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A BT AT A A 1 7 ) B B G 1 B 2 T i E AR 1
2 A — L S E R T FE R R A AR
B2 NS B A NN ST 7 S R U 1 1 s Al = 2 <80 RAUNLUE|
51,2, 48 e g AE X8 S R A A B R
R R A 22 MR B 1 1 B2 T FRIBLAL B 0 1 PR 1

ARl E ISR T NI N 0 e el =12 e = R L
ATV e, DL U AW ia Sl TR 28 il i i Ak K
AR G5 A 5 20 W IF R R XL 1, 2, 4-TE e A T 8 AE
GRS FIH 100% fif e % L HE 17 & Re e i o 82t
LA TS (IR) A% G L IR P15 (NMR) S TG 43 B (EA)
R A A G W HEAT RAE  IF IR B X G 2 AT I E
— BN T H S T AL AN, KB A AR A R R
o M MR M e MU HEAT TR . [RIE BT
RFAE A AR 45 A8 0TS A3k B W ) R TR L B S 4 T IR
AHE AR AT T3

IS B

1.1 WF 5N EE

A A F b WBERR = 2R IR 50% 2
WK S N ¥R W A ] 245 4 A A2l A R A WD
AT, 100% 8RR N A i, AL SRk, —aUk
WERE, S s W 2 RSk (1517 18 Al

I 2% : METTLER TGA/DSC1 % 25 7R 49 4 £ $4L

L0F 5 .0, -0,
N N-O P(OEY, N

N NN
—a ™ M NH,0H-H,0 j_«,
NC CN NC CN  MeCN = .

)\—/( DCM
HO NH,

Intermediate 1 Intermediate 2

Scheme 1 Synthetic route of compounds 1 and 2

1.3 IR
1.3.1 Z&EMKIA (Intermediate 1) & K

HR 3 SCHik [ 15-16 141 & Ik Sk, 7 &5
TR A E AR (2.62 g, 19.3 mmoD) % F 5 mL
AN, BE IS BN A 2 vk b, 8 T
5 mL VB8 iR = £ T O 45 1 S WU N 8 i 20 °C,
MR R RS 2 h B T 2 35 CREFE 1 h, 451k
fn B H E =R E R RRRE (20 mLx1,1M) 3k %
AN BT L BE S 2B K (30 mLx3) P A H
Bt A WO A AILAH I FH JE K SRS T4, e 4 B 2 — 54
I Jot A5 B IR 21 8 B 4 1(1.83 g,79%) . "C NMR
(125 MHz, DMSO-d,, 25 °C)#8:149.65,135.42. IR
(KBr, »/cm™) : 2392, 2389, 1539, 1204, 1068, 963,
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NH, "OH

Micromeritics AccuPyc 1l 1340 4 [ 33 IR B 7k 11
@ Y, Thermo Nicolet AVA TAR 370 £L4h 6 3% 4%,
Vario MICRO cube Elementar Analyser Jt % 43 H1 1%,
BFH 12 BAM #i ifi & & %, 2000 Bruker-AXS X-5i £
PR AT 84, Bruker Avance T 500 MHz % {b 4% w4
AR, FSKM 10 BAM FEH AL
1.2 RREBE%

DL SRR A AR R A S IS AR s SCiR[15-16 )4k
T 5 R BERR — R HE AT 340 )5 45 1) — U g
USLERRZE SR PNV AE: S U S APV E N (S J g A S
IF H¥5 B 46 75 500, A B 50 0 38 S5 52 0 19 s g 2% A
HEAT T Ak B s 00 R 4 o — G e, T DA KRG B
R FIFEE . IeAh, BRI A 3 A S AT, 5
A, A B B, TR R 28 kL
T T EUBE R A A 45 , Ja b LA R 7 3R 73 %
T 79% ., AR A 5 5 MK W A AR AR
15 2 54k G, B S 504k SR A AR 0 A )
3,37-(1,2,5-W& —me-3,4- " FE)X(1,2,4-TE M5} )
(1), 2RHI100% HNO X HAH LI 55 3-(4-(5-2 -1,
2, 4-ME T wR-3-E )1, 2, 5-BE o33k ) -1, 2, 4-BE
Me-5(4H)-Ff (2), 2% 100% HNO, X H A4 1k J5 K45 2
il e BE AL G Wy S PR A G 1) 3-(4-(5-24 Jk-1, 2, 4-B8
W33 )1, 2, 5-BE TomE-3-3E )1, 2, 4 T k5
(4H)-Fiil (2) . AL Scheme 1 7R .

PION JON
NN ,
./ (vied: 32%) ./
BCN ,N=8_S=N\ 100% HNO, N N
H0 OYN NYO OYN HN\"/O
NH, NH, NH, 0
1 2

941, 194, 178, Anal. calcd for C,N,O (120.07) :
C 40.01, N 46.66; found: C 39.74, N 46.97.
1.3.2 3,3-(1,2,5-FE = ¥.-3,4- =&)XW (1,2,4-F
“me5-BR) (1) BB

R4 Sk (17 ] 25 /9 — 20 58 Jf5 Wk g (1.00 g,
5.4 mmol) fEZE W T 4T 20 mLK A, A 10 mL
KHCO,(1.30 g, 13.0 mmol)i& ¥ , &1 I 2 35 1 2
WLV, BE S 2 AR AL (1,40 g,13.0 mmol) .
JON I W FE A T, R R R LA . FEE
T T AL RE 24 b, SN 45 o ] 1A 28 5 ot U8 4y B
D RIK S . fea & T BR kR B K o, 15 B1IR 40
@[5 4R H AK 1(0.95 g,75%) « '"H NMR (500 MHz,
DMSO-d,, 25 °C)é: 8.39(s, 4H, NH,). "C NMR
e ik
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(125 MHz, DMSO-d,, 25 °C)é:172.84, 157.76,

144.98, IR (KBr, »/cm™) : 3491, 3487, 1661,

1653, 1475, 1353, 9944, 385, 330,

for C,H,N,0,(236.15): C 30.52, H 1.71, N 47.45;

found: C 30.83, H 1.62, N 47.32,

1.3.3 3-(4-(5-EH%-1,2,4-E_mk-3-5)-1,2,5-E =
Me-3-5)-1,2,4- BB M-5(4H)-FR(2) IS R

B A48 1(1.00 g,4.2 mmol) Zr4E in A % 0 °CHY
100% AR (8 mL) v, Bifi J5 1% &2 = iR I 4k 24 4 24 h,
W v SR AE A KoK TR K SR TR (25 mLx3)
X VR B VRS MR AT 2 B, WO A ML 5 1 TS 7K B R B 1
P v 4 bR 250 R s A9 B B iRk & 9 2(0.32 g,
32%). '"H NMR(500 MHz,DMSO-d,,25 °C)8: 8.39
(s,H,NH),7.09(s,2H,NH,). "C NMR(125 MHz,
DMSO-d,, 25 °C)8:175.68,172.72,157.73,157.18,
145.35,144.95. IR(KBr,»/cm™) : 3500, 3498, 1866,
1664,1525, 1489, 1419, 1172, 1155, 562, Anal.
caled for C,H,N,O, (237.14) . C 30.39, H 1.28,
N 41.35;found: C 30.13, H 1.42, N 41.27.

1.4 ZHH5HRERIE

Al 285 A F AR A W 1 RD 2 ) R A AN
VW B R R N R RN A T AT X
LRAT T 20 A 00 B AT R B o AT 5 RO R AE Bruk-
er SMART APEX Il CCD it X I i 47 . 3 B ~F il
AL TE 193 KRl 240 S5 51 846 1) MoKa 5
25 (1=0.71073 A) &% CuKa 74k (1=1.54178 A) # 47
M E . Lol dr AT o TA & A 251 g A
SHELXS97 2 J¥ 5E A , 1 3 T F2 B 4 46 B4 fe /N — 3 vk
HATHEE .

POk RE MK . A FH TGA/DSC 3+ LF/1100 A []
oy B ASGE AR 1k (TG) A 22 78 4 42k (DSC)
XFHT A A A P 0 AR E P AT A A I o T
PP A A S TE 40 CRYPREE T4 24 h R LA aL
FRAMER . LL50 mL-min” WA SAE BB, THR
WA N5 °C-min’',

ML B BE I3« 4% IR BAM I 52k bR o, 4H X 38 B
<80%, 7% HE i & 5 kg, M 25 & h 30 mg, 55 JE
10~35 °C, Ml Ab & W0 1 F0 2 A B8 5 SR 3 148 o B %%

Anal. calcd

2 #HR5WiE

2.1 BRIEEHSH
G128 ARG N 1 Bk o R R 1
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AL, A 1(193 KA CCDC 52 2239912, ik @ T
BT AR A WIBE R Pben, fi LA BLN 859.7(2) A, &
TR 1.825 g-em™, B S BN a=8.7680(14) A,
b=13.9761(19) A, c=7.0159(11) A,a=90°,8=90°,
y=90°, BAN MR A 44 F o ik 2:3H,0(193 K)
) CCDC 5 /&% 2239913, fh ik JE T =&t 5 &, 25 A B
Jg P-1, S S50 a=6.5479(3) A,b=9.1310(3) A,
c=10.0472(3) A, @ =91.652(2)°,B =95.480(3)°,
¥=99.452(3)°, f MR RN 589.24(4) A’L A4
HEE 2007 ARG R & 34K 1 HAH
X AR, M 1.641 g-em ™,

B &9 SRS R R, Hpy R LR
O(2)—N(3)—C(2)—C(1) 176.80(13)° N(1)—C(1)
—C(2)—N(3) =175.07(14)°.0(1)—N(1)—C(1)—C
(2) =178.20(11)°LL A N(1)—C(1)—C(2)—N(2)
1.7(2)°% T 180°, %M 1,2, 4-BE —wk 51,2, 508 —
M ER 1A JLF A e R — P L B b RS
15> F 258 HoA RAFHF M. G 1 iR
HAE XHERRL (B 1c) , JZ2 MR g 3.18 AL /N T8 WL Y
W7 mw-m M HAE I EE 25 (3.65~4.00 A)', & 1d R
LN N U7 M el TR 2 ¢ N g S e 7/ B B i el O i
1,2,4-B8 38 F AR TS5BS T 1,2, 408
M IR |- S T o () U8, B N(4)—H(4A)---N(2),
N(4)—H(4A)---N(3) ,N(4)—H(4B)---N(2) ,N(4)—
H(4B)--N(3). [, A1 4 FNERey 1,2,4-08
TR ER I A b n] AR U R R 1 B
EX N0 i R e o R A TR

AW 2-3H,0 19 SRR B 2 iR, i gl 2b Jir
R AGEY) 2-3H,0 2 PR E e RN TE [R]—F- 1 , 3
T2 A A] LA aE— 28 BE 43 00 T M AR 22 B A A
LA 1,2, 4T i 2R 550k E TR B LA f (N(2)—C(2)
—C(3)—N(4) 8.0(4)°,N(3)—C(2)—C(3)—N(4)
-170.8(3)°,N(3)—C(2)—C(3)—C(4) 8.6(5)°) kT
WA IR 1,2, 4-BE IR (N(5)—C(4)—C(5)—N(6)
2.6(4)°, C(3)—C(4)—C(5)—N(6) =179.3(3)°)JE
IS fA . AL 2-3H,0 B EFR 7 2y 106 1 3 AR
([ 2¢), 2119 2.90 A, 18 2d s, R 5 5 H 485
+ E AR I s R (N (1) —H(1B) N (6))
Hh o TN R REAEAE S8 (N(7)—H(7) - N(3) )

VAR R W IR, & BRI HLAUER B 5 = 4+
T A HL A7 0 A B DDA OET L AR A 1 R 2 1
HLfaf 40 A1, 5 T A IR 25 A R B T T A AR R
B0 oy AT T UL A AR 43 F 2 T Y IE B H i X
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Table 1 Crystal data and structure parameters for compounds 1 and 2-3H,0

parameters 1 2:3H,0
empirical formula C,H,N,O, C,HyN,O,
temperature / K 193.00 193.00
formula weight 236.17 291.20
space group Pbcn P-1

crystal system orthorhombic triclinic
alA 8.7680(14) 6.5479(3)
b/A 13.9761(19) 9.1310(3)
c/A 7.0159(11) 10.0472(3)
a/(°) 90 91.652(2)
B/(°) 90 95.480(3)
y /() 90 99.452(3)
Z 4 2

Peac/ grem™ 1.825 1.641

F (000) 480.0 300

p/ mm’ 0.152 1.318
volume / A’ 859.7(2) 589.24(4)

26 range for data collection / (°)
radiation

crystal size / mm’
data/restraints/parameters
reflections collected
goodness-of-fit on F*

final R indexes [[>=20 (1) ]
largest diff. peak/hole / e A~
final R indexes [all data]

CCDC No.

5.484 to 55.076
MoKa (A = 0.71073)

0.15 % 0.13 X 0.12
994/0/78

8831

1.075

R, =0.0360, wR, = 0.0901
0.30/-0.22

R,=0.0452, wR, = 0.0983
2239912

8.85 to 137.032
CuKa (A =1.54178)

0.13 % 0.12 X 0.1
2151/3/190

7297

1.086

R, =0.0590, wR, = 0.1677
0.54/-0.55

R, =0.0732, wR, = 0.1807
2239913

b. planarity view

C.
1 LSRR E
Fig.1
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stacking mode

Crystal structure of compound 1

Sttt

d.

single layer crystal view
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a. crystal structure

coewre OF ¢ mm ’omm-c

I290A

mmmw A
. -

o—w‘mo-@.‘mm cese

mmmm yoewe M—c

c. stacking mode

B2 fLAY2-3H,0 0 & RS
Fig.2 Crystal structure 2-3H,0

R2 ALB Y A B OB A R

Table 2 Hydrogen bonds lengths and angles of compound 1

d(D-H) d(H---A) d(D---A) <(DHA)
D—H---A N N X

/A /A /A /(°)
N(4)—H(4A)---N(2) 0.8800 2.1600 2.9970(19) 160.00
N(4)—H(4A)---N(3) 0.8800 2.2400 3.0370(19) 163.00
N(4)—H(4B)--N(2) 0.8800 2.5200 3.2304(18) 138.00
N(4)—H(4B)--*N(3) 0.8800 2.2900 3.1457(19) 165.00

F3 LAY 2-3H,0 S R R £ B0

Table 3 Hydrogen bond lengths and angles of compound
2-3H,0

d(D-H) d(H--A) d(D--A) <(DHA)
D—H---A N N .

/A /A /A /(°)
N(1)—H(1B)---N(6) 0.8800 2.0100 2.876(3) 168.00
N(7)—H(7)--N(3) 0.8800 2.2000 2.945(3) 142.00

B I RIBTSE R AU A A PR H > T 3R T

A 1 HL 7 ESP i 18 4 i 2

A0 1 0 2 1 L B R

L 3 R, TE HAAr Y 43 A DB 68l 2165, , 67 L f 1Y) 53
A7 DX BRI S W €8, € B R AR 2 X S F 7 43 A
rpo B 3ar LLAE L AE Y1 I IER FE A TE S
TN ) 22 B A, R AU 5300 R 51.48 keal-mol™
(215.39 kJ-mol™) #11 51.49 kcal-mol™(215.43 kJ-mol™),

o AR R 1,2, 4-TE e vh 5 4R R TR Y

CHINESE JOURNAL OF ENERGETIC MATERIALS

b. planarity view

d. single layer crystal view

R T b, & Kl #5806 -35.49 kcal-mol™
(-148.49 kJ-mol™) . HFHAEW 20 FHH
NG IE T EE AR PAE S M & LM, ek
# L BB 58.99 keal-mol™(246.82 kJ-mol™) , It
AP0 1 B IE FL A o3 A BRI A R DRI Ay i
AR K AW 2 BRI bW ELAA R R
2.2 RBEEESH

PR PR DR AL B RE A RLFE R R IR BT T R A AR
3SR ﬁﬁmﬁﬁuﬁt%rﬁmﬁﬁﬁﬁ%ﬁ Xt B A Ak
G W BERE M R AT I O 22 )T X Y DSC il £k
TG 2 . EMaEF’%A%1T2m4M6TTT
TR | X T R A i g ek AR RIS, TG R
U B 2R R R R A, IR B3k 400 CCHE L A
75% BRI . 5A DSCH TG &M L& W1
%Eﬁﬁﬁffﬁw{mlfﬁﬂﬁzm%ﬁmm6fjﬂ
AN R IR o X — R I A B T
a%ﬁﬁﬁmo@4wmnwﬁwzﬁm1%%%m
PO, WA IR EE g 208 °C, Btk = b, T LWL gE 3 1
251 °CHI 3071 °CHy B 55 A0 PR A Tl #A0G - [) B 1 Bl 2k
o 3X AT RE SR A AR Ry PR B (0 A5 U ) 4% 0
TR s T AR E T E R RE I A8 kS R A T
PEAE TR B O R AR (A5 R G 20 TR B AIE 2

XXXX HF & XX & XX# (1-9)
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+58.99

+51.49 +51.48

a. compounds 1

B3 LA m2EsPE
Fig.3 ESP plot of compounds 1 and 2

4100

175

50

heat flow / mW
mass percent / %

25

]
[3,]

T T T T T T T 0
50 100 150 200 250 300 350 400
temperature / °C

a. compounds 1

B4 bt M210 DSCHRITG ik
Fig.4 DSC and TG curves of compounds 1 and 2
2.3 EUMEESN

PR TR R TN v B A R SR T R A S B I
o MR AU T AE 25 SCfl AR % B2 3T I A5 19 X
G YR EE LGN 1.80 g-cm™, 5
= YRR = e (RDXO) A A, A6 & 9 2 19 %5 B
R4 ALEY 1A 2 B E TR SR S

Table 4 Physiochemical properties and detonation perfor-
mances of compounds 1 and 2

T, » AH, D, p IS FS
compound 5 . . -1
/°C /g-cm™ /kJmol”'/kjg"" /m-s"' /GPa /) /N
1 278 1.80  448.7/1.90 7921 224 40 360
2 191 1.76  354.3/1.49 7660 20.5 40 360
TNTH 295 1.65 -67.9/-0.30 6881 19.5 15 353
RDX2 204 1.80  70.3/0.32 8795 349 7.4 120

Note: T,is initial decomposition temperature. p is powder density measured
by gas pycnometer at 298 K. AH, is heat of formation. D, is calculated
detonation velocity. p is calculated detonation pressure. IS is experi-

mental impact sensitivity. FS is experimental friction sensitivity.

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-9)

e o ESP / kcal-mol”
. 60.00
50.00
40.00
30.00
20.00
10.00
0.00
-10.00
-20.00
-30.00
-40.00

-26.80

b. compounds 2

heat flow / mW
mass percent / %

100 200 300 400
temperature / °C

b. compounds 2

1.76 g-cm™. KM Gaussian 09 8+ 5 T &)
19 A RS CAH,) 122 503 T 1 25 P B 1 OG5 F 3R o
FE T E A AR RS R SN %5 B R AT EXPLOS V6.01 5K
PR AR B0 A 1 2 (R 4 0 R 7921 mesT R
7660 m-s™' HE K558 22.4 GPa il 20.5 GPa, ¥ &
TFAEG /25 TNT(6881 m-s™', 19.5 GPa)'*/,

3 4

(1) AU 5E S Ak ok e 2R Do), O Ak 2 408 1 18
S S NE 2 A o s 0 i) P A e S S e A T
J I A AR 0 BE P , 280 5 Ak e R Ak o B A B IR E TR
R4 3,3"-(1,2,5-08 M3, 4- 7 F) W (1,2, 4-BE
-5 ) (1), % HAE AR S A5 3 3-(4-(5-F HE-1, 2,
AW T R-3-KE) -1, 2, 5-ME T30 ) -1, 2, 4-1E k-5
(4H)-F(2) .

(2) =BG W1 By o F P AR A SR A b
S Xt
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T[] — V-1, it (A HE B

SESUHER, B R A 4

ANGrF SR 1.825 geem™, LB 21957 T
(T PRS2, i T AR ARG A TR AR AR R 2 T HERUE
AR Dy TGS TR AR R 5 BE AL 1.641 g-em ™

GEEP 1 BAT RAF A PR RE T 3R 46 70 A it JEE
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Synthesis and Properties of Energetic Compounds Based on 1,2,5-oxadiazole-bridged Bis(1,2,4-oxadiazole)

ZHU Teng, TANG Jie, CHENG Guang-bin, YANG Hong-wei
(School of Chemistry and Chemical Engineering » Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Furoxan has been extensively studied due to its high energy provided by potential “nitro” fragment, but the relatively
poor stability limits its practical applications. A novel energetic compound, 3,3'-(1,2,5-oxadiazole-3, 4-diyl)bis(1, 2, 4-oxadia-
zol-5-amine) (1) , was synthesized from dicyanofuroxan via a three-step procedure involving reduction, oximation, and
cyclization-dehydration reactions. Subsequent nitration of 1 afforded 3-(4-(5-amino-1, 2, 4-oxadiazol-3-yl)-1, 2, 5-oxadia-
zol-3-yl)-1,2,4-oxadiazol-5(4H)-one(2). The structures of both compounds were characterized by nuclear magnetic resonance
(NMR) spectroscopy, elemental analysis (EA), infrared (IR) spectroscopy, and single crystal X-ray diffraction analyses. Results
show that compound 1 crystallizes in orthorhombic crystal system, space group Pbcn, Z = 4, with a crystal density of 1.825 g-
cm™. The trihydrate of compound 2-3H,O crystallizes in triclinic crystal system, space group P1, Z= 2, with a crystal density of
1.641 g-cm™ Both compounds exhibit high insensitivity to mechanical stimuli, with impact sensitivity >40 J and friction sensitivi-
ty >360 N. Their calculated detonation velocity (7921 m-s™ for 1 and 7660 m-s™' for 2) and detonation pressure (22.4 GPa for
1 and 20.5 GPa for 2) are superior to those of TNT (6881 m-s™', 19.5 GPa).

Key words: energetic compound;1,2,5-oxadiazole;1,2,4-oxadiazole;detonation property
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Two energetic compounds based on 1, 2, 5-oxadiazole-bridged bis(1, 2, 4-oxadiazole) were synthesized from dicyanofuroxan
via reduction, oximation, cyclization-dehydration, and nitration reactions. The structures and properties of these compounds

were fully characterized and investigated.
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