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cipitated from the cold solution, was washed with 5 ml. of
water; yield 28.0 g.; m. p. 210-215°12,

Anal. Caled. for CuHxSbBr: Br—, 15.7. Found:
Br—, 15.6.

The bromide (50 g.) was converted into the chloride by
one passage through the anion-exchange resin in the man-
ner which has been described; yield 40 g. (87%); ni. p.
202-205°.

Anal,
Cl-, 7.65.

The stibonium chloride can be recrystallized from water

Caled. for CuHzSbCl: - Cl—, 7.62. Tound:

(12) The reported m, p. is 210-218° (ref. 8).

or ethyl acetate. Itisonly slightly soluble in ether or ben-
zene.

Summary

New procedures have been developed for the
preparation of tetraphenylphosphonium and tet-
raphenylstibonium chloride and bromide. The
analytical applications of tetraphenylphospho-
nium chloride will be described in an early publica-
tion.

ANN ARBOR, MICHIGAN RECEIVED SEPTEMBER 17, 1947

[CONTRIBUTION FROM THE RESEARCH LABORATORIES OF PARKE, Davis anp Co.]
Hydroxyalkylamides of 4-Arsonophenoxy- and 4-Arsonoanilinoacetic Acids

By C. K. Banks, D. F. WALKER, JouN CoNTROULIS, E. W. TILLITSON! AND L. A. SWEET

Study of the derivatives of 4-amino- and 4-hy-
droxybenzenearsonic acid has indicated that cer-
tain of them are of greater interest for therapeu-
tic purposes than the parent arsenicals. 4-Arsono-
phenylurea (carbarsone-U.S.P.),? 4-arsonophen-
ylglycineamide (tryparsamide-U.S.P.)? and others
have become accepted therapeutic agents. In-
vestigations of two types of derivatives, the car-
‘bamylmethyl®¢ and the hydroxyalkyl,®® have led

same molecule, the hydroxyalkylamides of 4-ar-
sonophenoxyacetic and 4-arsonophenylglycine
were prepared.

4-Arsonophenoxyacetic acid’ and 4-arsonophen-
ylglycine® were converted to their methyl esters.?4
Reaction of these esters with hydroxyalkylamines
yielded the desired amides. The substituted ar-
sonic acids were reduced to the corresponding ar-
sonous acids.

TaBLE I

ARSONIC ACIDS® ROR’

Yield, Empirical Arsenic, %b
R R’ % formula Caled. Found
—AsO;H: —NHCH,CONHCH,CH,0H 61 CioH15As N2 Os 23.54 23.35
—AsO;H» —NHCH,CON(CH;CH,0OH), 76 CisH1sAsN;Op 20.67 20.80
—AsO;HNa —N(CH;O0H)CONHCH.0H 52 CyH2AsN;NaQOs 21.89 21.89
—AsO;HNa —N(CH;0H)CH,CONHCH,0H 95 CioH 14 AsN,yNaOs 21.04 21.25
—AsO;H,* —NHNH, 50 CsHpAsN,0O; 32.30 31.98
—AsO;H¢ —NHN=C(CHs). 42 CoH13AsN30; 27.53 27.80
—AsO;H: —0OCH;CONHCH,CH,0H 50 CioH1AsNOs 23.48 23.85
—AsO;HNa —0OCH,CONHCH,CH,0H 89 CioH12AsN NaOg 21.96 22.12
—AsO;H-H;NCH,CH,OH —0OCH,CONHCH,CH,0H 94 C1oH»AsN,0; 19.67 19.72
—AsO;H-H;NCH,CHOHCH;, —OCH,CONHCH,CHOHCH;,; 97 C14HsAs N0 18.35 18.54
—AsO;H: —OCH,CONHC(CH,0H), 82 Ci12H3AsNO; 20.62 20.55
—AsO;H-H;NC(CH,;0H); —QCH,CONHC(CH,0H), 78 C16H2As N0y 14.97 15.00
—AsO;H, —QCH,CONHCH.0OH 32 CyH,AsNOg 24.55 24 .48
—AsO;HNa —0OCH,CONHCH,0H 85 CyHy;;AsNNaOg 22.90 22.90
CH.CH
—AsQO;H; —OCH2C0N< z>0 43 Ci2H,;3AsNOg 21.75 21.79
CH,CHy

s All compounds are colorless unless otherwise noted. ® Arsenic determined by a modification of the method of Cislak

and Hamilton, THis JOURNAL, 52, 638 (1930).

to a number of interesting compounds. In order
to determine the effect of incorporating both the
hydroxyalkyl and carbamido functions in the

(1) Present address: Department of Chemical Engineering,
Wayne Univ., Detroit, Michigan,

(2) German Patent 213,155.

(3) Jacobs and Heidelberger, THIs JourNaL, 41, 1587 (1919).

(4) Jacobs and Heidelberger, ibid., 41, 1440, 1581, 1600, 1610,
1809, 1822, 1826, 1834 (1919).

(5) Hamilton, skid., 48, 275 (1923).

(6) Sweet and Hamilton, ibid., 56, 2409 (1934).

¢ Light brown.

¢ Yellow.

Methylolamides could not be prepared by the
above procedure but it was found that formalde-
hyde would condense with the unsubstituted
amides to yield the desired products. 4-Arsono-
phenoxyacetamide gave a monomethylol com-
pound while 4-arsonophenylurea and 4-arsono-
phenylglycineamide lead to dimethylo! deriva-
tives. It would appear from these data that one

(7) Palmer and Kester, "Org, Syn.,” 8, 4 (1928).
(8) German Patent 204,664.
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TaBLE 11

ARSENOUS ACIDS,* R~—C>As(OH)2

Feb,, 1948
Yield,

R %
—NCN 46
—NHNH; 32
“"NHCHQSOa Na 86
-—NHCH,CONHCH,CH,OH 64
-—-NHCH,CON(CH,CH,0H), 72
—OCH;CONHCH,CH,0H 73°
-——QCH;CON(CH,CH,0H), 62
-—OCH,CONHC(CH,0H), 55

4 All compounds are colorless,

Empirical Arsenic, %%

formula Calced. Found
C;H;AsN,O, 33.13 32.81
CeHypAsN,O, 34.60 34.52
C;H4AsNNaO;S 23.60 23.20
C10H15A8N204 24 .77 24 .67
CnHuASNgOs 21.62 21.38
CioHuAsNOs 24.71 24.78
C1sH1sAsNOg 21,54 21.37
C12H13A8N01 20‘ 63 20. 55

b Determined by the method of Banks and Sultzaberger, THIS JOURNAL, 69, 1 (1947).

¢ The same compound was also obtained from methyl 4-arsonosophenoxyacetate and ethanolamine, yield 92%,.

methylol group was formed on the amide nitrogen
and one on the arylamino nitrogen in the last two
instances. The position of the methylol group on
nitrogen rather than on the benzene ring was
proved by hydrolysis to 4-arsonophenoxyacetic
acid and N-4-arsonophenylglycine.

4-Aminobenzenearsonous acid reacted with so-
dium formaldehyde bisulfite to yield a sulfomethyl
derivative, 4-Cyano- and 4-hydrazinobenzene-
arsonous acid®!? were obtained by reduction of the
corresponding arsonic acids.

Experimental

Acetamides..—The methyl ester of 4-arsonophenoxyace-
tic acid or 4-arsonophenylglycine (0.1 mole) was dissolved
in an excess of tlie amine (100 ml.) and heated to 80° for
two hours. On adding the reaction mixture to an excess of
alcohol (21.), the amine salt of the hydroxyalkylacetamide
crystallized. It was filtered off and dried in wacuo. The
free arsonic acids were liberated when the amine salts were
dissolved in a small amount of water and made strongly
acid to congo red paper with hydrochloric acid, The ar-
sonic acids were recrystallized from water.

Arsonous Acids.—The arsonous acids were prepared
from the corresponding arsonic acids by previously pub-
lished methods.!!

(9) Banks, Coutroulis and Holcomb, Tuis JournaL, 68, 2102
(19486).

(10) U, S. Patent 2,390,529 (1945),

(11) Banks, Gruhzit, Tillitson, Controulis, Walker and Sultzaber-
ger, TS JOURNAL, 66, 1771 (1944); €9, 5 (1947).

Methylol Amides.—The arsono-substituted acetamide
(0.1 mole) or urea was dissolved in water (25 ml.) by the
addition of sodium hydroxide to pH 7, or the sodium salt
was dissolved in water, and 37%, aqueous formaldehyde
(1 ml. per gram) added. The mixture was heated to
80° for two hours, then concentrated ¢# vacuo to a solid.
The residue was dissolved in a minimum of water, filtersd
and the sodium salt crystallized upon the addition of
alcohol and ether.. The free arsonic acids could be ob-
tained by carefully acidifying cold aqueous solutions of
the salts.

Acetone 4-Arsonophenylhydrazone.—4-Hydrazinoben-
zenearsonic acid!® (5.8 g.) was warmed with 25 ml. of ace-
tone and 5 ml. of water until solution occurred. On chill-
ing, a mass of pale red crystals was obtained. After two
recrystallizations from water-acetone (1:2), a mnearly
white crystalline product was obtained. Unlike the ini-
tial material, the product did not give a silver mirror test
with ammoniacal silver nitrate.

Summary

1. Four new N-hydroxyalkyl derivatives of 4-
arsonoanilinoacetic acid and five corresponding
derivatives of 4-arsonophenoxyacetic acid are
reported. Representative salts are described.

2. The arsonic acids were reduced to the cor-
responding arsonous acids.

3. Several miscellaneous related arsenicals are
also reported.

DEeTrROIT 32, MICH. RECEIVED AUGuUsT 27, 1947

[CoNTRIBUTION FROM THE CHEMICAL LABORATORY OF NORTHWESTERN UNIVERSITY]
C-Alkylation and O-Alkylation in the Synthesis of Substituted Furoic Acids

By CuarRLES D. HURD aND KENNETH WILKINSON

.In the alkylation of ethyl sodio-oxaloacetate
with ethyl bromopyruvate Sutter! claimed to
have prepared 2,3,5-furantricarboxylicacid. That
is to say, he assumed that C-alkylation had oc-
curred followed by ring closure and the elimina-
tion of water, However, Reichstein? prepared the
same tricarboxylic acid by partially decarboxylat-
ing furantetracarboxylic acid, and since pyrolysis
of such acids causes preferential decarboxylation
in the alpha position he contended that Sutter had

(1) Sutter, Anx., 499, 56 (1932).
(2) Reichstein, Helv. Chim. Acte, 16, 276 (1933).

experienced O-alkylation and had obtained 2,3,4-
furantricarboxylic acid. Archer and Pratt® dem-
onstrated that O-alkylation was the course fol-
lowed in the analogous condensation between
ethyl bromopyruvate and ethyl sodio-8-ketosu-
berate, since subsequent ring closure yielded 5-
(8,4-dicarboxyfuryl)-valeric acid.

Similar interaction of acetoacetic ester and
chloroacetone should produce 2,5-dimethyl-3-
furoic acid (I} by C-alkylation, and 2,4-dimethyl-
3-furoic acid (II) by O-alkylation. On the basis of

(3) Archer and Pratt, THIS JoURNAL, 66, 1656 (1944).



