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PHENYLSULFENYL CHLORIDE/N,N-DIISOPROPYLETHYLAMINE:
A USEFUL REAGENT FOR CYCLIC ETHER FORMATION (SULFENYLETHERIFICATION)
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Department of Chemistry, Memorial University of Newfoundiand,
St. John's, Newfoundland, Canada, Al1B 3X7

Summary: A general method for the formation of cyclic ethers and lactones is described. The
procedure employs phenylsulfenyl chloride and N,N-diisopropylethylamine to generate
an episulfonium ion intermediate from which the cyclic products arise by internal
nucleophilic displacement.

Secondary metabolites containing cyclic ethers, particularly tetrahydrofuran rings, are
widely dispersed in nature and thus there is considerable interest in devising viable
synthetic methods for their construction.]’2

Recently, during the development of a procedure for the controlled epimerization of
vinyl tertiary-alcohols we discovered that the norbornene-alcohol 19 afforded the functionalized
oxetane 20 upon treatment of the Tithium alkoxide with PhSC1 at -78°C.3 (Table, entry 8) It
seemed Tikely that the oxetane arose via syn addition of a polarized sulfenate ester
intermediate of type 4 to the double bond. However, 4 failed to form 3 at temperatures up

to 80°C.4 In contrast to this behaviour, we wish to report that intramolecular cyclization
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could be achieved in good yield when unsaturated alcohols (or acids) were treated with

phenyl or methylsulfenyl chloride in acetonitrile at room temperature (21°C) followed by

the addition of N,N-diisopropylethylamine., These studies compliment the recent report2
which employed dimethyl({methylthio)sulfonium fluoroborate for this type of transformation

and provide access to the sulfur analogue of selenium based methods for cyclic etherification
and lactonization.”™’

The substituted tetrahydrofuran 3 was formed from 1 in 84% yield via the preferred
5-exo-tet cyclization of 2 (entry 1).8’9 A 6-endo-tet ring closure to the pyran 6 was not
observed, although six membered rings were formed exclusively when the alternative choice
was a 7-endo-tet ring closure (entry 3). The more highly substituted olefin 10 (entry 4) gave
a 1:1 mixture of the two cyclic ethers ll and 12. Cyclization did not occur to a simple oxetane
with 13 (entry §) but intermolecular attack by the chlorine nucleophile took precedence. As
expected from related studies]O the procedure also holds promise for sulfenyllactonization
(entry 6) and for etherification in other more complex unsaturated systems (entry 7). The
trans coupling constant (J = 2.5 Hz) between the endo and exo hydrogens established the

stereochemistry of l§.11

Unfortunately the method does not appear to provide a general
preparative entry into functionalized norborgne-oxetanes of type gg. An oxetane was not
isolated from the reaction of 21 with PhSC]/1Pr2NEt but instead a low yield (17%) of an unstable
aldehyde (2-thiophenyl-(3-methyl-3-cyclopentenyl)ethanal) was obtained. However, gg was the
major product (20%, Jexo—exo = 5.0 Hz) accompanied by the ring opened thio-aldehyde (14%) when
the Tithium alkoxide of 21 was reacted with phenylsulfenyl chloride. This sulfenate ester
cycloaddition failed with 17 and thus requires a reactive norborane double bond in which the
sulfenate ester is aligned in the correct geometry.

The method is straightforward and can be readily conducted as follows: Phenylsulfenyl
chloride [prepared from sulfuryl chloride (0.24 mi, 2.96 mmol) and diphenyldisulfide
(0.634 g, 2.90 mmol) in dry acetonitrile (10 mL) containing dry pyridine (2 drops)] was
added dropwise to a magnetically stirred solution of 4-penten-1-ol (0.50 g, 5.81 mmol) in
dry acetonitrile (10 mL) maintained in a nitrogen atmosphere at room temperature (21°C).
Stirring was continued for 0.5 h after addition was complete, a solution of N,N-diisopropyl-
ethylamine (1.20 mL, 6.89 mmol) in acetonitrile (5 mL) was added, and the reaction mixture
stirred for a further 0.5 h. The reaction mixture was concentrated under reduced pressure,
extracted with ether {50 mL), the combined ether extracts washed with water (3 x 50 mL),
saturated aqueous ammonium chloride (2 x 25 mL), dried, filtered, concentrated, and the
product purified by chromatography (silica gel, 5% ethyl acetate/n-hexane) to give
2-phenylthiomethyltetrahydrofuran (3) (0.94 g, 84%).

These results are consistent with the initial formation of an episulfonium ion
intermediate of type ﬂJZ which is displaced by the internal oxygen nucieophile, although in
unfavourable cases direct attack by chlorine can also compete to give Markovnikov addition
products of type 5. Recently Williams and Phillips have reported an atkylation-solvolysis
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route to substituted tetrahydrofurans vig sulfonium and oxonium ion 1'nte1r~med1'a'ces.]3 The
sulfur functionality is generally useful for further synthetic manipulations. Thus after
oxidation of the sulfur moiety it may be reductively removed, alkylated at the adjacent
carbon, or eliminated to give a substituted alkene, depending upon the ultimate synthetic
objective. These features and the simplicity of this cyclization method should facilitate
its extended use in synthesis.
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