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Summary: Calculation of the CD spectrum of 1 and comparison to an experimentally determined CD
spectrum is used to establish the absolute stereochemistry of 1. © 1997 Elsevier Science Ltd.

Recently, one of us (MH) reported the synthesis of the chiral molecular tweezer 1 along with a crystal
structure of its trinitrobenzene inclusion complex.! In an effort to begin to examine and understand the ability of
such a molecular tweezer to discriminate between enantiomeric guests, studies of the behavior of 1 and related
compounds on chiral stationary phases have been performed.2 As part of that effort, a preparative separation of
1 was carried out on an (R,R) Whelk-O chiral column.3 Studies of molecular models mindful of the proposed
mechanism of chiral discrimination of the Whelk-O chiral stationary phase led to the conclusion that on the
aforementioned column, the RRRR enantiomer of 1 should elute more quickly than its mirror image.# To
establish the absolute stereochemistry of the enantiomers, the CD spectrum of each was recorded.> This paper
describes the calculation of the CD spectra of the RRRR enantiomer of 1. This work establishes the absolute
stereochemistry of each enantiomer of 1 and lends support to the mechanistic model previously invoked for chiral

discrimination by the (R,R) Whelk-O CSP.

(drawn as the RRRR enantiomer)

AMI1 Structure of 1

The experimentally determined CD spectra for the enantiomers of 1 are shown in Figure 1. The first

spectrum is that of the more quickly eluted enantiomer. Because the CD spectra are expected to be mirror
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Figure 1. Experimental CD spectra of the enantiomers of 1.5 The first spectrum is that of the compound eluted

first from an (R,R)-Whelk-O 1 chromatography column.

images, the CD spectra of only one enantiomer needs to be calculated. By comparison with the experimental
spectra, one can assign the absolute configuration of both samples. This approach has proven quite successful in
other cases.57

The CD spectra are calculated in the following way. First, the structure of one enantiomer is needed.
Starting from bond lengths and angles taken from the literature8, geometry optimizations were performed using
the semiempirical methods MNDO9, AM110, and PM31! as implemented in the program MOPAC 6.0.12 The
three-dimensional structure of the RRRR enantiomer of 1 obtained with AM1 is shown next to the two-
dimensional drawing of 1. This structure was further optimized by an ab initio calculation at the HF/3-21G level
using the program Gaussian 94.13 The structures differ in the angle between the two dibenzofuran planes. With
MNDQO this angle is 36°; with AM1 and PM3, 229 and with 3-21G, 4.5°. In a crystal structure of 1, this angle
is 4.050.14

The CD spectra which belong to these structures were then determined. The calculation of the rotational
strengths was performed using the semiempirical method CNDO/S!5 as implemented in the program package
DZDO/MCD3SP.16.17 For the CI calculation, 169 singly excited singlet configurations were used. These were
generated by exciting one electron from one of the thirteen highest occupied orbitals into one of the thirteen
lowest unoccupied orbitals. In order to generate the spectra the rotational strengths were multiplied with gaussian

functions with a halfband width of 6.07 nm in the range below 180 nm; 6.72 nm between 180 nm and 235 nm;
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Figure 2. Calculated CD spectra for the RRRR enantiomer of 1 with CNDO/S using (a) the MNDO structure,
(b) the AM1 structure, (c) the PM3 structure and (d) the 3-21G structure.

and 7.68 nm beyond 235 nm.18

The calculated spectra are shown in Figure 2. If one compares these spectra with each other one can see that
the signs of the principal bands agree in all cases. With respect to the position and the intensity of these bands no
great differences occur. In the experimental spectrum of the enantiomer of 1 with the smaller retention time, a
broad negative band occurs at about 290 nm which may be split due to molecular vibrations. At 240 nm a
positive Cotton effect and at 260 nm a negative Cotton effect are observed. The latter one is a little less intense
than the former. The spectrum of the other enantiomer is approximately the mirror image of the first one, as
expected. The differences are probably due to concentration effects. The three experimental bands can be
assigned to the bands at 300, 230 and 220 nm in the calculated spectra. Their signs agree with the signs in the
spectrum for the enantiomer of 1 less strongly bound to the Whelk-O CSP. Therefore, this enantiomer is
assigned the RRRR configuration.

In summary, we have assigned the absolute configurations of the enantiomers of 1 by using a comparison of
the experimental and calculated CD spectra. This work establishes a basis for the stereochemical assignment of
other molecular tweezers of this class using CD spectroscopy. Further studies of enantiomer recognition and

other applications of this class of compounds are in progress. Results will be reported in due course.
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