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Chiral metalloaggregates have been received considerable attention because of their significance in

fundamental coordination stereochemistry and their potential and/or practical applications. However, the

rational construction of chiral metalloaggregates with desired structures is still a great challenge. This

study was focused on the aggregation of chiral multinuclear complex-anions with L-cysteinate (L-cys),

which possess 6 free carboxylate groups, assisted by complex-cations or simple metal ions through

non-covalent interactions, in order to achieve the
rational construction of chiral metalloaggregates and
to investigate the chiral effects of the complex-anions
on the structures of the resulting chiral
metalloaggregates. First, the diastereomers of the
multinuclear complex-anions were treated with
racemic complex-cations to investigate the chiral
selectivity. Second, the diastercomers of the
multinuclear complex-anions were treated with
lanthanide ions to synthesize a series of chiral

coordination polymers.
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Scheme 1.

The (Arrr); and (Appy), isomers of the S-bridged trinuclear complex-anion, [C03(L-cys)5]3‘ ([1]3’),

having 6 free carboxylate groups and multiple chiral centers, were aggregated by using the (A)./(A),

racemic trinuclear complex-cation, [Cos(aet)s]’” ([2]*"; aet = 2-aminoethancthiolate), which has an
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S-bridged structure similar to that of [1*". It was found that (Arrr)s-[1]° exclusively selects the (A),
isomer of [2]*" to form a heterochiral complex salt, (A)2(ArLpL)2-[Cos(aet)s][Cos(L-cys)s] (3). When
(ALLL)Z-[1]3‘ was used, however, the complex salt, [Cos(aet)s][Cos(L-cys)s] (4), was obtained only under a
very concentrated condition, in which the (A), isomer of [2]*" is preferentially selected. This difference in
the chiral selectivity between the diastereomers of [1]37 is most likely due to the difference in the

orientation of carboxylate groups between its (Arr1), and (Arr1), isomers.

Then, the (ArLrr), and (Arrr), isomers of [1]3‘ were treated with the (A),/(A), racemic pentanucleaf
complex-cation, [AgsCoy(act)s]’” ([5]*"), the structure_of which is similar to that of [2]**, except the
presence of an {Ag;}*" moiety between two terminal [Co(aet)s] units in place of a Co®" ion in [2]*". It was
found that (Arp),-[11* exclusively selects the (A), isomer of [S]°*, which is in line with its
enantioselectivity toward (A),-[2]*". However, (Ap1),-[1]°" prefers the (A), isomer of [5]°", as does
(ALLL)Z-[I]S‘, although its enantioselectivity is not excellent. Thus, both the (Arr 1), and (Arry), isomers
of [1]3" prefers the (A), isomer of [5]3+; indicating that the local chirality (L-cysteinate), rather than a

helicoidal chirality about metal centers (A vs. A), predominates the chiral selectivity of [1]3’ toward [5]*".

The chiral selectivity of the (Ar;1), isomer of a pentanuclear complex-anion, [Ag;Cox(L-cys)s]’~ ([8]°)
toward (A),/(A),-[2]*" was also investigated. It was found that (Arr;),-[8]°" shows an excellent chiral
selectivity toward the (A), isomer of [2]3+, which is very different from the case for (ALLL)Z-[I]}. The
introduction of an {Ag;}3+ moiety in (ALLL)Z-[8]3", which causes additional intermolecular interactions
and increases the distance between two terminal [Co(L-cys)3]3’ units, is most likely responsible for this

excellent enantioselectivity.

The aggregation of the (Arrr), and (Arpr): isomers of [1]3’ by lanthanide ions (Ln3+) was also
investigated. It was shown that a series of heterometallic chiral metalloaggregates, (Arrr).-Ln[1] and
(ArrL)>-Ln[1] composed of [1]>~ and Ln*" in a 1:1 ratio, were constructed, indicating that (Arr1),- and
(ALLL)z-[1]3_ can be used as an O-donating metalloligand. For the (Arry), isomer of Ln[1], only a 3D
structure, 2D and 3D structures, and only a 2D structure were formed for Ln = La and Ce, Ln = Pr and Nd,
and Ln = Sm to Lu, respectively. On the other hand, for the (A1), isomer of Ln[1], a 2D structure and a
3D structure were formed for bigger lanthanide ions (Ln = La to Tm) and smaller lanthanide ions (Ln =
Yb and Lu), respectively. Thus, the dimensional structures of (Apr.),-Ln[1] and (Arrp),-Ln[1] are highly
dependent on the diastereoisomerism of [1]°", the difference of which causes the difference in the

orientation of carboxylate groups, as well as on the ionic size of Ln>".

In conclusion, the rational construction of chiral metalloaggregates by using chiral multinuclear
complex-anions having several coordination and/or hydrogen-bonding sites was achieved in this study. It
was found that the structures of chiral metalloaggregates are controlled by the diastereomerism of chiral
multinuclear complex-anions, as well as the types of metal complexes or metal ions employed. In addition
the chiral selectivity due to the. chiral multinuclear complexes was found to be controlled by their
diastereomerism because of the difference in the orientation of functional groups that interact with metal

ions or complexes. Finally, it was shown that the presence of additional non-covalent interactions, besides

hydrogen-bonding one, increases the efficiency of the chiral selectivity.
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