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I. Introduction

Isothiazoles constitute a relatively novel class of heterocyclic
compounds. Their ancestor, 1,2-thiazole, was first obtained in
1956.1

Other 1,2-azoles had been rather well studied by that time,
both theoretically and with respect to their practical applications.
Further rapid progress in the chemistry of isothiazole and intense
studies into the synthesis and chemical conversions of its deriva-
tives carried out in the 1960 ± 1990's were caused primarily by the
extraordinarily broad range of useful properties manifested by
various representatives of this class of compounds. Isothiazole-
containing penicillins and cephalosporins competed successfully
with ampicillin in their activities against gram-positive and gram-
negative bacteria.2, 3 In the last decade of the 20th century, some
isothiazole derivatives were found to be efficient in the treatment
of Alzheimer's disease,4 as antiinflammatory, antithrombotic and
anticonvulsive drugs 5, 6 and serine protease inhibitors;7, 8 physio-
logically active compounds interacting with glutamate receptors
were synthesised.9 Auxin transport inhibitors based on isothia-
zoles 10 ± 14 are added to herbicides to enhance their activity.
Isothiazole derivatives manifest synergistic effects when added to
other biocidal preparations.15 ± 19 Compositions containing iso-
thiazole derivatives are used as protectors for polymers, dyes,
detergents 20 and leather goods,21 for decontamination of pig-
ments, latexes, foodstuffs 22 and waste,23 as antifouling
agents,24, 25 etc. Recently, isothiazoles have been patented for use
in colour photography for stabilisation of photomaterials 26, 27

and as an inkbase for printers.28, 29 Industrial production of some
isothiazolones, which represent broad-spectrum biocides and are
safe for human beings, animals and environment, has begun.30

The first data on the chemistry of isothiazoles were reviewed
by Wooldridge et al.31, 32 Further progress in the synthesis and
conversions of isothiazoles is documented in the reviews 33 ± 39

some of which are inaccessible for Russian readers as well as in the
monographs 40 ± 45 where isothiazoles are considered only in con-
junction with other heterocyclic compounds. The fundamental
monograph by Houben-Weyl,46 which contains more than 500
references including some published in 1992, represents the most
systematic and full generalisation of the experimental data on the
chemistry of 1,2-thiazoles. The first review devoted to the physical
and chemical properties of 1,2-azoles was published in Russian in
1979.47 In addition, isothiazoles and their benzoannelated ana-
logues are discussed in `Comprehensive Organic Chemistry'.48

The necessity for systematisation and generalisation of the
newest data on isothiazoles stems from the appearance, in the past
decade, of a great number of publications devoted to the synthesis,
conversions and applications of this class of compounds. The
material described here covers original papers and patent data
published over the period 1993 ± 2001 inclusive. In some cases,
earlier sources concerned with the methods for isothiazole syn-
thesis are cited for the sake of completeness.

II. Synthesis of isothiazoles

Isothiazole (1) was first prepared by the oxidation of 5-amino-1,2-
benzoisothiazole (2) with an alkaline solution of potassium
permanganate with subsequent decarboxylation of isothiazole-
4,5-dicarboxylic acid (3).1, 49

This synthetic procedure has a purely historical significance.
Later, isothiazoles were synthesised from simpler and more
accessible compounds.

1. Synthesis of isothiazoles based on cyclisation reactions
The main methods for the construction of the isothiazole ring are
based on cyclisation of compounds containing N7C7C7C7S
fragments and heterocyclisation of compounds containing nitro-
gen, sulfur and carbon atoms.
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a. Synthesis of isothiazoles from compounds containing the
N7C7C7C7S group
The construction of the isothiazole ring from compounds con-
taining a preformed N7C7C7C7S fragment is the most
attractive approach. Thus various 5-aminoisothiazole derivatives
4 can be prepared by the oxidation of 2-aminoalk-1-enethiocar-
boxyamides 5.50

Oxidation of 3-amino-3-(dialkylamino)thioacrylic acid amid-
es 7 gives the 3,5-diaminoisothiazole derivatives 6.51

A procedure for the synthesis of alkyl 3-methyl-5-ethoxycar-
bonylaminoisothiazole-4-carboxylates (8) by the oxidation of
substituted thioamides 9 with selenium dioxide has been devel-
oped recently.52

b. Synthesis of isothiazoles from sulfur and compounds containing
the C7C7C7N fragment
The construction of the isothiazole ring from sulfur and com-
pounds containing the C7C7C7N fragment is relatively little
studied. This approach makes use mainly of nitriles.46

Thus the electrolysis of 3-aryl-2-phenylsulfonylacrylonitriles
(10) in acetonitrile or DMF using a chemically active sulfur ±
graphite electrode affords bis(5-arylisothiazol-3-yl) di- or tri-
sulfides (11).53

In the case of 2-phenyl-3-phenylsulfonylacrylonitrile (12),
di(isothiazolyl) disulfide 13 containing the (Z )-2-cyano-2-phenyl-
vinylthio group in position 3 of one of the isothiazole rings was
obtained.53

It is believed that electrochemical synthesis of sulfur-contain-
ing compounds consists in the elimination of the phenylsulfonyl
group with concomitant addition of a polysulfide anion produced
upon electroreduction of elemental sulfur.

According to the patent data,54 substituted a-amino ketones
react with thionyl chloride to give the corresponding 4-hydroxy-
isothiazoles. Thus the reaction of amino ketone 14 with SOCl2 in
DMF yields isothiazole 15. When thionyl chloride was used in
excess, the reaction products contained both isothiazole 15 and
di(isothiazolyl) sulfide 16.

The authors of the present review together with Yu A Olde-
kop have demonstrated 55 ± 57 that heating of 2-nitropentachlo-
robuta-1,3-diene (17) with sulfur resulted in its heterocyclisation
and the formation of 4,5-dichloro-3-trichloromethylisothiazole
(18).

This reaction offers a new approach to the construction of the
isothiazole ring. It is known that the reaction of halobutenes and
-butadienes with sulfur is used for the synthesis of the correspond-
ing halogenothiophenes.58 In the case of nitrodiene 17, the
reaction follows a different route: the heterocyclisation involves
the nitro group and is accompanied by the evolution of sulfur
dioxide. The yield of isothiazole 18 reaches 52%. Tetrachloro-
thiophene (yield 4%) is the side product in this reaction. Appa-
rently, the reaction has a radical character, since sulfur molecules
exist in the form of reactive biradicals Sn at high temperature.59

c. Synthesis of isothiazoles using cycloaddition and condensation
reactions
The methods for the synthesis of isothiazoles using cycloaddition
and condensation reactions of compounds containing a set of
essential fragments are the most well-studied and attract, as
before, the attention of investigators.

Thus the 1,3-dipolar cycloaddition of nitrile sulfide 19 to
dimethyl acetylenedicarboxylate (20) yields the isothiazole deriv-
ative 21 the structure of which has been confirmed by X-ray
diffraction analysis.60

The reactions of 1-cyano-3-(2-oxo-1,3,4-oxathiazol-5-yl)ada-
mantane (22) and 1,4-bis(2-oxo-1,3,4-oxathiazol-5-yl)adaman-
tane (23) prepared from the corresponding adamantanecarbox-
amides and chlorosulfenylcarbonyl chloride with the alkyne 20
result in the decarboxylation of the oxathiazolone fragment. The
reactions of the nitrile sulfides formed with the alkyne 20 proceed
as 1,3-dipolar cycloadditions and yield 1-cyano-3-(4,5-dimeth-
oxycarbonylisothiazol-3-yl)adamantane (24) and 1,3-bis(4,5-
dimethoxycarbonylisothiazol-3-yl)adamantane (25), respec-
tively.61
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The reaction of nitrile sulfides of the thiophene series with
dimethyl fumarate (26) gives substituted 4,5-dihydroisothiazoles
27.62

The cycloaddition of 3,4,6-tri-O-benzyl-2,5-anhydro-D-allo-
nonitrileN-sulfide (28) to dimethyl acetylenedicarboxylate (20) or
dimethyl fumarate (26) followed by the oxidation of the reaction
products with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ) results in O-benzyl-3-(b-D-ribofuranosyl)isothiazoledi-
carboxylate 29a, which was used for the preparation of the
C-nucleoside 29b and isothiazolo[4,5-d ]pyrimidine analogues of
the natural C-nucleosides pyrazofurin (30) and formycin (31).63

The use of 1,3,5-trichloro-1,3,5,2,4,6-trithiatriazine (32) seems
to be very promising for the synthesis of isothiazoles.

It was found that ordinary allylic compounds of the type 33
react with the reagent 32 as two-carbon units to give 1,2,5-
thiadiazoles 34 and as three-carbon units to give isothiazoles 35.
The ratio of compounds 34 and 35 depends on the reaction
conditions and the nature of the substituents.64

Thus 1,3-diphenylpropene (33, R1=R2=Ph) reacts with
two equivalents of compound 32 in boiling CCl4 to give 3,5-
diphenylisothiazole 35 in 53% yield. The introduction of a
substituent at the central carbon atom of the allylic system
suppresses the formation of thiadiazoles. 4-Methyl-3,5-diphenyl-
isothiazole was obtained from 2-methyl-1,3-diphenylpropene
without any admixtures of the corresponding thiadiazole.

The presence of terminal electron-withdrawing groups in the
allylic derivatives 33 increases their reactivities with respect to the
reagent 32.64

In the case of non-symmetrical allylic compounds, the reac-
tion proceeds regiospecifically and affords an isomer with the
electron-withdrawing group adjacent to the sulfur atom of the
ring. Thus the reaction of the trimer 32 with ethyl 3,3-dibenzyl-
acrylate affords isothiazole 36 in 66% yield.64

Trithiatriazine trichloride 32 can be used for the preparation
of isothiazole derivatives from other heterocyclic compounds.

It was shown 65 ± 67 that treatment of di- and trisubstituted
furans 37a ± c with trithiatriazine trichloride 32 in boiling CCl4
results in their one-step conversion into 5-benzoylisothiazoles
38a ± c in high yields.
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2,5-Disubstituted furans 39a ± c give similar products 40a ± c
(yields 50%±60%) with compound 32 upon boiling in CCl4 or
toluene.65

It is assumed that heating of 1,3,5-trichloro-1,3,5,2,4,6-tri-
thiatriazine (32) results in its fragmentation and the formation of
the reactive monomer A which attacks the furan molecule to give
the intermediate B. Recyclisation of the latter affords isothia-
zoles.65

It has been shown 68 that fully substituted furans do not react
with the reagent 32, since the elimination of HCl requires the
presence of a hydrogen atom in the b-position of the starting
furan.

Yet another route to the synthesis of 5-acylisothiazoles 41 is
based on the reaction of 2,5-disubstituted furans with ethyl
carbamate, SOCl2 and pyridine.68

In contrast with 2,5-diphenylfuran (37a), the reaction of 2,5-
diphenylthiophene (42) with the reagent 32 gives 5-benzoyl-3-
phenylisothiazole (38a) in low yield. Presumably, the latter is
formed upon oxidation of the intermediate 5-thiobenzoyl deriva-
tive 43.69

Reactions of N-substituted 2,5-diphenylpyrroles 44a ± e with
compound 32 afford mixtures of thiazolyl-substituted imines
45a ± e and 3,4-dichloropyrrole derivatives 46a ± e. The ratio of
the reaction products depends on the nature of the substituent
R.69

Compounds 45b,e are formed as two geometrical isomers.
Imine 45b is easily hydrolysed to give ketone 38a. The imine 45d
formed from N-methoxycarbonylpyrrole (44d) is completely
hydrolysed even at room temperature to give ketone 38a.

It is of note that the reaction of 1-methyl-2,5-diphenylpyrrole
(47) with the reagent 32 follows a different route and results in the
formation of bi(1,2,5-thiadiazol-3-yl) 48; 5-benzoyl-3-phenyliso-
thiazole (38a) is formed in only trace amounts.69

Condensation of 2-dialkylaminomethyldithiomalonates 49,
the reaction products of dithiomalonates 50 with formamide
acetals, with hydroxylamine-O-sulfonic acid results in isothiazoles
51.70

Schulze et al.71 have developed two procedures for the syn-
thesis of isothiazoles 52a ± c containing fluoro-substituted aryl
groups. The first of them is based on the reaction of b-thiocyana-
tocinnamaldehydes 53a,b with ammonium thiocyanate (54). Iso-
thiazoles 52a,bwere obtained in good yields (*60%). In this case,
ammonium thiocyanate (54) acts as a source of ammonium
required for ring closure. It is noteworthy that ammonium
thiocyanate (54) was employed previously for the preparation of
4- and 5-alkylisothiazoles.72

The second route is based on the use of enamino thiones
55a ± c as starting compounds; their reaction with hydroxylamine-
O-sulfonic acid gives isothiazoles 52a ± c. In this case, the yields
reach 98%.

Approaches to the synthesis of isothiazolium salts 56 were
developed based on cinnamaldehydes 53a,b,d,e and enamino
thiones 55d ± g.71
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4-Thiocyanato-1-aza-1,3-dienes 57 prepared from b-thiocya-
nato a,b-unsaturated aldehydes 58 and arenesulfonohydrazides
59 undergo cyclocondensation to yield N-arylsulfonylisothiazol-
2-ylimines 60 and the corresponding N-arylsulfonyl-2-aminoiso-
thiazolium salts 61.73

Thus, depending on the nature of the substituents R1, R2 and
Ar, the reactions of unsaturated thiocyanato aldehydes with
arenesulfono hydrazides afford different products. Isothiazoles
are formed directly from compounds 58a,b, whereas alicyclic
thiocyanato aldehydes 58c ± e yield stable hydrazones 57. Treat-
ment of the latter with perchloric acid yields isothiazolium salts
61c ± e.

A convenient procedure for the synthesis of N-acylisothiazo-
lidinium trifluoroacetates 62, which includes treatment ofN-acyl-
amino sulfoxides 63 with trifluroacetic anhydride, has been
developed.74

2. Synthesis of isothiazoles from other heterocyclic
compounds
Methods of synthesis of substituted isothiazoles from other
heterocyclic compounds find wide application despite the fact
that they belong to the most ancient ones. Thus 3,5-disubstituted
isothiazoles 64a,b were prepared from isoxazoles 65a,b by the
reaction with phosphorus pentasulfide in pyridine.75

The reaction of 2-imino-3,4-dihydro-2H-pyrrole 66 with sul-
fur on heating is accompanied by dehydrogenation and incorpo-
ration of the sulfur atom into the pyrrole ring resulting in the
previously unknown thiazolylisothiazoles 67.76

The thermal fragmentation of 1,4,2-dithiazines in the presence
of dienophiles aimed at the synthesis of 1,4-dithyines has been
studied.74 It was found that 1,4,2-dithiazine derivatives 68 react
with dimethyl acetylenedicarboxylate (20) on heating in o-dichlo-
robenzene to give a mixture of dimethyl 4,5-dimethylthiophene-
2,3-dicarboxylate (69) and 3-(4-bromophenyl)-4,5-dimethyliso-
thiazole (70). The latter is formed upon thermolysis of dithiazine
68 and is accompanied by a loss of the sulfur atom from
position 4.77

A new method for the synthesis of the isothiazole ring from
4-chloro-5-dicyanomethylidene-5H-1,2,3-dithiazole (71) pre-
pared by the condensation of 4-chloro-1,2,3-dithiazole-5-thione
with tetracyanoethylene oxide has been proposed recently. Treat-
ment of the nitrile 71 with morpholine or benzyltriethylammo-
nium chloride gives 3-morpholino- (72a) and 3-chloroisothiazole-
4,5-dicarbonitriles (72b), respectively.78

A new simple procedure for the synthesis of isothiazoles from
primary enamines and 4,5-dichloro-1,2,3-dithiazolium chloride
(73) has been developed. Thus the reaction of methyl 3-amino-
crotonate (74a) and 3-aminocrotononitrile (74b) with the salt 73
under mild conditions (20 8C, dichloroethane) afforded
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4-methoxycarbonyl-5-cyano-3-methylisothiazole (75a) and 4,5-
dicyano-3-methylisothiazole (75b).79

Presumably, the conversion of enamine 74a into isothiazole
75a upon treatment with the salt 73 proceeds similarly to its
conversion into isothiazole 76 under the action of thiophosgene
used by Woodword et al. in the synthesis of colchicine back in
1965.80

3. Synthesis of isothiazole derivatives by modification of
compounds containing the isothiazole ring
The syntheses of functionalised isothiazoles by exchange of
substituents in the isothiazole ring or by transformation of the
side chain of accessible derivatives are well documented.46

a. Substitution reactions
Recently, Russian chemists have developed novel procedures for
the synthesis of halogenated isothiazoles.81 ± 83 Thus bromo- and
iodoisothiazoles 78 ± 83 have been synthesised from the readily
available 3-hydroxyisothiazole (77).81

The possibility of synthesis of alkenylhaloisothiazoles by
palladium-catalysed cross-coupling of the halogen derivatives 80
and 83 with the terminal alkenes 84a ± d (the Heck reaction) has
been studied.82 It was found that 3,4-dibromo-5-iodoisothiazole
(83) does not react with alkenes under the reaction conditions.
3-Bromo-4-iodoisothiazole 80 enters into the Heck reaction with
the alkenes 84a ± c in the presence of the catalytic system
Pd(OAc)2 ±NEt3 to give 4-alkenyl-3-bromoisothiazoles 85a ± c.
4,40-Bi(3-bromoisothiazole) (86) is the side product in this reac-
tion; it is also formed in the absence of the alkene.

3-Bromo-4-(1-oxopropan-2-yl)isothiazole (87) and biisothia-
zolyl 86 were isolated from a complex mixture of reaction
products of isothiazole 80 with allyl alcohol (84d).

Under conditions of metal-complex catalysis, bromo- and
iodoisothiazoles react with terminal alkynes.83 Thus tribromoiso-
thiazole (82) reacts with phenylacetylene (88a), oct-1-yne (88b),
propargyl alcohol (88c) and methoxymethylacetylene (88d) in the
presence of (PPh3)2PdCl2 even at 20 8C to give the cross-coupling
products (89a ± d).

The highest yields (20%± 56%) were obtained with 4 mol.%
of (PPh3)2PdCl2 . 1,4-Diphenylbuta-1,3-diyne was isolated as a
side product in the reaction of isothiazole 82with phenylacetylene
88a.

It should be noted that unsubstituted acetylene does not enter
into the cross-coupling reaction with isothiazole 82 even at 80 8C;
the reaction mixture contained only 3,4-dibromoisothiazole (79),
the partial reduction product of the tribromide 82. Compound 79
did not react with phenylacetylene, i.e., only the bromine atoms in
position 5 were active in the cross-coupling reaction. 5-Iodoiso-
thiazoles were found to be the most reactive compounds. The
reactions of 3,4-dibromo-5-iodoisothiazole (83) and 3-bromo-4,5-
diiodoisothiazole (81) with terminal alkynes 88a,d occur in the
presence of 2 mol.% of (PPh3)2PdCl2 and result in the corre-
sponding 3,4-dibromo-5-alkynyl- (90) and 3-bromo-4-iodo-5-
alkynylisothiazoles (91a,b).
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Compounds X R

90 Br Ph

91a I Ph

91b I CH2OMe

The side reaction products of terminal alkynes with 3,4-
dibromo-5-iodoisothiazole (83) and 3-bromo-4,5-diiodoisothia-
zole (81), viz., the dibromide 79 and 3-bromo-4-iodoisothiazole
(80), represent the reduction products of iodine in position 5.

3-Bromo-4-iodoisothiazole (80) enter into cross-coupling
reactions with phenylacetylene (88a) under conditions of metal-
complex catalysis to give 3-bromo-4-(phenylethynyl)isothiazole
(92).83

3-Bromo-4-(3-methoxyprop-1-ynyl)-5-(phenylethynyl)isothi-
azole (93), the first representative of isothiazoles with two alkynyl
substituents, was synthesised by the reaction of 3-bromo-4-iodo-
5-(phenylethynyl)isothiazole (91a) with methoxymethylacetylene
(88d) under similar conditions.83

4,5-Dichloro-3-trichloromethylisothiazole (18) reacts smo-
othly with various nucleophilic reagents resulting in the substitu-
tion of the chlorine atom in position 5 of the isothiazole ring. Thus
its reactions with sodium methoxide, ethoxide and isopropoxide
afford the corresponding 5-alkoxy-4-chloro-3-trichloromethyli-
sothiazoles (94a ± c) in 73%±78% yields. The reaction of isothia-
zole 18 with piperidine results in 4-chloro-5-piperidino-3-
trichloromethylisothiazole (95).56

The reaction of methyl 4,5-dichloroisothiazole-3-carboxylate
(96) with sodium methoxide in methanol at 20 8C proceeds in a
similar way and yields methyl 5-methoxy-4-chlorothiazole-3-
carboxylate (97).84 At a higher temperature, the saponification
of the ester 96 occurs. The reaction of sodium methoxide with
4,5-dichloroisothiazole-3-carboxylic acid piperidide (98) prepared
by treatment of the ester 96 with piperidine yields compound 99,

the substitution product of the methoxy group for the chlorine
atom in position 5.84

A vast variety of 4-aroyl- and 4-hetaroylisothiazoles were
prepared from substituted 4-iodoisothiazoles.85 ± 88 This is exem-
plified in the synthesis of 5-cyclopropyl-4-(2-methylsulfonyl-4-
trifluoromethylbenzoyl)isothiazole (100) from 5-cyclopropyl-4-
iodoisothiazole (101) by treatment with methylmagnesium bro-
mide and 2-methylsulfonyl-4-trifluoromethylbenzoyl chloride
(102).

N-Alkylisothiazolecarboxamides are synthesised from iodo-
isothiazoles by treatment with CO and amines in the presence of
palladium catalysts.89 Thus N-octyl-3-methylisothiazole-5-car-
boxamide (103) was prepared by heating a 5-iodo-3-methyliso-
thiazole (104) ± octylamine ± triphenylphosphine mixture in an
atmosphere of CO (10 atm) in the presence of (PPh3)2PdCl2
(100 8C, 6 h).

A convenient regiospecific method for the synthesis of iso-
thiazole derivatives of the type 106 and 107 based on the reactions
of thiazol-4-ylmagnesium bromide (prepared from 4-iodoisothia-
zole (105) and ethylmagnesium bromide) with carbonyl com-
pounds has been developed.90
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For the first time, isothiazolyl gold(I) complexes were pre-
pared by the reaction of isothiazol-5-yllithium with gold(I) chlor-
ide or tetrahydrothiophene(pentafluorophenyl)gold; their
protonation or alkylation gave the corresponding isothiazolinyli-
dene complexes.91

b. Modification of amino, hydroxy, carboxy and other groups and
functionalisation of the side chain in isothiazole derivatives
In-depth studies into biological properties of functionalised iso-
thiazoles carried out in the past decade were aimed at the develop-
ment of methods for the synthesis of such compounds based on
the known amino- and hydroxyisothiazoles, isothiazolecarboxylic
acids and their chlorides, etc., and by functionalisation of the side
chain.46

Heating of a 5-amino-4-chloro-3-methylisothiazole (108) ±
(4-trifluoromethylphenyl)acetyl chloride (109) mixture in xylene
gave N-isothiazol-5-ylamide 110.92

A vast variety of novel useful N-isothiazol-5-ylamides have
been prepared starting from structurally more complex acid
chlorides and aminoisothiazoles containing various substituents
in positions 3 and 4.92, 93

Themethods for the synthesis of acylated 5-aminoisothiazoles
of the type 111 and 112 have been developed.94 ± 96

For example, acylated 5-aminoisothiazole 113 was prepared
from 4-chloro-5-[4-(4-cyanophenoxy)phenyl]acetylamino-3-
methylisothiazole (114) by treatment with NaH in tetrahydro-
furan and then with a twofold excess of allyloxycarbonyl chlor-
ide.95

Carboxylic acids and acid chlorides of the isothiazole series
are convenient starting compounds in the synthesis of isothi-
azolecarboxamides. Thus a series of biologically active amides 116
have been synthesised from 3-methylisothiazole-5-carbonyl chlor-
ide (115a) and 3,4-dichloroisothiazole-5-carbonyl chloride (115b)
and various amines in the presence of triethylamine or pyri-
dine.97 ± 101

Amides 116 (R3=Het, R4=H) can be prepared by the
reaction of 3,4-dichloroisothiazole-5-carboxamide with deriva-
tives of the corresponding heterocylic compounds.101

5-Amino-3-methylisothiazole-4-carboxylic acid (117) is the
starting compound in the synthesis of structurally more complex
amides. Thus the reaction of the chloride 118 with 4-methylthio-
aniline and subsequent acylation with acid chlorides yields 5-acyl-
aminoisothiazole-4-carboxamides 119.102

The reaction of 5-benzoylamino-3-methylisothiazole-4-car-
boxylic acid (120) with p-chloroaniline in the presence of pyridine
as the catalyst and alkoxycarbonyl chloride as the activating
reagent gave 5-benzoylamino-3-methylisothiazole-4-carboxylic
acid (121) p-chloroanilide.103
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3-Hydroxyisothiazole and its 4-halogeno derivatives react
with acetals in the presence of toluene-p-sulfonic acid to give
mixed acetals. For example, the reaction of isothiazole 77 with
acetaldehyde dimethyl acetal results in 3-(1-methoxyethyloxy)iso-
thiazole (122).104

The reaction of 5-chloro-3-hydroxyisothiazole (123) with
malonic dialdehyde bis(dimethylacetal) (124) in propionic acid
yields a mixture of 5-chloro-3-(1,3,3-trimethoxypropyl)oxyiso-
thiazole (125) and 1,3-bis(5-chloroisothiazol-3-yloxy)-1,3-dime-
thoxypropane (126).105

A great number of isothiazole derivatives of the general
formula 127 have been prepared using a similar approach.

4,5-Disubstituted 3-hydroxyisothiazoles react with various
allylic bromides to give alkenyl ethers of 3-hydroxyisothiazoles
128 ± 130.106

The condensation of isothiazole 77 and its 5-methylthio
derivative 131 with arenesulfonyl chlorides 132 in the presence of
a base yields the corresponding 3-arylsulfonyloxyisothiazoles
133.107

Aldehydes and ketones can be used for the functionalisation
of isothiazoles. The reaction of the lithium derivative prepared by
the metallation of 3-methyl-5-phenylisothiazole (134) with
n-butyllithium in the presence of a lithium isopropyl-
cyclohexylamide ±N,N,N 0,N 0-tetramethylenediamine system
(LICA±TMEDA) with carbonyl compounds leads to hydroxy
derivatives 135.108

The alkylation of a lithium derivative of isothiazole 134 with
alkyl iodides or bromides gives compounds 136a ± c in up to 83%
yields.109

The condensation of 4-acetyl-5-chloro-3-methylisothiazole
(137) with some aromatic and heterocyclic aldehydes involves
the methyl group of the acetyl group rather than the methyl group
in position 3 of the isothiazole ring to give a,b-unsaturated
carbonyl compounds 138.110

R =Me, Et, Prn.
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(3-Chloro-4-cyanoisothiazol-5-yl)hydrazine (139) reacts with
aromatic aldehydes to give the corresponding (3-chloro-4-cyano-
isothiazol-5-yl)hydrazones 140.111

Treatment of 4-cyano-3-hydroxy-5-methylthioisothiazole
(141) with allyl bromide in the presence of potassium carbonate
in DMF and subsequent treatment with iodine, potassium iodide
and KOH yield the iodopropargyloxy derivative 142.112 Other
cyanoisothiazole derivatives containing various alkyl, alkenyl and
alkynyloxy(thio) groups in positions 3 and 5 were synthesised
using a similar approach.112

3,4-Dichloroisothiazole-5-carboxylic acid derivatives 143
(X=O, S; R is substituted alkyl, aryl and heterocyclic residues
containing halogen, CN, NO2 , carbonyl, halogenalkylthio and
other groups) have been synthesised recently from the acid
chloride 115b.113

4. Miscellaneous reactions for the synthesis of isothiazole
The preparation of 3-substituted 4,5-diaminoisothiazoles used in
the synthesis of novel heterocyclic systems (see Section III) is
based on the conversions of 5-acetylamino-3-methyl-4-nitroiso-
thiazole (144) which is readily obtainable from the commercially
available 5-amino-3-methylisothiazole hydrochloride.114

Isothiazole 145 non-substituted in position 3 is formed upon
oxidation of isothiazole 144 to carboxylic acid 146 and subsequent
decarboxylation.

4,5-Diaminoisothiazoles 147a,b are obtained from com-
pounds 144 and 145 by deacetylation and reduction of the nitro
group in the derivatives 148a,b.114

5-(N-Alkylamino)-4-nitroisothiazoles 149a ± c were synthes-
ised in high yields by the alkylation of sodium salts of 5-amino-4-
nitroisothiazoles 148. The reduction of the nitro group in com-
pounds 149a ± c gives 5-(N-alkylamino)-4-aminoisothiazoles
150a ± c.115

4,5-Diamino-3-cyanoisothiazole (151) was obtained from
5-acetylamino-4-nitroisothiazole-3-carboxylic acid (146) in four
steps which included the conversion of the carboxy group into the
nitrile group and the reduction of the nitro derivative to diamine
151.115

3-Acetamido-4-amino-5-(N-methylamino)isothiazole (152) is
the starting compound in the synthesis of novel annelated hetero-
cycles. This is prepared from ethyl 3-amino-5-(N-methylamino)-
isothiazole-4-carboxylate (153) which is converted into the nitro
derivative 154 in several steps. Selective removal of the acetyl
protective group from the amino group in position 5 by treatment
with methanolic ammonia and subsequent reduction of the
3-acetamido-5-(N-methylamino)-4-nitroisothiazole (155) formed
completes the synthetic scheme.115, 116

Ar = Ph, 4-O2NC6H4, 4-MeOC6H4, 4-ClC6H4, 2,4-Cl2C6H3,

3-O2NC6H4, 2,4-(O2N)2C6H3, 4-HOC6H4, 2-HOC6H4,

3-MeOC6H4, 2-MeOC6H4.
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4-Dibromoaminoisothiazoles 156a ± c used in the synthesis of
the bisisothiazolopyrazine system are prepared by the reaction of
4-aminoisothiazoles 157a ± c with dibromoisocyanuric
acid.117 ± 119

A procedure for the synthesis of 3,4-dichloro-5-cyanoisothia-
zole by the chlorination of the reaction product of carbon disulfide
with NaCN in DMF 120 has been improved.121 3,4-Dichloro-5-
cyanoisothiazole synthesised (yield * 88%) was converted into
3,4-dichloroisothiazole-5-carboxylic acid, which is employed in
the synthesis of efficient plant growth regulators. Analogously,
3,5-dichloroisothiazole-4-carboxylic acid was prepared from 3,5-
dichloro-4-cyanoisothiazole.122

4,5-Dichloroisothiazole-3-carboxylic acid (158) was prepared
by hydrolysis of the trichloromethyl group of 4,5-dichloro-3-
trichloromethylisothiazole (18) with fuming nitric acid and sub-
sequent treatment of the reaction mixture with water.56

The direction of reduction of the isothiazole 18 depends on the
nature of the reducing agent. Boiling with zinc powder in ethanol
results in the partial reduction of the trichloromethyl group and
the formation of 4,5-dichloro-3-dichloromethylisothiazole (159).
When tin dichloride is used, isothiazole 18 undergoes dechlorodi-
merisation resulting in 1,2-bis(4,5-dichloroisothiazol-3-yl)tetra-
chloroethane (160) in high yield.56

The oxidation of 3-alkoxy-5-alkyl-4-cyanothioisothiazoles
161 under the action of Oxone (2KHSO3

.KHSO4
.K2SO4)

involves selectively the exocylic sulfur atom and affords the
corresponding 5-alkylsulfonylisothiazoles 162 in high
yields.123, 124

The oxidation of the methylene group in substituted acet-
amide 163 by dimethylformamide dimethylacetal (164), which can
be regarded as a variant of the condensation reaction associated
with the elimination of two MeOH molecules, gives enamino
ketone 165.125

The chlorination of 5-[2-(N-tert-butyldimethylsilylamino)vi-
nyl]isothiazoles 166 with N-chlorosuccinimide (NCS) proceeds
selectively at the vinyl group resulting in the Z-isomers of
isothiazole 167.126

The monochlorination of related compounds with N-chloro-
succinimide also proceeds in a selective manner.

Isothiazoles 168 and 169 react with AgO3SCF3 to give dimeric
silver(I) complexes the isothiazole fragment in which is linked to
the metal centre through the nitrogen atom.127

Treatment of selenolo[2,3-d ]isothiazole (170) with methyl-
lithium yields a mixture of compounds including isothiazole
171.128

Treatment of 5-substituted 4,5-dihydro-3-ethoxycarbonyliso-
thiazolo[4,3-d ]pyrimidin-7(6H )-ones with hydrazine is accompa-
nied by the opening of the dihydropyrimidinone ring and the
formation of 4-amino-3-carbamoyl-5-hydrazinocarbonylisothia-
zole (172).129
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C37C7-cycloalkyl, Ph, PhO.
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Me
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R=MeS, n= 2.
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Me
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N
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n= 1, 2.
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MeLi
N

SCHMeSeHC
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It is of note that the ring opening reactions in bicylic
isothiazole derivatives described above present purely theoretical
interest.

The reactions of 3,7-dichlorodiisothiazolo[4,5-b : 4050-e]pyr-
azine (173) with benzylamine, aniline and morpholine are accom-
panied by the opening of the pyrazine ring to give N,N 0-bis-
(5-amino-3-chloroisothiazol-4-yl)diazenes (174a ± c). The reac-
tion of compound 173 with benzylamine gives 3,7-bis(benzyl-
amino)bisisothiazolo[4,5-b : 4050-e]pyrazine (yield 5%) as a side
product.130

Amechanistic scheme for the synthesis of compounds 174a ± c
has been proposed. Its first step consists in the addition of the
amine at the C=N bond of the pyrazine ring. Interestingly, the
reaction of compound 173 with MeONa in MeOH results in 5,6-
dimethoxy-3-chloroisothiazolo[4,5-b]pyrazine, i.e., in the opening
of one of the isothiazole rings. The difference in the behaviour of
compound 173 in the reaction with the alkoxide anion and amines
is explained by the difference in their basicities as well as by the
presence of a mobile hydrogen atom in the amines which ensures
their addition at the multiple bonds of the pyrazine ring.130

5. Synthesis of isothiazole 1,1-dioxides
Methods for the synthesis, reactions and biological properties of
isothiazole 1,1-dioxides were reviewed in 1997.131 Here we con-
sider only the most recent publications. Thus a novel procedure
for the synthesis of 4-amino-3,3-dimethyl-2,3-dihydroisothiazole
1,1-dioxide derivatives 175 based on substituted N-benzyl-N-
sulfonylaminonitriles 176 has been developed recently. The cycli-
sation was performed by treatment with sodium hydride in
acetonitrile.132

Other 4-amino-2,3-dihydroisothiazole 1,1-dioxide deriva-
tives,133 particularly compounds containing a cyano group in
position 5, were prepared using analogous methods.134 ± 136

In the presence of bases, phenylmethanesulfonamide (177)
reacts with dimethyl oxalate to give 4-hydroxy-5-phenylisothia-
zol-3(2H)-one 1,1-dioxide (178). It is assumed that the linear
methyl N-(benzylsulfonyl)oxalamidate 179, which is formed
first, undergoes further cyclisation. A complex of dioxide 178
with DMF has been prepared.137

6. Synthesis of dihydroisothiazolones
Among representatives of this group, dihydroisothiazol-3-ones
possessing high biological activities hold the greatest interest. The
data on these compounds are summarised in the review.138

Some novel data on the synthesis of dihydroisothiazolones
have been published recently. Thus the chlorination of 2-(N-
methylcarbamoyl)ethanethiol (180) or bis[2-(N-methylcarb-
amoyl)ethyl] disulfide (181) gave a mixture of 2,3-dihydro-2-
methylisothiazol-3-one (182) and 5-chloro-2,3-dihydro-2-methyl-
isothiazol-3-one (183).139

Isothiazol-3-ones 182 and 183 can also be prepared by treat-
ment of compounds 180 and 181 with thionyl chloride.140, 141

5-Chloro-2,3-dihydro-2-octylisothiazol-3-one (184) was syn-
thesised by treatment of disulfide 185 with SO2Cl2.142

The clathrate of compound 184 containing four molecules of
4,40-dihydroxydiphenylmethane manifests increased solubility in
water.

A procedure for the synthesis of isothiazol-3-one derivatives
187 from 3-alkylthio-2-cyano-3-mercaptoacrylamides 186 has
been developed.143

The synthesis of isothiazol-3-ones devoid of highly toxic and
carcinogenic nitrosoamines has been described in a patent. 144

III. Chemical transformations of isothiazoles

Isothiazoles manifest aromatic properties and enter into the same
reactions as other heteroaromatic compounds. Ring opening and
transformations of the isothiazole ring, which give either func-
tionalised alkenes or other heterocyclic compounds, deserve
special attention. Addition reactions of isothiazoles leading to
novel bisheterocyclic structures containing an isothiazole frag-
ment are especially attractive. Oxidation reactions of the sulfur
atom of the isothiazole ring yield reactive dioxides and present
significant interest.64

1. Condensation reactions
In recent years, isothiazole derivatives were used as starting
compounds for the synthesis of several novel bicyclic compounds.
Thus the reaction of 4,5-diamino-3-methylisothiazole (147a) with
diethoxymethyl acetate affords 3-methylimidazo[4,5-d ]-
isothiazole (188a) in low yield. Unsubstituted imidazo[4,5-d ]iso-
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O

N

N

N

S

N

S

Cl

Cl
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HNR1R2 S

N
N N

N
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NR1R2 Cl

Cl NR1R2

174a ± c

R1 =H, R2 = Bn (a, 25%); R1 = H, R2 = Ph (b, 25%);

R17R2 = (CH2)2O(CH2)2 (c, 28%).

R = H, Me, Ph; X = H, 4-Cl, 3-Cl.
175 (43%±75%)
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R

MeH2N

Me

CH2

O O

XMe2C N SO2CH2R

NC CH2C6H4X
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NaH

MeCN

PhCH2SNH2 +MeO2CCO2Me

O

O177

ButONa, ButOH

7MeOH

PhCH2SO2NHCCO2Me

O
179

S
NH

Ph

OHO

O O

178 (55%)

HSCH2CH2CONHMe

180

(SCH2CH2CONHMe)2

181

Cl2

5 ± 20 8C

182

S
NMe

O

+
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S
NMe

O

Cl

(C8H17NHCOCH2CH2S)2

185

SO2Cl2

184

S
NC8H17Cl

O

R1, R2=H, lower alkyl, alkenyl, alkynyl, aryl, aralkyl, hetarylalkyl.

C
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R1NH(O)C

C

SH

SR2

186

Cl2 or SO2Cl2

187

S
NR1

R2S

ONC
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thiazole could not be prepared from compound 147b.114 Isothia-
zoles 147a,b easily undergo cyclisation with thiocarbonyldiimida-
zole (189) to give unstable thiones 190a,b which are methylated in
situ in alkaline media under the action of Me2SO4 to give
5-methylthioimidazo[4,5-d ]isothiazoles (191a,b) in good yields.
Sodium salts of thiones 190a,b are also alkylated by benzyl and
allyl bromides to give the corresponding imidazo[4,5-d ]iso-
thiazoles 191c ± f in preparative yields.114, 115

6-Alkyl-5-methylthioimidazo[4,5-d ]isothiazoles 192a ± c were
prepared by treatment of 5-(N-alkylamino)-4-aminoisothiazoles
150a ± c with thiocarbonyldiimidazole (189) and subsequent
methylation. The reactions of isothiazoles 150a,c with dieth-
oxymethyl acetate result in compounds 193a,c.115

3-Amino-6-methyl-5-methylthioimidazo[4,5-d ]isothiazole
(192d) was obtained in good yield by successive treatment of
3-acetamido-4-amino-5-(N-methylamino)isothiazole (152) with
thiocarbonyldiimidazole (189) and dimethyl sulfate.115

It should be noted, however, that not all 4,5-diamino-3-R-
isothiazoles yield annelated products. Thus isothiazole 151 con-
taining a cyano group in position 3 does not react with either
diethoxymethyl acetate or thiocarbonyldiimidazole.115

Two approaches to the synthesis of 3,7-disubstituted bisiso-
thiazolo[4,5-b:40,50-e]pyrazines 193a ± c, the first compounds con-
taining a novel heterocyclic system, have been proposed.117 ± 119 It
was found that the reaction of 3,5-dichloro-4-dibromoaminoiso-
thiazole (156c) with a Cu(0) ± collidine system affords 3,7-di-
chlorodiisothiazolo[4,5-b:40,50-e]pyrazine (193c) in 67% yield.117

Zlotin et al. 118 suggested that this reaction has a radical character
and studied the effect of UV light on isothiazoles 156a ± c.
Irradiation of compounds 156a,c with a mercury lamp results in
the cleavage of the N7Br bond and the formation of radicals
194a,c; their further transformations depend on the nature of the
solvent used. Thus in dichloromethane, isothiazole 156c is con-
verted into 4-amino-3,5-dichloroisothiazole virtually completely
(157c). In CCl4, 3,7-disubstituted diisothiazolo[4,5-b:40,50-e]pyr-
azines 193a,c (yields 58% and 76%, respectively) are the main
reaction products of compounds 156a,c; their formation seems to
proceed via the intermediate compounds 195a,c. N,N 0-Di(iso-
thiazol-4-yl)diazenes 196a,c (yields 37% and 13%, respectively)
were identified as the side products.118

5-Bromo-4-dibromoamino-3-phenylisothiazole (156b) mani-
fests a similar behaviour upon irradiation with UV light; 3,7-
diphenyldiisothiazolo[4,5-b : 40,50-e]pyrazine (193b) and N,N 0-
bis(5-bromo-3-phenylisothiazol-4-yl)diazene (196b) are the main
reaction products.119

The isothiazolium salt 197 is condensed with cyclopenta-
dienyl-, tert-butylcyclopentadienyl- and di-tert-butylcyclopenta-
dienyllithium to give thialenes 198.145
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H2N

R1H2N
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S
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S

N

N
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R2S
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H

191a ± f

R1 = R2 =Me (191a); R1 = H, R2 =Me (191b);

R1 =Me, R2 = Bn (191c) ; R1 =Me, R2 = All (191d);

R1 = H, R2 =Bn (191e); R1 = H, R2 = All (191f).
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N
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N

N

N
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3) Me2SO4

2) NaOH
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N

N

N
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NH3
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Reactivities of certain isothiazole 1,1-dioxide derivatives have
been studied.146 It was found that 3-diethylamino-4-(4-meth-
oxyphenyl)isothiazole 1,1-dioxide (199) reacts with sodium azide
in ethanol to give a mixture of dihydroisothiazole oxides 200 and
201 and isothiazolotriazoles 202 and 203 in a ratio 72 : 12 : 9 : 7.146

Cycloaddition of the dioxide 199 to arylalkyl and aryl azides
results inN-arylalkyl- orN-arylthiadiazabicyclo[3.1.0]hexene 204.
The unstable cycloadducts 205, which are formed first (in some
cases, they were isolated from the reaction mixture), easily
eliminate the nitrogen molecule.

Thermal rearrangement of N-aryl- and N-phenyl-substituted
bicyclic compounds 204a,c ± e affords 1,2-thiazete 1,1-dioxides
206a,c ± e, 1,2,6-thiadiazine 1,1-dioxides 207a,c ± e and pyrazole
derivatives 208a,c ± e. Under optimum conditions, compound
207a was isolated in 51% yield.

If the aziridine nitrogen atom has a benzyl substituent (com-
pound 204b), the reaction follows a different route to afford the
thiadiazine derivative 207b and pyrimidine 209.147

4-Aryl-3-diethylamino-5-R-isothiazole 1,1-dioxides enter into
cycloaddition reactions with diazoalkanes to give bicyclic com-
pounds 210 with high regio- and stereoselectivity. The reaction
with diazomethane yields a mixture of tautomeric pyrazolines 210
(R1=R2=H) and 211. Thermolysis of compounds 210 and 211
follows two routes. The loss of the nitrogen molecule leads to
2-thia-3-azabicyclo[3.1.0]hex-3-ene 2,2-dioxides 212. Elimination
of SO2 and diethylcyanamide from the cycloaddition products
results in the corresponding pyrazoles.148

The readily available dioxide 199 enters into cyclocondensa-
tion reactions with oxazolones 213a ± e and munchnones 214a ± h,
which are prepared by cyclisation of (N-aroylamino)arylacetic
acids 215a,b.149

The reactions with compounds 215a afford 4,6-diaryl-3-dieth-
ylamino-3a,4-dihydro-3a-(4-methoxyphenyl)-6aH-pyrrolo[3,4-d ]-
isothiazole 1,1-dioxides (216a ± e) (yields 60%± 74%) and their
isomers 217a ± d (yields 5%± 13%). 4,6-Diaryl-3-diethylamino-
3a-(4-methoxyphenyl)-5-methyl-3a-4-dihydropyrrolo[3,4-d ]iso-
thiazole 1,1-dioxides 218a ± h are themain products in the reaction
with munchnones 214a ± h.149

Compounds 216, 217 Ar1 Ar2

a Ph Ph

b 4-ClC6H4 Ph

c Ph 4-ClC6H4

d 4-MeC6H4 Ph

e Ph 4-MeC6H4

197

S
NMe

Ph

ClNC

FSOÿ3

Li

R3

R1

R2

S

MeNH

NC

Ph

R1

R2

R3
198

R1 = R2 = R3 =H; R1 = But, R2 = R3 =H;

R1 = R3 =H, R2 = But; R1 = R3 = But, R2 = H.

+
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NEt24-MeOC6H4

O O
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N
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R= Ph (a), Bn (b), PhCH2CH2 (c), 4-MeOC6H4 (d), 4-O2NC6H4 (e).
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H
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4-MeOH4C6

Ar2

Ar1

H

+

217a ± d

N

SO2

NEt2

N

H
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Com- Ar1 Ar2 Com- Ar1 Ar2

pound pound

218 218

a Ph Ph e 4-MeOC6H4 Ph

b Ph 4-MeC6H4 f Ph 4-FC6H4

c 4-MeC6H4 Ph g Ph 4-BrC6H4

d Ph 4-MeOC6H4 h Ph 4-NO2C6H4

The cycloadducts 216 and 218 are decomposed at elevated
temperatures or in alkaline media with the elimination of SO2 and
diethylcyanamide to give 2,3,5-triarylpyrroles 219 and 1-methyl-
2,3,5-triarylpyrroles 220, respectively.149

4-Amino-3-carbamoyl-5-(ethoxycarbonyl)isothiazole is used
in the synthesis of the isothiazolo[4,5-d ]pyrimidine derivatives
221.150

2. Ring transformation reactions
In recent years, some readily available isothiazolium salts have
been used in the synthesis of other heterocyclic compounds,
pyrrole derivatives, in particular. Thus the reactions ofN-alkoxy-
carbonylmethyl- and N-cyanomethylisothiazolium 222 salts with

triethylamine result in the elimination of sulfur and recyclisation
resulting in pyrrole-2-carboxylic acid derivatives 223.151

Aminopyrroles 224 were obtained from isothiazolium salts
225 in a similar way (yields 70%± 90%).152

The mechanism of formation of 3-aminopyrrole derivatives in
the desulfurisation of isothiazolium salts has been studied.153 It
was found that pyrrole 226 is formed from the salt 227 by a
cascade of reactions via thioamide 228.153

A convenient procedure for the synthesis of 2-phenylthiocar-
bonylmethylidenedihydrothiazole derivatives 229 from isothiazo-
lium chlorides has been developed.154

N-Arylisothiazolium salts 230 containing an activated methyl
group in position 5 dimerise into thiadiazapentalenes 231 upon
treatment with a base. The sulfur atom of one molecule of the salt
is attacked by an activated methyl group of another molecule to
give the intermediates 232. Subsequent oxidative closure of the
ring via zwitterionic intermediates 233 results in thienothiadiaza-
pentalenes 231. A competing reaction gives 5-(2-thienyl)isothia-
zolium salts 234 with elimination of aniline.155
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The reaction between the salts 230 and 235 catalysed by
dicyclohexylamine in methanol or DMSO yields `mixed' thiadia-
zapentalenes 236 upon oxidative cyclisation and salts 237 upon
elimination of aniline.156, 157

Photochemical reactions of several isothiazoles have been
studied. Irradiation of 4-phenylisothiazole in benzene yielded
small amounts of 4-phenylthiazole (238). When the photolysis
was carried out in the presence of triethylamine, this rearrange-
ment becomes predominant.158

The effect of triethylamine and the solvent polarity on the
photochemical reaction of 5-phenylisothiazole (239) has been
studied.159 It was found that irradiation in the absence of triethyl-
amine gives 4-phenylthiazole (238) as the main product (yield
15%). Other reaction products are represented by 3-phenyliso-
thiazole (240) and 2-phenylthiazole (241). In the presence of Et3N,
5-phenylthiazole (242) is the main product (yield 14%).

Irradiation of 5-phenylisothiazole (239) in polar solvents
makes this rearrangement more regioselective. The photolysis in
methanol in the presence of Et3N gives exclusively compounds 238
and 242 (yields 9% and 34%, respectively). In a more polar
solvent (e.g., 2,2,2-trifluoroethanol), only thiazole 241 was iden-
tified in the reaction mixture; in the presence and in the absence of
Et3N, its yield was 42% and 32%, respectively.159

3. Ring opening reactions
Under conditions of phase-transfer catalysis [PhH, H2O, tris(2,6-
dioxaheptyl)amine], the reaction of 3,5-dimethylisothiazole (243)
with acetylcobalttetracarbonyl generated in situ from Co2(CO)8 ,
CO and MeI is accompanied by ring opening and N-acylation,
resulting in thione (244) (the ratio of the E- andZ-isomers is equal
to 1 : 10).160

Other N-acylated unsaturated thiones are synthesised from
isothiazoles in a similar way.

A convenient procedure has been developed for the synthesis
of phenylthiocarbonylketene S,N-acetals (246) based on the
reaction of 2-alkyl-3-alkylthio-5-phenylisothiazolium salts (e.g.,
the salts 245) with sodium borohydride.161

The reaction of 3-diethylamino-4-(4-methoxyphenyl)isothia-
zole 1,1-dioxide (199) with organomagnesium compounds in THF
occurs via ring opening leading to a mixture of E- and Z-isomers
of 3-substituted 2-arylpropeneamidines 247.162

The chemistry of the 4-nitroisothiazole-5(2H)-imine deriva-
tives 248, particularly, their isomerisation and desulfurisation, has
been discussed in the papers 163, 164 and a recent review.165

It has already been noted (Section III.2) that the photolysis of
4-phenylisothiazole in benzene gives small amounts of 4-phenyl-
thiazole (238) as a result of a rearrangement; cyanothiol 249,
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which was trapped as benzyl sulfide 250, is the main photolysis
product in the absence of a base.158

4. Miscellaneous reactions of isothiazole derivatives
The oxidation of 4,5-disubstituted isothiazoles with hydrogen
peroxide results in the corresponding isothiazol-3(2H)-one 1,1-
dioxides 251.166

Dioxides 253, 254 are the oxidation products of the isothiazo-
lium salts 252.167

5-Bromo-3-diethylamino-4-(4-methoxyphenyl)-2,3-dihydro-
isothiazole 1,1-dioxide (255) reacts smoothly with various organo-
tin compounds in the presence of palladium catalysts to yield the
corresponding 5-substituted derivatives 256.168

The reaction of the vinyl derivative 256 with nitrile oxides
yields the cycloadducts 257a ± e, which are rearranged into 4,5-
dihydro-5-(isoxazol-5-yl)isothiazole 1,1-dioxides 258a ± e (an
equimolar mixture of cis- and trans-isomers) upon heating in
DMSO.169

3-Diethylamino-2,3-dihydro-5-(1-ethoxyvinyl)-4-(4-methoxy-
phenyl)isothiazole 1,1-dioxide (259) enters into the cycloaddition

reaction with 2,4,6-triethylbenzonitrile oxide to give the dihydro-
isoxazole derivative 260.169

2,6-Dichlorobenzonitrile oxide reacts with isothiazolone
(261a) at the double bond to give isoxazolecarboxanilide (262) as
a result of transformation of the primary cycloadducts formed.
Contrary to expectations, 2,4,6-triethylbenzonitrile oxide adds to
the exocyclic carbonyl group of isothiazolone 261b to give the
monoadduct 263 and the bisadduct 264.170

An efficient approach based on the Michaelis reaction is used
in the synthesis of 5-substituted 3-amino-4-arylisothiazole 1,1-
dioxides and their 4,5-dihydro derivatives. The addition of thiols,
alcohols and trifluoroacetamide to 3-diethylamino-4-(4-meth-
oxyphenyl)isothiazole 1,1-dioxide (199) in the presence of bases
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occurs regiospecifically and yields a mixture of (4S,5S)- and
(4R,5S)-diastereomers of 5-substituted 4,5-dihydroisothiazole
1,1-dioxides 265 ± 267.171

The reaction of the 5-bromo-derivative 255 with thiols or
amines gives the substituted products of the bromine atom 268
and 269.168

IV. Areas of application of isothiazoles

As noted above, isothiazole derivativesmanifest a broad spectrum
of useful properties. Back in 1967, isothiazoles were used as
starting compounds in the synthesis of highly efficient penicillins
and cephalosporins,2, 3 which gave a strong impetus to systematic
studies of the biological properties of isothiazole derivatives. In
1988, Mel'nikov who studied the production and application of
pesticides and plant growth regulators drew attention to the broad
potentialities of isothiazole derivatives.172 Recent years have been
marked by numerous publications (including patents and patent
applications) devoted to various applications of isothiazoles as
efficient agrochemical and medicinal agents.

It was found that 4-benzoyl- and 4-(hetaroyl)isothiazole
derivatives manifest herbicidal activities.85 ± 88, 173 There is evi-
dence of the use of substituted isothiazole-5-carboxamides 270,174

isothiazolylpyridines 271 175 and dihydroisothiazolone derivatives
as herbicides.176

When used as herbicides, isothiazole derivatives manifest
synergistic effects and are included in various compositions.
Thus compounds 272 are auxin transport inhibitors and are used
together with other herbicides in order to enhance their
action.10 ± 14

The role of herbicides in these compositions is played by
different compounds, e.g., dicamba, glifosat, 2,4-D10 and herbi-
cides based on phenoxypropionic 11 and phenoxybutyric acids.14

Some isothiazoles manifest high insecticidal activities. These
include 4,5-dihydro-1H-pyrazole derivatives containing various
isothiazole substituents in position 4,177, 178 1,2,3-triazole deriva-
tives containing isothiazole substituents in position 3 ,179 etc. The
cyanoisothiazole derivatives 161 manifest high insecticidal activ-
ities against termites.180

Many isothiazole derivatives, particularly acylated 5-amino-
isothiazoles,94, 95 isothiazolecarboxamides,96 ± 98 4-cyanoisothia-
zoles,112, 123, 124 3,4-dichloroisothiazole-5-carboxylic acid and its
derivatives,121 etc., manifest fungicidal activities. (3-Methyliso-
thiazol-5-yl)(2,6-dinitro-4-trifluoromethylphenyl)amine (273) is
used as an agrochemical.181

Many heterocyclic and aromatic compounds containing var-
ious isothiazole residues 182, 183 and 3-isothiazolone deriva-
tives 184 ± 189 in their side chains manifest high fungicidal
activities. Isothiazolones are broad-spectrum biocides; they are
included in various compositions including commercial ones.
They hold great promise for the technology and agriculture
being non-harmful to humans, animals and the environ-
ment.20, 23, 30, 190 ± 197

Isothiazole and isothiazolone derivatives are used in photog-
raphy,198 ± 212 cosmetics,213 ± 215 and as dyes;216 ± 218 besides, they
are components of synergistic bactericidal preparations 219 ± 225

and are used in the chemiluminescent analysis 226, 227 of radio-
graphic visualisation.228 Many of them are antifouling
agents.229 ± 235

A great number of isothiazole derivatives manifest high
antimicrobial activities and are widely used for the protection of
natural and technical materials, plants and other objects from
harmful microorganisms. These include 3-alkoxyisothiazoles
(particularly, compound 122),104 allylic ethers 128 ± 130,106 5-ami-
noisothiazoles,236 3,5-diaminoisothiazole derivatives 6,51 isothia-
zolecarboxamides 101 and the derivatives 125 and 126.105

The overwhelming majority of compounds endowed with
antimicrobial activities were found among isothiazolone deriva-
tives.237 ± 265 It was found that the addition of even the simplest
isothiazolones to various compositions, e.g., 2-methyl- or
5-chloro-2-methyl-2,3-dihydroisothiazol-3-one, increase mark-
edly their activities.266 ± 271

Some isothiazole derivatives manifest different types of bio-
logical activities. Thus acylated aminoisothiazoles (compounds
165 125, 272 and 274 273) are used as insecticides and acaricides.

Compositions possessing bactericidal and fungicidal proper-
ties were prepared from some dihydroisothiazolones.274 Cyano-
isothiazoles 112 are used as fungicides and bactericides.
Compositions comprising aminoacrylamides and trisubstituted
isothiazoles possess insecticidal, fungicidal and herbicidal activ-
ities.275 Compounds 275 have been patented as nematocides,
insecticides and acaricides.276
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N-Isothiazol-5-ylamides (e.g., compound 110 92) manifest an
even broader range of pesticidal activities and possess nematoci-
dal, insecticidal, miticidal and fungicidal properties.

An intense search for therapeutic agents among isothiazole
derivatives has been carried out over the past decade. Cephalo-
sporins containing a (4-carboxy-3-hydroxyisothiazol-5-yl)thio-
methyl group in position 3 (276) are used as medicinal drugs
possessing a broad spectrum of antibacterial activities, particu-
larly with respect to gram-negative bacteria.277

Isothiazolyl aminoalkyl ketones were patented as myorelax-
ants.278 5-Carboxy-3-phenylisothiazoles, particularly 4-amino-3-
(3-trifluoromethylphenyl)isothiazole-5-carboxylic acid (277),
were recommended for use as antiinflammatory agents. 279 ± 281

Dihydroisothiazol-3-one 1,1,-dioxide derivatives inhibit ser-
ine proteases. They have been recommended for the treatment of
various inflammatory diseases and as antimetastatic agents.7, 8

Some aromatic and heterocyclic compounds containing isothia-
zole residues inhibit phosphodiesterase and are widely used in the
clinical practice as antiasthmatic drugs and in the treatment of
diabetes, hypertension, allergic rhinites, nephrites and other
diseases.282, 283

Compounds 278 and their salts have been patented as effective
agents for the treatment of Alzheimer's disease.4

Trisubstituted isothiazole derivatives containing an amino
acid or cyclobutene fragment in position 3 were recommended
for the treatment of brain ischemia, Huntington's and Parkinson's
diseases, epilepsy, Alzheimer's disease, schizophrenia, stress,
anxiety and various memory disorders.284

5-Hydrazinoisothiazole derivatives act as immunodepres-
sants,285 whereas 3-isothiazolone derivatives are included in the
composition of weight reduction drugs.286 They are also used for
modification of the interleukin-5 receptor.287

The isothiazole ring is the constituent of various physiologi-
cally active compounds. Thus heterocyclic derivatives of urea
containing an isothiazole substituent act as antagonists of 5-HT2C

and 5-HT2B receptors and are used in the preparation of anti-
depressant drugs and in the treatment of Alzheimer's disease,
schizophrenia, etc.288 Compound 279 is a highly efficient antag-

onist of 5-HT2B receptors, although its activity is not too
high.289 ± 291 2-Amino-3-(3-hydroxy-5-methylisothiazol-4-yl)pro-
pionic acid (280), the isothiazole analogue of 2-amino-3-(3-
hydroxy-5-methylisoxazol-4-yl)propionic acid (281, AMPA),
blocks the activation of glutamate receptors which are crucial for
brain ischemia, Alzheimer's disease, hypoglycemia, etc. 292, 293

V. Conclusion

As can be seen from the material presented above, new original
methods for the synthesis of many isothiazole derivatives have
been developed in recent years. These include some previously
unknown heterocyclisation reactions (e.g., the syntheses based on
a-amino ketones and 2-nitropentachloro-1,3-butadiene), the syn-
theses of isothiazoles from other, more accessible heterocyclic
compounds (particularly, the syntheses based on trithiatriazine
trichloride) as well as the syntheses of previously unknown fluoro-
substituted isothiazoles. Studies aimed at the functionalisation of
isothiazoles, e.g., cross-coupling reactions which made possible
the synthesis of previously unavailable derivatives (e.g., isothi-
azoles containing two acetylene groups) have received further
development. The syntheses of biologically active amides, isothia-
zolones and highly reactive 1,1-dioxides have been carried out.
Isothiazoles were used as starting materials for the synthesis of
novel, previously unavailable biheterocyclic structures, such as
imidazoisothiazoles, diisothiazolopyrazines, isothiazolotriazines,
substituted pyrroloisothiazole 1,1-dioxides and other compounds.

Methods for the synthesis of various heterocyclic compounds
(pyrazoles, thiadiazapentalenes and other hardly accessible com-
pounds) from readily available isothiazole derivatives have been
developed.

High biological activities of isothiazoles is the main impetus
for conducting in-depth studies in the field of isothiazole chem-
istry. More than 50% of work cited in this review are patents
devoted to the synthesis and applications of isothiazoles as
efficient agrochemical and medicinal preparations.

Obviously, the exceptionally broad spectrum of useful proper-
ties of isothiazoles determines the expediency of further studies
into their chemistry. We hope that the present review will help
attract more attention to this field of chemistry.
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