Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2589099 A1 2006/06/08

(21) 2 589 099

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de déepot PCT/PCT Filing Date: 2005/12/02

(87) Date publication PCT/PCT Publication Date: 2006/06/03
(85) Entree phase nationale/National Entry: 200//06/01

(86) N° demande PCT/PCT Application No.: KR 2005/004101
(87) N° publication PCT/PCT Publication No.: 2006/059886

(30) Priontes/Priorities: 2004/12/02 (KR10-2004-0100613),
2004/12/14 (KR10-2004-0105612)

61) Cl.Int./Int.Cl. ¢OrD 277/90(2006.01)

(71) Demandeur/Applicant:
SK CHEMICALS CO., LTD., KR

(72) Inventeurs/Inventors:
KIM, JAE-SUN, KR;
CHOI, JIN YOUNG, KR
KIM, NAM HO, KR;
LEE, NAM KYU, KR

(74) Agent: BLAKE, CASSELS & GRAYDON LLP

(54) Titre : PROCEDE DE RESOLUTION OPTIQUE DE L'AMLODIPINE
(54) Title: OPTICAL RESOLUTION METHOD OF AMLODIPINE

(57) Abregé/Abstract:

The present invention relates to a method for optical resolution of amlodipines by using isopropanol solvent and optically active
O,0'-dibenzoyl tartaric acid as chiral reagent., More particularly, the present invention relates to a method comprising (a) obtaining
(R)- or (S)-amlodipine dibenzoyl tartrate salt or solvate thereof by reacting (R,S)-amlodipines with optically active O,O'-dibenzoyil
tartaric acid Iin Isopropanol solvent, and (b) treating the (R)- or (S)-amlodipine salt with a base, thus obtaining optically active

amlodipine.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




CA 02589099 2007-06-01

ABSTRACT

The present invention relates to a method for optical resolution of amlodipines by using
isopropanol solvent and optically active O,0'-dibenzoyl tartaric acid as chiral reagent,,
More particularly, the present invention relates to a method comprising (a) obtaining
(R)- or (S)-amlodipine dibenzoyl tartrate salt or solvate thereof by reacting (R,5)-
amlodipines with optically active O,0'-dibenzoyl tartaric acid in isopropanol solvent,
and (b) treating the (R)- or (S)-amlodipine salt with a base, thus obtaining optically

active amlodipine.

21646373.1
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OPTICAL RESOLUTION METHOD OF AMLODIPINE

TECHNICAL FIELD

The present invention relates to a method for optical resolution of
amlodipines by using isopropanol solvent and optically active O,0O'-dibenzoyl
tartaric acid as chiral reagent, and more particularly relates to a method comprising
(a) formation of (R)- or (S)-amlodipine dibenzoyl tartrate salt or its solvate thereof by
reacting (R,S)-amlodipines with optically active O,0'-dibenzoyl tartaric acid in
isopropanol solvent, and (b) treatment of the (R)- or (S)-amlodipine salt with a base,

thus obtaining optically active amlodipine.

RELATED PRIOR ART

Amlodipine, which is a common name referring to the compound of the
following Formula 1, is well known as a long-acting calcium channel blocker, thus

being useful for the treatment of cardiovascular disorders, such as angina,

hypertension and congestive heart failure.

Formula 1

Amlodipine is a chiral compound with an asymmetric center. Generally, an
enantiomerically pure isomer shows superior pharmaceutical activity to its racemic
mixture. [ts pharmacological activity may differ depending on its
stereo-conformation and kind of salts. The (5)-(-)-isomer is the more potent calcium

channel blocker, and the (R)-(+)-isomer is also shown to be ettective in the treatment
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or prevention of atherosclerosis. Thus, it is needed to develop a method of
obtaining an enantiomerically pure isomer from the racemic compounds such as
amlodipine.

As a method for resolution of amlodipine, there have been reported a
method of separating diastereomeric azide ester (a) [J. E. Arrowsimth et al., ]. Med.
Chem (1986) 29 1696], a method of separating an intermediate (b) by using

cinchonidine carboxylate [EP 0,331,315], and a method of separating diastereomeric

amide ester (c) with chromatography [S. Goldman et al., ]. Med. Chem. (1992) 35 3341].

However, none of these methods are considered to be suitable for industrial

applicability.

(8) R= CH;CH(OCHz)Ph, X&=Nj;
(t) R=CHyCHz, X=(15)-camphanoylamine

There have been recently reported a series of improved techniques with
industrial applicability. Most of the techniques comprise a process of forming
diastereomeric salt of amlodipine by using D- or L-tartaric acid and followed by
separation with appropriate solvent. These methods may be useful because the
separation is possible by a physical process alone and the salts may also be easily
cleaved off with a base. For example, US. patent No. 6,046,338 discloses a
separation method via the formation of tartrate salts in the presence of dimethyl
sulfoxide (DMSQ). U.S. patent 6,646,131 discloses a separation via formation of
tartrate salt by using deuterium-substituted dimethyl sulfoxide (DMSO-ds). U.S.
patent application publication no. 2003/0130321 A1l discloses a separation via the
formation of tartrate salt in the presence of dimethyl acetamide. The above

inventions use, as a chiral reagent, D-tartaric acid and L-tartaric acid to prepare
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(S)-amlodipine and (R)-amlodipine, respectively. Meanwhile, U.S. patent
application no. 2003/0176706 Al and Korean patent no. 2004-23474 disclose a
method for preparing (S)-amlodipine with L-tartaric acid via processing the filtered
solution.

Although these recent separation methods show relatively high optical
purity, they are not readily applicable in industry because they use solvents such as
DMSO, deuterium-substituted DMSO and dimethyl acetamide, which are rather
expensive, have high boiling point and are most likely to remain after the separation
process.

The present inventors have made extensive research efforts to develop an
industrially applicable method for separating each optical isomer from racemic
(R,S)-amlodipine mixture. Finally, they have found that the optically active
amlodipine salts, which are prepared from (R,S)-amlodipines and optically active
O,0'-dibenzoyl tartaric acid, show big difference in their solubilities in a common
solvent such as isopropanol, and completed the present invention.

Therefore, the present invention aims to provide a method for separating

optically active isomers from (R,S)-amlodipines.

DETAILED DESCRIPTION

The present invention relates to a method for optical resolution of an
optically active amlodipine from (R,S)-amlodipines by using isopropanol solvent
and optically active O,0’-dibenzoyl tartaric acid.

Hereunder is provided a detailed description of the present invention.

The method herein comprises:

(a) preparing an optically active
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt (or its solvate thereof) or
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt (or solvate thereotf) by reacting

(R,S)-amlodipines with a chiral reagent of dibenzoyl-L-tartaric acid or
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dibenzoyl-D-tartaric acid, respectively, in isopropanol solvent, and

(b) preparing an optically active (R)-(+)-amlodipine or (5)-(-)-amlodipine by
treating the optically active (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt (or its
solvate thereof) or (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt (or its solvate
thereof), respectively, with a base.

That is, the method herein uses isopropanol as a reaction solvent and
optically active O,0'-dibenzoyl tartaric acid as a chiral reagent.

As compared with conventional solvents such as DMS0,
deuterium-substituted DMSO and dimethyl acetamide, the isopropanol solvent is
cheap, has low boiling point, hardly remains after reaction and is easy to recycle or
purify, thus being very useful in simplifying the post-treatment process.

Further, the optically active O,O'-dibenzoyl tartaric acid is a chiral
compound and their diastereomeric salts have much higher solubility in isopropanol.
Thus, the two optical isomers may be easily separated by using the solubility

difference without any conventional solvents such as DMS5O0.

More detailed description of the method herein is provided hereunder.

According to one embodiment as shown in Scheme 1, there is provided a
method, wherein (R,S)-amlodipines are reacted with dibenzoyl-L-tartaric acid in
isopropanol solvent to provide (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or
solvate thereof, which is further treated with a base to provide (R)-(+)-amlodipine.

Scheme 1

. base
(R,5)-amlodipine (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartarate —ccos (R)«(+)-amlodipine
| ! recrystallization base .
filtrate w (§)+(-)-amlodipine-hemi-dibenzoyl-L-tartrate (5)-(-)-amlodipine

There exists (S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate salt or solvate

4
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thereof in the filtrate after obtaining (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate
salt or solvate thereof. Thus, the present invention includes a method for preparing
one kind of optically active amlodipine from the filtrate after obtaining the other
optically active amlodipine. Specifically, after obtaining for example
(S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate ~ salt or solvate thereof by
recrystallization of the remaining solution, the salt is treated with a base to provide

(S)-(-)-amlodipine.

According to another embodiment as shown in Scheme 2, there is provided a
method, wherein (R,S)-amlodipines are reacted with dibenzoyl-D-tartaric acid in
isopropanol solvent to provide (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or
solvate thereof, which is further treated with a base to provide (S)-(-)-amlodipine.
Scheme 2

base
> (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate = (5)-(-}-amlodipine

base
(R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate ———— (R)-{+)-amlodipine

There exists (R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate
thereof in the filtrate after obtaining (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate
salt or its solvate thereof. Thus, the present invention includes a method for
preparing one kind of optically active amlodipine from the solution remaining atter
obtaining the other optically active amlodipine. Specifically, after obtaining for
example (R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate salt or solvate thereot by
recrystallization of the remaining solution, the salt is treated with a base to provide
(S)-(-)-amlodipine.

In the schemes 1 and 2, dibenzoyl-L-tartaric acid or dibenzoyl-D-tartaric acid

may be used in an amount of 0.2-0.6 moles per one mole of (R,S)-amlodipines.
d
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When either one isomer of (R)- or (S)-amlodipine is a target material to be separated,
the chiral reagent is preferred to be used in an amount of 0.2-0.4 moles, more
preferably 0.2-0.3 moles. However, both (R)- and (S)-amlodipine are targets to be

separated, the chiral reagent is preferred to be used in an amount of 0.4-0.6 moles,

5  more preferably 0.5-0.6 moles.

Meanwhile, it is possible to obtain both (R)- and (5)-amlodipine
simultaneously from (R,S)-amlodipines according to Schemes 3 and 4.

As shown in Scheme 3, (RS)-amlodipines are reacted with

10  dibenzoyl-D-tartaric acid in isopropanol solvent to provide

(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate thereof by filtration.

The remaining solution is reacted with dibenzoyl-L-tartaric acid to provide

(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate thereof by filtration.

Each optically active amlodipine salt or its solvate is treated with a base to provide

15  (R)-amlodipine and (S)-amlodipine simultaneously.

Scheme 3
dibenzoyl-D-tartricacid _ base
(R,S)-amlodipine ————————s (S)-(-)}-amlodipine-hemi-dibenzoyl-D-tartrate —--— (5)-(-)-amlodipine
i dibenzoyl-L-tartaric acid base
filtrate (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate - (R)-(+)-amlodipine

As shown in Scheme 4, (R/S)-amlodipines are reacted with

20  dibenzoyl-L-tartaric acid in isopropanol solvent to provide
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate thereof by filtration.

The remaining solution is reacted with dibenzoyl-D-tartaric acid to provide

(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate thereof by filtration.
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Each optically active amlodipine salt or its solvate is treated with a base to provide

(R)-amlodipine and (S)-amlodipine simultaneously.

Scheme 4

_ - dibenzoyl-L-tartaric acid base -

(R S)-amlodipine oo+ (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartarate —+ (R)-(+)-amlodipine
i dibenzoyl-D-tartricacid . , B base N
filtrate o+ (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate —~———= (5)-(-}-amlodipine

In the schemes 3 and 4, dibenzoyl-L-tartaric acid or dibenzoyl-D-tartaric acid
is preferred to be used in an amount of 0.2-0.4 moles, more preferably 0.2-0.3 moles
per one mole of (R,S)-amlodipines. When the amount of the chiral agent 1s below

or above the range, it is difficult to optimize the yield and the optical purity of the

optically active salts.

The method herein uses isopropanol as a reaction solvent. The isopropanol
solvent may be isopropanol itself or a mixture of isopropanol and a co-solvent.
Water, ketone, alcohol, ether, amide, ester, hydrocarbon, chlorohydrocarbon and
nitrile may be used as the co-solvent.

Preferable examples of the ketone include but are not limited to acetone and
methyl ethyl ketone (MEK). Preferable examples of the alcohol include but are not
limited to C1-Cy saturated alcohol such as isopropanol. Preferable examples of the
ether include but are not limited to diethyl ether and tetrahydrofuran (THF).
Preferable examples of the amide include but are not limited to N,N-dimethylform
amide (DMF), N,N-dimethyl acetamide (DMAC) and N,N'-dimethylpropylene urea
(DMPU). Preferable examples of the ester include but are not limited to ethyl
acetamide (EtOAc). Preferable examples of the hydrocarbon include but are not

limited to Cs-Cio hydrocarbon such as hexane and toluene. Preferable examples of

4
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the ester include but are not limited to chloroform, dichloromethane,
1,2-dichloroethane and 1,1,1-trichloroethane. Preferable examples of the nitrile
include but are not limited to Co-C7 nitrile such as acetonitrile and propiononitrile.

Specific examples of the co-solvent include but are not limited to water,
acetone, acetonitrile, propiononitrile, dimethyl sulfoxide, dimethyl acetamide,
methyl ethyl ketone, tetrahydrofuran, ethyl acetate, dichloromethane, dimethyl
formamide, hexane, toluene, methanol, ethanol, t-butanol and
N,N’-dimethylpropylene urea.

Further, the usage of the co-solvent varies with its kind and may be easily
determined by one skilled in the art. The co-solvent is preferred to be used in an
amount of less than 50 % v/v based on the volume of isopropanol. Excess use of
the co-solvent above 50 % v/v may cause remarkably reduction in the optical purity
due to slight difference in solubility.

There is produced amlodipine dibenzoyl tartrate salt or solvate thereof
during the separation herein. The optically active amlodipine salts, specitically
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate,
(S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate,
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate, and
(R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate are within the scope of the present
invention.

Amlodipine salts may be prepared from the reaction solution by the
conventional method, for example filtration, centrifuge and decantation. Among
them, preferably filtration or centrifugation, more preferably filtration is used. As
well known in the art, a separation method for one optical isomer may also be used
for separating other optical isomers.

Further, optically pure amlodipine isomers may be obtained by treating the
optically active amlodipine salts or its solvates thereof with a base. Betore the base

treatment, recrystallization of the optically active amlodipine salts or its solvates
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thereof may be performed to increase the optical purity.

As the recrystallization solvent, the reaction solvent, i.e. isopropanol alone or
a mixture of isopropanol and a co-solvent, may be used. As the base, hydroxide,
oxide, carbonate, bicarbonate or amide of alkali or alkaline earth metal may be used.
Preferably hydroxide or oxide of alkali metal, most preferably sodium hydroxide
may be used.

Further, it is also with the present invention to separate and filter an optically

active amlodipine salt or its solvate thereof from the solution remaining after

preparing the other optically active amlodipine salt or its solvate thereof by filtration,

centrifugation or decantation. Specifically, a solution remaining after separation or
partial separation of certain optical isomer also comprises its optical antipode.
Thus, the optical antipode of the used optically active O,0'-dibenzoyl tartaric acid is
added in the remaining solution, thus providing the other optically active
amlodipine dibenzoyl tartaric acid salt or solvate thereof. The two optical isomers

may be obtained simultaneously in the present invention in this way.

EXAMPLES

The present invention is described more specifically by the following
Examples. Examples herein are meant only to illustrate the present invention, but

in no way to limit the claimed invention.

In the following examples, optical purities were measured by chiral HPLC.
The HPLC conditions used for this separation were as follows:
- Column: Ultron ES-OVM (Ovomucoid Corp.), 15 cm
- Flow rate: 0.1 mL/min
- Detection wavelength: 360 nm
- Mobile phase: disodium hydrogenphosphate buffer(20 nM, pH
7)/ acetonitrile (80/20, v/v)

g ——— e ® S
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- Samples were dissolved in acetonitrile/water (50/50, v/v, 0.1 mg/mL).

Example 1: Preparation of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate from
(R,S)-amlodipines

1636 ¢ of (RS)-amlodipines were dissolved in 3 L of
acetonitrile/isopropanol(1/9) mixture and stirred at 55 °C. To the solution was
added 358 g (0.25 molar equivalents) dibenzoyl-D-tartaric acid in 1 L of
acetonitrile/isopropanol (1/9, v/v), and further stirred for 10 minutes. 0.2 g of
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate(>99.5% d.e.) was added and the
solution was stirred overnight at room temperature. Solid was filtered, collected,
washed with 500 mL of acetonitrile/isopropanol (1/9, v/v) mixture and dried
overnight in  vacuum at 50 °C, to provide 976 g of
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate (theoretical yield 83%).

m.p.. 116-118 °C; Found: C 59.12%, H 550%, N 4.62%, Calc. for
Ca0H2sN205C1 0.5 [C18H140s]: : C 59.23%, H 5.49%, N 4.76%; by chiral HPLC : 99.2%
d.e.

Example 2: Preparation of (S)-(-)-amlodipine from
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate

9 ¢ of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate prepared in Example 1
was dissolved in a mixture of 90 mL of CH>Cl2 and 90 mL of 2N aqueous NaOH
solution, and stirred for 30 minutes. The resulting organic layer was separated oft
and washed once with water. CHxCl» was evaporated off in vacuo and hexane was
added to provide slurry. Solid was filtered off and collected, and dried overnight
in vacuum at 50 °C to provide 5.76 g of (S)-(-)-amlodipine (92%).

m.p.. 107-109 °C, Found: C 58.64%, H 6.25%, N 6.79%, Calc. For
CooHasN20sCl: C 58.75%, H 6.16%, N 6.85%; by chiral HPLC : 99.2 % e.e.

Example 3: Preparation of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate from
10
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(R,S)-amlodipines

1636 g of (RS)-amlodipines were dissolved in 3 L of
acetonitrile/isopropanol (1/9, v/v) mixture and stirred at 55 °C. To the solution
was added 71.6 g (0.5 molar equivalents) of dibenzoyl-D-tartaric acid dissolved in 1
L of acetonitrile/isopropanol (1/9, v/v), and stirred for 10 minutes. 0.2 g of
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate (>99.5% d.e.) was added and the
solution was allowed to equilibrate to room temperature for 18 hours. Solid was
filtered off, collected and washed with 500 mL of acetonitrile/isopropanol (1/9, v/v).
Solid was dried overnight in vacuum at 50 °C to provide 96.4 g (theoretical yield
78%) of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate. By chiral HPLC : 90.0% d.e.

Example 4: Recrystallization of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate

96.4 ¢ of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate prepared in Example 3
was dissolved in 4 L of isopropanol while heating. 02 g of
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate (> 99.5% d.e.) was added and the
solution was allowed to be equilibrate to room temperature for 4 hours. Solid was
filtered off, collected and washed with 500 mL of isopropanol. Solid was dried
overnight in vacuum at 50 °C to provide 81.8 g(theoretical yield 89%) of
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate. By chiral HPLC: 99.2% d.e.

Example 5: Collecting (R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate from

remaining solution

Solution remaining atter collecting
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate in Example 3 was treated as follows.

0.2 g of (R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate(>99.5 % d.e.) was
added to the remaining solution and stirred at room temperature for 2 hours. The
solution was concentrated to about one-fifth of its original volume by distillation of
solvent. 2 L of isopropanol was added and the solution was allowed to equilibrate

to 5 °C for 4 hours. Solid was filtered off, collected and dried overnight in vacuum
11
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at 50 °C  to provide 789  g(theoretical  yield  67%) of
(R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate.

m.p.. 116-118 °C; Found: C 59.15%, H 554%, N 4.58%, Calc. for
CooHasN20sCl 0.5[C1sH140s]: C 59.23%, H 5.49%, N 4.76%; by chiral HPLC : 97.4 %
d.e.

Example 6: Preparation of (R)-(+)-amlodipine from
(R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate

9 ¢ of (R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate prepared in Example 5
was added to a mixture of 90 mL of CHxCl> and 90 mL of 2N NaOH aqueous
solution, and stirred for 30 minutes. Organic solution was separated off and
washed once with water. CH.Cl> was evaporated off in vacuo and hexane was
added to provide slurry. Solid was filtered off, collected and dried overnight in
vacuum at 50 °C to provide 5.69 g(yield 91%) of (R)-(+)-amlodipine. By chiral
HPLC:97.4 % e.e.

Example 7: Preparation of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate from
(R,S)-amlodipines

1636 g of (RS)-amlodipines were dissolved in 3 L of
acetonitrile/isopropanol (1/9, v/v) mixture and stirred at 55 °C.  Solution of 35.5 g
(025 molar equivalents) of dibenzoyl-L-tartaric acid in 1 L of
acetonitrile/isopropanol (1/9, v/v) was added and the mixture was stirred for 10
minutes. 0.2 g of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate (>99.5% d.e.) was
added and the solution was stirred overnight at room temperature. Solid was
separated off, collected, washed with 500 mL of acetonitrile/isopropanol (1/9, v/v),
and dried overnight in vacuum at 50 °C to provide 90.0 g (theoretical yield 77%) ot
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate.

m.p.: 115-117 °C, Found: C 5917%, H 5.65%, N 4.64%, Calc. for

Co0HasN20sCl 0.5[C18H140s): C 59.23%, H 5.49%, N 4.76%; by chiral HPLC : 98.5%
12
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Example 8: Preparation of (R)-(+)-amlodipine from

(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate

9 g of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate prepared in Example 7
was added in a mixture of 90 mL of CHxCl> and 90 mL of 2N NaOH aqueous
solution, and stirred for 30 minutes. Organic solution was separated off and
washed once with water. CH.Cl, was distilled off and hexane was added to
provide slurry. Solid was filtered off, collected and dried overnight in vacuum at
50 °C to provide 5.81 g (93%) of (R)-(+)-amlodipine.

m.p.. 108-110 °C; Found: C 58.57%, H 637%, N 6.76%, Calc. For
Ca0HosN20sCl: C 58.75%, H 6.16%, N 6.85%; by chiral HPLC : 95.7 7 e.e.

Example 9: Preparation of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate from
(R,S)-amlodipines

409 ¢ of (RS)-amlodipines were dissolved in 100 mL of
acetonitrile/isopropanol (1/9, v/v) and stirred at 50 °C. Solution of 1.79 g (0.5
molar equivalents) of dibenzoyl-L-tartaric acid in 50 mL of acetonitrile/isopropanol
(1/9, v/v) was added and the mixture stirred for 10 minutes. 0.002 g of
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate (>99.5% d.e.) was added and the
solution was stirred at room temperature for 18 hours. Solid was filtered off,
collected and dried overnight in vacuum at 50 °C to provide 2.88 g (theoretical yield
98%) of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate; by chiral HPLC 97.6 % d.e.)

Example 10: Preparation of (R)-(+)-amlodipine from
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate

2 g of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate prepared in Example 9
was dissolved in a mixture of 20 mL of CH2Cl> and 20 mL of 2N NaOH aqueous

solution, and stirred for 30 minutes. Organic solution was separated off and
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washed once with water. CH>Cl, was evaporated off in vacuo and hexane was
added to provide slurry. Solid was filtered off, collected and dried overnight in

vacuum at 50 °C to provide 1.28 g(92%) of (R)-(+)-amlodipine.
m.p.: 108-110 °C; by chiral HPLC: 97.5 % e.e.

Example 11: Collecting (S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate from

remaining solution

Solution remaining atter collecting
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate in Example 9 was treated as follows.

0.002 ¢ of (S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate (>99.5 % d.e.) was
added and the solution was stirred at room temperature for 2 hours. The solution
was concentrated to about one-fifth of its original volume by distillation of solvent.
50 mL of isopropanol was added and the solution was allowed to equilibrate to 5 °C
for 4 hours. Solid was filtered off, collected and dried overnight in vacuum at 50 °C
to provide 1.76 g (theoretical yield 60%) of
(S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate.

m.p.: 114-116 °C; Found: C 59.10%, H 552%, N 459%, Calc. for
C20H2sN205Cl1 0.5[C1sH140s]: € 59.23%, H 5.49%, N

4.76%; by chiral HPLC : 97.5 % d.e.

Example 12: Preparation of (S)-(-)-amlodipine from
(S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate

1 g of (S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate prepared in Example 11
was added to a mixture of 10 mL of CHxCl and 10 mL of 2N NaOH aqueous
solution, and the solution was stirred for 30 minutes. The resulting organic layer
was separated off and washed once with water. CH2Cl> was evaporated off in
vacuo and hexane was added to provide slurry. Solid was filtered off, collected
and dried overnight in vacuum at 50 °C to provide 0.64 g (92%) of (S)-(-)-amlodipine.

m.p.: 107-109 °C; by chiral HPLC : 97.5 % e.e.
14
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Example 13: Simultaneous Preparation of
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate and

(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate from (R,S)-amlodipines

1636 g of (RS)-amlodipines were dissolved in 2 L of
acetonitrile/isopropanol (1/9, v/v) mixture and stirred at 55 °C.  Solution ot 35.8 g
(025 molar equivalents) of dibenzoyl-D-tartaric acid in 1 L of
acetonitrile/isopropanol (1/9, v/v) was added and the mixture was stirred for 10
minutes. 0.05 ¢ of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate (>99.5 % d.e.) was
added, stirred at room temperature for 16 hours and further stirred for 6 hours at
0-5 °C. Solid was filtered off, collected, washed with 500 mL of
acetonitrile/isopropanol (1/9, v/v) and dried overnight in vacuum at 50 "C to
provide 114.7 g (theoretical yield 97.5%) of
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate.

m.p.:. 116-118 °C Found: C 59.17%, H 551%, N 4.70%, Calc. for
Ca0H2sN205Cl 0.5[C18H140s]: C 59.23%, H 5.49%, N 4.76%; by chiral HPLC : >98 %
d.e.

Remaining solution was treated as follows. 35.8 g (0.25 molar equivalents)
of dibenzoyl-L-tartaric acid was added and the solution was stirred 60 °C for 10
minutes. 0.05 g of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate (>99.5 % d.e.) was
added and stirred for 5 hours while cooling it from 60 °C to 30 °C. Solid was
filtered, collected, washed with 500 mL acetonitrile/isopropanol (1/9, v/v) and
dried overnight in vacuum at 50 °C to provide 98.9 g (theoretical yield 84.1%) of
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate.

m.p.:. 115-117 °C; Found: C 59.14%, H 556%, N 4.63%, Calc. for
CooHasN>OsCl 0.5[C18H140s]: C 59.23%, H 5.49%, N 4.76%; by chiral HPLC : >99 %
d.e.

Example 14: Preparation of (S)-(-)-amlodipine from
15
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(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate

9 ¢ of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate prepared in Example 13
was stirred in a mixture of 90 mL of CH2Clz and 90 mL of 2N NaOH aqueous
solution for 30 minutes. The resulting organic layer was separated off and washed
once with water. CHxCl, was evaporated off in vacuo and hexane was added to
provide slurry. Solid was filtered off, collected and dried overnight in vacuum at
50 °C to provide 5.69 g (91%) of (S)-(-)-amlodipine.

m.p.: 107-109 °C; by chiral HPLC : >98 % e.e.

Example 15: Preparation of (R)-(+)-amlodipine from
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate

9 ¢ of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate prepared in Example 13
was stirred in a mixture of 90 mL of CH2Cl; and 90 mL of 2N NaOH aqueous
solution for 30 minutes. The resulting organic layer was separated off and washed
once with water. CHClowas evaporated off in vacuo and hexane was added to
provide slurry. Solid was filtered off, collected and dried overnight in vacuum at
50 °C to provide 5.63 g (90%) of (R)-(+)-amlodipine.

m.p.: 108-110 °C; by chiral HPLC : >99 % e.e.

Example 16: Simultaneous Preparation of
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate and
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate from (R,S)-amlodipines

163.6 ¢ of (RS)amlodipines were dissolved in 2 L of
acetonitrile/isopropanol (1/9, v/v) and stirred at 55 °C. To the solution was added
358 ¢ (0.25 molar equivalents) of dibenzoyl-L-tartaric acid in 1 L of
acetonitrile/isopropanol (1/9, v/v) and stirred for 10 minutes. 0.05 g of
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate (>99.5 % d.e.) was added, stirred at
room temperature for 16 hours and further stirred for 6 hours at to 0-5 °C.  Solid

was filtered off, collected, washed with 500 mL of acetonitrile/isopropanol (1/9,
16
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v/v) and dried overnight in vacuum at 50 °C to provide 113.2 g (theoretical yield
96.2%) of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate.

Remaining solution was treated as follows. 35.8 g (0.25 molar equivalents)
of dibenzoyl-D-tartaric acid was added and stirred at 60 °C for 10 minutes. 0.05 g
of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate (>99.5 % d.e.) was added and stirred
for 5 hours during cooling from 60 °C to 30 °C. Solid was filtered off, collected,
washed with 500 mL of acetonitrile/isopropanol (1/9, v/v) and dried overnight in
vacuum at 50 °C to provide 965 g (theoretical yield 82.0%) of

(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate.

Example 17: Preparation of (R)-(+)-amlodipine from
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate

9 ¢ of (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate prepared in Example 16
was stirred in a mixture of 90 mL of CH>Cl; and 90 mL of 2N NaOH aqueous
solution for 30 minutes. The resulting organic layer was separated off and washed
once with water. CHaClz was evaporated off in vacuo and hexane was added to

provide slurry. Solid was filtered off, collected and dried overnight in vacuum at

50 °C to provide 5.70 g (91.1%) (R)-(+)-amlodipine.

Example 18: Preparation of (S)-(-)-amlodipine from
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate

9 ¢ of (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate prepared in Example 16
was stirred in a mixture of 90 mL of CH2Cl; and 90 mL of 2N NaOH aqueous
solution for 30 minutes. The resulting organic layer was separated off and washed
once with water. CHxCl> was evaporated off in vacuo and hexane was added to

provide slurry. Solid was filtered off, collected and dried overnight in vacuum at

50 °C to provide 5.65 g (90.3%) (S)-(-)-amlodipine.

Experiment Example: Optical purities of prepared salts depending on solvents
17
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and chiral reagents

Preparation method of Example 1 was repeated to provide amlodipine salts

while varying solvents as shown in Table 1. Mixing ratio of solvent refers to

volume %.
Table 1
Solvent Chiral reagent Optical purity of salts (%d.e_.)—l
B i;PrOH__ _:]__ DibEI’IZOXT_--D-ta;_’;E_iriC acid _I __ B __96.9'__ B |
1% THF/i-PrOH | Dibenzoyl-D-tartaric acid| 897 - |
| 5% THF/i-PrOH | Dibenzoyl-D-tartaric acid 89
1% Acetone/i-PrOH | Dibenzoyl-D-tartaric acid I B ] 90.7 B
5% Acetone/i-PrOH | Dibenzoyl-D-tartaric acid | 929 |
| 1% EtOAc/i-PrOH | Dibenzoyl-D-tartaric acild | 91 ]
5% EtOAc/i-PrOH | Dibenzoyl-D-tartaric acid 98BS B
1% DMF/i-PrOH l Dibenzoyl-Dtartaricacid | 937 |
| 5% DMF/i-PrOH | Dibenzoyl-D-tartaric acid | ) 949 i |
1% Toluene/i-PrOH | Dibenzoyl-D-tartaric acid 905 ]
5% Toluene/i-PrOH | Dibenzoyl-D-tartaricacid | 919 |
| 1% DMSO/i-PrOH | Dibenzoyl-D-tartaric acid | ] 931
. 5% DMSO/1-PrOH | Dibenzoyl-D-tartaricacid | 88.7 ]
' 1% DMAC/i-PrOH | Dibenzoyl-D-tartaric acid| 911 ]
5% DMAC/1-PrOH I Dibenzoyl-D-tartaric . acid‘l 91
1% t-BuOH/i-PrOH | Dibenzoyl-D-tartaric acid 941 -
| 5% t-BuOH/i-PrOH Dibenzoyl-D-tartaric acid | B - 928 B ]
1% HxO/i-PrOH | Dibenzoyl-D-tartaric acid) 921 B
~ EtOH | Dibenzoyl-D-tartaric acid 405

Table 1 shows that optical purity remains comparatively high when
isopropanol alone or a mixture of isopropanol and a co-solvent is used as a reaction
solvent and dibenzoyl-D-tartaric acid or dibenzoyl-L-tartaric acid is used as a chiral
reagent.

Further, it also shows that the use of ethanol instead of isopropanol
remarkably decreases the optical purity, which clearly indicates the solubility
difference in isopropanol is noticeably high.

18
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Thus, it is verified that the selection of the reaction solvent and the chiral

reagent is very important in the present invention.

As set forth above, for separation of (R,S)-amlodipines, isopropanol with low
boiling point and O,0'-dibenzoy] tartaric acid are used in the present invention as a
reaction solvent and a chiral reagent, respectively, thus efficiently separating optical
isomers using the solubility difference. Moreover, the optical antipode of the used
optically active O,0'-dibenzoyl tartaric acid is added in the remaining solution,
thereby further separating the other optically active amlodipine salt or its solvate.

Especially, optically active amlodipine dibenzoyl tartrate salt or solvate
thereof, which is an intermediate product, may be applied to recrystallization betore
the base treatment to provide high optical purity.

Therefore, the method of separating (R,S)-amlodipines of the present

invention is very suitable for industrial applicability.
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CLAIMS

What is claimed 1is:

5 1. A method for the preparation of an optically active amlodipine from optical
resolution of (R,S)-amlodipines by using isopropanol solvent and optically active

O,0’-dibenzoyl tartaric acid.

2. A method of claim 1, comprising;

10 (a) preparing an optically active (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate
salt or its solvate thereof by reacting (RS)-amlodipines and
dibenzoyl-L-tartaric acid in isopropanol solvent, and

(b) preparing an optically active (R)-(+)-amlodipine by treating the optically
active (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate thereof

15 with a base.

3. The method of claim 2, wherein the dibenzoyl-L-tartaric acid is used in an

amount of 0.2-0.6 moles per 1 mole of (R,S)-amlodipines.

20 4. The method of claim 2, wherein the base treatment is performed after
recrystallization of the (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its

solvate.

5. The method of claim 2, further comprising;
25 (c) recrystallizing an optically active
(S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate thereof from

the filtrate, and

20
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(d) preparing an optically active (S)-(-)-amlodipine by treating the optically
active (S)-(-)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate thereof

with a base.

6. The method of claim 1, comprising:

(a) preparing an optically active (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate
salt or its solvate thereof by reacting (RS)-amlodipines and
dibenzoyl-D-tartaric acid in isopropanol solvent, and

(b) preparing an optically active (S)-(-)-amlodipine by treating the optically

active (S)-(-)-amlodipine salt or its solvate thereof with a base.

7. The method of claim 6, wherein the dibenzoyl-D-tartaric acid is used in an

amount of 0.2-0.6 moles per 1 mole of (R,S)-amlodipines.

8. The method of claim 6, wherein the base treatment is performed after
recrystallization of the (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its

solvate thereof.

9. The method of claim 2, further comprising;

(c) recrystallizing an optically active
(R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate thereof from
the filtrate, and

(d) preparing an optically active (R)-(+)-amlodipine by treating the optically
active (R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate

thereof with a base.

10. The method of claim 1, comprising:

21
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(a) reacting (R,S)-amlodipines with dibenzoyl-L-tartaric acid in isopropanol
solvent, filtering ot and preparing
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate thereot, and

(b) reacting the filtrate with dibenzoyl-D-tartaric acid, filtering off and
preparing (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate
thereof,

(c) treating the (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate
thereof with a base, and obtaining (R)-amlodipine, and

(d) treating the (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate

thereof with a base, and obtaining (S)-amlodipine.

11. The method of claim 10, wherein the dibenzoyl-L-tartaric acid and the
dibenzoyl-D-tartaric acid are used in an amount of 0.2-0.3 moles, respectively,

per 1 mole of the (R,S)-amlodipines.

12. The method of claim 10, wherein the base treatment was performed after
recrystallization of the (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its

solvate thereof and the (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its

solvate thereof, respectively.

13. The method of claim 1, comprising:

(a) reacting (R,S)-amlodipines with dibenzoyl-D-tartaric acid in isopropanol
solvent, filtering oft and preparing
(S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate thereof, and

(b) reacting the filtrate with dibenzoyl-L-tartaric acid, filtering off and preparing
(R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate thereof,

(c) treating the (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate

thereof with a base, and obtaining (S)-amlodipine, and
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14.

105.

16.

17.

13.

(d) treating the (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate

thereof with a base, and obtaining (R)-amlodipine.

The method of claim 13, wherein the dibenzoyl-D-tartaric acid and the

dibenzoyl-L-tartaric acid are used in an amount of 0.2-0.3 moles, respectively, per

1 mole of the (R,S)-amlodipines.

The method of claim 13, wherein the base treatment was performed after
recrystallization of the (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its
solvate thereof and the (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its

solvate thereof, respectively.

The method according to any of claims 1, 2, 6, 10 and 13, wherein the reaction
solvent is a single solvent consisting of isopropanol alone or a mixture of
isopropanol and a co-solvent selected from the group consisting of water, ketone,

alcohol, ether, amide, ester, hydrocarbon, chlorohydrocarbon and nitrile.

The method of claim 16, wherein the co-solvent is selected from the group
consisting of water, acetone, acetonitrile, propiononitrile, dimethyl sultoxide,
dimethyl acetamide, methyl ethyl ketone, tetrahydrofuran, ethyl acetate,
dichloromethane, dimethyl formamide, hexane, toluene, methanol, ethanol,

t-butanol and N,N’-dimethylpropylene urea.

The method according to any of claims 4, 5, 8, 9, 12 and 15, wherein the
recrystallization is performed in a crystallization solvent, which is a single
solvent consisting of isopropanol alone or a mixture of isopropanol and a
co-solvent selected from the group consisting of water, ketone, alcohol, ether,

amide, ester, hydrocarbon, chlorohydrocarbon and nitrile.

23
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19. The method according to any of claims 2, 4-6, 8-10 and 12-14, wherein the base is

selected from the group consisting of hydroxide, oxide, carbonate, bicarbonate

and amide of alkali metal or alkaline earth metal.

20. (R)-(+)-amlodipine-hemi-dibenzoyl-L-tartrate or its solvate thereot.

21. (S)-(-)-amlodipine-hemi-dibenzoyl-D-tartrate or its solvate thereot.

22. (S)~(-)-amlodipine-hemi-dibenzoyl-L-tartrate salt or its solvate thereot.

23. (R)-(+)-amlodipine-hemi-dibenzoyl-D-tartrate salt or its solvate thereot.

24
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