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The Direct Introduction of Carboxyl-derived Functions into Pyrroles and Indoles
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Whereas introduction of carboxyl or carboxylate groups into pyrroles and indoles may be
achieved by several methddsl, the subsequent conversion of the resulting acids into derivatives
other than simple amides or esters often poses problems because of their inherent instability
and the difficulty of preparing the corresponding acid chlorides. This commmication reports &
new and essentially one-step synthesis of pyrrole and indole carboxylic acid derivatives
including esters, amides, thioamides, amidinium salts, and thioformamidinium salts.

Readily available N,N-dialkyl dithiocarbamates (].)2 react with phosgene in inert solvents
giving chlorothioformamidinium salts (2)3. These hygroscopic salts react with pyrroles and
indole in benzene solution at room temperature or above giving fair to excellent yields of the
corresponding pyrrolyl (or indolyl) thioformamidinium galts (e.g. 3), isolated usually as the

perchlorate or picrate.
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The preparation of 3-indolylthioformamidintum perchlorate (4, X = C104) is typical.
S,N,N-Trimethylchlorothioformamidinium chlor.lde3 (34.6 g, 0.2 mol.) was added to a solution of
indole (11.7 g, 0.1 mol.) in benzene (200 ml) and the mixture stirred,protected from moisture,for
24 hr at room temperature. The benzene was decanted from the resulting gummy solid, water (100
ml) was added and stirring continued for 15 min. The aqueous solution was filtered through

Kieselguhr, extracted with ether and 20% aqueous sodium perchlorate added until no further product
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precipitated. ‘he perchlorate salt (4, X = ClOA) was obtained as a pale yellow gum which
rapidly crystallised; it was collected, washed with water and dried in vacuo over phosphorus
pentoxide. The crude product was recrystallised from acetone-ethyl acetate and formed colorless
plates, m.p. 150-153° dec. (yield, 50-60%) (Fomd: C, 45.16; H, 4.71; N, 9.03. ClZHDNZC]'OAS
requires C, 45.21; H, 4.74; N, 8.792). The nmr spectrum (dmso—dG) showed signals centred at
8§2.41 (singlet, 3 protms, SMe), 3.67 (doublet, 6 protoms, NMez), 7.48 (multiplet, 4 protons,
aromatic CH), 8.07 (dowblet, sharpening to singlet on deuteration, o-CH of pyrrole ring), and
16.7 (broad signal, exchanging on deuteration, pyrrolic NH).

The salt (4, X = ClOl‘) is a useful reactive intermediate, and undergoes 2 number of
reactions leading to esters, thiolesters, dithioesters, amides, thioamides and amidinium salts
derived from indole-3-carboxylic acid. The isolation of the perchlorate salt is not always
necessary, however, and most of the sbove products can be cbtained in comparable yields directly
from the aqueous solution of (4, X = Cl1).

Analogous reaction sequences to those described above have been carried out on simple
pyrroles and in this way a number of novel pyrrolyl thioamides and amidinium salts have been
obtained. Further studies on the properties of pyrrolyl and indolyl thioformamidinium salts
are in progress, and the reaction of chlorothioformamidinium salts (2) with other reactive

heterocyclic, aromatic and aliphatic systems is currently being explored.
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