
EP 0 447 135 B1 Description This invention relates to a novel process for
preparing 1,5-benzothiazepine derivatives of the formula: 5 [err] 10 [err]
wherein [err] is a [err] alkyl group, or a salt thereof. 15      The above
2-(4-lower alkoxyphenyl)-3-hydroxy-2,3
-dihydro-1,5-benzothiazepin-4(5H)-one is useful as an intermediate for the
synthesis of medical compounds, for example,
(+)-cis-2-(4-methoxyphenyl)-3-acetoxy-5-
[err]-dimethylaminoethyl)-2,3-dihydro-1,5-benzothiazepin-4(5H)-one (generic
name: Diltiazem ) which is ex- cellent coronary vasodilator. Heretofore,
there have been known that said intermediate can be prepared by the two
steps of, for exam- 20  ple, hydrolyzing ethyl
2-hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphenyl)propionate with alkali
to give cor- responding free acid and then subjecting it to intramolecular
cyclization under heating (Japanese Patent Pub- lication (examined) No.
8982/1971). EP-A-0 343 474 describes a process for preparing a
1,5-benzothiazepine derivative by cyclizing a phenyl cyclohexyl ester by
reflux in xylene in the presence of p-toluene sulfonic acid. 25      EP-A-0
098 422 describes an intermolecular reaction comprising condensing methyl
4-hydroxy-2-methyl- 2H-1,2-benzothiazine-3-carboxylate 1,1-dioxide and
2-aminopyridine in the presence of alkyl- or arylsulfonic acids. EP-A-0 378
455 cited under Article 54(3) EPC describes in Examples 1 to 3 the
intramolecular cyclization of the methyl ester of
(2S,3S)-2-hydroxy-3-(4-methoxyphenyl)-3-(2-aminophenylthio)propionic acid
in the 30  presence of methanesulfonic acid and chlorobenzene. EP-A-0 392
543, also cited under Article 54(3) EPC, describes in its Example 10 the
intramolecular cycli- zation of the methyl ester of
(2S,3S)-2-hydroxy-3-(4-methoxyphenyl)-3-(2-aminophenylthio)propionic acid
in the presence of p-toluenesulfonic acid monohydrate under reflux in
xylene. It is an object of the present invention to provide a novel process
for preparing said intermediates from 2- 35
hydroxy-3-(2-aminophenylthio)-3-(4-lower alkoxyphenyl)propionate in a high
yield by one step. According to the present invention, 1,5-benzothiazepine
derivatives of the formula (I) can be prepared by subjecting a propionate
derivative of the formula: 40                                   [err] [err]
wherein[err] alkyl group and [err] is the same as defined above, to
intramolecular cyclization in the presence of a sulfonic acid compound of
the formula: [err] 50  wherein [err] is a lower alkyl group or a
substituted or unsubstituted phenyl group, in a non-halogenated organic
solvent, provided that the intramolecular cyclization of methyl
(2S,3S)-2-hydroxy-3-(2-aminophenylthio)-3-(4- methoxyphenyl)-propionate in
the presence of p-toluenesulfonic acid monohydrate In xylene at reflux is
dis- claimed. Examples of the sulfonic acid compound (III) to be used in
the intramolecular cyclization include, for ex- 55  ample, thecompound
wherein [err]of the formula (III) is an alkyl group having 1 to4 carbon
atoms such as methyl group, ethyl group, propyl group or butyl group or
phenyl group which may be substituted by at least one of 



these alkyl groups. Among them, more preferred are methanesulfonic acid and
p-toluenesulfonic acid. An amountofthe sulfonic acid compound is not
particularly limited butgenerally, it is preferably used at an amount 2
EP 0 447 135 B1 of about 0.1 to 10 w/w %, more preferably about 0.5 to 6
w/w %, based on the compound (II). The solvents used in the Invention are
not particularly limited and any of non-halogenated organic solvent which
will not hinder the reaction can be used. Examples of such solvents include
a high boiling point solvent, 5   for example, ethers such as n-propyl
ether, n-butyl ether, isobutyl ether, n-pentyl ethers or dioxane ; non-ha-
logenated aromatic solvents such as xylene, toluene, ethylbenzene,
isobutylbenzene, isopropylbenzene, n- propylbenzene or anisole; aliphatic
hydrocarbons such as n-pentane, n-octane or n-nonane. It is especially
preferred to use toluene, ethylbenzene orxylene. It Is preferable to carry
out intramolecular cyclization at 90 to 160 C in the above mentioned
solvent, especially 110 to 145[err] Since the above- 10  mentioned reaction
is carried out without racemization, the desired compound (I) in the
optically active form can be obtained by using the optically active
compound (II) as the starting material. The desired compound (I) thus
obtained can be converted to the corresponding 3-acetoxy-5-[err]dimethy-
laminoethyl)-2,3-dihydro-1,5-benzothiazepine derivatives of the formula: 15
[err] [err] [err] CH3 25 wherein [err] is the same as defined above, or a
pharmaceutical acceptable salt thereof in a known method, for example, in a
method described In Japanese Patent Publication (examined) Nos. 18038/1978
and 4378511971 and U.S. Patent Nos. 3,562,257 and 4,438,035, the contents
of which are hereby incorporated herein by reference. 30     According to
the process of the present invention, 1,5-benzothiazepine derivatives (I)
can be obtained In a high yield of more than 85% by one step. Therefor, as
compared with the known methods, the process of the invention is extremely
excellent for the industrial process. Further, when the starting compound
(II) is prepared by reacting 2-aminothiophenol with 2,3-epoxy-3-(4- lower
alkoxyphenyl) propionate Is a non-halogenated organic solvent used in the
invention, the reaction mix- 35  ture can be subjected to the
intramolecular cyclization without isolating said starting compound (II)
from the mixture. In this case, the process of the present invention is
advantageous for the industrial scale in that the desired compound(l) can
be obtained from epoxy compounds by a substantially single reaction
operation in a short time and a high yield. When the intramolecular
cyclization Is carried out in the absence of the sulfonic acid compound
(III) of 40  the invention, a long time and a high temperature of 160 to
180[err] Is required for the reaction and the yield of the desired compound
is insufficient. However, according to the process of the present
invention, the reaction can be completed in a shorter time at a lower
temperature as compared with the above case and the yield of the desired
compound (I) is 



high. 45     Throughout the specification, the term "lower alkyl" and
"lower alkoxy" are interpreted as the alkyl of 1 to 4 carbon atoms and
alkoxy of 1 to 4 carbon atoms, respectively. Example 1 50     A mixture of
40 g of methyl (2R,3S)-2,3-epoxy-3-(4-methoxyphenyl)propionate, 26.5 9 of
2-aminothiophe- nol and 300 ml of xylene is heated at 110 to 120[err] for 1
hour, whereby the reaction mixture containing methyl
(2S,3S)-3-[(2-aminophenyl)thio]-2-hydroxy-3-(4-methoxyphenyl)propionate is
obtained. 380 mg of methane- sulfonic acid are added to the mixture and the
mixture is refluxed for 7 hours. During the reaction, methanol formed is
removed by the azeotropic distillation with xylene. The mixture Is cooled
to under 10 [err] and then 55  stirred for 1 hour. Precipitated crystals
are collected byfiltration, washed with cooled methanol and then dried,
whereby 49.1 g of
(2S,3S)-3-hydroxy-2-(4-methoxyphenyl)-2,3-dihydro-1,5-benzothiazepin-4(5H)-
one are ob- tained. Yield:     84.8 % m.p.:      204 - 205 "C 3    EP 0 447
135 B1 [err] (c=0.5, dimethylformamide) Example 2 5 A mixture of 40 g of
methyl (2R,3S)-2,3-epoxy-3-(4-methoxyphenyl)propionate, 26.5 g of
2-aminothiophe- nol and 300 ml of toluene is heated at 110 to 115 C for 1
hour, whereby the reaction mixture containing methyl
(2S,3S-3-[(2-aminophenylthio]-hydroxy-3-(4-methoxyphenyl)propionate is
obtained. After cooled to 80 to 90[err] 1.5 g of methanesulfonic acid are
added to the mixture and the mixture is refluxed for 18 hours. During 10
the reaction, methanol formed is removed by the azeotropic distillation
with toluene. Then the mixture is treat- ed in the same manneras described
in Example 1, whereby 46.9 g of (2S,3S)-3-hydroxy-2-(4-methoxyphenyl)-
2,3-dihydro-1,5-benzeothiazepine-4(5H)-one are obtained. Yield:     81.0 %
m.p.:      203 - 204 [err] 15  [err] (c=0.5, dimethylformamide) Example 3 A
mixture of 40 g of methyl (2R,3S)-2,3-epoxy-3-(4-methoxyphenyl)propionate,
26.5 g of 2-aminothiophe- 20  nol and 250 ml of xylene is heated at 110 to
120[err] for 1 hour, whereby the reaction mixture containing methyl
(2S,3S)-3-[(2-aminophenyl)thiol]-2-hydroxy-3-(4-methoxylphenyl)propionate
is obtained. 600 mg of p-toluene- sulfonic acid hydrate are added to the
mixture and the mixture is refluxed for 8 hours. During the reaction,
methanol formed is removed by the azeotropic distillation with xylene. Then
the mixture is treated In the same manner as described in Example 1,
whereby 47.5 g of(2S,3S)-3-hydroxy-2-(4-methoxyphenyl)-2,3-dihydro- 25
1,5-benzothiazepin-4(5H)-one are obtained. Yield:     82.1 % m.p.:      203
- 204 [err] [err] (c=0.5, dimethylformamide) 



30 Claims 1. A process for preparing 1,5-benzothiazepine derivatives of the
formula: 35 40                              [err] 45      wherein [err]
alkyl group, or a salt thereof which comprises subjecting a propionate
derivative of the formula: 50                                        [err]
[err] 55                                  [err] wherein [err] alkyl group
and [err] is the same as defined above, to intramolecular cyclization in
the presence of a sulfonic acid compound of the formula: [err]    EP 0 447
135 B1                   [err] *  Cb  L  M  S  * [err] (c=0.5,
dimethylformamide) Example 2 5 A mixture of 40 g of methyl
(2R,3S)-2,3-epoxy-3-(4-methoxyphenyl)propionate, 26.5 g of 2-aminothiophe-
nol and 300 ml of toluene is heated at 110 to 115[err] for 1 hour, whereby
the reaction mixture containing methyl
(2S,3S)-3-[(2-aminophenyl)thio]-2-hydroxy-3-(4-methoxylphenyl)propionate Is
obtained. After cooled to 80 to 90 C, 1.5 g of methanesulfonic acid are
added to the mixture and the mixture is refluxed for 18 hours. During 10
the reaction, methanol formed is removed by the azeotropic distillation
with toluene. Then the mixture is treat- ed in the same manneras described
In Example 1,whereby 46.9 g of (2S,3S)-3-hydroxy-2-(4-methoxyphenyl)-
2,3-dihydro-1,5-benzeothiazepine-4(5H)-one are obtained. Yield:     81.0 %
m.p.:      203 - 204[err] 15     [err](c=0.5, dimethyiformamide) Example 3
Amixture of 40 g of methyl (2R,3S)-2,3-epoxy-3-(4-methoxyphenyl)propionate,
26.5 g of 2-aminothiophe- 20    nol and 250 ml of xylene is heated at 110
to 120[err] for 1 hour, whereby the reaction mixture containing methyl
(2S,3S)-3-[(2-aminophenyl)thiol]2-hydroxy-3-(4-methoxylphenyl)propionate is
obtained. 600 mg of p-toluene- sulfonic acid hydrate are added to the
mixture and the mixture is refluxed for 8 hours. During the reaction,
methanol formed is removed by the azeotropic distillation with xylene. Then
the mixture is treated in the same manner as described in Example 1,
whereby 47.5 g of (2S,3S)-3-hydroxy-2-(4-methoxyphenyl)-2,3-dihydro- 25
1,5-benzothiazepin-4(5H)-one are obtained. Yield:     82.1 % m.p.:      203
- 204[err] [err](c=0.5, dimethylformamide) 30 



Claims 1. A process for preparing 1,5-benzothiazepine derivatives of the
formula: 35 [err] 40 45      wherein [err] alkyl group, or a salt thereof
which comprises subjecting a propionate derivative of the formula: [err]
[err] 55 wherein [err] alkyl group and [err] is the same as defined above,
to intramolecular cyclization in the presence of a sulfonic acid compound
of the formula: [err] 4    wherein [err] alkyl group or a substituted or
unsubstituted phenyl group, in a non-halogenated organic solvent and, if
desired, converting the product to a salt thereof provided that the
intramolecular cyclization of methyl
(2S,3S)-2-hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphenyl)-propionate in
the 5       presence of p-toluenesulfonic acid monohydrate in xylene at
reflux is disclaimed. 2. A process according to Claim 1, wherein [err]
oftheformula (III) is a methyl group, ethyl group, propyl group, or a
phenyl group which may be substituted by at least one group selected from
the methyl group, ethyl group, propyl groups and butyl groups. 10 3. A
process according to Claim 2, wherein the sulfonic acid compound (III) is
methanesulfonic acid or p- toluenesulfonic acid. 4. A process according to
Claim 2 or 3, wherein the non-halogenated organic solvent is an ether, a
non-ha- 15      logenated aromatic solvent or an aliphatic hydrocarbon. 5.
A process according to Claim 4, wherein the non-halogenated organic solvent
is isobutylbenzene, iso- propylbenzene, n-propylbenzene or anisole. 6. A
process according to Claim 4, wherein the non-halogenated organic solvent
is xylene or toluene. 20 7. A process according to Claim 1, wherein the
sulfonic acid (III) is used at an amount of 0.1 to 10 w/w % based on the
compound (II). 8. A process according to Claim 7, wherein the sulfonic acid
(III) is used at an amount of 0.5 to 6 w/w % 25      based on the compound
(II). 9. A process for preparing
3-acetoxy-5-[err]-dimethylaminoethy)-2,3-dihydro-1 ,5-benzothiazepine
derivatives of the formula: [err] [err] [err] 40 



wherein [err] alkyl group, or a pharmaceutically acceptable salt thereof
which comprises the step of a) subjecting a proplonate derivative of the
formula: 45 [err] [err] [err] [err] wherein [err] alkyl group and [err] is
the same as defined above, to intramolecular cyclization in the presence of
a sulfonic acid compound of the formula: [err] wherein [err]alkyl group or
a substituted orunsubstituted phenyl group, in a non-halogenated organic
solvent to give a 1,5-benzothiazepine derivative of the formula: 5    EP 0
447 135 B1            [err] [err] 5 [err] 10 wherein [err] is the same as
defined above, and b) converting the compound (I) to the corresponding
3-acetoxy-[err]dimethylaminoethyl)-1 ,5-benzo- thiazepine derivative or a
pharmaceutically acceptable salt thereof in a known method, provided that
the intramolecular cyclization of methyl
(2S,3S)-2-hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphe- 15
nyl)-propionate in the presence of p-toluenesulfonic acid monohydrate in
xylene at reflux is disclaimed. Patentansprilche 20  1. Verfahren zum
Herstellen von 1,5-Benzothiazopinderivaten der Formel: OR' H 30 worin RI
eine C, bis C4 Aikyigruppe oder ein Salz davon ist, umfassend das
Unterwerfen eines Proplo- natderivats der For mel: 85 OR' ,NHIC worin R2
eine C1 bis C4 Alkylgruppe lst und R1 wie oben definiert lst, elner
intramolekularen Cycisierung in der Gegenwart einer Sulfonsaureverbindung
der Formal: 45                                         R3SO3H      (Ill)
worin R3 ehne C1 bis C4 Alkylgruppe oder eine substituierte oder
unsubstituierte Phenylgruppe ist, in ei- nem nicht-halogenierten
organischen Losungsmitel und, wenn es erwinscht ist, Oberfuhren des Pro-
dukts in ein Salz davon, vorausgesetzt, daiB die intramolekulare
Cycilslerung von Methyl-(2S,3S)-2-hy- 



droxy-3- 2-aminophenylthio)-3-(4-methoxyphenyl)-propionat In der Gegenwart
von p-Toluolsulfonsaure- 50      monohydrat In Xylol unter RLIckfluM
ausgenommen ist. 2. Verfahren nach Anspruch 1, worhn R3 der Formel (III)
eine Methylgruppe, Ethylgruppe, Propylgruppe oder eine Phenylgruppe Ist,
welche durch wenigstens eine Gruppe ausgewihit aus der Methylgruppe, Ethyl-
gruppe, den Propyigruppen und Butylgruppen substituiert sein kann. 55 3.
Verfahren nach Anspruch 2, worin die Sulfonsaureverbindung (III)
Methansulfonsiure oder p-Toluolsul- fonsaure ist. 4. Verfahren nach
Anspruch 2 oder 3, worin das nicht-halogenierte organische L8sungsmittel
sin Ether, ein 6    EP 0 447 135 B1l            c  L  M   S
nicht-halogeniertes aromatisches Losungsmittel oder ein allphatischer
Kohlenwasserstoff ist. 5. Verfahren nach Anspruch 4, worin das
nicht-halogenierte organische Losungamittel Isobutylbenzl, Iso- 5
propylbenzol, n-Propylbenzol oderAnisol ist. 6. Verfahren nach Anspruch 4,
worin das nicht-halogenlerte organische L8sungemittel Xylol oder Toluol
ist. 7. Verfahren nach Anspruch 1, worin die Sulfonsaure (III) in einer
Menge von 0,1 bis 10 Gew./Gew.-% ba- 10      slerend auf der Verbindung
(II) verwendet wird. 8. Verfahren nach Anspruch 7, worin die Sulfonsaure
(III) in einer Menge von 0,5 bis 6 Gew.lGew.-% basis- rend auf
derVerbindung (II) verwendet wird. 9. Verfahren zum Herstellen von
3-Acetoxy-5-(f-dimethylamino-ethyl)-2,3-dihydro-1,5-benzothiazepin- 15
derivaten der Formel: OR' Uls QOC~OC H3    ( IV)1 25
CHCH2N C worn R1 esine C1 bis C4 Aikylgruppe oder eln pharmazeutisch
vertrigliches Salz davon ist umfassend den Schritt 30        a) Unterwerfen
eines Propionatderivats der Formel: OR' 3S                     2
t~~NCOOR2 40        worin R2eine C1 bis C4Alkylgrupp elst und R1
wleobendefiniertist, einerintramolekularen Cyclisbrung In der Gegenwart
elner SulfonsAureverbindung der Formel: R3SO3H     (III) worln R3 eine C,
bb C4 Alkylgruppe oder sine substituberte oder unsubstituiertb
Phenyigruppe-ist, in einem nicht-halogenierten organischen Lbsungsmittel,
um sin 1,5-Benzothiazepinderivat der Formel: 46 ORI 50
(I) XNOH H0 55        zu erhalten, worin R1 wie oben definlert Ist und 



b) Oberfuhren der Verbindung (I) in das entsprechende
3-Acetoxy-5-(P-dimethylaminoethyl)-1,5- benzothiazepinderivat oder ein
pharmazeutisch vertrlgliches Salz davon mit einem bekannten Ver- fahrsn,
vorausgesetzt, dal die Intramolekulare Cyclisierung von
Methyl-(2S,3S)-2-hydroxy-3-(2- 7    EP 0 447 135 B1     C!I  111 IIjI iii)
Ii J!II   I aminophenylthio)-3-(4-mothoxyphenyl)-propionat in der Gegenwart
von p-Toluolsulfonsauremonohy- drat in Xylol unter RuckfluP, ausgenommen
ist. 5 Revendlcatlons 1. Procede do preparatlon de driv6es de
1,5-benzothiazepine de ia formule: 10 f~~OROI 15 H dans laquelle R1
represontb un groups alkyle en C1 A C4, ou d'un sel de ces derniers,
comprenant une o20     exposition d'un diriv6 propionatb de la formulo: 25
'I 30      dans laquelle R2 reprosento un groups alkyle en C, A C4 et R1 a
la mime signification quo celle donn6eo cl-dessus, A une cyclisation
intramoleculaire en pr6senoo d'un composo d'acide sulfonique de la formule:
RPSO3H     (111) dans laquelle R3 representb un groupo alkyle en C1 A C4ou
un groupo phenyle substitu6 ou non substitu6, dans un solvant organique non
halogon6, et, sl on le souhaite, une conversion du produit en un sel de ce
35      dernlor, pourvu quo la cyclisation Intramolhculalre de
(2S,3S)-2-hydroxy-3-(2-aminophhnylthlo)-3-(4-mh- thoxyph6nyl)-propionato de
methyle en pr6sencoe de monohydratb d'aclde p-toluenesulfonique dans du
xylene au reflux solt exclue. 2. Procod sulvant la revendication 1,
caracteris6 en ce quo Rs de ia formule (111) ost un groupe methyle, 40
othyle ou propyle, ou un groups phenyle qui pout etre substituo par au mois
un group. choisi parmi les groupes m6thyle, ethyle, propyle et butyle. 3.
Proc~dA suivant la revendbcation 2, caracteris6 en ce quo le compos6
d'acide aulfonique (111) esat de I'acdde methanesulfonique ou de I'acide
p-tolubnesulfonique. 4.  Procode suivant l'une des revendications 2 et 3,
caracterlse en ce qua le solvant organique non halog6ne est un 6ther, un
solvant aromatique non halogene ou un hydrocarbure aliphatique. 5. Proc6d6
sulvant la revendlcatIon 4, caracteise6 on ce quo le solvant organique non
halog6n6 est de Mlso- butylbonzbne, de l'isopropylbenzene, du
n-propylbonzene ou de I'anisole. 60 6.  Procedd suivant la rovendication 4,
caract6rise on co quo le solvent organique non halog6n6 estdu xylene ou du
toluene. 7.  Pro6dd suivant la revendation 1, caracthris6 once que 1'acide
sulfonlque (1II) est utilise en une quantite 55      de 0,1 A 10 % en
poids/poids, par rapport au compose (11). S. Prochd6 sulvant la
revendicatlon 7, caracteris6 en ce quo l'acide sulfonique (111) est utilise
en une quantit6 



do 0,5 A 6 % on poidsapoids, par rapport au compoed (11). 8    EP 044713551
1S1 II 11111 11111 l              1 9. Procd6 de preparation de deriv6s de
3-ac toxy-5-(p-dimhthylaminohthyl)-2,3-dihydro-1 ,5-benzothiaz6- pine de la
formule: 5 OR' OC    H3      (I V) 10                                 : }
,.0CH3 CH2CH2N'3 CH3 16 dans laquelle R1 represente un group. alkyle en C1
A C4, ou d'un sel pharmaceutiquement acceptable de cee derniers, comprenant
les etapes: a) d'exposition d'un d6rive propionate de la formule: 20
>}O~~R, NH COOR2 dans laquelle R2 represente un groupe alkyle en C1 A C4 et
RI a la meme signification quo celle donn~e 30        ci-dessu, A une
cyclisation intramollculaire en pr6sence d'un composs d'scide sulfonique de
la for- mule: RPSO3H    (111) dans laqudlle Ra reprosente un groups alkyle
en C1 A C4 ou un groups ph6nyle substitu6 ou non.subs- titue, dans un
solvant organique non halogens, pour former un derive de
1,5-benzothiaz6pine de la 36        formule: OR' H0 45 dans laquelle RI a
la m~ine signification quo celle donneo ci-dessus, ot b) de conversion du
composei (I) en le derive de
3-achtoxy-5-(P-dim6thylamino6thyl)-i1,5-benzothia- zopine correspondent ou
on un sel pharmacoutiquement acceptable de celul-ci sulvant un procede
connu, pourvu quo la cycilsatbon Intramoleculaire de
(2S,3S)-2-hydroxy-3-(2-aminophhnylthio)-3-(4- so
m6thoxyphenyl)-proplonate de msthyle en presence de monohydrate d'acde
p-tolubnesulfonlque dans du xyline au reflux solt exclue. S6    


