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fig S 4k [ C,SO,HDoim ] HSO, , [l B} L = F & 4 1% 1t
BT WRAE Sy LA, 83 TR M B VA e A I e 4
J N il £ 2 BRI B Y IR T RE o BB = Fh A
WAL AW oy HBR.2,5,7,9-00 & 24 W
[4.3.0] T-Hd-8 FI7N"KILANA I FH LG

2 IERSY

2.1 KFEMHE

WA N-THEEBR M (99% ) 1, 3-8 %t i B2 N Iid
(99% ) : ik T AR BB AR AE,; =&
e WK & R 2 T 2 AR AR AR R A IR
Ph 50 ¥ R o pr 4t

g8 . 40 4h % B NICOLET Impact 410 #1414k
SR E (KBr JE /) ; 'H NMR 7£ Bruker AVANCE
300(500 MHz) %€ ; ">C NMR % Bruker AVANCE
300 (125 MHz) il 2 ; i i FININIGAN Trace
Ultra-Trace DSQ GC/MS & Il 5 74 iR 1 5 - 1 14 44
ABF, 7= 0 s 0 5E R SGWX4 5 s A%, R e it
i Vario EL 111 850 2 20 B4 2 o
2.2 ZmiE
2.2.1 BUEBFRENER

N-F LRI 1 £k B T A [ HMim ]X (X =HSO, |
NO, ), = ZEH NI A" [ TEPSATHSO, Hl 1-H
He-3- NIRRT R E 38 [ C,SO,HMIim JHSO, &
BG4 BRSCHR BT R 5 ik, A B 2k UL Scheme 1,
[ HMim JHSO, , '"H NMR (DMSO-d, , 500 MHz) , §: 3.
82(s,3H), 7.45(s, TH), 7.51(s, TH), 8.81(s, TH);
[TEPSATHSO,, '"H NMR ( DMSO-d,, 500 MHz), §:
1.15(t, J=5.0, 9H), 1.85 ~1.91(m, 2H), 2.54
(t, J=5.0, 2H), 3.17 ~3.21(m, 6H), 3.26 ~
3.30(m, 2H); [ C,SO,HMim] HSO,, 'H NMR
(DMSO-d, 500 MHz), §: 2.10 ~2.15(m, 2H),
2.53~2.56(t, 2H), 3.87(s, 3H), 4.30 ~4.33(t,
2H), 7.71(s, TH), 7.79(s, TH), 9.13(s, TH),
MS (ESI) [M+H]": m/z205.04,

T-F = ke B39 B BR L Bk Mk B R A ER

[ C,SO,HDoim JHSO, & 1k

S—4 . 78 120 mLEr 4619 1 mol - L7 Z sl /
CFEEW A A BRI (0.1 mol, 6.8 g),70 “CIEIf
I 8 h, A LT kR mk s 2 B O
ASEEE IR V-1 ¢, 70 C R 8 h, Az i [ 1k
DUVE , Fh U8, DR HIJC/K 218k (330 mL) ZE U, ik [ 25 18
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B2 A DL R 15 B N-+ Z ke Lk 21,5 g, = &
9. 1% o 55 20 AR TCWFIAAE T 55— 28 7 it b
ANEEFEIRI 1, 3-N Leidi B8 N i, #21) 50 “C /2 10 h
5 HAE OSBRI AR, P A G5 EE R 1 98 % i iz ,80 °C
R 6 h, A BTG (8 28 R B ORS BRRAR,  HLAE T R
4 hiR £k, ToK LBk (3%x30 mL) ek ,90 CHA T
M4 h, W15 B @ M 7 Wik [ C,SO,HDoim |
HSO,34.8 g, /* % 83. 9%, &l Scheme 2 Jif 7%,
"H NMR (DMSO-d, 500 MHz) , §: 0.77(t, J=5.0,
3H), 1.16(s, T9H), 2.04 ~2.11(m, 3H), 2.45 ~
2.51(m, 3H), 3.38 ~3.40(m, 1H), 4.25(t, J=
5.0,3H), 7.70(s, 2H), 9.07 (s, TH); "“C NMR
(DMSO-d,, 125 MHz), §: 13.18, 21.97, 25. 45,
25.75, 25.82, 28.13, 28.24, 28.38, 28.55, 29.25,
29.42, 31. 08, 47. 39, 48. 54, 48. 90, 122.38,
122.44,135.96. IR (KBr, v/cm™ ). 3147, 2926,
2857, 1697, 1564, 1456, 1138, 1026, 865, 741,
573; MS (ESI) [M+H]": m/z359.17. Anal. Calcd.
for C,;H,,N,S,0,: C47.34, H7.95, N 6.14, S 14.04;
Found C 47.56, H7.92, N 6.23, S 14.07,
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Scheme 1 Synthesis of acidic ionic liquids
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Scheme 2 Synthesis of [ C,SO,HDoim ]HSO,
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1 NH,CONH, ,H, O R A = H i i %
fiff 5 THIE 2 80 °C, G218 ik i R 1 S WK R T T TR
pH=2 A 40% & ZFEK B WL, PRIR SN 5 ho ¥ %)
ZE S MR, R YRR K, Y B VR I S TR
1o [ 4, 40 Scheme 3 Jf 7%, m. p. 296 ~ 298 °C;
"H NMR(DMSO-d, , 500 MHz) , §: 5.24(s, 2H), 7.17
(s, 4H); "C NMR (DMSO-d,, 125 MHz) , §: 162.13,
65.42; IR (KBr, »/cm™): 3310, 1760, 1680, 1514,
1410, 1340, 1242, 1107, 996, 890, 760, 606, 469,
Anal. Calcd. for C,H,N,O,: C 33. 80, H 4. 26,
N 39.43; Found C 33.82, H 4.38, N 39.50,

0 0 H H
( )J\ jonic liquid NIN>
+ —> 0 0
N HoN NH, :” "

Scheme 3 Synthesis of tetrahydroimidazo[4,5-d ] imidazole-

2,5-(1H, 3H)-dione

2,5,7 ,9-0A I [4.3.0] F-Hi-8 (1) —FHh M
—IKEWE R

30 CHEFET K 7.4 mL 99% & —Jigifg i A B A7
12 mL 40% & KW = HOfh, W5 pH £
9.5, {4 40 min, B F 10 ~15 °C; MA —E &1
TR, B TN 37% LR, SRJE A 6 g Jik,
30 CRHidkE4 ho ik, CBEVEFRIEDE BT =%, W
Scheme 4 ffi7x, m.p.163 ~166 °C; 'H NMR (DMSO-d, ,
500 MHz), §: 3.83(t, 4H), 5.23(s, 2H), 7.64(s, 2H),
8.38 (s, 4H); "C NMR (DMSO-d,, 125 MHz), §:
161.63, 64.95, 35.61; IR (KBr, »/cm™): 3400, 3205,
2935, 2745, 1763, 1705, 1540, 1450, 1415, 1254, 1120,
Anal. Calcd. for C,H,,N,O,Cl,. C25.70, H 5.97,
N 23.69; Found C 25.74, H 6.05, N 23.95,

H H
Z N
[ N [ " )k L[ I »—0-2HCI- H,0
NH, \O HoN NH, ionic liquid N N
H H
Scheme 4  Synthesis of 2,5,7 9-tetrazobicyclo[ 4,3 ,0 Jnonan-8-one

AR RIS (HBIW) [ 4k

BN R M A = O R i — R R T
WK, BEFE 20 min, N 40% 2 K IR WL, LAVS 7K
BN o RHE A2 i F 15 min, Z R T CE — B
B ) Jh g, ¥ 206 DR DEUE, ME T4 R HBIW, 4
LA AN ER H,60 ClalgE 2 h, 5 i 24 h g,

Chinese Journal of Energetic Materials, Vol.24, No.6, 2016 (532-537)

% VR B HEEIRE A, 40 Scheme 5 ff7R . m. p.
158 ~159 °C; '"H NMR (CDCI,, 300 MHz) , 6: 3.64(s,
2H), 4.10 ~4.22(m, 16H), 7.24 ~7.35(m, 30H);
BC NMR (CDCl,, 75 MHz), &: 140. 71, 129. 15,
128.31, 128.11, 128.03, 126.70, 126.60, 80.58,
77.42, 56.85, 56.18;: IR (KBr, »/cm™'): 2900,
2700, 1498, 1456, 1354, 1170, 970, 920, 720,
Anal. Caled. for C,;H,,N,: C 81.32, H 6. 82,
N 11.86; Found C 81.40, H6.95, N 11.93,

PhHQC\ ICH2Ph /CHzPh
0 N N N
oHCHAH, s Z ionic liquid \|/ D
21NT2 >
\ N)\ )\N
0 N
PhH,C CHph  CHaPh

Scheme 5 Synthesis of HBIW
3 H#REIHR

3.1 BFREEAUNS-REIF[4,5-d]BEM-2,5-—
i (= AR ) B & B
3.1.1 AEBFREELEHRHR
i 2.2.2 745 IR S G T VA HEAT 4 RN, S5 9 Ak A
Jg: K100 mmol) ,40% Z, & K% (50 mmol) , ik 1
B WK (5 mmol) , W B[] 5 h, B i BE 90 °C
ZERWE

R R[N SRR 5

Table 1 Influence of different catalysts on reaction
No. catalysts loading/mmol yield/%
1 HCI 8 77
2 HCI 10 77
3 [HMim]JHSO, 5 80
4 [ HMim ]NO, 5 80
5 [ TEPSATHSO, 5 85
6 [C,SO,;HMim] HSO, 5 86
7 [C,SO,HDoim] HSO, 5 95

FGREN] RS E KT M TSR L
PR AL TR, B8 W M B i v i 3 e, LT B
o T B JLA B T A 1 - ke -3 - R
HEIR e B R £k i AL PR RE e 4 (No. 7)), i Al RE
TH IR AL B8 M 6 R A AT R+ — e B 19 1 S 2K
B9 o B8 TR e DAL S K PR B9, T b BE B BE S I T A
HLAH , 3 15 ML b 88 1 AR RE B AR 4 0 2 5 B

L
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3.1.2 BFHHF[C,SO,HDoim] HSO, &M H

Y- vE-JEa: 0Ky w4
¥4 2.2.2 TR S I8 I A T 46 A N, SR
e R (100 mmol) ,40% Z, — /K% (50 mmol) , 45

R 2,

R2 O HIRG B S AT AR

Table 2 Optimization of the synthesis reaction conditions of
glycoluril

No. loading of ILs/ mmol temperature/°C  time/h yield/%
1 3 90 5 79

2 5 90 5 95

3 8 90 5 92

4 5 60 5 83

5 5 120 5 94

6 5 90 3 87

7 5 90 7 95

8 5 90 9 95

P2 SR B A B WA R B, R
Hﬁzzmﬁ;%,%%‘?%ﬁwFHit%Hfr,Ll&(%fszﬁﬁwéi%,

Al BB IA RN B 45 5 (No. 1~No.3) , 7
ﬁlniiﬂ“ﬁ%&lﬁﬂlﬁ%itﬁ E 520,90 °C I I Y H
PR BT, 3 Ry e IO = R AR 25 7 R S (No. 2, No. 4,
No.5) . s B i 0] 2 5 h, 4E K iz 1 B ) A fig
I

B AR C,SO,HDoim JHSO, X4 1t H ik ) i
J¥e 45 G BN MEACTE PR BRAVE TR B = o oy i . T
B WK [ C,SO,HDoim J HSO, il iy fig fb 1 g , 2
ARG 20K C N T LAt e AR TR AR G A, a0
2,5,7 ,9-URA XM [4.3.0] L Hl-8, /X FENAR
SN2 (HBIW) &5 | LI 3K B B0 8308 .
3.2 BEFi&M#E[C,SO,HDoim]HSO, & 2,5,7,9-

MEm#&NIR[4.3.0] -8 &L

Fi 2.2.2 W PTIR LI O Wk HEAT 46 G RO, S5 O
HH:99% & (7.4 mL) ,40%1:@@“(1 mL),
—E R TFWAK[ C,SO,HDoim JHSO, ,37 % ¥ £; 1%,
(0.1 mol,6 g), ZEH L3,

KIGRERY, ERRAET, & F WA
[ C,SO;HDoim JHSO, 1k Jz i i 42 #F 1 , Bl 75 25+
AR 2t 35 0K, 77 SR 4G K5 >4 B - W AR T A ok IR
FHHEERY 10% B, 77 6 05 e 5 PR MG I B8 5 4K FH & B
FREERMREAR . PRt B 7 WA T i IR =19 10%
I HOR A (No. 1~No. 4) o 40U & 5k, ok
R 2 5 iR, 77 R AR ZE 40% , 3 18 W) 7= 6 (14 42 5 S
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1 W AR R PR TR] I A T B9 45 2R (No. 5 T No. 6) .

R3O T WM SRR B LA 7 R A R

Table 3  Effect of ILs and HCI loading on the yield
No. loading of ILs/ mmol HCI/mL yield/%
1 0 20 73
2 5 20 79
3 10 20 89
4 15 20 87
5 10 0 40
6 15 0 49
AR A TR R4 AT 9 AR 20T 0 A S T R

FYHLIEL 4N Scheme 6 FioR, |6 & M & e di &
AR 2, 3- R ARIR R, IS R L P o 1 OK A A R
Bl , K 5 E R R R0 R M 2 WA b A R e — 2P A
R IE B TR OE B IR S TR R R A R
N TE AR R ER K S BT o BRYE B F IR AEAE R
AHE T H MU T W B 1 BB, ELH B i 3
TR VR R R KA Y S T

H
NH, 0 N OH N
. E 2H,0 X 2H*
NH, \O / ionic liquid
H
N+
X
[ j [ I >=O 2HCI +H,0
=
NT
H

Scheme 6 The mechanism for the synthesis of 2,5,7,9-tet-

NHZCONHQ
HCI ionic liquid

razobicyclo[4,3,0 ] nonan-8-one

3.3 BFRHME[C,SO,HDoim]HSO, K AFEX
REFEZK (HBIW) & B

Fi£ 2.2.2 TR A TR B RN, S AR
2 55 mL, 7K (5 mL), % (5.9 g,55 mmol) ,40% 2 .
W5(3.63 g) ,— & MR P B 7 #A& [ C,SO,HDoim JHSO,
ZER LI 4,

A4 ERRW HEE BT WA RS i, HBIW 7=
RE W E, X F 3 mmol i HBIW 7 K % & ik
81% o -3GBS W MR FH 4, HBIW = = 1] I A1
i;zel%jiﬂfﬁAfir“Fﬁ%%ﬂ’J pH fH Rk 9.5 %
AU B YE SRS pH (B AR 00 4 A R Y
AT RN EE R 10 h B, HBIW j= % iz &,
BifL 5 BF DI, 7= 3 S VPR AT, X AT g2 i T Rl Ak
PRI HBIW XE T 47 10 S By . B IR 7F B WA
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[ C,SO,HDoim |HSO, fit A& 3 mmol, # & B} 6] 15
10 h,HBIW IR i 55, Al ik 81% .

R4 RNWEARRA MG BT
Table 4 Optimization of the synthesis reaction conditions of
HBIW

No. loading of ILs/mmol standing time/h  yield/% "’
1% 0 20 72
2 1 10 74
3 3 10 81
4 5 10 60
5 3 5 66
6 3 15 80
7 3 20 78

Note: 1) Yields refer to those of purified isolated products;

2) HCOOH(88% , 0.29 g) was added.

3.4 BFHME[C,SO,HDoimHSO, HEEEH
PN RS R 4 O 1125 08 A Ak 700 09 908 26 1)
PERE S 5 Gt A B} i — 20 | B4R b, T B VAR Y
—ADEERER S TR . AR EE LR T B
FUW [ C,SO,HDoim |HSO, & & i Itk fig . I
SEEUE W PR AR AR R 28R ZE AR B R R A OK A A
ARG AT — 25 b B, B FHAE S WO v,
HAE RN 1 FR . SEEREE AR, X T =R fE
ARL R A A B, B W [ C, SO, HDoim JHSO, ¥
AL A 6 W, HAR AL P e A8 AL AN K AR s PR 1Y
RS TR AT BE 55 7= 9 40 B B B8 IR W i R A G, B8
T A B A ST, 30 7E i L S 0 AR F N iR AT
W o HIERCA) : BR(100 mmol) ,40% Z, —J& /K ¥ i (50
mmol) ,[ C,SO,HDoim JHSO, (5 mmol) , Jz i i [a] 5
h, &)W iR 90 °C5 2,5,7,9-U A 24 W [4.3.0] T

fid-8 (B): 99% & — M (7.4mL), 40% <&
Z®(12mL), [ C,SO,HDoim ] HSO, (10 mmol) ,
%7 .
941 T
2 9] - B
£ 907
g8 v
.g 864 —m—glycoluril T v
- 844 —v—25,79-etrazobicyclo[4,3,0Jnonan-8-one
2 8] HBIW
801 )
781
1 2 3 4 5 6

reused times of ILs

1 BT WA A
Fig.1 Recyclability of ILs
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37 % M Eh 2 (20mL) , % (0.1 mol,6 g); HBIW(C):
M55 mL, /K (5 mL) ," % (5.9 g,55 mmol) ,40%
Z M (3.63 g),[ C,SO,HDoim]HSO, (3 mmol),
g I [E 2 10 hy

4%
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' H NMR,"”C NMR, IR,MS , JCE /M (T T AL,

(2) DAFRM: B F Wik [ C,SO,HDoim JHSO, Jfi
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[4.3.0] LEA-8 FI7SRIEEAN AL T, AT T
AL, LR T A W A5, W58 95%,
89% ,81% .
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Aldehydic-amide Condensation Reaction to Synthesize Multi-nitrogen Heterocyclic Compounds Catalyzed by
Acidic lonic Liquids

ZHOU Zhi-lei, WANG Peng-cheng, LU Ming
( School of Chemical Engineer, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: A novel acidic ionic liquid(ILs) , 1-dodecyl-3-(3-sulfopropyl) -imidazolium hydrogen sulfate [ C,SO,HDoim ]HSO, was
designed and synthesized, and used for condensation reaction of aldehyde and amine to synthesize the energetic material interme-
diates. Taking the synthesis of tetrahydroimidazo[ 4,5-d ] imidazol-e-2,5-(1H, 3H)-dione, 2,5,7,9-tetrazobicyclo[4,3,0 ] non-
an-8-one and hexabenzylhexaazaisowurtzitane (HBIW) as the example, the influences of reaction temperature, reaction time, a-
mount of ILs and types of ILs on condensation reaction were investigated. Results show that ILs [ C,SO,HDoim ] HSO, has good
catalytic activity, high cyclic utilization reusability and the yields of three kinds of multi-nitrogen heterocyclic compounds glycolu-
ril, 2,5,7,9-tetrazobicyclo[ 4,3,0 ] nonan-8-one and HBIW, can reach 95% , 89% and 81% , respectively.

Key words: aldehydic-amide condensation; nitrogen heterocyclic; energetic material intermediate; acidic ionic liquid; catalysis
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