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The resu l t s  of an invest igat ion into the pharmaco log ica l  p r o p e r t i e s  of 1 ,2 ,4 - t r i az ine -3- th iones  have 
led to i n t e r e s t  in this sys t em.  The de r iva t ives  of 2 ,3 -d ihydro indo lo [2 ,3 -e ] - l , 2 ,4 - t r i az ine -3 - th ione  have 
been found to include ant ivira l  and ant ibac ter ia l  subs tances  [1]; 2 ,3 -d ihydro-4 ,7 -phenan th ro l ino[5 ,6 -e ] - l ,2 ,4 -  
t r i az ine -3 - th ione  de r iva t ives  a r e  act ive  against  intest inal  p a r a s i t e s  [2]; and 5-subst i tu ted  2 ,3 -d ihyd ro - l , 2 , 4 -  
t r i az ine -3 - th iones  act  on the sp ina l -cord  cen te r s ,  have a spasmodic  action [3, 4], and have ant ihis taminic  
p r o p e r t i e s  [5]. 

We have synthes ized a new group of 1 ,2 ,4 , - t r i az ine -3 - th ione  de r iva t ives  and have developed c o m p a r a -  
t ively s imple  methods for  synthesiz ing them. The s ta r t ing  m a t e r i a l s  used ~vere 2 , 3 - d i h y d r o - l , 2 , 4 - t r i a z i n e -  
3-thione de r iva t ives  (I, II) p r e p a r e d  by condensation of c~-dicarbonyl compounds with th iosemicarbaz ide  in 
acet ic  acid [6, 7]. 

The 2 ,3 -d ihyd ro - l , 2 , 4 - t r i aT ine -3 - th ione  de r iva t ives  a r e  weakly-acid compounds which readi ly  d issolve  
in alkali to f o r m  the thiol f o rm [3]. They might  a l so  be expected to r e a c t  with organic ba se s .  In the cour se  
of o u r  exper imen t s  it  was found that they r e a c t  readi ly  with p r i m a r y ,  secondary ,  and t e r t i a ry  amines ,  and 
with ammonia ,  Go fo rm the cor responding  ammonium sa l t s  (III-IX). 

R' N R' ~,._ § 

/ L ~ A s  R ~ " s 

I--A 3"-2~ J 
GH 5 

When we inves t igated the reduct ion of the 2 , 3 - d i h y d r o - l , 2 , 4 - t r i a z i n e - 3 - t h i o n e  de r iva t ives  with zinc 
dust o r  sodium hydrosulf i te  in alkal ine media ,  we found that the reac t ion  p roceeds  with addition of only one 
hydrogen molecule ,  fo rming  the cor responding  t e t r ahydro  de r iva t ives  (X-XII). We used H 1 NMR to solve 
the p rob lem of achich of the double bonds is  involved in the react ion.  The H1-NMR spec t rum of XII cons is t s  
of three groups  with d i f ferent  chemical  shifts:  The singlet  at 7.19 ppm belongs to the protons of the phenyl 
group;  and the t~r doublets cen te red  at 4.85 and 6.87 ppm belong to the protons in the 4-  and 5-posi t ions  of 
the ring. Thus,  in the number  and posit ion of i ts  s ignals ,  the HI-NMR spec t rum of XII co r re sponds  to the 
2 ,3 ,4 ,5 - t e t r ahydro  s t ruc tu re ,  i . e . ,  the 4,5 double bond is  involved in the reduct ion of the 2 ,3-dihydro  d e r i v a -  
t ives of 1 ,2 ,4 - t r i a z ine -3 -  thione. 

The 2 , 3 , 4 , 5 - t e t r a h y d r o - l , 2 , 4 -  t r i az ine -3 -  thione de r iva t ives  r e a c t  with c~-halo carbonyl  compounds to 
fo rm a new he te rocyc l ic  s y s t em ,  namely ,  the t h i azo le [3 ,2 -c ] - l , 2 ,4 - t r i az ine  s y s t e m  [8], as a r e su l t  of 
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TABLE 2. Some Pharmacologica l  Effects of 1 ,2 ,4 -Tr iaz ine-3- th iones  
Adminis tered  at a Dose of 20% LDs0 

i 

~ o  I i e~ 

C o m p o u u d  ~-, ~ o ~o ~ ~., ,~ ,x~ , - .  
o +., ,-~ I~, 

II 
VI 

VII 
VIII 

IX 
X 

XI 
XlI 

XIII 
XIV 

Con~ol 

418-----28 
398 + 12 
188"+-22 
205"- 18 
420 .-+. 19 
162~ 18 
428 -+. 28 
446-+-26 
98-+" 11 

219-----10 

3 9 3 + - - 2 8  

52--- + 2 
39"-3,2 
185+---12 
72~ 11 
62-----8 
72 -+- 3 
54-----2 
56-----3 
96----- 11 
82---- + 6 

42-----5 

Reserpine action 
p O -  . ptosis th~rmia 

(marks) (At, deg) 

1,8+0,3 
1,5• 
1,6~0,3 
2,0+0,3 
1,6-+-0,4 
3,6~0,4 
2,0~0,2 
1,6~0,3 
3,6~-0,3 
2,8+0,2 

2,5~0,6 

~-Duration of ' 
apomorphine - 
induced 
~e.reptype 
~mm) 

59----- 3 
62--2,4 
68-+-4,2 
62-+-4,3 
674-4,6 
18~2,1 
44-+-2 
52• 
20~2 

39,4~2,1 

Duration of 
areco l ine- in-  $ ,  

4 0  
duccd lay- ~ ~ m 
perktnesla ~ ~ ~ E 
(rain) ~ o" 

�9 o~.~ 

I 
15-----2,8 I 0 
1 6 + 1 , 4  , 0 
18-----2,6 0 

16,2-+'4,2 0 
15,9-+'4,8 0 
10,5~ 1,6 30 
15,8~1,6 0 
16,8--1,7 0 
13,4-+" 1,3 10 
9,8~ 1,9 10 

t 

2,5-----0,4 
3.8-+-0,4 
1,5-----0,3 
2.9-----0,4 
+1,9-----0,3 

4 
2,2+---0,2 
2,1-----0,1 

4 
3,8--0.2 

48----- 6 1 6 •  

condensation and subsequent cyeliz a tion. 5,6-Diphenyl-2,3,4,5-  te t rahydro-1,2 ,4- t r iaz ine-3-  thione (XI) re -  
acts with chloroace tone to form 3,4~-diphenyl- 6- methylthiazol o[3,2-c ]-1,2,4- triazine (XIII) and with chloro-  
acetic acid to form 3,4-diphenyl-6-ketothiazolo[3,2-c]- l ,2 ,4- t r iazine (XV). The presence  of the keto form 
in XV is confirmed by the IR spect rum,  in which the re  is an intense carbonyl-s t re tching band cvith a f re-  
quency of 1750 cm -l .  

The IR spect ra  of I, II, and X-XII do not exhibit the charac te r i s t i c  absorption band of the mercapto  
group in the 2600-2550-cm -t region, and the c lea r  signal in the 3500-3300-cm -1 region indicates the p re s -  
ence of an NH group. The absorption spec t ra  of the ammonium salts I II-IX show s imi lar i t ies  wfththe spec-  
tra of I and II, ~vhich indicates that they have a thione s t ruc ture ,  i .e. ,  the sa l t - forming  react ion takes place 
not through the sulfur atom, but throught the a tomin  the 2 position of the tr iazine ring. 

The main proper t ies  of the compounds synthesized,  and their  acute toxicity on intraperi toneal  in jec-  
tion into mice (LDs0) are  given in Table 1. 

The compounds synthesized were tested for  neuropharmacological  activity on hyperaggress ive  mice 
of both sexes weighing 20-22 g. We determined the acute toxicity on intraperi toneal  injection, and the effect 
of the substances on spontaneous behavior,  motor  activity (from the number  of movements in 10 min in the 
motor -ac t iv i ty  r e c o r d e r  in the exper imenta l - indust r ia l  workshops of the USSR Academy of Medical Sciences), 

�9 and induced aggress ion in the mice [9]. We studied the effect of the substances on animal body temperature ,  
on spasms induced by maximum elect r ic  shock (50 mA, 0.2 sec) and by Corazoi (150 mg/kg),  on the duration 
of hexenal-induced (75 mg/kg) sleep, of apomorphine-induced (30 mg/kg) s tereotypy,  of arecol ine-induced 
(25 mg/kg) hyperkinesia ,  and of reserp ine- induced  (2.5 mg/kg) ptosis,  and on hypothermia.  The antihista- 
minic 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 cont rac ture  induced by histamine (2.10 -~) [sic]. The test  com- 
pounds were injected int raper i toneal ly  45 rain before adminis ter ing the hexenal, apomorphine, arecoline,  
reserp ine ,and  Corazol ,  which were  also injected intraperi toneal ly.  Psychot ropic  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 
VII, VIII, X, XIII, and XIV. These same compounds depressed orientating motor  activity. 

Compounds VI and VII 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 VIII potentiate the effect of apomorphine and 
weaken the action of reserp ine ,  whereas  X, XIII, and XIV acted as weak apomorphine antagonists and, in 
addition, potentiated the effect of rese rp ine  (Table 2). 

In the induced-agress ion  test, only compounds X and XIV prevented combat  between the male mice 
when they were placed in pairs  in cages ~ith f loors made of plates onto which an e lectr ic  cur ren t  was 

applied. 

The substances studied had no significant effect on spasms induced by Corazol and maximum electr ic  
shock; only compound X prevented Corazol- induced spasms in 30% of the animals.  
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Compounds II; VI, VII, VIII, and XII some~vhat increased the "group toxicity" of amphetamine [10], 
but this effect was pronounced only in the case of compound VII. Amphetamine 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 LDs0 
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 propert ies ,  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 II, VI, VII, VIII, IX, XI, 
and XII have propert ies  character is t ic  of antiaggressants. They decrease  animal motility, potentiate the 
effect of hexenal and apomorphine, and are reserpine antagonists, and compound VII is also an etaperazine 
an tagoni s t. 

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 EDs0 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 EDs0 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-l,2,4-triazine-3-thione (1). Prepared by condensation of benzil with thio- 
semicarbazide in acetic acid [6]. 

5-Phenyl-2,3-dihydro-l,2,4-triazine-3-thione (II). Synthesized by reacting phenylglyoxal zith thio- 
semicarbazide by the method described in [7]. 

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

Compounds IV-IX ~r prepared analogously (see Table I). 

5,6-Diphenyl-2,3,4,5- tetrahydro-i ,2,4-triazine-3- thione (XI). Technical sodium hydrosulfite (40-45 g) 
or zinc 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-eloth filter, washed with water, and dried. Recrystallization from a mixture of 
alcohol a~d benzene (I :I) and then from n-butyl alcohol gives 24.5 g of XI. 

Compounds X and XII were prepared analogously. 

3,4-D!phenyl-6-methylthiazolo[3,2-c]-l,2,4-triazine (XIII). A mixture of 2.67 g XI, 0.93 g chloroace- 
tone and I0 ml n-butyl alcohol is heated to boiling and boiled for several minutes until complete dissolution 
is ob[ained. The ligh~ yellow solution is cooled to precipitate ~vhite 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]-l,2,4-triazine (XV) and its hydrochloride (XIV) were prepared 
analogously. 

Io 

2. 
3. 

LITERATURE CITED 

USA Patent No. 6410823 (1965); Chem. Abstr.,  6~ 13,295 ~1965)~ 
Belgian Patent No. 615152 (1962); Chem. Abstr.,  58, 12,586 {1963). 
S. Rossi, Gazz. Chir. Ital., 8_3, 133 (1953). 

225 



4. P. Mantega~za, R. Tomasini, R. Fusco, et al., Arch. Int. Pharmacodyn., 9__5, 123 (1953). 
5. S. Rossi, Atti Acc. Naz. Lincei R. C. Classe Sci. Fis. Mat. Nat., 14, 113 (1953). 
6. J. Klosa, Arch. Pharm.  (Weingheim), 288, 465 (1955). 
7. R. Fusco, S. Rossi, F. Mantegazza, et al., Ann. Chim. (Rome), 42, 94 (1952). 
8. V . E .  Bogachev and M. G. Fomenko, Author's Certificate No. 175968 (1965); Byull. Izobreto, No. 21, 

20 (1965). 
9. D.H. Tedesehi, R. E. Tedesehi, and E. J. Fellows, Arch. Int. Pharmaeodyn., 132,172 (1959). 

10. M.R. Chance, J. Pharmaeol. Exp. Ther., 87, 214 (1946). 
11. C. Morpurgo, Arch. Int. Pharmacodyn., !37, 84 (1962). 

226 


