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New compounds, 5-R2-2- (furan-2-yl-,5-bromofuran-2-yl) thiazolo [3,2-b][1,2,4] triazole-

4 (5H)-ones, have been synthesized with a high yield for the first time. Molecules of these

compounds contain the residuals of 1,2,4-triazole-3-thiols and furan. The reaction of

their reduction by an excess of sodium borohydride was investigated. The structure of the

synthesized compounds was confirmed by NMR 1H spectroscopy, X-ray microanalysis

and chromatography. The reduction of 5-R2-2-(furan-2-yl-,5-bromofuran-2-yl) thiazolo

[3,2-b] [1,2,4] triazole-4 (5H)-ones in a methanol medium in the presence of a triple

quantity of sodium borohydride occurs with the formation of corresponding 3-R2-2-((3-

(furan-2-yl, 5-bromofuran-2-yl)-1,2,4-triazol-5-yl) thio)-prop-2-en-1-oles. The

antibacterial activity of the synthesized compounds towards the cryogenic strains of

Enterococus faecalis, Proteus mirabilis, Proteus vulgaris, Serratia marcense, Salmonella

adobraco, Salmonella typhimurium, Staphylococcus epidermidis, Bacillus subtilis, Listeria

ivanovi, Listeria ³nnocua, Listeria monocytogenes, Campylobacter jejuni, Rhodococcus equi

and Candida albicans was investigated. According to the obtained data, the investigated

compounds can compete with kanamycin, a natural broad-spectrum antibiotic from the

second generation of aminoglycosides, the action spectrum of which includes gram-positive

and gram-negative microorganisms. The compounds involved may be recommended for

further investigations concerning multi-resistant strains of microorganisms.
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Introduction
The chemistry of heterocyclic compounds is

known to be of great interest for the development of
organic chemistry in general. A special attention is
paid to derivatives of 1,2,4-triazoles [1–3]. Generally,
1,2,4-triazoles are low-toxic compounds that have a
wide range of valuable chemical and biological
properties. Some of them are active pharmaceutical
ingredients of many medicines [1,3], substances of
plant growth regulators and fertilizers [4], and
biologically active compounds that are at the
preclinical testing stage [5]. Kumar et al. [6] reported
antibacterial and antifungal efficiency of synthesized
3-(o-nitrophenyl)-5-arylthiazolo [2,3-c] pyridin-2-

one (2-octanyl)-6-arylthiazolo [3,2-b] [1,2,4]
triazoles and their isomers. Triazoles can also be
used to preserve food [7–9].

The approach to combine 1,2,4-triazole with
various fragments of other organic compounds seems
to be promising [1,3,5]. This fact gives undeniable
scientific evidence of the practical feasibility of the
existence of molecules formed via such
transformations [10].

Our attention was drawn to the possibility of
combining structural fragments of 1,2,4-triazole-3-
thiol and furan to form one molecule, since each of
these systems separately demonstrates a wide range
of biological properties or is a structural fragment of
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active pharmaceutical ingredients of some drugs
[1,6,10].

Thus, the purpose of our work was to synthesize
compounds in which molecules contain the residuals
1,2,4-triazole-3-thiols and furans, namely a number
of new 5-R2-2-(furan-2-yl-, 5-bromofuran-2-yl)
thiazolo [3,2-b][1,2,4] triazole-4 (5H)-ones. In
addition, the aim of the work was to investigate the
reaction of their reduction by an excess of sodium
borohydride, determine their physicochemical
properties, and estimate antibacterial activity of the
new compounds.

Material and methods
5-(Furan-2-yl)-4H-1,2,4-triazole-3-thiol

(Fig. 1, compound 1) and 5-(5-bromofuran-2-yl)-
4H-1,2,4-triazole-3-thiol (Fig. 1, compound 2) were
used as initial reagents. A mixture containing 0.01 mol
of 2-(5- (furan-2-yl)-4H-1,2,4-triazole-3-ylthio)
acetate, 2-(5-(5-bromofuran-2-yl)-4H-1,2,4-triazol-
3-ylthio) acetate (Fig. 1, compounds 3 and 4), 0.01 mol
of the corresponding carbonyl compound
(benzaldehyde, 4-bromobenzaldehyde, 2-ethoxyben-
zaldehyde, or 3-bromo-4-hydroxy-5-methoxyben-
zaldehyde), 5 cm3 of acetic anhydride and 20 cm3 of
acetic acid were boiled for 1 hour. The formed
precipitate was filtered out. The compounds of yellow
(5–7) and light yellow (8) colors, insoluble in water,
soluble in dimethylformamide were obtained. For
the analysis, the compounds were purified by
crystallization from acetic acid.

The scheme of the synthesis is given in the
section Results and discussion (Fig. 1). Subsequent
transformations lead to the compound 4, for which
the cyclization reaction with aromatic aldehyde was
firstly investigated under similar conditions by the
method described elsewhere [10]. Thus, a number
of new derivatives (Table 1, No. 9–15) were prepared.
Compounds (5–8) (Table 1) were resynthesized by
our research team. In this paper, we will discuss the
formation and properties of compounds (9–15)
(Fig. 1).

Synthesis was performed by the addition of
equivalent amounts of aromatic aldehydes to acetic
acid in the presence of acetic anhydride at boiling
during two hours. The synthesized compounds were
obtained with a high yield (Table 1, No. 5–15).

The reduction of 5-R2-2-(furan-2-yl-, 5-
bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4
(5H)-one (Table 1, 5–15) was carried out in
methanol medium in the presence of a triple quantity
of sodium borohydride. The mixture was left for 24
hours. Then, the solvent was evaporated, chloroform
was added to the dry residue, the mixture was filtered,
and chloroform was evaporated. Thus, we got a

number of new compounds for the first time (Table 2,
16–22).

We also investigated the reduction of 5-ben-
zylidene-2-(3-fluorophenyl) thiazolo [3,2-c]-1,2,4-
triazole-6-(5H)-one in the presence of an excess of
sodium borohydride. This process occurs with the
closure of the ring and the formation of 3-aryl-2-
((3-(3-fluorophenyl)-1,2,4-triazol-5-yl) thio) prop-
2-en-1-ol [10]. That work revealed the structures of
the synthesized compounds (Table 1, 9–15) using
complex of physicochemical methods of analysis,
and the individuality of the reaction products was
evidenced by chromatography technique. In some
cases, X-ray diffraction analysis was used for the
final confirmation of the structure of the molecule.

Melting points were determined by a Kofler
apparatus. The NMR 1H and 13C spectra were
recorded in DMSO-d6 at 400 MHz using a Varian
MR-400 spectrometer and analyzed with ADVASPTM

Analyzer software (Umatek International Inc.). The
chemical shifts are reported in ppm ( scale) down field
with residual protons of the solvent (DMSO-d6,
=2.49 ppm) as internal standard. The EI mass
spectra were obtained using Varian 1200L facility
with electron energy of 70 eV.

Antibacterial activity of the investigated
compounds was determined by the method of agar
disc diffusion. A suspension was prepared from a
daily culture of reference cryogenic strains of 17
microorganisms according to the turbidity standard
of a bacterial suspension of 0.5 units (Mac Farland
1.5108 CFU) using Densimeter II. The resulting
suspension was subcultured on Muller-Hinton agar
(Himedia), followed by the cultivation in a thermostat
for 24 and 48 hours at 370C. Discs soaked in
appropriate extracts were placed on top of the
subcultures. Discs with 30.0 g of kanamycin (0-3-
amino-3-deoxy-alpha-D-glucopyranosyl-(1 ''6)-0-[6-
amino-6-deoxy-alpha-D-glucopyrinazyl-[1'' 4)]-2-
deoxy-D-streptamine) served as a positive control
[11]. Discs with 15.0 mg of amphotericinin (1R, 3S,
5R, 6R, 9R, 11R, 15S, 16R, 17R, 18S, 19E, 21E,
23E, 25E, 27E, 29E, 31E, 33R, 35S, 36R, 37S)-33-
[(3-amino-3,6-dideoxy--D-mannopyranosyl)oxy]-
1, 3, 5, 6, 9, 11, 17, 37-octahydroxy-15, 16, 18-
trimethyl-13-oxo-14, 39-dioxabicyclo [33.3.1]
nonatriaconta-19, 21, 23, 25, 27, 29, 31-heptaene-
36-carboxylic acid) were also used as a second control
towards Candida albicans.

After 24 hours of incubation, the diameter of
the culture growth inhibition zone was measured
using a template for measuring the size of
microorganism growth inhibition zones (Antibiotic
Zone Scale-C, model ÐW297, India) and TpsDig2
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software.
Results and discussion
It is known that bicyclic derivatives of 1,2,4-

triazole exhibit various types of pharmacological
action [1,4]. Chemical transformation of the
compounds in our case can lead to the emergence
of new unique molecules with interesting properties.
The synthesis of some derivatives of 1,2,4-triazole
with fragments of the nucleus of furan has been
already described [10]. Therefore, using the above
methodology, we have resynthesized the initial
compounds, which were subsequently used as
intermediates to obtain other classes of derivatives
of 1,2,4-triazole.

The pathway of the cyclization reaction and
the formation of bicyclic systems of 1,2,4-triazoles
is shown in Fig. 1. The structures of the synthesized
compounds are illustrated in Fig. 2.

Physical properties and chemical composition

of synthesized 5-R2-2-(furan-2-yl-, 5-bromofuran-
2-yl) thiazolo [3,2-b] [1,2,4] triazole-4 (5H)-ones
are summarized in Tables 1 and 2.

5-R2-2-(Furan-2-yl-, 5-bromofuran-2-yl)
thiazolo [3,2-b] [1,2,4] triazole-4 (5H)-ones (Table
1, 9–15) are individual crystalline compounds with
light yellow (11), yellow (13), orange (10, 12, 14),
or brown (9, 15) colors, insoluble in water and soluble
in dimethylformamide. For the analysis, these
compounds have been recrystallized from acetic acid.

According to the data of NMR 1H spectra of
the synthesized compounds (Table 1, No. 9–15),
we can draw some conclusions. First, there are
characteristic signals of the furan cycle in the region
typical of aromatic compounds in the form of
extended singlet or doublets (at 6.83–6.85 and 7.25–
7.26 ppm). In turn, the signal of an ethylene spacer
that combines the thiazolo [3,2-b] [1,2,4] triazole-6
(5H)-one fragment with the phenyl radical is recorded
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Fig. 1. The scheme of the synthesis and reduction of 5-R2-2-(furan-2-yl-,

 5-bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4 (5H)-ones

Fig. 2 The structure of 5-R2-2-(furan-2-yl-, 5-bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4 (5H)-ones (a) where R2 is

3-fluorophenyl (compound 9); 4-fluorophenyl (compound 10); 4-hydroxyphenyl (compound 11); 3,4-dimethoxyphenyl

(compound 12); 3,5-dimethoxyphenyl (compound 13); 4-nitrophenyl (compound 14); 2-carboxyphenyl (compound 15);

and 3-R2-2-(furan-2-yl-, 5-bromofuran-2-yl) -1,2,4-triazol-5-yl) thio) prop-2-en-1-oles (b) where R2 is phenyl (compound 16);

4-bromophenyl (compound 17); 2-etoxyphenyl (compound 18); 3-bromo-4-oxy-5-methoxy (compound 19); 4-hydroxyphenyl

(compound 20); 3,4-dimethoxyphenyl (compound 21); 3,5-dimethoxyphenyl (compound 22)
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Fig. 3. NMR 1H spectrum of 5-(3-fluorophenyl)-2-(furan-2-yl-, 5-bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4 (5H)-one

(compound 9)

Fig. 4. NMR 1H spectrum of 5-(2,5-dimethoxyphenyl)-2-(furan-2-yl-, 5-bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4

(5H)-one (compound 13)

at 8.26–8.35 ppm in the form of a singlet. It is
noteworthy that these signals are shifted in a weak
field due to a strong acceptor in the form of the
phenyl radical and a decrease of the electronic density
on a double bond. Aromatic protons resonated in
the form of triplets (two doublets in the region of
7.43–8.33 ppm [12]) (Figs. 3, 4).

The data of NMR spectra are given below:
5-(3-fluorophenyl)-2-(furan-2-yl-, 5-bromo-

furan-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4 (5H)-
one (compound 9): NMR 1H (400 MHz, DMSO-d6)

 ppm 6.83 (d, J=3.36 Hz, 1 H) 7.25 (d, J=3.36 Hz,
1 H) 7.37–7.44 (m, 1 H) 7.53–7.65 (m, 3 H) 8.22
(s, 1 H);

5-(4-fluorophenyl)-2-(furan-2-yl-, 5-
bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4
(5H)-one (compound 10): NMR 1H (400 MHz,
DMSO-d6)  ppm 6.85 (br. s., 1 H) 7.26 (br. s., 1
H) 7.43 (t, J=8.39 Hz, 2 H) 7.82 (t, J=8.40 Hz, 2
H) 8.26 (s, 1 H);

5-(4-hydroxyphenyl)-2-(furan-2-yl-, 5-
bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4
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(5H)-one (compound 11): NMR 1H (400 MHz,
DMSO-d6)  ppm 6.84 (d, J=3.36 Hz, 1 H) 7.25 (d,
J=3.05 Hz, 1 H) 7.35 (d, J=7.93 Hz, 1 H) 7.78 (d,
J=8.24 Hz, 1 H) 8.12 (s, 1 H) 8.24 (s, 1 H);

5-(3,4-dimethoxyphenyl)-2-(furan-2-yl-, 5-
bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4

(5H)-one (compound 12): NMR 1H (400 MHz,
DMSO-d6)  ppm 3.78 (s, 6 H) 6.69 (s, 1 H) 6.83–
6.86 (m, 3 H) 7.25 (d, J=3.36 Hz, 1 H) 8.17 (s, 1
H);

5-(3,5-dimethoxyphenyl)-2-(furan-2-yl-, 5-
bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4
(5H)-one (compound 13): NMR 1H (400 MHz,
DMSO-d6)  ppm 3.79 (s, 6 H) 6.70 (s, 1 H) 6.84–
6.87 (m, 3 H) 7.26 (d, J=3.36 Hz, 1 H) 8.17 (s, 1
H);

5-(4-nitrophenyl)-2-(furan-2-yl-, 5-
bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4
(5H)-one (compound 14): NMR 1H (400 MHz,
DMSO-d6)  ppm 6.83 (d, J=3.36 Hz, 1 H) 7.25 (d,
J=3.36 Hz, 1 H) 7.95 (d, J=8.55 Hz, 2 H) 8.33 (d,
J=3.05 Hz, 2 H) 8.35 (s, 1 H);

5-(2-carboxyphenyl)-2-(furan-2-yl-, 5-
bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4
(5H)-one (compound 15): NMR 1H (400 MHz,
DMSO-d6)  ppm 6.84 (d, J=3.36 Hz, 1 H) 7.24 (d,
J=3.36 Hz, 1 H) 7.83 (d, J=8.55 Hz, 2 H) 8.27 (d,
J=3.05 Hz, 2 H) 10.89 (s, 1 H) 8.33 (s, 1 H).

3-R2-2-(furan-2-yl-, 5-bromofuran-2-yl)-1,2,4-
triazol-5-yl) thio) prop-2-en-1-oles are individual
crystalline compounds with yellow (Table 3, 16, 18,
and 20–22,), orange (Table 3, 17 and 19) colors,
insoluble in water and soluble in dimethylformamide.
For the analysis, the above compounds have been
recrystallized from methanol.

Table  1

Some properties of 5-R2-2-(furan-2-yl-, 5-bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4 (5H)-ones and 3-R2-

2-(furan-2-yl-, 5-bromofuran-2-yl)-1,2,4-triazol-5-yl) thio) prop-2-en-1-oles

Note: * – Melting points are coincided with the literature data [10].

No. R1 R2 Melting point, 0С Formula Yield, % 

5 H phenyl 207–209 C15H9N3O2S
* – 

6 H 4-bromophenyl 253–255 C15H8BrN3O2S
* – 

7 H 2-etoxyphenyl 195-197 C17H13N3O3S
* – 

8 H 3-bromo-4-oxy-5-methoxy 214-216 C16H10BrN3O4S
* – 

9 Br 3-fluorophenyl 210-212 C15H7BrFN3O2S 90 

10 Br 4-fluorophenyl 245-247 C15H7BrFN3O2S 77 

11 Br 4-hydroxyphenyl 205-207 C15H8BrN3O3S 92 

12 Br 3,4-dimethoxyphenyl 295-297 C17H12BrN3O4S 81 

13 Br 3,5-dimethoxyphenyl 252-254 C17H12BrN3O4S 76 

14 Br 4-nitrophenyl 288-290 C15H7BrN4O4S 82 

15 Br 2-carboxyphenyl 250-252 C16H8BrN3O4S 68 

16 H phenyl 207-209 C15H9N3O2S 57 

17 H 4-bromophenyl 198-200 C15H8BrN3O2S 63 

18 H 2-etoxyphenyl 117-119 C17H13N3O3S 60 

19 H 3-bromo-4-oxy-5-methoxy 125-127 C16H10BrN3O4S 54 

20 Br 4-hydroxyphenyl 230-232 C15H12BrN3O3S 73 

21 Br 3,4-dimethoxyphenyl 98-100 C17H16BrN3O4S 63 

22 Br 3,5-dimethoxyphenyl 95-97 C17H16BrN3O4S 61 

Found, % Calculated, % 
No. 

C H N S C H N S 

9 45.87 1.77 10.63 8.15 45.94 1.80 10.71 8.18 

10 45.87 1.75 10.66 8.12 45.94 1.80 10.71 8.18 

11 45.88 2.02 10.84 8.15 46.17 2.07 10.77 8.22 

12 46.77 2.74 9.65 7.33 47.02 2.79 9.68 7.38 

13 46.85 2.69 9.54 7.35 47.02 2.79 9.68 7.38 

14 43.08 1.69 13.27 7.59 42.98 1.68 13.36 7.65 

15 45.84 1.87 10.02 7.64 45.95 1.93 10.05 7.67 

16 60.11 4.33 14.08 10.66 60.18 4.38 14.04 10.71

17 47.57 3.17 11.13 8.47 47.63 3.20 11.11 8.48 

18 59.41 4.87 12.22 9.28 59.46 4.99 12.24 9.34 

19 45.07 3.27 9.81 7.53 45.29 3.33 9.90 7.56 

20 45.62 3.00 10.55 8.11 45.70 3.07 10.66 8.13 

21 46.44 3.59 9.52 7.28 46.59 3.68 9.59 7.32 

22 46.54 3.62 9.52 7.31 46.59 3.68 9.59 7.32 

Table  2

Elemental composition of 5-R2-2-(furan-2-yl-, 5-

bromofuran-2-yl) thiazolo [3,2-b] [1,2,4] triazole-4

(5H)-ones and 3-R2-2-(furan-2-yl-, 5-bromofuran-2-yl)-

1,2,4-triazol-5-yl) thio) prop-2-en-1-oles
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According to theoretical assumptions, the
reaction of reduction can occur in different ways,
that is, path a or b in Fig. 1, forming individual
compounds or a mixture thereof. In connection with
the fact that the reduction was carried out under the
same conditions, we can assume that it passes
precisely with the formation of 3-R2-2-((3- (furan-
2-yl, 5-bromofuran-2-yl)-1,2,4-triazol-5-yl) thio)-
prop-2-en-1-ol (Fig. 1), via the path a.

NMR 1H spectra of compounds (16–22) (Table 3)
are characterized by a singlet signal of an ethylene
spacer in a weak field. It is noteworthy that the donor
effect of methoxy groups in the 3.5-position and
shifting the signal in a strong field at 6.71 ppm was
observed in contrast to compound 21, in which the
signal is recorded at 8.29 ppm. This evidences the
reverse effect and manifestation of acceptor properties
of phenyl. The aromatic nucleus of phenyl classically
resonates in the form of multiplets in the area of
6.28–6.71 ppm. Characteristic signals of the furan
cycle are observed in the region typical of aromatic
compounds in the form of multiplets or doublets at

6.35–6.82 ppm. Particular attention should be paid
to the group –CH2–OH in the ethylene spacer,
which resonates as a complex multiplet for the
methylene group at 3.62–3.77 ppm (which in fact
consists of two complex triplets) and a triplet for the
hydroxyl group at 4.27–4.32 ppm (Fig. 5).

The data of NMR spectra are given below:
3-Phenyl-2-(furan-2-yl-, 5-bromofuran-2-yl)-

1,2,4-triazol-5-yl) thio) prop-2-en-1-ole (compound
16): NMR 1H (400 MHz, DMSO-d6)  ppm 3.64–
3.78 (m, 2 H) 4.28–4.34 (m, 1 H) 6.57 (d, J=3.36
Hz, 1 H) 6.56–6.69 (m, 3 H) 6.78–6.82 (m, 1 H)
8.25 (s, 1 H);

3-(4-bromophenyl)-2-(furan-2-yl-, 5-bromo-
furan-2-yl)-1,2,4-triazol-5-yl) thio) prop-2-en-1-ole
(compound 17): NMR 1H (400 MHz, DMSO-d6)
 ppm 3.64–3.78 (m, 2 H) 4.28–4.34 (m, 1 H) 6.57
(d, J=3.36 Hz, 1 H) 6.65–6.71 (m, 3 H) 6.78–6.82
(m, 1 H) 8.17 (s, 1 H);

3-(2-etoxyphenyl)-2-(furan-2-yl-, 5-bromo-
furan-2-yl)-1,2,4-triazol-5-yl) thio) prop-2-en-1-ole
(compound 18): NMR 1H (400 MHz, DMSO-d6)

Fig. 5. NMR 1H spectrum of 3-(3,4-dimethoxyphenyl)-2-(furan-2-yl-,

5-bromofuran-2-yl)-1,2,4-triazol-5-yl) thio) prop-2-en-1-ole (compound 21)
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 ppm 1.23 (s, 3 H) 3.22 (m, 2 H) 4.18–4.25 (m, 2 H)
3.57–3.62 (m, 1 H) 6.55 (d, J=3.36 Hz, 1 H) 6.68–
6.77 (m, 2 H) 6.65–7.12 (m, 1 H) 6.63 (s, 1 H);

3-(3-bromo-4-oxy-5-methoxy)-2-(furan-2-yl-,
5-bromofuran-2-yl)-1,2,4-triazol-5-yl) thio) prop-
2-en-1-ole (compound 19): NMR 1H (400 MHz,
DMSO-d6)  ppm 3.76 (s, 3 H) 4.18–4.25 (m, 2 H)
3.57–3.62 (m, 1 H) 6.55 (d, J=3.36 Hz, 1 H) 6.68–
6.77 (m, 2 H) 6.65–7.12 (m, 1 H) 6.63 (s, 1 H);

3- (4-hydroxypheny l ) -2-( fu ran-2-y l - ,
5-bromofuran-2-yl)-1,2,4-triazol-5-yl) thio) prop-
2-en-1-ole (compound 20): NMR 1H (400 MHz,
DMSO-d6)  ppm 5,37 (s, 1 H) 4.15–4.22 (m, 2 H)
3.55–3.65 (m, 1 H) 6.61 (d, J=3.36 Hz, 1 H) 6.54–
6.64 (m, 4 H) 6.33–6.77 (m, 1 H) 6.35 (s, 1 H);

3-(3,4-dimethoxyphenyl)-2-(furan-2-yl-,
5-bromofuran-2-yl)-1,2,4-triazol-5-yl) thio) prop-
2-en-1-ole (compound 21): NMR 1H (400 MHz,
DMSO-d6)  ppm 1.76 (s, 6 H) 3.66–3.77 (m, 2 H)
4.27–4.32 (m, 1 H) 6.59 (d, J=3.36 Hz, 1 H) 6.65–
6.71 (m, 3 H) 6.78–6.82 (m, 1 H) 8.29 (s, 1 H);

3-(3,5-dimethoxyphenyl)-2-(furan-2-yl-,
5-bromofuran-2-yl)-1,2,4-triazol-5-yl) thio) prop-
2-en-1-ole (compound 22): NMR 1H (400 MHz,
DMSO-d6)  ppm 1.65 (s, 6 H) 3.62–3.73 (m, 2 H)
4.23 (t, J=6.30 Hz, 1 H) 6.28–6.43 (m, 4 H) 6.51–
6.54 (m, 1 H) 6.71 (s, 1 H).

The antibacterial activity of synthesized
compounds on cryogenic strains of Enterococus
faecalis, Proteus mirabilis, Proteus vulgaris, Serratia
marcense, Salmonella adobraco, Salmonella
typhimurium, Staphylococcus epidermidis, Bacillus
subtilis, Listeria ivanovi, Listeria ³nnocua, Listeria
monocytogenes, Campylobacter jejuni, Rhodococcus
equi and Candida albicans has been also investigated.

According to the obtained data, one can
conclude that the investigated compounds can
compete with kanamycin, a natural broad-spectrum
antibiotic from the second generation of
aminoglycosides, the action spectrum of which
includes gram-positive and gram-negative
microorganisms [13,14]. Thus, the compounds
involved may be recommended for further
investigations concerning multi-resistant strains of
microorganisms.

Conclusions
A number of new compounds, 5-R2-2- (furan-

2-yl-, 5- bromofuran-2-yl) thiazolo [3,2-b][1,2,4]
triazole-4 (5H)-ones, have been synthesized with a
high yield for the first time. Their reduction by an
excess of sodium borohydride was investigated. The
reduction was performed in a methanol medium in
the presence of a triple quantity of sodium

borohydride passes with the formation of
corresponding 3-R2-2-((3- (furan-2-yl, 5-bromo-
furan-2-yl)-1,2,4-triazol-5-yl) thio)-prop-2-en-1-
oles.

The structure of the synthesized compounds
was confirmed by NMR 1H spectroscopy, X-ray
microanalysis and chromatography. The synthesized
compounds can be used as antibacterial agents, they
may successfully compete with kanamycin.
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ÑÈÍÒÅÇ, ÑÒÐÓÊÒÓÐÀ, Ô²ÇÈÊÎ-Õ²Ì²×Í²
ÂËÀÑÒÈÂÎÑÒ² ÒÀ ÀÍÒÈÁÀÊÒÅÐ²ÀËÜÍÀ ÀÊÒÈÂÍ²ÑÒÜ
ÏÎÕ²ÄÍÈÕ 1,2,4-ÒÐÈÀÇÎË-3-Ò²ÎË²Â ² ÔÓÐÀÍÓ

Â. Çàæàðñüêèé, Ì. Ïàð÷åíêî, Ò. Ôîò³íà, Ï. Äàâèäåíêî,
Î. Êóë³øåíêî, Í. Çàæàðñüêà, ². Áîðîâèê

Íîâ³ ñïîëóêè, ôðàãìåíòè ìîëåêóë ÿêèõ º çàëèøêàìè
1,2,4-òðèàçîë-3-ò³îë³â ³ ôóðàí³â, à ñàìå íèçêó íîâèõ 5-R2-2-
(ôóðàí-2-³ë-, 5-áðîìîôóðàí-2-³ë) ò³àçîëî [3,2-b] [1,2,4] òðè-
àçîë-4 (5Í) -îí³â áóâ óïåðøå ñèíòåçîâàíèé ³ç âèñîêèìè âèõîäà-
ìè. Äîñë³äæåíî ðåàêö³þ ¿õ â³äíîâëåííÿ íàäëèøêîì íàòð³þ áî-
ðîã³äðèäó. Ñòðóêòóðó ñïîëóê ï³äòâåðäæåíî ìåòîäàìè 1Í ßÌÐ
ñïåêòðîñêîï³¿, ðåíòãåí³âñüêîãî ì³êðîàíàë³çó ³ õðîìàòîãðàô³¿.
Â³äíîâëåííÿ 5-R2-2- (ôóðàí-2-³ë, 5-áðîìîôóðàí-2-³ë) ò³àçîëî
[3,2-b] [1,2,4] òðèàçîë-4 (5H) -îí³â â ìåòàíîëüíîìó ñåðåäî-
âèù³ çà íàÿâíîñò³ ïîòð³éíî¿ ê³ëüêîñò³ íàòð³þ áîðîã³äðèäó â³äáó-
âàºòüñÿ ³ç óòâîðåííÿì â³äïîâ³äíîãî 3-R2-2-((3- (ôóðàí-2-³ë,
5-áðîìîôóðàí-2-³ë)-1,2,4-òðèàçîë-5-³ë) ò³î)-ïðîï-2-åí-1-îëó.
Áóëî äîñë³äæåíî àíòèáàêòåð³àëüíó àêòèâí³ñòü ñèíòåçîâàíèõ
ñïîëóê â³äíîñíî äî êð³îãåííèõ øòàì³â Enterococus faecalis, Proteus
mirabilis, Proteus vulgaris, Serratia marcense, Salmonella adobraco,
Salmonella typhimurium, Staphylococcus epidermidis, Bacillus
subtilis, Listeria ivanovi, Listeria ³nnocua, Listeria monocytogenes,
Campylobacter jejuni, Rhodococcus equi òà Candida albicans.
Îòðèìàí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî äîñë³äæóâàí³ ñïîëóêè ìî-
æóòü êîíêóðóâàòè ç êàíàì³öèíîì, ïðèðîäíèì àíòèá³îòèêîì
øèðîêîãî ñïåêòðà ä³¿ ç àì³íîãë³êîçèä³â äðóãîãî ïîêîë³ííÿ, ñïåêòð
ä³¿ ÿêîãî âêëþ÷àº ãðàìïîçèòèâí³ ³ ãðàìíåãàòèâí³ ì³êðîîðãàí³ç-
ìè. Âèêîðèñòîâóâàí³ ñïîëóêè ìîæóòü áóòè ðåêîìåíäîâàí³ äëÿ
ïîäàëüøèõ äîñë³äæåíü ùîäî ìóëüòèðåçèñòåíòíèõ øòàì³â
ì³êðîîðãàí³çì³â.

Êëþ÷îâ³ ñëîâà: öèêë³çàö³ÿ, 1,2,4-òðèàçîë, â³äíîâëåííÿ,
ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³, àíòèáàêòåð³àëüíà àêòèâí³ñòü.
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New compounds, 5-R2-2- (furan-2-yl-,5-bromofuran-2-yl)
thiazolo [3,2-b][1,2,4] triazole-4 (5H)-ones, have been synthesized
with a high yield for the first time. Molecules of these compounds
contain the residuals of 1,2,4-triazole-3-thiols and furan. The reaction
of their reduction by an excess of sodium borohydride was investigated.
The structure of the synthesized compounds was confirmed by NMR
1H spectroscopy, X-ray microanalysis and chromatography. The
reduction of 5-R2-2-(furan-2-yl-,5-bromofuran-2-yl) thiazolo
[3,2-b] [1,2,4] triazole-4 (5H)-ones in a methanol medium in the
presence of a triple quantity of sodium borohydride occurs with the
formation of corresponding 3-R2-2-((3-(furan-2-yl, 5-bromofuran-
2-yl)-1,2,4-triazol-5-yl) thio)-prop-2-en-1-oles. The antibacterial
activity of the synthesized compounds towards the cryogenic strains
of Enterococus faecalis, Proteus mirabilis, Proteus vulgaris, Serratia
marcense, Salmonella adobraco, Salmonella typhimurium,
Staphylococcus epidermidis, Bacillus subtilis, Listeria ivanovi, Listeria
³nnocua, Listeria monocytogenes, Campylobacter jejuni, Rhodococcus
equi and Candida albicans was investigated. According to the obtained
data, the investigated compounds can compete with kanamycin, a
natural broad-spectrum antibiotic from the second generation of
aminoglycosides, the action spectrum of which includes gram-positive
and gram-negative microorganisms. The compounds involved may
be recommended for further investigations concerning multi-resistant
strains of microorganisms.

Keywords: cyclization; 1,2,4-triazole; reduction;
physicochemical properties; antibacterial activity.
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