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It has been established that when 6-oxonitrile arylhydrazones are boiled in glacial acetic acid substituted
a-carbolines are formed.

We have shown that when 2-(2'-cyanoethyl)cyclohexanone phenylhydrazone is heated with glacial acetic acid, in
addition to the normal products of Fischer cyclization, 2,3-tetramethyl-a-carboline is formed. The formation of an o~
carboline was explained by an electrophilic attack by the carbon atom of the nitrile group of the nitrogen of the C =N in
the hydrazone with a subsequent rearrangement of the amidine type similar to the Fischer reaction. If this mechanism
is correct, under similar conditions 5-oxacarponitrile hydrazone (I) should form 2-methyl-a-carboline (II).

In actual fact, when the hydrazone I was boiled with glacial acetic acid, the carboline II, identical with an authentic,
sample, was obtained. The authors thank E. V. Pronina who provided a sample of 2-methyl-«o~-carboline synthesized
from 2-hydrazino-6-methylpyridine and cyclohexanone with subsequent aromatization [3]. Similarly, 2,3-dimethyl-a-
carboline (IM) is formed from 4-methyl-5-oxocapronitrile phenylhydrazone. As can be seen from Table 1, when the
acid is diluted the yields fall, and under the action of sulfuric acid resinification or the normal formation of 3-cyano-
ethyl-2,3-dimethyl-3H-indole is the main process.

Table 1. Influence of the Reaction Conditions of the Yield of 2,3~
Dimethyl-w-carboline

Cyclizing agent Temperature, °C Reaction time Yield, %
Glacial CH; COOH Boiling 10 hr 33—35
95% CH, COOH Boiling 10 hr 4—5
Glacial CH, COOH 20 2 months 0
Polyphosphoric acid 85 2 hr 8
Cone. H, S0, 20 6 hr | 0
20% H,S0, 100 15 min. | 4*
Conc. HC1 170180 | 1 b 3—4*

.

*The main product of the reaction (yield about 50%) was 3-(2'-cyano-
ethyl)-2,3-dimethyl-3H-indole.

It might be assumed that the a-carbolines are formed by some rearrangement or other of the corresponding in-
doles and 3H-indoles, but when 3-cyanoethyl-2,3-dimethyl-3H -indole (IV), 3-cyanoethyl-2-methylindole, or 1-(2'-cyano-
ethyl)-2,3-dimethyl-3H-indole was subjected to prolonged (10-12 hr) heating with glacial acetic acid, no formation of the
corresponding a-carboline (I or III) could be detected even chromatographically. If the decomposition of the arylhy—
drazone under the action of the glacial acetic acid gives rise to derivatives of 2-pyridone or dihydro-2-pyridone which
again react with phenylhydrazone forming amidrazones, the latter may cyclize in the manner of a Fischer reaction.

*For part XIV, see [1].
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However, even boiling 5,6-tetramethylene-2-pyridone [4, 5] with phenylhydrazine in glacial acetic acid for several hours
did not lead to the formation of a carboline, and the starting materials were recovered unchanged. In addition, if the
water is not eliminated beforehand and an attempt is made to cyclize not the phenylhydrazones but a mixture of phenyl~
hydrazine and 4-methyl-5-oxocapronitrile in glacial acetic acid, the yield of carboline II falls from 33 to 5-6%.

Thus, in our case two competing reactions apparently take place: under the action of a strong acid the protonation
of the hydrazone nitrogen atom takes place, an enehydrazine (A) arises, and an ordinary Fischer reaction takes place;
in the second case, the nitrile group attacks the hydrazones nitrogen atom with the formation of a cyclic amidrazone
system (B) which then, under the action of the acid, rearranges with the closure of the second ring.
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The PMR spectra (faken in CCl;onan RS-60 instrument for the acetyl derivatives of 2-methyl-, 2,3,8-trimethyl-,
and 2,3-tetramethylene-a~-carbolines and on a JNM-100 instrument for the others) agree well with the structure of the
substances obtained. All 'the spectra have a doublet with J = 7-10 Hz in the weak-field region which could be ascribed
to the @—pyridine proton (8.6 ppm). But since in all the a-carbolines that we obtained there is a substituent in the o-
position of the pyridine part of the molecule and since the components of the doublet are weakly split additionally (1.5 Hz,
meta splitting), it cannot be ascribed to one of the pyridine protons. There is an acetyl group in all the compounds, and
therefore it might be assumed that the doublet relates to Hg, which is subject to the descreening influence of the car-
bonyl group. Apparently, free rotation of the acetyl group is hindered because of the closeness of the electron pair of
the nitrogen of the pyridine nucleus, and the carbonyl group is also close to Hy. In actual fact, in 2,3,8-trimethyl-a-
carboline there is no doublet in the weak-field region. The chemical shifts of the methyl group and the Hg proton are
given in Table 3. The complete assignment of all the signals in the PMR spectra of the a-carbolines is complicated by
the overlapping of the resonance frequencies of the protons of the pyridine and benzene moieties of the molecule, but
it can be done without special calculations for certain compounds. Figure 1 shows the spectrum of 9-acetyl-4-methyl-
a~-carboline (a sample with the authentic structure was kindly given to us by P. Nantka~Namirsky (Warsaw)): doublet
with 6 8.55 ppm somewhat broadened (Hg,, J = 7.5 Hz), two doublets with 6 8.2 ppm (H,, J=4 Hz), and § 7.03 ppm (Hs,.
J =4 Hz), and a doublet with ¢ 7.88 ppm (H;, J=7.5 Hz), each of one proton unit, and a multiplet (Hy and H;) of two pro-
ton units. The spectrum of 9-acetyl-2-methyl-o-carboline (Fig. 2) shows a doublet with 6 8.33 ppm (Hg, Jg,7 =10 Hz,
Jg,¢ =2 Hz) and a AB system of interacting protons with 6 6.7 ppm (H;, J3,4 =12.7 Hz) and 6 7.49 ppm (Hy, Jy4,5 =12.7 Hz)
superposed on the lines of the resonance frequencies of Hg, Hg, and Hy;. The spectrum of 9-acetyl-2,3,6-trimethyl-o-
carboline (Fig. 3) has a doublet with 6 8.3 ppm (H;, J3 7 = 8.75 Hz) interacting with Hy (6 7.01 ppm, J7,3=8.75 Hz, Jq 5=
1.5 Hz), and a sharp singlet with 6 7.4 ppm (H,) and a somewhat broadened singlet of the signals of the Hg proton (6
7.25 ppm).
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Table 3. Chemical Shifts of the Methyl Groups and H; Protons in the
N-Acetyl-a-carbolines (6 Scale)
s 4

QO

3 1

COCH,
@ - Carboline ( 9-CH; | 3-CH; | 4-CH; | 6-CH; | 8-CHx COCHSE He |J, Hz
i ‘ i
2-Methyl- 237 — — — | 282 833} 127
4-Methyl- — — 2.82 — — 3.1 855 7.5
2,3-Dim§thyl- 2,36 215 — - — 2.85| 8.42| 80
2,376-Tf{methy" 2.41 2.20 — 2.41 — 285 83 8.75
:2,3,8-Trimethyl- 250 2251 — 241 315 — —
:2,3-Tetramethylene- - _ _ _ _ l 285! 85 ‘ 75
|

EXPERIMENTAL

2,3-Dimethyl-a~carboline (III). Some 2.7 g (0.025 mole) of phenylhydrazine was added to 3.1 g (0.025 mole) of 4-
methyl-5-oxocapronitrile, and the mixture was heated in the water bath for 3 hr; then the water liberated and the un-
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Fig. 1. PMR spectrum of 9-acetyl-4-methyl-qo-carboline.
Fig. 2. PMR spectrum of 9-acetyl-2-methyl-a-carboline.
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Fig. 3. PMR spectrum of 9-
acetyl-2,3,6-trimethyl-o~car-
boline.

changed oxonitrile and phenylhydrazine were distilled off with benzene in a current of gas under reduced pressure. The
resulting 4-methyl-5-oxocapronitrile phenylhydrazone was treated with 120 ml of glacial acetic acid and the mixture
was boiled for 10 hr, cooled, diluted, with water, and brought to neutrality by the addition of 2 N NaOH, after which the
precipitate that had formed was filtered off, washed with water on the filter, and recrystallized from benzene to give
1.32 g (32.5%) of the carboline TII, with mp 262-263°C; Ry 0.45 [Al,O3, benzene~ethyl acetate (2: 1)]; UV spectrum: Amgx
260, 302, 332 nm; log € 4.12, 4.32, 3.81 (in methanol). Found %: € 79.62, 79.64; H 6.37, 6.26; N 14.24, 14.13. CyzH;,N,.
Calculated %: C 79.52; H 6.98; N 14.31.

9-Acetyl-2,3-dimethyl-a-carboline. A mixture of 0.2 g of the carboline IIT and 10 ml of acetic anhydride was
boiled for 1 hr, cooled, diluted with water, and neufralized with sodium bicarbonate, and the precipitate that deposited
was filtered off to give 0.2 g (82%) of 9-acetyl-2,3-dimethyl-a~carboline with mp 132-133°C (from ethanol). UV spec-
trum: Amax 232, 262, 292 nm; log € 4.34, 3.91, 4.15 (in methanol). Found %: C 75.81, 75.84; H 6.08, 6.06. Cy;H;,N,O.
Calculated %: C 75.61; H 6.06.

The a~carbolines II, IV, and V and their acetyl derivatives were obtained similarly. Their constants and yields
are given in Table 2.
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