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Waters 600 Y =5 % WK AH £ 3% 1% ( Lichrospher C18
#) ; Bruker VECTOR-22 7 £ 4 5 1% X (% [%] ) , KBr
I Fr ;5 Bruker B @ 3L 4R (300 MHz) 5 4, HI&, 254,
AR M) R 0 O OR AR AU B SR,
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2.2 BFHKMA[Hmim] [HSO, ] §l &

] 250 mL = FJf Ao A 8.2 g N-FT b ne
(7.9 mL,0.1 mmol) , & TrkKKEHERHEO0~5 C,
FERI A FE T N 10,2 g 1Y 98% Y B B2 1 10 mL
TR A H BER, DI IE 30 min, % i 52 B IS 402 KoK I, =
T ARSI RE 2 he RN YIAE 75 CF Bl Z2 BR oK, 15
TG €237 WY 1 TORS B3 F WK [ Hmim ] [ HSO, ] 18.0 g, 1k
% 98% . '"H NMR(300 MHz, CDCL,)8=3.72(s, 3H,
CH,), 7.26(s,1H, CH), 8.21(s, 1H, CH), 8.55
(s, 1H, CH), 12.90(s, 1H, NH); IR (KBr,em ")
3345(m) ,3150(m), 2870 (m), 1659 (w),1587 (w),
1447 (w) , 1337 (m), 1221(s), 1196 (s), 1082 (s),
1048 (s), 887(s), 590(s).
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li) 47 A 18 3 3 250 mL = FUf AP A 24.6 ¢
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47.2 g, 15Xk 80% , IR(KBr,cm” ). 3446, 3147,
2865, 1683, 14231204, 832,721, 630, 518,
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WL IR 1. 4 mL =95 SR, 1% 0 58 B 42 ks
T RN o FHAUZ AT (TLC) #EA7 R EE . 1 h J5, )
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A 80 mL 7K, #RJ5 JH 20 mL S5 P Pk F AT 25 L, 3% 21 7K IR
PR, B J 4 25 IS 2 1 A HLZ 78 80 °C TRl k75 1,
157790, 52g, 77 F855% |, ey AR €0 35 A T XoF i
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Table 1 Nitration results of alkyl benzenes
yield isomer distribution/ % literature isomer distribution/%
substrate ionic liquid
/%" 2-/% 3-/% 4-/% 4-/2- 2-/% 3-/% 4-/ % 4-/2-
benzene [Hmim ][ CF;COO0] 57.0 At _ _ _ _ _ _ _
1 [ Hmim ][ CF;CO0] 72.2 58.0 2.2 39.8 0.7 60.0 3.0 37.0 0.6 17
toluene
[ Hmim] [ HSO, ] 61.8. 53.8 2.0 44.2 0.8 49.5 0 48.5 1.0
[ Hmim] [ CF,C0O0] 78.0 40.3 3.0 56.7 1.4 51.0 4.6 44.0 0.9!"!
ethylbenzene
[ Hmim ] [ HSO4 | 65.1 44.1 1.8 54.1 1.2 - - - _
[ Hmim ] [ CF,C00 ] 42.3 - 73.4  26.6 - - 55.008) 45 0% -
o-xylene
[ Hmim] [ HS04 ] 27.4 - 63.8  36.2 - - - - -
[Hmim ][ CF,C00] 36.8 17.0 - 83.0 4.9 19.0 - 81.0  4.30%
m-xylene
[ Hmim ] [ HSO, ] 51.4 13.9 - 86. 1 6.1 - - - -
[Hmim ][ CF;COO0] 56.9 - - - _ - - - _
p-xylene
[ Hmim ] [ HSO, ] 38.1 - - - - - - - -
[ Hmim ] [ CF;COO ] 40.0 - 72.0  28.0 - - - - -
2-chlorotoluene
[ Hmim ] [ HSO, ] 30.3 - 71.4  28.6 - - - - -
1,3,5-trimethy benzene [Hmim ] [ HSO, ] 44.0 - - - _ _ _ _ _
nitrobenzene [ Hmim ] [ CF;COO ] 0 - — — _ — _ _ _

Note: 1) The yields of nitration of aromatic compounds in the [ Hmim ] [ CF;COO ] were obtained by GC. The yields of nitration of aromatic compounds in

the [ Hmim ] [ HSO, ] were obtained by HPLC.
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Table 2 Nitration results of chlorobenzene

temperature/ C time/h ~ TFAA/NH,NO;  yield/% para/ortho
0 3 5 51.3 4.1
18 8 5 55.0 4.0
40 8 5 61.5 3.8
50 8 5 61.8 3.5
18 1 5 40.7 4.0
18 2 5 45.4 4.0
18 4 5 60. 1 3.8
18 6 5 58.9 3.8
18 8 1 3.0 3.2
18 8 2 5.1 3.2
18 8 3 20.0 4.2
18 8 4 36.9 6.2
18" 8 5 44.7" 3.5"

Note: 1) The data was obtained in the absence of ionic liquids.
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Table 3 Nitration results of of bromobenzene
temperature/ C time/h TFAA/NH,NO; yield 1/% para/ ortho yield 2/% para/ortho total yield/ % para/ortho

0 8 5 52.8 98.0 11.6 2.1 64.4 14.0
12 8 5 58.6 9.3 4.0 2.1 62.6 8.0
40 8 5 60.2 7.4 6.8 2.1 67.0 6.2
50 8 5 73.5 6.3 7.3 2.0 80.8 5.5
12 1 5 40.4 17.6 10.6 2.1 51.0 8.2
12 2 5 52.7 12.0 6.5 2.1 59.2 8.6
12 4 5 57.7 9.8 7.4 1.8 65.1 7.2
12 6 5 56.9 10.4 8.1 1.4 65.0 7.0
12 8 1 0 - 0 - - -

12 8 2 0 - 7.7 95.0 7.7 -

12 8 3 14.8 11.7 6.4 3.9 21.2 8.0
12 8 4 44.5 9.5 8.9 1.9 53.4 6.4
12 8 5 47.5" 4.2" 9.8" 1.0" 57.3" 3.1"

Note: The results was obtained in the absence of ionic liquids; Yield 1 was the yield of solid which was separated from the product readily; Yield 2 was the

yield of solid extracted from the reaction.
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Table 4 Nitration results of chlorobenzene

in recycled ionic liquid at 0 °C

recycle times time/h ~ TFAA/NH,NO;  yield/% para/ortho
1 8 5 51.6 4.7
2 8 5 52.7 4.2
3 8 5 51.9 3.9
4 3 5 50.8 4.6
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AT R 8 ok B K Ak B [T i B F W 4 [ Hmim ]
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BRI 4, NP AT DLUA [0 B 1 iR
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WAL= P IR Hy 40% ~80% ., 3 4, TE IR Mk 85 F
& [ Hmim ] [ HSO, ] b A6 SR FIIR A 76 84 e 5 3d Y
AT LN 4 ~ 8 h fiff 3 SR Y JE VR OR A iR
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T YL TR TP O B A 25 2R 7 D 0) 408 L B s i) ik 6. 2
I 14,0, 1 % 48 4 18 BR A Ak 7™ %) 28 e 73 5l O 2.3 i
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gl AT A B0 TR R B 98 % By . R T
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Burning Behavior of Nitramine Propellant under Low Pressure
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(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The effects of the content of Hexogen( RDX) and Nitroguanidine (NGu) on the combustion behavior of nitramine propel-
lants under low pressure were studied in the closed bomb. The combustion data of six kind of nitramine propellants with different ra-
tio of RDX /NGu were obtained from 20 MPa to 60 MPa by the closed bomb test. The results indicate that there is a change of burn-
ing rate pressure exponential of nitramine propellants, and the content of NGu can adjust the combustion rules of nitramine propel-
lants under low pressure.
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Nitration of Aromatic Compounds in Brgnsted Acidic Ionic Liquid

YUE Cai-bo, WEI Yun-yang, LU Min-jie
(School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: Various aromatic compounds,including alkyl and halo benzenes, were nitrated to mononitro compounds in reasonable yields
(40% -80% ) with NH,NO, from 0 °C to room temperature in Brgnsted acidic ionic liquids with [ Hmim] [ CF,COO] and [ Hmim]
[HSO, ] as solvent and catalyst respectively. The isomer ratios for nitration of toluene in Brgnsted acidic ionic liquids were comparable
to that obtained in mixed acid nitration. Isomer ratios for the nitration of halo benzenes in Brgnsted acidic ionic liquids are different
from that obtained in mixed acid nitration,usually ,with higher para selectivity. The para-/ortho- product isomer ratio is 6.2 for the ni-
tration of chlorobenzene at 18 “C for 8 h with n(TFAA)/n(NH,NO,) =5. The para-/ortho- product isomer ratio is 14.0 for the nitra-
tion of bromobenzene at 0 “C for 8 h with n(TFAA)/n(NH,NO,) =5. The para-product, p-nitrobromobenzene, from the nitration of
bromobenzene in [ Hmim ] [ HSO, ] under 0 °C precipitates with 98% purity, which facilitates the separation of the pure isomert.

Key words: organic chemistry; Brgnsted acidic ionic liquid; catalyst; selective nitration



