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ZIHE F O ARE x| M ETFEY BRER B8

A BTR A TR JEat 100081)

B 1,3,5,7-V0 4OBEHE-1,3,5,7- DO R AR =R (TAT) A2 = REE 2y B e B4 (HMX) T 21 A R N Tk 2 —, 1,5- Lk
55-1,3,5,7-D0 R 30~ e (DAPT) B B B AR VE RN LJRE H S /N oy A A5 723 BRI 415 31 TAT. SR 4% v A0mAH (4 1 )
B T IR AN A T RO SRR R SRR e R AR, o B2 1- SBEAE T E-3,5,7- = O AE-1,3,5, 7- DU B FRE A
1,3,5-= 2k 3-1,3,5,7-W A 1-Z BRI 3E-3,5,7-= 28k 5E-1,3,5,7- DU R 2 A 8 . NN-TEHIRE — 2Bk . =
T e W R R = e AN DY L e = 7 R R DU iz, A S AL S8 B8t T4 0 (0 TE S0 . DAPT B I s S B B A ot 1)
B MG h: IEARERAE(20 mmX 250 mm, 10~20 pm), WEIH: W(ZHKE) @ V(TEE)=95: 5, WiEA 10
mLemin~", KIUPK N 215 nm, BEFEEN 1 mL, FEAIRIT 30 mg/mL. 25 RS /NG 145 010 DL JERRE i P A v 4%
AN IEARERAE(20 mm X 250 mm, 10~20 um), #EIAH: (L) @ VEK)=90 © 10, H## A 10 mLemin ', Kl
Bl 215 nm, FEFEER | mL, FEMIKSE 30 mg/mL. #1413 31 (0442 HPLC 28 At B3 TE 97%0A b, W] B #A4E
h B RL) S AR UERE .

KW 1,3,5,7-V0 4WiAE-1,3,5,7-DUBAIN 4T, il os m AR (il Jodde 4y ROV

Separation of Key Intermediates in the Synthesis of 1,3,5,7-
Tetranitro-1,3,5,7-tetrazocine by Semi-preparative
High Performance Liquid Chromatography

Li, Qingxia Wang, Peng Lou, Zhongliang Liu, Yue Meng, Zihui*
Xu, Zhibing Xue, Min
(School of Chemical Engineering and Environment, Beijing Institute of Technology, Beijing 100081)

Abstract 1,3,5,7-Tetraacetyl-1,3,5,7-tetraazacyclooctane (TAT) was a key intermediates for the synthesis of 1,3,5,7-tetra-
nitro-1,3,5,7-tetrazocine (HMX) that is a highly energetic material. TAT can be prepared from the acetylation of 3,7-diacetyl-
1,3,5,7-tetraazacyclooctane (DAPT) and the small molecules condensation reaction. In this paper, sem preparative high per-
formance piquid chromatography (SPHPLC) was used as a new separation and purification method for the intermediates in the
reaction solution, and six samples obtained with high purity (>97%) analyzed by HPLC could prove much evidence and in-
formation for the reaction mechanism research. The optimum technological parameters of SPHPLC as follows: Si column (20
mm X250 mm, 10~20 pum), V(acetonitrile) : V(water)=95 : 5 (for the method of the acetylation of DAPT), F(acetonitrile) -
V(methanol)=90 : 10 (for the method of the small molecules condensation reaction), 10 mLemin ', 215 nm, 1 mL (30 mge
mL™").

Keywords 1,3,5,7-tetraacetyl-1,3,5,7-tetraazacyclooctane; sem preparative high performance liquid chromatography; HMX;
reaction mechanism
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HOAT—2EWF USRI, PRl TAT a5 A S id
FEEIR, FAEL PEREPREAT IO R, UHLEERET T
TEA R T BBk, MUERFZOFBEZ M 28, (H2
K 22 H MEA Bty B ) T B 5 1] 3 PR SIE B B 1 e )
(KIA7AE, B> B AT BIRUE 10 R AR 5 i 5 A 2 AR
2. MBI TAT KPR R 2 RETETUIR R, UG
B2 AR PRAGE S, PN ST R SEE. o
% R BOBAR Gl — BT T T & . 2510 o3 B
AL H B S S E AT, AR ST YOk &
B SN T TAT & U N R — R AIFE
AR > B B2k, DA 2K R IR 4R ] B T4k 2
SE, MNP TUER B E RIS . BRAh, &R LR — 6
oy BRI 8 5 E ok, o T 2Lt fts 4
[IELBEERSS

1 &R5HE

AT 34 R AR RO 58 4 AL A JRURE . )
A EI P AR IR A HERR JEORM RN P4, Tl
- T £ (T A3 2 Ak S B 2 22y TR AR R P4, R
I Z WA AR SR, K2 R —1ik & 5
=, BEATRATER AL T A ks, ok T 201k
BESE T LA
1.1 #l&EaigERIEE

DAPT ESEFERARVIFE LA 25 N5 14 A 1A
kel S A R IR 2 [ ETE A S | A B S L/ 17 2k YA )
HEE, BTG TR, MebEh &, kot i
FURIIR S, FATIRI ] 2 T o3 Bt (6 A AT (0 il A 28 200 1)
TEFERWL 5. 158223 0L Agela Cg (LI AE
Agela Cy il kE, LHEE-—K. OIE-K. OIE-HEARR
YER s, 258 T AF LB T FE-K. Ok &
G- FH AR o0 B APRE AT T, IR, R
HRE S R S AL B 55, T2 2R U A I IEAH
e RS C B AT, DAAS ) LA 1) 0 Ut — 57 N B AR R M 3N
AERF PP i AT 23 15, AE O B I ) 3 0 R A
RIS, RIAFE S S AL EA LIRSS, #EIX
FRRE O, B S35k AR R K 1 S AH 8 20 A Lt P e~
K SHE-IK ST EEAR FF IR BRPRE AT T
B YIS AR LL B T IE Y, SRR R, PR B )
fE5~15 min AN, BN, HBRMSAY L. ZELR
21OV ¥ FH T AR AR g 3% 43 M A 3 185 LA R 366 2 1
Jli 454} EHI(TRAT)A TAT MRS, B8 BT
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g BpTiR, DAOEARRERS (A, DL— € Ll AR 3)
FHSY B P FRE i B R I .
1.2 DAPT BERTELRRER MR RS EEE DRI EILH &

T DAPT BT BEMF ¢ ok A2 pon] e A8 ik S IR IR 1L
), ZRUEUAERYESAT T Sk, iR ae% g s
JIE - FEEAR RAE s AH. a5 T LG FRE LN
97/3, 95/5, 90/10, 80/20 (V/V i, v DL LG HEELL
95/5 4y BRI, VbR, CIEEEEK, RN
e, WERARSE, MR E, R, WHES, ik
2. U BL 10 mL/min A feAE, b, ORI S,
FERT, Rz, o, Wer EaE AL RN
30 mg/mL N, FEEEELL 1 mL e, i, BEScsE
WS, Rz, Wy E S

F 1T 9.92, 12.88, 15.71, 21.65, 28.52 min Y
AR S I 2ERE, NI RIFE & HPLC il &4l
FEITE 97%LA b, nf DA T-45H 5. R 1 iEnT &
gk M1 AFRRE, R — SRR, 28 TR,
DAL 3 5 ) 2 4 B (R R it 75 B SR AT 25 4 255 . Uk
A DAPT RILAEE F AR IR B A BT REAR. &
MS (EST) %58, 5 FME AR 1- L BES P 3E-3,5,7-—
LT HE-1,3,5,7- WU AR e (M1, m/z: 315 M 1)),
1,3,5,7-V4 2Bt HE-1,3,5,7- DU A A4 IR =E 42 (TAT, m/z: 285
M*+1]), 1,3,5- = 4 %-1,3,5,7- VU R 24 38 2 Jd (M2,
miz: 243 M +1]), 1,5- - ZWEH-1,3,5,7-DU B PR 2%
(DAPT, m/z: 213 [M'+1]), 1- LB %5-3,5,7-= LBk
H-1,3,5,7-WUE AR EHE M3, m/z: 314 [MT+1]), 45k
41 Scheme 1 A7,
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A 14300 T R IR €, s AL
IR K TAR IR i =2.05, krar=2.96, ko=
3.83, kpapr=>5.66, ks =7.77; AL L AIIK) 325 F
HARA Rupitar =2.82, Rrarmo = 1.62, Ryp.par =2.97,
Rpapromz =3.43.

M2
400 15.71
3
S 300
>
¥
Z 200 TAT
E 100 M1 12.88 DAPT w3
I\ 9.92 A\ 2}6\5 28.52
) T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30
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Bl 1 DAPT BEHFEA IR 5 1 5 )
Figure 1 Preparative chromatography of sample of DAPT me-
thod
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R IEIRAS, KRR TELE, R S5 - 7K Ak &R A
BIGEMAAE. 55 3.2 e R, LA
1 90/10, i LA 10 mL/min, HEFERLL 1 mL Ay fefE(FE
iR 4 30 mg/mL).

X1y T 8.53,16.54, 21.19, 29.80 min Y ££15 5
FESSE R, WIDSCEE FORE S 28 HPLC A & Ll ¥ 7
98%LA b, FTLAE R T A 508, E 1 8 a2l i
ARAAR, R ZAR R R BRI = ) S5 e, 4 MS
(BSIN%E, =ML MK UGE NN H 5L = LB
(MBA, m/z: 131 [M"+1]). = LBkl W 5= (M4,
m/z: 202 [M " +17)~ PU Z ki = W FF 3L DU (MS, m/z: 273
[M"+1]), 45i#940 Scheme 1 TR,

R FIEFRIGRE R A
Table 1 Purity of samples
B R — MG

S FEdh 4

i) %  FERSEE Y%

M1 97.27 72.27
. TAT 98.23 98.38

DAPT B I Bk Ak
5 1 R M2 99.13 99.07
DAPT  97.11 85.11
M3 98.95 98.98
" MBA 98.53 98.79

LIE BN T4
amRp R 4 BT 98.22
- M5 99.31 99.01

“ LR AN (0 KT .
B2 gt T AzbEdh R A A i 1, i =AMl
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HERE N TR N kypa=2.52, kya=3.50, kys=
5.34; MAALE W Z A5 B BEAK IR Rupama= 1.22,
RM4-M5:2~15'

M4
MBA 21.94
1200 16.54
=
<. 800
gz M5
2 400 29.80
= A\
OI T T T T T T T 1
4 8 12 16 20 24 28 32 36
#/min

B2 LSRN A idh il R i 6 i 1
Figure 2 Preparative chromatography of sample of the small
molecules method
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F: 20 mm X250 mm, 10~20 um, b5t GG ER A
FRAF].

KA IBAE . 2R . 2R 205 B2 98%.
TR IREE (S A A Hral, Jbattb Sk ), — R
(/rigl, ACROS); ZME. HlE. FNEE(tal, L7k
& EAER, MHRTS T KR IR T 4, 0.45 pm A 4L
AL I 9E)

2.2 FEGRRYHIEFAEL H]

DAPT [ I B AR VL RE 5 1) 45 DAPT AR SCHk[4]
Tk IEAT . LIRER CIREF &5 3). K 212 ¢
(0.010 mol) DAPT I A% 3.06 g (0.030 mol) Z IR+ /&
RS NI B ERE T, BT 110 Cil R
25 1 h, BUGEFE VKR, HH CERmRBES 30
mg/mL £ .

LG T /Ny 46 G VR S L % ZE R R N
A 5.2 mL ZJ5(0.100 mol)Fl 4 AR, N4 60 °C,
I 0.5 g (0.017 mol)ff) = FAEE, VAR G 20K
K, IR, ZE R B AR, K DS [ A DL S
FIBC I 30 mg/mL RIRE S 45 1.

23 BiEsH

DAPT BT IEARVEAE S &5 o nls 2 20 IEARKE
JEAE(20 mm X 250 mm, 10~20 pm), FEIAH: N(ZHE) :
V(FEE)=95 : 5, Wi K 10 mLemin ', KK h 215
nm, HFEEA 1 mL, FEAHKE 30 mg/mL, Hl#& G
1 fizn. 3 mlBEEL 9.92, 12.88, 15.71, 21.65, 28.52 min
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AT EBH TR, RNV T R
Wi, 2Atk, DAPT B I IEARIE S N R SO o 1) o o
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FEf & a4 IEARTER A (20 mm X 250 mm, 10~
20 um), FBhA: (LB @ V(K)=90 : 10, Hii# A 10
mL°min7], Rl Kok 215 nm, BEFEE 1 mL, FERHK
¥ 30 mg/mL. FRBFIUSCR O & SN T TAT &
B N ALERF ST, JRIS T Stk itk g, A HLEE
WEFCERAL T B UEHE, RISt S0 AE T DB LEE (1) ] 5
P, AR R ) (A R I R IRATTN TAT W&k
SVHLEEHEAT T A 3R, 45 R IE R .
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