REACTIONS OF CYCLIC AMMONIUM CATIONS
VII.* QUINOLINATION OF 1-ALKYL-2,3-DIHYDROINDOLES AND
1-ALKYL-1,2,3,4-TETRAHYDROQUINOLINES

A. K., Sheinkman, A. N, Prilepskaya, UDC 547.831'753
and A. N. Kost

A method for the introduction of a quinoline residue into an aromatic ring by means of
1~acylquinolinium salts was developed. The effect of the anion was examined. A num-
ber of quinolylindoles and quinolyltetrahydroquinolines were synthesized by this method.
It is shown that electron-acceptor or electron~donor substituents in the benzene ring of
the quinolinium salt have practically no effect on the course of the process.

A method for the introduction of a quinoline residue into an activated benzene ring by means of 1-
acylquinolinium salts, obtained by the reaction of quinoline with acyl halides, was described in [1]. In de-
veloping this method we found that different (electron-donor or electron-acceptor) substituents in the benz-
ene ring of the quinolinium salt have virtually no effect on the reaction with dimethylaniline, In all cases,
the corresponding 1-acyl-2~(p-dimethylaminophenyl)-1,2-dihydroquinolines (I) are formed in good yields
(see Table 1). This is particularly valid for the 8~-methylquinolinium salt, where the CH; group can have a
substantial effect on the coplanarity of the acyl group and, consequently, can disrupt the entire conjugation

system.
X Ly
O+ Qe = QA e
N
|

R'—C=0

As for substitution in the pyridine portion of the molecule, our preliminary observations [1] regard-
ing the possibility of introducing quinaldinium or lepidinium salts into this reaction were not confirmed.
The presence of CH; groups in both the « and 7y positions turns out to be sufficient to block the reaction.

It is interesting to note that the nature of the anions of the N~acylquinolinium salts has a substantial
effect on the yields of I. Thus, in the reaction of quinoline and benzoyl fluoride, benzoyl chloride, benzoyl
bromide, and benzoyl iodide with dimethylaniline under standard conditions (100°, 8 h), the yields of 1~
benzoyl-2-(p-dimethylaminophenyl)-1,2-dihydroquinoline increased regularly with increasing nucleophilic-
ity of the acylquinolinium salt anion (24, 45, 90, and 95%, respectively). The observed regularity should
apparently be associated with the increase in the reactivity of the benzoyl halides in this series in connec-
tion with the fact that the halogen—carbon bond strength decreases appreciably in this direction [2], Such
regularity in the change in the reactivity in the acyl halide series during the acylation of amines was also
observed by Litvinenko and co-workers [3], who associated the observed phenomenon with the change in the
halogen—carbon bond strength. In addition, the results of our experiments with the various benzoyl halides
make it possible to assume the participation in the reactions of a charge-transfer complex, formed due to
transfer of a valence electron of the anion to the lower vacant molecular orbital of the quinolinium cation,

*See [1] for Communication VI,
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as occurs in pyridinium [4] and alkylquinolinium [5] salts, rather than the participation of an N-acylquinol-

inium cation:
XT == o5+X

R—(‘J=0 R—C=0

The formation of a complex of this type is facilitated with increasing anion nucleophilicity, and the
regularity we observed can be explained by this,

This method of quinolination of activated aromatic rings was suitable for the introduction of a quinol-
ine residue into the benzene ring of 1-alkyl-2,3-dihydroindoles and 1-alkyl-1,2,3 4-tetrahydroquinolines,
as we have briefly reported in [6, 7]:

Q- @r‘a:’" ~ @(1@%

RCO R—C=0

The benzene ring in indoline and tetrahydroquinoline molecules is activated by two electron-donor
substituents —the amino group and the alkyl residue. Several isomeric products of quinolination can there-
fore be formed under conditions of electrophilic attack, However, when the reaction is carried ouf under
mild conditions (50-60° under nitrogen) only one isomer, to which we assigned structure II on the basis of
the analogy of the UV and IR spectra with the spectra of the corresponding quinolinated dialkylanilines (1),
was always obtained,

For a more rigorous proof of the structure of the compounds obtained, 2-(1-methyl-1,2,3 4-tetra-
hydro-6-quinolyl)quinoline-4-carboxylic acid was obtained by reaction of aniline, 1-methyl-6-formyl-~
1,2,3,4-tetrahydroquinoline, and pyruvic acid; decarboxylation of the product acid led to 1-methyl-6-(2-
quinolyl)-1,2,3,4~tetrahydroquinoline, which was identical to a sample obtained by hydrolysis of the prod-
uct of reaction of the 1-benzoylquinolinium salt with 1-methyl-1,2,3 4~-tetrahydroquinoline:

C@C*"‘” ‘\/j ©/j©\/\

CHy —i o CoH,—~C=0

Ha

O—2Z

Hy

Thus, as in the case of quinolination of dialkylanilines, ring-coupling at the « position of the quinol-
ine ring and in the para position with respect to the amino group linked to the benzene ring occurs during
reaction of N-acylquinolinium salts with 1-alkyl-2,3-dihydroindoles and 1-alkyl-1,2,3 4~tetrahydroquinol-
ines (Table 2). ’

Derivatives I and IT were converted to the corresponding 2-substituted quinolines (Table 3) by alkal-
ine or acidic hydrolysis. Moreover, in contrast to the hydrolysis of I, in which two compounds are formed
{1], hydrolysis of II in all cases led only to aromatic structure III, Traces of the second compound were
not detected:

h @@-@Cjcﬂg

Thus we were able to show that quinolination is a method that is quite broad in its synthetic possi-
bilities. Our results on quinolination by this route of thiophene and pyrrole derivatives will be the subject
of one of our future communications.

1417



EXPERIMENTAL

The purity of the coke-industry byproduct quinoline used in this investigation of the synthesized
quinolines, 1-alkyl-2,3-dihydroindoles, and 1-alkyl-1,2,3,4-tetrahydroquinolines was verified by gas-liquid
chromatography (UKh-1 chromatograph, 140°, column length 6 m, diameter 4 mm, stationary phase 0.4%
ethylene oxide—tetrahydrofuran copolymer on sodium chloride, helium gas carrier). Thin-layer chrom-
atography on aluminum oxide (activity II) in all cases was carried out with elution with a benzene —hexane —
chloroform mixture (6 :1:30) with development with iodine vapors in UV light. The UV spectra in ethanol
were obtained with an SF-4 spectrophotometer; the IR spectra of the compounds were obtained with a UR-
10 spectrophotometer (in KBr pellets or in 5-10% chloroform solutions).

1-Acyl-2-(p-dimethylaminophenyl)~1,2-dihydroquinolines (I). These were obtained as previously de-
seribed in [1] (Table 1).

The 6-methyl-, 6-nitro-, 6-dimethylamino~, 6-bromo-, 7-methyl-, and 8-methylquinolines used in
the reactions were obtained via the Skraup synthesis [8]; after distillation in vacuo or recrystallization (in
the case of 8-nitro- and 6-dimethylaminoquinoline), the purity of the preparations was no less than 98-99%
according to gas-liquid chromatography.

Furoyl Chloride. This was obtained by oxidation of furfural to furan-2-carboxylic acid with subse-
quent refluxing of this acid with thionyl chloride. The product had bp 89-90° (32 mm) {9].

Benzoyl Fluoride. This was obtained from benzoic anhydride and potassium fluoride [10] and had bp
150-155° and 35-38° (5 mm).

Benzoyl Bromide, This was obtained from benzoic acid and phosphorous tribromide [11] and had bp
216-218° and 75-78° (5 mm).

Benzoyl Iodide, This was obtained via the method in [12] and had bp 116-118° (8 mm) and 95-97° (5
mm),

Reaction of Quinoline with Dimethylaniline and Benzoyl Halides. A reaction mixture consisting of
0.08 mole of anhydrous quinoline, 0.04 mole of freshly distilled (over zinc dust) dimethylaniline, and 0.04
mole of freshly distilled benzoyl halide was heated at 100 + 5° under nitrogen for 8 h, The reaction mass
was then steam distilled, and the residual amorphous product was extracted, dried, and recrystallized
from ethanol. The yields of 1-benzoyl-2-(p-dimethylaminophenyl)-1,2-dihydroquinolines, respectively,
were: 3.4 g (24%) in the reaction with benzoyl fluoride, 6.4 g (45%) with benzoyl chloride, 12.8 g (90%) with
benzoyl bromide, and 13.5 g (95%) with benzoyl iodide. The product had mp 180-181°, Mixtures of samples
obtained in experiments with the various benzoyl halides did not give a meltingpoint depression with an
authentic sample.

1-Alkyl-1,2,3,4-tetrahydroquinolines. These were obtained as described in [13]. The purity of the
samples used was no less than 98% according to gas-liquid chromatography.

1-Alkyl~2,3-dihydroindoles, These were obtained by alkylation of indoline {14]. The percentage of
pure substance in the samples ranged from 97 to 98%.

1-Benzoyl-2-(1'-methyl-1,2,3 4-tetrahydro-6-quinolyl)-1,2-dihydroquinoline (IT) (R = C¢H;, R' = CHj,
R" = H,n = 2). A mixture of 32.3 g (0.25 mole) of anhydrous quinoline, 17.6 g (0.125 mole) of freshly dis-
tilled benzoyl chloride, and 18.4 g (0,125 mole) of 1-methyl-1,2,3,4~tetrahydroquinoline was heated at 50-
60° under dry nitrogen for 8 h, The reaction mixture was then decomposed with ammonium hydroxide,
steam distilled, and the residual solid product was separated, dried, and recrystallized from acetone to
give 36 g (76%) of snow-white crystals of 1-benzoyl-(1-methyl-1,2,3 4-tetrahydro-6~quinolyl)~1,2-dihydro-
quinoline.

The other 1-benzoyl-2-(1-alkyl~1,2,3,4-tetrahydro-6-quinolyl)-1,2~dihydroquinolines and -1,2-di~
hydroindoles (II) were similarly obtained. The yields and characteristics are presented in Table 2.

1-Methyl-6-(2-quinolyl)-1,2,3,4-tetrahydroquinoline. A, Fused sodium hydroxide (288 g) was added
to a solution of 76 g of 1~benzoyl~2-(1~-methyl-1,2,3,4-tetrahydro-6-quinolyl)~1,2-dihydroquinoline in 1
liter of 70% ethanol, and the mixture was refluxed for 3 h. After this, 1 liter of water was added to the re-
action mixture, the ethanol was removed by distillation, and the residual reaction mass was repeatedly ex-
tracted with benzene. The benzene extracts were dried, half of the solvent was removed, 400 ml of nitro~-
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benzene was added, and the mixture was refluxed for 2 h, After this, the solution was repeatedly extracted
with 10% hydrochloric acid. The acid extracts were made alkaline to pH 9-10, the resulting precipitate was
separated and repeatedly washed with distilled water, dried, and recrystallized from ethanol to give 25 g
(46%) of lemon-yellow crystals of 1-methyl-6-(2-quinolyl)~1,2,3,4~tetrahydroquinoline with Amax 284, 325,
377 nm, log ¢ 4.14, 4.17, 4.37. The picrate (bright-red crystals) had mp 204-205° (from acetone).

The hydrolysis of other compounds of the I and TI type was similarly carried out. The yields and
characteristics of the compounds obtained are presented in Table 3,

B. One drop of sulfuric acid was added to a solution of 3.5 g (0.02 mole) of 1-methyl-6-formyl-
1,2,3,4-tetrahydroquinoline (see below) and 1.87 g (0.02 mole) of aniline in 25 ml of absolute ethanol, and
the mixture was heated for 1 h at 100°, After this, a solution of 1.76 g (0.02 mole) of freshly distilled pyr-
uvic acid in 10 ml of absolute ethanol was added to the reaction mixture with cooling and stirring. The
dark-red reaction mixture was heated at 100° for 20 h, and the solvent was removed to give 2 g of 2-(1-
methyl-1,2,3 4-tetrahydro-6-quinolyl)quinoline~4-carboxylic acid with mp 120-122°, This acid, without ad-
ditional purification, was heated slowly to 300° on a metal bath for 1 h. The solid melt which formed was
distilled in vacuo to give a light-brown, crystalline substance with bp 230-240 (20 mm), mp 110-112°, and
R 0.70, The spot on the chromatogram was identical to the spot of 1-methyl-6-(2-quinolyl)-1,2,3,4-
tetrahydroquinoline with respect to the R F value and gave bright-blue fluorescence in UV light. The pic-
rate was red and had mp 206-207° (from ethanol); a sample mixed with the picrate of the preparation ob-
tained by method A did not give a melting-point depression,

1-Methyl-6-formyl-1,2,3,4-tetrahydroquinoline. Phosphorus oxychloride [11.5 g (0.075 mole)] was
added dropwise with adequate stirring and cooling to a solution of 11.1 g (0.075 mole) of 1-methyl~1,2,3 4~
tetrahydroquinoline in 16.4 g (0.225 mole) of dry dimethylformamide at such a rate that the temperature
did not rise above 20°, After this, stirring was continued for another 1 h at the same temperature, and the
mixture was then heated at 100° for 3 h. The reaction mixture was poured over ice, and the resulting mix-
ture was neutralized with 0.5-N alkali and allowed to stand overnight in the cold. The precipitated crystals
of 1-methyl-6-formyl-1,2,3 4~tetrahydroquinoline were then filtered. Distillation in vacuo gave 8.4 g (67%)
of light-yellow plates with mp 28-29 g and bp 216-218° (20 mm). According to [15], 1-methyl-6-formyl-
1,2,3,4-tetrahydroguinoline with bp 219~221° (15 mm) is obtained in 47% yield by Willsmayer formylation
of 1-methyl-~1,2,3,4~tetrahydroquinoline with N-methylformanilide.
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