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plus sodamide) or of CeHs—CHLIi—COONat to
Schiff bases. (b) Addition of ethyl phenylacetate to
Schiff bases in the presence of aluminum chloride,
followed by alkaline hydrolysis.®~7

We wish to report that a simple mixture of phen-
vlacetic acid and N-benzylidenemethylamine, af-
ter being heated at about 100°, affords I, Ar =
CeH;s, R = CH;. No catalyst is necessary. A dis-
cussion of possible reaction mechanisms is post-
poned until we have determined the stereochemical
nature (pr-erythro, pr-threo, or some mixture of
these) of products formed by the various methods.
Only malonic acid has previously been reported
capable of adding without catalyst to a carbon-
nitrogen double bond to give a beta amino acid.®

EXPERIMENTAL

2,8-Diphenyl-3-methylaminopropanoic actd. Equimolecular
quantities of phenylacetic acid and N-benzylidenemethyl-
amine® 1 are heated at 100° for 2 hr. in a flask equipped with
a calcium chloride drying tube. The reaction mixture, which
is almost completely solid at the end of the heating period,
is cooled and treated with a 0.1M NaOH solution. Any alkali-
insoluble material is removed by filtration. A stream of
carbon dioxide gas is then passed through the alkali solution
until the B-aminoacid precipitates. After being filtered,
washed with water, and dried it melts at 200°.

Anal. Caled. for CeH;yNOy: C, 75.27; H, 6.71; N, 5.49.
Found: C, 74.81; H, 6.85; N, 5.30.

Yields are variable but may reach approximately 75%.
Polymerization reactions of the imine, which appear to re-
duce the yield, may possibly be minimized by the use of an
inert diluent.

The B-aminoacid dissolves in very dilute hydrochloric
acid. When concentrated hydrochloric acid is added to such
a solution, then the hydrochloride of the B-aminoacid pre-
cipitates. This substance is easily water soluble but only
slightly soluble in fairly concentrated (3M or higher) hydro-
chloric acid. It melts sharply, but with decomposition, any-
where between 194.5° and 198°, depending on the rate of
heating.

Anal, Caled. for CHyCINO.: C, 65.86; H, 6.22; CI,
12.15; N, 4.80. Found: C, 65.89; H, 6.34; Cl, 11.99; N, 4.69.

A sample of g-aminoacid hydrochloride prepared by Mol-
lov according to method (b) was reported to melt with de-
composition at 190-191°7 The free g-aminoacid was not
described by Mollov.
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Levulinic Acid. II.! Some Derivatives of

2-Aminoethyl Levulinate

Rocer STEVENS
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In connection with other studies a series of esters
of levlulinic acid were required; most of these have
been described previously. Attempts to prepare 2-
aminoethyl levulinate by azeotropic esterification
of a mixture of levulinic acid and ethanolamine
only yielded a viscous gum which could not be
distilled; hydrogenation of the same mixture gives
1-(ethan-2-ol)-5-methyl-2-pyrrolid-one.?? Using the
azeotropic method, levulinic acid was successfully
esterified with 2-dimethylaminoethanol, 2-diethyl-
aminoethanol, and N-2-hydroxyethylphthalimide.

EXPERIMENTAL*

2-Dimethylaminoethyl levulinate. Levulinic acid (116 g
1.0 mole), 2-dimethylaminoethanol (89 g., 1.0 mole), and
benzene (100 ml.) were refluxed in a flask fitted with a Dean
and Stark adaptor; water (18 ml.) separated in 24 hrs.
The reaction produet was washed with water, sodium
bicarbonate, and dried. After removal of the solvent the
ester had b.p. 156-158° /30 mm ;n% 1.4395;yvield 61 g.(33%).

Anal. Caled. for CH;O3N: C, 57.73; H, 9.15; N, 7.49,
Found: C, 57.32; H, 9.08; N, 6.90%.

2-Diethylaminoethyl levulinate. This ester was prepared
in a similar manner and had b.p. 172-176°/30 mm., n%
1.4435; vield 469.

Anal. Caled. for C;;H»,O;N: C, 61.37; H, 9.83; N, 6.51.
Found: C, 61.54; H, 9.45; N, 6.327,.

2-Phthalimidoethyl levulinate. N-2-hydroxyethyl phthal-
imide® (95.5 g., 0.5 mole.) and levulinic acid (58 g., 0.5 mole.)
in benzene (100 ml.) were refluxed for 48 hrs. in a flask
fitted with a Dean and Stark adaptor; water (9.5 ml.)
separated. After cooling the reaction mixture was washed
twice with 2V sodium carbonate; at this stage the product
crystallized and was collected by filtration. The dried prod-
uct was reerystallized from ethanol m.p. 90-93°; yield 89
g (62%).

Anal, Caled. for CsHis0:N: C, 62.28; H, 5.23; N, 4.84.
Found: C, 62.58; H, 5.35; N, 4.91%.
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Monomeric and Polymeric Compositions from
Carbethoxymethyl Isocyanate!
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Recent work in the field of synthetic polypep-
tides has provided improved techniques for the

(1) Communication No. 1915 from the Kodak Research
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preparation of these materials. We have been con-
cerned in the present work with the synthesis of
polymers which have peptide side chains attached
to a carbon—carbon backbone. To this end we have
prepared ethyl acrylamidoacetate (II) by the reac-
tion of carbethoxymethyl isocyanate with acrylic
acid. This compound can be polymerized by free
radical initiation and the resultant product saponi-
fied to the acid. The conversion of II to acrylami-
doacetic acid (IIT) is accomplished by saponifica-
tion i alcoholic potassium hydroxide and acidifica-
tion of the isolated potassium salt in alcohol sus-
pension. The acid (IIT) undergoes polymerization
unless handled at low temperatures; however, the
monorneric material can be separated from the
polymer by cold reerystallization from acetonitrile.

NOTES

voL. 23

EXPERIMENTAL

Ethyl acrylomidoacetate. To 100 g. (1.38 moles) of acrylic
acid (stabilized with methylene blue) was added dropwise,
with stirring, 140 g. (1.16 moles) of carbethoxymethyl iso-
cyanate. During the addition, the temperature was kept
at 38-42° by external cooling. When the addition was com-
plete, the mixture was heated slowly to 60° and a few crys-
tals of cupric acetate were added. This resulted in a brisk
evolution of carbon dioxide and a rapid increase in temper-
ature to 67°. The solution was allowed to stand 3 days, then
heated briefly to 80°, and distilled under reduced pressure.
The fraction boiling at 120-140° and 2-3.5 mm. was collected
and redistilled from a few grams of Aranox No. 2. The yield
of ethyl acrylamidoacetate, a colorless oil which crystallized
on cooling, was 65 g. (36%), b.p. 111-114°/1 mm.

Anal. Caled. for C;H;;NO;: C, 53.5; H, 7.01; N, 8.92.
Found: C,52.9;H,7.1; N, 8.7.

Aerylamidoacetic acid. To a solution of 5.6 g. (0.1 mole) of

C:H;00CCH,NCO + CHy=CH—COOH —> C;H;00CCH.NHCOCH=CH,
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The appendage of a second glycine unit to the
acid (III) is satisfactorily accomplished by reac-
tion with a second equivalent of carbethoxymethyl
isocyanate to give ethyl acrylamidoacetamidoace-
tate (IV). The identity of this compound was veri-
fied by preparing it from III and ethyl aminoace-
tate using dicyelohexylearbodiimide, according to
the method of Sheehan.? Attempts to saponify IV
and continue the stepwise operation were unsuc-
cessful, probably because of cyclization and/or
polymerization.

As an alternative method, we attempted to build
peptide side chains directly on a polymer chain,
Carbethoxymethyl isocyanate (I) reacted smoothly
with polyvinyl aleohol and other hydroxyl-con-
taining polymers to give carbethoxymethyl ure-
thans, These could be saponified readily, but the
resulting polymeric acid on treatment with a sec-
ond mole of the isocyanate (I} formed a cross-
linked gel.
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potassium hydroxide in 75 ml, of ethanol was added 15.7 g.
(0.1 mole) of ethyl acrylamidoacetate. The crystalline po-
tassium salt began to separate almost immediately. After
vigorous stirring for 30 min., the mixture was filtered and
the product washed with ethanol and dried ¢n vacuo. Yield,
9.5 2. (57%).

Anal. Caled. for C;H{NO;K: C, 35.9; H, 3.6; N, 8.4.
Found: C, 35.5; H, 4.1; N, 8.0.

A suspension of 35.0 g. (0.21 mole) of potassium acryl-
amidoacetate in 200 ml. of ethanol was chilled in a freezing
mixture and treated with 22.5 ml. of 2.9V hydrochloric acid
in ethanol so that the temperature did not exceed 0°. Po-
tassium chloride was removed by filtration, the filtrate was
concentrated to about 40 ml., and chilled overnight in the
refrigerator. The crystalline acid was collected and dried,
vield 10.5 g. (399%), m.p. 110-123°, On several occasions the
product had partially polymerized at this point. The mono-
meric material could be separated by extraction with warm
acetonitrile. Two recrystallizations from acetonitrile raised
the melting point to 130-132°.

Anal. Caled. for C:H;NO;: €, 46.5; H, 5.43; N, 10.8.
Found: C, 46.0; H, 5.4; N, 11.4.

Ethyl acrylamidoacetamidoacetate. (a). Four grams of acryl-
amidoacetic acid (0.03 mole) and 6 ml. of carbethoxy-
methyl isocyanate (0.04 mole) were combined and kept at
60°. After a few minutes, evolution of carbon dioxide was
brisk and solution oecurred. On further heating, the solu-
tion solidified and was then treated with ether and the solid
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collected and dried, yield 2.6 g. (429,). Recrystallization
from hot water gave pale yellow leaflets melting at 149-
150°. A mixed melting point with N,N'-dicarbethoxymethyl-
urea (m.p. 147-148°) was depressed to 125-131°.

A4nal. Caled. for CoH.uN:04: C, 50.5; H, 6.55; N, 13.1.
Found: C, 50.8; H, 7.0; N, 12.9.

(b) A solution of 10.6 g. (0.01 mole) of ethyl glycinate
(freshly distilled) and 21.0 g. (0.1 mole) of dicyclohexylcar-
bodiimide in 50 ml. of ethanol was treated with 13.0 g. (0.1
mole) of aerylamidoacetic acid dissolved in a little ethanol.
After shaking 30 min., the mixture was filtered and the
solid washed with ethanol. The filtrate was evaporated to
dryness, yielding 1.5 g. of impure material which was not
worked up. The solid was repeatedly extracted with hot
acetonitrile, the combined extracts were concentrated and
chilled, vielding 12.3 g. (58%) of colorless crystals, m.p.
148-150°. A mixed melting point with the product obtained
in (@) was not depressed.

Poly(ethyl acrylamidoacetate). A solution of 10.0 g. (0.047
mole) of ethyl acrylamidoacetate in 30 ml. of water was
treated with a trace of ammonium persulfate and kept at
60° for 2 hr. The soft white cake was separated and squeezed
dry. It was soluble in alcohol and other organic solvents in
the freshly prepared state but drying rendered it insoluble.

Ammonolysis of this produet with aqueous ammonia at
room temperature gave a polymer which showed thermally
reversible gelation.

Saponification of the polymeric ester with dilute sodium
hydroxide at room temperature yielded the acid which also
showed gelation properties.

Poly(ethy! acrylemidoacetamidoacetate). Ethyl acrylamido-
acetamidoacetate in aqueous solution gave a soft spongy
polymer when heated with a trace of potassium persulfate.
This material could be converted to the acid as in the pre-
vious example, but it did not show gelation properties,

Poly(vinyl carbozymethylcarbamate). A suspension of 50
g. of polyvinyl alcohol (Elvanol 71-30) in 500 ml. of pyridine
was treated with 180 g. of carbethoxymethyl isocyanate and
stirred on the steam-bath for 1 hr. The resulting solution was
poured into a large volume of cold water and the rubbery
precipitate washed. The ester was converted to the acid by
stirring at 25° with a solution of 45 g. of sodium hydroxide
in 800 ml. of water. This operation produced an almost clear
solution from which the product was isolated by precipita-
tion in dilute hydrochloric acid. The product was purified by
solution in methanol and precipitation in acetone,

Treatment of this material with carbethoxymethyl iso-
cyanate in dimethylformamide solution at 150° gave a cross-
linked product.
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Decarbonylation of 3-Indoleglyoxalyl Chloride
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The observation that 3-indoleglyoxalyl chloride
may be prepared in excellent yield by the reaction of
indole with oxalyl chloride! and that p-dimethyl-
aminobenzoyl chloride, the expected product from
the decarbonylation of p-dimethylaminophenylgly-

(1) M. E. Specter and W. C. Anthony, /. Am. Chem. Soc.,
76, 6208 (1954).
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oxalyl chloride, may be obtained by the reaction of
dimethylaniline with oxalyl chloride? led us to in-
vestigate the possibility of using 3-indoleglyoxalyl
chloride as an intermediate in the preparation of 3-
indolecarbony! chloride.

When a solution of 3-indoleglyoxalyl chloride in
tetrachloroethane was heated to 115-120°, carbon
monoxide was evolved and when hexane was added
to the cooled reaction mixture a precipitate was ob-
tained. Fractional recrystallization of this precipi-
tate from a mixture of benzene and hexane gave 3-
indolecarbonyl chloride in yields of 16-239, based
upon indole. The acid chloride was identified by
hydrolysis to the known 3-indolecarboxylic acid?
and by aleoholysis to the known methyl and ethy!
3-indolecarboxylates.?*

Because of the ease with which indole can be
transformed into 3-indolecarbonyl chloride, the
relatively low yield of ca. 209, is not too disturbing.
However, in order to understand the reasons for the
low yield, the crude reaction product was analyzed
and it was observed that it contained but ca. 259,
of the expected amount of chlorine. When an infra-
red spectrum of the crude reaction product dis-
closed the presence of two carbonyl peaks, 7.e.,
one at ca. 1750 ecm.~! and the other at ca. 1690
cm. !, and when it was found that alkaline hydroly-
sis of the same material gave, after acidification, 3-
indolecarboxylic acid in yields of ca. 959, it became
evident® that the crude reaction product was a mix-
ture containing ca. 259, of the expected 3-indole-
carbonyl chloride with the remainder being princi-
pally a polymeric amide arising from the reaction of
the acid chloride with itself. All attempts to limit
the formation of this latter substance, except by
the impractical procedure of conducting the reac-
tion under conditions of extreme dilution, were un-
successful. The remaining alternative of hydrolyz-
ing the polymeric amide to 3-indolecarboxylic acid
and then attempting to convert this substance to
the acid chlorine was also considered impractical
because of the availability of both indole and ox-
alyl chloride and the ease of obtaining the desired
acid chloride from the crude reaction product.

Since our interest in 3-indolecarbony! chloride
was generated by its anticipated use in the acyla-
tion of a-amino acid derivatives, it was gratifying
to find that 3-indolecarboxanilide, 3-indolecarbox-
p-toluide, 3-indolecarbonylglycine ethyl ester, and
3-indolecarbonyl-L-phenylalanine  methyl ester
could be prepared in 30-509 vields from the acid
chloride and the amine using conventional proce-
dures.
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