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Abstract. In a blomlmetlc transformatmn, the selechve oxldatmn of catechol (2) to Z.Z-mucons acid (3) has been 
achieved under extremely mild condltmns using methyI(nlfluoromethyl)dioxuane (1 b) Both dmxrrane 1 b and 
dnnethyldmxmxne (la) have bee” apphed to the oxldatlon of 2,6-dl-rert-butylphenol (4), the product natures suggest the 
~ncur~,on of radical pathways 

THE oxtdatton mechamsm of phenols and catechols is a toptc of contmumg mterest as a model reactton for oxygenase enzymes.’ 

In geneta1, phenol oxidation IS relattvely facile and tt can be catrted out usmg a number of oxidants of wtdely varymg 

chsractertsttcs:2 however, such processes are rarely selecnve, as they gtve rtse often to qune complex mixtures of products2 With 

regard to thts problem, the opporhnnty for a new entry mto selective oxtdanon of phenols has recently artsen by the mtroducuon of 

dtoxtranes R1R2C02 (I) m synthesis,3 m fact, these versatde oxtdants are extremely efftctent in yreldmg electrophrhc O-atom 

transfer to a vartety of substrates, and yet are remarkably selecttve m then acuon.3 

In a study on droxnane oxyfunctronahzatton of aromattc hydrocarbons4 we found that the highly reactive 

methyI(trtfluoromethyI)dtoxnane (I b)5 IS capable of brmgmg about the oxrdanve cleavage of benzene, yteldmg me stereornenc ZZ- 

and EE- mucomc draldehydes m ca. 35% yteld. We found, however, that m thts reacnon other deep seated oxidations gave products 

that could not be tdentdied Smce these mtght be formed on passmg through the sequential mono, dl- and polyoxyfuncuonahzation 

of the benzene moiety, we deemed tt desnable to explore the reactivity of dtoxnanes toward phenols and dtphenols. Our prehmmaty 

fmdmgs are reported herem. We have found that, usmg Isolated methyI(trtfluoromethyI)dtoxtrane, the selecnve converston of 

catechol (2) mto ZZ-mucomc actd (3) can be achieved under exceptionally mtld condmons and m htgh yteld (eq 1) 6 
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Thus, this dtoxtrane-medtated transformanon neatly mrmtcs oxtdanve cleavage at Cl-C2 of catechol promoted by pyrocatechase 

enzymes 7 It IS hkely that cleavage of 2 by the powerful dloxnane lb proceeds through mtennedtate oxtdatron products, such as its 

semlqumone and/or 1,2-benzoqumone. In fact, the less powerful dimethyldtoxnane (la)’ can cany out the oxtdauon of several 

phenols to the o-qumone stage ’ 

Next. both dtoxtrane lb and la m then tso1ate.d form - I e., m I,I,l-tnfluoropropanone (TPP) and acetone soluhon, respecttvely - 

were employed m the oxtdanon of 2,6-dt-ferl-butylphenol (4). Thts substrate. wtth both orrho posmons blocked by bulky t-Bu 

groups, was expected to yteld product mtxtures by far less complex than those normally rutsmg from the oxtdanon of simple, 

“unprotected” phenols 2Sg Indeed, we found that the reacttons of me hmdeted phenol afforded qune manageable product rmxtnres 

(eq 2) lo 
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Yield of Producls (%iC 

&)b (& 
Reactn Conv Duller Hydroqum- Qumonc Hydroxy- 
tune (96)’ (8) one (5) (6) q”m**E (7) 

5 6 7 8 

5 7’ 7 

However. results pertammg to the oxlddtlon of the same subsuatc by dtmethyktloxnane ta (10~1th to sevemb entries, Table I) 

suggest that a mote complex oxldatlon mechamsm applies As expected.3-5 the les\ powertul dloxuanc la blmgs about lower 

conversions of the substrate dung much longer reactIon tmc\ Howcvcr, a closer mspeition of data m Table 1 reveals that. m 

dmwthyldloxlrane (la) “xldaaonr, the tao ‘dead alley’ oxtddtlon products found uhcn 1 b IS wed (n,uncly p-qumone 6 and 11s 

hydloxy dertvatwe 7) ale accompanred by appleuable ~~“unts “1 the tetia t-butyl subcututcd 4.4’-drhqdrohyblphenyl 8 IS 

Formatton of the latta. a dlmer of 2,h-dl-tcrr-butylphenoxy ladlcal (9),lxh strongly suggcw the mcws~ori of d radical pdthway 

This might mvolve scvelal steps and mtemmcdlatcs. for mstance ZD m the ?lmplifitd sequcncc &etched m Clxut I 
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Chart I 

6 10 6 5 

The mechamsm above finds precedents m the phenohc oxldatlon effected by oxazmdmes,19 and by one-electron oxidants.* 

Accmdmg to this workmg hypotheses, the oxldatlon would be triggered by a prehmmary one-electron transfer between the 

hmdered phenol and the dioxaxne, the resultmg phenoxyl cauon-radical (9’) should readdy loose a proton.* yleldmg caged phenoxy 

radxal9 In-cage oxidatton (step 0) would yteld hydroqumone 5 However, the phenoxy radical dtffosmng out of the solvent cage 

would elthel dlmetxe to 8 (wa S’, step @I) or perform radical attack at the O-O bond of the oxldsnt (step a), perhaps mvolvmg 

protonated semtqumone 10 The latter nught become further oxtdtaed to qumone 6 (step a,), 01 dlspropmttonate (step 0) to yield 6 

and 5 (which would then proceed to 7) Then, the actual product dlshlbutlon would reflect competmon among the vxtoos steps, and 

depend upon reaction condtttons and oxidant structure For Instance, methyl(tr~fluoromethyl)d~oxuane (lb) IS hkely to be more 

effectwe than Its danethyl analogue m captwng cageescaped phenoxy radicals before they duneme 

Concerning thus, It IS mterestmg that the oxidation of phenol 4 by dlmethyldloxrrane (la) generated ut sr& from acetone and 

excess peroxymonosulfate HOOS03- yields proportions of qumone 6 over hydroxyqumone 7 m excess of 4 1 , 1.e stgmflcsntly 

larger than those observed with Isolated la (cf , Table I), also, less than 2% dlmer LS detected m 011s case It IS possible that, wtth 

the ut SI/II method, dllutlon and excess peroxIde renders dmxmzauon of phenoxy raduJ 9 unfavored wth respect to Its oxldatlon 

On the other hand. that dloxtranes are capable of radtcal oxldatlon of phenols IS remforced by addmona observattons, for mstance, 

we find that 2.4,6-UI-tert-butylphenol (11) (a hmdered phenol presentmg also the para posmon blocked) on treatment wtth 

dloxaane la IN slfu gwes 2,6-dt-ferf-butyl-1,4-benzoqumone (6) (yield ca 48%), although this reactton 1s rather slow ( 1 e , -12% 

conversion dmmg 24 h) The same hansfoimatlon was observed to occur much faster (30 mm) usmg Isolated dloxxane lb 

Of course, oxldatwe para-dealkylatlon of 11 IS typlcal of one-electxon oxygenations, as catalysed by Corl, MnlI1 complexes*’ and 

other aansmon-metal species.* 

The fotmatlon of phenoxy radtcals (9) vta phenoxyl canon-radxals (9’) ratses the questton of the fate of btsoxy radtcal-antons 1’ 

not pamctpatmg to the cage process (steps 0 + 0, Chart I) Recent results seem to mdtcate that radical ions 1’ generated from 

dloxuane lb and soltable donors might yteld TFP (the pruent ketone) and superoxlde Ion 02-’ by a btmolecular process.21a 

Therefore, futher studies are warranted m order to umavel these and other onpottant aspects of radtcal reactwlty of dloxxaoes.*’ 

Suffice It to say that, m the system at hand, generatton of supeloxlde should be ummportant, In fact, had thts oxtdant been 

generated m any slgmficant amount, one might have expected It to react wth qomone 6 to yield the corresponding epoxlde ** This 

product was not detected 
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