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In 8 recent paper (3) the authors suggested that the abnormal reaction of thionyl 

chloride with 4-nitro-2,5-dimethoxyphenylacetic acid to give a sulfenyl chloride 

proceeded by means of a mechanism which involved Dxidation of a benzylic position. Although 

it was equally probable in this case that the oxidation was a result of the carbon atom 

being adjacent to 8 carbOny group rather than an aromatic ring, this alternate possibility 

apparently was not considered (3). We wish to present definitive evidence hertin that the 

oxidation occurs at the (u-carbon atom of the carbonyl group rather than at a benzylic posi- 

tion. Further, we wish to demonstrate that thesreaction is of a much more general (and 

consequential) nature than had been supposed heretofore, 8ni to suggest mechanisms for this 

reaction and for the further reactions which the sulfenyl chloride undergoes under the re- 

action conditions. 
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When 5 was heated under reflex for 14 hr. with excess thionyl chloride and 0.08 equiv. 

of pyridine, it gave rise to 3-phenylpropanoyl chloride (El, ll$, and a yellow liquid; b-p. 

92-9b" (0.14 am), 6@, which on the basis of exact mass, mass, NMR, and IR spectra (4) was 

regarded as the sulfenyl chloride 2. Conversion of 2 to phenylpyruvic acid by basic hydro- 
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lysis confirmed the structural assignment. In addition, treatment of la with thionyl chloride - 

and pyridine at 115-127' for 2.5 hr. afforded 2, 5$, and 2, Z$, as well as 2-chloro-j-phenyl- 

propenoyl chloride (a), b.p. 97-102' (0.33 mm), 22.q; 3-chloro-2-chlorocarbonylbenzo[b]thio- 

phene (&), m.p. 114.4-115.1', 31.4%; and sulfur. The structures of these products were es- 

tablished (i) by basic hydrolysis of 3a to the known (5) jb and (ii) by hydrolysis (aqueous - 

dioxane) of &and decarboxylation (copper chromite) of the resulting & to the known (6) 

3-chlorobenzo[b]thiophene (&). The ultraviolet spectrum (4) of 4c was essentially identi- 

cal to the reported (7) spectrum of 3-bromobenzo[b]thiophene. 

From the experimental results it appeared that a logical sequence for these events fol- 

lowed the path la to lb to 2 to Ja and 4a. On the basis of this surmise and with the aim of --_-- 

observing these individual events, the reaction of la with pyridine and refluxing thionyl - 

chloride was studied over a 36&r. period. both IR and NMR spectroscopy demonstrated the 

initial, rapid, and complete conversion of sto I_&, followed by the formation of 2 and the 

slow formation of 3a and 4a as lb disappeared. In addition, in a separate experiment, the --- 

sulfenyl chloride, g, was converted to 3a and 4a with.thionyl chloride (2 equiv.) and pyri- -- 

dine (0.1 equiv.) at 120' for four hours; the NMR spectrum revealed the product to be a 

mixture bf 2, 3a, and 4a in the ratio 3f 25:41:34. 
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A study of the reaction of 2-methyl-3-phenylpropsnoic acid (5a) with refluxing thionyl - 

chloride and pyridine gave rise to similar results. In this case, decomposition of the reac- 

tion mixture with methanol provided ester 2, lC$; the reported (8) methyl 2-chloro-2-methyl- 

3-phenylpropanoate (6$, 29; and the known (9) methyl ester z, 2@. Closer examination of 

this reaction by IR spectroscopy for 13 days over the temperature range of 46 to 85' provided 

additional insight into the mechanism of the sequence. Acid chloride 2 (5.57~) was observed 

to form initially, rapidly, and completely. Significantly, as absorption due to 5c diminished, - 

other absorption due to E (6.18~) and what seems to be sulfinyl chloride 8 (8.55~~) (10) ap- 

peared and increased gradually in intensity. 
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The foregoing results are consistent with a mechanistic zcheme involving conversion of 

la_ to lb. In the next step, pyridine promotes enolization of lb. Thionyl chloride then - adds 

to the enol, 2, in a sequence rhich is strongly reminiscent of the addition of bromine to an 

enol in the Hell-Volhard-Zelinsky reaction. Nucleophilic.attack by the sulfinyl oxygen (11) 

of 10 upon another molecule of thionyl chloride leads to sulfonipm ion 11. Ion 11 can lose - 

sulfur dioxide and hydrogen chloride to provide the yliP, 12. Thereafter, chloride ion at- - 

tack upon the latter effectuates rearrangement to the sulfinyl chloride. This sequence bears 

close analogy to the established (12) mechanism of the Pummerer reaction. 
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A reasonable route for the conversion of the sulfenyl chloride to 2 consists in the loss 

of the elements of HSCl from 2. Apparently this elimination step would give rise, in part, to 

the sulfur which is observed when 3a is formed. Another conceivable source of sulfur may be - 

found in the formation of 4a from 2. Mechanistically this can be envisioned as intramolecular - 

cyclization of 2 and loss of hydrogen chloride to give 13. Addition of thionyl chloride to - 

the double bond (13) of 13 would yield 14 which could extrude sulfur monoxide -- which dispro- - - 

portionates (14) to sulfur dioxide -- and eliminate hydrogen chloride to generate 4a. 
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The crucial step in the reaction of thionyl chloride with acid chlorides appears, there- 

fore, to be enolization. Certainly addition of thionyl chloride to the double bond is rapid 
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(13). Th‘b evidence suggests that the role of pyridine is to promote enolization, for in 

the absence of pyridine, la still gives rise to 2 but at a much reduced rate. 

These data unequivocally establish that the abnormal reaction of thionyl chloride with 

carboxylic acids proceeds by a mechanism which involves oxidation of the g-carbon atom rather 

than the reported (3) oxidation of a carbon atom adjacent to an aromatic ring. We have found 

no evidence whatsoever in support of the latter contention. Furthermore, our continuing stud- 

ies on the scope of this reaction reveal it to be general for even saturated carboxylic acids 

as well as a variety of other carbonyl-containing compounds. In some cases the reaction pro- 

ceeds exothermically at room temperature (4). Clearly, thionyl chloride as a reagent in or- 

ganic chemistry must be used with extreme caution, especially if it is used in excess and 

pyridine (or, presumably, another tertiary amine) is used as a catalyst. 
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