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2.1 WHREEENASHELED
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A 2 R BE S TR (Scheme 1), Hodh ¥ e b 43¢
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Scheme 1  Synthesis of nitramines with furazan structure!” "
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Scheme 2 Synthesis of diaminobisfuroxane
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Scheme 3  Synthesis of HATO!" ™!
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Table 1 Performance comparison of HATO and some high energy explosives''*’

. impact friction . 3 oxygen T, /°C el . -
explosive sensitivity /) sensitivity /N p/g - cm balance/% dec Dyer/m s AH /W - mol
TNT 15 353 1.648 -73.96 290 7459 -55.5
RDX 7.5 120 1.806 -21.61 210 8983 86.3
HMX 7 112 1.904 -21.61 279 9221 116.1
CL-20 4 48 2.035 -10.95 215 9455 365.4
HATO 20 120 1.877 -27.10 221 9698 446.6

Note: p is density; Ty, is temperature decomposition; D 4 is detonation velocity; AH;is enthalpy of formation.
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N3 o o > || / 4> | o >—< o |

CuSOy, HyS04 /N A=Mg N _N

CH3COOH B=Ca SrBa N
16

aMg?“9H,0  b.Ca"5H,0 . 3.2*5H20 d. Ba®"4H,0
Scheme 4  Synthesis of alkaline earth metal salts of 5,5'-

bistetrazole'?"
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Scheme 5  Synthesis of potassium 1, 1'-dinitramino-5, 5'-
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9967 m - s HLJEGBE A (BRI EE <IN, 8 o R B bistetrazolate

#2 K,DNABT 5 PbN, ¥ 53HE 5% Bt S i o™

Table 2 Comparison of the some detonation properties data and the calculated performance ones of lead azide and
K, DNABT!

. impact friction . -3 oxygen T. /C el X 4
explosive sensitivity /J sensitivity /N /g cm balance/% dec Dae/m = s AH;/k) - mol
PbN, 2.5-4 0.1-1 4.8 -11.0 315 5920 450.1
K, DNABT 1 <1 2.17 -4.8 200 8330 326.4

NH2

2.1.3 W=ZMWESEEHLED
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Scheme 7 Synthesis of MAD-X1!"!
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Scheme 8 Synthesis of nitro-1,2,3-triazoles' "’
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# 3 32a 0 32b YHALHE S RDX Hogr™

Table 3  Comparison of the physicochemical properties of
compounds 32a-b and RDX ¥

explosive Iszr?s?tci:/ity/J /;g.cnf3 Ez;/ag:cne/f’/o /Tgc 7::‘. s ?gf. mol-!
RDX 7.5 1.80 —21.61 210 8983  86.3
32a >40 1.81 -10.9 251 8744  152.2
32b - 1.88 0 172 9171 271.9
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Scheme 10 Synthesis of bis( hydroxylammonium) 5,5'-dini-
tromethyl-3 ,3"-bis(1,2 ,4-oxadiazolate) "**’
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Scheme 11  Synthesis of furazan-tetrazole structures
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2.2.2 MMBE=ZKIEELEY
1965 4F, Child 45" Fil Fi 4 3 & & 5 — & 5L 4K
20 —H A SEHL 3,4 ,5- = -1 -y LT, 2 4= g
(TATT) 1 il 4%, [ K 68 $2 t B v AL B, 2009 4R,
Shreeve %" X% I 8 #E AT T IR ABLERAR D), A 9 4
HEESAMKR S 5P (Scheme 12) , TATT 4§,
S R e e FLURE AR (R 4) , B R H
HN>; /NH2 HoN NH,
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HQN\N)k Nty NN Hn—N

N3 N3
2 46 47
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Scheme 12 Synthesis of TATT"**)

®4 TATT 5 TNT, HMX B TATB #E:ag L
Table 4 Comparison of the properties of TATT with TNT,
HMX and TATB™*'

explosive Is?rf)sai'ﬁ:/ity/J 7g~cm'3 EZlyf:cne/O/o /Tgc 7::‘. s /Agf. mol-!
TNT 15 1.648  18.50 290 7459  —55.5
HMX 7 1.904  37.84 279 9221  116.1
TATB 50 1.937  32.55 318 8114 ~140
TATT 60 1.685  76.90 324 8423 440

2014 4, Klapotke 2™ & 0 7 4
HATT, [f4E , Klapotke 45 % 3 — 4558 5 ATT J2 HATT
H5& BB T Cu” K Co" B MMM 1 & /% &Y
(Scheme 13) ,1fijiX P9 25k & 9 34 0T A R v 76 1 4
7,

fiE 7 T B A

0
HaN e AL N NH,
HN/ N N N/N
\>_< _H R 3 < \(
H,0 67% N§N \ —NH
0
HO\N/N N—OH HzN\N)kN,NHQ NH[O
N -4 H H > < \f
N%N 5 NH, HCl, H,0 47% N\ N/NH
Scheme 13 Synthesis of 5-(4-amino-1, 2, 4-triazol-3-on-5'-

y) -1 H-tetrazole'**’ and 5-(4-amino-1,2,4-triazol-3-on-5-yl)

tetrazole!*"!
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R W ) A% o 2 % G v I M B A A K AR R 1 A KK
#2005 4, Sheremetev 2" i) I B 366 &0 3 w0y Ry
J B G T DNTF, {H ™ % {7 12% ., 2015 4F,
Tsyshevsky %7 4 i T DNTF 4y T & A, & i %
37% ., (Scheme 14),
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Scheme 14  Synthesis of DNTF[>' ™%
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TFO 5 BFFO & si 43l 2 77 “CHR1 92 °C, B % fE
1.935 g-cm™ K% 1.866 g - cm™ , i1 % 48 # 7 % A
8646 m - s™ 1 8256 m - ™ A B A 5 M 2
) VR AH AR 2 003, A T R Dy [ A A R v Y 2 R G 9B
FIA5 A AL o 5wk F kS BT 24, Stepanov 45 T
DA SUBFAE R 25 4% 4R 50 5 BNFF %2 2 B B 1, &
TR IR P A A W R A B R A 0 2
17 Bk HNO, i — 255 PSR [ 1 S 4438 B =0
#E4T 7K (Scheme 15)
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N W
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Scheme 15 Synthesis of TFO, BFFO and other ana-

logues"**~**!

3.2 HMERESHSHLED
1989 4F , Laval 27 I FH 4, 6- " 54 -5-fif§ 3 m ng
(DCNP) 5 3-fif F-5-50 -1, 2, 4-= 1 (ANTA) #h £
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S L A% 3] 5 - -4, 600 (5-%4 H-3-fiFf - = e ) K g
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Review on the Aza-polyaromatic Ring Energetic Compounds

ZHANG Jun-lin, Bl Fu-giang, WANG Bo-zhou, HUO Huan, ZHAI Lai-jie, WANG Xi-jie
(Xi'an Modern Chemistry Research Institute, Xi'an 710065 )

Abstract: Aza-polyaromatic ring energetic compounds are a kind of important nitrogen-rich energetic compounds, which are one
of the hotspots in the research field of energetic materials at home and abroad. A wide variety of various aza-polyaromatic ring en-
ergetic compounds were obtained via different bonding methods of C—C or C—N single bond etc of aza-aromatic rings. These
compounds mainly contain two kinds of symmetrical and nonsymmetrical structures. Their classification is also performed accord-
ing to ring system characteristics of bicyclic, tricyclic and polycyclic structures. The synthesis of aza-polyaromatic ring compounds
is simple. Currently, a large number of new high energy density compounds with excellent properties were obtained. In this pa-
per, the research progresses on aza-polyaromatic ring energetic compounds consisted of furazans or azoles etc nitrogen-rich ring
system, which are connected by C—C or C—N single bond, were summarized. The construction methodologies of aza-polyaro-
matic ring and the synthesis technology route of aza-polyaromatic ring energetic compounds are emphatically reviewed, at same
time, the physicochemical and detonation performances of typical aza-polyaromatic ring energetic compounds were briefly intro-
duced. Developing the synthesis method of new ring system with simple, efficient and mild reaction conditions, introducing new
energetic groups and designing new aza-polyaromatic ring energetic compounds should be the emphasis of research in this field in
the next stage.
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