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1. Introduction.

The 1,5-benzothiazepine is one of the three possible
benzo-condensed derivatives, viz. 1,4-, 4,1- and 1,5-ben-
zothiazepines of the 1,4-thiazepine [1]. The parent 1,5-ben-
zothiazepine itself has not hitherto been described in the
literature. However, its derivatives belong to the most fre-
quently studied benzothiazepines. This may be due to
their easy availability and the wide range of their bioac-
tivities. Cardiovascular (2], vasodilator [3,4] and antiar-
rhytmic [5] actions of some 2,3-dihydro-1,5-benzothi-
azepin-4(5H)-ones have already been published in the
early seventies. Later on, haemodynamic effects [6],
antiulcer activity [7,8], calcium antagonistic and spas-
molytic activities [9-13], angiotensine converting enzyme
inhibition [14,15], etc. have been described as their major
activities. Moreover, antihypertensive drugs with 1,5-ben-

zothiazepine active ingredients have already been mar-
keted. On all these bases, the 1,5-benzothiazepines are
useful compounds in the drug research which stimulated
the invention of various synthetic procedures for their
preparation and chemical transformations.

The major aim of this review article is to provide an
account for the most important methods invented for the
synthesis of 1,5-benzothiazepines. Chemical transforma-
tions utilized mainly to obtain their derivatives of benefi-
cial bioactivities are also discussed with the help of ade-
quate examples.

2. Synthesis of 1,5-Benzothiazepines and 1,5-Benzothi-
azepin-4(SH)-ones.

As mentioned previously, the 1,5-benzothiazepine as
parent compound, has not yet been described in the litera-
ture. However, its 2,4-disubstituted derivatives have
already been published. 2-Aminothiophenol (1) was
allowed to react with alkynones 2 in a mixture of hot
methanol and acetic acid to obtain 2,4-disubstituted 1,5-ben-
zothiazepines 3 [16,17] (Scheme 1).

Scheme |

For the synthesis of 1,5-benzothiazepin-4(5H)-ones
several procedures have hitherto been developed. In the
case of a quite general and simple procedure, 2-amino-
thiophenol (1) is heated either with propiolic acid (4) (R = H)
or its B-substituted derivatives 4 to yield the appropriate
1,5-benzothiazepines 5 [18-20] (Scheme 2).
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Scheme 2

2-Mecthyl-1,5-benzothiazepin-4(SH)-one (7) has been
prepared by the reaction of 2-aminothiophenol (1) with
cthyl acetoacetate (6) in xylene at reflux temperature
[21.22] (Scheme 3).

Scheme 3
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2.3-Disubstituted 1,5-benzothiazepin-4(5H)-ones 9
were synthesized by the reaction of 2-aminothiophenol
(1) with a-chloro-B-chlorocarbonyl enamines 8 in the
presence of pyridine [23] (Scheme 4).
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Formerly we have developed a simple and convenient
procedure for the preparation of 1,5-benzothiazepin-
4(5H)-ones 13 by the debromination of 3-bromo-1,5-ben-
zothiazepin-4(SH)-ones 12. 2,3-Dihydro-2-phenyl-1,5-
benzothiazepin-4(5H)-one (10) was converted into com-
pound 11 on bromination with N-bromosuccinimide [24]
which was then N-acylated and N-alkylated to afford 5-sub-
stituted 3-bromo-2-phenyl-1,5-benzothiazepin-4(5H)-ones
12. These 3-bromo derivatives were debrominated by zinc
dust in a mixture of hot ethanol and acetic acid to give
2-phenyl-1,5-benzothiazepin-4(5H)-ones (13) [25]
(Scheme 5).
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3. Synthesis of 2,3-Dihydro-1,5-benzothiazepines.

Synthesis and chemical transformations of 2,3-dihydro-
1,5-benzothiazepines have been intensely studied by sev-
eral research groups and as a result, numerous new 1,5-ben-
zothiazepine derivatives have been described in the litera-
ture. In our present review article general synthetic proce-
dures and important chemical conversions of benzothiaze-
pines obtained in this way are compiled.

A series of 4-aryl-2,3-dihydro-1,5-benzothiazepines 15
was synthesized by the reaction of 2-aminothiophenol (1)
with N,N-disubstituted (2-aminoethyl)aryl ketones 14 by
Hideg and Hankovszky [26-28] (Scheme 6). Similar 4-sub-
stituted 2,3-dihydro-1,5-benzothiazepines 17 have been
synthesized by the reaction of 2-aminothiophenol (1) with
B-haloketones 16 [29,30] (Scheme 6).
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The 2,4-disubstituted 2,3-dihydro-1,5-benzothiazepines
19 (Scheme 7) belong to the most frequently investigated
benzothiazepines [21,31-47]. This may be due to the fact
that such 1,5-benzothiazepines can easily be synthesized
by the reaction of 2-aminothiophenol (1) with o,B-unsatu-
rated ketones 18 (Scheme 7). These synthetic procedures
have been thoroughly investigated in numerous labora-
tories. The intense studies resulted in the better under-
standing of various steric and electronic factors influenc-
ing the formation of such 1,5-benzothiazepines.

Scheme 7
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Similar reaction of exocyclic o,B-unsaturated ketones
20 with 2-aminothiophenol (1) afforded tetracyclic ben-
zothiazepines 21 [48-51] (Scheme 8). Stereochemistry of
compounds 21 has been elucidated by a combined utiliza-
tion of various nmr techniques. These spectroscopic mea-
surements unequivocally proved that only one diastereo-
mer was obtained in each case which reveals a com-
pletely diastereoselective formation of such benzothiaze-
pines under the reaction conditions used for their synthe-
S1S.
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To close this paragraph, it should also be mentioned
that 4-aryl-2,3-dihydro-1,5-benzothiazepine-2-carboxylic
acids 24 have been synthesized in the late eighties by the
reaction of 2-aminothiophenols 22 with B-aroylacrylic
acids 23 {52,53] (Scheme 9).
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4. Chemical Transformations of 2,3-Dihydro-1,5-benzo-
thiazepines.

4.1. Hydrogenation of the C=N Double Bond.

Hydrogenation of the C=N double bond of the 2,3-dihy-
dro-1,5-benzothiazepines has hitherto received less attention
although such tetrahydrobenzothiazepines may be useful
intermediates for the synthesis of appropriately substituted
complex 1,5-benzothiazepines. Several 4-substituted [27],
2,4-disubstituted [33] and 3,4-disubstituted [28] substances
25 were reduced either by lithium aluminum hydride in hot
anhydrous ether or by sodium borohydride in hot ethanol by
Hideg and Hankovszky to afford 2,3,4,5-tetrahydro-1,5-ben-
zothiazepines 26 (Scheme 10). Compounds 26 were then
converted into their 1,1-dioxides 27 on oxidation with hydro-
gen peroxide in acetic acid solution at room temperature.
Their 5-acyl derivatives 28 have been prepared by N-acyla-
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tion (Scheme 10). Recently, 2,4-diaryl-2,3,4,5-tetrahydro-
1,5-benzothiazepines 26 have been prepared by the hydro-
genation of 2,4-diaryl-1,5-benzothiazepines 29 with
lithium aluminum hydride by Saturnino et al.[54].

Scheme 10
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4.2. Synthesis of 2,4-Diaryl-2,3-dihydro-1,5-benzo-
thiazepine 1,1-Dioxides.

According to our knowledge, oxidation of the sulfur
atom of the 2,3-dihydro-1,5-benzothiazepines has hitherto
been described only in one paper [43]. 2,4-Diaryl-2,3-
dihydro-1,5-benzothiazepines 29 were oxidized by hydro-
gen peroxide in acetic acid at room temperature to obtain
1,1-dioxides 30 (Scheme 11).

Scheme 11
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4.3. Preparation of Tricyclic Benzothiazepines by the
Cycloaddition Reactions of the C=N Double Bond.

The presence of the polarized C=N double bond of these
1.5-benzothiazepines makes possible the formation of fused
ring system by dipolar cycloadditions. In our own study
[55] the 2,3-dihydro-2,4-diphenyl-1,5-benzothiazepine (31)
was allowed to react with in situ generated ketenes 32 by
the reaction of acid halides and triethylamine and B-lactam
derivatives 33 were obtained (Scheme 12). Stereochemistry
of compounds 33 has been elucidated by a combined uti-
lization of various nmr techniques.
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Chimirri et al. [56] synthesized 3a,4-dihydro-1-phenyl-
5H-[1,2,4]oxadiazolo[5,4-d][1,5]benzothiazepines 36 by
the cycloaddition of 2,3-dihydro-1,5-benzothiazepines 34
with benzonitrile oxide generated in situ from benzhy-
droximinoyl chloride (35) (Scheme 13).
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Similar B-lactam derivatives 38 and [1,2,4]Joxadiazo-
lo[5,4-d]{1,5]benzothiazepines 39 have also been pre-
pared by the [2 + 2] cycloaddition and 1,3-dipolar cyclo-
addition of the 3,3-dimethyl-1H,3H-furo[4,3-b][1,5]ben-
zothiazepin-1-one (37) [57]} (Scheme 14).
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Scheme 14 5. Synthesis of 2,3-Dihydro-1,5-benzothiazepin-4(5H)-
ones.

. Me, Me—‘ The 2,3-dihydro-1,5-benzothiazepin-4(5H)-ones are the

S 0 most thorougly studied benzothiazepine derivatives. This
S 0 @[ \ is mainly due to their numerous important bioactivities.
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cl oped for their synthesis. The first synthesis was published

o Cl as early as 1923 by Mayer and Horst [61]. 2-Nitrothio-

— — phenol (41) was allowed to react with 3-chloropropionic

acid (42) to afford nitrocarboxylic acid 43. Reduction of

l compound 43 gave aminocarboxylic acid 44 which

yielded the target 2,3-dihydro-1,5-benzothiazepin-4(5H)-

one (45) on ring closure (Scheme 16). For the synthesis of

the 2-substituted, 3-substituted and 2,3-disubstituted

derivatives of compound 45 various methods have bcen
described in the literature.
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Scheme 16
An account on the annelated 1,5-benzothiazepines

including B-lactam derivatives has been published by Sa ?H2C' S(CH,),COOH
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4.4. Ring Contraction of 2,4-Diaryl-2,3-dihydro-1,5-ben-
zothiazepines. 41 42 43

Some interesting chemical transformations of the ben- ]
rothiazepines are based on the ring contraction of their

seven-membered ring. In our recent study, ring contrac- S

tion of 2,4-diaryl-2,3-dihydro-1,5-benzothiazepines 29 S(CH,),CO0H
has becn performed under acylating conditions to afford @ Q -— @
3-acyl-2,3-dihydrobenzothiazoles 40 [59,60]. This simple ﬁ 3 NH,

and convenient procedure renders easily available numer-

ous previously inaccessible 3-acyl-2-aryl-2-(B-arylvinyl)- 45 44
2,3-dihydrobenzothiazoles 40 (Scheme 15).

Scheme 15
Ar'
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29 Ar 5.1. Synthesis of 2-Substituted 2,3-Dihydro-1,5-benzothi-
azepin-4(SH)-ones.
J The simplest synthesis is based on the reaction of 2-ami-
nothiophenol (1) with o,B-unsaturated carboxylic acids
S, AR 46. The first example of this procedure was published by
N><CH:CH—Ar' Mills and Whitworth as early as 1927 [62]. Later on, sev-
R—(I:—O eral research groups utilized this convenient method for

the synthesis of a wide variety of 2-substituted or 2,2-di-
40 substituted 2,3-dihydro-1,5-benzothiazepin-4(5H)-ones 47
[63-67] (Scheme 17).
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Scheme 17
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Another convenient procedure starts with the reaction
of the 2-aminothiophenol (1) or 2-nitrothiophenol (41)
with 3-bromopropionic acids 48 to afford either nitrocar-
hoxylic acids 49 or aminocarboxylic acids 50. Reduction
of compounds 49 to aminocarboxylic acids 50 followed
by ring closure yield the 1,5-benzothiazepines 51 [68]
(Scheme 18).
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Utilization of this procedure made available an easy
preparation of optically active 2,3-dihydro-1,5-benzothi-
azepin-4(5H)-ones substituted with a methyl or a phenyl
group (51, R = Me or Ph) at position 2 [69-71] (Scheme 19).
Optical resolution of nitrocarboxylic acids 49 by brucine

Vol. 37

and the decomposition of the brucine salts with
hydrochloric acid afforded the optically pure enantiomers
of compounds 49. Reduction of the optically active nitro-
carboxylic acids 49 to optically active aminocarboxylic
acids 50 followed by their ring closure yielded optically
active 2-substituted 2,3-dihydro-1,5-benzothiazepin-
4(5H)-ones 51 (Scheme 19). This constitutes the first
example for a retrosynthetic preparation of such optically
active benzothiazepines.

Scheme 19
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A chemoenzymatic enantioselective synthesis of the
(R)-2,3-dihydro-2-methyl-1,5-benzothiazepin-4(5H)-one
((R)-51) has been performed by Dike et al. [72]. This pro-
cedure starts with the Baker's yeast reduction of ethyl
acetoacetate. The optically active ester obtained in this
way was used for the preparation of the (R)-3-(phenylmer-
capto)butyric acid (52) as a key intermediate of this synthe-
sis. Compound 52 was then cyclized into (R)-2-methyl-1-
thiochromanone (53), oxime 54, of which yielded the (R)-2,3-
dihydro-2-methyl-1,5-benzothiazepin-4(5H)-one ((R)-51)
on Beckmann rearrangement (Scheme 20).
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Dike et al. [73] managed to work out a similar
chemoenzymatic synthesis of the (R)-2,3-dihydro-2-
phenyl-1,5-benzothiazepin-4(5H)-one ((R)-51) as well. In
this casc the Baker's yeast reduction of the ethyl benzoyl
acetate provided the starting material for a convenient
enantioselective synthesis of the (R)-I-thioflavanone 55,
oxime 56, of which was converted into the target optically
active 1,5-benzothiazepine (R)-51 on Beckmann rear-
rangement (Scheme 21).

Scheme 21
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An cfficient one-pot synthesis of the (KR)-2,3-dihydro-
2,5-dimethyl-1,5-benzothiazepin-4(5H)-one (59) has been
described by Breitschuh and Seebach [74]. (S)-B-Butyro-
lactone (58) was allowed to react with 2-(N-methyl-
amino)thiophenol (57) to yield compound 59 without the
isolation of the appropriate carboxylic acid intermediate
(Scheme 22).
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For the synthesis of a large series of 2-substituted 2,3-
dihydro-1,5-benzothiazepin-4(5H)-ones 62 similar one-
pot procedure has been developed by Ambrogi and
Grandolini [75]. 2-Aminothiophenols 60 were allowed to
react with B-propiolactones 61 to afford substances 62
without the isolation of the aminocarboxylic acids formed
in the first step (Scheme 23).

Scheme 23
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As last examples of the procedures developed for the
preparation of 2-substituted 2,3-dihydro-1,5-benzothi-
azepin-4(5H)-ones, the Schmidt reaction of 1-thiochro-
manones substituted at position 2 and the Beckmann
rearrangement of their oximes should also be mentioned. In
our previous studies [76,77], 2,3-dihydro-2-phenyl-1,5-ben-
zothiazepin-4(5H)-one (51) was obtained either by the
Schmidt reaction of the I-thioflavanone 55 [76] or on the
Beckmann rearrangement of its oxime 56 [77] (Scheme 24).
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Scheme 24
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5.2. Synthesis of 3-Substituted 2,3-Dihydro-1,5-benzothi-
azepin-4(SH)-ones.

First representatives of the 3-substituted 2,3-dihydro-
1,5-benzothiazepin-4(5H)-ones 59 were synthesized by
Carr [78] in 1971. 2-Aminothiophenols 22 were allowed
to react with atropic acids 63 to provide B-(2-aminophen-
ylmercapto)hydratropic acids 64 which gave then the tar-
get 3-substituted 1,5-benzothiazepines 65 on ring closure
with dicyclohexylcarbodiimide (Scheme 25).

Scheme 25
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Optically active 3-amino-2,3-dihydro-1,5-benzothiaze-
pin-4(5H)-ones are very interesting and useful benzothi-
azepines owing to their angiotensin converting enzyme
(ACE) inhibitor activity. The 3-amino-2,3-dihydro-1,5-
benzothiazepin-4(SH)-one (69) was first synthesized by
Slade et al. [79]. 2-Fluoronitrobenzene (66) was allowed
to react with N-acetylcysteine (67) to afford nitrocarbox-
ylic acid 68 which gave then (R)-3-amino-2,3-dihydro-
1,5-benzothiazepin-4(SH)-one (69) on several reaction
steps (Scheme 26). A wide variety of optically active 3-
amino-2,3-dihydro-1,5-benzothiazepin-4(5H)-ones have
been synthesized by several research groups [80-84] and
the ACE inhibitor activity of these compounds has been
emphasized as their major bioactivity.

Scheme 26
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5.3. Synthesis of 2,3-Disubstituted 2,3-Dihydro-1,5-ben-
zothiazepin-4(5H)-ones.

The simplest method for the preparation of 2,3-disubsti-
tuted 2,3-dihydro-1,5-benzothiazepin-4(5H)-ones 71 is
based on the reaction of 2-aminothiophenol (1) with o,3-
disubstituted acrylic acids 70 [20,63,65] (Scheme 27).
This procedure made possible the preparation of the 2,3-
diaryl and 2-aryl-3-alkyl derivatives of these benzothiaze-
pines.
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Scheme 27
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The most frequently studied 1,5-benzothiazepines arc
the 2-aryl-2,3-dihydro-3-hydroxy-1,5-benzothiazepin-
4(5H)-ones 75 since some of their optically active deriva-
tives are important antihypertensive agents. For this rea-
son, their synthesis has been investigated by several labo-
ratories and convenient procedures have been developed
for their preparation [85-90]. Depending on the reaction
conditions, both 2,3-cis and 2,3-trans diastereomers can
be prepared selectively. For their synthesis a general route
is illustrated by Scheme 28. 2-Nitrothiophenol (41) was
allowed to react with phenylglycidic esters 72 to obtain
nitrocarboxylic acid esters 73 which were reduced and
saponified to afford aminocarboxylic acids 74. Ring clo-
sure of 74 gave 2-aryl-2,3-dihydro-3-hydroxy-1,5-benzo-
thiazepin-4(SH)-ones 75 (Scheme 28).

Scheme 28
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Synthesis of optically active 2-aryl-2,3-dihydro-3-
hydroxy-1,5-benzothiazepin-4(5H)-one derivatives is
especially important topic of the benzothiazepine chem-
istry. As a result, wide variety of such compounds has
hitherto been published [91-99]. It is not an aim of the
present review article to discuss the synthesis, chemical
transformations and structure elucidation of such benzo-
thiazepines in detail, we only plan to provide relevant
examples to illustrate the major features of the most
important synthetic procedures. As an example, Scheme 29
shows the synthesis of the two enantiomers of the cis-2,3-
dihydro-3-hydroxy-2-(4-methoxyphenyl)-1,5-benzothi-
azepin-4(5H)-one (77). This multistep procedure starts
with the optical resolution of the cis-aminocarboxylic acid
76 followed by the ring closure to the benzothiazepine
enantiomers. Of course, the trans-compounds can be syn-
thesized starting with the optical resolution of the appro-
priate trans-aminocarboxylic or trans-nitrocarboxylic
acids. This procedure can be considered as the "classical”
route for the synthesis of such benzothiazepines.

Scheme 29
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NH,
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S-C..
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(28,39)-77 (2R,3R)-77
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The newest developments concentrate on the prepara-
tion of the optically active amino- or nitrocarboxylic acids
as key intermediates of the synthesis of the optically active
2-aryl-2,3-dihydro-3-hydroxy-1,5-benzothiazepin-4(5 H)-
ones by the utilization of the most modern procedures. The
enzyme-catalyzed kinetic resolution of the racemic
hydroxycarboxylic acid belong to this category [100-102].
Various enantioselective synthetic methods have also been
utilized to obtain optically active intermediates used for
the synthesis of optically active 3-hydroxy-1,5-benzothi-
azepines [103-109]. (25,35)-2,3-Dihydro-3-hydroxy-2-(4-
methoxyphenyl)-1,5-benzothiazepin-4(SH)-one (77) has
also been prepared by the enantioselective reduction of the
2-(4-methoxyphenyl)-1,5-benzothiazepin-3,4(2H,5H)-
dionc (78) with sodium borohydride and optically active
a-amino acids [110] (Scheme 30).

Scheme 30
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(25,38)-717
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Another interesting group of the 2,3-disubstituted 2,3-di-
hydro-1,5-benzothiazepin-4(5H)-ones comprises the ethyl
2-aryl-2,3-dihydro-1,5-benzothiazepin-4(5H)-one-3-car-
boxylates 80 [7,8,111-113]. Both their cis- and trans-iso-
mers have been synthesized by the reaction of arylidene-
malonates 79 and 2-aminothiophenol (1) (Scheme 31).
Compounds 80 can then be reduced to alcohols 81 with
lithium aluminum hydride in tetrahydrofuran. The alcohols
afforded the appropriate chlorides 82 on treatment with
thionyl chloride, methanesulfonyl chloride or p-toluenesul-
fonyl chloride. Substances 82 were then heated with N-meth-
ylpiperazine to obtain 2-aryl-2,3-dihydro-3-(4-methylpi-
perazinylmethyl)-1,5-benzothiazepin-4(5H)-ones 83
(Scheme 31). Some of these benzothiazepines were found
to possess considerable antiulcer and gastric inhibitor
activities.

Scheme 31
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6. Chemical Transformations of the 2,3-Dihydro-1,5-ben-
zothiazepin-4(5H)-ones.

6.1. Reduction of the Cyclic Amide Group.

Reduction of the easily available 2,3-dihydro-1,5-ben-
zothiazepin-4(5H)-ones offers an opportunity for the
preparation of 2,3,4,5-tetrahydro-1,5-benzothiazepines.
However, this efficient chemical transformation has hitherto
reccived little attention. A relatively large series of such
tetrahydrobenzothiazepines 84 has been prepared by
Krapcho by the reduction of 2,3-dihydro-1,5-benzothiaze-
pin-4(5H)-ones 51 with lithium aluminum hydride in anhy-
drous ether [114-116] (Scheme 32). Recently, a tricyclic
I,5-benzothiazepine was reduced by using lithium alu-
minum hydride under similar reaction conditions [117].

Scheme 32
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6.2. Conversion of the Amides into Thioamides.

The first example of this conversion has been described
by Withelm and Schmidt [118] who used phosphorous
pentasulfide to convert the 2,3-dihydro-2-phenyl-1,5-ben-
zothiazepin-4(5H)-one into the appropriate thione. Later
on, the Lawesson's Reagent [119] was beneficially uti-
lized for the conversion of the 2,3-dihydro-1,5-benzothi-
azepin-4(5H)-ones 85 into the appropriate thiones 86
167,120-122] (Scheme 33). Some of the thiones obtained
by this conversion have also been utilized for the synthe-
sis of new tricyclic benzothiazepines [67,122-129].

Scheme 33
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6.3. Oxidation of the Sulfur Atom of the 2,3-Dihydro-1,5-
benzothiazepin-4(SH)-ones.

Oxidation of the sulfur atom of the 2,3-dihydro-1,5-
benzothiazepin-4(SH)-ones has been studied by several
research groups and various procedures have been used
for the preparation of their sulfoxides and sulfones
[62,71,74,79,118,121,130-134]. Sulfoxides 87 have becn
prepared by using potassium permanganate [62], sodium
periodate [79,131], in situ generated performic acid [132],
m-chloroperbenzoic acid [71,121], tert-butyl hydroperox-
ide [74] and dimethyldioxirane [134] (Scheme 34). In the
case of the 2-substituted 2,3-dihydro-1,5-benzothiazepin-
4(5H)-ones sulfoxides are obtained as diastereomeric
mixtures. However, the application of the dimethyldioxi-
rane as oxidant resulted in high trans-diastercoselectivity
proved by nmr and X-ray studies [134]. Sulfones 88 have
been prepared by hydrogen peroxide [121,130], potassium
permanganate [62], m-chloroperbenzoic acid {79,118,131]
and dimethyldioxirane [134] (Scheme 34).

Scheme 34
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6.4. N-Acylation and N-Alkylation of 2,3-Dihydro-1,5-
benzothiazepin-4(5H)-ones.

N-Acylation of 2,3-dihydro-1,5-benzothiazepin-4(5H)-
ones 78 has been performed under various reaction condi-
tions to afford the appropriate N-acyl derivatives 89
(Scheme 35). 5-Acetyl-2,3-dihydro-1,5-benzothiazepin-
4(5H)-ones have been prepared by using acetic anhydride
together with acetic acid [30,66], with anhydrous pyridine
[121] or acetic anhydride alone [135]. Utilization of iso-
propenyl acetate as source of acetyl group with p-toluene-
sulfonic acid has also been described. Other S-acyl deriv-
atives 89 have been prepared by acylation with acyl chlo-
rides [136].
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Scheme 35
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N-Alkylation of the 2,3-dihydro-1,5-benzothiazepin-
4(5H)-ones is the most frequently investigated chemical
transformation of these 1,5-benzothiazepines. Simple 5-meth-
yl derivatives 90 can easily be prepared by the methyla-
tion of compounds 85 with methyl iodide in anhydrous
dimethylsulfoxide or dimethylformamide in the presence
of sodium hydride [86,121,135] (Scheme 36). Their N-al-
kylamino derivatives 91 have been prepared by N-alkyla-
tion with aminoalkyl halides in anhydrous toluene in the
presence of sodamide [20,63], in dioxane or in dimethyl-
formamide in the presence of sodium hydride [87,92] or
in acetone in the presence of potassium carbonate. These
5-(aminoalkyl)-2,3-dihydro-1,5-benzothiazepin-4(5H)-
oncs belong to benzothiazepines of highest bioactivities
and, therefore, they are valuable substances in the drug
research. Their most potent member is the diltiazem
which has already been marketed as an antihypertensive
drug [9].

Scheme 36
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Carboxylic acid derivatives 92 of the 2,3-dihydro-1,5-
benzothiazepin-4(SH)-ones have also been synthesized by
the N-alkylation of the appropriate starting materials
[64,65,138,139] (Scheme 36). As alkylating agent, halo-
genated carboxylic acids or their esters and B-propiolac-
tone, respectively, can be used in anhydrous dimethyifor-
mamide in the presence of sodium hydride or potassium
tert-butoxide.

To close this paragraph, it should also be mentioned
that N-arylation of such 1,5-benzothiazepines has also
been published by Ried and Sell [140].

7. Miscellaneous.

The 2,3-dihydro-1,5-benzothiazepines (vide supra) are
well known benzothiazepine derivatives. However, the
other dihydro-1,5-benzothiazepines has hitherto received
less attention. Recently, as an example of such benzothi-
azepines, dimethyl 2,5-dihydro-1,5-benzothiazepin-2.4-
dicarboxylate 94 has been synthesized by the reaction of
2-aminothiophenol (1) with dimethyl E-2-oxoglutaconate
93 in methanol [141] (Scheme 37).

Scheme 37
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In the previous paragraphs of this review article, the
preparation of 2,3,4,5-tetrahydro-1,5-benzothiazepines has
already been discussed. It has been shown that such benzo-
thiazepines can be prepared either by the hydrogenation of
2,3-dihydro-1,5-benzothiazepines (¢f. Scheme 10) or by the
reduction of 2,3-dihydro-1,5-benzothiazepin-4(5H)-ones
(cf. Scheme 32). The 2,3,4,5-tetrahydro-1,5-benzothiaze-
pine (96) can also be synthesized "directly" by the reaction
of 2-aminothiophenol (1) with I,3-dihalopropanes 95 or by
the reduction of 1-thiochromanone oxime 97 with lithium
aluminum hydride [144] (Scheme 38).
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Scheme 38
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3-Hydroxy-2,3,4,5-tetrahydro-1,5-benzothiazepines 99
have been synthesized by the reaction of 2-aminothiophe-
nol (1) with 2-(1-haloalkyl)oxiranes 98 [145] (Scheme 39).

Scheme 39
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An interesting bridged 2,3,4,5-tetrahydro-1,5-benzothi-
azepine derivative 101 was described by Svetlik et al.
[146]. This previously unprecedented benzothiazepine
101 has been synthesized by the cyclocondensation of 2-
aminothiophenol with 4-(2-hydroxyphenyl)-3-buten-2-
one (100) in hot methanol in the presence of concentrated
hydrochloric acid (Scheme 40).
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Scheme 40
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1,5-Benzothiazepin-2,4(3H,5H)-diones 103 have been
synthesized by Ried and Sell [147,148] by the reaction of
2-aminothiophenols 60 with malonic acids 102 in the
presence of dicyclohexylcarbodiimide (Scheme 41).

Scheme 41
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Probably the most unique 1,5-benzothiazepines are
their sugar-containing derivatives. Tronchet and Gentile
[149] synthesized spirobenzothiazepine 105 by the reac-
tion of 2-aminothiophenol (1) with sugar enone 104 in
methanol (Scheme 42).

Ito et al. [150] synthesized sugar-containing 2,3-dihy-
dro-1,5-benzothiazepin-4(5H)-one 107 by the reaction of
2-aminothiophenol (1) with 5-hydroxy-5-(2',3",5'-tri-O-
benzoyl-B-D-ribofuranosyl)furan-2(5H)-one (106) in
chloroform. Compound 107 was then dehydrogenated to
obtain 1,5-benzothiazepin-4(5H)-one 108 (Scheme 43).
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Scheme 42

0O

: + Me O _Me
NH, | 0”5,

105
Scheme 43
(0]
SH 0Bz O
+ (0]
NH, OH
1 Bz OBz
106
i
(0]
YL
N 0Bz OBz
H "o
107
i
(0]
S ¢ 0Bz
o
N 0Bz OBz
H "o
108

A. Lévai Vol. 37

In summary, in our present review article most of the
synthetic procedures developed for the preparation and
chemical transformations of 1,5-benzothiazepines have
been compiled and discussed. Literature data published
till June 1999 have been included as references to help the
reader to find the original publication concerning an
actual synthetic method.
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