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Fvery acyl derivative of a monobasic a-amino acid, RCONHCHRCOOH.,
which has been examined in this laboratory, reacts smoothly with thio-
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cyanic acid, in acetic anhydride solution, forming an acylthiohydantoin.
The only c-amino acids which have failed to react in this manner are the
dibasic amino acids—glutaminic and aspartic. If, however, the influence
of one of the carboxyl groups in these compounds is destroyed by con-
version of the glutaminic and aspartic acids into pyrrolidonecarboxylic
acid and asparagine, respectively, then the above reaction can be applied
successfully. ‘The results, which we have obtained in our investigations,
show that this unique reaction is not dependent upon the positive or
negative character of the acyl group present in the acylamino acid. For
example, the strongly negative m-nitrohippuric and phenylsulfonamino-
acetic acids, III and IV, combine just as readily with thiocyanic acid as

CH,;CONHCH,COOH C:H;CONHCH,COOH
I II.
NO;.C:H,CONHCH,;COOH C.H»SO,NHCH,COOH
III. Iv.

either aceturic, I, or hippuric acids, II. The mechanism of these reac-
tions appeared to be perfectly analogous to that involved in the transforma-
tion of amines into thioureas by interaction with thiocyanic acid, and the
following provisional interpretation was given in our seventh hydantoin
paper.! The acylamino acid first interacts with thiocyanic acid, in the
anhydride solution, forming an addition product or salt, VI. The latter
then undergoes a normal rhodanide rearrangement, on heating, giving a
thiohydantoic acid derivative, VII, which is finally transformed into the
thiochydantoin compound, VIII, by action of the acetic anhydride. These

changes may be represented as follows:

RCONHCH;CooH HS5°N  RCONHCH,COOH —>

HSCN
V. VI.

RCON.CH,COOH —> RCO.N.CS.NH.CO.CH, -+ H.0.
| |

CSNH,
VII. VIII.

Although a thiohydantoic acid, as represented by formula VII, would
be:expected to condense to a thiohydantoin, if once formed, it is to be
noted, however, that no experimental evidence has yet been produced,
which’indicates the formation of such intermediate compounds. In fact,
the:results, which were discussed in our last paper,® and those of new
researches now in progress, suggested to the writer that our original in-
terpretation was not the correct explanation of the action of thiocyanic
acid on these acylamino acids. Our new observations now lead us to the

1 Johnson and Nicolet, THIS JOURNAL, 33, 1973.
2 Johnson and Scott, Jbid., 35, 1130.
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conclusion that a salt formation is not an intermediate phase, and, further-
more, that such compounds are not formed even under conditions where
they would be expected to be produced. The results already published
and the new data, which are now presented in a preliminary form, lead to
the important conclusion that the acylamino acids do not take part di-
rectly in these transformations, but are first converted into lactone-anhy-
drides.! The latter, which are known to be formed under the conditions
of our experiments, are the intermediate compounds which functionate
in these reactions. The mechanism of the transformations may, there-
fore, be explained as follows: The acylamino acid is first transformed
by the action of the acetic anhydride into its corresponding lactone-anhy-
dride, IX. This anhydride, IX, then interacts with the thiocyanic acid,
which is liberated from its ammonium salt by action of the acetic anhy-
dride, forming the corresponding acylisothiocyanate, X. The latter, be-
ing unstable, then undergoes a molecular condensation and is converted
into the isomeric acylthiohydantoin, XI. This action of thiocyanic acid
is perfectly analogous to that of hydrochloric acid, which Mohr? has
shown to combine quantxtatxvely with lactone anhydrides, IX, forming
'the‘ corresponding acid chlorides, XII. Isothiocyanates represerited by
formula X have not been prepared. The different phases of the reac-
tion with hippuric acid may, therefore, be represented as follows:

OJH;CONHCH,COOH + (CH;C0):0 —> GCHC = N
B )CHz + 2CH:COOH.

0—CO
X
CsH:,C = N\
| /\CH2 + HSCN. —> C:H;CO.NHCH,.CO.NCS ——>
0-—-CO
IX. X.
NH—CO
L
cs |
: i
CsH;CO.N——CH,
XI.
C5H5C = 1?\\
| /CHz + HCl —> CH;CONHCH:COCI.
0—CO

IX. X11.

‘This new interpretation of the mechanism of these reactions is sup-
ported by the following facts:

1 Mohr and Kohler, J. prakt. Chem., 80, 521; Mohr and Gies, Ibid., 81, 49; Mohr,
Ibid., 81, 473; 82, 60, 322. Mohr and Straschein, Ber., 42, 2521; Mohr and Kohler,
Ibid., 40, 997.

2 Loc. cit.
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1. Acetic anhydride is the only solvent in which we have been able to
effect the transformation. We intend to investigate the action of other
acid anhydrides.

2. The lactone-anhydride formation is a normal change when acyl-
amino acids are heated with acetic anhydride. Several compounds of
this type have been isolated and their properties carefully investigated by
Mohr! and his co-workers.

3. Acylthiohydantoins are not formed when acylamino acids are warmed
in glacial acetic acid with ammonium thiocyanate. This observation is
of especial interest, as it shows that a salt formation is not an intermediate
phase. Hippuric acid and benzoylalanine? were both recovered unal-
tered when subjected to this treatment. On the other hand, if either of
these two acids are first converted into their corresponding lactone anhy-
drides, and the latter are warmed with ammonium thiocyanate in glacial
acetic acid, the corresponding acylthiohydantoins are formed. The lac-
tone-anhydride of benzoylalanine has been described by Mohr and Stras-
chein.! The corresponding lactone of hippuric acid has not been isolated
in a state of purity.?

3. The formation of thiohydantoins is completely inhibited by substx-
tution of the hydrogen atoms of either the —NH— or the —COOH
groups of the acy’amino acids. In other words, any change in the consti-
tution of the acylamino acid, which prevents a lactone formation, also
inhibits the formation of thiohydantoins. For example, acetylphenylgly-
cocoll, CH;CO(CH;)N.CH.COOH, and ethyl hippurate,

CsH;.CONHCH,COOC,H;,
underwent no change when heated in acetic anhvdride solution with an
excess of ammonium thiocyanate.

4. There was no evidence of the formation of benzoylthlourea,
CsH;CONHCSNH,,* when benzamide was heated with ammonium thio-
cyanate in acetic anhydride or acetic acid. In other words, the amide
grouping is not sufficiently basic to combine with thiocyanic acid to form
a salt in presence of the anhydride.

5. Substitution of a hydrogen in the methylene group —NHCHRCO—
does not prevent the formation of thiohydantoins.

Having shown that lactone-anhydrides of acylamino acids react with
thiocyanic acid to form acylthiohydantoins, it at once became of interest
to investigate the action of thiocyanic acid, in acetic anhydride solution,
on an anhydride of an unsaturated «-acylamino acid. We selected for
this work Erlenmeyer’s lactimide of S-phenyl-a-benzoylaminoacrylic

1 Loc. cit.

2 Fischer, Ber., 32, 2454.

i Mohr, J. prakt. Chem., 82, 60.

+ Miquel, Ann. chim. phys., (5] 11, 313.
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acid, XV.! Theoretically this lactone might be expected to interact with
thiocyanic acid with formation of the same hydantoin which is obtained
by condensation of 2-thio-3-benzoylhydantoin (XVI) with benzaldehyde,
namely, 2-thio-3-benzoyl-4-benzalhydantoin, XVII. We found, how-
ever, that this compound was not changed by warming with thiocyanic
acid and acetic anhydride. There was no evidence of the formation of the
thiohydantoin,? XVII. Furthermore, the g-phenyl-a-benzoylamino-
acrylic acid, XIII, failed to interact with thiocyanic acid, but was con-
verted quantitatively into the lactimide, XV, by action of the acetic an-
hydride. Whether these results are to be explained by the fact that
these unsaturated lactone-anhydrides possess a different constitution
(lactone, XIV) than that assigned to the anhydrides formed from saturated
a-acylamino acids must be determined by further work.

CeH;CH : C(NHCOCH;)COOH —>
XIII. CsHsCON——C H CHCeHs or CsHsC = N—C K CHC|H5

CO 0o
XIV. XV.

CO

CH;C = N—C : CHC:H,

O0———~CO <+ HSCN

XV.
\ II\IH—CO NH—CO
|
cs — CS
CsH;CO.N — C : CHCsH, NH—C : CHGCH;
XVII. XVIIL

IIIH—CO /1

(O] + CsH;CHO

CsH:CO.N — CH;
XVI.

This investigation of the action of thiocyanic acid on lactone-anhy-
drides of acylamino acids will be continued. We are also investigating
the action of thiocyanic on polypeptides and related compounds.

Experimental Part.
The Action of Ammonium Thiocyanate on Hippuric Acid.

Experiment 1.—Two grams of hippuric acid and 1 gram of dry, finely
pulverized ammonium thiocyanate were suspended in 10 cc. of glacial
acetic acid and the acid heated on the steam bath until complete solution
was effected (2 hours). The acid solution was then cooled and diluted

L Ann., 275, 3.
2 We have recently obtained evidence that this hydantoin may be formed by ap-
plication of this reaction (T. B. Johnson).
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with cold water. After standing for one hour the hippuric acid had de-
posited in beautiful needles and melted at 187-188°. More of the same
substance was obtained on concentrating the solution. We obtained no
evidence of the formation of 2-thio-3-benzoylhydantoin or 2-thiohydan-
toin.

Experiment 2.—Two grams of finely pulverized hippuric acid were dis-
solved in 10 cc. of freshly distilled acetic anhydride and the solution heated
on the steam bath (protected from moisture) for exactly 3o minutes.
The excess of acetic anhydride was then removed by heating at 100° under
diminished pressure. A thick syrup was obtained, which showed no
signs of crystallizing on cooling. No attempt was made to purify this,?
but it was immediately dissolved, together with 1 gram of dry ammonium
thiocyanate, in 10 cc. of glacial acetic acid, and the resulting solution then
heated on the steam bath for 30 minutes. An orange-colored solution
was obtained. ‘This was then diluted with cold water and finally cooled.
No crystallin material separated. The solution was then acidified with
hydrochloric acid and evaporated to dryness at 100° and the residue
purified by recrystallization from hot water. Two definit products were
separated in a pure condition, namely, 2-thichydantoin and unaltered
hippuric acid. The hydantoin melted at 227-228° with decomposition.
When mixed with pure thiohydantoin from another preparation, this
melting point was not lowered. The hippuric acid separated in slender
prisms and melted at 188°. The yield of thichydantoin was small.

Experiment 3—~Two grams of hippuric acid were heated with 10 cc. of
acetic anhydride as described in Experiment 2. The excess of anhydride
was then expelled by heating at 100° under diminished pressure. We ob-
tained a thick syrup as in Experiment 2. This was then dissolved, to-
gether with one gram of ammonium thiocyanate, in 10 cc. of acetic anhy-
dride and the mixture heated for 20 minutes. After cooling, the anhy-
dride solution was then poured into water, when 2-thio-3-benzoylhydan-
toin separated immediately in a crystallin condition. It was purified by
crystallization from alcohol and melted at 166°. The yield was good.

Experiment 4.—Two grams of hippuric acid were dissolved in 10 cc. of
acetic anhydride and the solution heated on the steam bath for one hour.
It had assumed a light red color. One gram of dry, finely pulverized
ammonium thiocyanate was then added and the mixture heated again,
at 100° for 20 minutes. It was then cooled and diluted with water,
when 2-thio-3-benzoylhydantoin separated in a crystallin condition. It
was purified by crystallization from 959, alcohol and melted at 166°.

The Action of Ammonsum Thiocyanate on Ethyl Hippurate—Two grams
of ethyl hippurate and 0.9 gram of dry ammonium thiocyanate were dis-
solved in a mixture of 9 cc. of acetic anhydride and 1 ce. of glacial acetic

! Mohr, loc. cit.
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acid. The solution was then heated on the steam bath for 25 minutes
and finally cooled and poured into cold water. An oil separated at once
and finally completely solidified. This substance gave no test for sulfur
and was identified as unaltered ethyl hippurate. It was purified by re-
crystallization from water and melted at 59-60°.
NH—(;O
2-Thio-3-benzoyl-g-methylhydantoin, ¢S — This hy-
C:H;CO.N——CHCH,

dantoin is formed when benzoylalanine is warmed in acetic anhydride
solution with ammonium thiocyanate and has been described in our pre-
vious paper.! It melts at 158°.

The Action of Ammonium Thiocyanate on the Lactone of Benzoylalanine*
C¢H;C = N—CHCH;

cf) (f: o .—Seven and four-tenths grams of benzoylalanine
were dissolved in 35 cc. of acetic anhydride and the solution heated
for 20 minutes in a boiling water bath. The excess of acetic anhydride
was then removed by heating at 100° under diminished pressure. The
lactone was obtained as a transparent oil and the yield was practically-
quantitative. This lactone was dissolved in a mixture of 25 cc. of acetic
anhydride and 2 cc. of acetic acid, 3.2 grams of dry ammonium thio-
cyanate added to the solution and the mixture finally heated on the
steam bath for 20 minutes. After cooling and pouring into cold water,
we obtained 8.6 grams of 2-thio-3-benzoyl-4-methylhydantoin. It melted
at 157° after the first crystallization from 959, alcohol. The same hydan-
toin is also formed when the lactone is warmed (in glacial acetic acid) with.
ammonium thiocyanate. The yield, however, is smaller.

Action of Ammonium Thiocyanate on Benzamide—The acid amide was
recovered unaltered after heating with the thiocyanate, in acetic anhy-
dride solution, for 3o minutes. It separated from water in plates melt-
ing at 128°. There was no evidence of the formation of any benzoylthio-
urea, CsH;CONHCSNHe.

Action of Ammonium Thiocyanate on Phenylglycocoll, CeH;NHCH,COOH.
—Two grams of the amino acid and 1.5 grams of the thiocyanate were
digested with a mixture of 9 cc. of acetic anhydride and 1 cc. of glacial
acetic acid for 3o minutes. The mixture was then poured into water,
when an oil separated. A little hydrochloric acid was then added and the
mixture evaporated to dryness. We recovered the phenylglycocoll un-
altered. This melted at 126—127° and gave no test for sulfur.

Experiments with Erlenmeyer’s Lactimide,?

1 Johnson and Scott, loc. cif.
2 Mohr and Straschein, loc. cit.
5 Ann., 275, 8.
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CeH;CO.N——C : CHC:H; or CGH,—,.%‘ = N—(T‘ : CHC¢H;.
| |
CO 0o CO

—This lactimide was prepared according to Erlenmeyer’s directions by
condensing benzaldehyde with hippuric acid. It melted at 164-165°.

Experiment 1.—The lactimide was heated with ammonium thiocyanate
in acetic anhydride solution as described in the previous experiments.
The lactimide dissolved completely on warming, but there was no evi-
dence of any reaction. On cooling, the lactimide separated and was
purified by crystallization from benzene. It deposited in yellow crystals
and melted at 165°.

Experiment 2.—The lactimide was converted into B-phenyl-«-benzoyl-
aminoacrylic acid, XIII, by hydrolysis with

C¢H;CH : C(NHCOC:H;)COOH
- XIIL

alkali and the latter, XIII, then warmed with acetic anhydride and am-
monium thiocyanate. After heating for 30 minutes the solution was then
cooled when the lactimide immediately deposited and melted at 165°.

There was no evidence of the formation of a thiohydantoin compound.
New HaveNn, CoxN.

{CoNTRIBUTION ¥ROM THE KENT CHEMICAL LABORATORY OF THE UNIVERSITY OF
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THE THERMAL DECOMPOSITION OF SYMMETRICAL DIARYL-
HYDRAZINES—A REACTION OF THE FIRST ORDER.!
By Geo. O. CurME, JR.
Received July 3, 1913.

Many hydrazines, as is well known, show a tendency to undergo, with
great facility, a variety of molecular changes, involving a redistribution
of the atoms composing their molecules. The two chief types of such re-
actions are the following:

(1) Many hydrazines, when heated, decompose into compounds of a
lower and a higher state of oxidation. Thus hydrazobenzene decomposes
into aniline and azobenzene:

ZCGHaNH.NHCGHa —_ CGHE,N : NCGeH; + ZCGH:,NHz. (I)
(2) Symmetrical arylhydrazines and their derivatives undergo the

benzidine and related rearrangements, under the influence of acids. Thus
hydrazobenzene changes into benzidine and diphenyline:?

CGHE,NH.NHCGHE, —+ 2HCl —> C1H3NC6H4C(~H4NH3C1 (2)

! The work presented in this article formed the basis of a dissertation submitted
to the University of Chicago in part fulfilment of the requirements for the degree of
Doctor of Philosophy.

? Other products are theoretically possible, but have never been described as
occurring as a result of this rearrangement.



