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Freatment of 2,3-dihydrothiazolo] 2,3-6 |benzothiazolium bromide with sodium acctate in

acetic acid gave predominantly 3-(2-acetoxyethyl)-2-henzothiazolinethione and the minor prod-

uct 3-(Z-acetylthiocthyl)-2-henzothiazolinone. The mechanistic implications of this and previous

results are discussed in terms of the reaction of 2-henzothiazolinethione and its derivatives with

ethylene oxide in acetic acid.

In the first paper of this series (1) it was shown that
treatinent of  2-benzothiazolinethione (1) with excess
ethylene oxide in the presence of acetic acid gave 3-(2-
hydroxyethyl)-2-henzothiazolinone (2) as an unexpected

reaction product.
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Vlasova, et al. (2) recently reported analogous Lrans-
formations in which 4-phenyl-1,2 4-triazoline-3-thione (3)
and its I-phenyl isomer (4) were seen to undergo N-
hydroxyethylation accompanied by replacement of sulfur
by oxygen 1o give compounds 5 and 6, respectively, under
the same conditions.  In connection with their obser-
vations they have proposed a mechanism in which ethylene
sullide may be extruded from an intermediate as illustrated
below.
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The mechanism whereby thiocarbonyl is replaced by
carbonyl under these conditions was not considered in
our original publication, but subsequent observations (33)
now permit certain conelusions to be drawn. For example,
we found that methoxide ion could effect a similar
desulfurization with subsequent formation of a thioether
possibly through a rearrangement as shown below,  An
ionized intermediate having a negative charge on sulfur is
a possibility, but the intramolecular reactivity of such a
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nucteophilic species in the ethylene oxide-acetic acid
reaction mixture would be greatly exceeded by the rate
of its protonation. We instead propose that the acetate
ion enters the reaction leading to the formation of an
intermediate which undergoes rearrangement analogous
to that shown above followed by loss of an acetylthiol
ester. Such a scheme would have the advantage of being
applicable to the reactions of either N- or S-substituled
isomers of 2-henzothiazolinethione, conforming to experi-
mental evidence (1) (types A and B as summarized below).
It would also explain why desulfurization does not proceed
with ethylene oxide in other solvents such as methanol or
acetone.

In our original experiments with ethylene oxide and
acetic acid we did not detect or look for the critical
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Type BB (S-substituted):
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thiolester elimination products.  In order to test the
validity of the proposed route we decided to study the
effect of acetate ion on the benzothiazolium salt 7,
which allows an easy isolation of the sulfur-containing
leaving group in whatever form it assumes since it would
be stilf attached to the parent molecule.

Upon heating 7 in acetic acid and sodium acelate,
however, not one but two major components were detected
in the crude reaction mixture. The nmr speetrum showed
the presence of both acetate and acetylthiol esters (about
3:1), while the uv spectrum indicated both the 2-carbonyl
and the 2-thiocarbonyl forms of the benzothiazoline ring.
Following separation by preparativesscale thin-layer chro-
matography, the two products were identified as the
predicted rearrangement product 3-(2-acetylthioethyl)-2-
benzothiazolinone (8) and its isomer 3-(2-acetoxyethyl)-
9-benzothiazolinone (9), a compound previously pre-
pared by the thiation of the corresponding 2-carbonyl
compound (4). ldentification of 8 was substantiated by
independent synthesis from 3-(2-mercaptoethyl)-2-benzo-
thiazolinone and acetic anhydride (5).
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The formation of compound 8 in this experiment
establishes the role of acetate ion in the desulfurization

reactions.  [n addition, the other isomer provides an
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example of the involvement of the a-carbon of the 2,3-
dihydrothiazolo ring in the reaction which we were unable
to detect or to prove previously. The preponderance of
the latter reaction in the case of the eycliec benzothiazolium
salt 7 may be explained by the more hindered environment
of the carbon atom of the dithiocarbamate moicty and
the increased reactivity ol the methylene group in the
2, 3-dihydrothiazolo ring.
EXPERIMENTAL (7)

A solution of 2.74 g. (0.01 mole) of 23-dihydrothiazolo-
12.,3-b |benzothiazolium bromide (3) (7) and 8.2 g. (0.1 mole) of
anhydrous sodium acetate in 50 ml. of acetic acid was heated at
reflux overnight. The residue obtained by concentration in vacuo
was suspended in 100 ml, of water and extracted with three 50-ml.
portions of chloroform. The combined extracts were washed with
sodium bicarbonate solution and dried over sodium sulfate. After
the removal of the solvent 2.4 g. of thick oil was oblained which
on silica gel tle showed two spots at Ry 0.7 and Ry 0.5 (ether-
petroleurn ether, 1:1). For purification 0.8 g. of the total
mixture was chromatographed on four silica gel preparative-scale
tle plates (K. Merck) with the same solvent system. On isolation
the slower moving band (R¢ 0.5) gave 0.31 g. (37%, crystallized
from ether) of 3{2-acetoxyethyl)-2-benzothiazolinethione 9
which was identified by comparison of ir spectra and melting
point with authentic material (4). The faster moving band yielded
0.09 g. of crystalline material after isolation and crystallization
from petroleum ether; m.p. 76-78°. Spectral and elemental analysis
data confirmed the structure as that of 3{2-acetylthioethyl)-2-
benzothiazolinone (8); nmr (deuteriochloroform): & 7.0-7.5
(m, 4, Cllg), 3.94.3 (m, 2, NCHp), 2.9-3.3 (m, 2, SCHy) and
2.36 ppm (s, 3, S-acetyl); A max (methanol) (nm): (e x 1073);
200 (2.76), 2825 (2.68), and 215 (39.9); mass spectrum:
M* at m/e 253.

Anal. Caled. for G H1NO2S; (253.3): C,52.15; H, 1.38;
N, 5.53. Found: €,52.09; 11,4.29; N,5.34.
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