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2.1 FEMNESKF

TR dr el AR AL T A R A A
3-IR VA HR I RR-3-EE 2-T H-1, 4- T ko i,
KRR IR AR A A R T B ET
B N, N-F 3L B (DMF) < 2 8 43 #r 4l 7 22 4k
223K T s NaHCO, . KHCO,: ¥ 24 43 M7 4l , ¥4 B fk T
(B ) A BR S 1 5 B TR (90% ) , Toll b, 76 22 48 f Ak 27
A AR A .
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Scheme 1

2.2.2 KETRE
2.2.21 5,5'-ZRPE-3,3-ZREM(MEAR

AU T B 20 mLin A = VB, B 41T 200 i A
M 4 15 3.14 g (0.02 mol) Al 3 N B 3.10 g
(0.052 mol) , B 2 ik T 10 °C, 7% it KHCO, 8.6 g
(0.086 mol) ) 20 mLZK ¥ W, K21 hfinse , 5 4k
ZERiFE 4 h g E A Y eEW () ,5,5' -2
R EE-3,3" - R IEmM 5.1 g L 79%.

IR (KBr, v/cm™) : 3131, 3034 (v, = C—H) ,
2976, 2924, 2854 (v,—C—H), 1595(v,C=N),
1425, 1408(8,,, —C—H), 1380, 1353(5,—C—H),
1241, 1207, 1113, 1071, 1003, 943, 920, 860,
839, 716, 678, 645, 573; '"H NMR (DMSO-d,,
500 MHz)é8: 4.93(s, 4H, 2CH,), 7.13(s, 2H,
2(=CH) ) ; "C NMR (DMSO-d,, 125 MHz) §:
55.08(CH,), 102.97(C=C),154.25(C—=N),170.33
(C—0); JLE M (C,H,BrLN,0,,% ) : L (5
f5)C 29.95(29.84), H 1.89(1.88), N 8.67(8.70).
2222 5,5 -“ERHBE-3,3-ZREM(2)HEK

HEA 9 (1)0.64 g (0.002 mol) il A DMF 10 mL
o IR KT 5 °CArttin A NaN, 0.31 g (0.0048 mol)
HY AR W, K201 hn e, PR i+ 36 h, H S nz
WATA 60 mL/K 354 20 min, 2L U815 & @7~ 91, 1k
H(2),5,5 - &AW HR-3,3 - FIEM0.41 g, ik
K 83%.

IR(KBr, v/cm™): 3121(y, —=C—H), 2924 (v,
—C—H), 2107(», —N,), 1601 (», C=N), 1432,
1422(8,,—C—H), 1371, 1342, 1325(5,—C—H),

as?

1289, 1183, 1006, 932, 897, 833, 751, 553; #%
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2.2 AW
2.2.1 AHKZ
TR REM A RE AL A R0 A R £k I Scheme 1,
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N8N3 N3 = 4
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ONO” NF %
b7 = ONO,

‘N4
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The synthetic routes of energetic compounds (2),(4) and (6) based on bisisoxazole

3% . 'H NMR (DMSO-d,, 500 MHz)8: 4.83(s,4H,
2CH,),7.11(s,2H,2(=CH)); ""C NMR( DMSO-d, ,
125 MHz) 8. 44.75 (CH,) , 102.60 (C—=C) ,
154.24 (C = N) , 169.66 (C—0O) ; 7t £ 4 7
(CHN,O,, %) : S {E (31556 ) C 38.92 (39.03),
H 2.45 (2.46), N 45.37 (45.52),
2.2.2.3 5,5 -ZHEHE3,3-ZREM)HNER
4 BE 190 mLin A = FVBEI, B 4 R 4 B A
T 4 85 3.14 g (0.02 mol) I TN K-3-F 5.40 g
(0.096 mol) , FE I Z KT 10 °C, it NaHCO, 6.43 g
(0.077 mol) 4 50 mLIK %W , K25 6 hnse , fin 5 4%
SEREPE 10 h, AR E A7) G W (3),5,5' -2
B BL-3,3 -5 EmE 2.90 g, R 74% .
IR(KBr,v/cm™): 3372(r,0—H), 3149(w,—C—H),
1596 (v, C=N), 1441, 1413(s,,,—C—H), 1301
(6,,—C—H), 1230, 1195, 1079, 1060, 950, 909,
797, 619, 603;'H NMR (DMSO-d,, 500 MHz) §:
4.67 (4H, 2CH,) , 5.79 (2H, 20H) , 6.86 (2H,
2CH); "C NMR(DMSO-d,, 125 MHz)6: 55.15(CH,),
100.61(CH), 154.10(C=N), 175.10(C—0); Jt &
53 B (CeHN,O,,% ) = 52 WA (31 5 {H ) C 49.15
(48.98),H 4.12 (4.11), N 14.26 (14.28).
2.2.2.4 3,3’ -ZREM.-5,5" - FEREEES (4) AR
15 mL 90% HIRSIR I ARSI, VKB FEIR 2 0 °C,
S AALEH1(3)2.0 g,29 20 min 58, 58 )5 F I
Pt 4 h BRI VKK T, SR FEZY 10 minJE
R E A AR R Y A (4),3,3 - R IE
Me-5,5" -7 BLAH R IR 2.63 g, 00F 90%.
IR(KBr, v/cm™): 3144(v,—C—H), 1661 (v,
4t
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C=N), 1645(8,,—NO,),1605(v,C=C), 1423(§
—C—H),1360(5,,—C—H), 1292, 1280, 1260(5,,,
—NO,), 1210, 1075, 1023, 989, 960, 928, 913,
854, 826, 755, 652;'H NMR (DMSO-d,, 500 MHz)
§: 5.92 (4H, 2CH,) , 7.30 (2H, 2CH) ; "C NMR
(DMSO-d,, 125 MHz)8: 64.68(2CH,),104.87(2CH),
154.23(2C=N),166.57(2C—0) ; JTLE /M (C,HN,O,,
%) : SLIAE (FH34{H) C 27.61 (27.53), H 1.85 (1.85),
N 19.22 (19.27),
2.2.2.5 4,4',5,5'-MUERE-3,3"-“REKG)HEK

B 2-T He-1, 4-— % 8.23 g (0.096 mol) Jil A
120 mL IE T B, i 3 %, A NaHCO, 4.02 g
(0.048 mol) , MFAFHIR 2= MR I — 8 2 /IET
% (3.14 g(0.02 mol)/240 mL) W, 29 4 h g , 1+
20 min, R ZE A BR 25 29 330 mLE A, BRIR 2 E
BEFE T A 400 mLJK , 4k £+ 30 min, i 38 T 115
RE OB AW, G (5),4,47 5,5 -UFEH
$£-3,37 - FIEME8.57 g, L 70%.

IR(KBr,v/cm™): 3404, 3252(»,0—H), 2980,
2948, 2925, 2870 (v, —C—H), 1624 (v, C=N),
1458, 1420(5,,, —C—H), 1387, 1372, 1358(4,,
—C—H), 1262, 1240, 1188, 1130, 1048, 1014,
985, 964, 909, 767, 584;'H NMR (DMSO-d,,
500 MHz)8:4.60 (4H, 2CH,), 4.72(4H, 2CH,) ,
5.01 (2H, 20H) , 5.62 (2H, 20H) ; "C NMR
(DMSO-d,, 125MHz)8: 52.53 (CH,), 53.77(CH,),
116.12(C(—C)=C), 153.44(C(—C)=N), 170.71
(C(=C)—0); JLEMT(C,H,,N,O;, %) : FMECGTH
i) C47.03(46.88), H 4.73(4.72), N 10.89(10.93).
2.2.2.6 3,3'-"REM-4,4",5,5 -4 F B 5B A

(6) B9 & B

¥ 10 mL 90% FYfil§ W2 Jm A B, vk A BRI, &

0 °C, 4t AL A H1(5)1.0 g, 291 hfin s , i og Ja 14
TRHERE 4 h B SR vkK o TR REZ9 10 min
J& U A EAR S A G (6),3,3 -2
WEME-4, 4" 5,5 -7 H B RS RR IR 1.57 g, % 92% .

IR (KBr, »/cm™) : 2972, 2903 (v, —C—H) ,
1673 (v,—NO,), 1461 (5,,,—C—H), 1290, 1279
(6,,,—NO,), 1200, 1159, 1003, 980, 915, 869,
812, 791, 750, 693, 644, 588; '"H NMR (DMSO-d,,
500 MHz)$8: 5.84 (4H, 2CH,), 6.05(4H, 2CH,) ;
BC NMR (DMSO-d,, 125 MHz) 8: 63.31 (CH,) ,
63.54(CH,), 111.42(C(—C)=0C), 153.37(C(—O)=N),

as?
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166.4(C(—=C)—O0); JLE NP (C,HNO,,, %) :
SZINAE (S &) C 27.61(27.53), H 1.85 (1.85),
N 19.22 (19.27).

3 BRI

31 ZREMAEIRRHLIE
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9 A CI 1 A — % AR AT 5 1% C it o B H A
HEBCE G 30 C IR il C—C fd, fe 2 4 il — 14>
S T IR EE
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Scheme 2 Cyclization reaction mechanism of bisisoxazole

3.2 HWINRRFEITie

AR R [ 3+2 V0 0 S By, — b 5 W e
2 S5 AT A A AN A TR, by ST 338 = A B B 2 17 1) R 3
AT XTI, A 4 S M BCRHE 258 0.02 mol,
R AAEIL 1. R TR

(1) Phum i befb &9 3-V S B TR Be-3 - AR Oy i
B 52 N7 I BE YA T 10 °C, i dE s 7 B Ak S 2-T
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Be-1, 4- TR EONAAZE 118 CABE I, S e 1 S
WAL A W 5 P 3z s AR s AR A .

(2) 32 JE Ak AR M 1 52 i, A 1 28 /0N 1 3 -6 TR e T
2-T -1, AT Gy ) A R M /N LT BERIE T
P T AR A 858 A ) A -3 - 60 ) R e A g B LA
e384 1 5 D (0 U A AR R SO AT

(3) A -3 -T2 A FH 17 5 5] b g Sz K 3-TR I 4k,
MM 2T Be-1, 4-FE I 57 a0 oK F I p-3-1 X g2 A
N R A WARES B kAo T IRV A B LUK %

1 AT EM IR A AR A P R S S
Table 1

i == 1 i 1 EA O A e (21 B ey S i
BRI AL AW 2-T He-1, 4- A R T i oK 4y
FEFE BB AL 7 F R A

(4) 7E [FI A B g ik BE T A -3 - il NaHCO,
SRR 0T 3-1 P R Al B TR ) KHC O, I HL
VA -3 R 1) 3 79 o O R 3R R, BB
-3 ) RN P KT 3R AR

g5 Lk 3 = A O ik ) Y B R I PR A TR
Je-3-FE>3 YR BR>2-T fe-1,4- "B .

Cyclization reaction conditions of three bisisoxazole intermediate compounds

compound reactant reaction temperature / °C  solvent solvent volume / mL  catalyzer
(1) 3-bromo-1-propyne <10 t-butanol 20 KHCO,

(3) 2-propyn-1-ol <10 methanol 190 NaHCO,
(5) 2-butyne-1,4-diol 118(reflux) n-butanol 360 NaHCO,

33 “REMESBLEYHRSN

KM DSC M TG XL &9 (2) LG9 (4) Fifl
G W C6) (1R 53 il 53 f% PE BE HEAT WF 58, W0 1 I AR
M 25 °CLAGE R 10 °C-min”', WWE 1 FIE 2. 454
B FnE 20T LA

(1) ZERAEWHA — AU W0 g fE 7, b
G0 (2) ALE Y (4) FAL G Y (6) 1 W R i 53 51 Ky
77.46 °C,95.18 °CHI 124.36 °C, W G & JF ¥ 55 A%,
TR X KA G Y — D BARPHE 5

(2) ZAL G W A A5 5 FEAE PR Y 23 A i AL
g fE A5 (2) AL5 9 (4) FAL G W (6) 1 J3 fif it 5O
W& 73 9 E : 238.96 °C Fl 346.47 °C , 206.66 °C Fil
320.88 °C,218.54 °CH1296.26 °C, ¥ iZ b5 W55
fife S o3 WAL SE L 5 — D T RE R ] , — N, EEFI—ONO,
BLw S o i R R A R T R IR R I IR R
1149 JHC At S5 0 Ji - AT O3 ik SRR SO R EE /N

(3) KALG W Hs 0T BE 55 AR 00 i T BE A 22 30K
G (2) AG Y () FIfL G (6) 195 2L S5 W6 43
fif 5L B 25 73 ) 3 101.75, 70.16 °CHI44.33 °C., £ W
X E AL A W AE — LU RR IR 40 I A o K 2 ol B e
S5 J5 T B BRI B ST R R

(4) TCIh&tkaW (@) 5kaw(6) L FES,E
G (2) M0 28 50K, 3R WT 28 4k & W 00 3R 53 1 5
FER SR A Y B R R e,
HE e BRI REN

(5) k& )k S TiEY () k&Y

Chinese Journal of Energetic Materials, Vol.27, No.1, 2019 (47-52)

(6) (M i R T a4 (4) Mtk &4 (6) , 1
BAKME YRR ST IR B RS, & R
SEAL S WP L E R T R IR T T SRS

i LRk, S NEM S RE L G R — L

exo ]

06.68.250.71 296,29 332.76

compound (6)

100 200 300 400
temperature / °C
B1 FRefkSw(2),(4)F1(6) 1 DSCHiZk

Fig.1 DSC curves of energetic compounds (2), (4) and (6)
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Fig.2 TG curves of energetic compounds (2), (4) and (6)
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AR R, 30 S R (0 A5 A 0 i A 24 5 i 6 P 7R
A AN A (B fEL [ I 5 26 4 5 W) 1) R A L T LA
XA W) BT SRS e 4R A G S5

4 Hi
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WEME(2) 3,3 - SFHEME-5, 57 - 37 FF LY AR Bk (4) AN
3,3'- " EEME-4 47 5,5 DY LSRR (6) , 4T
A KLE JUER S BT A H AT TS E

(2) DSCHITG ¥t R AL G W (2) fLEP(4)
LA W) (6) 45 S B8R, 43 9 77 .46, 95.18 “CHll
12436 °C , & 4r fit & 46 W B 43 51 A 179.21,
165.34 °CH1168.69 °C.

(3) A i R PE R B, 3 S Ak 5 W e 50T B2 ARy
il R JRE U 22 RO T A B M 2 B RE G 9 7R S R
05 T BA BRI FE R T s X S84k A W0 8 A Bl
SRR , AT R I Ab A W A 5 R 4R R 2%
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Synthesis and Characterization of Three Low Melting Point Energetic Compounds Based on Bisisoxazole

WU Min-jie'*, Bl Fu-qgiang'*, ZHANG lJia-rong'*, ZHAI Lian-jie'*, LI Xiang-zhi'*, ZHOU Yan-shui'*, WANG Bo-zhou'*
(1. Xi"an Modern Chemistry Research Institute, Xi'an 710065, China; 2. State key laboratory of Fluorine & Nitrogen Chemicals, Xi'an 710065, China)

Abstract: To research the synthesis and performances of energetic compounds of bisisoxazole, three kinds of energetic com-
pounds with low melting point, 5,5'-bis(azidomethyl)-3,3’-biisoxazole(2), [3,3"-biisoxazole]-5,5"-diylbis-(methylene)dini-
trate(4) and [ 3,3’ -biisoxazole]-4,4",5,5  -tetrayl-tetrakis(methylene) tetranitrate(6) were synthesized via [ 3+2] cyclization re-
action, nitration and azidation, using dichloroglyoxime, alkynol and propargyl bromide as starting materials, with a yield of
66%, 67% and 64%, respectively, and the structures of target compounds and intermediates were characterized by the means
of IR, NMR and elemental analysis. The reaction mechanism of constructing bisisoxazole through two reactions of —C*—=N—0O"
and C=C with 1, 3-dipolar cycloaddition was discussed. The thermal behavior of compounds (2), (4) and (6) were studied by
DSC and TG. The melting temperature of compounds (2), (4) and (6) are 77.46, 95.18 °C and 124.36 °C. The starting tempera-

ture of thermal decomposition are 179.21, 165.34 °C and 168.69 °C, respectively.
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