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Table 1 Properties of selected 1,2 ,4-oxadiazoles in comparison to RDX and HMX
0

compound /) l;SN i\i/o ?% f|21H< s,.nh;:-‘ /ng l;g - cm”? /Dm <57 ,/)GPa ref.

6 40 360 —_— —_— -196.3 168 1.70 8033 25.6 [24]
6a 20 240 o o 271.2 152 1.70 8897 30.6 [24]
6b 28 360 —_— —_— 116.7 214 1.68 8493 27.5 [24]
6¢C 16 240 —_— —_— 179.0 144 1.73 8854 32.5 [24]
8a 14 120 —_— -10.9 154.9 218 1.70 8102 27.6 [26]
8c 16 160 —_ 0 250.8 193 1.85 9046 37.4 [26]
8d 26 240 —_— -25.5 172.9 269 1.71 8147 25.0 [26]
8e 21 160 —_— -27.5 425.1 208 1.71 8426 26.6 [26]
8f 15 120 e -29.3 618.3 172 1.74 8764 29.3 [26]
8g 14 160 —_— -30.9 894.3 210 1.67 8653 28.0 [26]
10a 16 120 —_— -22.2 425.1 231 1.71 8271 27.9 [26]
10b 19 240 —_— -45.1 752.1 234 1.71 8603 30.1 [26]
13 >40 —_ —_ -46.5 235.1 290 1.77 8013 28.2 [28]
15 —_— —_— —_— -24.6 177.0 265 1.72 8316 30.3 [28]
16 15 —_— —_— 4.6 227.7 219 1.88 9095 37.7 [28]
18 >70 e 53.1 e 957.0 328 1.81 8002 28.2 [29]
19 18 —_— —_— -39.7 354.5 252 1.77 7760 26.4 [28]
20 10 —_— —_— -49.6 298.2 269 1.78 8013 28.2 [28]
21 20 —_— —_— —_ 535.0 196 1.69 7630 24.9 [30]
22 30 —_— —_— —_— 1564.0 210 1.73 7592 25.0 [30]
RDX 7 120 37.8 -21.6 85.0 210 1.80 8748 34.9 [1]

HMX 7 112 37.8 -21.6 116.0 279 1.90 9221 41.5 [1]

Note: IS is impact sensitivity(BAM drophammer). FS is friction sensitivity(BAM friction tester). N is nitrogen content. (2 is Oxygen balance,A:H{ , is molar en-

thalpy of formation( calculated for all compounds at the CBS-4 M level of theory) , T, is decomposition temperature, p is desinity. D is detonation velocity.

p is detonation pressure. ( Detonation velocity and pressure were calculated using the EXPLO5.05 program)

B T LA b 38 ok R s A B L ER 1,2, 44 e
SER I SN Z AN AR FHF TAE# I8 KB T 2438
aob Al G % P 45 A R AT o HE SO A R A 1,2, 40
TRZER Y SE 1 Katritzky 277 1-2 B Y
W Sy IR}, 6 I AR R PP TR R B TS IR A J5i v S iz,
HEAS 2] —Fh Ay 31,2, 4-18 — e fk 5 %) 12 (Scheme 5) ,
Katritzky tA Hi% K BE (G HLER Y g #5 1-2 k2 DY
W 5 i R iR kB HR R A B, T LE i A TR R AR &R
AT RS AR AR B0 A 1 R R — 4 AR A
FHAG ] — ARSI, 2 4-E b S 12, 12 15
KB R1.694 g - cm™ S R 125 ~126 °C, HiAh
PERE M R WL ARIA o

R 40 L IR R JEURL , 7 2 K S R
FRrh g T AN B (DMDO) %A 16 HE 15 5
1,2, 4-B8 e b &9 13, 31 R 0 13 65 | iy o 3 1
WIS | 43 91 32F 47 437 A= 2 B2 4 Scheme 6 fif /R o fb &
W13 ~20 X —RIMLEWEAT RN T = He %

CHINESE JOURNAL OF ENERGETIC MATERIALS

FE(1.72 ~1.88 g+ em™ ) MFF AL, O HL BAT B¢ o #4
R M (I3 M il B2 3778 F 220 °C) FIBARIER R (48 o Jg
JEFIRT 10 ), 2 BEAR B & RE AN U REAL B 9 (18
MIERESTIET) o

©
Me @ MeOSO; Me_ o

N—N N—N N—N HN—Me
U N MepSOs U "\ HNOgH,S04 0N o—(
N T N N Ny N
Os\) oﬁ) PR Y
0N"ONO, NO,
M
Me ¢ 1 12

Scheme 5%’

TEJG SEWF I P BR T 50 B o 13 IR R
MAE T #— L 1 BF 55, 1 Scheme 7 JffR) ., 21 5 22
BB A 1.69 g - cm™HI1.73 g - cm™ g4y
Wk 7630 m - sT HI 7592 m - T dE A R A R
20 ) 130 ), BA — iy B iR R E (A TR BE S 4K
1),

2017 % #25% %78 (603-611)



606 W), ETR, WiE, ZWE, M, BOoH
3\\ NO,
NH N
HN DMDO N
W NH, CH4CN, H;0 N/H\O/N
) NH
0~4°C M
Y HN™ > NH,
| 13
® ® ® @ ® ®
conc. HNO3 H,S04/HNO; P20 BT, 1.CH,0,tBuNHy; 1.CH,0,BuNHy;
RT 0°C, RT fuming HNO; NaH 2.fuming HNO3/P,05 2.conc HNOy/NH,ClI
RT DMF
N02 NOZ N02 N =0 02N 02N
oN—
j\l‘\/\éN o h;‘%\N N Vi N SH N)ﬁN
NO 2 N N
HoN“NH 15 2 16 Ao | |
‘ - ‘ ’u\lu \lu\l HN)\NH HN)\NH
NO, NaHCO, j NN L J
14 \|/ N N
NO, HoN_NH NO \o
N | 2
_ )’\O,N N,O 4 N 19 20
N
Na Noz >\/N
17 ON 18
Scheme 6'7*7%’
Ns\(/ N 25 Jfafk—2 il ik O 15 5] 25a ~25h 45 8 B g e
o N, % T4 (Scheme 9), 25 HyRHAF] 1.90 g - cm™ ki
T v =N 4 9180 m - 5™, i ity i PR BRI SY 95 2 ) FTO N,
%(0 DMSO, Hy0 NYO BT, NaH, DMF N—< NN
o HoN N -
HN_ N 50C.5h pn N 0C,1h N KMnO, N—( N HNO;
h RT,5h %N | H—NH, g MR/ oo
NH, NH, % Y HQN/ko’N N‘o)\NH ’
N 1 23
13 21
Oﬁl N=N on* N=N
WOSN, 2 HN—(  )—NH Amines N N
%\ N N\ A %\ Z N k
[30] 0 (o) 0 (0] (0] 0 0 0
Scheme 7 2 . . . N
M =NH4 H2N_NH3 NHaOH
2a 24b 24¢
3 BERE124BE_MESELS
Scheme 8%
1%/)%\%7%—‘ﬁﬁ% /H\ﬁﬁ . f/\ﬁ'é /EA%%?F HoN ON—NH
SER R G AME BB, AN ALAT LUAT R4 v A B AR L O>§)N\ \ 100% HNO; O>§)N\
NS N _— SWEN G # N N
v, T L B 4 AR AR B 08 A — a1 AR AR N" N \W%NHz r.t. ovemight NT N S
: . v o g e . N~ N~ NO
AP, Thottempudi 2570 DL 1 g JFURL, i 1 5 4% 1R 3 © 2% © ’
B4R U 2 9 A, 7 BB AE R RG 1,2,4- New
ARG 23, T LE A TR /I AR R R A 1 A e o _ ,,NYN .
I , U o NN
R AT L 0 24 300 T PR — DS BF 1 6 0 V- "o,
ANy - NH2
o \ HN
N—H %k B 3% i £5 75 3| 24a ~24c(Scheme 8), L) I M= NHOH* NHs* NH,* \NJ
AL WIS 1,67 ~1.73 g - cm” JR 75 258 25 2% 250
F 7000 m - s kRS K T 40 ). HoR LA A ™ ™ P
HoN~ ~ +
23 16 (478 A 8 T 350 °C S —Fi i BLUT 0 5 4R A AR N e S e
N + NF2 + + N=N
FERR SRR A Y (PR HERES BUL R 2) . 250 o5t 2';9 251
Tang 45 2" 5% F] 4l il W2 7 28 16 4% 1 F % 23 3
il , 45 K45 2] 5] /\#ﬁﬁﬂﬁ%%ﬂ%RHUQW’w%% Scheme 9%’
Chinese Journal of Energetic Materials, Vol.25, No.7, 2017 (603-611) AR At www. energetic-materials. org. cn



¥

1,2,4-W8 285 REAL & W BT 50 3

=

607

AL A 0 P 5 AR A B B R HMX AR
R 5 A B T 2 A e B A (75 51
SR IG L e 98 1 5 e 05 19 B e % 72, 3L o 25a
x2

FROT 1,2, 4 WE R AL B Y BTS RDX F HMX X L

BB A 1.86 g - cm™” JEH N 9234 m - 57" fH K
3 TS 48K B 4 R 10 ) T 160 N, & — Rl 4 M fig
HF RDX W& BEA A B (FEAIPERES BN ER 2)

Table 2 Properties of selected 1,2 ,4-oxadiazoles in comparison to RDX and HMX

G}

compound I/SJ ESN %/0 ?% fliJH( Sr;wii” /T:g 7g Sem-3 ?m e F/)GPa ref.

23 >40 —_— e e 334.3 355 1.73 7980 23.4 [32]
24 >40 e —_— e -80.8 123 1.70 7363 20.7 [32]
24a >40 —_— —_— —_— -463.9 237 1.68 7006 16.7 [32]
24b >40 e —_— e -115.4 140 1.69 7875 22.1 [32]
24c >40 —_— —_— —_— -306.3 112 1.67 7222 22.7 [32]
25 2 10 e e 487.2 140 1.90 9190 37.5 [20]
25a 10 160 —_— — 514.2 169 1.86 9243 39.2 [20]
25b 8 120 —_— —_— 726.5 175 1.81 9240 35.8 [20]
25c¢ 12 240 e —_— 411.8 261 1.75 8670 31.1 [20]
25d 20 240 —_— —_— 1220.0 213 1.74 8557 29.2 [20]
25e 17 160 —_— e 711.5 160 1.71 8570 27.6 [20]
25f 18 160 —_— —_— 938.6 241 1.74 8381 27.5 [20]
25g 16 160 —_ —_— 904.8 183 1.76 8466 27.7 [20]
25h 12 120 —_— —_— 1685.6 188 1.74 8955 32.8 [20]
28a 6 252 36.8 -25.3 -91.6 223 1.90 8618 35.0 [36]
28b 4 108 33.9 -15.5 41.1 156 1.95 8935 39.4 [36]
28c 35 360 42.2 -41.4 -73.4 239 1.75 8038 27.0 [36]
28d 6 360 45.3 -42.1 148.6 141 1.70 8078 26.6 [36]
28e 20 288 48.1 -42.7 386.3 197 1.66 8108 26.3 [36]
28f 2 216 50.5 -43.3 595.1 204 1.77 8513 29.8 [36]
28g 7 120 43.2 -21.9 593.1 149 1.90 8872 36.6 [36]
28h 5 252 42.6 -33.4 188.5 197 1.84 8508 31.6 [36]
28i 2 108 51.3 -32.2 920.5 178 1.89 8744 34.3 [36]
29 10 80 32.1 7.3 61.9 124 1.94 8814 34.5 [35]
30 10 192 29.3 -8.4 -362.4 151 1.96 8367 30.1 [35]
31 —_— —_— —_— e -1135.0 142 2.01 e e [37]
RDX 7 120 37.8 -21.6 85.0 210 1.80 8748 34.9 [1]

HMX 7 112 37.8 -21.6 116.0 279 1.90 9221 41.5 [1]

Note: IS is impact sensitivity (BAM drophammer). FS is friction sensitivity (BAM friction tester). N is nitrogen content. (2 is Oxygen balance,AH{; , is molar en-

thalpy of formation( calculated for all compounds at the CBS-4 M level of theory) , T, is decomposition temperature, p is desinity. D is detonation velocity.

p is detonation pressure. ( Detonation velocity and pressure were calculated using the EXPLO5.05 program)
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Table 3 Theoretical properties of 34 and 35 in comparison to ADN and HNF
compound N/% 0/% AHY vy /K] - mol™ p/g - cm™ D/m s p/GPa ref.
34 30.4 21.7 145.1864 2.05 8788 37.59 —
35 26.8 5.1 -325.709 2.08 8706 37.20 —
ADN 52.0 26.0 — 1.81 — — [44]
HNF 38.0 13.0 — 1.86 — — [45]

Note: N is nitrogen content, £ is Oxygen balance, A¢H{, ;) ismolar enthalpy of formation( calculated for all compounds at the CBS-4 M level of theory) , p is theo-

retical density, D is detonation velocity, p is detonation pressure.
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Review on Energetic Compounds Based on 1,2 ,4-Oxadiazoles

HUANG Xiao-chuan, WANG Zi-jun, GUO Tao, QIN Ming-na, LIU Min, QlU Shao-jun
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: 1,2 ,4-Oxadiazoles are a new class of energetic materials, which have the features of high density, high oxygen balance
and insensitivity. In this paper, the latest organic synthesis achievements of more than 30 oxadiazole energetic compounds base on
mono-1,2 4-oxadiazoles, azo-1,2,4-oxadiazoles and bis-1,2 ,4-oxadiazoles were reviewed, and their performances were also in-
troduced in detail. 1,2 ,4-oxadiazoles would be new choice as chlorine-free oxidizers due to its advantages.

Key words: 1,2 ,4-oxadiazoles; organic synthesis; energetic material; chlorine-free oxidizer; research progress

CLC number: TJ55; 062 Document code: A DOI: 10.11943/j.issn.1006-9941.2017.07.012

CHINESE JOURNAL OF ENERGETIC MATERIALS A A A 2017 % #25% #7774 (603-611)

=
o



