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Graphical abstract
Abstract 
Heterocyclic compounds are important because they have almost all types of pharmacological properties. Due to these properties of heterocyclic compounds, they attracted the researchers for the development of more effective newer drug molecules. In this review, we are studied on benzothiazole and its derivatives, which are used for the synthesis of various biologically active molecules. Benzothiazole derivatives have been possessed the various type of pharmacological activities like antimicrobial, anti-inflammatory, analgesic, anticonvulsant, antiviral, anthelmintic, antioxidant, anticancer, and other anticipated activities. Hence, structural alterations have resulted in different benzothiazole derivatives that illustrated a wide variety of pharmacological activities.
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Introduction 
Various heterocyclic compounds are having containing nitrogen (N) and sulfur (S) hetero atom and provide a distinctive and versatile scaffold for the design and development of new drug molecules. Benzothiazole is a bicyclic ring system, it contained a benzene ring fused with 4,5 positions of thiazole ring. Thiazole (1a) is a five‐membered heterocyclic compound containing sulfur (S) and nitrogen (N) hetero atom at 1 and 3 positions in the ring system. Benzothiazole (1b) is an important heterocyclic compound having wide varieties of pharmacological activities, application in drug design and discovery and still has immense scientific attention nowadays [1].  Sulfur (S) and nitrogen (N) hetero atoms constitute the core structure of thiazole and it is structurally related to pyridine and thiophene, but in most of its properties are resembles pyridine. Thiazole derivatives like benzothiazole play a vital role as an outline in the progress of remarkable compounds that have diverse pharmacological activities and valuable in the treatment of different types of diseases and infections [2]. The pharmacological activities of benzothiazole derivatives are due to the existence of sulfur (S) and nitrogen (N) heteroatoms present in the ring structure [3]. Various natural compounds, which have useful pharmacological activities due to the presence of the benzothiazole ring [4]. Benzothiazole derivatives are used in the chemical industry and research purposes and very valuable for the development of various useful compounds [5]. 
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Figure 1. Structure of thiazole and benzothiazole.
Benzothiazole derivatives are widely used in bioorganic and medicinal chemistry due to their significant biological activities [6]. Benzothiazole derivatives have possessed numerous biological activities like antimicrobial [7-11] anticancer [12-15] anthelmintic [16], antioxidants, anti-diabetic [17], and other activities [18]. They are also used as vulcanization accelerators. Various benzothiazole derivatives like 2- arylbenzothiazoles are used as a radioactive amyloid imagining agent [19] and anticancer agents [20]. In this review, we have discussed common synthetic methods of benzothiazole derivatives and their diverse pharmacological activities. 

Biological activities of benzothiazole Derivatives
Benzothiazole analogs are possessing diverse types of biological activities such as anti-inflammatory, analgesic, antitumor, anticonvulsant, antioxidant, antimicrobial, antimutagenic, antidiabetic, anti-hyperplasia, etc [3-5]. Benzothiazole scaffold is a flexible and multifunctional molecule, various benzothiazole derivatives are used as clinically used drugs such as neuroprotective drug (Riluzole), antiparkinson drug (Pramipexole), anti-Alzheimer's disease drug (Thioflavine), and diuretic drug (Ethoxolamide) [18-21]. 
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Figure 2. Structure of some clinically used benzothiazole drugs.
Antimicrobial activity
Some benzothiazole derivatives, (E)-5-( 1 -(benzo[d]thiazol-2-ylimino)ethyl)-4-(furan-2-yl)-6-methyl-3,4- dihydropyrimidine-2(1H)-thiones (2a-2j) were exhibited good antibacterial activity against gram-positive and gram-negative bacteria [22]. 
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Figure 3. Structure of antimicrobial compounds (2a-2j).
Some benzothiazole pyrimidine analogs, (E)-5-amino-6-(benzo[d]thiazol-2-yl)-2-(2- benzylidenehydrazinyl)-7-(4-chlorophenyl)pyrido[2,3-d]pyrimidin-4(3H)-one (3) were exhibited excellent antibacterial activity against Staphylococcus aureus, Streptococcus pyogenes, Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumonia, and antifungal activity against Aspergillus fumigatus, Aspergillus flavus, Candida albicans,  Penicillium marneffei [23]. Several benzothiazole analogs (4) were exhibited antimicrobial activity against both bacterial and fungal strains such as S. aureus, S. pyrogens, E. coli, P. mirabilis, C. albicans, and A. fumigatus and compared with Ciprofloxacin and Amphotericin B. Compound 1-[2-(6- methoxybenzothiazole -2- yldiazenyl ])naphthalene-2-ol was possessed excellent antimicrobial activity [24]. 
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Figure 4. Structure of antimicrobial compounds (3a-3e and 4).
Some 2-substituted benzothiazole derivatives, 2-(1,3-benzothiazole-2-yl)5-(N,N-diethylamino) phenol were exhibited antibacterial activity against S. aureus,  and E. coli and antifungal activity against A. niger and C. albicans. Compound, 2-(1,3-Benzothiazole-2-yl)-5-(N,N-diethylamino)phenol (5) possessed good antifungal property [25]. A series of Schiff bases of benzothiazole derivatives, (E)-N-(2-(4-(benzylideneamino)-4H-1,2,4-triazol- 3- yl)ethyl) benzo[d] thiazol-2-amine (6a and 6b) were exhibited in-vitro antimicrobial activity against bacterial strains B. subtilis, E. coli, S. griseus, C. albicans, and A. niger. Compound 6a and 6b having fungal strains substitution were possessed the highest activity against both the C. albicans and A. niger [26].


         
5                                 6aR= 4-N(CH3); 6b R= 3,4-OCH3
Figure 5. Structure of antimicrobial compounds (5, 6a, and 6b).
A series of N-(benzo[d]thiazol-2-yl)-4-nitrobenzene sulfonamides were exhibited antimicrobial activity against some selected gram-positive and gram-negative bacteria and fungi. The compound, N-(benzo[d]thiazol-2-yl)-4-nitro benzenesulfonamide (7) was exhibited maximum activity against Gram-positive and Gram-negative bacteria [27]. Compound N-(6-fluoro-7-(piperazine-2-yl)benzo[d]thiazol-2-yl)-4-(2-(3- nitro-phenyl )-4-oxothiazolidin-3-yl)benzene sulfonamide (8) was exhibited anti-microbial activity [28]. 
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Figure 6. Structure of antimicrobial compounds (7 and 8).
Some benzothiazole derivative containing 1,3,4-thiadiazole and imidazoline ring, N-(5-phenyl- 1,3,4-thiadiazol-2-yl) benzo [d] thiazol-2-amine (9) were exhibited antibacterial activity against E. coli, S. aureus, and antifungal activity against A. flavus and C. albicans and compare with reference drug Ofloxacin (50μg /ml) and Ketoconazole (50μg /ml) for antibacterial and antifungal activity respectively [29]. Some 2-mercapto-benzothiazoles exhibited varying antimicrobial potency by different substitutions on the benzene ring of the benzothiazole. Compounds, 4,5,6-trimethylbenzo[d]thiazole-2-thiol (10) was found most active antimicrobial agents against E. coli, S. aureus, and antifungal agent against A. flavus and C. albicans [30]. 
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Figure 7. Structure of antimicrobial compounds (9 and 10).
Some 2-substituted benzothiazoles, (Z)-2-(2-(1-(2-fluoro-4-methoxy-6-methyl-3- nitrophenyl) ethylidene)hydrazinyl)-6-methylbenzo[d]thiazole (11) was exhibited antimicrobial activity against E. coli and S. aureus and antifungal activity against C. albicans and A. niger [31]. 
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Figure 8. Structure of antimicrobial compound (11).

Anticancer Activity
Some benzothiazole acylhydrazone derivatives were exhibited anticancer activity, compound 2-((5-Chlorobenzothiazol-2-yl)thio)-N-(4-(3-methyl piperidine-1-yl)benzylidene) aceto-hydrazide was exhibited highest anticancer activity [32]. In other study, 2-amino-benzothiazole derivatives were exhibited anticancer activity and compound (E)-N-(6-chloro-1,3- benzothiazole-2-yl)-1-(2, 5-dimethoxyphenyl) methanimine (12) was exhibited excellent activity [33]. Some 2-substituted benzothiazole derivatives, 2-((1S,2S)2-((E)-4-nitrostyryl)cyclopent-3-en-1-yl)benzo[d]thiazole (13a) and 2-((1S,2S)2-((E)-4-florostyryl)cyclopent-3-en-1-yl)benzo[d] thiazole (13b) were exhibited good anticancer activity against pancreatic cancer cells [34]. 



 
12                                                            13a                         13b
Figure 9. Structure of anticancer compounds (12, 13a, and 13b).
Different (E)-2-benzothiazole-hydrazone derivatives were exhibited anticancer activity, compound (E)-2-((2-(benzo[d]thiazol-2-yl)hydrazono)methyl)benzene-1,4-diol (14) was exhibited good anticancer activity [35]. Some other series of benzothiazole-thiourea derivatives were also exhibited anticancer activity, compound, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (15) was exhibited cytotoxic effects, and compounds 16a, 16b, and 16c were found most potent anticancer agent [36]. 
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Figure 10. Structure of anticancer compounds (14, 15, and 16a-16c).
A series of 2-(3-(4-oxo-2-substituted phenyl thiazolidine -3-yl)phenyl)benzo[d]thiazole -6-carboxylic acid derivatives (17a-d), compound 17a has exhibited the most considerable activity as compared with compounds 17b, 17c, and 17d [37]. A series of benzothiazole containing a-Aminophosphonates and fluoro group, compound N-(dihydro phosphoryl (phenyl) methyl)-substituted benzothiazolyl-2-amine derivative (18) was exhibited anticancer activities against A375, A431, Bcap37, and PC3 cells in-vitro by the MTT method. The compound, 18 was very effective against PC3 cells and modest to A431 cells [38]. 
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Figure 11. Structure of anticancer compounds (17a-17d and 18).
The aryl substituted benzothiazole derivatives, compound 2-(benzo[d]thiazol-2-yl)-N,N-bis(2-chloroethyl)-5-fluoroaniline (19) was exhibited anticancer activity against Human Cervical Cancer cell lines [13]. A series of 2-phenyl benzothiazole derivatives (20a and 20b) and 1,3-benzothiazole-2-yl-4-carbothioate derivatives were also exhibited anticancer activity. Compounds, S-benzo[d]thiazol-2-yl4-aminobenzothioate (20a) and S- (benzo[d]thiazol-2-yl)-N2,N2-bis(2-chloroethyl)benzene-1,2,3-triamine (20b) were showed very good anticancer activity [39]. 
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Figure 12. Structure of anticancer compounds (19, 20a, and 29b).
Anti-Inflammatory activity
[bookmark: _GoBack]Some benzothiazole derivatives (21a-21e) were exhibited anti-inflammatory activity, compound N-(6-{[(4-cyclohexylphenyl)sulfonyl]amino}-1,3- benzothiazol -2-yl)acetamide (21a) was shown excellent anti-inflammatory activity. While compounds N-(2-acetamido-1,3-benzothiazole-6-yl)-2-(1H-indol-3-yl) acetamide (21b), N-(2-acetamido-1,3-benzothiazol-6-yl)-2-(3-fluorophenyl)acetamide (21c), (2E)-N-(2-acetamido-1,3-benzothiazol-6-yl)-3-(2-furyl) acrylamide (21d) and N-(6-{[(3-methoxyphenyl)carbamoyl]amino}-1,3- benzothiazol-2- yl) acetamide (21e) were also shown optimal anti-inflammatory activity [40]. 
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Figure 13. Structure of anti-inflammatory compounds (21a-21e).
Some pyrimido[2,1-b][1,3]benzothiazole derivatives (22a-22c) were exhibited their anti-inflammatory activity, compound (4R)2-amino-7-methoxy-4-(3,4,5-trimethoxyphenyl)-4Hpyrimido[2,1-b][1,3]Benzothiazole-3-carbonitrile (22a), (4R)2-amino-7-chloro-4-(4-chloro-phenyl)-4H-pyrimido[2,1-b][1,3]benzothiazole-3-carbonitrile (22b), and (4R)2-amino-6-chloro-4-(4-chlorophenyl)- 4Hpyrimido [2,1-b][1,3]benzothiazole-3-Carbonitrile (22c) were exhibited excellent anti-inflammatory activity [41]. 
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Figure 14. Structure of anti-inflammatory compounds (22a-22c).
A series of 2-mercaptobenzothiazole derivatives containing 1,2,3-triazole ring, compound 2-(((sustituted1-phenyl-1H-1,2,3-triazol-4-yl)methyl)thio)benzo[d]thiazole (23a-23d) were exhibited anti-inflammatory activity by using carrageenan-induced hind paw edema and cyclooxygenase (COX) activity assays. Compound 23b was exhibited a potent, selective COX-2 inhibitory activity with a COX-2/COX-1 ratio of 0.44. Compounds 23a, 23b, 23c, and 23d were exhibited considerable anti-inflammatory activity as compared to the reference drug Ibuprofen [42]. A series of 1,3-benzothiazole-2-amine derivatives (24a-24c), compounds 5-chloro-1,3-benzothiazole-2-amine (24a), 6-methoxy-1,3-benzothiazole-2-amine (24b), and 4 -methoxy-1,3-benzothiazole-2-amine (24c) were exhibited the significant anti-inflammatory activity [43]. 
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Figure 15. Structure of anti-inflammatory compounds (23a-23d and 24a-24c).
The benzothiazole containing azatidin-2-ones and thiazoline-4-ones moiety compounds 1-(7-chloro-6-fluorobenzo[d]thiazol-2-yl) azetidin-2-one (25) was exhibited good anti-inflammatory activity and compared with Diclofenac sodium as referenced drug [44]. A series of 2-[(2-alkoxy-6-pentadecylphenyl) methyl] thio-1-Hbenzothiazole (26) were exhibited the human COX enzyme-230 inhibitor activity [6]. Various 2-amino benzothiazole derivatives were exhibited significant anti-inflammatory activity, compound 2-amino benzothiazole (27) substituted at 4 or 5 positions with electron-withdrawing groups like Cl, NO2, OCH3 increase the anti-inflammatory activity [45]. 
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Figure 16. Structure of anti-inflammatory compounds (25, 26, and 27).
Anticonvulsant Activity
The 2-[(6-substitutedbenzo[d]thiazol-2-ylcarbamoyl)methyl]-1-(4-substitutedphenyl)-isothiourea were exhibited good anticonvulsant activity [46]. In other study, some benzothiazole derivative, 2-benzylidene[1,3]thiazole-1,3-benzothiazole-3-ones (28a and 28b) and N-(6-chloro-benzothiazol-2-yl)-4-(aryl)-1,2,3,4-tetrahydro-6-methyl-2-oxopyrimidine-5-carboxamide (29a and 28b) were exhibited excellent activity anticonvulsant activity [47]. 
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Figure 17. Structure of anticonvulsant compounds (28a-28b and 29a-29b).
Some benzothiazole analogs were exhibited anticonvulsant activity, compounds 2-((1H-1,2,4-triazol-3-yl)thio)-N-(6-((3-fluorobenzyl)oxy)benzo[d]thiazol-2-yl)acetamide (30), and 2-((1H-1,2,4-triazol-3-yl)thio)-N-(6-((4-fluorobenzyl)oxy) benzo[d]thiazol-2-yl)acetmide (31) were exhibited excellent anticonvulsant activity [48]. 
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Figure 18. Structure of anticonvulsant compounds (30 and 31).
A series of N-(6-substituted-1,3-benzothiazole-2-yl)-4-{[(substituted-amino) carbonothioyl]amino}benzenesulfonamides, and amino-benzothiazole containing 1-acetyl-pyrazoline derivatives (32) were exhibited excellent anticonvulsant activity against maximal electroshock (MES) and pentylenetetrazole (scPTZ) induced seizures methods [49,50]. Compound 2‐(‐4‐aryl-thiosemicarbazido-carbonylthio)benzothiazole (33) was exhibited anticonvulsant activity against PTZ induced convulsions [51]. 
	

32 R= Br, Cl, F, NO2, CH3, OCH3 R1= H, 2-Cl, 4-Cl, 4-OCH3
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Figure 19. Structure of anticonvulsant compounds (32 and 33).
Antioxidant activity
The 2-aryl substituted benzothiazole derivatives were exhibited antioxidant activity, compound 4-[4-(1,3-benzothiazole-2-yl) phenoxy]benzoic acid (34), 4-(benzothiazole-2-yl)-2-methoxy-6-nitrophenol (35), 2-[ 2-(4-chlorobenzoyl)phenyl]-1,3-benzothiazole (36) and 4-(1,3-benzothiazole-2-yl)-2-ethoxyphenol (37) were exhibited good antioxidant activity [52]. 
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Figure 20. Structure of antioxidant compounds (34-37).
Amidino substituted benzothiazole derivatives were exhibited antioxidant activity, compound 6-Amidinium-2-(2,3,4-trihydroxyphenyl)benzothiazole chloride, and 6-(4,5-Dihydro-1H-imidazole-3-ium-2-yl)-2-(2,3,4-trihydroxyphenyl)benzothiazole chloride (38) were exhibited excellent antioxidant effect [53]. Some benzothiazole derivatives were also exhibited antioxidant activity, compound (E)-5-((benzo[d]thiazol-2-ylimino)(methyl)methylamino)-2-hydroxybenzoic acid (39) was exhibited good antioxidant activity [54]. The 3H-Spiro[1,3-benzothiazole-2,30-indol]-20(10H)-one derivatives were exhibited antioxidant activities by the Trolox equivalent antioxidant capacity (TEAC), Fe3+ascorbate system-induced inhibition of lipid peroxidation (LP) in liposomes, and scavenging effect on diphenyl picryl hydrazine (DPPH). These compounds were exhibited potent scavenging activities against DPPH and 2,20-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS+) radicals, and strong inhibitory capacity on lipid peroxidation [55]. A series benzothiazole derivative (40a-c) was exhibited for good antioxidant activity by the DPPH or ABTS free radical scavenging using simple UV spectroscopic methods. Among these compound, 1,5-dimethyl-3H-spiro[benzo[d]thiazole-2,3-indolin]-2-one (41) was shown a strong antioxidant activity [56]. The 1’,5’-dimethyl-3H-spiro[benzo[d]thiazole-2,3’-indolin]-2’- ones was exhibited antioxidant activities and compound (42) was found to be the most potent antioxidant activity [57]. 
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Figure 21. Structure of antioxidant compounds (38,39, 40a-40c, 41, 42).
Anti-diabetic activity
Some 2-((benzothiazole-2-ylthio)methyl)-5-phenyl-1,3,4-oxadiazole derivatives were exhibited anti-diabetic activity, compounds 2-(((6-nitrobenzo[d]thiazol-2-yl)thio)methyl)-5-(4-nitrophenyl)-1,3,4-oxadiazole (43) was shown excellent anti-diabetic activity [58]. 
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Figure 22. Structure of antidiabetic compounds (43).
Some benzothiazole derivatives were exhibited antidiabetic activity, compound 2-(benzo[d]thiazol-2- ylmethylthio )-6-ethoxybenzo[d]thiazole (44) was shown excellent antidiabetic activity [59]. Some other benzothiazole derivatives were also shown antidiabetic activity, compound N-(6-chlorobenzoate[d]thiazol-2-yl)-2-morpholinoacetamide (45) was shown excellent antidiabetic activity and found the most potent compound [57]. 
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Figure 23. Structure of antidiabetic compounds (44, 45).
The 2-amino[5`(4-sulphonyl benzylidine)-2,4-thiazolidnedione]-7-chloro-6-flurobenzothiazoles (46) were shown antidiabetic activity [17]. Compound (3R)-3-amino-4-(2,4,5-trifluorophenyl)-N-{4-[6-(2-methoxyethoxy)-benzothiazole-2-yl]tetrahydropyran-4-yl}butanamide (47) was exhibited significant antidiabetic activity [60, 61]. 
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Figure 24. Structure of antidiabetic compounds (46, 47).
The 2-aryl sulfonylamino-benzothiazole derivatives acted as protein tyrosine phosphatase 1B inhibitor. Compounds N-(5- methylbenzo [d]thiazol-2-yl)-4-nitro-benzenesulfonamide (48a) and N-(5- ethoxylbenzo [d]thiazol-2-yl)-4-nitrobenzene sulfonamide (48b) were exhibited most active antidiabetic agents and rapidly reversible inhibitors of PTP-1B and significantly lowered plasma glucose concentration [62].


 
48a                                                                    48b
Figure 25. Structure of antidiabetic compounds (48a, 48b).
Anthelmintic activity
Some 4-(6-substituted-1,3-benzothiazole-2-yl)amino-1,3-thiazole-2-amine derivatives were exhibited  anthelmintic activity, compound 4-(6-Ethoxy-1,3-benzothiazole-2-yl)amino-2-(2-chlorophenyl-methylidene) amino-1,3-thiazole (49) was exhibited excellent anthelmintic activity [50]. The fluoro-benzothiazole derivatives were also exhibited significant anthelmintic activity [63]. A series of 6-substituted-2-hydrazino-1,3-benzothiazole derivatives (50a-e) were shown anthelmintic activity against Eudrilus eugenie A species and Megascoplex konkanensis [64, 65]. 
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Figure 26. Structure of anthelmintic compounds (49, 50a-50e).
A series of 3-(2-hydrazino benzothiazoles)-substituted Indole-2-ones, (Z)-3-(2- (benzo[d]thiazol-2-yl)hydrazono) indolin-2-one (51a-f) and (Z)-N'-(2-oxoindolin-3-ylidene) benzo[d]thiazole-2-carbohydrazide (52a-f) were exhibited anthelmintic activity against  earthworms Pheretima posthuma. Most compounds were shown good paralytic time, compared to reference albendazole drug [66]. The fluoro-benzothiazole comprising sulfonamide pyrazole derivatives, 4-(4-carbamoyl-3-(furan-2-ylamino)-5-(phenylamino)cyclopent-2-en-1-yl)-N-(6-fluoro-benzo[d]thiazol-2-yl)benzamide (53) was shown anthelmintic activity against Peritum posthuma and Albendazole was used as reference drug [67]. The 8‐fluoro‐9‐substituted benzothiazole(5,1‐b)‐1,3,4‐triazole derivatives (54) were exhibited anthelmintic activity against Pheretima posthuma and compound with R=o-nitro, aniline substituent was found excellent anthelmintic agents than the other compounds [68]. 



51a-f                                                     52a-f
R=51aH, 51b 5-COOH, 51c 5-CH3, 51d, 5-Cl, 51e 5-NO2, 51f 5-Br
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Figure 27. Structure of anthelmintic compounds (51a-51f, 52a-52f, 53, 54).
Flurobenzothiazole containing sulfonamide and pyrazole derivatives (55) were exhibited anthelmintic activity against Perituma posthum and Albendazole was used as a reference drug [69].
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Figure 28. Structure of anthelmintic compound (55).
Antiviral activity
Benzothiazole sulfonamides derivatives were exhibited HIV-1 protease inhibition, compounds N-(2-hydroxy-3-(N-isobutylbenzo[d]thiazole-5-sulfonamido)-1-(phenylamino) propyl)alkylamide (56a) and N-(3-(2-amino-N-isobutylbenzo[d]thiazole-5-sulfonamido)-2-hydroxy-1-(phenylamino)propyl)alkylamide (56b) with an IC50 value in the 2-3nM range. These carbamate compounds were exhibited better antiviral and inhibitors of HIV-1 Protease activity [70]. 



56a                                                       56b
Figure 29. Structure of antiviral compounds (56a-56b).
Microsomal triglyceride transfer protein (MTP) Inhibition activity 
Benzothiazole-triamide derivatives, 5-alkylamido -N-(2-((4- fluorobenzyl)amino )-2-oxo-1-phenylethyl)benzo[d]thiazole-2-carboxamide (57) were exhibited excellent enterocyte-specific microsomal triglyceride transfer protein (MTP) inhibitor activity. Therefore lead to a reduction in plasma triglyceride and cholesterol level [70]. 
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Figure 30. Structure of MTP-inhibitor compound (57).
Antimalarial activity
Some benzothiazole analogs were exhibited antimalarial activity, compound (E)-4-((2-(benzo[d]thiazol-2-yl)hydrazono)methyl)benzene-1,2-diol (58) was shown most potent antimalarial activity [71]. 
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Figure 31. Structure of antimalarial compound (58).
Some benzothiazole derivatives were inhibited the N-myristoyl transferase of Plasmodium falciparum. Compounds, N-(4-(benzo[d]thiazol-2-ylamino)-3-methoxyphenyl)-methanesulfonamide (59a), N-(3-methoxy-4-((6-nitro-benzo[d]thiazol-2-yl)amino)phenyl)-methanesulfonamide (59b) and 2-((2-((3-(diethylamino)-propyl)amino) benzo[d]thiazol -6-yl)amino)benzoic acid (59c) were shown good antimalarial activity [72]. Other 2-substituted-6-nitro and 6-amino benzothiazole and their anthranilic acid derivatives were shown antimalarial activity against W2 and 3D7 strains of P. falciparum [73]. 
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Figure 32. Structure of antimalarial compound (59a-59c).
Antitubercular activity
Some 4-Amino-N-(1,3-benzothiazol-2-yl)benzenesulphonamide derivatives (60) were exhibited good in-vitro antitubercular activity against the Mycobacterium tuberculosis H37Rv strain [74]. 


60
Figure 33. Structure of antitubercular compound (60).
General synthetic methods of Benzothiazole derivatives [9] 
Condensation of ortho-aminophenol with carboxylic acids 
The reaction of 2- amino thiophenol and aromatic acids in presence of Polyphosphoric acid give 2-substituted benzothiazole derivatives with good yield. 


Synthesis of benzothiazole derivatives by using various types of catalysts [9]
(a) Bromine 
Various methods are reported which used bromine as a catalyst. Benzothazoles are formed by cyclization of substituted anilines with thiocyanate in presence of bromine, acid, or chloroform.


The arylthiourea can be cyclized with liquid bromine in chloroform to form a 2-aminobenzothiaozles.  2-amino-5,6-dichloro and 2-amino-6,7-dichloro-benzothiazole by cyclization of substituted aniline with help of thiocyanogen.


(b) Sulphuric acid
Sodium thiocyanate and cyclize p-substituted aniline reacted to form 2-amino-6-substituted benzothiazole in the presence of sulphuric acid.  


(c) Benzene 
2-aminobenzothiazoles are synthesized by cyclizations 2-aminobenzenetiol with isothiocyanates in the presence of benzene. 



Discussion
Heterocyclic chemistry plays a vital role in medicinal organic chemistry. Most of the drug molecules are having therapeutic action due to the heterocyclic scaffold. A slight alteration in heterocyclic moiety can cause a major change in the therapeutic action of the drug molecule. Benzothiazole is a unique and versatile moiety for the design and development of drug molecules. Benzothiazole derivatives have wide applications in the area of medicinal chemistry due to its important pharmacological activities [5-10]. Benzothiazole is a bicycle and both rings are accountable for its therapeutic activities. Approaches to design new drug molecules, which have effective and potent pharmacological profiles are developed by a combination of benzothiazoles with another heterocyclic moiety [70-75]. Various research reports suggested that different benzothiazole derivatives were used in the treatment of various types of diseases which concluded that the benzothiazole is one of the most significant scaffolds of medicinal chemistry for the development of the better drug molecules.
Conclusion
The benzothiazole derivatives have possessed various types of pharmacological activities. A further alteration in its nucleus provides more efficient compounds with a more potent and efficacious therapeutic agent. This review also illustrated some common protocols for the synthesis of benzothiazole derivatives.
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