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 Abstract: An electrochemical study using the cyclic voltammetry method was carried 
out on some previously prepared merocyanines salts, namely thiazolideniumsulfonate 
salts 5a-b, and thiazolidenium chloride salts 6a-b, and merocarbocyanines salts, namely 
alkylidenthiazolidenium sulfonate salt 5c, and alkylidenthiazolidenium chloride salt 6c. 
These salts are transformed by dimerization in situ in a voltammetric cell into 
tetrathiatetraazafulvalenes (TTTAFs) 7a-b, 7’a-b, 8c, and 8'c supposed to be π-electron 
donor molecules due to the existing conjugation in their structure. The structure of all 
new chemically synthesized molecules was confirmed by IR, 1H-NMR, 13C-NMR, and MS. 
The transformation of salts into TTTAF was confirmed by a reversible voltammogram 
curve and the variation of observed potentials. 

Keywords: rhodanines; thiazolium salts; merocyanines; tetrathiafulvalenes; 
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■ INTRODUCTION 

For many years, organic materials have been 
considered as insulators. However, the discovery of 
perylene bromide in 1954 as a semi-conductor 
profoundly upset this vision by showing that organic 
materials could possess electrical conduction properties 
[1]. In a few decades, the development and study of 
organic conductors and superconductors have occupied a 
considerable position in the molecular sciences [2]. 

One of the first breakthroughs in the field of organic 
electrical conductors came with the discovering of the 
TTF (Fig. 1), endowed with a π-electron donor character 
[3], and TCNQ (Fig. 1) (structure b), endowed with a π-
electron acceptor character [4]. The association of both 
motifs leads to the formation of the crystalline charge 
transfer complex TTF-TCNQ, which was the first organic 
compound with extraordinary electrical properties [5]. 

After this pioneering work, the synthesis of many 
other charge-transfer complexes by modifications made 
on the TTF structure has been developed. For example, 
the substitution of sulfur by other chalcogens such as 
tellurium and selenium, as in the case of 
tetramethyltetraselenafulvalene (TMTSeF), is called 
radical ionic salts of Bechgaard [6]. 

In addition, these TTF derivatives have been the 
object of many studies because of their various 
applications such as Self-Assembled Monolayer (SAM) 
systems functionalized with TTF [7-10], fructose 
biosensors (TTF co-immobilized on SAM) [11], metal ion 
sensors (complexation of crown ethers to TTF-SAM) 
[12-18], complexes of C60-tetrathiafulvalene [19-24], 
supramolecular switches [25], natural photosynthesis 
structures (TTF containing catenanes) [26], their use in 
enzymatic  reactions  [27-28],  radical  reactions  [29-30],  
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Fig 1. Structure of tetrathiafulvalene (TTF), tetracyanoquinodimethane (TCNQ) and dithiadiazafulvalene (DTDAF) 
 
redox polymers [31-32], dendritic macromolecules 
incorporating TTF [33-34]. Therefore, it is not surprising 
that considerable efforts are being made to synthesize and 
study new electron-donating organic molecules, allowing 
synergy between physical properties, such as electrical 
conductivity or superconductivity and magnetic effects, 
optical properties or spin transition [35]. Indeed a 
nitrogenous derivative of the TTF has been synthesized by 
substituting the sulfur atoms with nitrogen ones, namely 
the dithiadiazafulvalenes (DTDAFs) (Fig. 1) [36]. 

The idea behind this work is to obtain electroactive 
species, analogs to TTFs, and DTDAFs, namely 
tetrathiatetraazafulvalenes (TTTAFs) 7a-b, 7’a-b, 8c, and 
8’c, by dimerization of merocyanine salts in situ in an 
electrochemical cell. Indeed, the electrochemical studies 
using the cyclic Voltammetry method have been 
performed on thiazolidenium sulfonate salts 5a-b, 
thiazolidenium chloride salts 6a-b, 
alkylidenthiazolidenium sulfonate salt 5c, and 
alkylidenthiazolidenium chloride salt 6c as precursor 
candidates to demonstrate their redox behavior, their 
cathodic coupling, and consequently their transformation 
into TTTAFs. 

■ EXPERIMENTAL SECTION 

Materials 

The chemicals and reagents used for the synthesis 
were purchased at 99% purity from commercial sources 
(Biochem Chemopharma and Sigma-Aldrich companies 
in France). 

Instrumentation 

The conversion of the reactions and purity of the 
synthesized compounds was verified by thin-layer 
chromatography (TLC) on silica gel G. The melting 
points were determined on a Buchi apparatus (melting 

point B-545). Infrared spectroscopy (IR) was recorded 
using KBr pellets, in a Fourier transform 
spectrophotometer JASCO FT/IR between 400 and  
4000 cm–1, NMR spectra were recorded on Bruker 
Avance 400 spectrometer (400 MHz for 1H and 101 MHz 
for 13C), using CDCl3, DMSO-d6 as a solvent. The values 
of the chemical shifts are expressed in scale delta part per 
million (δ ppm) compared to tetramethylsilane (TMS) 
used as an internal standard. Mass spectra were obtained 
on the GCMS\QP mass spectrometer at 70 eV. The 
cyclic voltammetry was carried out with Voltalab 40 
PGZ 301 potentiostat. The counter electrode was a 
platinum (Pt) wire, and the reference electrode an 
Ag/AgCl electrode. The working electrode was a 
platinum disk (A = 1 mm2). 

Procedure 

General procedure for the synthesis of 
thioxothiazolidinones (1a-b) and 
alkylidenethioxotiazolidinone (1c) 

Under magnetic stirring at 0 °C, in a 250 mL 
round-bottom flask, 0.1 mol of primary amine (RNH2) 
and 0.18 mol (20 mL) of concentrated ammonium 
hydroxide (NH4OH) were mixed for 15 min. Then  
0.1 mol (7 mL) of carbon disulfide (CS2) was added 
dropwise to the mixture. After stirring for 2 h, the 
dithiocarbamate salt (DTC) formed was filtered and 
then washed several times with diethyl ether or 
recovered using a separating funnel if it is a liquid. The 
DTC prepared was dissolved in 150 mL of water, and 
0.11 mol (10.6 g) of chloroacetic acid were added in two 
portions, under magnetic stirring for 2 h at 0 °C. The 
reaction mixture is then heated in a bath between 60– 
70 °C for 3 h. After cooling down to room temperature, 
the precipitate was separated by decantation to give 
thioxothiazolidinones (1a-b) as crystals and (1c) as a 
liquid. A water/acetone mixture was added to the 



Indones. J. Chem., 2021, 21 (2), 462 - 477    

 

Manel Khiat et al.   
 

464 

compound 1c with stirring and was heated at 60 °C. After 
cooling down to room temperature, the mixture is left 
standing for 48 h to obtain the 
alkylidenethioxotiazolidinone (3c) in the form of orange 
crystals. 
3-Benzyl-2-thioxo-1,3-thiazolidin-4-one (1a). Beige 
crystals; Yield: 68%; M.p.: 74 °C; Rf: 0.80 (ethyl 
acetate/methanol 6:4). IR (KBr, ν cm–1): 3086.9 (C–H 
aromatic), 2963.6 (C–H aliphatic), 1698.9 (C=O), 1582.8, 
1452.2 (C=C aromatic), 1164.5 (C=S). 1H-NMR (400 
MHz, CDCl3) δ 7.52–7.41 (m, 1H), 7.38–7.26 (m, 2H), 
5.20 (s, 1H), 3.97 (s, 1H). 13C-NMR (101 MHz, CDCl3) δ 
201.08 (–C=S), 173.87 (–C=O), 134.69 (C, Ar), 129.06 
(CH, Ar), 128.91(CH, Ar), 128.58 (CH, Ar), 128.41 (CH, 
Ar), 128.21 (CH, Ar), 127.56 (CH, Ar), 47.61(H2C–N), 
35.42 (–S–CH2). Mass spectrum, m/z: 223.1. 
3-Phenyl-2-thioxo-1,3-thiazolidin-4-one (1b). Clear 
Yellow Crystals; Yield: 59%; M.p.: 115 °C; Rf: 0.35 (ethyl 
acetate/ methanol 6:4). IR (KBr, ν cm–1): 3086.9 (C–H 
aromatic), 2964.3 (C–H aliphatic), 1731.5 (C=O), 1582.5–
1452.4 (C=C aromatic), 1165.7 (C=S).1H-NMR (400 
MHz, CDCl3) δ 8.11 (s, 1H), 7.77–7.52 (m, 1H), 7.51–7.34 
(m, 4H), 7.34–7.11 (m, 3H), 4.85 (s, 1H), 4.20 (s, 1H).13C-
NMR (101 MHz, CDCl3) δ 201.26 (–C=S), 173.52 (–
C=O), 137.12 (C, Ar), 130.18 (CH, Ar), 129.79 (CH, Ar), 
129.65 (CH, Ar), 129.57 (CH, Ar), 128.36 (CH, Ar), 
127.68 (CH, Ar), 36.45(–S–CH2). Mass spectrum, m/z: 
209.0. 
3-Propyl-2-thioxothiazolidin-4-one (1c). Brown oily 
liquid; Yield: 62%; Rf: 0.78 (ethyl acetate/methanol 6:4). IR 
(KBr, ν cm–1): 2966.5 (C–H aliphatic), 1736.1 (C=O), 
1187.7 (C=S), 1088.4 (C-N). 1H-NMR (400 MHz, CDCl3) 
δ 4.37 (s, 1H), 3.79 (d, 1H), 1.58 (m, 1H), 0.86 (t, 1H).13C-
NMR (101 MHz, CDCl3) δ 198.32 (–C=S), 169.81 (–
C=O), 46.27 (N–CH2), 36.75 (–S–C–), 21.54 (H2C–C–), 
11.28 (CH3). Mass spectrum, m/z: 215.1. 
5-(Propan-2-ylidene)-3-propyl-2-thioxo-1,3-
thiazolidin-4-one (3c). Orange crystals; Yield: 59%; 
M.p.: 33 °C; Rf: 0.81 (ethyl acetate/methanol 6:4). IR (KBr, 
ν cm–1): 3084.32 (C–H aliphatic), 1783.15 (C=O), 1635.93 
(C=C), 1157.40 (C=S). 1H-NMR (400 MHz, CDCl3) δ 4.01 
(d, 2H), 2.45 (s, 3H), 2.02 (s, 3H), 1.75–1.65 (m, 2H), 0.95 
(t, 3H). 13C-NMR (101 MHz, CDCl3) δ 192.99 (–C=S), 

165.37 (–C=O), 149.76 (–C=C–S–), 120.99 (=C–S–), 
45.84 (N–CH2), 21.70 (H2C–CH2–), 20.35 (H3C–C=C), 
11.26 (CH3). Mass spectrum, m/z: 215.1. 

General procedure for the synthesis of 
thiazolinethiones (2a-c) 

In a 250 mL round-bottom flask, 0.18 mol of 
concentrated ammonium hydroxide was mixed with 0.1 
mol of a primary amine (RNH2) under magnetic stirring 
at 0 °C. After 15 min, 0.1 mol of carbon disulfide was 
added dropwise to the mixture, and the stirring was 
maintained for 2 h. The dithiocarbamate salt formed was 
filtered and then washed several times with diethyl ether 
or recovered using a separating funnel if it is a liquid. 
The DTC prepared was dissolved in 200 mL of water. 
Chloroacetone (0.15 mol) was added in two portions. 
The pH must be acidic (2 to 3). The reaction mixture was 
then heated in a water bath at 60–70 °C for 2 h. The 
precipitate was separated by filtration and recrystallized 
from ethanol. 
3-Benzyl-4-methyl-1,3-thiazole-2(3H)-thione (2a). 
Beige crystals; Yield: 83.55%; M.p.: 91 °C; Rf: 0.76 
(Dichloromethane/Methanol 6:4). IR (KBr, ν cm–1): 
3075.1 (C–H aromatic), 2956.6 (C–H aliphatic), 1635.0 
(C=C aliphatic), 1488.6–1404.6 (C=C aromatic), 1166.4 
(C=S). 1H-NMR (400 MHz, CDCl3) δ 7.39–7.26 (m, 3H), 
7.24–7.16 (m, 2H), 6.28 (d, 1H), 5.53 (s, 2H), 2.15 (d, 
3H). 13C-NMR (101 MHz, CDCl3) δ 189.26 (–C=S), 
140.13 (N–C=C), 134.84 (C, Ar), 128.91 (CH, Ar), 
127.85 (CH, Ar), 126.64 (CH, Ar), 106.17 (S–HC=C), 
50.11 (H2C–N), 15.60 (CH3). Mass spectrum, m/z: 221.1. 
4-Methyl-3-phenyl-1,3-thiazole-2(3H)-thione (2b). 
Beige crystals; Yield: 61.55%; M.p.: 124 °C; Rf: 0.82 
(Dichloromethane/Methanol 6:4). IR (KBr, ν cm–1): 
3097.5 (C–H aromatic), 2957.2 (C–H aliphatic), 1635.1 
(C=C aliphatic), 1486.4 (C=C aromatic), 1225.6 (C=S). 
1H-NMR (400 MHz, CDCl3) δ 7.65–7.48 (m, 1H), 7.29–
7.19 (m, 1H), 6.36 (q, 1H), 1.96 (d, 1H). 13C-NMR (101 
MHz, CDCl3) δ 190.17 (–C=S), 140.19 (N–C=C), 137.79 
(C, Ar), 129.97 (CH, Ar), 129.70 (CH, Ar), 128.16 (CH, 
Ar), 106.42 (S–HC=C), 16.19 (CH3). Mass spectrum, 
m/z: 206.1. 
4-Methyl-3-propyl-1,3-thiazole-2(3H)-thione (2c). 
Beige crystals; Yield: 76.52%; M.p.: 83 °C; Rf: 0.65 
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(Dichloromethane/Methanol 6:4). IR (KBr, ν cm–1): 
3093.9 (C–H aromatic), 2944.9 (C–H aliphatic), 1634.5 
(C=C aliphatic), 1226.8 (C=S). 1H-NMR (400 MHz, 
CDCl3) δ 6.26 (d, 1H), 4.16–4.06 (m, 1H), 2.29 (d, 1H), 
1.86–1.71 (m, 1H), 0.99 (t, 1H). 13C-NMR (101 MHz, 
CDCl3) δ 187.85 (–C=S), 139.59 (N–C=C), 106.31 (S–
HC=C), 48.77 (H2C–N), 20.98 (CH2), 15.43 (CH3), 11.21 
(CH3). Mass spectrum, m/z: 173.1. 

General procedure for the synthesis of thiazolium 
salts (3a-b) 

In a flask containing 100 mL of acetone, 5 mmol of 
thiazolinethione already prepared was mixed with  
15 mmol of methyl iodide (MeI). The mixture was stirred 
at room temperature for 24 h. The salt obtained was 
filtered and then washed with acetone. 
3-Benzyl-4-methyl-2-(methylsulfanyl)-1,3-thiazol-3-
ium-iodide (3a). White crystals; Yield: 60.58%; M.p.:  
139 °C; Rf: 0.71. IR (KBr, ν cm–1): 3026.7 (C–H aromatic), 
2949.1 (C–H aliphatic), 1634.8 (C=C aliphatic), 1491.2–
1405.8 (C=C aromatic), 1077 (C–S). 1H-NMR (400 MHz, 
DMSO) δ 7.93 (s, 1H), 7.45–7.33 (m, 9H), 7.27–7.09 (m, 
5H), 5.61 (s, 5H), 2.99 (s, 7H), 2.53–2.50 (m, 4H), 2.45 (d, 
7H). 13C-NMR (101 MHz, DMSO) δ 177.16 (–C=S), 
146.61 (N–C=C), 132.61 (C, Ar), 129.63 (CH, Ar), 129.00 
(CH, Ar), 127.13 (CH, Ar), 118.24 (S–HC=C), 53.49 
(H2C–N), 18.54 (–S–CH3), 14.36 (CH3). 
4-Methyl-2-(methylsulfanyl)-3-phenyl-1,3-thiazol-3-
ium-iodide (3b). Beige crystals; Yield: 53.64%; M.p.:  
132 °C; Rf: 0.78.IR (KBr, ν cm–1): 3095.6 (C–H aromatic), 
2944.8 (C–H aliphatic), 1634.0 (C=C aliphatic), 1484.1 
(C=C aromatic), 1077 (C–S). 1H-NMR (400 MHz, 
DMSO) δ 7.99 (d, 1H), 7.82–7.63 (m, 5H), 3.74 (s, 1H), 
2.91 (s, 3H), 2.16 (d, 3H). 13C-NMR (101 MHz, DMSO) δ 
179.02 (–C=S), 146.36 (N–C=C), 135.19 (C, Ar), 132.43 
(CH, Ar), 131.28 (CH, Ar), 127.35 (CH, Ar), 117.73 (S–
HC=C), 18.30 (–S–CH3), 14.60 (CH3). 

General procedure for the synthesis of merocyanines 
(4a-b) and merocarbocyanines (4c) 

1st Method: In a flask containing 20 mL of acetone 
and under magnetic stirring, 10 mmol of thiazolium salt 
(3a-b) was mixed with 10 mmol of rhodanine (1a-b) or 
arylidenerhodanine (3c) already prepared, and 2 mL of 
triethylamine was added to the mixture. After stirring for 

24 h at room temperature or 1 h at reflux, the precipitate 
was separated by filtration and recrystallized from a 
mixture of Ethanol/ DMF). 

2nd Method: In a flask containing 20 mL of 
acetonitrile and under magnetic stirring, 10 mmol of 
thiazolinethione (2a-c) was mixed with 15 mmol of 
dimethyl sulfate. After heating for 1 h and cooling back 
to room temperature, 10 mmol of rhodanine (1a-b) or 
arylidenerhodanine (3c) and 2 mL of triethylamine were 
added. Immediate formation of a solid was noticed. The 
reaction is left for 1 h at reflux until the release of 
CH3SH. The resulting solid was filtered and 
recrystallized from a mixture (Ethanol/DMF). 
(5E)-3-Benzyl-5-(3-benzyl-4-methyl-1,3-thiazol-2(3H) 
-ylidene)-2-thioxo-1,3-thiazolidin-4-one (4a). Yellow 
crystals; Yield: 84.21%; M.p.: 191 °C; Rf: 0.30 (ethyl 
acetate/methanol 6:4). IR (KBr, ν cm–1): 3078.2 (C–H 
aromatic), 2958.4 (C–H aliphatic), 1891.6 (C=O), 1624.3 
(C=C aliphatic), 1597.2–1429.6 (C=C aromatic), 1192.7 
(C=S). 1H-NMR (400 MHz, CDCl3) δ 7.59–7.50 (m, 1H), 
7.42–7.33 (m, 1H), 7.32–7.18 (m, 1H), 7.02 (d, 1H), 6.39 
(d, 1H), 5.33 (d, 1H). 13C-NMR (101 MHz, CDCl3) δ 
186.80 (–C=S), 165.16 (–C=O), 156.94 (–S–C=C), 
137.72 (C, Ar), 135.77 (C, Ar), 133.91 (CH, Ar), 129.49 
(CH, Ar), 129.03 (CH, Ar), 128.51 (CH, Ar), 128.34 (CH, 
Ar), 127.63 (CH, Ar), 125.25 (N–C=C), 105.29 (S–
HC=C), 82.40 (–C=C–S–), 50.62 (N–CH2–C=C), 47.74 
(N–CH2–C=C), 14.10 (CH3). 
(5E)-5-(4-Methyl-3-phenyl-1,3-thiazol-2(3H)-ylidene)- 
3-phenyl-2-thioxo-1,3-thiazolidin-4-one (4b). 
Yellow crystals; Yield: 81.53%; M.p.: 235 °C; Rf: 0.27 
(ethyl acetate/methanol 6:4). IR (KBr, ν cm–1): 3078.2 
(C–H aromatic), 2959.6 (C–H aliphatic), 1883.3 (C=O), 
1634.3 (C=C aliphatic), 1591.0–1482.8 (C=C aromatic), 
1228.4 (C=S). 1H-NMR (400 MHz, CDCl3) δ 7.77–7.68 
(m, 1H), 7.65 (t, 2H), 7.55–7.48 (m, 2H), 7.47–7.42 (m, 
1H), 7.39–7.35 (m, 2H), 7.31–7.26 (m, 2H), 6.39 (d, 1H), 
1.95 (d, 3H). 13C-NMR (101 MHz, CDCl3) δ 189.07 (–
C=S), 165.45 (–C=O), 155.74 (–S–C=C), 137.56 (N–
C=C), 136.14 (C, Ar), 135.07 (C, Ar), 131.79 (CH, Ar), 
130.62 (CH, Ar), 129.28 (CH, Ar), 129.26 (CH, Ar), 
129.04 (CH, Ar), 128.43 (CH, Ar), 104.34 (–S–C=C), 
84.68 (–S–C=C), 14.49 (CH3). 
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(E)-5-((E)-1-(4-Methyl-3-propylthiazol-2(3H)-ylidene) 
propan-2-ylidene)-3-propyl-2-thioxothiazolidin-4-
one (4c). Purple crystals; Yield: 87.32%; M.p.: 149 °C; Rf: 
0.64 (ethyl acetate/methanol 6:4). IR (KBr, ν cm–1): 
2964.32 (C–H aliphatic), 2876.73 (C–H aliphatic), 
1704.83 (C=O), 1615.61 (C=C aliphatic), 1150.47 (C=S). 
1H-NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 7.28 (s, 1H), 
6.20 (s, 1H), 5.27 (d, 1H), 4.49–3.68 (m, 5H), 3.29–1.59 
(m, 14H), 1.38–0.75 (m, 8H), 0.37–0.17 (m, 1H). 13C-
NMR (101 MHz, CDCl3) δ 187.79 (–C=S), 163.45 (–
C=O), 160.01 (C=C-C), 146.80 (N–C=C), 138.90 (N–
C=C), 102.28 (S–C=), 96.03 (=C–H), 48.39 (N–CH2), 
45.88 (N–CH2), 23.02 (CH2), 20.62 (CH2), 
20.48(CH3),14.74(CH3), 11.42 (CH3), 11.3(CH3). 
Note: when the merocyanines (4a-b) and 
merocarbocyanines (4c) were injected into the mass 
spectroscopy apparatus, they decompose because of their 
instability. 

General procedure for the synthesis of thiazolidenium 
sulfonate salts (5a-b) and alkylidenthiazolidenium 
sulfonate salt (5c) 

A mixture of 5 mmol of thiazolydenethioxothiazoli 
dinones or alkylidenethiazolydene-thioxothiazolidinone, 
15 mmoles of methylparatoluenesulphonate (MPTS), and 
5 mL of DMF is stirred at 110–120 °C for 4 h. After this 
time, the reaction mixture is cooled down to 40 °C, and 
then 50 mL of acetone were added. When the reaction is 
complete, the mixture is left to reach room temperature 
and then refrigerated overnight. The corresponding salt 
obtained is filtered and dried under a vacuum. 
(E)-3,3'-Dibenzyl-4-methyl-2'-(methylthio)-4'-oxo-3H, 
4'H-[2,5'-bithiazolylidene]-3'-ium-4-methylbenzene 
sulfonate (5a). Brown crystals; Yield: 78.96%; M.p.: 239 
°C. 1H-NMR (400 MHz, DMSO) δ 8.12–7.96 (m, 2H), 
7.75–7.69 (m, 2H), 7.64–7.60 (m, 1H), 7.51–7.42 (m, 1H), 
7.38–7.33 (m, 2H), 7.29–7.26 (m, 3H), 7.24 (m, 1H), 7.20–
7.18 (m, 2H), 5.98 (d, 1H), 4.49 (d, 2H), 3.52 (d, 2H), 2.73 
(s, 3H), 2.61 (d, 3H), 2.14 (d, 3H). 13C-NMR (101 MHz, 
DMSO) δ 174.21 (–C=O), 160.14 (C=N), 149.27 (C, Ar–
S=O), 140.02 (C, Ar), 138.73 (C, Ar), 136.94 (C, Ar), 
131.58 (CH, Ar), 131.20 (CH, Ar), 130.98 (CH, Ar), 
130.64 (CH, Ar), 129.86 (CH, Ar), 128.52 (CH, Ar), 
126.09 (CH, Ar), 117.20 (N–C=C), 108.87 (S–C=C), 

105.78 (S–C=C), 52.73 (N–CH2–C=C), 49.63 (N–CH2–
C=C), 22.06 (CH3), 15.37 (CH3), 14.25 (CH3). 
(E)-4-Methyl-2'-(methylthio)-4'-oxo-3,3'-diphenyl-
3H,4'H-[2,5'-bithiazolylidene]-3'-ium-4-methylben 
zenesulfonate (5b). Brown crystals; Yield: 71.24%; 
M.p.: 256 °C. 1H-NMR (400 MHz, DMSO) δ 10.65–
10.58 (m, 2H), 8.29–8.17 (m, 2H), 7.96 (m, 2H), 7.58 (m, 
2H), 7.89–7.78 (m, 1H), 7.46–7.42 (m, 2H), 7.37–7.30 
(m, 1H), 7.26–7.22 (m, 2H), 5.64 (d, 1H), 2.68 (s, 3H), 
2.54 (d, 3H), 1.98 (d, 3H). 13C-NMR (101 MHz, DMSO) 
δ 175.13 (–C=O), 165.85 (N=C), 144.15 (C, Ar), 143.57 
(C–S=O), 141.96 (C, Ar), 140.09 (C, Ar), 139.65 (N–
C=C), 133.24 (CH, Ar), 132.11 (CH, Ar), 131.02 (CH, 
Ar), 130.64 (CH, Ar), 129.98 (CH, Ar), 109.45 (S–C=C), 
106.13 (S–C=C), 23.13 (CH3), 19.20 (CH3), 17.09 (CH3). 
(E)-5-((E)-1-(4-Methyl-3-propylthiazol-2(3H)-ylidene) 
propan-2-ylidene)-2-(methylthio)-4-oxo-3-propyl-4, 
5-dihydrothiazol-3-ium-4-methylbenzenesulfonate 
(5c). Brown crystals; Yield: 84.53%; M.p.: 198 °C. 1H-
NMR (400 MHz, DMSO) δ 8.23–8.14 (m, 2H), 7.80–7.72 
(m, 2H), 6.98 (d, 1H), 6.23 (s, 1H), 4.28 and 3.56 (2 × m, 
2 × 2H), 2.71 (s, 3H), 2.58 (d, 3H), 2.41 (d, 3H), 2.20 (d, 
3H), 1.57–1.43 (m, 4H), 1.11–0.80 (2 × m, 2 × 3H). 13C-
NMR (101 MHz, DMSO) δ 171.02 (–C=O), 168.25 
(C=C–C), 142.97 (C–S=O), 140.28 (C, Ar),138.97 (N–
C=C), 130.64 (CH, Ar), 128.94 (CH, Ar), 116.17 (N–
C=C), 105.82 (S–C=C), 97.58 (–C=C), 50.18 (N–CH2), 
46.32 (N–CH2), 24.09 (CH2), 22.76 (CH3), 21.98 (CH3), 
21.02 (CH2), 16.95 (CH3), 15.46 (CH3), 12.41 (CH3), 
11.29 (CH3). 

General procedure for the synthesis of 
thiazolidenium chloride salts (6a-b) and 
alkylidenthiazolidenium chloride salt (6c) 

At 0 °C, a mixture of 10 mL of acetonitrile 
(CH3CN), 2 mmol of merocyanine or 
merocarbocyanines already prepared, 0.5 mL of 12 N 
hydrochloric acid (HCl), and 0.8 mL of hydrogen 
peroxide (H2O2) 30% were placed in a flask under 
stirring. The reaction can be exothermic. Stirring is 
maintained for 40 min or more until a homogeneous 
mixture appears, then 0.5 g of Barium chloride BaCl2 (2 
mmol) contained in 5 mL of H2O was added. The 
mixture is stirred for 1 to 2 h until BaSO4 precipitates. 
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The mixture was filtered to remove BaSO4, and the 
thiazolidenium salt was crystallized in methanol (MeOH). 
(E)-3,3'-Dibenzyl-4-methyl-4'-oxo-3H,4'H-[2,5'-bithia 
zolylidene]-3'-ium-chloride (6a). Beige crystals; Yield: 
68.20%; M.p.: 221 °C. 1H-NMR (400 MHz, DMSO) δ 
7.68–7.63 (m, 1H), 7.54–7.46 (m, 1H), 7.43–7.37 (m, 1H), 
7.34–7.30 (m, 2H), 7.28 (m, 1H), 7.21–7.19 (m, 2H), 6.25 
(d, 1H), 5.20 (d, 1H), 2.19 (d, 3H). 13C-NMR (101 MHz, 
DMSO) δ 170.11 (–C=O), 158.64 (–N–C=C), 138.86 (C, 
Ar), 136.57 (C, Ar), 132.74 (CH, Ar), 128.69 (CH, Ar), 
128.43 (CH, Ar), 128.26 (CH, Ar), 128.13 (CH, Ar), 
127.78 (CH, Ar), 116.85 (N–C=C), 104.16 (S–C=C), 89.44 
(–C=C–S–), 51.36 (N–CH2–C=C), 48.52 (N–CH2–C=C), 
14.07 (CH3). 
(E)-4-Methyl-4'-oxo-3,3'-diphenyl-3H,4'H-[2,5'-bithia 
zolylidene]-3'-ium (6b). Beige crystals; Yield: 75.92%; 
M.p.: 240 °C. 1H-NMR (400 MHz, DMSO) δ 10.79–10.72 
(m, 1H), 8.32–8.22 (m, 2H), 7.92–7.80 (m, 1H), 7.52–7.47 
(m, 2H), 7.40–7.35 (m, 1H), 7.28–7.26 (m, 2H), 5.86–5.70 
(d, 1H), 2.07 (d, 3H). 13C-NMR (101 MHz, DMSO) δ 
170.36 (–C=O), 162.05 (N–C=C), 143.98 (C, Ar), 141.02 
(C, Ar), 138,87 (N–C=C) 132.11 (CH, Ar), 132.11 (CH, 
Ar), 131.02 (CH, Ar), 130.64 (CH, Ar), 129.98 (CH, Ar), 
128.62 (CH, Ar), 108.69 (S–C=C), 105.20 (S–C=C), 18.97 
(CH3). 
(E)-5-((Z)-1-(5-Methyl-1-propyl-1,3-dihydro-2H-pyrrol- 
2-ylidene)propan-2-ylidene)-4-oxo-3-propyl-4,5-dihy 
drothiazol-3-ium-chloride (6c). Beige crystals; Yield: 
85.22%; M.p.: 175 °C. 1H-NMR (400 MHz, DMSO) δ 7.15 
(d, 1H), 6.88 (s, 1H), 4.57–4.51 (m, 2H), 3.95–4.07 (m, 
2H), 2.45 (d, 1H), 2.24 (d, 1H), 1.60–1.47 (m, 4H), 1.12–
0.92 (m, 6H). 13C-NMR (101 MHz, DMSO) δ 170.53 (–
C=O), 167.46 (C=C–C), 139.22 (N–C=C), 116.05 (N–
C=C), 105.21 (S–C=C), 96.38 (–C=C), 50.12 (N–CH2), 
49.73 (N–CH2), 23.72 (CH2), 21.15 (CH3), 20.69 (CH2), 
15.18 (CH3), 12.05 (CH3), 10.91 (CH3). 

General procedure for the study of the 
transformation of merocyanines and 
merocarbocyanines salts to TTTAFs 

The thiazolidenium sulfonate salts (7a-c) (0.05 mol) 
or thiazolidenium chloride salts (8a-c) (0.05 mol) were 
introduced into the electrolysis cell containing 0.1 M 
solution of tetra-n-butylammonium bromide TBAB 

(NBu4Br), 5 μL of perchloric acid and, 50 mL of 
acetonitrile. The environment was degassed by a stream 
of nitrogen for 5 min and maintained under an inert 
atmosphere. The reduction of salt is carried out on a 
platinum electrode. The voltammograms were recorded 
at ambient temperature with a scanning speed of 100 
mV.S–1. The selected scanning range was -2000 to  
+2000 mV and 0 to 2000 mV. 

■ RESULTS AND DISCUSSION 

Chemical Synthesis Part 

In this study, we described practical approaches for 
the preparation of thiazolidenium salts obtained from 
merocyanine derivatives. Firstly, thioxothiazolidinones 
(1a-c), alkylidenethioxotiazolidinone (3c), and thiazoline 
thiones (2a-c), as well as the thiazolium salts (3a-b), were 
prepared. The coupling of such compounds results in 
the formation of thiazolydenethioxothiazolidinones (4a-
b) and alkylidenthiazolidenethioxothiazolidinone (4c), 
which are subsequently converted to thiazolidenium 
sulfonate salts (5a-b), thiazolidenium chloride salts (6a-
b), alkylidenthiazolidenium sulfonate salt (5c), and 
alkylidenthiazolidenium chloride salt (6c) successively. 
The synthetic strategies for the preparation of these salts 
are grouped in Scheme 1 and Scheme 2. Concerning the 
first scheme, thioxothiazolidinones (1a-b) were 
synthesized by a cyclo condensation of chloroacetic acid 
with ammonium dithiocarbamate salt (DTC) [37]. 
DTCs were obtained from the following primary amines: 
BnNH2, PhNH2, and n-PrNH2 that ultimately with 
CH3COOH leads to the formation of the corresponding 
products 1a (Beige crystals; 68%), and 1b (Yellow 
Crystals; 59%) successively. Thiazolinethiones 2a (Beige 
crystals; 83.55%) and 2b (Beige crystals; 61.55%) were 
obtained by the reaction between chloroacetone and the 
same preceding dithiocarbamate salts (DTCs). The 
treatment of thiazolinethiones with iodomethane in the 
presence of acetone leads to the formation of the 
thiazolium salt 3a (White crystals; 60.58%) and 3b 
(Beige crystals; 53.64%). Finally, merocyanines 4a 
(Yellow crystals; 84.21%) and 4b (Yellow crystals; 
81.53%) were obtained using two methods: (i) The first  
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(1
a-

b)

(1
a-

b)

D

 
A: ClCH₂COOH; B: CH₃COCH₂Cl; C: CH₃I; D: Et₃N; E: Me₂SO₄, Et₃N; 

F: MPTS; G: BaCl2, H2O2, CH₃CN; (a, R = Bn; b, R = Ph) 

Scheme 1. The synthetic procedure of thiazolidenium sulfonate salts (5a-b) and thiazolidenium chloride salts (6a-b) 
 
was a coupling between a neutral heterocycle 
(thioxothiazolidinone 1a-b) and a cationic heterocycle 
(thiazolium salts 3a-b) in the presence of triethylamine. 
(ii) The second method was an in situ reaction between 
compounds (2a-b) and compounds (1a-b) in the presence 
of dimethyl sulfate and triethylamine. 

Comparing the two methods, the second one is 
easier and faster than the first one. The reaction of the 
prepared merocyanines (4a-b) with methyl p-toluene 
sulfonate (MPTS) in the presence of acetone leads to the 
formation of the thiazolideniumsulfonate salts 5a (Brown 
crystals; 78.96%) and 5b (Brown crystals; 71.24%). The 
reaction of the same prepared merocyanines (4a-b) with 
barium chloride (BaCl2) in the presence of acetonitrile 
and hydrogen peroxide leads to the formation of the 
thiazolidenium chloride salts 6a (Beige crystals; 68.20%), 
and 6b (Beige crystals; 75.92%). Another strategy was 
followed for the preparation of alkylidenthiazolidene-

thioxothiazolidinone (merocarbocyanines) 4c (Purple 
crystals; 87.32%) and their salts 5c (Brown crystals; 
84.53%), and 6c (Beige crystals; 85.22%), which is 
illustrated in Scheme 2. Thioxothiazolidinones 1c 
(Brown oily liquid; 62%) was obtained by the same 
previous method. The reaction between compound 1c 
(containing active methylene in position 5) with acetone 
(containing a carbonyl group) in the presence of 
ammonium hydroxide used as catalyst, whit heating 
under reflux for 20 h, leads to the formation of 
alkylidenethioxo tiazolidinone 3c (Orange crystals; 
59%), according to the knoevenagel condensation [38]. 
Thiazolinethione 2c (Beige crystals; 76.52%) was 
obtained by the same previous method. The compound 
4c (Purple crystals; 87.32%) was obtained by an in situ 
reaction between a compound 3c and 2c in the presence 
of dimethyl sulfate and triethylamine. The alkyliden 
thiazolideniumsulfonate salt 5c  (Brown crystals; 84.53%)  
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A: ClCH₂COOH; B: CH₃COCH₂Cl; H: CH3 (CO)CH3; I: Me₂SO₄, Et₃N; 

J: MPTS, DMF; K: BaCl2, H2O2, CH₃CN; (c, R = Pr) 

Scheme 2. The synthetic procedure of alkylidenthiazolidenium sulfonate salt (5c) and alkylidenthiazolidenium 
chloride salt (6c) 
 
was obtained by the reaction of compound 4c with MPTS 
in the presence of DMF and acetone. The treatment of the 
compound 4c with a mixture of hydrogen peroxide 
(H2O2) and barium chloride (BaCl2) in the presence of 
acetonitrile leads to the formation of 
alkylidenthiazolidenium chloride salt 6c (Beige crystals; 
85.22%) with precipitation of BaSO4, which was removed 
by filtration through celite, The method used to generate 
the chloride salt 6c was inspired from the work of Lorcy 
and Guérin [39] and Yano et al. [40]. The yields of the 
synthesized compounds are satisfactory (60–87%), and 
the data obtained from IR, NMR, MS spectroscopic 
analyses were in good agreement with the proposed 
structures of the synthesized molecules. 

Electrochemical (Cyclic-Voltammetry) Study Part 

By studying the behavior of thiazolidenium 
sulfonate salts (5a-b), thiazolidenium chloride salts (6a-
b), alkylidenthiazolidenium sulfonate salt (5c), and 
alkylidenthiazolidenium chloride salt (6c) in a 
voltammetric cell on a platinum electrode; we noticed that 
they turn into TTTAFs. Because of the conjugation 

existing in the structure of these salts, there is 
delocalization of the π-electrons in their molecules, 
which have the effect of generating a radical. The latter 
is dimerized into an intermediate (each salt gives an 
intermediate: I, II, III, IV). The reduction of each 
intermediate derivative, after elimination of two MeS– or 
H– groups, to the formation of TTTAFs (7a-b, 7'a-b, 8c, 
and 8'c) successively, according to Scheme 3, 4 (see SI). 
It should be noted that the presence of acid facilitates the 
elimination of the thiomethyl group and facilitates the 
formation of TTTAF. 

Interpretation of Voltammograms 

The range of the cyclic scan chosen was (-2000 to 
+2000 mV) and (0 to +2000 mV) from right to left with 
a constant speed of 100 mV/s for all voltammograms. 

Solvent and support electrolyte voltammograms 
From the two scans below, it is noted that there are 

no oxidation or reduction peaks. Therefore, there has 
been no electrochemical phenomenon on the solvent or 
the electrolyte support, despite the appearance of weak 
"bumps" probably due to traces of oxygen (see Fig. 2). 
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Scheme 3. The strategy of electrochemical transformation of thiazolidenium sulfonate salts (5a-b) into TTTAFs (7a-b) 

pt

S

N

N

S

O

Me
R S

N

N

S

O

Me
R

R

R

, Cl-

S

N

N+

S

O
R

Me
R

H

, Cl-

S

N

N

C+S

O
R

Me
R

H

S

N

N

C•S

O
R

Me
R

H

2
S

N

N

S

O

Me
R

R

S

N

N

S

O

Me
R

R

H H

2Cl-,

(II)

6(a-b)

+2e-

+2e-

-2H-

7'(a-b)  
Scheme 4. The strategy of electrochemical transformation of thiazolideniumchloride salts (6a-b) into TTTAFs (7’a-b) 

 
Voltammograms of the merocyanines 4a, 4b, and 
merocarbocyanine 4c (Fig. 3, and SI) 

According to the appearance of the voltammograms 
of the three compounds 4a, 4b, 4c, two peaks of oxidation 
are observed in each scan at different potentials; 
(compound 4a: Epa1 = 1.15; Epa2 = 1.65), (compound 4b: 

Epa1 = 1.15; Epa2 = 1.65), and (compound 4c: Epa1 = 1.15; 
Epa2 = 1.6). A single reduction peak for each scan are also 
observed at different potentials; (compound 4a: Epc2 = 
0.63, compound 4b: Epc2 = 0.63, and compound 4c: Epc2 
= 0.63). 

According to the peaks,  the first wave of oxidation  
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Fig 2. Solvent and support electrolyte voltammograms 

 
Fig 3. Voltammograms of compounds 4a, 4b, 4c (CH3CN, NBu4Br 0.1 M, HClO4, pt, Ag/AgCl, 0.1 V/s) 

 
is reversible, but not the second (irreversible). This 
indicates that there was the oxidation of two electrons and 
the reduction of only one electron for each compound. 
Therefore, it is an irreversible anodic oxidation process, 
and consequently, there is no coupling phenomenon on 
these precursors. 
Note: 4a, 4b, and 4c are the precursors of the 
thiazolidenium salts: (4a precursor of 5a and 6a), (4b 
precursor of 5b and 6b), (4c precursor of 5c and 6c). 

Merocyanines salts voltammograms 
Voltammograms of thiazolidenium sulfonate salts 
5a, 5b (Fig. 4, and SI), and thiazolidenium chloride 
salts 6a, 6b (Fig. 5, and SI). The four voltammograms 
indicate a well-defined redox process, which corresponds 
to the reversible oxidations of the four merocyanine salts 
5a, 5b, 6a, 6b. The anodic peaks (oxidation) of each 
compound are observed at (5a: Epa1 = 1.24; Epa2 = 1.60), 
(5b: Epa1 = 0.95; Epa2 = 1.30), (6a: Epa1 = 0.93; Epa2 = 1.90),  
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Fig 4. Voltammograms of compounds 5a, 5b (CH3CN, NBu4Br 0.1 M, HClO4, pt, Ag/AgCl, 0.1 V/s) 

 
Fig 5. Voltammograms of compounds 6a, 6b (CH3CN, NBu4Br 0.1 M, HClO4, pt, Ag/AgCl, 0.1 V/s) 

 
(6b: Epa1 = 0.98; Epa2 = 1.69). The cathodic peaks 
(reduction) of each compound are observed at (5a: Epc1 = 
1.73, Epc2 = 0.42), (5b: Epc1 = 1.01, Epc2 = 0.40), (6a: Epc1 = 
2.30, Epc2 = 0.35), (6b: Epc1 = 1.06, Epc2 = 0.30). 

According to the scans and peaks, the two waves of 
oxidation are reversible in each voltammogram. This 
indicates that there was a transfer of electrons: the 
oxidation of two electrons and the reduction of two 
electrons for each compound. The redox of the first two 
electrons corresponds to the generation of the radical, 
which is subsequently dimerized to an intermediate, and 
the redox of the other two electrons corresponds to the 
transformation of the latter into TTTAFs. Therefore the 
thiazolidenium sulfonate salts 5a, 5b have been 
transformed into TTTAFs 7a,b and that the 
thiazolidenium chloride salts 6a,b have been transformed  
 

into TTTAFs 7’a,b. 

Merocarbocyanines salts voltammograms 
Voltammograms of alkylidenthiazolideniumsulfo 
nate salt 5c and alkylidenthiazolidenium chloride 
salt 6c (Fig. 6, and SI). The scans of the two 
voltammograms allow us to observe two reversible 
waves with two anode peaks and two cathodic responses. 
The two peaks corresponding to the oxidation of the 
salts are located at (5c: Epa1 = 0.95; Epa2 = 1.31), (6c: Epa1 
= 0.80; Epa2 = 1.39), and the other two peaks 
corresponding to the reduction of the salts are located at 
(5c: Epc1 = 1.56, Epc2 = 0.39), (6c: Epc1 = 1.60, Epc2 = 0.71), 
this indicates that there was a transfer of electrons: 
oxidation and reduction of two electrons for each 
compound and therefore the transformation of salts 5c 
and 6c at TTTAF 8c and 8'c, respectively. 
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Fig 6. Voltammograms of compounds 5c, 6c (CH3CN, NBu4Br 0.1M, HClO4, pt, Ag/AgCl, 0.1 V/s) 

 
Summary Table of the Different Oxidation-
Reduction Potentials of the Thiazolidenium-
Sulfonate and Chloride Salts and Their Precursors 

We present, in Table 1, 2, 3 a summary of the 
different oxidation-reduction potentials of each 
merocyanines and merocarbocyanines salts 5a, 6a, 5b, 6b, 
5c, 6c with their precursor's merocyanines and 
merocarbocyanines 4a, 4b, 4c successively, to compare 
the results. 

Confirmation 

The cyclic Voltammetry method allowed us to 
follow the behavior of merocyanine salts 
(thiazolideniumsulfonate salts 5a, 5b, and thiazolidenium 

chloride salts 6a, 6b, and merocarbocyanine salts 
thiazolideniumsulfonate salts 5c and thiazolidenium 
chloride salts 6c at different potentials. By comparing 
the voltammograms and the different potentials of the 
salts with their precursors 4a, 4b, 4c taken as references, 
we observe that for the salts, we have a redox system of 4 
π-electrons and consequently their delocalization, which 
leads to the coupling of these latest; It is, therefore, easy 
to confirm their transformation to TTTAFs 7a, 7b, 7a’, 
7b’, 8c, 8c’ as shown in Scheme 3, 4 (see SI). For the 
precursor molecules, there was not a redox system, and 
therefore no coupling. 

The confirmation of the presence of TTTAFs was 
made only by an in situ electrochemical detection method 

Table 1. Differents oxidation-reduction potentials of the compounds (4a, 5a, 6a) 
Potentials of the compound 

(4a) (volt) 
Potentials of the compound  

(5a) (volt) 
Potentials of the compound  

(6a) (volt) 
Epa1 Epa2 ΔEPox Epa1 Epa2 ΔEPox Epa1 Epa2 ΔEPox 

+ 1.15 + 1.65 + 0.50 + 1.24 + 1.60 + 0.36 + 0.93 + 1.92 + 0.99 
Epc1 Epc2 ΔERed Epc1 Epc2 ΔERed Epc1 Epc2 ΔERed 

0 + 0.63 + 0.63 + 0.42 + 1.73 + 1.31 + 0.35 + 2.30 + 1.95 

Table 2. Differents oxidation-reduction potentials of the compounds (4b, 5b, 6b) 
Potentials of the compound 

(4b) (volt) 
Potentials of the compound 

(5b) (volt) 
Potentials of the compound 

(6b) (volt) 
Epa1 Epa2 ΔEPox Epa1 Epa2 ΔEPox Epa1 Epa2 ΔEPox 

+ 1.37 + 1.76 + 0.39 + 0.95 + 1.30 + 0.35 + 0.98 + 1.69 + 0.71 
Epc1 Epc2 ΔERed Epc1 Epc2 ΔERed Epc1 Epc2 ΔERed 

0 + 0.51 + 0.51 + 0.4 + 1.01 + 0.61 + 0.30 + 1.06 + 0.76 
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Table 3. Differents oxidation-reduction potentials of the compounds (4c, 5c, 6c) 
Potentials of the compound 

(4c) (volt) 
Potentials of the compound 

(5c) (volt) 
Potentials of the compound 

(6c) (volt) 
Epa1 Epa2 ΔEPox Epa1 Epa2 ΔEPox Epa1 Epa2 ΔEPox 

+ 1.23 + 1.58 + 0.35 + 0.95 + 1.31 + 0.36 + 0.80 + 1.39 + 0.59 
Epc1 Epc2 ΔERed Epc1 Epc2 ΔERed Epc1 Epc2 ΔERed 

0 + 0.61 + 0.61 + 0.39 + 1.56 + 1.17 + 0.71 + 1.60 + 0.89 
 
under an inert atmosphere and not with usual 
spectroscopic methods (NMR, MS, UV, etc.) for the 
reason that the TTTAFs are very unstable species and very 
reactive to air and therefore their isolation causes their 
degradation. 

According to the literature [40-42], DTDAFs 
(analogs of TTTAFs), which are also unstable in air and 
not isolable, have been transformed into DTDAF2+ 
dications more stable and isolable; as a perspective, we can 
transform the TTTAFs that we could not isolate to 
TTTAF4+ tetracations more stable and isolable, to 
characterize them by spectroscopic methods. 

Structure-Property Relationship of TTTAFs 

TTTAFs are nitrogen analogs of TTFs (family of 
electroactive donors) where rings thiol have been replaced 
by rings thiazole (presence of nitrogen which can undergo 
oxidation or bind to a metal center), which gives them a 
very high electro-donor character and which make them 
very reactive to electron-acceptor compounds and 
therefore they can be used in assembly reactions to obtain 
new charge transfer complexes having superconducting 
properties. 

TTTAFs have a π-conjugate system, which gives 
them a conductive character, and consequently, they have 
redox properties. 

TTTAFs have very high electron donor properties, 
and therefore are very unstable and reactive in air, to 
make them react with other molecules such as electron-
attracting compounds; we must use an electrochemical 
detection method In situ in a cell, under an inert 
atmosphere (medium degassed with nitrogen). 

■ CONCLUSION 

In summary, in this work, we sought to obtain 
TTTAFs from salts of merocyanines used as precursor 

molecules. After various attempts, by applying 
electrosynthesis (cyclic voltammetry) to these salts and 
by following their behavior in situ in the electrochemical 
cell, we were able to lead to the intramolecular coupling 
of these latter and consequently to the formation of 
TTTAFs, which was confirmed by the displacement of 
the oxidation-reduction waves and the variation of the 
observed potentials. From the structure of TTTAFs, 
which contains electron donor groups (nitrogen and 
sulfur) and several double bonds, we can consider them 
as π-electron donor’s molecules, which will be tested 
subsequently against another π-electron acceptor 
structure. 

■ SUPPORTING INFORMATION (SI) 

Copies of the original spectra (IR, 1H-NMR, 13C-
NMR, Mass) and data CV of all the molecules reported 
in the experimental section are included in the 
Supporting Information. 
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