SYNTHESIS OF CERTAIN DERIVATIVES OF 6-AMINOPENICILLANIC ACID
BASEC ON N-SUBSTITUTED MONOAMIDES OF MALEIC ACID
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and L. G. Myasnikova

After the discovery of 6-aminopenicillanic acid (6~APA) a large number of semisynthetic
penicillins were synthesized [1-3]. For the purpose of searching for new antibiotic prepara-
tions we synthesized certain semisynthetic penieillins containing N-substituted monoamides
of maleic acid as the actyl radical.

The carboxylic acids based on maleic anhydride and substituted aromatic amines were
synthesized by the known method [4-6].
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N-Substituted monoamides of maleic acid were introduced into reaction with 6-APA as
-mixed anhydrides [7, 8], obtained with the methyl or isobutyl ester of chlorocarbonic acid.
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Derivatives of 6~APA (Ila-j) were isolated as sodium salts by lyophilization of their
aqueous solutions, prepared using sodium bicarbonate, or by their precipitation from organic
solvent with 1 N sodium alkoxide in butanol (Table 1).

The second method makes it possible to obtain derivatives of 6-APA as crystalline salts.
The degree of purity was determined by iodometric titration. The structure was confirmed by
elemental analysis data and IR spectroscopy, from which the presence of B-lactam and thia-
zolidine rings in the synthesized derivatives of 6-APA could be judged (characteristic fre-
quencies of the carbonyl group of the B-lactam ring in the region of 1770-1790 cm™!, the amide
group in the region of 1680-1690 cm™*, ionized carboxyl group in the region of 1600-1610 cm™%).
Characteristic frequencies of the nitro group in the region of 1350 and 1520 cm™! are pres—
ent in nitro derivatives of 6-APA. Characteristic frequencies of deformation vibrations of
-aromatic ring protons are presented in the region of 700-900 cm™ ! as a function of position
of the substituent.
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The antimicrobic activity of the new semisynthetic penicillins was studied in experi-
ments in vitro by the method of two serial dilutions in liquid nutriment (see Table 1). It
was established that the investigated materials possess expressed antibacterial effect in
relation to penicillin-resistant strains of Staphylococcus aureus; their biological activity
was 4-33 times greater in comparison with the activity of benzylpenicillin. The most inhib-
iting effect was shown by (IIa) and (ITh). The minimum suppressing concentration (MSC)
of these materials was close to or exceeded slightly the MSC of methicillin. However, oxa-
cillin was 2-4 times more active than the indicated derivatives. In this connection the
antimicrobic activity of (IIa) and (IIh) was studied in relation to a broader group of micro-
organisms (Table 2). The preparations were effective in action on Grammpositive bacteria,
while Gram-negative (Escherichia, Proteus, Pseudomonad, Klebsiella) were stable to the named
materials.

EXPERIMENTAL
IR spectra were taken on an IKS-22 instrument in KBr.

N-Substituted Monoamides of Maleic Acid (Ia-j). To a solution of 0.1 mole of maleic
anhydride in 160 ml of acetone was added with intense stirring 0.12 mole of the correspond-
ing substituted or unsubstituted aniline in 100 ml of acetone. The reaction was carried out
for 1.5-2 h at a temperature of 50-60°. Then the reaction mixture was cooled and poured in-
to 800 ml of 0.01 N hydrochloric acid. The precipitate was filtered, washed with water, then
suspended in 1 liter of water, anda 30% sodium hydroxide solution was added with intense
stirring to pH 7.0-8.0. The undissolved portion was filtered and the filtrate was acidified
to pH 2.5-3.0. The precipitate was filtered, washed with water, and dried. Yield was 70-
92%; mp corresponded to literature data [4-6].

Semisynthetic Penicillins (IIa-j). To a solution of 0.0l mole of N-substituted maleic
acid monoamide in 50 ml of tetrahydrofuran cooled to —10° with stirring was added 0.0l mole
of triethylamine in 10 ml of tetrahydrofuran, the mixture was stirred for 30 min, 0.01 mole
of the isobutyl ester of chlorocarbonic acid in 10 ml of tetrahydrofuran was added gradually,
and the mixture was stirred for 30 min at a temperature of —10°. Then 0.01 mole of 6~APA in
a mixture of 20 ml of cold water and 1.4 ml of triethylamine were added in one portion.

The reaction mixture was stirred for 40 min at —10° and for 2 h at 30°, 50 ml of water
was added, and the mixture was cooled to 0°.

The obtained solution was washed with ether (2 x 40 ml), the pH of the aqueous layer
was brought to 3.0 with 6 N sulfuric acid, and the liberated derivative of 6-APA was ex-
tracted with 50 ml of chloroform.

The extract was washed with water (3 x 30 ml) and dried with magnesium sulfate. The
dried extract was filtered, a threefold volume of dry ether was added to it, and the sodium
salt of the 6-APA derivative was separated by adding 1 N sodium alkoxide in butanol to pH
7.0. The precipitated product was filtered, washed with dry ether, and dried.

Samples for elemental analysis were subjected to additional purification: The sodium
salt of the 6—APA derivative was precipitated from methanol with ether and then transformed
two times from the Na form to the H form. Derivatives of 6-APA were subjected to elemental
analysis in the H form.
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