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hyde, was introduced in a manner described previously.” The
material was stirred for 10 hr. and then hydrolyzed. The or-
ganic layer was washed with water and dried, the solvent was re-
moved, and the residue was distilled. The product decolorized
permanganate rapidly.

Diethyl a-(Diphenylmethylene)benzylphosphonate (VIII).—
Benzophenone (18.2 g., 0.1 mole), dissolved in 250 ml. of ether,
was added dropwise to a stirred suspension of I. The mixture
was stirred and refluxed for 1 hr., stirred for 12 hr., and hydro-
lyzed. The solvent was removed from the dried organic layer.
The oily residue solidified when it was triturated with petroleum
ether (b.p. 30-40°). It was triturated again with petroleum
ether (b.p. 90~100°).

Diethyl «-(Benzohydryl)benzylphosphonate (X).—A mixture
of 2.0 g. of VIII, dissolved in 100 ml. of warm absolute ethanol,
and 0.2 g. of 59, palladium on carbon was hydrogenated for 18
hr. under an initial pressure of 40 Ib. After filtration, with the
use of Celite, water was added to the hot filtrate until it became

- turbid. The produect separated from the cold mixture.

a-(Benzohydryl)benzylphosphonic Acid (XI).—A mixture of
1.0 g. of X and 20 ml. of concentrated hydrochloric acid was re-
fluxed for 24 hr., and the inorganic acid was then removed in a
stream of air. The residue was treated with aqueous sodium
bicarbonate, and the mixture was extracted with benzene. The
alkaline layer was acidified and extracted with benzene. After
removal of the solvent from the dried benzene layer, the residue
was recrystallized.

Diethyl Cinnamylphosphonate (XII).—To a stirred, refluxing
suspension of 11.5 g. (0.5 g.-atom) of sodium and 500 ml. of
xylene there was added dropwise 72.5 g. (0.52 mole) of diethyl
phosphite.®! The mixture was refluxed for 5 hr. and 76.0 g. (0.5
mole) of cinnamy! chloride® was added dropwise to the stirred
refluxing mixture. After the material had been refluxed for 8 hr.,
it was cooled, the liquid was decanted from the sodium chloride,
and the salt was washed with xylene. The solvent was removed
and the residue was distilled. The product decolorized perman-
ganate.

Diethyl a-Carboxycinnamylphosphonate (XIII) and Diethy! «-
Carbomethoxycinnamylphosphonate (XIV).—The Ivanov-like
reagent was prepared, in the usual manner, from 12.7 g. (0.05
mole) of diethyl cinnamylphosphonate dissolved in 25 ml. of
benzene. After the addition of about 25 g. of Dry Ice, the mix-
ture was stirred for 3 hr. and then hydrolyzed with dilute hydro-
chloric acid. The organic layer was shaken with aqueous sodium
bicarbonate whereupon three layers were obtained. The alkaline
layer and the oil were separated and the mixture was acidified
with dilute hydrochloric acid. After extraction with benzene,
the solvent was removed from the dried extract and the oily
product XIIT (6 g., 409%), which decolorized permanganate
instantly, was treated with diazomethane to yield XIV.
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It is quite well known that perfluoroacyl chlorides,?
fluorides,® and esters* may be prepared from the cor-
responding free perfluoroalkanoic acids. While acyl
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chlorides have been prepared from salts by means of
inorganic chlorides,’ the use of organic acyl chlorides
normally produces mixed anhydrides; in certain cases,
partially fluorinated acyl chlorides have been obtained
by the latter procedure,® albeit only in fair yield.

The use of benzenesulfonyl fluoride to convert sodium
benzoate to benzoyl fluoride (plus benzoic anhydride)
has been reported,” though the reaction was not offered
as a useful synthetic procedure.

The purpose of this Note is to call attention to several
synthetic advantages which may be gained by the use
of the salts, rather than the free perfluoroalkanoic acids,
in exchange reactions with certain acyl halides and
esters. These are (1) high yields, (2) simplicity of
procedure, (3) applicability to small scale, (4) freedom
from evolution of hydrogen chloride or other volatile
species, (5) as a corollary, fractional distillation of the
product in good purity directly from the reaction mix-
ture. For large-scale preparations the procedure is
somewhat inconvenient owing to the formation of a
caked solid phase, and to the relatively high reaction
temperatures usually required to achieve a suitable rate
of production. In certain cases, as for example per-
fluorocyclohexanecarboxylic acid,® the salt is too un-
stable to permit such procedures, but this is not the
usual case.®

It is probable that the greatest value of the salt reac-
tions lies in small-scale analytical applications, as for
example in the characterization of fluorocarbon mate-
rials by alkaline cleavage or by permanganate oxidation.
Normally the sodium or potassium salts are separated
from inorganic contaminants by virtue of the relative
insolubility of the latter in warm absolute ethanol.
Acyl halides and methyl esters are especially desired
for nuclear magnetic resonance spectroscopy and for
retention time measurement by gas-liquid chromatog-
raphy, as well as for molecular weight and saponifica-
tion number determinations. Analytical purity of
product is often obtained on a 1- to 5-g. scale without
recourse to refractionation.

Experimental

The reactions were conveniently carried out by treating the
powdered well-dried salt (usually the sodium salt) with a two- to
threefold excess (7.¢., about an equal weight) of the organic ex-
change agent, in a flask of such size as to be about half filled
therewith, and which was fitted with a short fractionating column
of perhaps five to ten theoretical plates. An intermittent take-
off head was desirable for boiling point determination, as well as
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to prevent contamination of the product by the organic exchange
agent when the reaction proceeds slowly despite high pot tem-
peratures, While the reactions begin around 150° (much lower
in the case of dimethyl sulfate), it is sometimes necessary to heat
the mixture as high as 250° to collect the last of the product.
Yields and physical properties are given in Table I.

TasLe I
REACTIONS OF SALTS OF PERFLUOROALKANOIC ACIDS
Exchange Yield, B.p.,

Product?® agent % °C. n2pd
n-03FchCI CeHsCCls 92 39 1.2854
n-C;F,COCl p-CH305H4802C1 80 39 1.2851
n-C;F,COCl°  C4H;CCls 87 39 1.2851
n-C7F15COCl O-CSHA( COCI)Z 76 136 1.3035

(n-CsF1,COC1)* C:H;COCl (=) (163)¢ (1.3150)°
n-CoF1,COCl  0-CeHy(COCl), 88 173 1.3087
n~CsFuCOF p-CHaCeI’L;SOzF 68 59 1.2625
n—C-,Fu,COF p-CQHsceHAS()zF 80 104 1.2764
‘n-CaF7COzCH3 p-CHaCeH4SOaCH3 o8 81 1.2901
‘n-03F7COZCH3 (CHa)'zSO4 98 81 1.2922

@ The sodium salt was used in all cases but one. Amounts

used varied from 5 to 50 g.  The structure of the salt used cor-
responds to the structure of the product. ? This is the refractive
index of the “crude’’ product; it agrees closely with the reported
value. ¢ The calcium salt was used. 2 The product was con-
taminated with benzoy! chloride, which codistilled.

The organic exchange agent should be chosen to boil far above
the desired product, as otherwise it may become a serious con-
taminant owing to codistillation; this results from partial im-
miscibility with the fluorinated product and cannot be overcome
by increasing the efficiency of the fractionating column. Benzoyl
chloride, or benzotrichloride (which forms benzoy! chloride during
the reaction), may be used for synthesis of up to six-carbon per-
Auoroacyl chlorides, but higher ones require phthalyl chloride.
In special cases, dimethyl sulfate may be used for the synthesis of
close-boiling esters by the expedient of using slightly less than
equimolar amounts; it is thereby completely converted to the
salt of methylsulfuric acid, and thus does not contaminate the
product.

The identity and purity of the products was well established by
comparison of physical properties with literature values, and also
by infrared spectroscopy; in addition, the following analytical
data were secured on the “‘crude’’ products of Table I in order to
lend further support to the claims of purity. The n-CiFr-
COCl,0 from the sodium salt via C¢HsCCl;, had a strong in-
frared band due to C==0 at 5.52 4.

Anal. Caled. for C;CIF;0: Cl, 15.25.
15.2.

For n-C:F;COCI? also, the C=0 band was at 5.52 u.

Anal. Caled. for CsCIF;0: C, 22.2; Cl, 8.25; F, 65.9.
Found: C, 22.3; Cl (hydr.), 8.3; F, 65.1.

Similarly, n-CeF;sCOCI2®® had its C=0 band at 5.53 u.

Anal. Caled. for CClF,0: C, 22.6; Cl, 6.66; F, 67.9.
Found: C, 22.7; Cl (hydr.),6.7; F, 67.2.

The sample of n-C;F,;COF had its C==0 band at 5.32 x.

Anal. Caled. for CoF,0: C, 22.8; F(hydr.), 6.02. Found:
C, 23.0; F (hydr.), 6.0.

The n-C;F;COF showed its C=0 band at 5.31 u, and was,
therefore, not further analyzed. There wasno question as to the
identity of the C;F;CO;CH,,"! which is a well-known compound.

Found: CI (hydr.),
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The data presented in the recent review article of
Parker! very clearly demonstrate the marked rate-
enhancing ability of dipolar aprotic solvents such as di-
methyl sulfoxide upon bimolecular displacement reac-
tions effected with anions. Thus Friedman and
Shechter? reported the greatly accelerated displacement
of halide by cyanide, azide, thiocyanate, and halide
ions; Smiley and Arnold® observed the facile intercon-
version of primary and secondary halides to nitriles
by the action of cyanide ion in dimethyl sulfoxide; and
Cram and co-workers* found that use of dimethyl sulf-
oxide as a solvent allows both the Wolff-Kishner reduc-
tion and the Cope elimination reaction to be run at
room temperature.

In accordance with these findings and his own ex-
cellent work with SNAr-type reactions, Parker® postu-
lated that any bimolecular reaction of a small anion
passing through a large polarizable transition state will
be considerably accelerated in the change from protic
to dipolar aprotic solvents.

Such a reaction that has yet to be investigated kinet-
ically in dipolar aprotic solvents is the alkaline hy-
drolysis of esters.’® In consideration of the large amount
of work that has been carried out towards elucidating
the mechanism of "ester saponification (BAc?) %" a
quantitative study of the effect of an aprotic solvent
upon this reaction should be of interest. To this end,
the present paper deals with the alkaline hydrolysis of
ethyl benzoate in aqueous dimethyl sulfoxide. This
ester was selected for study because a similar investiga-
tion carried out with ethy] benzoate in aqueous ethanol
permits a comparison with a typical protic solvent sys-
tem.

Table I presents the kinetic findings of this work. It
is readily apparent from this table that alkaline hy-
drolysis of ethyl benzoate in agueous dimethyl sulf-
oxide is accelerated relative to aqueous ethanol. Since
the mechanism of the base-catalyzed hydrolysis of a
normal esters” involves the production of a large polariz-
able transition state via the rate-determining addition of
hydroxide ion to the carbonyl carbon atom of the ester,
the data reported in Table I are in accord with Parker'’s
postulate. Change from aqueous ethanol to aqueous
dimethy! sulfoxide leads to a diminishment in hydroxide
ion solvation'® and an increase in transition state
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