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In 1969 Chiang, Luloff, and Schippes! reported the syn-
thesis of 1,2-oxathiolan-5-one 2-oxide (1) by the chlorination
of 3,3’-dithiodipropionic acid in methylene chloride. The re-
ported analytical data for C, H, and S, as well as the molecular
weight (Rast), were in good agreement with structure 1, and
the infrared and NMR spectra could also be assigned to 1. To
our knowledge this is the only reported example of a stable
mixed carboxylic-sulfinic anhydride, though a mixed anhy-
dride of this type was postulated as an intermediate in the
reaction of sodium p-toluenesulfinate with acyl chlorides.?

0
N\
O=C\O’ 5=0 HOOCCH,CH,SSCH,CH,COOH
0
1 2

In our hands, the chlorination of 3,3’-dithiodipropionic acid
as directed! did not give 1. The only precipitate found in the
reaction was unreacted 3,3'-dithiodipropionic acid which is
quite insoluble in methylene chloride. We suggest that the
product obtained by Chiang et al.! was not the carboxylic—
sulfinic anhydride 1 but the thiosulfonate, S-(2-carboxy-
ethyl)-3-thiosulfopropionic acid (2), which was formed by
exposing the reaction mixture to moist air. That 2 should be
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found is not surprising as the chlorination of disulfides in the
presence of carboxylic acids followed by the addition of water
leads to thiosulfonates.? Indeed the addition of 2 mol of
chlorine per mol of 3,3’ -dithiodipropionic acid produced no
precipitate until the mixture came into contact with moist air.
The product that precipitates was shown to be 2 by compar-
ison of its melting point, mixture melting point, and infrared
and NMR spectra with an authentic sample prepared by the
peracetic acid oxidation of 3,3’-dithiodipropionic acid.4
The following evidence suggesting that the compound
prepared by Chiang et al.l is 2 and not 1 is put forth. First, the
reported melting point of 2 (146-147 °C)* is virtually the same
as that reported for 1 (148-150 °C). Second, the infrared
spectrum of 2 has all the major absorptions (£10 cm~1) re-
ported for 1 though of course the assignments are different.
Note particularly that assignment of the 1700-cm~! absorp-
tion to a carboxylic acid carbonyl is more reasonable than
assigning it to a cyclic anhydride.5 Third, the NMR spectrum
of 2 is similar to that reported! for 1; however, we propose that
the reported split doublet at § 3.0 is really two overlapping
triplets which we observed at 6 2.73 and 2.76 and that the
multiplets at § 3.4 and 3.9 are the triplets we observed at § 3.29
and 3.79. Fourth, attempts to determine a Rast molecular
weight of 2 gave widely varying results due to decomposition.
Fifth, 2 was soluble in hot water and insoluble in cold water
as reported for 1. The report! that 1 dissolves in aqueous basic
solution and is recovered unchanged upon neutralization can
be rationalized since the action of hydroxide ion on thiosul-
fonates produces disulfides and sulfinic acids.? In this case,
the 3,3’-dithiodipropionic acid which precipitates on neu-
tralization could easily be mistaken for starting material since
it is similar in appearance and melting point (157-159 °C).7
Sixth, when 2 is heated with o-chloroaniline, 3,3’-sulfonyldi-
propio-o-chloroanilide is produced as reported! for 1. Al-
though we cannot explain the fact that the reported per-
centage hydrogen for 1 is 0.59% too low for 2, we are satisfied
that the compound described by Chiang et al.l is the
thiosulfonate 2 and the existence of a stable mixed carbox-
ylic-sulfinic anhydride has yet to be demonstrated.

Experimental Section3

Preparation of S-(2-Carboxyethyl)-3-thiosuifopropionic Acid
(2). (a) To a stirred slurry of 0.2 mol of 3,3'-dithiodipropionic acid
(Aldrich) in 100 mL of dichloromethane in a 500-mL, three-necked
flask equipped with a thermometer, chlorine addition tube, and
condenser with a calcium chloride drying tube was added 0.4 mol of
chlorine gas over a period of 90 min. The temperature was kept at —30 -
+ 10 °C during the addition. The flask was allowed to warm to room
temperature after addition had been completed. The reaction mixture
was filtered to remove unreacted 3,3'-dithiodipropionic acid and the
yellow filtrate, upon standing for 2 h, yielded compound 2 upon fil-
tration. Compound 2 was recrystallized several times from water
yielding 8.95 g: mp 149-150 °C dec; tH NMR (Me2SO-dg, 100 MHz)
83.79(t,J =6Hz,2H),3.29 (t,J = 6 Hz, 2 H), 2.76 (t,J = 6 Hz, 2 H),
2.73 (t,J = 6 Hz, 2 H); IR (KBr) 32002400 (broad, OH), 1690 (acid
C=0), 1310 and 1110 (SO), and 1240 and 1160 (C-O stretch).

(b) Compound 2 was also prepared by the peracetic acid oxidation
of 3,3’-dithiodipropionic acid in a manner similar to Dickinson,* mp
149-150 °C dec [lit.4 mp 146-147 °C dec).

Preparation of 3,3'-Sulfonylydipropio-2-chloroanilide. Pre-
pared according to the directions of Chiang et al.! from compound 2
and 2-chloroaniline, mp 233-235 °C [lit.! mp 234-235 °C]}.
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The reaction of phenylglyoxal with aniline in an acid me-
dium has been investigated previously by two different
groups.l2 Yates reported the isolation of only one product
which he thought was phenylglyoxal anil (1). Proctor and
co-workers made a more detailed investigation of this reaction
in which they proposed structure 2 for Yates’ product and
isolated two new compounds: the major product (32%), which
was not assigned a structure, and a minor product (10.5%).
The minor product was reported to be the trans isomer of
1.

PhCOCHNHPh
PhCOCH=NPh PhCOCH,NPh
1 2

In this work, Proctor also described the synthesis of the two
stereoisomers of 1 by a different reaction. Treatment of N-
(p-toluenesulfonyl)phenacylaniline with base resulted in the
formation of cis-1 and this, in turn, was isomerized to the
trans isomer by reaction with a palladium catalyst.

It was of interest to us to repeat some of the above work to
confirm the reported structures and to identify Proctor’s
major product of undetermined structure. We have reinves-
tigated the reaction of phenylglyoxal with aniline and have
isolated compounds 3, 4, and 5 in pure form. Despite several
attempts, we have failed to recover 1 from the reaction mixture
or to detect its presence; however, cis- and trans- 1 were pre-
pared from N-(p-toluenesulfonyl)phenacylaniline and these
structures were confirmed by reduction to 6.

Compound 3 (0.3% yield)? is the product originally found
by Yates. In support of its structure, it can be synthesized by
the alkaline oxidation of phenacylaniline; presumably via
initial oxidation to 1 followed by an aldol type condensation
of phenacylaniline with 1. Compound 3 also undergoes a
retro-aldol reaction with concentrated HCI to give phena-
cylaniline back again.
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The IR and NMR spectra of 3 provide conclusive evidence
for its structure and show, furthermore, that it exists as the
intramolecularly hydrogen bonded configuration 7.

Ph  Ph

L
I:I/I\\C/'CQO
O§C/§\N/H

The 'H NMR spectrum in anhydrous dimethyl-dg sulfoxide
shows broad peaks at & 5.65, 5.74 (2 H), and 6.11. The com-
bined areas of the peaks at § 5.65 and 6.11 correspond to 2 H
but their area ratio is 1.8 to 1. Addition of D50 to the sample
showed that the 6 5.65 and 6.11 peaks were due to NH.

The signal at & 5.65 is very nearly the same as the corre-
sponding NH absorption of phenacylaniline (6 5.70) in the
same solvent. Therefore, the 6 5.65 peak is due undoubtedly
to hydrogen bonding of 3 to solvent while the § 6.11 peak
represents the intramolecular hydrogen bonds in 7.

The IR spectrum can be explained similarly. Compound 3
has absorption at 1665 cm™1 in the solid state. It is insoluble
in most solvents but partially soluble in a few such as pyridine.
An IR spectrum taken in pyridine has a shoulder at approxi-
mately 1695 cm~1 on one of the pyridine absorption bands.
This is an indication that some of the intramolecular hydrogen
bonding in 7 is broken and the normal carbonyl frequency is
observed.

The mechanism by which 3 is formed from phenylglyoxal
and aniline is purely a matter of speculation due to its low
yield. No analogy appears to exist for what amounts to a re-
ductive coupling of 1 under acidic conditions. A low yield of
3 was obtained when cis- 1 was treated with acid but little can
be inferred from this experiment.

Compound 4 (9% yield) proved to be a very unstable ma-
terial as its structure would indicate. On standing or heating,
it liberated aniline to give a mixture of products containing
predominantly 5. A good analysis could not be obtained for
this substance due to its instability and difficulty in drying
but its structure could be deduced from the following infor-
mation.

The IR and NMR spectra indicate the presence of two NH
groups, an aromatic ketone, and a one-proton singlet (>CH).
The UV spectrum was similar to that of phenacylaniline but
did have an increased intensity of absorption. The mass
spectrum of 4 was unusual but particularly informative.

High resolution mass measurements show an apparent
molecular ion at m/e 197 with an elemental composition of
C13H13No. This cannot be a true molecular ion because of the
inconsistency of the even number of nitrogens with an odd
number molecular weight. If one infers the presence of a
benzoyl group from the IR then a likely molecular formula
would be C50H15N30. Thus there would have to exist in the
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