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Absfmck The &methyldioxirane oxxlatioo of selected phenols provides the corresponding ortboqumones. Thii 

un~versmn pmceeds via the related atencxbois, which any cleanly oxidized to the quinones by this oxidant 

In the course of our studies on the dimethyldioxirane (1) oxidations of allenes,l we encountered 

problems associated with the competitive attack of an oxygenated aromatic ring by this reagent.2 The present 

work was initiated to explore the nature of these unexpected complications. While it was readily shown that 

simple phenols and anisoles react with oxidant 1, the product mixtures obtained were too complex to warrant 

detailed study. As a consequence, attention was turned to hindered phenols where oxidation was expected to 

proceed in a more controlled manner. This report describes those studies.3 

Our observations are summari zed in the Table. Thus, the reaction of 2,4-di-ten-butylphenol(2) with 4 

equiv of a solution of dimethyldioxirane (1) in acetone4 (Method A) gave orthoquinone 3 in 55% yield along 

with recovered starting material (30%). This transformation could be run more conveniently on a larger scale 

by an in siru procedure in which the phenol was incorporated into the buffered aqueous acetone solution of 

Oxone normally used to generate 1 (Method B; acetone was required for reaction). Under these conditions a 

72% Isolated yield of 3 was obtained. A mixture of epoxides 4 and 5 was also isolated in minor amounts in 

this case.5 These by-products could be produced in reasonable yield by further reaction of orthquinone 3 

with a solution of 1. Simple reduction of 3 by treatment with aqueous NaHS03 produced the corresponding 
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catechol 6 in good yield. Diol 6 was quantitatively re-oxidized to 3 by 1. Conclusive proof for the 

intermediacy of catechol6 in the oxidation of 2 was provided by an experiment in which the reaction mixture 

was monitored by gas chromatography as a function of time and added oxidant. This showed that diol 6 

appeared first and increased in concentration to a maximum of 3% of the product mixture, before eventually 

being converted completely to quinone 3. The isomeric 3,5-di-tert-butylphenol(7) was also oxidized to 3 in a 

comparable fashion using either oxidation method. Interestmgly, 2,6-di-rert-butyl-4-methylphenol (S), which 

cannot give a quinone product, was converted to cyclohexadienone 9 under sinnlar conditions, albat relatively 

inefficiently.6 

Several fused-ring phenols behaved in an analogous manner. Thus, 9-phenanthrol was transformed in 

good yield by either oxidation protocol to the stable 9,10-phenanthroquinone. 2-Naphthol gave a 60:40 

mixture of starting material and 1,2-naphthoquinone in good crude yield, but this q&one decomposed during 

silica gel chromatography. The isomenc I-naphthol was also oxidized by the in situ method to @ve a mixture 

of 1,2- and 1,4_naphthoqumone, although once again with low yields of pun&xl products. 

The problems associated with oxidations to these more fragile quinones prompted the development of a 

two-step oxidation-reduction protocol for the preparation of the corresponding dihydroxy compounds. This 

mvolved the direct aqueous NaHS03 reduction of the crude product nuxture from either the oxidation of the 

phenol with preformed 1 (Method C), or the in situ oxidation (Method D). Subsequent chromatograpluc 

separation easily resolved oxidized products from startmg phenol. In this fashion, phenol 2 was transformed 

into catechol 6, and 2-naphthol as converted into 1,2-dihydroxynaphthalene in modest isolated yields. I- 

Naphthol generated a mixture of the 1,2 diol and 1,4_naphthoquinone, the latter not being reduced by NaHS@ 

under these reaction conditions. Interestingly, 1,2-naphthoquinone could be produced quantitatively from 1,2- 

dihydroxynaphthalene by oxidation with 1 using Method A. Given the facile separation of diols, a m&l-step 

procedure (oxidation, reduction, separation and re-oxidation) provides a viable route to pure 1,2- 

naphthoquinone. A sun&r sequence should be preparatively useful for more comphcated analogs. 

With this background in hand, examination of the oxidation of thymol (lo), a more representative 

phenol, was judged to be feasible. Either oxidation method produced a mixture of products from which 

orthoquinone 117, paraquinone 12*, and the interesting cyclohexene-1,4-diones 13 and 149 were isolated. 

In addition, a significant amount of hydroxyquinone ~10 is formed with the in srtu method.11 The 

hypothesis that hydroqumone 16 might be the precursor of 13 and 14, was contramchcated by the observation 
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Table: Oxidatil n Reac ions 

naphthalene 

thymol(l0) 

16 

A 50% 5% 

B 9% 

A 

B 

Ortho 
diol 

32% 

48% 

(15%)b 

I Para 
quinone 

17% 

16% 

10 

23% 

77% 

(818)c 

Other 
products 

52% 4,5 (1:20) 

20% 5 

(8%) 5 
13% 9 

5% 13,5%14 

12%13,18%14, 

9% 15 

a Method A: reaction with 4 equiv of 1 in acetone. Method B: reaction of 0.5 mm01 of phenol and 6 g of 
NaHC03 in 25 n-L of acetone, 25 mL of CH2Cl2 and 50 mL of water with 1 O- 18 equiv of Gxone added in 
small nortions. Method C: Method A followed by reaction with 3 mL of satd NaHS03 solution for 10 min. 
Method D: Method B followed by separation of CH2Cl2 layer, concentration, and reaction with 10 mL, of satd 
NaHS03 solution for 2 hr. h NMR yield. c GC percentage. 

that 16 was cleanly oxidized to 12 by 1 using either oxidation method. Further study of this complex 

oxidation will obviously be required to unravel the details of the processes involved, especially the intriguing 

formation of diketones 13 and 14. 

Thus, in suitable cases, phenols can be converted directly to orthoquinones by 1. The corresponding 

orthod~ols are very efficiently oxidized by 1 to the same products. Raraquinones can also be produced by this 

oxidant, where this is possible. 3 Although a variety of oxidation methods are available for such 

transformations,t2 the convenience of using 1 suggests that this complementary methodology will find 

important applications. 
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