608 SR AN T E T BT B B X

XEHS:1006-9941(2024)06-0608-07

5-FE-2H-MLM-3,4-ER-3-F5-4- B R ESEEESFENEG RS MR AR
WEHE INRFE,XTFTEAFE, % H, 0%

(FRETAFMFLS NI FR, LK B 210094)

W OE: DL4A-5-3,5- TR -1 H-nb e oy SR 22 e Ak e B /3 Dt S 0 5 ) 5 -2 Bk -2 H-NE -3 40U -3 -5 -4l (3) , Il & 1 3 Fil
BT B ER (4) FHRRER (5)FI 5,5 R4 -3, 31,2, 4-I8 kb (6), BIIARIE R ESE TG 34T
P T TE A XS 2 B R AT S i R AT RAE o 38 A% R IR L £L A1 63 A T IR N B B AL G W) 3~6 MY S AL HEAT RAL s i ot B
JBE AN 22 i AR A o SRR S B A S B S A o Lk RE AR AT 3 [ e B AR T AR ks AR SR R B . S5 R R AL A Y 3 N
TR R4 28D D 0 ) LA 00 35 1) DU AT, AR T ke B 1 e (L ) P R . AR R SR B s T Mk S e B 2
T A5 ] o v i R AR B 8 F SRS 1 A & 9 00 ST A, R 38 5 T AR B W 00 T, (75 i R & 4 1) 8 3 AL R (8499 mes™,
30.2 GPa) ML ¥ L 591 3(8072 m-s™',22.5 GPa) i — & BT D3 4h 5, 5- i 2 k-3, 3B 4-1, 2, 4 e L 2548 = 1 p
PEAL G 3 19 4 TR L HR 135 CC L FF 5 285 °C, 45 SRR W i B FH & 19 & B4 0, T LA 20 ¥ B AR & ek & W i e .
R ML RS T AR G RAE

FESHES: T)55;0626.21 X RERG: A DOI:10.11943/CJEM2023270

1o BE I I A B M R 9T B9 3R A . Shreeve %5 1
0 518 (5.5 Bl e 50 JF B J2 1 4 1 4 U LT 3
B IR AR T — RIS REE ik, Tk
PR IR MR S RO A N RN A ) &R, PR A
Y B 8 258 247 X6 ML S AN B 8 o SR KT 40 ),
JEE 8 8 ) K F 360 N Shreeve 250 4-4(-1-H

BB L 55 6] P % 2 2 4601 5
7, 3 BB K 1 Bl i Y2 P T P 4
BRI A B bR BT A B P O R PR T
EORGEITI T S R TRy S g e gk A MR W T A
R TETRES L FIRFESF LA ST CIWASER g 6 posr e g5 (3, 4-0101, 2,3 = m3-501L 2 ,
W2 R RBGE 4 T R A AR T AL RN T AR B (A
B AR IRAL T AT R T  mem HERURISAORC gy g i 4805 40 ) 88 BEARIE 0 360 N 3K
A = S R S DR N TETR o1 s B N E 4 PRSI N 2L TR TS R AW R N & T
HE B TR P M B EREDRAR S VR BT 5o g aomt a0 Homeme-3-(2H) - 36 5 51 T — R 51
A EYREEM S FRESE, 2ETRME L RN E S e B A 0 Ay B Eh Sk L AT T 1 40 A U B
BJFIZ T HA e R R LA T e i v L BE G o e 5 A T BE Oy 244 °C BT
o TATA B BB VR AR A, O T ISR AL g e e 4 Rk BB 43 5] 28 ) 1 240 N ELA B LE 1 v
SR o S B A 5 2 AR R

W B : 2023-12-25; € E B3 : 2024-01-28

5 A 8« 2024-02-29 A] LA el o A — R A RE RS T AR, A RO ik 4E
HESHE: HEAMRRB¥ 4 (22305121) YRR S AL AW, Doimi ik B 5E ) 35 S BE b &Y

TEER A AR (1997-), Lo, W58 24, 32235 & BE A1 KL PERERY H BY .

5% . e-mail : hljc@njust.edu.cn S e e N
BREERA: XM E(1990-), B, Y, TEMEHLEELLSYD T AT LL 4503, 5- i 21 H-MiE e Dy

gy - . . dnl R > o
T 5 A 5T . e-mail : yujiliu@njust.edu.cn R, i P AP BN A T 53 -2 H-ME -3, 4230
SIRAA WIS & VIR LT AR 5B -2H-ME -3, 40U -3- 15 -4- i Ko L B B 5 3R A0 A S P R R D] & REM KL, 2024,32(6):608-614.

HU Li-jing-cao, SUN Huan-yu, AN Zi-wei,et al. Synthesis and Performance Adjustments of 5-amino-2H-pyrazol-3,4-dione-3-oxime-4-hydrazone and lIts

Energetic Salts[J]. Chinese Journal of Energetic Materials (Hanneng Cailiao),2024,32(6):608-614.

Chinese Journal of Energetic Materials, Vol.32, No.6, 2024 (608—614) A A AL www.energetic-materials.org.cn



5 He-2 H-THE W3 | 4R35 -4 J L B B Tk B0 4 B 15 P B R £ 609
Bl -3-J5-4-1E (3) o &9 3 HA BB, 7 LLA 5,5 -3, 3 A1, 2, 4-ME e U Sk oy
TeAL A HLIR I by il & R i . Hob, m AR BA .
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V5 R Ak 7 el 3 07, AR R T LR m Ak B
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2016 473 (1 & fE AT HLIER , H 46 28 1A e i e
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1.1 KF 50

PR 45T H-n g HEE, 2, K, A,
KEWF(80%) , il FE (68%) , = &R (70%) ¥ 4 43 by
i, W [ g BB AR R B A PR FD 5 4-54-3,

5 il B H-NE e X R il R R e (THA) T

i #% : Bruker Avance T 300 MHz #% # 2L & 1Y |
Bruker SMART APEX T X-§f £k . 5 A7 S 4%, 78 [=
Bruker 23 w] ; DSC-25 AU 22 7 414 5 A, 55 [& TA AL A%
IRARIT 2 A] 5 4 A 8 SR B 3 1 0% 5 {1 AccuPyc T
1345, 2 E micromeritics (X 28 A PR 2> 5] ; Thermo Ni-
colet IS 20 {8 57 1 21 4h Y6 1% 4 , 3¢ [ Thermofisher 2
] ; Vario MICRO cube JLZE 4 #14% , 5 [F Elementar &
Al s BFH 12 BAM fi 5 B 4%, FSKM 10 BAM JE 42 &
BEAY, 5% ] 2 il FE A F .

1.2 &EREE
1.2.1 HHBE

DL 4-%0-3, 5- Ml 31 H-IEms (1) Sk JEURE 5 5 X
FH 2 8§ Tk 6 e 0 AT NI A R ﬁ%?ﬂﬂ:’*%z - Jin
A K A WE R AT B AE R I, A5 B 54 k-2 H-ik
ME-3, 4- XL -3-15-4-F7 (3) . ﬁﬁ%mﬁfﬁéﬁm,ﬁﬁéh
fEA W01 5K A BF R R, JC R & A R e Ak
WA AR . LA 3 Ry S mb A B B TR AR A S
AR RHPR AN 5, 5" - fid & H-3, 3l A -1, 2, 408 —
Mg RS, A5 3R AR T AR 4~6. AR L AN 1
FIFR

4 ;e L‘ OH N H OH
NN NHy-H,0 NN NoH, H,0 NN/ HA or HoA AN/
| N | )0 I N — I N
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1 2 3 4-6
<
Clo; NO3 %
A orAZ= ) ° T % /NOZ
4 5 =N
6
Bl (ka3 KHERER T 4~6 15 ALEK £
Fig.1 Synthetic route of compound 3 and its energetic salts of 4-6
1.2.2 1-855-4-5-3,5-"E-1TH-MM¥ (2) BERK NH,) ; "C NMR (75 MHz, DMSO-d,, 25 °C ) é:
FRHC2.18 g(11.3 mmoD LA 1395) 43 84E 15 mL 132.3, 139.3, 144.3; Anal. caled for C,H,N.O,Cl:
NG, R R & 0% 0.80 g(22.6 mmol) & K . C17.36,H 0.97, N 33.75; found C 17.24, H 1.02,

T EEEFE 30 min, flUEAE B K A EA G W1
BB o B VAR AE 10 mL FFESE R A S 5 A
HA R TR S 1 (THAD 1 — & B T (29 15 mmol) ,

T FE 8 h A U8 WAC4E DB T, Ao E 5 AR R AN R T
I, A 5% i 3 AR R AT (LR TR A ik =1:10) 42
aif S E o E R 1.83 g, WILAEW 2, 7R 78.2%.
"H NMR (300 MHz, DMSO-d,, 25 °C)8:7.90(s, 2H,
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N 33.70.

1.2.3 5-EE-2H-MEME-3,4-XF-3-5-4-B5 (3) I & X
I0.64 g (3.0 mmoD L& 2% T 15 mL I B

LA 0.76 g (12.0 mmol) 80% /K& B, i fin

SEREE AR T EAS TR E 75 °C L H IR RN 3 h

N o6 R R SRV H) SR W A e % 28 R AR 258 4

VAL, A T AT ok AR A, R R RS R
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HE SR TR SR 3.5 g e e E AR ik A 3, R
83.3%. 'H NMR (300 MHz, DMSO-d,, 25 °C ) §:
10.04 (s, TH, NOH) , 9.26 (s, TH, NH) , 9.11 (br,
1H, NH,),8.81(br, TH,NH,),5.15(s, 2H, NH,) ;
“C NMR(75 MHz,DMSO-d,,25 °C)8:126.5,148.5,
150.5;IR(KBr,v/cm™):3442(m),3320(s),3211(s),
1661 (s),1612(s), 1561 (s), 1457 (s), 1366 (m) ,
1299(s),1108(s),998(s),932(vs),837(s),742(s);
Anal. calcd for C,H,N,O:C 25.35,H 4.26,N 59.13;
found C 25.30,H 4.21,N 59.04.

1.2.4 5-SE-2H-MLW-3,4-WFE-3-5-4-FF I S REH

FE(4~6)HIE R

$ 0.30 g(2.0 mmo) b &% 3 % T 10 mL K
WL SRS i BREE IR B 12 1 B A 5% i S R o A TR
KR . N H IR BEFE 30 min, i i i@ 7 28 KA 2 bR
BB AU ok DR R, ] OB R EEE P B A
T4, o 543 5] 0.40 g = F R+ (4, 77 K 86%) I
0.33 gfii iR £k (5,77 % 81%) . % 0.30 g(2.0 mmol)
fb& W) 3 %A% T 10 mLKH, JilA 0.29 g(1.0 mmol)
5,5-hHaHE-3, 3 A-1, 2, 4T ke R R
$£30 min, A EARAT L Aibuf ik 5 A K 3R % 1
S HRTHE, 58 0.42 gk BW 6,75 F 82%.

45 4:"H NMR(300 MHz, DMSO-d,, 25 °C)
8:10.90(s,1H),10.72(s,1H),9.99(br,2H),9.65(s,
1TH) , 8.49 (br, 2H) ; "C NMR (75 MHz, DMSO-d,,
25°C)8:118.5,146.6,152.8;IR(KBr,v/cm™):3405(s),
3267(s),1692(s),1649(s),1561(s),1386(s),1243(s),
1057 (vs) , 941 (s) , 828 (s) , 675(m) , 614 (vs) ,
477 (vs) ; Anal. calcd for C,H,N,O,Cl: C 14.85,
H 2.91, N 34.65; found C 14.89, H 2.79, N 34.57,

49 5:"H NMR(300 MHz, DMSO-d,, 25 °C)
8:12.95(s, 1H),12.07(s, 1H),11.50(s, 1H),9.00
(br, 2H) , 7.35 (br, 2H) ; "C NMR (75 MHz,
DMSO-d,, 25 °C)é8: 118.4, 146.5, 152.6; IR(KBr,
viem™): 3399(m), 3207(s), 3147(s), 2715(m),
2160(s), 1685(s), 1632(vs), 1562(s), 1462(s),
1405(s), 1269 (vs), 1038(s), 943(s), 474(vs),
431(s); Anal. caled for C;H,N,O,:C 17.57,H 3.44,
N 47.80; found C 17.50, H 3.37, N 47.88.

&% 6:"H NMR(300 MHz, DMSO-d,, 25 °C)
5:10.87(s,1H),10.65(s,1H),9.96(br,2H),9.62(s,
1H) , 8.38 (br, 2H) ; "C NMR (75 MHz, DMSO-d,,
25 °C)6: 119.1, 146.9, 152.8, 175.4, 176.0; IR
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(KBr, v/cm™) : 3472(m), 3254(m), 3133(m),
2427(m),1677(vs), 1513(s), 1395(s),1107(m),
972(m), 795(m), 772(s), 572(s), 425(s); Anal.
calcd for C,H,N,,O,: C 21.06, H 2.47, N 54.03;
found C 21.09, H 2.52, N 53.94,
1.3 S5 ek

FREL0.10 gtb AW 351 i 8AE 2 mLI S,
BT VA TR & 50 °C, iR R E R B A L
TR ZBREEARRTR, BRSEEARR N EZEE,
WEH R, 2 dJEA RO E SR . FREL0.10 gfk
EW AV SEAE 2 ML ZIE T, & Tiin b AR =
50 °C, 4 I B Fa e Jm 140 Jin A 25 8 1K &8 [ R S A ¥
it S EE AR HEZR GFEER.SAEHA
LR AR BT . IR SF R 0.13 mmx0.03 mmXx
0.02 mm 1 3 i 5 i K R SF 28 0.20 mmx0.20 mmX
0.20 mm [ 4 [ B0 5 JEAT X-5F 28 20 S A B, ot 2
B ALY MoKa 2R, L o 3148 07 207 — 2 071 Bl ik
£ 0T AT S RO s b AW 3 1Y B BUE AE 170 KR
TR AL S Y 40 AR BE TR 292 KR AR 5 b R 45
T 4 B de /S e A 1B

7E N, ST, 50~400 °CHl B i Fl Y, 15 B T I ok
FH 5 °Comin™, X LAY 3~6 A ERE 4T DSC I
KT

#:F Born-Haber fig & 1 ¥ , #] F§ Gaussian 09 #
FEU R TR AW 3~6 AR RS o ] B AN,
L HEAE (SR, 25 °C) M Ho% & . fliFH EXPLOS
(V6.05.02) " 7B A H 5 T H 5k fg .

iz B BAM I 32ty 20 A R K A% 1 s 2
(30+1) mg, ¥ HET i 2 kg, FREEHEE 10~35 °C, M %t
A KT 80% , M AL G ¥ 3~6 1Y {5 J J3 1 2 45
R

2 #FR5ITiE

2.1 BEEHSH

3 1 4 1) 75 (8] 45 46 0 b 6L R FRUIET 40 1] 2 B A
SERARTEN R T, E 2 ME A, Rk A 3R
TIEZE A &R, Pna2, 25 B BE , A X RIS & — A4
FLEEZH8 o a=1.317(3) nm, b=0.3630(15) nm,
c=1.220(4) nm,a=B=y=90°,1E 170(2) K F 1 fik %
FER1.619 g-cm™, Hr 5 ARz R C(1)—N(3)Fl
C(2)—N(4) #8509 1.306(3) A F11.305
(8) A, it /N T H HLAY C—N Bgk (1.34~1.38 A)
At
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packing diagram of compound 3
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c. crystal structure and hydrogen bonding of compound 4

2 ALY 3 M AT SRR SR L AR AR
Fig.2 Crystal structure, hydrogen bonding and packing diagrams of compounds 3 and 4

R ALG Y 3R 40 R RO RIS 1 S 5

packing diagram of compound 4

Table 1 Crystallographic data and structure refinement details for compounds 3 and 4
parameter 3 4

empirical formula C,H,N,O C,H,N,O,ClI
CCDC 2329280 2329281
formula weight 142.12 242.60
temperature / K 170(2) 292(2)
wavelength / nm 0.071073 0.154178
crystal system orthorhombic triclinic
space group Pna2, P1

a/nm 1.317(3) 0.68434(5)
b/ nm 0.3630(15) 0.73812(5)
c/nm 1.220(4) 0.93315(7)
a/(°) 90 86.444(4)
B/ (°) 90 73.398(4)
y /() 90 75.225(4)
volume / nm’ 0.583(3) 0.43674(6)
V4 4 2
D./g-cm™ 1.619 1.845
goodness-of-fit on F* 0.961 1.080

final R indices [1>20 (1) ]
R indices (all data)

R,=0.0612, wR,=0.1531
R,=0.0698, wR,=0.1631

R,=0.0768, wR,=0.2008
R,=0.0792, wR,=0.2042
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57 B fl (1,33 A)'200, B AT #5000 19 DU AR AR, — 2
ARERE B U5 1 e B SR RO L S NC) R
BV A8 15 T 5, 25 5 B B AR PR R, T A
e TANE L. MWK 2a0] DLk B, 3 B9 kb 33
A3 55 TR RSB AE T, B 43 AR AR 1Y R RR R O R 2
B8] i N(5)—H(5B)---N(3), 4K 5 0.2825(11) nm,
DL AHAR 20 T 2Z 8 O (1) —H (1) --N(1) , 8 K H
0.2942(8) nm. K & & 8 0 47 76 i 14 3 5 90 O
TR HERL, Bt me 28 28 F Y T A R AR Ak T
] —F 1 (&1 2b) i 75 3 25 1 A2 e HL % B A1

HABRE AR T =R AR P A A B, X R
TR EH 0T, S8 a=0.68434(5) nm,
b=0.73812(5) nm, c=0.93315(7) nm,a=86.444(4)°,
B=73.398(4)°,y=75.225(4)°,7F 292(2) K T Y i 1k
WO 1.845 geem ™. 4 YRS FR AT P AL F — 4 3
FY B B8 R — e SR AR 2 -, B BA g () 3 o
BB 2¢) o B 3 O A B WP 43 N R3] SR
L4 B AL N —H(TA) O (4) (K H
0.2878(5) nm) N (6) —H (6B) ---O (3) (# £ K
0.2948(5) nm) ¥ F B BH 25 o] i 2 8 VE H o BT FH =
I IE] ) S T — P I T Ay AR AR T
SrFRIARETE . 40 A RS F HERR I 2d AT LLE
Hh e SRR AR ST A PH B HE R Y JZOIR S5 R S5 ] ke
) -7 v A7 19 VE H o
2.2 HEEES

& ¥) 3~6 1 DSC I £ an 18 3 s . W& 3 7]
ML TE130~170 CIEH N, h AL & W 34 P A i A
I B0 3 il TR e L) AR AR 0 R EE D 135 °C
TRt eMEAEZN ML REF WAL, — K
XN 25 AN R E AR A SR Y A o P IR B N—N Y
ANFREPE DU 5 — B B I 0 43 i, 5 B B ik

Texo /
28§ C / icomgound 6
o - e i
SIS S S P ——
> /)
= 105°C / \ PN _compound 5
S
2 B Ei‘g_,_jl ~ compound4
|
135 C | ~ compound 3
0 50 100 150 200 250 300 350 400 450

temperature / °C
3 1A 3~61 DSC Lk
Fig.3 DSC curves of compounds 3-6
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M IR T2 AR R 4 R — A g R R 4
fiff B Ry 153 °C, M e R A s> T AR —
Wy B I 43 ik, AT RE R R A R AR 5 R 1 N—H 2 [H]
o LA B T BRI R M R e LR — B B
Oy o RS IR R 5 0 W) I R A g R B D 105 °C L AE
205 °CAH Ao i W, B R I 85, 16 T H: 43 i
AN ENE , 5,5 A -3, 3 A1, 2, 408
W B TR 6 HA B ) R B O i IR R (T,=
285 °C) ,fHAE 70 CH I A — A W # U, 15 T 5 43
iR BN 6 AT A K, IR IR AL G W AR AR 5] 1 1%
o
23 BEREMERBEEDN

N TR A Y 3 XS REEL 4~6 114
%5 1k B N EK 5 1o Gaussian #EFES A T LA
Y 3~6 (1 4= BUKS K 5 45 & B RE ARy S I 9
ik EXPLOS B4 B e F 58 1 b % M 8 4 2 8L,
[F) B 3 3 BAM R BE (SO 3 LB L TR L 2. R
20050, R AR 4 BRI A R R (D, =
8499 m-s', p=30.2 GPa), 5 G mae 24 KA
(RDX)(D,=8801 m-s™',p=33.6 GPa) #{4. 14},
b5 W) 3~6 (1 S 3 & TR G 4E 25 2,4, 6-= 1§ &
2K (TNT) (D,=6824 m-s™") . itk &%) 3~6 1 J&
BB 0, 1k & W 3 7E 40 J/360 N £ R AR &
Az E U BT OE ML AR AN BORR ; E RE Eh 4~6
Fe I T AR Y DI B BB A o R AE 25~30 )
2 I], BE 5 R E A T 300~360 N 22 Ja] , H b v G iR
b 4 0 SRR R X e AR, T MY R R 5 Y R B AH X
=
x2 LB 3~6 . TNTHI RDX By ¥ AL 1 BRI 55 S50

Table 2 Physicochemical properties and detonation parame-
ters of compounds 3—6, TNT and RDX

AH, D, p T, IS FS
compounds 15 /kemol mes” /GPa /°C /) /N
3 1.63 276.0 8072  22.5 135 >40 >360
4 1.83 155.0 8499  30.2 153 30 360
5 1.62 139.5 8039  23.8 105 25 300
6 1.71 152.6 7480  20.0 285 28 300
TNT! 22 1.65 -59.3 6824  19.4 300 15 353
RDX 22! 1.80 70.3 8801  33.6 204 7.4 120

Note: p is the density measured by a gas pycnometer at 25 °C. AH, is the cal-
culated molar enthalpy of formation in solid state. D is the calculated
detonation velocity from EXPLO5_V6.05.02. p is the calculated deto-
nation pressure from EXPLO5_V6.05.02. T, is decomposition tempera-

ture (onset). IS is impact sensitivity. FS is friction sensitivity.
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Synthesis and Performance Adjustments of 5-amino-2H-pyrazol-3,4-dione-3-oxime-4-hydrazone and Its
Energetic Salts

HU Li-jing-cao, SUN Huan-yu, AN Zi-wei, ZHAO Zi-chang, HUANG Wei, LIU Yu-ji
(School of Chemistry and Chemical Engineering s Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: 5-amino-2H-pyrazol-3,4-dione-3-oxime-4-hydrazone (3) and its perchlorate (4), nitrate (5) and 5,5'-dinitramino-3,
3'-azo-1,2,4-oxadiazolate salts (6) were prepared from 4-chloro-3, 5-dinitro-1H-pyrazole via amination and substitution/reduc-
tion reactions. The single crystals of 3 and 4 were obtained by solvent evaporation method and the crystals were characterized by
single crystal X-ray diffraction. The structures of energetic compounds 3—-6 were characterized by nuclear magnetic resonance
spectroscopy and infrared spectroscopy. Moreover, the capacities of those compounds were confirmed by gas pycnometer, dif-
ferential scanning calorimetry, impact and friction sensitivity testers. Their enthalpies of formation and detonation parameters
were estimated using theoretical calculation methods. The results show that 3 has a planar molecular configuration. The ketone
oxime and ketone hydrazone have unique double bond characteristics, reducing the conjugation of the pyrazole ring and mak-
ing it easier to form salts. After salt formation, different anions have various effects on the performance of the neutral compound.
Among those examined anions, the perchlorate anion not only improves the oxygen balance, but also increases the density, re-
sulting in the detonation velocity and pressure of 4 (8499 m-s™' and 30.2 GPa) higher than 3 (8072 m-s™' and 22.5 GPa). In ad-
dition, 5, 5’-dinitramino-3, 3'-azo-1, 2, 4-oxadiazole significantly increases the decomposition temperature of 3, rising from
135 °C to 285 °C. These results indicate that a rational combination of anions and cations can effectively regulate the performanc-
es of target energetic compound.
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