
Specifically, the starting material may be acylated, which may also mean
carbamylated, with an acylating agent of the formula CaHs(CHINC(O)X, wherein
X is OH or an activating group, e.g. halo, particularly chioro, to form rivastigimine.
The rivastigimine may be presented in the form of an acid addition salt. Thus

(8)-3-( 1-Dimethylamino-ethyl}-phenol under acylation/salt formation may form
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rivastigimine hydrogen tartrate.  Under base liberation, rivastigimine is then
formed.

Rivastigimine, therefore, may be administered as the free base or in the
form of a pharmaceutically acceptable salt. The pharmaceutically acceptable
salts can be synthesized from the parent compound by conventional chemical
methods. Generally, such salts can be prepared by reacting the free base forms
of the rivastigimine with the appropriate acid, typically in a stoichiometric amount,
in water or in an organic solvent, or in a mixture of the two. Examples of
nonaqueous media are diethvlether, ethyl acelate, ethanol, isopropanol and
acetonitrile. Lists of suitable salls are found in Reminglon's Pharmaceuticsl
Sciences, 17th ed., Mack Publishing Company, Easton, Pa., US, 1985, p. 1418,
the disclosure of which is hereby incorporated by reference; see also Stahl et al,
Eds, “Handbook of Pharmaceutical Salts Froperties Selection and Use”, Verlag
Helvetica Chimica Acta and Wiley-VCH, 2002, in particular Tables 1, 2, 3 and 4,
the disclosure of which publication is hereby incorporated by reference.

Examples of such acid addition salls include acetate, adipate, alginate,
aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate, camphorate,
camphorsulfonate,  cyclopentanepropionate,  digluconate, dodecyisuifate,
ethanesulfonate, fumarate, giucoheptancate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, hydrochioride, hydrobromide, hydroiodide, 2-
hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2-

naphthalenesuifonate, nicotinate, oxalate, pamoate, psectinate, perstlfate, 3-
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phenylpropionate, picrate, pivalate, propionate, succinate, hydrogen tartrale,
tartrate, thiocyanate, tosylate, and undecancate.

irrespective of whether the rivastigimine is administered as the free base
or a salt, it is typically delivered to the body from a drug delivery product, i.e. &
product from which an active APl may be delivered. Exemplary drug delivery
products include pharmaceutical compositions comprising the active APl and
pharmaceutically acceptable diluents, excipients or carrier and, optionally, at
least one additional active compound. Such compositions may by way of
example be oral or parenteral. The oral composition may comprise capsules,
tablets, dispersable or solution. Another type of drug delivery product is a
transdermal paich.

it will be clear to those of skill in the art, that the above described
embodiments of the present invention are merely exemplary and that various
modifications and improvements thereto may be made without departing from the
scope of the present invention. For example, a range of chiral metal catalysts
may be used in the chiral reduction of a hydroxyphenone such as 1-(3-hydroxy-
phenyl)-ethanone using fransfer hydrogenation. Moreover, the reduced form of
the hydroxyphenone may be converted to the required chiral aminophenol using

any suitable known means.

EXAMPLES
The following procedures are only exemplary. The mentioned

temperatures may be varied by about £ 10°C and the amount of reactant and
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solvent may also be varied from the mentioned amount and may therefore be

about the stated values,

Example 1a; (R)-3-(1-Hydroxy-ethvl}-phenol via ransfer hydrogenation

in an inertized (N) 1 L reactor 180.0 g 1-(3-hydroxy-phenyl)-ethanone and
858 mg (1R, 2R)-{-)-Chloro-N-{4-toluenasulfonyl-1,2-diphenylethylenediamine){p-
cymeneajruthenium {or (1R, 2R)-(-)-N-4-toluenesulfonyl-1,2-
diphenylethylenediamine in combination with ruthenium p-cymene chioride
dimer) were dissolved in 474 g absolute ethanol. The solution was heated fo
70°C and stirred for 30 min. 54.6 g triethylamine was added. 124.2 g formic acid
was added at about 70°C within 4 h with maximum stirring rate. The reaction
solution was stirred at 70°C for 4 h, and then temperature was lowered to 80°C.
165 g acetone was added within 2 h and stirring was continued at 60°C for 2 h.
595 g solvent was removed by distillation and 519 g loluene was added at 66°C.
257 g solvent was removed by distillation. 208 g toluene was added at 86°C. 48
g absolute ethanol was added at 66°C and stiming was continued for 30 min.
The temperature was lowered to 0°C within 3 hours. Stirring was continued at
about @ °C for 2 hours.

The solids were filtered and washed three times with 3x130 g toluene
each time. The wet product (194.7 g) was dried at about 50°C/20 mbar for at
least 8 hours {o give 165.6 g (80% yield, enantiomeric ratio99.3:0.7) of (R)-3-(1-

Hydroxy-ethyl)-phenol.
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"H NMR (400 MHz, DMSO-d®, ppm): 1.25 (s, 3H): 4.60 (m, 1H): 5.08 (s, 1H);

6.58 (d, 1H), 6.73 (m, 2H), 7.08 (1, 1H); 9.27 (s, 1H).

IR (ATR, ecm™*): 3382, 1617, 1690, 1481, 1407, 1372, 1294, 1268, 1168, 1085,

S 1070, 1009, 997, 939, 868, 787, 736, 699, 626.

Example 1b fo 1f; (R)-3-(1-Hydroxy-ethyi)-phenol via fransfer hydrogenation

Following a procedure similar to the one described in Example 1, examples

1b to 1f were prepared:

Exampl | Catalyst (mol%) | Timeto crude Crystallised Crystallised
es complete | product product product
1b to {f conversio ee % Yield % ee%
n
(1b) {R,R)-TsDPEN' 4h 97.6% . -
{0.5 mol%})
{1} (RR)-TsDPEN 5h 95.0% 96% 98.7%
(0.1 molth)
(1d) R R)-TsDPEN 5h 95 1% 50% 99.3%
(0.08 molt%)
{18} {R,R,R» 3h Q7 1% ~ -
CsDPEN?
1 (8.1 mol%)
(1) {R,R,R)-CsDPEN >8h 96.9% - ~
(0.05 mol%)

: (1R, 2R)-{-}-Chlorn-N-(4-tolugnesulfonyl-1 2-diphenylsthylenediamine) (p-cymene)ruthenium
* {R,R R)-Chloro-N-{camphorsulfonyl -1,2-dipheny! ethylenediamine}{p-cymene)ruthenium
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Example 20 {8)-3-{1-Dimethviamino-ethyi}-phenol  via dimesviate sand

aminomesyiate

in a 0.75 L round-botiomed flask with mechanical stirring were placed 86.5
g methanesulfonic anhydride, 30.0 g of (R)-3-(1-Hydroxy-ethyl)-phenol, 0.27 g 4-
dimethylaminopyridine and 270 g sthyl acefale under nitrogen. Stiming was
continued at 20°C for 15 min before cooling down to 0°C. 744 g NN-
Diisopropylethylamine {i.e. Hiinig's base) was added at 0°C {exothermic) within 3
h and stirring was continued for 30 min at about -5°C before heating to 20°C and

further 30 min stirring of the resulting suspension,

Sample of (R}-methanesulifonic acid 3-(1-methanesulfonyioxy-ethyi)-phenyl

ester) drawn at this point:

H NMR (400 MMz, CDCly, ppm): 1.70 (d, 3H); 2.84 (s, 3H); 3.18 (s, 3H);

575 (g, 1H); 7.30 (d, 1H); 7.38 {m, 2H); 7.49 (t, 1H).

79.1 g gaseous dimethyl amine was added within >4 h at 15-25°C into the
gas phase from a laboratory lecture botile. The reaction was moderately
exothermic. The suspension was stirred for »10 h at 20°C before conversion
was checked, 60 g water was added dissolving the salls and ca. 100 g of the
agueous phase of the resulting biphasic solution was removed.

100 g waler was added. After siirring for 5 min ca. 100 g of the agueous

phase was removed,
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3 g Celiflock 40 PL filter ald was added, the solution was filtered and
transferred to a second 0.75 L round-bottomed flask. Phases were separated
and the aqueous phase was discarded.

391 g ethyl acetate was removed by distillation.

Sample of (8)-methanesudfonic acid 3-(1-dimethylamino-ethyl}-phenyl ester

drawn at this point:

TH NMR (400 MHz, CDCE, ppm): 1.37 (d, 3H): 2.21 (s, 3H): 3.15 (s, 3H);

3.31 (g, 1H): 7.18 (d, 1H): 7.26 (m, 2H): 7.37 (¢, 1H).

IR (ATR, em''): 3631, 2079, 2941, 2820, 2773, 1607, 1584, 1484, 1443, 1389,

1179, 1128, 967, 817, 823, 804, 700.

MS (ESI, m/z): 244 (100%, MH"), 198.

80 g water was added and distillation was continued until waler started to
distil over. 87 g 30% aqueous NaOH was added and the resulting biphasic
solution was heated to 80°C with rapid stirring for 2 h. A clear, dark monophasic
solution was obtained. Temperaiure was lowered fo about 80°C. 174 g toluene
was added and the pH was adjusted to 8.7 with 24 g orthophosphoric acid at
about 80°C. The biphasic mixiure was heated to a temperature of about 80°C

and phases were separated. The agueous phase was discarded.
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The toluene phase was washed with 15 g water at 80°C. Ca. 100 g

toluene was distilled off.

3 g silica gel 60 was added and the suspension was filtered at 80°C into a
0.25 L round-botiomed flask. The filter cake was washed with 17 g hot toluene.
20 mg of the (8)-3-(1-Dimethylaminc-ethyl)-phenol suspended in 0.5 mi toluene
was added at 70°C resulting in crystaliization. The suspension was held at 70°C
for 30 min, then the temperature was lowered to a temperature of about 0°C
within 3 h. Stiming was continued at this temperature for 2 h. The solids were
filtered and washed twice with 44 g toluene each. The wet filter cake (28.5 g)
was transferred to a 0.25 L round-bottomed flask. 78 g toluene was added. The
suspension was heated to 100°C to dissolve the (8)-3-(1-Dimsthylamino-ethyl)-
phenol and filtered hot over a plate filter into a preheated 0.25 L round-boltomed
flask. Temperature was lowered to about 70°C and 20 mg of (5)-3-(1-
Dimethylamino-ethyl)-phenol suspended in 0.5 mi foluene was added at 70°C
resulting in crystallization. The suspension was held at 70°C for 30 min, then the
temperature was lowered to 0°C within 3 h. Stlirring was continued at this
temperature for 2 h. The solids were filtered and washed twice with 25 g toluene
each. The wet product {28.2 @) was dried at 45°C/50 mbar for at least 8 hows to
give 28.5 g (79% yield of (R)-3-(1-Hydroxy-ethyi}-phenol and an, enantiomeric

ratio >92.9:0.1 of (8)-3-(1-Dimethylamino-ethyl)-phenol as colorless crystals.

'H NMR (400 MHz, CDCly, ppm): 1.42 (d, 3H); 2.24 {s, 3H); 3.37 (q, 1H); 6.75

{ra, 3H); 7.14 {m, 1H).
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IR (ATR, cm'): 3004, 2974, 2874, 2839, 2795, 2672, 2552, 1505, 1465, 1454,
1465, 1454, 1373, 1335, 1270, 1206, 1163, 1082, 1058, 1019, 957, 911, 871,
810, 792, 706.

MS (ESI, m/z): 166 (100%, MH"), 121, 79, 60, 46.

Example 3: (S)-3-(1-Dimethylamino-ethyl}-phenol __via___dimesylate and

aminomesylate

Ina 0.75 L round-bottomed flask with mechanical stirring were placed 96.5
g methanesulfonic anhydride, 30.0 g of (R)-3-(1-Hydroxy-ethyl}-phenol, 0.27 g 4-
dirmethylaminopyridine and 270 g ethyl acetate under nitrogen. Stirring was
continued at 20°C for 15 min before cooling down to 0°C. 744 g NN-
Diisopropylethylamine (i.e. Hanig's base) was added at 0°C (exothermic) within
3 h and stirring was continued for 30 min at about -5°C before heating to 20°C

and further 30 min stirring of the resulting suspension.

Sample of (R}-methanssulfonic acid 3-(1-methanesulfonyloxy-aethyl)-phenyl

ester) drawn at this point:

'H NMR (400 MMz, CDCls, ppm): 1.70 (d, 3H); 2.84 {s. 3H); 3.18 (s, 3H); 5.

75 (g, 1H), 7.30 (d, 1H); 7.38 (m, 2H); 749 {§, 1H).
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79.1 g gaseous dimethyl amine was added within >4 h at 15-25°C into the
gas phase from a laboratory lecture boltle. The reaction was moderately
exothermic. The suspension was stirred for »10 h at 20°C before conversion
was checked. 60 g water was added dissolving the salts and ca. 100 g of the
agueous phase of the resulting biphasic solution was removed.

100 g waler was added. After stirring for 5 min ca. 100 g of the agueous
phase was removed.

3 g Celifiock 40 PL filter aid was added, the solution was filtered and
transfarred o a second 0.75 L round-bottomed flask. Phases were separated
and the agueous phase was discarded.

391 g ethyi acetate was removed by distiliation.

Sample of (S)-methanesulfonic acid 3-(1-dimethylamino-ethyl)-pheny! ester

drawn at this point:

"H NMR (400 MHz, CDCHh, ppm): 1,37 (d, 3H); 2.21 (s, 3H); 3.15 (s, 3H);

3.31 (g, TH), 7.18 (d, 1H}, 7.26 (m, 2H); 7.37 {, 1H).

IR (ATR, cm’'): 3631, 2079, 2041, 2820, 2773, 1607, 1584, 1484, 1443, 1369,

1179, 1128, 867, 917, 823, 804, 700.

MS (ESI, miz): 244 (100%, MH"), 199,
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100 g water was added and pH was adjusted to 3.8 with ca. 27 g
orthophosphoric acid at 80°C. Phases were separated and the organic phase
was discarded. 174 g fresh toluene was added and the pH was adjusted to 8.7
at a temperature of 80 £ 10°C with ca. 62 g 30% aqueous NaOH, Phases were
separated and the agueous phase was discarded.

The toluene phase was washed with 15 g water at 80°C. Ca. 100 g

toluene was distilled off.

3 g silica gel 60 was added and the suspension was filtered at 80°C into a
0.25 L round-bottomed flask, The filter cake was washed with 17 g hot toluene.
20 my of (§)-3-(1-Dimethylamino-ethyl)-phenol suspended in 0.5 mi toluene was
added at 70°C resulting in crystallization. The suspension was held at 70°C for
30 min, and then the temperature was lowered to a temperature of about 0°C
within 3 h. Stirring was continued at this temperature for 2 h. The solids were
filtered and washed twice with 44 g toluene each. The wet filter cake (29.5 g)
was transferred to a 0.25 L round-botiomed flask. 78 g toluene was added, The
suspension was heated to 100°C o dissolve the (8)-3-(1-Dimethylamino-ethyi}-
phenol and filtered hot over a plate filler into a preheated 0.25 L round-bottomed
flask. Temperature was lowered to about 70°C and 20 mg of (8)-3-(1-
Dimethylamino-ethyl)-phenol suspended in 0.5 mi toluene was added at 70°C
resulting in crystallization. The suspension was held at 70°C for 30 min, then the
temperature was lowered fo 0°C within 3 h. Stirring was continued at this
temperature for 2 h, The solids were filtered and washed twice with 25 g toluene

each. The wet product (28.2 g) was dried at 45°C/50 mbar for at least 8 hours to
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give 28.5 g (79% vield of (R)-3-(1-Hydroxy-sthyi)-phenol and an, enantiomeric

ratio »98.9:0.1 of (5)-3-(1-Dimethylamino-ethyl)}-phenol as colorless crystals.

"H NMR (400 MMz, CDCls, ppm): 1.42 (d, 3M): 2.24 (s, 3H): 3.37 (g, 1H): 6.75

A

{m, 3H); 7.14 {m, 1H).

IR (ATR, o'’y 3004, 2974, 2874, 2839, 2795, 2672, 2552, 1505, 1465, 1454,
1465, 1454, 1373, 1335, 1270, 1206, 1163, 1082, 1059, 1019, 957, 911, 871,
810, 792, 708.

10 MS (ESL m/z): 166 (100%, MH"), 121, 78, 60, 46.

20
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CLAIMS
1. A process for the preparation of a compound according 1o the following
general formula (1)
5
OH
+(HO),
X
|
L
H
wherein
Ry = Cygp alkyl, Csg0 alkenyl, Cooy alkynyl, Cazo organchalide, an
10 aryl, an amine or amide group; and
n=1t5;
said process comprising:
(a) performing an asymmetric catalytic reduction on a
hydroxyphenong according to the following general formula
(5 ()
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wherein
Rﬂg = Cmgg a[ky‘ii Cana alkeﬂyh Gz‘_zg aﬁkynyi. Cg_zg arganohaiide, an
aryl, an amine- or amide-containing group;

n=11{05 and

(¥

wherein said asymmetric catalytic reduction is performed using transfer
hydrogenation, and
wherein sald asymmetric catalylic reduction is performed using a chiral

metal catalyst.

i 2 A process for the preparation of a compound according te claim 1,

wherein the amount of optically active compound (i} formed

(i

is greater than the amount of optically active compound (1V)

JHOY

15
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3. A process for the preparation of a compound according to any of claims 1
or 2, wherein the asymmetric catalytic reduction forms an enantiomeric excess of
compound () to compound (IV) of from about 96% : 4% or higher, about 98%

2% or higher, or about 89% : 1% or higher.

4, A process for the preparation of a compound according to any of claims 1
to 3, wherein after a crystallization step the enantiomeric excess of compound
{H1) to compound (IV) is from about 97% : 3% or higher, about 98% : 2% or
higher, about 99% . 1% or higher, or about >99.5 % : about <0.5%, or about

>088.7%: about < 0.03.%.

5. A process for the preparation of 3 compound according {o any preceding

claim, wherein n = 1 in general formudas (1) - (V).

6. A process for the preparation of a compound according to any preceding
claim, wherein n = 1 in general formulas (1) ~ (IV) and a hydroxyl group occurs at

position 3 on the aromatic ring.

7. A process for the preparation of a compound according fo any preceding

claim, wherein Ry is a Cyapalkyl, Cop atkenyl, Coe alkynyl or Cp.4 organohalide.
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8. A process for the preparation of a compound according to any preceding

claim, wherein Ry is selected from any of methyl, ethyl, propyl and butyl,

9. A process for the preparation of a compound according to any preceding
claim, wherein Ry is methyl and n = 1 and the prepared compound is (R)-3-(1-

Hydroxy-ethyl)-phenol as shown below in formula (Vi)

OH

HO

o,
“y

(Vi)

10. A process for the preparation of a compound according 1o any preceding
claim, wherein the transfer hydrogenation is performed using a chiral transition

metal based catalyst.

11. A process for the preparation of a compound according o any preceding
claim, wherein the {ransfer hydrogenation is performed using a complexed
transition metal based chiral catalyst containing multiple aryl, mono- bi-, or poly-

dentate ligands.
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12. A process for the preparation of a compound according o any preceding
claim, wherein the transfer hydrogenation is performed using a Ru, Rh or ir

based catalyst.

13. A process for the preparation of a compound according {o any preceding
claim, wherein the transfer hydrogenation is performed using a chival

(diphenyiethylenediamine) based Ru catalyst.

14, A process for the preparation of a compound according to any preceding
claim, wherein the transfer hydrogenation is performed using a chiral metal

catalyst as shown in structure (Vi)

Vi)

ar
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wherein
M = a {ransition metal:
Ly = an aryl based group, a carbonyl, Cg~zp atkenyl or Cz-gp atkynyl;
and
Lz = a halide, an organchalide, a borohalide, a sulphonate, nitriles,
10 carbenes, carbon monoxide, phosphines, a carbonyl, an amine- or amide-

contatning group.

15. A process for the preparation of a compound according 1o claim 14,

wherein the transifion metal Mis Ru, Rhor it

16. A process for the preparation of 3 compound according {o any of claims
14 or 15, wherein L is p-cymene, benzene, cyclooctadiene, triphenylphosphine,

or norbornadiene
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17. A process for the preparation of a compound according to any of claims
14 to 16, wherein 1 is chloride, bromide, iodide, tetrafluorchorate,
tripentafluorophenylborane  (i.e. BARF), mesylate, wifluoroacetate, triflate,

5 methylaliyl or acetylacetonato.

18. A process for the preparation of a compound according to any preceding
claim, wherein the transfer hydrogenation is performed using 2 chiral metal
catalyst as shown in structure (Vi)

10

(VI

18. A process for the preparation of a compound according to any preceding

claim, wherein the transfer hydrogenation is performed using a chiral metal
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catalyst selected from any one of or combination of the following: (1R 2R)-{-)-
Chiora-N-(4-toluenesulfonyl-1, 2-diphenylethylenediaming}{p-cymenejruthenium;
or {1R,2R)-(-}-N-4-toluenesulfonyl-1,2-diphenylethylenediamine in combination

with ruthenium p-cymene chioride dimer.

20. A process for the preparation of a compound according {o any preceding
claim, wherein the transfer hydrogenation is performed using a chiral metal
catalyst and the catalyst is present in @ range from about 0.005 mol % to about
5.0 mol %, about 0.01 mol % to about 1.0 mol % or from about 0.05 mol % to

about 0.5 mol %.

21, A process for the preparation of a compound according to any preceding
claim, wherein the reduced hydroxyphenone forms a chiral alcohol which is
converted via a series of steps fo a chiral aming alcohol as follows:

{a) performing an activation step on the hydroxyl groups of the formed
chiral alcohol to form activated hydroxy alcoholic groups and
activated hydroxy phenolic groups on the chiral alcohol;

(b} performing a nucleophilic substitution on the activated hydroxy
aleohelic groups; and

(cy cleaving the activated hydroxy phenclic groups to form the chiral

amino aicohol.
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22. A process for the preparation of a compound according to claim 21,

wherein the activation step uses sulfonylation.

23. A process for the preparation of a compound according o any of claims

5 21 or 22, wherein the nucleophilic substitution is performed with an amine.,

24. A process for the preparation of a compound according to any of claims
21 1o 23, wherein the reduced hydroxyphenone (R)-3-{Hydroxy-aethyliphenol
{compound VI} is converted to (8)-3-{1-Dimethylamino-ethyl)-phenot which is

10 shown below as structure (IX):

15
{£X}
25. A process for the preparation of (§)-3-(1-Dimethylamino-ethyl)-phenol of
formuta (IX) comprising:
20 {a) performing an asymmelric catalylic reduction using fransfer

hydrogenation on 1-(3-Hydroxy-phenyl}-ethanone {compound V) to
form (R)-3-(1-Hydroxy-ethyl}-phepol (compound V1) as shown

below:
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HO HO

a8,
(I( 23 f‘.’{{

% (Vi)

{(by performing an activation step on the hydroxyl groups of the formed
{R)-3-(1-Hydroxy-ethyl)-phenol to form activated hydroxy alcoholic
groups and activated hydroxy phenolic groups on the (R)}-3-(1-
Hydroxy-ethyl)-phenal;

(¢} performing a nucleophilic substifution on the activated hydroxy
alcoholic groups; and

{dy cleaving the activated hydroxy phenolic groups;

wherein (8)-3-(1-Dimethylamino-ethyl)-phenol is formed.

26, A process for the preparation of (8)-3-(1-Dimsthylamino-ethyl)-phenol
{compound [X), comprising:

{a) reducing 1-{3-hydroxy-phenyl}-ethanone of formula (V) to form (R)-3-
(Hydroxy-ethyhphenol of formula (\V);

{b)y transforming (R)-3-{Hydroxy-ethyllphenol (compound VI} to form (R)-
methanesulfonic acid 3-(1-methanesulfonyloxy-sthyl)-phenyi;

(¢} performing a nucleophilic substitution on the activated hydroxy alcoholic

groups utilizing dimethyt amine; and
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{d} transforming {(8)}methanesulfonic acid 3-(1-dimethyiamino-sthyl)-phenyl

ester to form the chiral (8)-3-(1-Dimethylamino-ethyi}-phencl.

27. A process according to any of claim 24 to 28, wherein the chiral {§)-3-(1-
Dimethylamino-ethyl)-phenol (compound 1X) obtained is further purified by a

crystallization.

28. A process according to claim 27, wherein the crystallization is a kinetic

crystallization.

20. A process for the preparation of a compound according to any of claims
21 to 26, 27 or 28, wherein the reduced hydroxyphenone (R}-3-(Hydroxy-~
sthyhphenol (compound V1) is converted to (S)-3-(1-Dimethylamino-ethyl)-phenol
(compound 1X) according to claims 24, 25, 26, 27 or 28, wherein the
enantiomeric ratio (8):(R) is 80:10 ot higher,, e.g. 85:5 or higher, e.g. 99:1 or

higher, e.g. 98.5:0.5 or higher, e.g. 82.9:0.1 or higher.

30. A process for the preparation of a compound according to any preceding
claim, further comprising the step or steps to form rivastigiming in the form of a

free base, a salt or a prodrug thereof.

31. A process for the preparation of rivastigimine comprising:

(i) performing the process of claims 25 or 26
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(#y further acviating the (8)-3-(1-Dimethylamino-sthyl)-phencl
{compound 1X) fo form rivastigimine,

wherein the phenolic hydroxy group of the resulting product is acylated with an
acylating agent of the formula CoMs(CHINC(OIX, wherein X is OH or an
activating group, e.g. halo to form [3-[(18)-1-dimethylaminocethyllphenyl] N-ethyl-
N-methyicarbamate,
the process optionally further comprising resolving the end product of step (i) to
resolve [3-{(18)-1-dimethylaminosthyijphenyl] N-ethyl-N-methylcarbamate from

its {(1R)-isomer,

32. A process according to claim 31 which further comprises:

{i) contacting the rivastigimine with a pharmaceutically acceptable acid to
form an acid addition salt thereof; or

{ii} incorporating the rivastigimine into a drug delivery product; or

(iii) contacting the rivastigiming with a pharmaceutically acceptable acid to
form an acid addition salt thereof and incorporating the rivastigimine into a drug

delivery product.

33.  Use of a chiral alcohol prepared according to any of claims 1 to 20 in the
preparation of an active pharmaceutical ingredient starting material for production

of pharmaceutical compositions.
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34. Use of a2 compound according o claim 33, wherein the active
pharmaceutical ingredient starting material is (8)-3-(1-Dimethylamino-ethyl)-

phenol.

35, Use of 2 compound according to claim 34, wherein the prepared {S)-3-(1-
Dimethylamino-ethyl}-phenol is used fo form a pharmaceutical composition

comprising rivastigimine or rivastigimine hydrogen tartrate.

38, (R)-methanesulionic acid 3-(1-methanesulfonyloxy-ethyl)-pheny! ester or
(S)-methanesuifonic acid 3-(1-methanesulfonyloxy-ethylkphenyl ester or a

mibdure thereof,

37. (Rymethanesulfonic acid 3-(1-Dimethylamino-ethyl)-phenyl ester or (S)-
methanesulfonic acid 3-(1-Dimethylamino-sthyl)-phenyl ester or a mixture

thereof.

38. (R)-3-(1-hydroxysthyl)-phenyl methanesulfonate or (8)-3-(1-hydroxyethyi)~

phenyl methanesulfonate or a mixture thereof.

38, (R)-1-{3-hydroxyphenyl-ethyl methanesulionate or {S)1-(3-

hydroxyphenyl}-ethyl methanesulfonate or a mixture thereof.
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