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Amino-acids occurring in nature can be represented by the general 

formula R (NH2)•E COON. R denotes diverse radicals of aliphatic, aroma-

tic and heterocyclic fields, functional group of which varies from acidic,. 

neutral to basic. In addition to these, the two compounds having imino-

group, namely proline and oxyproline, are obtained from the hydrolysate 

of protein. 

Many paper(1) have been published on the oxidation of amino-acids by 

various oxidising agents. But in almost all of -these it is discussed mere-

ly on the first stage of oxidation (oxidation of a-amino-group), and the 

changes of the radical R are left untouched. 

Recently F. Lieben and E. Molner(2) oxidised many amino-acids with 

a mixture of potassium bichromate and sulphuric acid and from the re-

sults of their oxidation they classified the amino-acids into three groups 

as follows : 

(1) Glycine, leucine, aspartic acid, arginine, cystine, tyrosine and 

tryptphane. 

(2) Alanine, glutamic acid and valine. 

(3) Proline, histidine and lysine. 

The author reported several studies on the electrolytic oxidation of 

seven kinds of amino-acids including some of their related compounds, 

and observed that at the equal consumption of electricity the amounts of 

decomposed amino-acids widely differed according to their kinds. This 

difference may be attributed to the relative oxidisability of the group R. 

in the acid. Now the author intends to investigate more scrupulously 

the oxidation of these compounds by the following experiments.

(1) A. Strecker, Ann., 123(1862), 363; K. Langheld, Ber., 42 (1909), 392, 2360;. 
H. D. Dakin, T. B. Cohen, M. Daufresne and J. Kenoyon, Chem. Abstract, 10 (1916) 
2912; H. Wieland and E. Bergel, Ann., 439 (1924), 196; S. Goldschmidt and W. Beu-
schel, Ann., 447 (1926), 197. 

(2) F. Lieben and E. Molnar, Monatsh., 53-54 (1929), 1-13.
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More than ten of the amino-acids having various structure were 
selected and they were electrolysed under the same conditions. During 
the course of electrolysis the amounts of carbon dioxide and ammonia 

produced were measured from time to time. The experiments were car-
ried out with following substances, those with similar structure being 
taken in pair in each case. 

Monoamino-carboxylic acids: 

Glycine, alanine, valine, leucine (aliphatic) ; 
Aspartic acid, glutamic acid (aliphatic dicarboxylic) ; 
Tyrosine, phenylalanine (aromatic) ; 
Proline, pyrrolidone-carboxylic acid (heterocyclic) ; 

Diamino-carboxylic acids and others : 

Lysine (aliphatic) ; 
Tryptophane, imidazolyl-propionic acid and histidine (heterocyclic). 

Electrolytic conditions. 10 Millimols of the sample are dissolved in 
30 c.c. of 2N.-sulphuric acid. C.D.: 2 amp./ dm2., electrodes : lead peroxide 
anode and lead cathode. 

Tyrosine and Phenylalanine. (Fig. I). The curves representing the 
course of formation of carbon dioxide and ammonia from these amino-
acids nearly coincide with each other. The curves of tyrosine always lie 
slightly above those of phenylalanine. The same results were discussed 
in a previous paper.(3)

Fig. I.

(3) Part V. This Bulletin, 8 (1933), 178.
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Alanine,(4) . Glutamic Acid (5) and Aspartic Acid. (Fig. II) . NH3-

curves of the former two are in good coincidence, but some difference is 

observed between their CO2-curves. This fact may be explained as fol-

lows. ƒ¿-Oxidation of the two-amino-acids proceeds at equal rate, and 

alanine gives acetic acid while glutamic acid gives succinic acid, and the 

latter is less stable to oxidation than the former CO2 formed in excess 

in the case of glutamic acid is due to the more readiness to oxidation of 

succinic acid. NH3-curve of aspartic acid ' lies below the above two, and 

CO2-curve, on the contrary, lies far above. Aspartic acid gives the high-

est yield of CO2 , which may be explained by the fact that its oxidation 

product (malonic acid) is markedly unstable towards oxidation.

Fig. II.

Glycine, Leucine(4) and Valine. (Fig III). NH3-curves of glycine and 
valine belong to the same type as that of alanine. In the case of leucine 
it lies considerably beneath that of alanine. CO2-curves of these com-

pounds lie above that of alanine. The result shows that the radical R 
in leucine is less stable to anodic oxidation as Fichter has pointed out.

(4) Fr. Fichter and F. Kuhn, Hely. chim. Acta, 7 (1924), 167. 
(5) Part. 1. This Bulletin, 8(1933), 125.
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Fig. III.

Pyrrolidone-Carboxylic Acid(6) and Proline. (Fig. IV). NH3-curve 
of the former occupies the highest position of those of all amino-acids, 
and that of proline is apart from it. But the author, in fact, isolated 
succinimide from the oxidation products of proline-the same product as

Fig. IV.

(6) Part. II. This Bulletin, 8 (1933), 137.
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from pyrrolidone-carboxylic acid. The similar type of oxidation may 

proceed in these compounds, though somewhat different in rate.

Histidine and Imidazolyl-Propionic Acid (7) (Fig. V). NH3-curves 

and CO2-curves of these compounds present the similar type. On oxida-
tion, these compounds are easily attacked at their imidazol nucleus, and 

it is observed that a considerable amount of urea was also formed from 

histidine. Further works on histidine and proline are now in progress.

Fig. V.

Tryptophane and Lysine. (Fig. VIa, VIb). CO2-curves of these.com-

pounds lie not far away from each other.

(7) Part VI. This Bulletin, 8 (19.33), 189.
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Tryptophane. 

Fig. VI a.

Lysine. 

Fig. VI b.

Comparison of the Oxidisability of Monoaminocarboxylic Acids. (Fig. 
VII). By taking NH3-curves as a criterion of oxidisability, all amino-
acids can be arranged in the following order and divided into three 

groups. 
I) Glycine, valine, glutamic acid and alanine. 
II) Leucine and aspartic acid.

III) Tyrosine and phenylalanine.
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The members of the first group give curves which are close together, 
and may be regarded as typical. Curves of the compounds of the third 

group are completely superposed. Those of the second group are located 
between the two groups.

Fig. VII.

Colours of the Electrolysates. The electrolysates of some amino-acids 
are colourless, while those of others are coloured. 

(A) Colourless: 
Glycine, alanine, valine, leucine, aspartic acid, glutamic acid and pyrrolidone-
carboxylic, acid. 

(B) Coloured, but formation of melanin-like substance is not observed: 
Lysine (faint yellow), proline (light brown then colourless). 

(C) Dark coloured, and a black melanin (humin) is formed after a certain times: 
Tyrosine, phenylalanine (red, then turning to dark brown), tryptophane (dark 
yellowish brawn), histidine (dark purple). 

It is a well known fact that during the hydrolysis of protein a black 
amorphous powder named humin is formed. According to Roxas(8 fol-
lowing amino-acids have a share in humin formation during the hydrolysis 
of protein ; namely tryptophane, tyrosine, cystine, lysine, arginine, histi-
dine and proline (under a certain condition). Author's results fairly 
agree with that of Roxas, thus, substances which are classified under (B)

(8) M. L. Roxas, J. Biol. Chem., 27 (1916), 71.
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end (C) . groups are all those mentioned by Roxas as amino-acids that 
form humin. 

It is cited by many authors that the amino-acids, on oxidation, yield 
corresponding aldehydes having one atom of carbon less. But in the 
author's experiments carbonyl compounds are not isolated except in one 

case, namely imidazolyl-propionic acid. It may be considered that the 

carbonyl compounds perhaps once formed are soon further oxidised to 
acids by the vigorous action of lead peroxide anode. 

The results of the communications hitherto published may be briefly 

summarised as follows. Aliphatic a-amino-acids first undergo a-oxidation 
and produce corresponding aldehydes, which are at once converted into 

acids. Through further oxidation various products are obtained accord-
ing to the difference of R-groups. As for aromatic and heterocyclie a-

amino-acids, their behaviour on electrolytic oxidation are complicated, 
and specific groups R are easily attacked. Moreover, these amino-acids 

produce melanin or humin-like substances.

Experimental Part. 

Amino-acids used in this experiment were as follows : 

l-Tyrosine, N = 7.76% (talc. for C9H11O3N, N = 7.74%). 
l-Phenylalanine, N = 8.47% (talc. for C9H11O2N, N = 8.48%). 
dl-Alanine (Kahlbaum), N =16.76% (talc. for C3H7O2N, N = 16.73%). 
d-Glutamic acid, N = 9.36% (talc. for C5H9O4N, N = 9.60%). 
Glycine (Merck), N = 18.68% (calc. for C2H5O2N, N = 18.67%). 

(Kahlbaum) N = 18.66%. 
dl-Valine (Eastman), N = 12.27% (talc. for C5H11O2N, N = 11.96%). 
l-Leucine, N = 10.84% (talc. for C6H13O2N, N = 10.69%). 
dl-Aspartic acid (Kahlbaum), N = 10.68% (talc. for C4H7O4N, N = 10.63%). 
d-Lysine picrate, picric acid = 60.87% (talc. for C6H13O2N2.C6H3O7N3 , picric acid 

= 61.06%). 
1-Tryptophane (Th. Schuchardt), N = 13.42% (talc. for C11H12O2N2, N = 13.72%). 
l-Pyrrolidone-carboxylic acid, N = 10.82% (talc. for C5H7O3N, N = 10.85%). 
l-Proline (Fraenkel u. Landau), N = 11.96% (talc. for C5H9O2N, N = 12.17%).
β-lmidazolylJ •propionic acid, N = 19.80% (calc. for C6H8O2N2, N = 19.99%).
l-Histidine dil;ydrochloride, _N = 18.43% (calc. for'C6H9O2N3.2HCl, N = 18.42%).

Apparatus is shown in Fig. VIII. 

Cell: A cylindrical glass vessel of 60 c.c. capacity, provided with a 
rubber stopper which carries two electrodes and a rubber stoppered tube 

(C). The latter (C) is used to pass air after every interruption of elec-
trolysis and at the same time to withdraw the solution with a pipette. 
To the cell was fused a spiral condenser which serves as delivery tube. 
It was connected to a bubbler (E) by a piece of rubber tubing.
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Fig. VIII.

A : Electrodes, lead peroxide anode and lead cathode (2 X 4 cm.) 
B : Brass rods which support electrodes, coated with bakelite varnish. 
D : Spiral condenser. 
E : Bubbler containing concentrated sulphuric acid. 
F : Calcium chloride tube for drying gases. 
G and H : Tared absorption tubes for CO2 containing soda-lime. 
I: Calcium chloride guard tube. 

Generally ten millimols (in some cases 5 millimols) of amino-acids
were dissolved in 30 c.c. of 2N.-sulphuric acid. The solution was elec-

trolysed in the above cell which was kept at a constant temperature 

(30•K or 35•K) in a thermostat. _ Current density was 0.16 amp. / 2 •~ 4 cm. 

= 2 amp./ dm2. The amount of electricity was determined by copper 

coulometer. 

After every definite consumption of electricity, i.e. 2F/mol, 4 F/mol 

and so on, electrolysis was interrupted. Air freed from CO2 was passed 

through the apparatus from the tube (C) for about half an hour until all 

of the CO2 was replaced by air. Soda-lime tubes were weighed. From 

the increase of weight of these tubes the amount of carbon dioxide form-

ed was estimated and expressed in molar percentage to amino-acid used. 

0.2-0.3 c.c. and 0.3-1.0 c.c. of the solution were drawn out with a pipette 

from the tube (C) and exactly weighed. In the former total-N and in 

the latter NH3-N were determined.* After each set of determinations

* Determination of NH, was strictly carried out under the following conditions us-
ing micro-Kjeldahl apparatus. 5 c.c. of 30 % NaOH were added and steam was passed 
through the solution for ten minutes. 

The amount of water decomposed by electrolysis under this condition is ca. 0.09 c.c. 
for 1F/mol. Thus the loss of water caused by this effect is neglected.
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the volume of the solution was diminished by 0.5-1.3 c.c. The current 
quantity applied before next determination was reduced to such an extent 
as 2F /mol is maintained in relation to the original volume of the solu-
tion. Correction was made to the amount of CO2 by the same reason.

Table I. Tyrosine and Phenylalanine.

Solutions : 1.8049 gr. (10.04 millimols) of tyrosine in 30 c.c. of 

2N-H2SO4; 1.6498 gr. (9.99 millimols) of phenylalanine 

in 30 c.c. of 2N.-H2SO4; Temp.: 35•Ž.
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Table II. Glutamic Acid and Alanine.

Solutions : 1.4765 gr. (10.04 millimols) of glutamic acid in 

30 c.c. of 2N.-H2SO4; 0.8917 gr. (10.03 millimols) of 

alanine in 30 c.c. of 2N.-H2SO4; Temp.: 35•Ž.
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Table III. Valine and Aspartic Acid. 

Solutions : 1.1686 gr. (10.03 millimols) of valine in 30 c.c. of 

2N.-H2SO4; 1.3303 gr. (9.997 millimols) of aspartic acid 

in 30 c.c. of 2N.-H2SO4; Temp.: 35•Ž.
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Table IVa. Glycine and Leucine. 

Solutions : 0.7553 gr. (10.07 millimols) of glycine in 30 c.c. of 

2N.-H2SO4; 1.3126 gr. (10.02 millimols) of leucine in 

30 c.c. of 2N.-H2SO4; Temp.: 35•Ž.

Table IVb. Glycine and Leucine. 

Solutions: 0.7514 gr. (10.01 millimols) of glycine in 30 c.c. of 

2N.-H2SO4; 1.3087 gr. (9.982 millimols) of leucine in 

30 c.c. of 2N.-H2SO4; Temp.: 30•Ž.
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Table IVb. -(Concluded)
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Table V. Pyrrolidone-Carboxylic Acid and Proline. 

Solutions : 1.2909 gr. (10.00 millimols) of l-pyrrolidone-carboxylic 

acid in 30 c.c. of 2N.-H2SO4; 1.1507 gr. (10.00 millimols) 

of proline in 30 c.c. of 2N.-H2SO4; Temp.: 30•Ž.
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Table VI. ƒÀ-Imidazolyl-Propionic Acid and Histidine. 

Solutions: 1.4013 gr. (10.00 millimols) of imidazolyl-propionic 

acid in 30 c.c. of 2N.-H2SO4 ; 10 millimols of histidine 

in 30 c.c. of 2N.-H2SO4; Temp.: 30•Ž.
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Eleven millimols of histidine dihydrochloride were dissolved in 25 c.c. 

of 2N.-sulphuric acid and-sufficient water was added to it. It was dis-

tilled under reduced pressure to drive off hydrochloric acid. The above 

treatment was repeated several times until the solution showed no trace 

of hydrochloric acid. The solution was made up to 25 c.c. (total-N 455.9 

mg.) from which 23.08-c.c. were taken for electrolysis (corresponding to 

10 millimols of hisfidine). 

It was ascertained that imidazolyl-propionic acid did not yield am-

monia when it was treated with steam in the presence of conc. sodium 

hydroxide. 

The electrolysate of ,ƒÀ-imidazolyl-propionic acid assumed yellowish 

tint as the electrolysis proceeded, it was transparent throughout the 

whole course. In the case of histidine, dark purple colouration was al-

ready observed after an hour and melanine-like substance began to de-

posit at 4F/mol and adhered to the electrodes.

Table VII. Tryptophane. 

Solutions: 1.0200 gr. (5.00 millimols) of tryptophase. in 

30 c.c. of 2N.-H.-SO4; Temp.: 35•Ž.
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Table VIII. Lysine. 

Solutions: 7.49 millimols of lysine* in 30 c.c. of ca. 2N.-H2SO4; 

Temp.: 35•Ž.

* 3.75 gr . (10 millimols) of lysine picrate were dissolved in 25 c.c. of 2N: 
sulphuric acid. The solution was thoroughly extracted with ether to remove 

picric acid. By adding 2N.-sulphuric acid the solution was made up to 30 c.c. 
(content of lysine equals to 7.49 millimols).

In conclusion, the author wishes to express his sincere thanks to 
Professor K. Matsubara for his kind encouragement and invaluable ad-
vices given to these studies. At the same time, the author is also indebt-
ed to continuous suggestions of Mr. W. Nagai and untired assistance of 
Mr. H. Oeda to complete these studies. 
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