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Anal. Caled. for C4HyNS: C, 46.56; H, 8.79; N, 13.58;
S, 31.07. Found: C, 46.82; H, 8.63; N, 13.64; S, 30.88.

Thiamorpholine hydrochloride prepared in isopropvl al-
cohol formed white needles which melted at 174-175°.

Anal. Caled. for CH,,CINS: C, 34.40; H, 7.22.
Found: C, 34.18; H, 7.11.

Thiamorpholine picrate crystallized from ethanol as long
vellow needles, m.p. 204-205°.

Anal. Caled. for C;HpN.O:S: C,
Found: C, 36.30; H, 3.56.

Thiamorpholine picrolonate formed dark yellow needles
from ethanol, m.p. 246°.

Anal. Caled. for CsHizN;0:S:
Found: C, 46.05; H, 4.81.

Davies? gives the following constants for thiamorpholine
and its derivatives: b.p. of base, 166-167° at 743 mm.;
hydrochloride, m.p. 160-165°; picrate, m.p. 198°; picro-
lonate, m.p. 242°. Langlet! gives 165° as the boiling point
of the base and 163° as the melting point of the hvdrochlo-
ride. In every case these values are lower than those now
reported.

Method B.—When 13.1 g. (0.1 mole) of 3,5-diketo-1,4-
thiazane was reduced with 9.5 g. (0.25 mole) of lithium alu-
minum hydride in the same manner as described under
method A, 4.4 g. (43%) of product, b.p. 173-177°, was ob-
tained. This material, in contrast to that obtained earlier,
had an unpleasant ‘‘mercaptan’’ odor. It was dissolved in
20 ml. of water and shaken with ether. The aqueous phase
was separated and treated with 20 ml. of 259, sodium hy-
droxide solution. The oil which separated was extracted
with ether, and the extract was dried over potassium car-
bonate. Distillation gave 2.2 g. (219%) of thiamorpholine,
b.p. 174-175° at 758 mm.

4-Methylthiamorpholine.—A mixture of 3.8 g. of thiamor.
pholine, 3 cc. of 409, formalin and 1.9 g. of 989 formic acid
was heated on a steam-bath for 1.5 hours after the initial
vigorous reaction had subsided. About 4 ml. of concen-
trated hydrochloric acid was added, and the solution was
evaporated to dryness. Treatment of the white solid with
10 ml. of 25% sodium hydroxide produced an oil which was
distilled to give 3.1 g. (729%) of product, b.p. 164-165° at
751 mm., »%p 1.5068.

4-Methylthiamorpholine hydrochloride crystallized from
isopropyl alcohol as stout colorless needles, m.p. 248-249°.

Anal. Caled. for CHpCINS: C, 39.08; H, 7.87.
Found: C, 39.32; H, 7.64.

Clarke prepared 4-methylthiamorpholine by the action
of mustard gas on methylamine.!! He reported that the
base boiled at 163-164° at 757 mm., and the hvdrochloride
melted at 239°.

4,4-Dimethylthiamorpholinium Iodide.—When a solution
of 2 g. of 4-methvlthiamorpholine in 10 ml. of absolute
cthanol was treated with 4 ml. of methyl iodide, a white
crystalline precipitate formed which weighed 4.4 g. and
mtelted at 297°, unchanged by recrystallization from ethanol.

Anal. Caled. for C;HINS: C, 27.81; H, 5.45. Found:
C, 28.10; H, 5.18.

The same quaternary salt was obtained when an alco-
liolic solution of thiamorpholine and methyl iodide wus
allowed to stand 12 hours.

4-Ethylthiamorpholine Hydroiodide.—When a solution
of 0.5 g. of thiamorpholiite and 5 ml. of ethyl iodide in 10
nl. of ethatiol stood for several days at room temperature 110
solid formed. The solution was concentrated on steam to a
volume of 5 ml., and when cooled gave white needles, in.p.
140-141°.

Anal. Caled. for CgHRINS: C, 27.81; H, 5.45.
C.27.99; H, 5.15.

The identity of this compound was established by con-
version to the picraie, m.p. 189-190°, reported!! to ntelt at
185-186°,

Anal.
16.00.

4,4’-Carbonyldithiamorpholine.—A solution of 10.3 g.
(0.1 mole) of thiamorpholine in 20 ml. of dry toluene was
added with stirring to a solution of 5 g. (0.05 mole) of phos-
gente and 20 g. (0.25 mole) of pyridine it 250 ml. of anhy-
drous ether. The mixture was then stirred for 30 minutes

36.14; H, 3.64.

C, 45.77; H, 4.67.

Found:

Caled. for CiwHgN,O;S: N, 15.57. Found: N,

(11) H. T. Clarke, J. Chem. Soc., 101, 1586 (1Y12),
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and shaken three times with water. Evaporation of the
ether solution and crystallization of the residue from iso-
propyl alcohol gave 5.5 g. (479%,) of product. Upon re-
crystallization from aqueous methanol it formed white crys-
tals, m.p. 143-144°.

Anal. Caled. for CHsN20S,: C, 46.52: H, 6.94; XN,
12.06. Found: C, 46.71; H, 6.89; N, 11.89.
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5-Ethyl-5-(3-phenylpropyl)-barbituric Acid from
B~-Chlorocumene

By GLENN S. SKINNER AND DoONALD L. KNAUSS
RECEIVED OCTOBER 17, 1953

We have prepared 5-ethyl-3-(8-phenylpropyl)-
barbituric acid from g-chlorocumene through the
intermediate diethyl ethyl-8-phenylpropylmalo-
nate. The B-chlorocumene required was prepared
by the action of dry chlorine on hot cumene in
sunlight. It was shown to have the assigned
structure by oxidation to benzoic acid and con-
version through the Grignard reaction to 8-phenyl-
butyramide.

B-Chlorocumene is relatively inert! in its reac-
tion toward alkali or silver acetate. Under ordi-
nary conditions of refluxing in benzene we found it
to be inert also toward sodioethylmalonic ester,
but reaction occurred after distilling enough
benzene to permit a temperature of 140°.

Orally administered to rats this barbiturate
produced no hypnosis, but convulsions and death
at 400 mg.'kg. Since it is ineffective, no resolution
of the compound was attempted.

Experimental

8-Chlorocumene.—Cumene in lots of 350 cc. at gentle re-
flux in sunlight wus subjected to the action of a rapid stream
of dry chlorine until the temperature of the boiling liquid
reached 190-195°. Fractional distillation of the combined
product from several runs gave 656 g. of unchanged cumene.
b.p. 45-30° (14 mm.); 80 g. of a mixture, b.p. 50-90°
(14 mm.); 1259 g. of B-chlorocumene, b.p. 90-95° _(14
mm.); 694 g. of products of undetermined constitution,
b.p. 95-160° (14-3 mm.) and 62 g. of viscous residue.
There was no evidence of decomposition during the dis-
tillation. B-Chlorocumene is reported? to boil at 95-100°
(21 mm.) while a-chloroctimene is decomposed with the loss
of hydrogen chloride when boiled under diminished pressurc.

Characterization of B-Chlorocumene.—Oxidationt with
hot alkaline permanganate under reflux gave benzoie acid,
showing that in our preparation the chlorine is located in
the side chain. The Grignard reagent prepared from the
chloro conmpound was treated with solid carbon dioxide and
the resulting acid was converted through the acid chloride
to 8-phenvlbutyramide, m.p. 104-105°, showing that the
chiorine is in the beta position. Kohler and Reimer?® give
nt.p. 105° for this amide which they prepared by an inde-
pendent method.

Diethyl Ethyl-(3-phenylpropyl)-malonate.—Diethyi ctliyl-
malonate (376 g., 2 moles) was added to a stirred and cooled
suspettsion of 23 g. of powdered sodium in 600 cc. of dry
benzene. When the reaction was complete 154.5 g. (1
mole) of the above B-chlorocumene was added at once with
stirring. No precipitation of sodium chloride occurred,
and very little at 90-95° in 15 hours. Benzene was then
distilled through a column until the temperature of the

(1) J. V. Braun, A. Grabowski and G. Kirschbaum, Ber., 46, 1281
(1913).

(2) M. S. Kharasch and H. C. Brown, THIS JOURNAL, 61, 2142
(1939).

(3) E. P. Kohler and Marie Reimer, 4m, Chem. J., 83, 353 (1400).
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residual liquid was favorable to reaction (140°) where it was
maintained for seven hours. In working up the mixture in
the usual way, 30 cc. (0.36 mole) of hvdrochloric acid was
required for neutralization, indicating that 369, of the sodio-
ethvlmalonate still had not reacted; yield 125.5 g. (419%,),
b.p. 140-145° (1 mm.).

Anal. Caled. for C;sHOs:
C,70.2; H, 8.3.

5-Ethyl-5-(3-phenylpropyl)-barbituric Acid.—The above

ester (26.0 g., 0.084 mole) and 9.2 g. (0.152 mole) of urea
were refluxed six hours in a solution of sodium ethoxide pre-
pared from 5.2 g. (0.228 mole) of sodium and 100 cc. of ab-
solute alcohol. The yield of crude acid was 18.0 g. (79%,).
The pure acid (13.5 g.) was obtained by crystallization from
50 cc. of toluene; m.p. 155-156°.

Anal. Caled. for C3H1sO3N3: N, 10.2. Found: N, 9.9.
CHEMISTRY DEPARTMENT

UNIVERSITY OF DELAWARE
NEWARK, DELAWARE

C, 70.5; H, 8.6. Found:

Lactam of N-(3-Aminoethyl)-chelidamic Acid—A
Pyridopiperazine Ring!

By A. W. ScHWAB
RECEIVED OCTOBER 2, 1953

Chelidamic acid is a tridentate molecule which
has proved to be an excellent metal-inactivating
agent for vegetable oil systems.? Because cheli-
damic acid is easily prepared from chelidonic acid
and ammonia,? it was thought that chelidonic acid
and ethylenediamine might give 1,1'-ethylene-his-
[2,6-dicarboxy-4-pyridone]. This compound would
be sexadentate and would be expected to have un-
usual metal-chelating properties.

Campbell and his co-workers have prepared «-
pyridones simply by the addition of an aqueous
solution of the y-pyrone to an aqueous solution of
the amine.* Previously, Armit and Nolan had
prepared this type of compound in alcohol solution.5
Freeman, Ringk and Spoerri also used alcoholic
solutions for the preparation of N-aralkyl deriva-
tives of 4-pyridone and chelidamic acid.® Prior to
this, N-substituted chelidamic acids were prepared
by the method of Haitinger and Lieben.”

It was found that the addition of ethylenediamine
to a hot ethanol solution of chelidonic acid gave an
insoluble salt. This compound appears to be the
salt of equimolar amounts of chelidonic acid and
ethylenediamine. When an aqueous solution is
treated with hydrochloric acid, an insoluble precipi-
tate settles out which analysis indicates to be com-
pound I. This lactam is bidentate and shows only
slight metal-inactivating properties compared with
chelidamic acid.®

(1) From one of the laboratories of the Bureau of Agricultural and
Industrial Chemistry, Agricultural Research Service, U. S. Depart-
ment of Agriculture. Article not copyrighted. This paper is based
on some work submitted by A. W. Schwab in partial fulfillment of the
requirements for the Ph.D. Degree at Bradley University, Peoria,
11linois.

(2) A. W. Schwab, P. M. Cooney, C. D. Evans and J. C. Cowan,
J. fm. Oil Chemists' Soc., 80, 177 (1953). ’

(3) E. R. Riegel and M. C. Reinhard, THis JOURNAL, 48, 1334
(1926).

(4) K. N. Campbell, J. F. Ackerman and B. K. Campbell, J. Org.
Chem., 18, 337 (1950).

(3) J. W. Armit and T. J. Nolan, J. Chem. Soc., 3023 (1931).

(6) S. K, Freeman, W. F. Ringk and P. E. Spoerri, THIS JOURNAL,
69, 858 (1947).

(7) L. Haitinger and A. Lieben, Monatsh., 6, 279 (1885).

(8) Unpublished data.
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This lactam 1 or the basic ring system II to which it
belongs has not been reported. Based on the aro-
matic system, compound I might be named as a
pyridopiperazine derivative, but a simpler name
would be the lactam of N-{8-aminoethyl)-cheli-
damic acid. Using the azabicycloalkane system,
compound II is named 1,4-diazabicyclo(4.4.0)dec-
ane.

Experimental

Ethylenediamine Chelidonic Acid Salt.—Seven grams of
ethylenediamine (95%,) was added dropwise to a refluxing
ethanol solution containing 7.0 g. of chelidonic acid. Upon
addition of the first drop of ethylenediamine, a precipitate
settled out, and this insoluble compound continued to form
as more and more ethylenediamine was put in. The solution
was refluxed for 2 hours after the addition of the ethylene-
diamine, It was then cooled, and the insoluble product was
filtered off. Recrystallization from water produced large
colorless needles. These needles were filtered off and then
dried over phosphorus pentoxide in a vacuum desiccator.
The yield was approximately 4.0 g., m.p. 239-240° (dec.).
The salt was neutral to pH indicator paper, and was hygro-
scopic. Additional quantities of the salt were obtained by
concentrating the filtrates. Analysis showed the compound
to have the composition of equimolar amounts of chelidonic
acid and ethylenediamine.

Anal. Caled. for CgH1206N,: C, 44.3; H, 4.92; N\, 11.5.
Found: C, 44.2; H, 4.92; N, 11.7.

Lactam of N-(B-Aminoethyl)-chelidamic Acid.—When a
saturated aqueous solution of the ethvlenediamine salt of
chelidonic acid was treated with dilute hydrochloric acid,
an insoluble precipitate settled out. This precipitate was
filtered and washed with ice-water. It was dried over phos-
phorus pentoxide in a vacuum desiccator. This compound
did not melt below 300°. It was acid to pH paper and had
a neutral equivalent of 208 (theorv 208). The ultraviolet
absorption spectrum of a 0.00012 M solution of thiscompound
in 0.01 N sodium hydroxide showed a peak at 232 mu with
e 19000 and a shallow peak at 272 mu with € 7700. These
data were found to be consistent with the spectra of closely
related substances,3:9:10

The infrared spectrum was determined using powdered po-
tassium bromide and sample in a pressed disk! with a Per-
kin-Elmer, Model 21, Infrared Spectrograph and is given
in Fig. 1. It is to be observed that there is a single sharp
band at 3.09 u which is evidence of the presence of a substi-
tuted amide.!? No doublet wasobserved in this region which
might indicate the primaryv amine group. Peaks were ob-
served at 5.84 and 5.90 x4 which could indicate the presence
of the carbonyl and amide groups, respectively. A peak
at 6.12 4 might be attributed to the presence of a zwitter-
ion.13 Before complete confirmation could be obtained
through infrared investigations, it would be necessarv to
compare spectra of a number of known and new compounds
of similar structure.

Anal. Caled. for CeHO,N,: C, 51.9; H, 3.85; N, 13.5.
Found: C, 51.1; H, 3.93; N, 13.4.

The p-bromophenacyl derivative crystallized with 2 mole-
cules of water and melted at 172-174° with charring.

(9) I. G. Ross, J. Chem. Soc., 1374 (1931).

(10) H. Specker and H. Gawrosch, Ber., T8, 1338 (1942).

(11) M. M. Stimson and M. J. O'Donnell, THis JoURNAL, T4, 1805
(1952).

(12) N. B. Colthup, J. Optical Soc. Am., 40, 397 (1950).

(13) R. S. Rasmussen and R. R. Brattain, THrs JoUurNaL, 71, 1073
(1949).



