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Abstract 

An overview of the recent advancements in the synthesis of benzo[d]isothiazoles is provided. The synthetic 

approaches developed between 2010 and October 2023 are discussed and arranged in five categories according 

to the substrate used for the scaffold assembly. The novel synthetic methodologies contribute to the 

enlargement of the chemical space occupied by benzo[d]isothiazoles and to the exploration of its applications 

in various fields such as medicinal chemistry and catalysis. 
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1. Introduction 

 

The isothiazole scaffold, containing two electronegative heteroatoms (sulfur and nitrogen) in a 1,2-relationship, 

is present in various biologically active compounds.1–5 Its fused analogue, benzo[d]isothiazole, constitutes the 

core structure of potent inhibitors of multiple biological targets and pathways.6–10 For instance, 

benzo[d]isothiazole C-glucoside 1 inhibits the activity of the sodium glucose co-transporter 2 (SGLT2) and can 

be used in treating type 2 diabetes.10 Benzo[d]isothiazole-based compound 2 has been reported as a highly 

potent and selective positive allosteric modulator (PAM) for the metabotropic glutamate receptor 4 (mGlu4).8 

These mGlu4 PAMs show promise as a disease-modifying therapeutic option for Parkinson’s disease. Better 

known are a series of antipsychotic drugs, such as ziprasidone,11 lurasidone,12 perospirone13 and tiospirone14 

that possess in their structure a benzo[d]isothiazole fragment. Different subclasses of benzo[d]isothiazoles, one 

of which contains the benzo[d]isothiazol-3(2H)-ones featuring a hydroxyl group at the 3-position of the 

isothiazole moiety (tautomerizing to carbonyl), equally serve a wide array of applications.15–17 For instance, a 

series of 2-phenyl benzo[d]isothiazol-3(2H)-ones 3 display nanomolar inhibitory activity against the 2-C-methyl-

D-erythritol 4-phosphate cytidyltransferase (IspD) of Plasmodium spp, which is a promising target in antimalarial 

drug development.15 Using benzo[d]isothiazol-3(2H)-ones as a redox activator, efficient solid-phase peptide 

synthesis can be performed under mild conditions.17 The oxidized analogues of benzo[d]isothiazoles are of 

interest due to their biological activity such as HIV-1 inhibitors or plant defense activators (e.g. probenazole) 

(Figure 1).18–23  
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Figure 1. Biologically-active benzo[d]isothiazole derivatives (benzisothiazole scaffold highlighted in red). 

 

After being prepared for the first time in 1956, the physical and chemical properties of the parent isothiazole 

have been extensively studied.24 However, benzisothiazoles have an even longer history than isothiazoles. 

Specifically, a derivative of the most widely known benzo[d]isothiazole, saccharin 4, was first obtained in 1879 

(Figure 2).25 Despite this early discovery of benzo[d]isothiazoles 5, a limited number of synthetic pathways 

towards this scaffold and its constitutional isomer, benzo[c]isothiazole 6, was available until recently. This is 

particularly interesting as there are numerous synthetic methods of its other constitutional isomer, 

benzothiazole 7, and its derivatives.26,27 

 

 
Figure 2. Structures of saccharin 4, benzo[d]isothiazole 5, benzo[c]isothiazole 6, and benzothiazole 7. 

 

Some previously existing methods for the preparation of benzo[d]isothiazole derivatives required 

cumbersome synthetic procedures and harsh reaction conditions.28,29 The last decade, however, has especially 

witnessed major advances in the synthesis and functionalization of benzo[d]isothiazole derivatives. There is a 

scarcity of comprehensive reviews covering the synthetic pathways to prepare benzo[d]isothiazoles. In 2002, an 

overview of existing methods was published as a book chapter that was subsequently updated by Sainsbury in 

2010.30 Two years later, another book issue was released, which included a chapter on isothiazoles and 

benzisothiazoles.31 The main emphasis of this chapter, however, was on the metalation reactions involving the 

aforementioned heterocycles. Therefore, the aim of this review is to give an overview of the recent 
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developments in the synthesis of benzo[d]isothiazoles. To provide complementarity to the existing reviews, 

mainly novel methods described from 2010 onwards will be discussed. 

The majority of the procedures for the construction of the benzo[d]isothiazole scaffold involves an assembly 

of the heterocyclic part. These approaches utilise substituted phenyl substrates, and can be divided into four 

categories based on the presence or absence of heteroatoms (sulfur and nitrogen) in the starting material 

(Scheme 1). The most commonly used strategy for preparing benzo[d]isothiazoles employs nitrogen and sulfur 

pre-functionalized phenyl rings as building blocks (Scheme 1A). Using only a nitrogen-preloaded substrate is an 

alternative pathway for the isothiazole ring synthesis (Scheme 1B). The third approach is to engage sulfur-

preloaded phenyl substrates (Scheme 1C). Lastly, the fourth method for the preparation of benzo[d]isothiazoles 

starts from substrates that contain neither nitrogen nor sulfur (Scheme 1D). While these four categories 

describe the formation of the isothiazole moiety onto a substituted phenyl ring, an alternative, much less 

explored pathway involves assembling the aryl ring onto an existing isothiazole (Scheme 1E). Hence, five 

synthetic routes for the preparation of benzo[d]isothiazoles will be discussed in this review. If applicable, each 

category will be divided into two subsections, describing the preparation of benzo[d]isothiazol-3(2H)-ones 

(further referred to as benzo[d]isothiazolones unless mentioned otherwise) and other benzo[d]isothiazoles, 

respectively. This division is chosen because of the great differences in starting materials to synthesize both 

subseries. The S-oxidized analogues of benzo[d]isothiazoles are commonly obtained via oxidation of already 

available scaffolds32 and, therefore, will not be discussed in detail. 
 

 

Scheme 1. General classification of synthetic methods for the preparation of benzo[d]isothiazoles from aromatic 

substrates. ”R”, “R’”, “R1” and “R2” are general substituents of various nature which will be discussed in further 

chapters. “X” stands for sp2- or sp3-hybridized carbon atoms. 

 

 

2. Synthesis of Benzo[d]isothiazoles from Nitrogen and Sulfur Preloaded Aromatics 

 

2.1. Benzo[d]isothiazol-3(2H)-ones 

Intramolecular oxidative N-S bond formation is a well-known approach towards non-fused isothiazoles33,34, 

which can be expanded to the fused analogues when starting from appropriately substituted phenyl precursors. 

Implementing this strategy, 2-mercaptobenzamides became commonly used substrates for the transition-

metal-assisted synthesis of benzo[d]isothiazolones. In 2013, Kanai et al. developed a gram-scale synthesis by 

treating various 2-mercapto-N-substituted benzamides 8 with a catalytic amount of copper(I) iodide in DMF at 
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70 oC under oxygen atmosphere to obtain 2-substituted benzo[d]isothiazolones 9 (Scheme 2).35 The scope 

included N-aryl and N-alkyl lactams, showing a high functional-group tolerance. The reaction was also applied 

to the synthesis of a precursor of piroxicam, a marketed anti-inflammatory drug. The proposed mechanism 

includes the sequential ligation to, and oxidative insertion of, copper(I) into the bidentate starting material. The 

copper facilitates the N-S bond formation by reductive elimination of a six-membered N,S-containing cupracycle 

12. Conducting the reaction in an oxygen-free environment did not lead to the desired product, supporting the 

proposed mechanism. 

 

 
Scheme 2. Formation of benzo[d]isothiazolones from 2-mercapto-N-substituted benzamides, catalyzed by 

copper(I) iodide. 35 

 

Using highly similar substrates 13, the Yang group applied cobalt to catalyse the oxidative N-S bond 

formation (Scheme 3).36 In a previous study,37 the authors developed a general N,S-bond formation strategy in 

water under oxygen atmosphere with CoPcS (cobalt phthalocyanine-tetrasodium sulfonate) as the optimal 

catalyst, which could efficiently induce ring-closure towards benzoisothiazolones 14. The substrate scope was 

exemplified with diverse aryl and alkyl substituents on the nitrogen. Apart from the broad scope, the aqueous 

medium facilitated purification as the products often precipitated from the reaction mixture. The medium and 

catalyst were recycled six times, proving the sustainability of this method. 

 

 
Scheme 3. Formation of benzo[d]isothiazolones from 2-mercapto-N-substituted benzamides, catalyzed by 

cobalt phthalocyanine-tetrasodium sulfonate.36 

 

In 2018, Horng and coworkers showed that molecular oxygen can be activated by iron complexes.38 Four 

years later, the same group employed this process for the synthesis of benzo[d]isothiazolones 16 from the 2,2'-

disulfanediyldibenzamides 15 (Scheme 4).39 Oxygen or trimethylamine N-oxide (a milder O-donor) were used as 

oxidants, with overall higher yields for the latter. In contrast to the previous metal-catalysed methods, the iron 

complex does not require elevated reaction temperatures. Interestingly, both the dinuclear iron (II) complex 
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and mononuclear iron (III) complex 17 successfully facilitate N-S bond formation; the latter was chosen as the 

main catalyst due to its greater stability. 

 

 
Scheme 4. Formation of benzo[d]isothiazolones from 2,2'-disulfanediyldibenzamides, catalyzed by mononuclear 

iron (III) complex 17. 39 

 

Besides transition-metal-catalysed methods, metal-free approaches have been developed as well. An 

example is an oxidative N-S bond formation starting from the ortho-amidoarylthiols 18 using a catalytic amount 

of KBr (Scheme 5).40 Similarly to the metal-promoted cyclisations, this reaction occurs under oxygen 

atmosphere. Oxygen was shown to be crucial for the in situ oxidative formation of bromine, which oxidises the 

thiol by transforming it into an S-Br bond. The subsequent ring closure, by elimination of HBr, completes the 

catalytic bromine cycle. This reaction thus proceeds via a different mechanism and is a cheaper alternative to 

the previously discussed reactions. Several unrelated reports also describe ring-forming reactions in the 

presence of bromine, leading to benzo[d]isothiazolones.41–43 

 

 
Scheme 5. Formation of benzo[d]isothiazolones from ortho-amidoarylthiols, catalyzed by potassium bromide.40 

 

Another method bypassing the necessity for metal catalysts is the electrochemical synthesis developed by 

Chen et al. (Scheme 6).44 The reaction proceeds through an intramolecular N-H/S-H coupling of the 

corresponding 2-mercaptobenzamides 20, generating hydrogen gas as a side product. Under optimised 

conditions, high yields of various N-substituted benzo[d]isothiazolones 21 were obtained, including pyridyl as a 

substituent at the 2-position (21c). 
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Scheme 6. Electrochemical synthesis of benzo[d]isothiazolones from 2-mercaptobenzamides. 44 

 

One major limitation associated with oxidative conditions is the undesirable redox reaction occurring with 

the organic thiols. To circumvent this, alternative starting materials, such as dimers of the related thiols, are 

being used. Although such substrates were already briefly discussed above (Scheme 4),39 there are many more 

examples of thiol dimers as precursors for the synthesis of benzo[d]isothiazolones. Thus, Santi et al. developed 

a fast and easy metal-free conversion method of dimeric ortho-amidoaryldisulfides and ortho-

amidoaryldiselenides 22 into fused structures 23 (Scheme 7).45 Preliminary in silico studies indicated iodine to 

be the most promising oxidant due to formation of a stable intermediate. In accordance with the computational 

study, the optimised conditions revealed iodine as the best oxidant with triethylamine as an additive. While the 

main focus of this research was on the selenium-containing structures, the optimised procedure worked equally 

well for the sulfur-based analogues. The reaction scope included two N-aliphatic benzo[d]isothiazolones, 

obtained in quantitative yields. Another report using disulfides had a wider benzo[d]isothiazolones scope with 

yields from 38 to 75%.46 However, this amounted to the reproduction of a known procedure of 1983,47 which is 

outside the scope of this review. 

 

 
Scheme 7. Formation of benzo[d]isothiazolones and benzo[d][1,2]selenazolones from ortho-amidoaryldisulfides 

and ortho-amidoaryldiselenides, using iodine. 45 

 

A highly efficient, oxygen- and metal-free ring-closure involves Selectfluor (Scheme 8, top).48 Although 

typically used as an electrophilic fluorine donor,49 this reagent also gained considerable interest for other types 

of transformations.50 Optimization studies revealed that, instead of 2-sulfhydrylbenzamides, the corresponding 

methyl thioethers 24 were the preferred substrates. Additionally, an elevated reaction temperature and one 

equivalent of Selectfluor were required to drive the reaction to completion. Various aliphatic and aromatic 2-

(methylsulfanyl)-N-substituted benzamides yielded a library of benzo[d]isothiazolones 25. Later, another study 

of a metal-free transformation mediated by Selectfluor was published, starting from 2-(ethylsulfanyl)-

benzamides 26 in the presence of HCl, which afforded aliphatic N-substituted benzo[d]isothiazolones 27 in yields 

ranging from 70 to 86% (Scheme 8, bottom). 51 In the presence of hydroiodic acid and sodium iodide, the in situ-
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generated benzoisothiazolone ring expanded to furnish the six-membered 2,3-dihydrobenzothiazin-4-ones 28 

by insertion of the chloromethylene unit of Selectfluor.  

 

 
Scheme 8. Top: Formation of benzo[d]isothiazolones from 2-(methylthio)benzamides, using Selectfluor; 48 

bottom: Formation of benzo[d]isothiazolones and 2,3-dihydrobenzothiazin-4-ones in the presence of 

hydrochloric acid or hydroiodic acid and sodium iodide, respectively. 51 

 

As a report from 2011 demonstrated, sulfoxide analogues of 2-mercaptobenzamides can also be efficiently 

converted to benzo[d]isothiazolones (Scheme 9).52 Oxidation of sulfides to the corresponding sulfoxides 29 was 

followed by treatment with thionyl chloride, furnishing the desired fused five-membered structures 30. The 

substituent scope included various groups on both phenyl groups, i.e., the phenyl that is part of the 

benzoisothiazole scaffold as well as the N-phenyl group. The same method was also employed in later research 

by O’Neill et al. affording similar structures in yields of up to 74%.15 Benzo[d]isothiazolones were also formed 

from the sulfoxide precursors as by-products during various reactions described in the report of Zanda et al.53 

 

 
Scheme 9. Formation of benzo[d]isothiazolones from 2-(methylsulfinyl)benzamides, using thionyl chloride. 52 

 

2.2. Benzo[d]isothiazoles 

The synthesis of benzo[d]isothiazoles involving an all-heteroatom Wittig-equivalent process was reported 

by Sun et al. (Scheme 10).54 This work was the continuation of a previous study, with more emphasis on 

benzo[d]isothiazole preparation.55 The crucial steps of this reaction include the N-bromosuccinimide (NBS)-

induced activation of the starting aryl tert-butyl sulfoxides 31, followed by its conversion to sulfinimides and a 

Wittig-like reaction leading to benzo[d]isothiazole derivatives 32. The reaction proceeds fast at room 
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temperature and tolerates a wide variety of substituents, particularly at the 3-position of the formed 

isothiazoles.  

 

 
Scheme 10. Formation of benzo[d]isothiazoles from aryl tert-butyl sulfoxides, using N-bromosuccinimide. 54 

 

More recent work by the same group describes an improved method to efficiently prepare 

benzo[d]isothiazole derivatives (Scheme 11).56 This novel procedure avoids NBS and, instead, employs amine 36 

as the nucleophile in the presence of a catalytic amount of p-toluenesulfonic acid (p-TsOH) in toluene. 

Interestingly, the reaction also proceeds well without any acid additive, albeit at higher temperatures and with 

a longer reaction time. 
 

 

Scheme 11. Formation of benzo[d]isothiazoles from aryl tert-butyl sulfoxides, using p-toluenesulfonic acid. 56 

 

The metal-free, visible-light-promoted synthesis of benzo[d]isothiazoles 39 is of particular interest from a 

sustainability point.  (Scheme 12)57 The N-S bond of isothiazoles is formed under mild conditions from α-amino-

oxy acids 38 through the generation of iminyl radicals 41, facilitated by blue-light irradiation and the 

commerciallyavailable acridinium photocatalyst 40. The green aspect of the procedure is highlighted not only 

by the formation of benign secondary products (carbon dioxide, benzaldehyde and acetone), but also by the 

implementation of a continuous flow-setup. Interestingly, this strategy is less suitable for the synthesis of 

benzo[d]isothiazoles that are unsubstituted at the 3-position, as indicated by their significantly lower yield (27%) 

compared to 3-substituted derivatives. 
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Scheme 12. Formation of benzo[d]isothiazoles from α-amino-oxy acids, using acridinium photocatalyst. 57 

 

The synthesis of the non-functionalised benzo[d]isothiazole 43 received little attention due to its limited 

applications. The fused ring can be obtained from benzaldehydeoxime-2-thiol 42 by ring closure with thionyl 

chloride in toluene (Scheme 13). The 3-position can be chlorinated by sulfuryl chloride, however, allowing 

further functionalisation. 58 

 

 

Scheme 13. Formation of benzo[d]isothiazoles from benzaldehydeoxime-2-thiol, using thionyl chloride. 58 

 

 

3. Synthesis of Benzo[d]isothiazoles from Nitrogen Preloaded Aromatics 
 

3.1. Benzo[d]isothiazol-3(2H)-ones 

Sulfur powder is the most evident reagent as the source for assembling sulfur containing heterocycles. Thus, 

benzo[d]isothiazolones 46 can be prepared from commercially available 2-halo-benzamides 45 via a copper-

mediated reaction with elemental sulfur.59 The same reaction conditions were used before to prepare selenium-

containing compounds60 and have been implemented recently to obtain a library of N-substituted 

benzo[d]isothiazolones in yields of up to 95%. According to the authors, the proposed mechanism proceeds via 

a ligand-copper-amide nitrogen complex 47 formation, followed by sulfur insertion under basic conditions. 

Intramolecular reaction with the carbon-halogen bond, followed by reductive elimination furnishes the 

benzo[d]isothiazolone ring. Since there is no clear evidence for the existence of intermediate 48, a similar 

mechanism to the one shown in Scheme 2 might as well be plausible. Almost identical reaction conditions were 

used by Krasikova and Katkevics for the preparation of benzo[d]isothiazolones in yields from 15 to 94%.61 
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Scheme 14. Formation of benzo[d]isothiazolones from 2-halo-benzamides, catalyzed by copper(I) iodide. 59 

 

The same year, additional research involving molecular sulfur was published (Scheme 15).62 This time, 

copper chloride was used in the absence of a ligand, and the reaction was conducted under a nitrogen 

atmosphere. Different aryl halides 49 were evaluated as starting materials, with the aryl iodides leading to 

higher reaction yields and shorter reaction times. For instance, the reaction with N-benzyl-2-iodo-5-

nitrobenzamide yielded the desired product in 85% yield after 8 hours, while the corresponding chloro 

derivative afforded the target compound in only 35% yield in 28 hours. The scope included various alkyl and aryl 

derivatives 50 obtained in high yields, and the final structure was verified by X-ray analysis for one particular 

compound. 

 

 
Scheme 15. Formation of benzo[d]isothiazolones from 2-halo-benzamides, catalyzed by copper(I) chloride. 62 

 

In 2014, Wu, Shi and co-workers reported a method for the synthesis of benzo[d]isothiazolones 52, relying 

on a copper(II)-mediated C-S/N-S bond formation (Scheme 16).63 Benzamides 51, derived from (pyridin-2-

yl)isopropylamine (PIP-amine) and benzoic acids, were coupled with molecular sulfur under aerobic conditions 

in DCM at 90 °C. The optimised system employs Cu(OAc)2.H2O as a promoter for C-H activation in the presence 

of the oxidant Ag2O and the additive tetrabutylammonium iodide (TBAI). This procedure allows the synthesis of 

various aryl-substituted benzo[d]isothiazolones in moderate to high yields, with electron-withdrawing groups 

on the phenyl moiety generally leading to higher reaction yields. The method is also compatible with 

heterocyclic substrates, thus allowing access to a broad range of unique heteroaryl-[d]-fused isothiazolones. 

The obtained benzo[d]isothiazolones were transformed into versatile sulfur-containing compounds via a ring-

opening reaction, although the cleavage of the PIP group was not discussed. 
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Scheme 16. Formation of benzo[d]isothiazolones from N(2-(pyridin-2-yl)propan-2-yl)benzamides, using 

copper(II) acetate. 63 

 

While sulfur powder is the most abundantly used reagent as the source of this element, alternative reagents 

exist for the same purpose. For instance, a copper-catalysed tandem reaction of 2-bromobenzamide 53 with 

potassium thiocyanate (KSCN) affording benzo[d]isothiazolones 54 has been reported.64 The optimization study 

revealed that water was the optimal solvent, and that organic bases (such as Et3N and 1,4-

diazabicyclo[2.2.2]octane (DABCO)) were preferred over the inorganic ones. The scope of this procedure 

included several N-unsubstituted and N-alkyl-isothiazolones fused with various aryl groups. Interestingly, for 

the latter, elevated temperature (160 oC, instead of the usual 140 oC) was needed to drive the reaction to 

completion. The procedure was not applicable to the synthesis of aryl N-substituted benzo[d]isothiazolones, 

most likely due to the weaker nitrogen nucleophilicity of the starting amides. 

 

 
Scheme 17. Formation of benzo[d]isothiazolones from 2-bromobenzamides, using potassium thiocyanate. 64 

 

Carbon disulfide (CS2) has been used as an alternative sulfur source for benzo[d]isothiazolones 56 

preparation (Scheme 18).65 Similarly to the previously described reactions, a copper catalyst (copper bromide) 

was needed to facilitate the product formation in a desirable yield. Copper oxidative addition to the 2-

halobenzamides 55, assisted by L-proline, begins the catalytic cycle of the reaction mechanism, explaining the 

higher yields obtained with the 2-iodobenzamides when compared to the 2-chlorobenzamides. In the next step, 

a ligand exchange happens, forming an intermediate 58 with CS2. The following insertion of CS2 into the Cu-C 

bond, along with reductive elimination furnishes the intermediate 59, which undergoes an intramolecular 

nucleophilic substitution to produce the benzo[d]isothiazolones 56. The reaction conditions generally showed a 

high functional group tolerance, with electron-neutral and electron-donating substituents on N-aryl groups, 

giving higher yields. 
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Scheme 18. Formation of benzo[d]isothiazolones from 2-halobenzamides, using carbon disulfide. 65 

 

Copper is not the only transition metal catalyst for cross-coupling reactions leading to 

benzo[d]isothiazolones. The first nickel-catalysed generation of benzo[d]isothiazolones 61 via direct C–H 

activation was reported by Song et al. (Scheme 19).66 The method was inspired by the aforementioned PIP-

amine-assisted synthesis63 and by their previous research on the application of 2-amino alkylbenzimidazole 

(MBIP-amine) as the directing group.67 Yields up to 98% were obtained with a broad substrate variation, using 

sulfur powder as the source of sulfur, nickel(II) trifluoromethanesulfonate as the catalyst, and potassium 

permanganate as the oxidant. Tetra-n-butylammonium iodide and sodium pivalate were used as additives, both 

playing a crucial role during the C-H activation process. Since the activation of the directing group is an important 

aspect of this chemistry, an additional group-optimization study was conducted. N,N-Bidentate groups, such as 

PIP-amine and 8-aminoquinoline, led to the formation of the desired product, albeit in lower yields. Other 

aromatic and heteroaromatic groups did not succeed in promoting the reaction, indicating the specific fit of 

MBIP-amine for this particular transformation. 

 

 
Scheme 19. Formation of benzo[d]isothiazolones from N-(2-(1-methyl-1H-benzo[d]imidazol-2-yl)propan-2-

yl)benzamide, catalyzed by nickel (II) trifluoromethanesulfonate. 66 

 

An efficient, ligand-free synthesis towards the fused structures, implementing a nano-nickel ferrite (NNF) 

catalyst and inexpensive sulfur powder as a chalcogenation agent, has been developed (Scheme 20).68 The 

optimised reaction conditions used two equivalents of base (4-dimethylaminopyridine) and 15 mol% of nickel 

catalyst, which could be reused for up to five runs. The scope of this procedure included various aryl, heteroaryl 

and alkyl substituents on the nitrogen of the isothiazole ring. In addition, the isothiazolo[5,4-b]pyridin-3(2H)-

one was successfully prepared as a rare example of a fused bisheterocyclic system, albeit with a lower yield of 
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52%. A selection of the obtained benzo[d]isothiazolone library was further oxidised to the corresponding 1,1’-

dioxide derivatives with tert-butyl nitrite and oxygen in high yields. 

 

 
Scheme 20. Formation of benzo[d]isothiazolones from 2-halobenzamides, catalyzed by nano-nickel ferrite. 68 

 

3.2. Benzo[d]isothiazoles 

Using direct C-H activation for the construction of benzo[d]isothiazoles is an efficient method as it allows the 

implementation of imidate derivatives as readily available nitrogen sources (Scheme 21). Thus, Miura and co-

workers developed a rhodium-catalysed oxidative annulation of benzimidates 64 for the assembly of various 

benzo[d]isothiazoles 65.69 The optimised conditions utilize elemental sulfur, [Cp*Rh(MeCN)3][SbF6]2 as the 

catalyst (Cp* = pentamethylcyclopentadienyl) and AgOAc as the oxidant in PhCF3 as the solvent at 100 °C. The 

mechanism of the transformation, involving a Rh(I)/Rh(III) redox reaction, was supported by DFT calculations 

and by the step-by-step procedure of the rhodacycle preparation and further stoichiometric reaction with 

elemental sulfur. The optimised procedure works equally well for the preparation of the selenium-containing 

analogue. 

 

 
Scheme 21. Formation of benzo[d]isothiazoles from benzimidates, catalyzed by rhodium catalyst. 69 

 

As described above, copper (I) catalysts were abundantly used for the assembly of benzo[d]isothiazolones. 

Recently, a procedure using a copper (II) salt for the synthesis of benzo[d]isothiazoles 67 from 2-bromo-N-

arylbenzimidamides 66 was reported (Scheme 22).70 The annulation proceeds under alkaline and aerobic 

conditions using sulfur powder in DMF as a solvent. Notably, other copper (I) and copper (II) salts such as CuI, 

CuCl and CuSO4 also exhibit good catalytic activity, while the absence of any catalyst drastically decreases the 

yield. A substrate-scope study revealed a high tolerance towards diverse functional groups R1 and R2, including 

alkyl, alkoxy and aryl groups, as well as halogens. This method also allows for elemental selenium, leading to 

the benzo[d]isoselenazoles on a larger scale (5 mmol). A selection of the obtained benzo[d]isothiazoles was 

further converted to N-aryl indoles 68, stating the new approach towards the conjugated biaryl molecules. 
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Scheme 22. Formation of benzo[d]isothiazoles from 2-bromo-N-arylbenzimidamides, catalyzed by copper (II) bromide. 70 

 

There is very limited research on metal-free benzo[d]isothiazole or benzo[d]isothiazolone formation from 

sulfur-free starting materials. A one-pot synthesis of benzo[d]isothiazoles 70 from ortho-haloarylamidines 69 

and elemental sulfur through oxidative N-S/C-S bond formation has been reported by Deng et al. (Scheme 23).71 

However, the desired reactivity was achieved only at a relatively high temperature of 135 °C and after a long 

reaction time. The oxidative cyclization proceeds smoothly with electron-donating groups on the N-phenyl ring 

of the amidine moiety and electron-withdrawing moieties on the other phenyl ring. 

 

 
Scheme 23. Formation of benzo[d]isothiazoles from ortho-haloarylamidines, using potassium phosphate. 71 

 

An efficient metal-free method for benzo[d]isothiazole preparation was described by Wang et al. (Scheme 

24).9 While the main focus of the research was the development of new, medicine-related, compounds, a small 

scope of benzo[d]isothiazol-3-amines 72 was obtained. In the first step, sodium sulfide is reacted with the 3-

substituted-2-fluoro-benzonitrile 71 in a nucleophilic aromatic substitution. Then, the obtained intermediate is 

directly reacted with ammonia and sodium hypochlorite to furnish the benzo[d]isothiazol-3-amine core. 

 

 
Scheme 24. Formation of benzo[d]isothiazoles from 3-substituted-2-fluoro-benzonitrile, using sodium sulfide 

and sodium hypochlorite. 9 
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More elaborate scaffolds, including a benzo[d]isothiazole fragment in their core structure, can be obtained 

in a comparable manner (Scheme 25). Thus, the formation of benzo[4,5]isothiazolo[3,2-b]quinazolinones 74 

through N-S/C-S bond coupling was reported.72 The benzo[d]isothiazole part is constructed with molecular 

sulfur under basic medium at elevated temperature. Due to the nitrogen in the starting substrate being 

conjugated to the carbonyl bond, no additional oxidant was needed to assemble the desired scaffold. 

 
Scheme 25. Formation of benzo[4,5]isothiazolo[3,2-b]quinazolinones through N-S/C-S bond coupling. 72 

 

 

4. Synthesis of Benzo[d]isothiazoles from Sulfur Preloaded Aromatics 

 

4.1. Benzo[d]isothiazol-3(2H)-ones 

Benzo[d]isothiazolones 76 can be easily assembled in basic medium from the highly reactive 2-

(chlorocarbonyl)phenyl hypochlorothioites 75 and primary amines (Scheme 26).73 The initial procedure was 

described in 198674 and was implemented in more recent work to obtain a library of N-substituted 

benzo[d]isothiazolones 76 with yields from 41 to 66%. The N-unsubstituted scaffold was successfully 

constructed using ammonia solution in water. More recent work of Piomelli et al. used a similar approach to 

construct monoacylglycerol lipase (MGL) inhibitors, which included a benzo[d]isothiazolone fragment in their 

structure.75 

 

 
Scheme 26. Formation of benzo[d]isothiazolones from -(chlorocarbonyl)phenyl hypochlorothioites. 73 

 

The first study describing the formation of benzo[d]isothiazolone utilising 

(bis(trifluoroacetoxy)iodo)­benzene (PIFA) was reported in 2006.76 Since then, this approach has been 

implemented in several recent syntheses in various fields. Frequently, the intermediate amides are freshly 

obtained and used directly in the cyclisation reaction, as, for example, in the work of Leissring and coworkers 

(Scheme 27).77 Generally, the mechanism of the reactions using PIFA is based on the generation of an N-

acylnitrenium ion, followed by an intramolecular reaction with sulfur to yield the N-aryl benzo[d]isothiazolones. 

Cosford et al. published a series of articles relying on the same approach towards the synthesis of fused 

isothiazolones.78–80 Both N-aryl and -alkyl substitution on the isothiazolone ring was attained in this way. 
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Scheme 27. Formation of benzo[d]isothiazolones using (bis(trifluoroacetoxy)iodo)­benzene. 77 

 

Alternatively, the benzo[d]isothiazolone scaffold 81 can also be obtained via a ring-transformation reaction, 

as described in a 2012 report (Scheme 28).81 The starting 1,3-benzoxathiin-4-one 1-oxides 80 are accessible via 

an improved oxidation procedure from 1,3-benzoxathiin-4-ones. The transformation reaction conditions were 

then optimized revealing that aprotic solvents, such as toluene or THF, were preferred over protic ones. 

Aliphatic and aromatic amines reacted with the cyclic precursor 80 to obtain the desired products in up to 

quantitative yields. Reactions with anilines and sterically hindered amines, like tert-butylamine, were less 

efficient and required higher temperatures. The proposed mechanism proceeds through the attack of an amine 

on the carbonyl group, resulting in the formation of amide and sulfenic acid functionalities (82). The nitrogen of 

the amide further attacks the sulfur atom and subsequent water elimination results in the formation of 

isothiazolone. 

 

 
Scheme 28. Formation of benzo[d]isothiazolones from 1,3-benzoxathiin-4-one 1-oxides. 81 

 

 

4.1. Benzo[d]isothiazoles 

In 2010, a facile one-pot synthesis of benzo[d]isothiazoles 86 from readily available ortho-

mercaptoacetophenones 84 was developed by Xian et al. (Scheme 29).82 The crucial step in this process involves 

the formation of the S-nitroso intermediate 85, which then reacts with the phosphine reagent in an 
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intramolecular aza-Wittig reaction, leading to the desired benzo[d]isothiazole 86. The optimised system uses 

isopentyl nitrile (i-pentylONO) as the nitrogen source and the triphenylphosphine derivative EtPPh2 as the 

phosphine substrate. Several solvents, such as dioxane, DMF, DCM and toluene, were efficient for the synthesis 

of benzo[d]isothiazoles, yet THF furnished the desired product in the highest yield. To prevent the 

decomposition of the nitroso compounds, the reactions were carried out at a temperature of 0 oC. Using these 

optimised conditions, a small library of benzo[d]isothiazoles was synthesised, possessing alkyl or aryl moieties 

at the 3-position. 

 

 
Scheme 29. Formation of benzo[d]isothiazoles from ortho-mercaptoacetophenones, using isopentyl nitrile. 82 

 

Dang and co-workers reported a synthesis of benzo[d]isothiazoles 88 based on a double lithiation strategy 

(Scheme 30).83 Within this work, an indirect method, including trilithium thioanisole complex 89, and a direct 

method, were developed. In the indirect methodology, the initial treatment of thioanisole 87 with an 

organolithium reagent and tetramethylethylenediamine (TMEDA) in hexane at a temperature of 65 oC leads to 

the formation of trilithium thioanisole dimer 89 with a yield of 95%. Subsequent addition of various nitriles at 

room temperature in methyl tert-butyl ether (MTBE) affords the corresponding benzo[d]isothiazoles 88 in yields 

of up to 74%. The direct synthesis proceeds under milder conditions, starting from thioanisoles 87 being treated 

with n-BuLi and TMEDA in MTBE, resulting in a lithiated species which is subsequently trapped by the 

corresponding nitrile. The desired products are obtained with comparable yields, reaching a maximum of 74%.  

 

 
 

Scheme 30. Direct and indirect formation of benzo[d]isothiazoles from thioanisoles, using a double-lithiation 

strategy. 83 
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Following a procedure described in 1993,84 several novel structures featuring benzo[d]isothiazole as a 

central scaffold were prepared (Scheme 31).8 The ring closure of benzylthio derivatives 90 bearing a carbonyl 

functionality proceeds using sulfuryl chloride (SO2Cl2) oxidant and ammonia (NH3) as the source of nitrogen. The 

resulting benzo[d]isothiazoles 91 were formed in yields up to 82% and further functionalized. 6-Bromo-3-

(trifluoromethyl)benzo[d]isothiazole, being a rare example of a trifluoromethyl group installed at the 3-position 

of the benzo[d]isothiazole scaffold, was also obtained within the scope of the reaction, albeit in a low yield of 

5%. 

 

 
Scheme 31. Formation of benzo[d]isothiazoles from S-(2-acetyl-5-bromophenyl) benzothioates, using sulfuryl 

chloride and ammonia. 8 

 

4-Methoxybenzo[d]isothiazole was obtained as part of the research conducted by Kawakita and colleagues 

(Scheme 32).85 This stand-alone example was prepared using 2-(benzylthio)-6-methoxybenzaldehyde 92 as the 

substrate. Treating the latter with hydroxylamine O-sulfonic acid in the presence of thioanisole in aqueous 

acetonitrile affords the cyclized product 93. A similar aldehyde-containing starting material was used as an 

isolated example of benzo[d]isothiazole assembly in another report, in which nitrogen was introduced by means 

of hydroxylammonium chloride.86 

 

 
Scheme 32. Formation of benzo[d]isothiazole from 2-(benzylthio)-6-methoxybenzaldehyde, using 

hydroxylamine O-sulfonic acid. 85 

 

 

5. Synthesis of Benzo[d]isothiazoles from Nitrogen and Sulfur Free Aromatics 

 

In 2015, Willis et al. reported a transition-metal-free synthesis of benzo[d]isothiazoles 95 by a cycloaddition 

reaction between benzyne 94 and an intermediate formed from 1,2,5-thiadiazoles 93 (Scheme 33).87 Benzynes 

are generated in situ from the corresponding 2-(trimethylsilyl)aryl triflates 93 using cesium fluoride. By varying 

the benzyne precursor and the thiadiazole component, a diverse range of benzo[d]isothiazoles 95 was 

synthesised with yields from 24 to 97%, effectively incorporating electron-withdrawing, -donating and -neutral 

substituents. This synthetic strategy works especially well for symmetrical benzyne precursors and thiadiazoles. 

When symmetrical benzyne precursors and unsymmetrical 3-dialkylamino-4-hydroxythiadiazoles were used the 

3-amino-substituted benzo[d]isothiazoles were selectively formed. In contrast, using methoxy- instead of 
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hydroxy-substituted thiadiazoles leads to an unselective outcome. Similarly, in situ generated benzyne can be 

used for the synthesis of enantiopure cyclic sulfoximines (1-(tert-butyl)benzo[d]isothiazole 1-oxides).88 

 

 
Scheme 33. Formation of benzo[d]isothiazoles from 2-(trimethylsilyl)aryl triflates, using cesium fluoride. 87 

 

Recently, a simple, environmentally benign, synthesis of benzo[d]isothiazoles 97 from readily-available 

ortho-functionalized benzaldehydes 96 was reported by Wang and co-workers (Scheme 34).89 This method 

employs inorganic and inexpensive ammonium sulfate ((NH4)2SO4) and elemental sulfur, avoiding the use of 

transition metals. The reaction exhibits tolerance against aerobic conditions and can be effectively scaled up, as 

exemplified by the large-scale synthesis of benclothiaz (a pesticide) on a 5-mmol scale. Six benzo[d]isothiazoles 

were synthesised using this procedure with yields of up to 54%. The versatility of this method extends to the 

synthesis of pyridine- and quinoline-fused isothiazoles with overall yields ranging from 29 to 97%. 

 

 
Scheme 34. Formation of benzo[d]isothiazoles from ortho-functionalized benzaldehydes, using potassium 

phosphate. 89 

 

 

6. Synthesis of Benzo[d]isothiazoles from an Isothiazole Scaffold 
 

An alternative way to obtain benzo[d]isothiazoles is to assemble the phenyl ring onto a preformed isothiazole 

at a late stage. This approach was described by Ross et al., using nitrile sulfide chemistry and Diels-Alder 

reactions to ultimately prepare a decorated benzo[d]isothiazole scaffold (Scheme 35).90 Dimethyl 3-phenyl-

benzo[d]isothiazole-5,6-dicarboxylate 105 is obtained starting from benzonitrile sulfide 99, a reactive species 

generated via thermal decarboxylation from 5-substituted-1,3,4-oxathiazol-2-one 98. The reaction proceeds 

further with the [3+2]-cycloaddition between the generated nitrile sulfide and the triple bond of dimethyl 

acetylenedicarboxylate (DMAD). From this diester 100, the intermediate isothiazole o-quinodimethane 103 is 

generated by reduction, bromination and bromine elimination, and the highly reactive diene is immediately 

trapped by DMAD as its Diels-Alder adduct 104, and then oxidatively aromatized. Using different dienophiles 

for the final Diels-Alder step, several aliphatic structures were assembled on the isothiazole core. 

 



Arkivoc 2024 (5) 202312146  Ivanova, Y. et al. 

 

 Page 21 of 32    ©AUTHOR(S) 

 
Scheme 35. Formation of benzo[d]isothiazole using a multi-step procedure. 90 

 

 

7. Conclusions 
 

Since 2010, an increased amount of research has been conducted in the field of benzo[d]isothiazole synthesis. 

Although some procedures were inspired by previously developed methods, a significant number of novel 

synthetic pathways have been reported. In this review, we classified these pathways into five categories, based 

on the substrates used for benzo[d]isothiazole assembly. The first four sections are dedicated to starting 

materials with a phenyl core and are divided based on the presence of the required heteroatoms in the substrate 

(both sulfur and nitrogen, only nitrogen, only sulfur, none of those). The last part included a rather rare example 

of a method, where the aryl moiety gets assembled starting from the existing isothiazole structure. Each 

chapter, where applicable, was divided into two subchapters of benzo[d]isothiazol-3(2H)-ones and 

benzo[d]isothiazoles synthesis. This decision was driven by the fact that, for the synthesis of benzo[d]isothiazol-

3(2H)-ones, the carbonyl (amide) precursors were used with the substituent attached to the nitrogen atom. This 

particular placement of the substituent on the nitrogen of the isothiazole ring is possible due to the 

tautomerization of 3-hydroxy benzo[d]isothiazole to benzo[d]isothiazol-3(2H)-one. Therefore, 

benzo[d]isothiazol-3(2H)-ones possess a unique substitution pattern in comparison to the classic 

benzo[d]isothiazoles. 

From this review, it is clear that the field of benzo[d]isothiazole synthesis has witnessed a remarkable expansion 

in recent decades. Various protocols were developed, however, most of them use at least a catalytic amount of 

transition metals to drive the reaction to completion. Furthermore, elevated temperatures were needed for 

particular examples, which comes at a high price of energy costs. On the other hand, some research focused on 

the development of greener and more sustainable methods with the production of only benign by-products. 
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For instance, electrochemical and photochemical approaches were developed, and several procedures that 

used metal catalysts also included recyclability studies. Overall, a broad variation of starting materials was 

utilised for benzo[d]isothiazole synthesis, the structures of which were predominantly aromatic-based. The rare 

examples of heteroaromatic substrates being employed often gave a rather low yield. For some methods, sulfur 

could be replaced by selenium, affording benzo[d][1,2]selenazoles, in high yields. Most of the fully decorated 

benzo[d]isothiazoles were prepared from starting materials carrying a fixed substitution pattern, which 

significantly hinders the post-functionalization in later steps of the synthetic sequence. The obtained 

benzo[d]isothiazoles and their variations were broadly employed in fields of medicinal chemistry, catalysis, 

peptide synthesis and chiral-compound preparation. Considering this, we expect more protocols for 

benzo[d]isothiazole synthesis to be developed in the near future, with a higher emphasis on the sustainability 

of procedures and more in-depth applications. This scaffold remains interesting for a wide array of purposes, 

and a broader library of compounds, including heterocyclic examples, would only expand its potential 

applications. 
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