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3-alMkWE-8(7H) - e ) il R £k (3) o A FH %t M 41 D
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Bruker 2w s BAM J 82 J8% Ji /%, FSKM 10, # 52 OZM
Al s BAMfE 5 B AU BFH 12,5858 OZM /A Al B
WAL, AP A F) s JC R A I AL, 18 E THERMO FISHER
SCIENTIFIC 2 vl 5 FL i 5 46 21 A0 Ol 35 43, B8 3R 6t
IRBHE A
1.2 ERBE%

PL5,6-HF3-[1,2,5] 0 w3 [3,4-b]mp
(1) 2 Bk, 76 H s v 5 Rk S5UR Bg J g e A5 [ 4 7=
Y i 2 AN TR 0 F6 R h , A59 3 v SR 5k 2 e R 5k 3,
A LR A Scheme 1 R -
1.3 XIEiEE
1.3.1 5,5 -(Bf-1,2-Z T ETWZ) W (5,7-2H-[1,2,5]

Tk FH(3,4-e][1,2,4] =W F[4,3-allt
B:-8(4H)-TRz ) mSEEE (2) & B

FIT LAY 1(0.91 g,5 mmol)% T 150 mL
oK b Se i ImABRAEE(2.10 g,20 mmol),
FIRN 24 h, iE € U8 R IS A ) 0 B [ A
T 10 mL HCIO,(20%) 1, 218 Al 2 50 °C, B U .
TSR 24 h BT IR (K (0.48 g, 7" %6 42.4%) .
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Scheme 1 Synthetic route of compounds 2 and 3

'"H NMR (500 MHz, DMSO-d,, 25 °C )§:5.49
(s, TH, NH,”) ; "C NMR (125 MHz, DMSO-d,,
25 °C)68:137.5, 139.6, 141.2, 147.6, 149.0; IR
(KBr, v/cm™) : 3178, 2678, 1610, 1582, 1402,
1313, 1187, 1010, 993, 859, 761,
for C,,H,CI,N,,O,,: C 20.6, H 1.38, N 38.43;
Found C 20.83, H 1.44, N 39.67.
1.3.2 5,5/-(Z®%E-1,2- "I &) W([1,2,5 B

[3,4-e][1,2,4] =¥ 3 [4,3-a]ltiE-8(7H)-IE
B2 ) FEER 2R (3) W& B

FWT K5, 6-Z (1,2, 5] M IR [3,
4-b]NL % (0.91 g, 5 mmo) ¥ T 150 mL Jo/K H B,
SERVERE , INAIRALE(2.10 g,20 mmol) , % 5
24 h, U8 MR AR R A B B B A R T 10 mLAR
R (20%) 2218 FHil 2 50 °C, e #ad ik . IR
24 h, BT IR AR (0.45 g, 77 F 44.4%) o

'"H NMR (500 MHz, DMSO-d,, 25 °C)8: 5.29
(s, TH); "C NMR (125 MHz, DMSO-d,, 25°C)$:
138.0,139.7,141.1,147.1,148.8; IR(KBr, v/cm™) :
3153, 2768, 1713, 1682, 1553, 1486, 1301,
1192,1001,989, 860,791, 710, 671, Anal. calcd
for C,,HeN,;O,: C 23.72, H 1.19, N 49.80; Found
C 23.69, H 1.20, N 48.67.
1.4 HBREEHNHK

FEALA W 1 5 IR TR T A5 1 B € A4 43 S
T 20% B = SR K TR TR 20% HIRS PR K IR T b, 28 12

Anal. calcd

Sttt
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Fig.1 Possible synthetic mechanism of compounds 2 and 3
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B ARS8 T e S IEE, RE B AR S AH 44
Koy F R EAE 301 KR MR A9 & 7R % BE A 4R 5 ik
1.757 g-cm™,

G 2-4H,0 BB HE A B kb 5o 6 kLD
FS2HME S PR, AR MES4TxR. LEW
2-4H,0 ) C—N K LA A F i /0L (1.27 A)

F1 LAY 2-4H,0 13- 2H,0 1y F A K i

FR B4 (1.47 A) Z Ja] , C—C B A7 1F ZS LR A
(22S2) , 3 1t B A 56 43 — W8 1 AL 8 24 | 1k Y 35 22
B JE BT R B8 B A B 25 Ay 7 o R RO B 4 )
TR IR 2548, W A Oy 1 50 Ml 43 BRI 3 0 & S8 08
iz FEARKEMWREMN., RS2 H,
N(7)—C(2)8# K H1.295 A, lLN(5)—C(2)(1.307A)

Table 1 Crystallographic data for compounds 2-4H,0 and 3-2H,0

parameters 2:4H,0 3-2H,0
identification code 2291085 2291084
empirical formula C,,H,.CLN,.O,, CoH 0N O,
formula weight 655.29 542.36
temperature / K 301.00 301.00
crystal system monoclinic monoclinic
space group Pn P2,/n

a/A 7.749(4) 6.878(5)

b /A 13.000(6) 10.296(9)
c/A 12.390(5) 14.774(12)
a/(°) 90 90

B/ () 97.17(2) 94.24(2)

y /() 90 90

volume / A’ 1238.5(10) 1043.4(15)
V4 2 4

Pec/ grem™ 1.757 1.726

m/ mm™! 0.363 0.153
F(000) 668.0 552.0

index ranges
goodness-of-fit on F*
final R indexes [1>=20 (1) ]

final R indexes [all data]

-9<h<9,-16<k<16, -15<1<15
1.039

R,=0.0508, wR,= 0.1355
R,=0.0662, wR,= 0.1522

-8<h<8,-12<k<12,-18<1<18
1.033

R,=0.0422, wR,=0.1117
R,=0.0625, wR,= 0.1269

0(10)

a. planar structure

2 B 2-4H,0 1Y TS5 K GG BRASE 3502 S 50% ) A 14 FRUIA
Fig.2 Planar structure (with thermal ellipsoids set at 50% probability) and crystal packing diagram of compound 2-4H,0
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b. crystal packing diagram
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a. planar structure

b. crystal packing diagram

3 ALG W 3-2H,0 (- 17 254 (B BRI 3B 5E S 50% ) il i (4 B R
Fig.3 Planar structure (with thermal ellipsoids set at 50% probability) and crystal packing diagram of compound 3-2H,0
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I &Y 2-4H,0 B JEW i n L B Y
3-2H,0 W JE7R T ALY 4 2 (] 3b) , o431 1 #
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-0.2°, M4, i & 2b 1 3b AT, ALA ) 2-4H,0 A
3-2H,0 (2 A BE 43 5k 3.249 AF13.108 A, High#y
rh 2 2 MERUE B nd X T HE A AR TR TS R
FE M BRAR R

H T ER AT S P 2-4H,0 Fil3-2H,0 (1
Bl JE B, Rl H CrystalExplorer 8RS8 T 8 11

Hirshfeld & ifij & A1 — 448 20 B, WA 4 Fr s o Hirsh-

feld Fi& £ J&1 & — Pl L B8 B0 38 73 18] AR ELA B9 T
B, oy 7 WA E AR i E B ARA S m-m SRR
AR AR A, FE €50 0 B H I 7R 23 1 HE R A
BB [ - T 3 AR, 21 40 [ A5 0 WA B 1 5 1)
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PSR AR BAE R O, R TR A AE R . B Kl 4a
Fada] W, 4b& 8 2-4H,0 F1 3 2H,0 (1) & #2550 A
AR EEAL TR = 4y I B AR A T
FIH R B B8 7 BRI . 1 DAL 4b il 4e HpmT LIOUL SR 21 78
AW 2-4H,0 1 3-2H,0 i) —4E 48 G B ik b, 2 F
J7 R — X 2 R IE (O H A H---O M TAEH ),
oy e Z 4351 R 54.9% (Kl 4¢) Fil 47.3% (& 4f) ,iX
Uk B 8 0 5 4 rh A R 1 SRR, T DU AR b Ah
TR AR, A S W 2 T3 B AR A B A R
(¥hKF 40 ) F1360 N) YA .
2.3 HOREESW

K FH DSC XF 4k 4 4 2 1 3 (1 B0 ik I8 B R AT %
F2, ) FH 35 2 Rk B e 453 500 4 A i FE AR i R O TR
£ (onset) , Z5 S Q& 5 iR o L& 9 2 00 4 34 03 1
T FE N 154 °C, W (B IR ) 161 °C o Ji#A I e U 22
B IR EEBS EE/N(154~161 °C) , Bh WAL A 4 2 09 43 fift 1
JEE B i A R LR T, xR Ak A 2 7 B R
G395 o TER BUBCRAT G W) 26 G218 4 R FT e
B THNKASE LG 3 BB IR i iR R
130 °C, W H I 155 C. MEBETIEW 2, LEW
3 14 i A I U TR A T e B R K T 1 T Y B
& BH B 10 53 i 2 12 3T o
2.4 BUMERESH

itk — A A W 2 RN 3 I 5 S EOR B AL M
J, R H AR E BAM J5 2% I A5 4k & 4 2 0 3 1 HIL AR Uk
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Mr )5 L 76 M06-2X/DEF2-TZVP'" /K 3 T 315 8 5 B,
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2D fingerprint plot of 3-2H,0 f.

interatomic interaction percentage dis-
tribution of 3:2H,0

4 L& 2-4H,0 f13-2H,0 B Hirshfeld F 1A, — 4 45 £ &R 7 [0 A1 T AE FH E 345 A

Fig.4 Hirshfeld surfaces, 2D fingerprint plots and interatomic interaction percentage distributions of compounds 2-4H,O and 3-2H,0
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. 130 °C 161 °C
>
= [ exo
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®
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154 °C

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

BE5 LA 2m3iDSCHiLk
Fig.5 DSC curves of compounds 2 and 3

2k 2 F0 3 B 2R UG . BT ARG W A UK R
SN %, R 45 B 5 F2 (Scheme 2) A1 EXPLOS
(V6.0 ERME AL A& 1 2 71 3 R MR PR AR 25 21
WML 2 fiR .,

P B -k Y R RS R T 40 ), fE o iR Y
360 N, 5 34 0f B8 5 R o ARk, SR T B T AR
BEABSNEEME, BABAENNHNE. kGY2
131 S AR 3B 42 5 2 K 3 R B0 B AR AR
FERAR /%N 1.757 g-cm @ M1 1.726 g-cm ™, SR,
165 W 2 F0 3 9By A S I %% 15 43 il iR 3 1 1.84 geem”
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Scheme 2 Isodesmic reactions for computing the heat of for-
mation

M1.80 geem ™, X EH WEH KIS FBIRE, ZHW
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PR R R ER Y 1, 2, 5-IE e s RE AR 0 S L T B

o

Fz2 (LAY 2 M3 MRS HOM PR M R
Table 2

mances of 2 and 3

Physiochemical properties and detonation perfor-

T, »p AH° D p IS FS

compound i . .
/°C /g-cm™ /[kJ-mol™ /m-s"" /GPa /) /N

2 154 1.84 1084.4 7722 263 >40 360
3 130 1.80 11452 8008 28.4 >40 360
TNTEY 295 1.65 -59.3 7303 213 15.0 353

Note: T, is decomposition temperature (onset, heating rate: 5 °C-min™"). p
is density measured based on a gas pycnometer at 298 K. A H° is the
calculated heat of formation. D is detonation velocity. p is detonation

pressure. IS is impact sensitivity. FS is friction sensitivity.

26.3 GPa fl1 8008 m-s™',28.4 GPa, ¥ i T Gtk 2
TNT(=59.3 kJ-mol™,7303 m-s",21.3 GPa)®'",

3 & it

WEFELA 5, 6-F3E-[ 1,2, 508 M I3[ 3,4-b]
W Ry JEURLA BT R RE S Tk R A% RE S AT
HMGTE A BETURE T R S BT AR AT S X D 45 A i
TRAE, R AR T AR S ECR A T, 1 B S5 R
mF .

(DG 2 MR R, Pn2s R BE, SR % % R
1.757 g-cm’3-{té%3§a$fﬁﬂr%§,Pz /nZ3 (A HF, i
B R 1.726 g-em™, Hirp 2 A HEH 4 9 F |
Pk, 1%%%?:%%%[1[%@%%%%ﬂﬁ%zrﬂﬁﬁﬁiTjt
B B g, ﬁiﬁﬁﬁﬁﬂ%ﬁ%@]%&ﬁiE’M%Eéééi
P, HL 35 R 3 50 A BB IR A 45 A o (L R A
U )RR 1

()M TAL AW 2 M3 & AL EE, B 5l 5,

T[22, 5 BE IR 3, 4-b ] kR (1) TERR T 45
T HBURF 5 5 — KT o F 34T 30
B, AR5 5 TR AR A A B0 k3 /18 BCHE A b ) A4 B
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Synthesis and Properties of Two 1,2,5-Oxadiazole based Energetic Salts with Nitrogen-Rich Fused Ring
Skeleton

LI Tao, YI Wen-bin, YU Qiong
(School of Chemistry and Chemical Engineering ; Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Two nitrogen-rich energetic salts, 5,5'-(hydrazine-1, 2-diyl) bis(5, 7-dihydro-[ 1,2, 5]oxadiazolo[ 3, 4-e][ 1,2, 4 tri-
azolo[ 4,3-alpyrimidine-8(4H)-one) perchlorate (2) and 5,5'-(diazene-1,2-diyl)bis([1,2,5 Joxadiazolo[ 3,4-e][ 1,2, 4 Jtriazo-
lo[4,3-a]pyrimidine-8(7H)-one) nitrate (3) were accomplished from the raw material of 5, 6-diamino-[ 1,2, 5 Joxadiazolo[ 3,
4-b]pyrazine (1). Structure characterization of energetic ionic salts 2 and 3 were achieved through various techniques, includ-
ing Nuclear Magnetic Resonance Spectroscopy (NMR) , Fourier Transform infrared spectroscopy (FTIR) , elemental analysis
(EA) and X-ray single crystal diffraction (XRD). Their thermal decomposition behaviors were investigated using differential scan-
ning calorimetry (DSC) method, while their friction and impact sensitivities were identified according to BAM standard test meth-
ods. Moreover, their detonation performances were predicted based on the combination of Isodesmic Reactions and EXPLO5 soft-
ware. The results prove that compounds 2 and 3 crystallize in the monoclinic system, belonging to space groups Pn and P2,/n, re-
spectively. The cationic parts of their crystal structures show good planarity and intensive hydrogen bonds in the crystal packing
are observed. The thermal decomposition temperatures of compounds 2 and 3 are 154 °C and 130 °C, respectively. Their theoreti-
cal detonation velocities are 7722 m-s™ and 8008 m-s™', while their theoretical detonation pressures are 26.3 GPa and 28.4 GPa,
respectively. Their friction sensitivities are both 360 N, and impact sensitivities are greater than 40 J. Compounds 2 and 3 outper-
form traditional explosives TNT in terms of detonation performance, friction sensitivity, and impact sensitivity.
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