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a b s t r a c t 

In this era of sporadic advancement in science and technology, a substantial amount of intervention is 

being set in motion to reduce health-related diseases. Discoveries from researchers have pinpointed the 

usefulness of heterocyclic compounds, amongst which benzothiazepine (BTZ) derivatives have been syn- 

thesized for their various pharmacological activities. This also contributes to their undeniable application 

in therapeutic medicine for the development of efficacious drugs. BTZs are compounds with a benzene 

ring fused with a thiazepine ring. This work contains several methods that have been used to synthesize 

1,3-, 1,4-, 1,5-, and 4-1-benzothiazepine derivatives. In addition, up-to-date information about the crucial 

pharmacological activities of BTZ derivatives has been reviewed in this present study to appreciate their 

druggable potential in therapeutic medicine for drug development. Drug design and development have 

further been simplified with the implementation of computer aided approaches to predict biological in- 

teractions which can help in the design of several derivatives. Hence, the structural activity relationship 

(SAR), ADMET and the molecular docking studies of BTZ derivatives were discussed to further establish 

their interactions and safety in biological systems. This present work aims to expound on the reported 

chemistry and pharmacological propensity of BTZ moiety in relation to other relevant moieties to validate 

their potential as excellent pharmacophores in drug design and development. 

© 2023 The Author(s). Published by Elsevier B.V. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Several organic compounds have been synthesized with the sole 

im of developing a novel alternative that can help to treat various 

iseases [1–3] . The search for new alternatives is not just impor- 

ant but is a necessity as the problem of drug resistance becomes 

ore prominent. Due to abuse, incomplete dosage, and application 

f antibiotics on agricultural produce over a long duration, some 

icrobes become resistant after much exposure as a result of gene 

utation [ 4 , 5 ]. Over the years, some of the research carried out

as shown the rise of different drug-resistant species like P. falci- 

arum in malaria, Candida auris in fungal infection, Staphylococcus 

ureus, Klebsiella pneumonia in bacterial infections, Mycobacterium 
Abbreviations: ADMET, Absorption, Distribution, Metabolism, Excretion, and Tox- 

city. 
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uberculosis strains in tuberculosis, and strain of N. gonorrhoeae in 

onorrhea [6–9] . The level of resistance from these microbes has 

urther increased the mortality rate of infants and adults. Malaria, 

uberculosis, and diarrhea are part of the causes of death world- 

ide this past year. It was estimated in 2018 that about 1.5 mil- 

ion people died as a result of tuberculosis and in 2020 about 

27,0 0 0 people died due malaria worldwide, [10–12] while in 2016 

bout 1.6 million deaths were recorded for diarrheal disease glob- 

lly [ 13 , 14 ]. 

It has been established that heterocyclics possess properties 

hat make them relevant in drug design and synthesis [ 2 , 15–17 ].

ore so, the presence of different heteroatoms within the het- 

rocycle confers unique properties on them. The common het- 

roatoms include sulphur, nitrogen, oxygen, and phosphorus (S, N, 

, P respectively) but are not limited to this [18–20] . Amongst 

he numerous heterocyclic scaffolds, those containing nitrogen, and 

ulphur molecules have gained attention as they are applied for 

heir medicinal properties. They continue to remain relevant not 

nly in medicinal chemistry but in pharmaceuticals, agriculture, 
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Fig. 1. Different forms of the benzothiazepine ring. 

Table 1 

Heterogeneous catalyzed reaction for 1,4-benzothiazepine derivative. 

Entry Catalyst Catalyst amount (g) Time (h) Yield of 8 (%) Yield of 13 (%) 

1 Baker’s yeast 0.5 24 20 25 

2 

3 

4 

5 

6 

7 

8 

Fe 3 O 4 

Free lipase (ANL) 

Fe 3 O 4 NPs@lipase 

Fe 3 O 4 NPs@lipase 

Fe 3 O 4 NPs@lipase 

Fe 3 O 4 NPs@lipase 

Fe 3 O4 NPs@lipase 

0.025 

0.1 

0.01 

0.015 

0.025 

0.030 

0.04 

24 

5 

1 

1 

1 

1 

1 

30 

65 

60 

72 

95 

95 

95 

45 

75 

60 

75 

95 

95 

95 
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nd industry [ 2 , 3 , 19 ], Some of these heterocyclic compounds are

pplied in medicine and relevant fields such as antibiotics, alka- 

oids, vitamins, amino acids, hemoglobin, and pigments. Benzoth- 

azepine is a thiazepine derivative that contains a benzene ring and 

 seven-membered heterocyclic scaffold that is fused [21–24] . Ben- 

othiazepines are classified under calcium channel blockers as they 

re used as cardiovascular agents which are useful in the treatment 

f hypertension. Various classes of benzothiazepine exist namely: 

,2-, 1,3-, 1,4-, 1,5-, and 4,1-benzothiazepines based on the posi- 

ions of their heteroatoms (sulphur and nitrogen) on the thiazepine 

ing [25–27] . More so, benzothiazepines (i) can also exist as a di- 

ydrobenzothiazepine (ii) or tetrahydrobenzothiazepine (iii) when 

he thiazepine ring is deficient in one or two double bonds ( Fig. 1 )

26] . 

Over time, the radar has moved from the synthesis of benzoth- 

azepine moiety to the synthesis of substituted benzothiazepine. 

his substituted benzothiazepine are mainly achieved by incorpo- 

ating functional groups or moieties with known activity to further 

ncrease the overall effectiveness when applied. They are usually 

olids observed as white, yellow, or green in color when synthe- 

ized. The therapeutic functions of benzothiazepine and its deriva- 

ives have made them a potential anticancer, antidiabetic, anti- 

nflammatory, antiviral agent, antimalarial agent, CNS depressant, 

ntiplatelet aggregator, anti-cholinesterases inhibitor, anticonvul- 

ant agent, Ca 2+ channel antagonist, and vasodilator [ 25 , 26 , 28 ].

hey are also applicable as corrosion inhibitors, [29] and antiviral 

gents in agriculture [17] . Some of the common examples include 

iltiazem, tianeptine, thiazesim, quetiapine, and clothiapine. This 

eview aims to expound on the reported chemistry and pharmaco- 

ogical propensity of benzothiazepine derivatives to validate their 

otential as excellent pharmacophores in drug design and devel- 

pment. 
2 
. Chemistry 

.1. Synthesis of benzothiazepine derivatives 

Several methods have been employed in the synthesis of ben- 

othiazepine derivatives which are evolving from conventional 

ethods to greener methods that uses mild reaction conditions 

nd green solvents or exclude solvents. One or more spectroscopic 

ethod ( 1 H and 

13 C-NMR, FT-IR, Ultraviolet-Visible (UV–vis), X-ray 

rystallography and Mass Spectroscopy) were used in ascertaining 

he purity and formation of the synthesized compounds [ 30 , 31 ]. 

.2.1. Heterogeneous catalysis 

(a) In the synthesis of 1,4-benzothiazepine derivatives (4), 

oumarin derivatives (1), 2-aminothiophenol (2), and alkyl iso- 

yanides (3) were reacted together using a nano-biocatalyst (NBC) 

ade from a lipase extracted from Aspergillus niger bonded on 

e 3 O 4 nanoparticle ( Table 1 ). The appropriate catalyst was selected 

y employing different catalyst and varying the amount used. The 

verall product yield for the reaction was 95% ( Table 1 ). The bio-

atalyst was preferred because it affords a large surface area for 

he reaction to be carried out upon and its easily recoverable us- 

ng magnet [32] . 

(b) Fang and co-workers reported the reaction between α- 

romoenal (5) and 2-aminobenzenethiol (6) in the presence of an 

rganocatalyst (7e) which gave an enantioselective N-H- free 1,5- 

enzothiazepine derivative (8) ( Table 2 ). This synthesis proceeded 

hrough a one-step reaction unlike the common methods with two 

teps. The catalyst and solvents were varied to afford the optimal 

onditions for the reaction with a 63% yield and 94% entantiomeric 

xcess (ee) ( Table 2 ). The product (8) had a R configuration which

as influenced by the stereochemistry of compound (5) and the 
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Table 2 

Asymmetric synthesis of 1,5-benzothiazepines derivative. 

Entry Catalyst Solvent Base Yield (%) a ee (%) b 

1 7a PhMe NaOAc 40 78 

2 

3 

4 

5 

6 

7 

8 

7b 

7c 

7d 

7e 

7e 

7e 

7e 

PhMe 

PhMe 

PhMe 

PhMe 

Mesitylene 

DCM 

THF 

NaOAc 

NaOAc 

NaOAc NaOAc 

NaOAc NaOAc 

NaOAc 

22 

18 

trace 

43 

30 

trace 

trace 

90 

79 

- 

94 

92 

- 

- 

9 7e PhMe DIPEA trace - 

10 7e PhMe TBuOK trace - 

11 7e PhMe CsOAc 37 93 

12 7e PhMe LiOAc 31 93 

13c 7e PhMe NaOAc 63 94 

a Isolated yields based on 5. b Ee values were determined by HPLC analysis. c20 mol % 7e was used. Mes = 2,4,6-(CH3)3C6H2; ee = entantiomeric 

excess; DIPEA = N,N-diisopropylethylamine. 

Scheme 1. Microwave synthesis of 1,4 benzothiazepine derivative. 
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roduct was further explored for the synthesis of (R)-thiazesim 

hich is an antidepressant [33] . 

(c) In other studies, Meninno and co-workers synthesized 

,5-benzothiazepine derivatives (11) from α, β-unsaturated N-acyl 

yrazoles (9), and 2-aminothiophenol (10) using a minute quantity 

f takemoto’s catalyst (VII) ( Table 3 ). The reaction was regioselec- 

ive, this was made possible by the effectiveness of compound (9). 

fter optimization, 97% yield with 80% ee was reported and the 

roduct in this reaction can also be employed as a precursor for 

ynthesizing (R)-thiazesim [34] . 

.2.2. Microwave-aided approach 

(a) Kendre and co-workers described the synthesis of 1,4- 

enzothiazepine analog (14) in the presence of acetic acid in wa- 

er by microwave irradiation using 2-aminothiophenol and 1,3- 

iketone (12) with N,N-dimethylformamide dimethylacetal (13) 
3 
 Scheme 1 ). The product yield was 85%, and it showed better ac- 

ivity against Bacillus subtilis, Pseudomonas aeruginosa, than when 

he thiazepine ring was replaced with an oxazepine/diazepine ring 

35] . 

(b) In another microwave synthesized reaction between cyclo- 

eptanone derivative (15) and o-aminothiophenol (16) using AcOH 

s a catalyst for 20 min, a 1,4-benzothiazepine analog (17) was de- 

ived ( Scheme 2 ). The reaction was carried out under thermal heat 

nd microwave heat. It was observed that the microwave method 

as more promising with a shorter reaction time of 20 min and a 

igher yield of 89% as compared to the thermal method with 5 h 

eaction time and 73% yield [36] . 

(c) Therapeutically active compounds from 1,5-benzothiazepine 

caffold (19) and (20) were synthesized from 6-oxocholest-4- 

ne (18) and 2-aminobenzenethiol under microwave irradiation 

 Scheme 3 ). Density functional theory was employed to determine 
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Table 3 

Asymmetric synthesis of 1,5-benzothiazepine scaffold. 

Entry Catalyst T [ °C] /Additive t1(t2) [h] Yield [%] a ee [%] b 

1 I rt 92 85 52 

2 

3 

4 

5 

6 

7 

8 

I 

I 

- 

- 

II 

III 

IV 

40 °C 
rt/silica gel 

rt 

rt/silica gel 

rt/silica gel 

rt/silica gel 

rt/silica gel 

14(11) 

1.5(4) 

72 

5 

1.5(4) 1.5(4) 

2(4) 

81 

82 

30 

85 

85 

81 

80 

66 

76 

- 

- 

-61 

-61 

-81 

9 V rt/silica gel 2.5(4) 75 -76 

10 VI rt/silica gel 14(4) 95 -64 

11 VII rt/silica gel 0.5(4) 97 -80 

12 VIII rt/silica gel 4.5(4) 71 66 

a Determined by 1H NMR spectroscopy using 1,3,5-(MeO)3C6H3 as an internal standard. b Determined by HPLC on a chiral stationary phase. 

Negative sign indicates the enantiomeric excess (ee) for the opposite enantiomer. 

Scheme 2. Microwave synthesis of 1,4-benzothiazepine derivative. 
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(

he theoretical spectroscopic results for the products and when 

ompared to the experimental results it was similar making it easy 

o design compounds similar to the precursor [37] . 

.2.3. Ultrasound-aided synthesis 

Amongst the green methods of synthesis, the use of ultrasound 

s gaining recognition as it offers a short reaction time with a bet- 

er product yield and purity when compared to conventional meth- 

ds. 

(a) A 1,5-benzothiazepine derivatives (23a-i) were synthesized 

y Pawar et al., (2018) using a combination of 2-aminothiophenol 

22) and substituted chalcones (21) with ferrous sulphate as a cat- 

lyst at 40 °C ( Scheme 4 ). The various substituted benzothiazepine 

erived had varied yields and reaction times with p-methyl ben- 

aldehyde (d) giving an excellent yield [38] . 

(b) Also, Ghodke and co-workers prepared twelve novel 1,5- 

enzothiazepine derivatives (26j-u) by dissolving chalcones (24) 

nd 2-aminobenzenethiol (25) into dimethyl formamide (DMF) at 

oom temperature under ultrasonic irradiation ( Scheme 5 ). The 
4 
halcones were made from aldehydes and different ketones while 

irconium oxychloride was employed as the catalyst and the yield 

anged from 60% to 90% for various derivatives [31] . 

(c) Similarly, the synthesis of 1,5-benzothiazepine derivatives 

29v-b’) were carried out by condensing a series of chalcones (27) 

n 2-aminobenzenethiol (28) using different solvents under ultra- 

ound irradiation and PEG-400 performed better with excellent 

ield ( Scheme 6 ). The reaction proceeded at room temperature 

ith a yield ranging from 86% to 93% for the various derivatives 

39] . 

.2.4. Solvent-free system 

a) Farghaly and co-workers synthesized new 1,5-benzothiazepine 

derivatives (32a-f) from 1,3-diaryl-2-propenones (30a-f) and 2- 

amino-thiophenol (31) under a solvent-free system employing 

H-ferrierite zeolite as catalyst ( Scheme 7 ). The final stage in- 

volved a ring closure with the elimination of water and the 

product was of high purity as well as good yield [30] . 
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Scheme 3. Microwave synthesis of 1,5-benzothiazepine. 

Scheme 4. Ultrasonic synthesis of 1,5-benzothiazepine. 

Scheme 5. Ultrasonic synthesis of 2,4-substituted 1,5-benzothiazepine. 

Scheme 6. Ultrasonic synthesis of 1,5-benzothiazepine. 

5 
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Scheme 7. Solvent-free synthesis of 1,5-benzothiazepine derivatives. 

Scheme 8. Synthesis of 1,5-benzothiazepine derivatives. 
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b) The synthesis of 2, 4-substituted-1,5-benzothiazepine (35) was 

achieved by reacting 2-amino-thiophenol (33) with 1, 3- 

substituted- prop-2-en-1-one (34) using a catalytic amount of 

zinc acetate ( Scheme 8 ). The mixture was then placed in the 

microwave for 2–3 min to afford a yield of 60-88% for the var- 

ious derivatives [40] . 

.2.5. Combinatorial method 

(a) An interesting combination of 2-acetylbenzofuranes (38) 

nd different benzaldehydes (39) yielded α, β-unsaturated car- 

onyl compounds (40). This intermediate further reacted with ATP 

hrough thia-Michael addition and cyclo condensation reaction to 

ive 22 substituted 1,5-benzothiazepine derivatives with a benzo- 

uran part (41) ( Scheme 9 ). It was also observed that the ben-

ofuran moiety increased the pharmacological properties of the 

ynthesized compound. The intermediate (38) was a product of 

 ring closure reaction of chloroacetone (37) and salicylaldehyde 

36). Several reaction steps gave different compounds with their 

arious derivatives with yields ranging from 60% to 90% [41] . 
6 
.2.6. Synthesis via intramolecular cyclization 

(a) The formation of 1,3-benzothiazepine derivative (44) was 

chieved by reacting diphenylphosphoryl thioamide (42) and 

uoro-hydroxyl(phenyl)iodotosylate (4-F-HTIB) (43) under room 

emperature at a very short reaction time ( Scheme 10 ). The re- 

ction proceeded through direct intra-molecular dehydrogenative 

 −S bond formation to give a product yield of 85% [27] . 

(b) A new compound with a 4,1-benzothiazepine template (48) 

as synthesized using Boc-protected p-chloroaniline (45) which 

nderwent ortho-lithiation to give an intermediate (46) which was 

urther reacted with (47) in an intermolecular nucleophilic reaction 

 Scheme 11 ) [42] . 

.2.7. Complex catalysized reaction 

(a) Yin and co-workers carried out asymmetric hydrogena- 

tion using Rh/Zhaophos complex as the catalyst to 

synthesize 1,5-benzothiazepines (50a-o) from a sulphur- 

coordinated medium-sized ring of unsaturated NH lactams 

(49) ( Scheme 12 ). When the activity of the sulphur atoms 

was compared to bisphosphine ligand which is commer- 
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Scheme 9. Combinatorial synthetic route for 1,5-benzothiazepine derivatives. 

Scheme 10. Synthesis of 1,3-Benzothiazepines derivative. 

Scheme 11. Synthesis of 4,1-Benzothiazepines derivative. 

7
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Scheme 12. Rh-catalyzed reaction route of 1,5-Benzothiazepine derivatives. 

Scheme 13. Synthesis of the 1,2-Benzothiazepine 1–Oxides derivative using Rh-catalyst. 
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w

cially used it was discovered that the sulfur atoms did not 

cause inhibition [43] . 

(b) Wen and co-workers successfully synthesized 1,2- 

benzothiazepine 1-oxides (53) from phenyl vinyl ketone (52) 

and [4 + 3] cyclization of S-methyl-S-phenylsulfoximine (51) 

employing rhodium as a catalyst to give 89% product yield 

( Scheme 13 ) [44] . 

.2.8. Other synthesis routes 

(a) Li and co-workers reported the synthesis of pyridine incor- 

porated into 1,5-benzothiazepine derivatives (58a-z) through 

a three-step 1,3-dipolar cycloaddition reaction. The first in- 

termediate (55a-z) was derived by reacting aromatic alde- 

hyde and hydroxyacetophenone (54), then it was further re- 

acted with 2-aminothiophenol to produce the second in- 

termediate (56a-z). The second intermediate was finally re- 

acted with a pyridine moiety (57) to give the final product 

( Scheme 14 ) [17] . 

(b) In another reaction, Afzal and co-workers synthesized a 

chloropyrazine conjugated 1,5-benzothiazepine derivatives 

(62a-t) by first preparing a chalcone intermediate (61) from 

chloropyrazine-based chalcones (59) and heteroaryl alde- 

hyde (60). The intermediates (61a-t) were then reacted with 
8 
2-aminothiophenol under given conditions to give products 

with good yields ( Scheme 15 ) [16] . 

(c) Lokeshwari and co-workers reported the synthesis of furan 

attached to 1,4 benzothiazepine ring (66a-h) from chalcones 

intermediates (65a-h) and 2-aminobenzenethiol in acidic 

conditions ( Scheme 16 ). The chalcones were produced from 

1-(furan-2-yl)ethanone (63), and various aromatic aldehydes 

(64a-h) [15] . 

. Pharmacology properties of benzothiazepine Scaffolds 

.1. Biological activities 

.1.1. Antitumor activity 

A synthesized 1,4-benzothiazepine derivative (67) was screened 

nd results showed a level of inhibition on the cancer cell lines 

t IC 50 = 1.48 μM for HeLa, 1.94 μM for A549, 1.52 μM for HT29,

nd 1.47 μM for MCF-7 when compared to Colchicine ( Fig. 2 ). It

as also preferred due to its low cytotoxicity [ 22 ]. The anti-tumor 

ctivity of dioxoles conjugated 1,4-benzothiazepines was described 

nd results showed that compound (68) exhibited strong activity 

ith IC 50 = 8.23 mM and 16.22 mM against the two human can- 

er cells Ec9706 and Eca109 respectively, better than 5-Fluorouracil 

ith IC of 23.26 [45] . 
50 
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Scheme 14. A 1,3 dipolar cycloaddition synthetic route for 1,5-benzothiazepine derivatives. 
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.1.2. Anti-malarial activity 

In search of a better alternative for the treatment of malaria 

hich has increased the mortality rate in children and adults, the 

esults from discoveries have been reported. A carbazole-based 1,4- 

enzothiazepine (69) had inhibitory activity on the Plasmodium 

alciparum strain with an IC 50 of 0.75 μg/mL ( Fig. 3 ) [46] . 

.1.3. Antibacterial activity 

The efficacy of benzothiazepine in inhibiting bacterial strain is 

o longer farfetched. Several studies have reported the potency of 

enzothiazepine in inhibiting the growth of microbes. 

Studies showed that triazolo[1,5]benzothiazepine derivative (70) 

xhibited notable inhibitory properties against Enterobacter cloa- 

ae, Escherichia coli, and Staphylococcus aureus [47] . The antimi- 

robial activity of 1,4-benzothiazepine containing 1,3,4-oxadiazoles 

oiety (71) was found to inhibit the growth of Pseudomonas 

eruginosa at MIC = 62.5 μg/mL ( Fig. 4 ) [48] . 

.1.4. Antifungal activity 

The antifungal property of 1,4-benzothiazepine derivatives (72) 

earing an aryl sulfonate moiety was tested against Aspergillus 

avus, Aspergillus niger, and Fusarium oxysporium amongst other 

ynthesized compounds and was found to have the highest 

one of inhibition of 18, 22, 18 mm respectively [35] . Several 

ynthesized 2,3/2,5-dihydro-1,5-benzothiazepines (73) were tested 

gainst Candida albicans, and from observations, the 2,5-dihydro- 

,5-benzothiazepines derivatives were twice better in activity than 

he reference drug used [49] . Also, it was reported that a 1,5- 

enzothiazepine (74) containing benzofuran moiety possessed a 
9

trong activity against Aspergillus brasiliensis and A. niger with an 

nhibition zone of 20 and 23 mm respectively as compared to the 

tandard drug ( Fig. 5 ) [41] . 

.1.5. Anti-cancer activity 

In recent times, research effort s have been made to discover 

ovel drugs for cancer treatment. Amongst these findings in- 

ludes piperazine conjugated 1,4 benzothiazepine derivatives (75) 

eported to inhibit the growth of colon carcinoma cells, leukemia 

ells, and breast cancer cells at IC 50 of 10, 12, 39 μM. A pro-

osed mechanism will be through the inhibition of sirtuin protein 

50] . Similarly, a 1,5-Benzothiazepine derivative (76) was effective 

gainst MCF-7, DU-145 and HT-29 cell lines with IC 50 of 27 μg/mL, 

6 μg/mL and 28 μg/mL ( Fig. 6 ) [51] . 

.1.6. Anti-protozoal activity 

Studies have shown that 1,5-benzothiazepine derivatives make 

mpressive scaffolds for diverse compounds. The amoebicidal ac- 

ivity of a synthesized ferrocenylthiazepine derivative (77) was in- 

estigated using trophozoites of the strain HM1: IMSS. The com- 

ound was found to have an IC 50 = 7.5 μM while that of metron- 

dazole which is mostly recommended for humans had IC 50 = 6.8 

M [50] . A 1,4-benzothiazepine derivative (78) was tested against 

iardia lamblia which causes diarrheal disease in humans and it 

as inhibited with an IC 50 = 2.74 μg/mL ( Fig. 7 ) [48] . 

.1.7. Anti-diabetic activity 

Effort s to reduce elevated blood glucose levels as further pro- 

elled researchers in this field to source effective alternatives. From 
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Scheme 15. Synthetic route for chloropyrazine conjugated 1,5-benzothiazepine derivatives. 

Scheme 16. Synthetic route for furan attached to 1,4 benzothiazepine ring. 
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d

ecent research, 1,4-benzothiazepine derivative (79) displayed im- 

ressive activity comparable to metformin and CGP37157 and the 

ctivity was traced to the electronegative substitution of benzoth- 

azepine nucleus at the 7’ position and that phenyl ring at the 2’ 

osition ( Fig. 8 ) [28] . 

.1.8. Antioxidant activity 

Antioxidants help to inhibit oxidation or scavenge free radicals 

ike oxygen, halogens, hydrogen peroxide, and nitric acid that may 

ause damage to the cells. Diltiazem (80) was employed in re- 
10 
ucing oxidative stress in human umbilicus vein endothelial cells 

 Fig. 9 ) [52] . 

.1.9. Anti-inflammatory and analgesic activity 

Anti-inflammatory agents are important in the body, as they 

ave pain-relieving abilities. A new [1,4] benzothiazepine incor- 

orated furan analogs (81) showed appreciable anti-inflammatory 

nd ATPase inhibitory activities, making it a potential anti-ulcer 

rug ( Fig. 10 ) [15] . 
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Fig. 2. Structures of benzothiazepine with anti-tumor properties. 

Fig. 3. Structures of benzothiazepine with anti-malaria properties. 
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Fig. 4. Structures of benzothiaz

Fig. 5. Structures of benzothia
11 
 with anti-bacterial properties. 

.1.10. Anti-leishmanial activity 

The leishmanicidal activity of oxadiazoles conjugated 1,4- 

enzothiazepine (82) against Leishmania mexicana was reported 

nd the results (IC 50 of 0.65 μg/mL) were comparable to miltefo- 

ine ( Fig. 11 ) [48] . 

.2. Structure-activity relationship study 

The SAR study was done on anti-viral agent 1,5-benzothiazepine 

erivatives (83) and it was deduced that when the R group was 

-Br-Ph and 3,4-di-Cl-Ph groups it was more effective and has a 

rotective activity than ningnanmycin. While when R was 4-OCH 3 - 

h, 2-Br-Ph, and 3-OCH 3 -Ph, the activity was poor. In summary, the 

lectron-withdrawing group present in the phenyl group of the tar- 

et compound made it highly effective against the tobacco mosaic 

irus ( Fig. 12 ) [17] . 

A similar observation was reported by Kadnor & Skelke, 

2019) for the antimalarial and antimicrobial activities of the 

,5-benzothiazepine derivatives (84). In the presence of electron- 

ithdrawing groups such as Cl and Br substituents on the aromatic 

ing, there was an increase in the various activities. Also, the car- 

azole group attached to the compound increases its antimicro- 

ial activity. In other studies, it was observed that the substitu- 

ion with electron-withdrawing groups confers stronger activities 

n the benzothiazepine derivatives than electron-donating groups 

 Fig. 13 ) [16] . 

.3. ADMET studies on benzothiazepine derivatives 

The need to ascertain the safety and drug-likeness of a synthe- 

ized compound has made it necessary to carry out several tests to 

onfirm it compatibility as a drug candidate. 
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Fig. 6. Structures of benzothiazepine with anti-cancer properties. 

Fig. 7. Structures of benzothiazepine with anti-protozoal properties. 

Fig. 8. Structures of benzothiazepine with anti-diabetic properties. 

Fig. 9. Structures of benzothiazepine with anti-oxidant properties. 
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Fig. 10. Structures of benzothiazepine with anti-anti-inflammatory properties. 

Fig. 11. Structures of benzothiazepine with anti-leishmanial properties. 
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In different studies, a novel 1,5 derivative (76) and 1,4- 

enzothiazepine-2-one derivative (79) were synthesized and tested 

s an anti-cancer agent [51] and anti-diabetic agent [28] . The com- 

ounds meet the lipinski’s rule of five with molecular weight less 

han 500, hydrogen bond donor less than 5, and octanol/water par- 

ition coefficient logP less than 5. Hence the compounds were eas- 

ly soluble and effective as a drug candidate. The in silico ADME 

tudies carried out predicted that the compounds have no level of 

arcinogenicity nor tumorgenicity [ 28 , 51 ]. 
12 
Diltiazem (80) is a calcium blocker that is administered orally in 

n extended-release and intravenously. It is sold under the brand 

ame Cardizem, absorption takes place in the gastrointestinal tract 

 52 , 53 ]. Diltiazem is distributed to the liver, plasma, and intestine 

or further metabolism to take place. The metabolism of diltiazem 
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Fig. 12. SAR of 1,5-benzothiazepine derivatives containing pyridine moiety the antiviral activity. 

Fig. 13. SAR of carbazole incorporated 1,5-benzothiazepine the antimalarial and antimicrobial activity. 

Fig. 14. 2D ligand interaction of compounds (a) 85 and (b) 86 against helicase of Zika virus protein [56] . 
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akes place in the body when administered orally, it was reported 

hat conversion of the drug to N-demethylation, O-demethylation, 

nd deacetylation takes place in the liver, plasma, and intestine 

y the appropriate enzymes [ 53 , 54 ]. Diltiazem has a plasma elim-

nation half-life ranging from 3-4.5 h for oral and intravenous ad- 

inistration, there might be an increase in half-life if the dose in- 

reases or hepatic impairment [ 53 , 54 ]. Similarly, extended-release 
13 
ills if administered once or multiple times might have a half-life 

etween 6 and 9 h, the drug can be eliminated through the bile 

nd kidney. Clinical tests were conducted for 24 months on rats 

sing a dose of 100 mg/kg per day, reports showed no level of car- 

inogenicity, no mutagenic response in mammalian cells nor signs 

f impaired fertility [ 53 , 55 ]. Overdose of this drug can cause sev-

ral diseases like hypotension, bradycardia, heart block, and car- 
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Fig. 15. 2D ligand interaction (c) of compound 87 against EGFR kinase domain [51] . 
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iac failure with signs like lightheadedness and fatigue which can 

ead to death at its extreme [53] . Also, it was observed that there

ere possibilities of skeletal abnormalities, risk of stillbirths, em- 

ryo, and fetal lethality when the diltiazem dose is more than the 

aily prescribed intake for humans in experimental animals [53] . 

.4. Molecular modeling and binding study 

Docking studies help in the prediction of the binding affinity 

f drug-like molecules to a specific protein. Some of the advan- 

ages include the cost-effectiveness, short time, and little energy 

equired when compared to experimental determined biological 

ctivity. 

Frimayanti, Nasution, & Etavianti (2021) carried out molecu- 

ar docking studies of benzothiazepine-chalcone derivatives. It was 

redicted that compounds 85 and 86 were active inhibitors against 

elicase of Zika virus protein (PDB ID: 5GJB) with binding affini- 
Fig. 16. 2D ligand interaction (d) of 

14 
ies of −4.9291 and −4.6490 kcal/mol, respectively ( Fig. 14 ). The 

erivatives were reported to be stable and they formed hydrogen 

onds with Glu573, and Arg367, through van der Waals bonds. The 

ompounds had the lowest binding energy making them more sta- 

le and efficient [56] . 

In another studies, Prasada and co-workers designed novel 1,5- 

enzothiazepine derivatives and carried out a docking studies to 

scertain their anti-cancer potential. The epidermal growth factor 

eceptor (EGFR) kinase domain was the target protein as it aids the 

rowth of many tumor which includes cancer. Results predicted 

howed that compound 87 was more active in inhibiting the ac- 

ivity of receptor with binding energy of −9.71 kcal/mol and this 

esonated with the experimental values done on three cancer cell 

ines ( Fig. 15 ) [51] . 

Similarly, the anti-tumor potential of some 1,4-benzothiazepine 

earing diaryl derivatives were predicted through the docking 

tudies and using Tubulin (PDB ID: 4O2B) as the target protein. 

ubulin gives rise to microtubules through polymerization and this 

icrotubules plays a role in mitosis. Compound 88 was predicted 

o be a more potent inhibitor for the target and when the experi- 

ental tests were carried out on various cancer cell lines it inhib- 

ted their growth appreciably ( Fig. 16 ) [22] . 

. Conclusion 

The various benzothiazepine derivatives reported in this work 

ave proven to be pharmacologically active and efficient which 

akes them potential drug candidates as various synthetic routes 

an be employed in synthesizing these molecules. Greener syn- 

hetic routes are encouraged alongside optimization of reaction 

onditions like the substrate, substituent, enzymes, solvent, and 

emperature to reduce costs, reduce pollution, and save energy. The 

AR studies of the benzothiazepine analogs revealed that the po- 

itions of the substituents on the analogs had appreciable effects 

n their activities and this can help to design more active deriva- 

ives. The drug-likeness of some the derivatives were also reported 

o give an insight into their pharmacokinetic properties. Further 

esearch can be carried out to discover potential drug candidates 

ith huge benefits that can remedy challenges like drug resistance 

aced in the pharmaceutical sector. 
compound 88 against Tubulin. 
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