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The reac t ion  of acetylene with 3 - amino - l , 2 , 4 - t r i a zo l e  fo rms  two i somer ic  3-amino-N-vinyl -  
1 ,2 ,4- t r iazoles .  The i r  s t ruc tu res  have been studied by PMR and IR spec t roscopy  and dipole 
moments.  The high act ivi ty of the new vinyl compounds of the azole se r i e s  in the addition of 
e lect rophi l ic  reagents ,  in polymer iza t ion ,  and in complex format ion has been shown. 

Theore t ica l ly ,  1 ,2 ,4- t r iazole  and its derivat ives can exis t  in tau tomer ic  forms [1-3]. On this bas is ,  
in the reac t ion  of 3 - amino - l , 2 , 4 - t r i a zo l e  (D with acetylene the format ion  of a mixture  of N-vinyl i somers  
is possible:  
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1-Viny l - l ,2 ,4 - t r i azo le  was f i r s t  obtained by the t ransv tny la t ion  of 1 ,2 ,4- t r iazole  with vinyl acetate  [4]. 
We have prev ious ly  developed a method for  obtaining 1-vinylbenzotr iazole  with a high yield by the action on 
benzotr iazole  of acetylene in the p resence  of copper  sal ts  [5]. However,  the best  ca ta lys t  for  the vinylation 
of benzot r iazole ,  cuprous chlor ide,  p roved  to be inactive for  the synthesis  of 3 - am in o -N -v in y l - l , 2 , 4 - t r t -  
azoles (II). In this case ,  the mixture  (II) was obtained with a yield of only 10-13%. The use as ca ta lys t  of 
metal l ic  potass ium,  which has given a good resu l t  in the synthesis  of vinyl der ivat ives  of the pyr ro le  and 
phenothiazine se r i e s  [6], led to the char r ing  of  the reac t ion  mixture  containing (1). Cadmium acetate  dtdnot  
catalyze the vinylation of (I) at all. It has been found that the react ion of (I) with acetylene under p r e s s u r e  
takes place in 3 h in the p resence  of 30% caust ic  soda in an aqueous d ioxane-e thano l  medium at 170-175~ 

Investigations pe r fo rmed  by PM:R and IR spec t roscopy  and by g a s - l i q u i d  chromatography have shown 
that the products  of the vinylation of (I) contain two i somer ic  vinyl der ivat ives  corresponding to the tauto- 
mer ic  fo rms  of the s t a r t ~ g  mater ia l .  The PMR spec t rum of (II), taken in acetone,  shows the p resence  of 
two i somers  in the sample (Fig. 1, A). The H-5 proton is responsible  fo r  the appearance of two singlets in 
the weak field (6 8.00 and 7.35 ppm). The protons of the vinyl group and of the NH 2 group also give two s ig-  
nals each, corresponding to two i somers .  The amine protons resonate  in the fo rm of two broad singlets 

I4~ \  / 
with 5 6.75 and 5.10 ppm. The signals of the protons of the vinyl group H . ~ / C : C \ H x  are  r ep re sen ted  
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Fig. 1. 1)MR spect ra  of the mixture 
(II): a) taken in acetone; b) taken in 
deuteromethanol.  

by quartets  due to the s p i n - s p i n  coupling of the HX protons with 
HA and HB(5 A 4.69 and 4.73 ppm, 5 B 5.39 and 5.41 ppm; JAX= 
8.7 I-Iz, JBX =15.2 Hz, 5 7.04 ppm). In contras t  to the H A and 
H B protons,  the a -o lef in ic  proton is shielded almost  identically 
in the two i somers .  The two quartets of this proton prac t ica l ly  
coincide. The PMR spec t rum of 0/) taken in deuteromethanol 
differs f rom the spec t rum in acetone by the fact  that the NH 2 
signal is superposed on the signal of the solvent. In addition, 
the nonequivalence of the H A protons decreases ,  and therefore  
the signals of these protons in the two i somers  are  superposed.  
The difference in the spec t ra  taken in two solvents must be r e -  
garded as natural if the influence of various solvents on PMR 
spect ra  is taken into account. 

The existence of two compounds in (II) was also shown by 
GLC, two peaks appearing on the chromatogram.  According to 
PM.R and GLC, the ratio of the i somers  in the product of the 
vinylation of (I) was 60 : 40. After additional purification by the 

recrys ta l l iza t ion  of this product,  which had been isolated by vacuum distillation, the number  of signals in 
the PMR spec t rum fell to one half (Fig. 1, B). The positions and multiplicities of the signal in it are  cha r -  
acter ized by the following pa r am e te r s :  55 8.05 ppm, 5 X 6.96 ppm, 5 B 5.43 ppm, 5 A 4.76 ppm, JAX=15.2 
Hz, JBX =8.7 Hz, JAB=0.8  Hz, 5NH 2 4.84 ppm. The resul ts  obtained show that the product  isolated was 
fair ly pure and enabled it to be assigned to one of the i somer ic  forms of the vinyl derivative of 3-amino-  
1,2,4-tr iazole.  Its individuality was also confirmed by the GLC method - only one peak appeared on a chro-  
matogram. 

When the IR spec t ra  of (II) were  recorded  in the solid state,  the superposit ton of the frequencies of 
the formation vibrations of the NH2grou p and of the C =C stretching vibrations at 1640-1660 cm -1 was ob- 
served.  To conf i rm the presence  of a vinyl group, the IR spec t ra  were  taken in deuteroethanol and chloro-  
form. In solutions, the in termolecular  associat ion of the NH 2 groups is disturbed, and 5NH 2 shifts to 1580 
and 1650 cm -1, respect ively  [7]. As a resul t ,  the bands at 1650 cm -1 can be assigned with grea t  confidence 
to the vibrations of the vinyl group. In the IR spec t rum of the individual product ,  in comparison with the IR 
spec t rum of the mixture of i somers  (II), a decrease  in the number  of bands in the 2600-2800 cm - I  region 
is found and also the disappearance of the absorption bands at 1530, 1290, and 1077 cm -I  connected with a 
definite position of the substituent in the ring. Fu r the rmore ,  the presence  in the spec t rum of absorption in 
the region of the nonplanar deformation C - H  vibrations of the r ing (725,766 cm -1) s imi la r  to what has been 
descr ibed previously  [4] for  1 -v iny l - l , 2 ,4 - t r i azo le ,  gives grounds for assuming that the main product  of the 
vinylation of (I) corresponds to the s t ruc ture  of 3 - a m i n o - l - v i n y l - l , 2 , 4 - t r i a z o l e  (IIa). 

A confirmation of the cor rec tness  of the proposed s t ruc ture  of the i somer  (IIa) is the coincidence of 
the experimental  value of its~ dipole moment - 2.32 D - With that calculated vector ia l ly  - 2.35 D. For  the 
i somers  (IIc) and (Ii-b) the calculated values of the dipole moments are  3.71 and 5.60 D.$ A comparison of 
these values with the values of the dipole moments for the phenyl-subst i tuted p romote r s  of 1,2,4-tr iazole 
[8] also shows the addition of the vinyl group to the nitrogen atom in position 1 of the t r iazole ring. 

The new vinyl monomer  (l'I) that we have synthesized possesses  a high react ivi ty.  It has been shown 
that the action of hydrogen chloride on it readi ly  forms a hydrochloride.  When an ethanolic solution of (l-I) 
was heated with methyl iodide, a quaternary salt  was formed. Manganese, cobalt, and zinc chlorides give 
complexes with a 1 : 2 composit ion regard less  of the ra t io  of the components taken for  the reaction.  In the 
IR spec t ra  of the hydrochloride,  the methiodide, and the complexes of (II) with metal halides,the absorption 
bands of the vinyl and amino groups are  retained. The frequencies charac te r i s t i c  for  the vibrations of the 
heterocycle  shift in the shor t -wave direction (1563--~1573, 1530---1545, 1344~1390, 1145 ~1165), the 
grea tes t  displacement of these bands taking place in the case of the hydrochloride.  

The electronic absorption spec t ra  of the complexes (II)with metal halides proved to be s imi la r  to the 
spec t rum of their ligand (II): in water ,  ~ 1 =254 rim, X 2 = 196 nm; in ethanol, ;t l =251 nm, ~.2 = 194 rim. Com- 
plex formation probably has no effect on the energy of the v - v  * transit ions in (II). It is not excluded that 

The determination of the dipole moments was pe r fo rmed  by V. B. Modonov for which the authors express  
their  gratitude to him. 
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this may be connected with the d issocia t ion of the complexes  in the solvents  mentioned. On the bas i s  of in- 
fo rmat ion  on the dis t r ibut ion of the 1r-e lect ron densi ty  in the 1 ,2 ,4- t r iazole  molecule ,  we a s s u m e  that the 
center  of coordinat ion of (II) with the e lec t ron  accep to r s  studied is the n i t rogen  in posi t ion 4. The absence  
of coordinat ion at the n i t rogen of the amino group,  which b e a r s  a pos i t ive  charge ,  is conf i rmed  by the p r e s -  
ence of the or iginal  f requencies  of the N - H  absorp t ion  in the IR s p e c t r a  of the complexes .  I t  has been  shown 
that (If) r e a c t s  with aldehydes to f o r m  products  of amino-a ldehyde  condensation.  

The o ther  r eac t ion  cen te r  - the vinyl group - p roved  to be fa i r ly  act ive and capable  of po lymer iza t ion .  
Under the influence of f r e e - r a d i c a l  in i t ia tors ,  a w a t e r - s o l u b l e  poly(aminovinyl t r iazole)  was obtained f r o m  
(1D. The p o l y m e r  can read i ly  be modified by t rea t ing  it with hydrogen chlor ide ,  methyl iodide, and halides 
of cobalt  and of o ther  meta l s .  The introduction of an accep to r  into the p o l y m e r  chain is regula ted  by the 
ra t io  of the s ta r t ing  m a t e r i a l s .  

Compound (II) is hydrogenated  by hydrogen in the p r e s e n c e  of Raney nickel  to 3 - a m h u o - l - e t h y l - l , 2 , 4 -  
t r iazole .  Bromine  also adds mainly  to the double bond of the vinyl group with the fo rmat ion  of 3 - a m i n o - 1 -  
( a , f i - d i b r o m o e t h y l ) - l , 2 , 4 - t r i a z o l e ,  as is conf i rmed  by PMR and IR spec t r a .  As in the bromina t ion  of 1- 
v inylbenzot r iazole  [9], the fo rmat ion  of complexes  of (II) with b romine  is also not excluded. 

EXPERIMENTAL 

The PMR spectra were recorded on a BS 487B spectrometer at room temperature with hexamethyl- 
disiloxane as internal standard (6 scale). The IR spectra were recorded on a UIR-20 spectrometer. Solid 

samples were prepared with KBr and in paraffin oil. The UV spectra were measured on a Unicam SP-8000 

spectrophotometer at a concentration of 0.5-0.7 g/liter. GLC analysis was performed on a Khrom-3 chro- 

matograph at a temperature of I00-300~ at a rate of heating of 4~ with a column 1.4 m • mm con- 

taining silicone DS-550 (5%) on Chromaton. 

The starting material used was imported 3-amino-l,2,4-trizole (1) of "pure" grade with mp 150~ 

3-Amino-l-vinyl-l,2,4-triazole. A rotating autoclave with a capacity of 0.5 liter was charged with 

20 g (0.23 mole) of (I), 6 g (0.I mole) of 30% KOH, 80 rnl of dioxane, 40 ml of ethanol, and 6 ml of water. 

Acetylene was passed in under a pressure of 15 aim, and the autoclave was heated at 170-175~ for 3 h~ The 

solvent  was dr iven off f r o m  the reac t ion  mix tu re ,  and vacuum dist i l lat ion then yielded 17.1 g (65.7%) of (1I) 
with bp 131-137~ (5 mm) ,  white c ry s t a l s  with mp 95-96~ (f rom ethanol), soluble in wa t e r  and in the m a j o r -  
ity of organic  solvents .  Found." C 43.3; H 5.5; N 51.1%. CtHGN 4. Calculated:  C 43.6; H 5.5; N 50.9%. P i c -  
r a t e ,  mp 144-145~ ( f rom ethanol). Found: C 36.0; H 3.0%. C4HsN 4. CsH3N307. Calculated:  C 35.4; H2.8%. 

Hydrochlor ide  of (ID. Dry HC1 was p a s s e d  to sa tura t ion  into a solution of 1 g (9 mmole)  of (ID 
in 15 ml  of ethanol.  The white p rec ip i t a t e  f o r m e d  was f i l t e red  off, giving 0.96 g (73.9%) of the hy-  
drochlor ide  of (ID, mp 137-139~ Found: C 32.3; H 4.6; C1 24.1%. C4H6N 4"HC1. Calculated: C 32.7; 
H 4.7; C1 24.3%. 

Methiodide of (II). A mix ture  of 0.5 g (4 mmoles )  of (II), 0.63 g (4 mmoles )  of methyl  iodide, and 5 ml 
of ethanol was kept at 40-45~ for  10 h. Then it was d isso lved  in ethanol,  and prec ip i ta t ion  with e the r  gave 
0.47 g (39.1%) of yel low c r y s t a l s  with mp 134-136~ Found: I 49.9%. CsHgNtI. Calculated:  I 50.3%. 

Complex of (lI) with CoC12. A solution of 0.6 g (2 mmoles )  of CoC12 �9 6H20 was added to 0.5 g (4 
mmoles )  of (ID i n  10 ml of ethanol,  and the mix ture  was s t i r r e d  for 40 min with a magnet ic  s t i r r e r .  The 
l i l a c - c o l o r e d  p rec ip i t a te  that deposi ted was f i l t e red  off, giving 0.77 g (98%) of the complex  of (II) with CoC12, 
mp 338-340~ Found: C 27.5; H 3.5; C1 20.3%. (C4H6N4) 2. CoC12. Calculated:  C 27.4; H 3.4; C1 20.2%. 

The complexes  of (II) with MnC12. 4H20 [yield 83.3%, mp 343-344~ Found: C1 20.6%. (C4HsN4) 2. 
MnC12. Calculated:  C1 20.5%] and with ZnC12 [yield 85%, mp 199-200~ Found; C1 19.5%. (CtHsN4) 2- 
ZnC12. Calculated:  C1 19.9%] w e r e  obtained s imi l a r l y .  

P o l y [ 3 - a m i n o - N - v i n y l - l , 2 , 4 - t r i a z o l e ] .  A tube was charged  with 1 g (9 mmoles )  of (II) and 0.02 g (2%) 
of azo isobutyroni t r f le  in 2 ml  of ethanol and was kept in a t h e r m o s t a t  for  1 h. The b lock fo rmed  was t r ea t ed  
with ethanol,  giving 0.95 g (95% by weight) of a white powder  with mp above 400~ Found: C 42.9; H 5.9%. 
(C4HsN4) n. Calculated:  C 43.6; H 5.4%. 

Under conditions analogous to those used for  (ID, the poly(aminovinyl t r iazole)  f o r m s  complexes  with 
COC12, CH3I , and HC1. Found, r e spec t ive ly :  C1 6.3%. [(C4H6N4) 9.COC12] n. Calculated:  C1 6.3%; I 49.6%. 
[(CtHsN4) �9 CH3I]n , I 50.3%; C1 24.5%. [(CtHsN4) �9 HC1]n, C1 24.2%. 
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3-Amino-l-e thyl- l ,2 ,4- t r iazole .  In the presence of Raney nickel, 3 g (0.027 mole) of (II) in 50 ml of 
absolute ethanol was hydrogenated until the absorption of hydrogen ceased, and then 2.42 g (79.2%) of white 
c]~ystals with mp 81-82~ were isolated. Found.- C 42.9; H 7.2; N 50.2%. C4HsN4. Calculated: C 42.8; 
H 7.1; N 50.0%. 

3-Amino-l-(a , f l -dibromoethyl)- l ,2 ,4- t r iazole .  With stirring, a solution of 0.75 g (4 mmoles) of bro-  
mine in 10 ml of ethanol was added over 30 min to a solution of 0.5 g (4 mmoles) of (II) in 10 rnl of ethanol. 
The reaction mixture was kept for 5 h, and then the solvent was evaporated off and the crystals that de- 
posited were washed with acetone and dried. Yield 0.53 g (40.7%) of white crystals with mp 148-149~ 
Found: Br 58.5%. CaHsBr2N 4. Calculated: Br 59.0%. 
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