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We wish to report on the products and mechanism of the reaction of dialkyl aroyl-
phosphonates with perbenzoic acid. The conversion of such a - ketophosphonates to dinitro-
phenylhydrazones (4) on the one hand, and their facile hydrolysis to carboxylic acids and dialkyl
phosphite (4) on the other, evidence their dual character as ketones and as acylating (rather
than phosphorylating) agents. Consequently, the reaction of perbenzoic acid with diethyl
benzoylphosphonate might, a priori, be expected to proceed either by path i) to yield diethyl
benzoyl phosphate and/or diethyl phenoxycarbonylphosphonate, the products of a Baeyer-Villiger

type rearrangement; or by path ii) to yield benzoyl peroxide and diethyl phosphite.(See Scheme 1).
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In fact, diethyl aroylphosphonates were found to react with perbenzoic acid exclusively,
or almost exclusively, by path i) with migration of the diethoxyphosphonyl group, yielding diethyl

aroyl phosphates.
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Diethyl benzoylphosphonate (Ia) (5), diethyl p-fluorobenzoylphosphonate (6) (Ib, bp

x 1.4992, 2,4-dinitrophenylhydrazone mp 1920), diethyl m-chlorobenzoylphosphonate (6)

ISOO/Imm, n,
(Ic, bp 127°/0.4mm, nD22 1.5346, 2,4-dinitrophenylhydrazone mp 1560) and diethyl p-methoxybenzoyl-
pnospnonate (14} (&) were preparek 'oy Tne reactiom of trietny: pnospnite with Tne aroyi cinroride
(4). Solutions of Ia-d, both in ethyl acetate and in benzene were reacted with 1.05 molar amount
of perbenzoic acid in the dark for 13-16 days at ambient temperatures, or for 3-S5 days at 320,
till at least 85% of the u- ketophosphonate was consumed. Chromatographic separation of the
products on sitica gel permitted the isolation of 70-85% yields of diethyt aroyl phosphates (7}
I.a-d, respectivelx; 2-4% aroyl benzoyl peroxides (10) IIIa-d, respectively; 2-6% ethyl
benzoate; 10-20% aroyil benzoyl anhydrides (Iij IVa-d, respectively; and diethyl phosphate
(Scheme 2).
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No evidence for the formation of diethyl phenoxycarbonylphosphonate could be found in any
of the experiments, nor were phenols detectable in the acid or base hydrolysis products of the
total reaction mixtures. Following the progress of the réaction by infra-red spectroscopy and
thin layer chromatography, it was established that the primary products are Ila-d and that the
anhydrides IVa-d (and diethyl phosphate) are formed subsequently, presumably by reaction iv.

Upon prolonged standing of the reaction mixtures, compounds of type II are completely converted to
anhydrides of type IV. The diaroyl peroxides III are the products of the reaction of perbenzoic

acid either with II or with I (reaction type ii) Scheme 1).
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The following control experiments bear on the mechanism of reaction iii). The reaction
of Ia with m-chloroperbenzoic acid gave IIa and no Ilc. Benzoyl peroxide did not react with
diethyl phosphite, either in the presence or absence of benzoic acid, under the conditions of
reaction iii). No IIa was formed when a mixture of Ia and diethyl phosphate was kept under the
conditions of reaction iii) either in the presence or absence of benzoic acid. Reaction of

carbonyl-O18 labeled Ia (2,48 atom % excess 018) with normal perbenzoic acid yielded labeled Ila

which, upon treatment with aniline gave 018 018

labeled benzanilide (2.00 atom % excess )} and
diethyl phosphate. The latter, isolated as its benzylthiouronium salt (9), was essentially devoid
of label (0.04 atom % excess 018 calc. for all of the excess isotope in one position) (12).

Diethyl benzylphosphonate did not react with perbenzoic acid under the conditions of reaction iii).

These results indicate that reaction iii) is, in fact, a Baeyer-Villiger rearrangement
(13). If we assume the cationic mechanism (13) of the normal Baeyer-Villiger to be valid for
reaction iii), then the latter constitutes the first reported migration of a phosphonate function
to an electron deficient oxygen (14). It is noteworthy that in this case the migration aptitude

of the diethoxyphosphonyl group has been shown to greatly exceed even that of the p-methoxyphenyl

group, and we suggest that the pertinent transition state is stabilized by dr - prv bonding involving
overlap of the occupied 'non-bonding" p-orbital of the oxygen, which is the migration terminus,

with a d orbital of the phosphorous.
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The structures of IIa-d were confirmed by their infrared and pmr spectra, their elemental
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