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New isomers of 4,1-benzothiazepines. The first evidence
for the desmotropy of seven-membered heterocycles
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Abstract—A novel procedure was developed for the preparation of 2,3-disubstituted 4,1-benzothiazepines, via the ring transforma-
tion of (2R*,2aS*)-2-chloro-2a-phenyl-2,2a-dihydro-2H,4H-azeto[1,2-a][3,1]benzothiazin-1-one (1) with sodium ethoxide in ethanol.
The tautomeric products (R*)-3-ethoxycarbonyl-2-phenyl-3,5-dihydro-4,1-benzothiazepine (4) and 3-ethoxycarbonyl-2-phenyl-1,5-
dihydro-4,1-benzothiazepine (5) exhibit the rare phenomenon of desmotropy of the condensed seven-membered heterocycles. Sur-
prisingly, these desmotropes could be separated by column chromatography. The products are unexpectedly stable in solution and
their structures were proved by means of NMR and mass spectrometry.
� 2006 Elsevier Ltd. All rights reserved.
Condensed 1,4-thiazepines are of considerable interest
from both pharmaceutical and synthetic aspects.1–3

Although 4,1-benzothiazepine derivatives have been
much less studied, they also possess a wide variety of
pharmacological effects (e.g., as antagonists for the
mitochondrial sodium–calcium exchanger,4–6 squalene
synthetase inhibitors7,8 and farnesyl transferase inhibi-
tors9). We earlier prepared several 1,4-benzothiazepine
derivatives.10–13 For the synthesis of 2-methoxycar-
bonyl-3-aryl-4,5-dihydro-1,4-benzothiazepines, we de-
vised a method starting from a monochloro-b-lactam
which was condensed with 1,3-benzothiazines by ring
transformation.10,11,14

As a continuation of our earlier investigations, the
present aim was to extend the former ring enlargement
reaction to the preparation of 2,3-disubstituted 4,1-
benzothiazepines. When the monochloro-b-lactam
derivative 1, prepared by the Staudinger reaction of
2-phenyl-3,1-4H-benzothiazine with chloroacetyl chlo-
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ride,15 was treated with sodium ethoxide in dry ethanol
at ambient temperature, two products were obtained
(Scheme 1). These products gave two different spots on
thin-layer chromatography. Careful column chromato-
graphy furnished the two compounds in relatively good
yields.16 However, it must be noted that under some cir-
cumstances (either basic or acidic treatment) the isolated
pure products again formed an equilibrium mixture.
Apparently, therefore, as might be expected, the com-
pounds are able to interconvert.

The structures of prototropic annular tautomers 4 and 5
were established by means of NMR spectroscopy and
mass spectrometry. In the proposed reaction mecha-
nism, the first step is most probably ethanolysis of the
b-lactam ring, providing the a-chloro-ester 2, which
gives the products through episulfonium salt 3 after
the elimination of HCl.

Compounds 4 and 5 proved to be desmotropes. Desmo-
tropy is a rare phenomenon; only a few examples are
known in heterocyclic literature. After the pioneering
work on substituted 2-thiohydantoins,17 pyrazole,18–20

tetrazole21,22 and pyridoxal,23 the derivatives were stud-
ied, mainly with the aid of solid-state NMR spectro-
scopy and/or X-ray crystallography, because of the
instability of their desmotropes in solution.
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Scheme 1. (i) NaOEt, EtOH, rt, 15 min.
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NMR spectroscopy. The structures of compounds 4 and 5
were confirmed by solution-state NMR spectroscopy.24

Proton and carbon chemical shifts were assigned with
the aid of DQF-COSY, HSQC and HMBC spectra.25,26

The most distinctive signal for the desmotropes was that
of C-3, the chemical shifts of which occurred at 46.64 and
101.68 ppm for compounds 4 and 5, respectively, be-
cause of the different hybridizations of the carbons. An-
other clear difference between the desmotropes was the
signal for H-5, which was a twofold singlet for com-
pound 5, but a pair of doublets for compound 4 (because
in this case the H-5 protons were diastereotopic as a
result of the asymmetric centre at C-3). For the final
confirmation of the structures, 15N chemical shifts were
measured. As expected, a very large difference was
observed in the shifts of N-1 (�51.4 ppm for 4 and
�258.5 ppm for 5), these values being in accordance with
sp2 and sp3 nitrogen atoms.

The desmotropes were found to be very sensitive to the
quality of the chloroform used as solvent. The stability
of the individual desmotropes most probably depended
on the acidity of the chloroform. In nonacidic pure chlo-
roform, the compounds were stable for days. However,
when they were dissolved in chloroform from another
bottle, the other desmotrope was also observed immedi-
ately when the NMR spectrum was measured. After a
few days, both NMR samples were found to display
the same equilibrium, in which the ratio of 4 and 5
was 3:1, as in the crude product of the reaction.16

Mass spectrometry. The electron ionization (EI) mass
spectra27 of 4 and 5 were very similar,28,29 as might be
expected, especially since they possibly form an equilib-
rium mixture in the gas phase under EI conditions at
70 eV.

In conclusion, the ring transformation of 1 yielded a
mixture of tautomeric 4 and 5, which are new ring sys-
tems that could be separated by column chromatogra-
phy. The separated desmotropes were relatively stable
and exist in solution; their structures were proved by
NMR spectroscopy. To the best of our knowledge, this
is the first example of the desmotropy of condensed
seven-membered heterocycles.
Further investigations (X-ray, NMR and MS) on the
structures, conformations and stabilities of comparable
compounds are under way.
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technical assistance.
References and notes

1. Hachida, M.; Kaneko, N.; Ohkado, A.; Hoshi, H.;
Nonoyama, M.; Saitou, S.; Bonkohara, Y.; Hanayama,
N.; Miyagishima, M.; Koyanagi, H. Transplant. Proc.
1997, 29, 1346–1348.

2. Hachida, M.; Lu, H.; Kaneko, N.; Horikawa, Y.; Ohkado,
A.; Gu, H.; Zhang, X.-L.; Hoshi, H.; Nonoyama, M.;
Nakanishi, M.; Koyanagi, H. Transplant. Proc. 1999, 31,
996–1000.

3. Wehrens, X. H. T.; Lehnart, S. E.; Reiken, S. R.; Deng,
S.-X.; Vest, J. A.; Cervantes, D.; Coromilas, J.; Landry,
D. W.; Marks, A. R. Science 2004, 304, 292–296.

4. Baron, K. T.; Thayer, S. A. Eur. J. Pharmacol. 1997, 340,
295–300.

5. Pei, Y.; Lilly, M. J.; Owen, D. J.; D’Souza, J. O.; Tang,
X.-Q.; Yu, J.; Nazarbaghi, R.; Hunter, A.; Anderson, C.
M.; Glasco, S.; Ede, J. N.; James, I. W.; Maitra, U.;
Chandrasekaran, S.; Moos, W. H.; Ghosh, S. S. J. Org.
Chem. 2003, 68, 92–103.

6. Omelchenko, A.; Bouchard, R.; Le, H. D.; Choptiany, P.;
Visen, N.; Hnatowich, M.; Hryshko, L. V. J. Pharm. Exp.
Therap. 2003, 306, 1050–1057.

7. Yang, X.; Buzon, L.; Hamanaka, E.; Liu, K. K.-C.
Tetrahedron: Asymmetry 2000, 11, 4447–4450.

8. Miki, T.; Kori, M.; Fujishima, A.; Mabuchi, H.; Tozawa,
R. T.; Nakamura, M.; Sugiyama, Y.; Yukimasa, H.
Bioorg. Med. Chem. 2002, 10, 385–400.

9. Angibaud, P.; Bourdrez, X.; Devine, A.; End, D. V.;
Freyne, E.; Ligny, Y.; Muller, P.; Mannens, G.; Pilatte, I.;
Poncelet, V.; Skrzat, S.; Smets, G.; Van Dun, J.; Van
Remoortere, P.; Venet, M.; Wouters, W. Bioorg. Med.
Chem. Lett. 2003, 13, 1543–1547.
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