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Table 1 Elemental analysis of Salen Co (II) complexes

Serial Substituents Elemental analysis *
number X R, R, C H N
1 H H H 58.96 (59.08) 4.29 (4.31) 8.66 (8.62)
2 H Br Br 29.10 (29.95) 1.81 (1.56) 4.32 (4.37)
3 H -Bu -Bu 70.67 (69.95) 9.44 (8.38) 5.14 (5.10)
4 H t-Bu H 65.2 (65.9) 6.73 (6.86) 6.21 (6.41)
1(S, S) Ph H H 70.41 (70.44) 4.62 (4.61) 5.83 (5.87)
2(S, S) Ph Br Br 42.13 (42.37) 2.06 (2.27) 4.10 (3.53)
3(S,S) Ph -Bu t-Bu 75.64 (75.32) 7.57 (7.70) 4.01 (3.99)
* Calculated values in parentheses
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Table 2 IR spectra of ligands and complexes

Nonchiral ligands and cobalt complexes (em ™)

L1 1 12 2 L3 3 14 4
v(C=N) 1 639 1 630 1 636 1 632 1 639 1 632 1 640 1 640
5(0-H) 1282 - 1285 - 1220 - 1276 -
S, S chiral ligands and S, S cobalt complexes(em™")
LI1(S, S) 1(S, S) L2(S, S) 2(S, S) L3(S, S) 3(S, S)
v(C=N) 1629 1 628 1629 1 627 1 631 1612
3(0-H) 1276 - 1 296 - 1224 -
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Scheme 2 Catalytic oxidation of styrene
% 3 Salen Co (II) BEEHEUMBSHENEZHHIR K
Table 3 Epoxidation of styrene with O, in the presence of Salen Cobalt (1) complexes as catalyst®

Conversion of

b

Selectivity of products (% )

Entry Catalyst styrene (% )" Epoxystyrene Benzaldehyde Benzoic acid Other*
| 1 89.3 49.6 34. 1 10.8 5.5
2 2 97.1 58.9 23.7 12.4 5.0
3 3 38.3 51.2 4.7 4.8 1.3
4 4 52.8 53.5 40.1 4.2 2.2
5 1(8, 5) 9.5 52.3 30. 4 12.1 5.2
6 2(5, S) 99.0 58. 1 2.8 14.7 4.4
7 3(S, S) 47.7 54.4 39.6 3.3 2.7

“ Reaction conditions: catalyst, 0.1% ; styrene, 10 mmol; 1, 4-dioxane, 8 mL; flow rate of O,, 5.0 mL/ min; 5 h,

reaction temperature; 90 °C. " Estimated by GC using bromobenzene as an internal standard

* Main product is phenylacetaldehyde
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Table 4 Effect of temperature on the epoxidation of styrene in the presence of complex 2 as catalyst®

Reaction Conversion of Selectivity of products (% )"
temperature (°C) styrene (% )P Epoxystyrene Benzaldehyde Benzoic acid Others®
60 11.8 5.7 92.9 1.4 -
70 28.5 11.3 83.1 3.2 2.4
80 58.1 27.8 64.6 4.6 3.0
90 89.1 56.5 31.4 7.6 4.5
100 100 46.1 18.3 24.0 11.6

% Reaction conditions; catalyst 2, 0.1% ; styrene, 10 mmol; 1, 4-dioxane, 8 mL; flow rate of O, ,

5.0 mL/ min; reaction time, 3 h, reaction temperature, 90 °C." Estimated by GC using bromobenzene as an internal standard

¢ Main product is phenylacetaldehyde. * phenylacetaldehyde + polymer of styrene
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Fig. 1 Effect of reaction time on the oxidation of styrene
Reaction conditions: complex 2, 0.1% ;
styrene 10 mmol; 1,4-dioxane,
8 mL; flow rate of O,, 5.0 mL/min;

reaction temperature 90 C
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Table 5 Epoxidation of styrene by oxygen in different

solvents with complex 2°

Conversion Epoxidation
Entry Solvent . ]
(%) selectivity (% )"
1 1, 4-dioxane 97.1 59.8
2 DMF 0 -
3 DMSO trace -
N-methylpyrro-
4 . 71 38
lidone
5 Cyclohexone 63 33
6 Tert-butanol 0 -
7 Pyridine 0 -
8 Isopropanol 4.2 84

* Reaction conditions; catalyst 2, 0.1% ; styrene,
10 mmol; 1, 4-dioxane, 8 ml;

flow rate of O,, 5.0 mL/ min; reaction time 5 h,
reaction temperature, 90 °C

" Estimated by GC using bromobenzene
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Scheme 3 The possible reaction mechanism

as an internal standard
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of catalytic epoxidation of styrene
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Catalytic Epoxidation of Styrene by Salen Cobalt (II) complexes

ZHANG Ping, YANG Mei, LU Xiao-ping
(College of Chemistry and Chemical Engineering, Nanjing University of Technology, Nanjing 210009, China)

Abstract; The oxidation of styrene with molecular oxygen, in 1, 4-dioxane as a solvent, using a series of Salen Co-
balt (II) complexes as catalysts has been studied. The effects of different Salen Cobalt (II) complexes 1 ~4 and 1
(S, S) ~3(S, S) were investigated on the oxidation of styrene. Catalytic activities were found to be dependent
upon both the electron effect of the substituents on the Co ( I ) Salen complexes and the presence of phenyl substit-
uents on the ethylene moiety. The highest catalytic activity was reached with the Br-substituted complex (2),
which was used for further studies on the effects of temperature, time and solvent for epoxidation. The effect of sol-
vent was noted to be critical and the higher reaction temperature (90 °C) was needed. Conversion of styrene
reached 97. 1% , with a 58. 9% selectivity of epoxide and 36. 1% selectivity of benzaldehyde and benzoic acid
when reaction was run at 90 C for 5 h. Possible reaction mechanism steps were outlined.

Key words: Salen Co(II) complexes; Catalytic epoxidation; Styrene; Oxygen



