
388 PERKIN ON THE FORMATION OF COUMARIN, 

XI.-On the Formation of Coumarin and of Cinnamic and of other 
Analogous Acids  from the Aromatic Aldehydes. 

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

IN November, 18’75 (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 
results 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 en2ployed 
were the sodium-derivative of the hydride of salicyl and the anhy- 
drides of the fatty acids (Journ. Chem. Xoc., 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 (Joum. Chem. Xoc., xxi, lS l ) ,  the former 
having the composition- 

COH 

The phenolic hydrogen of the aldehyde having been thus replaced 
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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 389 

by acetyl, this substance would consequently have the properties of an 
or di nary 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 obvious 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. 
(Jourm. 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 sodium of the acetate used could have 
replaced t,he phenolic hydrogen of the salicylic aldehyde and thus have 
influenced the reaction, 1 was induced t o  try similar experiments with 
other aromatic aldehydes, the first I selected being benzoic alde- 
hyde. 

ACIDS FROM BENZOIC ALDEHYDE. 

I.-Cimnarnic Acid. 

On boiling this aldehyde with acetic anhydride and sodium acetate, 
chemical action took place, but much more slowly than when hydride 
of aalicyl 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 crystalJisation 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 founri 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 1 0  be due to the decomposition of the 
organic acid by heat, this gas and R hydrocarbon resulting, which in this case would 
be cinmmene, 
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390 PERKIN ON THE FORMATION OF COUMARIN, 

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 residue is 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 C 0 2  and 
*122 of H20. 

11. *264 of substance gave 
*7013 of CO, and 
*1322 of H20. 

111. *244 of substance gave 
*6535 of C02 and 
-118 of H,O. 

*9815 of C 0 2  and 
IV. -3684 of substance gave 

-184 of 8 2 0 .  

E xperilnen t . 
Theory for C9H90p I. 11. 111. IV. 

Carbon ...... 72.97 72.70 72.88 73.04 72.73 
Hydrogen . . . . 5.47 5.49 5.60 5.40 5-54 
The substance employed for No. I was prepared with sodium acetate 

and acetic anhydride. In  Nos. I1 and 111, the sodium acetate was 
replaced by sodium valerate, and in No. I V  by sodium butyrate. 

The proportions I 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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AKD OF CINYAMIC AND OTHER AXALOGOUS ACIDS, ETC. 391 

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 substance 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 
under a bell-jar over potassium hydrate, and t>hen 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 :- 

I. -317 of substance gave 

11. -456 of substance gave 
-070 of Na2S04 = 7.12 per cent. sodium. 

-102 of NazSOa = 7-24! per cent. sodium. 

From these results the product is undoubtedly a compound of 
sodium cinnamate with cinnamic acid, C,H7NaO2,CyHsO2 (which re- 
quires 7.2 per cent. sodium), corresponding t o  the already known acid 
potassium benzoate, C3 H,K 02, C7H602. 

II.-Phen$crotonic 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 nearly solid mass, consisting of two kinds of 
ciaystals moistened with an oily product. On opening the tubes, car- 
bonic 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 propionate. 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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392 PERKIN ON THE FORJlATIOK OF COUMARIN, 

with cold water, and then twice crystallised from alcohol, after which 
it was submitted t o  analysis. 

I. -268 of substance gave 
-7257 of C 0 2  and 
-151 of H20.  

-757 of GO2 and 
-155 of H20. 

11. -2785 of substance gave 

Experiment. 
Theory for CloHlo02. I. 11. 

Carbon .......... 74.07 73.85 74.12 
Hydrogen,. ...... 6.17 6-33 6.19 

This acid is, therefore, phenyl-crotonic acid- 

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

Phenylcrotonic 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 transparent oblique crystals. It is also slightly 
soluble in boiling water, and crystallises from it on cooling in fine 
needles. 

When boiled with a solution of barium 
hydrate the acid dissolves, and on cooling deposits this salt in beauti- 
f u l  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 :- 

Barium salt, C20H,,RaOaAq. 

I. -2805 of substance dried at  150" C. gave 
-535 of COz and 
-1047 of H20. 
-1408 of substance dried at  150" C. gave 
-0712 of BaS04. 

11. 

Experiment. 
Theory for CzoRl8BaO4. I. 11. 

Carbon .......... 52-28 52.01 - 
Hydrogen. ....... 5-92 4.15 - 
Barium.. ........ 29-84 - 29-73 
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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 393 

111. - Phemj 1 angelic Acid. 
This acid was discovered by F i t t i g  and B i e b e r  (Zeitschr. f. Chern., 

1869, p. 332), they obtained i t  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 HZO. 

Theory for  CIIHl202. Experiment. 
Carbon .............. 75.00 74.89 
Hydrogen ............ 6.83 6.90 

It is therefore phenylangelic acid- 

It melts a t  104" to a colourless liquid, and on cooling, crystallises in 
small needles ( F i t t i g  and B i e b e r  give the fusing point as 8 1 O ) .  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 niillimetres in diameter. 
It dissolves easily in hot petroleum spirit, but only to a, small ext4ent 
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. 

I n  one experiment ten grams of oil of bitter almonds gave eight 
and a ha.lf 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. 

C7Joride o-f PhemJZnngeZyZ, C1lH1lO,CI.- 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 
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394 PERKIN ON THE FORMATION OF COUMARIN, 

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

PhenyZaqeZarnide, C11H13(NH2). - 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. 52795 of substance gave 
-7685 of C 0 2  and 
-2005 of H2O. 

11. -2516 of substance gave 
-6945 of C 0 2  and 
*168 of H,O. 

Experiment. 
Theory for  C11H110(NH2). I. 11. 

Carbon .......... 75.45 74.98 75.28 
Hydrogen ........ 7.42 7-97 7.42 

No. I1 was first crystallised from alcohol, and then from petroleum 

Phenylangelamide is easily soluble in alcohol, but rather difficultly 
Boiling water dissolves it to a small extent, 

It melts at 128". 

spirit. 

so in petroleum spirit. 
from which it crystallises on cooling. 

Products of the Ac t ion  of Succi?zic Anhydr ide  and  Sodium Xuccinate o n  
Benzoic Aldelzyde. 

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 i t  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 a t  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 011 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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AND O F  CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 395 

water, and afterwards boiled in water. At first the crystals fused to 
an oil, bizt 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,O. 

*694 of CO, and 
11. -256 of substance gave 

-144 of HZO. 

Experiment. 
The formula CloHl0O2 requires I. 11. 

Carbon ........ 74.07 74.08 73.91 
Hydrogen ...... 6-17’ 6.16 6.25 

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

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

CJLOs + = CioHio02 + CO, 
Succinic anhydride. Benzoic aldehyde. Isophenylcrotonic acid. 

Isophenylcrotonic acid melts at  about the same temperature as its 
isomeride obtained from benzoic aldehyde, propionic anhydride, &c., 
vix., 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 excevsively 
soluble in alcohol. 

E’iluer salt, CloH,Ag02.-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 was t’hen collected on a filter, thoroughly 
washed with cold water and dried. On analysis it gave the following 
numbers :- 
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396 PERKIN ON THE FORMATION OF COUMARIN, 

I. ,383 of substance gave 

IT. -3535 of substance gave 

The formula C,,,H9Ag0, 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. 

-1.54 of silver = 40.2 per cent. 

-1415 of silver = 40.02 per cent. 

Having obtained the foregoing results with benzoic aldehyde, experi- 
ments were made in a similar manner with 

Cuminic 
Cinnamic 
Anisic 

and Me thy Is alicylic aldehydes. 

The following results were obtained. 

ACIDS FROM CUMINIC ALDEHYDE. 

I. Cunaery 1 nciy lir, or Isop r o p y lphen y 1 acrylic 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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AND O F  CIXNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 397 

then purified by two or three crystallisntions 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 crgstallised acid from the aldehyde employed. 
It gave the following numbers on analysis :- 

I. -223.5 of substance gave 
-618 of CO, and 
-154 of H,O. 

-720 of CO, and 
-174 of H,O. 

-698 of CO, and 

11. -2595 of substance gave 

111. -2.52 of substance gave 

-168 of HZO. 

Experiment. 
Theory for Cl2HlJO5 I. 11. 111. 

Carbon.. . . . . . . . . 75.78 75.36 75.66 75.55 
Hydrogen.. . . . . . . 7.36 7.65 '7.43 7.41 

This acid I propose to call curnenylacrylic acid- 

ClZHI402 = CsHa ( C3H7) ,C,H,.CO (OH). 

It crystnllises 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 ouly 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 
fime. 

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 disulphide, when treated with 
bromine, deposits crystals of a new derivative, which is decomposed 
when heated m7ith alkalis. 

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

This is under examination. 

VOL. XXXI.  2 E  
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398 PERRfN ON TRE TORNATION OF COLTMARIN, 

Ammonim salt.-A solution of cumenylacry lic 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 dkalis. This salt is not easily soluble in water. 

Xodium saZt.-Obt,ained 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, C24H2,C'a04.-This is obtained by adding calcium 
chloride to an aqueous solution of the sodium salt. It 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. I t  is difficultly soluble 
in water; dried in a vacuum it gave the following numbers :- 

I. ,297' of substance gave 

11. 416 of substance gave 
495.5 of CaS04 = 9.45 p.c. calcium. 

-137 of CaSOd = 9.68 p.c. calcium. 

The formula C&,H2,Ca04 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. Ou decomposing this oxidised salt with hydrochloric 
acid, a white easily decomposible acid is obtained, which is now under 
investigation. 

It is a white 
powder, apparently slightly crystalline. Sometimes i t  conglomerates 
to a plastic mass when boiled with water, in which it is slightly 
soluble. 

Strontium saZt, C2eH,6Sr04, 2Hz0.-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 saZt.-This is obtained as a beautiful green precipitate on 
adding a solution of copper sulphate to  the sodium salt. 

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

Siloer salt, C,2H,3Ag0,.-On adding silver nitrate to a hot solution 

It is believed to be oxycumenylacryZic acid, C,,H,,O,. 
Bar.i,um sa.Zt.-Obtained by double decomposition. 
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AND O F  CINNAMIC AND OTHER ANALOGO'C'S ACIDS, ETC. 399 

of the sodium salt, a copious and bulky precipitate forms ; after a short 
time this contracts, and when viewed under the microscope is seen to 
b e  crystalline ; when dry i t  is extremely electric. It gave the foliow- 
ing numbers on analysis :- 

I. *368 of substance gave 

11. *258 of substance gave 
-133 of silver = 36.14 per cent, 

0094 of silver = 36-43 per cent. 

The above formula requires 36.36 per cent. of silver. 
Chloride qf CwnenyZacryZ, C12H130C1.-Cumenylacrylic acid when 

heated with phosphorus pentachloride (in the calculated 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 au 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, t.he 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 i t  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. 

Cumenylacrylnm'de, C,,H,,O(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 C 0 2  and 
-196 of H2O. 

Theory for CI2Hl30 (NH3). Experiment. 
Carbon ................ 76.19 75.95 
Hydrogen .............. 7.90 8.0 

This amide melts at  185-186", and when further heated, distils 
with apparently but little decomposition, though small quantities of 
ammonia are given off. 

:? E 2 
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400 PERKIN ON TKE FORMATION OF COUMARIN, 

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

Hydrocumenylacrylic or CYi.cmenylpmpionic Acid.-To a quantity of cu- 
menylacrylic acid, mixed with about 15 times its weight of water a suffi- 
cient amount of sodium amalgam (containing 2 per cent. of sodium) 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. I+ was collected, washed with water, and pressed between 
bibulous paper, then dissolved in warm glacial acetic acid, and the 
sqlution 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 t'o 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 analpis, 
it gave the following numbers :- 

-2627 of substance gave 
-7175 of CO, and 
-194 of HZO. 

Theory for C12H1602. Experiment. 
Carbon ............ 75.0 74-48 
Hydrogen.. ........ 8.3 8.19 

The production may be expressed thus :- 

C6H4( C3H7). C2Hz. CO (OH) + Hz = C6H4( C3H7) .C,H4. CO( OH). 
Cumenylacrylic acid. Hy drocumenylacrylic acid. 

Hydrocumenylacrylic Acid fuses a t  70" to a clear oil crystallising very 
It is very soluble in hot alcohol, petroleum- 

It dissolves in boiling sodium carbonate, forming a clear solution of 

The barium and calcium salts are white precipitates, which when 

The copper-salt is a bright blue-green precipitate. 
Silver salt, C,,H,,AgO,.-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 a t  loo", i h  gave the following numbers on analysis :- 

beaut,ifully on cooling. 
spirit, and glacial acetic acid, but insoluble, or nearly so, in water. 

its sodium salt. 

rubbed with a glass rod, become tenacious. 
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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 401 

I. -4025 of substance gave 

11. -3082 of substance gave 
-145 of silver = 36.00 per cent. 

-111 of silver = 36.05 per cent. 

Theory for the above formula requires 36.12 per cent. silver. 
hop  rop y 1 cinn amene , or Imp rop y lvin y 16 e nz e n  e . --Wh en c u menylacry- 

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 a t  about 190°, the greater portion coming 
over between 195--200'. specimen collected between these tem- 
peratures gave the following numbers :- 

-2256 of substance gave 
*747 of CO, and 
-205 of H20. 

Theory for Cl1Hl4. Experiment. 
Carbon.. ........ 90.41 90.3 
Hydrogen. ....... 9.58 10.0 

The formation of this substance may be expressed thus :- 

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. 

11.- C a m e n y  lcrotonnic 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 
solation was then boiled and acidified with hydrochloric acid, which 
caused the new acid to separate as an oil, solidifying on cooliiig to a 
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402 PEREIN ON THE FORMATION OF COUMARIX, 

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 solvent ; 
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 :- 

I. -257 of subgtance gave 
-783 of CO, and 
0179 of H,O. 

-785 of CQ, and 
11. -280 of substance gave 

'198 of E20. 

Expedent.  
Theory for Cl3HI6O2, I. 11. 

Carbon.. ......... 76.42 76-72 76.5 
Hydrogen ........ 7.84 7.73 7.86 

It is, therefore, cunwrzylcrotonic acid, 

Cumenylcrotonic acid melts at about 90-91". 
Cp,H1602 = CtjH*(C,H,).C3Ha.CO(OH). 

On cooling, i t  
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 cold. 

&her d t ,  ClaH,,AgOz.-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 oopious 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, wwhed 
with cold water in which i t  is nearly insoluble, and dried. It is of a 
very pure white colour. On analysis, it gave the following numbers :- 

I. -301 of substance gave 

11. -2355 of substance gave 
-104 of silver = 34.55 per cent. 

-0815 of silver = 34.6 per cent, 

The above formula requires 34.72 per cent. silver. 

III.-C;urnmylangelic Acid. 

A mixture of cuminic aldehyde, butyric anhydride, and sodium 
butyrate, in proportions corresponding to those used fox the previous 
acids, was heated to 180" for five or six hours in a sealed tube, 
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AND OF CINNAMIC AND OTHER ANAI;OGOUS ACIDS, ETC. 403 

The product was a thick pale-brown fluid, and on opening the tube, a 
little carbonic anhydride was given off. In  st 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 crystallising t w o  or three times from alcohol. The resulting 
product gave the following numbers on analysis :- 

I. 0313 of substance gave 
,880 of GO2 and 

11. -258 of substance gave 
*229 of H20. 

,727 of GO, and 
-190 of H,O. 

Experiment. 
Theory for C,,H,,O,. I. 11. 

Carbon .......... 77-06 76.68 76-90 
Hydrogen ........ 8.25 8.11 8-18 

(Analysis I1 wm made with the product in which sodium acetate 

This acid is, therefore, cumenylangelk acid, 
was employed.) 

It melts a t  129". Alcohol dissolves it freely, especially when hot, 
and on cooling deposits it in colourless needles, 

ACIDS PROM CINNAMIC ALDEHYDE. 
I n  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 a t  247-4248".) 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 aldehyde, three parts acetic 
anhydride, and one part of sodium acetate, heated to 160-167" in 
a sealed tube, yields a brown product, which, on cooling becomes 
a radiat'ed 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, 
atLer filtration, when acidified with hydrochloric acid, gives a white 
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404 PERKIN ON THE FORMATION OF COUMARIN, 

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 b~ 
placing it in a paraffin-bath. The amount of resinous matter pi.0- 
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. 

I. -2565 of substance gave 
It gave the following numbers on analysis :- 

-713 of C 0 2  and 
-141 of H20. 

-948 of CO, and 
*180 of H,O. 

11. -3415 of substance gave 

Experiment. 
Theory for CIIHloO,. I. 11. 

Carbon .......... 75.85 75.81 75-71 
Hydrogen ........ 5.74 6.09 5.83 

I propose to call this acid cinnamenyZacryZic, giving the name 
cinnamenyl So the radical CsH7 = C6H5.C2H2, which is related to 
cinnamene in the same manner as cumenyl is to cumene :- 

Cinnamenylacrylic acid melts at  165-166". It is easily soluble in 
alcohol, from which it crystallises in thin plates. In  petroleum- 
spirit, it is difficiiltly 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 theoretical quantities ai e 
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 precipitake, 
dissolving to a small extent in boiling water, from which it separatts 
in small glistening crystals on cooling. 

Barium saZt.-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. 

k!ng?zesiurn sa2t.-Magnesium sulphate added to a dilute solution of 
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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 405 

the sodium salt produces a white milky precipate, which almost imme- 
diately redissolves, but on sta.nding, the salt is deposited in a crystalline 
state. 

Silver salt, C1,Hghg02.-0 btained 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 = 38.33 per cent. 

-119 of silver = 38.51 per cent. 
11. *309 of substance gave 

The above formula requires 38-07 per cent. of silver. 
Lead sult, a white curdy precipitate. 
Copper salt, a pale green precipitate. 
Ferric salt, a pale brown precipitate. 
Chloride of Cinnamenylacryl, CllH90C1.-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. 

Cinnnmenylacrylamide, C,,HgO(NH2) .-On agitating the above ohlo- 
ride with strong aqueous ammonia a white product, insoluble in water, 
is obtained ; this, when washed and dried, orystallises from alcohol i n  
flat needles like benzoic acid. It is rather easily soluble in alcohol. 
On analysis i t  gave the following numbers :- 

-2595 of substance gave 
072.5 o f C O r  and 
*151 of H20. 

Theory for CllH90(NHz). Experiment. 
Carbon .......... 76.30 76.19 
Hydrogen ........ 6.35 6.46 

Hydrocinnam eny 1 acry 1 ic 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, ant1 
the mixture allowed to stand about twelve hours. The clear solutioii 
was then decanted, acidified with hydrochloric mid, 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 :- 

-2635 of substance gave 
-7365 of C02 and 
-162 of HZO. 
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406 PERKIN ON THE FORMATION OF COUMARIN, 

Theory for Q11H1202. Experiment. 
Carbon .......... 75.0 74.52 
Hydrogen ........ 6.81 6.68 

Silver salt, C11H,,Ag02.-This is a white precipitate, and gave the 
following numbers on analysis :- 4 

*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 thouglit 
pro bnble. 

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

11. Cifirtamen y 1 cro t onic 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 B,O. 

n e o r y  for C12H120p Experiment. 
Carbon .......... 76.59 76-31 
Hydrogen ........ 6.39 6-48 

This acid is therefore cinnnmenylcrotonic acid,- 
C12H1202 = CsH,.CJ&.CO(OR). 

It melts a t  157-158". 
cultly in hot petroleum spirit. 
oblique, transparent prisms, whicb become opaque on keeping. 
easily soluble in alcohol. 

It is nearly insoluble in cold, and diffi- 
From this solvent i t  crystallises in flat, 

It is 

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Pr
in

ce
 E

dw
ar

d 
Is

la
nd

 o
n 

16
 F

eb
ru

ar
y 

20
13

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
77

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/J

S8
77

31
00

38
8

View Article Online

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


Sodium saZt.-The above aaid dissolves slowly in a boiling dilute 
solution of sodium carbonate. On evaporating it in a vacuum it forms a 
distinctly crystalline product only moderately soluble in wat'er. 

CaZciu,m 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 out on cooling 
in groups of minute needles. 

B a r i u m  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 bsnzoic acid. 

The m a g n e s i u m  saEt is a crystalline body more easily soluble than the 
two preceding. 

The f e r r i c  salt is a pale drabish-brown precipitate. 
The copper salt is a very pale green precipitate. 
Silver sa.lt, Cl2H1,AgO2.-This is of a pure white colour, slightly 

It gave t h e  soluble in cold water, and but slowly acted upon by light. 
following numbers on analysis :- 

I, -410 of substance gave 

11. 04055 of substance gave 
*149 of silver = 36.34 per cent. 

*1475 of silver = 36.37 per cent. 

The above formula requires 36.6 pep cent. silver. 

III . Cinna meny lan y e lie 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 160-163" 
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, if 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 Ohen decomposed with hydro- 
chloric acid, the product washed, dried, and crgstallised 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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408 PERKIN ON THE FORMATION OF COUMARIN, 

The following numbers were obtained on analysis :- 

I. ,254 of substance gave 
-71'77 of CO, and 
-1544of HZO. 

11. *2388 of substance gave 
*673 of CO, and 
,146 of HzO. 

Experiment. 
Theory for C13H1402 I. IT. 

Carbon .......... 77.22 '77.04 76.84 
Hydrogen. ....... 6.93 6.75 6-79 

It is, therefore, cinnarnenylangelic acid,- 
C13H1102 = CsH7.CaH,.CO(OH). 

This acid melts a t  125-127'. It is easily soluble in alcohol, but, 
not very freely so in petroleum spirit. 

SiZver salt, C13H13Ag02.-Qn adding a small quantity of silver nitratc 
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 i i i  

cold water. It gave the following numbers on analysis :- 
I. -315 of substance gave 

11. -218 of substance gave 
-1105 of silver = 35.08 per cent. 

-0'765 of silver = 35-05 per cent. 
The above formula requires 34.95 per cent. silver. 

ACIDS FROM ANISIC ALDEHYDE. 

I. ~ethy~aroxyphenylacrl l l ic  Acid. 

A mixture of two parts of anisic aldehyde, two of acetic anhydride, 
and one of sodium a,cetate, 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, i t  was twice crystallived from alcohol. It gave on 
analysis the following numbers :- 
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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 409 

I. -283 of substance gave 
-696 of GOz and 
*145 of H,O. 

*5065 of GO2 and 
11. -205 of substance gave 

-105 of H20. 

Experiment. 
Theory for ClOH1003. I. 11. 

Carbon .......... 67.41 67.07 67-33 
Hydrogen. ....... 5.61 5.69 5-66 

It is, therefore, met l~y~arox~~heny lacry l i c  acid,- 

C10H1003 = C,K,(CH,O)2.C,H,.CO(OH). 

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

It is mode- 
yately soluble in alcohol, from which it crystallises in very pale yellow 
needles. In 
boiling water it is soluble, but only to a small extent, this solution on 
cooling deposit,s the acid in small white crystals. 

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

Methylparoxyphenylacrylic acid melts at  about 171". 

It also dissolves rather freely in  hot glacial acetic acid. 

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,,oH,Na03.-This is obtained by boiling a weighed 
quantity of the acid with the theoretical quantity of a st>andard solu- 
tion of sodium carbonate. It is deposited on cooling as a white mass, 
appearing under the microscope to consist of minute 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 = 11.67 p.c. 

The above formula requires 11.50 p.c. of sodium. 
CaZcium saZt.-0 btained in the form of transparent needles on 
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410 

adding calcium chloride to a weak boiling BoIntion of the sodium sdt, 
filtering, and leaving the mixture to cool. 

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

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

Copper salt.--Obtained by double decomposition. It is a pale bluish- 
green precipitate. 

Ferric salt.-A b r o w  precipitate. 
Silver salt, CJ3aAg03.-A dilute solntion of the sodium salt was 

treated with silver nitrate until B small quantity of a, precipitate was 
produced, and not redissolved on stirring; the solution was then 
fil+,ered, and silver nitrate added in excess. The pure white pre- 
cipitate then produced was collected, washed and dried in it vacuum. 
It, gave on analysis the following numbers :- 

PERKIN ON THE FORMATION OF COWMARIN, 

I. ,3237 of substance gave 

TI. *3815 of substance gave 
a2185 of silver. 

-588 of (30% and 
-1118 of H,O and 
-144 of silver. 

Experiment . 
Theory for C&9AgOZ. 1. IT. 

Carbon .......... 42.10 - 42-03 
Hydrogen ........ 3.16 - 3.23 
Silver ............ 37.89 37.77 37-74 

This salt is slightly soluble in water. 
Chloride of Meih$par ox ypkeq  1 aery 7 .--When methyl par ox y phen y I - 

acrylic acid and phosphorous pentachloride are heated together in a 
flask by means of a water-bath, chemical action quickly sets in, hydro- 
chloric acid is evolved, and the mixturebecomes fluid. After removing 
the phosphorous oxychloride by heating the product in an oil-bath to 
120-130", and then passing dry air, the new product is left as a 
gomewhat dark yellowish oil, which on cooling solidifies to a beauti- 
fully crystalline maas, fusing at about 50". 

When mixed wi6h alcohol it reacts with evolution of heat, and pro- 
duces the ether, which is a pale yellow vjscid oil heavier than water. 

~ ~ e t h y l ~ a r o ~ ~ ~ h e ~ ~ Z ~ c ? , ~ ~ ~ ~ ~ ~ e ,  CloH&( NH,) .--The chloride just 
described when mixed with alcoholic ammonia becomes hot, and 
deposits crystals. On evaporating off the aIcohol and treating the 
residue with water, a white product is left. This was purified by 
crystallisation from water, and gave the following numbew on 
analysis :- 
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AND OF CINNANlfC AND OTHER ANALOGOUS ACIDS, ETC. 411 

I. ,2619 of substance gave 
*648 of GO, and, 
-156 of HzO. 

11. 03265 of substance gave 
,808 of CO, and 
*178 of H@. 

Experiment. 
Theory for CI0H9O2(mH2). r. IT. 

Carbon .......... 67-79 67-46 67-47 
Hydrogen ........ 6.21 6-6 6.1 

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

Hydrornethylpaaroxyph~enylacrylic Acid or Methy~arox~phenylr~pioiLiC 
Acid. 

One part of methylparoxyphenylscrylic acid was mixed with fiftv 
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 t o  stand twenty-four hours. The dear solution wa? 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 wxs 
deposited in feathery crystals. 

This product gave on analysis the following numbers :- 
*2746 of substance gave 
-669 of CO, and 
*166 of HzO. 

Theory for C1,,HI2O3. Experiment. 
Carbon .............. 66.66 66-44 
Bydrogen ............ 6.66 6.73 

This acid melts at 101". I ts  formation may be expressed thus- 

C6Hi ( OCH,), CZH,. C 0 ( 0 H ) + H2 = CsH,( 0 C &). CZH,. C 0 ( 0 H ). 
Hydromethylparoxyphenylacrylic acid. Hydromethylparoxyp~enylacrylic acid. 

11. He thy@ arox yp lxen y kc yotonic 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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412 PERRIN ON THE FORMATION OF COUMARIN, 

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 t o  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 
sodium carbonate, which dissolved most of it, but left a good deal of 
neutral oily matter. The solution was filtered, but as it was milky, i t  
was found necessary t o  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 cryst,alliscd 
from alcohol. On analysis it gave the following numbers :- 

*2865 of substance gave 
-719 of CO, and 
*161. of H,O. 

Theory for CI1H,,O2. Experiment, 
Carbon .............. 68.74 68.46 
Hydrogen ............ 6.24 6.25 

This acid is therefore wtethylparoxyphenylcrotonic, 

It melts at 154". When heat'ed to boiling, i t  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 : 

Me thy lox y pheny lcr o tonic acid. Ane t hol. 

Methyloxyphenylcrotonic acid is moderately soluble in alcohol, and 
cr~stnllises from i t  in beaut'iful transparent rectangular plates. 

Calcium 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 
sal:. It crystallises from its boiling aqueous solution in thin brilliant 
plates. 

Silver saZi, Cl1H,,AgO3.-This is prepared by adding silver nitcrate 
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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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 413 

more RO in hot 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 

T I .  *3775 of substance gave 
*138 of silver = 36-32 p.c. 

-136 of silver = 36.02 p.c. 

The above formula requires 36.12 per cent. of silver. 

III. Methy~aaroxyphenylangelic Acid.  
A mixture of sodium butyrate, anisic aldehyde, and butgric anhy- 

dride in the proportions corresponding with those employed in the pre- 
paration of the preceding acid, was heated in sealed tnbes 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 crystallisstion. Analysis I. was 
made with this preparation. 

I. -2832 of substance gave 
,721 of CO? and 
-168 of H,O. 

-807 of CO, and 
-188 of H,O. 

11. -316.5 of substance gave 

Experiment . 
Theory for C12H1403. I. 11. 

Carbon.. .......... 69.9 69.43 69.54 
Hydrogen ........ 6.79 6.58 6.61 

This is therefore n z e t h ~ ~ n r o x ~ ~ h s ? 1 ? ~ l n n g e l i c  acid- 

CLZH,,O, = C,H,( OCH3)P.C4H,j. CO( OH). 

It melts at 123-124" to a colourless oil, and on cooling crystallises 

I f  heated until it boils, it decomposes and gives an oii similar in 
It is probably another homologue of anethol, 

in a most beautiful manner. 

odour to  the oil of anise. 
and formed thus: 

It crystallises from alcohol in needles. 

VOL. XXXI. 2 F  
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414 PERKIN ON THE FORMATION OF COUMARIN, 

C6H4( O CH,) .C4H6. CO (OH) = c6H4{g4g7 -k cot. 
Methylparoxyphenylangelic acid. New product. 

ACIDS FROM METHYLSALICYLIC ALDEHYDE. 
I. p* .-Met 12 y 1 o r  t hox y p  hen ylac?*ylz'c 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 hcnirs. The contents af the tubes on cooling consisted of two distinct 
products, one forming sniall 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 sodium 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- 
sntion from alcohol. It gave, on analysis, the following numbers :- 

I. -283 of substance gave 
.70@5 of CO, and 
*141 of H,O. 

-723 of CO, and 
*150 of H,O. 

11. *2935 of substance gave 

Experiment. 
Theory for C10H1003. I. 11. 

Carbon .......... 67.41 67.50 67-16 
Hydrogen ........ 5.61 5.57 5.66 

This acid is, therefore, methyl orthoxyp heny l a c y  lic or m e t  hy lcoumaric 
uc;a- 

CioHio03 = C,H4( OCH-r,)o.CJ&.CO( OH). 

It melts at 182-163". When heated until it boils, it decomposes, 
yielding an oil, having an odour very unlike that obtained from the 
p'Jm-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- 
I-ently owing to the formation of coumaric acid, but when further 
Leated, i t  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 B-acid will be seen further on in this paper. 
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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 415 

methylorthoxyphenylacrylamide, crystallising from alcohol in needles. 
It fuses at  191-192". 

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

Barium salt: similar to the above. 
Copper salt : a green precipitate. 
Ferric salt : a pale brown precipitate. 
Silver saZt, CloH9AgO3.-0btained by adding silver nitrate to a 

It is a white precipitate, and gave, on solution of the sodium salt. 
analysis, the following numbers :- 

I. *301 of substance gave 

11. *3145 of substance gave 
-1135 of silver = 37.7 per cent. 

*118 of silver = 37.52 per cent. 

The above formula requires 37.8 per cent. of silver. 

I I . - ~ e t ? ~ y l o r t h o x y ~ ~ ~ ~ ~ y Z c ~ o t o n i c  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 tt 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 mas 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 t o  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,O. 

11. -2565 of substance gave 
-646 of CO, and 
-1445 of HZO. 

Experiment. 
Theory for CllH1203. I. 11. 

Carbon.. ........ 68-74 68.42 68-68 
Hydrogen. ....... 6.25 6.20 6.26 

This substance is, therefore, methylo1.tkoay~heizylcrotonic acid, 

CllH1203 = CsHi( OCHs) "CSH4. COOH. 
2 F 2  
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416 PERETN ON THE FORMATION OF COUMARIN, 

It melts at 104-105". It 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 
cause the watch-glass to emit a distinct sound each time. The crystal- 
line mass often shows colours somewhat like those of mother-of-pearl. 

Oalciurn 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, Cz2H2,BaO6.-0n adding barium chloride to a boiling 
solution of the sodium salt somewhat dilute, this compound on cooling, 
separatw out in needles. The 
crystals appear to contain water of crystallisation, as they change in 
appearance on drying over sulphuric acid. A specimen dried a t  100" 
gave the following numbers :- 

It is rather soluble in cold water. 

-1 34 of subs tame gave 
-060 of BaSOb = 26-32 per cent. of barium. 

The above formula requires 26.39 ,, 7 9  

Silver saZt, CI1HI1AgO3.-Silver nitrate, added in small quantities 
t o  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. On analysis, 
the following number was obtained :- 

Ii; is slightly solnble in water. 

-239 of substance gave 
-08625 of silver = 36.08 per cent. 

The above formula requires 36.02 per cent. silver. 

III .-Net li y lorthoqp h en+ la?? gel ic Acid. 

A mixture of one part of sodium butIrate, 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 sodium butyrate, and boiled with 
a solution of sodium carbonate, which dissolved the new acid, but left 
a considerable quantity of neiitral oil, which was removed from it by 
means of ether. 

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Pr
in

ce
 E

dw
ar

d 
Is

la
nd

 o
n 

16
 F

eb
ru

ar
y 

20
13

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
77

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/J

S8
77

31
00

38
8

View Article Online

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


AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 417 

The alkaline solution was boiled and acidified with hydrochloric 
acid: the acid then separated as an oil, but solidified on cooling. 
I t  was collected, washed, and again dissolved in sodium carbonate, 
using about the calculated quantity necessary to form the sodium 
salt, and converted into the calcium 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 calcium 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, f rom which it separated 
in hard needles, about three-quarters of an inch in length. It gave the 
following numbers on analysis :- 

-25.5 of substance gave 
-6515 of COz and 
-157 of H20. 

Experiment. 
Theory for C1,H1403. I. 11. 

Carbon ............ 69.90 69.67 
Hydrogen .......... 6.79 6.83 

This is therefore .I.12ethylorthoay~~ien2/EQl,gelic acid- 

C,,H,,O3 = Ctj&( OCH3)'.C,H,.CO( OH). 
I t  fuses a t  about 105", is very solublein alcohol, but much less so in 

petroleum spirit. 

Acids obtained from Cournarin. 

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 F i t t i g  
(Chem. News, xix, 73).  

B u t  coumarin, when treated with potassium hydrate, yields two 
compounds of the same composition. The first, which was examined 
by R. Wil l iamson (Jourm. 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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418 PERKIN ON THE FORMATION OF COUMARIN, 

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 
couinarin and water as soon as it was liberated; and, on the other 
hand, that coumaric acid, on account of the high temperature a t  
which it is produced, might be an  alteration-product, and not the true 
acid. 

R. Wil l iamson ' s  metallic derivatives must have the constitution 
c6H,(0R)".C,H2.C0(0R), which is the same as that of a coumarate, 
unless they be regarded as molecular compounds, which I tbiuk 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, C6H4( OMe)".CZH,.CO(OMe). 

This should be the methylic derivative of an acid already described 
in this paper, namely, methylort hoxyphenyl acrylic, and by tveatment 
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 
distilled 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 mas analjsed, and 
gave the following numbers :- 

I. ,2588 of substance gave 
-6495 of CO, and 
-142 of H20. 

11. -273 of substance gave 
-6882 of CO, and 
-1565 of H,O. 

Experiment. 
Theory for CllH1203. I. 11. 

Carbon .......... 68.75 68-44 68-71 
Hydrogen ........ 6.25 6.09 6.3 7 

This substance has therefore the composition of the methylic deri- 
vative of methylorthoxyphenylacrylic acid, and may be written thus, 
C6H4(OCH3),C,H2.CO(OCH3), and is formed from the sodium com- 
pound simply by the substitution of that  metal by methyl. It is the 
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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC, 419 

methylic ether of an  acid I propose to call a-methylorthox2/~he?tylncr2/lic 
mid.  

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 crystnllised 
very beautifully on cooling. 

A qnantity of 
the compound obtained by boiling cournariri with sodium hydrate W:LS 

dissolved in alcohol and mixed with only enough methylic iodide to 
combine with hay  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 zcid 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 (abcw t 
50 P.c.) was found to answer the purpose. After crystallisation from 
this acid, it gave on analysis the following numbers :- 

This acid was also prepared in a different manner. 

-2458 of substance gave 
*608 of CO, and 
-1245 of H,O. 

Theory for C,oH:,oO,. Experiment. 
Carbon ............ 67.41 67.45 
Hydrogen .......... 5.61 5.62 

This compound then has exactly the composition of methylorthoxy- 
phenylacrylic acid, and when fused with potassinm hydrate also yields 
salicylic acid, but in other respects i t  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. 

Sodium 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, CI,H9Ag03. =This comes down as a white crystalline pre- 

The filtrate from cipitate on adding silver nitrate to the sodium salt. 
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420 PERKZN ON THE FORMATION O F  COUMARIN, 

this deposits a small quantity of salt, on standing, as a white powder, 
which when seen under the microscope is composed of distinct crystals. 
I t  gave on analysis the following numbers :- 

J. ,4118 of siibstance gave 

11. -5192 of substance gave 
-15.58 of silver = 37.83 P.C. 

,1927 of silver = 37.76 p.c. 

The above formula requires 37.8 p.c. 
Action of Heat o n  some of the above Coumarin Derivatives. 

These substances are modified in a remarkable manlier when heated. 
If a mixture of an alcoholic solution of the compound obtained by 
boiling coumarin with sodium hydrate be mixed wit,h 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 tempernture. 

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 alone this sub- 
stance is changed. 

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

I. -261 of substance gave 
%465 of GO, and 
-132 of HZO. 

11. -205 of substance gave 
-506 of CO, and 
-105 of HzO. 

Experiment. 
Theory for CloH,oO,. . I. 11. 

Carbon ...... .... 67.41 67-54 6i-31 
Hydrogen . . . , . . . . 5.6 1 5.61 5-68 

It has therefore the same composition as the easily fusible one, 
but ihs 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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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 421 

The easily fusible or a-acid on being heated t o  its boiling-point, and 
then purified by crystallisation, was found to be changed, and con- 
verted into the @-acid fusing at 183". 

It has been seen that the methylic derivative of the a-acid is COD- 

verted by heat into that of the @-acid. Neither of these compoullds 
are acted upon by alcoholic ammonia at loo", and of course if the 
temperature be raised above 150", the reaction virtually takes place on 
the @-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. -286 of substance gave 
-697 of COz and 
-159 ofH,O. 

-6795 of'COa and 
,157 of H,O. 

11. -2745 of substance gave 

Experiment. 
Theory for CloH,02(NH2). I. 11. 

Carbon .......... 67.79 67.41 67-5 
Hydrogen ........ 6.21 6.25 6.35 

Thk substance is there fore 6- methy lorthoxyphenylacry lamide. 

cwH1902(NH2) = Cs&( CH,O)",C,Hz,CO (NH2) - 
It is moderately soluble in alcohol, from which it crystallises in 

It melts at  191-192". beautiful white needles. 

Act ion  of Pentachloride of Phospkorw on, a-2Methylorthox~phen,ylucrylic 
Acid.  

When this acid is mixed with phosphorus pentschloride, 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 alcohol, was found to be P-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 C0,and 
-121 of H,O. 

Theory for CI0Hl0O3. Experiment. 
Carbon ............. 67.44 67.08 
Hydrogen .......... 5.61 5.56 
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422 PERKIN ON THE FORNATION O F  COUMARIN, 

This acid fuses at about 183", and is therefore P-methylorthoxy- 
phenylacrylic acid. 

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

We therefore see that heat and also powerful chemical action con- 
vert the a- into the 6-compounds. 

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

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

C6H,( OMe)". CzHz.CO (OH) , 
methylorthoxyphenylacrylic acid, or methylcoumaric acid. 

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

Ab: already stated, if the methylic ether of the a-acid which is pro- 
duced a t  low temperatures, and of course yields 'the a-acid when 
treated with alcoholic potassium hydrate, &c., be heated to 150", it is 
changed into the 6-methylic ether and yields the 6-acid. 

The methylic ether of the a-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 C O ( 0 H )  
group, experiment always showing that the phenolic is the more diffi- 
cult to influence of the two. 

Again, when the alkaline compound of conmarin obtained by boiling 
coumarin with caustic alkali is treated with enough methylic iodide to 
remove half the metal, a salt of the tc-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(0H)  group. 

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

we should expect it to give with phosphorus pentashloride methylic 
chloride and the chloride of orthoxyphenylacryl ; in fact, to behave 
like oil of gaultharia under similar circumst,ances ; but instead of this, 
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AND OF CINNAMIC AND O T m R  ANALOGOUS ACIDS, ETC. 423 

it is converted into the chloride of the @-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 coumarin 
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,HI(OH)".C,H,. 

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

From the formation of the a-acid there can be no doubt that the 
metallic compounds of coumarin examined by R. Wi l l i amson  are 
salts of an unstable acid, isomeric with coumaric acid. 

I hope t o  investigate this subject more fully, and to make analogous 
experiments with the h o m o l o p e s  of coumarin. 

Appended is a table sliowing some of the differences of properties 
bet ween the methyl-para and a- and 6-methylorthoxyphenylacrylic 
acids. 

Fusing points . . 
Colour of ferric sal 

1 p.c. solution of 
sodium salt, with 
CaC12 and BaCl, 

21 p.c. solution of 
sodium salt, with 
CaC12 and BaC12 

I. 
Methylparoxy- 

pheriylacrylic acid. 

171°C. 

Brown precipitate. 

Pale bluish-green 
precipitate. 

A crystalline white 
precipitate. 

Ditto.. . . . . . . , . . . 
A. 2fr p.c. solution 

of this sodium salt 
deposits a large 
quantity of t,he 
salt on cooling in 
wliite satiny crps- 
talline masses. 

11. 
P-Mcthylorthoxy- 
ylienylacrylic acid. 

~~ 

182-183°C. 

Pale-brown preci- 
pitate. 

Green precipitate, 
yellower and 
darker than I. 

A white precipitate. 

A 23 p c. solution 
of the sodium salt 
remains clear on 
cooling; the salt 
is only deposited 
on c:oncwitrstion, 
wlien i t  separated 
ii? crystals. 

111. 
a-Methylorthoxy- 

phenyla.crylic acid. 

88-89" C. 

--- 

Pale-brown precipi- 
tate. 

A bright yellowish- 
green precipitate, 
darker thaii I and 
11. 

The sodium salt is 
excessively soluble 
i n  water, aud, when 
evaporated, dries 
up to  a guminy 
mass. 
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424 PERKIN ON THE FORMATION OF COUMARIN, 

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 B e r t a g n i n i ,  arid 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 H u g o  S c h i f f ;  and there 
is no doubt that there is a certain amount of analogy between these 
reactions and the one -cmder consideration, the remarkable part of the 
latter being the absolute necessity of t,he presence of a metallic salt. 
I f  the reactiou succeeded without this it could be easily accounted 
for thus- 

2C7HGO + C4H6O3 = 2C9HBOz + HzO. 

this reaction taking place in two phases, thiis- 

I. C,jH,.COH CH,.CO + >o = 
C6H5. COH CH,. CO 
2 mols. benzoic aldehyde. 

11. C,H,.CH.CH.CO, 

C6H.pCH.CH.CO 
>O + 2H20.  

C6H5.CH.CH.C0 
Cinnamic anhydride. 

- -  
‘ 0  + H20 = 2C6H5.CH.CH.CO(OH). 

C6H,.CH.cH.CO’ 
Cinnamic anhydride. Cinnamic wid. 

Of course if we suppose that only half the above quantity of ben- 
zoic aldehyde takes part in the reaction, instead of getting cinnamic 
anhrdride 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 anhydride, but yields only the diacetate of 
benz-ylene- 

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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AND OF CINNAMIC AND OTHER ANALOGOUS ACIDS, ETC. 425 

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 i t  is doubtful if those produced with 
other anhydrides are strictly so. Acrylic, crotonic, and angelic acids 
are usually writ ten- 

CH. CH, 

CO(0H) 
I 

therefore the phenylated 

CH. (CH.C,H,) 

CO(0H) 
1 
Phenyl acrylic. 

CH.CZH, 
I 

CO(0H) 
acids should be- 

CH. (CZH,. C6H5) 
I 

CO(0H) 
Phenyl crotonic. 

instead of which they are- 

CH.(CH.C,H,) CHZ.(C,H,.C,H,) 
I 

CCI(0H) 
I 

CO(0H) 

CH. C,H, 

CO(0H) 
I 

CH. (CSH,. C6H5) 
I 

CO(0H) 
Phenyl angelic. 

if we assume, as is most likely to be the case, that the oxygen of the 
aldehyde removes two atoms of hycirogen from the methyl of the pro- 
pionic or butyric anhydrides, and does not attack in any way the CH, in 
union with the CO(0H). F i t t i g  and B iebe r  (Jadwesb. 1869, p. 584) 
write their phenylangelic acid thus: C,H,.CH.CH.CH,.CH,.CO( OK), 
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. (C2H,.C,H,) 
I 

CO(0H) 

and the aldehyde of phenylpropionic acid a true phenylangelic acid- 

CH. (C3H,.C,H,) 
I 

CO(0H) 

Tn the experiments in which I employed succinic anhydride and a 
succinate with benzoic aldehyde (the reaction does not take place with- 
out the snccinate), the oxygen of the aldehyde must have combined 
with the hydrogen of one of the CH2 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- 

C 0 (OH)-CHz- C-C 0 ( OH) 
II 
CH.C~H, 

which, when giving up carbonic anhydride, would 
CH3-C-CO. (OH) 

I1 
CH.C6H, 

yield- 

This acid would thus be phenylmethylacrylic or isophenylcrotonio 
mid- 

COOH ' COOH 
Methaorylic acid. Phenylmethacrylic acid. 

The acids obtained with cinnamic aldehyde belong to the C,H2, - 
,,CO( 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 Benzoic Aldehyde. 
Phenylacrylic or c imamic .  ............. CsHaO2 
Phenylcrotonic ...................... CloHloOz 
Isophenylcrotonic .................... Cl~HloOz 
Phenylangelic.. ...................... CllH1202 

Acids from Cmmi?zic Aldehyde. 
Cumenylacrylic or isopropylcinnamic . . C12Hla02 
Hydrocnmenylacrylic ................ C12Hl,02 
Hydrocumenylcrotonic. ............... Cl3HI60z 
Hydrocumenylangelic ................ C14H1802 

Acids from Artisic Aldehyde. 
Methylparoxyphenylacrylic.. .......... CloH1003 
Hydromethylparoxyphenylacrylic ...... C10H1203 
Methylparoxyphenylcrotonic .......... CllH1203 
Methylparoxyphenylangelic .......... C12H1003 

Acids front Methylsalicylic Aldehyde  and Cozhmarirt. 
a-Methylorthoxyphenylacr~lic ........ CloH,oO, 
B-Methylorthoxyphenylacrylic. ......... CI0Hl0O3 
Methylorthoxyplzenylcrotonic.. ........ CllHlz03 
Methylorthoxyphenylangelic .......... C12H1403 
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Acids  fv-om Cinnamic A l d e h y d e  . 
Cinnamenylacrylic .................. CllHlo02 
Hydrocinnamenylacrylic .............. CllH1202 
Cinnamenylcrotonic .................. CI2H.. O2 
Gin namenylangelic ................ C 13h11 02 
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