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The processing and transfer of stereochemical information is
based on communication between two chiral units or between
a chiral and a prochiral unit. Stereoselective processes often
rely on chirality transfer from a chiral ligand to a catalytically
active (metal) center.[1,2] In supramolecular chemistry,[3] the
interaction of a substrate with a receptor (which might be a
catalyst) follows the lock and key principle,[4] and an “induced
fit” between the components enables optimized interaction.[5]

Thus, stereoselection (for example, in catalysis) is often based
on supramolecular chiral recognition processes.

In helicates,[6] the transfer of stereochemcial information
between two units has been investigated thoroughly.[7] The
introduction of enantiomerically pure ligands can afford
diastereomerically and enantiomerically pure helicates.[8]

Recently, hierarchically formed[9] helicates with bridging
lithium cations were described,[10] in which three Li+ ions
connect two mononuclear complex moieties. In this case, the
interlocking of the two propeller-type complexes, which
allows effective coordination of the lithium ions, is only
possible if the two propellers possess the same twist.

The distorted octahedral mononuclear complex exists in
solution as four fast equilibrating isomers. The ligands can
have a fac or a mer orientation (sometimes referred to as syn
and anti) and the complexes a L or D configuration
(Scheme 1). A slow reversible Li+-mediated dimerization
occurs only between homochiral units of the fac isomers, and
in the dimers the stereochemistry (“the helical twist”) is
locked. Racemization of the helicates proceeds by slow
dissociation, but not by direct interconversion. Although the
tetrahedrally coordinated lithium cations are extremely
labile, the cooperative binding of three cations slows down
the dissociation of the dimer.

Monomers and dimers are easily distinguished by NMR
spectroscopy because of the anisotropic shift as well as the
diastereotopicity in the dimer.[10] The monomer–dimer equi-
librium is influenced by different factors. For example, the
dimer is more stable in less-coordinating solvents such as
methanol, while the monomer is the major species in strongly
coordinating solvents (for example, DMSO).[10]

In the racemic system, all the equilibria between enan-
tiomers are equivalent (Scheme 1). The introduction of chiral
information results in the formation of diastereomers, and
epimerization at the metal complex will favor one of the
diastereomeric chiral species. Therefore, the chiral esters 1-H2

Scheme 1. Hierarchically assembled triple lithium-bridged bistitani-
um(IV) complexes. The isomers of the monomeric unit are in fast
equilibrium with each other, while the LL and DD dimers are formed
slowly. The latter species are able to racemize by slow dissociation,
but not by direct interconversion.[10]
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and 2-H2 of 2,3-dihydroxybenzoic acid were prepared starting
from (S)-citronellol and (S)-phenylethanol.[11]

1-H2 and 2-H2 form titanium(IV) triscatecholates[12] on
reaction (3 equiv) with [TiO(acac)2] (1 equiv) and Li2CO3

(1 equiv) in methanol. 1H NMR spectroscopy reveals that in
the case of Li2[(1)3Ti], the dimer Li[Li3{(1)3Ti}2] is the only
observable species in [D4]MeOH. Both the monomer and
dimer are observed in [D6]DMSO, and a dimerization
constant of Kdim = 2400m�1 has been determined. The dimer
is identified by two multiplets of diastereotopic O-CH2

protons at d = 3.54 and 2.94 ppm, while the monomer shows
only one signal (d = 4.10 ppm). The fast isomerization at the
monomer (for example, by a Bailar twist or Ray–Dutt
rearrangement) prevents the stereoisomeric complexes (SL

and SD) from being observed separately. Thus, the g-methyl
group of the monomer appears only as one doublet at d =

0.88 ppm, while in the dimer this methyl group splits into two
doublets in a ratio of 40:60 at d = 0.77 and 0.73 ppm. This is a
measure of the stereochemical induction of the g stereocenter
on the complex units that results in 20 % de. CD spectroscopic
investigations of the complex Li2[(1)3Ti]/Li[Li3{(1)3Ti}2] either
in methanol or DMSO indicate that the L configuration
dominates in the complex.

In the case of ligand 2-H2, the stereocenter of the ester is
much closer to the metal ion and stronger stereochemical
induction occurs. In fact, only one “enantiomerically pure”
diastereoisomer is found in the NMR spectrum of the
dinuclear complex Li[Li3{(2)3Ti}2]. No diastereotopic NMR
probes are present in the case of ligand 2 ; however, the
dimeric titanium(IV) complex shows the characteristic high-
field shift of the a proton or of the methyl resonance. The
dimer (dCH-a = 4.47, q) is the dominant species in [D4]MeOH.
Only traces of the monomer (dCH-a = 5.04, q) are observed
(Kdim = 4600m�1). The situation is reversed in [D6]DMSO:
The monomer Li2[(2)3Ti] (dCH-a = 5.89, q) is the major species,
while only traces of dimer Li[Li3{(2)3Ti}2] (dCH-a = 4.91, q) are
found (Kdim = 16m�1).

The CD spectra of Li2[(2)3Ti]/Li[Li3{(2)3Ti}2] in methanol
and DMSO are roughly mirror images (Figure 1). A positive
Cotton effect is observed around 340 nm and a negative
Cotton effect around 405 nm in methanol, while a negative
Cotton effect is found around 360 nm and a positive one at
420 nm in DMSO. The free ligand does not show significant
CD signals, and so the detected transitions can be attributed
to the titanium(IV) triscatecholate. According to earlier
assignments[13] and recent computational studies (see the
Supporting Information), the configuration of the complexes
with ligand 2 depends on the solvent: D in methanol and L in
DMSO. This effect could be due to the dominating presence
of the monomer in DMSO and of the dimer in methanol.

Crystals suitable for X-ray structure analysis were
obtained,[14] but an accidental cation exchange during the

recrystallization resulted in the potassium salt of
[Li3{(2)3Ti}2]

� being obtained. Figure 2 depicts one of the
two independent structures of the anion in the crystal, with
the interlocking of the complex units and the bridging by
three lithium cations (all L configuration). The complex has
the right-handed helical form (DD).

Figure 3 summarizes the rationalization of the stereo-
chemical inversion of the complex units upon dimerization.
Esters of secondary alcohols are known to adopt a conforma-
tion in which the proton at the a position is oriented in the
same direction as the carbonyl oxygen atom, which results in a
dihedral angle Ccarbonyl-O-C-H of close to 08.[15] This orienta-
tion remains in monomeric Li2[(2)3Ti]. Both the carbonyl
group as well as the a hydrogen atom point away from the
complex unit (“outwards”). This fixes the substituents at the
chiral unit relative to the coordination site. The higher steric
pressure of the phenyl compared to the methyl group controls
the tilting of the propeller-type complex, thereby resulting in
a preferred L configuration (Figure 3b, top).

In the dimer, the carbonyl oxygen atom binds “inwards”
on coordinating to a lithium cation, and therefore rotation of

Figure 1. CD spectra of Li2[(2)3Ti]/Li[Li3{(2)3Ti}2] in methanol and
DMSO.

Figure 2. Molecular structure of the anion [Li3{(2)3Ti}2]
� in the crystal

(only one of the two inequivalent units in the lattice is shown).
C black, H white, O red, Li blue, Ti yellow.
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the ester groups occurs upon dimerization. Now, the steric
pressure from the large phenyl group on the trischelate of the
second complex moiety (Figure 3 b, bottom) results in the
opposite twist compared to the monomer. Embedding the
chiral ester substituent in the groove of the helical complex
enforces some twisting of the dihedral angle Ccarbonyl-O-C-H to
20–558. This is stabilized by attractive CH–p interactions
between the secondary a proton and a neighboring catechol
unit at the second coordination site (Figure 3 c). Solvent
effects on the CD spectra were observed previously, and it
was pointed out that the simple interpretation of CD spectra
might lead to mistakes.[16] However, in our study different
characterization techniques combined with computational
studies (see the Supporting Information) lead to a clear
picture of the situation.

The reduced steric bulk of the ester of ligand 1 and the
chiral information in the g position results in the complex
Li2[(1)3Ti]/Li[Li3{(1)3Ti}2] being present mainly as a dimer.
Even in DMSO, the monomer becomes only dominating at
concentrations as low as approximately 10�7 molL�1. The
dimer is the major species in methanol as well as in DMSO
under the conditions used for the NMR (c� 0.003 molL�1) as
well as CD (c� 0.001 molL�1) experiments. Thus, as
expected, the CD spectra are similar in both solvents.

In summary, a unique example of stereoinduction is
presented, in which the stereochemistry at a labile metal
complex unit is inverted and locked upon lithium-mediated
dimerization. The stereocontrol can be explained by different
conformations at the ester in the monomer and the dimer.
This result is impressive in the context of dynamic chiral
resolution in a supramolecular system following “induced fit”
based on stereorecognition.
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