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Alkylation of triazolylthioureas gave S~alkyl(aryl)triazolylisothiourea hydrochlorides, which
form 5-alkyl(aryl)thio-symtriazolo[l,5-a]-sym-triazines with ethyl orthogormate,

We have previously established [1] that 5-amino-1,2,4-triazoles react with benzoyl isothiocyanate to
give 1-benzoylthiocarbamoyl-5~amino-1,2,4-triazoles. However, further investigations of this reaction
demonstrated that the reaction proceeds at the amino group rather than at the N; nitrogen atom, i.e., the
reaction products are N-(1,2,4-triazol-5-yl)~N'-benzoylthioureas, the hydrolysis of which gives (1,2,4-tri-
azol-5-yl)thioureas (I). The correctness of the structure of the latter was confirmed by alternative syn-
thesis of 3-methyl-5- @-phenyl-2-thiazolyl)amino~1,2,4-triazole (II) from Ia and also from 2-cyanoamino-
4-phenylthiazole (II) and acetylhydrazine through acetamidoguanidine derivative IV,
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In the present study, triazolylthioureas were used for the synthesis of thio derivatives of sym-tri-
azolo-sym-triazines, individual representatives.of which have already been described [2-4]. The synthesis
of 3-phenyl-7-methylthio- and 3-phenyl-5,7-dimethylthio-sym-triazolo{4,3~a]-sym-triazines by oxidative
cyclization of 2-benzylidenehydrazino derivatives of 1,3,5-triazine by means of lead tetraacetate, i.e., by
building up a triazole ring from a triazine ring, was described in [3]. Kobe and co-workers supposed that
the possibility of the formation of sym-triazolo[l,5-a]-sym-triazines is excluded under these reaction con-
ditions. There are no data available on the chemical properties of the compounds obtained.

1t was found that Idoes not form triazolotriazines on refluxing in the reagents usually employed for ac-
ylation and cyclization (formic acid or formamide); this can be explained by the action of the reagents on
the sulfur atom.

In order to exclude the possibility of the reaction of I with the cyclizing agents at the sulfur atom, we
synthesized S-alkyl(aryl) derivatives of triazolylisothioureas. The S-alkylation and S~arylation of I were
carried out, respectively, with alkyl and aryl halides; hydrohalide salts V and free bases VI were obtained
in this case. The bases were resistant to the action of dilute acids and bases and decomposed only on pro-
longed refluxing.

On refluxing with ethyl orthoformate, hydrohalide salts V smoothly form 5-alkyl(aryl)thio-sym-tri-

azolo[l,5-a]-sym-triazines (VII). In contrast to V, VII could not be isolated from the reaction mixture on
refluxing VI with ethyl orthoformate, and traces of VIIa were isclated only in the case of VIa.
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TABLE 1. S-Alkyl(aryl)~N-(1,2,4~triazol-5-yl)isothioureas (VIa-e)
and 5-Alkyl (aryl)thio-sym-triazolofl,5-a]-sym-triazines (VIIa-e)

Com- | mp, C Empirical Found, % Calc,, % Yield,
pound (solvent) formula ¢l u , vl s le l . I s %o
Via 1648 b CsHgNsS 348152 1410 35,153 {409 60
Vib 126—127 CiHsNsS 5381 5,6 276 534154 283 64
vIc 1678 C1oH;1NsS 51,7] 50 [30913951,5 48 (30,6137 78
vid 157 CisHisNsS 16211149 [233 (105621 | 4.9 122061104 | 80
Vie 1968 CisHiNeO:S 547 42 [232| 090|542 | 4.0 1237 ] 90| 84
Vila 122% CeH 4NsS 39.2] 40 1756|3921 39 177] 53
VIiib 123 CiosH1NsS 55442 1267 (12,6(560(4,3 |272125] 61
Vilc 232 Cy1HgN;S 54,3138 12851132543 3,7 288|132 82
Vild 195/ h Ci7H3NsS 64039 :121,9110,1|639}4,1 (219|100 81
Vile 225---226 Cy7Hi9NsG,S 156,11 3,3 123,0] 9,0|560] 3,3 {230 88| 62

4with decomposition, from water. bFrom benzene. “From 509
ethanol. 9From ethanol. ©From propyl alcohol. frrom petroleum
ether. 8From benzene—dimethylformamide. "From dimethyl-
formamide.

The different behavior of V and VI in cyclization reactions with ethyl orthoformate confirms the opin-
ion that acid catalysis is of great importance {5-7].
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Triazolotriazines VII are readily hydrolyzed in aqueous solutions of inorganic acids and bases to give,
respectively, V and VI. The rate of hydrolysis is greatest in the case of 2-alkyl and S-alkylthio derivatives.
In contrast to the other compounds, VIla is also hydrolyzed in water to give formyl derivative VIII, which
on further hydrolysis in the presence of acid or alkali gives, respectively, Va and VIa. On refluxing inethyl
orthoformate or ethancl, VIII again cyclizes to VIIa. In this case, ethyl orthoformate is the solvent and pro-
motes cyclization [8]. The VIla=VIII transformations confirm triazolotriazine structure VIL

On reaction with ethyl orthoformate, triazolylthioureas may form sym-triazolo[l,5-al-sym-triazines
or sym-triazolo[4,3-al-sym~triazines. Kobe and co-workers [3] supposed that 3-phenyl-7-methoxy-sym-
triazolo{4,3-al-sym-triazine is formed in the cyclization of O-methyl-N-(3-phenyl-1,2,4-triazol-5-y1)iso-
urea with ethyl orthoformate. On the basis of the following consideration, the formation of [1,5-a} isomers
in the cyclization of triazolylthioureas V seems more likely to us: first, it has been proved [2]} that N-
(1,2,4-triazol-5-yl)-N'-carbethoxythioureas are cyclized at the N; atom; second, the synthesis of VI from
V and also from VII indicates the same direction of cyclization in the case of reactions of triazole deriva-
tives with the hydrocarbon component and in the case of derivatives that already contain elements of the
triazine ring.

The PMR spectra of VIla and Viic, recorded in CDs80CD;, contain proton signals at + 0.46 and 0.20
ppm, respectively. According to the data in [3], the signal of the 5-H proton in the PMR spectrum of 3-
phenyl-7-methylthio-sym-~triazolo[4,3-a]~sym-triazine is observed at v 0.25. Thus the PMR spectra do
not make it possible to distinguish between the two proposed triazolotriazine structures.

In order to additionally elucidate the structures of the triazolotriazines obtained, we determined the
dipole moment of VIIa and compared it with the calculated values. The calculation was performed in anal-
ogy with the methods in [9, 10] starting from the valence state of the nitrogen atoms and using the following
values of the dipole moments of the fragments of the molecules: +1.80 D (in analogy with pyrrole) for the
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nitrogen atom common. to both rings, —2.20 D for the remaining nitrogen atoms, and +1.34 D for the SCH;,4
group (¢ =77.5°). Both rings are assumed to be planar regular polyhedra. This method of calculation does
not take into account the interaction of the heteroatoms in the molecule and enables one o make only an
extremely rough estimate of the dipole moment. However, this method may give information regarding the
preferred structure. The calculated dipole moments for the two planar rotational conformations of VIIa
“{i.e., sym-triazolo[1,5~a]~sym-triazine) are 1,9 and 4,0 D, respectively, The values for the corresponding
-rotational conformations of sym-triazolo[4,3-a]-sym-triazine are 6.25 and 4.15 D.

A comparison with the experimental value of the dipole moment for VIIa (1.00 D) made it possible to
choose between the two structures of sym~triazolo-sym-triazines, which have markedly different dipole
- moments, in favor of sym-triazole]l,5-a]-sym-triazine.

EXPERIMENTAL

1-Acetamido-3- ¢-phenyl-2-thiazolyl)guanidine (IV). A mixture of 0.2 g (1 mmole) of III, 0.12 g (1.5
- mmole) of acetylhydrazine, and 4 ml of absolute ethanol was refluxed for 6 h. Cooling of the mixture pre-
cipitated 0.19 g (70%) of IV with mp 225° (dimethylformamide—water). Found: C 52.1; H 4.7; N 25.1%.
""C12H13N5OS. Calculated: C 52.3; H 4.8; N 254%.

3-Methyl-5- (4-phenyl-2-thiazolyl)amino-1,2,4-triazole (I). A. A 0.35-g (1.2 mmole) sample of IV
was refluxed in 5 ml of 10% sodium hydroxide solution for 20 min, ‘after which the mixture was cooled and
~acidified with hydrochloric acid. The precipitate was removed by filtration to give 0.3 g (94%) of a prod-
uct with mp 259° (from aqueous methanol). Found: C 56.0; H 4.2; N 27.4%. CyHyyN;S. Calculated: C56.0;
H 4.3; N 27.2%.

B. A mixture of 0.32 g (2 mmole) of Ia, 0.4 g (2 mmole) of phenacyl bromide, and 20 ml of ethanol
was refluxed for 2 h. The mixture was then distilled to remove ~ 10 ml of ethanol, after which a solution
~of 0.15 g of sodium acetate in 10 ml of water was added to isolate 0.16 g (31%) of II with mp 259° (from eth-

- anol).

S-Alkyl{aryl)-N-(1,2,4-triazol-5~yl)isothioureas (Va-e, Via-e, Table 1). Equimolar amounts of Ia,b
.-and the corresponding alkyl{aryl) halides were refluxed in absolute ethanol for 30 min, after which the eth-
anol was removed by distillation to give Va-e. Compounds Va-e were dissolved in the minimum amount of
ethanol, and the solutions were treated with aqueous sodium carbonate to give Vla-e.

5-Alkyl(aryl)thio-sym-triazolo[l,5-a]-sym-triazines (Vila~e, Table 1). A. A 10-mmole sample of
Va-e (immediately after preparation via the method described above) was refluxed with ethyl orthoformate
(20, 20, 35, 30, and 50 ml, respectively) for 1 h, after which the mixture was cooled to precipitate crystal-
-line VIIc-e, The crystals were removed by filtration and washed with the minimum amount of ethyl orthe-
formate. Compounds VIIa,b were obtained by evaporation of the reaction mixture and extraction with pe-
troleum ether.

B. A 0.3-g (1.5 mmole) sample of VIIT was refluxed for 45 min in 4 ml of ethyl orthoformate, After
the mixture was cooled, 0.1 g 31%) of VIia with mp 122° from petroleum ether) crystallized out.

C. A 0.2-g (1 mmole) sample of VIII was refluxed in 10 ml of absolute ethanol for 1 h, after which
the ethanol was removed by distillation, and the dry residue was extracted with 10 ml of ether. The ether
was evaporated to give 0.12 g (39%) of VIIa with mp 122° (from petroleum ether).

Hydrolysis of VIla-e and IX. The hydrolysis was carried out with 15% hydrochloric acid or 15% am-
monia at room temperature for 0.5-1 h or on a boiling-water bath in the course of a few minutes. The hy-
drolysis products were identified as the bases (VIa,b,d,e). Only VIc withmp 234° (dec., from ethanol) was
isolated. Found: C 44.2; H 4.7; C112.0%, CyHyN;S-HCL. Calculated: C 44.5; H 4.5; Cl 12.0%.

S~Methyl-N- (3-methyl-1,2,4~triazol-5-y1)-N'-formylisothiourea (VII). The addition of 0.54 g (3
mmole) of VIIa to 10 ml of boiling water gave an immediate precipitate of VIII [0.53 g (93%)] with mp 164°
(dec., from ethanol). IR spectrum: 1710 (CO), 1625 em ! (C=N). Found: C 36.1; H 4.7; N 35.5; $17.1%.
CeHyN;0S. Calculated: C 36.2; H 4.6; N 35.1; 8 16.1%.

The dipole moment of VIIa was determined in benzene solutions at 25° via the method in [11]. The
data from the determination and calculation of the dipole moment by the method in [12] are as follows: agy=
0.9376, Bavz 0.9303, Pa=68.140, MRp 47.270. The dipole moment of VIIa is 1.00+0.03 D.
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