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Scheme 1 Synthetic route of compound 6

T LB 5.00 g(30.7 mmol) k&4 1345143 #k
FES A 1.50 g(18.4 mmol) HEEH W (1) 50 mL 7K %
o EIR A WP I T mL SRR L 7E 60 °C T W 5 h.
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k&Y 2,
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T MR SR K Ve  Bezs AR . A S W i, vk
TR E MR A BT 0.5 h5, i, &

5%, T 15 0.36 g(1.2 mmol) L &4 6. '"H NMR
(500 MHz, DMSO-d,)é8: 7.06 (s, TH) ; "C NMR
(500 MHz, DMSO-d,) 8: 157.5, 145.8, 121.7;

IR (KBr, v/cm™): 3289, 3047, 1569, 1516, 1479,
1417, 1402, 1327, 1217, 1141, 1090, 1017,
991, 908, 868, 811, 780, 749, 729; Anal. calcd for
C,H,N,,0,(298.17) : C 12.08, H 3.38, N 46.98;
found: C 11.84, H 3.47, N 46.76,
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Table 1 Crystallographic data for compound 6
parameter data

CCDC 1857805
formula C,H, 0N, O,
M, 298.21
crystal system monoclinic
space group P2,/n

alA 3.7236(4)
b/A 14.3867(18)
c/A 20.386(2)
B/ () 92.432(5)
volume / A3 1091.1(2)
V4 4

T/K 173

XA 0.71073
D./g-cm™ 1.815

©/ mm™! 0.170
F(000) 616.0
0/(°) 2.83-25.34
GOF on P 1.066
RLF*>20(F*)] 0.0743
WR(F?) 0.1643

®2 aWe itk
Table 2 Selected bond length data of compound 6

bond length / A bond length / A
C(1)—N(3) 1.374 N(3)—N(4) 1.310
C(1)—C(2) 1.455 N(4)—O0(3) 1.265
C(2)—N(2) 1.309 N(4)—O(2) 1.267
C(2)—C(3) 1.460 N(5)—O(5) 1.242
C(3)—N(6) 1.375 N(5)—O0(4) 1.248
C(3)—N(5) 1.408 N(6)—O(6) 1.247
N(1)—O(1) 1.397 N(6)—O(7) 1.255
N(2)—O(1) 1.382 N(7)—N(8) 1.444

®3 LAY 6 MM
Table 3 Selected bond angle data of compound 6

bond angle / (°) | bond angle / (°)
N(1)—C(1)—N(3) 130.6 C(2)—N(2)—0(1) 106.3
N(1)—C(1)—C(2) 108.2 N(4)—N(3)—C(1) 117.1
N(3)—C(1)—C(2) 121.1 O(3)—N(4)—0(2) 119.0
N(2)—C(2)—C(1) 108.8 O(3)—N(4)—N(3) 117.0
N(2)—C(2)—C(3) 122.4 O(2)—N(4)—N(3) 124.0
C(1)—C(2)—C(3) 128.8 O(5)—N(5)—0(4) 121.3
N(6)—C(3)—C(2) 122.6 O(5)—N(5)—C(3) 1229
N(5)—C(3)—C(2) 116.5 O(4)—N(5)—C(3) 115.8
C(1)—N(1)—0(1) 106.0 O(6)—N(6)—C(3) 117.3
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Fig.1

Crystal structure and packing diagram of compound 6
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B2 A6 b kB B T S B SR O A)
Fig.2 Hydrogen-bonding interactions between cations and

anions(unit: A)

interactions

B3 a6 il A 4R T

Fig.3 Noncovalent interactions in compound 6
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Fig.4 DSC curve for compound 6
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Scheme 2 Isodesmic reaction for the anion
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RDX, fHALG 9 6 M AILIER 22 H1 25 T TNT 5 RDX.

(1) R 3-8 F -4~ S5 Wk v 2 OB, 3 5 45 4,
PO AT BN, i o 1 2 A T S T R A

Table 4 Comparison of the physiochemical properties and detonation performances of compound 6 and conventional explosives

compound T./°C T,/ °C p/g-cm™ AH;/kJ-mol™ D/ m-s"! p/ GPa IS /) FS/N
6 148 191 1.782 291.7 9032 35.9 4 76
TNT 6 85 295 1.650 -59.4 6881 19.5 15 353
RDX L6 - 230 1.800 70.3 8841 34.8 7.4 120

Note: T_ is the melt temperature. T, is the decomposition temperature. p is the density. AH, is the heat of formation. D is the detonation velocity. p is the detonation

pressure. 1S is the impact sensitivity. FS is the friction sensitivity.
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Dihydrazinium 3-Dinitromethyl-4-nitraminofurazan: Synthesis, Structure and Performance

LIN Zhi-hui', SUN Qi*, LU Ming*
(1. China North Chemical Industries Group Corporation Limited , Beijing 100089, China; 2. School of Chemical Engineering, Nanjing University of Science
and Technology, Nanjing 210094, China)

Abstract: Dihydrazinium 3-dinitromethyl-4-nitraminofurazan (compound 6) was prepared via five steps of reaction using 3-ami-
no-4-chloroximinofurazan as raw material. Its structure was characterized and determined by nuclear magnetic resonance
("H spectrum and "C spectrum), infrared spectroscopy, element analysis, and X-ray single crystal diffraction. Results show that
the crystal belongs to monoclinic system with space group P2,/n and unit cell parameters of a=3.7236(4) A, b=14.3867(18) A,
c=20.386(2) A, B=92.432(5)°, V=1091.1(2) A’, 7Z=4, D, =1.815 g cm™. A large number of hydrogen bonds exist between cat-
ions and anions in the crystal, which is conducive to the improvement of molecular stability. The addition of hydrazine results in
the cleavage of the C—N bond in N, N'-methylene-3-nitroamino-4-dinitromethylfurazan (compound 5) and the formation of
compound 6. The enthalpy of formation of compound 6 calculated by Gaussian 09 is 291.7 kJ-mol™ and the crystal density at
298 K calculated by empirical formula is 1.782 g-cm™, the detonation velocity(D) and detonation pressure (p) of compound 6
calculated by EXPLO 5 are 9032 m-s™ and 35.9 GPa, respectively, which are superior than those (D=8848 m-s™', p=34.8 GPa)
of RDX. The impact sensitivity of compound 6 determined by standard BAM method is 4 ] and the friction sensitivity is 76 N.

Key words: energetic salts; dihydrazinium 3-dinitromethyl-4-nitraminofurazan; synthesis; cleavage of C—N bond; single crystal
structure ; detonation performance
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