SYNTHESIS OF PYRROLO[3,2-b]INDOLE DERIVATIVES

A. N. Grinev and S. Yu. Ryabova UDC 547.759.07:542.957

The reaction of N-acetylindoxyl hydrazone with ketones in alcohol gave N-acetyl-
indoxyl alkylindenehydrazones, which were converted to pyrrole[3,2-blindole
derivatives by treatment with glacial acetic acid. Pyrrolo[3,2-blindole deriva-
tives were also obtained in the reaction of N-acetylindoxyl hydrazone with ketones
in glacial acetic acid. The structures of the synthesized products were confirmed
by data from the IR, UV, PMR, and mass spectra.

Despite the fact that pyrrolo[2,3-blindole derivatives have been studied extensively and
their heterocyclic fragment lies at the foundation of many alkaloids [1-3], pyrrolo[3,2-b]-
indoles have thus far been virtually inaccessible. Only one representative of this class,
viz., l-(o-acetylphenyl)-3,3a,4,8b-tetrahydro~3aa,8ba-dimethylpyrrolo(3,2-blindole, has been
isolated in the case of oxidation of a indolobenzopyrrolizine derivative [4].

In the present research we studied the reaction of N~acetylindoxyl hydrazone (I) [5] with
ketones. As a result, we obtained the previously unknown N-acetylindoxyl alkylidenehydra-
zones II-VI. Absorption bands at 1630-1650 (C=0) and 1660~1670 em™ ' (2C=N) are observed in
the IR spectra of I1I-VI, and absorption bands of amino groups at 3100-3400 em~' are absent.

It is apparent that the alkylidenehydrazones (unsymmetrical azines) II~VI obtained can
be used as starting compounds for the synthesis of pyrrolo[3,2-blindoles by the Piloty method.
Using this method we accomplished for the first time the synthesis of completely aromatic
pyrrole[3,2-blindoles (VII-IX) by the action of glacial acetic acid on N-acetylindoxyl alkyl-
idenehydrazones (III-V),

Rl

R2 NH c
é?\ﬂ SN—NH, g C CHR! ( SN—N= c I NH cnw
: L —
S \/\N/ o \N/
|
Al Ac
1 1-VI
H ony, | H
~ tN lr-NH NH, = , | N /Rf N ‘ R2
—— < - E .
NN \Rz LN H . '«IR,
| | R!
Ac Ac Ac

Il RiandR?= (—CHz)s; 11, VII RlandR?= (—CHz—); 1V, VIII RlandR?=(—CHz—)s; V,
X Ri=CgHs, R?=CHy; V1 R'=COOC;Hs, R?=CHjs

As compared with the IR spectra of II-VI, the IR spectra of pyrrolo[3,2-bJindoles VII-IX
do not contain absorption bands at 1660-1670 cm™ (2C=N); however, the absorption band of an
acetyl carbonyl group is retained at 1650-~1660 cm™ ', In addition, an absorption band due to
stretching vibrations of the NH group of the pyrrole ring is observed at 3230-3300 cm”

We found that the previously described [5] 7—methyl—l3-acetamidopyr1m1do[3,4-a:5,6-b‘]-
diindole (X) is formed as a side product in the cyclization of N-acetylindoxyl alkylidenehydra-
zones to pyrrolo[3,2-blindoles and when other cyclizing agents such as hydrochloric acid in
acetic acid, concentrated sulfuric acid in absolute ethanol, and formic acid are used for this
reaction; this side product is formed as a result of disproportionation of the alkylidene-
hydrazones.

S. Ordzhonikidze All-Union Scientific~Research Institute of Pharmaceutical Chemistry,
Moscow 119021. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 2, pp. 201-205,
February, 1982. Original article submitted May 18, 1981.
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The N-acetylindoxyl alkylidenehydrazones remain unchanged when polyphosphoric acid is
used as the cyclizing agent. However, N-acetylindoxyl is formed as a result of hydrolysis in
some cases when the reaction mixture is treated with water.
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N-Acetylindoxyl carbethoxyisopropylidenehydrazone (VI) is convarted tc N-acetyl=3~(3'-
methylpyrazol-5'=~on~1'-yl)indole (XI) when it is heated to 90°C in pelyphosphoric acid.
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Thus pyrrolo[3,2-bjindole derivatives VII-IX are formed only by the action of glacial
acetic acid on N-acetylindoxyl alkylidenehydrazones III-V. We proposed to obtain these com-
pounds by bypassing the step involving the synthesis of N-acetylindoxyl alkylidenehydrazomnes
by the reaction of N~acetylindoxyl hydrazone I with ketones in acetic acid. We found that
pyrrolo[3,2-blindoles VII-IX are formed if N-acetylindoxyl hydrazone is added to a solution
of the ketone in glacial acetic acid., If this reaction is carried out with equimolar amounts
of reagents the yields of pyrrolo[3,2-b]indoles range from 37 tc 4l%. When the reactiom is
carried out with a twofold to threefold excess of the ketone the yields of pyrrolo{3,2-b]in-
doles increase to 49-70%. When the order of mixing of the reagents 1s changed, i.e., in the
case of prior dissolving of the N-acetylindoxyl hydrazone in acetic acid, only a side process,
which leads to X, is observed.

EXPERIMENTAL

The IR spectra of mineral oil suspensions of the compounds were recorded with UR~10 and
Perkin-Elmer spectrometers. The UV spectra of solutions of the compounds in alcoheol were
recorded with Hitachi EPS-3T and Perkin-Elmer 575 spectrophotometers. The PMR spectra were
recorded with C-60HL (with hexamethyldisiloxane as the internal standard) and JNM-4H-100 (with
tetramethylsilane as the internal standard) spectrometers. The mass spectra were recorded with
a Varian MAT-112 mass spectrometer (70 eV) by direct introduction of the samples intoc the ion
source. The course of the reaction and the individuality of the substances were monitored on
Silufol UV-254 plates in a benzene—methanol system (9:2) with development in UV light.

N-Acetylindoxyl Alkylidenehydrazones (II-VI). A mixture of 0.0l mole of N-acetylindoxyl
hydrazone I, 0,02 mole of the ketcone, and 40 ml of absolute alcohol was refluxed for 2 h,
after which the reaction solution was evaporated to half its original volume,* and the residue
was cooled. The precipitate was removed by filtration, washed with methanol, and dried. Data
on 1I-VI are presented in Table 1.

Pyrrolo[3,2-blindoles (VII-IX). A) A mixture of 1 mmole of N-acetylindoxyl alkylidene-
hydrazone III=V and 3 ml of glacial acetic acid was heated to the boiling peoint, after which
it was cooled to room temperature, and the resulting precipitate was removed by f£iltration and
washed with acetic acid and methanol.

B) A 2-mmole sample of the N~acetylindoxyl hydrazone was added to a solution of & mmocle
of the ketone in 4 ml of glacial acetic acid, and the mixture was stirred at 20°C until the
solid material dissolved. The solution was heated to the boiling point, after which it was
cooled, and the resulting precipitate was removed by filtration and washed with glacial acetic
acid and methanol. Data on VII-~IX are presented in Table 2,

N-Acetyl-3-(3'-methylpyrazol-5'-on~1'-yl)indole (XI). A 72-g sample of phosphorus pent-
oxide was added with stirring and cooling to 48 ml of phosphoric acid, and the mixture of sub=-
stances was heated on an oil bath at 100°C for 1 h. It was then cocled to 20°C, and 4 g (13
mmole) of N-~acetylindoxyl carbethoxyisopropylidenehydrazone (VI) was added te the resulting

*In the preparation of II the reaction solution was not evaporated.
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polyphosphoric acid. The reaction mixture was stirred at 20°C for 2 h, after which it was
heated to 90°C. The heater was removed, and the mixture was allowed to cool spontaneously
to 40°C. The reaction mass was poured over ice (~1200 g), and the resulting mixture was
neutralized with ammonium hydroxide. The precipitate was removed by filtration, washed with
water, air dried, and recrystallized from methanol to give 2 g (59%) of XI with mp 178-180°C
(from methanol). IR spectrum: 1715, 1680 ecm™* (C=0). UV spectrum, Apg, (log e): 238 (4,34)
and 302 om (3.90). PMR spectrum (CDCl;): 2.17 (s, COCHs), 2.55 (s, CHs), 3.30 (s, 2H-C,),
7.94 (s, B—Cy), 7.36, 8.18, 8.58 ppm (3m, aromatic ring protons). Found: C 65.8; H 5.1; N
16.6%; Mt 255, C;4H,sN30z. Calculated: C 65.9; H 5.1; N 16.5%; M 255.
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PYRROLOINDOLES.
5.*% ACETYLATION OF 1H,6H-PYRROLO([2,3-e]INDOLE BY MEANS
OF THE VILSMEIER-HAACK REACTION

Sh. A. Samsoniya, N. L., Targamadze, UDC 547.759.375:542.951
T. A. Kozik, and N. N. Suvorov

The Vilsmeier—Haack reaction with 1H,6H-pyrrolo[2,3~e]indole with the participa-
tion of dimethylacetamide was studied. 3-Acetyl, 8-acetyl, 2-acetyl, and 3,8-
diacetyl derivatives (with great preponderance of the 3-acetyl derivative) were
obtained. The formation of a 2-substituted product does not have an analogy in
the chemistry of indole. On the basis of data from the IR and PMR spectra it was
established that an intramolecular hydrogen bond between 1-H and the C=0 group in
the 8 position exists in the 8-acetylpyrroloindole molecule. This bond also af-
fects the mass-spectral fragmentation of the 8-acetyl derivative.

The aim of the present research was to determine the positions of the centers of elec~
trophilic attack in the 1H,6H-pyrrolo[2,3-e]indole (I) molecule by means of the Vilsmeier—
Haack reactiomn.

We have previously reported [2] that Vilsmeier formylation of 1H,6H~pyrrolo[2,3-e]indole
gives its 3,8-diformyl derivative., In the present research we studied acetylation. The
interest in this reaction is due to the fact that the complex based on dimethylacetamide
(DMAA) and phosphorus oxychloride reacts only with sufficiently highly nucleophilic substances.
Some indole-containing polycyclic systems virtually do not react with it [3], while the degree
of reaction of indole is only 22% at 85°C [4].

The acetylation of 1H,6H-pyrrolo[2,3-elindole was carried out in analogy with the acetyla-
tion of indole [4]. Four compounds that differed with respect to their Rf values and melting
points but were similar in that their IR spectra contained bands of a C=0 bond at 1620-1660
em™' were isolated from the reaction products. The structures of acetylpyrroloindoles II~V
were established on the basis of data from the PMR, IR, UV, and mass spectra. The principal

*See [1] for communication 4.
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