IR 0

WO 01/29002 A1

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
26 April 2001 (26.04.2001)

A OO 0 A

(10) International Publication Number

WO 01/29002 A1l

(51) International Patent Classification’: C07D 211/60

(21) International Application Number: PCT/GB00/04058

(22) International Filing Date: 20 October 2000 (20.10.2000)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

9924882.5
0005256.3

GB
GB

20 October 1999 (20.10.1999)
3 March 2000 (03.03.2000)

(71) Applicant (for all designated States except US):
SMITHKLINE BEECHAM PLC [GB/GB]; New
Horizons Court, Brentford, Middlesex TW8 9EP (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CROWE, David
[GB/GB]; SmithKline Beecham Pharmaceuticals, Old
Powder Mills, Near Leigh, Tonbridge, Kent TN11 9AN
(GB). WARD, Neal [GB/GB]; Smithkline Beecham Phar-
maceuticals, Old Powder Mills, Near Leigh, Tonbridge,
Kent TN11 9AN (GB).

(74) Agent: WEST, Vivien; SmithKline Beecham, Corporate
Intellectual Property, Two New Horizons Court, Brentford,
Middlesex TW8 9EP (GB).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ,
DE, DK, DM, DZ, EE, ES, F1, GB, GD, GE, GH, GM, HR,
HU,ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ,LC, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO,NZ,PL, PT,RO,RU, SD, SE, SG, SI, SK, SL, TJ, TM,
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,

CIL, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
With international search report.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PROCESS FOR THE PREPARATION OF 4-(FLUOROPHENYL)PIPERIDINE ESTERS

F (57) Abstract: Firstly a process for the preparation of the (-) trans ester of structure (4), [a valu-
able intermediate in the preparation of paroxetine] comprising resolution of the corresponding
racemic cis ester by the formation of a salt with a chiral acid to give the (+) cis ester, followed
by epimerisation of the (+) cis ester with a strong base. Secondly a process for the preparation of
a crystalline salt of a racemic trans compound of structure (4) comprising contacting a solution
of racemic trans compound of structure (4) with a suitable acidic component, isolating the crys-
talline product and optionally recrystallising the product. Thirdly a process for the preparation

o COZR' (4)

of the (-) trans ester of structure (4) which comprises forming a solution of the product of the

process of the second aspect of this invention and a chiral acid, and seeding the solution with a
crystalline salt formed from the (-) trans product of the process of the first aspect of this invention

and the same chiral acid.
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WO 01/29002 PCT/GB00/04058

PROCESS FOR THE PREPARATION OF 4-(FLUOROPHENYL)PIPERIDINE ESTERS

The present invention relates to novel piperidine compounds which are valuable

intermediates for preparing pharmaceutically active compounds, and processes thereto.

Pharmaceutical products with antidepressant and anti-Parkinson properties are described in
US 3,912,743 and US 4,007,196. An especially important compound among those
disclosed is paroxetine, the (-) trans isomer of 4-(4'-fluorophenyl)-3- (3',4'-methylene
dioxyphenoxymethyl)piperidine. This compound is used in therapy as the hydrochloride

salt to treat inter alia depression, obsessive compulsive disorder (OCD) and panic.

Piperidine compounds of structure (1) and (2) are described in US 4,007,196, EP
0219934, and Acta Chemica Scandinavica (1996) volume 50 page 164 as chemical

intermediates useful for the manufacture of paroxetine (3).

F F F
O O>
-~ o)
0 OH o)
N N N
I | H
CH, (1) CH, (2) (3)

Thus in the process described in US-A-4007196, arecoline base is liberated from the
hydrobromide salt and reacted with the Grignard reagent 4-fluorophenyl magnesium
bromide to give a piperidine ester of structure (1). This piperidine ester is converted to a
piperidine carbinol of structure (2), which is coupled with sesamol, then deprotected, to

give paroxetine (3).

Paroxetine is the (-) trans isomer of 4-(4'-fluorophenyl)-3-(3',4'-methylenedioxy-
phenoxymethyl)-piperidine. The above described processes produce compounds of
structure (1) as a mixture of enantiomers, and conversion of compounds of structure (1) to

useful pharmaceuticals will normally require a resolution stage.
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Particularly useful compounds of structure (1) and (2) are therefore those where the stereo-
configuration is (-) trans-, that is a compounds of structure (A) and (B), as this

configuration corresponds to that of paroxetine.

F F
= | =
X X
+CO,CH, + CH,0H
~ () trans (-) trans
\ v
CH, CH,
5 (A) (B)

There are two possible approaches to the preparation of the (-) trans carbinol, compopnd

(B). One approach is to reduce compound (1) to compound (2), and then carry out a

resolution step to give compound (B). Such an approach is described in Examples 5 and 8
10 of EP 0223, 334, where a racemic carbinol of structure (2) is resolved using either

nitrotartanilic acid or di-p-toluoyl! tartaric acid.

The second approach is to first produce the (-) trans ester compound (A), and subsequently
reduce this to compound (B). The second approach is clearly advantageous, as only half

15  the quantity of hydride reducing agent is required, representing a significant cost saving.

This application provides processes which enable the second approach to be carried out on
a manufacturing scale. This application further provides novel salts of piperidine esters
which are useful in the isolation, purification and resolution of such piperidine esters.

20
In the process described in US 4,007,196 and Acta Chemica Scandinavica (1996) volume
50 page 164, arecoline is reacted with 4-fluorophenylmagnesium bromide to give a
compound of structure (1) as a mixture of racemic cis- and trans isomers, which is
converted to a racemic trans-compound of structure (1) by reaction with sodium

25  methoxide in an organic solvent at elevated temperature.
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In the process described in EP 0219934, reduction of a quaternary pyridinium salt
produces a compound of structure (1) exclusively in the racemic cis- configuration. This
is similarly epimerised to a racemic trans-compound of structure (1) by reaction with

5  sodium methoxide in an organic solvent at elevated temperature.

An outline method for the chemical resolution of trans 1-methyl-3-carbomethoxy-4-(4'-

fluorophenyl) piperidine using unspecified optical forms of mandelic acid or dibenzoyl

tartaric acid has been described in the literature in the form of a flowchart [Acta Chemica
10  Scandinavica (1996) volume 50 page 164], but no details of the conditions are given. The

same flowchart outlines the reduction of the (-) trans ester (A) to the (-) trans carbinol (B).

We have made numerous attempts carry out this resolution procedure but have been
unabie to obtain any crystallise salts using either mandelic acid or dibenzoy! tartaric acid

15  in a wide range of organic solvents. In addition, no chemical or physical properties for
the individual (+) and (-) optical isomers of trans 1-methyl-3-carbomethoxy-4-(4'-
fluoropheny!) piperidine or analogous trans compounds of structure (4) below, in which R
and R' are independently an alkyl, aryl, or arylalky! group, most suitably lower alkyl, have
been reported, either as salts or in the free base form.

F

W COR’

)
R

20 (4)
We therefore conclude that no workable process for obtaining (-) trans 1-methyl-3-
carbomethoxy-4-(4'-fluorophenyl) piperidine (A) or analogous resolved trans compounds

of structure (4) is available in the prior art.
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In addition, no description or preparation of the individual (+) and (-) isomers of cis 1-
methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine or analogous resolved cis

compounds corresponding to structure (4) has previously been described.

In a first aspect, the present invention is based on the discovery that salts of the cis ester of
structure (1) with chiral acids may be prepared and used to generate novel (+) cis and (-)

cis isomers of compound (1).

In addition we have surprisingly found that the desired (-) trans ester of structure (A) can
be obtained from the racemic cis ester by a novel procedure which comprises resolution of
the racemic cis ester by the formation of a salt with a chiral acid to give the (+) cis form,
followed by an epimerisation reaction with a strong base. In this process inversion of
configuration occurs, providing the (-) trans ester in good yield and high optical purity,

suitable for reduction to the () trans form of the carbinol, compound (B).

Accordingly the first aspect of the present invention provides a process for the preparation
of the (-) trans ester of structure (4), the process comprising resolution of the
corresponding racemic cis ester by the formation of a salt with a chiral acid to give the (+)

cis ester, followed by epimerisation of the (+) cis ester with a strong base.

In structure (4), R' may be any group that is easily removable, for example by hydrolysis
or reduction, for example using lithium aluminium hydride, to generate the corresponding
carbinol. Suitable groups include methyl and ethyl. Similarly R may be any N-protecting

group that is easily removable. Suitable groups include methyl and benzyl.

The process of the first aspect of this invention is particularly convenient as the racemic
cis ester starting material is a crystalline solid which can be readily isolated. The racemic
cis ester may be prepared as in EP 0219934 mentioned above. Alternatively a mixture of
racemic cis and trans esters may be prepared as in US 4,007,196 and Acta Chemica
Scandinavica (1996) volume 50 page 164 mentioned above, and the racemic cis ester

isolated as a crystalline salt. Surprisingly we have found that treatment of the racemic
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cis/trans mixture with a chiral acid results initially in crystallisation of a racemic cis salt,

which on recrystallisation yields predominantly (+) cis salt.

Accordingly in a typical procedure, the racemic cis ester is obtained by treating a racemic
cis/trans mixture of the ester with a chiral acid to obtain a crystalline salt of the racemic cis
ester and the chiral acid, and recrystallising the salt to obtain a salt of the (+) cis ester,

which is treated with a base to recover the (+) cis ester for epimerisation.

Crystalline chiral acid salts of the racemic cis-ester of structures (4) and (1), and of the (+)

and (-) isomers, are believed to be novel.

The racemic cis-ester may be liberated from the racemic cis-ester salt by treatment in
solution with a base, such as aqueous sodium hydroxide, and isolated. Treatment of a
soluﬁon of the racemic cis-ester with appropriate chiral acids allows the formation of
crystalline salts of the individual (+) isomers (for example with L(-) dibenzoyl tartaric acid
or (+)-di-p-toluoyl-D-tartaric acid) and (-) isomers (for example with (-)-di-p-toluoyl-L-
tartaric acid).

The (+) and (-) isomers of the cis-compound of structures (4) and (1) liberated from the

chiral salts by treatment with a base are also believed to be novel.

The (-) cis esters of structures (4) and (1) may be epimerised with a strong base to obtain

the corresponding (+) trans esters, which are also believed to be novel.

In a second aspect, the present invention is based on the surprising discovery that, despite
the failure of the racemic trans ester to form salts directly with chiral acids, a limited
number of non-chiral acids, for example citric acid, oxalic acid, phosphoric acid
hydrobromic acid and hydroiodic acid can be used to form crystalline salts with the crude

racemic trans ester.

Such crystalline salts are useful and convenient intermediates for the large scale isolation

and purification of the racemic trans ester, the free base of which is an oil and otherwise
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difficult to isolate in pure form. The purified racemic trans ester of structure (4) may be
used to prepare the racemic trans carbinol of structure (5) which may be resolved and

converted to paroxetine by known methods.

OH

(5)

Accordingly the second aspect of the present invention provides a process for the
preparation of a crystalline salt of a racemic trans compound of structure (4) which
comprises contacting a solution of racemic trans compound of structure (4) with a suitable
acidic component, isolating the crystalline product and optionally recrystallising the

product.

We have found that citric acid, oxalic acid phosphoric acid hydrobromic acid and
hydroiodic acid are especially suitable for the formation of such salts, particularly for

compounds of structure (1) i.e. structure (4) where R is methyl.

Crystalline salts of the racemic trans compound of structures (4) and (1) are believed to be

novel.

Similarly formed salts of the racemic cis esters with non-chiral acids are also believed to

be novel.

Preferably the acidic component or a solution thereof is added to a solvent extract of the
racemic trans compound of structure (4) from the previous reaction step. Suitable solvents

include toluene, optionally with an additional solvent such as acetone.
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The racemic trans compound of structure (4) may be liberated in purified form from the
crystalline salt by conventional means, for example by treatment with an inorganic base
followed by extraction with a solvent such as toluene. In a particularly useful aspect of the
invention the extract of the purified racemic trans compound is used directly in the
reduction step to generate a racemic trans carbinol of structure (5). This reduction may be
carried out with a reducing agent such as lithium aluminium hydride, optionally

employing an additional solvent such as tetrahydrofuran.

In a third aspect, the present invention is based on the surprising discovery that the pure

(-) trans ester of structure (4) or (1) produced in accordance with the first aspect of this
invention may be used to form crystalline salts with non-chiral and chiral acids. The chiral
acid salts may be used as seed crystals to enable the otherwise extremely difficult
resolution of racemic trans ester with chiral acids to be carried out, particularly when the

racemic trans ester has first been purified using the second aspect of this invention.

We have surprisingly found that although a crystalline salt could not be generated by
reaction of the pre-formed (-) trans ester of structure (1) with dibenzoyl tartaric acid, the
acid allegedly employed in the prior art, it was possible to form a crystalline salt between
the pre-formed (-) trans ester of structure (1) and di-toluoyl tartaric acid. In addition , we
have been able to carry out a resolution of the racemic trans ester of structure (1) using the

aforementioned di-toluoyl tartaric acid salt as seeds.

Accordingly the third aspect of the present invention provides a process for the preparation
of the (-) trans ester of structure (4) which comprises forming a solution of the product of
the process of the second aspect of this invention and a chiral acid, and seeding the
solution with a crystalline salt formed from the (-) trans product of the process of the first

aspect of this invention and the same chiral acid.

Similarly, a crystalline salt formed directly between a (+) trans ester isomer (obtained by
epimerisation of a (-) cis ester isomer as described previously) and a chiral acid may be

used as seed to obtain a crystalline (+) ester salt from a solution of the racemic ester salt.
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Crystalline salts of the (-) trans and (+) trans compound of structures (4) and (1) are

believed to be novel.

Compounds of structure (4) may be converted to the active compound paroxetine using
conventional procedures disclosed in US-A-3912743 or US-A-4007196, whereby the
piperidine ester of structure (4) is reduced to a piperidine carbinol of structure (5), which is

coupled with sesamol, then deprotected, to give paroxetine (3).

The present invention includes within its scope the compound paroxetine and its
pharmaceutically acceptable salts, particularly paroxetine hydrochloride, especially as an
anhydrate or the hemihydrate, and paroxetine methanesulphonate, when obtained via any
aspect of this invention, and any novel intermediates resulting from the described

procedures.

Paroxetine free base may be converted to paroxetine methanesulphonate by treatment with
methanesulphonic acid or a labile derivative thereof, for example a soluble salt such as
ammonium methanesulphonate. Paroxetine hydrochloride may be prepared by treatment
of paroxetine free base with a source of hydrogen chloride, for example gaseous hydrogen

chloride, or a solution thereof, or aqueous hydrochloric acid.

Paroxetine and its salts obtained using this invention may be formulated for therapy in the
dosage forms described in EP-A-0223403 or W096/24595, either as solid formulations or

as solutions for oral or parenteral use.

Therapeutic uses of paroxetine, especially paroxetine hydrochloride or methanesulphonate,
obtained using this invention include treatment of: alcoholism, anxiety, depression,
obsessive compulsive disorder, panic disorder, chronic pain, obesity, senile dementia,
migraine, bulimia, anorexia, social phobia, pre-menstrual syndrome (PMS), adolescent
depression, trichotillomania, dysthymia, and substance abuse, referred to below as "the

Disorders".
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Pharmaceutical compositions using active compounds prepared in accordance with this
invention are usually adapted for oral administration, but formulations for dissolution for

parental administration are also within the scope of this invention.

The composition is usually presented as a unit dose composition containing from 1 to
200mg of active ingredient calculated on a free base basis, more usually from 5 to 100 mg,
for example 10 to 50 mg such as 10, 12.5, 15, 20, 25, 30 or 40 mg by a human patient.
Most preferably unit doses contain 20 mg of active ingredient calculated on a free base
basis. Such a composition is normally taken from 1 to 6 times daily, for example 2, 3 or 4
times daily so that the total amount of active agent administered is within the range 5 to
400 mg of active ingredient calculated on a free base basis. Most preferably the unit dose

is taken once a day.

Preferred unit dosage forms include tablets or capsules, including formulations adapted for

controlled or delayed release.

The compositions of this invention may be formulated by conventional methods of
admixture such as blending, filling and compressing. Suitable carriers for use in this
invention include a diluent, a binder, a disintegrant, a colouring agent, a flavouring agent
and/or preservative. These agents may be utilised in conventional manner, for example in

a manner similar to that already used for marketed anti-depressant agents.

Accordingly, the present invention also provides:

a pharmaceutical composition for treatment or prophylaxis of one or more of the Disorders
comprising paroxetine or a pharmaceutically acceptable salt such as the mesylate or
hydrochloride obtained using the process of this invention and a pharmaceutically
acceptable carrier;

the use of paroxetine or a pharmaceutically acceptable salt such as the mesylate or
hydrochloride obtained using the process of this invention to manufacture a medicament
for the treatment or prophylaxis of one or more of the Disorders; and

a method of treating the Disorders which comprises administering an effective or

prophylactic amount of paroxetine or a pharmaceutically acceptable salt such as the
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mesylate or hydrochloride obtained using the process of this invention to a person

suffering from one or more of the Disorders.
This invention is illustrated by the following Examples.
Analytical Procedures

The stereo configuration of piperidine esters of structure (1) may be determined by
conventional means, for example by NMR. The cis ester of structure (1) gives an NMR
signal in deuterochloroform at ca 8 3.51 ppm for the methyl protons of the ester group,

whereas the trans ester of structure (1) has a signal at ca 6 3.44.

The optical purity of piperidine esters of structure (1) may be assessed by measurement of
optiéal rotation, or by chiral HPLC or preferably by chiral capillary electrophoresis. A
review entitled "Separation of optically active pharmaceuticals using capillary
electrophoresis” by T.J. Ward, and K. D. Ward has been published in Chem. Anal. (N. Y.)
(1997), volume 142 pages 317-344.

Example 1
Preparation of trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine

oxalate

Crude trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (2.60g) was added to
a solution of oxalic acid (0.95g) in ethanol (30 ml) and stirred to give a clear solution.

The solution was diluted with hexane (30 ml) and diethyl ether (60 ml), stirred for 1 hour
at ambient temperature then stored at 5 °C for a further 1 hour. The resulting crystals were

collected by filtration, washed with diethyl ether (20 ml) and dried.
Yield 1.98g.

The IR spectrum (attenuated total reflectance) showed bands at inter alia 3038, 2951,
1734, 1601, 1512, 1436, 1330, 1225, 1173, 1161, 1140, 1000, 959, 797, 754, 711 cm".

10
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X-ray diffractogram, major peaks (CuKy):

PCT/GB00/04058

Angle [026] Rel. Int [%]
7.77 24.8
8.98 37.0
12.61 41.7
14.84 24.5
16.45 84.8
18.17 95.2
20.10 33.7
23.63 100.0
25.68 32.5
26.73 37.8
28.60 29.9

11
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Example 2

Regeneration of trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine from

the oxalate salt

5  Trans-1-methyl-3- carbomethoxy-4-(4'-fluorophenyl)piperidine oxalate (1.0g) was
suspended in ethyl acetate (20 ml) and 10%w/v aqueous sodium hydroxide (10 ml) was
added to dissolve the solid. The layers were separated and the aqueous layer was extracted
again with ethyl acetate (20 ml). The combined organic layers were dried over magnesium
sulphate, and the solvent removed by evaporation to give pure trans —1-methyl-3-

10 carbomethoxy-4-(4'-fluorophenyl)piperidine as an oil.
Yield 0.59 g.

Example 3
15 Preparation of trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)-piperidine
hydrobromide.

48% aqueous hydrobromic acid (0.36 g) was added to a solution of trans-1-methyl-3-
carbomethoxy-4-(4'-fluorophenyl)-piperidine (0.50 g) in ethanol (15 ml) and mixture
20  stirred for 2 hours. The resulting suspension was stored at 5°C for 72 hours then the

crystals were filtered and dried in vacuum.
Yield 0.30 g.

25  The IR spectrum (attenuated total reflectance) showed bands at inter alia 2949, 2675
1735, 1512, 1433, 1331, 1209, 1168, 1143, 961, 831, 796 cm-!.

2

The X-ray powder diffractogram (CuKy ) showed the following significant peaks

12
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Angle [926] Counts
7.4 182
9.0 269
13.9 224
16.4 1319
18.3 677
18.6 289
21.2 191
22.0 585
233 882
25.1 729
26.9 250
27.2 265
27.9 426
29.1 295
31.0 383
32.1 173
32.7 186
342 404

Example 4
5 Preparation of hydroiodic acid salt of trans-1-methyl-3-carbomethoxy-4-(4'-

fluorophenyl)piperidine

A solution of 55% hydroiodic acid (0.19 g) in ethanol (5 ml) was mixed with a solution of
trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (0.20 g) in ethanol (5 ml)
and the clear solution was stirred well. The solvent was removed by evaporation to give

10 the product as a yellow solid, whiich was recrystallised from ethyl acetate.

The IR spectrum (attenuated total reflectance) showed bands at inter alia 2932, 2701,
1735, 1511, 1329, 1226, 1163, 959 and 794 cm'!.

The X-ray powder diffractogram (CuK5 ) showed the following significant peaks

13
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Angle [0260] Counts
7.4 123
12.9 57
13.6 69
15.9 288
17.7 140
18.3 282
20.2 85
21.2 223
22.5 460
23.9 122
24.8 458
26.8 153
27.2 266
28.4 136
29.4 137
30.0 115
31.8 108
32.1 129
33.0 98
33.7 146

Example 5
Preparation of the citric acid salt of trans-1-methyl-3-carbomethoxy-4-(4'-
fluorophenyl)piperidine

A solution of citric acid (0.20 g) in acetone (5 ml) was added to trans-1-methyl-3-
carbomethoxy-4-(4'-fluorophenyl)piperidine (0.25 g) and stirred well to give a clear
solution. The solution was concentrated to approximately 3 ml by evaporation under
reduced pressure, whereupon crystals began to form. The crystalline salt was collected by

filtration, washed with acetone (5 ml) and dried under vacuum

Yield 0.30 g.

Analysis by NMR showed that the molar ratio of citric acid to trans-1-methyl-3-

carbomethoxy-4-(4'-fluorophenyl)piperidine was 1:1.

14
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The IR spectrum (attenuated total reflectance) showed bands inter alia at 1727, 1583,
1512, 1436, 1330, 1208, 1174, 1139, 1084, 963, 831, 796, 773, 721 and 664 cm-!.

The X-ray powder diffractogram (CuKp) showed the following significant peaks

Angle [020] Rel. Int [%]
3.9 100.0
7.5 17.0
10.2 42.5
12.7 71.6
13.4 28.3
14.9 84.9
16.3 74.9
17.5 57.8
19.0 50.1
20.6 71.0
21.5 72.3
26.3 44 .4
34.0 56.7

Example 6
Preparation of the phosphate salt of trans-1-methyl-3-carbomethoxy-4-(4'-
fluorophenyl)piperidine.

A 10% v/v solution of orthophosphoric acid in propan-2-ol (0.68 ml) was added to a
solution of trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (0.25 g) in
propan-2-ol (5 ml) to give a white oil. Crystallisation was induced by stirring with
additional propan-2-ol (10 ml) and n-hexane (15 ml) for 1 hour at ambient temperature.
The suspension was stored at 4°C overnight, then the crystalline salt was collected by

filtration and dried under vacuum.

Yield 0.23g.

Analysis by ion chromatography showed that the ratio of phosphoric acid to trans-1-

methyl-3-carbomethoxy-4-(4'"-fluorophenyl)piperidine was approximately 1:1.
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The IR spectrum (attenuated total reflectance) showed bands inter alia at 1726, 1603,

1513, 1437, 1331, 1256, 1221, 1169, 1101, 1049, 888, 847, 796, 771 and 755 cm-!.

The X-ray powder diffractogram (CuKy,) showed the following significant peaks:

Angle [026] Rel. Int [%]
5.5 16.6
13.4 38.2
14.0 50.2
15.0 7.9
16.1 4.5
18.5 100.0
20.2 69.7
22.9 20.2
24.4 77.6
25.5 22.5
26.5 9.0
28.1 28.5
29.8 9.8
5
Example 7
Resolution of cis 1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine using L(-)
dibenzoy! tartaric acid
10

i) Cis/trans 1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (2.18 g),

prepared by the method of Example 1 of US 4,007,196, was dissolved in acetone (40 ml)

and treated with L(-)-dibenzoyl tartaric acid (4.0 g). The mixture was allowed to stand at

5°C for several days, then the crystals were collected, washed with acetone and dried in

15  vacuum.

Yield2.73 g

NMR analysis confirmed that only the salt of the cis-form had crystallised. Analysis by

20  chiral capillary electrophoresis showed that the ratio of (+) cis to (-) cis was 1:1.

16
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i1) 1.0 g of the above salt was recrystallised by warming in methanol (10 ml) and
storing the solution at 5 C for 18 hours. The resulting crystals were collected by filtration,
washed with methanol and dried in vacuum. Chiral capillary electrophoresis showed that

the ratio of (+) cis to (-) cis was 91:9.

(+) cis 1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine L(-)-dibenzoy! tartrate
may aso be prepared directly from racemic cis 1-methyl-3-carbomethoxy-4-(4'-
fluorophenyl)piperidine by heating with L(-)-dibenzoy] tartaric acid in acetonitrile and

allowing the mixture to cool.

Example 8
Preparation of (+)cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine (+)-di-

p-toluoyl-D-tartrate from crude cis/trans ester.

i) Crude cis/trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (20 g) was
dissolved in acetone (100 ml) and mixed with a solution of (+)-di-p-toluoyl-D -tartaric
acid monohydrate (33 g) in acetone (50 mi). The flask was sealed and stored at 5°C for 18
hours. The crystals were collected by filtration, washed with acetone (25 ml) and dried

under vacuum.
Yield 28.31g

Chiral capillary electrophoresis showed that the ratio of (+) cis to (-) cis was

approximately 1:1

ii) Cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (+)-di-p-toluoyl- D-
tartrate (25 g) was dissolved in boiling methanol (50 ml) then allowed to cool to room
temperature. The flask was sealed and stored at 5°C for 4 days during which time crystals
separated. These were collected by filtration, washed with acetone (10 ml) and dried under

vacuum.
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Yield 7.36¢

Chiral capillary electrophoresis showed that the ratio of (+) cis to (-) cis was

approximately 75:25

Example 9
Preparation of (+)cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine

Recrystallised (+) cis-l-methyl-3-carbomethoxy-4-(4'-ﬂuorophenyl)piperidine (+)-di-p-
toluoyl-D-tartrate (7 g) was suspended in a mixture of ethyl acetate (120 ml) and water (60
ml), and 10% w/v aqueous sodium hydroxide (10 ml) was added to dissolve the salt. The
layers were separated and the aqueous phase was extracted again with ethyl acetate (60
ml). The combined ethyl acetate layers were dried over magnesium sulphate, and the
solvent evaporated under reduced pressure to give (+) cis-1-methyl-3-carbomethoxy-4-(4'-

fluorophenyl) piperidine as a crystalline solid.
Yield 2.18g.
[a]?6, + 40° (c = 1, methanol)

(+) cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine be similarly liberated from

the recrystallised L (-)-dibenzoyl tartrate salt as prepared in Example 7.

Example 10
Preparation of (+)cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine (+)-di-

p-toluoyl-D-tartrate from the cis ester.

i) Cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (1.0 g) prepared by
the method of Example 2 of EP 0219934, was dissolved in acetone (5 ml) and mixed with
a solution of (+)-di-p-toluoyl-D- tartaric acid monohydrate (1.6g) in acetone (5 ml).
Crystals separated on stirring and the suspension was left to stand for several hours. The

crystals were collected by filtration, washed with acetone (5 ml) and dried under vacuum.
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Yield 2.11g.

Chiral capillary electrophoresis showed that the ratio of (+) cis to (-) cis was

approximately 1:1

1) Cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (+)-di-p-toluoyl-D-
tartrate (1.0 g) was dissolved in hot methanol (5 ml) then allowed to cool. The flask was
stored at 5°C for 18 hours during which time crystals separated. The crystals were

collected, washed with methanol (5 ml) and dried under vacuum

Chiral capillary electrophoresis showed that the ratio of (+) cis to (-) cis was

approximately 90:10.

Example 11
Preparation of (-)cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine
(-)-di-p-toluoyl-L-tartrate from the cis ester.

i) Cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (1.0g) was dissolved
in acetone (5 ml) and mixed with a solution of L(-)-di-p-toluoyl tartaric acid (1.52g) in
acetone (5 ml). Crystals separated on stirring and the suspension was left to stand for
several hours. The crystals were collected by filtration, washed with acetone (5 ml) and

dried under vacuum.

Yield 1.79g.

i) Cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (-)-di-p-toluoyl-L-
tartrate (1.0 g) was dissolved in hot methanol (5 ml) then allowed to cool. The flask was

sealed and stored at 5°C for 7 hours during which time crystals separated. The crystals

were collected by filtration, washed with methanol (5 ml) and dried under vacuum.

Yield 0.21¢
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Chiral capillary electrophoresis showed that the ratio of (-) cis to (+) cis was

approximately 89 : 11

Example 12
Preparation of (-)cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine

(-) cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine is regenerated from the (-)
cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (-)-di-p-toluoyl-L-tartrate

produced in Example 11 (ii) using the procedure of Example 9.

(-) cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine may also be prepared by
emplloying D(+)-dibenzoyl tartaric acid in place of L(-)-dibenzoyl tartaric in the procedure
described in Example 7, to give (-) cis-1-methyl-3-carbomethoxy-4-(4'-
fluorophenyl)piperidine D(+)-dibenzoyl tartrate, and liberating the product from this salt

using the procedure of Example 9.
The product has an optical rotation, [a]2¢, (¢ = 1, methanol), of about - 40°

Example 13
Preparation of (-) trans -1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)-piperidine

(+) cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine, as prepared in Example 9,
(0.35g), is dissolved in dry toluene (10 ml) and treated with sodium methoxide (0.15g).
The mixture is heated to reflux under nitrogen for 2 hours, then allowed to cool to ambient
temperature. The solution is washed with water (10 ml) followed by saturated aqueous
sodium chloride (10 ml) and the toluene is evaporated under reduced pressure to give (-)-
trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine as an oil. A yield of about

0.30g is obtained, having the following properties:

N.M.R. § (CDCI3) ~ 7.15 (m, 2H), 6.95 (q, 2H), 3.44 (s, 3H, methyl ester), 3.10 (m, 1H),
2.88 (m, 2H), 2.75 (m, 1H), 2.18 (m, 2H), 1.80 (m, 2H).

20



WO 01/29002 PCT/GB00/04058

Optical rotation [a]?6;, ca. - 440 (c =1, methanol)
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Example 14
Preparation of (+) trans -1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)-piperidine

(-) cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine, as prepared in Example
12, (0.35g), is dissolved in dry toluene (10 ml) and treated with sodium methoxide
(0.15g). The mixture is heated to reflux under nitrogen for 2 hours, then allowed to cool to
ambient temperature. The solution is washed with water (10 ml) followed by saturated
aqueous sodium chloride (10 ml) and the toluene is evaporated under reduced pressure to
give (+)-trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine as an oil. A yield

of about 0.30g is obtained, having the following properties:

N.M.R. & (CDCI3) ~ 7.15 (m, 2H), 6.95 (g, 2H), 3.44 (s, 3H, methyl ester), 3.10 (m, 1H),
2.88 (m, 2H), 2.75 (m, 1H), 2.18 (m, 2H), 1.80 (m, 2H).

Optical rotation [at]?6, ca. +44 % (c =1, methanol)

Example 15
Preparation of L(-)-di-p-toluoyl tartaric acid salt of (-)-trans-1-methyl-3-
carbomethoxy-4-(4'-fluorophenyl)piperidine.

L(-)-di-p-toluoyl tartaric acid (0.154 g) was added to (-)-trans-1-methyl-3-carbomethoxy-
4~(4'-fluorophenyl)piperidine (0.10 g) and the mixture was stirred well in acetone (5 ml).
The solvent was removed by evaporation to give an oil. Ethanol (5 ml) and water (10 ml)
were added and crystallisation was induced by stirring. The crystals were collected by

filtration dried under vacuum
Yield 0.14 g.
NMR indicated that a 1:1 salt had been formed

The IR spectrum showed bands inter alia at 1721,1610,1511,1436,1378,1331,1263,1 177,
1105,1042,1020, 960, 899, 833, and 693 cm-! X-ray diffractogram major peaks (CuKyq):

22



WO 01/29002 PCT/GB00/04058

10

15

Angle [026] » Rel. Int [%]
8.4 10.8
11.6 12.2
12.6 52.3
13.2 59.7
14.1 85.6
15.5 10.4
16.7 86.1
18.4 100.0
20.3 56.1
21.2 57.0
21.7 87.7
225 73.3
242 56.6
26.6 35.6
273 50.7
29.5 33.2
30.9 29.4
31.7 26.0
33.1 31.9

Example 16
Preparation of D(+)-di-p-toluoyl tartaric acid salt of (+)-trans-1-methyl-3-
carbomethoxy-4—(4'-ﬂuordphenyl)piperidine

This salt may be prepared from (+)-trans-1-methyl-3-carbomethoxy-4-(4'-
fluorophenyl)piperidine by following the procedure of Example 15 and replacing L(-)-di-
p-toluoyl tartaric acid with D(+)-di-p-toluoy! tartaric acid.

Example 17
Resolution of trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine using

seeds

A solution of L(-)-di-p-toluoyl tartaric acid (0.39 g) in ethyl acetate (12.5 ml) was mixed
with a solution of racemic trans-1-methyl-3-carbomethoxy-4-(4"-fluorophenyl)piperidine
(0.25 g) in o-xylene (12.5 ml) and the mixture was stirred well to give a clear solution.
This solution was seeded with (-)-trans-1-methyl-3-carbomethoxy-4-(4'-

fluorophenyl)piperidine L(-)-di-p-toluoyl tartrate (5 mg) and stirred for several hours. The
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cloudy mixture was stored at 4°C for six days during which time more crystals formed.

These were filtered and dried under vacuum.

Yield 0.17g.

Chiral capillary electrophoresis showed that the ratio of (-) trans to (+) trans was 90:10
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CLAIMS
1. A process for the preparation of the (-) trans ester of structure (4)
F
o CO,R'
N
I
R

(4)
in which R and R' are independently an alkyl, aryl, or arylalkyl group, most suitably lower
alkyl, the process comprising resolution of the corresponding racemic cis ester by the

formation of a salt with a chiral acid to give the (+) cis ester, followed by epimerisation of

the (+) cis ester with a strong base.

2. A process according to claim 1 in which the racemic cis ester is obtained by treating a

racemic cis/trans mixture of the ester with a chiral acid to obtain a crystalline salt of the

racemic cis ester and the chiral acid, and recrystallising the salt to obtain a salt of the (+)

cis ester, which is treated with a base to recover the (+) cis ester for epimerisation.

2

3. A process according to claim 1 or 2 for the preparation of the (-) trans ester of

structure (A)

-0

« CO,CH,

_/ {-) trans

N
!

CH,
(A)

/

4. (-) trans -1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)-piperidine.
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5. A process for the preparation of a crystalline salt of the racemic cis ester
corresponding to structure (4) which comprises treating a solution of a racemic cis/trans
mixture of the ester with a chiral acid and crystallising a salt of the racemic cis ester and

the chiral acid.

6. (%) cis 1-methyl-3-carbomethoxy-4-(4'-fluoropheny!)piperidine L(-) dibenzoyl

tartrate.

7. (£) cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine (+)-di-p-toluoyl-

D-tartrate.

8. A process according to claim 4, further comprising recrystallising the salt to obtain

a salt of the (+) cis ester.

9. A process for the preparation of a crystalline salt of the (+) cis ester corresponding
to structure (4) which comprises treating a solution of the racemic cis ester with a chiral

acid and crystallising a salt of the (+) cis ester and the chiral acid.

10. (+)cis 1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine L(-) dibenzoyl

tartrate.

11. (+)cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine (+)-di-p-toluoyl-D-
tartrate.

12. A process for the preparation of a crystalline salt of the (-) cis ester corresponding
to structure (4) which comprises treating a solution of the racemic cis ester with a chiral

acid and crystallising a salt of the (-) cis ester and the chiral acid.

13. (- cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine (-)-di-p-toluoyl-L-
tartrate.
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14. A process for the preparation of the (+) or (-) cis ester corresponding to structure (4)
which comprises treating a crystalline salt of the (+) or (-) cis ester and a chiral acid with a
base.

15. (+) cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine.

16. (-) cis-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine,

17. A process for the preparation of the (+) trans ester corresponding to structure (4)

which comprises epimerising the (-) cis ester with a strong base.

18. (+) trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine.

19. A process for the preparation of a crystalline salt of a racemic trans or cis compound
of structure (4) which comprises contacting a solution of the racemic trans or cis
compound of structure (4) with a suitable acidic component, isolating the crystalline

product and optionally recrystallising the product. |

20. A process according to claim 19 for the preparation of a crystalline salt of the

racemic trans or cis ester of structure (A).

21. A process according to claim 19 or 20 in which the acidic component is oxalic

acid, hydrobromic acid, hydroiodic acid, citric acid or phosphoric acid.

22. (%) trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl) piperidine oxalate.

23. (%) trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)-piperidine hydrobromide.
24. (%) trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)-piperidine hydroiodide.

25. (%) trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)-piperidine citrate.
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26. (%) trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)-piperidine phosphate.

27. A process for the preparation of the (-) trans ester of structure (4) or (A) which
comprises forming a solution of the trans ester salt of claim 19, 20 or 21, or of the free
ester liberated therefrom, and a chiral acid, and seeding the solution with a crystalline salt

formed from the product of claim 1, 2 or 3 and the same chiral acid.

28.  (-)-trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine L(-)-di-p-toluoyl

tartarate.

29. (+)-trans-1-methyl-3-carbomethoxy-4-(4'-fluorophenyl)piperidine D(+)-di-p-

toluoyl tartarate.

30. A process for preparing paroxetine in which the (-) trans ester product-of clatm 1

or 17 is reduced to a carbinol, coupled with sesamol and deprotected.

31. A process for preparing paroxetine in which the racemic trans ester liberated from
the product of claim 19 is reduced to a racemic carbinol, the racemic carbinol is resolved -

to the (-) trans isomer, coupled with sesamol and deprotected.

32.  Paroxetine whenever obtained by a process as claimed in claim 30 or 31, 0ora

pharmaceutically acceptable salt thereof.

33. A method of treating the Disorders which comprises administering an effective or
prophylactic amount of paroxetine or a pharmaceutically acceptable salt such as the
mesylate or hydrochloride of claim 32 to a person suffering from one or more of the

Disorders.
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