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the catalyst was an alkali metal carbonate, passage of
acetic acid over the catalyst before the initial arsenic
trioxide vapors improved the yield by reducing the sudden
evolution of carbon dioxide during the initial phases of the
experiment. An asbestos plug just above the arsenic
trioxide allowed a relatively constant rate of vaporiza-
tion of the acetic acid. During the reaction period a slow
stream of carbon dioxide was passed through the tube to
prevent condensation of vapors in the upper part of the
tube. The catalyst was maintained at an almost con-
stant temperature during the course of the reaction.
Acetic anhydride, glacial acetic acid and various strengths
of aqueous acetic acid were tried, and it was found that
the highest yields were obtained with 7569, acetic acid. In
a typical run 6.8 g. of arsenic trioxide and 31 m]. of 75%,
acetic acid were passed at 350° over potassium carbonate
on no. 10 mesh pumice. Addition of water to the re-
ceiver before the experiment was begun often aided in pro-
tecting the product. The duration of the run was ten
hours.

The yield was determined by conversion of the Cadet’s
liquid to cacodyl chloride by treatment with hydrochloric
acid and ferric chloride by the method of Witten.5 To the
material in the receiver was added 60 ml. of concentrated
hydrochloric acid containing 20 g. of ferric chloride,
and the mixture was subjected to steam distillation. It
was found desirable to maintain an atmosphere of carbon
dioxide in the apparatus at the beginning of the distilla-
tion. The distillate was collected in a separatory funnel
containing corcentrated hydrochloric acid. Crude caco-
dyl chloride, after being washed with hydrochloric acid
and dried over calcium chloride, was obtained in a 669,
yield based on the arsenic trioxide. From 36 g. of crude
product prepared in this manner, 30 g. of cacodyl chloride,
b. p. 106-107°, was obtained by fractionation through a
25 X 1.2 cm. column packed with Berl saddles. No
higher-boiling and only 1-2 g. of lower-boiling material
was obtained. )

Catalyst.—The catalyst was prepared by allowing the
support, usually pumice, to stand for two hours in a con-
centrated solution of the catalytic compound. The ex-
cess solution was decanted, and the catalyst dried in a vac-
uum oven. In four runs in which cesium carbonate was

(5) Witten, report on file at the Edgewood Arsenal.
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employed in place of potassium carbonate the yields varied
from 66 to 77%. Lithium acetate, sodium carbonate
and soda-lime gave much lower yields. In one run in
which potassium carbonate was supported on asbestos in
place of pumice the yield was 69%,. The same catalysts
were used continuously except for occasional regeneration
by passing air through the tube at the reaction tempera-
ture.

Diethylchloroarsine.—~By the use of propionic in place
of acetic acid it was possible to prepare a mixture of ethyl
cacodyl and ethyl cacodyl oxide. Arsenic trioxide (7.0 g.)
and 30 ml. of 7569, propionic acid were passed over pumice
impregnated with potassium carbonate at 350° during
twelve hours. Substantially no arsenic trioxide sublimed
through the tube unchanged, and a relatively large amount
of material separated at the bottom of the receiver from
the excess propionic acid. From this, it appeared that
the conversion to the arsenicals was almost as complete
as in the case of the preparation of Cadet’s liquid.

The product of the above reaction was treated with 60
ml. of concentrated hydrochloric acid containing 20 g. of
ferric chloride which deposited the expected heavy oily
liquid. When the receiver was opened to permit addition
of the ferric chloride solution, the product gave an arsenic
trioxide smoke, but not as rapidly as the corresponding
product from acetic acid. By steam distillation of the
reaction mixture, 1.1 g. of diethylchloroarsine was ob-
tained; yield, 9.39% of the theoretical. The reaction of
the product with ferric chloride and concentrated hydro-
chloric acid apparently gives several products since a large
amount of black residue remained in the flask after steam
distillation.

Summary

Cadet’s liquid has been produced in good yields
by passing a mixture of arsenic trioxide and acetic
acid over a catalyst at temperatures of 300-400°.

The new method, when applied to propionic
acid and arsenic trioxide, gave relatively high
yields of a mixture of ethyl cacodyl and ethyl]
cacodyl oxide.
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Organic Antimony Compounds Derived from s-Triazine with Therapeutic and
Prophylactic Activity in Experimental Trypanosomiasis’

By ErnsT A. H. FRIEDHEIM, HENRY J. VOGEL AND ROSE L. BERMAN

It is well known!® that free phenylstibonic acids
have a pronounced tendency to polymerize, in
particular to trimerize, and to form colloidal
solutions.

In the case of stibanilates, the polymerization
was found to increase the tolerance, but to de-
crease the trypanocidal activity.?

In this paper we have described a new trypano-
cidal phenylstibonic acid derivative, 4. e., sodium
p-melaminylphenylstibonate (I).* In this case,
polymerization yields an amorphous sodium salt

(1) Presented on the program of the Division of Medicinal Chem-
istry at the Chicago meeting of the American Chemical Society,
September, 1946.

(1a) Schmidt, 4nn., 421, 159 and 174 (1920).

(2) Fischl and Schlossberger, “Handbuch der Chemotherapie,”
Leipzig, 1934, p. 589.

(3) p-Melaminyl = p-(2,4-diaming-s-triazinyl-6)-amino,

(IT) having, in comparison with the crystalline
sodium salt (I}, a greatly decreased toxicity, and
surprisingly also an enhanced trypanocidal ac-
tivity. This spells a rise of the therapeutic index
(T. equiperdum infection of the mouse) from 3.for
(I) to 200 for the polymer (II) (Table I).

TaBLE I

CoMPARATIVE DATA IN Mice: 1, p. Acute ToxiciTy

AND TRYPANOCIDAL AcTIVITY (7. eguiperdum) oF SODIUM

$-MELAMINYLPHENYLSTIBONATE BEFORE AND AFTER PoLY-
MERIZATION

Dose maxz. tol. Dose min. Thera-

- g./kg. cur, 1007, peutic

Compound 50% 100% g./kg. index
Cryst. sodium salt 0.24 0.15 0.05 3
Amorphous polymer 4.0 2.5 .0125 - 200
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Polymerization here has a further significant
biological effect: After a single oral or.parenteral
application, the polymerized compound is very
slowly eliminated from the organism. Thus, a
single dose maintains a sufficient level in the or-
ganism to afford over months an efficient protec-
tion against infection and multiple re-infections
with virulent trypanosomes. In contradistinc-
tion, I has no significant prophylactic effect.

This is to our knowledge the first organo-
metallic compound described to have a pronounced
prophylactic effect in trypanosomiasis. So far
only two organic compounds, both metal free, are
known to afford protection against a trypanosoma
infection over a considerable length of time: Na-
phuride (Bayer 205, Germanin, Moranyl) and
Pentamudine.

Table II gives results of comparative prophy-
lactic experiments with the polymeric compound
(IT) and Naphuride. It follows that a single dose

TaBLE IT
PrOPHYLAXIS OF T equiperdum INFECTION IN MICE
Polymerized
sodium
melaminyl-
phenyl-
Compound Naphuride stibonate
Dose expressed as
a. Grams per kilogram 0.012 0.05
b. Fraction of maximum toler-
ated dose 1/50 1/50
¢. Multiple of minimum cura-
tive dose ’ 8 4
Prophylactic effect
a. Time in days between pre-
treatment and test infection 61 68 1056 167
b. Number of test infections 1 1 2 3
¢. Number protected mice 0 5 5 1
Number pretreated mice 5 5 5 5

of Naphuride amounting to eight times the mini-
mum curative dose (equal to one-fiftieth of the
maximum tolerated dose) does not protect any
of five mice after sixty-one days against an infec-
tion with 7. equiperdum, while a single dose of
(I1), corresponding to only four times the mini-
mum curative dose (equal to one-fiftieth of the
maximum tolerated dose) still fully protects five
out of five mice after one hundred and five days.

The polymerization is brought about by heat-
ing a solution of the crystalline sodium salt (I) in
a solvent such as 409, aqueous urea solution. The
analytical data show that urea does not enter into
the chemical structure of the polymer. Tempera-
ture, heating time and pH of the reaction mixture
are factors influencing the polymerization.

In contrast to the crystalline sodium salt, the
polymer shows the following features: Pro-
nounced flow birefringence, increased relative
viscosity of aqueous solutions, tendency of aque-
ous solutions to form thixotropic gels and greatly
increased water-solubility.
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Experimental

p-Melaminylphenylstibonic Acid.—The preparation fol-
lows essentially the procedure described by one of us for
the synthesis of p-melaminylphenylarsonic acid.* A solu-
tion of 204 g. (1.1 moles) of freshly distilled cyanuryl
chloride in 900 ml. of acetone is poured with mechanical
stirring, into 2000 ml. of water, 2000 g. of chipped ice
and 10 ml. of 2-ethylhexyl alcohol contained in a 22-
liter flask. To the resulting milky suspension is added
slowly, with stirring and external cooling, a solution of 308
g. (1 mole) sodium stibanilate and 69 g. (0.5 mole) of
anhydrous potassium carbonate in 3600 ml. of water.
The temperature of the reaction mixture is maintained at
—3 to —5° and the pH at 7 by addition of concentrated
aqueous potassium carbonate solution. "When the test
for primary aromatic amine has become negative in the
resulting thick white paste, 5000 ml. of ice-cold 289,
aqueous ammonia are added and the reaction mixture is
saturated at 25° with gaseous ammonia. The tempera-
ture is then raised to 95° as rapidly as the violent evolu-
tion of ammonia will permit, ¢. e., within two to two and
one-half hours. Activated charcoal (20 g.) are added to
the resulting milky suspension. The mixture is cooled to
10° and filtered. The clear, slightly yellowish filtrate is
cooled to 0° and saturated with carbon dioxide, whereupon
p-melaminylphenylstibonic acid precipitates. The almost
white precipitate is filtered, washed free from ammonium
salts with ice-water saturated with carbon dioxide and
dried iz vacuo, yield 149 g. (409%,). .

The stibonic acid is a white amorphous powder, in-
soluble in cold, sparingly soluble in hot water; insoluble
in ethanol, ether and chloroform; decomposes with char-
ring above 250°.

Anal. Caled. for CoHjO3NgSh: Sh, 32.6; N, 22.5;
N/Sb, 6.0. Found: Sb, 32.7; N, 22.8; N/Sb, 6.06.

Sodium p-Melaminylphenylstibonate.—p-Melaminyl-
phenylstibonic acid (100 g.) is dissolved in 4000 ml. of
water containing 12 g. of sodium hydroxide. The slightly
turbid solution is treated with charcoal and filtered;
320 g. of sodium hydroxide are added gradually, with
stirring and cooling, to the clear filtrate while the tempera-
ture is maintained below 35°. On standing at 5°, sodium
p-melaminylphenylstibonate forms a crystalline precipi-
tate, which is filtered, washed with 2 N sodium hydroxide,
ethanol and ether. When dried at a pressure of 25 mm. at
25° over sulfuric acid, the product has a moisture content
corresponding to an octahydrate.

The yield, calculated on the basis of anhydrous ma-
terial, was 95 g. (909%,); white needles or platelets from
hot water; sparingly soluble in cold water. Insoluble in
ethanol and acetone; precipitated from aqueous solutions
by carbonic, acetic and hydrochloric acids.

Anal. Caled. for CgH;(O;NsSbNa: Sb, 30.8; N, 21.2;
N/Sb, 6.0. Found: Sb, 30.9; N, 20.9; N/Sb, 5.9.

Polymerization of Sodium p-Melaminylphenylstibo-
nate.—Crystalline sodium p-melaminylphenylstibonate (80
g., calculated on the basis of anhydrous material) is dis-
solved with warming in a solution of 110 g. of urea in 190
ml. of water. The pH of the reaction mixture is adjusted
with carbon dioxide to 8.5 (Hydrion paper). The solution
is filtered, heated at 56° for forty-five minutes, and 1500
ml. of 95%, ethanol are added with stirring. The poly-
merized sodium p-melaminylphenylstibonate precipitates,
is filtered, washed with ethanol and ether and dried 7n
vacuo; yield 70 g. (889,). Amorphous, white powder,
readily soluble in cold water, very soluble in aqueous urea
solutions, soluble in propylene glycol. Insoluble in eth-
anol and ether. It is precipitated from its aqueous solu-
tions by carbonic, acetic and phosphoric acids in the form
of gelatinous paste.

Anal. Caled. for CgH,O3NeSbNa: Sb, 30.8; N, 21.2;
N/Sb, 6.0. Calcd. for C;H,;0;NeSb: Sb, 32.6; N, 22.5;
N/Sb, 6.0, Found: Sh, 32.1; N, 21.6; N/Sh, 5.9.

The analysis shows that the N/Sb ratio is not changed
by the polymerization; the per cent. value for nitrogen

(4) Freidheim, THIS JOURNAL, 66, 1775 (1944),
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and antimony are intermediate between those calculated
for the monomeric monosodium salt and free acid.

The viscosity of aqueous solutions increases with time,
up to the formation of stiff, thixotropic gels. For ex-
ample, a 3%, solution of the polymer in 4% urea solution,
showed four hours after preparation a relative viscosity of
1.8, the solvent at the same temperature being taken as
unity. The relative viscosity of a solution of the crystal-
line stibonate of equal antimony content was less than 1.05.

A 29, aqueous solution of the polymer shows strong flow
birefringence when observed between crossed nicols. An
analogous solution of the crystallme sodium salt is optic-
ally inactive.

Comparison of Prophylactic Effect of Polymerized
Sodium p-Melaminylphenylstibonate and Naphuride in
the T. equiperdum Infection of the Mouse.—(See Table
I1.) Mice were treated with a single i. p. dose of the drug
and after an interval of two months injected with a suspen-
sion of virulent T, equiperdum. Daily blood examinations
were then carried out. Animals found to be negative after
thirty-seven days were then re-infected, controlled by daily
blood examinations for two months, and then submitted to
a third test infection. The test infection killed untreated
control animals within three to five days.
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Summary

1. A crystalline sodium salt of p-melaminyl-
phenylstibonic acid has been prepared. It cures
the experimental T'. eguiperdum infection of the
mouse with a therapeutic index of 3, but has no
appreciable prophylactic effect.

2. Thecrystalline p-melaminylphenylstibonate
has been polymerized. In comparison with the
crystalline stibonate, the polymer has a 4-fold in-
creased trypanocidal activity and a 17-fold de-
creased toxicity, corresponding to a therapeutic
index of 200 in the 7. equiperdum infection of the
mouse.

3. In the T. equiperdum infection of the
mouse, the polymerized product has a very pro-
nounced prophylactic effect. The duration of
this effect is significantly longer than with com-
parable doses of Naphuride.
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[CONTRIBUTION FROM THE DEPARTAMENTO DE QUiMICA DA FACULDADE DE FrLosoriA, CIENCIAS E LETRAS DA UNIVERSI-
DADE DE SX0 PAULO]

Some Steroid Mercaptols

By HEmNrIcH HAUPTMANN

There appears to have been no attempt to pre-
pare steroid mercaptols since Mylius! let thio-
phenol react with dehydrocholic acid (3,7,12-
triketocholanic acid). As previously reported?
we began an investigation of these substances,
first studying the behavior of 4-cholesten-3-one
with different mercaptans. While in this case
we observed no reaction with thiophenol and could
not isolate any crystallized product except di-
phenyl disulfide, we were able to prepare a mer-
captol by the reaction of 4-cholesten-3-one and
benzylmercaptan in the presence of anhydrous
zinc chloride and sodium sulfate. 4-Cholesten-
3-one dibenzylmercaptol melts at 126.5-127°,
[a]PD 4+ 128 = 1°. It crystallizes so well that
it can be used for the identification of 4-cholesten-
3-one. With tetranitromethane it turns brown.
When refluxed with Raney nickel? in dioxane and
water it is transformed into 4-cholestene which
we identified by its m. p. of 79-80°, specific rota-
tion [a]¥D 64.6 = 1°, and its dibromide with
the m. p. 115.5-116.5°. That means that there
is no addition of the mercaptan to the conjugated
double bonds. This observation is surprising in
view of the studies by Posner,* Ruhemann® and

(1) F. Mylius, Ber., 20, 1968 (1887).

(2) H. Hauptmann, Anais assoc. quim. Brasil, 8, 231 (1944);
C. A., 40, 569 (1946).

(3) (a) J. Bougault, E. Cattelain and P. Chabrier, Compt. rend.,
208, 615 (1939); C. A., 88, 485 (1940); Bull. soc. chim., [5] 6, 34
(1939); 7,781 (1940); C. 4., 86,2198 (1942); (b) R. Mozingo, D. E,
Wolf, S. A. Harris and K. Folkers, THIS JOURNAL, 65, 1477 (1943);
(c) M. L. Wolfrom and J. V. Karabinos, tbid., 66, 909 (1944),

(4) Th. Posner, Ber., 33, 3165 (1900).

(5) S. Ruheman, Proc. Chem. Soc., 20, 251 (1904); Chem. Zentr.,
1, 443 (1908); Proc. Chem. Soc., 21, 123 (1905); Chem. Zentr.,
1, 1466 (1905); J. Chem. Soc., 87, 17, 461 (1905); Chem. Zentr.,
I, 741, 1640 (1905).

Nicolet® of the behavior of «,B-unsaturated ke-
tones with mercaptans, as well as the papers of
Diels and Abderhalden,” Ruzicka® and Grasshoff®
on 4-cholesten-3-one as an o,B-unsaturated ke-
tone. We attempted to bring the double bond
to reaction using piperidine as a catalyst, instead
of zinc chloride and sodium sulfate. According
to Ruhemann® this greatly favors the addition of
mercaptan to the double bond instead of the con-
densation to mercaptol. We were unable, how-
ever, to isolate any reaction product containing
sulfur, except dibenzyl disulfide. In addition to
small quantities of unchanged 4-cholesten-3-one,
we obtained a few milligrams of a sulfur-free
substance, m. p. 146-150°, which with tetranitro-
methane gave a strong brown color. We believed
that allo- and epi-allo-cholesterol might have been
formed by reduction, possibly mixed with other
secondary reaction products. According to
Schoenheimer and Evans'® those two substances
form a molecular compound of the m. p. 141°.
The lack of reaction with trichloroacetic acid,
which according to these investigators® is charac-
teristic of these unsaturated steroid alcohols or
their dehydration products, seems to exclude the
presence of both the allo-cholesterols. We must
postpone clarification of this question until we
have greater quantities of this sulfur-free sub-
stance.

(8) B. H. Nicolet, Tars JourNAL, §3, 3066 (1931).

(7) O. Diels and E. Abderhalden, Ber., 87, 3099 (1904).

(8) L. Ruzicka, Helv, Chim. Acta, 17, 1414 (1934).

(9) H. Grasshoff, Z. physiol. Chem., 223, 250 (1934).

(10) R. Schoenheimer and E. A. Evans, J. Biol. Chem., 174, 567

(1936); E. A. Evans and R. Schoenheimer, THIS JoUurNAL, 88, 182
(1936),



