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A& H-TH-1,2,4-=M-5-38) Z 8 (1) . IF LI Ry 3
RS ] T HATAEY 1, 3-8 R (2) B R A b,
fE T A6 W0 1 2 1 BbE iR RO R A B R B,
EXPLOS5 (v6.02) BL#L T 4 & % 1 Al 2 1 & 2 1% %

2 SLIGER 4

2.1 AKFI SR

A1, 4T R R, L SR A AR A
BRZS W] 5 1-F 3Ry -1 A JE IR (MNNG) , B 7 %
(b ) AR Tl & A B A ) s A AR S0 BT R T 5 6
KL B TR L R R B b 2 AT B R DL R R
Vo T

AL %% - 70 M K (METTLER TOLEDO AL204) ; #
J1 4 FE 7% (Heidolph MR Hei-Mix S) ; Fi % 1 (Agilent
Varian 325-LC-MS) ; ZL #8453 #1 {¥ (Nicolet islo) ; # i
HARAL (Bruker AVANCE 400) 2% 7 49 i 5t L (TGA/
DSC2, METTLER TOLEDO STAR® system) ; ¥y K %5 Jif
% (Micromeritics AccuPyc 11 1340) ; % 5 # & 3}
(IKA® C5000) .,
2.2 HH K%

PLT,4-T 2 e J5ORE SR HT“MNING & 2R
B A A R AT A 1, 3-8 ik
(2) )2kl Scheme 1 TR

0
HN =N N ny
HNHN T(\)J‘NHNH OVNNGHOMeOH oy 2 m_{\

0 * 2)KOHH,0; HNO, NN HN TN -NO,
1

1,3-Diaminopropane/H,0
=

Scheme 1 Synthetic route of 1, 2-bis (3, 3’-dinitramino-1H-
1,2,4-triazole-5-ly)ethane and its salt.

2.3 XIgtiE
231 1,2-Z(3,3-Z#H&EE-1H-1,2,4-=¥.5.5)
ZiiR—KEWHERK

[a] 100 mL = 52 N o A 2848 7K 20 mL Jf DA
300 remin R BEATHE Y . MEFIARE1,4-T R
T BEMF2.16 g(15 mmol) & FE T R A . 20 mL
LT T3 100 mL A& L B i 6.53 g (K
# 50% ,45 mmol ) MNNG & 77 T #5 I H B 4 b (4%
A bR 5 min NSE L) , Bl G 8 HBE S MNNG TR &
PrimA & BaR RO . 228 TR 2 100 °Clal i
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N3 he A HE B RN 2 E1 2 50 CLATR A
15 mL KOH(3 mol-L™") %k o I FF 2R iz Bz i T
JLZE 100 CH PN 3 he SR E, ARG H
EFEIR I HNO, (8 & HCD I/ 1 % W 1) pH (&=
3~4, R A K A DTTE A L B RN R T
2~5 CCHIVKAE ¥ 98 1 h, il U8 B0 W, 4 F JC oK & Bk
Ve 2~3 WA B AR, T AR 20 A B OB R oR
H93%.,

"H NMR(400 MHz,D,0)6:3.48,2.86;"°C NMR
(101 MHz, D,0)8:163.55, 162.45,27.24; IR (KBr,
v/cm™): 3529(w),3442(w), 3208(w), 2946(m),
1620(s),1564(m), 1497(m), 1442(m), 1381(s),
1312(s), 1260(w), 1090(m), 1000(s), 825(m),
778(m), 703(m), 469(m); MS(ESI), m/z: 282.9
[C,H,O,N",]; Anal. caled for CH,,O;N,,: C 23.84,
H 3.31,N 46.36; Found C 23.44, H 3.39, N 46.28.
23.2 1,2-Z(3,3-Z#HEE-1H-1,2,4- = ¥.5-5)

Z¥-1,3-W 8B (2)ME K

# 0.28 g (0.1 mmol) 1, 2-— (3, 3'- fiif &
B 1H-1,2,4-=M-53) ZBE M A 20 mLKH BEFE,
Jn#E 80 °C, R 5 im A 0.25 mL(0.1 mmol)1,3-A
Jig s BV SR TR AIFE 12 h G, g, T
J B AT A 2 € A

'"H NMR (400 MHz, DMSO-d,)8: 3.44, 2.82,
1.93,1.91, 1.90, 1.88, 1.86, 1.24, 0.00; “C NMR
(101 MHz, DMSO-d,) §:159.85, 157.45, 36.83,
27.35, 25.97; Anal. calcd for C,H,N,,O,: C 28.72,
H 5.36,N 44.65;Found C 28.44, H 5.39, N 44.18,
2.4 Z5¥E M g RAE

AL G W 2 AR AT X B4R B R AT B L e L A
293(2) KT, WCAEAT G 28 5792 A4, e il 7 411 55
A3611 4~ (Rint=0.0258) . fh & 45 ¥4 B 3 i 72 )7
SHELXS-97 Ml SHELXL-97 H #%&& fi h o dE &+ 42
i S 4% 1) S M FAGR BE RF 2 e B I /N IR I B OE
B2 W2 N T R=0.0570,wR,=0.1126 ,GOF=1.039,

I 2278 3 4 B R XS 0 1 A 2 B IR
HEAT TWFSE o SEUR A5 o ARSI R B [ 50~
500 °C, FHEHEZ 10 °C-min™' X FE = 43514 1.53 mg
F11.20 mg, {38 AL R I .

KRR TFI & TG R 248 298 KR
B RE 2B . AR 3R BAM A3 o 3K 7 X AL & 49 1 il 2
P4 48 o S PR R R R AT N A o FH A R A A
WH TG R
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Fig.1 Effects of the materials ratio, temperature and reaction
time on the yield of compound 1

TE BN i BE R 80 °C, ) W B [a] O 8 h 54T,
n(MNNG) :n(1,4-T 2/ BB XHE& 1 77 %1
A E 1afias . n(MNNG) :n(1,4-T /2 P
WE) Ry 221 B TE AR A SO AR A T L IR R
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$958%. FiE n(MNNG):n( T R BEME) M 2: 1 4%
JnED 41, 77 N 58% A Wi F] 93%, H 4
n(MNNG):n(1,4-T @ =B 2] 5. 16, 7
R F . n(MNNG) :n(1,4-T R —BEF) 16
301 R 41 I A 22 AR /N TE [R] I 25 I 28 T AR 1Y
FEOLF, A E n(MNNG) = n(1,4-T g B HF)
Jg 31 IR A .

En(MNNG) :n(1,4-T 8 —BEWFH) M 3:1, %
NEEFE] 8 h 25 R 58 T B ik B X A6 90 1 il
S, A5 R UL b IR M 60 °C - FF % 100 °C LUK
FAFEZ FF i, E 100 CHE = R m , ke FHE 7= %
FE4R T B, R ik e A s iz 9B SR 100 °C

£ n(MNNG) :n(1,4-T R “EBEWF) M 3:1, %
NI E R 100 CCHY ST 3R ST 1 S0 B 18] X6 i % 1y
SEA SR e rn o X RN [E] A 2 h B 7 F84
K 48% , S BF ] DA 2 h 31 6 h, = S8 B i, {H Y
7 B E] SE K 2 8 h 24 hisk, H AR 28R 2 LT
A A, P, FRATTA S e R B ] R 6 ho

LR, ka1 HREMERZMHER:
n(MNNG) :n(1,4-T 2/ ZBEWF) 311 ) i i) ]
6 h N it 100 °C.
3.2 HEW22HBREN

FEE 1 2 F AR 1) 43— &5 K6 Rt 4 8L J31) L ] 22
FIE 2b, & 1A S5 40 BUHE MG 16 S8 2K A DA
MG o B WL 1 ~a rp ARG, SR AT R W4k
GW 2R =R R, P12 AR

WK 2a s A6 G W 2 4589 h A~ =R 3R 1 AR
JRFRR BT 1, 3-8 RIS . AR 27T
FHLON(2)—C(1)HAN(6) —C(9) 15K 7 5l K
1.381 AF11.374 A,/ T C—N B X5k 2 (8], 3 15 B fild
RS S MR Z A A SR AN L R T A TR e
o IWE3HH,0(1)—N(1)—N(2)—C(1) ,N(2)
—C(1)—N(5)—C(2) N(5)—C(2)—C(3)—C(4).
C(3)—C(4)—C(5)—N(8) N(8)—C(6)—N(9)—N(10) .
C(6)—N(9)—N(10)—O4) W% 538 178.309°
179.884°.176.663°.—162.674°.177.476°,—178.105°,
T I 2 =M A AL T — T2 L
T WA =R A 2 3 0T LUER: , S 808 A F 1
ZI AT 1603 £ 51, 3-8 i N(11)—C(7)—C(8)
—C(9)F1C(7)—C(8)—C(9)—N(12)AyHLE: £ 43 5
H-168.817°F1-68.709°, 4K, 1,3-1N sk LAY 5
N R o N R A R T O v B A U B S TR
A5 A S A HE BN K AR B W 2 %% B AR, X
&g
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a. Molecule structure

B2 a2 8953 45 TR i A AR IR

Fig.2 Molecule structure and molecular packing diagram of compound 2(Dash lines indicated intermolecular hydrogenbond

interactions)

=1 LB Y 2 W R IR B SR 1 2 8

Table 1 Crystal data and structure refinement paramenters

b. molecular packing diagram

#z2 fbaw2mmamk
Table 2 The partial bond lengths for compound 2

for compound 2 Bond Length / A Bond Length / A
item paraments O(1)—N(1) 1.282(2) N(5)—C(2) 1.364(2)
Empirical formula CyH,oN,,0, O(2)—N(1) 1.238(2) N(6)—C(5) 1.319(3)
Formula mass 376.37 O(3)—N(10) 1.246(3) N(8)—C(5) 1.365(2)
T/K 293 O(4)—N(10) 1.275(2) N(7)—C(6) 1.336(3)
AA 0.71073 N(1)—N(2) 1.305(2) N(8)—C(6) 1.334(3)
Crystal system triclinic N(3)—N(4) 1.370(2) N(9)—N(6) 1.374(2)
Space group P-1 N(6)—N(7) 1.372(2) N(11)—C(7) 1.474(3)
AlA 7.7570(9) N(9)—N(10) 1.307(3) N(12)—C(9) 1.482(3)
B/A 8.0095(6) N(2)—C(1) 1.381(2) C(2)—C(3) 1.492(3)
c/A 13.8397(11) N(3)—C(1) 1.333(3) C(3)—C(4) 1.499(3)
v/ A3 797.74(13) N(5)—C(1) 1.332(2) C(4)—C(5) 1.494(3)
Z 2 N(4)—C(2) 1.314(3)

p/g-cm™ 1.567

p/mm 0.129 3.3 #hikgE

o0 - fb 49 1A 2 1 TG-DSC 45 4 4 51 [l 3a Al
Goodness-of-fit on F? 1.039

Final R indices (1>2a(1))
R indices (all data)
Largest diff. peak (hole) / e+A™

R,=0.0570, wR,=0.1126
R,=0.1005, wR,=0.1396
0.222 (-0.260)

A 1.567 g-cm™, 11 T A Ay 1, 3-09 Z e MK &
Al AL AW 2 5 A AL 8 A X U

s AR T SR N SR B n 1B 2b R 4 BTR AR
W 2 i SR B A A K d(H-A) BN T
3.200 AL B R T 1100, Hop KN T 2.200 A i
J& TR AU, R 5 A, R AT A Y 214
KEBAF K /N T 2.200 A BEfAE KT 1100, )8 T
5 SR
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K 3b s

M 3aa] LI A6A 0 1 0 o 45 2% 43 ol A
BrBe. TGHhZ Bon2s—FrBe 105 °CH| 120 Cli &
Wk N 5.4 %, [AINH7E DSC #i £k | 107 ChbH — 4/
9 W R0 R I B B AL B W 1 R KA oK i AR
(BIBE M 5.9 %) ;58 ZBr Bt A 184 “CHF IR 5] 247 °C,
TG M4 s iZ B B it 5 01 2k 0 44 %, IRl DSC il 4&
e AE A T B DX ] N AT — A A U 0 IR
214 CRWIZB B AL A P1 00 [ AH 53 ff o 2 .

WE 3b iR, A& 1 2 B 5458 2% AR 20 4
BrBt. 50~130 CHH— KB, TG 4 W i% B B i
B N 4.3 %, % DSC #i £ 78 125 CH — 1%
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Table 3 The partial bond angles and torsion angles for compound 2

bond angel / (°) bond angel / (°)

O(1)—N(1)—0(2) 119.4(13) O(1)—N(1)—N(2)—C(1) 178.29(1)
O(2)—N(1)—N(2) 125(15) N(2)—C(1)—N(5)—C(2) 179.88(2)
N(1)—N(2)—C(1) 116.5(16) N(5)—C(2)—C(3)—C(4) 176.67(2)
C(2)—C(3)—C(4) 113.1(15) C(3)—C(4)—C(5)—N(8) -162.67(2)
C(3)—C(4)—C(5) 113.9(2) N(8)—C(6)—N(9)—N(10) 177.5(2)
C(6)—N(9)—N(10) 117.1(16) C(6)—N(9)—N(10)—0O(4) -178.08(2)
N(11)—C(7)—C(8) 113(2) N(11)—C(7)—C(8)—C(9) -168.81(2)
C(7)—C(8)—C(9) 112.4(2) C(7)—C(8)—C(9)—N(12) -68.73(3)
C(8)—N(9)—N(12) 112.9(2)

x4 kY ERBRSEM
Table 4 Hydrogen bond lengths and bond angles for com-

g, F 0% B B AL S 1 2 2 245 oK il o B (B
fEHRA4.7%) ;55 W Bk 214~230 °C, TG i1 26 £ W i%
W B i i 28 K 70 %, [Al I DSC il 4k 3% 16 5 X 8 A

pound 2
AR B 2 A Tl BRGS0 R VEL R ° A 5
— p TSI TS T e " A 22 BE G A W IR O 218 °C R DT X
/A /A JA /(°) B B R Ak & W 2 1 [ R 3 i o A 3% 00 A O R AR O R
N(3)—H(3)--O(2)  0.854  2.143  2.5933  112.563 HHSE A [HAEENEAEY 125 R &
N(5)—H(5B)--O(1)  0.901 1913 2.7887  163.549 F 200 °C, ZH#HA B0y A e M
NOIT)—H(T1A)-N(5) 0.929  1.989  2.8424  151.869 3.4 1REJMERE
N(12)—H(12B)-+N(8) 1.013 1.849  2.828  161.529 M TP G 2 B EMERE B e W
N(5)—H(5A)-+N(9)  0.825  2.162  2.929  165.943 Born-Habe 7§ #1285 1 15 1) 58 25 R B (Q,) 2 4k it
< . bl g —
N(11)—H(11B)--O(1) 0.973 1.829 27918  169.822 [ 40 2= K CAHL) 285 B EXPLOS (v6.02) B X —
BT IR R MR SRR G5 R WK 5,
1001 24T — TGA L5 10043 28T — A L
%07 ig 80 - 214¢C
8071 L2 o 8 _
= -2 0, ==
Z 7o o £ e oo ) E
& ] = o H4 3
g 60 [ 5 § 2 o exo E
501 L4 . 3 -0 2
401 i 201
301 3 0 . . . . -4
100 200 300 400 500 100 200 300 400 500
temperature / °C temperature / °C
a. TG-DSC curve of compound 1 b. TG-DSC curve of compound 2
3 AW R 28 TG-DSC ik
Fig.3 TG-DSC curve of compounds 1 and 2
%5 DNABT,DNBTM, {b&4 1 F1 2 /9P B8 2 500
Table 5 Comparison of properties of DNABT, DNBTM, compounds 1 and 2
Compound p"/g-cm™ T2/ C AHP / kJ-mol™ DY /m-s™! P>/ GPa 1S° /) FS” /N
1 1.74% 184 395.51 8602 28.10 35 108
2 1.579 214 -223.12 7740 19.10 >40 >360
DNABTL'5) 1.80 194 405.00 8355 30.00 3 108
DNBTM! 6] 1.86 242 358.00 8511 31.00 1 60

Note: 1) density; 2) decomposition temperature from TG-DSC (heating rate of 10 °C-min"); 3) standard molar enthalpies of formation; 4) detonation velocity;

Chinese Journal of Energetic Materials, Vol.29, No.8, 2021 (732-738)

5) detonation pressure; 6) impact sensitivity; 7) friction sensitivity; 8)measured powder density; 9) crystal density.
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K BAM i o I 38 v X Ak & 0 1 R 2 i i o Jek

JEE R BE A BB AT L, S R LR 5
s s, Kk AW1.4kE % 2. DNABT Fl
DNBTM (I PERES B AT 5t H . fb & W 1 Al BHEE g
3 8602 m-s', % DNABT (8355 m-s') fil DNBTM
(8511 m-s A FrRF . I BALA W1 R
J, % DNABT 1 DNBTM [ 48 o5 8% % (43 510 3 ) il

1 J)jtfl]ﬁ[i%ﬁﬁ PRI, 8 e i — W B 2 ] A i L A
B R A RE I AT UK R HUREE AR B TR
f k3 X BT R AR B RE AL R SR T

FIEE . e 29 RS R T 40 ), BEERE R T

360 N, X i HESRZ5 M I AT ANEHERY 1, 3-8 1%
R0 A 45 H X b T 3 3 A g
4 %

(DL, 4-T 2@ B A E R G R T 1,2-=
(3,3'- NS -1H-1,2,4- =153 2 bt — KA (1),
AL E B A M T2 0 :n(MNNG) = n(1,4-T 22 — 1
JWE) 2 3+ 1, BN B[] AL B 43 50 6 h FT100 °C L 7™ 3%
% 93%.

(2) BigRIF3-49 7 1,2-72(3, 3" - W& -1 H-1,2,
4-=WE-5-58) ZBE-1, 3-8 R (2) B LR 45 i T A
BT =&HH R, PSR BE, R E N 1.57 g-cm™,
g3 AVAETE 22 R VR T D0 o i) U

LGP 1 WR) IR B ff TR R 184 °C, BB
R 8602 m-s FRIRHE R 28.10 GPa, 8 o5 B Ky
35 ), BEHE K E O 108 N, JE& i 5 DNABT il DNBTM
HH ST R, 2% B A i AR S — e ) ) e K
1 S AT LA R WG e AT A8 o SRR

(4)1&A%250%ﬂﬁL‘ O R T N 214 °C B 8
WA 7740 mesT BB R R 19.10 GPa, i i B
jt?40J,}**“‘#$:!E2Ej:$ 360 N, &G 2 2 —Fh
Ak Bl R Y B R R

5% Uk -
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Synthesis, Crystal and Properties of 1,2-Bis(3,3’-dinitroamine-1H-1,2,4-triazol-5-yl) ethane and Its 1,
3-propanediamine Salt

PAN Peng-yang'*, WANG Ting-wei'*, ZHANG Qi’, ZHU Shun-guan', ZHANG Lin'
(1. School of Chemical Engineering » Nanjing University of Science and Technology, Nanjing 210094, China; 2. Institute of Chemical Materials, CAEP,
Mianyang 621999, China)

Abstract: Using 1, 4-dihydrazide succinate as raw material, 1,2-bis(3,3'-dinitroamine-1H-1, 2, 4-triazol-5-yl) ethane monohy-
drate (1) was synthesized by the one-pot “MNNG ring method”. And the synthetic conditions of this reaction were carefully opti-
mized. The corresponding 1, 3-propanediamine salt (2) was obtained through the reaction of compound 1 and 1, 3-propanedi-
amine. The detailed single crystal structure of compound 2 was determined by X-ray single crystal diffraction. FT-IR, NMR and el-
ementary analysis were used to characterize the structures of compounds 1 and 2. Moreover, the thermal properties of com-
pounds 1 and 2 have been studied by TG-DSC. The results showed that the initial decomposition temperature of compounds 1
and 2 are 184 °C and 214 °C, respectively. The main detonation parameters of compounds 1 and 2 were calculated by using EXP-
LO5 (v6.02) software. The calculated detonation velocity of compound 1 is 8602 m-s™ and its calculated detonation pressure is
28.10 GPa. For compound 2, the calculated detonation velocity and detonation pressure are 7740 m-s™ and 19.10 GPa, respec-
tively. Furthermore, their mechanical sensitivities were tested by BAM sensitivity test. The impact sensitivity of compound 1 is
35 J and its friction sensitivity is 108 N. The impact sensitivity of compound 2 is greater than 40 J, and its friction sensitivity is
more than 360 N.

Key words: 1,2-bis(3, 3’-dinitroamine-1H-1, 2, 4-triazol-5-yl) ethane; synthesis; crystal structure; thermal properties; detonation
performance
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