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N-Oxides and Related Compounds. Part XLIII.l Formation of N-Nitro- 
imides by Base-catafysed Nitration 

By Alan R. Katritzky and James W. Mitchell, School of Chemical Sciences, University of East Anglia, 

4-Amino-l,2,4-triazole and 1 - and 2-aminobenzotriazole are converted into N-nitroimides by nitration with ethytf 
nitrate in the presence of sodium ethoxide. 1 -Aminobenzimidazole forms the N-nitroimide on nitration with, 
N0,BF4. Some of the products are violent explosives: several of their reactions are described. 
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PUBLISHED methods 1-4 for the preparation of N-nitro- 
imides all involve nitration under strongly acidic 
conditions. We reasoned that N-amino-azoles might be 
susceptible to nitration under base-catalysis conditions, 
by transformations of the type (1) + (4), in which 
anions such as (2) were reactive intermediates. The 
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present paper justifies this reasoning, and makes avail- 
able a variety of azole N-nitroimides, a class of which. 
previously only a single example 4 was known. 

Nitrate esters in strongly basic medium have been 
used previously to C-nitrate compounds with weakly 
acidic hydrogen atoms, e.g., a m i d e ~ , ~  and 
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&riles.' N-Nitration of primary and secondary Ben.zimidazoZe.-T.l.c. showed that the reaction of 
amines *-lo has also succeeded at times, although con- 1-aminobenzimidazole with ethyl nitrate and potassium 
comitant cleavage of the C-0 bond of the nitrate ester ethoxide was not fast enough to be significant in com- 
can occur, as in the known l 1 9 l 2  alkylation of tertiary parison with decomposition of the ethyl nitrate to  yield 
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amines. Unsuccessful attempts have been made to 
nitrate hydrazine l3 and 1,2,4-triazole l4 and we ourselves 
found the method to  fail for as-dimethylhydrazine, 
pyrazole, and l-aminopyridinium salts. 

1,2,4-TriaxoZe.4-Amino-1,2,4-triazole (1) with nitric 
acid in acetic anhydride and acetic acid formed the 
nitrate salt of 1,2,4-triazole as the only isolable product 
(20%) ; however, treatment with ethyl nitrate and 
sodium ethoxide in ethanol gave the nitroimide sodium 
salt (4) in 90% yield. Treatment of this salt with 
hydrochloric acid gave 1,2,4-triazole 4-nitroimide (5). 
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Reaction of the salt (4) with benzyl chloride gave 
l-benzyl-l,2,4-triazole 4-nitroimide (6), previously pre- 
pared by nitration of the sulphonyl ylide, and reaction 
of (4) with methyl toluene-9-sulphonate gave l-methyl- 
1,2,4-triazole 4-nitroimide (7). The nitroimide (5 )  was 
also obtained directly from 4-amino-l,2,4-triazole by 
reaction with nitronium tetrafluoroborate in acetonitrile 
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diethyl ether and potassium nitrate. l-Aminobenz- 
imidazole reacted readily with N0,BF4 in acetonitrile to 
give benzimidazole l-nitroimide (12) in 65% yield. 
1,l'-Azobisbenzimidazole (13) (5%) was a by-product, 
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precipitating out as its tetrafluoroborate salt. Its 

spectral data. 

(65% yield). 

amine-0-sulphonic acid to produce 1- and S-aminobenzo- 
triaz01e.l~ Reaction of each of these compounds with 

Benxotriazoze~~Benzotriazole reacts with hYdroxY1- structure was confirmed by analytical, n.m.r., and mass 

ethyl nitrate and potassium ethoxide in ethanol produced 
the corresponding nitroimides as potassium salts (8) and 
( g), which were acidified to give the nitroimides (lo) and 1,2,4-TriazoZe 4-Nitroirnide, Sod ium Salt.-Ethanolic 
(11). These were exceptionally dangerous compounds, sodium ethoxide [from sodium (6 g) and (250 ml)l, 

heated under reflux for 1-5 h; the mixture was filtered hot, sensitive to impact, and liable to  undergo spontaneous and allowed to cool. Dilution with ether (,oo ml) pre- 

or with acetonitrile as solvent) were unsuccessful, the (Found: c, 14.3; H, 2.5; N, 41.4. C,H,N,NaO,,H,o 
only product isolated being 1-methylbenzotriazole. 

exploding at their respective m.p. (74.5 and 810), very ethyl nitrate (14 g), and 4-amino-1,2,4-triazo1e '* (1' g) were 

decomposition, even in Attempts to cipitated the sodium salt monohydrate (21.6 g, 90%) which 
(8) with fluorosulphonate (either neat crystallised as plates from EtOH, m.p. 223-224" (decomp.) 

requires C ,  14.2; H, 2.4; N, 41.4%). 
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1,2,4-Triazole 4-Nitroimide.-(a) To concentrated HC1 

(1 ml) was added the sodium salt (0.20 g)  in MeOH (10 ml). 
EtOH (30 ml) was then added and the solution cooled for 
1 h. The precipitate was filtered off and recrystallised 
from EtOH-H,O to  give the nitroinzide as plates (0.11 g, 
70%), m.p. 172" (explodes) (Found: C, 18.9; H, 2.5; N, 
54.1. C,H,N,O, requires C, 18.6; H, 2.3; N, 54.3%). 

(b) 4-Amino-1,2,4-triazole (0-10 g) in dry MeCN (4 ml) 
and NO,BF, l7 (0.16 g) in dry MeCN (5 ml) were mixed. 
Concentration of the mixture to  2 ml and dilution with 
ether (10 ml) gave a precipitate of the nitroimide (0.10 g, 
65y0), identical in properties with the material prepared 
previously. 

l-Benzyl- 1,2,4-triaxole 4-Nitroimide.-The sodium salt 
(0-15 g) of 1,2,4-triazole 4-nitroimide was heated under 
reflux for 24 h with benzyl chloride (0.5 g) in EtOH (15 ml). 
The solution was filtered to remove NaCl and allowed to 
cool for 24 h to give the nitroimide as plates (0.02 g, lo?$), 
n1.p. 159-161" (lit.,4 164"). 

l-Methyl- 1,2,4-triazole 4-Nitroimide.-The sodium salt 
(2 g)  and methyl toluene-9-sulphonate (5.5 g) in tetrahydro- 
furan dioxide (35 nil) were stirred at 100" for 1 h. Me,CO 
(50 ml) was added to the cooled solution and the precipitate 
filtered off. After addition of ether (600 ml), the solution 
was set aside for 2 h a t  0" to  give the nitroimide (1.10 g, 
65%) as needles from EtOH-H,O, m.p. 154-155" (de- 
conip.) (Found: C, 25.5;  H, 3.6; N, 48.2. C,H,N,O, 
requires C, 25-2; H, 3-5; N, 48.9%). 

Benxotriaxole 1-Nitroirnide.-Potassium (3.5 g) was dis- 
solved in EtOH (250 ml) under N,. l-Aminobenzotriazole 
(10 g) and ethyl nitrate (8 g) were added and the mixture 
was heated under reflux for 1.5 h. It was filtered hot and 
cooled, and ether (100 ml) was slowly added, giving a 
precipitate of the potassium salt of benzotriazole l-nitroimide 
(13.3 g, 82%) as needles from ethanol-ether, m.p. 181- 
182" (decomp.) (Found: C, 33.0; H, 2.0; N, 31.8. 
C,H,KN,O, requires C, 33.2; H, 1.9; N, 32.2%). 

Concentrated HC1 (1 ml) was added to the potassium salt 
(0.5 g). Dilution with EtOH (20 ml) and, after 10 min, 
filtration to remove KCl, gave a solution which was evapor- 
ated down (water-bath temp. not above 35"). Two 
successive portions of EtOH (10 ml) were added and 
evaporated off, followed by one of CHCl,. The residual 

oil was taken up in a little CHC1,; careful addition of light 
petroleum (b.p. 60-80") caused crystallisation of the 
nitroinzide as needles (0.35 g, 8 5 % ) ,  m.p. 74.5" (explodes). 
Because of its very dangerous nature, analytical data were 
not obtained for this compound; assumption of its identity 
was based on similarity in properties, especially i.r. 
spectrum, to benzotriazole 2-nitroimide, which was slightly 
more stable. 

Benzotriazole 2-nitroimide was prepared in a similar 
manner. Its fiotassizm salt (55%)  crystallised from EtOH- 
H,O as the dihydrate (needles), m.p. 258" (decomp.) (Found : 
C, 28.3; H, 2.5; N, 27.6. C6H4KN,02,2H,0 requires C, 
28.5; H, 3.2; N, 27.7%). Acidification as before gave the 
nitroimide as needles (75y0), m.p. 81" (explodes) (Found: 
C, 40.5; H, 3.0; N, 38.1. C,H,N,O, requires C, 40.2; 
H, 2.8; N, 39.1%). 

Benzimidazole l-Nitroimide.-NO,BF, (0.2 g)  in MeCN 
(15 ml) was slowly added, with stirring, to l-aminobenz- 
imidazole la (0.15 g) in MeCN ( 5  ml). After 10 min the 
precipitate (0.02 g) was filtered off; the filtrate was mixed 
with ether (100 ml) to give the nitroimide (0.125 g, 62y0), 
prisms (from EtOH), m.p. 169" (explodes) (Found: C, 
47.4; H, 3.7; N, 31.9. C,H,N,O, requires C, 47.2; H ,  
3.4; N, 31.4%). 

The precipitate from the original reaction mixture was 
considered to be 1, 1'-azobisbenzirnidazole dihydrotetrafluoro- 
borate, needles, m.p. 272' (decomp.) (Found: C, 37.7; H, 
3.0; N, 19.2. C,,H,,B,F,N, requires C, 38.4; H, 2.8; 
N, 19.2%); vmx, (Nujol) 3260 (NH), 1150--1000s,br (BF,-), 
and 775 cm-1. Recrystallisation of this fluoroborate from 
EtOH produced l,l'-azobisbenzimidazoZe as needles (0.007 g, 
5%) ,  m.p. 270" (decomp.) (Found: C, 64.3; H, 4.2; N, 
31.8. C,,H,,N6 requires C, 64.1; H, 3-8; N, 32.1%); 
vmX. (Nujol) 1500s, 1450s, 1365, 1350, 1275s, 1230vs, 785, 
and 745s cm-1; r [(CD,),SO; 60 MHz] 7.08-7-43 (3H, m), 
7-48-7-86 ( lH,  m), and 8.03 ( lH,  s) ; m/e 262vs. 
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