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Abstract: N, N-bis( (3,5-dinitro-1 H-1,2 ,4-triazol-1-yl) methyl) nitramine (BDNTMN) was synthesized via diazotization, nitration and N-alkylation
etc reactions using 3, 5-diamino-1, 2, 4-triazole ( DAT) as starting material. The structures of each compound were characterized by means of
"H NMR, "»C NMR, IR, MS and elemental analysis etc means. The main thermal properties of BDNTMN were analyzed by DSC and TG. The phys-
icochemical property and detonation performance of BDNTMN were predicted by Gaussian 09 and Kamlat-Jacbos equations. Results show that
BDNTMN has two thermal decomposition peaks at 170.4 °C and 254.1 °C, respectively. The density, detonation velocity and detonation pressure of

BDNTMN are 1.95 g - cm™, 9.03 km - s™' and 38.7 GPa, respectively, which are better than those of RDX.
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1 Introduction

New high-energy density materials ( HEDMs) not only
need to enhance detonation pressure and detonation velocity,
but also consider heat of formation, density and thermal stabil-
ity''"™'.  Energy-rich functional groups including nitro
(—NO,), nitrato (—ONO, ), nitramine (—NNO, ) and azi-
do (—N,) as substituents into energetic compounds are an ef-

B Ener-

fective way to obtain better detonation performances
getic compounds that contain nitramine (—NNO, ) moiety are
the most attractive and attainable at present, which is due to
the enhanced nitrogen content, density and oxygen balance
resulting from the presence of nitramine group'*”'. Over the
past decades, many nitramine-based explosives have been de-
veloped and used widely, including 1,3 ,5-trinitro-1,3,5-triazi-
nane (RDX), 1,3,5,7-tetranitro-1,3,5,7-tetrazocane (HMX) ,
2,4,6,8,10,12-hexanitro-2,4,6,8, 10, 12-hexaazatetracyclo
[5.5.0.0.0 ] dodecane (CL-20) and 1,3, 3-trinitroazetidine
(TNAZ), etc®™. 1 ,3-Dichloro-2-nitro-2-azapropane ( DCNP)
is a useful precursor that can be regarded as a promising com-
pound to design and synthesize energetic nitramine ones. Some
energetic compounds, such as 1, 7-diamino-1,7-dinitrimino-2,
4 ,6-trinitro-2 ,4 ,6-triazaheptane (APX), bis(2-(5-nitrotetrazol-
2-yl)-2, 2-dinitroethyl ) nitramine ( BNTDNEA ) and bis ((5-
nitro-2H-tetrazol-2-yl) methyl) nitramine ( BNTMNA ), have
been synthesized by our group!®". ‘In this work, as part of
our continual effort in nitramine energetic compounds, we re-
ported the synthesis of N, N-bis( (3,5-dinitro-1H-1,2,4-triazol-
1-yl) methyl) nitramine ( BDNTMN) by N-alkylation reaction
with potassium salt of 3,5-dinitro-1,2,4-triazole (DNTK) and
1, 3-dichloro-2-nitro-2-azapropane ( DCNP) and studied its
thermal behavior and detonation performance.
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2 Experimental

2.1 General Methods and Materials

Melting points were determined using an open capillary
tube. Infrared (IR) spectra were recorded on a Nicolet NEX-
US 870 Infrared spectrometer using KBr pellets. 'H NMR and
""C NMR spectra were recorded on a Bruker AV 500 NMR
spectrometer with TMS as the internal standard. Mass spectra
were acquired using a GCMS-QP 2010 Micromass UK spec-
trometer. Elemental analyses were performed on a VARI-EI-3
elemental analyzer.

3,5-Diamino-1,2 ,4-triazole (DAT) and DCNP were self-
synthesized. Sodium nitrite, sulfuric acid, aminosulfuric acid,
magnesium sulfate, ether, ethanol, potassium hydroxide and
N, N'-dimethyl formamide were AR grade, purchased from
Chengdu Kelong Chemical Reagents Factory.

2.2 Synthetic Route
BDNTMN was synthesized using DAT and DCNP as start-
ing materials. The synthetic route was as follow (Scheme 1).

H N Eoz 0, \ NO,
N ~ ~ -

N\ )/NHZ 1. NaNO, , HpS0, N)\’N I N o NG N/<N
DN 2. KOH YN ToMET YN NN
HoN 0N ON NO,

DAT DNTK BDNTMN

Scheme 1 Synthetic route of BDNTMN

2.3 Synthesis of BDNTMN

2.3.1 Synthesis of DNTK

To a solution of 54.2 g (0.786 mol) of sodium nitrite in
63.3 mL water at -10--5°C, a solution of 8.0 g (0.081 mol)
of DAT in 169.5 mL 1.2 mol - L™ sulfuric acid was added for
1.5 h, the reaction mixture was heated up to 60 °C and stirred
for 1 h, then cooled the reaction mixture to room temperature.
26.9 mL 6.0 mol - L™ sulfuric acid and 4.7 g (0.048 mol)
aminosulfuric acid were added to reaction system and stirred
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for another 0.5 h, extracted with 90 mL x5 of ether, dried
with magnesium sulfate, and the solvent was removed under
reduced pressure, and 7.89 g yellow oil 3,5-dinitro-1,2 ,4-tri-
azole (DNT) was obtained with a yield of 61.4%. "H NMR
(DMSO-d, , 500 MHz) &: 6.424 (s, TH, NH); C NMR
(DMSO-d, , 125 MHz) &: 162.56; IR (KBr,»/cm™); 3224
(—NH—), 1659, 1382 (—NO,); MS (m/z): 159 [ M"];
Anal. caled for C,H, N, O,. C 13.57, N 39.55, H1.71;
found C 13.73, N 38.91, H 2.13.

2.0 g (0.13 mol) of DNT was dissolved in 15.0 mL eth-
anol, then 14.2 g 5% potassium hydroxide (0.13 mol) was
added dropwise at 5-10 “C. After 2 h at room temperature,
the precipitate was filtered off, washed with ethanol and ice-
water, and dried to give 2.25 g yellow solid 3,5-dinitro-1,2,
4-triazole potassium salt ( DNPK) with a yield of 90. 7%.
“C NMR (D,0-d,, 125 MHz) §: 161.74; IR (KBr,p/cm™ )
1620 (—C=N), 1568, 1383, 1316 (—NO,), 1497, 1036,
843 (triazole ring); Anal. Calcd for C, N, O, K. C 12.18,
N 35.52; found C 12.30, N 35.43.

2.3.2 Synthesis of BDNTMN

3,5-Dinitro-1,2 ,4-triazole potassium salt(DNTK) (0.4 g,
2.03 mmol) was transferred into a three-necked round bottom
flask, then 11.0 mL of N, N'-dimethyl formamide and 1,3-di-
chloro-2-nitrazapropane (DCNP) (0.61 g, 3.86 mmol) were
added at room temperature. The reaction mixture was stirred
at 70-75 °C for 2 h, and then cooled to room temperature.
The solution poured into ice water, the precipitate was filtered
off, washed with cold water, and dried to give 0.37 g yellow
solid BDNTMN with a yield of 90.2%. 'H NMR ( DMSO-d, ,
500 MHz) 8: 6.484 (s, 4H, 2CH,); "C NMR (DMSO-d, ,
125 MHz) &: 62.395, 144.61; IR (KBr,»/cm™ ). 3044,
2986, 2927 (—CH, ), 1667 (—C — N), 1564, 1385 (—NO, ),

1498, 1019, 842 (Triazole ring); MS (m/z). 404[ M" ];
Anal. caled for C,H,N,,O,,: 17.83, N 41.59, H 1.00;
found C17.73, N 41.71, H 1.05.

2.4 Structure Determination of DNT

Single crystals of DNT suitable for X-ray diffraction studies
were grown by allowing water to slowly diffuse into a saturat-
ed solution of DNT for ten days at room temperature.

A vyellow single crystal with dimensions of 0. 20 mm x
0.18 mmx0.23 mm was chosen for X-ray diffraction analysis
and the data were collected on a Bruker SMART APEXIl CCD
X-ray diffractometer with a MoKa radiation (A =0.71073 A)
by using a ¢-w scan mode at 296 (2) K. In the range of
2.82=<0<28.33°, a total of 3144 reflections were collected
including 1483 unique ones (R, = 0.0276), of which 1483
were observed with I > 2¢ (I). The structure was solved by
direct methods using SHELXS program of the SHELXL-97 pack-
age and refined with SHELXL package''”"*’. The final refine-
ment was performed by full-matrix least-squares method with
anisotropic thermal parameters on F, for the non-hydrogen at-
oms. The hydrogen atoms were located from Fourier difference
maps. The final R, =0. 0555, wR, =0.1772, S=1.166,

(Ap) i =0.345 and (Ap),;,, =—0.397 e/A’.
3 Results and Discussion

3.1 Crystal Structure of DNT

The single crystal of DNT is obtained for the first time in this
paper (CCDC No. 920605). The selected bond lengths and bond
angles, selected torsion angles and hydrogen bonds are given in
Tables 1, 2 and 3, respectively. A displacement ellipsoid plot
with atomic numbering scheme and a perspective view of the
crystal in a unit cell are shown in Fig.1 and Fig.2, respectively.

Table 1 Selected bond lengths and bond angles of the DNT

bond bond length/A bond bond length/A bond bond length/A
N(1)—C(2) 1.326(3) N(1)—N(2) 1.329(3) N(3)—C(2) 1.317(4)
N(3)—C(2) 1.317(4) N(2)—C(1) 1.335(3) N(5)—O0(4) 1.208(3)
N(5)—O0(3) 1.223(3) N(5)—C(2) 1.454(3) N(4)—O(1) 1.222(3)
N(4)—O0O(2) 1.231(3) N(4)—C(1) 1.428(4)

bond bond angle/(°) bond bond angle/(°) bond bond angle/(°)
C(2)—N(1)—N(2) 101.1(2) C(2)—N(3)—C(1) 99.6(2) N(1)—N(2)—C(1) 108.8(19)
O(4)—N(5)—0(3) 124.5(2) O(4)—N(5)—C(2) 117.9(2) O(3)—N(5)—C(2) 117.6(2)
O(1)—N(4)—0(2) 123.3(3) O(1)—N(4)—C(1) 118.8(2) O(2)—N(4)—C(1) 117.9(2)
N(3)—C(1)—N(2) 112.3(2) N(3)—C(1)—N(4) 126.0(2) N(2)—C(1)—N(4) 121.7(2)
N(3)—C(2)—N(1) 118.1(2) N(3)—C(2)—N(5) 122.5(2) N(1)—C(2)—N(5) 119.4(2)

Table 2 Selected torsion angles

bond bond angle/ (°) bond bond angle/(°) bond bond angle/(°)
C(2)—N(1)—N(2)—C(1)  0.1(2) C(2)—N(3)—C(1)—N(2) 0.1(3) C(2)—N(3)—C(1)—N(4) 179.2(2)
N(1)—N(2)—C(1)—N(3)  -0.2(3) N(1)—N(2)—C(1)—N(4)  =179.3(2) O(1)—N(4)—C(1)—N(3) _1.4(4)
O(2)—N(4)—C(1)—N(3) 177.7(2) O(1)—N(4)—C(1)—N(2) 177.6(2) O(2)—N(4)—C(1)—N(2) -3.3(3)
C(1)—N(3)—C(2)—N(1)  =0.1(3) C(1)—N(3)—C(2)—N(5)  -178.8(2) N(2)—N(1)—C(2)—N(3) 0.0(3)
N(2)—N(1)—C(2)—N(5) 178.71(19) O(4)—N(5)—C(2)—N(3) 179.2(2) O(3)—N(5)—C(2)—N(3) -1.7(4)
O(4)—N(5)—C(2)—N(1) 0.6(3) O(3)—N(5)—C(2)—N(1) 179.6(2)
Chinese Journal of Energetic Materials, Vol.23, No.12, 2015 (1167-1171) A se A A www. energetic-materials. org. cn
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Table 3 Hydrogen bond lengths and bond angles for DNT

D—H...A D—H/A H--A/A D--A/A L DHA/(°) symmetry code
O(5)—H(1) - O(3) 1.01(3) 2.04(3) 3.042(3) 169(3) X+1,y,z
O(5)—H(1) --.N(5) 1.01(3) 2.69(4) 3.557(3) 144(3) x+1,y,z
N(2)—H(3) - O(5) 0.75(6) 2.03(6) 2.685(3) 145(6) “X43/2,—y+1, 241 /2

It can be seen from Fig. 1 that the molecular structure of
DNT is composed of one 1,2,4-triazole ring and two nitro
groups to C(1) and C(2), respectively. Because of the Van
Der Waals repulsion between those substituents contacted to
C(1) and C(2), the torsion angles, which are O (2)—
N(4)—C(1)—N(3) (177.7(2)), N(1)—N(2)—C(1)—
N(3) (-0.2(3)), N(2)—=N(1)—C(2)—N(5)
(178.71(19)), O(4)—N(5)—C(2)—N(1) (0.6(3)),
N(T)—N(2)—C (1)—N(4) (=179.3(2)), O(4)—
N(5)—C(2)—N(3) (179.2(2)), O(2)—N(4)—C(1)—
N(2) (=3.3(3)), O(3)—N(5)—C(2)—N(3)
(=1.7(4)), in Table 4 indicate that all non-hydrogen atoms
are almost in one plane. In addition, there are intermolecular
O(5)—H(1):--O(3) (x+1,y,z), O(5)—H(1)--N(5)
(x+1,y,z), N(2)—H(3)--O(5) (=x+3/2,-y+1,z+1/2)
hydrogen bonds between DNT and H,O molecule, which fur-
ther stabilize the structure. The corresponding lengths and an-
gles of hydrogen bonds are listed in Table 3.

Fig.1 Molecular structure of DNT
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Fig.2 The packing of the DNT in unit cell

3.2 Thermal Behavior of BDNTMN

The DSC and TG-DTG analyses reveal that BDNTMN is
thermally stable up to 150 °C. The DSC curve of BDNTMN in
Fig. 3 exhibits that the compound has no melting point, but
exists two thermal decomposition peaks at 170. 4 °C and
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254.1 °C, respectively. The TG-DTG curve of BDNTMN in
Fig. 4 shows two-stage decomposition process with a mass loss
of 15.66% before 180.3 °C at first stage decomposition and a
total mass loss of 71.22% before 290.4 °C at the second stage
decomposition, and a 16.36% residue at 496.1 °C.

5
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Fig.3 DSC curve of BDNTMN
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Fig.4 TG-DTG curve of BDNTMN

3.3 Energetic Property of BDNTMN

All computations are performed using the Gaussian 09
suite of programs '), The elementary geometric optimization
and the frequency analysis are carried out at the level of Becke
three Lee-Yan-Parr (B3LYP) functionals with 6-31+G (d,p)
basis set'"*'7". All of the optimized structures are character-
ized to be local energy minima on the potential surface with-
out any imaginary frequencies.

The heat of formation ( HOF) of the related compounds
mentioned in this paper is determined by using the isodesmic
reaction method. The isodesmic reaction of BDNTMN is car-
ried out as described by Hakima Abou-Rachid ( Scheme 2).
Based on the optimized structure in Fig. 5, the total energy
(E,) and thermodynamic parameters, including zero point en-
ergy (ZPE) and thermal correction to enthalpy (H, ), are
obtained at MP2 (full) /6-311++G(d,p) level, then the heat
of the isodesmic reaction can be obtained.

The detonation parameters of BDNTMN are obtained by

2015 4% #2334 #1244 (1167-1171)
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Kamlat-Jachos equations''*’ using the density and heat of for-
mation as basic data. The performance data of BDNTMN,
1,3,5-trinitro-1,3,5-triazinane (RDX) and 1,3,5,7-tetrani-
tro-1,3, 5, 7-tetraazinane ( HMX) are shown in Table 4.
Results show that detonation performances of BDNTMN are
better than those of RDX, similar with HMX.

02N>\ NO, "
=N NO,N= N ./
N}/NJ‘VN < N+ 6CHy + 2NHy—=2 N\\_E+4CH3NOZ +NH,NO, + CHaNH, + Tl
OoN NO,

Scheme 2 Isodesmic reaction for BDNTMN

Fig. 5 The optimized structure of BDNTMN at B3LYP/6-31+G(d,p) level

Table 4 Properties of BDNTMN, RDX and HMX

performances BDNTMN  RDx!'® HMX'
formula C6H4Nwzolo C3H6N6oe C4H8NBOS
molecular mass 404 222 296
appearance yellow solid white crystal white crystal
density/g + cm™? 1.95 1.82 1.91
nitrogen content/% 41.6 37.8 37.8
melting point/°C - 203 276
decomposition peak

254 230 287
temperature/°C
heat of formation

) 425 92.6 104.8
/k) - mol
detonation velocity
. 9.03 8.71 9.18

/km -« s
detonation pressure

38.7 33.7 39.6
/GPa
energy of detonation

6.23 5.36 5.70

/k) - g™

4 Conclusions

(1) N, N-bis((3,5-dinitro-1H-1,2,4-triazol-1-yl) meth-
yl) nitramide (BDNTMN) was synthesized using 3 ,5-diamino-
1,2 ,4-triazole as starting material via diazotization, nitration
and N-alkylation reaction.

(2) BDNTMN has higher positive heat of formation,
which is 425 kJ » mol™ compared with 92.6 kJ - mol™' for
RDX and 104.8 k} - mol™" for HMX.

(3) BDNTMN has two stage decomposition process un-
der heating condition, and two thermal decomposition peaks
are at 170.4 °C and 254.1 °C, respectively.

(4) The detonation performances of BDNTMN are better
than those of RDX, similar with HMX.

Chinese Journal of Energetic Materials, Vol.23, No.12, 2015 (1167-1171)
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