THIOHYDROXIMIC ESTERS
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Thiohydroximic esters constitute a relatively little-studied group of organic compounds. In particu-
lar, aminoalkyl esters of thiohydroximic acids have not been described in the literature. Meanwhile, such
compounds may present interest as physiologically active substances, especially as cholinesterase reacti-
vators where cholinesterase has been inactivated by organic phosphorus insecticides. While hydroxamic
acids and oximes have been widely studied as cholinesterase reactivators [1], the esters of hydroximic
acids have not attracted the attention of investigators, There are data from a study of ethyl benzhydroxy -
mate, CcH;C(=NOH)OC,H;, but its activity was very slight, even by comparison with benzhydroxamic acid
[2]. We have not found data in the literature with respect to S-esters of thichydroximic acids as cholin-
esterase reactivators. However, we think that this type of compound presents considerable interest, since
reactivators of type I, which is structurally similar to acetylcholine (II), can be obtained in this series,
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Effective reactivators which have found practical use, for example, 2-pyridoxal methochloride (2-
PAM) (III), contain a quaternary nitrogen atom separated from the oxime group by a chain of two carbon
atoms as the acetylcholine structure fragment. Reactivators of type IV, which are obtained in the series
of esters and amides of oximinoacetic acid [3, 4], have a greater similarity to acetylcholine.

However, among the cholinesterase reactivators which have been described, those which are struc-
turally closest to acetylcholine are the S-esters of thiochydroximic acids of type I which we first prepared
[5]. Precisely this structural similarity of the reactivator to acetylcholine may ensure optimum conditions
for fixing the reactivator on the active surface of the cholinesterase and effecting the reactivation process.

The thichydroximic esters were prepared by the reaction of hydroximyl chlorides™® with 2-diethyl-
aminoethanethiol,
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The starting hydroximyl chlorides were prepared by chlorinating the aldoximes [7, 8] dissolved in
chloroform, methanol, or a mixture of chloroform and ether. Thereupon the oximes of anisic and salicylic

*This name is given in conformity with the nomenclature of [6] for organic compounds. In many works,
compounds of this type are mistakenly called hydroxamyl chlorides.
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aldehydes were chlorinated to form 5-chloro-4-methoxybenzhydroximyl chloride and 3,5-dichloro-2-hydrox-
ybenzhydroximylchloride [9].

The hydroximyl chlorides reacted very easily with 2-diethylaminoethanethiol to form the correspond-
ing thiohydroximic esters in the form of the hydrochlorides. Apropos the mechanism of this reaction, the
suggestion has been made in the literature that a nitrile oxide is formed from the hydroximyl chloride in
the first stage under the action of the base, and that the thiol then adds to this compound [10-12]. In the
case of the compounds which we have synthesized this can be represented by scheme A,

[ﬁ C=N-=0 + HSCH,CH;0(G;H) - HCl]

NOH / NOH \

]
B~C—Cl + HSCH,CH;N (G;Hs); R-C- SCH,CH,M{CoHs), *HCL

et

R - ~R(C7Hy), CHICH, SH - 01}

Along with this mechanism, it may also be suggested that in the first stage of the reaction a quater-
nary hydroximylammonium derivative is formed (scheme B), which then rearranges to the thiohydroximic
ester hydrochloride. In the case of reaction of an aminothiol with a hydroximyl chloride, that is, when the
basic group and the thiol group are present in the same molecule, occurrence of reaction by route B seems
more probable to us.

The thiohydroximic ester hydrochlorides are crystalline substances which are usually readily soluble
in water. Upon the action of one equivalent of alkali on aqueous solutions of the hydrochlorides, the bases
are liberated; these are insoluble in water and have limited solubility in organic solvents. The quaternary
derivatives were prepared by alkylating the bases dissolved in alcohol, nitromethane, or dimethylform-
amide (see Table 1).
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According tc data obtained by [13], the hydrochlorides of S-diethylaminoethyl esters of thiohydroximic
acids exert a definite medicinal effect in intoxication of animals by 0,0- dlmethyl -0-(2,2-dichlorovinyl)
phosphate (DDVP) and reactivate the cholinesterase of various organs.

EXPERIMENTAL

Hydrochloride of S-diethylaminoethyl Benzthiohydroximate (Xa). Benzaldoxime (6 g) was dissolved
in 20 ml of chloroform, the mixture was cooled in ice and salt, and chlorine was passed in until the gain
in weight was 3.5 g. The reaction mixture was allowed to stand for 30-40 min inthe cooling mixture. Dry air
was passed through the solution for 40 min to remove hydrogen chloride. A solution of 5.6 g of diethyl-
aminoethanethiol [14] in 30 ml of ether was added in 2 to 5 ml portions to the benzhydroximyl chioride so-
lution, with cooling and stirring. A precipitate separated in the form of a viscous mass which erystallized
over the course of 20-30 min. The reaction mixture was allowed to sit in a refrigerator until the following
day. The precipitate was filtered off, washed with chloroform, and dried in a vacuum desiccator. The
yield was 8.5 g, mp 132-134°., After recrystallization from absolute alcohol, the mp was 134-135°.

Compounds Va-XVIa were prepared under analogous conditions.
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S-Diethylaminoethyl Benzthiohydroximate (Xb). Method I. Compound Xa (2.88 g) was dissolved in
10 ml of water, and a solution of 0.6 g of potassium hydroxide in 3 ml of water was added. The precipitate
which separated was filtered off, washed with water, and dried in a vacuum desiccator. The yield was 2
g, a white powder which was difficultly soluble in aleohol or chloroform, mp 129-130° (from chloroform).

Compounds Vb-XIVb were prepared similarly.

Method II. Sodium hydroxide (2 g) was dissolved in 40 ml of alcohol, the solution was cooled in ice,
and 6.5 g of 2-diethylaminoethanethiol was added; to this solution was added by drops a solution of benz-
hydroximyl chloride which had been prepared by chlorinating 6 g of benzaldoxime. The precipitate was
filtered off, washed with alcohol and then with water, and was dried in a vacuum desiccator. The yield was
7.2 g (57%), awhite, finely crystalline powder, mp 131-132°, identical to the substance obtained by method I.

S-Diethylaminoethyl Benzthiohydroximate Methiodide (Xe¢). Compound Xb (0.5 g) was dissolved by
warming (to about 40°) in a mixture of 10 ml of absolute ethanol and 7 ml of nitromethane, methyl iodide
(0.91 g) was added, and the mixture was allowed to stand for 24 h at room temperature in a dark place.
Dry petroleum ether (3 ml) was added to the reaction mixture, and it was cooled to —10 to —15° The pre-
cipitate was filtered off, washed with a mixture of absolute alcohol and petroleum ether (1:2), and dried
in a vacuum desiccator. The yield was 0.7 g, consisting of thin, transparent, rectangular plates, mp 178-
179.5° (dec.).

Compounds Ve-XVe were prepared under similar conditions. To prepare XVle, the starting base was
dissolved in dimethylformamide,
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