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Scheme 1 Synthetic route of MNPO and its salts

2.2.1 5-FAE-TH-MEW-3-(2H)-FR(1)MERK

KA AT 11 2.02 g(17.0 mmol) £k & 2
ZBEHE N 1.88g(30.0 mmol) 7K G S, 5 1
10 min, Z 5 FFIRZE 50 CJe i 0.5 h, ¥H, L 3E, H
3 mLHEEEG, THSSH 5] 1.56 g A ER, IR R
93% , DSC (235 °C,50 ~350 °C,10 °C - min™');
"H NMR (600 MHz, DMSO-d,, 25 °C) §: 2.13 (s,
3H, CH,),5.24 (s, TH, CH),9.51 (brs, 2H,
NH); "C NMR (151 MHz, DMSO-d,, 25 °C) §:
11.67, 89.30, 139.81, 161.48; IR(KBr,p/cm™)
3434,3134,3019,2790,1621,1400,1198,976; L&
ST CoHoN, O (%) SEPAE (5 ) C 48. 91
(48.97),H6.18 (6.16) ,N 28.58 (28.56),
2.2.2 MNPO(2)HI&H

K2 0.98 g(10.0 mmol) k& 1 #f#TF 10 mL
Wi hi e 75 0 ~5 CH&MFT, mH A 4 mL
K, Z G RN 4 mL ik HNO, . fiklse s 5, AR =
20 CCRN 16 h'7', bk, oK VRS, TR E 155 1.05 g
P16 [ A % R 73%, DSC (235 °C,50 ~350 °C,
10 °C - min™"); "H NMR (600 MHz, DMSO-d, , 25 °C)
8:2.44 (s, 3H, CH;), 11.7 (brs, 2H, NH);
"C NMR (151 MHz, DMSO-d,, 25 °C) &: 13.16,
118.31,141.95,155.94; IR (KBr,p/cm™'); 3423,
3132,3023,2855,2784,1640,1400,1268,1187; ot
o C,H N, Oy (% ) SEME (115 {8) C 33.52
(33.57),H 3.54 (3.52),N 29.37 (29.36),
2.2.3 MNPO st —/k & (3) &M

#10.36 g(2.5 mmol) fb- &9 2 AF] 7 mL sk,
PEAET A 0. 25 g (2.5 mmol) ik iR L #, S vi
0.5 hjF MBIk 1,45 2] 0. 45 g w5 €[5 4K, I h
90% , DSC (272 °C,50 ~400 °C, 10 °C - min™");
"H NMR (600 MHz, DMSO-d,, 25 °C) §: 2.20 (s,
3H, CH,),3.45 (s, 2H, H,0), 10.30 (brs, 1H,

CHINESE JOURNAL OF ENERGETIC MATERIALS

NH); "C NMR (151 MHz, DMSO-d,, 25°C) &:
17.18,116.15,143. 25,161. 80; IR (Br,»/cm™)
3420,3125,3020,2833,2780,1633,1400; JCZE 41
KC,H,N,O, « H,O(% ) : SZil{& (F+8(H)C 24.17
(24.12) ,H3.06 (3.04) ,N21.07 (21.09),
2.2.4 MNPO MRk (4) &

B 0.72 g(5.0 mmol) {541 2 A% 10 mL 7K
HLBERE R A 0.34 g(5.0 mmol) &K, 2
0.5 h BiEFI T, 155 0. 71 g 3w 0 A&, g h
88% ., DSC (244 °C,50 ~350 °C,10°C + min™');
"H NMR (600 MHz, DMSO-d,, 25 °C) &: 2.21 (s,
3H, CH,),4.33 (s, 4H, NH,,),10.40 (brs, 1H,
NH); "C NMR (151 MHz, DMSO-d,, 25 °C) §:
17.09,116.02,143.22,161.67; IR (KBr,p/cm™):
3386, 3132, 3013, 2773, 2720, 1640, 1514, 1400,
1163,1088, 984, 794; JTLZE4H C,H,N, O, (%) :
SEE (HFEE) C 29.99 (30.00) ,H 5.01 (5.04),
N 35.03 (34.99),

2.2.5 MNPO W (5) &K

B 0.72 g(5.0 mmol)2 M AF| 10 mL 7k 5, B3
A mA 0.33 g(5.0 mmol)50% J& R K W, g
0.5 h BT, 455 0. 71 g B K, %l 80%
DSC (181 °C,50 ~350 °C,10 °C - min™'); 'H NMR
(600 MHz, DMSO-d, , 25°C) §: 2.21 (s, 3H, CH,),
10.43 (brs, 4H, NH,OH"); "C NMR ( 151 MHz,
DMSO-d, , 25 °C) §: 16.80,116.23,143.38,161.44; IR
(KBr,»y/cm™); 3354, 3125, 3017, 2827,1920,1660,1535,
1400,1284,1163,1085,990; TTE /M1 C,H,N, O, (%) : 5¢
WA (F2E) C 27.31 (27.28),H 4.61 (4.58),
N 31.88 (31.81),

2.2.6 MNPO FyBZh(6) &K

H0.36 g(2.5 mmol)2 M AE| 7 mL K, BiFkE T
LA 0.15 g(2.5 mmol) K FIEEEL, W1 h K
FIRT, 45 5] 0. 68 g & i (0 [& 4, Y % 77% , DSC
(223 °C,50 ~ 350 °C, 10 °C - min"'); 'H NMR
(600 MHz, DMSO-d, , 25 °C) §: 2.20 (s, 3H, CH,),
7.17 (brs, 5H, N, H!), 10. 38 (brs, TH, NH);
"C NMR (151 MHz, DMSO-d,, 25 °C) §: 16. 84,
116.24,143.27,161.38; IR(KBr,p»/cm™ ) 34293128,
3027,2854,1650,1400,1169 ; TTZ43Hr C,H,N,O,(% ) :
SCNAE (FFEE) C 27.49 (27.43),H 5.21 (5.18),
N 39.94 (39.99),
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3 H#R5IR

3.1 HREN

¥ MNPO % T DMF h SR &, AR R
I, BT Tt URLR A . SR B XS S AT S 7k
B i b A AT SR S5 A I R B L 3R 1, 3k
Wl bR 8 T IE 28 i &R, Pbca ZS IR, LS50l a=
0.71495(18) nm, b=1.1639(3) nm, ¢=0.13834(3) nm,
AR AL /A MNPO 731

£ 1 MNPO [y k¥ S8
Table 1 Crystallographic data for MNPO

B 5 LR i B D R R A B T A T R
— P b W B B AR 2, DR R R

d(C(3)—C(2))=1.3950A,d(C(3)—C(4))=1.4215A,
d(O(3)—C(4))=1.2661A, 7] %4k 54 MNPO
B g R C(3) (C(2) . C(4).0(3) ¥ sp I
b, Z (B AETE— 5 ML F LB R0 o HR T A 25 40 3F
AN —ATF AR DA A A5 I 5 A v i 5 e 2 ] Y
AHEAE 35S MERUR S B 0 % B — e &,

formula C,HN,; 0,
formula mass 143.11
CCDC number 1525824

crystal system

space group

orthorhombic
Pbca

a/nm 0.71495(18)
b/nm 1.1639(3)
c/nm 1.3834(3)
al/(°) 90

B/(°) 90

v/ (%) 90

V/nm? 1.1512(5)
V4 8
D./g+cm™ 1.651

T /K 170

M /mm™ 0.142
F(000) 592.0
data/restraints/parameters 1312/0/100
R, [I>20(1)] 0.0425
WR, [ I>20(1)] 0.0872

R, (all data) 0.0951

wR, (all data) 0.1134

largest diff. peak and hole/e - A~ 0.249/-0.229

MNPO 1 & A 28548 [ R HERR L 23 il a1 1 R 2 e
TN FH i KRR E A R N—H JE SRR, A
HZ (AP MU SR T o B S L A A HE ARy 2 RT LA
RI I afidrin 2 ABCD ZR$ER,AE B R CH D
J2 Z B AE S BAR AR R, O 30 2ok 058 1 P 8 TG PR 4
ARG, BY5 C K A5 D)2 Z MM AE S 5
MEAER, ZmMAIN(2)—N(3)—C(2)—C(3)] =
—0.0531°, "M [ C(4)—C(3)—C(2)—N(3)] =
~0.5728°, "M N(3)—N(2)—C(4)—0(3)] =
178.7897°, W[ N(1)—C(3)—C(4)—N(2)] =
-0.5914°, WM [N(1)—C(3)—C(2)—C(1)] =
—178.5716°, iy It AT %1 43 F 45 ¥4 o F o0 30 4R B 22
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B 1 MNPO i A 45 g
Fig.1 Crystal structure of MNPO
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Fig.2 Unit cell packing diagram of compound MNPO along

the a aixs

&2 MNPO (¥ 5 HEK e
Table 2 Selected bond length data of MNPO

bond length/A
C(3)—C(2) 1.3950
C(3)—C(4) 1.4215
N(2)—C(4) 1.3611
N(1)—C(3) 1.4044
O(1)—=N(1) 1.2317
N(3)—C(2) 1.3232
N(3)—N(2) 1.3682
0(3)—C(4) 1.2661
At At A www. energetic-materials. org. cn
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3.2 BUAMEBRMERE

7£ 50 ~400 °C,10 °C - min"' W EZ T, H
TG/DSC st b &4 2 ~6 My Ao fi il B, b fb &
Y4 BRI B B O 244 °C, T Born-Haber
RER G FRALIR ' FIH Gaussian 03 #3588 T
i AL &0 2 ~6 (A BUkS o 38T AR ks Fn s i,
FIH Explo5 v6.02 iHE BT EERE L5 6
(4R K F) 8339 m - s7 HRJEIAE] 23.82 GPa, i T

TNT (5 3E 7459 m - ™'} 23.5 GPa) , #% 8 BAM
M7 ¥k 258 (30£1) mg, R R 2 kg, FRE TR E
10 ~35 °C, AHXF I BE AN KT 80% , 43 il 2 15 B 4k &
Y12 ~6 1 o S R R EE B R, b gk 4 R
S B A JR BE K - 8 o R Dy 28 ), PR E
240 N, ftF TNT, 7 )L MNPO & BE b & W2 — 2%
A LTV T AN BURKEZ o A A R WK 3,

R3 ET MNPO — KI5 HE R 11L& 9 09 4 BRAL - TR 5% 2 0

Table 3 Physiochemical properties and detonation parameters for a series of of energetic ion compounds based on MNPO

compound MNPO 3 4 5 6 TNT?
formula CyHsN; O, CyHgN; O4K CyHgN, O, CyHgN, Oy CiHyN; O, C,HsN; O
Ty /°C 235 272(100 C)¥ 244 181 223 290

p?) /g - cm™ 1.65 1.74 1.62' 1.64 1.63'” 1.648
AHP /k) - g™ -0.78 -2.48 -0.92 -0.53 0.05 -0.244
DY /m - 57 7282 7083 7776 7929 8339 7459

p®) /GPa 18.77 15.94 20.26 22.77 23.82 23.5

1S%) /) 12 15 28 26 23 15

FS7) /N 180 200 240 240 240 353

Note: 1) Onset temperature of DSC curve under nitrogen at a heating rate of 10 °C - min~'; 2) Single crystal density; 3) Calculated value of molar enthalpy of for-

mation; 4) Calculated detonation velocity by Explo5 v6.02 software; 5) Calculated detonation pressure by Explo5 v6.02 software; 6) Impact sensitivity; 7)

Friction sensitivity; 8) Losing crystal water at 100 °C, decomposing at 272°C; 9) Ref. [13]; 10) measured density.

4 % B

il % AL &4 MNPO Bk g 7282 m - s7' 3
FE A 18.77 GPa X T TNT JEEER & T TNT, &
WER N Z 5 R RE i R R R E W, AW
4.5 .6 1EH (7776 ~8339 m « ™) B I 5 T TNT 4583
(7459 m -« s7') fif o SR 15 Bk, Lt TNT A,
AU S BRSO R B K 24 10 P B L BT
R EH A G R G R — e X

(1) LLEBE SR LT R Ik, 3 ik — 25 OC BF 2 f

JEER | B AR A T 2, BUARAIR

(2) R TG/DSC #3587 EATH AR E 1, #4045
fift i B2 (onset) Y [l R 181 ~272 C, Hifb &5
MNPO %5 18 #0018 5 Ry 244 °C e MR

(3) RJH Explo5 v6.02 #fxHb-&4 2 ~6 #47 T
RS PERE R TN , B R 2 KT 7000 mo- s RIE K
F 15 GPa, b &9 6 HykEH A% 8339 m - s7 JRJE
k7 23.82 GPa, it TNT,

(4) %M GJB772A-1997 { J 25 52 3 7 vk ) 7 ik
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601.2 WX T AW 2 ~6 145 o 8 3 RN B iRk i, 1
AL 4 R Ry 28 ), BRI Oy 240 N I
TNT (8 R 15 ), BRI B Oy 353 N) Ry
AV 4 R B K- R i) A R o SRR R

(5) XF b MNPO %5 /9 BB M it 5 MNPO i 4 ;
PEJTT, AT LR 22 i e o TR R R 4 U R M R A
AR N e A e e e 7/ Py o i e
Y IRR B I — P SO

SE Wk
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Synthesis and Properties of 5-Methyl-4-nitro-1 H-pyrazol-3-(2H) -one and its Energetic lon Compounds

DENG Mu-cong, WANG Yi, ZHANG Wen-quan, ZHANG Qing-hua
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: A new energetic compound 5-methyl-4-nitro-1 H-pyrazol-3-(2H)-one ( MNPO) was synthesized with total yield of
68% , using ethyl 3-oxobutanoate as raw material. Corresponding ion salts were prepared via. metathesis reaction and neutraliza-
tion reaction by the reactions of MNPO with a series of high nitrogen cation. Their structures were characterized by single-crystal
X-ray diffraction, Fourier transform infrared( FT-IR) spectroscopy, nuclear magnetic resonance('H NMR."”C NMR) spectrometry,
elemental analyses and other means. Their thermal decomposition temperatures were measured by thermogravimetry (TG) and dif-
ferential scanning calorimetry (DSC). Their detonation performances were calculated with Explo5 v6.02 software. Results show
that the crystal of MNPO belongs to orthorhombic system, and its space group is Pbca with crstal parameters of a=71495(18) nm,
b=1.1639(3) nm, c=1.3834(3) nm, V=1.1512(5) nm’ and Z=8. For energetic ion salts of MNPO with densities of
1.62-1.74 g - cm™, their decomposition temperatures are in the range of 181-272 °C, theoretical detonation velocities are grea-
ter than 7000 m - s™' and detonation pressures are greater than 15 GPa. The measured impact and friction sensitivities are low, in
which, the impact sensitivity of ammonium salt of MNPO is 28 ] and the friction sensitivity 240 N.

Key words: synthesis; 5-methyl-4-nitro-1 H-pyrazol-3-(2H) -one( MNPO) ; energetic ion compounds; single crystal structure
CLC number: T)55; 062 Document code: A DOI: 10.11943/j.issn. 1006-9941.2017.08.005
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