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Two chiral supramolecules with enantiomeric three-dimensional
porous host frameworks, (∆){[FeII(phen)3][FeIIINa(C2O4)3]}n (1) and
(Λ){[FeII(phen)3][FeIIINa(C2O4)3]}n (2) (phen ) 1,10-phenanthro-
line), have been synthesized, and their crystal structures have been
determined. The structural analysis shows that compounds 1 and
2 are a pair of enantiomers, both consisting of a three-dimensional
porous skeleton formed by (∆)/(Λ){[FeIIINa(C2O4)3]2-}n and guest
(∆)/(Λ)[Fe(phen)3]2+ units. The circular dichroism spectrum mea-
surements confirmed the optical activity and the enantiomeric nature
of complexes 1 and 2.

Supramolecular chirality is a growing topic of interest in
light of its importance in biology and advanced materials.1,2

Currently, considerable attention has been paid to the
construction of chiral supramolecular aggregates through
noncovalent self-assembly approaches from achiral molecular
subunits,3,4 especially to the chiral coordination polymer
supramolecule. Because of the functionalization of the porous
host framework that can be tuned by a choice of metal centers
and organic ligands, chiral coordination polymers play a key
role in molecular recognition processes.

Selection of an appropriate multidentate ligand to link
plural metal ions is a powerful way to build a chiral
coordination polymer supramolecule. As a multidentate

ligand, oxalate acid has been widely used in the assembly
of such compounds because it can lead to abundant varieties
of multidimensional coordination polymers with different
kinds of topology.5 To develop new chiral coordination
polymer supramolecules, we focused our attention on metal-
oxalate acid coordination polymers. Herein, we report the
synthesis, crystal structure, and optical activity of a pair of
oxalate coordination polymer supramolecules, (∆){[FeII-
(phen)3][FeIIINa(C2O4)3]}n (1) and (Λ){[FeII(phen)3][FeIIINa-
(C2O4)3]}n (2) (phen) 1,10-phenanthroline).

Dark-red ball-shaped single crystals of compounds1 and
2 were obtained by a mixed solvothermal reaction of FeCl3,
Na2C2O4‚2H2O, and phen using molar ratios of 1:1:3 at about
423.15 K.6 X-ray diffraction measurements showed that
compounds1 and2 were enantiomers and that both crystal-
lized in a cubic system, with chiral space groupP21/3, a )
b ) c ) 16.1087(10) Å, andZ ) 2.7 Detailed structural* To whom correspondence should be addressed. E-mail: xiaoming-
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Figure 1. Perspective views (left and right) of the∆ andΛ configurations
of supramolecular compounds1 and2, respectively.
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analysis revealed that both compounds showed the host-
guest supramolecule structure feature. The absolute configu-
rations of1 and2 are as shown in Figure 1.1 is a compound
composed of the isolated∆ configuration guest ion and a
three-dimensional host porous skeleton, in which all of the
tris(bischelated) metallic centers also adopt the∆ configu-
ration, while the guest ion and the host porous skeleton of
compound2 adopt aΛ configuration.8

Oxalate ligands and atomic Fe and Na construct the∆
configuration three-dimensional host porous skeleton of1;
no detailed structural descriptions are presented here for2.
Every oxalate as a tetradentate ligand connects with a Na
atom using two O atoms from one side and links with a Fe
atom from another side, forming two five-membered rings,
Fe-O-C-C-O-Fe and Na-O-C-C-O-Na, respec-
tively, which form the basic unit of the host framework
(Figure 2a). In other words, each Fe (or Na) atom coordinates
with three oxalate ligands in an octahedral geometry with
D3 symmetry to form a (∆)[Fe(C2O4)3/2] (or (∆)[Na(C2O4)3/2])
node; three oxalate ligands coordinate with three Na (or Fe)
atoms separately, and each of the Na (or Fe) atoms ligates
with two other oxalate ligands, which results in the formation
of an infinite∆ configuration three-dimensional host porous
skeleton. One Fe atom coordinates with three phen ligands
in an octahedral geometry, which constructs the basic∆
configuration guest unit (∆)[Fe(phen)3]2+ of compound1.
Each (∆)[Fe(phen)3]2+ occupies one of the vacancies of the
host framework (Figure 2b), in which the supramolecule1
is formed (Figure 2c).

Because of the extremely low solubility of the obtained
polymers, solid-state circular dichroism (CD) was imposed.
The CD spectrum measurements in KBr pellets further
confirm the optical activity and enantiomeric nature of

complexes1 and 2.9 The CD spectrum of1 exhibits a
negative Cotton effect atImax ) 256 and 420 nm and a
positive dichroic signal atI ) 295, 470, and 558 nm.
Complex2 shows Cotton effects of the opposite sign at the
same wavelengths (Figure 3). The two normalized spectra
are opposite in nature, which assesses the enantioselective
character of the self-assembly, leading to the chiral su-
pramolecules; i.e.,∆ configuration porous frameworks
assemble only with∆ configuration guest ions. The assembly
of ∆ configuration porous frameworks with aΛ configuration
of guest ions is sterically forbidden.

Within these supramolecules, with the exception of the
effects of the ionic bonds between host anion and guest
cation, there also exist different kinds of hydrogen bonds;
these include C-H‚‚‚O (a H‚‚‚O distance of between 2.35
and 2.54 Å and a C‚‚‚O distance from 3.04 to 3.14 Å) and
C-H‚‚‚N (mean H‚‚‚N 2.60 Å and C‚‚‚N 3.08 Å) bonding
(see Table S1 in the Supporting Information).

In summary, two oxalate-bridged chiral coordination
polymer supramolecules with three-dimensional porous host
frameworks were synthesized. Analysis of the compounds
synthesized shows that they are enantiomers and that the CD
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(9) CD spectra were measured with a Jasco model J-810 spectropolarim-
eter. Measurements were made on the resulting complexes as
dispersions of 0.1-1 mg in 100 mg of oven-dried KBr. Thirteen-
millimeter-diameter disks were made in a standard disk press.
The baseline correction was performed with the spectrum of a pure
KBr disk, prepared in the same conditions. The displayed absorption
spectra result from subtraction of the spectrum of a standard KBr
disk.

Figure 2. Perspective views of the crystallographical structure of1. H atoms are omitted for clarity. Thermal ellipsoids are drawn at the 30% probability
level. (a) Basic unit of the host porous framework. (b) Guest [Fe(phen)3]2+ cation. (c) Supramolecule1. Part of the included guest molecules have been
omitted. Selected bond lengths (Å) and angles (deg): Fe2-N1 1.981(4), Fe2-N2 1.977(5), Fe1-O1 2.004(5), Fe1-O2 1.999(5), Na1-O3#1 2.342(6),
Na1-O4#1 2.660(6), N1-Fe2-N1#1 92.56(19), N2-Fe2-N1 83.61(18), N2#1-Fe2-N1 174.41(18), N2#2-Fe2-N1 91.68(18), N2#1-Fe2-N2 92.40-
(18), O1-Fe1-O2 80.3(2), O1-Fe1-O1#3 89.4(2), O1-Fe1-O2#3 97.5(2), O3-Na1-O4 66.67(17), O3-Na1-O3#1 94.1(3), O4#1-Na1-O4#2 107.73-
(17). Symmetric operation: #1,x - 1/2, -y + 3/2, -z + 1; #2, -x + 3/2, -y + 1, z + 1/2; #3, -x + 1, y + 1/2, -z + 1/2; #4, -z + 1, x - 1/2, -y + 1/2.

Figure 3. CD spectra of1 (red) and2 (black) in the solid state.
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spectrum measurements further confirm their enantiomeric
nature.
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