18

R, EAA, TS, BT, M

XEHS: 1006-9941(2012)01-0018-04

3,3'-Z(HM-5-5) “RIRIBEBR A 5 RIE

5 B IBA, THE, 218, % F

(1. AZERMEFRE I —8

OE: LL3-E AR R IR R 0 JFUR £

FEEE B R 46. 7%, 24" C NMR, IR MS. TTZ S HIA T

ZnCl, « 2H,0% {4k, n(ZnCl, - 2H,0) : n(FOF-2) =1
KW AU ok EEE; M EAAEY
B3 ZES: T)55; 062 RAARIRED : A

, BV W% 7100655 2. WA A fFARAE, KW W% 710302)

2 S A PRI 5 R BT R LSO 1 1 2 0 3,37 (D5 -0 ) kg
oA,
1 IR B A1 e A LI AT T R

AR N Al A = < O ) A VAR e AN L1 N o

DOI: 10.3969/j.issn. 1006-9941.2012.01.005

1 5]

il

W T A 2 4 R R R % R AL A ) T W 45 4 R
TG, A T R B ABRIE IR ] DL R S AL B I
ol A T R I SRR T A R E A
FNEZ BN AAMNTHY )2 R0, R % W B 2 B 1 bk 7 5%
A HLALE T 9 Sheremetev 281 f5 5 J5 1 i HH 1 o5
() T R, 1R il 356 ) 7 Tk b s 1 B 2 B B 1 Ik i
BES AL 2. 3,3 - 5L ok 0 L ik (FOF-1) >0
3,3 - Sk Sk (FOF-2) "7 1 3,3-— (1-51
AT, -Gl L B 3 ) ok iy LTk (FOF-13) )ty T g
o5 R BRI SR, A B IR B2 e M 7
SR A5 2 N o

DA AR Bl T A e AR UE R AT AR
SR R R IR /LR LY Ave SR N 1 Tt
FEA BT AR UL SCHR 48 W FRe b & 3,3 - (g
5-%8) Tk M EEE  RT T REER AL TS DY e I N AL
M5 HARME AP0 T35 2% AR, 552 T s B AL I
IVESE 08 -A S e R E ) ey o

2 IBES

3,3"-Z ( Pgmk-5
Scheme 1 7~

- ) IR I A S £

Y EHE: 2010-12-20; fEE BHHA: 2011-02-15
HEEWMB : =P RHFEERL TR H (No. B09201100051)
EE BN (1984 —) 5 BT, EEMNFETREM BHA AT o

e-mail; saviolal984@ 163. com

Chinese Journal of Energetic Materials, Vol.20, No.1, 2012 (18 —21)

O‘N N—C,
N L0 LN
N\ /N [o] N N [Base] N\,/k J\(NNaN;;/ZnCIz
HN CN o2 N7 N HT SN
N N N=N
CNAF CNNF FOF-2
Scheme 1

2.1 XA H

NEXUS870 #I fif B i % 4 21 4p 5% 3% AR, & &
BRUKER 2% & AV500 % (500 MHz) #8 5 & ®f It
1%, GCMS-QP2010 J& % 1% , PE-2400 71 55 2 43 B X,
LC-2010A ht & A {3 A%

3- H-4-F K 0E (CNAF) B i, AU K (50% )
WBL IR Tl i, /K A BSR40 ik FR 4N . B & /4N
TOKRG WAL R K G EACEE LKA R R B Y N
UL TR
2.2 =IgidEg
2.2.1 3-5E-4-mEEKIE(CNNF) & &

VKERB IR E —15 °C, ¥4 600.0 g(8.8 mol)H,0,
(50% ) I A B I i H L B84 A 66.0 g (0.22 mol )
Na,WO, - 2H,O, /5222 i Ik #7i L 880.0 g(8.8 mol),
TN B R B P AR 5 CCLATR L, 29 50 min Jinog. N 5E
B THEZE 12 °C, R IRt im A 22 .0 g(0.2 mol)
CNAF, e 4¢ 15 “ClRpi 2 h J5 451k . CH,CI,
(300 mL x4) , & IF AR , Z000E K BEE , ToK
MgSO, T , M4 iR ¥ (14 18.1 g, 1% 64.6% ,
4l 99.2% .

"C NMR(DMSO-d, ), §: 161.17(C—NO,), 130.76
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(C—CN), 105.78(C=N); IR(KBr, cm™), v: 1542,
1350(NO, ), 2268(C=N), 1580, 1460, 1033 (HLKIHFF) ;
JCEDH (%) : CH,N,O, Flig{H (S£P{H): C 25.71
(25.63), N 40.00(39.59), H 0.00(0.02),

2.2.2 3,3-"HE_KIEERL(FOF-2) &R

# 14.0 g (0.1 mol)CNNF,8.5 g(0.08 mol) Tt
KR BR AH A 980 mL JouK B A KN i, 9218 T
M2 78 °C, A B A i, I 6 h J& 1k R,
R R G e 415 10.5 g IR B @ AR, I A
20 mL A R IS BN 140 mL K Aty b ™= i, i
WETEE A 8.6 g, % 84.3% 4% 99.5%

"C NMR(DMSO-d,), 8: 160.69(C—0O), 128.54
(C—CN), 106.11(C=N); IR(KBr, cm™"), v: 2270
(C=N), 1560(C =N), 1250(C—0O—C), 1030 (k1
B TESH (%) : CH,N,O, H S {H (52 H)
C 41.18(41.18), N 35.29(35.36), H 0.00(0.00),
2.2.3 3,3'-"(HmE-5-F) _KRIBEBIYE K

# 0.55 g(2.7 mmol) FOF-2,25 mL £&F K,
0.50 g (7.7 mmol) NaN,,0.46 g ZnCl, - 2H,0O
(2.7 mmol) 43 Bl in AR R H, i [ R 0 4 h fs
ko . FEEE RS M 10% 056 3 iR i 1k 2= pH
T, CMOTEAR (15 mLx4) , 5 FEBOR, £
K MgSO, T, W45 15 1R ¥ {0 [E1 44 0. 69 g, KL i it %
88.5% ,2li [ 88.0% (£ 1 FIFR 2 hpylle s K ai i
RSO S BEEE ) , /K 45 S A K 0. 41 g, 4
B 98.3% ,

"' C NMR (DMSO-d, ), §: 160.96,148.02,139. 22;
IR(KBr, cm™), v: 3451 (N—H),1592 (C = N), 1234
(C—0—C) ,1048(PKIHHR) 5 JTTHR T (%) : CH,N, O,
PHSAE (SZMfE) : C 24.84(25.19), N 57.93(57.43),
H 0.69(0.97); MS(El) m/z(%): 247 (0.55), 232 (1.93),
204 (8.49) , 137 (11.07), 69 (18.07) , 30(100.00),
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3.1 REEMGMRK
3.1.1  fELFIRERE

BHE n(NaN,) = n(FOF-2) =3 : 1, n(Zn*") : n(FOF-2)
=101, B8 A0 R B 26 S R 52 e, 45 SR
W Ko RSB o R R S AR . =R B
RN N A E R AR RCR , L ZnSO, - 7H,0
F1ZnCl, - 2H,0 {2 A = ZnBr, - 2H,0,
i T ks AR, 4% ZnCl, - 2H, O ik it b
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Table 1  Effect of different zinc salts on yield of cyclizing reaction
catalysis ZnBr, - 2H,0 ZnSO, -7H,O ZnCl, - 2H,0
yield/% 85.9 88.5 88.5
puriry(HPLC) /%  88.2 87.8 88.0

3.1.2 = B E #9520

B n(NaN,) : n(FOF-2) =3 : 1 ,ZnCl, - 2H,0
fEfE,n(Zn* ") : n(FOF-2) =1 : 1 JK A El 3% BB
K AE )R s BRI S, R IR N 4 h JFUREEEAR 2 58
Be o BT IR PR AR A 22 RO, S A T s AP R T
R (VCAEE) - VIZERATER) =10 : 1) MR JEURE R R
O, Ja R TR TR & (V& W ) © VP )
s V(EK) =4 01 :0.05) W= W1 A i Is O, 27K
ABGREET 7= 5 eSS VR A i Sl T
P
3.1.3 #EAFAENZMm

SOSTE R 4 h B n(NaN,) : n(FOF-2) =3 : 1,
AR ZnCl, - 2H,0, 52 1 4k 5 1 08 Bz e
VRCN o, SRR 2, Hoh, 4l B S5 AR B oA R 1)
e, ZnCl, - 2H,0 WA R RO A 4 B2 0 ik
RO BEE ZnCl, - 2H,0 H5 (138 0, Wi 1 BE =2 3
n(ZnCl, - 2H,0) : n(FOF-2) =1.00F, it R & K, FiHé
ZnCl, - 2H,0, R L i A IF R BL4h, TG ZnCl, + 2H,0
BIIIA AR BT LAAS 31 772 97, 33X o PR A ki B 5L AT A o 1Y)
WL FA800 T T (ESCRm AT 1R 44.8%

T2 AL AR O B AL ST O Y R T
Table 2  Effect of the ratio of zinc chloride dihydrate to FOF-2

on yield of cyclizing reaction

n(ZnCl, - 2H,0) : n(FOF-2) 0 0.4 1.0 1.4 2.0
yield/% 44.8 56.4 85.9 80.1 76.9
purity (HPLC) /% 87.7 87.5 88.0 88.3 88.0

3.2 Zn®" 4L T UM RL BRI B AL 3R

BEER AL 1 DY v 3R B R T DAY AR LA By
Br(Scheme 2) . (1) Zn** fF Ry 4 ot 5 M TE K
B AW AL T SR AL L E A A T AR
T (2) BREIF LG T WEEE, St
BEEZRBWIE B; (3) SABLWIE B I IE 1 1y mk
BRI AR Zn® T 5 (4) DUmMRENER 28 1R AL IS 2B B Y
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Synthesis and Characterization of 3 ,3’-Bis( tetrazol-5-yl) difurazanyl Ether

LI Hui', WANG Bo-zhou', YU Qian-gian’, LI Ya-nan', SHANG Yan'
(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. Xi'an North Huian Chemical Industries Co. Ltd. , Xi'an 710302, China)

Abstract: 3,3'-Bis (tetrazol-5-yl) difurazanyl ether was designed and synthesized with a yield of 46.7% from 3-amino-4-cyano
furazan through oxidation,ertherification and cyclization, and was characterized by > C NMR, IR, MS and elemental analysis. In

+

addition , the mechanism of cyclization promoted by Zn** was proposed and discussed,and the reaction conditions of cyclization
were optimized as follows: time is 4 h,ZnCl, - 2H, O as catlyst, molar ratio of ZnCl, - 2H,O to FOF-2 is 1 : 1.
Key words: organic chemistry; difurazanyl ether; tetrazole; nitrogen-rich compound
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