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New Water Soluble 1,3-Dithiolium Salts
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The synthesis of new 1,3-dithiolium chlorides as water soluble compounds has been accomplished
through the interconversion of mesoionic 2-(1,3-dithiol-2-ylium)phenolates with the corresponding
salts. These salts have been obtained by acid catalyzed cyclocondensation of various substituted 2-
(5-bromo-2-hydroxyphenyl)-2-oxoethyldithiocarbamates.
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Heterocyclic compounds are of immense importance,
biologically and industrially. One of the most important
structural features of heterocycles, which continues to be
exploited to great advantage by the drug industry, lies in
their ability to manifest substitutes around a core scaffold
in defined three dimensional representations [1, 2].
Synthetic and biosynthetic heterocycles have widespread
therapeutic uses, such as antibacterial, antifungal,
antimycobacterial, tr ypanocidal, anti-HIV activity,
antitubercular, antimalarial, herbicidal, analgesic,
antiinflammatory, muscle relaxants, anticonvulsant,
anticancer and lipid peroxidation inhibitor, hypnotics,
antidepressant, and antitumoral agents [3-9]. Between
them, sulfur and nitrogen-containing heterocyclic
compounds have maintained the continuous interest of
researchers [10-17].

All these natural and synthetic heterocyclic compounds
can and do interact with the human body. The way a drug
is administered will affect how the body absorbs the
substance. Each method of administering the drug will
change distribution rates. Excluding intravenous methods,
a drug must usually pass through at least one body
membrane before reaching the circulatory system. Soluble
drugs are more rapidly absorbed, because most
membranes are lipid-based. The absorption rate is affected
by a variety of factors [18]. Drugs taken in a water solution
are absorbed more rapidly than drugs taken in an oily
solution or a solid form. For this reason, the synthesis of
water soluble heterocyclic compounds with potentially
biological activities is of general interest. A 1, 3-dithiolium

derivative has been reported to exhibit biological activity
against gram-positive and gram-negative bacteria [19].

In view of these facts, we decided to investigate the
synthesis of a series of 1, 3-dithiolium chlorides as water
soluble compounds.

Experimental part
Analysis methods

Melting points were obtained on a Mel-Temp II
apparatus. IR spectra were recorded on a Bruker Tensor
27 instrument. NMR spectra were recorded on a Bruker
DPX-300 spectrometer. Chemical shifts are reported in ppm
downfield from TMS. Elemental analyses (C, H, N, S) were
conducted using a CE440 Elemental Analyser; the results
were found to be in good agreement (±0.25%) with the
calculated values.

Synthesis
w-Bromo-2-hydroxyacetophenone (1) [20] has been

treated with various salts of dialkylaminodithiocarbamic
acids in order to provide aminocarbodithioates (2a-e), in
good isolated yields (fig. 1).

1-(5-Bromo-2-hydroxyphenyl)-1-oxaethan-2-yl-pyrrolidine-
1-carbodithioate (2c);

To a 2.94 g solution of 2-bromo-1-(5-bromo-2-hydroxy-
phenyl)ethan-1-one (0.01mol) in 30mL acetone, a solution
of 2.18g pyrrolidinium pyrrolidine-1-carbodithioate
(0.01mol) in 30mL acetone-water (1:1 v/v) was added.

Fig. 1. Synthesis of dithiocarbamates 2
and 1,3-dithiolium salts 3.
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The reaction mixture was heated under reflux for 10 min,
cooled to room temperature and then poured in water. The
precipitate was filtered, washed with water and dried off.
Recrystallization from 50mL i-PrOH gave 2.55g colorless
crystals, with a yield of 71%. Analytical and spectral data
of carbodithioates (2) are presented in table 1.

4-(5-Bromo-2-hydroxyphenyl)-2-(pyrrolidin-1-yl)-1,3-
dithiol-2-ylium hydrogensulfate (3c);

To a mixture of 2mL concentrated sulfuric acid and 6mL
glacial acetic acid 2g of 1-(5-bromo-2-hydroxyphenyl)-1-
oxaethan-2-yl-pyrrolidine-1-carbodithioate (2c) (5.55mmol)
was added in small portions. The reaction mixture was
heated at 80°C for 10 min, cooled and diluted with 50mL
methyl acetate. After 24h at -18°C the precipitate was
filtered and dried off. Recrystallization from 3mL of DMF
gave 2.1g colorless crystals at a yield of 86%. Analytical
and spectral data of 1,3-dithiolium hydrogensulfates (3)
are presented in table 2.

5-Bromo-2-[2-(pyrrolidin-1-yl)-1,3-dithiol-2-ylium-4-
yl]phenolate (4c);

To 20mL saturated sodium hydrogencarbonate solution
1g of hydrogensulfate (3c) (2.27mmol) was added. Carbon
dioxide evolved and the reaction mixture became yellow.
After 2h under vigorous stirring at room temperature, the
yellow solid was filtered off, washed with water, and dried.
Recrystallization from DMF-AcOMe gave 0.77g yellow
crystals at a 100% yield. Analytical and spectral data of
1,3-dithiolium phenolates (4) are presented in table 3.

4-(5-Bromo-2-hydroxyphenyl)-2-(pyrrolidin-1-yl)-1,3-
dithiol-2-ylium chloride (5c);

To 1 g suspension of mesoionic phenolate (4c) (2.9
mmol) in 10mL acetone a solution of 1.22mL HCl (37%,
14mmol) was added. The reaction mixture was vigorously
stirred at rt for 2h, then filtered and washed with acetone.
Recrystallization from ethanol gave colorless crystals; yield

Table 1
ANALYTICAL AND SPECTRAL

DATA OF
DITHIOCARBAMATES 2

Table 2
ANALYTICAL AND SPECTRAL

DATA OF 1,3-DITHIOLIUM
HYDROGENSULFATES 3
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1.08g (98%). Analytical and spectral data of 1,3-dithiolium
chlorides (5) are presented in table 4.

Results and discussions
The synthetic strategy for the target 1,3-dithiolium

chlorides involves two major steps: the synthesis of the
1,3-dithiolium ring, followed by the exploitation of
interconversion properties of the corresponding mesoionic
1,3-dithiolium phenolates. The first step can be
accomplished following two consecutive reactions as
described in figure 1. w-Bromo-2-hydroxyacetophenone
(1) [20] has been treated with various salts of
dialkylaminodithiocarbamic acids in order to provide
aminocarbodithioates (2a-e), in good isolated yields (fig.
1). The structure of dithiocarbamates (2) has been proved
by analytical and spectral data (table 1).

The main synthetic application of phenacyl
carbodithioates consists in their conversion to various
substituted 1,3-dithiol-2-ylium cations under acidic
conditions. Using a concentrated sulfuric acid-glacial acetic
acid (1:3 v/v) mixture [21, 22] the cyclization of
dithiocarbamates (2a-e) takes place under mild reaction

Table 3
 ANALYTICAL AND SPECTRAL

DATA OF MESOIONIC 1,3-
DITHIOLIUM PHENOLATES 4

Table 4
ANALYTICAL AND

SPECTRAL DATA OF 1,3-
DITHIOLIUM CHLORIDES 5

conditions. After 10min at 80°C the homogeneous reaction
mixture was cooled to room temperature and poured into
water. Filtration and recrystallization of the precipitate gives
hydrogensulfates as colorless crystals, in good to excellent
yields (table 2). The cyclization of dithiocarbamates (2) is
accompanied by important spectral changes. The IR
spectra revealed the disappearance of the absorption band
corresponding to the carbonyl group (ca. 1630-1640cm-1)
and the presence of a new, strong and broad absorption
band at ca. 1100cm-1, corresponding to the hydrogen sulfate
anion.

The NMR spectra also confirm the heterocyclization of
dithiocarbamates 2. Thus, the 1H NMR spectra of 1,3-dithiol-
2-ylium hydrogen sulfates indicate the absence of the
methylene hydrogens from compounds (2) (ca. 4.9 ppm)
and appearance of a new signal at a low field (>8ppm)
corresponding to the hydrogen atom from the 5-position of
the heterocycle. 13C NMR spectra also support the synthesis
of 1,3-dithiolium salts (3) by the disappearance of the
carbonyl and thiocarbonyl carbon atoms present in the
dithiocarbamates spectra and the appearance of a new
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Fig. 2. Synthesis of mesoionic phenolates (4) and 1,3-dithiolim chlorides (5)

signal at a very low field (ca. 180 ppm) which correspond
to the electron deficient C-2 atom. Treatment of hydrogen
sulfates (3a-e), under heterogeneous conditions, with
saturated aqueous potassium hydrogencarbonate solution
af fords[2-(d ia lky lamino)-1 ,3 -d i th io l -2 -y l ium-4-
yl]phenolates (4a-e), in quantitative yields (fig. 2). These
compounds were isolated as yellow crystalline products
that present the features of mesoionic compounds [23,
24]. The molecular structure of the new compounds was
proved by analytical and spectral data (table 3) and by the
following chemical transformation: treatment of an
acetone suspension of the mesoionic compounds (4) with
concentrated sulfuric acid regenerates the 1,3-dithiolium
hydrogensulfates (3) in quantitative yields (fig. 2).

Using the interconversion possibilities between the
mesoionic phenolates and their salts, we have been able
to isolate the 1,3-dithiolium chlorides (5a-e). Thus, 4-(5-
bromo-2-hydroxyphenyl)-1,3-dithiol-2-ylium chlorides have
been isolated as colorless crystalline products by the
treatment of an acetone suspension of mesoionic
phenolates (4) with 37% hydrochloric acid (fig. 2). This is
the first class of isolable 1,3-dithiolium chlorides known
up to date in the literature; usually, the organic chlorides
exhibit a good solubility even in organic solvents. The
structure of these water soluble 1,3-dithiolium salts was
proved by analytical and spectral data (table 4).

Conclusions
The synthesis of water soluble 4-(5-bromo-2-

hydroxyphenyl)-2-dialkylamino-1,3-dithiol-2-ylium
chlorides has been accomplished from the corresponding
mesoionic phenolates. The latter compounds have been
synthesized by heterocondensation of 1-(5-bromo-2-
hydroxyphenyl)-2-(N,N-dialkylaminocarboditioate)-1-
ethanones, followed by base treatment of 1,3-dithiolium
hydrogensulfates. The biological activity of 1,3-dithiolium
chlorides is under investigation.
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