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KA DPT |l & ARG R, o A 4l [ 24 48 14
M2 R A BR A | W Eh W 3k, e v 4, BT v T 2R 4k
BB B A FR A ) o

X %% : Hit -+ Bruker 2 5] AVANCE I % 500 MHz
¥ 1 4R 1L ; 35 B Thermofisher 24 &) Nicolet & B i 748
P 21 b O 3% 42 5 55 [H Finnigan 2 #] Finnigan TSQ
Quantum ultra AM # it 3% % ; 3¢ [ Finnigan 2
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JmA %] 8 mL (184 mmol) & M8 i iz H , Bl U6 £ T,
$1 g (4.6 mmol) DPT Zr it i AR R p 3554 10 min,
G2 M 20 mL K, 5 SR EE AN & T 0 °C, il K
U, TR AFEIMNX, A UL I Scheme 1,

IR(v/em™): 3054, 1558, 1446, 1313, 1212,
1021, 757, 631 (5 CHA[15] ¢ 1 —20) ;'"H NMR
(DMSO-d,, 500 MHZ2)8:6.36(s, 2H), 6.13(S, 2H),
6.03 (s, 2H), 5.71 (s, 2H) ;"°C NMR (DMSO-d,,
125 MHz)8:65.83, 64.38,64.05,56.07 (5 C#k[19]
SERWI4 ) ESI-MS: m/z[ (M+H)]: 281.06.

II\IO
N "
ON—N N—NO, —mingHNOs o N N—NO,
\ J CH3NH,* HCI
; \
DPT MNX  NO,
Scheme 1  Synthetic route of MNX
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N 9 8 M 3 Lb
AR TS A T ORI T NHNO,
P E N-5 T 5 e 5 JHe A i 0 A T2 1) STV i ik S5
I NH,NO, & L NH, I IE AEH Lewis Bl fi# 1k 71 2
5N, AE S AR R NH, 56 R w0 /0 ok KR
PIE AR, BRI FHBENH, B KT
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JEE W0 %) A%, T AT NO™ B 1 50 Bl N-SIF il 56
Jig o DRI, 4 NHNOLTE DPT 5 & JEAY R 52 7 AR A
b Lewis Bl At AL ), (2 32 S b (B 44 1 -2 FR 3L -3,5,7- =
fifHE-1,3,5,7-DU R % BR o L 1 4 5k U 16 8%, 19
5 W LM FUR T 0T B % A R NO®
1Y 3 B4 B MINX G 6T I, A R 7E NH, N O, Y 24 A
JEF b 5 LA H 5 A (A ) 856 i U P A L T
R EAMNTHS N R PR RIS,
AR 2 S 1) 2 B DA T A2 a0 S5 7 P 6 AT o

Kk, H 1 g DPT(4.6 mmol) 5 8 mL(184 mmol)
KM R AE =15 °CF K 15 min, X H S 45 BE /R &
(11.5 mmol)NH,NO, Fl CH,NH,-HCI &4 F i [ I ,
SRR PR

&1 DPT# HNO,/NH,NO, HNO,/CH,NH, - HCI 1 HNO,
AR A e - L0 e S RSO 1 X L

Table 1 Comparison of the yields of nitrolysis-nitrosolysis
reaction of DPT in HNO,/NH,NO,, HNO,/CH,NH,-HCI and
HNO, system

reaction system yield / %
fuming HNO,/NH,NO, 54.9
fuming HNO,/CH,NH, - HCI 72.2
fuming HNO, 45.5

N1 AT UL TR A AR A IR v R MINX IS 3R Ay
45.5% ; A NH,NO, J5 MNX IR EE R T K24 10%:;
T FH 45 8 /K 15 1 CHLNH, - HCHR # NH,NO,, MNX 1Y
R KR E R 2 72.2% , A W CH NH, - HC I g Ak 3L
RAET NH,NO,,

3.2 CH,NH,-HCI{2# DPT 5 X M 8 & K % &

MNX TE®F %R
3.2.1 HEREIRERE A S X MNX I ZE RS0

E-15°CF,H 1 g DPT(4.6 mmol) 5 8 mL & 4
iR (184 mmol) &)W 15 min, % %¢ CH,NH,-HCI &
X MIN XSS5 B 52 ), 485 SR AN P11 TR o

FH L1 AT, MINX A IS0 i 25 P e 6 18 36 = 1Y
B T AR H R R R 5 DPT M EEJR L R
2.5:1HF ,MNX BIICR e i , 388 72.2% 0 4k 238
FH e T2 6 00 FH A, R 3R T 1R 8 T4 D, MINX ) WAL 36
GRF R, SR B R R R R 5 DPT M EEJR LA 4101
B, MNX B ICR AL R 64.4% . JR IR AT &, i F
R TR R AR Z b By v i BE A B A B 0 TR g R TR
PR R AR GRS m AR TR, AR T
JORE R AT B, 2 R R 5 DPT M BE /K L
&g
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Fig.2 Effect of loading amount of fuming HNO, on the yield
of MNX
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Fig.3 Effect of reaction time on the yield of MNX
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Fig.4 Effect of reaction temperature on the yield of MNX
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HF10 ming BT MNXBIUCR K 78.5% .

FE N5 SRS [) B B2 7 1) J92 1R 2 A T AL, 6 7K
W35 °CF, T (12.5 kPa) 78 1 4R 19l % , v il
12 1) B3R 75% .

F2 HERAKFER

Table 2 Factors and levels table

A B c

level reaction reaction
n(CH,NH,-HCD : n(DPT) )
time /min  temperature / °C

1 2:1 10 =30
2 2.5:1 15 =25
3 3:1 20 =20
4 3.5:1 25 =15

3.3 HUEHEN

TR W AE TR PR 25 A1 T 45 2 5 WA R & A= J A Ak I
7 AR R S A D A R R LR R
=15 °C N ¥ 0.78 g CH,NH,-HCI 5 8 mL % 4 fii§ iz
RABFE, WA WA R B EE R ISR CE kA
EIR R AN TR AN D R (] 759 = R R
TE T KR Z (NLO /A L)t i i DPT B A5 A 3
HMX o AR 80 4 5 2 A 58 K 6 N2 Y 3 — e 36 Jie
i TR I A A S NE A R I, R BRAAR R o AR /D
IKAEAE LA BEMR] 47 . CH,NH, - HCIFE i i
() il R A 2R A8 i T CHONH, - HNO, ™24 MR i 3.1,
3.2 &5 B sc#k [20], 8 H CHLNH, - HCI (5§
NH,NO,) 43 77 A i CH,NH, (88 NH,) 7y Lewis B
{2 DPT 5 & HAAS 2 Ky AR B MINX A 0] B Rz vy #L 2
(Scheme 2) : 1 5 DPT#F i B 3 | AR T 52 NO,"
PEIC A B TR AR - B -3, 5, 7-= i %-1,3,5,7-1

N

N HNO,
OZN—N\ N—No, == |\
N N
DPT

Scheme 2 Possible reaction mechanism
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®3 IERTRER
Table 3 Results of the orthogonal experiments

entry A B C yield / %
1 1 1 1 74.5
2 1 2 2 75.7
3 1 3 3 73.2
4 1 4 4 70.6
5 2 1 2 78.5
6 2 2 1 76.9
7 2 3 4 71.8
8 2 4 3 74.9
9 3 1 3 73.3
10 3 2 4 70.5
11 3 3 1 74.2
12 3 4 2 75.1
13 4 1 4 68.4
14 4 2 3 69.0
15 4 3 2 70.2
16 4 4 1 69.5
Ki; 294.0 294.7 296.0

K 302.1 292.1 299.5

K;; 293.1 289.4 290.4

K,; 277.1 290.1 281.3

ki; 73.5 73.7 74.0

kZi 75.5 73.0 74.9

k3i 73.3 72.4 72.6

k4i 69.3 72.5 70.3

R 6.2 1.2 4.6

A 2 ¥ L (Int) o H WK, CH,NH, - HNO, (8¢
NH,NO,) " § CH,NH, (% NH,) 5 5% B 3 v [a] {4 1
H,O 7& S8 A 75 T I B AOGA i R (TS) . RF, &
F T B EGE a5 CHONH, (B NH,) R S5 1 32 =
SR 1 A FR A B DT R A — R AR 1

A A AL www.energetic—materials.org.cn
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Preparation of MNX from DPT Through Nitrolysis-nitrosolysis Reaction in CH,NH, - HCl/Fuming Nitric Acid
System

ZHANG Yu', XU Zi-shuai’, RUAN Jian’, WANG Xiao-long®, ZHANG Lu-yao’, LUO Jun'
(1. School of Chemical Engineering , Nanjing University of Science and Technology, Nanjng 210094, China; 2. Gansu Yin Guang Chemical Industry Group
Co. Ltd., Baiyin 730900, China)

Abstract: CH,NH, - HCl was used to replace NH,NO, as an additive in the reaction of 3, 7-dinitro-1, 3, 5, 7-tetraazabicyclo
[3.3.1]nonane (DPT) in fuming nitric acid, and the effect of CH,NH,+HCI on the formation of 1-nitroso-3,5, 7-trinitro-1, 3,5,
7-tetraazacyclooctane (MNX) was investigated. The process of preparing MNX by CH,NH, - HCI promoting the reaction of DPT
with fuming nitric acid was studied. The effects of loading amounts of fuming nitric acid and CH,NH,-HCI, reaction temperature
and reaction time on the reaction were investigated. Results show that the optimum reaction conditions determined by orthogo-
nal experiments are: n (DPT):n(CH,NH,-HCI)=1:2.5,reaction time 10 min and reaction temperature =25 °C. Under the opti-
mum reaction conditions, the yield of MNX is 78.5%. This method avoids using NaNO, solution and N,O, as nitroso resource
and simplifies the preparation process of MNX. The waste liquid is easy to be treated. The recovery of nitric acid is 75%.
CH,NH, - HCI can promote the reaction of DPT with fuming nitric acid more significantly than NH,NO,. A possible mechanism
of promoting the reaction of DPT and fuming nitric acid via decomposing CH,NH,-HCI (or NH,NO,) into CH,NH, (or NH,) as
a Lewis base catalyst is proposed, which involves the process of nitrous acid formation from nitric acid through a redox reaction
as nitroso resource.

Key words: 3, 7-dinitro-1, 3,5, 7—tetraazabicyc|o[3.3.1 Inonane (DPT) ; 1-nitroso-3, 5, 7-trinitro-1, 3, 5, 7-tetraazacyclooctane
(MNX);NH,NO,;CH,NH,-HCI;Lewis base catalyst;nitrolysis;nitrosolysis
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