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Abstract 

Isothiazoles are the significant topics of heterocyclic compounds as the heterocyclic system is one of the most important 

building blocks for new materials possessing interesting electronic, mechanical or biological properties. The isothiazoles 

also find vast application to search for the alternative synthetic strategies and development of novel molecular structures. 

The most recent findings in the fields of isothiazoles are described here in a systematic way. Some of the important 

applications in the pharmaceutical fields are also studied and reported here in this review study. It is desirable that the 

chemists get the value up to date information from this report regarding the synthesis, reactions and pharmaceutical 

importance of isothiazoles.  
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Introduction 

Isothiazoles constitute a novel class of heterocyclic 
compounds. It was revealed a literature [1] survey that 
isothiazole 1 was first prepared in 1956 successfully and 
since then its chemical and physical properties have been 
extensively studied. The chemistry of isothiazoles saw a 
rapid progress since the 1,2-thiazole (isothiazole) ring 
was synthesized [2]. The heterocycles of this class of 
these compounds showed a broad range of useful 
properties which prompted the researchers to study the 
synthesis and chemical transformations of its derivatives. 

 
During this time, a number of ways have been 

discovered for the preparation of different types of 
isothiazoles and their derivatives. Also, the chemical and 
physical properties of isothiazole have been extensively 
studied up to date. Although the study was done by 
different researchers in various ways, the more 
concentration should be given to this area as the 
isothiazoles moiety possess a peculiar reactivity and so it 
has been considered as useful blocks of synthetic 
compounds. They also find the application in the search 
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for alternative synthetic strategies and development of 
novel molecular structures. 

 
Also, many reviews have been published in the 

literature regarding the chemistry of isothiazoles and 
their fused derivatives [3,4]. Comprehensive reviews and 
other recent articles on the synthesis and chemistry of 
isothiazoles have been reported [5-11]. There is also a 
dissertation about selected features of the chemistry of 

these types of compounds [12,13]. The structure of 
isothiazole (A) (1,2-thiazole), isothiazole-1,1-dioxides 
(sultams) 2, and the two classes of 1,2-benzisothiazole 3 
and 2,1-benzisothiazole 4 are shown in Figure 1 [14-20]. 
The investigation of the chemistry of the synthetic 
versatility of isothiazole has stemmed also from the 
interest in the pharmacological as well as the biological 
properties of its derivatives. 

 
 

 

Figure 1: Structural features of Isothiazoles. 

 
 

The compounds of isothiazoles behave as the stable 
aromatic molecules because of the existence of an 
aromatic delocalized π- electron system. By measuring 
the ring hydrogen exchange rates for isothiazole, 3-and 5-
methyl isothiazole derivatives it was found that 
isothiazole has a small degree of bond fixation, and that 
the aromaticity of isothiazole was greater than that for 
pyrazole followed by isoxazole moiety. The aromaticity of 
the isothiazole ring can also be measured by their non-
local diamagnetic susceptibility which is perpendicular to 
the plane of the molecule. 
 

Synthesis and Reactions of Isothiazoles 
and Their Derivatives  

Synthesis 

Through the oxidation of 5-amino-1,2-
benzoisothiazole 5 with an alkaline solution of potassium 
permanganate with subsequent decarboxylation of 
isothiazole-4,5-dicarboxylic acid 6, the Isothiazole 1 was 
first prepared (Scheme 1) [21-25]. This type of synthetic 
procedure has a purely historical significance. Later, 
isothiazoles were synthesised from simpler and more 
accessible compounds [26]. 

 
 

 

Scheme 1: Preparation of Isothiazole. 
 

 
The synthetic methods of isothiazoles using 

cycloaddition and condensation reactions of compounds 
containing a set of essential fragments are the mostwell-
studied and attract, as before, the attention of 

investigators. Thus the 1,3-dipolar cycloaddition of nitrile 
sulfide 7 to dimethyl acetylenedicarboxylate 8 yields the 
isothiazole derivative 9. This structure has also been 
confirmed by X-ray diffraction analysis (Scheme 2) [27]. 
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Scheme 2: Synthesis of Isothiazoles derivatives. 
 

 
 
For the synthesis of isothiazoles, the usage of 1,3,5-

trichloro-1,3,5,2,4,6-trithiatriazine 11 seems to be very 
promising. It was found that ordinary allylic compounds 
of the type 10 react with the reagent 11 as two-carbon 

units to give 1,2,5-thiadiazoles 12 and as three-carbon 
units to give isothiazoles 13. The ratio of compounds 12 
and 13 depends on the reaction conditions and the nature 
of the substituents (Scheme 3) [28]. 

 
 

 

Scheme 3: Synthesis of isothiazoles derivatives from ordinary allylic compounds. 
 

 
 
For the synthesis of isothiazoles 14 containing fluoro-

substituted aryl groups, researcher Schulze et al. [29] 
have developed two procedures. The first of them is based 
on the reaction of β-thiocyana-tocinnamaldehydes 15 
with ammonium thiocyanate. Isothiazoles 14 were 
obtained in good yields. In this case, ammonium 
thiocyanate acts as a source of ammonium required for 

ring closure. It is noteworthy that ammonium thiocyanate 
was employed previously for the preparation of 4- and 5-
alkylisothiazoles [30]. The second route is based on the 
use of enamino thiones 16 as starting compounds; their 
reaction with hydroxylamine-O-sulfonic acid gives 
isothiazoles 14 (Scheme 4). In this case, the yields reached 
to 98%. 
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Scheme 4: Synthesis of isothiazoles derivatives from β-thiocyana-tocinnamaldehydes and enamino thiones Synthesis 
of isothiazoles from some of the heterocyclic compounds. 

 
 
Methods for the synthesis of substituted isothiazoles 

from other heterocyclic compounds found wide 
application despite the fact that they belong to the most 
ancient ones. Thus 3,5-disubstituted isothiazoles 17 were 

prepared from isoxazoles 18 through the reaction with 
phosphorus pentasulfide in pyridine (Scheme 5) [31]. 
 

 
 
 

 
 

Scheme 5: Synthesis of isothiazoles derivatives from isoxazoles. 
 

 
 
The reaction of 2-imino-3,4-dihydro-2H-pyrrole 20 

with sulfur on heating is accompanied by 
dehydrogenation and incorporation of the sulfur atom 

into the pyrrole ring resulting in the previously unknown 
thiazolylisothiazoles 19 (Scheme 6) [32]. 
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Scheme 6: Synthesis of isothiazoles derivatives from 2-imino-3,4-dihydro-2H-pyrrole. 

 

 

Reactions 

The reactions of isothiazole 1,1-dioxides containing 

different substituents at C-5 21 with sodium azide in 
acetonitrile gives the product 22 (Scheme 7). 
 
 

 

 

 

Scheme 7: Reactions of isothiazoles from 21 to 22. 
 

 
The cyclic sulfonamides or sultams 23 reacts with 

oxygen nucleophiles would be expected to occur through 
attacking at C-5 by a Michael type reaction and give the 

product of 4,5-dihydrosultams 24 as two isomers where 
trans isomer is major and cis is minor (Scheme 8). 

 

 

 

Scheme 8: Reaction of sultams A with oxygen nucleophiles to afford B. 

 

 

Pharmaceutical and Medicinal 
Importance of Isothiazoles 

Pharmaceutical Importance 

The main aim of this study was to investigate the 
synthesis, reactions and pharmaceutical importance of 

isothiazoles and their derivatives. The different 
derivatives of isothiazole displayed a remarkable anti-
viral, anti-inflammatory and immunotropic actions. 
Isothiazoles fused to benzene ring is known to be present 
in drugs such as antipsychotic drugs, Geodon [33] and 
Perispirone [34]. Penicillins and cephalosporins which 
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contain isothiazole moiety competed successfully with 
ampicillin with regards to their activity against gram 
positive and gram-negative bacteria [35]. Also, many 
isothiazole derivatives were useful in the treatment of 
Alzheimer’s disease, as anti-inflammatory, anticonvulsant 
drugs and serine protease inhibitors [36]. They are also 
known to possess histone acetyl transferase inhibitors 
[37], and carrageenan-induced edema inhibitory activity 
[38].  
 

Isothiazoles as Antiviral, Anti-Inflammatory 
Properties and Immunotropic Actions 

Isothiazoles types of compounds show a great activity 
against antiviral, inflammatory properties. The synthesis 
of 5-(4-chlorobenzoyl) amino-3-methyl-4-
isothiazolecarboxylic acid derivatives has been reported 
by the researcher Regiec, et al. which exhibited good anti-
inflammatory properties. That means the different 

derivatives of 5-amino-3-methyl-4-isothiazolecarboxylic 
acid 25 showed a noteworthy antiviral, anti-inflammatory 
and immunotropic action which is recently discovered 
[39,40]. Till date, the 5-N-benzoyl series of this amino acid 
26 has been widely studied [41]. From the series of 
compounds, 5-benzoylamino-N-(4-ethoxyphenyl)-3-
methyl-4-isothiazolecarboxamide (ITF) 27 exhibited a 
significant anti-inflammatory and broad antiviral activity 
which was both in vitro and in animal models [42]. And 
same result was true for 5-benzoylamine-N-(4-
chlorophenyl)-3-methyl-4-isothiazolecarboxamide 28, 
which is known as denotivir (ITCL, vratizolin) [43]. And it 
is the antiviral drug with anti-inflammatory activity used 
mainly against herpes virus infections. It is notable that 
this is only for external application because of its poor 
bioavailability after gastric administration [44-49]. The 
denotivir has also the immunotropic activity (Figure 2). 

 
 

 

Figure 2: Isothiazole derivatives which act as antiviral, anti-inflammatory and immunotropic properties. 

 
 

Medicinal Importance 

A sulfur-containing five-membered ring compound is a 
partial structure contained in many pharmacological 
activities, physiologically active substances, and many 
bioactive organic compounds having an isothiazole ring 

have been reported so far. For example, Lu et al. 
synthesized the JE-2147 derivative 30 having HIV 
protease inhibitory activity [50,51], by Yao, et al. 
synthesized isothiazole derivative 33 [52] having HCV 
NS5B polymerase inhibitory activity, synthesized the viral 
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herpes simplex synthetically 2'-dioxy-5-(isothiazol-5-yl) 
uridine 29 having virus (HSV-1) kinase inhibitory activity, 
by Carlessi, et al. reported the VRX 0466617 31 having 

selective Chk2 inhibitory activity [53]. And Beebe, et al. 
synthesized and reported the VEGFR-2 inhibitory activity 
inhibitor CP-547,632 32 (Figure 3) [54]. 

 
 

 

Figure 3: The importance of isothiazoles in medicinal and pharmaceutical sectors. 
 

 
Few derivatives of 5-substituted 3-methyl-4-

isothiazolecarboxylic acid and the synthesized derivatives 
were checked for humoral immune response and also 
checked for delayed type hypersensitivity reaction 
through in-vivo method using sheep red blood cells by 
Lipnicka, et al. [55] 34 which exhibited a good result 
(Figure 4). 
 

 

Figure 4: Compound 34 used for humoral immune 
response and delayed type hypersensitivity reaction. 

The synthesis of the partial GABAA agonist thio-4-
PIOL 35 (Figure 5) through the usage of different 
substituents have been reported by Krehan, et al. and the 
effect of each substituent on the activity were also studied 
and found good [56]. 
 
 

 

Figure 5: The synthesis of the partial GABAA agonist 
thio-4-PIOL through the usage of different 
substituents. 
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The synthesis of 6-methyl-9-α-D-ribofuranosylpurine 
and imidazo [4,5-d]isothiazole derivatives have been 
reported by Swayze and his co-workers [57] and 36 
exhibited moderate inhibition of L1210 cell growth 
(Figure 6). 
 
 

 

Figure 6: The compound which exhibited moderate 
inhibition of L1210 cell growth. 

 
 

The acetic acid derivatives of naphtha [1,2-
d]isothiazole (NiT) were synthesized by Settimo, et al. [58] 
and the synthesized derivatives were tested and found as 
novel aldose reductase (ALR2) inhibitors. And it was 
proved to be effective against cataract development in 
galactosemic rats by the compound 37 (Figure 7). 

 
 

 

Figure 7: The compound 37 uses as novel aldose 
reductase (ALR2) inhibitors. 

 
 

Some Other Importance of Isothiazoles 

Isothiazoles and their derivatives have also been used 
in color photography for the stabilization of 
photomaterials, detergents, waste decontamination, 
corrosion inhibition [59] and in antifreeze compositions 
in diesel engines [60]. There are many other references in 

the articles and patent literature regarding the 
importance of isothiazoles like preparation of azo dyes 
from aminoisothiazole and 1,2-benzisothiazole 
derivatives. These are very much essential in the 
synthetic fiber dying sectors. Furthermore, the 4-
cyanoisothiazole derivatives are used to prepare the ink-
jet inks and dyes [61]. It was also reported that the 
isothiazoline-type compounds are used as wood 
preservative [62,63]. So, it can be summarized that the 
isothiazoles are so much useful either as synthetic 
intermediates or in biological and industrial purposes. 
 

Conclusion 

Here, the authors reported a brief review on the 
synthesis, reactions and biological importance of the 
different type of isothiazoles and their derivatives. 
Isothiazoles and their derivatives have the vast 
applications in biological, pharmaceutical, medicinal and 
in many other fields. Authors believe that the researchers 
including chemists, biologists and pharmacists will take 
this review study as one of their desirable and valuable 
materials for undergoing the works on isothiazoles and 
their derivatives.  
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