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The results of an investigation into the pharmacological properties of 1,2,4-triazine-3-thiones have
led to interest in this system. The derivatives of 2,3-dihydroindolo[2,3-e]-1,2,4~triazine-3-thione have
been found to include antiviral and antibacterial substances [1]; 2,3-dihydro-4,7-phenanthrolino[5,6-e]-1,2,4~
triazine-3-thione derivatives are active against intestinal parasites [2}; and 5-substituted 2,3-dihydro-1,2,4-
triazine-3-thiones act on the spinal-cord centers, have a spasmodic action [3, 4], and have antihistaminic
properties [5].

We have synthesized a new group of 1,2,4,-triazine-3-thione derivatives and have developed compara-
tively simple methods for synthesizing them. The starting materials used were 2,3-dihydro-1,2,4~triazine~
3-thione derivatives (I, II) prepared by condensation of a-dicarbonyl compounds with thiosemicarbazide in
acetic acid [6, 7].

The 2,3-dihydro-1,2 ,4~triarine-3-thione derivatives are weakly-acid compounds which readily dissolve
in alkali to form the thiol form [3]. They might also be expected to react with organic bases. In the course
of our experiments it was found that they react readily with primary, secondary, and tertiary amines, and
with ammonia, to form the corresponding ammonium salts (III-1X).
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When we investigated the reduction of the 2,3-dihydro-1,2,4-triazine-3-thione derivatives with zinc
dust or sodium hydrosulfite in alkaline media, we found that the reaction proceeds with addition of only one
hydrogen molecule, forming the corresponding tetrahydro derivatives (X-XII). We used H' NMR to solve
the problem of which of the double bonds is involved in the reaction. The H-NMR spectrum of XII consists
of three groups with different chemical shifts: The singlet at 7.19 ppm belongs to the protons of the phenyl
group; and the two doublets centered at 4.85 and 6.87 ppm belong to the protons in the 4- and 5-positions of
the ring. Thus, in the number and position of its signals, the H-NMR spectrum of XII corresponds to the
2,3,4,5-tetrahydro structure, i.e., the 4,5 double bond is involved in the reduction of the 2,3-dihydro deriva-
tives of 1,2 ,4-triazine-3-thione.

The 2,3,4,5-tetrahydro-1,2,4-triazine-3-thione derivatives react with c~halo carbonyl compounds to
form a new heterocyclic system, namely, the thiazole[3,2-c]~1,2,4-triazine system [8], as a result of
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TABLE 2. Some Pharmacological Effects of 1,2,4-Triazine-3-thiones
Administered at a Dose of 20% LDy,

Yo « & o | Reserpine action [‘Durationof - | Durationof {4
g: il ‘{“, 2T 8 hg'epo' f;:jomoaphme- grect:jlige-m-l, gy =~
Compound |57 5 oo |- 8.2 |ptosis i4 | induce uced hy- 1o H. %
po S & E,.%O 2 E E"g 5 | (marks) E Atflgé;) stereotype erkinesia g‘g 2F
goESE |85 8E (min) min) {5 COFH
ZEESwlpnES S a SESs
11 418+28 52=2 |[2,5=0,4 1 1,8+0,3 59=%3 15+=2,8 0
Vi 398=12 | 39=3,2 | 3,8=0,41 1,5+0,2 62£2,4 16=+1,4 0
VII 18822 | 185=12 | 1,5=0,3 | 1,6==0,3 68-+4,2 18£2,6 0
VIII 205=18 72=11 | 2,9%=0,4 | 2,0:=0,3 62+4.3 16,2=4,2 0
IX 420=19 62+8 1,9%0,3| 1,604 67+4,6 15,9248 0
X 16218 723 4 3,60,4 18%2,1 10,5=+1,6 30
X1 428+28 54=%=2 | 2,2%=0,2| 2,0==0,2 442 15,8=1.,6 0
X1 446==26 56==3 | 2,1=0,11 1,6==0,3 5222 16,8+1,7 0
X111 9811 96+ 11 4 3,6%0,3 202 13,4%1,3 10
X1V 21910 826 |3,8=0,2§2,8%0,2 | 39,4%+2,1 9,8+1,9 10
Control 393=28 | 425 s |2sw0e| ss=6 16524 | —

condensation and subsequent cyclization. 5,6-Diphenyl-2,3,4,5~-tetrahydro-1,2 ,4-triazine-3-thione (XI) re-
acts with chloroacetone to form 3,4-diphenyl-6-methylthiazolo!3,2-¢]-1,2,4~triazine (XI1II) and with chloro-
acetic acid to form 3,4 -diphenyl-6-ketothiazolo[3,2-¢]-1,2,4 -triazine (XV). The presence of the keto form
in XV is confirmed by the IR spectrum, in which there is an intense carbonyl-stretching band with a fre-
quency of 1750 em™1.

The IR spectra of I, II, and X-XII do not exhibit the characteristic absorption band of the mercapto
group in the 2600-2550-cm™! region, and the clear signal in the 3500-3300-cm™ region indicates the pres-
ence of an NH group. The absorption spectra of the ammonium salts III-IX show similarities with the spec-
tra of I and II, which indicates that they have a thione structure, i.e., the salt-forming reaction takes place
not through the sulfur atom, but throught the atom in the 2 position of the triazine ring.

The main properties of the compounds synthesized, and their acute toxicity on intraperitoneal injec-
tion into mice (LD;g) are given in Table 1.

The compounds synthesized were tested for neuropharmacological activity on hyperaggressive mice
of both sexes weighing 20-22 g. We determined the acute toxicity on intraperitoneal injection, and the effect
of the substances on spontaneous behavior, motor activity (from the number of movements in 10 min in the
motor-activity recorder in the experimental-industrial workshops of the USSR Academy of Medical Sciences),

“and induced aggression in the mice [9]. We studied the effect of the substances on animal body temperature,
on spasms induced by maximum electric shock (50 mA, 0.2 sec) and by Corazol (150 mg/kg), on the duration
of hexenal-induced (75 mg/kg) sleep, of apomorphine-induced (30 mg/kg) stereotypy, of arecoline-induced
(25 mg/kg) hyperkinesia, and of reserpine-induced (2.5 mg/kg) ptosis, and on hypothermia. The antihista-
minie activity was determined on a section of the small intestine of a rat and on isolated rat cervix on the
basis of the ability of the substances to affect contracture induced by histamine 2-107) {sic]. The test com-
pounds were injected intraperitoneally 45 min before administering the hexenal, apomorphine, arecoline,
reserpine,and Corazol, which were also injected intraperitoneally. Psychotropic activity was noted in
compounds II, VI, VII, IX, X, XI, XII, and XIV. '

In the test for prolongation of hexenal~induced sleep, the highest activity was observed for compounds
VI, VIII, X, XIII, and XIV. These same compounds depressed orientating motor activity.

Compounds VI and VI raised the body temperature of the mice somewhat (by 1-2°), while X and XIV
lowered it (by 2-3°).

In subsequent tests, it was found that compounds VII and VII potentiate the effect of apomorphine and
weaken the action of reserpine, whereas X, XIII, and XIV acted as weak apomorphine antagonists and, in
addition, potentiated the effect of reserpine (Table 2).

In the induced-agression test, only compounds X and XIV prevented combat between the male mice
when they were placed in pairs in cages with floors made of plates onto which an electric current was
applied.

The substances studied had no significant effect on spasms induced by Corazol and maximum electric
shock; only compound X prevented Corazol-induced spasms in 30% of the animals.
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Compounds II, VI, VII, VIII, and XII somewhat increased the "group toxicity" of amphetamine [10],
but this effect was pronounced only in the case of compound VII, Amphetainine at a dose of 8 mg/kg caused
the loss of 40% of the grouped animals, while compound VII administered in a dose equal to 20% of its LD,
together with the amphetamine increased the mortality rate of the mice to 60%. Only compound VII dimin-
ished etaperazine-induced catalepsy, which was evaluated by a known method [11].

Substances II, VII, and XII increased the number of fast waves in the electroencephalographs of rats
with permanently-implanted electrodes, especially in the cortex and hypothalamus; substance X increased
the proportion of slow activity; and the other substances had no significant effect on the bioelectric activity
of the rat brain.

Central m-cholinolytic activity could not be detected in the majority of the compounds. Only com-~
pounds X and XIV, which have weak sedative properties, shorten slightly the duration of arecoline~induced
hyperkinesia (see Table 2). Antihistaminic properties were observed in none of the substances studied.

On the basis of the experimental results, we can conclude that substances 1I, VI, VII, VIII, IX, XI,
and XII have properties characteristic of antiaggressants. They decrease animal motility, potentiate the
effect of hexenal and apomorphine, and are reserpine antagonists, and compound VII is also an etaperazine
antagonist.

The most active substance in this group is VII, but it is inferior to known antiaggressants (a com-
parison was made with melipramine). Thus, in the test for prolongation of hexenal-induced (38 mg/kg)
sleep, the ED;; of melipramine is 16.9 (11.1-21.4) mg/kg and that of VII is 44 (38.8-49.7) mg/kg. In the
test for potentiation of apomorphine-induced sterotypy in mice, the EDyy of melipramine is 2.9 (1.5-3.8)
mg/kg, and that of VII is 98.6 (78-114.6) mg/kg.

EXPERIMENTAL

5,6-Diphenyl-2,3~-dihydro-1,2,4~triarine-3~thione (I). Prepared by condensation of benzil with thio-
semicarbazide in acetic acid [6].

5-Phenyl-2,3~dihydro-1,2,4-triazine-3-thione (II). Synthesived by reacting phenylglyoxal ~ith thio-
semicarbazide by the method described in [7].

Ammonium Salt of 5,6-Diphenyl-2,3~dihydro-1,2,4~triazine-3-thione (III), Concentrated ammonia
solution (1.5 ml) is added to a suspension of 5.3 g I in 20 mI benzene. The color of the precipitate gradu-
ally changes. The yellow crystals are filtered off and recrystallized from a mixture of alcohol and hexane
(3:1) to obtain 3.8 g of I1I.

Compounds IV-IX were prepared analogously (see Table 1).

5,6-Diphenyl-2,3,4,5-tetrahydro-1,2,4-triazine-3-thione (XI). Technical sodium hydrosulfite (40-45 g)
or zine dust (10-12 g) is added in small portions to a boiling solution of 26.5 g I in 500 ml of 10% aqueous
sodium hydroxide solution while agitating vigorously over a period of 5-10 min. The boiling solution becomes
colorless, and a yellowish precipitate is deposited from the reaction mixture. After cooling, the precipitate
is filtered off on aglass—cloth filter, washed with water, and dried. Recrystallization from a mixture of
alcohol and benzene (1:1) and then from n-butyl alcohol gives 24.5 g of XI.

Compounds X and XII were prepared analogously.

3,4-Diphenyl-6-methylthiazolo[3,2-¢]-1,2,4~triazine (XIII). A mixture of 2.67 g XI, 0.93 g chloroace-
tone and 10 ml n-butyl alcohol is heated to boiling and boiled for several minutes until complete dissolution
is obtained. The light yellow solution is cooled to precipitate white crystals, which are recrystallized from
n-butyl alcohol. The yield of the hydrochloride of XIII (XIV) is 2.6 g. On treatment with aqueous sodium-
bicarbonate solution, the white crystals of XIV are converted into yellow crystals of the free base XIII.

3,4-Diphenyl-6-ketothiazolo[3,2-¢c]-1,2,4 -triazine (XV) and its hydrochloride (XIV) were prepared
analogously.
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