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o b AHIE ST BET A T DA 3 R R AR
=R R A2 R 1,2, 48 M R A TR A
Iy P S REAL S 1-((3-8 31,2, 4-18 —mp-5-3%)
FIJE) -3 JE-1H-1,2,4- =M -5-f%(3) . hBW3Me
B TR AR ROk 52 BE -3 -1, 2, 4- = (ANTA)
i H 5 20 B RN 5 3 3 T R S R A
1,2, 4-E IR o AA W 3 1 2 R A% g L R %
i ("H NMR . ”C NMR)  X-5F £k 51 & 117 55 o0 &= 40 b
(EA) FME B AR 0 2T FR 3% (FT-IR) #EA T8 UE . A F 4
-2 R AR AEE FH (TGA-DSC) 23 M7 T4k &9 3 1 4
17, [F 3T Gaussian 16 3 T &9 3 4=
SR K- O B T A9 3 I S tERE S L

1 SCIG#ERS

1.1 RF5NEE

A 70T AL B (TBAB) VA AL HR AL
50% F2 Bt /K TS W IR NG 24 AR 9, v Bl s 3 i ik
AT RS wBE R 5 5-% -3 31,2, 4-= K (ANTA)
Z Bk 18 14 o

X4 : 500 MHz #% % 2 9% 3 7% 1%, 78 [ Bruker 24
)5 2278 A4 B YL, DSC 300 Caliris, 7% [H Netzsch
o8 A X5 2k 5 AT B Y, Bruker D8 Quest, 1 [
Bruker 23 7 ; BAM JE 828 Ji2 /% , FSKM 10, £ 53¢ OZM
3 ) s BAM B 7 A BFH 12, $E72 OZM 2 7] s B %
BE BT, AP A F] o
1.2 BRE%

DL 5-2 FE-3-A HE-1,2,4- = (ANTA) HIEY) , 78
A AR 25 50 28 B2 1 AR T HY S R AR b
AW, R M K T W — CON A U B &
Y2, fc)a il AR A A 1-((3-500k-1,2,4- T8
TUMR-5-RE) B ) 3R R HA1, 2, 4- = M55 (3) , A
R LE i Scheme 1 ffF7R o
1.3 SLIWiIHE
131 5-85E-3-WHE-1H1,2,4-=ZH1-ZF(1)8

=94

TE 20 CHMFTN FF 5-%0 5-3-0 k-1, 2, 4-— W
(0.516 g,4 mmol) A& E L4 (0.224 g, 4 mmol) %
T 5 mL 7K, B FE 30 min; 55 4h 20 CF ¥R 21
(0.595 g,5 mmoD) ¥ T 1,2- & 4%t (5 mL) H, I lin
AT 3R AL 4% (TBAB,0.129 g, 0.4 mmol) ;K # %
WIRA AR FE A E T 20 CRB 12 h, 22 uE, H
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Scheme 1

A K VR IR, 7R A R T R A B 52 SR -3-1
FTH-1,2,4-= 6 1-Z 0 (1), H 48 (2[5 4 (0.349 g,
B F ANTA I3 52.0%) . IR(KBr, v/cm™) : 3421,
3295,3165(—NH,),2962,2931(—CH,—), 1642,
1573,1551,1522(—NO,—),1440,1412(—CH,—),
1317, 1265, 1150, 1088, 955, 879, 809, 726, 709,
632, 456 (—CN) ; '"H NMR (500 MHz, DMSO-d,,
25°C)6: 5.38 (s,2H,—CH,),7.47 (s,2H,—NH,);
“C NMR (125 MHz, DMSO-d,, 25 °C)§: 36.29,
115.02, 157.13, 160.30; Anal. calcd for C,H,N,O,:
C 28.58,H 2.40,N 49.99; found C 28.70, H 2.55,
N 50.11,

1.3.2 5-RE-3-MEE-1H1,2,4-Z 8 1-5EHF5(2)

&

160 °CF B 5-F HE-3-R HE-TH-1,2,4-=M-1-2
fiE (1.344 g,8 mmol) ¥ T 20 mL Z i , ¥ 30 min,
SRIGTE 0 °CF 218 1% fin Jot = 73 %0 50% 1Y 52 i K %5
W (10 mmol) , i M58 ¥ 5 , 7€ 20 CF i 4 24 h, it
UE L E RV uEE A AP TR B 5-F
B3R RE-TH-1,2,4- =M1 -G L5 (2) , ¥t ([ 14,
(1.432 g, BT ANTARIIH 46.3%) . IR(KBr,v/cm™):
3477, 3440, 3386, 3288, 3224, 3160 (—NH,— ),
1679,1637,1597,1566,1543,1515(—NO,—),1443,
1409(—CH,—),1311,1288,1254, 1081(=N—0OH),
972,902, 864, 754, 677, 632, 547, 442; '"H NMR
(500 MHz,DMSO-d,, 25 °C)§: 4.62 (s,2H,-CH,),
5.62(s,2H,-NH,), 7.07 (s,2H,—NH,),9.37 (s,
TH,—OH);"C NMR (125 MHz, DMSO-d,, 25 °C)
8: 47.54,147.76, 157.35, 159.65; Anal. calcd. for
C,H,N,0,:C 23.89,H 3.51,N 48.75;found C 23.95,
H 3.60,N 48.86.

Synthesis of compound 3
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1.3.3 1-( (3-8 %-1,2,4-E _mk-5-5 ) BE)-3-7
E-1H-1,2,4-Z¥-5-2(3) AR

B0 R A N (0.252 g, 3 mmol) i T 10 mL Z i
K AR BRI 3% 1: 1 IR & ny 3 5 op 4 5-%0 -3 -
F-TH-1, 2, 4-= m-1-5 % Jl5 (0.201 g, 1 mmol) 7
5% M A, 20 °CF $iE £ 30 min, 82X J5 in A B AL R
(0.106 g, 1 mmol),20 CF#H$k 24 h, JEBR AL 55
AR KRR ZE R AR B 1 -((3-3 51,2, 4- 08
TS5 ) FH L) 3R -1 H-1,2,4- = -5 (3) L R
My [E R (0.173 g, 5T ANTA UL F 35.4%) . DSC
(5 °C-min™):232.2 C(dec.) ;'H NMR (500 MHz,
DMSO-d,, 25 °C)8: 5.22 (s,2H,—CH,—) ,7.25(s,
2H,—NH,),7.97(s,2H,—NH,) ;*C NMR(125 MHz,
DMSO-d,, 25 °C)é: 43.30,157.45,159.97,166.00,
172.77;IR(KBr,v/cm™):3404,3039(—NH,—), 1661,
1643,1567,1519(—NO,—),1433,1319(—CH,—),
1131, 856, 818, 748, 725, 694, 625, 520; Anal.
caled for C.H,N,O,: C 26.55, H 2.67, N 49.55;
found C 26.71,H 2.80,N 49.79.
1.4 Hgellik

% I < ff H Anton Paar Ultrapyc 5000 H %%
FE A B A A G 3 E AT I, SRR 25 °C L 2 &
F1.0 g, 78S FL R 15 VR A A AR =k i R
B

FRRGE PRI 3« SR FH 22 7 43 il i G DA R I gy
Brxr Ak & 3 AT AR e MK, FR i 0.5 mg FE i,
TR HEBR A B o, /A S 30 mLeminT', THER
MR 5 Kemin™' W75 Fl R 50~ 350 °C,

JERFE I < 2R H BAM 325305 A6 & W) 3 o i ok B
I EE 45 SRR, R B IR B 25 °C (25 240 30 mg . 7% 4k i
oW 5 kg MR ¢ <80% RH.

2 FR5WiE

2.1 BEEH

VLG9 3% T W B, T 1 AR AV W, 7E 20 °C
TEEIER M HAEY 3G, SHTFa 3,
PEHCT R SF2H 0.41 mmx0.15 mmx0.09 mm 1) B4 /i
HEAT X S LR AT S S2 00, R 4 A1 B8 5 Ak 19 MoK
28 (A= 0.71073 A)VE R ST IR, 7F 304 KR F sk
7B AT BB AR 4.46°<20<52.77° /I JE L Y, 2Rk
£ 1517358 50, Horb A7 1858 4SS il 7 1 AT 5
Mo HE M N TR AT ARG B IE
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53 e & 25 I F R,=0.0514 AT wR,=0.1231.
6 3 0 R T L R O R AR A,
FH G M 45 F R B K B AR HL B AR L SHR OEE n
R N~3 7, B AR PR 25 4 R e AR 5 S Cn 1811 e
o AW 3B = ALRC CsHeNsOs, 73 1 B JK
o 226.18 g-mol™, 7F 304.0 K i B F % A
1.652 g-cm™*. SRR T RN &R 2SN P2, /c,

F1 ALEY 3 IR MG S5

Table 1 Selected bond lengths and bond angles of com-
pound 3

atom atom length / A atom atom atom angle/ (°)
N4 C4 1.333(2) C4 N1 N6 110.06(13)
N4 C5 1.338(2) C5 N6 N1 100.21(13)
N5 C4 1.350(2) N1 C3 H3A  109.31(12)
N6 C5 1.306(2) N1 C3 H3B 109.30(17)
N1 N6 1.3677(19) H3A C3 H3B 107.91(8)
N7 C2 1.322(2) C1 C3 H3A  109.32(5)
N1 C4 1.359(2) N1 C3 C1 111.59(13)
N2 C1 1.300(2) N4 C4 N1 109.64(14)
N8 C1 1.360(2) C1 C3 H3B 109.33(2)
N8 C2 1.312(2) N8 C2 N7 128.18(16)
x2 LAY 3 MASH

Table 2 Selected torsion angles of compound 3

A B C D angle / (°)

O1 N2 C1 N8 -0.37(19)
C4 N4 C5 N6 -0.19(19)
C5 N4 C4 N1 0.31(17)
N8 C1 C3 N1 -63.2(2)

03 N3 C5 N4 2.5(2)

03 N3 C5 N6 -176.84(16)
N1 N6 C5 N3 179.31(14)
N1 N6 C5 N4 -0.02(19)
N2 O1 C2 N7 179.68(15)
N2 O1 C2 N8 -1.09(19)
N2 C1 C3 N1 117.87(17)
C1 N8 C2 o1 0.84(19)
C1 N8 C2 N7 179.98(18)
Cc2 O1 N2 C1 0.83(17)
Cc2 N8 C1 N2 -0.3(2)

c2 N8 C1 c3 -179.20(15)
N6 N1 c4 N4 -0.35(17)
N6 N1 c4 N5 -176.87(14)
C3 N1 c4 N5 -2.6(3)

C4 N1 N6 C5 0.22(16)
C4 N1 C3 C1 74.7(2)

C4 N4 C5 N3 =179.50(14)

A et At XXXX 4 & XX & & XX# (1-9)
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Table 3 Selected hydrogen bond parameters of compound 3

donor —H --racceptor D—H H---A D---A D—H---A
N5 —H5B N2 0.86 2.45 3.139(2) 137
N5 —H5B  ---N8 0.86 2.21 2.981(2) 149
N7 —H7A  ---N4 0.86 2.37 3.059(2) 138
N7 —H7B N6 0.86 2.47 3.147(2) 136
C3 —H3B 02 0.97 2.41 3.374(2) 171

a. crystal structure

AR

&8

OO,

%
&

b. crystal packing

1 LAY 30 SRS AL A AR HERUE G & ciliige)

Fig.1 Crystal structure and crystal packing diagram of com-

pound 3 (viewed along the c-axis)

G RV B 5 B R R RS X Bk PE L IR R AR a=
9.148(2) A, b=12.977(4) A, c=7.6688(19) A, a=
90°,8=92.880(8)°,y=90°, HA~ MMl L% 4 ML G W
3001 (Z=4), SLE AR H N POR Gk, RoF 200
0.41 mmX0.15 mmX0.09 mm,

EE Va1 LB S (LAY 3 50 7 b i
KL 21 1.2~1.4 AZ a5 BT N=N g it K
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AL RO A R TR S RS W 3 YRR E PR L
Nt B B . fER 1afiR 2 AT LLE S, 5
W3 E B (C3) A E 1Y 4 A R TR 25 LT H BE 4y
TR LN (1) —C(3)—C(1) Ry s A 111.6°,
H(3)A—C(3)—H(3)B 114 107.9°,N(1)—C(3)—
H(3)AN(1)—C(3)—H(3)BHIC(1)—C(3)—H(3)A,
C(1)—C(3)—H(3)B 5 M AR JE 109.3°. FEK 1b Al
L2 A LUE B, MR N L f (C(4)—N(4)—
C(5)—N(6) .C(5)—N(4)—C(4)—N(1).C(4)—N(1)
—N(6)—C(5) N(1)—N(6)—C(5)—N(4) N(6)—
N(1)—C(4)—N(4) O(1)—N(2)—C(1)—N(8)) .
TR R A (C(1)—N(8)—C(2)—0O (1),
C(2)—0O(1)—N(2)—C(1) .C(2)—N(8)—C(1)—N(2)
N(2)—O(1)—C(2)—N(8)) DLl 5 AHZE R N J&
T A (N(1)—N(6)—C(5)—N(3) .C(4)—N(4)
—C(5)—N(3) \N(6)—N(1)—C(4)—N(5) .C(5)—N(4)
—C(4)—N(5) .C(1)—N(8)—C(2)—N(7) N(2)—
O(1)—C(2)—NI(7)) ¥ T 0°5 4 180°, ¥ W 1k
G350 F N A = IR R RTE e 3R L K 5 At AT A 3 Y
A2 A AR E L. ER b AR 3 ]
PVE S, 7 i 5 = e 2R e 5L 0T DL S I e | Y &
JR I TE B4 &V, BEN(5)—H(5)B---N(8) ; =
W A 0 22 3t T DA S5 A AR o R e L R
TE B 43 1) &8, B N(5)—H(5)A--N(2), 5540, 70 T
Hh 5 s AR 3 ) B3 T DL S5 AR AR 43 R B R ER
TEHEN(7)—H(7)B---N(6) FIN(7)—H(7)A---N(4) 11y
43 1A)EUHE , A mT DUORTAR &8 4 v g 2k i SR T
WN(7)—H(7)A---O(3) 1 53+ ] &L 5, i 5 Fp = 5
PET; T R AR R S5 B AR L AL AW 3 AR
EER B TR AR TS 3 XA BRI
AE 1 BEAR T & e oy 1 I RS
2.2 #3840 Hirshfeld R & & #f

N T kIS W 3 0 45 R A i 2 1] Y oG
Z , f#i l CrystalExplorer 21 2 J¥ X L &% 3 1) Hirsh-
feld & 10 F1 = 2 (2D ) & 20 3% 6 47 40 B (181 2) 10700
— Bk UL, 7E Hirshfeld 2 1 Bl b, 21 €68 X3 3R 4+
FE 1A 2 [R) 5 Z0 42 fioh 1) DX 3, 3 26 5 A VR F A B T R
o GBI PR M R B B 5 (0 X SR R A T
T 1] 22 ] 22 il 455 55 55 JC 43— ) 422 ok 1) DX 88K, 55 A0 B4R
FACan He--H) %43 F 3 B 5T ik B /0y, {8 0] B B I A
B EE  7E & 2a 18 Hirshfeld 22 1w & vp o] LA L 1k
GV 30 FRME R — 80P, X T RE S 9T
B ) - HERUE A 56, m-m HEFUVE S ol DL T 34
N Lk

www.energetic-materials.org.cn



7 VR AT Bk = e e S AR RE AL W B A R S T i

24
22
20
18
16
147
12
10
08
06

CHIH-~C

d;

a. Hirshfeld surface

(A) 06081.012141618202224

b. fingerprint plot

¢. distribution ratio of different interaction forces

2 ALEWY 31 Hirshfeld 2 i & A1 — 4t 5 S0 & K A [R) AR AR 0 04 43 Aii L 451

Fig.2 Hirshfeld surface diagram, fingerprint plot, and distribution ratio of different interaction forces

TR Ji RN 22 PERE 5 O3 AN L 2a b i il (o X A b 3R
W 43 1] 55 A0 BAE F LG B A%, B R4k & 9 3 7 b ik
e AR DS AR B O 32, DT 3R B0 40 A e 1 AR
PEo FEE 2b By Z—4e 45 S0 2T MR SR B0 g
W 31 18] A 5 ZU A N---H/H--- N A TLAE 7, 78 2c
NI (2 E A I o (R < B S VAT I R = T
N---H/H---NA1EH 11 (32.7%) F1 O---H/H---OYEH 1
(29.9%) 588 T FE LY 5 A B AE R, R U1Z A R
SRR L S A A AR AR T A Y
R E s H--HAE ] 7 (9.1%) W R W 5 1 A FE 16—
FE IR AL T A 3R 55 AR BLVE A W e R sk EE

23 RNMEHHREFAR
2.3.1 BAREMELTHFR

FA R E AL G W1 A L) DMF R %
A, S EAE 9 N-CiE A 50 /Y S Rz kR 9 A B
RS T BGEX RIL, AW A 2 I R R T

TR o BF9E & BAE K AT, 2- & 2 ke i AR 24 4 %
FIZEAETS % N B A B RO . AR R [, 3
— 5 X B I ik BRI B[R] AT TR AR A 2 2R a3k 4
JIE R o e R E 25 R K R, 2- 50 4 4 1 AE 2 A
FN R G R N-Z G AR, 76 25 C& 1 F
JRE 12 h, 72388 52.0% . 4 Hrik A X & i 1 Ak
T AH R INE A 700 1 2 1T 1 A T DB R T v A R
e FEE DT U0 B 0 AR R, O ELIR R O T A
I 3 A b 0 3% e S e 2 I A R AT
2.3.2 WMEREMRHFHR
ERBEAEY 2046 3 R B AR
AMFGE T IR T A P B0 1Y G B 2 880, A0 45 5 g 175 7
PR FR S IS [ B 5 L S R Ak 5 R o defE
RN 5K SR R BEG) =1:1 I FIR & 4
20 CHM T RN 24 h, 78K 76.5%. B TIixNH
TR I, T 2 i 3 2 AT 2 1 3 P, S0 R o

SR AV Z I, IF 8 i AR A BN AT ANTA B9 N-2iF T3] 24 Wit , SOV HEA 2 28 58 B, 1K B d K™ 46
R4 ABW RN

Table 4 Optimization of reaction conditions for compound 1

No. solvent N-acetonitrile Reagent temperature / °C time /h yield / %
1 DMF bromoacetonitrile 25 12 Trace

2 THF bromoacetonitrile 25 12 Trace

3 Acetone bromoacetonitrile 25 12 Trace

4 H,0:1,2-DCE=1:1 (v/v) chloroacetonitrile 25 12 Trace

5 H,0:1,2-DCE=1:1 (v/v) chloroacetonitrile 25 12 Trace

6 H,0:1,2-DCE=1:1 (v/v) bromoacetonitrile 70 12 39.9

7 H,0:1,2-DCE=1:1 (v/v) bromoacetonitrile 55 12 43.1

8 H,0:1,2-DCE=1:1 (v/v) bromoacetonitrile 40 12 46.3

9 H,0:1,2-DCE=1:1 (v/v) bromoacetonitrile 25 6 46.5

10 H,0:1,2-DCE=1:1 (v/v) bromoacetonitrile 25 12 52.0

11 H,0:1,2-DCE=1:1 (v/v) bromoacetonitrile 25 24 51.8
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6 X REHE R, 5 SO, T8
&5 ALDW 3L .
Table 5 Optimization of reaction conditions for compound 3 100+ \ ool
temperature time yield
No. solvent -
/C /h /% 2 .

= >
1 H,0 20 24 64.2 3 =
2 EtOH 20 24 65.0 8 3

@ =
3 H,O:EtOH=1:1(v/v) 80 24 60.8 P E
4 H,O:EtOH=1:1(v/v) 60 24 64.8
5 H,O:EtOH=1:1(v/v) 40 24 72.7
6 H,O:EtOH= 1:1(v/v) 20 12 74.5 , ‘ : : : , ,
7 H,0:EtOH=1:1(v/v) 20 24 76.5 50 100 150 200 250 300 350 400

temperature / °C
8 H,O:EtOH=1:1(v/v) 20 48 76.4 ‘ i
3 LAY 3 DSC LA TG ik
Fig.3 TG and DSC curves of compound 3

24 BBEMHAR

SR A - 22 78 9 4 i AR A (TG-DSCO) X b &
Yy 3 BEAT PG E AR ST, A 35 e A A 0 455 DT 4k
i R LA A) i R 4R W B (onset) , 25 S AN 3 fr s . 1E
TG b G TG M & AMER I 29 °h 232.2 °C;
I AN DSC i 2 v a] 1, A6 G 9 3 00 B S ik ok A o i 9
T A W B A — A TR A 206.5 CCIF AT — A T AR
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Table 6 Physiochemical properties and detonation performances of compound 3

compound T,/ C p/g-cm™ N+O / % AH/K-mol™  D/m-s" p/GPa 1S/) FS/N
3 232.2 1.68 70.8 319.9 7196 22 >40 >360
TNT! 294 1.65 60.7 -59.4 6881 21.3 15 353
TATB!?® >350 1.94 70 -139.7 7756 28 >40 >360

Note: T, is decomposition temperature (onset, heating rate: 5 °C-min™'). p is density measured based on a gas pycnometer at 298 K. N+O is nitrogen and oxygen

content (wt%) of the compound. AH is the calculated heat of formation. D is detonation velocity. p is detonation pressure. IS is impact sensitivity. FS is fric-

tion sensitivity.

b4 3 1y fE o B >40 ), BRI >360 N, %
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SME G, 2R UK B U6 B AR B ) G i B 5 A 1 A
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319.9 kJ-mol™, /& TAE G 4E 25 TNT(=59.4 kJ-mol™)
Fgl B & BE AR TATB(=139.7 k)-mol™) ,{H i T §h ik
HEFRRKCRAR , % BE AR T TATB, 76— FR B K T 1k
G 3 Ry R YERE BT DAL S W 3 00 5 R R Y
F INT, i B K T TATB. [A) B, A0 X TNT SR, fb &
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Synthesis and Properties of Insensitive Energetic Compound Based on Methyl-Bridged Triazole-Oxadiazole

LIU Zun-qi', TAN Ming’, YI Wen-bin', YU Qiong'
(1. School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Sichuan Huac/huan Industry
Co., LTD, Chengdu 610106, China)

Abstract: By using 5-amino-3-nitro-1,2,4-triazole (ANTA) as raw material, a new methyl-bridged nitrogen-oxygen heterocyclic
energetic compound 3-((5-amino-3-nitro-1H-1, 2, 4-triazol-1-yl) methyl)-1, 2, 4-oxadiazol-5-amine (3) was synthesized through
a three-step reaction. The reaction conditions, including solvent, reaction temperature, and reaction time, were thoroughly in-
vestigated. Compounds 1-3 were characterized by nuclear magnetic resonance (NMR) , fourier-transform infrared spectroscopy
(FT-IR) and elemental analysis (EA). Single crystal X-ray diffraction analysis was also performed on compound 3. The properties
of compound 3 were studied by vacuum densitometer, thermogravimetric differential scanning meter and impact/friction sensitiv-
ity meter. The theoretical detonation performances of compound 3 were calculated by Gaussian software. Results show that the
total yield of compound 3 is 35.4% based on ANTA. The crystal packing of compound 3 belongs to the monoclinic system,
space group P2,/c, and each cell contains four molecules (Z=4) with a large number of intramolecular and intermolecular hy-

3

drogen bonds. The density of compound 3 is 1.68 g-cm™, the decomposition temperature is 232.2 °C, the friction sensitivity is
above 360 N, and the impact sensitivity is above 40 J. The theoretical detonation velocity and pressure of compound 3 are
7196 m-s' and 22 GPa, respectively, which are better than that of the traditional explosive TNT(D, 6881 m-s™'; P, 21.3 GPa).
Key words: insensitive energetic compounds;methyl-bridged structure; synthesis;crystal structure; detonation performances
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T=232°C
1S>40
FS>360N

The methyl-bridged heterocyclic energetic compound 3-( (5-amino-3-nitro-1H-1, 2, 4-triazol-1-yl) methyD)-1, 2,
4-oxadiazol-5-amine was synthesized through a three-step reaction from 5-amino-3-nitro-1, 2, 4-triazole (ANTA). The structure

of target compound was fully characterized and the reaction conditions were optimized.
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