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Scheme 2 Structure and IR data of various ionic liquids
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Table 1 Comparative results of the epoxidation of cyclohexene in different RTIL-CH, Cl,

H,0,, Cat, Co-cat, 20°C, 1.5h o
RTIL/CH,Cl, (1/4,v/v), 2.5mL

Entry Solvent Conversion “( % ) Selectivity (% )
1 CH, Cl, 31.4 100
2 MMISM" N.d.* N. d.
3 MMISM* N. d. N. d.
4 MMISM 94.8 95.5
5 [ bmim ] BF, 86.5 96.0
6 [ bmim ] PF, 80.9 95.6

Conditions ; molar ratio of H,0,/cyclohexene/Mn( TFPP) Cl/imidazole =450: 150: 1: 75; 20°C; 1.5 h;
RTIL/CH,Cl, (1/4, v/v) ; solvent volume: 2.5 mL

“Conversion based on starting cyclohexene.

"Identical reaction conditions but without Mn( TFPP) Cl catalyst and imidazole.

¢ Identical reaction conditions but without Mn( TFPP) Cl catalyst.

'N.d. = not determined.
AR ) ESRR R A 20% (AFR M B RS TR, (entry 4-6) . B TRIRRY A 82 1 Mn ((TF-
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Fig. 1 Relationship between epoxide yield and amount of
MMISM in the epoxidation of cyclohexene *
‘Reaction conditions: Molar ratio of H,0,: cyclohexene:
Mn(TFPP) Cl: imidazole =450: 150: 1: 75;
20°C; 1.5 h; solvent volume: 2.5 mL
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Table 2 Comparision of viscosity and PH value of MMISM-
CH, Cl, mixed solvent in different ratio of MMISM ILs

Viscosity Value
MMISM/CH, Cl, (v/v)

(Pa+s/20 C) (20 C)

0/1 0.98 5.10

1/9 1.01 6.21

1/4 1.02 6.33

2/3 1.03 6. 69

372 1.04 6.96

4/1 1.06 7.08

1/0 1.10 7.09

73— 77 i g1 T MMISM 8§ 7 R AR B 530 2 0 2 A
YRR, BT ARAE BvaR) S R B A 2N
WILE B TR P AT, s A ) 22 S A

A5 Y Ve I RE BE, DT Ik B B i) 647
Gh, RATKBLEE & F A S 20, KR
PH {E A28k (W3R 2) , ATREIZR & s 0 (1 2
JEEXTBR O M I R A S 0 25 7 AR AR K I s ). (HL 2
TS X I E I ORI B AN, R
A 94% L L.
2.3 H,0, EX IR R BB 50

[ AL SR EE AR H ol 12 150, 58T 41,
AR5 FH 22 0 IR AR AL B I RE I, S5 AR DL R 2. X

100

—

/

Epoxide yield (%)
(=) >
<> <

F
=]

20

05 10 15 20 25 30
H:0x/cyclohexene (molar ratio)
K 2 H,0, 7 5H4EIF LRI KR
Fig. 2 Relationship between epoxide yield and
amount of H,0,°
*Reaction conditions: Mn(TFPP)Cl; 2 ymol;
Imidazole: 150 wmol; MMISM/CH, CL, (1/4, v/v) ;

20 C; 1.5 h; solvent volume: 2.5 mlL
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Fig. 3 Relationship between epoxide yield and

amount of imidazole®
“Reaction conditions: Molar ratio of H,0,:
Mn(TFPP)Cl =450: 150: 1; 20C;
1.5 h; MMISM/CH,Cl, (1/4, v/v);

cyclohexene:

solvent volume: 2.5 mL
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Fig. 4 Epoxidation of various alkenes with Mn( TFPP) Cl-
H, 0, system"

“Reaction conditions: Molar ratio of H,0,: substrate:
Mn(TFPP)Cl: imidazole =450: 150: 1: 75;
MMISM/CH,Cl, (1/4, v/v); 20°C; 1.5 h;
solvent volume: 2.5 mL
"Selectivity for ketone
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Fig. 5 The effect of amount of hydrogen peroxide on reused

catalytic activity of the recovered Mn( TFPP) Cl
in MMISM/CH, CL, (1/4, v/v) *

*Reaction conditions; Molar ratio of cyclohexene:

Mn(TFPP)Cl: imidazole =150: 1: 75; 20 °C;
1.5 h; MMISM/CH, Cl, (1/4, v/v) ; solvent volume; 2.5 mL
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Fig. 6 Catalytic recycling of the recovered catalyst in
MMISM/CH,Cl, (372, v/v)*

“Reaction conditions: Molar ratio of H,0,: cyclohexene:
Mn( TFPP)Cl: imidazole =300: 150: 1: 75; 20°C; 1.5 h;
MMISM/CH, CL, (3/2, v/v) ; solvent volume: 2.5 mL
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Fig. 7 Catalytic recycling of the recovered catalyst using PhI( OAc),
as oxidant in MMISM/CH, CL, (1/4, v/v)*

*Reaction conditions: molar ratio of PhI( OAc),: cyclohexene:
Mn(TFPP)Cl =150: 150: 1; 20°C;

1.5 h; MMISM/CH,CL, (1/4, v/v) ; solvent volume; 2.5 mL
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Mn ( TFPP ) Cl-manganeseporphyrin-catalyzed Alkenes Epoxidation by

Hydrogen Peroxide in a Room Temperature Ionic Liquid

JING Se"*, LI Zhen', XIA Chun-gu '
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of ChemicalPhysics ,
Chinese Academy of Sciences, Lanzhou 730000, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract: Oxidation of various alkenes were performed with hydrogen peroxide as oxidant in the presence of ( meso-

tatrakis ( pentafluoropheyl) porphinato) manganese( Il ) cloride ( Mn( TFPP) Cl) as catalyst and imidazole as co-

catalyst in several environmentally benign room temperature ionic liquid (RTIL). The effects of the structure of i-

onic liquids and reaction conditions have been investigated. The cyclohexene conversion of 94. 8% and selectivity

to cyclohexene epoxide of 95.5% were obtained when the reaction was performed in the mixed solvent of MMIMS-

CH,CL,(1/4, v/v) at room temperature. The use of RTIL as the reaction medium makes the reaction proceed with

high efficiency than that of in CH,Cl,. At the end of reaction, the ionic liquid manganese ( Ill ) porphyrin system

could be reused by extraction. However, there was a loss of catalytic activity upon recycling using hydrogen perox-

ide as oxidant. While, selectivity to the desired epoxide was still close to 100% .
Key words: Mn( TFPP)Cl; Ionic liquid; Alkene; Oxidation; Hydrogen peroxide



