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ABSTRACT

An efficient acid-catalyzed sulfetherification of various unsaturated alcohols with sulfenamides to form tetrahydrofurans and tetrahydropyrans
regioselectively is described. Mechanistic studies have shown that the tetrahydrofurans can stereoselectively rearrange to the corresponding
tetrahydropyrans.

Functionalizations of olefins represent important
synthetic transformations. As a part of our general
interest in the area of oxidation of olefins to introduce
various heteroatoms onto C-C double bonds,1,2 we
have been investigating acid-catalyzed electrophilic

sulfur additions to olefins using sulfenamides and re-
lated sulfur reagents with the aim of eventually devel-
oping an asymmetric process using a chiral catalyst
(Scheme 1).3-7 During our studies on intramolecular

sulfetherification of alkenols, we have found that either
5-exo or 6-endo cyclization products can be regioselec-
tively formed with sulfenamides depending upon the
acid catalyst used (Scheme 2). It appears that the 5-exo
product can undergo an acid-catalyzed stereoselective
rearrangement to form the 6-endo product. Herein we
report our preliminary efforts on this subject.
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Initial studieswere carried outwith cis-4-decen-1-ol (3a).
Treating 3a withN-(benzylthio)succinimide (4a, R = Bn)
led tono reaction in the absenceof acid catalysts.However,
the cyclization proceeded smoothly with high conversions
in the presence of various acid catalysts such as Sc(OTf)3,

InCl3, In(OTf)3, CSA, TsOH, and TfOH. In all these cases
except for TfOH, 5-exo product 5a was formed predomi-
nantly. For example, 5a was obtained as the only product
in88%yieldwith10mol%ofCSAat25 �Cfor24h (Table1,
entry 1). In the case of TfOH, it was observed that 6-endo
product 6awas formed in significant amounts and became
themajor product with prolonged reaction time. As shown
inTable 1 (entry 2), 6awas obtained in 95%yield (6a:5a=
94:6) with 10mol% of TfOH at 25 �C for 24 h. The switch
between the 5-exo and 6-endo selectivity was also observed
for a wide variety of alkenols, with CSA or TsOH favoring
the 5-exo product andTfOH favoring the 6-endo products.
Generally speaking, cis-olefins (Table 1, entries 1, 3, 5, 7, 9,
and 11) gave higher 5-exo selectivity than trans-olefins
(Table 1, entries 13, 15, 17, 19, and 21). The disfavoring of
6-endo product for cis-olefins as compared to trans-olefins
could be due to the steric effect during the cyclization.
However, high 6-endo selectivitywas observed for both cis-
and trans-olefins (Table 1, entries 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, and 22). Importantly, in all these cases, both 5-exo
and 6-endo products were formed stereoselectively. The
assigned stereochemistry was supported by the X-ray
structures of compounds 5e and 6e (Figures 1 and 2) as
well as analogues of 5a, 6a, and 6h (see the Supporting
Information).8

Further studies showed that when isolated 5-exo pro-
ductswere treatedwith 10mol%ofTfOHat 25 �C, 6- endo

Scheme 2

Table 1. Acid-Catalyzed Sulfetherification of Alkenolsa

aReactions were carried out with substrate 3 (1.0 equiv), 4a (1.2
equiv), and acid (0.1 equiv) in CH2Cl2 at 25 �C for 24 h unless otherwise
noted. bReactions were carried out with substrate 3 (1.0 equiv), 4a (1.2
equiv), and TfOH (0.1 equiv) in ClCH2CH2Cl at 80 �C for 24 h. cThe
ratio was determined by 1H NMR spectroscopic analysis of the crude
product. d Isolated yield of 5 and 6. Figure 2. X-ray structure of compound 6e.

Figure 1. X-ray structure of compound 5e.
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products were formed cleanly in high yields (Scheme 3).9

These results indicate that the kinetically favored 5-exo
product can be stereoselectively converted to the thermo-
dynamically favored 6-endoproduct in the presence of acid
catalysts such as TfOH, likely via a thiiranium intermedi-
ate (Scheme 4).9

Significantly, the ee was maintained during the rearran-
gement when optically active 5l was subjected to the
reaction conditions (Scheme 5), suggesting that thiiranium

intermediate 7l is configurationally stable.10,11 To further
probe the reaction mechanism, enantiomerically enri-

ched compound 8 was prepared and subjected to the
reaction conditions (Scheme 6). Only racemic product
11 was obtained (Figure 3), likely via meso thiiranium
intermediate 9, which further supports the reaction me-
chanism described in Scheme 4.

In summary, we have developed an efficient acid-cata-
lyzed regioselective and stereoselective sulfetherification
of alkenols, forming either 5-exo or 6-endo products by
the choice of acid catalyst. Studies show that kinetically
favored 5-exo products undergo a stereoselective rearran-
gement to thermodynamically favored 6-endo products via
a thiiranium intermediate in the presence of strong acid
such as TfOH. The current procedures provide an efficient
method to prepare synthetically useful tetrahydrofurans
and -pyrans in high yield. Studies also show that an
optically active tetrahydrofuran can be converted into the
corresponding tetrahydropyran without loss of ee. The
observed configurational stability of the chiral thi-
iranium intermediate under the current reaction conditions

Scheme 5

Scheme 6

Figure 3. X-ray structure of compound 11.

Scheme 3

Scheme 4
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provides a prospect for a possible asymmetric process with a
chiral acid catalyst.12-14Such studies areunder investigation.
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