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Study on phase transfer catalytic synthesis of epoxycyclohexane
by H,O, oxidation of cyclohexene

Liu Ying, Liu Jia, Yang Guoqiang, Wang Su, Zhang Zhibing, Zhou Zheng", Zhou Aidong
(School of Chemistry and Chemical Engineering, Nanjing University, Nanjing, 210023, China)

Abstract: A high-efficiency and green catalytic reaction system for the synthesis of cyclohexene oxide from cyclohexene
(CH) with H,0O, as oxidant was designed. PTC1 (1~6) heteropolyacid salt catalysts were prepared. The effects of
reaction temperature , type and amount of solvent, additive and catalyst on the conversion and selectivity of the reaction
were investigated. Besides, these reaction conditions were optimized. The results show that the conversion of
cyclohexene reached 86.8% , and the yield of epoxycyclohexane reached 74.5% under the optimized conditions, which
were catalyst PTC1 0.84 ¢ [0.43% mol (of CH)], reaction temperature 35 °C, solvent chloroform 15 ml., cyclohexene
0.1 mol, n (CH): n (H,O,) =1: 1, and additive KCI 0.032 g. In addition, reuse performance and experimental
amplification of different catalysts were also investigated. The results show that the catalysts showed different degrees
of loss after one reaction, and the recovery rate of PTC1 was relatively high. After the experiment was amplified 10
times and 100 times, the conversion of cyclohexene and yield of epoxycyclohexane were 93.5% , 77.5% and 95.4%,
84.4% ,respectively.
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Fig.1 FT-IR spectra of catalysts
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solvent: chloroform 15 mlL,CH 0.1 mol,n (CH):n (H,0,)=1:1,
catalyst:0.84 g (PTC1=0.43 [ n (catalyst):n (CH)]),KC10.032 g
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Fig.2 Effect of temperature on the epoxidation of cyclohexene
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Table 1 Effect of solvent on the epoxidaton of Table 2 Effect of additives on the epoxidation of
cyclohexene cyclohexene
Entry Solvent Conversion Yield Entry Additives  Conversion( %)  Yield( %)
(%) (%) 1 None 70.2 7.54
1 Dichloromethane 80.45 67.32 2 NaCl 71.5 53.8
2 Chloroform 80. 66 73.28 3 Na,CO, 59.1 58.2
3 Carbon tetrachloride 12.33 10. 30 4 Na,HPO, 86.2 68. 3
4 1,2-Dichloroethane 34.72 31.92 NaH,PO, 84.1 48.9
Trichloroethane 62.37 55.72 6 KH,PO, 83.5 52.1
6  Tetrahydrofuran 18. 67 17.21 7 KClI 86.9 82.0
7 Toluene 29. 88 18. 86 8 NH,C1 35.1 34.5
Note:solvent 30 mL,CH 0.1 mol,n (CH):n (H,0,)=1:1, 9 Na,SO, 79.5 50. 1

catalyst:0.84 ¢ (PTC1), T:35 °C,reaction time: 3 h
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Note: solvent: CHCI; 30 mL, CH 0.1 mol,n (CH): n (H,O,)=
1: 1, catalyst: 0.84 g (PTC1), T: 35 °C, additives: 0.041 g,

reaction time: 3 h
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solvent: CHCl; 30 mI.,CH 0.1 mol,n (CH) :n (H,0,)=1:1,catalyst:0.84 g (PTC1), T:35 °C,additives: KCI ( % wt of CH)
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Fig.3 Effect of additive loading on epoxidation of cyclohexene
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Table3 Effect of catalyst loading on the epoxidation

of cyclohexene

Catalyst loading  Conversion Yield
Entry

(Ymol of CH) (%) (%)
1 0.05 10. 86 10. 05
2 0.25 53. 64 6.54
3 0.43 70.11 7.54
4 0.5 74.20 18. 26
5 0.75 75.50 31.82

Note: solvent: CHCIl; 30 mL, CH 0.1 mol,n (CH): n (H,O,)=
1:1,catalyst: PTC1, T:35 °C,reaction time: 3 h

M 4R LU Y 3 500 ] 36 B 2 e
F14 08 % 1R AT I 3 S R 2 S D7 R A
PRSI O b (0 1 PR 2 HE N, B B A R B
5 B B AR R R A A TR T, R AT RE b R i
A, 15 mL 28 5 I8 50 &
2.8 AEEAFEIRM A F LT C
W AR B B2 0 AN 3 5 BT
F4 TRABFAENARCTHAIELHZM

Table 4 Effect of solvent loading on the epoxidation

of cyclohexene

Solvent Conversion Yield
Entry .
loading (mL.) (%) (%)
1 7.5 72.4 3.25
2 10 82.2 32.8
3 15 86.8 74.5
4 20 90.9 77.3
5 30 87.0 81.8

Note: solvent: CHCl; (mL), CH 0.1 mol, n (CH): n (H,O,)=
1:1,catalyst:0.84 g (PTC1), T:35 °C,additive:0.032 g (KCl),

reaction time: 3 h
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Table 5 Effect of different catalyst on the epoxida-

tion of cyclohexene

Entry  Catalyst  Conversion( %)  Yield( %)
1 PTC1 91.83 3.70
2 PTC2 25.93 23.03
3 PTC3 0.79 0.59
4 PTC4 92.10 78.15
5 PTCS 74.63 0.851
6 PTC6 72.83 1.93

Note: solvent: CHCI; 15 mL, CH 0.1 mol,n (CH): n (H,O,)=
1: 1, catalyst: 0.43 [n (catalyst): n (CH)], T: 35 °C, reaction
time: 6 h
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solvent: CHCl; 15/150/1500 mL.,CH 0.1/1/10 mol,n (CH):n (H,0,)=1:1, catalyst:0.84/8.4/84 g,
T:35 °C,additive:0.032/0.32/3.2 g (KCl), dropping rate of H,0,:0.72 mLemin !
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Fig.4 Comparison between different-sized reactions on the epoxidation of cyclohexene
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Table 6 Recovery rate of different catalysts

Entry Catalyst Recovery rate ( % ,m/m)
1 PTC1 77.38
2 PTC4 35. 60
3 PTCS 28.33
4 PTC6 32.02

Note: solvent: CHCl; 15 mL., CH 0.1 mol, n (CH): n (H,0,)=—
1:1,catalyst:0.84 g, T:35 °C, reaction time:3 h
Recovery process: After reaction, the catalyst was seperated by

centrifugation, washed with toluene.

M‘ —a&— fresh

—e— recycle 1
—A— recycle 2
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solvent: CHCl; 15 mL,CH 0.1 mol,n (CH) :n (H,O,)=1:1,catalyst:0.84 g, T:35 ‘C, reaction time: 3h, additive:0.032 g (KCI)

Recovery process: after reaction, the catalyst was seperated by centrifugation, washed with toluene, and used in the next reaction

without addition of fresh catalyst.
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Fig.5 The results of the recycle of the catalyst PTC1
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Fig. 6 FT-IR spectra of organic phase and aqueous

phase after reaction
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Table 7 The results of the reutilization of the cata-
lyst PTC1

Entry Catalyst ~ Conversion( %)  Yield( %)
1 fresh 86. 80 74.50
2 recyclel 87.05 74.72
3 recycle2 86.53 74.46

Note: solvent: CHCl; 15 mL., CH 0.1 mol, n (CH): n (H,0,)=—
1: 1, catalyst: 0.84 g, T: 35 “C, reaction time: 3 h, additive:
0.032 g (KCI)

Recovery process: after reaction, the catalyst was seperated by
centrifugation, washed with toluene, and used in the next reac-

tion without addition of fresh catalyst.
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