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In a study of the aminomethylation of 4-phenyl-~1, 2, 4-triazolinethione-3 (TRIT) it is ascertained that the
reaction involves the nitrogen atom of the thioamide group. Salts of TRIT with secondary amines are ob-
tained. It is shown that replacement of N (2) in 1-phenyltetrazolinethione-5 by the = CH~- of TRIT leads
to a decrease in the acidity of the thione and an increase in the stability of the hydroxymethyl and chloro-
methyl derivatives.

The aminomethylation of 1-aryltetrazolinethiones~5 (TETT) has previously been described, and it has been shown
to involve a nitrogen atom of the thicamide group [3]. In continuance of that work, a study has been made of the amino-
methylation of a compound, 4-phenyl-1, 2, 4-triazolinethione-3 (TRIT), with one nitrogen atom less in the ring than
TETT.
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Reducing the number of nitrogen atoms in the ring leads to a lowering of the acidity (k, for TETT: 9 X 10 4 » kg
for TRIT: 7.6 x 1075 [4] of the thiones. It was of interest to ascertain to what extent this is reflected in the mode of
aminomethylation and the properties of the reaction products.

The aminomethylation products (Mannich bases), 4-phenyl-, p-chlorophenyl-, p-ethoxyphenyl-1, 2, 4-triazoline-
thione-3, crystallize well. The starting 4-substituted triazolinethiones-3 (I) were synthesized according to [5], Like
TETT, TRIT is a thione, not a thiol, as is shown by the IR spectrum of the compound both in the crystalline state and in
chloroform. The SH absorption band in the region 2500 2600 cm ™! was absent, while a 3116 cm™! band, belonging to the
valence vibration of the NH group, and a 1332 cm” 1hand, corresponding to vibration of the C=S group in the thiomide
group [6], were observed, Considering these results, and those of the previous work on TETT, it may be assumed that in
aminomethylation TRIT will react not at the sulfur in the thiol form, but at the NH of the thiomide group II in the thione
form. As will be shown below, this assumption is correct,

On heating the Mannich base with 10% acetic acid it is hydrolyzed to amine and hydroxymethyl derivative III,
identical with the product of the reaction between TRIT and formaldehyde. Reaction of IIl with thionyl chloride gives
the chloromethyl compound IV, reduced by zinc dust to the methyl derivative V. In respect to its m.p. (110°-111°) and
UV spectrum (A, 4 265 my) this compound differs from the 4~phenyl-8-methylthio-1, 2, 4~triazole (VI) described in the
literature [5] (m.p. 76°, Apyax220 mu). On comparing the spectra of the two methyl compounds (see figure), it can be
seen that the compound obtained from the chloromethyl derivative IV has a maximum further into the long wavelength
region, and therefore a thione structure. The UV spectrum of the methyl derivative coincides exactly with that of the
starting TRIT, which undoubtedly has a thione structure. Hence it can be concluded that the chloromethyl and hydroxy-
methyl derivatives, and hence the Mannich hases, also have the thione structures II, III, IV, V. Thus there is a perfect
resemblance between TETT and TRIT with regard to aminomethylation; at the same time the replacement of one nitro-
gen atom in the ring of TETT by a CH group in the case of TRIT is indicated not only by a decrease in acidity, but also
by the properties of the compounds obtained, Thus, the hydroxymethyl compound III is quite stable, while the correspond-
ing 4-hydroxymethyl-TETT slowly decomposes in air, splitting off formaldehyde. The chloromethyl derivative of TRITT
IV is also a very stable compound, but the corresponding chloromethyl derivative of TETT is extremely unstable and
cannot be isolated in the pute form.

It was also intended to prepare Mannich bases Ila and IIb by reacting the chloromethyl derivative IV with piperi-
dine or morpholine. However, in both cases the reaction gave the same compound. It is actually obtained by reacting
TRIT with the chloromethyl derivative IV, These results and the analytical data enabled sulfide structure VII to be

*For preceding papers see [1] and [2].
*The k, values were determined by V. F. Degtyarevyi (Ordzhonikidze All-Union Chemical-Pharmaceutical Scien-

tific Research Institute.
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ascribed to the compound obtained. A similar reaction of the chloromethyl derivative with thione was first observed in
the benzothiazolinethione-2 series [7].

Aminomethylation with excess of secondary amine gives compounds, which, from their properties and composition,
must be regarded as salts of TRIT with the bases or salt~type complexes VIII. The very same salts are formed by treating
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the Mannich base with excess amine, and they can also be obtained by mixing equimolecular quantities of the bases with
TRIT. On reaction with formaldehyde the salts again give the Mannich base, The salts are readily soluble in water, and
even in the cold are decomposed by 3% acetic acid with separation of TRIT. Their UV spectra have A, and Mnin
coincident with the spectrum of TRIT. All this indicates that in salt formation TRIT reacts in the thione form at the NH
of the thioamide group, and not in the thiol form at the SH group. The low melting points of the salts, and their high
solubilities in hot benzene are noteworthy. Further research is necessary for complete clarification of the problem of

their structure.
EXPERIMENTAL

4-Aryl-1, 2, 4-triazolines-3 are prepared from the corresponding 4-substituted thiosemicarbazides by condensation
with ethyl formate in the presence of sodium methoxide [5]. All these thiones crystallize well from water. 4~-Phenyl-
1, 2, 4-triazolinethjone-3 (Ia), m.p. 169~170°, needles. 4-p-Chlorophenyl-1, 2, 4-triazolinethione-3 (Ib), m.p. 213-
214°, prisms. 4-p-Ethoxyphenyl-1, 2, 4-triazolinethione-3 (Ic), m.p. 184-185°, needles. The products are insolublein
benzene, but dissolve in alcohol, ether, and chloroform onheating. IR spectrum of thione Ia cm™h 13325 (C=5S); 1496 s
(N—C=3S); 2748 w; 2832 w; 2912 s (CH); 3001 s (CH); 3074 m (CH); 3118 s (NH) (s = strong, w = weak, m = medium),

Aminomethylation. 0.005 mole 4-phenyl-1, 2, 4-triazolinethione-3 (TRIT) is dissolved in & ml methanol and
mixed with 0,006 mole secondary amine, then 0,008 mole formaldehyde is added dropwise. Solution is accompanied
by evolution of heat. After standing 3 hr the solution is vacuum-distilled to remove methanol, and the precipitate
formed filtered off. The products are dissolved in cold alcohol, benzene, ether, chloroform, or carbon tetrachloride in
the cold., They are insoluble in water, slightly soluble in petroleum ether, but crystallize well from it (Table 1),

2-Hydroxymethyl-4-phenyl-1, 2, 4-triazolinethione-3 (II1). 4.5 g TRIT are dissolved in 30 ml hot ethanol, and
4.5 ml formalin added. The mixture is boiled 20 min, andafter evaporating off part of the ethanol, the precipitate
formed is filtered off. Colorless needles, yield 31.84 g (73%), m.p. 103-104° (from ether), Readily soluble in alcohol
" and chloroform, insoluble inbenzene and petroleum ether, Found: N 20, 56%. Calculated for CoHgN3OS: N 20, 28%,

2-Chloromethyl-4-phenyl-1, 2, 4-triazolinethione-3 (IV). A solution of 1.04 g (0,005 mole) III in 25 ml dry
chloroform and 3,6 ml (0, 05 mole) thionyl chloride are heated for 1 hr at 60°, Solvent and excess thionyl chloride are
then removed in a vacuum, about 15 ml dry benzene is twice poured onto the residue, and then taken off in a vacuum,
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Yield 0,5 g (44%), colorless needlesm, p. 131-132° (from benzene), soluble in chloroform and benzene, insoluble in ether,
and petroleum ether, Founds C 47, 75; H 3.49; C1 15,46; N 18,40; S 14, 48%, Calculated for CgHsCINgS: C 47, 89; H
3.55; C1 15, 75; N 18,63; S 14, 18%,
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I: a) X = H, b) C = Cl(p), c) X = OCyHgp). II: a) X = H, NR, = piperidino; b} X = H, NRy =
morpholino; ¢) X = CI(p), NR; = piperidono; d) X = Cl(p), NR, = diethylamino; e) X = Cl{p),
NRy = pyrrolidino; f) X = OC,Hs(p), NR; = piperidino; g) X = OC,Hx(p), NR; = morpholino. II,
v, V, VI, VII: X = H, VIII: a) X = H, NR = piperidino; b) X = H, NR, = morpholino;

NR; = diethylamino; d) X = Cl(p), NR; = piperidino.

2-Methyl-4-phenyl-1, 2, 4-triazolinethione~3 (V). A mixture of 0,45 g (0,002 mole) chloromethyl derivative IV
dissolved in 13 ml glacial acetic acid with 13 ml benzene is vigorously stirred, and 2 g zinc dust added over 20 min,
the temperature being not over 30°. The mixture is then stirred for 15 min more, filtered, and the residue washed with
water. The benzene solution is separated, and the aqueous layer extracted with benzene. The combined extracts are
washed with water and dried over sodium sulfate, The solvent is then distilled off. Yield 0,3 g(78%), m.p. 110-111°
(from water). The reaction product dissolves in methanol, benzene, chloroform, and ether. Found: N 22,02%, Calcu-

lated for CoHgN3S: 22. 00%.

Hydrolysis of 2-N-morpholinomethyi-4-phenyl-1, 2, 4-triazolinethione-3 (IIb). 0.3 g base IIb is stirred for 30 min
at 50° with 10 ml 10% acetic acid. The mixture is filtered, and after standing needles of the hydroxymethyl derivative
IIT are deposited, m.p. 103-104", yield 0.2 g (89%).

Aminolysis of 2-N-piperidinomethyl-4-phenyl-1, 2, 4-triazolinethione-3 (I1a), 0.27 base Ila is heated to boiling
with 1 ml piperidine. On cooling a crystalline precipitate of the piperidine salt of TRIT (VIila) comes down. It is fil~
tered off, and washed with ether, Yield 0,1 g (40%), m.p. 181-132° (prisms from benzene). '

Piperidine salt of TRIT (VIlla). 0.885 g TRIT are mixed with 10 ml benzene and 0.52 ml piperidine. The mix-
ture is heated for a few minutes until solution is complete; the solution cooled, the crystalline precipitate filtered off,
washed with ether, and crystallized from benzene. Yield 1,15 g, or 88% (Table 2).

(3-Thione-4~phenyl-1, 2, 4;triazoliny1-2)methy1(4—phenyl— 1, 2, 4-triazolin-3 sulfide (VII),

a) 0,22 g chloromethyl derivative IV and 0. 18 g TRIT are dissolved with heating in 5 ml ethanol and 0.5 ml 2 N
alkali. The solution is boiled 10 min, after which it is cooled and 20 ml water added, resulting in precipitation of VII.
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Yield 0,32 g (89%), m,p. 166-167 (prisms, from benzene).

b) 0.45 g chloromethyl derivative IV and 0.4 ml piperidine are mixed with 4 ml ethanol, and the whole boiled 5
min, after which the solution is cooled and diluted with 20 ml water. The precipitate is filtered off. Yield 0.27 g (74%),
m.p. 166-167°, Found: N 22,95; S 17,49%, Calculated for CyHy NeSp: N 22,845 § 17, 00%.

TABLE 1
Aminomethylation products
Compound Name M.p.,°C Empirical N, % Vield,
- formula Found _|Cdculated %o
Ia 2-N-Piperidinomethyl-
4-phenyl-1, 2, 4-tri-
azolinethione-3 97— 98* Cy4H5N,S 20.30 20.42 91
IIb 2-N-morpholino-4-
phenyl-1, 2, 4-triazo-
linethione-3 141—142 Ci3HgN4OS 20.49 20.30 99
IIc- 2-N-Piperidinomethy!-
4-p-chlorophenyl-1, 2,
4-triazolinethione~3 134—135 Ci14H2CIN,S 17.76 18.13 77
11d 2-N-Diethylaminomethyl~ | (plated |
4-p-chlorophenyl-1, 2,
4-triazolinethione-3 72— 73* CisH1,CIN,S 18.47 18.90 91
Ile 2-N-Pyrrolidinomethyl- '
4-p-chlorophenyl-1, 2, _
4-wriazolinethione-3 91— 92* | CysHisCIN,S 18.67 19.00 96
1If 2-N-Piperidinomethyl-
4-p~chlorophenyl-1, 2,
4-triazolinethione-3 72— 73 CisH2,N, 08 17.89 17.63 31
Iig 2-N-Morpholinomethyl-
4-p-chlorophenyl-1, 2, ,
4-uriazolinethione-3 100—101 | CisHaoNsO,S 1743*¢ | 17.50 80

*Needles, otherwise plates. .
*Found: C 56.63; H 6,37%, Calculated: C 56,20; H 6.25%,

TABLE 2
Amine salts of 4-phenyl-1, 2, 4-triazolinethione-3
Com- | - i N, % [ s
pound } Amine T e ; ’Egrpr;rlifjl ' FoundiCalculated Yl"%d'
Vilia ! Piperidine . . . l 131_;132,’? C13HigNyS g 21.82%%  21.40 88
VIil6 l Morpholine . 71212129[’ Ci2HisN4OS { 21.21 21.20 70
VIlIe | Diethylamine . . . .‘131'—132! C12HisNsS ; 2260 | 2240 | 72
VIIIr Piperidine ; 1421I—I43| CysH17CIN,S ‘; 18.61 18.88 71

*pr = prisms; pl = plates; i = needles,
*Found: C 59,87; H 6,71%, Calculated: C 59,53; H 6, 87%,
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