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A method was developed for the preparation of various pyrrole, tetrahydroindole, and octa-
hydrocarbazole derivatives from the monophenylhydrazones of di- and tricarbonyl compounds.
As a rule, the yields of the substituted pyrroles obtained were higher than those obtained via
the Knorr method using isonitroso ketones,

In a continuation of our investigations (1], we synthesized pyrrole derivatives containing CHO, COR,
and COOR groups in the @ position. The Knorr method is used most frequently for the synthesis of such
pyrrole derivatives. According to one of the variants of this method, 1,3-dicarbony! compounds are con-
densed with isonitroso ketones [2]. The synthesis of isonitroso ketones is fraught with certain difficulties
in the case of cyclic mono- and diketones [3-6]. The yields of isonitroso ketones in the nitrosation of ali-
phatic ketones are far from being always satisfactory [7]. Since the nitrosation of ketones and the reduction
of isonitroso derivatives under the conditions of the Knorr reaction are often carried out in a single step,
the yields of substituted pyrroles are usually low [8, 9]. The possibility of using monoarylhydrazones of
polycarbonyl compounds instead of isonitroso ketones in the Knorr synthesis of pyrroles was used for the
synthesis of 2,4-dimethyl-3,5~dicarbethoxypyrrole from phenylazoacetoacetic ester [10]. However, this
reaction has not undergone further development. In connection with the fact that the monoarylhydrazones
of @-dicarbonyl compounds are widely available [11], we decided to use them in place of isonitroso ketones
in the Knorr synthesis of pyrroles. Our preliminary experiments demonstrated that substituted pyrroles
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are generally obtained in higher yields if monophenylhydrazones of o-dicarbonyl compounds are used in
the reaction instead of isonitroso ketones.
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TABLE 1. Pyrrole Derivatives

com - Mp, °C Yield, %
pound
[ 143— 144 (143—14415) 60
1 135136 {134—135%) 67,4
111 139—140 (139-—140%) 64,2
v 285—286a 85,5
\Y 110—111 (110°) 74
VI 149150 (149—150%) 57
VII 167—168 (163—164?) 65
VIII 169—170b 51,6
X 185—186¢C 51
X 132133 (132—133'7) 52
XI 202—203 (201—202%) 44
X1 97—98 (9718) - 60
XIII 903204 d 66,6

dFound: C 7.03; H 6.5; N 10.9%. Cy5HoN,0,. Calculated: C 70.3;
H 6.3; N 10.9%.
PFound: C 67.6; H 7.4; N 5.8%. CyH;NO;. Calculated: C 67.4;

H 7.7; N 5.6%.
CFound: C 71.4; H 7.7; N 6.4%. Cy3H{;NO,. Calculated: C 71.2;
H 7.8; N 6.4%.
dFound: C 77.8; H 8.6; N 6.5%. CyH{NO. Calculated: C 77.4;
H 8.8; N 6.5%.

Tetrahydroindole (X, XI) and octahydrocarbazole (XII, XIII) derivatives were obtained from cyclohex-
ane-1,2-dione monophenylhydrazone, It should be noted that we introduced considerable simplifications
and refinements into the synthesis of cyclohexane-1,2-dione monophenylhydrazone. The sodium salt of for-
myleyclohexanone, obtainedin the reaction of cyclohexanone with ethyl formate in alcoholic sodium ethoxide,
was coupled with benzenediazonium chloride and the product was used without isolation.

The synthetic method that we developed is especially interesting in connection with the fact that sev-
eral of the tetrahydroindole and octahydrocarbazole derivatives are starting compounds for the preparation
of biologically active substances [9, 12, 13].

EXPERIMENTAL

Cyclohexane-1,2-dione Monophenylhydrazone. An alcohol solution of sodium methoxide, prepared
from 4.6 g (0.2 g-atom) of sodium and 45 ml of methanol, was added with stirring to a cooled (5°) mixture
of 19.6 g (0.2 mole) of cyclohexanone and 22.2 g (0.3 mole) of ethyl formate. The precipitated sodium de-
rivative of formylcyclohexanone was allowed to stand for 5-6 h at room temperature and was then dissolved
in 100 ml of cold water, The cooled (to 0-5°) solution was added to an aqueous solution of benzenediazonium
chloride, prepared in the usual manner from 9.3 g (0.1 mole) of aniline, 30 ml of concentrated HCI, and
6.9 g (0.1 mole) of sodium nitrite and brought up to pH 5-6 by the addition of sodium acetate, The precipi-
tated crystals were removed by filtration, washed with cold water, and dried to give 18.0 g (90%) of cyclo-
hexane-1,2-dione monophenylhydrazone with mp 184-185°,

General Method for the Preparation of Substituted Pyrroles. Zinc dust (30 g) was added in portions
to a heated (to 60°) mixture of 0.1 mole of the monophenylhydrazone of a dicarbonyl or tricarbonyl com-
pound, 0.1 mole of cyclohexanone or a dicarbonyl compound,* 10 g of anhydrous sodium acetate, and 100
ml of acetic acid. The reaction mixture was refluxed with stirring for 1 h and decanted from the sediment
into 500 m] of cold water. The sediment was washed with hot acetic acid (four 15-ml portions), and the
acetic acid solutions were also diluted with water. The resulting precipitate was removed by filtration and
recrystallized from alcohol. Data on the pyrrole derivatives obtained are presented in Table 1.

*In the case of dimedone and dihydroresorcinol, 0.2 mole of each per 0.1 mole of monophenylhydrazone
was used. The phenyliminodimedone or phenyliminodihydroresorcinol. that are formed as side products
are easily separated from the tetrahydroindole derivative by recrystallization.
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