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THE | NVENTI ON 5 This invention relates to a novel process ﬁEWWﬁUMknamPSP
1, 3-benzot hi azepi ne derivatives represented by the forrmula: [err]

(1) 15 wherein R represents a | ower al kyl group. The above

1, 5- benzot hi azepi ne derivatives (1) are.useful conpounds as an internedi ate
for. the synthesis of nedical 20 conpounds, for exanple,

(+)-cis-2-(4-met hoxyphenyl) - 3-

acet oxy-5-([err]-di net hyl am noet hyl ) -2, 3-di hydro- 1, 5- benzo- FP-1820

t hi azepi n-4(5H) -one (generic nane: Diltiazen) having excellent coronary
vasodi lating activity. 25 Heretof ore, as a process for preparing

1, 5- benzot hi azepi ne derivatives (1), for exanple, the nethod in which

2- hydr oxy- 3-(2-am nophenyl t hi 0) - 3- (4- net hoxyphenyl)propionic acid is

-2- subjected to intranolecular ring closing reaction in xylene under
reflux (Japanese Patent Publication No. 18038/ 1978) has been known.

However, this nmethod is disadvantageous in that a long tine (12 hours in
Exanpl es : :
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Process for prepéring l1,5-benzothiazepine derivatives

BACKGROUND OF THE INVENTION

Cnked
~

5 = This invention relates to a novel process for preparing
1,5-bénzothiazepine derivatives represented by the

formula:

10 OR

OH - (1)

15
wherein R represents a lower alkyl group.

The above 1,5-benzothiazepine derivatives (I) are useful
compounds as an intermediate for the synthesis of medical

20 compoundé, for example, (+)rcis—2—(4—méthoxyphenyl)—3—
acetoxy-s—(B—diméfhylaminoethyl)—2,3—dihydro—l,5rbenzo—
thiazepin-4(5H)-one (generic name: Diltiazem) having
excellent coronary vasodilating activity.

25 Heretofore, as a process for preparing 1,5-benzothiazepine
derivatives (I), for_example,_the method in which 2-hydroxy-

3-(2~-aminophenylthio)-3-(4-methoxyphenyl)propionic acid is

A



5° of the above publication) is required for conpleting the reaction.
SUVMARY OF THE .| NVENTI ON 10 The present inventors have studi ed various
research and as a result, they have found that, when the intranol ecul ar
ring closing reaction of a specific propionic acid com pound (I1) is
carried out in the presence of a specificysulfonic acid conpound, the
reaction tinme can be remark- 15 ably shortened and the conpound (1) can
be prepared in good yield. That is, according to the process of the present
i nven- tion, bbajée&bﬁeiqmmnhnamqunumarnEmh@yclhelﬁgrﬂubat@bh A& can be

d b t d Ry th
Pormila (1) HaEre iabel e (PP OEH orlf EIBITRRRIER. e
to |ntranDIecmBQBBVh%j&N(hasu?aenukﬂqwn4r1H¢Kﬁ¥¢€sehheSomeah9dlﬁ@nlc aC|d
conpound r epr e%%@% g‘e%é‘ G WiEt [£ridnghelfe N(f T ﬁ]:ui‘gpﬁ.ﬁs?&taﬁu A dePver

al kyl group or sub- sti tuted, or” unsubstituted

-3- DESCRI PTI ©f " Py B PREREES AN NNV au1re0 £6r “Cohpieting the

reaction.

SUMMARY OF THE INVENTION

10 The present inventors have studied various research and as
a result, they have fouhd that, when the intramolecular
7 ring closing reaction of a specific propionic acid com-
pound (II) is carried out in the presence of a specific
sulfonic acid compound; the reaction time can be remark-
15 ably shortened and the compound (I) can be prepared in
good yield. '

That is, according to the process of the present inven-
tion, the desired preoduct represented by the formula (I)

20 . can be prepared by subjecting a propionic acid derivative
represented by the formula (1I):

OR
\_ 25 S

[:::I:.‘ OH (II)
NH, COOH

wherein R has the same meaning as defined above,
30 to intramolecular ring closing reaction in the presence of
a sulfonic acid compound represented by the formula:

R1503H (I1I1)

wherein Rl represents a lower alkyl group or a sub-
35 stituted or unsubstituted phenyl group.



Exanpl es of the sulfonic acid conmpound (I1l) to be used in the

i ntramsl ecul ar ring closing reaction of the present 5 I nvention include,
for exanpl e, the conpounds wherein in the fornula (I111) is an alkyl group
having 1 to 4 carbon atons such as nethyl group, ethyl group, propyl group
or butyl group or a phenyl group mhrch Tey be substi- tuted by at |east one
of these al kyl groups. O these, nore preferred are nethanesul fonic
acid and p-tol uenesul - fonrc aci d f _t{he fonic acid is
not particularly i mi t & giiggjéﬁka@“Bﬁ58x3£,vrgu gﬁﬂéTrmn an anount

of 0.5 1to 10 m/mr@b nor e preferably about l1to6 m/mr@bbased on the
oo ) Exkmplat HiOhd BRI L S DIET ELRBLUNEY 118, U e Y O,

boi | i ng poi nt E81Ve such as ene,
"~ The desired c@hpouwGr@mpﬁﬁﬂqﬁif(ﬁ%ﬂ&ﬁ?l%%%%ﬂeﬁea§t305u9§ ﬁb@dmﬁﬁsent

cont ai ni gg nolﬁweanﬂ.'dh aGicd yarTp e é}kéxhﬁl@y ﬁhapbemeadneesymeqerler iggns
as, for exanpl e, ooI thewégﬁitron nrx%#%el col |l ec q 5 ggrprtated
crystal's by fiptf ng' 3 Hfn S th a958RPa F¥ 88 ver® (e.g. 25
et hanol , aqueeasbehhammmsesucb .asl e t iyl @boapnedtbyﬁpgmn@pglpnuyykm
converted to orre ng _
3-acet oxy- 5-( err %Q"n %q’n ot hyﬁg 1p%e%% 285 °FRi ‘é’?écr neagerr val |b\'/etsl
represented byuﬁﬁé bar@¢|dea§; one of these alkyl. groups . Of these,

10 more preferred are methanesulfonic acid and p-toluenesul-

fonic acid. An amount ‘of the said sulfonic acid is not
) - particularly limited but generally, it is'preferably used

- at an amount of 0.5 to 10 w/w %, more preferably about 1

to 6 w/w % based on the compound (II).
15 |

The above reaction is preferably carried out in a high - )
boiling point solvent such as xylene, toluene, etc. under
reflux.

20 The desired compound (I) formed can be isolated as a pure
product containing no sulfonic acid compound (III) by
simpie and easy operations as, for example, cooling the
reaction mixture, collecting precipitated crystals by
filtration, and washing them with a suitable solvent (e.g.

Y 25 ethanol, aqueous ethanol, etc.). |

The thus obtained compound (I) can be converted to the
corresponding 3-acetoxy-5-(B-dimethylaminoethyl)-1,5-benzo~
thiazepine derivatives represented by the formula:
30
OR

@ OCOCH 3 (IV)

33 | /CHs



OR [err] -4- wherein R has the sane neani ng as defined above, or a

phar maceutical |y acceptable salt thereof in a known nmethod, for exanple, in
a nmet hod described in Japanese Patent Publications (unexam ned) No.

18038/ 1978 and No. 5 43785/ 1971 and U. S, Patents No. 3,562,257 and No.
4,438,- 035, the contents of which are_hegreby incorporated herein by
reference. According to the process of the present invention as 10

nmenti oned above, a tinme required for the intranol ecular ring closing
reacti on can be nawkedk)nsRohaeandthensdniehenedesing £ odebimeld cahobe, obt ai ned

in high yield_and hi rity. f t S e.pres

I nvention is,%&tgeﬁé??”@%@é&ﬁgﬁgaig%ﬁ%?ﬁﬁ%ﬂﬁﬁF%é?gp?%géiéf ig ?h?gégﬂout
the specifi camébhodndforarrempliee tidy i Mejad deseribeduia Beprnesepr et ed
as referring por@Arablph ;R BAsONGeXiHePANRON BEOIB,/1993 aFX¥PRLLMENt Al

exanpl e For form ng.(+)-cCis-2-(4-nethox henyk%: - hydr oxy- 2, 3-di -

hydro-1,%-benﬁ%?ﬁ?g%éBﬁn§@§5ﬂigongaﬁfqﬁgnﬂﬂd é%é+é§ﬂi d No. 4,438,-
035, the contents of which are hereby incorporated herein
by reference.

According to the process of the present invention as

10 mentioned above, a time required for the intramolecular

' ring closing reaction can be markedly shortened and the
desired compound can be obtained in high yield and high
purity. Therefore, the process of the present invention
is extremely excellent as the industrial process.

15
Throughout the specification and claims, the term "lower
alkyl"” should be interpreted as referring to an alkyl
having one to four carbon atoms.

20 Experimental example

For forming (+)-cis-2-(4-methoxyphenyl)-3-hydroxy-2,3-di--
hydro-1,5-benzothiazepin-4(5H)-one by refluxing by heating
12.75 g of (+)-threo-2-hydroxy-3-(2-aminophenylthio)-3-(4-
25 methoxyphenyl)propionic acid in 52 ml of xylene or toluene,
under continuous removal of formed water, the effects of
presence of a sulfonic acid compound in the reaction system
were examined. The results are shown in Tables 1 and 2.

30 In the tables, the amount 6f the sulfonic acid compound is
based on the starting compound, and p-toluenesulfonic acid

is used as a monohydrate.



12.75 g of (+)-threo-2-hydroxy-3-(2-aninophenyl t hio)-3-(4- 25
met hoxyphenyl ) propionic acid in 52 m of xylene or toluene, under

conti nuous renoval

of formed water,

the effects of presence of a sulfonic

acid conmpound in the reaction systemwere exanined. The results are shown
in Tables 1 and 2. 30

used as a nonohydrate. -5- Table 1 (in xylene) Sulfonic Anmount
Yield of acid used Reacidme 1 desh re@l eénapound (Ww %
time product 5.4 30 mn 94 p- Tol uene- 2.7 60 mn
93.9 of this sul fonic 1 hr & i nven- aci d
1.1 15 nn §5.%% I . 0.6 Yieddhresft &
95.5 15 m n{ fonic acid 4§f; “rs Aﬂg:gt Reaqtiogz_zdpsdqu *
compound (Ww/Ww %) time pr?g?ct
5.4 30 min 954
Process p~-Toluene- 2.7 60 min 93.9
.. | sulfonic
of this acid 1.1 1l hr & 95 .5
inven- 3 15 min - o
tion 2 hrs &
| 0-6 15 min 95.4
. Methanesul- .
3 fonic acid 5.4 45 min 93
3 Con-—
- trol* — — 12 hrs 82.2
*: Control is Example described in Japanese Patent
Publication No. 18038/1978 :
Table 2 (in toluene)
. Yield of .
Suizgglc Aﬂg:gt Reaction | desired
compound (w/w %) time pr?g?ct
Process | p~Toluenesul—
of this | fonic acid 5.4 5 brs 92 <
inven- Methanesul-
tion fonic acid 5.4 5 hrs 92
o Con-
trol — 7 hrs < 50

10

In the tables, the
conpound is based on the starting conpound,

anount of the sulfonic acid
and p-toluenesulfonic acid is

As seen from the above Table 1 and Table 2, it can be

understood that by the existance of p-toluenesulfonic acid

or methanesulfonic acid in the reaction system, the desir-

ed product can be obtained within extremely short time in

good yield.

Example 1

A mixture of 12.75 g of (+)-threo-2-hydroxy-3-(2-amino-

phenylthio)-3-(4-methoxyphenyl)propionic acid, 140 mg of



* Control is Exanple described in Japanese Patent Publication No.
18038/ 1978 Table 2 (in toluene) Yield of Sulfonic Anmount Reacti on

desired acid used time product conpound (Ww % Process
p- Tol uenesul 5.4 5 hrs92 of this fonic acid inven- Met hanesul -
5.4 5 hrs 92 tion fonic-agid Con- 7 hrs< 50 trol As seen

fromthe above Table 1 and Table 2, it can be understood that by the
exi stance of p-toluenesul fonic acid or nmethanesul fonic acid in the reaction
system the dpsitbluvetheamuidoticarik winchyddatet and B2t ménefy xylene tise
in5  good yiehd. he b AT A At 12- K8uf Rha 15 minutes.
(+)-threo-2-h§8?%‘>%f/{§?<%g}-)§%a#oédfoeg u . minates
phenyl t hi o) - 3Dpa-imst Kdvey preasiign opiditc fRfmed 148 fgnéfnuousdy removed.

After cooling, precipitated crystals are collected by

5 filtration and washed with cooled ethanol to give 11.5 g
of (+)-cis-2-(4-methoxyphenyl)-3-hydroxy-2,3-dihydro-1,5-
benzothiazepin-4(5H)-one.

Yield: 95.5 %
10 m.p.: 203 to 204 °C
[a]go-+ 116 © (c = 0.5, dimethylformamide)

o

Example 2

15 A mixture of 12.75 g of (+)-thrgo—Z-hydroxy-3—(Z—amino—
phenylthio)-3~(4-methoxyphenyl)propionic acid, 690 mg of
p—toluenésulfonic acid monohydrate and 52 ml of toluene is
refluxed by heating for about 5 hours. During the reac-
tion, water formed is continuously removed. After cool-

20 ing, precipitated crystals are collected by filtration and
washed with cooled ethanol to give 11 g of (+)-cis—-2-(4-
méthoxyphenyl)-3—hydroxy—2,3-dihydro—l,5—benzothiazepin—

4 (5H)-one.

25  Yield: 92 %
m.p.: 203_to 204.5 °C
[a]go + 118 © (¢ = 0.5, dimethylformamide)



p_ToluenesuLignLg_gg%gugggggzqrate and 52 m of xylene is refluxed by
heating for about 1 ho 15 mnutes. During the reaction, water forned

is conti nuomm ter cooling, precipitated crystals are collected
by 5 fil Wﬂm‘%wg d with cool ed ethanol to give 11.5 g of
(+)-cis-2-(4%net haxyp 3- hydr oxy- 2-3-di-hydro- 1, 5-

benzot hi azepi n-4(SH)-one. Yield: 95.5 % 10 mp.: 203 to 204 [err]C
[err] + 116[err] (c = 0.5, dinethylformam de) Exanple 2 15 A m xture of
12.75 g of (+)Claimes:2-hydroxy- 3-(2-amn no-

phenyl t hi 0) - 3- (4- met hoxyphenyl ) propi oni ¢ acid, 690 ng of p-toluenesulfonic
aci d nonohydrate and 52 ml of toluene is refluxed by heating for about 5
hours. During the AeprocepsnfofaPERPPREARS 1 S RATIZIHUNATISL +RFDIRELIVASt er
cool - 20  ingy;pesCieptabedtenypyakpearorerilacted by filtration and
washed wi th cool ed ethanol to give 11 g of (+)-cis-2-(4-
nethoxypﬁ%nyl)-3-hydroxy-2,3-dihydro-l, bnzot hi azepi n- 4(5H)-one. 25
Yield: 92 %mp.: .203 to 204.5 [err]C ORL8[err] (c = 0.5,

di et hyl f or mam de) s

(1)

10
wherein R is a lower alkyl group,

which comprises subjecting a propionic acid compound

represented by the formula:

15 ' OR
S
[:::I: OH (11)
. H, |

N COOH

20 wherein R has the same meaning as defined above,
to intramolecular ring closing reaction in the presence of
a sulfonic acid compound represented by the formula:

RlSO3H (III)

-jﬁ 25 wherein Rl represents a lower alkyl group or a sub-
stituted or unsubstituted phenyl group.

2. A process for preparing l,5-benzothiazepine deriva-
tives according to Claim 1, wherein Rl in the the sulfonic

30 acid compound (III) is methyl group, ethyl group, propyl
group, butyl group or'phenyl group which may be substi-
tuted by at least one selected from methyl group, ethyl
group, propyl group and butyl group.

35 3. A process for preparing 1,5-benzothiazepine deriva-

tives according to Claim 2, wherein the sulfonic acid
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15 is used at

7.

process for preparing 1l,5-benzothiazepine deriva-
according to Claim 4, wherein the solvent is at
‘one selected from xylene, toluene and dichloroben-

process for preparing 1,5-benzothiazepine deriva-
according to Claim 1, wherein the sulfonic acid

an amount of 0.5 to 10 w/w % based on the

A process for preparing 1l,5-benzothiazepine deriva-

tives according to Claim 6, wherein the sulfonic acid

20 (IIY) is used at

an amount of 1 to 6 w/w % based on the.

propionic acid compound (II).

8.

A process for preparing 3-acetoxy-5-

(B—dimethylamino~

ethyl)-1,5-benzothiazepine derivatives represented by the

25

formula:

30

35

OR

(IV)

\CH

wherein R is a lower alkyl group,



conpound'_TTTT‘Té‘nefhaﬂesuLfonlc acid or p-toluenesul- fonic acid. 4. A -
process f benzot hi azepi ne deriva- 5 tives according to
daim 1, n,@ ﬂ&'@ t& nis carri- ed out in an appropriate sol vent -
under refl ux or preparing 1, 5-benzot hi azepi ne deriva- tives
according to Caim4, mhereln t he solventgls at 10 | east one sel ected
from xyl ene, toluene and di chl oroben- zene. 6. A process for preparing

1, 5- benzot hi azepi ne deriva- tives according to Caim1l, wherein the

sul foni c aci dotba pharmadentissdl kit arcepbableosadtsthered i ittbasad on

t he conpound g%g§§§§> or preparing 1, 5-benzot hi azepi ne deriva-
tives accordlgg %gsﬂgg%ﬂ mheféln t he sulfonlc acid 20 &III) I s used at

an anount of BubjeGtiNg B RERRLAYH ¢ RCHE opPBRAPENEAcF BPESREHERE O )thes. - A
process for pgepa#iiaa 3-acetoxy-5-([err]-dinethyl am no-
ethyl)-1_5-benzot hi azepi ne derivatives represented by the 25 f or mul a:
[err] 355 wherein Ris a | ower group

(I1)
N COOH
10
_ wherein R has the same meaning as defined above,
" -  to intramolecular ring closing reaction in the presence of
- a sulfonic acid compound represented by the formula:
R SO.H (1II)
15 :

wherein R1 represents a lower alkyl group or a sub-
stituted or unsubstituted phenyl group,
to give a compound represented by the formula:

20 - | OR .
s ; :
@[ OH (1)
S N | _
H O

1 25 wherein R has the same meaning as defined above,
and converting the compound (I) .to the corresponding
3-acetoxy-5-(B-dimethylaminoethyl)~1,5-benzothiazepine
derivative or a pharmaceutically acceptable salt thereof
in a known method. '



-9- 'or a pharmaceutically acceptable salt thereof which com prises the
"'sptes of: subjecting a propionic acid conpound represented by the formul a:
[er'r] 10 wherein R has the sanme neani ng as defined above, to intranol ecul ar
ring closing reaction in the presence of a sulfonic acid conpound
represented by the fornula: [err] - 10 -~ (I'11) 15 wherein [err]
represents a |lower al kyl group or a sub- stituted or unsubstituted phenyl
group, to give a conpound represented by the forrmula: 20 [err] 25

wherei n R hasabdieraate neani ng as defined above, and converting the
conpound (I).to the correspondi ng

3-acetoxy-5-([err]- dlnethylan1noethyl)-1 5-benzot hi azepi ne derivative or a
phar maceut i cRIYCaSe 1bPE gbenzothipgeping derivatives

5 There is disclosed a process for preparing 1l,5-benzothiaze-
pine derivatives represented by the formula:

: - OR |
10 - ' S
[:::I: OH (1)
H O

wherein R is a lower alkyl group,
15 which comprises subjecting a propionic acid compound
represented by the formula:

20
(11)
NH2 COOH

wherein R has the same meaning as defined above,
25 to intramolecular  ring closing reaction in the presence of
a sulfonic acid compound represented by the formula:

rlso

_ 3H ' (II1I)
wherein Rl represents a lower alkyl group or a sub-

30 stituted or unsubstituted phenyl group.



