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CATALYZED OXIDATION OF ANTHRACENE WITH OXYGEN AND ted-BUTYLHYDROPEROXIDE 

Paul Mi.iller*and Christiane Bobillier, 

Departement de Chimie Organique, Universite de Geneve, 1211 Geneve 4, Suisse 

swlunary. Oxidation of anthracene to anthraquinone by oxygen/RhCl(PPh,), proceeds via solvent- 
derived hydroperoxides. tert-Butylhydroperoxide/RhCl(PPh,), effects the same transformation in 
up to 96% yield. Possible mechanisms for the TBHP-catalyzed reaction are discussed. 

A variety of organic molecules are oxidized with molecular oxygen in the presence of trans- 

ition metal catalysts.' In general these reactions proceed via hydroperoxides, and the catalyst 

intervenes mainly in hydroperoxide decomposition. Other mechanisms are however conceivable, for 

example substrate attack on coordinated oxygen, oxygen attack on coordinated substrate, etc.'or 

electron transfer from substrate to catalyst followed by oxygen attack on an intermediate radical 

cation.2 

It is known that D2 in conjunction with RhC1(PPh3)3 effects oxidation of anthracene to 

anthraquinone:3 

0 

OJRh CIfPPh,), \ 

-0 
0 
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We have reinvestigated this reaction in the hope of finding evidence for one of the unusual 

mechanisms. Our investigation showed however that anthracene oxidation with 02/RhC1(PPh3), 

follows the general pathway. 

The reaction was studied under a variety of conditions (Table 1). It was found that oxida- 

tion proceeds readily in ether solvents such as dioxane and dimethoxyethane to afford the quinone 

in 55 to 83% yield respectively. These reactions were accompanied by formation of high-boiling 

ether derived side-products showing NMR signals in the range of3.5-4.5 6.Oxygen consumption was 4 

to 9 times the stoichiometric amount. In contrast, no oxidation took place when benzene or acetic 

acid were used as solvent, or when hydroquinone was added to the reaction in dioxane. Anthra- 

quinone was also produced in dioxane containing no catalyst, but at a significantly slower yield. 

All these observations are consistent with a scheme where reaction is initiated by oxygen attack 

on the solvent to form hydroperoxides. The latter, in turn, could attack anthracene by a series 

of catalyzed oxidation steps. In order to test this hypothesis anthracene was exposed to 4.0 eq. 
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Table 1. Oxidation of anthracene with oxygena 

Catalyst Solvent Conditions Anthraquinone 

1% RhCl(PPh,), dioxane 700/4 d 55% 
II dimethoxyethane 700/2 d 83% 

none dioxane 700/4 d 33% 

1% RhCl(PPh,), benzene 700/2 d Ob 
I, AcOH 700/2 d Ob 
II dioxane, 5% hydroquinone 700/4 d Ob 
II benzene, 4 eq. TBHP 700/4 d 96%b 

none II 700/4 d Ob 

'Conditipns: 500 mg of anthracene in 100 ml of solvent under oxygen atmos- 
phere. ONo oxygen uptake. 

of tert-butylhydroperoxide (TBHP)/RhCl(PPh,), in benzene. Anthraquinone was formed 

while no oxidation occurred without catalyst. In both cases no oxygen was consumed 

reaction. 

With the exception of two connnunications in the Russion literature,4 oxidation 

in 96% yield, 

during the 

of aromatic 

hydrocarbons with TBHP seems to have been overlooked so far. Catalysts which are efficient for 

TBHP epoxidation of alkenes,5 such as Mo(C0,) or VO(acac), are also effective with anthracene, 

but RhCl(PPh,), is superior (Table 2). Possible intermediates in the transformation of anthra- 

cene to the quinone, 9-anthrone and 9,10-dihydro-9,10-dihydroxyanthracene, but also 1,4-dihydro- 

xynaphthalene and hydroquinone react with TBHP/RhCl(PPh,), to afford the respective quinones. 

Oxidation of hydroquinone to benzoquinone has already been reported in the literature.6 
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Figure: Decomposition of TBHP (benzene, 70') by 0.3% RhC1(PPh,)3. A: no additive; 
B: with 5.3% DTBPC; C: with anthracene. Same conditions as in Table 2. 
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Table 2. Catalyzed oxidation of anthracene with TBHP' 

Substrate Catalyst Solvent TFP Quinone 

Anthracene 
II 

II 

II 

II 

II 

I, 

II 

Anthrone 

9,10-Dihydro-9,10-dihydroxy- 
anthracene 

1,4_Dihydroxynaphthalene 

Hydroquinone 

2.5% Mo(CO)b benzene 3 

2.5% VO(acac)Z ' 3 

1% IrCl(CO)(PPh,), ' 3 

1% RhClCO(PPh3)2 ' 3 

1% RhC1(PPh3)3 chlorobenzene 4 

II tetrachloroethylene 4 
II toluene 
I# benzene 4c 

II 1, 2 

37% 

37% 

15% 

40% 

66% 

0% 

32%b 

96% 

82-90% 

0 II 3 87% 

II II 4 60% 

II II 1.5 46%d 

?onditions: 500 mg of anthra ene in 100 ml of solvent, T = 70°, 48 h. bSolvent 
attack. '3.4 eq. consumed. 2 Unreacted material recovered. 

The following observations concerning the reaction mechanism of these transformations were 

made: As other transition metal complexes,' RhCl(PPhs)s decomposes TBHP to oxygen and t-butanol. 

This reaction is almost totally inhibited upon addition of anthracene (Figure). In fact, anthra- 

cene oxidation requires only a slight excess of TBHP (3.4 es.). Similarly, addition of 2-5% of a 

radical scavenger, 2,6-di-t-butyl-p-cresol (2,6 DTBPC) retarded TBHP decomposition which, after 

scavenger consumption, proceeded normally. * The yield of anthraquinone was not affected by small 

amounts of DTBPC. Decomposition of TBHP to give oxygen is therefore probably not involved in the 

product-forming steps. Since catalysts like Mo(CO)g or VO(acac)n are effective in both alkene 

epoxidation and anthracene oxidation an analogous mechanism' should be involved: 

QJ- * ---_~ 
CAT- 0 

0 

‘0 
+ 

In general, epoxidations with TBHP are stereospecific, and therefore do not involve free 

radical intermediates. With RhC1(PPh3)3/TBHP the situation is however more involved. For 
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example, it was found that epoxidation of tetramethylethylene afforded the expected epoxide and 

the allylic alcohol 2,3-dimethyl-3-hydroxybutene in proportion of 1.3-2.5:1. This ratio changes 

RhCI(PPh,), 

1.3- 2.5 1 

slightly upon addition of 2,6-DTBPC, but no significant trend was produced. The same result was 

obtained with RhC1(CO)(PPh3)2.10 The alcohol is most likely formed via a radical pathway, i.e. 

hydrogen abstraction at one of the allylic positions. Further it was found that epoxidation of 

stilbene with TBHP/RhC1(PPh3), lacks stereospecificity. Z!runs-stilbene afforded 28% of trans- 

epoxide (5 eq. of TBHP, 0.5% catalyst, in benzene, 70') and 16% of unreacted stilbene, but cis- 

stilbene gave 14% of trm2s-epoxide while 76% of cis-stilbene were recovered. The significance of 

these results is not entirely clear, since epoxidation of cis-stilbene with TBHP/Mo(CO), gives a 

9:l mixture of cis- and trans-stilbene oxide (93% conversion). A similar lack of stereospecifi- 

city in catalyzed oxidation of stilbenes with hydrogen peroxide has been reported." Although 

we believe that with Mo(CO), and VO(acac), oxygen transfer to anthracene should proceed in a 

single step in analogy to alkene epoxidation , it appears that with RhC1(PPh,)3 radical pathways 

could occur competitively. 
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