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In complexes with the uranyl dication salophen ligands are
highly puckered. This implies that non-symmetrically sub-
stituted uranyl-salophen derivatives exist in principle as a
pair of enantiomers. However, due to easy disrotations about
the bonds connecting the phenoxide units to the imine
carbons, the rate of interconversion between enantiomeric
forms of simple, sterically unhindered compounds is ex-
tremely fast. Bulky substituents in appropriate positions
decrease the interconversion rate and make this novel type
of inherent chirality detectable by 'H and 13C NMR.

T Salophen ligands are diimino tetradentate dianionic ligands
that form very strong complexes with the uranyl dication
UO,2+.1 A fifth coordination site is available in the equatorial
plane of the uranyl dication for complexation with an additional
monodentate ligand. Hence uranyl—sal ophen complexes behave
as electrically neutral, hard Lewis acids which have found
applicationsin the molecular recognition of anions? and neutral
molecules,3 and also in catalysis of ester cleavage* and of
1,4-thiol addition to enones.5

Because of the large ionic radius of the uranium in the uranyl
cation, the ligand cannot assume a planar geometry, but is
highly puckered, as shown by the computer calculated structure
of the uranyl-salophen unit (Fig. 1), which is consistent with
available X-ray crystallographic data.3t6 In non-symmetrically
substituted uranyl—salophen derivatives (e.g. 1), the non-planar
geometry results in the absence of any symmetry element and,
consequently, makes these compounds inherently chiral. It
should be considered, however, that more or less concerted
disrotations about the bonds connecting the imine carbonsto the
phenoxide rings could possibly invert the curvature of the
salophen ligand through a flipping of the salicylaldehyde units
[egn. (1)] and lead to interconversion of enantiomeric forms.
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No information of any kind is available on the inherent
chirality of non-symmetrically substituted uranyl—salophen

Fig. 1 Computer calculated structure of the uranyl—-salophen unit.

T Electronic Supplementary Information (ESI) available: experimental
details describing the synthesis and characterization of compounds 1-3, and
computational detailsfor the calculation of the structurein Fig. 1. See http://
Www.rsc.org/suppdatal/cc/b3/b306478f/
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complexes. To the best of our knowledge the mere existence of
the flipping motion has never been documented. Here we show
that in simple uranyl-salophen compounds enantiomers are
rapidly interconverted, and describe the synthesis of derivatives
in which the stiffness of the molecular framework is increased
through steric congestion to such an extent that the chirality is
maintained and easily detected by NMR spectroscopy.

The substrate chosen for initial study isthe simple derivative
1, in which the function of the isopropyl is to act as a
diastereotopic NMR probe because the two methyls become
inequivalent in a chiral environment. Complex 1 was prepared
by reacting a 1 : 1 : 1 mixture of salicylaldehyde, 3-iso-
propylsaicylaldehyde, and 1,2-diaminobenzene with 1 mol
equiv. of UO,(OAC)2:2H,0 in MeOH at room temperature,
followed by chromatographic treatment of the statistical
mixture of products. The *H NMR spectrum of this compound
shows that the doublet corresponding to the methyl protons is
not split even at —40 °C (Fig. 2a). A single sharp line is aso
obtained for the methyl carbon resonance in the 13C NMR
spectrum (Fig. 3, spectrum a). An obvious interpretation of the
above observations is that interconversion between enantio-
meric forms is fast on the NMR time scale, but the possibility
that chemical shift differences are too small to measure cannot
be ruled out.

Inspection of molecular models shows that the flipping
motion is resisted by van der Waals interactions between the
hydrogens shown in the formulae of egn. (1), because these
hydrogens are required to move past each other. Thus, the
presence of one or more bulky substituents in place of the
hydrogens is expected to hinder the interconversion process to
a significant extent. To test this idea, compound 2 was
synthesized according to the stepwise procedure outlined in
Scheme 1. The variable temperature *H NMR spectra in
CD30D (Fig. 2b) indeed show two well resolved doublets at
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Fig. 2 (a) Portion of the tH NMR spectral region of 1 (300 MHz in CD3;0D)
displaying the sharp doublet of the methyl protons at 298 K and at 233 K.
(b) Temperature dependent *H NMR spectra of the methyl group signals of
2 (300 MHz in CD30D). (c) Temperature dependence of the methyl groups
signals of 3 (300 MHz in (CD3),SO) showing that the two doublets do not
coalesce even at 112 °C.
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Fig. 3 Portion of the 13C NMR spectral regions of 1 (a), 2 (b), and 3 (c) in
CD3;COCD3 at 75 MHz displaying the resonances of the methyl group
signa at 298 K.
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Scheme 1 Syntheses of complexes 2 and 3.

lower temperatures, and asingle doublet at higher temperatures.
Compuiter line shape simulation of the spectrum at 291 K (Fig.
2, trace b) yields arate constant of 10 s—1, corresponding to an
activation energy of 15.7 kcal mol—1. This result is further
confirmed by the line shape simulation of the 33C NMR
spectrum at 298 K (Fig. 3, trace b) which yields a rate constant
of 20 s 1, thus again a AG* of 15.7 kca mol—1. These
observations clearly show that the bulky phenyl substituent
indeed hinders the flipping motion, and demonstrate that in
compound 1 this motion is fast on the NMR time scale.

A further step towards an increase in the height of the barrier
for enantiomerization was made with compound 3, which was
synthesized as above starting from the 3,4,5,6-tetramethyl
derivative of 1,2-diaminobenzene in place of its parent
compound. Fig. 2c shows that the room temperature 1H NMR
spectrum in (CD3),SO,” consisting in two well resolved
doublets, is unchanged upon heating up to 112 °C, which
corresponds to a free energy barrier AG* = 21 kcal mol—1.
Consistently, the 13C NMR spectrum of 3 at room temperature
shows two sharp singlets for the resonances of methy! carbons
(Fig. 3, spectrum c).

It should be emphasized that the chirality in 2 and 3 arises
from complexation of the uranyl dication with achiral salophen
ligands, and bears no direct relationship to thewell known chiral
salophen- or salen-complexes widely used in asymmetric
syntheses (e.g. Jacobsen’s catalysts)8 which are prepared from
chiral diamine® and/or aldehydel® precursors.

To sum up, the bird-like uranyl—salophen unit, whose bent
shape is imposed by the bulky uranium, flaps its wings
frenziedly due to easy disrotations about the bonds connecting
the phenoxide units to the imine carbons. As a consequence, an
unsymmetrically substituted derivative like 1 existsin principle
asapair of enantiomers, but the rate of interconversionisfast on
the NMR time scale even at —40 °C. Strategically placed bulky
substituents slow down the flipping motion and make the
chirality detectable by NMR spectroscopy. Interconversion of
enantiomeric forms of 3 is slow on the NMR time scale even at
+112 °C.

We are presently pursuing the resolution of racemic 3, which
represents a prototype structure for afamily of novel inherently
chiral hosts whose structure can be modulated within wide
limits using suitably substituted aldehydes and/or ketones as
starting materials. These hosts are expected to have potential in
the selective recognition of chiral neutral molecules and chiral
anions. Furthermore, upon reaction with hard anions such as F—
and Cl—,5¢c highly structured inherently chiral anions can be
obtained, for use in the recognition of chiral organic cations.
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