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RESOLUTIUN PROCESS OF INTERMEDIATES USEFUL
FOR THIS PREPARATION OF DILTIAZEM
Abstract
A process of spontaneous resolution of compounds of formula
IIT (threo)

wherein R has the meanings reported in the description,

1S described.

The compounds of formula III are intermediates useful for the

preparation of Diltiazem.
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RESOLUTION PROCESS OF INTERMEDIATES USEFUL
IFOR THI PREPARATION OF DILTIAZEM

The present invention relates to a process for the optical resolu-
tion of intermediates useful for the preparation of Diltiazem and,
more particularly, it relates to a process for the optical resolu-
tion of esters of threo-2-hydroxy-3-(2-aminophenylthio)-3-(4-
methoxyphenyl )propionic acid.
Diltiazem, (+)-(ZS,35)—3-acetoxy-sf£§~(dimethylamino)—ethxl7—2,3~
dihydro-2-(4-methoxyphenyl)-1, 5-benzothiazepin-4(5H)-one (Merck In
dex, X Ed., No. 3189, page 4066) is a known drug with calcium-antag
onist activity described in British specification No. 1,236,467
(Tanabe Seiyaku Co. Ltd.).
Several methods for the preparation of Diltiazem are known in
literature such as, for example, the methods described in the
above British specification No. 1,236,467 and in Japanese patent
No. 71/89082 (Tanabe Seiyaku Co. Ltd.) (Chem.Abstrs. 75:36164u).
Most of these methods substantially follow the below reported
synthetic schemne.

Scheme 1

“ /\
+ CH CH—CH-COOR
3 ~ o5
NHZ
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III-threo

NH COOR

IV-threo

OCH

V-Cc1is

Diltiazem

wherein R is a lower alkyl and the asterisks mark the asymmetric
carbon atoms.

Fach of these methods necessarily needs an optical resolution
step, generally at the level of an intermediate of the synthesis,

in order to separate the (2S5,3S) enantiomer from the (2R,3R) one.
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In fact, the resolution of the 1i1ntermediate of formula IV with
optically active bases such as alpha-phenylethylamine, described
in the European patent No. 08,892 (Tanabe Seiyaku Co. Ltd.), and
L-lysine, described in the U. K. patent application No. 2,130,578
(Istituto Luso Farmaco) are known.
Nevertheless, the above reported methods need expensive resolving
agents and their optional recycle requires long and cumbersome
steps.
To our knowledge, spontaneous resolution processes at the level of

the intermediates for the preparation of Diltiazem have never been

described in literature.

We have now surprisingly found that the intermediate of formula
IITI may be conveniently resolved in the two enantiomers (2S,3S)
and (2R, 3R) by spontaneous resolution of the racemic mixture. This
allows to avoid the use of resolving agents and the subsequent
purifications which reduce the global yields of the process,
besides i1ncreasing the expenses.

Thus, object of the present invention 1s a process for the sponta-
neous resolution of threo-2-hydroxy-3-(2-aminophenylthio)-3-(4-
methoxyphenyl)propionic acid lower esters, preferably the methyl
ester, of formula III by crystallization of a mixture of the two
enantiomers (2R,3R) and (2S,3S) wherein one prevails over the

other, from supersaturated solutions of the intermediate of

25 formula III in a polar inert solvent Or in a mixture of solvents
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wherein at least one of them is polar, wherein the racemic mixture 1s soluble.
In another aspect, the present invention provides a process for resolution of
threo-2-hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphenyl)propionic acid
lower alkyl esters comprising creating a supersaturated solution of a mixture of
the two enantiomers (2R,3R) and (2S,3S), wherein one prevails over the other,
in a polar inert solvent or in a mixture of solvents wherein at least one of them
is polar and wherein the racemate 1s soluble, bringing about a spontaneous
crystallization of one of the two enantiomers from the solution, and recovering
the thus-crystallized enantiomer.

Specific examples of suitable polar solvents are alcohols such as methanol and
isopropanol, weak organic acids such as acetic acid, and dipolar aprotic solvents

such as dimethylformamide. Small amounts of water are allowed too.
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Mixtures of isopropanol:acetic acid or toluene:dimethylformanmide
are preferably used.
Not suitable solvent for the process of the present invention are
the acidic solvents with pKa lower than 4 or the solvents that
interfere with the functions of the molecule of intermediate III.
In the spontaneous resolution process object of the present
invention a mixture of the ecnantiomers (2R,3R) and (25,3S) of
compound III wherein one of the two enantiomers slightly prevails
over the other is employed as starting product.
This mixture may be artificially prepared by adding one of the
enantiomers to the racemic mixture (generally the undesired enan-
tiomer) or may result from preceding synthetic steps.
The complete solubilization of the compound of formula III may be
generally obtained at temperatures between 40 and 50°C with a
fairly high concentration even of 25-30% w/v. The solution is
maintained under mild stirring, then is cooled to a temperature
lower than 35°C, the preferred crystallization of the major
enantiomer of the ester of formula III is seeded by adding a small
amount of the same enantiomer.
The 1industrial application of the process object of the present
lnvention is also possible because the solution stability allows
to filter the precipitate at room temperature.
After filtration of the crystallized, an amount of the racemic
mixture of the compbund of formula III equal to the amount of the
precipitated enantiomer is added to the mother liquors and it is
heated up td complete dissolution.
If mecessary the starting conditions are restored by adding

racemic mixture and undesired enantiomer and if needed the solu-

tion volume is restored too.
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The preceding steps are repeated by obtaining a new precipitate

(the other ecnantiomer).

The starting conditions are restored by filtration of the precipi-
5 tate and by adding again the racemic mixture, always in the same

amount of the precipitated enantiomer. The cycle may be so repeat-

ed for an indefinite number of times.

For a general treatment of the spontaneous resolutions the follow-

ing text is pointed out to which reference is made for the matter
10 not specified in detail: J. Jaques, A. Collet, S.H. Wilen, "Enan-

tiomers, Racemates and Resolution", J. Wiley & Son, New York,

1081,

The above described method, repeated at continuous cycle, allows

the separation of the enantiomer esters of 2-hydroxy-3-(2-amino-
15 phenylthio)—3—-(4-—methoxyphenyl)brc\pionic acid with practically

quantitative yields and high optical purity, suitable for obtain-

ing Diltiazem with the desired purity.

If necessary, the precipitate cnantiomer may be further purified

by crystallization. The mother liquors, containing substantially a
20 racemlc mixture, are re-used in the process of spontaneous resolu-

tion.

The compound of formula III in optical pure form is then cyclized

directly or after hydrolysis to give the cyclic intermediate of

formula V from which Diltiazem is obtained by alkylation and
25 acetylation.

The spontaneous resolution process object of the present invention

allows to obtain the (25,3S) enantiomer of the compound of formula

III with high optical purity and high productivity. Moreover the

process object of the present invention results to be particularly

30 advantageous for its simple industrial applicability and its
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thriftiness.
A further advantage consists in the fact that the resolution
(spontaneous and therefore .without the use of optical active
bases) is carried out on an ecarlier, and therefore of less added
value, intermediate of the synthesis.
With the aim to better 1illustrate the present invention the
following examples arc given.

Example 1
Threo-2-hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphenyl)propionic
acid methyl ester (10 g; 0.03 mols, (2R,3R):(2S,38)=5.5:4.5),
glacial acetic acid (35 ml) and isopropanol (100 ml) were put in a
flask equipped with stirrer, thermometer and refrigerator.

The mixture was heated to 40-45°C up to complete solution and then
cooled at 34°C in 15 minutes.

(2R, 3R)-2-hydroxy-3-(2-aminophenylthio)-3~{(4-methoxyphenyl)propi-

onic acid methyl ester (50 mg; 0.15 mmols) was added at this
temperature.,

After cooling at 24°C in one hour, this temperature was kept for a
further hour under slow stirring. The precipitate was filtered and
washed with isoprepanol (20 ml) to give 2-hydroxy-3-(2-aminophen-
ylthio)-3-(4-methoxyphenyl)propionic acid methyl ester (1.82 g)
with{ZEL7D20=-95.8° (c=0.5% CHCl3; (2R, 3R):(25,35)=97:3).

The washing liquors were evaporated to dryness and the solid
residue (about 300 mg) was added to the mother liquors.

The racemic threo-—Z—hydroxy-—3-(2—amin0phenylthio)-3-(4—methoxy-
phenyl )propionic acid methyl ester (2.00 g; 0.006 mols) wvas added
to the mother liquors and the procedure was repeated by seeding
with (28, 3S)-2-hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphenyl)-

propionic acid methyl ester (50 mg; 0.15 mmols).
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From the second cycle 2-hydroxy-3-(2-aminophenylthio)-3-(4-
methoxyphenyl)-propionic acid methyl ester (1.85 g) was obtained

vith /a7 #2166.00 (c=0.5% CHCL,; (25,35): (2R, 3R)=83:17).

For the third cycle the racemic threo-2-hydroxy-3-(2-aminophenyl-
thio)~-3~(4-methoxyphenyl)propionic acid methyl ester (1.1 g;
0.0033 mols) and (2R,3R)-2~hydroxy-3-(2-aminophenylthio)-3~(4~
methoxyphenyl)propionic acid methyl ester (0.47 g; 0.0014 mols)
were added, by seeding with the optically pure (2R,3R) enantiomer
(50 mg; 0.15 mmols).
2-Hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphenyl)propionic acid
methyl ester (1.77 g) was thus obtained with ‘ZGL7D20=-85.8°
(c=0.5% CHClB; (2R, 3R):(25,358)=93:7).

The fourth cycle was carried out by adding, just like in the sec-—
ond cycle, the racemic methyl ester (2.00 g3 0.006 mols) and by
seeding with the optical pure (25,3S) enantiomer (100 mg; 0.30
mmols).
2—Hydroxy-3-(2~aminophenylthio)-3~(4—mcthoxyphcny1)pPOpionic acid
methyl ester (2.32 g) was obtained with [3_7D20=+36.5° (c=0.5%
CH0133 (2S,35):(2R,3R)=68:32).

The mother liquors were poured under stirring into NaHCO_ 8% solu-

3
tion (250 ml) and extracted twice with CHZCl2 (100 m1 + 50 ml).

The collected organic phases were washed with water (100 ml + 50
ml).
S0 ,, the organic phase was filtered and evapo-

2 4
rated to dryness to give the threo-2-hydroxy-3-(2-aminophenyl-

After drying on Na

thio)-3-(4-methoxyphenyl)propionic acid methyl ester (8.26 g) with
07.2% HPLC titre.

The charged product was recovered for a total of 99.8% (15.79 g;

30 100% HPLC titre).
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Example 2

Threo-2~hydroxy-~3-(2-aminophenylthio)~3-(4-methoxyphenyl)propionic
acid methyl ester (12.3375 kg; 37.00 mols, (2S5,35):(2R,3R)=
52.4:47.6), toluene (35.24 1) and dimethylformamide (5.09 1) were
charged into a 60 1 reactor.
The mixture was heated to 43-45°C up to complete solution and then
cooled at 20°C.
(2S,38)~2-hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphenyl)propi-
onic acid methyl ester (5.8 g; 0.0174 mols) was added at this

temperature as seed.

The cooling was continued up to the temperature of 15°C in 30-35
minutes and the so obtained precipitate was filtered (see the
table) washed with a mixture of toluene:dimethylformamide = 87:13
(0.80 1), which was collected and added to the mother liquors, and
then with toluene (0.78 1).

An amount, equal to the amount of the f{iltered precipitate, of
racemic threo-2-hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphenyl)-
propionic acid methyl ester was added and the volume (50 1) was
restored with a mixture of toluene:dimethylformamide.

The mixture was heated at 43-45°C up to complete solution, then
cooled at 20°C and seeded with (2R, 3R)~2-hydroxy-3-(2-aminophenyl-
thio)-3-(4-methoxyphenyl)propionic acid methyl ester (5.8 g;
0.0174 mols) and the procedure of the first cycle was repeated.

The cycle was repeated for 11 times in all and the obtained data

are reported in the following table.
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Table

- = 2 .
5 |Cycle |Precipitated amount |Precipitated amount IZ‘i/D 3|Opt1ca1|

No. |of (25,3S)enantiomer|of (2R,3R)enantiomer|(a) purity |
| 1 | 1.22 kg | | +274.0°| 92.7% |
|2 | 1.208 kg |-289.9°| 97.7% |
| 3 | 1.288 kg | * | +287.2°| 97.1%

10 | 4 ] | 1.283 kg |-278.6°] 94.2% |

|5 ] 1.294 kg | | +288.6°| 97.6% |
|6 | 1.331 kg |-288.0°| 97.47% |
| 7 ] 1.429 kg | |+284.1°] 96.0%

| 8 | 1.406 kg |-287.6°| 97.3% |

5 19 | 1.355 kg | | +287.2°] 97.1% |

| 10 | | 1.355 kg |-289.2°| 97.8% |

11 1.245 kg | |+285.8°] 96.7% |
(a): The value was determined by dissolving 0.175 g of the

product in 50 ml of methanol.

20 Maximum specific rotatory of the samples of the two pure
enantiomers crystallized several times: +295.5 and -295.5 in
the same conditions.

25

30
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What is claimed 1s:

1. A process for resolution of threo-2-hydroxy-3-(2-aminophenylthio)-3-(4-
methoxyphenyl)propionic acid lower alkyl esters comprising creating a
supersaturated solution of a mixture of the two enantiomers (2R,3R) and
(2S5,3S), wherein one prevails over the other, in a polar inert solvent or in a
mixture of solvents wherein at least one of them is polar and wherein the
racemate 1s soluble, bringing about a spontaneous crystallization of one of the
two enantiomers from the solution, and recovering the thus-crystallized

enantiomer.

2. A process according to claim 1 wherein the enantiomer mixture is
dissolved at 40°-50°C 1n the selected solvent and then cooled at a temperature
lower than 35°C, the crystallization of the prevailing enantiomer is seeded by
adding a small amount of the same, the precipitate is separated by filtration and
the supersaturated conditions are restored by adding the racemate, and the cycle

1s repeated.

3. A process according to claim 1 or 2 wherein the solvent is selected from
alcohols, weak organic acids, dipolar aprotic solvents and mixtures thereof with

a polar solvent.

4. A process according to any one of claims 1 or 3 wherein the lower alkyl

ester 1S the methyl ester.
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