Tetrahedron Letters No. 45, pp 4515 - 4518, 1973, Pergamon Press. Printed in Great Britain,
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The broad utility of thionyl chloride as a reagent for the preparation of sulfur-

containing heterocyclic compounds has recently received increasing attention.2~5

Although
much effort has been expended toward increasing the scope of these reactions, comparatively
little effort thas been given to an investigation of the mechanism(s) by which these products
arise. We recently proposed5b that sulfenyl chlorides, 3 (R = Ar), were intermediates in the
conversion of B-phenylpropanoic acids, }, to benzo[b]thiophenes, 4. It appeared logical
enough, especially in view of a number of reported instances,6 that the formation of 3 from
2 proceeded by means of a benzylic chlorination step (i.e., the presence of the aromatic
ring was required). We now wish to report evidence that § 1s 1ndeed an intermediate between
2 and 4, and that it is formed not by benzylic chlorination but by a process in which the

carbon atom beta to the carbonyl group is chlorinated by thionyl chloride.
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Sulfenyl chloride, Za,7 was treated with an excess of thionyl chloride at reflux and
in the presence of a catalytic amount of pyridine over a 177-hr period. During this time
there was observed, as determined at approximately 24-hr intervals by nmr spectroscopy, the
slow conversion of 2a to 4 and 5a [the methylene hydrogens (t 6.36) of 2a gradually

disappeared as the vinyl hydrogen (t 1.80) of 5a and the complex aromatic signals of 4 and 5a
gradually increased in intensity]. At no time was there any evidence for the presence of
3a,5b whose methine hydrogen appears at T 4.18 in thionyl chloride solution. Evidently the

conversion of 3a to 4 and 5a proceeds at a much faster rate than the formation of 3a from 2a.
We therefore determined to observe 3 by choosing systems that cannot undergo cyclization.

As 3-(2,6-dichlorophenyl)propanoic acid, lb (mp 96-98°, prepared by diimide reduction
of 2,6-dichlorocinnamic acid in 56% yield) was heated under reflux with excess thionyl
chloride in the presence of 0.12 equivalent of pyridine for seven days, progress of the
reaction was again followed by nmr spectroscopy. After 21 hr, just a trace of the acid
chloride of 1b (methylene protons at ~ t 6.9) remained, and 2b (methylene protons as an AB
quartet at T 5.80 and 6.07) appeared to be the major constituent and 3b (methine proton at
T 2.24) a minor component. At the end of 45 hr, the reaction components consisted of a mix-
ture (roughly 1:1:1) of 2b, 3b and Sb (vinyl proton at t 1.78); and after 119 hr, little 2b or
3b remained and 5b was the major component. These observations led to two significant con-
clusions: (1) 3 was indeed formed by chlorination of 2 under reaction conditions; and (2)
5 was formed from 3 by an apparent elimination of sulfur dichloride. If the latter were the
case, it would appear to be the first reported instance of such an elimination, which is con-
trary to the generally observed tendency of facile sulfur dichloride addition to carbon-carbon
multiple bonds.8 Sulfur dichloride elimination apparently 1s so favorable in this case that

we have thus far been unsuccessful in preparing 3 by the addition of sulfur dichloride to

acrylic acid, §.9
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Butanoic acid, l¢, was similarly treated with thionyl chloride and pyridine for seven
days. This time the nmr spectra revealed the presence of only 2¢ (methyl protons at t 8.79)
at the end of 22 hr, the initial appearance of gglo [diastereomeric methyl protons (a pair of
doublets) at Tt 8.15 and 8.20] after 66 hr, and an approximately 1:1 mixture of 2¢c and 3¢ after
123 hr. These data conclusively eliminated the requirement of a benzylic chlorination step
and provided strong support for chlorination by thionyl chloride at the carbon atom beta to
the carbonyl group. Furthermore, treatment of 5510 with pyridine hydrochloride in refluxing
thionyl chloride revealed the gradual disappearance of 3c and the appearance of 5¢ (ratio of
4:1 after 14 hr). This lent additional support to a sulfur dichloride elimination step.
Finally, the possibility of a B-chlorination being a free-radical process was eliminated by
heating 2a at benzene reflux for 48 hr in the presence of sulfuryl chloride and dibenzoyl
peroxide: 2a was recovered unchanged.

The mechanism of B-chlorination of carboxylic acids by thionyl chloride is best explained
in terms of an elimination of hydrogen chloride from 2(to form 7) that has both E2 and E;
character. Some E; character is consistent with the finding5 that successful benzo[b]thiophene
formation is related to the acidity of the benzylic hydrogen atom.l1 Rapid addition of thionyl

1’7,13

chloride across the polarized carbon-carbon double bond of subsequently would provide

sulfinyl chloride, §: which should readily expel sulfur monoxidel4 to afford 3.
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Because the a-chloro-a-chlorosulfenyl acid chloride function can be converted to a variety
of other potentially useful groups [e.g. RCHXCH,COOH, RCHXCOCOOH, and RCHXC(OR'),COOH]}!®,
this B-chlorination process has possible application to the preparation of unusual and other-
wise difficult to obtain polyfunctional molecules. In particular, the technique should offer
the possibility of functionalization at both a- and B-carbon atoms. We are presently investi-
gating sulfur dichloride eliminations and the significance and utility of 8-chlorination, and

are pursuing extensions of this latter technique to other carbonyl co-pounds.16
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