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Replacement  of the diazo group by the ni t ro group has given ni t ro  der ivat ives  of 1, 2 ,4 - t r i azo le ,  1, 3, 4-  
thiadiazole,  te t razole ,  1, 3, 4-oxadiazole,  and pyrazole.  The react ion is a nucleophilic substi tution, 
proceeding by a heterolytic mechanism.  A s i m i l a r  reac t ion  does not occur with 2-amino pyr idine and 
2-amino imidazole,  poss ib ly  as a resu l t  of the low stabil i ty of the diazonium form of the corresponding 
diazo compounds. 

Aromat ic  ni trogenous heterocycles  bear ing  nitro groups attached direct ly  to the heterocyclic  nucleus are of 
potential  in t e res t  as physiological ly active compounds and as in te rmedia tes  in organic  synthesis .  

Direct  introduction of the ni t ro  group is not possible  in all heterocycl ic  compounds, since the accumulat ion of 
ni t rogen hetero atoms in the r ing deactivates it toward electrophil ic  substi tution. 

Attempts to introduce the ni t ro group di rec t ly  into the nuclei of 1, 2, 4 - t r iazo le ,  1, 3, 4-thiadiazole,  tetrazole,  
and 1, 3, 4-oxadiazole by ni t ra t ion  were unsuccessful  [1-4].  Until now, the only case known was the n i t ra t ion  of 
3-hydroxy-1,  2, 4 - t r i azo le  [5, 6], but it has been shown recent ly  [6] that the ni t ra t ion product has the t r iazolone 
s t ruc ture ,  i. e . ,  the aromatic  na ture  of the r ing was destroyed. 

Nitro der iva t ives  1, 3, 4- thiadiazole and 1, 3, 4-oxadiazole with the ni t ro  group in the 2(5)-position have not 
been synthesized.  A communicat ion [7] on the prepara t ion  of 2-ni t ro : -5-amino-1,  3, 4- thiadiazole by the ni t ra t ion of 
2 - a m i n o - i ,  3, 4- thiadiazole  has been refuted [8], it having been shown that the product  is 2 -n i t roamino-1 ,  3, 4-  
thiadiazole. 

The represen ta t ives  of n i t ro  der ivat ives  of 1 ,2 ,4- t r iazole ,  te t razole ,  and imidazole were obtained by the Sandmeyer 
react ion,  by t r ea tment  of the corresponding diazo compounds with sodium ni t r i te  in p resence  of copper sal ts  [9-13]. 

Der ivat ives  of pyrazole  with the n i t ro  group in the 3-posi t ion are ext remely  difficult to obtain, and have, up to 
now, been p repared  only by indirect  methods [14, 15], s ince ni t ra t ion of pyrazole  affords the 4-n i t ro  der ivat ives  [16]. 

Isolated ins tances  occur in the l i t e ra tu re  of the synthesis  of ni t ro compounds of the benzene ser ies  [17], and 
of some 8 -n i t ropur ines  from the corresponding diazonium salts  by t rea tment  with sodium ni t r i te  in the absence of 
copper sal ts .  The mechan i sm of this react ion apparently differs f rom that of the Sandmeyer react ion,  but the 
avai lable  informat ion does not pe rmi t  more  definite suggestions.  

In order  to accumulate  more  exper imental  data, and to invest igate  further  the synthetic potential  of this 
react ion,  in pa r t i cu l a r  for heterocycl ic  compounds, we undertook a more  detailed examinat ion of der ivat ives  of 3(5)- 
a m i n o - l ,  2, 4 - t r iazo le ,  2 - a m i n o - i ,  3, 4- thiadiazole,  1- and 2 -methy l -5 -amino te t razo le ,  2 -amino-5-methy l -1 ,  3, 4-  
oxadiazole, 3-aminopyrazole ,  2-aminoimidazole ,  and 2-aminopyridine.  

Addition of the diazonium salts  obtained from these amines to sodium ni t r i te  solution resul t s  in evolution 
of ni t rogen,  and the formation in good yield of the corresponding nitro compounds. In severa l  cases,  it was not even 
neces sa ry  to isolate  the diazonium salt,  but s imply to add a solution of the amine in dilute mine ra l  acid to a solution 
of an excess of sodium ni tr i te .  

The react ion proceeds according to the equation: 
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R ~Z R Z HzSO 4 

The ni t ro  compounds obtained a re  cha r ac t e r i z ed  in Table 1. Diamino-1,  2, 4 - t r i a zo l e s  were  also subjected to 
this react ion,  giving the cor responding  dini t ro  compounds (xIn-xvi ,  Table 2). 

Table  2. Bicycl ic  Din i t ro t r i azo les  ]o,N\ N N - N ~  

H H 

XIV 0 

x;, 
2 

IR spectrum, 

,~ vNO z 
Mp, ~ 

~" (solvent ~ "~ 
for cryst- "" ~ ~ ." m = ~ u o 
allization) ~ ~ ~ o ~ Z 

~ ~ '5. 

a 256--257: 1560 13i5 

a 280--282 1560 1320 
(Ethanol) 

a 260--261 i555 1310 
(Ethanol) 

- Molecular 
formula 

C, 

Found Calculated 

% H, N,% M C,% H,% N,% M 

i , 

C6H6NsO4 28,50 

F 

>, 

1.28 49.46!228 21.25 0.89 49.70 226 31 

2.08 46 85 236 25 0011 67 46.70 240 71 

2.62 43.63 266 28.40 2.36 44.00 254 79 

*Precipitated from acetone with light petroleum. 

The appropr ia te  m e t h y l - 5 - a m i n o t e t r a z o l e s  yielded 1-methyl  (XXIII) and 2-methyl  (XXIV)-5-ni t ro te t razoles ,  
and 3-aminopyrazo le  gave 3 -n i t ropyrazo le  (XXV).* 

Ni t ro  de r iva t ives  were  not obtained f rom 2-aminoimidazo le  o r  2-aminopyr id ine  by this method. This was not 
unexpected,  s ince  it is known that the diazonium forms  of the diazo compounds f rom these amines are  ex t remely  
unstabl e [19, 20], and the l i fe  of the diazocat ions in solution is apparently less  than the t ime requ i red  for the 
fo rmat ion  of the t ransi t ion s ta te  with the n i t r i t e  anion. 

Resul t s  support  the reac t ion  mechan i sm for  the r ep l acemen t  of the diazonium group by the ni t ro  group der ived 
f rom studies on the reac t ion  kinet ics  in benzene compounds [22]. 

The ni tro compounds are  obtained as co lo r l e s s  c rys ta l l ine  solids,  readi ly  soluble in water ,  alcohols,  ether,  
acetone,  and ethyl acetate,  and less  soluble in benzene,  chloroform,  and carbon te t rachlor ide .  3, 5 -Din i t ro t r i azo le  
(XIII) has been desc r ibed  only in the fo rm of sal ts  and other  de r iva t ives  [9, 10]. We have obtained it in the f r ee  state,  
as a ve ry  hygroscopic  substance which de l iquesces  during the cou r se  of a few hours in air.  

Compar i son  of the IR spec t r a  of the ni t ro  compounds with those of the unsubstituted he te rocyc les  shows that 
a number  of bands p resen t  in the parent  compounds p e r s i s t  in the ni t ro  der iva t ives ,  and new bands due to the 
vibrat ion of the ni t ro  group appear {Tables 1 and 2). 

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

S - N i t r o - l ,  2, 4 - t r i a zo l e  (I). A) A solution of 1.68 g (0.02 mole) of 3 - a m i n o - i ,  2, 4 - t r i a zo l e  [23] in 16 ml of 
g lacia l  ace t ic  acid was added to 1.6 g (0.023 mole) of sodium ni t r i te  in 7 ml  of eonc H2SO 4 at 0 to - 5 ~  A f t e r S m i n ,  
50 ml  of water  was added dropwise at a t e m p e r a t u r e  not exceeding 0 ~ C, and the resul t ing  solution was added to 
200 ml  of 10% sodium ni t r i te  at 45-50  ~ C. 

Af ter  heating for  1 hr at 45 ~ C, the solution was acidified with H2SO 4 until oxides of ni t rogen were  no longer  
evolved,  t rea ted  with u rea  to des t roy  d issolved oxides of nitrogen, and extracted with ethyl acetate.  Af te r  remova l  
of the ethyl acetate ,  the product  was c rys ta l l i zed  f rom methanol  to give 1.3 g (57~ yield. 

B) 1.68 g (0.02 mole) of the aminot r iazo le  in 50 ml of 10% sodium ni t r i te  at 45 ~ C. The mixture  was worked up 
as in method (A) above. Yield 63%. 

*After  this a r t i c l e  went to p r e s s ,  a paper  appeared descr ib ing  a s i m i l a r  synthesis  of 1 - m e t h y l - 5 - n i t r o - 4 -  
e a rboxypyrazole  [21]. 
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This method was typical for most  of the n i t ro  compounds. 

3, 5-Dini t ro-1 ,  2 , 4 - t r i a zo l e  (XIII). To a solution of 80 g of sodium ni t r i te  in 300 ml  of water  was added during 1.5 
hr with s t i r r i ng  and cooling at 0 t o - 5 ~  a solution of 6 g (0.061 mole) of 3, 5-d iamino-1 ,  2, 4 - t r iazo le  [24] in 214 ml  of 
H2SO 4. The mix ture  was heated to 60 ~ C, kept for 30 min,  cooled to 0 ~ C, and 30% H2SO 4 added until  oxides of n i t rogen 
were  no longer evolved. Urea  (4 g) was then added, and the mix ture  extracted with 6 x 200 ml of ether. The ether  
ext ract  was dried over calcium chloride,  and the ether  dis t i l led off unt i l  the volume had reached 15-20 mL The 
res idue was dissolved in 150 ml  of acetone and t reated with a solution of 15-20 g of sodium bicarbonate.  The excess 
b icarbonate  was f i l tered off and the acetone dist i l led to give the sodium sal t  of XIII as yellow crys ta ls ,  mp 123 ~ C 
(decomp.) (from alcohol), yield 8.9 g (80%). The sodium sal t  was identical in its proper t ies  with that descr ibed in [9]. 
In o rde r  to obtain the f ree  compound XIII, the residue,  after removal  of the ether, was kept in a vacuum des icca tor  
over H2SO 4 unti l  the ma te r i a l  ceased losing weight, followed by extract ion with boil ing dry benzene. The benzene 
solution, on cooling, deposited XIII, which was f i l tered off and dried in a vacuum des iccator  over phosphorus 
pentoxide. The compound was very hygroscopic,  and on standing in a i r  for 2 - 3  hr it began to deliquesce.  

1- and 2 -Methy l -5 -n t t ro te t razo les  (XXIII, XXIV) were obtained by method (B). Compound XXIII was extracted 
from the react ion mix tu re  with benzene,  the extract  dried over sodium sulfate,  t rea ted with alumina,  the benzene 
removed,  and the res idue  c rys ta l l i zed  f rom ether with cooling to -70  ~ C. Yield 57.5%, mp 55-56 ~ C [12]. 

Compound XXIV, after  isolat ion f rom the benzene extract ,  was crys ta l l ized  from carbon tetrachtoride.  Yield 
76.5%, mp 86-87 ~ C [12]. 

2 - N i t r o - 5 - m e t h y l - 1 , 3 , 4 - o x a d i a z o l e  (XXII). Since der ivat ives  of 1, 3, 4-oxadiazole are unstable in acid media  [4], 
XXII was prepared  in such a way as to avoid prolonged contact with acid. 2.1 g (0.023 mole) of 2 -amino-5 -me thy l -1 ,  3, 
4-oxadiazole [25] was suspended in 200 ml  of a 20% solution of sodium ni t r i te ,  cooled to - 5  ~ C. During 3 hr, 100 ml  
of 7% H2SO 4 was added slowly to the suspension,  keeping the t empera tu re  below 0 ~ C. The cooled solution was extracted 
with ethyl acetate,  the extract  evaporated, and the res idue  c rys ta l l i zed  from light petroleum. 

The IR spec t ra  were taken on a UR-10 ins t rument  in the form of f i lms.  
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