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Fig.1 UV-vis absorbances of ionic liquids
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pTSO ~ 1 50 24 81.0 23.8 58.8 53 359 l.o4

pTSO~ 3 50 24 57.3 27.1 56.1 6.2 37.7 1.49

pTSO~ 5 50 24 46,9 244 52.6 54 4.0 1.25

prso- 6.7 50 24 61.7 231 526 5.3 42.1 1.25
pTSO~ 10 50 24 8.1 17.7 52.3 5.1 42.6 1.23
pTSO~ 20 50 24 659 11.1 52.6 4.7 427 1.23
pTSO~ 100 50 24 19.2 1.2 573 0 42.7 1.34

O 0 N N N R W N =

pTSO~ 5 60 22 49.4 29.2 52.2 5.8 420 1.24

pTSO~ 5 70 22 56.7 33.5 52.1 55 424 1.23
10 pTSO~ 5 80 22 62.1 36.3 51.6 59 42.5 1.21
11 CF;CO00~ 5 80 22 65.1 40.7 51.9 6.1 42.0 1.24
12 BF,~ 5 80 22 96.4 40.0 56.4 5.5 38.0 1.48
13 BF,~ 10 55 22 741 36.9 52.1 6.1 41.2 1.25
14 pTsSO~ 5 80 46 8.5 41.7 51.4 5.8 42.8 1.20
15 CF;CO00~ 5 80 46 89.2 49.3 51.1 6.1 429 1.19

Note: 1) Mole ratio of toluene/ nitric acid is 1 : 1; 2) Percent of the

substrate by molar; 3) Conversion of toluene; 4) Calculated from GC.

(2) Fh e W BE L Al 38 R R B vy, (EL AR I 1y A
RN MGG, Ul BRI SN 3 £

(3) BB A, 2R AV E T A i 2251, 81 s
PR AERE WA, =& A, [SO;H (CH, ), mim ] BF,
AE T BRI RS IR (67 % ) Ak I N 1Ak 2R 58 5 & A= El
R, dnFe 1 Entry 12 54 5K 96. 4% , L% Ny
40.0% , FHH I H, [ SO,H(CH,),mim]CF,CO0 f£7E
AR — A PR WCR & T S AP R, 40 Entry
11 1 Entry 15 R 48504 40. 7% F149.3% . 8T
B 1R P 5 55 0% 2 2 [ SO,H ( CH, ) ymim ] pTSO >
[SO,H(CH,), ,mim]CF,CO0 > [ SO,H(CH, ) ,mim ] BF,
(UL 1) o] HURHS Ak 7= 9 00 O 5 B A 1 T 12 i
55—, 33X AT HE— J TH 2 P Ry i e B TR A 1 R 2k
HBAS SR K0, BT LR 3 B A9 A ) XAl Ak 7 i
WA WY s [F] [ SOH (CH, ), mim | pTSO A &
BOR LB B R B A B K, M AR AR T B 218, T
[SO,H(CH,),mim]CF,COOA [ SO,H (CH,),mim] BF,



400 & fig # B %16 4%
B s PE B s R, = &I TR (67% ), 4 @
=A

[SO,H(CH,) ,mim]pTSO #1 [ SO,H ( CH, ),mim ] BF,
ANV A R T [ SO, H(CH, ) mim ] CF,COO X} FT 4 A7
— & WM AR, e [ SO, H(CH, ) ,mim ] CF,COO f
T a5 A B s B R AL 7 IR . NS A 7
4R X 5 4 R LM Co/p) R B, M A 1F T
[SO,H(CH,),mim |pTSO{& % 5[ SO,H(CH, ) ,mim ] CF,COO
PR ZRAEIE 7051, 21801 1. 24, /NF[SO,H(CH, ), ,mim | BF,
MIRZR (o/p = 1.48) , BLHI I & 7 A A LR AR K T L
HEAL IS A S B XF 7 6 % PE B4y, X al fE S A AL
PR AR B Xk Y 2R A S AR AR A A A . A
HIR AL R AR 25 10 R = B 1A 28 19 /NI O
[SO,H(CH,),mim ]BF, > [SO,H(CH,),mim]CF,COO >
[SO,H(CH,) ,mim]pTSO, 5 & ¥ A (¥ B P4 it F° A1
B, BT TL R 53 B /)N | 1) S K A B 22

(4) M\ Entry 10 #1 Entry 14 Entry 11 £ Entry 15
B LLBORF B A R0 Ry = T YR S R
2, VLW B I [ S, 2 (o Al e 38 o WACER I L e
AEIBURH Y 7K U WM 46 i 28 o i T s, 45 0 R 7 ) 32
HARWIR, UL 2R T A AR SO

[SO,H(CH,),mim | X F 3| & ¥ k5 —S0,H,
HA Bronsted R, oA A0 FH R 14 1R Bl £k 52 B2 ¢ 1L B
A AE 55 4% GE AF A TR B A AL RO ML AR BL, 7E Bronsted iR 1
BT WARAE TR, 7 AL A I B B 5~ NO,T, 4R S i 15t B
BT 5 ORI R A SR RO I H I B A W

i il R e 45 55 O AR AT, BA Sl By At o S 2R AR
TN ERAE AT 5k, AN RE AL A R 3 4% il xR B9 )™ A A
BH B NO,™ 045 i kB2 il IR e AR 2 B o o 1) S Ak
VERT AR Y — 0o RS A AR W R . (5 ik, tE AL BA
BH B 7 A TC X, 2 e 10 7 VROAAS P TR 1 i 32, i 4 v LT
7 Y B i TR kS A S v P A T R Y — AR B AR

[SO,H(CH,),mim]X (X" =pTSO ", CF,C00 ",
BEF, ™) R A& TR AEHE LT R ISR (67 % ) il 1k )2
I, [SOH(CH, ) mim | CF,CO0 RBLH T fe b 19 i
PR AEBE IR 73 B 5% W T AR T W 5 il
BRIGEER L 12 1,80 °C J2 i 22 h, R i (L 5 K
65.1% ,—fHH PR IR g 40. 7% 48/ % 2 1. 24,

5 6] AT A R A L, T R B o o S R FRT
By T [l YACR Ei AT A A i A S ) 3
P&, 107 ) B4 26 P L T 4% 2 B4 s it TR PR 1

2B Wk

[1] Barrett A G M, Braddock D C, Ducray R, et al. Lanthanide triflate
and triflide catalyzed atom economic nitration of fluoro arenes [ J].
Synlett, 2000; 57 - 59.

[2] Dagade S P, Waghmode S B, Kadam V S, et al. Vapor phase nitra-
tion of toluene using dilute nitric acid and molecular modeling studies
over beta zeolite [ J]. Appl Catal, A, 2002, 226 49 -61.

[3] Peng X, Suzuki H, Lu C. Zeolite-assisted nitration of neat toluene and
chlorobenzene with a nitrogen dioxide/molecular oxygen system.
Remarkable enhancement of para-selectivity [ J]. Tetrahedron Letters,
2001, 42, 4357 -4359.

[4] Dupont J, Souza R F, Suarez P A Z. Ionic liquid ( molten salt) phase
organometallic catalysis [ J]. Chem Rev, 2002, 102 3667 - 3692.

[5] Cole A C, Jensen J L, Ntai I, et al. Novel brgnsted acidic ionic
liquids and their use as dual solvent-catalysts [ J]. J Am Chem Soc,
2002, 124 5962 -5963.

[6] Gui J Z, Ban J Y, Cong X H, et al. Selective alkylation of phenol
with tert-butyl alcohol catalyzed by brgnsted acidic imidazolium salts

[J]. J Mol Catal A, 2005, 225 27 -31.

—
<
—

Qiao K, Yokoyama C. Nitration of aromatic compounds with nitric acid
catalyzed by ionic liquids[ J]. Chimistry Letters, 2004, 33(7) : 808 —809.
[8

[l

Earle M J, Katdare S P, Seddon K R. Paradigm confirmed: the first
use of ionic liquids to dramatically influence the outcome of chemical

reactions[ J]. Organic Letters, 2004, 6(5) . 707 —710.

Nitration of Toluene with Nitric Acid in the Presence of Acidic Ionic Liquids( II )

Ql Xiu-fang, CHENG Guang-bin, Lu Chun-xu

(School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract; Nitration of toluene was carried out with nitric acid (67% ) in the presence of SO,H-functional ionic liquids

[SO,H(CH,),mim]X (X~ = pTSO~, CF,CO0 , BF,"

to develop a green nitration process.

Results show that

[SO,H(CH, ), ,mim]CF,COO has the best catalytic activity. The conversion of toluene can be up to 65. 1% , the yield of mono-

nitrotoluenes can be 40.7% and the ratio of ortho/para can be 1.24, when the mole ratio of toluene to nitric acid is 1 : 1, the

absorption of ionic liquid is five percent of the substrate by molar, the reaction temperature is 80 “C and the reaction time is 22 hours.
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