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The substances discussed in the present communication are closely 
related to the previously described substituted anilides of phenylglycine- 
p-arsonic acid,l but differ from these in the fact that the glycine side 
chain is reversed, the arsonic acid radical becoming a substituent on the 
anilide nucleus, as follows: 

These substances were readily prepared by boiling the sodium salt 
of chloroacetylarsanilic acid with the aromatic amino compound, the COD- 

densation occurring in boiling aqueous solution within 15 to 30 minutes, 
owing to the reactivity of the chlorine in the former substance. The first 
member of the series, glycylarsanilic acid, was prepared by the use of 
ammonia in this reaction and was accompanied by the formation of the 
secondary imino compound. With the aromatic amines no difficulty 
was experienced in any case and the reaction has proved capable of wide 
eIttension. We have confined our studies up to the present to those com- 
pounds which were prepared for biological investigation. 

The fundamental compound required in this work was chloroacetyl- 
arsanilic acid. This derivative has already been mentioned in German 
patent 191,548, but as far as we could ascertain it has not been employed 
for the synthesis of other arsenic compounds. The patent contains a 
method for its preparation by the interaction of arsanilic acid and chloro- 
acetyl chloride, but we have found it unsuitable for the preparation of 
the substance in large quantities as the reaction was difficult to control 
and the yields were poor and uncertain. A very serviceable and simple 
means was found for the large scale preparation of chloroacetyl-arsanilic 
acid, consisting in heating arsanilic acid with an excess of chloroacetic 
acid on the water bath, an excellent yield of the pure substance being 
easily obtained. 

The substituted phenylglycyl-arsanilic acids resemble in general proper- 
ties the isomeric anilides of phenylglycine-p-arsonic acid, functioning 
both as acids and feeble bases. They are but sparingly soluble in the 
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usual solvents and all have high melting or decomposition points, the ob- 
served values depending upon the rate of heating. In general, the sodium 
salts were readily soluble in water. 

Experimental. 
Chloroacetyl-arsanilic Acid, p-HzOaAsCgH4NHCOCH2C1.-A method 

for the preparation of chloroacetyl-arsanilic acid has been given in German 
patent 191,548. In addition to the fact that no full description of the 
substance is given, we have found the following method more sedce- 
able for its preparation in large quantity: jo  g. of arsanilic acid and 150 
g. of dry chloroacetic acid are heated in an open flask on the water bath 
for 2 hours. The mixture gradually forms a clear melt, and towards the 
end the chloroacetyl-arsanilic acid occasionally begins to separate. The 
melt is poured into about a liter of well stirred, saturated sodium chloride 
solution, ancl the precipitated arsonic acid is filtered off and washed well 
with water. A portion of the acid was dissolved in hot 
water, treated with bone black, and the filtered solution cooled rapidly 
in order to prevent decomposition. Under these conditions it separates 
as minute, lenticular platelets and toothed leaflets which contain no water 
of crystallization and which darken when rapidly heated, but melt and 
decompose only when the temperature of the bath is held at  285' for a 
few moments. The acid is readily soluble in hot alcohol, somewhat less 
so in boiling water or acetic acid, and sparingly soluble in the last two 
in the coId and in acetone. It is slomlp acted upon by prolonged exposure 
to moist air. 

Subst., o 1867 (Kjeldahl), 6 2 5  cc 0 . 1  -1' HC1. Subst., 0.1342 (Carius), AgCli 

Subst., 0.2824; MgaAszOi, 0.1481. 
Calc. for CEHgOaNCIAs: N, 4.77: Cl, 12 08, As, 25.53. 

Yield, 50 g. 

0.0634. 

Found: N, 4.69; C1, 
11.69; AS, 25.31. 

Practically as good an analysis was obtained on the crude product, 
and this was used in all of the following preparations: 

Glycyl-p-arsanilic Acid, p-H2NCH2CONHCeH4AsOaHz.--20 g. of 
chloroacetyl-arsanilic acid were added to 100 cc. of conc. aqueous am- 
monia, warmed gently to about 30' until solution was complete, and al- 
lowed to stand overnight. The excess of ammonia was then boiled off 
from the clear solution, causing the crude reaction product to crystallize. 
After cooling this was filtered off, IZ g. being obtained. The product was 
purified by treating with dil. hydrochloric acid, avoiding a large excess 
on account of the consequent precipitation of the hydrochloride of the 
glycine. After filtering off the imino compound (see below) the crude 
glycylaminophenyl-arsonic acid was precipitated by adding sodium ace- 
tate. For further purification it was dissolved in just enough dil. sodium 
h.i-droxide solution and then precipitated h>7 means of a stream of carbon 
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dioxide. A repetition of the final purification was necessary before good 
analytical figures could be obtained, a considerable loss of material also 
taking place. The pure amino acid forms minute, toothed, glistening 
plates which are anhydrous, do not melt below 295',  and are very diffi- 
cultly soluble in boiling water or 50% alcohol. It functions as a very 
weak acid, being soluble only in an excess of weak bases, such as ammonia, 
and is displaced from its salts by carbon dioxide. 

Subs., 0.1328; 11.8 cc. N (24.5',  751 mm.). Subs., 0.3101; Mg2As07, 0.1743. 
Calc. for CsHllOSrTaAs: N, 10.22; As, 27.34. Found: N, 10.08; As, 27.12. 

Iminobisacetyl-p-arsanilic Acid, (p-HzOsAsC6H4NHCOCHz)2NH.- 
The hydrochloric acid-insoluble fraction obtained in the preparation 
of the p-glycylarsanilic acid was diyolved in dil. sodium hydroxide solu- 
tioa, precipitated with an excess of hydrochloric acid, further purified 
by a repetition of this process, and finally recrystallized by dissolving in 
hot, dil. ammonium hydroxide and adding acetic acid in excess. The 
imino acid separated as glistening rosets of microcrystals. Before filter- 
ing, the solution was cooled and acidified to congo red with hydrochloric 
acid. The substance darkens a t  280-5' without melting, and is prac- 
tically insoluble in the usual solvents. 

Subs., 0.1318; 9.2 cc. N (29.0°, 757 mm.). Subs., 0.3401; Mg2As20,, 0.1987. 
Calc. for CleHlpO~N~Asz: N, 7.92; As, 28.23. Found: N, 7.86; As, 28.19. 

N-Methylglycyl-p-aanilic Acid, p-CHsNHCH2CONHC6H4As03H2. 
-A strong methylamine solution was prepared by treating 25 g. of methyl- 
amine hydrochloride with 60 g. of well chilled, 25% sodium hydroxide 
solution. Without removing the precipitated sodium chloride, 5 g. of 
chloroacetylarsanilic acid were added. On allowing to warm to room 
temperature and breaking up the lumps with a rod, the acid soon dis- 
solved. After 24 hours' standing the excess of methylamine was removed 
on the water bath and on diluting the residue and acidifying strongly 
with acetic acid the arsonic acid slowly crystallized. Recrystallized 
from water it separates as long, silky, glistening needles which contain 
approximately two molecules of water of crystallization. The yield was 
2 g. It turns brown at about 250' but does not melt below 275'. It is 
practically insoluble in hot alcohol and is not very freely soluble in boiling 
water. It dissolves in dilute mineral acids and on adding sodium nitrite 
to the solution in dil. hydrochloric acid the nitroso derivative deposits on 
rubbing as sheaves and spheres of microscopic needles. 

Subs., air-dry, 0.5641; loss, 0.0670 in vucuo at 100' over HzSOp. 
Calc. for C~H1~04N~As.zHz0: H20, 11.12. 
Subs., anhydrous, 0.1864 (Kjeldahl); 12.85 cc. 0.1 NHCI. Subs., 0.2635; Mg2Asz0,. 

Calc. for C9H1804"ZAs: N, 9.73; As, 26.00. Found: N, 9.66; As, 25.72. 

Found: 11.87. 

0.1404. 

N-Phenylglycyl-p-arsanilic Acid ( N-Phenylglycineanilide-p'-arsonic 
Acid), pCeH~NHCH2CONHC~H1AsOaH~.--This substance, isomeric 
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with phenylglycineanilide-p-arsonic acid,l was prepared as follows: 2 g. 
of aniline in x 5 cc. of alcohol were added to a solution of 4 . 5  g. of chloro- 
acetyl-arsanilic acid in I j cc. of Ar sodium hydroxide solution. The solu- 
tion was boiled for I,'% hour under an air-condenser, finally setting to a 
crystalline cake. Recrystallized from 50% 
alcohol the arsonic acid forms delicate, felted needles which are almost 
insoluble in boiling water. When heated it darkens slightly, but does 
not melt below 280'. When a suspension of the acid in hot joyo acetic 
acid is treated with excess sodium nitrite it dissolves at once, the nitroso 
compound soon crystallizing from the solution as nacreous plates. 

Subs., 0.3260; (Kjeldahl) 18 70 cc. 0.1 N HCI; MggAspOj, 0.1435. 
Calc for CI,HlhOdNnAs: N, 8 GO; As, 21.39. 

The yield of acid was 4.4 g. 

Found: N, 8.04; As, 21.24. 
m-Oxaminophenyl-glycyl-parsanilk Acid, m-HOd2CONHCaHiNH- 

CH2CONHC6H&03H2(p'). - I  z g. of chloroacetyl-arsanilic acid and 
7 . 2  g. of pi-amino-oxanilic acid2 were dissolved in 80 CC. of AT sodium 
hydroxide solution and boiled for 20 minutes. The small amount of 
crystalline material Khich separated on cooling was filtered off and 
the filtrate made acid to congo red. X dark-colored gum separated, 
but the supernatant liquid, on standing overnight, deposited a 
Crystalline crust. This was dissolved in very dilute aqueous ammonia 
and hydrochloric acid added to the solution until a faint turbidity per- 
sisted. It 
was found that if hydrochloric acid was added directly to the filtrate only 
a caseous precipitate could be obtained, but if acetic acid was first added 
in sufficient amount and then hydrochloric acid until definitely blue to 
congo red paper, the solution, when seeded, deposited the hydrochloride 
of the oxamino acid as aggregates of microscopic plumes, which gradually 
lost hydrochloric acid on standing in moist air. 

Subs., 0.1546, IZ 0 cc. N (17,5', 750 mm.). Calc. for CiJ&O,NaAs.HC1: N, 
8.88. Found: 900. 

A portion of the hydrochloride was boiled with water, causing a change 
in physical appearance and the elimination of hydrochloric acid. The 
free oxamiwo acid was filtered off, washed well with hot water, and air- 
dried, one molecule of water of crystallization being retained. The sub- 
stance is practically insoluble in boiling water and very sparingly so in 
jo% alcohol. When rapidly heated to I 75 O ,  then slowly, the anhydrous 
acid effervesces a t  I 79 O ,  with preliminary softening and darkening. 

This contained much coloring matter and was filtered off. 

Subs, air-dry, 0.5870; loss 0.0249, at ICQ' in vwuo over HSO4. 
Calc. for CHHISO~N~AS.HZO: HzO, 3.96. 
Subs., anhydrous, o 1412; 11.85 cc. N (23.s0, 757 mm.). 

Calc. for Cl8HlaOiN8As: N, 9.61; As, 17.13. 
1 THIS JOURNAL, 41, 1613 (1919). 

Found: HsO, 4.24. 
Subs., 0.3966; Mgz- 

AszO-, 0.1389. 
Found: N, 9.62; As, 16.90. 

I W . ,  391 1451 (19x7). 
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p-Aminophenyl-glycyl-p-~s~lic Acid, p-H2NC6H4NHCH2CONH- 
C6H4AsOsH2.-8 g. of p-acetamino-phenylglycineanilide-$'-arsonic acid 
(see below) were boiled with 8 parts of I : I hydrochloric acid for 6 minutes, 
cooled rapidly, shaken with bone black, filtered, and treated with saturated 
sodium acetate solution until the disappearance of the congo red reaction. 
The precipitate was filtered off, dissolved in dil. hydrochloric acid, and 
the solution filtered and treated again with sodium acetate. The amino 
acid separated as microcrystalline aggregates which tended to become 
colloidal on washing with water. The yield was 4 . 5  g. When rapidly 
heated the acid darkens and sinters, but does not melt below 280'. It is 
soluble in dilute mineral acids and alkalies and is practically insoluble in 
boiling water and very sparingly so in boiling 50% alcohol. It is readily 
diazotized, giving a red color with R-salt. 

Subs., 0.1425; 14.15 cc. N (zI ' .~ ' ,  751 mm.). Subs., 0.3254; MgsA&O;, 0.1367. 
Calc. for c&~&.Nds: N, 11.51; As, 20.52. Found: N, 11.38; As, 20.27. 

p-Acetamhophenyl-glycyl-p-arsmilic Acid.-Starting with 6 g. of p -  
aminoacetanilide, the reaction product began to separate after a few min- 
utes, the heating being continued for one hour on the water bath. The 
yield of crude acid was 12 g. This was converted into the sodium salt 
by dissolving in warm, dil. sodium hydroxide solution, and salting out 
the neutral solution with saturated sodium acetate solution. Recrystal- 
lized from water containing a small amount of sodium carbonate to 
prevent hydrolysis to the free acid, it separated as flat, glistening needles 
which contain 7 molecules of water of crystallization when air-dry. It 
may also be precipitated from its aqueous solution by the addition of 
alcohol. 

Subs., air-dry, 0.4734; loss 0.1057 at 100' in vacuo over HaS04. 
Calc. for 7H20: HzO, 22.72. Found: 22.32. 
Subs., anhydrous, 0.2998; (Kjeldahl) 20.50 cc. 0.1 N HCI. Subs., 0.3346; 

Calc. for Cl&;OaNsAsNa: N, 9.79; As, 17.45. 
M&AsO;, 0.1193. 

Found: N, 9.58; As, 17.22. 

On treating a hot dilute solution of the sodium salt with acetic acid, the 
free arsonic acid separated slowly as glistening, hexagonal platelets. 
It does not melt below 275' and is very sparingly soluble in boiling water 
or 50% alcohol. 

Subs., 0.2117; (Kjeldahl) 15.4 cc. 0.1 N HCI. 
Calc. for C~aHt,OsNds: N, 10.32. Found: 10.19. 

p-Oxaminophenyl-glycyl-p-arsanilic Acid.- 14 g. of chloroacetyl-arsm- 
ilic acid and 8.4 g. of p-amino-oxanilic acid1 were boiled with 94 cc. of N 
sodium hydroxide solution for hour, the product separating after about 
IO minutes. The yield was 16.5 g. Reprecipitated from very dilute, hot 
ammoniacal solution with acetic acid, the arsonic acid separates as slightly 
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purplish aggregates of microscopic crystals containing I .5 molecules of water 
of crystallization. It is almost insoluble in boiling water, very sparingly so 

alcohol, and, when anhydrous, darkens above ~oo', but 
does not melt below 275' .  On heating with aqueous alkali in attempts 
t o  hydrolyze the oxamino group the principal products recovered were 
either the unchanged oxamino compound or arsanilic acid, depending on 
the length of heating and the strength of alkali. Heating, however, 
with x : I hydrochloric acid yielded the amino compound. 

Subs., air-dry, 0.4539; loss, 0.0281 in vacuo at 100' over HzSOd. 
Calc. for C16H160:KaAs.I.jHzO; H20, j . 8 2 .  
Subs, anhydrous, 0.1441; 1 2  2 cc. N (24.0°, 754 mm.). 

Calc. for C16HI~07N&: N, 9.61;  As, 17.13. 

Found: 6.19. 
Subs., 0.4027; MgzAsZO?, 

0.1418. 
Found: N, 9.65; As, 16.99. 

p-Oxamylaminophenyl-glycyl-p-arsanilic Acid, pH2NCOCONHC6H4- 
NHCH2CONHC6H4As03H2.-2 I g. of chloroacetyl-arsanilic acid were 
dissolved in 70 cc. of A- sodium hydroxide solution and added to a boiling 
solution of 1 2  .6 g. of p-amino-oxadamidel in about 300 cc. d water. On 
continuing the boiling the product separated as a partly gelatinous mass 
which gradually crystallized. After 1/2 hour the hot solution was filtered 
and the precipitate washed with hot water. It was then suspended in a 
large volume of hot water and treated with sodium carbonate solution 
until only a small, gelatinous residue remained. The mixture was treated 
with bone black and filtered through a hot-water funnel in order to pre- 
vent deposition of the sodium salt on the filter. The filtrate was warmed 
and treated with sodium acetate until crystallization of the salt commenced 
and was then let stand in the refrigerator. On treating a very dilute, 
hot solution of the salt with acetic acid, the free arsonic acid separated 
as clusters of microscopic needles in a yield of 6 . 5  g. It is practically in- 
soluble in boiling water or 50% alcohol, and does not melt below 285'. 

Subs., 0.1299; 14.65 cc. N (24.0°, 763 mm.). Subs., 0.2065; Mg,AseOr, 0.0723. 
Calc. for Ct&706P'rT&: N, 12.85; As, 17.19. Found. N, 13.02; As, 16.90. 

puramhophenyl-glycyl-p-arsanilic Acid, p-HaNCONHC6HaNHCH2- 
C0NHC~H&O3H2.-~ z g. of chloroacetyl-arsanilic acid, 6 .  I g. of 
p-aminophenylurea,2 40 cc. of Ai sodium hydroxide solution, and 2 0  cc. of 
saturated sodium acetate solution were boiled for l / Z  hour. On cooling 
a small amount of precipitate was filtered off and the solution then satura- 
ted with sodium acetate and let stand in the ice-box. After 24 hours the 
precipitate of sodium salt was filtered off, washed with 8 ~ 7 ~  alcohol, dis- 
solved in warm water, treated with bone black, filtered, and the acid 
precipitated from the filtrate by means of acetic acid. The yield was 7 g. 
The uramino acid separates as spherular masses of microscopic leaflets 
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which dissolve in boiling 50% alcohol and very sparingly in water. When 
rapidly heated i t  changes color above 150' and darkens markedly a t  
about 210', but does not melt below 285'. 

Subs., 0.1471; 17.7 cc. N (26.0°, 762 mm.). 
Calc. for ClaHl;OaN&: N, 13.72; As, 18.35. 

Subs., 0.1858; MgzAsnO;, 0.0696. 
Found: N, 13.78; As, 18.08. 

m-Hydroxyphenyl-glycyl-p-arsanilic Acid, m-HOCGH4NHCH2CONH- 
CeHdsOaHz.-Since the oily reaction product from 11 g. of m-amino- 
phenol was difficult to obtain in crystalline form, purification was effected 
by conversion into the hydrochloride by adding 100 cc. of I : I hydrochloric 
acid to the reaction mixture. The salt was filtered off and washed with 
IO% hydrochloric acid. A portion, recrystallized from IO% hydrochloric 
acid, separated as slightly purplish microcrystals which blacken above 
140' but do not melt up to 280'. The hydrochloride loses most of its 
halogen on boiling with water. 

Subs., 0.2152 (Kjeldahl); 10.6 cc. 0.1 N HCI. 
Calc. for ClaHlaOsNyAs.HC1: N, 6.96. Found: 6.90. 

The main portion of this salt was suspended in water and dissolved by 
the addition of sodium hydroxide solution. On acidifying with hydro- 
chloric acid until just faintly acid to congo red a considerable amount of 
gummy material was precipitated and was collected with bone black and 
quickly filtered off. The clear, almost mlorless filtrate deposited the 
crystalline arsonic acid on scratching. It was purified by again dis- 
solving in dil. sodium hydroxide solution arld acidifying with an excess 
of acetic acid. The pure arsonic acid separated as pale pink, wedge- 
shaped, microscopic prisms which contained 3 . 5  molecules of water of 
crystallization after air drying. On rapid heating 
the arsonic acid melts at about 80' in its water of crystallization, but 
rapidly resolidifies. On further heating it turns purple a t  about 180' and 
then gradually softens and chars as the temperature is raised. It is easily 
soluble in ethyl or methyl alcohol or acetone. It dissolves less readily 
in glacial acetic acid and then separates on scr'atching in a different form, 
presumably owing to dehydration. Dilution with water redissolves the 
crystals. It dissolves readily in boiling water and separates on cooling 
as a caseous mass. 

The yield WBS 15.5 g. 

Subs., air-dry, 0.6257; loss, 0.0893 in vacuo a t  rooo over HS04. 
Calc. for Cl4H1~06N~As.3.5H20: HaO, 14.68. Found: 14.27. 
Subs., anhydrous, 0.1682; (Kjeldahl) 9.35 cc. 0.01 N HC1. Subs., 0.2541; 

Calc. for C14H~50jN2A~: N, 7.66; As, 20.48. 
Mgdso07, 0.1064. 

Found: N, 7.78; As, 20.21. 

p-Hydroxyphenyl-glycyl-p-arsanilic Acid.-((From 4.5 g. of p-amino- 
phenol.) After a few minutes the reaction product separated from the 
clear solution and the mixture was then transiferred to the water bath 
and heated one hour. For purification the precipitate was dissolved by 
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neutralization of an aqueous suspension with sodium hydroxide, and the 
filtered solution treated with I : I hydrochloric acid until the precipitate 
which first formed had redissolved. The copious precipitate of the hydro- 
chloride of the arsonic acid which separated on scratching was filtered 
off. On dissolving in a small volume of dil. sodium hydrox- 
ide solution and exactly neutralizing with acetic acid, the sodium salt 
separated on standing in the ice-box. Recrystallized from a small volume 
of water, i t  forms aggregates of microscopic needles which contain one 
molecule of water of crystallization and dissolve sparingly in water at 0' 
and readily on warming. The aqueous solution of the salt gives a slowly 
developing pale lilac color with ferric chloride. 

Subs., air-dry, 0.3783; loss, 0.0143 at IOOO in vacuo over HzSOa. 
Calc. for QrHvO&AsNa.H20: IIzO, 4.43. Found: 3.78. 
Subs., anhydrous, 0.2833; (Kjeldihl) 14.0 cc. 0.1 N HC1; MgnAsz07, 0.1134. 
Calc. for CI~HMO~NZASN~:  N, 7.22; As, 19.30. 

Yield, I I g. 

Found: N, 6.92; As, 19.32. 
On acidifying a hot solution of the salt with acetic acid the free arsonic 

acid separates as aggregates of microscopic hairs which contain approxi- 
mately one molecule of water of' crystallization. The substance is almost 
insoluble in boiling water or jo'z alcohol, and, when anhydrous, blackens 
and sinters above 200', but doles not melt entirely below 280'. 

Subs., air-dry, 0.4903; loss, 0.0265 a t  100' in uucuo over H2SOr. 
Calc. for ClaHlsO~NnAs .H20: H20, 4.69. Found: 5.40. 
Subs., anhydrous, o.Ij ;p;  10.2 cc. N ( z I . j o ,  7jo mm.). 
Calc. for CMHI~O~NZA?~: N, 7.65. Found: 7.62. 

m-Carboxamidophenyl-glycyl-p-arsanilic Acid, m-H2NCOCsH4NHCH2- 
CONHC~H4AsO~H2(p).-Aftw one hour j . 5  g. of m-aminobenz- 
amidel yielded an oil on cooling which readily crystallized, giving 10.5 
g. of the crude arsonic acid. The neutral solution of the crude acid in 
dil. sodium hydroxide was salted out with several volumes of saturated 
sodium acetate solution, and the sodium salt recrystallized by treating its 
warm concentrated solutioai with alcohol until a slight permanent tur- 
bidity remained. Under these conditions the salt crystallized as radia- 
ting masses of flat needles ciontaining one molecule of water of crystalliza- 
tion. 

Subs., air-dry, 0.6223; loss, 0.0276 in vacuo a t  100' over HISOI. 
Calc. for C16H1606NaAsNa.E[z0: H20, 4.16. 
Subs., anhydrous, 0.2967; (Icjeldahl) 21.3 cc. 0.1 N HCl; MgzAszOT, 0.1098. 
Calc. for C I ~ H I ~ O ~ N ~ A S N ~ :  N, 10.13; As, 18.06. 

On treating a hot solution of the sodium salt with acetic acid, the 
arsonic acid gradually sep arated on scratching as microscopic needles. 
It is very difficultly so1ubl.e in boiling water or acetic acid but dissolves 
somewhat more easily in boiling joyo alcohol. When rapidly heated 
to 245 O ,  then slowly, it darkens and then decomposes a t  248'. 

Found: 4.44. 

Found: N, 10.06; As, 17.87. 
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Subs., 0.2137 (Kjeldahl); 23.0 cc. 0.1 N HCI. 
Cdc. for ClsH160&As: N, 10.68. Found: 10.76. 

N-Phenylglycineanilide-w-carboxureide-p'-arsonic Acid, p-H20sAs- 
CeI&"COCH~NHC&LCONHCONHz(m). - Starting with j .4 g. of 
m-aminobenzoylureal a clear solution was rapidly obtained and the arsonic 
acid was deposited during the heating. After cooling and filtering the 
acid was suspended in a little water, treated with a very slight excess of 
sodium hydroxide and filtered from a little insoluble material after ex- 
actly neutralizing with acetic acid. The addition of powdered, crystalline 
sodium acetate to the filtrate yielded the sodium salt. This was dissolved 
in a small volume of hot water and treated with an equal volume of alco- 
hol. On standing in the cold the salt separated as flat, microscopic needles 
containing 3 molecules of water of crystallization. The yield was 7.3 g. 

Subs., air-dry, 0.5948; loss, 0.0625 in VUCZLO a t  100' over H2S04. 
Calc. for C I E H I ~ O & ~ N ~ . ~ H Z O :  H20, 10.55. Found: 10.go. 
Subs., anhydrous, 0.1443; 15.35 cc. N (23.0°, 756 mm.). 

Calc. for C1d-L6o~NdsNa: N, 11.23; As, 16.36. Found: N, 12.21; As, 16.11. 
Subs., 0.3214; MgtAszO;, 0.1073. 

On adding acetic acid to a dilute solution of the salt the free acid sepa- 
rated slowly as spherules of microscopic needles which darken when rapidly 
heated and decompose a t  about 280'. The acid i s  almost insoluble in 
boiling water or joyo alcohol. 

Subs., 0.141; 15.8 cc. N (20.0°, 758 mm.). 
Calc. for C I ~ H I ; O ~ N ~ ~ :  N, 12.84. Found. 12.74. 

p-Carbosamidophenyl-glycyl-p-arsanilic Acid, p-H2NCOCsH4NHCH2- 
CONHCaHaAsOaH~(p).-This substance, prepared from 5 . 5  g. of p -  
aminobenzamide, deparated from the boiling reaction mixture Within a 
few moments, the heating being continued on the water bath for one hour 
longer and the arsonic acid then filtered off, washed with water and alco- 
hol, and dried. The yield was 13 g. It was suspended in about 100 cc. 
of warm water, dissolved by neutralizing with sodium hydroxide, and the 
solution atered and let stand in the ice-box. 13 g. of the sodium salt 
separated as glistening platelets containing 2 molecules of water of cry+ 
taltization. The salt is quite sparingly soluble in ice water, more easily 
on warming. 

Subs., &-dry, 1.0357; loss, 0.0857 in vacuo a t  100" over H2SO4. 
Calc. for ClsHlsOsN&Na.~H20: HzO, 7.99. 
Subs., anhydrous, 0.2995; (Kjeldahl) 21. 3 cc. 0.1 N HCl; Mg2A~107, 0.1135. 
cslc. for Cl5Hl5OsNiAsNa: N, 10.13; As, 18.06. 

Found: 8.27. 

Found: N, 9.96; As, 18.29. 
Addition of -tic acid to the filtrate from the sodium salt gave a small 

amount of the free acid as microscopic prisms which do not melt below 
275' and are practically insoluble in boiling water or joyo alcohol. 

THIS JOURNAL, 39, 1439 (1917). 
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Subs., 0.2075; (Kjeldahl) 15.6 cc. 0.1 N HCl. 
Cak. for C I & I ~ ~ O ~ N ~ A S :  N, 10.69. Found: 10.53. 

N-Phenylglycineanilide-p-acetamide-p '-arsonic Acid, HzOaAs cc> 
NHCOCHzNH(II)CH&ONHn. -- (From p-aminophenyl-acetamide.') 
The oil which separated on cooling soon crystallized on rubbing. and after 
dilution of the mixture with water, the crude substance was filtered off, 
washed, and dissolved in dilute aqueous ammonia. On adding a slight 
excess of acetic acid an amorphous impxity quickly separated. This was 
filtered off, after which the pure acid separated slowly as aggregates of 
microscopic platelets which darken and soften above I 80' and decompose 
completely a t  256-8 '. It dissolves with difficultv in boiling water, more 
easily in boiling joy; alcohol or acetic acid. 

Subs., 0.1360; 12.0 rc. X ( 2 5  io> gGr mrn I 
Calc. for C~,H180&;As. K, 1 0 3 2 ;  Ai, 18.41. 

N-Phenylglycinanilide-p-acetureide-$'-arsonic Acid, H203AsCeH4NH- 
COCHzNHC,jH4CH$20NHCOXHz. --- (From p - amino - phenylacetyl - 
urea.z> The clear solution which immediately formed on boiling set 
after a few minutes to a solid mass of crystals and it was necessary to con- 
tinue the heating on the water bath. After diluting with water, the 
crude product was filtered off, washed, taken up in a little hot water, and 
treated with sodium carbonate until faintly alkaline. The insoluble, 
gelatinous residue was collected with bone black and the filtrate treated 
with sodium acetate until the sodium salt of the arsonic acid began to 
separate. The salt was converted into the free acid by addition of acetic 
acid to its hot, dilute solution. The product so obtained was further 
purified by reprecipitating its very dilute, hot, ammoniacal solution with 
acetic acid. The pure arsonic acid separated slowly as rosets Df micro- 
scopic hairs which contained 0 .5  molecule of water of crystallization. 
The anhydrous compound darkens above 230' and decomposes a t  270-3 '. 
It is sparingly soluble in boiling water or 5076 alcohd. 

Subs, 0.3214; MgtAsnO,, o.121o. 
Found: N, 10.11; As, 18.17. 

Subs., air-dry, 0.5047; loss, 0.0094 zn vacuo a t  IOOO over HZSO; 
Calc. for CliHl~OfilV*As.o. jHzO: H20, I .96. Found. I 3 6 .  
Subs., anhydrous, o 1409; 15.3 cc N ( 2 2 . 0 ° ,  756 mm.) 

Calc. for CI;HI~OBN&: N, 12.45;  As, 16.64. 

Subs., o.zgzo; Mg2As20i, 
o 1017. 

Found: N, 12.49; As, 16.81. 
.V-Phenylglycineanilide-p-hydroxyacetic Ether Acid-@-arsonic Acid, 

acetyl-arsanilic acid and 2 g. of p-aminophenoxyacetic acids were dis- 
solved in 20 cc. of N sodium hydroxide solution and boiled for l / ~  hour. 
The crude reaction product was filtered off and recrystallized from 50% 

~ ~ 0 ~ ~ s  C-T) NHCOCH~HN .(r> OCH~COOH. --- 3 g. of caoro- 

I THIS JOURP~AI,, 39, 1.144 (1917) 
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acetic acid, separating as minute, pale brown, wedge-shaped plates con- 
taining I . 5  molecules of water of crystallization. The acid is almost in- 
soluble in boiling water or 50% alcohol, and when anhydrous darkens 
above 180' and decomposes a t  about 275'. 

Subs., air-dry, 0.6434; loss 0.0404, in vacuo at  IOO' over HzS04. 
Calc. for CIP,H~~O~N&S.I .~H~O: Hz0, 5.99. 
Subs., anhydrous, 0.3070; (Kjeldahl) 14.9 cc. 0.1 N HCl. 

Calc. for CleH1707N~As: N, 6.61; As, 17.67. 

Found: 6.28. 
Subs., 0.3300; Mg,AszO,, 

0. I 205. 
Found: N,  6.80; As, 17.62. 

N-Phenylglycineanilide-p-hydroxyacetic Ether Acid Amide-p'-arsonic 
Acid, p-H~O~AsCsH~NHCOCH~NHC~H40CH~CONH~(p).-(From 4 g. 
of p-amino-phenoxyacetamide. ') The new arsonic acid separated al- 
most a t  once and after heating on the water bath for an hour longer it 
was filtered off and washed with water. A suspension of the acid in a small 
volume of water was treated with a very slight excess of sodium hydroxide, 
quickly made exactly neutral to litmus with acetic acid, and the dark 
solution filtered. After adding sodium acetate to the filtrate the sodium 
salt separated on standing and was filtered off, dissolved in a little water, 
and reprecipitated with one to two volumes of alcohol. It crystallized 
in slightly grayish rosets of flat, glistening needles which, after washing 
with 85% alcohol and air-drying, contained 4 molecules of water of crys- 
tallization. The yield was 3 . 2  g. A dilute, aqueous solution of the 
salt gives immediate precipitates with silver or copper ions, a slow-form- 
ing, crystalline precipitate with Ca++, and no precipitate with Ba++. 

Subs., air-dry, 0.5303; loss, 0.0720, in vacuo at IOO' over H&04. 
Calc. for C~H1~0sNsAsNa.qH20: HzO, 13.93. 
Subs., anhydrbus, 0.1465; 12.4 cc. N (24.0°, 750 mm.). 

Calc. for CleHlTOsNaAsNa; N, 9.44, As, 16.84. 

Found: 13.57. 
Subs., 0.3069; Mg2A%Oi, 

0.1055. 
Found: N, 9.61; As, 16.59. 

The free acid obtained from the salt with acetic acid separates slowly 
as woolly masses of delicate needles which are practically insoluble in 
boiling water or 50% alcohol and which darken somewhat but do not 
melt below 265'. 

Subs., 0.1484; (Kjeldahl) 10.45 cc. 0.1 N HCl. 
Calc. for CI~H~&~P,N&:  N, 9.93. Found: 9.87. 

N-Phenylglycineanilide-p-hydroxyacetic Ether Acid Ureide-p'-arsonic 
Acid, p-H~O~AsC6H4NHCOCH~NHCsHaOCH~CONHCONH~. - Starting 
with 2 . 2  g. of p-amino-phenoxyacetylurea,2 the new arsonic acid separated 
during the heating. The washed product was dissolved in hot, dil. sodium 
acetate solution, filtered, and saturated sodium acetate solution added 
to the filtrate until crystallization of the sodium salt started. For final 
purification this was dissolved in a little hot water and the solution treated 

THIS JOURNAL, 39, 2423 (1917). 
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with alcohol until crystallization again started. After letting stand in 
the cold the salt was filtered off, washed with 85% alcohol, and air-dried. 
As so obtained i t  forms rosets of minute leaflets which contain 4 mole- 
cules of water of crystallization. 

Subs., air-dry, 0.4633; loss, 0.0595 in vacuo a t  IT' over HSO,. 
Calc. for C1,HlsO;NdsNa.iHZO: H-D, 12.86. Found: 12.84. 
Subs., anhydrous, 0.1575, 15.4 cc. X ( 2 2  oo, 764 mm ). 
Calc. for C17HlsO;XaAsNa: S, I I  48. Found. 11 38. 

On acidification of a hot solution of the salt with acetic acid the free 
acid was obtained as feathery aggregates of minute platelets which are 
almost insoluble in boiling water or 50y0 alcohol. When rapidly heated 
to 255 O, then slowly, the acid decomposes a t  257-8 O with preliminary 
darkening. 

Subs., 0.3140; MgzAsrrO,, 0.1034. Subs., 0.1680; (Kjeldahl) 14.25 cc. 0.1 N HC1. 
Calc. for C~7H1~0,N~As.  N, 12.02; As, 16.07. Found: N, 11.88; .4s, 15.89. 

N-Phenylglycineanilide-p-glycineamide-p '-arsonic acid, H203As(ZI)  
NHCOCH2N(SI)NHCH&ONHg.-Carefully purified p-aminophenyl- 

glycineamidel yielded a thick oil which slowly crystallized on nib- 
bing and letting stand, and in subsequent preparations crystallization, 
could be immediately induced by seeding and continued warming on the 
water bath. The mixture was filtered hot in order to eliminate the tar 
which separated from the filtrate on cooling. The arsonic acid was 
washed with hot water, suspended in a considerable volume of hot water, 
and dissolved by adding ammonia. The solution was then treated with 
bone black, and on adding acetic acid to the yellow filtrate the arsonic 
acid separated on standing overnight. It forms crusts of spherical ag- 
gregates of micro-crystals which become ochreous in color on exposure to 
the air. When air-dried i t  contains approximately I . j molecules of water 
of crystallization. The anhydrous substance darkens at  about 200' 

but does not melt below 285', and is rather sparingly soluble in boiling 
water or soyG alcohol. 

H 

Subs., air-dry, 0.7072; loss, 0.0468 in vacuo a t  100' over HzSOa. 
Calc. for CSH~~O~N&.I .~HZO:  HzO, 6.02. Found: 6.62. 
Subs., anhydrous, 0.1522; (Kjeldahl) 13.90 cc. 0.1 N HCI. Subs., 0.2610; 

Calc. for C l ~ H ~ ~ O ~ & :  N, 13.27; As, 17.75. 
MgzA&O,, 0.0990 

Found: N, 12.78; As, 18.31. 

N-Phenylglycinea~4,4'-diarsonic acid, H203AsCsH4NHCH2CO- 
NHGaHcAsOaH~.-4.4 g. of arsanilic acid and 6 g. of chloroacetyl- 
arsanilic acid were dissolved in 40 cc. of N sodium hydroxide solution 
(2  mols.) and boiled for 30 minutes, during which the product began to 
separate. After cooling, the mixture was treated with an excess of hydro- 
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chloric acid to complete the separation. The substance was purified 
by redissolving in dilute alkali and reprecipitating with hydrochloric acid. 
It separated at once as sheaves of microscopic needles, which contain 
one-half molecule of water of crystallization. The anhydrous substance 
does not melt up to 280'. It is insoluble in boiling water and very spar- 
ingly soluble in hot 50% alcohol. 

Subs., air-dry, 0.6798; loss, 0.0103 in vacuo a t  100' over HzSOI. 
Calc. for CI~HI~O,N*ASZ.O.~HZO: H10, 1.86. 
Subs., anhydrous, 0.3313; (Kjeldahl) 13.4 CC. 0.1 N HC1; Mg2As20i, 0.2195. 
Calc. for CI~H:~O;N~AS~:  N, 5.91; As, 31.62. 

Found: 1.52. 

Found: N, 5.67; As, 31.98. 

p-Acetophenyl-glycyl-p-arsanilic acid, p-CH3COCeH4NHCH2CONH- 
CaH&0iH2(p).--2. 8 g of p-sminoacetophenone yielded the yellow 
arsonic acid after a few minutes and the heating was continued on the 
water bath for l / z  hour. The collected solid was suspended in a moderate 
amount of hot water, treated with sodium hydroxide until faintly alkaline, 
filtered, and the acid reprecipitated from the hot solution with acetic acid. 
The purified product was again suspended in hot water, dissolved as 
above, and the solution treated with sodium acetate until the sodium salt 
of the arsonic acid began to separate. After cooling and washing with 
cold water the yield was 4.5 g. Recrystallized from water, in which it is 
sparingly soluble in the cold, the salt forms minute, narrow, pale yellow, 
glistening, platelets containing 3 molecules of water of crystallization. 

Subs., air-dry, 1.0979; loss, 0.1258, in vacuo at  100' over H2S04. 
Calc. for C ~ ~ H & ~ N ~ A S N ~ . ~ H Z O :  HzO, 11.54. 
Subs., anhydrous, 0.1620; 9.85 cc. N (24.0', 762 mm.). Subs., 0.3201; Mg,Asz07, 

Calc. for ClsHraOrN&sNa: N, 6.76; As, 18.09. 

Found: I 1.46. 

0.1187. 
Found: N, 7.00; As, 17.88. 

The pure acid was obtained from a hot, dilute solution of the sodium salt 
with acetic acid. It forms radiating masses of faintly yellow, microscopic 
needles which darken and decompose partially when heated, but do not 
melt below 290'. The acid is practically insoluble in boiling water and 
only very sparingly so in boiling 50% alcohol. 

Subs., 0.1323; 8.25 cc. N (24.0' 765 mm.). 
Calc. for C:BH~~OSNZAS: N, 7.15. Found: 7.22. 
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