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New Evidence for the Mesoionic Character
of 2-(1,3-dithiol-2-ylium)phenolates
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New evidence for the mesoionic character of 2-(1,3-dithiol-2-ylium)phenolates have been obtained
from bromination reactions of the 1,3-dithiolium ring. Bromination at the 5th position indicates an
extended delocalization of the negative charge. The resulted 1,3-dithiolium bromides were converted
in the corresponding mesoionic phenolates under weak basic conditions. The brominated mesoionic
phenolates exhibit internal charge transfer.
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Mesoionic compounds are dipolar five or six membered
heterocyclic compounds in which both the negative and
the positive charge are delocalized; they cannot be
satisfactorily represented by Lewis structures not involving
charge separation. This implies a certain degree of
aromatic character (in terms of [4n + 2] electrons) in the
positively charged ring, which is counterbalanced by a
negatively charged exocyclic atom [1]. One important
category of mesoionic derivatives was discovered by Earl
and Mackney in 1935 and named sydnones according to
the name of the city [2]. Since then, a large variety of
mesoionic compounds were disclosed. Between them,
sulfur and nitrogen-containing heterocyclic compounds
have maintained the continuous interest of researchers
[3-16]. One such report highlighted the synthesis of various
substituted 2-(1,3-dithiol-2-ylium)phenolates, named
iasinones, again according to the name of a Romanian city
[17]. Of special interest are systems where the donor
moiety is linked through a π- or σ-bonded bridge to the
acceptor moiety [18, 19]. In this context, investigations on
a series of (1,3-dithiolium-2-yl)phenolates showed that 1,3-
dithiolium ions can also serve as an acceptor moiety in
intramolecular charge-transfer systems [20]. We wish to
report here new evidence for the mesoionic character of
iasinones obtained from bromination reactions of several
2-(1,3-dithiol-2-ylium)phenolates.

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 (±0.3%) with the
calculated values.

Synthesis
2-[2-(N ,N -Dialkylamino)-1,3-dithiol-2-yl ium-4-

yl]phenolates 1a-e, 4-bromo-2-[2-(N,N-dialkylamino)-1,3-

dithiol-2-ylium-4-yl]phenolates 2a-e [8], and 4,6-dibromo-
2 - [2 - ( N ,N -d ia lky lamino) -1 ,3 -d i th io l -2 - y l ium-4 -
yl]phenolates 3a-e [10] were brominated with the
corresponding amount of molecular bromine in order to
provide 5-bromo-1,3-dithiol-2-ylium bromides  4a-e, in good
isolated yields (fig.1).

5-Bromo-4-(3,5-dibromo-2-hydroxyphenyl)-2-(N,N-
diethylamino)-1,3-dithiol-2-ylium bromide (4b);
General Procedure

Method A: To a solution of phenolate 1b (1g, 3.7mmol)
in glacial acetic acid (50mL) a solution of bromine (0.58mL,
11mmol) in glacial acetic acid (2mL) was added dropwise
at rt. A precipitate was formed, that was filtered off, washed
with water, and dried. Recrystallization from ethanol
(50mL) gave colorless crystals; yield 1.4 g (64%). Analytical
and spectral data of 1,3-dithiolium bromides 4 are presented
in table 1.

Method B: To a solution of phenolate 2b (1g, 2.9mmol)
in glacial acetic acid (50mL) a solution of bromine (0.3mL,
5.8mmol) in glacial acetic acid (2mL) was added dropwise
at rt. A precipitate was formed, that was filtered off, washed
with water, and dried. Recrystallization from ethanol
(45mL) gave colorless crystals; yield 1.1 g (65%). Analytical
and spectral data of 1,3-dithiolium bromides 4 are presented
in table 1.

Method C: To a solution of phenolate 3b (1g, 2.3mmol)
in glacial acetic acid (50mL) a solution of bromine (0.12mL,
2.3mmol) in glacial acetic acid (2mL) was added dropwise
at rt. A precipitate was formed, that was filtered off, washed
with water, and dried. Recrystallization from ethanol
(40mL) gave colorless crystals; yield 0.88 g (64%).
Analytical and spectral data of 1,3-dithiolium bromides 4
are presented in table 1.

4,6-Dibromo-2-[5-bromo-2-(N,N-diethyl)-1,3-dithiol-2-
ylium-4-yl]phenolate (5b);

To a saturated sodium hydrogen carbonate solution
(20mL), bromide 4b (1g, 1.71mmol) was added. Carbon
dioxide evolved and the reaction mixture became yellow.
After 2 h under vigorous stirring at room temperature, the
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yellow solid was filtered off, washed with water, and dried.
Recrystallization from DMF gave yellow crystals; yield 0.86
g (100%). Analytical and spectral data of 1,3-dithiolium
phenolates 5 are presented in table 2.

Results and discussions
As previously reported by us, the synthesis of phenolates

1a-e, 2a-e, and 3a-e has been accomplished by the
heterocyclization of the corresponding phenacyl
carboditioates, followed by treatment of resulted 1,3-dithiol-

2-ylium salts with weak bases. During investigations on
interconversion possibilities of phenolates 1a-e, 2a-e, and
3a-e, we disclosed that bromination of unsubstituted
phenolates 1a-e occurs on both benzene and 1,3-dithiol
ring. The same positions were substituted when phenolates
2a-e were used as substrates. Moreover, bromination  of
phenolates 3a-e takes place exclusively at the C5 position
of the 1,3-dithiol ring and this step appears to be the fastest
one when compared with the time for total bromination of
1a-e and 2a-e. The NMR spectra support the bromination

Table 1
ANALYTICAL AND SPECTRAL DATA
OF 1,3-DITHIOLIUM BROMIDES 4

Table 2
 ANALYTICAL AND SPECTRAL DATA OF

MESOIONIC 1,3-DITHIOLIUM
PHENOLATES 5

Fig. 1. Synthesis of 5-bromo-1,3-dithiol-2-
ylium bromides 4 and of corresponding

mesoionic phenolates 5
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of phenolates 1-3. The structure of 1,3-dithiolium bromides
4a-e has been proved by analytical and spectral data (table
1).Thus, the 1H NMR spectra of the 1,3-dithiol-2-ylium
bromides indicate the absence of the signal for the
hydrogen atoms from  the C5 of the 1,3-dithiolium ring and
appearance of pattern of a meta substituted aromatic core.

While bromination of the benzene core proceeded by
classical electrophilic substitution, the bromination of the
1,3-dithiolium ring revealed new insights on the structural
features of the investigated phenolates. While a
nucleophilic substitution of the C5 is practically impossible
under these working conditions, the mechanism for the
substitution must be an electrophilic one. This implies an
extended delocalization of the negative charge of the
phenolate to the C5 atom, as described in figure 2.
According to this structural characterization, these
compounds present the features of mesoionic compounds
[21, 22].

Treatment of bromides 4a-e, under heterogeneous
conditions, with saturated aqueous sodium hydro-
gencarbonate solution provides [2-(dialkylamino)-1,3-
dithiol-2-ylium-4-yl]phenolates 5a-e, in quantitative yields
(fig. 3). The molecular structure of the new compounds
was proved by analytical and spectral data (table 2) and
by the following chemical transformation: treatment of an
acetone suspension of the mesoionic compounds 5 with
HBr regenerates the 1,3-dithiolium bromides 4 in
quantitative yields.

These compounds were isolated as yellow crystalline
products. The interconversion between mesoionic
phenolates 5 and 1,3-dithiolium salts was also confirmed
by UV-Vis absorption spectra. Deprotonation of the 1,3-
dithiolium salts is accompanied by the appearance of a
new absorption band at 407 nm, associated with the yellow
color of these compounds. As previously reported by us
[20], the absorption band at 407 nm originates from an
internal charge transfer between electron-rich and electron-
deficient regions of the molecules. The comparative study
of the spectra of 1,3-dithiolium bromides 4 and phenolates
5 indicates that both structures exhibit the same absorption
bands at 215 nm and  325 nm, corresponding to the π→π*
transition of the aromatic core and n → π* for the electron
deficient area, respectively. However, mesoionic
phenolates 5 present a new absorption band at 240 nm
that corresponds to the contribution of the quinoid form to
the ground state.

Fig. 2. Extended delocalization charge
in mesoionic phenolates

Fig. 3. Synthesis of mesoionic phenolates 5

Conclusions
New evidences for the mesoionic character of 2-(1,3-

dithiol-2-ylium)phenolates have been obtained from
bromination reactions of the 1,3-dithiolium ring.
Bromination at the 5th position indicates an extended
delocalization of the negative charge. The resulted 1,3-
dithiolium bromides were converted in the corresponding
mesoionic phenolates under weak basic conditions. UV-
Vis investigations of the reported compounds revealed the
presence of an internal charge transfer in the mesoionic
phenolates, which is responsible for their yellow color.
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