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into the ether layer (16 hr.). The ether extract was dried
over anhydrous magnesium sulfate and fractionated. After
removal of the ether, the product, 25.2 g. (70%) was col-
lected in the range 41-42° at 10 mm. as a light yellow oil
(f.p. —=7°).

Anal. Caled. for C;H,N;0: C, 34.94, H, 8.80, N, 40.75,
Fcund: C, 35.50, 35.41; H, 8.87, 8.83; N, 41.50, 41.45.

Nitrosotrimethylhydrazine gave a positive Lieberman test
for the nitroso group when the reactions were carried out at
about 0°. At higher temperatures oxidation of the test
samples by concentrated sulfuric acid occurred.

Catalytic hydrogenation of nitrosotrimethylhydrazine. A solu-
tion of 7.35 g. (0.0713 mole) of nitrosotrimethylhydrazine in
133 ml. of water was reduced with hydrogen in the presence
of 3.502 g. of a catalyst consisting of 109 palladium-on-
charcoal at 25° and one atmosphere. The reduction was at-
tended by a steadily decreasing rate of hydrogenation until a
total of 1.2 moles of hydrogen per mole of nitroso compound
had been adsorbed. The catalyst was removed by filtration,
the filtrate was saturated at 30° with sodium hydroxide
pellets, and the yellow oil which separated was dried over
fresh sodium hydroxide and fractionated to give 1.5 g. of a
colorless liquid, bz 59-60°, and 0.5 g. of a yellow oil,
bio 42°. The latter fraction was considered to be nitrosotri-
methylhydrazine on the basis of the boiling point and a
positive Lieberman test. The former was shown to be tri-
methylhydrazine through the preparation of trimethylhy-
drazine picrate in ethereal picric acid. The recrystallized
product (from absolute ethanol) melted at 113-114.5°.
Mixed melting point determinations with an authentie
sample of trimethylhydrazine picrate (m.p. 114-115°) at 2
compositions showed no depression. An analysis of the tri-
methylhydrazine fraction with standard potassium iodate
indicated that trimethylhydrazine was present to the extent
of 95.39, (four-electron change).

Reduction of nitrosotrimethylhydrazine with lithium alumi-
num hydride. Seven grams (0.068 mole) of nitrosotrimethyl-
hydrazine in 100 ml. of ether was added over a period of 1 hr.
at 25° to 5.0 g. (0.132 mole) of lithium aluminum hydride in
150 ml. of absolute ether. The reaction mixture was stirred
for an additional hour, followed by the dropwise addition of
water until the reaction mixture appeared white, and sub-
sequently the addition of 75 ml. of 309, aqueous sodium
hydroxide. The ether layer was removed, and the gelatinous
solid was extracted with three 50-ml. portions of ether. The
ether extracts were combined with the original ether layer,
and the solution was dried over anhydrous magnesium sul~
fate. An appreciable liquid residue remained when the ether
was distilled off. The distillate (200 ml.) was treated with
ethereal picric acid (20 g. = 0.075 mole of acid), and the re-
sulting precipitate was recrystallized three times from ab-
solute ethanol to give 5.2 g. (289) of dimethylamine picrate,
m.p. 158-159°, Mixed melting point determinations at two
compositions with authentic dimethylamine picrate (m.p.
158-159°) showed no depression,

Reduction of nitrosotrimethylhydrazine with sodium amal-
gam. Thirty grams of 3% sodium amalgam (0.9 g., 0.039
mole of sodium) was added in one portion to 2.0 g. (0.019
mole) of nitrosotrimethylhydrazine in 40 ml. of absolute
ethanol at €¢°, and the mixture was shaken for 6 hr. at 0°.
The solution was filtered, and the filtrate was acidified with
acetic acid. A twofold volume of water was added, followed
by 2.1 g. (0.020 mole) of benzaldehyde. When the mixture
was shaken, a yellow precipitate formed. The solution was
filtered and the solid recrystallized from 959, ethanol to give
0.59 g. (139%) of benzalazine, m.p. 91-92°. Mixed melting
point determinations at two compositions with authentic
benzalazine (m.p. 92-93°) showed no depression. The alco-
hol and watser were removed from the filtrate on the steam
bath, and the residue was extracted with ether to remove
benzaldehyde. The crude acetate residue was dissolved in 10
ml. of water, and half of the solution was saturated at 25°
with solid sodium hydroxide and extracted 4 times with 5-ml.
portions of ether. The ether extracts were dried over anhy-
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drous magnesium sulfate, and the clear solution was treated
with ethereal picric acid (2.3 g. = 0.010 mole of the acid).
The precipitate which formed was recrystallized from ab-
solute ethanol to give 0.39 g. (15%) of dimethylamine pic-
rate, m.p. 157-158.5°. Mixed melting point determinations
at two compositions with authentic dimethylamine picrate
(m.p. 158-159°) showed no depression. The Hinsburg test,
when applied to the other portion of the aqueous solution,
confirmed the presence of dimethylamine, and indicated the
absence of methylamine.
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Taniyama and Yusa! have recently shown that
2’-chloroacetanilide and 2’-chloro-4-nitroacetanilide
with 1-phenyl and 1,3-dipheny! thiourea gave N-
substituted pseudothiohydantoins (VI and VII) in
alcohol at reflux. However, Knott and Morgan?
have reported that thiourea and the chloroacet-
amides derived from ammonia, 2-aminothiazole,
and 2-aminopyridine gave the corresponding iso-

thiouranium salts
Ox _NH O NCeHs
E A= NCH; [ s = NC,H;
VI VII

(III, R = amino, 2-thiazolylamino, and 2-pyridyl-
amino) in refluxing ethanol.

Other investigators have reported that thioures
with chloroacetic acid,® methyl or ethyl chloro-
acetates* formed the corresponding isothiouranium
salts (III, R = OH, OCH,, OC.H;) in acetone at
room temperature and that chloroacetic acid® in
water at 80° formed pseudothiohydantoin (IV).
A preparative method for IV and its hydrochloride
from ethyl chloroacetate and thiourea in refluxing
ethanol has been developed by Allan and Van
Allan.t

In view of these results we wish to report an
extension of our previous work.” Thiourea and
2-chloro-N,N-dipropylacetamide in dimethylform-
amide (DMF) at 30°, gave a 75% yield of the
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isothiouronium salt [TIT, R=(C;H7).N] and a 21%
vield of pseudothiohydantoin (IV). In 959, ethanol
at 25°. the dipropylamide and thiourea afforded a
579 yield of the isothiouronium salt and 179, yield
of IV. In refluxing ethanol, none of III [R=(Cs-
H:),N] was isolated but rather an 869, yield of IV
and a 749, yield of dipropylamine hydrochloride.
ITI[R = (C3H7)eN] was converted to IV in refluxing
ethanol.? 2-Chloro-N,N-diethylacetamide and thio-
urea in benzene at 80° for 2 hrs gave a 51.8%, yield
of IV.

Ethyl chloroacetate and thiourea gave a 57%
yield of III(R=C,Hs0O) and 269, yield of IV (as
the hydrochloride) at 25° in ethanol, and a 629
yield of IIT(R = CoH;0O) and a 149 yield of IV-HCI
in DMF at 25°. A slightly higher yield of the iso-
thiouronium salt was obtained when the reaction
was carried out for only 4 hr. rather than 24 hr. at
25° in ethanol.

The data, summarized in Table I, clearly indicate
that solvents have no appreciable effect on the
course of reaction of I and II, and that the amounts
of IIT and IV formed are dependent on reaction
temperature. Temperatures of about 25-30° favor
the formation of the isothiouronium salts (III)
while temperatures of about 80° favor the forma-
tion of IV.

TABLE 1

REACTION oF THIOUREA WITH 2-HALOACETAMIDES AND
2-HALOACETATES

NH,CSNH, _NH 0 NH
I —RCOCHSC  -HClor pises
~ S
+ 111 NH.
RCOCH,Cl v
I +
RH-HCl
v
Sol- Temp., Time, % Yield
R vent °C. Hr. 111 v
(C,H)N CH, 8 20 — 5.8
(GH,).N EtOH 8 1.5 —  8.0°
DMF 30 18.0 750 20.7
EtOH 25 23.0 57.0 17.3
CN DMF 30 200 59.0 —
C;H;0¢ EtOH 25 24.0 56.8 2567
DMF 25 240 61.8 14.17
DMF 25 4.0 70.4 e
¢ EtOH & 3.0 —  79-827

% 45.59% vyield of diethylamine hydrochloride isolated.
% 749, yield of dipropylamine hydrochloride isolated. ¢ At-
tempt to isolate IV was unsuccessful. ¢ With esters, IV is
isolated aa the hydrochlorlde (IV HC]) which on treatment
w\lfth NaOAc gives IV. ° Data from reference 6. 7 Yield of
1V HCL

EXPERIMENTAL

Thiourea and ethyl chloroacetate. The procedure used in
the reactions of thiourea with 2-chloroacetates and 2-chloro~
acetamides’ is illustrated by this typical example. A solu-
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tion of 15.2 g. (0.2 mole) of thiourea and 24.5 g. (0.2 mole)
of ethvl chloroacetate in 100 ml. of DMF was stirred at 25°
for 24 hr. One liter of acetone was added to the clear solu-
tion and the precipitated solid was filtered; wt. 32.8 g. Thi:
was digsolved in 200 ml. of absolute ethanol and 4.3 g
(14.1% yield) of pseudothiohydantoin hydrochloride was
recovered by filtration of the alcohol insoluble material.
The alcohol filtrate, diluted with 1.5 liters of ethyl acetate,
afforded 24.5 g. (61.89% yield) of the isothiouronium hydro-
chloride [III, R = C,H;0], m.p. 110° (dec.).
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Efimenko and co-workers® have claimed the iso-
lation of prodigiosin hydrochloride from Serratia
marcescens through a process involving chromatog-
raphy of the bacterial pigment. Identification of the
compound, which is described as red needles melting
at 149°, rests solely upon analysis for carbon and
hydrogen and apparently its absorption spectrum,
Amax 538-539 mput (presumably in ethanol). In a
previous paper® we described the isolation of a
magenta colored solid, m.p. 150.0~150.5° (dec.),
from a powdered sugar chromatogram of the mix-
ture resulting from the reaction of prodigiosin
perchlorate with sodium hydroxide. At that time
the similarity in the properties of the two products
was noted. We have now established that the
compound isolated by us is definitely prodigiosin
hydrochloride. The substance gives a positive
Beilstein test and elemental analyses are in good
agreement with the calculated values for the hydro-
chloride, CyHzON;Cl. The ultraviolet-visible ab-
sorption spectrum is like that for prodigiosin per-
chlorate® with a main absorption maximum in
isopropyl alcohol at 540 mu (¢=7.07 X 10%) and a
second very much weaker maximum at 294 my
(e=1.08 X 10%). The addition of aqueous sodium
hydroxide to a solution of the magenta colored solid
in isopropyl alcohol gave a mixture exhibiting
absorption like that for prodigiosin Wwith Amec
468 myu (e 4.2X10%. The observed® maximum
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