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2 ZBWEHS

2.1 XFE5iEKA

1= Bruker 2] TENSOR 27 #1{i BL 75 6 21 A
AL ; fE[E Elementar 2 7] Vario EL 1% [ 3l i3 &
HHL I F 43 Hr AL i+ Bruker A ®] AV 500 #l
(500 MHz) 5 8% f L 4R D 3543 5 55 [ Waters A ]
() SYNAPT %! UPLC-Q-TOFMS & BBt FHAY; H A
H: GC-2010 7Y w80 AH A 35

PRI (=98% ) , 43 Ar &l , A2 5t Ak il Tl ke 3k 25 4k 5
BREAE (=99.5% ), Bl FBIN IR e 1h 2= 5 T
K (25%-28% ), 43 M1 4, V9 B Ak T B 4 A B A w5
BRI BRIE (=97 % ), 4rHr4li, Aladdin Industrial Co-
poration; R, {2z 4li; — HEHL (DMSO) | — H1 gk
ik e ( DMF) S A4 ( =60% ) 349K 43 BT 46, 249 1
T B AR XA 2281 Tl FF R KA =)

2.2 I
2.2.1 EHEL
0 NH,
H 0 HoN
it | >=0 _HKaFelCN)s _ \\N' o NH
)\ NH,OH H N\
0 N N N
TR H \
ue pacu O

0
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N
N
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_ BnBr _
N NBn  ~NaH, DMF h NH
N k N Nk
Bn gn H H 0
HBPTO PTO
Scheme 1  Synthetic route of HBPTO

2.2.2 3a,6a-“HENSWKMIHF[4, 5-d]BKME-2,5
(1H, 3H)-ZfFi ( DAGU) B & X

EIR T, ¥ 40. 36 g(23. 4 mmol) JRR 5
153.6 mLZE /K 408 mL KRGS A, BEHE 0 Cla, i
JEARERAE O ~5 CAr It A 316.8 g(96.3 mmol) &k
FALER R Ee s AR & 25 CR i 0.5 h, i g,
PEVRBCE 2 KA AT A O vKoK P 2K
R R IE RGN A ] 50 mL &K, R R I
FERON 12 h by oK ek, S Sk, SRR A
o R A IF T4, 13 DAGU [l{k 17.9 g, % 43.2%,
"H NMR ( DMSO-d,, 500 MHz), &: 2.35(S,4H),
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7.04(S,4H); "C NMR (DMSO-d,, 125 MHz), §:
157.88, 87.28; IR (KBr,»/ cm™), 3349, 3302,
1737, 1687, 1489, 1208, 927 ; MS(ESI) m/z(%) :
173(M+H)"; Anal. calcd for C,H,N,O,: C 27.91,
H 4.65, N 48.84 ; found C 27.89, H 4.67, N 48.38,
2.2.3 3,7,10-=€-2,4,6,8,9,11-:x&%[3,3,

3K G (PTO)

RARARY T & EH K6 g(35.0 mmol) 5

FREEBRME 6 g (37.0 mmol) 40 Bl hn A F 123 mL
DMSO i iR F I 60 h, [ R 52 565, 85 S i 18]
AH) 530 mL YRR, B e A g, R R
T 1759 5.96 g PTO /™ i, It % 85.6% ., 'H NMR
(DMSO-d,, 500 MHz), &: 8.04 (s); "C NMR
(DMSO-d,, 125 MHz), &: 159. 57, 85.25; MS
(ACPI) m/z(%): 197 (M=H) ",
2.2.4 3,7,10-=54-2,4,6,8,9,11-Xx%&-2,4,

6,8,9,11-7x&%+[3,3,3]12% % (HBPTO)

B & B

AT B PTO 0.45 g(2.27 mmol) fin A %)

5 mL DMF 1 2 mL DMSO B #1 % 0 CJg, A
NaH 0.85 g(21.27 mmol) J5,0 C W 1 h, Bl A
TR 3.4 mL(28.28 mmol) , A EZ®IE, W 12 h )5,
BIAKS, LW OB, 75818 M B 513 0.32 g
HBPTO 7= &, g & 23. 2%, 4li & 98. 5% ( HPLC),
"H NMR (DMSO-d,, 500 MHz), §: 7.29-7.23 (m,
18H), 7.11-7.09(m, 12H), 4.32(s, 12H); "C NMR
(DMSO-d,, 125 MHz), &: 157.1, 136.7, 128.6,
127.6, 126.4, 89.3, 45.6; IR (KBr, v/cm™ ).
3088, 3062, 2967, 2929, 1718, 1471, 1452,
1425, 1333, 1142, 1075; MS (ACPI) m/z(%):
739.3394 (M +H)"; Anal. calcd for C,, H,, N, O, :
C76.40, H 5.73, N 11.37; found C 76.01, H
5.63, N 10.92,

3 H#RE5ITRR

3.1 EEEAEAT
3.1.1 a5 RIERER

HBPTO H£I 463 WLIE 1, & 11,3088 cm™,
3063 cm™ AZERA | CH BERY M 4 PR 3, 1355 cm™
RIECH A i ik 31, 2929 cm™ - F 5 CH, i
PRzl , 1452 cm ™ 55 CH, 25 i 3830 ,1718 cm™
FRIERRGER B, 1496 cm™ 1471 em™ Ny 2K 35 15 48

L
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Fig.1 FT-IR spectrum of HBPTO
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3.1.2 JRiEREH
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FI 7 o 2R FHWB0RE €033 B B0 0 i, 0 5 1 B B S
Jf o C N FR AL IE , 3845 HBPTO RN B 4 =,
JEEI T m/z 739.3394 {4475 HBPTO 4> F A2 1,
FIWr m/z 739. 3394 A& B ME S O
(M+H)",m/z761.3216 ¥51F 5 HBPTO 4y F 4 2%
23 KW m/z761.3216 A (M+Na) "Ig | iE H
m/z 563.2896 IEtfh m/z739.3394 Jkk—4H, =
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B, MR m/z291.0714 3 Bn i &+
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Fig.2 Mass spectrum of HBPTO

3.1.3 ZEHIRNKIE
3.1.3.1 '"H NMR i

HBPTO 1y i1 ¥ 45 #8) Stk i % 13 J& i &l 3
("H NMR 3% &) iR, mil 3 i, 3 ik 42 4
A KR (& E) 24 18 12 112,
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3.1.3.2 "C NMR it

HBPTO #y""C NMR i E W& 4 iz, B4 &
7~ ,HBPTO Jy Xt Fr g #h), e 7 AWl g, R W) 73+
A 7 B TSR SE R R Ik R . 6,157,281
IRALE ) —C = O i ,58, 136.831 R KA L) ZE
f,8.128.776 HARM L EINI K ,6. 127.741 SRR
AR ik, 8, 126.572 Ry A IR I (W XA Bk, 8, 89. 472
RPN dre | ) B S, 45.769 R AESE F—CH, i LA
A HT AR o 5 R SR Ak 2 A R (R TE
F—3.
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g 255k § &g 2 3
5  B88K 8 KRS g 2N
V2 V] e QS
| 32/‘X35 45 BQCH
31‘ 7
0
% 2 C"“ CH; N—\
30 Hc“ 13
f 27\
H ]
HBPTO 15
|
| i
150 100 0 0

5
B4 HBPTO 5" CNMR %[
Fig.4 " CNMR spectrum of HBPTO

3.2 DAGU #1118
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KA WU R R g, AR BN 5, 6- 0 R 54 T, Horp
i frle i o A 22 TR R 0 PR 3 v, B R B, AR 17
B IO e i Ik 5 K 22 5 K R T 1S B R R R B
T TEEALRIAFE A N ik B e T A5 B A
B, Ak T 5 T WOR T AN R A e A A T, W) 40 S
MRV 52 &1, 4-ml i ARGV, Va+
N IR e L A HE 5-exo 1Y 1, 2-fn A5 3 DAGU, #E
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S
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Scheme 2 Possible mechanism of synthesizing DAGU by uric acid

3.3 DAGU I E# 4«
3.3.1 SUFERAENFM

SRS 25 °C, N E] A 0.5 h Y64 T, %%
AL KgFe(CN);ﬁn/\a(n(UO tn(K,Fe(CN),) 7>
i1 :2,1:3,1:3.5,1:4,1:4.2,1:5,1:
6) % DAGU W KA B 52, SEgm a5 R W& 1, M
F 10 0,n(UC) : n(K,;Fe(CN),)H 1 4.2 8,k
Ol B, X T RS R A B Y R R R
DAGU B W5, HAZ B0 g JE B3R SRz, 78 S0 BE AN
e B LR, RO R 2%, R ARG B Y e

g5, n(UC) : n(K,Fe(CN),)=1 4.2 &% EH
i, HE 2P PR U SRR IR
%£1 n(UC) : n(K,Fe(CN),) %t DAGU U % ) 21
Table 1 Effect of n(UC) : n(K,Fe(CN),) on the yield of
HBPTO

n(UC) : n(K;Fe(CN),) yield/% purity /%

1:2.0 / /

1:3.0 17.5 92.6

1:3.5 20.2 93.2

1:4.0 42.4 98.2

1:4.2 43.2 98.5

1:4.5 43.2 98.6

1:6.0 43.1 98.2
3.3.2 KR EM

n(UC) : n(K;Fe(CN),) =1 4.2, N it[E N

0.5 h BZM R, B X DAGU WA B2 , 45
W2, N2 AL, YRR EE S 25 °CE, BB i
AR, i E A — A P R I R A A
MR E S E R, 724 DAGU oK fit , i Bl R 5 4l i
R R B 25 °C o T B BN BE o
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®2 REBEX DAGU K EK Y

Table 2 Effect of reaction temperature on the yield of DAGU
temperature/°C 10 25 30 40
yield/% 32.3 43.2 42.1 34.8
purity/ % 98.7 99.2 98.6 97.4

3.3.3 R AZETIE AR

n(UC) : n(K,Fe(CN),) R 1 4.2, R BB N
25 CHIAMET , % %8 S B (A X DAGU IR By 52 1
ZERIWE 3, R 3 AT WL, Y A [E] 2 0.5 h, J
W B e, SO B (R) HF — 2P SR ISR B T R
> B g B[] R 3, W8 S T A i AR AT, 3 2 TR s g
WA A, 729 DAGU i T /K il g 23 77 4k — g 7K
Tk, PR, L NI [E] 4 0.5 hy

®3 REZBER DAGU KK #H

Table 3 Effect of reaction time on the yield of DAGU
time/h 0.5 1 3
yield /% 43.2 43.1 42.1
purity /% 99.2 99.2 99.0

3.4 PTO ILE#h
3.4.1 PTO TE¥i#

CHR[13 1762013 4N FF T 3,7,10- =4 4%-2 ,4,
6,8,9,11-7NHA4[3,3,3 M Lr) & lorik, Ha
%26 Ul Scheme 3,

NH,

2N
¥ Ny BoZOTEA
N “owap

Scheme 3 Two-step synthetic route of PTO

N
O Boc N—Boc

_Boc TFA_ O,
Boc = N/Z\k T ¥Hﬁ\NH
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IR AW S — 4 DAGU 5 R — U T
fie & di A IO e, R STk AE B, 2808 5, (i A 4l
fb)a 148G 2,4,6,8,9, 11N BU T A EE-3,7,
10-=41%-2,4,6,8,9, 11N A Z=[3,3,3 1%k
(HBOCP) ; %% =25 HBOCP 7£ = 3 L R AFE H N Bt 4
PRABEHRCT OBk AL (BOC) |, ol s 28 18, i U8\ U %%
T 515 8] PTO, W25 ) i B 80.2% o

ALAITEITT PTO W& ML XA T2, %
5Pk — ke — 25 & i PTO, R G T2 W
2.2.3, 5 gLk W, Scheme 4,

0
0 HN " : N\ NH
2 Né\N/C\N/\ 0
N” NH ] \§/N NH
. NH \N NH
H N DMSO N N
0 H H 0

Scheme 4 One-step synthetic route of PTO

PARD 5 AR G A9 R T PTO 19 & 1 125 I
N AR A RN IR — 2 RV R 85.6% ,
FbSCik[ 13 ] 48 A% 80. 2% # i, A He 2 % SC ik
(13 ] T2 AR R0 kA alifh o o8 ik %
BRI AR, 205 A A J7 AT 4 S R et O T
YIS AT A5 5] PTO 3 /E T 52,
3.4.2 PTO @{L#A=

PTO {Uf£ DMSO Hrfg — & (¥ i B2, (A £ DMSO
S8 G A A T E S W, 1k PTO 2tk f
—SEMERE . ARBFIEH PTO B it 76 DMSO H | 8K 5 %
P21 oS S R % N v R w71 L L L e U 3
T e sl AN REIR 3 93.5% ( HPLC) , i PTO (14241
i  2F— 20 B .
3.5 HE{k PTO 4 E 3t & M HBPTO H %0

SRR 2. 2.4, % %8 PTO 4 i %f HBPTO 1f
FIFE , WA R IR 4,

&4 PTO #4iFExf HBPTO &R K1
Table 4 Effect of purity of PTO on the yield of HBPTO

purity /% 75.3 80.6 86.4 93.5
yield/% / / 5 23.2
purity /% / / 98.2 98.5

HrE R PTO 14 4l B X} HBPTO (1 I 38 5% i 45 K,
B PTO TR 2 B ¥ ) Hh R ¥, i s 48 4 4 oy TR
M, 4B 75.3% .80.6% ) PTO 5 44 A wif 1 48 45
R 205 WA R AR AT — Bl . 86.4% |
93.5% AR R 415 2 3545 1) PTO Ff 4l , 3
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N MEE R EERE . ISR 4 W LIE Y, 2 PTO 4f /N T
80.6% , AN AEA W HBPTO, X A A — J7 i & T
PTO MyZe i & A b ik &, fLoe S PTO %A i, b
 LUPE AR, A BT S Y R A A, 25 PTO 4 i
H93.5% KX F] 23.2%, H—FHELEHT PTO
6 >N EpiEk H E S NaH RO idh e, A
PEUCR IR, Az g e Al BB, i B R B A AV R B
Z LB ACR A4S 2L, DN I 3 B AL & ) B ORI

4 £ it

(DBEXRERNEGRT 3,7,10-=%1%-2,4,6,8,
9,11-R""%H-2,4,6,8,9,11-NAZ=[3,3,3 ]k
(HBPTO) iz Ak & W 1 A5 1 LA IR 1R A e s D 4 sk, 48
T Ak 8 A R RO A =D OB A LT RE M
B al & HBPTO, 3R FHZT ANt A% wG L3R % DL &
JCR AT S AT T AR A, Bl 8.58% .

()BT T IR 4 B DAGU 2 W HLER, 38 75 7 1
S AR B AR S5 I e

() ifb T8 Ab-Im s s i & B DAGU 2514, i
FER A ] n(UC) = n(K,Fe(CN);)=1:4.2,
SR BE R 25 °C, S RiEF ] R 0.5 hy

(4) AFTRIT T Z& I H MRS N, N-Fi 3k = pR
— LA AT PTO W8 1, 5 SCHk 19 W 25 7 41
Fb, B A D T R R R AT
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An Energetic Intermediate 3,7 ,10-Trioxo0-2,4,6,8,9,11-hexabenzyl-2,4,6,8,9,11-hexaaza[3,3,3 ] propel-
lane(HBPTO) ; Synthesis, Characterization and Process Improvement

WANG Xi-jie, Bl Fu-giang, XIAO Chuan, WANG Bo-zhou, ZHANG Jun-lin, ZHOU Cheng, HU Yin
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: 3,7 ,10-Trioxo-2,4,6,8,9,11-hexabenzyl-2,4,6,8,9,11-hexaaza[ 3,3,3 ]propellane (HBPTO) is a key intermediate of
synthesizing high energetic density material 2,4,6,8,9,11-hexanitro-2,4,6,8,9,11-hexaaza[ 3,3,3 ] propellane. Target com-
pound HBPTO was synthesized via oxidation, addition, condensation and substitution using uric acid (UC) and potassium ferricy-
anide as initial materials with an overall yield of 8.58%. lts structure was characterized by 'H NMR, ”C NMR, FT-IR, MS and el-
emental analysis. The reaction mechanism of synthesizing intermediate glycoluril diamine (DAGU) was discussed and its micro-
scopic reaction process was revealed. The process conditions of synthesizing DAGU was optimized. The synthetic process of 3,7,
10-trioxo-2 ,4,6,8,9,11-hexaaza[ 3,3,3 ] propellane( PTO) was improved. A new method of synthesizing PTO via an one-step
condensation reaction of DAGU and N, N’-carbonyldiimidazole( CDI) was self-designed. Results show that the optimized process
conditions of synthesizing DAGU are: n(UC) : n(K,Fe(CN),)=1 : 4.2, reaction temperature of 25 °C and reaction time of
0.5 h.

Key words: 3,7,10-trioxo-2,4,6,8,9,11-hexabenzyl-2,4,6,8,9,11-hexaaza[3,3,3 ]propellane(HBPTO) ; synthesis; character-
ization; process optimization
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