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ble with 0.0025 milligram. If the latter amount were preseut in
two cc. glycerine (sp. gr. 1.26) the per cent. of arsenic present
would be 0.00010 which would be about the limit of delicacy by
this test.

Gutzeit’s test using silver nitrate was found to be very unsat-
isfactory. It is very difficult to form any idea as to the amount
of arsenic present from the intensity of tlie color in this case.
The silver nitrate is also so easily affected by impurities in the
zilie and acid other than arsenic that any conclusion as to the
presence of the latter should be drawn with great caution.

In view of the rapidity, delicacy, and accuracy of Gutzeit’s
test, using mercuric chloride, it is difficult to understand why
the inore laborious Marsh test should still hold its own as a

qualitative test for arsenic.
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HE imido ethers, oxygen ethers of ordinary acid amides or
anilides, have since their discovery by Pinner in 1883
heen exhaustively investigated in many directions on account of
their remarkable reactivity.
In 1804, the first representative of the oxygen ethers of a
simple urea, ethyl isocarbanilide
NC.H,
CGH,NHC/< )
OC,H,
was prepared by Lengfeld and Stieglitz.' They found that when
carbodiphenylimide was heated to 180° ina sealed tube with
absolute alcohol, it added the alcohol quantitatively forming
ethylisodiphenylurea.

C,H,NH
C°H“N>c+ C,H,0H= NC—0C,H
/ 2dtds - // gdlse
C,HN C,H,N

A little latter they discovered® that the ethylisodiphenylurea

1 Ber. d. chem, Ges., 27, 926,
2 Awm., Chem. J., 17, 112.
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could be prepared without the use of sealed tubes by the action

of sodium ethylate upon the hydrogen chloride addition-product

of carbodiphenylimide

(C,HNH)C(C,HN)Cl 4+ NaOC,H, -
(C,HNH)C:(NCH,)OC,H, 4+ NaCl

It was finally shown by Stieglitz' that the isocarbanilide ethers
could be made in a very simple way by the action of sodium
ethylate on the alcoholic solution of the carbodiphenylimide.
Alcohol is taken up in the cold with great ease under these
conditions, while in the absence of sodium ethylate no addition
occurs at ordinary temperatures, the diimide polymerizing to
C,(NCH,),*

These investigations having dealt chiefly with the devising
of methods for preparing isourea ethers, at the suggestion, and
under the direction, of Dr. Stieglitz, the investigation of the
physical constants and particularly of the chemical behavior of
this new class of compounds was undertaken by me. The
isourea ethers seemed unusually interesting subjects for study,
since according to their constitution they are at the same time
amidines and imido ethers.

Ethylisodiphenylurea has the amidine grouping, C:(NCH,)-
(NHC,H,), and can be called ethoxydiphenylformamidine. It
also possesses the characteristic imido ether group, C:(NC,H,)-
(OC,H,). and hence can be regarded as anilidophenylimido-
formic ether. These ethers resemble also the corresponding
isothiourea ethers
NR
ryued

SR
which are more easily prepared and which were consequently
discovered,® and investigated earlier than the oxygen derivatives.

The most striking results that have been brought out in this
investigation are less in the resemblances shown to exist between
the above groups of compounds and the isourea ethers, than in
the surprising discovery, how deeply the nature of the bodies is
modified by the combination of the two typical amidine and
imido ether groups in the same molecule.

1 Ber, d, chem. Ges., 18, 573.
2 Jbid., a7, 1283; 28, 1004.
8 Ibid., 13, 1061 ; 14, 1490; 15, 338.
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For instance the imido ethers belong to a remarkably active
class of compounds,—a fact illustrated by the two following
typical reactions. Aniline converts imido ethers easily and
smoothly into amidines according to I.

NR NR
I RC</ 4 CH,NH, - RC/< 4+ ROH.
OR NHC.H,

Dilute acids readily decompose the imido ethers even in the
cold, forming amines and ethers as in II.

NR
I RC< + HCl + HOH — RCOOR + RNH,HCL
OR

These investigations liave proved clearly and without question,
the fact that the isodialphylurea ethers give neither one of these
typical reactions. The detailed description of their behavior
will show that they form a new class of compounds resembling
in many features the amidines, imido ethers, and isothiourea
ethers, but still differing in a number of fundamental points
from these classes of compounds.

Besides the study of the chemical reactions of these isoureas
XR

Alk.O——C/< ,
NHR
the methods of preparing them were tested as to their range of
applicability, especially where R is an alphyl group.

Finally as a step forward in ascertaining what effect a change
in the nature of R had upon the properties and reactions of the
urea ethers, R was made carbethoxy (—COOC,H,). Etloxy-
dicarbethoxyurea was prepared by a fourth method; namely,
from the silver salt of dicarbethoxyurea, a method of synthesis
used in the preparation of imido ethers by Tafel and Enoch,’
Comstock and Wheeler,® and others, but which has hitherto
failed when applied to ordinary ureas. The study® of these new
isourea ethers has shown how profoundly a change in the nature
of R modifies the chemical nature of the isoureas.

1 A secondary reaction sometimes occurs due to the fact that the amine formed may
react with some unchanged imido ether asinI.

2 Ber, d. chem, Ges., 23, 103. 1550,

8 Am. Chem.J., 18, 1.

4 The investigation of the oxygen ethers of aliphatic ureas and carbamide will be
continued in this laboratory under the direction of Dr. Stieglitz.
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Experimental Part.

I. PREPARATION AND PROPERTIES OF ETHERS OF ISOALPHYL-
UREAS.
The first ethers synthesized were derivatives of o-carboditolyl-
imide, C,H,N=C=NC H,.
Will and Bielschauski' first prepared this body by the decom-
position of o-tolylimido-o-tolylthiomethylcarbamate,

This, when heated, loses mercaptan. They also obtained it by
desulphurizing di-o-tolylthiourea with mercuric oxide in boiling
benzene. It was described by theimn as an oil soluble in benzene
and boiling over 300°.

The diimide used was prepared by this latter method, using
carefully purified benzeue, pure dry thiourea and yellow
mercuric oxide dried at 140°. Iead oxide gives poorer results
when used as a desulphurizing agent.

When freshly prepared, o-carboditolylimide is a pale yellow
oil boiling at the following temperatures:

Temperature,
D4 B - D P 200°
b2 1 1 2 B P S 208
28 I ¢ o 00 oo saosonssosensnsonnsoneosascnns 213
T £ 2§ 1« DI P R 223

The index of refraction determined with an Abbe refractom-
eter is 1.624 at the room temperature.

The diimide does not long remain an oil but soon polymerizes,
becoming first sticky, then seniisolid, and finally a white solid.

There are certain practical difficulties attending the prepara-
tion of the isourea ethers from the diimides, in a pure condition.
The carbodiimide must be freshly prepared, since any polym-
erization that has occurred lessens the yield of the ether, and
increases the difficulty of purification. All moisture must be
carefully excluded to prevent formation of dialphylurea.

Physically these ethers are oils that must be isolated by
fractionation iz vacuo with this disadvantage; their boiling-
points are high and near that of the original diimide. They are

1 Ber. d.chem. Ges., 15, 1316,
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best separated from the diimide by allowing the latter to polym-
erize by standing, and then extracting with ligroin. This dis-
solves the urea ethers alone, the solid polymer being entirely
insoluble in that solvent,

Methylisodi-o-tolylurea (o- Tolylimido-o-tolylmethy! Carbamate),

NHC.H,
QHmH—c< .
OCH,
One 1mnolecule of o-carboditolylimide was heated for three hours
at 180°~190° with a slight excess of absolute methyl alcohol.
CH,NH

/>C——OCH9.
CHN

The tube opened without pressure and the oily product was
allowed to stand in a desiccator for three days. If unchanged
carboditolylimide was present it polymerized and became
insoluble in ligroin while the 1irea ether remained soluble. On
distilling the ligroin extract, there was obtained besides traces
of o-carbtoluide and o-carboditolylimide, the pure methyl ether
boiling at 218° at twenty-nine mni1.  Analysis :

I. 0.2414 gram substance gave 0.6663 gram carbon dioxide
and 0.1598 gram water.

2. 0.4514 gram substance gave 45.3 cc. moist nitrogen at 23°
and 747 mm.

(C,H,N:),C+ CH,0H -

Calculated for Cy;H,gN,O. Found.
Carbon ceervinieninienenanns 75.59 75.27
Hydrogen ............... 7.09 7.36
Nitrogen «oeeeevuineveniannoas 11.02 11.17

The yield is nearly quantitative. The same ether was pre-
pared by a second method : the action of sodium methylate in
methyl alcohol solution upon the o-carboditolylimide. Thirty-
five grams of diimide dissolved in two volunies of absolute
methyl alcohol were added slowly to a solution of five grams of
sodium in seventy-five cc. methyl alcohol, the whole being well
cooled in a freezing mixture.

After standing over night a current of carbon dioxide was
passed through it. Water was then added, the resulting oil
extracted with ether, dried over sodium sulphate, and distilled.
Twenty-four grams of pure methyl ether were obtained.
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Whenfreshly prepared, methylisodi-o-tolylureais a colorless oil
boiling at the following temperatures:

Temperature.
1T THI e e e 0 e oo oous suvsessonsenssessncansas 199°
I8 It e e tevmroanaseasssosostonsvavessas 206
20 I e e veontooons sosuosaonsssuarassesoons 218
32 MIMleevreooocesonanevoasoaceoanenasosans 225

The index of refraction is 1.592 at the room temperature. In
a freezing mixture the oil did not solidify but became thick and
viscid. However, on standing a number of months a specimen was
found to have crystallized in long blunt needles radiating from
a common center. It then melted at 48.5° but othierwise
exhibited all the characteristics of the oil. Methyliso-o-carbtol-
uide is soluble in ordinary neutral organic solvents, insoluble
in water, and soluble in, and more or less rapidly decomposed
by, acids such as hydrochloric and acetic.

Action of Hvdrogen Chloride (Methylisodi-o-tolylurea Hydrochlo-

ride,
C,H,NH Cl
>C< or
C,H,NH OCH,
(C,HNH)C: (NC,H,)OCH,.HCI.

When an ice-cold benzene solution of the methyl ether was
saturated with dry hydrogen chloride, there was formed an
immediate white crystalline precipitate. This was filtered off
with the aid of a punip and dried on a clay plate in a vacuum
desiccator over sulphuricacid, stick potash, and vaseline. Anal-
ysis :

0.1776 gram substance gave 0.0885 gram silver chloride (Car-
ius).

Calculated for Cy4H,yN,0ClL Found.
Chlorine: ceeeesaenovnonenanns 12.20 12.38

Methylisodi-o-tolylurea hydrochloride is a white crystalline
solid, insoluble in ether, benzene, and ligroin. On exposure to
the air it is slowly decomposed by the moisture leaving a residue
of o-carbtoluide. When heated with water the same decompo-
sition is rapidly effected. In this it differs from the hydrochlo-
ride of an ordinary imido ether.

For instance benzimidoethylether hydrochloride,

C.H,C(NH)OC,H,, HCl,
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is readily saponified by moisture, the products being ammouium
chloride and ethyl benzoate. These reactions will be discussed
later in connection with the action of aqueous acids upon the
urea ethers. In the abseiice of moisture methyliso-o-carbtoluide
hydrochloride is much more stable.

Soute of the dry salt was placed in a test-tube connected with
an azotometer, the whole apparatus being filled with dry carbon
dioxide. At the temperature of the water-bath there was 1o
reaction ; it required gentle heating with the free flame to cause
any decomposition. Methyl chloride was then split off quanti-
tatively and collected in the azotometer. It wasidentified by its
burning with a green-tinged flame.

C,H.NHC: (NC,H,)OCH,.HCl - CH,CI+(C,H.NH),CO.

In a stream of dry hyvdrogen chloride this stability is much less-
ened, the loss of alkyl chloride taking place then at a lower
temperature. This was shown as follows: dryhydrogen chloride
was passed over some of the methyl ether contained in a test-tube
connected with an azotoineter. At ordinary temperatures there
was little decomposition, but on heating to go° a gas was given
off which was not absorbed by the caustic potash, and which
burned with a green-tinged flame showing it to be methyl chlo-
ride.

The dry hydrogen chloride was first absorbed, but as the tem-
perature increased, methyl chloride split off leaving a white
residue., 'This, after recrystallization from benzene, had the
properties and the melting-point (243°) of o-carbtoluide. While
the hydrochlorides of imido ethers and of urea ethers react dif-
ferently with wmoisture, the dry salts decompose with heat in an
entirely analogous manner with loss of alkyl chloride." For the
constitution of the salts of isocarbanilidoethers, two possibilities
present themselves.

CHNH. Cl
>
C.HNH” MNOCH,

II. C,H,NH.C(OCH,)(NC,H,HCI) or
(C,H,N :)C(OCH,) (NC,H,H,Cl).

This question will be discussed later. One fact will be
1 Pinner : Ber. d.chem. Ges., 16, 1654.
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brought out here, and that is that although the isocarbanilido
ethers are anilidoimido ethers, they are monoacid bases uniting
with but one equivalent of hydrogen chloride even in the pres-
ence of a large excess of the acid.

This is fully confirmed by the composition of the two chlor-
platinates of isocarbanilido ethers which I prepared: those of
methyliso-o-carbtoluide and of ethylisocarbanilide.

Chlovplatinate of Methyl I50-o0-carbtoluide,

((C,H,NH)C(:NC,H,)OCH,],H,PtCl,.
When absolute alcohol solutions of the methyl ether and of chlor-
platinic acid were mixed and allowed to stand in a desiccator,
the chlorplatinate slowly separated out. It formed hard, red
crystals which melted at 155° with decomposition. Analysis :

0.1366 gram substance gave 0.029o gram platinum.

Calculated for CgyHggIN,0,PtClg. Found,

PlatinUit e ceeee ooeevoonnsaans 21.25 21.23
Ethylisodi-o-tolylurea (o- Tolylimido-o-tolyl Ethylcarbamate),

C7H7N§
//C——OC,H,,.

C.H,N
One niolecule of o-carboditolylimide was heated with a slight
excess of absolute ethyl alcohol at 180°-~190° for three hours.
The oily contents of the tube were fractionated and a pure prod-
uct boiling at 215.5° at twenty-four mm. obtained. Analysis:

0.2177 gram substance gave 21.55 cc. moist nitrogen at 25°

and 745 mm.
Calculated for C;; HgoN3gO. Found.

Nitrogen .................... 10.45 10.80

Ethylisodi-o-tolylurea is a colorless oil which does not solidify
at —35°. Its index of refraction is 1.606 at the roon: temperature.
Heated to 80° in a stream of dry hydrogen chloride, ethyl
chloride is split off, leaving a solid residue of o-carbtoluide.
This was recrystallized from benzene and identified by its
properties and melting-point.

In the preparation of urea ethers by the method given too
high temperatures must be avoided. This was shown in the
following experiment. A mixture of diimide and absolute
alcohol was heated at 215°-220° for several hours and then for
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a short time at250°. The tube opened with much pressure and
a gas escaped that burned with a luminous flame. This was
probabiy ethylene. The contents of the tube consisted of an oil
aud a white solid whiclt proved to be o-carbtoluide. The oil
yielded on distillation o-ditolylurea, o-carboditolylimide and only
a small amouut of impure ethylisocarbtoluide. This was identi-
fied by the formation of ethyl chloride which burned with a green-
tinged flame. As will be seen later the above substances are the
decomposition products of the ethyl ether at high temperatures.
n-Propylisodi-o-tolylurea,
C.H,NH
/>C——OC3H7.

C.H,N
T'wenty gramns of the carbodiiinide and ten grams propyl alcohol
were heated at 180°—200° for six hours. The tube opened with-
out pressure and the oil on distillation gave the pure propyl
ether. The yield is nearly quantitative. Analysis:

0.4246 gram substance gave 39.5 cc. moist nitrogen at 22° and
744 mm. pressure.

Calculated for CygHy,N,O. Found,
Nitrogen ..................... 9.93 10.36
n-Propylisodi-o-tolylurea is a colorless oil, soluble in ordinary
organic solvents. It does not solidify in a freezing-mixture.
The boiling-point is 212°-214° at fourteen niun.

Dry hydrogen chloride was passed into a solution of the
propyl ether in benzene and ligroin. The slight white precipi-
tate first formed readily dissolved as the current of gas was con-
tinued. An oil which was soluble in benzene but insoluble in
ligroin separated out on standing. Tlis, when heated, gave
propyl chloride and o-carbtoluide, showing that it contained the
hydrochloride. An effort was made to isolate this as follows:

The oil obtained by the action of hydrogen chloride was
washed with a mixture of benzene and ligroin (b. p. 40°-60"),
and the excess of solvent evaporated in a current of dry air in a
vacuum desiccator over stick potaslh, sulphuric acid, and vase-
line. A clear, yellow oil resulted. Analysis:

0.5610 gram substance heated with lime required 15.8 cc.
tenth-normal silver nitrate (Volhard).
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0.5166 gram substance gave 32.8 cc. moist nitrogen at 17.5°
and 740 mm.

Calculated for C;3H,yyN,OCI. Found.
Chlorine ccovrerenrneenvevenans I1.13 9.98
Nitrogen ...................... 8,79 7.18

The low results are doubtless due to traces of solvent obsti-
nately retained by the oil. That it is mainly the hydrochloride
is shown by the analysis and the decomposition products, propyl
chloride and o-carbtoluide.

The oil solidified on standing in a desiccator but, as analysis
indicated, this was caused by the gradual formation of o-ditolyl-
urea.

Isobutylisodi-o-tolylurea,

C,H N
>‘C—OCH,CH(CHS),.
C,H,NH

Sixteen grams of o-carboditolylimide were heated for six
hours at 180°-210° with a slight excess of isobutyl alcohol. The
contents of the tube yielded on distillation a clear colorless oil,
boiling at 218 at 18 mm. Analysis showed that it was the iso-
butyl ether.

0.3250 gram substance gave 27.7 cc. moist nitrogen at 24°
and 755 mm.

Calculated for C3H,yN,0. Found,
Nitrogen ...................... 9.46 9.54
Isoamylisodi-o-tolylurea,
C,H,N
>/C——OCH,CH,CH(CHS),.
C,H,NH

Forty-one grams diimide were dissolved in amyl alecohol
(b. p. 130°~131°), and then poured into a well-cooled solution
of sodium amylate (one molecule). The mixture became
slightly warm. After standing over night carbon dioxide was
passed into the solution, which was then washed with water,
dried with sodium sulphate, and distilled. The pure amyl ether
was obtained as a colorless oil boiling at 206° at 10 mm. Its
index of refraction is 1.572 at the room temperature. The yield
is about equal to the diimide taken. Analysis:
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0.3586 gram substance gave 29.2 cc. moist nitrogen at 18°and
747 mm,
Calculated for CyoHgaNg0. Fouud,
Nitrogen ...................... 9.03 9.28
p-Carboditolylimide, CH N=C=NC H,.—This was prepared
in the hope that the higher melting para-derivatives would give
solid ethers instead of oils—a wish that was not realized. The
diimide was first described by Will' as a body nelting above 60°
and boiling above 300° without decomposition. The substance
was made in the usual manner by the desulphurization of the
thiourea. In gemneral p-carboditolylimide is less reactive than
the carbodiphenyl or o-ditolylimides. The para body and its
ethers distil about 20° higher than the corresponding o-tolyl com-
pounds and tend to form viscid gums difficult to purify.
Pure p-carboditolylimide is a pale yellow oil boiling at 221°-
223° at 20 mm.
Methyl Isodi-p-tolylurea,
C.HNH
/>C——OCH8.
C.HN
T'wenty-three grams of the diimide were heated with methyl
alcohol for seven hours at 180°~200°. In distilling the product a
considerable portion came over below 200°. From the higher
fraction, there was isolated the pure methyl ether boiling at 220°
at fifteen mm. Analysis:
0.4580 gram substance gave 43.8 cc. moist nitrogen at 16° and
739 nmm.
Calculated for CygH,5N,0. Found.
Nitrogen .................... 11.02 10.89
The methy] ether forms a clear, thick oil. In a stream of dry
hydrogen chloride it is somewhat niore stable than the methyl
iso-o-carbtoluide, since methyl ckloride only splits off above
100°. From the fraction below 200° an oil was obtained which
boiled at 86°-88° at fourteen mm. and whiclh turned red on stand-
ing. This gave the following results on analysis :
0.4148 gram substance gave 0.3202 gram water and 1.1510
grams carbon dioxide.
1 Ber, d. chem. Ges., 14, 1488,
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0.3108 gram substance gave 27.5 cc. moist nitrogen at 16.5°

aud 736 mm.
Calculated for C,;H,NH
C-,H-,NH>C<OCH3. >C—OCH,.
C,H,NH OCHj, C,H,;N Found,
Carbon ....... 71.33 75.70 75-59
Hydrogen -... 7.69 8.58 8.66
Nitrogen ..... 9.79 11.02 10.24

It was thought that the compound might be the dimethyl
ether, but the theory was not borne out by the analytical figures.
At the same time, while the results agree fairly closely with
those required for an isomeric ether, the great difference in boil-
ing-point, 140° at fourteen mm., would seem to preclude this
idea. Owing to lack of material, further examination of thisoil
was deferred for the present.

Methyl isodi-p-tolylurea was also prepared by another method,
the action of sodium methylate on the monohydrochloride of
p-carboditolylimide.

C,H N
ScEEFFaoc 1,

One molecule of hydrogen chloride in ether solution was added
to p-carboditolylimide also dissolved in ether. No effort was
made to isolate the hydrochloride, but sodium methylate in
methyl alcohol was added directly to the solution. After filter-
iug off the sodium chloride and some p-carbtoluide, the ether
was evaporated and tlie residue extracted with ligroin. This,
on distillation, gave a poor yield of methyl isodi-p-tolylurea.

0.4488 gram substance gave 46 cc. moist nitrogen at 25° and

Calculated for Cy¢H,gN30. Found.
NItrogen «eoeeeresvacaenonenas 10.02 11.42
n-Propyl Isodi-p-tolylurea,
C,H.NH
Ne—0—
C—O—CH,CH,CH,.
C,H,N

On heating propyl alcohol and p-carboditolylimide at 180° for
four hours, the propyl ether which boils at 221° at sixteen mm.
was formed. Itis a thick viscid oil at ordinary temperatures.
Analysis:
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0.4380 gram substance gave 36.8 cc. moist nitrogen at 18°

and 760 mm.
Calculated for C;,Hyy N, 0. Found.

NItrogen seeeveveesvonuseunnens 9.93 9.7%
Isoamylisodiphenylurea,

CGHENH\
//C——OCH,CH,CH(CHS),,
C,HN

was prepared by the action of sodium amylate upon carbodi-
phenylimide in amyl alcohol (b. p. 130°-131°) solution. The
procedure was the same as with the isoamyliso-o-carbtoluide. It
is a colorless oil boiling at 210° ‘at fifteen mm. At the room

temperature the index of refraction is 1.594. Analysis:
0.2280 gram substance gave 19.5 cc. moist nitrogen at 16° and

749 mm,

Calculated for CygHy;N,0. Found.
NItrOZen «veeervnnreeenuruinnas 9.93 9.86
Ethylisocarbanilide,
C.H,NH
Ne—
//C OC,H,.
C.HN

This was prepared by Lengfeld and Stieglitz,' who described it
as a limpid stable oil boiling at 200° at 20 mm. They also iso-
lated the hydrochloride of the ethyl ether, a white solid melting
at 60°-80° with decomposition. Its action toward chlorplatinic
acid is interesting.

It has been shown previously that methyl isodi-o-tolylurea
with chlorplatinic acid, gives in absolute alcohol solution, an
anhydroussaltin which the urea ether acts as a monacid base. On
the other hand ethyl isocarbanilide forms, in absolute alcohol so-
lution, nocrystallizable derivative of the ethyl ether, but, in dilute
alcoholic solutions, gives very readily a chlorplatinate contain-
ing water of crystallization. To a water solution of chlorplatinic
acid was added a dilute alcoholic solution of ethyl isocarbanilide.
On evaporation, the platinum salt separated out in the form of
hard, red crystals which melted at 113° with decomposition.
Analysis :

1 Ber. d. chem. Ges., 27, 926.
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I. 0.1630 gram substance gave 0.0330 gram platinum.
II. o0.3750 gram substance gave 0.0762 gram platinum.

Calculated for
CoeHeNH

[ >c—oc,H,] H,PtCl, + 4H,0. Found.
L 1I
Platinum .......c.oou0n 20.28 20.25 20.32

The same salt is formed in both dilute and concentrated
alcoholic solutions. The corresponding thioether,

C,HNH
>/C——SC2H5,

CHN
gives a platinum salt containing two molecules of water of
crystallization.” In the preparation of the urea ethers described
above, three methods have been used.

1. The addition of alcohol at high temperatures to the carbodi-
imide.

2. The action of sodium ethylate upon an alcoholic solution
of the carbodiimide.

3. The action of sodium ethylate upon the monochloride of
the carbodiimide.

Of these methods, the first gives good results and is of
universal applicability. Itrequires, however, the use of sealed
tubes. The second method gives equally good yields ; it does
not require high temperatures, and by it larger amounts of the
urea ether can be prepared at one time. It necessitates, however,
the use of a large excess of the alcohol. The third method
offers no advantage over the other two. It involves the inter-
mediate formation of the monohydrochloride, a compound very
sensitive toward moisture. It requires also a greater number of
operations with a corresponding decrease in yield.

The urea ethers thus far prepared are, with one exception,
oils ; methyl iso-o-carbtoluide alone on long standing solidified
to a crystalline mass. On the other hand ethyl isocarbanilide,
prepared in 1894 by Dr. Stieglitz, is still an unchanged oil.

The urea ethers dissolve readily in neutral organic solvents
and are insoluble in water. All acid solvents react with them.
While they cannot be distilled at ordinary pressure without

1 Rathke : Ber. d. chem. Ges., 14, 1776,
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decomposition, they can uniformly be fractionated ¢z vacwo with-
out change. The index of refraction is in all cases observed
less than that of the original diiinide. This can serve as a test
of the purity of the ether since the presence of the diimide
causes an increase in the index of refraction.

INDEX OF REFRACTION,

Carbodi-o-tolylimide e e eeeevuennsinves e iinennnes 1.624
Methyl iso-o-carbtoluide..coee e ieiie it 1.592
Ethyl iso-o-carbtoluide ««covvvvirneiiin i, 1.606
Amyl iso-o-carbtoluide..covvveerieiiiiin i, 1.573
Ethyl isocarbanilide! «cvovvvvvvniiiiiiiiiiiiiiiint, 1.6028
Amylisocarbanilide «eoveevenentviirririiieaiiiieaens 1.594

The experiments just described show that the formation of a
urea ether by the addition of an alcohol to the carbodiimide is a
general reaction of which all aromatic carbodiimides are capable;
these take up the various primary and secondary fatty alcohols
without difficulty. In every case the alcohol was added smoothly
according to

RNH
N
rRN7

and with none of the many alcohols tested did the carbodiimide
simply cause the splitting off of water according to

II. (RN:),C+ CH,,.,0H > (RNH),CO+ C,H,,,

forming a carbanilide and an unsaturated hydrocarbon.

Such compounds were indeed obtained by heating carbodi-o-
tolylimide and ethyl alcohol much higher than the temperatures
necessary for forming the urea ethers,® but, as will be shown
later, the urea ethers themselves give, on heating the same prod-
ucts, a carbanilide and an olefine hydrocarbon.

III. RNHC(:NC)OC,H,, ., ~ (RNH),CO + C,H,..

These facts prove that either urea ethers are formed as inter-
mediate products when carbodiphenylimide and an alcohol react
according to II, or that the absorption of alcohol by the unsatu-
rated carbodiphenylimide molecule to form a urea ether takes

1]. Stieglitz : Ber. d.chem. Ges., 38, 574.
2 Page 143.

I. RN=C=NR-+R'OH -~ C—OR/,



ISOUREA ETHERS. 151

place much below the temperature at which an alcohol breaks
down into water and an olefine.

V. C¢,H,,.,0H = C,H,, + H,0.

Such a reaction would become one-sided from the absorption

of water by the carbodiphenylimide according to
V. HO+C(:NCH,), -~ (C.HNH),CO,
and give the reaction products of II.

Either of these conclusions—and there is no other third
possible view of the action of carbodiphenylimide on the alcohols
—is sufficient to throw clear light on some of the next reactions
that were studied, and in the interpretation of the results of such
study reference will be made to the conclusions just established.

II. ISOACYLALPHYLUREAS; ACTION OF DRY ACIDS ON CARBO-
DIIMIDES.

The ease with which carbodiphenylimide absorbs alcoholssug-
gested the attempt to prepare by the sanie kind of reaction,—
using acids—a most interesting group of bodies, the acid
salts of carbodiphenylimide or isoacylcarbanilides according to

VvI. (CH,N :),C+HOAcyl - (CHNH)C(: NC,H,)OAcyl.

As such salt like isoacyl derivatives the addition products of
carbodiphenylimide and hydrogen chloride must be considered,
and these were investigated by me somewhat further than they
had been previously. Weith,' by passing dry hydrogen chloride
into a benzene solution of carbodiphenylimide, prepared the mon-
ochloride which he analyzed and to which he assigned the form-
ula (C,H,N),C.HCL

Further investigation by Lengfeld and Stieglitz® showed the
conditions for preparing the monochloride, and proved that a di-
chloride (C,H,N),2HCl and a sesquichloride [ (C,H,N),C],3HCI
are much more readily precipitated even if much less than one
molecular equivalent of hydrogen chloride is used. These are
white crystalline compounds that can be isolated and analyzed.
Such salts were also obtained by me from the carboditolylimides
and carboallylphenylimide.

Work done in this laboratory by Mr. H. N. McCoy,® under the

1 Ber.d. chem. Ges., 7, 11.
2Am, Chem. ., 17, 107.
8 [bid., 21, 111; Ber.d. chem. Ges., 30, 1090, 1685.



152 F. B. DAINS.

direction of Professor Stieglitz, has fully confirmed the conclu-
sions of Stieglitz and Lengfeld that the monochloride has the
constitution of an isoacylcarbanilide

CHNH

(CHN),CHHCI - »C—Cl,

CH,N
and still it has the appearance of a salt." I have been able to
confirm the salt-like character of such a monochloride*—what-
ever its constitution—by preparing chlorplatinates of analogous
composition, which in appearance, composition, and behavior
resemble the chlorplatinates of any organic base.

Action of Hydrochloric Acid and of Hydrochlovplatinic Acid on the
Carbodialphylimides ; Monochlovplatinate of Carbodiphenylimide,
[(C,H,N),C],H,PtCl,.—When an absolute alcohol solution of
carbodiphenylimide is treated with chlorplatinic acid also dis-
solved in absolute alcohol, a darkening in color occurs, but there
is no precipitate unless the solution is very concentrated. In
that case a dark, red salt separates. This melts at 155-165°
and contains, as shown by analysis, an excess of platinum over
that required by the monochlorplatinate. (26.00 per cent.
instead of 24.44). If ether be added to the clear alcoholic solu-
tion, a yellow platinum salt corresponding to the monochlor-
platinate is obtained. This was washed with ether, dried at 90°,
and analyzed. Analysis:

0.1118 gram substance gave 0.0270 gram platinum.

Calculated for
[(CeHgN :)g]aHoPtCly. Found.
Platinum coeeee s vevvaenaenn 24.44 24.15

The chlorplatinate® is soluble in alcohol, insoluble in ether,
and not readily decomposed by water. It begins to decompose
at 143° and melts completely to a reddish oilat 150°. In several
cases a salt containing one or two per cent. more of platinum
with a higher melting-point (155°-165°) was obtained, but inno
instance did this correspond to the dichlorplatinate,

[(C,HN),C].H,PtCl,(Pt=32.19).

1The dichloride must therefore have the constitution (CyH¢NH),CCl; or
CLC(CeHgNH):(C4gH N)HCI. The former is more likely and is being further investiga-
ted in this laboratory.

2 Am, Chem. J., 31, 101.

3 Tt can also be prepared by mixing ethereal solutions of the diimide and chlor-
platinic acid. Itisthen precipitated out immediately.
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The Dichlorplatinate of Carbodiphenylimide, [(CH,N:),C]-
H,PtCl,.—The latter body, the chlorplatinate, corresponding to
the dichloride, was not formed by the action of an excess of
chlorplatinic acid upon the diimide. This was in decided con-
trast to the action of hydrogen chloride upon the diimide. ‘Thus
carbodiphenylimide monochloride was isolated with considerable
difficulty by Lengfeld and Stieglitz,' who prepared it by passing
hydrogen chloride into a solution of the carbodiimide ; but there
was a constant tendency for the reaction to go farther and form
the sesqui- and dichlorides.

The dichlorplatinate of carbodiphenylimide was, however,
obtained in the following unexpected manner: An effort was
made to prepare an anhydrous chlorplatinate of ethyl isocarban-
ilide using absolute alcohol solutions; with dilute alcohol a
hydrated salt is obtained.? While this end was not realized a
still more interesting compound, the platinum salt of carbodi-
phenylimide dichloride was obtained.

When absolute alcoholic solutions of ethyl isodiphenyl urea
and chlorplatinic acid were mixed, there gradually separated out,
in small quantity, reddish-brown needles which did not melt at
250°. For analysis these crystals were washed with alcohol and
ether and dried at 80°. Analysis:

I. 0.0802 gram substance gave 0.0258 gram platinum.
II. o.1325 gram substance gave 0.0430 gram platinum.

Calculated for Found,
[(CeHN),CIH,PtCl,. I II.
Platinum «.oeovenevnnnns 32.30 32.17 32.45

The results agree with the composition of the platinum salt of
carbodiphenylimide dichloride. So far as the analysis is con-
cerned it agreesalso with the composition of aniline chlorplatinate
(Pt=32.80), but against this latter view are the following facts:

a. The salt does not resemble at all in appearance aniline
chlorplatinate.

b. The salt after treatment with caustic soda did not respond
to the bleaching-powder test for aniline.

¢. Aniline could only be formed from urea ether hydrochloride
by saponification as follows :

1 Am. Chem. /., 17,110,
2 page 148.
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CH,NH
C—OC,HAHOH
CH,N
C.H,NH, HCl+4+ C.HNHCOOC,H,.
The residue was examined but no trace of phenyl urethane could
be detected.

Such a chlorplatinate of carbodiphenylimide could, however,
be formed as follows:

In the absolute alcohol solution slight dissociation might occur
into alcohol and carbodiphenylimide. This latter then unites
with the chlorplatinic acid which was present in very great
excess, forming the dichlorplantinate of carbodiphenyliniide.

o0-Carboditolylimide Dichloride, CH N:C(NHCH,)CL.HCl.—
It had been previously noted by Will and Bielschauski' that a
solution of o-carboditolylimide with hydrogen chloride gave a
white precipitate, but the product formed was not analyzed.
Dry hydrochloric acid gas was passed into o-carboditolylimide
dissolved in twenty times its weight of dry benzene.

The diimide must be especially purified by several distilla-
tions, otherwise gummy impurities are found. The stream of
gas was continued as long as any absorption took place, the
solution meanwhile being keptcool. A heavy white precipitate
formed at first which soon redissolved, and on standing there
was deposited from the clear solution hard granular crystals.
These were dried on a clay plate in a vacuum desiccator over
sulphuric acid, stick potash, and vaseline for thirty-six hours.
Analysis :

0.1898 gram heated with lime required 13.37 cc. tenth-normal
silver nitrate (Volhard).

Calculated for C;;H,sN,Cly. Fouud.
Chlorine eececececeneeeeeanns 24.06 24.96

o-Carboditolylimide is a white solid, insoluble in ligroin and
benzene, but solublein chloroform. It melts with decomposition
at 235°-237°. Moisture decomposes it giving o-carbtoluide and
hydrogen chloride.
(C,HNH)C: (NC,H,)CL.LHCIH+-H,0 - 2HCI+4(C,H,NH),CO.
o0-Carboditolylimide Monochlorplatinate, [ (C,H,N),C],H,PtCl,.—
Ethereal solutions of the diimide and of chlorplatinic acid were
1 Ber. d. chem, Ges., 15, 1316,
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mixed ; a yellow platinum salt was immediately precipitated
which was washed with ether dried at 100°, and analyzed.
Analysis :

0.1850 gram substance gave 0.0420 gram platinum.

Calculated for
[(C;H,N)C] HyPtCl,, Found.

Platinum «covevevnevannnnnnas 22.84 22,70

The salt begins to decompose at 146°-148°; at about 155° it
melts completely. The same salt was obtained even with a
large excess of chlorplatinic acid.

p-Carboditolylimide Monochlorplatinate.—This body which was
prepared from ethereal solutions of chlorplatinic acid and g-carbo-
ditolylimide as in the previous cases, is a yellow salt that begins
to decompose at 148° and melts completely between 155°and 160°.

0.1828 gram substance gave 0.0410 gram platinum. Analysis:

Calculated for
[(C;H;N)yCIH,PtCl,, Found.

PlatinUIm cococees catecssosane 22.84 22.43

Sesquichloride of p-Carboditolylimide.—When a concentrated
benzene solution of pure-p-carboditolylimide was saturated with
dry hydrochloric acid gas, the solution which became warm was
filled with a thick, heavy, white precipitate of the hydrochloride.
Analysis showed that this was a mixture of chlorides and not a
definite chemical compound.

T'wo determinations of different preparations gave respectively
17.80 and 17.33 per cent. chlorine. The monochloride contains
13.73 per cent. chlorine, the sesquichloride 19.21 per cent., and
the dichloride 24.06 per cent.

With a five per cent. benzene solution better results were
obtained. The precipitate first formed nearly all dissolved on
continuing the stream of gas, while the filtered solution on stand-
ing a few hours in a vacuum desiccator deposited a large crop of
crystals. These melted at 126°-127° forming an oily gum.
Analysis :

1. 0.2418 gram substance heated with lime required 13.1 cc.
tenth-normal silver nitrate (Volhard).

II. 0.1840 gram substance required 10.1 cc. tenth-normal
silver nitrate.
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Calculated for Found.
(CysH;4N,)93HCLL I 1.
Chlorine coeveeviuiiaans 19.22 19.20 19.46

Sesquichloride of Carboallylphenylimide.—Analogous results
were obtained with carboallylphenylimide. Theexperimentswith
hydrogen chloride will be given here, but the discussion of the
diimide reserved uantil later.

Dry hydrochloric acid gas was passed into a benzene solution
of carboallylphenylimide. A precipitate formed, which, as the
current of gas was continued, almost entirely dissolved. The
filtered solution, on standing, deposited crystals. These were
dried on a clay plate in a vacuum desiccator over sulphuric acid,
stick potash, and vaseline, and analyzed. Analysis:

0.1778 gram substance heated with lime required 12.23 cc.

tenth-normal silver nitrate.
Calculated for

CgH,N

PfSe) smol

CeHp 2 Found.
Chlorinne:ceee veseoeveensaes 25.00 24.39

The monochloride requires 18.23 per cent. chlorine and the
dichloride 30.73 per cent. The product obtained is evidently a
sesquichloride. Lengfeld and Stieglitz,’ who first prepared a
body of this class—carbodiphenylimide sesquichloride, say this
regarding it: ‘“T'he substance may be a mixture of monochloride
and dichloride in nearly molecular quantities. It was very
frequently obtained and seems to have more or less characteristic
properties by which it can be identified.”

But the fact that three different carbodiimides give compounds
of this class argues strongly in favor of a definite chemical com-
position and against their being merely mechanical mixtures.

These sesquichlorides, [ (RN:),C]. 3HCI, show an interesting
analogy to the isocyanides which also form hydrochlorides of
this type, (RNC),3HCl.?

The Action of Organic Acids upon the Carbodialphylimides, as has
been stated previously, was studied with the object of obtaining
isoacylureas of the general type

RNH

>/C——O Acyl,

RN
1Am, Chem. /., 17, 110.
2 Gautier : Ann, chim. phys., 17, 223; Nef: Ann, Chem, (Liebig), 270, 277 Ber. d.chem
Ges., 81, 1770,
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corresponding to the alkyl ethers and the chlorides just de-
scribed. This seemed anespecially inviting subject for investiga-
tion since the instances of true isoacyl derivatives of acid amides
are exceedingly rare, and their behavior very interesting. Such
an acyl derivative was prepared by Werner' in the form of
dibenzhydroximic acid,
OCOCH,

CH,C ,
" N\\won
by the action of silver benzoate on benzhydroximic acid chlo-
ride. He found it a peculiarly reactive body since, even on
standing, it suffers molecular change going over into its isomer,

0
cael ,
N—OCOC,H,
H
the benzoyl ester of benzhydroxamic acid.
If both hydrogen atoms of a hydroxamic acid,

OH
red
N~on

are replaced by acyl groups,
OCOR’
reg

N\\NOCOR"’

such molecular change is prevented and more stable bodies are
obtained. These, however, with alkali lose with great ease the
acyl group joined to carbon.? These facts would indicate the re-
activity and unstability of the acyl isomers, could they be iso-
lated.

The organic acids, such as acetic and formic, do react very
readily with the carbodiimides even at low temperatures, and
although the desired acyl isoureas were not isolated, a very in-
teresting reaction was discovered, in which there is hardly any
doubt that the acyl isoureas figure as intermediate products.

Ten grams of o-carboditolylimide were treated with an excess

1 Ber. d. chem, Ges., 27, 2198,
2 Jones : Am. Chem. /.. 30, 19 and 32.
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of glacial acetic acid. The mixture became decidedly warm and
soon solidified, while a distinct odor of acetic anhydride mamni-
fested itself.

The solid residue, after purification with ligroin and benzene,
was dried ou a clay plate. Its properties, melting-point (243°),
and analysis showed that it was o-carbtoluide.

Analysis:

0.2418 gram substance gave 25.2 cc. moist nitrogen at 20° and
747 min.

Calculated for
Cy1:H 1M 0. Found.

Nitrogen ..................... 11.66 11.77

In a second experiment ten grams of o-carboditolylimide (one
mol.) were mixed with five grams of glacial acetic acid (two
molecules) in a distilling bulb. When the reaction was com-
pleted and the product distilled from an air-bath, the main por-
tion of the distillate came over between 130°-138°. It was
fairly constant at 137°. This liquid had the odor and boiling-
point of acetic anhydride and reacted directly with aniline, giv-
ing acetanilide. The residue in the flask proved to be o-carb-
toluide.

The low temperature at which the reaction occurs is shown by
the following experiment: A ligroin solution of acetic acid was
added slowly to a ligroin solution of the diimide cooled to —18°.
At —15° the formation of o-carbtoluide was very slow; at o°
the reaction went somewhat faster and at ordinary temperatures
was soon over.

In view (1) of the facts discussed previonsly' that alcohols are
added to the carbodiimides much below the temperature at
which they suffer loss of water; (2) the very ready formation,
isolation, aud analysis of the dichlorides of carbodiphenylimide
and o-carboditolylimide ; (3) the decomposition of hydrochlo-
rides of imido ethers according to

NHR
R—C—Cl

into acid amides and alkyl chlorides, a decomposition that
1 Page 150.
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takes place the more readily the more acid the molecule;' (4)
the fact that the reaction takes place at —10°, a temperature at
which glacial acetic acid does not lose water nor carbodiimide
take it up, the formation of acetic anhydride by the action of
acetic acid upon o-carboditolylimide cannot possibly be consid-
ered as due to direct splitting off of water from the acid. The
facts mentioned show rather that the results must be due to a
series of reactions; as with hydrogen chloride, there must be
addition of the acetic acid to the double bond of the o-carbodi-
tolylimide forming a very unstable diacetate, which even at teai-
peratures below zero decomposes, forming acetic anhydride and
o-carbtoluide,
C7H7N\
>C—|—2CH3COOH -
C.H,N7

C-,H.,NH\ OCOCHs
"""" - (C,H,NH),CO+(CH,C0),0,

corresponding to the loss of an alkyl chloride and the formation
of an acid amide above.*

Action of Formic Acid.—Since this reaction, at so low a tem-
perature(—15°) resulted in the formation of an acid anhydride,
it was tried with formic acid whose anhydride (CHO),0 is as
yet unknown.

Again, it was found that instead of such an anhydride carbon
monoxide was formed.® o-Carboditolylimide diluted with an
equal volume of benzene, was putin a test-tube fitted with a
small dropping-funnel and connected with an azotometer.
The air in the apparatus was displaced with dry carbon dioxide
and the diimide solution cooled to —10°.

Pure formic acid was allowed to flow into the diimide slowly,
when a gradual evolution of gas, unabsorbed by the ¢austic pot-
ash, occurred. On removing the freezing-mixture the evolution

1Thus the chloride of ethylphenylimidochlorformate, C1—C(: MR)OCyH,. decom-
poses at —15° (Lengfeld and Stieglitz, Am. Chem. J., 16, 73} and the hydrochloride of
ethoxydicarbethoxyurea,
(H:(OC,H,,)NHCOOR
NCOOR
loses ethyl chloride at o° (page 188),
2 Page 158.
8 Nef: Ann. Chem. (Liebig), 270, 278,
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of gas became more rapid and the benzene solution was filled
with a white precipitate. This was found to be o-carbtoluide
while the gas in the azotometer burned with a blue flame and
proved to be carbon monoxide. As withthe acetate, there niust
be formation of a diformate which, even at —15°, separates into
o-carbtoluide and formic anhydride. This latter compound,
which has never been isolated, breaks down immmediately into
carbon monoxide and water.

CHN C.HNH. ,OCOH
Sc+zac00H - Ned ~
c.HNY C.HNH” NOCOH
_Ccon
(cHNH),c0+0 .
COH

(COH),0 —- 2C0+4H,0.

The grouping RN=C= is common to both the carbodiimides,
RN=C= NR, and the isonitrils, RN=C=, and the experi-
ments just given bring out two interesting analogies between
them.

These are (1) the formation of sesquichlorides, (RNC),3HCl,
and (2) the formation of acid anhydrides with acetic and formic
acids.

Gautier,' in his researches upon the isonitrils, discovered that
methyl and ethyl isocyanide give with acetic acid the anhydride.

Nef® more recently lias shown that phenylisocyanide reacts in
like manner with acetic and formic acids at —10° giving the
acid anhydride or carbon monoxide and formanilide. The facts
enumerated above show that the result in these cases is also
probably due to a like sequence of reactions.

H OCOCH,
C,H,N:C+2CH,COOH ~ CHN—C
H

|
O COCH,
C,H,NHCOH + (CH,CO0),0.

One molecule of acid adds to the bivalent carbon; the other to
the double bond between carbon and nitrogen.
Since the isoacyl derivatives were found to be so unstable

1 Gautier: Ann. chim. phys., [4], 17, 223. 241.
2 Nef: Ann. Chem. (Liebig), 270, 277, 278.
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splitting off acid anhydrides even at —10°, the action of acetic
anhydride upon the diimide was tried as it was possible that an
acetyl isoacetate like

COCH,
RN

RN7

would be more stable. Molecular proportions of acetic anhy-
dride and o-carboditolylimide were mixed. Since -no reaction
occurred at ordinary temperature, the mixture was then heated
at 160° for several hours in a sealed tube. The tube opened
with much pressure due to carbon dioxide. The product of the
reaction was an oil which did not solidify on standing.

It was doubtless more or less pure o-diacettoluide, which is
itself an oil. No effort was made to isolate it but it was treated
directly with dilute caustic soda and the resulting o-acettoluide
purified and identified.

I. (RN:),C+2(CH,C0),0 = CO,+2RN(COCH,),.
II. RN(COCH,),+NaOH — CH,COONa+RNHCOCH,.

It is possible that addition-products are formed analogous to
those mentioned before but they are hardly of sufficient impor-
tance to be discussed here.

C—OCOCH,

III. CARBOALLYLPHENYLIMIDE.

Only one attempt has as yet been made to prepare an isourea
ether of an aliphatic amine. For this purpose carboallylphenyl-
imide was chosen. This seemed especially suitable, since,
according to Bizio,' allylphenylthiourea gives a carbodiimide,
and the ethers of such a body containing both an aliphatic and
an alphyl group should show a gradation in properties between
the fatty and aromatic isourea ethers.

While the efforts to obtain the isourea ethers in a pure condi-
tion were unsuccessful in this case, the results of the experi-
ments shed interesting light upon carboallylphenylimide and
correct some errors that have crept into the literature of the
allylphenyl derivatives. Zinin® first tried the desulphurization
of allylphenylthiourea. He used lead oxyhydrate in alcoholic

1 Bizio : Jsb. d. Chem., 1861, 497.
2 Zinin : /54d., 1862, 628.
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solution and obtained a compound which was described as crys-
tallizing in long silky needles; no melting-point was given.
Bizio' repeated this work and isolated a body which melted at

105°. To this he ascribed the formula C, H, N, aud the consti-
tution

C,HN

>CN.

CH,
In Beilstein’s ‘“ Handbuch’’ and in Watts’ ‘‘ Dictionary of
Chemistry’’ this same compound is called phenylallylcyanamide
or carboallylphenylimide and to it is given the normal carbodi-
intide constitution,

C,HN=C=NCH,.

That this compound is carboallylphenylimide is impossible both
from its method of preparation and its properties.

The thiourea was desulphurized in dilute alcohol solution and
the resulting product was soluble in acetic acid without change ;
both reactions should give an oxygen urea and this was found to
be no exception to the rule. The allylphenylthiourea was
desulphurized in the usual manner with mercuric oxide in abso-
lute benzene solution. After evaporating off the benzene a
mobile oil was left, but on distillation it gave no pure products.
At ten mni, pressure fractions were collected between (I) 150°-
165°; (II) 165°-170°; (III) 190°—200°. 'This latter is the boil-
ing-point of carbodiphenylimide.

Fraction I was analyzed and gave figures agreeing with car-
boallylphenylimide.

Analysis:

0.2502 gram substance gave 38.5 cc. moist nitrogen’ at 18° and
749 mm.

Calculated for
C10H 19N, Found.

NItrogen «cvevereeenevaanns 17.72 17.58
It, however, is not quite pure, since whenever any attempt
was made to redistil it, some decomposition occurred with the
formation of a high boiling residue.
In the hope that the corresponding urea ethers might be more
stable, the undistilled carboallylphenylimide was treated in abso-
1/sb.d. Chem, 1861, 497 ; ]. prakt. Chem., 86, 292,
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lute alcohol solution with sodium ethylate. The urea ether was
isolated in the usual manner.

When the urea ether was distilled fractions were obtained that
gave ethyl chloride with hydrochloric acid showing the presence
of a urea ether, but no compound of a definite boiling-point
could be obtained. These results indicated the impossibility of
obtaining a pure carbodiimide or urea ether by distillation ;
hence the attempt in this direction was abandoned.

The mobile oil just described as being obtained when allyl-
phenylthiourea ether is desulphurized with mercuric oxide in
benzene solution, is very different in appearance and properties
fromt the carboallylphenylimide described in literature as a solid
(m. p. 105°) and obtained by desulphurization in dilute alcohol
solution. It seemed now of interest to ascertain whether the
undistilled oil is the carbodiimide and also to find out what
Bizio’s product that melted at 105° really was. Any analytical
determinations of the composition of this oil would be of little
value since it cannot be obtained entirely pure, but that it is
nearly pure carboallylphenylimide is proved by its reactious and
the products derived from them.

As has been shown' distillation breaks it up into mixtures of
carboallylphenylimide, carbodiallylimide, and carbodiphenyl-
imide. It reacts, like other carbodiimides, with alcohol and
sodium alcoholate giving impure urea ethers.* With dry hydro-
gen chloride it forins a definite sesquichloride,

COHB
( >C),3HC1.3
oh: 5

It has just been shown® that the carbodiimides react smoothly
with formic acid with the evolution of carbon monoxide and the
formation of the corresponding urea.

The oily diimide was treated with formic acid. Abundant
evolution of a gas occurred; this burned with a blue flame and
proved to be carbon monoxide. The residue was purified by
crystallization from water. A small amount of diphenylurea

melting at 235° was obtained, but the main product was a solid

1 Page 162.
% Page 162.
3 Page 156,
4 Page 159.
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melting at 113°. Later experiments showed that this solid was
pure allylphenylurea formed according to

C,H,NH
C,H,N:C:NC,H,+2HCOOH — >C0+ 2C0+ H,0.
C,H,NH

These reactions, together with its imethod of preparation, con-
clusively show that the oil really is a carbodiimide, and its
almost quantitative conversion into allylphenylurea proves that,
undistilled, it is nearly pure carboallylphenylimide.’

Bizio prepared his so-called carboallylphenylimide nielting at
105° by desulphurizing the thiourea in alcoholic solution. This
work was repeated to see if like results could be obtained. The
semisolid product of the reaction was purified by crystallization
from dilute alcohol and hot water. In one experiment a small
quantity of diphenylurea was isolated, but the main product is
the saime solid, melting at 113°, that was obtained by the inter-
action of formic acid on carboallylphenylimide, and which, as
will presently be shown, is allylphenylurea. The change in
melting-point from 105° to 113° is due to a complete purification
of the conmpound.

Allylphenylurea, CHNHCONHCH,.—As the melting-point
113° does not correspond to the melting-points given in litera-
ture, either for allylphenylurea, ¢7°, nor for diallylurea,® 100°,
these two ureas were prepared synthetically. Diallylurea,
which was made by the desulphurization of allyl mustard oil in
alcololic solution differs widely in appearance and properties
(m. p. 100°) from the above body (m. p. 113°). Allylphenyl-

1 Ay effort was mmade to ascertain the composition of this oil by changing it into a
guanidin derivative, Equal molecules of aniline and allylphenylthiourea were boiled with
mercuri¢ oxide in dilute alcoholic solution. This should give allyldiphenyl guanidine. The
gummy mass left after distilling off the alcohol was repeatedly extracted with boiling
dilute hydrochloric acid and the hydrochloride obtained subjected to fractional crystal-
lization. The fractions all gave the same base. which was curiously enough triphenyl
guauidine. This was proved by its melting-point. 148°, and tlie analysis of the platinum
salt.

I. 0.5217 gram substance gave 0.1032 gram platinum,

11. o0.2700 gram substance gave 0.05235 gram platinum.

Calculated for Houud.
C33HgoNgPtCl,. L II.
Platinum «coeve ereennnne 19.82 1978 19.44

No other definite compound could be isolated.
2 Maly : Z. (2). 54 238.
8 Will : Ann. Chem. (Liebig), 52, 25.
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urea was made from allylamine and phenyl isocyanate.' The
method suggested by Gabriel and Eschenbach® was found to
give good results in the preparation of allylamine.

Etherealsolutions of allylamine and phenylisocyanate reacted
readily with the formation of an oil which, after treatment with
water, solidified. The allylphenylurea was purified by crystal-
lization from the same solvent. It then formed fine needles,
melting at 113°, soluble in hot water and ordinary organic sol-
vents.

Analysis:

0.2060 gram substance gave 29 cc. moist nitrogen at 24° and
753 mml.

Calculated for

CeH NH
>Co.
CsH,NH Found.
Nitrogen ................... 15.91 15.73

This synthetic allylphenylurea is identical in appearance,
properties, and melting-point with the compounds obtained by
desulphurizing allylphenylthiourea in alcoholic solution, and by
treating carboallylphenylimide with formic acid. Mixtures of
these with the synthetic preparation melted constantly at 113°,
thus proving their identity.

The compound prepared by Bizio® and described in literature
as carboallylphenylimide is therefore not that, but the corre-
sponding urea ; and the melting-point of pureallylphenylurea is
113°, and not 9%° as given by Maly.*

CHEMICAL BEHAVIOR OF THE ISOUREA ETHERS.

Besides the experiments upon the preparation of alphyl and
acyl isourea ethers and of isoallylphenylureas, attention was
paid particularly to a thorough investigation of the action of

1 The phenyl isocyanate was prepared as follows : A mixture of five grams phenyl
urethane and six grams phosphorus pentachloride was heated at 7¢° in aldistilling-bulb
fitted with an air-condenser until no further evolution of gas took place. The phos-
phorus oxychloride was then distilled over, at the temperature of the water-bath, in a
current of dry hydrogen chloride. After driving off the excess of hydrochloric acid gas
with a stream of dry air, the residue was distilled. The yield of phenyl isocyanate was
nearly quantitative, and the reaction seems to be a most convenient one for rapidly pre-
paring small quantities of phenylisocyanate. This method is one suggested by Leng-
feld and Stieglitz (4dm. Chem. /., 15, 71) and later used by Folin for preparing isocya-
nates (An, Chem. J., 19, 336).

2 Ber. d. chem. Ges., 30, 1124.

8 Jsb. d. Chem., 1861, 497.

4 Z. (2),5, 258
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various reagents upon the isourea ethers, especially reagents
that are typical in their action 1pon the amidines, imido ethers,
and thio urea ethers.

Action of Waiter.—Ethyl isodiphenylurea is insoluble in water
and can remain in contact with it for long periods without
formation of carbanilide, or other noticeable change.

No decomposition followed when a mixture of the ether with a
large excess of water was evaporated almost to dryness. This is
in marked contrast to the imido ethers. Thus benzimidomethyl
ether,’

NH
CGH,,C/<
OCH,
on exposure to the air or in water solution, after a month’s
standing, changes to benzamide.

_NH
CGH,C< +2H0 - C,H,CONH,+CH,0H.
OCH,

Comstock and Wheeler® have also shown that oxygen ethyl suc-
cinimide,

OC,H,
cH,—c{

D
cH,—”

with water regenerates succinimide with great ease, while traces
of moisture entirely prevent its preparation.

The Action of Dilute Hydrochloric Acid.—1t has been shown in
an earlier part of this paper that the isourea ethers unite easily
and smoothly with dry hydrogen chloride to form definite crys-
talline hydrochlorides, which in the absence of inoisture, are
stable at ordinary temperatures. When heated, the dry salts
split quantitatively into alkyl chloride and dialphyl urea. In
the main, thesame general reaction was found to occur inaqueous
solutions. Methyl isodi-o-tolylurea was dissolved in very dilute
hydrochloric acid with the aid of a few drops of alcohol, aud the
solution allowed to stand at the ordinary temperature. In a few
hours crystals began to appear which gradually increased in
amount, until the solution was examined a month later.

1 Wheeler : Am. Chem. J., 17, 398,
2 Ibid. 13, 7.
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The crystalline deposit proved to be o-carbtoluide (m. p. 243°).
The clear solution, on warming with a fewdrops of hydrochloric
acid, gave a slight precipitate of o-carbtoluide, showing that a
little unchanged ether was still present after remaining a month
in the acid solution. When the latter solution was made alka-
line with ammonia a slight white deposit was obtained, which
corresponded to the properties and melting-point of tri-o-tolylgu-
anidine.

Ethylisodiphenylurea was dissolved in one per cent. hydro-
chloric acid under like conditions. A slow deposition of carb-
anilide began, which was not complete after a month’s stand-
ing. On warming the solution still more carbanilide was thrown
down, showing that the solution still contained unchanged urea
ether. 'The clear filtrate gave, with ammonium hydroxide, only
traces of triphenylguanidine (m. p. 143°). At 100° this same
decomposition is fully completed in a few hours. Methylisodi-
o-tolylurea was heated for four hours with dilute hydrochloric
acid in a Victor Meyer water-bath. The tube opened with
slight pressure, due to methyl chloride which burned with a
green flame. 'The other products were, as before, o-ditolylurea,
and traces of tritolylguanidine. The action of hydrogen chlo-
ride in aqueous solution upon ethyl isocarbanilide yields, there-
fore, carbanilide and ethyl chloride, according to

RNH.C(NR)OC,H,+HCl - RNHCONHR+C,H,CL

Many experiments were made in the effort to trace out the
course of this exceedingly important reaction so that it could be
positively ascertained whether the reaction followed the lines
of the decomposition of ordinary imido ethers, and if it did not,
to ascertain wherein the difference lay.

When phenylbenzimidoethyl ether is allowed to stand in
hydrochloric acid solution,? or is warmed with the same, the
reaction which occurs proceeds in two stages: There is first,
saponification into aniline hydrochloride and ethyl benzoate;
secondly, the aniline hydrochloride reacts with unchanged imido
ether to form diphenylbenzamidine and alcohol.

1 The identity of these compounds was proved by taking the melting-point of a mix-
ture of the suspected body with one of known constitution.
2 Ann. Chem. (Liebig). 263, 138.
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NC,H,
I. c,H,c/< + H,0+HCl -
OC,H,

CH c</ +C,H,NH, HCl.
OC,H,
NCH,
1 ceHﬁc/< +CHNHHC -
OC,H,
JNCH,
el HCI+C,H,0H.
NHC,H,

Toward dilute acid, or even water alone, methyl isoformani-
lide,

C//’\CH‘

\OCH

is peculiarly sensitive. The first products are methyl formate
and aniline hydrochloride, but this latter immediately reacts
with unchanged imido ether to give much diphenylformamidine.
The primary products, then, of the decomposition of ordinary
imido ethers, are esters and amine hydrochlorides, while a sec-
ondary reaction yields amidine hydrochlorides and alcohol. No
ethyl chloride is formed in dilute aqueous solution.

When the isourea ethers are decomposed in aqueous solution
into ethyl chloride and carbanilide, several possibilities present
themselves for the mechanism of the reaction.

RN RNH
. Dc—ocHA+HC ~ > <
RNH RNHZ NOC,H,

RNH
>CO—|—C,H,C1.

RNH

This is the same reaction that occurs when the dry hydrochlo-

ride is heated, a quantitative splitting into dialphylurea and

alkyl chloride.

RNH, RNH
C—OC,H,+HOH — >CO-|-C H,0H.
RNY

116, C,H,OH+HCl — C,HSCH-HOH.

1 Am, Chem. J., 13, 493.

Ila.
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Carbanilide and alcohol are first formed by saponification,
while the ethyl chloride is due to a reaction between the alcohol
and hydrochloric acid.

RNH,
Illa. C—OCH+HCI+H,0 -
RN 7
RNH, HCI+RNHCOOC,H,.
RNH
I116. >C—OC,H,+RN H,HCI -
RN
RNH
>C:NRHC1+C2HBOH.
RNH
I1l. RNHCOOC,H,+RNH,HCl —
(RNH),CO+C,H,0H+HCL

C,H,0H+HCl - C,H,Cl4+H,O0.

This involves (a) the formation of aniline hydrochloride and
phenyl urethane. These two compounds might, in turn, give
carbanilide and alcohol as a primary reaction, while a small
amount of the aniline hydrochloride reacts with unchanged iso-
urea ether to form triphenylguanidine.

It will be noticed that IIIa and IIIJ follow exactly the lines of
decomposition of ordinary imido ethers.

When ethyl isodiphenylurea and one per cent. hydrochloric
acid are heated at 100° for eight hours, the tubes open with
slight pressure, due to ethyl chloride. The main product is
carbanilide ; traces of triphenylguanidine are also present.

A test for alcohol with benzoyl chloride and caustic soda gave
negative results. This shows that the reaction cannot proceed
according to II. Since ethyl alcohol and aqueous hydrochloric
acid do not give ethyl chloride, alcohol should be in the solu-
tion, but the above test proved its absence.

Bearing upon equation IIT are the following data: In one
experiment the contents of the tube, after treatment with alkali,
gave a few drops of oil which the bleaching-powder test showed
to be aniline (IIlz). Between aniline and the urea ethers there
is no reaction. (See below.)

When, however, ethyl isocarbanilide is heated with a dilute
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aqueous solution of aniline hydrochloride at 100°, traces of tri-
phenylguanidine are obtained (III4). But when phenyl ureth-
ane and aniline hydrochloride were lheated for eight hours in a
sealed tube at 100°, the tube opened without pressure ; no carb-
anilide and no ethyl chloride were obtained. The phenyl
urethane was recovered unchanged; this disproves the pos-
sibility of IIIlc. Hence the formation of carbanilide and
ethyl chloride, the main products of the action of dilute
aqueous hydrochloric acid on ethyl isocarbanilide, can-
not proceed according to III. I alone accounts fully for the
formation of these compounds. Equation I, therefore, positively
represents the true action of aqueous liydrochloric acid on urea
ethers in its principal phase. The formation of the by-product,
tripheuyl guanidine, takes place, as just shown, by the secondary
reactions, IIla and II114. These reactious bring out the radical
point of difference between the imido ethers and the urea ethers.
With the former, the reactions corresponding to IIIe and IIIS
are the exclusive ones, or predominate.’

With the urea ethers, I has become the most prominent, while
IIIa and 1115 are almost entirely absent.®

Action of Glacial Acetic Acid.—When a slight excess of glacial
acetic acid was added to ethylisodi-o-tolylurea, the formation of
a white solid and of ethyl acetate, recognized by its odor, was
observed. The reaction was completed by heating in an oil-
bath at 130° for a short time. When examined, the solid resi-
due proved to be pure o-carbtoluide. The course of the reaction
is as follows :

C,H,NH

N\
5\C—O0C,H,+CH,COOH -
CHN/

C,H,NH COCH, CHNH
>C - - CO+CH,CO0CH,.
CHNH/ N\ ocH, CHNH

Addition of the acetic acid doubtless occurs, forming an inter-

1 A reaction according to I does not seem to be recorded in the literature of the
ordinary imido ethers, but it is thought that a careful investigation will show that it
takes place to a very small extent.

2 These facts seem to shed valuable light on the constitution and behavior of the
hydrochlorides of imido ethers and urea ethers. Their bearing on this subject will be
discussed by Dr. Stieglitz in a paper on the subject in the Am. Chem. /., 21, 101.
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mediate acetate, which is too unstable to be isolated. 'This
addition-product begins to decompose at ordinary temperatures,
giving acetic ether and o-carbtoluide, a reaction analogous in
every way to that with hydrochloric acid. Amylisodi-o-tolyl-
urea and acetic acid slowly react at ordinary temperatures, and
on warming to the boiling-point of the latter, decomposition is
soon effected. T'wo products were obtained, o-ditolylurea, iden-
tified by its melting-point and properties, and amyl acetate,
recognized by its odor.

Action of Dilute Sulphuric Acid.—Dilute sulphuric acid acts
upou the isourea ethers less readily than hydrochloric acid. In
the cold the complete decomposition is very slow. On heating
methylisodi-o-tolylurea with five per cent. sulphuric acid in a
sealed tube at 100°-110° for four hours, complete saponification
followed. The tube, opened without pressure. Much o-carb-
toluide had crystallized out, and the clear solution gave no test
for urea ether on heating with dilute hydrochloric acid.

Ammonium hydroxide gave a very slight precipitate—possi-
bly of tritolylguanidine—but the amount was not sufficient for
identification. The presence of methyl alcohol was shown by
the benzoyl chloride test. The reaction evidently follows the
same lines as that with dilute hydrochloric acid.

RNH, RNH. O CH,
Ia. C—OCH,4+H,50, — >c< -

RN7Y RNH 0S0,0H
(RNH),CO+CH,SO,H.
Ib. CH,SO,H+H,0 - CH,0H+H,SO,.

The relation of the decomposition here to that of the imido
ethers is the same as in the preceding cases.

The action of strong sulphuric acid was tried in order to com-
pare the relative behavior of oxygen and thiourea ethers. Will
and Bielschauski' found that when ethylthiodi-o-tolyl urea was
heated with twenty per cent. sulphuric acid at 160°-170° for
three hours, incomplete saponification followed, with the forma-
tion of o-toluidine and monothio-o-tolyl urethane.

C,H,NH
IL. \/\CSC,HB—i-H,O ~ C,H,NH,+C,H,NHCOSC,H,.
C,H,N7

1 Ber. d. chem, Ges., 13, 1317,
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Ethyl isocarbanilide was heated under like conditions. The
tube opened with pressure due to carbon dioxide. The contents
of the tube, which formed a clear, dark-brown solution, were
shaken out with ether. This yielded nothing, showing the
absence of phenyl urethane. This acid solution, when neutral-
ized, gave an oil which the bleaching-powder test proved to be
aniline. Complete saponification according to

(C,HN:)C(NHCH,)OC,H+H,SO,+2H,0 —
(C,H,NH,),SO,+C,H,OH+CO,
evidently takes place.

Carbanilide, the first saponification product according to p.
171, I, I found, is completely saponified by twenty per cent. sul-
pliuric acid at 150°-160°, in the course of three hours. Phenyl
urethane, the first saponification product to be expected accord-
ing to the behavior of the thiourea ethers (p. 171, II) is,
according to my observations, much more slowly decomposed
under the same conditions, considerable urethane being recov-
ered. 'There is no doubt, therefore, that even toward twenty
per cent. sulphuric acid, at 160°, urea ethers first lose alcohol
and not aniline, by saponification, in marked contrast to the
thiourea ethers and ordinary imido ethers.

Action of Ammonia and Aniline.—Reference has been miade'
to what is doubtless one of the most characteristic reactions of
the imido ethers ; that is, the remarkable ease with which they
react with ammonia or substituted amines in the cold or on
warming slightly to form amidines. Thus, benzimido ether,

NH
CHC/<
0C.H

2 5

)

reacts readily and smoothly with ammonia to form benzamidine,

1 Page 138,
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Methyl isoformanilide,

NCH,
HC<

OCH,
with aniline or aniline hydrochloride gives a quantitative yield
of diphenylformamidine,

)

NCH,
el

\~ucH,’

while the oxygen ethers of succinimide react with aniline with
evolution of heat to form an amidine derivative.'

Judging then from analogy alone, the isourea ethers which
contain this same grouping should react readily to form substi-
tuted guanidines. The results of the experiments directly con-
tradicted this expectation, and showed the surprising stability
of the isourea ethers toward basic reagents.

A solution of ethylisodiphenyl urea in alcoholic ammonia was
heated at 130°~140° for several hours. The tube, which opened
without pressure, contained an oil which was soluble in hydro-
chloric acid, and did not respond to any of the tests for aniline.
On warming the acid solution, carbanilide and ethyl chloride
were formed, showing that the oil consisted of unchanged urea
ether. No trace of triphenylguanidine could be found in the
acid filtrate.

When the ammoniacal solution was heated to 190°~200°, par-
tial reaction occurred. Traces of diphenylguanidine were iso-
lated, but most of the ether was unchanged.

On heating methylisodi-o-tolyl urea with alcoholic ammonia at
200° for three hours, a very incomplete conversion into di-o-
tolylguanidine (m. p. 179°) took place.

R.NH RNH
\\C OC,H,+NH, — \C——NH +C,H,OH
RN// o atls 3 RN// 3 2dds .

It has been previously shown® that ethylisodiphenyl urea

and aqueous aniline hydrochloride at 100° give carbanilide and

traces, but only s/ght traces, of triphenylguanidine. An effort

1 Comstock and Wheeler : Am., Chem. /., 13, 10.
2 Page 160,
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was made to prepare triphenylguanidine directly from the two
substances. Molecular proportions of aniline and urea ether
were heated in an oil-bath at 140°-150° for several hours. The
oily product gave a test for aniline, and on warming with dilute
liydrochloric acid, in which it dissolved, carbauilide was depos-
ited, showing the presence of unchanged urea ether.

The acid filtrate contained no trace of triphenylguanidine.
As there was no reaction at the temperature employed, the mix-
ture was heated at 290°-300° for five hours. The tube which
opened with pressure, was filled with combustible gases. It
contained aniline, traces of urea ether, and a few crystals of carb-
anilide but no triphenylguanidine. The explanation of this
will be seen in the action of heat upon the urea ether alone.

These experiments with ammonia and aniline show clearly
the remarkable stability of the urea ethers, as compared with the
imido ethers. The explanation for this must lie in the fact that
the addition of an anilido group, C.H,NH, to the imido ether
complex has made the molecule more positive. If more nega-
tive groups are introduced into a urea ether, as is the case with
the ethoxy ether of dicarbethoxy urea, amnionia again reacts
easily and smoothly with the formation of a guanidine,

NCH,
el
OC,H,

reacts easily with ammonia and aniline.
NC.H,

reacts with ammonia with great difficulty, and not at all with
aniline,
cu . //N—COOCQH6
. E,OO(.NHC\ o

OC,H,
reacts easily with ammonia,

This same effect of increasing the negative nature of the mole-
cule is seen in the behavior of the thiourea ethers. Here a
much greater activity is noticed. Thus ethylthiodiphenyl urea
reacts at 120° with alcoholic ammonia to form mercaptan and
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diphenylguanidine' while boiling with aniline is sufficient to con-
vert methylthioditolyl urea into phenylditolylguanidine and
methylsulphhydrate.?

Action of Heat upon the Urea Ethers.—The results of the last
experiment with aniline and urea ether led to trying the effect of
heat alone.

Ethylisodiphenyl urea was heated for five hours at 295°~300°,
and a gas, ethylene, escaped, which burned with a luminous
flame. The residue, which was a semisolid mass mixed with
crystals, consisted of carbanilide and polymerized carbodi-
phenylimide. The formation of polymerized carbodiphenyl-
imide in this reaction would indicate that the decomposition of
ethyl isocarbanilide is not directly into ethylene and carbanilide,
which gives phenyl isocyanate, but no carbodiphenylimide. It
is, then, far more likely that at this high temperature the isocarb-
anilides are decomposed back into carbodiphenylimide and
alcohol, the reaction by which they are formed being reversed ;*

CHNH

(CH,N:),C+CHOH NC—0CH.,

C,H, N7 o
and the alcohol breaking down partly into ethylene and water,
the latter combines with the carbodiimide to form carbanilide.*
Action of Potassitum Hydroxide.—A solution of methyliso-o-
carbtoluide in strong alcoholic potash is not decomposed by long
standing or even by boiling.® The recovered oil responded to
the tests for the urea ethers. Some of the urea ether, dissolved
in alcoholic potash, was heated in a sealed tube at 160° for three
hours. The tube operied without pressure. When the alcoholic
solution was acidified with hydrochloric acid there was an evo-
lution of carbon dioxide ; no unchanged urea ether was found.

The solution contained, however, an oil soluble in the acid.
1 Rathke : Ber. d. chem. Ges., 14y 1776,
2 Jbid., 15, 1309.
3 Page 140.
4 Ethyl thiocarbanilide (or toluide) breaks down in like manner on heating into
ethylmercaptan and carbodiphenylimide.
5 Methyl thiocarbanilide breaks down into carbanilide and mercaptan when boiled
with alcoholic potash.
RNH
/>C—SCH, +H,0 — (RNH);CO + CH,SH.
RN
Will: Ber.d. chem. Ges., 14, 1489,
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This, with benzoyl chloride, gave o-benztoluide (m. p. 143°) and
was, therefore, o-toluidine. Methylisodi-o-tolyl urea shows the
same stability toward boiling ten per cent. caustic soda. No
saponification follows.! When heated with the aqueous alkali
for three hours at 160° the decomposition was complete. The
carbon dioxide was absorbed by caustic soda and the o-toluidine
identified by changing into o-benztoluide. The clear solution
contained methyl alcohol. This was shown by the benzoyl
chloride test. The reaction can doubtless be represented as fol-
lows :

RNH RNH
4.  SC—OCH+H —  >CO+CH,0H
RN RNH
RNH
5. >co+H,o ~ 2RNH,+CO,.
RNH

Experiment showed that a dialphyl urea, such as carbanilide,
was readily and completely saponified at 160° by ten per cent.
aqueous or alcoholic potash.

These experiments have brought out incidentally the relative
stability toward acids and alkalies of the oxygen and thiourea
ethers. By hydrochloric, sulphuric, and acetic acids,® the oxy-
gen ethers are gradually decomposed in the cold, but readily
when heated, while the opposite is true of the thiourea ethers.
Thus, methyl thiocarbanilide can be boiled with strong hydro-
chloric acid without chauge; decomposition® into aniline and
mercaptan is only effected by heating with concentrated acid at
150°. With basic reagents the oxygen ethers show a much
greater stability.

Previous experiments have shown their inertness’ toward
ammonia, aniline, and caustic alkalies. On the other hand, the
same reagents react with relative ease with the thiourea ethers.’

Action of Hydrogen Sulphide.—Many of the experiments thus
far described have borne directly upon the relation between the
urea ethers, the imido ethers, and the thiourea ethers. It must

1 Ethyl isocarbanilide heated at 120°-130° for six hours, under like conditions, gave
mainly unchanged urea ether, only traces of aniline, and no carbanilide.

2 Pages 166, 171, 170,

3 Weith : Ber.d. chem. Ges., 14, 1490.

4 Pages 172 and 175,

6 Ber. d.chem. Ges., 14, 1489 and 1490.
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not be forgotten that the urea ethers contain also the amidine
grouping

RN

e,

RNH/

and hence could show some of the typical reactions of the ami-
dines. Bernthsen' has found that there are two reagents, hydro-
gen sulphide and carbon disulphide, that react in an especially
characteristic manner with this class of compounds. Thus, if
a-benzenyldiphenylamidine is heated at 160°-165° in a stream of
dry hydrogen sulphide, there is a quantitative splitting into ani-
line and thiobenzanilide.

-
NHC,H, |
/ NCeHs /
c,H,c< +H,S —|CHC-SH
NNCeHs
NHC,H, |
L Not isolated. -

S
~ CGHBNH,+CGH,C</
NHC,H,

The carbon disulphide reaction, which is somewhat similar,
will be discussed later.

Dry hydrogen sulphide was passed over ethylisodiphenyl urea
in a distilling bulb immersed in an oil-bath. This was con-
nected with another distilling bulb, which served as. a receiver,
while the gaseous products of the reaction were led over alco-
holic ammonia for the purpose of absorbing any carbon disul-
phide that might be formed. At 130°-140° there was no reac-
tion, the urea ether remaining unchanged. When the tempera-
ture was raised to 180°~190° slow decomposition began. A few
drops of oil distilled over in the receiver. This was soluble in
hydrochloric acid, and responded to the bleaching-powder test
for aniline, and with benzoyl chloride gave benzanilide. A
slight residue of carbanilide was left in the distilling bulb.
When the solution of alcoholic ammonia was evaporated to dry-
ness and the residue taken up with water, it gave, with ferric
chloride, a test for ammonium thiocyanate, showing that car-

1 Ann. Chem. (Liebig), 193, 32.
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bon disulphide had been absorbed. Mercaptan, C,;H,SH, was
recognized among the gaseous products by its odor. Any reac-
tion, then, must take into account the formation of these com-
pounds: carbanilide, aniline, carbon disulphide, and mercaptan.

Three possibilities are open to consideration :

RNH
\ — —
le.  »C—OCH+H,S
RN
RNH ,OC,H,
>C -~ (RNH),CO+C,H,SH.
RNH \SH
RNH
15,  >CO+4H,S - 2RNH,+COS.
RNH

The hydrogen sulphide, which is a weak acid, acts in this
case like hydrogen chloride, the unstable addition-product
breaking down.

RNH Joc H,
Ha. >C{ - (RNH),CS+C,H,0OH.
RNH “SH

I16. (RNH),CS+H,S - 2RNH,+CS,.

Here ethyl alcohol is lost, instead of mercaptan, from the
addition-product, giving thiocarbanilide.

RNH
IIIa. \

RNH/
IIlc. RNHCSOC,Hb—i-HQS -~ RNH,+CS,+C,H,0H.

The intermediate phenylthiourethane is saponified in much the
same way as with dilute acids. It will be noticed that III is the
only one in which the normal decomposition of amidines is fol-
lowed out.

The formation of mercaptan and carbanilide proves that the
reaction certainly proceeds, to some extent, according to Ia. That
this could also account for some of the aniline was shown by a
special experiment.

Carbanilide at 190° was found to be very slowly attacked by
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hydrogen sulphide with the formation of aniline (I5). The ex-
ceeding slowness of this reaction, however, as compared with
the action of hydrogen sulphide upon the urea ethers, makes it
certain that reaction II or III, or both, must occur.

No further experimental evidence was obtained on this point;
but the general fact that the urea ethers lose much more readily
the alkyl group giving carbanilides' than an aniline group giv-
ing urea ethers, would be in favor of II.

Action of Carbon Disulphide.—When benzenyldiphenylamidine
is heated with carbon disulphide at 130°-140° there is formed
thiobenzanilide and phenyl mustard oil.

NC,H, s
cpoc/< 1cs, - C,,H,C</ 4-C,H,NCS.
NHC,H, NHC,H,

The double bond is the point of attack with consequent loss
of the imido group. Will and Beilschauski® have investigated
the action of carbon disulphide upon the thiourea ethers.® They
have shown, for instance, that methylthio-p-tolyl urea, heated
with carbon disulphide at 180°, yields p-tolyl mustard oil and
p-tolyldithiourethane,

C,HNH

/>C—-SCH,+CS, ~ C,H,NCS+C,H NHCSSCH,,

C,HN
a result analogous, in all respects, to that with a true amidine.
Other thio-ethers behave in a similar manner.

Ethylisodiphenyl urea was heated with carbon disulphide at
170° for six hours. The tube opened with pressure due to com-
bustible gases. These slowly precipitated silver sulphide from
a silver nitrate solution due to the presence of carbonyl sul-
phide (COS). The contents of the tube, which consisted of a
solid mixed with an oil, were washed out with ligroin. The
solid, after crystallization from alcohol, proved to be thiocarbani-
lide. The ligroin, after evaporation, left an oil with the odor of
phenyl mustard oil. That it was the mustard oil was proved by

the fact that it reacted directly with alcoholic ammonia, giving

1 Weith has shown that thiocarbanilide and hydrogen sulphide at 170° give a quanti-
tative yield of aniline and carbon disulphide. Ber. d.chem. Ges., %, 1304.

2 Bernthsen : Ann, Chem. (Liebig), 192, 32.

8 Ber.d, chem, "Ges.. 15, 1317.
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monophenylthiourea, and with aniline to form thiocarbanilide.

Methyliso-o-tolyl urea was heated under like conditions with
carbon disulphide. The tube opened with pressure due to
inflammable gases that slowly precipitated silver sulphide. The
contents of the tube consisted of o-tolyl mustard oil and o-thio-
carbtoluide, which were separated and identified as in the pre-
vious experiment. If the reaction proceeded as with other ami-
dines, it would be formulated as follows :

RNH
I >/C——OC,H5—|-CS, ~ RNHCSOC,H,+RNCS,
RN

giving phenyl mustard oil ; and the S-thiourethane which was
not isolated would have to break down according to

II. 2.RNHCSOC,H, — (RNH),CS+COS+(C,H,),0

into thiocarbanilide, carbon oxysulphide, and ether.'

The action on silver nitrate indicated carbon oxysulphide,
and the correctness of this equation, and thereby of the whole
interpretation, was proved as follows :

Pure fS-thiophenylurethane® was heated in a sealed tube at
170°-180° for six hours. The tube opened with pressure due to
inflammable gases that slowly precipitated silver sulphide from
a silver nitrate solution. The contents consisted of a little
phenyl mustard oil formed by simple dissociation of the ureth-
ane,

C,H,NHCSOC,H, — C,H,NCS+C,H,0H,

and of thiocarbanilide. The decomposition occurs as already
pointed out in equation II.

The same products were obtained when S-thiophenylurethane
was heated in carbon disulphide solution. The experiments
indicate that with a neutral reagent like carbon disulphide, the
oxygen-urea etherslose an imide group behaving, in all respects,
like a true amidine.

The thiourea ethers react in this same way, the only differ-
ence being in the stability of the dithiourethane formed.

1 Dithiophenylurethane, C,H,NHCSSC,H;. formed by the action of carbon disul.
phide on the thio-ethers, is stable at this temperature.—Ber. d. chem. Ges.. 15,1317,

2 The decomposition of the thiourethane will be further investigated and the results
published in a later paper.
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The Action of Acyl Chlorides upon the Urea Ethers.—Bodies of
the type
NR
RNH——C</

OR
present toward acyl chlorides, two points of attack, the double
bond and the hydrogen attached to the anilido group, which
ought to be easily replaced by an acyl group, since the body is
a strong base ; 7. e., anilidophenylimidoformic ether.

Wheeler and Walden' have made a most interesting discovery
that the acyl chlorides act on phenylimido esters easily and
smoothly, acetyl chloride giving with phenylimidoformic ester,
acetylformanilide and ethyl chloride. They have formulated
the reaction as follows :

N H NCUHB,
V4 g /
HC\ +C1COCHS — HC\ COCHs
OC,H, | Cl .....
Loic,H,

— (HCO)N(C,H,)(COCH,)+CIC,H,.

On the other hand, they found that benzimidomethyl ester
containing an imide group, NH, with a replaceable hydrogen
atom reacts according to

NH
0 HZ  4CLCOCH, —

NocH,
N—COC,H, NH
C,H,C</ +C,H5C/< HCL
OCH, OCH,

The intermediate addition-product loses hydrogen chloride,
which immediately unites with a second mniolecule of the more
basic free imido ether to form a salt. The product then contains
equal molecules of benzimidomethyl ester hydrochloride and
benzoylbenzimidomethyl ester.’

If freshly distilled acetyl chloride (a slight excess over one
molecule) is added to a benzene solution of ethyl isocarbanilide
(one molecule), reaction soon begins. The use of a neutral sol-

1 Am, Chem. /., 13. 130.
2 Wheeler and Walden : /bid,, 19, 136.
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vent is necessary in order to control the action. After standing
for thirty-six hours, the benzene was filtered from a white solid
that had crystallized out. This, on examination, proved to be
pure carbanilide ; there was no trace of any hydrochloride or
salt of any base. The solution when evaporated directly yvielded
acetyldiphenylurea, a body previously described by McCreath.’

When ethylisodiphenylurea and benzoyl chloride are mixed,
there is no reaction at first, but on standing for a short
time, the mixture warms up and becomes semisolid.
It is better, however, to dissolve the urea ether in ben-
zene, add the benzoyl chloride, and allow the solution to stand
two or three days. A white solid is slowly deposited; this, as
in the previous case, was found to be pure carbanilide, with no
admixture of any other body. Tlie solution, on evaporation,
gave a new compound, benzoyldiphenylurea, which was purified
by recrystallization from ligroin (40°-60°) and alcohol.

Analysis :

0.1027 gram substance gave 8.4 cc. moist nitrogen at 21.3°
and 748.3 mm.

Calculated for

Co0H4N20, Found.
NItrogen coeevveennsiransannnns 8.86 9.18
Benzoyldiphenylurea,
CH,NH
>co
CH,N ,
CocH,

is insoluble in water, and easily soluble in ordinary organic sol-
vents. It crystallizes in fine white needles, which melt at 131°.
When heated a little above its melting-point, it dissociates, giv-
ing benzanilide and phenyl isocyanate, a reaction which also
characterizes monacetylcarbanilide. These bodies, which can
be prepared by the action of phenylisocyanate upon the anilides,®
are relatively unstable, and dissociate easily into their compo-
nents.

1 Bev, d. chem. Ges., 8, 1181; Kuhn : Ibid., 17, 2282,
2 This analysis was kindly made for me by Mr. M. D. Slimmer, of this laboratory.
3 McCreath : Ber. d. chem. Ges., 8, 1181,
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Since the isourea ethers possess two points of attack, the
formation of these acyldiphenylureas can be explained in two
ways :

NC,H,
I. C,HNH— c</ "+CICOR —
OC,H,
N—C,H, N—C.H
/I / etts
CSH,NHC\COR - CHCHCHNHC  “or.
cl 0
L—OC,H,
NC,H,
II. C,H,NH— </ "} CICOR —
0C,H,
NCH,
CGH,N——C< +HCl - CH,N—CNHCH,+C,H,CL
| OCH, |l
COR COR O

In one the acyl chloride adds to the double bond, the usual
point of attack in imido ethers, but the very unstable addition-
product loses ethyl chloride, giving the monacyldiphenylurea.
The formation of carbanilide is doubtless due to traces of free
acid in the acyl chloride.” These results correspond in every
way to the action of acid chlorides on the phenylimido ethers.®

While the reaction most probably proceeded according to I,
the second possibility had to be considered. Here the anilido
hydrogen is replaced by the acyl group, while the free hydro-
chloric acid reacts with an acylurea ether, splitting off ethyl
chloride and so giving the sanie end-products. The ease with
which the urea ethers unite with dry hydrogen chloride has been
set forth before. These hydochlorides are stable at ordinary
temperatures in the absence of moisture.” For this reason, if
any hydrochloric acid was set [ree, it would immediately unite
with another molecule of urea ether to form the urea ether

hydrochloride insoluble in the solvent used. This is shownalso

1Page 182,
3 Am. Chem. /., 39, 130.
8 Page 141.
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by the behavior already referred to, of benzimidomethyl ester
and benzoyl chloride.’

The absence of any hydrochloride of the urea ether or of any
acyl urea ether leaves the second (II) interpretationof the action
of acyl chlorides without a single experimental piece of evidence
in its favor, and makes the first (I) the more probably correct
one. The reaction is of some importance, since it must be con-
sidered as throwing some light on the constitution of the salts—
such as the hydrochlorides— of the urea ethers.?

For these compounds two constitutions are possible:

/NH,RCI
A. RN:C\ .
OR’

RNH. OR'
B. >c< .
RNES N\Cl

One would certainly think that if the basicity of the urea
ethers was due to the aniline groups forming ammonium salts
(A), that the basic anilido group, C.H,NH, would also show
the other characteristic reaction of such a group in a basic
molecule; v7z., the ready formation of an acyl derivative,

C,H,N(COC,H,)C(:NC,H,)OC,H,,

but no such compound could be obtained, although it was with
the intention of preparing it, that this reaction was first under-
taken and then studied. On the other hand, the formation of
the compounds actually obtained,—acyl carbanilide and ethyl
chloride—is according to I clearly in close agreement with the
conception of the urea ether salts as having the constitution

RNH OR’
B. c<

P .
RNH Cl
Indeed where the imido ether grouping, —C(:NR)OR, is miss-
ing, acyl chlorides have hardly any effect. Thus, when carbani-
lide and benzoyl chloride are heated to 130°-140° in an oil-bath,

1 Page 181,
2 See also Stieglitz . Am. Chem. /., 21, 101.
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the diphenyl urea goes into solution, but on cooling it crystal-
lizes out unchanged.’

V. CARBONYLDIURETHANE.

The urea ethers thus far investigated have a phenyl or tolyl
group and are basic enough to form definite salts with, and neu-
tralize, acids. It seemed now of interest to ascertain in what
way the ethers of ureas would behave were the phenyl group
replaced by one still more strongly negative, such as carb-
ethoxy or acyl. Such a urea would possess the grouping,

RCONHCONHCOR,

analogous to that in the uric acids, and, in consequence, its
reactions should throw some light upon those of the latter series.

A starting-point for the preparation of ethers of such a urea
presents itself in carbonyldiurethane,

CO(NHCOOC,H,),

(dicarbethoxyurea), a compound whose counstitution has been
definitely determined, so that no question need arise on that
score. ‘This body, together with its silver salt, was prepared in
this laboratory,* by Folin, who worked under the direction of
Dr. Stieglitz. He found that carbonyldiurethane gave a mono-
silver salt, probably

(AgO)C(:NCOOR) (NHCOOR).

Such a body would present an excellent opportunity for prepar-
ing such isourea ethers by means of alkyl iodide, and on the
other hand, the formation of such ethers with the constitution

(RO)C(:NCOOR) (NHCOOR),

would be a complete confirmation of the constitution of the sil-
ver salt. With this twofold object, the action of alkyl iodide
was investigated by me.

An isourea ether with the above composition was obtained
without difficulty, its constitution determined beyond a doubt,
and important changes in the chemical behavior of isourea

1 At higher temperatures (160°-170°) there is a reaction, the results of which will be
described in a later paper. The study of the action of acyl chlorides and anhydrides
on the dialphylureas and thioureas, is being continued by me (Dains).

2 Am. Chem. /., 19, 348.
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ethers, with the more negative carbethoxy groups, COOR,
attached to the nitrogen observed.

Preparation of Carbonyldiurethane.—Folin ascertained that
carbonyldiurethane was the main product when a mixture of one
molecule of phosgene, two molecules of urethane, and two mole-
cules of pyridine were heated in a sealed tube at 85° for thirty
minutes. A more simple method of preparation, and one that
does not involve the use of a sealed tube, is as follows: A mix-
ture is made of two niolecules each of urethane and pyridine ; a
little benzene is used, if necessary, to complete the solution. A
flask containing a ten per cent. solution of phosgene (oue mole-
cule), in benzene and connected with an ice-cooled condenser,
is surrounded witl a freezing-mixture. Onadding the urethane
solution slowly to the phosgene, immediate reaction occurs, and
a reddish solid separates out on the sides of the flask. After
standing an lhour the freezing-mixture is replaced by water,
which is slowly warmed to the boiling-point of benzene. This
latter temperature is maintained for an hour. Whemn cold, the
liquid in the flask separates into two layers, the upper of ben-
zene, the lower a dark red oil which slowly becomes semisolid,
owing to the crystallization of the carbonyldiurethane. On
examination, the upper layer was found to contain very little
carbonyldiurethane, the most of it being in the red oil at the
bottom:. This latter, after treatment with water, was warmed
to drive off traces of benzene, and cooled in a freezing-mixture,
the carbonyldiurethane readily crystallizing out. On concentra-
ting the filtrate and again cooling, a second crop of crystals can
be obtained while extraction with ether removes the remainder.
The product is best purified by crystallization from water. The
yield is about seventy per cent. of the theory. With a sealed
tube Folin had obtained a forty per cent. yield. The presence
of the pyridine, which absorbs the hydrochloric acid set free,
greatly facilitates the reaction. A benzene solution of phos-
gene and urethane alone does not react at the boiling-point of
the benzene.

Carbonyldiurethane is very stable toward acids." Fixed
caustic alkalies dissolve it with the formation of soluble salts.
For synthetic use the silver and sodium salts of carbonyldiureth-

1 Folin: Am. Chem. J., 19, 248,
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ane were prepared, the first by Folin’s method,' the latter as
follows :

A concentrated solution of sodium ethylate—one molecule—
was added to a solution of carbonyldiurethane, dissolved in as
little absolute alcohol as possible. A gelatinous precipitate
formed, which soon changed to a fine white crystalline powder.
From more dilute solutions ether throws down the sodium salt.
This was washed with absolute alcohol and ether, dried in a
vacuum, and analyzed.

0.5800 gram substance gave 0.1790 gram sodium sulphate.

Calculated for
C,H,;N,O;Na. Found.

SOAIUM ettt etvvvnee vuanasanns 10.18 10.00

No Disodium Salt Could be Obtained.—'The monosodium salt,
is formed only with a considerable excess of sodium ethylate.
It is readily soluble in water and dilute alcohol. From a con-
centrated water solution of the sodium salt, lead nitrate precipi-
tated the lead salt, but as this was found to be very unreactive
with alkyl iodide, it was not further investigated.

With copper sulphate it gave not copper carbonyldiurethane,
but a hydrated copper hydroxide, showing that the sodium salt
is hydrolyzed in solution. The constitution of these salts will
be discussed later.

The Action of Alkyl Jodide upon the Silver Salt.—The silver salt
was suspended in dry ether and a slight excess over one mole-
cule of ethyl iodide added, After standing for several days the
ether was filtered from the silver iodide. ~On evaporation there
is obtained an oil mixed with a little carbonyldiurethane. The
o0il was purified by washing with dilute alkali, and by solution
in ligroin (b. p. 40°-60°), which dissolves only the oil. The
excess of solvent was allowed to evaporate in a vacuum desicca-
tor over vaseline and sulphuric acid. The resulting product is
the ethoxy ether of carbonyldiurethane,

(C,H,0)C(: NCOOC,H,) NHCOOC,H

(ethylisodicarbethoxyurea). It is a colorless mobile oil with a

pleasant odor, easily soluble in ordinary neutral organic solvents,

insoluble in water and insoluble in dilute alkalies. At ordinary
1 Folin : Am. chem.J., 19, 350.
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pressures it cannot be distilled without complete decomposition.
Analysis :
0.2444 gram substance gave 26.8 cc. moist nitrogen at 24° and
755 mm.

Calculated for
CyO;Hy N, Fouud.

Nitrogen. coovevviieiiarenne, 12.07 12.30
Traces of the isomeric nitrogen ether are often found, show-
ing that the reaction is not wholly one of direct replacement of
the silver atom. If any nitrogen ether is present a carbylamine
odor is obtained when the ether is decomposed with strong sul-
phuric acid and then warmed with alcoholic potash and chloro-
form. That the composition of the oil is

HN—COOC,H,
|
C—OC,H,
ll
N—COOC,H,

(ethylisodicarbethoxyurea) is shown by its reactions with hydro-
chloric acid and alcoholic ammonia.

Action of Hydrochloric Acid on Ethylisodicarbethoxyurea.—
When dry hydrogen chloride is passed over the ethoxy ether in
a test-tube connected with an azotometer, ethyl chloride is split
off quantitatively and is collected in the azotometer over caustic
potash. It was identified by its burning with a green flame.

The reaction begins in the cold and is accompanied with heat.
Cooling the ether in a freezing-mixture does not prevent it. The
residual solid was found to be carbonyldiurethane. This ren-
ders certain the presence of a third ethoxy group bound to car-
bon, C—OR, other than the two ethoxy groups in carbonyldi-
urethane itself, since hydrogen chloride atordinary temperatures
cannot split off alkyl chloride from a nitrogen alkyl derivative,

>N—C2Hsv

and since carbonyldiurethane is recovered undecomposed. The
same decomposition takes place with dilute aqueous hydro-
chloric acid, slowly in the cold, rapidly on heating. Carbonyl-
diurethane seenis to be the only solid product of the reaction.
Efforts were made to isolate the hydrochloric acid addition



ISOUREA ETHERS. 189

product by passing the dry gas into a well-cooled benzene solu-
tion of the ether, but with no success. Carbonyldiurethane was
alone obtained.

NHCOOC,H, NHCOOC,H,
| .
C—OC,H, +HCl —

Il
N—COOC,H, NHCOOEH,

It will be noticed that the stability of the hydrochloric acid
addition products decreases with the acidity of the ethers. Thus,
while ethyliso-o-carbtoluide hydrochloride in a stream of dry
hydrogen chloride loses ethyl chloride only at go°, the more
negative ethoxycarbethoxyurea reacts with hydrogen chloride
even at o°.

Action of Alcoholic Ammonia.—The ethoxy ether was dissolved
in strong alcoholic ammonia. After a few moments’ standing a
fine, white precipitate formed. This melted at 163° and proved
to be identical with guanidinedicarboxylate obtained by Nenki’
from guanidine and chlorcarbonic ether. The compound
obtained from ethylisodicarbethoxyurea dissolved readily in
dilute hydrochloric acid, and with chlorplatinic acid gave a salt
which afforded still further proof of its identity.

I. 0.1324 gram substance gave 0.0316 gram platinum.
II. o.1562 gram substance gave 0.0374 gram platinum.

Calculated for Found.
C14H 505 NePtCl,. I 1I.
PlatinUmleoeoe covenevnans. 23.91 23.87 23.94

Guanidinedicarboxylatechlorplatinate forms hard, red crystals,
readily soluble in water. It does not melt at 250°. The forma-
tion of this dicarbethoxyguanidine,

NHCOOC,H, NHCOOC,H,
I I

C—NH, or C=NH

I i
N—COOC,H, NHCOOC,H,

is of great importance, since it proves definitely that the third
17, prakt. Chem. (2), 17, 237.
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ethoxy group in ethyl isodicarbethoxyurea is bound to the cen-
tral carbon atom ; that is, the constitution cannot be

¢ <ox

N—CONHCOOR

These two reactions, with hydrogen chloride and with ammo-
nia, have shown the presence of an ethoxy group and also its
position ; in other words, have definitely proved the constitution
of the molecules to be

NHCOOC,H,
c,1,00{ .
N'N—C0O0C,H,

Ethoxycarbonyldiurethane is insoluble in water and in the
dilute fixed alkalies, and is not readily decomposed by them.
In this respect it bears a close resemblance to the dialphylurea
ethers. At the same time, the replacement of an alphyl group
by the more negative carbethoxy has increased greatly its reac-,
tivity.

The exceeding ease with which ethoxycarbonyldiurethane
splits off ethyl chloride with hydrogen chloride, and forms a
guanidine derivative with alcoholic ammonia, is in strong con-
trast to the alphylurea ethers, whose chlorides are relatively
stable, and which do not react with alcoholic ammonia below
180°.

As has been pointed out above, this work has a very interest-
ing bearing upon the constitution of the metallic salts of car-
bonyldiurethane. Since the ethoxydicarbethoxyurea has been
shown to have the structure

C,H,0C(: NCOOR)(NHCOOR),

it follows that the silver salt, and hence the other metallic deriv-
atives, must have an analogous constitution, and be represented
as follows:

H—N—COOR
|
C— OMe
Il
NCOOR
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This structure shows, too, why the ether, though it contains an
NH group, is insoluble in alkalies, and why only a monosilver
or sodium salt of carbonyldiurethane can be formed.

The investigation of the action of ethyliodide uponthe sodium
salt is now being carried on by me. Results already obtained
show that when the sodiuin salt suspended in dryether is heated
with ethyl iodide at 160°, nitrogen, and not oxygen, ethers are
formed. Two products were isolated—one an oil which gave a
carbylamine reaction and resembles in its properties diethyl-
urethane,

C,H,NHCOOC,H, ;
the other, a solid melting at 91°-92°, insoluble in alkalies, but
readily soluble in organic solvents, which also responds to the
carbylamine test.

In studying the properties of carbonyldiurethane, the action
of aminonia was tried with some interesting results. Carbonyl-
diurethane was heated with alcoholic ammonia in a sealed tube
at 100°, for several hours. The product, on examination, proved
to be allophanic ether, showing that saponification had occurred,
instead of the normal amide reaction,

CO(NHCOOC,H,),+H,0 - NH,CONHCOOC,H,+CO0,+
C,H,OH.

Sodium ethylate, in one case, had the same action.

Different results were obtained when the carbonyldiurethane
was heated at 100° with twenty-eight per cent. ammonia. The
clear solution, after evaporating off the excess of ammonia,
deposited crystals. These heated to 180°~190° partially decom-
posed with the evolution of a gas, and the formation of a white
solid which did not melt on further heating. Thissame bodyis
obtained by the action of concentrated ammonia in the cold.
While the compound was not analyzed, its reactions indicate
that it is the ammonium salt of carbonyldiurea,

CO(NHCONH,),,

which acts like a dibasic acid.

This conclusion is based on the following facts:

a. Its partial decomposition at 190° into a gas and a residual
solid.
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5. Warming gently with dilute caustic soda gives free ammo-
nia, Carbonyldiurea or biuret is decomposed only with diffi-
culty by caustic alkalies.

¢. Dilute acids throw down a precipitate which corresponds in
its properties to the carbonyldiurea prepared by Schmidt.'

That carbonyldiurea acts as a dibasic acid was shown by the
preparation of its silver salt. A solution of the ammonia salt of
carbonyldiurea was added to two molecules of silver nitrate.
This formed immediately a fine, heavy, white precipitate, which
was filtered, washed with dilute ammonia and hot water, and
analyzed.

I. 0.2686 gram substance gave 0.1620 gram silver.

II. 0.1958 gram substance gave 0.1182 gram silver.

Calculated for Found.
C3O04H,N,Ag,. I II.

Silver.coee i, 60.00 60.31 60.36

The disilver salt is very stable and is discolored only slowly
on exposure to the light.

When equal molecules of silver nitrate and carbonyldiurea
were mixed no monosilver salt was obtained, but only the disil-
ver compound.

I wish to take this opportunity to thank Prof. Stieglitz for his
valuable direction and kindness in the prosecution of this work.
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THE NATURE OF VALENCE.
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HE term ‘‘valence’’ is variously defined as the ‘‘combining
capacity’’, ‘‘capacity of saturation’’, ‘‘quantitative com-
bining power’’, or ‘‘chemical value of the atom.” It is well
known that the introduction of this idea into chemistry was due
to the development of the type theory, a system which had at
first a purely empirical basis. Sixty years ago there was
still some hesitation as to the acceptance of the atomic theory or
the need for such a theory. Much use was made of the term
equivalent, which had been Wollaston’s expedient for avoiding

1/, prakt. Chem. [2]. 5, 39.
2 Address, as chairman, delivered before the North Carolina Section.



