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g-Propiolactone. XII.

Mechanisms Involved in the Reaction of 5-Propiolactone with

Acids and Bases

BY PauL D. BARTLETT AND PaUL N. RYLANDER

B-Propiolactone reacts with absolute methanol containing a small amount of sodium methoxide to yield methyl hydracryl.
ate but in the presence of larger amounts of sodium methoxide the product is S-methoxypropionic acid. The series of re-

actions summarized in the equations are shown to account for these facts.

An explanation is offered for the apparently op-

posite effects of acid and basic media upon the methanolysis and phenolysis of 8-propiolactone.

The reaction of B-propiolactone with alcohols
and with phenols has been described in two pre-
vious papers of this series.’?? In both cases
products were obtained according to the conditions
of reaction in which the alkoxy or aryloxy group
was attached at either the carbonyl carbon or the
B-carbon of the reacting lactone. The present
experiments concern the mechanism of the alkaline
methanolysis of B-propiolactone (I). From these
results and a few supplementary experiments con-
clusions are drawn concerning the mechanism of
reaction involved with phenol under basic and
acidic conditions as well.

The Alkaline Methanolysis of g-Propiolactone

It was mentioned in Part V of this series! that
methyl hydracrylate (II) is produced in an exo-
thermic reaction as 8-propiolactone is added to well
cooled alcohol containing a small amount of
sodium alkoxide as alkaline catalyst. It was ob-
served in the course of the same work?® that in the
presence of a molal equivalent of sodium methoxide
the product, instead of being methyl hydracrylate,
was (3-methoxypropionic acid formed in good yield.
Superficially one might conclude from such an
observation that the attack of methoxide ion upon
the B-carbon atom of the lactone was of higher
order in methoxide ion than attack at the car-
bonyl group. Actually investigation shows that
B-methoxypropionic acid is the end-product of a
chain of reactions involving (1) normal methan-
olysis of the lactone, (2) base-catalyzed dehydration
of methyl hydracrylate to yield methyl acrylate
(II1), (3) addition of alcohol to methyl acrylate®
CH,~—CH: CH,0H —H,0
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to yield methyl B-methoxypropionate (IV), and
finally hydrolysis of this ester by the water pro-
duced in the second step. The occurrence of this
series of reactions has been verified first by showing
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that if the products are isolated in a total of eight
minutes time methyl hydracrylate can be found in
179, yield even under conditions which a little
later yield only the B-methoxy acid. Secondly,
we have shown that the same final product results
whether B-propiolactone or methyl hydracrylate
be added to a mole of sodium methoxide in meth-
anol. Methyl acrylate under these conditions is
converted to methyl B-methoxypropionate but
acrylic acid is precipitated as its sodium salt. A
small amount of solid precipitated during the
alkaline methanolysis of the lactone was identified
as a mixture of sodium acrylate with a smaller
amount of sodium B-methoxypropionate.

Methanolysis in Neutral and Acid Solutions

Methanolysis in neutral solution was shown!
to yield B-methoxypropionic acid. This is what
one would expect if the behavior of methanol is
analogous to that of water which attacks a §-
lactone directly with Walden inversion in the
absence of base or of very strong acid.” As pre-
viously shown,®® the concentration of strong acid
must exceed 0.01 molar in water before its effect
is felt in the appearance of acid-catalyzed attack
at the carbonyl group of 8-propiolactone. If, as is
reasonable to suppose, methanol is a somewhat
stronger base than water, still higher concentrations
of acid might be necessary in order to bring out a
mechanism of methanolysis differing from that in
neutral absolute methanol. The results reported
in Part V are consistent with these expectations
and support a rather close analogy between water
and methanol in their behavior toward the g-
lactone. If high enough acidities were studied in
methanol we should expect the point of attack to
shift again to the carbonyl group, leading to
methyl hydracrylate, methyl polyhydracrylate
formed by the attack of the primary product as an
alcohol upon lactone, and probably some dehydra-
tion products as well.

Reaction of g-Propiolactone with Phenol
An oversimplified comparison between the be-

-havior of propiolactone toward methanol and

toward phenol has the appearance of a paradox.
In contrast to the methanol system, the most
acidic conditions of attack by phenol lead to
phenyl hydracrylate while the most alkaline lead
to B-phenoxypropionic acid. The behavior in acid
is undoubtedly due to the conditions under which
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the experiment is carried out. Phenol is the
solvent and the acidity is produced by the addition
of a small amount of concentrated sulfuric acid.
The basicity of phenol is enormously lower than
that of methanol (if we were to estimate this
difference by analogy to the corresponding amines,
aniline and methylamine, we should set the factor
at about 10°). The acidity required to promote
rapid attack at the carbonyl group by the acid
mechanism is therefore reached in phenol at much
lower stoichiometric acid concentrations than in
methanol or water. An acid concentration which
in methanol still permits the examination of the
uncatalyzed attack of solvent will in phenol reveal
the limiting acid-catalyzed mechanism as it is
observed in very strongly acidic aqueous or meth-
anolic solutions. This mechanism is in all cases
attack at the carbonyl group.

The fact that sodium phenoxide attacks g-
propiolactone by a displacement reaction at the §-
position instead of behaving like methoxide ion
and attacking at the carbonyl group requires
consideration of still another mechanistic factor.
Attention has often been called® to the fact in dis-
placement reactions of this type that the nucleo-
philic reactivity of a reagent is not strictly propor-
tional to its basicity. The phenoxides well illus-
trate this in that they are relatively vigorous
reagents in displacement reactions with ethylene
oxides toward which the more strongly basic hy-
droxyl ion is relatively inert. Although the reason
for this is not understood it is a recognized fact that
sodium phenoxide occupies an intermediate posi-
tion between the strongly basic hydroxyl ion which
will always attack the carbonyl group by prefer-
ence and the weakly basic but strongly nucleo-
philic iodide ion which will always attack the -
carbon by preference. In summarizing the com-
parison of methanol and phenol with water we may
then say that of the three mechanisms of lactone
hydrolysis which may be observed in water as we
pass from the most strongly basic to moderately
acidic solutions, only the neutral and basic mech-
anisms are clearly observed in methanol over a
range of acidity where only the neutral and acidic
mechanisms are observed in phenol.

In comparing the yields of B-aryloxypropionic
acids obtained from wvarious substituted sodium
phenoxides the Goodrich workers? found that the
most basic phenoxides in general gave the poorest
yields. Thisis contrary to what would be expected
if the yield were a measure of the rate of nucleo-
philic attack of the phenoxide ion upon the lactone.
It will be noted, however, that the conditions
under which this reaction was carried out were
conditions of competition between the phenoxide
ion and the hydroxyl ion produced by acid-base
interchange with the water which was used as
solvent. Since hydroxyl ion strongly promotes
normal ester hydrolysis of the lactone, this appears
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as an important competing reaction with attack
by the phenoxide. Such competition is reduced
to a minimum in the solutions of those phenoxides
whose reaction is most nearly neutral in aqueous
solution. Since any one of the phenoxides would
be capable of giving 1009, yield of B-aryloxyprop-
ionic acid in the absence of competition, the table of
yields by the various phenoxides actually measures
the effectiveness of the competition by hydroxyl
ion diverting lactone away from reaction with the
phenoxide.

Experimental

Reaction of g-Propiolactone with Methoxide at Low Con-
centration.—g-Propiolactone (72 g., 1 mole) was added
dropwise with stirring to a solution of 2 g. (0.04 mole) of so-
dium methoxide in 192 g. (6 moles) of ahsolute methanol.
During the addition the reaction was cooled in an acetone~
Dry Ice mixture. The base was neutralized with an equiva-
lent quantity of concentrated hydrochloric acid. The solu-
tion was filtered and the filtrate distilled at reduced pressure.
There was obtained 89 g. (85%) of methyl hydracrylate
boiling from 78-81°. Caled. for CHO;s: sapn. equiv.,
104.1. Found: sapn. equiv., 105.5.

Reaction of B-Propiolactone with Methoxide at High
Concentration.—A solution of sodium methoxide was pre-
pared by dissolving 15 g. (0.27 mole) of sodium methoxide
in 192 g. (6 moles) of methanol. g-Propiolactone (72 g., 1
mole) was added and the solution worked up as above. The
products included 7 g. (6%,) of methyl 8-methoxypropionate
(b.p. 60°, 40 mm.) and 54 g. (52%,) of S-methoxypropionic
acid (b.p. 115~120°, 20 mm.).

In a similar experiment an acid titration on the resulting
solution showed that 587, of the lactone had undergone a re-
action consuming base.

The reactions starting with methyl acrylate, methyl hy-
dracrylate and acrylic acid were performed in similar fashion.

Identification of Material Precipitated in Reaction with
Strong Base.—The precipitate was collected on a filter,
washed with methanol and with ether. It was then dis-
solved in water, in which it was very soluble, and extracted
with three portions of ether of 100 cc. each. The water
solution was acidified with concentrated hydrochloric acid
and extracted with six 100-cc. portions of ether. The 18-cc.
liquid residue left upon evaporation of the ether was dis-
tilled under diminished pressure. Most of the material was
in a fraction which was distilled first at 200 mm., then redis-
tilled under atmospheric pressure. It boiled at 140°, was
acidic, gave an unsaturation test with permanganate and
partially polymerized in the distilling column. It was
therefore acrylic acid. The remaining material was distilled
at 115° under 18 mm. pressure and was identified as 8-
methoxypropionic acid.

Isolation of Methérl Hydracrylate from Methanolysis of
B-Propiolactone in Concentrated Alkali.—Sodium (23 g.,
1 mole) was dissolved in 300 cc. of absolute methanol. This
solution was strongly cooled by an acetone~Dry Ice mixture
and vigorously stirred while 72 g. (1 mole) of 8-propiolactone
was added drop by drop. As soon as the addition was com-
plete 1 mole of concentrated hydrochloric acid was added.
The total time of reaction to this point was eight minutes.
The mixture was filtered and the filtrate was fractionated
under diminished pressure. The product included 18 g.
(17%) of methyl hydracrylate boiling at 78-81° under 18
mm. pressure.
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