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The alkylation of 5-(5-bromofuran-2-yl)-4-methyl-1,2,4-triazole-3-thiol with bromoalkanes

was carried out. Synthesis was accomplished by addition of equivalent amounts of

bromoalkanes (bromomethane, bromoethane, bromobutane–bromodecane) to 5-(5-

bromofuran-2-yl)-4-methyl-1,2,4-triazole-3-thiol in a methanol medium in the presence

of an equivalent amount of sodium hydroxide. Compounds were obtained with a high

yield. The next step was to investigate the reaction of 5-(5-bromofuran-2-yl)-4-methyl-

1,2,4-triazole-3-thiol with some other halogen-containing compounds, the mechanism of

the reaction of which also relates to nucleophilic substitution. As halogen-containing

compounds, we used bromoacetone, bromoacetophenone, chloroacetic acid and

chloroacetamide. Under these conditions, a series of new compounds were synthesized.

Structure of compounds was confirmed by 1H NMR spectroscopy and elemental analysis.

The antibacterial activity of the synthesized compounds towards cryogenic strains of

Enterobacteriaceae, Pseudomonadaceae, Staphylococcaceae, Bacillaceae, Listeriaceae,

Corynebacteriaceae and Saccharomycetaceae families in vitro was also investigated. According

to the data obtained, one can conclude that the investigated compounds can compete with

kanamycin, a natural broad-spectrum antibiotic from the second generation of

aminoglycosides, whose range of action includes gram-positive and gram-negative

microorganisms. The compounds involved may be recommended for further investigation

of their action against multi-resistant strains of microorganisms.

Keywords: S-derivatives of 1,2,4-triazole, 3-alkylthio-4-methyl-5-(5-bromofuran-2-yl)-

1,2,4-triazoles, synthesis, physicochemical properties, antibacterial activity.
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Introduction

The search for new highly effective and less
toxic biologically active compounds is recognized to
be the one of the main tasks of pharmaceutical
chemistry. The presence of extensive material on
the chemistry and biological effects of 1,2,4-triazole
derivatives makes it possible to consider them as
one of the most promising classes of biologically
active compounds with a wide spectrum of action
[1]. Unique properties of 1,2,4-triazole make this
heterocycle very attractive to investigations [2,3].

Derivatives of sulfur-containing five-membered
heterocycles, such as 1,2,4-triazole, have a broad
spectrum of biological activity. Numerous drugs
contain in their structure 2-amino-thiazole and
aminothiazole-2-thione fragments [4]. In recent

years, much attention has been paid to the synthesis
of condensed systems based on 1,2,4-triazole. Thus,
bicyclic thiazolotriazoles were synthesized by the
reaction of 5-phenyl-2,4-dihydro-3H-1,2,4-triazole-
3-thione with compounds containing cyanomethy-
lene group [5]. A new series of 7-arylazo-5H-3-
(trifluoromethyl)-6-methyl-1,2,4-triazolo-[3,4-b]-
1,3,4-thiadiazines was prepared by the reaction of
4-amino-3-trifluoromethyl-5-mercapto-1,2,4-
triazoles with N-aryl-2-oxo-propane hydrazonoyl
chloride in dioxane under reflux in the presence of
triethylamine [6]. Synthesis of 6-aryl-thiazolo
[3,2-b] [1,2,4] triazoles by the reaction of 1 H-1,2,4-
triazole-5-thiol with 2-bromo-1-arylethan-1-one was
proposed [7]. It was suggested that 6-(4-propoxy-
phenyl) thiazolo [3,2-b]-[1,2,4] triazole, the one of
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the compounds obtained, exhibited higher activity
than carbamazepine. Polyheterocyclic compounds
with anti-inflammatory and antiviral activity were
obtained on the basis of thio esters of 1,2,4-triazole
[8]. Some derivatives synthesized on the basis of
2-substituted 1-(6-methylthiazolo [3,2-b] [1,2,4]
triazol-5-yl) ethane-1-ones exhibited antiviral and
antimicrobial activity [9]. An original one-step
method for the synthesis of 5,6-disubstituted thiazolo
[3,2-b] [1,2,4] triazoles based on the reaction of
unsaturated ketones with bis (1H-1,2,4-triazolyl)
sulphoxide was proposed [10]. By the action of
5-aryl-2,4-dihydro-3H-1,2,4-triazole-3-thion on
2-bromo-1-phenylethan-1-one with the subsequent
cyclization, 1-phenyl-2- [(3-aryl-1H-1,2,4-triazol-
5-yl) thio] ethane-1-ones and 2-aryl-6-
phenylthiazolo [3,2-b] [1,2,4] triazoles were prepared
[11].

The investigations prove a high reactivity and
minor toxicity of derivatives of 1,2,4-triazole [2] and
the prospect of their use as potential biologically
active compounds [12,13]. Also, interesting results
were found by concerning the use of certain
derivatives of 1,2,4-triazoles as substances of effective
growth regulators of plants [14]. It should be noted
that derivatives of 1,2,4-triazole can be used as a
substance of veterinary drugs [15]. Among the
synthesized compounds, substances with antimic-
robial [6], antibacterial [14] and anticonvulsant,
antiviral and anti-inflammatory activity were
detected. The combination of 1,2,4-triazole with
different fragments of organic compounds is
considered as promising way to obtain some new
compounds which would exhibit biological properties
[1]. The application of these transformations was
disrobed elsewhere [2].

Our attention was drawn to the possibility of
combining structural fragments of 1,2,4-triazole-3-
thiol and halogenated organics in one molecule, since
each of these systems individually possesses a wide
range of biological properties or is already a structural
fragment of molecules of active pharmaceutical
ingredients of some drugs [1,2].

Herein, we studied the reactions of 5-(5-bro-
mofuran-2-yl)-4-methyl-1,2,4-triazol-3-thiol with
some halogen-containing compounds, confirmed
structures of the new compounds using up-to-date
instrumental methods of analysis and investigated
the antibacterial activity of the compounds involved
towards the cryogenic strains of microorganisms of
Enterobacteriaceae, Pseudomonadaceae,
Staphylococcaceae, Bacillaceae, Listeriaceae,
Corynebacteriaceae and Saccharomycetaceae families
in vitro.

Material and methods

All chemicals were reagent grade. The chemical
modeling of 5-R-1,2,4-triazole-3-thiols due to the
addition of various pharmacophore agents to the
sulfur atom, as is known, leads to the appearance of
different types of biological activity and changes in
toxicity of compounds [14]. We used 5-(5-bromo-
furan-2-yl)-4-methyl-1,2,4-triazole-3-thiol (1)
(Fig. 1) as the initial thiol, which was synthesized
according to the scheme given in Fig. 2. The reaction
was carried out in accordance with the classical
technique [3]. To 0.1 mol of 5-bromo-furan
carboxylic acid, 100 mL of propane-2-ol and 3 drops
of concentrated sulfuric acid were added; the mixture
was boiled for 8 hours. The solvent was evaporated,
an excess of an aqueous solution of sodium hydrogen
carbonate was added to the precipitate to a neutral
medium, which further was filtered, and dried. The
isopropyl ester of 5-bromo-furan carboxylic acid was
obtained, which was converted into the corresponding
5-bromo-furan carboxylic acid hydrazide as follows.
To 0.1 mol of isopropyl ester of 5-bromo-furan
carboxylic acid, 0.2 mL of hydrazine hydrate was
added in 100 mL of methanol, the mixture was boiled
for 2 hours, the solvent was evaporated, the
precipitate was dried, and the hydrazide of 5-bro-
mofuranecarboxylic acid was obtained. To 0.1 mol
of hydrazide of 5-bromo-furan carboxylic acid in
100 mL of methanol, 0.1 mL of methyl iso-
thiocyanate was added dropwise over 30 minutes,
the solution was stirred and left for 12 hours. A
precipitate was formed, which was filtered off, washed
with methanol and dried. The corresponding
methylthiosemicarbazide of 5-bromo-furan
carboxylic acid was obtained. To 0.1 mol of
methylthiosemicarbazide of 5-bromofuranecarboxylic
acid, an excess of 20% potassium hydroxide solution
was added to achieve pH 9–10, the mixture was
boiled for 2 hours, cooled, and then acetic acid added
to reach pH 7–8. The resulting precipitate was filtered
off, washed with water and dried.

At the initial stage, we considered carrying out
the alkylation of 5-(5-bromofuran-2-yl)-4-methyl-
1,2,4-triazole-3-thiol (Fig. 1) with bromoalkanes.

Alkylation was accomplished by the addition
of equivalent amounts of bromoalkanes
(bromomethane, bromoethane, bromobutane–
bromodecane) to 5-(5-bromofuran-2-yl)-4-methyl-
1,2,4-triazole-3-thiol (1) in methanol medium in
the presence of an equivalent amount of sodium
hydroxide (Fig. 1). The compounds were synthesized
with a high yield (2–10) (Fig. 1).

The next step was to investigate the reaction of
5-(5-bromofuran-2-yl)-4-methyl-1,2,4-triazole-3-
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thiol (1) with some other halogen-containing
compounds, the mechanism of reaction of which
also relates to nucleophilic substitution reactions.
As halogen-containing compounds, we used
bromoacetone, bromoacetophenone, chloroacetic
acid and chloroacetamide. Under these conditions,
a series of new compounds were synthesized (11–
18) (Fig. 1).

The structure of the synthesized compounds
was proved by using a complex of physicochemical
methods, and their individuality was evidenced by
chromatography.

Melting points were determined with a Kofler
apparatus. Elemental composition of new compounds
was established by means of elemental analyzer
ElementarVario L cube (CHNS) (standard –
sulfanilamide). The 1H NMR spectra were recorded
in DMSO-d 6 at 400 MHz by a Varian MR-400
spectrometer and analyzed with ADVASP™ Analyzer
program (Umatek International Inc.); chemical shifts
were reported in ppm ( scale) down field with residual
protons of the solvent (DMSO-d 6, =2.49 ppm) as
internal standard.

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
1.5108CFU) 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 g of
kanamycin (0-3- subcultures. Discs with 30.0
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]. The chemical formula is C18H36N4O11 (Fig. 3).
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-D-
mannopyranosyl)oxy]- [(3-amino-3,6-dideoxy-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-heptaene36-carboxylic acid)

Fig. 2. Scheme of synthesis of 5-(5-bromofuran-2-yl)-4-methyl-1,2,4-triazole-3-thiol

Fig. 1. Scheme of interaction of 5-(5-bromofuran-2-yl)-4-methyl-1,2,4-triazole-3-thiol with some halogen-containing compounds
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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 microorga-
nism growth inhibition zones (Antibiotic Zone Scale-
C, model DW297, India) and TpsDig2 software.

Fig. 3. Spatial structure of kanamycin

The compounds were used with two
concentrations: 0.1% and 1.0%. These two
concentrations are indicated by the test group with
the corresponding compound number.

Results and discussion

3-Alkylthio derivatives of 1,2,4-triazoles are
usually characterized by antimicrobial and antifungal
activities [3,14]. The presence of a keto-group, a
carboxyl group or an amide in the molecules of
derivatives of 1,2,4-triazole causes the appearance
of anticonvulsant [3], immunomodulating [14] or
diuretic [13] actions, respectively.

According to the results of the experiment, a
number of new compounds not described in the
literature (2–10) (Table 1) were prepared, the
physicochemical properties of which are given in
Tables 1–3.

3-Alkylthio-4-methyl-5-(5-bromofuran-2-yl)-
1,2,4-triazoles (2–10) are white crystalline
compounds, they are practically insoluble in water
and soluble in dimethylformamide. For analysis,
3-alkylthio-4-methyl-5-(5-bromofuran-2-yl)-1,2,4-
triazoles was recrystallized from a 1:1 mixture of
methanol and water.

Analyzing the 1H NMR spectra of the
synthesized compounds (Table 3), we can draw some
conclusions. There are characteristic signals of the
furan cycle that are observed in the region typical of
aromatic compounds in the form of doublets and
multiplets at 6.66–6.85 and 7.08–7.23 ppm with a
small spin-spin interaction. The residues of the alkyl
substituents of the compounds are characterized by
splitting: for the methyl-extended singlet, ethyl-triplet
and quartet, isopropyl-duplex and singlet, and for
butyl-complex triplets and quartiles in the variation
of millions of particles. With a further increase of
the alkyl radical, the number of quartets and
multiplets increases. The methyl group in the 4
position of 1,2,4-triazole is recorded as a singlet in
the region of 3.36–3.84 ppm.

S-derivatives of 5-(5-bromofuran-2-yl)-4-
methyl-1,2,4-triazole-3-thiols (11–18) (Tables 4 and 5)
are crystalline compounds of light yellow (11, 17) or

Table  1

Some properties of 3-alkylthio-4-methyl-5-(5-

bromofuran-2-yl)-1,2,4-triazoles

OBr
N

N N

S Alk

CH3

Compound Alk 
Melting 

point, 
0
С 

Formula 
Yield,  

% 

2 CH3 100–102 C8H8BrN3OS 75 

3 C2H5 155–157 C9H10BrN3OS 74 

4 C4H9 86–88 C11H14BrN3OS 80 

5 C5H11 115–117 C12H16BrN3OS 78 

6 C6H13 95–97 C13H18BrN3OS 84 

7 C7H15 100–102 C14H20BrN3OS 81 

8 C8H17 99–101 C15H22BrN3OS 78 

9 C9H19 96–98 C16H24BrN3OS 74 

10 C10H21 98–100 C17H26BrN3OS 79 

 

Table  2

Elemental composition of 3-alkylthio-4-methyl-5-(5-bromofuran-2-yl)-1,2,4-triazoles

Found, % Calculated, % 
No. 

C H N S C H N S 

2 35.00 2.97 15.27 11.64 35.05 2.94 15.33 11.70 

3 37.44 3.47 14.64 11.15 37.51 3.50 14.58 11.13 

4 41.57 4.43 13.24 10.10 41.78 4.46 13.29 10.14 

5 43.59 4.85 12.76 9.67 43.64 4.88 12.72 9.71 

6 45.33 5.25 12.19 9.29 45.35 5.27 12.21 9.31 

7 46.87 5.57 11.69 8.94 46.93 5.63 11.73 8.95 

8 48.29 5.97 11.33 8.58 48.39 5.96 11.29 8.61 

9 49.57 6.13 10.79 8.28 49.74 6.26 10.88 8.30 

10 50.46 6.47 10.43 7.97 51.00 6.55 10.55 8.01 
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white (12–16, 18) colors; they are practically inso-
luble in water and soluble in dimethylformamide.
For analysis, all synthesized compounds were
recrystallized from methanol. 1H NMR spectra of
compounds showed a singlet signal of a methylene
linker in a weak field in the region of 3.66–4.91 ppm
(Table 6). It is noteworthy that the aromatic system
of phenyl and its substituted analogs actually resonates
in the form of duplets and triplets. Particular attention
should be drawn to the constant of spin-spin
interaction for fluorine substituents in the phenyl
ring, which drops when the fluorine atom is removed
from the H 2 atoms. Having in mind this
phenomenon, one can suggest that compound 15
exhibits a less stable aromatic system and it is the
most stable for compound 16. Characteristic signals
of the furan cycle were observed in the region typical
of aromatic compounds in the form of multiplets or
doublets at 6.82–6.85 and 7.11–7.20 ppm.

The moderate sensitivity of microorganisms of

Escherichia coli strain 055 K 59 No. 3912/41 to 1.0%
solution of the compound 12 of the experimental
group, which is 13.3% (1.7 mm) above control was
determined. Other experimental groups appeared to
be resistant to this strain. The growth retardation
zone varied in the range from 0 (group 14) to 11.0 mm
(group 11) when the concentration of the compound
was 0.1%; and it was in range from 10.2 (groups 15
and 18) to 11.3 mm (group 11) when the
concentration of the compound was 1%.

Analyzing the effectiveness on Enterococus
faecalis ATCC No. 19433, we found fluctuations in
the growth retardation zone of more than 10 mm in
all groups, and this indicator is slightly below control
by 5.4–6.9% in 11 and 15–18 groups. A similar
phenomenon was observed with respect to the action
of Klebciella pneumoniae K-56 No. 3534/51,
Salmonella typhimurium 144 and Salmonella adobraco:
a moderately sensitive growth inhibition of Klebciella
pneumoniae was detected under the influence of 1%

Table  3

Data of 1H NMR spectra of 3-alkylthio-4-methyl-5-(5-bromofuran-2-yl)-1,2,4-triazoles

H, ppm; J, Hz; DMSO-d6 

Furan cycle No. Alk CH3, 3H 
Alk 

1Н, -position (13) 1Н, '-position (12) 

2 CH3 3.61–3.63 m 2.59–2.61 m (3H) 7.08–7.11 m 6.81–6.83 m 

3 C2H5 3.36 s 
1.29 t (J=7.32, 3H) 

3.13 q (J=7.12, 2H) 
7.14 d (J=3.66) 6.85 d (J=3.66) 

4 C4H9 3.83 s 

3.12 t (J=7.1, 2H) 

1.70 q (J=7.1, 2H) 

1.49–1.38 m (2H) 
0.95 t (J=8.0, 3H) 

7.23 d (J=3.36) 6.66 d (J=3.36) 

5 C5H11 3.84 s 

3.17 t (J=7.1, 2H), 

1.70 q (J=7.0, 2H), 

1.40 dq (J=8.2, 6.6, 2H), 

1.36–1.25 m (4H), 

0.93–0.84 m (3H) 

7.23 d (J=3.36) 6.66 d (J=3.05) 

6 C6H13 3.34 s 

0.85 t (J=6.56, 3H); 1.21–1.28 m (2H);  

1.34–1.40 m (2H); 1.60–1.68 m (2H); 

3.13 t (J=7.02, 2H); 3.63–3.68 m (2 H) 

7.12–7.14 m 6.85–6.87 m 

7 C7H15 3.67 s 

0.84 d (J=6.71, 3H); 1.18–1.37 m (6H);  

1.62–1.66 m (2H); 

3.10–3.15 m (2H); 3.34 s (2H) 

7.14 d (J=3.66) 6.86 d (J=3.66) 

8 C8H17 3.67 s 

0.81–0.86 m (3H); 1.23 br. s (6H); 

1.35 d (J=7.02, 2H); 1.64 q (J=7.32, 2H); 

3.12 t (J=7.32, 2H); 3.64 s (2H) 

7.13 d (J=3.36) 6.86 d (J=3.66) 

9 C9H19 3.67 s 

0.81–0.86 m (3H) 1.23 br. s (6H);  

1.35 d (J=7.02 Hz, 2H); 1.64 q (J=7.32, 2H)  

3.12 t (J=7.32, 2H); 3.64 s (s, 2H) 

7.13 dd (J=3.66, 1.53) 6.86 d (J=3.66) 

10 C10H21 3.67 s 

0.81–0.86 m (3 H); 1.23 br. s (6 H);  

1.35 d (J=7.02, 2H); 1.64 q (J=7.32, 2H)  
3.12 t (J=7.32, 2H); 3.64 s (2H) 

7.13 dd (J=3.66) 6.86 d (J=3.66) 
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concentration in the 11, 12, 17 and 18 groups (growth
retardation range being 12.1–13.3 mm). For
Salmonella typhimurium, such effect was observed
only in group 18 when the concentration of the
compound was 1.0% (the growth retardation zone
being 14.1 mm). We have found a moderately
sensit ive antibacterial effect on the strain
Pseudomonas aeruginosa ATCC No. 2853 (F) under
the action of 1.0% concentration of 13, 17 and 18
groups (the growth inhibition zone was 11.4, 10.1
and 10.3 mm, respectively).

At the same time, inhibition of the growth of
microorganisms of Staphylococcus aureus ATCC No.
25923 was detected. A moderate sensitivity of
microorganisms was detected in 15, 16 and 18 groups
(11.1; 13.3 and 10.2 mm, respectively) under the
influence of 0.1% solution of the substances, whereas
it was within 10.2–14.8 mm for 13–18 samples at
1.0%. A moderate sensitivity of Staphylococcus
epidermidis ATCC No. 14990 was also detected: the
growth retardation zone at 1.0% was 10.7, 10.4 and

13.5 mm for 12, 15 and 17 groups, respectively.
We found a moderate antibacterial activity on

Bacillus subtiliss ATSC No. 6633. For 0.1%
concentration, the microbial growth inhibition was
stated only in the 17 and 18 groups. For 1.0%
concentration, 12, 13, 14, 16 and 18 groups showed
the growth retardation zone of 10.4, 12.6, 10.9, 11.3
and 10.5 mm, respectively.

Antibacterial effect was also found on the
microorganisms from the family Listeriaceae. Listeria
monocytogenes ATCC No. 19112 demonstrated a
moderate inhibition zone of 10.4 and 10.7 mm for
the 13 and 14 groups, respectively (1.0%). Listeria
ivanovi revealed the inhibition zone within 10.3–
14.3 mm for the 11–14 and 19 groups. Listeria
innocua ATCC No. 33090 exhibited the inhibition
zone from 10.2 to 14.7 mm for the 11–14 and 17–
18 groups.

Thus, there is a positive tendency to inhibit
the growth of microorganisms of the family
Nocardiaceae and Saccharomycetaceae.

Table  4

Some properties of S-derivatives of 3-alkylthio-4-methyl-5-(5-bromofuran-2-yl)-1,2,4-triazoles

OBr
N

N N

S C

CH3

C

H

H

O

R1

Compound R1 Melting point, 0С Formula Yield, % 

11 CH3 192–194 C10H10BrN3O2S 68 

12 OH 196–198 C9H8BrN3O3S 88 

13 NH2 177–179 C9H9BrN4O2S 87 

14 C6H5 151–153 C15H12BrN3O2S 59 

15 C6H4-2-F 156–158 C15H11BrFN3O2S 72 

16 C6H4-3-F 159–161 C15H11BrFN3O2S 76 

17 C6H4-4-F 169–171 C15H11BrFN3O2S 69 

18 C6H4-4-OCH3 144–146 C16H14BrN3O3S 67 

 

Table  5

Elemental composition of S-derivatives of 3-alkylthio-4-methyl-5-(5-bromofuran-2-yl)-1,2,4-triazoles

Found, % Calculated, % 
No. 

C H N S C H N S 

11 37.78 3.17 13.33 10.15 37.99 3.19 13.29 10.14 

12 33.88 2.55 13.19 10.10 33.98 2.53 13.21 10.08 

13 33.97 2.86 17.65 10.12 34.08 2.86 17.67 10.11 

14 47.57 3.22 11.13 8.48 47.63 3.20 11.11 8.48 

15 45.43 2.77 10.57 8.03 45.47 2.80 10.60 8.09 

16 45.54 2.71 10.51 8.07 45.47 2.80 10.60 8.09 

17 45.37 2.71 10.65 8.13 45.47 2.80 10.60 8.09 

18 46.88 3.44 10.17 7.77 47.07 3.46 10.29 7.85 
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Conclusions

The reaction of 5-(5-bromofuran-2-yl)-4-
methyl-1,2,4-triasole-3-thiol with some halogen-
containing compounds was investigated for the first
time. A series of new 3-alkylthio-4-methyl-5-(5-
bromofuran-2-yl)-1,2,4-triazoles and some
S-substituted 5-(5-bromofuran-2-yl)-4-methyl-1,2,4-
triazole-3-thiols were synthesized. The structure of
the synthesized compounds was confirmed by
elemental analysis and 1H NMR spectroscopy. The
antibacterial activity of the synthesized compounds
(11–18) 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 also investigated.
According to the data obtained, one can conclude
that the investigated compounds can compete with
kanamycin, a natural broad-spectrum antibiotic from
the second generation of aminoglycosides, whose
range of action includes gram-positive and gram-
negative microorganisms. Thus, the compounds
involved may be recommended for further
investigations of their action against multi-resistant
strains of microorganisms.
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6.82–6.85 m (1H) 
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Ô²ÇÈÊÎ-Õ²Ì²×Í² ÂËÀÑÒÈÂÎÑÒ² ÍÎÂÈÕ
S-ÏÎÕ²ÄÍÈÕ 5-(5-ÁÐÎÌÔÓÐÀÍ-2-²Ë)-4-ÌÅÒÈË-1,2,4-
ÒÐ²ÀÇÎË-3-Ò²ÎË²Â

Â. Çàæàðñüêèé, Ì. Ïàð÷åíêî, Â. Ïàð÷åíêî, Ï. Äàâèäåíêî,
Î. Êóë³øåíêî, Í. Çàæàðñüêà

Çä³éñíåíî àëê³ëóâàííÿ 5-(5-áðîìôóðàí-2-³ë)-4-ìåòèë-
1,2,4-òðèàçîë-3-ò³îëó áðîìîàëêàíàìè. Ñèíòåç çä³éñíåíî äî-
äàâàííÿì áðîìàëêàíó (áðîììåòàí, áðîììåòàí, áðîì áóòàí–
áðîìäåêàí) äî 5-(5-áðîìôóðàí-2-³ë)4-ìåòèë-1,2,4-òðèàçîë-
3-ò³îëó â ìåòàíîëüíîìó ñåðåäîâèù³ çà íàÿâíîñò³ åêâ³âàëåí-
òíî¿ ê³ëüêîñò³ íàòð³é ã³äðîêñèäó. Îäåðæàíî íèçêó íîâèõ ñïî-
ëóê ³ç âèñîêèì âèõîäîì. Íàñòóïíèì åòàïîì áóëî äîñë³äæåí-
íÿ ðåàêö³¿ 5-(5-áðîìôóðàí-2-³ë)-4-ìåòèë-1,2,4-òðèàçîë-3-
ò³îëó ç äåÿêèìè ³íøèìè ãàëîãåíîâì³ñíèìè ñïîëóêàìè, ìå-
õàí³çì ðåàêö³¿ ÿêèõ òàêîæ â³äíîñèòüñÿ äî ðåàêö³é íóêëåî-
ô³ëüíîãî çàì³ùåííÿ. ßê ãàëîãåíîâì³ñí³ ñïîëóêè âèêîðèñòî-
âóâàëè áðîìàöåòîí, áðîìàöåòîôåíîí, õëîðàöåòàòíó êèñëîòó
òà õëîðàöåòàì³ä. Â öèõ óìîâàõ áóëî ñèíòåçîâàíî íèçêó íî-
âèõ ñïîëóê. Ñòðóêòóðó ñïîëóê ï³äòâåðäæåíî äàíèìè 1Í ßÌÐ-
ñïåêòðîñêîï³¿. Äîñë³äæåíî àíòèáàêòåð³àëüíó àêòèâí³ñòü ñèí-
òåçîâàíèõ ñïîëóê íà êð³îãåíí³ øòàìè ðîäèí
Enterobacteriaceae, Pseudomonadaceae, Staphylococcaceae,
Bacillaceae, Listeriaceae, Corynebacteriaceae òà Saccharo-
mycetaceae in vitro. Çà îòðèìàíèìè äàíèìè ìîæíà çðîáèòè
âèñíîâîê, ùî äîñë³äæóâàí³ ñïîëóêè ìîæóòü êîíêóðóâàòè ç
êàíàì³öèíîì (ïðèðîäíèì àíòèá³îòèêîì øèðîêîãî ñïåêòðà
ä³¿ àì³íîãë³êîçèä³â äðóãîãî ïîêîë³ííÿ), ñïåêòð ä³¿ ÿêîãî âêëþ-
÷àº ãðàìïîçèòèâí³ òà ãðàìíåãàòèâí³ ì³êðîîðãàí³çìè. Çàëó-
÷åí³ ñïîëóêè ìîæóòü áóòè ðåêîìåíäîâàí³ äëÿ ïîäàëüøîãî
äîñë³äæåííÿ ¿õ âïëèâó íà ìóëüòèðåçèñòåíòí³ øòàìè ì³êðî-
îðãàí³çì³â.

Êëþ÷îâ³ ñëîâà: S-ïîõ³äí³ 1,2,4-òðèàçîëó; 3-àëê³ëò³î-4-
ìåòèë-5-(5-áðîìôóðàí-2-³ë)-1,2,4-òðèàçîëè; ñèíòåç, ô³çèêî-
õ³ì³÷í³ âëàñòèâîñò³, àíòèáàêòåð³àëüíà àêòèâí³ñòü.
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PHYSICOCHEMICAL PROPERTIES OF NEW
S-DERIVATIVES OF 5-(5-BROMOFURAN-2-YL)-4-
METHYL-1,2,4-TRIAZOL-3-THIOLS

V. Zazharskyi a, *, M. Parchenko b, V. Parchenko b, P. Davydenko a,
O. Kulishenko a, N. Zazharska a

a Dnipro State Agrarian and Economic University, Dnipro,
Ukraine

b Zaporizhzhia State Medical University, Zaporizhzhia, Ukraine
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The alkylation of 5-(5-bromofuran-2-yl)-4-methyl-1,2,4-
triazole-3-thiol with bromoalkanes was carried out. Synthesis was
accomplished by addition of equivalent amounts of bromoalkanes
(bromomethane, bromoethane, bromobutane–bromodecane) to
5-(5-bromofuran-2-yl)-4-methyl-1,2,4-triazole-3-thiol in a
methanol medium in the presence of an equivalent amount of
sodium hydroxide. Compounds were obtained with a high yield.
The next step was to investigate the reaction of 5-(5-bromofuran-
2-yl)-4-methyl-1,2,4-triazole-3-thiol with some other halogen-
containing compounds, the mechanism of the reaction of which
also relates to nucleophilic substitution. As halogen-containing
compounds, we used bromoacetone, bromoacetophenone,
chloroacetic acid and chloroacetamide. Under these conditions,
a series of new compounds were synthesized. Structure of
compounds was confirmed by 1H NMR spectroscopy and
elemental analysis. The antibacterial activity of the synthesized
compounds towards cryogenic strains of Enterobacteriaceae,
Pseudomonadaceae, Staphylococcaceae, Bacillaceae, Listeriaceae,
Corynebacteriaceae and Saccharomycetaceae families in vitro was
also investigated. According to the data obtained, one can conclude
that the investigated compounds can compete with kanamycin, a
natural broad-spectrum antibiotic from the second generation of
aminoglycosides, whose range of action includes gram-positive
and gram-negative microorganisms. The compounds involved may
be recommended for further investigation of their action against
multi-resistant strains of microorganisms.

Keywords: S-derivatives of 1,2,4-triazole; 3-alkylthio-4-
methyl-5-(5-bromofuran-2-yl)-1,2,4-triazoles; synthesis;
physicochemical properties; antibacterial activity.
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