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Abstract—A series of new 3-benzyl-1,10-diaryl-4H,10H-thieno[3,4-c][1,5]benzothiazepines has been synthesised regioselectively
from the reaction of 5-aryl-2,4-bis(arylmethylidene)dihydro-3-thiophenones with o-aminothiophenol in the presence of acetic acid.
This transformation presumably occurs via a tandem Michael addition–condensation–isomerisation sequence.
� 2007 Elsevier Ltd. All rights reserved.
The reaction of o-aminothiophenol with an a,b-unsatu-
rated carbonyl functionality leads to benzothiazepines
via [4+3]-annulation.1–4 Benzothiazepines exhibit anti-
fungal,5 antibacterial,5 antifeedant,6 anti-inflammatory,7

analgesic7 and anticonvulsant8 properties. Compounds
possessing a thiophene sub-structure also find applica-
tions as pharmaceuticals,9,10 as precursors for natural
products,11 conjugated polymers12 and other materi-
als.13 This has prompted us to synthesise 3-benzyl-
1,10-diaryl-4H,10H-thieno[3,4-c][1,5]benzothiazepines 1
comprising both thiophene and benzothiazepine sub-
structures in a one pot multi-step tandem process from
the reaction of 5-aryl-2,4-bis(arylmethylidene)dihydro-
3-thiophenones 4 with o-aminothiophenol 3. The aro-
matic stability of the thiophene ring of 1 is envisaged
to trigger the isomerisation of 2 in the presence of acetic
acid (Scheme 1). Tandem reactions involve one-pot,
multi-step transformations which avoid the isolation
and purification of intermediates thereby minimising
cost, time, labour and waste.14,15 Hence, they are
convergent, elegant, and eco-friendly procedures for
the rapid construction of complex molecules and attrac-
tive from the viewpoint of green chemistry.16

In a typical reaction, the synthesis of 3-benzyl-1,10-di-
aryl-4H,10H-thieno[3,4-c][1,5]benzothiazepines 117 was
effected by refluxing a mixture of 5-aryl-2,4-bis(arylme-
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thylidene)dihydro-3-thiophenones 418 and o-aminothio-
phenol 3 (Scheme 2) in a 1:1.5 molar ratio in acetic
acid for 45–60 min. After completion of the reaction
(TLC), products 1 were obtained in a pure state by crys-
tallisation in 55–91% yields.

This reaction was also performed under solvent-free
microwave irradiation as described below with a view
to exploring whether, (i) the reaction could be expedited
and, (ii) the yield of 1 could be enhanced. 5-Aryl-2,4-
bis(arylmethylidene)dihydro-3-thiophenone 4 and o-
aminothiophenol 3, in the molar ratio 1:1.5, along with
a catalytic amount of acetic acid (0.05 mL) were thor-
oughly mixed and the mixture placed in an open glass
tube over a silica bath in a microwave oven and irradi-
ated at maximum power level (600 W) for 2–3 min.
The reaction progress was monitored after every 30 s
of irradiation by TLC. The temperature of the silica
bath after irradiation was complete was found to reach
a maximum of 84 �C as measured by stirring the silica
bath with a thermometer. After completion of the reac-
tion, the product was purified by flash chromatography
on silica gel with petroleum ether-ethyl acetate as eluent
to afford a yellow solid, which upon recrystallisation
from ethyl acetate afforded pure 1 in moderate yields
(42–62%). The reaction under microwave irradiation
proceeded rapidly but led to a lower yield of product
compared with the thermal reaction (Table 1).

The structures of the 3-benzyl-1,10-diaryl-4H,10H-thi-
eno[3,4-c][1,5]benzothiazepines 1 were established from
1H, 13C and 2D NMR spectroscopic data as illustrated
for a representative example 1g. In the 1H NMR
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Table 1. Synthesis of 3-benzyl-1,10-diaryl-4H,10H-thieno[3,4-c][1,5]benzothiazepines 1

Entry Product Ar Ar 0 Reaction time (min) Yield (%)

MWa AcOH reflux MWb AcOH refluxc Mp (�C)

1 1a C6H5 C6H5 2 50 53 65 155–157
2 1b C6H5 p-MeC6H4 2 50 48 55 152–153
3 1c C6H5 p-ClC6H4 2 45 54 88 176–177
4 1d C6H5 p-MeOC6H4 3 60 42 91 168–170
5 1e C6H5 p-FC6H4 2 60 54 56 152–153
6 1f C6H5 o-MeC6H4 3 60 47 58 167–168
7 1g C6H5 o-MeOC6H4 2 50 50 62 183–184
8 1h p-MeC6H4 p-MeC6H4 3 60 62 73 96–97
9 1i p-ClC6H4 p-MeC6H4 2 45 60 72 99–100

10 1j o,p-Cl2C6H3 p-ClC6H4 2 45 59 74 109–110

a Irradiated with a catalytic amount of acetic acid.
b Yield after column chromatographic purification.
c Yield after crystallisation.
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spectrum of 1g, H-10 appears as a 1H singlet at
5.74 ppm which shows HMBC correlations (Fig. 1) with
the ipso carbon (C-200) at 155.4 ppm bearing the methoxy
group, C-100 at 120.6 ppm, C-600 at 128.1 ppm and C-3a
at 138.1 ppm. The diastereotopic 11-CH2 protons
appeared as doublets at 4.03 ppm and 4.21 ppm with J
values of 15 Hz corresponding to geminal coupling.
These protons showed HMBC correlations with C-2 0,
C-3, C-3a, and C-6 0 appearing, respectively, at 156.5
ppm, 115.6 ppm, 138.1 ppm and 128.9 ppm. From
C,H–COSY correlations, the carbon signals at
Figure 1. HMBC correlations in 1g.
43.5 ppm and 26.9 ppm were assigned to C-10 and C-
11, respectively. The NH proton gave a broad singlet
at 6.93 ppm and had a HMBC correlation with C-3.
The aromatic protons appeared as a multiplet in the
range 6.48–7.36 ppm. The methoxy groups gave proton
signals at 3.83 ppm and 4.00 ppm and carbon signals at
55.8 ppm and 55.9 ppm.
Figure 2. X-ray crystal structure of 1g.
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The structure deduced for 1g from the NMR studies was
in accord with that determined from a single crystal
X-ray crystallographic study (Fig. 2).19

The tandem reaction leading to 1 presumably proceeds
through an initial Michael addition of o-aminothio-
phenol 3 to 5-aryl-2,4-bis(arylmethylidene)dihydro-
3-thiophenones 4 affording 5 with concomitant
condensation to afford 7 either directly from 6 or
through 2 (Scheme 3). Presumably, the aromatic stabil-
ity of the thiophene ring provides the impetus for the
isomerisation of 7 to furnish 1 as envisaged in Scheme
1. It is pertinent to note that thienobenzothiazepine 8,
a regioisomer of 1 (Fig. 3) arising from initial Michael
addition of 4 to the other benzylidene C@C bond at
the 2-position of 4 was not formed, even in traces, in
this reaction. This selectivity could probably be ascribed
to the conjugation of the sulfur in the five-membered
ring with the proximate C@C bond diminishing the
electrophilicity and the reactivity of the C@C bond to-
wards the initial Michael addition, which, in turn, deter-
mines the regioisomer formed in this tandem sequence.

The present work describes a tandem protocol for
the regioselective synthesis of new 3-benzyl-1,10-di-
aryl-4H,10H-thieno[3,4-c][1,5]benzothiazepines via a
Michael addition–condensation–isomerisation sequence.
A library of thienobenzothiazepines bearing different
substituents on the aryl rings and the electron-rich benz-
ene ring of the benzothiazepine sub-structure can be
rapidly accessed using this methodology. The thi-
enobenzothiazepines having two sulfur and one second-
ary amine functional groups can serve as useful
synthons in further synthetic endeavours.
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