
S Y N T H E S I S  A N D  R E A C T I O N S  O F  s y m - T R I A Z O L O -  

[ 1 , 5 - a ] - s y m - T R I A  Z I N O N E  T H I O N E  S* 

R .  P .  B o k a l d e r e  a n d  A .  Y a .  L i e p i n '  UDC 547.792.9'491.8.07 

1 - C a r b e t h o x y t h i o c a r b a m o y l - 5 - a m i n o - l , 2 , 4 - t r i a z o l e s  and N - ( 1 , 2 , 4 - t r i a z o l - 5 - y l ) - N ' - c a r b -  
e thoxythioureas  are fo rmed  in the reac t ion  of 5 - a m i n o - l , 2 , 4 - t r i a z o l e s  with ca rbe thoxy i so-  
th iocyanate .  The t r iazole  der iva t ives  obtained are  cycl ized to subst i tuted s y m - t r i a z o l o -  
[ 1 ,5 - a ] - sym- t r i a z ine s  in alkaline media .  

Methods for the p repa ra t ion  of sym- t r i azo lo - sym- t r i az i r~es  f rom a number  o~ der iva t ives  of amino-  
t r i azo les  are well  known [1-8]. Continuing invest igat ions in this a r e a  [1-4], we have studied the reac t ion  of 
5 - a m i n o - l , 2 , 4 - t r i a z o l e s  (I) with c arbethoxyisothiocyanate (II) and subsequent t r ans fo rma t ions  of the c o m -  
pounds obtained to s y m - t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e s .  

The reac t ion  of II with var ious  aminoazoles  was recent ly  r epor ted  [8]. The reac t ion  of Ia with II 
gave N- (1 ,2 ,4 - t r i a zo l -5 -y l ) -N ' - ca rbe thoxy th iou rea  (IVa), which is a yellow crys ta l l ine  substance with mp 
172~ Refluxing IVa in pyridine gave 5 - t h i o n o - 7 - o x o - s y m - t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e  (VIIa). 

We have es tab l i shed  that der iva t ives  of two types can be obtained f rom I and II by changing the r e a c -  
t ion conditions: de r iva t ives  at the exocyclic 1-N ni t rogen atom - 1 - ca rbe thoxy th ioca rbamoy l -5 -amino -  
1 ,2 ,4- t r iazo les  (III) - and der iva t ives  at the amino group - N- (1 ,2 ,4 - t r i azo l -5 -y l ) -N ' - ca rbe thoxy th iou reas  
(IV). Aminot r iazo les  III were  obtained by reac t ion  of I and II in acetone for  10 rain; increas ing  the reac t ion  
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time to 24 h gives only IV. Only thiourea derivatives IV are formed in a mixture of acetone and dimethyl- 
formamide (DMF) from I and If, regardless of the temperature and the reaction time. The effect of DMF in 
reactions of this type or of similar types has not been investigated. In analogy with the literature data on 
the catalyzing action of tertiary amines in the reactions of isocyanates and isothiocyanates [9], one can as- 
sume the initial formation of a complex of II with DMF that is more reactive with respeet to the amino group. 

Thioureas IV were also obtained as a result of isomerization of HI to IV by heating in DMF, acetone, 
toluene, or water. The isomerization of IIl proceeds with splitting out of II and subsequent addition of it to 
the amino group to form thermodynamically more stable IV. A better solvent for the isomerization of III 
is DMF, in which IV were obtained even at room temperature. 

The structure of IV was proved by acid hydrolysis of them to triazolylthioureas V [7, I0]. 

The IVa that we obtained differs from the compound reported in [8]. In all likelihood, Capuano and 
Schrepfer were dealing with a mixture of substances rather than pure IVa. 

The IR spectra of III and IV contain frequencies of the stretching vibrations of the CO group in differ- 
ent regions: at 1770-1790 cm -I for III, and at 1715-1740 cm -~ for IV. In this respect, III and IV recall N- 
acyl- and acylamino derivatives of aminotriazoles [II, 12], respectively. 

In alkaline media, III and IV cyclize to form, respectively, 5-oxo-7-thiono- (VI) and 5-thiono-7-oxo- 
sym-triazolo[l,5-a]-sym-triazines (VII). The corresponding methylthio derivatives of triazolotriazinones 
VIII and IX were obtained by alkylation of VI and VII or III and IV with methyl iodide in alkaline media. Tri- 
azolotrlazines VI and VII are resistant to acid and alkali media and are hydrolyzed only on prolonged re- 
fluxing. Acid hydrolysis of VIc and VIIc leads, respectively, to (3-phenyl-l,2,4-triazol-5-yl)urea (Xc) and 
(3-phenyl-l,2,4-triazol-5-yl)thiourea (Vc). The acid hydrolysis of VIc and the synthesis of 2-phenyl-7-oxo- 
sym-triazolo[l,5-a]-sym-triazine (XI) by desulfuration of VIIc confirm the presence of the sym-triazolo- 
[l,5-a]-sym-triazine system in VI and VII. Compound XI was also obtained by cyclization of l-carbamoyl- 
3-phenyl-5-amino-l,2,4-triazole (Xll) with ethyl orthoformate. 

Closing of the triazine ring in IV may occur at the I-N or 4-N nitrogen atoms, i.e., to form sym- 
triazolo[l,5-a]-sym-triazines or sym-triazolo[4,3-a]-sym-triazines. The alternative synthesis of XI shows 
that  the cycl iza t ion of IV to t r i azo lo t r i az ines  occurs  at the s ame  ni t rogen atom at which e lect rophi l ic  sub-  
st i tution (acylation and reac t ions  with isothiocyanates ,  i socyanates ,  etc.) p roceeds  in the aminot r iazole  
molecu le .  The invest igat ion of the products  of the reac t ion  of aminot r iazo les  with e lect rophi l ic  agents by 
phys icochemica l  methods of analys is  [13-15] and their  a l ternat ive  synthesis  [16] are evidence in favor  of 
reac t ions  at the 1-N ni t rogen a tom.  

For  additional proof  of the s t ruc tu re  of VII, we made a t tempts  to synthesize  genuine samples  of s y m -  
t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e s  and s y m - t r i a z o l o [ 4 , 3 - a ] - s y m - t r i a z i n e s  f rom N - ( 4 - m e t h y l - l , 2 , 4 - t r i a z o l - 5 - y l ) -  
N' -c  arbethoxythioure  a (XIII) and, re spect ively ,  N- (1 -me thy l - l ,  2 ,4 - t r i azo l -  5-yl) -N'  -ca rbe thoxyth ioure  as 
(XIV). We found that XIII f o r m s  s y m - t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e  XV in alkaline media,  while XIVa and 
XIVb give only hydro lys i s  products  XVIa and XVIb instead of s y m - t r i a z o l o [ 4 , 3 - a ] - s y m - t r i a z i n e  under  
s i m i l a r  condit ions.  

The UV s p e c t r a  of VIIa  and VIIb in alkaline media  repea t  the spec t rum of XV; this indicates that 
these  compounds have the s ame  s t ruc tu re ,  i .e. ,  the cycl izat ion of IV proceeds  with the par t ic ipat ion  of the 
1-N ni t rogen a tom.  Consequently,  the reac t ions  of aminot r iazoles  with e lect rophi l ic  agents also occur  at 
the 1-N ni t rogen atom, and the s t ruc tu r e s  of III and VII are c o r r e c t .  
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TABLE 1. 5 - O x o - 7 - t h i o n o - s y m - t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e s  
(Via-c) ,  5 - T h i o n o - 7 - o x o - s y m - t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e s  
(VIIa-c) ,  and  T h e i r  Me thy l t h io  D e r i v a t i v e s  (VIIIa, c and IXa,c)  

Comp. mp,~ 1 ~  ~ 

>350 a 

296 a,c 

280--%1c, d 
>350 u 

>350 a 

274 .c,d 
263a,c 

241--242 e 

296c, d 

291 a,c 

292 c,e 

Via 

VIb 

VIe 
VIIa 

VIIb 

VIIc 
XV 

VIIIa 

VIlIc, 

IXa 

IXc 

1720 237(3,30) 
1740 280(3,43) 
172,0 237(3,30) 

280(3,43) 
1720 
1775 240(3,24) 

282(3,28) 
1750 239(3,19) 

282(3,27) 
1738 
1737 223(3,04) 

240(3,07) 
290(3,40) 

Empirical 
formula 

C4Ha~5OS" 
�9 H 2 0  ~ 
CsHsNsOS 

C~oHTNsOS 
C4HaNsOS 

CsHsNsOS 

CIoHrNsOS 
CsHsNsOS 

CsHsNsOS 

CIIHgNsOS 

CsHsNsOS 

CuHgNsOS 

Found,% 
C ale., % Yield, 

C H N 07~ C H N 

2,7 37,4 

38,2 
2,7 28,5 
2,9 41,4 1,8 

2,7 38,2 

2,9 
2,7 

2,7 38,2 

3,5 27,0 

2,7 38,2 

3,5 27,0 

2,5,4 2,8 

32,7 2,6 

49,11 2,3 
28,01 2,3 

32,61 2,8 

3,1 
2,9 

32,7 2,6 

51,0 3,6 

32,8 2,6 

50,4 3,4 

37,5 25,7 

38,3 32,8 

27,8 49,0 
41,4 2~,4 

38,5 32,8 

28,6 49,0 
37,8 32,8 

a F r o m  w a t e r ,  bFound ,%:  H20 9.8.  C a l c u l a t e d , % :  H20 
d e c o m p o s i t i o n ,  d F r o m  aqueous  D M F .  e F r o m  e t h a n o l .  

77 

81 

83 
92 

82 

78 
77 

72 
21 
80 
32 
64 
57 
81 
48 

9.6.  Cwi th  

TABLE 2. 1 - C a r b e t h o x y t h i 0 c a r b a m o y l - 5 - a m i n o - l , 2 , 4 - t r i a z o l e s  
( I I Ia-c)  N-  ( 1 , 2 , 4 - T r i a z o l - 5 - y l ) - N ' - c a r b e t h o x y t h i o u r e a s  ( IVa-c ,  XIII,  
XIVa,b) ,  and  ( 1 , 2 , 4 - T r i a z o l - 5 - y l ) t h i o u r e a s  (XVIa,b) 

Comp! rap, "C 

Ilia 
IIIb 
IIlC 
IVa 

tVb 

IVc 
XIII 

XIVa 
XIVb 
XVIa 
XVPD 

IRslmc~um 
VC= o, 
cm-!  

121 a 1770 
122a, b 1790 
147a,b 1770 
185a,b 1725 

190a, c 1715 

178a, c 1720 

189a,c I 1724 
156--I~9d [ 1740 

lOO~, I 
167 b 
232 

Empirical 
formula 

CGH~N502S 
CTHI,NsO~S 
C,2H,zNsO2S 
C6HgNsO2S 

CTH,,NsO~S 

C~Ht3NsO~S 

CTHttNsO2S 
C7HI1N502S 

Found, % Calc., % 

c H 
I 

34 o 4,5 
36,2 4,9 
49,5 4,4 
33,8[ 4,4 

= 

36,7 5,0 

49,8 4,4 

36,5 4,5 
36,3 5,4 

aWi th  d e c o m p o s i t i o n .  
e t h a n o l .  

1738 50,9 4,9 
- -  30,3 4,4 
- -  51,3 5,0 

b F r o m  e t h a n o l .  C F r o m  w a t e r .  

CI~HIsNsO2S 
C4HTNsS 
CIoHnNsS 

Yield, 
% 

N C I H N 

36,0 33.5 4,2 32.51 29 
30,6 36,7 4,8 30.5t 24 
23,9 49,5 4,5 24.0l 31 
32,4 33,5 4,2 32.51 A li 

B 32 
30,7 36,7! 4,8 30.5] A 15 

i B 43 
24,5 49,5 4,5 24.0J A 12 

B 48 
29,8 36,7i 4,8 30,51 47 
30,3 36,7 4,8 30,51 31 
22,7 51,1 50 22,91 50 
44,2 30,6 4:5 44,5] 50 
30,9 51,5 4,8 30.01 72 

d F r o m a q u e o u s  

The  s t r e t c h i n g  v i b r a t i o n s  of the  CO g r o u p  in the ll~ s p e c t r a  of VI ,  VII ,  and XV a r e  found at 1720-1775 
c m  -1 . The  7-oxo d e r i v a t i v e s  have  h i g h e r  f r e q u e n c i e s  of the  s t r e t c h i n g  v i b r a t i o n s  of the CO g r o u p  than  the 
5 -oxo  d e r i v a t i v e s  ( see  T a b l e  1). The f r e q u e n c i e s  of VI, VII,  and XV d i f f e r  m a r k e d l y  f r o m  the f r e q u e n c i e s  
of the  c o r r e s p o n d i n g  s t a r t i n g  compounds  III  and IV. The c h a r a c t e r i s t i c  band  of the  m e r c a p t o  g roup  (2550- 
2600 c m  -1) i s  not o b s e r v e d .  Thus  VI,  VII ,  and XV have  oxo and th ione  s t r u c t u r e s  in  the s o l i d  s t a t e .  

The a u t h o r s  thank  M a s t e r  of  C h e m i c a l  S c i e n c e s  N. O. S a l d a b o l  for  h i s  i n t e r e s t  in th i s  r e s e a r c h .  

E X P E R I M E  N T A L  

1 - C a r b e t h o x y t h i o c a r b a m o y l - 5 - a m i n o - l , 2 , 4 - t r i a z o l e s  ( I l i a - c ,  T a b l e  2). A hot  so lu t i on  of c a r b e t h o x y -  
i s o t h i o c y a n a t e  (II) in anhyd rous  ace tone ,  which  was  ob ta ined  v i a  the  method  in [1 7] f r o m  14.7 g (0.15 mole)  
of p o t a s s i u m  t h i o c y a n a t e  and 14.2 m l  (0.15 mole)  of e thy l  c h l o r o c a r b o n a t e  in 100 ml  of anhyd rous  ace tone ,  

2 5 8  



was added to a suspension of 0.1 mole of aminotr iazole Ia-c  in 15 ml of anhydrous acetone. A yellow pre -  
cipitate of I I Ia-c  formed after the aminotr iazole had dissolved. After  10 rain, the mixture was cooled, and 
the precipitate was removed  by fi l trat ion.  The melting points of IIIb,c changed only slightly on r ec rys t a l l i -  
zation; IIIa could not be rec rys ta l l i zed .  

N- (1 ,2 ,4 -Tr iazo l -5 -y l ) -N ' -ca rbe thoxyth ioureas  (IVa-c, XIII, XIVa,b, Table ?). A. The fil trate f rom 
the separat ion of IIIa-c (see above) was allowed to stand at room tempera ture  for 24 h, after which the 
acetone was removed by distillation, and the oily residue was t r i tura ted  with water to give IVa-c.  

B. A solution of II, obtained as indicated above, was added to a solution of 0.1 mole of Ia-c  or  XVII, 
XVIII in the minimum amount of DMF, (5-15 mg). The react ion mixture was held at 50-60 ~ for 30 rain, a f -  
te r  which the acetone was evaporated,  the res idue  was treated with water ,  and the color less  product was 
removed by fil tration. 

C. Compounds IVa-c were obtained by heating IIIa-c in DMF for 5 min on a water  bath or after s tand- 
ing in DMF for no less than 3 h at room tempera ture .  The DMF solution was poured into water to isolate 
IVa-c in 65-80% yields.  

D. Compounds IIIa-c were refluxed in water ,  acetone, or toluene for 2.5 h. The solutions were then 
cooled, and IVa-c were c rys ta l l ized  in yields of 20, 38, and 55%, respect ively .  

(1 ,2 ,4-Tr iazol-5-yl ) th ioureas  (Vb,c). Compounds Vb,c, which were identical to those obtained in 
[4, 17], were obtained by refluxing IVb,c and VIIc, respect ively,  for 2 and 8 h with concentrated hydrochloric  
acid. 

(3 -Pheny l - l , 2 ,4 - t r i azo l -5 -y l )u rea  (Xc). A 0.24-g (1 mmole) sample of VIc was refluxed in 20 ml of 
concentrated hydrochlor ic  acid for  6 h. Evaporat ion of the mixture gave 0.04 g (20%) of Xe with mp 236- 
238 ~ (from aqueous DMF) (rap 236-240 ~ [18]). 

5-Oxo-7- th iono-  and 5 -Th iono-7 -oxo- sym- t r i azo lo [1 ,5 -a ] - sym- t r i az ines  (VIa-c and VIIa-c,  Table 1). 
A 0.1-mole sample of I I Ia-c  or IVa-c was added to a solution of 0.2 mole of sodium hydroxide in 75-80~c 
ethanol, and the mixture was heated for 20 rain. The sodium salts of t r iazolot r iaz ines  VI and VII precipi tated 
during heating or after the mixture was cooled; these salts were removed  by fil tration and dissolved in the 
minimum amount  of water .  The solution was acidified to pH ~ 3 with concentrated hydrochlor ic  acid to p r e -  
cipitate VIa-c  and VHa-c .  

5-Oxo-7-methyl th io-  and 5-Methylthio- 7 -oxo-sym- t r i azo lo  [1 ,5-a] -sym-t r iaz ines  (VIIIa,c and IXa,c, 
Table 1). A 10-mmole sample of VIa,c or  IIIa,c and VIIa,c or  IVa,c was dissolved in 5 ml of 10~ sodium 
hydroxide solution, and 15 mmole of methyl iodide was added. The mixture was held at room tempera ture  
for 30 rain and at 0-5 ~ for  I h, during which the sodium salts  of the methylthio derivatives precipitated.  The 
salts  were dissolved in the minimum amount of water ,  and the solution was acidified to pH ~ 3 with hydro-  
ehloric acid. 

2 - Pheny l - 7 -oxo - sym - t r i a zo lo [1 ,5 - a ] - sym- t r i a z ine  (XI). A. A mixture of 0.3 g of VIIc, Raney nickel, 
and 30 ml of methanol was refluxed for 3 h. The catalyst  was then removed by filtration, and the fil trate 
was evaporated.  Water  (5 ml) and a few drops of concentrated hydrochlor ic  acid were added to the dry  
residue to give 0.14 g (45%) of XII with mp 300-303 ~ (in a sealed capil lary,  f rom aqueous ethanol). 

B. A 0.3-g (15 mmole) sample of XII was refluxed in 6 ml of ethyl or thoformate for 1.5 h. The XII 
dissolved, and XI began to c rys ta l l ize  after refluxing for 0.5 h. The mixture was worked up to give 0.2 g 
(64%) of a product with mp 300-303 ~ (in a sealed capil lary,  f rom water) .  UV spect rum (in ethanol): kmax 
240 nm (logg 4.27). Found,Z: C 56.1; H 3.2; N 32.3. CIoHTNsOT. Calculated,%: C 56.3; H 3.3; N 32.8, 

2 -Methy l -5 - th iono-7 -oxo-sym- t r i azo lo [1 ,5 -a ] - sym- t r i az ine  (XV, Table 1). A mixture of 1,1 g (5 
mmole) of XIII, 0.6 g of sodium bicarbonate,  and 5 ml of water was heated on a water  bath for 10 rain, after 
which it was cooled and acidified with concentrated hydrochlor ic  acid., 

(1 ,2 ,4-Tr iazol -5-yl ) th ioureas  (XVIa,b, Table 2). A. A mixture of 10 mmole of XIVa, b and 10 mmole 
of sodium carbonate in 5 ml of water  was heated on a water  bath for 15 min, after which it was cooled and 
acidified with acetic (XVIa) or hydrochlor ic  (XVIb) acid. 

B. A 0.01-mole sample of XIVa,b was heated in a solution of sodium ethoxide (0.01 g-a tom of sodium 
in 30 ml of ethanol) for 30 rain. The ethanol was evaporated,  and the dry residue was dissolved in water .  
The aqueous solution was acidified with acetic or hydrochlor ic  acid, respect ively .  
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The IR spectra of mineral oil suspensions of the compounds were recorded with an IKS-14 spec- 
trophotometer.  The UV spectra were recorded with a Specord spectrophotometer. 
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