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BENZYNE-INDUCED FRAGMENTATION OF 1,3-OXATHIOLANES.
A NOVEL METHOD FOR DEPROTECTION OF CARBONYL GROUPS, PREPARATION OF PHENYL
VINYL SULFIDES, AND 1,2-CARBONYL TRANSPOSITION
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Abstract: A variety of 1,3-oxathiolanes undergo a benzyne-induced fragmentation
leading to phenyl vinyl sulfides and carbonyl compounds. The reaction developed
here provides a novel method for deprotection of carbonyl compounds from 1,3-oxa-
thiolanes, preparation of phenyl vinyl sulfides, and 1,2-carbonyl transposition.

! 2 is well docu-

The base-induced fragmentation of 1,3-dithiolanes’ and 1,3-oxathiolanes
mented. Especially the base-induced fragmentation of the former heterocycle has been exten-
sively studied both from synthetic and mechanistic points of view. We have recently reported
that 2-monosubstituted 1,3-dithiolanes competitively undergo two types of benzyne-induced
fragmentations, one of which leads to phenyl vinyl sulfide and thioaldehydes (corresponding
aldehydes as the final product) and the other provides phenyl dithiocarboxylates and ethylene
(Scheme I).3 The cyclic sulfur ylides 1 and g are probable intermediates. Herein we report
the benzyne-induced fragmentation of 1,3-oxathiclanes. All of 1,3-oxathiolanes were
prepared by acid-catalyzed condensation of 2-mercaptoethanols with carbonyl compounds.4

The reaction of benzyne with 2-monosubstituted and 2,2-disubstituted 1,3-oxathiolanes
was first examined. Benzyne was generated by decomposing 2-carboxybenzenediazonium chloride
in the presence of propylene oxide (HC1 scavenger).5 Thus, a mixture of an oxathiolane and
2-carboxybenzenediazonium chloride (1.1 equiv. unless otherwise stated) was heated in the
presence of propylene oxide in refluxing 1,2-dichloroethane for ca. 45 min. Results are
summarized in Table 1. The sole fragmentation leading to phenyl vinyl sulfides and carbonyl
compounds occurs in the present case in a marked contrast to the results with 1,3-dithiolanes.
A tentative mechanism is shown in Scheme II.6 The use of 2-carboxybenzenediazonium chloride
in excess (1.5 equiv.) gives carbonyl compounds in excellent yields (entries 2 and 6). The
reaction therefore provides a novel method for deprotection of carbonyl compounds from 1,3-
oxathiolanes under mild conditions.4 The reaction is also useful for preparation of phenyl
vinyl sulfide. Particularly in entry 7 phenyl vinyl sulfide is easily isolated by a single
distillation of the crude mixture since the produced carbonyl compound is volatile acetone.’

To know more about the synthetic utility and mechanism of this reaction, a variety of
2,2-pentamethylene-1,3-oxathiolanes were prepared and allowed to react with benzyne.
Results summarized in Table 2 show that the reaction provides a convenient synthesis of
various phenyl vinyl sulfides which are otherwise difficult to obtain. Phenyl vinyl sulfides
are useful intermediates in organic synthesis, not only as a carbonyl protecting group but
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Table 1 Reaction of Benzyne with 2-Monosubstituted and 2,2-Disubstituted 1,3-0xath1’01anesa

1 2 yield of phenyl vinyl yield of carbonyl
entry R R sulfide (%) compound (%)

1 C6H5 H 57 X 71

2 CeHz H (+) 83¢

3 4-MeOC6H4 H 50 76

4 4-C1C6H4 H 49 49

5 C6H5 C6H5 67 ) 82C

6 C6H5 C6H5 (+) 100 b

7 CH, CH, 7 (+)

a) Unless otherwise stated 1.1 equiv. of 2-carboxybenzenediazonium chloride was used.
b) Yield was not determined. <¢) 1.5 Equiv. of 2-carboxybenzenediazonium chloride was used.

in a variety of other synthetic transformations as well. As to stereochemistry, in entries
3 and 5 the reactions afford phenyl vinyl sulfides in a virtually stereospecific manner with
retention of the original stereochemistry, whereas in entries 4 and 6 stereospecificity is
lost. In certain cases 2-(phenylthio)ethanol derivatives are formed as a diastereoisomeric
mixture (entries 4 and 6). These observations can best be explained by the mechanism that
proceeds via the sulfur ylide intermediate 4 (Scheme II). 1In case of the fragmentation step
of the ylide being slow, the inversion of the carbanionic center of the ylide may occur,
thus resulting in the loss of stereospecificity in the phenyl vinyl sulfide formation. At
the same time the ylide must be trapped by hydrogen chloride produced from 2-carboxybenzene-
diazonium chloride. Hydrolytic decomposition of the resulting sulfonium chloride yields

the 2-(phenylthio)ethanol derivative and cyc]ohexanone.8 Note that 2-{phenylthio)ethanols
are formed as a diastereoisomeric mixture and that their formation is accompanied by the loss
of stereospecificity in the phenyl vinyl sulfide formation. The initial ylides derived from
the cis isomers are unstable due to steric repulsion and thus immediately undergo fragmenta-
tion to phenyl vinyl sulfides in a stereospecific manner (entries 3 and 5), while the

less sterically hindered ylides derived from the trans isomers are stable enough to allow
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Table 2 Reaction of 2,2-Pentamethylene-1,3-oxathiolanes with Benzyne

entry oxathiolane product (yield; %)a
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a) Cyclohexanone was formed in every case and easily removed by column chromatography
on silica gel or Florisil. b) No cis isomer was formed. <¢) The Z-isomer was found in
a trace amount. d) A mixture of E- and Z-isomers. The isomer ratio was not determined.
e) A mixture of diastereomers. f) The initial product isomerized during workup. g)
Yield based on the consumed oxathiolane (66% yield based on the oxathiolane used).
the inversion at the carbanionic center and its trapping with hydrogen chloride, and
affords phenyl vinyl sulfides and 2-(phenylthio)ethanols in a nonstereospecific
manner (entries 4 and 6).
Finally we stress the point that the reaction provides a novel method for 1,2-carbonyl
transposition.9 For example, 2B-mercaptocholestan-3g-01, the precursor of the startina
oxathiolane in entry 9, is prepared from cholestan-3-one in three steps.]0 The oxathio-

Tane in entry 8 is also prepared from 1-benzosuberone. Hydrolysis of the phenyl vinyl
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sulfides resulting from the present reaction affords cholestan-2-one and 2-benzosuberone
(25 and 33% overall yields), respectively. 2-Mercaptodecan-1-o0l1 prepared from decanoic acid
is condensed with cyclohexanone to afford the oxathiolane in entry 7. HMydrolysis of a mix-
ture of phenyl vinyl sulfides resulting from the reaction with benzyne provides 2-decanone
in 84% yield (Scheme III).
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