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Epoxidation of Styrene and Its Derivatives Catalyzed by a
Multi-component Ionic Liquid Functionalized
with Manganese Porphyrin
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Abstract The ionic manganese porphyrin bearing trimethylbenzylammonium cation and PFg anion
MnTTMAPP PFy 5 was mixed with the ionic liquids of bzmim BF, and bmim BF, to build up a man-
ganese porphyrin-functionalized multi-component ionic liquid MnPy-MIL  which was used as a catalytic sys-
tem for expoxidation of styrene and its derivatives with oxidant PhIO. Compared with the traditional neutral
manganese porphyrin the MnPy-MIL system has advantages of suppression of oxidation degradation and self-
aggregation recyclability and no requirements of additional axial ligands and organic solvents. The presence of
a small amount of water could improve the catalytic performance of MnPy-MIL.
Key words ionic liquid manganese porphyrin styrene epoxidation

b P-450

T-TC
2007-07-10. 1983 .
. Tel 021 62232078 E-mail yliu@chem.ecnu. edu. cn.
20673039 20533010 20590366 06JC14023

B409 .



128

29

F Cl NO, CN SOyH 3
6
PF,
MnTTMAPP PF, s
1- -3- bzmim
BF, 1- -3- bmim
BF,
PhIO
MnPy-MIL
1
2
3
-7
1
1.1
N N-
PhIO
Alfa Aesar .
2- 3- .
GC-14B
GC FID HP-1 0.25 pm X 0.25
mm X 30 m - GC-MS Agi-
lent 6890 Agilent 5973

Shimadzu UV-2550 UV-
Vis  Nicolet NEXUS 670
FT-IR  Bruker Avance 500
'"H NMR 500 MHz  Mettler Toledo TGA SD-
TAS851e TG-DTA .

1.2
1.2.1 - N N N-

MnTTMAPP PF; ; 1la
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120 C 1h 25 ml
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H, TTMAPP 1, 0.6 g 35%.'H NMR
DMSO-dg 6 —2.97 2H s 2NH 3.92 36H
br 12N"CH; 8.43 8H d CH 8.49 8H
s B-H 8.85 8H N*CH . UV-Vis
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580 w Q 650 w Q . FT-IR KBr
em ! 3339 s N-H
1623 s 1400 s
TG-DTA 210 C.
1.36 g H,TTMAPP 1, 2.45 g Mn-

OAc y 4H,0 100 ml

80 C 6 h
-4- N N
N- MnTTMAPP
I ,OAcs, x=0~5 1.1g¢g 79% .
1.0 g MnTTMAPP 1 , OAc 5.,
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- N N N-
MnTTMAPP PF, 5 1a 1.0 g 95% . la
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'H la  'HNMR
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598 w Q . FT-IR KBr em ' 3133 C-
H 1622 1624 1495 1403 1132
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2ml  PhIO 800 pmol 400 pmol
2
PF,
[PFels 2.1 MnPy-MIL
MnPy-MIL
bzmim BF, la
la
bzmim BF,
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1  MnTTMAPP PF, 5 la 1a
Scheme 1 The structure of MnTTMAPP PF¢ 5 1la
o PhIO
10 Mn OAC 2" 4H20 80 C 1
6 h
ALO; - N N-
MnTDMAPP 1b . UV-Vis nm
. MnPy-MIL
Amax =481 s Soret 635 w Q L h
1.3 30
bmim BF, 1 ml T PhIO 2
bzmim BF, 1 g la 1.6 pmol
MnPy-MIL MnPy-MIL
PhIO 800 pimol
400 pmol 30 C 4%
1 MnPy-MIL
2mlx3 GC GC- Table 1 Effect of temperature on styrene epoxidation
MS . GC catalyzed by MnPy-MIL system
Selectivity %
Temperature Conversion Styrenc Phenyl
¢ » oxide acetaldehyde Benzaldehyde
20 69 98 0 2
30 95 96 0 4
MnPy-MIL
40 89 73 21 6
50 94 63 29 8
PhIO 400 Reaction conditions 1a 0.4%  styrene 400 pmol PhIO 800
pmol  bzmim BF, 1 g bmim BF; 1 ml 1 h.
pmol
la 2.
1b 0.2%
2ml 1b 1.6 pmol PhIO
800 pmol 400 pmol 30 C ?
la 1b
0.5 ml
GC  GC-MS 3 la
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1 2 7~10
la
bzmim BF,- bmim BF, la
1b
2 MnPy-MIL 1a
Table 2 Effect of the concentration of 1a on styrene epoxidation 1b 2 6 8 10
in the MnPy-MIL system 1b
Mol Selectivity %
Ot art' Conversion ~ TOF S 3 la 1b
concentration B tyrene
% 1 -
ofla % O h oxide Benzaldehyde
0.40 95 238 96 4
0.20 90 450 96 4 1
0.10 67 670 96 4 a
0.05 43 860 96 4
Reaction conditions = styrene 400 pmol  bzmim BF; 1 g 1b
bmim BF, 1 ml PhIO 800 pmol 30 C 1 h.
TOF — turnover frequency.
Bpy BF, bmim PFq
- . nPy-
3~6 2.2 MnPy-MIL
la MnPy-MIL
bzmim BF,- bmim BF,
PE,
PFq BF,
10 BF, PF,
Mn V =0 Mn IV =0 2-CH
Mn IV =0 HF 10 13~17
e M-
1a Py-MIL 4.
3 la 1b
Table 3 Comparison of 1a and 1b in ionic liquids or in organic solvents for styrene epoxidation
Axial Catalyst 1a Catalyst 1b
No. Solvent N e ., XSy SSO SPA SBn XSy 5SSO SPA S Be
igan
: % % % % % % % %
1 bmim BF,+ bzmim BF,* — 96" 96 0 4 74¢ 80 16 4
2 bmim BF,+ bmim BF, pyridine 96" 96 0 4 97¢ 90 8 2
3 Bpy BE,* — 71¢ 78 0 2 68¢ 80 16 4
4 Bpy BF, pyridine 66° 82 0 18 65°¢ 82 16 2
5 bmim PF4" — 79¢ 57 35 8 81¢ 24 55 21
6 bmim PFg pyridine 96° 63 32 5 98¢ 63 33 4
7 CH;CN — 61" 97 0 3 69" 85 12 3
8 CH;CN pyridine 100° 97 0 3 99® 90 8 2
9 CH,Cl, — 12¢ 84 0 10 40¢ 84 10 6
10 CH,Cl, pyridine 18¢ 90 0 16 69° 90 7 3
Reaction conditions catalyst 0.4% styrene 400 pmol pyridine 130 pmol PhIO 800 pmol solvent 2 ml 30 T 1 h.
* The ionic liquids used here were prepared according to Ref. 14 .
" Homogeneous reaction systems.
¢ Inhomogeneous reaction systems.
bmim BF; 1-butyl-3-methyl-imidazolium tetrafluoroborate ~ bzmim BF, 1-benzyl-3-methyl-imidazolium tetrafluoroborate =~ Bpy BF,

N-butyl-pyridinium tetrafluoroborate ~ bmim PFg 1-butyl-3-methyl-imidazolium hexafluorophosphate.

X — Conversion S — Selectivity Sty — Styrene SO — Styrene oxide PA — Phenyl acetaldehyde Ben — Benzylaldehyde.
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54 % 8 la
la 0.4% 5 mmol 5 min
5 min 9 . MnPy-MIL
93 % 99 % 1
1a 0.1% “ "
5 min 53% . MnPy-MIL
TOF 6360 h™! 3
1b
4 MnPy-MIL
Table 4 Effects of water on the catalytic performance of MnPy-MIL system
Catalyst concentration Time n H,O Conversion Selectivity %
No Catalyst .
% min mmol % Styrene oxide Phenyl acetaldehyde Benzaldehyde

1 1a 0.4 5 5 93 99 0 1

2 la 0.4 60 — 96 96 0 4

3 la 0.1 5 5 53 99 0 1

4 la 0.1 60 — 67 96 0 4

5 1a 0.4 10 5 96 99 0 1

6 la 0.4 30 5 97 98 2

7 la 0.4 40 5 100 97 3

8 1b 0.4 5 5 54 80 16 4

9" 1b 0.4 5 5 — — — —

10 1b 0.4 60 — 74 80 16 4

Reaction conditions styrene 400 pmol PhIO 800 pmol 30 C  bzmim BF, 1 g bmim BF, 1 ml.

" CH;CN 2 ml was used to replace the ionic liquids.

2.3 MnPy-MIL 16% . Uv-
MnPy-MIL Vis Soret
1 . A max = 463 nm 4 .
4 96 % MnPy-MIL
1b-CH;CN
100 la MnPy-MIL
I 1 MnPy-MIL . la
s 1b-CH;CN
S 1
; - S
S 60F | by
z . la
5]
p L
.% 40 =
2 > '
15} L
M ~CN 2
I H 100 % .
0
1 2 3 4 a-C
Run
1 MnPy-MIL 1b-CH;CN
Fig 1 The recycling experiments of MnPy-MIL and 1b-CH;CN _CH3 5
for styrene epoxidation
Reaction conditions 30 C 1h 1a 0.4% styrene 400 pmol C C=C
bzmim BF, 1 g  bmim BF, 1 ml PhIO 400 pmol which was ad- a- -
ditionally added per pass 1b 0.4% styrene 400 pmol CH;CN . 6—8

2 ml PhIO 800 pmol which was additionally added per pass.
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Mn V =0
6 7 MnPy-MIL
- <10%
8

5 MnPy-MIL
Table 5 The catalytic results of MnPy-MIL for epoxidation of styrene and its derivatives

Selectivity %

No. Substrate Time Conversion CHO
b % R R R CHO
o)
/
! 1 96 98 P 0
//
2 NC 3 08 100 . .
/
3 C'@_/ 4 96 96 4 0
/
* BrO_/ 4 95 98 > 0
//
5 H;C 3 97 &7 . .
o)
‘ O / - 6 76 100 0 0
Cl
0
’ O / i 6 75 100 0 0
OzN
o)
El

bzmim BF, bmim BF,

Reaction conditions 1a 0.4% substrate 400 pmol PhIO 800 pmol  bzmim BF,; 1 g bmim BF, 1 ml 30 T.
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