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Regluction of 3-benzenesulfonoxy-5,8-dihydrouracil (I) with lithium aluminum hydride afforded N,N’-dimethylethylene-

diamine.

To prove the heterocyclic six-membered struc-
ture of 3-benzenesulfonoxy-5,6-dihydrouracil (I),
previously synthesized,! reduction to the basic ring
system was considered, and lithium aluminum hy-
dride was chosen as the reagent. It was anticipated
that the product of the reduction would either be
hexahydropyrimidine (II) or its acid hydrolysis
product, 1,3-propanediamine (IIT).
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Each of these two bases has been characterized
previously as solid crystalline benzamides. The
dibenzoyl derivative of hexahydropyrimidine is
reported to melt at 95°2 and that of the 1,3-pro-
panediamine at 147-148°3 and 151°.4

The reduction of I with lithium aluminum hy-
dride was carried out in refluxing tetrahydrofuran.
The reaction mixture was decomposed with dilute
hydrochloric acid, then made alkaline and an amine
was steam distilled from the alkaline medium.
Benzoylation of this base afforded a crystalline
derivative, m.p. 177-178°. From its analysis, the
parent base had the composition C;H;2Ny, thus elim-
inating structures IT and III from consideration.

On the assumption that in the original heterocy-
clic system, the atoms in the ring were linked in the
sequence —N-C-C-C-N-C, the product expected
was NH,CH,CH,CH,NHCH; (IV). This amine
has been described in the literature,® although its
benzoyl derivative has not been mentioned. Re-
duction of 3-methylaminopropiononitrile, CH;NH-
CH,CH,CN, with lithium aluminum hydride read-
ily yielded a sample of IV. A solid benzoyl deriva-
tive was not obtained. However, a crystalline
benzenesulfonyl derivative, m.p. 95°, was easily
prepared.

It was then decided to characterize the base from
the reduction of I additionally as the benzenesul-
fonylderivative. It melted at 129-131°. The liter-
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A mechanism for this novel rearrangement is advanced.

ature revealed that the benzenesulfonyl derivative
of the isomeric N,N’-dimethylethylenediamine,
CH;NHCH,CH,NHCHS,;, (V), melts at 131°,¢ and
indeed the melting point of the benzenesulfonyl
derivative of the base obtained on reduction was
not depressed on admixture with an authentic speci-
men. Furthermore, the benzoyl derivative of
some authentic N,N’-dimethylethylenediamine did
not depress the melting point of the similar deriva-
tive from the reduction of I.

In order to rationalize the formation of V a novel
Lossen rearrangement of I is postulated. Attack
by lithium aluminum hydride (acting as a base) on
nitrogen could give the anion VI. Under the influ-
ence of the very strong electronegative benzenesul-
fonic ester grouping the ring would easily open to
give VII, which is the anion required for a Lossen
rearrangement. It has previously been shown that
the arenesulfonic esters of non-cyclic hydroxamic
acids rearrange spontaneously.’?” Thus VII would
rearrange to VIII, which is indeed a plausible pre-
cursor for the reduction to N,N’-dimethylethylene-
diamine. Furthermore, the reduction of isocya-
nates to N-methylamines has been reported previ-
ously.5.®
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Treatment of I with one equivalent of sodium
hydroxide solution effects rearrangement to a wa-
ter-soluble intermediate, postulated as N,N’-ethyl-
eneurea. Further hydrolysis, either by means of
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hydrochloric acid or sodium hydroxide, yields eth-
ylenediamine.’® The mechanism of the rearrange-
ment of I by sodium hydroxide could parallel that
induced by lithium aluminum hydride. Attack by
hydroxide ion on I could produce the anion VI
which would rearrange to VIII. Reaction of VIII
with water would then give N,N’-ethyleneurea.

The above sequence of reactions provide a facile
three-step degradation of ethyl succinate to either
N,N’-dimethylethylenediamine or ethylenedia-
mine.

Experimental

3-Benzenesulfonoxy-5,6-dihydrouracil.—The improved
preparation is described by a typical experiment: To a
stirred solution of sodium succinohydroxamate (11.3 g.) in
pyridine (65 ml.) at 25° was added dropwise benzenesulfonyl
chloride (25 g.). The temperature of the mixture was kept
between 25 and 30°. After the addition of the chloride,
the solution was stirred for 45 minutes. The pyridine solu-
tion was poured into 300 ml. of water, then neutralized by
75 ml. of glacial acetic acid. The mixture was refrigerated
overnight and the crystals filtered off next day. The yield
of dry crude product was 11.3 g. (88% based on the salt),
m.p. 170-173°. Further crystallization from 2-propanol
afforded a pure sample, m.p. 175-176°. The m.p. reported
previously was 158-160°. A new sample prepared by the
older method now melted at 175-176°.

Reductive Lossen Rearrangement.—(a) To a suspension
of lithium aluminum hydride (2.5 g.) in ice-cold tetrahydro-
furan 250 ml.) was added 3-benzenesulfonoxy-5,6-dihydro-
uracil (2.5 g.) and the mixture refluxed for 5 hours. The
mixture was poured onto ice and dilute hydrochloric acid
and extracted with ether. The acid solution was warmed to
expel dissolved ether, cooled, was made alkaline with solid
sodium hydroxide pellets and distilled in part. The dis-
tillate (200 ml.) was made alkaline with solid sodium hy-
droxide pellets and treated with benzenesulfonyl chloride
(7 ml.). After this mixture had stood at room temperature
for several days, the derivative crystallized. The benzene-
sulfonyl derivative recrystallized from alcohol in fine needles,
m.p. 123-124°, The yield was then 0.95 g. or 299, based
on the starting material. Two further crystallizations from
alcohol, and one from acetic acid raised the m.p. to 129~
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131°, Further recrystallization from ethyl acetate did not
raise the m.p.

Anal. Caled. for CisHyN:OS:: C, 52.15; H, 5.47;
N, 7.61. Found: C, 51.90; H, 5.21; N, 7.62.

The mixed m.p. with an authentic specimen!! of similar
m.p. was undepressed.

(b) Similarly, 3-benzenesulfonoxy-5,6-dihydrouracil (1.1
g.) was reduced by lithium aluminum hydride (2.7 g.) in
tetrahydrofuran (50 ml.), and worked up as above. The
alkaline distillate (200 ml.) was again made alkaline and
treated with benzoyl chloride to afford the crystalline de-
rivative (0.5 g., 419%), m.p. 175°. Recrystallization from
benzene raised the m.p. to 177-178°.

Anal. Caled. for Ci3HoN:0p: C, 72.94; H, 6.80; N,
9.46. Found: C, 72.86; H, 6.85; N, 9.37.

The melting point of this benzoyl derivative was unde-
pressed on admixture with an authentic specimen.!?

N-Methyl-1,3-propanediamine.—A solution of 3-methyl-
aminopropiononitrile (4.2 g.) in ether (10 ml.) was added
dropwise to lithium aluminum hydride (1.9 g.) in ether {100
ml.). The mixture was refluxed 0.5 hour, and decomposed
by 20% NaOH (1.5 ml.) and then water (7 ml.). The ether
solution was decanted from the granular inorganic precipi-
tate and distilled. The amine distilled at 140-143°, n%D
1.4453. Tarbell® lists the boiling point of this amine as
138-141° and #%p 1.4479.

Benzoylation of the amine in pyridine afforded a gum
which could not be induced to crystallize. Treatment of the
amine (0.4 g.) with benzenesulfonyl chloride (0.3 ml.) in 10%,
potassium hydroxide solution caused the separation of an oil.

The alkaline solution was decanted from the alkali-in-
soluble material and acidified. The gum which precipitated
crystallized on trituration with alcohol and was recrystal-
lized from the same solvent. It formed colorless needles,
m.p. 95°.

Anal. Caled. for C,sHoN:OS;: C, 52.15; H, 5.47; N,
7.61. Found: C, 52.07; H, 5.93; N, 7.34.
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On the Thermal Dissociation of Organic Compounds.

X. The Effects of the Solvents

(Amines and Fatty Acids) on the Thermal Dissociation of Urethans
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The rate constants of the thermal dissociation of urethans in amine and fatty acid solvents have been measured. The
dissociation of urethan proceeds through the double transfer of a proton under the influence of both a basic and an acidic
medium. The mechanisms of dissociation of urea and urethan are similar to those of carbonyl addition compounds, i.e., the

carbonyl-forming elimination reaction.
either basic or acidic catalysts.

Introduction
Previous papers in this series!~® have shown that,
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It can be shown that these amphoteric compounds dissociate in the presence of

on heating, ureas and urethans dissociate as

RHNCONHR = RNCO + H,NR )
RHNCOOR = RNCO + HOR (2)

In the dissociation of urethan, for example, the
nitrogen atom of urethan donates a proton to form
an isocyanate and the oxygen atom accepts a proton
to form an alcohol. Therefore, it can be assumed
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