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Scheme 1 Two synthesis routes of N-trinitroethyl
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Scheme 2 Synthesis route of target compound

2.3 XHPRE
2.3.1 5,6-"SRkIEFH[3,4-b] MLm= (DCFP) By &
FERBFE T , mHA 2.7 g (13 mmol) T L%
1.0 g (6.5 mmol)5,6-F2FLukmIf[3,4-b ]tk
BRIV B, I A 4.5 mL =G A#, FHRE R,
FE 5 h, Vi 2R T 2R IR B 2 = SRR, Tk
AT I A B A 2.0 mL ykoK , 538 8 08 DR
T 1.0 mL AEAN 1.5 mL KB IRA W, &0, A i &
A, g, TR A B0 A [E A 0. 86 g, I 69% ., IR
(KBr, »/cm™); 1573, 1462 ~1158 (C=—N),1032
(WEIHER) , 870 ~820 (C—Cl); "C NMR(DMSO-d, ,
126 MHz), 8: 155.6 (C—Cl), 151.2 (C—N) ; ESI-
MS (m/z): 192 [M+1]"; &4 (C,CLN,O,
%) HEAE, C25.26, N 29.47, Cl37.37, SZillf4,
C25.17, N 29.03, Cl37.72,
2.3.2 5, 6-—_FEKIEFH[3,4-b] itz ( DAFP) 1) &%
0°C T, M2EH 2.5 mL ZfEFM 12.0 mL
(25% ~28% ) @ K Wy L N i b, o4t im A 3.8 g
(20 mmol) DCFP R EE ¥ 7E 0 °C, ) v 2.5 h, Ak
S [ AT L R VR KRR DA TN, NI
Sk (DME) rhgg g, B b R, o 8 T 115 31 i
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{6 [& 1& DAFP 2.3 g, it 75% , IR (KBr, pv/cm™);
3465 ~3228 (NH,), 1657 ~1532 (C — N), 1338 ~
1017 (BkPE R ), 850 (C—N); “C NMR ( DMSO-d, ,
126 MHz), §: 150.8 (C—NH,), 150.5 (C—N);
"H NMR ( DMSO-d,, 500 MHz), 8: 7.6 (NH,);
ESI-MS (m/z) : 153[M+1]"; JeE4M T (C,H,N,O,
%), HEM, C31.58, H2.65, N 55.24, SZl{H,
C31.50, H2.47, N 54.97,
2.3.3 5, 6-“RBAESIEKMBIH[3,4-b] Nt
( DMFP) B & B

i HEFE T K 3.0 g (20 mmol) DAFP il A 3|
8 mL 37% HEER 2 mL KR AW P, N 30 h, #
BT AR SR, KPR, AL T 15 8 A
4.0 g, Bt #* 92% , IR (KBr, p/cm™ ). 1022 ( Wk 0
¥£), 3100 (NH), 3400 (OH); "C NMR ( DMSO-d, ,
126 MHz) §:150.2 (C—NH),149.6 (C—N),
65.1 (CH,); "H NMR ( DMSO-d,,500 MHz), §:
4.8 (s, 4H, CH,); 6.1 (s, 2H, OH); 8.6 (s,
2H, NH), JCE 5 (C,H N, Oy, %), it5H1E,
C33.96, H 3.77, N 39.62, sziliffi, C 33.55,
H3.56, N 40.03,
2.3.4 N,N-Z(=Z=WHEZE)S5,6-—5EKMEH

[3,4-b]ntiE (DNFP) B & B

B B T £ 5 B 20% M D5 K % (0. 75 g Al
D5 f# T 3 mL oK) 6 0.42 g (2 mmol) fb&¥)
5,6- "R WAL FLUR I [3,4-b Ak We, 2218 i A 2 1ig
W, EIRBEFE 30 h, P A BRI, BT KA
2 h B UE  IEDE T T 4- T E S IR N R A
1EUE VKoK VR OIE T #2459 210 v 8 4 B4R 0. 62 g, it
65% , IR (KBr, »/cm™ ). 1028 ( Bk mj¥ ), 1600
(NO,), 3350 (NH); "C NMR(DMSO-d,,126 MHz) ,
8:151.2 (C—NH), 150.3 (C—N), 128.5 (C(NO,)),
50.0 (CH,); "H NMR(DMSO-d,, 500 MH, ), §:
5.6(d, 4H, CH,), 8.95 (t, 2H, NH); JLZE4#r
(CoH,N,,O,,, % ),it% {4, C20.08, H 1.25,
N 35.15, i &E1E, C20.52, H1.42, N 34.72,

3 HR5WR

3.1 DNFP WA R HIE R & B & G iRt

PIZKAE R3], LUEEJR e n(DAFP) @ n(TNE) =
102, MR R 60 °C, —2 3k &N If A 15 2] DNFP,
SR I AL R TE K FeCly | 1 55 Sy i B, 38 =1l &
At A
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REH ALY DMEP &2 H Ak ™ 1 Fil — il & B e
(NF)Eiﬁ?I‘EﬂﬂﬁbkiﬁE DNFP,
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AR IR B R A R V. BT DMFP ZEAS [ 1)
R TR 22 K B I DNFP (& iR, 78
%iﬁfﬂ#?%“zﬁ%?* IR | 2 KoK R 5T~ AR B

X EARE ) DNFP & BRI 25 R 2% 1,

M1 TLUE Y, R 1 50 73 R AT 2 R
E I TR, ;7 AT, 43 390 R 25 % Fil 20% o 1l
TE 511 550 R L 2 T Rk R B B T B S 46 0 I
N 7= R AR AT AE T DNFP 7 i 5 2 %5 77 v o
il B A /N A R S5 R0 K P A R AR R e, P
VR AT LA R F T A Y RS EUE U, AT il
3 40 B Vs A, o ISR F AT, R T S AR E
A R T 85 RN ) HEAT

j: I +  2HCH £ BRI DNFP R U ) 5% 1)
\J Table 1  Effects of various solvents on the yield of DNFP
DAFP .
NO, solvent t/h yield/%
O/“H—'—No2 ethanol 45 68
NO. thanol 45 68
I I \/ H transfer I I : methano
water 30 65
_ /O/_\ NO,
acetone 72 25
02 acetonitrile 72 20
mediate 1 DMFP Note: Water, methanol and ethanol were protic solvent. Acetone and aceto-
NO, nitrile were aprotic solvent.

f |7N02 NO
¢ Yon NO,
-H,0 NO,
I I NO,
K N02
-|—No

mediate 2 DNFP

Scheme 3 Reaction mechanism for DNFP synthesis
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T A5 B I N RE U 2 A AL AL A W Y A e IR
(HOF) o s v (1) 45 5 Sz o7 1k i v, ook M bk e - 28 1
FEANAR | SN AR N S b2 B 00 i FOE S8 O 4
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Scheme 4 Born-Haber system forming for DNFP
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S SCHR AT AT I I I B AT = Y i i A
i 3 15 K OF CBS-4M Jy ik 485 4 R A0 s L TR A5
N N-Z(=fHEE ) -5 ,6- —Z Bk g If[3,4-b ] nik
W& ( DNFP) [ A= 5l #4 5k nf L) iz il Born-Haber i} 4
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R 2 DNFP K275 W) B 5 RE o A0 A R
Table 2 Total energy and heat of formation for the title and

reference compounds

compound ZPE Affy i

/a.u. /a.u. /kJ - mol™ /kJ - mol™
DNFP —1943.179045  575.31 80.52 516.52
CH, —40.5339287 112.24 10.01 -74.60""
NH, -56.5826353  86.27 10.05 —45.901""
Ring(NH, ), -558.63857  259.82 24.39 377.39117]
Trinitromethane —654.1638359 136.82 26.41 -13.40"7!
NH, CH,CH, -135.2214430 232.75 14.37 —47.501"7!

Note: E is the total energy of compound, ZPE is vibrational zero-point ener-

gy, AHy is thermal correction to enthalpy, Hyis heat of formation.

i DNFP () & #49 %, F il Monte-Carlo 53"
FE AT, 2 F 0.001e « bohr™ & H 725 JF ifi fif 4
R 14 A AR ) SR A - 1 359 B8 JR AR AL 3 T b B UK IR
RG> T 1% % . A Kamlet-Jacobs J7 72" i+ 8
DNFP [yl 25k fg, W2 3. & 3 v %0, k15 m H
LGS HMX SR PR RERE Y .

&3 DNFP HMX B P RES 2L
Table 3 Detonation performance of DNFP and HMX

AH; Q D p
compound /K mol™ /) -g /km s /GPa
DNFP 516.52 6714.27 8.91 36.00
HMmX (20 -95.4 6168.42 9.01 37.85

Note: AH;is heat of formation, Q is heat of detonation, D is detonation ve-

locity, p is detonation pressure.
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Synthesis and Properities of 5,6-Di( trinitroethylamino ) furazao[ 3 ,4-b ] pyrazine

LI Min-xia , WU Bo, YANG Hong-wei, Li Chun-xu, CHENG Guang-bin
( School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: 5,6-Di( trinitroethylamino) furazano[ 3, 4-b ] pyrazine ( DNFP) was synthesized from 5, 6-dihydroxyfura-zano[ 3,4-b]
pyrazine by four steps reactions including chlorination, amination, N-hydroxymethyl and condensation reaction in a yield of 31%.
And its structure was determined by IR,"H NMR, "C NMR and elemental analysis. The reaction condition and mechanism of
DNFP were studied. The heat of formation of DNFP was calculated by DFT/B3LYP methods, and other detonation performances
of DNFP were predicted by Kamlet-Jacobs formula. Results show that its heat of detonation is 6714 ) - g™, detonation velocity
8.91 km - 57",
Key words: pyrazine; trinitroethyl; detonation performance; 5,6-di( trinitroethylamino) furazao[ 3 ,4-b]pyrazine
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and detonation pressure 36 GPa.
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