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TABRLIR 95 % & AR fiFf B2 (1 24 4 P Ak 27 R A FR 2
A ) 5 HAR TN 4 43 p A i TR 2 A B

10 %% . Avance Il 500MH #% g LY (2 E Bruker
/3AE]) 3 Ultra AM TSQ quntium %1 &5 4 91 5 i85 43 (5
[ Finnigan 22 &) ; Nicolet 1S-10 I {# B - 45 # 27 4}
JETEAX (FE B R AR ) 3 SGWX-4 45 AL ( |
I AESC AL A R A 7)) 5 TGA/SDTA851e #4J3 #r
% (Ek—+ METTLER TOLED /A7) ; SDTQ600 DSC #
ST (3G E TA AR 23w ) 5 Vario EL T AL ST & 43 A
{3 (75 [ Elementar A ] ) o
2.3 ZWHE
2.3.1 2,6-Z“EHEEME(1)NEK

¥ 0.5 g(4.54 mmol) 2,6-— 4 JLt % T
20 mLREAREEH, I 0.712 mL(9.09 mmol) itk Bg Fi
2.25 g(9.09 mmol) 2,4, 6-=fif 5%, MK ZE
60 °C, W 0.5 h J5 ,FHild 2 85 C,4kZ2 i 5 h, |
N ZE S 0, B AT K Ry AR [EA, T3 51 FH
10 mL . 10% Fy# Eh BRI W 15 mL Bk, i Ja HIZE oK
VRV BAKH P, Bas T84S 1,74 g(3.22 mmol ) 21
BEMARLEY 1, 1R 72%,' H NMR (DMSO-d, ,
500 MHz) &: 10.37(s,2H,NH) ,8.83(s,4H,CH),
8.15(s,2H,CH); "C NMR(DMSO-d, ,126 MHz)
5. 146. 02, 145.03, 142. 62, 136. 41, 130. 34,
124.38; IR (KBr,»/cm™' )3334,3082,1597,1476,
1462,1295,1192,1154,1084,913, 901,851,712,
639,587 ; MS(ESI").m/z: 530.88[ M-1]",483. 88
[M-HNO, ]7; Anal. Calcd. for C,, Hy N,, O,, (%):
C36.09,H 1.50,N 26.32; Found C 35.73,H 1. 26,
N 26.54,
2.3.2 2,6-"ESE-3,5-"REME(BPNP) A

B 95% K AHAEER 1.0 mL(21 mmol) A1 Bi BB
4.0 mL(67 mmol) I AF] 25 mL f) = O EHi+H,0 °C
THF 0.5 h J5, 2248 M A 0.5 g(0.93 mmol) b &#)
1, 15218 T 2 50 Cl i 3 hy W Z5 R G, 2 H K
K HEIA 100 mL pkoK it I ] 6 mL P ok 4%,
BT #13 0.38 g (0. 61 mmol) % ¥ (4, i {k 2,
W% 66% , m. p. >300 °C; 'H NMR ( DMSO-d,,
500 MHz) §: 8.83(s,4H,CH); "C NMR(DMSO-d,
126 MHz) §: 146.25, 144.03, 140.62, 133.04,
128.57, 125. 29, IR (KBr, »/cm™ ) 3286, 3081,
1581, 1535, 1474, 1427, 1400, 1341, 1254, 1093,
938,922,904, 852, 837, 826, 775, 719, 597; MS
(ESI") ,m/z; 620.85[ M-1]7,573.86[ M-HNO, ],
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481.82[M-H(NO, ), ] ; Anal. Calcd. for C,,H,N,,O,,
(%): C30.87,H 0.96,N 27.01; Found C 31.03,
H1.16,N 27.05,

3 tEFE

3.1 ZEEEmR#

K H Gaussian03 #ii £ , iz FH % B2z & ( DFT) 3§
WY B3LYP k' g4l 6-31G++(d,p) , %f
B0 5 S5 R R AT 45 0+ BUAR Ak, OF 8 £R = 311 43 A
JCHEHR 5 ABLAY 15568 Monte-Carlo 4831 J7 ',
JEFIFH Kamlet-Jacobs 7 82" 31 & H M e g4 . i A
WS HER AR W E

2,6-75 & 3E-3,5- g MR 1) 4 F a5 Ak, n

R
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B g
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B 1 BPNP &5t LiLI&
Fig.1 The optimized structure of TBPNP

R PR 2 o oy i R A R, R AR
BT
R(NO,) ,+nCH,—RH,+nCH,NO,

A G 112.88 k) - mol™, 31454 Monte-
Carlo 851751 LA Je 2 % Politzer Y &4 1A %5 B 7 IE 2
K7 5 BPNP %55k 1.82 g - ecm ™,

3.2 BEiEeE

FI I Kamlet-Jacobs J7 fit (3 (1) ,5%(2)) ", #i
i BPNP 3% % 8.13 km - s™',#& %4 28.25 GPa.
D=1.01(NM"”ZQ") "*(1+1.3p) (1)
p=1.558p"NM'"?Q'"” (2)
Xp, D R km - 57 p MHRE, GPa; N b4 5
AW E AR I BE R B, mol - g7 5 M R Sk 1
(7 R i, g - mol ™5 Q RHRHR,) - g7 s p WM
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Fig.2 Mass spectrometer of BPNP
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Fig.3 'H NMR and " C NMR spectrum of BPNP
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FE iR 85 °CL BRI 5 h 4T, %
ST RIS RIS 46 6 RS2 25 R %1, k1
P, 46 A R FE AR R 45 /0N 1) S RS L I T e v i B
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Table 1 Effect of different solvents on synsthesis of compound 1
solvent reaction phenomena reaction yield of
P product(MS) pre-BPNP/%
isopropanol reddish brown powder 531 72
n-butanol vermilion powder 531 69
DMSO black powder 321,531 45
p-xylene dark solid 321
benzene dark solid 321
4.2.2 FEHFINEE RSN

TEA R 2, 6- 5 28 L L GE 4 Sz v, A 4B 5
REAS AT 28T S 7 7 A 1 S A S, A0 e s g - 18 4 7 )
T7 1A% Bl KM 1 i SO R T AN S AR SO
iy 85 °C, Kz W i (8] J 5 h,%ﬂth n(HEAL]) ¢
n(E ) o n( CEEMNE) =2 02 11 AT, E
5T AN EMiEALT JXT%AJQT“E’JE4HH,,;.%F'%%2 i
2 M, AR I A AL S, 2 5 e B SOE R
R G, AT WL R A b e AT M E PR T, e B SR TG bk
5 IR R S A SR, 5 BOBCR T [ TR R A L L%
A A S5 IR N A K S 20w S SEUK iR e R
M2 M=228 WORF [ ROBAR R NA = Z 1%, AT AE
TR R, S 2, 6- 2 HE L g 55 4 0
AR T OB HEAT W R i AR o T I W ) S A
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55, R o A I B, LR R S A S, SR S R
WA R 8, ok s o UL, B R AR L

R2 MRS RAEY 1 BN

Table 2  Effect of catalysts on synsthesis of compound 1
catalytic reaction sph@homena reaction yield of
system product(MS) pre-BPNP/%
KF,K,CO, dark massive solid 228,531 27

Et;N light grey powder 531 46

pyridine dark red powder 531 72
Mg(OH), brown powder 228,531 38

4.3 WHURMEGRK
4.3.1 A& RN R B U B 52

J I FE 50 °C, ek E 3 h,m(1)=0.5 g,
V(HNO,)=1 mL, V(Ac,O)=4 mL, V(HNO,)=1 mL,
V(H,S0,)=4 mL,V(HNO,)=1 mL, V(H,SO, - SO,)=
4mL,n(KNO,) : n(1)=1:1, V(H,SO, - SO,)=
4 mLA AT, 58T AN Rl Ak A4 2206 i 4k B 1 i %
By SZ M, 25 R WL 3,

T3 ARG AR AR T A A SR W 4 5 T
Table 3  Effect of different nitrification systems on the yield of

nitrolysis reaction

nitrification system yield/%
HNO, - NO, 19.1
Ac, O, HNO, - NO, 40.3
H,SO,, HNO, - NO, 65.0
H,SO, - SO, , HNO, - NO, 57.7
KNO;, H,50, - SO, 48.3

H1 3 T, B A AL TR AR AL RE T B BT iR
SE G k3R] R R A D ik W B b ST Y R AR
PEBGER , P5 L 1R U T B O AR, B o (A
AR AR I e PR M A2 55 1 il A 79 S Rl 6 42 R
We A 5 (H i T3 B R B AT A 2,6+
T R R L — R TR 2R T B e AR SR O
JOE O FERS A R O T B R L KA Y R L IR
ZIa B AL IR R AL RE S M, S EGR T £,
WA o NI, ASBIF 58 R e BRL TR & MR il TR A fird A
R OR R
4.3.2 &SRR MR bt 3T AH L 2 B2 U B9 R

SSEIE 50 °C, i) 3 h B n(1) @ n(HNO, )=

D20 WYSRPETR B A T B IR A5 A R AN [ A FR L X

1&&%4&(%5@5“ Wi, S5 2RI 4

A Re At A 2017 % %25 % %64 (486-492)



490

XNELT, AL, LR, 69

12 4 al R, BEE W R B 385 i, BB YGRS 38
JEW e V(H,SO,) © VIHNO, ) =4 = 1 fif 4k 5 b
7 A o o3BT AT RE PR OA B R MR AR D, 2 S BUAR R
HA i T B R Y 3 R e ARG i A BB 0 5, BT IR
T 8L PR 14 5 A PR W K R A 1 FH B 1, Bl
R AR B R, R TE W AR A o R, YRR IR 5 A A
MR RAERILE 4 1 1,

R4 GRS SR AR A Ak SR IR Y R
Table 4 Effect of the volume ratio between H,SO, and HNO,

on the yield of nitrolysis reaction

V(H,S0,) : V(HNO,) yield/%
2:1 23.6
301 40.1
41 65.0
5:1 63.2
6:1 61.6

4.3.3 KRR EXTAE M & R R B &

K3 h, Bl n(1) @ n(HNOy) =1 : 20,
V(H,S0,) : V(HNO,)=4 11 T, %% 7 A~F IR
IO Yk BE XA AL SR (5 e, 25 L3R 50 i ER 5 AT,
Wi 52 B P 184 0, I AT 2% 5t 18 o A s, A i
9 50 CH, R W R e , i 65% o AkZEHR i RN it
JEWORREAR, AT AR PR oy e Al ok A5 v, A 10 I R B
fil§ AL T i, PR TS B3k 50 Cip, el B
s T Ik v AR EE T A Ak AR R A AR R ) ad a T BUR
53 i S I B I 3% 2o ORI DR I, B IR R
R 50 °C,

RS RN LNl A S RSO Y R

Table 5 Effect of the temperature on the yield of nitrolysis re-
action

temperature/°C yield/%

30 27.4

40 47.9

50 65.0

60 57.2

70 41.1

4.3.4 =Rz B3RS 0 R R Ui 2R Y 22 i

FIRE 50 °C R n(1) @ n(HNO,)=1 : 20,
V(H,S0,) @ V(HNO,)=4 : 1, %51 A [a] )i i [H]
XS AR B S, 25 R W3k 6, MR 6 AT A, Bifi % B
(B (R 38, e 3G n 3 h JE RO E TR A, JEK RN
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I I, 2 7R 28 HhoK B 8 - BORH fL AR & R i AL g
U5, SR B SR TE I AR Al o TR d AR RO
FE 2 3 h

6 NI A] i A S HACE Y R T

Table 6 Effect of reaction time on the yield of nitrolysis reaction
time/h yield/%
1 31.4
2 47.3
3 65.0
4 64.2
5 63.8

4.4 BPNP W REMH R

FERSHHE R 30 mL - min™  FHEHEH 5 °C - min™
i BEYE ] 50 ~500 °C,# dh it 0.2300 mg 454 T 14
B 2,6- " E -3 ,5- RS Ek % ( BPNP) 1y TG-DSC
Mk, 255 0L 4, DSC fh 2 301, FF & A7 78 75 A 4
. 374.3,409.1 °C, 454 TG 4 ir s, #E 543 W
BB il s S — B Be N 354.0 CHFAR, 2 IR Ik
£ 380.1 °C, 2T N 46.2% ; & KB )\ 380.1 CIF
YR B IA B 450 CHY, R E N 65.6% , Z 5 & It
RS, REmM&A B T2, 2% PYX W4 #
2, T BPNP 2544 5 2 0L, S B 40 W 20 03 ik« 26
— DR R R R, A O R 2 AR BT
T 2 AR A 40 . BPNP [T 8 3R 1N U F 5 356
Btk T R B R R, 4 FH—NO, 5 o—C L
B —NH JE 185 7 N 85y 7 8] 0, DL &% BPNP 1y 47
JEG O R AR OR T I HET A5 A B AR

EE.
1104 ——mass -4
1 TG . —heat flow]
exoT 100+ — ;
P 374.3°C
90 354.0°C 4 |
o 80 B £
> aw91c 12 =
ﬁ 70‘_ P 1 =
] 411 3
E 60 |
50 ~ =
3801°C | 0 @
40 I
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Fig.4 TG-DSC curves of BPNP
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[ 7235 7 PYX AN BPNP [ 25 B 45 0 | 5 J 1 9
FEEE IR T PYX H HNS 48 25 P AE Y SOk 52
B HEAT HEXT 25 R LR 7 3R 7 Al 0, PYX B35
H5 CHRE R 23, R MBI REA — S
AN (E s i BPNP [ %5 3 Bkl 5 8 R, #E T HNS,
W = T PYX TSR AN SCHR A B R S PYX Y
THAAE RN SCHEREAH Y . XRS5 PYX A kb, BPNP H
A G SR PR R, S — B A TR A N T R
it 44 55 RE A1 o

&£ 7 HNS . PYX 5 BPNP py¥EREXT b
Table 7 Comparison of the properties of HNS, PYX and BPNP

p(crystal) D p Hs,
compound /g - cm™ /m s /GPa /cm
HNS 1.73MM 701911 20" -
PYX 1.75140 1.77  7480'%) ,7590 24.20'* 26.02 63'* 76
BPNP 1.82 8130 28.25 83
5 & £

(1) PL2,6-Z 3 JEnkBEF 2,4 ,6- = KW KN
Sk, 245 6 RHAL T 2P OB, B T — RS
2,6- 9 g -3, 5- T FE Ik B ( BPNP) Bl R
47 % I LA G L 4R | B X H 45 48 AT
ik,

(2) BT T A [a) 5 500 5 4 Ak 500 X 4 G B D Y 5%
Me B A 1 i SN T R Sy S TR, A AR R S L BE i
FT2% 5 LB IR S JH 8 B2 o i AR AR & L 8 E T R AL
B B B AR Sy S A - O il BE 50 °C, V(H,SO,) -
V(HNO,)=4 1, Wil 3 b fif 1k 5 i e 46
65% ,

(3) FIH TG F1 DSC W58 T 2,6-—35 2 #£-3,5-
TSRO R Y R AR, A LN 354.0 CH IR o
YRR 374.3 °C, 5 PYX MY, B A B4 1 &
JEVERE

(4) Fifili 7 BPNP 14 £k Fil Kk 25 P AE , 210 %
EHR1.82 g - cm” A # N 112.88 k) - mol™ | 13
N 8.13 km - s7'JEE N 28.25 GPa,
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Synthesis and Properties of 2,6-Bis( picrylamino) -3 ,5-dinitropyrazine

LIU Ji-deng, SHEN Cheng, WANG Peng-cheng, LU Ming
( School of Chemical Engineer, Nanjing University of Science & Ttechnology, Nanjing 210094, China)

Abstract: 2,6-Bis( picrylamino)-3,5-dinitropyrazine( BPNP) , a new energetic compound, was synthesized with a total yield of
47% from 2,4 ,6-trinitrochlorobenzene and 2 ,6-diaminopyrazine via condensation and nitration. The structure of BPNP was char-
acterized by infrared (IR) spectroscopy, nuclear magnetic resonance( NMR) and mass spectrometer( MS). The yield of condensa-
tion was the highest, while the optimal solvent was isopropanol and the optimal catalyst was pyridine. The effect of the nitrition
was the best, while the volume ratio between H, SO, and HNO,, reaction temperature and reaction time were V(H,SO,) :
V(HNO,)=4 :1, 50 °C and 3 h, respectively. The decomposition temperature of BPNP is 374.3 °C, which was investigated by
thermogravimetry (TG) and differential scanning calorimetry (DSC) . The theoretical density of BPNP after optimizing predicted by
Monte-Carlo method is 1.82 g - cm™. The detonation velocity and detonation pressure predicted by Kamlet-Jacobs formula are
8.13 km - s ' and 28.25 GPa. H,, of impact sensitivity predicted by electrostatic potential is 83 cm. All the results show that
BPNP has higher detonation pressure than PYX, and has potential value in application and research.

Key words: 2 ,6-bis( picrylamino) -3 ,5-dinitropyrazine( BPNP) ; nitration; detonation performance
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