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Introduction

Over the past 50 years, the chemistry of 1,3-dithiolium salts has
known a significant development. The discovery of the unusual solid-state
electrical conductivity properties of the tetrathiafulvalene (TTF) and
tetracyanochinodimethane (TCNQ) charge transfer complex stimulated the
expansion of research concerning 1,3-dithiolium salts, which are important
intermediates in the synthesis of tetrathiafulvalene derivatives. The
properties of organic conductors were recognized worldwide in 2000 by
awarding the Nobel Prize in Chemistry to three researchers who
revolutionized the field of organic conductive polymers.

The 1,3-dithiolium cations 2 are pentaatomic heterocycles
containing two sulfur atoms in the 1 and 3 positions. These ions can be

formally derived from the corresponding 1,3-dithiols 1 by removing a
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hydride ion or the tropylium ion, by replacing two carbon-carbon double

bonds (1 and 5) with two sulfur atoms.
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In both cases, a cyclic system containing 6 7 electrons is generated
which, according to Hiickel's rule, should be very stable and exhibit
“aromatic” properties.

By analyzing the structure of these heterocycles, a number of
interesting formulations, which are represented either by dipolar structures
or by covalent structures, involves the presence of tetravalent sulfur. The
bonds in this valence state, S(IV), involves the participation of 3d orbitals of
the sulfur atoms. The following dipole can be represented either by a dipolar
formulation or by a covalent formula involving the presence of tetravalent

sulfur:
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But this leads to the following question: are the covalent structures
involving tetravalent sulfur necessary to properly describe the structure of
dithiolium cations? Several spectroscopic and theoretical studies concluded
that the bond that requires the participation of the 3d orbital sulfur is not

involved in the structure of these compounds.
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As with the 1,2-dithiolium cations series, 1,3-dithiolium cations may
adopt two types of structures, namely sulfonium and carbenium cations,
with the exception that the positive charge is delocalized only to a carbon
atom (-S-C-S-), the mesomeric formulation 3 being in fact not in agreement
with the properties exhibited by these compounds. Therefore, in the
representation of 1,3-dithiolium cations, structure 4 will be used, while the
issue concerning the aromatic character and positive charge delocalization

over the entire heterocycle will be addressed later.
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The synthesis and reactivity of 1,3-dithiolium salts, as well as sulfur,
selentum and condensed cycles analogues, has been updated from the
perspective of condensation, cyclization, protonation and elimination

reactions. ¢

Synthesis of 1,3-dithiolium salts

Over the past 50 years, the chemistry of 1,3-dithiolium salts has
known a significant development. The discovery of the unusual solid-state
electrical conductivity properties of the tetrathiafulvalene (TTF) and

tetracyanochinodimethane (TCNQ) charge transfer complex S5 stimulated
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the expansion of research regarding 1,3-dithiolium salts, which are important

intermediates in the synthesis of tetrathiafulvalene derivatives.'
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New synthetic methods for unsubstituted 1,3-dithiolium salts and for
a wide range of 2-aryl, 2-alkyl, 2-methylthio or 2-amino substituted
derivatives have been achieved. Classification of 1,3-dithiolium salts was
realized according to the type of substituent at the 2 position, considering
the fact that its nature specifically affects the reactivity of these salts.

Generally, dithiolium salts (halides, hydrogen sulfates, perchlorates,
tetrafluoroborates, etc.) are stable, crystalline compounds readily purified by
recrystallization. The perchlorates, which sometimes decompose violently
on heating, are not suitable for large scale preparations, however due to high
melting points and the fact that they are easily purified by recrystallization,

they are often used in research.

Treatment of sodium N,N-dimethyldithiocarbamate with an
equimolecular amount of the chloroacetaldehyde adduct with sodium
bisulfite and then with sulfuric acid and sodium tetraphenylborate results in

the formation of 2-N, N-dimethylamino-1,3-dithiolium tetraphenylborate 6:*'
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S-Vinyl-N,N-dialkylaminocarbodithioates undergo a cyclization
reaction in the presence of bromine, followed by the thermal elimination of

hydrobromic acid:**
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Treatment of p-benzoquinone with an N,N-
dialkylaminocarbodithioate in acetic acid rapidly leads to 1,4-dihydroxy-2-
N,N-dialkylaminocarbodithioate 7. Reaction of compound 7 with bromine in
chloroform results in the corresponding 1,3-benzodithiolium salt 8 through a
mechanism which involves the initial addition of bromine to the

thiocarbonyl sulfur atom, followed by cyclization:23
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The thermal decomposition of 2-dialkylamino-4-(a-bromoalkyl)-1,3-
dithiolane ~ bromide 9, prepared  brominating  allyl  N,N-
dialkyldithiocarbamates, leads to the corresponding 4-alkyl-2-dialkylamino-
1,3-dithiolium salts 11 in good yields.** Initially, the reaction mechanism
involves a 1,2-dehydrobromination of 2-dialkylamino-4-(a-bromoalkyl)-
1,3-dithiolanium bromide 9 to the corresponding substituted 4-alkylidene-
1,3-dithiolium bromide 10. This interpretation is supported by the failure of
the thermal decomposition reaction of 4-bromomethyl-4-methyl-1,3-
dithiolanium bromide, which no longer leads to the corresponding 1,3-
dithiolium salt (a widening of the cycle occurs), because the presence of a
substituent instead of the hydrogen at the 4 position makes the
dehydrobromination reaction impossible. Subsequently, 4-alkylidene-1,3-
dithiolanium bromide undergoes a 1,3-prototropic rearrangement (three

carbon tautomerism) resulting in the corresponding 1,3-dithiolium salt 11:
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R=H;R'=R’=CH;  R=H;R'=RP=CH; R=CH;;R'=R’=CH,
10 11
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The attempt to obtain 2-dialkylamino-1,3-dithiolium salts by
cyclization of phenacyl N,N-dialkylaminocarbodithioates under the Leaver-
Robertson™ reaction conditions (cyclization in ethereal solution saturated
with hydrogen sulfide) resulted in a failure.”® However, the modification of
the reaction conditions turned N,N-dialkylaminocarbodithioates into
important precursors of 2-(N,N-dialkylamino)-1,3-dithiolium salts. Thus, in
the presence of 98% sulfuric acid, phosphorus pentasulfide and
tetrafluoroboric acid,”’ 70% perchloric acid or Vilsmeier reagent, these salts
are readily obtained.

In 1987, Al. Cascaval reported the synthesis of 2-dialkylamino-1,3-
dithiolium salts as perchlorates 13,%® by the action of the Vilsmeier reagent
(under Harnisch reaction conditions) on the corresponding N,N-
dialkylaminocarbodithioates following the mechanism below:
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In the first step, the intermediate 12 is formed through a d * - a '
interaction. A new d ° - a ' interaction takes place in this intermediate, the
donor being the thiocarbonyl group through a non-bonding pair of electrons
from the sulfur atom, and the acceptor is the carbon atom of the carbonyl
group. Electrocyclic elimination of hydrochloric acid, dimethylformamide
followed by addition of perchloric acid leads to 4-(3',5'-dichloro-2'-
hydroxyphenyl)-2-(N,N-dialkylamino)-1,3-dithiolium perchlorate 13, with a
very good yield.

Modification of the above synthesis by replacing phosphorus
oxychloride with thionyl chloride leads, under the same experimental
conditions, to the same 2-(N,N-dialkylamino)-1,3-dithiol perchlorates 13.
Addition of a saturated sodium carbonate solution to the reaction mixture
instead of perchloric acid results in the corresponding mesoionic
compounds of these  salts, 2-dimethylamino-4-(3,5-dichloro-2-
hydroxyphenyl)-1,3-dithiolium anhydro-hydroxide (Iasinones) 14.*° Thus,
the solubilisation of  2-(V,N-dimethylaminothiocarbonylthio)-1-(3,5-
dichloro-2-hydroxyphenyl)-1-ethanone in dimethylformamide at room
temperature, under stirring, followed by slow addition of thionyl chloride
and then neutralizing the acidic solution with a saturated sodium carbonate
solution yields the corresponding lasinone:

H.C Cl
HyC, CN Nl HC @ H3CN A
N—CH=0: +1/S =0=== H3C/ \O = N=CH—CI o =
H,C 3 H
Hy ¢l C \5=0 3 c1so2®
\
Cl
H
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OH
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The experimental method described above has been improved in
terms of milder reaction conditions and higher yields by using a sulfuric
acid: acetic acid (1: 3 v/v) mixture as cyclization agent. A wide variety of
1,3-dithiolium salts 15 was synthesized from the corresponding phenacyl

dithiocarbamates.’”® The corresponding 1,3-dithiolium phenolates exhibit a
negative solvatochromism.*
A R S>_N/Alk
Nk R § @ “Alk
1. ACSHH/X HpSO, o Ve

R =H, Me, Et; R'=H, Me, Br; R" = H, Me, Br; X = ClOy4, BF4, HSOy, CI

15

The synthesis of 1,3-dithiolium derivatives containing iodine was
performed under different experimental conditions. If the synthesis of
phenacyl carbodithioates does not raise any particular problems, their
cyclization into the corresponding 1,3-dithiolium salts is an important
experimental obstacle. This is because the use of H,SO4 conc. - CH;COOH
gl. (1: 3 vol.) at 80 °C for the cyclization of carbodithioates 16 results in the
irreversible degradation of the substrate, sometimes with the release of
molecular iodine. As expected, considering the much tougher reaction
conditions, neither does the use of cyclization agents commonly employed
in the synthesis of 1,3-dithiolium salts (P4S;o + HBF4, HBF4, 70% HCIO4,
Vilsmeier reagent). Experimental observations have allowed us to conclude
that the responsibility for these failures rests, on one hand, on the nature of
the cyclization agent used and on the other hand, on the temperature at

which the reaction takes place.
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In view of this, the use of a “superacid” mixture of P,Os - CH3SOs;H
(1: 10) was attempted. This reagent is successfully used as a replacement for
polyphosphoric acid in some dehydration reactions, in the Beckmann
rearrangement, the Schmidt rearrangement, and in the alkylation and
acylation reactions of olefinic and aromatic systems.®’

Thus, by suspending carbodithioates 16 in this reagent and
maintaining the reaction mixture at temperatures between 40 and 50 °C the
formation of a homogeneous solution containing the corresponding 1,3-
dithiolium cation occurs.®®*® Addition of water and 70% perchloric acid

allows the isolation of perchlorates 17 as white solids.

o Ak | S>;N/A'k
R S\H/N\Alk R O Mk
OH S - P2(2).5r/|cl\:/llgiosH oH  col
R = H, Me; R' = H, Me, |
16 17

The use of 1,3-dithiolium salts as intermediates in the synthesis of
tetrathiafulvalenes led to the need to obtain two dithiolium moieties linked
directly, or via an aliphatic or aromatic chain. Thus, treatment of 1,4-
dibromo-2,3-butanedione with N,N-dialkylaminocarbodithioates followed
by cyclization with sulfuric acid and addition of an aqueous solution of
sodium tetrafluoroborate results in 4,4'-bis-(2-dialkylamino)-1,3-ditiolium
tetrafluoroborates 18”°:

1

Br—H,C—C—C—CH,-Br+ 2
L TP UORT [ @ 2N R I
O s Na S 00O

1-p2
A T e S
abiy @ S g BF? R1= R2 =C:2H5
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Ueno et al. reveals the synthesis of some 1,3-dithiolium rings linked
by an aliphatic chain specifically chosen so as not to cause a decrease in the
donor character of the polymer.”' The synthetic pathway involves the use of
a bis(f-ketochloride) 19 which is reacted with two equivalents of sodium
N,N-dimethyldithiocarbamate. The N,N-dialkylaminocarbodithioate formed
is then treated with sulfuric acid and sodium tetraphenylborate, after which,
without isolating the 1,3-dithiolium salt 20, the reaction mixture is treated
with an excess of sodium sulfide to give the corresponding bis(1,3-dithiol-2-
thione) 21. Treatment of compound 21 with peracetic acid, perchloric acid
and then with triethylamine results in the polymer 22 containing the

tetrathiafulvalene moiety in its structure:

CICH,00(CHy)COCH,CI —NaSCNMe, Me;NGSCH,CO(CH,)COCH;SONMe, ——>

NaBPh M92N4<:j]7 CHZT >@;NM92_3L’3:<§:”7(CH2‘”: )=s—

(CHo)m NEt S CH
L R B R | S R
S C|O4 S m
2

Conclusions
The synthesis of 2-N,N-dialkylamino-1,3-dithiolium salts has been
reviewed. These compounds are valuable precursors for tetrathiafulvalene

derivatives.
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