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The method has been developed for the preparation of ethyl esters of triazolo-

substituted thioglycolic acid, basis on which the corresponding hydrazides, 
thiosemicarbazides and 1,2,4-triazolo-1,2,4-triazoles were synthesized by successive 
transformations. By the data of 1H and 13C NMR spectroscopy and elemental 
analysis have been established the structures of obtained compounds. Biological 
studies have shown that triazolo-triazoles at concentrations of 50 and 100 mkm/mL  
reduce the viability of nematodes Steinernema Feltiae by 10–40%. 
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nematocidal activity. 

 
Introduction. It is known that one of the most common compounds in 

nature are heterocyclic compounds, which have an extensive spectrum of biological 
activity. It is not accidental that about 90% of drugs obtained by synthetic natural 
analogues are active aglycones. However, there are a number of heterocyclic 
compounds that are not found in animal and plant raw materials, have a purely 
synthetic origin, while possessing many useful properties, such as the derivatives 
of 1,2,4-triazoles and their structural isomers 1,2,3-triazoles. 1,2,3-Triazoles are 
relatively “young”, but 1,2,4-triazoles have an old history, and many representta-
tives of this series are widely used in practical medicine as active ingredients of 
drugs such as Ribavirin, Rizatriptan, Anastrozole, Epoxiconazole, Tebuconazole, 
Myclobutanil, Propiconazole, etc. In recent years intensive research has continued 
in the area of developing new methods for synthesizing 1,2,4-triazoles and identi-
fying new, biologically active representatives of this series. It has been established 
that some derivatives of this heterocyclic series exhibit antiviral [1], antimicrobial 
[2–4], antibacterial [5, 6], antitumor [7–9], anticonvulsant [10–12], antifungal [13, 14] 
activities. They are also antagonist receptors [15], tabulin and gestone deacetylases 
(HDACI) inhibitors [16] and are used in the treatment of Alzheimer’s disease [17]. 
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It is known, that derivatives of 1,2,4-triazoles exhibit nematocidal activity against 
the nematodes Bursaphelenchus xylophilus [18], and Meloidogyne incognita and 
Rotylenchulus reniformis [19]. As can be seen from the above literature data, the 
research in the field of triazoles are relevant.  

Bearing in mind our previous studies in this field and the aim of expanding 
the range of 1,2,4-triazoles derivatives, as well as finding new, biologically active 
representatives of this series, we propose the following scheme for the synthesis of 
1,2,4-triazol ethyl esters [18]: 
 

 
 
 
 
 

Further, on the basis of 2 a–d the corresponding hydrazides and thiosemicar-
bazides were synthesized, which are under the alkaline medium turned up to 
intramolecular cyclization. As a result, new bioheterocyclic compounds are 
obtained 5-{(5-substituted-4-phenyl-4H-1,2,4-triazol-3-yl)methyl}-4-phenyl-4H-1,2,4-
triazol-3-thiols (5 a–d). 

 
 

Biological Part. The synthesized compounds 5 a–d were subjected to biological 
studies and were chosen as an object a positive nematodes Steinernеma feltiae, 
which are important both plant growth regulators and in animal husbandry [20, 21]. 

As a result of processing the experimental data, the following graphs were 
obtained, which clearly illustrate the nematocidal activity of 5 a–c. The experiments 
were performed using solutions of substances at concentrations of 10, 25, 50 and 
100 μM. 

It can be seen from Figure (a, b), that compounds 5 a and 5 b at a concentration 
of 100 μM show significant nematocidal activity, reducing the viability of nemato-
des by 40%, and at a concentration of 50 μM by 22% and 20%, respectively. At the 
indicated concentrations (100 and 50 µM), nematocidal activity of compound 5 c is 
expressed in 30% and 20% (see Figure c), while compound 5 d shows weak 
activity (10%) (see Figure d) only at a concentration of 100 µM. Compounds 5 a–c 
at concentrations of  10 and 25 μM do not exhibit significant activity. 

If we examine the structural formulas of compounds 5 a–d, then it is obvious 
that these compounds differ only in the substituents at position 5 of the basic 
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triazole cycle (1 a–d), therefore, there is a direct connection between the nature of 
the indicated substituent and the biological activity of the examined series of 
chemical compounds. Based on the data obtained, it can be concluded that the 
degree of nematocidal activity of the proposed triazolo-triazoles can be controlled 
by controlling the nature of the substituent at position 5 of the triazole cycle. 
 
 
 
 
 
 
 
 
 
 
                                       a                                                                                          b 
 
 
 
 
 
 
 
 
 
 
 
                                         c                                                                                          d 
 

Impact of compounds 5 a (a), 5 b (b), 5 c (c) and 5 d (d) on survival of S. feltiae after 24 h. 
Data expressed as mean ±SD;  n = 9; * – significant difference against negative control (p < 0.05);    
** – very significant difference against negative control  (p < 0.05); *** –  significant difference  
against negative control (p < 0.001).  –ve – negative control (DMSO);  +ve – positive control (EtOH). 

 
Experimental Part. 
Biology.  
Analysis of Nematocidal Activity. The viability of fresh nematode suspensions 

was observed with a microscope pump (TR 200, VWRInter) at a fourfold magni-
fication. For the experiment nematodes with a life of more than 90% were used. To 
analyze the nematocidal activity of 200 mg, nematode powder was suspended in 50 
mL of phosphate-buffered saline (PBS, pH 7) or distilled water under moderate 
lighting stirred for 10 min at room temperature. 10 μL of suspension was added to 
a 96-well plate followed by the addition of the test sample at various concentra-
tions. The final volume was made up to 100 μL with buffer. The number of live 
(N0) and the total number of nematodes (N) were immediately determined. Then 
the plate was incubated in the dark for 24 h at room temperature, 50 μL of warm 
water (50°C) was added and the number of live nematodes was counted (N24). 
Viability is determined by the following formulas 

 

𝑉𝑉0 =
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The graphs are constructed on the basis of experimental data of the dependence 
of the viability of nematodes on the concentration of the investigated substances. 

 
Preparation of PBS buffer 

 
Reagent Quantity added for 10×solution, g Final concentration (×10), mM 

NaCl 80  1370  
KCl 2  27  

Na2PO4 14.4  100  
KH2PO4 2.4  18  

 
If necessary, PBS can be supplemented by the following 

 
CaCl2 ‧2H2O 1.33  10  
MgCl2 ‧6H2O 1.0  5  
 
Chemical Part. 1H and 13C NMR spectra were recorded on Varian Mercury-

300 MHz in DMSO–CCl4 mixture (1:3) or on Bruker AVANCE 400 MHz 
spectrometer in CDCl3, DMSO-d6. Chemical shifts were reported as quoted relative 
to the residual signals of chloroform-d (7.25 for 1H NMR and 77.0 for 13C NMR) 
or DMSO-d6 (2.5 for 1H NMR and 39.5 for 13C NMR) as internal references. TLC 
analysis was performed on Silufol UV-254 plates. Starting compounds 1,2,4-
triazoles 1a–d were synthesized by a known method [17]. Melting points were 
determined on “Boetius” micro-heating stage. 

General Method for Preparation of 2-{(5-substituted-4-phenyl-4H-1,2,4-           
-triazol-3-yl)thio}ethylacetates (2a–d). A mixture of 8 mmol of the corresponding 
1a–d in 8 mL of acetone and 10 mmol of potash was stirred at room temperature for 
15 min, then 8.8 mmol of ethyl chloroacetic acid was added. The mixture was heated 
for 7 h at 50–60°C. After removing the solvent, the mixture was cooled, water was 
added. The precipitated crystals were filtered, washed with 5% hydrochloric acid 
solution, then with water and dried. 

Ethyl 2-{[5-(3-hydroxypropyl)-4-phenyl-4H-1,2,4-triazol-3-yl]thio}acetate (2a). 
Yield 65%, m.p. 71–72°C (ethanol:water=1:3), Rf 0.56 (ethanol:benzene:hexane= 
=1:1:3). 1H NMR, δ, ppm: 1.26 t (3H, J=7.14 Hz, CH3); 1.70–1.84 m (2H, CH2);       
2.58 t (2H, J=7.54 Hz, CH2); 3.36–3.49 m (2H, CH2); 3.93 s (2H, CH2); 4.14 q (2H, 
J=7.14 Hz, CH2); 4.18 br.s (1H, OH); 7.28–7.49 m (2H, arom.); 7.49–7.73 m (3H, 
arom.). 13C NMR(126 MHz, CDCl3), δ, ppm: 13.7; 21.2; 29.2; 33.7; 59.5; 60.7; 
126.8; 129.3; 129.4; 132.8; 148.3; 155.2; 167.2.  

Found, %: C 56.17; H 5.85; N 13.20; S 9.88. C15H19N3O3S. Calculated, %:     
C 56.06; H 5.96; N 13.07; S 9.98. 

Ethyl 2-{[4-phenyl-5-(pyridin-3-yl)-4H-1,2,4-triazol-3-yl]thio}acetate(2b). 
Yield 88%, m.p. 138°C (ethanol:water=2:1), Rf 0.48 (ethanol:benzene=1:5). 1H NMR, δ, 
ppm: 1.30 t (3H, J=7.1 Hz, CH3); 4.06 s (2H, SCH2): 4.18 k (2H, J=7.1 Hz, OCH2); 
7.27 dd (1H, J1= 7.9 Hz, J2= 4.8 Hz, C5H4N); 7.37–7.44 m (2H, Harom.); 7.53–7.60 
m (4H, Harom.); 7.68 dt (1H, J1=7.9 Hz, J2=1.9 Hz, C5H4N); 8.49–8.54 m (2H, 
Harom.). 13C NMR(126 MHz, CDCl3) δ, ppm: 13.66; 33.69; 60.81; 110.58; 110.78; 
123.30; 127.05; 129.33; 129.75; 133.07; 140.98; 143.54;  146.85; 150.06; 166.93. 

Found, %: C 60.10; H 4.85; N 16.55; S 9.49. C17H16N4O2S. Calculated, %:     
C 59.98; H 4.74; N 16.46; S 9.42. 
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Ethyl 2-{[5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol-3-yl]thio}acetate (2c). 
Yield 85%, m.p. 124–125°C (ethanol : water = 3:2), Rf  0.56 (ethanol : benzene = 1:7).     
1H NMR, δ, ppm: 1.28 t (3H, J=6.75 Hz, CH3); 4.02 s (2H, CH2); 4.17 q (2H, 
J=7.14 Hz, CH2); 6.22 d (1H, J=3.97 Hz, CHfuryl); 6.37–6.41 m (1H, CHfuryl);    
7.38–7.44 m (2H, Harom.); 7.50–7.53 m (1H, CHfuryl); 7.57–7.63 m (3H, Harom.).     
13C NMR (126 MHz, CDCl3),  δ, ppm: 13.66; 33.69; 60.81; 110.58; 110.78; 123.30; 
127.05; 129.33; 129.75; 133.07; 140.98; 143.54; 146.85; 150.06; 166.93. 

Found, %: C 58.42; H 4.70; N 12.85; S 9.70. C16H15N3O3S. Calculated, %:     
C 58.34; H 4.59; N 12.76; S 9.74.  

Ethyl 2-{[5-(4-bromophenyl)-4-phenyl-4H-1,2,4-triazol-3-yl]thio}acetate (2d). 
Yield 85%, m.p. 158°C (ethanol:water=2:1), Rf  0.58(ethanol:benzene =2:5). 1H NMR, 
δ, ppm: 1.29 t (3H, J=7.1 Hz, CH2CH3); 4.03 s (2H, SCH2); 4.17 k (2H, J=7.1 Hz,  
CH2CH3); 7.25–7.30 m (2H, Harom.); 7.32–7.39 m (2H, Harom.); 7.41–7.46 m (2H, 
Harom); 7.53–7.58 m (3H, Harom.). 13C NMR (126 MHz, CDCl3), δ, ppm: 13.7; 33.6; 
39.5; 39.8; 60.8; 123.2; 125.4; 126.9; 129.1; 129.5; 131.0; 133.4; 150.8; 152.9; 166.9. 

Found, %: C 51.75; H 3.77; Br 19.15; N 10.15; S 7.75. C18H16BrN3O2S. 
Calculated, %: C 51.68; H 3.86; Br 19.10; N 10.05; S 7.67. 

General Method for Preparation of Hydrazides 2-{[5-substituted-4-phenyl-
-4H-1,2,4-triazol-3-yl]thio}acetates (3 a–d). To a mixture of 9.5 mmol of the 
corresponding ester 2 a–d in 20 mL of ethanol was added 5.2 mL of an 85% 
solution of hydrazine hydrate, left for 2 h at room temperature and heated for 4 h at 
75–80°C. After cooling, the mixture was diluted with water, the precipitate was 
filtered, washed with water, dried and recrystallized. 

2-{[5-(3-Hydroxypropyl)-4-phenyl-4H-1,2,4-triazol-3-yl]thio}acetohydrazide 
(3a). Yield 70%, m.p. 149–150°C (ethanol:water = 2:3), Rf  0.50 (ethanol:benzene= 
=1:7). 1H NMR, δ, ppm: 2.58 t (2H, J=7.54 Hz, CH2); 3.36–3.49 m (2H, CH2);        
3.93 s (2H, CH2); 4.14 q (2H, J=7.14 Hz, CH2); 4.18 br.s (1H, OH); 6.10 d         
(1H, J=3.17 Hz, NH2); 6.29 d (1H, J=5.55 Hz, NH2); 7.28–7.49 m (2H, arom.);       
7.49–7.73 m (3H, arom.);  9.28 br.s (1 H, NH).  

Found, %: C 50.75; H 5.65; N 22.85; S10.53. C13H17N5O2S. Calculated, %:   
C 50.80; H 5.57; N 22.78; S 10.43.  

2-{[4-Phenyl-5-(pyridin-3-yl)-4H-1,2,4-triazol-3-yl]thio}acetohydrazide(3b). 
Yield 90%, m.p. 225°C (ethanol : water = 5:1), Rf  0.50 (ethanol : benzene : hexane = 
=3:3:1). 1H NMR, δ, ppm: 3.87 s (2H, SCH2); 4.12 br (2H, NH2); 7.27 dd (1H,            
J1=7.8 Hz, J2=4.8 Hz, C5H4N); 7.38–7.43 m (2H, Harom.); 7.53–7.60 m (3H, Harom.);       
7.66 ddd (1H, J1=7.8 Hz, J2=2.1 Hz, J3=1.8 Hz, C5H4N); 8.51 dt (1H, J1=4.8 Hz, 
J2=1.8 Hz, C5H4N); 8.53 d (1H, J=2.1 Hz, C5H4N); 9.29 br.s (1H, NH). 13C NMR 
(126 MHz, CDCl3), δ, ppm: 13.7; 33.7; 60.8; 122.5; 122.6; 127.0; 129.6; 129.7; 
133.2; 134.4; 147.9; 179.7; 151.1; 151.8; 166.9. 

Found, %: C 55.30; H 4.28; N 25.85; S 9.85. C15H14N6OS. Calculated, %:         
C 55.20; H 4.32; N 25.75; S 9.82.  

2-{[5-(Furan-2-yl)-4-phenyl-4H-1,2,4-triazol-3-yl]thio}acetohydrazide(3c). 
Yield 90%, m.p. 111–113°C (ethanol : water= 1:1), Rf 0.50 (ethanol : benzene = 1:7 ). 
1H NMR, δ, ppm: 3.84 s (2H, CH2); 4.08 br.s (2H, 2CHfuryl); 6.13 d (1H, J=3.17 Hz, 
NH2); 6.39 d (1H, J=5.55 Hz, NH2); 7.39–7.45 m (2H, arom.); 7.52 s (1H, CHfuryl); 
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7.55–7.62 m (3H, arom.) 9.28 br.s (1H, NH). 13C NMR (126 MHz, CDCl3), δ, ppm: 
33.9; 110.5; 110.8; 127.2; 129.3; 129.7; 134.2; 141.0; 143.5; 150.9; 165.7.  

Found, %: C 53.38; H 4.05; N 22.30; S 10.25. C14H13N5O2S. Calculated, %: 
C 53.32; H 4.16; N 22.21; S 10.17. 

2-{[5-(4-Bromophenyl)-4-phenyl-4H-1,2,4-triazol-3-yl]thio}acetohydrazide 
(3d). Yield 91%, m.p. 230–232°C (ethanol), Rf 0.50 (ethanol : benzene=2 : 5).        
1H NMR, δ, ppm: 4.03 s (2H, SCH2); 6.13 d (1H, J=3.17 Hz, NH2); 7.25–7.30 m 
(2H, Harom.); 7.32–7.39 m (2H, Harom); 7.41–7.46 m (2H, Harom.); 7.53–7.58 m (3H, 
Harom.); 9.29 br.s (1H, NH). 13C NMR (126 MHz, CDCl3), δ, ppm: 39.5; 39.8; 60.8; 
123.2; 125.4; 126.9; 129.1; 129.5; 131.0; 133.4; 150.8; 152.9; 166.9. 

Found, %: C 47.60; H 3.40; Br 19.70; N 17.40; S 8.05. C16H14BrN5OS. 
Calculated, %: C 47.53; H 3.49; Br 19.76; N 17.32; S 7.93. 

General Method for Preparation of 2-((5-substituted-4-phenyl-4H-1,2,4-triazol- 
-3-yl)thio)acetyl)-N-phenylhydrazinecarbothioamide (4 a–d). 7.9 mmol of phenyl 
isothiocyanate was  added to a solution of 7.9 mmol of hydrazide 3 a–d in 10 mL of 
ethanol, stirred vigorously and left at room temperature for 2 h. It was heated for 1 h 
at 80–85°C, after cooling it was filtered, washed with ethanol, dried and recrystallized. 

2-{2-[(5-(3-Hydroxypropyl)-4-phenyl-4H-1,2,4-triazol-3-yl)thio]acetyl}-N-
-phenylhydrazinecarbothioamide (4a). Yield 70%, m.p. 124°C (ethanol : water =1:1), 
Rf 0.51 (ethanol : benzene = 1 : 4). 1H NMR, δ, ppm: 1.76 q (2H, J=6.8 H, CH2); 
2.58 s (2H, J=7.5 Hz, CH2); 3.41 t (2H, J=5.9 Hz, СН2); 3.60–3.90 br.s (1H, OH); 
3.95 s (2H, SCH2); 7.05–7.16 m (1H, arom.); 7.29 t (2H,  J=7.9 Hz, Harom.); 7.41–7.49 m 
(2H, Harom.); 7.60–7.62 m (3H, Harom.); 7.64–7.67 m (2H, Harom.), 9.51 br.s (2H,         
NH–NH); 10.26 s (1H, NH). 13C NMR (126 MHz, CDCl3), δ, ppm: 33.2; 33.7; 59.5; 
60.7; 126.8; 129.3; 129.4; 131.9; 132.8; 148.3; 148.7; 150.0; 153.8; 155.2; 155.6; 
159.2; 160.1; 161.2; 165.5; 165.7; 167.2. 

Found, %: C 54.35; H 5.05; N 20.05; S 14.55. C20H22N6O2S2. Calculated, %: 
C 54.28; H 5.01; N 18.99; S 14.49. 

N-Phenyl-2-{2-[(4-phenyl-5-(pyridin-3-yl)-4H-1,2,4-triazol-3-yl)thio]acetyl}-         
-hydrazinecarbothioamide (4b). Yield 70%, m.p. 180°C (ethanol : water = 3:1), Rf 0.65 
(ethanol : benzene : hexane = 4 : 1 : 1). 1H NMR, δ, ppm: 3.95 s (2H, SCH2);        
7.08–7.14 m (1H, Harom.); 7.24–7.32 m (3H, Harom.); 7.41–7.46 m (2H, Harom.);   
7.54–7.68 m (6H, Harom); 8.50–8.53 m (2H, Harom.); 9.57 br.s (1H, NH); 9.59 br.s 
(1H, NH); 10.33 br.s (1H, NH). 13C NMR (126 MHz, CDCl3), δ, ppm:  60.8; 122.5; 
122.6; 127.0; 129.6; 129.7; 133.2; 134.4; 147.9; 179.7; 151.1; 151.8; 166.9. 

Found, %: C 57.35; H 4.05; N 21.30; S 13.55. C22H19N7OS2. Calculated, %:  
C 57.25; H 4.15; N 21.24; S 13.89.  

2-{2-[(5-(Furan-2-yl)-4-phenyl-4H-1,2,4-triazol-3-yl)thio]acetyl}-N-phenyl-
-hydrazine-carbothioamide (4c). Yield 85%, m.p. 186°C (ethanol : water = 2 : 1),     
Rf 0.60 (ethanol : benzene = 1:5). 1H NMR, δ, ppm: 3.90 s (2H, CH2); 6.13 d (1H,  
J= 4.0 Hz, CHfuryl); 6.39 d (1H, J =4.0 Hz, CHfuryl); 7.39–7.45 m (2H, Harom.); 7.52 s 
(1H, CHfuryl); 7.57–7.62 m (3Н, Harom.); 7.66–7.68 m (5Н, Harom.); 9.28 br.s (2H, 
NH–NН); 10.34 br.s (1H, NH). 13C NMR (126 MHz, CDCl3), δ, ppm: 33.9; 110.5; 
110.8; 123.4; 127.2; 129.3; 129.7; 131.1; 134.2; 141.0; 143.5; 150.9; 166.7; 179.2; 180.0. 

Found, %: C 55.90; H 4.10; N 18.75; S 14.35. C21H18N6O2S2. Calculated, %: 
C 55.98; H 4.03; N 18.65; S 14.23. 
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2-{2-[(5-(4-bromophenyl)-4-phenyl-4H-1,2,4-triazol-3-yl)thio]acetyl}-N- 
-phenylhydrazine-1-carbothioamide (4d). Yield 99%, m.p. 222°C (ethanol:water= 3:1), 
Rf  0.54 (ethanol : benzene =1.5 : 5). 1H NMR,  δ, ppm: 3.93 s (2H, SCH2); 7.20–7.32 m 
(4H, Harom.); 7.37–7.46 m (5H, Harom.); 7.53–7.68 m (5H, Harom.); 9.57 br.s (2H, NH–NH); 
10.34 br.s (1H, NH). 13C NMR (126 MHz, CDCl3), δ, ppm:  33.9; 123.3; 124.2; 124.7; 
125.4; 127.1; 127.3; 129.2; 129.6; 129.7; 131.1; 133.4; 138.8; 151.7; 152.9; 180.4.  

Found, %: C 51.25; H 3.45; Br 14.70; N 15.50; S 11.95. C23H19BrN6OS2. 
Calculated, %: C 51.21; H 3.55; Br 14.81; N 15.58; S 11.89. 

General Method for Preparation 4-phenyl-5-{[((5-substituted-4-phenyl)-    
-4H-1,2,4-triazol-3-yl)thio]methyl}-4H-1,2,4-triazol-3-thioles (5 a–d). To an aqueous  
solution of 22.5 mmol NaOH (10 mL 10%) was added 7.5 mmol of corresponding 
thiosemicarbazide, stirred at room temperature for 1 h and refluxed for 7 h. After 
cooling, the mixture was diluted with water and acidified with hydrochloric acid 
(pH 2–3). The resulting crystals were washed with water and recrystallized. 

3-{5-[((5-Mercapto-4-phenyl-4H-1,2,4-triazol-3-yl)methyl)thio]-4-phenyl-4H- 
-1,2,4-triazol-3-yl}propan-1-ol(5a). Yield 65%, m.p. 108°C (ethanol:wather=1:1),  
Rf  0.70 (ethanol:hexane=2:1). 1H NMR, δ, ppm: 1.76 q (2H, J=6.75 Hz, CH2); 2.58 t 
(2H, J=7.54 Hz, CH2); 3.41 t (2H, J=5.95 Hz, CH2); 3.60–3.90 br.s (1H, OH); 4.04 s 
(2H, CH2); 7.18–7.30 m (4H, Harom.); 7.49–7.62 m (6H, Harom.); 13.69 s (1H, SH). 

Found, %: C 56.65; H 4.65; N 19.75; S 15.20. C20H20N6OS2. Calculated, %: 
C 56.58; H 4.75; N 19.80; S 15.11.  

4-Phenyl-5-{[(4-phenyl-5-(pyridin-3-yl)-4H-1,2,4-triazol-3-yl)thio]methyl}-
-4H-1,2,4-triazole-3-thiol (5b). Yield 90%, m.p. 155–157°C (ethanol:wather=3:2),   
Rf  0.55 (ethanol:hexane=2:1). 1H NMR, δ, ppm: 3.95 s (2H, SCH2); 7.08–7.14 m 
(1H, Harom); 7.24–7.32 m (3H, Harom.); 7.41–7.46 m (2H, Harom.); 7.54–7.68 m (6H, 
Harom.); 7.66 ddd (1H, J1=7.8 Hz, J2=2.1 Hz, J3=1.8 Hz, C5H4N); 8.50–8.53 m (2H, 
Harom.); 8.51 dt (1H, J1=4.8 Hz, J2=1.8 Hz, C5H4N ); 13.85 s (1H, SH).  

Found, %: C 59.65; H 3.78; N 22.20; S 14.40. C22H17N7S2. Calculated, %:       
C 59.57; H 3.86; N 22.11; S 14.46.  

5-{[(5-(Furan-2-yl)-4-phenyl-4H-1,2,4-triazol-3-yl)thio]methyl}-4-phenyl-4H-
-1,2,4-triazole-3-thiol (5c). Yield 90%, m.p. 159–160°C (ethanol:wather=3:2), Rf  0.59 
(ethanol:hexane=2:1). 1H NMR, δ, ppm: 4.13 s (2H, CH2); 6.15–6.22 m (1H, 
CHfuryl); 6.35–6.43 m (1H, CHfuryl); 7.26 s (1H, CHfuryl); 7.42–7.65 m (10H, Harom.); 
13.72 s (1H, SH). 

Found, %: C 58.35, H 3.80, N 19.50, S 14.90. C21H16N6OS2. Calculated, %:   
C 58.31, H 3.73, N 19.43, S 14.83.  

5-{[(5-(4-Bromophenyl)-4-phenyl-4H-1,2,4-triazol-3-yl)thio]methyl}-4-phenyl-  
-4H-1,2,4-triazole-3-thiol (5d). Yield 80%, m.p. 270°C (ethanol), Rf 0.41 (ethanol: 
benzene = 1:1). 1H NMR, δ, ppm: 4.03 s (2H, SCH2); 7.25–7.30 m (2H, Harom.); 
7.32–7.39 m (4H, Harom.); 7.41–7.46 m (3H, Harom.); 7.53–7.58 m (6H, Harom.).         
13C NMR (126 MHz, CDCl3), δ, ppm: 60.8; 123.2; 125.4; 126.9; 129.1; 129.5; 
131.0; 133.4; 150.8; 152.9; 166.9. 

Found, %: C 52.90; H 3.35; Br 15.40; N 16.40; S 12.40. C23H17BrN6S2. 
Calculated, %: C 52.98; H 3.29; Br 15.32; N 16.12; S 12.30. 
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Մ. Ա. ՍԱՄՎԵԼՅԱՆ,  Տ. Վ. ՂՈՉԻԿՅԱՆ,  Տ. Հ. ԵԳԱՆՅԱՆ, Մ. ՇԱՐՖՐԱԶ,  Կ. ՋԵՅԿՈԲ  
 
1,2,4-ՏՐԻԱԶՈԼՈ-1,2,4-ՏՐԻԱԶՈԼՆԵՐԻ  ՍԻՆԹԵԶ  ԵՎ  ՆԵՄԱՏՈԴԱՅԻՆ 

ԱԿՏԻՎՈՒԹՅԱՆ  ՈՒՍՈՒՄՆԱՍԻՐՈՒԹՅՈՒՆ 
 

Ամփոփում  
 
Մշակված է տրիազոտեղակալված թիոգլիկոլաթթվի էթիլէսթերի ստաց-

ման մեթոդ, որոնց հենքի վրա իրականացված փոխարկումների արդյունքում 
սինթեզված են համապատասխան՝ հիդրազիդները, թիոսեմիկարբազիդները և 
1,2,4-տրիազոլո-1,2,4-տրիազոլները: ՄՄՌ սպեկտրոսկոպիայի 1H և 13C մե-
թոդներով և էլեմենտային անալիզի տվյալներով հաստատված են սինթեզված 
միացությունների կառուցվածքը: Կենսաբանական ակտիվության ուսումնա-
սիրությունները ցույց են տվել, որ տրիազոլոտրիազոլները 50 և 100 մկմ/մլ 
չափաբաժինների դեպքում Steinernema felatiae նեմատոդի կենսունակությունը 
ընկճվում է 10–40%-ով: 

 
 
 

М. А. САМВЕЛЯН,  Т. В. КОЧИКЯН,  Т. А. ЕГАНЯН, М. ШАРФРАЗ,  К. ЯКОБ  
 

СИНТЕЗ  И  ИССЛЕДОВАНИЕ  НЕМАТОЦИДНОЙ  АКТИВНОСТИ  
1,2,4-ТРИАЗОЛО-1,2,4-ТРИАЗОЛОВ       

 
Р е з ю м е   

 
Разработан способ получения этиловых эфиров триазолозамещенной 

тиогликолевой кислоты, на основе которых последовательными превраще-
ниями синтезированы соответствующие гидразиды, тиосемикарбазиды и 
1,2,4-триазоло-1,2,4-триазолы. Методами ЯМР 1H- и 13C-спектроскопии и 
элементного анализа установлены структуры полученных соединений. 
Биологическими исследованиями установлено, что триазоло-триазолы при 
концентрациях 50 и 100 мкм/мл снижают жизнеспособность нематод 
Steinernema felatiae на 10–40%. 


