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ik 35 SR W) 1 ) 2 4 DA A 2 30 A PR |, 4 pr i
{45 : DSC823e 2 7 4 2 A, Mg 4 i) 40 1) 2
bR 52 5 45 BR 2> 7 ; AVANCE T 500M #% i M 42 12,
Tii -+ Bruker 22w ; Nicolet 1S-10 {8 B i 21 4P 28 40 56 3%
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Scheme 1

2.3.1 4-5-3,5-Z“FHEMM(1)HE R

FE0 °CF 76 250 mL — B I A MBI 60 mL,
PR 0 A& MRS R 8 mL, SR A b A TRk 4- G it n
6.15 g (60 mmol) , FF & %, F R BEE , 2218 THi
35 °C, HEFE N 20 min, THE 2 100 °C, it £% 2
4 h, SR JE BRI 22 R RN AR &R B2 400 mL koK
i 6 h A T4 K . H AR R (3%100 mL)
B, AN R K (6X50 mL) Y%, SR 5 HI JC K B
PR BE B K, 98 25 18 45 21 (A [ A 8.1 g I 70.1% .
"H NMR(500 MHz,DMSO-d,,25 °C)8:10.30(s, 1H,
NH) ; C NMR (125 MHz, DMSO-d,, 25 °C ) §:
147.44(C—NO,), 102.88(C-Cl) ; IR(KBr, v/cm™) :
3254.83(m),2977.25(w),2504.68(w),1855.28(w),
1564.37(s),1530.99(s), 1499.61(s), 1424.50(s) ,
1322.58(s),1232.06(m),1115.73(s),1051.65(m),
992.56 (s) , 834.34 (s) , 820.16 (s) , 761.27 (s) ,
651.67(s),622.12(5),591.71(s) .,
23.2 2-(4-81-3,5- " E-TH-ML-1-F ) Z 5 (2)

B & B

IR T L ES50 mLY FBE A 4-40-3,5- i A
MEme(1)(3.85 g, 20 mmol) SR iNA Z i 25 mL, it £
AR I SAALER(1.18 8,21 mmol) 3+ 2 h,
IRIG AR 25 (2.40 g,20 mmol) i ZE 60 °C, it $
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1, FEBR KA R s NanoSTAR X 528 /N BCSHAY , 7 [
Bruker -AXS; TGA/SDTA851E #4 4% & /3 M7 1% , #§ 4F
- H 2 E bR 5 AR A A .
2.2 KIgHEE

3,4-W((4-F A H-3,5- -1 H-nHme-1 %) H
I ) AL IR I BT A L 2R U Scheme 1 TR ¢

0, NO,
al Cl \
NH,0HCI ’ N N NaNo, ! /N K,CO,
NaOH Voo o TN

L — <

Synthetic route of 3,4-bis((4-azido-3, 5-dinitro-1H-pyrazol-1-yl) methyl)-furoxan

SV 48 h, F R 2 = R N B 400 mL KK
BEFE T h, R K BE A B A K 3.9 g, I 84.8%
"H NMR(500 MHz, DMSO-d,, 25 °C)8: 6.00(s,2H,
CH,);"”C NMR(125 MHz,DMSO-d,,25 °C)5:148.27
(C—NO,) , 142.17 (C;,—NO,) , 112.85 (C=N) ,
106.18 (C—Cl) , 42.68 (CH,) ; IR (KBr, v/cm™) :
3384.13(m),2976.11(m),1567.46(s),1546.26(s),
1515.16(s) ,1443.26(s),1402.77(s) ,1327.49(s),
1204.88(s),1143.36(s),1113.80(m),1091.52(m),
1064.93 (s) , 992.89 (m) , 958.08 (s) , 935.61 (s) ,
883.16 (s) , 836.03 (s) , 778.98 (s) , 762.55 (s) ,
749.16(s),663.76(s),624.29(s),575.46(s) .
2.3.3 (Z)-2-(4-5-3,5-Z 8 BE-1H-ML Me-1-2 )-N'-
REZEHE(3)ME K

F T 50 mL = HEEEH A 2-(4-50-3,5-—
fil B&-1 H-mE -1 -5 ) 2 (2) (4.6 g, 20 mmol) , A
30 mL/K SR JE I AERBR ¥ (2.1 g, 30 mmol) , fig $45
A FHEINEELH (1.2 g,30 mmoD) (7K 5 mL, 4%
JE NI ZE 60 °C i FE N 3 h, PR E =R, o8, Kk,
53k 4.7 g, % 88.8%. '"H NMR(500 MHz,
DMSO-d,,25 °C)8:9.35(s,1TH,OH),5.82(s,2H,NH,),
5.30 (s, 2H, CH,) ; >C NMR (125 MHz, DMSO-d,,
25 °C)8:148.61(C,—NO,) , 147.00(NH,) , 143.32
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(C,—NO,) , 106.22 (C—Cl) , 54.67 (CH,) ; IR (KBr,
v/cm™) : 3600.57 (s) , 3463.46 (s) , 3365.05 (s) ,
3195.23(s),2967.44(s),2873.71(m),1678.56(s),
1607.29(s) ,1561.80(s), 1549.09(s), 1449.45(s),
1435.14(s) ,1360.06(s),1209.30(s),1142.11(s),
1090.71 (s) , 1065.47 (s) , 963.19 (s) , 921.9 (s) ,
879.72 (s) , 794.14 (s) , 753.35 (s) , 679.91 (s) ,
630.04(s),567.09(s),550.21(s) .
2.3.4 (Z)-2-(4-5-3,5- " E-1TH-ME M -1-5)-N-F2
BEZmIES(4)ME K

F£ 0 °CF , #6100 mL = [ B b fn A (2)-2-
(4-5-3,5- 0 H-1 H-NH -1 -3 ) -NV-F2 ik e R (3)
(2.6g, 10 mmol), LA 30 mLZK Bt #5710 mL
R (12mol-L™") , 2R J5 7% in 10 mL NaNO, (1.0 g,
15 mmol) 7K, B HE 30 min, R 5 THE 2 5=, W
12 h, i 38KV, 159 2R B0 [ K 2.6 g, L% 91.5%.
"H NMR(500 MHz,DMSO-d,,25 °C)8:12.38(s, 1H,
OH),5.75(s,2H,CH,);"*C NMR(125 MHz,DMSO-d,,
25°C)8:148.19(C;,—NO,) ,142.03(C;—NO,),129.65
(C=N—OH), 106.05 (C—Cl), 57.00 (CH,) ; IR
(KBr,»/cm™):3408.89(m),2976.34(m),2894.69(w),
1671.03(w),1642.31(w),1565.14(s),1543.88(s),
1508.31(s),1443.99(s),1424.95(s),1289.33(s),
1204.61(m),1146.65(s),1134.36(s),1092.79(m),
1067.50 (s) , 1024.39 (s) , 940.35 (s) , 883.19 (s) ,
823.00(m),762.08,771.65(s),703.96(s),669.79(s),
632.40(s),575.07(s),540.30(s) .
2.3.5 3,4-W((4-5-3,5- " E-1H-MLmk-1-%) B

)-SR IE(5) & R

FE0 °CF, 76 50 mL = FBeii A (2)-2-(4-4 -
3, 5-T i FE-1 H-NE -1 ) -N-EE IR 2 O R S (4)
(1.1 g, 4 mmol) , K5 M A Lk 10 mL, fEHE 345 i
Jin K,CO, (0.3 g, 2 mmol) B /K # # 10 mL, f&£F 0~
10 °C,HEFER N 4 h, i 38 7K Pk, 53 2R # A 151K 1.7 g,
K 85.9% . 'H NMR(500 MHz, DMSO-d,, 25 °C)
5:6.15(s,2H,CH,—N—0,),5.99(s,2HCH,—N—0) ;
“C NMR (125 MHz, DMSO-d,, 25 °C ) §: 153.01
(C=N—0,),149.17(C,—NO,),148.93(C,—NO,),
143.38(C:—NO,),143.14(C—NO,),110.68(C=N—0),
107.06(C—Cl),106.89(C—Cl),50.05(CH,) ,47.49
(CH,) ; IR(KBr,v/cm™):3379.19(m),2976.11(m),
1610.61(m),1567.98(s),1508.69(s),1444.07(s),
1197.75(m),1145.26(s),1092.84(s),1054.36(s),
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962.05 (m) , 885.00 (s) , 774.10 (s) , 761.64 (s) ,
747.42 (s) , 668.43 (m) , 617.83 (s) , 590.98 (m) ,
560.40(m),550.60(m).
23.6 3,4-W((4-BRE-3,5-"“HEMM-E)HRA
E)-SLKRBEHE K

F R, 7 1000 mL BB P A 3, 4-X0
((4-%-3, 5- 7 B nkons B ) T L ) -4 {6 wk W (5) (0.50
g. 1 mmol), FE-I A H B2 500 mL, i F1 3%, 285 A
NaN,(0.26 g,4 mmol), l ¥ 36 h, 3 5 2 18 , K PE bR
Zab 8 NaN,, BT, S R BAR A Sk A 26 6
WEL AT BT, PR R 2, e Al R HE Tk AR AR Al
Yy, J5 PR AT BB 1% R TC i AT B, B AR R 58 4 HL
RS 07 W AFAE AL B W 5 F HRAR Bl A 2 N Y )
A

3 #HRS5WiE

30 BEEHESH

WA E Y 59 TH B, 085 I 2 mLIs S
FHEHM/ANBEREET, FTERTHEZBIEREN,
3R G FN R E B W R R, BB TR
0.22 mmx0.18 mmx0.05 mm [ 44, B0 17 5 AL
HEATEER 53 BT o A5 5 1 i AR 5 K 0 43 A b i
RIHEFR A3 s TR 1afIE 1b, K 1c-e S me 2R 5
Wk NF PR 2 (R U TE AR BRI PR 4-40-3, 5- A Ak ke
B A # AN ), 18 £ 43 1) D 85.450°F1 70.309°, [F]
BF, T A i s B SF- T 22 (8] 7 £ 22 R 70.032°,

&4 511 CCDC deposition number>4 2013877,
HL AR B R A8 R Ak 2 B R o A A A B Oy
A TFERT 20 AEIATUE R LS 58 TIER
fin 25 [ #F Pbca, 78 il 8 143 1,a=10.1817(7) A,
b=16.1917(11) A,c=21.7300(16) A,V=3582.4(4) A’
«=90°,8=90°,y=90°7F 296 K} E. A 1.836 g-cm™ iy
mm R R . AR 2 AT LLFE ke ER 1 C(5)—C(6) .
C(6)—C(7) kK27 1.385,1.393 A, mk i #f 1
1 C(2)—C(3) 4K 2 1.396 A, /T C—C B A5
K (1.5400,1.1340 A)Z [i] , AEBRER F 1) C(5)—N(3) .
N(4)—C(7) B 4304 1.348,1.320 A, kI35 |-
B C(2)—N(1) N(2)—C(3) K 4 % 4 1.315,
1.302 A, 4 F C—N . WK (1.4700,1.2700 A)
Z0E] L, ML ER E R N(3)—N(4) B EE K O 1.347 A, 4
T N—N 2 Wb ## K (1.4500,1.2500 A) Z ], £ 1]
Mt e BR 55k WA BR H 0 AR T AR BN . R ER B Y
At
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c. dihedral angle of furazan ring and one pyrazole ring
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d. dihedral angle of furazan ring and the other pyrazole ring
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e. dihedral angle between two pyrazole rings
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Fig.1 The crystal structure of compound 5
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Table 1 The crystal data and structure optimization parame-

ters of compound 5

parameter value
empirical formula C,oH,CILN, O,
formula mass 495.13
temperature / K 296(2)

wave length / A 0.71073

crystal system Orthorhombic

space group Pbca

alA 10.1817(7)
b/A 16.1917(11)
c/A 21.7300(16)
a/(°) 90

B/ () 90

v/ () 90

volume / A’ 3582.4(4)
Z 8

density / g-cm™ 1.836
absorption coefficient / mm™! 0.445
F(000) 1984

crystal size / mm? 0.220 %X 0.180 %X 0.050
theta range for data collection /A 1.874 -27.537

index ranges -13<h<11, —21<k<20, —28<i<24
reflections collected 37268
4127 [R

independent reflections =0.0743]

int
completeness to theta = 25.242°  100.0%
max. and min. transmission 0.7456 and 0.5920
refinement method full-matrix least-squares on F2
data / restraints / parameters 4127 /37 /299
goodness-of-fit on F2 1.082

final R indices [ I>2sigma([) | R, =0.0748, wR, =0.1581

R indices (all data) R, =0.1570, wR,=0.1862
extinction coefficient n/a

largest diff. peak and hole / e-A~* 0.407 and -0.310

N(2)—O(10) i {7 8 59 5 K 8 1.093 A, /N F NO,
Ko A B (1.197 A) AT L 3% e A B 4R 2 A8 E
C(5)—N(7) . N(3)—C(1) Ay K 4> 5 R 1.432,
1.474 A, AT C—N B UG K 22 ], 0 ] A e B 5 B4
A FE ) N R L CIE R T 44, C(1)—C(2)
5K R 1.493 A T C—C B WU K 22 i), 3
W IH 3R 5 R A 3 CIE AL T LB, AL A 5
M FEE MER R . IWBEAIORE ,C(6)—C(7)—N(4)
N (6)—C(7)—N(8) .C(6)—C(7)—N(8) [k /i 53 H -
114.1°.129.0°,116.8°, =& Z ML 360°, 1] & H fiff 3
A N SRR — AP T N 5 C(1)—N(3)—C(5)
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N(4)—N(3)—C(1) N(4)—N(3)—C(5) [k 5
WA :132.4°.116.9°.110.6°, =3 Z FIHE T 360°, A
B W LR CIRF 5w R E — A F N
O (10) —N(2)—0 (1) .0 (10) —N (2) —C (3) .,
O(1)—N(2)—C(3) M4k 57 5k : 105.9°.146.8° .
107.3°, =& Z Hl K 360°, 0] & H i {7 & 5 1 5 nk iy
IAE— 1 F1H N

F2 LG5 WS R
Table 2 Selected bond lengths and angles of compound 5

bond lengths bond angles
atom

atom /A /(0)

O(10A)—N(2) 1.093(8) N(3)—C(1)—C(2)  111.5(4)
C(2)—N(1)  1.315(6) N(5)—C(4)—C(3)  112.0(3)
C(2)—C(3)  1.396(6) N(3)—C(5)—C(6)  109.2(4)
C(3)—N(2)  1.302(6) N(3)—C(5)—N(7)  122.1(4)
C(5)—N(3)  1.348(6) C(6)—C(5)—N(7) 128.7(5)
C(5)—C(6) 1.385(6) N(4)—C(7)—C(6) 114.1(4)
C(6)—C(7) 1.393(6) N(4)—C(7)—N(8)  116.8(4)
C(7)—N(4) 1.320(5) C(6)—C(7)—N(8) 129.0(4)
N(1)—O(1)  1.408(6) O(10B)—N(2)—C(3) 146.8(7)
N(2)—O(1)  1.385(6) O(10B)—N(2)—0O(1) 105.9(6)
N(3)—N(4)  1.347(5) C(3)—N(2)—0(1)  107.3(5)
C(5)—N(7)  1.432(6) N(4)—N(3)—C(5)  110.6(4)
N(3)—C(1)  1.474(6) N(4)—N(3)—C(1)  116.9(4)
C(2)—C(1)  1.493(6) C(5)—N(3)—C(1)  132.4(4)

G S A TR, TUEHR EEYS
B B, A7 A 7S Tl 3 ) AURE ST PP R i — 1 ALt
A, VB 9 32 R SR S e A U T A A 3 L
Kk A P b e AL AR SV I T AR A 5 g
TR E M. F Crystal Explorer 5 4F 4 il 4k & 49 5 19
Hirshfeld 221 Al 2D 45 S0, WP 2a i AR 4l A [ oG
R4S B A R 4 o A6 G 5 89 Hirshfeld 1
B BTHER & EG, T 2b Bk, Hod O—O X 55 40 HoAE
FHDTHR IR K, N 19.5%

R3 LAY S AR RKAMEA
Table 3 Hydrogen bonds lengths and angles of compound 5

d(D—H) d(H---A) d(D---A) <(DHA)

DA /A /A /A /(*)
C(1)—H(TA)---N(6) 0.97 2.64 3.327(5) 128.4
C(1)—H(1A)--0(6) 0.97 2.63 3.096(6) 110
C(1)—H(1B)---O(10Aa) 0.97 2.41 3.331(9) 158.7
C(4)—H(4A)--0(2) 0.97 2.58 3.299(6) 131.2
C(4)—H(4A)--O(4)3  0.97 2.6 3.476(5) 151.1
C(4)—H(4B)---0(9) 0.97 2.29 2.817(5) 113
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Fig.2 Hydrogen bond fingerprint and distribution map of
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compound 5

3.2 MofFiEeE

K TG il DSC Xtk &9 5 1 A 4 fig M gE UE AT T
M, 25 R an &l 3 fs, CHLrp il 4 B0 0.3 mg, T
I F K 10 °C ~min™', i B 50~400 °C, &<
30 mLemin™). 1 TG Mienl 71,1k &% 5 (14 4)
fife W] 43 R AN B B, 5 — B B 210.5~270.4 °C, it it
2R 83% , 55 . Bt N 270.4~376 °C, Ji i K
)R 16% , B S TR T AR 200 100% , fb & W 58 4
G3ff o f DSC 4k T AAE & 0 5 00 R 46 43 i R R
206.9 °C, 4 it W 5 B R 249.3 °C, 3 i th £ B35
LAY 5 MR R 580.5 J-g7'
3.3 BEBREMBEE

& i Kamlet-Jacobs'** 2 2 6 )7 #E i+ T &)
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Fig.3 TG and DSC curves of compound 5

PR 5 34 D FI43 . P
D = 1.01(NM"Q")"(1+ 0.30p) (1)
p=1.5580"NM""Q"" (2)

K, DA  km s p HER R, GPas N b & 5 7 fE
b4 P i KE B 8 Tk 9 SR EE JR &, mol-g ™' Q R
SRR A IR AL BE L) - g s MO SRR Y ST
KR R B, g-mol " sp N IR %, g-cm ™,

K FH BAM AR E T 6 LA 8% 00 2 045 4 o ek
BE 9 ), FEEUE O 180 N, I 5 3R = 7 HY 5L = fif§ i
(RDX) A PUF H L PO AR (HMX) g, HAARE R W35 4.

& 4n] M, a5 1% E N 1.836 grcm™ K
T RDX, 7 I FE 4 249 °C T RDX, 15 8304 m-s™
$ 5 30.5 GPa & ik T RDX, i if; B¢ & 9 ) JBE 8 8
180 N ¥k T HMX, AT UL, 37 3L 1% 51 A AT B A1 Je%
JE S B0 51 AR DLk — 2D 4R THE G W 0 e % R AR
RN SRR =R AU RN NI B =R =X/
PR o 70 A e B IR L 0 LA . A TR Y
CI o] FH & 503k 5 A 3k A e 3 S U iF — 20 4 Tk
B R R R SR

x4 LEYSHEESH

Table 4 Explosion parameters of compound 5

P Tp D P
Compound - - 15/) FS/N
/g-cm™ /C /m-s™" /GPa
5 1.836 249 8304 30.5 9 180
RDX! 2! 1.816 204 8661 32.6 7.5 120
Hmx2t 1.905 287 9010 39.0 7.4 120

Note: p, Single crystal density(296 K). T,, Thermal decomposition temper-
ature. D, Detonation velocity. p, Detonation pressure. IS, Impact Sen-

sitivity. FS, Friction sensitivity.
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77 R4 . 453 R 3, 4-X0 ((4-5-3, 5- 1§
-1 H-ME w13 ) W) S ARk I Y g f R R R
249.3 °C,J& T 1E 42 f 25 ] #f Pbca, a=10.1817(7) A,
b=16.1917(11) A,c=21.7300(16) A,V=3582.4(4) A°,
@=90°,B=90°,y=90°, f£ fm il h 5 8 4>+, 7F 296 K
AP EL A 1.836 g-cm™ (1 fl IR % B, 4 F M AR AE S T A
§H, O—O X 555 A1 E AR FH BT ik o K <

(2) 3,4-B((4-5(-3,5-fl§ HL-1 H-NE w1 -3 ) )7
BE) -5 Ak vk WA B T 5 Bl 8304 mesT! IR TR
30.5 GPa, il 45 4 i J& B o 9 ), BE 2 5% S 180 N,
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Synthesis, Characterization and Crystal structure of 3,4-Bis( (4-chloro-3,5-dinitro-1H-pyrazol-1-yl)

methyl)-furoxan

ZHU Ying-zhi, YANG Feng, XU Yuan-gang, ZHOU Xin-li, LU Ming
(School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210014, China)

Abstract: A new high-energy compound 3, 4-bis( (4-chloro-3, 5-dinitro-1H-pyrazol-1-yl) methyl)-furoxan was synthesized by us-
ing 4-chloropyrazole as raw material, and its single crystal was obtained by solvent evaporation. The structures of this compound
and its intermediates were characterized by '"H and ”C NMR, FT-IR, DSC and TG, and the crystal structure of the product was
characterized by X-ray single crystal diffraction. Results show that the compound belongs to the orthorhombic space group Pbca,
a=10.1817(7) A, b=16.1917(11) A, ¢=21.7300(16) A, V=3582.4(4) A*, a=90°, B=90°, y=90°, Z=8, D.=1.836 g-cm™". The
Kamlet-Jacobs semi-empirical equation was used to predict the explosion velocity of 8304 m-s™' and the explosion pressure of
30.5 GPa. The sensitivities of this compound were measured by the BAM standard method, and the measured impact sensitivity
is 9 J and the friction sensitivity is 180 N.
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