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The decarboxylation of g-ketocarboxylic acids is a
well-known reaction of synthetic? and mechanistic3
interest. The reaction has received considerable
kinetic study* and studies on its solvent dependence
suggest that the reaction proceeds via an internally
hydrogen-bonded transition state.® It has been pro-
posed that B-ketosulfonamides, generated in situ by
oxidation of 3-hydroxysulfoamides, decompose in an
analogous fashion, although the intermediate keto com-
pound has not been isolated.® A decomposition re-
action of B-ketophosphonic acids by a similar route
would be expected to lead to the initial production of
the postulated (but never observed) species, monomeric
metaphosphate,” and residual ketone. In neutral
aqueous solution at room temperature, spontaneous
decomposition of protonated g-ketophosphonic acids is
not observed,® whereas protonated B-ketocarboxylic
acids are readily decarboxylated.* We have examined
the thermal lability of the monosodium salt of acetonyl-
phosphonic acid (1) and of its methyl ester (2) in
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order to determine if conversion to metaphosphate and
ketone (eq 1) can be brought about if more extreme
conditions than those required for the analogous
decarboxylation reaction are employed.
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Experimental Section

The dimethyl ester of acetonylphosphonate can be con-
veniently prepared by published procedures.t®1 Dimethyl
acetonylphosphonate was converted to the monosodium salt
of methyl acetonylphosphonate (2) by refluxing in acetone with
a twofold excess of sodium iodide. The white precipitate was
isolated by filtration and was recrystallized from ethanol to
which ether was added, needles, mp 181-182°. Anal. Caled
for C.HsO,PNa: C, 27.60; H, 4.63; P, 17.79. Found: C,
27.62; H, 4.64; P, 17.95. The sodium salt of acetonylphos-
phonic acid (1) was prepared as reported from the monomethyl
ester.®

Studies of the thermal decomposition of these compounds
were performed utilizing a bulb-to-bulb distillation apparatus
under high vacuum, in order to permit the quantitative isolation
of products. Acetonylphosphonic acid monosodium salt (0.30 g)
was placed in one arm of the apparatus and, after pressure was
below 0.1 Torr, heat was applied with an oil bath; the other arm
of the apparatus was cooled in liquid nitrogen. Decomposition
of the compound occurs at its melting point (146°) and heating
to 150° was required to affect complete conversion. The material
in the liquid nitrogen cooled arm was readily identified by its
physical properties as being acetone; the isolated yield of acetone
was 0.11 g (90%). The residue in the heated arm (0.18 g) was a
high-melting white powder whose infrared spectrum was identical
with that reported by Corbridge and Lowe' for (NaPO;),,
polymetaphosphate glass. Heating the sodium salt of the mono-
methyl ester of acetonylphosphonate to 185° (above its melting
point) did not lead to the salt’s decomposition.

Discussion

The reaction proposed in eq 1 (or its intermolecular
counterpart) appears to be operative under the con-
ditions studied (150°, no solvent) for 1. The mono-
methyl ester of the phosphonate 2 is stable under con-
ditions which lead to the immediate decomposition of
the parent salt. Therefore, the availability of the
proton of the phosphonic acid appears to be a require-
ment for the decomposition reaction; methyl transfer
does not occur, This conforms with (but does not
necessarily require) the mechanism in eq 1. The fact
that the polymer of metaphosphate (rather than the
elusive monomer or a lower oligomer!?) is isolated is
presumably a result of the reactive monomeric anion
being produced under the conditions of high tempera-
ture necessary for the decomposition.

The thermal decomposition reaction of gG-keto-
phosphonates is potentially of synthetic utility where
the stability of the phosphonate relative to a carboxyl-
ate may be of value in an acetoacetic ester type
synthesis.!* The enolate of the phosphonate diester is
a well-studied species® which should be readily alkyl-
ated.'®* Ketones containing an a-halo substituent can
be converted to S-ketophosphonate compounds by the
Arbusov or related reactions't involving addition of a
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phosphite to a “positive carbon atom’ adjacent to the
carbonyl function. Carboxylation reactions generally
require proceeding va the a-keto carbanion. The
differences in polarity of precursor species to the
phosphonate and carboxylate, respectively, should be
of utility for specific synthetic strategies.
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Heterogeneous hydrogenation of peroxides using
various metal systems is well known.! The fact that
nearly quantitative yields of aleohols are obtained with-
out apparent secondary radical reactions such as 8
scission suggest either concerted cis addition of hydro-
gen or a very rapid sequential reaction which does not
allow the escape of free alkoxy radicals, We now wish
to report the induced decomposition of di-teri-butyl
peroxide in a chlorotris(triphenylphosphine)rhodium-
(I)/hydrogen homogeneous system.

Hydrogenation of di-tert-butyl peroxide using chloro-
tris(triphenylphosphine)rhodium(I) in benzene solution
yielded tert-butyl aleohol and acetone. The reaction
is first order in catalyst, first order in peroxide (Figure
1), zero order in hydrogen pressure, and inversely pro-
portional to added triphenylphosphine above a 1:1
weight ratio based on catalyst. It can be seen in Table
I that only simple phosphine-rhodium (or ruthenium)
halide systems are effective. Uncatalyzed reactions

TasLe I

Errect oF VARIOUS CATALYST SYSTEMS ON
SELECTIVITY TO tert-BUTYL ALCOHOL®

% reacted Yield tert-butyl
di-tert-butyl alcohol based on
peroxide reacted peroxide®
Registry no. Catalyst? (conversion) (selectivity)
14694-95-2 L;RhCl 29 58
14973-89-8 L;RhBr 53 59
18284-36-1 L.RhH 2
13938-04-8 L,(CO)RhCI 1
20097-11-4 Ly(NO)RKhCl, 1
15529-49-4 L:RuCl, 23 61

¢ Data for 0.043 mmol of catalyst, 20 mg of PhsP, 5.4 mmol of
di-tert-butyl peroxide, 30 ml of benzene, 600 psig of hydrogen,
120°, and 1 hr reaction time. ®L = triphenylphosphine.
¢ Remainder was converted to acetone.

(1) For discussion and references see P. N. Rylander, '‘Catalytic Hy-
drogenation over Platinium Metals,”” Academic Press, New York, N. Y.,
1967, p 489.

NoTes

under identical conditions (but no catalyst or catalyst
but no hydrogen) show only trace (1-3%) peroxide de-
composition. Introduection of either radical-stabilizing
solvents or effective hydrogen-transfer agents resulted
in increased selectivity to tert-butyl alecohol (Table II).

TaBLe IT

EFFECT OF VARIOUS ADDITIVES ON
SELECTIVITY TO fert-BuTyL ALcoHOL®

% reaocted Yield teré-butyl
di-tert-butyl alcohol based on
peroxide reacted peroxide’
Additive g (conversion) (selectivity)
Tetralin 1.0 80 94
Phenol 1.0 9 100
m~Cresol 0.5 85 99
Tonole 0. 57 86

¢ Data for 0.043 mmol of (PhsP)RhCl, 20 mg of PhP, 5.4
mmol of di-tert-butyl peroxide, 30 ml of benzene, 600 psig of
hydrogen, 120°, and 1 hr reaction time. ® Remainder converted
to acetone. ° 2,6-Di~tert-butyl-4-methylphenol.

Of the additives tested, m-cresol appeared to be the best
from the standpoint of reaction rate and selectivity.
Quantitative measurements indicate that m-cresol
was not destroyed in the reaction.

A mechanism which involves no induced decomposi-
tion and only simple abstraction of rhodium hydrogen
seems unlikely because (1) the rate of peroxide decom-

A
(CH;)COOC(CH;); —> 2(CH,),CO- 1)
MH
(CH;)CO: —> (CH;):;COH 2)
(CH;3)%CO. —» CH;COCH; + CH;- 3)

position is rapid relative to identical metal-free systems
and (2) the rate of disappearance of peroxide is pro-
portional to catalyst concentration, while the selec-
tivity to tert-butyl aleohol is independent of catalyst

HRh (complex) + (CH;);COOC(CH;); —>
(CH;3)COH + (CH:)CO- 4+ Rh (complex) (4)

concentration. We suggest that a rhodium~hydrogen
complex leads to the induced decomposition of peroxide
resulting in the formation of free radicals. It should
be noted that not all of the rhodium complexes in
Table I induce peroxide decomposition. This might
be explained by analogy to olefin hydrogenation activity
in which these complexes exhibit diverse activity.? The
inverse dependence on triphenylphosphine might be
explained by loss of a triphenylphosphine moiety in the
course of reaction; the facility with which the various
complexes in Table I could lose a triphenylphosphine
moiety is in general agreement with the observed in-
duced decompositions.? Indeed, induced decomposi-
tion of nonmetallic systems is well known. Induced
decomposition of di-fert-butyl peroxide has been re-
ported by workers at Shell® in explaining increased de-
composition rates of neat di-tert-butyl peroxide and by
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