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The way in which a-hydroperoxyketones decompose is a topic of current interest.! A relevant
example is the oxygenation of the enol tautomer of p-hydroxyphenylpyruvic acid (lg).2 The un-
stable a-hydroperoxyketo acid (2a) is formed, which promptly decomposes to p-hydroxybenzaldehyde
(3a). Although the keto function in 2a is prone to attack by nucleophiles, the cyclization to the
dioxetanol (4a) is not spontaneous and only occurs under basic, non-nucleophilic conditions. When
hydroxylic solvents (R'OH) are present, they add preferentially to the keto function, giving the
tetrahedral intermediate 5a, which subsequently cleaves fo aldehyde 3a and oxalic acid or its
ester 6. In non-nucleophilic media, fragmentation of 2a predominates, the oxides of carbon being
formed together with 3a in an unspecified mechanism. We now report on the oxygenation of the
enolic ester 1b.® The results amplify our previous observations and permit a clarification of the
process of decarbonylation and decarboxylation.

Photo-oxygenation of 1b furnishes an aromatic fragment, p-methoxybenzaldehyde (3b) and the
product of its further oxidation, the acid 1.“ The rest of the molecule either simply breaks off
as monomethyl oxalate (6) or fissures to the oxides of carbon (CO and C0,) and presumable methanol
(entry 1, Table). Dark oxygenation, under weakly basic, but essentially aqueous conditions,
results in neat cleavage to aldehyde 3b and monomethyl oxalate 6 (entry 2). Dark oxygenation in
methanol, under stronger basic conditions, also results in cleavage, accompanied by further
oxidation of 3b to 7, giving exclusively dimethyl oxalate 8 (entry 3). Lastly, dark oxygenation
in the presence of a strong bulky base, potassium ¢-butoxide, gives a spread of products, roughly

the same as that seen on photo-oxygenation (entry 4).
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Table. Products Arising from the Oxygenation of Methyl p-Methoxypyruvate (1b)

Entry Conditions?® Aromatic Products® Oxalate Esters? Gaseous Products®

3b 7 6 8 co co,
1 MB/CH,CN 80 20 50 - 32 52
2 Buffer, pH 7.5 100 - 85 - - -
3 MeONa/MeOH 68 32 - 100 - d
4 tBuOK/DMSO 56 44 16 - 53 d

%Reactions were carried out by passing oxygen continuously through solutions
containing 5.5 mmol of 1b. Irradiation with visible Tight of 10~3M of methylene
blue (MB) in 50 m1 of CH;CN at -20° for 6 hrs (entry 1). Dark reactions in 0.2
M sodium borate buffer at pH 7.5 at 0° for 48 hrs (entry 2); in 50 ml of
methanol containing 55 mmol MeONa for 48 hrs (entry 3) and 50 ml DMSO containing
55 mmol ¢BuOK at 16° for 48 hrs (entry 4).

inelds estimated by GLC? of reaction mixtures after acidification with dry HC1
where necessary, followed by evaporation and treatment with bis-(trimethylsilyl)-
acetamide. Structures isolated by HPLC and subsequently identified by comparison
with authentic samples.

°Absolute yields.2 Both gases were identified by IR analysis.

dCarbon dioxide could not be determined.

OH 0-0H
RO @cmé RO -@éﬂ-cocozk RO -@-w:e
éozk
1 2 3
0—0 0-OH '
RO—QCIIH-J:—COZR Ro@éﬂ-c-cozk +3 4+ R'0,C-COR
(I)H R'O \o' 6, R'=H, R=CH,
4 5 8, R'=R=CH,
a, R=H b, R=CH,
0—0 0-0~
l | I + 4
cm-@-co,n cm@—cu\ /c=0 « cu,o—<;>—cn-cocozcu3



No. 38 3587

Although no intermediates could be isolated, the products of oxygenation are nicely ration-
alized in terms of the o-hydroperoxyketo ester gg.s Dye-sensitized oxygenation of 1b produces
2b by either an ene-type or a free radical reaction.® At the same time, [2+2] addition of
singlet oxygen gives the dioxetanol (4b) (entry 1).7 Cleavage of the latter will account for
monomethy] oxalate (6). The formation of the oxides of carbon means that 2b must initially lose
a molecule of methanol under these conditions. In the absence of alternative exp]anations,8
cyclization is most likely to give the peroxylactone (9). Fragmentation of 9 should be instant-
aneous, liberating aldehyde (3b) and the oxides of carbon.

Oxygenation in the dark (entries 2-4) gives only the a-hydroperoxyketo ester (2b), presum-
ably by a free radical process.? In water (entry 2) and basic methanol (entry 3), 2b is attacked
at the ketone function to give the hydroxy and methoxy tetrahedral intermediates 5b (R'=H and
CH;), which give respectively, on cleavage, monomethyl and dimethyl oxalates.® p-Methoxybenzal-
dehyde (3b), the other product, is oxidized under the alkaline conditions to the benzoic acid 7
(entry 3).

Finally, ¢-butoxide anion (entry 4), on account of its size, cannot attack the ketone
function (no ¢-butyl oxalate was detected), but removes instead a proton from the a-hydroperoxy
group. The resulting anion 10 now has the option of attacking either ester or ketone functions.
Consequently, cyclization yields peroxylactone (9) and dioxetanol (4b). Fragmentation and
simple scission of these generate carbon oxides and monomethyl oxalate (6), respectively.

The findings are significant in several respects. Firstly, they provide the second indirect
instance of the intermediacy of a-keto-g-peroxylactones which are unknown as stable entities.!®
Such compounds are expected to be more unstable than g-peroxylactones which lose carbon dioxide
on heating.!® Secondly, the decomposition of 9 constitutes a mechanistic analogy for the
reaction of ketonic five-membered cyclic peroxides, which undergo decarbonylation liberating
two carbonyl units.!2?!%®  Lastly, the body of oxygenation experiments!* carried out on 3-hydroxy-
flavones, such as quercetin, which resembles 1b, can be rationalized in terms of four and five-
membered ring peroxides exemplified by 4b and 9. The apparent inconsistencies noted between
different experiments can be reconciled by our finding that product composition depends on the

conditions, viz. inert vs. hydroxylic solvents and the nature of the base.
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