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(EE TR 9 Pk o S i, T DA R 05 85 2 sl 75
REIE YA, H A 8 [ P A0 3 BE A RHIE 7 45038 11
Pz —""7" 0 3,3 - (VAR - ) ek
MF Lk (FOF-13) i — b AR wk np ik 25 2 RE A R}, L
N A8 CHmBEN1.97 g - em ™ HALRE Kk H
100% ARMEA UG AH, K 146.5 k) - mol ™', 40 fif 5 >
270 °C, HA7 = Rl % B, AR o B B R R AT 1 VRS
Moo BEAh, FOF-13 ALY Ho g mk il 28 & Re b pH G &
ARGF (A 25 T L5 Ok 25 % R4y (R L BS (R &R
A CRTLFEA AR | SR B . A TR M B S ) R AH
A, g A RE I T = (2-RU0 -2, 2- Al 3
) PR — PP RR L B & ARy R

1998 4, Sheremetev 7£ 29th ICT £ &R E T
FOF-13 & B ARt TR % RN, =47 A Bk
8 LA B S 0 25 R B B AL A B4R . #R 9T FOF-13
A U 2, R B A SR 2% 1 e LA ] B A A e
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BRI FOF-13 HySCHEAL IR

AR Z 25 SCHR[10 ], L3 -9 -4 -fiff 3 1wk iy
ECRE, BAT RO T A AR 20 1 AL R
L RAL B R R AR E) T FOF-13 5C 6w [a] 44
3,3"- T ON-FR A% i fig 25 ) — Wk i 2% ik ( DOFOF ) o
R R T A AR B R i A S L A SC R
Dyt — A A FOF-13 a5 Ly, Al i, JR o4 B F it
B AL & IR UL B AKYE o BETTIE B TN
B AU A B B 5 0 TR 2R B € T 3 I S AR A
HKSEE A B DOFOF T 6 P4 2% 1 5 5y & A2 Ak I
WL, FERIE R T N-FR LA 1 i 56 e A B Al B A BIL
B St A R AR B E T A

2 IGERSY

2.1 RHNHFSHF

ZF-N B = R AMY, g 2 5=l AR T s
NEXUS870 U B A5 460 21 SR Sl A%, 36 [ i JE &
J125 7] 5 AV500 #1 (500 MHz) 8 3 42 i S 4R A, 3 1
BRUKER /A #]; Vario EL-TI %G 2% 43 Hr 4%, 7 = EXE-
MENTAR A w5 LC-2010A W AH 35 4%, H A B HA
Al 5 X-6 TR 5 GO AR A, b R e AR A PR A WD

WHRIR , 73 BT 4li, VG 22 77 A8 R A 27 a0 A PR 22 vl 5
SN, S AT A, KAk 2R A BR A A A A
ERIR R, S A Hr Al R TR Je Ak TR A
BREN, syt sl , R A b THRA R M, 6
4li, SK Chemcials; 3-&( K:-4- 2 nk 1 ( CNNF)
S/
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2.2 XWFEIE
A 4R I Scheme 1,

.0, .0, .0, PO JON
NN NaCO; NN NN NH,OH N N
) /( & | WA /( — \_/ \
ne NO, NG Y07 N HON 0 NOH
NH2 HZN
CNNF FOF-2 DAFOF
NN O NN O
HCINO,, )—k » NH,0H J_/k )\_,g:
HON 0 NOH HON 0 NOH
Cl Cl NHOH  HOHN
DCFOF DOFOF
Scheme 1  Synthetic routes of DOFOF

2.3 LBPR
2.3.1 FOF2 & m™

ZFE T 30.00 g (0.214 mol) 3-47 JL-4-fi§ Lk
I (CNNF) ,18.00 g(0.170 mol) J& 7K i i i A 51
1.6 LIk, &g TR 2 78 Cif, JFIf 7 A o
R, 10 S 28 AN 7 AR B R I e 2R TR R 2
OB ENR A AR, KVE 2 ~3 R, BE T, BA
541k 19.91 g 0k 90.9 % , 4l 99.7 % ,m. p. :
68.0 ~69.0 °C; "C NMR (DMSO-d,, 125 MHz),
8:161.13(C—0), 129.09(C—C — N), 106.63
(C=N); IR (KBr, cm™'),»: 2270(C=N), 1563,
1506, 1250, 1032 ( & #H #£ ); Anal. caled for
C,N,O,: C35.31, N41.18; found C 35.12, N 41.17,
2.3.2 DAFOF &R

KK T K 4.16 g (20 mmol )FOF-2 F12.85 g
(41 mmol)NH,OH - HCI it A& 50 mL 7K1 25 mL
SNBERIR S P R A1 5 st A 2. 28 g
(21.5 mmol) Jo/K IR 4 , THilk 2] 25 CHFfRIE 1 h,
TR BR S IR, KUk, FUAS T A5 50 6008 AR IR R
5.02 g, 3R 91.2% , 4 i 98. 7% , m. p.: 203 ~
204 °C;'H NMR ( DMSO-d,, 500 MHz),8: 10. 67
(s, 2H, OH), 6.28 (s, 4H, NH,); "C NMR
(DMSO-d,, 125 MHz) , &: 160. 31 (C—O0),
142.23(C—C — N), 141.33(C—NH,); IR (KBr,
cm ") v: 3495, 3454, 3349 (NH,), 3172, 2919
(OH), 1680, 1656, 1525, 1193 (WkMg); Anal.
caled For C,H N, O.: C26.67, N 41.18, H 2.24;
found C 26.22, N 41.07, H 2.08,
2.3.3 DCFOF 9& R

EI T, ¥ 5.40 g (20 mmol) DAFOF jin A |
30 mLZKFI 55 mL ¥ Eh BR IR & W, THR B HE 2
VLB REIR R 0 °C LU 2.83 g(41 mmol) A
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TR 44 (%) 10 N R, PRI 29 2 h T 58 S T 30 min Jz
ik R ZU L E K A, AT T D CREAE T MR
WMo el 2.5 h, BEE 2 TR 2 15 CR 2 h,
LR KVE, A T, B A ARRE R 5. 73 g, M
W3 92.7 % K AL AEEE 94. 6% , KRNI & BT & FE 45 i
7% DCFOF 5.35 g, It 86.5% ,4iif 99.4% , m.p. :
60 ~61 °C; '"H NMR(DMSO-d, , 500 MHz) ,8: 13.71
(s, 2H, OH); "C NMR(DMSO-d,, 125 MHz) , §:
158.99 (C—0O), 143.03 (C—C — N), 123. 40
(C—Cl); IR (KBr, cm™") p: 3533, 3167, 3020
(OH), 1617, 1570, 1518, 1024 (BEIUE¥F); Anal.
caled For C;H,N,O,Cl,. C 23.32, N 27.20, H 0.65;
found C 23.30, N 26.85, H 0.73,
2.3.4 DOFOF & /%

20 °C T ,¥ 1.39 g(20 mmol) ErER R A11.12 g
(20 mmol) Z A LH M AF] 50 mL FIEs | o 8 Bk 25
AACERUTVE 1S 2 B i B s L, 1 HerPoim AL 1,55 g
(5 mol) DCFOF, Jz Jit 2 h 5 , Il Hs 28 18 B 25 05 71, 4%
FIEAS R BRI AR IS Tk, 25 mL ZBEREHL 3 K, &
FEA HUAHIE I Tk B R B T4, ZZ BRI 5 15 K B 68
R HR AR VA, i B — B I R] S BE 45 R PR [ A
1.27 g KL ICEE 89. 7% M 4 i 84.6% . &t
PR 4l 5 1% DOFOF 1. 01 g, W% 71. 2% , 4fi jF
98.9% ., m.p.: 109 ~110 °C; 'H NMR (DMSO-d, ,
500 MHz) , §: 11.18 (s, 2H, NH), 9.04 (s, 2H,
OH), 8.89 (s, 2H, OH); "C NMR (DMSO-d,,
125 MHz) , §:161.12(C—0), 145.32(C—C = N),
141.77 (C—NHOH); IR (KBr, cm™") »: 3533,
3167, 3020 (OH), 1617, 1570, 1518, 1024 (kI
¥ ) ; Anal. caled For CCH,N,O,: C 23.85, N 37.08,
H 2.00; found C 24.50, N 36.48, H 2.13,
2.3.5 DOFOF i & [

VKAKBTF 4 3.09 g(10 mmol) DOFOF Jiii A |
30 mLHIEE G218 I 0.56 g A4 fLHH Y 10 mL H
PV, 5 0 58 S ROE 2 b B 5 HERE A 20 miL
K, CEEFEE 15 x3 mL, 53 kAR BRI, JCOK R
BET )5 7518713 5 0. 56 g DAFOF 4l [ 98.8% ,
FAEEHE 2.3.2,

3 GRS

3.1 DOFOF B & Mz 41 I8
DOFOF #f5#4 v fig B B — & R 1, 76 | E Ak

A b
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PRAFAE R I kg o 5 A A A 0 A b R R A 3 4
TEFIES T ARG 58, kL OH ™ 153
3,3/- (B WA ) ok e TR
A E AL B I T 44 £k W,Wﬁﬁﬁﬁi’%
oy T Wi L, K i B Ak ) DAFOF F1V , V 2x LU ER
MR . LR IRA S 4 8515 5] DAFOF, B
A BE R 43 545 B0 A R 7 o A AT B Y I8 Ak R L
H L Scheme 2,

NON KOH_ _}g&N NON _}E’KN ﬁ'{j_
HON NOH  HOHN o)_} ON 0
NHO]%OHN NO- ON NHOH NH HN NS
DOFOF 1I
o, 0. 0
N N N NN
couplng w
Twih 1 %_}_N N_\e_/\o)_s/'_N !'\I N =N‘\2N;$/
o :
111 0
NON O N
<—>>3_$=N N—@_ko)_S—Nv o)_§=%i--lfN
YrNO- BN L+ NO-
IV
0o, 0.
hydronSIS w NN NTN
Honﬁo)_%:NOH ONW{‘_OKO)&}—NO
DAFOF %
Scheme 2

3.2 DAFOF & & 1Rt
3.2.1 AFIXt DAFOF i 2 (9 81
AR SCHRARE " 0 L A TR A v ) R
55 I 0 TSGR B BE S LA AT, R R SR . B
ARSI R S KRR L R 1 s 2, BB 2.0 h,
R EE Ry 25 °C B, 521 A6 () i 5 K OR &
X DAFOF W fyszm 45 R L% 1,

F1 EAX DAFOF W3 13 i

Table 1  Effect of solvent on yield of DAFOF
solvent yield/% purity /%
CH,OH 89.8 99.2
CH,CH,OH 86.8 99.1
CH;CH(OH)CH, 91.2 98.7
CH, (CH,),CH,OH 84.4 96. 4

B3R 1 W LUA 2k T P R ROK AR TR A R e,
Yok B St 355 99. 2% ,ET%WN&{%;.JD‘J@%,
T8 1ot e K 19 i 0 P AV R0 I, 7 4y 4l R i R
HOBE Z B AKX FT BB T FOF-2 7 4 i B v 19 74 i
JEAR , S5 BRI K A L RSN 3 s 24 36 S DS ALK
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MU T P IR s, iR 8 91. 2% , Sl A F

a@ﬁuiﬁmscz@o LR ORE 5 B RK AR

JOf Y T

3.2.2 RAEEFMKEFRLXT DAFOF I % &) &My
SRS E] 2 2.0 h O i BE Ry 25 °C B, B AR R

N EEFIIK AR X DAFOF SR R 52, 45 2R Lk 2.,

R2 SEHREESKAEBILLX DAFOF 3 1y 52
Table 2 Effect of volume ratioe of isopropanol and H,O on
yield of DAFOF

V (H,0 ) : V (isopropanol) yield/% purity /%
1:0 81.1 96.0
3:1 86.4 98.0
2:1 91.4 98.9
1:1 60.2 99.2

i % 2 ﬂ%n,liﬁ%?fé?fuqﬂﬁﬁ\i@?ﬁi@ﬁizﬁ%
WA S 1 I i S A, FE K L N AR Ly 2
BF, sy, 5 5 91. 4% ; ﬁﬁfﬂ%éﬁﬁﬁﬁﬁﬁﬁﬁ%i
WM E, Emis s 99.2% . X Al REZ Py Bhafi i
IS B R B, B F FOF-2 R F oK, i B85 10 56 i
ANREFN FOF-2 4R 4 19 £z filh , AS B 1 B L A7 W0 IS, W
AR TS LTRSS 1 I 7 9 v 5k B DV DUk, Al B B
2% 5 T Bl S AR AR A 3G, FOF-2 78 | AR &
Vs A B I, 5 0 R I N R R 2% 5 R AT BT LA
sl 400 B RIS 38 Bl 22 38 K5 (H Y S5 T K I AR B L Gk
1T B, YR CR S R X AT RE S W AE R
r“ﬁi/%FF'{ﬁ%’éf“i"j:u&ﬁ@)?ﬂﬂhfﬁmm%#ﬁ
Ko WL, K5 RWERERBES 2
3.3 DOFOF & B & iRt
3.3.1 S§E4HHAE

DCFOF 5 NH,OH - HCl ¥R E LR 1 2 4, )%
NEFE]N 2 h, OB Bl 25 °C, %48 T DCFOF 5
KOH [} Eb X 2R (4 52 M, SE 6 25 5 L3 3.

&3 DCFOF 4 KOH KX DOFOF g (152 i
Table 3  Effect of molar ratio of DCFOF and potassium
hydroxide on the yield of DOFOF

n (DCFOF) : n (KOH) yield /% purity /%
1:2 88.5 49.6
1:4 85.4 82.3
1:6 63.2 38.7
1:8 little -

1 3 AT Y, 7™ i W o5 B 2 S AL 1 1 38 22 T e
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15,24 n(DCFOF) : n(KOH) =1 : 4 i}, DOFOF 1§
WeR Rl B . R S AR — S
T I Mg AT A, 2 I S 0 R e, DT 32 %
7 R IR T 5 573 — J T 10 S 240 5 W0 2 o 5
P AL . 2 n(DCFOF) : n(KOH) =1 : 2 it
SR R R R BE 5T AT L 7 R o
ZIER, iR 49.6% ; 24 n(DCFOF) : n( KOH)
Jo 1 c 8 I e, BT R R 3
2o R R A A 2 IR, R e SRR
EARGEAGE = M. % n(DCFOF) : n(KOH) =1 : 4
B, 8 T B O 07 5 41 oK, 40 S AL B B SR 2 4, DL
ARTIE TSI B DR 06 AT W38 0 A B S
1%, etk DCFOF 5 KOH ¥y 1« 4.
3.3.2 R

DCFOF 5 NH,OH - HCI KOH ¥ i & kb N
1:4 4, T RME 2 h, %% T A TR
DOFOFU R (541 , 55 B 55 H I 5% 4.,

&
=

® 4 N X DOFOF YA i3 i
Table 4 Effect of reaction temperature on the yield of DOFOF

temperature/°C yield/% purity /%
0 86.9 82.3

10 82.5 83.1

20 89.7 84.6

30 75.5 61.4

40 64.1 43.6

H1# 4 Al 1, 7E 0 ~20 CYi [ A, DOFOF i K Al
SRR LA, 1) 30 °C LUJG Wi A< A4l B #0 A B R B
TR 22 o R, D ek 2 I S B A e A e A
HE N 20 °C,

4 & ®

(1) DA 3-U-4-f BE vk i ol J50RE, A AT 30T IR
HA G5 F I kAL HEE AR AL S AR 3] T
DOFOF, Stk 51.0% , I8 i 040 LWL TR 43
BT 46 5 WX P S R AT T RAE

(2) W& T & DAFOF ffE 450 . R 9
SN BERUK IR G, B 1 02,25 CF
R 2 ho iR 91.2% ;5 #iE T 4 Bt DOFOF i H: 4
ff: n(DCFOF) : n(NH,OH - HCl) : n(KOH) =
1:4:4,20 CF 2h, K% 89.0%

(3) BB T DOFOF fEaffif F 23 & BB Ak N
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3 1 e A 5 BV E B ) DAFOF, 9144k
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Synthesis and Disproportionation Reactions of 3,3’-Bis( N-hydroxy amidoxime) difurazanyl Ether

ZHAI Lian-jie, WANG Bo-zhou, HUO Huan, LI Hui, LI Ya-nan, HUAGN Xin-ping, LIU Ning
(Xi'an Modern Chemistry Research Institution, Xi'an 710065, China)

Abstract. 3,3’'-Bis ( N-hydroxy amidoxime ) difurazanyl ether was synthesized from 3-cyano-4-nitrofurazan via etherification of
nitro-group, addition, diazotisation and dioximation reaction with a total yield of 51.0% , and its structure and intermediates were
characterized by IR, NMR and elemental analysis. The reaction conditions of dioximation were discussed and the optimum condi-
tion was obtained as follows: reaction temperature 20 °C, n(DCFOF) : n(NH,OH - HCl) : n(KOH) =1 : 4 : 4. Under alkaline
conditions, DOFOF could be easily disproportionated to obtain 3, 3’-diamidoximinodifurazanyl ether. In addition, the reaction
mechanism for disproportionation reaction of DOFOF was proposed.

Key words: organic chemistry; 3,3’-bis( N-hydroxy amidoxime) difurazanyl ether; energetic intermediate; synthesis; dispropor-
tionation
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