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The methy la t ion  of 3 - n i t r o - i ,  2, 4 - t r i a z o l e  (i), 3 - n i t r o - 5 - m e t h y l - 1 ,  2, 4 - t r i a z o l e  (II), 3 - n i t r o - 5 -  
me thoxyca rbony l -1 ,  2, 4 - t r i a z o l e  (III), and 3, 5 - d i n i t r o t r i a z o l e  (IV) with dimethyl  sulfa te  in a lkal ine  m e d i a  
takes  p l ace  in the 1-pos i t ion  of the t r i a z o l e  r ing.  Alkyla t ion of I and II with d iazomethane  gives a mix tu re  
of the N 1 and N 2 products .  3, 5 - D i n i t r o t r i a z o l e  gives a s ingle ,  N i -a lky la t ion  product  under  va r ious  
condi t ions.  

Alkyla t ion  of 1, 2, 4 - t r i a z o l e s  which a r e  u n s y m m e t r i c a l l y  subst i tu ted in the 3(5) posi t ions ,  can, t heo re t i ca l ly ,  
give th ree  i s o m e r s  (A, B, and C): 

R I R R" R / \ ~ / N  
A R" B C 

R ~ R ' ;  A = B  

Alkylation of unsymmetrically substituted i, 2, 4-triazoles, depending on the conditions (solvent, reagent), 
gives a mixture of isomers containing predominantly the H i or N 2 substituted products, but the formation of the N 4 
substituted products has not been observed [2-5]. Only in the case of the alkylation of 5-furyl-substituted 3-amino- 
1, 2, 4-triazoles [6] with methyl iodide in neutral media does Na-alkylation occur. Literature references to the 
alkylation of nitro-l, 2, 4-triazoles is confined to a paper [7] in which the preparation of a methyl derivative of 
3, 5-dinitro triazole is mentioned, the position of the methyl group not being established. 

In continuation of inves t iga t ions  into the r eac t ions  and p r o p e r t i e s  of n i t r o - l ,  2, 4 - t r i a z o l e s  [1], we have examined 
the N-a lky la t lon  of 3 - n i t r o - i ,  2, 4 - t r i a z o l e  (i), 3 - n i t r o - 5 - m e t h y l - 1 ,  2, 4 - t r i a z o l e  (II), 3 - n i t r o - 5 - m e t h o x y c a r b o n y l -  
1, 2, 4 - t r i a z o l e  (III), and 3, 5 -d in i t ro -1 ,  2, 4 - t r i a z o l e  (IV). 

React ion of compounds I - IV  with d imethyl  sulfate  in acetone,  alcohol,  o r  in the i r  m ix tu re s  with water ,  in 
p r e s e n c e  of sodium ca rbona te  or  hydroxide,  in t roduces  a s ingle  methyl  group. 

Th in - l aye r  ch romatograph ic  examinat ion  of the p roduc ts  of a lkyla t ion shows that only one i s o m e r  is fo rmed  in 
al l  c a se s ,  and e s t a b l i s h e s  that methy la t ion  takes  p lace  in the  1-pos i t ion  (V-VII1). The locat ion of the methyl  group 
in V (Rf 0.39) was de t e rmined  by compar ing  i t  with the i s o m e r i c  1 - m e t h y l - 5 - n i t r o - 1 ,  2, 4 - t r i a z o l e  XII [1] (Rf 0.61), 
and 3 - n i t r o - 4 - m e t h y l - 1 ,  2, 4 - t r i a z o l e  [11 (Rf 0.20). 

.,NO 2 
N 

R /  ~N R = r 
VII R= COOCH3~. 

CH 3 VIII  R =hvO~ 
V-Vl l l  

We have also syn thes ized  by this method [1] the i s o m e r s  of VI: 1, 3 - d i m e t h y l - 5 - n i t r o - 1 ,  2, 4 - t r i a z o l e  (IX), and 
3 -n i t ro -4 ,  5 -d ime thy l -1 ,  2, 4 - t r i a z o l e  (X). Compar i son  of the methy la t ion  produc ts  of 3 - n i t r o - 5 - m e t h y l - 1 ,  2, 4-  
t r i a zo l e  showed that a s ingle  i s o m e r  was obtained,  namely,  1, 5 - d i m e t h y l - 3 - n i t r o - 1 ,  2, 4 - t r i a z o l e  (VI). 

The locat ion of the methyl  group in the methoxycarbonyl  de r iva t ive  VII was e s t ab l i shed  by compar i son  with the 
i s o m e r i c  1 - m e t h y l - 3 - m e t h o x y e a r b o n y l - 5 - n i t r o - 1 ,  2, 4 - t r i a z o l e  (XI), and a lso  by hydro lys i s  of the e s t e r  group, 

*Fo r  p a r t  I, s ee  [1]. 
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followed by decarboxy la t ion  to give 1 - m e t h y l - 3 - n i t r o - 1 ,  2, 4 - t r i a z o l e  (V). The s t r u c t u r e  of VIII was es t ab l i shed  by 
ind i r ec t  syn thes i s  f rom 1 -me thy l -3 ,  5 -d iamino-1 ,  2, 4 - t r i a z o l e ,  by the Sandmeyer  reac t ion .  

Composi t ion  d i ag rams :  1) Sys tem V-XIII ;  
2) Sys tem VI- IX.  
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The r e s u l t s  obtained p e r m i t  a qual i ta t ive  de sc r ip t i on  of the e l ec t ron  dens i ty  d i s t r ibu t ion  and the r e l a t i v e  
nuc leophi l i c i t i e s  of the  n i t rogen  a toms  in the n i t r o t r i a z o l e  anion. Star t ing f rom informat ion  on the s t r u c t u r e  of 
t r i a z o l e  anions [8], and a lso  by analogy with the anion of 4 - n i t r o i m i d a z o l e  [9], and taking into account the inductive 
effect  of the n i t ro  group, it is pos s ib l e  to pos tu la te  with a f a i r  deg ree  of ce r ta in ty  that the g r e a t e s t  e l ec t ron  dens i ty  
in the n i t r o t r i a z o l e  anion will  be found at the N 2 n i t rogen atom, and consequently the g r e a t e s t  po l a r i zab i l i t y  will  occur  
at N 1. 

S te r ic  f ac to r s  apparen t ly  p l ay  a l e s s e r  r o l e  in the a lkyla t ion with d imethyl  sulfa te ,  and do not influence the 
i s o m e r  composi t ion ,  s ince  r e p l a c e m e n t  of the hydrogen a tom in the 5-posi t ion  by methyl  or  methoxycarbonyl  groups 
does not change the pos i t ion  of alkylat ion.  Methylat ion of I and II with d iazomethane  affords  a mix tu re  of i s o m e r s .  
In the f i r s t  case ,  the  mix tu re  cons i s t s  of 1 - m e t h y l - 3 - n i t r o - 1 ,  2, 4 - t r i a z o l e  (V, 76%) and l ' m e t h y l - 5 - n i t r o - 1 ,  2, 4-  
t r i a z o l e  (XII, 24~o); and in the second case ,  1, 3 - d i m e t h y l - 5 - n i t r o - 1 ,  2, 4 - t r i a z o l e  (IX, 36%) and 1, 5 - d i m e t h y l - 3 -  
n i t r o - l ,  2, 4 - t r i a z o l e  {VI, 64%). In no case  was N4-subst i tut ion observed .  

In o r d e r  to e s t ab l i sh  the quant i ta t ive  compos i t ion  of the i s o m e r  mix tu re s ,  the mel t ing  point d i a g r a m s  of the 
s y s t e m s  1 - m e t h y l - 3 - n i t r o - 1 ,  2, 4 - t r i a z o l e  (V), 1 - m e t h y l - 5 - n i t r o - 1 ,  2, 4 - t r l a z o l e  (XII), and 1, 3 - d i m e t h y l - 5 - n i t r o -  
1, 2, 4 - t r i a z o l e  (IX), 1, 5 - d i m e t h y l - 3 - n i t r o - 1 ,  2, 4 - t r i a z o l e  (V1) were  examined (see Figure) .  

Al l  these  fac ts  a r e  in a g r e e m e n t  with the low se l ec t iv i t y  of the a lkyla t ing  agent involving the carbonium ion 
r eac t i on  mechan i sm ,  as  in the ca se  of d iazomethane  [10]. 

Alkyla t ion  of the d in i t r o t r i a zo l e  IV with d iazomethane,  and of i ts  s i l v e r  sa l t  with methyl  iodide, gave a s ingle  
r eac t i on  product ,  1 -methy l -3 ,  5 -d in i t ro -1 ,  2, 4 - t r i a z o l e  (VIII), no N4-subst i tut ion being observed.  

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

1 - M e t h y l - S - n i t r o - i ,  2, 4 - t r i a z o l e  (V). Two g r a m s  (0.0176 mole)  of I [1] was d i s so lved  in 40 ml  of acetone,  and 
6 ml  of 10% sodium hydroxide  added, followed by 2.2 g (0.0176 mole) of dimethyl  sulfate.  Af ter  8 hr ,  the acetone was 
evapora ted ,  and the r e s i d u e  d i s so lved  in wa te r  and ex t rac ted  with ethyl acetate .  Yield 1.5 g (66%), mp 63-64  ~ C 
(from ethanol).  Rf 0.39. Found, %: C 27.80; H 3.49; N 43.95; mol wt 131. Calcula ted  for  C3H4N402, %: C 28.10; 
H 31.3; N 43.70; m o l w t  128. 

1, 5 - D i m e t h y l - 3 - n i t r o - 1 ,  2, 4 - t r i a z o I e  (V1). This  was obtained by the methyla t ion  of II with d imethyl  sulfate [1], 
as  for  V. Yield 1.2 g (55%), mp 89-90  ~ C (from benzene).  Rf 0.50. Found, %: C 33.78; H 4.43; N 39.48; m o l w t  141.5. 
Calcula ted  for  C4H6NaO2, %: C 33.80; H 4.23; N 39.50; m o l w t  142. 

1 - M e t h y l - 3 - n i t r o - 5 - m e t h o x y c a r b o n y l - 1 ,  2, 4 - t r i a z o l e  (VII). Obtained s i m i l a r l y  to V and VI, f rom III. Yield 
51%, mp 120-121 ~ C (from alcohol).  Found, %: C 32.17; H 3.56; N 29.73; m o l w t  180. Calcula ted  for  CsH6NaO 4, %: 
C 32.25; t t  3.22; N 30.10; m o l w t  186. 

Methyla t ion  of n i t r o t r i a z o l e s  with d iazomethane.  E the rea l  d iazomethane  was added in 50% excess  to a dioxane 
solut ion of I and II. The mix tu re  was evapora ted ,  and the r e s idua l  product  examined by t h in - l a ye r  chromatography .  
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1, 3 -Dimethy l -4 -n i t ro -1 ,  2, 4 - t r i azo le  (IX). A 6.5 gamount  (0.031 mole) of 1, 3 -d imethy l -5 -amino-1 ,  2, 4- t r iazole  
sulfate [11] in 50 ml of 5~ H2SO 4 was added at 0 ~ C to a solution of 30 g of sodium ni t r i te  in 60 ml  of water. The 
mix ture  was heated for 30 rain at 60 ~ C and then extracted with ethyl acetate. The extract  was evaporated and the 
res idue  r ec rys ta l l i zed  from 50% aqueous ethanol with the addition of activated charcoal.  Yield 3.0 g (52%), mp 
55-56 ~ C. Rf0.69.  Found, %: C 33.93; H4.60;  N 39.35; molwt  137. Calculated for C4H6N402, %: C 33.80; H4.23;  
N 39.50; mo]wt  142. 

3-Ni t ro-4 ,  5-dimethyl-1 ,  2, 4 - t r i azo le  (X). This was obtained from 3-amino-4 ,  5-dimethyl-1,  2, 4 - t r iazo le  [11] 
as for IX. Yield 4.0 g (69%), mp 66-67 ~ C (from benzene),  Rf 0.37. Found, %: C 34.23; H 4.68; N 39.60; molwt  141. 
Calculated for C4H6N402, %: C 33.80; H 4.23; N 39.50; molwt  142. 

1 -Methy l -3 -methoxycarbony l -5 -n i t ro -1 ,  2 ,4 - t r i azo le  (XI). To 0.8 g (0.0047 mole) of 1 -me thy l -3 -ca rboxy-5 -  
n i t r o - l ,  2, 4 - t r i azo le  [1] in 20 ml of dioxane was added an ethereal solution of 0.4 g of diazomethane. The solution was 
evaporated and the res idue  c rys ta l l i zed  from ethanol to give 0.6 g (69%), mp 84 ~ C. Found, %: C 32.20; H 3.29; 
N 30.23; molwt  180. Calculated for C~H6N404, %: C 32.25; H 3.22; N 30.10; molwt  186. 

Hydrolysis  and decarboxylat ion of 1 -me thy l -3 -n i t ro -5 -me thoxyca rbony l -1 ,  2, 4 - t r i azo le  {VII). A 1.3 g (0.007 
mole) amount of VII was heated at 100 ~ C in 25 ml  of 15% H2SO 4 for 12 hr. The mix ture  was extracted with ethyl 
acetate,  and the res idue  after evaporation of tile ethyl acetate (0.6 g, 67%) was identical  by mp (62-63" C), IR 
spect rum and Rf 0.64. Found, %: C 20.60; H 2.06; N 40.49; molwt  174. Calculated for C3H3N504, %: C 20.80; H 1.73: 
N 40.45; tool wt 173. 

B) To a solution of 0.6 g (0.0038 mole) of IV in 20 ml  of ether  was added an ethereal  solution of 0.3 g of 
diazomethane.  The solution was evaporated, giving 0.6 g (90%) of compound, Rf 0.64, mp 95-96 ~ C (from ethanol), 
which gave no depress ion  of mp on admixture with ma te r i a l  obtained by method(A) .  

C) Six grams (0.023 mole) of the s i lver  sal t  of d in i t ro t r iazole  [7] was dissolved in 60 ml  of acetoni t r i le ,  50 ml 
of methyl iodide added, and the mix ture  kept in the dark for 48 hr. The precipi ta te  of s i lve r  iodide was f i l tered off, 
the f i l t ra te  evaporated to dryness ,  and the res idue  extracted with hot methanol.  On cooling, the methanolic solution 
deposited c rys ta l s  which were f i l tered off, and the mother  l iquors  were evaporated to dryness .  Both the res idue  and 
the c rys ta l l ine  ma te r i a l  had the same Rf value (0.64.) and mp 95-96 ~ C (from ethanol). Yield 2.3 g (59%). No 
depress ion  of mp was observed on admLxture with ma te r i a l  obtained by methods (A) and (B). 

D) To a solution of 20 g of copper n i t ra te  and 40 g of sodium ni t r i te  in 100 ml of water  at 50-60 ~ C was added 
dropwise a solution of 3 g (0.0142 mole) of 1-methyl -3 ,  5-diamino-1,  2 ,4 - t r i azo le  sulfate [12] in 50 ml of water. The 
mix ture  was heated for 2 hr at 50-60 ~ C, cooled, and fi l tered.  The f i l t ra te  was acidified with dil H2SO 4 until  oxides 
of n i t rogen were  no longer  evolved, then t reated with u rea  to destroy dissolved oxides of nitrogen. The solution was 
extracted with ethyl acetate,  the extract  washed with 3-4% sodium hydroxide followed by water,  dried over calcium 
chloride,  and the solvent  removed to give 0.7 g (29%), mp 95-96" C {from ethanol). The product was identical in its 
p roper t i e s  with that obtained by methods (A), (B), and (C). 

Th in - l aye r  chromatography of the ni t ro  t r iazoles .  Chromatography was ca r r i ed  out on "chromatography grade" 
alumina,  the layers  being without a binder.  The plate d imens ions  were 9 x 15 cm, and the solvent was ace tone -  
heptane (1 : 1). The chromatograms  were visual ized in UV light (Brumberg ul t rachemiscope) .  

Chromatography of 1-methyl-3 ,  5 -d in i t ro t r iazo le  was ca r r i ed  out us ing a lumina  which had previously  been 
t reated with 15% acetic acid, s ince without this t rea tment  the compound decomposed on the adsorbent.  System: 
d ioxane-heptane  (2 : 3). 
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