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Abstract. In a biomimetic transformation, the selective oxidation of catechol (2) to Z,Z-muconic acid (3) has been
achieved under extremely mld conditions using methyl(trifluoromethyl)dioxirane (1b) Both dioxirane 1b and
dimethyldioxirane (1a) have been applied to the oxidation of 2,6-di-zert-butylphenol (4), the product natures suggest the
icursion of radical pathways

THE oxidation mechanism of phenols and catechols 1s a topic of continuing nterest as a model reaction for oxygenase enzymes.1
In general, phenol oxidation 1s relatively facile and 1t can be carried out using a number of oxidants of widely varying
characteristics: 2 however, such processes are rarely selective, as they give rise often to quite complex mixtures of productsA2 With
regard to this problem, the opportunity for a new entry mnto selecttve oxidation of phenols has recently arisen by the mtroduction of
droxiranes R1R2CO, (1) m synthesis,3 n fact, these versatile oxidants are extremely efficient in yielding electrophilic O-atom

transfer to a variety of substrates, and yet are remarkably selective in their action.?

In a study on dioxirane oxyfunctionalization of aromatic hydrocarbons,4

we found that the highly reactive
methyl(trifluoromethylydioxirane (1 b)5 15 capable of bringing about the oxidative cleavage of benzene, yielding the stereomenc Z,Z-
and E,E- mucomc dialdehydes 1n ca. 35% yield. We found, however, that i this reaction other deep seated oxidations gave products
that could not be 1dentified Since these might be formed on passing through the sequential mono, di- and polyoxyfunctionalization
of the benzene moety, we deemed 1t desirable to explore the reactivity of dioxiranes toward phenols and diphenols. Our prehmnary
findings are reported herein. We have found that, using 1solated methyl(trifluoromethyl)dioxirane, the sefective conversion of

catechol (2) into Z,Z-mucomnic acid (3) can be achieved under exceptionally muld conditions and tn hugh yield (eq 1) 6
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Thus, this dioxirane-mediated transformation neatly mmics oxidative cleavage at C/ -C2 of catechol promoted by pyrocatechase
enzymes Thtis likely that cleavage of 2 by the powerful dioxnane 1b proceeds through intermediate oxidation products, such as its
semuquinone and/or 1,2-benzoquinone. In fact, the less powerful dimethyldioxirane (12)8 can cany out the oxidation of several
phenols to the o-quinone stage 9
Next. both dioxirane b and 1a m then 1solated form - 1 e., in 1,1,1-tnifluoropropanone (TFP) and acetone solution, respectively -
were employed n the oxidation of 2,6-d1-fert-butylphenol (4). This substiate, with both ortho positions blocked by bulky t-Bu
groups, was expected to yield product mixtures by far less complex than those normally anising from the oxidation of simple,
"unpiotected” phenols 29 Indeed, we found that the reactions ot the hindered phenol afforded quite manageable product muxtures
(eq2) 0
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Table I Oxidation ot 2 6-Di-ver:-butylphenol (4) by Methyl(tnifluoromethylydioxsrane (1b) and by Dimethyldioxirane (1a) “

Yield of Products (%€

Dioxwrane R T Reactn Conv Dimer  Hydroqum- Qunone Hydroxy-
DSy (0 tme (%) (8) one (5) (6) qumone (7)

HC, A

F3Crc\$ (1b) 12 0 7 min 20 —d 32 7 37
310 0 3mm 75 —d 12 15 60
40 4] Imm >96 —~d 4 24 70

HsC,

Hlk(i ) 30 0 40n B 4 —d 56 35
i 0 48h 37 4 _d 57 24
30 20 48 h 41 10 —d 47 338
30 28 48 h 35 13 —d 48 34

“ [n CHaCIo/TFP (oxidations with 16) or CH)CTo/acetone {oxidations with 1a) muxed sofvent composition from 20 80 to
50 50, solvents were purged with mert gas prior to use and reactions routinely run under nitrogen (or argon) gas blanket (unless
noted otherwise) ¥ Ratto of dioxtrane to substrate mitiaf concentrations < As determined {* Z%) by ge (SE 30 or OV {0[
30mx025um 1 d capillary column ) or ge/ms (Hewlen-Packard mod 5970 mass selective defector and mod  S890 gas
chromaagraptt yrekds ar. ased o the amo of sibsicas oot © <% ¢ coattion ranw & closed flask. oy wet g

0 2 ﬁ“ﬁi ::i

1a 'R 2R CH,
(w 'R=CF3 ZRJCHa) 5 6 8

Representative data aic colfected in Tabie I These show (enuy 1 to 3) that I is quute effective 1n performing oxyfunctionalization
of the phenol within extiemely sfiort reaction times  Using an appropriate oxidant 1o substiaie 1atio, the oxidation can be ditven to
practically complete conversion of the phenol, yielding 3-hydroxy-1,4-benzoquinone (7)1 Vs the major product Thiy
transformatron rmight provide access to important 3-hrydroxyquimones 12 At low sabstr ate corverssom (emiry 1) the reaction yields a
sigmficamt amoum of 2,6-ferf-butythydrogumone R Irkety precursor of 7 i fact, controt expermmenty reveated that § i
rapidly transformed into 7 (g ¢ yield ~90%) on treatment with 1sofated dioxirane Ib In parallel, 1t was venfied that 2.6-i-fer -

butyl-1 4-verzoquinone (&) W practically anrcacnve wowdrd isolated dioxrrane 10 (as well as oward ta) ander e grven

. Py - . - - 1 YEI_
conditions In view of the efficiency of dioxiranes 1 performing epoxidation of aromate hydiocarbons,™ enof ethers * ™ and
enolates.'® one needs nothing more complex than an imtial two-election O-atom transter by the diovirane to account for the

transformation ot hydioquinone $ mito triol 7°. hence mto hydroxyquinone 7 (eq 3) 17

OH OH OH o]
1 o =
H H
OH o}

5 7' 7

However, resuils pertaining to the oxidation of the same substiate by dimethyldioxnane [a (towth 1o seventh entries, Table I)
suggest that a more complex oxidation mechanism applics As expected.3’5 the less powertul dioxiane la bimgs about lower
conversions of the substrate during much longer reaction times However, a closer inspection of data in Table 1 reveals that, i
dimethyldioxirane (1a) oxidations, the two 'dead alley' oxidation products found when 1b 1s used (namely p-quinone 6 and its
hydioxy derivative 7) ate accompanied by appiectable amounts of the teta t-butyl subsututed 4,4'-dihydrosybipheny! 8 18
Formation of the latter, a dimer of 2,6-di-tes f-butylphenoxy 1adical (9,18b stongly suggests the incwision ot a radical pathway

Thus mught involve several steps and mtermediates, for mstance as m the simphfied sequence sketched m Chart 1
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The mechanism above finds precedents 1n the phenolic oxidation effected by oxazmdmes,19 and by one-electron oxidants.2

According to this working hypothess, the oxidation would be triggered by a preliminary one-electron transfer between the
hindered phenol and the dioxirane, the resulting phenoxy! caton-radical (9*) should readily loose a prmon.2 yielding caged phenoxy
radical 9 In-cage oxidation (step @) would yield hydroquinone 5 However, the phenoxy radical diffusing out of the solvent cage
would either dimerize to 8 (via 8', step @) or perform radical attack at the O-O bond of the oxidant (step ®), perhaps mvolving
protonated semiqumone 10 The latter might become further oxidized to quinone 6 (step ®), o1 dispropot tionate (step @) to yield 6
and 5§ (which would then proceed to 7) Then, the actual product distiibution would reflect competition among the various steps, and
depend upon reaction conditions and oxidant structure For instance, methyl(trifluoromethylydioxirane (1b) 1s likely to be more
effective than 1ts dimethy! analogue in captuning cage-escaped phenoxy radicals before they dimerize

Concerning this, 1t 1s 1nteresting that the oxidation of phenol 4 by dimethyldioxirane (1a) generated 1 s:tu8¢ from acetone and
excess peroxymonosulfate HOOSO3" yields proportions of quinone 6 over hydroxyquinone 7 n excess of 4 1 , 1.e significantly
larger than those observed with isolated 1a (cf, Table I), also, less than 2% dimer 1s detected n this case It 15 possible that, with
the 1 s1n method, dilution and excess peroxide renders dimerizauon of phenoxy radical 9 unfavored with respect to 1ts oxidation

On the other hand, that dioxiranes are capable of radical oxidation of phenols 1s reinforced by additional observations, for mstance,
we find that 2.4,6-tri-tes -butylphenol (11) (a hindered phenol presenung also the para position blocked) on ticatment with
dioxnane 1a i sifu gives 2,6-di-tert-butyl-1,4-benzoquinone (6) (yield ca 48%), although this reaction 1s rather slow (1¢, ~12%
conversion duiing 24 h) The same transfoimation was observed to occur much faster (30 min) using 1solated dioxirane 1b
Of course, oxidative para-dealkylation of 11 1s typical of one-electron oxygenations, as catalysed by Coll, Mnll complexes20 and
other transition-metal spe01es.2

The formation of phenoxy radrcals (9) via phenoxyl cation-radicals (9') raises the question of the fate of bisoxy radical-anions 1'
not participating to the cage process (steps @ + @, Chart I) Recent results seem to indicate that radical 1ons 1' generated from

dioxirane 1b and suitable donots might yield TFP (the patent ketone) and superoxide 1on O»"* by a bimolecular pmcess.2“1

Theiefore, further studies are warranted in order to untavel these and other impottant aspects of radical reactivity of dioxranes.?!
Suffice 1t to say that, in the system at hand, generation of superoxide should be ummportant, 1n fact, had this oxidant been
generated mn any significant amount, one might have expected 1t to react with quinone 6 to yield the corresponding epoxide 22 Ty

product was not detected
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