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CXCV.-The Isomeric 2- Amino-a-nrylcinnamic Acids. 
By JOHN MASSON GULLAND and CYRIL JOSEPH VIRDEN. 

PSCHORR (Ber., 1896, 29, 496) observed that Z-amino-a-pheayl- 
cinnamic acid (I) exists in two interconvertible isomeric forms, one 
yellow, the other colourless. Stoermer and Prigge (AnmEen, 1915, 
409, 23) confirmed this observation, but did not examine the 
isomerides more closely, and other workers who have prepared 
2-amino- a-arylcinnamic acids make no mentioii of such isomerism. 
During an investigation into the constitution of thebenine (this 
vol., p. 921), we had occasion to prepare 2-amino-3 : 4 : 2‘ : 5’-tetra- 
methoxy-a-phenylcinnamic acid (11), and found that it occurs in 



two forms, one yellow, the other colourless. This communication 
is an account of the experiments which have been carried out up to 
the present time in order to  elucidate the nature of this isomerism. 

C*CO,H u (JOMe 

The synthesis of the amino-acids (11) follows the usual stages. 
2 : 5-DimethoxybenzaldehydeY prepared by introducing t h e  alde- 
hydo-group into p-dimethosybenzene, condenses with hippuric 
acid, yielding the azlactone, 5-Eeto-2-phenyZ-4-( 2' : 3'-dimeth9,.iy- 
benxylidene)-4 : 5-dihyd~o-oxuzolo,, which is converted into x - b e m -  
amido-2 : 5dimefhoxycinnamic acid by heating for a short time with 
dilute hydrochloric acid or sodium hydroxide. Prolonged aikaline 
hydrolysis of the azlactoce yields 2 : 5-dimethoxyphe?iylpy~ 11 L'LS m i d ,  
which is oxidised by hydrogen peroxide to 2 : 5-dirnethdxyphenyl- 
acetic acid. When the sodium salt of this acid is condensed with 
2-nitroveratraldehyde (Pisovschi, Ber., 1910, 43, 2137 I ,  trans- 
2-nitro-3 : 4 : 2' : 5'-tetramethoxy-cr-phenylcinnamic acid (111) is 
formed, together with a small amount of 2-nitro-3 : klimetfioxy- 
cinnamic acid (this vol., p. 931). The reduction of the u i d  (111) 
with ferrous sulphate and ammonia yields a mixture of two ?-amino- 
3 : 4 : 2' : 6'-tetramethoxy-a-phenylcinnamic acids (11). -1, m. p. 219", 
which is colourless, and By m. p. 167", which is yeilolv ; t h e  ruarked 
difference of solubility in alcohol provides an easy rr;ethot! of 
separation, These acids are interconvertible : the dditiot: \CI! an 
excess of sodium acetate to  a solution of either in dilute Iiydr.uch!oric 
acid precipitates the acid By and either acid, unconta;uinAteri 1))- the 
other, may readily be obtained at will when an ammoniacd d n t i o n  
of A or B is treated with acetic acid under conditions s?.jil~?!i are 
described in the experimental section. Both these acid3 3i;ist have, 
the trans-configuration for the following reasons. In tlre firit p!izcc, 
both yield 3 : 4 : 5 : 8 - t e t T a r n e t h o x ~ ~ h e n a n t h r e n e - 9 - c ~ ~ . r ~ ~ . ~ ~ ~ ~ ~ ~ ~  cc/.id 
(IV) when a methyl-alcoholic solution of the diazonium strlphate i.; 
boiled. When the acid (IV) is heated with glacial acetic acid in ;I 
sealed tube, it loses carbon dioxide and forms 3 : 4 : 5 : S - ~ d m -  
methoxyphenanthrene. Secondly, the corresponding c is-amino - :id 
exists only in alkaline solution. Thus, trans-2-nitro-3 : 4 : I : 3'- 
tetramethoxy-a-phenylcinnamic acid (111) is partly c o n w i " ~  - Lito 
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cis-2-dro-3 : 4 : 2' : 5'-tetrametho.vy-u-phenylcinnamic acid (V) when 
ail aqueous solution of its sodium salt is exposed to  ultra-violet light, 
and the reduction of the barium salt of this acid (V) with ferrous 
sulphate yields a solution from which hydrochloric acid precipitates 
'7 : S : 2' : 5'-teframethoxy-3-phenyZcur~o~t~~~Z (VI) (compare Stoermer, 
lor. cit., p. 18). The same carbostyril derivative is formed from the 
amino-acids (11), either by exposing an alcoholic solution of B to  
ultrs-violet light, or by heating A or B with acetic anhydride and a 
trace of sulphuric acid. 

'd'he difference in colour of alcoholic solutions of the acids A 
(almost colourless) and B (bright yellow) indicates that the isomerism 
is 11ot due merely to dimorphism, and the molecular weights of the 
acids confirm this deduction. The acid B, m. p. 167", proved to be 
uiiimolecular in camphor (Rast, Ber., 1922, 55, 1051), as was to  be 
expected from its lower melting point and the close resemblance 
of its properties to those of other 2-amino-a-arylcinnamic acids. 
The acid A, m. p. 219", on the other hand, was bimolecular, and 
therefore it became important to  determine the molecular weights 
in other fiolvents, and to ascertain the effect of adding a small 
amount of one form to a saturated solution of the other (compare 
Sidgwick, J . ,  1915, 107, 672). The sparing solubility of the acid A 
restricted the choice of solvent : in benzene, for example, it is 
practjcally insoluble. In  azobenzene, the acids A and B were 
associated, but a t  comparable concentrations the observed values 
for the molecular weights of A were approximately twice those of 
B. In acetic acid, the acids A and B were readily soluble and both 
appeared to be unimolecular ; the values for A were consistently low, 
bnt it, should be noted that this acid retains moisture, which cannot 
be eliminated without causing decomposition. 

In acid or alkaline solutions the unimolecular form of the 2-amino- 
a-arylcinnamic acids predominates. (The properties of the hydro- 
chloride and chloroplatinate of Pschorr's colourless amino-acid, 
loc. tit., are also those of the corresponding derivatives of the yellow- 
forml1, and we consider that these are all salts of the unimolecular 
~ ~ v l k w  form.) I n  neutral solvents, on the other hand, the bi- 
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molecular is the stable form, and we have observed that in benzene 
or azobenzene the acid 16 changes into the acid A in a comparatively 
short time. 

The precise nature of the bimolecular form of these acids can be 
elucidated only by the further study of this and other cases of the 
isomerism. Since the analytical data for Pschorr's acid indicate 
that it is anhydrous, it is not possible on the basis of the available 
evidence to decide whether the water of crystallisation of the acid 
A is essential for the production of the bimolecular form, or whether 
the A type is composed intrinsically of two molecules of the B type, 
and we wish therefore to record the facts, and to postpone the dis- 
cussion of the theoretical question until a later publication. 

E s P E R I M E 3 T A L. 

2 : 3 - Dimethoxybenxa1dehyde.-After several unsatisfactory 
attempts to introduce the aldehydo-group into quinol by the method 
of Tiemann and Muller (Ber., 1881,14, 1986), the modification of the 
Chttermann aldehyde s.ynthesis recommended by Adams and 
Levine ( J .  Amer.  Chem. Xoc., 1923, 45, 2373; 1924, 46, 1518) was 
found to  be satisfactory. The conditions which have already been 
detailed (this vol., p. 929) were closely adhered to, and the pure 
aldehyde was obtained in a yield of 70% of that theoretically 
possible. 

3 - Keto - 2 -yhenyl -  4 - (T : 5'- dimetho.vybenzyEidene) - 4 : 3 - dihydro - 
oxaxole.-This azlactone is obtained by heating together on a 
boiling water-bath 2 : 5-diruethoxybenzaldehyde (10 g.), hippuric 
acid (12 g.), fused sodium acetate (12 g.), and acetic anhydride 
(20 c.c.). The orange product is washed with cold alcohol and 
repeatedly boiled with water (yield, 75%) ; further treatment is 
unnecessary for the next. st  age. The a,xZactone crystallises from 
acetic acid, ethyl acetate, or ethyl alcohol, from which it separates in 
orange needles, m. p. 170-172" (Found: N, 4.4. C,,H,,O,N 
requires N, 4.5%). 

u-Benxamido-2 : 5diznethoxycinnamic Acid, 
C,H,( OMe),-CH:C( NHBz) *CO,H. 

-When the azlactone is boiled for a short time with alcoholic 
hydrochloric acid or with dilute sodium hydroxide, a clear solution 
is obtained which deposits this acid on cooling or acidification. 
respectively. It separates from alcohol in colourless needles, m. p. 
195-196" (Found in material dried a t  100" : N, 4.5. C18Hl,05K 
requires N, 4.3%). The azlactone is regenerated by boiling with 
acetic anhydride. 

2 : 5 - Dimet hoxyphe ii y lpyr u v ic acid, C,H,( BIeO),*CH,*CO*CO,H, is 
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obtained in 76% yield when the azlactone is hydrolysed by boiling 
lOyo sodium hydroxide solution for 12 hours, and the product is 
separated from benzoic acid by the sulphur dioxide method of 
Haworth, Perkin, and Rankin (J., 1924, 125, 1686). It separates 
from glacial acetic acid in cream-coloured octahedra, m. p. 166- 
170' (decomp.), which are rather readily soluble in methyl alcohol 
or acetone, but sparingly soluble in benzene (Found : C, 58.8; 
H, 5.5. 

3-Hydroxy-2' : 5'-dimethoxy - 2 - benxylquinoxaEine.-2 : 5 - Dimeth- 
oxyphenylpyruvic acid (2 g.) and o-phenylenediamine (1 9.) in ethyl 
alcohol (5  c.c.) are heated on the water-bath for a few minutes. On 
cooling, the clear solution deposits colourless needles, which after 
recrystallisation from ethyl alcohol melt a t  179-180", and retain 
half a molecule of alcohol when dried in a vacuum desiccator (Found : 
loss a t  120", 7.1; N, 8.8. C,,H,,O3N,,@3tOH requires loss, 7-2;  
N, 8.8%). 

2 : 5-Dimethoxyphenylacetic acid , (MeO),C,H,*ClH,~CO,H, is 
obtained (yield, 80%) when a solution of 2 : 5-dimet~hosyphenyl- 
pyruvic acid (5 9.) in ice-cold sodium hydroxide (35 C.C.  of 2N) is 
oxidised by perhydrol (5.5 C.C. made up to  20 c.c.). Next day the 
pure acid is precipitated in colourless needles by dilute sulphuric 
acid. It cryshallises from benzene in plates, m. p. 123", which 
dissolve readily in alcohol, ether, and acetone (Found : C, 60.8; 
H, 6.0. Calc. : C, 61.2; H, 6.1%). Wolkow and Baumann 
(2. physiol. Chem., 1892, 15, 214) give m. p. 124.5". The sodium 
salt is prepared by evaporating to dryness a solution of the acid in 
the calculated amount of aqueous sodium carbonate. 

Condensation of 2-Nitroveratraldehyde with 2 : 5-Dimethoxyphenyl- 
acetic Acid. trans-2-Nitro-3 : 4 : 2' : 5'-tetramethoxy-~-phenylcinna,vi- 
ic Acid (111) and trans-2-Nitro-3 : 4-dirnethoxyci?zizamic Acid.--1 
mixture of sodium 2 : 5-dimethoxyphenylacetate (10 -g.), %nitro- 
veratraldehyde (Pisovschi, Ber., 1910, 43, 2137) (30 g.), and acetic 
anhydride (200 9.) is heated at 100" for 60 hours. Water is then 
added to destroy the acetic anhydride, and the residual oil is 
repeatedly extracted with small quantities of boiling dilute sodium 
carbonate solution. On cooling, the combined extracts deposit 
long silky needles of sodium trans-2-nitro-3 : 4 : 2' : 5'-tetramethoxy- 
z-phenylcinnamate. These are ground with concentrated hydro- 
chloric acid ; the acid obtained, after being washed and dried (136 g.), 
crystallises from ethyl alcohol in bright yellow, hexagonal plates, 
m. p. 204-205' (Found : C, 58-9; H, 4.9. C,,H,,O,N requires 
C, 58.6 ; H, 4.9%). 

Acidification with concentrated hydrochloric acid of the alkaline 
mofher-liquor from which the sodium salt has separated (above) 

CllH,,O, requires C, 58.9 ; H, 5.3%). 
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precipitates trans-2-nitro-3 : 4-dimethoxycinnamic acid (1.5 g.), 
which crystallises from ethyl alcohol in colourless needles, m. p. 228" 
with softening from 216". There is no depression in the melting 
point of a mixture of this acid with the cinnamic acid obtained by 
the condensation of 2-nitroveratraldehyde and malonic acid (com- 
pare this vol., p. 932). The amount of this acid which is produced 
in the condensation described above increases rapidly with rise in 
temperature, and in earlier experiments it was observed that when 
the reaction took place at 140" equal weights of the two acids were 
produced. 

The Isomeric trans-2-Amino-3 : 4 : 2' : 5'-tetramethoxy-~-phenyl7- 
cinnamic Acids, A and B (II).-A hot solution of trans-%nitro- 
3 : 4 : 2' : 5'-tetramethoxy-pr-phenylcinnamic acid (13.0 g.) in dilute 
ammonia (100 c.c.) is added carefully (frothing) to a hot reducing 
mixture previously prepared by the addition of ammonia (d 0.550 ; 
120 c.c.) to a solution of ferrous sulphate (83.6 g.) in hot water 
(150 c.c.) ; the mixture is heated on the water-bath for 30 minutes. 
After the ferrosoferric oxide has been thoroughly washed with 
dilute ammonia, the combined filtrate and washings are cooled and 
just acidified with glacial acetic acid. The product separates as a 
gummy mass which rapidly crystallises ; on recrystallisation from 
ethyl alcohol, the acid A (7.5 g.) separates in colourless needles. 
From the alcoholic mother-liquor, when evaporated to small bulk 
and cooled, the acid B is obtained as yellow needles (0.5 g.). 
The quantity of this acid increases, and the amount of A decreases 
correspondingly, if an excess of acetic acid is used in precipitating the 
product of the reduction. 

The acid B is purified by dissolving it in cold, dilute hydrochloric 
acid (charcoal) and precipitating it by the addition of sodium acetate 
solution. After being washed with water and dried on porous tile, 
it crystallises from ethyl alcohol in yellow needles, m.. p. 167" 
(Found in material heated a t  100" : C, 62.6, 62.3; H, 5-6, 5-7 ; 
N, 3-8; OMe, 33.2. C19H2106N requires C, 63.5; H, 6.9;  3, 3-9;  
40Me, 34.5%). The somewhat low percentage of carbon iiidicates 
the retention of traces of moisture, which are lost only by heating 
to 140" (Loss a t  140" : 0-6, 0.7%. Found in material dried a t  
140" : C, 63.5; H, 6*Oy0). The acid forms a yellow solution in 
dilute hydrochloric acid and a colourless solution in dilute sodium 
hydroxide or carbonate or ammonia, and is precipitated from these 
by the addition of sodium acetate or acetic acid respectively. It 
dissolves rather readily in methyl or ethyl alcohol, forming a bright 
yellow solution, but is sparingly soluble in cold benzene. It was 
converted into an uncrystallisable gum when a O.lyo aqueous 
solution was boiled under reflux for 12 hours. 
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T;l'hen a'n ethyl-alcoholic solution of the acid B in a silica flask is 
exposed to ultra-violet light for several days, 7 : 8 : 2' : Y-tetru- 
~e tho~~-3-~henyEcarbos ty r~ l  (VI) separates quantitatively as colour- 
less needles, m. p. 189" (Found : C, 64.3; H, 5.7. C,,H1,05N 
requires C, 64.6; H, 54%).  The same substance is obtained by 
heating for 30 minutes on the water-bath a solution of the acid 
(0.5 g.) in acetic anhydride (5 c.c.) containing one drop of concen- 
trated sulphuric acid, pouring the mixture into water, and crystallis- 
ing the precipitate from alcohol. It is insoluble in sodium carbonate, 
but dissolves in concentrated sodium hydroxide or concentrated 
hydrochloric acid. 

The acid A ,  when obtained as described above, softens at 180" 
axid melfs a t  198". I n  attempting to purify it in the first instance, 
it was dissolved in sodium bicarbonate and precipitated by the slow 
addition of glacial acetic acid and scratching. On this occasion only 
was the acid A reprecipitated in this way; in all subsequent cases, 
the acid €3 separated. Further investigation showed that the acid A 
is obtained in a pure condition when a solution of the crude acid, 
ni. g .  198": in dilute ammonia is just neutralised with the requisite 
qmntity of acetic acid (previously determined by titration) ; no 
separation takes place until the vessel is scratched ; the acid A is then 
grecipit'ated as a colourless, crystalline powder. On recrystallisation 
from ethyl alcohol it forms colourless needles, m. p. 219", which 
retain water of crystallisation a t  140" (Found : C, 62.1, 62.3, 6 2 4 ;  
H, 6.2, 6.4; 6.2. It 
dissolves sparingly in hot ethyl alcohol, forming a faintly yellow 
solution from which it crystallises on cooling, and it is insoluble in 
benzene (mean f .  p. of benzene, 0.061" ; after addition of the acid A, 
0.059"). Its solution in dilute hydrochloric acid is yellow, and in 
sodium hydroxide or carbonate or ammonia colourless ; the addition 
of sodium acetate or acetic acid, respectively, precipitates the acid 
B. On the other hand, by neutralising a solution of either acid, 
A or B, in dilute ammonia by the sudden addition, with vigorous 
mechanical stirring, of the calculated amount of acetic acid (pre- 
viously determined) , a clear, colourless solution is obtained which 
deposits the acid A on scratching. This difference in the precipita- 
tion of the two acids is presumably due to the formation of a neutral, 
supersaturated solution, and explains the production of both acids 
in the reduction of the nitro-acid and careful precipitation by acetic 
acid. The acid A crystallised unchanged when a 0.1% aqueous 
solution which had been boiled under reflux for 12 hours was con- 
centrated. When heated with acetic anhydride and sulphuric acid 
as described in the case of the acid B, it is converted quantitatively 
into 7 : 8 : 2' : 5'-tetramethoxy-3-phenylcarbostyril (VI). 

C,,H,,O,N,$H,O requires C, 62.0; H, 6.0%). 
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2Ciolecdar weights of the acids A and B. For C,,H,,O,N,JI = 359. 

-4cid. Solvent . i 

B Camphor. 
-4 

B Acetic acid. 
A 
B Azobenzene. 

Con- 
2entrat.ion. 

10.0 
5-6 

11.2 
0.6 

0.4-2.8 
2.0 
5.2 
8.8 
1.4 

M. Remarks. 

;E: 1 Rast's met.hod. 
732 
328 

and 258. 
Xean of 6 results between 

623 
830 

1100 
1211 

Tramf'orrnaiion of the Acid B into the Acid A in Azobeph:ei?c.- 
The azobenzene was distilled, crystallised from ethyl alcohol, and 
dried at loo", and the samples of the acids were dissolved in the solvent 
by warming to about SO", except where otherwise stated. The 
freezing point of a freshly prepared solution of the acid A. saturated 
at about SO", was 0.211" below that of azobenzene, but it' is probable 
that the solution was supersaturated, since the depression fell to 
0.06" in the course of 14 hours. The addition (without warming) 
of some of the acid B to the fresh solution of A increased the depres- 
sion to 0.436". The depression of a freshly prepared 8.8% solution 
of the acid B was 0-666", and after Q hour this had decreased to 
0.229". On addition of some of the acid A (without warming): the 
freezing point continued to rise (0.198"), and after + hour the 
depression was 0.088". On dissolving the azobenzene iir lienzeiie, 
the whole of the amino-acid was recovered in the insoluble, 
bimolecular form. 

Acid (V) 
a zzd its Reduction.-A concentrated aqueous solution of sodium 
trans-2-nitro-3 : 4 : 2' : 5'-tetramethoxy-a-phenylcinnamate in a 
quartz flask is exposed to ultra-violet light for 8 days. (Subsequent 
experiments showed that the yield of cis-acid is not increased by more 
prolonged exposure.) The solution is then just acidified with acetic 
acid, and the unchanged trans-acid (4.75 g.) which separates is 
removed. The addition of concentrated hydrochloric acid now 
precipitates the cis-acid (0-15 g.) in an impure condition. The 
combined yields of cis-acid from two experiments are recrystallised 
from ethyl alcohol, from which the cis-acid separates in pale  e el lo^ 
needles, m. p. 186" (Found : C, 58.4; H, 4-9. C19H2108K requires 
Cj, 58-6; H, 4.9%). 

The alkaline reduction of this acid yields a solution of the corre- 
sponding cis-2-amino-3 : 4 : 2' : 5'-tetramethoxy-a-phenylcinnmnic 
acid, which passes into 7 : 8 : 2' : 6'-tetramethoxy-3-phenylcarho- 
styril (VI) on acidification. A solution of the cis-nitro-acid (04% g.) 

cis-2-Nitro-3 : 4 : 2' : 5'-tetramethoxy-a-phRnylcinnamic 
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in a little dilute ammonia is added to a hot reducing mixture, pre- 
pared from barium hydroxide (0.55 g.) in hot water (10 c.c.) and 
ferrous sulphate (0.53 g.) in hot water (8 c.c.). During the reaction 
a streau; of nitrogen is passed through the vessel in order to prevent 
atmospheric oxidation of the ferrous hydroxide. The mixture is 
heated on the water-bath for 15 minutes and filtered, and the cooled 
filtrate is acidified by hydrochloric acid. The carbostyril which 
separates crystallises from ethyl alcohol in colourless needles, m. p. 
189' ; there is no depression of the melting point of a mixture of this 
preparation with the material obtained from the trans-amino-acid. 

3 : 4 : 5 : S-Tetramethoxyphennt~rene-9-carboxyl~c Acid (IV).-An 
ice-cold solution of trans-2-amino-3 : 4 : 2' : 5'-tetramethoxy- 
m-phenylcinnamic acid (4 g.) in methyl alcohol (60 c.c.) and sulphuric 
acid (40 C.C. of 2 N )  is diazotised, and the clear red solution is diluted 
with water and heated at  60" until the evolution of nitrogen ceases ; 
the acid is then precipitated as a gum, which becomes crystalline 
on being rubbed with alcohol (yield, about 50%). The acid crystal- 
lises from ethyl alcohol in colourless needles of constant m. p. 190- 
198" (Found : C, 66.2; H, 5.2. C19H1806 requires C, 66-7; H, 

3 : 4 : 5 : S-Tetrameth0xyphenanthrene.-The preceding acid (1 g.) 
in glacial acetic acid (40 c.c.) is heated in a sealed tube a t  240" for 
40 hours. The dark solution is poured into water, made alkaline 
with ammonia, and extracted with ether. The extract is washed 
and dried, the solvent evaporated, and the residual oil crystallised 
repeatedly from methyl alcohol, from which 3 : 4 : 5 : 8-tetramethoxy- 
phenanthrene separates in light brown needles, m. p. 118-120" 
(Found : C, 71-9 ; H, 5-9. 

The picrate, prepared in alcoholic solution, separates from ethyl 
alcohol in dark chocolate needles, m. p. 158" (Found: N, 7-9. 
C24€€21011X3 requires N, 709%). 

5-3 Yo). 

C,,H,,O, requires C, 72.5 ; H, 6.0%). 
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