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A mixture of 1 ,2 ,4- t r iazo l -3-y l  vinyl sulfide and N,S-divinyl derivatives is formed in the 
react ion of 1 ,2 ,4- t r iazole-3- th ione with acetylene under p ressure .  The mixture of N,S- 
divinyl derivatives was separated into two i somers  by g a s - l i q u i d  chromatography.  The 
hydrogenation, polymerizat ion,  and complexing of 1 ,2 ,4- t r iazo l -3-y l  vinyl sulfide were 
studied. 

In the present  r e sea rch  we set  out to investigate the peculiari t ies  of the behavior of 1 ,2 ,4- t r iazole-3-  
thione (I) on react ion with acetylene under p r e s su re  and to study some t ransformat ions  of the synthesized vinyl 
derivat ives.  

1 ,2 ,4 -Tr iazo l -3 -y l  vinyl sulfide (II) in yields up to 70% and a small  amount of derivatives with two vinyl 
groups were obtained when tr iazolethione I was heated up to 180 deg C with acetylene under p res su re  in the 
presence  of potass ium hydroxide. An increase  in the react ion t ime leads to a decrease  in the yield of sulfide II 
and a simultaneous increase  in the yield of the divinyl derivatives.  When cuprous chloride is used as the 
catalyst ,  in analogy with imidazolethiones [1, 2], sulfide II remains the principal react ion product. Divinyl 
derivatives in up to 43% yield in the form of a liquid fraction that distills at 93-122 deg C (3 mm) can be 
obtained only by doubling the amount of CuCt. This fraction was separated by gas - l i qu id  chromatography (GLC) 
into 1-vinyl-  (IIIa) and 2(4)-vinyl-3-vinyl thio- lp2,4- t r iazole  (IIIb), the ratio of which was 1 : 2. 
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The use of P1VIR spect roscopy made it possible to determine the locations of the vinyl groups in II and III. 
The chemical  shifts of the signals and the s p i n - s p i n  coupling constants (SSCC) of the olefinic protons are  
charac te r i s t i c  for double bonds attached to sulfur and nitrogen atoms [3] (Table 1). The IR spect ra  of IIIa and 
IIIb do not contain absorpt ion bands of NH groups;  the bands at 1593 and 1652 cm -1 are  due to the s tretching 
vibrations of C-~ C bonds attached, respect ively ,  to the sulfur and nitrogen atoms. The absorption at 3100 cm -1, 
which is due to vibrations of associated NH groups,  is retained in the spec t rum of sulfide II. The absorption 
band at 1550 cm -1 that is charac te r i s t i c  for the thioamide f ragment  in t r iazole  systems [4, 5] vanishes in the 
IR spec t ra  of both III and sulfide II. 

The react ivi ty  of thione I in the react ion with acetylene is somewhat reduced as compared with the r e a c -  
tivities of the previously investigated imidazole-  and benzimidazolethiones [1, 2], as evidenced by the lower 
yields of the corresponding vinylation products under s imi lar  conditions. This can probably be explained by the 
decrease  in the nucleophilicity of the sulfur atom due to the incorporat ion of a te r t ia ry  nitrogen atom in the 
f ive-membered  ring. 

An at tempt to ra i se  the yield of the vinyl compounds through a further  increase  in the temperature  as in 
the vinylation of 1 ,2,4- tr iazole  [6] was unsuccessful ,  since in this case we observed thermal  polymerizat ion of 
the result ing vinyl der ivat ives ,  which lowers the overal l  yield of the desired product to a considerable degree.  
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TABLE 1. P a r a m e t e r s  of the PMR Spectra - -)n-c=c( n~ 

Chemical shifts, 6, ppm Spin-spin couplin I constants, I. Hz 

E o , 2 : 
u 
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IIla 
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~0  
4,90 

5~9 
5,65 

5,45 
5,46 

6,89 5,35 
5,62 

5,50 6,76 
5.43 6,48 
5,42 6,95 
5,67 6,75 

2 2 2 

8.18 9,8 
7,71 1~,8 0.6 9,6 
7,98 15,0 110 9,2 
9,20 -- -- 8,8 

16,7 
16,4 
16,5 
16,4 
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8,6 
0,8 -- 

The complete (100%} conversion to a polymer  in 10 h under the influence of azobisisobutyroni tr i le  (AIBN) 
constitutes evidence for the high activity of vinyl sulfide II in the polymerizat ion reaction. Compound II readily 
undergoes copolymerizat inn with vinylpyrrol idone via a radical  mechanism to give a water-soluble  copolymer.  

In the presence  of a nickel ca ta lys t  sulfide II undergoes hydrogenation to give 1 ,2 ,4- t r iazo l -3-y l  ethyl 
sulfide (IV}, which was also obtained by alkylation of tr tazolethtone I with ethyl bromide.  

The corresponding hydrochloride (V) is formed in the react ion of sulfide II with hydrogen chloride. The 
shift in the bands of the ring s tretching vibrations to the shor t -wave region (1474-*1552 cm -1) and the absorp-  
tion at 2500-2600 cm -1 provide evidence for sal t  formation.  The react ion of sulfide II with zinc chloride is 
evidently real ized through the unshared e lectron pair  of the nitrogen atom in the 4 position and the vacant  d 
orbitals of the metal. Polymer iza t ion  of the result ing complex, in which the ratio of the ligand and the sal t  is 
2 : 1 and 3 : 1, proceeds simultaneously.  

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

The IR spec t ra  of KBr pellets and mineral  oil suspensions of the compounds were recorded  with a UR-20 
spec t rometer .  The PMR spect ra  were recorded with a BS487B spec t romete r  with hexamethyldisiloxane as the 
internal standard.  P re l iminary  GLC was real ized with a Khrom-3 chromatograph with 15% polyphenyl ether 
on Chromaton as the s ta t ionary phase and a 2.5 m by 10 mm column; the column tempera ture  was 180 deg C, 
the vapor ize r  t empera tu re  was 200 deg C, and the c a r r i e r  gas was helium. The s tar t ing 1 ,2 ,4 - t r i azo le -3-  
thione (I) was obtained by condensation of thiosemicarbazide with formic acid and subsequent cyclization by the 
method in [7]. 

1 ,2 ,4 -Tr iazo l -3 -y l  Vinyl Sulfide (II). A 0 .5- l i te r  rotating steel autoclave was charged with 10 g (0.1 mole} 
of tr iazolethione I, 2.0 g (0.04 mole) of KOH ! and 100 ml of dioxane. Acetylene was fed into the autoclave from 
a cylinder at an initial p r e s s u r e  of 14 atm. The react ion mixture was heated at 180 deg C for 1 h, after which 
it was cooled to room tempera ture ,  and the solid mater ia l  was removed by filtration. The dioxane was 
removed f rom the f i l t rate by distillation at reduced p re s su re ,  and the solid res idue was reerys ta l l i zed  f rom 
e t h e r - h e x a n e  to give 8.2 g (66%} of white c rys ta l s  with mp 103-104 deg C. Found: C 37.9; H 3.8; N 33.1; S 
24.8%. C4HsSN 3. Calculated: C 37.9; H 3.9; N 33.0; S 25.2%. 

N-Vinyl -3-v iny l th io- l ,2 ,4 - t r i azo les  (IIIa, b). A mixture of 5 g (50 mmole) of t r iazole  I, 0.5 g (8 mmole) 
of CuC1, and 75 ml of dioxane was saturated with acetylene and heated in an autoclave at 180 deg C for 3 h. The 
dioxane was then removed,  and the residue was vacuum distilled in a nitrogen a tmosphere  with collection of 3.3 
g (43%) of a fract ion with bp 93-122 deg C (3 ram}. Prepara t ive  GLC yielded 36% i somer  IIIa and 64% isomer  
IIIb. I somer  IIIa polymerized rapidly and had n~ 1.5760. I somer  IIIb had d 2~ 1.1849, n~ 1.5832, and AMR d 0.3. 
Found: C 46.8; H 4.7; S 20.6%. C6HTSN 3. Calculated: C 47.0; H 4.6; S 20.9%. 

Polymer iza t ion  of 1 ,2 ,4 -Tr iazo l -3 -y l  Vinyl Sulfide (II}. An ampul containing 0.5 g (4 mmole) of II, 0.005 
g (1%} of AIBN, and 12 ml of absolute benzene was heated in a thermosta t  at  80 deg C for 10 h, af ter  which the 
precipi tated polymer  was removed by fil tration, washed with hot absolute benzene, and dried in a vacuum 
des icca tor  to give 0.5 g (100%} of a product  with mp 253-276 deg C. Found: C 38.2; H 4.1; S 25.3%. (C4H~N3S}n. 
Calculated: C 37.9; H 3.9; S 25.2%. 

Copolymer iza t ion  of 1 ,2 ,4 -Tr i azo l -3 -y l  Vinyl Sulfide with Vinylpyrrolidone. A 0.003-g (1%) sample of 
AIBN was added to an ampul containing 0.25 g (2.3 mmole) of II and 0.26 g (2.3 mmole) of vinylpyrrolidone in 7 
ml of benzene, and the ampul was sealed and heated in a thermosta t  at 80 deg C for 24 h. The result ing p re -  
cipitate was removed by fil tration and reprecipi ta ted  f rom ethanol by the addition of ether.  It was then dried in 
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vacuo to give 0.4 g (73%) of the copolymer  with mp 90-120 deg C. Found: C 50.3; H 6.2; S 13.6%. C4HsN3S �9 
CGH~NO. Calculated: C 50.4; H 5.9; S 13.5%. IR spect rum:  1485 (C~-N), 1710 (CO), 2960 (CH2) , and 3450 
cm -1 (NH). 

1 ,2 ,4 -Tr iazo l -3 -y l  Ethyl Sulfide (IV). A hydrogenation flask was charged with 0.5 g (4 mmole) of vinyl 
sulfide II, 10 ml of ethanol, and 4.0 g of Raney nickel catalyst ,  and the reaction was car r ied  out at 20 deg C 
with constant s t i r r ing.  At the end of the p rocess ,  the cata lyst  was removed by filtration, and the alcohol was 
removed f rom the filtrate by distil lation to give 0.24 g (47%) of a product with mp 65-67 deg C. No melt ing- 
point depression was observed for a mixture of a sample of this product with a sample of the compound obtained 
by alternative synthesis .  Found: C 37.5; H 5.7; N 32.8; S 25.3%. C4HTN3S. Calculated: C 37.2; H 5.5; N 
32.6; S 24.8%. 

1 ,2 ,4 -Tr iazo l -3 -y l  Vinyl Sulfide Hydrochloride (V). Dry hydrogen chloride was bubbled into a solution of 
1 g (8 mmole) of sulfide II in 40 ml of ether at  room temperature ,  and the result ing precipitate was removed 
by fi l tration and washed with ether to give 1.2 g (94%) of a product  with mp 118-119 deg C. Found: C1 21.7; 
S 19.6%. C4HsN3S'HC1. Calculated: C1 21.7; S 19.6%. 

Poly[b is (1 ,2 ,4- t r iazo l -3-y l  vinyl sulfide)zinc dichloride]. A solution of 0.3 g (2.5 mmole) of ZnC12 in 10 
ml of e ther  was added to a solution of 0.62 g (5 mmole) of sulfide II in 25 ml of ether,  and the mixture was 
s t i r red  for 5 h. The solvent was then evaporated,  and the residue was washed repeatedly with ether.  The 
yield of product  with mp 200-240 deg C was 0.8 g (87%). Found: C1 17.5; S 16.0%. [(C4H5N3S)2" ZnC12] n. 
Calculated: C1 18.1; S 16.6%. IR spec t rum:  1505 cm -1 ( C =  N). 
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