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Abstract: Oxidation of 4-alkylphenols 1 by 1-(tert-butylperoxy)-1,2-benziodoxol-3(lH)-one (2) in 
the presence of tert-butyl hydroperoxide affords selectively 4-(tert-butylperoxy).2,5-cyclohexadien- 
1-ones 3 in good yields. Evidence for the involvement of free-radicals is reported. 
© 1997 Elsevier Science Ltd. 

Free-radical oxidation of phenols has been extensively studied to elucidate the modes of action of phenolic 
substances in inhibiting autoxidation and olefin polymerization, and the role of this type of reaction in the 
biogenesis of biologically important compounds such as lignins and alkaloids. 1 In general, the reactions afford 
a multitude of products as a result of inter- or intramolecular radical-radical coupling between two carbon centers 
or between an oxygen atom and a carbon atom. 

Alkylperoxy radicals or their equivalent species generated by the transition metal-catalyzed decomposition 
of hydroperoxides or by the thermal decomposition of compounds such as ct,cd-azobis(isobutyronitrile) in the 
presence of dioxygen, the so-called autoxidation, undergo oxidation of 4-alkylphenols to give 
4-alkylperoxycyclohexadienones. 2 In the elegant study of Murahashi and his coworkers, 4-alkylperoxy- 
cyclohexadienones have been shown to be valuable intermediates for preparing 2-substituted benzoquinones 
through their Lewis acid-promoted rearrangements. 2a Recently, we found that 1-(tert-butylperoxy)-l,2- 
benziodoxol-3(1H)-one (2) undergoes homolytic cleavage of the hypervalent t -BuOO-I(I I I )  bond at room 
temperature to generate a tert-butylperoxy radical and a ~-iodanyl radical, which act as an efficient radical 
oxidant for oxidation of  benzylic and allylic C - H  bonds.3, 4 We report herein selective radical oxidation of 
4-alkylphenols 1 by the tert-butylperoxyiodane 2 in the presence of t-BuOOH yielding 4-(tert-butylperoxy)- 
2,5-cyclohexadien-1-ones 3 under mild conditions in good yields. 
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The results shown in Figures 1 and 2 indicate that both the peroxyiodane 2 (1.2 equiv) and t-BuOOH (6 
equiv) are required for effective oxidation ofp-methylphenol ( la )  to (tert-butylperoxy)cyclohexadienone 3a in 
benzene at 50 0(2. The oxidation in ethyl acetate resulted in formation of a comparable yield of 3a, while use of 
dichloromethane, acetonitrile, or hexane as a solvent gave poor results. The dioxygen was observed to have no 
effect on the rates of this oxidation and the product yields. 5 The sn'ucture of 3a was determined by comparison 
with an authentic sample prepared by chromium(Vl)-catalyzed oxidation of l a  with t-BuOOH. 2c The results of 
phenolic oxidation with the (tert-butylperoxy)iodane 2 and t-BuOOH in ethyl acetate are summarized in Table 
1. The attempted synthesis of 4-(tert-butylperoxy)-4-methoxycyclohexadienones by heteropolyacid-catalyzed 
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Figure 1. Plots of GC yields of 3a vs. amounts of t-BuOOH 
for the oxidation of la: 2 (1.2 equiv)/benzene/50 °C. 
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F i g u r e  2. Plots of GC yields of 3a vs. amounts of 2 for 
the oxidation of la: I-BuOOH (6 equiv)/benzene/50 °C. 

oxidation of p-methoxyphenols with t-BuOOH has been reported to result in exclusive formation of 
p-benzoquinones via their elimination. 6 It is, therefore, to be noted that oxidation of I f with 2 and t-BuOOH 
afforded the desired 4-methoxycyclohexadienone 3 f in a reasonable yield, indicating mildness of the reaction 
conditions (Table 1, entry 6). Methyl podocarpate 11 and I~-estradiol 17-acetate I m gave rise to a mixture of 
diastereoisomers. 

Hypervalent organoiodanes have been shown to be useful for oxidation of phenols, and it is generally 
accepted that the reactions proceed by an ionic mechanism via the formation of some electrophilic reactive 
intermediates. 7-9 In marked contrast, the radical nature of this phenol oxidation by the peroxyiodane 2 was 
substantiated by inhibition of the reaction with the added radical scavenger;, thus, treatment of l a  with 2 and 
t-BuOOH in ethyl acetate in the presence of galvinoxyl (1.2 equiv) at 50 °C resulted in formation of the dienone 
3a in less than 5% yield, and more than 92% of the phenol la  was recovered unchanged (Compare the result 
with Table 1, entry 1). The intermediacy of free-radicals in this oxidation was further supported by isolation of 
a 1:1 mixture of diastereoisomers of 4-(tert-butylperoxy)cyclohexadienone dimer 510 in the reaction of 
p-methylphenol (la) with 2 and t-BuOOH, albeit in low yield (less than 4%). This dimer 5 is probably 
produced by simple o,o-coupling of l a  yielding 2,2'-dihydroxy-5,5'-dimethyldiphenyl 4, followed by further 
oxidative dearomatization. In fact, reaction of biphenol 4 with 2 and t-BuOOH afforded the dimer 5 in 35% 
yield. This type of o,o-coupling of l a  yielding the biphenol 4 is well precedented in the radical reactions using 
transition metal oxidants. 1 Furthermore, both the formation of 4-(tert-butylperoxy)cyclohexadienone dimers in 
the cobalt-catalyzed radical oxidations of 2,4-di-tert-butylphenol with t-BuOOH and the effective oxidation of 
biphenols to 4-(tert-butylperoxy)cyclohexadienone dimers with tert-butylperoxy radical have been reported. 2e 

The peroxyiodane 2 decomposes even at room temperature via homolytic bond cleavage of the weak 
iodine(III)-peroxy bond generating the I9-I-2] iodanyl radical and tert-butylperoxy radical. 3 These radicals 
would be responsible for the oxidation of 4-alkylphenols 1 to 4-(tert-butylperoxy)cyclohexadienones 3. 
Hydrogen abstraction from phenols 1 by the iodanyl radical and/or tert-butylperoxy radical results in the 
formation of the resonance-stabilized phenoxy radicals. 11 The iodanyl radical could also abstract hydrogen of 
t-BuOOH generating the tert-butylperoxy radical. Coupling of the phenoxy radicals with the tert-butylperoxy 
radical is very fast ilb and gives the cyclohexadienones 3. 2h,i 

O H O H 2 (2.4 equiv) M ~ ~ ~ , ,  ~ I  e~OOfBu MemO t-BuOOH (12 equiv). 
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T a b l e  1 Oxidation of  Phenols I to 4-(tert-Butylperoxy)cyclohexadienones 3 with tert-Butylperoxyiodane 2 

and t-BuOOH a 

Entry Phenol 1 Time/h Dienone 3 Yieldb/% 

1 l a  R = Me 3.5 3a  58 (81) c 

2 OH l b  R = i-Pr 5 Q 3 b  53 / 

90 3 ~ l c  R = t-Bu 5 3 e  53 

4 ~ l d  R = CH2Ph 9 3 d  59 

5 R l e  R = P h  6 OIBu 3 e  23 d 

6 I f  R = MeO 11 3 f  41 e 

OH 0 
I J t  

7 [ ~  1 g 5.5 f ' ~  3 g 70 

M M 
O/flu 

/-Pr 
° "  

~i/ 
tB u tBu 

8 l h  5 3h  61 

Me OOtBu 
Me 
OH O 

t -eu .~ /Bu t-Bu . . ~  ~/Bu 
9 l i  8.5 3i 85 

Me OOtBu 
Me 

10 l j  6 3j  65 OOtBu 

11 l k  4 3k  68 
OOtBu 

OH 0 

  oo.u 
12 I I  5 : ~  17.t - 3If  56 

Md C02Me 
.~Ac M e OAc 

13 HO" v v l m  6 O ~  ~"~ 3mg 63 

a All the reactions were run with phenols 1 (1 equiv), tert-butylperoxyiodane 2 (1.2 equiv), and tert-butyl hydro~roxide (6 
equiv) in ethyl acetate at 50 °C under an atmosphere, b Isolated yields, c GC yields, d 1 e (10%) was recovered, e 1 f (20%) 
was recovexed, f A 51:49 mixture of diasteteoisomcrs, g A 62:38 mixture of diastereoisomers. 
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