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The Chemistry of Nitroacetic Acid and its Esters.

II. The Synthesis of Ethyl

a-Nitro-g-(3-indole)-propionate from Gramine and Ethyl Nitromalonate!

By D. I. WEISBLAT AND D. A. LYTTLE

We have recently reported a synthesis of di-
tryptophan (V) in which the key intermediate,
ethyl a-nitro-B-(3-indole)-propionate (IV), was
prepared from gramine and ethyl nitroacetate.?
A new synthesis of this intermediate, starting with
ethyl nitromalonate (I), is described in this
communication.

The alkylation of ethyl nitromalonate (I) by
gramine (II) under reaction conditions similar to
those reported for the alkylation of ethyl nitro-
acetate? gives ethyl o-nitro-a-carbethoxy-g-
(3-indole)-propionate (III) in excellent yield.
The structure of ethyl nitromalonate, in contrast
to that of ethyl nitroacetate, excludes dialkyla-
tion®? as a possible side reaction and this, together

(1) This paper was presented before the Organic Division at the
112th Meeting of the American Chemical Society, New York City,
September, 1947.

(2) Lyttle and Weisblat, THI1s JOURNAL, 69, 2118 (1947).

(3) Snyder and Katz, ibid., 69, 3140 (1947).

with the activating effect of the second carbethoxy
group, probably accounts for the higher yields
and purer product obtained in the present alkyla-
tion.

Since powdered sodium hydroxide is an effec-
tive catalyst for the dialkylation of ethyl nitro-
acetate by gramine,? it was expected that it would
greatly accelerate the present alkylation. Con-
trary to our expectations, however, it was found
that not only sodium hydroxide but basic sub-
stances in general cause extensive decomposition.
For this reason the rapid removal of dimethyl-
amine, which is formed in the reaction, is essential
for optimum yield and purity of product.

The conversion of III to IV in a yield of 91.69,
was readily accomplished by treating a solution

of IIT in ether with one equivalent of sodium in
alcohol.*

(4) Ulpiani, Gaszz. chim. ital., 34, 174 (1904).
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Improvements in the reduction of IV and the

hydrolysis of ethyl di-tryptophan to di-tryptophan
(V) have increased the over-all yield on these
steps to 87 from 509 as reported previously.?

Attempts to obtain ethyl a-amino-a-carbethoxy-

3-(3-indole)-propionate by catalytic reduction of
ITI with Raney nickel and hydrogen at 2500 p. s. i.
and 100° were unsuccessful. The hydrogen up-
take was almost 4 moles per mole of III, indicating
that hydrogenolysis had occurred. The only
product isolated was the known ethyl a-carbeth-
oxy-B-(3-indole)-propionate (VI).5

Chemical reduction of III with zinc dust and
acetic acid gave a product representing only
partial reduction of the nitro group, ethyl o-
hydroxylamino-3-(3-indole)-propionate (VII),in a
yield of 569,.

When the nitration of Arndt and Rose,® which
consists of treating methyl malonate with fuming
nitric acid, was applied to the preparation of ethyl
nitromalonate, yields varying from 45 to 769, were
obtained. Aninvestigation of this reaction showed
that a higher temperature is necessary for optimum
vields. When the nitration is allowed to proceed
for several hours at 15-20°, consistent yields of
around 929, can be obtained.

We have found, however, that ethyl nitro-
malonate prepared by these nitration procedures
invariably is contaminated with oxides of nitrogen
which initiate autocatalytic decomposition of the
nitro ester., These oxides, which cannot be re-
moved by repeated washing and/or distillation,
are completely removed by treatment of the
nitro ester with an amide such as urea or ace-
tamide. Ethyl nitromalonate so treated is stable
over long periods of time.

Experimental

Ethyl Nitromalonate (I).--Ethyl malonate (80.0 g., 0.5
mole) was placed in a 500-cc. three-necked flask fitted

(5) Snyder, Smith and Stewart, THiS JOURNAL, 66, 203 (1944),
(W) Aendt and Rose, J. Chem. Soc., 1 (1935),
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with a dropping funnel, a stirrer,

”CHgC(COOQH“)’ a thermc?rtx’leter and an outlet
protected by adrying tube. The

NHOH flask was cooled by tap water at
VII 12°, and 184 cc. of fuming nitric

ac1d (d. 1.5) was added at a rate

sufficient to maintain the tem-

perature between 15 and 20°.

%‘10%1:51 The addition required one hour,

after which the mixture was al-
lowed to stir for three and one-
half hours at 15°, The solution
was poured onto 1 1. of ice and
water and the ester extracted
with 200- and 100-cc. portions
of toluene. The combined tolu-
ene extracts were washed twice
with water, and then with 200-
cc. portions of 5%, aqueous urea
solution until a starch-potas-
sium iodide test for oxides of
nitrogen in the wash was nega-
tive. The toluene solution was
extracted with 109, sodium car-
bonate solution in portions until
acidification of a test portion of
extract showed that it contained no nitro ester. The so-
dium carbonate extracts were combined and washed once
with 200 cc. of toluene. The aqueous solution was then
carefully acidified to congo red paper with concentrated
hydrochloric acid, with cooling by the occasional addition
of ice. The ester was collected by extracting with 500-,
200- and 100-cc. portions of toluene. The toluene solution
was washed twice with 200-cc. portions of water and then
with 59, aqueous urea solution, checking again with starch—
potassium iodide test paper for the complete absence of
oxides of nitrogen. Drying of the toluene solution was
done over magnesium sulfate. The yield of ester was de-
termined by weighing the toluene solution, taking an ali-
quot, adding an equal volume of alcohol, and titrating the
nitro ester with 1 N sodium hydroxide to a phenolphthalein
end-point. The assay showed that the y1e1d was 94.1 g.
or 91.79%,. 1If the analytically pure ester is desired, it may
be obtained by concentrating and distilling; b. p. 81-83°
at 0.3 mm.; »n%Dp 1.4274.
Ethyl «-Nitro-a-carbethoxy-g-(3-indole)-propionate
(I1I1) —-—Dlstﬂled ethyl nitromalonate,” 43.3 g. (0.25 mole),
250 cc. of toluene dried by distillation, and gramine,?
51.3 g. (0.25 mole) were placed in a 500-cc., three-necked
flask fitted with stirrer, nitrogen inlet, thermometer in the
mixture, and an efficient reflux condenser. With a
vigorous stream of nitrogen? passing through the well-
stirred mixture, it was heated rapidly to vigorous reflux.
Dimethylamine evolution began at about 90 to 95° and was
very rapid at the boiling point. Refluxing, nitrogen flow
and stirring were continued until evolution of dimethyl-
amine ceased, usually after three hours. The solution was
cooled and extracted twice with 50-cc. portions of 109,
hydrochloric acid, washed with 50 cc. of water, then ex-
tracted with two 50-cc. portions of 5% sodium hydroxide
and washed twice with water. The toluene solution was
dried over magnesium sulfate and concentrated at re-
duced pressure. The last traces of solvent were removed
by heating at 80° and 0.5 mm. with stirring. There re-
mained 80.5 g. (96.5%) of III as a light red, thick sirup.
Anal. Caled. for ClsHlsNQOG: C, 57.48; H, 5.43;
N, 8.38. Found: C, 57.29, 57.19; H, 5.14, 5.14; N,
8.45, 8.23.
Ethyl «-Nitro-3-(3-indole)-propionate (IV).—Ethyl a-
nitro-a-carbethoxy-g-(3-indole)-propionate, 80.5 g. (0.24
mole), in 500 cc. of anhydrous ether was cooled in an ice-

l NaOC-zHa

(7) Equally good results are obtained, however, when a stoichio-
metric amount of undistilled ester in toluene solution is used.

(8) Kuhn and Stein, Ber., 70, 567 (1937).

(9) This is necessary to insure rapid and complete removal of di-
methylamine. If this is not done, both yield and quality of product
Are DOOT
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bath. A solution of 5.55 g. (0.24 mole) of sodium in 260
cc. of absolute alcohol was added slowly, with vigorous
stirring, over a period of two hours. Precipitation of the
sodium salt of IV and probably some sodium ethylate
occurred to form a very thick slurry. This was stirred
overnight, then filtered. The salt was washed twice with
125-ce. portions of ether, transferred to a separatory fun-
nel, covered with 200 cc. of ether and acidified with 100 cc.
of 109, hydrochloric acid. Vigorous shaking was con-
tinued until all the solid had disappeared. The ether layer
was separated and the aqueous phase extracted with 100
cc. of ether. The ether solutions were combined and
washed with two 200-cc. portions of water. Drying and
concentration left 57.9 g. (91.69%,) of crystalline IV. The
identity of this material and that obtained by alkylation
of ethyl nitroacetate was established by a mixed melting
point.

pL-Tryptophan.—The reduction of 57.9 g. (0.221 mole)
of IV was carried out in an Aminco rocking hydrogenator
using 150 cc. of absolute alcohol and 6 g. of Raney nickel
catalyst at 100° for one hour. The bomb was heated as
rapidly as possible since we have found that a rapid reduc-
tion is necessary to avoid undesirable by-prodiicts and low
yields. The catalyst was removed by filtration and to the
filtrate was added 60 g. of 209, sodium hydroxide. The
solution was allowed to stand overnight at room tempera-
ture. The pH was then adjusted to 5.9 with glacial acetic
acid and crystalline material separated. After the mix-
ture had stood in the ice-box overnight, the tryptophan
was filtered and washed with water, alcohol and ether.
The product was dried ¢n vacuo. There was thus obtained
39.3 g. (87.19%) of white, crystalline di-tryptophan;
m, p. 265° (uncor., dec.).

Ethyl «-Carbethoxy-3-(3-indole)-propionate (VI).—
Ethyl a-nitro-«-carbethoxy - g-(3-indole) -propionate
(I11), 16.72 g. (0.05 mole), in 50 cc. of absolute alcohol
was reduced catalytically at 180 atm. and 100° in the
presence of approximately 3 g. of Raney nickel. The ob-
served hydrogen absorption was approximately 3.8 moles
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per mole of 11I. The oil which remained after filtration
and concentration crystallized readily, representing a
nearly quantitative yield of VI. An analytical sample
was prepared by recrystallizing several times from 75¢7
alcohol, m. p. 62.0-62.5° (uncor.).b

Anal. Caled. for CgHsNO,: C, 66.42; H, 6.62; N,
4.84. Found: C,66.74; H,6.52; N, 5.06.

Ethyl «-Hydroxyamino-«-carbethoxy-3-(3-indole)-pro-
pionate (VII).—To 3.34 g. (0.01 mole) of IT1 in 25 co. of
glacial acetic acid was added 0.5 co. of water and then
5 g. of zinc dust in small portions. The temperature was
held below 45° during the addition. After forty minutes,
the zinc and zinc acetate were removed by centrifugation
and washed with glacial acetic acid. Concentration at
reduced pressure was followed by partitioning of the
crude between water and ether. The ether wus washed
with 59, sodium hydroxide, then with water. Drving
and concentration left 1.80 g. (569;) of crystalline mute-
rial. After several recrystallizations from alcohol the
hydroxylamino ester melted at 131-132° (uncor.).

Anal. Caled. for Cu‘,l‘{zoNgOsI C, 5999, H, ()29, N,
8.75. Found: C, 60.16, 59.75; H, 6.41, 6.09; X, 9.00,
9.08.
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Summary

1. A new synthesis of d/-tryptophan employing
ethyl nitromalonate and gramine is reported.

2. An improved method for preparing and
stabilizing esters of nitromalonic acid is described.
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