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CATALYTIC OXIDATION REACTION. OXIDATION OF CYCLOHEXENE 

CATALYZED BY COPPER-POLYMER-BOUND 2 9 2’ -BIPYRIDINE 

COMPLEXES 

2. Q. LEI and Y. P. WANG 
Department of Chemistry, 

Northwest Normal University, 

Lanzhou 730070, China 

ABSTRACT 

Cyclohexene 1 was oxidized with 1 atm. of oxygen or air in the presence of copper-polymer- 

bound 2, 2 ’ -bipyridine-L [ wherc L = 0. 1 , 10-phenanthroline ( phen ) , triphenyl phosphine 

(Pph,), and 2,2’-bipyridine (bipy)] complexes at 60% to give 2-cyclohexen-1-01 2 and 2- 

cyclohexen- 1-one 3 with the conversion ranging from 15 % - 40 % and the total selectivity of 2 

and 3 ranging from 85.2%-95. 7% with the different complexes employed as catalyst. The 

change numbers [conversion of 1 (moles) per mol catalyst] 

to over 2. 5 X l o 3  for 5h in the oxidation of cyclohexene with molecular oxygen. 

of these complexes were all mount 

INTRODUCTION 

Cyclohexene was oxidised in the presence of copper catalyst such as PdCla/CuCL [l] , copper 

( I )  ketenide [Z], Cu(OAc),/LiCI [S] and copper(II)/iodosylbenzene [4]. Some of the cited 

work need a special oxidants such as peroxide, which results in the difficult in analyzing and sepa- 

rating the products,or need carried out in aqueous solution, which, from the point of view of syn- 

thetic utility, suffers from the drawback of low solubility of mast organic substrates. 

We describe here a series of polymer-bound 2 , 2  ’ -bipyridine-copper-L (where L = 0, phen , 
Pph3, and bipy) complexes and their catalytic properties in the oxidation of cyclohexene 1. The 

oxidation were carried out under 1 atm. of oxygen or air in the absence of solvent at 60’C affords 

2-cyclohexen-1-01 2 ,  2-cyclohexen-1-one 3 and cyclohexanone 4. 2 and 3 were the major pro- 

ducts in each case. 

These polymer-supported copper(I1) complexes are found to be the active catalysts for the 

oxidation of 1 and the efficient molecular oxygen activating agent somewhat like oxyhemocyanin 

[5-63. 
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EXPERIMENTAL 

Polymer-bound 2,2’-Bipyridine (polymer-bipy) 

Polymer-bipy were prepared in the general procedure based on the method described in the lit- 
erature [7]. We modified the method by substituted bromination catalyst AIC13 with iron powder 

and polystyrene-Z% divinylbenzene with linear polystyrene ( M W ,  130000 - 15000O ). The 

polymer-bipy prepared by literature method contains one bipyridyl group for each seven to eight 

phenyl residues [ 71. but that prepared by modified method contains one functional bipyridyl group 

for each three to four phenyl residues [a]. 
Preparation of Copper (11)-Polymer-bipy-L Complexes 

Examples of copper(I1)-polymer-bound 2,2’-bipyridine complex have been reported [7,9]. 

We prepared the polymer-supported-copper complexes according to the following procedure. 

Copper chloride(CuC12 . H 2 0  0. 15g, 0. 98mmol). polymer-bipy (0. 3g, N ,  1. 59mmol) 

and L [ ( l )  L=O; ( 2 )  L=phen, 0. 2g, 1. OOmmol; (3)  L=Pph3, 0. 513, 1. 9lmmol; and ( 4 )  
L=bipy, 0. 15g,O. 95mmol] were added to 50ml THF-ethanol(1 t l,V/V) mixed solvent, the 

mixture was heated and refluxed for 3h. The resulting polymer-supported complexes were isolated 

by filtration and were thoroughly washed with ethanol and benzene, dried in vacuum. The blue 
copper-polymer-bound 2,2’-bipyridine-L complexes were obtained. The amount of copper in the 

complexes ( 1 ) - ( 4 )  was l . 2 % ,  2.2%, 1 . 7 %  and 2 .0% respectively(analyzedby1CP). 

The polymer-supported complexes ( 1) - ( 4 )  were characterized by X-ray phtoelectric spec- 

troscopy(XPS). The results were shown in TABLEl. 

Oxidation products were analyzed on a SHIMADZU QP-1000A GC/MS system. 

RESULTS AND DISCUSSION 

XPS Analysis Results and Discussion 

TABLEl 

XF’S Data for Complexes (1)-(4) and Polymer-bipy 

Substrate XPS peak Binding energy (eV) AEb (eV) 

934.2CEK 915. 4 )  
932. 2(EK 915. 2) 

399.7 

933. 2(EK 915.8)  

399.1 

932.9(EK 915.3)  

399.0 

131. 2 

132.5 

932.4(EK 915.6) 

399.5 

398.7 

0. 0 
-2. 0 

+l. 0 

-1. 0 
+o. 4 
-1. 3 

+o. 3 

-1. 8 
+O.  8 

0. 0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CATALYTIC OXIDATION REACTION 323 

TABLE2 

Oxidation of Cyclohexene Catalyzed by Different 

Copper (I1 )-Polymer-Supported Complexes 

Cat. Oxidant Conversion (mol%) Product Selectivity( % ) to 2 and 3 

( 1 )  0, 20 91. 2 

air 15 92. 7 

(2)  0, 40 85. 2 

air 31 88. 7 

( 3 )  0 2  25 93. 6 
air 18 95. 7 

( 4 )  0 2  27 85. 9 

air 20 86. 5 

Reaction condition: Cat. Cut  9. 0015mmo1, cyclohexene 25mmo1,l atm. , 5h at 60 C 

TABLE1 show that C ~ ( 2 p , , ~ )  binding energy in complexes (1) - ( 4 )  were decreased 

2. OeV, 1. OeV, 1. 3eV and 1. 8eV respectively compared with that in CuC12. The N(ls )  binding 

energy in complexes ( 1 ) - ( 4  ) increased 1. OeV, 0. 4eV, 0. 3eV, and 0. 8eV respectively com- 

pared with that in polymer-bipy. This result shows that the charge on the copper atoms increased 

and that on the nitrogen atoms decreased when copper (11) was coordinated with polymer-bipy and 

L. This also indicates that the charge was transferred from nitrogen atoms to copper atoms in the 

complexes. The P(2p)  binding energy in the complex ( 3 )  was 131. 2eV, this shows that PphJ 

was not oxidized to phrPO [in which P(2p) binding energy was 132. SeV] in the complex. 

Oxidation results and Discussion 

Oxidation of cyclohexene 1 catalyzed by complexes ( 1 ) - (4 )  in the presence of molecular 

oxygen affords 2-cyclohexen-1-01 2 and 2-cyclohexen-1-one 3 as the major products. The results 

were listed in TABLE). Comparison of the relative efficiencies of ( 1) - ( 4 )  as catalysts for the 

oxidation of 1 were carried out. Complex ( 2 )  is a more efficient catalyst for the formation of 2 

and 3 than complexes ( : j ,  ( 3 )  and (4).  Oxidation of 1 by 1 atm. of oxygen with complexes 

(1) - ( 4  )under the same condition provided conversion of 20mol%, 4Omol%, 2511101% and 

2711101% (based on the 1) with the selectivity total of 2 and 3 of 91. 2% ,85. 2% ,93. 6% and 

85. 9 %  respectively. Low conversions were obviined when the reactions were carried out in 1 
atm. of air. 
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TABLE3 

Oxidation of cyclohexene in Different Solvent 

Solvent Conversion(mol% Selectivity to 2 and 3 (%) 

- 40 85. 2 
benzene 5 97.0 
o-nitrobenzene trace 

HAc-NaAc(pH- 7) trace 

Water 

50% CTAB trace 

- 

98. a 
99. 0 
- 

92. 3 

Reaction condition: Cat. (2) .  Cur 0. 0015mmol. cyclohexene 25mmo1, solvent 5m1, 5h at 

60%. 

The influnce of solvent to the catalytic activity and selectivity was investigated. The result 
have shown in TABLES. Significantly low conversions were obtained when the reactions were 

carried out in o-nitrobenzene, HAc-NaAc buffer solution(pH57), water and 50% CTAB solu- 

tion. In aqueous solution, the low solubility of 1 hold back the catalytic activity. When the oxida- 

tion reaction were examined in ben-zene or o-nitrobenzene in which 1 is soluble, the catalytic 

conversion is still low. This  result shows that low solubility is not the only factor that influence 

the catalytic activity of these complexes. 

The oxidative cleavage of C-C bonds were found in the reaction. Side products were mainly 

organic acid, alcohol, ketone, aldehyde, produced from the oxidative eleavage of C-C bonds. 

Increase of side products were observed with the prolonged reaction time. 
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