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An Insensitive Energetic Compound 5, 7-Diamino-4, 6-dinitrobenzotriazol-3-ium-
1-oxide: Synthesis, Characterization and Performances
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Abstract: Using picryl chloride and hydrazine hydrate as the starting materials, an insensitive energetic compound 5,7-diamino-4 ,6-dinitrobenzotriazol-
3-ium-1-oxide(2) was synthesized through cyclization and vicarious nucleophilic substitution ( VNS) reactions with a total yield of 31.0%. The
structures of the title compound and its intermediate were characterized by ' H NMR, ">C NMR, FT-IR and elementary analysis. The reaction condi-
tion of VNS was optimized. A cyclization reaction mechanism of 4 ,6-dinitrobenzotriazol-3-ium-1-oxide(1) was speculated. The calculations of elec-
trostatic potential (ESP) and molecular orbital of the title compound were performed by quantum chemical method. The detonation properties and
thermal property of the titled compound and its intermediate 4 ,6-dinitrobenzotriazol-3-ium-1-oxide were studied. Results show that the optimal reac-
tion conditions of VNS were determined as the VNS reagent is NH, OH - HCI, the reaction time at room temperature is 5 h. The titled compound has
insensitive characteristic and good thermal stability. The density and thermal stability of compound 2 formed after introducing the two amino groups
in compound 1 are improved. Thermal decomposition temperature, density and detonation velocity of two kinds of compounds are 201.3 °C,
1.73 g+ cm™ and 7371.13 m - s™' for compound 1 and 248.5 °C, 1.76 g - cm™ and 7396.7 m - s™' for compound 2.
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reagent, 5, 7-diamino-4, 6-dinitrobenzotriazol-3-ium-1-oxide

1 Introduction (2) was synthesized from 4 ,6-dinitrobenzotriazol-3-ium-1-ox-

In the late decade, efforts to improve the safety and sur- ide (1) with a yield of 64% in dimethylsulfoxide. Because

vivability of munitions led to the concept of insensitive muni- THMI decomposes easily, it requires being prepared from two

tions. Recently, 1,2,3-triazole becomes an interesting struc- expensive reagents unsymmetric  dimethylhydrazine ‘and io-

tural framework found in all kinds of energetic materials and domethane. So that VNS reaction process was firstly improved

]

medicament!' ™) in this paper. Using cheaper NH,OH - HCI as a substitute for

In addition, N-oxides have been widely

studied in the field of energetic materials. The introduction of THMI, the title compound 2 was synthesized with a similar

N-oxides to the energetic heterocyclic compounds has been
paid much more attentions owing to their unique characteris-

-] "For

tics, such as high crystal density and low sensitivities
example, 5, 7-diamino-4, 6-dinitrobenzotriazol-3-ium-oxide
was identified as a kind of the potential high-performance in-
sensitive explosive and has some desirable traits, including a
high density (1.76 g

(20 J), and a low friction sensitivity (>360 N). So it can be

cm™), a low impact sensitivity

used as a main insensitive energetic component of explosives
and propellants to substitute TATB, RDX or HMX'"'.

In the literature [ 7] , using 1,1,1-trimethylhydrazinium
iodide (THMI) as a vicarious nucleophilic substitution ( VNS)
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yield (63.2% ) in water, which brought on a lower reaction
cost. In addition, the cyclization mechanism of the picryl
chloride and hydrazine hydrate was discussed. The detonation
performances, thermal behaviors, electrostatic potential (ESP),

and molecular orbital of the compound 2 were studied.
2 Experimental

2.1 Materials and Instruments

Picryl chloride was prepared and purified by Xi’an Mod-
ern Chemistry Research Institute, and other reagents were pur-
chased from the commercial sources. '"H NMR and " C NMR
were obtained in DMSO-d, on a Bruker AV500 NMR spec-
trometer. Infrared spectra were obtained from KBr pellets on a
Nicolet NEXUS870 Infrared spectrometer in the range of 4000—
400 cm™'. Elemental analyses (C, H and N) were performed

on a VARI-EI-3 elemental analyzer.
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2.2 Synthesis and Characterization

According to the reference [ 7], using a cheaper VNS rea-
gent NH, OH - HCI as a substitute for the expensive THMI,
the title compound 2 was synthesized via cyclization and VNS
with picryl chloride and hydrazine hydrate as the starting mate-
rials (Scheme 1). Total yield is 31.0%.

NO, NO, |, NO, |,
Cl NaHyHp0 N, NHOHHC  FeN N,
5% NaHCO, N NaHCO,, H,0 N
ON NO, ON ’g ON Q
0 NH, ©
1 2

Scheme 1 Synthetic route for the title compound

2.2.1 Synthesis of Compound 1

Hydrazine hydrate (0.75 mL, 15.46 mmol) and 80 mL
5% aqueous sodium hydrogen carbonate solution were mixed
in a three-necked round-bottomed flask with a stirrer at 0 °C.
To the reaction mixture, picryl chloride (0.738 g, 2.98 mmol)
was added in one portion. The solution was stirred for 20 min
at 0 °C and then for 2 h at ambient temperature. After heating
for 1 h at 60 °C, activated charcoal (1 g) was added to the
hot solution. It was filtered hot, cooled to 0 °C and acidified
to pH 2 with conc. hydrochloric acid. Then the solvent was
removed in vacuo and the residue was adequately dissolved
with acetic ester. The solvent was filtered and the filtrate was
concentrated in vacuum. The 0.4 g orange precipitate was ob-
tained with a yield of 55.3% and a purity of 98.7% (HPLC).
DSC (10 °C - min™'): T, =201.3 °C. IR(KBr, »/ cm™):
3105 (NH), 2654,2296, 2230, 2142, 1783, 1703, 1641,
1434 ( triazole ), 1557, 1368 ( NO, ), 1542, 1506, 1434,
1383, 1337, 1278, 1245, 1189, 1184,1176, 1156, 1055,
982, 934, 916, 895, 884, 827, 805, 769, 752, 734, 723,
704. "H NMR (DMSO-d, , 500 MHz): 9.103 (d, J=2 Hz,
1H, CH), 8.885 (d, /=2 Hz,TH, CH). C NMR (DMSO-d, ,
125 MHz ). 144,983, 137. 457, 136. 783, 130. 207, 117.539
(CH), 115. 188 (CH). Anal. Calcd. for C, H, N, O, (%):
C32.01, H1.34, N 31.11; Found: C 32.12, H 1.48,
N 31.06.

2.2.2 Synthesis of compound 2

Sodium hydrogen carbonate (1.11 g, 13.3 mmmol),
compound 1 (0.6 g,2.66 mmol) and 40 mL water were
mixed in a three-necked round-bottomed flask with a stirrer. To
the reaction mixture, hydrochloric hydroxylamine (0. 74 g,
10.64 mmol) was added in one portion. The solution was
stirred for 5 h at 20 °C. Then cooled to 0 °C and 12 mL 4 N
sodium hydroxide solution was added dropwise. After stirring
for 2 h at 0 °C, the solution was acidified to pH 2 by 2 N hy-
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drochloric acid. The orange precipitate was filtered and
0.43 g solid was obtained with a yield of 63.2% and a purity
0f 98.7% (HPLC). DSC: (10 °C - min™'); T, =248.5 °C.
IR (KBr,»/cm™): 3414, 3363 (NH,), 3245(NH), 1611,
1445 (triazole ), 1544, 1384 (NO,), 1290, 1258, 1235,
1194, 1165, 1105, 974, 883, 817, 773, 728, 691, 669;
"H NMR( DMSO-d,, 500 MHz):9. 784 —10. 358 (m, 4H,
NH,);"”C NMR(DMSO-d, , 125 MHz):149.73, 145.686, 144.32,
132.00, 115.28, 111.37; Anal. Caled. for C, H, N, O, (%)
C28.24, H1.98, N 38.43; Found C 28.33, H 2.00, N 38.04.

3 Results and Discussion

3.1 Mechanism of Triazol-3-ium-1-oxide Cyclization

One reasonable and possible mechanism is brought for-
ward in Scheme 2. Firstly, the bond C—Cl on picryl chloride
was activated by the adjacent nitro groups, and the C atom
was attacked by hydrazine hydrate to form the intermediate
I . Then it is proposed that the intermediate I was formed
via base-promoted intramolecular amino-nitro nucleophilic ad-
dition with the elimination of a H,O molecular. This interme-
diate undergoes an electron shift to produce intermediate I,
followed by formation of the N = N bond. Finally, the target
compound 5, 7-diamino-4, 6-dinitrobenzotriazol-3-ium-oxide

was obtained by acidified with the hydrochloric acid.

-
NBHCO3
OQN
NO
Z K
N\
N
ON R‘\
0

Scheme 2 Mechanism of triazol-3-ium-1-oxide

3.2 VNS Reaction

THMI is an expensive VNS reagent and decomposes easily,
so we look forward to find another VNS reagent to substitute
THMI. We discussed the effect on reaction of the different VNS
reagents, such as NH,OH - HCI, THMI and 3-amino-1,2 ,4-tri-
azole (ATA). The result shows that using NH,OH - HCI as
VNS reagent, the yield was 63.2% , and consistent with that
of using THMI (64% ). NH,OH - HCl is cheaper than THMI
very much, so that the cost of synthesis could be greatly de-
creased. Furthermore, the effect of reaction time on yield was
discussed, and the best reaction time at room temperature was
5 h. The results are listed in Table 1.
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Table 1 VNS reaction with different reagents

VNS reagent time/h yield/% purity") /%
NH, OH - HClI 2 34.5 95.4

NH, OH - HCI 4 60.1 96.7
NH,OH - HCI 5 63.2 98.7

NH, OH - HCI 6 63.4 98.7
THMI 12 64.0 95.4

ATA 12 - -

Note: 1) the purity characterized by HPLC.

3.3 Properties of Compounds 1 and 2
The decomposition temperatures were obtained by the
DSC, and the other performances were obtained by calcula-

tion, such as density and the enthalpy of formation were cal-

Table 2 Properties of compounds 1 and 2

culated by Gaussian 09 program'®’ | its detonation velocity and
detonation pressure were calculated by VLW method™’. It
was found that the title compound 2 and its intermediate com-
pound 1 had better performances, some main properties of the

title compound 2 were obtained by calculation or test as follows:

-1
)

density is 1.76 g - cm™, detonation velocity is 7396.7 m - s
1

enthalpy of formation is 4750 kJ - kg~ and its decomposition
point is 248.5 °C. Due to the presence of hydrogen bonds and
the addition of two amino groups by VNS method, compared
with compound 1, the title compound 2 exhibited a higher
density and a better thermal stability, while the alternating a-
mino and nitro groups should ensure stability and insensitivity.
The physicochemical and detonation properties of compounds

1 and 2 were listed in Table 2.

nitrogen content density decomposition detonation detonation enthalpy of
compound /% /g - cm™ temperature/°C velocity/m - 5™ pressure/GPa formation/k] - kg™
1 31.11 1.73(1.69")  201.3 7371.1(7622") 24.0(23.7") 5476
2 38.43 1.76(1.78")  248.5 7396.7(8022") 24.4(26.2") 4750

Note: 1) reference [7 ], detonation parameters were calculated using the EXPLO5 6.

3.4 Thermal Behaviors
The DSC curve of compound 1 in Fig. 1 indicated a melting
point, T,

at 201.3 °C. The TG-DTG curve of compound 1 in Fig. 2

showed two main mass loss stages. The first stage amounts to

at 86.7 °C, and one thermal decomposition peak

7.33% in the temperature range of 64.9-90.6 °C, it is mainly
attributed to the part of crystal water. The second stage begins
at 184.1 °C and ends at 214.37 °C, accompanied with 24.17%
mass loss, corresponding to the mass of residual triazol-3-ium-
oxide, and 34.71% residue at 491.23 °C. The result indicates
that there are a few remains at the end of the decomposition.
The DSC curve of compound 2 in Fig. 3 exhibited one
thermal decomposition peak at 248.5 °C, according to the one
obvious mass-loss stage in the TG-DTG curve in Fig. 4, which
can be confirmed by the mass-loss stage in the temperature
range of 198.24-319.41 °C with mass-loss of 60.96% , and
15.28% residue at 447.71 °C. The result indicates that there

are a few remains at the end of the decomposition.
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Fig.1 DSC curve of compound 1
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Above-mentioned DSC results showed that the first de-
composition temperatures of compounds 2 and 1 were
248.5 °C and 201.3 °C, respectively. This fact that decompo-
sition temperature of compound 2 was over 240 °C, showed
an excellent thermal stability and potential application for gas-

generator or rocket propellants.
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Fig.2 TG-DTG curve of compound 1
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Fig.3 DSC curve of compound 2
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Fig.4 TG-DTG curve of compound 2

3.5 Electrostatic Potential (ESP) and Molecular Orbital

To obtainfurther understanding of the chemical and physi-
cal properties for target compound, electrostatic potential
(ESP) and molecular orbital calculations were performed by
the B3LYP/6-31++g (d, p) level of theory based on the opti-
mized structure. Figure 5 shows the ESP for the 0. 001 elec-
tron/bohr of the electron density evaluated at the B3LYP meth-
od. It has recently been found, and is extensively used, that
the computed ESP is generally related to the impact sensitivity

of the bulk energetic materials!*™"*’

. Basically a higher charge
separation and larger and stronger positive potentials lead to
especially higher sensitivity values. In Fig.5, it can be clearly
seen that the positive ESP region of the title compound is smal-
ler and also a lower charge separation; this is in good accord
with the experimental result of compound 2 (IS =20 |,

FS>360 N).

0.04

0.04

Fig. 5 Calculated electrostatic potential of the title compound (' The
red regions represent electron rich regions, the blue regions is electron
extremely deficient regions. The 3D isosurface of electron density is

shown between —0.04 hartree and +0.04 hartree)

The highest occupied molecular orbitals (HOMOs) and
the lowest unoccupied molecular orbitals (LUMOs) of com-
pound 2 were shown in Fig.6. It can be seen that one animo
group and the imino group mainly occupy the HOMO, where-
as the nitro group and the other amino group occupy the
LUMO. The results indicate that the group of —NH, make an

important difference to some properties of the title compound.
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Since the gap energy (AE) of HOMO and LUMO is an impor-
tant parameter to measure the stability of the energetic materi-
al, the highest occupied molecular orbital energy ( E,omo ) »
the lowest unoccupied molecular orbital energy (E o,o) and
their gaps (AE=E o0 —Eyomo ) Were obtained as -0.00044,
0.01423 and 0.01467 Hartree, respectively. The acceptable AE

likely explains the reasonable thermal stabilities.

HOMO
Fig.6 The highest occupied molecular orbital (HOMO, left) and the

lowest unoccupied molecular orbital (LUMO, right) of the title compound

4 Conclusions

(1) Using cheap NH,OH - HCl as a substitute for expen-
sive and instable THMI, 5,7-diamino-4,6-dinitrobenzotriazol-
3-ium-1-oxide was synthesized via VNS reaction from 4, 6-
dinitrobenzotriazol-3-ium-1-oxide with a yield of 63. 2%.
Compared with the literature, the cost of VNS reaction was
greatly decreased.

(2) A possible mechanism of triazol-3-ium-1-oxide cycli-
zation is presented.

(3) The nitrogen content, density, decomposition temper-
ature, detonation velocity, detonation pressure and enthalpy of

-3
’

s7', 24.4 GPa and 4750 k) - kg™',

formation of the title compound are 38.43%, 1.76 g - cm
248.5 °C, 7396.7 m -
respectively.

(4) The highest occupied molecular orbital energy
(Eyomo ) » the lowest unoccupied molecular orbital energy
(Eiomo) and their gaps (AE=FE oyo—Enomo) are —0.00044,
0.01423 and 0. 01467 Hartree, respectively, revealing that
5,7-diamino-4 ,6-dinitrobenzotriazol-3-ium-1-oxide possess rea-

sonable thermal stabilities.
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