STUDIES IN THE CYCLOBUTANEDICARBOXYLIC ACID FIELD
IV. SYNTHESIS OF BIS-QUATERNARY SALTS OF ALKYLAMINO ESTERS
OF ¢-TRUXILLIC ACID

A. P, Arendaruk, A. P. Skoldinov, UDC 615.785.3-015
and D. A. Kharkevich

Some dialkylaminoalkyl esters of ¢-truxillic acid and their bis-quaternary salts have been
synthesized, and their properties and pharmacological activity have been studied.

In the preceding works of this series [1-3] we presented results of studies connected with determina-
tion of the structure of new thesimine and thesine alkaloids which were isolated from the plant Thesium
Minkwitzianum of the sandalwood family [4]. It was established that thesimine is the a-isoretronecanol
ester of p~hydroxycinnamic acid (I), while thesine is di-w -isoretronecanyl p,p'-dihydroxy-«o-truxillate (II).
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The new type of pyrrolizidine alkaloid we have found is interesting because of the fact that thesine
displays curare-like action which is markedly enhanced by converting it to the bis-methiodide [5]. And up
till now the preparation of many medicinal preparations has been based on directed changes in structure of
natural biologically active substances. In this connection, investigation of the pharmacological properties
of a number of derivatives of cyclobutanecarboxylic acids has merited attention, especially the search for
new active miorelaxants among compounds structurally close to thesine. In the molecule of thesine bis-
methiodide there are two cationic centers (quaternary nitrogen atoms) which are distinguished by their
behavior toward alkali, contain ester groups, and are a part of the cyclobutane and pyrrolizidine systems,
It is known that the spacing between the quaternary nitrogen atoms and the structure of the part of the or-
ganic molecule which contains them determine the presence of curare-like properties in tubocurarine
chloride and other synthetic curare-like compounds. It was of interest to synthesize a number of bis-
quaternary salts of dialkylaminoalkyl esters of the stereoisomeric cyclobutanedicarboxylic acids and to
investigate them for curare-like activity as a function of changes in structure of the amino alcohol and
acid fragments of the molecule.

In the present communication we describe the preparation and properties of bis-dialkylaminoalkyl
esters of o-truxillic acid (III) and their bis-quaternary salts, and also the results of pharmacological testing
of the latter (see Table 1).

The starting o-truxillic acid was synthesized by photodimerization of transcinnamic acid under the
action of direct sunlight; we also used artificial light sources successfully for photodimerization—the best
results were attained in the case where an RV-350 lamp was used. The esters (III) were prepared by the
reaction of a-truxilloyl chloride with 4 moles of the o, w-dialkylaminoalkanol in benzene medium:

Institute of Pharmacology and Chemotherapy of the Academy of Medicinal Sciences of the USSR,
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After separation of the precipitated amino alcohol hydrochloride, the ester base III remained in the
form of an oil which could not always be induced to crystallize; the bases were then converted to the bis-
quaternary salts, and in some cases to the dihydrochlorides,

The esters (III) synthesized differed among themselves in length of hydrocarbon chain in the dialkyl-
aminoalkyl radicals, which changed the spacing between cationic centers; and also in the nature of the sub-
stituents on the quaternary nitrogen atom, by which the character of the shielding around the positive charge
in the cations was varied; and in the nature of the anions, which permitted increasing the solubility of the
salts in some cases.

EXPERIMENTAL*

The amino alcohols RyN(CHy,OH were prepared by known methods, starting from allyl alcohol for
n = 3 [6], from vy -butyrolactone for n =4 [7], and from the w-chlorocarboxylic acids for n = 5 or 7 [8].

a-Truxillic Acid

A, Photodimerization of Cinnamic Acid under the Action of Sunlight, Cinnamic acid (1200 g) was
placed in 10 cellophane bags (60 X 40 cm) and irradiated with sunlight for 40 days (from 8 a.m. to 1 p.m.;
May-June), mixing the acid daily. The mixture of cinnamic and a-truxillic acid obtained was boiled for 1 h
with 3 liters of dichloroethane., The undissolved precipitate was filtered off, washed with hot dichloroe-
thane (2 x 250 ml), and again boiled with 1 liter of dichloroethane. The a-truxillic acid was filtered off,
washed with hot dichloroethane (2 X 250 ml), and dried. There was obtained 500 g of «-truxillic acid,
m,p. 280°% % lit. [9]: m.p. 280-283°, The yield was 41.6%based on cinnamic acid taken. By evaporation of
the dichloroethane solutions, about 500 g of cinnamic acid of m.p. 128-130° was recovered. The yield of
a-truxillic acid based on cinnamic acid consumed was 71%.

B. Irradiation of Cinnamic Acid with an RV-350 Mercury-Tungsten Lamp. Onto a rack of 20 X 15¢cm
dimensions was set 10 g of cinnamic acid,and it was irradiated for 150 h with a type RV-350 lamp suspended
15 cm away. Separation of the g -truxillic acid from the cinnamic acid was carried out just as described
above. There was obtained 2 g of o-truxillic acid, m.p. 280-285° (50% yield, based on cinnamic acid con-
sumed),

o-Truxilloy! Chloride,

A mixture of 29.6 g of ¢-truxillic acid, 60 ml of thionyl chloride and 200 ml of dichloroethane was
heated on a water bath until the precipitate completely dissolved (about 1 h). The dichloroethane was
stripped under vacuum, 200 ml of dichloroethane was added to the residue, and it was again stripped. The
residue (32 g) had m.p. 114-120°; the pure acid chloride, m.p. 125°, was obtained by recrystallization from
benzene; lit. [9]: m.p. 127.1-127.8°,

Bis-dialkylaminoalkyl Esters of ¢-Truxillic Acid (III).

(Typical experiment,) To a solution of 0.4 mole of the amino alcohol in 250 ml of dichloroethane was
added, with stirring and cooling, a solution of the unrecrystallized di-acid chloride obtained above in 200 ml
of dichlorethane, at such a rate that the temperature of the reaction mixture did not rise above 10°, The
reaction mixture was stirred for 2 h and was then allowed to stand at 20-25° for 12 h; after this it was ex-
tracted several times with 300 ml of a 5% sulfuric acid solution. The acid extract was decolorized with
charcoal, and then, with cooling, a 25% ammonia solution was added to pH 9.0. The precipitate which

*T, V. Golovkina took part in the synthesis of the compounds in the experimental part of the work, and L. A,

Kravchuk took part in their pharmacological investigation,
THere, and in the table, we give uncorrected melting points.
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separated was filtered off, washed with cold water,and dried, If the precipitated base could not be induced
to crystallize, it was extracted with ether and the solvent was evaporated from the dried ether solution.
Yields, analyses,and properties of the compounds obtained are given in the table.

Bis-quaternary Salts,.

(Typical experiment.) A solution of 0.05 mole of the bis-alkylaminoalkyl ester and 0.2 mole of the
alkyl halide in 100 m! of methanol was heated under reflux until the alkaline reaction disappeared. The
methanol was stripped under vacuum, the residue was treated with acetone, recrystallized from a suitable
solvent (alcohol, methanol, water, or acetone),and dried under vacuum over phosphorus pentoxide (seetable).
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