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221 3,3"-Wla-(2,2-"HE-5-HE-1,3- 25K RN 3 he BLASBR A LMY B R, A

ke-5-E)-ONN-EHBREE) =KIA (BDNDF)

B & B
20 CHAFTF FE=1H8 A 2.1 g(11.1 mmol)
2, 2- W JL-5-fE -5 A JE-1, 3-Z A O e
(DMNNDO) #1 30 mL 58 H bt , B FE W I, A
1.5 g (5.0 mmol) 3, 4-XL (3'-% Kk wk nfj-4'-5& ) wk nf
(BATF) 1 4.8 g (16.6 mmol) 1, 3- -1, 3, 5-=
We-2,4,6-— (DBI), 7¢ il B T 58 £ 5 R FH )2 @
T (TLC) A6 I S5z 17 3 2 5 kL S I 58 B2 O, 2o U8 52 E
LK D8RR A 2T B AR (SIO,, Vit Vo =41 1) 43
B, 15 2.7 g IR ALK BDNDF, UK KN 70% . 4 45
118~120 °C;"°C NMR(CDCl;-d,,125 MHz)8: 22.4,
23.5(—CH,),62.2,62.3(—CH,),101.1,118.3(C),

136.1, 139.4, 141.8, 142.7, 153.1,161.8 (furazan
rings); 'H NMR(CDCI3-dﬁ,500 MHz)6:1.52(s, 3H
—CH,), 1.53 (s, , —CH,), 4.78~4.87(m, 8H,

—CH,) ; IR(KBr,»/cm™) : 3000, 2951, 1576, 1506,
1383,1202. Anal. Calcd for C,;H,,N,,0,,:C 35.30,
H3.29,N 27.45; found C 35.37, H, 3.32, N 28.03.
2.2.2 3,3 -W[a-(1,3-ZRE2-HE2RHRE)-
ONN-ZFHBRE) =BkIE (BHNAF) & K
#0.15 g(0.24 mmol ) BDNDF % T 6.75 mL Z [
PR 3 mLVERERR , N E 60 °C, ILIRE T
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Ve TH 0.12 g BHNAF 79, IR 5 99% . "C NMR
(CDCl;-d,,125 MHZz)8:60.5(CH,),115.1,137.6(C),
140.9,142.6, 143.3, 153.5, 162.4(furazan rings);
'"H NMR(CDCl,-d,,500 MHZz)§:4.63(s,4H,—CH,) .
4.64(s,4H,—CH,); IR (KBr,»/cm™):3384, 2956,
1698, 1575, 1515, 1344, 1235, Anal. Calcd for
C,H,N,,0,,: C 27.08, H 2.27, N 31.58; found C
27.00, H 2.31, N 32.02,

2.2.3 3,3 -Wa-(1,1-ZRHHEE)-ONN-EHLER

E) =8 (BBNAF) B & &

B ML ™ i 0.6 g(1.1 mmol) BHNAF 3 T 20 mL
Sk AT 15 CRYMREET A 8 mL & E ALK i i
(FR 80 5%) , & 1% i A 0.35 mL IR , 25 °C L
30 min, BRMR SEN K UE A HLAE, JCoK B IR BE T %,
g, A BR AR 0.4 g R B 779 BBNAF, iR
K 51%. % 5 :106~108 °C: "CNMR (CDCl,-d,,
125 MHz)§: 97.362(CBr,NO,),139.6,142.1,153.4
(furazan rings) 5 IR (KBr, v/cm™) : 1611, 1492,
1317, 1293, Anal. Calcd for C,Br,N,,0,: C 13.2,
N 23.10; found C 13.31, N 23.76.

224 3,3 -W[EHHAE-ONN-ELEBERE)=KME
(BNAAF) B9 & B
# 0.10 g (0.14 mol) BBNAF % T 0.6 mL BS iR ,
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%A 0.03 g(0.38 mol) B JIk i 0.6 mLIKIF WK , 20 °C/
N30 min, A BT KRS B 2~3 Wk, it ug B K
Ve, BT 15 0.03 g BNAAF W), IR R 57% . 1
#:106.6 °C(dec.); '"H NMR(Acetone-d,, 500 MHz)
5:9.366(s,2H,CH2), ""C NMR(Acetone-d.,125 MHz)
5:114.454(CH),148.410,148.860,150.790,151.101
(furazan rings) ; IR (KBr, »/cm™: 3387, 3010, 1632,
1594, 1523, 1339, Anal. Calcd for C,H,N,,O,:
C 23.31,H 0.98,N 40.78; found C 23.28,H 0.98,
N 41.02.
225 3,3 -W[ZHEBEE-ONN-ELXBRE)=KIE
(BDNAF)

¥ 0.1 g(0.24 mmol) BNAAF, 1.5 mL Jifi & 53 %k
95% 4 HNO, F1 0.7 mL N,O, 7E % £ 25 F F fin#k &
50 CIRNE 12 ho ¥ A B SOn WA vkrb B s B 6
[ 44, i 38 5 43 0.08 ¢ BDNAF, RN 72% . 44 4
95.4 °C; “C NMR (CDCl,-d,, 125 MHz) §: 97.592
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722 °C
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temperature / °C
a. BNAAF

Bl 1 BNAAF Fl BDNAF [ DSC i £k
Fig.1 DSC curves of BNAAF and BDNAF

24 YUSHMBRMERE

N T % 25 BNAAF F1 BDNAF i 9 1k Fin 4 2% 4
AE , A W 5% 3 T % B 12 R FE 98 (DFT) /9 B3LYP Jy
PO AR T H A T 5 R Gaussian 09 B R AI
Explo 5 (v. 6.04) # 17 1 & it % , X} BNAAF Fl
BDNAF i 17 ¥ Ge Tl Al , JF 6 5 TNT #9 ¥k G 46 Lk
BRI,

H 2 1 A W, BDNAF 19 14 fig fL T BNAAF, iX i3
PIHEBHNE Z La YRR S EAE B FNR
5, H  BDNAF (B8 % B H 1.91 g-cm™, 48 3
9005 m-s™', 4 JE N 35.9 GPa, ¥ & T TNT 19 % J&
(1.65 g-cm™) 3 (7868 m-s™") fl [k (27 GPa),
W BDNAF & HA7 /5 B8 0 = % 1 08T B 55 1 24
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(—CH(NO),);140.056,140.892,142.902,143.335,
153.666, 154.366 (furazan rings) ; IR (KBr, v/cm™) :
2978, 2901, 1606, 1527, 1293, Anal. Calcd for
C,H,N,,0,,:C 19.13,H 0.40,N 39.05;found C 19.10,
H 0.42, N 40.35,
2.3 BNAAF 71 BDNAF i #vi4 &

K FH 22 78 £ 45 i 35 (DSC) X v Ja] i BNAAF
1 H AR A ¥ BDNAF (1 #47 AT AR50 . 5L 56 4%
PR B A A AR, I 25~500 °C, F il R
10 C-min™' @& 1 fr7n , BNAAF & A fil fb i 72 78
A R P B R R G o IR BE R 72.2 °C L 4y
fif 16 3% R 106.4 °C ; BDNAF 1Y 4 /58 95.4 °C, Hi 4y
fiff iz B2 AT LA A3 S = AN A B B, A — A o3 i W TR R
170.0 °C, i I 43 fift 1 5 131.0 °C, W& JE 2R BE 1L ik
AR A At B A 43 i B B R KL B AN FIER = AN 4y
fift W 3 43 ) R 217.5 °C F 306.8 °C , Ji #4 & K K

2.0
exod 151
2
= 1.0
[S
= 054
<]
s 0.0
= 131.0 C
0.5
95.4Q(:| T T T 1
100 200 300 400 500
temperature / °C
b. BDNAF

£ 1 BNAAF, BDNAF #l RDX 141k 2 % J Jit 22 1 fiE
Table 1
formances of BNAAF, BDNAF compared with RDX

The physicochemical properties and detonation per-

pZ) AfHD DA) pS)
compounds T,V/°C

/g-cm™ /kJ-mol™" /m-s" /GPa
BNAAF 106.4(dec.) 1.82 426.37 8298  29.0
BDNAF 95.4 1.91 303.38 9005  35.9
RDX[22] 210(dec.) 1.80 86.3 8795  34.9
Note: 1) Melting temperature. 2) Calculated density. 3) Heats of formation

calculated by Gaussian 09. 4) Calculated detonation velocity (EXP-
LO5 v 6.04). 5)Calculated detonation pressure (EXPLO5 v 6.04).
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BDNAF [ 45 554 95.4 °C, 55— il W4 170.0 °C.

(3)2k H Gaussian 09 ¥ 1 Explo 5(v. 6.04) J&
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A Novel Melt-Cast Explosive Bis(dinitromethyl-ONN-azoxyfurazanyl)trifurazan(BDNAF) : Synthesis and
Characterization

ZHANG lJia-rong'*, Bl Fu-giang'?, ZHANG Jun-lin'?, JIA Si-yuan'?, WANG Bo-zhou'*
(1. Xi'an Mordern Chemistry Research Institute, Xi'an 710065, China; 2. State Key Laboratory of Fluorine & Nitrogen Chemical, Xi'an 710065, China)

Abstract: A novel melt-cast energetic compound bis(dinitromethyl-ONN-azoxyfurazanyl)furazan (BDNAF) was synthesized us-
ing 3,4-bis (3’-aminofurazal-4'-yl)furazan (BATF) and 2, 2-dimethyl-5-nitro-5-nitroso-1, 3-dioxane (DMNNDO) as starting ma-
terials via oxidation coupling, hydrolysis, bromization, reduction and nitration five-step reactions. The structures of the interme-
diates and the target material were fully characterized by infrared spectrum(IR), nuclear magnetic resonance(NMR) and elemen-
tal analysis (EA). The thermal behaviors of intermediate compound 3, 3’-bis (nitromethyl-ONN-azoxyfurazanyl) furazan
(BNAAF) and target compound BDNAF were investigated based on differential scanning calorimetry (DSC) measurement, and
the physicochemical properties and detonation performances of BNAAF and BDNAF were estimated by Gaussian 09 program
and Explo 5(v. 6.04). Results show that the intermediate compound BNAAF directly decomposed at 106.4 °C without melting
process, and the calculated density of BNAAF is 1.82 g-cm™, the detonation velocity is 8298 m-s™, and the detonation pres-
sure is 29.0 GPa. The melting point of the target compound BDNAF is 95.4 °C, the first decomposition point is 170.5 °C at the
heating rate of 10 °C-min™", and the theoretical density of BDNAF is 1.91 g-cm™, the detonation velocity is 9005 m-s™' and the
detonation pressure 35.9 GPa, which revealed that BDNAF is a promising melt-cast explosive.

Key words: melt-cast explosive;dinitromethyl-ONN-azoxy; BDNAF ;synthesis; characterization
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