THE CHEMISTRY OF INDOLE
XVIil,.* THE CONDENSATION OF 2-AMINOINDOLES WITH ALDEHYDES
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It has been found that the condensation of 1-alkyl-2-aminoindoles with aldehydes forms the
previously unknown polycondensed heterocyclic system diindolo[2,3-b:3',2'-e]pyridine.

We have shown previously [1, 2] that the reaction of 1-alkyl-2-aminoindoles with g-diketones forms
a-carbolines., Continuing a study of the reactions of 2-aminoindoles with carbonyl compounds, we have
found that 2-amino-1-methylindole reacts with benzaldehyde at room temperature in ethanolic caustic pot-
ash solution to form a colorless crystalline substance with mp 288-290°C. From its elementary analysis
and molecular weight (361), found by mass spectrometry, this substance has the empirical formula Cy5H, gN3,
which corresponds to the product of the condensation of two molecules of 2-amino~-1~-methylindole with one
molecule of the aldehyde with the splitting out of one molecule of ammonia, one molecule of water, and two
atoms of hydrogen, It was shown by means of Nessler's reagent that ammonia is in fact liberated under
the conditions of the reaction (a special experiment showed that the calculated volume of oxygen was ab-
sorbed during the process).

The PMR spectrum taken in trifluoroacetic acid characterizes this compound as an aromatic struc-
ture with an unresolved aromatic multiplet (7.30 ppm). In the 3.90 ppm region there is a singlet correspond-
ing in intensity to six protons. This can be ascribed to methyl groups attached to the nitrogen atoms of
pyrrole rings, Under similar conditions, the condensation of 2~-amino-1-methylindole with acetaldehyde
gave a substance with mp 265-266°C, Its PMR spectrum is similar to that of the compound obtained from
benzaldehyde. An unresolved multiplet with 6 7.25 ppm corresponds to aromatic protons, and in the strong-
field region there are two singlets with a 1:2 distribution of intensities (3.07 and 3.80 ppm). All this per-
mits the structure of diindolo[2,3-b:3",2'-e]pyridines to be adopted for the compounds obtained, the forma-
tion of which can be represented by the following scheme:
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Then the singlet with 6 3.07 ppm for 5,7,12-trimethylindolo[2,3-b:3',2'~e]pyridine (I, R = R' = CHy)
may be assigned to the methyl group of the pyridine ring, and the singlet with 6 3.80 ppm to the two methyl
groups of the pyrrole rings.

*For Communication XVI, see [2].
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If the substance CysHi¢N; is represented by structure
I (R' = C¢H;, R = CHy), the free rotation of the phenyl
residue in position 12 will be restricted (because of the
propinquity of the protons in positions 1 and 11). This is
reflected in the PMR spectrum where, instead of a singlet,
the protons of the C;H; group are split.

We have synthesized a series of 5,7,12-trisubsti-
tuted diindolo[2,3-b:3',2'-elpyridines (see Table 1), which
are colorless crystalline substances, with the exception of
the 12~p-dimethylaminophenyl derivative, which is yellow,
The substances are high-melting and sparingly soluble in
organic solvents, and they possess a deep blue fluorescence
in UV light, apart from compounds containing a nitro group.

Chromatography in a thin layer of alumina (activity
0 \ grade II) in pure benzene gives R, values for all the sub-
A stances of from 0,60 to 0.85. Under these conditions, the

initial aminoindoles remain at the start.

Fig, 1, UV spectra. 1) 12-p-Methoxy-

phenyl-5,7-dimethyldiindolo[2,3-b:3',2'-e]- All the compounds have a characteristic UV spectrum
pyridine; 2) 12~p-dimethylaminophenyl- with two main absorption maxima in the 300 and 370 nm
5,7-dimethyldiindolo[2,3-b:3',2'-¢e]pyridine; region (see Fig. 1 and Table 1). The presence of various

3) 5,7-dibenzyl-12-methyldiindolo[2,3-b:- substituents in the phenyl group causes only very slight
3',2'-epyridine; 4) 5,7-dibenzyl-12-phenyl- changes in the positions of these maxima.

. et o1 \ s
ditndolo[2,3-b:3',2'-elpyridine. The similarity of the UV spectra for compounds hav-

ing CH; and CgHy groups in position 12 and the small in-
fluence of substituents in the phenyl ring on the positions of the absorption maxima show a disturbance of
coplanarity, as a consequence of which the sextet of 7 electrons of the benzene ring in 5,7-dimethyl-12-
phenyldiindolo[2,3~b:3',2'-elpyridine (I, R' = CzH;, R = CHj) does not participate in the total conjugation.

EXPERIMENTAL

Condensation of 2-Aminoindoles with Aldehydes, Caustic potash (2 mmoles), and then, with heating,
2 mmoles of a hydrogen halide salt of a 1-substituted 2-aminoindole were dissolved in 10 ml of ethanol. The
hot solution was treated with 2 mmoles of an aldehyde. The flask was filled with inert gas and left at room
temperature for 12 h, The crystals that had deposited were filtered off and washed with ethanol, For
purification, the substances were dissolved in benzene and the solution was passed through a column (2 x 50
cm) of alumina (activity grade II), the solvent was evaporated in vacuum, and the residue was recrystallized
from benzene or from benzene with the addition of ethanol,

The yields and constants of the diindolo[2,3-b:3!,2'-e]pyridines are given in Table 1.
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