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Abstract 

Benzothiazole derivatives have attracted considerable attention over the years 

as useful biological and pharmacological agents. The benzothiazole scaffold is 

one of the most frequently encountered heterocyclic moieties in many marine, 

as well as plant and natural products. Taking Nature‟s lead, the benzothiazole 

moiety provides a versatile bicyclic ring system that can be easily modified 

synthetically in the laboratory. Its synthetic derivatives are known to exhibit a 

wide range of useful medicinal and therapeutic properties: anticancer, antiviral, 

antimicrobial, antidiabetic, anti-inflammatory, anticonvulsant and antitubercular. 

Since the phosphinic acid moiety P(O)OH can mimic carboxylic acids, its 

incorporation into heterocyclic compounds has stimulated considerable interest 

in the possibility of producing unique chemical/biological properties for 

benzothiazole phosphonate derivatives. The pharmacological significance of 

these compounds in the field of medicinal chemistry could be substantial and 

this chapter will summarize the development and current status for the synthesis 

of new benzothiazole phosphonate compounds and report on biological aspects 

of these compounds that offer the promise of truly useful drugs for treating 

various maladies. 
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5.1  Introduction 

Naturally occurring organophosphorus compounds are not only essential for 

life but manmade organophosphous species have important applications in 

medicine, agriculture, industry and technology. Figure 1 illustrates the diversity 

of organophosphorus compounds. They occur naturally as fundamental building 

blocks of life itself. And manmade organophosphorus compounds have found 

use as nerve gases and organic synthetic reactants. [1-6] Phosphorus compounds 

in general, and phosphonates in particular, are a cornerstone of pharmaceutical 

drugs. [7-10] Many of these compounds exhibit antifungal [11-13], antiviral  

[14, 15], antibacterial [16-18], antioxidant [19-21], anticancer [22-25] and 

significant analgesic/anti-inflammatory properties [26-28]; several examples are 

shown in Figure 2. 

 

Figure 1. Applications of Organophosphorus Compounds. 

Heterocyclic chemistry is a complex and fascinating branch of organic 

chemistry. Naturally occurring compounds containing heterocyclic fragments 
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are also fundamental to life. They are components of a broad spectrum of 

biological systems, have diverse applications and can evoke a wide range of 

chemical and physiological responses. [29-41] Heterocyclic compounds are 

active components of many drugs, agrochemicals, additives and modifiers used 

in a variety of industrial applications including cosmetics, reprography, 

information storage and plastics [42-45]. 

 

Figure 2. Examples of Organophosphorus Compounds and Their Applications. 
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One particularly useful group of heterocyclic compounds, those based on the 

benzothiazole scaffold, have proved to have special significance in synthetic and 

pharmaceutical chemistry as drugs because of the broad spectrum of medicinal 

applications they seem to target. [46-50] Recently, there has been increased 

interest in the biological activities of benzothiazole phosphonate derivatives 

because the phosphinic acid moiety P(O)(OH)2H can mimic carboxylic acids and 

impart useful solubility (and other) properties to benzothiazole-based drugs.   

[51, 52] This chapter will focus on recent research involving this new class of 

potentially useful compounds - benzothiazole phosphonates. 

Interest in developing benzothiaole-based drugs has recently heightened due 

to FDA approval of the benzothiazoyl urea drug, Frentizole, for treating 

rheumatoid arthritis and systemic lupus erythematosus. Valasani et al. 

performed structure-activity relationship studies of frentizole derivatives and 

identified a benzothiazole urea compound with a 30-fold improved potency in 

inhibiting the enzyme amyloid beta binding alcohol dehydrogenase (ABAD) 

that is associated with Alzheimer‟s disease. [53-55] Phosphonates of 

benzothiazole were synthesized in order to enhance the ability of benzothiazoyl 

urea compounds to cross the blood brain barrier and reach target organs. 

Phosphonate derivatization improves the solubility of the benzothiazole moiety, 

decreases the adverse effects of the drug and enhances the sustained delivery to 

the target organs. [21, 25, 53-56]. Given the drug like properties of the 

benzothiazole phosphonates, many researchers have attempted to synthesize 

these compounds and test their therapeutic potential. Herein, we have attempted 

to summarize the novel synthetic pathways for benzothiazole phosphonates and 

their biological applications. 
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5.2  Synthetic Pathways of Benzothiazole Phosphonates 

5.2.1  Kabachnik-Fields Reaction 

Although numerous synthetic methodologies of benzothiazole 

α-aminophosphonates exist, the most noteworthy and remarkable one is 

probably the Kabachnik-Fields reaction that generally uses amines, dialkyl 

phosphites and carbonyl compounds as the reactants [57, 58] in an organic 

solvent system under high temperature (Scheme 1). The previous protocols for 

the synthesis of benzothiazole α-aminophosphonates mainly used simple 

starting reactants, but the recent approaches favor the use of even 

sterically-demanding starting materials. 

 

Scheme 1. General scheme for the synthesis benzothiazoleα-aminophosphonates. 

Rao and coworkers [18] have reported the synthesis of various substituted 

benzothiazole aminophosphonates by the reaction of substituted 

aromatic/heterocyclic aldehydes, 2-amino-6-methoxy benzothiazole and 

dibutyl/diphenyl phosphites via the Kabachnik-Fields reaction under microwave 

irradiation (MWI) conditions (Scheme 2). The synthesized benzothiazole 

aminophosphonate derivatives were found to possess antimicrobial and 

antioxidant properties. 
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Scheme 2. Kabachnik-Fields reaction with microwave irradiation. 

Reddy and coworkers [59] havesynthesized α-aminophosphonates by the 

Kabachnik-Fields reaction of dialkyl-or diphenyl-phosphite, indole-3-carb 

oxaldehyde and various heterocyclic-, cyclic-or other primary amines in the 

presence of tetramethylguanidine (TMG) as catalyst in toluene at reflux 

temperature (Scheme 3). The compounds possessed antimicrobial activity. 

 

Scheme 3. TMG catalyzed one-pot synthesis of α-aminophosphonates. 

Valasani et al. [60] reported the Kabachnik-Fields synthesis of benzothiazole 

aminophosphonate derivatives using a three-component reaction of equimolar 

quantities of various 6-methoxybenzo[d]thiazol-2-amines, aromatic/heterocyclic 

aldehydes and dimethyl-or diethyl- phosphate in the presence of Mg(ClO4)2 in 

anhydrous toluene under reflux conditions (Scheme 4). Some of the resulting 

N-C-P benzothiazole phosphonate derivatives showed potent amyloid beta (Aβ) 

binding alcohol dehydrogenase enzyme inhibition. 
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Scheme 4. Benzothiazole phosphonate derivatives containing the N-C-P scaffold. 

5.2.2  Mannich-Type Addition 

Jinand coworkers [61] have synthesized α-aminophosphonates containing 

benzothiazole and a fluorine-containing moiety by Mannich-type addition in 

ionic liquid media with short reaction times and high yields (Scheme 5). The 

synthesized N-C-P compounds were found to have antitumor activities. 

 

Scheme 5. Synthesis of N-(benzothiazole-2-yl)-1-(fluorophenyl)-O,  

O-dialkyl- α -aminophosphonates. 

5.2.3  Direct Phosphonylation of Benzothiazole 

Liang and coworkers [62] have synthesized structurally diverse 

C2-phosphonylated benzothiazole/thiazole derivatives with remarkable functional 

group tolerance and excellent yields by using organophosphorus compounds 

including phosphinate ester, phosphine oxides, and phosphonate diester promoted 

by Mn(OAc)3·2H2O using a ball-milling technique (Scheme 6). 
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Scheme 6. Ball-milling conditioned manganese (III) acetate-promoted cross-coupling 

reaction of benzothiazole/thiazole derivatives with organophosphorus compounds. 

Guand coworkers [63] have synthesizedN-C-Pα-aminophosphonates 

containing the benzothiazole moiety via a cascade three-component reaction 

(Scheme 7). The antitumor activities of the target compounds were evaluated 

against HL-60. One compound showed good cancer inhibitory activity against 

the tested cell line. 

 

Scheme 7. CS2 mediated coupling reaction to synthesize benzothiazole 

α-aminophosphonates. 

Hui-Jun Zhang [64] and coworkers have synthesized variousbenzo[d] 

thiazol-2-yldiarylphosphine oxides through silver mediated direct 

phosphorylation of benzothiazoles and thiazoles. This method is similar to 

reported Pd-catalyzed reactions which may produce a more convenient 

synthetic route to a series of novel P, N-ligands (Scheme 8). 
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Scheme 8. Direct phosphorylation of benzothiazoles and thiazoles. 

Xiao-Lan Chen and coworkers [65] have developed mild and metal-free 

methods for the preparation of two kinds of important benzothiazole derivatives, 

2-acylbenzothiazoles and dialkyl benzothiazol-2-ylphosphonates. The dialkyl 

H-phosphonate (RO)2P(O)H exists in equilibrium with its tautomer 

dialkylphosphite (RO)2POH. The final product depends on which tautomer 

reacts: tert-butyl hydroperoxide (TBHP) triggered α-carbon-centered phosphite 

radical formation, whereas di-tert-butyl peroxide (DTBP) triggered 

phosphorus-centered phosphonate radical formation. The two types of radicals 

led respectively to two different reaction processes, the direct C2-acylation of 

benzothiazoles and C2-phosphonation of benzothiazoles (Scheme 9). 
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Scheme 9. Metal-free methods for preparation of 2-acylbenzothiazoles and 

dialkylbenzothiazol-2-ylphosphonates. 

5.3  Biological Applications of Benzothiazole 

Phosphonates 

Benzothiazole phosphonates are found to possess a number of useful 

biological activities such as antitumor activity, antimicrobial activity, 

antioxidant activity and anti-Alzheimer activity. 

5.3.1  Antitumor Activity 

Cancer is a serious global health problem impacting millions of people and 

severely challenging the scientific community to develop new treatment 

strategies. The current major treatment strategies can be categorized into 

targeted therapies which attack the cancer cells and their signaling pathways 

directly and immunotherapies which try to harness the potential of the immune 

system to battle cancer. [66] The use of benzothiazole phosphonates and their 

derivatives are considered to betargeted therapy andsome of these compounds 

have been found to possess antitumor activity. 

Jin et al. [61] first discovered the antitumor potential of these compounds in 

in vitro studies against a wide range of cancer cell lines such as PC3 (prostate 

cancer), A431 (human melanoma), A375 (uterus cancer), and Bcap-37(breast 

cancer) cells. They synthesized several derivatives of α-aminophosphonates 
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containing a benzothiazole moiety (Scheme 5) by a Mannich-type addition in 

ionic liquid media and tested their potential in inhibiting proliferation of cancer 

cell lines in MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide] assay. MTT assay measures the cellular cleavage of tetrazolium salt 

(MTT) into formazan which has an absorbance at 550 nm that increases 

proportionately with increased formazan concentration in living cells. 

Compound A showed highest tumor inhibitory activity with 89% inhibition of 

prostate cancer cells (PC3) and 72% inhibition of human melanoma cells (A431) 

at 10 µM concentration. The nature of fluorine and alkyl at R² and R³ positions 

are found to influence the antitumor potential of benzothiozole 

aminophosphonates as only 2-F at R
2
 and n-Bu at R³ showed great antitumor 

activity while many other groups showed less antitumor activity. While good 

antitumor potential was observed in PC3 and A431 cell lines, a 

poor-to-moderate tumor inhibition was noticed in A375 and Bcap-37 cell lines. 

 

Lijuet al. [63] synthesized a variety of benzothiazole phosphonate derivatives 

and screened them for antitumor activities against human acute promyelocytic 

leukemia cell line (HL-60) in MTT tests. Compound B, O, 

O'-Diethyl-α-(benzothiazole-2-yl) amino-(4- nitrophenylmethyl)phosphonate, 

possessed high antitumor activity and inhibited the proliferation of HL-60 with 

an IC50 value of 8.2 µmol/L. 
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5.3.2  Antimicrobial Activity 

Increasing resistance of bacteria and fungi to current antimicrobial 

compounds has dramatically increasedthe need for developing new compounds 

to treat bacterial and fungal infections [67-69]. Benzothionate 

aminophosphonates and their derivatives are one such group of compounds with 

antimicrobial potential. Two compounds, diphenyl 

(benzo[d]thiazol-2-ylamino)(1H-indol-3-yl)methyl phosphonate(C) and 

diphenyl (5-methylisoxazol-3-ylamino) (1H-indol-3-yl)methyl phosphonate 

(D)were found to be more effective than penicillin in inhibiting the growth of 

Staphylococcus aureus and Escherichia coli [59]. Several derivatives of 

benzothionateaminophosphonates showed antifungal properties against 

Aspergillus niger and Helminthosporium oryzae and are found to be more 

efficient than a standard antifungal Griseofulvin. Compound C is more effective 

than Griseofulvin for inhibiting Aspergillus niger and D is more effective 

against Helminthosporium oryzae. 
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5.3.3  Antioxidant Activity 

Rao et al. [18] designed a simple and efficient synthesis of 

α-aminophosphonates using the reaction between 

amino-6-methoxy-benzothiazole and dibutyl/diphenyl phosphite with microwave 

irradiation. The compounds were tested for antioxidant and antimicrobial 

properties. The antioxidant property was evaluated by estimation of ferric 

thiocyanate using linoleic acid emulsion. The oxidation of linoleic acid releases 

peroxidases that oxidize ferrous ions to ferric ions leading to formation of a 

complex ferric thiocyanate. Compound E, dibutyl (5-chloro-2-hydroxyphenyl) 

(6-methoxybenzo [d] thiazol-2-ylamino) methylphosphonate, yielded more 

ferric thiocyanate than the ferric thiocyanate in presence of vitamin C and is 

therefore considered a promising antioxidant. Some fragments such as 

2-amino-6-methoxy benzothiazole and bromo/chloro/nitro salicylaldehyde 

attached to diphenyl phosphite were found to have both antimicrobial and 

antioxidant properties. 
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5.3.4  Benzothiazole α-Aminophosphonate Derivatives for Treating 

Alzheimer’s Disease 

Alzheimer‟s disease is a type of dementia in adults caused by neuronal stress 

and neuronal cell death that leads to poor cognitive ability and memory. [70-74] 

Mitochondrial and synaptic dysfunctions are common in patients with 

Alzheimer‟s disease and are caused by interaction of amyloid beta (Aβ) protein 

with amyloid beta binding alcohol dehydrogenase (ABAD). Valasani et al. [60] 

used surface plasmon resonance (SPR) screening to show that several 

benzothiazole α-aminophosphonate derivatives bind to ABAD and therefore 

potentially prevent the Aβ-ABAD interactions [75]. The compounds that were 

shown to bind to ABAD were subsequently examined for improvement in 

mitochondrial functions. Compounds F and G showed improvements in 

mitochondrial functions such as increased levels of ATP and Cytochrome C 

Oxidase, anenzyme associated with the mitochondrial respiratory chain. Besides 

being shown to inhibit Aβ-ABAD interactions, benzothiazole phosphonate 

derivatives also possess the ability to cross the blood-brain barrier in in vivo 

mice studies and thus hold great potential for AD therapy [56]. This general 

procedure also offers great promise for identifying and synthesizing more 

powerful drugs for treating other neurological diseases like amyotrophic lateral 
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sclerosis (ALS) that are presently being treated with benzothiazole based drugs 

like riluzole. [76-79] 

 

5.4  Conclusions 

This chapter highlighted synthetic routes and biological applications of 

benzothiazole phosphonate compounds. These compounds combine the 

desirable characteristics of the phosphonic acid moiety and the benzothiazole 

heterocyclic to produce species with enhanced chemical and biological 

properties that can hopefully be used as improved therapeutic anticancer, 

antitumor, antioxidant, antimicrobial and anti-Alzheimer‟s agents. The 

anti-Alzheimer‟scompounds are highly soluble, cross the blood-brain barrier 

and are found to be less toxic in in vitro and in vivo mouse studies than their 

nonphosphorylated analogues. The clinical potential of these compounds as 

effective and safe drugs for human use is currently being explored. Besides 

producing more effective species through phosphorylation of known drugs, it is 

hoped that even more powerful molecules can be developed by comparing 

structure-activity relationship studies of known benzothiazole phosphonates 

with those for appropriately modified derivatives. 
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