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2.3 3I§
2.3.1 —SEFNBERKIE(DAAZF) & B

# 30%H,0,(50.0 g,0.44 mol)[fEiIR%E 0 C/:
AL PEE, 2218 23.0 mL ik H,SO,, 10 min J5 .,/
TR Z 25 °C, 434t A DAF(5.0 g,0.05 mol) , f#
ML 20 h, s 8, Kk, T A i i A 4.6 g, iR
86.8% ,m.p.: 259 ~261 C(dec.),

"HNMR (DMSO-d, , 500 MHz) ,8: 6.65(s, 2H),
6.93 (s, 2H); "CNMR ( DMSO-d,, 500 MHz), §:
148.3, 151.2, 152.6, 153.9; IR (KBr,v/cm™'):
3427,3328 (N—H ) ,1590 (C=N—0), 1021 (1 If
F); EI-MS m/z(%):212(M*, 8), 112(34), 94
(20), 54(98), 30(100); Anal. calcd for C,H,N,O,
(%)C22.65, N52.82, H 1.90; found C 22.83, N
52.38, H1.97,

2.3.2 —ZHEMBAEKIE(DAAF) & B

5.2 mL DMSO Hijin A DAAF(1.00 g,4.7 mmol) |
Zn ¥; (0.42 g,6.2 mmol), FriE = 80 C,H T
40 min NI 5% FhmR 15 mL,1 h J5 &R uE, FH A
K VR, TF R EIE R 0.85 g, i 92.2% , m.p.: 316
~318 °C,

"HNMR ( DMSO-d, , 500 MHz),8: 6.90(s) ;
"CNMR(DMSO-d,, 500 MHz) ,§: 155.7, 150.6;
IR ( KBr, v/cm™' ). 3444, 3334 (N—H ), 1579
(C=N—O0), 1037 (LIHI); EI-MS m/z(% ) : 196
(M*, 58), 112(100), 54 (50); Anal. calcd for
C,H,N,O,(%) C24.50, N 57.13, H 2.06; found
C24.80, N57.66, H2.18,

2.3.3 5-[4-5EKMEE]S5H-[1,2,3]=mHH[4,5-
c]BKIE (AMOTO) 9 & B,

30 °CH¥ DAAF(2.3 g,0.012 mol) #l — Z ik 48 it
i (4.4 g,0.012 mol) A 110 mL A A, g #
T b, ZE 4R 1Sy R (R] A A ) AR L
7 b T IE SCBE PRV, T & B A, 0 A3 3 R
1t Uk, 28 T i 2k, 55 % (R 43550 W K T 45 4

182.0 g AL ICE87.7% ,m.p.: 132 ~134 °C,

"HNMR ( DMSO-d, , 500 MHz), §: 7.18(s);
"CNMR (DMSO-d, ,500 MHz) ,8: 165.47, 151.44,
145.56; IR (KBr,v/cm™'):3444 3345 (N—H ),
1588 (C=N—O0), 1041 (k0 3 ); EI-MS m/z
(%):194(M",61),112(39), 54(100),53(83) ,42
(28); Anal. caled for C,H,N,O,(% ):C 25.30, N
57.03, H1.16; found C 24.93, N 57.34, H 1.04,
2.3.4 5-[4-FHEKMBEE]SH-[1,2,3] =M [4,5-

c]BkIE(NOTO) & A

B R ER %% (3.90 g) Jin A 30% W4 /K (4.80 g)
L, F 18 CF N AMOTO(0.60 g,3.1 mmol) Ak
AR (7.80 g) W, W 2 h J5 AR &= 33 CR iy 2
h, BIA 50 g kK, 1T & W % (40 mL x3) ZEHL,
TR 10% B R =41 /K 7 Wk Ve % A LA (15 mL x3),
TooK R ER e T, FEJE T3 K 0.17 g, i4625.0% ,
m.p.: 31 ~33 C,

" CNMR ( DMSO-d, , 500 MHz),8: 166. 04,
153.74,146.35; "NNMR(DMSO-d, ,500 MHz) ,5:
428.35, 426.77, 424.72, 338.25, 312.83, 274.14;
IR ( KBr, v/cm ™' ). 1572, 1354 (—NO, ), 1526
(C=N—0), 1043 (BLKWI3 ) EI-MS m/z(% ) :224
(M*,13), 68(24),52(15),46(11), 30(100);
Anal. calcd for C,N,O,(%): C 21.50, N 50.01;
found C 21.62, N 49.45
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Table 1 = Effects of reaction temperature on yields in cyclic
reaction

temperature/°C 15 25 35

yield/% 83.3 87.5 87.6

purity /% 99. 1 99.4 99.3

R 2 DAAF 5 IBD Lt X e & (9 82 )

Table 2  Effects of molar ratio of DAAF(n,) to IBD(n,) on
yields
nyp o m 1:0.9 1:1.0 1:1.1
yield/% 79.0 87.7 87.6
purity /% 99.2 99.4 99.3
4 &

(1) UL DAF NG FE, £ Caro’s acid &AL 4
WA AL R AL 4 B RS T NOTO, &
WF 17.5% (Lh DAF ) IFFIFH L AN i FIOC 2 57
BT % F B RAE T 4540

(2) HUCRH Zn ik Ji DAAZF £ 1 56 B v i)
& DAAF, L5z i it B2 80 °C,Hf[E]) 2 h it 92%

(3) it T AMOTO B4k 5z iy HLEL , B o 3k B
NZ&E R : n(DAAF) @ n(IBD) =1 : 1, I i B
25 °C, 1] 50 min, W% 87.7% .

S &k
[1] Matsumoto A, Yoshida M,Simamura O. Preparation and properties
of 5-phenyl-5H[1,2,3 ]-triazolo[ 4,5-c][1,2,5 ]-oxadiazole,-
thiadizaole, and -selenadizaole [ ) ]. Bulletin of the Chemical
Society of Japan, 1974, 47(6): 1493 —1495.

[2] Sheremeteev A, Kulagina V, Batog L. Aminofurazans as key synthons

[

for construction of high energetic material [ C] // Proceedings of
22nd International Pyrotechnics Seminar. Colorado:1996,377 —
388.

[3] Pivina T, Sukhachev D, Evtushenko A, et al. Comparative char-
acteristic of energy content calculating methods for the furazan
series as an example of energetic materials [ ] ].
Explosive Pyrotechnics, 1995, 20(1): 5 —10.

[4] Sheremeteev A, Kulagina V, Aleksandrova N. Furazan derivatives:

Propellants

High energetic materials from diaminofurazan[ C] // Proceedings

N ks 201045 #184% %44 (383-386)



386 s, EAA XA, K, A

of 21th International Pyrotechnics Seminar. Beijing:1995, 49 - [1,2,3]triazolo[4,5-c][1,2,5] oxadiazole[)]. Heteroatom
254. Chem, 1993, 31(4): 521 -524.

[5] JREK, 22, SN, %, 3,4-00 (4 - g ie-3") H bk [9] Hiskey A, Chavez E, Bishop L, et al. Use of 3,3’-diamino-4,4’-
WH A Ktk ge. [)]. kKEZY %4k, 2007, 30(1); 54 —56. azoxyfurazan and 3, 3’-diamino-4, 4'-aofurazan as insensitive
ZHOU Yan-shui, Li Jian-kang, HUANG Xing-ping, et al. Synthesis high explosive materials. US 6358339,2002.
and properties of 3, 4-bis ( 4’-aminofurazano-3") furoxan [ ] ]. [10] Z&=uts, W, 22410 ,4. 3,3 - & k-4, 4 -[B A kg & H A1k
Chinese Journal of Explosive & Propellants, 2007, 30(1): 54 — IBE K IE A . & fEsREL[)]. 2004, 12 (Supplement) ; 79 —
56. 81.

[6] Z=itss | WA, #ZEN], 2. 3,3 - & 4,4 B R58 kg & HE LI Hong-zhen, HUANG Ming, LI Jin-shan, et al. Synthesis of
e Ak sE R )], & ARk, 2005, 13(3): 193 - diaminoazofurazan and diaminoazoxyfurazan [ ) ]. Chinese
195. Journal of Energetic Materials ( Hanneng Cailiao), 2004, 12
LI Hong-zhen, HUANG Ming, HUANG Yi-gang, et al. Progress (Supplement) : 79 -81.
in diaminoazofurazan and diaminoazoxyfurazan [ J]. Chinese [11] Gunasekaran A, Boyer ] H. A convenient synthesis of diamin-
Journal of Energetic Materials( Hanneng Cailiao) , 2005, 13(3): oglyoxime and diaminofurazan-useful precursors for the synthesis
193 -195. of high density energetic materials[ J]. Journal of Heterocyclic

(7] ammg, &b, G, S5 3 Bk vk nf kb & 90 19 M Re 704G Chemistry, 1995, 32 (4): 1405 —1407.

[J]. KHEZ5%%4%, 2009, 32(3): 38 —40. [12] w0, P2, 4. 3,4-T G0k 6 = Fh & 685 7 &k

LAl Wei-peng, GE Zhong-xue, QIU Shao-jun, et al. Properties [)]. &6k, 2006, 14(2): 114 -=115.

prediction of picryl furazan ether compounds [ J]. Chinese HUANG Ming, LI Hong-zhen, LI Jin-shan. Three methods of

Journal of Explosive & Propellants, 2009, 32(3): 38 —40. synthesizing 3 ,4-diaminofurazan[)]. Chinese Journal of Energetic
[8] Gunasekaran A, Boyer ] H. Dense energetic compounds of C, Materials( Hanneng Cailiao) , 2006, 14(2). 114 =115.

H,N and O atoms. Ill. 5-[ 4-Nitro-(1,2,5) oxadiazolyl ]-5H-

Synthesis of 5-(4-Nitro-1,2,5-oxadiazol-3-yl)-5H-[1,2 3 Jtriazolo[4,5-c][1,2,5] oxadiazolium Inner Salt

ZHANG Ye-gao, WANG Bo-zhou, LIU Qian, ZHOU Yan-shui, WANG Xi-jie
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: A four-step reaction synthesized 5-(4-nitro-1,2,5-oxadiazol-3-yl)-5H-[1,2,3 Jtriazolo[4,5-c][1,2,5] oxadiazolium
inner salt (NOTO ). The first step is the oxidation of diaminofurzan ( DAF) with Caro’s acid giving 3, 3’-diamino-4, 4'-
azoxyfurazan ( DAAzF) in yield 88.8% . The second one is the reduction of DAAzF by Zn dust( this technology was firstly applied)
to 3,3'-diamino-4 ,4’-azofurazan( DAAF) , the key intermediate, in yield 92.2% . The third one is the cyclization of DAAF in the
presence of diacetoxyl iodobenzene giving 5-(4-nitro-1,2,5-oxadiazol-3-yl)-5H-[1,2,3 Jtriazolo[4,5-c][1,2,5] oxadiazole
(AMOTO) in yield 87.7% . The last one is the oxidation of AMOTO with Caro’s acid resulting in NOTO in yield 25.0% . The
total yield of NOTO (based on DAF) is 17.5%. The optimization of reaction conditions and the improvement of the post-
treatment for the cyclization made the yield and purity of AMOTO up to 87.7% and 99.4% respectively. The structures of all
intermediates and the product were confirmed by a number of analytical techniques. In addition, the cyclization mechanism was
proposed and discussed.

Key words: organic chemistry; 5-(4-nitro-1,2,5-oxadiazol-3-yl)-5H-[1,2,3 Jtriazolo[4,5-c][1,2,5 ] oxadiazolium inner salt
(NOTO) ; synthesis; characterization
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