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FeC13-catalyzed oxidation of 3,5-di-t-butylcatechol (DTBC) to

3,5-di-t-butyl -o-benzoquinone (DTBQ) by molecular oxygen in tetra-

hydrofuran (THF) was significantly promoted by addition of SiO2,

ƒÁ-

Al2O3, and active carbon in situ. Activity of catalysts prepared by

an impregnation method in water or THE was greatly dependent on the

supports and solvents used for preparation of the catalysts.

The effect of supports in the heterogenized homogeneous catalysis is rather 

complex, 1) but it is important to achieve an enhanced catalytic activity by hetero-

genation, compared with a homogeneous reaction. Usually the heterogenized catalysts

are prepared separately, e.g. by an impregnation method, attaching a metal ion or 

a metal complex to a carrier via the formation of chemical bonds or causing the 

metal species to become physically dispersed within the pore structure of a

support, 1,2) but little has been studied on the effects of supports of catalysts

prepared only by mixing the supports and reactants in situ If the activity of the

latter catalysts is as high as or higher than the impregnated catalysts, the conven-

ient method of preparation of catalysts is very useful. We here found a new example

which showed an enhanced activity of heterogenized catalysts prepared in situ. The 

reaction we studied is the FeCl.-catalyzed oxidation of DTBC by molecular oxygen, in

connection with our previous work,4) and the activities of the catalysts were

compared with the supported catalysts.

Oxidation of DTBC was performed in a 30 ml flask under an oxygen atmosphere at

25℃. 20 milliliter of dry THE or benzene was used as a solvent, and the solution

was stirred magnetically. The reaction was started by adding the solvent containing

FeCl. (0.25 mmol, 0.0406 g) to a mixture of DTBC (1 mmol, 0.2223 g) and support

(Catalyst I), or by adding the solvent to a mixture of DTBC and the supported

catalyst (9 wt % FeCl3/support). The supported catalysts were prepared by impreg-

nating FeC13 in water (Catalyst II) or in THE (Catalyst III) on SiO2 γ -Al
2O3,

active carbon, and some others at room temperature. and used after drvine in vacuo

at room temperature or at 150 •Ž for 4 h. 1 milliliter aliquots of the reaction

solution were diluted with benzene, washed with 2N HCl and water, and analyzed 

quantitatively by HPLC using biphenyl as an internal reference. The reaction formed 
selectively DTBQ, and by-products were negligible. 

Figure 1 shows the effect of the support/FeCl3 ratio in the reaction using 

Catalyst I. In the absence of supports, the yield of DTBQ was very low both in THE
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and benzene (Table 1). The low reactivity in benzene may be partly due to the poor 

solubility of FeCl3 in benzene. The addition of supports increased the yield of

DTBQ. The promoting effect was similar at the low ratio (γ-Al2O3≧SiO2>C), but the

effect of silica became remarkable at the higher ratio (SiO2>γ-Al2O3>C). The addi-

tion of carbon over the ratio at 5 was not effective to enhance the activity.

Since the above result suggest-

ed that the adsorbed iron species 

might be more active than unadsorbed 

FeC13, the catalytic activities of 

supported catalysts were studied.

As shown in Table 1, when the 

reaction was performed with 

Catalysts II, the further enhanced 

activity was observed with the 

silica catalyst. A high activity 

was observed also in benzene. On the 

contrary, the activities of the 

alumina and carbon catalysts were 

very low. Since the effect of water 

used for preparation of the impreg-

nated catalysts was striking, the 

activities of Catalysts III were 

studied, 

For comparison of the activities 

of Catalysts III with those of Cata-

lysts I and II, the catalysts were

dried either at room temperature or at 150℃. The silica catalyst dried at room

temperature exhibited the comparable activity with Catalyst I, but the catalyst

dried at 150℃ was more active than Catalyst II. Interestingly, the alumina

catalyst exhibited the similar activity to Catalyst I, and the effect of the 

drying temperature was small. The carbon catalyst exhibited an intermediate activity 

between Catalysts I and II, and the activity was lower when the catalyst was dried 

at a higher temperature.

Fig.1. Effect of the Support/FeCl
3

ratio in the oxidation of DTBC in THF.

Catalysts were prepared in situ. 
Yield of DTBQ (based on DTBC) was 
determined after 24 h.

◆:without support;○:SiO2

●:γ-A1203;□:C

We have studied effects of some other supports such as SiO2-Al2O3, TiO2, ZrO2, 

Fe2O3, Zeolite. Silica-alumina exhibited an intermediate effect between silica and 

alumina, but activities of the catalysts prepared in situ with other supports were 

less than that of carbon. 

The present reaction may be represented, on the whole, by the following equa-

tions.

(1) 

(2)

It has been reported that the reaction (1) proceeds stepwise via an Fe-DTBC complex 

and/or a semiquinone radical in an acidic aqueous solution,but it is not clear 

at present whether the same mechanism is applicable for the reaction in aprotic
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Table 1. Effect of Supports and Preparation 

Methods of Catalysts in the Oxidation of DTBCa

aF
eCl,(0.25 mmol) + support (0.406 g) or supported

catalyst (0.4466 g), DTBC (1 mmol), in 20 ml

THF, at 25℃.
bC

atalyst l:prepared in situ;II:

impregnated in water and dried at 150℃;III:

impregnated in THF. cDried at room temperature.

dDried at
 150℃.

eR
eaction in benzene. fBased

on DTBC.

Table 2. Adsorption of FeCl30n Supports and

Activities of the Adsorbed FeCl3a

aFeCl
3 (0.25 mmol) and supports (0.406 g) were 

stirred for 2 h in 20 ml of THF, filtered, washed 

with 20 ml of THF, and dried in vacuo at room 

temperature. Reaction was performed with these 

catalysts. Adsorbed FeCl3 was estimated from the 

Fe content in the filtrate, which was titrated 

with EDTA.
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solvents. However, it seems very probable that an Fe-DTBC complex, whose structure 

has not been characterized, is involved as an intermediate.

Table 2 shows the adsorption of FeCl3 on supports in the reaction conditions 

without DTBC and the activities of the adsorbed FeCl. The strength of adsorption

increases in the order of SiO2<<Al2O3<C, which is reverse to the order of activity

of Catalyst I. The yields of DTBQ obtained by the reactions with the adsorbed FeCl.

were less than those with Catalyst I. These results clearly indicate that the 

enhanced activity of Catalyst I can not be ascribed only to the adsorbed FeCl3. 

Thus, it seems probable that the Fe-DTBC complex is initially formed with free or 

weakly adsorbed FeC13 and the decomposition of the complex to DTBQ is accelerated 

by the interaction with supports.

On the other hand, it seems also probable that the reaction proceeds on the 

surface of the supports via the Fe-DTBC complex which is formed with the fairly 

strongly adsorbed iron species. The greatly enhanced activities of the impregnated

silica catalysts dried at  150℃ indicate that the highly active iron species are

formed on the surface. The enhanced activity was not observed with the impregnated 

alumina and carbon catalysts, but rather the deactivation by water was significant. 

These results indicate that the activity of the adsorbed iron species is greatly 

affected by the changes of electronic and/or geometric configurations or the species 

caused by the bond formation between Fe and supports or by the reaction with water. 

The low activity of the impregnated carbon catalyst may partly due to the effect of 

dispersion of the iron species within the pore structure of supports. The result 

that the highest activity was observed with the silica catalysts suggests that the 

adsorption of iron species on supports with the moderate strength is important to 

attain the high activity. 

Further studies are necessary for the detailed discussions on the mechanism and 

reasons for the appearance of the enhanced activities, but the present results 

indicate that heterogenized homogeneous catalysts should be prepared by way of 

controlling the above two possible processes.
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