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Scheme 1 Monocyclic tetrazole energetic materials (2-30) derived from compound 1
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Table 1 Physicochemical and energetic properties of compounds 2~30
Comp. p/g-cm™ AH./k-mol™  D/m-s™ P/ GPa T,/ °C 1S /) FS /N Ref.
2 (1.899, 123 K) 281 9457 39.0 130 <1 <5 [22]
3 (1.791, 173 K) 376.4 9087 36.8 140 <1 <5 [9]
5 (1.730, 100 K) 152.0 8885 32.2 173 7 120 [10]
10 1.413 405.5 7846 21.6 130 (vap) <1 64 [9]
11 1.825 397.7 8938 37.3 116 1 20 [9]
13 (1.719, 200 K) 385.5 8827 33.6 184 7 24 [12]
14 1.78 252.8 8656 33.1 165 30.5 320 [15]
15 1.827 522.8 9508 40.5 113 [16]
18 (1.867, 100 K) 264 9173 36.3 122 1.5 8 [20]
24 (1.668, 200 K) 247 8109 26.2 150 1 40 [22]
25 (1.628, 200 K) 278 8085 25.7 155 2 82 [22]
26 (1.667, 200 K) 380 8434 28.9 122 3.0 145 [20]
27 (1.755, 100 K) 260 8433 29.5 125 12.5 160 [20]
28 (1.46, 298 K) 594.5 7616 20.2 160 <1 <5 [23]
29 (1.65, 298 K) -72.9 7876 25.2 191 >20 56 [24]
30 (1.78, 298 K) -10.4 8484 31.6 135 20 24 [24]
Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T is onset thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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Table 2 Physicochemical and energetic properties of compounds 31-49

Comp. p/lg-cm™ AH /k)*mol™  D/m-s P/ GPa T,/°C 1S /) FS/N Ref.
31 (1.695, 173 K) 255.7 8609 29.8 105 10 108 [26]
33-1 (1.75, 298 K) 27.4 9475 33.4 150 10 260 [27]
33-2 1.67 (est.) 491.8 9842 36.6 160 6 80 [27]
33-3 (1.675, 298 K) 491.8 9602 37.3 130 3 72 [27]
34 (1.63, 298 K) 252 8405 26.9 186 10 28 [32]
34-1 (1.60, 298 K) 346 9437 31.9 213 6 240 [32]
34-2 (1.67, 298 K) 259 9284 33.1 159 26 >360 [32]
36 (1.93, 298 K) 486.3 9967 43.4 110 1 <5 [28]
36-1 (1.698, 298 K) 212.0 9078 31.5 170 1.5 30 [28]
36-2 (1.746, 298 K) 541.3 9872 37.6 150 1 6 [28]
36-3 (1.813, 298 K) 351.5 9807 39.9 130 1.5 10 [28]
37 (1.723, 150 K) 1495 8960 33.9 124 <0.25 <1 [29]
38 (1.675, 100 K) 1100 8655 30.5 136 <1 <5 [25]
39 1.70 (est.) 722 8983 33.2 142 <1 <5 [25]
40 1.78 934.2 9829 41.0 85 <1 >360 [33]
43 (1.613, 298 K) 550.8 8946 29.8 114 1 <5 [34]
44 (1.972, 100 K) 110 3.5 40 [35]
45 1.81 285.0 8665 27.4 277 >40 >360 [38]
45-1 1.78 453.7 9518 33.3 269 >40 >360 [38]
45-2 1.77 354.6 9115 30.9 275 >40 >360 [38]
47 1.83 181.5 8499 26.7 275 30 >360 [36]
47-1 1.66 255.4 8446 25.2 242 40 >360 [36]
47-2 1.80 398.4 9596 34.0 275 35 >360 [36]
47-3 1.76 71.1 9016 30.4 286 30 >360 [36]
49 1.75 82.17 6889 22.0 228 >40 >360 [38]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T, is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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Scheme 11  Synthesis of 5-(1H-tetrazolyl)-1-hydroxytetrazole, 5-(1H-tetrazolyl)-2-hydroxytetrazole, and 1,2'-BTO

FrAi 8 FE & (D=9187 m-s'  P=34.1 GPa) , } BN 2172 geecm (100 K) ;434 8 8330 m-s™, 41
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1E 50 H1 51 A N-S A B — A e - 56 170 e 1Y B &2 1 RE 2y, BJ5 , Klapotke ik g [ 5 43 51 H 2 B Al
Bl N - A A B 1 i 15 22 R0 45 1 X6 Bk P 1) 48 5 SN A Ay PR RR IR A LT 1, 1 - e -5,
T34 5 55 L AR B A9 2-N-% 1k 4 56 P B8 B =5 ;50 [k 5/ AU DU M (57) F H Z2 F 5 g 25+ #h (Scheme 12)
55 156 4 it AL, 10 - FR2E-5, 57X VU Mk Y RE P 57 Y &b AR B N 1.971 g-em™ (173 K) |, 48 i & ik
A S BT AR R e R BE . BT R R Y 10142 m-s™', 48 5 535 45.6 GPa, SR 1M 73 it i AL K

RETE PEBE ML 5 ik Z AT i P MR L S W R BE R 107 °C E*?ﬂ\ f14 73 fifp T B AR AR AT T K M L 11 4
RERLAT A & (B 1,4 3) . 1o, LR SR BB B DIE S, R v B | R Y R R i T
2014 4, Klapotke # #2 IR 847 & 3 & % T #%ﬁﬂ@ﬁ%Lﬁﬁi;T 9000 m-s™',
1,17 - -5, 5 - XU e A7 4 (K,DNABT) , He i {4 2024 4F b 50 F TR S AR 2 0 M g B TR
OH OH
N N N N NN N N1 NN
- ~N N= ~N N7 ~N N= ~N N~ ~N
R A W A \N/H/ I e G e
HO HO
H H H HO
50 56 55 53 54 51

Bl 1 50 ) N-4fbAiT A 1 i BE B MERE ML
Fig.1 The energy law of the N-oxidized derivatives of compound 50
F®3 A D W 50~56 1Y R MR i By LA A T 5 R AE R
Table 3 Physicochemical and energetic properties of dihydroxylammonium salts of compounds 50-56
Salt p/g-cm™ AH./K-mol™  D/m-s"  P/GPa T,/°C IS/) FS/N Ref.
50+2NH,OH (1.742, 173 K) 427.5 8854 31.7 205 10 240 [39]
52 (51+2NH,OH) (1.877, 298 K) 446.6 9698 42.4 221 20 120 [40]
53+2NH,OH 1.75 451.8 9187 34.1 192 10 240 [46]
54+2NH,OH (1.822, 298 K) 390.7 9264 37.2 172 3 60 [43]
55+2NH,OH (1.731, 298 K) 469.0 9117 32.3 200 12 216 [44]
56+2NH,OH (1.696, 298 K) 443.6 8916 30.3 183 20 160 [45]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T, is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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Scheme 12 Synthesis of compound 57
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(84~107 °C) , i H 3CHK 2 38 79 LB % B2 AR 25 88 K
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62)60 F1 62 AR AE # MU (1S<1 ), 61 b RDX i Jgk , AJ
T IX A0 A W T RE R A B RDX YKL
T, R SRR T AR A A (5 BB 1 62, 3R 15
T 63 MH=ME T ed4. =M ik 64-1 Al = ik
64-2 1Y 15 4 15 #9184 m-s'.9337 m-s', 4 JE 1k #
32.1 GPa.37.0 GPa, 1] 5 HMX 1 25 . 5-(4-%
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Scheme 13 Synthesis of compound 58
x4 B 57~67 1P FAL A B AE B
Table 4 Physicochemical and energetic properties of compounds 57-67
Comp. p/g-cm™ AH./k-mol™  D/m-s" P/ GPa T,/ °C 1S /) FS/N Ref.
57 (1.930, 298 K) 932.1 10142 45.6 107 <1 <5 [48]
58 (1.881, 296 K) 597.1 9305 38.0 107 12 70 [50]
58+NH,OH 1.891 617.4 9503 41.1 124 5 60 [51]
59 1.61 394 7193 18.7 347 >40 >360 [52]
60 1.66 777 7874 24.1 164 <1 20 [52]
61 1.73 428 8020 26.5 211 25 288 [52]
62 1.71 485 8097 26.6 215 <1 18 [52]
63 1.79 618.4 8935 33.8 124 5 120 [55]
64-1 1.83 454.3 9337 37.0 181 17.5 216 [55]
64-2 1.73 704.8 9184 32.1 161 27.5 >360 [55]
65 (1.625, 173 K) 315.6 7702 21.8 283 40 360 [53]
66 (1.662, 298 K) 304.2 8160 24.0 249 40 360 [54]
67 (1.842, 296 K) 597.8 8975 34.4 118 20 180 [56]
Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T, is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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Scheme 14 Synthesis of compounds 59~64
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Scheme 15 Synthesis of compounds 65 and 66
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Scheme 16 Synthesis of compound 67
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Scheme 17 Synthesis of compounds 68 and 69
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Table 5 Physicochemical and energetic properties of compounds 68—84

Comp. p/g-cm™ AH./K-mol™"  D/m-s" P/ GPa T,/ C 1S /) FS/N Ref.

68 1.790 440.6 8601 30.0 197 37 >360 [57]
68+NH,OH 1.803 453.9 9100 33.4 213 46 >360 [57]
69+NH,OH 1.839 525.8 9228 38.0 180 19 280 [62]
70-H,0 1.648 36.6 7175 17.8 227 >40 >360 [58]

71-1 1.741 642.6 9340 33.2 149 38 >360 [58]

71-2 1.743 542.9 9252 35.3 103 36 >360 [58]

72 1.82 410.1 8637 27.5 224 >40 >360 [59]

73 (1.669, 298 K) 517.1 8062 26.0 207 2 120 [60]

74 1.82 (1.847, 100 K) 521 8601 31.1 193 8 160 [61]

79 1.872 552 8846 33.2 165 12 160 [61]

80 1.819 723.7 8312 27.0 305 >360 [63]

81 1.873 721.6 9010 32.8 181 35 300 [64]

82 1.74 634.7 7783 20.4 312 40 360 [65]

83 1.881 428.6 8420 27.7 279 >40 >360 [66]

84 1.783 376.5 7880 241 288 >40 >360 [66]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure.
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Scheme 18 Synthesis of compounds 70-72
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Scheme 19 Synthesis of compounds 73-79
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T, is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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Table 6 Physicochemical and energetic properties of compounds 85-98

Comp. p/g-cm™ AH./K-mol™  D/m-s™ P/ GPa T,/°C IS/ FS/N Ref.
85 (1.728, 150 K) 622 8355 28.2 145 <1 9 [67]
86 (1.568, 200 K) 592 7593 21.3 135 <5 240 [67]
87 1.771 648.4 8865 30.8 114 2 10 [69]
88 1.716 753.0 9581 35.9 138 15 240 [69]
89 1.85 443.5 8086 23.0 314 17 >360 [68]
90 1.77 710.8 9099 33.6 122 1 8 [68]
91 1.685 440 8423 24.2 324 >60 [70]
92 1.85 848.0 9261 38.3 222 25 168 [71]
93 1.78 743.5 8592 27.3 204 4 80 [72]

1.69 892.1 8345 25.2 216 3 42 [73]
94-1 1.80 824.3 9361 33.8 210 30 288 [72]

1.74 -129.4 6653 13.3 215 15 120 [73]
94-2 1.66 928.2 8717 27.1 171 30 240 [72]

1.68 -18.8 6277 10.5 178 14 120 [73]
98 1.84 418.4 8906 32.7 160 2 10 [74]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T, is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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Scheme 28 Synthesis of compound 98
#8906 m-s JEJE 32.7 GPa, g 7 RDXKF; #44y

fif B2 160 °C iy R 2 ) BRI 10 N R E
PR RDX 2 (3 6).
2.2 A B a3 & E B Y i
2006 4F, k2 7 28 1 45 28 [ ST R K27 1) Osstro-
vskii S 7 LN G RS A AR SRR LT 5,57 -
LR DY A R T 99, 2021 4F Dharavath 257 /] & Fh & &
B X 99 HEAT Wi BT 1k, 3B T — R P A FEEEh
(Scheme 29), Hirp S pUme ER 555 1T 55 8945 m-s™'.
2017 4F , Shreeve ##Z iR A7 A WL T —Fh N-IE
FH 355 -C A 3R 1% L s - e R I e £ 5 4 N-(1-( (1 H-Y
M5 -3 ) L ) -1 H-PU k-5 (4 H) - ) fil Bk iz (102) .

N
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Scheme 29 Synthesis of compound 99 and its salts
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Scheme 30 Synthesis of compounds 100~102
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N
s N N
NH4N - -
Br /k 4 03 II\{ N\ N/+§|/
N NH N ) N0
o =N N~
N=N H
97 98

ARG s 2R - 8 0% e A FALBNAFAE T AL S i
fik £k 5 B A U N A B 5240 3 DU ) N- 2 1 i A=
Wy s HoUO U 5 & AR A [ 3+2 13 e s i, 8 i B A
N-I 36 -C A 6 B9 AL & 40 101, e i & 3 4% 100% il
% il 1k 15 3] 102 (Scheme 30) . Shreeve # 4% i & 41
A 2 ARL A BRI 8052 1 L 1 — FR 4 B i i A HUAR
149 IV 2 A 50 XL DY e 437 A= ) (Scheme 31) , i AL 45
(T H-pY mg-5-3 ) B 5 1031700 X (1T H-PY mg-5-3% )
H e 105770 05, 5/-( W F 5k 3 FY 56 ) X (1 H-PY e )
1047570 5, 5/ -(fif 230 H 3% ) W (1 H-P9 ) 1067, 5
B9 52 I VAR L T LB e A A S R | R R
2023 4, Shreeve # ZIF B Y X DL 4, 6- 5 -5-if %
WENE 5 2 M S A AT 5,5 -(fF Ak
B2 X1V H-P ) /g gl K & % (107) (Scheme 32) .
XL AL 0 1 e A LR 7 .
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101 102
N XK XXXX HF & XX A& XX# (1-32)



14 S =Y 75N TR 7 -2/ N = O K8 5§ O A e
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o o AN W oo N e (114) 0 A R 32 B R Y 35 I I A ek 3
NCTNon ZiCh N;Nk N\NLN—’ Y FTEBRIR LR %o 110 L 114 REIERERS %
NN g NN NN g NN (L AR 52 A L R 0 T O (3 7).
1.(NH,)2Ce(NO3)s
2AaNC, T 2023 4F 25 SCIR A A3 i T B 1 H-POE-5-2
ha’ N0, R e MMy R I R 1 T A R
NC” SeN N20u NN N 130 °CF — Z 3L 4R T 5-C (1TH-PY M55 )
NaCl
J ’ hooNOo Fe)-4H-1, 2, 4-= #-3, 4-— i 115 (Scheme 35) .
Na NO NaN
[ j:/k:: }TC:, N,N\")\WN\N HNO, 115 YA IR BE K F 300 °C, & — ANt 3 ik i) 45
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Scheme 31 Synthesis of compounds 103-106 PR RE B T 2% P & 3L 45 ¢ Kumar 2192 2017 4F
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Scheme 32 Synthesis of compound 107

Shreeve Z{ #2 PR B 41 3 J7 T () T 4F & 6 45 ™ A4~
N-WE T E-C M B9 2 5 DO mee il e 2 — e fb & )
(Scheme 33 #l Scheme 34) . 3-( (5-%& F£-2H-JY
Mp-2-JE ) H IR )-5-fF e k-1, 2, 4-= W (110) A0
3-( (54 Jl F&-1H-DU w13 ) B3 ) -5l fiie -1, 2

Cl

K7 ALEW101~127 Y P4k

JoE A0 BE AL

BT W OEEBE B O mk-nb e S BE AL B . AE
DMF 1 | & & I§ 5 4-% £-3, 5-7 ff 5 nik w0
4-50-3, 5-T i S T e 1 2 R AE R G RS A 1R R IR fk
VU 2 B8 (TEAB) B AR AE T N, 43 i) A5 21 i S5 it nae
B 2N 7 A= 4 (Scheme 36) ., &5 & F L8 FE
A0 BF AR AU W T RN B Ak Sy D e A B I Y AT B
LEY 116, TERIR A 30% i3 AL & W1 T Ak
Ui N = e = X I R Y L N o R = 2 1
BAE DMSO w1 iz W 15 %] 118, 2023 4F, Kumar 55
PA 3, 5- T fH FE-1 H-nk me-4-FE g N RORE, 5 2T
B B R, & BT I PR 4 AL SR R AR R .

Table 7 Physicochemical and energetic properties of compounds 101-127

Comp. p/g-cm™ AH,/k)-mol™ D/m-s’! P/ GPa T,/°C 1S/) FS/N Ref.
101 1.61 534.7 7780 20.9 217 >40 >360 [77]
102 1.76 615.9 8652 29.6 178 12 160 [77]
103 1.74 590.5 8226 27.4 289 >40 [78]
104 1.71 646.5 8307 25.3 248 25 [78]
105-H,0 1.59 415.8 7371 18.4 240 >40 >360 [79]
106-H,0 1.84 402.3 8608 29.6 238 15 240 [79]
107 1.75 82.2 6889 22.0 228 >40 >360 [38]
110 1.718 462.8 8213 25.2 218 18 360 [80]
113 1.708 476.2 8187 24.9 204 15 240 [80]
114 1.811 285.0 8750 31.8 159 10 160 [80]
115 1.66 616.6 8417 24.5 305 >40 >360 [81]
117 1.86 456.7 8845 34.5 155 19 240 [82]
118 1.81 782.1 8707 32.1 148 12 80 [82]
119 (1.617, 296 K) 209 10 190 [85]
122 1.76 3449 7909 24.8 241 >40 >360 [86]
123 1.66 275.8 7451 20.9 257 >40 >360 [86]
124 1.87 -328.8 7271 23.7 262 >40 >360 [86]
125 1.52 270 6900 17.0 173 7 >360 [87]
127 1.86 856.4 9289 38.6 279 35 240 [93]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T, is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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Scheme 33 Synthesis of compound 110
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Scheme 34 Synthesis of compound 114
NH HCI
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Scheme 35 Synthesis of compound 115 and its salts
AN ER S A NG E TEAB AEAE T RN L B BRIk ZBHE T4k (Scheme 36) . J5 ok Kumar %6 3t

Ji . L 82% M il R 15 2 N-2 B5 B fe b 19 2-(4-%
-3, 5-T A EE- T H-ME M 3L 38 ) AN . ERALE
RN, HE S & F A B N e A6y D w35 G i
BT S 0B 24, T DL A R — R A R B TR

ON

ON i, J//N )

R{'N Cl R\éw/\\ NaN3 ZnCl,
=N TEAB, DMF =N

ON O,N

Scheme 36 Synthesis of compounds 117 and 118
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Scheme 37 Synthesis of compound 119
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Scheme 38 Synthesis of compounds 122-124
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(Scheme 39).
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Scheme 39 Synthesis of compound 125
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Scheme 41 Synthesis of compound 127
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Scheme 45 Synthesis of compound 136
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Scheme 46 Synthesis of compound 137 2.4 E i B B AR BE G N Y e

2009 4, Shreeve U FZ IR R Y 2 514 IR
TS B R AR R R G BT 2 R IR A AR
XL W SR 5 T 100% 114 il 1R i 16 45 1) & 91 1 K 1)
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Churakov %' 7£ 1995 4E ] N,O, & 1k 22 & W T
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(Scheme 47). 2017 4%, b5t B TR 24 19 R AT 55 B0

ZECOOLPL, 3R (2-H HE py mp-5-3E ) = A 138 M E 1, 2-R(4-5-5-filf fie Fe-1H-PUmk-1-38 ) 4 BE(140) , H
=8 ALG W 129~139 iy B AL 2 14 B AN BE B R

Table 8 Physicochemical and energetic properties of compounds 129-139

Comp. p/g-cm™ AH./kJ*mol™  D/m-s P/GPa T,/°C IS/ FS/N Ref.

129 (1.841, 200 K) 4141 8523 27.7 208 >30 >108 [94, 95]

130 (1.774, 100 K) 1030.0 9185 36.1 80 << <<5 [96]

133 (1.658, 173 K) 429.0 8723 179 [98]

136 (1.902, 173 K) 883.2 9548 42.4 170 <1 <5 [26]

137 1.80 (est.) 1092.2 9184 39.0 50 (mp) <<<<1 <<<<5 [9]

139 (1.544, 299 K) 591.8 7465 19.0 208 0.5 [100]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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Scheme 48 Synthesis of series bridged bis(nitroaminotetrazole)
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Table 9 Physicochemical and energetic properties of compounds 140-146
Comp. plgcm™ AH./K-mol™  D/m-s" P/ GPa T,/°C IS/) FS/N Ref.
140 1.858 1038.3 9329 38.2 194 10 [101]
141 1.658 1032.0 8374 28.1 173 10 [101]
142 1.759 922.5 8741 33.0 139 3 [101]
143 1.579 989.6 7963 24.7 145 15 [101]
145-H,0 1.80 760.5 9433 36.2 100 <1 4 [32]
146 1.79 573.4 8732 29.4 198 30 360 [103]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T, is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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Scheme 51 Synthesis of 147
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Table 10 Physicochemical and energetic properties of compounds 147-163
Comp. p/g-cm™ AH /k):mol™  D/m-s” P/ GPa T,/°C 1S /) FS/N Ref.
147 1.63 775.0 6885 17.2 209 >40 >360 [104]
148 (1.807, 296 K) 973.4 8490 31.0 262 15 144 [105]
149 1.84 7446 20.4 250 20 240 [105]
150 1.80 916.8 8329 31.4 147 12 280 [106]
153 1.75 921.6 8225 26.4 179 15 192 [107]
153-1 1.74 1025.0 8657 28.6 199 15 180 [107]
153-2 1.78 1172.6 9111 32.2 151 13 144 [107]
155 1.62 727.8 7778 23.9 229 <2 [109]
158-H,0 1.79 945.8 8636 29.5 281 10 240 [79]
160 1.73 1086.3 8580 27.03 157 10 240 [112]
161 1.920 520.8 7941 21.4 189 3 32 [113]
2.059 232 7960 22.4 232 1.5 15 [114]
162 1.781 1140.3 8932 30.5 135 4 42 [113]
163 (1.884, 298 K) 1260.9 9633 41.4 111 4 40 [113]
1.870 1050 9580 39.2 108 3 40 [114]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T, is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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AT S, BUAT TR, AR, SRR J R e B I L 1R T R

_KNOy
HoS04

HNO3
HzSO4

Scheme 52 Synthesis of compounds 148 and 149

N/NOQ
/NOZ
; X
)\ HNO, )|\ NaN3, ZnCl, HN” NH
HN N —— —_—
AN NH _
NC CN - HN \ A NH
150

Scheme 53 Synthesis of compound 150

151 ¥, 38 ok S8 L J7 kA i 1 2-(4-ff K5 -1 H-nik
Mp-3-3L )-2H, 2'H-5, 5'-3 P4 M 153 (Scheme 54) .
153 19 43 F A J& P i #g AL, Jir DL L - 187 28 150 14 %5 52
TG, BE R WAHAR(FE 10)

% W Fk 2= B N. D. Zelinsky 43 #L A6 2% i 5% Jir 1
Godovikova ZE" 7 2009 4F L) 3, 4- 50wk i o JR

N HN—N
,N:< NaNy, ZnBr, N/_>\ N N HNo
2 P~n7 N
7z AN h N\ 7/<N H so
" i =2
151 152

HN—N

Scheme 54 Synthesis of compound 153

N/N\N N N“N
\ /
N / \ " NaN3 1.NH,0H
/ \ N—» 0, 2NaNO HCl
\O/ N= o, 3.NaN;
154,155

Scheme 55 Synthesis of compounds 154-157 (n=0or 1)

N N

NC CN N// N N/ %N
NC CN \/ \/ N NH
>—< 1.NaOH I\ NaN;
N - o NN /
NowrN 2BiCHNO, N ZnCly N_ N
N ) N
H ON
158

Scheme 56 Synthesis of compound 158
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0N NO,
. HN NH
F
N)\NH N)\NH
\ \
N=N N=
1 148
reflux ON NO,
L, HquNH
N)\NH N)\NH
\ \
N=N N=N
149
RS S RFALGN LA T 3, 4-%0( 1 H-IY Wk -5 - ) i if
(154). 20124F  JAZRBAELL 3, 4- 4 L A Ak i

o JERS B A AR N A BT 3, 4- 080 (1T H-PY -5 )
AL (155) . 2015 4F , Klapotke 22 Mg 2010 LA
3, 4- UL WA A 3, 4- 4 A Ak e o JEURE A
Scheme 11 H A7 2l #5173, 4- 80 (1 H-PU M -5-FE )
M (156) Al 3, 4-80 (1H-PY mg-5-% ) & 4k Wk 1 (157)
(Scheme 55). 20184F, Shreeve A 3% &P — 4 3L
=R JERMA R T 5,5 -(2-(A R 3K )-2H-1,2,3-=
M4, 5-— 3 ) X (TH-Y M) (158) 1) — K & W
(Scheme 56) , H Ht T TG fif§ 32 B & BUAR A9 — W A7 K (1)
KDY s, R R R R A A A )RR Y A
(%£10).

i%_

No, NHg' /N2H5
bases /j\ 7/4 \\

153-1~153-2

N3 N3 4
HON NOH HoL 4%_87
7\
N\O/N$On / \
156,157
2024 4, AR I A L 61 Al 3-(1H-Y

M1 ) -1 H-1, 2-4- = -5k JORH, 3 5 NCN,
FKOH FE7K A1 2 i TR A ¥ 8 Hh RO 4 h, $h g iz 4
JF 3% 159 fil 160(Scheme 57) . 159 7E % i F 21
MR WA, 160 19 3 il S 157 °C(£10)

2024 4F5  FE ) R A R B S )R RGE T
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DU e Z R RE AL S WY ORI S R 21
NO, A D A T e BB R 3 ) 3 b R A ke Y IROAR
o Nyz_N\N N AT A=) (Scheme 58) o 5 U7 02 LA 50 9 J5URE, %
X -
2\(N_NH N N \NJ\FN HA LA IR T 5 8 AU FUR R, A5 3 = 00w 4
/ \
61 LN KOH | NG N NG N 161, 161 MR AL T 15 H 4k 162 55 5 /50 B S R, 28 I
RS HN fit Ak o] A% 2, 27X ( . filg 3 %L )-2H, 2'H-5,2/-5,
/a =N o=
p /NW/N\N//‘N N A, 5-= DU M 163, 163 HY % J¥ y 1.87 g-cm™ & H
HN—N N‘N—\N7H/ NTON 160 9580 m-s' Mk 39.2 GPa, fH 43 fif i & L 108 °C
Scheme 57 Synthesis of compounds 159 and 160 (%10).
37% HCl A
)\(/ N /g
H H
—N N—y 1KOH /A_N
Il Y, \ [I )\(/ ~ N 0
~N N ZCNN . )I\/Br N=N

N—N
161

Scheme 58 Synthesis of compounds 161-163

ok 4=

4 ZINZBENTEWY

b ST AR R A D e I XSO AR A, B 4 937
1258775 i v e B R R AT R R R B R
MR LL AR A R DY 2R R AR W 164 Fi 165
(Scheme 59),

L

2.H,S0,, HNO;

H/\*\/%

163

2017 4% BRI B8 5 P R T A O Sk R
Wi A-— B S R M e A 1-(3- T RN 2 ) -3-2 Jk
W — Wi Eh R 5 (EDC) Z J5 , £ #% EDC i AL , L
138 J 5k, G T 1,3, 5-3<2-E|3%mn%-5-%)£ﬁ
Z%-1,4-" )5 166(Scheme 60) . X4~ N5 & E A =4
PP D WA A A LA R e 1 A R (1699 k)= mol ™) L AN

Ns

N
HiN—__~ N3 N \
N7 N N
N—N N R >/’N\H
Ne— HN N
N IN’\< v
R
\N/ N\ N
% KMnOy, HCI 164
N3
N
HoN OSSN
Me \ / N—o0
Me N)\N N / \
v L L
J N ., N,<
N N 0—N I\ Me
0 NA” N
0" 125 Ny, 165
Scheme 59 Synthesis of compounds 164 and 165
Me
/
N—N
N
/ V
\\ EDC Y
/N\ N N N
Me™ =N N\N CH,Cly AN SN \(N\\N
~
Me M \ /
1 1
38 66 Mo
Scheme 60 Synthesis of compound 166
CHINESE JOURNAL OF ENERGETIC MATERIALS A A AL XXXX 5 % XX A& % XXH (1-32)



22

FAE G PO B RS K R B RO

B IAERE M (141 C) P& PERE(D=8572 m-s™")
2009 4, Klapotke #2451 LA 1A ML i & 1k 5
EFCam AL T = G 3L I, SR 5 5 356 D s 2 1~ ) g
AT = (5-fig 3 pume -2 -3 F 3L ) i 167 (Scheme 61)
Al 4F , Shreeve #AR IR AL = (H I L) M 55
A A TR R E A AT = (2-(4-F-5-f i
Fe-TH-PUmE-1-3) 2 ) % 168(Scheme 62) .

. N NO,
N—N v j/
NHe N
Cl ON /N N/N
N
NN\ N
J Cl PN J /\N——N
. -, g >\NO
/
S %N 2
ON 167
Scheme 61 Synthesis of compound 167
H
N\
N
N= |
/
NHz oN NN
1. NC-N, S on,
N
2.100% HNO.
N s /
HzN/\/ \/\NHZ //N\N/\/N\/\N
N\ /k }\‘ /NH
HN-N, —No, =N

Scheme 62 Synthesis of compound 168

2013 4F , BJ FE i 12 $7 2 K 2% B9 Muralidharan
TR IERN R S S A S T 1,1,3,

3-PY (1 H-PY me-5-55 ) N 5 (169) (Scheme 63) . 169
KA Re B T B A H H A 1000 k)-mol™ P 1 4
BN 250 °C LA b By #4643 i R, H 4 22 PR e — R
(£11). 20184, & K E P W58 5 % & Js (DRDC)
1 Hu 18+ 508 KA K1 Murugesu B8z F H
ARABL A 5 v LA DY U I A IR A 1 2, 3,5, 6-10
(1H-Pg m-5-F ) ik %2 170(Scheme 64) . 170 B % J&
91.945 g-cm™, A A 1383 kJ-mol ™', #4453 i i
JER 260 °C, R Z P 5 169 Ak 4 25, (A H 5 % Mk
169 B & (£ 11),

N\/ N, v \/N
NC>/\<CN Na I HN / =N
- .
NC CN DMF N=—" =N
“{\N/N” HN\N/\N
169

Scheme 63 Synthesis of compound 169

2020 4F , IF G SCIR A LA 89 S JRURL , 7 iR
[ 2 R B L O - = W 2 SO = S 4
(Scheme 65) , %R J5 57K & W ke i 45 2] = B4k 172,
=R B ER R th A A AL 173,173 (C,HLN ) T
171 ZWA4H ae s 5 R E S 5 A s AL E
RN (R 1), XEb G Y, = HFEh 09 58 & e

F 11 LG 164~180 1YW AL 27 1 IR0 AR 1t e

Table 11 Physicochemical and energetic properties of compounds 164-180

Comp. p/gcm™ AH, /kJ-mol™ D/m-s"' P/GPa T,/ °C 1S /) FS/N Ref.
164 1.71 2088.3 8275 25.6 221 1 7 [73]
165 1.64 968 7500 21 194 7 270 [87]
166 1.524 1699.2 8572 25.1 141 0.25 [115]
167 (1.775, 100 K) 125 >40 >120 [116]
168 1.616 1649.7 8185 26.0 182 10 [101]
169 1.64 1045 6630 18.4 276 [117]
170 1.945 1383 8655 28.0 260 [118]
171 1.82 1557.4 8977 30.9 202 1 5 [120]
172 1.72 1131.4 9332 30.6 198 14 220 [120]
173 1.79 1402.3 8928 29.8 211 8 140 [120]
174 1.88 256.5 251 25 252 [121]
175 1.72 1509.1 8650 31.0 198 35 360 [121]
176 1.82 877.7 9668 35.1 168 40 360 [121]
178 1.746 1549.0 8594 27.8 118 1 5 [69]
180 1.82 2643.1 9002 31.5 263 7 82 [122]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T, is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.
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HN CN
N
NC NH \
HoN CN NNy
CF3COOH DMSO
NC NH N S
N/NH N

Scheme 64 Synthesis of compound 170

N=N N \N 3NaHs 7SN HN—N

A h R N=N

NN K AN _ NG \

Y- kMno,  HNT N >’ N N NHeHO N SN o NS HN/&\ NH

N Hel = % N"k %N\N N N A '

s NH Ns / N ’ Z SN\

N 7/ ’ IN’\<N N N Ny \I/ PN

N—N Nsy Ny N—NH  N=y

89 17 172 173
Scheme 65 Synthesis of compound 171 and its derivatives
(D=9332 m-s™") HALMUEE AR (1S=14 ) FS=220 N). il i A (38 5 B5 45 3] 177, 16 MR e 4 TR #1038

20271 45, M SCIR AR Y L 126 R JROR], B LAl R
58 54bE = 58 (1" H-[1,5"-%LPYmk ]-5-35 ) i

=174, ZiEmmibE M A BRI, AR T K
SR MEE RN A W 176(Scheme 66) . 176 19153

1K 9668 m-s™ HLARIEL QL AR , (H B4 7 figk Ut EAX

%ﬁ%ﬁﬂ:ﬁﬂaﬁﬁ B EHA N, B2, 2 H\AE (1,
5'- % Py mk ) 178 (Scheme 67) . 2024 4F , A i M
UL -5 FE-2H-1, 2, 3-= M4, 5 i N JRRE,
W L AN I 5 S A A A RN AL, 2R R AR TR
M)A E BB S TR E&A 2440 AR

168 °C, +F Fl N, 8% A9 180 (Scheme 68) . EE'/\¥EjC§J\
2023 4 AR B L 85 R JEURE, i A HT il & T, % RN 1.82 geem™, o IR E I8 263 C
3 ) O-H R Ik 2 e (THA) ,FE =i FHidk 3 do (£11),
3 NHy0H" NHZ0H
3Na"
N/N N\N HN/N N\NH N/N N\N
Y \( o \( Y \( >/ NH,OH \( Y
// NaOH
—N
N \\ T \\\/ //N N\\ T \( //N \\ T \( //N
—N N— —N N— —N N—
N N N N N N
126 174 175 176
Scheme 66 Synthesis of compounds 174~—
N=——=N
N N N=—=N
NN SN THA T - T KMnO, N \ / N\ \N
| " | ——— AR z NN NN N
N,/ _NH Ny N HCl N N
N NH, \N= =N\
85 177 178
Scheme 67 Synthesis of compound 178
NN \\ \NH N/N\\
NH, N
N Hel N N N N
N /TS _ Kwo, / H
N N ————  HN—N N—N—N—N
\ / NaNy, ZnBr \N H \N/ \
\ = \N
N CN
c // HN\N//
179 180
Scheme 68 Synthesis of compound 180
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2018 4F , B 5 Tolb K24 1% B8 #5228
T A IE-5-AE (1,2, 5 I [ 3, 4-e] PU ML T

[1,5-a) ML BE-3- 4L (181) (Scheme 69) . H T H
TR TR, 181 Y I8 1.92 g-em (293 KD,
H BRI TR 8 T RDX {H L R M A 22, 00 i Tl
FEAUA 134 °C i o7 FEE SR B 4 i (R 12) 6

NH, NH, N, O i /o
f ON N
/ HS0s | ON AN N0y Nay | ONS NN Ny Z N %
KNO3 - P J \N/
R o S N o SN N J
N=N
181
Scheme 69 Synthesis of compound 181
F12 LB 181~196 ¥ ALk 5T A AE 1 7
Table 12 Physicochemical and energetic properties of compounds 181-196
Comp. p/g-cm™ AH./K-mol™  D/m-s" P/ GPa T,/C IS/ FS/N Ref.
181 (1.921, 293 K) 908 8838 36.01 134 3 100 [123]
182 1.82 811.2 8746 31.5 163 5 120 [124]
184 1.80 446.5 8434 27.7 290 >40 >360 [124]
185 2.012 -17.5 7810 23.2 231 7 114 [125]
186 1.639 758.5 7586 20.3 194 20 288 [125]
187 1.751 856.2 8336 27.3 178 10 144 [125]
188 1.895 187.3 7989 24.8 242 4 72 [125]
189 1.775 637.7 7153 18.9 237 11 216 [125]
190 1.795 866.5 8367 25.6 220 31 300 [64]
191 1.77 431 8022 22.9 251 10 >360 [126]
192 1.74 508 7346 18.9 224 10 >360 [126]
193 1.70 596 7608 22.1 231 15 >360 [126]
194 1.73 570 8212 23.8 248 10 >360 [126]
195 1.87 1149.2 8637 29.3 161 >4 >60 [38]
196 1.84 1005.8 8869 31.8 132 >4 >60 [38]

Note: p is density measured by gas pycnometer at 25 °C, the value in the bracket was obtained from single-crystal X-ray diffraction. AH, is enthalpy of formation. D

is detonation velocity. P is detonation pressure. T is thermal decomposition temperature. IS is impact sensitivity. FS is friction sensitivity.

20204F , 1% 7K 24 1 Shreeve 242 22 ] 100% i
TR FBT R B TR B W00 3, 6- — S kR -4- e itk b 3,6-—
S -5-HFERER -4-1 . FEN IR -KIR A WH 5 & AL
N TE T 6-F A 3 -8-f 3 PU I [ 1, 5-b] -6k R -7 -Jiie
182(Scheme 70) . 3,6- % -5-filf K& Wk W& -4 - 75 £ B
W5 KA RN i 5 AR 114 S0 U AR SR 05 I
T2 4 R S 19 b B, A5 3 DO mk IR ks 183, e A
KA — A5 15 B 8- FE Uk I [1,5-b]-mAE -6,
7-—JHE184(Scheme 70) . SRIHALEZIAALL 182 BIR
WS R TERE(D=8746 m-s',P = 31.5 GPa). It
S e RIS P, 182 BELL 40 mg A A AR B /N 2k 2
O 2 R 500 mg B RDX, # it T Rl R 24
(DDNP: e /NEAEZGH R 70 mg) |, 3 8 B HAE N 5
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B0 0 A B 20 1 0L FH T R . 184 W B IR E Pk
(T,=290 °C) . 8 & M A UM (1S>40 J . FS>360 N) Al
BLUF I3 R %5 Mk ( D=8434 m-s™' \P=27.7 GPa).
20224 B IR 0 1 5 2SS LI G
TE 5V W P B I R, 5 Scheme 24 FRRER 1 A s
L, A5 PO w35 K A T B R T 4-5 -2 A
WE-5-i o X AFIEAL G W) 5 K MR R F K B R (98 % )
FITR A 0 S N ), I IR, L7 1) H gt Ak
sk WIS SR N ARE By Ak R DU A A
A5 3] s g 55 DU e 3K 1 A5 40 186, 11 100% fiF R A
LS RERS T2 2 R Bk 5 187, X =1 2-&
SR W A B T K S R AR T R AR R S A AR T
J DY s - 15 nE A ER 185,189 #1188 (Scheme 71) , 4K 1M
N Lk
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NaNg O N
— A
cl cl HN 7
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SN HNO, 2 NN s
h —_— A‘— 182
7 H2S04 7 NH —N —N
HN N2 7 Y 7' Y
ON ON
¢ c NoHyH O ON N NaNO, 2 N NH3H,0 2 N
- Ve A oy
N H,N 7 H N 7
HoN
cl NH,
cl
183 184
Scheme 70 Synthesis of compounds 182~184
L o T
N
HNO; NTOSN KOH N/QN/
| |
H,S0. -
2904 HzN)\%\OH HZN)\)\O
NO, NO,
OEt N, 185
N—N I )\ N3 N_N
/( W\ NeToN NS N
—_— —
HNT N7 l NTOSN NN
N HA 100% HNO, | KOH |
—— > ON__ 7 — —_ AN
1 CN N 0 2K
H _
Ny NZ NH NN
N=r N=r
NaN ~
| NaNs N| N 187 188
F
A\
7 A
NZ NH
\ g N*N’
N=N KOH |
—
186 HoN 7 K*
N7 N
\ /
N=N
189

Scheme 71

B ETEE NG A 2, 1 45 R [R) 3 0 T3
e A1) DU M ) R AL 2 AR S AN BB HEAT o

2019 4F , ARV ] Scheme 21~22 45 i, P wg
RIS IR AT S — A B
6-(1H-POme-5-J ) pume Jf:-[1,5-b][1,2, 4] = WR-7-i%
190(Scheme 72) . X~ H AV M 4514 19 190 19 #4537
ff il B R 220 °C H BEA AR IAE] 1.8 g-em™, T LU
EERE — (£ 12), 2023 4F, Dharavath 25" A 3¢
1A B 5-F e -3-F A IHE-1,2, 4-=W-6-F P [ 14
K B I AL N R S i ) e S G S Rk S o e A
191 K5 5 IR W 5-2 551, 2, 4-HE 3R 192,
I Ja A S AL i AT 3 T 6-(5-fig3E-1,2,4-08
M3 pUME[1,5-b][1,2,4] =8-7-% 193, Dhara-
vath 85 30 45U 5 K A5 BE RN, B Ak o1& R E 194,
IFi) 1N 7B AL BB S A Ak R DU MR R 2R X S b B Y

He T+

=N

He B
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Synthesis of tetrazolo[ 1,5-a]pyrimidin energetic compounds

FUEREE B 7E PYX K P {33 fif 1L B (220~250 °C) A
mPYX.,

2023 4, TR Tt Y 5 Shreeve #3720 U 5 41 56
JERGE T 4, 6- -5 A mE e 5 =Y & A AR
IO — A A S W - - O s B S £ D . X A R ER
DLghER 195 18 U o 85, AR R #F — 25 vhoFn , 153 3 o
PER) 5-F A -10-f8 HE-1H, SH-XL (UM ) [1,5-¢:5",
1/-f]-MEWE(196) , 7= & ik 91% (Scheme 73) . #HER
AL o R v R] A 2D 0 A S A B LA R B
b R ER BEER S 196 AR 4 R b B g gk
JE 2 RDX I A9 i o5 2% B (>16 ) FI B = 119 4% H
(8898~9077 m-s™") . BLAL, HHEE ARG TR, Hlk
HRBE ) 5L G R 2 & LT Y AR B R & 4
PEm TaRALE . HR/NEBA M ZE 10 mg, XKW
R A N — LS R SR R R 2 R B A AL A .

4 g
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NZ NH
\
N=N
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N—N N—N
//N~N N// \ N// )\
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3 AN ) N N A N
NN Nano, Ho! )\ \ N CNB l | ! |
/4 N, MO NN | NHOH 11 | LN NH —»HZOZ AN NH
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ﬁ N NC\/CN Na EtOH NH; y H,S04 y
" e NZ NH \ /N \ /N
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Scheme 72 Synthesis of tetrazolo[ 1,5-b][ 1,2, 4 Jtriazin energetic compounds

NO, Na* NO,
NO, | H i
o o 3NaNg  Ns>S=Npg N SNEN
I Ny N_ _N N Ny N N N
¥ - » o
NN h h
N3 N3

195
Scheme 73 Synthesis of compound 196

6 ZitERE

DU R R R SRR G EE S T .
AR T UMEE 2SI T LA A E R A Bl
TETE N FH 7 I A 5 R 2 24 MR R I B AR AT
XEE T At A RE A R A B R 4R, AR S 4 i
LER T BARR XUFR L = FR DU R R ER IO s £ R e AL
B A IR B . TURR T e 22 S RE AL G W i b 2 A
Bt 2 (97 4) AL 4G« FUE M K I Bl a1 AR
E A S0 RN fth 35 P 56 DO s Ak 45 9 o DL AR RS ) A
e 7 R U 5 S A A B [3+2 ] 3R s s
HW O N-H B )5 5 & ZAGNE 09 0 . 5-2 & Y
WA A A DU s BB - 5 | B 45 o s A L v 14 I A
FE B LA ol DU s 5 BE AT AE W v Bk Iz A

KR 55 P BB R B AR BE R AR ST ZR AR I D e
e Ay h % E>1.8 g-cm™ B #>9000 m-s' B 1k
G204 Bl R IA LG W 2.15.18.36 F
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36-3; MY 52.57.58.64-1.81.92.127.136.140
DL J 54 .58.68 F169 My 52 dh s =163, Z 1)
176 #1180, #F — 25 % JEHL WU K T RDX (15>7 .4
JLFS>120 N) A EALG W HA 52 .64-1.68 F169 (1)
¥R Eh 081.,92.127 A1 176 J& W £ () RDX H & HMX
B B 20 E R R IR (>200 °C) LR
A A BUER B 4y T 92,127 FNES T3k 52 1 68 1Y
P2 i £ TR S RDX 8 HMX i B 10 4 . 1H 2 68 1Y 72
iz £ % A% (1.803 g-cm™) , M1k, 52,92 f1 127 =
AAGE W e B A R IR

WAL G MAEER, 52,92 M127 =L &
14 e ] 4 AE A 2 DU 45 4, o 92 F 127 XM E &
Y AT RS L B AR XS R, BT AR
ZLEATERILR SRS Y.

AN AP 40 B 43 (K,DNABT . 182 F1196 14
PR ER MU v, B AT R R AR 24 1 1N I B
AR R 196 MR Sh IR BE 1 S Sl 1t 24
S AAEAY B MR REMZ 2t m TEALE, &
IR EME 10 mg; AT 2R 18258 L) 40 mg
(1) $5e 7N S B 24 5 % 2 R 44 500 mg Y RDX, it T
DDNP(fe/NEMEZ &8 70 mg) . LA 4 122 Fi1 124
0 5 B v R e R AIR A IR, P RBAE AR B A 2 1Y
At
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Research Progress on the Synthesis of Tetrazole-Based Nitrogen-Rich Energetic Compounds

LI Dong-xue'*, CUl Yang-rui', RUAN Ke-xin', LI Lin-jie', ZHANG Xue-fei', ZHOU Yu-ting', LU Ming', XU Yuan-gang'
(1. School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China;2. China National Quality Super-
vision Testing Center for Industrial Explosive Materials, Nanjing 210094, China)

Abstract: Nitrogen-rich energetic compounds have attracted a great attention due to the high nitrogen content, high energy den-
sity, good thermal stability, low sensitivity, and environmental friendliness. Among the stable azoles, tetrazole has the highest
nitrogen content and energy level. Introducing diverse energetic rings or substituent groups into the tetrazole backbone offers a
promising strategy for designing nitrogen-rich energetic materials with outstanding energetic performance and appropriate sensi-
tivity. This review systematically summarizes the synthetic methods of nearly 200 tetrazole-based nitrogen-rich energetic com-
pounds, categorizes these compounds based on the number of rings and connection modes, and highlights the physicochemical
and detonation properties of representative energetic compounds. Finally, the future developments for these materials are pros-
pected: creating tetrazole-based energetic compounds with new structures, promoting the engineering process of materials with
promising applications, and conducting research on the application of compound 52.
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Monocyclic

This review summarizes the latest research advances in nearly 200 tetrazole-based energetic compounds including monocyclic,
bicyclic, tricyclic, polycyclic, and fused-ring systems. The synthetic routes, physicochemical and detonation performance of the

energetic compounds are summarized, and the future developments are prospected.
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