
Sulfoxide-Directed Enantioselective
Synthesis of Functionalized
Dihydropyrans
Roberto Fernández de la Pradilla* and Mariola Tortosa

Instituto de Quı´mica Orgánica, CSIC, Juan de la CierVa, 3, 28006 Madrid, Spain

iqofp19@iqog.csic.es

Received April 2, 2004

ABSTRACT

The highly selective base-promoted cyclization of enantiopure sulfinyl dienols affords allylic sulfinyl dihydropyrans.

Functionalized dihydro- and tetrahydropyrans are common
constituents of bioactive natural products,1 and this has led
to the development of a number of synthetic approaches to
these targets.2 Several years ago we observed that vinyl
oxiranesA (Scheme 1) displayed an undesired SN2′ reactivity
with complex secondary alcohols present in the reaction
media to produce adductsB with high selectivity.3 In
connection with our interest in the design of sulfoxide-based
synthetic procedures, especially those that allow for multiple
chirality-transfer operations,4 and with our involvement in
the synthesis of functionalized tetrahydrofurans,5 we envi-

sioned that an intramolecular variant of this process entailing
the cyclization ofcis-hydroxy oxiranesD to hydroxy dihy-
dropyransF could be a viable process. If successful, we
perceived that dihydropyransF had a useful array of func-
tionality for synthetic purposes either at sulfoxide or sulfone
oxidation states.6

Alternatively, dienyl sulfoxidesC were also identified as
suitable precursors of dihydropyransE with a stereochemi-
cally labile allylic sulfoxide functionality, upon treatment
with base.7,8 Dienols C are available by Stille couplings
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between vinyl stannanes and stereodefined iodo alkenyl
sulfoxidesG, which are prepared from alkynyl sulfoxides
H by stereocontrolled hydrostannylation and tin-halogen
exchange.9 In this report we describe our preliminary studies
on the efficient base-induced cyclization of hydroxy dienyl
sulfoxidesC to produce good to excellent yields of allylic
sulfoxidesE. In addition, we have outlined a simple protocol
for producing enantiopure sulfones related toF from
intermediatesE and we have sketched some exploratory
experiments on the reactivity of these compounds.

Scheme 2 gathers our preliminary results on this chemistry.
Substrate1a was chosen as a representative example to

pursue the monoepoxidation to produce the desired vinyl
oxirane related toD. After considerable experimentation with
fruitless results, we chose to examine the cyclization of dienol

1a. Optimal results were obtained with LDA to produce an
excellent yield of allylic sulfoxide2a as a single isomer.9

Phenyl-substituted diene1b behaved similarly, affording
dihydropyran2b. The influence of an additional stereocenter
in the dienol was then addressed, and while1c underwent a
smooth cyclization to yield2c, along with a small amount
of an isomeric vinyl sulfoxide, diastereomer1d gave a
slightly lower yield of the expected product2d as practically
a single isomer that underwent diastereomerization at sulfur
upon standing in solution. This protocol was also found to
be compatible with additional substitution on the double bond
with methyl-substituted substrate1e leading to an excellent
yield of 2ethat isomerized at sulfur upon standing in solution.

In contrast with the above results,E,Z substrates3a and
3b were found to be less reactive and slightly less selective.
Thus, optimal conditions involved the use of NaH for3a
and KH for 3b and small amounts of2a and 2b could be
detected in the1H NMR of the crude reaction mixtures. In
addition, the main products in these cases,4a and5b, had
different stereochemistry at C-2 and C-3. Indeed, while4a
was a 2,3-cisisomer,5b was a 2,3-transisomer.10

Scheme 3 gathers a range of results that illustrate some
aspects of the reactivity of these allylic sulfoxides, namely,
their sigmatropic rearrangements to allylic alcohols and their
oxidation to produce enantiopure allylic sulfones, versatile
synthetic intermediates.11 It should be noted that diastereo-
meric sulfoxides2b and5b displayed remarkable differences
in the rate and yield of their sigmatropic rearrangements,
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Scheme 1. Proposed Sulfinyl-Mediated Synthesis of
Dihydropyrans

Scheme 2. Base-Induced Synthesis of Sulfinyl Dihydropyrans

a An additional 17% vinyl sulfoxide was obtained.bDiastereo-
merization at sulfur took place upon standing in solution (70:30
and 50:50 mixture for2d and2e, respectively).cAn additional 12%
vinyl sulfoxide was obtained.
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giving rise to allylic alcohols6b andent-6b.12 The spectral
features of6b did not allow for a conclusive stereochemical
assignment, and therefore a comparison was made for ace-
tates7b, obtained by acetylation ofent-6b, and8b, derived
from Mitsunobu inversion ofent-6b.13

The oxidation of several substrates under standard condi-
tions gave additional support to the stereochemical assign-

ments carried out at the sulfoxide stage. Thus, while2a and
4a gave diastereomeric allylic sulfones9a and10a, respec-
tively, 2b and 5b led to enantiomeric products. Finally,
oxidation of diastereomeric mixtures of2d and2egave single
isomers of sulfones9d and9e, respectively.

At this stage we focused our efforts on carrying out ex-
ploratory experiments on the reactivity of our sulfinyl dihy-
dropyrans to gain insight on the design of synthetic applica-
tions of the methodology. The dihydroxylation of diastereo-
meric mixtures of sulfoxides2e gave an excellent yield of
sulfonyl diol 11 (Scheme 4).

Encouraged by this result, we examined in detail the
dihydroxylation of model substrate2b that led to a good
yield of diol 12 as a single isomer,14 that was transformed
smoothly to hydroxy vinyl sulfone13, structurally related
to our initial objectiveF (Scheme 1).15 The functionality in
13 allowed for straightforward formation of carbamate14,
which cyclized to oxazolidinone15 in excellent yield.16 It
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Scheme 3. Structural Assignments: Sigmatropic
Rearrangements and Oxidations

Scheme 4. Survey of Synthetic Applications of Sulfinyl
Dihydropyrans
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should be mentioned that, aside from the sulfone-bearing
center, the relative stereochemistry of15 is enantiomeric to
that found in the neurotoxin Dysiherbaine.17 Finally, the
nucleophilic epoxidation of13 gave sulfonyl oxirane16 as
a single isomer that underwent oxirane cleavage, with
MgBr2,18 to produce bromo pyranone17 initially as a single
isomer that underwent rapid epimerization at the bromine-
substituted center. Treatment of this mixture with Bu3SnH/
AIBN unexpectedly resulted in not just removal of bromine
but also rapid and stereoselective carbonyl reduction to afford
diol 18 as a single isomer in excellent yield.

In conclusion, the first examples of the base-promoted
intramolecular cyclization of 2-sulfinyl dienols to afford sul-

finyl dihydropyrans have been described. This strategy allows
for creation of two asymmetric centers within a synthetically
useful dihydropyran framework in an expedient manner.19

The configurational stability of the allylic sulfoxide in most
cases is noteworthy. We are currently exploring the scope,
limitations, and synthetic applications of the methodology.
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