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2.1 KA ENHE

TooK B RO K BB (80%) | & A AL
BB EN UK O TR VR BRI LN N, N-Z
P F T Jle ( DMF) R i KV R R IR K L 2 /K A5 35
Vo THEL N (S B S WA S ) A W | /A1 IR = - S U U |
(DAF) | 3-2, % JL-3-F JHz 3L 75 1R 2, g 6 1% 8 K 43 #7
é@,ﬂ@ﬁfﬁﬂ‘lﬁu]éx &}

kA 8% B2 45 . /% [ Bruker D8 Venture
X-SRP 28 B0 AT A5 Mg 45 B -FE 4] 2 TG/DSC A K
[F) 26 ¥ A7 4 ; 12 [E Bruker AVANCE 600 MHz #% i

PR %Y ; 5 elementar Vario MICRO cube JG &

S HPA ; PerkinElmer Spectrum Two {df B i 748 # 2T 4p
Fei%4% ; Micromeritics Accupyc I 1340 pycnometer
(25 C) A E®T AL,
2.2 LIHIE

LL DAF skl i 3 75 28 A T 5, 10-31
(ffF AN ZE W L) Wk IR [3,4-e ] BU([T,2,4] =M
H)[4,3-a:3",4"-c] ML — 4 £5"" (BOBTPK) , Jf i
SR AEAS 3 5, 10- 00 (M A 28 FH L) -sk i Jf [ 3, 4-e]
W([1,2,4]=mkJf)[4,3-a:3",4'-c] LB (BOBTP) ,
2R T3 A A2 G AR B A B R R e R R IR 4
A 2R I, Scheme 1,

I thionyl chloride

HoN NH,
7—( oxalic acid
! \N T .

S

~0 N N
DAF |1'| 2
C,Hs00CH,C _
25 2 \ a KIHZ o lNHzNHz
T e ‘L T
oY NHNH,
—
CoHs00CH,C
4 lHNog/HQso4
CoH500C(0,N),C (O2N)oC (ON);HC
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IIW'iIWW'Ii
RS \N \N
)— )=N/
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Scheme 1 Synthetic route of BOBTP and its salts
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2.2.1 BRIEFH[3,4-b]MtIE-5,6-(4H,7H)-_F (1)
ok=g24

VKK 21T, 4% 6 g(60.0 mmol) = % Jk ik i
(DAF) % F 30 mL K, g4 HhfmA 8 g
(88.0 mmol) Jo/K B2, S8 5 MR A 4 h, B Hl 2=
i, HRE T UK Th % A0 6 h, AR5 ik, JF ] 20 mL
K, B THESS 7.3 g B @k, xR
80%, JLRHT C,H,N, O, (%) : J M B (115 18)
C 31.03(31.18) ,H 1.29(1.31) ,N 36.40(36.36) ,
2.2.2 5,6-ZS-RRMEF[3,4-b] MEMR (2) & A

4 g(16.0 mmol) 1 #f#T 30 mL &AL AR, f
15~18 CHRAMT i 1 m b 4 mL 481
DMF gt 58 8¢ )5, FHil 2 20 “C /e i 0.5 h, zﬁﬁ
FHEZE 75 CRM T h, iR EEE ., B R E
PEA 200 mL ) vkoKIR AW, 3R HE 0.5 hy i
U8, R B K eI, TR 5 8 R T 10 mL PN A
PR A 40 mL K, e 0.5 h Je ok, Kk, &
ETERERE 2.0 g HEEK WER 43%, TTED
Br C,CLLN,O (%) : SEE (1534) C 25.20(25.16) ,
N 29.31(29.34),
2,23 5,6-"BFE-BRMEFH[3,4-b]ME(3) E MK

Bt 2.77 g(14.5 mmol)2 il A% 200 mL H
POFE N m A 4 mLKG B 80 mL HIEE

VW, AR R THIR 2 60 CCR Y 3 h, i 5 R E =

@/iji(ﬁ 51 20 mL 7K (20 mL FEEFT 10 mL
CBEVE VTS R, Bs TS 15 8 4.7 g 206 [ A,
WK 93%, LR THT C,HN,O - H,0(%) : 52l
B (I8 ) C 26.31(26.38) ,H 3.29(3.32) ,N 61.58
(61.52),

2.2.4 2,2-(BEMEFH[3,4-e]XW([1,2,4] = 3)
[4,3-a:3",4'-c]5,10-— &) - Z 8 ZH (4)
k=95

B 1.82 g(10.0 mmol)3 % T 40 mL y)KZ e,
R E A 4.5 g(23.0 mmol) 3-2 & %&-3-11
RILNR C g ERRR AR , W 5 THER 2 55 °CJ i 0.5 h,
FHEZERF N 1 h, G R M EER ., S5, kg
Wedi 12 mL, s A i A 15 mL ok, B R R S AN
P pH 2 7 42578 0 CF R 15 h, R R =
Mg, JE DL 8 mL K P A, LA TR R 135 2.1 g
WELEEN A R R 56%, JEER 53T C H,N;O; (%) :
SEE () C 44.96 (44.92)  H 3.72(3.77),
N 29.98(29.94)
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2,25 2,2-(BkIEFH[3,4-e] W([1,2,4] =)
[4,3-2:3",4'-c]5,10-“ &) WE_WMEZE
ZEE(5) & B

VKA T iRk 1.0 g(2.6 mmol) 4 fin A %
12 mL¥RBEFRFI 10 mL 100 %A% R 09 1R 2 b, Ikl 58
BIEE T 20 CF RN 4 h, ZJ5 5 50 2 78
100 gvk I, i 0.5 h, &b 38, K ¥k, F25 T8 J5 15 2
1.0 g B (A EA I h 67%, JTTHR 4T C,HN,O,(%) :
SENAE (3124 ) C 30.38(30.34) ,H 1.85(1.82),
N 30.34(30.32),

2.2.6 BOBTPK BJ& /%

20 CF# 1.0 g(1.8 mmol)5 fin A %] 20 mL JE/K
S PP ) H R N 40 % S A AL ER KIS R 2
By pHAE R 10,105 S n 0.5 b, B ) Hrfofim A vk
TR AT W) pH (E IR 2] 6.5, 41K 1 A 74 Rl
BT 5~10 CF R 15 h 5,38, 70 5 LLJe K & B
40 mL ., Zfif 20 mL PR A, s T4 8 0.76 g #
(0, A, %l 90%, DSC (232 °C,50~350 °C,
10 °C - min™"); '"H NMR (600 MHz, DMSO-d, , 25 °C)
8 :3.44 (s, 2H, H,0); "C NMR (151 MHz, DMSO-d, ,
25 °C) §: 121.52, 141.38, 141. 51, 145. 38; IR ( KBr,
v/cm™'): 3290,1615,1577,1469,1220,1118,996,
957,832,765; TCE 4T C,N,,O,K, + H,O(%) : 5
MAE (318AE)C 15.92(15.90) ,N 27.83(27.81)
2.2.7 BOBTP & K

20 C ¥ 0.60 g(1.3 mmol) BOBTPK it A %
15 mUyk A g4 T m Hod im A 20% /9 i B8 /K i &2
W) pH (ER 1,15 & 8 0.5 h, - H & R &
(15 mLX3) 0, 28 TH ), J28 T45 8] 0.51 g &
o [H 4, I %k 94%, DSC (211 °C, 50 ~ 350 °C,
10 °C - min™); '"H NMR (600 MHz, DMSO-d, , 25 °C)
8: 5.3 (brs, 2H, CH(NO,),);"”C NMR (151 MHz,
DMSO-d,, 25 °C) §: 121.49,141.31,141.53,145.42; IR
(KBr, v/cm™ ) 3128, 2833, 2312, 1623, 1565, 1473,
1215,1123,990,844,772; J6Z 54 #7 C,H,N,, O, (%) :
SCAE (3T ) C 23.44(23.43),H 0.49(0.49),
N 40.95(40.98)

2.2.8 BOBTP {2 EMAKkEW(6)HEK

Hr 0.428 g( 1.0 mmol) BOBTP fit A & 15 mL /K
L BERE TAR R I TmL 2K e EE SR RO 1 h,
Wi bR 2, 15 5] 0.481 g #8 ( B{K, %k 93%,
DSC (202 °C,50~350 °C,10 °C - min™'); '"H NMR
(600 MHz, DMSO-d,, 25 °C) &: 3.44 (s, 8H,
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H,0), 4.40 (s, 8H, NH;);"”"C NMR (151 MHz,
DMSO-d,, 25 °C) &: 121.48, 141.31, 141. 51,
145.40; IR(KBr,p/cm™): 3278,3125,3013,2834,
2612,1610,1576,1465,1118,993,957,823,765; JC
R CuH N, O, + 4H,0(%) : SEMfH (1H 53 1H)
C 18.62(18.61) ,H 3.12(3.12) ,N 37.96(37.98)
2.2.9 BOBTP W —HEBEEZKEW(7)HWEK

Ht 0.428 g( 1.0 mmol) BOBTP fil A% 15 mL /K
OB FE T 2R N 0.132 g 1Y 50% Mk BE 1Y 72 e K i
W, SE R fE RO 1 h R R BR 2,153 0.477 g 18
e [ AR, W%l 96%, DSC (210 °C, 50 ~ 350 °C,
10°C - min™); "H NMR (600 MHz, DMSO-d,, 25 °C)
5:3.44 (s, 4H, H,0), 10.39 (brs, 8H, NH,OH");
"C NMR (151MHz, DMSO-d,, 25 °C) &: 121.51,
141.29,141.49,145.41; IR (KBr,»/cm™): 3291,
3128, 3027, 2854, 1919, 1653, 1512, 1401, 1169,
1077,991; JTZE 4 C,H N, O, + 2H,0( %) ; 5
fH(3TH3AE)C 18.77(18.76) ,H 2.38(2.36) ,N 38.30
(38.28),
2.2.10 BOBTP AR — k&% (8) & A

Bt 0.428 g( 1.0 mmol) BOBTP fil A & 15 mL /K
O BEFE 22 N 3 mL A 0.191 g SRR I /K %
WM oS B JE RO 1 b R R ER 45 31 0.599 ¢g
P& 5 [ 44, W% R 97 %, DSC (186 °C,50~350 °C,
10 °C - min™"); '"H NMR (600 MHz, DMSO-d,, 25 °C)
5:3.44 (s, 4H, H,0), 7.23 (brs, 12H, CN,H;);
"C NMR (151 MHz, DMSO-d,, 25 °C) §: 121.53,
141.28,141.52,145.38; IR (KBr,p/cm™ ). 3277,
3128, 3027, 2854, 2521, 1998, 1653, 1601, 1499,
1412,1077,980,841; T Z /3 # C,yH,N,; O, + 2H, 0O
(%) : S8 (3F%{E) C 21.30(21.28),H 2.88
(2.86) ,N 44.67(44.68)

3 XRERSERHN

3.1 BB

¥ BOBTPK ¥ Tk, Ei# E , A SRIE LI,
BT IR B0 AR A SR FH PR AR X R AT 9 X AT
AT AR SE R IR . LR SR BOE e 1 R,
g BRI IR E TR R, C 2/c B, LS5
Fa=19.913(3) A,b=9.3491(12) A,c=16.807(2) A,
$=90.160(3)°, Z=8,

BOBTPK [ iy A 25 4 [ 1 HE BLIE 43 51 an & 1

b
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25183 iR . TEMIREH P AR AR T S T
ZT6) RS LR 6 R A B R E AR (R 2) .
54 AR R I (1) A BOBTPK i 43 1 ff 3%
(£ 2) , AT Fp =W ER WG B R AEE 198 B 4 82 )
B R 25 g JUF- Ry P 100 AR 28 T AR — il 5 R RE o 76 °F- 1l
5P AL T U 3 B A9 R A A HE AR I
i, AR A B A 3 BUZ 22 f) 5 58 SO 39 35 TR TR M R
(K 3),

1 BOBTPK i k25
Fig.1 Crystal structure of BOBTPK

? ‘«?&3{” ok
a ¢ @ .

2 BOBTPK iy fA 4l 51 i i iz A1
Fig.2 The coordination of potassium atoms in the crystal of
BOBTPK

. ®
[ IR
\ I 23,
& =
e
&
L8 -
%} &
e s,
£ =t 2
)34
& . = i
& X" 2
& -4

3 i c s BOBTPK & A iy 3 FRLIA]
Fig.3  Packing diagram of BOBTPK crystal viewed along

C aixs
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&1 BOBTPK Wy fikES %

Table 1 Crystallographic data for BOBTPK
formula CeH KN, O
formula mass 504.41
CCDC number 1558328

crystal system monoclinic

space group C2/c

a /A 19.913(3)
b /A 9.3491(12)
c /A 16.807(2)
B /(°) 90.160(3)
v/A3 3129.0(7)
Z 8
D./g-cm™ 2.103

T/K 170

M /mm™ 1.752
F(000) 1976
data/restraints/parameters 3562/7/290
R, [I>20(1)] 0.0470

wR, [1>20(1) ] 0.1274

R, (all data) 0.0731
wR,(all data) 0.1509
largest diff. peak and hole /e « A~ 0.45/-0.77

& 2 BOBTPK [#87 — 11 /i K4
Table 2 Selected dihedral angle of BOBTPK

bond angle/(°)
O(5)—N(6)—C(3)—N(5) 179.63
N(7)—C(4)—C(3)—N(5) 178.93
N(3)—N(4)—C(6)—C(5) 179.73
C(7)—N(8)—C(4)—N(7) 0.06
N(3)—N(2)—C(1)—N(1) 91.14

3.2 WL FNIEE AL

FIF TG/DSC 43 Hixtik 44 BOBTP BOBTPK Fifk
B 6~8 By i IR EAT 5 5%, Okl 50~ 350 °C,
10 °C - min™ fyFHEHE R o B R 7 B B i sy
ffRIELIE (210 °C) . #:TF Born-Haber g AEFRHLEL ", F]
i Gaussian 03 #4315 T Br & AL &4 BOBTP
BOBTPK HIfb &4 6 ~8 My A= itk . & T 16 & 91 09 A= ik
Y5 R BE B Explore5 v6.02 355 B AT i 15 2% M
e AL &M 7 BB E A F 8104 m -+ 7' 48k Ik F
26.73 GPa, & F 2,4, 6-=H 5 H 2 (TNT) ., &R
BAM WA 22 . 258 (30=1) mg, VR HET & 2 kg, FF
BB 10~35 °C AHXE BEAS KT 80% , 43 51 I 2 45
UL A A W 0 e o R R R B R R R HLrh R e R 7
FEIN M AR O WA K - 4 o B R 18 ), R R
BEh 240 NAEF TNT, DL B3 45 SR 03k 3,

o
b
sl
X
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&3 ST BOBTP i — R & 6e & 7165 W H9# BEAL M TR AR S 2 8

Table 1 Physiochemical properties and detonation parameters of a series of energetic ion compounds based on BOBTP
compound formula Ty /°C density/g - cm™ AH? /k) - g™ D¥/m-s  p"/GPa 1> /) FS® /N
BOBTP CyH,N,;,0, 211 1.677 1.37 8030 25.67 10 160
BOBTPK K,CyH,N, O 2327 1.757 0.134 7505 21.12 8 160

6 CgHigN., O3 202 1.627 -0.707 7812 23.37 15 220

7 CgH{;N;, Oy 210 1.657) 0.378 8104 26.73 18 240

8 CioHieNg Oy 186 1.657 0.081 7821 22.64 13 220
TNTL C,H;N; 04 290 1.648 -0.244 7459 23.5 15 353

Note: 1) thermal decomposition temperature (DSC,10 °C - min™', onset) ; 2) enthalpy of formation(calculated value) ; 3) calculated detonation velocity via Explore5

v6.02 software; 4) calculated detonation pressure via Explore5 v6.02 software; 5) impact sensitivity; 6) friction sensitivity; 7) measured density at 25 °C.

4 7 i
LA 28 ZE 0K ( DAF) 9 J5ORH & 1 T 3% BEAL & 9

5,108 (i ZAg AP AL -k A I [3,4-e ] XL([1,2,4]
=WIf)[4,3-a:3",4"-c] k% (BOBTP, L& W&
R 10%) , I 38 o op F s b 5 — R 5 & A B T
e il & T AR Y E AR TR AW .

(1) RH TG/DSC #5517 EfiTny # e & t, # 3
fift il BE (onset) i [l &y 186 ~232 °C, Hofb 5
BOBTP 1% 3 JHie £5 1Y #A 73 i Wi B2 Oy 210 °C, G e P
Bhf

(2) % H Explore5 v6.02 #4541k &%) BOBTP,
BOBTPK il 6 ~8 f 17 T 4 22 PEAE 09 W1 . HE 5 4 3
HRTF 7500 m - s BEE KT 20 GPa, Hfb &9
7 (R HAF] 8104 m - 7 B E K 26.73 GPa, & T
TNT,

(3) 4% BAM #il W, 43 510 15 24k 5 )
BOBTP .BOBTPK Flfb. &4 6 ~8 (1) o Jak i 1 8 452 ek
e HrofbGW 7 pyfE G R 18 ), BEIEE N
240 N, F TNT (5 8B S 15 ), BRI RE ly 353 N)

SR AR W e N

(4) ¥% 5T BOBTP M T &M ERES
BOBTP #47 Xt It , & BIE WL BS 465 W) Ja b1 RL 09 48
TR R R R AR A B 0 e, TT LR K B e S T
b5 W 2 AR 5 B o0 T IR 1) — AT 8O v
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Synthesis and Properties of 5,10-Bis ( dinitromethyl) -furazan[ 3,4-e] bis([1,2,4 ] triazolo) [4,3-a:3",4'-c]
pyrazine and Its Energetic lon Compounds

DENG Mu-cong, ZHANG Qing-hua, WANG Kang-cai, ZHANG Wen-quan, MA Qing
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: An energetic compound 5, 10-bis ( dinitromethyl) -furazan[ 3, 4-e] bis([ 1,2, 4 ] triazolo) [ 4, 3-a:3',4’-c] pyrazine
(BOBTP, total yield of seven-step synthesis as 10% ) was synthesized using diaminofurazan ( DAF) as raw material. Its corre-
sponding energetic ion compounds were synthesized via. neutralization reaction collocated with a series of nitrogen-rich cations. Its
structure was characterized by single-crystal X-ray diffraction (XRD ), Fourier transform infrared spectroscopy ( FT-IR), nuclear
magnetic resonance ('H NMR and ”C NMR) and elemental analyses. Its thermal decomposition temperature was measured by
thermogravimetry(TG) and differential scanning calorimetry (DSC). lts detonation performance were calculated with Explore 5
v6.02 software. Results show that the crystal of dipotassium salt of BOBTP belongs to monoclinic system and C2/c space group
with cell parameters of a=1.9913(3) nm, b=0.93491(12) nm, c=1.6807(2) nm, B=90.160(3)°, V=3129.0(7) nm’, Z=8,
D.=2.103 g-cm™, M=1.752 mm™", F(000) = 1976. For energetic ion compounds obtained based on BOBTP, the measured
densities at 25 °C are in the range of 1.62-1.75 g - cm™ and the onset temperatures of thermal decomposition reaction are in the
range of 186-232 °C. The calculated detonation velocities and pressures are higher than 7500 m - s™' and 20 GPa, respectively.
The measured impact and friction sensitivities are relatively low. In which, the impact sensitivity of dihydroxylamine salt of BOBTP
is 18 J and the friction sensitivity is 240 N.

Key words: synthesis; fused ring skeleton; 5, 10-bis ( dinitromethyl)-furazan[ 3,4-e] bis ([ 1,2,4 ] triazolo) [ 4, 3-a:3",4'-c]
pyrazine (BOBTP) ; energetic ion compounds
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