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Abstract

:

The title compound 3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(4-nitro-1,2,5-oxadiazol-3-yl)-1,2,5-oxadiazole (ANFF-1) was synthesized by: (1) by reaction of 3,4-bis(4-nitro-1,2,5-oxadiazol-3-yl)-1,2,5-oxadiazole (BNFF-1) with gaseous ammonia in toluene and (2) by partial oxidation of 3,4-bis(4-amino-1,2,5-oxadiazol-3-yl)-1,2,5-oxadiazole (BAFF-1) with 35% H2O2 in concentrated H2SO4.
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Introduction


The relatively high density (1.782 g/mL) together with low melting point (100 °C) makes ANFF-1 (Figure 1a) very attractive as a secondary explosive, oxidizer and melt-castable explosive [1]. It is structurally similar to another heterocyclic energetic compound, 3,4-bis(4-nitro-1,2,5-oxadiazol-3-yl)-1,2,5-oxadiazole-1-oxide (BNFF, Figure 1b) [2,3,4,5,6,7] and may serve as an alternative to BNFF in some weapon applications. In this short note, we report two synthetic methods that were developed for the synthesis of ANFF-1.




Experimental (Scheme 1)


The first method involved allowing BNFF-1 to react with gaseous ammonia in toluene at 0–5 °C. With stirring, BNFF-1 (5 g) was dissolved in toluene (100 mL) in a 250 mL round-bottomed flask equipped with a stir bar, thermometer and gas bubbler. The mixture was cooled to <5 °C and anhydrous ammonia was bubbled in for 10 min to yield a saturated solution. The mixture was stirred 1 h at <5 °C, filtered to remove insoluble NaNO2 and the solvent was removed to yield a light yellow solid. Purification by flash column chromatography (CH2Cl2, SiO2) yielded 1.4 g of ANFF-1 as a white powder. Recrystallization from CHCl3 yielded white needles; m.p. 100 °C; 1H-NMR (DMSO-d6) δ 6.72 (s, 2H); 13C-NMR (DMSO-d6) δ 160.05, 155.2, 144.25, 140.92, 139.23, 135.70 ppm; 14N-NMR (DMSO-d6) δ 1139 (-NH2) ppm.



The method of choice for the synthesis of ANFF-1 involves the partial oxidation of BAFF-1 with 35% H2O2 in concentrated H2SO4. Into a 300 mL 3-necked round-bottomed flask equipped with a thermometer, stir bar, and addition funnel was placed concentrated (96% sulfuric acid (200 mL) and 3,4-bis(4-amino-1,2,5-oxadiazol-3-yl)-1,2,5-oxadiazole (BAFF-1, 20 g, 84 mmol). The mixture is stirred until a solution is realized. With stirring, the solution is cooled to <10 °C with an ice water bath and 35% hydrogen peroxide (20–30 mL, 8 fold molar excess of H2O2, ~530 mmol) is added dropwise at <20 °C. The mixture turns a blue-green color after an hour BNFF-1 forms as a light blue-green precipitate. The mixture is stirred at 18–23 °C for 3 h. The reaction mixture is filtered through a glass fritted Buchner funnel to remove the insoluble BNFF-1 into 2 liters of ice water, resulting in precipitation of ANFF-1 as a white solid. The precipitate (ANFF-1) is collected by suction filtration, washed with water and allowed to air dry to yield 10.5 g (45%) of a white solid. Recrystallization from CHCl3 (insoluble BAFF-1 is removed by gravity filtration) yields ANFF-1 as white needles; m.p. 100 °C; 1H-NMR (DMSO-d6) δ 6.72 (s, 2H); 13C-NMR (DMSO-d6) δ 160.05, 155.2, 144.25, 140.92, 139.23, 135.70 ppm; 14N-NMR (DMSO-d6) δ 1139 (-NH2) ppm. The resulting material with particles sizes of 0.64 × 0.57 × 0.43 mm3 exhibited friction sensitivity of 0/10@36 kg (BAM Friction) and impact sensitivity measured with drop hammer tests was larger than 177 cm (2.5 kg weight). The two samples had the same particle size and sensitivity since both were recrystallized from CHCl3 prior to performing small-scale safety tests.



Thermal stability of ANFF-1was recently explored and analyzed in great detail [8,9].
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Figure 1. Geometry structures of (a) ANFF-1 and (b) BNFF molecules were obtained from Density Functional Theory modeling in the B3LYP/6-31+G(2df,p) approximation. The bond distances are shown in Å. 
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Scheme 1. Synthesis of ANFF-1. 






Scheme 1. Synthesis of ANFF-1.



[image: Molbank 2014 m824 sch001]






© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).







nav.xhtml


  molbank-2014-M824


  
    		
      molbank-2014-M824
    


  




  





media/file3.png
BAFF
P(OEt);| CH,CN
.0,
N N
\
N
H,0
I\ I\ 272
N. N N. N
0 H,SO,

N
H202 \ /

- O,N >_2—$_<N02
TFA 7\ I\

P(OEt),

NH,

N
/ N\ / \

N, .N  N_ .N
O O

toluene

5°C
ANFF-1

H,S0, /35% H,0,





media/file1.png
a) 1359 €

111.4°

1.306

1.464 L @X 1446 1357
1308 £ 130.2° 130.6" e 129-0. A
' 1124.5°
131.3°
/ 1.426 1.313

128 4°
1 457

1.
1.33

£ 1.300

213

o1

1.364

111 6°

1.345 1 387

@(C3C4C5C6) =177.3°
@(C5CBN8H1) = 16.6°
@(C4C3C2C1) =60.7°
¢(C2C1N102) = 10.7°

w1 O‘R 1.008
—&

b) 1.443  OF
o

1.356
108.7° 1 1.209
134.6° |
1.30 1.423 1.337 1223 1.213
1.445 “
1.467 132.0° 1.462

128.1° 131.1°

-' 120.4°
1.369 A 1.30 131.00 1430

1.299
| o 1312
1.33

' 111.9° .
1.459 L gy 1.355
71.300 1275

p(C2C1C3C4) = 149.3°
“ P(C3C4NS03) = 145.1°

p(C1C2C3CB6) = 70.0°
p(CSCEN8O6) = 10.4°

| 1.213





media/file0.jpg
o0
17
¥ vas L
prreg s
1351 1355

213 9(C3C4CECE) = 177.3°

B(CECENBH1) = 186" it

145.1°

123 9(C201C3CH)
9(CICAN5O3)
9(C1C2C5C6) = 70.0°

p(CSCENBOS) = 10.4°





media/file2.jpg
HN N

{
NN NN
o o

BAFF BNFF
P(OEN);

POEYY Ci

NN
6, NHy O Nit,
—_— - T
1,50, oiene NN NN
sec

ANFF-1






