SYNTHESIS OF 2~AMINO-3- (w—AMINOALKYL)INDOLES

A. N. Kost,* V. G. Zabrodnyaya, Yu. N. Portnov, UDC 547.751
and V. G. Voronin

2-Amino-3~(w-phthalimidoalkyl)indoles have been obtained by the rearrangement of
w-phthalimido acid B-phenylhydrazides under the action of POCls. The possibili-
ty has been studied of eliminating the phthalyl protective group from these com-
pounds and a convenient method has been developed for obtaining 2-amino-3-{(w-
aminoalkyl)indole dihydrochlorides. The behavior of the 2-amino-3-(w-phthalimi-
doalkyl)indoles in alkylation reactions has been investigated.

We have shown previously that, on treatment with halides of phosphorus, l-aryl-2-acyl-
hydrazines with an o-methylene or methine group in the acyl residue rearrange into deriva-
tives of 2-aminoindole [1, 2], although o,0'-disubstituted derivatives react in more complex
fashion [3]. 1In this work we have investigated the possibility of using this new reaction
for the synthesis of 2-amino-3-(w-aminocalkyl)indoles. We have not succeeded in using in the
reaction phenylhydrazides of w-amino acids with amino groups unprotected or protected by
acetyl or benzoyl groups, apparently because of side phosphorylation and cyclization reac-
tions. The rearrangement takes place without complications in the case of phenylhydrazides
of phthalimido acids (I). 1In this case, the corresponding 3-(w-phthalimidoalkyl)indoles
(I1) are formed with yields of 60-807.
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The structure of compounds (II) is confirmed by their IR and UV spectra. Thus, the UV
spectrum of the indole (IIe) in ethanol has absorption maxima at 219 and 263 nm (loge 4,78,
3.82), which are characteristic for salts of 2-aminoindoles. Its IR spectrum shows a broad
absorption band at 2600-3200 cm~! corresponding to the vibrations of an ammonium group, and
absorption in the 1715 and 1770 cm~?! regions which is assigned to the stretching vibrations
of the carbonyl groups of a phthalimide ring. The mass spectrum of base (IIIe, R =CHs, n=5)
obtained from the hydrochloride (IIe), contains the peak of the molecular ion with Mt 377,
which coincides with the value calculated for this compound. As is well known [4], 2~amino-
indoles in the form of the free bases are readily oxidized by atmospheric oxygen with the
formation of 3-hydroxy compounds. The length of the carbon chain of the acyl residue of a
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hydrazide (I) has no fundamental influence on the occurrence of the reaction. However,
while compounds (Ia-e) rearrange on boiling in benzene for 15-20 h, the complete conversion
of the hydrazide (Ig) requires not less than 100 h. Here, apparently, a fundamental role is
played by the steric effect of the phthalimide group.

In the Schotten-Baumann benzoylation of the 2-aminoindoles (II) in which n = 1, 2 the
main products are the monobenzoyl derivatives (VI). A small amount of-the dibenzoyl deriva-
tive as impurity is readily eliminated by recrystallization. In the case of compound (IId),
however, a mixture of the dibenzoyl and monobenzoyl derivatives (Vd) and (VId) in a ratio of
2:1 is formed. A tendency to form diacyl derivatives is characteristic for 2-aminoindoles
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It was impossible to remove the protective phthalyl group from compound (II) by hydra-
zinolysis because of pronounced resinification of the reaction mixture. The best method of
obtaining the dihydrochlorides of the aminoindoles (IV) proved to be the hydrolysis of com-
pounds (II) in 20% hydrochloric acid followed by the elimination of the water by distilla-
tion. Under these conditions, no hydrolysis of amide fragment with the formation of oxin-~
dole, as might have been expected [6], was observed. The yields of compounds with (IV)
amounted to 50-60%.

The UV spectrum of compound (IVa) contains absorption maxima at 217 and 270 nm (log ¢
4.33, 3.67). The IR spectrum contains broad absorption bands at 2580-3500 cm™', correspond-
ing to the vibrations of ammonium groups, and a strong absorption band at 1690 cm™! corre-
sponding to the C=N vibrations in the protonated imino form. The existence of compounds
(IV) in the imino form is confirmed by the PMR spectra in which, in addition to all the other
signals, there are two broadened signals of protons at a nitrogen atom (8.01-8.70 ppm), which
indicates a considerable double bondedness of the a-carbon atom with the exocyclic nitrogen
atom.

It proved possible to eliminate the phthalyl protective group by hydrazinolysis only in
the case of the N-acylamino derivatives (VI). Under these conditions, no simultaneous split-
ting out of the acyl groups was observed. The structure of the compounds so obtained was
confirmed by physicochemical methods. Thus, the IR spectrum of compound (VIIIb) has absorp-
tion bands at 3305 and 3380 cm~' (NH) and 1660 em~' (C=0), while the absorption bands at
1705 and 1760 cm~' present in the spectrum of the initial phthalimidoalkyl derivative (VIb)
have disappeared. The mass spectrum of the base (VIIIb), showing the peak of the molecular
ion corresponding to that calculated for this compound, confirms its structure.

Thus, the rearrangement of w-amino acid B-phenylhydrazides can serve as a convenient
method for synthesizing 3-aminoalkyl derivatives of 2-aminoindole.

EXPERIMENTAL

UV spectra were taken on a Perkin-Elmer 402 spectrophotometer in ethanol and IR spectra
on a Perkin-Elmer 577 instrument in the form of mulls in paraffin oil. PMR spectra were re-
corded on a Tesla 467 instrument in CF;COOH. Mass spectra were obtained on a MKh~1303 in~
strument with direct introduction of the sample into the ion source at an ionizing voltage
of 30eV. The course of the reactions was monitored by chromatography on Al,0s [benzene—
methanol (10:1)].

N'~Substituted N'-phenylhydrazides of w—Amino Acids (Ia-g, Table 1). With cooling and
stirring, 0.1 mole of an w-phthalimido acid chloride was slowly added to a mixture of 0.1
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mole of the appropriate N-substituted phenylhydrazine and 0.1 mole of triethylamine in 50 ml
of absolute benzene. The mixture was stirred for 2 h, and the precipitate was filtered off,
carefully washed with water, and recrystallized from ethanol.

Hydrochlorides of 2-Amino-3-phthalimidoalkylindoles (IIa-g, Table 2). A mixture of 0.01
mole of the appropriate phenylhydrazine (I) and 0.02 mole of phosphorus oxychloride in 50 ml
of absolute benzene or methylene chloride was boiled. The end of the reaction was determined
chromatographically from the disappearance of the spot of the initial phenylhydrazide. Then
the reaction mixture was worked up by one of the following methods.

A. In the case of compounds (IIa) and (IIc), the precipitate was filtered off, washed
with absolute benzene, and dissolved in ethanol with heating, and the solution was treated
with activated carbon, boiled for 15 min, and the carbon filtered off. The hydrochlorides
(I1a) and (IIc) were obtained from the filtrate after cooling.

B. In the case of (IIb), the solvent and the excess of phosphorus oxychloride were
evaporated off, and the residue was treated with ether and was cooled to 0°C, and the result-
ing precipitate was filtered off.

C. The solvent and the excess of phosphorus oxychloride were evaporated off, the resi-
due was treated with 30 ml of ethanol and inactivated carbon, the mixture was b01led for 15
min, the carbon was filtered off, the filtrate was cooled, and the precipitate of a hydro-
chloride (IId-g) was filtered off.

Dihydrochlorides of 2-Amino-l-methyl-3-{w-aminoalkyl)indoles (IVb-e, Table 3). A mix-
ture of 0.0l mole of the appropriate hydrochloride (II) and 60 ml of 20% hydrochloric acid
was boiled and was then cooled, the phthalic acid was filtered off, the filtrate was evap-
orated to dryness, the residue was dried in vacuum over P;0s, 5 ml of absolute ethanol was
added, and the precipitate that deposited was filtered off.

3-Hydroxy-2-imino-1l-methyl-3-(phthalimidoethyl)indoline (IIIb). A solution of 0.36 g
(1 mmole) of the hydrochloride (IIb) in 10 ml of water was made alkaline to pH~9 and was ex-
tracted with chloroform; the extract was allowed to stand for 6 h and was then dried with po-
tassium carbonate, the chloroform was evaporated off, and the residue was recrystallized from
ethanol, giving 0.13 g (40%) of compound (IIIb), mp 170-172°C. IR spectrum, cm~': 3340,
1775, 1715, 1650. Found: mol. wt. 335 (mass-spectrally). C;sH;s;Ns05. Calculated: mol.
wt. 335.

2-Acetylamino-l-methyl-3-(5-phthalimidopentyl)indole (VIIe). To 0.4 g (1 mmole) of the
hydrochloride (IIe) in 5 ml of triethylamine was added 0.2 ml (2 mmole) of acetic anhydride,
and the mixture was left at room temperature for 26 h. Then the triethylamine and excess of
acetic anhydride were evaporated off, the residue was treated with 10 ml of water and was ex-
tracted with chloroform; the extract was washed successively with water, sodium bicarbonate
solution, and water again, and it was dried with potassium carbonate and evaporated. Hexane
was added to the residue, and the resulting precipitate was filtered off and recrystallized
from ethanol. This gave 0.22 g (55%) of compound (VIIe), mp 162-164°C. IR spectrum, cm™':
3240 (NH), 1770, 1716, 1660 cm™'. Found: C 70.6; H 6.43; N 10.4%. Ca2,H2sN305. Calculated:
C 71.3; H 6.2; N 10.6%.

2-Acetylamino~l-methyl-3-phthalimidoindole (VIIg). A mixture of 0.1 g (0.3 mmole) of
the hydrochloride (IIg) and 0.025 g (0.3 mmole) of sodium acetate in 3 ml of absolute ben-
zene was treated with 0.03 ml (0.3 mmole) of acetic anhydride and the resulting mixture was
left at room temperature for 70 h. After working up by the method described above and re-
crystallization from absolute ethanol, 0.05 g (50%) of compound (VIIg) was obtained. mp 236-
237°C. IR spectrum, cm™': 3290, 1780, 1720, 1610. Found: mol. wt. 333 (mass-spectrally).
CioHy1sN303. Calculated: mol. wt. 333.

2-Benzoylamino—-l-phenyl-3-(2-phthalimidoethyl)indole (VIf). With stirring and cooling,
3.0 ml of benzoylchloride and 50 ml of a 2N solution of NaOH were added simultaneously to a
solution of 2 g (5 mmole) of the hydrochloride (IIf) in 10 ml of water, stirring was con-
tinued for 1 h, the oily precipitate was separated off and treated with ether, and the re-
sulting crystals were recrystallized from a mixture of ethanol and methylene chloride. This
gave 1.94 g (80%) of compound (VIf), mp 250-251°C. IR spectrum, cm ‘: 3280, 1770, 1710,
1675 cm™'. Found: C 76.8; H 4.6%. Cs;H2sN305. Calculated: C 76.7; H 4.7%.
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2-Benzoylamino-l-methyl-3-phthalimidomethylindole (VIa). This was obtained in a similar
manner to the preceding compound by the benzoylation of 2.4 g (7 mmole) of the hydrochloride
(I1a) with 5 ml of benzoyl chloride in the presence of 40 ml of a 2N solution of NaOH. This
give 1.85 g (65%2) of compound (VIa), mp 197-198°C (from a mixture of ethanol and methylene
chloride). IR spectrum, cm~*: 3340 (NH), 1760, 1705, 1680. Found: mol. wt. 409 (mass-
spectrally). CasHi9Na0s. Calculated: mol. wt. 409.

2-Benzoylamino-1-methyl=3~-(2-phthalimidoethyl)indole (VIb). This was obtained in a sim-
ilar manner to compound (VIf) from 3.7 g (0.01]1 mole) of the hydrochloride (IIb) and 6 ml of
benzoyl chloride in the presence of 50 ml of a 2N solution of NaOH. This gave 2.9 g (70%)
of compound (VIb), mp 203-205°C (from ethanol). IR spectrum, cm™': 3320, 1765, 1710, 1670.
Found: mol. wt. 423 (mass~spectrally). CzeH2:N3Os3. Calculated: mol. wt. 423.

Benzoylation of 2-Amino-l-methyl-3~(4-phthalimidobutyl)indole Hydrochloride. The ben-
zoylation under conditions similar to those for (VIf) of 3 g (7.8 mmole) of the hydrochlo-
ride (IId) gave 2.5 g of a mixture of two substances, which were separated on a column of
alumina (benzene-methanol (10:1) system). A substance with Rf 0.76 (1.8 g) was identified
as 2-(dibenzoylamino)-l-methyl-3-(4-phthalimidobutyl)indole (Vd), mp 165-166°C {from etha-
nol). IR spectrum em™': 1775, 1710, 1605 cm™'. Found: C 74.9; H 4.9; N 7.7%. CssH2oNs0,.
Calculated: C 75.6; H 5.2; N 7.6%. A substance with Re 0.52 (0.7 g) was identified as 2-(ben-
zoylamino)-1-methyl-3- (4-phthalimidobutyl)indole (VId), mp 154-155°C (from a mixture of eth-
anol and methylene choloride). IR spectrum, cm *: 3270 (NH), 1770, 1710, 1610. Found: mol.
wt. 451 (mass spectrally). C,gH2sN303. Calculated: mol. wt. . 451.

3-(2-Aminoethyl)~-2~benzoylamino-l-methylindole (VIIIb). To 1.8 g (4.0 mmole) of the
(phthalimidoethyl)indole (VIb) in 100 ml of ethanol was added 2.5 ml of hydrazine hydrate,
and the mixture was boiled for 2 h. Then the ethanol was evaporated off and the residue was
treated with 30 ml1 of 1 N NaOH solution, and the material that had not dissolved was filtered
off and recrystallized from ethanol to give 0.75 g (60%) of compound (VIIIb), mp 169-171°C.
IR spectrum, em~': 3305, 3380, 1660, Found: C 73.9; H 6.7%; mol. wt. 293 (mass-spectrally)
Ci1ell19N30. Calculated: C 73.8; H 6.5%; mol. wt. 293,
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