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Preparation of Acrylic and Methacrylic Acids by Pyrolysis of Their Alkyl Esters

By W. P. RarcarorD, C. E. REHBERG aND C. H. FISHER

The purpose of this investigation was to effect
the synthesis of acrylic and methacrylic acids by
thermal decomposition of their ethyl or higher
alkyl esters. The analogous pyrolysis of ethyl
crotonate into crotonic acid is known? to occur.
Since it appeared that such a synthesis might
be more practical than the alternative approach
by hydrolysis®*8.8 the present investigation was
undertaken.

In this investigation it has now been found
(Table I} that both acrylic acid and methacrylic
acid can be prepared conveniently and in high
yields by passing suitable acrylic or methacrylic
esters through a Pyrex glass tube heated at about
500 to 580°. The acids produced in this manner
are relatively pure, contain little or no water, and
are readily purified by distillation or crystalliza-
tion.

As would be expected from previous observa-
tions’” made with acetates of secondary alcohols,
s-butyl acrylate decomposed more readily than
did the esters of primary alcohols. ISobutyl
acrylate was more stable than the other esters
studied. Possibly this stability is attributable
to the presence of only one hydrogen on the g-
carbon atom of the alkyl group. Ethyl acrylate,
ethyl methacrylate, and #n-butyl methacrylate
appeared to have approximately the same thermal
stability. Cyanoethyl acrylate was much less
stable than ethyl acrylate.

Contact time was relatively unimportant at
570 to 580°, 90 to 949 of the ethyl acrylate being
decomposed when the contact time was four to
twelve seconds. At lower temperatures, how-
ever, the influence of contact time was more
marked. Considerable quantities of acrylic
acid have been prepared conveniently in this
Laboratory by pyrolyzing ethyl acrylate under
conditions similar to those of Experiment 3,
Table I.

The high yields of acrylic and methacrylic
acids and the relative unimportance of contact
time at the higher temperatures show that these
acids are relatively thermostable. That methyl
acrylate is rather stable is demonstrated by its
preparation in high yield by the thermal decom-
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TaBLE 1
PyrOLYSIS OF ALKYL ACRYLATES AND METHACRYLATES
Yield of
Addition un-
rate, Con- Ester Gases satu-
Grams moles tact decom- and rated
pyro-  of ester Temp., time, posed, losses, acid,
Expt. lyzed perhr. °C.  sec. % % %
Ethyl Acrylate
1 161.2 0.8 499 6.9 39.7" 13.7 81°
2 203.7 0.57 556 10.7 92.8 28.2 94
3 175.8 1.17 568 4.5 89.8 27.4 90°
4 677.2 1.38 574 3.9 90.9% 28.7 92!
Isobutyl Acrylate
5 76.3 0.83 545 7.3 84.5° '36.8 63
s-Butyl Acrylate
6 140 .77 498 8.4 1000 40.2 9T°
B-Cyanoethyl Acrylate
7 98.7 .74 500 7.9 about

927 177 T4
Etliyl Methacrylate

8 149.3 .76 497 7.6 44.1¢% 11.5 79¢
9 150.0 .99 550 5.5 83.7° 26.2 82¢
10 156.1 T4 579 7.1 1004 30.6 87
n-Butyl Methacry_late
11 150.1 49 513 11.6 79.2¢ 17.7 78¢
12 149.2 55 555 9.7 96.8%° 34.7 93°
13 151.6 b5 58 9.5 98.0° 37.4 91°

@ Yield (per cent. of theoretical) based on unrecovered
ester. ¢ From distillation data. ¢ From titration and
distillation data; the yield based on unsaturated acid
actually isolated by distillation was usually lower. ¢ From
titration and saponification data. ¢ From titration and
saponification of the distilled pyrolysis products; separa-
tion by distillation was difficult. / About 8%, of the
products appeared as distillation residue, possibly poly-
meric material. ¢ The yield of acrylonitrile, determined
by distillation, was 86.5%,.

position of the acetyl derivative of methyl lac-
tate.® The fact that acrylic acid was not ob-
tained in the pyrolysis® of ethyl acetoxypropionate
indicates that a-acetoxypropionic acid instead of
ethyl acrylate was the principal primary decom-
position product.

In a single experiment on the pyrolysis of -
butyl crotonate at 537° and 7.2 seconds, 887, of
the ester was cracked. The yields of crotonic
acid and butylene were 84 and 859, respectively.

Acrylic acid was made also by the acidolysis of
methyl acrylate with formic or acetic acid in the
presence of a small amount of sulfuric acid and
hydroquinone. Formic acid was preferable be-
cause it reacted much more rapidly than acetic
acid. The highest yield of acrylic acid (809;) was

(8 R. Burns, D. T. Jones and P. D. Ritchie, J. Chem. Suc., 400
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obtained when the acidolysis was carried out with
formic acid. The acidolysis method of preparing
acrylic acid is similar to the pyrolysis method in
that water is not a reactant or product.

Experimental

Acrylic Esters.—Commercial samples of ethyl acrylate,
cthyl methacrylate, and n-butyl methacrylate were used
without purification or the removal of inhibitor. The
isobutyl, s-butyl, and cyanoethyl esters of acrylic acid
were prepared by the alcoholysis of methyl acrylate.?

Pyrolysis Experiments.—The equipment and general
procedure were essentially similar to those previously
described.?® The esters, which contained a small propor-
tion of hydroquinone, were pumped into the top of the
vertical Pyrex glass tube with a constant-feed pump of
the type described by Corson and Cerveny.!! The heated
portion of the pyrolysis tube was packed with short lengths
of Pyrex glass tubing., A small quantity of hydroquinone
was placed in the cooled receiver of tiie pyrolysis unit to
inhibit polymerization. Small amounts of water, which
distilled azeotropically with ethyl acrylate, were present in
the products formed under the more drastic conditions.

Use of a vaporizer to introduce the esters as vapor into
the pyrolysis tube seemed beneficial. In an early experi-
ment, for example, a vaporizer was not employed, and the
pyrolysis products were brown. In the succeeding experi-
ments a vaporizer was used, and under otherwise similar
conditions the products were aniber or light yellow. )

The yield of acrylonitrile in Experiment 7 was 86.5%.
The yields of olefins were sometimes ignored, but the yields
of normally gaseous material collected in solid carbon
dioxide traps (assumed to be butene) were 83 and 86% in
Experiments 12 and 13, respectively.

Isolation of Acrylic Acid from the Pyrolysis Products.—
The separation of acrylic acid and isobutyl acrylate by
distillation was difficult because of the proximity of their
boiling points. The principal difficulty experienced in
fractionally distilling the other pyrolysis products arose
from the tendency of acrylic acid and its esters to poly-
merize. For the purpose of preventing or minimizing
polymerization, the distillations were carried out below
100-mm. pressure (preferably at about 20 mm.); hydro-
quinone was always placed in the distilling flask; and
carbon dioxide instead of air was led into the distilling
flask to prevent bumping. A distilling column filled with
copper rings of the Fenskel? type was used in some of the
distillations. The influence of pressure upon the boiling
points of acrylic and methacrylic acids is indicated in
Figure 1.

The likelihood of polymerization is less when acrylic and
methacrylic acids are purified by crystallization (acrylic
acid and methacrylic acid melt at approximately 14 and
15°, respectively). In some instances the pyrolysis prod-
ucts were cooled to cause crystallization; the mixture
was decanted, and the solid material was allowed to melt.
The products of Experiment 4, Table I, were purified by
freezing and decanting (three times) and by distillation.
The composition of the pyrolysis product as indicated by
tliese methods is given i Table I1.

By freezing and decanting, mecthacrylic acid having a
purity of 98.7% (determined by titration) was obtaiied
froin some pyrolysis products.!?

Acrylic Acid by Acidolysis of Methyl Acrylate..—Four
moles (184 g.) of formic acid, 12 moles (1032 g.) of methyl
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14, 899 (1942).

(12) M. R. Fenske, C. O. Tongberg and D. Quiggle, Ind. Eng.
Chem., 26, 1169 (1934).

(13) 1n handling the products it is advisable for the operator to
wear rubber gloves, since both acrylic and methacrylic acids have a
delayed corrosive action on the skin.
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TasLE II
ANALYSIS OF PRODUCTS OF EXPERIMENT 4
Ethyl acrylate, %
Con-
verted %
into Acrylic
Method of analysis Re- acrylic acid
or separation covered acid yield Purity®
Freezing and decant-
ing" 9.2 67.1 74.0 96.4
Distillation 8.6 82.8 90.6 97.5
Titration and saponi-
fication 9.1 84.2 92.4

s Content of acrylic acid was determined by titration.
b Acrylic acid purified in this manner was light amber.

acrylate, 30 g. of hydroquinone and 2 cec. of sulfuric acid
were mixed and refluxed in a still having a 3-foot column
and a variable take-off head. The still was,operated with
total reflux until the temperature at the head fell to 32°.
Methyl formate was withdrawn, as formed, for eight to
twelve hours, when its production ceased. The excess
methyl acrylate was then distilled at a pressure of 140 mm.,
after which acrylic acid of a high degree of purity was dis-
tilled at 56° (25 mm.). The yield was 231 g. (80% of the
theoretical, based on the formic acid). Over 91%, of the
methyl acrylate put into the reaction mixture was either
recovered or converted into acrylic acid. The acrylic acid
(to which had been added 10 g. of hydroquinone) was re-
distilled and the following constants were determined:
b. p., 71° (50 mm.); =»%®p, 1.4210; 4%, 1.0487; MR,
caled., 17.12; found, 17.43 (the calculated value contains
1o increment for the conjugation)

A similar acidolysis experiment, using acetic instead of
formic acid, was much less satisfactory. The rate of
reaction was much lower, and the conversion was far from
complete even after several days of refluxing. Also, the
distillation of the reaction mixture was complicated by
the necessity of separating methyl acetate, methyl acrylate,
acetic acid, and acrylic acid.
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Fig. 1.—Boiling points of acrylic and methacrylic acids at
different pressures.

Summary

The principal products obtained in the thermal
decomposition of several alkyl acrylates and meth-
acrylates were acrylic or methacrylic acid and
olefins corresponding to the alkyl group. Alkyl
acrylates were increasingly stable in this order for
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alkyl groups: s-butyl < 2-cyanoethyl < ethyl
and #-butyl < isobutyl. The pyrolysis of ap-
propriate acrylic and methacrylic esters consti-
tutes a convenient method for preparing the

ALFRED RusseLL AND W. G. TEBBENS
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corresponding unsaturated acids.
The acidolysis of methyl acrylate with formic
acid is described.
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Chemical Constitution and the Tanning Effect.

III. The Synthesis and Examina-

tion of Fructose Pentagallate, J-Arabinose Tetragallate and o-~-Methyl-J-glucoside
Tetragallate

By ALFRED RuUSSELL AND W. G. TEBBENS

The work already on record! describing the
preparation, and examination for tanning proper-
ties, of the more easily available fully galloylated
aldohexoses has now been extended to include a
fully galloylated ketohexose (fructose pentagallate
I), a fully galloylated aldopentose (d-arabinose
tetragallate II) and o-methyl-d-glucoside tetra-
gallate III. Each forms a brittle transparent
vitreous mass, is water ‘soluble and, in aqueous
solution, gives a typical precipitate with gelatin
solution. d-Arabinose tetragallate has very good
tanning properties and forms leather strictly com-
parable with that given by gallotannin. o-
Methyl-d-glucoside tetragallate has good leather
forming properties—only slightly inferior to those
of gallotannin.

Fructose pentagallate is not a tanning material.
This result was so surprising that the entire tedi-
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ous synthesis of the compound was carried out a
second time. However, the second preparation
was identical with the first, the final product gave
a typical gelatin precipitate in aqueous solution
but would not make leather.

It would be idle at the present stage in this in-
vestigation to speculate as to why, on the one
hand, a fully galloylated aldohexose (pyranose or
aldehyde form) or an epimeric form! should be a
very good tanning material and, on the other, the
isomeric fully galloylated ketohexose should have
no tanning properties. One minor point is em-
phasized by the examination of fructose penta-
gallate—a positive test with gelatin is not always
evidence of tanning properties since fructose
pentagallate gives the test.

Experimental

Penta-(triacetylgalloyl)-fructose.—7.2 g. (0.04 mole) of
anhydrous, finely powdered fructose was suspended in 120
ce. of dry, freshly distilled chloroform and 36 g. of dry,
freshly distilled quinoline; 72 g. of freshly distilled tri-
acetylgalloyl chloride was added portionwise with shaking
and cooling. After tumbling for three days the pale
yellow reaction miixture was completely homogeneous.
It was washed three times with 100-ce. portions of water,
three times with 100-cc. portions of cold 1%, sulfuric acid
and four times with 100-cc. portions of cold water (second
wash neutral to litmus). The chloroform solution was
dried over sodium sulfate and then added slowly with
vigorous mechanical stirring over a period of three hours
to 800 cc. of anhydrous 90--100° petroleum ether at 0°,
The cream-colored amorphous solid so produced was



