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ABSTRACT: The reaction of neodymium, europium, or
terbium nitrate with cucurbit[6]uril (CB6) in the presence
of the α-amino acid L-cysteine (L-cys) gives the com-
plexes [Nd(L-cys)(CB6)(NO3)(H2O)4] 3 2NO3 3 10H2O (1)
and {[Ln(L-cys)(CB6)(H2O)5][Ln(L-cys)(CB6)(NO3)-
(H2O)4]} 3 5NO3 3 22H2O with Ln = Eu (2) or Tb (3). 2
and 3 only differ from 1 by the presence of two independent
metal ions in slightly different environments. In all cases,
each metal atom is bound to the bidentate CB6 and the
monodentate L-cys molecules, with the latter being in its
zwitterionic form. The ammonium group of L-cys is directed
away from CB6 and is involved in ion�dipole and hydrogen
bonding interactions with the uncomplexed portal of the
neighboring molecule, which gives rise to the formation of
chiral one-dimensional assemblies of columnar shape.

Among the supramolecular assemblies including cucurbit-
[6]uril (CB6)1 as a rigid macrocyclic subunit, the metal-

based polyrotaxanes and necklaces first synthesized by Kim et al.
are most remarkable.2 In particular, one-dimensional helical
polyrotaxanes, isolated as racemic mixtures, have been obtained
through the proper choice of the diaminoalkane used as a
thread.2c,g,h,j However, pure enantiomeric forms, which would
be of interest for heterogeneous asymmetric catalysis or enan-
tioselective separations,3 could not be isolated up to now by using
this method in which chirality arises spontaneously from achiral
ligands. A more straightforward approach to synthesizing pure
enantiomers of CB6-based chiral complexes is to use pure
enantiomeric forms of chiral ligands. Although they are unsui-
table for the design of rotaxanes, α-amino acids appear to be
particularly promising candidates because, in their zwitterionic
form, they possess both a carboxylate group suitable for metal
complexation and an ammonium group, which is likely to interact
with CB6 through ion�dipole and hydrogen bonding interactions.
The latter interactions have previously been used to build cucurbi-
turil complexes of chiral ammonium guests,4 leading in some cases
to chiral recognition.4a The binding of commonα-amino acids and
of tripeptides by cucurbiturils was also investigated.5

In the course of the present work, several α-amino acids were
investigated in association with CB6 and lanthanide ions, with
the latter being chosen because they are readily complexed by both
carboxylates and the carbonyl groups of CB6.6 In the case of
L-cysteine (denoted L-cys hereafter), it was possible to synthesize the
three complexes [Nd(L-cys)(CB6)(NO3)(H2O)4] 32NO3 310H2O
(1) and {[Ln(L-cys)(CB6)(H2O)5][Ln(L-cys)(CB6)(NO3)-

(H2O)4]} 3 5NO3 3 22H2O with Ln = Eu (2) or Tb (3),7 which
were crystallographically characterized.8

All three complexes crystallize in the chiral space group P21.
Complexes 2 and 3 are isomorphous, and they differ from 1 by
the doubling of one unit cell parameter, which is due to the
presence of twometal ions with slightly different environments in
the asymmetric unit of the former compounds, while only one is
present in 1. The overall arrangement is similar in all cases, as
shown in Figures 1 and 2. The metal cation is bound to two
adjacent carbonyl groups of CB6, which is usual,6 with average
Ln�O bond lengths of 2.450(6), 2.41(4), and 2.38(4) Å for

Figure 1. View of complex 1. Counterions, solvent molecules, and
carbon-bound H atoms are omitted. Hydrogen bonds are shown as
dashed lines. Displacement ellipsoids are drawn at the 30% probability
level. Selected bond lengths (Å): Nd�O1 2.3518(19), Nd�O3
2.4562(18), Nd�O5 2.4442(18), Nd�O15 2.619(2), Nd�O16
2.758(3), Nd�O18 2.445(2), Nd�O19 2.5293(19), Nd�O20
2.458(2), Nd�O21 2.4594(19).
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1�3, respectively, in agreement with the values in previous
complexes. The L-cys ligand is in its zwitterionic, neutral form
and is monodentate through one carboxylate O atom, with
Ln�O bond lengths in the range of 2.31�2.38 Å (in 2 and 3,
the bond length for Ln2 is slightly larger than that for Ln1
because of the increase in the coordination number). It is notable
that only one complex of a 4f ion (Tb) with DL-cysteine is
reported in the Cambridge Structural Database (version 5.32)9,
but it was later reinterpreted as a disordered cystine complex
[average Tb�O bond length of 2.38(2) Å].10 As a general trend
and in contrast to the present cases, lanthanide complexation by
α-amino acids often gives polynuclear species.11 The atoms Nd,
Eu2, and Tb2 in 1�3 are further bound to a bidentate nitrate ion
[average Ln�Obond lengths of 2.69(7), 2.520(3), and 2.491(6) Å,
respectively] and four water molecules [average bond lengths
of 2.47(3), 2.46(4), and 2.42(4) Å], while Eu1 and Tb1 are
bound to five water molecules only [average bond lengths of
2.41(4) and 2.38(4) Å]. Eu1 and Tb1 are thus eight-coordinate
and in a square-antiprismatic environment with the sets of
atoms O1a, O3a, O15a, O16a and O5a, O17a, O18a, O19a

defining the two faces (dihedral angle ca. 3�), while Nd, Eu2, and
Tb2 are in nine-coordinate environments of capped square-
antiprismatic geometry with either O3 in 1 or O21b in 2 and 3
in the capping position and dihedral angles between the two
square faces of ca. 13 and 16�, respectively.

The L-cys ligand is directed away from the CB6 molecule and
its ammonium group points toward the uncomplexed portal of
the neighboring molecule along the a (1) or c (2 and 3) axis. The
N atom is at 0.5�0.9 Å from the mean portal plane (on the
exterior side), and two of its protons are involved in hydrogen
bonds with carbonyl O atoms (N 3 3 3O and H 3 3 3O distances
and N�H 3 3 3O angles in the ranges 2.784(5)�3.100(6) Å,
1.95�2.37 Å, and 117�156�, respectively), while the third forms
a bond with a solvent water molecule. In 1, the SH group forms a
hydrogen bond with a free nitrate ion, but in 2 and 3, these
groups add to the cohesion of the supramolecular assembly
because they are bound to carbonyl groups from the neighboring
molecules. Chiral columns of hydrogen-bonded complexes are
thus formed, as is illustrated for 2 in Figure 3, which are shifted
with respect to one another along the column axis so that the
bumps of one match the hollows of its neighbors, a frequent
situation with cucurbiturils. The intercolumnar spaces are occu-
pied by the counterions and solvent molecules, and the packing
index (estimated with PLATON12) of ca. 0.73 (ca. 0.64 with
solvent excluded) indicates that no significant free space is
present.

It is interesting to compare the present complexes with those
formed by lanthanide ions with iminodiacetic acid in the
presence of CB6.6j In the latter case, the metal ion is also bound
to a monodentate carboxylate group, but not to CB6, and part of
the ligand, including the uncoordinated carboxylic group, is
further encapsulated in the macrocycle cavity, with ammo-
nium�carbonyl hydrogen-bonding interactions being present.
Inclusion of the ligand is also observed with 2-pyridylacetic acid,
and CB6 is monodentate in this case.6j The formation of a
supramolecular one-dimensional assembly in 1�3 is thus cru-
cially dependent on the L-cys ligand not being hydrogen-bonded
to the very macrocycle bound to the same metal ion as itself. It
may well be that the thiol group plays an important role here, but
further work with other α-amino acids will be necessary to clarify
this point.

Figure 2. View of complex 2. Counterions, solvent molecules, and
carbon-bound H atoms are omitted. Hydrogen bonds are shown as
dashed lines. Displacement ellipsoids are drawn at the 30% probability
level. Selected bond lengths (Å) (values in the isomorphous terbium
complex 3 are in brackets): Ln1�O1a 2.317(4) [2.307(3)], Ln1�O3a
2.384(4) [2.356(3)], Ln1�O5a 2.367(3) [2.332(3)], Ln1�O15a
2.427(4) [2.390(4)], Ln1�O16a 2.388(4) [2.353(3)], Ln1�O17a
2.485(4) [2.456(3)], Ln1�O18a 2.373(5) [2.352(5)], Ln1�O19a
2.397(4) [2.366(3)], Ln2�O1b 2.375(4) [2.354(4)], Ln2�O3b
2.478(3) [2.444(3)], Ln2�O5b 2.413(3) [2.395(3)], Ln2�O15b
2.517(4) [2.484(4)], Ln2�O16b 2.523(5) [2.497(5)], Ln2�O18b
2.418(5) [2.370(5)], Ln2�O19b 2.513(7) [2.472(7)], Ln2�O20b
2.454(4) [2.430(3)], Ln2�O21b 2.436(3) [2.406(3)].

Figure 3. View of the packing in 2 down the column axis. Counterions,
solvent molecules, and H atoms are omitted. The metal coordination
polyhedra are shown in blue.
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In summary, the present results show that it is possible to build
chiral assemblies based on lanthanide ion complexes of CB6, with
the pure enantiomeric form of the α-amino acid L-cys being used
as an additional ligand. The latter is well suited both so as to
introduce chirality and as a polyfunctional molecule able to act
as an intermolecular linker through coordination bonds, and
ion�dipole and hydrogen bonding interactions.
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