3-Cyano-4-(f~-carboxyethyl)-2,5-dicarboxypyrrole (VI}. A mixture of 0.89 g (2.9 mmole) of pyrrole IV
and 12 ml of 2 N sodium hydroxide solution was refluxed for 1 h. after which it was cooled and extracted with
eight 30-m!lportions of ether. The extracts were dried, the solvent was removed by vacuum evaporation, and
the residue was recrystallized from acetic acid containing heptane to give 0.61 g (83%) of a product with mp
270° (mp 272-273 ° [6]). IR spectrum: 3180 (NH), 2630 (COOH), 2245 (CN), 1730, 1680 (COOH) cm™t,

3-Cyano-4-(B-carbomethoxyethyl)pyrrole (VI). A mixture of 100 mg of tricarboxylic acid VI, 2 g of
sodium acetate, and 3 g of potassium acetate was heated in a stream of nitrogen at 180-190° for 10 min and
at 230° for 2 min. The mixture was then cooled and dissolved in 40 m1 of water. The aqueous solution was
extracted with four 10-mlportions of ether, and the extracts were dried, concentrated in vacuo to a small
volume, and treated with excess diazomethane. The solvent was evaporated, and the residue was chromato-
graphed with a column (1.5 15 cm) filled with silica gel with elution by chloroform. The slow-moving fraction,
which gave a rose coloration with Ehrlich's reagent on Silufol UV-254, was evaporated and the residue was re-
crystallized from benzene containing hexane to give 4.5 mg (6.5%) of a product with mp 81-81.5°. IR spectrum:
3340 (NH), 2240 (CN). 1725 CO,CHj) cm™!. Mass spectrum, m/e (§): 178 (M+, 30), 147 (9), 119 (35), 118 (100),
105 (53), 92 (8); m*: 126.4 (178 —150), 96.3 (147—119), 71.1 (119—-92). PMR spectrum, 6, ppm: 2.63 (2H, t,
CH,CH,CO,CH,), 2.90 (2H, t, CH.CH,CO,CH;). 3.61 (3H, s, CH,CH,COOCH,), 6.57 (1H, s, 7.20 (1H, s).

LITERATURE CITED

J. L. Fry, Chem. Commun.. 45 (1974).

G. A. Swan and A. Waggott, J. Chem. Soc., C, 285 (1970).

H. Fischer and H. Orth. Chemis Des Pyrrols, Johnson Repr. (1969).
S. F. McDonald, J. Chem. Soc., 4176 (1952).

L. Vanino, Preparative Chemie. Vol. 2, Stuttgart (1923), p. 305.

M. Piattelli, Tetrahedron. 8, 266 (1960).

O W

NEW SYNTHESIS OF PYRROLES

I. I. Ibragimov, A. N. Kost. UDC 547.742.07
M. M. Guseinov. R. A. Gadzhily,
S. P. Godzhaev. V. G. Dzhafarov,
R. A. Agaev, and A. K. Murguzov

The reaction of ammonia or a primary amine with alkyl{cycloaklyl, phenyl)-g,y-dihalopropyl
ketones gives 2-. 2,4-, and 1,2~ or 1.2,4-substituted pyrroles in high yields.

We have previously shown that reaction of carboxylic acid chlorides with allyl chloride in the presence of

aluminum chloride gives dichloropropyl ketones. which are converted to 2-alkyl- or 2-cycloalkylfurans on vac-
uum distillation [1].

In the present research we have established that pyrroles are formed in the reaction of the above-indicated
dichloro ketones with excess ammonia or a primary amine (in water or in water-ether). Nitrogen-unsubstituted
compounds (in the case of the reaction with ammonia) were obtained in 60-70% yields, the yields of 1-phenyl-
pyrroles reached 75%. and pyrroles with an alkyvl, allyl, or cycloalkyl group in the 1 position were obtained in
vields above 80¢. No substantial difficulty was observed in the synthesis of 1,2-dialkylpyrroles even in the
case of those with bulky substituents.

For the preparation of 2.4~ or 1.2.4-substituted pyrroles we used dichloro ketones formed by reaction of
the appropriate acid chloride with methallyl chloride in the presence of aluminum chloride, but we did not
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isolate them in the individual state. These ketones enabled us to obtain substances with a methyl group in the
4 position of the pyrrole ring. We were unsuccessful in an attempt to extend this method to other substituted
allyl chlorides because of a considerable amount of polymerization. However, in some cases it was found to be
advantageous to replace allyl chloride by the corresponding bromide. For example, we were unable to obtain
any preparative yields of the desired products starting from benzoyl chloride with allyl chloride, but the re-
action proceeded successfully when allyl bromide was used, and this made it possible to synthesize 2-phenyl-
pyrrole and its 1-substituted derivatives.

Satisfactory results of elementary analysis and characteristic UV and IR spectra were obtained for the
synthesized pyrroles after rectification (in vacuo, where necessary). Some of the pyrroles have been previously
described, and their physical constants did not differ substantially from our values.

For example, the boiling point of 2-propylpyrrole is close to the literature value. Bands at 3392-3400
(NH), 3095 (ring C —H stretching vibrations), 1570 and 1475 (ring C—C in-plane vibrations), and 790 and 715
cm™ (ring C—H deformation vibrations) are observed in its IR spectrum. In the case of the spectra of 1-
substituted pyrroles, the vibrations characteristic for the pyrrole ring at 1555-1560 and 1500-1505 cm~! and
the absence of NH group absorption were noted. The molecular weights and the fragmentation of the molecular
ion in the mass spectrum correspond to the assigned structure (the mass spectra willbe the subjectof a special
publication). According to gas-}iquid chromatography (GLC) data, the pyrroles obtained in this study contain
no more than 1.5-29 impurities, mainly the corresponding furans. An examination of the PMR spectra makes
it possible to assume that all of our substances have a 2-substituted pyrrole structure without a substituent in
the 5 position, and this excludes possible migration of the groups during synthesis. For example, singlets of
3-H and 5-H protons of the pyrrole ring are seen in the spectrum of 2-isopropyl-2-ethyl-4-methylpyrrole at
5-34 and 6-10 ppm. A singlet at 1.94 ppm (4-H), a triplet centered at 1.14 and a quartet (2.46 ppm) of an ethyl
group, and the characteristic multiplet of the isopropyl group (quartet of the CH group centered at 3.95 and
doublet of methyl groups at 1.27 ppm, J=6 Hz) are present at strong field.

We did not make a special study of the mechanism of the reaction, but it is most likely that the first step
under the influence of amine is elimination of HHal, which ties up the amine and thereby prevents the possibility
of polymerization. The resulting cation (I) undergoes cyclization due to intramolecular attack on the p pair of
electrons of the nitrogen atom with simultaneous migration of the multiple bond. After this (or simultaneously,
for otherwise attack by the cyclic cation on the neutral pyrrole molecule becomes likely), the intermediate
undergoes deprotonation with aromatization.

HC=CR!

R! + R R!
RCOCH,C(CI)Rt _R°NH, [ — | —ut i
B —2= RC CH, — . ad - B
I + R7ENN R/\N R
{
RE

4

CH,Cl R’ﬁ . h
R:

=

One should, however, allow for the simultaneous or alternative formation of an o .3-unsaturated y-chloro
ketone, which is subsequently converted to an amino ketone and cyclized. The conversion of unsaturated v-halo
ketones with similar structures to pyrroles under the influence of ammonia or primary amines has been de-
scribed [2], and Rodebaugh and Cromwell [3] were even able to isclate unsaturated amino ketones in the case
of cyclization of bromomethylchalcones. 1,2-Dicyclohexylpyrrole and some of its substituted derivatives were
recently obtained [8] from the corresponding dichloro ketones. and it was assumed that the reaction proceeds
through a step involving the formation of an aziridine.

EXPERIMENTAL

The individuality of the compounds obtained in this study was monitored by means of a Chrom-3-JKL
chromatograph with PMS-100 as the mobile phase and Chromosorb W as the support. The solid compounds
were monitored by chromatography on Silufol plates. The IR spectra of the compounds (without a solvent) were
recorded with a UR-20 spectrometer. The PMR spectra of CCl4 solutions of the compounds were obtained with

an RS-60 or Varian T-60 spectrometer. The starting dichloro ketones were obtained via the Kondakov reaction
as described in [1].

2-Methylpyrrole. A solution'of 15.5 g (0.1 mole) of freshly prepared 4 ,5-dichloro-2-pentanone in 100 ml
of ether was added dropwise with stirring while maintaining the temperature at 30-35° to a solution of 45 ml
(0.6 mole) of 25% ammonium hydroxide, after which the mixture was allowed to stand at room temperature for
5 h with periodic stirring. The ether layer was then separated and washed with water, and the aqueous layer
was extracted with ether. The combined extracts were dried with magnesium sulfates, the solvent was removed
by distillation, and the residue was vacuum fractionated in a stream of nitrogen to give 5.6 g (69%) of 2-methyl~
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pyrrole with bp 60-61° (30 mm), d42° 0.9456, and “D20 1.5017. The results of analysis for C, H, and N were in
agreement with the calculated values. The product was chromatographically identical to a genuine sample.
According to the data in [4]. this compound has bp 146-148° (749 mm), dfo 0.9438 and nDQO 1.5025.

1-Isopropyl-2,4-dimethylpyrrole. A solution of 16.9 g (0.1 mole) of 4,5-dichloro~4-methyl-2~pentanone
in 50 ml of ether was added dropwise at 20-25° to a solution of 18 ml (0.3 mole) of isopropylamine in 50 m! of
ether, after which it was stirred at room temperature for 2 h. It was then refluxed for 3 h, cooled. washed with
water, and extracted with ether. The organic layer was dried with magnesium sulfate, the solvents was removed
by distillation, and the residue was vacuum fractionated in a stream of nitrogen to give 12 g (88¢) of 1-isopropyl-
2,4~dimethylpyrrole with bp 36-37° (2 mm), d,** 0.8886, and np® 1.4788. Found: C 78.5; H 10.7; N 10.4%.
CgH,sN. Calculated: C 78.8; H 10.9; N 10.2%.

The other 1-alkylpyrroles were obtained in the same way (at 20-35°) (see Table 1).

1-Phenyl-2-methylpyrrole. A 15.5-g (0.1 mole) sample of 4.5-dichloro-2-pentanone was added dropwise
at 30-35° to a mixture of 27 ml (0.3 mole) of aniline and 100 ml of water, after which the mixture was refluxed
for 3 h and worked up as in the preceding experiments to give 11.6 g (74%) of 1-phenyl-2-methylpyrrole with
bp 97-98° (9 mm), d,*° 1.0341, and np® 1.5790 [bp 112.5-113° (12 mm), d,® 1.0315. and np?® 1.5775]. The other
1-phenylpyrroles were obtained in the same way (Table 1).
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SYNTHESIS OF DERIVATIVES
OF 2-BENZYLTETRAHYDROCARBAZOLE
AND 4-BENZYLPYRAZINOTETRAHYDROCARBAZOLE

A. N. Grinev, I. N. Nikolaeva, UDC 759.3'853.07:543.422.4
and L. B. Altukhova

2-Benzylidene- and 2-benzyltetrahydrocarbazoles were synthesized, and the latter were con-
verted to 4-benzylpyrazinotetrahydrocarbazoles.

Up until now, only 3a.4,5,6-tetrahydropyrazino[3,2,1-jklcarbazoles with substituents only in the aromatic
portion of the molecule were known [1]. For the first time we have obtained carbazoles of this sort with a
benzyl substituent in the aliphatic ring for a comparison of their biological properties with those previously
described. 1,2,3.4-Tetrahydro-1-oxo-2-benzylidenecarbazole derivatives (Ila-e). obtained by condensation of
1,2,3,4-tetrahydro-1-oxocarbazoles (Ia-e) with benzaldehyde in the presence of sodium methoxide or potassium
hydroxide, were used as the starting compounds. Both of these catalysts ensure the synthesis of benxylidene
derivatives Ila-e in high yields under mild conditions, as in the preparation of benzylidene derivatives of cyclo-
hexanone and ao-~tetralone [2, 3].
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