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2.3 XBHE
2.3.1 5H-[1,2,3]=W3[4,5-c]kIE(2)EK
THET 76 20 ~30 °C,# 1.56 g (10 mmol ) FTDO
A 150 mL g7k, JHE 2 80 C/R L5 h, ARG
AIZE 15 °C 150 x5 mL ) SMEAH, K Pk 2 b,
TCK TR B T 1, 78 18 B 25 0 ) 45 21 2 65 [E1 1k (2)
0.854 g, It & K 76. 92% .,'H NMR ( DMSO-d,,
500 MHz) ,5: 14.40(s,1H); “C NMR (DMSO-d, ,
500 MHz) ,5:163.18 ; '*“N NMR(DMSO-d, ,500 MHz)
265.00 (v,,, =1500 Hz), 408.53 (v,,, =3750 Hz),
"NNMR (DMSO-d,, 500 MHz ) 266.66 ( N—N—N) ,
393. 50 (N—N—C), 432. 85 (O—N—C); IR (KBr,
cm ') w: 3251, 1444 (NH), 1602 (C — N), 1525
(N = N); Anal. Calcd for C,;H,, N;O,: C 21.63,
H 0.91,N 63.06; Found; C 21.05, H 1.15, N 62.73,
2.3.2 [1,2,3]=WH[4,5-c]KRIE%E(3)HWEM
BrAb &9 (2) 330 mg (3 mmol ) ¥ETF 25 mL 1Y
K- (1 1) R SRR L 7R 20 ~30 °C 1)
W A R, R 2 ST R R IR B R
2 h SR K NN oKOK R 3k R KR, TR A B
Mo [ K 125, 4 mg, Uk ZF K 33. 04% ,'H NMR
(DMSO-d, ,500 MHz),5: 4.21 (s,4H); "C NMR
(DMSO-d, ,500 MHz) ,8: 154.46, 136.50; IR(KBr,
cm ) 3186(NH, ), 1635(C —N), 1534(N — N);
Anal. Calcd for C,H,, N,O,: C18.75, H 3. 15,
N 65.61; Found: C 19.78, H 3.25, N 64.79,
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2.3.3 [1,2,3]=mFH[4,5-c]kMEMIL(4)WER
FrAb &9 (2) 330 mg (3 mmol) T 25 mL Iy
AR - (1 2 1) BRE TR FE 20 ~30 °C 1)
LR W G2 M8 N 80 % 11 7K G W, W n 5e B, DR Ut
T BE SR 2 h, R 5 4 R AR A koK Hh g, K g,
THEAS F A 1A 160 mg IE H 37.78% . 'H NMR
(DMSO-d,,500 MHz),8: 6.74(s,5H); "C NMR
(DMSO-d, ,500 MHz) ,5: 154.60, 135.98; IR(KBr,
cm ™' )w:3331 (NH,),3187, 1619 (C — N), 1524
(N=N); Anal. Calcd for C,H,, N;O,: C 19. 51,
H 4.91, N62.58 ; Found: C 19.95, H4.39, N 61.92,
2.3.4 [1,2,3]=M3[4,5-c]RMBRRERE (5) BB
Bk (2) 330 mg (3 mmol) % F 25 mL P4
WEm-F AR (1 2 1) H BERE TR L AE 60 °C, i s i b
GBI M 1 mL 20% 1 & A AL BN W (5 mmol) T AN oe
Be R IR RN 0.5 h, R I5 Zrdt i A 0.55 g
(3 mmol) PRILPRELFRER , 4k 22 ) i 3 h, 58 588 5 g i
P ANEN DK, 1L U8 K BE, TR AT B 204 A A 240 mg,
W 38.10%, 'H NMR(DMSO-d, ,500 MHz),s:
6.87 (s,6H), 8:7.1(s,TH); "C NMR(DMSO-d, ,
500 MHz) ,5: 154.64, 139.00;IR(KBr,cm ™' )p: 3469
(NH,), 3349(NH), 3178, 1721(C —0),1638(C —N),
1513; Anal. Caled for C,H,,N,O, . C 22.54, H 3.31,
N 59.14; Found: C 23.36, H 3.75, N 58.47,
2.3.5 [1,2,3]=m3[4,5-c]rkIa==EMk(6) HIEH
¥ & (2) 330 mg (3 mmol) % T 25 mL U4
WEm-F AR (1 1) B e T =R, IR R 2 12
AT mL 20% S AL SR (5 mmol) i 5 B2, Ok
FRIGIR EE SO 0.5 h SRS 73 A 0.50 g(3 mmol) =
LAY R L, a2 Ry 3 h, 58 BR 4 B 0 9 ¥ 0 31 vk
R, REUE, KR, TR 1S B R 5 A K 310 mg, IR
48.49%, 'H NMR (DMSO-d,, 500 MHz), §: 4.49 (s,
3H), §: 8.63(s,6H); "C NMR (DMSO-d,,500 MHz),
5:159.48; IR(KBr,cm ™" )w: 3355 (NH,), 3319(NH),
3212(NH, "), 1688 (C—N), 1635 (C — N), 1525
(N=N); Anal.Calcd for CH,,N,O,: C16.75, H4.22,
N 71.60; Found; C 15.98, H 3.95, N 69.99,
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Table 1  Effect of sodium bicarbonate on the hydrolytic reaction
NaHCO; /mmol reaction time/h purity /% yield/%
0 5 98.5 76.92
5 2 85.67 63.49
10 1.5 84.53 59.58
F 2 RBLIRIER LAY 2 77 R R
Table 2 Effect of reaction temperature on the yield of compound 2
temperature/°C 60 70 80 90
yield/% — 59.56 76.92 60.49
F3 LIS P 2 7R A
Table 3  Effect of reaction time on the yield of compound 2
time/h 2 3 4 5 6
yield/%  — — 68.20 76.92 65.39
3.3 Ao

&Y 2,4,5 Fl6 iy DSC LN 1 fras, il&l
T a] UL, DU Ak & W A BEAT 38 2 70 Ak iR 2 AT, B BOAR E 5
PURH AL Ay o fifp 2o R A 20 W B A B AR R i R, T
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Fig.1 DSC curves of compounds 2,4,5 and 6
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Synthesis of 5H-[1,2,3 ] Triazolo[4,5-c][1,2,5 ] oxdiazole and Its Energetic Derivatives

LI Xiang-zhi, WANG Bo-zhou, LI Ya-nan, LI Hui, ZHOU Cheng, ZHANG Ye-gao, LIAN Peng

(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: A novel nitrogen-rich energetic material 5H-[1,2,3 Jtriazolo[4,5-c][1,2,5 Joxdiazole(2) was prepared via hydrolytic reac-
tion using [1,2,5 Joxadiazole [3,4-e][1,2,3,4 Jtetrazine 4,6-di-N-oxide( FTDO) as raw material. Four new energetic derivatives, am-
monium [1,2,3 Jtriazolo [4,5-c][1,2,5 ] oxdiazole(3), hydrazinium [1,2,3 Jtriazolo[4,5-c][1,2,5 ] oxdiazole(4), guanylureaium
[1,2,3]triazolo[4,5-c][1,2,5]oxdiazole(5) and triaminoguanidinium [1,2,3] triazolo[4,5-c][1,2,5]oxdiazole(6) were designed
and synthesized via reactions of compound 2 with ammonia gas, hydrazine hydrate, amidinothiourea hydrochloride and triaminogunidine
nitrate, respectively. Their structures were characterized by IR, NMR and elemental analysis. The mechanism and conditions of
hydrolytic reaction were analyzed. The optimal reaction conditions were determined as: the reaction time 5 h and reaction tempera-
ture 80 °C with a yield of 76.92%. The thermal properties of compounds, 2,4,5 and 6, were analyzed by DSC. Results show that
their peak temperatures of initial decomposition reaction are 173.23, 144.82, 172.81, 164.94 °C, respectively.

Key words: organic chemistry; 5H-[1,2,3 Jtriazolo[4,5-c][1,2,5]oxdiazole; energetic derivatives; characterization; synthesis;
thermal property
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