INDOLE DERIVATIVES.
132.* SYNTHESIS OF 1-METHYL-5-NITRO-2-ETHYNYLINDOLE
AND ITS MONO-AND DIAMINOMETHYL DERIVATIVES

D. L. Tarshits, N. M. Przhiyalgovskaya, UDC 547.753.05
and N. N. Suvorov

It was shown that it is possible to introduce an ethynyl group into an indole
ring by the acetylenic cleavage of an acyl derivative of a base. 1-Methyl-5-
nitro-2-ethynylindole was obtained from l-methyl-5-nitro-2~indolcarboxylic
acid, and a series of mono- and diaminomethyl derivatives was prepared by the
Mannich reaction.

Acetylene derivatives of indole are a promising class of compounds in which to seek new
biologically active compounds. A number of successful studies in this area have been car-
ried out. Methods of introducing the ethynyl group into positions 2 [2, 3], 3 [3-5], and
5[6] of the indole ring have been reported. However, all of these methods are limited,
because the starting compounds are either unstable, or difficult to obtain, and consequently
the development of new means of synthesizing acetylene derivatives of indole is an important -
task.

In the present work, attempts were first made to synthesize ethynyl derivatives of in-
dole by the acetylene fragmentation of acyl derivatives of a Fischer base; this method is
reported to give good results in the aromatic [7] and heterocaromatic series [8].

1-Methyl-5-nitro-2-indolcarboxylic acid (I) was chosen as the starting compound. Heat-
ing its chloroanhydride II with the Fischer base III gave a heterocyclic enaminoketone IV,
which on heating with phosphorus oxychloride, followed by alkaline hydrolysis was converted
to l-methyl-5-nitro-2-ethynylindole (V) and 1,3,3-trimethyl-2-oxyindole (v1).

2 7 \ ‘
CH, —= AN—.co-ch —
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x.u
. poc,
2. NaOH c=cH +
v

IX=0H; I X=C1

Compounds V and VI were separated by column chromatography. The yield of ethynylindole
V was 807, based on the aminoketone IV, or 557 based on the starting acid I. Its structure
was confirmed by elemental analysis and spectral data, the results of which are given in the
experimental part.

An attempt was made to obtain 1,2,3-trimethyl-5-ethynylindole by the same method; how-
ever, it was not successful because the corresponding enaminoketone could not be isolated.

The ethynylindole V in pyrldlne in the presence of cuprous chloride readily gave the
dimer VII.
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From the ethynylindole V, using the Mannich reaction, a series of mono- and diamino-
methyl derivatives VIII-XVI was prepared. Piperidine, morpholine, N-2-furolypiperazine
and piperazine were used as amines.

i Ve Nt
NO aCH,— CH_—N ]
N o
b, ' ceaN wn—0—4
Vi-xvi N/ 0
VIII R=a, R'=H; IX R=P, Ri=H; X R=c, R'=H; XI R=R!=a; XII R=a, Rl=b
XIlI R=b, R‘—a XIV R=R!=b, XV R=a Ri=c; XVI R=R!=c

Substitution of the hydrogen atom of the ethynyl group was carried out with formalde-
hyde and an amine in the presence of cuprous chloride [6, 9]. Secondary aminomethylation —
substitution of the hydrogen atom in position 2 of the indole ring — was performed in acetic
acid [10]. When piperidine was used as the amine, the bisindole compound XVII was obtained.

NO, - — No,
[ N\ C=C—CH,~N N—cxz—czcm
Ny — N

| |
CHy xvn CH,

Data for the synthesized aminomethyl derivatives of l-methyl-5-nitro-2-ethynylindole
VIII-XVII are given in Table 1.

Biological tests on ethynylindole V and its aminomethyl derivatives VIII-XVII showed
that compound VIII possesses moderate antifungal activity, the diaminomethyl derivative XI
exhibits moderate antiarrhythimic action, and compound XIV is arrhythmogenic.

EXPERTMENTAL

IR spectrum of compound V in mineral oil was taken on a UR-10. PMR spectra were record-
ed on a WP-200 SY Bruker (200 MHz) high resolution spectrometer with a superconducting magnet,
internal standard TMS. Molecular weights were measured on an MX-1303 mass spectrometer with
direct introduction of the compound into the ion source.

1,3,3-Trimethyl~2-(1-methyl-5-nitro-2-indolylacetylidene)indoline (IV). A mixture of
5.1 g (0.023 mole) of indolecarboxylic acid I [11], 8.3 g (0.07 mole) of thionyl chloride,
and 1 ml of dimethylformamide in 50 ml of dry benzene was refluxed for 6 h. The excess
thionyl chloride was removed on the rotary evaporator. To remove final traces of thionyl
chloride, 50 ml of petroleum ether was added to the residue and evaporated. The acid chlo-
ride II was dissolved in 250 ml of chloroform and added to a mixture of 4.01 g (0.023 mole)
of the Fischer base III and 2.95 g (0.028 mole) of sodium carbonate in 100 ml of chloroform.
The mixture was heated to 50°C and maintained at this temperature for 1 h, then left over-
night at room temperature. The reaction mixture was filtered, the solution evaporated on
the rotary evaporator, and the resulting solid washed with dilute hydrochloric acid, water
and isopropyl alcohol. Yield 6.9 g (697%) of compound IV as bright-yellow crystals with mp
258-260°C (from acetic acid). PMR spectrum: 1.84 (6H, s, gem-CH;); 3.32 [3H, s, N—CH; (B)];
4,11 [3H, s, N—CH, (A)]; 5.59 (1H, s, =CH-); 7.17 [1H, s, 3-H (A)]; 6.79-8.57 ppm (7H, m,
arom.). Found, %: C 70.0; H 5.9; N 11.0; M 376. C,,H,,N305. Calculated, Z: C 70.2;
H5.9; N 11.2; M 376.

1-Methyl-5-nitro-2-ethynylindole (V). A mixture of 1.7 g (0.0045 mole) of the enamino-
ketone IV and 6.88 g (0.045 mole) of phosphorus oxychloride in 85 ml of dioxane was refluxed
for 7 h at 85°C, then poured with stirring and cooling into 300 ml of 10Z aqueous NaOH, and
extracted with chioroform. After drying over sodium sulfate and evaporation of the solvent,
the residue was passed through a column (100 mm x 30 mm) filled with 80 g of silica gel
(100/250 um), and eluted with CCl,. Yield 0.72 g (80%) of compound V as yellow-green nee-
dles. mp 169-171°C (from ethanol). Rg 0.83 (Silufol UV-254, chloroform). IR spectrum:
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2120 (C=C), 3270 cm™! (=CH). PMR spectrum: 3.56 (1lH, s, =CH); 3.87 (3H, s, N—CH,); 6.79
(14, s, 3-H); 7.30-8.55 ppm (3H, m, arom.). Found, %: C 65.9; H 4.1; N 13.8; 200.
C,:HgN;0,. Calculated, Z: C 66.0; H 4.0; N 14.0; M 200. Compound VI remained on the sili-
ca gel column.

1,4-Bis(l-methyl-5-nitro-2-indolyl)-1,3-butadiyne {VII). To 1 g (0.005 mole) of com-
pound V in 50 ml of pyridine was added 0.1 g of cuprous chloride, and air bubbled through
the reaction mixture for 1 h at room temperature. The reaction mixture was poured into
water, the precipitated material filtered off, and washed with an aqueous ammonia solution,
water, and ether. Yield 0.7 g (357) of compound VII of light-green crystals (from DMFA).
mp 349-350°C (decomp.). PMR spectrum [(CD;),S0]: 3.93 (6H, s, N—CH3); 7.36 (2H, s, 3-H);
7.67-8.58 ppm (6H, m, arom.). Found, %: C 66.4; H 3.6; N 13.9; Mt 398. C,,H;,N,0,. Cal-
culated, 7Z: 66.3; H 3.5; N 14.1; M 398.

1-(1-Methyl-5-nitro-2-indolyl)-3-(N-piperidino)propyne (VIII). To a stirred mixture
of 1 g (0.005 mole) of ethynylindole V and 0.02 g of cuprous chloride in 20 ml of dioxane
was added 0.44 g of 407 aqueous formaldehyde and 0.48 g (0.0057 mole) of piperidine. The
mixture was heated for 30 min at 95°C, cooled, filtered, and chloroform added to the fil-
trate. The chloroform solution was washed with aqueous ammonia and with water, and dried
over Na,S0,. The solvent was evaporated to give 1 g of compound VIII.

1-(1-Methyl-5-nitro-2-indolyl)-3-{N-morpholino)propyne (IX) and 1-(1l-methyl~5-nitro-
2-indolyl)-3-[N~(N!-2-furoyl)piperazinolpropyne (X). These are prepared in the same way
as compound VIII using morpholine and N-2-furoylpiperazine respectively as secondary amines.

1-[1-Methyl-5-nitro-3-(N-piperidine)methyl-2-indolyl]-3-(N-piperidino)propyne (XI).
To 0.26 g (0.003 mole) of piperidine with stirring and water-cooling was added 2 ml of
glacial acetic acid and 0.25 g of 407 aqueous formaldehyde. After 30 min, a solution of
0.3 g (0.001 mole) of compound VIII in 3 ml of glacial acetic acid was added and the mix-
ture heated at 85°C for 5 h. The reaction mixture was then poured into cold water and
made alkaline by the addition of 107 NaOH solution. The precipitated material was filtered
off, washed with water, and dried to give 0.31 g of compound XI.

_ 1-{1-Methyl-5-nitro-3-(N-morpholino)methyl-2-indolyl]-3-(N-piperidino)propyne (XII).
This was prepared in the same way as compound XI from the aminoacetylene VIII and morpho-
line.

1-{1-Methyl-5~nitro-3-(N-piperidino)methyl-2-indolyl]-3-(N-morpholino)propyne (XIII).
This was prepared in the same way as compound XI from compound IX and piperidine.

1-{1-Methyl-5-nitro-3-{N-morpholino)methyl-2-indolyl]}-3-(N-morpholino)propyne (XIV).
This was obtained in the same way as compound XI from compound IX and morpholine.

1-{1-Methyl-5-nitro-3-[N-(N!-2-furoyl)piperazinolmethyl-2-indolyl}-3-(N-piperidino)-
propyne (XV). This was prepared by the same method as compound XI from the aminoacetylene
VIII and N-2-furoylpiperazine. .

1-{1-Methyl-5-nitro-3-[N-(N*-2-furoyl)piperazinolmethyl-2-indolyl}-3-N-(N!~-2-furoyl)-
piperazinopropyne (XVI). This was prepared from compound X and N-2-furoylpiperazine by the
same method as compound XI.

N,N1-Di[1l-(1-methyl-5-nitro-2-indolyl)-3-propynylipiperazine (XVII). This was prepared
the same way as compound VIII, from 0.2 g (0.001 mole) of ethynylindole V and 0.097 g
(0.0005 mole) of piperazine hexahydrate.
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INDOLE DERIVATIVES.
133.% SYNTHESIS OF 5-(2-PYRIDYL)INDOLE

R. N. Akhvlediani, M. M. Khazhidze, UDC 547.829'759.3'546'551.1:
V. N. Eraksina, and N. N. Suvorov 543.422.25

Starting from 2-(4-nitrophenyl)pyridine, the product of the Gomberg arylation
of pyridine, 5-(2-pyridyl)indole was prepared by the Japp—Klingman reaction.
13C NMR indicated an inductively transmitted interaction between the pyridine
and indole rings.

Continuing our investigations in the field of multinuclear heterocyclic systems con-
taining an indole ring, we have synthesized 5-(2-pyridyl)indole, an open analog of the pyr-
rolo[f-, g-, and h-]quinolines, which we reported earlier [2~5]. The presence in the mole-
cule of 5-(2-pyridyl)indole of both the m-excessive pyrrole and the m-deficient pyridine
rings makes it interesting both from the point of view of reactivity, and also because of
the possibility of creating new physiologically active substances.

5-(2-Pyridyl)indole was prepared from 2-(p-nitrophenyl)pyridine by the following

scheme:
~ @ a¥e
- I _CHy --»
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The starting 2-(p-nitrophenyl)pyridine (I) was synthesized by the arylation of pyridine
with p-nitrophenyldiazonium chloride using the conditions for the Gomberg—Bachmann—Hey
reaction [6-8]. Reduction of 2-(p-nitrophenyl)pyridine with iron filings in ammonium chlo-
ride solution gave 2-(p-aminophenyl)pyridine (II) in good yield. The reaction of II with
methylacetoacetic ester, (Japp—Klingmann reaction), gave the p-(2-pyridyl)phenylhydrazone of
ethyl pyruvate (III). The hydrazone was separated into the syn-IITa and anti-IIIb forms by
column chromatography on silica gel and the quantitative ratio of the two isomers in the mix-
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