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Thiiranes dimerize in several cases to give dithianes by the action of alkali [1]. 1In
the present work, we studied the possibility of achieving such a dimerization for thioglycidic
acids and the behavior of these acids in the presence of bases.

1,4-Dithiane~2,5- and 2,6-~dicarboxylic acids were initially obtained by the addition of
SCl, 'to acrylic acid and the subsequent action of Na;S. The structure of these products was
studied in detail by Gundermann and Burba [2]. Analogous compounds were subsequently isolated
in an attempt to synthesize the diethylamides of thioglycidic acids by the action of alkali
on the diethylamides of 1,2-(diacetylthic)alkanecarboxylic acids [3]:
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The formation of dithianes is attributed to the dimerization. of the intermediate thio-
glycidic acid derivatives. We have studied the reaction of a series of thioglycidic acids and
their derivatives with nucleophilic reagents, but dimerization to give dithianecarboxylic
acids was not observed. Elimination of sulfur with the formation of o,B-unsaturated acids
occurs in almost all cases:
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The facile desulfurization is apparently a consequence of the destabilizing effect of the
carboxyl group on the thiirane ring. In the case of esters (II)-(VI), we studied the effect of
the thioglycidic acid structure on the tendency to .undergo desulfurization upon the action of
various bases (Table 1). The effect, of substitution in the carboxyl group was shown by com-
parison of ester (II) and dimethylamide (VII). The facility of desulfurization was evaluated
relative to the amount of sulfur released or. . PhaPS in the. case of triphenylphosphine. The un-
reacted starting compounds and the a,B-unsaturated .acid derivatives formed were determined in
the mother liquor by gas—liquid chromatography. As expected, the amides are more stable than
the esters relative te sulfur elimination due to the electron-donor effect of the amide group
[compare (II) and (VII)]. The thiirane ring is also strengthened upon the introduction of a
methyl group, especially in the a position. Desulfurization occurs more readily when it re-
sults in the formation of the thermodynamically more stable unsaturated compound [compare (IV)
and (V), (IV) and (VI)].
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TABLE 1. Reactions of Thioglycidic Acid Derivatives* with Bas-
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*Syntheses reported in our previous work [3].

We have found that thioglycidic acids and their derivatives do not dimerize upon the ac-
tion of nucleophiles but rather lose sulfur. Thus, in order to explain the formation of di-
thianes (I), we studied the transformations of 1,2-(diacetylthic)- and 1,2-dimercaptopropionic
acids in the presence of alkali. Thus, heating the methyl ester of 1,2-(diacetylthio)propionic
acid in KOH solution at reflux (the conditions of Tang and Speziale [3]) gives trans-1,4-dithi-
ane-2,5~dicarboxylic acid (VIII) along with 1,2-dimercaptopropionic acid, its methyl ester and
K.S. The formation of K,S was indicated by the release of H,S upon acidification of the reac-
tion mass.
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Treatment of the methyl ester of 1,2-dimercaptopropionic acid by a solution of KOH in
aqueous methanol at 20°C leads to the formation of dimethyl ester (IX). The formation of K,S
in this case was indicated by the addition of 2,4-dinitrochlorobenzene to the reaction mass
after acidification and formation of the corresponding sulfide; Me,S was released upon treat-
ment with Mel. :

B-Substituted propionic acids tend to undergo B-elimination [4, 5]. On the basis of
these results, namely, the release of H;S, we may propose the following scheme for the forma-
tion of dithianedicarboxylic acids from 1,2-(diacetylthio)- and 1,2-dimercaptopropionic acids.
The action of alkali leads to B elimination with the release of H,S, and the a-mercaptoacrylic
acid formed dimerizes to give a symmetrical dithianedicarboxylic acid.
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Thus, we have shown that the scheme for the formation of amides of dithianedicarboxylic
acids (I) from amides of 1,2-(diacetylthio)propionic acids through intermediate thiiranes as
proposed by Tang and Speziale [3] is incorrect since thioglycidic acids and their derivatives
are not formed under these conditions,

EXPERIMENTAL

The gas—liquid chromatographic analysis was carried out on a Tsvet 4-67 chromatograph
with a thermal conductivity detector on a column packed with polyethylene glycol on Chromo-
sorb W and helium as the carrier gas.

. Trans~1,4-Dithiane-2,5-dicarboxylic Acid (VIII). A solution of 23.6 g (0.1 mole) methyl
1,2-(diacetylthio)propionate [6] in 0.5 N aq. KOH was heated at reflux for 0.5, cooled to 20°C,
and acidified with conc. HCl to pH 3 with the observation of H,S release. Water was removed in
vacuum, and the solid residue was dissolved in 30 ml dioxane. Insoluble KCl was separated, and
dioxane was removed in vacuum until the onset of crystallization. A total of 1.36 g (13%)
(VIII). was obtained, mp 246°C [2]. The dioxane filtrate was diluted with benzene, and the
precipitated oil was separated and fractionated to yield 7.3 g (48%) methyl 1,2-dimercapto-
propionate, bp 75°C (2 mm), n_ 2° 1.5246 [6] and 2.3 g (16.7%) 1,2-dimercaptopropionic acid,
bp 55°C (0.02 mm), mp 72°C (ffom CHCls) [6].

Dimethyl Ester of trans-1,4-Dithiane-2,5-dicarboxylic Acid (IX). a) A sample of 0.84 g
(15 mmoles) KOH in 20 ml 50% aqueous methanol was added with stirring to a solution of 1.52 g
{10 mmoles) methyl 1,2-dimercaptopropionate [6] in 3 ml methanol, and the mixture was main-
tained for 24 h at 20°C. The precipitate formed was washed with benzene and ether and repre-
cipitated from acetone by the addition of ethanol to yield 295 mg (25%) (IX), mp 122°C [2]}.
Found: C 40.76; H 5.06; S 27.27%. Calculated for CgH;.0,S»: C 40.79; H 5.06; S 27.11%. A
sample of 2.03 g (10 mmoles) 2,4-dinitrochlorobenzene was added to one half of the filtrate,
and the mixture was heated at reflux for 10 min. The precipitate that formed upon cooling was
filtered off to give 2.5 g (68%) dimethyl sulfide, bp 37-38°C [8].

b) A sample of 0.21 g (1 mmole) (VIII) was treated at 20°C with an ethereal solution of
diazomethane until no further nitrogen was released. The ether was removed to give 0.23 ¢
(97.5%) (IX), mp 121-122°C. The melting point of a mixed probe with a sample of the ester des-
cribed above was not depressed.

General Method for the Reactions of Thioglycidic Acids (II)~(VII). with Bases. A cataly-
tic amount (5-10 drops) of base was added to a 5% solution-of 10 mmoles of the thioglycidic
acid in ether or benzene. Triphenylphosphine was taken in an equimolar amount in 25 ml 3:2
ether—benzene. The mixture was maintained at 20°C, and after some time, the sulfur or Ph,PS
that separated was filtered off (yields are given in Table 1). The unreacted starting compounds
and unsaturated products in the mother liquor were identified by gas—liquid chromatography.
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