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A Novel Energetic Material Based on Nitro-NNO-azoxy: Synthesis and Characterization

LI Hui', ZHAO Feng-qgi', YU Qian-qian’ |

LAl Wei-peng' , WANG Bo-zhou'

(1. Science and Technology on Combustion and Explosion Laboratory, Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. Shaanxi Institute of Tech-

nology, Xi'an 710300, China)

Abstract: A novel energetic compound, N, N’-dinitro-N, N’-bis [3- (nitro-NNO-azoxy) furazan-4-yl] methylenediamine, was synthesized using
3-amino-4- ( t-Bu-NNO-azoxy) furazan as starting material. And its structure was characterized by nuclear magnetic resonance (' H NMR and
»C NMR) , infrared (IR) spectroscopy, elemental analysis and mass spectrometry,and its backbone was also confirmed by the X-ray structure study

of the key intermediate. The detonation performance was calculated by VLW equation of state. Results show density is 1.94 g - cm
, detonation pressure 41.79 GPa and enthalpy of formation 1007.67 kJ - mol™" , indicating it is a competitive energetic

velocity 9502.52 m - s™'
materials.
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1 Introduction

Five-membered nitrogen-containing heterocycles, with
high thermal stability and positive heats of formation, have
been recognized as the ideal precursors of high energy density
materials (HEDM) "'"*. Their high heats of formation is due
to the large number of N—N and C—N bonds "™*. A number
of five-membered heterocycle-based energetic compounds
were reported as potential materials for military and space ap-
plications”””'. Of these, furazan ring served as an efficient
build-block. The combination of furazan ring with energetic
substituents, such as amino (—NH, )", nitro (—NO,)"",
azide (—N, )" and nitramine (—NHNO, )" have been
widely investigated.

As an unconventional explosophoric group, nitro-NNO-
azoxy was first reported by Churakov et al ''?). After that, bis-
3, 3'-(nitro-NNO-azoxy) -difurazanyl ether "*! and bis-3, 3'-
(nitro-NNO- azoxy) -4, 4'-azofurazan " was synthesized by
Sheremetev and our group respectively, which are both of
high crystal density and excellent detonation properties. In
continuation of our study on the furazan-functionalized ener-
getic material, a novel energetic compound, namely N, N’-
dinitro-N, N’-bis [ 3-( nitro-NNO-azoxy ) furazan-4-yl ] meth-
ylenediamine (4), was designed and synthesized firstly from
3-amino-4-(t-Bu-NNO-azoxy) furazan (1) in this study. Its
structure was confirmed by IR, NMR (' H NMR and” C
NMR), elemental analysis and mass spectrometry. The nitra-
tion reaction of N, N'-bis [3-( Bu-NNO-azoxy) furazan-4-
yl] methylenediamine (2) was also studied, and two nitration
derivatives were obtained at different reaction conditions,
which were not reported in the literature. Furthermore, the
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detonation performance of 4 was also calculated.
2 Experimental

2.1 Synthetic route
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Scheme 1

2.2 Materials and General Methods

"H NMR and "C NMR were carried out on the Bruker
AV500 NMR spectrometer. Infrared spectra were tested with
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. Mass
spectra were obtained on GCMS-QP2010. 3-amino-4-( t-Bu-
NNO-azoxy) furazan '’
in our laboratory.

and 100% nitric acid were prepared

2.3 Synthesis of 2
37% formaldehyde (0.86 g, 10.6 mmol) was added to
a suspension of 1 (3.93 g, 21.0 mmol) in 50% sulfuric acid
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(100 g), then the mixture was stirred at 30 °C overnight. The
yellow precipitate was filtered, washed with water and dried
to obtain 3.68 g of solid in a yield 0f 92.2%. "H NMR ( DM-
SO-d,, 500 MHz); 1.43 (s,18H), 4.87 (t, 2H), 7.14 (t,
2H); ”"C NMR (DMSO-d,, 125 MHz) . 151.30, 150. 14,
60.07, 53.32, 25.07; IR (KBr, p/cm™ ). 3472, 3411,
3387, 2972, 1623, 1610, 1537, 1454, 1379, 1301, 1181,
1119, 910, 861 cm™; Anal. Calcd. (%) for C,;H,,N,, O, :
C40.83, H5.80, N36.63; Found (%) C40.85, H5.74,
N 36.72.

2.4 Synthesis of 3

2 (0.38g, 1 mmol) was added to a mixture of acetic an-
hydride (2.5 mL), CCl, (4 mL) and anhydrous nitric acid
(1.0 mL, 23.5 mmol) at 10°C, then the mixture was stirred
at room temperature for 6 h. The reaction mixture was poured
to ice-water (30 mL), then extracted five times with CH, Cl,
(15 mL). The extraction were washed with water and dried o-
ver magnesium sulfate, filtered and the solvent was removed
to give 0.39 yellow solid in a yield 0f 82.6%. 'H NMR (Ace-
tone-d,, 500 MHz): 1.43 (s, 18H), 6. 64 (s, 2H);
""C NMR( Acetone-d,, 125 MHz) ; 156.70, 147.36, 67.50,
61.78, 25.18; IR (KBr, »/cm™ ). 2971, 1753, 1606,
1478, 1452, 1300, 1283, 1125, 904, 859 cm™'; Anal.
Caled. (%) for C,,H,,N,,0,: C33.05, H 4.27, N 35.58;
Found (% ): C 32.95, H 4.30, N 35.72.

2.5 Synthesis of 4

2 (0.38g, Tmmol) was added to a mixture of trifluoro-
acetic anhydride (13. 5 mL) and anhydrous nitric acid
(3.4 mL, 0.08 mol) at room temperature, then the mixture
was stirred at 37 °C for 5 h. The reaction mixture was poured
to ice-water (50 mL), then extracted five times with CH, Cl,
(15 mL). The extraction were washed with water and dried o-
ver magnesium sulfate, filtered and the solvent was removed
to give yellow oil. The title compound (4) was purified by
column chromatography on silica gel using a mixture of petro-
leum ether and ethyl acetate (R;=0.4, 3 : 1, V/V) as an elu-
ent, affording 0. 3 g of yellow oil in a yield of 66. 7%.
'"H NMR( Acetone-d, , 500 MHz); 6.92 (s, 2H); "C NMR
(Acetone-d, , 125 MHz) : 153.67, 146.94, 66.73; IR (KBr,
v/ecm™ ) : 3041, 2906, 1784, 1636, 1610, 1556, 1495,
1369, 1283, 1220, 1172, 1082, 1023, 946, 835 cm™; MS
(ESI") m/z (% ): 512 (M+NOj); Anal. Calcd. (%) for
C,H,N,,O,,: C 13.34, H 0.45, N 43.56; Found (%) :
13.30, H 0.44, N 43.50.

2.6 Determination of the Crystal Structure of 2

Block-like single crystals suitable for X-ray diffraction stud-
ies were obtained after 15 days by slow evaporation from a so-
lution of compound 2 in CHCI, at room temperature. A yellow
crystal of compound 2 with dimensions of 0. 15 mmx0.15 mm
x0.10 mm was chosen for X-ray diffraction analysis performed
on Bruker SMART APE Il CCD X-ray diffractometer with a
MoK radiation (1 =0.71073A) by using a g-w scan mode at
296 (2) K. In the range of 2. 10° < #<28.36°, a total of
5991 reflections were collected including 4424 unique ones
(R,,=0.0186). The structure was solved by direct methods
using SHELXS program of the SHELXL-97 package and refined
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with SHELXL package ""*’. The final refinement was performed
by full-matrix least-squares method with anisotropic thermal
parameters on F2 for the non-hydrogen atoms.

The crystal belongs to the triclinic system, space group
P-1 with a= 9.918(4)A,b= 10.748(4)A,c=10.924(4)A,
a =98.170(5)°, B =113.345(6)°, y =108.484(6)° M, =
382.41,V=964.8(6)A’,Z=2,D.=1.316 g - cm™ , F(000)
=404 ,4=0.101 mm™" ,R=0.0476 and wR=0.1053. Crystal-
lographic data for the structure reported here have been depos-
ited with the Cambridge Crystallographic Data Centre ( Depo-
sition No. CCDC-961282).

3 Results and Discussion

3.1 Synthesis

1 was synthesized according to literature [14 ], and 2
was synthesized using 1 and formaldehyde by the aldehyde-a-
mine condensation that widely used in constructing the back-
bone of HEDMs. The reaction progress was monitored by
Thin-Layer Liquid Chromatography ( TLC). With 10% aq.
H,SO, used, the reaction mixture contained the starting mate-
rial 1. While with 20% ~30% aq. H,SO,, the reaction mix-
ture contained 1 and small amount of 2. The optimal conditions
for the preparation of 2 are stirring the starting components in
50% aqg. H,SO, at room temperature, and its yield is 92.2%.

Treating 2 with different nitrolysis agent may genarate dif-
ferent products. When 100% HNO,-Ac, O mixture used, the
dinitramine compound 3 was obtained in a yield of 82.6%.
When a stronger nitrolysis agent 100% HNO;(CF,CO), O,
TLC results show that 3 was appeared firstly and then trans-
formed into 4.

3 and 4 were well characterized by IR, "C NMR, 'H
NMR, elemental analysis. In the IR spectra, 3 and 4 both
have several main absorption bands which can attributed to
the furazan ring and nitro group respectively. In the >C NMR
spectrum, the resonances of the furazan ring and methylene
(—CH,—) carbon was more downfield for 3 at 156. 70,
147.36, 67.50, and 153.67, 146.94, 66.73 for 4 respec-
tively. Furthermore, the M+NOj] peak of 4 at 512 m/z was
detected and the formation of 4 was confirmed.

3.2 Crystal Structure

In order to elucidate the structure of backbone in the title
compound, the single crystal of key intermediate 2 was obtained
and studied. A perspective view of compound 2, showing the
atomic numbering scheme, is given in Fig.1. In each molecule,
the dihedral angle between furazan planes defined by O (1) \N
(1)\C(1)C(2)N(2) and O(3) \N(7)\C(8)C(9)N(8), is a-
bout 78.31 (2)°. As shown in Fig. 2, intramolecular hydrogen
bonds N—H---N and C—H---O forming S (6) motif produce six-
membered ring and stabilize the molecular structure. Intermolec-
ular hydrogen bonding C(13)—H (13)B---O(1) between alkyl
carbon and furazan oxygen links neighboring molecule into dimer
with a motif of R;(26). Furthermore, in Fig. 3, stronger w1
stacking interactions among adjacent furazan rings further stabili-
zes the crystal structure. With the help of above mentioned hy-
drogen bond and m---mr stacking interactions, the title compound
(4) was obtained with an infinite 2D sheet-like supermolecular
structure. Hydrogen atoms in Fig. 2 and Fig. 3, except those in-
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volved in hydrogen bonds, have been omitted for clarity.

Fig.1  ORTEP view of the crystal structure with thermal ellipsoids
drawn at the 30% probability for title compound

H(6A)

Diagram of the intramolecular hydrogen bonds

Fig. 2

Fig.3  Diagram of the intermolecular hydrogen bonds and = ---m
interactions

3.3 Calculated performance

The structure of 4 was optimized and its density and
enthalpy of formation were calculated by Gaussian 09", The
explosive parameters were obtained by VLW equation of
state’'”’ using density and enthalpy of formation as basic data.
Results show that the density is 1.94 g - cm™, enthalpy of forma-
tion 1007.67 kJ - mol™ , detonation velocity 9502.52 m - s ~'and
C-J pressure 41.79 GPa. The calculated detonation parameters
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are comparable to CL-20 (9406 m - s ', 44.6 GPa)""®.

4 Conclusions

In conclusion, a novel furazan compound (4) was syn-
thesized and characterized. The crystal structure of 2 was stud-
ied for confirming the backbone of title compound (4) and it
forms an infinite 2D sheet-like supermolecular structure.
Furthermore, the calculations indicate the detonation proper-
ties of 4 are comparable to CL-20. Results show that the densi-

ty 1.94 g - cm™’, enthalpy of formation 1007.67 kJ - mol™,
detonation : velocity 9502. 52 m s 'and C-) pressure
41.79 GPa.
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2WEFREEHEF BFERRLATN I ARG E W T TR 4 ERTRAE & H*
N —BAREZACWHESARBTTHA, ARBEHITEHERATHF —EHRZNWR A An 52N
BIRBEBNE AT QS EHEEY TEFX  FEBRF —EREZAS LR T REBEL -
(BAE)HZ2TAF THEFNTHEFAL, AHANEFRHETHNRA NELERTFTHAERRKSHY
AFEFRNAMRFTERERAATTINA, 2 WL EA T ¥k 8 020 & 4 F % X (2008 ~2011
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AAHBHEAGZKREZES W T ARG EZ2 MEFFFRECERMBIET T RE N 4T 2 5,
GRA0KFWEN ATENANALRERXERERE , EHARZ-ARAF &, XANF 6 HHOEZAH
WHARREFNFARL, FLTELRBAFN N, XHZE5HFREZAATIRG( A H) &
FAXKFHERAE,

505 ZNERRTRBFNTELR, X2 TR THEREL-BRZ 2R TR &S, U
HEFRERX GEREEARPANTEARBE AN 0 TEFHE T, R EL ERCLRE, %
B XK, AEREX AR T R KRE—BOAR, 0 XM R AP i 2 = 4T
WLRZA ARG LEAERNARRENAR, —FTHEAERUAR, —THERAEEENE, Tk
BM=ZF R, A EZFERXNFERKE, P HFEEE , ERT L AHE,

A HEBEHRATTELE MAROE WA ZRTRA, AXT2 AL LLZRL N E R
BRUHAATAERR MELTRENBEIR RS, - FRAFEBNTHE, S IRACE M) FR
AKFMBBTE, AL AMBKAREERFHRAET 6.
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