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ABSTRACT. A mild and efficient procedure for the synthesis of various 1,5-benzothiazepines were developed. This method

provides an easy access for preparation of 1,5-benzothiazepine derivatives in the presence of 10 mol% catalyst of CAN under

ultrasonic irradiation. This method provided clean conversion, mild reaction condition, no use of toxic solvent and shorter

reaction time compared to other reported method. 
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INTRODUCTION

The 1,5-benzothiazepines scaffold is extremely versa-

tile and features in a great number of famous drugs. Cur-

rently 1,5-benzothiazepines are being used as coronary

vasodilators, as calcium antagonists and as antidepres-

sants. The 1,5-benzothiazepine moiety is a privileged class

of pharamacophore, as compounds bearing this structural

unit possess a broad spectrum of biological activities such

as anti-convulsant,1 Ca+2 channel antagonist,2 anti-angi-

nal,3 anti HIV,4 squalene synthetase inhibitor,5 V2 arginine

vasopressin receptor antagonist,6 HIV-1 reverse transcriptase

inhibitor,7 etc. These have stimulated interest to develop

new methodologies for the synthesis of 1,5-benzothiaz-

epines. 

The common strategy for the construction of the 1,5-

benzothiazepine moiety is the reaction of 1,3-diarylprop-

2-enones 1 with o-aminothiophenol 2.8 The various reported

methodologies involve the use of inorganic solid supports

such as alumina, silica gel and clay under microwave irra-

diation,9-12 acetic acid or TFA,13,14 HCl,15 piperidine.16

The alternate tandem reductive cleavage–condensation

protocol involving the in situ generation of 2 by reduction

of the corresponding disulfide followed by condensation

with 1 requires additional reagents such as stoichiometric

amount of triphenylphosphine, and in most of the cases

affords the uncyclized thia-Michael adduct as the final

product and the 1,5-benzothiazepines are formed only in

the case of activated (methoxy or methyl substituted) bis-

2-aminophenyldisulfides. Many of these processes suffer

from limitations such as requiring harsh conditions,

expensive reagents, high catalyst loading, corrosive rea-

gents, or toxic ions; low yields and occurrence of several

side reactions. It is also necessary to find a milder, selec-

tive, nonhazardous and inexpensive reagent and there is

necessity to develop a more effective synthetic procedure

for the synthesis of 1,5-benzothiazepines.

Ultrasound accelerated chemical reactions are well known

and proceed via the formation and adiabatic collapse of

transient cavitation bubbles. Ultrasound irradiation has

been demonstrated as an alternative energy source for

organic reactions ordinarily accomplished by heating. Many

homogeneous and heterogeneous reactions can be con-

ducted smoothly by sonication to provide improved yields

and increased selectivities.17 Therefore ultrasound irradi-

ation has been established as an important technique in

organic synthesis. So one of the thrust areas for achieving

this target is the environmentally friendly i.e. reaction

under ultrasound irradiation.

The art of performing efficient chemical transformation

coupling two or more components in a single operation by

a catalytic process avoiding stiochiometric toxic reagents,

large amount of solvents and expensive purification tech-

niques is the fundamental target of modern organic syn-

thesis. Ceric (IV) ammonium nitrate (CAN) is a convenient

and widely used reagent for affecting a wide array of syn-

thetic transformations due to its many advantages such as

solubility in organic solvents, low toxicity, high reactiv-

ity, and ease of handling. Although Ce (IV) derivatives are

generally employed as one electron oxidants, the use of

CAN as Lewis acid in C-C bond forming reaction has

attracted great deal of attention.18
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In continuation of research work to synthesized the bio-

active heterocycles and synthetic methodologies.19-20

Herein, we report a simple, mild and efficient protocol for

synthesis of 1,5-benzothiazepines using CAN in ethanol

under ultrasonic irradiation. 

RESULT AND DISCUSSION

In the present work firstly, we have optimized the reac-

tion condition, effect of solvent and catalyst concentra-

tion. We have developed methodologies for the synthesis

of 1,5-benzothiazepines from chalcone with o-aminothiophe-

nol using CAN. Which makes use of simple reaction con-

dition over the reported methods in (Scheme 1). Primarily,

α,β-unsaturated carbonyl compounds or chalcones were

prepared by the well-known Claisen-Schmidt condensa-

tion of substituted acetophenones and substituted alde-

hyde by using alcoholic KOH at room temperature.21 At

the outset, the condensation of chalcone 1a and o-ami-

nothiophenol 2 was carried out in a typical general exper-

imental procedure and the effects of various solvent and

concentration of catalyst. Firstly, we optimized this reac-

tion in various solvents such as Water, Toluene, DMSO

and Ethanol were examined but, we have not get satis-

factory results in reaction time and yield of products. But

the reaction in EtOH gave better result as compared to

other solvents. In EtOH, the reaction completed within 32

min to gave 1,5-benzodiazepines in 93% yield. 

Further, we have optimized the catalyst concentration

on model reaction. We initially tested the reaction of chal-

cone 1a with o-aminothiophenol at 60-65 oC in absence of

catalyst. However, in the absence of CAN, the reaction did

not proceed after extensive long reaction times (8-10h)

with lower yield. When the 2 mol% of CAN was used, the

conversion was 70%. When the 6 mol% of CAN was used

the conversion reached upto 85%. The subsequent con-

dition optimization experiments revealed that the 10 mol%

of catalyst amount was sufficient to complete the reac-

tion. This methodology is simple with good to excellent

yields (93%), higher amount of catalyst did not affect the

reaction times and yields. The reaction proceeds smoothly

at 60-65 oC temperatures under ultrasonic irradiation with

10 mol% of catalyst and completes within 32 min without

any undesirable side-product being observed. The best

result obtained at 10 mol% (CAN) in ethanol at 32 min

under ultrasonic irradiation with 93% yield. After opti-

mizing the conditions, the generality of this method was

examined by the reaction of several substituted chalcones

1 (b-h) with o-aminothiophenol. So we have tried this

reaction of o-aminothiphenol with three principal hetero-

cyclic chalcones 1 (i-k) by applying the same experimen-

tal conditions. On these chalcones reaction was proceed

smoothly as compare to the aromatic chalcones and gave

the reaction products in shorter time span and yields.

The reactions were compatible with various substi-

tutents such as F, NO2, Cl, Me, and OMe. No competitive

Scheme 1. Synthesis of 1,5-benzothiazepines from chalcones and o-aminothiophenol.

Table 1. Optimization of solvent effect on the model reactiona

Entry Solvent
With USa Without USb

Time (min) Yieldc (%) Time (min) Yieldc (%)

1 Water 32 25 150 20

2 Toulene 32 34 150 28

3 DMSO 32 72 150 65

4 Ethanol 32 93 150 68
aReaction of chalcone with o-aminothiophenol in presence of CAN (10 mol%) under ultrasonic waves; bReaction of chalcone 1a with o-

amonothiophenol 2 in presence of CAN (10 mol%) under reflux condition; cIsolated yield
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nucleophilic either cleavage were observed for the sub-

strate having an aryl, Me or OMe groups. In case of elec-

tron donating substitutents resulted in longer reaction

times whereas electron withdrawing substitutents requires

shorter time for the complete reaction (Table 2). How-

ever, no significant substituent effect was found in case of

heteroaryl aldehydes.

The yield of isolated products, after recrystallization

were found to be excellent. The results showed that the

efficiency and yield of the reaction was good as compared

with other conventional methods. This method reduces

both the cost of product and environmental pollution;

thus, considered as a green chemistry. This method offers

significant advantages over the reported method include

the fact that (i) the reaction is simple to execute; (ii) the

product are isolated in good to excellent yields; (iii) the

Table 2. Synthesis of 1,5-benzothiazapines using CAN as a catalysts under ultrasonic irradiation

Compound Structure
Time Yielda (%)

Melting point(oC)
With US (min) Without US (hr) With US Without US

3a
32 8-9 93 71 113-11722

3b 30 6-8 89 64 102-10322

3c
32 8-9 86 72 115-11722

3d 37 8-10 79 64 106-10822

3e
34 6-7 81 62 109-11122

3f 30 7-9 87 68 132-13422

3g
38 9-10 91 70 123-12622

3h 28 5-6 89 71 174-177b

3i
34 1-3 87 75 188-189b

3j
31 2-4 85 71 146-147b

3k
30 2-4 87 68 252-253b

Compounds 3 (a-g) characterized by their spectroscopy method IR, 1H NMR, Mass and melting point from authentic sample. aIsolated Yield.
bNewly synthesized compound 3 (h-k).
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work-up is simple; (iv) the reaction time is short (32-38

min); (v) the products are obtained in excellent purity. 

The newly synthesized compounds were characterized

by (IR, 1H NMR and MS) which shows the desired char-

acteristic peak to conformation of the structure of com-

pound. This comparison revealed that the compounds

synthesized by this newly developed method were exactly

identical in all aspects to the reference compounds.22

CONCLUSION

In summary, we have developed a new methodologies

for the synthesis of 1,5-benzothiazepines by ultrasound

irradiation. Our method has many advantages over exist-

ing methods, including high yield, simple work-up,

shorter reaction span, no side reactions no critical puri-

fication method. This procedure represents a convenient,

economic and environmentally friendly process for the

synthesis of 1,5-benzothiazepines.
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priate solvent to afford the corresponding 1,5-benzothi-

azepines. Spectral data of principal compounds. (3h): IR

(KBr): 3417, 2864, 1600, 1539, 1504, 837 cm-1; 1H NMR

(CDCl3, 400 MHz): δ 2.38 (s, 3H, CH3), 3.01 (apparent

triplet, J = 12Hz, 1H, C3-H), 3.28 (dd, J = 12.4 Hz & 4.4

Hz, 1H, C3-H), 5.03 (dd, J = 11.5 Hz & 4.4 Hz, 1H, C2-

H), 6.90-7.04 (m, 3H, Ar-H), 7.20-7.25 (m, 1H, Ar-H),

7.28-7.31 (m, 3H, Ar-H), 7.42-7.51 (m, 2H, Ar-H), 7.61

(d, J = 7.4 Hz, 1H, Ar-H); MS (M+): m/z 396.5. (3i): IR

(KBr): 3400, 1600, 1533, 1045 cm–1; 1H NMR (CDCl3,

400 MHz): δ 3.11 (dd, J = 4.0 Hz,1H), 3.36 (dd, J = 4 Hz,

1H), 5.13 (dd, J = 4 Hz, 1H), 6.42 (t, J = 2 Hz, 1H, Ar-

H), 7.28-7.35 (m, 10H, Ar-H ), 7.52 (d, J = 2.2 Hz, 1H,

Ar-H),7.91 (d, J = 2.2 Hz, 1H, Ar-H), 15.67 (s, 1H, D2O

exchangeable); MS (M+): m/z = 466 (M+1), 468 (M+3).

(3j): IR (KBr): 3404, 1623, 1600, 1253 cm-1; 1H NMR

(DMSO, 400 MHz): δ 2.33 (s, 3H, -CH3), 3.29 (t, J =

11.6 Hz, 1H), 3.42 (dd, J = 12.4 Hz & 3.91 Hz, 1H), 4.99

(dd, J = 10.2 Hz, 1H), 8.16 (m, 16H, Ar-H), 8.74 (s, 1H,

Ar-H); (M+): m/z = 565.0 (M+1), 533 (M+3). (3k) IR (KBr):

3142, 1653, 1604, 1592, 1035; cm-1; 1H NMR (CDCl3,

400 MHz): δ 2.36 (s, 3H, CH3), 3.01 (apparent triplet, J

= 12Hz, 1H), 3.26 (dd, J = 12.2 Hz & 4.2 Hz, 1H), 5.01

(dd, J = 11.5 Hz & 4.3 Hz, 1H), 6.31 ( t, J = 2.2 Hz, 1H,

Ar-H), 7.00-8.01 (m, 12H, Ar-H), 12.19 (s, 1H, -OH, D2O

exchangeable); MS (M+): m/z = 532 (M+1), 534 (M+3).


