z, Tte W
N “-4-'

1; PROCESS"‘F . PREPAR NG 1, 5- BENZOTHI AZEPI NE DERI VATI VE TECHNI CAE: ¥ B0 el
pr%e‘sent I nvention relates to a novel process for preparing a 1, BF@Q’NK’OCOP

t hiéazepi ne derivative which is useful as an internediate for preparing

nedi caments. PRIOR ART Diftiazem hydrochloride (chem cal nane;

" (2S, 39) - 3-acet oxy-5-[ 2-

(di met hyl am no) et hyl ] - 2, 3- di hydr o- 2- (4- met hoxyphenyl ) - 1, 5- benzot hi azepi n-
4(5H) - one hydrochl ori de) has been wi dely used as a cal ci um channel bl ocker
IF{LDE treatment of angi na pectoris, esserti al hypertension, etc., and it

is tsually prepared by di methyl am noet hyl ati ng the 5-position and

acetyl ating the 3- h drox%/)R oup of

ci s- 3- hydr oxy- 2, ER@Q}‘/ES]‘-F QRREHARKN@M%ENZGIHH’@EEINEDERIVATIVE

t hi azepi n-4(5H)-one (cf. USP Nos. 3562257 and 4438035). Hitherto, as a
process for preparing ci s- 3- hydroxy- 2, 3-di hydr o- 2- (4-

met hoxyphenya) 5-benzot hi azepi n-4(5H)-one, an internediate for diltiazem
hydrochl ori d EGW@ALSFHID\M a process which conprises reacting 3-(4-

nmet hoxyphenyl ) - 2, 3- epoxypropi oni ¢ acid nethyl ester with 2-am nothi ophenol,

hydrol yzing the r@hel present 3nvehtion relibeys h8v&)pr 8cé§é%9?§¥eaﬁrﬁ1ﬁ d"ES0GRNYo-

phenyl ) propi onic acid nmethyl ester and subjecting the pfoduct™to

i ntranol ecul triazepihe detivative whidh iguskAil as%eim&ﬁied?éi'@fﬂ”ﬁ@ fytical
Bul letin, p 2028, 1970]. Alternatively, the follow ng processes have been

known as a prmdécaméms. preparing
Ci s- 3- hydr oxy- 2, 3-di hydr o- 2- (4- met hoxyphenyl ) - 1, 5- benzot hi azepi n-

PRIOR ART

*

Diltiazem hydrochloride (chemical name; (28,35)-3-acetoxy-5-[2-
(dimethylamino)gthyl]-2,3-dihydro-2-(4-methoxyphenyl)-1 ,J-benzothiazepin-
4(5H)-one hydrochloride) has been widely used as a calcium channel blocker in
the treatment of angina pectoris, essential hypertension, etc., and it is usually
prepared by dimethylaminoethylating the 5-position and acetylating the 3-
hydroxy group of cis-3-hydroxy-2,3-dihydro-2-(4-methoxyphenyl)-1,5-benzo-

. thiazepin-4(5H)-one (cf. USP Nos. 3562257 and 4438035).

Hitherto, as a process for preparing cis-3-hydroxy-2,3-dihydro-2-(4-
methoxyphenyl)-1,5-benzothiazepin-4(5H)-one, an intermediate for diltiazem
hydrochloride, there is known a process which comprises reacting 3-(4-
methoxyphenyl)-2,3-epoxypropionic acid methyl ester with 2-aminothiophenol,
hydrolyzing the resulting 3-(2-aminophenylthio)-2—hydroxy-3-(4-methoxy-
pheny])propipnic acid methy] ester and subjecting thé product to intramolecular

-cyclization reaction [cf. Chemical and Pharmaceutical Bulletin, p 2028, 1970).
Alternatively, the following processes have been known as a process for
preparing cis-3-hydroxy-2,3-dihydro-2—(4-m§th05(yphenyl)-1 ,5-b.enzothiazepin'-

4(5H)-one by the use of a sulfonic acid without the hydrolyzing 3-(2-amino-



4(,___5H)-eone‘ By the use of a sulfonic acid without the hydrolyzing 3-(2-am no-
2 Phenyl t hi 0) - 2- hydr oxy- 3- (4- met hoxyphenyl ) propi onic acid ester. (1) A
précess conprising reacting 2-am nothi ophenol with (-)-

(2R, 3S) - 2, 3- epoxy- 3- (4- nmet hoxyphenyl ) propi oni ¢ acid nethyl ester, and

subj ecting the resulting (2S, 3S)-3-(2-am nophenylthio)-2-hydroxy- 3-(4-

met hoxyphenyl ) propi onic acid nethyl ester to intranol ecular cyclization
reaction in the presence of nethanesul fonig acid, etc., in a chlorinated
organi ¢ sol vent having a boiling point of re than 70[err]C (cf. USP
5102998). (2) A process conprising subjecting 3-(2-am nophenylthio)-2-
hydrFoxy- 3- ( 4- thftgy%henyl )propionic acid methyl ester to intranolecul ar
cyclization rlggt‘}y Y i'thﬂﬂ@xfyr dnaethoxypeemd)psepionim peidaester, etc., in a
non- hal ogenat ed organi c solvent (cf. USP 5294706). (3) A process

conpri si ng subj ectilhg (APressss somprisingreahing Ltammptinophenol with (-)-

hydr oxy- 3- (4- met hoxyphenyl ) propi onic acid (1R, 2S)-2- phenyl cycl ohexyl ester
to intranol ed@&38k§@r¢m 4-meetboxyphanyllprepionesagid enethybestet, aadesul f oni ¢
aci d nonohydrate [cf. Japanese Patent First Publication (Kokai) No.

é: é;g/r i1280]5 . shibjectinig theirespliing ¢28,383-3-¢2+emimephenghthiv) 2 hadroxys3g4- f or

S H A s gt g et Ut e et s RSP

by reaction in the presence of methanesulfonic acid, etc., in a chlorinated organic
solvent having a boiling point of more than 70°C (cf. USP 5102998).

(2) A process comprising subjecting 3-(2-aminophenylthio)-2-
hydroxy-3-(4-methoxyphenyl)propionic acid methyl ester to intramolecular
cyclization reaction in the presence of methanesulfonic acid, etc., in a non-
halogenated organic solvent (cf. USP 5294706).

| (3) A process comprising subjecting (ZS,3S)-3-(2—aminobhenylthio)—2—
hydroxy-3-(4-methoxyphenyl)propionic acid (1R,2S)-2-phenylcyclohexyl ester
to intramolecular cyclization reaction in the presence of p-toluenesulfonic acid
monohydrate [cf. Japanese Patent First Publication (Kokai) No. 17170/ 1990].

The foliowing processes have been known as a process for preparing 5-
[2-(dimethylamino)ethy1]-2,3-dihydro-3-hydrbxy-2-(4-methoxyphenyl)-l,5-
benzothiazepin-4(5H)-one, another intermediate for diltiazem hydrochloride, by
intramolecular cyclization reaction using a base.

(I) A process comprising subjecting 3-(2-aminophenylthio)-2-
hydroxy-3-(4-methoxyphenyl)propic_)nic acid methyl ester to intramolecular
cyclization reaction by reacting it with N,N-dimethylaminoethyl chloride or an

acid addition salt thereof in the presence of a solid alkali metal hydroxide in an

“ether solvent [cf. ] apanese Patent First Publication (Kokai) No. 202013/1993].



I nt rar;DI ecll ar cyclization reaction using a base. (1) A process
conprising subjecting 3-(2-am nophenylthio)-2- .

hydr oxy- 3- (4- net hoxyphenyl ) propi oni ¢ acid nethyl ester to intranol ecul ar
cyclization reaction by reacting it with N, N-di nmethyl am noet hyl chloride or
an acid addition salt thereof in the presence of a solid al kali netal
hydroxide in an éether solvent [cf. Japanese Patent First Publication
(Kokai) No. 202013/1993]. 3 (2) A progess conpri sing subjecting

3- (2-am nophenyl t hi 0) - 2- hydr oxy- 3- (4- met hoxyphenyl ) propi oni ¢ aci d net hyl
ester to intranol ecul ar cyclization reaction in the presence of an al kali
metal al koxide in aproti c polar sqlvent, and _further introducing

2- (di met hyl ani no) et4tyl &B@ﬁcgﬁwmg sBhiceting 3of2-aminqphenylthio)2-.
Japanese Patept ,Firs Eubl | cation {Kokai ). No. 221376/1992]. However, it is
wel | -known a Mﬁr%’ci:ﬁ nehexpheaybprapianicacidimathyl ester tecintiamalecwdaked by
a nucl eophile than an ester is [cf. Hendrickson, Cram Hammond, O ganic
Chemi stry, thEYSIARUGRITERGION inrthe peesence of applkaliimBlab allexidd in amdpiovic

form ng 1, 5-benzot hj azepi ne nucl eus there has been only reported an

i ntranol ecul aPO@} &plveat.iapd fugher inttoduting 2-(dimethylamino)ethyl group on the 5-
(-)-4-isopropyl -3-[3-(2-am nophenyl t hi o) -

2- met hoxyet hoR9FHiPR &f yheproduatfof hese/PitpnoBirstButilication dKokai)i Nene havi ng
activated I\I—_a%{%rg/iigeg roup by treating it with trinmethylal um numin

However, it is well-known among organic chemists that an amide is less
easily attacked by a nucleophile than an ester is [cf. Hendricks.on, Cram,
Hammond, Orgahic Chemistry, the 3rd edition, Chapter 13;1, pp 501-516, etc.],
and for forming 1,5-benzothiazepine nucleus there has been only reported an
intramolecular cyclization reaction of (-)-4—isopropyl-3-[3-(2—amin6phenylthio)-
2-methoxyethoxymethoxy-3-(4-methoxyphenyl)propionyl]-2-oxézolidinone
having activated N-acylamide group by treating it with trimethylaluminum in
methylene chloride [cf. Tetrahedron Letters, 32, pp 3516-3522 (1991)].

In addition, USP 4959359 discloses that trans-3-(4-methoxyphenyl)-2,3-
epoxypropionamide is prepared by treating trans-3-(4-methoxyphenyl)-2,3-
epoxypropionic acid ester with ammonium hydroxide, and WO 95/7359
discloses that trans-3-(4-methoxyphenyl)-2,3-epoxypropionic acid methyl ester
is treated with ammonia in the presence of Lipase SP 523, by which only
(2S,3R)-isomer thereof is stereoselectively amidated.

BRIEF DESCRIPTION OF INVENTION

An object of the present invention is to provide an improved process for

preparing a 1,5-benzothiazepine nucleus in high yield and in a single step from a

novel 3-[2-amino-(substituted or unsubstituted phenylthio)]-2-hydroxy-3-



nethyfene Ehloride [cf. Tetrahedron Letters, 32, pp 3516-3522 (1991)]. In
addi tion, USP 4959359 di scl oses that trans-3-(4-nethoxyphenyl)-2, 3-
epoxypropi onanm de is prepared by treating trans-3-(4-nmethoxyphenyl)-2, 3-
epoxypropi onic acid ester with amoni um hydroxi de, and WD 95/ 7359 di scl oses
that trans-3-(4-nmethoxyphenyl)-2, 3- epoxypropionic acid nethyl ester is
treated with anmonia in thé presence of Lipase SP 523, by which only
(2S.3R)-isomer thereof is stereoselectively am dated. BRI EF DESCRI PTI ON OF .
| NVENTI ON An obj ect of the present invention is to provide an inproved
process for preparing a 1, 5-benzot hi azepi ne nucleus in high yield and in a
single step f
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al kyl group Eﬁe?ormua ut ed or unsubstltut ed pi perazinyl -1 ower alkyl group

I's prepared
— OH (]

N
R? O

wherein Ring A and Ring B are a substituted or unsubstituted benzene ring,

and R3 is a hydrogen atom, a (di-lower alkylamino)-lower alkyl group or a
substituted or unsubstituted piperazinyl-lower alkyl group is prepared by

subjecting a propionamide derivative of the formula [I}:

!
G e

3
NHR CON/
R2
wherein R! and R2 are the same or different and each are a hydrogen atom, a

carbamoyl group, a lower alkyl group, a lower alkanoy) group, a lower alkyl-
aminocarbonyl group, an amino acid residue, 6r'an aryl group having optionally
a substituent, or combine each other at their termini together with the adjacent

* nitrogen atom to which they bond to form a heterocyclic group having

optionally a substituent, and Ring A, Ring B and R3 are the same as deﬁned

above, or a salt thereof, to intramolecular cyclization reaction.
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subjegting“a propi onam de derivative of the formula [I]: [err] wherein
Rlerr] and R err] are the sane or different and each are a hydrogen atom a
carbanoyl group, a |lower al kyl group, a |ower al kanoyl group, a |ower

al kyl - am nocar bonyl group, an am no acid residue, or an aryl group having
optionally a substituent, or conbine each other at their termni together
with the adjacent nitrogen atomto which they bond to forma heterocyclic
group having optionally a substituent, and Ring A, Ring B and R3 are the
sanme as defined above, or a salt thereof, to intranolecul ar cyclization
reaction. 5 Rng A and/or Ring Bin the propionam de derivative of the

havi ng.a subst; t uRITE EomBERHREBAR thi BrfonsRiR Geriyaie 5 bR S RaNR LY °°
Pheroor . sui taat 0€ BisBeo . ARGy RleRbsnzaiciin o hepdens BoBt bAting o [err]
A ol S
Ring A and Rﬂﬁ%’%ﬂ aﬁ?’@f@%?’éﬂ%%ﬁmﬁﬁﬂﬁsﬂ@w at any position thereof.

Suitable examples of the Ring A are groups of the formula:

R* (S)
=, ™
(N) '
wherein R4 is a hydrogen afom, a halogen atom, a lower alkyl group or a
phenyl-lower alkyl group and suitable examples of the Ring B are a 4-lower
alkylphenyl group and a 4-lower alkoxyphenyl group.

Among these examples of Ring A and Ring B, preferable combinations of
Ring A and Ring B are

(@  Ring A is a partial structure of the formula [VI] (R4 is a hydrogen
atom, a halogen atom 6r a phenyl-lower alkyl group), and Ring B is a 4-lower
alkoxyphenyl group, and |

(b) Ring A is a partial structure of the formula [VI] (R4 is a lower alkyl
group), and Ring B is a 4-lower alkylphenyl group.

The amino acid residue for R! and R2 includes a residue which is
produced by removing one amino group from an amino acid, wherein hydroxy
groups, mercapto groups, amino groups and/or carboxyl groups may optionally
be protected by a protecting group. The amino acid includes either natural
amino acids or synthetic amino acids, and should have at least one amino group

and one carboxyl group in the molecule thereof, for example, natural amino



Ri ng A and ‘Ring Bare (a)- Rng Ais a partial structure of the fornmula
[VI] (Rerr] is a hydrogen atom a hal ogen atom or a phenyl -l ower al kyl
greup), and Ring Bis a 4-1ower al koxyphenyl group, and (b) Rng Ais a
partial structure of the fornmula [VI] (R4 is a |ower alkyl group), and Ri ng
Bis a 4-1ower al kyl phenyl group. The am no acid residue for R err] and

Rl err] includes a residue which is produced by renbving one am no group
froman am no acid, wherein hydroxy groupsg mercapto groups, am no groups
and/ or carboxyl groups nmay optionally be protected by-a protecting group.
The ami no acid includes either natural am no acids or synthetic am no

aci ds, and sh | east . ane.am no’ gr.oup .and e carboxyl  group in
the nol ecul e ?ﬁg?ggﬁfﬁp@fﬁes %{ﬁﬁf’é,}'"w&wﬁ?&l& FAfYNO aCiss DT TLIYC ’ﬁﬁ‘gﬁ"i?édes

t hereof, synt i r .L-am.no agi ds or racem ¢ mxfures thereof.

Pref erabl e amhﬁgquc :%Jgr%a?lée mine ﬁ‘ﬂa%léﬁ'ed%‘aé‘i‘ﬂo[a@ @“Qﬁ#'ﬁ@‘%?%@? These ami no
acids may be either neutral amno acids, acidic amno acids or basic am no
acids, and the neufhese amingmcidsimay be eithex nenteal iatEnm acids,cacadicramigo@ejils and
carboxyl groups in the same nunbers such as al ani ne, isol euci ne, | eucine,
etc., anino a®r basiaamingaeidsyandshe nguisalasinohacids areraniao acidsdmvimgamino
tyrosine, etc., sulfur-containing anmno acids such as cysteine, cystine,

+ groups and carboxyl groups in the same numbers such as alanine, isoleucine,
leucine, etc., amino acids having a hydroxy group such as serine, threonine,
tyrosine, etc., sulfur-containing amino acids such as cysteine, cystine,
methionine, etc. The acidic amino acids are amino acids having more carboxyl
groups than amino groups such as glutamic acid, aspartic acid, etc., and the basic
amino acids are amino acids having more amino groups than carboxyl groups
such as arginine, omithine, lysine, etc. 'When hydroxy groups, mercapto groups,
amino groups and/or carboxyl groups of amino acids are protected, they may be -
protected by a conventional protecting group. For example, the protecting
group for hydroxy group is benzyl group, t-butyl group, benzyloxycarbonyl
group, etc. The protecting group for mercapto group is benzyl group, benzyl-
oxycarbonyl group, etc. The protecting group for amino group is benzyloxy-
carbonyl group, t-butoxycarbonyl group, etc. The protecting group for
carboxyl group is methyl group, ethyl group, methoxyethyl group, methoxy-
ethoxyethyl group, amino group, etc.

) The aryl group for R! and R2 includes any aromatic hydrocarbon groups

such as phenyl group and naphthyl group. The substituent for the aryl group

includes a lower alkyl group, a lower alkoxy group or a halogen atom.
The heterocyclic group which is formed by combining R! and R2 at their

termini together with the adjacent nitrogen atom to which they bond may be



nethi&nine etc. The acidic am no acids are am no acids having nore
carboxyl groups than am no groups such as glutamc acid, aspartic acid,
etec., and the basic am no acids are am no aci ds having nore am nqQ groups

t han carboxyl groups such as arginine, ornithine, |lysine, etc. Wen hydroxy
groups, nercapto groups, am no groups and/or carboxyl groups of am no acids
are protected, they may be protected by a conventional protecting group.

For .exanpl e, the protecting group for hydrpoxy group is benzyl group,

t-butyl group, benzyloxycarbonyl group, etc. The protecting group for
nmercapto group is benzyl group, -benzyl- oxycarbonyl group, etc. The

protecting gr 1 S benz | ox rbon

t - but oxycar bo‘%i rga%ﬁwggyélihcggw&%& ‘é’r‘fﬂfg’cﬁﬁo Eag'b‘g!?fﬂy CARLRIR & s

ami 1o, group. %’tém%h{& sEitfreadioma Hapevy a&m}’“ e Ygea g A Aol Grgm e
aromatic hydr bon S such a phenyl group and napht hyl group. The
substituent f %‘%ﬁgﬁ Bpﬁ‘ifbatpﬁb QIHHBE AN ANIESE SIPRR- group, a |ower al koxy

dombi ning R er 11 2P RRERCYCIiR BroRBnnEee AT CXmBlones- 19 Grmembesed) acent
nitrogen atomtaq i ch they bond may be 7 either a heterononocyclic
group or a hé?aé'%ﬁ/)('] é?‘é‘ﬁtﬁgﬁf gusturaitd angpatisnmanacyclicegronpdegrpyaoldt ed from
a nitrogen atom an oxygen atomand a sulfur atom in
group, pyndy )i yl group, pyrazinyl group, pyrimidinyl group, pyridazinyl group,
imidazolyl group, pyrazolyl group, thiazolyl group, tetrazolyl group), a 5- to 6-
membered aliphatic monocyclic group (e.g. pyrrolidinyl group, piperidinyl
group, piperazinyl group, morpholinyl group, oxazolidinyl group, thiazolidinyl
group), a partially saturated or nnsaturated aromatic bicyclic group which is
formed by condensing a 5- to 6-membered cyclic group and a 5- to 6-membered
cyclic group (e.g. quinolyl group, indolyl group, indazolyl group, benzoxa-
zolidinyl group, benzothiazolidinyl group, benzoxazinyl group, benzothiazinyl
. group), or an aliphatic bicyclic group which is formed by condensing a 5-to 6-
membered cyclic group and a 5- to 6-membered cyclic group (e.g. decahydro-
quinolyl group, octahydro-1H-indolyl group).

The above neterocyclic groups may optionally have a substituent, and
the substituent includes an electron-donating group (e.g. amino group, hydroxy
group, a lower alkyl group, a lower alkoxy group, a cycloalkyl group) or an
electron-withdrawing group (e.g. oxo group, nitro group, a halogen atom, |
carboxyl group, a lower alkoxycarbonyl group). Preferable heterocyclic group

is a heterocyclic group having an electron-withdrawing group.

Suitable examples of the heterocyclic group which is formed by

combining R1 and R2 at their termini together with the adjacent nitrogen atom



- t o~ .
addition to the nitrogen atomformng an ani de group. The heterocyclic
group includes, for exanple, a 5- to 6-nenbered partially saturated or
unsat urated aromati c nonocyclic group (e.g. pyrrolyl group, pyridyl group,
pyrazi nyl group, pyrimdinyl group, pyridazinyl group, imdazolyl group,
pyrazolyl group, thiazolyl group, tetrazolyl group), a 5- to 6- nenbered
al i phatic nonocyclic group (e.g. pyrrolidinyl group, piperidinyl group,
pi perazinyl group, morpholinyl group, oxazplidinyl group, thiazolidinyl
group), a partially saturated or unsaturated aromatic bicyclic group which
is formed by condensing a 5- to 6-nenbered cyclic group and a 5- to

o oup. - benzora- sy b fre ' dBinfs o B Bnlaig: Spmilag: " benzoxazi ny

group, benzot hi azi nyl group) or an aliphatic bicyclic group which is
formed by condensinfgf a 5- to 6- nenbered cyclic groupOGand a 5- to

6- menbered cyclic p (e.g. ahydr o- ol yl  group

oct ahydr o- 1H i ndelN| roup}-N he ‘@bove_h dﬁglc_g may optionally
have a substituent, d the s\hsfituent | cI es an el § on-donati ng group
(e.g. am no group, hydroxy group, a |lower alkyl group, a |ower alkoxy

group, a cycl oal %oup) or an el ectron-w thdraw ng group (e.g. oxo

group, nitro group. a}hal ogen m car ho. group, a |/Gwar al koxycarbonyl
group). Preferable er ocyETri’\c; oup Té"\g_],, t erocycti ,g;{pup havi ng an
el ectron-w thdrawi ng group. Suitable exanples of the heterocyclic group
which is forrred by conmbining R err] and Rl err] at thelr termni together

with the adjacent nirogen atom :
HiC
o 3 I]

H3C

Among the examples of the substituents R! and R2, preferable
combinations of R! and R2 are

(a) each of them is a hydrogen Atom, and

(b) oneofthemisa hydrogen atom,l and the other is a lower alkyl
group.

The combination that each of R! and R2 is a hydrogen atom is the most
preferred. |

The substituent on the piperazinyl-lower alkyl group for R3 may be a

phenyl group or a phenyl group being substituted by a group selected from a

lower alkyl group, a lower alkoxy group, a lower alkylenedioxy group and a
halogen atom. The substituted piperazinyl-lower alkyl group for R3 is, for
example, 3-[4-(2-methoxyphenyl)piperazinyl]pfopy] group.

The (di-lower _alky]amino)-]owef alkyl group for R3 s, for example, 2-

(dimethylamino)ethyl] group.



8 to which they bond are the groups of the following formulae. [err] Ampong
the exanples of the substituents R err] and R err], preferable conbinations
of SRl err] and R err] are (a) each of themis a hydrogen atom and (b)

one of themis a hydrogen atom and the other is a | ower al kyl group. The
conbi nation that each of Rerr] and R err] is a hydrogen atomis the nost
preferred. The substituent on the piperazinyl-lower alkyl group for R err]
may -be a phenyl group or a phenyl group bg ng substituted by a group
selected froma | ower al kyl group, a |ower al koxy group, a |ower

al kyl enedi oxy group and a halogen atom The substituted piperazinyl-|ower
al kyl group for

3-[ 4- (2- net hoxyphe for g“iﬁ%’ﬁ*‘&?ﬁﬁﬁ’%j‘%@d’ydfwwﬂpm -ower

al kyl am no) - | ower IkyI roup for R3is, for example, 2-
(di et hyl ani no) et ?,proplolmmxde derivatives [1], the preferab]e ones are the

compounds of the formula [I] wherein Ring A is a partial structure of the formula
[VI] (R4is a hydrogén atom, a chlorine atom, a inethyl group or a benzyl group),
Ring B is a 4-methylphenyl group or 4-methoxyphenyl group, R3 is a hydrogen
atom, a 2-dimethylaminoethyl group or a 3-[4-(2-methoxyphenyl)piperazinyl]-
propyl gfoup, and each of R1 and R2 is a hydrogen atom or one of R? and R2 is
a hydrogen atom and the other is a methyl group.

Among the propionamide derivatives [I], the more preferable ones are

compounds of the formula [I] wherein

@ Ring A is a partial structure of the formula [VI] (R4 is a hydrogen
atom or a chlorine atom), Ring B is 4-methoxyphenyl group, R3 is a hydrogen
atom or 2—(diméthylamino)ethyl group,

()  Ring A is a partial structure of the formula [VI] (R4 is a methyl
group), Ring B is a 4-methylphenyl group, R3 is a hydrogen atom or 2-(dimethyl-
amino)ethyl group, or

(i) Ring A is a partial structure of the formula [VI] (R4 is a chlorine
atom), Ring Bisa 4-methoxyphenyl group, R3 is a hydrogen atom or 3-[4-(2-
methoxyphenyl)piperazinyl]propyl group, |

(iv)  Ring A is a partial structure of the formula [VI] (R4 is a benzyl
group), Ring B is a 4-methoxypheny] group, R3 is a hydrogen atom or a 2-

(dimethylamino)ethyl group,



hd Y 2
The nost preferred exanple of R3 is a hydrogen atom Anong the propi onani de
derivatives [I], the preferable ones are the conpounds of the formula [I1]
wherein Ring Ais a partial structure of the fornmula [VI] (R4 is a hydrogen
atom a chlorine atom a nethyl group or a benzyl group), Ring Bis a
4- et hyl phenyl group or 4-nethoxyphenyl group, R3 is a hydrogen atom a
2-di met hyl am noet hyl group or a 3-[4-(2-nethoxyphenyl) pi perazi nyl]- propyl
group, and each of Rlerr] and Rlerr] is ajfpydrogen atomor one of Rferr]
and Rlerr] is a hydrogen atomand the other is a nethyl group. Among the
propi onam de derivatives [I], the nore preferable ones are conpounds of the

formmula [1] retn. G ' LS a partial structure .the formula [VI]
(R4 is a hyd\rlgglge '3{"@3204’3?0@%? ﬁ?’f‘ﬁ%eat%wz ORP%Og cand £fﬁhb aragsy|
group, R3 is a hydrogen ataom or 2-.(di met hyl am no)ethyl group, (ii) Rng A
is a partial aemandhe otherammethylgroup{Vvi] (R4 is a methyl group), Ring B
is a 4-nmethyl phenyl group, R err] is a hydrogen atom or 2-(dinethyl -

ani no) et hyl ~ gr oup, The propianamige derivative [3] maytbieaisedtin tiut form of a saletHepsoful a
[VI] (Rlerr] is a chlorine atom), Ring B is a 4-nmethoxyphenyl group, R3 is
a hydrogen atiBrthe cydizatiopaeaationtafxhe peeseh) jriveatieni The] saltathgteofiinclpdes(i v)

Ring Ais a partial structure of the formula [VI] (R err] is a benzyl
group), Ri ng for example, asak wvithpareimprgamoapid diriganie dejd! (g chydrbelilodide,a 2-
(di net hyl am no) et hyl group,

sulfate, phosphate, hydrobromide, methanesulfonate, p-toluenesulfonate,

acetate, fumarate, maleate, oxalate, benzenesulfonate, etc.).

The intramolecular cyclization reaction of the present invention may be
carried out in the presence or absence of an acid or a base, but preferably carried
out in the presence of an acid.

The acid may be either Brgnsted acids or Lewis acids. The Brgnsted acid
may be either an inorganic acid or an organic acid, for example, a mineral acid
(e.g. hydrochloric acid, sulfuric acid, phosphoric aci'd, hydrofluoric acid, hydro- .
bromic acid, perchloric acid, etc.), a lower alkanoic acid (e.g. formic acid, acetic
acid, propionic acid, butyric acid, etc.), a hydroxy-substituted lower alkanoic
acid (e.g. citric acid, etc.), a halogeno-lower alkanoic acid (e.g. trifluoroacetic
acid, etc.), a lower alkanesulfonic acid (e.g. methanesulfonic acid, etc.), an aryl-
sulfonic acid (e.g. p-toluenesulfonic acid, benzenesulfonic acid, etc.), oxalic acid,
etc. The Lewis acid includes titanium tetrachloride, aluminum chloride, boron
trifluoride, tin chloride, etc.

Among these acids, a mineral acid, a lower alkanesulfonic acid and an
arylsulfonic acid are more preferred, and the most preferable exar_nples are

methanesulfonic acid, p-toluenesulfonic acid, benzenesulfonic acid,

hydrochloric acid, and hydrobromic acid.
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10 and Rlerr] and Rlerr] are both a hydrogen atom or one of Rlerr] and
Rlerr] is a hydrogen atom and the other is nmethyl group. The propionam de
deeivative [I] may be used in the formof a salt thereof in the cyclization
reaction of the present invention. The salt thereof includes, for exanple,
a salt wwth an inorganic acid or organic acid (e.g. hydrochloride, sulfate,
phosphat e, hydrobrom de, nethanesul fonate, p-toluenesulfonate, acetate,
fumarate, naleate, oxal ate, benzenesulfongfe, etc.). The intranolecul ar
cyclization reaction of the present invention may be carried out in the
presence or absence of an acid or a base, but preferably carried out in the

' f i th B t ed. L i ds.

IIZSEPSﬁS?edaQC?S"%aﬂ%g"Za“/*ﬁee%ﬁﬁﬂe %wé@?ﬁr&%méﬁassw‘éﬁpegé“e Ctor
I d, .ph h
SEF yror HASRERs ( Bl 3&%@9&&&% pusibe e e
| oner al kan0| CI d m cid, aceti cid, onic CI d butyric
d, et Dlneis By S wikaline o mapaldwdrenided ol et ysidesac o

2t01:.),each?alo Yg" I L C e r|fluoroa§§%|l§ acid etcCI a
| ower al kane aﬁl 3’6’1’% %ﬂa “'I?Ea‘ciﬁﬂ?é‘é‘aﬂsf@ ykalh%h metals, alkali mgtals; y | -
sul foni c aci %yéaim%ﬂqgl tol u nes I fonic acid, benzenesulfonic acid etc.),

oxalic acid, h magjals, dai‘ﬁinﬂgﬁl’é%bﬁeﬁéﬁguM@?Z@!W@ﬁiﬁi‘éo]-al um num

chl ori de, boron trj fl uorj de, t|n chloride, etc.
- undeca-7-ene, diisopropylethylamine, triethylamine, pyridine, etc.).

The amount of the acid or base is not critical, but it is usually in the range
of 0 to 300 mole %, to the amount of the compound [I}. |

That is, the present process.ma'y preferably be carried out by using a
Brgnsted acid in an amount of 0 to 100 mole %, preferably in an amount of 0 to
50 mole %, or by using a Lewis acid in an amount of 0 to 300 mole %,
preférably in an amount of 50 to 200 mole %, or by using a base in an amount of
0 to 300 mole %, to the amount of the compound [I].

The acids or the bases may be added to the reaction mixture either in one
portion or in several portions. However, it may be prefcraBle to add the acids or
the bases in several portions so as to shorten the reaction time.

The solvent used in the present invention may be any' one which does
not affect the reaction, for example, water, alcohols (e.g. methanol, ethanol,
propanol, etc.), ketones (e.g. acetone, methy] ethyl ketone, etc.), esters (e.g. ethyl
acetate, etc.), aromatic hydrocarbons (e.g. benzene, naphthalene, chlorobenzene, -
o-dichlorobenzene, m-dichlorobenzene, p-dichlorobenzene, o-, m- or p-trichloro-
benzene, toluene, mesitylene, xylene, etc.), halogenated hydrocarbons (e.g.
methylene chloride, chloroform, carbon tetrachloride, 1,2-dichloroethane, etc.),

aliphatic hydrocarbons (e.g. n-hexane, n-heptane, etc.), alicyclic hydrocarbons



Among these acids, a mineral acid, a |ower al kanesulfonic acid and an
arylsulfonic acid are nore preferred, and the nost preferable exanples are
methanesul foni ¢ acid, p-toluenesul fonic acid, benzenesul fonic acid,
hydrochl oric acid, and hydrobrom c acid. The base may be either

I norgani ¢ bases or organic bases, for exanple, inorganic bases (e.g. alkal
net al hydrogen carbonates, alkali netal carbonates, alkali netal

hydr.oxi des, al kali ne earth netal hydroxidﬁ%, al kali metal hydrides, alkal
nmetal am des, alkali netal al koxides, alkyl alkali netals, alkali netals,
al kaline earth netals, etc.), and organic bases (e.qg.

1, 8:=di bi | hy. am .
(i et hyl ani nee ‘-’éfc.‘éh%@n%%@%%p§maﬁ ‘%r(%’%@—%n?#ﬂﬂi@m@dﬁm

iti I but to t
ot he como Simehd stifhfie et 5‘1%Eefar@ggﬁtoxamésgaﬁwﬁyﬁfmefgpabil BRrleS 1| ed
o amount. of @g?s@él PGS el bt B aPlR Folvants,ats selvents RexinesabERbwARD t o
300 le % f t of.50 to 200 le % b
"n-an anount PO B0t AR D0 G 3Uek af Hioxane mESIHIERn XYeensy SoINERE. chITone
aci ds or the,bases glllaéﬂbe added to the reactlon m xture either in one

portion or i MEBELAS grabepzrne qidfichlgrobenzens, fram @ viswpeint of reaction t he

acids or the bﬁ;sc(las& in several portions so as to shorten the reaction tine.

These solvents may be used alone, but can be used in the form of a
mixture of two or more solvents in a suitable ratio, in a single phase or two
phases. |

Alcohols, aromatic hydrocarbons, ethers and a mixture thereof are more
preferred, and the most preferable examples are chlorobenzene, dichloro-
benzene, toluene, xylene, and mesitylene.

The amount of the solvent may be in the range of the amount in which
the reactant can be dissolved. However, it is preferable to use a smaller amount
of solvent in the above range so as to shorten the reaction time.

The intramolecular cyclization reaction is preferably carried out in a
solvent at a temperature between 0 and 250°C, preferably at a temperature

- between 80 and 200°C.

The propionamide derivative [1] used in the present invention may be
either optjcally active ones or a racemic mixture thereof. When an optically
active compound [I] is used in the present invention, the optically active desired
compound [I]j can be obtained without racemization. The desired compound
(1] can optionally be treated with an acid or a base to be converted into an acid

addition salt such as hydrochloride, sulfate, phosphate, hydrobromide, methane-



The solvent used in the present invention may be any one which does not
affect the reaction, for exanple, water, alcohols (e.g. nethanol, ethanol,
prepanol, etc.), ketones (e.g. acetone, nethyl ethyl ketone, ettc.), esters
(e.g. ethyl acetate, etc.), aromatic hydrocarbons (e.g. benzene,
napht hal ene, chl or obenzene, o-dichl orobenzene, mdi chl or obenzene,

p-di chl orobenzene, o-, m or p-trichloro- benzene, toluene, nesitylene,

xyl ene, etc.), hal ogenated hydrocarbons (ﬁﬁg. met hyl ene chl ori de,

chl orof orm carbon tetrachloride, 1,2-dichloroethane, etc.), aliphatic
hydrocarbons (e.g. n-hexane, n-heptane, etc.), alicyclic hydrocarbons 12

(e.y. cyclohexgne,. etc.), a tic polar solvents (,e.q.
N, N-di net hyl fsgﬁqﬁﬁ%edggogﬁﬂeﬂﬁf%a'&E‘F"d%ed ,m%'iaﬁ‘?’)“,’élﬁ?tge?’éal'("& Benzgngx ane,
tetrahydrofurag, etc.), and nitril.es .qQ.,acetqnitrile, etc.), but
pref erabl e scﬂ’%ﬂ?‘g’ %f}eogmt(?@ﬂtag(aha‘wﬁ(‘fgs%‘ (ﬁ’ggﬁ"oalﬂ"i‘ s#lh potassiuny palfegte).t han
100[ err] C such di oxane, sityl ene, xylene, taol uene, chloro- benzene,
di chl or obenz ARAkalne S I%?%M&‘Efge,m%ﬁl’@ Al fRISIUmR B tehct i on vel ocity.
These sol vents rrayvgﬁ gsbed al one, . but can be used in the formof a mxture
of two or more sol M¥nh9-hemzathiazeping derivative [15] thus ebtained gnmsalt thereafcan
phases. Al cohols, aronmatic h){dr.ocar bons, ethers and a m xture thereof are
more pr ef er r & Conygried dntos3-1pwer alkappyoyynfdidowsr alkyhaminsslowerralkyl or
di chl oro- -

substituted or unsubstituted piperazinyl-lower alkyl)-2,3-dihydro-2-(substituted

phenyl)-1,5-benzothiazepine derivative of the formula:

g
o m

N
R3l (9]

wherein R3! is a (di-lower alkylamino)-lower alkyl group or a piperazinyl-lower
alkyl group having optionally a substituent, RS is a lower alkanoy] group, and
Ring A and Ring B are the same as defined above by a method disclosed in
Japanese Patent Second Publication (Kokoku) Nos. 43785/1971, 18038/1978,
USP Nos. 3562257, 4438035, 4567175, 5134139, 5378698, etc., the disclosure’
of which is herein incorporated by reference, and if necessary, further converted
into a pharmaceutically acceptable salt thereof. |

That is, when R3 of the compound [I1] is a hydrogen atom, a (di-lower

alkylamino)-lower alky] group or a substituted or unsubstituted piperazinyl-
lower alkyl group is introduced into the 5-position of the 1,5-benzothiazepine
derivative [11}, and the 3-hydroxy group thereof is acylated with a lower
alkanoyl group, and if required, the prodﬁct thus obtained is converted into a

pharmaceutically acceptable salt thereof.



benzene, tol uene, xylene, and mesitylene. The anpunt of the solvent nay be
in the range of the anmount in which the reactant can be dissol ved. However,
iteis preferable to use a smaller anobunt of solvent in the above range so
as to shorten the reaction tine. The intranol ecul ar cyclization reaction is
preferably carried out in a solvent at a tenperature between 0 and
250[err]C, preferably at a tenperature between 80 and 200[err]C. The
propi onam de derivative [I] used in the ppgsent invention may be either
optically active ones or a racemc mxture thereof. Wien an optically
active conmpound [I] is used in the present invention the optically active
desired conpound | can he ob |ned hoyt em zat.i,o The desi ted
conmpound [11] canTLJH?maﬁ/u% @b\&,ﬁ fiﬂt ap grid addition salt with an
converted into. an acid addltlon saII uch as hydroch] orjde, sulfate,
phosphat e h?ﬂ?r@ﬁmfnifcd‘é AR OReAc acid, @?ﬁ"?ﬂﬁa‘f‘l@&oﬁ;‘p&dﬁeﬁﬁ ?’ng’rﬁ’éPbate
acet at e, migg nmal,eat e, oxa ﬁq ltoiene ul fonate, etc., or into an
al kal | net al ygrebrpmide, ’EB@P{}‘?ﬁ nate, Qngte, acgiate, fumasatg; maleate
earth netal sal % a nestum salt, calciumsalt, etc.). The
1, 5- benzot hi é’Z‘éEﬂ an é?q“& splfopate; t hus .obtained or a salt thereof can be
converted into a :{Ugower al kangyl oxy-5- (di -l ower al k¥l am no- | ower al kyl or
substituted or unstBSB |ﬂﬂ‘°r,|%‘ﬁ6“¥ﬁlﬁé'ﬂléi chghzatippetieaction of the present invention is
al kyl') -2, 3-di hydro-2- (substituted

carried out by using the propxonamﬁe denvauve (1] wherein R3 is a hydrogen

atom, and a reagent which may be capable of introducing a (di-lower alkyl-
amino)-lower alkyl group or a piperazinyl-lower alkyl group héving optionally a
substituent (e.g. (di-lower alkylamino)-lower alkyl halide, or a piperazinyl-lower
alky] halide having -optionally a substituent, etc.) is simultaneously added to the
reaction system, there can be obtained in a substantially single step a 1,5-benzo-
thlazepme derivative [II] wherein the 5-position of the 1,5- benzothlazepme
nucleus is substituted by a di-lower alkylammo-lower alkyl group or a
piperazinyl-lower alkyl group having optionally a substituent.

'I‘he starting propionamide derivative [I] used in the present invention is a
novel compound, and can be prepared, for example, by refluxing a 2-aminothio-

phenol derivative of the formula [IV]:
SH
“"]
"NHR3

wherein Ring A and R3 are the same as defined above, with a 2,3-epoxypropion-

amide derivative of the formula [V]:



phenyl)-l,é-benzothiazepine derivative of the formula: [err] wherein Rerr]
Is a (di-lower alkylamno)-Ilower alkyl group or a piperazinyl-Iower alkyl
greup having optionally a substituent, R5 is a | ower al kanoyl group, and
Ring A and Ring B are the sanme as defined above by a nethod disclosed in
Japanese Patent Second Publication (Kokoku) Nos. 43785/1971, 18038/ 1978,
USP Nos. 3562257, 4438035, 4567175, 5134139, 5378698, etc., the disclosure
of which is herein incorporated by referenge, and if necessary, further
converted into a pharnmaceutically acceptable salt thereof. That is, when R3
of the compound [11] is a hydrogen atom a (di-I|ower alkylam no)-Iower
al Kyl group or a substituted or unsubstituted piperazinyl- |ower alkyl
group is introduced into the 5-pog{tion of the 1,5-benzothi azepi ne
derivative [I1], and the hydr o group tipdreof is acylated with a | ower
al kanoyl group, and if r ] , eﬁl%ct t hus obngi ned is converted
into a pharmaceutically agcep seof . 14 The pharnmaceutical ly
acceptabl e salt nay be an acid addition salt with an inorganic acid or an
organic acid, for exanple.  hydrochloride, sulfate, phosphate, hydrobrom de,
met hanesul f on¥b@eihRing Be R4 andiRinaredhe aemeasstefmdagave,mmaswmbée salventat e
and benzenesul f onat e.

in the presence or absence of an iron catalyst.

The solvent may be methanol, benzene, toluene, xylene, mesitylene,
chlorobenzene, dichlorobenzene, trichlorobenzene or naphthalene, and
methanol, xylene, chlorobenzene and dichlorobenzene are preferred. The iron
catalyst may be inorganic or organic salts or complexes having a bivalent or
trivalent iron ion, for example, ferric nitrate, iron oxyhydroxide, ferric ch]oride,
ferrous chloride, ferrous sulfate, ferrous iod_ide, ferrous sulfide, iron 4-cyclohexyl-
butyrate, ferric oxide, ferric bromide, ferrous fluoride and ferric fluoride, and
ferric chloride, ferrous sulfate, and ferric nitrate are preferred examples. |

Among the propionamide derivatives [I], the compound of the formula [I]
wherein R! and R? are the same or different and are each a hydrogen atom, a
lower alkyl group, an amino acid residue, or an aryl group having optionally a
substituent, or combine each other at their termini together with the adjecent
nitrogen atom to which they bond to form a heterocyclic ring having optionally

a substituent may be prepared by reacting a propionic acid ester derivative of

the formula [VII]:



T T .
When the intranolecular cyclization reaction of the present invention is
carried out by using the propionanide derivative [I] wherein Rerr] is a
hydrogen atom and a reagent which nay be capable of introducing a
(di-lower alkyl- amino)-lower alkyl group or a piperazinyl-Ilower alkyl
group having optionally a substituent (e.g. (di-lower alkylam no)-Iower
al kyl halide, or a piperazinyl-lower alkyl halide having optionally a
substituent, etc.) is sinmultaneously addeggto the reaction system there
can be obtained in a substantially single step a 1, 5-benzo- thiazepine
derivative [I11] wherein the 5-position of the 1,5-benzothiazepi ne nucl eus

I's substituted am no ovver Kyl gr or .a

pi per azi nyl - I%R@%’%Bl&la ]8}”8[@&?&%5 g B‘b g A ﬁ‘ﬁg&%ﬁ#ﬁ@éﬁfh"'%ﬁ arting
pr opi onami deoglerl vative used in the present invention is a novel
conpound, anddedHied W@Oﬁﬁe‘ﬁﬁ acompeundofthe formyyla {¥illali ng a 2- ani not hi o-
phenol derivative of the fornula [IV] [err] wherein Ring A and-Rlerr] are
t he same as defined above, wigh a 2, 3-epoxypropion- am de derivative of the
formula [V]: 15 [err] efein Rlngvm_aR[err] and R[err] are the sane as
defined above, in a suit &Egl vent in the presence or absence of an iron
cat al yst.

wherein R!1 and R2! are the same or different and each are a hydrogen atom, a
lower alkyl group, an amino acid residue, or an aryl group having optionally a
substituent, or cbmbine each other at their termini together with the adjacent
nitrogen atom to which they bond to form a heterocyclic ring having 6ptiona11y
a substituent, in a suitable solvent at a temperature between 0 and 80°C.

The solvent may be methanol, ethanol, tetrahydrofuran, toluene, xy]ene;
mesitylene, chlorobenzene, etc.

If necessary, the amino group of the compound [VII] may be protected by
a protecting group such as a benzyloxycarbonyl group, etc., and used in the

- above reaction, and further said protecting group is removed by a conventional

method after the reaction.

Among the 2,3-epoxypropionamide derivatives [V], a (2R,3S)-2,3-epoxy-

propionamide compound of the formula [V-a]:
O

_ 1
R

wherein Ring B, R! and R2 are the same as deﬁned above, and a (2S,3R)-2,3-

* epoxypropionamide compound of the formula [V-b]:



- T T
The sol vent may be nethanol, benzene, tol uene, xylene, nesitylene,
chl or obenzene, dichl orobenzene, trichl orobenzene or naphthal ene, and
me#hanol , xyl ene, chl orobenzene and di chl orobenzene are preferred. The iron
catal yst may be inorganic or organic salts or conplexes having a bival ent
or trivalent iron ion, for exanple, ferric nitrate, iron oxyhydroxide,
ferric chloride, ferrous chloride, ferrous sulfate, ferrous iodide, ferrous
sul i de, iron 4-cyclohexyl- butyrate, feryyc oxide, ferric brom de, ferrous
fluoride and ferric fluoride, and ferric chloride, ferrous sulfate, and
ferric nitrate are preferred exanples. Anong the propionam de derivatives
[I]F the conmpound of the formula [I] wherein R err] and R err] are the sane
or different and are each a hydrogegn atom a lower alkyl group, an am no
acid residue, or an aryl g optigmal |y a substituent, or conbi ne
each other at their term pomil CONL he adracedN*ﬁtrogen atomto
whi ch they bond to forma erocycllc ri ngg*avi ng optionally a substituent
may be prepared by reacting a propionic acid ester derivative of the
formula [VI] err#ivn %ﬁsmherern Ris a | ower alkg oup, and Ring A
Ring B and R3Vhren RingBlds abenzanervieg heivgesubsiituted r@ﬁpwghalko'ﬂ group, fandrul a
[VIITI-a]: [err]

R and R2 are the same as defined above, are both novel compounds.

The compounds [V-a] and [V-b] wherein each of R! and R2is a hydrogen
atom or one of R1 and R2 is a hydrogen atom and the other is a lower alkyl
group are more preferred, and the most preferable examples are the compounds
[V-a] and [V-b] wherein each of R! and R2 is a hydrogen atom.

Among the 2,3-epoxypropionamide derivatives [V], the compound of the
formula [V] whereirr R! and R2 are the same or different and each are a
hydrogen atem, a carbamoyl group, a lower alkyl group, an amino acid residue,
or an aryl group having optionally a substituent, or combine each other at their
termini together with the adjacent nitrogen atom to which they bond to form a

heterocyclic group having optionally a substituent may be prepared by reactirlg

a compound of the formula [IX]:

O

CO,CH, [IX]

wherein Ring B is the same as defined above, with the compound [VIII-e] ina
solvent such as methanol, tetrahydrofuran, dimethylformamide, toluene, xylene,

etc., at a temperature between 0 and 100°C.

The compound [V] may be prepared by reacting a reactive derivative



wherein R[érr] and R[err] are the sane or different and each are a hydrogen
atom a |lower alkyl group, an am no acid residue, or an aryl group having
opfionally a substituent, or conbi ne each other at their term ni together
with the adjacent nitrogen atomto which they bond to forma heterocyclic
ring having optionally a substituent, in a suitable solvent at a
tenperature between 0 and 80[err]C. The solvent may be nethanol, ethanol,

t et rahydr of uran, tol uene, xylene, nesitylgp chl orobenzene, etc. If
necessary, the anlno group of the conmpound [VII] may be protected by a
protecting group such as a benzyl oxycarbonyl group, etc., and used in the

above reactign,_ an rther .gai rotectin roup i § r.enmoyed

convent i onal &T‘t%‘t%é‘g cg#)t"éi;"’ ?‘H@ aPE&‘E‘?‘?%ﬁFC-Xﬂﬁ%%OFW@UQé@-f gb"oﬁ‘ifﬁf"@%igLam de
derivatives [V], a (2R 38)-2, 3- epoxy- propi onam de conpound of the formula
[V-a]: [err] wherein Rin/ R[err] and Rlerr] are the sane as defined
above, and a (2S, 3R) -2, 3 y OHe:OHCOyHle compX¥iind of the fornula [V-b]:
17 [err] wherein Ring Bles=} is a benzene ring being substituted by a | ower

al kyl group, 3@ R.err]l.and Rerr] are the same as defined above, are both
novel conpouMd§rein ngB is the same as defined above, with a compound of the formula

. fvi):
1
HN: :2 [VII)
wherein R! and R2 are the same as defined above, in the presence of a base (e.g.
potassium carbonate, sodium hydroxide, sodium h).rdrogen carbonate, triethyl-
amine, pyridine, etc.), in a solvent such as methylene chloride, tetrahydrofuran,

toluene, xylene, etc., at a temperature between 0 and 100°C, and reacting the

resulting product of the formula [X]]:

Rl
CH=CH-CON{ (X1
R2

wherein Ring B, R! and R2 are the same as defined above, in the presence of an
oxidizing agent such as a peroxide compound (e.g. aqueous hydrogen per-
oxide, tert-butyl hydroperoxide, etc.) or a peracid (e.g. peracetic acid, m-chloro-
perbenzoic acid), in a suitable solvent such as inethylene chloride, tc;mhydro- ,
furan, chlorobenzene, etc. at a temperature between 0 and 100°C.

In the present description and claims, the lower alkyl group means a
straight chain or branched chain alkyl group having 1 to 6 carbon atoms, and
the lower alkoxy group means a straight chain or branched chain alkoxy group
having 1 to 6 carbon Hatoms. The lower alkylenedioxy group means a straight

c':hain_ or branched chain alkylenedioxy group having 1 to 6 carbon atoms, and



The corrpoun?ds [V-a] and [V-b] wherein each of Rerr] and Rerr] is a _
hydr ogen atom or one of R err] and R err] is a hydrogen atom and the ot her
issa | ower al kyl group are nore preferred, and the nost preferable exanples
are the conpounds [V-a] and [V-b] wherein each of Rlerr] and Rlerr] is a
hydrogen atom Anong the 2, 3-epoxypropi onam de derivatives [V], the .
conpound of the formula [V] wherein Rlerr] and R err] are the sane or

~ different and each are a hydrogen atom ajgarbanoyl group, a |ower alkyl
group, an am no acid residue, or an aryl group having optionally a
substituent, or conbine each other at their termni together wth the

dj ' which th bqnd f h |

having opt | onBrgme SRatdyiEtely maip actiiehCeonain 6y Brancort cguin AbaBdtng o

he f I | X] : Ln Ri B.,s th defi ned ,.Wth

the compound SO hagiel 1167 EagarkOBsc et el Rrooup dne amy P oREH

di met hyl for manm de, tolugne, xylene, etc., at_a tenperature between 0 and
0B BaBIRES 108 ©

100[err] C. TH&O “baéo’ﬁ'lseﬂéq the loyer adkanong acid means g straight

derivative 18 (e, g. acjid chloride, acid anhydride, etc.) of a conpound
of the formiha} r.btga@FE?A gwévé kangicyacid haying d tedgarben akims e dhe helagenyi t h

a conpound of the fornul a . . o
atom 18 chlorine atom, bromine atom, fluorine atom or iodine atom.

The present invention is illustrated in more detail by the following
Examples and Reference Ex.amples, but should not be construed to be limited
thereto.

EXAMPLES
Example 1

A mixture of (2S,3S)-3-(2-aminophenylthio)-2-hydroxy-3-(4-methoxy-
phenyl)propionamide (1.59 g), xylene (8 ml) and methanesulfonic acid (24 mg)
is refluxed for 11 hours. After allowed to cool to room temperature, thelmixture
is stirred to crystallization. The precipitated crystals are collected by filtration,
washed with chilled methanol, and dried at 50°C to give (25,3S)-2,3-dihydro-3-
hydroxy-2-(4-methoxyphenyl)-1 ,S-beniothiazepin-4(5H)-one (141 ).

- M.p. 203-205°C |

[o]p25: +114.3° (c=0.5, dimethylformamide)

TH-NMR (DMSO-dg, 8): 3.76 (3H, s), 4.30 (1H, dd), 4.74 (1H, d), 5.05 (1H,

d), 6.87-7.62 (8H, m), 10.32 (1H, s)
Optical purity (HPLC): >99.9 % ee
Conditions for HPLC:
Column:  CHIRALCEL OD (4.6 x 250 mm),

manufactured by Daicel Chemical Industries, Ltd.



Clerr] wher ei n Rlerr] and Rlerr] are the sanme as defined above, in the
presence of a base (e.g. potassium carbonate, sodium hydroxide, sodium
hydr ogen carbonate, triethyl- amne, pyridine, etc.), in a solvent such as
met hyl ene chl oride, tetrahydrofuran, toluene, xylene, etc., at a

" tenperature between 0 and 100[err]C, and reacting the resulting product of
‘the formula [XI]: [err] wherein Ring B, Rerr] and Rlerr] are the sane as
defi-ned above, in the presence of an oxidhgi ng agent such as a peroxide
conmpound (e.g. aqueous hydrogen per- oxide, tert-butyl hydroperoxide, etc.)
or a peracid (e.g. peracetic acid, mchloro- perbenzoic acid), in a

sui t abl e sol vent S hyl ene,chl origde, .t etrahydro- furan,

chl orobenzene, et ?bqgf’&a %é?%t GV’@DBET\ée'nI% and 100[err]C In the
present descripti and. cl aj f he | ower- al kyl group means a straight
chain or branchedqﬂﬂ i'ﬁteal(iénfnﬁgp%p having 1 to 6 carbon atons, and the

| oner al koxy grou s .a styai ght chain or branched chain al koxy group
having 1 to 6 car E%{r?ecgq%%v_e. r?‘Bwer al kyl enedi oxy group nmeans a strai ght

To the T ower al Karko§omi RSRARE 55Crai ht chai b or branched chain
2;E?SSYLyPr(nﬁ&JEﬁﬁLQP | to 7 carbon atons. The cycl oal kyl group neans a
A mixture of (28,3S)-3-(2-aminophenylthio)-2-hydroxy-3-(4-methoxy-
phenyl)propionamide (159 mg) and xylene (3 ml) is refluxed for 29 hours. After
allowed to cool to room température, the mixture is stirred to crystallization. The
precipitated crystals are collected by filtration, washed with xylene, and dried at
60°C to give (28,38)-2,3-dihydro-3-hydroxy-2-(4-methoxyphenyl)-1,5-benzo-
thiazepin-4(SH)-one (115 mg).
The physical properties of this product are identical to those of the
compound of Example 1.
Example 3
A mixture of (2S,3S)-3-(2-aminophenylthio)-2-hydroxy-3-(4-methoxy-
phenyl)-N-methylpropionamide, chlorobenzene and p-toluenesulfonic acid
monohydrate is refluxed. The reaction mixture is subjected to HPLC analysis to
confirm the production of (ZS,3S)-2,3-dihydro-3-hydroxy-2-(4—methoxy-
phenyl)-1,5-benzothiazepin-4(SH)-one.
Conditions for HPLC:
| Column: ~ Waters Puresil 5 it C18 120 A (4.6 x 150 mm),
manufactured by Waters, Inc.

Solvent: = Acetonitrile : 10 mM potassium dihydrogen phosphate (pH

3)=50:50



group having 3 to -8 carbon atons, and the |ower al kanoic acid neans a

strai ght chain or branched chain al kanoic acid having | to 7 carbon atons.
The hal ogen atomis chlorine atom bromne atom fluorine atom or iodine
atom The present invention is illustrated in nore detail by the follow ng
Exanpl es and Reference Exanples, but should not be construed to be limted
thereto. EXAMPLES Exanple 1 A m xture of

(2S,-3S) - 3-(2- am nophenyl t hi 0) - 2- hydr oxy- 394 4- met hoxy- phenyl) propi onam de
(1.59 g), xylene (8 m) and nethanesulfonic acid (24 ng) is refluxed for 11
hours. After allowed to cool to roomtenperature, the mxture is stirred to

crystallization. crystals are collected by filtration,
! ! liﬂSw%ﬁea r@ B{iiéﬁg ) .

washed with chill dried at 50[err]Cto give

(2S,39) -2, 3-di hydr dro 4- met hoxyphenyl )- 1

, 5- benzot hi azepin- ‘32’35‘?%‘3% %41@(‘ M p. 203-205[err]C [err]: +114.3 .
(c05 dlmethylf% ﬁ%lﬂllerr (DVMsO-d[err], [err]): 3.76 (3H, s),
4.30 (1H, dd) ‘r)% - d), 6.87-7.62 (84, m, 10.32 (1H, s)

Opt i cal purléé/ HFiLCr?a >99 9 % ee Oonditions for HPLC. Col um: CHI RALCEL
QD (4.6 x 25 )haﬁype nuf act ured by Daicel Chemical Industries, Ltd.

(2R,3R)-3-(2-Amino-5-methylphenylthio)-2-hydroxy-3-(4-methylphenyl)-
propionamide is treated in the same manner as in Example 1 to give (2R,3R)-2,3-
dihydro-3-hydroxy-2-(4-methylphenyl)-8-methyl-1,5-benzothiazepin-4(5H)-
one.

M.p. 212-214°C

[a]D 1 =129.2° (c=1.0, dlmethy]fonnarmde)

TH-NMR (DMSO-dg, 8): 2.29 (6H, s), 4.29 (1H, dd), 4.67 (1H, d), 5.03 (1H,

d), 7.02-7.42 (7H, m), 10.20 (1H, s)
Example 5

A mixture of (2R,38)-3-(4-methoxypheﬁyl)-2,3-epoxypropionamide (966
mg) and xylene (10 ml) is refluxed wi.th heating under nitrogen atmosphere.
When the reflux is started, a mixture of 2-aminothiophenol (689 mg) and ferrous
sulfate heptahydrate (0.11 mg) in methanol (0.1 ml) is added immediately into
the reaction system, and the mixture is reacted at the same temperature for 5
minutes. To the reaction mixture is added methanesulfonic acid (48 mg), and the
mixture is refluxed for 13 hours. The mixture is cooled with ice for two hours,
and the precipitated crystals are collected by filtration, washed with methanol,
and dried at 50°C to give (2S,3S)-2,3-dihydro-3-hydroxy-2-(4-methoxy-
phenyl)-1,5-benzothiazepin-4(5H)-one (1.07 g).

The physical properties of this product are identical to those of the



20 Sol vent: n-Hexane: ethanol = 85 15 Flow rate: 0.5 mi/nin. W detective:
254 nm Col um tenperature: 35[err]C Exanple 2 A m xture of

(28, 3S) - 3- (2-am nophenyl t hi 0) - 2- hydr oxy- 3- (4- met hoxy- phenyl ) propi onam de
(159 ng) and xylene (3 m) is refluxed for 29 hours. After allowed to cool
to roomtenperature, the mxture is stirred to crystallization. The
precipitated crystals are collected by filtration, washed with xyl ene, and
dried at 60[err]Cto give 22

(2S, 3S) - 2, 3-di hydr o- 3- hydr oxy- 2- (4- met hoxyphenyl ) -1, 5- benzo-

t hi azepi n-4(5H) one (115 ng). The physical properties of this product are

identical tod, El{;égﬁﬂ ound of Exanple 1. Exanple 3 A m xture of
(2S,3S)-3-(2- am nop enylt |o€ﬂ)2 hydr oxy- 3- (4- net hoxy-

phenyl) - N- metgyyl hﬁ?@ onami de, chl orobenzene and p-tol uenesul fonic acid
nonohydrate is r uxed. The reaction mxture is subjected to HPLC anal ysi s

(o com 1M Lhe br oSk ot od 38 39 SnSh R IR R R
phenyl)propionamide, boron trifluoride—diethyl ether complex and 1,4-dioxane
is refluxed. The reaction mixture is subjected to HPLC analysis to confirm the
productipn of (28,38)-2,3-dihydro-3-hydroxy-2—(4-methoxypheny])—l,5-beqzo-
. thiazepin-4(5H)-one. |
Conditions for HPLC:

Column: Waters Puresil 5 u C18 120 A @.6x150 mm),
manufactured by Waters, Inc. _

Solvent: Acetonitrile : 10 mM potassium dihydrogen phosphate (pH
3)=50:50

Flow rate: 0.5 ml/min.

UV detective: 254 nm

Column temperature: 40°C

Examples 7-31
The compounds (1] as listed in Tables 1-4 are treated in the same manner

as in Examples 1-6 or 32-36 to give the corresponding intramolecularly ring-

closed compounds [I1].



Col um: Vaters Puresil 5 [err] C 18 120 A (4.6 x 150 mm), manufactured by
Waters, Inc. Solvent: Acetonitrile: 10 nmM potassi um di hydr ogen phosphate
(pH 3) = 50: 50 21 Flowrate: 0.5 m/mn. WV detective: 254 nm Col um
tenperature: 40[err]C Exanple 4

(2R, 3R) - 3= (2- Ami no- 5- net hyl phenyl t hi 0) - 2- hydr oxy- 3- (4- met hyl phenyl ) -
propionamde is treated in the same manner as in Exanple 1 to give

- (2R-3R) - 2, 3- di hydro- 3- hydr oxy- 2- (4- et gl phenyl )-8-nmethyl - 1

, 5- benzot hi azepi n-4(5H)- one. Mp. 212-214[err]C [err]: -129.2 (c=1.0,

di ret hyl formam de) [err]H- NVR (DVBO-d[err], [err]): 2.29 (6H, s), 4.29 (IH,
dd); 4.67 (1H, d), 5.03 (1H, d), 7 02]7 % (7H m, 10.20 (1H s) Exanple 5
A m xture of (2R 38) 3-(4-net hoxypheny3 3- epoxypropl onani de (966 ng) and
xyl ene (1 S S e e eet=heeag—uRder—ni-trogon_atopcpho ==

. ) R! | Configuration at
Ring A Ring B ~R3 —N~ the 2- and 3-
™ R2? | positions

—Q' OCHj3 | —(CH2),N(CH3), ~NH, (28,3S)

22

—()-OCH;| ~CHaNCH, | -NHCH; | @s3s)

CH3

CHj;

—@—'C}h H ~NHCH, (2R,3R)

CH; | —(CH2);,N(CH3), -NH, (2R,3R)

CH;
— )-CHs | ~(CHN(CHy), | -NHCH, (2R.3R)

R |5




When the reflux is started, a mxture of 2-aninothi ophenol (689 ng) and
ferrous sulfate heptahydrate (0.11 ng) in nethanol (0.1 m) is added

i mredi ately into the reaction system and the mixture is reacted at the
sanme tenperature for 5 mnutes. To the reaction mxture is added

met hanesul fonic acid (48 ng), and the mxture is refluxed for 13 hours. The
m xture is cooled with ice for two hours, and the precipitated crystals are
col lected by filtration, washed with nebhanol, and dried at 50C to give
(2S, 3S) - 2, 3-di hydr o- 3- hydr oxy- 2- ( 4- met hoxy-

phenyl ) -1, 5- benzot hi azepi n-4(5H)-one (1.07 g). The physical properties of

this product are identical to those of % . 22 conpound of Exanple 1.
Exanple 6 A m xture of .
(2S, 39) - p=f2=ani-nophenydlthiol 2 hydrovy. 2. (4. gpthoxwy. phonvlloroni g nagide,

boron triffl ug

reactionfim xt of
(2S,39) -, 3-di }
t hi azepi f- 4( 5 r]
C18 120 p (4. '
I
Ex.
No.
1] [ |
) ) R! | Configuration
| Ring A Ring B . -R3. —_N at the 2- and 3-
N R2 positions
a .
12 O: -@-OCH;; H -NH, (25,35)
Cl
13 II _O OCH; H ~NHCH, (28,35)
i & Qi g S S PGy
14 3 | ~(CHz)3- N‘@ -NH, (28.,35)
| OCH; _
Cl
15 \(:( —@- OCH3 | -(CH3~N N ~NHCH, (28,3S)
. OCH3;
16 —( )~ ocH; H ~NH, (25,35)
17 —)-ocH; H -NHCH; |  (2535)




Sol vent : Acetonitrile: 10 nM pot assi um di hydr ogen phosphate (pH 3) = 50:
50 Flowrate: 0.5 m/mn. WV detective: 254 nm Colum tenperature: 40[err]C
Exanpl es 7-31 The conpounds [I] as listed in Tables 1-4 are treated in the

same manner as in Exanples 1-6 or 32-36 to give the correspondi ng

i ntranmol-ecularly ring- closed conpounds [I1]. 23 Table |I [err] Ex. No.
Configuration at Ring A Ring B -R err] [err] the 2-
and -3- positions 7 [err] berr] _
~(CHerr])[err]N(CH err])[err] -NH[ err] (2S,3S) 8 [err]
[err] -(CH[err])[err]N( CH err])[err] -NHCH err] (25,35 9 [err]
[err] H NHCH[ er r ] ’I(a%ﬁé ?R)
Ex. :
No. .
\Rz
1 -NHCONH,
19 ~NHCOCH;,4
CH
20 —N: 3
COCH;
21 —~NHCONHCH;3; - -
29 _N/CH3
™~ CONHCH;
| 0
23 .
- O
04 -N,_\O
n_/
)
25 —N  NCH;3
n
10)
26
-N




10 ferr]” lerr] -(CHerr])[err]N(CHerr])[err]

-NH err] (2R, 3R) [err] [err] -(CH err])[err]N(CH err])[err]
-NHCH[ err ] (2R, 3R 24 Table 2 [err] Ex. No. Configuration Ring A
Ring B -Rerr] - [err] at the 2- and 3- positions
12 J[err] [err] H - NH2 (25, 39)
13 [err] H -NHCH err]

(2S-3S) 14 [err] [err] [err] 26 -NH[ err] (2S, 39)
OCH3 15 [err] [err] -NHCH[ er r ] (2S, 39)
16 [err] [err] H -NH[ err]

(2S,3S) 17 [err] [err] H - NHCH3 J
(2S,39) Table 4

Example 32
(ZS,3S)-3-(2-Aminophenylthio)-Z-hydroxy-3-(4-rhethoxypheny])-N-

phenylpropionamide (582 mg) is mixed with chlorobenzene (10 ml), and the



25 Table 3'[err] Ex. No. 18 - NHOONH2 19

-NHCOCH3 [err] 20 21 - NHCONHCH[ err] 22

[err] [err] 23 24 [err] 25

NCH3 [err] 26 26 Table 4 OCH3 [err]
- | 27

mixture is refluxed for 25 hours during which thereto is added p-toluenesulfonic
acid morjohydrate (112 mg) in 8 portions (14 mg x 8) at intervals of three hours.
The reaction mixture is cooled to room temperature, and concentrated under
reduced pressure to remove the chlorobenzene. To.the residue is added
methanol (5 ml), and the mixture is refluxed for one hour. The mixture is
allowed to cool to room temperature, and stirred to crystallization, and then
cooled with ice. The precipitated crystals are collected by filtration, washed
with chilled methanol; and dried at 50°C to give (2S,3S)-2,3-dihydro-3-
hydroxy-2-(4-methoxyphenyl)-1,5-benzothiazepin-4(5H)-one (243 mg).

The physical properties of this product are identical to those of the
compound of Example 1.
Example 33 _

A mixture of (2R,3S)-3-(4-methoxyphenyl)-2,3-epoxypropionamide
(3.86 g) and chlorobenzene (77 ml) is reﬂuxed with he':ating under nitrogen
atmosphere. When the reflux is started, a solution of 2-aminothiophenol (2.75
g) and ferric chloride hexahydrate (0.54 mg) in methanol (0.1 ml) is added
immediately into the reaction mixture, and the mixture is reacted at the same
temperatqre for 5 minutes. The reaction mixture is subjected to HPLC analysis*
to confirm the production of 3-(2-aminophenylthio)-2-hydroxy-3-(4-methoxy-
phenyl)propionamide (6.09 g) [(2S,3S)/(2S,3R) = 91.5/8.5]. To the reaction
mixture is added p-toluenesulfonic acid monohydrate (0.76 g), and the mixture
is refluxed for 32 hours, and concentrated under reduced pressure to remove the
chlorobenzene. To the residue is added methanol (25 ml), and the mixture is

refluxed for one hour, and cooled. with ice overnight. The precipitated crystals



Ex. No. [err] [err] 27 28 29 30 [err] 31 Exanple 32

(2S, 39) - 3- (2- Ami nophenyl t hi 0) - 2- hydr oxy- 3- (4- met hoxyphenyl ) - N-
phenyl propi onanmi de (582 ng) is mxed with chlorobenzene (10 m), and the
27 mxture is refluxed for 25 hours during which thereto is added

p-tol uenesul fonic acid nonohydrate (112 ng) in 8 portions (14 ng x 8) at
intervals of three hours. The reaction m xture is cooled to room
tenperature, and concentrated under reducgg pressure to renove the

chl orobenzene. To the residue is added nethanol (5 m), and the m xture is
refluxed for one hour. The mxture is allowed to cool to roomtenperature,

and” stirred te chiehal by4iiiaBdn, $#2heéd $ith methanol, and dried at 50°C to give

(28,3S)-2,3-dihydro-3-hydroxy-2- (4-methoxyphenyl)-1,5-benzothiazepin-
4(5H)-one (4.76 g).

The physical properties of thié product are identical to those of the
compdund of Example 1.
Conditions for HPLC:

Column:  Waters Puresil 5 um C18 120A (4.6 x 150 mm),

| manufactured by Waters, Inc.
Solvent: Acetonitrile : 10 mM potassium dihydrogen phosphate (pH -
3)=30:70

Flow rate: 1.0 ml/min.

UV detective: 254 nm

Column temperature: 40°C
Example 34

A mixture of (2R,38S)-3-(4-methoxyphenyl)-2,3-epoxypropionamide
(9.66 g) and chlorobenzene (193 ml) is refluxed with heating under nitrogen
atmosphere. When the reflux is started, a solution of 2—aminothiopht;nol (6.89
g) and ferric chloride hexahydrate (1.35 mg) in methanol (0.1 m]) is added
immediately into the reaction mixture, and the mixture is stirred at the same
temperature for 5 minutes. The reaction mixture containing (2S,3S)-3-(2-amino-
phenylthio)—2—hydroxy-3-(4-methoxyphenyl)propionamide is refluxed for 15
hours during which p-toluenesulfonic acid monohydrate (2.88 g) is added
thereto in 6 portions (0.48 g x 6) at intervals of 2.5 hours to remove the chloro-

benzene. The remaining chlorobenzene is evaporated, and methanol (50 ml) is



cooled with ice. The precipitated crystals are collected by filtration,
washed with chilled nethanol, and dried at 50[err]C to give

(28, 3S) -2, 3-di hydr o- 3-

hydr oxy- 2- (4- net hoxyphenyl ) -1, 5-benzot hi azepi n-4(5H)-one (243 ny). The
physi cal properties of this product are identical to those of the conmpound
of Exanple 1. Exanple 33 A m xture of :

(2R;.3S) - 3- (4- et hoxyphenyl ) - 2, 3- epoxypr op'g?nam' de (3.86 g) and

chl orobenzene (77 m) is refluxed with hedating under nitrogen atnosphere.
When the reflux is started, a solution of 2-am nothiophenol (2.75 g) and
fertic chloride hexahydrate &0.54,rrg) in et hart)ol (0.1 n1? | s ,added

i mredi at el y iaddgditadhe eesidueorThe mixibee iszsHuxed foF qr henr, allowsdiagogl to e
sane tenperature for 5 mnutes, The reaction mxture is_subjected to HPLC
anal ysi s* t o 1oom temperatirgrand furthen cepled at 3°C overnight. The precipitated

3- (2- am nophenyl t hi 0) - 2- hydr oxy- 3- ( 4- net ho%_ henyl ) pr opi onami de. (6. 09 @)

[ (2S, 39)/ ( 2S, aRtals &t collectsfl by fitration, washedowithichil ethanghcand dried at :

p-tol uenesul foni ¢ acid nonohydrate (0.76 g), and the mxture is refluxed

for 32 hour s, SOAQ te gives(RS; 38 )e2 3edibipdro-3 yRedsmethaxyphenplel .6 thenzo-

chl or obenzene. To the residue is added nethanol (25 m), and the mxture is

refluxed for thiezepm#(SHrdnedd.BEighi th ice overnight. The precipitated

crystals 28 are collected by filtration, washed with nethanol, -and dried -

at 50[err] C to gi VFhe physical properties of this product are identical to those of the
compound of Example 1.
Example 35

A mixture of (2R,3S)-3-(4-methoxyphenyl)-2,3-epoxypropionamide (1.93

) and chlorobenzene (39 ml) is refluxed with heating under nitrogen
atmosphere. When the reflux is started, a solution of 2-aminothiophenol (1.38
g) and ferric chloride hexahydrate (0.27 mg) in methanol (0.05 ml) is added
immediately to the reaction mixture, and the mixture is stirred at the same
temperature for 5 minutes to give a reaction mixture containing 3-(2-amino-
phenylthio)-2-hydroxy-3-(4-methoxyphenyl)propionamide (3.08 g)
[(2S,3S)/(2S,3R) = 91.3/8.7]). The resulting reaction mixture is concentrated to
16 g. The concentrated mixture is refluxed for 13 hours during which thereto is
added methanesulfonic acid (38 mg) in 5 portions (38 mg x 5) at intervals of 2-3
hours. ‘The remaining chlorobenzene is evaporated from the mixture, and
methanol (10 ml) is added to the residue. The mixture is refluxed for one hour,
allowed to cool to room temperature, and further cooled at 8°C for 40 hours.
The precipitated crystals are collected by filtration, washed with chilled
methanol, and dried at 50°C to give (2S,3S)-2,3-dihydro-3-hydroxy-2-(4-

methoxyphenyl)-1,5-benzothiazepin-4(5H)-one (2.38 g).



(2S, 39) -2, ?;-_di hydr o- 3- hydr oxy- 2- (4- net hoxyphenyl )- 1, 5-benzot hi azepi n- .
4(5H)-one (4.76 g). The physical properties of this product are identical
to.those of the conmpound of Exanple 1. Conditions for HPLC. Col um:

Waters Puresil 5 [err]m Cl8 120A (4.6 x 150 mm), manufactured by Waters,

I nc. Solvent: Acetonitrile: 10 nM potassi um di hydrogen phosphate (pH 3)
=30 : 70 Flowrate: 1.0 mM/mn. WV detective: 254 nm Col unmm tenperature:
40[ err] C Exanpl e 34 A m xture of 30

(2R, 3S) - 3- (4- met hoxyphenyl ) - 2, 3- epoxypr opl onam de (9.66 g) and

chl orobenzene (193 m) is refluxed with heating under nitrogen atnosphere.

Wien the reflux isystarted, a solution.of 2-am nathiophengl (6.89 g) and
ferric chloride hﬁi‘ierHP%LP{OP?§§Srﬁf‘?'?%P¥?§Pﬁbﬂ8|ldw}‘%ﬁ]m’?hqsg ofdhed

i medi ately into thﬁ r:i%c%lih?n m xture, and the mxture is stirred at the
sane tenper afOMPOPBH of Exampled.  The reaction mixture containing

& 7ot 1 uxed FOAMEEABUYS dur i ng whi eh bt ol uenesul fom ¢ actd honohydr at e
(2.88 g) is added thereto in 6 portions (0.48 g x 6) at intervals of 2.5
hours to remove tHemEKiuse of (%ﬁgbﬁe@-m@ﬂlm@@bﬁhﬂh@, poxymrepiomamile
evapor ated, and nethanol (50 m) is ,
(15.46 g) and chlorobenzene (309 ml) is refluxed with heating under nitrogen
atmosphere. When the reflux is started, a solution of 2-aminothiophenol (11.02
g) and ferric chloride hexahydrate (2.16 mg) in methanol (0.1 ml) is added
immediately to the reaction mixture, and the mixture is stirred'at the same
temperature for 5 minutes to give a reaction mixture containing 3-(2-amino-
phenylthio)-2-hydroxy-3-(4-methoxyphenyl)propionamide (24.24 g)
[(25,38)/(2S,3R) = 91.3/8.7]. A quarter of the mixture is obtained, and 35 %
hydrochloric acid (1.04 g) is added thereto. The mixture is refluxed for 13 hours
to remove the solvent. The remaining chlorobenzene is evaporated from the
mixture, and methanol (25 ml) is added to the residue. The mixture is refluxed
for one hour, allowed to cool to room temperature, and further cooled at 3°C
overnight. The precipitated crystals are collected by- filtration, washed with
chilled methanol, and dried at 50°C to give (25,3S)-2,3-dihydro-3-hydroxy-2-
(4-methoxyphenyl)-1,S-benzothiazepin-4(5H)-one (4.49 g).
The physical properties of this product are identical fo those of the
compound of Example 1. |
Example 37
(2R,3S)-3-(4-Methoxypheny!)-2,3-epoxypropionamide is treated in the
same manner as in Example 36 except for using hydrobromic acid instead of

hydrochloric acid to give (2S,38)-2,3-dihydro-3-hydroxy-2-(4-methoxyphenyl)-



29 added to the residue. The mxture is refluxed for one hour, allowed to
cool to roomtenperature, and further cooled at 3[err]C overnight. The
precipitated crystals are collected by filtration, washed with chilled

met hanol, and dried at 50[err]C to give

(2S, 3S) - 2, 3-di hydr o- 3- hydr oxy- 2- (4- met hoxyphenyl ) -1, 5- benzo-

t hi azepi n-4(5H)-one (11.73 g). The physical properties of this product are
i demtical to those of the conpound of Exanple 1. Exanple 35 A m xture of
(2R, 3S) - 3-(4- met hoxyphenyl ) - 2, 3- epoxypr opi onam de (1.93 g) and

chl orobenzene (39 m) is refluxed with heating under nitrogen atnosphere.

When the refl yx § rted. | uti on of 2-am not hi ophenol (1.38 g) and
ferric chl orig’)es h@%&@&%ﬁ%‘g 4?6'%2‘?“%) in methanol (0.05 nl) is added

i medi ately to theeaction m xture, d the mixture is stirred.af the same
tenperature for 5 ﬁﬁtp?lgglcglopr&pggleé qutﬁtstﬁ"'&ﬁ“ﬁ‘i gedfenth o thase e 498 2. ani no-
phenyl t hi 0) - 2- hydr oxy- 3:( 4- net hoxyphenyl ) propi onam de (3.08 g) -
[ (2S, 3S)/(2S, §‘f—'!¥'p9“ _og}-}%_alppe he resulting reaction mxture is
concentrated {0,.16 % The copcentrated m xture is refluxed for 13 hours
during which epce Examp met hanesul fonic acid (38 ng) in 5 portions
(38 ng x 5) at int &rval %_ of 2-3 hours. The remunining chlorobenzene is
evaporated from t h€Dmi xd@raemigee of (2R,3S)-3-(4-methoxyphenyl)-2,3-epoxypropionic
acid methyl ester (2.08 g) and N,N-dimethylformamide (3 ml) is added 28 %
aqueous ammonia (6.1 g) under ice-cooling. The mixture is reacted at room
temperature for two hours, and the precipitated crystals are collected by
filtration, washed with water, and dried at 50°C to give (2R,3S)-3-(4-methoxy-
phenyl)-2,3-epoxypropionamide (1.64 g).
M.p. 142-144°C

[a]p25: ~163.7° (c=1.0, methanol)

TH-NMR (DMSO-dg, 8): 3.49 (1H, d), 3.75 (3H, s), 3.96 (1H, d), 6.94 (2H,

d), 7.24 (2H, d), 7.41 (1H, s), 7.56 (1H, 5)

(2) A mixture of (2R,3S)-3-(4-methoxyphenyl)-2,3-epoxypropion-
amide (1.93 g) and xylene (15 ml) is refluxed with heating under nitrogen
atniosphere. When the reflux is started, a solution of 2-aminothiophenol (1.38
g) and ferrous sulfate heptahydrate (0.28 mg) in methanol (0.2 ml) is added
immediately into the reaction mixture, and the mixture.is reacted at the same

' femperature for 5 minutes, and cooled to room temperature. The reaction
mixture is subjected to HPLC analysis to confirm the production of 3-(2-amino-
phenylthio)-2-hydroxy-3-(4-methoxyphenyl)propionamide (2.69 g8, (28,35)/-
(28,3R) = 91/9). The reaction mixture is concentrated under reduced pressure to

remove the solvent, and the residue is dissolved with heating in ethanol (3 ml)



met hanol (10 m) is added to the residue. The mxture is refluxed for one
hour, allowed to cool to roomtenperature, and further cooled at 8[err]C
fos 40 hours. The precipitated crystals are collected by filtration, washed
with chilled nethanol, and dried at 50[err]C to give

(2S, 3S) -2, 3-di hydr o- 3- hydr oxy- 2- (4-

met hoxyphenyl ) - 1, 5- benzot hi azepi n-4(5H) -one (2.38 Q). 30 The physi cal
properties of this product are identical 3® those of the corrpound of
Exanple 1. Exanple 36 A m xture of

(2R, 39) - 3- (4- et hoxyphenyl ) - 2, 3- epoxypr opi onam de (15.46 g) and

chl or obenzen%na?‘p&cgp rdlf TR hﬂffﬁfjef ygoé{ggﬁa;; LOSIed? gbcru,ﬁﬁ ?gWspher e.

When the reflux is arted, am not hi opheno g) and
e at ol y (o YRaRadt: THE precipRa R bRl e Bhitartd 3’ b AT ith o e
TR D SR AU SO
2S, 3S 28 35
‘[3/<$ hydr oz:hl( ori‘t 0&3111'%%3"3}'0"@}% t&%ﬂ@%‘iﬂb e %g&lrjﬁr)it :J?eol tsalr ngI uxgg for
13 hours to renov heh—@?‘ﬁﬁﬁ (The remai ni ng chl orobenzene i s evapor at ed

fromthe m'xture, 25 M) is added to the residue. The m xture

is refluxed
[a]p?S: +506° (c=1.0, methanol)

TH-NMR (DMSO-dg, 8): 3.70 (3H, s), 4.11 (1H, dd), 4.44 (1H, d), 5.35 (2H,

s), 6.02 (1H, d), 6.25-7.28 (8H, m), 7.39 (2H, s)
Conditions for HPLC:
Column:  Waters Puresil 5 . C18 120 A (4.6 x 150 mm),
manufactured by Waters, Inc.
'. Solvent: Acetonitrile : 10 mM potassium dihydrogen phosphate (pH
3)=30:70 |
Flow rate: 1.0 ml/min.
UV detective: 254 nm
Column temperature: 40°C
Reference Example 2
(1)  (2R,3S)-3-(4-Methoxyphenyl)-2,3-epoxypropionic acid methyl
eater (2.08 g) is mixed with methanol (10 ml), and thereto is added dropwise a
solution of 40 % aqueous methylamine (1.44 g) in methanol (10 ml) under ice-
cooling. The reaction mixture is stirred at 10-15°C for two hours, and
concentrated under reduced pressure to remove the methanol. To the residue is
added ether, and the precipitated crystals are collected by filtration, washed, and

dried under reduced pressure at 50°C to give (2R,3S)-3-(4-methoxyphenyl)-2,3-



for one hour, allowed to cool to roomtenperature, and further cool ed at
3[err]C overnight. The precipitated crystals are collected by filtration,
washed with chilled nethanol, and dried at 50[err]C to give

(2S, 39) - 2, 3-di hydr o- 3- hydr oxy- 2- '

(4- met hoxyphenyl ) - 1, 5- benzot hi azepi n-4(5H) -one (4.49 g). The physical
properties of this product are identical to those of the conpound of
Exagpl e 1. Exanple 37 (2R, 3S)-3-(4-Met hoxgphenyl ) -2, 3- epoxypropi onamni de is
treated in the sane nanner as in Exanple 36 except for using hydrobronc
acid instead of hydrochloric acid to give

(2S,39) -2, 3-d] rQ-.2x y-2-(4- yphenyl ) - 31

1, 5- benzot hi géf%gﬁﬁfﬁ%wpﬂgﬁé n%Wééeme¢%§l properties of this product are
identical to thosgﬂof Qg_l ﬁgﬁgund of Exanple 1. Reference Exanple | (1)
To a m xture of ( ,'po’Sgl- gj - et hoxyphenyl ) - 2, 3- epoxypropi oni ¢ aci d net hyl
ester (2.08 g) and N N dinethyl formam de (3 nl) is added 28 % aqueous
ammonia (6.1 g) un@®8p :ca4eoi(¢mk0, methamolk ure’ i s reacted at room
tenperature for two hours, and the precipitated crystals are collected by

‘E 'Z'Rt gg; | o 4‘_”3”;[";31)@@_1\11\'312"@%15, H2.88'AaR s S UH, B3 8P, 383 1, a),
6.26 (1H, 5), 6.84-7.26 (4H, m) |
(2) A mixture of (2R,38)-3-(.4-methoxyphenyl)-Z,3-ep‘oxy-N-methy]-
propionamide (829 mg) and xylene (10 ml) is refluxed with heating under
nitrogen atmosphere. When the reflux is started, a solution of 2-aminothio-
phenol (551 mg) and anhydrous ferric chloride (0.065 mg) in methanol (0.08 ml)
is added immediately into the reactioq mixture, and the mixture is reacted at the
' same temperature for 5 minutes, and cooled to room temperature. The
precipitated crystals are collected by filtration, washed with xylene, and dried at
60°C to give (28,3S)-3-(2-aminophenylthio)-2-hydroxy-3-(4-methoxyphenyl)-
N-methylpropionamide (1.06 g). .
M.p. 145-147°C

[a]lp25: +433° (c=1.0, methanol)

TH-NMR (DMSO-dg, 8): 2.63 (3H, d), 3.70 (3H, 5), 4.14 (1H, dd), 445 (1H,
d), 5.33 (2H, s), 6.11 (1H, d), 6.25-7.29 (8H, m), 7.93 (1H, d)
Reference Example 3

(1) To amixture of (25,3R)-3-(4-methylphenyl)-2,3-epoxypropionic
acid methyl ester (3.84 g) and methanol (25 ml) is added dropwise a solution of

28 % aqueous ammonia (6.1 g) in methanol (10 ml) under 'ice-cooling. The

reaction mixture is gradually warmed to room temperature, and stirred for two



phenyl ) -2, 3- epoxypropi onam de (1.64 g). Mp. 142-144[err]C [err]: -163.7
(c=1.0, nethanol) [err]H-NVR (DVSO-d[err], [err]): 3.49 ([err]H d), 3.75
(3H, s), 3.96 (1H, d), 6.94 (2H, d), 7.24 (2H, d), 7.41 (1H, s), 7.56 (1H,
s) (2) A m xture of (2R, 3S)-3-(4-nethoxyphenyl)-2, 3-epoxypropi on- am de
(1.93 g) and xylene (15 m) is refluxed with heating under nitrogen

at nrosphere. Wen the reflux is started, a solution of 2-am nothi ophenol
(1.38 g) and ferrous sulfate heptahydrate3(40. 28 ngy) in nmethanol (0.2 m) is:
added imedi ately into the reaction m xture, and the mxture is reacted at
the sane tenperature for 5 mnutes, and cooled to roomtenperature. The

reaction mxture is bj,ected tq HPLC anal ysis to confi t he prodyction of
3-(2-ami no- praHsH ?Wﬂsﬁﬁ'{rf" ﬁVHFf;&W one houpp é@(fﬁﬁ‘éﬁ?\“}%riﬁ%@ﬁ%ﬁ’@'&@e 2.69 g,
(2S,3S)/- (2S,3R),=91/9). The reaciion njxture s concentrated under
reduced pres s‘tWé‘)a!soarF&?iR?E‘eEjHE’ éﬁmm ,WaghEFs’tW grieg %LﬁéﬁCs‘Ocﬂlg@ 62%3B)dt h
heating in et&?nol (.3, m) 32 and water (3 mi. The m xture is gradually
cooled to O[e 'T’GtW]Pherﬁt]?'ﬂra'ﬁBO’%XPf@PWﬁml ¢ £4¢1 @ The precipitated
crystals are collected by filtration, washed with chilled 50 % et hanol, and
dried at 50[err]C MoPgil$s-1885C3s) - 3- ( 2- ani nopheny! t hi o) -
2- hydr oxy- 3- (4- net hoxgﬁ)he_nyl ) pr opi onam de (0.84 g).

[a)p??: +172.5° (c=1, methanol)

TH-NMR (CDCl; and DMSO-dg, 8): 2.35 (3H, s), 3.47 (1H, d), 3.93 (1H, d),

6.52 (2H, d), 7.16 (4H, s)

(2)  (2S,3R)-3-(4-Methylphenyl)-2,3-epoxypropionamide and 2-
amino-5-methylthiophenol are treated in the same manner as in Reference
Example 1-(2) to give (2R,3R)-3-(2-amino-5-methylphenylthio)-2-hydroxy-3-
(4~metﬁy1pheny1)propionamide.

M.p. 145-146°C

[a]p25: —410° (c=1, methanol)
1TH-NMR (DMSO-dg, 0): 1.96 (3H, s), 2.24 (3H, 5), 4.11 (1H, dd), 4.46 (1H,

d), 5.13 (2H, 5), 5.99 (1H, s), 6.51-7.26 (7H, m), 7.37 (2H, 5)
Reference Exarriple 4 |

()  To a mixture of (2S,3R)-3-(4—methylphehyl)-2,3-epoxypropionic
acid methyl ester (1.92 g) and methanol (10 ml) is added dropwise a solution of
40 % aqueous methylamine solution (2.37 g) in methanol (10 ml) under ice-
cooling. The reaction mixture is stirred under ice-cooling for one hour, and _
concentrated under reduced pressure. To the residue is added ether, and the
precipitated cfysta]s are collected by filtration, washed, and dried at 50°C to

give (2S,3R)-3-(4-methylphenyl)-2,3-epoxy-N-methylpropionamide (1.75 g).



M p. 110-112[err]C [err]: +506[err] (c=1.0, nethanol) [err] H NWR :
(DVsO-d[err], [err]): 3.70 (3H, s), 4.11 (1H, dd), 4.44 (1H, d), 5.35 (2H,
s)s 6.02 (1H, d), 6.25-7.28 (84 m, 7.39 (2H, s) Conditions for HPLC

Col um: Waters Puresil 5 [err] C18 120 A (4.6 x 150 mm), manufactured by
Waters, Inc. Sol vent: Acetonitrile: 10 nM potassi um di hydrogen phosphate
(pH3) =30: 70 Flowrate: 1.0 mimn. UV detective: 254 nm Col um
tenperature: 40[err] C Reference Exanple 23(1)

(2R, 3S) - 3- (4- Met hoxyphenyl ) - 2, 3- epoxypropi onic acid nethyl eater (2.08 Q)
Is mxed with nmethanol (10 m), and thereto is added dropw se a sol ution of
40 % aqueous net hw gg (35.4 g) in methanol (10 m) under ice- cooling.
The reaction m xturé g’t]l r3r d at 10-15C for two hours, and concentrated
under reduced preZ@‘Ljr%tf regove the nethanol. To the residue is added
ether, and the prd@pf4lad7efsrsh meshanad) col | ected by filtration, washed,
and dried under reduced pressure at 50C to give

(2R, 35) - 3- (4- met howy RMRY(ODA5,%): 2.34 (3H, ), 2.86 (3H, d), 3.52 (1H, d), 3.83 (2H, d),
6.27 (1H, s), 7.15 (4H, s)
(2)  (28,3R)-3-(4-Methylphenyl)-2,3-epoxy-N-methylpropionamide
and 2-amino-5-methylthiophenol are treated in the same manner as in Reference
Example 1-(2) to give (2R,3R)-3-(2-amino-S-methylphcnylthio)-Z-hydroxy-3-
(4-methylphenyl)-N-methylpropionamide.
M.p. 168-170°C

[0]p23: =379° (c=1, methanol)
1H-NMR (DMSO-dg, 8): 1.97 (3H, s5), 2.25 (3H, 5), 2.62 (3H, d), 4.13 (1H,

dd), 4.47 (1H, d), 5.12 (2H, s), 6.10 (1H, d), 6.51-7.27 (7H, m), 7.94 (1H, d)
Reference Example 5

To a mixture of (28,38)-3-(2-aminophenylthio)-2-hydroxy-(4-methoxy-
phenyl)propionic acid methyl ester andlmethanol is added dropwise aqueous
ammonia under ice-cooling. The reaction mixture is re.acted at room
temperature, and the precipitated crystals are collected by filtration, washed
with water, and dried to give (2S,38)-3-(2-aminophenylthio)-2-hydroxy-3-(4-
methoxyphenyl)propionamide.
Reference Example 6

Potassium carbonate is added to dimethyl sulfoxide, and the mixture is
stirred at 70°C. The mixture is cooled to room temperatu.re, and thereto is added

(2S,3S)-3-(2—aminophenylthio)-2—hydroxy-3-(4-methoxyphenyl)propionamide,



33 epoxy- N-net hyl propi onam de (1.70 g). Mp. 135-136[err]C [err]: -145.3
(c=1.0, nethanol) [err]H-NVMR (CDCl[err], [err]): 2.86 (3H, d), 3.53 (IH,
ds; 3.81 (3H, s), 3.83 (1H, d), 6.26 (1H, s), 6.84-7.26 (4H, m (2) A

m xture of (2R, 39)-3-(4-nethoxyphenyl)-2, 3-epoxy-N-nmet hyl - propi onam de
(829 ng) and xylene (10 m) is refl uxed W|th heati ng under nitrogen

at nosphere. Wien the reflux is started, a solution of 2-am nothio- phenol
(55% ng) and anhydrous ferric chloride (03@65 ng) in nmethanol (0.08 m) is
added imedi ately into the reaction m xture, and the mxture is reacted at
the sane tenperatiure for 5 mnutes, and cooled to roomtenperature. The

preti pi tat ed Eﬁq’ %ﬁﬁé& ?‘B%@P@Jakﬁ'@l ﬁﬂxﬁ}fe is hhd&d H%rﬁwix\aipcﬁ%em;lgmﬁgeﬁ]ﬁ’ and

dried at 60[err
(I\Lzﬁef ﬁifl ;3)r gg. onam ghﬁ?f@’ég& ng“rng% e.ff%l r?g%@gﬁ%egﬁ)ﬁghfﬂylr%lggo? gixtyge is
(1H ad) - 4EopipR g 1ERaE, B0 exurpich i el attates B Sactiarlied . 7703
(25 3R - ?eE o588 Exa%%) nleg ke e R e rBoYe i sl enidoive 2835y
o ol 45 o i QLG5 3 o o 0Tt e
propionamide. :
Reference Example 7
A mixture of (2R,3S)-3-(4-methoxyphenyl)-2,3-epoxypropionamide and
xylene is refluxed with heating undef nitrogen atmosphere. When the reflux is -
started, a solution of 2-(2-dimethylaminoethylamino)thiophenol and ferrous
sulfate heptahydrate in methanol is added immediately into the reaction mixture,
and the mixture is reacted at the same temperature, and cooled to room
temperature. The reéaction mixture is coﬁcentrated under reduced pressure, and
the residue is dissolved with heating in ethanol and water. The mixture is
allowed to cool to 0°C, and the precipitated crystals are collected by filtration,
washed with chilled 50 % ethanol, and dried to give (25,3S)-3-[2-(2-dimethyl-
aminoethylamino)phenylthio]-2—hydroxy-3-(4-methoxyphenyl)propionamide.
Reference Examplés 8-30 |
The corresponding starﬁng compounds are treated in the same manner as

' . in Reference Examples 1-7 or 31-33 to give the compounds as listed in Tables 5-

8.



£

reaction mxture is gradually warmed to roomtenperature, and stirred for
t wo 34 hours, and further stirred for one hour under ice-cooling. The
précipitated crystals are collected by filtration, washed, and dried at
50[err]C to give (2S,3R)-3- (4-nmethyl phenyl)-2, 3-epoxypropi onam de (2.71
g). Mp. 183-185[err]C [err]: +172.5 (c=1, nethanol) [err]H NVR (CDCl [err]
and DIVISOd[err] [err]): 2.35 (3H, s), 3.47 (IH d), 3.93 (IH d), 6.52
(2H7 d), 7.16 (4H s) (2) 37

(2S, 3R) - 3- (4- Met hyl phenyl ) - 2, 3- epoxypr opi dnami de and 2-

am no- 5- met hyl t hi ophenol are treated in the same manner as in Ref erence
Exafpl e 1-(2) to give (2R 3R) - 3-(2-am ”1%;{3 gethyl phenyl t hi 0) - 2- hydr oxy- 3-
(4- met hyl phenyl ) propi onam de. M p. 145 ¢ r]C [err] -410 (c=1,
rrethan0|) [ _____ NAVR (L DVEO d e 4 (3H s 4. 11

(1H, dd), 446 1H, d), 5.13 (2H, s), 5.99 (lH s), 6.51-7.26 (/H, , §.37
(2H, s) Refprente Exanple 4 (1) To a m xture ef
(2S, 3R) - 3- ( - me{ hyl phenyl ) - 2, 3- epoxypr opi oni ¢

and nethanoll (10 m) is added dropw se a solu

3
3 R]
Ex. | NHR" cong 1
R2

] . R! | Configuration
Ring A Ring B -R3 —N~ at the 2- and 3-
_ _ ' ™ r? | positions

8 ©: —Q'OCH::, —(CH2);N(CH3), | -NHCH, (28,38) l
- |

9 \©: CHs | CHpNCH, | NH, | (R3R)
CHj3
10 |- \(D: —®-CH3 ~(CH2),N(CH;); | -NHCH, (2R,3R)




40 % aqueous net hyl ami ne solution (2.37 g) in nethanol (10 m) under ice-
cooling. The reaction mxture is stirred under ice-cooling for one hour,
and concentrated under reduced pressure. To the residue is added ether, and
the precipitated crystals are collected by filtration, washed, and dried at
50[err]C to give (2S, 3R)-3-(4-nethyl phenyl) -2, 3-epoxy- N net hyl propi onam de
(1.75 9g). 35 Mp. 152-153[err]C [err]: +153. 7[err] (c=1, nethanol)
[erF]H-NMR (CDCl [err], [err]): 2.34 (3|'§8 2.86 (3H, d), 3.52 (1H, d),
3.83 (2H, d), 6.27 (1H, s), 7.15 (4H, (2) :
(2S, 3R) - 3- (4- Met hyl phenyl ) - 2, 3- epoxy- N- net hyl pr opi pnam de and

2- am no- 5- et hyl t hi ophenol are treat eq. bp"sé he sanme manner as in Reference
Exampl e 1-(2) to give (2R 3R)-3-(2-ani'f met hyI phenylth| o) 2- hydroxy 3-
(4 met hyjlphayud ) M opt byl propi onand de M 08- 1 Qi orr l C | L b= f ] —1
rrethanol [efr]H-NVR (DVSO-d[err], [err]): 1.97 (3H s), 2.25 (3H s), g 62
(3H, d),§4.18 (1H dd), 4.47 (1H d), 5.12 (2K . s), 6.10 (1H d), 6.51-]f. 27
(7H, mM,§7.94 (1H, d) Reference Exanple 5 T xture of

(2S, 3S) -B-(24am nophenyl t hi 0) - 2- hydr oxy- ( 4- &g bOXy-

S
Ex. n3 R
No. : NHR™ cong

. R2

. R! | Configuration
Ring B -R3 —N7 | atthe2- and 3-
_ ™ Rr?2 | positions

Ring A
11 \C( —_-@-o’cm H ~NH, (28,35)
1
12 ‘C( —@— OCH; H ~NHCH, (28,38)

Q

0

CI\O: Pt
13 —Oocm -(CH2>3'N\_JN‘@ -NH, | - (2539)
OCH;
Cl _ _ e’
14 ‘@: —@-ocm (CHy); "LJN‘@ _NHCH; (25.35)
_ OCH;3

W,

- —@-ocn-_; H ' -NH;, (28.35)

w,

16 ' —)-ocu H _NHCH; |  (25.35)




phenyl ) propionic acid nethyl ester and methanol is added dropw se aqueous
ammoni a under ice-cooling. The reaction mxture is reacted at room
temperature, and the precipitated crystals are collected by filtration,
washed with water, and dried to give

(2S, 3S) - 3- (2- am nophenyl t hi 0) - 2- hydr oxy- 3- (4- net hoxyphenyl ) pr opi onam de.
Ref erence Exanpl e 6 Potassium carbonate is added to di nethyl sul foxide, and
the smi xture is stirred at 70[err]C. The m3&ure is cooled to foom -
tenperature, and thereto is added (2S, 3S)-3-(2-am nophenyl t hi 0) - 2- hydr oxy- 3
- (4- et hoxyphenyl ) pr opi onam de, 36 and stirred. To the reaction m xture
is added dropwi se 2-di nmet hyl ami noet hyl cpaplei7de, and the mixture is stirred
at room tenperature. The reaction nlxture is poured into ice-water, and
extracted with S s=apder
reduced pressu

3-[2-(2-dinmeth 1) -
propi onam de. R ’

(2R, 3S)-3-(4-m§ Vphenyl ) - 2, 3- epg ronfn de and xylene is refl uxgd
wi th heating ufjder hitrogen atnDs-I i

sol ution of 2- nethylanlnoeth

~NHCONH,
~NHCOCH;

_CHj
—N_
COCH;

20 —~NHCONHCH; ‘

CH
21 R

™ CONHCH;

O




sul fate heptahydrate in nethanol is added imediately into the reaction

m xture, and the mxture is reacted at the sane tenperature, and cooled to
roemtenperature. The reaction m xture is concentrated under reduced
pressure, and the residue is dissolved with heating in ethanol and water.
The m xture is allowed to cool to O[err]C, and the precipitated crystals
are collected by filtration, washed with chilled 50 % ethanol, and dried to
give (2S,39)-3-[2-(2- dlnethy

am noet hyl am no) phenyl t hi 0] - 2- hydr oxy- 3- (4 met hoxyphenyl ) pr opi onani de.

Ref erence Exanples 8-30 The corresponding starting conpounds are treated in
t hesame manner as in Reference Exanplei,ék7 or 31-33 to give the conpounds
as listed in Tables 5- 8. 37 Table 5'B®¥9 Ex. No. [err] Configuration
Ring A = nd
3- positions [err]

-(CHerr])[er Herr])[err] -NHCH err] OCH; (2S, 39

Reference Example 31
(1)  To a mixture of sodium hydi'ide (62.5 % oil dispersion, 0.46 g) and
dimethy] sulfoxide (3 ml) is added a solution of aniline (1.02 g) in dimethy]

sulfoxide (1 ml) at room temperature under nitrogen atmosphere, and the mixture



-

9. [1err] ' [err] -(CHerr])[err]N(CH err])[err]
-NHerr]. (2R 3R 10 [err] [err]

»

-(eHerr])[err]N(CH err])[err] -NHCH[ err] . (2R 3R 38
Table 6 [err] Ex. No. [err] Configuration Ring A°  Ring B
-Rerr] at the 2- and 3- positions 11 [err]
[err] H -NH err] (2S,35 12
[ err] [err] H %l CH[ err] (2S,3S) [err] 13
[err] [err] -NH[ err] (23,3S) 14 [err]
[err] [err]. -NHCH[ err] (25,35) 15 [err]

’ - rr
}:: _im;&'}%@ rfPT 30 ngi%ust’eg’.ggo%% mixture is[ aedrdre]d a solution c[)fe (2Ii,3S)-3-(4-

methoxypheriyl)-2,3-epox-ypropionic acid methyl ester (2.08 g) in dimethyl
sulfoxide (4 ml) at room temperature over a period of 15 minutes. The mixture is
further stirred at the same temperature for one hour, and thereto is added water
(50 ml). The precipitated yellow crystalls are collected by filtration, and
recrystallized from ethyl acetate (60 ml) to give (Zk,38)-3-(4-methoxyphcnyl)-
2,3-epoxy-N-phenylpropionamide (1.50 g).

 Mp. 162-163°C -

[0dp25: ~223.7° (c=1.0, dimethylformamide)

TH-NMR (DMSO‘dG, 8): 3.77 (3H, s), 3.78 (1H, d), 4.13 (1H, d), 6.95-7.69

(9H, m), 10.25 (1H; s)

(2) A mixture of (2R,38S)-3-(4-methoxyphenyl)-2,3-epoxy-N-
phenylpropionamide (539 mg) and chlorobeﬁzenc (5 ml) is refluxed with
heating under nitrogén atmosphere. When the reflux is started, a solution of 2-
aminothiophenol (275 mg) and ferric chloride hexahydrate (0.054 mg) in
methanol (0.1 ml) is added immediately to the reaction mixture. The mixture is
stirred at the same temperature for 5 minutes, and cooled to room temperature.
The precipitated crystals are collected by filtration, washed with chlorobenzene,
and dried at 50°C to give (25,3S)-3-(2-aminophenylthio)-2-hydroxy-3-(4-
methoxyphenyl)-N-phenylpropionamide (582 mg).

M.p. 215-217°C

[a]p20: +437° (c=1.0, dimethylformamide)

TH-NMR (DMSO-dg, 3): 3.69 (3H, s), 4.35 (1H, d), 4.51 (1H, d), 5.31 (2H,



30 Table 7 Ex  [err] 18 _NHOOCH[ err] [err] 19 20

-NHCONHCH[ err] [err] 21 22 [err] 23
[efr] 24 [err] 40 Table 8 [err] Ex. No. 26 27
[err] 28 .

: | 42

s), 6.24-7.69 (13H, m), 6.52 (1H, s), 9.83 (1H, s)
Reference Example 32

(2R,BS)¥3-(4-Methoxyphenyl)-2,3-epoxypropionic acid methyl ester
(10.4 g) is mixed with 15.3 wt % solution of ammonia in methanol (56 g), and
the mixture is reacted at 15°C for 2.5 hours. The mixture is concentrated under
reduced pressure until the total weight of the mixture becomes 44 g. To the |
mixture is added ice-water (112 g), and the mixture is stirred for two hours under
ice-cooling. The precipitated crystals are collected by filtration, waslzled with
water, and dried at 50°C to give (2R,3S)-3-(4-methoxyphenyl)-2,3-5poxy-
propionaxhide (8.99 g).
Reference Example 33

(28,3S)-3-(2-Aminophenylthio)-2-hydroxy-3-(4-methoxyphenyl)-
propionic acid methyl ester and aniline are treated in the same manner as in
Reference Example 5 to give (ZS,38)-3-(2—aminophenylthio)-2-hydrdxy-3-(4-
methoxyphenyl)-N-phenylp.ropionamide.
EFFECTS OF INVENTION

According to the present invention, the 1,5-benzothiazepine derivative
[11], which is an intermediate for preparing médicaments such diltiazem hydro-
chloride can be obtained in high yield by intramolecular cyclization reaction of
the propionamide derivative [I] having an unprbtected 2-hydroxy group.
Especially, when the substituents on the amide moiety of the propionamide

derivative [I] (i.e. R! and R2) are both a hydrogen atom, ammonia which is

generated during the intramolecular cyclization reaction can be removed in the

form of gas from the reaction system, and hence, the intramolecular cyclization



i ¥

29 [err] [err] 30 Reference Exanple 31 (1) To a
m xture of sodium hydride (62.5 % oil dispersion, 0.46 g) and di net hyl
sulFfoxide (3 m) is added a solution of aniline (1.02 g) in dinethyl

sul foxide (I m) at roomtenperature under nitrogen atnosphere, and the

m xture 41 is stirred for 30 mnutes. To the mxture is added a sol ution
of (2R, 3S)-3-(4- nethoxyphenyl)-2, 3-epoxypropionic acid nethyl ester (2.08
g) i-n dinethyl sulfoxide (4 m) at roomteir?erature over a period of 15

m nutes. The m xture is further stirred at"the sane tenperature for one
hour, and thereto is added water (50 m ). The precipitated yellow crystals
are"col |l ected J‘l I tfrnigpl on, and recrystallized fromethyl acetate (60 nl)
to give (2R 357 ctionof theicomponad §11) cancheseasilyxgarnie g huhby simplyoheatingethé 1. 50
g). Mp. 162-163[err]C [err -223.7 (c=1.0, dinethylformam de) [err]H NWR
(DVSO-d[err], @&mmlﬁuwwmut yyingan7arid ora ke, 4. 13 (1H, d), 6.95-7.69
(9H, m, 10. 25(1 (2) A m xture of

(2R, 3S) - 3- (4- et ho%!@ﬁyﬁﬁemhelmmhiophenol derivative [IV] and the 2,3-epoxy-

propionamide denvatwe [V] are reacted, the resulting propionamide derivative
[1] can be used in the present intramolecular cyclization reaction without
isolating it from the reaction system. In this case, the desired compound {II] can
be obtained from the 2,3-epoxypropionamide derivative [V] in high yield in a

single step without complicated procedures.



phenyl propi onanmi de (539 ng) and chl orobenzene (5 m)—is refluxed-with
heating under nitrogen atnosphere. Wen the reflux is started, a solution
of $2- ani not hi ophenol (275 ng) and ferric chloride hﬂﬂﬂﬂﬁﬂﬁjﬂuﬂlﬂlﬂmlem)
in methanol (0.1 m) is added imrediately to the rea

m xture is stirred at the sanme tenperature for 5 minut'es,” and Cool ed

roomtenperature. The precipitated crystals are coIIected by f||trat|on,
washed with chl orobenzene, and dried at 5Qgerr]C to give

2S, 3S)-3-(2-am h -3-(4-
ﬁret hoxilpheﬁlyl ?ml\l?gﬁeny %ﬁr%lpl %ng{’#i‘l I 3&%%§"ZWWEEEF PERIVATIVE [err]:

+437[err] (c mde) [err]HNWR (DVBO-d[err], [err]): 3.69
(3H, s), 4. SﬁQﬁﬁ%ﬁg@'ﬁl 5.31 (2H, 42 s), 6.24-7.69 (13H,
m, 6.52 (1H, s), 9.83 (IH s) Reference Exanpl e 32

(2R, 39) - 3- (4- Met hoxyphenyl ) - 2, 3- epoxypropi onic acid methyl ester (10.4 g)
Is mxed with 15. 3]wt /osolutl of anno n net hanol, (56 g)., and the
mxture is react edlat 15[RIPFE PBP"’P@%?é benrothiazapine derdvativecelitheat ed
under reduced e until the total weight of the m xture becones 44 g.
To the m xtur aaﬂ ed ice-water (112 g), and the m xture is stirred for
two hours under ice-cooling. The precipitated crystals are coll ected by

filtration, washed with @

N

R* O .
wherein Ring A and Ring B are a substituted or unsubstituted benzene ring,
andR3isa hydrogen atom, a (di-lower alkylamino)-lower alkyl group or a

substituted or unsubstituted piperazinyl-lower alkyl group, or a salt thereof,

which comprises subjecting- a propionamide derivative of the formula [I]:

jg
NomEEE

3
NHR CON/
RZ

wherein R! and R2 are the same or different and each are a hydrogen atom, a
carbamoy! group, a lower alkyl group, a lower alkanoyl group, a lower alkyl-

) aminocarbonyl group, an amino acid residue, or an aryl group having optionally
a substituent, or combine each other at their termini together with the adjacent
nitrogen atom to which they bond to form a heterocyclic group having
optionally a substituent, and Ring. A, Ring B and R3 are the same as defined

above, to intramolecular cyclization reaction, and if necessary, converting the



water, and dried at 50[err]C to give (2R 3S)-3-(4-nethoxyphenyl)-2, 3-epoxy-
propi onam de (8.99 g). Reference Exanple 33 .

(28, 39) - 3- (2- Ami nophenyl t hi 0) - 2- hydr oxy- 3- (4- et hoxyphenyl)

met hyl ester and aniline are treated in the sanme manner :a nce
Example 5 to give (2S, 3S)- 3-(2-ani nophenyl t hi o) - 2- hydroxyjmmm@“m,' MI
met hoxyphenyl ) - N- phenyl pr opi onani de. EFFECTS OF | NVENTI ON Accor

present invention, the 1,5-benzothiazepi nggderivative [I1], which is an

i nternedi ate for preparing nedi canents suclsﬂ dil ti azem hydro- chloride can
be obt ai ned |n hi gh yield by intranol ecul ar cyclization reaction of the

pr opi onani de _d (ipcxatlve { hayi ng -an unprotected 2-hydroxy group.

Especi al | y, WY ts on the am de noiety of the propionam de
derivative [I] (i Rl err r are_ both hydr o at om ‘ammoni a
whi ch is generat e3 dur 413’ qes F‘Pf% BGJ‘%&GI%}OW@%'&%HWSQQA?UW can be
renmoved in th formo&f‘g romthe reactjon system and hence,. the

i nt ramol ecul & yc!%‘l"i Y] ara substitntsd off unsubsiwieshpiperazinyldawese easily
carried out b )él rrplé‘Pheatl ng the reaction m xture, w thout using an acid

or a base. B nzothiggepipe derivalive obtheformularilikti ve [1V] and the
2, 3- epoxy-

()

N
R3l (9]

wherein Ring A and Ring B are a substituted or unsubstituted benzene ring, R3!

is a (di-lower alkylamino)-lower alkyl group or a substituted or unsubstituted
piperazinyl-lower alkyl group, and RS is a lower alkanoyl group, or a

pharmaceutically acceptable salt thereof, which comprises subjecting a

propionamide derivative of the formula [I]:

o
O T

3
NHR® don(
R2

wherein R! and R? are the same or different and each are a hydrogen atom, a

carbamoyl group, a lower alkyl group, a lower alkanoyl group, a lower alkyl-
aminocarbonyl group, an amino acid residue, or an aryl group h'aving optionally
a substituent, or combine each other at their termini together with the adjacent

nitrogen atom to which they bond to form a heterocyclic group having

optionally a substituent, R3 is a hydrogen atom, a (di-lower alkylamino)-lower



propi onam de derivative [V] are reacted, the resulting propionam de
derivative [I] can be used in the present intranolecular cyclization
reaction without isolating it fromthe reaction syst enu!llmm'ﬂ)mmmﬂl '"Ihe
desired conpound [II] can be obtained fromthe 2, 3-epo

derivative [V] in high yield in a single step without conpficatdd * * -
procedur es. 44 PROCESS FOR PREPARI NG 1, 5- BENZOTHI AZEPI NE DERI VATI VE WHAT
IS GCLAIMED | S: 1. A process for prepari@g a 1, 5-benzot hi azepi ne

derivative of the formula [I1]: [err] wheréin Ring A and Ring B are a
substituted or -unsubstituted benzene ring, and R3 is a hydrogen atom a

(di -1 ower al kyl.gm noﬁ-lowe al k%* grog{‘ﬁq or a_.substituted or unsubstituted
pi per azi nyl - | BTQPR PF ag‘r“bﬁ‘bt,“t ot ungybstityied paperaginy Hipwemplkyk geoup, and
subj ecti ng alﬁrop' on&ﬂide derivative of the fornula [leﬂl: [err] wherein
Rlerr] and REuPgp and Ring Boargdhe same s detined aheve azia saltehgreoftodgma- at om a

car banoyl grou&, Iowp][ al kyl group, a lower alkanoyl group, a |ower
al kyl - anmi nod® SB‘?F?F cyrlraionaaciiamt giye@ h.ohemaethiagepine deryvatiyeoofitheavi ng
optionally a substituent, or comnbi ne each other at their term ni together

with the adj dewwla [L]:

o om

N
R3 O

wherein Ring A, Ring B and R3 are the same as defined above, and when R3 of
the compound [II] is a hydrogen atom, introducing a (di-lower alkylamino)-
lower alkyl group or a substituted or unsubstituted piperazinyl-lower alkyl
group into the 5-position of the compound [I1), acylating the 3-hydroxy group
of the resulting compound with a lower alkanoyl group, and if necessary,
converting the product into a pharmaceutically acceptable salt thereof.

3. A process acco.rding to any one of claims 1 and 2, wherein the

propionamide derivative of the formula (]:

g

'S

R
3
NHR® (on/
RZ

wherein Ring A and Ring B are a substituted or unsubstituted benzene ring, R!

~ and R2 are the same or different and each are a hydrogen atom, a carbamoyl

group, a lower alkyl group, a lower alkanoyl group, a lower alkylaminocarbonyl



nitrogen atomto which they bond to forma heterocyclic group having
optionally a substituent, and Ring A, Ring B and R3 are the sane as defi ned
abeve, to intranol ecul ar cyclization reaction, and i h verting
t he 45 product into a salt thereof. 2. A prqcelmuﬂaﬂmmﬂﬂ!"mra

3-1 ower al kanoyl oxy-5-[di-Iower al kyl am no-|ower ‘al Ryl corta su st uted or
unsubsti tuted pi perazinyl-lower alkyl]-1,5-benzothi azepi ne derivative of
the=forrmula [II1l]: [err] wherein Ring A Ring B are a substituted or

unsubstituted benzene ring, R err] is a (di-Iower alkylamno)-I|ower alkyl
group or a substituted or unsubstituted piperazinyl-lower alkyl group, and

Rerr] is al .groul or a rmaceuti.cal l y acceptagbl e salt
ther cof - whi ARouB bl BB 4eid e, 3 4R AT AV EIPH ORI S stCua,

f I ]: -Wh i .and R, .Lh A di ff t d
cach are & nylrshibagah Suck & Bleidipmuiidapéir Pthote aien pBREen SpBver
al kanoyl group, wer . al kyl - am nocar bonyl group, .an ami no_aci d residue,
or an aryl J@%ﬁﬁh&’%bﬁﬁbm 9?‘&te§9‘6‘é‘i]¥qm,hwn&9§ﬁphﬂlk30h ot her at
their termni together with the adjacent nitrogen atomto which they bond
‘to form a hetSubsiijient, andR3us ahydrogen atom, a (di-lower alkylamino)-lower alkyl

group or a substituted or unsubstituted piperazinyl-lower alkyl group, or a salt

thereof is the compound which is prepared by reacting a 2—aminothiophenol

derivative of the formula [IV]:
SH

e, ™

NHR3
wherein Ring A and R3 are the same as defined above, with a 2,3-epoxy-
propionamide derivative of the formula [V]:

o R!
O .
RZ

wherein Ring B, R! and R2 are the same as defined above.

4. A process according to any one of claims 1 and 2, wherein the

compound of the formula [I] is a propionamide derivative of the formula [I-a]:

S

3
R21

Ring A and Ring B are a substituted or unsubstituted benzene ring, R!! and R21



op-t [ or;al |y a substituent, R3 is a hydrogen atom a (di-Iower
al kyl am no) - | ower 46 al kyl group or a substituted or i ed

piyperazi nyl -1 ower al kyl group, and Ring A and Ri ne as
defined above, or a salt thereof, to intra- nol em'lﬂ’mwm;fﬁmﬁm reaction
to give a 1, 5-benzot hi azepi ne derivative of the fernul’a T iul s r] wherein
Ring A Rng B and Rlerr] are the sane as defined above, and when R3 of the
conmpound [I1] is a hydrogen atom i ntrodu;p%ng a (di-lower alkylam no)-

| ower al kyl group or a substituted or unsubstituted piperazinyl-I|ower alKkyl
group into the 5-position of the conpound [I1], acylating the 3-hydroxy
group of the_resul tj C und with a | ower, al kanoyl grou and |if
necessary, C %@gts%’h%g?rhtﬁ?%?%ﬁ 38&4613#[‘ 83 \ﬁfgf%?&e‘i;?%c éﬁf)veg&!‘é’g 581 385 ¢

t hereof. 3. A(?ro ess.daccordi nlg, to any ane of. clﬁi ns é and 2, wherein the
propi onani de 2HUPY 9SG TRIAYE, o AR 1Y) grPUP PRYIng gRUoDAHlY 2 GybsUuEnRiar£ombing

Ring B are a sybstituted.or unsubstituted Qenzene ring, err a%&% are
the same or &# Qﬁ@ﬁtat ﬁ??dr m’épgeg’eﬁwaba%a‘gﬁ?ﬁﬂ‘ %8€&§Laﬁ?é‘£/lt° . a
| ower al kyl group, a.lower al kanoyl group, a_|ower al kylan nocarbonyl

they bond to form a heterocyclic group having optionally a substituent, and R3

- is a hydrogen atom, a (di-lower alkylamino)-lower alkyl group or a substituted
or unsubstituted piperazinyl-lower alkyl group, or a salt thereof, which is

prepared by reacting a propionic acid ester derivative of the formula [VII}:
g .
o
3

wherein R is a lower alkyl group, and Ring A, Ring B and R3 are the same as

defined above, with a compound of the formula [VIII-a]:

Rl 1
un” [Vl
~ Rzl
wherein R11 and R2! are the same as defined above.

5. A process according to any one of claims 1, 2, 3 and 4, wherein R3
is a hydrogen atom.

6. A process according to any one of claims 1, 2, 3 and 4, wherein
each of R! and R2 is a hydrogen atom or one of R! and R2 is a hydrogen atom
and the other is a lower alkyl group.

7. A process according to claim 6, wherein each of R! and R2is a

hydrogen atom.



47 group, an am no acid residue, or an aryl group having optionally a
“substituent, or conbine each other at their termni together with the
adjracent nitrogen atomto which they bond to forma h I &Hl
havi ng optionally a substituent, and R3 is a hydr oge,njmmﬂmnmi“mﬂ

al kyl anmi no) -1 ower al kyl group or a substituted or unsubsti%uted" °* *

pi per azi nyl -1 ower al kyl group, or a salt thereof is the conpound which is
prepared by reacting a 2-am nothi ophenol ggrivative of the formula [IV]:

[err] wherein Ring A and Rlerr] are the sane as defined above, with a
2, 3-epoxy- propionam de derivative of the formula [V]: [err] wherein R ng

: ' : fjned N .
accor ding to any aie orBrovest aeerihelS e W tAm by ot 3 SRt or rul o
[1] is a propiaq | err] Rng A and

| ' d t f the f | -al.:
Ring B are a?ﬁﬁ%ﬂ‘?‘ﬁ%ﬁf‘%\f?ﬂhﬁ@wt%g@o@rﬁ&u&gﬁéh rag]ﬂd{ iy ahyqroggn atqra r |

and the other is a lower alkyl group, and R3 is a hydrogen atom.

9. A process according to claim 8, whérein eachof R1,R2andR3is a
hydrogen atom. |
10. A process according to any one of 1,2, 3,4, 5,6,7,8and 9,

wherein Ring A is a benzene ring of the formula:

R4 (S)
T ™

(N)

R# is a hydrogen atom, a halogen atom, a lower alkyl group or a phenyl-lower
alkyl group, and Ring B is a 4-lower alkylphenyl group or a 4-lower alkoxy-
phenyl group.

11. A process according to claim 10, wherein R4 is a hydrogen atom, a
halogen atorh or a phenyl-lower alkyl group, and Ring B is a 4-lower alkoxy-
phenyl group.

12. A process according to claim 10, wherein R4 is a lower alkyl group,
and Ring B is a 4-lower alkylphenyl group.

13. A process according to any one of i, 2, 3 and 4, wherein Ring A is

a benzene ring of the formula:

R* (S)
L

(N)



48 are the sane or different and each are a hydrogen atom a |ower alKkyl
group, an amno acid residue, or an aryl group having optionally a
substituent, or conbine each other at their t t he

adj acent nltrogen atomto which they bond to forn1a h gr oup
having optionally a substituent, and R3 is a hy \tﬂiﬁmﬁ \!ﬁl - | ower

al kyl am no) -1 ower al kyl group or a substituted

pi perazi nyl -1 ower al kyl group, or a saltsbhereof mhlch is prepared by
reacting a propionic acid ester derivative of the fornula [VII] [err]
wherein Ris a |lower alkyl group, and Rihng A, Rng B and are the sane as
defi'ned above mnth a conpound of the forrmula [VIII-a]: errL wher gi n
Rlerr] and RR&is3 xd@aen@t@an%cugnagfaﬁmdamw group or A bengyberoupe Ringii ng
to any one of clains 1, 2, 3 and 4, wherein Rlerr] is a hydrogen atom 6.

A process acBds@i mmdtl@ylghynyl eoep of hal-ﬁfetliloxy?)he%lagl@uﬁ, eadhesfERh and R? iof
Rlerr] and Rerr] is ydrogen atom or one of err] and Rlerr] is a

atcor i ng 1 of by aased ok ok} ST Res Ay dhdeifofy pnd SEREER e at om

methyl group, and R3 is a hydrogen atom, a 2-(dimethylamino)ethyl group or a

3-[4-(2-methoxyphenyl)piperazinyl]propyl group.
| 14. A process according to claim 13, wherein R4 is a hydrogen atom or

a chlorine atom, Ring B is a 4-methoxyphenyl group, and R3 is a hydrogen atom
or a 2-(dimethylamino)ethyl group.

15. A process according to claim 13, wherein R4 is a methyl group,
Ring B is a 4-methylphenyl group, and R3 is a hydrogen atom or a 2-(dimethyl-
amino)ethyl group.

16. A process according to claim 13, wherein R4 is a chlorine atom,
Ring B is a 4-methoxyphenyl group, and R3 is a hydrogen atom or a 3-[4-(2-
methoxyphenyl)piperazinyl]propyl group. |

17. A process according to claim 13, wherein R4 is a benzyl group,
Ring B is a 4-methoxyphenyl group, and R3 is a hydrogen atom or a 2-(dimethyl-
amino)ethyl group. |

18. A process according to any one of claims 13, 14, 15, 16 and 17,
wherein R3 is a hydrogen atom.

19. A process according to claim 18, wherein each of R! and R2is a
hydrogen atom. |

20. A process according to any one of claims 1,2, 3,4, 5,6,7, 8,9, 10,



49 8. A process according to any one of clainms 1, 2, 3 and 4, wherein
each of Rlerr] and Rlerr] is a hydrogen atomor one of Rlerr] and Rlerr] is
a kydrogen atomand the other is a | ower alkyl group, and R3 is ydr ogen
atom 9. A process according to claim8, wherein each of Rerr]; R.err]

and Rlerr] is a hydrogen atom 10. A process ac ' e -of 1, 2,
3,4, 5 6, 7, 8 and 9, wherein Ring Ais a ben‘,z;m “:“ﬂ“l“mm[um”ml a.
[err] Rlerr] is a hydrogen atom a hal ogenjatom a | avet atkyl droup or a
phenyl -1 ower al kyl group, and Ring Bis a A{-I ower al kyl phenyl group or a

4-"I:\Qwer al koxy- phenyl group. 11. A process according to claim 10, wherein
R4 I's a hydrogen,.at o) at or .a phenyl -1 ower al kyl_group, and '
Ring Bis a 4%’0‘/@#92)%%%&%H§Ia"§m9uﬁ’.he¥2'.‘ theanframeolecylas cyelization to clai m
10, wherein Rier L l.s a | awer,al kyk@gr oup, and Ri n% Bis a 4-1ower

amwmmw|y%b%¥m$&%&%a 8} @nragomatig by dmearban, an etherprand 4,

wherein R ng Qi*ﬁ]rgthbe?gozf('ane ring of the fornula: [err]

21. A process according to claim 20, wherein the intramolecular
cyclization reéction is carried out in chlorobenzene, dichlorobenzene, toluene,
xylene and mesitylene.

22. A process according to any one of claims 1, 2, 3, 4, 5, 6,7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20 and 21, wherein the intramolecular cyclization
reaction is carried out in the presence of an acid.

23. A process according to claim 22, wherein the intramolecular

. cyclization reaction is carried out in the presence of a mineral acid, a lower
alkanesulfonic acid or an arylsulfonic acid.

24. A process according to claim 23, wherein the intramolecular
cyclization reaction is carried out in the presence of methanesulfonic acid, p-
toluenesulfonic acid, benzenesulfonic acid, hydrochloric acid, or hydrobromic

acid.

25. A propionamide derivative of the formula (1}:

g

S
o o
NHR® con/
R2

wherein Ring A and Ring B are a substituted or unsubstituted benzene ring, R1

and R2 are the same or different and each are a hydrogen atom, a carbamoyl



50 R4 .i s :31 'hydrogen atom a chlorine atom a nethyl group or a benzyl
group, Ring B is a 4-nethyl phenyl group or a 4-nethoxyphenyl group, each of
Rlerr] and Rlerr] is a hydrogen atomor one of Rerr '

hydrogen atom and the other is a nethyl group, and R;g!
e

n .
, drogen atom a

2- (di net hyl anmi no) et hyl grotip or a 3-[4-(2-nmet hoxyph ﬂl@" i mmy"r opyl

group. 14. A process according to claim 13, wherein at om

.,or a chlorine atom Ring Bis a 4-net hoxygaenyl group, and R3 1s ®a Rydrogen
atomor a 2-(dinethylam no)ethyl group. 15" A process according to claim
13, wherein R4 is a nethyl group, Ring Bis a 4-nethyl phenyl group, and

Rlerr] is a hydrogen ato a 2-(di methyl - am no) et hyl oyp..16. = A
process accor%PHB’ ?Eo%?ra?wgpuﬂr?e%‘ﬂ aqgﬁ{gr% ’&lpﬁ@rgilﬂagmﬂi‘??@f@ﬂ% a
4- met hoxyphenyl group, .and R3 i.§ a hydrogen atomor a 3-[4-(2- .
met hoxyphenylgrﬂpﬁe‘i“hgm fﬁﬁgwau%mw ary} group havang optigualby aisubstiteent) ai m
13, wherein R4 is benzgl group, .Ring B is a 4-nethoxyphenyl group, and R3
is a hydr ogerPfaﬁ%ﬂgl&P each othgr ab thejx terminintogethey Wit hgAdjacent nitregescatom
according to any one of clains 13, 14, 15, 16 and 17, wherein R3 is a
hydrogen at orf® Which they bendde fome erhetergcydlic group havingseptienallpach of R err]
and Rlerr] is a hydrogen atom 20. A process according to any one of
claims 1, 2, shbsttuest, abd R3 isG hy@irogdh atom, a (di-lower alkylamino)-lower alkyl
group or a substituted or unsubstituted piperazinyl-lower alkyl group, or a salt
thereof.

26. A compound according to claim 25, wherein Ring A is a benzene

ring of the formula:

R? (S)
L m
(N)

k]

R4 is a hydrogen atom, a halogen atom, a lower alkyl group or a phenyl-lower
alkyl group, and Ring Bisa 4-lower alkylphenyl group or a 4-lower alkoxy-
phenyl group.

27. A compound according to claim 26, wherein R4 is a-hydrogen
atom, a halogen atom or a phenyl-lower alkyl group, and Ring B is a 4-lower
alkoxyphenyl group.

28. A compound according to claim 26, wherein R4 is a lower alkyl
group, and Ring B is a 4-lower alkylpheny] group. | |

29. A compound according to any one of claims 25, 26, 27 and 28,

wherein Ring A is a benzene ring of the formula:



11, 12, 13, "14, 15, 16, 17, 18 and 19, wherein the intranol ecul ar
cyclization reaction is carried out in an al cohol, an-aromatic hydrocarbon,
an.ether or a m xture thereof. 21. A process according to claim 20,
wherein the intranol ecul ar cyclization reaction is c

chl orobenzene, dichl orobenzene, tol uene, xyI ene and Flmmmllm "W”“IA
process according to any one of clainms 1, 2,

12, 13, 14,15, 16,17,18,19, 20 and 21, vvhereii;:’:1 the |ntram)l ecuI ar cycllzatlon
reaction is carri ed out in the presence of*an acid. 23. A process

accérding to claim22, wherein the intranol ecul ar cyclization reaction is
- carried out in the presence of a mneral acid, a |l ower al kanesul fonic acid

or an aryl sul fonic acid. r4 L&8kss accordlng to claim 23, wherein the
i ntranol ecul ar cyclization r on is carr out in the presence of
met hanesul fonic acid, p- tol | foni c aci d, benzenesul fonic acid,

hydrochl oric acid, or hydrobrom c &¥)d. 25. A propionami de derivative of
the forrmula [I]: [err] wherein Ring A and Ring B are a substituted or
unsubstituted benzene ring, R err] and R2 are the sane or different and

each are a hyRAdgarhydrogen atonsrawhiosihe atom, a methyl group or a benzyl group, Ring
B is a 4-methylpheny] group or a 4-methoxyphenyl group, each of R! and R2 is
a hydrogen atom or one of R! and R2 is a hydrogen atom and the other is a
methyl group, and R3 is a hydrogen atom, a 2—(dimethyiamino)ethyl group or a
3-[4-(2-methoxyphenyl)piperazinyljpropyl group.

30 A compound according to claim 29, wherein R4 is a hydrogen
atom or a chlorine atom, Ring B is a 4-methoxyphenyl group, and R3is a
hydrogen atom or a 2-(dimethylamine)ethyl group.

31. A compound according to claim 29, wherein R4 is a methyl gfoup,
RingBisa 4-methoxypheny] group, and R3 is a hydrogen atom or a 2-(dimethyl-
amino)ethyl group.

32. A compound aceording to claim 29, wherein R4 is a chlorine atom,
Rir;g B is a 4-methoxyphenyl group, and R3 is a hydrogen atom or a 3-[4-(2-
methoxypﬁenyl)piperazinyl]propyl group.

33. A compounﬁ according to claim 29, wherein R4 is a benzyl group,
Ring B is a 4-methoxyphenyl group, and R3 is a hydrogen atom or a 2-(dimethyl-
amino)ethyl group.

34. A process according to any one of claims 29, 30, 31, 32 and 33,

wherein R3 is a hydrogen atom.



‘52 group, 'a’l over al kyl =m“k’amoyl group, a | ower
al*kyl am nocar bonyl groupj’ﬂl"m ' sidue, or an aryl group having
optionally a substituent, '8 mm'r, L"(Ot her at thei . : o

with the adjacent nitrogen atontto*whs cfr t hey bond to f|JHis SHEET HASCBEEN
group having optionally a substituent, and R err] is alhydr dgERLABEDM a
(di -1 ower al kylam no)-1ower al kyl group or a substituted or uonsubstituted
pi perazi nyl -1 ower al kyl group, or a salt %F{ereof. 26. A conpound accordi ng
to claim25, wherein Ring Ais a benzene ng of the fornmula: [err] R err]
is a hydrogen atom a hal ogen atom a |ower alkyl group or a phenyl-I ower
al kyl group, and Ring Bis a 4-|lower al kyl phenyl group or a 4-1ower al koxy-
phenyl group. 27. 3% coMidRi3$)%3-epokypropionanidendedyatineofthe fermula [V-a):
hydrogen atom a hal ogen atom or a phenyl -1 ower al kyl group, and Ring Bis
a 4-1ower al koxyphenyl group. 28. A conmpound according to claim 26,

wherein R4 is a | ower al k §r oup nd Rng Bis a 4-1ower al kyl phenyl
group. 29. A conpound a mgé.a\gaa/cgjq(of clai ms[¥&@] 26, 27 and 28,

R2

wherein Ring B is a substituted or unsubstituted benzene ring, and R! and R2

are the same or different and each are a hydrogen atom, a carbamoyl group, a
lower alkyl group, a lower alkanoyl group, a lower alkylaminocarbonyl group,
an amino acid residue, or an aryl group having optionally a substituent, or
combine each other at their termini together with the adjacent nitrogen atom to

which they bond to form a heterocyclic group having optionally a substituent,

or a salt thereof.

36. A compound according to claim 35, wherein Ring B is a 4-lower
alkoxyphenyl group, and each of R1 and R2 is a hydrogen atom or one of R!
and R2is a hydr_ogen atom and the other is a lower alkyl group.

37. A compound according to claim 36, wherein Ring B is a 4-
methoxyphenyl group, and each of R1 and R? is a hydrogen atom.

38. A (2R,3S)-2,3-epoxypropionamide derivative of the formula [V-b]:

0O

R]
...... coN [V-b]
R2

wherein Ring B! is a benzene ring having a lower alkyl substituent, and R! and

R2 are the same or different and each are a hydrogen atom, a carbamoyl group, a

lower alkyl group, a lower alkanoyl group, a lower alkylaminocarbonyl group,
R
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wher ei n Ri}ng A is a benzene ring of the formula: ‘Mﬁa*n
hytirogen atom a chlorine atom a nmethyl group or a benzyl group, Rmg Bis
a ﬁ-nethylphenyl group or a 4-nmet hoxyphenyl group, d

Rlerr] is a hydrogen atomor one of Rerr] and R[er,mﬂmmlmmmgmratom
and the other is a methyl group, and Rlerr] is a hydrogentateonys a.

2- (di net hyl am no) et hyl group or a 3-[4-(2-nethoxyphenyl)pi perazinyl]propyl
group. . 30 A conpound according to clai ms9, wherein R4 is a hydrogen atom

or a- chl ori ne atom Ring B is a 4-nethoxyphenyl group, and R3 is a hydrogen
atom or a 2-(dinethylamno)ethyl group. 31. A corrpound according to claim

29, "wher ei n R4piatnifo fcf‘%,'s 0 { hoxyphe roup, and R3
i's a hydrogen gt or#1 O?Ea (@E &p N WW?@YWI ms By %¥’ % ound
2 et ﬂ'&?phinﬁ?ﬁgﬂeﬁ%mﬁé%%%é B Sgethef BiPURe acmopht piscoze atom to
nmet hoxyphenyl rou 3. ound, ac ord| ng to claim
29, wherein enzﬁ'%glt%g%'paﬂ Ffscyﬁ? sgfauaw Q‘b‘ﬂ'@g 1y a gubsituentnd R3
is a hydr Ogeno@ﬁ?ﬁi‘t%er&@ (di met hyl - am no) ethyl group.
39. A compound according to claim 38, wherein Ring Bl is a 4-lower -
alkylphenyl group, and each of R! and R2is a hydrogex; atom or one of R! and
R2 is a hydrogen atom and the other is a lower alkyl group.

40. A compound according to claim 39, wherein Ring Blis a4-

methoxypheny] group, and each of Rl. and R2 is a hydrogen atom.



- A T B
34, A process according to any one of clains 29, 30, 31, 32 and 33, wherein
R3™i s a hydrogen atom 54 35. A (2R 39)-2, 3-epoxypropi onam de
derivative of the fornmula [V-a]: [err] wherein Ring Bis a substituted or
unsubstituted benzene ring, and Rlerr] and Rlerr] are the sane or different
and each are a hydrogen atom a carbanoyl group, a lower alkyl group, a
| ower al kanoyl group, a |ower alkylam nocarbonyl group, an am no acid
resic<due, or an aryl group having optional lsg a substituent, or conbine each
“~other at their termni together with the adjacent nitrogen atomto which
they bond to forma HROCFSt FOR | EREBARINS hebrBENZQIPLAZRPANE \DERTGATIVE| t uent , or
a salt thereopBSIRA jgag to claim 35, wherein Ring Bis a
4-1 ower al koxbghenylcgrgﬁg?@aggsgg@ﬁ ‘Rlerr] and Rlerr] is a hydrogen
atomor one of Rlerr] and Rerr] is a hydrogen atomand the other is a
"l ower al kyl group. 37. A conpound according to claim 36, wherein Ring Bis

a 4- met hoxyphenyl ach of . I and Rl err] is a hydrogen atom
38. A (2s,3R)-2,352%%8F%3?%f%ﬂ’8%"8§?«% Gnzot ﬁqmeefisam‘ep Mkb): [err]

wherein Ring Blerr] is a benzene ring having a | ower al kyl substituent, and

Rlerr] and

N
R3 O

. wherein Ring A and Ring B are substituted or unsubstituted benzene ring, and
R3 is H, (di-lower alkylamino)-lower alkyl or substituted or unsubstituted
piperazinyl-lower alkyl, or a salt thereof, in high yield and in a single step from a
novel 3-(2-amino-substituted or unsubstituted phenylthio)-Z-hydroxy—3—

- Substituted or unsubstituted phenylpropionamide compound. Said 1,5-benzo- -

thiazepine derivative [II] is useful as an intermediate for preparing medicaments |

such as diltiazem hydrochloride.



!'R[err] are the sane or different and each are a hydrogen atom a carbanoyl

group, a lower alkyl—group._a |over alkanoyl group, a oy )
al kyl am nocar bonyl imoup, 55 an am no acid residue QMMPNT Sf “d_p

b AU 575 S5 i )

together with the
het erocyclic group havi ng odtlcfnal*l y a substituent, ol salt thereof} B9.
A compound according to claim 38, wherein ng B[err] | ST 4-Tower
al kyl phenyl group, and each of R err] andszl[ err] is alhydrogen_atom.or—bne
of Rerr] and R err] is a hydrogen atom and the other 1s a | ower alkyl
group. 40. A conp cecording to claim39, wherein Ring Blerr] is a 4-
met hoxyphenyl group, (ggﬁtﬂg 'HP@P‘Vmeﬂmderqematlabeldmﬁyﬂnuana]

m---AL CON< ¥ [V-a].

R2

wherein Ring B is a substituted or unsubstituted benzene ring, and R! and R2

are the same or different and each are a hydrogen atom, a carbamoyl group, a

. lower alkyl group, a lower alkanoyl group, a lower alkylaminocarbonyl group,
an amino acid residue, or an aryl group having optionally a substituent, or
combine each other at their termini together with the adjacent nitrogen atom to

which they bond to form a heterocyclic group having optionally a substituent,

or a salt thereof.

36. A compound according to claim 35, wherein Ring B is a 4-lower
alkoxyphenyl group, and each of R! and R2 is a hydrogen atom or one of R!
and R2 is a hydrogen atom and the other is a lower alkyl group.

37. A compound according to claim 36, Wherein Ring Bisa4- -
methoxyphenyl group, and each of R! and R2 is a hydrogen atom.

38. A(2s.3 R)-2,3-epoxypropionamide derivative of the formula [V-b]:

o

Rl
--u|| CON< | [V-b] '
RZ

wherein Ring B! is a benzene ring having a lower alky) substituent, and R! and
R? are the same or different and each are a hydrogen atom, a carbamoy] group, a

lower alkyl group, a lower alkanoyl group, a lower alkylammocarbonyl group,




