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The 1,2,3-dithiazole is an underappreciated scaffold in medicinal chemistry despite possessing a wide variety of

nascent pharmacological activities. The scaffold has a potential wealth of opportunities within these activities and

further afield. The synthesis of Appel salt 1 acted as a catalyst to the field and granted access to many 1,2,3-

dithiazole derivatives, and to other heterocycles incorporating sulfur and nitrogen atoms.

appel salt  1,2,3-dithiazole  disulfide bridge  herbicidal  antifungal  antibacterial

antiviral  anticancer

1. Introduction

The 1,2,3-dithiazole core is a five membered heterocycle containing two sulfur atoms and one nitrogen atom.

Despite the fact that the 1,2,3-dithiazole is not present in nature, similar to many other heterocycles, it does have a

broad range of interesting biological activities. The 1,2,3-dithiazole moiety was first synthesized in 1957 by G.

Schindler et al. . This was followed two decades later by a report by J. E. Moore on behalf of Chevron Research

Co. where it showcased antifungal and herbicidal activity . In 1985, Appel et al. reported the synthesis of 4,5-

dichloro-1,2,3-dithiazolium chloride 1 (Appel’s salt), a precursor which allowed access to the 1,2,3-dithiazole core

within a single step .

The synthesis of Appel salt 1 acted as a catalyst to the field and granted access to many 1,2,3-dithiazole

derivatives, and to other heterocycles incorporating sulfur and nitrogen atoms . The subsequent

synthetic reports focused on transformations on the C5 position . However, one of the key synthetic

interests beyond expanding the scope of 5-substituted 1,2,3-dithiazoles was the limited reactivity of the C4

position. Several different approaches were used to address this C4 reactively issue, including intramolecular

cyclization  using a multi-step oxime pathway , or more recently, direct reactions , all of which expanded

the chemical space around the 1,2,3-dithiazole. Some of these approaches have been covered in past reviews

around the chemistry of 1,2,3-dithiazoles  (Figure 1).
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Figure 1. Appel salt (1) and other general 1,2,3-dithazoles structures 2–6.

2. 1,2,3-Dithiazoles Synthesis Overview

2.1. Early Years before Appel Salt

Early work on the synthesis of 1,2,3-dithiazoles used cyanothioformamides as starting materials. Treatment of a

variety of arylcyanothioformamides 7 with sulfur dichloride at 0–25 °C gave a number of N-aryl-5H-1,2,3-dithiazol-

5-imines 4 (Scheme 1) . The initial reaction yielded the corresponding hydrochloride salts, which could be

converted to the free base by refluxing in a toluene solution.

Scheme 1. Synthesis of N-aryl-5H-1,2,3-dithiazol-5-imines 4 from arylcyanothioformamides 7.

Interestingly, the N-aryl-5H-1,2,3-dithiazol-5-imines 4 can be degraded to the respective cyanothioformamides 7 by

thiophilic ring cleavage after reaction with triphenylphosphine or sodium hydroxide , oxidative ring cleavage

after reaction with m-CPBA , or by reductive ring cleavage after reaction with sodium cyanoborohydride 

(Scheme 2).

Scheme 2. Degradation of N-aryl-5H-1,2,3-dithiazol-5-imines 4 to cyanothioformamides 7.

2.2. Discovery of Appel Salt and Applications
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A significant discovery in the chemistry of 1,2,3-dithiazoles was the synthesis of 4,5-dichloro-1,2,3-dithiazolium

chloride 1 (Appel salt) by Appel et al. in 1985, which was readily prepared from chloroacetonitrile and disulfur

dichloride  (Scheme 3). Appel salt 1 was subsequently used as an important reagent for the preparation of

other 4-chloro-5H-1,2,3-dithiazoles with the most reactive site being the electrophilic C-5 position .

Scheme 3. Synthesis of Appel salt and transformation to 4-chloro-5H-1,2,3-dithiazolylidenes 3.

Appel salt 1 can condense with active methylenes, such as acetonitrile derivatives , diketones, ketoesters,

and others , to give 4-chloro-5H-1,2,3-dithiazolylidenes 3 (Scheme 3).

The condensation of Appel salt with hydrogen sulfide  afforded dithiazole-5-thione 6 in 69% yield (Scheme 4).

The reaction with oxygen nucleophiles are also common with NaNO  , sulfoxides , or formic acid  all acting

as the source of oxygen to give 4-chloro-5H-1,2,3-dithiazol-5-one 5 in good yields (Scheme 4). Furthermore, the

reaction with other carboxylic acids  at −78 °C and subsequent treatment with alcohols gave esters 8 in medium

to good yields (Scheme 4).

Scheme 4. Reactions of Appel salt 1 with oxygen and sulfur nucleophiles.

The condensation of Appel salt 1 with primary anilines is well studied  and typically occurs by treatment

with 1 equiv. of the aniline in the presence of pyridine (2 equiv.) as the base to give, in most cases, good yields of

N-aryl-5H-1,2,3-dithiazol-5-imines 4 (Scheme 5).

[4][18]

[4][9][16]

[4][19][20]

[21]

[4]

3
[4] [22] [23]

[24]

[4][5][25][26]



Synthesis of the 1,2,3-Dithiazole Scaffold | Encyclopedia.pub

https://encyclopedia.pub/entry/42944 4/12

Scheme 5. Synthesis of N-aryl-5H-1,2,3-dithiazol-5-imines 4 from Appel salt 1.

Some limitations of this chemistry appear when using heterocyclic arylamines, such as aminopyridines. A recent

study by Koutentis et al. highlighted that the reactions of the three isomeric aminopyridines with Appel salt 1 gave

very different yields based on the position of the amino group. The 2-, 3- and 4-aminopyridines gave 69%, 24%,

and 1% yields of the desired 1,2,3-dithiazole, respectively  (Scheme 6). Koutentis et al. suggested the low yield

of 4-aminopyridine is likely attributed to the reduced nucleophilicity of the primary amine due to a contribution of its

zwitterionic resonance form. The low reactivity of the amine leads to complex reaction mixtures due to side

reactions.

Scheme 6. Reaction of Appel salt 1 with aminopyridines.

2.3. Reactivity of C-4 and the Displacement of the Chloride

The less reactive C4 chlorine of neutral 5H-1,2,3-dithiazoles cannot be directly substituted by nucleophiles.

However, utilizing an ANRORC-(Addition of the Nucleophile, Ring Opening, and Ring Closure)-style mechanism,

nucleophilic substitution can occur on the C4 chlorine of the 1,2,3-dithazole. An example of this is where the N-

Aryl-5H-1,2,3-dithiazol-5-imines 4 react with an excess of dialkylamines to give 4-aminodithiazoles 9 in variable

yields (Scheme 7). The reaction was found to proceed via an ANRORC-style mechanism  involving ring
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opening by nucleophilic attack on the S2 position to yield disulfides 10 and subsequent recyclization after amine

addition on the cyano group . In another report by Koutentis et al. , DABCO was reacted with neutral 5H-

1,2,3-dithiazoles 4–6 to give N-(2-chloroethyl)piperazines 11 in good yields (Scheme 7). The chloroethyl group

originating from chloride attack on the intermediate quaternary ammonium salt formed by the displacement of the

C4 chloride by DABCO.

Scheme 7. Displacement of the C4 chlorine of neutral 5H-1,2,3-dithiazoles.

2.4. Alternatives beyond Appel Salt Chemistry

A different way to access both monocyclic and ring fused 1,2,3-dithiazoles is by the reaction of oximes with disulfur

dichloride. An example of the synthesis of a ring fused dithiazole is the reaction of benzoindenone oxime 12 to give

dithiazole 13 in 81% yield  (Scheme 8). Acetophenone oximes 14 were reacted with disulfur dichloride to yield

dithiazolium chlorides 2, which were subsequently converted to either imines 15, thiones 16, or ketone 17 

(Scheme 8). Insights in the mechanism of the oxime to dithiazole transformation were given by Hafner et al. ,

who isolated the dithiazole N-oxide, which is the intermediate in this reaction.
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Scheme 8. Synthesis of 1,2,3-dithiazoles from oximes.

2.5. Reactivity of 1,2,3-Dithiazoles

Neutral 1,2,3-dithiazoles can also be transformed to a plethora of other heterocycles, often substituted by a cyano

group originating from the imidoyl chloride of the starting material using thermal or reactions with thiophiles. An

interesting example of an ANRORC-style mechanism leading to a ring transformation was the reaction of (Z)-N-(4-

chloro-5H-1,2,3-dithiazol-5-ylidene)-1H-pyrazol-5-amines 4d with diethylamine that results in disulfide

intermediates 18. Subsequent treatment with concentrated sulfuric acid gave 1,2,4-dithiazines 19 in good yields 

(Scheme 9).

Scheme 9. Synthesis of 1,2,4-dithiazines 19.

In another example, the pyrazoleimino dithiazoles 20 were converted to 4-methoxy-pyrazolo[3,4-d]pyrimidines 21

in medium to good yields by treatment with sodium methoxide in methanol  (Scheme 10). The transformation
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occurs after addition of the methoxide on the nitrile followed by cyclisation onto the dithiazole C5 position that

fragments losing S  and chloride to give the final pyrimidine 21.

Scheme 10. Synthesis of 4-methoxy-pyrazolo[3,4-d]pyrimidines 21.

A similar example of ring transformations is that of 2-aminobenzyl alcohol dithiazole-imines 4e to 1,3-benzoxazines

22 and 1,3-benzothiazines 23 . Treatment of imines 4e with sodium hydride in THF gave mixtures of

benzoxazines 22 and benzothiazines 23, with the former as the main products (Scheme 11). The formation of the

former involves deprotonation of the alcohol and cyclisation of the alkoxide onto the dithiazole C5 position.

Subsequent fragmentation with loss of S  and chloride gave the final benzoxazine 22. Alternatively, treatment of

imines 4e with Ph P gave exclusively benzothiazines 23 in good yields (Scheme 11). Thiophilic attack on S1 ring

opens the dithiazole ring and a second attack by Ph P gives the intermediate alkene 24 that cyclizes to

benzothiazine 23.

Scheme 11. Synthesis of 1,3-benzoxazines 22 and 1,3-benzothiazines 23.

1,2,3-Dithiazole derivatives can also be converted to mercaptoacetonitriles by the removal of the S1 atom. One

example of this are the 3-(1,2,3-dithiazolylidene)indololin-2-ones 25 reacting with sodium hydride (2 equiv.) to yield

the mercaptoacetonitrile products 26 in medium to good yields  (Scheme 12).
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Scheme 12. Conversion of dithiazoles 25 to mercaptoacetonitriles 26.

Perhaps the most unstable 1,2,3-dithiazole is Appel salt itself, which, while relatively stable at ca. 20 °C under a

desiccant, in its absence, Appel salt has a tendency to react with moisture. One study by Koutentis et al. revealed

that simple stirring in wet MeCN gave elemental sulfur, dithiazole-5-thione 6, dithiazol-5-one 5, and thiazol-5-one

27  (Scheme 13), assisting other scientists working with Appel salt, to identify these products. Interestingly, other

dithiazolium salts have also been prepared with increased stability and lower sensitivity to moisture. A series of

perchlorate salts of 1,2,3-dithiazoles were prepared by the anion exchange with perchloric acid allowing for more

detailed characterization and study of the 1,2,3-dithiazole .

Scheme 13. Degradation of Appel salt 1 in wet MeCN.

In another study by Rakitin et al., 4-substituted 5H-1,2,3-dithiazoles 16 and 17 were converted to 1,2,5-thiadiazoles

28 and 29 by treatment with primary amines  (Scheme 14). Mechanistically, the reaction occurs by addition of

the amine to the C5 position followed by ring opening of the C-S bond and subsequent ring closing by loss of

hydrogen sulfide.
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Scheme 14. Transformation of dithiazoles 16–17 to thiadiazines 28–29.

To summarize, 1,2,3-dithiazoles can be converted to other heterocyclic or ring opened derivatives. The six most

common mechanisms involved in the transformations of 1,2,3-dithiazoles to other systems are shown below

(Scheme 15). These mechanisms begin via a nucleophile assisted ring opening of the dithiazole to disulfide

intermediates that then can react either intermolecular or intramolecular with other nucleophiles via the six paths

presented.
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Scheme 15. Overview of the mechanisms of the reactions of 1,2,3-dithiazoles.
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