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The m.p. of either product fell about 10° when the sample
was allowed to stand in a tightly stoppered vial in the re-
frigerator. Repeated recrystallization from ethanol or
methanol caused rearrangement to the ketone (VI).

Rearrangement of VII.—When 0.500 g. (0.00175 mole) of
trans-V was brominated in methanol containing 0.30 g. of
suspended sodium bicarbonate at —35° and then to the
cold solution was added 3.00 g. of freshly prepared silver
oxide, an oil was obtained which crystallized from petro-
leum ether to give 0.42 g. (69%) of p-methoxybenzhydry!
phenyl ketone dimethyl ketal (VIII), which on further re-
crystallization from ethanol melted at 77.4-78°.

Amnal. Caled. for CyuH.04: C, 79.3; H, 6.9,
C,79.5; H,7.0.

When the same conditions were used for ¢is-V, a 669,
yield of VIII was obtained as shown by m.p. and mixed
m.p.

The structure of VIII was established by its hydrolysis
with 2 drops of 109, hydrochloric acid in 5 cc. of 859, eth-
anol to V1 in 709, yield. It also gave VI after standing at
room temperature for one montl.
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Some Observations on Phosphinic Anhydrides

By GenxapY M. KOSOLAPOFF
RECEIVED MAv 28, 1952

Some time ago we reported the synthesis of
several dialkylphosphinic anhydrides from alkyl
dialkylphosphinates and dialkylphosphinyl chlo-
rides, as!

R;P(0O)Cl + EtOP(O)R; —> Et(l + R,P(O)OP(O)R.

At that time we also reported that the reaction
of dimethylphosphinyl chloride with ethyl di-n-
butylphosphinate gave not the expected mixed
anhydride but a mixture of the two symmetric
anhydrides.

In order to explore the possibly general nature of
this observation we attempted the preparation of
several mixed phosphinic anhydrides by this
reaction. Equimolar mixtures of chlorides and
ethyl esters of dimethyl-, diethyl-, di-n-propyl-
and di-z-butylphosphinic acids were heated as des-
cribed previously!; substantially the theoretical
amounts of ethyl chloride were obtained from all
possible combinations of the above-mentioned
compounds at 140-150°. In all instances, how-
ever, the distillation of the reaction mixtures, at
0.05-0.1 mm. pressure, gave only the corresponding
pairs of the symmetric phosphinic anhydrides,
which were characterized by comparison with the
known specimens. The work was done in standard
Pyrex apparatus. It is conceivable that the trans-
formation of the expected unsymmetrical sub-
stances might have been catalyzed by the glass
composition and might have been avoided by the
use of fused quartz apparatus. However, it appears
that the existence of unsymmetric phosphinic
anhydrides at moderately elevated temperatures
is purely transient. This points out a similarity
of behavior to that of mixed carboxylic anhydrides
and acetals, which tend to symmetrize during
thermal treatment.

After this work was completed there appeared

(1) G, M. Kosolapaff and R, M. Watson, Tas Journar, 78, 4101
5466 (1051).
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the paper of Todd and co-workers? which reports
the preparation of unsymmetrical tetraesters of
pyrophosphoric acid. Although the unheated
crude reaction mixtures indicate the presence of
such unsymmetrical esters, the latter could not be
isolated by distillation owing to symmetrization
similar to the one reported here.

Phosphinic anhydrides are unique among the
known anhydrides of various organic acids of phos-
phorus, in that they have definite boiling points
and, therefore, they can be positively identified
and purified by conventional techniques of organic
chemistry. Tetraesters of pyrophosphoric acid,
probably the most studied anhydrides at this time,
on the other hand are prone to decomposition and
rearrangement reactions at elevated temperatures
which make impossible a true fractional distillation
of such compounds. These esters are commonly
purified by distillation in molecular stills in which
boiling points, in the true sense of the word, have
very little significance. Identification of individ-
uals in a mixture of closely related substances
under such circumstances becomes dubious.

As a result of our work and that reported by
Todd, et al.,” it appears quite possible that at this
time no positively characterized unsymmetrical
neutral derivatives of phosphorus acid anhydrides
are known. While such compounds have been
undoubtedly obtained in low temperature reactions,
no methods of isolation at low temperatures have
been developed and all distillation techniques, used
thus far, require thermal treatment which causes
the symmetrization discussed above.?

(2) N.8.Corby, G. W. Kenner and A, R, Todd, J. Chem, Soc., 1234
(1052).

(3) The material was presented at the 121st National Meeting of the
A.C.S., March, 1052,
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Some Salts of Symmetric Phosphinic Acids

By Wirriam C. DRINKARD AND GENNADY M. KOSOLAPOFF
RECEIVED Mav 28, 1952

Many phosphinic acids, 1.e., compounds of the
general type R,P(O)OH, are known at this time,
Qualitative descriptions of a number of metallic
salts of a few such acids appear in the literature.
However, the only quantitative report dealing with
solubility of such salts appears to be that dealing
with the copper and lead salts of di-pseudocumyl-
phosphinic acid.!

Information about the solubilities of various
salts of these acids is of obvious interest for the
development of techniques of separation of mix-
tures of the acids themselves and of mixtures with
other substances. We prepared, accordingly,
several salts of four phosphinic acids. Two of
the latter were aliphatic and two were aromatic,
thus encompassing the relatively water-soluble
and insoluble acids. Solubilities in water, benzene
and 969, ethanol were determined at three tempera-
tures (25, 35 and 45°) by conventional technique.

It is of interest to note the relatively high solu-

(1) A. Michaells, Ann., 294, 1 (1856).



