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XLVI.--TlLe

Adclitio?$ of the Elewents of Alcohol to the Ethereal Salts
of Unsaturated

Acids.

By T. PURDIE,
Ph.D., B.Sc., Professor of Chemistry in the United
B.Sc.
College, University of St. Andrews ; and W. MARSHALL,
I N former communications to this Journal, we have shown that, when
a mixture of an etherea.1 salt and an alcohol is treated with a
minute quantity of sodium alkylate, an extensive interchange of alkyl
radicle takes place between the ethereal salt and the alcohol, and that
this change is probably effected by the agency of an unstable intermediar-y compound, the alkyl derivative of an acid hydrol, formed by
the addition of the elements of 1mol. of the alcohol to 1mol. of the
ethereal salt.
We have also shown that in the case of the ethereal salts of fumaric
and maleic acids, this reaction is quickly followed by another, in
which the elements of a molecule of alcohol are permanently
added to the ethereal salt;, an alkyloxy-derivative of succinic ether
being produced. Various isolated instances of a similar addition
of alcohol to unsaturated ethereal salts have been recorded: thus,
ethplic benzalmalonate, on saponification with alcoholic potash, yields
potassium ethoxybenzylmalonate, and by the action of sodium
ethylate and ethyl alcohol on pyrocitric ethers, ethoxypropanedicarboxylic ethers are obtained.
The various changes undergone by ethereal salts under the action
of sodium alkylates is a subject of considerable interest, such reactions having been so frequently employed in recent investigations ;
it seemed to us, therefore, worth while t o ascertain if the ethereal
salts of unsaturated acids in general can be converted into saturated
compounds by union with the elements of alcohol through the agency
of small quantities of sodium alkylates.
We find that the ethereal salts of acrylic and crotonic acids very
readily enter into permanent combination with the elements of
alcohol, but that those of various other unsaturated acids are incapable under the conditions of our experiments of undergoing the
change alluded to.
Btherea!, Halts of Furnaric and Malei'c Acids.
Methy lic Metl~oxysuccinate.-In our previous experiments with the
ethereal salts of fumaric: and male'ic acids (Trans., 1881, 39,344;
1885, 47, 855), we did not succeed in isolating in the pure state the
ethereal mlts of the alByloxysuccinic acids which we assumed t o be
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formed from them by the addition of alcohol. We now find that
methylic methoxysuccinate may be readily obtained by treating
methylic fumarate i n the cold with anhydrous methyl alcohol and
minute quantities of sodium methylate.
The rnethylic fumarate is most easily prepared by heating a mixture
of the acid with twicg its weight of anhydrous methyl alcohol, and
one-fifth its weight of strong sulphuric acid on the water-bath, using
a reflux condenser. On cooling, the ethereal salt crystallises. The
contents of the flask are shaken with a solution of sodium carbonate ;
the crystals are collected, pressed, dried over sulphuric acid, and
distilled. After one distillation, the substance boils a t an almost
constant temperature, and is about equal in weight to the acid used.
Methylic f umarate is only slightly soluble in cold methyl alcohol ;
when, however, it is treated with an equal weight of this alcohol, in
which sodium has been dissolved in the proportion of ,I,th of an
atom to 1mol. of the fumarate, it begins a t once to go into solution,
and after 48 hours, is entirely dissolved. The mixture is poured into
water and shaken with ether. The ethereal extract, after evaporation, leaves a syrup which, on standing, solidifies to a hard, crystalline
mass consisting of nearly pure methylic methoxysuccinate. 50 grams
of methylic fumarate yielded by this method 51 grams of dry, crystalline residue, which, after hydrolysis wit*h sodium hydrate and a&&fying strongly with nitric acid, gave no precipitate of fumaric acid.
It appears, therefore, that the reaction is very complete.
Methylic methoxysuccinate melts at 28", boils at 218-220", and
dissolves readily in alcohol, ether, benzene, chloroform, and carbon
bisulphide, and also, though'sparingly, in cold water. The substance
crystallises beautifully ; from its solution in carbon bisulphide or
water, it may be procured in very large, highly refracting and perfectly
developed crystals resembling the monoclinic forms of gypsum. The
results of the analysis of the substance are given below.
In a previous communication (Zoc. cit.), we have adduced evidence
t o show that the ethereal salts of fumaric and male'ic acids yield those
af the same alkyloxysuccinic acids by the addition of the elements of
alcohol. Certain slight differences, however, were observed in the
properties of the zinc methoxysuccinates obtained from the two
sources, andit was left in doubt whether these differences were due to
impurities in the substances, or possibly to isomerism. I n order to
decide this point, the crystallised pure zinc salts being obtainable
with difficulty,we prepared methylic methoxysucciriate from me thylic
maleate. The method of preparation W R S essentially the same as bhat
adopted in the case of methylic fumarate, and the reaction was found
t o proceed in the same manner, 20 grams of methylic maleate yielded
18 grams of dry methylic methoxysuccinate, which, i n its mode of
2 L 2
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crystallisation and melting point, was identical with the substance
obtained from rnethylic fumarate. Famaric and male'ic acids, therefore, yield the same saturated acid by combination with the elements
of alcohol, a result which is in entire accordance with the known
relations of the two acids.
The methylic salt of methoxysuccinic acid is readily prepared also
by the action of methylic iodide on the silver salt, and the substance
thus procured is identical with that obtained directly from methylic
maleate and fiimarate. Silver methoxysuccinate prepared by precipitating a solution of ammonium methoxysuccinate with silver nitrate and
drying at slr temperature below loo", is heated with excess of methylic
iodide, using a reflnx condenser. The syrupy liquid which is left 011
filtration and evaporation crystallises a t once when a crystai of
methyl rnethoxysuccinate is added to it.
The substance, when recrystallised from ether and dried in a
vacuum, yielded the following results on aualysis, the pi'eparations
used for analyses I and I1 being those obtained direct from methylie
fnmarate and methylic maleate respectively :-

I. 0.2655 gram substance gave 0.1623 gram H,O and 0.4624 gram

coz.

[I. 0.2915 gram substance gave 0.1792 gram H,O and 0.5070 gram

co,.

Found.

Calculated for
C,I-T,20,.

..........
H ..........
0 . ..........
(3

7
47.444

47.73

I.
47.50

6.82

6.79

45.45

-

6-83

-

_
I
_

100.00
Methoxysuccinarnide.-Methylic methoxysnccinate was dissolved in
methyl alcohol solution of ammonia, and the mixture l e f t in a
stoppered bottle for a week. Hard, transparent crystals gradually
formed, adhering firmly to the glass. The substance, being dried
over sulphuric acid and submitted to analysis, was fonnd to have
the composition of methoxysuccinarnide.
it

I. 0.3187 gram substance gave 0,2052 gram H20 and 0.4785 gram

co,.

0.1325 gram substance gave 22.1 C.C.N a t 18" and 757 mm. bar.
IT. 0-2253 gram substance gave 0.1455 gram H,O and 0.3410 gram
c0,.
0.2832 gram substance gave 45.9 C.C. N a t 16" and 760 mni. bar.
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Found.

Calculated for
C, HloW20,.

C
H
N
0

..........

..........
..........
..........

41.10
6.85
19.18
3287

7

I.

11.

40.95
7.15
19-53

41-28

-

7-17
19-19
-

100.00
The substance is soluble in water and in hot alcohol, insoluble in
ether, and melts a t 175".
Xethoxysucci.nic Acid.-The constitution of the acids obtained by
the addition of the elements of alcohol t o fumsric and male'ic acids
mas inferred (Zoc. cit.) fi*omthe fact that ethoxysuccinic acid yielded
succinic acid when acted upon with filming hydriodic acid. We
have submitted methoxysuccinic acid to similar treatment, and find
that it undergoes the same change, though apparently a somewhat
higher temperature is required for the reaction. After heating the
acid in a sealed tube with fuming hjdrivdic acid a t 120°, no succinic
acid could be detected, but when the mixture was heated at 160-170",
tt crystalline crust of minute needles was formed in the tube. The
substance, having been separated f r o m the liquid by filtration, treated
with carbon bisulphide and recrystallised from hot water, had the
melting point 1S2-18P0, and gave on analysis 40.37 per cent. of
carbon and 5.26 per cent. of hydrogen ; the corresponding numbers
calculated for succinic acid being respectively 40.68 and 5.08.
Jn one of the communications to this Journal, already referred to
(Trans., 1885, 47, 861), the addition of the elements of alcohol to
fumaric and male'ic ethers was attributed to the agency of an unstable
compound of the ethereal salt with sodium alkylate, having in the
case of the methyl compounds the constitution represeiited by one or
other of the f o r m u h
HNa-C 0 0C H3
CH(OCH,)*COOOH, '

# H*C0 0CH,
CH-C(OCH,),*ONa

We were inclined at one time t o think that the intermediary coinpound probably had the constitution represented by the first of these
two formulae, and in a, discussion, 8ome years ago, of the mode of
formation and constitution of acetoacetic and succinylosuccinic ethers,
by A. voti Baeyer and Geuther, prominence was given to this view,
as bearing on the general question of the existence of sodium derivatives of ethereal salts, in which sodium is directly united to carbon.
Geuther justly pointed out that tbe reactions of fumaric and malek
ethers referred to, more particularly the reaction bet ween dry sodium
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ethylate and ethylic fumarate, had been too imperfectly Btudied to
admit of definite conclusions being drawn from them. The effect
of sodium alkylate in causing an interchange of alcoholic radicle
between an ethereal salt and an alcohol, which w0 have more recently
described, and Claisen’s observations on the action of sodium ethylate
on ethylic benzoate, support the view that i t is probably a compound
of the kind represented by the second formula, which is the active
agent in causing the addition of alcohol to the ethereal salts of
unsaturated acids.
The remark of Geuther, to which we have referred, induced us at
the time to undertake the investigation of the action of dry sodium
methylate, and of alcoholic sodium methylate, aided by heating, on
methjlic fumarate. The reactions were in every case very complex,
and we could not obtain well-defined products from them. We take
the opportunity, however, of giving a brief summary of the results of
our experiments.
When methylic fumarate was added in molecular proportion t o
dry sodium methylate suspended in anhydrous ether, and the mixture
shaken, the fumarate disappeared, and a solid sodium compound i n
the form of a yellow powder was produced, from which, by means of
cold dilute acids, we obtained a viscous oil soon solidifying t o a liglitcoloured resin. The substance fornied deep-yellow solutions with
caustic alkalis, from which it was again precipitated by the addition
of acid, and its alcoholic solution gave intense violet colours with
ferric chloride, a property retained by the substance even after being
fused with solid caustic potash. No phenylhydrazine o r metallic o r
other derivatives of definite composition could be obtained by the
methods usually employed with ketonic ethereal salts.
When the proportion 2 mols. of sodium ethylate to 1 mol. of
methylic fumarate was taken, the resulting sodium compound yielded
B viscous oil which did not solidify.
When molecular proport ions of methylic fumarate and alcoholic
sodium methylate were heated on the water-bath for an hour, on
acidifying and extracting with ether no methylic methoxysuccinate
was obtained, but a greenish-yellow oil, which gave an indigo-blue
colour with ferric chloride, o r deep violet in the presence of alcohol.
When sodium methylate in alcoholic solution, in the proportion of
2 mols. of the methylate to 1 mol. of fumarate, was used, and the
mixture was heated f o r some hours on the water-bath, and then poured
into ice-cold, dilute sulphuric acid, an olive-green, amorphous solid
was precipitated. 50 grams of methylic fumarate yielded 40 grams
of the powder dried on filter paper. The substance was soluble in
benzene, ether, and alcohol, the latter solution giving an intense
violet colour with ferric chloride. Analysis of the substance gave the
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results which follow, the substance used in analyses I and I1 being
got by dissolving the green powder in ammonia and precipitating
with acid, that used in I11 and I V by precipitating its solution in
benzene by the addition of light petroleum. The yellowish-white
powder thus obtained was in each case dried in a vacuum till constant
in weight.

I. 0.2125 gram substance gave 0.0910 gram H,O and 0.4005 gram

co,.

11. 0.2320 gram substance gave 0.0987 gram H,O and 0.4342 gram

coz.
co,.

111. 0.2063 gram substance gave 0.0935 gram H,O and 0.3877 gram

IV. 0.2107 gram substance gave 9.0930 gram H,O and 0.3981 gram
GO,.
Calculated for

C
H
0

..........
..........
..........

CllH1207.

51.56
4.69
4375

Found.
r--~-I.
11.
111.

51-40

51.04

51.25

4.76

4.73

5-04

-

-

-

7

IT.
51-55
4.90
-

100.00
The substance is evidently a, condensation product produced by
the elimination of alcohol, probably a diketonic ethereal salt of the
composition C11H1207,
formed by the abstraction of 3 mols of methyl
alcohol from 2 mols. of methglic methoxysuccinate, or of 2 mols. of
methyl alcohol from 1 mol. of rnethylic fumarate and 1 mol. of
methylic methoxysuccinate. When the yellow alcoholic solution of
the substance is treated with chlorine o r bromine, the solution
becomes of a bright scarlet or magenta colour which disappears on
the further addition of the reagent. Shaking with excess of brominewater converts the substance into an amorphous, lemon-yellow
powder containing bromine ; this dissolves in absolute alcohol and
in pure benzene t o a pale yellow solution, but in alcohol containing
traces of water and in commercial benzene to bright magenta-coloured
solutions. The colour disappears from the alcoholic solution o n
boiling, and reappears on cooling ; when the alcohol evapomtes, the
substance regains its original yellow colour. These curious changes
of colour suggest the tautomeric changes cliaracteristic of ethyl
succinylosuccinate and its deriidives. N~imerousattempts t o obtain
crystalline derivatives from the original product of the reaction and
from the bromine compound alluded to were all unsuccessful, and no
simple formula for the latter substance could be deduced from the
results of its analysis.
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Our experiments therefore afford 110 proof of the formation of a
simple derivative of ethyl succinate i n which sodium is directly
united to carbon, such as is represented by the first of the abovementioned f o r m u l a A compound of the second formula is probably
produced, from which, in tlhe presence of alcohol, methylic methoxysuccinate is formed ; the latter then undergoes condensation under
the action of the alcoholic sodium methylate aided by heat, with the
formation of the sodium derivative of a complex ketonic ethereal
salt.
Ethereal Salts of Acry7ic Acid.
Acrylic acid, like fumaric and nialejic acids, when heated with an
aqueous solutlion of sodium hydrate, unites with the elements of
water and yields hydracrylic acid. I t seemed, therefore, likely that
the ethereal salts of acrylic acid would resemble the ethereal
fumarates and msleates in their action with alcohol and sodium
alkylate, and that, they would produce alkjloxypropionic salts. This
was found t o be the case.
The methylic and ethylic aciylates used in our experiments were
prepared from dibromopropionic acid (procured from allyl alcohol),
in accordance with the directions of Caspnry and Tollens (Annakn,
167,247). The method is tedious, and gave in our hands only a
small yield of the ethereal acrylate. 120 grams of allyl alcohol
yielded 10 grams of methylic acrylate boiling at 80-85" ; 70 grams
of the alcohol yielded only 5 grams of the ethylic salt. Owing to the
difficulty of obtaining these acrylic salts, o u r experiments were conducted on a limited scale.
Methylic Acrylate and illethyl Alcohol.-A mixture of 10 grams of
methylic acrylate with 15 grams of methyl alcohol, in which 0.27 gram
sodiiim had been dissolved, was left at the ordinary temperature
for t w o hours, and then heated for some time on the water-bath, using
a reflux condenser. As the mixture was found t o have become neutral,
another 0.2'7 gram sodium in alcoholic solution was added, and the
heat of the water-bath applied again for an hour, after which the
liquid still remained faintly alkaline. The quantity of sodium used
relatively to that of ethereal salt amouuted to one-fifth of an atomic
proportion. Water was added, and the mixture shaken with ether.
The ethereal extract, having been dried with potassium carbonate,
yielded by fractional distillation 4 grams of sn oil which boiled a t
140-145'.
As the results of analysis showed that the liquid
probably contained alcoliol, i t was treated wihh calcium chloride and
again distilled, after which the analysis of the substance gave a
percentage composition agreeing pretty closely with that of methylic
methoxypropionat e.
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I. 0.2110 gram substance gave 0.1629 gram H20 and 0.3881
Published on 01 January 1891. Downloaded by Brown University on 26/10/2014 21:33:02.

gram GO2.

11. 0.2173 gram substance gave 0.1705 gram HzO and 0.4031
gram CO,.
Found.1
Calculated for

C
H
0

..........
..........
..........

C5H1003.

50.85
8-47

40.68

7

f----

I.
50.16

11.

8.58
I

50.59
8.72
-

100-00
The aqueous solntion from which the methylic methoxypropionatc
had been removed contained the sodium salt of the same acid. The
acid was obtained by acidifying the solution with sulphuric acid and
extracting with ether, but as it did not solidify it was converted into
-the calcium salt ; the latter, on evaporation of its aqueous solution,
was obtained as a gum which dried up on standing over sulphuric
.acici t o a slightly coloured, brittle, deliquescent resin.
0.4850 gram substaiice dried at 105" gave 0.1958 gram CaCO,.

Ca

Calculated for
C8H,,06Ca.

Found.

16.26

16.15

..........

Ethylic Acry late alzd Ethyl Alcol~ol.--Ei grams of ethylic acsylats
were added t o 13 grams of ethyl alcohol i n which 1.1grams of sodium
had been dissolved, the proportion of sodium used in this case being
1 atom of sodium to 1 mol. of the ethereal salt. The mixture watj
heated for t w o hours on the water-bath, using a reflux condenser ;
water was then added, which dissolved a white precipitate which had
formed, and the solution was heated t o evaporate off the alcohol and
cause complete hydrolysis. By acidifying the liquid with sulphuric
acid and extracting it with ether, an acid was obtained from it in the
form of a slightly coloured syrup, f r o m which the calcium salt -was
prepared by treatment with calcium carbonate. The salt formed a
thick syrup, which, o n being heated a t 105", dried up to a solid
which was soluble in alcohol. It was obtained as a deliquescent,
crystalline mass on adding %I few drops of water t'o the alcoholic solution and leaving i t to evaporate over sulphuric acid. The following
.analyses show that the substance, although not quite pure, was calcium
ethoxypropionate. The substance employed for analysis was dried
at 105".

I. 0.3537 gram substance gave 0.2121 gram HzO and 0.5432
gram CO,; t h e residue weighed 0*0890 gram, and yielded
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0.1285 gram Ca,C03:and contained therefore 0*0170 gram
CO,.
11. 0-3345 gram substance gave 0.1987 grzm H,O and 0.5109
gram CO,; the residue weighed 0.0882 gram, and yielded
0.1220 gram CaC03, and contained thergfore 0.01988 gram

CO,.
111. 0.7014 gram substance gaye 0.2554 gram CaCO3,
Pound.
Calculated for
C,,H,,O,Ca.

C ........
H . . ......
Ca

43.80
6.57
14.60

0

35.03

.......
........

--

r----

I.
43.20
6.66
14.53

-

11.

43.28
6.60
14.59
-

-7

111.
-

14-57
-

100*00
The quantities of material at our disposal were so small that it was
impossible to ascertain whether the compounds formed by the addition of alcohol to the ethereal salts of acrylic acid are a- o r p-derivatives of propionic acid. When acrylic acid combines with the
elements of water, hydrncrylic acid is produced. Judging from
analogy, it seems probable that the acids formed by the addition of
alcohol are /3-alkyloxypropionic acids. The fact that t2hecalcium salt'
which we obtained did not crystallise in the well-defined manner
ascribed to calcium a-ethoxypropionate (AnnnZen, 208, 339) gives
some support t o the conclnsion. On the other hand, Butlerow
(AnnuZen, 118, 325) found acrylic acid and a-ethoxypropionic acid as
products of the action of scdium ethylate on iodoform, and concluded
that the latter acid had been produced from the former.
Ethereal Salts of Crotonic Acid.

Methylic and ethylic crotonates were prepared by heating it mixture of the acid with the respective alcohols and sulphuric acid. The
ethereal salt was separated by the addition of water, shaken with
sodium carbonate solution, and dried with calcium chloride. 70 grams
of crotonic acid heated with 100 grams of ethyl alcohol and 25 grams
of sulphuric acid gave 60 grams of ethylic crotonate boiling almokt
entirely at 140-142".
50 grams of crotonic acid, 75 grams of methyl
alcohol, and 18 grams of sulphuric acid gave 38 grams of methylic
crotonate boiling at 119-120".
Methylic Crotonate and Meth y Z AZcohoZ.-20
grams of methylic
crotonate were added to 28 grams of methyl alcohol containing in
solution 0.5 gram of sodium, equal to about one-tenth of an atomic

View Article Online

Published on 01 January 1891. Downloaded by Brown University on 26/10/2014 21:33:02.

AND ETHEREAL SALTS O F UNSATURATED ACIDS.

477

proportion relatively to the weight of the crotonate, and the mixture
was heated for some time on the water-bath. The product, by treatment similar to that employed in the case of rnethylic acrylate, yielded
15 grams of an oil having the boili.ng point 146-14So, which on
analysis proved to be a-methylic methoxybutyrnte.

I. 0.1885 gram substance gave 0.1535 gram H20 and 0.3777
gram CO,.
11. 0.2403 gram substance gave 0.1985 gram H20 and 0.4788
gram CO,.
Found.
Calculated for

c ..........
..........
0 ..........
H

T--h--

I.
54.65
9.05

CBH1203.

54.55
9-09

54.34
9.1s

-

36.36

7

11.

-

100*00
Methylic methoxybutyrate readily undergoes hydrolysis on heating with a 10 per cent. aqueous solution of sodium hydrate, yielding
sodium methoxybutyrate. This salt is obtained by treating the product of hydrolysis with carbonic anhydride, evaporating the liquid to
dryness, and then treating the residue with alcohol, in which the salt
is readily soluble. On evaporating the alcohol, it remains in the form
of a thick syrup, which solidifies on standing.
Analysis of the substance dried a t 108" yielded the following
results :-

I. 0.3447 gram substance gave 0.1990 gram H20,0.4859 gram
CO,, and 0.1330 gram Na2C0,.
11. 0,2909 gram substance gave 0.1673 gram H,O, 0.4080 gram
CO,, and 0.1132 gram Na2CO3.
111. 0.8278 gram substance gave 3.3161 gram Na,C03.
Calculated for
C,H,O,Na.

........
........
.......

C:
H
Na
0 ........

42.86
6.43
16.43
34-28

F o un d

.

r
L
-

7

I.

11.

111.

42-81
6.41
16-74

42-66
6.39
16.89

-

16-57

-

-

-

The zinc salt, prepared by evaporating the aqueous solution of t h e
sodium salt with zinc sulphate and extracting the dry residue with
alcohol, is a thick gum. The barimn salt ia a gum which solidifies.
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on standing. The acid, obtained by acidifying a solution of the
zinc salt and extracting with ether, is a liquid,
As the acid and its salts are devoid of well-marked characteristics,
we prepared the acid amide with the view of obtaining a better
defined derivative.
For this purpose, 6 grams of methylic methoxybutyrate were
mixed with three volumes of strong aqueous ammonia and heated a t
100" in a sealed tube for 12 hours. On evaporating the liquid over
sulphuric acid, the arnide was deposited in thefoim of a scaly, crystalline mass. When recrystallised from ether and dried in a. vacuum,
it melted at 69", and gave the following results on analysis :-

0.1785 gram substance gave 0.1520 gram H,O and 0.3340 gram
c0,.
0.2540 gram substance gave 26.1 C.C.N at 16" and 761 mm. bar.
Calculated for
C5HIINOi.

C . . ............ 51-28
H .............
9.40
N . . . . . . . . . . . . 11.97
0 . . . . . . . . . . . . . 27.35

Pound,

51.03
9.46
22.18
-

100.00
The acid obtained in the manner described, by the addition of the
elements of methyl alcohol to crotonic acid, must be either a- or
fi-rnethoxybutyric acid. Duvillier ( A d a . Chern. [S], 17, 548) prepared metliyvlic a-methoxybutyrate having the boiling point
150--155", by the action of sodium methylate on methylic a-bromobutyrate, and from the ether he obtained the acid amide in the form
of slender needles which melted at 77-78".
The difference in the
boiling yoints of the methylic rnethoxybutyrate prepared by Duvillier
and that which we obtained is not great, and might be due to
impuritly in one or other of the preparations, but the amide prepared
by 11s differs decidedly, both as regards melting point and crystalline
form, from Duvillier's, and we tlierefore conclude that in the reactions we have described the oxyalkyl group unites with the ,&carbon
atom.
Ethyl& Cndonnte and Etlrylic d/cohol.-51 grams of the crotonate
were heated for half am hour with 120 grams of ethyl alcohol in which
10.1 grams of sodium had been dissolved, the proportion being in this
case 1 atom of sodium to 1 mol. of ethereal salt.
The product was poured into cold dilute sulphuric acid, and the
oil which separated, having been dried with potassium carbonate,
was submitted to fractional distillation. No ethyl crotonate was left
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anaeted on. The fraction boiling at 168-173", which amounted to
16 grams, and constituted most of the oil, gave the following: results
on analysis :-

I. 0.2367 gram substance gave 0.2150 grani H,O and 0.5211 gram

GO,.
11. 0.2355 gram substance gave 0,2102 gram H,O and 0.5177 gram

coz.

Found.

Calculated for

C
H

0

............
............
............

C&-,,03.

60*00
10.00
30.00

f----7

I.
60.04
10.09

11.

59.95
9.98

-

-

100*00
The substance was therefore ethylic ethoxybutyrate. By employing a smaller quantity of sodium, viz., 0.08 of an ator& proportion,
we obtained 18 grams of the substance from 25 grams of t h e
crotonate.
Ethylic ethoxybutyrate undergoes hg drolysis when heated with
an alcoholic solution of potassium hydrate. By neutralising the
product with sulphuric acid, evaporating to dryness, and treating
the residue with absolute alcohol, a solution of the potassium salt.
was obtained. On evaporating the alcohol, a syrup was left which,
on standing in a vacuum, gradually deposited minute, very deliquescent, crystalline needles. An estimation OE potassium i n t h e
substance, dried a t 105", was made with the following result :-

0.7102 gram substance gave 0.3628 gram K2S04.

K.

Calculated for
CfiHE11103~.

Found.

22.99

22.93

............

The alcohol with which the ethylic crotonate combines is therefore not eliminated by hydrolysis with potassium hydrate.
Ethoxybutyric acid, obtained by acidifying an aqueous solution of'
t h e potassinm salt and extracting with ether, is a syrupy liquid.
The calcium and barium salts are gums soluble in water and in
alcohol. The silver salt is precipitated in the amorphous state om
adding silver nitrate to a solution of the barium salt ; it is soluble i n
h o t water, but could not be obtained crystalline. The acid amide,
prepared in the same way as methoxybutyramide, is deposited in t h e
f o r m of a scaly, crystalline crust, which melts a t 73-75", arid after
being recrystallised from ether and dried in il vacuum, at 75". It
gave the following results on analysis :-
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1. 0.2583 gram substance gave 0.2325 gram H20 and 0.5162
gram CO,; 0.3303 gram gave 31.0 C.C. N at 12.5" and
750 m i x bar.
11. 0.2047 gram substance gave 0.1867 gram H20 and 0.4095
gram CO,; 0.2437 gram gave 21.9 C.C. N at 10' and
761 mm. bar.
Calculated for
C,131,N0,.

C

............

H ...........
N ............
0 ...........

54-96

9-98
10.69
24-43

Found.
--A-

I.

54-50
10.00

11-11

-

7

11.

54.56

10.13
10.89

-

This amide is probably identical with the amide obtained by Pinner
(Ber., 12, 2057) by the action of hydrochloric acid on allyl cyanide
alcoholate, and which he regards as /3-ethoxybutyramide. To allyl
cyanide alcoholate, Pinner assigns the formula CH,.CH(OEt)*CH,*CN.
This substance, when hydrolysed with potassium hydrate, yields
crotonic acid; we find, on the other hand, that ethylic ethoxybutyrate gives, by hydrolysis with potassium hydrate a t loo", not
crotonic acid, but ethoxybutgric acid. When aqueous potassium
hydrate was used for the hydrolysis, the acid obtained was certainly not
quite pure. Thus a barium salt made from such acid gave 35.06
per cent. of barium, the number calculated for barium ethoxybutyrate
being 34.34, and for barium crotonate 44.63, but no crotonic acid
was deposited from the ethoxybutyric acid when it was evaporated
t o a syrup. It is possible that allyl cyanide alcoholate is not /3ethoxybutyronitrile, but an imide ether of the formula
CH,:CH*CH,*C(OE t ) :NH,
and that the alcohol unites with the doubly-linked carbon atoms
when the substance is hydrolysed with hydrochloric acid.
Schreiner (Annulen, 197, 16) prepared ethylic a-ethoxybutyrate
having the boiling point 168*5",by the action of rJodium ethylate on
ethylic a-bromobutyrate. The boiling point of the ether we have described approximates closely to that given by Scbreiner, which
would indicate that it is an a-derivative. On the other hand, the
six degrees lower
melting point of a-ethoxybutyramide is 68-69',
than the amides prepared by us. Further, the a-amide referred to
was obtained by Duvillier (Ann. Chim.Phys. [ 5 ] , 17, 562) by heating the ethylic salt a t 100" with alcoholic ammonia. We heated the
ethylic ethoxybutyrate obtained from ethylic crotonate a t 100° in a
sealed tube for 20 hours with a saturated solution of ammonia in

View Article Online

Published on 01 January 1891. Downloaded by Brown University on 26/10/2014 21:33:02.

AND ETHEREAL SALTS OF UNSATURATED ACIDS.

481

ethyl alcohol, and no amide was formed, the greater part of the oil
being recovered unaltered. We therefore think it is probable that
the compounds we have described are P-ethoxy-derivatives of bntyric
acid.
This conclusion accords with the recent observation of Fittig
(Ber., 24, 84), that ap-unsaturated acids yield P-hydroxy-acids
when boiled with aqueous sodium hydrate.
Ethereal Salts of various Unsatwated Acids.
Experiments on the additive action of alcoholic sodium alkylate
were made with the ethereal salts of various other unsaturated acids
besides those alreadymentioned. I n some cases it was found that no
perrmnent addition change occurred; in other cases, owing to the
difficulty of obtaining pure products, the result was left in doubt.
We append a short statement of our experiments.
Bt hy Zic Met A aery lute.-C alcium meth acryla t e was obfaine d by
Fittig's method f r o m citracouic anhydride, and from this the silver
salt was prepared. Ethyl iodide reads with silver methacrylate with
difficulty a t the temperature of the water-bath, and this method is
unsuitable for the preparation of the ethereal salt. A small quantity
of the substance was, however, obtained boiling at 110--220".
After completing our preparation, we found that Paul (Annalen, 188,
56) had made ethylic methacrylate by the same method, except that
he heat)ed the materials in a closed tube at loo", and was unable t o
distil the liquid, as i t suddenly gelatinised. We succeeded in distilling the liquid. A specimen, however, which was reserved, was found,
after some months, to have become transformed into a tough, colourless,
transparent mass of the consistency of indiarubber.
The product obtained by the action of alcoholic sodium ethylate on
ethylic methacrylate was acidified and extracted with ether. The oil
left on evaporation was hydrolysed with alcoholic potash, and the
product acidified and extracted with ether. The liquid acid thus
obtained yielded a barium salt which did not crystallise, but solidified when dried at lOG", and gave on analysis C 3459, H 4.94, Ba
36.50 per cent., the corresponding calculated numbers f o r bariuni
InethoxyisobuLyyrate being 36.09, 5.51, and 34-34. These results indicate that the additive action had occurred, but that the substance
contained some barium methacrylate.
Ethylio AngeZa.fe.-Angelic acid was prepared from camomile oil.
Piickert's method (Annulen, 205, 240) gare unsatisfactory results,
aqueous caustic potash having little or no action at the ordinary
temperature on our sample of the oil. By Beilstein and Wiegand's
modification of Pagenstecher's process (Ber., 17, 2261) we obtained
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43 grams of angelic acid, melting a t 44-45", from 500 grams of
camomile oil. The tiglic acid which we succeeded in separating
amounted to 2 or 3 grams only.
In order to avoid the risk of the conversion of angelic into tiglic
acid, ethylic angelate was prepared by the action of excess of ethylic
iodide on silver angelate, dried below loo", and finally in a vaciium.
37 grams of angelic acid yielded 24 grams of ethylic angelate boiling
at 135-145",
mostly at 140-145".
When ethylic angelate was
treated with alcoholic sodium ethylate in the proportion of 4 ahom
of sodium t o 1 nrol. of angelate, an oil was obtiined by extractiou with ether, which was found by its boiling point, 145",and by
its yielding angelic acid on hydrolysis, t o be uiialtered ethylic
angelate. When the proportion 1at,om sodium t o 1 mol. of angelate
was used, the product solidified. By treatment with acid and extraction with ether, a little tiglic acid was obtained, recngnised by the
melting point 65O, and an oil which, after distillation and hydrolysis,
:XISO yielded tiglic acid. A barium salt made from tliis acid gave on
analysis 40.68 per cent. of barium, 40.92 being the percentage of
barium calculated for barium angelate o r tiglate. Ethy lie angelate,
therefore, does not unite with ethyl alcohol t o f o r m st saturated compound under the conditions of our experiment.
The conversion of angelic into tiglic acid under the conditions
described is a point of some interest which we intend to investigate
further.
Ethy Zic AZZyZacefate.-This ethereal salt was prepared from ethylic
allylacetoacetate. We found that the latter, when heated with a
relatively small quantity of aZcohoZic: sodium ethylate, undergoes decomposition similar to that which is known to occur (Annulen, 234,
164) with ethylic acetoacetate under similar conditions. On heating
10 grams of ethylic allylacetoacetate with 14 grams of ethyl alcohol,
containing 0.13 gram of sodium in solution, at 180" in a sealed tube,
the mixture still remained alkaline, and we obtained from it 5 grams
of ethylic allylacctate boiling a t 140-lW, the boiling point of the
pure ethereal salt being 142-144".
It appeared from its mode of
preparation that this substance did not unite with alcohol to form a,
saturated compound, but as decomposition of the additive compound
might possibly have occurred during distillation, the ethylic allglacetate was heated again on the water-bath with ethyl alcohol and
one-tenth atomic proportion of sodium ethylate. By hydrolysis,
acidifying, and extracting with ether, a liquid acid was obtained, from
which the calcium salt was made. The latter was found t o contain
16.86 per cent. of calcium, the calculated percentage f o r calcium
aliylacetate being 16.81. No addition, therefore, had occurred.
EthereaZ CinrLamates.-Numerous experiments were made with both
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methylic and ethylic cinnamates and sodium and potassium alkylates
in alcoholic solution under varying conditions of proportion of
materials and temperature, but no saturated compound was obtained,
the cinnamic acia being recovered unaltered.
Ethylic o-@) Ethy Z~ozlmarate.-T his substance was treated with
alcoholic sodium ethylate i n the proportion of 1 atom of sodium to
1 mol. of coumarate, and the mixture was heated on t h e water-bath.
No additive compound was found. From the product of hydrolysis,
o- (p)er;hylcoumaric acid aJone was obtained, recognised by its melting point, 133".
Ethy Zic Pheizy'Zlpro~ioZnte.-This substance was prepared by Perkin's
method (Trans., 1884, 174). It was distilled under reduced pressure,
xnd boiled a t 408-210" a t 60 mm. When alcoholic sodium ethylate
was added in the proportion of 1 atom of sodium to 1 mol. of the
ethereal salt, a precipitate was formed, and the mixture became
warm. By adding glacial acetic acid and water, and shaking with
ether, an oil was obtained which, however, underwent decomposition
when treated with caustic soda. It was probably unaltered ethylic
phenylpropiolate. I n another experiment in which sodium was used
in smaller quantity, phenylpropiolic acid was recovered and recognised by its melting p i n t , 137". The ethereal salt probably forms
no permanent additive compound .by the action of alcoholic sodium
ethylate. We purpose, however, repeating the experiment.
It appears from the results of our experiments t h a t the ethereal
salts of unsaturated acids differ greatly with respect to their capabilit1 of combining with the elements of alcohol under the agency of
sodium alkylates. This capability is evidently affected by the
positicn of the doubly-linked carbon atoms and by the nature of the
atomic groups with which they are united ; we are unable, however,
a t present to draw any general conclusion regarding the influence of
these factors.
We intend to pursue the inquiry further.

