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Selective Oxidation of Cyclohexene to 2-Cyclohexene-1-one
Catalyzed by V,05 in Room-Temperature Ionic Liquids
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Abstract: 2-Cyclohexene-1-one was synthesized via the oxidation of cyclohexene using V,Os as the catalyst and
H,0, as the oxidant in room-temperature ionic liquids (RTILs). Compared with the reaction performed in the
organic solvent of acetone, higher conversion of cyclohexene and selectivity for 2-cyclohexene-1-one were ob-
tained in the solvent of [ bmim ] BF,-acetone. The effects of various RTILs, reaction temperature, and the
amount of V5,05 and H,O, on the oxidation were investigated. A conversion of 88.7 % with the selectivity for 2-
cyclohexene-1-one of 91.1% was obtained when the reaction was carried out in the neutral solvent of [ bmim ]
BF,-acetone ([ bmim ] BF,/acetone volume ratio of 2/5) with 2% of V,0s/cyclohexene molar ratio and 110
mmol of H,0, at 313 K for 10 h. Furthermore, the ionic liquids could be conveniently recovered for recycle use.
The conversion of cyclohexene and the selectivity for 2-cyclohexene-1-one decreased slightly with the increase in

the reuse times.
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Scheme 1 The oxidation of cyclohexene
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Table 1 Effect of solvent medium on the oxidation of cyclohexene over V,0s

Selectivity (% )

Solvent Conversion (% ) Yieldof 1 (%)
1 2 3 4
[ bmim]BF,-acetone * 0 — — — — —

Acetone 32.1 87.5 12.1 — — 28.1
[bmim ] BF,-acetone 87.4 48.2 20.3 — 31.5 42.1
[ bmim Cl-acetone 24.2 78.9 10.7 — 10.3 19.1
[ etpy ] Br-acetone 44.9 5.1 1.1 9.4 83.7 2.3
L etpy ] BF 4-acetone 20.1 9.5 2.5 13.4 74.6 1.9
[bmim]BF,-CH,Cl, 5.2 48.1 19.2 — 32.7 2.5
[ bmim]BF,-ethylacetate 15.7 39.5 19.7 1.3 39.5 6.2
[ bmim ] BF,-acetylacetone 43.8 44.6 35.4 — 20.0 19.5
[ bmim]BF,-acetonitrile 24.7 52.2 29.6 — 17.8 13.6

Reaction conditions: 0.091 g catalyst, 2 ml room-temperature ionic liquids (RTILs), 5 ml organic solvent, 1 ml cyclohexene, 110 mmol ox-

idant H,0O,, 353 K, 10 h.

* No V,0;s catalyst was used in the reaction.
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Table 2 Effect of oxidants on the oxidation of cyclohexene over V,0Os

Oxidant Conversion Selectivity (%) Yield of
(%) 1 2 3 4 1(%)
TBHP 90.6 12.7 0.4 1.4 85.5 11.5
30 % H,0, 84.6 43.7 16.5 5.8 34.0 37.0
50% H,O, 87.4 48.2 20.3 — 31.5 42.1

Reaction conditions are the same as in Table 1.
TBHP — ¢-Butyl hydroperoxide.
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Fig 1 Effect of the amount of H,O, on the oxidation of
cyclohexene over V;0s
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Table 3 Effect of reaction temperature on the oxidation of
cyclohexene over V,05

Temperature Conversion Selectivity (% ) Yield of
(K) (%) 1 2 3 4 1(%)
293 67.9 68.0 18.0 14.0 — 46.2
313 70.7 78.6 19.2 2.1 — 55.6
333 79.1 66.6 21.9 1.4 10.1 52.7
353 87.4 48.2 20.3 — 31.5 42.1

Reaction conditions are the same as in Table 1 except the tem-

perature.
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Fig 2 Effect of the V,Os amount on the oxidation of cyclohexene
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Table 4 Recycling results of V,Os-[ bmim ]BF,-acetone

Run Conversion Selectivity (%) Yield of
(%) 1 2 3 1(%)

1 88.7 91.1 7.6 1.2 80.8
2 80.7 89.5 8.5 2.0 72.2
3 70.7 90.4 8.6 1.0 63.9
4 68.3 89.5 9.0 1.5 61.1
5 64.9 82.1 11.5 6.4 53.3
6 61.1 80.0 12.6 7.4 48.9
7" 58.1 86.9 6.7 — 50.5

Reaction conditions; 0.037 g catalyst, 2 ml [ bmim] BF;,
5 ml acetone, 1 ml cyclohexene, 110 mmol oxidant H,0,,
313 K, 10 h.

" Adding 0.037 g of fresh catalyst to the reaction system after

SiX runs.
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