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Abstract: The stereochemistry of sulphur oxidation in 1,3-dithiane systems has been investigated using
5-tert-butyl-1,3-dithiane as substrate and modelled using the PM3/COSMO transition state solvation
model and at ab initio 6-31G* levels for the reactant.

In connection with our development of 1,3-dithiane 1-oxide (DiTOX) asymmetric building blocks for the
enantiocontrol of various types of carbonyl group reactivity,l’z’g’ we became interested in the
stereochemistry of oxidation at sulphur in dithiane systems. 45

Unlike thiane oxide and other dithiane monosulphoxide systems, 1,3-dithiane monosulphoxide exhibits a
small preference in solution (84:16 at -80 deg.C) for a chair conformation with equatorial sulphoxide

(DG = 0.64 kcal mol'! at -80 deg.C; DG = 11 keal mol =1y,8

Monooxidation of 2-substituted 1,3-dithianes gives predominantly the trans stereochemical arrangement

in the products for simple alkyl or aryl 2-substituents,>> suggesting equatorial oxidation of a chair
conformation of the substrate in which the 2-substituent is also equatorial, presumably the preferred
conformation, or axial oxidation of a chair conformation of the substrate in which the 2-substituent is
also axial. We have shown that this pattern of reactivity holds for 2-alkyl-1,3-dithianes and for 2-acyl-2-

alkyl-1,3-dithianes. >

It is particularly interesting that a second oxidation of 1,3-dithiane monosulphoxide, which occurs at the
unoxidized sulphur atom, takes place under most conditions to give predominantly the trans
disulphoxide, in which, in a chair conformation, one sulphoxide is equatorial and the other axial.2>7
Molecular mechanics calculations have suggested that the frans disulphoxides of dithioacetals are more
thermodynamically stable than the cis (DG = 0.80 kcal mol 1).8 We have shown that this pattern of
reactivity also holds for 2-alkyl-1,3-dithianes and for 2-acyl-2-alkyl-1 3-dithianes.? This second
oxidation could occur by equatorial oxidation of the substrate conformation containing axial sulphoxide,

the less stable arrangement, or by axial oxidation of the more stable equatorial sulphoxide conformation,
or both.

In order to investigate further we have prepared a 1,3-dithiane containing a 5-fert-butyl substituent in

five steps from diethyl 2-fert-butylmalonate (Scheme 3).9:10 Lithium aluminium hydride reduction to the
diol and ditosylation were followed by displacement of both tosylate groups using potassium thioacetate.
Lithium aluminium hydride reduction gave the dithiol, which was converted into 5-fert-butyl-1,3-
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dithiane by platinum catalysed coupling with diiodomethane. '1 Examination of the 200 MHz '"H NMR
spectrum indicates that this compound exists in solution with the ter¢-butyl group predominantly in the
equatorial position (the signal corresponding to the proton at C5 appears as a triplet of triplets with

coupling constants of 2.5 and 11 Hz).!2 High temperature NMR studies have also indicated
conformational inflexibility in 5-tet-butyl-1,3-dithianes.!°

Monooxidation of 5-tert-butyl-1,3-dithiane with sodium periodate in methanol/water solution is facile at

room temperature, providing the monosulphoxide in 50% yield after four hours. The 250 MHz 'H NMR
spectrum of the monosulphoxide products suggests a diastereoisomeric ratio of ca. 11:1. Single crystal
X-ray structure determination of the major isomer shows the sulphoxide oxygen atom and the zert-butyl
group to have a cis relationship in a chair conformation with diequatorial substituents, indicating sulphur
oxidation from the equatorial direction. Evidence that equatorial monooxidation is general for 1,3-
dithiane systems is provided by oxidation of 2-butanoyl-2-tert-butyl-1,3-dithiane, where the major
product now has a trans relationship between the equatorial sulphoxide oxygen atom and the equatorial

tert-butyl group, in a chair conformation.?

Oxidation of 5-tert-butyl-1,3-dithiane to the disulphoxide with sodium periodate in methanol/water
solution proceeded smoothly overnight, giving the disulphoxide product in 49% yield as a >13:1 mixture
of diastereoisomers. As expected, single crystal X-ray structure determination of the major isomer shows
the compound to have the trans dioxide stereochemistry and an equatorial ferz-butyl group. The second
oxidation has therefore indeed taken place from the axial direction.

In view of the small expected difference in thermodynamic stability between the equatorial and axial

monosulphoxides,6 the high diastereoselectivities observed in the oxidation of 5-fert-butyl-1,3-dithiane
are perhaps surprising, given that sulphur oxidation by sodium periodate is thought to occur under

product development control. '3 Consideration of the anomeric effect leads to the suggestion that the axial

lone pair should be the more reactive in both the 1,3-dithiane and 1,3-dithiane 1-oxide systems.”14
Consideration of molecular orbitals may provide a more satisfying analysis. One would expect some
interaction to occur between the lone pair orbitals on the two equivalent sulphur atoms of a 1,3-dithiane.
Transannular sigma-interaction between the two equatorial lone pairs and %-type interaction between the
two axial lone pairs would give rise to new pairs of molecular orbitals. The more effective interaction
will lead to the highest energy orbital, and if this is the sigma-interaction between the equatorial lone
pairs, then an equatorial lone pair will be the most nucleophilic. In the case of the equatorial
monosulphoxide, sigma-interaction between the remaining equatorial lone pair and the sulphoxide bond
would be expected to be much weaker. %-Type interaction between the axial lone pairs would then cause
these to be the more nucleophilic.

In an attempt to address this aspect, we have performed a series of MOPAC/PM3 and MULLIKEN ab
initio calculations to try to identify the origins of the selectivity. In the first instance, ab initio
calculations at the 6-31G* level were performed using the CACHe Mulliken system, with full
minimisation of the geometries of 1,3-dithiane and its mono-oxide. The analytically calculated molecular
electrostatic potentials for both species were evaluated and plotted as a colour coded superposition on
the electron density surface corresponding approximately to the van der Waals surface. The results for
1,3 dithiane are shown below;
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The dark blue area on the image shows the sterically accessible negative component of the calculated
electrostatic potential as centering to a greater extent on the axial region of the molecule compared with
the equatorial region. A nucleophilic oxidant such as periodate anion is therefore likely to suffer less
electrostatic repulsion in the equatorial region, and indeed equatorial attack is observed. This line of
argument would of course imply that an electrophilic oxidant such as peracid may well attack axially
rather than equatorially. This prediction has not yet been subjected by us to experimental verification.
The reason for the greater stabilisation (= smaller blue region in the figure) of the equatorial region is
because of anti-periplaner interactions with the adjacent C-S sigma-* antibonding orbital.

The equivalent calculation for the equatorially substituted mono-sulphoxide is shown below;

This shows no essential electrostatic discrimination between the axial and equatorial regions of the un-
oxidised sulphur atom (green areas), contrary to the observed experimental result. Since 6-31G*
calculated electrostatic potentials are likely to be sufficiently reliable at this level, the answer to the
problem must be elsewhere.

To probe this, we decided to investigate the actual transition states for the oxidation. It is not possible to
do this at an ab initio level in a reasonable amount of computation time, and hence we used the much
faster semi-empirical PM3 method (Table). A further advantage of the PM3 method is that a good
solvation algorithm (COSMO) can be applied to model the polar solvent used in the oxidation using
periodate. Transition states could be located for both axial and equatorial oxidations, and the calculated
enthalpies for these geometries are shown in the table. For the initial oxidation, the calculations all show
a small preference for equatorial attack, consistent with the result obtained from the ab initio calculation
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of electrostatic potentials. The calculated S...O bond lengths are actually quite short, consistent with a
relatively late transition state. The second oxidation again shows little discrimination, with only a slight
preference for axial for the system with a t-Bu 5-substituent, well within the error of this type of
calculation. This result is again essentially consistent with the previous ab initio calculation. The
selectivity shown in the second oxidation step therefore has no apparent explanation within the
electrostatic and the solvated transition state models we have investigated.

To test the hypothesis that electrophilic oxidation might differ, we also calculated the relevant transition
states for oxidation using peroxyformic acid (Table). The PM3 nergies show an equatorial preference for
the first oxidation, and again for the second oxidation. This is clearly contrary to the electrostatic
argument proposed for the ionic oxidation by periodate, and in fact arises out of HOMO control of the
neutral reaction involving peracid. Thus a plot of the HOMO density of 1,3 dithiane superimposed on the
van der Waals surface shows clearly that the region of highest coefficient (shown in purple) occurs in the
equatorial rather than the axial region, and this is again true for the mono-sulphoxide. As a final test that
these influences arise out of stereoelectronic interactions within the 1,3 sulphur system, we carried out
calculations on a 1,4 dithiane. Here a marked axial preference for both the first and second oxidations is
indicated (Table).

In conclusion, it appears that the first oxidation of 1,3 dithianes by periodate is likely to be induced by a
distortion of the electrostatic potential of the dithiane favouring equatorial attack. No obvious
explanation for the axial preference for the second oxidation emerges. We predict that changing the
oxidant to an electrophilic reagent such as peracid will not alter the equatorial preference for the first
oxidation, which is now likely to occur under HOMO orbital control, but that changing the 1,3 dithiane
to a 1,4 substitution pattern might well induce axial attack.

Table 1. Calculated Properties of Transition
States
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Dielectric contant=78.4 (water), Bonds distances in Angstroms, Heat of formation in kcal.mol™!
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