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bottom distillation flask that contained 1 mole (118 g.) of 
redistilled ethyl lactate and 3 moles (270 g.) of redistilled 
ethoxyethanol. The mixture was distilled with a high 
reflux ratio through a Vigreux column 60 cm. high to re
move ethanol as it was formed. A small amount of freshly 
prepared catalys+ - is added at about ,eight-hour intervals. 
After 45 ml. of ethanol had been removed during twenty 
hours, the vapor temperature rose to that of the excess 
ethoxyethanol, which was distilled. The desired ester was 
collected at 87-90° (5 mm.); nMD 1.4284. The yield was 
117 g. or 72% of the theoretical. 

Acetylation.—The lactic esters were acetylated with a 
10% excess of acetic anhydride, using substantially previ
ously described procedures.8 The yields were 90 to 95%. 

Physical constants of the esters and details of the pyroly-
sis experiments are given in Tables I and II, respectively. 
The fractions of the alkoxyethyl acrylates were small, and 
the physical constants observed for these samples are not 
considered to be as reliable as those (Table I) determined 
with larger samples prepared in connection with another 
investigation.' Soft polymers were obtained by heating 

(9) Rehberg and Fisher, "Preparation of Higher Acrylic Esters by 
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Society,' Pittsburgh, Pa., Sept., 1943. 

Although acrylic acid is the simplest unsatu
rated carboxylic acid and its ester spolymerize 
readily, yielding useful resins,la no adequate study 
of the preparation and physical properties of the 
alkyl acrylates has been published. The com
mercially important methyl and ethyl esters are 
manufactured by treating ethylene cyanohydrin 
with the appropriate alcohol in the presence of 
sulfuric acid, a method which appears to be less 
suitable for production of higher alkyl acrylates.111 

Although methyl acrylate can be made satisfac
torily by pyrolysis of the acetyl derivative of 
methyl lactate, pyrolysis of higher w-alkyl a-
acetoxypropionates produces low yields of n-
alkyl acrylates.2'3'4 Most of the published infor
mation on acrylic esters has appeared in the patent 
literature. The purpose of the present work was 
to prepare the n-alkyl acrylates by a generally 
applicable method6 and determine their common 
physical properties. In addition, the esters were 
polymerized and examined briefly for a prelimi-
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the acrylic ester fractions in the presence of benzoyl per
oxide. 

Summary 

The /8-methoxyethyl, /S-ethoxyethyl, 0-bu-
toxyethyl and tetrahydrofurfuryl esters of lactic 
acid were prepared by direct esterification and by 
alcoholysis of ethyl lactate. Acetylation with 
acetic anhydride yielded the corresponding a-
acetoxypropionates. 

Thermal decomposition of the 0-alkoxyethyl a-
acetoxypropionates yielded the corresponding 
alkoxyethyl acrylates in yields of 26 to 47%1_along 
with acetic acid, acetaldehyde, carbon monoxide, 
carbon dioxide and hydrocarbon gases. A 70% 
yield of tetrahydrofurfuryl acrylate was obtained 
by the pyrolysis of tetrahydrofurfuryl acetoxy-
propionate. 
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nary determination of the relation between the 
structure of the monomer and properties of the 
polymer. 

The higher acrylic esters were made in the pres
ent work by alcoholysis,6'7 a method recommended 
by Neherla and used previously to prepare ethyl,6 

M-propyl,6 M-butyl6 and cetyl acrylates.8 

Several of the «-alkyl methacrylates, including 
the w-propyl,9 n-butyl,7 w-hexyl7'10 lauryl11 and 
stearyl11 esters, have been produced similarly by 
alcoholysis of methyl methacrylate. The ethyl, 
ra-propyl, n-butyl, and dodecyl esters of acrylic 
add have been prepared also by direct esterifica
tion,12 dehalogenation of alkyl a,0-dibromopro-
pionates with zinc,13'1*-16 dehydrohalogenation of 
/3-halopropionic esters,12a.16.17 acylation of the 
alcohol with acrylyl chloride,8'18 dehydration of 
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TABLE 1 
PREPARATION AND PHYSICAL PROPERTIES OF THE »-ALKYL ACRYLATES 

Ester 

Methyl* 
Ethyl'' 
Ethyl' ' 
Propyl** 
Butyl" 
Butyl'' 
Butyl 
Butyl'' 
Amyl 
Hexyl 
Hexyl 
Heptyl 
Octyl 
Nonyl 
Decyl 
Decyl 
Dodecyl' 
Tetradecyl ' 
Hexadecyl* 

Hexadecyl'1 

Catalyst 

Toluenesulfonic acid 
H2SO4 

C7H7SO3H 
C7H7SO3H 
C7H7SO3H 
Al(OBu)3 

Al(^-BuO)3 

H2SO4 

C7H7SO3H 
H2SO4 

C7H7SO3H 
C7H7SO3H 
C7H7SO3H 
C7H7SO3H 
H2SO1 

C7H7SO3H 
C7H7SO3H 
C7H7SO8H 

H2SO4 

Yield, %« 

62.7 
99 

100 
96 
93.4 
85.2 
66 
87 
99 
99.2 
80.7 
92.3 
91.5 
96.7 
83.5 
92 
90 
53.3 

63 

Alcohol 
converted 
into acry

late, % 

62.7 
99 
86.6 
79.5 
84.4 
80.6 
59.3 
87 
90 
95.7 
80.7 
92.3 
91.5 
83.8 
81.9 
92 
90 
53.3 

63 

Methyl 
acrylate 

accounted 
for. %i 

104 
82.6 

90 

94.2 

76.5 
99 
92 
88.4 
68.7 
89.6 

100 
88.7 
64.3 
87 
96.3 

86.4 

Boiling 
point 

0C. Mm. 

80 
43 
43 
44 
35 
39 
39 

48 
40 
89 
57 
57 
76 

120 
118 
120 
138 
148 

170 

760 
103 
103 
40 

8 
10 
10 

7 
1.1 

24 
1.0 
0.05 
0.2 
5 
5 
0.8 

.4 

.04 

1.5 

«»D 

1.4040 
.4068 

1.4068 
1.4130 
1.4190 

1.4240 
1.4285 
1.4280 
1.4311 
1.4360 
1.4380 
1.4400 
1.4400 
1.4440 
1.4468 
1.4470 

(30°) 
1.4460 

(30°) 

i»i 

0.9535 
.9234 
.9234 
.9078 
.8998 

.8903 

.8882 

.8846 

.8810 

.8785 

.8773 

.8789 

.8727 

.8700" 

.8628 
(30°)*' 
.8613 
(3O0)'' 

Molecular 
refraction 

Calcd.« Found 

21.86 
26.47 
26.47 
31.09 
35.71 

40.33 
44.95 

49.57 
54.19 
58.81 
63.43 
63.43 
72.66 
81.89 
91.13 

91.13 

22.08 
26.68 
26.68 
31.36 
36.02 

40.76 
45.30 

49.91 
54.68 
59.26 
63.78 
63.67 
73.15 
82.30 
81.81 

91.79 

" Per cent, of theoretical on the basis of alcohol consumed. b Either as recovered methyl acrylate or as the higher 
acrylic ester. c From the constants recommended by Eisenlohr. * Data reported in a previous paper (ref. 5). M. p. 
approximately 4°. ' M. p. approximately 14°. "At 30° the density (iM«) was 0.8622. * M. p. approximately 24°. i Estimated value at 20° is 0.8706. -" Estimated value at 20° is 0.8691. 

Our results indicate that the alcoholysis method 
is generally suitable for preparing acrylates of the 
w-alkanols and some of the secondary alkanols. 
On the basis of the alcohol placed in the reaction 
flask, the yields were high in most instances 
(Table I); on the basis of the unrecovered alco
hol they were usually over 90%. Losses of methyl 
acrylate were low; probably these losses could be 
reduced in some instances by conditions which 
would further decrease polymerization. 

When the densities and refractive indices of the 
w-alkyl acrylates were plotted against the number 
of carbon atoms in the alkyl group, smooth curves 
were obtained (Fig. 1). Figure 1 can be used to 
estimate the densities and refractive indices of 
certain w-alkyl acrylates not yet prepared. 

A straight line having a slope of 1.185 resulted 
when the molecular volume at 20° of the w-alkyl 
acrylates was plotted against molecular weight. 
This straight line is defined by the equation 
molecular volume = 1.185 M — 9.5, where M 
is molecular weight. 

The density (d20
4) of the higher w-alkyl acrylates 

can be calculated with fair accuracy by the equation 
d*\ = Af/(l.l85Af - 9.5). According to Aranda,20 

straight lines having a slope of 1.167 are obtained 
by plotting the molecular volume of homologous 
series against the molecular weight. 

A straight line was obtained by plotting the 
(20) V. G. Aranda , Anales soc. etpaii. /is. qnim., [.>] 35 , t.'i r>3 

. IMI(I?): t I., 3«, 532Ii ( l l l l d l . 

alkyl hydracrylates,19 or pyrolysis of alkyl a-
acetoxy propionates.2 

The alcoholysis procedure6 used in the present 
investigation consisted in refluxing methyl acry
late, which can be prepared satisfactorily from 
either ethylene cyanohydrin1 or lactic acid,4 with 
the higher alcohol in the presence of sulfuric or 
toluenesulfonic acid and distilling methanol azeo-
tropically as it was formed. This was accom
plished in most of the experiments by adding an 
excess of methyl acrylate and removing the meth
anol as the methanol-methyl acrylate azeotrope, 
which boils at 62-63°. Petroleum hydrocarbons 
distilling in the approximate range of 55 to 65° 
also can be used to distill the methanol azeotropi-
cally.6 
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molecular weight of the w-alkyl acrylates against 
the molecular weight divided by the refractive 
index. Hence, the relation between the molecular 
weights and refractive indices of the «-alkyl acry
lates are shown by the equation 

jWn!0D = 0.67857 M + 3.363 

Polymeric w-Alkyl Acrylates.—The n-alkyl 
acrylates were emulsion polymerized, and certain 
properties of the polymers were determined to as
certain the effect of the length of the alkyl group 
on the properties of the polymer. The acrylic 
esters were polymerized under standard condi
tions to minimize differences in properties of the 
polymers that might be attributed to conditions 
of polymerization. Emulsion polymerization was 
used because of its convenience and the fact that 
polymers of relatively high molecular weight are 
produced by this technique. Polymers of high 
molecular weight were preferred because their 
properties should depend less on molecular weight 
than those of the corresponding polymers having 
a low molecular weight. Moreover, since many 
of the polymeric «-alkyl acrylates were known1* to 
be soft and tacky, it was anticipated that the poly
mers of relatively high molecular weight would be 
less tacky, and hence easier to handle, than the 
corresponding polymers of low molecular weight. 

As prepared in the present work, polymethyl 
acrylate was tough and moderately hard, and 
had little or no tack at room temperature. It 
was flexible, extensible and somewhat rubbery. 
Polymerized ethyl acrylate was considerably 
softer and more rubber-like. The polymer of n-
propyl acrylate was still softer and slightly tacky. 
The properties1* of the polymeric w-alkyl acrylates 
varied with the number of carbon atoms in the 
alkyl group, the softest and tackiest product at 
room temperature being tetradecyl acrylate. The 
polymer of w-hexadecyl acrylate was hard and 
wax-like at room temperature but soft and tacky 
above its brittle point (approximately 35°). 

The brittle points of the polymers (Fig. 2) de
creased with increase in chain length of the alkyl 
group for the first eight members of the series and 
then became progresssively higher (Fig. 2). Poly
meric w-octyl acrylate had the lowest brittle point 
( — 65°) of the polymers studied, and w-hexadecyl 
had the highest (+35°). The first member of the 
series, polymethyl acrylate, had a brittle point of 
+ 3 °. According to Trommsdorff, " t h e polymers 
of methyl, ethyl and w-butyl acrylates have 
brittle points of + 8 , —20 and —40°, respectively. 
The curve in Fig. 2 indicates that the acrylates ob
tained from the normal alcohols of twenty-four or 
more carbon atoms would yield wax-like polymers 
with comparatively high softening points. 

The solubility behavior of the polymeric n-
alkyl acrylates in acetone, ethyl acetate, toluene 
and heptane was studied briefly. Acetone and 
ethyl acetate dissolved the resins prepared from 

the lower acrylic esters (up to about hexyl acry
late) but had little effect on the polymers of the 
higher esters. Toluene dissolved the lower acry
lates (up to those having twelve to fourteen carbon 
atoms in the alkyl group (and caused the higher 
ones to swell and disintegrate. Heptane swelled 
the lower acrylates, dissolved those of inter
mediate chain length, and swelled and disinte
grated the higher acrylates. 

(21) K. TrommsilnrlT, KinithlnlT/, Vl, ', •<> ( I ' . W ) . 

2 6 10 14 
Carbon atoms in the alkyl group. 

Fig. 2.—Brittle temperatures of the polymeric »-alkyl 

acrylates. 

Experimental 
Alcoholysis of Methyl Acrylate.—In most of the experi

ments three or four times the theoretical quantity of 
methyl acrylate was used, and the methanol-methyl 
acrylate azeotrope was distilled during the alcoholysis. 
Sulfuric acid, ^-toluenesulfonic acid, or aluminum alco-
holate was used as catalyst, the first being preferred. 
Hydroquinone or £-phenylenediamine (3 to 5% by weight 
of the methyl acrylate) was used to inhibit polymerization. 
The mixture of methyl acrylate, the higher alcohol, hydro
quinone, and sulfuric acid was heated (oil-bath) in a flask 
attached to a fractionating column that supported a total-
condensation partial take-off distilling head. The system 
was operated under total reflux until the methanol-
methyl acrylate azeotrope began to collect at the stillhead 
The take-off was then adjusted so that the azeotrope was 
removed as it was formed. When formation of the azeo
trope ceased, the mixture was fractionally distilled. Al
though diminished pressure decreased the likelihood Of 
polymerization, the lower acrylic esters could be distilled 
under atmospheric pressure. 

With 2 moles of primary alcohol, 6 moles of methyl 
acrylate, 1 ml. of sulfuric acid, and 10 to 15 g. of hydro
quinone, the reaction usually required six to ten hours, 
although most of it occurred in the first two to four hours. 
One advantage of attaining practically complete reaction is 
that the necessity of separating unreacted alcohol from the 
corresponding acrylate is avoided. This separation some
times offers some difficulty in fractionation, since the acry
lates usually have boiling points only 15 to 30° above those 
of the corresponding alcohols. 

The relatively low yields of acrylic ester and high losses 
of methyl acrylate observed in some of the experiments 
generally were caused by losses suffered through partial 
polymerization of the esters. In some of the earlier experi
ments the amount of inhibitor used was only 1 to 2% of 
the amount of the acrylate, and some polymer was formed 
in the reaction flask. Use of from 3 to 5% of inhibitor, and 
an oil-bath for heating, eliminated this loss in later experi
ments. Occasionally some polymer formed in the frac
tionating column, stillhead, or receiver, but exclusion of 
air and passing a slow stream of carbon dioxide through the 
still eliminated most of this trouble. 

Aluminum alcoholate was used as catalyst in two experi
ments. In the first, amalgamated aluminum foil was dis
solved in hutanol. In the second, a commercial sample of 
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aluminum i-butoxide was used. The decreased yields ob
tained with the aluminum catalyst were due partly to 
formation of polymer, whereas the lower conversions were 
due to a slower reaction than that obtained with sulfuric 
acid as catalyst. 

Glass Vigreux columns and columns packed with nickel 
gauze (Lecky-Ewell) or copper were used for the distilla
tions. The inhibiting effect of copper was doubtful, since 
polymerization occurred in some instances with copper-
packed columns. The principal factors involved in pre
venting polymerization in the distillation column appeared 
to be (1) rigid exclusion of air and (2) use of columns of 
low holdup. Introduction of a slow stream of ca»bon di
oxide during the reaction and distillation helps to exclude 
air. All joints and connections should be airtight, and the 
entire system should be closed to the atmosphere or filled 
with oxygen-free carbon dioxide if it becomes necessary to 
interrupt the reaction or distillation and allow the system 
to cool. In connection with the liquid holdup in the column, 
bubble-cap and certain packed columns appear less suitable 
than the Vigreux, Lecky-Ewell and spiral-packed columns. 
The difficulty of removing the polymer after it has formed 
in the column, as well as the prevention of polymerization, 
merits consideration in the selection of a distillation 
column. 

Methyl acrylate can be recovered from its methanol 
azeotrope, which contains approximately 54% of alcohol 
and 46% of ester, by washing out the methanol with water 
(preferably brine) or by adding a third component that will 
form a suitable low-boiling binary azeotrope with either the 
methanol or methyl acrylate and distilling. A petroleum 
fraction boiling within a range of 2 or 3°, preferably be
tween 50 and 65°, is satisfactory for removing methanol 
both from the reaction mixture during the alcoholysis and 
from the methanol-methyl acrylate azeotrope. For the 
former purpose, the requirements are rigid. Since the 
entraining agent should be easily removed from the reac
tion mixture after all the methanol has been distilled, 
the boiling point of the entraining agent should not be 
higher than approximately 65°, and should not be below 
approximately 50°, because the alcoholysis would be too 
slow at the lower temperatures. I t should not distill azeo-
tropically with the acrylic esters. With methanol it should 
form a binary azeotrope that boils at a temperature con
siderably below the distilling temperature (62 to 63 °) of the 
methanol-methyl acrylate azeotrope. Finally, it should be 
easy to separate the entraining agent from the methanol 
in the distillate, preferably by virtue of insolubility. All 
these requirements are met satisfactorily by a petroleum 
fraction boiling at 59 to 61°, and this fraction has been 
used successfully in the present work to remove methanol 
continuously during alcoholysis and to separate methanol 
from the methanol-methyl acrylate azeotropic distillate. 

The methanol-hydrocarbon azeotrope boils at 47 to 48 ° 
and contains approximately 18% methanol. I t separates 
into two layers, the ratio and composition of which depend 
upon the temperature. At about 20° the ratio of the 
methanol (lower) layer to the petroleum ether (upper) 
layer is about 1:4, and there is about 8.8% methanol 
in the upper layer and 60% in the lower. More complete 
separation can be effected by cooling the mixture. 

Acrylic Ester Azeotropes.—Preparation of ethyl, n-
propyl and isopropyl acrylates from methyl acrylate by 
alcoholysis is complicated by the fact that the correspond
ing alcohols form binary azeotropes with methyl acrylate. 
Moreover, ethyl acrylate forms binary azeotropes with 
both methanol and ethanol. The approximate composi
tions and boiling points of these azeotropes are shown in 
Table I I . Apparently, methyl acrylate does not form an 
azeotrope with «-butanol, «-butanol or ethyl acrylate. 
In addition to the azeotropes described in Table I I , 
methyl acrylate forms an azeotrope with water that, boils 
at 71° and consists of approximately 7.2% water and 
92.8% methyl acrylate. This mixture separates into two 
layers, about 93.7% being in the upper layer and 6.3% 
in the lower. The upper layer contains about 1.5% water 
and 98.5% methyl acrylate; the lower contains 6.7%, 
ester and 93.3% water. 

TABLE I I 

PROPERTIES OF ALCOHOL-ACRYLIC ESTER AZEOTROPES 

Acrylic 
ester 

Methyl 
Methyl 
Methyl 
Methyl 
Ethyl 
Ethyl 

Alcohol 
Methyl 
Ethyl 
M-Propyl 
i-Propyl 
Methyl 
Ethyr 

Boiling 
point of 

azeotrope, 0C. 
62.5 
73.5 
79.0' 
76.0 
64.5 
77.5 

Composition of 
azeotrope, %' 

Acrylic 
ester Alcohol 
46.0 54.0 
57.6 42.4 
94.6 5.4 
53.5 46.5 
15.6 84.4 
27 .3 72.7 

" Estimated from refractive indices. By determining 
the refractive indices of syntheic mixtures it was shown 
that this method is satisfactory. 

In the preparation of ethyl acrylate from the methyl 
ester by alcoholysis, methanol, ethanol,- methyl acrylate 
and ethyl acrylate are present in the reaction mixture. 
Each alcohol forms a binary azeotrope with each acrylate, 
and therefore the mixture contains components boiling a t 
62.5, 64.5, 64.7, 73.5, 77.5, 78.4, 80 and 100°, even if the 
possibility of ternary, or higher, azeotropic mixtures is 
excluded. On first consideration, the separation of such a 
mixture by distillation would appear nearly impossible, 
but high yields of ethyl acrylate were readily obtained, as 
described below. 

The reaction mixture was heated initially under total 
reflux for several hours until the concentration of methanol 
was increased and that of ethanol decreased so far that the 
methanol-methyl acrylate azeotrope could be distilled 
without appreciable loss of ethanol. The methanol-
methyl acrylate azeotrope was then allowed to distill 
slowly, the vapor temperature at the stillhead never being 
allowed to exceed 63°. After all the ethanol had been 
consumed and all the methanol had been removed, the 
distillation became only a matter of separating methyl 
and ethyl acrylates. 

Polymerization.—The monomeric esters were polymer
ized by heating at about 90° (with mechanical stirring) 
a mixture of 50 g. of acrylic ester, 100 g. of water, 0.5 g. of 
Triton K60 (cetyldimethylbenzylammonium chloride)/2 

and small quantities of hydrogen peroxide (27.5 or 30%) 
or of a mixture of hydrogen peroxide and benzoyl peroxide. 
In most experiments, hydrogen peroxide was added in 
small quantities until polymerization started. In the few 
instances when this procedure seemed ineffective, treat
ment with hydrogen peroxide was followed by the addition 
of a small amount of benzoyl peroxide. 

Coagulation sometimes occurred spontaneously after 
the polymerization or as the result of the agitation and 
changes in temperature. The polymers were coagulated 
from the more stable emulsions by the addition of an 
aqueous solution containing acetic acid and calcium 
chloride, washed with distilled water, and dried. The air-
dried polymers were then heated for twelve to twenty 
hours at about 80°. The solubility behavior of the poly
mers was ascertained by allowing approximately 0.5 g. of 
the sample to stand in contact with 10 ml. of solvent for 
at least two days. The behavior of the polymers at low 
temperatures was determined by bending with tongs 
samples immersed in a cooled ethanol-bath. The tempera
ture at which the specimens broke was considered the 
brittle point. The temperature of the bath was regulated 
by adding solid carbon dioxide. High precision cannot be 
claimed for results obtained in this manner, but polymers 
that were soft and tacky at room temperature could not 
be handled conveniently in any other way, and the data 
obtained do indicate the approximate brittle temperatures. 

The polymerizations appeared to be virtually complete, 
and it is believed that only negligible amounts of mono
meric acrylic esters remained in the oven-dried polymers. 
Monomeric esters would be expected to soften the poly
mers, lower the brittle point, and increase tackiness. On 

i-2 J) F. I. Van Antwerpen, I nil. Eng. Chem.. 35, 126-130 (1943). 
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the basis of two experiments in which the polymerization 
yield was carefully determined, and because our brittle 
points agreed with those of Trommsdorff," it is believed 
that the properties of our polymers were not greatly in
fluenced by monomelic esters. 

Summary 
Higher «-alkyl acrylates having two to sixteen 

carbon atoms in the alkyl group were prepared in 
high yields by the alcoholysis of methyl acrylate. 
The monomeric esters were emulsion polymerized, 
and the coagulated polym'ers were examined 
briefly to determine the influence of chain length 

The failure of certain diortho-substituted aceto-
phenones to react with hydroxylamine and other 
typical carbonyl reagents is well known. Feith 
and Davies2 were unable to obtain an oxime from 
acetomesitylene or propiomesitylene and failure 
was likewise encountered by Claus and Foecking* 
with acetodurene and by Baum4 with acetoiso-
durene and acetopentamethylbenzene. This in
ertness was also shown toward other carbonyl 
reagents such as hydrazine, phenylhydrazine and 
semicarbazide. However, the carbonyl group in 
acetomesitylene is not completely devoid of 
reactivity toward additive reagents, as on heating 
with hydroxylamine hydrochloride and alcohol in 
a sealed tube for six hours at 160° N-acetyl-
mesidine was obtained.2 The amide was un
doubtedly produced by the Beckmann rearrange
ment of the oxime. The only typical carbonyl 
reaction displayed by acetomesitylene under 
normal conditions is reduction to mesitylmethyl-
carbinol or ethylmesitylene. A further abnormal
ity of acetomesitylene was found6 in its behavior 
toward the Grignard reagent to.form a salt which 
regenerated the ketone on hydrolysis. This salt 
was shown6 to be the enolate7 of the ketone and its 
formation to be as follows 

O OMgX 

C9HnCCH3 + RMgX —*• CH n C=CH 2 + RH 

(1) Present address: Pittsburgh Plate Glass Co., Columbia 
Chemical Division, Barberton, Ohio. 

(2) Feith and Davies, Ber., 14, 3546 (1891). 
(3) Claus and Foecking, ibid., 10, 3097 (1887). 
(4) Baum, ibid., 18, 3207 (189S). 
(5) Klages, ibid., it, 2635 (1902). 
(6) Kohler, Stone and Fuson, THIS JOURNAL, 41, 3181 (1927). 
(7) The enolate shows reactions corresponding to either of the two 

structures having magnesium attached to oxygen or to carbon. The 
best representation of the structure involves a resonating anion par
taking of structures containing the negative charge on the oxygen or 
the carbon atom. See Fi'son, Fugate and Fisher, ibid., 61, 2362 
(1939); Fuson, Fisher, TJllyot and Fugate, J Or/. Chem., 4, 111 
(1939). 

of the alkyl group upon the properties of the poly
mer. As the chain length of the alkyl group in
creased, the polymers became softer and tackier at 
room temperature (up to and including tetradecyl 
acrylate). The polymer of w-hexadecyl acrylate 
was a wax-like solid at room temperature but soft 
and tacky above 35°. As the molecular weights 
increased, the brittle points of the first eight 
polyalkyl acrylates became lower; beyond octyl 
acrylate, which had a brittle point of —65°, the 
brittle points became higher. 
PHILADELPHIA, PA. RECEIVED FEBRUARY 23, 1944 

The inertness of diortho-substituted aceto-
phenones toward carbonyl reagents was inter
preted by the early workers as an additional ex
ample of hindrance to reaction due to the size of 
the ortho substituents in shielding the reacting 
group from the attacking reagent. This classical 
theory of steric hindrance,8 due to Kehrmann and 
Victor Meyer, is inadequate in many cases— 
actually, the "ortho effect" is one of great com
plexity involving the simultaneous operation of 
several different factors.81" That the classical bulk 
effect may often be of secondary importance is 
shown by the many examples now known in which 
ortho substituents increase the rate of reaction. 

The abnormal behavior of acetomesitylene 
toward the Grignard reagent was first explained6 

on the basis of steric hindrance to normal addi
tion, thus allowing the competing enolization 
reaction sufficient time to occur. The mesityl 
group was believed neither to assist nor retard the 
enolization process.' In opposition to this latter 
view there have since been observed numerous 
instances in which the enol form of a mesityl 
ketone was formed more rapidly and was more 
stable than the enol of the corresponding phenyl 
ketone.1(> 

The steric effects usually associated with di
ortho-substituted aromatic ketones are not shown 
by 4,7-dimethyl-a-indanone.11 A survey of the 

(8) (a) Stewart, "Stereochemistry," Longmans, Green and Co., 
New York, N. Y„ 1907, pp. 314-444; (b) Vavon in Grignard, 
"Traite de Chimie Organique," Masson et Cie., Paris, 1936, Vol. 2, 
Part 2, pp. 851-876; 

(9) Kohler and Baltzly, THIS JOORNAL, «4, 4015 (1932). 
(10) Kohler and Sonnichsen, ibid., 60, 2650 (1938); Kohler and 

Thompson, ibid., II , 887 (1937); Kohler, Tishler and Potter, ibid., 
17, 2517 (1935); Kohler and Potter, ibid., SS, 2166 (1936); Fuson, 
el at., ibid., 61, 2962 (1940); 63, 1500, 1679 (1941), and preceding 
papers; Zucker and Hammett! ibid., 61, 2779 (1939); Brown, Khar-
asch and Sprowls, J. Org. Chem., 4, 442 (1939). 

(11) Moureu, Bull. soc. Mm., [3] 9, 572 (1893); Ann. Mm., [7] 1, 
204 (1894); Cocroft, M.S. Dissertation, University of Chicago, 1940; 
Cocroft, Proc. Iowa Acad. Sci., 48, 245 (1941). 
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