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Abstract: Here, we present a synthetic strategy to access a new [1,3]thiazolo[3,2-b][1,2,4]triazolium-
based cationic surfactant via the use of proton-induced heterocyclization method for quaternization of
a nitrogen atom. The two-step synthesis of 2-heptyl-6,6-dimethyl-3-phenyl-5,6-dihydro-3H-
[1,3]thiazolo[3,2-b][1,2,4]triazol-7-ium perchlorate is described in details. The analysis of NMR
spectra unequivocally proved the formation of the 1,3-thiazolinium ring upon cyclization reaction. PM7
semiempirical calculations testify to the similar electronic structure of the newly synthesized surfactant
cation and 1-heptylpyridinium cation.
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1. Introduction

The development of quaternary ammonium surfactants' chemistry is dictated by their
wide usage [1-4], for example, anti-corrosion [5-9] and antibacterial activity [10-16]. It must
also be mentioned the importance of quaternary ammonium compounds during the COVID-19
pandemic [17-20]. That is why the development of new cationic surfactants is still an actual
task in modern organic chemistry. One of the most popular heterocyclic cationic surfactants
with antibacterial activity is cetylpyridinium chloride [21, 22]. However, this substance has a
raw of drawbacks due to numerous harmful effects [23]. Consequently, the development of
less toxic compounds is in priority of synthetic chemistry. In one of our previous works, we
have estimated the toxicity of [1,3]thiazolo[3,2-b][1,2,4]triazolium cationic surfactants, and it
has been found that the toxicity of this class of compounds is less than the toxicity of commonly
used quaternary ammonium surfactants [24]. Thus the present work proposed a synthetic
strategy for the obtaining of the [1,3]thiazolo[3,2-b][1,2,4]triazolium cationic species.

Based on our previous findings [25-28], we propose the proton-induced electrophilic
cyclization reaction as a general synthetic approach to [1,3]thiazolo[3,2-b][1,2,4]triazolium
cations. Taking into account the appropriateness of the starting 1,2,4-triazole-3-thion system
for the introduction of various substituents, the described synthetic route can be used for
obtaining a novel family of cationic surfactants and ionic liquids based on the [1,3]thiazolo[3,2-
b][1,2,4]triazolium system. It must be clarified that the positively charged [1,3]thiazolo[3,2-
b][1,2,4]triazolium system acts as a "polar hydrophilic head". In contrast, a long alkyl chain,
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which can be easily introduced to the desired compound, serves as a "non-polar hydrophobic
tail". The synthetic procedure for one representative of this type of surfactants, the perchlorate
salt of 2-heptyl-6,6-dimethyl-3-phenyl-5,6-dihydro-3H-[1,3]thiazolo[3,2-b][1,2,4]triazol-7-
ium, is described in the "Materials and Methods™ section in details, whereas the analysis of its
structure based on NMR studies and quantum chemical calculations discussed in the "Results
and Discussion™ section.

2. Materials and Methods

All reagents and solvents were purchased from Sigma-Aldrich, Acros Organics, or
Sfera Sim companies and were used without additional purification. Shimadzu IRTracer-100
spectrometer was used for recording Fourier-transform infrared spectra (FTIR). NMR spectra
in deuterated dimethyl sulfoxide (DMSO-d6) solutions were recorded on a Varian Mercury-
400 instrument, and tetramethylsilane was used as an internal standard. Quantum chemical
calculations were performed on the dual-processor 24 threads workstation with 64 GB of RAM.
MOPAC2016 software [29] was used for semiempirical PM7 calculations [30]. Visualization
of molecular structures and molecular electrostatic potential (MESP) was performed with the
Jmol program [31].

5-Heptyl-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione (1) was synthesized starting
from octanoic acid hydrazide and phenyl isothiocyanate, which form N1-octanoyl- N4-phenyl-
thiosemicarbazide via the known method [32]. Further reflux in 3 M sodium hydroxide solution
for 1 hour causes intramolecular cyclization and formation of the 1,2,4-triazole-3-thiol sodium
salt. Next neutralization with 50% acetic acid solution leads to the precipitation of the target
thione 1. The yield is 84%. FT-IR (Vmax, cm™1) 2960-2850, 1570, 1500, 1410. *H NMR (400
MHz, DMSO-d6) 6 (ppm): 13.67 (s, 1H, NH); 7.63-7.48 (m, 3H, Ph), 7.40 (d, J = 7.2 Hz, 2H,
Ph), 2.41 (t,J = 7.4 Hz, 2H, a-CH2), 1.42 (m, 2H, B-CH2), 1.18-1.13 (m, 8H, 4CH2), 0.81 (t, J
= 6.9 Hz, 3H, CHs). °C NMR (101 MHz, DMSO-d6) § (ppm): 168.1; 152.6; 134.3; 129.9;
128.7; 31.4; 28.5; 28.5; 25.6; 22.5; 14.4. The elemental analysis: found: C, 65.5; H, 7.9; N,
15.2; S 11.5%j; calc. for CisH21NsS: C, 65.4; H, 7.7; N, 15.3; S, 11.6%.

3-Heptyl-5-[(2-methylprop-2-en-1-yl)sulfanyl]-4-phenyl-4H-1,2,4-triazole  (2) was
obtained via the alkylation of thione 1, similar to the known procedure [26, 27, 33]. A 5.50 g
(0.02 mol) sample of thione 1 and 0.8 g (0.02 mol) of sodium hydroxide were dissolved in 100
ml of ethanol. The 2.0 ml (0.02 mol of 97%-purity) methallyl chloride was introduced, and the
resulting mixture was refluxed for 1 hour. The liquid phase was decanted from the sodium
chloride solid after cooling. The resulting solution was heated for evaporation to about the third
of its volume. The target S-methallyl thioether was crunched from the liquor by the addition of
200 ml of water. Most of the yellow oil thioether 2 was separated with a separatory funnel, and
the remaining thioether 2 was extracted by 3x30 ml portions of chloroform. The main portion
of thioether 2 was mixed with chloroform extracts, dried over calcium chloride. The solvent
was evaporated under vacuum, giving a resulting material as a yellow oil in 70% yield (4.60
g). The S-methallyl thioether 2 was used without further purification. FT-IR (Vmax, cm™) 2960—
2850, 1500, 1430. *H NMR (400 MHz, DMSO-d6) § (ppm): 7.59-7.39 (m, 5H, Ph), 4.81 (s,
1H, =CH2), 4.77 (s, 1H, =CH2), 3.62 (s, 2H, SCH2); 2.47 (t, J = 7.4 Hz, 2H, a-CHz2), 1.65 (s,
3H, CHs3-C=); 1.45 (m, 2H, B-CH2); 1.21-1.13 (m, 8H, 4CH>); 0.81 (t, J = 6.9 Hz, 3H, CHa).
13C NMR (101 MHz, DMSO-d6) & (ppm): 156.1; 149.4; 140.7; 133.7; 130.3; 127.8; 126.1;
115.0; 31.4; 28.6; 28.6; 26.6; 25.0; 22.4; 21.1; 14.3. The elemental analysis: found: C, 69.4; H,
8.5; N, 12.7; S 9.6%; calc. for Ci19H27NsS: C, 69.3; H, 8.3; N, 12.8; S 9.7%.
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2-Heptyl-6,6-dimethyl-3-phenyl-5,6-dihydro-3H-[1,3]thiazolo[3,2-b][1,2,4]triazol-7-

ium perchlorate (3). The S-methallyl ether 2 (1.65 g, 0.005 mol) was dissolved in 20 ml of
glacial acetic acid, and 20 ml of 40% hydrobromic acid was added. The resulting mixture was
refluxed for 2 hours, then cooled, and mixed with 50 ml of cold water. No precipitation or
cloudiness was observed. The 10 ml of 2 M solution of sodium perchlorate was added to the
reaction mixture, resulting in perchlorate 3. The yield is 1.63 g (76%). FT-IR (Vmax, cm™) 3400,
1070, 620. *H NMR (400 MHz, DMSO-d6) & (ppm): 7.72 (br. s, 5H, Ph); 4.19 (s, 2H, SCH>);
2.70 (t,J=7.2 Hz, 2H, a-CHy), 1.68 (s, 6H, (CH3)2C); 1.53 (m, 2H, B-CH2), 1.27-1.16 (m, 8H,
4CH?>); 0.81 (t, J = 6.5 Hz, 1H). *3C NMR (101 MHz, DMS0-d6) § 159.7; 156.5; 131.6; 131.1;
130.6; 126.0; 66.7; 49.8; 30.9; 27.9; 27.9; 25.2; 24.9; 24.6; 21.9; 13.9. The elemental analysis:
found: C, 53.2; H, 6.7; N, 9.7; S 7.3%; calc. for C19H28CIN3O4S: C, 53.1; H, 6.6; N, 9.8; S
7.5%.

3. Results and Discussion

The proposed synthetic approach is shown in Scheme 1. Starting hydrazides A are
commercially available or can be directly obtained synthetically. The reaction of hydrazines
with various isothiocyanates readily produces N1-acyl-, 4N-substituted thiosemicarbazides B.
The next treatment of B with strong bases selectively leads to 1,2,4-triazole-anions C, which
can be obtained in neutral thione form D via the neutralization with acids. The alkylation of
anionic forms C with alkenyl halides selectively leads to the alkenyl thioethers E. Finally,
unsaturated thioethers E undergo intramolecular cyclization under the action of strong acids

and form target [1,3]thiazolo[3,2-b][1,2,4]triazolium cations F.
N-N N—-NH
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NHNH, N—N R |‘q2 I‘QZ

H H
A B C D
R®  Hal

R, R? = aklyl, aralkyl, aryl, heteroaryl, heteroaralkyl
R3= alkyl, aryl
Scheme 1. Proposed reaction approach to [1,3]thiazolo[3,2-b][1,2,4]triazolium cations F.

We have to note the structural diversity of the proposed compounds. The utilization of
various hydrazides at the first stage of the synthetic route gives an easy and cheap approach for
modifying the R! substituent in the 5" position of the triazole ring. Similarly, different
isothiocyanates usage allows for variating the R? substituent in the triazole ring's 4" position.
It must be mentioned that the diversity of commercially available acids is much higher than
isothiocyanates; however, applying numerous synthetic ways to isothiocyanates [26-28, 34]
increases the virtual diversity of proposed 1,2,4-triazole-3-thiones D. Definitely, the R®
substituent is not so easy to variate; in the present study, R® substituent equals methallyl group.
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Synthesis of the above proposed [1,3]thiazolo[3,2-b][1,2,4]triazolium cationic
surfactant was started from 5-heptyl-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione 1 (see
Scheme 2). The reaction of thione 1 with methallyl chloride was performed in sodium
hydroxide ethanolic solution. Analysis of NMR spectra testifies the formation of the S-
methallyl thioether 2. Thus, the *H-NMR spectrum of thione 1 contains a signal of cyclic NH
proton at 13.67 ppm, signals of the phenyl ring in the region of 7.63—7.40 ppm, triplet of the a-
methylene group at 2.41 ppm, and signals of the rest hydrogen atoms of the alkyl chain in the
region of 1.42-1.13 ppm, and a triplet of the terminal methyl group at 0.81 ppm. Whereas, in
the case of ether 2 *H-NMR spectrum, there is no cyclic NH-proton signal, oppositely, appear
signals of methallyl fragment: two singlets at 4.77 and 4.81 ppm related to methylidene group,
S-methylene group signal at 3.62 ppm, and a singlet at 1.65 ppm related to the methyl group.
The a-methylene group signal appears as a triplet at 2.47 ppm, partially overlapping with the
DMSO-d6 peak.

The analysis of 3C-NMR spectra of thione 1 confirms the introduction of the methallyl
fragment into the molecule. Thus, the signals of triazole and phenyl carbon atoms appear in the
region of 128.7-168.1 ppm. The signals of six methylene groups of the heptyl chain occur in
the region of 22.5-31.4 ppm, and the peak of the terminal methyl group is located at 14.4 ppm.
Whereas, in the case of thioether 2, the 3C-NMR spectrum also contains the peak of the
methallyl group central carbon atom at 140.7 ppm, the methylidene carbon atom's peak at 115.0
ppm, and the methyl group signal at 21.1 ppm. It must be noted that the S-methylene group
signal overlaps with the DMSO-d6 multiplet, which is why it cannot be appropriately

identified.
of
>J 1) HBr, AcOH ‘
H N 100°C,2h  ClOg +/§
NN - N-N
P NaOH s 2) NaClo, _ 0y d
C7His™ >N S EtOH, 80°C,1h CrHis™ “N7 7S 76 % C7H157 >N

70 % \
1 2 © 3
Scheme 2. Synthesis of 2-heptyl-6,6-dimethyl-3-phenyl-5,6-dihydro-3H-[1,3]thiazolo[3,2-b][1,2,4]triazol-7-ium
perchlorate 3.

Proton-induced cyclization of methallyl thioether 2 was performed by the action of 40%
hydrobromic acid in acetic acid under reflux for two hours. The thiazoline ring formation was
unequivocally confirmed via the NMR spectral analysis (Figure 1). Thus, the 'H-NMR
spectrum of the perchlorate 3 contains a singlet of two exocyclic methyl groups at 1.68 ppm
with a related intensity of 6. The signal of the endocyclic methylene group appears as a singlet
at 4.19 ppm. Noteworthy that the a-methylene group triplet appears at 2.70 ppm. We assume
that this downfield shift is caused by the influence of a highly electron-accepting positively
charged triazolium ring. The signals of the rest of the heptyl chain hydrogen atoms appear in
the region of 0.81-1.53 ppm. Interestingly, in the *H-NMR spectrum of 3, the phenyl ring
hydrogen atoms' signals considerably overlapped and form one intense peak at 7.72 ppm. A
broad peak at 4.40 ppm is caused by the presence of water molecules.
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Figure 1. 'H-NMR spectra of 2-heptyl-6,6-dimethyl-3-phenyl-5,6-dihydro-3H-[1,3]thiazolo[3,2-
b][1,2,4]triazol-7-ium perchlorate 3.
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The analysis of the 3C-NMR spectrum testifies the formation of the thiazolinium ring
also. The signal of the quaternary carbon atom appears at 66.7 ppm (Figure 2). The intense
peak at 24.6 ppm corresponds to the two equivalent exocyclic methyl groups. The signal of the
exocyclic S-methylene group appears at 49.8 ppm. It must be noticed that the peaks of the
phenyl ring carbon atoms appear in a relatively narrow region of 126.0-131.6 ppm.
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Figure 2. ®°C-NMR spectra of 2-heptyl-6,6-dimethyl-3-phenyl-5,6-dihydro-3H-[1,3]thiazolo[3,2-
b][1,2,4]triazol-7-ium perchlorate 3.

To compare the electronic structure of the synthesized 2-heptyl-6,6-dimethyl-3-phenyl-
5,6-dihydro-3H-[1,3]thiazolo[3,2-b][1,2,4]triazol-7-ium cation 3 with the known heterocyclic
cationic surfactants, we have performed some basic quantum chemical calculations. The well-
described cationic surfactants are cetylpyridinium salts [23]. However, for consistency, we
have used 1-heptylpyridinium cation as a reference substance. The semiempirical PM7 level
of theory was utilized to optimize geometric parameters and calculate atomic partial charges
for cation 3 and 1-heptylpyridinium. This method is robust for modeling C, H, N, and S-
containing systems [30, 35], and partial charges obtained with this method can be used to
predict physicochemical properties [36]. MESPs of cation 3 and 1-heptylpyridinium are
presented in Figure 3. Bright blue areas represent highly polar parts of the molecules, whereas
red areas correspond to non-polar regions; the green areas correspond to intermediate polarity.
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It is clear that the thiazolinium ring, and to less extent, the two exocyclic methyl groups and
the phenyl ring represent the "hydrophilic head," analogously to the pyridine ring of the 1-
heptylpyridinium cation. Nevertheless, it must be highlighted that the polarity of cation 3 is
less than the polarity of 1-heptylpyridinium.

Figure 3. MESP of: (a) cation 3; (b) 1-heptylpyridinium cation. Values are given in a.u.
4. Conclusions

The synthesis of the new cationic surfactant 2-heptyl-6,6-dimethyl-3-phenyl-5,6-
dihydro-3H-[1,3]thiazolo[3,2-b][1,2,4]triazol-7-ium perchlorate was described in details.
Comparing molecular electrostatic potentials of the new heterocyclic cation and 1-
heptylpyridinium cation testifies their electronic similarities. Moreover, these calculations have
proved the assumption that the positively charged [1,3]thiazolo[3,2-b][1,2,4]triazol-7-ium
system acts as a "polar hydrophilic head,” and the heptyl chain can be considered as a "non-
polar hydrophobic tail." Further investigations of physicochemical properties and biological
activity of the surfactant will be discussed in our next works.
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