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CARBOLINES
VIO.* o-CARBOLINE COMPOUNDS FROM # -(3-INDOLYL) KETONE OXIMES

K. I. Kuchkova, E. P, Styngach, .UDC 54%.759.3'821:66.095.23
F. Sh. Rivilis, N. M. Frolova,
and A, A, Semenov

Anhydronium bases of 2-chloro-a-carbolines and 3,4-dihydro-g~carbolines are formed by
Beckmann rearrangement of £- (3-indolyl) ketone oximes. In a number of cases the forma-
tion of anhydronium bases becomes the predominant process.

Using previously developed methods [2, 3] we have synthesized new substituted p-carbolines XIV-XVTI,
which are potential physiologically active compounds. Ethylidene- and isobutylideneacetones reacted with
indole under the influence of perchloric acid to give indolyl ketones I and III, which were converted to oximes
1T and TV (for the synthesis of u~substituted oxime VI, tert-butyl a-propylacetoacetate was alkylated with gramine
methylsulfate). Oximes II, TV, and VI were converted to 3,4-dihydro-g-carbolines by 1-min contact with phos-
phorous pentachloride in warm nitrobenzene. The resulting hydrochlorides of X-XIII were dehydrogenated by
heating in glycol with palladium black prepared by the method in [4].

In the reaction of oxime II with PCl;, a considerable amount of a yellow substance that forms a hydro-
chloride that is difficult to dissolve in water was isolated along with carboline X. According tothe mass-spec-
trometric data and the results of elementary analysis the base corresponding to this hydrochloride had the
empirical formula C3H;CIN,. Absorption characteristic for the NH bond in indole was not observed in its
IR spectrum. The PMR spectrum contained a multiplet at 7.20-8.00 ppm, singlets of two methyl groups at
4.17 and 2,55 ppm, and a one-proton singlet at 6.52 ppm. From these data we proposed the 1H-1,4-dimethyl-
2-chloro-a-carboline structure (XVII) for the isolated substance. The position of the chlorine atom was con-
firmed by the following data: The product of reductive dechlorination (XVIII) had a PMR spectrum in which
the H, proton appeared as a doublet at 6.67 ppm (J=6.5 Hz) and a new (as compared with XVII) one-proton
doublet appeared at 8.16 ppm (J=6.5 Hz). The magnitude of the chemical shift and the spin—spin splitting
constant indicate that the Hy, proton that replaced the chlorine atom occupied an adjacent position with re-
spect to the nitrogen atom and H,.

The synthesis of the known 1H-1-methyl-a-carboline (XXIV) [5] by the action of phosphorus pentachloride
on oxime VII [6] served as another confirmation of the correctness of formulas XVII and ¥XVIII. a-Isocarboline
XXI1V and its ethiodide (XXVIII) had physical constants in agreement with the literature data [5].

*See [1] for communication VII,
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As previously shown in [2], oximes VIII and IX, for which R3=C5H5, are not converted to p~carbolines
by Beckmann rearrangement. We now have established that ifthe rearrangement is carried out by the action
of PCl, in nitrobenzene, these compounds (VIII and IX) give high yields of anhydronium bases XIX and XXI,
which can be readily converted to XX and XXII.

It is apparent that the first step in the process leading to formation of a-carboline compounds is
Beckmann rearrangement of the oximes with migration of the R® grouping. It can further be assumed that
cation XXVTII, which arises as a result of Beckmann rearrangement [7], undergoes chlorination to inter-
mediate XXIX, which undergoes cyclization of the Hofmann—Loffler type [8], splits out HC1, andis oxidized
under the influence of nitrobenzene.
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According to the theory of the Beckmann rearrangement [7], the trend of the reaction should be deter-
mined by the stereochemistry of the oximes. However, the sifuation is more complex in this case.

A study of the PMR spectrum of II showed that the substance i{s a mixture of two isomers. The sig-
nal of the C(Hp); group consists of two peaks at 1.63 and 1,78 ppm with a relative intensity of ~1:2,5. We
assigned these signals to two isomers — the syn (XXX) and anti (XXXTI) isomers. The syn oxime, in the
spectrum of which the signal of the methyl Hy, protons is shifted to the weak-field region because of cou-
pling with the OH group, predominates in the mixture.

Oxime VIII gave two spots on Silufol corresponding to two stereoisomers, which we were able to
separate. The configuration of the isomers was established by a study of the PMR signals of the H, pro-
tons, which are nonequivalent as a result of retarded internal rotation. In the spectrum of the low-melting
and more polar Ry 0.43) anti isomer (XXXI, R=CgH;) the multiplet corresponding to the indicated protons
is situated at 3.1-3.3 ppm, whereas the multiplet in the spectrum of the high-melting and less polar Rg
0.63) syn isomer is at 2.8-3.1 ppm. However, any one of the stereoisomers of VIII on treatment with PCl;
in nitrobenzene gave only an a-isocarboline, whereas 3-methyl-3- (3-indolyl)propionic acid anilide [2] was
obtained from the reaction of toluenesulfonyl chloride in pyridine. It follows from this that the trend of
the reaction is not determined by.the stereoisomeric composition of the reacting oximes, and one should
assume the possibility of facile interconversion of the stereoisomer during the reactions. The fact that
the pure syn-VIII oxime is converted to a mixture of isomers with predominance of anti-VTII on refluxing
in methanol containing traces of HCI for 5 min serves as an experimental confirmation of this assumption.
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EXPERIMENTAL

All of the melting points were determined with a Kofler block and were not corrected. The spectral
data were obtained with UR-10, Specord UV-vis, MKh-1303, PC~60, and JNM- MH-100 spectrometers. The
assignment of the PMR signals in the necessary cases was accomplished by the double-magnetic resonance
method.

4- (3-Indolyl)-2-pentanone (I). A 1.9-g sample of 70% perchloric acid was added slowly with vigorous
stirring at a temperature no higher than —5° to a cooled (to —10°) solution of 38 g (325 mmole) of indole in
38 g (425 mmole) of ethylideneacetone, after which the mixture was stirred for another 40 min. Tt was then
diluted with ether and washed with sodium bicarbonate solution to completely remove the acid. The ether
solution was dried with sodium sulfate, and the ether and excess ethylideneacetone were removed by vac-
uum distillation. The residue was chromatographed on activity III aluminum oxide in a benzene—petroleum
ether system (4:1) to give 50.3 g (77%) of ketone I as a viscous liquid. The thiosemicarbazone had mp
169-171° (from methanol)., Found: C 61.2; H 6.6; N 20.5; S 11,6%. C,H;zN,S. Calculated: C 61.3; H 6.6;
N 20.4; S 11.7%.

Amorphous oxime II was obtained from ketone I in quantitative yield by the usual method. PMR spec-
trum, 0, ppm: 1.23, d, J=6.5 Hz (3H,); 1.63 and 1.78 (8Hp);2.42, m (2H); 3.16, m (Hg); 6.45 and 6,58,
two d, J=2.5 Hz (indole 2-H); 6.70-7.10, m (aromatic protons); 7.28, m (indole 1-H); and 7.52, s (OH).

5-Methyl-4- (3-indolyl)-2-hexanone (III). This compound was similarly obtained in 42% yield from
indole and isobutylideneacetone at 50-55° (the reaction time was 45-50 min). Oxime IV had mp 147-148°
(from benzene). IR spectrum: 3400 (NH), 3180-3250 (OH), and 1665 (C=N) em~!., Found: C 73.6; H 8.1;
N 11.4%. CysHyN,O. Calculated: C 73.7; H 8.3; N 11.5%.

3-Skatyl-3-tert-butoxycarbonyl-2-hexanone (V). A total of 8.82 g (0.07 mole) of dimethyl sulfoxide
(DMSO) was added at 0° to 12.2 g (0.07 mole) of gramine in 80 ml of anhydrous alcohol, and the mixture
was allowed to stand overnight. The resulting solution was treated with 14 g (0.07 mole) of tert-butyl o~
propylacetoacetate, the mixture was cooled with ice, and a solution of 1.61 g (0.07 g-atom) of sodium in
30 m! of anhydrous alcohol was added slowly dropwise with stirring. The mixture was then stirred and
refluxed in an inert atmosphere for ~8 h. The alcohol was removed in vacuo, and the residue was treated
with water and extracted with ether. The oil remaining after removal of the ether by distillation was chro-
matographed on 800 g of aluminum oxide in a benzene—ether system (95 :5) to give 9.35 g (41%) of a slowly
crystallizing oil with mp 73-75° (from alcohol), IR spectrum: 3330 (NH), 1710 (COOBu), 1700 (CO) cm~':
Found: C 72.8; H 8.1; N 4.2%. C,HyNOs. Calculated: C 73.0; H 8.4; N 4.3%.

3-Skatyl-2-hexanone Oxime (VI). A 5-g (0.013 mole) sample of keto ester V was heated in an inert
atmosphere at 225-230° for 15 min, after which the pyrolyzate was cooled and dissolved in 15 ml of an-
hydrous pyridine. Hydroxylamine hydrochloride [3.6 g (0.05 mole)] and 18 ml of anhydrous methanol were
added to the pyridine solution, and the resulting solution was refluxed for 1 h, It was then cooled andpoured
into water, and the aqueous mixture was extracted with ether. The extract was freed of pyridine in the
usual way and dried with sodium sulfate. The solvent was removed by vacuum distillation, and the residue
was crystallized from carbon tetrachloride to give 2.7 g (73%) of colorless crystals with mp 116-118°, IR
spectrum: 3420 (NH), 3190 (OH), and 1675 (C=N) em~!, Found: C 73.0; H 8.2; N 11.4%. CysHyN,O, Cal-
culated: C 73.8; H 8.2; N 11.5%.

3-Methyl -3~ (3-indolyl)~1~phenylpropanone Oxime (VIII). This compound was obtained by the method
in [2]. A 400-mg sample of the mixture of stereoisomers was separated by preparative chromatography in
a thin layer of L. 5/40 nm silica gel in an acetone—chloroform system (1:9) to give 300 mg of the syn iso-
mer with mp 134-136°. PMR spectrum, 6, ppm (CDCly): 1.34, d, =6.5 Hz (3H,); 2.80-3.30, m. (2HqHq);
6.81, d, J=2.5 Hz (indole 2-H); 7.00-7.54 (aromatic H); and 7.81, s (OH). Also obtained was 96 mg of the
anti isomer with mp 124-130°. PMR spectrum, 6, ppm (CDCly): 1.29, d, J=6.5 Hz; 3.07-3.50 (2He, Hg);
6.64, d, J=2 Hz (indole 1-H); 6.78-7.46 (aromatic H); and 9.25 (OH).,

3,4-Dihydro-g-carbolines and 1H-2-Chloro-a-carbolines, A solution of 1.64 mmole of the oxime in
2 ml of nitrobenzene was added dropwise with vigorous stirring in the course of 30 sec to a heated (to 60-
70°) solution of 4.9 mmole of phosphorus pentachloride in 2 ml of nitrobenzene, 30 sec after which the solu-
tion was cooled rapidly, and the excess PCl; was decomposed with lumps of ice. The organic layer was
diluted with ether and extracted with dilute hydrochloric acid. In the case of oxime TI, hydrochloride XVII,
which was separated by filtration, was liberated when the acidic solution was allowed to stand. In other
cases, the acid extract was made alkaline with sodium hydroxide, and the liberated bases were purified
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by crystallization or chromatography with a column filled with aluminum oxide. The yields and physical
constants of the 8~ and a-carbolines are presented in Table 1.

1H-g-Carbolines. A 500-mg sample of 1H-2-chloro~a-carboline was hydrogenated over 50 mg of
10% palladium on carbon in 20 ml of aleohol at atmospheric pressure until hydrogen absorption ceased
(2-16 h). The catalyst was removed by filtration, and the solvent was evaporated to give the hydrochloride,
which was converted to the base and crystallized from a suitable solvent. The physical constants andyields
of the a~carbolines are presented in Table 2,

1,4-Dimethyl-g-carboline (XIV). A solution of 1.36 g (36.3 mmole) of sodium borohydride in 71 ml
of water was added with vigorous stirring at 25° in a nitrogen atmosphere to a solution of 2.58 g (12.1 mmole)
of PdCl, - 2H,0 in 225 ml of water. After 1-2 min, the mixture was acidified with hydrochloric acid, and a
large portion of the water was decanted without allowing the catalyst to come into contact with the air. A
solution of 2.7 g (11,5 mmole} of hydrochloride X in 22.8 ml of glycol was then added to the residual sus-
pension, and the mixture was heated to 40~50° and stirred in an inert atmosphere for 15-20 min. It was
then cooled and diluted with water, and the catalyst was removed by filtration. The filtrate was made alka-
line and extracted with ether, the solvent was removed, and the residue was crystallized from trichloro-
ethylene to give colorless crystals of carboline XIV, with mp 239-240°, in 37% yield. Found: C 79.3; H
8.1; N 14.1%. Cy3H 3Ny, Calculated: C 79.6; H 6.2; N 14.3%. The hydrochloride had mp 273° (from alcohol,
in a sealed capillary).

1-Methyl-4~isopropyl-g-carboline (XV). A mixture of 1.35 g of hydrochloride XI, 13.5 m! of glycol,
and 0.68 g of palladium black, prepared by the method in [4], was stirred in a stream of nitrogen at 148°
for 15 min, after which the suspension was cooled, another 0.68 g of the catalyst was added, and the mix-
ture was heated for another 15 min, It was then worked up as described for carboline XIV to give XV with
mp 162-163° (from trichloroethylene) in 89% yield. Found: C 80.7; H 7.1; N 12,3%. Cy;HN,. Calculated:
C 80.3; H 7.2; N 12.5%. The hydrochloride had mp 283-284° (from alcohol, in a sealed capillary).

1-Methyl-3-propyl-S-carboline (XVI). This compound was obtained from XII by the method used to
prepare XV. The product was isolated in 64% yield in the form of the acid fumarate with mp 206-207°
(from water). The picrate had mp 252-255° (from alcohol). Found: C 55.6; H 4.2; N 15.3%. CsH Ny~
C.H3N3O;. Calculated: C 55.6; H 4.2; N 15.4%.
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