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SYNTHESIS OF SUBSTITUTED PYRROLOI3,2-f]QUINOLINES

S. A. Yamashkin, N. Ya. Kucherenko, and M. A. Yurovskaya

Reactions of 2,3,6-trimethyl- and 2,6-dimethyl-6-methoxy-5-aminoindoles with 1,3-dicarbonyl compounds
represent a convenient route for obtaining substituted pyrrolo[3, 2-flquinolines, even though the presence of
a methoxy group on the benzene ring sometimes lowers the reactivity of the amine, thus increasing the required
reaction time and reducing the yield.

As reported previously [1], enamines obtained from 5-aminoindoles, under conditions of acid cyclization, are converted
to pyrroloquinolines with the rings joined either linearly or at an angle. The direction taken by the ring formation reaction is
greatly influenced by the steric requirements of the substituent in position 3 of the indole, and also by the character of the
enamine fragment. Thus, a methyl group in the 8-position of the pyrrole ring completely blocks the formation of angular
pyrroloquinolines in the case of cyclization of enaminoketones obtained from 2,3-dimethyl-5-aminoindoles.

With the aim of obtaining pyrroloquinolines with a predetermined angular joining of the rings, we investigated the
possibility of using 6-substituted S-aminoindoles, in particular 2,3,6-trimethyl-5-aminoindole (I) and 2,3-dimethyl-6-methoxy-5-
aminoindole (II). The latter compound is of particular interest, since in the previously studied 5- and 7-methoxy-6-aminoindoles,
the methoxy group was found to have an ambiguous influence on the process of forming the pyridine ring under various
conditions of cyclization [2].

In the present work, the syntheses of enamines based on the aminoindoles I and II were performed by methods
described in [1, 2]. Reactions with acetylacetone and dibenzoylmethane gave the corresponding enaminoketones IVa,b, and
with acetoacetic ester the aminocrotonates Illa and IVc.
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Upon interaction of the aminoindoles I and II with ethoxymethylenemalonic ester, we recovered the corresponding
enaminomethylenemalonates IIIb and IVd.
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Whereas 6-methyl-5-aminoindole reacts with dicarbonyl compounds and ethoxymethylenemalonic ester in the same way
as aminoindoles that are not substituted on the benzene ring, the 6-methoxy analog is more inert in these reactions. Thus, a
reaction time of 0.5-2 h is required for completion of the condensation of the aminoindole I; this reaction time must be doubled
or tripled for the analogous conversions of compound II. ,

The constants, spectral characteristics, and other characteristics of compounds III and IV are listed in Table 1, along
with the reaction times (monitored chromatographically).

We had reported previously [1] that enaminoketones obtained from 2,3,6-trimethyl-5-aminoindole and diketones
(dibenzoylmethane and acetylacetone) are converted quite smoothly to the corresponding angular pyrroloquinolines, even though
completion of the reaction requires extended heating (6 h) in trifluoroacetic acid, in comparison with the 30-min refluxing that
is adequate for linear systems [1]. This difference is explained by the steric requirements of the peri-substituents in the angular
structures that are formed. This effect is weaker if there is no substituent in the y-position of the pyridine ring that is formed.
And in fact, we have shown that cyclization of the enaminocrotonate IIla under conditions of the Vilsmeier reaction proceeds
quite readily, with the formation of the pyrroloquinoline Va, within the same time as for the enaminocrotonate without a methyl
group in position 6 [2].

DMF + POCI

Va

Biphenyl

The enamine IIIb, obtained from the aminoindole I and ethoxymethylenemalonic ester, upon refluxing in Dowtherm,
is converted to the corresponding angular pyrroloquinoline Vc.

CO,Et
N OH
| Me
" Dowth N
owtherm
b N\ Me
Me NH
Ve

The ease of cyclization of the enamines III under conditions of the Vilsmeier reaction or high-temperature processes
is consistent with our earlier data [2] on the preferential formation of angular pyrroloquinolines for enamines of 5-aminoindoles,
even with an open position 6. The influence of a methyl group in the benzene ring comes down merely to a certain increase
of electron density on the carbon atom being attacked, and to easier cyclization.

A methoxy group in position 6 of the 2,3-dimethyl-5-aminoindole II has a different effect on the reactivity. We have
established that the enamines I'V obtained from this aminoindole form the corresponding pyrroloquinolines, but the cyclization
requires a much longer reaction time, with concomitant heavy tar formation and lower pyrroloquinoline yields.
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VIad

VIa).R =R? = Me, R = H; VIb) R=R?=Ph, R! =H; VIc R = Me, R' = COzEt, R? = H;
VIdR = H, R} = CO2Et, R* = OH

When the enamine IVc is used, the methoxy group has such a great deactivating effect on position 4 of the indole ring
with respect to cyclization that in the thermal cyclization, we were unable to isolate the corresponding pyrroloquinoline: After
refluxing in biphenyl for 30 min, heavy tar formation was observed, and chromatography showed only trace quantities of the
pyrroloquinoline and the unreacted aminocrotonate.

Data on the synthesized pyrroloquinolines V and VI are presented in Table 2, along with a listing of the conditions
of cyclization.

Thus, the methoxy group in enamines obtained on the basis of 2,3-dimethyl-6-methoxy-5-aminoindole deactivates the
meta position relative to this substituent in reactions of electrophilic cyclization, in the same manner as has been described for
the 5-methoxy-6-amino analogs [2]; this is also consistent with literature data for derivatives of aniline [3]. Nonetheless, the
method that we have developed, the use of cyclization of enamines of. 6-substituted-5-aminoindoles, in spite of certain
difficulties, can be recommended for the preparation of substituted pyrrolo[3,2-flquinolines.

EXPERIMENTAL

PMR spectra were registered on an AC-200P instrument (Bruker) in DMSO-d, relative to TMS. The course of the
reactions and the purity of the compounds that were isolated were monitored on Silufol UV-254 plates in the following systems:
(A) 10/1 benzene/ethyl acetate; (B) 5/1 ethyl acetate/methanol; (C) 1/1 ethyl acetate/methanol. The enamines III and IV and
the pyrroloquinolines V and VI were obtained by procedures described in [1, 2]. The conditions of formation of the enamines
from the aminoindoles were as follows: A) refluxing with acetylacetone; B) heating with dibenzoylmethane at 170-180°C; C)
refluxing in benzene with acetoacetic ester with a trace of acetic acid; D) refluxing with ethoxymethylenemalonic ester in
ethanol. The conditions for cyclization of the enamines were as follows: E) refluxing in trifluoroacetic acid; F) refluxing in
chloroform with Vilsmeier reagent; G) refluxing in biphenyl; H) refluxing in Dowtherm.

Compounds [IIa and I'Va,c were purified by recrystallization from heptane with activated carbon; IVb was purified by
preparative thin-layer chromatography on aluminum oxide in chloroform with subsequent recrystallization from heptane; IIIb,
Vb, and IVd were purified by crystallization from alcohol with activated carbon; Vc was purified by crystallization from a 1/1
mixture of benzene and heptane with activated carbon; Va was purified by passing a benzene solution of the compound, heated
to boiling with activated carbon, through a bed of aluminum oxide (1.5-2 cm), followed by recrystallization from heptane; VIb
was purified by thin-layer chromatography on aluminum oxide in a 5/1 mixture of benzene and ethyl acetate, with subsequent
recrystallization from heptane; Vla,c,d were purified by treatment with activated carbon in aqueous alcohol solutions.
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