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Several derivatives of hydracrylic acid or beta-hydroxypropionic acid, needed
in connection with other research, were prepared? from readily available start-
ing materials by methods apparently more convenient than those hitherto de-
scribed (1-5). The preparations of these products, several of which are new,
and certain of their physical constants are reported here.

The ethyl, n-propyl, n-butyl, and n-octyl hydracrylates were prepared by
passing dry HCI through ether solutions of ethylene cyanohydrin and the appro-
priate alcohols.? The butyl and octyl esters were obtained in approximately 709,
yields. The ethy! and propyl esters, which were more difficult to isolate be-
cause of their solubility in water, were obtained in lower yields. There was
little tendency for the corresponding beta-chloropropionates to form under the
conditions usually employed, but in one experiment both ethyl hydracrylate and
ethyl beta-chloropropionate were formed when the reaction mixture was allowed
to stand for about 10 days at room temperature.

The butyl ester of dimeric hydraerylic acid, HOCH,CH,COOCH,CH,COO-
C.H,, was isolated as a by-product in the preparation of butyl hydracrylate (Table
I). Possibly the dimer ester was formed by self-alcoholysis of butyl hydra-
erylate* 8 or by the reaction of butanol with HOCH.CH,COOCH.CH.CN.

Ethyl and n-butyl hydracrylates were made also by saponification of ethylene
cyanohydrin (10), acidification of the resulting sodium hydracrylate, and esteri-
fication of the free acid. This method resembled that described above in that
it was less suitable for the preparation of the water-soluble ethyl hydracrylate.

The acetyl derivates of the n-alkyl hydracrylates (Table I) were obtained in
approximately 909, yields by acetylation with acetic anhydride. The propionate
of methyl hydracrylate had been prepared by earlier workers (3) by acylation
with propionyl chloride.

Physical constants. The boiling points given by Drushel and Holden (5) for
the ethyl (84°, 12 mm.; 91.5° 19 mm.; 95.5°, 22 mm.) and n-propyl, (102°, 19

! One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agricul-
tural Research Administration, United States Department of Agriculture,

2 The preparation of hydracrylic esters prior to 1915 has been reviewed by Drushel (4, 5).
The interesting synthesis of hydracrylic esters from propiolactone and aleohols was de-
scribed (6) after the completion of the present work,

3 Karlier workers prepared related hydracrylic acid derivatives, that is, C;H;OCOOCH,-
CH,COOC:H; (7) and CH,C:H,SO,O0CH.CH,COOC,H; (8), similarly from 2-eyanoethyl
ethyl carbonate and 2-cyanoethyl toluenesulfonate, respectively.

1 The production of various esters of polvmeric hydracrylie acid from 3-propiolactone
has been described (6).

5 Esters of polymeric lactic acid have been made by the self-aleoholysis of several alkyl
lactates (9).
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mm.; 120° 43 mm.) esters of hydracrylic acid are in fair agreement with those
observed (Fig. 1 and Tables I and II) in the present work. The hydracrylates
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Fia. 1. BoiLiNg PoINT oF n-ALkYL HYDRACRYLATES aND EtraYL 3-CHLOROPROPIONATE
(Et Chloropropionate, . Hydracrylates: Me—Q; Et—@; Pr—X; Bu—O;

Octyl—0O.)
TABLE II
BoirLing PoiNTs aND ViscosiTiEs OF HYpRACRYLIC EsTERS® b
! BOILING POINT VISCOSITY (20°)
conouND ; 10700 o
[ o Mm, Centistokes Centipoises B
Ethyl hydracrylate....... ..., 187 | 754 4.196 | 4.443 398.26
n-Propyl ¢ G202 | 760 | 5.193 | 5.319 412.26
n-Butyl i“ e 216218 w 754 | 6.208 | 6.212 425.22
n-Octyl “ “ 216 755 13.076 | 12.406 581.87
Ethyl beta- acetoxyproplonatc o201 755 2.606 | 2.776 184.60
n-Propyl i o2 788 2.966 3.079 183.51
n-Butyl i« I S U 3.365 3.425 | 185.22
n-Octyl “ 284 785 | 6.55¢ | 6.347 } 251.58

e Digtillation of the n-alkyl hydracrylates at atmospheric pressure caused some
decomposition.
poiges X 108,

mol. vol.
which is under 100 for simple esters, ketones, and alkyl halides, is relatively large for
highly associated compounds. Examples are: Water, 500; phenol, 453; glyeol, 2750; formic
acid, 415; and formamide, 682. The values for the ethyl ethers of ethyl, propyl, butyl, and
oetyl hydracrylates are, respectively, 82, 86, 89, and 135 (Ref. 17).

b Dunstan and co-workers (References 15 and 16) observed the value for

and bela-acetoxypropionates boiled considerably higher than the corresponding
isomeric lactates and alpha-acetoxypropionates (Figs. 2 and 3).

Methy!l and ethyl hydracrylate resembled n-alkanols of comparable molecular
weight in that they boiled about 14° lower than their acetyl derivatives (Table
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II and Fig. 3). The isomeric methyl and ethyl lactates, which (11) exist largely
as

H

0 0

| ]
CH;CH——COR

have boiling points about 28° lower® than their corresponding acetyl derivatives
(14).

As is true with many other homologous series (17-20), the square of the ab-
solute boiling points of the n-alkyl hydracrylates and beta-acetoxypropionates
was a straight line function of the number of carbon atoms. The equations be-
low express the relation between boiling point (T = b.p., °K.) and carbon atoms

(x):

Hydracrylates, 760 mm. : T? 10~ = 1.50x - 13.64
10 mm. : T? 10~ = 0.96x 4+ 7.32

1.42x + 12.56
0.96x + 6.16

Acetoxypropionates, 760 mm. : T? 10—
10 mm. ;: T? 10

Since the hydracrylates could be distilled at atmospheric pressure without
serious decomposition, apparently the tendency of these esters to dehydrate on
heating is less than that of certain more complex beta-hydroxy esters (21).

The density (d%) and refractive index (n%) of the n-alkyl hydracrylates of
Table I are related to the total number of carbon atoms (x), as shown by the
equations:’

i

1.147x — 1.026
0.686x + 0.093

x/d
x/n

Il

The n-alkyl hydracrylates, less viscous than the n-alkanols of equal molecular
weight, are more viscous than the beta-acetoxypropionates, beta-ethoxypropio-
nates (Fig. 4), and the isomeric n-alkyl lactates (22). Because of their relatively
high viscosities and boiling points, it seems likely that the hydraerylates are
more associated than the corresponding lactates; this conclusion is in harmony
with the generalization of Bingham and Spooner (22) that primary alcohols are
more highly associated than the isomeric secondary alcohols.

In harmony with their view are the high viscosity-molecular volume values
of the n-alkyl hydracrylates (Table II). As would be expected, the acetyl and

¢ Certain other hydroxy compounds structurally capable of existence in the chelate form
also have boiling points (12) considerably lower than those of the corresponding acetates.
For example, o-nitrophenol (b.p. 214.5°) and eugenol (b.p. 253.5°) boil 37° and 27° lower than
their corresponding acetates. Acetoin (b.p. 143°) has a boiling point 28° lower than that of
its acetate (13).

7 The calculated refractive index of ethyl hydracrylate, agreeing poorly with the ex-
perimental value, is an exception.
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ethyl ether derivatives have much lower values than the corresponding alkyl
hydracrylates (Table II).
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EXPERIMENTAL

n-Butyl hydracrylate and 2-carbobutozyethyl hydracrylate. Dry hydrogen chloride was
passed into a mixture of 2 moles of ethylene cyanohydrin, 4 moles of n-butanol, and 200 ml.
of ethyl ether contained in a 1-liter three-neck flask immersed in ice-water and fitted with a
mechanical stirrer.

After the mixture had been saturated with hydrogen chloride, the flask was placed in a
refrigerator for two days. During this period a mass of crystals formed. The flask was
then attached to & vacuum line (water aspirator) to remove excess hydrogen chloride; this
operation was occasionally interrupted so that dry air could be blown through the flask.
Benzene (200 ml.) was added, and the mixture was stirred. About 200 ml. of water was then
added slowly. The water layer was separated and washed with benzene., The combined
benzene solution was washed with water and sodium bicarbonate solution. The benzene-
water azeotrope and excess butanol were distilled under water-pump vacuum; the butyl
hydracrylate distilled at about 0.1 mm. (The yield was 70%,.) The n-butyl ester was much
less soluble in water (approximately 0.75 g. per 100 ml.) than the isobutyl ester [given as 1
part in 18 by Drushel and Holden (5)].
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The distillation residue from one of the butyl hydracrylate preparations was distilled
further, yielding a product (Table I) believed, on the basis of its analysis, to be the butyl
ester of dimeric hydracrylic acid.

n-Propyl hydracrylate. (A) When prepared by the method described above for the
n-butyl ester, but with n-propanol instead of n-butanol, the yield was 36%,.

(B) The following modification was preferable: Approximately 80 g. of dry hydrogen
chloride was passed into ether maintained at 10 to 20°. First, n-propanol (240 g., 4 moles)
and then 142 g. (2 moles) of ethylene cyanohydrin were added (with stirring) to the ether
solution. The flask was then allowed to stand at room temperature until the temperature
of the contents rose to 40°. After standing for several days, the flagk contained an almost
golid mass of crystals. By using essentially the isolation procedure described for the n-
butyl ester, n-propyl hydracrylate was obtained from the reaction mixture in 58%, yield.

In agreement with Drushel and Holden (5), the n-propyl ester was observed to be miscible
with water.

Ethyl hydracrylate and a fraction that appeared to be impure ethyl beta-chloropropionate
(Table I) were obtained from ethanol and ethylene cyanohydrin, with the modified (B)
propyl hydracrylate procedure. Even after repeated fractional distillations, the constants
of the fraction assumed to consist largely of ethyl beta-chloropropionate were not identical
with those observed with an authentic specimen prepared from ethanol and beta-chloro-
propionyl chloride (Table I). Curtius and Miiller (23) also were unable to purify com-
pletely ethyl beta-chloropropionate obtained as a by-produet in the preparation of ethyl
hydracrylate.

n-Alkyl beta-acetozypropionates. Acetic anhydride was added slowly to the alkyl hydra-
crylates (0.5 mole each), one drop of concentrated sulfuric acid or ten drops of acetyl
choride being used as catalyst. After the reaction appeared to be essentially complete,
the mixture was warmed on a steam-bath for about one hour. Sodium acetate was added
to neutralize the catalyst. The mixture was filtered, and the filtrate was distilled under
reduced pressure. Approximately 90% yields of the acetyl derivatives were obtained.

Physical constants. The products were redistilled through 50-cm. Vigreux columns, and
middle, narrow-boiling fractions were used for the determination of constants (Tables I
and II). Boiling points at about 10 mm. (Fig. 1 and 2) were determined by careful dis-
tillation through a similar column, the pressure being read from a Dubrovin gauge (24).
The boiling points at atmospheric pressure were less accurate because of some decomposi-
tion, but they were only about 4° lower than those calculated by the equation, given below
(Bis = b.p. at 10 mm.), derived from boiling points of the n-alkyl beta-ethoxypropionates
an.

b.p.m + 84

b.p. at 760 mm. = 0.834

Refractive indices, densities, and viscosities were measured with an Abbé-type refracto-
meter, & 25-ml. Leach pycnometer fitted with a thermometer (similar to 50 ml. size recom-
mended by A.8.T.M. designation D153), and modified Ostwald pipettes that had been cali-
brated with samples of standard oils furnished by the National Bureau of Standards. The
temperature of the baths used in these determinations was controlled within =& 0.05°.
Control of pressure at 5.0, 8.0, 10.0, and 15.0 mm. for the data shown in Figs. 1 and 2 was
achieved by use of a new-type pressure regulator which allows precise selection and close
control of any desired pressure.?

Water solubility was determined by a modification of the method of Fordyce and
Meyer (25), 50 ml. of water being used instead of 1 liter. The viscosities reported by
Miiller (26) for the n-alkanols were used in the construction of Fig. 4.

PaiLapeLrHIA 18, Pa.

8 A description of this apparatus has not yet been published.
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