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222 HRTE
2.2.2.1 2-FEKM-45-FEBHEK

FIE ¥ 2- -4, 5- F ALK M (10 mmol,
1.33 g) it A2 30 mL /K, SR J5 A £ R 2
(30 mmol, 2.1 g) , fit £ 5 min J5 it A & %A 1L #h
(30 mmol, 1.2 g) , %+ 10 min & , [ N W28 3T ,
HIHEE 40 °C, N 3 hJE i U8, Pk T, 15 1
L& 2)1.59 g, I0E K 80%.

'"H NMR (500 MHz, DMSO-d,, 25 °C)&8:10.26
(s,1H),9.45(s,1H),9.14(s,1H) ,6.69(3,2H),6.36
(s, 2H) ; ”C NMR (500 MHz, DMSO-d,, 25 °C ) §:
130.08, 127.67, 116.22; IR (KBr, v/cm™) : 3472,
3362, 2749, 1618, 1565, 1504, 1451, 1400, 1359,
1224, 1123, 1072, 930, 701, 607; Anal. calcd for
C,H,N,0,%: C 30.15, H 4.55, N 49.23; found: C
30.32, H 4.52, N 49.25; ESI-HRMS calcd for
C,H,N,0,:199.17;found:200.09[ C,H,,N,O,"].
2.2.2.2 22-EREHM-4,5-“HHFHER

4 2-F KL R4, 5-2 55 (10 mmol, 1.99 g) Jin
A B (25 mL) 5 £ B 7K (25mL) B IR & 1% i
o REE R R NRA N B -10 °C AR E-10 °C R i in
RS PR EN (3.45 g, 38 T 15 mL KB F/K) % #, 10 min
P N 56 56, 0K 5 2 IR R 1, R 45 RIS b i, &
B KBRS, TR E A ER (LG 3)1.89 g, ik
FRT76%.

'"H NMR (500 MHz, DMSO-d,, 25 °C)é8: 12.64
(s, TH) ; ”C NMR (500 MHz, DMSO-d,, 25 °C) §:
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Synthetic route of 4,5-Bis-(chloro-dinitro-methyl)-2-diazoimidazole

140.70, 129.01, 121.54; IR (KBr, v/cm™) : 3417,
3127, 2785,1693, 1608, 1505, 1432, 1413, 1294,
1231, 1009, 875, 790, 641, 562; Anal. calcd for
C,H,N,O,Cl, (% ) : C 24.12, H 0.81 N 33.75, O
12.85; found: C 24.10,H 0.80,N 33.73,0 12.91;
ESI-HRMS calcd for C,H,N,O,Cl,: 249.01; found:
250.97[ C,H,N,0O,Cl, ],
2223 45-W(EZHERE)2-ERKBHEK
1E0 CLAF 4 2-F A DK k-4, 5-— 505 (2 mmol,
0.5 g) & 18 hm A 2 & M0 &S L (5 mL) Fl = 5 & IR i
(9 mL) FIRFR IR R, A T2 5 5 4 R N R & 18 T =
Fh, IFTEE W T B 8 h, R 5 B N U A TKoOK
SR 62 S 7 VS RGN T N 770 S - G 2 S S R ik
A (LS4 4)0.21 g, R K 56%.

“C NMR(500 MHz,DMSO-d,)5:134.39,125.34,
119.49; IR (KBr, v/cm™) : 3151, 2230, 1751, 1591,
1434,1345,1299,1148,1047,994,792,578; Anal.
caled for C,N,0,Cl,%:C 16.19, N 30.20, O 34.50;
found: C 16.17,N 30.19,0 34.61; ESI-HRMS calcd
for C,N,0,Cl,:371.01;found:406.89[ C,N,O,Cl, ],
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3.1 RIELEHST

4, 5K (G i 3 L ) -2 G0 Ik I 11 4% T BA
PR UL SRS B AR R U R LR 2 TR 3,
O3 F S5 A8 LA B 43 F A S I g AR O SR 1. DU
KW aprgs Lo, C(1)—N(1) . C(1)—N(2),
C(1)—N(3).C(2)—N(1)F1C(3)—N(2) K 5
Bk 1.327(5),1.329(5),1.383(5),1.342(5) A Fl
1.341(4) A, TIEH C—N X (8K K 1.27 A)FI
C—N Pk (B N 1.47 A)Z ] ,C(2)—C(3) My K
H1.405(5) A, A FIEWMC—CHE (KN

R 4, 5-BUCHE A3 H L) -2- 1 UMK e 1) g A 4 K
Table 1

tro-methyl)-2-diazoimidazole

Crystallographic data for 4, 5-Bis-(chloro-dini-

4,5-Bis-(chloro-dinitro-methyl)-2-

1.54 A) Al C—C XUk (K Ol 1.34 A) 22 ], 3% 2 A ik
e 35 55 5 R BOE T B0 B 2 H . DA A AR
P AT, —m A C(1)—N((1)—C(2)—C(3) A
C(1)—N(2)—C(2)—C(3)434l 5 0.385°F10.373°,iX
LI T 2548 4 v A KR IR B PTG # . C(2)—C(4) AN
C(3)—C(5) A5 A> 314 1.490(5) AFI1.483(5) A, ik
F C—C b (5K 1.54 A)gs K X i) 7 Hil 7
B ZE R . O(2)—N(5)—0(1),0(4)—N(6)—0(3),
O(5)—N(7)—0(6)F O(8)—N(8)—0O(7)H4F
15 N(1)—C(2)—C(3) FriE sk i - H % o i — 1
435k 85.641°,83.158°,81.726°F1 86.033°, A Ui, Y
AN 3 5 K e B SF- TE 3T T

R2 4, 5-BUCH A AL T L) -2- 5 ZOK W 3 o B R B £
Table 2 Selected bond lengths and angles of 4, 5-Bis-(chlo-

ro-dinitro-methyl)-2-diazoimidazole

bond length/A bond Angel/(°)

C(1)—N(1)

.327(5) N(1)—C(1)—N(2) 120.5(3)

C(1)—N(2) 1.329(5) N(1)—C(1)—N(3) 119.9(3)
C(1)—N(3)  1.383(5) C(1)—N(1)—C(2) 100.0(3)
C(2)—N(1)  1.342(5) N(4)—N(3)—C(1) 178.7(4)
C(2)—C(3) 1.405(5) C(2)—C(4)—N(5) 108.9(3)
C(3)—N(2)  1.341(4) N(6)—C(4)—N(5) 103.0(3)
C(4)—CI(1)  1.729(4) C(2)—C(4)—CI(1) 113.6(3)
N(3)—N(4) 1.088(4) N(6)—C(4)—CI(1) 110.1(3)
C(2)—C(4)  1.490(5) N(5)—C(4)—CI(1) 109.0(3)
C(3)—C(5) 1.206(5) 0(2)—N(5)—0(1) 126.9(4)

N(5)—0(2) 1.187(5) O(4)—N(6)—0(3) 125.5(4)

Fz3 4,5 0CCH M F L) -2 0k M A 38 4 — i £
Table 3 Selected dihedral angles of 4, 5-bis-(chloro-dini-

tro-methyl)-2-diazoimidazole

dihedral angle/(°)

C(1)—N(1)—C(2)—C(3) 0.385(298)
C(1)—N(2)—C(2)—C(3) 0.373(315)
C(2)—N(1)—C(3)—NI(3) 3.204(298)
C(3)—N(2)—C(1)—N(3) 3.495(269)
C(2)—N(1)—C(1)—N(3) 3.204(269)
C(1)—N(1)—C(2)—C(4) 0.349(871)
C(1)—N(2)—C(3)—C(5) 2.423(368)

Crystal diazoimidazole
ccbc 1937997
Empirical formula C,CILN,O4
T/K 296

VA 666.96(18)
Space group P1

a/A 6.6196(10)
b/A 8.1685(13)
c/A 13.0272(19)
a/(°) 100.166(4)
B/ (°) 102.560(4)
y/(°) 97.153(5)
Crystal system Triclinic

w/ mm™! 0.549

Index ranges -7<h<7, -9<k<9, 0<i<15
D./g-cm™ 1.848

V4 2

F(000) 368

Ry, wR,[1>2a(1)]
R,, wR,(all data)

R, =0.0611, wR,=0.1415
R,=0.0802, wR, =0.1488
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Fig. 1 Crystal structure and crystal stacking diagram of 4,

5-Bis-(chloro-dinitro-methyl)-2-diazoimidazole
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Fig.2 Electrostatic potentials of 4,5-Bis-(chloro-dinitro-

methyl)-2-diazoimidazole

32 MBEHBRERTERBEENE
3.2.1 SRR

K H TG-DSC M, FF e 17 4, 5-3 (& 1 & |
HE) -2 -3 AU 1 AR DF Y (R 5 °C-min™') , 52
IERME 3R, HE 3R, 4, 5-00 (& Ay
F)-2-F A BRI 97.24 CIF IR . H R — A g
122.14 °C, A WG FE UL H B 3007, FLROI i35
K GE N 1617.67 )-g7' o ilad AR T LA HE
TE100~150 “CZRHFE R, i i 8155 60.76%.
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Fig.3 DSC and TG curve of 4,5-bis-(chloro-dinitro-methyl)-
2-diazoimidazole
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Al IF 5 T AR 5 I A B AR R . SR
EXPLOS5 v6.01 T 7 0 HpR 22 PR REHEA T T4 , 3+ 4, 5-3L
(G R P L) -2- 3 UK e fy 2 R 8574 mes™' I3 &
3 32.8 GPa.,
3.2.3 BEEMRMNE

K F BAM Hs o J7 305 0 45 0 43 o 8GR O 4 ), BE 4R
JRBE S 100 N, BLARBCHE DLER 40 X L 3% 4 v LAt 795 Fef
AU EME R A B E Y, X RS
A B o S 9 ) AN 3 ), BE R E 3 il S 145 NOAN
144 No 4,5- 30 A 56 3L ) - 231 Uk e L 5 25 4
B FFAE S 1 AR e P, A R A i B AR
Ra 4,5 B K ) -2- 7 SR el g B A o R 5 1k

Table 4

ties of 4, 5-bis-(chloro-dinitro-methyl)-2-diazoimidazole

Physiochemical properties and detonation proper-

p1) AfHZ) P%) D4) |SS) F56)
compound
/g-cm™ /kJ:mol™ /GPa /m-s" /] /N
a_ Mot g
02N>g_24woz
N/ \N 1.85 75.3 32.8 8574 4 100
T
ON— F NO;
~r
0N7<N_N 1131 1.94 206 36.6 8733 9 145
2!
oN” Ny,
N "M
[14) 1,93 - - - 3 144
N_gNa

@

Note: 1) Single crystal density (296 K). 2)Enthalpy of formation. 3) Detona-
tion pressure. 4) Detonation velocity. 5) Impact Sensitivity. 6) Friction

sensitivity.
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Synthesis and Properties of 4,5-Bis(chloro-dinitro-methyl)-2-diazoimidazole

ZHANG Pan, YANG Feng, LU Ming
(School of Chemical Engineer, Nanjing University of Science&Technology , Nanjing 210094, China)

Abstract: Using 4, 5-dicyano-2-aminoimidazole as raw material, 4, 5-Bis-(chloro-dinitro-methyl)-2-diazoimidazole was pre-
pared through three-step reactions of oximation, chlorination, diazotization. The structure was characterized by X-ray single crys-
tal diffraction analysis, Fourier transform infrared spectroscopy (FT-IR) , nuclear magnetic resonance spectroscopy (1H NMR,
13C NMR) and high resolution mass spectrometry(HRMS). The thermal properties were studied by differential scanning calorim -
eter and thermogravimetric analyzer. Its structure was optimized using Gaussian09 and its performance was estimated using Exp-
l05 v6.01.. The results show that the crystal of 4, 5-Bis-(chloro-dinitro-methyl)-2-diazoimidazole belongs to the triclinic P1 space
group. The unit cell parameters are a=6.6196 (10) A, b=8.1685(13) A, ¢=13.0272(19) A, V=666.96(18) A, a=100.166(4)°,
B=102.560(4)°, y=97.153(5)°, Z=2, F(000)=368; D=1.848 g-cm™. Its thermal decomposition temperature is 122.14 °C.The
theoretical detonation velocity is 8574 m+s™ and the theoretical detonation pressure is 32.8 GPa. According to the BAM standard
method, the impact sensitivity is 4 ] and the friction sensitivity is 100 N.

Key words: energetic compound; 4, 5-Bis-(chloro-dinitro-methyl)-2-diazoimidazole; synthesis; crystal structure; detonation per-
formance
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