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Abstract A novel synthetic route of [1,2,5]oxadiazolo[3,4-¢][1,2,3,4]tetrazine 4,6-di-N-oxide (FTDO) was designed and
FTDO was synthesized from 3,4-diaminofurazan (DAF) via the reactions of oxidation, condensation, nitration and cyclization
with a total yield of 30.89%. FTDO and its intermediates were characterized by NMR, IR, MS and elemental analysis etc. The
mechanism of cyclization was proposed and the conditions for the reaction of nitration and cyclization were optimized. It was
found that the optimal conditions for the reaction of nitration were followed as: nitration reagent was 100% HNO;, the reaction
temperature was at 25 ‘C for 2 h with a yield of 99.54%. The optimal conditions for the reaction of cyclization were followed
as: the reaction temperature was at 55 ‘C, the molar ratio of compound 4 and P,Os was 1 © 16, and the volume of solvent was
160 mL/g with a yield of 46.37%.
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Figure 1 "*C NMR spectra of FTDO (acetone-dg, 25 C)
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Figure 2 '“N NMR spectra of FTDO (acetone-dg, 25 C)
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Figure 3 "N NMR spectra of FTDO (acetone-dg, 25 °C)
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Figure 4 'O NMR spectra of FTDO (acetone-dg, 25 °C)
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Figure 5 MS spectra of FTDO(EI)
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BT/l B2 [(CH5CO),0/HNO;] . L84k — A (N,05) . PUJR
I 152 5 19E (O, BFy) . it R B/ ¥k 17 12 (KNO3/H,S 0, <
100%fiH%/(100% HNO)EMiHLAA R X FTDO A X
PR P, g5 R 1 TR

MFE 1T TTLLEH, LA 100% HNOs 1E MRSt A &R, 2%
B, R ATA 99.54%; LI KNOs/H,SO,, NO,BF,,
NLOs AHARF], 755K 64.31%, 59.46%, 48.39%,
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Table 1 Effect of nitrogen reagent on the yield of compound 4

Nitration reagent (CH3CO)20/HNO3 N205 NOQBF4 KNO3/H2$O4 100% HNO3
Yield/% — 48.39 59.46 64.31 99. 54
Purity/% — 90.48 94.36 66.02 99.18

I NO,BF,, NyOs A E R FAH AR, 181 NO,BF, A
AR AN, 4 HER9 FTDO AR, 7%k 22.12%;
LA NLOs A AHAARFAI, 4RI~ 3-fif-4-0BU T 244k
EFLWRIA AR, F=2%h 15.56%; (CH;CO),0/HNO;
EAARF, WIAREERSEIF= S TLC M), KUk, #
ST 1000 1 k32 B R A AR
1.4 BIRRRL
1.4.1 RALRE

W VI S h, 3RFRIEA 1016, 5Tk
VL FE X FTDO WO R sgm, 255 WAk 2 k.

R2 RNIEFEX FTDO F=2 1) 5%
Table 2 Effect of reaction temperature on the yield of FTDO

R4 EHEN FTDO /=
Table 4 Effect of the volume of solvent on the yield of FTDO

V/mL 80 160 240

Yield/% 35.39 46.37 41.28

Temperature/'C 35 45 55 65 75

Yield/% — 35.65 46.37 4349  30.30

M 2 n[UUEH, 35 CHE, RNASES(H TLC )
Wy; 45 CI, JRHEIRIE K, HBCRBARH 36.65%;
WA 55 CHY, P2 SN 46.37%; HEN 75 CHY,
N ICRAT TR, SRR AT e i B K=, FTDO 43
FERTEL, W55 C oA B ROV
142 RIFRFA A&

BT SR 55 °C, [ 5 h, 5T
FPELEE X FTDO WK e, 255 WAR 3 k.

£ 3 WFRHLX FTDO 772152 1
Table 3 Effect of reagent ratio on the yield of FTDO

n(compound 4) :

1:8 1:12 1:16 1:20
n(P,05)

Yield/% — 39.32 46.37 42.23

M3 RTLLEH, WRAEHE R 12 161, & FTDO
(IS S r, M 46.37%; ARGk 1 8 1, H TLC
IR, AN JERMETE; SR 1012 B, RO
39.32%; KILEA 1220 B, P25 0 42.23%; WA V)
WL SEERTL, JE AT s 220U, AR P,0s K
DI, ARIFEE R NV IET, AR POs KZ T, X
AR R Mg A0 25, DAL, BRSO N ) e HE R EE
1:16.

1.43 REEF A Z

W RNV N 55 °C, VI 5 h, 5k
M6, BEEMEEI4 1.0 g, T HFIEX FTDO
W P, 2RI 4.

1978 http://sioc-journal.cn/

© 2012 Chinese Chemical Society & SIOC, CAS

M 4 TTLAE L, 13 160 mL &I, S Wi 2% a5
1k 46.37%; ATk 80 mL i, T4k &Rk T4,
BT, W NFE, b 35.39%; % 240 mL
W, RGBT R, A 41.28%. {4 FTDO i, T
P,0s RNVAE RS Z SRR, KFEEAR =, AFIT RNAR R 1)
e BERE, IMNIE B IEE ] DR R R i, SUA
R SN (R 3EAT

2 %

FAT BEUE T R I (3 ,4-¢]-1,2,3,4- DU Wk -4,6- %4k
(FTDO)H I Utk 28, LA 3,4- LW (DAF) A J5UkY,
i, 45t . BOR 4 BAECT FTDO, &k
KNy 30.89% (LR 14.63%), JERARIR. 214b.
SRS K TG E A NTHAT T 85 HRAE. BRI T R N [T
BRI ST B A B RO O 4 A, A A A N (1) B
40 AR 100% HNOs, 25 'C F W2 h, I
R 99.54%; IRV BRAESE N n(thEY) 4) -
n(P0s) A 1116, ¥7IE AN 160 mL/ g, 55 ‘C NV 5 h,
WK 46.37%, B TR A BEDY, 2730 PyOs
K IRRF, B TN A5

3 BN
31 EENESRHA

Nexus 870 fd# HLif A5 # 21 #8614 (32 [H Thermo
Nicolet A #]); AV500 %L1 (Hit Bruker 2 #]);
Vario EL 1T JGZ 43 H14%; HPS989B M i i A% (& [ 1%
Z3]); Varian5000 5 H AT i A (3 Varian 2 A;
LC-2010A = R0 AR i A (O — 402 (H A Byidt
Fl); X-6 B A sl A (A6 R e A A PR A F);
Q-200 B! /R AR E AN (SEE TA A F]); TA2950 #viE
X (ZZ[E Nicolet 22 #)).

DAF(H ), BEIK(30%), Til2(98%), ZifiEiR, £
B, 2K, & FE, DO, MR, S, BT
S, GRACHR RN, EALWA, TAAL i, BT
ali; 25 M ikl
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32 PR
32,1 3-RHA-4-T AN ek vh (2) 69 ) &

FHET, £ 5~10 C# 200 mL 2K, 145 mL (1290
mmol) 30% X4 /KA 16.5 g (50 mmol )8 ER AN X In A\
L, N 10 mL AT R (180 mmol), Hn5e /it 5
g (50 mmo) L5 1, FHEL A 10~15 CX M 1.5 h. 438
HHU, KM 100 mL 2, i R4k RN 1 h,
SFEANAE, S B RAPAEE IR, SIE. KBEAHL
A, FHTC/KBRBREE T-15, 7808 IR 2 W15 31 - o £o 18] 44
519 g, WrE A 91.05%. mp. 76~78 C; 'H NMR
(DMSO-ds, 500 MHz) d: 6.86 (s, 2H); IR (KBr) v: 3421,
3318, 1628, 1531, 1482, 1409, 1284, 1014 cm '. Anal.
calcd for C;H,N,O,: C 21.06, H 1.77, N 49.12; found C
20.82,H 1.77, N 48.95
322 3-RAA-(ERT AR EAABRI )R (3) 896 K

760 CN, YK 150 mL 10%[H S E AL KB,
24.0 g (150 mmol)K IR, 7.5 g (100 mmol) L T FENZFI 200
mL SEFEEIMARE T, RV 5 he K RS ATKK
BN, A SRR AR AL,
Ky, B EIBHT, K5 10.0 g (100 mmol)
(1) CuCl, 500 mL — %l e A Leih, oA
5.7 g (50 mmo)fb &4 2. SRJGAE 15~25 'C W 15 hokg
NN VKOK S, I AGRARER RSN, 1LuE, AL
A, KM & AR50 mL X 4), &HFAH, K
Ve, IMATCK A T8, ZEMBR 250, R RER A
1k 6.8 g, WCE 73.50%. mp. 156~158 C; 'H NMR
(DMSO-ds, 500 MHz) d: 1.43 (s, 9H), 6.59 (s, 2H); “*C
NMR (DMSO-ds, 500 MHz) &: 25.06, 59.99, 150.77,
151.55; IR (KBr) v: 3472, 3356, 2980, 1624, 1566, 1453,
1367, 1183 cm ™ '; MS (EI) m/z (%): 185 (M, 5), 112 (20),
102 (20), 57 (100), 41 (35), 29 (28). Anal. calcd for
CeH1N5O,: C 38.92, H 5.99, N 37.82; found C 39.36, H
5.96, N 35.60.

323 3-FHAM-4-(ART R EAAB R IR KA (4) 89 &
P,

10 CF, ¥ 2.72 g 4UfifIR% N3 2 g (10.8 mmol)
&Y 3 MIPUSALRR40 mL)yE W, nse o (R 5 v
0.5 h, RJGLE 25 CRMN 2 h. ¥ NZET, A 100
mL R BEREE, K, KA SR e A E(50
mL X2), & IFAHUAH, IO TC KB R T0dk, ZEMmRR 2%
W, AR EE R 2.47 g, WK 99.54%. m.p. 92~94
‘C; '"H NMR (CDCls, 500 MHz) d: 1.52 (t, J=64 Hz, 9H),
11.34 (s, 1H); “C NMR (CDCl;, 500 MHz) J: 25.34,
61.90, 142.91, 150.35; IR (KBr) v: 3291, 2983, 1621,
1510, 1488, 1315, 1164 cm™'; MS (EI) m/z (%): 230 (M",
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40), 212 (97), 172 (35), 154 (28), 119 (18), 98 (20). Anal.
calcd for CeH;N¢O5: C 31.30, H 4.35, N 36.52; found C
31.73,H4.41, N 36.12.
3.2.4 vkvAF[3,4-e]-1,2,3,4- 0% -4,6- — AAL(FTDO)
49 B A%,

0 CF, ¥ 1 g (435 mmo)iL-&W 4 1) ZJiE5(160
mL ) N 2 T AL 1520 @), (Rl S 0.5 h, 4R
JAAE 55 CIRM 5 h. K SR 200 mL 7KK,
10 mLX20 SRR, SIFAPIUHE, IMATG/KER
BT, Z50RRR LW, 215 eRY) 070 g, Bt
QEPERA L), 28R EH, 9850 A A 0315 g
FEFN 46.37%. m.p. 109~111 ‘C; *C NMR (acetone-dg,
500 MHz) o: 156.81, 144.71; "N NMR (acetone-d,
MeNO, as the standard, 500 MHz) ¢: 37.6 (v;»,=519 Hz,
N-1,3), 10.0 (v;,=458 Hz, N-5), —42.2 (v;,=9 Hz,
N-6), —50.7 (vi,=9 Hz, N-4), —104.7 (v;»,=279 Hz,
N-7); SN NMR (acetone-ds, MeNO, as the standard, 500
MHz) J: 35.6, 38.8 (N-1,3), —42.3 (N-6), —50.9 (N-4),
—104.7 (N-7); 70 NMR (acetone-dg, MeNO, as the stan-
dard, 500 MHz) o: 532.3 (vi»,=251 Hz), 504.2 (v;,=186
Hz), 441.7 (vip,=441 Hz); IR (KBr) v: 1589, 1543, 1514,
1460, 1418, 1317, 1148, 1018, 939 cm™'; MS (EI) m/z (%):
156 (M", 25), 84 (4), 68 (45), 52 (13), 30 (100). Anal.
calcd for C,N¢O;: C 15.38, N 53.47; found C 15.38, N
53.85.
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