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The empirical formula, C, H,, NO, 1/2 H,O, which was 
adopted by Abel for that member of the epinephrin series 
which he has called epinephrin hydrate, and which was first 
isolated as a free base by Takamine, has not met the approval 
of other investigators in this field. In view of the suggestion 
of Abderhalden and BergelI* that this substance should be 
prepared in such a manner as to preclude the possibility of 
oxidation, the authors have undertaken the laborious task of 
its preparation and purification in an atmosphere of pure 
hydrogen . The details of this method cannot be described 
here. It suffices to say that all but two of the stages in the 
entire process were carried out in hydrogen, the two being the 
mincing of the fresh glands and the filtration under pressure of 
the acidulated alcoholic extract of the minced glands. The 
hydrogen used was purified by passing it through acid and 
alkaline permanganate solutions, All fluids employed were 
boiled till free from air and allowed to cool in an atmosphere of 
hydrogen. 

We have now prepared the substance four times in this way 
from perfectly fresh glands, have purified it in various ways, and 
have made a large number of analyses. A summary of our 
results is as follows: 

There is a lack of agreement in the nitrogen content of specimens 
prepared at different times and from different lots of fresh glands. 

1 This investigation has been carried on with the aid of a grant from 
the Carnegie Institution. 

1 Ber. d. deutsch. chew Gesellsch., xxxvii, p. 2022, 1904. 

I 

This is an Open Access article under the CC BY license.

http://creativecommons.org/licenses/by/4.0/


Epinephrin Hydrate 

The subjoined table gives the nitrogen content of four speci- 
mens, all of which were ash-free, and all of which had been 
crystallized four times. The trichloracetic acid method 1 of 
preparation was employed in each case, ten grams of the acid 
being used to each kilogram of the minced glands. 

I I II I III I IV 

August, 1904. 

Ammonia only 
used as a pre- 
cipitant . 
N - 8.08 per 

cent.2 

October, 1904. 
Ammonia only 

January, 1905. January, 1905. 

used as a pre- 
Potassium carbon- P;z;;;rn car- 

ate used in all 
cipitant. 

only 

Fraction: 
precipitations used as a pre- 
exce t the last, 

E. 
ci itant. 

I. N-7.80 per in w rch ammo- N - .30 per cent. 7, 
cent. nia was used. 

II. N -8.04 per N -7.34 per cent. 
N - 7.44 per cent. 

cent. - 
III. N - 8.45 per 

cent. - 1 

A study of this table shows that specimens of our substance 
which are ash-free and which in the absence of analytical 
proofs would have been thought to be equally pure, vary greatly 
in composition. The cause of this variability has not yet been 
discovered. 

Specimens I and II, when subjected to repeated solution in 
acids and repeated precipitation therefrom with alkalies, did not 
retain a constant composition. Very great and rapidly occurring 
changes in the nitrogen content of our substance have been observed 
by us under these conditions. 

Thus, in attempting to purify Specimen I (N - 8.08 per cent.), 
we found that its nitrogen content rose to 9.49 per cent. (dupli- 
cate analysis, N-g.53 per cent.). Picric acid and ammonium 
picrate were used in one stage of the process of purification, and 
the objection may be offered that this great increase in nitrogen 
is due to the retention of ammonium picrate. But other speci- 
mens also showed a great increase in nitrogen content which 
could not be accounted for in this way. For example, Fraction 
I, specimen of October, Igo4 (N - 7.80 per cent.), was dissolved 
in a one-per-cent. solution of acetic acid, and in the hope of 

1 Abel, Ber. d. deutsch. chew Gesellsch., xxxvi, p. 1841, 1903. 
2 All of the analytical data, from which the results given in this paper 

have been calculated, will be published later in a monograph to be sub- 
mitted to the Carnegie Institution. 



John J. Abel and R. deM. Taveau 3 

facilitating the removal of impurities the solution was heated 
to 60“ C. and precipitated at this temperature with dilute 
ammonia. The precipitate was well washed by decantation 
with water of 6o”-75’ C., then transferred under exclusion of 
air to a filter in a suitably constructed apparatus, again washed 
with water of 40~ C., then with alcohol and ether, and dried in 
a current of dry hydrogen. On analysis it was found that this 
treatment with very dilute acid at 60” C. caused the nitrogen of 
our compound to rise from 7.80 to 8.73 per cent. Again, one 
of the fractions of a specimen that had been repeatedly crystal- 
lized, which had been purified by the “zinc-ammonia ” process 1 
and which contained 7.87 per cent. of nitrogen, was dissolved in 
a five-per-cent. solution of acetic acid at room-temperature, a 
solution of sodium carbonate was added, the flask was repeatedly 
evacuated and filled with hydrogen and finally allowed to 
stand overnight. In the morning the well-crystallized precipi- 
tatewas transferred without exposure to air to a special apparatus 
in which it was washed with water of 40’ C. in an atmosphere 
of hydrogen. Analysis showed the specimen to contain 8.36 
per cent. of nitrogen. Here again we observe an increase in 
the nitrogen content of our substance. 

Again, Fraction II, Specimen II, October, 1904 (N-8.04 per 
cent.), was twice dissolved in oxalic acid and precipitated from 
it with ammonia. In the second precipitation the substance 
was obtained in two fractions of approximately equal weight. 
The first fraction showed N - 7.63 per cent., the second N - 7.75 
per cent. The two fractions were now combined, crystallized 
twice from hydrochloric acid (5 per cent.), then three times 
from a saturated solution of oxalic acid, and finally once more 
from a five-per-cent. solution of hydrochloric acid. Ammonia 
was used as the precipitant in all of these processes. The sub- 
stance now had the following composition : C - 58.16 per cent., 
H-7.07 per cent., N-8.18 per cent. 

RECRYSTALLIZATION OF SPECIMENS III AND IV CAUSED NO CHANGE 

IN THEIR NITROGEN CONTENT. 

In recrystallizing Specimen III, January, 1905 (N-7.34 per 
cent.), and Specimen IV, January, 1905 (N- 7.30. per cent), we 

1 The Johns Hopkins Hospital Bulletin, xiii, p. 29, 1902. 
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chanced to make use of stronger solutions of acids, usually of 
15 per cent. strength, and this may possibly account for the fact 
that we have failed to obtain the marked rise of nitrogen that 
has just been described. Thus, a part of Specimen III (N - 7.34 
per cent.) was twice crystallized from a IO-per-cent. solution of 
hydrochloric acid, ammonia being the precipitant used, and 
was then found to contain 7.34 per cent. of nitrogen. A second 
portion of Fraction III was four times precipitated from a 
15 per cent. solution of hydrochloric acid, potassium carbonate 
being the precipitating agent used in each case. After the 
fourth precipitation the nitrogen content was found to be 7.38 
per cent., while a second fraction obtained from the mother 
liquors after the first precipitation with potassium carbonate 
had 7.40 per cent. of nitrogen, thus showing that one may obtain 
a series of fractions,1 each of which shall have a relatively low 
nitrogen content. 

Specimen IV (N-7.30 to 7.44 per cent.) was twice crys- 
tallized from a Is-per-cent. solution of acetic acid, potassium 
bicarbonate being the precipitant used. After adding the bicar- 
bonate, the solution was made to throw out the base by repeatedly 
evacuating and allowing hydrogen to enter the flask. Analysis 
showed 7.47 per cent. of nitrogen. It was then again crystal- 
lized from a lo-per-cent. solution of hydrochloric acid, ammonia 
being the precipitant employed, and was now found to contain 
N-7.28 per cent. and N-7.36 per cent., C-58.31 per cent., 
and H - 6.96 per cent. 

It will be noted, then, that on recrystallizing Specimens III 
and IV no change took place in the nitrogen content of our 
substance. We are at a loss to explain why Specimens I and 
II should have a higher nitrogen content than Specimens III 
and IV, and also why recrystallization of Specimens I and II 
should cause the rise in nitrogen there observed. Von FQrth, 
who also obtained high nitrogen percentages,gives the follow- 
ing table2 of his analytical results for material that had been 
repeatedly recrystallized, nitrogen being determined by the 

* Bertrand (Bull. de la Sot. Chim. de Paris, 1904, p. 1188) lays great 
stress on the fact that his various fractions of adrenalin showed a nitrogen 
content of 7.66 per cent. to 7.74 per cent. 

2 Monatsh. f. Chem., xxiv., p, 261, 1903. 
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method of Dumas, with the exception of one analysis when the 
method of Kjeldahl was used: 

I II 
Suprarenin five times crystallized. Suprarenin six times crystallized. 
C -58.64 per cent.; 67.99 per cent. 58.72 per cent.; 68.26 per cent. 
H- 7.47 “ “ 7.32 “ " 7.21 “ “ 7.23 " “ 
N- 8.43 " " 8.43 “ “ (7.65 8.38 “ “ 8.47 “ “ 

per cent., Kjeldahl). 

But the single analysis by the method of Kjeldahl must be 
thrown out of court as faulty, in the face of the four concordant 
results by the method of Dumas, and this result should not be 
used in calculating an average percentage of nitrogen, as was 
done by von Furth and approved of by Pauly. i Von Furth 
used dilute hydrochloric acid in recrystallizing his material, but 
does not state the strength of acid used. It was our opinion at 
one time that these high nitrogen percentages were caused by 
retained ammonia, but this assumption, as our own experience 
has shown, is no longer tenable. 

While we have paid attention chiefly to variations in the 
nitrogen of our substance, we have also made a number of 
analyses for carbon and hydrogen, some of which have already 
been given. Put in the form of a table these results are as 
follows : 

From Specimen II.2 From Specimen IV. 
I II III 

C -68.09 per cent. 68.26 per cent. 68.16 per cent. 68.31 per cent. 
H- 6.96 “ “ 6.89 “ “ 7.07 “ “ 6.Q6 " " 
N- 7.65 “ “ 7.79 “ “ 8.18 “ “ 7.28 “ “ 

7.36 “ “ 

The percentages here given do not agree sharply with those 
required by either of the two formulae now in dispute, the 
theoretical requirements of which are: 

CmH,,NOJ) H,O. C,K,NO,. 
C - 58.82 per cent. C - 59.02 per cent. 
H- 6.86 “ “ H- 7.10 “ “ 
N- 6.36 “ “ N- 7.65 “ " 

1 Ber. d. deutsch. them. Gesellsch., xxxvii, p. 1388, 1904. 
a These data were obtained at different times in the course of the puri- 

fication of Specimen II, and are not to be taken as the analytical results 
obtained with one and the same specimen. 
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We would summarize the results of our work as follows: 
In the preparation of epinephrin hydrate by methods that 

involve the use of hydrogen, specimens obtained at different 
times showed wide variations in respect to their nitrogen con- 
tent. Repeated crystallization from dilute solutions of acids 
apparently induce the nitrogen content of our substance to 
rise to a point that is not in agreement with any formula hitherto 
proposed for it. Specimens III and IV, January, 1905, had a 
nitrogen content of 7.30-7.44 per cent. Perhaps further work 
would have given us specimens with a still lower nitrogen con- 
tent, say of 7.00 per cent., as was the case in the specimens de- 
scribed by one 1 of us two years ago. Those who have prepared 
our substance only once or twice very naturally entertained no 
suspicion of the variability in its nitrogen content which we 
have observed. 

ON THE CRYSTALLIZATION OF EPINEPHRIN HYDRATE FROM SOLU- 

TIONS OF POTASSIUM HYDROXIDE. 

Having both acid and basic properties our substance is also 
readily soluble in solutions of the fixed alkalies. From such 
solutions it is obtained in crystalline form by passing carbon 
dioxide into them to the point of saturation. In studying the 
effects on our substance of repeated crystallization from potas- 
sium hydroxide solutions we proceeded as follows: A given 
quantity of material is placed in a round-bottomed flask equipped 
with appropriate fittings; the air in the flask is removed and 
hydrogen is introduced in its place. The flask is now immersed 
in ice-water and a sufficient quantity of an oxygen-free and well- 
cooled solution of potassium hydroxide (IO to 15 per cent.) is 
introduced. Solution of the substance is effected in a few 
moments, and carbon dioxide is then introduced, whereupon 
complete precipitation occurs. When the precipitate has been 
thoroughly washed by decantation and also on a filter in an 
apparatus filled with hydrogen, it is not to be distinguished in 
any way from specimens that have been crystallized from an 
acid solution. A slight contamination by potassium silicate is 
unavoidable, the spharo-crystals retaining from 0.23 to 0.3 per 

1 Abel, Ber. d. deutsch. chew Gesellsch., xxxvi, p. 1839, 1903, 
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cent. of this salt. The losses incurred in repeated crystalliza- 
tions by this method are no larger than when acids are employed. 
We lay stress on the fact that the exposure to alkalies in our 
method is of short duration only. Even under these circum- 
stances a minute quantity of our substance is decomposed by the 
alkali in each solution, as is proved by the fact that the escaping 
hydrogen will cause a sensitive solution of litmus to turn blue. 
But such a decomposition does not affect the results of analysis. 
That portion of our substance which loses nitrogen at each 
solution in alkali evidently remains in solution when carbon 
dioxide is introduced and fails to crystallize out, as otherwise 
the nitrogen content would steadily decrease with each succeed- 
ing solution, whereas, as we shall show, constancy of nitrogen is 
maintained. 

Analytical data : 
I. A specimen of one of the fractions described in the preceding 

section, that contained 7.43 per cent. of nitrogen, was dissolved in the 
required amount of sulphuric acid of 25 per cent.; a cold IO-per-cent. solu- 
tion of potassium hydroxide was then introduced until the precipitate 
that was at first thrown out was again dissolved. Carbon dioxide in ex- 
cess was then introduced and the flask was placed in ice-water until the 
crystallization of the base was complete. The crystals consisted of 
spherical aggregates of minute prisms. The nitrogen content of the sub- 
stance was found to be 7.21 per cent. and 7.26 per cent. 

II. 2.92 grams of one of the fractions obtained during the course of 
the work on Specimen II, October, rgo4, to which reference has been 
made, which contained 8.00 per cent. of nitrogen, were dissolved in IJ 
C.C. of a Is-per-cent. solution of potassium hydroxide and precipitated 
with carbon dioxide. 2.46 grams were recovered with N - 7.33 per cent. 
Of this material 2.26 grams were again treated as before. I.958 grams 
were recovered with N - 7. IO per cent. I. 73 5 grams of this fraction were 
again treated as before, when N was found to be 7.33 per cent. 

III. 3.8 grams of repeatedly crystallized material from the same 
source as that used in the preceding experiment with N-7.62 per cent. 
were dissolved in 26 C.C. of a IS-per-cent. solution of potassium hydroxide 
and precipitated as before. Recovered: 3.452 grams with N-7.40 per 
cent. Of this product 3.13 grams were again dissolved in 20 cc. of the 
hydroxide solution. Recovered : 2.834 grams with N-7.12 per cent. 
Of this material 2.638 grams were again dissolved and precipitated as 
before. but in the course of filtration in the hydrogen apparatus for the 
purpose of removing a few fibres of paper, a loss of material occurred, SO 
that only 2.05 grams were recovered. Analyzed for carbon and hydroi 
gen, the results were found to be C - 58.69 per cent. and H - 7.14 per cent. 
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Hereupon this material that had been thrice crystallized from solutions 
of potassium hydroxide was dissolved in the hydrogen apparatus at a 
temperature of o” C. in a small volume of a ten-per-cent. solution of 
hydrochloric acid. A cold solution of potassium bicarbonate was now 
added, and as our base did not at once fall out, the carbon dioxide was 
removed from the flask and hydrogen introduced, whereupon crystalliza- 
tion took place. Analysis now showed the precipitate to have the fol- 
lowing composition: 

I II 
C -58.74 per cent. 68.63 per cent. 
H- 7.29 “ “ 7.11 “ “ 
N- 7.15 “ “ 7.24 “ “ 

We have seen that the analysis after the 2d and gd crystallization 
from potassium hydroxide gave the following results: 

C -58.69 per cent, 
H = 7.14 “ “ 
N- 7.12 “ “ 

The theoretical requirements of the formula 
C&H,,NO,)H,O are: and of the formula C9H,,NOs are : 

C -68.82 per cent. C -69.02 per cent. 
H- 6.86 “ “ H = 7.10 “ “ 
N- 6.86 “ “ N - 7.65 “ “ 

The analytical results here given certainly speak rather for 
the correctness of the formula C,,H.,NO,+H,O, than for that 
of the formula C,H,,NO,, in view of the well-known fact that 
the method of Dumas uniformly gives percentages of nitrogen 
which are higher and not lower than those required by theory. 

The average of nine nitrogen estimations of specimens which 
had a high nitrogen content originally, and which were crystal- 
lized from potassium hydroxide, is 7n3 per cent. This per- 
centage lies between the requirements of the two formuls 
which are under consideration. We have seen that some of the 
specimens described in the preceding section, which were ob- 
tained by the use of acids, also had a nitrogen content con- 
siderably below that required by the formula C,H,,NO,. 
Earlier studies by one 1 of us have shown that dehydration of 
specimens with a low nitrogen content (7.10-7.20 per cent.) 
yields a substance which has the composition C,,H,,NO,. 

1 Ber. d. deutsch. chew Gesellsch., xxxvi, p. 1845, 1903. 
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The monobenzoyl series of our earlier paper also lends support 
to this formula. The analytical results obtained by Pauly 1 in 
the case of his urate, and by von Furth 2 with his tribenzene- 
sulpho-derivative do not prove that the formula C,H,,NO, is 
established beyond all doubt. Stolz 3 has prepared a tri- 
chlorbenzoyl compound by dissolving adrenalin in a dilute 
solution of sodium hydroxide and then treating it with an excess 
of p-chlorbenzoyl chloride and a concentrated solution of 
sodium hydroxide. This compound is a non-crystalline sub- 
stance of resinous character. The chlorine and nitrogen only 
of this resin were determined, and while the observed percentages 
of these elements are in excellent agreement with the theoretical 
requirements for a trichlorbenzoyl derivative of a substance 
having the formula C,H,,NO,, it is to be remembered that this 
formula is not established with certainty until the percentages 
for carbon and hydrogen are also found to be concordant with 
the theoretical requirements. 

In view of the various facts that have already been brought 
forward and the difficulty experienced by all investigators in 
preparing crystalline and stable derivatives of our substance, 
we feel justified in believing that the formula C,,H,,NO,$H,O 
has not been discredited. The researches of Pauly, Jowett, 
Stolz, Bertrand, and Abderhalden and Bergell speak unanimously 
for the correctness of the formula C,H,,NO,, and it may appear 
useless under these circumstances to offer renewed objections to 
its adoption. Our observations, showing that one may obtain 
specimens with a varying nitrogen content, lead us to believe 
that if these authors had prepared the substance more fre- 
quently and from different lots of glands, they also might have 
met with this experience, and that in consequence they would 
have felt less confident of the correctness of their formula. 
The results obtained by Takamine, Aldrich, and von Fiirth, 
while not in agreement with the requirements of our formula, 
nevertheless fail to support the formula C,H,,NO,, and further- 
more show that the preparations of two observers may agree in 
respect to their nitrogen content and at the same time differ 

8 Ber. d. deutsch. chew Gesellsch., xxxvii, p. 1388, 1904. 
1 Mona&h. f. Chem., xxiv, p. 261, xgo3. 

3 Ber. d. deutsch. chew Gesellsch., xxxvii, p. 4452, 1904. 
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markedly in their carbon content. When it is held in mind 
that we have no means of purifying our substance by crystalliza- 
tion from a solvent, and that we must depend for its preparation 
solely on precipitation from gland extracts with ammonia and 
other alkalies, it will at once be apparent why the present writers 
attach so much importance to the finding of specimens with a 
low nitrogen content. We hold that such specimens are least 
contaminated with products of a high nitrogen content such as 
the gland is known to contain. 

We would also state that the half molecule of water (&H,O) 
of our empirical formula has always been regarded by us to be 
water of constitution. The molecular weight of the substance 
must therefore be expressed by at least z(C,,H,,NO,+H,O). 
The molecular-weight determinations of von Fiirth,r JowetLa 
and Bertrand 3 appear to invalidate such an assumption, inas- 
much as these writers obtain values that are in agreement with 
a molecular weight which is only half as large as that here 
assumed. Von Furth’s determinations by the freezing-point 
method were made with an impure tribenzenesulpho-derivative 
and are not conclusive. His analyses show that his percentages 
for carbon are 0.74 per cent., for sulphur, 1.45 per cent. below 
the theoretical requirements of his formula. It is not improb- 
able that he was dealing with a mixture of di- and tribenzene- 
sulpho-derivatives. Jowett and Bertrand used glacial acetic 
acid as a solvent for our substance in determining its molecular 
weight, a procedure that is entirely inadmissible, since the 
substance can not again be recovered unchanged after it has 
been subjected to the manipulations with this solvent that are 
required in making the determinations. This very important 
point, which has been apparently overlooked by Jowett and 
Bertrand, seems to us to deprive their results of the confirmatory 
value which they attach to them. 

AMMONIA, A DECOMPOSITION PRODUCT OF EPINEPHRIN HYDRATE. 

In the presence of air and moisture, epinephrin hydrate 
slowly undergoes spontaneous decomposition with evolution of 

1 Monatsh. f.  Chem., xxiv, p. 261, 1903. 

1 Trans. Chews. Sot., 1904, p. 194. 

3 Bull. de la SOG. Chim. de Paris, xxxi, p. 1188, 1904. 
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volatile bases. When it is treated with boiling water in a 
current of pure hydrogen, ammonia and methylamine and 
possibly other bases are liberated. The following experiments 
will illustrate our method of isolating these bases. 

4.49 grams of an ash-free specimen, several times crystallized, 
with a nitrogen content of 7.74 per cent., were placed in a liter 
flask of Jena glass that was then freed of air and filled with 
hydrogen. Hereupon 500 C.C. of water that had been boiled 
in a current of hydrogen were introduced. The Aask was now 
attached to a condenser and immersed in an oil bath at a 
temperature which just sufficed to keep the contents of the 
flask at the boiling-point. A rapid current of washed hydrogen 
was allowed to pass through the boiling mixture during the 
whole experiment. A small quantity of dilute hydrochloric 
acid was placed in the receiver and the distillation carried on 
until about 420 C.C. of distillate were obtained. Under ex- 
clusion of air, about 400 C.C. of oxygen-free water were again 
introduced into the distilling flask, and this was then allowed to 
stand under hydrogen pressure from Saturday evening until 
the following Monday morning, when the distillation was pro- 
ceeded with as before. The flask was then charged as before, 
its content+ were again concentrated to about 80 c.c., and this 
process was repeated until more than two liters of distillate 
were obtained. The combined distillates were now concen- 
trated until the chlorides present began to crystallize. At this 
point a separation into two fractions was attempted by means 
of a small quantity of absolute alcohol. The chlorides that 
did not at once dissolve in alcohol yielded 0.2039 gram of 
chlorplatinates (Fraction I), and these were found to consist of 
octahedral crystals like those of ammonium chlorplatinate and 
six-sided plates characteristic of methylamine chlorplatinate. 

The alcoholic solution yielded 0.5630 gram of chlorplatinates 
(Fraction II). This fraction was dissolved in from 25 to 30 
C.C. of hot water, the solution somewhat concentrated and set 
aside to crystallize. The crystals obtained weighed 0.1762 
gram (Fraction IIa),and were found to consist of octahedra and 
six-sided plates with some pointed prisms. 

It is seen, therefore, that a total quantity of 0.7669 gram of 
mixed chlorplatinates was obtained in the above experiment 
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in which 4.49 grams of our substance were boiled with distilled 
water alone. 

Analysis: Fraction I. 0.2037 gram of Pt salt gave 
0.0851 gram Pt Pt therefore -41.77 per cent. 
Methylamine chlorplatinate, (NH&H,). H,PtC& -41:28 per cent. Pt 

required. 
Ammonium chlorplatinate, (NH,), H,PtClb -43.80 per cent. Pt 

required. 

Fraction Ha. 0.1762 gram of Pt salt gave 
0.0734 gram Pt Pt therefore =4x.66 per cent. 

A mixture of four parts of methylamine chlorplatinate and 
one part of ammonium chlorplatinate requires Pt-41.80 per 
cent. We have ocular proof of the presence of the latter salt 
in the products above analyzed; it may therefore be assumed 
that Fraction I contained 20 per cent of ammonium chlor- 
platinate. The presence of di- or trimethyl ammonium chlor- 
platinate is excluded since admixture with these salts would 
give a much lower platinum content than was found above. 
We are confident of the correctness of our assumption that the 
octahedral crystals described by us as present in such large 
proportion were in reality crystals of ammonium chlorplatinate. 
In a trial distillation with 1.34 grams of epinephiin hydrate, 
which preceded the experiment above described, we found our 
first fraction of chlorplatinates to consist almost entirely of 
these octahedra. This fraction weighed only 0.0151 gram and 
contained 42.38 per cent. Pt. While we cannot claim that this 
analysis is of equal value with those given above, the high plati- 
num percentage obtained is nevertheless in agreement with the 
observed fact that the chlorplatinates in question consisted 
largely of octahedral crystals. 

The filtrate and washing from Fraction IIa, as above de- 
scribed, were treated with hydrogen sulphide, the platinum-free 
filtrate was concentrated and tested for methylhydrazine with 
negative results. The high solubility in water of this portion 
of our mixed chlorplatinates leads us to suspect that ammonia 
and methylamine are not the only volatile bases that are liber- 
ated when epinephrin hydrate is boiled with water in a current 
of hydrogen. 
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After discontinuing the boiling of our 4.49 grams of epi- 
nephrin hydrate with distilled water as above described, the 
process of distillation was again taken up, but this time I IO C.C. of 
a g3-per-cent. solution of potassium hydroxide were introduced 
together with 200 C.C. or more of water. When the distilling 
flask needed refilling, distilled water was introduced. The dis- 
tillation was carried on until the distillate was no longer alkaline 
to litmus paper. The receiver in this case was charged with 
dilute sulphuric acid. The combined distillates were collected 
and concentrated and the final product when nearly dry was 
treated. with absolute alcohol. Only a very small quantity of 
sulphate remained undissolved by the alcohol and this yielded 
chlorplatinates consisting largely of octahedral crystals. The 
alcohol-soluble sulphate yielded 0.660 gram of mixed chlor- 
platinates. Here again many octahedral crystals were present 
among the six-sided plates of methylamine chlorplatinate. 
0.2627 gram of Pt salt yielded 0.1096 gram Pt. Therefore 
Pt = 41.72 per cent. Here again with octahedral crystals 
present in abundance we may assume that ammonium chlor- 
platinate was present to the extent of 20 per cent. 

DECOMPOSITION PRODUCTS OF THE BASE, C,H,N,O, OBTAINED 

BOTH FROM EPINEPHRIN, C,,H,3N0,, AND ITS HY- 

DRATE, C,,H.,NO,~H,O. 

The base, C,H,N,O, has been described in detail in an earlier 
paper,’ in which it was suggested that this is a highly unstable 
cyclic compound closely related to substances of the pyrazolon 
series. As the base itself is highly unstable and has not been 
obtained in the free state, its stable gold salt, C,H,N,O. HCl. 
AuCl,, was used in the study of its decomposition products. 

Five grams of the well-crystallized gold salt were introduced 
into a Kjeldahl flask, 20 C.C. of a 4-per-cent. solution of potas- 
sium hydroxide were added, and then 60 C.C. of a so-per-cent. 
solution of the same alkali were introduced, the flask and 
solutions being well cooled. A previous attempt to mix the 
gold salt with powdered potassium hydroxide had taught us to 
observe these precautions, as in this case the heat of reaction 

1 Ber. d. deectsch. chew Gesellsch.. xxxvii, p. 368, 1904. 
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caused the mixture to puff up with explosive violence. The 
contents of the Kjeldahl flask, as thus prepared, were now sub- 
jected to distillation, the distillate being received in a well- 
cooled receiver containing 20 C.C. of N/5 sulphuric acid. The 
distillate is strongly alkaline from the very first, but does not 
reduce Fehling’s solution or ammoniacal silver nitrate solution 
until about’ one-third of the fluid in the distilling flask has 
passed over into the receiver. At this point the distillate be- 
gins to reduce Fehling’s solution with great power and has the 
odor of methylhydrazine. 

At the close of the experiment the contents of the receiver 
were found to be alkaline, the 20 C.C. of N/5 sulphuric acid 
that had been placed in it being insufficient to neutralize the 
basic products evolved from the gold salt, C,H,N,O. HCI. AuCl,. 

In order to isolate the reducing substance, the alkaline dis- 
tillate containing it was shaken with a small quantity of benzal- 
dehyde and allowed to stand for twelve hours, when it was 
found that yellowish aggregates of an apparently crystalline 
compound had formed. The manner in which this compound 
was formed, its solubility in alcohol and ether, and its behavior 
in the operations described below compel us to believe that it 
was tribenzalmethylhydrazine,r (C,HS. CH),(N,CH,).. 

The presence of an excess of benzaldehyde gave to the dis- 
tillate the character of an emulsion and prevented all of the 
hydrazine compound from separating. The entire mixture was 
therefore shaken with ether, which removed the benzalmethyl- 
hydrazine and the excess of benzaldehyde, as also some of the 
uncombined ammonia and methylamine. To the ethereal 
solution a few drops of sulphuric acid and a little alcohol were 
added, the ether was evaporated on the water-bath, more 
alcohol was added, and the solution was now concentrated until 
the benzalmethylhydrazine was judged to be decomposed. The 
residue was now treated with absolute alcohol, whereupon a 
small quantity of salt, consisting mainly of ammonium sulphate, 
was thrown out. The chlorplatinate of this crystalline sulphate 
was analyzed: 0~2224 gram Pt salt yielded 0.0961 gram Pt. 
Therefore Pt = 43.2 I per cent. The crystals were chiefly 

, C. Harries and T. Haga. Ber. d. deutsch. them. Gesellsch., xxxi, p. 61, 
1898. 
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octahedra with only here and there a six-sided plate. As am- 
monium chlorplatinate, (NH&H,PtCl,, requires 43.90 per 
cent. Pt, it will be seen that our platinum salt consisted mainly 
of ammonium chlorplatinate. 

The alcoholic filtrate from the ammonium sulphate was now 
concentrated until slender prisms began to appear. These had 
the appearance and solubilities and gave all the reactions char- 
acteristic of the acid sulphate of methylhydrazine. Methyl- 
hydrazine and its salts were prepared by us, and the identity 
of this decomposition product with methylhydrazine was estab- 
lished by comparative tests. The crystals of the acid sulphate, 
to which reference has just been made, were recrystallized from 
hot alcohol, when their melting-point was found to be 139' to 
140~ C., while the melting-point of the acid sulphate of methyl- 
hydrazine is given as 139.5~ C. by von Brtining.1 

This fact, taken with the power of the salt to reduce Fehling’s 
solution at room temperature, to give a mirror with silver 
nitrate, and to form an ether-soluble and crystalline compound 
with benzaldehyde, not to mention the characteristic odor of 
the free base, proves beyond doubt that methylhydrazine is one 
of the decomposition products of the base C,H,N,O. It may 
also be mentioned that on fusing the crystals of our acid sul- 
phate with a pellet of potassium we obtained clear proof of the 
formation of potassium cyanide, thus showing that this power- 
fully reducing salt contains both carbon and nitrogen. 

The fluid from which the benzalmethylhydrazine was sepa- 
rated by means of ether was distilled with an excess of pure 
sodium hydroxide, and the volatile bases that were thus ob- 
tained were identified by means of platinic chloride. Fraction 
I of the platinum salts, recrystallized from hot water, was found 
to consist only of octahedral crystals. 0.1853 gram of this Pt 
salt gave 0.0812 gram Pt. Therefore, Pt = 43.82 per cent. 
Ammonium chlorplatinate, (NH,).H.PtCl,, requires Pt - 
43.90 per cent. This portion, therefore, consists entirely of 
ammonium chlorplatinate. Fraction II of the platinum salts 
consisted largely of the characteristic six-sided plates of methyl- 
amine chlorplatinate. 0.2538 gram Pt salt gave 0.1017 gram 

1 Ann. d. Chem., ccliii, p. 5, 1889. 
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Pt. Therefore Pt - 40.07 per cent. Methylamine chlorplat- 
inate, (CH,NH,),H,Pt Cls, requires Pt - 41.30 per cent. 
Dimethylamine chlorplatinate, ( (CH,),NH),H,PtC16, requires 
Pt - 38.98 per cent. We can not undertake to say just which 
chlorplatinate of lower platinum content was here mixed with 
the six-sided plates of the methylamine salt, but we neverthe- 
less feel confident that this latter salt was present to the extent 
of at least 50 per cent. 

We have now proved that ammonia and methylhydrazine are 
degradation products of our base, C,H,N,O, but we are also 
reasonably certain that methylamine is to be included with them. 

SKATOL, PROTOCATECHUIC ALDEHYDE, AND VANILLIN AS DECOM- 

POSITION PRODUCTS OF EPINEPHRIN HYDRATE. 

In an earlier paper l it was shown that skatol is formed when 
the monobenzoyl compound of epinephrin is fused with a fixed 
alkali. While this decompositi’on product is of secondary im- 
portance only among the degradation products of our substance, 
it may be deserving of mention that it is also to be obtained 
from epinephrin hydrate itself. We have observed that when- 
ever a quantity of this substance is heated in a Kjeldahl flask 
with a concentrated solution of potassium hydroxide until most 
of the water has been expelled and the Aask is on the point of 
fusing, the odor of skatol at once becomes very pronounced in 
the distillate. However, a much better yield of skatol is ob- 
tained by the following process: 1.5 grams of epinephrin 
hydrate *are dissolved in a very little dilute hydrochloric acid, an 
excess of a strong solution of platinic chloride is added, the 
flask is attached to a reflux condenser, and its contents are 
boiled for two hours. The reduced platinum is separated by 
filtration, while that remaining in solution is removed by hydro- 
gen sulphide. The filtrate is concentrated, and the excess of 
hydrochloric acid is expelled from it by repeatedly evaporating 
it with absolute alcohol. A hygroscopic residue which crystal- 
lizes in part and which still reduces Fehling’s solution is thus 
obtained. It is evident we are dealing here with a partially 
oxidized epinephrin hydrate. If this residue be now heated in 

1 Zeitschr. f. physiol. Chem., xxviii, p, 345, 1899. 
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a flask with a 40 per cent. solution of potassium hydroxide until 
the water of the solution has been almost entirely removed, 
then acidulated with sulphuric acid and shaken with ether, a 
considerable quantity of skatol may be obtained. With only 
a part of the residue resulting from the 1.5 grams of epinephrin 
hydrate that were used in the above experiment, we obtained in 
this way enough skatol for the nitrous acid reaction and for the 
color reaction with concentrated hydrochloric acid. 

Vanillin : Stolz r has stated that when epinephrin hydrate 
(adrenalin) is treated with methyl iodide and a solution of 
sodium hydroxide in methyl alcohol, an incomplete methyla- 
tion take6 place, with the result that vanillin is formed. In the 
absence of any statement to the contrary by Stolz, and in view 
of the fact that only very small amounts of the closely related 
protocatechuic acid have been obtained from adrenalin, we may 
assume that the yield of vanillin obtained by Stolz was likewise 
very inconsiderable. Several months before the appearance of 
this paper by Stolz we also obtained small quantities of vanillin, 
but under very different experimental conditions, and of late 
we have frequently verified our earlier observations. In these 
early experiments it was repeatedly observed that when 
epinephrin hydrate is oxidized with lead peroxide or manganese 
dioxide, or with such a quantity of sodium hypobromite that 
three atoms of oxygen are liberated for each molecule of epi- 
nephrin hydrate, an ether-soluble substance is obtained which, 
either immediately or on standing exposed to the air for a day 
or two, give6 rise to the odor of vanillin. When this substance 
was carefully oxidized with ferric chloride or with an alkaline 
solution of potassium permanganate, a larger amount of vanillin 
was produced, so that it could be extracted and identified both 
by its odor and by its characteristic behavior with phloro- 
glucin and concentrated hydrochloric acid. Later we obtained 
the odor of vanillin on boiling epinephrin hydrate in a test-tube 
with solutions of sodium sulphite and ferric chloride. The 
following method also was found to yield a small quantity of 
vanillin : I gram of chloroform and 4 grams of sodium hy- 
drate dissolved in 8 C.C. of water were added to 1.5 gram6 of 
epinephrin hydrate, the mixture was heated to the boiling-point 

* Ber. d. dmtsch. chew Gesellsch., xxxvii, p. 4150, 1904. 
1 
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of the chloroform, then set aside, again heated, and then set aside 
for twelve hours. The solution was then repeatedly extracted 
with ether, the residue obtained on evaporating the ether was 
extracted with warm benzene, and the benzene solution was 
allowed to evaporate at room temperature. The partially crys- 
talline residue had the odor of vanillin and gave the phloroglucin- 
vanillefn reaction in a manner not to be distinguished from that 
which follows the use of vanillin itself. 

Protocatechuic Aldehyde and its methyl ether, Vanillin: We 
have lately made some improvements in that one of the above 
methods which involves the use of sodium hypobromite. In 
each of four recent trials with this method we have obtained 
protocatechuic aldehyde in considerable amounts and also 
vanillin in quantities that suffice for its identification. Success 
depends here on the observance of three precautions, namely, 
that the oxidation be carried on rapidly, that the temperature 
be not allowed to rise above 60~ C., and that such a quantity of 
hypobromite solution be used as shall only partially oxidize the 
base. To cite an example: 4 grams of epinephrin hydrate were 
dissolved in 20 C.C. of a 20 per cent. solution of sodium hydrox- 
ide, and a freshly prepared hypobromite solution (9.3 grams of 
bromine in 40 cc. of a 20 per cent. solution of sodium hydroxide) 
was immediately added in small quantities at a time, the solution 
being vigorously shaken meanwhile and not allowed to rise 
above 60’ C. The operation, which requires perhaps fifteen 
minutes, is finished when acidulation of a portion of the solution, 
after the last addition of hypobromite, fails to liberate bromine. 
The solution is now neutralized at o” C. with dilute sulphuric 
acid, then made plainly acid, filtered from pigmentary sub- 
stances which have been thrown out, and extracted four times 
with ether recently purified and free from peroxides. The 
residue obtained on evaporating the ether is repeatedly ex- 
tracted with small quantities of warm benzene. The benzene 
solution in a few moments deposits glittering, star-shaped 
clusters of prismatic crystals, and continues to do so as the 
benzene is poured off and allowed to stand. 

This crystalline substance is not to be confounded with either 
protocatechuic acid or with pyrocatechin, since the first of these 
two substances is practically insoluble in boiling benzene, and 
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the second is readily soluble in cold benzene. In order more 
effectually to exclude protocatechuic acid, the first crop of 
crystals was rejected and only the later crops of well-formed 
colorless crystals were recrystallized from warm benzene. It 
was found that three successive yields of crystals obtained by 
recrystallization, all showed a melting-point of 14g~-r50’ C. 
Even the second deposit of colorless crystals obtained from the 
first benzene extract of the ether residue had this melting-point. 
This constancy of the melting-point would indicate that we are 
dealing here with a chemical individual and not with a mixture 
of substances. The substance is fairly soluble in cold water, 
readily soluble in alcohol and ether; its aqueous solutions as- 
sume a canary-yellow color on the addition of alkalies, give the 
characteristic protocatechuic reaction with ferric chloride, re- 
duce ammoniacal solutions of silver nitrate at room tempera- 
ture, do not reduce Fehling’s solution on boiling, and give a 
light-yellow flocculent precipitate with lead acetate. Mixed 
with an excess of phloroglucin and dissolved in a few drops of 
absolute alcohol, it will assume a deep-red color on the addition 
of a few drops of concentrated hydrochloric acid. The reaction 
in this case is, however, easily differentiated from the phloro- 
glucin-vanilleln reaction. The acidulated alcoholic solution 
never deposits a sediment, nor is it rendered turbid by the 
further addition of hydrochloric acid; the red color fades 
quickly when more acid is added and the addition of a few 
drops of water at a time when it is most intense causes it to 
disappear instantly. When the reaction is made in the same 
way with similar quantities of vanillin in place of our substance, 
the difference is striking. In this case the addition of concen- 
trated hydrochloric acid causes a deposition of what is pre- 
sumably red phloroglucin-vanillein, and the whole mixture 
retains its bright cherry-red color on the addition of water, but on 
standing for an hour or two such a diluted mixture will separate 
into a colorless solution and a bright-red granular sediment. 
We lay stress on the fact that the vanillin obtained by us from 
epinephrin hydrate and which, as will presently appear, passes 
into benzene in company with the above crystals, gives the 
phloroglucin reaction in the manner just described. 

We believe there can be no doubt in respect to the identity of 
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the crystalline substance which we have just described. Poto- 
catechuic aldehyde, whose melting-point is given as 150~ C. by 
Fittig and Remsen,’ has the same solubility in all of the solvents 
named, and behaves in an identical manner toward every re- 
agent which we have employed. The acid which corresponds 
to this aldehyde, namely, protocatechuic acid, has hitherto 
been obtained in small amounts only by fusing epinephrin 
hydrate with one of the fixed alkalies, a method which is open 
to criticism on the ground that a substance containing the 
vanillic or similar residues will also yield protocatechuic acid 
when treated in this way. We would state in this connection 
that we have thus far made but one experiment on the behavior 
of vanillin toward solutions of sodium hypobromite, and have 
found that a small quantity remains unaltered, while most of 
it is changed into a substance with the following properties: It 
crystallizes from benzene, is insoluble in water, only very 
slightly soluble in alcohol. Its alcoholic solutions assume a 
steel-blue color on the addition of a very small quantity of 
ferric chloride, and this color passes at once into a shade of 
brownish-green on the addition of an excess of this reagent. 
Recrystallized, the substance melted at 162’ C. We have not 
yet isolated the other products, if there be such, that result 
from this treatment of vanillin, and we have referred to the 
experiment for the purpose of showing that some vanillin may 
remain unaltered in the treatment to which epinephrin hydrate 
was subjected. 

As has been stated, vanillin is always obtained in. small 
amount in association with protocatechuic aldehyde by the 
method of oxidation just described. The bowls in which the 
first benzene solutions are allowed to deposit their protocate- 
chuic aldehyde emit the odor of vanillin after pouring off the 
solvent. The final residue, which is obtained from the benzene 
after repeatedly pouring it off from the crystallized aldehyde, 
gives this odor still more markedly. On carefully oxidizing 
such a residue with a very dilute alkaline solution of potassium 
permanganate, acidulating with dilute sulphuric acid, and shak- 
ing out with ether, the partially crystalline product was pro- 

1 Annal. d. Chew, clix, p. 148, r871. Wegscheider, Momtsh. f. Chem. 
xiv, p. 383, finds the melting-point to be 153%54~ C. 
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nounced by several persons to have the odor of vanillin. This 
product also behaved toward phloroglucin exactly as does syn- 
thetic vanillin. Absorbed as we were in our attempt to separate 
vanillic alcohol from the products of the oxidation with sodium 
hypobromite, we neglected to use a bisulphite solution in the 
isolation of our vanillin. Stolz 1 relied on the crystalline 
character of his substance, on its odor, and on its behavior in 
ether toward a bisulphite solution ior its identification as 
vahillin. In place of the bisulphite test we must offer the 
phloroglucin-vanillei’n reaction, a reaction which, in company 
with the ferric-chloride test, is not given by any other substance 
whose odor could be mistaken for that of vanillin. We there- 
fore agree with Stolz in believing that this substance is ob- 
tainable from epinephrin hydrate, but we attach much more 
importance to its appearance than does this author. He ac- 
counts for it on the assumption that in his experiments with 
methyl iodide and sodium hydrate it was produced in conse- 
quence of the partial methylation of a protocatechuic residue. 
Even under such conditions a part of the vanillin obtained may 
owe its origin to a preformed vanillic complex, Until our re- 
sults shall be otherwise explained, we must hold to the opinion 
that epinephrin hydrate contains a vanillic residue, C,H,(OH)- 
(0.CHJ.C. Two other observations strengthen us in this con- 
elusion . More than a year ago, in beginning a systematic 
study of the behavior of epinephrin hydrate toward the whole 
list of oxidizing agents in use in the laboratory, we several 
times obtained a small quantity of an oily substance which had 
the odor of guaiacol, and recently we have observed that epi- 
nephrin hydrate gives a color-reaction with phloroglucin which 
is very like that given by vanillin. If equal quantities of these 
two substances be intimately mixed, placed in a porcelain bowl 
and moistened with a single drop of hydrochloric acid, a pink 
color is developed, the addition of a second drop intensifies the 
color, and on allowing the material to flow over the surface, the 
bowl appears to have a cherry-red lining. In this connection 
it may also be stated that the crystals of protocatechuic aldehyde 
which are deposited from the first benzene extracts in the above 
oxidation experiments and which have: the odor of vanillin 

1 Ber. d. deutsch. chew Gesellsch., xxxvii, p. 4151, 1904. 
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because of contamination with it or with vanillic alcohol, give; 
when dissolved in concentrated sulphuric acid, a color reaction 
like that given by vanillic alcohol. 

Had we obtained vanillin only by the action of sodium 
hypobromite on epinephrin we should be inclined perhaps to 
attach little significance to its appearance. It might be urged 
that methyl bromide is formed as the first step in the use of this 
reagent, and that the bromide in the presence of the alkali acts 
as a methylating agent upon the protocatechuic residue, thus 
producing vanillin ; or, that commercial bromine frequently 
contains a little methyl bromide, in which case the argument 
just advanced would also apply. When it is recalled, however, 
in how many ways vanillin has been obtained by us it will be 
seen how untenable are such assumptions. No charge of direct 
methylation can be brought against these other methods. It 
therefore only remains for our critics to advance the hypothesis 
that in all these instances a methyl group was shifted from the 
side chain 40 the hydroxylatid benzene nucleus. We are not 
aware that a transfer of this kind has ever been observed to 
take place in the use of oxidizing agents of only medium power, 
and also in the use of a fixed alkali and of chloroform as in the 
experiments cited above. 

Our observations in respect to the occurrence of vanillin 
among the degradation products of epinephrin hydrate are not 
in harmony with the results of von Furth,r who failed to obtain 
any evidence of the existence of a methoxy group in suprarenin 
on treating it with hydriodic acid by Zeisel’s method. We are 
aware that Hewitt and Moore 2 have found that vanillin yields 
the theoretical amount of O-methyl when it is tested by this 
method. Vanillin in combination with other residues need not, 
however, give off its methyl group with equal ease. Von Fiirth 
states briefly that suprarenin contains no methoxy group, 
but he furnishes no data such as the length of time during 
which the substance was tested, or whether it was resinified by 
the concentrated hydriodic acid, points which now become of 
importance. The literature of chemistry contains numerous 

) Monutsh. f.  Chem., xxiv, p. 263. 1903. 
1 A Modification of Zeisel’s Method for the Estimation of Methoxyl 

Groups. JG-w. Chek. Sot. Trans., Ixxxi, pp. 318321, 
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examples of inadequate results given by this method. Decker 
and Solinina r found that only one of the two ethoxy groups 
contained in a certain nitrosophenol derivative was removed 
by the use of Zeisel’s method, while.the other was liberated on1 y 
under the conditions which obtain in the method of Herzig and 
Meyer. Later, Decker 2 reported that only prolonged boiling 
(three to four hours) with saturated hydriodic acid enabled him 
to obtain the required amount of O-ethyl in the case of several 
bodies. Inadequate, but far from negative, results have also 
been obtained in the case of substances containing both 0- and 
N-methyl,3 as well as in the case of such as contained only 
alkyloxy groups.4 Our results certainly justify us in raising 
the question whether epinephrin hydrate may not belong to 
that class of substances whose alkyloxy groups are not easily 
severed from the molecule. Such resistant groups may be 
wrongfully estimated along with concomitant N-alkyl groups 
unless suspicion is aroused, as in our case, by evidence otherwise 
obtained, that the reaction has proceeded in an anomalous 
manner. 

On treating his substance by the method of Herzig and 
Meyer, von Fiirth obtained methyl iodide, but in such amount 
only as indicated 4.79 per cent. and 5.19 per cent. of N-methyl, 
whereas his formula, C,H,,NO,, requires the presence of 8.2 

per cent. of N-methyl on his assumption that it contains the 
methylimide (:N.CH,) group. If we assume that epinephrin 
hydrate, 2 (C,,H,,NO,+H,O), contains a methyl group linked 
to one of its two nitrogen atoms and that a second methyl 
group is attached to oxygen, it will follow that the calculated 
yield for both kinds of methyl is 7.35 per cent., while that for 
each alone is 3.76 per cent. Von Fiirth’s results agree fully as 
well with our assumption as with his. The appearance of 
vanillin in our experiments demands that epinephrin hydrate 

s Ber. d. deutsch. chew Gesellsch., xxxv, p. 3221, rgoz. 
2 Ber. d. deutsch. chew Gesellsch., xxxvi, p. 2895, 1903. See also 0. 

Hesse, Ber. d. deutsch. &em. Gesellsch., xxx, p. 1985, 1897; and Bistrzycki 
and Herb&, Ber. d. dewtsch. chew Gesellsch., xxxv, p. 3140, 1902. 

3 Freund, Ber. d. deutsch. them. Gesellsch., xxxii, p. 183, 1899. 

4 Moldauer, Monatsh. j. Chem., xvii, p. 470, 1896. Bamberger, 
Monatsh. j. Chem., xv, pp. 509-510. 
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should be again tested for the presence of an oxymethyl group 
by the method of Zeisel. Prolonged boiling with saturated 
hydriodic acid, followed by treatment according to Herzig and 
Meyer,might lead to results that would agree with our observa- 
tions and leave no doubt that one of the two benzene nuclei in 
epinephrin hydrate consists of a vanillin residue GH,(OH)(O.- 
CH,).C. In view of the fact that the base also yields proto- 
catechuic acid and that after methylation and subsequent 
oxidation it yields veratric acid,’ the second benzene nucleus 
must exist in the form of the protocatechuic complex, CsH,- 
(OH),.C. 

We have seen that a considerable quantity of methylamine is 
liberated when epinephrin hydrate is boiled with water in a 
current of hydrogen. Pauly, Jowett, and Stolz have all ob- 
tained small quantities of this volatile base on treating their 
material with solutions of the fixed alkalies, or on oxidizing it 
with potassium permanganate (Jowett). This result taken 
with other considerations has led these authors to believe that 
epinephrin hydrate contains the group .NH.CH, attached to a 
side chain, in place of the :N.CH, group assumed by von Fiirth. 
Our own observations force us also to accept the conclusion th&t 
one of the two nitrogen atoms of epinephrin hydrate is present 
in the complex NH(CH,). The other nitrogen atom of our 
double molecule, which like the first must exist in a side chain, 
we assume to be present in the group :NH. We offer this sug- 
gestion .in explanation of the appearance of ammonia when 
epinephrin hydrate is boiled with water, and also because no 
evidence is obtainable to indicate the presence of a primary 
amine residue, while Pauly has shown that epinephrin hydrate 
behaves toward phenyl mustard oil like a secondary amine, 
although a nitrosamine was Dot obtainable. 

We venture on no hypothesis of our own in respect to the 
disposition of the hydroxyl groups which we must assume to 
be present outside of the benzene nuclei; in respect to the 
manner in which the intramolecular dehydration occurs, when 
the hydrate, 2(C,,H,,NO,+H,O), is changed into the alkaloidal 

1 Jowett, Trans. Chew Sot., lxxxv, pp. 195-196. Stolz, Ber. d. deutsch. 
them. Gesellsch., xxxvii, p, 4149, 1904. 
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body, a(C,,H,,NO,), nor as to the manner in which the two 
side chains, so to speak, of our moleoule are connected. 

OBJECTIONS TO THE FORMULA, CsH,(OH)..CH.OH.CH,.NH.CH,, NOW 

GENERALLY ACCEPTED AS I;aOST PROBABLY REPRESENTING 

THE CONSTITUTION OF OUR SUBSTANCE.’ 

I. The analytical data which we have given in a preceding 
section of this paper, together with the arguments there ad- 
vanced, justify us in contending that the elementary formula, 
C,H,,NO,, is not established with that certainty which is 
a prerequisite to a study of the chemical constitution of a 
compound. 

2. We have shown in an earlier paper 2 that epinephrin hy- 
drate, 2 (C,,H,sNO,+H,O), is readily dehydrated and thereby 
changed to the alkaloidal base, 2(C,,H,,NO,). It is this ob- 
servation especially which has forced us to doubt the validity 
of the molecular-weight determinations which have appeared to 
corroborate the formula C,H,jNO,. To those who wish to 
repeat this experiment, we would say that the dehydration must 
be effected at as low a temperature as possible. During the 
past year we have observed that a concentrated solution of 
trichloracetic acid (I :I) also effects this dehydration, but we 
have not determined whether, in addition to the loss of a mole- 
cule of water, other changes may not here take place. 

In an earlier paper it was also shown that the monobenzoyl 
epinephrin (dehydrated) is capable of taking up three acetyl 
groups. The dehydrated molecule is therefore able to bind four 
acidyl groups in proportion to ten atoms of carbon (or nine if 
the formula of Aldrich be correct). This capacity of dehy- 
drated epinephrin for holding acid radicles can not be made to 
harmonize with the views now held in respect to its constitu- 
tion. It is difficult to see how a substance of the assumed 

1 See Jowett, Trans. Chem. Society, 1904, p. 192. Stolz, Ber. d. htsch. 
them. Gesellsch., xxxvii, p. 4x49, rgo4. Pauly, Ber. d. deutsch. chew 
Geselbsch., xxxvii, p. 2944, rgo3, and xxxvii, p. 1388, rgoq. Friedmann, 
Be+. them. Physiol. u. Pathol., vi, p. gz, 1904. 

2 Ber. d. aktsch. chew Gesellsch., xxxvi, p. 1844, rgo3. 
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constitution, C,H,(OH)$H.OH.CH,.NH.CH,, can lose the ele- 
ments of water and still aetain this property of binding four 
acid radicles. 

3. It has been shown that when our substance is boiled with 
water in an atmosphere of hydrogen, both methylamine and 
ammonia are liberated. Now a substance with the chemical 
structure above assumed would hardly be expected to yield 
both of these bases under these conditions. Apparently such 
a substance, if decomposed at all by tkis treatment, would yield 
methylamine alone and not ammonia also. 

4. The appearance of vanillin which has been repeatedly 
found by us to be present among the degradation products of 
epinephrin hydrate is also not explainable if we accept the 
structural formula C,H,(OH),.CH.OH.CH,.NH.CH,. 

5. The advocates of this structural formula have also failed 
to show that a substance of the character assumed can yield the 
peculiar and highly unstable base, C,H,N,O, which is so easily 
obtainable on oxidizing either epinephrin or its hydrate with 
nitric acid, It may be incorrectly surmised in some quarters 
that the discovery of this base can throw no light on the con- 
stitution of epinephrin, since possibly it is synthetically pro- 
duced in the course of the oxidation, being itself the result of 
an interaction between the side chain of epinephrin and nitric 
acid. On such an hypothesis the nitrogen of the base, C,H,N,O, 
would owe its origin entirely or in part to the nitric acid em- 
ployed, and the base would be formed in much the same way as 
glyoxalin, C,H,N,, appears, when ethyl alcohol is oxidized 
with nitric acid. We cannot admit that such an assumption, 
however plausible in appearance, has any foundation in fact. 
It has already been stated 1 that the base is still obtainable after 
epinephrin has been subjected to a preliminary oxidation with 
chromic acid, a procedure which would apparently either de- 
stroy orso modify the side chain of our molecule as to render it 
incapable of interacting with nitric acid in the manner assumed. 
The fact that this base, C,H,N,O, yields ammonia and methyl- 
amine among its degradation products in like manner with 
epinephrin, also encourages us in the belief that all of its nitrogen 

1 Ber. d. deutsch. them. Gesellsch., xxxvii, p. 377, 1904. 
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is derived from epinephrin and that it is to be reckoned with in 
any study of the constitution of this substance. 

We have shown conclusively that this singular base yields 
methylhydrazine, CH,NH.NH., on treatment with alkalies, a 
fact which forces us to believe that its two nitrogen atoms are 
directly linked the one to the other, and that it has the chemical 
structure of an open chain or cyclic hydrazide. Such experi- 
ments as we have made with a view to deciding this point, while 
not conclusive in character, rather induce us to believe that the 
base is a new and highly unstable cyclic hydrazide. If it con- 
tains a methyl group preformed, it might reasonably be sup- 
posed to possess a structure something on the order of a methyl 
oxybiazol, N - N , 

HlJ II 
while if the methyl group of its de- 

C (CHJ 

‘0’ 
composition products is secondarily produced from a methylene 
group in the course of the treatment with alkalies, a structural 
formula on the order of the pyrazolon series, N - NH, would 

II I 
CH.CH..CO 

be more in accord with the facts observed. 
We are far from asserting that this substance, C,H,N,O, even 

though we believe that its two nitrogen atoms are derived from 
epinephrin, exists as such in the epinephrin molecule. As- 
suming for,the moment that the groups :NH and .NH.CH, are 
present in the side chain of the molecule 2(C,,H,,NO,)H,O), 
it is conceivable that in the production of the base, C,H,N.O, 
ring closure took place in such a way that the nitrogen atoms of 
these two disconnected groups became directly joined. The 
appearance of methylhydrazine among the decomposition pro- 
ducts of the base has very naturally induced us to search for 
hydrazine and methylhydrazine among the degradation pro- 
ducts of epinephrin hydrate itself, but thus far our search has 
not met with success. 

We venture to think that the foregoing objections speak with 
some force against the validity of the formula C$H,(OH),- 
CH.OH.CH,.NH.CH,, as correctly representing the structure of 
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our substance, and we offer them with no desire to defend our 
past work at all costs and with no intention of disparaging the 

work of our opponents in the study of this interesting com- 

pound. We admit the force of the arguments which speak for 

the presence of a protocatechuic residue, but we are forced by 

our own work to point out that the vanillin complex, CaH,- 

(OH).(O.CH,) (~.z.),may also be found to be present. Further 

experiments as to the constitution of the nitrogenous complex 

or side chain with which these nuclei are associated appear to 
us to be necessary before a definite conclusion can be announced 
in respect at least to the location of its hydroxyl groups. In 
spite of the considerable success with which present-day efforts r 
have been rewarded, no one has yet produced our substance by 

HO 

0 OH 
synthetic methods. The complex will no doubt show a 

high degree of physiological activity when it is joined with 
nitrogenous side chains of widely different chemical structures. 
An argument as to identity of chemical structures, which rests 
largely on similarity of physiological action, is of little value 
when it is remembered that compounds which differ widely in 
chemical structure not infrequently have one or more physio- 
logical reactions in common, such as the power to induce local 

amesthesia, or to cause mydriasis. 

NOTES ON SOME SYNTHETIC EXPERIMENTS. 

Influenced by the point of view which has just been presented, 

we undertook a series of experiments with the purpose of form- 

ing a number of physiologically active compounds which should 

contain one or. two hydroxylated benzene nuclei associated with 
a nitrogenous complex containing two atoms of nitrogen. 
Only one of the compounds thus far prepared by us has a pro- 
nounced action as a local vaso-constricting agent. We have no 

1 Stolz, Ber. d. deutsch. them. Gesellsch., xxxvii, p, 4x49, rgc+ Dakin, 
Journ. of Physiol. (Proc. Physiol. Sot.), February 05, rgog. 
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analyses of our products to offer and we give our notes in bare 
outline in the hope that others may find in them something of 
value. 

METHYLHYDRAZINB (cH,.NH.NH.) AND &I~D~PR~~I~NIO ACID. 

These substances, the first ’ of which should be thoroughly 
pure and well dried, are allowed to act on each other in benzene 
solution. Union at once takes place with the evolution of heat 
and the formation of water, and the resulting compound falls 
out as a white viscous substance insoluble in toluene. If the 
ethyl ester of @iodopropionic acid is used in place of P-iodopro- 
pionic acid an entirely similar product is obtained, but in the 
course of a few days it shows imbedded in it a large number of 
colorless prisms. 

In either case the substance is very soluble in water and 
alcohol, insoluble or only slightly soluble in ether and in ben- 
zene, The addition of a five per cent. solution of sulphuric acid 
does not cause P-iodopropionic acid to be liberated. The 
difficulty we have encountered in freeing these products from 
hydriodic acid or iodine leads us to surmise that water or alcohol 
abstraction alone occurred in the above reactions, while the 
iodine has remained in its position in the iodopropionic acid, 
and that our substances therefore are open chain hydrazides. 

We had reason to hope that the reaction would take place in 
agreement with the following scheme, 

H,C - CO 
I I H,C - CO 

H,C /ml+ ‘NH 
I 

,-; ’ 
I 

I HN.NH H,C - N$H, 

I 
CH, 

and the product in this case would be r-methyl 3-pyrazolidone, 
These hydrazides, as we shall for the present call them, react 

easily with protocatechuic aldehyde, vanillin, and chloraceto- 

1 For method of preparation, see G. von Briining, An% d. Chem., diii, 
p. 5. 1889. 
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pyrocatechin. Warmed on the water-bath with vanillin, both 
hydrazides yield a red crystalline product. Similarly treated 
with protocatechuic aldehyde, the hydrazide of P-iodopro- 
pionic acid yields a non-crystallizable substance which has a 
slight action as a local vaso-constricting agent, while the hydra- 
zide of the iodopropionic ester is easily obtained in the form of 
yellow crystals. 

In this last case the mixture of aldehyde and hydrazide 
solidifies to a hard mass when removed from the water-bath. 
This is softened with water, neutralized with a solution of 
sodium bicarbonate, whereupon a tar-like precipitate falls out 
which soon turns into a reddish granular compound. When 
this compound is treated with a very little dilute hydrochloric 
acid it is converted into an acid which crystallizes in yellow 
needles. This acid may be recrystallized from hydrochloric 
acid. Like the other compound described, it reduces Fehling’s 
solution and ammoniacal solution of silver nitrate and is free of 
iodine. Its aqueous solutions do not blanch the vessels of the 
conjunctiva. 

ACTION OF THE HYDRAZIDE OBTAINED FROM fl-IODOPROPIONIC 

ACID UPON CHLORACETOPYROChTECHIN1 (c~H, .(oH),.co.cH.c~). 

These two substances react upon each other with some vigor 
when they are intimately mixed by stirring the powdered 
crystals of the latter compound into the viscous hydrazide. 
The reacting mixture soon assumes a dark-brown color, a gas 
is continuously evolved that is found to carry fumes of a halogen 
acid, but we can not say whether this acid is the only gaseous 
product evolved. The reaction was also allowed to take place 
in the presence of a mixture of zinc dust or zinc chloride. After 
adding sodium acetate, the zinc was removed with hydrogen 
sulphide, and organic solvents, as alcohol and acetone, were 
employed to separate the organic product from the inorganic 
salts, as far as possible. In all these operations the removal of 
solvents is effected by evaporation under reduced pressure. At 
one stage in the process the aqueous solution must be repeatedly 

1 For method of preparation, see Dzierzgowski, Chew. Central-BZatt, 2, 

1893, P. 415. 
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shaken with ether to remove all traces of altered and uncom- 
bined chloracetopyrocatechin. The product finally obtained 
is a brown, viscous, non-crystallizable residue which is acid in 
character and still contains iodides. This substance, which 
may not represent a single chemical individual, is nevertheless 
of interest, as its aqueous solution in the proper concentration 
induces a prolonged and complete constriction of the conjunc- 
tival vessels. One drop of 0.27 per cent. solution applied to 
the conjunctiva of a dog suffices to blanch the vessels for a 
short time. Injection of 0.0027 gram (r c.c. of a o-a7 per cent. 
solution) into the jugular vein of a dog weighing 7.58 kg. caused 
the arterial pressure to fall promptly from ISO to 130 mm. An 
injection of 0.012 gram caused a fall of go mm. in the arterial 
pressure, with a fairly rapid return to the normal pressure. 
No vagus effect is noticeable in the blood-pressure tracing, 

A crystalline and sharply characterized compound which is, 
however, entirely powerless to cause vaso-constriction when 
applied locally, is easily obtainable as follows. The hydrazide 
is first treated on the water-bath, with such a quantity of a ten 
per cent. solution of nitric acid as is found on trial to be just 
sufficient to liberate its iodine. At a certain point in the oxida- 
tion clouds of iodine vapor are evolved, and if more water is 
now added and the evaporation continued until the residue is 
free from nitric acid, it will generally be found to have lost all 
of its iodine. If this result has been effected without having 
proceeded too far in the oxidation of the hydrazide, it will be 
possible to obtain a substance in the form of reddish-brown 
crystalline crusts by dissolving the residue in hot water; adding 
a little alcohol, and allowing it to stand. If this substance is 
boiled in water with chloracetopyrocatechin, an addition pro- 
duct is obtained which crystallizes from the solution in the 
form of large, reddish, raspberry-like nodules with a diameter 
of one centimeter or less. On the assumption that the molecu- 
lar weight of the oxidized hydrazide was not larger than 84, 
two molecules of chloracetopyrocatechin were used in preparing 
this compound, and it was found that this quantity had entered 
into combination without a remainder. The substance thus 
formed is fairly soluble in water, emits an odor like that of 
methylamine when treated with’alkalies, is neutral to litmus, 
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and gives no precipitate in the presence of nitric acid on the 
addition of silver nitrate. It reduces Fehling’s solution and 
ammoniacal solution of silver nitrate, This compound may 
possibly be of interest to chemists and it will perhaps repay 
more careful examination. Its action on the arterial pressure 
has not been tested. 

It may also be stated that the iodine of our hydrazide may be 
removed by treating its solution in 60 per cent. alcohol with an 
alcoholic solution of cupric acetate and removing the excess of 
copper with hydrogen sulphide, all evaporations of solvents be- 
ing effected as before under reduced pressure. 

The product thus obtained is a brownish, viscous, non-crystal- 
lizable substance which still reduces Fehling’s solution but 
only on prolonged boiling. We have not as yet been able to 
combine this substance with the hydroxybenzene compounds 
above named so as to secure well characterized products. 


