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Abstract—A series of 4,5-dihydro-1,4-benzothiazepin-3(2H)-ones 9 was prepared via Ugi 4-CC, SN aliph, and SN arom. This
procedure, which resembles the well-known Hulme�s and Zhu�s protocols, allows a facile access to the above heterocyclic system.
Further transformations of the cyclized products appear to be feasible.
� 2005 Elsevier Ltd. All rights reserved.
Several derivatives of 2,3-dihydro-1,5-benzothiazepin-
4(5H)-one1 (1) have received considerable attention
because of their pharmacological activities. Besides their
use for the treatment of cardiovascular diseases,2 some
members of this class of compounds act as potent brady-
kinin agonists,3 growth hormone secretagogues,4 ligands
for Src H2 protein,5 spasmolytics,6 and squalene synthe-
tase inhibitors.7

Isomeric derivatives of 4,5-dihydro-1,4-benzothiazepin-
3(2H)-one (2) are by far less known and, to the best of
our knowledge, only one report dealing with their syn-
thesis has appeared in the literature.8
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In continuation of our studies on the synthesis of hetero-
cyclic compounds by isocyanide-based multi-component
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2005.09.071

Keywords: Ugi reaction; Isocyanides; 1,4-Benzothiazepinones; Aro-
matic nucleophilic substitution.
* Corresponding author. Tel.: +39 055 457 3510; fax: +39 055 457
3531; e-mail: stefano.marcaccini@unifi.it
reactions,9 we wish to report a viable synthesis of 4,5-
dihydro-1,4-benzothiazepin-3(2H)-ones by exploiting
the Ugi four-component condensation.10 As the starting
carbonyl component we chose the commercially avail-
able 2-chloro-5-nitrobenzaldehyde (3) in which the chlor-
ine atom is readily displaced by nucleophiles. Aldehyde
3 reacted smoothly with amines 4, isocyanides 5, and
chloroacetic acid (6) in methanol at room temperature
to give the Ugi-4CC adducts 7 in fair to good yields.11

Since both the chlorine atoms of 7 are reactive toward
nucleophiles, in earlier experiments we attempted to
promote the formation of an intramolecular sulfur
bridge by reacting 7 with sulfides and hydrogen sulfides.
Unfortunately, these attempts failed, giving intractable
gums.

In an alternative approach, we attempted to achieve
the formation of the sulfur bridge in two separate
steps. The first step consisted of the reaction between
7 and thiourea. This reaction occurred very easily in
acetone and compounds 7 were almost quantitatively
converted into the corresponding isothiouronium
salts 8. In some reactions, salts 8 precipitated from
the mother liquors in an almost pure form. However,
the isolation of 8 was unnecessary and the follow-
ing step could be performed on the crude product aris-
ing from the evaporation of the reaction mixture
(Scheme 1).
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a C6H5CH2 4-C2H5OC6H4 87 71
b 4-ClC6H4CH2 4-C2H5OC6H4 65 95
c C5H5S 4-C2H5OC6H4 72 67
d (CH3)2CHCH2 4-C2H5OC6H4 89 91
e C5H9O 4-C2H5OC6H4 40 75
f 3,4-(OCH2O)C6H3CH2 c-C6H11 67 65
g n-C8H17 4-C2H5OC6H4 82 40
h 4-NO2C6H4CH2 c-C6H11 72 60
i C5H5S c-C6H11 92 65
j 4-ClC6H4CH2 n-C6H13 54 47
k C5H9O c-C6H11 72 62
a) Based on 7

Scheme 1. 4,5-Dihydro-1,4-benzothiazepin-3(2H)-ones via Ugi-4CC, aliphatic SN, and aromatic SN.
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The cyclization of isothiouronium salts 8 took place suc-
cessfully upon heating with 2 equiv of potassium
hydroxide in ethanol to give the benzothiazepinones 9
in fair to excellent yields.12,13
In order to evaluate the possibility of obtaining deriva-
tives of 9 via transformation of the nitro group, we per-
formed the reduction of 9k with iron powder in acetic
acid.9a,f The crude amine 10k was allowed to react with
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phenyl isothiocyanate to give the thiourea 11k in 65%
overall yield.

In conclusion, the present method allows a facile prepa-
ration of derivatives containing the 1,4-benzothiazin-3-
one core by means of a three-step synthesis. The first
and the second steps are very easy to perform, simply
by mixing the reagents. The purification of both the
Ugi adducts 7 and the isothiouronium salts 8 is unneces-
sary and also the last step is experimentally simple. The
final benzothiazinones are obtained in good yields and
the substituents in position 4 and at the amide nitrogen
can be easily changed by changing the amine and the
isocyanide in the Ugi reaction. A further advantage lies
in the possibility of transforming the nitro group in
position 7.
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