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Study on benzothiazole-type ionic liquids for condensation reaction of
ketone with phenol
LU Xin-xin', YU Li-mei'** , YAN Lei', WEI Jia-lun', GAO Zhan-xian'*
(1.School of Chemistry, Dalian University of Technology, Dalian 116024, China;
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Abstract ; Four kinds of functional ionic liquids (ILs) are synthesized with 3-( benzothiazol-3-ium-3-yl) -propane-1-
sulfonate and 3-( 2-mercaptobenzothiazol-3-ium-3-yl) propane-1-sulfonate as cations, and bisulfate and p-toluenesulfate
as anions. Their structure is characterized by means of IR,"HNMR and MS.Their catalytic properties such as acidity and
effective thiol content are characterized through Hammett equation and Ellman method. Their catalytic effect on the
condensation of phenol with cyclohexanone and acetophenone ,respectively is evaluated.lt is found that the prepared ILs
containing sulfydryl in its cationic structure and taking p-toluenesulfonic group as anion always exhibits good catalytic
effects on various ketone substrates.The influence of reaction temperature on the catalytic performance of ILs in catalyzing
the condensation reaction of ketone with phenol is investigated ,and the difference of reaction activity between fatty ketone
and aromatic ketone with phenol is explored. The results indicate that the reaction activity of cyclohexanone is
significantly higher than that of acetophenone,and the phenol-ketone condensation reaction is a reaction with kinetic and
thermodynamic control characteristics. Based on experimental results, the possible mechanism of ILs in catalyzing the
condensation reaction of ketone with phenol is given.
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WPEE T 1 . "HNMR (400 MHz,D,0) ,5:10. 28
(s,1H),8.21(dd,2H),7.86(t,1H),7.77(t,1H) ,
4.93(t,3H),2.97(t,2H) ,2.50~2.39(m,2H) .

WitEE 7 11 . "HNMR (400 MHz, D,0),8:7. 66
(d,1H),7.51(d,1H),7.37(t,1H),7.27(t,1H) ,
3.28(t,2H),2.98(t,2H) ,2.21~2.08(m,2H) .

IL1;'HNMR (400 MHz,D,0),58:10.23(s,1H),
8.21~8.04(m,2H),7.81 (t,1H),7.72(t, 1H),
4.92~4.84(m,2H),2.92(t,2H),2.45~2.33(m,
2H), ESI-MS(m/z)257.93[ 1 +H]",279.91[ I +
Nal*,515.02[2 1 -H]",536.99[2 [ -2H+Na ",
771.93[3 1 -2H]",793.92[3 [ -3H+2Na]",

1.2 '"HNMR (400 MHz,D,0),56:10.21(s,1H),
8.14(dd,2H),7.81(t,1H),7.76~7.67(m, 1H),
7.51(d,2H),7.18(d,2H) ,4.86(t,2H),2.92(t,
2H),2.47~2.30(m,2H),2.22(s,3H), ESI-MS
(m/z)257.90[ 1 +H]",279.87[ 1 +Na]*,514.99
[21-H]",536.97[2 1 -2H+Na]*,793.91[3 [ -
3H+2Na]",170. 83[ p—CH,S0,] ",

IL3:'"HNMR (400 MHz,D,0),8:7.64(d,1H),
7.47(d,1H),7.35(t,1H),7.26 (t,1H),3.28 (t,
2H),2.93(t,2H),2.18~2.02(m,2H), ESI-MS
(m/z)289.81[ M+H]",287.82[ I-H] .

IL4; "HNMR (400 MHz,D,0),8:7.71(d,1H),
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7.25(t,1H),7.20(d,2H),3.33(t,2H) ,3.01~2.93
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2 mmol/L Y 4RI H8 /R FIE W 5K F 25 mL
IR A A R R RV, TR AN 66 B
THIN A P IO 23 38 78 R ITE 381 nm (4
A HE R i ) B RIS ) T IMROERE . E X5 H
FR7RFNE TR T BE S 100, B 5 I 0 b 38 % B R 1Y
4TS BEA R 1y e B2 T 0

Apasczrgrn / Anncmn = 1007¢q,
A e TR 4~ HETR e e e R
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H,S0, 33.4 80.0 145 2.1 3.4 1.40 —
IL1 25.5 80.3 16.9 0.9 19 1.41 —
12 26.1 79.2 180 0.5 2.2 1.54 —
IL3 27.7 76.5 20.2 1.4 19 1.22 0
14 36.8 842 13.6 0.5 1.7 1.31 13.7
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FREARTR 2R B IR A BB B R 1 SN, 7E
—RE MR A R BN R R, A
RACBORE 3 SR RN P kAT ' oA, AL
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ARG, JRORR 2% A T €18 A, SRR ODS2, A
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PERMBERR TSN L) 10% , N, 4 FhEs Pk
iR AR mT AR 35| & 3R O -5 2R B 45 B SR 1) 4%
PRV T TLA R 72 Sk B 1 4 i R TR
BT A R 20 10 Bh AL DI RE , A Ellman 751
1 B IR A B B B [ —SH ] 4, IL3 24 0 11
114 K 13. 7%, BAHH 114 S548 v i 55 S R s T
113, 3 & T2 545 6 RO 0 5% R B B s I
WA= A/B BEEEIEARAL

253 5 7 IR M Ak R VR B R (1) BPZ 7R N
33. 4%, It 1L4 AL SCR IS A 7E 40 5 THBR 729 D
HIEREE B 1. 7% 3808 3. 4%, XF LR B IR
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1 1L3 2 58045 6 Ot R b (200 UE 8 3 2544
R TLs AP 550 S 20532 i T 15 S0 5 7 225 SR AT 5 S
BT AE
3.2 LB ETFRMEELE AP KSR

E ) Rk Ry = 671:0.2 SRCHEIY)
JERHE A 0. 002 mol | 5 IR 120°C | Bz 3 i (]
96 h BIFAETT R 5 2R W 45 A SO A oW
AP, SN &5 5 TR G W I VR B A
(LC-MS) #4746 I, 45 5 3% WY Bx 3 7 9 XL AP
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B -1-REEOHE(B) A ETW(C) .
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OH Q HO OH
Q-0 — BN
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O OH OH HOOH
% A O
B C
3 WE AP By A R R R

TERTIR I N AT, B2 B IR 4 Fh DI RE AL
TR TL1 ~ TLA XFBUEy AP & S0 Ao AL S50
AL AL XS AP A5 585207 1) 52 56 85 40 4n 6

3 FRs
F3 FEEEFIENE AP & B P L
A BPAP M %
FEE/ % A B C
H,S0, 24. 4 83.7 13.4 2.8
IL1 28.0 88.6 9.0 2.4
1.2 32.8 85.9 11.0 3.1
1.3 27.1 82.4 13.0 4.5
14 39.3 87.7 10.5 1.8

i 3 1T L, 2% - g s R B PR UR TLL A T2
TEA G O AP 1Y 72 22531 R 28. 0% Fl 32. 8%,
e 4> 5N 88. 6% Al 85. 9% , 2 — i Fk 7K F- 1 mk
TITH AL B T4 T3 Fl 114 HEALG Wy AP fY
FERIMN N 27. 1% 39. 3% , EFEEST )M 82. 4% il
87.7% . ViHILA p—CH,CH,SO; /B T 112 F0
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IL2 TL4 43508 F IL1 I3 25 0. 1, B 112 114 FR{E
LK (398

5103 MLk, L4 19 BPAP F=&& 1 12.2%, A
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13 5 R T (K ) 5 R (K C TR ) 46 6 B g AR
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DA FEREALFTTAN S, 1 5 24 O -5 28 B 2 g
FIMELIE R 60°C , 2K LT ) R I i BE R 120°C , A
T 2 I g ), JH 5 4 M 4 5 I K 3% P s T ) T
JF A AR ST, SRtk — 20 25 5 s o il T i 13
e RN REA , DL IL3 AR, n oy e
N = 6:1:0.2 ZREAY) T &K 0. 002 mol M 2
NI A 6 h 454, 43 i iR A T B g i BE SR 90
120°C %) BPAP & BB b 525, TL3 4L 60°C 3L
1 7 & WU 5 60 .90 120°C AU AP 4 18RV Y
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T EEAEMEAL T 25 AR DA R s I ek B 7 2 TP R A 7
HAETE LA SE B A H xR
3.4 fERRIHE
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B Dy Bk B IR AR A A TR 1 4 5 B g T R A BLEE
e s fis .,
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4 #it

BT AT A N= (3R R PN 5L ) A< I mg s |
N— (3t R B P i ) — 2 — B B 48 I e s oy BH 85 1 M
TR AR X F e e A Ok BH 2 7 1Y 4 Fhh ek s
T TSy 7 WUl AP 195 s g, H
o, DUPHES T 25 v & 4 —SH | B B8 7 Sk X 2R At
PR AR 114 TLA X5 AN [ (14 Bl JEC 0 19 2R3 ) L P A T 2k

S URBALL IL 5 K4 98 ) AR 15 85— W 1A i £k 75 52 91
T P35 S 7 AT 258 e 9% P 1 o i) 4 A 5] 3 AR
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