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The timeless fascination with the natural cyclodextrins (CDs)
largely arises from their chiral, toruslike structure and their
ability to complex a wide range of molecules within their
cavity.'*! An important concern for CD chemistry is their
chemical modification.""*?) Tailoring CDs, which is usually
achieved by anchoring appropriate functional groups at the
alcoholic oxygen atoms, makes it possible to access new
receptors to meet specific requirements of the targeted host—
guest systems.

Although CDs are commonly used as efficient templates
in organic synthesis, by allowing reactions to take place within
their annulus, their receptor properties have been rarely
exploited for their own modification."”! Striking examples of
self-mediated, selective CD transformations include the
regioselective monofunctionalization of $-CD with arylsulfo-
nates in basic media," and the regioselective cycloaddition of
alkyne- or alcene-substituted B-CDs with nitrile oxides.['>!6!
Herein we present a unique example of stereoselective
cyclodextrin transformation, namely the oxidation of CD
thioethers into endo (S)-sulfoxides,'” in which the CD cavity
exerts supramolecular control over the reaction stereoselec-
tivity. The chemistry of sulfoxides is currently an active
research area.'®!! Sulfoxides constitute valuable tools in
preparative organic chemistry, in which they are mainly
employed as auxiliaries in asymmetric synthesis® 2! or as
chiral ligands for metal-catalyzed reactions.”™ A number of
sulfoxides also display biological activity, some of which have
important applications in medicinal chemistry.?*?”! To date,
chiral RR’S=0 groups have not been associated in a covalent
manner with a cyclodextrin unit, however CDs have been
used as mediators for the synthesis of chiral sulfoxides.!**%!

The oxidation reactions were performed on the sulfur
thia-capped, permethylated CDs 1-4, which are all comprised
of a prochiral sulfur atom possessing both an endo- and an
exo-oriented lone pair of electrons. Selective mono-oxidation
was ensured by using m-chloroperoxybenzoic acid (m-CPBA)
in a 1:1 acid/CD stoichiometry; higher proportions of the
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oxidant led to the corresponding sulfone. Notably, all the
sulfoxides are water soluble. The distinction between exo and
endo products was achieved by means of X-ray diffraction
studies.®” Each diastereoisomer can in practice be identified
unambiguously by '"H NMR analysis; the spectra of the endo-
oxidation products (1'[O]end0’ 2'[O]endo’ 3°[O]endov 4°[O]end0;
Scheme 1) show specific HS proton signals significantly low-
field shifted with respect to those of the exo products as well
as to those of the starting sulfides (see the Supporting
Information). The same observation holds for some H6
protons of the A and B units of the exo-products 1:[O].,, and
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Scheme 1. Comparison of the oxidation reactions of 1-4 in both CH,Cl, and H,O.
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We anticipated that the cavity would, by steric consid-
erations, protect the endo lone pair of electrons of each
sulfide, and therefore possibly direct the oxidation process.
We first examined oxidation reactions in dichloromethane
(Scheme 1) and found that a-, and to a lesser extent, 3-CDs
having AB linking units induced relatively high selectivities
for exo oxidation (e.g., exolendo =83:17 for the oxidation of
1). This finding is consistent with the fact that in the solid state
the AB-bridged sulfoxide 1:[O].,q, has a sterically unencum-
bered exolone pair of electrons (Figure1). In contrast,

a)

Figure 1. Side view of 1.[O],,, (a) and bottom views of 1-[O]..q, (b) and
4.[O]engo (€) in the solid state (hexane guests not shown). Both
sulfoxides 1-[O]ngo and 4-[O]eneo cONtain a water molecule
(SO-+0,,=2.77 A and 2.73 A, respectively). Other included solvent
molecules are not shown. Note that glucose ring B of 4-[O]..q, adopts
a 'H, half-chair conformation. All other glucose rings in each of the
three structures above are in the standard *C; conformation.?"*%

whereas the a-CD with an AC link (2) showed no selectivity
at all, the B-CD analogue 4 led exclusively to the endo
product. Notably, in the latter case small amounts of sulfone
were detected, but its formation could be prevented by using
benzene as the solvent. The high endo selectivity observed
with 4 versus 2 is best rationalized in terms of steric crowding
about the exo lone pair of electrons of 4. This steric crowding
was confirmed by examining the X-ray crystallographic
structures of 4% and 4[0],.4 (Figure1) in which two
methoxy groups are in close contact with the exo-oriented
portion of the sulfur atom, which is unlike the situation found
in 3. Therefore, simple steric considerations may explain the
observed selectivities in organic media.

Methylated a- and B-CDs display good receptor proper-
ties in water towards aromatic compounds.”®® We therefore
wondered whether the oxidation using m-CPBA in this
medium would favor selective formation of an endo-sulfoxide
product. In all cases, carrying out the oxidation at 25°C
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resulted in the expected endo product with remarkably high
selectivity (de values up to 100 %; Scheme 1). We found that
endo oxidation of the smaller a-CDs was significantly
improved when operating near 0°C. We also noted that
under optimal reaction conditions the exo-sulfoxide product
was not produced, but small amounts of sulfone were found.
A logical explanation for this reversal of selectivity is the
formation of a supramolecular CDDOm-CPBA host—guest
complex in water, which promotes a very fast intracavity
oxidation. The addition of 20 equivalents of m-chlorobenzoic
acid, a potential inhibitor which is structurally related to
m-CPBA, did not significantly affect the efficiency of the
endo-oxidation process. Interestingly, the strongly distorted
AC thia-capped CDs 2 and 4 led to somewhat less selective
oxidations with respect to the AB counterparts, which main-
tained the usual circular shape.”® This result likely reflects the
poorer receptor properties of the former towards aromatic
guest molecules, notably m-CPBA. Remarkably, the inclusion
of a strongly bound water molecule was observed for the
endo-sulfoxide products 1:[O].nge and 4-[O].ne-"> In both
cases the water molecule is hydrogen bonded to the endo-
oriented S=O group (00, =2.77 A in 1:[O]¢a0; 2.73 A in
4-[O].pa0), as well as to another inner cavity atom (6-OMeF
atom of 1:[0].pq0; H5™ in 4[] nqo)-

Overall, we have synthesized the first cyclodextrins having
embedded chiral sulfoxides. Their syntheses, which are highly
stereoselective, rely on the facile formation of a CDDoxidant
inclusion complex in aqueous medium, which drives the
reaction towards the endo product. This process is a solvent-
controlled process, as demonstrated by the fact that the same
reaction leads to sulfoxides having the opposite configuration
when carried out in an organic solvent. It may be anticipated
that the endo-sulfoxide products may have the ability to form
multipoint hydrogen bonds with appropriate guests within
their cavity, which will open the way to new applications in
asymmetric synthesis, separation science, and molecular
recognition in aqueous media.

Experimental Section

Full experimental details including X-ray structural data are given in
the Supporting Information. CCDC 621588, 621591 and 621590
contain the supplementary crystallographic data for 1:[O].,,
1:[O]cnaor and 4+[O].,a0, Tespectively. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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