
Mar-Apr 2007 Convenient way to 5-Substituted 4-amino-2,3-dihydro- 
4H-1,2,4-triazole-3-thiones 

279 

Romualdas Smi ius*, Milda Malvina Burbulien , Virginija Jakubkien , 
Emilija Udr nait , and Povilas Vainilavi ius 

 
Department of Polymer Chemistry, Faculty of Chemistry, Vilnius University, Naugarduko 24,  

LT-03225 Vilnius,  Lithuania. E-mail: romualdas.smicius@chf.vu.lt 
Received January 10, 2006 

 

RCO2R1

N

NHN

NH2

R SCH3ONa

(NH2NH)2CS

R = alkyl, aryl, hetaryl ;  R1= alkyl.  

 
Various 4-amino-2,3-dihydro-4H-triazoles with aromatic, aliphatic and heterocyclic substituents at the 

C(5) position were synthesized from corresponding esters and thiocarbohydrazide. This method allows the 
synthesis these heterocycles in a short time and at reduced expenses. 
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INTRODUCTION 

Substituted 4-amino-2,3-dihydro-4H-1,2,4-triazole-
3-thiones are interesting compounds due to their 
chemical and biological properties. First, polyfunction-
ality of these heterocycles gives the possibility to 
synthesize a variety of derivatives, and second, among 
these compounds there are several representatives with 
various biological activities, such as antibacterial [1-7], 
antifungal [1-3,5,8], antiparasitic [5,6,9], anti-inflam-
matory [10-12], analgesic [12], and anticancer 
[7,13,14]. Some of these derivatives can also act as 
selective ligands for serotonine receptors [15]. 
Noticeable are also other properties such as resistance 
to gamma irradiation [8] and the ability to form 
complexes with transition metals [16]. These diverse 
features make that class of heterocyclic compounds 
important in respect to the synthesis of biologically 
valuable derivatives. 

The common pathways for 4-amino-2,3-dihydro-4H-
1,2,4-triazole-3-thiones are reactions of 3-acyldithiocarba-
zates [17,18] or 1,3,4-oxadiazole-2-thiones [19] with 
hydrazine (Scheme 1, directions A, B). An alternative 
way to the mentioned aminotriazolethiones is the fusion 
of a carboxylic acid and thiocarbohydrazide [20] (Scheme 
1, direction C). The latter is applicable for aliphatic [20] 
and some aromatic acids [21] and is more convenient than 
the precedent methods because it avoids additional steps, 
i.e., the preparation of hydrazides, dithiocarbazates, 
oxadiazolethiones, or even the esters, if they are not 
commercially available. However melting points of the 
carboxylic acids should be low enough to avoid the thio-
carbohydrazide decomposition above 171ºC [22]. 

This problem is partly eliminated for the esters, 
whose melting points usually are much lower than for 
acids (Scheme 1, direction D). Surprisingly, even 

orthoesters are less reactive in the reaction with thio-
carbohydrazide than corresponding acids or amides, 
what is reflected on much lower yields [20]. Another 
rare example of such type of reaction is the synthesis of 
the 4-amino-2,3-dihydro-4H-1,2,4-triazole-3-thiones from 
1,5-lactones and thiocarbohydrazide in pyridine [23]. 
We have found that interaction of ethyl (6-methyl-2,4-
dioxo-1,2,3,4-tetrahydro-3-pyrimidinyl)-acetate with 
thiocarbohydrazide in the presence of sodium meth-
oxide yields the corresponding 4-amino-2,3-dihydro-
4H-1,2,4-triazole-3-thione [24]. This method, which is 
similar to the mentioned above synthesis from acids, 
produces the desirable heterocycles directly from 
esters. Thus avoiding the preparation of hydrazides, 
carbazates or 1,3,4-oxadiazole-2-thiones, and already 
was applied for the synthesis of 4-amino-2,3-dihydro-
4H-1,2,4-triazole-3-thiones with other heterocyclic 
substituents at the C(5)-position [25]. Performing the 
reaction without sodium ethoxide gives only half the 
yield. The method described by us [24] was applied 
only for synthesis of a few 5-substituted 4-amino-2,3-
dihydro-4H-1,2,4-triazole-3-thiones [25], thus we 
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decided to extend it for the preparation of other C(5)-
substituted heterocycles. 

RESULTS AND DISCUSSION 

We provided several reactions of ethylbenzoate (1 a) 
with thiocarbohydrazide and found that the best yield 
(45%) of 4-amino-5-phenyl-2,3-dihydro-4H-1,2,4-tria-
zole-3-thione (2 a) was achieved when a double excess 
of thiocarbohydrazide and sodium methoxide was used 
at a reaction time of 24 h. Employing the same reaction 
conditions to other aromatic esters 1 b-i (except 1 h, 
see below), we synthesized the corresponding 
compounds 2 b-i (Scheme 2). 

 
Scheme 2 
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Yields were moderate (44-54% - for 2 b-f, 35% - for 

2 i), and only in two cases low (27% - for 2 h, and 18% 
- 2 g). As a reason for the lower yield of compound 2 h 
may be the use of equimolar amounts of thiocarbo-
hydrazide and sodium methoxide to ester, to avoid both 
ester groups participate in the reaction. The same was 

observed for the synthesis of compound 2 a, when a 
similar ratio of reagents was used. In the reaction of 
methyl 4-aminobenzoate (1 g), apparently, the electron-
donating effect of the amino group influenced the 
reactivity of the ester and, consequently, gave a lower 
yield. 

The next step of our research was the synthesis of 
aminotriazolethiones 2 j-n from the corresponding 
aliphatic esters 1 j-m and ethyl phenylacetate (1 n) 
(Scheme 2). Yields varied from moderate (58-60% - for 
2 l-n) to high (77-78% - for 2 j, k). The same 
compounds 2 j-n we synthesized alternatively from the 
corresponding acids 3 j-n and thiocarbohydrazide using 
well-known method [20]. Surprisingly, reaction of 
formic acid and thiocarbohydrazide yielded not only 
the desirable 4-amino-2,3-dihydro-4H-1,2,4-triazole-3-
thione (2 j), but also its N-formyl derivative 4 (Scheme 
3) in ratio 2 j:4 = 2:1 (according to the 1H-NMR 
spectrum) (Scheme 3). 
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Further hydrolysis of the residue after crystallization 
increased the yield of 2 j from 47% to 77%. When the 
reaction of formic acid with thiocarbohydrazide was 
prolonged to 6 h instead of 5 min, only the formyl 
derivative 4 was isolated. 

Because of our particular interest in the synthesis and 
investigation of pyrimidines with five-membered 
heterocyclic substituents [24,26-28], such as thiadia-
zoles, oxadiazoles, and triazoles in the side chain, we 
successfully synthesized aminotriazolethiones 2 o-u 
from the corresponding esters by employing the 
synthetic method described here. Yields of the 
mentioned compounds 2 o-v varied from 39% to 59%. 

For comparison, the preparation of 4-amino-5-aryl-
2,3-dihydro-4H-1,2,4-triazole-3-thiones from potassium 
3-aroyldithiocarbazates and hydrazine gives 2a in 78% 
[1], or 87% [18], 2 b - 68% [18], 2 d – 59%, 2 e – 58%, 
2 f – 65%, and 2 g – 50% [1] yield, which are 11% to 
38% higher than ours. Similar or even lower yields of 
4-amino-5-aryl-2,3-dihydro-4H-1,2,4-triazole-3-thiones 
were observed when the synthesis was performed from 
corresponding 5-substituted 2,3-dihydro-1,3,4-oxadia-
zole-3-thiones [18,19,24,25]. Synthesis of 5-substituted 
4-amino-2,3-dihydro-4H-1,2,4-triazole-3-thiones from 
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hydrazides, generating corresponding dithiocarbazate 
in situ, gives products in moderate yields (60% [3], 32-
57% [15]). In comparison to the discussed above 
synthetic procedures, our method is more convenient 
and efficient, as it is shorter, cheaper and quicker. If we 
compare it to synthesis from carboxylic acids and thio-
carbohydrazide, the last one is shorter, but only 
acceptable for acids with low melting points. So, for 
most aromatic and heterocyclic acids it can not be 
applied, contrary to the method described here, which 
was and can be successfully adopted for the synthesis 
of various 5-substituted 4-amino-2,3-dihydro-4H-1,2,4-
triazole-3-thiones. 

The characteristic chemical shifts of NH2 and NH 
protons of the aminotriazolthione fragment of compounds 
2 a-k, n-u was observed at 5.46-5.85 ppm (for NH2) and 
13.28-14.10 ppm (for NH). The chemical shifts for 
analogous groups protons of aminotriazolethiones 2 l, m 
are located down-field compared to that of 2 a-k, n-u,- 
4.77 ppm (2 l) and 4.70 ppm (2 m) for NH2, and 12.06 
ppm (2 l) and 11.73 ppm (2 m) for NH. In the IR spectra 
of compounds 2 a-u the absorbtion bands of C=S (1476-
1509 cm-1), C=N (1532-1598 cm-1), NH2 (1605-1665 
cm-1) are observed. Also the characteristic absorbtion of 
NH2 and NH groups are found in the regions of the 
strongest waves - 3233-3317, 3073-3192 and 2920-2959 
cm-1. For the derivative 4 besides absorbtion of NH (2943, 
3123, 3256 cm-1), C=N (1553 cm-1), and C=S (1473 cm-1) 
groups, characterictic absorbtion of C=O is observed 
(1690 cm-1). 

EXPERIMENTAL 

Melting points were determined in open capillaries and are 
uncorrected. IR spectra were measured in KBr tablets on a 
Spectrum BX II FT-IR (Perkin-Elmer, Sweden). 1H nmr spectra 
were recorded with a Varian Inova 300 spectrometer (300 MHz) 
using TMS as internal standard.  

Synthesis of 5-Substituted 4-Amino-2,3-dihydro-4H-1,2,4-
triazole-3-thiones 2 a-u from esters. 

4-Amino-5-phenyl-2,3-dihydro-4H-1,2,4-triazole-3-thione 
(2 a). Method A. To the solution of 1.19 g (0.022 mol) sodium 
methoxide in 40 ml methanol 2.33 g (0.022 mol) thiocarbo-
hydrazide was added and the mixture was refluxed for 5 min. 
Then 3.18 ml (3.28 g, 0.02 mol) of ethylbenzoate (1 a) was 
added, and the reaction mixture was refluxed for 14 h, cooled to 
room temperature and evaporated to dryness. The residue was 
dissolved in 40 ml H2O and acidified with conc. HCl to pH ~ 4-
5. The precipitate was collected by filtration, washed with cold 
H2O, dried and recrystallized from butylacetate to yield 1.04 g 
(27%), mp  210-212°C; (mp  204-205°C (ethanol-water), Ref. 
[17]); ir: 3300, 3113, 2943 (NH2, NH), 1633 (NH2), 1532 
(C=N), 1498 (C=S) cm-1; 1H nmr (DMSO-d6):   5.81 (s, 2H, 
NH2), 7.55 (m, 3H, 3,4,5-H3), 8.04 (m, 2H, 2,6-H2), 13.95 (s, 
1H, NH) ppm. Anal. Calcd for C8H8N4S (192.24): C, 49.98; H, 
4.19; N, 29.14. Found: C, 50.00; H, 3.94; N, 29.42. 

Method B. The same procedure as A, but the reaction was 
carried out for 24 h. It yielded 1.31 g (34%) of compound 2 a. 

Method C. The same procedure as B, except 2.16 g (0.04 
mol) sodium methoxide and 4.42 g (0.04 mol) of 
thiocarbohydrazide were used. It yielded 1.73 g (45%) of 
compound 2 a. 

5-Substituted 4-amino-2,3-dihydro-4H-1,2,4-triazole-3-
thiones 2 b-u (general procedure). To a solution of 2.16 g 
(0.04 mol) (for 1 h - 1.08 g (0.02 mol), for 1 u – 3.24 g (0.06 
mol)) sodium methoxide in 40 ml methanol 4.42 g (0.04 mol) 
(for 1 h - 2.12 g (0.02 mol)) thiocarbohydrazide was added and 
the mixture was refluxed for 5 min. Then 0.02 mol of 
corresponding ester 1 b-u was added, the reaction mixture was 
refluxed for 24 h and cooled to room temperature. In the case of 
compounds 2 b-g, i, n-u  the reaction mixture was evaporated to 
dryness, the residue was dissolved in 40-80 ml H2O and 
acidified with conc. HCl to pH ~ 4-5. The precipitate was 
collected by filtration, washed with cold H2O, dried and 
recrystallized from the appropriate solvent. In the case of 
compounds 2 h, j-m the reaction mixture was acidified with 
conc. HCl to pH ~ 4-5, evaporated to dryness and the residue 
was recrystallized from the appropriate solvent. 

4-Amino-5-(2-methoxyphenyl)-2,3-dihydro-4H-1,2,4-tria-
zole-3-thione (2 b). This compound was obtained in 2.40 g 
(54%) yield, mp 217-220°C (butylacetate); (mp  216-219°C 
(ethanol), Ref. [18]); ir: 3289, 3120, 2933 (NH2, NH), 2839 
(CH3), 1614 (NH2), 1585 (C=N), 1508 (C=S), 1257, 1020 
(COC) cm-1; 1H nmr (DMSO-d6):   3.83 (s, 3H, OCH3), 5.46 (s, 
2H, NH2), 7.08 (ddd, 4J=0,9 Hz (4-6), 3J=7.5 Hz (4-3, 4-5), 1H, 
4-H), 7.20 (dd, 4J=0,9 Hz (6-4),3J=8.4 Hz (6-5), 1H, 6-H), 7.41 
(dd, 4J=1.7 Hz (3-5), 3J=7.5 Hz (3-4), 1H, 3-H), 7.57 (ddd, 
4J=1.7 Hz (5-3), 3J=7.5 Hz (5-4), 3J=8.4 Hz (5-6), 1H, 5-H), 
13.87 (s, 1H, NH) ppm. Anal. Calcd for C9H10N4OS (222.26): C, 
48.64; H, 4.53; N, 25.31. Found: C, 48.68; H, 4.83; N, 25.11. 

4-Amino-5-(3-methoxyphenyl)-2,3-dihydro-4H-1,2,4-triaz-
ole-3-thione (2 c). This compound was obtained in 2.18 g (49%) 
yield, mp 204-206°C (butylacetate); ir:  3300, 3119, 2943 (NH2, 
NH), 2836 (CH3), 1627 (NH2), 1583 (C=N), 1497 (C=S), 1250, 
1023 (COC) cm-1; 1H nmr (DMSO-d6):   3.83 (s, 3H, OCH3), 
5.82 (s, 2H, NH2), 7.13 (dd, 4J=1.5 Hz (4-2, 4-6), 3J=8.4 Hz (4-
5), 1H, 4-H), 7.46 (dd, 3J=7.7 Hz (5-6), 3J=8.4 Hz (5-4), 1H, 5-
H), 7.61 (dd, 4J=1.5 Hz (6-2, 6-4), 3J=7.7 Hz (5-6), 1H, 6-H) 
7.62 (d, 4J=1.5 Hz (2-4, 2-6), 1H, 2-H), 13.97 (s, 1H, NH) ppm. 
Anal. Calcd for C9H10N4OS (222.26): C, 48.64; H, 4.53; N, 
25.31. Found: C, 48.80; H, 4.65; N, 25.03. 

4-Amino-5-(4-methoxyphenyl)-2,3-dihydro-4H-1,2,4-triaz-
ole-3-thione (2 d).  This compound was obtained in 2.27 g 
(51%) yield, mp 208-210°C (butylacetate); (mp  205-206°C 
(ethanol), Ref. [17]); ir:  3309, 3140, 2959 (NH2, NH), 2833 
(CH3), 1626 (NH2), 1581 (C=N), 1508 (C=S), 1254, 1032 
(COC) cm-1; 1H nmr (DMSO-d6):   3.84 (s, 3H, OCH3), 5.78 (s, 
2H, NH2), 7.09 (dd, 4J=2.4 Hz (3-5), 3J=9.3 Hz (3-2, 5-6), 2H, 
3,5-H2), 7.99 (dd, 4J=2.4 Hz (2-6), 3J=9.3 Hz (2-3, 6-5), 2H, 2,6-
H2), 13.84 (s, 1H, NH) ppm. Anal. Calcd for C9H10N4OS 
(222.26): C, 48.64; H, 4.53; N, 25.31. Found: C, 48.91; H, 4.58; 
N, 25.41. 

4-Amino-5-(3-bromophenyl)-2,3-dihydro-4H-1,2,4-triaz-
ole-3-thione (2 e). This compound was obtained in 2.55 g (47%) 
yield, mp 235-237°C (butylacetate); (mp: 223-235°C (ethanol), 
Ref. [1]); ir:  3306, 3116, 2947 (NH2, NH), 1625 (NH2), 1569 
(C=N), 1498 (C=S) cm-1; 1H nmr (DMSO-d6):  5.82 (s, 2H, 
NH2), 7.52 (dd, 3J=8 Hz (5-4, 5-6), 1H, 5-H), 7.77 (dd, 4J=1.7 
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Hz (4-6, 4-2), 3J=8 Hz (4-5), 1H, 4-H), 8.03 (dd, 4J=1.7 Hz (6-4, 
6-2), 3J=8 Hz (6-5), 1H, 6-H), 8.30 (dd, 4J=1.7 Hz (2-4, 2-6), 1H, 
2-H), 14.05 (s, 1H, NH) ppm. Anal. Calcd for C8H7BrN4S 
(271.13): C, 35.44; H, 2.60; N, 20.66. Found: C, 35.29; H, 2.53; 
N, 20.74. 

4-Amino-5-(4-chlorophenyl)-2,3-dihydro-4H-1,2,4-triazole-
3-thione (2 f). This compound was obtained in 1.98 g (44%) 
yield, mp 211-213°C (butylacetate); (m.p.: 210-211°C (ethanol), 
Ref. [1]); ir:  3246, 3149, 2935 (NH2, NH), 1638 (NH2), 1598 
(C=N), 1498 (C=S) cm-1; 1H nmr (DMSO-d6):   5.81 (s, 2H, 
NH2), 7.64 (dd, 4J=2.3 Hz (3-5), 3J=8.9 Hz (3-2, 5-6), 2H, 3,5-H2), 
8.08 (dd, 4J=2.3 Hz (2-6), 3J=8.9 Hz (2-3, 6-5), 2H, 2,6-H2), 14.00 
(s, 1H, NH) ppm. Anal. Calcd for C8H7ClN4S (226.68): C, 42.39; 
H, 3.11; N, 24.72. Found: C, 42.54; H, 3.03; N, 24.70. 

4-Amino-5-(4-aminophenyl)-2,3-dihydro-4H-1,2,4-triazole-
3-thione (2 g). This compound was obtained in 0.75 g (18%) 
yield, mp 258-260°C (methanol); (m.p.: 260-261°C (ethanol), 
Ref. [1].); ir:  3352, 3270, 3180, 2928 (NH2, NH), 1612 (NH2), 
1582 (C=N), 1504 (C=S) cm-1; 1H nmr (DMSO-d6):   5.64 (s, 
2H, (C6H4)NH2), 5.72 (s, 2H, NH2), 6.64 (d, 3J=8.6 Hz (3-2, 5-
6), 2H, 3,5-H2), 7.74 (d, 3J=8.6 Hz (2-3, 6-5), 2H, 2,6-H2), 13.63 
(s, 1H, NH) ppm. Anal. Calcd for C8H9N5S (207.25): C, 46.36; 
H, 4.38; N, 33.79. Found: C, 46.13; H, 4.43; N, 33.64. 

4-Amino-5-(4-methoxycarbonylphenyl)-2,3-dihydro-4H-
1,2,4-triazole-3-thione (2 h). This compound was obtained in 
1.35 g (27%) yield, mp 197-200°C (methanol); ir:  3317, 3108, 
2943 (NH2, NH), 1727 (C=O), 1632 (NH2), 1579 (C=N), 1484 
(C=S), 1285 (COC) cm-1; 1H nmr (DMSO-d6):   3.90 (s, 3H, 
CH3), 5.85 (s, 2H, NH2), 8.10 (dd, 4J=1.7 Hz (3-5), 3J=8.5 Hz (3-
2, 5-6), 2H, 3,5-H2), 8.23 (dd, 4J=1.7 Hz (2-6), 3J=8.5 Hz (2-3, 6-
5), 2H, 2,6-H2), 14.10 (s, 1H, NH) ppm. Anal. Calcd for 
C10H10N4O2S (250.27): C, 47.99; H, 4.03; N, 22.39. Found: C, 
47.83; H, 3.90; N, 22.58. 

4-Amino-5-(3-pyridyl)-2,3-dihydro-4H-1,2,4-triazole-3-thi-
one (2 i). This compound was obtained in 1.35 g (35%) yield, 
mp  216-217°C (methanol); ir:  3233, 3149 (NH2, NH), 1653 
(NH2), 1566 (C=N), 1486 (C=S) cm-1; 1H nmr (DMSO-d6):   
5.83 (s, 2H, NH2), 7.59 (ddd, 5J=0.9 Hz (5-2), 3J=4.8 Hz (5-6), 
3J=8 Hz (5-4), 1H, 5-H), 8.39 (ddd, 4J=1.8 Hz (4-6), 4J=2.2Hz 
(4-2), 3J=8 Hz (4-5), 1H, 4-H), 8.74 (dd, 4J=1.7 Hz (6-4), 
3J=4.8Hz (6-5), 1H, 6-H), 9.17 (dd, 5J=0.9 Hz (2-5), 4J=2.2 Hz 
(2-4), 1H, 2-H), 14.08 (s, 1H, NH) ppm. Anal. Calcd for 
C7H7N5S (193.23): C, 43.51; H, 3.65; N, 36.24. Found: C, 43.46; 
H, 3.58; N, 36.48. 

4-Amino-2,3-dihydro-4H-1,2,4-triazole-3-thione (2 j). This 
compound was obtained in 1.81 g (78%) yield, mp 169-171°C 
(butylacetate); (m.p.: 167-168°C (ethanol), Ref. [20]); ir:  3276, 
3172, 2941 (NH2, NH), 1605 (NH2), 1561 (C=N), 1496 (C=S) 
cm-1; 1H nmr (DMSO-d6):   5.69 (s, 2H, NH2), 8.46 (s, 1H, 
CH), 13.65 (s, 1H, NH) ppm. Anal. Calcd for C2H4N4S (116.14): 
C, 20.68; H, 3.47; N, 48.24. Found: C, 20.88; H, 3.41; N, 48.13. 

4-Amino-5-methyl-2,3-dihydro-4H-1,2,4-triazole-3-thione 
(2 k). This compound was obtained in 2 g (77%) yield, m.p.: 208-
210°C (butylacetate); (m.p.: 201-202°C (water), Ref. [20]); ir:  
3272, 3116, 2948 (NH2, NH), 1631 (NH2), 1577 (C=N), 1509 
(C=S) cm-1; 1H nmr (DMSO-d6):   2.25 (s, 3H, CH3), 5.53 (s, 2H, 
NH2), 13.41 (s, 1H, NH) ppm. Anal. Calcd for C3H6N4S (130.17): 
C, 27.68; H, 4.68; N, 43.04. Found: C, 27.87; H, 4.47; N, 42.95. 

4-Amino-5-propyl-2,3-dihydro-4H-1,2,4-triazole-3-thione 
(2 l). This compound was obtained in 1.76 g (56%) yield, mp  
108-109.5°C (toluene); ir:  3292, 3140, 2942 (NH2, NH), 1625 
(NH2), 1572 (C=N), 1502 (C=S) cm-1; 1H nmr (DMSO-d6):   

1.02 (t, J=7.4 Hz, 3H, CH3), 1.78 (sx, J=7.4 Hz, 2H, 
CH2CH2CH3), 2.76 (t, J=7.4 Hz, 2H, CH2CH2CH3), 4.77 (s, 2H, 
NH2), 12.06 (s, 1H, NH) ppm. Anal. Calcd for C5H10N4S 
(158.22): C, 37.96; H, 6.37; N, 35.41. Found: C, 38.15; H, 6.55; 
N, 35.11. 

4-Amino-5-hexyl-2,3-dihydro-4H-1,2,4-triazole-3-thione (2 
m). This compound was obtained in 2.4 g (60%) yield, mp 111-
113°C (toluene); ir:  3285, 3152, 2949 (NH2, NH), 1623 (NH2), 
1564 (C=N), 1485 (C=S) cm-1; 1H nmr (DMSO-d6):   0.91 (t, 
J=7 Hz, 3H, CH3), 1.33-1.38 (m, 6H, CH2CH2CH2CH2CH2CH3), 
1.74 (td, J=7.3 Hz, J=15.4 Hz, 2H, CH2CH2CH2CH2CH2CH3), 
2.77 (t, J=7.5 Hz, 2H, CH2CH2CH2CH2CH2CH3), 4.70 (s, 2H, 
NH2), 11.73 (s, 1H, NH) ppm. Anal. Calcd for C8H16N4S 
(200.30): C, 47.97; H, 8.05; N, 27.97. Found: C, 48.17; H, 8.26; 
N, 27.69. 

4-Amino-5-benzyl-2,3-dihydro-4H-1,2,4-triazole-3-thione 
(2 n). This compound was obtained in 2.39 g (58%) yield, mp 
181-183°C (butylacetate); (m.p.: 179-180°C (ethanol), Ref. [1]); 
ir:  3287, 3150, 2935 (NH2, NH), 1624 (NH2), 1567 (C=N), 1495 
(C=S) cm-1; 1H nmr (DMSO-d6):   4.05 (s, 2H, CH2), 5.57 (s, 
2H, NH2), 7.32 (m, 5H, C6H5), 13.56 (s, 1H, NH) ppm. Anal. 
Calcd for C9H10N4S (206.27): C, 52.41; H, 4.89; N, 27.16. 
Found: C, 52.23; H, 4.94; N, 26.92. 

4-Amino-5-(6-methyl-2-N-morpholino-4-pyrimidin-yl)-
sulfanylmethyl-2,3-dihydro-4H-1,2,4-triazole-3-thi-one (2 o). 
This compound was obtained in 4 g (59%) yield, mp  217-219°C 
(butylacetate); ir:  3253, 3130, 2959 (NH2, NH), 1618 (NH2), 
1553 (C=N), 1505 (C=S), 1119 (COC) cm-1; 1H nmr (DMSO-
d6):   2.21 (s, 3H, CH3), 3.64 (t, J=5 Hz, 4H, N(CH2)2), 3.70 (t, 
J=5 Hz, 4H, O(CH2)2), 4.43 (s, 2H, SCH2), 5.62 (s, 2H, NH2), 
6.56 (s, 1H, CH), 13.63 (s, 1H, NH) ppm. Anal. Calcd for 
C12H17N7OS2 (339.43): C, 42.46; H, 5.05; N, 28.89. Found: C, 
42.56; H, 4.94; N, 28.84. 

14-Amino-5-(4,6-dimethyl-2-pyrimidinyl)sulfanyl-methyl-
2,3-dihydro-4H-1,2,4-triazole-3-thione (2 p). This compound 
was obtained in 2.58 g (48%) yield, mp 194-197°C 
(butylacetate); ir:  3236, 3118, 2950 (NH2, NH), 1654 (NH2), 
1578 (C=N), 1497 (C=S) cm-1; 1H nmr (DMSO-d6):   2.37 (s, 
6H, (CH3)2), 4.47 (s, 2H, SCH2), 5.62 (s, 2H, NH2), 7.00 (s, 1H, 
CH), 13.54 (s, 1H, NH) ppm. Anal. Calcd for C9H12N6S2 
(268.35): C, 40.28; H, 4.51; N, 31.32. Found: C, 40.30; H, 4.36; 
N, 31.06. 

4-Amino-5-(4,6-dimethoxy-2-pyrimidinyl)sulfanyl-methyl-
2,3-dihydro-4H-1,2,4-triazole-3-thione (2 r). This compound 
was obtained in 2.88 g (48%) yield, mp 158-160°C 
(butylacetate); ir:  3263, 3192, 2956 (NH2, NH), 1619 (NH2), 
1579 (C=N), 1504 (C=S), 1266, 1051 (COC) cm-1; 1H nmr 
(DMSO-d6):   3.88 (s, 6H, (CH3O)2), 4.47 (s, 2H, SCH2), 5.63 
(s, 2H, NH2), 5.99 (s, 1H, CH), 13.28 (s, 1H, NH) ppm. Anal. 
Calcd for C9H12N6O2S2 (300.35): C, 35.99; H, 4.03; N, 27.98. 
Found: C, 35.75; H, 4.07; N, 28.22. 

4-Amino-5-(4-N,N-dimethylamino-6-methyl-2-pyrimidin-
yl)sulfanylmethyl-2,3-dihydro-4H-1,2,4-triazole-3-thione (2 
s). This compound was obtained in 2.32 g (39%) yield, mp  225-
227°C (butylacetate); ir:  3284, 3073, 2928 (NH2, NH), 1658 
(NH2), 1597 (C=N), 1506 (C=S) cm-1; 1H nmr (DMSO-d6):   
2.21 (s, 3H, CH3), 3.04 (s, 6H, (CH3)2N), 4.40 (s, 2H, SCH2), 
5.61 (s, 2H, NH2), 6.28 (s, 1H, CH), 13.57 (s, 1H, NH) ppm. 
Anal. Calcd for C10H15N7S2 (297.40): C, 40.39; H, 5.08; N, 
32.97. Found: C, 40.60; H, 5.08; N, 33.00. 

4-Amino-5-(6-methyl-4-oxo-3,4-dihydro-2-pyrimidinyl)-
sulfanylmethyl-2,3-dihydro-4H-1,2,4-triazole-3-thione (2 t). 
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This compound was obtained in 3.03 g (56%) yield, mp 257-
260°C (water); ir:  3304, 3147, 2923 (NH2, NH), 1655(CO, 
NH2), 1576 (C=N), 1476 (C=S) cm-1; 1H nmr (DMSO-d6):   
2.20 (s, 3H, CH3), 4.47 (s, 2H, SCH2), 5.63 (s, 2H, NH2), 6.07 (s, 
1H, CH), 12.27 (s, 1H, NH), 13.65 (s, 1H, NH) ppm. Anal. 
Calcd for C8H10N6OS2 (270.33): C, 35.55; H, 3.73; N, 31.09. 
Found: C, 35.69; H, 3.61; N, 31.10. 

4-Amino-5-(2,6-dioxo-1,2,3,4-tetrahydro-4-pyrimidinyl)-
methyl-2,3-dihydro-4H-1,2,4-triazole-3-thione (2 u). This 
compound was obtained in 2.56 g (53%), mp 290-291°C 
(water); ir:  3258, 3159, 2940 (NH2, NH), 1724 (CO), 1665(CO, 
NH2), 1570 (C=N), 1509 (C=S) cm-1; 1H nmr (DMSO-d6):   
3.82 (s, 2H, CH2), 5.27 (s, 1H, CH), 5.57 (s, 2H, NH2), 11.07 (s, 
2H, 2xNH), 13.68 (s, 1H, NH) ppm. Anal. Calcd for C7H8N6O2S 
(240.24): C, 35.00; H, 3.36; N, 34.98. Found: C, 34.89; H, 3.20; 
N, 35.15. 

5-Substituted 4-amino-2,3-dihydro-4H-1,2,4-triazole-3-thi-
ones 2 j-n from acids. 4-Amino-2,3-dihydro-4H-1,2,4-
triazole-3-thione (2 j) was synthesized according to the 
procedure described in Ref. [20] with some modifications. 
The mixture of 2.12 g (0.02 mol) thiocarbohydrazide and 2 ml 
formic acid was refluxed for 5 min. After cooling, 30 ml of 
diethylether was added. The precipitate was collected by 
filtration, washed with diethylether and dried. Crystallization 
of product, which are the mixture of compounds 2 j and 4 
(2j:4 = 2:1, according 1H-NMR spectra), from methanol gave 
1.09 g of compound 2 j (47% yield). The filtrate after 
crystallization was evaporated to dryness, the residue was 
dissolved in 10 ml water with a few drops of conc. HCl, and 
the reaction mixture was refluxed for 2 h, evaporated to 
dryness and dried. Crystallization from methanol yielded 0.7 
g of compound 2 j (30% yield). Compound 2 j was obtained 
in 1.79 g (77%) overall yield, mp  169-171°C; (yield: 79%, 
mp  167-168°C (ethanol), Ref. [20]). 

4-Amino-5-methyl-2,3-dihydro-4H-1,2,4-triazole-3-thione 
(2 k) was synthesized according to the procedure described in 
Ref. [20]. The mixture of 2.12 g (0.02 mol) thiocarbohydrazide 
and 10 ml acetic acid was refluxed for 15 min., then cooled. The 
precipitate was filtered off, dried and recrystallized from water 
to yield 1.97 g (76%), mp  203.5–205°C; (yield: 75%, mp  201-
202°C (water), Ref. [20]). 

4-Amino-5-propyl-2,3-dihydro-4H-1,2,4-triazole-3-thione 
(2 l). The mixture of 2.12 g (0.02 mol) thiocarbohydrazide and 
10 ml butyric acid was heated at 145-150°C for 1.5 h, then 
cooled, 50 ml of hexane was added, the precipitate was collected 
by filtration, washed with hexane and dried. The product was 
dissolved in 25 ml 10% NaOH water solution and the mixture 
was refluxed for 1 h. After cooling the solution was acidified 
with conc. HCl to pH ~ 4-5 and left in +5°C for 2 h. The 
precipitate was collected by filtration, washed with a small 
amount of cold water, dried and recrystallized from toluene to 
yield 1.93 g (61%), mp  108-109.5°C. 

4-Amino-5-hexyl-2,3-dihydro-4H-1,2,4-triazole-3-thione (2 
m). The mixture of 2.12 g (0.02 mol) thiocarbohydrazide and 6 
ml heptanoic acid was heated at 145-150°C for 1.5 h, then 
cooled, 50 ml of hexane was added, the precipitate was collected 
by filtration, washed with hexane and dried. The product was 
dissolved in 25 ml 10% NaOH water solution and the mixture 
was refluxed for 1 h. Then cooled, acidified with conc. HCl to 
pH ~ 4-5. The precipitate was collected by filtration, washed 
with water, dried and recrystallized from toluene to yield 3.01 g 
(75%), mp 111-113°C. 

4-Amino-5-benzyl-2,3-dihydro-4H-1,2,4-triazole-3-thione 
(2 n) was synthesized according to the procedure described in 
Ref. [21] with some modifications. The mixture of 2.12 g (0.02 
mol) thiocarbohydrazide and 2.72 g (0.02 mol) phenylacetic acid 
was heated at 145-150°C for 1.5 h, then cooled, 30 ml of 
diethylether was added, the precipitate was collected by 
filration, washed with diethylether and dried. The product was 
dissolved in 50 ml 10% NaOH water solution and the mixture 
was refluxed for 1 h. After cooling the solution was acidified 
with conc. HCl to pH ~ 4-5. The precipitate was collected by 
filtration, washed with water, dried and recrystallized from 
butylacetate to yield 2.31 g (56%), mp 181-183°C; (yield: 88%, 
m.p.: 179-180°C (ethanol), Ref. [21]). 

4-Formylamino-2,3-dihydro-4H-1,2,4-triazole-3-thione (4). 
The mixture of 2.12 g (0.02 mol) thiocarbohydrazide and 4 ml 

formic acid was refluxed for 6 h. After cooling 50 ml of 
diethylether was added. The precipitate was collected by 
filtration, washed with diethylether, dried and recrystallized 
from butylacetate-methanol to yield 2.25 g (78%), mp 189-
191°C; ir:  3256, 3123, 2943 (NH), 1690 (C=O), 1553 (C=N), 
1473 (C=S) cm-1; 1H nmr (DMSO-d6):   8.40 (s, 1H, CH), 8.62 
(s, 1H, CHO), 11.49 (s, 1H, NH(CHO)), 13.95 (s, 1H, NH) ppm. 
Anal. Calcd for C3H4N4OS (144.15): C, 25.00; H, 2.80; N, 
38.87. Found: C, 25.27; H, 3.04; N, 39.02. 
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