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The Vilsmeier-Haack formy lation reaction and several additional reactions have heen employed

to prepare a variety of henzle |- and henz|g Jindole-2- and 3-carboxaldehydes. Similar conditions

have been utilized to prepare several 2 3-disubstituted benz| g Jindole-5-carboxaldehydes.

As a part ol a program (2) designed to expand the
chemistry  of benzindoles, it became necessary Lo syn-
thesize a variety of carboxaldehyde derivatives (1, 11, 111,

IV, and V).
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Dircet Vilsmeier-Tlaack  formylation on  the unsub-
stituted (VI and VI (3.0 or 2-phenyl (VIH and 1X) (5)
benzindoles was a fruitful route o la, Hla, e, and e,
The readily available (:1,6) 2-carboethoxy benzindoles (X
and XD could also be converted to la and la via
Vilsmeier-laack formylation (7,8,9) to fe and Hle with
subsequent saponification (Id and 11d) and decarboxyla-
tion.  The aldehydes of the 2-series (ie., Ha, Va, 1b,
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and IVh) were readily prepared by direct lithium aluminum
hydride reductions of X, X1, XIV, and XV (4,0) to form
the corresponding 2-methanols (X, XHI, XVI, and
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A VI which yielded the required 2-carboxaldehydes upon
manganese dioxide oxidation. Compound IVh could also
he obtained by the direet reduction of Ille to form XVII
and subsequent manganese dioxide oxidation. Saponi-
fication of XIV to XVHI and the subsequent decarboxyla-
tion afforded a simple route to 3-methyl-1H-benz|e |-
indole (XX) also available from la vig lithium aluminum
hydride reduction.  Likewise, 3-methyl-TH-benz|g |indole
(XXD was prepared by saponification of XV to X1X and
decarboxylation or by lithium aluminum hydride redue-
tion of Hla. Saponification of Ve (see below) to Vd and
subsequent decarboxylation alforded 3-methyl-1/{-benz-
lg lindole-5-carboxaldehyde (Va).
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Synthesis of Benz|e Jindole and Benz|g Jindole Carboxaldehydes

TABLE 1l

Benz[e]-and Benz{g]indole-2-methanols

Found %

Compound M.p., °C Yield (%) C H
X1 151 87 79.37 5.32
X1 149-150 97 79.46 5.68
XVI 152 67 79.78 6.43
XVII 146 74 7938 6.37

As a means of determining the site of formylation
(and, thercby, electrophilic substitution) when both the
2- and 3-positions were substituted, ethyl 3-methyl-1H-
benzlg Jindole-2-carboxylate (XV) was subjected to the
Vilsmeier-Haack Proof that substitution
oceurred al the 5-position (L.e., to form V) was discernible

conditions.

from the nmr spectrum which lacked an absorption at a
chemical shift attributable to 5-H (10,11) and exhibited
a sharp singlet for the 4-proton at 7 1.8.

Finally, employing compounds VI, XI, and XV it is
possible to indirectly assign the 2-H, 3-H, and N-H
protons in the nmr spectra of benz|g Jindoles. Based on
the observation (11,12) that introduction of a 2-carbo-
ethoxy group into indole causes a 0.7-0.8 ppm downfield
shift of the 3-H into the region normally occuppied by
the 2-1, the sharp doublet for Xt at 72.65 (J, 3 = 2.0 Hz)
can be assigned to the 3-H. From this, the triplets at 7
2.85 and 7 3.35 in the spectrum of VII can, respectively,
be assigned to the 2411 and 3-H. Neither of these latter
bands appeared in the specteum of XV. The N-H proton
for VIL oceurred at 7 1.35 while it was a broadened signal

between 7 0.4 and 7 1.4 for X! and XV.
EXPERIMENTAL

Melting points are uncorrected. A Perkin-Elmer 421 was used
to record ir spectra in Nujol. Varian HA-100 instrument was used
to record the nmr spectra. Mass spectra were obtained using an
A.E.1. MSY instrument.

General Methods for the Preparation of Benzindolecarboxaldehydes.
Method A.

To a mixture of dimethyl formamide (2 g., 0.0275 mole) and
phosphorus oxychloride (2.6 g., 0.013 mole) which had been
stirred for 15 minutes under anhydrous conditions, ethylene
dichloride (12 g., 0.12 mole) was added followed by the 2-
carboethoxybenzindole (X, XI, and XV) (0.016 mole). After
stirring and refluxing for one hour on a steam bath, the reaction
mixture was poured, with stirring, into a solution of sodium
acetate (12 g., 0.15 mole) in ice water (24 ml.). Trituration of
the resulting precipitate twice with water and once with ether
yielded the crude aldehyde which was recrystallized from the
appropriate solvent. The aldehydes thus prepared are described
in Table I.
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Molecular Caled. %
N Formula C H N
7.39 Cy3H{ (NO 79.19 5.58 7.11
7.40 Cy3H,4NO 79.19 5.58 711
6.37 C1aH;3NO 79.62 6.16 6.63
6.35 CyaH;3NO 79.62 6.16 6.63
Method B.

Phosphorus oxychloride (9.6 g., 0.05 mole) was added drop-
wise with stirring to dimethylformamide (16 g., 0.22 mole) in a
flask protected from atmospheric moisture and kept at 10-20°.
The benzindole (VI, VII, VIII, and 1X) (0.05 mole), in dimethyl-
formamide, was slowly added with stirring and the temperature
kept at 20-30°. The mixture was then kept at 35° for 45 minutes,
poured on crushed ice and the clear solution treated at 20-30°
with a solution of sodium hydroxide (9.5 g., 0.24 mole) in water
(50 ml.) at such a rate that the solution was always acidie, until
about three quarters of alkali had been added. The last quarter
was added at once and the solution quickly boiled for 1 minute
and cooled. The product that separated was collected by filtra-
tion and carefully washed with water. The aldehydes thus
prepared are described in Table .

Method C.

Treatment of the appropriate ester (e, Hle, and Ve) (0.0056
mole) with refluxing potassium hydroxide (2.0 g., 0.036 mole)
in methanol (15 ml.) for three hours followed by the removal of
the methanol in vacuo formed the corresponding potassium
carboxylate salt. Dissolution of the salt in water (10 ml.) and
resultant acidification with dilute hydrochloric acid, produced a
yellowish precipitate which was filtered, washed with water, and
yielded the products described in Table 1.

Method D.

The necessary carboxybenzindole carboxaldehyde (Id, Illd,
and Vd) (0.0042 mole) obtained in Method C was heated at
290-300° for 10 minutes to yield crude product which was
purified by vacuum sublimation and subsequent recrystallization
to yield the products described in Table 1.

Method E.

The appropriate benzindole-2-methanol (XII, XII, XVI, and
XVII) (0.005 mole) and 4 g. of manganese dioxide were stirred in a
mixture of solvents containing methylene chloride (50 ml.), tetra-
hydrofuran (25 ml.), and ethylene dichloride (25 ml.) for 72 hours.
Subsequent filtration and evaporation of the solvent, gave the
products described in Table 1.

Preparation of Benz|e |- and Benz[g]indole-2-methanols.

The appropriate carboethoxyaldehyde (Ic and 1ll¢) or 3-
methyl-2-carboxylic ester (XIV and XV) (0.019 mole) in 40 ml.
of dry tetrahydrofuran was added to a suspension of lithium
aluminum hydride (0.038 mole) in 80 ml. of dry tetrahydrofuran
at a rate sufficient to maintain gentle refluxing. After stirring the
solution for 6 hours, water (5 ml.), sodium hydroxide (5 ml., 15%),



32 R. S. Hosmane, S. P. Hiremath, and S. W. Schneller

and water (10 ml) were added dropwise with stirring and ice
cooling. The resulting white precipitate was filtered, washed with
tetrahydrofuran and the combined filtrates dried over potassium
hydroxide. Evaporation of the solvent yielded a colorless gammy
mass which solidified upon trituration after scratching with
petroleum-cther (40-60°).  The resulting white products were
recrystallized from benzene and are described in Table 11,

3-Methyl-1H-benz[g lindole (XXI).

Treatment of a solution of 1a (5.0 g., 0.025 mole) in 40 ml.
of dry THF with a suspension of LAH (0.95 g., 0.025 mole) in
80 ml. of dry THI produced a white solid which crystallized from
benzene as colorless flakes (4.0 g., 88%), m.p. 197° which gave
no depression in mixture melting point determination with the
authentic sample (3) obtained by hydrolysis and decarboxylation
of XV.

3-Methyl-1 H-benz{e |indole (XX).
a) Decarboxylation of X VIIL

3-Methyl-1H-benz[e | indole-2-carboxylic acid (XVIL) (0) (5
g., 0.022 mole) was heated at 200-220° (oil bath) for 4 to 5
hours. The residue was cther extracted, washed with sodium
bicarbonate and dried over anhydrous sodium suifate. The ether
was evaporated and the residual liquid was distilled under pressure
at 210°/12 mm. to yield a yellow viscous mass. After cooling,
the mass solidified and was crystallized from cthanol as colorless
light plates (2.5 g., 03%), m.p. 72°.

Anal. Caled. for Cy3HyiN:

b) Reduction of la.

N, 8.06. Found: N, 7.94.

Employing the same procedure as used for XXI from Ilfa, XX
was obtained (80%) from Ia as colorless light plates from ethanol,
m.p. 72°, which showed no depression in a mixture melting point
determination upon an admixture with the sample obtained above.
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