632 BEREOR XS VR T, R S84 B 8, 0 R K R

XEHS:1006-9941(2020)07-0632-06

3,3 - (2-Fg P E-1,3,4-FE - 4-5)-5,5"-B£-1,2,4-IE "W & H & B
BFHENER KM

g/@i@,%ﬁiﬁﬂ%,%l@é&7‘%&£/§gaﬂjj{(7ﬁ{’%ﬁiﬁ

(FETRGEFE MDA E, W 4 621999)
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2,4-FE— 1 (BNOBO) . FIH BNOBO Ayt , it &l T BNOBO B &k SR M B SR 4 = R & B8 738 (5-7) . FF R A L4
JCRE MRS IEAT T A RAE . R R L3R T BNOBO Bk i S R L i W iR s TR R R, C2/czs B, IR S 50N a=
12.7490(8) nm,b=9.5957(7) nm,c=18.5965(12) nm, V=2272.1(3) nm’*, Z=4, F|H2Z R (DSC) T (TG) 45 #4 Hr
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3,3 X2 JHig J-1, 3, 4-WE k438 )5 5061, 2, 40 T K

HE B T 8 09 A 0 22 PE it 633

B ik g L =S H B KA (80% ) BA S IR AL T4 1 R
VAR TR T N7 | /AT B

X% : D8 Venture #Y X-5 28 B 117 14X, 15
Bruker /A ] ;400 AVANCE BI85 4% i 2 4 % 1% A%, 7l
[ Bruker 2y i) ; Spectrum Two &I # HL - 2T SR %42,
2 [# PerkinElmer /A s TGA/DSC #Ja] £ 73 MrAX , B+
Mettler Toledo 2% 7 ; Accupyc 11 1340 5 3% B Y,

o NOH
o N—OH  NeOH \> /< CIC(O)CO.Et
\_7/ NH,OH-CI HN N Py, CHCI,
NHH,0

2 [E Micromeritics 23 o
2.2 A%

PLE Z 05 0 skl 28 AR R AR RN Ak 45 T 26 SOE
BE T B E R G 3, 3 A (2-fE B KL, 3, 40
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Scheme 1 Synthesis of BNOBO and its energetic salts

23 ELIERE
2.3.1 :ﬁ%z*ﬂ%(ﬂﬁ@Aﬁi

T RYCK 2~ 85 17.6 g(0.2 mol) I A A1k
!ém%@uoo mL(SM)TITA 250 mL [EJE B0 9 £ 7%
fife Bl J5 o L A SRR ¥ e 27.8 g(0.4 mol) . FHIR =
90 CH AR IR FIR 6 h, F5 ¥ 3 &= % )5 A JC @Bk [#
PRAT ¥ K PR A B S A5 B Bt R (14 gL Ik
E60%) .

'H NMR (400 MHz, d,-DMSO) §: 5.18 (br s,
4H),9.76 (s, 2H) ; °C NMR (100 MHz, d,-DMSO)
5:145.2;IR(KBr,v/cm™) : 3470, 3468, 1573, 1448;
JLE B C,HN,O, (%) : SEMAE (115 {) C 20.31
(20.34) ,H 5.12(5.08) ,N 47.44(47.46) .

232 ZZEI[3,3-B(1,2,4-E-M)]-5,5-2#
BR AR (2) AU & AL
TR T, A LR BEAS R T AR R S A =
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FR PR UOIMA 3 L =5 7.9 g(67.0 mmo) #l =
AMLE (500 mL) L F A RR AR 5~10 Cla
A TE K A BE 32.7 mL(0.42 mol) . 4R 18 i % 1 T
SFEE I CH 4 Z A TR 23.0 mL(0.2 mol) . £
AT B FWIFHEFE 30 min 50 EH 3 h, FFAEHE
R E L AR L AR Y, = P e (150 mL)
His B DR, MU T 1 mol- L7 R R (3X300 mL) K
(2x300 mL) FI4fL A1 £ #h 7K (2%X300 mL) ¥E ¥, Jo 7K i
TR AT M 2R B LU AR B B L E R (16 g, IR
84%) .

'"H NMR (400 MHz, d,-DMSO)é§: 1.44(t, 6H),
4.55(q,4H);"”C NMR(100 MHz,d,-DMSO)§:14.2,
64.0, 153.6, 160.2, 168.7; IR (KBr, v/cm™) : 2986,
1758,1314,1234; 0 %K 5317 C,H ,N,O( (%) : 2 A
( i % {8 ) C42.52 (42.56) , H3.61 (3.57) ,
N 19.82(19.85).
A A AL 2020 % % 28 %
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2.3.3 [3,3'-%W3,3-Bk(1,2,4-FE_m)]-5,5-—H
ok Bk (3) B9 & B

FiR T R =2 H[3,3-8(1, 2, 408 =
Me) ]-5,5"- "R MRHE 14.1 g(50 mmol) 150 mL £ i
A5 mLIK A B (80%) i A 250 mL [R KB, i
FERERC, 1 U8, VETRAT B 8 A AR (9 g, K 70%)

'H NMR (400 MHz, d,-DMSO) §: 7.02 (br s,
6H) ; "C NMR (100 MHz, d,-DMSO) &: 151.5,
159.9, 171.0; IR (KBr, v/cm™) : 1685, 1569, 1259,
958,681,614; 6K 0 #1 C;H,N,O, (%) : SEAE (F1 55
{H)C 28.31(28.35),H 2.43(2.38) ,N 44.02(44.09).
2.3.4 5,5'-([3,3"-%(1,2,4-B_-m)]-5,5'-— &)

W(1,3,4-BE=-2-82) (4) A B

VKT K [3,37-%0 3, 3-8k (1,2, 4-BE —wg ) ]-5,
5'- " B 5.08 g(20 mmol) 7K (130 mL) B R A
B 4.4 g(44 mmol) FIIR AL 4.2 g(40 mmol) AR
A 250 mL BB o Pk T S 18 TF 2 % R RN
8 hFid ik, B Uk , /K Bk, a8 T8 )5 15 21 3% 8 [E 4K
(4 g, 65%),

"H NMR (400 MHz, d,-DMS0)8:8.23(s, 2H) ;
C NMR (100 MHz, d-DMSO) 8: 147.10, 160.10,
164.95,165.95; IR(KBr,v/cm™):1223,1137,1091,
956,735,674;JC % M C,H,N,,O, (%) : SLH (3
BE)C 31.63(31.59) ,H 1.31(1.33) , N 46.10
(46.05).

2.3.5 BNOBO W& K
VKB LK 5,5-([3,3"-30(, 2,418 — ) ]-5,
LR, 3, 4-WE k-2 ) (300 mg) 4t 2 18
JINAEA 1.5 mL ZMAEER 1Y 10 mL B B, in 5¢
Ja FHiR 2 20 CF M 6 h, ¥ R A 50 g vk,
Pt 0.5 h 5 38, K ¥k, 15 2] (1 [E A (230 mg,
58%) .

'H NMR (400 MHz, d,.-DMSO) §: 8.76 (br s,
2H) ; "C NMR (100 MHz, d,-DMSO) §: 147.28,
160.19, 164.98, 165.88; IR (KBr, v/cm™) : 1785,
1595, 1522, 1383, 959, 777, 720, 677; Jt & 4 #7
CyH,N,,O, (%)« SEIAE (T 5. H)C 24.42(24.38) ,
H 0.54 (0.51), N 42.58(42.64).

2.3.6 3,3"-WW(2-FH AR E-1,3,4-E - M-4-K)-5,5'-
BE-1,2,4-E M — & (5) A/

ZIE T K BNOBO 0.78 g(2 mmol) il A JE /K H i
(10 mL) H SR 5 A 28% 47K 0.24 g(4 mmol) i $
0.5 hJ& , &b U8, T4 2 8 A4 (0.65 g, WK 76 %) -
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"H NMR (400 MHz, d,-DMS0)8:7.16(s, 8H) ;
“C NMR (100 MHz, d-DMSO) §: 148.10, 160.20,
165.38,167.89;IR(KBr,v/cm™) :1621,1515,1076,
962,732,681;JCE M C;HN,,0,(% ) : SZME (31
BH)C 22.39(22.44) ,H 1.85(1.88) , N 45.83
(45.79),

2.3.7 3,3-X(2-fHReE-1,3,4- B M-4-%)-5,5'-
BE-1,2,4- B M 5 R (6) AR

ZF % BNOBO 0.78 g(2 mmol) fill A G /K B
B (10 mL) 1, SR J5 I A 50% 2 i K % W 0.26 g
(4 mmoD)$it k2 /NI IS | e % 28 A I 500 45 31 o 0 ] 44
(0.76 g, W% 82%) .

"H NMR (400 MHz, d,-DMS0O)8:9.91(s, 2H),
10.52 (s, 6H) ; "C NMR (100 MHz, d,-DMSO) é§:
148.09, 160.20, 165.36, 167.87; IR (KBr, v/cm™) :
1725,1516,1436,1225,1083,958,727; JL & 2 BT
CyHgN,, O, (%) 52 (31515 ) C 20.90(20.88) ,
H 1.73(1.75), N 42.62(42.61),

2.3.8 3,3-XW(2-fHReE-1,3,4- B " M-4-5)-5,5'-
BE-1,2,4-TE M BHEE (7)) & R

Z T, BNOBO 0.78 g(2 mmol) il A /K B
B (10 mL) L 2R JE A 80% /K4 1k 0.25 g(4 mmol)
PEPE 0.5 hJg, b U8, T 4% A 6 Bk (0.78 g, W %
85%) .

"H NMR (400 MHz, d,-DMSO)8:7.16 (s, 4H) ;
“C NMR (100 MHz, d-DMSO) §: 148.10, 160.20,
165.38,167.89; IR(KBr,v/cm™) : 1630, 1504, 1436,
1079,963,775,729,680; 70 % 43 M CyH (N, O, (%) :
S A (3 ) C 20.95(20.97) ,H 2.17(2.20) ,
N 48.94(48.90),

2.4 BEREF

FREL 100 mg 2} 99% Hy 4k £ 5,8 H A B Tl
HAYZEW K IR E 50 °C, 15 WA SE IR s, 15 5
REOEHER, BB EER, SR EAEY,
W5 U8 T AT I 55 B KA T B B SRR Sl e = IR
T E RV R RS A BIIR B A
25 BESEHNE

PEHR )& A W5, 7 D8 Venture fiT 54X -,
FH Mo K, 52k (A=0.71073 nm) . {7 S 24 {1 8%  1F
170.0 K E T, Mo A X, 845 -
2.658<60<27.489, -16<h<16, —12<k<12, —24<I<23,
AT ST A 112524, Hop ol 7 AT 5 05 2608 4, BE
W I>20 (DB 1923 4> 5 T 4548 (1 00 2 A IE .
4t
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3, 37X (2-ff i k-1, 3, 4T g -4-38) -5, 50 -TK-1, 2, 4-T ok T L B S T R 9 4 R P iE 635
1 kBEYSHREEESE
3 #R5iTie Table 1 Crystallographic data of compound 5
formula CgH,,N, O
3.1 BEREW formula mass 554.39
BNOBO 1) £ £ fih VA 45 Fg P 01 3fi BRI 23 531) 2 141 1 CCDC number 1959102
R 205 . 45 RROILMIRIE TRA R, C2/casl]  cysial system monoclinic
BEL BB a=12.7490(8) nm, b=9.5957(7) nm, space group C2fe
c=18.5965(12) nm, Z=4. F & 2% 5080 2k 1 Zii 1925;:3?;?)
R BRI  ERLE R R SART cRr s 16.5965(12)
AB AR HEFR, Horh A S8 B AB P 2 A2 A 2 XOE HERR . al(®) 90
G55 AR R AR o> o A B (R 2) AT VAR ar T B/(®) 92.901(2)
e IO A i itk BFL B 3 422 (0 TR A B R 37 42 1) A g 141 L y /() 90
PAER P b AT TR AR EE, T A 2272:13)
B R K TG B S0 R b T 7 - o
S - 170
M/ mm™! 0.142
F(000) 1152.0
data/restraints/parameters 2608/0/176
R,[1>25(1)] 0.0826
wR,[1>2a(1)] 0.2178
R, (all data) 0.1110
wR,(all data) 0.2458
largest diff. peak and hole [e-A~*] 0.564 /-0.983
B LA 5 R k2 b x2 AW 5 RS A s
Fig.1 Crystal structure of compound 5 Table 2 Selected dihedral angle of compound 5
bond angle/( °)
9¢ O(4)—N(1)—=N(2)—C(1) 2.80
oy N(1)—N(2)—C(1)—0(2) -178.03
C(2)—0(2)—C(1)—N(2) -179.16
C(2)—0(2)—C(1)—N(3) -0.44
O(1)—N(6)—C(4)—C(4a) 179.20
C(4)—N(5)—C(3)—C(2) 176.79
C(3)—N(5)—C(4)—N(6) 0.09
%0 —— BNOBO
— 5
! N =
B2 3 i L A 5 0 L A
Fig.2 Packing diagram of compound 5 viewed along the c axis J\
3.2 BNOBORHEBEFHRHMERAR A\
EAAAT IR F 50~300 °C, J i % 0 100 150 200 20 a0 3%
10 °C-min™' i FEE 294 0.8~1.2 mg, il FE LN A fb temperature / °C
B I A% PE T X 4 BURY 4 PR AL & i B b A B3 BNOBO LR T ah g DSC i 2k
5% H DSC A TG 45 540 & 3 i [ 4 i o7 Fig.3 DSC curves of BNOBO and its energetic salts
CHINESE JOURNAL OF ENERGETIC MATERIALS A ettt 2020 % £ 284 £ 7 (632-637)
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4 BNOBO MHEF#m TG Mk

Fig.4 TG curves of BNOBO and its energetic salts

M 3A[LLE H,BNOBO M Hisicdh 5 Btk 6
FUEER 7 (0 B0 o3 i 2o A8 b B 54 s 0 B St 1 g g, 1
BB — > T A A G i U, 3RO DU R ) S5 2 S A AR
R 04 05 0, AR i 3k R v S A A W AU A B4 A AR
b B 2 p TERE AR R . DU ARG W A A
U B S R LAY WY |, 3R B A A AR R . BNOBO
B o0 T IR 215 °C, o flt W (B TR 218 °CL 8% 4h %
Jiie 5 A WE R R IR o R OBE 4 5 212,169 C AN
203 °C. 546K 4m 0, 7638 2145 AR i 4 A I BE T,
A AL S R PR B ARACAR L 2 R E R 10%.
BNOBO # £k 5 Mk £k 1Y s K A7 i O H1 g 35 1 L7
200 °CUA I, 2 B HHL A 500 ity AR 1 |, 38 e 3k 1 4
Fa MRS 22,75 169 CHE BRI T 46 4t

3 BNOBO K H % g B 7 b i 4 Ak 27 1k BRI 30 2 2 8

3.3 L MERETNIEIRREE KT

T RE A RL Y B S A W Y 95 R R DDA OG
i B % B ASORT 25 Ab G W 0 %5 B EAT T S, 45 R DL
#3. 45158 ,BNOBO %N 1.90 g-cm ™, i
RDX %5 B o SR 5 % B W G BRI, 4 6k R e 3
JEER B % 2 5 R 1.81,1.84 g-cm P HI11.79 g-cm ™,
S AL B W oy iR E 35 F Bron-Haber fig i 1§ 75
HLER B Gaussian 03 #FE 11501 DU R g 4k
B A RS o BTSSR R DU A R
TR ERAL B, A B DU A AR 2 LR AR U
Hrr BNOBO itk HA e s i A ik , o 514.45 k)-g ™'
FIH Explore5 345 T Ak A 9 i MR R AL S )
BNOBO W15 4 22 M RR AR , i AT 35 8789 m-s™" ik
JEW 35 32.7 GPa, 5 B R4 (RDX)PEREA Y. B 18
k45 1 1B 45 AT L BNOBO A T FE AR, = 3% +h JIF
EhMRE B, N 8648 mesT MR OB R e, N
31.7 GPa, “F & FEMEREHE T 2,4, 6- —fi L H R
(TNT) . I BAM & B A, 25 & 30 mg, V& i it i
2 kg, ABTIRIE 25°C, 435K T BNOBO J Hi & 13
48 o R BRI B L S A5 AR R BNOBO 4 7 J%
B 10 ), BERE RO 110 N, i BOE I8 T RDX, BE
R AR 5 RDXFEF . B e R — LB L, 1k
G 5,6 17 i R T 20 ), 00T TNT, B 82k
JE 43512 220 N, 200 N 1240 N, # i RDX.

Table 3 Physiochemical properties and calculated detonation parameters of BNOBO and its energetic salts

compound formula T,V/°C p?/g-cm™ AHP/K)-mol™  vpy¥/m s p?/GPa 1S/ FS7/N
BNOBO CgH,N,,04 215 1.90 418.98 8789 32.7 10 110
5 CyHgN,,O, 212 1.81 185.39 8340 27.8 >20 220
6 CyHgN,,O, 169 1.84 302.02 8644 31.7 >20 200
7 CgH 0N, O, 203 1.79 514.45 8648 30.6 >20 240
TNTL C,H,N,O, 290 1.648 -59.35 7459 23.5 15 353
RDX!e! C,HN,O, 204 1.80 70.3 8795 34.9 7 120

Note: 1) Thermal decomposition temperature (onset) under nitrogen gas (DSC, 10 “C-min™"); 2) The density of BNOBO and compounds 5, 6, 7 measured at

25 °C; 3) Calculated molar enthalpy of formation; 4) Calculated detonation velocity via EXPLO5 v6.02; 5) Calculated detonation pressure via EXPLOS

v6.02; 6) Impact sensitivity; 7) Friction sensitivity.

4 Hi

(V) LLZ =5 g b JFURE 28 28 O A B T 8
PUBE IR & REAL B ——3, 3/-BL(2-Rl g k-1, 3, 418 —
Mg-4-3%)-5,5'-B-1,2,4-BE — 1 (BNOBO) , Jf- itk — 4
UK R BN il T =R ALY B s Tk .

Chinese Journal of Energetic Materials, Vol.28, No.7, 2020 (632-637)

(2) K HI TG/DSC #F 58 1 1k & W 19 #4481
BNOBO K I i #h #1 JUF 5 09 45 73 fif I 2 R T

200 °C, B I #4y 1 # R e 1 -

(3) & H] EXPLO5 v6.02 H 4 X5 & i & RE 1L &

P 4R

BEVEAT TR, WA B &% 1 BNOBO 5
PR 8789 m-sT R JE N 1A% 32.7 GPa,

(4)ff FH BAM JE LAY, M3k T BNOBO LA K A7 A=
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Synthesis and Properties of 3,3’-Bis(2-nitroamino-1,3,4-oxadiazol-4-yl)-5,5'-linked-1,2,4-oxadiazole and
Its Energetic Salts

LIAO Si-cheng, DENG Mu-cong, SONG Si-wei, JIN Yun-he, LIU Tian-lin, ZHANG Qing-hua
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: A new energetic compound 3, 3’-bis (2-nitroamino-1, 3, 4-oxadiazol-4-yl)-5, 5'-linked-1, 2, 4-oxadiazole (BNOBO)
was synthesized starting from glyoxime through a five-step reaction. Based on the acidity of BNOBO, three energetic salts (5-7)
were obtained through the reactions between BNOBO and aqueous ammonia, hydrazine and hydroxylamine, respectively. The
structures of as-synthesized compounds were characterized by single-crystal X-ray diffraction, IR, NMR and element analysis. The
crystal of BNOBO ammonium salt was obtained through solvent evaporation method ,the obtained results show that it belongs to
a monoclinic system and C2/c space group with a=12.7490(8) nm, b=9.5957(7) nm, ¢=18.5965(12) nm, V=2272.1(3) nm’
and Z=4. Their thermal stability, density, detonation properties and sensitivity were evaluated by TG/DSC analysis, densitome-
ter, EXPLOS5 v6.02 software and BAM sensitivity tester, respectively. Among these new energetic compounds, BNOBO possess-
es the highest measured density of 1.90 g-cm™ and the highest onset decomposition temperature of 215 °C. The calculated deto-
nation velocity and pressure of BNOBO are as high as 8789 m-s™ and 32.7 GPa, respectively. These new energetic compounds
also exhibit relatively low mechanical sensitivities, in which energetic salt 5 display the low impact sensitivity of more than 20 J
and friction sensitivity of 220 N.

Key words: energetic materials;3,3’-bis(2-nitroamino-1, 3, 4-oxadiazol-4-yl)-5,5’-linked-1, 2, 4-oxadiazole (BNOBO) ;energet-
ic salts;synthesis
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