
Chemical Science Review and Letters                                                                               ISSN 2278-6783 

Che Sci Rev Lett 2014, 2(6), 408-414                                                                   Article CS172043091                 408 

 

 

Review Article 

Review on Benzothiazoles: Synthesis and Diverse Biological Activities 

Rajesh Sompalle, S. Mohana Roopan* 

Chemistry Research Laboratory, Organic Chemistry Division, School of Advanced Sciences,  

VIT University, Vellore 632014, Tamil Nadu, India. 

 

Abstract 

 

Benzothiazole is a class of heterocyclic 

compound having two hetero atoms namely 

sulphur and nitrogen. It is a two membered ring 

heterocyclic moiety, weak base. The analogues 

of benzothiazole and its derivatives have a 

significant role in research area especially in 

synthetic, medicinal and pharmaceutical 

chemistry because of its biological and 

pharmacological properties. So, in present the 

researchers are interested to work in this field. 
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Introduction 

 

From the literature survey it clearly knows that the Benzoheterocycles are very widely distributed in various terrestrial 

and marine compounds and are essential to life in various ways. Among the all Benzoheterocycles, benzothiazole has 

considerable biological activities including anti-inflammatory, antimicrobial [1-5], anticancer [6-8], anticonvulsant, 

antidiabetic [9], antitumor, antibiotic, antiviral, antidepressant, anthelmintic, antitubercular, analgesic, antifungal, and 

diuretic activities etc. Thiazole which is a five membered ring fused with benzene gives the benzothiazole moieties. 

It’s a colorless and slightly viscous in nature with a boiling point of 227-228°C, the density and molar mass of 

benzothiazole is 1.644 gm/ml and 139.19 g/mol respectively. The numbering is starting from sulphur atom.    
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Fig. 1. Structure of Benzothiazole. 

 

Some of the benzothiazoles like 2-aryl benzothiazoles were used as anticancer agents [10] and radioactive amyloid 

imaging agents [11].  In the 1950s different persons did cytotoxic studies by using new drugs which were designed 

with the combination of 2-aminobenzothiazole moieties with other heterocyclic moieties and it shows good 

pharmacological action, toxicity lowering and anticancer activity [12-13].  

Higher amounts of substituted benzothiazoles were used in industries as vulcanization accelerators, for 

example in paper production the 2-Mercaptobenzothiazole used as corrosion inhibitor and are also added to antifreeze 

[14] and cooling liquids. In rubber industries the 2-morpholinothiobenzothiazole are added in amounts of up to 1% for 

rubber production [15] and the 2-thiocyanomethylthiobenzothiazole is used as a substitute for chlorophenols in wood 

preservation [16-18] and leather production [19]. 
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Fig. 2 Substituted benzothiazole. 

 

Synthesis of various benzothiazoles and its derivatives  

From isothiocyanates 

 

Tweit et al., in 1970, reported the synthesis of 2-aminobenzothiazole (Fig.3) from isothiocyanates using benzene as a 

catalyst [20]. 
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Fig. 3. Synthesis of 2-aminobenzothiazole. 

 

From substituted aniline 

 

Dogreur et al., in 1998, was successfully synthesized various 6-substituted-2-aminobenzothiazoles (fig.4) by the 

reaction of 4-substituted anilines with potassium thiocyanate in presence of bromine [21]. 
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Fig.4: Synthesis of 6-substituted-2-aminobenzothiazole. 

 

Intramolecular C-S bond formation by using Cu & Pd catalyst  

 

Evindar et al., in 2003 successfully reported the synthesis of 2-aminobenzoyhiazoles (Fig.5) through intramolecular 

C-S bond formation by cross-coupling between aryl halide and thiourea in presence of copper and palladium-

catalyzed medium [22]. 
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Fig. 5. Synthesis of 2-aminobenzothiazole from Intramolecular C-S bond formation. 
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One-pot synthesis of 2-aminobenzothiazoles  
 

Jordan et al., in 2003, was directly synthesized 2-aminobenzothiazoles (fig.6) from substituted arylthioureas using 

Benzyltrimethylammonium tribromide as a catalyst, which is an electrophilic bromine source for the conversion of 

tetrabutylammonium thiocyanate, isothiocyanates and anilines into 2-aminobenzothiazoles under mild conditions in a 

variety of solvents with good yields and also the key benefits for PhCH2NMe3Br3 when compared with molecular 

bromine in ease of addition and handling, which minimizes the risk of forming brominated side products [23].  
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Fig. 6. One-pot synthesis of 2-aminobenzothiazoles 

 

Synthesis of fused benzothiazoles 

 

Dong et al., in 2002 reported the synthesis of 5-methyl-3- substituted-1,2,4-triazolo[3,4-b] benzothiazoles (Fig.7). For 

this he treated 2-hydrazino-4-methylbenzothiazole with various aromatic carbonic acids in presence of POCl3 under 

reflux for half day. The reaction mixture war poured into crushed ice and the solution was basified with NaOH 

solution, the formed solids was filtered and recrystallized with ethanol to get expected one with good yield [24]. 
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Fig. 7. Synthesis of 5-methyl-3- substituted-1,2,4-triazolo[3,4-b] benzothiazoles 

 

Zaki et al., in 2003, successfully synthesized 1-amino-3H-pyrido[2,1-b]- [1,3]benzothiazole- 2,4-dicarbonitrile(a), 1-

amino-4-cyano-3Hpyrido[2,1-b][1,3] benzothiazole-2-carboxamide(b), and1-amino-4-cyano-3Hpyrido[2,1-b][1,3] 

benzothiazole-2-carbothioamide(c) (Fig.8). These are synthesized by treating the equimolar amounts of 

formaldehyde, active methylene reagents and 2-cynomethylbenzothiazole in presence of strong base like 

triethylamine in ethanol [25].   
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Fig. 8. Synthesis of pyrido benzothiazoles 

 

Trapani et al., in 2001, reported a protocol for synthesis of substituted 2-ethoxycarbonylimidazo [2,1-b] 

benzothiazoles (Fig.9) derivatives using potassium thiocyanate and substituted aniline in presence of Br2/ CH3COOH 

and DMF having characteristic properties against cancer [26]. 

 

Biological aspects 

 

Nowadays, health is one of the most important domains which we human beings have focused on in our society. 

Because of the presence of number of biological properties researchers are aimed to synthesize the benzothiazole 

nucleus contained products.  
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Anticancer activity 

 

However, cancer is the biggest killer of lives in worldwide; millions of people were losing their lives due to cancer 

and is challenging issue to medical science and so there has been steadily focusing research in the field of anticancer 

therapy. 
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Fig. 9. Synthesis of substituted 2-ethoxycarbonylimidazo [2,1-b] benzothiazoles. 

 

Kumbhare et al., in 2012¸ reported the synthesis of benzothiazolylthiocarbamides (I) from catalytic amounts of 4-

dimethylaminopyridine followed by its chemo selective oxidative cyclization with 1,3-di-n-

butylimidazoliumtribromide which afford the N-bis-benzothiazole derivatives. The synthesized compounds were 

tested against the two human monocytic cell lines and a mouse melanoma cell line and interestingly the all the 

compound shows more or less anticancer activity [27]. 

Havrylyuk et al., in 2010, prepared several novel 4-thiazoloidinones (II) using benzothiazole nucleus and 

performed the in vitro anticancer activity for all synthesized compounds by the help of National Center Institute. In 

his studies he noticed that two of the synthesized compounds having activity against the lung, ovarian, melanoma, 

Central nervous system, leukemia, prostate, breast and Colon cancers cell lines [28].    

Malleshappa et al., 2012, has performed anticancer screening for 7-chloro-N-(2,6-

dichlorophenyl)benzothiazol- 2-amine (III) it reveals that compound shows good results against Non-Small Cell 

Lung Cancer  causing cell lines [29]. 
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Antimicrobial activity 

 

Nowadays one of the most challenging aspects for pharmacist and chemist is to discover the novel and potent 

antimicrobial drugs. Because microbes are the main causative agents for various types of diseases like tuberculosis, 

ameobiasis, syphilis, common cough and cold, pneumonia, AIDS, typhoid and influenza etc. Researchers were made 

number of trails to check the role of benzothiazole nucleus as antimicrobial agent. 
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Hutchinson I et al., in 2001, successfully made an attempt to prepare 2-(substituted phenylsulfonamido-6-substituted 

benzothiazoles (IV) and screened them for their anti bacterial activity and found to possess good antibacterial activity 

against B.subtilis, S.dysentery and S.typhi [30]. 

 

Sahu et al., in 2012, the 4H-pyrimido [2,1-b][1,3]benzothiazole derivatives (V) prepared and screened for their 

antibacterial activities against gram-positive and gram-negative bacteria, viz., P.aeruginosa, B.cereus, S.typhi, 

S.aureus, P.rettegeri and E. coli [31]. 
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 Other than anticancer and antimicrobial activities, benzothiazole nucleus is also found to possess other 

biological properties such as antidiabetic, anti-inflammatory, anthelmintic, antiviral, anthelmintic, antileishmanial, 

antioxidant, antiviral and Cyclooxygenase inhibitor activity etc. 

 

Conclusion 

 

This review highlights the wide spectrum of biological activities of benzothiazole nucleus includes antimicrobial and 

anticancer etc., with proper design and also synthesis, structure activity relationship studies of known benzothiazole 

moieties. 

 

Acknowledgements 

 

The authors wish to express their gratitude to the management of VIT University for their support and 

encouragement. Additionally, the authors thank to the persons mentioned in the references, for their experimental and 

scholarly contributions. 

 

References 

 

[1]. Gupta S, Ajmera N, Gautam N, Sharma R, Gauatam D, “Novelsynthesis and biological activity study of pyrimido 

[2,1-b] benzothiazoles,” Ind J Chem. 2009; 48B; 853-858. 

[2]. Kumbhare RM, Ingle VN. “Synthesis of novel benzothiozole and benzisoxazole functionalized unsymmetrical 

alkanes and study of their antimicrobial activity,” Ind J Chem. 2009; 48B; 996-1000. 

[3]. Murthi Y, Pathak D, “Synthesis and Antimicrobial screening of Substituted 2-Mercaptobenzothiazoles,” J Pharm 

Res. 2008; 7(3); 153-155. 

[4]. Rajeeva B, Srinivasulu N, Shantakumar S, “Synthesis and Antimicrobial activity of some new 2-substituted 

benzothiazole derivatives,” E-Journal of Chemistry 2009; 6(3); 775-779. 

[5]. Maharan M, William S, Ramzy F, Sembel A, “Synthesis and in vitro Evaluation of new benzothiazolederivaties 

as schistosomicidal agents,” Molecules. 2007; 12; 622-633. 

[6]. Kini S, Swain S, Gandhi A, “Synthesis and Evaluation of novel Benzothiazole Derivates against Human Cervical 

Cancer cell lines,” Ind J Pharm Sci. 2007; Jan-Feb: 46-50. 

[7]. Stanton HLK, R Gambari, Chung HC, Johny COT, Filly C, Albert SCC, “Synthesis and anti-cancer activity of 

benzothiazole containing phthalimide on human carcinoma cell lines,” Bioorg Med Chem. 2008; 16; 3626-3631. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hutchinson%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11311068


Chemical Science Review and Letters                                                                               ISSN 2278-6783 

Che Sci Rev Lett 2014, 2(6), 408-414                                                                   Article CS172043091                 413 

 

 

[8]. Wang M, Gao M, Mock B, Miller K, Sledge G, Hutchins G, Zheng Q, “Synthesis of C-11 labelled fluorinated 2-

arylbenzothiazoles as novel potential PET cancer imaging agent,” Bioorg Med Chem. 2006; (14): 8599-8607. 

[9]. Pattan S, Suresh C, Pujar V, Reddy V, Rasal V, Koti B, “Synthesis and antidiabetic activity of 2-amino[5”(4-

sulphonylbenzylidine)-2, 4-thiazolidinenone]-7-chloro-6-flurobenzothiazole,” Ind J Chem. 2005; 44B; 2404-2408. 

[10]. Sreenivasa M, jaychand E, Shivakumar B, Jayrajkumar K, Vijaykumar J, “Synthesis of bioactive molecule 

flurobenzothiazole comprising potent heterocylic moieties for anthelmintic activity,” Arch Pharm Sci and Res. 2009; 

1(2); 150-157. 

[11]. Reddy P, Lin Y, Chang H, “Synthesis of novel benzothiazole compounds with an extended conjugated system,” 

Arcivoc. 2007; xvi; 113-122. 

[12]. Heo Y, Song Y, Kim B, Heo J, “A highly regioselective synthesis of 2-aryl-6-chloro benzothiazoles employing 

microwave-promoted Suzuki-Miyaura coupling reaction,” Tetrahedron Letters. 2006; 47: 3091-3094. 

[13]. Piscitelli F, Ballatore C, Smith A, “Solid Phase synthesis of 2-aminobenzothiazoles. Bioorg Med Chem Lett. 

2010; (20); 644-648. 

[14]. Reddy, C. M.; Quinn, J. G, “Environmental chemistry of benzothiazoles derived from rubber,” Environ. Sci. 

Technol. 1997, 31; 2847-2853. 

[15]. Milanova, E.; Ellis, S.; Sithole, B, “Aquatic toxicity and solution stability of two organic corrosion inhibitors: 2-

Mercaptobenzothiazole and 1,2,3-benzotriazole,” Nord. Pulp Paper Res. J. 2001, 16; 215-218 

[16]. Daniels, C. R., Swan, E, “P.HPLCAssay of the anti-stain chemical TCMTB applied to lumber surfaces,” J. 

Chromatogr. Sci. 1987, 25; 43-45. 

[17]. Kennedy, M. J, “High-performance liquid-chromatographic analysis of preservative-treated timber for 2-

(thiocyanomethylthio) benzothiazole and methylene bisthiocyanate,” Analyst. 1986, 111; 701-705. 

[18]. Brownlee, B. G. Carey, J. H,  MacInnis, G. A. Pellizzari, I. T, “Aquatic environmental chemistry of 2-

(thiocyanomethylthio)- benzothiazole and related benzothiazoles,” Environ. Toxicol. Chem. 1992, 11; 1153-1168. 

[19]. Reemtsma, T., Fiehn, O., Kalnowski, G.; Jekel, M, “Microbial transformations and biological effects of 

fungicide-derived benzothiazoles determined in industrial wastewater,” Environ. Sci. Technol. 1995, 29; 478-485. 

[20]. Tweit, R. C, “Cyclizations of Isothiocyanates to 2-Aminobenzothiazoles,” J.  Heterocycl. Chem. 1970, 687-688. 

[21]. Dogruer, D. S., Unlu, S., Sahin, M. F. Simageahin, E.Y, “Anti-nociceptive and anti-inflammatory activity of 

some (2-benzoxazolone-3-yl and 2-benzothiazolone-3-yl) acetic acid derivatives,” Farmaco, 1998; 53; 80-84. 

[22]. Evindar, G. and Batey, R. A, “Copper- and Palladium-Catalyzed Intramolecular  Aryl Guanidinylation: An 

Efficient Method for the Synthesis of 2-Aminobenzimidazoles,” J.Org. Lett. 2003; 5; 133. 

[23]. Jordan, A. D., Chi Luo and Retiz, A. B, “Efficient Conversion of Substituted Aryl Thioureas to 2-

Aminobenzothiazoles Using Benzyltrimethylammonium Tribromide,” J. Org. Chem. 2003; 68: 8693-8696. 

[24]. Dong Heng Shan., Quan Bin., Chai Er Feng. Etal, “The syntheses and crystal structure of novel 5-methhyl-3-

substituted-1, 2, 4-triazolo [3,4-b]benzothiazoles,” Journal of molecular structure. 2002; 41-47. 

[25]. Zaki M. E. A., Fadda A.A.,Samir K. et al, “Nitriles in organic syntheses : Synthesis of 

pyrido[2,1-b]benzothiazole and polyfunctionally substituted pyridines,” Chemistry of heterocyclic compounds. 2003; 

39; 1242-1248. 

[26]. Trapani G., Franco M. et al, “Synthesis, in vitro and in vivo cytotoxicity, and prediction of the intestinal 

absorption of substituted 2- ethoxycarbonyl-imidazo [2, 1-b] benzothiazoles,” European Journal of Pharmaceutical 

Sciences. 2001; 14; 209–216. 

[27]. Kumbhare, R.M., Dadmal, T., Kosurkar, U., Sridhar, V., Rao, J.V, “Synthesis and cytotoxic evaluation of 

thiourea and N-bis-benzothiazole derivatives: A novel class of cytotoxic agents,” Bioorg. Med. Chem. Lett. 2012; 22, 

453-455.  

[28]. Havrylyuk, D., Mosula, L., Zimenkovsky, B., Vasylenko, O., Gzella, A., Lesyk, “Synthesis and anticancer 

activity evaluation of 4-thiazolidinones containing benzothiazole moiety,” Eur. J. Med. Chem. 2010; 45; 5012-5021.  

[29]. Malleshappa N. Noolvi, Harun M. Patel, Manpreet Kaur, “Benzothiazoles: Search for anticancer agents,” 

European Journal of Medicinal Chemistry. 2012; 1-16 

[30] Hutchinson I, Chua MS, Browne HL, Trapani V, Bradshaw TD, Westwell AD, Stevens MF, “Antitumor 

benzothiazoles. 14. Synthesis and in vitro biological properties of fluorinated 2-(4-aminophenyl)benzothiazoles,” J 

Med Chem. 2001; 44(9);1446-55. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hutchinson%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11311068
http://www.ncbi.nlm.nih.gov/pubmed?term=Chua%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=11311068
http://www.ncbi.nlm.nih.gov/pubmed?term=Browne%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=11311068
http://www.ncbi.nlm.nih.gov/pubmed?term=Trapani%20V%5BAuthor%5D&cauthor=true&cauthor_uid=11311068
http://www.ncbi.nlm.nih.gov/pubmed?term=Bradshaw%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=11311068
http://www.ncbi.nlm.nih.gov/pubmed?term=Westwell%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=11311068
http://www.ncbi.nlm.nih.gov/pubmed?term=Stevens%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=11311068
http://www.ncbi.nlm.nih.gov/pubmed/11311068
http://www.ncbi.nlm.nih.gov/pubmed/11311068
http://www.ncbi.nlm.nih.gov/pubmed/11311068


Chemical Science Review and Letters                                                                               ISSN 2278-6783 

Che Sci Rev Lett 2014, 2(6), 408-414                                                                   Article CS172043091                 414 

 

 

[31] Sahu, P.K., Sahu, P.K., Lal, J., Thavaselvam, D., Agarwal, D, “A facile green synthesis and in vitro antimicrobial 

activity 4H-pyrimido[2,1-b][1,3]benzothiazole derivatives using aluminum trichloride under solvent free conditions,” 

Med. Chem. Res. 2012; 21; 3826–3834.  

 

Publication History 

Received    17
th
 Sep 2013 

Revised 05
th
 Nov 2013 

Accepted 20
th
 Dec 2013 

Online 05
th
 Jan 2014 

 

© 2014, by the Authors. The articles published from this journal are distributed 

to the public under “Creative Commons Attribution License” 

(http://creativecommons.org/licenses/by/3.0/). Therefore, upon proper citation 

of the original work, all the articles can be used without any restriction or can 

be distributed in any medium in any form. 

 


