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388 PERKIN ON THE FORMATION OF COUMARIN,

XI.—O0n the Formation of Cowmarin and of Cinnamic and of other
Analogous Acids from the Arvomatic Aldehydes.

By W. H. Perk1iy, F.R.S.

In November, 1875 (Chem. News, vol. xxxii, p. 258), I brought before
the Society a short preliminary account of the experiments on this
subject in which I was then engaged. Since then I have been further
working in the same direction, and will now give an account of my
resnlts up to the present time.

These experiments were at first commenced with the hope of
obtaining some light upon the peculiar reactions by which the cou-
marins are formed. It will be remembered that in the process by
which I succeeded in preparing these bodies, the products employed
were the sodium-derivative ot the hydride of salicyl and the anhy-
drides of the fatty acids (Journ. Chem. Soc., xxi, 53).

It is known that when acetic anhydride acts upon the sodium-
compound of the hydride of salicyl, acetate of sodium and hydride
of aceto-salicyl are produced (Journ. Chem. Soc., xxi, 181), the former
having the composition—

COH

|
CGH4(002H30).
The phenolic hydrogen of the aldehyde having been thus replaced
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by acetyl, this substance would consequently have the properties of an
ordinary aldehyde.

This being the case, it appeared probable that the next part of the
reaction in the formation of coumarin took place between the alde-
hydic group, the sodium acetate, and the acetic anhydride, the re-
sulting product then splitting up into acetic acid and coumarin.

It was obvioms that neither the hydride of aceto-salicyl nor the
hydride of salicyl would yield coumarin if heated with acetic anhydride
only, as they are known to form other compounds with this substance.
(Journ. Chem. Soc., xxi, 183, and xx, 587.)

A quantity of hydride of salicyl was, therefore, boiled with acetic
anhydride and sodium acetate, and then treated as described in my
paper already referred to, when, to my surprise, I found that coumarin
had been produced in quantity.

Thinking it unlikely that the sodinm of the acetate used could have
replaced the phenolic hydrogen of the salicylic aldehyde and thns have
influenced the reaction, I was induced to try similar experiments with
other aromatic aldehydes, the first I selected being benzoic alde-
hyde.

Acips FrROM BENZOIC ALDEHYDE.
I.—Cinnamic Acid.

On boiling this aldehyde with acetic anhydride and sodium acetate,
chemical action took place, but much more slowly than when hydride
of salicyl was employed ; nevertheless, after heating the mixture for
about a day, a good deal of change was found to have taken place,
and on separating the sodium acetate with water, and treating the
oily residue with an alkaline carbonate, a considerable quantity of an
organic acid dissolved, which, when precipitated by an acid and
purified by crystallisation from dilute spirit, was found to be pure
cinnamic acid. Similar operations were then made in sealed tubes, a
temperature of about 180° C. being employed and continued for five
or six hours. On opening the tubes, carbonic anhydride escaped,* and
on examining the solid crystalline mass, it was found to contain
cinnamic acid in large quantities; in some experiments as much as
84 per cent. of acid has been obtained from the benzoic aldehyde
employed.

To procure the cinnamic acid in the pure state by this process.

* The formation of carbonic anhydride in this and in the other analogous opera-
tions described in this paper is believed to be due to the decomposition of the
organic acid by heat, this gas and a hydrocarbon resulting, which in this case would
be cinnamene.
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I have found it convenient first to boil the product of the reaction
with water in a retort; by this means, any unconverted aldehyde is
separated, being carried over by the steam. The residueis then allowed
to cool, during which time the crude oily cinnamic acid solidifies, and
any dissolved in the aqueous saline solution crystallises out. It is then
collected on a filter, washed from sodium acetate, boiled with sodium
carbonate, and after cooling, filtered from the oily impurities which
are always present. On acidifying the alkaline solution, the cin-
namic acid separates as a white pasty crystalline precipitate ; this is
further purified by two or three crystallisations from dilute alcohol.

Experiments have been made in which the sodium acetate has been
replaced by other salts, such as sodium valerate, and also by lead
acetate, but in all cases cinnamic acid resulted, the formation of the
acid being apparently due to the anhydride employed, and not to the
acid of the salt used.

The following are the results of the analysis of the cinnamic acid
obtained by these methods :—

I. 2465 of substance gave
657 of CO, and
122 of H,0.

II. 264 of substance gave
7018 of CO; and
1322 of H,0.

IIT. -244 of substance gave
*6535 of CO, and
‘118 of H,0.

IV. -3684 of substance gave

9815 of CO, and

-184 of H,O0.
Experinent.
Theory for CgHgOs. L 1II. IIIL. Iv,
Carbon ...... 7297 72:70 7288 73:04 7273
Hydrogen .... 547 549 560 540 554

The substance employed for No. I was prepared with sodium acetate
and acetic anhydride. In Nos. II and III, the sodium acetate was
replaced by sodinm valerate, and in No. IV by sodium butyrate.

The proportions 1 have generally employed are one of sodium salt,
two of aldehyde, and three of anhydride. The amount of sodium salt
is important. I have found that by reducing it to about a fourth part
of the aldehyde used, that only 50 per cent. of cinnamic acid was
obtained; but when it was increased to the same weight as the
aldehyde, the yield was not greater than when half that quantity was
used.
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The product found in the sealed tubes after heating, is a clear pale-
brown fluid which, on cooling, becomes a solid or semi-solid crystalline
mass, through which small pale-coloured opaque nodules separate ; more
particularly when sodium valerate is used in place of acetate. Some
of these were separated by the addition of acetic anhydride, which
dissolves out the crystalline snbstance consisting apparently of the com-
pound of sodium acetate and acetic anhydride. After being further
washed with fresh anhydride, the product, consisting of these opaque
masses, was obtained moderately pure. It was freed from anhydride
ander a bell-jar over potassium hydrate, and then at 100°.

This substance, when treated with water, decomposes, yielding
cinnamic acid and sodium cinnamate. It dissolves in strong aqueous
ammonia without forming cinnamide. On analysis, it gave the fol-
lowing numbers :—

1. 317 of substance gave

*070 of Na,SOy = 7'12 per cent. sodium.
I1. 456 of substance gave

102 of Na,SO, = 724 per cent. sodinm.

From these results the product is undoubtedly a compound of
sodium cinnamate with cinnamic acid, CoH;NaO,,C,HsO. (which re-
quires 7'2 per cent. sodium), corresponding to the already known acid
potassium benzoate, C;H;KO,,C,H;0,.

IL.—Phenylerotonic Acid.

Cinnamic acid having been so easily produced by the process just
described, I naturally made further experiments in this direction, sub-
stituting other anhydrides for acetic. The following results were
obtained when propionic anhydride was employed.

Sealed tubes were charged with one part of sodium propionate,
two parts of benzoic aldehyde, and three parts of propionic anhy-
dride, and then heated to 180° for six or seven hours; the tubes, on
eooling, contained a mnearly solid mass, consisting of two kinds of
crystals moistened with an oily product. On opening the tubes, car-
bonie anhydride escaped.

The product of this reaction was mixed with water and boiled in
a retort until oily matter nearly ceased to distil off. The residue
was left for some time until quite cold, and then thrown on a filter
and washed with cold water to remove sodium propiomate. It was
then boiled with a solution of sodium carbonate, filtered from a small
quantity of neutral oil, and treated with ether to remove the last traces
of this product. The clear alkaline solution was afterwards heated, and
acidified with hydrochloric acid, which caused a copious white preci-
pitate to separate. When cold, this was collected on a filter, washed
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with cold water, and then twice crystallised from alcohol, after which
it was submitted to analysis.

I. -268 of substance gave
7257 of CO, and
151 of H,0.
II. -2785 of substance gave
757 of CO, and

155 of H,O.
Experiment.
Theory for C;oH;00;. 1. II1.
Carbon .......... 74-07 7385 74:12
Hydrogen........ 617 633 619

This acid is, therefore, phenyl-crotonic acid—
Conlooz = 06H5-03H4-CO(0H).

In one operation, sodium acetate was employed in place of sodium
propionate, but the same result was obtained.

Phenylerotonic acid melts at 82° to a clear oil, but as the tem-
perature falls, it becomes a beautifully crystalline mass. It is easily
soluble in alcohol, especially when hot, from which it separates as
the solution cools in iransparent oblique crystals. It is also slightly
soluble in boiling water, and crystallises from it on cooling in fine
needles.

Borium salt, CH,sBaO,Aq. When boiled with a solution of barium
hydrate the acid dissolves, and on cooling deposits this salt in beauti-
ful fern-like crystals ; these were collected, washed, and recrystallised.
It is a beautifully white salt, and when examined by the lens, the
crystals appear to be plates. Cold water dissolves it to a small
extent only. The crystals become opaque when dried in the water-
oven, from loss of water of crystallisation. It gave the following
numbers on analysis. The combustions were made with lead chro-
mate :—

I. 2805 of substance dried at 150° C. gave
535 of CO; and
1047 of H,O.

II. -1408 of substance dried at 150° C. gave
*0712 of BaSO,.

Experiment.

Theory for CxH,sBaO,. I. II.
Carbon .......... 5228 5201 —
Hydrogen........ 3-92 415 —_

Barium.......... 2984 — 2973
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1. — Phenylangelic Acid.

This acid was discovered by Fittig and Bieber (Zestschr. f. Chem.,
1869, p. 332), they obtained it by heating butyric chloride and benzoic
aldehyde in sealed tubes to 120—130° for a long time. It is produced
easily by heating butyric anhydride, butyrate of sodium, and benzoic
aldehyde to 180° in sealed tubes. The proportions I have used cor-
respond to those for the preparation of phenylcrotonic acid already
given. The purification of the crude product from the sealed tube was
also conducted in a similar manner. The specimen analysed was twice
crystallised from alcohol.

‘235 of substance gave
6455 of CO, and

‘146 of H,O0.
Theory for C;;H,0,. Experiment.
Carbon .............. 7500 74:89
Hydrogen ............ 6:83 690

It is therefore phenylangelic acid—
Cquzoz = CsH5.C4Hs.CO<OH).

It melts at 104° to a colourless liquid, and on cooling, crystallises in
small needles (Fittig and Bieber give the fusing point as 81°). It
is very soluble in alcohol, and is deposited from this solvent in small
white needles, but the mother-liquors on standing sometimes give
beautiful transparent solid crystals several millimetres in diameter.
It dissolves easily in hot petroleum spirit, but only to a small extent
when this solvent is cold. It also dissolves slightly in boiling water,
from which it is deposited on cooling in white crystals. When boiled
with water it is carried over to a small extent with the steam.

In one experiment ten grams of oil of bitter almonds gave eight
and a half grams of this acid before crystallisation from alcohol.

If isobutyric anhydride and sodium isobutyrate be heated with
benzoic aldehyde, a crystalline acid is produced ; it has not yet, how-
ever, been much examined.

Silver salt.—On addition of silver nitrate to a solution of the
sodium salt of phenylangelic acid, a white precipitate is formed slightly
soluble in cold water.

Ohloride of Phenylangelyl, C;;H,;0,Cl.— A mixture of phenylangelic
acid and phosphorus pentachloride, in the proportions of one molecule
of each, was gently warmed : chemical action set in energetically, with
evolution of hydrochloric acid, and the mixture became fluid. The
product was heated in an oil-bath to 140° and dry air passed through
it to remove the phosphorous oxychloride. The resulting product was
a pale yellow oil. With water it gradually decomposes, forming a


http://dx.doi.org/10.1039/js8773100388

Downloaded by University of Prince Edward Island on 16 February 2013
Published on 01 January 1877 on http://pubs.rsc.org | doi:10.1039/JS8773100388

394 PERKIN ON THE FORMATION OF COUMAHEW,ArticleOnline

crystalline mass of phenylangelic acid, and with alcohol it produces
an oily ether, Its composition was determined by converting it into
the amide.

Phenylangelamide, C,Hi3(NH,;). — The preceding chloride when
shaken with strong aqueous ammonia, yields a yellowish-white solid
product which, when washed, dried, and dissolved in boiling alcohol,
separates out on cooling in very beautiful prismatic crystals. It gave
the following numbers on analysis :—

I. -2795 of substance gave
7685 of CO, and
*2005 of H,O.
IT. -2516 of substance gave
6945 of CO, and

‘168 of H.O.
Experiment.
Theory for C;H,O(NH;). 1. 1.
Carbon .......... 7545 74:98 7528
Hydrogen ........ 742 797 742
No. II was first crystallised from alcohol, and then from petroleum

spirit.

Phenylangelamide is easily soluble in alcohol, but rather difficultly
so in petrolenm spirit. Boiling water dissolves it to a small extent,
from which it crystallises on cooling. It melts at 128°.

Products of the Action of Succinic Anhydride and Sodium Succinate on
Benzoic Aldehyde.

Having obtained the results already described, by acting upon
benzoic aldehyde with the anhydride and the corresponding salt,
of monobasic acids it was thought that it would be interesting to
make similar experiments, using anhydrides of dibasic acids.

For this purpose succinic anhydride was selected, and heated with
sodium succinate and benzoic aldehyde in sealed tubes, to about 180°,
for seven or eight hours. The product was a brownish-red sticky
substance, and on opening the tubes very large quantities of carbonic
anhydride escaped, the product at the same time swelling up to a
spongy mass.

The product had no smell of benzoic aldehyde; when boiled with
water it fused to a red-brown thick oil, a pale yellow solution being
formed. The oily product after repeated boiling with water became,
on cooling, a brittle mass, soluble in alkalis.

The aqueous solution on cooling, after standing for some time, de-
posited nearly colourless crystals, which were in the form of beautiful
leafy plates or long needles ; these were collected, well washed with
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water, and afterwards boiled in water. At first the crystals fused to
an oil, but after some time almost entirely dissolved. The solution was
filtered and allowed to cool, when it deposited beautiful white needles
of the new product. This substance gave the following numbers on
analysis :(—

I. 254 of snbstance gave
690 of CO, and
141 of H,0.
II. -256 of substance gave
694 of CO, and

‘144 of H,O.
Experiment.
The formula CyyH;(O2 requires 1. II.
Carbon ........ 7407 74:08 7391
Hydrogen ...... 617 616 625

This substance, which is an acid, has therefore the composition of
phenylerotonic acid already described. It is, however, very different
in properties ; I have therefore named it ¢sophenylcrotonic acid.

The formation may be expressed thus, leaving out the succinate,
the presence of which is necessary, but its action at present not
understood.

CH,O, + C,H:O = C1oH1,0; + Co,

Succinic anhydride. Benzoic aldehyde. Isophenylerotonic acid.

Isophenylerotonic acid melts at about the same temperature as its
isomeride obtained from benzoic aldehyde, propionic anhydride, &ec.,
viz., at 83—84°, and when strongly heated it gives off vapours of a
suffocating character, somewhat like succinic acid. The fused acid
on cooling solidifies to a beautiful crystalline mass. It is excessively
soluble in alcohol.

Silver salt, C;HeAgO,.—A portion of the acid was mixed with
sodium carbonate in the proportions of two molecules of acid to one of
carbonate. On heating the mixture the acid dissolved with effer-
vescence. Silver nitrate was added to this solution when cold, in small
quantities, and the resulting precipitate filtered off. The filtrate was
then mixed with an excess of silver nitrate, which caused the formation
of an extremely bulky and very curdy precipitate. After standing for
some time, with repeated stirring to ensure complete mixing, it con-
tracted somewhat in bulk. It wasthen collected on a filter, thoroughly
washed with cold water and dried. On analysis it gave the following
numbers :—
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I. -383 of substance gave
154 of silver = 40°2 per cent.
II. -35385 of substance gave
‘1415 of silver = 40-02 per cent.

The formula C,;H,AgO, requires 40-14 per cent. of silver.

It is proposed to continue the investigation of this acid, in order to
obtain a more complete account of its history, and to endeavour to
produce some of its homologues by the use of other dibasic anhy-
drides, &c.

Having obtained the foregoing results with benzoic aldehyde, experi-
ments were made in a similar manner with
Cuminic
Cinnamic
Anisic
and Methylsalicylic aldehydes.

The following results were obtained.

Acips rrom CUMINIC ALDEHYDE.
I. Cumenylacrylic or Isopropylphenylacrylic Acid.

The cuminic aldehyde employed in the following experiments was
obtained by simply fractioning oil of cumin, the presence in it of a
small quantity of cymene being of no consequence.

A mixture of the aldehyde with dry sodium acetate and acetic
anhydride in the proportions of two parts of aldehyde, one part of
sodium acetate and three parts of acetic anhydride, was heated in
sealed tubes to a temperature of 175° for five or six hours; the result-
ing product on cooling was a pale brown radiating crystalline mass,
and on opening the tubes, carbonic anhydride escaped, but not in very
large quantities.

The solid product, when boiled in a retort with water, gave a distil-
late containing a small quantity of unchanged cuminic aldehyde.
‘When this had ceased to come over, the distillation was stopped. The
remaining product in the retort was a brownish oil mixed with an
aqueous fluid, the former on cooling solidified to a crystalline mass,
and the latter deposited fine white needles. The entire product was
thrown on a filter and washed with water. It was then boiled with a
solution of sodium carbonate, in which it mostly dissolved, leaving but
a small quantity of a neutral brown oil. On filtering the alkaline
solution and acidifying it with hydrochloric acid, an acid separated as
a nearly white precipitate, which was collected, washed, dried, and
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then purified by two or three crystallisations from alcohol. At first
the crystals were of a somewhat drab colour, but a few recrystallisa-
tions rendered them perfectly white. By this process I have obtained
fifty-five per cent. of crystallised acid from the aldehyde employed.
It gave the following numbers on analysis :—

1. 2235 of substance gave
‘618 of CO, and
154 of H.O.
II. 2595 of substance gave
‘720 of CO, and
174 of H,O.
II1. ‘252 of substance gave
698 of CO, and

‘168 of H,O.
Experiment.
Theory for CiH 40, 1. II. IIL.
Carbon.......... 75'78 7536 7566 7555
Hydrogen........ 7'36 765 743 741

This acid I propose to call cumenylacrylic acid—

CranOz = CGH4(03H7) ,CgHz.CO(()H) .

It erystallises in beautiful pure white needles, which appear to con-
sist of oblique prisms. It is freely soluble in alcohol, and in hot glacial
acetic acid, but in boiling water it is only slightly soluble.

At 157—158° it melts, forming a clear fluid, which solidifies to a
crystalline mass on cooling. When heated until it boils, carbonic
anhydride is given off, a hydrocarbon being formed at the same
time.

Cold fuming nitric acid dissolves it, small crystals of a nitro-acid
soon separating out from the solution. This, when freed fram nitric
acid, crystallises from alcohol in yellow needles.

Cumenylacrylic acid is not rapidly acted upon by an aqueous solu-
tion of chromic acid, even when boiling; it is, however, gradually
decomposed, and an oil distils over, having the odour and properties
of cuminic aldehyde.

A solution of this acid in carbon disnlphide, when treated with
bromine, deposits crystals of a mew derivative, which is decomposed
when heated with alkalis. This is under examination.

Cinnamic acid, when treated with hypochlorous acid, yields phenyl-
chlorolactic acid. A similar experiment was made with cumenylacrylic
acid, but on passing chlorine into its alkaline solution, it became
turbid, and oily products containing chlorine separate 1 out.

VOL. XXXL, 2k
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Ammoniwm  salt—A solution of cumenylacrylic acid in aqueous
ammonia, when evaporated in a vacuum over sulphuric acid, dries up
to a mass of silky asbestos-like crystals, which give off ammonia with
caustic alkalis, This salt is not easily soluble in water.

Sodium salt.—Obtained by boiling the acid with the theoretical
quantity of a solution of sodium carbonate. It quickly dissolves, with
evolution of carbonic anhydride, and when evaporated in a vacuum the
solution dries up to a white mass, very indistinctly crystalline. It is
moderately soluble in water, but precipitated from its solution by
sodium chloride ; when strongly heated a good deal of a hydrocarbon
distils off. Hydrochloric acid precipitates the cumenylacrylic acid
from this salt as a beautiful snow-white flocculent powder.

Calcium salt, CyuHyCaOyu—This is obtained by adding calcium
chloride to an aqueous solution of the sodium salt. Tt comes down as a
white crystalline bulky precipitate, which is collected, washed with cold
water, and crystallised from boiling water. In this manner it is ob-
tained in small but beautifuliy white needles. It is difficultly soluble
in water; dried in a vacuum it gave the following numbers :—

1. +297 of substance gave
0955 of CaSO, = 945 p.c. caleium.

II. 416 of substance gave
137 of CaSO, = 968 p.c. calcium.

The formula CyH,;,CaO, requires 9'58 p.c. of calcium.

This salt when heated to between 90° and 100° in air free from car-
bonic anhydride, rapidly increases in weight owing to the absorption
of oxygen until an amount of that gas has been taken up equal to
about one atom. On decomposing this oxidised salt with hydrochloric
acid, a white easily decomposible acid is obtained, which is now under
investigation. It is believed to be ozycumenylacrylic acid, Ci,H;,0s.

Barium salt.—Obtained by double decomposition. Tt is a white
powder, apparently slightly crystalline. Sometimes it conglomerates
to a plastic mass when boiled with water, in which it is slightly
soluble.

Strontium salt, CoHaSr0y,2H,0.—Similar to the barium salt, being
a white powder slightly soluble in water. A specimen dried in a vacuum
gave on analysis 17°62 per cent. of strontium; the above formula
requires 17°42 per cent.

Copper salt—This is obtained as a beautiful green precipitate on
adding a solution of copper sulphate to the sodium salt.

The ferric salt is precipitated as a bulky light brown product on
adding iron perchloride to a solution of the sodium salt.

Silver salt, C1uH;3Ag0,—O0n adding silver nitrate to a hot solution
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of the sodinm salt, a copious and bulky precipitate forms; after a short
time this contracts, and when viewed under the miecroscope is seen to
be crystalline; when dry it is extremely electric. It gave the foliow-
ing numbers on analysis :—

I. -368 of substance gave
*138 of silver = 3614 per cent.

II. -258 of substance gave
*094 of silver = 3643 per cent.

The above formula requires 36°36 per cent. of silver.

Chloride of Cumenylacryl, CpH;;0Cl.—Cumenylacrylic acid when
heated with phosphorus pentachloride (in the calcnlated proportions)
rapidly changes, the mixture becoming fluid, and hydrochloric acid being
given off in abundance. On distilling off the oxychloride of phos-
phorous by heating the product to 130° in an oil-bath, and finally by
passing dry air through it at the same temperature, the liquid becomes
pale red, and exhibits a blood-red fluorescence. This coloration is
undoubtedly due to some slight decomposition, caused by over heating.

When cold, the chloride of cumenylacryl solidifies to a beautifully
crystalline mass, fusible at about 25°. On exposure to the air, the
moisture soon reconverts it into the acid. On mixing it with alcohol,
heat is evolved, and an oil heavier than water is produced; this is
undoubtedly the ether.

The formula of this substance was determined by converting it into
the amide.

Cumenylacrylamide, C,.H,;;O0(NH,).—Aqueous ammonia acts quickly
on the chloride of cumenylacryl, producing a white powder, insoluble,
or nearly so, in water. This, when washed and dried, was purified by
crystallisation from alcohol, in which it is moderately soluble. In this
manner it is obtained in beautiful satiny plates, not unlike flakes of
sublimed naphthalene. It gave the following numbers on analysis :—

272 of substance gave
7575 of CO, and

‘196  of H,0.
Theory for C;3H;30 (NHy). Experiment.
Carbon ......covuinennn. 76°19 75'95
Hydrogen .............. 7°90 80

This amide melts at 185—186°, and when further heated, distils
with apparently but little decomposition, thongh small quantities of

ammonia are given off.
2 r 2
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Boiling aqueous potash does not decompose it, unless the solution
be a saturated one, when ammonia is freely given off.

Hydrocumenylacrylic or Cumenylpropionic Acid.—To a quantity of cu-
menylacrylic acid, mixed with about 15 times its weight of water a suffi-
cient amount of sodinum amalgam (containing 2 per cent. of sodinm) was
added, to form its sodium salt. The mixture was frequently agitated.
The acid then gradually dissolved, very little hydrogen being given off;
excess of sodium amalgam was afterwards introduced, and the mixture
left for several hours until hydrogen was pretty freely evolved. After
the separation of the amalgam, the solution was acidified with hydro-
chloric acid, which precipitated the new acid in a crystalline con-
dition. It was collected, washed with water, and pressed between
bibulous paper, then dissolved in warm glacial acetic acid, and the
solution filtered from a small amount of an amorphous insoluble
product. To the clear filtrate water was added by degrees, which
caused the new acid to separate in satiny scales, enough water being
eventually added to cause nearly the whole of the acid to separate.
After standing for several hours, it was collected on a filter, well
washed with water, dried in a vacuum, and then fused. On analysis,
it gave the following numbers :—

2627 of substance gave
‘7175 of CO, and

194 of H,0.
Theory for CioH;0. Experiment.
Carbon............ 750 7448
Hydrogen.......... 83 819

The production may be expressed thus:—

C:H.(C;H;).C.H,.CO(OH) + H; = C:H,(C;H,).C,H,.CO(OH).

Cumenylacrylic acid. Hydrocumenylacrylic acid.

Hydrocumenylacrylic Acid fuses at 70° to a clear oil crystallising very
beautifully on cooling. It is very soluble in hot alcohol, petroleum-
spirit, and glacial acetic acid, but insoluble, or nearly so, in water.

It dissolves in boiling sodinm carbonate, forming a clear solution of
its sodium salt.

The barium and calcium salts are white precipitates, which when
rubbed with a glass rod, become tenacious.

The copper-salt is a bright blue-green precipitate.

Silver salt, C),;H1;Ag0,—This was prepared by double decomposition
with the sodium salt and silver nitrate, rejecting the first portions thrown
down. It is a white precipitate, nearly insoluble in water. Dried in a
vacuum, and then at 100°, it gave the following numbers on analysis :—
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1. -4025 of substance gave
‘145 of silver = 3600 per cent.

II. -3082 of substance gave
‘111 of silver = 36:05 per cent.

Theory for the above formula requires 36:12 per cent. silver.

Isopropyleinnamene, or Isopropylvinylbenzene.—When cumenylacry-
lic acid is gently boiled in a bulb-tube with a long neck, into which a
side delivery-tube is fixed, the heat being so moderated that a ther-
mometer placed in the upper part of the neck does not indicate more
than about 200—210° a colourless oil distils over, and eventually
scarcely anything is left in the bulb-tube. This oil, when washed
with aqueous potash, dried over solid potash, and finally distilled
from sodium, begins to boil at about 190°, the greater portion coming
over between 195—200°. A specimen collected between these tem-
peratures gave the following numbers :—

2256 of substance gave
*747 of CO, and

205 of H,0.
Theory for Cy H,,. Experiment.
Carbon.......... 90-41 903
Hydrogen. ...... . 958 10-0

The formation of this substance may be expressed thus:—
C.H,(C;H;).C,H,.CO(OH) = C.H, 82%; + CO,.

Isopropylvinylbenzene has a pleasant fragrant odour. It resinifies
when exposed to the air, and seems to be easily changed, forming a
tenacious product which probably corresponds with metacinnamene.

II.—Cumenylcrotonic Acid.

On heating a mixture of two parts of cuminic aldehyde, one part of
sodium acetate, and three parts of propionic anhydride in sealed tubes
for about five or six hours to 180°, a viscid product was obtained, which,
on cooling, became a pale yellow crystalline mass. This, when boiled
with water in a retort to remove unaltered cuminic aldehyde, left with
the solution of sodium propionate an oily body, which, on standing,
became a crystalline mass. This was collected, washed, dissolved in
dilute boiling sodium carbonate, and filtered through a wet filter to
separate it from a neutral brownish semi-resinous impurity; the clear
solution was then boiled and acidified with hydrochloric acid, which
caused the new acid to separate as an oil, solidifying on cooling to a
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crystalline mass. This was washed and crystallised from alcohol,
from which it separated in crystalline nodular masses. Subse-
quently, it was found better to use petroleum-spirit as the sclvent;
from this it crystallises in beautiful oblique prisms. The above
process has usually given about 50 per cent. of pure acid from the
aldehyde employed. It gave the following numbers on analysis :—

1. 257 of substance gave
723 of CO, and
‘179 of H,0.
II. 280 of substance gave
785 of CO, and

198 of H,O.
Experinient.
Theory for CysH;60,, L II.
Carbon.....cvvv.., 7642 7672 765
Hydrogen ........ 784 773 786

It is, therefore, cumenylerotonic acid,

CsH,0. = CeHy(C;H7).C,H,.CO(OH).

Cumenylcrotonic acid melts at about 90—91°.  On cooling, it
crystallises, and then swells up in a most remarkable manner into
leaf-like scales. It is easily soluble in alcohol and in boiling petro-
leum-spirit, though but little so when the solvent is celd.

Silver salt, C1,H,;;Ag0;—A quantity of cumenylcrotonic acid was
dissolved in a solution containing the theoretical weight of sodium
carbonate., A few drops of silver nitrate were added, and the re-
sulting precipitate filtered off; excess of silver nitrate was then added
to the filtrate, which caused a copious white curdy precipitate to form,
rendering the fluid semi-solid, but by stirring and after standing for
some time, it became more dense. It was collected on a filter, washed
with cold water in which it is nearly insoluble, and dried. Itisof a
very pure white colour. On analysis, it gave the following numbers :—

I. ‘301 of substance gave :
*104 of silver = 34°55 per cent.
II. -2355 of substance gave
‘0815 of silver = 346 per cent.

The above formula requires 34'72 per cent. gilver.

IIL—Cumenylangelic Acid.

A mixture of cuminic aldebyde, butyric a.nhj*dride, and sodium
butyrate, in proportions corresponding to those used for the previous
acids, was heated to 180° for five or six hours in a sealed tube.
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The product was a thick pale-brown fluid, and on opening the tube, a
little carbonic anhydride was given off. In a second operation,
sodium acetate was substituted for butyrate. As in the other experi-
ments, the products were purified by distilling off the unchanged
aldehyde with water and dissolving the crude acid in sodium car-
bonate (having previously washed it with water to remove the saline
matter), then precipitating the acid from the filtered solution, and
finally erystallising two or three times from alcohol. The resulting
product gave the following numbers on analysis :—

I. 313 of substance gave
‘880 of CO; and
*229 of H;O.
I1. 258 of substance gave
727 of CO, and

190 of H,O0.
Experiment.
Theory for C1,H;50,. 1. II.
Carbon .......... 7706 7668 76:90
Hydrogen........ 825 811 818

(Analysis II was made with the productin which sodium acetate
was employed.)
This acid is, therefare, cumenylangelic acid,

O]_.&HLBOQ = CsH4(CaH7).C4H5< CO(OH) B

It melts at 123°. Aleohol dissolves it freely, especially when hot,
and on cooling deposits it in colourless needles,

Acips ¥ROM CINNAMIC ALDEHYDE.

In most of the following experiments pure cinnanic aldehyde was
used, prepared from oil of cassia or of cinnamon, by means of a bisul-
phite. (The pure aldehyde was found to boil at 247 —248°) Oil of cin-
namon, however, if of the best quality, answered the purpose very well.

I.—Cinnamenylacrylic Acid.

A mixture of two parts of cinnamic aldebyde, three parts acetic
anhydride, and one part of sodium acetate, heated to 160—167° in
a sealed tube, ylelds a brown product, which, on cooling becomes
a radiated crystalline mass. On opening the tube, carbonic anhy-
dride escapes. On mixing the product with water, the saline matter
dissolves and leaves a resinous substance, which, when boiled with
sodium carbonate, only partially dissolves. The alkaline solution,
after filtration, when acidified with hydrochloric acid, gives a white
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precipitate of the new acid, which is purified by crystallisation from
alcohol, and then from petroleum-spirit

A flask, with a condensing-tube, may be used with advantage
instead of a sealed tube, in the preparation of this acid, heating it by
placing it in a paraffin-bath. The amount of resinous matter pro-
duced is always large, and up to the present time I have been unable
to obtain more than twenty-five per cent. of this acid from the alde-
hyde employed. It gave the following numbers on analysis :—

I. -2565 of substance gave
*713 of CO, and
‘141 of H,O0.
II. 3415 of substance gave
‘948 of CO, and

+180 of H.O.
Experiment.
Theory for Cy;H;00;. L II.
Carbon .......... 75'85 7581 7571
Hydrogen ........ 574 6-09 583

I propose to call this acid cinnamenylacrylic, giving the name
cinnamenyl to the radical CsH; = C¢H,.C.H,, which is related to
cinnamene in the same manner as cumenyl is to cumene : —

Cuquoz = CBH'; . CzHg. CO(OH) .

Cinnamenylacrylic acid melts at 165—166°. It is easily soluble in
alcohol, from which it crystallises in thin plates. In petroleum-
spirit, it is difficultly soluble, but crystallises from it better than from
alcohol.

When boiled in a retort with aqueous chromic acid, it gives a distil-
late containing an oil which appears to be cinnamic aldehyde.

The acid, when heated and boiled, decomposes, yielding an oil
which burns with a very smoky flame.

Sodium salt.—Cinnamenylacrylic acid dissolves slowly in a dilute
boiling solution of sodium carbonate, and if theovetical quantities are
employed, the solution, on evaporation, dries up to a white, almost
amorphous mass, not very soluble in cold water.

Calcium salt.—This is obtained by adding calcium chloride to a
solution of the sodium salt. It is obtained as a white precipitate,
dissolving to a small extent in boiling water, from which it separates
in small glistening crystals on cooling.

Barium salt.—Barium chloride gives, with the sodium salt, a white
precipitate slightly soluble in water, and separating from the boiling
solution on cooling in small needles.

Magnesium salt.—Magnesium sulphate added to a dilute solation of
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the sodinm salt produces a white milky precipate, which almost imme-
diately redissolves, but on standing, the salt is deposited in a crystalline
state.

Silver salt, C,HyAgO,~—Obtained by double decomposition as a
white, somewhat curdy, precipitate, slightly soluble in water, and
blackening gradually in sunlight. It gave the following numbers on
analysis :—

1. 4265 of substance gave

‘1635 of silver = 3833 per cent.
IL. -309 of substance gave

‘119 of silver = 38'51 per cent.

The above formula requires 38:07 per cent. of silver.

Lead salt, a white curdy precipitate.

Copper salt, a pale green precipitate.

Ferric salt, a pale brown precipitate.

Chloride of Cinnamenylacryl, CyHy,OClL—Cinnamenylacrylic acid,
when heated gently with phosphorus pentachloride, is rapidly acted
upon with evolution of hydrochloric acid, the mixture becoming fluid.
On cooling, the chloride separates out in small crystals, rendering the
product nearly solid.

Cinnamenylacrylamide, C;H;O(NH,).—On agitating the above chlo-
ride with strong aqueous ammonia a white product, insoluble in water,
is obtained; this, when washed and dried, crystallises from alcohol in
flat peedles like benzoic acid. It is rather easily soluble in alcohol.
On analysis it gave the following numbers:—

‘2595 of substance gave
725 of CO, and

151 of H,0.
Theory for C;;HyO(NHy). Experiment.
Carbon ..... eee.. 7630 76°19
Hydrogen ........ 635 6-46

Hydrocinnamenylacrylic acid. On treating cinnamenylacrylic acid
with sodium-amalgam by degrees (the acid being suspended in a large
excess of water) it dissolved ; excess of amalgam was then added, aund
the mixture allowed to stand about twelve hours. The clear solution
was then decanted, acidified with hydrochloric acid, and agitated with
ether. The ethereal solution thus obtained left the new acid on evapo-
ration as an oily fluid, which was analysed and gave the following
numbers :—

2695 of substance gave
*7365 of CO? and
162 of H,0.
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Theory for ¢, H;50,. Experiment.
Carbon ...eeeeeen 750 74:52
Hydrogen ........ 681 668

Silver salt, C,;HAgO,.—This is a white precipitate, and gave the
following numbers on analysis:— -

*400 of substance gave
1505 of silver = 37°62 per cent.

The above formula requires 38-16 per cent. of silver.

The analytical results obtained with this acid are not so satisfactory
as could be desired, but I had but little product at my disposal. The
numbers, however, indicate that only two atoms of hydrogen united
with the cinnamenylacrylic acid, and not four, as was thought
probable.

If the formula given be correct, this acid is isomeric with phenyl-
angelic acid.

IL. Cinnamenylerotonic Acid.

In the preparation of this acid the proportions used were six grams
of sodium propionate, fifteen grams of cinnamic aldehyde, and fifteen
grams of propionic anhydride. The mixture was heated in a sealed
tube to 160—165° C. for about six hours. On opening the tube only
a small quantity of carbonic anhydride escaped. The product was
boiled with water to remove volatile products, and allowed to cool, then
thrown on a filter to separate sodium propionate, boiled with sodium
carbonate, and the resulting solution filtered. The new acid was then
precipitated with hydrochloric acid, washed, crystallised once from
alcohol, and finally twice from petroleum spirit. The above quantities
yielded five grams of acid. It gave the following numbers on analysis:—

-2710 of substance gave
7585 of CO, and

158 of H,0.
Theory for C3H;503. Experiment,.
Carbon ...evevnn. 7659 7631
Hydrogen ........ 639 6-48

This acid is therefore cinnamenylerotonic acid,—
012H1202 = CQH7»03H4.CO(OH).

It melts at 15¥—158°. It is nearly imsoluble in cold, and diffi-
cultly in hot petrolenm spirit. From this solvent it crystallises in flat,
oblique, transparent prisms, which become opaque on keeping. It is
easily soluble in alcohol.
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Sodium salt.—The above acid dissolves stowly in a boiling dilute
solution of sodium carbonate. On evaporating it ina vacuum it forms a
distinetly crystalline produet only moderately soluble in water.

Calcium salt.—This separates from the sodium salt on the addition of
calcium chloride, as a flocculent white precipitate, which dissolves if
boiled in a very large excess of water, and crystallises ont on cooling
in groups of minute needles.

Barium salt.—Obtained by double decomposition, is a flocculent
precipitate, difficultly soluble in boiling water. It is deposited from
its aqueous solution on cooling in minute crystals, which, when seen
with a lens, appear like crystals of benzoic acid.

The magnesium salt is a crystalline body more easily soluble than the
two preceding.

The ferric salt is a pale drabish-brown precipitate.

The copper salt is a very pale green precipitate.

Silver salt, C,;H;;Ag0,.—This is of a pure white colour, slightly
soluble in cold water, and but slowly acted upon by light. It gave the
following numbers on analysis :—

I. 410 of substance gave
*149 of silver = 3634 per cent.
IL. -4055 of substance gave
1475 of silver = 3637 per cent.

The above formula requires 36'6 per cent. silver.

III. Cinnamenylangelic Acid.

The products used in the preparation of this acid were employed in
the proportion of one of sodium butyrate, two of cinnamic aldehyde, and
three of butyric anhydride,and the sealed tubeswere heated to 160—165°
for about six hours. The resulting substance was boiled with water
until oily products ceased to distil over. The residue in the retort
was allowed to cool, and the crude acid collected on a filter and washed
with water, boiled with sodium carbonate, the solution filtered, and the
acid precipitated with hydrochloric acid. It was then dried and crys-
tallised from petroleum spirit. On analysis, however, it did not give
satisfactory numbers. It was then further purified by conversion into
the calcium salt, which was boiled with water, thrown on a filter, and
washed with hot water. The salt was then decomposed with hydro-
chloric acid, the product washed, dried, and crystallised from petroleum
spirit. There was first formed a bulky mass of minute crystals almost
filling the liquid; in a few hours, however, they changed, becoming
brilliant and occupying a small space. They were very beautiful when
viewed under the microscope.
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The following numbers were obtained on analysis :—

L. 254 of substance gave
‘7177 of CO, and
1544 of H.O.

II. -2388 of substance gave
‘673 of CO; and

‘146 of H;0.
Experiment.
Theory for Cy3H,,0, L II.
Carbon ..oveevnnss 7722 7704 7684
Hydrogen........ 693 675 679

It is, therefore, cinnamenylangelic acid,—
C;H,,0, = C:H,.C.H,.CO(OH).

This acid melts at 125—127°. It is easily soluble in alcohol, but
not very freely so in petroleum spirit.

Silver salt, C,;H;3Ag0..—O0n adding asmall quantity of silver nitrate
to a solution of the sodium salt of this acid, a precipitate forms, but
redissolves in the excess of the sodium salt. On adding a large
quantity, however, a white precipitate is obtained, slightly soluble in
cold water. It gave the following numbers on analysis:—

I. -315 of substance gave

‘1105 of silver = 3508 per cent.
II. -218 of substance gave

0765 of silver = 35°05 per cent.

The above formula requires 3495 per cent. silver.

Acips FrROM ANISIC ALDEHYDE.
1. Methylparoxyphenylacrylic Acid.

A mixture of two parts of anisic aldehyde, two of acetic anhydride,
and one of sodium acetate, heated to about 170° in sealed tubes for eight
hours, gave a dark-coloured product, and on opening the tubes carbonic
anhydride escaped. The contents of the tubes were boiled with water
in a retort until the distillate was nearly free from oil, the residue was
then allowed to cool, and the crystalline product collected on a filter
and washed from saline matter. It was then boiled with sodium car-
bonate, filtered through a wet filter to remove neutral oily products,
and the new acid precipitated with hydrochloric acid. After being
washed and dried, it was twice crystallised from alcohol. It gave on
analysis the following numbers :—
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1. 283 of substance gave
696 of CO, and
‘145 of H,O.

II. 205 of substance gave
5065 of CO, and

105 of H,0.
Experiment.
Theory for CjpH;0;. I 1T.
Carbon ,......... 6741 67-07 6733
Hydrogen..... ... 561 569 566

Tt is, therefore, methylparoxyphenylacrylic acid,—
CmHmOa = Cs H;(CHgO)z.CzH-;-CO (OH) .

and, therefore, the methylic derivative of paracoumaric acid, which is
paroxyphenylacrylic acid.

Methylparoxyphenylacrylic acid melts at about 171°. It is mode-
rately soluble in alcohol, from which it crystallises in very pale yellow
needles. It also dissolves rather freely in hot glacial acetic acid. In
boiling water it is soluble, but only to a small extent, this solution on
cooling deposits the acid in small white crystals.

On heating till it boils, decomposition takes place, an oil having a
strong but pleasant odour of femnel being produced; when cooled it
solidifies to a crystalline mass. It is most probably a homologue of
anethol, and produced thus :—

C,H,(OCH,).C,H,.CO(OH) = CGH4{ é?gfs) + CO,.
Methylparoxyphenylacrylic acid. New body.

Methylparoxyphenylacrylic acid, when boiled in a retort with dilute
chromic acid, is slowly oxidised, and an oil distils over, which is appa-
rently anisic aldehyde.

Sodium salt, C,:HsNaO;—This is obtained by boiling a weighed
quantity of the acid with the theoretical quantity of a standard solu-
tion of sodinm carbonate. It is deposited on cooling as a white mass,
appearing under the microscope to consist of minnte crystals with a
satiny lustre. It is rather difficultly soluble in water. An analysis of
the crystals dried in a vacuum gave the following result . —

-328 of substance gave
"117 of sodium sulphate = 1167 p.c.

The above formula requires 11'50 p.c. of sodium.
Calcium salt.—Obtained in the form of transparent needles on
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adding calcium chloride to a weak boiling solution of the sodium salt,
filtering, and leaving the mixture to cool.

Barium salt.—Prepared in an analogous manner to the calcium
salt, is obtained as a crystalline precipitate.

Stronttum salt.—Deposited from its boiling aqueous solution on
cooling in small crystals, more soluble than the barium salt.

Copper salt.—Obtained by double decomposition. Itis a pale bluish-
green precipitate.

Ferrie salt—A brown precipitate.

Silver salt, C,HAg0;—A dilute solution of the sodium salt was
treated with silver nitrate until a small guantity of a precipitate was
produced, and not redissolved on stirring; the solubion was then
filtered, and silver nitrate added in excess. The pure white pre-
cipitate then produced was collected, washed and dried in a vacunm.
It gave on analysis the following numbers :—

1. -3137 of substance gave
1185 of silver.
IT. -3815 of substance gave
-588 of CO, and
1118 of H,O and
144 of silver.

Experiment.
Theory for CigHgAgOs. 1. 11
Carbon .......... 4210 ~— 4203
Hydrogen ........ 316 — 323
Silver..cieevees.. 38789 3777 3774

This salt is slightly soluble in water.

Chloride of Methylparoxyphenylacryl—When methylparoxyphenyl-
acrylic acid and phosphorous pentachloride are heated together in a
flask by means of a water-bath, chemical action guickly sets in, hydro-
chloric acid is evolved, and the mixture becomes fluid. After removing
the phosphorous oxychloride by heating the product in an oil-bath to
120—130° and then passing dry air, the mew produet is left as a
somewhat dark yelowish oil, which on cooling solidifies to a beauti.
fully crystalline mass, fusing at about 50°.

When mized with alcobol it reacts with evolution of heat, and pro-
duces the ether, whieh 1s a pale yellow viscid oil heavier than water.

Mothylparozyphenylacrylamide, CwoHeOx(NH,).—~The chloride just
described when mixed with alcoholic ammonia becomes hot, and
deposits crystals. On evaporating off the alcohol and treating the
residue with water, a white product is left. This was parified by
crystallisation from water, and gave the following numbers on
analysis :(—
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1. 2619 of substance gave
648 of CO, and,
‘156 of H,O.
IL. -3265 of substance gave
‘808 of CO, and

‘178 of H;0.
Experiment.
’I‘heory for CngOz(N Hg). 1. . 1L
Carbon .......... 6779 67-46 6747
Hydrogen........ 621 66 61

This amide melts at 186°, and crystallises on cooling. It is de-
posited in scaly crystals from alcobol, in which it is very soluble. It
is not easily soluble in water, and the crystals obtained from this
solvent are very small.

Hydromethylparozyphenylacrylic Acid or Methylparozyphenylpropionic
Acid,

One part of methylparoxyphenylacrylic acid was mixed with fifte
parts of water, and sodium amalgam containing two per cent. of
sodium, added by degrees, the mixture being constantly agitated. When
the acid had dissolved, excess of amalgam was added, and the mixture
allowed to stand twenty-four hours. The clear solution was then
separated from the mercury and acidified with hydrochloric acid. A
copious white crystalline precipitate separated, which after standing
for several hours, was thrown on a filter, and washed with cold water.
It was then purified, by solution in boiling water, and filtering from a
small amount of insoluble impurity. On cooling, the new acid was
deposited in feathery crystals.

This product gave on analysis the following numbers :—

‘2746 of substance gave
669 of CO, and

‘166 of H,O0.
Theory for C1oH;50;. Experiment.
Carbon ..... eeeeaaas 6666 66-44
Hydrogen ............ 666 673

This acid melts at 101°. Its formation may be expressed thus—

C,H,(OCH,),C,H,. CO(OH) + H, = CH,(OCH,).C,H,.CO(0H).
Hydromethylparoxyphenylacrylic acid. Hydromethylparoxyphenylacrylic acid.

II. Methylparozyphenylcrotonic Acid.

Two parts of anisic aldehyde, three parts of propionic anhydride, and
one part of sodium propionate were the proportions used in the prepara-
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tion of this acid. The mixture was heated in sealed tubes to about
170—175° for six hours. The product when boiled with water to re-
move unconverted anisic aldehyde, was left as an oily layer, solidifying
on cooling to a crystalline cake. The aqueous solution containing the
sodium propionate also deposited the new acid in beautiful thin plates.
The crude product after being washed with water was boiled with
sodinum carbonate, which dissolved most of it, but left a good deal of
neutral oily matter. The solution was filtered, but as it was milky, it
was found necessary to treat it with ether; it was then boiled and
acidified with hydrochloric acid, which caused the new acid to sepa-
rate as a white precipitate. It was collected, washed, and crystallised
from alcohol. On analysis it gave the following numbers :—

*2865 of substance gave
719 of CO, and

‘161 of H,O.
Theory for C;;H,,0,. Experiment.
Carbon .............. 6874 6846
Hydrogen ............ 624 625

This acid is therefore methylparozyphenylerotonic,
O“HuOs = CGH‘;(OCH:;)F.C;;H&CO(OH).

It melts at 154°. When heated to boiling, it decomposes, yielding
an oil which has the odour of oil of anise, and when cooled becomes
crystalline. There can be scarcely any doubt that it is anethol; it
is under examination. The decomposition may be expressed thus:

C,H,(OCH,).C,H,.CO(OH) = C,H, 83%133 + CO,.

Methyloxyphenylerotonic acid. Anethol.

Methyloxyphenylerotonic acid is moderately soluble in aleohol, and
crystallises from it in beautiful transparent rectangular plates.

Caletum salt.—On adding calcium chloride to a dilute solution of
the sodium salt, a crystalline precipitate forms, which dissolves on
boiling, and is deposited on cooling in small white needles.

Barium salt.—Prepared in an analogous manner to the calcium
salt. It crystallises from its boiling aqueous solution in thin brilliant
plates.

Silver salf, CyH,;Ag0;—This is prepared by adding silver nitrate
to the sodium salt, filtering off the first portions of the precipitate and
then adding an excess of silver nitrate. The salt which comes down
as a satiny crystalline precipitate, is slightly soluble in cold water, but
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more £0 in kot water ; from the latter it crystallises on cooling in fine
needles; it is only slowly acted upon by light. It gave the following
numbers on analysis :—

I. -3800 of substance gave
‘138  of silver = 3632 p.c.

II. -3775 of substance gave
‘136  of silver = 3602 p.c.

The above formula requires 36:12 per cent. of silver.

II1. Methylparozyphenylangelic Acid.

A mixture of sodinm butyrate, anisic aldehyde, and butyric anhy-
dride in the proportions corresponding with those employed in the pre-
paration of the preceding acid, was heated in sealed tubes to 180° for
six hours ; the product was boiled with water as in the previous cases,
and the crude acid, after washing, dissolved in an alkaline carbonate,
and filtered from oily impurities. The boiling alkaline solution, when
acidified, deposited the new acid as a white precipitate, part of which
fused in the hot fluid. - It was then crystallised from alcohol four times.
In one experiment sodium acetate was used in place of sodium butyrate ;
the product, however, was not considered to be quite so good, as
there appeared to be minute crystals of another acid present; these,
however, disappeared on repeated crystallisation. Analysis I. was
made with this preparation.

I. 2832 of substance gave
‘721 of CO, and
‘168 of H,O.
II. '3165 of substance gave
‘807 of CO, and

'188 Of HQO-
Experiment.
Theory for C;,H,40;. I IT.
Carbon............ 699 69-43 69-54
Hydrogen ........ 679 6:58 661

This is therefore methylparoryphenylangelic acid—
C.H.0;, = C:H,(OCH,)*.C,H,.CO(OH).

It melts at 1283—124° to a colourless oil, and on cooling crystallises
in a most beautiful manner. It crystallises from alcohol in needles.

If heated until it boils, it decomposes and gives an oil similar in
odour to the oil of anise. It is probably another homologue of anethol,
and formed thus:

VOL. XXXI. 2 F
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CH,(OCH,).C;H,.CO(OH) = 06H4{ 84%17{ + CO,.

Methylparoxyphenylangelic acid. New product.

Acips FROM METHYLSALICYLIC ALDEHYDE.
1. B*.—Methylorthoxyphenylacrylic Acid.

Two parts of hydride of methyl salicyl, three of acetic anhydride, and
one of sodium acetate, were heated in sealed tubes to about 180° for
six hours. The contents of the tubes on cooling consisted of two distinct
products, one forming small groups of crystals as fine as pin-heads,
the rest being a radiating crystalline mass. On opening the tubes,
carbonic anhydride escaped. The solid product was boiled with
water in a retort as usual, and the crude acid remaining collected on a
filter, washed with water, dissolved in boiling sodinum carbonate, and
then filtered through a wet filter, the clear solution, on being acidified
with hydrochloric acid, deposited the new acid as a nearly white pre-
cipitate. It was collected, washed, and finally purified by crystalli-
sation from alcohol. It gave, on analysis, the following numbers :—

I. 283 of substance gave
7005 of CO, and
141 of H,O.

I1. -2935 of substance gave
‘723 of CO, and

150 of H,0.
Experiment.
Theory for C;oH¢0;. . .
Carbon .......... 67-41 67°50 6716
Hydrogen .. ...... 561 557 566

This acid is, therefore, methylorthoxyphenylacrylic or methylcoumaric
acid—

CmH]oOs = CGH4(OCH3)OCZH200(OH).

It melts at 182-—183°. When heated until it boils, it decomposes,
yielding an oil, having an odour very unlike that obtained from the
purg-acid, but somewhat similar to that of coal-tar naphtha.

It is moderately soluble in alcohol, and crystallises from it in small
hard prisms.

When fused with potassium hydrate, it first becomes yellow, appa-
rently owing to the formation of coumaric acid, but when further
Licated, it yields salicylic acid in abundance.

‘When heated with phosphorus pentachloride it decomposes, yielding
a chloride. This, when treated with ammonia, is converted into

* The reason why this acid is called 8-acid will be seen further on in this paper.
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methylorthoxyphenylacrylamide, crystallising from alcohol in needles.
1t fuses at 191—192°.

Calcium salt is obtained as a white precipitate, becoming crystal-
line on adding calcium chloride to a solution of the sodinm salt.

Bartum salt : similar to the above.

Copper salt : a green precipitate.

Ferric salt : a pale brown precipitate.

Silver salt, C,yHyAgO;—Obtained by adding silver nitrate to a
solution of the sodium salt. It is a white precipitate, and gave, on
analysis, the following numbers :—

I. 301 of substance gave
*1135 of silver = 37'7 per cent.
I1. -3145 of substance gave
‘118 of silver = 37-52 per cent.

The above formula requires 37°8 per cent. of silver.

1. —Methylorthoxyphenylerotonic Acid.

Seventeen grams of hydride of methylsalicyl, twenty-four grams of
propionic anhydride, and twelve grams of sodium propionate, were
heated in sealed tubes to 165° for five or six hours. The product, on
cooling, was a pale-brown crystalline mass. On boiling it with water,
some unchanged hydride of methylsalicyl volatilised with the steam,
leaving in the retort an oily product, which on cooling, gradually
solidified, It was washed from saline matter, and then boiled with
sodium carbonate. The solution was filtered from a small quantity
of neutral oil, boiled, and acidified with hydrochloric acid. The new
acid separated as an oil, but on cooling solidified to a crystalline cake.
When cold, it was washed, dried, and crystallised from petroleum
spirit. This operation yielded thirteen grams of crude acid before
crystallisation. It gave the following numbers on analysis:—

I. -281 of substance gave
‘705 of CO, and
‘157 of H,0.
II. -2565 of substance gave
‘646 of CO, and

1445 of H;O.
Experiment.
Theory for C};Hy20;. I. II.
Carbon.......... 6874 6842 6868
Hydrogen........ 625 6-20 626

This substance is, therefore, methylorthomyphenylcrotonic acid,

CuH,0; = C:H,(0OCH,)°C;H..COOH.
2 F2
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It melts at 104—105°. Tt is very soluble in alcohol and benzol, not
very much so in petroleum spirit, but from a boiling solution in this
solvent it is deposited on cooling in large leafy crystals arranged in
fern-like groups. When heated in a watch-glass, it fuses to a clear
oil, and on cooling, crystallises, forming small circular discs, radiating
from the centre, and as these increase, they crack with such force as to
canse the watch-glass to emit a distinct sonnd each time. The crystal-
line mass often shows colours somewhat like those of mother-of-pearl.

Calcium salt—This comes down as a white crystalline precipitate
if calcium chloride be added to a solution of the sodium salt. If the
solution be very dilute, it crystallises in beautiful groups of satiny
needles ; it is more soluble in hot than cold water.

Barium salt, C;Hy,Ba0s—On adding barium chloride to a boiling
solution of the sodium salt somewhat dilute, this compound on cooling,
separates out in needles. It is rather soluble in cold water. The
crystals appear to contain water of crystallisation, as they change in
appearance on drying over sulphuric acid. A specimen dried at 100°
gave the following numbers :—

‘134 of substance gave
060 of BaSO, = 26:32 per cent. of barium.
The above formula requires 2639 " ’

Silver salt, C,,H,;AgO;—Silver nitrate, added in small guantities
to a solution of the sodium salt, gives a white precipitate, which, on
stirring, dissolves almost entirely ; but excess gives a pure white pre-
cipitate, which, during washing, contracts to a small bulk, and appa-~
rently becomes crystalline. It isslightly soluble in water. On analysis,
the following number was obtained :—

*239 of substance gave
‘08625 of silver = 36-08 per cent.
The above formula requires 36:02 per cent. silver.

L.—Methylorthozyphenylangelic Aecid.

A mixture of one part of sodium butyrate, three of butyric anhydride,
and two of hydride of methyl salicyl, was heated in sealed tubes to 165°
for about seven hours. The resulting product was a viscid liquid, and
on opening the tubes, a good deal of carbonic anhydride escaped. After
boiling with water as usual, the residue in the retort contained an oil
which on standing for some hours partially solidified. It was sepa-
rated from the aqueous solution of sodinm butyrate, and boiled with
a solution of sodium carbonate, which dissolved the new acid, but left
a considerable quantity of neutral oil, which was removed from it by
means of ether.
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The alkaline solution was boiled and acidified with hydrochloric
acid: the acid then separated as an oil, but solidified on cooling.
It was collected, washed, and again dissolved in sodinm carbonate,
using about the calculated quantity necessary to form the sodium
salt, and converted into the caleium salt by the addition of calcium
chloride. This salt came down in a plastic state, adhering to the
sides of the vessel, but on cooling, the liquid was filled with small
crystals, which appeared as fine needles.

The caleinm salt was collected and washed several times with cold
water, and then decomposed with hydrochloric acid. The acid thus
obtained was twice crystallised from alcohol, from which it separated
in hard needles, about three-quarters of an inch in length. It gave the
following numbers on analysis :—

‘255 of substance gave
6515 of CO, and

157 of H,O.
Experiment.
Theory for C);H,40;. I II.
Carbon ...... Ceeens 69-90 69-67
Hydrogen .......... 679 6-83

This is therefore methylorthowyphenylangelic acid—
C.H,,0; = C;H,(OCH;)*.C,H:.CO(OH).

It fuses at about 105°, is very soluble in alcohol, but much less so in
petroleum spirit.

Acids obtained from Cowmarin.

As all the aromatic aldehydes experimented on, with the exception
of the hydride of salicyl, yield an acid when treated with acetic anhy-
dride and an acetate, there could be no doubt that the formation of
coumarin is preceded by that of an acid. This acid would, of course,
be an ortho-oxy-compound, and would, therefore, readily split up into
water and an anhydride, which would be coumarin. This agrees with
the views of the constitution of that substance proposed by Fittig
(Chem. News, xix, 73).

But coumarin, when treated with potassium hydrate, yields two
compounds of the same composition. The first, which was examined
by R. Williamson (Jowrn. Chem. Soc., xxviii, 852), is obtained by
simply boiling coumarin with an aqueous solution of the alkali; the
second is produced in the same manner, but employing a higher tem-
perature.

The first compound, when decomposed with an acid, yields coumarin ;
the second, ordinary coumaric acid.
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Now it appeared doubtful which of these two alkaline compounds
represented the acid of which coumarin is the anhydride, because it
was possible that this acid might be so unstable as to split up into
coumarin and water as soon as it was liberated ; and, on the other
hand, that coumaric acid, on account of the high temperature at

which it is produced, might be an alteration-product, and not the true
acid.

R. Williamson’s metallic derivatives must have the constitution
C:H,(OR)*.C.H..CO(OR), which is the same as that of a coumarate,
unless they be regarded as molecular compounds, which I think is un-
tenable.

If this constitution be correct, it is evident that these substances,
by treatment with methylic iodide, might be expected to yield the
compound, CsH,(OMe)°.C.H,.CO(OMe).

This should be the methylic derivative of an acid already described
in this paper, namely, methylorthoxyphenyl acrylic, and by treatment
with potassium hydrate should be decomposed into its potassium-salt.

Experiments were made in this direction with the following
results :—

A quantity of an alcoholic solution of the compound obtained by boil-
ing coumarin with sodium hydrate was treated with iodide of methyl
in a sealed tube and heated to 100° for about three hours. On opening
the tube, the reaction was found to be complete. The alcohol was
distilleda off and water added: this caused an oil to separate in
quantity.

On distilling this oil it was found to boil at 278—280°, very little
coming over on" either side of this temperature. It was analysed, and
gave the following numbers :—

1. -2588 of substance gave
6495 of CO, and
‘142 of H,0.
II. -273 of substance gave
6882 of CO, and

1565 of HO.
Experiment.
Theory for C;1H;03. . .
Carbon .......... 6875 6844, 6871
Hydrogen........ 625 609 637

This substance has therefore the composition of the methylic deri-
vative of methylorthoxyphenylacrylic acid, and may be written thus,
CeH,(OCH,),C.H,.CO(OCH;), and is formed from the sodium com-
pound simply by the substitution of that metal by methyl. It is the.
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methylic ether of an acid I propose to call a-methylorthozyphenylacrylic
acid.

A portion of this ether, before it had been distilled, was boiled with
alcoholic potassium hydrate, which decomposed it, and after adding
water and boiling off the alcohol, hydrochloric acid was added in
excess ; this caused an oily substance to separate, which crystallised
very beautifully on cooling.

This acid was also prepared in a different manner. A quantity of
the compound obtained by boiling coumarin with sodinm hydrate was
dissolved in alcohol and mixed with only enough methylic iodide to
combine with half the sodium: the mixture was heated in a sealed
tube to 150° for five or six hours: the resulting product was a pale-
coloured fluid. The alcohol was distilled off, and on cooling a syrupy
mass was obtained, and on dissolving it in water only a trace of oily
product was found to be present ; this was removed with ether. The
clear aqueous solution was boiled and acidified with hydrochloric acid ;
the new acid then separated as an oil, but solidified to a crystalline
mass on cooling.

It was not found practicable to purify it by crystallisation from
alcohol, but after trying various solvents, ordinary acetic acid (about
50 p.c.) was found to answer the purpose. After crystallisation from
this acid, it gave on analysis the following numbers :—

‘2458 of substance gave
608 of CO; and

1245 of H,0.
Theory for CygH (0. Experiment.
Carbon ............ 6741 6745
Hydrogen .......... 561 562

This compound then has exactly the composition of methylorthoxy-
phenylacrylic acid, and when fused with potassium hydrate also yields
salicylic acid, but in other respects it is entirely different. It melts at
88-—89° the other at 182-—183° and is very much more soluble in
alcohol, &c. This is why I have called it a-methylorthoxyphenyl-
acrylic acid.

This new acid is moderately soluble in ordinary acetic acid, and
separates from it, on cooling, in beautiful glistening crystals, which
generally lose their lustre on drying.

Sodiwm salt.—Obtained by boiling this acid with the theoretical
quantity of sodium carbonate. It is excessively soluble in water, and
dries up to a gummy mass.

Copper salt : bright yellowish-green precipitate.

Ferric salt : pale brown precipitate.

Silver salt, CryHyAgO;.=This comes down as a white crystalline pre-
cipitate on adding silver nitrate to the sodium salt. The filtrate from
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this deposits a small quantity of salt, on standing, as a white powder,
which when seen under the microscope is composed of distinct crystals.
It gave on analysis the following numbers :—
1. *4118 of snbstance gave
‘1558 of silver = 3783 p.c.
II. -5102 of substance gave
*1927 of silver = 37°76 p.c.

The above formula requires 37°8 p.c.
Action of Heat on some of the above Coumarin Dertvatives.

These substances are modified in a remarkable manner when heated.
If a mixture of an alcoholic solution of the compound obtained by
boiling coumarin with sodium hydrate be mixed with methylic iodide
in about theoretical quantities, and heated in a sealed tube to 150°
instead of 100°, the product after removal of the alcohol, &c., is an
oil as in the other case; but” when decomposed with alcoholic
potassium hydrate, yields the salt of an acid which fuses only at a
high temperature.

Moreover if the oil produced by heating the sealed tubes to only
100° C. (and which produces a very fusible acid, a-methylorthoxy-
phenylacrylic acid), be heated alone in a sealed tube to 150—165° for
a few hours, and then decomposed with alcoholic potassium hydrate,
it yields the same difficultly fusible acid. On examining the oil
which was puritied by distillation and used for analysis (p. 418), it
was found to give on decomposition a mixture of the fusible and diffi-
cultly fusible acids; therefore by the influence of heat alome this sub-
stance is changed.

This difficultly fusible acid was purified by crystallisation from
alcohol and submitted to analysis.

1. ‘261 of substance gave
*6465 of CO, and
132 of H.O.

II. -205 of substance gave
506 of CO, and

‘105 of H,0.
Experiment.
Theory for C)oH;,0;. . . .
Carbon .......... 67-41 67-54 6731
Hydrogen........ 561 561 568

It has therefore the same composition as the easily fusible one,
but its melting point is 182—183°. It is in fact identical with the
acid obtained by treating the hydride of methylsalicyl with acetic
anhydride and sodium acetate, and called in this paper B-methylorth-
oxyphenylacrylic or methylcoumaric acid.
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The easily fusible or a-acid on being heated to its boiling-point, and
then purified by crystallisation, was found to be changed, and con-
verted into the (3-acid fusing at 183°.

It has been seen that the methylic derivative of the a-acid is con-
verted by heat into that of the B-acid. Neither of these compounds
are acted upon by alcoholic ammonia at 100° and of course if the
temperature be raised above 150°, the reaction virtually takes place on
the B-compounds. On heating a mixture of either of these substances
to 200° for 10 or 14 hours, with alcoholic ammonia, the product on
cooling deposits crystals: these were collected, recrystallised, and
submitted to analysis. The following results were obtained :

‘I. 282 of substance gave
‘697 of CO; and
‘159 of H,O.

I1. -2745 of substance gave
6795 of CO; and

‘157 of H,0.
Experiment.
Theory for C;gHyO,(NH,). I II.
Carbon .......... 67-79 67-41 67°5
Hydrogen ....... . 621 6-25 6'35

This substance is therefore 8-methylorthoxyphenylacrylamide.
CH, O, (NH,) = CsH4(CH30)°,02H2,OO(NH2).

It is moderately soluble in alcohol, from which it crystallises in
beuutiful white needles. It melts at 191—192°.

Action of Pentachloride of Phosphorus on a-Methylorthozyphenylacrylic
Acid.

When this acid is mixed with phosphorus pentachloride, chemical
action sets in with energy, and the mixture becomes fluid, hydrochloric
acid being abundantly given off. The product, when treated with
ammonia, yields an amide insoluble in water. This, when crystallised
from aleohol, was found to be 3-methylorthoxyphenylacrylamide. The
aqueous filtrate from the preparation of this amide on being acidified
with hydrochloric acid gave a white precipitate of an acid, which was
purified by crystallisation from alcohol. It gave the following num-
bers :—

*2415 of substance gave
*594  of CO, and
‘121 of H,O0.

Theory for CjgH)(0;. Experiment.
Carbon ...... Ceeeee 6744 67-08

Hydrogen .......... 5:61 556
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This acid fuses at about 183° and is therefore 8-methylorthoxy-
phenylacrylic acid.

An analogous experiment was made in which carbon disulphide
was mixed with the phosphorus pentachloride and the acid, to keep
the temperature low, but the result was the same.

We therefore see that heat and also powerful chemical action con-
vert the a- into the 8-compounds.

But why are these substances isomeric and not identical? Of
course it is evident that two acids having their composition might
exist thus:

CsH,(OH)°.C,H,.CO(OMe),

which is orthoxyphenylacrylate of methyl, or in other words, a couma-
rate of methyl, and

C.H,(OMe)e.C,H,.CO(OH),

methylorthoxyphenylacrylic acid, or methylcoumaric acid.

Both of these compounds would form metallic derivatives, and at
first sight this might be thought to be an explanation of the difficulty,
but I think it is not consistent with experiment.

As already stated, if the methylic ether of the a-acid which is pro-
duced at low temperatures, and of course yields the a-acid when
treated with aleoholic potassium hydrate, &c., be heated to 150°, it is
changed into the 8-methylic ether and yields the S-acid.

The methylic ether of the «-acid has all the hydrogens of its
hydroxyls replaced by methyl, so that the effect of heat cannot cause
any change of position to take place in this respect, and there is no
ground for supposing that the alkali in one case should remove the
methyl from the phenolic position, and in the other from the CO(OH)
group, experiment always showing that the phenolic is the more diffi-
cult to influence of the two.

Again, when the alkaline compound of coumarin obtained by boiling
coumarin with caustic alkali is treated with enough methylic iodide to
remove half the metal, a salt of the «-acid is produced. In mixed
compounds, I believe that the metal replacing phenolic hydrogen, is
much more readily acted upon, than that replacing hydrogen in the
CO(OH) group.

If the a-acid were the methyl ether of orthoxyphenylacrylic acid,

C,H,(OH)".C,H,.CO(OMe),

we should expect it to give with phosphorus pentachloride methylic
chloride and the chloride of orthoxyphenylacryl; in fact, to behave
like oil of gaultheria under similar circumstances; but instead of this,
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it is converted into the chloride of the 8-acid, yielding, with ammonia,
the amide.

These acids being both derived from coumarin, which is an ortho-
compound, are necessarily ortho-acids, which is also seen by their yield-
ing salicylic acid when fused with potassium hydrate; and if conmarin
be the anhydride of coumaric acid, it is difficult to understand that
there can be any difference of structure in the group which represents
the radicle of these acids, viz. :—

C:H,(OH)°.C.H..

so that it appears probable that we must seck for an explanation of
their isomerism from other sources than that of position.

From the formation of the az-acid there can be no doubt that the
metallic compounds of coumarin examined by R. Williamson are
salts of an unstable acid, isomeric with coumaric acid.

I hope to investigate this subject more fully, and to make analogous
experiments with the homologues of coumarin.
Appended is a table showing some of the differences of properties
between the methyl-para and «- and B-methylorthoxyphenylacrylic

acids.

Fusing points  ....

Colour of ferric salt.

» Copper ”»

sodiumsalt, with

1 p.c. solution of
CaCly and BaCly

sodiumsalt, with

2% p.c. solution of}
CaCl; and BaCl,

L
Methylparoxy-

phenylacrylic acid.

II.

B-Mcthylorthoxy-
phenylacrylic acid.

III.

a-Methylorthoxy-
phenylacrylic acil.

171°C.

Brown precipitate .

Pale bluish-green
precipitate.

A crystalline white
precipitate.

Dittoeevsurvnnae.

A 2} p.c. solution
of this sodium salt
deposits a large
quantity of the
salt on cooling in
white satiny crys-
talline masses.

182—183°C.

Pale-brown preci-
pitate.

Green precipitate,
yellower and
darker than I.

A white precipitate.

A 2} pe. solution
of the sodiun salt
remains clear on
cooling ; the salt
is only deposited
on concentration,
when it separates
in crystals.

88—89° C.

Pale-brown preeipi-
tate.

A bright yellowish-
green precipitate,
darker than [ and
1I.

The sodium salt is
excessively soluble
inwater, and, when
evaporated, dries
up to a gummy
mass.
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The formation of the acids from the aromatic aldehydes by the use
of an anhydride and a metallic salt is not easy to understand. I will
take the formation of cinnamic acid as a typical case.

This acid has already been obtained from benzoic aldehyde by the
action of acetyl chloride, by Bertagnini, and also by heating a mix-
ture of this aldehyde and acetic acid in the presence of hydrochloric
acid or a small quantity of zinc chloride, by Hugo Schiff; and there
is no doubt that there is a certain amount of analogy between these
reactions and the one under consideration, the remarkable part of the
latter being the absolute necessity of the presence of a metallic salt.
If the reaction succeeded without this it could be easily accounted
for thus—

2C7H¢,O + C4H503 = 2CQH302 + Hgo.

this reaction taking place in two phases, thus—

1. G:H,.COH CH,.CO C:H,.CH.CH.CO
+ >0 = >0 + 2H,0.

C:H,.COH CH,.CO C:H;.CH.CH.CO

2 mols. benzoic aldehyde. Cinnamic anhydride.

II. C,H, CH.CH.CO
>0 + H,0 = 2G,H, CH.CH.CO(0H).
CoH, CH.CH.CO

Cinnamic anhydride. Cinnamiec acid.

Of course if we suppose that ouly half the above quantity of ben-
zoic aldehyde takes part in the reaction, instead of getting cinnamic
anhydride we should get acetocinnamic anhydride—

CeH;.CH.CH.CO
0
CH,.CO

which afterwards would decompose with the water produced in the
reaction into acetic and cinnamic acid.

But we know that benzoic aldehyde does not act in this manner
when heated with acetic anbydride, but yields only the diacetate of
benzylene—

(0C.H,0).

CH.CH { (0C,H,0).

It is possible that the formation of this substance precedes that of
the acid, and I am about to make experiments in this direction; but if
this be the case, it is difficult to understand why sodium acetate, or
any analogous salt, should cause this compound to decompose into
acetic and cinnamic acids: all we know is that the product of the
reaction contains, when cold, an acid cinnamate.
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I have not obtained any satisfactory results by the use of valeric
anhydride and a valerianate on the aromatic anhydrides, but the
formation of valeric coumarin would make it appear probable that
new substances may be produced in this manner.

The acids described in this paper have been named as belonging to
the ordinary acrylic series ; those obtained by the use of acetic anhy-
dride are certainly such, but it is doubtful if those produced with
other anhydrides are strictly so. Acrylic, crotonic, and angelic acids
are usually written—

CH.CH, CH.C.H, CH.C.H;

| l {
CO(OH) COo(0On) CO(0OH)
therefore the phenylated acids should be—
CH.(CH.C.H;) CH.(C,H,.C:H;) CH.(C;H;.C:H;)

l
CO(OH) CO(OH) CO(OH)
Phenyl acrylic. Phenyl crotonic. Phenyl angelic.

instead of which they are—
CH.(CH.C.H,) CH,.(C,H,.C:H;) CH.(C,H,.C:Hy)

CO(OH) CO(0H) CO(OH)

if we assume, as is most likely to be the case, that the oxygen of the
aldehyde removes two atoms of hydrogen from the methyl of the pro-
pionic or butyric anhydrides, and does not attack in any way the CH, in
union with the CO(OH). Fittig and Bieber (Jahresh. 1869, p. 584)
write their phenylangelic acid thus: CsH,.CH.CH.CH..CH..CO(OH),
which is the same as the above; but so long as acetic anhydride is
employed true acrylic acids will of course be obtained. Thus the alde-
hyde of a-toluic acid (phenylacetic) should yield with acetic anhy-
dride a true phenyl crotonic acid—

CH.(C.H,.C:H;)
C‘O(OH)
and the aldehyde of phenylpropionic acid a true phenylangelic acid—
CH.(C:H;.CcH;)
(JLO(OH)

Tn the experiments in which I employed succinic anhydride and a
succinate with benzoic aldehyde (the reaction does not take place with-
out the succinate), the oxygen of the aldehyde must have combined
with the hydrogen of one of the CH, groups in the anhydride (unless
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it removed one of hydrogen from each, which is not probable), and
therefore at first produced a dibasic acid, constituted thus—
CO(OH)—CH,—C—CO(OH)
CH.C.H,
which, when giving up carbonic anhydride, would yield—
CH;—C—CO.(0OH)

CH.C.H,
This acid would thus be phenylmethylacrylic or isophenylerotonic
acid—

CH3 OHg,
? {CHZ ‘f { CH.C.H,
COOH 4 COOH
Methacrylic acid. Phenylmethaerylic acid.

The acids obtained with cinnamic aldehyde belong to the C H,, —
uCO(OH) series, of which phenylpropiolic acid was previously the
only representative.

The following is a list of the acids described in this paper, those in
italics being previously known :—

Acids from Benzoie Aldehyde.

Phenylacrylic or cinnamic. ......ovovuns C,H;0,

Phenylerotonic coovevvininrnnnnennn, CioH 100,
Isophenylerotonic suvevveeiiiiavanan.. CoH,,0,
Phenylangelic. . «vovvveeiaievainannn. CuH,:0,

Acids from Cuminic Aldehyde.
Cumenylacrylic or isopropyleinnamic .. CpH0.

Hydrocumenylacrylic ................ C.H 50,
Hydrocumenylerotonic. . ......oouuus on CsH 0.
Hydrocumenylangelic oo.vvene.. ... C1H50,
Acids from Anisic Aldehyde.

Methylparoxyphenylacrylic............ CioH 04
Hydromethylparoxyphenylacrylic ...... C1oH,20;
Methylparoxyphenylerotonic .......... CnH,.04
Methylparoxyphenylangelic .......... C2H,40s
Acids from Methylsalicylic Aldehyde and Cowmarin.
a-Methylorthoxyphenylacrylic ........ C1oH,,0;
B-Methylorthoxyphenylacrylic. . ...... .. CioH160;4
Methylorthoxyphenylcrotonic.......... Ci1H,,04

Methylorthoxyphenylangelic .......... C.H,0s
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Acids from Cinnamic Aldehyde.

Cinnamenylacrylic .......... cevene.. CuHLO,
Hydrocinnamenylacrylic......... veee. CuHLO,
Cippamenylerotonic .. .ovvvvvevennnn. CH,,0,
Cinnamenylangelic ........ ceveeeen C:Hu,0,
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