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B A ETZ TR R T 20 fiF4 90
AR T RENFR TAE, B2 7L 4,8-—fig kit
WIHIE[3,4-b:3",4"-e | ML (PIPER) AR M — &
HlEfefb a4 . PIPER i % 4 2.00 g - cm™’,
HRKE R 774 k) - mol™ ) 11 8048 3 Fl 4R E 45 51 K
9700 m - s™' fil 45 GPa, tEAE+ /31 5 (0 i T8 2
FoE A &, 32 B, PR R 2R e e EL AR Y XLk i
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A A R IR s R AT AE Y B R A Y, H A
B FUA B0 & T, & 5 o R & AR U R
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(1 ~VI); FIHLAMHE A IR T &R o Hr 55 58
E TR EMREEH; R 2Z /R E R (DSC) 43
Br 4 (TG) 3, Gaussian 09 F1 VLW #5110 252
TALEY I IV VLR BE RS 43 P 1k B 5 kg
FE AL A P — 2 W 5 R N SR T RO SR

2 IER4SY

2.1 KFIE5EE

DFP 2502 H i 5 3-58-4 - 5E 0k vH AR 498 SCHk 7
P35 100% i 2t 0l 25 Bl R 28 10 4R 755 F
KWL (37 % ) VA AL S BRI A AR & A A
W =S R B, Al EE (60 ~90 °C) , LR &
B ¥ R ortr ol SN o ik 2l

ZF-10 8 = 1AM, BT 25 i TR T
NEXUS 870 7 HL it A5 4o 21 4P G 1, 35 E i JE
J172 7] AV 500 8 (500MHz) i 4% i 6 IR A, B £
BRUKER A7) ; VARIO-EL-3 BIJG R/ #r4Y , 18 [E EXE-
MENTAR 24 7] 5 LC-20T0A R g &80 AH 4385 AL (I —
fRik) , HA B HA |l 5 Q-200 Y22 7% 43 4l B A, 55
TA N7l TA 2950 #RE{Y , 35 [E Nicolet /A #]; X-6
R Ak S A, A s 2 e A B AT R A WD
2.1.1 EFRHEHEEH(DSC) KL

K TA 24 F] Q-200 B 22 /R A4 AL, S B AR
GG ETT: 0.1 MPa(EB IV V), 1 MPa (L&)
), THE#E K 10 °C - min™" j{FE 8 0.5 ~1.0 mg,
AL AR 4
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474 XI5, MG, SRR, 2R, A0
2.1.2 #ME(TG) XL 145.94, 144.04; IR (KBr, »/cm™ ). 1643, 1585
[ Nicolet 24 ] TA2950 #AFE AL, h AR AR (C=N), 1557 (C=N), 1491 (C—NO,), 1408,
IREVE N 30 ~500 °C; JHEMH ., 10 °C - min™'; X 1385 (C—NO, ), 1333, 1156, 1103 ( 0k g %),
FHZ0 1.0 mg AR i 1020 (WU ¥R), 842; Anal. Caled for CyN,, O,:
2.2 BB C 24.50, N 42.86; Found C 24.16, N 43.73,
2.3.3 4,8-Z(HHE)-WKIEFH[3,4-b:3",4'-€]
" N\'O;N NO, N:O;N Mt i (1) B9 & AR
-~ N\I[“ N o7 oy 1= NHN{;& ¥ DFP(4.15 g, 25 mmol) 4y &0 T P /K 5
" e ™o (37%, 10 mL) 1, A 2.5 mL K, 8 7 7 % 2 B
o' 1 ; 10 min, S R 4k S5 HE R 24 ho U 1 5L g
o cHoH CHO, 0,5 B K v =38 , 7R o — 3, TR 18 ) o
DFP MQ:I I::O%%%O%»q::l I::;o R K 4.98 g, fi % 88.1% ,m. p: 309 ~313 °C.
E'HQOH EHQONOQ "H NMR (DMSO-d, , 500 MHz) , 6: 7.10 (b, 2H,
Tlsocu2 v OH); 5.20 (s, 4H, CH,); "C NMR (DMSO-d,,
CHCI CHNs 125 MHz), 8: 146.74, 71.23; IR (KBr, »/cm™):
OiNINIiNiO _NaN; OiNINI:NIO 3404 (O—H), 1654, 1594 (C=N), 1463, 1414,
N gHZCIN N ('3NH2N3N 1355, 1065 (WEIHFR), 1020, 998, 827, 705; Anal.
v v Caled for C,H,N,O,: C 31.87, H2.67, N 37.16;
Scheme 1 Found C 31.54, H2.67, N 36.86.

2.3 Ikt
2.3.1 WBKMEF[3,4-b:3",4"-e] M 4Lk (1) B9
AR

¥ DFP(3.32 g, 20.0 mmol) % T 60 mL HI iz,
10 °CF [ H b 28 i fin =L A AL 1 (2. 46 g, 44.0 mmol )
MK (6 mL) , T30 MHEHE 0.5 h, A K B & [ K
Ao A5 LR O, S U ST A [ A Y s R T A O —
i, TR AR A R OIR E R 4. 43 g, % 91. 6%,
m. p: 240 ~241 °C(4M#) o

"C NMR (DMSO-d,,125 MHz) ,8: 157.66; IR
(KBr, v/cm™): 1557 (C=N), 1532,1381,1341,
1011 (mLIH#R),887,774; Anal. Calcd for C,K,N,O,:
C 19.83,N 34.69; Found C 19.78 N 33.67,
2.3.2 4,8-Z (FYEBIEE)-X Mk EH[3,4-b:

3',4"-e] ML ( I ) BIE R

Btk 1 (0.73 g, 3 mmol) 7§ F I /K LM
(15 mbL) Hr, ) Horbom A 3-58-4-fiF BL 0k g (1. 34 g,
9 mmol) , T80 CRHHEN 12 ho B4, il BBk %
TCHLER | B R 28 138 75 B 25 VA0 W, ML o 8 A €833 0 8 (U
W Al - SRR CHR=5 1) 153 3 @k AR AR [
1£0.37 g, It 31.5% ,m.p: 228 ~231 °C,

"C NMR (DMSO-d,, 125 MHz), &: 147.47,
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2.3.4 4,8-— (REWHMKREE)-WKMBEH[3,4-b:
3",4"-e]IE(IV) &R

4 100% G (3 mL) 5 Z PRI (6 mL) R4,
10 CRE i HE 10 min, p 4t im A& 9 (1.13 g,
5 mmol) ,20 CR R 2 ho R 25 o 5 K i Ak e 5
AVKIK (30 g) AR K H B UTTE. o ik IF K
(4x10 mL) PE¥, 7™ Py 7e 7K FN B B TR & 1 W5 45
mm L o B R R ER 1.06 g, i0F 67.2% ,m. p:
197.5 °C (DSC, 10 °C - min™' ,4%#%) .

"H NMR (DMSO-d,, 500 MHz), §: 6.28 (s,
4H, CH,); "C NMR (DMSO-d,, 125 MHz), §:
146.64, 75.80; IR (KBr, v/cm™ ). 3038, 2934,
1667 (O—NO, ), 1596 (C — N), 1433, 1408,
1371, 1280 (O—NO, ), 1048 (WEAg¥F), 1013,
954, 826; Anal. Calcd for CH,N,O,. C 22.79, H
1.28, N 35.44; Found C22.65, H1.34, N 35.98,
2.3.5 4,8-Z(SHE)-WKMEH[3,4-b:3",4"-€]

MR (V)BE B

[ i B m AL & P (2. 26 g, 10 mmol) FI5
FEIHA(T0 mL) ,90 CF [l b 4 ho 520 45 o )5 i
ZE IR LT A 0 AT, 3 4 i A T L2 R A R AR
T KRN R TR 5 1 TR L A L 1R B Bk R
AREK 1.97 g, % 74.8% ,m. p: 263 ~265 °C,

& e
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"H NMR (DMSO-d,, 500 MHz), §: 5.93 (s,
4H, CH,); "C NMR (DMSO-d,, 125 MHz), §:
146.77, 56.53; IR (KBr, v/cm™ ). 3054, 1646,
1591 (C = N), 1444, 1415, 1390, 1301, 1278,
1056 (LKW ¥R), 970, 824 (C—Cl), 696, 682;
Anal. Calcd for CCH,N,O,Cl,. C27.40, H1.53, N
31.95; Found C 27.63, H 1.64, N 32.12,

2.3.6 4,8-_ (FESHEE)-WNKM\EH[3,4-b:
3',4"-e] ML ( VI) BIE B

BB m AL GV (0.66 g, 2.5 mmol) , &
AL (0.42 g, 6.5 mmol ) FINEA (5 mL) , == i T i+
JNE 24 o NS5 IS EZE bR A TR, i 457 i 24T £
OB (VR AN A e © RO =5 1) , RE M
¥y AR E A 0.56 g, Uit 81.0% ,m. p;: 125 ~127 °C,

"H NMR (DMSO-d,, 500 MHz), §: 5.36 (s,
4H, CH,); "C NMR (DMSO-d,, 125 MHz), §:
147.75, 62.80; IR (KBr, y/cm™ ). 3033, 2147,
2109 (N,), 1651, 1592 (C = N), 1443, 1412,
1355, 1308, 1232, 1141, 1032 (WL ¥R), 1000,
912, 874, 821; Anal. Calcd for C,H,N,,0,: C 26.09,
H 1.46, N 60.86; Found C 26.75, H 1.49, N 60.72,

3 HR5WiE

3.1 4H,8H-BIEFH[3,4-b:3",4’-e] NlL1E ( DFP)
M I Bz

DFP 437 i F 5 A 5 A4~ 505 W L 7 0k I 3R, 5
B FEEM TP AT E I B A — R, 5 KOH
SN TR R BB, SRR SR 25 5 5 A 0 TR AT
B 210 5% IR R (s g L AR T S S ) R AR R
AR, 15 BB W fis A2 . DFP J Ho AT A= ) 43
H IR I R AR AR L L SRR R A S S S5 RN RTE
SRR R 2 T AR 2 3 B S ik v BRI IR, B I AE il
I B o7 7 A 4 RN A 1

DA BORp Sk me R g AT R b A LIV
VIG5 59 &5 7 B B0k v R R T M & AUE R AU i
A A A Y, S T T REM R, Ik
PUF XA I IV VL R B ) Ab 0 55 M R 1A T
T PRI AR T .
3.2 WIKMEFMEAEY O IV, VIF AL
3.2.1 4,8-Z (FYEBIEE -k EH[3,4-b:

3",4"-e] kMR (N ) B9 BE
B &9 L AE 1T MPa(imis) T i DSC ik,
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M ol DU 2 2R — > IR R e R — A4 i A4
W, R T IZ B O R AR . T, =230.4 CHYEY
R0 AU Sy T ) Jo ) A AL L SR %) T A N
230.4 °C; T, =318.3 CHIAY BN %) 5 19 I 50
iR TR A X W TR T R I o R 22 17 T AR N ]

K 2 Ak &IEE 0.1 MPa(R JE) Ty TG/DTG
2k, d & 2 AR R EAR T 124.8 °CRt, ¥ ik H
B, BRRFEM N 0.5% ; Ml JETH 2 150 Claix
W IF IR 2 F, & 296.0 °C I #4443 it BFLLL & ik
91.9% o ZALEWIHIET B TG 23l -5 ks 4 1F
T DSC 2R A R, B A R 2 F R a9 1

AT 247 AT
15 318.33C
1 exotherm
1.0 1
F‘t?) 05 4
2
.§ 0.0
©
2 .05
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B 1 s Ip DSC £
Fig.1 DSC curve of compound 1I at 1 MPa
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Fig.2 TG-DTG curve of compound Il at 0.1 MPa

3.2.2 4, 8-Z (AEMREEE)-WKMEH[3,4-b:
3",4-e] MLmE (IV) By 14 &k

K3 Mk IV 4% 1,10 °C - min™ Ty DSC
Mgk, W 3 B RME R G W VA WA E,
197.5 CHFA — R B A | 3% 9 T i #445 fi
T B AL A 0 IV R 3K B s BT 06 0 6

B4 k&N E T TG/DTG #hk, M
Kl 4 vha] LU H 2R i 2800 i 43 S S B B, B
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XUT, BEMS, OREEMG, FHE, A
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W B O A — B B, 2 225.0 CRBUKRE N
47.2% 5 F B BN R R H I R, & 4979 Ci L
oy ik RBURH K 85.3% o T DSC ik b ok i B
Pt g [Nt DSC [ 7 g A1 DTG ) 2k 52 06 2 O
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Fig.3 DSC curve of compound IV at 0.1 MPa
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Fig.4 TG-DTG curve of compound IV at 0.1 MPa
3.2.3 4,8-Z (RAEEBRE)-NKIEHI[3,4-b:
3',4"-e] Wiz (VI) A FR 1 RE

Bl 5 A4 9 VIAE .10 °C - min™ Ry DSC
B 5 T, =126.1°CHf IR Bi0 gy i 1) it
AR AL, s XY B R R s T, =250.5 CI YR
AW DA 2 ) O 1R B — A B iR ORI T, =297.3 °C
P 14 IC A 0 g 2% 0 Joi 114 5 A B i i AR 0

Kl 6 AW VILE S 5T TG/DTG #iZk. MK
6 Hnf LU % iR B9 ER o ik 53 Db ST e A B B
FEHR BEAR T 148. 4 Cf iz W) BUR AP, RBURFEAL
0 2.5% 5 REH — B B AU BLAE 214.3 °C, &
241.5 CF RBUKE N 52.4% ; BILHF WREE
Brie, % 315.5 Cr A RBUK H K 94.4% ., DSC
il £ L I AT TG-DTG il £k I 1% 2k T 6 24 0 1%
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DSC curve of compound VI at 0.1 MPa
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Fig.6 TG-DTG curve of compound VI at 0.1 MPa

3.3 WEKPEIEMCREL ANV, VIE L Fn iR S i Ak

K JH Gaussian 097315 15 ) XUk W H: it 58 1k &
YU IV VEEG S (p) B U (AHD) SR VLW
BT EAEE T IV VIFEE(D) FEE(p),
H5 HMX Y T T R SR LR 1

F1 LAY IV VIR HMX (594 10 ks 42 1 fig
Table 1 Performances of compounds 1 IV, VI and HMX
0

explosive p/g . em™? /Dm g ’/)GPa j‘k’jf -
I 1.95 8868 40 1239
v 2.00 9067 43 215
VI 1.72 8156 26 1047
HMX 1.90 9124 39 75

Note: p is density; p is detonation pressure; D is detonation velocity; AHY is

enthalpy of formation.

T ] DUE 466 W IV I B4 P e 5 o TG
S HITH®EL2.00 g - ecm™ fEJE 43 GPa, ¥
T HMX, i 5 HMX #2305, fb& 9 A1 VIR A 1R
5 B IE AR B A A A R ik 1239 k) - mol T,
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Synthesis, Characterization and Performance of Difurazanopyrazine Derivatives

LIU Ning, LIAN Peng, LAl Wei-peng, LI Hui, WANG Bo-zhou
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Six difurazanopyrazine derivatives( I ~ VI ) were synthesized using 4 H,8 H-difurazano[3,4-b:3’,4'-e] pyrazine( DFP)
as starting material, via salification, substitution, addition, nitration, chlorination and azidation reaction, and their structures were
characterized by IR, NMR, and elemental analysis. Using.compound I , IV, VI with nitrofurazan, ntriateester, azide group as typ-
ical one, the thermal performances were studied by differential scanning calorimetry( DSC) and thermogravimetric(TG) , and the
physical and chemical properties were calculated by Gaussian 09 ,and the detonation performance by VLW. Results show that the
three compounds have good thermal stability with thermal decomposition temperature of 318.3, 197.5 °C, and 250.5 °C, respec-
tively. The density, detonation velocity and detonation pressure of compound IV are 2.0 g+ cm™, 9067 m - s™' and 43 GPa,
respectively. Compared with HMX, compound IV exhibits similar detonation velocity, higher density and detonation pressure.
Key words: organic chemistry; difurazanopyrazine derivatives; synthesis; characterization; performance

CLC number: T)55; O62 Document code: A DOI: 10.3969/j.issn.1006-9941.2014.04.009

CHINESE JOURNAL OF ENERGETIC MATERIALS b M A 2014 % #2245 H 48 (473-477)



