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SRS i LR T B2, X KAk

RO, B BT R A A B AT A R B A 5 4
A7 T RN EAE M B 2 1 7% o a0 A A o e 2 FH i 6 K
AT AR, BT & R T RE R T KR AR e A
fii 3 H A (2, 5-dinitroiminooctahydro imidazo[ 4,5-d ]
imidazole, LA T & #K DNID o Z5A LUAE TAE M9 AR 2
B1, L DINGU 2 2% 51 A H WES 4 G 45 A7 250k 50 55
TR AN TR E 1 ) R 42 T g 5 KO-

R ARG S 18 s o3t 1 IR & etk &
FRAR VR BE 0 52w B, AS B 5T G B T Sl R H IR S H K
S5 ) A B Al G W) — 2 BE -3 - -7 - IV e -2, 4,
6,8-PUR AR 3.3.0] ¥ e (4) . i@ i {5 5L 205158
TG LR K XS R AR S R B e T e S
Py aithy o SR IR 22 /R 94 B R (TG-DSC) [m] 20 #4
SR REEMER TG 4 A E . R, R
EXPLOS 8/ X R R M Re b A7 7 1l . AWl &
REA R ST T A 5 78O0 A H R B BR 4548 e IR 2R AT 4R %
BHmREETS%.

1 SLIEE 4

1.1 KFENEE

WA £ K T (g BT RL T A AR O A
BN F],40% ), il 3 AIC 965 B 37 T Az AL BE 57 B0y A3 PR
INT)L98%) , IR F (BT R T A AL BRI A R 2
H,>99.5%) , Bk ¥R %08 ([ 2 48 Ak 22 00 A BR 2 ]
3T 4l AR>99.5% ) , Vi b iR (T DRI ARk T 45 AT AT BR 2>
H,36%~38%) , MBI (L R T A} ek 2 b A BRAS ]
98% ) , & NHAH TR (L i BHE Ak 2% i AT FRA F]L,98%) o

{45 : PerkinElmer Spectrum 11 #4 {#f B - 7 46 21
AR EIEAL (50 4 R IR B3 7)) s Avance T 400 MHz #
il S 4 0t 1% X (A 5028 W) ) 5 Vario EL CUBE JG % 43
A (FE [ JCZE 4 R G0 7l ) ;D8 Venture X-Hf 4k
i AT S AL (A & 98 28 &) s NETZSCH STA449C I 2545
P AL BT s FSKM 10 BAM F0 48 F51 B2 a2 i |
AL BFH 12 BAM 7Y 4% A1 f o Ja 3 I 3043 .

1.2 ERBE%

VITEFEAR () IR 2 Wi 155 4,
5-T7 FR L WK M Be-2-fld (2) , PR 4, 5- F kK
fe-2-0 (2) 5 R R B K 48 & A& & 3-8 W %
F-7--2,4,6,8-T0A 4 WA[3.3.0] ¢4 (3), )5
251 s TR R A A7 B S5 26 7 W) 21 Bk -3 - 7 - STV
H-2,4,6,8-VU A I WIF[3.3.0]F 5t (4) . Al
fn Scheme 1 7R .
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Scheme 1 Synthetic route of compound 4

1.3 LI’
1.3.1 4,5-"HEEBRMIE-2-1(2) W& 5K
FW T L 10 50 mL A B IR G 40% & K
(5.8 g, 40 mmol) F1 & B /K (5 mL) , i A ik iR
A (300 mg) T PH ly 7~8, FF 2218 I A K EEAN (1)
(4.16 g, 40 mmol) , F+ ik % 42 °C, 30 min J5 fif§ HE K
A AR RN 3.5 h A UK BETUVE , W R R, D &
KK Ve, B2 T8 3 H fa E 4 2(3.3 g, 20 mmol,
P 50%) . 'H NMR (400 MHz, DMSO, 25 °C)é:
9.17 (s, 2H, NH) , 6.51 (s, 2H, OH) , 4.85 (s, 2H,
CH);"”C NMR(100 MHz,DMSO, 25 °C)é: 160.98,
85.00; IR (KBr, v/cm™) : 3465.7, 3392.0, 3302.6,
3208.7, 1588.1, 1553.8, 1481.0, 1418.0, 1347.3,
1268.0,1119.0, 1061.8; Anal.calcd for C,H,N,O,:
C 22.23, H 3.73, N 34.56; found C 22.57,H 3.81,

N 34.20.
1.3.2 3-FHIpRE-7-87-2,4,6,8-0 &A% WIA[3.3.0]
ER(3)BMER

FIRT R E(1.11 g,18.5 mmoD) % T 12.25 mL
JKAN3.75 mLEERBR IR G W, M A 4,5-Z 8 4
Wk e k-2 (2) (3 g, 18.5 mmol) , JH i 2 105 °C,
10 min 5 4, 5- & HE ke Be -2 (2) 56 42 15 i , J 0
4 hJEARUTVE , # B 5 8, voKPEG , B T 15 5]
F ([ K 3(1.2 g,6.45 mmol, 7% 35%) . 'H NMR
(400 MHz, DMSO, 25 °C)8: 9.25(s,2H,NH),7.53
(s,2H,NH),5.54(s,2H,CH) ;""C NMR(100 MHz,
DMSO, 25 °C)é: 161.80, 161.14, 67.31; IR(KBr,
v/ecm™) :3324.0,3132.4,1603.6, 1560.2, 1442.3,
1295.3, 1136.1, 1096.1, 1044.8; Anal. calcd for
C,HN,0O,:C 25.81,H 3.25,N 45.15;found C 26.17,
H 3.08, N 45.55,
N Lk

www.energetic-materials.org.cn



2-fil§ He-3-F -7 -4 0 i H-2, 4,6, 8-DU & A AUHR [ 3.3.0 ]2 %i 1 A BRI BE 3

1.3.3 2-FHE-3-MN-7-fH AR E-2,4,6,8-M0 R Z A
[3.3.0]F1%2(4) & B

0~5 °CF, [ B FE I AU AR B2 (0.6 mL) ,
RARGEIR (1.2 mL) , 18 I A 3-h W i 5&-7-1-2, 4,
6,8-VUZE 2 W[ 3.3.0]F%¢(0.4 g,2.15 mmol) , 3-fif
Wi KL -7-1-2, 4,6, 8-DU A % AR [ 3.3.0]3E 4 (3) il
A U 40 min JERE RN IR UK R E A UK
IRVERE , B2S T A3 3 B A 44K 4(0.3 g,1.33 mmol,
P2 62%) . 'H NMR (400 MHz, DMSO, 25 °C)8§:
9.81 (s, TH, NH) , 9.67 (s, TH, NH) , 9.25 (s, 1H,
NH),6.26(s, TH,CH) ,5.62(s, 1TH, CH) ; “C NMR
(100 MHz,DMSO, 25 °C)§:162.22,149.29,69.39,
64.12; IR (KBr, v/cm™) : 3387.6, 3157.0, 3009.2,
1773.6, 1594.2, 1572.5, 1538.8, 1474.4, 1291.0,
1263.1, 1215.0, 1094.3, 1050.4; Anal. calcd for
C,H.N,0.:C 20.79,H 2.18,N 42.42;found C 20.98,
H2.51,N 42.13,
1.4 5Nk

DL 258 7K AVE i 300 3 il e 8 A5 4 3 A& ) 4
A0 RV W, 78 B T 218 4k, o b G 9 3 K Rg Rk
AW f AR, 13 30 54k 3-0.5H,0 Fil H AR fb & 4.
TE AT A DN 3 A o 1 A, TP XS R B R AT A
TE150 KN A7 B4l i 4

¥ M Accupyc Il 1340 B 4 [ 2 F.25 % 21T+
PR AG S Y 4 E AT 5% R S

FIFH CrystalExplorer®” 2: il 4k & ¥ 4 #) Hirshfeld
F00 A 2D 35 80, Multiwfn 2550 F Vind 22 22 1) %
TH i FL A

i A AL R IR 1 mg 25 B R AAAT,
FIHI TG-DSC [R] 25 FA 53 i A 5E A5 4 4 09 IS E 7k
W FHE R N 5 °C-min™', VL FE R 25~400 °C.

HRAEAL A 4 10925 ks %% i iz F EXPLOS V6.02
ARG 4 SR . 1% B BAM DI i AR
YEST AR S 25 i (30+1) mg (10+1) mm®, 1 kg
JiT b 7 R B9 Y-S kA FREEIRE 10~35 °C, AHXHE &
KT 80% , Mk A5 W 4 11448 ol J% B R 48 JRk

2 #HR5WiE

2.1 BELEHER

43 ) % f R 3-0.5H,0, 4 H AT X-5 2R 5 A
SR, A5 ) AR N SR 1 TR S

&£ LIAE W, K 3-0.5H,0 8 T AR AR,
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C2/cZE AIRE , AR ITT T &A1 45 F(Z=1) 5%
N 1.763 g-ecm (150 K) i il B 50k a=13.806(2) A,
b=8.2124 (14) A, c=13.029(2) A, a=y=90°,8=
95.412°, fhiik 3.0.5H,0 B K FI &S5k 2 %3
JIER 25 ()25 K R M HE AR O sCan |1 s . e ARG
¥ 3-0.5H,0 1 & AR BdiE b N (1) —N(2) #E K R
1.370 A, g N—N B EE K, C(1)—N(2),C(1)—N(3),
C(T)—N(4)EEK 2059 J91.341 A,1.343 A,1.326 A,
LI N(2) 19 P HF RO L 5 N(3) , N(4) 19 I
B FAE L COD) b B = A C—NEEZ RIE I T — N &
BT B SR BE AR R 1S C=NBE KN Tl %8 T C=N 3L 3
K 1.34~1.38 AMVE . FFEH,C(4)—0(3),
C(4)—N(5),C(4)—N(6) 8 K35} 1.243(4) A,
1.352(4) A,1.348(4) A fi e — A& T A5k R
F C4) AH 0B C—O A C—NH Z 3], C(2)—N(3),
C(2)—N(6),C(3)—N(4),C(3)—N(5) 4K 55N
1.441(4) A,1.448(4) A,1.456(4) A,1.432(4) A& T
C—N LB BB N(3) ,N(4) ,N(5),N(6) i Ixf
HF 5 C(2),C(3) 19 sp’ Z2 AL BILIHE 1 2 50 200 55 55 o
ME1a /] LA 43 @ ARATE C(2)—C(3) B 43 51 4 1
AN T Y FHITER IR AP TE RI JE f o 119,610,
il K 3-0.5H,0 A 7E F 5 1 A s &%, b A
N(4)—H---O(2) 5> T N a4, B K 2.0840(2) A, 73 1
] S HE N (3)—H--O(3) ,N(5)—H---N(2), & 45
W24 1.9420(3) A,2.1536(3) A,

G 48 T =R R P-1 S AVBE A X R BT
TR 24 F(Z=2) % % 1.881 g-cm (150 KD A&
Ko7 SIS 80 a=6.5172(3) A,b=9.4087(4) A,
c=13.6334(5) A, a=y=90°,8=102.542(2)°, ik 4
14 5 KR U S BN 26 4 3% 5 TR, 45 (8] 45 4 RN i
R =Ctn i 2 s o #E 6 50709 N B 5] AfE 3
Ja AR N(6)—C(4) K 5 N(6)—C(2) #E K 41
Wk 1.4443(0) AFI1.4761(1) A M T35 AR IR
B, X 5 AH AR C R B 35 T i, Jt
JEN(6)—C(4) 5K /14 K8 W3, 2005 25 (8] 43 B
B R ,  r Fe gk b, n IR E5 A0 N(6) S T HL
ForE R EI S E R . X —HI1 5 S8 C—N# R HEF =
28 U JE REALG, 0F 10 0 75 55 A 1) -1 SR 5y e e MR T
TR B AR TR VI SRR, T
F119.04°, iR E = 4ERRHES 2N 0T HA U
s 1] T B AE T T R0 B R b 4 i 2546 50T, 3 AT
FE -1 3SR HES A R A HE R, T T
BT 43 F I HEBROR . BLAh, 7 HA 5 24 1 — 4
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SRS i LR T B2, X KAk

F1 LAY 3-0.5H,0 T4 R 4540 B i

Table 1 Crystal data details for compound 3+0.5H,0 and 4

parameters 3:0.5H,0 4

CCDC 2395403 2395404
empirical formula C,H,N,O, C,O,N,H,
formula weight 195.16 231.15
temperature/K 150.00 150.00
crystal system monoclinic triclinic
space group C2/c P-1

a/A 13.806(2) 6.5172(3)
b/A 8.2124(14) 9.4087(4)
c/A 13.029(2) 13.6334(5)
a/(°) 90 90

B/(°) 95.412(5) 102.542(2)
y/(°) 90 90
volume/A’ 1470.7(4) 816.03(6)
V4 1 2

Peatc / grcm™ 1.763 1.881
w/mm™ 0.153 1.534
f000) 808.0 472.0
radiation moka (A=0.71073) moka (A=1.5478)

26 range for data collection/(°) 5.778 t0 52.768
index ranges
reflections collected 5965

1500[ R, ,=0.0699, R,

int sigma

1500/0/126

independent reflections

data/restraints/parameters
goodness-of-fit on £ 1.037
final R indexes [[>=20 (1) ] R,=0.0611, wR,=0.1472

final R indexes [all data] R,=0.0937, wR,=0.1696

-17<h<17,-10<k<10,-14<i<16

=0.0642 ]

9.436 to 150.868
-8<h<7,-11<k<11,-16<I<16
7016
3110[R,=0.0423, R, .
3110/0/361

1.032

R,=0.0394, wR,=0.0955

=0.0548]

R,=0.0479, wR,=0.1022

*2 LEW3-0.5H,0 fhk by ok K
Table 2 The chemical bond length in the crystals of the

compound 3-0.5H,0

®3 LAY 3-0.5H,0 fhih b i G KM 20
Table 3 Hydrogen bond long bond angle parameter in the
crystal of the compound 3-0.5H,0

bond bond length /A | bond bond length / A
O(3)—C(4) 1.243(4) N(3)—C(2) 1.441(4)
N(2)—N(4) 1.370(4) N(4)—C(3) 1.456(4)
O(2)—N(1) 1.239(4) N(5)—C(4) 1.352(4)

N(2)—C(1) 1.341(4) N(6)—C(4) 1.348(4)
O(1)—N(1) 1.249(3) N(5)—C(3) 1.432(4)
N(3)—C(1) 1.343(4) N(6)—C(2) 1.448(4)

N(4)—C(1) 1.326(4) C(3)—C(2) 1.558(4)

SHER L, I N(4)—H(4)--0(2):2.0455(1) A

N(4)—H(4)---O(6): 2.2143(1) A, N(5)—H(5)-:N(9):

2.113401) A, JE— B30 1 4y TG B B kL 4R

T AR, E%I/\ﬁﬁ%ﬁﬁﬁaﬁ{é@é}%tﬁﬂﬁﬁ

U TR E NG A e O 115 S B A1 R A 7/ R TR N
% MR HT A 3-0.5H,0 A %5 W W2 7).

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-10)

D—H HerA DA
bond bond bond bond
lengths / A lengths / A lengths / A

£ (DHA)
/(°)

N(4)—H(4)---O(2) 0.8800 2.0840(2) 2.5894(3) 115.648(8)
N(4)—H(4)---O(4) 0.8800 2.2367(2) 2.8195(3) 123.497(8)
N(3)—H(4)---O(3) 0.8800 1.9420(3) 2.8217(4) 178.369(8)
N(5)—H(4)---N(2) 0.8801 2.1536(3) 2.9966(5) 160.203(8)

HERARFACE W 4 1957 5 [ A B AR, R A
CrystalExplorer3.1 8 X H: Hirshfeld # 1 & 2D 5 4¢
5T 3. WA 3a 7R, Hirshfeld 4 1 4 1
1 DX, A AR A SR ALY 2 IR T O S SR ) 32 2
AR T Rk SRR T I R AU DL R N(3) UN(5)
RS I, 1 G 0 0L T UK R U R AL A 3b

JioR L HR 8CE B AR Hirshfeld & F (9 T
A A AL www.energetic—materials.org.cn



2-fiFf B -3-F-7-AF W Jie 36-2, 4, 6, 8-0 & 4% WU [ 3.3.0 ]2 %6 19 & R I fig 5

a. crystal structure

¢. distribution of molecules

@

19.61° ’a.

b. intermolecular angles

d. 3D crystal packing

Bl1 a9 3-0.5H,0 /Y g2 4 T AR I A, SF T D9 SR A T S0 T e AR A A ]

Fig.1 Single crystal structure, dihedral angle measurement, in-plane hydrogen bonding and molecular packing structure dia-

gram of compound 3-0.5H,0

®4 B4R bRERER
Table 4 The chemical bond length in the crystals of the

compound 4

bond bond length / A | bond bond length / A
O(5)—N(7) 1.2228(19) N(3)—C(2)  1.432(2)
0O(3)—C(4) 1.207(2) N(4)—N(1)  1.368(2)
O(1)—N(1) 1.235(2) N(2)—C(1)  1.341(2)
O(2)—N(1)  1.233(2) N(4)—C(1)  1.327(2)
O(4)—N(7) 1.2186(19) N(4)—C(3)  1.464(2)
N(6)—N(7) 1.384(2) N(5)—C(3)  1.433(2)
N(6)—C(2) 1.475(2) N(5)—C(4)  1.345(2)
N(6)—C(4) 1.438(2) C(2)—C(1)  1.542(2)
N(3)—C(1) 1.349(2)

®5 LG W 4R AR KA 2R
Table 5 Partial hydrogen bond long bond angle parameter

in the crystal of the compound 4

bond

D—Hbond H---Abond D--Abond £(DHA)
lengths/A  lengths/A  lengths/A  /(°)

N(4)—H(4)---O(2)
N(4)—H(4)---O(6)
N(5)—H(5)---N(9)
N(4)—H(4)---N(2)

0.8803 2.0455(1) 2.5825(1) 118.347(4)
0.8757 2.2143(1) 2.8539(1) 129.654(4)
0.8632 2.1134(1) 2.9459(1) 161.845(5)
0.8757 2.0861(1) 2.5854(1) 115.368(4)

CHINESE JOURNAL OF ENERGETIC MATERIALS

A R AR TR R A B Y 28R R A AR R T 4 T T
FUM O--H N HAHAEH . K 3cix, ki 4
i A O« H M BAE (5 b 49.6% , J2: J5L - 8] 55 A
AR R AUSE Y E BE AL R 4, N H A BLAE TS L
7.5% . BANO--N,O---O fl O---C % mw-m H H.1F I Xt
5540 BAE FH A9 TRk 2 M 16.7%,10.3% F115.9% , 55
TR BLAVE . R 1 U A AR D Y e
AHEAE L [RE B T 5% 0 2RSS M L 4R S T 4
T R AR R

i 2o 2% 1 L 20 (ESP) 43 Fr v] LB IR A HE T f# 4k
AW RHLIEE . A Multiwfn Fil Vnd Xt 6 & 4 4
) FL SR AT A 9, 45 SR AN R 3d i, Hod 9 IE 7 H
a3 F 206 R (0 3o o T8 T ORI 1E L A BU(E A
TF H B O 2y S SR o AR B L AR A 4 1 IE
PR A P E U B AR W e S L i KA
300.96 kJ-mol™, it H FA ) 3= A v 7 i R Ak O A
J5 T B 3T, B /MBS —163.72 k)-mol ™ b & W 4 A
B /IN TE BB I H XA K, B AR B R R
RDX(15=8 J, FN=120 N)"“2/4§24
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b. intermolecular angles

o
il TRy
¢ .
‘.'f—:‘ /".!-‘a\ :8
«®*® pe $e H
«C

c. 3D crystal packing d. distribution of molecules
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Fig.2 Single crystal structure, dihedral angle measurement, in-plane hydrogen bonding and molecular packing structure dia-

gram of compound 4
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b. the 2D fingerprint

a. Hirshfeld surface
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c. the individual atomic contact percentage contribution d. electrostatic potential surfaces
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Fig.3 Hirshfeld surface, two-dimensional fingerprint, ratio of interatomic interactions, and molecular electrostatic potential of

compound 4
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Fig.4 TG-DSC curves of compound 4 at 5 °C-min”
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Scheme 2 The structure and properties of several tetraazabi-

cyclo molecules
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Table 6 Physicochemical properties of compound 4, DINGU,

TNT, RDX

p AH Vo P T, IS FS
compound 7 Jikgemol Sm-s /GPa /°C /] /N
4 1.85 -39.9 8538 30.2 243 10 120
DINGU'! 1.87 -244.5 8244 282 257 8 300
DN 1.87 -639.2 8890 35.8 327 10 103
TNTH2 1.65 -59.3 6824 194 300 15 353
RDX"? 1.82 70.3 8801 33.6 204 8 120

Note: p is decomposition temperature at 296K.A H is the cal-culated molar-
enthalpy of formation in solid state. v, is the calculated detonation ve-
locity from EXPLOS5/6.02. p is the calculated deto-nation pressure
from EXPLO5/6.02. T, is decomposition tempera-ture (onset). IS is im-
pact sensitivity. FS is friction sensitivity. The detonation velocity, deto-
nation pressure and enthalpy of formation of DINGU are calculated

from the density and decomposition temperature of the literature.
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Synthesis and properties of 2-nitro-3-keto7-nitroimino-2,4,6,8-tetraazabicyclo[ 3.3.0 Joctane

ZHANG Pei-wei', YANG Hai-jun', JIANG Tian-yu’, CHEN Shi-luo’', LIU Tian-lin*
(1. School of Materials and Chemistry, Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of Chemical Materials, CAEP,
Mianyang 621999, China)

Abstract: Tetraazabicyclo molecules have attracted extensive attention from synthetic energetic materials researchers due to their
high density and detonation performance. To expand the types of skeletal structures of tetraazabicyclo molecules and explore the
intrinsic relationships between different skeletal structures, in this study, nitroguanidine, glyoxal and urea were used as raw ma-
terials to construct a tetraazabicyclo framework by two-step cyclization reaction, and then nitration was carried out to obtain
2-nitro-3-keto-7-nitroimino-2, 4, 6, 8—tetraazabicyc|o[3.3.0]octane(4). This compound is a novel tetraazabicyclic molecule in-
corporating both glycoluril and nitroguanidine structural motifs. The structure of the intermediates and target compounds was
confirmed through fourier transform infrared spectroscopy, nuclear magnetic resonance, elemental analysis, and X-ray single
crystal diffraction. The intermediate crystal 3:0.5H,0 and the target compound crystal 4 were obtained. Among them, the crystal
of compound 4 belongs to the triclinic crystal system, P-1 space group, with a density of 1.881 g-cm™ (150 K), and with unit
cell parameters of a=6.5172(3) A, b=9.4087(4) A, c=13.6334(5) A, a=y=90°, B=102.542(2)°. Compound 4 was tested by
TG-DSC simultaneous thermal analysis, and its enthalpy of formation and detonation properties were calculated using atomiza-
tion method and EXPLOS software, and its mechanical sensitivity was tested by BAM method. The results showed that the ther-
mal decomposition temperature of compound 4 reached 243 °C, the theoretical detonation velocity and detonation pressure
were 8538 m-s™', 30.17 GPa, and the impact sensitivity and friction sensitivity were 10 J and 120 N, respectively. It has good
detonation performance and thermal stability.

Key words: synthesis;tetraazabicyclo;density;thermal decomposition temperature
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2-nitro-3-keto7-nitroimino-2,4,6,8-
tetraazabicyclo[3.3.0]octane
high density and
good heat resistance

p=185gcm’®
D=8538m-s’
T,=243°C

The high energy density compound 2-nitro-3-keto-7-nitroimino-2, 4, 6, 8-tetraazabicyclo[3.3.0] octane was synthesized from

nitroguanidine, glyoxal and urea through cyclization and nitration. It exhibits high density and good heat resistance.
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