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Preparation of Quaternary Phosphonium-Type Triphase Catalysts and
Relationship between Chemical Structure and
Phase Transfer Catalytic Activity

WANG Ling, GAO Baojiao’, WANG Shiwei
Department of Chemical Engineering, North University of China, Taiyuan 030051, Shanxi, China

Abstract: Friedel-Crafts acylation reaction of crosslinked polystyrene (CPS) microspheres was conducted using two kinds of w-chloroacyl
chloride as reagents, and chloromethylation reaction of CPS microspheres was performed using 1,4-dichloromethyoxybutane without car-
cinogenic toxicity as reagent. By these reactions, exchangeable chlorine was introduced onto the surface of CPS microspheres and resulted in
chemically modified CPS microspheres. Subsequently, the modified microspheres were transferred into quaternary phosphonium-type
triphase catalysts via quaternary phosphonium (QP) reaction with triphenylphosphine. Three kinds of quaternary phosphonium-type triphase
catalysts QP-CPS with different spacer arm lengths were obtained. The effects of main factors on quaternary phosphonium reaction were
examined. The phase-transfer catalytic activity of the prepared triphase catalysts for esterification between benzyl chloride and sodium ace-
tate was investigated. The results indicate that the stability of quaternary phosphonium is poor. The reaction temperature and time need to be
controlled, and the solvent with higher polarity is adapted during synthesis. The prepared quaternary phosphonium-type triphase catalysts
have higher activity for the synthesis of benzyl acetate, and the reaction species acetate ion can be effectively transferred between the lig-
uid-solid-liquid phases. In comparison with quaternary ammonium-type catalyst QN-CPS, the quaternary phosphonium-type triphase catalyst
QP-CPS has higher catalytic activity. The catalyst QP-CPS with a longer spacer arm has higher catalytic activity. The hydrophilic and hy-
drophobic properties of catalyst QP-CPS also greatly affect the phase-transfer catalytic activity.
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Scheme 1. Chemical structure of three triphase catalysts.
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Fig. 1. FT-IR spectra of CPS, CACPS, and QP-CPS(CA) micro-

spheres.
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Table 1 Polarity constant (¢) and dielectric constant (Er(30)) of used
solvents and quaternary phosphonium degree (QPD) of product micro-
spheres QP-CPS(CA)

Solvent € E1(30)/(kcal/mol) QPD (%)
CCly 224 325 12.10
1,4-Dioxane 2.25 36.0 20.16
CHCl, 4.81 39.1 34.65
CH,Cl, 9.08 41.1 46.85

Reaction conditions: 35 °C, 1 h.
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Fig. 2. Effect of reaction temperature on quaternary phosphonium
degree of product microspheres QP-CPS (CA). (1) 25°C; (2) 30°C; (3)
35°C; (4) 40°C. Solvent: CH,Cl,.
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Fig. 3. Effect of chemical structure of modified CPS on quaternary
phosphonium degree of product microspheres. (1) CACPS; (2) CBCPS
(3) CMCPS. Reaction temperature: 35 °C; Solvent: CH,Cl,.
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Fig. 4. Effect of QP-CPS(CA) catalyst amount on the conversion of
benzyl chloride. QP amount: (1) 0 mmol; (2) 2 mmol; (3) 4 mmol; (4)
6 mmol; (5) 8 mmol. Reaction temperature: 57 °C.
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Scheme 2. Mechanism of triphase catalysis for the esterification of benzyl chloride.
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Fig. 5. Conversion of benzyl chloride as a function of time for two

systems QP-CPS(CA) (1) and QN-CPS(CA) (2). Reaction temperature:
57 °C; Catalyst amount: 8 mmol.
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Fig. 6. Conversion of benzyl chloride as a function of time for three
systems. (1) QP-CPS(CA); (2) QP-CPS(CB); (3) QP-CPS(CM). Reac-
tion temperature: 57 °C; Catalyst amount: 8 mmol.
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Fig. 7. Conversion of benzyl chloride as a function of time for systems
using QP-CPS(CA) catalysts with different QP densities. (1) 0.191
mmol/g; (2) 0.414 mmol/g; (3) 0.592 mmol/g; (4) 0.964 mmol/g; (5)
1.163 mmol/g. Reaction temperature: 57 °C. Catalyst amount: 8 mmol.
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Fig. 8. Conversion of benzyl chloride as a function of bound density of
QP of QP-CPS(CA).
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Fig. 9. Effect of cycle number of reusing on catalyst activity. (1)
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temperature: 57 °C; Reaction time: 12 h.
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