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Hydroxyl-Directed Stereoselective [2,3] Sigmatropic Rearrangement of
v-Hydroxyalkyl y-Alkoxyallylic Sulfoxides

Tsuneo Sato and Junzo Otera*

Department of Applied Chemistry, Okayama University of Science, Ridai-cho, Okayama 700, Japan

Abstract: The [2.3] sigmatropic rearrangement of y-hydroxyalkyl y-methoxyallyl sulfoxides occurs in a
highly stereoselective manner to give 8-hydroxy-(E)-enals; a novel mechanism involving interaction between
the hydroxy oxygen and the sulfinyl sulfur is proposed.

Previously we disclosed that [2,3] sigmatropic rearrangement of allylic sulfoxides (Mislow-Evans
rearrangement) took place with an extremely high E preference when an alkyl group branched at the B-position
of a sulfinyl group was involved (Scheme 1).1) This, for the first time, provided conclusive evidence for the
steric effect of the alkyl groups situated o to the sulfinyl group that had been postulated for long time:2) a
bulkier group R! occupies a pseudoequatorial position in a five-membered cyclic transition state [A].
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The continuing study has led us to an unexpected finding that a hydroxy group at the Y-position also
induces the high E selectivity in the Mislow-Evans rearrangement of y-alkoxyallyl sulfoxides. Treatment of y-
alkoxyallyl sulfides 1 to -BuL.i followed by oxirane 2 (1.5 equiv.) afforded smoothly hydroxy y-alkoxyallyl
sulfides 3 in 80-95% yields (Scheme 2).3) Exposure of 3 to NalOy in dioxane-H20 (5:1) at room temperature
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furnished (E)-8-hydroxy enals 4 exclusively (Table 1).4) This, however, does not mean that no (Z)-isomers
are formed. These compounds were transformed in situ to hemiacetals 5§ which cannot be isolated by column
chromatography. As such, the E/Z ratio was determined by converting the mixture of 4 and 8 to diacetates 6.
Remarkably, the high £ preference holds even for tri- and tetrasubstituted double bonds.
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Such high selectivity cannot be attained when the hydroxy group is converted to methoxy and ¢-
butyldimethylsiloxy groups (eq. 1). Apparently, the hydroxy group is unique in that it gives rise to the high E
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selectivity and the reaction is not governed by steric origin. Clennan et al. unambiguously proved that
photooxidation reaction of y-hydroxy sulfides proceeds via a five-membered transition state (eq. 2).5) We
hence propose a transition state [B] where the interaction between the hydroxy oxygen and the sulfinyl sulfur
leads the hydroxyl-carrying residue to occupy the pseudoequatorial position.6-7) The invalidity of the methoxy
and siloxy groups for the high selectivity may be due to the bulkiness of these groups as compared with the
hydrogen: the O-S interaction is hampered by repulsion between the RO group and the phenyl group on the

OH SAr O, h H Ar
j\/l _2_L> i\—)S\,o —
/l\n/\/SOzAf + /k'/"_,sozm @

sulfur.



6703

Table 1. Conversion of 3 to 4.
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a) Overall yield based on 1 through two steps.
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Another notable feature is lack of the selectivity with simple allylic sulfides (eq. 3). The 4-alkoxy group
‘e SPh OH
C.H 5 —— N 3)
n-CeHy3 n-CgHy5 OH

70%; E:Z = 6:4
thus plays a key role for controlling the stereochemistry. As is well known, the sulfinyl-to-sufenyloxy
transformation is an equilibrium process, rendering the reaction thermodynamically controlled.
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When a v-alkoxy group is present, the [2,3] sigmatropic rearrangement provides o,B-unsaturated
sulfenyl acetals 7 which may be spontaneously hydrolyzed to enals. As a consequence, the equilibrium is
shifted in favor of 7 and the reaction proceeds under kinetic control. It has been disclosed that B-substituted
alkyl groups results in the high E selectivity even for simple allylic sulfides without y-alkoxy group.l} It
follows therefore that the O-S interaction is not so powerful as the steric hindrance at the B-position in biasing
the transition state geometry.
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In summary, stereochemistry of [2,3] sigmatropic rearrangement of y-alkoxyallylic sulfoxides is readily
controlled by a hydroxy group at the ¥-position of the sulfinyl group. This reaction offers not only a novel
mechanistic elucidation for Mislow-Evans rearrangement but also a synthetic method arriving at otherwise
difficult-to-obtain 3-hydroxy o, B-unsaturated derivatives.
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