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Abstract ;

Sulfonic acid functionalized ionic liquid is a type of Bronsted acid (B acid) ionic liquid with one or more sulfonic

group (—SO; H) introduced into the organic cation or the anion. This type of ionic liquid shows strong acidity, high polarity and

intense activity. In this paper, the synthesis of sulfonic acid functionalized ionic liquid is reviewed, and the application in many

kinds of organic catalytic reactions is also described in details. Moreover, the perspectives of sulfonic acid functionalized ionic

liquid has been discussed.

Keywords:

Bz IR T E RS ER T 2 MAORES
H AR, Bl ML A PLFT B F R A HLRH B 44
B HAbSEM T R IR e A A S R L
S ICZE R AT AR R SO A AR R B T A B Y
oI I IALSE (1o s ) R P

BPWAARFMIEE L, N WA 52 8 5.
R ) 19 ) RE A 1 S 1R R DR LA R M T R
AR N T, TR T RE Ak B AR AT 438 Lewis (L
#i2) B F Bronsted (B BR) B W Fp, B MR A B F AR
— B EA FEIE AN RYE A, —COOH A
—SO;H. ©ATEEA AR 0 = B i P, XA [
PR AN M B R 000 43 7 25 M R RR T v R 4

=\ —\+
N N + XRSONa —>
NS 2

N NTRSONa

Sulfonic acid functionalized ionic liquid; Catalysis; Acylation; Esterification; Application

SHe A A 7 R 5 15 P 7 25 4 TR A A S I L
7 SR R B AR T [T AR A R L 2 B 3R
TRICT5 3.

1 BRI E FRAENE K

A BURE R D) e fb B R AR 1 A 0 J2 7 P B - S
A L5l A—SO,H 5 H, SCHk[7 J4HGEM RE WM&
I AT PR . — 2 FH BH 2 7 3 AT Can wk s ) i i AR
S (10 8 2 e T 17 o JUT A5 S L P T 7 ) i R A 1
HEATIR AL , w45 25 Fh 6 12 1) R Ak 5 Vi A4 L s g n ]
1 s,

O B R PN IR A Sy S TR BH B Sk A

HY =\
—> | N N—RSOH | y-

Bl ASEAMBBRMELEFRE

W #s HHA:2016-04-18 &\ H #5:2016-05-10

HETBH:BRARAAFELTE (21071073) ;3 F 4 A KA 5 X 40 8 (2015020196)
TEEB NI T (1991-) .4 AL A5 A ANF B F iR A R AL 58 89 BF 50 s E-mail : 1045286719 @qq.com,
BEBRREA: %P (1963), %, 14, 248 , A EA ML E/EAH R ;E-mail: 1447292926 @qq.com.,



2 LT AL TR 2 4l

N7, A5 380 8 v (] 7 4 2 — ol e T B B 0 R 1 R
PR AT R Ak, B T 45 3 68 R D) 68 AL 1 B TR
PRI S — s vk G U R T AE Ak B TR AR, R
INF 1 5 7 356 AR R B b B et R ) A A i TR
EN ORI TS R AW Y SR VATl 57z o R g L A N R )
1o JF HIL R PR PE b B 58 A I Ik A, Tl
ﬁalﬂwﬁ G R R 1) R AL B WA I SO PR L I

S TR RN By 3 M A LR S VR A T i
Exﬁ;ﬁﬁamﬁmé’smﬁﬁﬁu%HW&E%%%%%%
— AR, H TR B 2 A R ) RE AL B R AR R
FH 1, 3-TN R N TS A 1. 4- T B 2 9 TS R DR Sk &
B R AN 2 TR

o o
=\ K e HO,S /\e SO,
/ n
e
~\ n=1,2 ™\@
R-NN R-N /N\/\/
HO5S /\e SOH Y
3 3
" SN N
/\ soH Y©
—\® 3
RN N

n=1,2 Y=HSO,, OTf,
B2 BRI BEUEMELEFRESHRITE

OCH,

2 BRORLE T HREERMLY

i

ik 1R ) 6 b 5 VAR R TR M R s Y B R A
TWAR, g e RmRaz
DL AT A AR R S T R
2.1 £ Friedel-Crafts B4k /2 Nz #1 B9 Az A

Friedel-Crafts Mt 1k 2 N J2& A7 ML A& B 19 &
BN Z — IOV AR G AR R 2 ALCL L T S
AR S 1A A TR A T R L 3 PR B T G [ A
EI’J{%: Jﬂiﬁjﬁ XEE’JEJE@ ﬁ'ﬁrﬁ?(ﬁlﬁiT%ﬁM}éﬂ:
%[“]Uﬂ(ﬁ?’ﬁ;d */F%Aﬁiﬁqjﬁiﬁ%@&ﬂﬂz [ h
BAR(LPYyTSAD JF AL B-Z% W Bk 5 £ TR T A9 Tt 1L
BN A L) FE L7 2-W AR JE-1-2% Z B, 6-H1
SAHE-2-ZR CWAAE DR E ) e 3 Fras) . e
n (LRI /n (BFZEH B =1.5.m (B FWME) / m
(B-ZEHfiE) =2.53,150 C F RN 5 h,B-Z% H ik 119 I
AL R ATk 58.88 )0 L B FEME D 98.28%6. W 5
T3 B AL B FE A BT, v T SRS T e 1
EIMIM-PTSAJLHSO, I,

COCH,

l i ,OCH, .. '. LOCH,
H,COC

2-FRA-1RTE

6-F /A 2-2 T

B3 BPEFAMZBURN

2.2 HEBMCRMFHEA

ik Ak 52 N7 2 BB (98 1R 4 Ak S 5 A% 45 8 FH 1
2 | B30 T2 R AR 2 5 e A R0 A7 A T Tl BB T L B
LR F= AR By oy s S e . B RS AT
[ HSO,-bmim ] CF;S0,, [ HSO;-bmim ] P-TSA |
[HSO;-bmim ] HSO, #1[ HSO,-bmim | H,PO, %
— ZR NGt R Yy Re b 2 A T T A H S
(kAL B2 . o L HSO,-bmim ] CF, SO, A f##
B m ([HSO;-bmimJCF;SO,) /m (Hl) =0.5 =

1o (HED /n (B =8:1.190 'CF i 8 h, H il

P doe e e AL 3R 3R 84.5 %6, B HT G T I Bk 1 1E R
41,4 %6, Z F L Il Mk R = PR Ik Y S Bk
3415 o ANIR) B TR B M AL TE M S LR R
X%, [HSO;-bmim ] CF; SO, 2 5% B 5 o , H A 1k
P R o 4. 4 N[ HSO;-bmim]CF,SO; & T
AR AR AL T ik 55 H e A Tk A s vy AL R, Ja o A% BRI
SR HLEE , 5 R 2 A R 5 T Ak . A A T P A

o
=)

"] o

cr3so3 CF3803
F—‘\ 39U3 (0] H
E—O“ R'—JS—OH—' /N@N \/\/\%—m{?—&"z —
0
= caso; 0 11' . = RSO3 "
HEC/NQO)' \/V\SI_6}C§OH’ R_ZH—gH He /N\/N\/\/\ 5/ R?
oH H 2 A\
[\ CFSO; 0 H
HJC/N@/N\/\/\J{—OH + R_O—C—R!
H
B4 BFREELEHSPEREREIE
T 2R B TR a0 1,3,5,7-00 T gk Wk 20 i o TR A R T A b R T I A Tk
B R 7S W P R DU S A R S Eh R 1, 4- T BR A R - AT A AR T S H I B R Y 10.0% . n CGRUT



503

S0 VA S5 S R ) R A B TR T T A A S 14 R O TR 3

B /n CHIMD =5 ¢ 1,85 “CF W 8 h, U H il 4 5%
A L 86.0 Y0 o BRLUT JE H Ik L RT3 H i ik
F=0R0T 3 H I EE R B R T 5100,
44. 0 Yo F 4.0 %6, i H AL PERETE 4T . X Z R
B WA B A AR I R T R T T AR R B R
.
2.3 EHBERMPFMEAR

PRI 4 A LIV AR — S LA AL A RN
AR AR G B B S AR 5 )32 . A N-HH J-2- 1k
I A Bl B iR 38 ([ Hnmp JHS O, ) A1 N-H J-2-1tk 1%
Jot B F FR A R 28 ([ Hnmp JPTSA) W fh B iR %1 2
TR A Ak 4 R 22 R R S R
(DMM, .n > DG . B F R0 R 1 te
HAEA TG M, o [ Homp | HSO, BB & 19 1 1k
W 4 Hnmp JHSO, 195 & 20808 2.0% cm (F
i) /m (LB = 2.0,110 ‘C F M 6 h, H 45
T 1) 5% AL R DMM, g 1 36 8544 433 S 52. 28 %6 Al
49.18% . 5 3CHRL 19/ 73 ¥ U AL ROR 8 % i
TR EL A BT 1 e Ak A R e B M T EL A Ak ) B
Gy EHEM A 5 WG AN A B A TE M ) Ak
i R B F WK M 2% £ R [ MIMPS |,PW,
[PyPS];PW FI[ TeaPS], PW 1E N (H) 5 & — B
1) 205 B B IO A A0 300 0 IO T 3 A I RIOR L ik
PEAR ) B 45 A5 S o 100~200 °C L )@ T 85 7 584 [
WG, s TR PR R . Ak 3R 7 55 1 1 S
AR ZR AT AH 43 B B4 BN 445 I B EE AT L JE S O3

p-TS"

/\ HOSO,
N///\\\N .\ O

’ NH,
0,S0H
Ar = Ar
N N N )>
Ar' Ar

CN CN
6

B AT W s Tl e S T PR RE AR E .

AT A3 B AR R b g R T AT
HALL BN S1O, [ AR B F IR R %8 A
HEAL R (AND 5 BEA 5 45 4.4 &L R H
BE(4,4"-MDA) A K45 i 4 1076 P, [ 2% B o e 5
AR R, Hod, Si0, @[ HSO;-ppim ] CF, SO,- [
A I 28k e e R ROR B 4 m (S1O, @ [ HSO,-
ppim] CF;SO;- 1 )/m (HCHO) =1.5,2 (AN)/
n(HCHO)=4,80 ‘C R I 7 h.4,4-MDA By F
FBEFEE ST 74.9% F194.5% . H3C#k[22 ]
[HSO;-bmim JCF;SO; B FRAKRMAFI M. 4.4~
MDA IS FIBE B P AR A o . B TR 2
4 WARSR AR 3 o5 W A AL 5 1k
2.4 FEINRY I R RY R A

s s WA Sy BB A WL AR 2 B R 2 — g R
W, AT RS R AR BRI G . L.
Mamani 221 SBA-15 5 = Z A3 &4 — %
FEWER CHLCL ¥ W v, T8 1l — % 25 B o) g Ak 19
SBA-15. 885 F 1. 4-T e sk P4 15 e AR A 24 75 )
ET&BEM B R W AKE M1 SBA-15, ic h
[HO;S-PhosplL@ SBA-15], DLt I#EALH, L &
B M) L 76 50 °CF AL A Bl 5 T8 0 LT R
KA SCCINE 5 i) . AR FIAE 50 C L%
R HL B F WA 3 me. K8 h. IR ik F|
90. 0% » 2 W H A AL TE PR3

0,S0H,
)
& (0
I
A
Nao r 3
A Ar NH,0AC
—_—
Ii]
N
5
Ar Ar

CN FAr ~ CN
— [ = 7]
NH,

Ar Ar N NH,

N
H
7 4

B5 2-8&E3-FEA4,6cZFEMIENE R E

2.5 TEBRMRRAHHIRA

i Ak 520 114 97 FH 3 Bl b A T 8 - AR AR by
o A5 A 3R A R b B R b R OB TR 2. an LA
[HMPS]OTs A fiEfb 5, & 5t B 58 79 06 1R H iR A &
i 2R 1 R 4350 96.0 %6 F 95.0 %, Hoiz i1k
IS MR, H. Du %% % £SO, H

) S - VR A R I A B A N I T R R 1
B A 6 BT .

Horp [ TshxJ[HSO, ], HA &8 i b sk % A
REMEZFMMA R, Y[ Tshx][HSO, ], Y5y &=
4 0.3 mmol.n (HEE) /n (IEEM) =7+ 1,5KTH
9400 W,80 °C F W 35 min, 2 R F g Uit 3k 2]



4 LT AL TR 4l

96.2% Lk ;[ HSO;-pmim JPTSA ., [ HSO;-pmim ]
HSO,.[ HSO,-pmim ] COOCF, #i[ HSO,-pmim |
H. PO, % 4 Fveg T IR ML & BT R T 1, Hifik b
M5 B B R M I AR 2T, B [ HSO,-
pmim | HSO, > [ HSO;-pmim ] PTSA > [ HSO,-
pmim | H,PO, > [ HSO;-pmim ] COOCF;, 7F
[HSO;-pmim JHSO, W4T, T B2 T Fg 19 YR ik
98.0 %0 ; Bt B 22470 3 R e B iR B 2 R B TR
4 4k 7 [ MIMPS ] H,P,, W,,, [ MIMPS ], HP,,
Wi \LMIMPS |; P, W, i F] T A5 R 5 TP I 1) T Ak
R, HMTERERY TR N 11+ 1, A
B Y M 0,06 mmol, fE 65 C F M 8 h, KA
[MIMPS]H,PW,, O,, (MIMPS=C, H;; N,SO,) N
HEAE ) L KN B 6 Ak 3R 3K 98.3 96 A Ak 50 Ml A7 34 ek
6 UK A M AES £ TO7 B B R R A B TR
3% o wk e % [ HMIM ] HSO, . [ BMIM ] H, PO, .
no,s—\/\\ l
no,s’\/\" (,,.\~./3\/S°J“ [mso;],

’\l/»\/so,ﬂ

(a) [Tshx][HSO,],

HOS ]

(¢) [Dspil[HSO,],

1
HN N‘H/\s/\so’"
N [ mso;], H

[BMIM ] HSO, .
HSO, .[Bpy]H,PO, .[Epy]HSO, .
AT A BRI, Ko [Epy JHSO, 4
e e f s . FERR B R e bl 10 3 i fk 7 A
BE T OBREREMN5%.70 CTFRM 2 h, T R —
g s % T 35 91, 83 %6, PR Ak %635 96.32 %05 X1 55 1§
IR T RN BRME FRIEIENZRKRS
H I TR Ak A R R A AR TS 2 [R] Hammett 77 35 B
FE Y R Y — 30, BI L (HSO,-p)»im [ NTY, ]~
[(HSO;-p),im ][ HSO, ]>[(HSO;-p),im ][ Tos]
>H,S0, > [HSO;pmim][HSO,] > [ Hmim]
[HSO, JCanE 7 frs) ., H, W SO, H- B F Il iR
T R AR TG M. B PR B RO

Hop A 15 Pt 55 [ (HSO,-p),im J[ HSO, 11E R iR
P B R P A A7) 5 H Il 9 5 Ak 358 31 95.0 %0 L ik
I RN =R R R o Wi i R TA 2 (i

HO;S

[ BMIM ] BF, I it g & [ Bpy ]
B AR

noss/\/\\ l\-/\/s°3 [ 505]
so,u

(b) [Tshx|[PTSA],

/—\‘ /\/\so,ll“ so,]

08~ N\ /

(d) [Dspi][PTSA],

E6 XFHESHRDBREBFRELSHR

OH \(O
OH 0.0 OH 0
. BTk 2Bl By F LB B o
0 OH 0
AOH OYOJ\/OYO OYOJ\/O\[?O

= L ER M B

= LB B

7 H#BEUTIEE

2.6 FEERINEEMN B TR A
B - R Ak s N A1, B R ) B Ak B 1 VR M R
fb ARt AT 2 O . AR A T 4 T LS
ﬂz‘KﬂﬁM_* M B 25 % Rl TR T il Ak 5 2 R B IR . 3E
AN WL Ay GOC EE i, 45 6 Hammett TH5 R B
5%5( ttiaT%ﬁ%?{ﬂlﬁﬁ’]%ﬁf“ﬂﬂ&%}ifElﬁ
SO, 25 LR LB R I TR 5 R X RNV R i A
K, H oA i b 3 P B 4P B 2 BmimCl, [ SO, H-
pmim JHSO, #1 BpyBr, ¥ H i) 1-T He-3-H Bk
M SR (Bmim CD AE 4y 4 b SR8 B K il % 55 B 5
BERE CHMP) i 4 46590, B R 120 °C, B 4

b, 5-32 B REOE R T SR AT LG B 74,97 %, T SCHR
(31 ] 3R W male— A 4 5 P o U 960 09 1 £k 2 1 Vi 4R i 1L
TERE 22 ZE Bl 2% 5-F2 T SLMR IS 1) IR

£F 2 F KM S 5 4 3 2R W 0 AR 0 AR 2
B R W BRRL I SE RN D TR L A A R A T K A AT 4 R
AR BT S5 A T R LR Tl A AL RN A B DL AT 4
AR R A (E 0 127 TR i R Ak A R A A B
T HE SH 114 R R 4E 42 ) L, DR DL &1 2 i e k15 81 T
A, WA ST 58 A £ 4 2 K il S B Y
— . SRR M B T WA TC LR AN S - AR
5 T AR R L I S £ 4 2 0 L B AT S 4



503

0 VA S5 R ) R A B T WA T T A A S 1Y R O TR 5

A7) SURT 38 29 7] L SR A ) 5T B Ak B AR Y S A Ak
o 5 3CHR32 A s, pk 4 AT A Rl Y it R ) fig
b B F W A [ Bmim JCL, A RUAE g 5 700 0 i 4F 4 3%
HEZ AR WA Bmim JCL iy Cl G5 4F
A 2P R X R U R DUBB IR 2F 4E R R
RS AT B i o S B N = I S A AP -
WA RENBE ) B EE, YIRS T MAmA
F AR R P, BT E 7R A Bmim ]CL 5
212 Z Y I = — A S8R ) TR R T D TR P
PR TR R 3 57 TP R S AR 4 5 27 2 b iy -1, 4-
R 2 W e, 1T L B T VR [ Bmim [ CL A B
B CL OGP B % Dy 24 A5 2 a0 4 L BT LU0
BT AR [ Bmim CLAE R K fif £F 4 2 0 3% 550 n] LR
o KRR R B SR TR R P AT A A Bl R T i
LB F AL T A K i AR A& 8 IR .

Y F A 7 OH% % AR A
o

OoH ot On OH
B HEZEKBRERE

5 AN B FIRAAR TS AT N A T I B IR . R RE Y
JIE % 7 e A 0 TG A 2 T R L 4L A B A N
P14 T A5 92 ol 0 0 o AR AR 3730 10 S o (6 10 P BILIR
S e  OF BoSA s R, BT IRAR AN
R RNAAL IR E M, T TS5 B SO IR 1AL SRR
T F 2 AR AT — R B RS, T 0 A
¥ [ CH,COOHPyBF, . [CH,COOHMim | BF, 3jj
B Ak R T s - MR I T B R MAR-HL O, E BUR
R R, FoE R M, R B 7R IR BE A R
AL 1 RE%Tﬁ%m’fuftHMﬁmﬂﬂﬁﬁﬁﬁm
T8 S P R0 A0 Bk, B IE B R S G A IR R
[CH,COOHMim JBF, @wammm@amm 9
FER (LA 28 JF e W3 Ol ), 6 B 5 4 Wk B Ol 416
pg/mL B 5 G A B9 s A AR RN, R BT
BYRFEATRE T 49 pg/mL ., XF 455 750 3t o 15 W 14 4601k
AR %R 95.2 Y0 » XA TR g v 25 5w Wy 1) i A
N 98.5% . BT IR M T AR AR R 6 R L L,
T WA R il 1 ST BT R TJC W B R R . 5 Sk
(35 4R oA , AR 77 3k 1 JBE B R 4 v

UTAFE SR o A S 1 S ) A W R A LG T e 1 )
BB G R AT K %8 . PRl e Mk B 7 ik
A R AR G 14 TG HIL R A Ak TG 2 $8 I 3 il £ A 4 B
THT, 36E SR T A% G0 ) JCHLER B B TE] A L 7 i e oy B
5% B A Ak 300 Xk S il Bt BB o A Bl 50 A T A
Tl B AT S L Flan, [Homp JHSO, W1 &+
VB FH T T S AT T T 52 e ) 4% A= 9 S, R B
Eﬁ%ﬂ’]@ﬂs(ﬁ PE e ReoeE DS fE BE O R L R

1, Hnmp]HSO, E/Jﬁﬁij‘?mﬂﬁ{ﬂﬂﬁiﬂﬁ 8%,

JR I (100+2) °C R 5 by Az 9 48 il e 8 AT
ik 85. 400, B TWMARE M BRI RS 4 1k
S AT A B AR PE fiE s ML Olkiewicz 2559 F1) FH bK
M AR B 4 2 B TR AN B VA A Ak T UK 5 2
SO S, 5 A- (=0 ) - T = U ki
12 [ Noss (C,SO; H) J[SO,CF; ] B 85+ AR L8, 4-
C3-F 3wk mk) T ke B ORR < B ke B R
[mimC, SO, H][SO,CF, | H A T & i 4 16 1% k.
1 SRR MR Y R A B 10 1R 7Y
BB FRARAE L 3, 100 °C I 5 h B9 1 4k 4% 14
L B W R R R S MR IR 90% . BT
5 o, A RArm ml & . 516 580 LR
HEALFRIAH LG . B R Y B8 R T DU AR [ 1 3 g
ARk 3 3T 1R A A L DR T T A T 7 A A
45 2 W S L AR R R K 35 D8 3 IR B 38 i L
Kot e g 28 FUAS AT £ FH B AR A g Sk ] B4 b
MG e XTI FE . FAL T AR A 1Y 2 R
i 3 2 00 3 3 A T A A A S T Y R R AR R A
TRT A B Y A R R T K Ak R Y 28 B Ak 2 S R

[

A
' :

H,C
3 \N/GD\ -
=/ BF,

H,0
-0

H,;C CH,CHOOH
3 \N@N’ 2! A
—  BF 7,0
4

9 BERENRLEFHREELSULERHNIE

3 BRI EF RN AR
%‘%ﬂ Bl =

FUHT, B AR 2 RE 1L & TR i ik e & &2 B T
N — Tof A 2 €0 A R ey 5O A ) ) B L TR L Al
PR 5 - WA Dy 1R T R A B R0 MR 1Y i R AR 3R 2
A JLAFBIF TS ) 30 5 L A R 2 B0 BILOE
A TR A AL 7R 0 XU AR T, B AU S AL S Y
PRAEAL T A RO R . i T R A B T A
PR A A I T JSORE B Bt o B AR 2R 7 A S o ok
BT WK G R B A Tl b 1Y o afE A TR B — A i)
R 33K 0 SRR NATT B i — 20 M AT W S8 IR Al
JLRE % L AE 52 B L Al F 50 10] 4 1T b Ak 1 T 38

»

ARAE

4
0]

=



6 LT AL TR 4l

JIN R B ARSI R R R B 2 B
TS X6 AN () 235 4 1) 0 P, T 2 R A T L R T g
J1 L RAEAE AR F b AR A B B B 5T 08 AN
RAFNZRGE ; [FI I B 7 W By — E i 2 1,
TEVE T REREE B BE BRI ARG TN, TR T
PRBIR I B2 0] R 22 MR 1 R 1 B 1 B JHL X 2R
BERRE R T AR AN g T, OF HOBUA B0 R T WA S
56 Kl e o AN B A2 R 0 B Tl B AR K

DRI e LR 9 2 R R PR 358 A 4 4 8 1 AR Y B0
e AN R B A B R, 3k I 5T 1 A T IR
ARG

ST R TR OB A B R TR LA A BT 5 A
S 5 BN A e TR A T R 1) A, ol i S B
HEFLAE R L LA AR 1 ZEOR L B e A L 3 A
P U, T3 8 3 8 R [ s, 9/ X 3R 5 Y A
TR —E I AR,

(1] A& &Rk B E&S 5 ALM]LI T ¥ B 64 d A, 2006:1.

[2] Feroci M, Chiarotto I, Orsini M, et al. Umpolung reactions in an ionic liquid catalyzed by electrogeneratedN-heterocyclic
carbenes. Synthesis of saturated esters from activated a, B-unsaturated aldehydes[J]. Chemical Communications, 2012,
48(43):5361-5363.

[3] Wang YY, Wu Y T, Liu K, et al. Convenient synthesis and application of novel bi—SQ; H-functionalized ionic liquids
based on piperazinium[J]. Chinese Chemical Letters, 2012, 23(9):1031-1034.

[4] Vafaeezadeh M, Alinezhad H. Bronsted acidic ionic liquids: Green catalysts for essential organic reactions[J]. Journal of
Molecular Liquids, 2016, 218:95-105.

[5] Jankovic’M R, Sinadinovic'-Fiser S V, Govedarica O M. Kinetics of the epoxidation of castor oil with peracetic acid
formed in situ in the presence of an ion-exchange resin[J]. Industrial & Engineering Chemistry Research, 2014, 53(22) ;
9357-9364.

[6] Elsheikh Y A, Man Z, Bustam M A, et al. Bronsted imidazolium ionic liquids: Synthesis and comparison of their catalytic
activities as pre-catalyst for biodiesel production through two stage process[]]. Energy Conversion and Management,
2011, 52(2) :804-809.

[7]  Zolfigol M A, Khazaei A, Moosavi-Zare A R, et al. Knoevenagel-michael-cyclo condensation tandem reaction of
malononitrile, various aldehydes and dimedone catalyzed by sulfonic acid functionalized pyridinium chloride as a new
ionic liquid and catalyst[J]. Journal of the Chinese Chemical Society, 2015, 62(5):398-403.

[8] Mohammadi S, Abbasi M. Design of ionic liquid sulfonic acid pyridinium hydrogen sulfate as an efficient, eco-friendly,
and reusable catalyst for one-pot synthesis of highly functionalized tetrahydropyridines [ J]. Research on Chemical
Intermediates, 2015, 41(11).8877-8890.

[9] Mansoori Y, Kohi-Zargar B, Shekaari H, et al. Synthesis of thermally stable polyamides with pendant 1,3, 4-oxadiazole
units via direct polycondensation in ionic liquids[J]. Polymer Bulletin, 2012, 68(1):113-139.

[10] Khazaei A, Zolfigol M A, Moosavi-Zare A R, et al. Synthesis of hexahydroquinolines using the new ionic liquid sulfonic

acid functionalized pyridinium chloride as a catalyst[J]. Chinese Journal of Catalysis, 2013, 34(10):1936-1944.

[11] Chen Z, FuR, Chai W, et al. An eco-benign and highly efficient procedure for N-acylation catalyzed by heteropolyanion-
based ionic liquids using carboxylic acid under solvent-free conditions[]J]. Tetrahedron, 2014, 70(13):2237-2245.

[12] Wang D, He Z, Wu Z, et al. Highly selective synthesis for 4, 4'-bisphenol F from phenol and formaldehyde catalyzed
with [Cymim ][ HSO, ] ionic liquid[J/OL]. Chinese Journal of Chemical Engineering, 2016. [2016-06-25].http://www.
sciencedirect.com/science/article/pii/S1004954116000471.DO1:10.1016/j.cjche.2016.02.005.

[13] YiZ, LiuCJ, Zhu L P, et al. Ion exchange and antibiofouling properties of poly (ether sulfone) membranes prepared
by the surface immobilization of Brensted acidic ionic liquids via double-click reactions[ J]. Langmuir, 2015, 31(29):
7970-7979.

[14] K7L, HhF, 268, FRES T RKBELBFRTRBMLRL[]]. H@mi,2014,31(8):1047-1052.

[15] Rajiendra Srivastava. Assessment of the catalytic activities of novel Brénsted acidic ionic liquid catalysts[J].Catal Lett,
2010,139:17-25.

[16] EAF, R¥tk, 4R, T HRRARASD FRKMBAHBE PR B[] T $IR.2013,64(6):2087-2091.

[17] #® &, 2%, LA, F.

SR A A B T IRAREA S AR T A B[] ], b T H B A, 2015, 43(3).71-



ERR 58 M0 A0 45 R D) R T 8 T VROVR P T 1 S R 1 5B O T 7
73.

[18] Zhao Qiang,Li Weimin,Chen Qinglin.Synthesis of poly(oxymethylene) dimethyl ethers catalyzed by Bronsted acid ionic
liquids[J].Journal of Fuel Chemistry and Technology,2013,41(4) :463-468.

[19] Zhao Qi, Wang Hui, Qin Zhangfeng, et al. Synthesis of polyoxymethylene dimethyl ethers from methanol and

trioxymethylene with molecular sieves as catalysts[ ] |.Journal of Fuel Chemislry and Technology,2011,39(12):918-
923.

[20] RFEF, A#m, LE. BRARLE FRER SREMELR (F) S52_B5e0458 (B[] $FTTLRFFR
CH R, 2014, 36(2).1-6.

[21] 4R, @a&¥F, K&, F. S0, BEABRD BB T RAGHERLELER 4. 4 ZREA KT R[] LT F
&, 2015, 66(S1):171-179.

[22] TianJ, An H, Cheng X, et al. Synthesis of 4, 4'-Methylenedianiline catalyzed by SO; H-Functionalized ionic liquids[J].
Industrial & Engineering Chemistry Research, 2015, 54(31):7571-7579.

[23] MaMani L, Hajihosseini E, Sacedi M, et al. Sulfonic acid supported phosphonium based ionic liquid functionalized SBA-
15 for the synthesis of 2-Amino-3-cyano-4, 6-diarylpyridines[ J ]. Synthesis and Reactivity in Inorganic, Metal-Organic,
and Nano-Metal Chemistry, 2016, 46(2):306-310.

[24] Rk, T, X245, §. Bronsted BB FiR AR [HMIPS]JOTS 4 s A L E B R B F ey 8 A L)) #m s kit
I, 2011, 28(1):6-11.

[25] Du H, Zhang X, Kuang Y, et al. Catalytic activity and process variables optimization during microwave synthesis of
methyl caprylate over various multi—SQO; H functionalized ionic liquids[J]. Journal of the Taiwan Institute of Chemical
Engineers, 2015, 49:51-57.

[26] Wu X, Han X, Zhou L, et al. Catalytic performance of acidic ionic liquid in esterification of benzyl alcohol with butyric
acid[J]. Indian Journal of Chemistry-Part A Theoretical and Analytical, 2012, 51(6):791-799.

[27] B&E&. Zoeir. ook stB K 50 B TR AR B AL B b ag AL AR AT R[] ] A de K FICA RAF M), 2015, 16
(3):307-310.

(28] AT, XEI, RAFK, F. BT RAMELSRT B = FEs[J]. LT FR, 2012, 63(4):1089-1094

[29] Liu X, Ma H, Wu Y, et al. Esterification of glycerol with acetic acid using double SO; H-functionalized ionic liquids as
recoverable catalysts[J]. Green Chemistry, 2011, 13(3):697-701.

[30] ZEAai. xm,E45.%. BmE TR T RBMANE -2 T ARE[J] 2 ALE, 2014, 31(4):424-430.

[31] B, REZ, H&E®, F. REBTRABUERLZFBHNE-ATARR]] AFLIRFFRAAHAFR .,
2014,41(5) :9-13.

[32] Liu Y. Xiao W, Xia S, et al. SO; H-functionalized acidic ionic liquids as catalysts for the hydrolysis of cellulose[J].
Carbohydrate Polymers. 2013, 92(1):218-222.

[33] M4, KBRS FRKGEREEL FFARBY O EALD]. 41 % . T HIFE RS, 2014,

[34] EZ T4 5 Fikogh & RAEA R BB BT 2 AFFRZ[D]. RE. RFEXZF, 2010.

[35] MHIR, TLth, Bir, F. R £ B TRAFR-AAPBR SRS D] &FFRAFFIR, 2010,31(3):488
491.

[36] K&, M#F, AN, F. SR AEDRB OB FTRRBAN G RRE]]. Bimde T, 2011, 40(10):1133-
1139.

[37] Han Benyong, Li Tao, Deng Rongqun, et al.A review on Bronsted acid ionic liquids catalysts for biodiesel synthesis
through transesterification [J]. Applied Mechanics and Materials,2013,389:46-52.

[38] RAwmew . #AF KA, F. BT RA[Homp HSO, KA S H & LD R[] T@IFTRFFMCARAF O,
2014, 34(3):33-36.

[39] Olkiewicz M, Plechkova N V., Earle M J, et al. Biodiesel production from sewage sludge lipids catalysed by Bronsted

acidic ionic liquids[J]. Applied Catalysis B: Environmental, 2016, 181:738-7486.

Gl REID



