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ABSTRACT

A general method for the preparation of isothiazolium salts
has involved the reaction of various 1,2-dithiolium salts with pri;
mary amines followed by ring closure by iodine oxidation of the
l-amino prop-l-ene-3-thiones formed in the reaction. This produced
isothiazolium triiodides which were then converted to isothiazolium
perchlorates.

In the process of devising a general method for the synthesis

._of isothiazolium salts, two 1,2~dithiolidm salts, one aminopropene-

thione and seven isothiazolium salts (two of them as the methiodides
of isothiazole thiones) that have not appeared in the literature
‘before‘had been prepared.

S All attempts to place an acylidene side-chain at the 3-position

of isothiazolium salts unsubstituted in that position in an effort to

prepare the aza analogue of the thiothiophthene system had failed.
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INTRODUCTION



INTRODUCTION

General
Isothiazole (1) is a five-membered heterocyclic system con-
taining two hetefoatoms, namely sulfur and nitrogen, which are
adjacent. According to Longuet-lliggins' theory of isosterism{
a —~CH=CH- group of an aromatic system is electronically similar
to the formally bivalent ~S- if participation of the sulfur 3d

orbitals is taken into account. Isothiazole and thiazole (2)

should then be related to pyridine as thiophen (4) is to benzene.
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~This is shown to be so by the similarity of their chemical and
physical properties as well as their odor. In Figure 1 the re-
sonance forms i--v are the contributing structures of isothiazole
not utilizing sulfur 3d orbitals while structures vi--x are sig-

nificant contributing structures using d orbitals.
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PREPARATIONS OF ISOTHIAZOLES
The thiazole system2 has been known since 1925. Isothiazole
was first prepared3 in 1956 by the degradative oxidation of 5-am-
ino-benz~d~isothiazole (11); benzisothiazoles were known as early

as 18954 Figure 2 illustrates the procedures involved in the class- .

ical preparation of isothiazole.

FIGURE 2
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The first step was the nitration of o-chlorobenzaldehyde (6)
followed by sulfurization to produce the dimeric compound (8).
freatment with bromine cleaved the dimer to yield 2-thiobromo-4-
nitrobenzaldehyde (9). Ring closure was effected by passing ammo-
nia gas into a solution of compound 9, producing S5-nitrobenz-d-
isothiazole (10) which was then reduced to the corresponding amino-
benzisothiazole (11). Oxidation with alkaline permanganate solution
yvielded isothiazole—4,s—dicarboxylic acid (12), evidence of the
considerable stability of the isothiazole ring. The ease of decar-
boxylation of compound 12 to form isothiazole-4~carboxvlic acid (13)
recalls the ease of decarboxylation of pyridine~3,4-dicarboxvlic
acid to form the 3-carboxylic acid.5 In both cases it is the carbox-
yl group "para' to the ring nitrogen atom which is lost. Furthef

k\decarboxylation was possible only via the Curtius sequence of reac—
tions (13 -+ 17) to produce 4-amino isothiazole (17). Isothiazole
was p?epared by diazotization of the aminoisothiazole and tfeat—
ment of the diazonium salt with hypophosphorous acid.

Simpler syntheses have been developed. One general method involved
the oxidation of acyclic intermediates formed in addition or conden-
sation reactions. (See Figure 3,lpage 4.)

An examplé of such a procedure was the synthesis of substituted
S5-amino isothiazoles6 (20) by axidation with hydrogen neroxide.
chloramine or persulfates of the compounds formed by the additiom
of hydrogen sulfide to B-imino propionitriles (13).

7-11 independently developed a similar

Goerdeler and coworkers
method for the preparation of S5-amino isothiazoles (25) and 5-imino

isothiazolines (24) by the addition of isothiocyanates (22) to
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primary (R2= H) and secondary enamines (21) followed by cyeclization
with hydrogen peroxide, chloramine, bromine or iodine in pyridine
- or with bromine in'acetic acid. They extended their reactions to pre-
'pare 3-hydroxy, -alkoxy and -amino isothiazoles by the oxidative
cyclization of suitable intermediates.

FIGURE 3
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Low yields of substituted isothiazoles have been obtained by
2 .
thioacylation of primary enamines1 followed by oxidation with hydro-
gen peroxide or iodine/benzene solution in the presence of potassium

carbonate (26 + 29).



Active nucleophilic methylene groups such as those found in
malononitrile (30) and phenylacetonitrile (43) have been utilized
in the presence of a base to form intermediate compounds which were
treated with sulfur to yield isothiazoles. The base may serve as an
activator of elementary sulfur Sge The base may be an amine or any
other base of comparable nucleophilic strength including any sulfide;
polysulfide or sulfite which wmay be formed during sulfurization.
The base may also be present to act as the proton acceptor in the
formation of the actualvnucleophile (n). Carbon disulfide can add to

nucleophiles when such an auxiliary base is present.

| | .
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Problems arose when carbon disulfide reacted with the auxiliary
base which is also a nucleophile. Hence it was convenient to use
svstems which were nucleophilic enough themselves to react with
carbon disulfide without the aid of an auxiliary base. Such nucleo-
philic compounds are enamines, dienamines, Schiff bases, alkynes

13 e.g. malononitrile. Sulfur, carbon disulfide

and CH-acid nitriles
and dithioesters are all capable of reacting with them. Figure 4
on the following pége presents the reactions that the methylene
groups have been shown to undergo in the preparation of various
isothiazoles.

Malononitrile reacted with carbon disulfide with sodium hvdrox-
ide as the auxiliary base to produce di(sodiomercapto)methylenemalono-

nitrile (31)%4 Treatment of compound 31 with excess chlorine in carbon

tetrachloride gave 3,5-dichloro-4-cyano isothiazole (32).
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Addition of acetonitrile in triethylamine to a solution of

malononitrile in carbon disulfide15

afforded di(triethylammonio)-
methylenemalononitrile (33), analogous to compound 31. Oxidation was
performed under mild conditions by refluxing with sulfur in methanol.
3,5-Di(methylthio)~4~cyano isothiazole (34) was produced when methvl
iodide was added to the solution.

Gewald and Mayerl6 treated malononitrile with sulfur and carbon
disulfide in the presence of a base such as diethylamine or triethyl-
amine (to act as activator and proton acceptor) to prepare 4—-cyano-
S—amino—l,2-dithiol—3~thione (35). Potassium hydroxide effected ring
opening by the scission of the -S-S- bond. Isomerization about the
carbon-carbon double bond of compound 35 and ring closure afforded
di-potassium-3,4-dithio-4-cyano isothiazole (36). Methylation of the
\}earranged product produced 3,5~-dimercapto-4—-cyano isothiazole (37).

Malononitrile was thioacylated17_with esters of dithiocarboxylic,
thionocarboxylic, trithiocarbonic and xanthic acids in anhydrous
ethanol with a base such as sodium ethoxide as a catalyst to form
sodium vinyl sulfides (38). These sulfides afforded 3-amino-4-cyano
isothiazoles (39) when treated with chloramine.

The reaction of one mole each of hydrogen sulfide and malono-
nitrile produced cyanothiocacetamide (40) which reacted with carbon
disulfide in the presence of a base such as sodium alkoxide.18 Methyl-
ation of the addition product yielded the intermediate (41) which on
oxidation with ethanolic iodine gave 3,5-dimethylthio-4-cyano isothia-
zole (42).

Phenylacetonitrile (43) treated with carbon disulfide with sodium

hydride as the base and dimethylformamide as a catalyst produced



a dithioic acid salt (44) as an intermediate which was cyelized
by refluxing with sulfur in ethanol. Acidification afforded 4-phenyl-~
3,5~dithio isothiazole (45).19

There are two examples of where acidic methyne groups have

been utilized to prepare isothiazoles. (See Figure 5.)

FIGURE 5
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Addition of thiophosgene (47) to methyl B-aminocrotonate (46)20
in absolute ether in the presence of triethylamine as a basic catalyst
afforded methyl 3-methy-4-isothiazole carboxylate (48).

Propynal (49, R=H) treated with sodium thiosulfate or with
thiocyanic acid yielded an intermediate{which on cyclization with
liquid ammonia produced isothiazole or a 3-alkyl isothiazole (if a

propyne ketone were used instead of propynal).21



There are several other preparations of isothiazoles, the equa~
tions of which appear in Figure 6, page 10. The first reaction is

vunique in ﬁhat similar reactions have not appeared in the literature;
the second reaction may be general but it has not yet been shown to
be so; the third reaction is a general preparation of alkyl and aryl
isothiazoles; the fourth has also been shown to be quite general.

One method has involvéd the oxidative cyclization of B-mercapto-
propionitrile (50)22 with chlorine or bromine in an inert solvent to
yield 3-halo isothiazoles (51). Three protons are lost in the

" conversion but the details of the route are not known.

Another preparation was the sulfurization of a suitable
B-imino ketone such as B-imino-B-morpholinoethyl phenyl ketone (52)
with sulfur and phosphorus pentasulfide with pyridine as the solvent.23
%&ridine, which is a base, would behave as an activator of the
sulfur and of the thione that is formed. Thus activated, the thione
may then undergo ring closure to produce 3-morpholino-5-phenyl iso-
thiazole (54).

A fairly éfficient and simple preparation of alkyl and aryl
isothiazoles was introduced by Hubeneft, Flock and Hoffman.24 It
involved the reaction of olefins with three or more carbon atoms with
sulfur dioxide and ammonia at temperatures of 300-350°C. over suit-
able catalysts, for example, activated alumina or silica gel containing
oxides of aluminum, titanium or other multivalent metals.25 (55 » 56)
The authors found that n-butenes invariably gave mixtures of 3—méthyl
and 5-methyl isothiazoles while both allyl benzene (57) and a~methyl-

styrene (58) yielded only 5-phenyl isothiazole. Tt appeared
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FIGURE 6
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that the n-butenes reacted as an equilibrium mixture of the 1-

and 2-butene while the aryl butenes had their equilibrium dis-
placed largely towafd the o -methylstyrene form?> which is the more
stable form due to conjugation. It was then assumed that the nitro-
gen entered the position Y to the benzene ring and the sulfur added
at the double bond to form a reactive sulfur-nitrogen compound
which cyclized to form isothiazole.

Isothiazoles have been prepared by the reaction of certain
1,2-dithiolium salts (59) with ammonia in ethanol or with ammbnium
acetate in acetic acid.26’27 Unsymmetrical dithiolium salts reacted
preferentially in one direction. It was determined that the opera-
tive mechanism was one of addition-elimination followed by ring
closure via displacement of the sulfhydride ion by the nucleophilic
‘ﬁitrogen of the NH2 group of the intermediate non-isolated open

chain compound (60).The mechanism is shown in Figure 7.

FIGURE 7
§ S—5S i NH
T NH
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It is possible that in the reaction of olefins with sulfur
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dioxide and ammonia just mentioned analogous suifur heterocycles
were formed which then reacted with ammonia to produce isothiazoles.

Isothiazole’was obtained as a minor product on the treatment
of 1,2-dithiolium salts with aqueous ammonia in the presence of

. . 28
ammonium chloride.

FIGURE 8
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Tornetta?? had assigned the structure of 5-phenyl-3-amino-
1,2-dithiolium cation to the product obtained by the reaction of
phosphorus pentasulfide with cyanoacetophenone. However, the behav-

iour of the compound led the author to believe that the correct
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structure was that of the 5-phenyl-3-imino-1,2-~dithiolium cation
(61) which can also be represented as a carbonium ion (6la).
a manner somewhat similar to the addition of ammonia to the 1,2-
dithiolium salts to produce isothiazoles compound 61 has been shown
to undergo nucleophilic attack at the 3—5osition by morpholine3o
with subsequent elimination of HX, ring cleavage, then ring closure
via the displacement of the sulfhydride ion by the nucleophilic
nitrogen of the imino group to yield 3-morpholino-5-phenyl isothia-
zole (63) with the evolution of hyarogen sulfide.

Treatment of the 5-phenyl-3-imino-1,2-dithiolium salt witﬁ
ammonia and alcoholic potassium hydroxide promoted isomerization
to 3-mercapto-5~phenyl isothiazole.BO The proposed mechanism in-
volved the cleavage of the dithiol ring with formation of a nitrile
“intermediate. Condorelli, Pappalardo and Tornetta3O found further
evidence for the nitrile intermediate in the interpretation of the
formation of imino-pyrazolones obtained by the action of hvdrazine
and phenylhydrazine on compound 61. (See Figure 9) In Ficure 9 it

FIGURE 9
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PL(L§§,//LWVL1 PL(lQ§;//1‘ scI;\\\//'u ” 2S

TN N l-——-N-Q R=H, P
[ Ve PK SNH



14

observed that the hydrazine displaces the -S-S-H chain before the
nitrogen of the nitrile had an opportunity to displace the sulf-
hydride ion by nucleophilic attack as was shown in Figure §.
Isothiazoles have also been obtained by the reaction of iso-
thiazolium salts with ammonia.3l The mechanism is similar to that
observed in the reaction of 1,2—dithiolium salts with ammonia and

will be discussed with the other reactions of isothiazolium salts.
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ISOTHIAZOLIUM SALTS
Theory
Isothiazolium salts (65) are isothiazoles with the ring nitro-
gen atom quaternized. They are isoelectronic with thiazolium salts

(66), pyridinium salts (67) and with benzene (5).

16— 2 :
e T O
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Figure 10 represents the possible contributing structures of
isothiazolium salts; structures 65(viii-x) utilize sulfur d-orbit-

als while 65(i~vii) do not.

“~

FIGURE 10
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The contributjon of structures 65(iii, iv, v, and x) would he
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expected to be negligible because of the high energy requirement
for two adjacent positive centres. Experiments on rates of depro-

tonation3

2 have shown proton loss to occur in positions 3 and 5,
with exchange ratés higher for the 5-position than for the 3-pos~
ition. This is indeed surprising since it is contrary to L.C.A.O.
molecular orbital calculations or even simple consideration of
inductive or coulombic effects. Most of the positive charge should
be on the nitrogen atom. This strange behaviour was explained by
the fact that d-orbital overlap of the sulfur atom would stabilize
the deprotonated species.32 Additional evidence for the lower
electron density at the 5-position than at the 3-position is the

nuclear magnetic resonance spectrum of isothiazole in sulfuric

acid (i.e.of isothiazolium hydrogen sulfate),

"'1":””1 Hso,
Hs TN~ Hsz
He

33
which showed peaks at T for II,3 = 0.4, v for H3 = 0.9 and 1 for H4 = 2,]1.

In agreement with these observations, it would seem that of tue
structures not utilizing sulfur d-orbitals, 65(vi and vii) present
a significant contribution, and of the structures using d-orbitals,

65(ix) would be the most significant.
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ISOTHIAZOLIUM SALTS
Reactions

The reactions of isothiazolium salts have vet to be exten-
sively studied. The salts would be expected to be reactive to nu-
cleophilic reagents and unreactive to electrophilic reagents. Their
reactions would be expected to parallel those of 1,2-dithiolium
salts (59), thiazolium salts (66) and N-substituted pyridinium
salts (67)

From the discussion on deprotonation rates and n.m.r. spectra
of isothiazolium salts (page 15), it is fairly obvious that nucleo-
philic attack on the isothiazolium nucleus would occur in either
of positions 3 or 5, but preferentially in position 5 if both pos-
itioﬁs are unoccupied. In fact nucleophilic attack has been shown

Nfo occur with two isothiazoliuﬁ salts (65 a, b), with sulfur at-
tacking the unoccupied 3-position to produce isothiazole-3-thiones
which were treated with methyl iodide and isolated as the corres-—
ponding 3-methylthio isothiazolium iodides. Klingsberg34 has shown
that 1,2-dithiolium salts with'either position 3 or 5 unsubstituted
undergo a similar oxidation by sulfur in boiling pyridine to pro-
vide the corresponding 1,2-dithiol-3~-thiones. Thiazoiium salté also
readily form thiazole-2-thiones under similar conditions.35

Another example of nucleophilic attack on the isothiazolium
system was shown by Landesberg and Olofson.31 The formation of iso-
thiazole by the nucleophilic attack of ammonia on 2~-ethyl-4-phenyl-
isothiazolium fluoroborate has been shown to proceed via an addi-
tion-elimination pathway Figure 11, p. 26. Addition of ammonia at the 3~

position results in ring cleavage to produce the intermediate 68ii.



This intermediate then undergoes ring closure when the electrons
of the imino nitrogen atom displace the ethylamino group to give
4-phenyl isothiazole. Other nucleophiles have reacted with iso-
thiazolium cations to yield additional heterocycles in analogous
reactions. 3-phenyl isothiazolium perchlorate reacted with
hyvdrazine to give 3—phenyl pyrazole and with phenyl hvdrazine to
give a mixture of 1,3~diphenyl and 1,5-diphenyl pyvrazole.
1,2-dithiolium salts in general have been shown to react
with ammonia to produce isothiazoles. The 3-phenvl-1,2-dithiolium
cation reacts with phenylhvdrazine to give a mixture of 1,5-di-
phenyl and 1,3-diphenvl pyrazole in a manner similar to that of

the 3-phenyl isothiazolium cation.27

32 36

as well as 1,2-dithiolium salts,

~ 37 i
thiazolium salts and pyridinium salt838 all decompose on treat-

Isothiazolium salts

ment with base. Pyridinium salts require heat for decomposition

to take place.
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ISOTHIAZOLIUM SALTS
Preparations

There are generally two methods of obtaining isothiazolium
salts and that is by i) alkylation of isothiazoles and ii) ring
closure of suitable compounds..

Isothiazoles have been alkylated by being allowed to stand
for prolonged periods of time with methyl or ethyl iodide,39 by
refluxing with benzylbrpmide,39 or by addition of triethyloxonium
fluoroborate:.)’l The obvious limitation to this approach is that
N-aryl isothiazolium salts cannot be prepared in an analogous
manner .

Goerdeler8 had suggested that treatment of 2-ethoxycarbonyl-
3~methylamino—N—phenyl—thiobut—2—ene—amide40(69) with bromine

\hight produce an isothiazolium salt. Using this approach, Faust41
synthesized S5-(methylthio)-isothiazolium bromide and tribromide (72)

by dehydrogenation of 3~aminodithioacryvlates (71) with one or

two moles of bromine respectively.

| N—cH
1 T e (2)

| >
PRNH N7 ~CHl; PANHTX CHg
CO, et Co, €+

©9 | /70

+
Nuq_ (2) Brz —N=~-Byv -
— 8V‘CB>
H : .

7 72
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N-aryl isothiazolium salts can be prepared only by ring syn-
thesis, or more specifically, the oxidation of suitable intermediate
compounds. This paper shall deal with the preparation of N-aryl

and N-alkyl isothiazolium salts by these means.



DISCUSSION
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DISCUSSION
Object of Research
The compound obtained by the treatment of diacetyl acetone
with'phosphorus pentasulfide in benzene was erroneously given the
structure of a seven-membered ring disulfide by Arndt.42 However,
Bezzi, Mammi & Garbuglio 43gave the compound so obtained the thio-
thiophthene strucéure (73), correctly named as {1,2}-dithiolo(1,5b)~

{1,2} dithiol—7—S¥V These authors also reported that the molecule

was characterized by single bond-no bond resonance which conferred

an aromatic character on the two rings.

[ 5] — I
@ CN3WCH3 cn_j\j\jﬂB

713

From the diagram of the bond lengths and bond angles of the
thiothiophthene system, one observes that the bond lengths of 1.37-
1.38 X between the ring carbon atoms indicate that the nucleus is

- aromatic. The facf thét the sulfur to sulfur bond is 2.36 A whereas

in dithio compounds R-S-S-R it is 2.04 X indicates that the sulfur-
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sulfur bond order is less than unity. Leaver and McKinnonaaargued
that although proton magnetic resonance indicated a symmetrical
structure for compound 73, this may be caused by rapid tautomerism
rather than by single bond-no bond resonance. In support of this
view they showed that the ultraviolet spectra and visible spectra

of the thiothiophthene system (74) were similar to those of compoundé
75 and 76 in neither of which resonance of the type described for
compound 74 is possible. Wavelengths of visible maxima of compounds
74, 75, and 76 differed from those of the corresponding ketones (77,

78, 79) by roughly the same increment (67, 69 and 60 mu respectively).

| Ph
IsSHIsSUNGS
3
Ph \> = Ph SN Ph P Pl ‘

4 s 76

. | Ph
—3 S = O
P*j\)\iﬁg P;\/E/Rj\m &kph

/7 78 79

45 has investigated the participation of the sulfur d-orbi-

Maeda
tals in the hybridization of the.sulfur atoms forming the linear
S-S-S bonds of thiothiophthenes. The calculations, involving simple
L.C.A.0. approximations showed that par;icipation of the 3pz orbital
qf the sulfur atoms was more likely than that of 3dXy orbitals.

Single bond-no bond resonance was also considered to make minor

contributions to the structure of dithiolocyanine perchlorates“0 (80)
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due to the existence of an unusually short distance between the two

0
internal sulfur atoms (3.0- 3.1 A.)

—S

I N

S S—5 S
s :
hF#y\\//J§§v//L§§//u\PH
e
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Et Et
81

Easton, Leaver and McKirmon4 however argued that i) no evi-
k\dence had yet been presented to indicate that the S-S bonds in the

dithiol nucleus are unusually long and that ii) the central S-S dis-
tance is longer than the value of 2.95 A found for the phosphacyanine
(81),48 in which single bond-no bond resonance is highly improbable.
They regarded 'the partial interannular bonding of the dithiolocya-
nines as a result of the expansion of the valence shells of the two
internal sulfur atoms, i.e. as a result of the utilization of
sulfur 3d orbitals which have a greater extension in space than do
3pZ orbitals and whose probability to overlap is thus greater.

It has been suggested that the long $-S bond found in thiothi-
ophthenes can be better explained by thg delocalization of all ﬁ~e1ec—
trons to form an 8-centred system (5 carbon atoms and 3 sulfur atoms),

48
the S-S bonds being purely w-bonds without any &-bonding, similar

49

to the structure of the N-N bond in NZOZ'
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Hence we are presented with three possible explanations for
the symmetry of thiothiophthenes: i) single bond-no bond resonance,
i.e. delocalization of all m-electrons to form an 8-centred system
i1i) rapid tautomerism 1iii) utilization of sulfur d~orbitals.

Replacing the central sulfur atom 6f 5-S~S in the thiothioph-
thene system by a tertiary nitrogen to form S-N-S would leave a
molecule which may or may not be symmetrical, depending on which
of the three aforementioned factors plays a leading role. Unlike
the sulfur atom, the nitrogen atom has no d-orbitals available
to allow for expansion of its valence shell. Hence if the molecule
were found to be symmetrical, it could not be due to iii. The prepa-
ration of these aza analogues of thiothiophthenes required the
avéilability of isothiazolium salts. The object of this research
was to devise a general preparation of isothiazolium salts and
to attempt synthesis of this aza analogue of the thiothiophthene
system. A paper, ''Synthesis of some isothiazolium salts' by
D.M. McKinnon and E.A. Robak has been published in the Canadian
Journal of Chemistry, 46, 1855 (1968), dealing with the general

preparation of isothiazolium salts devised in our laboratoxry.
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Materials

It was decided to start from 1,2-dithiolium salts since these

dSO that treatment of

are readily available and it has been observe
these salts with primary amines gave subétituted l—aﬁinopropene thi-
- ones. Since these are étructurally related to earlier pecursors (71).
of isothiazolium salts, it seemed reasonable that they too would |
oxidize to form isothiazolium salts.
Two of the dithiolium salts (5%a,d) had been prepared before36’51
but two new ones (59b,c) were synthésizéd by an adaptation of known
methods. An attempt was made tb prepare a known 1,2-dithiole-3-thione

by a methéd different from that found in the literature. This thione

could then be oxidized to produce a new dithiolium salt. An unex-

‘m\\pected product was obtained.

The 1,2-dithiolium salts were treated with primary amines to
produce i—arylamino and l-alkylamino prop-l-ene-3-thiones (82). One
of these thiones was new (82d), two had been made before (82b,c),SO
and two others (82a,c) were not isolated but were oxidized in'the
solution in which they had been formed. Six different isothiazolium
salté were prepared by oxidation of the propenethiones. Of these Sii,
five had not been prepared before and one (65a) had been previously
prepared by N-methylation of S5-phenyl isothiazole. One cation was iden-
tified as the perchloraté (65d).and as the triiodide (65f) salt.
Since the productioh of isothiazolium.sélts involves the loss

of a hydride ion from the aminoproene thione precursors, it Qouid be
_expected that 2,3,5-triphenyl isothiazolium perchlorate {65e) could

be synthesizéd directly from l-anilino-1,3-diphenyl prop-l-ene-

3-thione (82e) using triphenylmethyl perchlorate (92), a reagent




known to abstract hydride ions.
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2 .
> Ring closure, however, was not

effected; N-tritylation occured instead.
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Isothiazolium salts have been shown to undergo oxidation with sul-

. ... 53
fur in pyridine

to provide the corresponding isothiazole-3-thiones.

This is exactly analogous to the reaction of 1,2-dithiolium salits with

sulfur in pyridine34 to produce 1,2-dithiol-3-thiones.

Certain 1,2-dithiolium salts were shown to react with methyl and

methylene carbonyls which on sulfurization with phosphorus pentasulfide

. . . 54 . . .
produced various thiothiophthenes. Similar reactions were attempted

with isothiazolium salts.

2,5-diphenyl isothiazolium perchlorate was treated with dimethyl

formamide in an attempt to prepare a carbene in a manner analogous
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: . . 35
to the preparation of carbenes from thiazolium salts.
An attempt was made to determine whether the aminopropene thiones
behaved as dienes by refluxing one of the thiones (82e) with a

dienophile such as dimethyl acetylene dicarboxylate (100).
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Preparations of 1,2-dithiolium salts

The 1,2-dithiolium salts 59a, 59b, and 59¢ were prepared by the
peracetic acid oxidation of the corresponding 1,2~dithiol-3~thiones,
viz. 5—phenyl—-l,2—dithiol—3—thione,36 4-methyl-5-phenyl-1,2~dithiol~
3-—thione,55 and 4,5~diphényl~l,2—dithiol~3—thione56’57 respectively.
3,5-Dpiphenyl-1l,2-dithiolium perchlorate was prepared by the method
of Behringer and Grimm.-!

The preparation of 5-phenyl-1,2-dithiol-3-thione involved reflux-—
ing ethyl cinnamate with sulfur36 and sulfurization of the 5-phenyl-
1,2-dithiol-3-~one with phosphorus pentasulfide. It.was believed that
4,5-diphenyl~1,2-dithiol~3-thione could be prepared by refluxing ethyl
a-phenyl cinnamate with sulfur followed by treatment with phosphorus

\pentasulfide. However it was found that after an hour and a half of
refluxing sulfur and a-phenyl cinnamic ester, tetraphenyl thiophen
was obtained instead. (See Figure 12, page 29)

A possible sequence of reactions would be the condensation of

two ester molecules to form the tetraphenyl quinone intermediats (85)
which may then react with sulfur to form first the l,4-thiopyranone
intermediate which could extrude sulfur to produce tetraphenylcyclo-
pentadieneone (87), which has been reported by Dilthey to react with
sulfur at reflux temperatures to produce tetraphenylthiophen (89).
The tetraphenyl quinone may alsé react with two gram atoms of sulfur
to produce the 1,4-dithiin which may lose sulfur at high temperatures
to produce the tetraphenylthiophen. It is possible that the increased
acidity of the CH-proton due to conjugation between the two phenyl

groups through the double bond or the presence of impurities in the

starting material may have been responsible for the reaction to have
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FIGURE 12
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proceeded in this unexpected manner. However, a good vield of the

desired thione (90) was obtained by the treatment of o~-methvl stil-

6,57
bene with sulfur.so’
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Preparations of l-arylamino~ and l-alkylamino-prop-l-ene-3-thiones

Aniline and methylamine (the commercial 407 aqueous solution) re~
acted with 1,2-dithiolium salts (59a, ¢ & d) suspended in ethanol imme-
diately producing a red colored solution with an addition product
suspended in it., This involved simple addition of the amine to the
3~position of the 1,2-dithiolium perchlorate with elimination of per-
chloric acid to produce the intermediate addition product (91, Fig-
ure 13); Heating the mixture gently produced a homogeneous red sol-

FIGURE 13
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ution which on cooling produced the aminopropene thiones as orance to
deep red precipitates as well_aé a small amount of sulfur which had
been extruded during the course of the reaction. Heating the addition
product resulted in the opening of the dithiol ring with a non-hond-
ing electron of the nitrogen forming a double bond. Heating the disul-
fide so produced resulted in the loss of a sulfur atom. Electron rear—

rangement produced the l-~amino-prop-l-ene-3~thione which was isolated
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when the solution was cooled. 4-Methyl-5-phenvl-1,2~dithiolium per-
chlorate could not be successfully treated with an amine because it
decomposed on heating in ethanol. An attempt to perform the reaction
in benzene was unsuccessful. Treatment of 3-phenyl-1l,2-dithiolium
perchlorate with methylamine produced l-methylamino-3-phenyl-prop-
l-ene-3-thione which, because it was unstable, was not analysed but
used immediately in the oxidation step to produce 2-methyl-5-~phenyl
isothiazolium perchlorate (65a). The aminopropenethione from 4 ,5-di-
phenyl-1,2~dithiolium perchlorate and\aniline could not be obtained
when the reaction was done in ethanol and could be obtained as an

amorphous red solid in low yield when the reaction was performed in

benzene.
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Preparations of isothiazolium salts

When aminopropenethiones were treated with iodine in hot ethanol,
methanol or benzene solution, immediate brown precipitates were form-
ed which analysis showed to be isothiazolium triiodides. Since the
propenethione from 4,5-diphenyl-1i,2-dithiolium perchlorate was diffi-
cult to isolate, the iodine solution was added directly to the solu-
tion containing the thione. The conversion of the triiodides to per-
chlorates was effected by treatment with a nitromethane-perchloric
acid solution and dilution with ether to produce isothiazolium per-
chlorates.

Methylation of 5-phenyl isothiazole by heating with dimethyl-
sulfate gave 2-methyl-5-phenyl isothiazolium methylsulfate which
was converted to the perchlorate. This perchlorate had the melﬁing
‘Jpoint and infra red spectrum identical with that of the compound
produced by oxidation of l-methylamino-3-phenvl-prop-l-ene-3-thione.
This evidence confirmed that the original synthesis had proceeded

as had been expected.

-+
I —N-R - S—N- -
NHQ 2 2 8 1 _1_3 | QCQOL}
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Reaction of triphenylmethyl perclorate with

l-anilino-1,3~-diphenyl prop-l-ene-3~thione

Since formally all that is required in the conversion of an
aminopropenethione to the isothiazolium salt is the removal of a hy-
dride ion, triphenylmethyl perchlorate (92), a reagent known to ab-
stract hydride ionssz would be cxpected to be a suitable reagent for
converting aminopropenethiones directly into the corresponding iso-
thiazolium perchlorates. Mixing l-anilino-1l,3-diphenyl-prop-l-ene-
3-thione with trityl perchlorate (92) in acetone gave a color change
from red to yellow. Addition of ether produced a cloudiness and
eventually a vyellow precipitate, the mass spectrum and n.w.r. spec-
trum of which indicated the presence of ether molecules incorporated
in the crystal lattice or in the molecule itself to produce an
etherate. Elemental analysis indicated that the compound was not

a 1:1 adduct of ether and starting materials. Recrystallization of
this’compound obtained in acetic zcid with some perchloric acid

present removed the ether, as shown by the n.m.v. spectrum. Analysis

of this recrystallized substance showed it to be the N-tritylated
product (93). Boiling compound 93 in ethanol regenerated the l-anilino-
1,3—diphenyl—prop—l—ene~3—thione. This regeneration of the aminopro-
penathione may be facilitated by the ready loss of the bulky tri-

phenylmethyl cation.

-

Oh Ph

32e O3 32e
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Reaction of isothiazolium salts with sulfur

1,2-dithiolium salts32

unsubstituted in positions adjacent to
the sulfur atom and thiazolium salts35/pnsubstituted in the 2-
position undergo oxidation by sulfur in boiling pyridine to produce
the corresponding thiones. Hence it seemed probable that isothia-
zolium salts unsubstituted in the 3-position would form isothiazole-
3-thione under similar conditions. In fact two of the isothiazolium
salts studied (65a,b) have produced the corresponding isothiazole~3-
thiones (96) which were isolated as their methioccides, formulated

32 and thiazole

as 3~-methylthio isothiazolium iodides. Dithiole thiones
thione535 react similarly with methyl iodide. Alkylation of the

sulfur is more likely than alkylation of the nitrogen for several
_reasons: i) The phenyl or wmethyl group at the ring nitrogen will
provide some steric hindrance for the incoming methyl group 1ii) The
C=S bond is a highly polar bond which would tend to withdraw electrons
from the nitrogen, making it less reactive towards methyl iodide. Tt
might be noted that the —y—?=s system is very similar to that of a
thioamide. iii) Formation of the methylthio compound restores the
aromaticity of the isothiazolium ring.

There are two possible schemes whereby these isothiazole thiones
may be evolved. One such scheme (a) would involve the loss of a proton
fron the 3-position (the 5—position is substituted) to form a carbene
(see Figure 14, page 35) which is oxidized by sulfur, possibly after
dimerization, to form the thione. Wanzlick35 has shown that certain
thiazolium salts lose a proton on treatment with'a base to produce

a carbene which, following dimerization, was converted to the thiazole-

2-thiones.
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The lower yields of isothiazole{é—thiones as compared with the
yields of dithiole-3-thiones and thiazole-2-thiones may be accounted
for by the presence of a competing reaction leading to the formation-
of a thioketimine (98) with ensuing decomposition. It has been shown
that isoxazolium salts produce ketoketimines when treated with ter-

) 59
tiary amines.

Hence a similary reaction of isothiazolium salts in
the presence of pyridine cannot be dismissed.
The other possible mechanism (b, Fipure 14) may involve direct
nucleophilic attack on thie 3-position of the isothiazolium salt
by the activated polysulfide anion to produce the isothiazole-3-thione.
Which mechanism is operative {(a or b) cannot be decided at this
stage because, experimentally, these two mechanisms cannot be distin-
guished with any certainty. It might be noted here, however, that
‘when isothiazolium salts are placed in pyridine alone, a red to blue

solution results immediately. This may be evidence for the formation

of a carbene or the highly conjugated dimer, or it mayv be the mani-

festation of the formation of the thioketimine.
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Reaction of isothiazolium salts with methyl and methylene carbonvyls

Thiothiophthene derivatives were prepared by the condensation of

v

4-phenyl- and 3-phenyl-1,2-dithiolium salts with methyl and methvlene

W

carbonyls followed by treatment with phosphorus pentasullfide. The lat-

S4

ter salt gave poor yields.”” It was believed that similar treatment

of isothiazolium salts would produce the aza analogues of thiothioph-
thenes:

R

1

R= Me, Ph
V= U, N, COEt, CO,Ne

Certain disothiazolium salts were treated with acetophenone in

refluxing ethanol but only starting materials were obtained. The salts

0

[

were also treated with diazoacetophenone in various medisz - pvridine,
triethylamine, quinoline aad methylene chloride - but no product was
identified.

2,5~diphenyl isothiazolium perchldfate was refluxed with ethvl
benzoylacetate in the presence of pyridine with acetic acid as the

solvent. One product was isolated by column chromatography. The melt-

ing point (113-115° C) and elemental analysis verified that the com-
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pound that had been isclated was acetanilidg <C8H9NO’ mp. 114 C.)
'his series of reactions could explgin its formation ~ the formation
of the thioketimine (98b) by the action of pyridine on the isothia-
zolium salt (65b), hydrolysis of the thioketimine to form aniline

1
¥

and a ketene (99), and the reaction of aniline so formed with acetic

acid which was the solvent.

.
:‘fﬁ“”‘ P _MNPR WO P o PR,

Pr P P

65b 98b 99

CH,COH
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acetanilide

; . . s ... 61
In a reaction analogous to one done with 1,2-dithiolium szlts

2,5-diphenyl isothiazolium perchlorate was heated with sodium ben-

zoylacetate. No product was obtained.
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Reaction of 2,5-diphenyl isothiazolium perchlorate

in dimethylformamide with a base

In an attempt to isolate a carbene or dimer from the isothia-
zolium salt, the salt and dimethylformamide were mixed, producing an
immediate red colour. To this mixture triethylamine was added. The
solution was not heated but rather kept in the freezer. Particles of
non-isolable semi-solid were observed in the oily red mass. An ex-—
traction with ether was done after leaving the liquid exposed to the
vacuum line for two days. The infra red spectrum of the ether soluble
portion indicated a strong peak at 1660 cm™l, indicative of the
carbonyl of dimethylformamide or of a C=C stretch of the dimer (which
would not be expected to be a strong absorption since the dimer would

__be symmetrical) and another strong peak indicative of the perchlorate
anion (which is not understandable since perchlorates are generally

insoluble in ether).
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Reaction of an aminopropenethione with a dienophile

An attémpt was made to determine whether aminopropenethiones
would behave as dienes when subjected to prolonged reflux with a typi-
cal dienophile such as acetylene dicarboxylic ester (100). Thus
l-anilino-1,3~diphenyl prop-l-ene-3-thione and dimethyl acetyléne
dicarboxylate were refluxed for twenty-four hours. A large amount
of the thione starting material was obtained. Thin layer chromatog-
raphy of the solution left after removal of the propenethione revealed
the presence of several substances, the major component being isolated.
The n.m.r. spectrum of this substance was fairly simple {(see Experi-
mental section): the mass spectrum gave m/e 396 as the parent peak and
m/e 395 as the base peak (see Ixperimental section). Fven with
_ this information and the infra red spectrum, the substance has yet
to be identified.

Refluxing the two starting materials for fifty-six hours gave a
smaller amount of the thione starting material. Thin layer chroma-
tography once more showed the presence of several substances, the most
abundant one being isolated. The substance obtained was a vellow
semi-solid, the n.m.r. and infra red spectrum of which were more com-
plex than those of the substance isolated after twenty-four hours of
reflux. This substance was not identified either. (See Experimental

section.)

) NHPh .
+ cC=Cco,M .
ol _A~ph PﬁéiCA 2 V2 =
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CONCLUSIONS

A general method for the preparation of isothiazolium éalts
btas involved the reaction of various 1,2-dithiolium salts with pri-
mary amines followed by ring closure by iodine oxidation of the
l-amino prop-l-ene-3-thiones formed in the reaction. This produced
isothiazolium triiodides which were then converted to isothiazolium
perchlorates in satisfactory yields.

In the process of devising a general method for the synthesis
of isothiazolium salts, two 1,2—dithioiium salts, one aminopropene-
thione and seven isothiazolium salts (two of them as the methiodides
of isothiazole thiones) that have not appeared in the literature
before had been prepared.

All attempts to place an acylidene side-chain at the 3-position
of isothiazolium salts unsubstituted in that position in an effort to

prepare the aza analogue of the thiothiophthene system have failed.

Because of the low yields of methylthio isothiazolium iodides
obtained from the reaction of isothiazolium perchlorates with sulfur
in pyridine, it seems that the approach to the preparation of the aza
analogue of the thiothiophthene system utilizing the reaction of the
methylthio isothiazolium iodide with a methyl or methvlene carbonyl

should be used only if no other method can be found.




EXPERIMENTAL
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CONCLUSIONS

A general method for the preparatioﬁ of isothiazolium salts
has involved the reaction of various 1,2-dithiolium salts with pri-
mary amines followed by ring closure by iodine oxidation of the
l-amino prop-l-ene-3-thiones formed in the reaction. This produced
isothiazolium triioaides which were then converted to isothiazolium
perchlorates in satisfactory yields.

In the process of devising a general method for the synthesis
of isothiazolium salts, two 1,2-dithiolium salts, one aminopropene-
thione and seven isothiazolium salts (two of them as the methiodides
of isothiazole thiones) that have not appeared in the literature

before had been prepared.

N All attempts to place an acylidene side-chain at the 3-position

of isothiazolium salts unsubstituted in that position in an effort to

prepare the aza analogue of the thiothiophthene system have failed.

Because of the low yields of methylthio isothiazolium iodides
obtained from the reaction of isothiazolium perchlorates with sulfur
in pyridine, it seems that the approach to the preparation of the aza
analogue of the thiothiophthene system utilizing the reaction of the
methylthio isothiazolium iodide with a methyl or methylene carbonyl

should be uged only if no other method can be found.
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All melting points given were determined on the Fischer-Johns
melting point apparatus and are uncorrected.

Solutions were dried over calcium chloride.

Column chromatography was performed on aluminum oxide made
by Camag, 504~C acidic Brockmann No. 808123, obtained from
Mondray Ltd., 4180 de Courtrai, Montreal, P.0., Canada

Thin layer chromatography was performed on silica gel DSF-5,
made by Camag, obtained from Mondray Ltd., 4180 de Courtrai, Montreal.

Infrared spectra were obtained on a Perkin-Flmer Model 137
Infrared Spectrometer,

The n.m.r. spectra were performed by Mr. Robert Fitch on a
Varian A-56/60A spectrometer, using deuterated chloroform (99.8% D)
containing tetramethvlsilane as the internal standard.

The mass spectra were performed by Mr. Charles Reichert and
Mr. Denis Lin on a Hitachi Perkin-Elmer RMU-6D mass spectrometer.

The elemental analyses were done by Alfred Bernhardt,
Microanalytical Laboratory, Max Planck Institute, 433 Mulheim (Ruhr),

West Germany.



EXPERIMENTAL
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EXPERIMENTAL

5-phenyl-1,2~-dithiolium perchlorate (59a) was prepared from 5-phenyl-

1,2-dithiole~-3-thione by oxidation in acetic acid solution with
three equivalents of 307 hvdrogen peroxide.

3.5-diphenyl-1,2~dithiolium perchiorate (594) was prepared by the
51

method of Behringer and Grimm,

4-methyl-5-phenyl-1,2-dithiolium perchlorate (59b) was prepared by

dissolving 4-methyl-5-phenyl-1,2-dithiole-3-thione (4.4 g.)ss
in a solution of acetic acid (100 ml.) and 30% hydrogen per-
~oxide (6 ml.)., the solution was kept below 30°¢C. for twenty
minutes. Perchloric acid (70%, 1 m1.) was added and the solu-
tion then diluted with ether to prodﬂce pale vellow crystals
of m.p. 159-160°C. (61% yield). Analysis found C, 40,90:

m, 2.91: S, 22.04; Cl, 12.91; C10H982C104 requires C, Al.Oﬁz
H, 3.08; 5, 21.88; C1, 12.12.

4.o-diphenyl-1,2-dithiclium perchiorate (59¢) was prepared by the

oridation of 4.5—diphenyl—l,2—dithiole~3*thion856;57using per-
acetic acid according to the method described in the above
preparation. Lemon yellow needles of m.p. 230—231.50C. were
formed in 67% yield. Analysis found €,50.90; H, 3.51:; S, 17.69:
€1, 9.70; ClSHllSZClO4 rquires C, 50.78: H, 3,10: s, 18.06:
Ci, 106.00.

Tetraphenyl thiophen

Ethyl o-phenyl cinnamate (50 g) and sulfur (9 2.) were heated
to 280°C. then allowed to remain at 210°C. for a total heating
time of thirty minutes. Starting materials were obtained. The

unreacted ester was further heated with sulfur (7g+) for an
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hour and a half. Ethanol was added to the dark solution and the
mixtute heated: a dark oil was formed at the hottom of the flask.

The ethanol was decanted and cooled,

m.p. 186- 188°¢. {ethanol). The dark
benzene and left to cool overnight. Crystals were obtained and
were found to be z mixture of sulfur (soluble in boiling ethanol)
and some white crvstals (onlv sparingiv soluble in boiline
ethanol). These white crystals were dissolved by heating in
benzene. Addition of ethaaol to the hot henzene solution pro-
duced white crystals m.n. 183-1847C. Reccerystallization from
benzene alone gave crvstals o m.p. 190 C., from nitromethane,

187.5-188.57C., and from an ethanol/benzene solntion m.p.183-184°C.

was positive for

: s o T I £z = [ I I RN
Elemental analvsis by fusion with sodiuwn me

- . 62
sulfur. According to the literature, tetraphenvl chiophen melts
at 184-185° solution
with hydrogen peroxid 265-270°C.
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of ethanol (7 ml.) were treated with a slight excess of the
primary amines (0.5 ml. aniline or 1.0 ml. commercial 40% aqueous
methylamine solution were used). The mixture was heated gently
until homogeneous and azllowed to cool. The thione prepipitated
was crystallized from ethanol.

l-methvlamino~3-phenvl prop-l-ene-3-thione {(82a) was obtained from

3-pheryl-1,2~dithiolium perchlorate and methylamine. However.



this compound was quite unstable and in most cases was used
immediately in the next step for the preparation of the iso-

thiazolium salt, viz. oxidation with iodine solution. In one

Pt

case the thione was collected to give a yield of 0.22g., 647 .

Due to the rather rapid decomposition o

\/ )

the melting point was not taken, nor was the elemental analysis

performed.

l-anilino—3-phenyl prop-l-ene-3~thione (82b) was obtained from the
1 . ¥ s

reaction of 3-phenyl-1,2-dithiolium perchlorate with aniline.

The yield was 0.33 2., 77%: m.p. 103°C.: literature m.n.lOS.SOC.SO

The treatment of 4,5-diphenyl-1,2~-dithiolium perchlorate in

hot ethanol with aniline produced no crystals on cooling. The

{1} m1l.) and benzenc {1} ml.) for 5 minutes. Cooling overnight
produced no crystals. Petroleum ether was added to the thick

Ly

red solution, stirred in, then decanted. This

several times until a red amorphous solid was

(a9

so0lid was not analvzed but rather used in the next step immediately

to produce the isothiazolium triiodide. In most cases, however,
1 7

the thione was not isolated but oxidized as it was formed in

1e benzene/aniline solution.

rt

an

l-methvlamino-1,3-diphenvl prop-l-ene~3-thione (82d) was prepare

from 3,5-diphenyl-1,2-dithiolium perchlorate and methyvlamine.

The yield was 0.2 g., 56%; melting point was 83-849C. Anzlvsi

o>

0]

found C, 75.81; H, 5.96; N, 12.73; S, 5.53: C__ H XS reaquires

C, 75.85; H, 5.97; N, 12.62; S, 5.52.
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l—anilino—l,3—diphenyl prop~l-ene~3-thione (82e) was prepared from

3,5-diphenyl-1,2-dithiolium perchlorate and aniline. The
yield was 0.32 grams, 727%; m.p. 156-158°C.; literature m.p.
0

. o. 5
was given as 158 C.

l-anilino-2-methyl-3-phenyl prop-l-ene-3~thione could not be obtained

by the reaction of 4,5-diphenyl~1,2~dithiolium perchlorate
with aniline in ethanol because simply heating the salt in
ethanol led to its decomposition. Replacing ethanol with ben-
zene did not lead to the formation of the thione either on
addition of aniline.

Isothiazolium salts

A. By oxidation of l-aminoprop-l-ene-3-thiones

The thione was dissolved in the minimum quantity of hot ethanol.
The solution was heated and to it was added a saturated ethanolic
iodine solution (methanolic and benzene-iodine solutions were
also used) until precipitation was complete. The brown precipi-
tate was recrystallised from nitromethane. One of the isothia-
zolium salts obtained in this manner was identified as the stable
isothiazolium triiodide (65f). The triiodides were generally
converted to the perchlorates by heating with a minimum amount

of nitromethane/perchloric acid solution (20/1) in a steam bath
or over a gentle flame. Pouring the warm solution into ether
afforded the required isothiazolium salts.

The percent yields quoted were calculated as the overall percentage
yield from the 1,2-dithiolium salts, which were the starting

materials.
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2-methvi-5-phenvl isothiazolium perchlorate (65a)

Yield - 19%: m.p. léé—léSoC.; color - tan

Analysis found C, 43.73:; U, 3.70; ¥, 4.92: §, 11.55: C1. 12.75:
lO lON ClO requires C, 43,65: #, 3.63; X, 5.08: s, 11.99:

Cl., 12.87.

2.5-diphenyl isothiazolium perchlorate (65b)

Yield -~ 597Z; m.p. 194—1960C.: color - orangish-brown
Analysis found C, 54.63; W, 3.70; N, 3.69: S, 9.25: Cl, 9.88:
ClSHl N5Cl0, requires C, 53.40; H, 3.56: N 4.15: S, 9.48: Cl, 10.50.

2,4, 5-triphenvl isothiazolium perchlorate (65¢)

Yield - 51% 3 m.p. 208

S, 7.82: Cl, 8.48:

3.38: 8, 7.74: C1.8.07.

Yield - 407Z: m.p. 182-1637C.: color -~ tan
Analysis found €, 54.95: ¥, 4.05; N, 3.76: S, 11.28: Cl, 9.37:
.
10

C. M., ,NSC10, requires C, 54.70; ¥, 4.02: N, 3.98: S, 9.18: C1,10.11.
14 4 A 3 : s

2,3.5~-trinhenvl isothiazolium

Yield - 53%: m.p. 250-253: color—- yellow
Analysis found C, 61.03

C 1H16NSCIOA requires C, 60.94; H, 3.90: N, 3.38: S8, 7.74: C1,8.67.
- v

Yield - 457: m.p. 150-151 color - brown
Analysis found C, 30.22: H, 2.i8: ¥, 2.09: S, 5.09: I, 60.24:

C NSI, requires C, 30.44; H, 2.23:; N,2.21: S, 5.07: I, 60.05

161147814
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B. By methylation of S5-phenyl isothiazole

B

~phenyl isothiazole (0.5 g.) and dimethyli sulfate (1 ml.) were

-t

o)
heated at 100 C. for two hours. Dilution of the solution with

1 fod

ether afforde

[al

an oily preciy

]

itate which was crystallized
from acetic acid containing a few drops of 70% perchloric acid.

Dilution with ether gave Z-methyl-S5-phenvyl isothiazolium

oy

: - o - hy -, =0 . o .
perchlorate as light tan plates, mp.p. 144-1457C., in 407 vyield.
The infrared spectrum and melting point were identical with

1

those of the compound prepaved by method A.

e

hour. Dilution with water gave precipitates w

extraction and evaporation produced a brown pasty solid. The

crude isothiazole-

after twenty-Ifour hours a vellow soliild was filtered o

2-methvl-3-methvlchi

Yiela - 42%: m.p.

T, 36.15:

I requires C, 37:65: H, 3.44: X, 4.02: S. 18.38: 1, 36.15.
¢! 2 ) b

k3

Yield - 237 m.p. 211-214 with decompositiar
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Reaction of 2-methyl-5-phenyl isothiazolium perchlorate (65a) with

acetophenone

Z-methyl-5~phenyl isothiazolium perchlorate (0.9 g.) and aceto-
phenone (0.4 ml.) were refluxed in ethanol (12.5 ml.) for two‘
hours then cooled. The crystals formed were found to be start~-
ing material.

Reaction of 2,5-diphenyl isothiazolium perchlorate (65b) with diazo-

acetophenone60

in _pvridine.

2,5~diphenyl isothiazolium perchlorate (0.2 g.) and diazoaceto-
phenone (0.1 g) were mixed, pvridine (5 ml.) was added and

the mixture was heated over a flame until the solution turned
reddish.>Water was added and the aqueous solution was extract-
ed with benzeae which was dried and then removed under reduced
pressure to leave a deep reddish brown oil. Chromatographv
produced four bands - yellow, orange, colorless and brown.

The yellow band produced a yellow oil with a smell reminiscent
of a cinnamate which disappeared on standing for a week. The
infrared spectrum of the o0il in methylene chloride had peaks
at 2900, 2840, 1730, 1650, 1610, 1590, 1580, 1540, 1500, 1315,
1205, 1175, 1095, 1020 and 867 CmTl After standing for a week,
the same peaks were still present except that the peaks 1730-
1175 cm"l and 867 cm™ ! had greatly diminished relative to the
peaks at 2900, 2840, 1095, and 1020 cm. '

in triethvlamine

The salt (0.5 g.) and diazoacetophenone (0.2 g.) were heated
with triethylamine (10 ml.) to produce a red oil. An infrared

spectrum of this oil showed peaks at 3680, 3000, 2140, 1630 ,



]
fw

1605, 1585, 1500, 1475, 1400, 1380, 1370, 1110, 938, 840, 812,

' . -1
: - L ..
794, 769, and 705 cm. The peak at 2140 cm. indicatec

rt
jo)
@

presence of unreacted diazcacetophenone. Addition of water

followed by extraction with
of a preécipitate at the interface of the two lavers. This
precipitate was found to be unreacted 2,5-diphenyl isothiazeolium

perchlorate.

in quin®Oline

The salt (0.4 ), diaz

B R N P P
3 L
4

(10 ml.) were heated to boiling.

Paral

acld was added to the solution which was then extracted with
benzene. After drying, the benzene was removed under veduced

pressure, leaving a brown oil. An infrared spectrum of thi

[}

brown oil showed these neaks: 3300, 3010, 2800, ! 1640,
1610, 1575, 1550,1533, 1500, 1480, 1430, 1360, 1350, 1320. 1270,
1180, 1155, 1105, 1075, 1030, 1G05, 960, 934, 910, 762 an

-1 .- ; \ .
590 em.” The red oil was then chromatosraphed on an alumina

coiumn. The bands appeared as in tf

Lk I am T o -, b — Py oo ~
The infrared spectrum of the
LA A
YAy ivaye I
£ H £ - T - 1 O N N
777777 @ROWN fluorescent vellow band had neaks

! { ORANGE
Y ELLOW (#luswancont)
ORANGE

! i RED 1245, 1180, 1140, 1020, 1070, 1030
= .

XS S IAR FINK ag3 Q4 1 R99 —4 |
HACTE L 895, 868 and 822 cm. (methvlene

s r——— YELLOVV (Pale) MW\
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The infrared spectrum of the red layer showed peaks at 3650,

3590, 2890, 1730, 1640, 1610, 158C, 1525,,1500, 128 1240

b

~

1060, 1030 and 868 cm. 7 (done in methvlene chloride

in methvliene chloride with pvri

The salt (0.5 g.), diazoacetophenone (0.15 ¢.) sodium carbenate

(0.20 g.) methylene chioride (20 ml.) and »vridine (1 nl.)
were refluxed for twentv-ifour hours aftery which time the sslution

had become a brown colox,

off and found to be Z,5-divhenvl isothiazolium nerchlorate,

ohenvl isothiazoiium perchlorate

The salt (0.85

(0.4 ml.) were

1420, 1335, 1255, 1175, 1100, 1050, 1030, 1000, 750 znd 678 cm. ~

in additoon to those of n

o
Lde
o]
.

- - 1

indicated the presence of a perchlorate salt. It was not stax

k3 - 1 . v -~ - O
ing material, which has a melting point of 194-196 C.
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Reaction of triphenylmethvl perchlorate and l-anilino-1.3-dinhenvl

prop-l-ene-3-thione {(82e)

Y in acetone (10 ml.) was stirred witi

The propenethione (0.2 g.)
a slight excess of triphenylmethyl perchlorate. The red solution
in a few minutes. Dilution with ether produced

became yellow
whose n.m.c. spectrum and mass

i the presence of several ethe:

el inte Lne crysta
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major band was isolated. Peaks in the infrared spectrum occurred
at 3690, 3610, 2940, 1740, 1620, 1600, 1580, 1535, 1500, 1380,
1300, 1230, 1130, 1075, 1060, 865 and 860 crn."1 (in methylene
chloride). The mass spectrum of this yellow solid, m.p. around
850C.,.8howéd the following m/e peaks (followed by per cent
of peak height relative to base peak height.) Peaks under 107
have been omitted, except for the first one.
398(9.0), 397(28.2), 396(91.7), 395(100) 366(11.1), 339(12.5),
191(16.0), 164(11.1), 163(75.0), 161(17.4), 149(25,7), 121(15.3),
111(10.0), 109(10.0), 105(25.0), 97(14.6), 95(14.6), 91(24.3),
85(15.3), 83(21.5), 82(10.0), 81(11.4), 77(36.8), 71(19.4),
69(22.2), 57(29.2), 55(22.9), 45116.7), 44(11.1), 43(31.3), 41(15
41(15.3), 29(13.2), 28(16.0)

TheAremaining portion of the solution was allowed to reflux
a further twenty-four hours. The solution was treated in a man-
ner similar to the first, the major component being isolated
from the TLC plate. The substance was a very thick vellow liquid.‘
The infrared spectrum of this substance in methylene chloride
revealed the following peaks: 3020, 2960, 2925, 2860, 1970, 1760,
1748, 1735, 1725, 1705, 1675, 1665, 1610, 1590, 1550, 1545, 1530,
1515, 1500, 1460, 1390, 1355, 1330, 1310, 1225, 1205, 1170, 1120,
1100, 1090, 1075, 1035, 1020, 1015, 1010, 963 and 962 cm.—1

The n.m.r. spectrum of the first compound obtained -the vellow
solid-consisted of two singlets, one at 1=2.78 and the other at

t=6.27. The n.m.r. spectrum of the second substance was too com-

plicated to be interpreted satisfactorily.
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