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This invention relates to a novel process for 
the preparation of esters of alpha-beta, unsatu 
rated monocarboxylic acids, particularly to the 
preparation of alkyl esters of alpha-beta, un 
Saturated monocarboxylic acids such as methyl 
acrylate. 
In my copending application Serial No. 393,671, 

filed May 15, 1941, an economical method of 
preparing lactones of beta-hydroxy monocar 
boxylic acids by the reaction of a ketene With a 
carbonyl compound such as an aldehyde or ketone 
has been described. The ease with which such 
lactones are now obtained makes it desirable to 
use these compounds aS. starting materials for 
the synthesis of other compounds including the 
alpha-beta, unsaturated monocarboxylic acid 
esters, such as the alkyl acrylates and meth 
acrylates, which are extremely useful as poly 
merizable. materials in the production of Syn 
thetic resins, synthetic rubber and the like. 

It has also been disclosed in my Copending 
application Serial No. 405,512, of which this ap 
plication is a continuation-in-part, that the 
above-described lactones react with monohy 
dric alkyl alcohols to form good yields of beta 
alkoxy monocarboxylic acids. 
The invention of this application has for its 

object the conversion of such beta-alkoxy mono 
carboxylic acids into alkyl esters of alpha-beta 
unsaturated Inonocarboxylic acids. Another 
object of the invention is to convert lactones 
of beta-hydroxy monocarboxylic acids into Such 
alkyl esters by a single-step reaction without 
the necessity of first preparing a beta-alkoxy 
acid. 
These objects are accomplished by the dis 

covery that beta-alkoxy monocarboxylic acids 
yield alkyl esters of alpha-beta, unsaturated 
monocarboxylic acids on treatment with a de 
hydration catalyst. The reaction proceeds as 
indicated by the following equation: 
R R. R. 
N / dehydration 
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where R1, R2 and R3 represent hydrogen or hy 
drocarbon groups and R4 represents an alkyl 
group. 

It is quite surprising that acids of this type 
yield esters on dehydration since ordinarily the 
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dehydration of monocarboxylic acids yields acid 
anhydrides. 
As indicated by the above equation any beta 

alkoxy monocarboxylic acid having at least One 
hydrogen atom connected to the alpha-carbon 
atom may be employed. Examples of such beta 
alkoxy monocarboxylic acids include the beta 
methoxy, beta-ethoxy, beta-propoxy, beta-iso 
butoxy, beta-Octoxy and beta-lauroxy deriva 
tives of propionic acid, which yield alkyl esters 
of acrylic acid on dehydration; similar alkoxy 
derivatives of alpha-methyl propionic acid (iso 
butyric acid), which yield alkyl esters of metha 
crylic acid on dehydration, and Various other 
beta-alkoxy aids of the formula 

R. R. R. g-g-g-oh 
O O 

R4 
wherein R4 represents any alkyl group, preferably 
an alkyl group of less than ten carbon atoms, and 
R1, R2 and R3 represent either hydrogen atoms; 
alkyl groups such as methyl, ethyl, butyl, etc.; 
cycloalkyl groups such as cyclohexy; aryl 
groups such as phenyl and aralkyl groups Such 
as benzyl; or other hydrocarbon groupS. Pref 
erably low-molecular weight aliphatic beta 
alkoxy monocarboxylic acids containing from 
about 4 to 12 carbon atoms are employed, acids 
of the formula, 

R3 

Hic-b-c-OH 
O H. O. 

wherein R4 is a lower alkyl group and R3 is hy 
drogen or a lower alkyl group, which acids yield 
alkyl esters of acrylic and alpha-alkyl acrylic 
acids on dehydration, being particularly pre 
ferred. All these acids may be prepared by the 
reaction of beta-lactones with alkyl alcohols, in 
the manner described in my copending applica 
tion Serial No. 405,512, or by any other known 
method. 
Treatment of the beta-alkoxy acid with a de 

hydration catalyst may be effected in various 
ways and at varying temperatures and preSSures 
depending on the particular compound being 
dehydrated. For example, the alkoxy acid may 
be heated with and distilled at normal or re 
duced pressures from a dehydration catalyst of 
the strong acid type such as sulfuric acid, phos 
phoric acid, methane sulfonic acid, benzene Sull 
fonic acid, toluene sulfonic acid or the like or 
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the alkoxy acid may be passed in the vapor Eacample I 
h l - . p at elevated it. of about 200 to 26 parts of beta-methoxy propionic acid are 

400° C. Over a surface active dehydration cata heated i distilin lyst Such as silica gel, activated alumina, alumi- eated in a distilling flask with 35 parts of con 
trated sulfuric acid and a fraction of a part num phosphate and the like. The amount of 5 " the catalyst employed may be varied from a of copper acetate. The temperature of the re 

very small amount in some cases to stoichio- action mass is maintained at about 200° C. for 
metrical proportions in other cases. Other a half hour and distillation of the product is then 
methods of dehydrating organic compounds by elected. The distillate is a mixture of methyl 
the use of these and other well-known dehy. 10 acylate Edwater Which is purified by drying 
dration catalysts are well known to the art and dedislation. 135 parts of nethyl acrylate 
may, in general, be applied to the dehydrations (B. P. 67-72 C.) are thus obtained. 
herein described. Eacample II 
Yen carrying Sut the dehydration it is de In one hour 34 parts of beta-methoxy proponic 

sirable, especially if a polymerizable ester of an 5 acid are passed into 10 parts of methane sulfonic 
alpha-beta, unsaturated monocarboxylic acid acid and a fraction of a part of copper acetate 
such as an acrylic ester is obtained as the prod- at a temperature of 180-200° C. The product is 
uct, that a substance be present which prevents 
the polymerization of the ester formed. Suitable stilled and produces a 67% yield of methyl 
substances for this purpose include copper, copper 20 
salts, hydroquinone, catechol, phenyl-beta-naph- Eacample III 
thylamine and other well-known polymerization A mixture containing 72 parts of the actone of 
inhibitors. beta-hydroxy propionic acid, 50 parts of absolute 
As mentioned herein above, instead of employ- ethanol, 1 part of hydroquinone and 2 parts of 

ing a beta-alkoxy monocarboxylic acid of the 25 sulfuric acid is refluxed in a distillation flask 
type described, it is also possible, in accordance while 25 parts of sulfuric acid and 50 parts of 
with this invention, to employ in the dehydration ethanol are slowly added thereto. After about 
process a mixture of a lactone of a beta-hydroxy two hours the mixture is then distilled. Puri 
monocarboxylic acid having at least one hydrogen fication of the product produces 42 parts (49%) 
atom on the alpha carbon atom, and an alkyl al- 30 of pure ethyl acrylate. 
cohol. While, as disclosed in my copending ap- I claim: 
plication Serial No. 405,512 referred to herein- l. The method of preparing an alkyl ester of 
above, these materials react under ordinary con- an alpha-beta, unsaturated monocarboxylic acid 
ditions to form a beta-alkoxy monocarboxylic which comprises heating a lactone of a beta 
acid, in the presence of a dehydration catalyst, 35 hydroxy monocarboxylic acid having at least one 
the reaction yields an ester of an alpha-beta un- hydrogen atom on the alpha carbon atom with 
saturated monocarboxylic acid, the beta-alkoxy an alkyl alcohol in the presence of a dehydration 
acid being only an unisolated intermediate, if catalyst and then distilling the product. 
formed at all, in the process. This reaction may 2. The method of preparing an alkyl ester 
be formulated as follows: 40 of acrylic acid which comprises refluxing the 

R. R. "Rs R. R. R. 
C Sc4c=0+Riott evationately Yo4l-c-o-rao 

O - R R. R 

Beta-lactone C (-)-oh O H. 
alcohol is 

unisolated intermediate 
may by formed 

wherein R1, Ra, and R3 represent hydrogen or hy- 6() lactone of beta-hydroxy propionic acid with an 
drocarbon groups and R4 represents an alkyl alkyl alcohol in the presence of sulfuric acid and 
radical. then distilling the product. 
Thus, for example, beta-hydroxy propionic acid 3. The method of preparing ethyl acrylate 

lactone together with an equivalent weight or an which comprises heating beta-hydroxy propionic 
excess of an alkyl alcohol such as methanol or 5 acid lactone and ethanol in the presence of a 
ethanol, may be refluxed in the presence of a dehydrating acid catalyst and then distilling the 
dehydration catalyst such as sulfuric acid or product. 
toluene Sulfonic acid and the mixture then dis- 4. The method of preparing ethyl acrylate 
tilled to produce good yields of an alkyl ester of which comprises heating beta-hydroxy propionic 
acrylic acid. Other lactones of the above gen- (i) acid lactone and ethanol in the presence of 
eral formula, which may be prepared by the re- methane sulfonic acid and then distilling the 
action of ketenes with aldehydes or ketones in product. 
the manner described in my copending applica- 5. The method of preparing an alkyl ester of 
tion Serial No. 393,671, may also similarly be acrylic acid which comprises heating beta-hy 
mixed with alkyl alcohols and then treated with 65 droxy propionic acid lactone and an alkyl alcohol 
a dehydration catalyst to produce alkyl esters of in the presence of methane sulfonic acid and then 
alpha-beta, unsaturated monocarboxylic acids. distilling the product. 
The following examples will illustrate the prac- 6. The method of preparing an alkyl ester of 

tice of the invention, the first two examples per- an alpha-beta, unsaturated monocarboxylic acid 
taining to the production of esters of alpha-beta 70 which comprises heating a lactone of a beta-hy 
unsaturated acids by the dehydration of beta- droxy monocarboxylic acid having at least one 
alkoxy monocarboxylic acids; and the third ex- hydrogen atom on the alpha carbon atom with 
ample pertaining to a single-step process for pro- an alkyl alcohol in the presence of methane sul 
ducing such esters directly from beta-lactones fonic acid and then distilling the product. 
and alkyl alcohols. 5 ERDERCK E. KUNC. 


