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2,3-dihydro-[1,5]-benzothiazepine derivatives
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Abstract—Bis-(2-nitro-4-carboxyphenyl) disulfide was loaded on Wang resin and Rink amide resin. The nitro group was reduced
to its amine with concomitant cleavage of the disulfide bond using SnCl2·2H2O to afford 2. Condensation of an aldehyde and
nucleophilic attack on an a,b-unsaturated ketone, followed by TFA cleavage from the resin, gave benzothiazole 3 and
2,3-dihydro-[1,5]-benzothiazepine 4, respectively. © 2000 Elsevier Science Ltd. All rights reserved.

Heterocycles containing the thiazole moiety are
present in many natural products such as bleomycin,1

epothilone A,2 lyngbyabellin A3 and dolastatin 10.4

Benzothiazole derivatives are important members of
this class of compounds as they have been shown to
possess antimicrobial properties5 and have found ap-
plications in industry as antioxidants6 and vulcaniza-
tion accelerators.7 Seven-membered ring analogous
benzothiazepine derivatives exhibit diverse biological
activities as calcium antagonists,8 angiotensin convert-

ing enzyme inhibitors,9 anticonvulsant and tranquilliz-
ing agents,10 potential anticancer drugs11,12 and as
endogenous natriuretic factors.13 Following these
studies and inspired by the solution-phase strategies
developed earlier,14 a solid-phase combinatorial ap-
proach was envisaged (Scheme 1) for the synthesis of
benzothiazoles and 2,3-dihydro-[1,5]-benzothiazepine
derivatives. To our knowledge, there are no earlier
reports on the solid-phase synthesis of these com-
pounds.

Scheme 1. Solid-phase synthesis of benzothiazole and 2,3-dihydro-[1,5]-benzothiazepine. Reagents: (i) bis-(2-nitro-4-car-
boxyphenyl) disulfide, HOBt, DIC, DMF, rt, 12 h; (ii) SnCl2·2H2O, NaOAc, DMF, rt, 4 h; (iii) RCHO, EtOH, 80°C, 4 h; (iv)
R1COCH�CHR2, EtOH, 1% AcOH, 80°C, 12 h; (v) 20% TFA, 1 h.
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In our synthesis, 1 was obtained by reacting bis-(2-ni-
tro-4-carboxyphenyl) disulfide15 with Wang resin and
Rink amide resin under standard HOBt and DIC cou-
pling conditions. The nitro group was reduced to its
amine with concomitant cleavage of the disulfide bond
using tin(II) chloride dihydrate to afford 2. In route A,
an aldehyde was condensed with 2 in refluxing ethanol,
followed by TFA cleavage and spontaneous
oxidation5,16 to afford benzothiazole 3. A one step
bisnucleophilic attack of 2 on an a,b-unsaturated ke-
tone in the presence of 1% acetic acid and refluxing
ethanol yielded 4 (Route B).

The benzothiazoles 3 and 2,3-dihydro-[1,5]-benzothi-
azepines 4 were characterized after cleavage by 1H
NMR and MS. Ten representative examples were ran-
domly selected and their crude yields and purities are
summarized in Table 1.

Initially, the condensation of 2 with p-tolualdehyde was
carried out at room temperature and incomplete con-
densation was observed. Whilst under reflux condition,
the yield for compound 3d increased greatly from 33 to
74%. Hence, the condensation was performed at reflux
for 4 h. Condensation of the immobilized 3-amino-4-

Table 1. The yield and HPLC purity of compounds 3 and 4
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sulfanylbenzoic acid 2 with aliphatic aldehydes gave
better yields than with aromatic aldehydes. All electron-
donating substituents on the aldehyde, however, led to
poorer yields due to the reduced negative charge in the
carbonyl group making it less susceptible to nucleophilic
attack. Nucleophilic attack of 2 on a,b-unsaturated
ketones afforded compounds 4 in greater than 29% yield.
It was noted that electron-withdrawing substituents at
the 7-position, where the linkage to the resin is, decreased
the yield to some extent.17

In this paper we have reported a simple and straightfor-
ward route to the synthesis of benzothiazoles and 2,3-di-
hydro-[1,5]-benzothiazepine derivatives. Further work is
in progress on the synthesis of 1,4-benzothiazines.

Acknowledgements

The authors wish to thank Dr. Sim Mui Mui of the
Institute of Molecular and Cell Biology (IMCB) for
numerous helpful suggestions. Thanks are also due to
IMCB for providing the use of services in MS, NMR and
HPLC.

References

1. Takita, T.; Muraoka, Y.; Fujii, A.; Itoh, H.; Maeda, K.;
Umezawa, H. J. Antibiot. 1972, 25, 197–199.

2. Kalesse, K.; Quitschalle, M.; Claus, E.; Gerlach, K.; Pahl,
A.; Meyer, H. H. Eur. J. Org. Chem. 1999, 2817–2823.

3. Luesch, H.; Yoshida, W. Y.; Moore, R. E.; Paul, V. J.;
Mooberry, S. L. J. Nat. Prod. 2000, 63, 611–615.

4. Pettit, G. R.; Kamano, Y.; Herald, C. L.; Tuinam, A. A.;
Boettner, F. E.; Kizu, H.; Schmidt, J. M.; Baczynskyj, L.;
Tomer, K. B.; Bontems, R. J. J. Am. Chem. Soc. 1987, 109,
6883–6885.

5. Palmer, P. J.; Trigg, R. B.; Warrington, J. V. J. Med. Chem.
1971, 14, 248–251.

6. Ivanov, S. K.; Yuritsyn, V. S. Chem. Abstr. 1971, 74,
124487m.

7. Monsanto Co. Brit. Pat. 1,106,577/1968 cited in Chem.
Abstr. 1968, 68, 96660t.

8. Chaffman, M.; Brogden, R. N. Drugs 1985, 29, 387–454.
9. Slade, J.; Stanton, J. L.; Ben-David, D.; Mazzenga, G. C.

J. Med. Chem. 1985, 28, 1517–1521.
10. Bock, M. G.; Dipardo, R. M.; Evans, B. E.; Rittle, K. E.;

Whittner, W. L.; Veber, D. F.; Anderson, P. S.; Freidinger,
R. M. J. Med. Chem. 1989, 32, 13–16.

11. Nahed, K. Can. Pat. Appl. CA 2,030,159/1991 cited in
Chem. Abstr. 1991, 115, 198515f.

12. Nahed, K. Eur. Pat. Appl, EP 430,036/1991 cited in Chem.
Abstr. 1992, 116, 717c.

13. Kantoci, D.; Murray, E. D.; Quiggle, D. D.; Wechter, W.
J. J. Med. Chem. 1996, 39, 1196–1200.

14. Lancelot, J. C.; Letois, B.; Saturnino, C.; Robba, M. Synth.
Commun. 1991, 21, 1901–1908.

15. Havlik, A. J.; Kharasch, N. J. Am. Chem. Soc. 1955, 77,
1150–1152.

16. Yamamoto, K.; Fujita, M.; Tabashi, K.; Kawashima, Y.;
Kato, E.; Oya, M.; Iso, T.; Iwao, J. J. Med. Chem. 1988,
31, 919–930.

17. Ambrogi, V.; Grandolini, G. Synthesis 1987, 724–726.

.


