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Abstract:: 1-Naphthy! sulfoxides and sulfones having a f-methy] group on the aromatic ring show hindered
rotation around the Ca-S bond, giving rise to conformational diastereoisomers and enantiomers, respectively.
Low temperature HPLC separation of the interconverting stercoisomers on a recently developed chiral
stationary phase is reported; a model to account for the observed sense of chiral recognition is also presented.

INTRODUCTION

The chromatographic resolution of interconverting enantiomers on GC and HPLC chiral stationary
phases has recently received considerable attention as an additional approach to the investigation of
stereolabile compounds.l’2 Dynamic chiral HPLC, in the form of variable temperature and/or variable flow
chromatography, has been successfully used to obtained kinetic data for the enantiomerization of triaryl
methane derivatives? and spirobichromenes.3

Sulfoxide 1 has been shown to exist in two conformations, either having the oxygen atom close to the
2-methyl group (£ rotamer) or close to H-8 of the aromatic ring (Z rotamer); in each case the bulky t-butyl
group is nearly perpendicular to the naphthalene plain. The Z-rotamer is the more stable in solution and in the
solid state.* Although the E=Z isomerization is fast at room temperature on the HPLC time scale, the
expected four stereoisomers (due to the sulfur stereogenic center and to the hindered rotation around the Car-S
bond) can be separated on a w-acidic chiral stationary phase at ~35°C. We now report on the low temperature
HPLC investigations of sulfoxide 1 and the related sulfone 2 on a new chiral phase5 6 (scheme 1) which
affords appreciable levels of enantioselectivity toward a broad range of analytes containing aromatic
substituents. This phase has been successfully employed in the resolution of the long lived (at room
temperature) atropisomers of N,N-disubstituted-2-methyl-1-naphthylcarboxamides, 3,7 which show some
structural resemblance to the sulfur-containing compounds 1 and 2.
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EXPERIMENTAL

Racemic 1 and the individual enantiomers were available from previous work.* Sulfone 2 was obtained
by 3-chloroperbenzoic acid oxidation of 1 in CHCI3 at 25°C8 A commercially available (S,S) Whelk O-1
column (250#4.6 mm ID) was used (Regis Chemical Company, Morton Groove, IL, USA). Low temperature
chromatography was performed placing the column in a Dry-Ice/2-propanol cooling bath, a 1 m long
connecting capillary being wrapped around the cooled column to ensure thermal equilibration of the mobile
phase.

RESULTS AND DISCUSSION

Variable temperature chromatograms of sulfoxide 1 on the (§,5) CSP are shown in fig. 1. At room
temperature only two peaks are observed, the second showing a pronounced exchange-broadening.
Progressive decoalescence of the peaks is observed as the temperature is progressively reduced to —30°C and
the slow-exchange situation (interconversion rate lower than the separation rate) is reached at —40°C. Under
these conditions, the elution order of the four sterecisomers is (E,R); (E,S); (Z,S); (Z,R). It is interesting to note
that for (R)-1, conformational changes produce larger variations in retention times than its configurational
changes. The opposite is observed for (5)-1.
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Figure 1: Variable temperature chromatography of racemic 1 on (S,5)}-CSP 1. Eluent: dichloro-
methane/methanol 98/2; flow rate 2.0 ml/min, UV detection at 300 nm. At —40°C, the following
chromatographic parameters are obtained:’ K &R = 0.73; K5 = 091, K'zs) = 132; K’(zr) = 5.36;
o ;) =125, a@z=4.06.

A large body of chromatographic and spectroscopic data indicates that aromatic sulfoxides form
molecular complexes with dinitrobenzoylated amines or aminoacid derivatives through hydrogen bond and
face-to-face n—m interactions.'%!! CSP 1 was designed specifically to utilize, in addition to the above
mentioned interactions, a face-to-edge attractive interaction between the naphthyl ring of the CSP and the
aromatic portion of the analytes. Face-to-edge aromatic interactions, favoring T-shaped geometries both in the
solid state and in solution, are often explained as a combination of electrostatic and van der Waals
interactions; **® and have been suggested to play an important role in the chromatographic separation of
enantiomers on chiral stationary phases.uc Inspection of molecular models'? reveals that only the (ZR)
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Figure 2: Proposed mode of interaction between (S,5)-CSP 1 and the more retained isomers of 1 (a), 2 (b) and
3(c)

isomer of 1 can simultaneously establish these three interactions (fig. 2a) whereas at least one of the three is
prevented by either the bulky #-butyl group or by unfavourable geometries for the remaining isomers of 1.
These appear in the low temperature chromatogram clustered around 2-4 minutes, well separated from (Z, R)-1.

Oxidation of 1 gives the corresponding sulfone 2 whose sulfur atom is no longer a stereogenic center.
Thus only two peaks, corresponding to the conformational enantiomers, are observed in the low temperature
chromatography on CSP 1 (fig. 3). The useful temperature range is considerably shifted to lower temperatures
with peak coalescence observed at -60°C and complete decoalescence at —-80°C, indicating a lower barrier to
CAr-s bond rotation in 2 compared to 1. Molecular mechanics!* calculations carried out on 2 give a low
energy conformation with the #-butyl group almost perpendicular to the naphthyl ring, corresponding to the
low energy conformations found for the £ and Z isomers of 1.* On the basis of these observations, (assuming
a similar recognition mechanism for 1 and 2) the most retained enantiomer of the sulfone derivative should be
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Figure 3: Variable temperature chromatography of 2 on (S,5)-CSP 1. Eluent: dichloromethane/methanol 98/2;
flow rate 2.0 mi/min; UV detection at 300 nm. At —80°C the following chromatographic data are obtained:
K'1=054; a =5.79
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the one depicted in fig. 2b (i.e. the one formally derived from the (Z,R) sulfoxide). The proposed recognition
model is consistent with that reported for the separation of hindered naphthyl carboxamide atropisomers 3 (fig
2c) on the same csp.’

The use of chiral HPLC columns operating at cryogenic temperatures represents an additional tool for the
investigation of stereolabile compounds featuring very low interconversion barriers. Brush-type stationary
phases based on low-molecular weight selectors have a distinct advantage as they can show high
chromatographic efficiency even at low temperatures.
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