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NO, Na;CO; NN 05¢C c T, p HOF D p IS FS
omp.
Nend  NH: P /°C /g-cm™ /kJ+mol™" /m-s" /GPa /) /N
N”\N/)\N&/NO ﬂ,““ IN* W Bases - 108 250 1.86 633 9120 343 >30 >360
N=N Dimorth rearrangement H 231 211 1.79  1402.3 8928 29.8 8 140
N_-NO 8 334 215 1.65 862.9 8789 27.7 >40 >360
AR N—N
N I Y T . [34]
N N/(N’N 2Cation™ Cation"=NH,"(a) , NHz0H" (b) 4 183 1.71 1256.5 8695 28.4 24 240
Ho - 500 182 1.77  1091.8 9004 349 22 240
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Scheme 5 Synthetic route of compounds 9'*!
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sure. HOF is heat of formation. T, is decomposition temperature (on-

set). IS is impact sensitivity. FS is friction sensitivity.

5- i 5 Nk na 3 O e 9 LA B S 0 R RE A B AR T
V. 2 5 W K 35 ) 1 A S 12
1.2 EFRE_BHNITSENEKEEAERLEY
TE R A 2 AR AR AR
A e ML R B A I TP AR AL R R
U7 A I RE A RHA EE BA T . E A I 2 AT K Y
WE AL B YR AR R A ]
1.2.1 BRIEBR=M{EY
20144, JA B WA R 32 -4 -8 AU R Sy
JFoRE, 2 304k Dimroth SEHEF & TR, 2, 3- = E
WA AR T WAL S 10, @ Scheme 6
Fios, Hor, & A AL 5 FEE R C R F Dimroth 5 HEAE
A A AL 2022 % £ 30 %

%114 (1177-1186)



1180 JAR G, BIEIR X R AR, ik PR e
Ny Ne N=p
NG | NG =N \ NG |
0. O~N  NH, By NH ON ,  \M 02 H N
N" "N NCCHCN N_ | NaN3 N Hy0,/H,S04 Bases N
>\—/< =Y NN N ) N 7 N — ) N Cation”
K,CO3 \ CN  znBr, '\ " | N Nagwo, N~ N v I ON
HoN N3 H N N=\ 0— N<\/ =N N/ 0— N~y
H N H
10 H

Cation™= NH,", NH,;NH;", NH30H", etc.

Scheme 6 Synthetic route of compounds 10’
2y =

— B R SE R, A 10 B HE Ay AE B AER
U 1 RS PR SRR A3 I BE R 236 °C i i RO
FIEE AR 43 51 0 25 JFI1 128 N
1.2.2 1,2,4-E_MEE_MLEY

2017 4F  WR B3 AEORGE T 1,2, 408 ZMEEK 1,
2, 4-TE — W4 11, 10 Scheme 7 FiT s 1% B 22 i 3-f
RS- HE-1,2,4-BE i (NOA) A AL 45, IF H — &

BEO S, AR S PE AR S o (EARE R i R 5
b4 P 1) 0 0k 1 106 45 ) 2o 2 A4S 23k 1Y AU Ak T
B, SR B A 3 — 2 PR A G R L

A5 2 T D el B X A Ay BT B o A ik L 2T LT
W S ) S MR IR A L A B AR T Sk
e T8 10 e s 7 N L 17 QU A I 3
WA /b o SR, U B AR R EL A o A AR U L A ik

SRR B4 (SDCH X NOA 19 4 £k T LA [R] Bisf 45 21 31 24 WA WRMEBE T BE— L WS REAR AT AR . TT R I
SEM = RZURATERE 1, 2, 4-08 g HENTR PG PO R A S A A e 2 SR A M S AT K A R AR
YRR E, Afg R E T e . R aw AR RIS W PEREIE— DR T
_ N ~NO,
N NN\ N0 o _ oY
N~ "% spc, acom N<(' \(g_z/ 2+ . )f\ >N =N
0—N T can OzN/<\N/O Na on” N N=N Na
) 11 2!
NOA
1) AGNO;
2MCl
NN —NO, NH, NHNH,
e
— = + (a) . , etc.
OzN’<\N,o N w HN NH, : HNHN NHZ(b) o
Scheme 7 Synthetic route of compounds 117"
F2 LAY 10~11c B BAL PR 2.1 MIREXHBLEY

Table 2 Physicochemical properties of compounds 10-11c¢

T, p HOF D p 1S FS
Comp. -3 -1 -1

/°C /g-cm™ /kJ-mol /m-s /GPa /) /N
1027 236 1.80 824 8501 31.2 25 128
1140 249  1.80 126 7701 250 20 -
11a'%) 241 1.80 124 8351 29.0 >40 -
11b*° 197 1.69 347.3 8205 26.5 >40 -
1M 171 1.74 470.7 8542  29.4 >40 -
RDX 204 1.80 80 8795  34.9 7 120
HMX 287 1.90 105 9144  39.2 7 120
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Table 3 Physicochemical properties of compounds 13-23

T, p HOF D P IS FS

Comp. 5 4 .
/°C /gecm™ /kJemol™" /m-s"" /GPa /) /N

1340 209 1.62 1289.1 8331 2498 1.5 -
15470 192 1.76 351.8 8429 27.3 35 360
16481 350 1.36 831 6240 12.4 - -
1840 - 1.95 864 9310 39.0 - -
19497 2836 1.87 7413 8614 30.7 - -
200 312.8 1.87 717.5 8545 16.9  34.7 >360
210 3571 1.81 687.6 8180 23.9 >98 >360
220 189.7 1.70 1447.2 8013 24.1 22 627
230 189.8 1.76 1419.9 8260 26.0 1.9 27.4
RDX 204 1.80 80 8795 349 7 120
HMX 287 1.90 105 9144 392 7 120
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Scheme 14 Synthetic route of compounds 31-36"'
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Table 4 Physicochemical properties of compounds 28—43

Comp. T, p HOF D P IS FS
/°C /g-cm™ /kJ-mol™  /m-s”"  /GPa /) /N
285" 204  1.86 1280 9042  37.0 21 360
29" 144 192 1492 9548  42.1 10 240
30°" 149 1.85 1104 9087  36.2 16 160
400 210 163" 616 7861  21.0 - -
4150 279 169" 956 8110 229 - -
4350 240  1.64° 838 7885 21.5 - -
RDX 204 1.80 80 8795 349 7 120
HMX 287  1.90 105 9144 392 7 120
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Review on Imino-bridged Nitrogen-rich Heterocyclic Compounds

ZHOU Zhi-yu'?, LIAO Si-cheng’, LIU Tian-lin°, ZHANG Qing-hua'*’

(1. School of Chemistry and Chemical Engineering, Southwest Petroleum University, Chengdu 610500, China; 2. Institute of Chemical Materials, China
Academy of Engineering Physics, Mianyang 621999, China)

Abstract: Bridged nitrogen-rich heterocyclic energetic compounds are of the rich diversity, good thermal stability and excellent
energy density. They are potential materials with high energy density and have been widely studied and reported by scholars all
over the world. Among them, the imino group (—NH—), which acts as bridged unit, can not only improve the enthalpy of for-
mation and energy density, but also reduce the sensitivity by the formation of hydrogen bonds through the bridged imino group,
thereby constructing high-energy and low-sensitivity energetic materials. This paper introduces the research progress of
imino-bridged nitrogen-rich heterocyclic energetic molecules and their salts, and reviews the preparation methods, physico-
chemical properties and detonation properties of these energetic compounds, the future development potential and research
trend of imino-bridged nitrogen-rich heterocyclic compounds are prospected, so as to provide a reference for the design and syn-
thesis of imino-bridged energetic compounds.
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