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Studies in the Indole Series.

XI. The Reduction of Certain Oxindoles with Lithium

Aluminum Hydride

By Percy L. JurLian anp HeLEN C. PRINTY -

This investigation had its origin in the need for
rather large quantities of N-methylyobyrine! and
certain 5-ethoxylated indole derivatives. To se-
cure the necessary starting materials, namely, 1-
methylindole and 1-methyl-5-ethoxyindole, it
seemed appropriate to study the reduction of the
corresponding and very readily accessible oxin-
dole analogs? with lithium aluminum hydride.?
The method has been applied to several N-meth-
ylated oxindoles, and appears generally applicable
for the reduction of these derivatives to indoles.

Even with the reverse addition of one mole of
lithium aluminum hydride in ether to two moles of
the oxindole suspended or dissolved in the same
solvent, there always arose about 10-159%, of the
corresponding indoline. Easily removed from the
indole by washing with dilute acid, its presence,
nevertheless, gave another example of the reduc-
tion of isolated double bonds by lithium alumi-
num hydride.*

In view of the ease with which the reduction of
N-substituted oxindoles and indoles took place, it
was surprising that the reaction was an almost com-
plete failure with unsubstituted oxindoles. Little
or no indole could be obtained from oxindole even
when the reaction was carried out at elevated tem-
peratures in butyl ether, dioxane, or tetrahydro-
furan. Likewise, unsubstituted indoles were not
reduced to indolines by the reagent, a fact we have
been able to utilize in the selective reduction of cer-
tain groups in more complex indole derivatives.®

Analogous results were noted in the behavior of
dioxindoles: dioxindole was reduced to oxindole,
with small amounts of indole resulting, whereas 1-
methyldioxindole was reduced to 1-methylindole.

With ample quantities of 1-methylindole at our
disposal, the preparation of 1-methyltryptamine
was carried out according to thie elegant method
of Snyder and Eliel®; however, we were able to
improve the yield by catalytic reduction’ of the
1-methylindolylacetonitrile. ~ N-Methylyobyrine
was prepared from l-methyltryptamine by the
method already described for yobyrine.?

Experimental®

Reduction of 1-Methyloxindoles with Lithium Alumi-
num Hydride.—Twelve grams of lithium aluminum hy-
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dride in 600 ml. of anhydrous ether was added in forty
minutes to a stirred suspension of 100 g. of 1-methyloxin-
dole in 1 liter of anhydrous ether. The mixture was stirred
another ten minutes, 250 ml. of water was added slowly,
then 250 ml. of 4%, hydrochloric acid. The reaction
products were shaken out with ether, and the ether washed
with 1 liter of 3% hydrochloric acid. The ether ex-
tract was concentrated, then steam-distilled until 4 liters of
distillate was obtained. This was extracted with ether,
dried over sodium sulfate, and the ether distilled. Fifty-
five grams (61.8%) of 1-methylindole, a pale yellow oil,
was obtained. This gave a red picrate, m. p. 146-147°
dec. (lit.1° 150°).

The residue from steam-distillation was extracted with
ether, washed, dried and concentrated. Fourteen grams
of 1-methyloxindole, m. p. 82-85°, was obtained.

The acid washes were treated with sodium hydroxide
pellets until strongly alkaline, then steam-distilled until
1 liter of distillate was obtained. This was extracted with
ether, which was dried over sodium sulfate, and the ether
was distilled. Eleven grams (129,) of pale yellow oil was
obtained. This oil distilled at 100-102° at 14 mm., and
gave a picrate, shiny yellow plates, m. p. 171-172° dec.
Carrasco!! reports a melting point of 165° for 1-methyl-
indoline picrate.

1,3-Dimethyloxindole was reduced by the metal hydride
to 1,3-dimethylindole, b. p. 132-1392° (16 mm.), picrate
m. p. 141-142° dec., in 85.8%, yield. A 13%, yield of 1,3~
dimethylindoline, a yellow oil, was also obtained. This
gave a yellow picrate which crystallized from methanol,
m. p. 111-112° dec.

Anal. Caled. for CiH¢O7Ny:
Found: C, 51.06; H, 4.15.

1-Methyl-5-ethoxyoxindole was reduced in 609 yield to
1-methyl-5-ethoxyindole; 69, of 1-methyl-5-ethoxyindo-
line was obtained, and 279, of 1-methyl-5-ethoxyoxindole,
m. p. 88-90°,12 recovered. 1-Methyl-5-ethoxyindole was,
surprisingly, a higher-melting compound than we expected.
It was obtained, on recrystallization from methanol, as
shiny white plates, m. p. 86-87°.

Anal. Caled. for CyuHj3ON: C, 75.39;
Found: C, 75.74; H, 7.70.

This compound gave a very soluble picrate which crys-
tallized from methanol in fine red needles, m. p. 95-96° dec.

Anal. Caled. for C;yH1sOsN,: C, 50.49; H, 3.98.
Found: C, 50.90; H, 4.10.

For purposes of comparison, 1-methyl-5-ethoxyindole
was prepared from pyruvic acid and p-ethoxyphenyl-
methylhydrazine.l® The indole obtained this way was
identical with that from 1-methyl-5-ethoxyoxindole.

1-Methyl-5-ethoxyindoline was an oil which was iso-
lated as the picrate. This crystallized from methanol in
shiny yellow plates, m. p. 142-144° dec.

Anal. Caled. for CpHisOsNy: C, 50.24; H, 4.46.
Found: C, 50.30; H, 4.61.

Dehydrogenation of the Indolines to Indoles.—This was
effected by refluxing a solution of 4 g. of the indoline in 80
ml. of xylene with 7.5 g. of chloranil. The yields of indole
were approximately 509, the remainder of the material
apparently forming a complex with chloranil.l4

Reduction of Indoles with Lithium Aluminum Hydride.
—A solution of 4.68 g. of indole in 50 ml. of anhydrous
ether was added to a stirred suspension of 1.0 g. of lithium
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aluminum hydride in 50 ml. of ether, and stirred for one
and one-half hours. Water was added, the aluminum
hydroxide dissolved in 3% hydrochloric acid, and the
ether layer washed, concentrated and steam-distilled.
From the steam-distillate, 4.3 g. of indole was recovered.
No indoline was formed. Under these same conditions
both 1-methylindole and 1,3-dimethylindole were con-
verted to the respective indolines in 25-30%, yields.
Reduction of Dioxindoles.—From 3.72 g. of dioxindole,
treated in essentially the same manner, 2.05 g. of oxindole,
and, surprisingly, 0.41 g. of indole were obtained. On
the other hand, 3.2 g. of 1-methyldioxindole on reduc-
tion yielded 1.2 g. of l-methylindole and 0.5 g. of the
oxindole.
Preparation of N-Methylyobyrine.—The following com-
pounds were prepared as previously described.s?
o-Tolylacetyl-1-methyltryptamine crystallized from ether
in creamy white plates, m. p. 103.5°.
Anal. Caled. for CyHzONa:
Found: C, 78.52; H, 6.97.

C, 78.39; H, 7.23.

A NOVEL SYNTHESIS OF THE YOHIMBINE RING STRUCTURE
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N-Methyldihydroyobyrine picrate, crystallized in yellow
needles from benzene, m. p. 205-206° dec.

Anal. Caled, for C25H2307N51 C, 60.34; H, 4.48.
Found: C, 60.72; H, 4.47.

N-Methylyobyrine (picrate, m. p. 233° dec.) crystallized
from ether-methanol as shiny white needles, m. p. 106°.1

Anal. Caled, for ConlsNgZ C, 83.88; H, 6.33; N, 9.78.
Found: C, 83.72; H, 6.30; N, 9.85.

The over-all yield, in large (4 g.) runs of N-methylyoby-
rine from o-tolylacetyl-1-methyltryptamine, was 30%.

Summary
1-Methyloxindoles are reduced in good yields
to the corresponding indoles with lithium alumi-
num hydride.
The preparation of N-methylyobyrine is de-
scribed.
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Yohimbine (Part 3).

A Novel Synthesis of the

Yohimbine Ring Structure

By PErcY L. JULIAN AND ARTHUR MAGNANI

In an earlier communication dealing with the
preparation and properties of 3-(N-tetrahydroiso-
quinolylethyl)-1-methyloxindole (I),' it was shown
that dehydrogenation of I with pal-
ladium black yielded a 182° melting
compound which could not be cycli-
cized, with the usual dehydrating
agents, to III, a substance possess-
ing the basic ring structure of yo- |
himbine. CHs

Largely because of this failure at (D
ring closure, and also because of the
difficulties hitherto experienced by
various workers in attempts to pre-
pare 1,2-dihydroisoquinolines like
II, we expressed the opinion that
our dehydrogenation product did
not have the constitution II, despite
the correct analyses and molecular
weight. Certainly its preparation
from the dihydrofuroindole (IV)
and tetrahydroisoquinoline hydro-
bromide (V) was, to say the least,
not a comfortable basis for ascribing
to it the constitution II.

QOur subsequent investigations,
however, have shown that failure to
secure ring closure represents no
criterion for or against structure II,
and further that the 182° melting
dehydrogenation product of I ac-
tually does have the structure IIT,
despite the considerations recorded above and in
an earlier communication.!
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Moreover, reduction of II with lithium alumi-
num hydride, a procedure which we have demon-
strated converts l-alkyl oxindoles smoothly to
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the corresponding indoles,? resulted in spontane-

ous cyclization of the intermediate (VI) to VII, a

compound possessing the basic ring structure of
(2) Julian and Printy, tbid., T1, 3206 (1949).



