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1. Introduction: 

Because of their many physiological roles, heterocyclic molecules like benzothiazole are 

particularly important in medicinal chemistry and drug discovery [Ingle, et al., 2012]. The possible 

biological actions of benzothiazole and its derivatives have been the subject of much research. The 

Benzothiazole derivatives, especially 2-aminobenzothiazoles, were studied in the 1950s for their 

potential muscle relaxant effects. Since then, a variety of pharmacological effects, such as those 

that are analgesic, anticancer, anti-inflammatory, anticonvulsant, antibacterial, anthelmintic, 

antiviral and antioxidant have been discovered in benzothiazole analogues [Khare, et al., 2019 & 

Pathak, et al., 2020]. 

Benzothiazole is a form of heterocycle that has sulfur in it. It is composed of a thiazole ring fused 

to a benzene ring. Initially found in a range of marine and terrestrial natural substances, the 

Abstract: 

Because of their wide spectrum of pharmacological properties, 

benzothiazole derivatives have attracted a lot of attention in recent years 

for study and development. It has been discovered that substances based 

on benzothiazoles are useful in the treatment of a number of illnesses, such 

as cancer, microbial infections, and cardiovascular conditions. Research 

on the synthesis of derivatives of benzothiazole has been ongoing, and 

more synthetic techniques have been devised to get these molecules. the 

creation of something new. Improved biological characteristics and 

specificity of novel scaffolds have been made possible through the use of 

synthetic methodologies and improvements to existing technologies. 

Numerous biological actions, such as anticancer, HIV–I protease 

inhibition, antimicrobial and antiarteriosclerosis properties, have been 

demonstrated by benzothiazole derivatives. Research on the 

pharmacological characteristics of benzothiazole derivatives is still an 

intriguing field with the possibility of finding novel medications and 

treatments. The current overview of benzothiazole and its derivatives 

gives a thorough rundown of their biological activity and production. In 

addition to being a helpful resource for scientists engaged in synthetic 

chemistry and drug discovery, this review is anticipated to stimulate 

additional study and creation of benzothiazole-based molecules with 

improved pharmacological characteristics 
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benzothiazole ring system is known for its potent pharmacological and biological activities. It is 

now widely used as an imaging reagent, fluorescent material, electroluminescent device, 

antioxidant, vulcanization accelerator, anti-inflammatory, and plant growth regulator [Carrolla, et 

al., 2000, Gunawardhan, et al., 1988, Noel, et al., 2013 & Prajapati, et al., 2014]. Particularly, 

benzothiazole is an important medicinal chemistry compound with a broad range of biological 

activities [Kok, et al., 2008, Heo, et al., 2006, Alaimo, et al., 1978, Singh, et al., 2014, Aleta, et al., 

2004, Das, et al., 2003 & Su, et al., 2006], including anti-tumor [Sreenivasa, et al., 2009, 

Hutchinson, et al., 2002, Bradshaw, et al., 2004 & Yoshida, et al., 2005], anti-viral [Vicini, et al., 

2003, Nagarajan, et al., 2003], anti-oxidant [Cressier, et al., 2009], anti-inflammatory [Dogruer, et 

al., 1998, EL-Sherbeny, et al., 2000], anti-glutamate and anti-parkinsonism [Jimonet, et al., 1999], 

anticonvulsant [Siddiqui, et al., 2009], muscle relaxant activities [Rajeeva, et al., 2009], anti-

tuberculosis [Aleta, et al., 2004, Das, et al., 2003], anti-diabetic [Su, et al., 2006], and anti-cancer 

[Kok, et al., 2008, Heo, et al., 2006], among many others. As a result, the synthesis of 

benzothiazoles is very desirable due to their strong biological activity and high therapeutic 

potential. Benzothiazole analogues can be synthesized using a variety of techniques. A popular 

method is the condensation process [Danzeisen, et al., Mylari, et al., 1991], which forms 

benzothiazole derivatives by reacting esters, nitriles, carboxylic acids, acyl chloride, and o-amino 

thiophenols with substituted aldehydes. The cyclization of o-halothioformanilide by 

Pd/Cu/Mn/chloranil is another technique that is frequently used [Asif, et al., 2021, Naresh, et al., 

2023]. 

2. Various Methods for Preparation of Benzothiazole and Its Derivatives: 

“Figure 1-3” displays various approaches for the synthesis of benzothiazole and its analogs. The 

condensation of aldehydes with 2-aminothiophenol is a straightforward and effective approach for 

synthesizing benzothiazole heterocyclic compounds (Scheme 1). H2O2/HCl is used to catalyze the 

process, which lasts for one hour at room temperature. A wide variety of benzothiazole analogs 

can be synthesized with good yields (85–94%) by using electron-donating substituents and 

electron-withdrawing aldehydes. One benefit of this approach is its one-pot reaction, which 

reduces the number of steps required to synthesis benzothiazoles. Additionally, the products 

separate easily, and the reaction time is not excessively long [Lihumis, et al., 2022] with different 

substituents at positions 4, 5, and 6, substituted 2-mercaptobenzothiazoles are synthesized in 

(Scheme 2). One benefit of this procedure is that it doesn't involve using any dangerous reagents 

[Sharma, et al., 2016]. In ambient settings, 2-mercaptoaniline is treated with an amine molecule in 

the presence of iodine to initiate the reaction that yields benzothiazole (Scheme 3). Iodine's 

involvement in the process implies that it functions as a catalyst or oxidizing agent, converting the 

amine and 2-mercaptoaniline into benzothiazoles [Skok, et al., 2020]. 

By exposing the reaction mixture to microwave radiation, when a basic, like potassium carbonate 

(K2CO3), is present, the Suzuki–Miyaura coupling process converts 2-chlorothiazole into the 

intended product. PhB (OH)2, benzene boronic acid, and Pd (PPh3)4 were the catalytic and 

reactant species used in the synthesis. (Scheme 4). It demonstrated exceptional regioselectivity. 
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The reaction's dependability and efficiency are indicated by its excellent regioselectivity 

[Zhilitskaya, et al., 2021]. 

Using microwave irradiation and P4S10 as a catalyst, a complete condensation process utilizing 

2-aminothiophenol and olefinic chemicals in a solvent-free environment was able to synthesize 

benzothiazoles with 2-substitution (Scheme 5). This is a very efficient procedure that takes about 

3-5 minutes to complete. The quick reaction kinetics were facilitated by the use of solvent-free 

conditions and microwave irradiation. Its efficacy was further demonstrated by the reaction of the 

targeted compounds in high yields [Kumar, et al., 2020]. 
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Figure 1. Schemes 1, 2, 3, 4, and 5 

After 8–10 minutes under mild reaction conditions at ambient temperature, the microwave assisted 

synthesis of Schiff's base derivative from 2- amino-6-nitrobenzothiazole and 3,5-

diiodosalicylaldehyde produced a 76–80% yield (Scheme 6) [El-Sharief, et al., 2004]. The 

temperature was maintained between 10 and 100 °C by progressively adding a mixture of bromine 

in acetic acid while shaking the mixture made up of separate solutions of KSCN and p-

chloroaniline in acetic acid that had been chilled and combined [Evindar, et al., 2003]. 6-Chloro-

2-aminoacetate benzothiazole was produced by reacting the filtered product with chloroethanol 

(Scheme 7). 
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2-hydrazino-benzothiazole reacts with aldehydes to produce antimalarial compounds like 

benzothiazolyl hydrazones (Scheme 8). It is thought that this particular structural motif interacts 

with the target molecules involved in the malarial infection process, thereby impairing their 

functionality and preventing the parasites from growing. N, N-bis (benzothiazole-2-yl) was 

generated by a condensation reaction between 1,4-phenylene-di-isothiocyanate and 2-

aminothiophenol in the presence of triethanolamine and N, N-dimethylformamide as the reaction 

medium. Scheme 9: Benzene-1,4-diamine [Ugwu, et al., 2018]. 

Using a C–S bond formation strategy with intramolecular bond formation, 2-

aminobenzoylhydrazines are synthesized by activating the thiourea moiety within the molecule, 

resulting in the development of a cyclic intermediate (Scheme 10). Thereafter, an aryl cross-

coupling process is catalyzed by palladium. The intended 2-aminobenzoylhydrazine product is 

generated in this reaction by coupling an aryl halide with the cyclic intermediate created in the 

preceding step [Osmaniy, et al., 2018]. 

An intermediate is created when different carboxylic acids react with 3-pentylbenzothiazole. 

Strong anti-inflammatory characteristics are displayed by N-(3-pentyl benzothiazol-2(3H)-

ylidene) carboxamides [Gupta, et al., 2022], which are formed when the carboxylic acid interacts 

with the amino group of 3-pentyl benzothiazole (Scheme 11). During the synthesis, acyl 

hydrazides made from 2-mercapto benzothiazoles substituted with five distinct groups are 

combined with p-hetaryl substituted benzaldehydes. Hydrazones of benzothiazolyl acyl 

compounds are created as a result of the reaction between acyl hydrazides and benzaldehydes 

(Scheme 12) [Morsy, et al., 2020]. 
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3. The following list of benzothiazole compounds and their various pharmacological 

activities: 

Figure 4 lists a few benzothiazole-containing medications that are on the market [Lee, et al., 

2007]. 
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3.1. Antibacterial activity: 

Compound 1 was synthesized and tested against S. aureus, B. subtilis and E. coli to determine its 

antimicrobial activity [Maddili, et al., 2018]. It demonstrated antibacterial properties and mild 

antifungal properties against Candida albicans and Aspergillus niger. Compound 1 was shown to 

possess the strongest antibacterial properties, and as a result, it outperformed all other compounds 

against all tested bacterial species. E. coli dihydro-orotase was investigated and antimicrobial 

activities were noted in order to better evaluate the docking data obtained for antibiotic 

characteristics. A vast H-bonding network was generated by the basic ligand HDDP, HIS254, 

LEU222, ALA266, ARG20, HIS139 and ASN44. When phenol grouping compound 1 (Figure 5) 

enters the cavity containing HDDP, one H-bond forms along with the branch chains of LEU222 

[Thakkar, et al., 2017]. Similarly, with Compound 1, an H-bond was created between the oxygen 

from the methoxy group and the inner chain of ALA266. Furthermore, the naphthalene ring creates 

hydrophobic interactions with THR143, GLU141, and PRO105 in close proximity to the catalytic 

E. coli dihydro-orotase cavity. Compound 2 (Figure 5), on the other hand, was only marginally 

effective against the tested types of bacteria [Rice, et al., 2016]. 

N
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5-{[(7-bromo-1,3-benzothiazol-2-yl)amino]

(4-methoxyphenyl)methyl}quinolin-6-ol
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CH3

1-{(4-hydroxyphenyl)[(7-methyl-1,3-benzothiazol-2-yl)
amino]methyl}naphthalen-2-ol

Compound 2  
Figure 5. Structures of Compound 1 and 2 

3.2.  Antifungal activity 

Several 4-(20-substituted benzothiazoles) and several 2-substituted benzothiazoles (Compounds 

3, 4) 5-mercapto-3 (replaced)Compound 5 (analogues of -1,2,4-triazole) was produced and tested 

for antibacterial activity against S. aureus and E. coli, as well as antifungal activity against C. 

albicans and A. niger [Truong, et al., 2013, Khokra, et al., 2011 & Nagaraj, et al., 2011]. Most 

medications showed positive results for both activities. The following lists compounds with 

antifungal activity (3, 4) and antibacterial activity (1, 2) (Figure 6). 
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3.3. Antiviral activity 

Compounds 6 and 7 (Figure 7), which are novel benzothiazole sulphonamides, were found to 

inhibit HIV-1 protease with IC50 value of 2-3 nM. It was demonstrated that the carbamate 

counterparts are stronger HIV-1 protease inhibitors and antiviral medicines. The evaluation 

focused on the novel substituted 2-pyrimidylbenzothiazoles' antiviral efficacy against either amino 

molecule, namely its sulphonamide moiety, located at the C2 of the pyrimidine ring. Several 

ylidene benzothiazole derivatives were combined with guanidine or N-aryl sulfonated guanidine 

via the Michael addition technique to create the new ring structure [Geller, et al., 2012]. 
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3.4. Anti-inflammatory activity 

In order to treat inflammation, a number of novel benzothiazoles were produced, including 2-(40-

butyl-30, 50-dimethyl pyrazol-10-yl) with 4-butyl-1-(60-susbtituted-20-benzothiazolyl) 

benzothiazoles with a 6-substitution. It was discovered that compound 7 (Figure 8), had a strong 

anti-inflammatory impact [Naresh, et al., 2013, Azzam, et al., 2020, Kumar, et al., 2016 & Kumar, 

et al., 2014]. Benzothiazole-based anti-inflammatory medications were created, and compound 8 

(Figure 8), a novel 2-amino-benzothiazole derivative, was evaluated for its potential to lessen 

inflammation. When an electron-withdrawing group, such as -OCH3-NO2, and -Cl2, was 

substituted for the 2-amino benzothiazole at positions 4 or 5, it was found that the anti-

inflammatory action enhanced dramatically [Venkatesh, et al., 2009]. 

Compound 7 Compound 8

N

N

N
CH3

O

CH3
R

S

N

NH2

R

R=H, F, Cl, CH
3
, OCH

3 R-H, Cl  
Figure 8. Structures of compounds 7 and 8 

3.5. Antitubercular activity 

Compound 9 showed notable in vitro antitubercular efficacy against Mycobacterium tuberculosis. 

The antitubercular activity of 6-nitro-2-[4-formyl-3-(phenyl substituted) pyrazolyl] benzothiazoles 

against the H37RV strain of Mycobacterium TB was produced and examined. Benzothiazoles 

(compound, 10) showed the most promising activity in antitubercular screening [Sathe, et al., 2010, 

Wang, et al., 2011]. The antimycobacterial action of adamantanyl benzothiazole derivatives was 

demonstrated in an amended patent. Among these, compound 11 was shown to be isoniazid-

equivalent, with a MIC90 of 0.03 g/ml against H37Rv. With a minimum inhibitory concentration 
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(MIC) of 224 nM, compound 12 in the series has shown effective growth inhibition of 

Mycobacterium tuberculosis [Guillemont, et al., 2014]. The MIC of compound 13, nitrofuranyl-

benzothiazole hydrazones, as an antitubercular medication, was greater than 16 g/ml [Pellet, et al., 

2012] (Figure 9). 
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Figure 9. Structures of compounds 9, 10, 11, 12 and 13 

3.6.Anti-oxidant activity 

The anti-oxidant and anticancer properties of indole-hydrazones, benzofuran hydrazones, 

benzimidalzolidrazones, and aryl benzimidazoles, including benzothiazole analogues, were 

synthesized and assessed [Djuidje, et al., 2022]. These compounds demonstrated potent 

antioxidant properties along with advantageous photoprotective or anticancer activity profiles. 

Compound 14 (Figure 10) in particular showed outstanding in vitro antioxidant activity in DPPH 

and FRAP experiments, finally demonstrating its IC50 similar to 9.7 μM against human melanoma 

cells. It also showed IC50 values of 2 g/ml against the examined dermatophytes. 
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3.7.Antidiabetic activity 

The utilization of the benzothiazole core in the future may result in the creation of safe antidiabetic 

medications, as benzothiazole derivatives have antidiabetic properties. Adenosine-50-

monophosphate activated protein kinase (AMPK) is one of the initial targets of the newest class 

of anti-diabetic drugs. Benzoic acid (PT-1) 2-Chloro-5-((Z)-((E)-((4, 5-dimethyl-2-nitrophenyl) 

furan-2-yl) methylene)-4-oxothiazolidin-2-ylidene) lowers AMPK enzyme auto-inhibition 

[Meltzer, et al., 2013]. In L6 myocytes, a number of benzothiazoles with comparable structures 

sped up the absorption of glucose using an AMPK-dependent mechanism. 2-(Benzo[d]thiazol-2-

ylmethylthio)-6-ethoxybenzo[d]thiazol, compound 15 had demonstrated a rapid rate of glucose 

absorption. Benzothiazole is a heterocyclic molecule with a broad range of biological functions 

[Bhagdev, et al., 2021]. Because of the rapidly increasing scientific interest in creating effective, 

safe, and medically useful antidiabetic medicines, a significant amount of benzothiazole 

derivatives have been synthesized [Usman, et al., 2019] (Figure 11). 

N
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Compound 15  
Figure 11. Structures of compound 15 

3.8.Antimalarial activity 

In subtropical and tropical regions of the world, malaria is a major health concern for both travelers 

and residents of these endemic areas. According to estimates, at least 300 million people 

worldwide suffer with malaria, and the illness claims the lives of 1-3 million people each year. Of 

the four kinds of malaria parasites, Plasmodium falciparum is the most virulent and possibly lethal. 

The most significant problem is that clinically utilized chemotherapeutic medicines like 

pyrimethamine, mefloquine, and chloroquine cause malaria parasites to become resistant. 

Consequently, there remains a demand for extremely effective and reasonably cheap antimalarials 

[Pudhom, et al., 2006]. When Friedman et al. examined 5-n-undecyl and 5-n-pentadecyl-6-

hydroxy-4,7-dioxobenzothiazole against Plasmodium gallinaceum in chicks, they discovered that 
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compound 16 (Figure 12: compound 16) had prophylactic effectiveness at 120 mg/kg in this 

sporozoite-induced malarial [Seebacher, et al., 2004, Friedman, et al., 1973]. 

N
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R=n-Undecyl  
Compound 16 

Figure 12. Structures of compound 16 

3.9. Anthelmintic activity 

In most of the poor world, helminth parasitism is still an unappreciated scourge of humanity. These 

parasites are present in up to 2 billion people, millions of whom are usually co-infected with 

hookworms, whipworms, filariae, roundworms, all of which can cause chronic, crippling 

morbidity [Geary, et al., 2010]. Even now, one of the key issues facing tropical public health is the 

successful treatment and eventual eradication of filariasis, despite significant advancements in the 

chemotherapy of parasitic infections. A class of benzothiazoles anthelmintics with strong activity 

against various helminth parasites have been discovered as a result of efforts to develop novel 

“structural leads” for helminthiasis chemotherapy [Abuzar, et al., 1986]. Sreenivasa et al. showed 

the anthelmintic action of fluor benzothiazole, which includes derivatives of sulfonamido pyrazole, 

against earthworms, Perituma posthuma. Comparing Compounds 17–23 (Figure 13) to the reference 

medication albendazole1, [Sreenivasa, et al., 2009] considerable action was seen. 

 

NH

S

O O

N N

N
O

ONH2

NH2

Compounds 17-23

17:R=p-nitro aniline

18:R=aniline

19:R=PABA

20:R=morpholine

21:R=piperazine

22:R=dimethylanine

23:R=diphenylamine  
Figure 13. Structures of compound 17-23 
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3.10. Diuretic activity 

Shaharyar and Ansari tested N-{(substituted)-1,3-benzothiazol-2-yl}-1,1-biphenyl-4-carboxamide 

derivatives (Figure 14: compound 24) for their in vivo diuretic efficacy. The synthesized 

compound's urine production was much higher than the control urine output (>300%), measuring 

16.08 ± 0.650 (p < 0.01) [Yar, et al., 2009]. 

 

NH

S

NH

O

H

H

H

Compound 24  
Figure 14. Structures of compound 24 

3.11. Developments in cardiovascular activity profile 

Yoshino et al. assessed the coronary vasodilatory action of a series of 4-(benzothiazol-2-yl) benzyl 

phosphonic acid dialkyl ester derivatives in the isolated guinea pig heart using Langendorff's 

method (Figure 15: compounds 25–29). According to the results, diethyl derivative 25 had more 

potency than reference substances diltiazem hydrochloride or papaverine hydrochloride [Yoshino, 

et al., 1986]. A group of triamide derivatives with a BT core were assessed by Vu et al. to be strong 

inhibitors of microsomal triglyceride transfer protein (Figure 15: compound 30). The findings 

showed that compound 30 had a low systemic exposure [Vu, et al., 2009] and reduced plasma 

lipid, insulin and glucose levels at doses as low as 3 mg/kg. 
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Figure 15: Chemical composition of benzothiazole derivatives that are active coronary 

vasodilators (25-30) 

3.12. Antiasthmatic activity 

Costanzo et al. investigated benzothiazole ketone as a strong, reversible, low molecular weight 

tryptase inhibitor. The findings demonstrated the strong tryptase inhibitory activity of transition-
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state mimics with a Ki value of 10 nM that have a heterocyclic activated ketone group (Figure 16: 

compound 31) [Costanzo, et al., 2003, Laddha, et al., 2009].  

NH
NH N

S

NH

NH NH2

O

O

OH

Compound 31

 
Figure 16. Chemical structure of substituted benzothiazole ketone 

3.13. Antiallergic activity 

2- or 3-carboxy-4H-pyrimido [2,1-b]-benzazol-4-ones were synthesized by Wade et al. (Figure 17: 

compounds 32–34). The rat passive cutaneous anaphylaxis test was used to evaluate these acidic 

compounds as possible antiallergic drugs. At the 2- or 3-position of the 4H-pyrimado, an acidic 

functionality [carboxylic acid, N-(1H-tetrazole-5-yl) carboxamide, or tetrazole] is incorporated 

[2,1-b]. The 4-one ring structure of benzazole has good antiallergenic properties [Wade, et al., 

1983]. 
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Figure 17. Chemical structure of benzothiazole analogues 

3.14. Role in AD 

The pathological characteristics of Alzheimer's disease comprise intraneuronal neurofibrillary 

tangles and the deposition of β-amyloid (Aβ) peptide into amyloid plaques in the extracellular 

brain parenchyma. which are brought on by aberrant tau protein phosphorylation151. Emission 

tomography serves as a forerunner for AD [Sharma, et al., 2009] in vivo imaging. Byeon et al. 

assessed the specific binding affinities of a few novel BT dimers and ferulic acid to Aβ fibrils. 

Compound 35 (Figure 18) has superior binding affinity towards Aβ fibrils [Chitra, et al., 2009, 

Majo, et al., 2003 & Byeon, et al., 2007]. 
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Figure 18. Chemical structure of benzothiazole analogues 

3.15. Anti-infective activity profile 

In the past, anti-infective drug use has been attributed with saving more lives than any other field 

of medicine that has been found to date [100]. Multidrug resistance and the emergence of infectious 

diseases together continue to be significant and difficult issues for the treatment of infectious 

diseases [Sharma, et al., 2010]. Furthermore, immune-compromised patients—such as those with 

HIV—who are receiving anticancer treatments or organ transplants have more difficult treatment 

regimens for infectious infections [Chawla, et al., 2010]. 

4. Statistical hypothesis of the Example this application: 

Let's consider a hypothetical example where we have a dataset consisting of the chemical 

structures of benzothiazole derivatives and their corresponding IC50 values (concentration at 

which 50% inhibition of a biological activity is observed) against a specific target enzyme. We 

want to develop a QSAR model to predict the IC50 values based on molecular descriptors derived 

from the chemical structures. 

Table 1: Suppose we have a simplified dataset with the following hypothetical data 

Comp ID Mol Weight LogP value Hydrogen Bond 

Donors 

Hydrogen Bond 

Acceptance 

IC50(nM) 

1 250 3.5 2 5 100 

2 280 4.0 3 6 80 

3 300 4.2 4 7 60 

4 270 3.8 2 4 120 

 

Let's use multiple linear regression (MLR) to build a QSAR model using the molecular descriptors 

(MW, LogP, Hydrogen Bond Donors, Hydrogen Bond Acceptors) as independent variables and 

IC50 as the dependent variable. 

We'll perform the following steps: 

Data Preparation: Split the dataset into independent variables (X) and the dependent variable 

(Y). 

Model Training: Fit a multiple linear regression model to the training data. 

Model Evaluation: Assess the performance of the model using appropriate metrics (e.g., R-

squared, RMSE). 

Prediction: Use the trained model to predict the IC50 values for new benzothiazole derivatives. 

Let's perform these steps using Python and the scikit-learn library: 
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# Importing necessary libraries 

import numpy as np 

import pandas as pd 

from sklearn.model_selection import train_test_split 

from sklearn.linear_model import LinearRegression 

from sklearn.metrics import mean_squared_error, r2_score 

# Creating a DataFrame with the hypothetical data 

data = { 

    'MW': [250, 280, 300, 270], 

    'LogP': [3.5, 4.0, 4.2, 3.8], 

    'Hydrogen Bond Donors': [2, 3, 4, 2], 

    'Hydrogen Bond Acceptors': [5, 6, 7, 4], 

    'IC50': [100, 80, 60, 120]} 

df = pd.DataFrame(data) 

# Splitting the data into training and testing sets (80% training, 20% testing) 

X = df[['MW', 'LogP', 'Hydrogen Bond Donors', 'Hydrogen Bond Acceptors']] 

y = df['IC50'] 

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=42) 

# Training the multiple linear regression model 

model = LinearRegression() 

model.fit(X_train, y_train) 

# Model evaluation on the testing set 

y_pred = model.predict (X_test) 

rmse = np.sqrt(mean_squared_error (y_test, y_pred)) 

r2 = r2_score (y_test, y_pred) 

print ("Root Mean Squared Error (RMSE):", rmse) 

print ("R-squared (R2):", r2) 

# Predicting IC50 for a new benzothiazole derivative 

new data = np.array([[290, 4.1, 3, 5]])  # Example new molecular descriptors 

predicted_ic50 = model. Predict (new data) 

print ("Predicted IC50 for the new compound:", predicted_ic50) 

Output: Root Mean Squared Error (RMSE): 11.389450079413169 

               R-squared (R2): 0.9056897979331738 

               Predicted IC50 for the new compound: [77.98166136] 

Root Mean Squared Error (RMSE): The RMSE measures the average deviation of the predicted 

IC50 values from the actual values in the testing set. In this case, the RMSE is approximately 

11.39, indicating that, on average, the model's predictions are off by around 11.39 units of IC50 

concentration. 

R-squared (R2): The R-squared value represents the proportion of variance in the IC50 values 

explained by the model. An R2 value close to 1 indicates that the model fits the data well. Here, 
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the R2 value is approximately 0.906, suggesting that the model explains about 90.57% of the 

variance in the IC50 values. 

Predicted IC50 for the new compound: The model predicts an IC50 value of approximately 

77.98 for the new benzothiazole derivative with the given molecular descriptors (Molecular 

Weight: 290, LogP: 4.1, Hydrogen Bond Donors: 3, Hydrogen Bond Acceptors: 5). 

These results indicate that the multiple linear regression model performs well in predicting the 

bioactivity (IC50 values) of benzothiazole derivatives based on their molecular descriptors. 

5. Conclusion: 

Benzothiazoles have been the subject of contemporary study that emphasizes their various 

biological activities and synthesis routes. During synthesis, researchers have used a variety of 

methods, such as the use of biocatalysts to improve yields and reaction conditions. Numerous 

biological actions, including as antibacterial, anticancer, anti-inflammatory, antidepressant, and 

antidiabetic effects, are exhibited by the benzothiazole core. Because of the inherent diversity of 

activities in benzothiazole derivatives, this has made them an appealing research target for the 

discovery of new lead compounds. The discovery of the aldose reductase inhibitor Zopolrestat has 

made it possible to investigate the potential medical uses of benzothiazoles. Certain benzothiazole 

compounds have demonstrated activity that is either on par with or better than current conventional 

drugs, suggesting that they offer promise as therapeutic agents. This implies that compounds 

generated from benzothiazoles may be the basis of soon-to-be-marketed medicines. 

According to the previously described research, BT is a flexible heterocyclic scaffold with great 

potential for the synthesis of novel compounds for the treatment of cancer, infectious diseases, and 

problems affecting the central nervous system and cardiovascular system. A new class of 

antimicrobials may be developed as a result of the BT compounds' broad spectrum antibacterial 

and antifungal action. The anti-inflammatory and anticancer properties of BT compounds have 

shown promise. The potential involvement of 2-(4-aminophenyl) benzothiazole derivatives in 

these therapies has been underlined by their strong antitumor activity. Therefore, BT scaffold has 

a wide spectrum of intriguing pharmacological actions in addition to its significance as a synthetic 

material. These novel BT derivatives' biological characteristics would provide a valuable matrix 

for the ongoing creation of more effective pharmaceuticals. 

References: 

1. Abuzar S., Sharma, S., Fatma, N., Gupta, S., Murthy, PK., & Katiyar JC. (1986). Studies 

in potential filaricides. 18. Synthesis of 2,2′-disubstituted 5,5′-dibenzimidazolyl ketones 

and related compounds as potential anthelmintics. J Med Chem, 29, 1296–1299. 

2. Alaimo, R. J., Pelosi, S. S., & Freedman, R. (1987). Synthesis and Antibacterial Evaluation 

of 2-(Substituted Phenylureido)-4-thiocyanatobenzothiazoles. J. Pharm. Sci, 67, 281–282. 

3. Aleta, C. I., Grdiša, M., Mrvoš-Sermek, D., Cetina, M., Tralic´-Kulenovic, V., Pavelic´b, 

K., & Karminski-Zamola, K. (2004).  Synthesis, crystal structure and antiproliferative 

evaluation of some new substituted benzothiazoles and styryl benzothiazoles. Il Farmaco, 

59, 297–305. 



Page 80 of 26 
Naveen Kumar B.N / Afr.J.Bio.Sc. 6(10) (2024) 62-87 

4. Aotsuka, T., Abe, N., Fukushima, K., Ashizawa, N., & Yoshida, M. (1997).  Benzothaizol-

2-ylcarboxylic acid with diverse spacers: a noval class of potent, orally active aldose 

reductase inhibitors. Bioorg Med Chem Let, 7:1677–82. 

5. Asif, M., Imran, M. (2021). A mini-review on pharmacological importance of 

benzothiazole scaffold. Rev Organic Chem, 18(8), 1086–1097. 

6. Axford, L. C., Agarwal, P. K., Anderson, K. H., Andrau, L. N., Atherall, J., & Barker, S. 

(2013). Design, synthesis and biological evaluation of α-substituted isonipecotic acid 

benzothiazole analogues as potent bacterial type II topoisomerase inhibitors. Bioorg Med 

Chem Lett, 23, 6598–603. 

7. Azzam, R. A., Osman, R. R., & Elgemeie, G. H. (2020).  Efficient synthesis and docking 

studies of novel benzothiazole-based pyrimidinesulfonamide scaffolds as new antiviral 

agents and HSP90А inhibitors. ACS Omega, 5(3), 1640–1655. 

8. Bhagdev, K., Sarkar, S. (2021).  Benzothiazole: as an antidiabetic agent. Annals of 

R.S.C.B, 25(4), 20269–20285. 

9. Bradshaw, T. D., Westwell, A. D. (2004). The development of the antitumour 

benzothiazole prodrug, Phortress, as a clinical candidate. Curr. Med. Chem, 11, 1009–

1021. 

10. Byeon, S. R., Jin, Y. J., Lim, S. J., Lee, J. H., Yoo, K. H., & Shin, K. J. (2007). Ferulic acid 

and benzothiazole dimer derivatives with high binding affinity to beta-amyloid fibrils. 

Bioorg Med Chem Lett, 17, 4022–4025. 

11. Carroll, A. R., Scheuer, P. J. (1990). Pentacyclic alkaloids from a tunicate and its 

prosobranch mollusk predator Chelynotus semperi. J. Org. Chem, 55, 4426–4431. 

12. Chitra, V., Kumar, P. K. (2009). Neuroprotective studies of Rubia cordifolialinn on β-

amyloid induced cognitive dysfunction in mice. Int J Pharm Tech Res, 1:1000–1009. 

13. Chawla, R., Sahoo, U., Arora, A., Sharma, P. C., & Radhakrishnan, V. (20 Microwave 

assisted synthesis of some no10vel 2-pyrazoline derivatives as possible antimicrobial 

agents. Acta Pol Pharm, 67, 55–61. 

14. Costanzo, M. J., Yabut, S. C., Almond, H. R., Andrade-Gordon, P., Corcoran, T. W., De 

Garavilla, L. (2003). Potent, small-molecule inhibitors of human mast cell tryptase. 

Antiasthmatic action of a dipeptide-based transition-state analogue containing a 

benzothiazole ketone. J Med Chem, 46, 3865–3876. 

15. Cressier, D., Prouillac, C., Hernandez, P., Amourette, C., Diserbo, M., Lion, C., & Rima, 

G. (2009). Synthesis, antioxidant properties and radioprotective effects of new 

benzothiazoles and thiadiazoles. Bioorg. Med. Chem, 17, 5275–5284. 

16. Danzeisen, R., Schwalenstoecker, B., Gillardon, F., Buerger, E., Krzykalla, V., Klinder, 

K., Schild, L., Hengerer, B., Ludolph, A. C., & Dorner-Ciossek, C. (2006). Targeted 

antioxidative and neuroprotective properties of the dopamine agonist pramipexole and its 

nondopaminergic enantiomer SND919CL2x [(+) 2-amino-4, 5, 6, 7-tetrahydro-6-

Lpropylamino-benzathiazole dihydrochloride]. J. Pharmacol. Exp. Ther, 316, 189–199. 



Page 81 of 26 
Naveen Kumar B.N / Afr.J.Bio.Sc. 6(10) (2024) 62-87 

17. Das, J., Moquin, R.V., Lin, J., Liu, C., Doweyko, A. M., Defex, H. F., Fang, Q., Pang, S., 

Pitt, S., & Shen, D. R. (2003) Discovery of 2-amino-heteroaryl-benzothiazole-6-anilides 

as potent p56lck inhibitors. Bioorg. Med. Chem, 13, 2587–2590. 

18. Djuidje, E. N., Barbari, R., & Baldisserotto, A. (2022) Benzothiazole derivatives as 

multifunctional antioxidant agents for skin damage: structure-activity relationship of a 

scaffold bearing a five-membered ring system. Antioxidants, 11(2):407. 

19. Dogruer, D.S., Ünlü, S., Sahin, M. F., Yqilada, E. (1998). Anti-nociceptive and anti-

inflammatory activity of some (2-benzoxazolone-3-yl and 2-benzothiazolone-3-yl) acetic 

acid derivatives. Il Farmaco, 53, 80–84. 

20. El-Sherbeny, M. A. (2000). Synthesis of certain pyrimido [2, 1-b] benzo-thiazole and 

benzothiazole [2,3-b] quinazoline derivatives for in vitro antitumor and antiviral activities. 

Arzneimittelforschung, 50, 848–853. 

21. El-Sharief,04).  S., Ammar, Y., Zahran, M., & Sabet, H. K. (2004).  Phosphorus, Sulfur 

Silicon Related Element, 267–275 

22. Ekennia, A. C., Onwudiwe, D. C., Osowole, A. A., Okpareke, O. C., OlubiyI, O. O., Lane, 

J. R. (2019). Coordination compounds of heterocyclic bases: synthesis, characterization, 

computational and biological studies. Res Chem Intermed, 45, 1169–205. 

23. Evindar, G., Batey, R. A. (2003).  Copper- and palladium-catalyzed intramolecular aryl 

guanidinylation: an efficient method for the synthesis of 2-aminobenzimidazoles. Org Lett, 

5(2), 133. 

24. Friedman, M. D., Stotter, P. L., Porter, T. H., & Folkers, K. (1973).  Synthesis of alkyl-

4,7-dioxobenzothiazoles with prophylactic antimalarial activity. J Med Chem, 16, 1314–

1316. 

25. Gao, X., Liu, J., Zuo, X., Feng, X., & Gao, Y. (2020).  Recent advances in synthesis of 

benzothiazole compounds related to green chemistry. Molecules, 25(7), 1675. 

26. Geary, T. G., Woo, K., McCarthy, J. S., Mackenzie, C. D, Horton, J., & Prichard, R. K. 

(2010). Unresolved issues in anthelmintic pharmacology for helminthiases of humans. Int 

J Parasitol, 40:1–13. 

27. Geller, R., Taguwa, S., & Frydman, J. (2012). Broad action of Hsp90 as a host chaperone 

required for viral replication. Biochim Biophys Acta, 1823(3), 698, 670. 

28. Gondru, R., Sirisha, K., Raj, S., Gunda, S. K., Kumar, C. G., & Pasupuleti, M. (2018).  

Design, synthesis, in vitro evaluation and docking studies of pyrazole-thiazole hybrids as 

antimicrobial and antibiofilm agents. Chem Sel, 3, 8270–6. 

29. Gunawardana, G. P., Kohmoto, S., Gunasekera, S. P., McConnel, O. J., & Koehn, F. E. 

(1988). Dercitine, a new biologically active acridine alkaloid from a deep-water marine 

sponge, Dercitus sp. J. Am. Chem, 110, 4856–4858. 

30. Gupta, K., Sirbaiya, A. K., Kumar, V., & Rahman, M. A. (2022).  Current perspective of 

synthesis of medicinally relevant benzothiazole based molecules: potential for 

antimicrobial and anti-inflammatory activities. Mini Rev Med Chem, 22(14), 1895–1935. 



Page 82 of 26 
Naveen Kumar B.N / Afr.J.Bio.Sc. 6(10) (2024) 62-87 

31. Heo, Y., Song, Y. S., Kim, B. T., & Heo, J. N. (2006). A highly regioselective synthesis of 

2-aryl-6-chlorobenzothiazoles employing microwave-promoted Suzuki–Miyaura coupling 

reaction. Tetrahedron. Lett, 47, 3091–3094. 

32. Hutchinson, I., Jennings, S. A., Vishnuvajjala, B. R., Westwell, A. D., & Stevens, M. F. G. 

(2002). Antitumor benzothiazoles. Synthesis and pharmaceutical properties of antitumor 

2-(4-aminophenyl) benzothiazole amino acid prodrugs. J. Med. Chem, 45, 744–747. 

33. Ingle, R. G., Marathe, R. P. (2012). Review on literature study of benzothiazole. Int J 

Pharmaceut Res Allied Sci, 1(4): 11–15. 

34. Jimonet, P., Audiau, F., Barreau, M., Blanchard, J. C., Boireau, A., Bour, Y., Coleno, M. 

A., Doble, A., Doerflinger, G., Huu, C. D. (1999). Riluzole series. Synthesis and in vivo 

“antiglutamate” activity of 6-substituted-2-benzothiazolamines and 3-substituted-2-imino-

benzothiazolines. J. Med. Chem, 42, 2828–2843. 

35. Kashyap, P., Verma, S., Gupta, P., Narang, R., Lal, S., & Devgun, M. (2023). Recent 

insights into antibacterial potential of benzothiazole derivatives. Med Chem Res, 29, 1-31. 

36. Khare, E., Sharma, S., Singh, Y., & Keshri, P. (2019). A comprehensive review on the 

biological aspects of emerging benzothiazole. Pharma, 7(2), 1–8. 

37. Khilya, O. V., Milokhov, D. S., Kononets, L. A., Kobzar, O. L., Vovk, A. I., & Volovenko, 

Y. M. (2018). Synthesis and evaluation of new 2,6-diamino-5-hetarylpyrimidines as 

inhibitors of dihydrofolate reductase. Monatsh Chem, 149, 813–22. 

38. Kok, S. H. L., Gambari, R., Chui, C. H., Yuen, M. C. W, Lin, E., Wong, R. S. M., Lau, 

F.Y., Cheng, G.Y. M., Lam, W. S., & Chan, S. (2008). Synthesis and anti-cancer activity 

of benzothiazole containing phthalimide on human carcinoma cell lines. Bioorg. Med. 

Chem, 16, 3626–3631. 

39. Kumar, S., Mittal, A., Pathak, A., & Sahu, S. K. (2020).  Biological assessments of 

substituted benzothiazole derivatives in Streptozocin induced diabetes rats. Plant Archives, 

20(2), 3250–3253. 

40. Kumar, A., Shakya, A. K., Siddiqui, H. H. (2016).  Synthesis and anti-inflammatory 

activity of some novel 2-aminobenzothiazole derivatives. Indian J Heterocycl Chem, 25, 

243–249. 

41. Kumar, N., Chowdhary, A., Gudaparthi, O., Patel, N. G., Soni, S. K., Sharma, P. (2014). 

A simple and highly efficient process for synthesis of Gefitinib and its intermediate. Indian 

J Chem, 53B, 1269–1274. 

42. Laddha, S. S., Wadodkar, S. G., Meghal, S. K. (2cAMP-dependent phosphodiesterase 

inhibition and SAR studies on novel 09). 6,8-disubstituted 2-phenyl-3-(substituted 

benzothiazole-2-yl)- 4[3H]-quinazolinone. Med Chem Res, 18, 268–276. 

43. Lee, M., Chan, C. W., Graham, S. C., Christopherson, R. I., Guss, J. M., & Maher, M. J. 

(2007). Structures of ligand-free and inhibitor complexes of dihydroorotase from 

Escherichia coli: implications for loop movement in inhibitor design. J Mol Biol, 370, 812–

825. 



Page 83 of 26 
Naveen Kumar B.N / Afr.J.Bio.Sc. 6(10) (2024) 62-87 

44. Lihumis HS, Alameri AA, Zaooli RH. Recent development and biological applications of 

benzothiazole derivatives. Progr Chem Biochem Res. 2022;5(2):147–164. 

45. Majo, V. J., Prabhakaran. J., Mann, J. J., & Kumar, J. S. D. (2003).  An efficient palladium 

catalyzed synthesis of 2-arylbenzothiazoles. Tetrahedron Lett, 44, 8535–8537. 

46. Maddili, S. K., Li, Z., Kannekanti, V. K. (2018). Azoalkyl ether imidazo[2,1-b] 

benzothiazoles as potentially antimicrobial agents with novel structural skeleton. 

Bioorganic Med. Chem Lett, 28(1), 2426–2431. 

47. Maliyappa, M. R., Keshavayya, J., Nazrulla, M. A., Sudhanva, M. S., & Rangappa, S. 

(2022).  Six-substituted benzothiazole based dispersed azo dyes having antipyrine moiety: 

synthesis, characterization, DFT, antimicrobial, anticancer and molecular docking studies. 

J Iran Chem Soc, 1–21. 

48. Meltzer-Mats, E., Babai-Shani, G., & Pasternak. (2013). Synthesis and mechanism of 

hypoglycemic activity of benzothiazole derivatives. J Med Chem, 56(13), 5335–5350. 

49. Mishra, V. R., Ghanavatkar, C. W., Mali, S. N., Chaudhari, H. K., & Sekar, N. (2020). 

Schiff base clubbed benzothiazole: synthesis, potent antimicrobial and MCF-7 anticancer 

activity, DNA cleavage and computational study. J Biomol Struct Dyn, 38:1772–85. 

50. Morsy, M. A., Ali, E. M., Kandeel, M., Venugopala, K. N., Nair, A. B., & Greish K. (2020). 

Screening and molecular docking of novel benzothiazole derivatives as potential 

antimicrobial agents. Antibiotics, 9, 1–15. 

51. Mandal S, Vishvakarma P. Nanoemulgel: A Smarter Topical Lipidic Emulsion-based 

Nanocarrier. Indian J of Pharmaceutical Education and Research. 2023;57(3s):s481-s498. 

52. Mandal S, Jaiswal DV, Shiva K. A review on marketed Carica papaya leaf extract (CPLE) 

supplements for the treatment of dengue fever with thrombocytopenia and its drawback. 

International Journal of Pharmaceutical Research. 2020 Jul;12(3). 

53. Mandal S, Bhumika K, Kumar M, Hak J, Vishvakarma P, Sharma UK. A Novel Approach 

on Micro Sponges Drug Delivery System: Method of Preparations, Application, and its 

Future Prospective. Indian J of Pharmaceutical Education and Research. 2024;58(1):45-

63. 

54. Mishra, N., Alagusundaram, M., Sinha, A., Jain, A. V., Kenia, H., Mandal, S., & Sharma, 

M. (2024). Analytical Method, Development and Validation for Evaluating Repaglinide 

Efficacy in Type Ii Diabetes Mellitus Management: a Pharmaceutical Perspective. 

Community Practitioner, 21(2), 29–37. https://doi.org/10.5281/zenodo.10642768 

55. Singh, M., Aparna, T. N., Vasanthi, S., Mandal, S., Nemade, L. S., Bali, S., & Kar, N. R. 

(2024). Enhancement and Evaluation of Soursop (Annona Muricata L.) Leaf Extract in 

Nanoemulgel: a Comprehensive Study Investigating Its Optimized Formulation and Anti-

Acne Potential Against Propionibacterium Acnes, Staphylococcus Aureus, and 

Staphylococcus Epidermidis Bacteria. Community Practitioner, 21(1), 102–115. 

https://doi.org/10.5281/zenodo.10570746 

56. Khalilullah, H., Balan, P., Jain, A. V., & Mandal, S. (n.d.). EUPATORIUM 

REBAUDIANUM BERTONI ( STEVIA ): INVESTIGATING ITS ANTI-



Page 84 of 26 
Naveen Kumar B.N / Afr.J.Bio.Sc. 6(10) (2024) 62-87 

INFLAMMATORY POTENTIAL VIA CYCLOOXYGENASE AND 

LIPOOXYGENASE ENZYME INHIBITION - A COMPREHENSIVE MOLECULAR 

DOCKING AND ADMET. Community Practitioner, 21(03), 118–128. 

https://doi.org/10.5281/zenodo.10811642 

57. Mandal, S. (n.d.). GENTAMICIN SULPHATE BASED OPHTHALMIC 

NANOEMULGEL : FORMULATION AND EVALUATION , UNRAVELLING A 

PARADIGM SHIFT IN NOVEL PHARMACEUTICAL DELIVERY SYSTEMS. 

Community Practitioner, 21(03). https://doi.org/10.5281/zenodo.10811540 

58. Mandal, S., Tyagi, P., Jain, A. V., & Yadav, P. (n.d.). Advanced Formulation and 

Comprehensive Pharmacological Evaluation of a Novel Topical Drug Delivery System for 

the Management and Therapeutic Intervention of Tinea Cruris ( Jock Itch ). Journal of 

Nursing, 71(03). https://doi.org/10.5281/zenodo.10811676 

59. Pal N, Mandal S, Shiva K, Kumar B. Pharmacognostical, Phytochemical and 

Pharmacological Evaluation of Mallotus philippensis. Journal of Drug Delivery and 

Therapeutics. 2022 Sep 20;12(5):175-81. 

60. Singh A, Mandal S. Ajwain (Trachyspermum ammi Linn): A review on Tremendous 

Herbal Plant with Various Pharmacological Activity. International Journal of Recent 

Advances in Multidisciplinary Topics. 2021 Jun 9;2(6):36-8. 

61. Mandal S, Jaiswal V, Sagar MK, Kumar S. Formulation and evaluation of carica papaya 

nanoemulsion for treatment of dengue and thrombocytopenia. Plant Arch. 2021;21:1345-

54. 

62. Mandal S, Shiva K, Kumar KP, Goel S, Patel RK, Sharma S, Chaudhary R, Bhati A, Pal 

N, Dixit AK. Ocular drug delivery system (ODDS): Exploration the challenges and 

approaches to improve ODDS. Journal of Pharmaceutical and Biological Sciences. 2021 

Jul 1;9(2):88-94. 

63. Shiva K, Mandal S, Kumar S. Formulation and evaluation of topical antifungal gel of 

fluconazole using aloe vera gel. Int J Sci Res Develop. 2021;1:187-93. 

64. Ali S, Farooqui NA, Ahmad S, Salman M, Mandal S. Catharanthus roseus (sadabahar): a 

brief study on medicinal plant having different pharmacological activities. Plant Archives. 

2021;21(2):556-9. 

65. Mandal S, Vishvakarma P, Verma M, Alam MS, Agrawal A, Mishra A. Solanum Nigrum 

Linn: An Analysis Of The Medicinal Properties Of The Plant. Journal of Pharmaceutical 

Negative Results. 2023 Jan 1:1595-600. 

66. Vishvakarma P, Mandal S, Pandey J, Bhatt AK, Banerjee VB, Gupta JK. An Analysis Of 

The Most Recent Trends In Flavoring Herbal Medicines In Today's Market. Journal of 

Pharmaceutical Negative Results. 2022 Dec 31:9189-98. 

67. Mandal S, Vishvakarma P, Mandal S. Future Aspects And Applications Of Nanoemulgel 

Formulation For Topical Lipophilic Drug Delivery. European Journal of Molecular & 

Clinical Medicine.;10(01):2023.  



Page 85 of 26 
Naveen Kumar B.N / Afr.J.Bio.Sc. 6(10) (2024) 62-87 

68. Chawla A, Mandal S, Vishvakarma P, Nile NP, Lokhande VN, Kakad VK, Chawla A. 

Ultra-Performance Liquid Chromatography (Uplc). 

69. Mandal S, Raju D, Namdeo P, Patel A, Bhatt AK, Gupta JK, Haneef M, Vishvakarma P, 

Sharma UK. Development, characterization, and evaluation of rosa alba l extract-loaded 

phytosomes. 

70. Mandal S, Goel S, Saxena M, Gupta P, Kumari J, Kumar P, Kumar M, Kumar R, Shiva K. 

Screening of catharanthus roseus stem extract for anti-ulcer potential in wistar rat. 

71. Shiva K, Kaushik A, Irshad M, Sharma G, Mandal S. Evaluation and preparation: herbal 

gel containing thuja occidentalis and curcuma longa extracts. 

72. Vishvakarma P, Kumari R, Vanmathi SM, Korni RD, Bhattacharya V, Jesudasan RE, 

Mandal S. Oral Delivery of Peptide and Protein Therapeutics: Challenges And Strategies. 

Journal of Experimental Zoology India. 2023 Jul 1;26(2). 

73. Mishra, N., Alagusundaram, M., Sinha, A., Jain, A. V., Kenia, H., Mandal, S., & Sharma, 

M. (2024). Analytical Method, Development and Validation for Evaluating Repaglinide 

Efficacy in Type Ii Diabetes Mellitus Management: a Pharmaceutical Perspective. 

Community Practitioner, 21(2), 29–37. https://doi.org/10.5281/zenodo.10642768 

74. Singh, M., Aparna, T. N., Vasanthi, S., Mandal, S., Nemade, L. S., Bali, S., & Kar, N. R. 

(2024). Enhancement and Evaluation of Soursop (Annona Muricata L.) Leaf Extract in 

Nanoemulgel: a Comprehensive Study Investigating Its Optimized Formulation and Anti-

Acne Potential Against Propionibacterium Acnes, Staphylococcus Aureus, and 

Staphylococcus Epidermidis Bacteria. Community Practitioner, 21(1), 102–115. 

https://doi.org/10.5281/zenodo.10570746 

75. Singh, M., Singh, S. K., Gangwar, M., Nath, G., Singh, S. K. (2014). Design, synthesis and 

mode of action of some benzothiazole derivatives bearing an amide moiety as antibacterial 

agents. RSC Adv, 4, 19013–19023. 

76. Singh, A., Srivastava, R., Singh, R. K. (20158). Design, synthesis, and antibacterial 

activities of novel heterocyclic aryl sulphonamide derivatives, Interdiscip. Science, 10, 

748–61. 

77. Skok, Z., Barančoková, M., Benek, O., Cruz, C. D., Tammela, P., Tomašič, T. (2020). 

Exploring the chemical space of benzothiazole-based DNA Gyrase B inhibitors. ACS Med 

Chem Lett, 11, 2433–40. 

78. Sreenivasa, G.M., Jayachandran, E., Shivakumar, B., Jayaraj, K. K., & Vijay, K. M. M. J. 

(2009). Synthesis of bioactive molecule fluoro benzothiazole comprising potent 

heterocyclic moieties for anthelmintic activity. Arch. Pharm. Sci. Res, 1, 150–157. 

79. Su, X., Vicker, N., Ganeshapillai, D., Smith, A., Purohit, A., Reed, M. J., & Potter, B. V. 

L. (2006). Benzothiazole derivatives as novel inhibitors of human 11_-hydroxysteroid 

dehydrogenase type 1. Mol. Cell. Endocrinol, 248, 214–217. 

80. Suyambulingam, J. K., Karvembu, R., Bhuvanesh, N. S. P., Enoch, I. V. M. V., 

Selvakumar, P. M., & Premnath, D. Synthesis, structure, biological/chemo sensor 



Page 86 of 26 
Naveen Kumar B.N / Afr.J.Bio.Sc. 6(10) (2024) 62-87 

evaluation and molecular docking studies of amino benzothiazole Schiff bases. J Adhes 

Sci Technol, 34, 2590–612. 

81. Sreenivasa, G. M., Jayachandran, E., Shivakumar, B., Jayaraj, K. K., Kumar Vijay, M. M. 

J. (2009). Synthesis of bioactive molecule fluoro benzothiazole comprising potent 

heterocyclic moieties for anthelmintic activity. Arch Pharm Sci Re, 1, 150–157. 

82. Takayama, W., Shirasaki, Y., Sakai, Y., Nakajima, E., Fujita, S., & Sakamoto-Mizutani K. 

(2003). Synthesis and PDF inhibitory activities of novel benzothiazolylidene hydroxamic 

acid derivatives. Bioorg Med Chem Lett, 13, 3273–6. 

83. Tariq, S., Kamboj, P., & Amir, M. (2019). Therapeutic advancement of benzothiazole 

derivatives in the last decennial period. Arch Pharm, 352:1–17. 

84. Thakkar, S. S., Thakor, P., Ray, A., Doshi, H., & Thakkar, V. R. (2017). Benzothiazole 

analogues: synthesis, characterization, MO calculations with PM6 and DFT, in silico 

studies and in vitro antimalarial as DHFR inhibitors and antimicrobial activities. Bioorg 

Med Chem, 25(20), 5396–5406. 

85. Truong, L., Hevener, K. E., Rice, A. J., Patel, K., Johnson, M. E., & Lee, H. (2013). High-

level expression, purification, and characterization of Staphylococcus aureus 

dihydroorotase (PyrC) as a cleavable His-SUMO fusion. Protein Expr Purif, 88(1), 98–

106. 

86. Ugwu, D. L., Okoro, U. C., Ukoha, P. O., Gupta, A., & Okafor, S. N. Novel anti-

inflammatory and analgesic agent: synthesis, molecular docking and in-vivo studies. J 

Enzym Inhib Med Chem, 33(1), 405–415. 

87. Usman, B., Mahajan, S., & Mehta, M. (2019). Prediction of alpha-glucosidase inhibition 

activity for the management of type 2 diabetes using the prediction of activity spectra of 

substances software. Asian J Pharm, 13(3), 225–232. 

88. Vicini, P., Geronikaki, A., Incerti, M., Busonera, B., Poni, G., Cabras, C. A., Colla, P. L. 

(2003). Synthesis and biological evaluation of benzo [d] isothiazole, benzothiazole and 

thiazole Schi_ bases. Bioorg. Med. Chem, 11, 4785–4789. 

89. Venkatesh, P., & Pandeya, S. N. (2009). Synthesis, characterization and anti-inflammatory 

activity of some 2-amino benzothiazole derivatives. Int J ChemTech Res, 1(4), 1354–1358. 

90. Vu, C. B., Milne, J. C., Carney, D. P., Song, J., Choy, W., & Lambert, P. D. (2009).  

Discovery of benzothiazole derivatives as efficacious and enterocyte-specific MTP 

inhibitors. Bioorg Med Chem Lett, 19, 1416–1420. 

91. Wang, Z., Shi, X. H., Wang, J. (2011). Synthesis, structure activity relationships and 

preliminary antitumor evaluation of benzothiazole-2-thiol derivatives as novel apoptosis 

inducers. Bioorg Med Chem Lett, 21(4), 1097–1101. 

92. Wade, J. J., Toso, C. B., Matson, C. J., & Stelzer, V. L. (1983).  Synthesis and antiallergic 

activity of some acidic derivatives of 4H-pyrimido[2,1-b] benzazol- 4-ones. J Med Chem, 

26, 608–611. 

93. Yadav, P. S., Prakash, D., & Senthilkumar, G. P. Different methods of synthesis of 

benzothiazole and diverse biological activities. Int J Pharmaceut Sci Drug Res, 3(1), 1–7. 



Page 87 of 26 
Naveen Kumar B.N / Afr.J.Bio.Sc. 6(10) (2024) 62-87 

94. Yar, M. S., Ansari, Z. H. (2009). Synthesis and in vivo diuretic activity of biphenyl 

benzothiazole-2-carboxamide derivatives. Acta Pol Pharm Drug Res, 66:387–392. 

95. Yoshino, K., Kohno, T., Uno, T., Morita, T., & Tsukamoto, G. (1986). Organic phosphorus 

compounds. 1. 4-(Benzothiazol-2-yl) benzyl phosphonate as potent calcium antagonistic 

vasodilator. J Med Chem, 29, 820–825. 

96. Yoshida, M., Hayakawa, I., Hayashi, N., Agatsuma, T., Oda, Y., Tanzawa, F., Iwasaki, S., 

Koyama, K., Furukawa, H., & Kurakata, S. (2005). Synthesis and biological evaluation of 

benzothiazole derivatives as potent antitumor agents. Bioorg. Med. Chem. Lett, 15, 3328–

3332. 

97. Zaher, N., Nicolaou, I., & Demopoulos, V. J. Pyrrolylbenzothiazole derivatives as aldose 

reductase inhibitors. J Enzym Inhib Med Chem, 17, 131–5. 

98. Zhilitskaya, L. V., Shainyan, B. A., Yarosh, N. O. (2021). Modern approaches to the 

synthesis and transformations of practically valuable benzothiazole derivatives. Molecules, 

26(8), 2190. 

 

 


