SYNTHESIS OF SUBSTITUTED 2- AND 4-CARBOXYPYRYLIUM SALTS
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and G. N. Dorofeenko

Modified methods for the synthesis of substituted 2- and 4-carboxypyrylium per-
chlorates and the necessary diphenacylacetic acids are proposed.

The presently known methods for the synthesis of o- and y-substituted carboxypyrylium
salts consist in dehydrogenation of the corresponding carboxypyrans [1, 2], cyclization and
oxidative dehydrogenation of diphenacylacetic acids [3], and acid condensation of benzalace-
tophenone with pyruvic acid [4]. However, these methods are distinguished by their complex-
ity and in most cases are restricted to only particular examples.

In the present paper we propose modified and rather general methods for the synthesis
of substituted 2- and 4-carboxypyrylium perchlorates and the necessary diphenacylacetic acids.

We have found that the simplest method for the preparation of 4,6-diaryl-2-carboxy-
pyrylium salts (Table 1) is the reaction of chalcones with pyruvie acid or its methyl and
ethyl esters. Triphenylmethyl perchlorate (Tr*C10,”) in glacial acetic acid was used as the
condensing and dehydrogenating agent.  Benzalpyruvic acid, which reacts with various ketones
to give 2-carboxypyrylium salts, can also be used as the chalcone.

The reaction proceeds via the scheme
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Attempts to subject benzalacetone to reaction with pyruvic acid did not lead to the pro-
duction of 2-carboxypyrylium salts, since benzalacetone undergoes self-condensation to give
2,6-distyryl-4~phenylpyrylium salts; this was confirmed by alternative synthesis from the
2,6~dimethyl-4~phenylpyrylium salt and benzaldehyde. The characteristics of the synthesized
2-styryl-4-phenyl-6-methylpyrylium and 2,6-distyryl-4-phenylpyrylium perchlorates are in
agreement with the literature data [5].

4—Carboxypyrylium salts were synthesized by the reaction of benzoylacrylic acid with
ketones. However, the yields of the pyrylium salts are low (& 10%) in the case of one-step
acid condensation. The rate~determining step of this reaction is probably addition of the
ketones to the double bond of benzoylacrylic acid (the Michael reaction). This is confirmed
by the fact that carrying out the reaction in two steps — addition of the ketones in an alka-
line medium to give diphenacylacetic acids II (Table 2) and subsequent cyclodehydrogenation
and aromatization — increases the yields of the 4-carboxypyrylium salts considerably (Table 3).
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The 4-unsubstituted 2-carboxypyrylium salt was obtained by condensation of o-hydroxy-
naphthaldehyde with pyruvic acid in the presence of acetic anhydride and 70% perchloric acid.
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The synthesized 2~ and 4-carboxypyrylium salts are extremely reactive compounds and have
luminescence in organic solvents. However, under the influence of UV light they lose their
luminescence properties, probably as a consequence of the facile splitting out of a molecule
of acid with the formation of betaine structures.

Further studies of the chemical properties of 2- and 4~carboxypyrylium salts make it
possible to hope that they have high reactivity; this is important for the development of
new preparative methods in the chemistry of heterocyclic compounds [6, 7].

EXPERIMENTAL

The PMR spectra of solutions of the compounds in trifluoroacetic acid were recorded with
a Tesla BS-467 spectrometer (60 MHz) with hexamethyldisiloxane as the internal standard. The
IR spectra of mineral oil suspensions of the compounds were recorded with a UR-20 spectrom-
eter.

2-Carboxypyrylium Perchlorates (Ia-q). A mixture of 0.0l mole of the corresponding
chalcone, 0.01 mole of pyruvic acid, 0.015 mole of triphenylmethyl perchlorate, and 15 ml
of glacial acetic acid was heated for 20 min, after which it was cooled, and the precipitate
was removed by filtration, washed with glacial acetic acid and ether, and recrystallized from
a suitable solvent (Table 1).

Diphenacylacetic Acids (IIa-h). A 0.015-mole sample of the corresponding ketone was
added with stirring in small portions to a mixture of 0.01 mole of benzoylacrylic acid, 1 g
of potassium hydroxide, and 10 ml of ethanol, and the mixture was stirred at 30-40°C for 1 h.
It was then diluted with ether, and the potassium salt of the diphenylacetic acid was removed
by filtration and air dried. The compound was dissolved in water and treated with concen-
trated HC1 at 10°C. The precipitate was removed by filtration, dried, and purified by re-
precipitation from alkaline solution by the addition of hydrochloric acid (Table 2).

4~Carboxypyrylium Perchlorates (IIIa-k). A 0.015-mole sample of triphenylmethyl per-
chlorate was added to a solution of 0.0l mole of the corresponding diphenacylacetic acid in
15 ml of acetic acid, and the mixture was refluxed with stirring for 5 min. It was then
cooled, and the product was removed by filtration (Table 3).

2-Carboxynaphtho[2,1-b]lpyrylium Perchlorate (IV). A solution of acetyl perchlorate (a
mixture of 1 mole of 707 perchloric acid and 3 ml of acetic anhydride) was added to a mixture
of 1.72 g (0.01 mole) of 2-hydroxy-l-naphthaldehyde, 10 ml of glacial acetic acid, and 0.1 g
of pyruvic acid, and the mixture was heated on a water bath until it turned dark red. It was
then cooled and diluted with ether, and the precipitate was removed by filtration, washed with
ether, and recrystallized from glacial acetic acid to give 0.4 g (12%) of a product with mp
262°C (dec.). IR spectrum: 1100 (CLO,”); 1565, 1605 (aromatic CH); 1720 (C=0); 3520 cm~*®
(OH). Found: C 52.0; H 3.0; C1 9.8%. C,,HsC1l0,. Calculated: C 51.8; H 2.8; C1 10.2%.
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