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The reaction of methyl coumalate (methyl 2-
pyrone-5-carboxylate) with a variety of amines is
a useful method for preparing 2-pyridones.!'™
Other 2-pyrones and 4-pyrones can also be con-
verted to pyridones with the result that rather ex-
tensive generalizations to the effect that substan-
tially all pyrones undergo this reaction can be
found in the literature.®* It is the purpose of
this discussion to present evidence that ethyl iso-
dehydroacetate (I), a readily available 2-pyrone,®
does not form a 2-pyridone when treated with al-
karyl amines, under conditions successfully used
with methyl coumalate, but does under drastic
conditions decompose with the formation of a sym-
metrical, 1,3-bis-urea of the amine II.
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Pyridone formation from ammonia and ethyl iso-
dehydroacetate is reported® to take place at 150°
while at lower temperatures an adduct has been ob-
tained.”~* The bromo derivative of the ester!® and
the diphenyl analog!! also have been converted to
pyridones. We have studied the reaction of ethyl
isodehydroacetate with five different amines, ben-
zylamine, p-methoxybenzylamine, B-phenylethyl-
amine, J-(3,4-dimethoxyphenyl)-ethylamine and
benzedrine. Under a variety of conditions, these
amines either do not react at all with ethyl isode-
hydroacetate or form the bis-urea in up to 939,
yields.

In order to bring about any reaction between
the amine and ester, it is necessary to heat the two
reactantstogetherat200°. Attemptstocombine the
two at lower temperatures with or without solvents
results in recovery of the ester and amine un-
changed. This behavior is in marked contrast to
that of methyl coumalate which reacts readily at
room temperature in methanol with all of these am-
ines. On cooling the reaction mixtures, white
crystals, characterized as the 1,3-bis-urea, separate,
All of the bis-ureas obtained, with the exception of
that from p-methoxybenzylamine, have been pre-
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viously described. They were characterized by
identity of melting point and absence of depression
of the melting point of mixtures with authentic
samples. The comparison samples were prepared
from urea and the amine by a procedure previously
used with other amines.!? The bis-(8-phenylethyl)-
urea was also identified by carbon-hydrogen and
nitrogen analyses. The reaction with tyramine and
p-hydroxybenzedrine gave no identifiable products.

Acknowledgment.—The authors wish to ac-
knowledge support of this research through a grant
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Experimental!?

The ethyl isodehydroacetate was prepared as previously
described.® All of the amines were obtained commercially
except benzedrine and p-hydroxybenzedrine which were gen-
erously supplied by Dr. G. E. Ullyot of Smith, Kline and
French Laboratories. Typical experimental details are
given for two reactions.

1,3-Bis-(a-methyl-8-phenylethyl)-urea.—To 5.0 g. (0.037
mole) of benzedrine in a small round-bottom flask fitted
with a reflux condenser and a calcium oxide-filled drying
tube, was added 1.0 g. (0.0051 mole) of ethyl isodehydro-
acetate. The mixture was heated on an oil-bath at 210—
220° for 6 hours. After sitting at room temperature for two
days, 1.36 g. (93.1%, of the theoretical amount) of yellow,
needle-like crystals of 1,3-bis-(a-methyl-8-phenylethyl)-urea
were obtained. The compound was recrystallized twice
from benzene and once from an ethanol-water mixture to
%\é&o Yzhite crystals, melting at 204-205°; reported m.p.

1,3-Bis-(p-methoxybenzyl)-urea.—To 4.0 g. (0.029 mole)
of p-methoxybenzylamine and 5.0 g. of glacial acetic acid
in a small distilling flask was added 1.0 g. of urea. A small
amount (2 ml.) of the acetic acid was distilled off and the
residue taken up in methanol. The addition of water de-
posited 1.4 g. of a white crystalline compound, which was
recrystallized from benzene and from an ethanol-water mix-
ture, and dried 4n vacuo to give 1.4 g. (289, the theoretical

amount) of 1,3-bis-(p-methoxybenzyl)-urea, melting at
178-179.5°.

Anat. Caled. for CquoNgOs: N, 9.33. Found: N,
9.05, 9.11.

1,3-Bis-ureas were prepared by both of these reactions
from benzylamine, p-methoxybenzylamine, S-phenylethyl-
amine, p-(3,4-dimethoxyphenyl)-ethylamine and benzedrine.
The melting points corresponded to those reported in the
literature.!41®  Mixtures of samples from both preparations
showed no depression of melting point.
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It is well known that tryptophan is easily autox-
idized under varying conditions. Kuiken and his
co-workers! have found that the reaction is cata-
lyzed by base as well as by heavy metal ions (espe-
cially cupric ion). Tabone, ef al.,? have reported
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that kynurenine as well as o-aminoacetophenone
were formed in the alkaline solution. Irradiation
of tryptophan as such or in proteins in the presence
or absence of photosensitizers has also been stud-
ied.®~7 It has been demonstrated that tryptophan
is converted to 3-indoleacetic acid by the action of
ultraviolet radiation.! However, autoxidation prod-
ucts other than the above three have rarely been
found. Witkop, efal.,* have recently suggested that
tryptophan might be oxidized to formylkynurenine
in acidic (or neutral) solution.

We have studied the photooxidation of trypto-
phan in slightly acidic aqueous solution in the
following three cases: (1) in the absence of metal
ions, (2) in the presence of ferrous ion and (3) in
the presence of methylene blue as sensitizer. In
every case kynurenine as well as 3-hydroxykynure-
nine were detected as photosxidation products.
On the contrary, only kynurenine was found in the
dark autoxidation.

Experimental
L-Tryptophan (m.p. 289°) was dissolved in distilled water
free of metal ions to give a 0.1%, solution (pH 5.98). Ina
20-cc. non-fluorescent test-tube, 5 cc. of the solution was
exposed to sunlight (May) at 33 == 2° for 10 hours. During
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the photodxidation the pH of the solution increased from
5.98 to 6.67 in 10 hours. The photodxidized solution was
chromatographed on paper (developer: 4 z-butyl alcohol,
1 glacial acetic acid and 5 water) after 5 and 10 hours, re-
spectively (22°). In both cases two fluorescent substances
were found which gave a purple color with ninhydriit. One
exhibited Ry 0.5 and the other R; 0.45. The former
fluoresced blue, the latter bluish-green under ultraviolet light
(865 mu). Both spots were respectively eluted with as little
as possible warm water and the ultraviolet absorptiou spec-
trum of each was examined by means of a Beckman niodel
DU spectrophotometer. The former had absorption max-
ima at 360 and 259 my and the latter at 273 and 235 mu.
These properties, respectively, were in accord with that of
kynurenine and 3-hydroxykynurenine. The two solutions
were also positive in Otani-Honda's reaction (kynurenine)
and Ehrlich’s diazotization reaction (3-hydroxykynuren-
ine), respectively.

In an experiment done in the dark under the same condi-
tions, only kynurenine was detected.

When ferrous sulfate (FeSO;-7H.0) (109%) or nmiethyleue
blue was added to the tryptophan solution and the photo-
oxidation carried out under the above conditions, the forma-
tion of 3-hydroxykynurenine was more or less enhanced.
In the methylene blue-sensitized phototxidation a 100-watt
Mazda tungsten lump can be used in place of sunlight.
With ferrous sulfate, 3-hydroxvkynurenine was found even
in the dark. The oxidation-reduction potential in each
case was meastred by means of the Shimazu model K-2 po-
tentiometer every hour at 20° during the autoxidation.
The results showed that more oxidation took place under
illumination than in the dark, since in the illuininated re-
actions much more positive oxidation—-reduction potentials
were observed.
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S THE SYNTHESIS OF MORPHINE
ir:

We wish to report the synthesis of dihydrothe-
bainone and its resolution to the optically active
base. This synthesis is equivalent to that of mor-
phine since the steps involved in the conversion of
dihydrothebainone to morphine have been accom-
plished by other investigators.!

The 4-ethylene glycol ketal of 1,2,3,4,4a,9,10,10a-
octahydro-4,9-dioxo-5,6-dimethoxy-10-hydroxyim-
inophenanthrene (I)* was reduced -catalytically
to give the amine hydrochloride, II, m.p. 210-212°
(dec.), found C, 58.0; H, 6.2; Cl, 10.9. Treat-
ment with acetylglycolyl chloride in chloroform
containing pyridine afforded the amide, III, m.p.
169-171°, found C, 61.8; H, 5.8; N, 3.6. This
was cyclized under conditions similar to those de-
scribed for the unmethoxylated analog,? to yield
the lactam, IV, m.p. 244-246°, found C, 63.2;
H, 5.7, N, 4.0; active hydrogen, 1.7. Demethyla-
tion of the C; methoxyl group occurs during the cy-
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clization. Treatment with n-amyl nitrite in the
presence of sodium ethoxide gave the hydroxyim-
ino derivative, V,* m.p. 265-266° (dec.), found C,
58.6; H, 5.2; N, 7.1. Removal of the ketal block-
ing group with dilute acid afforded the mono-oxime
diketone, VI, m.p. 212-214° (dec.), found C, 59.3;
H,4.5; N,7.9.
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(3) Cf. D, Elad and D. Ginsburg, J. Chem, Soc., 2664 (1853).




