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SYRTEL s TN R O R  R Al T R R R
AR U A T WD Ol =W B o R ES TR Y i R e =372y
FIABR A o RS, Tl 9, 1 AR I 1A AR5 Ak T
AIAF,

EQUINOX 55 I FT-IR 2L 4h S 1% 4% , 7% [® Bruker
7y A 52695 AU A0 AE 3% A, 38 B waters 2 H
Vario EL I % ¢ & 43 #r {¢ , Elementar A # ;
SDTQ600TG-DSC Bk X, & B TA A wl s WL-1 7%
AR o R AN WM -1 A JEE B R A WM -1 AR R
FEAS, W A6 AL R AL 24 BRI 5T
2.2 KW
2.2.1 EREZE

R R T R — P Rl e Bk, S5 TR AR
FNE R AF 2] T 5,573 HERL(T, 3, 4-IE -2 51
H)(2a) . 1,2-%(5,5 - F-1,3,4-E —wk-2-) Z e
(2b) PN 2-%3E-1, 3, 4-WE M2k & Re Rk . &
i 12 % 2b il Ak A5 B 1, 2-X0 (5, 57- Al e k-1, 3,
4-WE —wk-2-) 2 ke (3b) , ELAR & Al 28 1 Scheme 1
FIF7R o

0 0 0 0
NoHs 1N NH
CZHS\O)J\R*O/CZHE _refiu_x' 2! \N)LR*N/ 2
Ho gap M
HaN OzN—NH

BrCN KHCO3 >/\O
— N

NN 100%HNO, =0 N-N NOp
| S—nH, —— N ISy
P Ay M A AN
2ab 3b(BNOE)

R=CH,(1a,2a)
R=CH,-CH,(1b,2b,3b)

Scheme 1 Synthetic route of 1, 2-bis(5, 5'-nitramino-1, 3,

4-oxadiazol-2-)ethane

222 AIEB(1a)MER

£ 1000 mL (4 14 B AR A 500 mL 1 &
fi 48 g(0.3 mol) N R LWk, FF TN 1R — 4T
SR T OB G %2 N 30 g(0.6 mol) K&
WE B S I # 2 90 °C, [ S g 4 h, R A1 EE & g
HaOBEP W, TSR B 27.4 g, 77 %
70% ",

Anal. Calcd for C,H,O,N,: C 27.28, H 6.07,
N 42.43,Found C 27.62,H 6.02,N 42.17;'H NMR
(500 MHz,DMSO-d,, 25 °C)8:9.1(br,4H,—NH,),
4.2 (br, 2H, —NH) , 2.89 (s, 2H, —CH,) ; "C NMR
(125 MHz,DMSO-d,, 25 °C)8:166.0(CO),40(CH,) ;
IR(KBr,v/cm™):3302,3270,3203,3133(—NH—NH,),
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2883(—CH,),1679,1649(—CO—).
2.2.3 5,5 -TFHAER(1,3,4- B _mk2-5H)(2a)8)
A

UKOK S, ) 2 A IR BE 119 1000 miL 39 19 1H 58
A 500 mL YK, B H B AR BE R 2 5 °Cl
I B P AR A 6.6 g(0.05 mol) T8 EEE, 11.1 g
(0.1 moD MR A M . ELW MG, mMA106g
(0.10 mol) AL . PARFIE IR (5 COFFER N 1 h,
LUK, S IRIEFE 4 h, 08, 530 FH KR — S e e 4%
FLAS T AR s (1K 8.32 g, 77 % 91.43%.

Anal. Calcd for C,.H,O,N,: C 32.96, H 3.30,
N 46.15; Found C 33.05, H 3.10, N 46.43. DSC
(10 °C-min™"):241.8 C(dec.) ;'"H NMR(500 MHz,
DMSO-d,, 25 °C)§:7.063 (s, 4H, —NH,) , 4.26 (s,
2H,—CH,);"”C NMR(125 MHz,DMSO-d,, 25 °C)$§:
163.5 (CNH) , 145.8 (OCN) , 40 (CH,) ; IR (KBr, v/
cm™) : 3307, 3113 (—NH,) 2881 (—CH,) , 1661,
1593(—NN—),1262(—COC—).,
224 TZIZERB(OIb)MEK

TE—> 1000 mL {9 1Y FEIR H AR A 500 mL Y
L .43.8 g(0.3 moD) BT R —HIME, & T R — W g
SERW T LB 5218 0 N 30 g(0.6 mol) K4
JWE,BEJS IN#RZE 90 °C, RT3 S B 4 h, V2 A48 &, i %
SRS, TR R FAER32.9 g, % 76%.

Anal. calcd for C,H,,O,N,: C 32.88, H 6.85,
N 38.36;found C 33.01,H 6.71,N 38.21;'H NMR
(500 MHz, DMSO-d,, 25 °C)8:8.9(br,4H,—NH,),
4.2 (br, 2H, —NH) , 2.2 (t, 2H, —CH,) ; "C NMR
(125 MHz,DMSO-d,, 25 °C)§:170.0(CO),29(CH,) ;
IR(KBr,»/cm™):3314,3292,3202,3183(—NH—NH,),
2878(—CH,—CH,),1631,1534(—CO—).
2.2.5 1,2-X(5,5-Z & H&-1,3,4-E-M-2.) Z %

(2b) I & R

VKK H 1) A IR EE T 1000 mL Y DY H B
A 500 mL YK, B B AR B R R 5 °ClY
] BE i AR A 7.3 g(0.05 mol) T EEMF, 11.1 g
(0.11 moh k2 & . LW MI5 ., M A10.6 g
(0.10 mol) ¥ Ak R o PRFEFIE IR (5 °CH i+ M Th, 4l
LUK IR BERE 4 h, 2208, 43 KR — S B e v
FLAS T 20 A A K 8.85 g, %6 90.31 %,

Anal. Calcd for C,H,O,N,: C 36.73, H 4.08,
N 42.86; Found C 36.62, H 3.94, N 42.32, DSC
(10 °C-min™'):284.2 °C(dec.) ;'"H NMR(500 MHz,
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DMSO-d,,25 °C)8: 7.08(s,4H,—NH,),2.31(t,4H,

—CH,) ; "C NMR (125 MHz, DMSO-d,, 25 °C ) §:

163.7(CNH),146.2(OCN),30(CH,) ; IR(KBr,»/cm™) :

3312, 3108 ( —NH,) 2777 ( —CH,) , 1662, 1592

(—NN—),1139(—COC—).

226 1,2-X(5,5'-" R E-1,3,4-IE_-¥.2.)Z
12 (3b) I & B

VKK T T 2 AT I EE T A 100 mL Y (8] 4R
A 50 mL Y & MRS R , s34tk im A 5 (0.028 mol)
2b F2b e AV RS RO E R . R

Je B RS A B 500 g B VKK HR e AL A T R
*ﬁm,ﬁ?;ﬁ,ﬁmkm, R R C | FRek 7/ N S RN
5.31 8,77 % 72.74%.

Anal. Calcd for CHON,: C 25.17, H 2.10,
N 39.16; Found C 25.01,H 2.17,N 38.87;'H NMR
(500 MHz,DMSO-d,, 25 °C)8:13.75(br,2H,—NH) ,
2.28(t,4H,—CH,) ;""C NMR(125 MHz, DMSO-d,,
25°C)6:163.6(CNH),145.9(OCN),29.8(CH,) ;IR
(KBr,v/cm™):3168(—NH—),2789(—CH,), 1583,
1565(—NN—),1385(—N0O,)1139(—COC—).
2.2.7 g

fi o5 B MR G)B5891.22-2006 J7 vk, JH 7% Fil 1
RSO 45 : 255 (20+0.5) mg, I HERTHE 10 kg.

JRE 45 IR B - AR B GJB5891.24-2006 J5 ¥ , F B 52
TP, 45 - 25 (20+0.5) mg, £ 90°,

# R R AR GJB5891.27-2006 75 1, F i H Jk
FEACIAK , 451« 25 5 (20+0.5) mg, HLZ¥ 3%X3900 pF,
EHEE 0.5 mm.,

W KR GB4472-1984 bk, SR FH % 8 1 it
A, 41 - 255 (2.520.1) g, /v 2 22 g, A il
W 0.8526 g-cm”, MK IR E 25 °C.

3 #R5WiE

3.1 RIRE BB FIRIERE

WAL JS W BE S R PR R A T, 3, 408
W -2 - B 1 WL i o HR AR SCHRHRGE T 8 SR
H B2 S 3 O WA Ry OB 302 30 Sk T kA TR AR
5K il i 7 A R ) AU L (H 2 BT 2a.2b Hr ]
AT T e 0 e B A, A A DA AR S 5 R AE 7 ) 40
B A B RIME . X% e 1 5 vk AT O KO
e AR RS R, Ry 1 R U Ak TR K AT R Y A5
P R R R TR B RN R AT, E RN AR &R oA
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e B SR T AAL, TH AR 5 B2 R B8 (DFT) 1Y
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TR KT AT o 38 2 R A 2 A R 0 T AR A
A R A G S B e S5 4 ) o R A B2 S Ak
(IRC) J7 ¥k, it WS Sh A AT T 5000 .

NAOz i A i it 72 52 B L] 43 kg A 12 17 B B
U fife 2 I T8 B B2

(1) kst B i AILFR

it )z g 69 3 B U0 Scheme 2 7R .
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Scheme 2 Synthetic route of N-cyanogenhydrazine
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Fig.1 The charge distribution of cyanogen bromide
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ﬁa/}zﬁmﬁﬁ 42.18 kJ-mol™, IRC 4> ¥r i 7 , X 4
7S L — AN TCRE 22 M RN FE . PR 2 — R Rk
ﬁﬁﬁdﬁ*%ﬂ/ﬁﬁsafﬁ JE B 1) 1E 7 1) AT
At

www.energetic-materials.org.cn



1,2-80(5, 5 -l Mg HE-1, 3, 4-I8 —wh-2-) 2 b B A S M e

681

L
H(@. J188)

't

a. acetylhydrazine

G N@)

N(11)

Do

b. N-cyanoacetohydrazide
B2 kA e o A B N-TRUEE S BEE Y R )
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Table 1 Zero-point engergies (ZPE) , enthalpies (H) and

free energies (G) of reactants and intermediates during the

synthesis of N-cyanoacetohydrazide

. ZPE H (298 K) G (298 K)
species
/ k)-mol™! / k)-mol™! / kJ-mol™’
HNACc -694558.91 -694540.26 -694636.00
BrCN -7002168.78 -7002157.87 =7002231.52
IM1 -936780.40 -936757.80 -936866.47
HBr -6759992.75 -6759984.08 -6760043.23

(2) 5-F1 HE-2-5 H-1,3, 4-8 —mk 5 36 fz b HLFE

K B3LYP J7 3 7€ 6-311+G (2df, 2p) /K F L4
6T B A AR e SR A LA A B (18] 3)
TR TR 2, AGH RN 4 A i 8 2 A
)RR A T B RE . BN A AR v A T A Y
JUAT 4546 DL 1&] 3, S 1 s 2 P UL 4

TERPEIREE T, IMT A N _E 5 — A -5 86 2
AR . NCTO) N1 R P LS
OH T2k 25 AR, R ENOC0) BB 75
JE R AR IM3 A R TR EHE, N1 EAH R
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ALV R O b mi 5 NC11) BB 57 F OH B
M e 25 5 T b ) 4R IM2,N(10) BB H B il T 28
BIGZRH, Tk E s O L. WL, A2 N(10) B
T B AR IM3 5 AR AR IM3 B N(TT)
LR R TF2DEES TS IR A RER O(e) I,
TE R A B AR IM4 . 33X — W B BE 22 33.59 k)-mol ™,
W # 23.61 kJ-mol™ . 7€ A4 IM4 i, N=C=N %
N(10)—N (171) 55 JiE 5%, 28 5 3 o 28 752, 52 ik
48.68 kJ-mol™ [ fig & , #% {1k 24 T [H] f& IM5, I #4
44.65 kJ-mol™., IM5 ) O(6) Ay H(12)k 5 fig £
59.28 k)-mol™, % F£ # N(8) I, J& Wi ] 44 IM6 , il #4
21.67 kJ-mol™'. C(7)4 A &4 W 1EH i, 1 O(6) I
WA oA, BT — IR E£2(20.64 kJ-mol™)
TE AR B A IM7 o IM7 3RA% — A 7 I B 24 1Y
TR o A OV S — AN (49.06 k) -mol™) | il
PEIARBE A R F O B AT o

4 S e 2 e *’e
¥ 9
eb» % 0, wle %0 0700
¢ 2 s 2 3
M1 M2 M3 Ld
e’ @ ® o’ o9 .’:
2 So0 3° Ho 9 e
e %0 % " 00 J 00
4
M4 152 IM5 83
° o o 2 2 3 0 P
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9 9 ¢ 9 4 e g
Fl ° J .. . ‘.
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B3 A 5-F E-2-B I, 3, AT s v ] A S O A
P i JLAeT g 7

Fig.3 The geometrical structures of the intermediate, transi-
tion state and product in the synthesis of 5-methyl-2-amino-

1,3,4-oxadiazole
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AG / kJ-mol”
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Fig.4 Potential energy profiles of intermediate, transition

state and product at the 6-311+G(2df,2p) level

N XK 2020 % H 284K #78 (678-684)



682

Sz, el — K i G ik

F2 AS-MHE-2-%HE-1, 3, 4= e SN ) R ] ) B RRE AR R A A A RE

Table 2 Zero-point engergies (ZPE), enthalpies (H) and free energies ( G) of reactants and intermediates during the synthesis

of 5-methyl-2-amine-1, 3, 4-oxadiazol

species ZPE / kJ-mol™ H (298 K) / kJ-mol™! G (298 K) / kJ+mol™ AG/kJ-mol™!
IMT+OH™-H,0 -935152.30 -935130.96 —-935234.74 0.00
IM2 -936780.40 -935359.36 -935467.16 —232.42
IM3 -935399.30 -935378.30 —-935482.07 —247.33
TS1 -935366.66 -935346.83 —-935448.48 -213.74
IM4 -935376.409 -935355.70 —-935458.46 —-223.72
TS2 -935330.11 -935310.90 —-935409.78 -175.04
IM5 —-935334.95 -935316.24 —-935413.81 -179.07
TS3 -935275.77 -935257.03 —-935354.53 -119.79
IM6 —-935352.54 -935331.04 —935435.48 -200.74
TS4 -935336.20 —-935317.45 —-935414.846 -180.10
IM7 -935363.85 -935345.462 —-935441.98 -207.24
product-OH™+H,O -935208.93 -935191.46 -935283.80 -49.06

3.3 1,2-3(5,5'- 4B E-1,3,4-E _M-2-) Z kL B

4 &E

1,2-X0(5,5 - Rl B 61,3, 4-08 —-2-) Z ke i
TG-DSC i & an &l 5 fir 7~ o 3 28 43 B ol 1, BNOE [ #4
o3 fff 3k B T B BB A R AT — A A g
fif e |, 3 % BH 7E 4 03 ff 3 #2 v BNOE A7 76 W 4l 1k
B RH A8 Ao B, i AR I 4R 23 % . BNOE 1193 Ih 70 i it
JE K 202.2 °C,1F 208.6 °CIf ik F] DSC U4 AH , B A 3 72
T 5 R 66% . 2 W1IZAL A W00 43 fifk U B 8 ey i A
PERER T o

] - -8
10 exot 2086 T~ —DSC [ 49
100 16
90 r-12 .
o 80 66% e
gy 16 =
723 =
& 60 18 &
50 203
40 --22
30 24

0 50 100 150 200 250 300 350
temperature / C

B 5 BNOE 1 TG-DSC ik
Fig.5 TG-DSC curves of the BNOE

3.4 1,2-X5,5 -ZHHBEE-1,3,4- B2 -2 )2 IRHI R E

1,2-X0(5,5 - Rl B 56-1, 3, 4-W8 —-2-) Z ke (Y
o o R AR R R PR BRI R LR 3L T
RN R I A (1B e = W S (T o
(CL-20)""" | i Bk e 8 (ADN) " M2 4 (RDX)
) SCHR &5 SR T3k 3,
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®3BUZMALS
Table 3 The results of sensitivity test

. impact sensitivity friction sensitivity electrostatic spark
explosives

/% sensitivity/m)
BNOE 8.6 88 108.1
CL-20 4.5 100 142.6
ADN 2.5 76 126.4
RDX 7.5 64 117.6

m e 3 A, 1, 2-X0 (5,5 - Rl Mg dk-1, 3, 4-18 —
Me-2-) 2, H ) Fi of 8% B IK T CL-20 . ADN (RDX, & 4%
JEEAIE T C1-20 {H )2 5 T ADN (RDX, i A & ¥ 75 T
Cl-20 . ADN .RDX, ZE &2 Hrik Jg . 1, 2-%0(5, 5" - fily
e -1, 3, 4-W8 M -2-) 2 e SR UK 5 RDX A Y .
XEEE LT, 22X (5, 5 - ff e -1, 3, 4-E
ME-2-) 2 BE Y 1, 3, 4-WE T BR A5 R 10 35 kL A AL
BEAI T 43 [ 1) A i, 1 7 /K P 31K
3.5 1,2-XW(5,5'-Z ff B &-1,3,4-E Z -2-) Z &%

(BNOE) ))& = 1E B

48 16 5 ¥ BNOE 1Y [ AH 2E BUAS F1% B2, 45 &
EXPLO 5 V6.02 i /7 of 0 I JH: 42 55 PR RE .

[ AH A2 B AH oy 28 T A1) O AT R
AH oid. 2080 = AiH o 20860 = AH b, 20810 (1)
T, AH e 05 HTE 298 KR THE 0946 4 14 A 2R
BKE S AH 00 0 N TFE 298 K R LG W1 B9 FHIEI

SRR BURE AH o 20510 R R A0 . I 57
1k 2% B A4 Gaussian09'"7', B 46 #£ B3LYP/6-311+G
(2df, 2p) K I i 47 JUAT 25 #9404k, 2R 5 R A
&g
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1,2-%0(5,5 - Rl i FE-1, 3, 4-W8 —mk-2-) 2 BE 19 A 5 1k fE 683
CBS-4M Jr kit life . LT IRS Arit B g2

EIEAE o AR 98 B 5 BB AN RS IE{E 1 A =0 (2) 154 7 7
PRl RS A AR BUKS o 15 216G 9 BNOE 1< HH
ARk AH'(gas)=138.03 kJ-mol ™.
AIHO(ga&M.ZQS 0= H w2050~ ZH o 2050+ ZAfHe(anm.Z% K) ©)
R, H o s NTE 298 K FiFE B L&Y,
H om.z0810 B FE 298 K B4R 25 JEF BIKE  AdH o 205 10
NAE 298 KT 45 5T 1 A iUk

THEIG R Politzer F B A A (3) 0 L&
P BNOE () # i 5 S B ik T 5 i iH 5 R 3k & 9
BNOE FH4E£#4 4 89.78 k)-mol ™',
AH .y s0510 = 0.000475(area)” + 2.1194(vo) )'” = 2.25  (3)
KA, AH 000 N TE 298 K T AL & W0 19 T 46 44,
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Synthesis and Properties of 1,2-Bis(5,5’-dinitramino-1,3,4-oxadiazol-2-) ethane

MA Ying-jie, LU Yan-hua, CAO Yi-lin, HE Jin-xuan
(Science and Technology on Aerospace Chemical Power Laboratory , Hubei Institute of Aerospace Chemotechnology , Xiangyang 441003, China)

Abstract: In order to obtain insensitive 1,3, 4-oxadiazole energetic compounds, 1, 2-bis(5,5’'-dinitramino-1, 3, 4-oxadiazol-2-)
ethane(BNOE) was synthesized via hydrazinolysis, cyclization and nitration using dimethyl succinate and cyanogen bromide as
raw materials with a total yield of 49.93%. Its structure was characterized by elemental analysis, FT-IR and NMR. The thermal de-
composition process was studied by TG-DSC, and the mechanical sensitivities were tested according to the GJB5891-2006 meth-
od. The density was measured using the density bottle method. The solid-state heat of formation (HOF) was calculated with
Gaussian 09 software. The detonation parameters were calculated with EXPLO 5 v6.02 software. Results show that the onset de-
composition temperature of BNOE is 202.2 °C and thermal decomposition peak temperature is 208.6 °C. The sensitivity towards
impact, friction, and electrostatic of BNOE is 8.6 J, 88%, and 108.1 mJ, respectively. The measured density is 1.714 g-cm™,
the solid heat of formation is 48.25 kJ-mol™. The calculated detonation velocity and pressure is 7663 m-s™' and 22.6 GPa, re-
spectively. The study on cyclization mechanism of 5-methyl-2-amino-1, 3, 4-oxadiazole (NAOz) by Gaussian 09 show that the
reaction proceeds in two stages: hydrazinolysis and ring formation.

Key words: 1,2-bis(5,5'-dinitroamino-1,3,4-oxadiazole-2-) ethane;synthesis;cyclization reaction mechanism;performance
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