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A homochiral amino acid coordination network [{AgsCus(L-
methioninato)s(NOs)3(H,0)s} - 7H20],, self-assembled from Cu', Ag/,
and L-methionine via a distinct soft—hard recognition process, shows
interesting characteristics, in that it is constructed from 1D helical
building blocks and contains homochiral channels in which 1D water
chains are hosted. This result provides an effective and controllable
strategy for the preparation of enantiopure heterometallic supramo-
lecular structures that are relevant to biopolymers.

Molecular recognition based on noncovalent denor

dination networks with helical chair¥dhelical channel&
or water aggregatehave already been shown to be of critical
importance and to have rudimentary in vivo significance.
Ligands based on amino acids offer multiple metal binding
sites and various weak interactions with other interacting
groups. Because of these complex interactions of amino acid
functional groups, especially their zwitterion properties, the
preparation of amino acid supramolecular structures becomes
more unpredictable and difficult to contfSIThus, the design
of amino acid coordination networks has been a challenging
issue in materials science and biochemi$irs part of our

acceptor interactions plays a critical role in a variety of ongoing efforts in the synthesis of functional crystalline
biological processes. Such effects that follow basic chemical materials'* herein we report on an effective strategy for the
principles permit extremely complex biological functions to design and synthesis of a 3D homochiral heterobimetallic

be manipulated and dominate the storage of large amounts

of messages in living organism3.Amazingly, using only
essential building blocks such as amino acids, nucleobases,
etc., biological systems are able to achieve perfect self-
organization and carry out complicated vital functiéns.
However, many biological effects that are relevant to basic
chemical principles still need to be better understood.
Therefore, the self-assembly of supramolecular complexes
from biological precursor molecules or their derivatives is
one of the most interesting research togicsln particular,

the self-assembly of amino acid coordination networks has
attracted considerable attention because of the unique proper-
ties induced by the amino acid ligant%? Relevant coor-
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Chart 1. Chiral Soft-Hard Bifunctional Ligand of -Methionine
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amino acid coordination network that is self-assembled
through a completely distinct sefhard recognition process.
This unique network shows interesting biomimetic charac-
teristics, in that it is constructed from 1D helical building
units and contains chiral channels and 1D water chains that
are hosted in the helical channels. Figure 1. Cu, helix (pink solid line), the hydrogen-bonded water chain
Compound {A93CU3(L-methioninatoé(N03)3(H20)3} . (orange thin dashed line), and the local coordination environments'of Cu
7H20] (l) was synthesized in high yield (62%) by a single- and Ad in 1. Nitrate anions and other H atoms have been omitted for clarity.
n

(Selected fragments afmethioninato are shown with arbitrary radii and
step self-assembly process from Cu@iBH,O, AgNG;, thin bonds; other atoms are represented as 30% thermal ellipsoids.)

and L-methionine in an ethanol/water diffusion system at
ambient temperature. The synthetic strategy involved the use

of an enantiopure ligand efmethionine as a chiral building a)

unit to build a coordination network. As shown in Chart 1, +
L-methionine can bind to metal centers through the hard P~
amino and carboxylate group sites, with the thioether side- X
chain group serving as a soft site. If two different coordina- 4
tion centers of Cliand Ad cations can distinctly coordinate .Jt,\

to L-methionine according to the hardoft principle, a self-
assembly process would occur, leading to the formation of

the target structure. Although the softard principle is a f
common concept in biology and chemistry, its specificity is ¢, b\~
not always higher than other complex interactions. T0 OUF rigre 2 () Side view of the helical building block and the Ag-trimer
knowledge, related coordination networks that are self- units. (b) Top view of the framework df along thea axis. (Water guest
assembled via a distinct sefhard recognition process have molecules and nitrate anions inside the channels have been omitted for
not yet been highlightet. Interestingly, this deliberately clarity. Color codes are as in Figure 1.

proposed result has proven to be valid. centers adopt square-pyramidal geometries, while the Cu2
A single-crystal X-ray analysis reveals that compodnd  center is octahedrally coordinated. Notably, the, Gelix
crystallizes in the chiral orthorhombic space gré¥#12:2, s a rodlike building unit that is similar to the-helix chain
and forms a 3D heterobimetallic coordination netwbrk. ¢ 5 protein. In addition to the main chain of the rod, the
Each CU center is chelated by twomethioninato ligands  sjge chains of the-methioninato ligands extend outward in
through the N and O atoms in a trans manner, producing 4 helical array. The GuCu translation is 5.3 A per turn of
two five-membered rings with the Cuon located in the  the helix. The S atoms of themethioninato ligands are all
center of the equatorial D, plane (Figure 1). An additional  poynd to the Agcenters because of their soft preference.
coordination with ong:-carboxylate O atom from a neigh-  gach Ag center adopts a distorted tetrahedral coordination

boring L-'methioninato ligand giyg; rise to the apical bond, geometry. The three Ag atoms are linked by #eS atoms
and the intermolecular connectivities generate a left-handedyf the | -methioninato ligands to form a unique Ag-trimer

single-helical chain with a pseuda-dcrew axis (Figure 2). | nit (Figure S1 of the Supporting Information).
Furthermore, a nitrate O atom is weakly coordinated to the - The infinite Cu.-helix chains inl are stacked in parallel
Cu2 center at an axial position. Thus, the Cul and Cu3 gnq connected by the linkages of thenethioninato ligands
(11) (@) Luo, T. T Teai, H. L. Yang, . L. Liu, Y. H. Yadav, R. D.; Su and lthe Ag—trimer un'its to give 1D helical channels (Figure
C.C.; Ueng, C. H: Lin. L. G Lu, K. LAngew. Chem., Int. Ed.  2P) in which three nitrate ions and seven water molecules
2005 44, 6063. (b) Lu, Y. L.; Wu, J. Y.; Chan, M. C.; Huang, S. M.;  per formula unit reside as guests. In order to realize the

Lin, C. S.; Chiu, T. W.; Liu, Y. H.; Wen, Y. S.; Ueng, C. H.; Chin, : .
T.M.; Lu, K. L. Inorg. Chem2006 45, 2430. (¢) Liu, Y. H.: Wu, H. conformation of the helical channel, the arrangement of the

C.; Lin, H. M.; Hou, W. H.; Lu, K. L.Chem. Commur2003 60. Ag-trimer units with a winding-stair-like geometry is high-
(12 (Oalzagg"Tart#ahé kAa-?Q’Y%%?EOPMT_CShh?Q{OCaOm:g%ooomﬁ%b ég) lighted in Figure 3. The arrangement of the Ag-trimer units,
1484, Y T va, Bhem. which are connected throughmethioninato ligands and Cu

(13) Crystal data foll: CsoHgoAgsCUsNeO1Ss, M = 1769.62, orthorhom-  gtoms, generates a right-handed, hydrophilic helical channel.

bic, 212121, a = 15.8730(1) Ab = 16.9061(1) Ac = . . 7
25852%?‘22)9)&?{‘,5’;glégf‘%(g) Rz (:)4’ R1— 0.036§’)WRC2: The Ag trimer-Ag trimer transilation is 15.87 A per turn of
0.0786, GOF= 1.053. the helix. The twist rhombic chiral channel has dimensions
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Figure 3. Simplified views of the right-handed helical channellof(a)

side view, where the Ag tetrahedrons are represented as rainbow-like colors
to show their helical sequence; (b) part of the white connections in part a;

(c) top view of part b. Only the connections of the backbone atoms are
shown for clarity.

a)

Figure 4. Hydrogen-bonded water chainin (a) water chain coordinated

to the Ag-trimer units and propagating along its staircase-like environment;
(b) top view of the water chains inside a helical channel; (c) side view of
part b. Color codes are as in Figure 1.

of 11.84 x 22.17 A (based on Ag-Ag distances; Figure
2b). Because the Ag trimer contains weakly coordinated

water molecules, metal active sites directed toward the chiral

channels might be formed upon the removal of water
molecules. From further analysis of the framework, the
helical description is one possible choice; another is to
discard the longer C1O axial Jahr-Teller elongated bonds

to obtain a 2D complex with undulated layers stacking along
theb axis (Figures S2 and S3 of the Supporting Information).

tances within the water chain span the range 2.738B72-

(7) A (Table S1 of the Supporting Information). The water
chains that propagate in a zigzag conformation along the
[100] direction are anchored to the Ag-trimer units and help
support the overall architecture. An ordered chain of water
molecules inside a helical channel should be a biomimetic
model for the behavior of water chains in biological potes.

A thermogravimetric analysis (TGA) dfshows that guest
water molecules are eliminated from the network (calcd
10.2%; found 10.2%) when the temperature is increased from
room temperature to about 20Q, after which decomposi-
tion of the compound occurs (Figure S6 of the Supporting
Information). The powder X-ray diffraction (PXRD) study
showed that compountl almost lost its crystallinity, even
at 50°C. After dehydration ofl. at 110°C and rehydration
at room temperature, the PXRD pattern showed that the
peaks, after rehydration, correspond to those of the “as-
synthesized” compound. The dehydratioehydration cycle
can be repeated many times (Figures—S80 of the
Supporting Information). These results indicate that com-
poundl is capable of undergoing a reversible crystal-to-
amorphous-to-crystal transformation. This type of dynamic
structural transformation remains one of the most interesting
phenomena in crystal engineeritfgparticular for the cases
of homochiral coordination polymers assembled from bio-
logical precursor molecules.

In conclusion, the design strategy for amino acid coordina-
tion frameworks based on the distinct sefftard principle
was demonstrated. Compoutdcontains five unique fea-
tures: (1) a 3D homochiral heterobimetallic amino acid
coordination network; (2) winding-stair-like-arranged Ag
trimers as the building units for the assembly of the right-
handed helical channels; (3) an infinite left-handed-Galix
chain analogous to the-helix structure of a protein; (4)
serving as a model of a 1D water chain in a biological pore;
(5) having a reversible guest desorptiesorption property.
Our results provide an effective and controllable route for
the preparation of enantiopure heterometallic supramolecular
structures that are relevant to biopolymers.
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Furthermore, an interesting observation was made that 1DIC062132K

water chains are hosted in the helical channels (Figure 4).
Three Ag-coordinated water molecules and the other seven

guest water molecules were all found to be strongly
hydrogen-bonded together. The hydrogen-bond @ dis-
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