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Continuing our study of the preparation and properties of the acetylenic derivatives of five-membered 
nitrogen heteroeycles [1-5], we synthesized some ethynyl-substituted 1,2,4-triazoles by the previously pro- 
posed method [6] 
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The methylation of 3(5)-iodo-1,2,4-triazole (I) with diazomethane gave a mixture of the 3-iodo-(II) 
and 5-iodo-l-methyl- l ,2 ,4- tr iazoles  (Ill) (2:1) in 89% yield. The (II) and (III) isomers were separated 
chromatographically, and their structure was established by comparing the experimental dipole moments 
with those calculated by the additive scheme [7]. The obtained compounds, with mp 90-91" and 102-103~ 
respectively have dipole moments of 2.70 • 0.20 and 3.70 ~ 0.20 D (the calculated values for the 5- and 3- 
iodide are respectively 2.60 and 4.50 D). Despite the substantial difference between the found and calculated 
values in the second case, which is probably explained by the polarizability of the triazole ring [8], these 
data make it possible to assign with assurance the structure of 5-iodo-l-methyl-l ,2,4-tr iazole (III) to the 
low-melting isomer.  The made assignment was confirmed by the hydrolysis of (III) to the known 1-methyl- 

1,2,4-triazolin-5-one (IV) [9]. 
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In an attempt to develop a convenient method for the preparation of 3,5-diiodo-l-methyl-l ,2,4-triazole 
(VI) we studied the direct iodination of 1-methyl-l ,2,4-triazole (VII). It could be assumed that the iodine 
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TABLE 1. Acety lene  Der iva t ives  of 1 - M e t h y l - l , 2 , 4 - t r i a z o l e  
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will p r i m a r i l y  r ep lace  the hydrogen in the 5 posi t ion,  s ince in the in te rmedia te  ~ -complex  the charge  is 
delocal ized to a g r e a t e r  deg ree  than in the complex  that is f o rmed  when the 3 posi t ion is a t tacked 
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Actual ly ,  the oxidative iodination of (VH) with 12 and HIO 3 leads only to the monoiodide (III). A second 
iodine a tom cannot be inse r ted  into the 5-iodide molecu le  (III). However ,  the p r e sence  of iodine in the 
3 posi t ion of the he te rocyc le  does not comple te ly  deact ivate  the 5 posi t ion,  and it p roved  poss ib le  to syn -  
thes ize  the 3,5-diiodide (VI) by the d i r ec t  iodination of 3 - i o d o - l - m e t h y l - l , 2 , 4 - t r i a z o l e  (ID. 

It  is known that ha lo t r i azo les  a r e  v e r y  i n e r t  in nucleophflic subst i tut ion reac t ions  [10]. In o r d e r  to 
check the theore t ica l  poss ib i l i ty  of  rep lac ing  the halogen in such compounds by the acetylene group we 
condensed iodotr iazole  (IH) with copper  phenylacetyl ide .  We obtained p h e n y l - ( 1 - m e t h y l - l , 2 , 4 - t r i a z o l - 5 -  
y l )ace ty lene  (VIII) in 62% yield under  the usual conditions of the acetyl ide synthes is  [11]. This  r e su l t  gave 
r e a s o n  to a lso  expect  succes s  in the cata lyt ic  r ep l acemen t  of the halogen in the t r iazo le  ring. 

We used CuI in the p r e s e n c e  of K2CO 3 as the ca ta lys t  [12] in the acetylenic  condensation of (II), (HI), 
and (VI) with the ace t a l  de r iva t ive  of 2 - m e t h y l - 3 - b u t y n - 2 - o l  (IX). At the end of reac t ion  the crude p r o -  
ducts we re  hydrolyzed with dilute HC1 in dioxane. The overa l l  yields  of the t r iazo ly lace ty ten ic  alcohols  
(X)-(X!I) we re  50-65%. Compounds (X)-(XII) we re  c leaved by heating in vacuo at  100-125 ~ in which con-  
nect ion the e thynyl t r iazo les  we re  r e m o v e d  f rom the reac t ion  sphere  as  they were  formed.  The yields  of 
the monoace ty lenes  (XIII) and (XIV) were  70-85%, while the yield of 3 , 5 - d i e t h y n y l - l - m e t h y l - l , 2 , 4 - t r i a z o l e  
(XV) was 30%. The s t ruc tu re  of the synthes ized  compounds was proved  by the e lemental  ana lys i s ,  IR, 
and NMR spec t r a l  data.  I t  should be ment ioned that in the NMR spec t r a  of the e thynyl t r iazoles  the signal 
of the pro ton  of the ethynyl group in the 5 posi t ion is shifted by ~ 0.5 ppm downfield re la t ive  to the signal 
of  the pro ton  of the s a m e  group in the 3 posi t ion.  A s i m i l a r  shift  of the signal of the pro ton  of an acetylenie  
group,  ad jacent  to a methy la ted  r ing ni t rogen,  was obse rved  by us for imidazole  and pyrazole  de r iva t ives  

[5, 13]. 

E X P E R I M E N T A L  M E T H O D  

The NMR s p e c t r a  we re  taken on a JNM-4H-100 s p e c t r o m e t e r  at  26 ~ (internal s tandard  = HMDS). 
The IR s p e c t r a  we re  taken on a UR-20 ins t rument .  

Methylat ion of 3 (5 ) - Iodo - l , 2 ,4 - t r i a zo l e  (I). To 10.1 g of (I) [14] in 75 ml of absolute  alcohol a t  10" 
was gradual ly  added an e ther  solution of CH2N ~ (from 22.8 g of N-n i t rosomethy lu rea ) ,  the mix tu re  was 
s t i r r e d  for  2 h, and the solvent  was dis t i l led  off. The res idue  was chromatographed  on A1203 ,(V activity) 
in a 3 : 2  e t h e r - p e t r o l e u m  e ther  mix tu re  to give the 5- iodo-(III)  and 3 - i o d o - l - m e t h y l - l , 2 , 4 - t r i a z o l e s  (II). 
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The yield of (III) was 3.6 g (33%), mp 90-91 ~ (from pe t ro leum ether) .  Found: C 17.50; H 2.17; I 60.89%. 
C3H4IN 3. Calculated: C 17.24; H 1.93; I 60.73%. NMR spec t rum (CC14, 5, ppm): 3.89 (NCH3); 7.73 (3-H). 
The yie ld  of (II) was 6.1 g (56%), mp 102-103 ~ (from CC14). Found: C 17.36; H 2.00; I 60.19%. C3H4IN 3. 
Calculated: C 17.24; H 1.93; I 60.73%. NMR spec t rum (CH2C12, 6, ppm): 3.85 (NCH3); 7.78 (5-H). 

Iodination of 1 -Methy l - lv2 ,4 - t r i azo le  (VII). A mixtux;e of 9.7 g of (VII) [15], 11.9 g of 12, and 4.1 g of 
HIO~ in 100 ml of CH3COOH, 25 ml of wa te r ,  2.5 ml  of HzSO ~, and 25 ml of CC14 was heated at 75 ~ for 4 h, 
neu t ra l ized  with NaOH, and ex t rac ted  with CHCI 8. Recrys ta l l i za t ion  f rom pe t ro leum ether  gave 10 g (41%) 
of (III). 

1-Methy l - l ,  2 , 4 - t r i a zo l i n -5 -one  (IV): A mix tu re  of 1 g of (HI) and 10 ml of 20% aqueous KOH solu-  
t ion was ref luxed for  6 h, neut ra l ized  with diluteHC1 solution, and evaporated to d ryness .  Sublimation at 
150 ~ (1 mm) gave 0.47 g (99%) of (IV), mp 178-179 ~ [9]. 

1 -Me thy l - l , 2 ,4 - t r i a zo l in -3 -one  (V). A mix ture  of 3 g of (II) and ~0 ml of 20% aqueous KOH solution 
was ref luxed for  40 h, cooled,  and ex t rac ted  with CHC13. The aqueous l aye r  was neut ra l ized ,  evaporated 
to d ryness  in vacuo,  and (V) was ex t rac ted  f rom the res idue  with CI-IC13 in a Soxhlet apparatus;  the yield 
was 1.1 g (75%), mp 192-193 ~ (from isobutanol).  Found: N 42.31~ C3HsN30. Calculated: N 42.41%. 

3 , 5 - D i i o d o - l - m e t h y l - l , 2 , 4 - t r i a z o l e  (VI). A mix tu re  of 4 g of (II), 9.7 g of I 2, and 3.3 g of HIO 3 in 
20 ml of CH3COOH, 5 ml of hexane,  and 2.5 ml of dilute H2SO 4 solution (1:4)  was heated at 85 ~ for 20 h. 
Af te r  cooling, 500 ml of CHCI~ was added, the mix tu re  was neut ra l ized  with NaOH, the organic l ayer  was 
separa ted ,  and the aqueous l aye r  was ex t rac ted  with CHC13. We isolated 6 g of crude (VI) f rom the com-  
bined CHC13 solution; a f te r  r e c ry s t a l l i z a t i on  f rom heptane the yield was 5.2 g (82%), mp 138-139 ~ [16]. 

P he ny l - ( 1 - me thy l - l , 2 , 4 - t r i a zo l -5 -y l ) ace ty l en e  (VIII). A mixture  of 2.1 g of (III) and 2 g of copper 
phenylacetyl ide in 35 ml  of pyridine was ref luxed in a N2 a tmosphere  for  20 h, diluted with 500 ml of 
e the r ,  f i l te red ,  and the solvent  was dis t i l led off. The  res idue  was chromatographed on A120 ~ (V activity) 
in benzene to give 1.1 g (62%) of (V]II), mp 70-71 ~ (from pe t ro leum ether) .  Found: C 72.27; H 5.08; N 
22.99%. CllHsN s. Calculated: C 72.11; H 4.95; N 22.94%. NMR spect rum (CC14, 5, ppm): 3.95 (NCH3); 
7.70 (3-H); 7.3-7.5 m (C6H5). In f r a red  spec t rum (CC14, v, cm- l ) :  2235 (C -= C). 

Acetylenic  Condensation. A mix tu re  of 4.2 g of (II), 4.7 g of (IX), 5.7 g of CuI, and 10.4 of K2CO 3 
in 30 ml  of pyridine was heated in a N 2 a tmosphere  at 112-115 ~ for  18 h, diluted with 500 ml of e ther ,  
f i l t e red  through a smal l  l aye r  of A1203 (V act ivi ty) ,  and the solvents  and excess  (IX) were  dist i l led off. 
The crude product  (4.9 g) in 13 ml of dioxane and 7 ml of 1 : 1  HC1 solution was s t i r r e d  at  20 ~ for  4 h, 
diluted with 200 ml  of e the r ,  and dr ied  ox/er K2CO 3. The ma te r i a l  was chromatographed on A1203 (V 
activity) in e ther  to give 2.1 g (64%) of (XI). Alcohols (X) and (XII) were  synthesized in a s imi la r  manner  

(Table 1). 

5_E thyny l - l -me thy l - l , 2 , 4 - t r i a zo l e  (XIV). A finely ground mixture  of 100 mg of (X) and 10 mg of KOH 
was heated carefu l ly  at  100 ~ (1 mm) in a vacuum-subl imat ion  apparatus.  Here  47 mg (72%) of (XIII) was 
subl imed.  Acetylenes  (XIV) and (XV) we re  obtained in a s imi l a r  manner  (see Table  1). 

The authors  wish to thank I.  B. Mazheika and M. I. KoUegova for  measur ing  the dipole moments .  

C O N C L U S I O N S  

1. The acetylenic  condensat ion was extended to 1 ,2 ,4- t r iazole  der iva t ives .  

1 -methy l -1  ~2,4-triazoles were  synthesized.  

2. The oxidative iodination of 1 - m e t h y l - l , 2 , 4 - t r i a z o l e  was studied. 
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