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1,4-Z i EER I JF[3,4-b JUR & ( DNFP ) J2 fiff file &
R I 2K e R AR T 4 R A S N—NO,
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HAGA B, P s, REsEm ™,
XS COH N O JfF 1Y = Al o 25 B b4 RE, ok i 24
e —Fp AR H A R S5 R BT

DNFP & — Ffr ¥ R £ 5 0% B Ja% 1% A b1, I %5
N 1.82 g+ em ', KT RDX, 48 3% I 4 JE 5 RDX A
U REPEYE B Hyy oy 162 em . DNFP Ay B i 571 45
TS B ol 257.2 N o= s - kg ™', 5 HMX )
Hph (263 ~264 N - s - kg ') A 24, Willer 25 A"
H2i& T DNFP (1 & B HE 5, R H & e (EDA) 2 b
JERE, 245 4 IR0 JBLK B AR S Ak 55 = A IV A
DNFP, @t 2 16. 5% ~ 18.75% , Oyumi F1 Brill 4
AU TMEESE T DNFP g Sk R, H AT 4 R L 1 P A
DNFP 4 B P BB 58 7 T A 4 o

BRI SCER 6 =7 4B G BT 15 I 3R A AR 19 AN
SRS DL N, N'-ZRUT 3 & — e (EDA-tB) F1 &
25 (DCG) il i JrUkE, 246 4 04k B 7K 2R 4L il
fiff 5 =0 SV B Y DNFP (Scheme 1) 5 {046 T 46 &
ALK I 1 6 B, W3R 35 SCHR A K i 42 1=
EATE T Tl SR AR B8 T IS RS R R
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Scheme 1

2.3 BREE
2.3.1 ZEZZH(DCG)HIH &

W5 (17.6 g, 0.2 mol ) i T Jo7K L% (200 mL.)
W R WIS E - 30 C LA (29 0.5 mol, i & 4
PR P55 9 R R 1 1% ) 30 min, fiff Sz IV WK 2218 T 2 = i
Jo o Ul H 25 B S AL A (200 mL) L ek
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MM w17 %

P8, 19 F e [E AR, A RS S, TR S 15 DCG, 1
90.8% ,m.p. 200 ~202 °C ,

'"H NMR ( DMSO-d,, §): 13. 319 (s,2H,—OH),
“C NMR(DMSO-d,,8): 130. 815(CIC=N ), IR (KBr),
v(em ™) 3260,1620,1411,1337,1002,853,719,694 , 667,
490, JCER 4 H7 (%) : C,H,CL,N,0, T+ {8 (LW AE)
N 17.85(17.40) ,C 15.30(15.43) ,H 1.28(1.41),

2.3.2 1,4-ZHTEIREE-2,3-Zff5 (PDO-tB)
B & B

I B3 Ji b8 R i A HT B (200 mL) (DCG (9. 42 g,
0.06 mol ), i $¥ ¥ fifF, ¥& i S N7 W iR ¥ B 2
- 18 °C i o 15 J& i W s =, % i EDA-tB (20. 7 g,
0. 12 mol) [ FHEEFE WL (50 mL) , % 0 58 B2 1 S i iR
HEEBEZR -18 CJa, 8 2 % &, i #
30 min, J5l H 28 BR L A5 A, K R =R, g, T
G G BEE S f s o 7 R Ak, T 4815 PDO-1B, Ik
%73.4% , m.p. 182 ~184 C ,

'"H NMR (DMSO-d,,8): 1.276(s,18H,CH,),3. 100
(s,4H,CH,),9.103(s,2H,0H), "C NMR(DMSO-d,,5) :
27.254(CH,) ,44.808(CH,—N), 55.469(C—N),150. 113
(N—C=N ), IR (KBr),» (em™'): 3198, 2978, 1638,
1480, 1393, 1369, 1308, 1227, 1205, 1126, 1073, 1003, 972,
879, JTLE 4 M1 (% ). C, H,, N,O, it 5 1 (529 {H)
N 21.86(21.47),C 56.23(56.15) ,H 9.44(9.25) ,

2.3.3 1,4- "R TEKIEH[3,4-b] Uk (FP-tB)
B & B

i) [8] J5S B A & T (10 mL) | A AL 4l
(200 mg, 5 mmol) , Ji1 V% fin A 5 7 0 L B2 - 22 140 ~
150 C ity , fe A A AL B & W0 % % J5, im A PDO-tB
(1.14 g, 5 mmol) , {6 5 $4 S i 29 30 min, TLC 46 ]
RN 5E BE, B R, B AR A B E R, A K
(20 mL) , PKAK ¥ 20, A VATt il g A5, 2 B
WSRO R BE, TS FP-B, I3 72. 1%,
m. p. 136 ~138 C,

'"H NMR(CDCl,,8): 1.388(s,18H,CH,),3.287
(s,4H,CH,), "C NMR(CDClL,,8): 26.591 (CH,),
42. 569 ( CH,—N), 56. 444 ( C—N), 148. 732
( N—C=N ), IR(KBr) ,o(em™"): 2968,2936,2875,
2862,1605, 1562, 1485, 1455, 1426, 1400, 1366, 1357 ,
1312, 1286, 1252, 1223, 1203, 1154, 1117, 1079, 881,
841, JLE M (% ): C,, Hy N,O FH 2 {8 (52 {4)
N 23.51(23.22),C 60.48(60.64) ,H9.30(9.22),

2.3.4 1,4-Z“FERKIAF[3,4-b] UkIE (DNFP) B9 & B

TF 0 A . 100% i BR /e B 2 o [r 58] IV 5% o v o
AMEHRER (10 mL) , 3 #1 % 0 °C, A FP-tB (500 mg,
2.1 mmol) , FF R M5 , 2212 3% i 100 % i BR / e Bt
B2 (2.7 mL/4.3 mL) R & %W, E R 38 £ 5 30 min
IR A AN R A I S N O 9 4
U, TR G AR, R R A K B 4 A AR e B i ik, T
fi: 45 DNFP, I % 62. 5% , m. p. 134 ~ 136 °C ( 3¢ fk
H° 77132 ~134 °C) (4 f#) »

T B: 98% IR/ W Wi iR . #REL M AL 15
DNFP g% 61.7% , m.p. 134 ~136 C (43f%) .

iR C: = BEEF/100% G582 . 10 15 i e
A Z BT (2.5 mL) 72 412 0 °C L% N 100% fiff iz
(1.0 mL) , 8 ¥ i # 15 min J5, 204t 0 A #Y FP-1B
(500 mg, 2.1 mmol), F B} 15 min, {H & it £F /2 [
10 min, R 2 ZE= W (15 C ), Wy 24 h 5, 8 SO0 i 8 A
PRk, AT, il K Bk, TR AR, N
i A1 K HE 45 & 4% 0 {0 5 R, TR 13 DNFP, i &
29.8% , m.p. 130 ~132 C (4M#) .

R D: = RES T /98% iR, #R/E B C,
% DNFP % 28.2% , m.p. 130 ~132 C (43 f#) o

TR E: 100% SER o 1] B IS K2 H m A 100%
fiffR (3 mL) ,¥2 %1% 0 C 434t A FP-tB(500 mg,
2.1 mmol) , FE} 20 min {8 & S i 30 min J5 , 4 52 W
EATEDK R A AR AT il 8, K B R, TR AR
it FH PR T N 7K TR 2 4 A9 T €8 Al A, T3 45 DNFP, Il
% 21.6 %, m.p. 129 ~131 °C (4+4%) .

MR F: 98% iR . #AEd W E, 153 DNFP,
W 21.4 % , m.p. 129 ~131 C (4R) .

'H NMR ( DMSO-d,, 8): 4. 532 (s, 4H, CH, ),
“C NMR(DMSO-d,,5): 46. 045 ( CH,—N ), 142. 469
(N—C=N ), IR(KBr),v(em™"); 3031 (CH,), 1627,
1581(NO, ) ,1454(CH, ) ,1419,1376 (£ ¥ ) ,1305(CH, ) ,
1269,1238(NO, ) ,1176,1118 ,1083 (WRHE IR ) 982,887 (I I
) ,864,852(CH,) , 784,768 ,752(NO,) , TTEH (% ) :
C,H,N,O; 715 i (SE I {5 ) N 38.90 (38.68),C 22.23
(22.28) ,H 1.87(1.88); DSC(10 min + °C ~"); 143.95 °C
(M AR ) ,159.45 °C (B RBCHRIE)
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Willer 28 A7 L2 — e (EDA) Ky J5ORE, 14> o
[a] {4 (WR % M 5 PDO FInkmgIE[3,4-b ] URIE FP) /Y
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ARG, 1490 50% 2o A7 (L3 1) AR . — %%
Jieth—A H R T2 5 70, BA N 5 —4 H T2 5
BRI, 5 B0 T M —NH—%5 4 5% K P
0, 5 P A M AT 3 S R, B BOCR i — 4
WEAIG
BRI 0 , A R R R T e AL A
Wik, N T b A — AN B K ik B 4 o
Mannich 454 52 07 1 B , BO1 352 i 3oF 6 52 1 6 25
B LT IR e o 5t R IE S T LA Ay — e AR
3, Adolph I Gilligan %5 A" f fF 55 26 W1 AL T Sk 1
BIAAEH AR F R 4T, % T I, 7E R N JELF
L ARUT 3 L BRI R A 5 R % B
N N'- T FEBUR B A4~ H (a4 PDO-tB il FP-tB [y
KR KRR, 45 R T 40 B 4l , I 7 R A K I
LT SR 1 K 1 25% 22 AT HR B H) 52.9%
DNFP B %t 16.5% ~18.75% 5% 32.6% .

x1 BWIWMEHTEPEEFEBERTLL
Table 1 Comparison of the yields of

two intermediate products

HAY, LI SN AT 2 - 40 °C i 2 44, ik
e VAT GA B B . IR ETFRE 0 CLUL L
Ja  BCBE AT R bR T R A R TR T,
BRI RO A A AR ORI o PRI 3 B PR 94 Y L
o -18 C,
&2 WHBEBEX PDO-tB YL F K50
Table 2 Effect of bath temperature on yield of PDO-tB

bath reagent bath temperature/C yield/%
dry ice and ethanol -40 73.6
ice and salt -18 73.4
ice and water 0 68.5
air 15 50.4

3.3 IR R MR

%% Cichra % A BFFE TAE, ¥ #% T HNO,/
H,S0,, HNO,, HNO,/( CF,CO),0 = Fl i fi# 1k % , [7
222 T 100% 45 Rl IR 1 98 % (1) Ml fils BR X 2 7 114 5%
W, SEER AL 3,

* 3 FP-tB WfHfR
Table 3 Nitrolysis of FP-tB

from EDA* 7 yield/ % from EDA-tB yield/ % reagent yield/% T,.,/C
PDO 50 PDO-tB 73.4 100% HNO,/H,S0, 62.5 134 ~136

FP 50 FP-tB 72.1 98% HNO,/H,SO0, 61.7 134 ~ 136

overall 25 overall 52.9 100% HNO,/(CF,C€0),0 29.8 130 ~ 132

98% HNO,/(CF,€0),0 28.2 130 ~ 132

3.2 PDO-tB & 5 T2 & i X it 100% HNO, 21.6 129 ~ 131
98% HNO, 21.4 129 ~ 131

THZ ZH(DCG) 5 N, N - T R
(EDA-B) 43 F v ¥4 B WA~ 2 15 50 0 19 77 Rig AT, ROk
BR T 4R T R 0 45 4 BR AL LA, 7 T RE R R £ 4 T
6 (9 3 A 0T o 46 TR AL AL 5 T 46 3 A% AR S, 46
BT R AR AT T 2R 4 T R
BRI 2 R 6 B L T 7 U S B B (%
STV A TR 1R R R B AR %R R
T, P 5 B Y MU O G 1 P, O
A B A BAR IR . Willer % A° ' /£ DCG 5 EDA
J VA PDO i B e A VA T B S - 40 °C ik
05 2R — U I A I e ke i AR L ST O A
FE, Ko W B 52 EDA-B S I o7 18 1 Tk B 31 33k T
10 CLA AR R 49% o X k24 IR R
HAHE R BRI, b T A Ve I ) B, B — U A B
PSRN, 45 2 07 3R JEE A — 40 ~ =35 °C, i R AR 7 %)
73.6% ., £ R (0 LR 1L BFSE T R R A
L FEE % L I 7 9 B2 0

H 22 2 AT L, VA TR EE S — 40 C Rl - 18 C Rk

H1 3% 3 W UL, A A FP-tB IF, ™kl DNFP J 5052
195, WO B 5 14 D 100 % il I 1R Bt TR 1) TR TR A %,
I 98 % 19 LI it R AR At R ) TR IR A &, — & MR
ZERNANK 25 B8 B A T ZTOK R, 98 % 1) TNl i
TR T A L IR 119 T TR A 2 IO 2% T L PR B o

4 &£

(1) LN, N-Z 8T %2 — W (EDA-B) Fl — 4
4 N5 (DCG) MR 4R JFURL, 446 A ¥4k B K 384k Ll
25 = R N A B 1, 4- i kg 9% [ 3,4-b ] R 15
(DNFP) , S0 32. 6% , R LL AN G5 A L PR 0
JCE S BT R DNFP J L e AR Z5 ¥ 3647 T 3RAE o

(2) r#r 1 BRI X 455 4 20 Ak G 7K B0 Ak 52 1 1
o, DURCT B NN -2 T R e ¢ —
i Ay A i D) U I S 1) K A B T 4 B Al AR
I ODNFP SAUSCRE 16.5% ~18.75% &5 32.6% .

(3) Bt T PDO-B (& B 24, ikt Jr X il
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Synthesis of 1,4-Dinitrofurazano( 3,4-b | piperazine( DNFP)

Bl Fu-qiang, WANG Bo-zhou, WANG Xi-jie, XIONG Cun-liang, JIA Si-yuan
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The synthesis of 1,4-dinitrofurazano [ 3,4-b] piperazine (DNFP) with an overall yield of 32. 6% , was described. The

cyclizative condensation between

N, N'-di-tert-butyl ethylenediamine and dichloroglyoxime at

low temperature generated

1,4-di-tert-butyl piperazine-2,3-dioxime ( PDO-tB) , which underwent a base-promoted dehydration at high temperature to obtain

1,4-di-tert-butylfurazano[ 3 ,4-b ] piperazine ( FP-tB ). Furthermore, nitrolysis of FP-tB provided an efficient access to the novel

explosive compound DNFP. The structures of DNFP and its intermediates were characterized by IR,'H NMR,"” C NMR and

elemental analysis. Moreover, the effects of reaction conditions on the yield of PDO-tB were studied, and the optimum reaction

condition is dropwise addition at — 18 °C. Converting FP-tB to DNFP with several nitrolysis reagents were also studied, and the

nitrolysis with the mixed acid of 98% HNO, and H,S0, provides a good yield of 61.7% .

Key words :organic chemistry; 1,4-dinitrofurazano[ 3,4-b]piperazine( DNFP) ; furazan; piperazine; synthesis; characterization



