SYNTHESIS OF 2-ARYLINDOLE DERIVATIVES
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In connection with the fact that carbazole derivatives present interest in the search for new medicinal
preparations [1], we have achieved the synthesis of 1,2-benzocarbazole derivatives by intramolecular cycli-
zation of 2-arylindolyl-3-acetic acids. The latter were prepared from 2-arylindoles (I-II)) by the general
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The synthesis of 2-phenylindole () was performed by the method described in [2]; and the method of
preparing 2-veratrylindole (II) was improved — the yield was 90% instead of 54.4% [3]. By methylation of
(I) with dimethyl sulfate we obtained the already known [2, 4, 5] 1-methyl-2~phenylindole (III); here the
isolation of the product was improved in the synthesis method of [5]. The yield of 2-phenylgramine (IV)
which we obtained was significantly higher than that indicated in the literature [6]. We synthesized the
2-phenylindolyl-3-acetonitriles (IX, X) from the methiodides of the 2-phenylgramines (VII, VIII) by the
known method of [3]. 1-Methyl-2-veratryl-3-acetonitrile (XI) was prepared by methylation of 2-veratryl-
3-acetonitrile, which has been described in the literature [3], with dimethyl sulfate. From nitrile (IX) we
succeeded in obtaining in high yield the ester (XII) and amide (XIII) of 2-phenylindolyl-3~acetic acid, which
had previously been synthesized by another method [7]. By hydrolysis of the nitriles (IX-XI) and the amide
(XIIT) under the action of potassium hydroxide in ethylene glycol, we prepared the 2-arylindolyl-3-acetic
acids (XIV-XVII), of which XIV had been previously synthesized by other methods [6, 8]. Attempts at intra-
molecular eyclization of 2-arylindolyl-3-acetic acid derivatives (XIV-XVII) into 1,2-benzocarbazole deriva-
tives in the presence of polyphosphoric acid, phosphorus pentoxide in benzene, or concentrated sulfuric
acid proved fruitless. We also investigated the intramolecular cyclization of 1-methyl-2~phenylindolyl-3~
acetyl chloride, which was attempted in benzene in the presence of aluminum chloride; that is, under the
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conditions described for intramolecular cyclization in
the indole field by [9]. Thereupon, instead of the ex~
pected derivative of 1,2-benzocarbazole we obtained
1-methyl-2-phenyl-indolyl-3-acetophenone (XVTIII),
which was formed as the result of acylation of the
solvent. Substitution of the benzene by solvents which

- i % § § E § could not be acylated, for example, dichloroethane,
- leads to the formation of resinous products.
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e © * 2-Veratrylindole (I). To 66 g of 100% phos-

phoric acid solution, at 90°, was gradually added
acetoveratrole phenylhydrazone (prepared from 16.2
g of phenylhydrazine and 27 g of acetoveratrole),
heated to 80°; here the temperature of the mixture
should not exceed 140°. Then the suspension formed
was heated for 15 min at 140-145°, cooled to 120-130°,
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diluted with 0.5 liter of hot water, and boiled until a uniform precipitate was formed. The precipitate was
filtered off, washed with water to a neutral reaction, and dried. The yield of II was 34.5 g (30%), mp 190~
191° (from a 3:1 methanol-acetone mixture); lit. [3], mp 190~192°.

1-Methyl-2-phenylindole (TII). To a solution of 28.95 g of 2-phenylindole (I) [2] in 180 ml of acetone
was added, all at once, a saturated solution of 30 g of sodium hydroxide and then, over a period of 5 min,
37.8 g of dimethyl sulfate; the mixture was stirred for 45 min, and was diluted upon cooling with 2 or 3
volumes of water. The precipitate was filtered off, washed with water, and dried. The yield of III was
31 g 99.5%), mp 99-100° (from methanol); lit. [5], mp. 100-101°,

2-~Phenyl-3-dimethylaminomethylindole (IV). To a suspension of 38.6 g of I in 200 ml of dioxane was
added a solution of 32.6 g of dimethylamine hydrochloride in 98 ml of water and 30 ml of a 40% formalin
solution; the mixture was stirred and warmed at 40° until complete solution occurred. The solution was
allowed to stand overnight, then it was diluted with 4 or 5 volumes of distilled water, it was filtered, the
filtrate was shaken with acidic charcoal, and it was filtered again. The filtrate was made basic, with ice
cooling, by adding 2 N sodium hydroxide solution to a strongly alkaline reaction. The base (IV) precipitated
in the form of a dense, viscous oil, which crystallized upon rubbing with methanol. The crystals were fil-
tered off, washed with water, and dried. The yield of IV was 30 g (69%), mp 129-130° (from methanol). Lit,
[6], mp 130-130.8°.

1~-Methyl-2-phenyl~3~dimethylaminomethylindole (V) was prepared similarly, and was isolated in the
form of the hydrochloride (VI). Data on VI are given in Table 1.

2-Phenyl-3-dimethylaminomethylindole methiodide. (VII). To a solution of 10 g of IV in 120 ml of
absolute ether was added 7.4 ml of methyl iodide and the mixture was allowed to stand for 2 h. The preci~
pitate was filtered off, washed with ether, and dried. The yield of VIl was 15.6 g 99%), mp 200-201° (dec.,
from a 1:2 methanol —ether mixture). Found,%: C 54.88; H 5.70; N 7.08; 1 32.1. CygH,N,I. Calculated, %:
C 55.11; H 5.40; N 7.14; 1 32.34. Compound VIII was prepared similarly (see Table 1).

2-Phenylindoly!-3-acetonitrile (IX). A solution of 15.8 g of VII and 13 g of potassium cyanide in 80
ml of water and 12 ml of dioxane was boiled under reflux for 2 h. The mixture was cooled, and was diluted
with a double volume of water, The precipitate was filtered off, washed with water, and dried. The yield
of IXwas 8.6 g 92.5%), mp 117-118° (from methanol). Found, %: C 83.03; 83.21; H 5.22, 5.10; N 12,07,
12.13. CygHN,. Calculated, %: C 82.73; H 5.20; N 12.06. Compound X was prepared similarly (see Table1).

1-Methyl-2-veratrylindolyl-3-acetonitrile (XI). Toa suspensionof 5.1 g of 2-veratrylindolyl-3-aceto-
nitrile [3] in 67 ml of dimethyliormamide was added a solution of 3.4 g of sodium hydroxide in 3 ml of dis-
tilled water. The solution was stirred for 1~2 min and then 3.3 ml (0.034 mole) of dimethyl sulfate was
added to it over the course of 5 min. The reaction mixture was stirred for 40-45 min and, upon cooling,
was diluted with 4 or 5 volumes of water. The precipitate was filtered off, washed with water, and dried.
The yield of XI was 5.18 g (97.7%), mp 139.5-140° (from methanol). Found, %: C 74.28, 74.23; H 5.78, 5.55;
N 9.26, 9.58. CygH;N,O,. Calculated, %: C 74.49; H 5.92; N 9.14.

Ethyl 2-Phenylindolyl-3-acetate (XII). Compound IX (1.8 g) was dissolved in a mixture of 12 ml of
absolute ethanol and 8 ml of absolute ether, and dry hydrogen chloride was passed into the solution for 4 h,
with stirring. After 4 days the mixture was diluted, after cooling, with 4 or 5 volumes of water. The mix-
ture was heated for 1 h at 50-55°, cooled, and the precipitate was filtered off, washed with water, and dried.
The yield of XII was 2 g 91%), mp 82~82.5° (from agueous methanol). Found, %: C 77.34, 77.17; H 6.04, 6.02
6.02; N 5.42, 5.37. CyHyNO,. Calculated, %: C 77.39; H 6.13; N 5.02.

2-Phenylindolyl-3-acetamide (XIII). To 120 gof polyphosphoric acidwas added 4.6 g of IX and, while
stirring, the suspension obtained was heated at 50-60° for 4 h. The mixture was cooled, diluted with 5 or
6 volumes of water, the precipitate filtered off and washed with water, and it was dried. The yield of XIIiI
was 3.8 g (76%), mp 198~199° (from acetone). Found, %: C 76.80, 76.49; H 5.60, 5.56; N 11.21, 11.10.
C¢H,N,O. Calculated, %: C 76.77; H 5.63; N 11.19.

2-Phenylindolyl-3-acetic Acid (XIV). Compound IX (2.3 g) and 1.12 g of potassium hydroxide were
heated together in 4 ml of ethylene glycol for 3 h at 140-150°. The solution was cooled, diluted with 6 or 7
volumes of water, and filtered; the filtrate was acidified with glacial acetic acid. The precipitate was fil-
tered off, washed with water, and dried. The yield of XIV was 1.9 g (76%), mp 177-178°. Found, %: C 76.33,
76.12; H 5,30, 5.44; N 5.59, 5.78. CygH3NO,. Calculated, %: C 76.47; H 5.21; N 5.57. Compound XVI was
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prepared similarly (see Table 1). By hydrolysis of X, XI, and XTII, carried out under similar conditions,
but at 180-185°, the corresponding acids (XV, and XVII, see Table 1) were prepared, as well as XIV.

1-Methyl-2-phenylindolyl-3-acetophenone (XVIII). To a solution of 2.65 g of XV in 25 ml of dry ben-
zene was added 1.5 ml of thionyl chloride, and the mixture was boiled on a water bath for 2 h. The benzene
and excess thionyl chloride were stripped off, and the 1-methyl~2-phenylindolyl-3-acetyl chloride, without
isolation, was dissolved in 25 ml of dry benzene; to the solution was added, with stirring, 2.6 g of anhydrous
aluminum chloride. The mixture was heated for 6 h at 50°, it was allowed to stand overnight, and then it was
poured onto 30 g of ice containing 5 ml of concentrated hydrochloric acid, The benzene layer was separated
and the aqueous layer was extracted with benzene, The combined benzene extracts were washed with water,
dried by azeotropic distillation with a Dean-Stark adapter, and the benzene was stripped off under vacuum,
The residue was dissolved in 45 ml of a 3 : 1 benzene — petroleum ether mixture and was chromatographed
on aluminum oxide. The yield of XVIII was 1.3 g(40.6%), mp 118-119° (from ethyl acetate).

LITERATURE CITED

. I. Andreeva, Farmakol. i Toksikol., No. 6, 713 (1967).
. I. Grineva, V. A. Sadovskaya, and V. N. Ufimtsev, Zh. Obshch. Khim., 33, 552 (1963).
. B. Woodward, M. P. Cava, W. D. Ollis, et al., Tetrahedron, 19, 247 (1963).
. M. Kissman and D. W. Farnsworth, J. Am. Chem. Soc., 74, 3948 (1952).
. 8. Patent No. 3,012,040; Chem. Abstracts, 58, 508e (1963).
E. Pretka and H. Lindwall, J. Org. Chem., 19, 1080 (1954).
. Ochiai and J. Tafai, Itsuu Kenkyusho Nempo, 13, 5 (1963); Chem. Abstracts, 60, 488 (1964).
British Patent No. 517,692 (1940); Chem. Abstracts, 35, 71073 (1941).
W. Bovche and A, Klein, Justus Liebigs Ann, Chem., 548, 64 (1941).
R. B. Carlin, J. Wallace, and E. E. Risher, J. Am. Chem. Soc., 74, 992 (1952).

PrIsmHrwpE
B O@®eE =z 2

-t
<o

134



