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R DA T U R SRR S LT C—C L A
e XA AL WAL S Y 3, 3 - k-4, 47 XU AL R
M 4,4 - & -3, 3" - WA AL L 5 B J5 , Shreeve B4
LA Lk S Rk, 6 LA A AR A5 A e R XU Rk
. C—C Ui A% 1 = S ALk b & 49 th T 5145
TR EIAT B2 A AR I B RE A B —
AR E . 20184F, Shreeve 417 R el T A
T B IO A B = AR AR AR S W 3, 4- T (4-H R AR
Ak 3 ) S0 A Ik i 5[] — B ), AR BR A2 S I T
il o % 3 O 1 A IR 3, 4- (3 SL LT e g 3 ) LAk
W B 55 R RE 5T, DL R 5 3K 1.98 g-em ™, Tl
A7} 33 42 3L 9900 m-s™', 4 JE 1A 45 GPa, S T & fk
Wk A 5 g Ak W RE R S 0
3,4-Z(3-FUAE AL R I ) S ALk IE (BCTFO ) J2
— P C—C 5 M % (4 B = Ak i E Rk A, W)
B 7 S 37 Jr T AR G 11 5 B v R A, AR AR 3 AT 1
JO7 TG M T R A O 3 D e I | T R R
L SE R B = bk s etk & . ARE
AL 3 -4 -8 U S S A e Dy JEURE FE 55 B SR
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ZHAI Lian-jie, CHANG Pei, XU Cheng, et al. Synthesis, Crystal Structure and Properties of 3,4-Bis(3-cyanofuroxan-4-yl)furoxan([)]. Chinese Journal of Energetic
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PR S 3 & AT bR HCL R Y, IR & i T BCTFO.
FE 5 SR AT A AL R 5T, IR A A 223 % 3 -4
il HY 5 4R Tk e i 4 kA Ak DL 3R A 3 -4
SE A TR W s A0 e 200 SE AR B Y 7= 4 B2 BCTFO,
Y TR N A B E R s AR AR E T BCTFO i —Fil
BrA T, 52 T BCTFO C NMR #1 "N NMR i
BV JE , TR 5 T BCTFO B, 3015 T R 45 4 %
i, IR Explo5 B2 5120, %o Hopg 2 PE e b 4T T Wifh o

2 XWEs

2.1 ZWRNFSRKFA

ST WASTREA , LN ¥ R 43 B 4k, AR T B e Ak
TR AR o T Al R R 2R A IR R vk
TR, 36%~38% MR R , 50% 4 Mg i W, ¥4 M 43 Hr 4l
VY 2 A8 = A 2 A A B ] 5 B R i It L 50% F5 B
VWL, o3l i R KR B NL,O, A il

NEXUS870 I {8 HL i 745 8 21 S S 35 4%, 55 [ $i g
JE T J178 7] 5 AV500 9 (500 MHz) #8 S #% m SE 4R A,
Fit - BRUKER A 7 5 Vario EL-TI % € 2 43 B AX , £ [H
EXEMENTAR 23 & 5 LC-2010A WA (5354 , H 7 5 it
A H 3 ACCUPYC T 1345 4 [ 8 1k B e vk HO%
1%, 2% [ Micromeritics 23 7 ; Bruker SMART APEX 1T
CCD T X 5 28 5. i B0 A, 75 5] Bruker 24 7] 5 823e
22 2578 B UYL (Fi+ Mettler Toledo A ] ) .
22 HEEFRSRESEHINK

Pl BEK T 99.0% i BCTFO RE S, A 2 47 i Bk
G B BE TR AV R, T A0 A IS A5 1 (6 W
JFE T TE IR, =0T RE — B s 15 2
Totadnig .

PEEUL S 0.31 mmx0.25 mmx0.27 mm A BCT-
FO B 5, 2= i & T Smart apex I CCD fiTHf{ I, 4
£ BB B8 PG I Mo K BF4k (0=0.071073 nm),
Pl w/26 1 4 J7 X, 7£ 2.54<6<24.85, -23<h<26,
—11<ks11, =34<I<36 1 [Fl N 2L 4E 5 6021 A>T 4
A, HoRoph ST BT S R 4170 A4S SRR g Rl R F
SHELXS-97 #1 SHELXL-97 B % ¥ fiif th' , & £
Fourier & B3k 15 & AE &R F .
2.3 XWFEIE

DL 3, 4- U S A R M Sy DR, A1) T SURE SO T R
2250 AN & A AR R AU RS TR RN £ 3
[F] 44 350 -4 - — 1 FH L S AL Wk IA B 2R 72 NOLBF 1R ]
TiE—# R BCTFO, & Mk WL Scheme 1,
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ONY O~ 0 0
N Lo NN
N( /N NH,0H \ HCINO, NN
c)_< - — \
N CN HON s HON CN
NH, o
0 0
N/O\N’ N,O\Nf
1) N0, \ NO,BF, \
2K N CN
OzN = CN / \ \
K" No, N l\{ N
0r o ~0" 0
BCTFO

Scheme 1 Synthetic routes of BCTFO

24 ZHHE
241 3-HEA-ZHAESRKUKBEHENEK

3R HE-4- T R SRk ik A R R AR SR (19
A
2.4.2 BCTFOMIA KB

FEIRJE 5 °CF , % 2.5 g(10 mmol) 3-3k-4- 7Y
F I AR i RS T 50 mL B KIS INA 4.0 g
(30 mmol)NO,BF,, F il & E i, (R IR 6 ho [ W
SR R R L O L BRI T CHL.CLL IR &
Kk MgSO, T 1 5 , 1 28 18 B 2k — &l H e, T 2 )
ZELE TS 0.64 g IO 0 R K 42.2%, 41 98.9%.
dec.: 228.0 °C; "C NMR (DMSO-d,, 125 MHz) §:
145.40, 144.73, 142.57, 105.81, 105.64, 105.10,
97.60,96.78;'"°N NMR(DMSO-d,)8: —0.09, -2.10,
-2.30, —-13.14, —-13.68, —19.21, —-87.00, —87.79;
IR (KBr, v/cm™),2250, 1729, 1618, 1560, 1491,
1468, 1445, 1384, 1275, 1251, 1076, 1037,
991, 941, 838, 805, 570, 484; Anal.calcd For
C,N,O,:C 31.59,N 36.84; found C 31.77, N 35.98,

3 GRS

3.1 IREHLEE

A AU 5L 0 A G W AR 55 AR 1 T BB S A
AR AT IS T 37 Y =R AU R (e 7/
POITE A AR LS Y M5 . TEABES
b URABEZH R Ah e I T R Eh R A Ak i 7 el R
Bl VR TR, AT R Ak A BRAE AR iR A BR 3% 0 1 R B
AR A AR R WA AR S W B v TE R T . HED
T AT BE AY KL R AL BR AN Scheme 2 fF ok o B AE, 3-8
F-4- 1 B R A4k ok nE B R TR ORI R A IEAE L AR Bl
30 HE -4 - A TP AR Wk R IR R SRR R A 3-7
F-4- i L S Ak e R A R S A Ak 3
FEA L E TR B RS T B — 0 A R AN
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TR B TR AR R R A 32 RO AR E
T ¢ H2 X3 — SRIRARAE CA AR W I 3, A B H AR )
BCTFO.

N(OIN'O N{O\N 0 N’O‘N’O

Q. '\ 7
/) - X+
+ NO,BF, + H,0 S——
o&,ﬂcw B+ HO < OZN%—%N -UNmN
K NO, HNO, + KBF, NO 0,

0,0
0,0 - Oy 0 N
[\( /N Nozﬁo I\( /N N02~ HON \ /)
O‘—N*E)_<CN Sk 0 o N
HNO, +NO, RO 0, )
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o~ WOy

Ny
N N CN
dN: \'E[,Nb N\
N NS, o0 00
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Scheme 2 Proposed mechanism for the formation of BCTFO

3.2 "*CF1"N %L

BCTFO 3 H = A AWk A AT A SR 2 B, i
AR RS2 DY) = R e S T R I
BCTFO e B R v 1 P C A PN ET, MR
TR A H PO N B = A A S 0, A R R
SRR AR PSS . 10, SRR IR PR AR A
S AR I B R A R AT B, R
HMBC AL AU T ) B S Ak 2 LS 3 R AR 8 100 B, 53
O — AW AL RS AR S 145 e, T UL,
BCTFO ik i AR 25 5y M AL A L #8 6 146~142 1 =
MMES IR N C(3) . C(4)FC(6),% 6 106~96 Y
=MMESHE N EA AR C(2) .C(5)MC(7).
A WA R B {5 5 06 B4 A R I S A Rk D
H U SR B BB AR P U C(OH M C(8) MIfE 51k S
AL C(2) .C(5) M C(7)fF 5 X 4y, HE,hT
B AL 2 5 B (35 M 33T, AAN AR 31 R - %507 8 ST ik
HEATHE S AR MEXF BCTFO /M5 5 W b4 7 1 6 i

B A 7E JF F #1iE (Gauge Independent Atomic
Orbital, GIAO)™*Jr 12 H iij 7 I A2 i e fh 24 1 B 4%
HAER T, R B AR T T Lk i RE Sy
T B NMR IHJ& o 76 45 4 {4k BL 6l E (B3LYP J5 i
6-311+G(2d,p) FEZH/KF) , I GIAO J51% , % BCTFO 43
T C N EF 2= A B AT B T3 B T 25 2R
3 C(1)6109.19.C(2) §98.62., C(3) 5152.39, C(4)
8 151.76, C(5) 8 108.10, C(6) 6 150.24,C(7) &
101.02.C(8) 8 108.97, 15 5 5 A1 H 48 I 3 W) 7 i 5%
U SR T RIS T TR 0 E PR R A] SR BRI ST
BCTFO 4 "CHE(E 1a) fl "Nk (] 1b) Ay 4 I )& -
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B, B, VR, TG, A, A8 A0
: 0 : :
PN
1 N\ N 8
N/ \N / \N
cy OO Nyo ™o (1) c(8)
cE); C6)
C(5)
I
150 144 138 132 126 120 114 108 102 96
() S8y =% % i

0 5 0 5 15 256 -35 45 55 65 -75 -85 -95
1 BCTFO R LWL AU i v P C AN 3
Fig.1 "’C and "N spectra of BCTFO in DMSO-d|
3.3 mRkEN
BCTFO B4 i M4 45 44 B AORTIE 25 2R L, Br A5
SRR Lp KT RN 2 B0 WO IE o i BRI i
T 0% [ SR i RS2 R 7, CCDC 5l 2005282

F 1 BCTFO i i R 45 4 B AR 15 2 80
Table 1 Crystal data and structure refinement details for BCTFO

formula 2(CyN4zO,) -CH,Cl,
formula mass / g-mol™ 650.78
T/K 296(2)
crystal system Monoclinic
space group C2/c

alA 19.742(4)
b/A 8.851(2)
c/A 29.275(7)
B/(°) 104.547(4)
Volume / A3 4951.3(19)
V4 8
D./g-cm™ 1.75
F(000) 2600

A/A 0.71073
reflections collected/unique 6021/4170
parameters 411
GOFon F? 1.043

Final R indexes(I> 20(1)) R,=0.0491, wR,=0.1375

Final R indexes (all data) R,=0.0728, wR,=0.1529
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2 FirEl 30 BCTFO #9453 &5 14 [l A 3fE BUIAT
M 2 7] LA i, BCTFO 5 a7 fb M 45 44 25 75 A4~ [6] 44
G0y BCTFO 4 T Ml — A F 40 F CH,ClL. F9% T Al
145 1058 2 A AR AR O(4)--0(9)(d=2.93 A)
FO6)--N(15) (d=3.01 A)iZEHE B — RIRZEHy
(E13a). M5 1 AR I ) — SR 45 1 2 [a] i i 554
HO(3)--0(9)" (Symmetry codes: i=1-x, 2-y, 1-z;
d=2.95 A)FIN(13)---N(8)"(Symmetry codes: ii=1-x,
1=y, 1-2;d=3.01 A) , il — 3K {fi BCTFO I stk 43
FEL AN 3b s o fedm , or FAEZ @ O(1)---N(4)™
(Symmetry codes: iii=0.5-x,-0.5+y,0.5-z;d=2.99 A) |
N(5)---O(11)" (Symmetry codes: iv=0.5-x, 1.5-y,
1-2;d=2.96 A)FIN(1)---N(15)* (Symmetry codes:
v=x, 1=y, =0.5+z; d=2.98 A) = i 4 55 /5 1 , 4K

fHIE B = 4 HE RS540 (Fig. 3¢) o ML AT UL, Ju i Ae 4
(@) ()

RS
A o e
fJ .)J
”‘é;sz f/{“

FJEICA L BCTFO 70 1 W 1) EZAE R 1, 20 T Al
31 18] A 0 P AR 55 4 A ) 388 0 1 45 1 8 1 M A1
SR IX 5 BCTFO By ity 1 %85 52 DA R 5 AR Ay 5 U
iR —H

N(4)
N(1)
C(1) \C2)
N(2)
oty 0@

conformer 11

2 BCTFO s> T45ty 1Al
Fig.2 Crystal structure of BCTFO

B3 a)fgg | AE 1R R K b) ZREMIE R R 2> 745 o) =477

Fig.3 a) Dimer structures formed by conformer I and conformer Il ; b) 1D molecular column formed dimer structures; ¢) 3D

molecular packing
3.4 #ikge

K 2278 P B AL (DSC) FIE 2 i (TG)
10 C-min” JHR#FE 55T, 098 17 BCTFO 7£ 35 ~
400 C F I #F e S5 K 4 iR . & 407 W,
BCTFO £ 69.8 °CIH- 4t ou it 0 2% , e # I ik 79.2 °C,
iZ it FE oy BCTFO Wi 5] 43 1 @ WP e il i ok 72 o Bl
Ja, N 190.4 CH U, i — 2218 By I3 i L B L 3R
W BCTFO H 2 43 fift , W ik &y 235.4 °C, A &
1378.5 J-g™'o i i #4314k W1 LLE 3 B FE 190~
400 CZ Al FF 22K, i it R i85 80% -
3.5 BRMREMBE

BT BCTFO @R 5 1, ok ] %5 FE 1z R #R38 (DFT)
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FOER W VR Kk G, EA 2 i, E A0

A, 3¢ PR R Ak 45 4 Sk B RB TH L A A /N A5, AR E
Bl R A B, R e A
(CBS-4M)"™3+5 T 298 K i} BCTFO 9 44% H' (Mole-
cule,298 K) , # Il 2R A5 5845 HAAHA 1L kS (AH(g) ) A
901.3 kJ-mol™. H|H Trouton 428142 i ity 28 231 54
T BCTFO Wy TG AH,,,(94.6 k) - mol™) , 3k 1iij >R 15
I AF A2 ke AH(s,M, 298 K) 4 806.7 k)-mol ™",

K HHHEE A I BCTFO®E N 1.76 g cm ™,
K H Explo 5(V6.04) 8 ¥ Tl fli BCTFO 14 5 2% 4 3

%2 BCTFO FIAL M M2 PEfiE

8086 m-s ', J#JE N 27.3 GPa, 5 R K2, SH =1
H 3 = il e (RDX) ™ M L, BCTFO 14 % £ ik T RDX,
PR IRE 5 RDX A Y . BCTFO 4 & A =1 4% 1k
WE A R O AR RS W3 S T RDX. R BCTFO 43
RS R AU RIS R R (EP 2oy i I (= Y T
T RDX, 2 3 FH 42 FE ALK T RD X,

K FH BAM g i 7 1k %F BCTFO B A7 8 I 5,
1 R O 16 ), BERRIER B O 330 N, L4 o7 8% R A
JEE 152 R B B 35 I T RD X

Table 2 Physiochemical properties and detonation properties of BCTFO

N Q‘CO 2) p3) AJ‘I(S) 4) Tdec 5) po D7) 1S 8 FS9
Compound formula

/ % [ % /g-cm™ /kJemol™" /°C / GPa /m-s’ /) /N
BCTFO CyNO4 42.1 -10.5 1.76 806.7 228 27.3 8086 16 330
RDX!29! C,HNO, 37.8 0 1.81 80 210 30.9 8872 7.5 120

Note: 1) Nitrogen content. 2) Oxygen balance (based on CO) for C,H,O.N,, 16(c-(a+0.5b))/M,,, M, =molecular weight. 3) Density. 4) Heats of formation.

b™~c

5) Decomposition temperature (exothermic peak). 6) Calculated detonation pressure. 7) Calculated detonation velocity. 8) Impact sensitivity.

9) Friction sensitivity.

4 % it

C1) 1) 9500 7922 b P %o 3 -0 ik -4 Tl Y 35 S Ak
NE R A A AR VR, e BT o R SR Eh IRk A AR
AWk WA G BRI LI O 0 LR N LR E AT T 43 AT L 3R
137 3,4-2 (30K S Ak rk A L ) 40 AL Wk il (BCTFO)
) — P A B

(2) 1T 7 BCTFOC M N 3% , & F 92 56 25 51 A
PSR, 58 A bR o> PCH NGB I JE o

(3)H55% 7 BCTFO iy, & B 5 B b & A Wi AR
[ #4 % () BCTFO 4> ¥, H BCTFO 4 F 1 =~ A Ak 1k
W PR A7 A — 22 I 1 635 T BCTFO 431 ] Y5 8 46 4
T3, 500 T AR AR AR P X 2 B R (5

(4)BCTFO 32 % B2 1.76 g-cm ™, 1542 L
J& 4 806.7 kJ-mol™, 43 fiff W il Sy 235.4°C , T Al 4 3R
FIkE: 43 50 4 8086 m-s™' Fl 27.3 GPa, I #5-4i i J8% &
16 ), BERLRRE K 330 N, BCTFO 45 #g b 48 A &
A 56 AR I TO0 S MRS P o S 22k — Ak
WENE SRR AE RS R RS
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Synthesis, Crystal Structure and Properties of 3,4-Bis(3-cyanofuroxan-4-yl)furoxan

ZHAI Lian-jie'>, CHANG Pei', XU Cheng', ZHANG Yi-ying', WANG Bin', LI Pu-rui', WANG Bo-zhou'"
(1. Modern Chemistry Research Institution, Xi'an 710065, China; 2. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an 710065, China)

Abstract: 3, 4-bis(3-cyanofurazan) furazan oxide(BCTFO) was synthesized from 3, 4-dicyanofurazan as raw material by multi-
step functional group transformation of cyanide. The structure of BCTFO was characterized by IR, ”C and "N NMR and elemental
analysis. Combined with the theoretical simulation of GIAO method, the attribution of ?C NMR and "N NMR spectra was com-
pleted. The single crystal of BCTFO was cultivated for the first time, which belongs to monoclinic, C2/c space group. The unit cell
parameters are a=19.742(4) A, b=8.851(2) A, ¢=29.275(7) A, Vv=4951.3(19) A*,Z=8, p=1.75 g-cm™, F(000)=2600, $=1.043,
R,=0.0491, wR,=0.1375. Based on the determined density (p=1.76 g-cm™) and calculated enthalpy of formation (AH(s)=
806.7 kJ-mol™), the detonation velocity (D) and detonation pressure (P) of the BCTFO are estimated to be 8086 m-s™' and
27.3 GPa by using Explo5(V6.04). Differential scanning calorimetry (DSC) and thermogravimetric analyzer (TG) were used to
study the thermal decomposition process of BCTFO. The peak temperature of thermal decomposition was T, =235.4 °C. The sensi-
tivity of BCTFO was measured according to BAM standard method, the impact sensitivity is 16 J and the friction sensitivity is 330 N.
Key words: energetic materials;trifuroxan;elimination-intermolecular cyclization; crystal structure; detonation properties
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