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2.1 BRIIBE B Filk iU T R

HA] & MIM-PS #) £ AE: "H-NMR ( 500MHz,
D,0): §2.21 (quint, *J,, =7.5H,, 2H), 2.83(t,
g =7.5H,, 2H), 3.83(s, 3H), 4.26(t, *J,y =
7.5H,, 2H), 7.38(d, *J,, = 1.5H,, 1H), 7.46
(d, *J,, =1.5H,, 1H), 8.70(s, 1H). “C-NMR
(125MHz, D,0): 824.79, 35.46, 46.97, 47.41,
121. 85, 123.50, 135.82. IR(LF): 13464, 3156,
3114, 2962, 1638, 1575, 1191, 1044, 746, 622,
532. [ HSO,-pmim ] HSO, 1y % fF: 'H-NMR
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(500MHz, D, 0): 82.11 ( quint, *J,, = 7.3H,,
2H), 2.71(t, *J,, =7.35H,, 2H), 3.71(s, 3H),
4.16(t, *J,y =7.1H,, 2H), 7.25(s, 1H), 7.32
(s, 1H), 8.53(s, 1H). IR (LF): v3460, 3157,
2976, 1715, 1635, 1576, 1173, 1034, 878, 749,
623, 519. DSC-TG (N,, 10 °C/min) ; Td 366.4 °C,
dG 81.57%. [ HSO,-pmim ] H,PO, ) Z21F : 'H-NMR
(500MHz, D,0): 88.51(s, 1H), §7.29(s, 1H),
87.26 (s, 1H), 8. 14 (t, °J,, = 7.0H,, 2H),
83.67 (s, 3H), 82.69 (t, °J,, = 7.8H,, 2H),
$2.10 (quint , *J,, = 7.0H,, 2H). IR (LF):
v3157, 3117, 1715, 1635, 1576, 1466, 1174, 749,
623, 519. [ HSO,-pmim | CH,-ph-SO, f#§ £ fiF: 1H-
NMR (500MHz, D20): 2. 16( quint, *J,, =7.5H,,
2H), 2.24(s, 3H), 2.78(t, *J,, =7.5H,, 2H),
3.72 (s, 3H), 4.18(t, *J,, =6.65H,, 2H) , 7.20
(d, *Jyy=7.5H,, 1H), 7.26(s, 1H) , 7.35(s,
1H), 7.54(d, °J,,, =7.05H,, 2H), 8.56(s, 1H).
IR (LF) . v3437, 3152, 1573, 1454, 1122, 1033,
820, 683, 567. DSC-TG (N,, 10 C/min); Td
333.0 °C, dG 86.47%.
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Table 1 Effect of Different Catalysts on the Reaction®

Entry Ionic liquids Dosage (% ) Time (h) Conversion (% ) Solubility"
1 blank 0 6 60.7 -
2 H,S0, 0.7 3 98.1 -
3 [C,mim] H,PO, 0.7 3 71. 4 soluble
4 [C,mim] HSO, 8.0 3 81.6 soluble
5 [ HSO;-pmim] CH,-ph-SO, 8.0 3 98.6 insoluble
6 [ HSO,-pmim] H, PO, 8.0 3 77.2 insoluble
7 [ HSO;-pmim ] HSO, 8.0 3 99.0 insoluble

a : Citric Acid : 0.05 mol; n(Butanol) : n(Citric Acid) = 5.5 1; templ10 ~150 °C ; Reaction time 3 h
b : soluble: catalyst was soluble in the reaction system;
insoluble; catalyst was not soluble in the reaction system.
(23] A4 BRVEE T AL Comim | HSO,, [C,  BARRMIBHE TROMRAR. 3R 1 o B B 73 A A9 R 1
mim ] H,PO, (R 1 5250 3, 4) ffbis k%, By sy S [HSO,. ] > [ CH,-ph-SO,_ ] > [ H,
WTRNAR, AR TR e AR PO, ], JCAH W B 3 WA B A Ak 35 PN
FH 0 R D) e Ak 1Y) B8 - W14 [ HSO,-pmim ] CH, - [ HSO,-pmim ] HSO, > [ HSO;-pmim ] CH;-ph-SO,H
ph-SO, FI[ HSO,-pmim ] HSO, (£ 1 5255, 7 ) A > [HSO,-pmim] H,PO,. R 4BHE AR, EER
HRNARRAME, 5 Tr-Wor e, BT DEEILE T A A5 PR Rl A 2 1 IR B 1 4% in i
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FER ok, T EA HEALTE TE A e SRR R HIZE 2 W, WARIRHEILIT , SO BRI 2,
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Table 2 Effect of Different Catalysts on the Selectivity of TBC*

Entry Catalysts & dosage (w% ) Conversin (% ) Yied (% ) Selectiviy (% )
1 H,S0, 0.7 98.1 73.8 75.2
2 [ HSO,-pmim] CH,-ph-SO, 8.0 98.6 9.3 97.7
3 [ HSO,-pmim] HSO, 8.0 99.0 97.5 98.5

a : n(Butanol) : n(Citric Acid) = 5.5 : 1; temp 110 ~ 150 °C ; Reaction time 3 h
ph-SO, FI [ HSO,-pmim ] HSO, AL B, AL R
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Fig. 3 Effect of amount of catalyst on the reaction
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Fig. 5 Effect of reaction time on the reaction
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h HH.
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TEPCACH) 25T CB WA P A D SO0z ) 8 o
#=18.0% , FriEmR M 0. 05mol, FERR LM 5.5 1,
HE 110 ~ 150 C, Sy 3 h) HERR I AEAL & T
& [ HSO,-pmim | CH,-ph-SO, . [ HSO,-pmim ] HSO,
A E AR HIPERE, 45 2R I3 3.
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Table 3 Effect of reused lonic Liquids on the Conversion of Citric Acid®

Entry Tonic Liquids” & dosage (w% ) 1 3 4 5 6 7 8
1 [ HSO;-pmim ] CH,-ph-SO, 8.0 98.6 98.5 98.2 93.0
> [ HSO,-pmim] HSO, 8.0 99.0 99.0 98.9 98.0 97.2 96.4 955 952

a : Reaction time 3 h; n(Butanol) : n(Citric Acid) = 5.5 : 1; temp 150 C

b . lonic liquids were simply reused without any further purification or dehydration.
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Synthesis of Tributyl Citrate using Acidic

Functional Ionic Liquid as Catalyst
YONG Liang', XIE Cong-xia'*, YANG Kai', YU Shi-tao’, LIU Fu-sheng’
(1. College of Chemistry and Molecular Engineering , Qingdao 266042, China;
2. College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042, China)

Abstract: Acidic functionalized ionic liquids were synthesized and characterized. Tributyl citrate (TBC) was syn-

thesized using acidic functionalized ionic liquids as catalysts. According to the study of catalytic activity and the re-

usability of various ionic liquids, [ HSO,-pmim ] HSO, was chosen to synthesize TBC as the catalyst. The effects of

the reaction conditions on the reaction results, such as the amount of catalyst, molar ratio of acid and alcohol, reac-

tion time, were examined and the optimal conditions were obtained. The optimal conditions were as follows: w
(catalyst): w (reactants) =8.0% , n (1-butyl alcohol): n (citric acid) =5.5: 1, 110 ~150 °C, 3 h. Under

the optimal reaction conditions, the conversion could be 99.0%. Separated from the products, [ HSO;-pmim ]

HSO, could be reused 8 times without any disposal and the conversion could reach 95.2% .

Key words: Tributyl citrate (TBC) ; Acidic functionalized ionic liquids; Catalysis; Esterification



