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Helical assemblies such as protein bundles and DNA are
prevalent in biological systems and play key roles in molecular
recognition, replication, and catalysisSeveral approaches have
been developed for constructing abiological helices for potential

applications in chiral separations, asymmetric catalysis, and non-

linear optics2~® One promising approach is the use of coordination
chemistry to direct the assembly of small component molecules

into extended macromolecular helices. Related approaches have

been used to prepare a wide variety of interesting molecular

architectures such as triangles, squares, rectangles, prisms, ang.

cages. ! These approaches allow one to systematically design

(@)

igure 1. X-ray crystal structures of homochiral triangular complexes (a)
(S,S,$2 without guest pyridine molecules, (biR(R,R-2 including three

discrete and dispersible molecular systems as well as certain solid-pyridine guest molecules (pink) in the cavity. Hydrogen atoms are omitted
state materials. One of the appealing aspects of this strategy is thatfor clarity.

once a combination of building blocks and connecting units for

Scheme 1. Solvent-Mediated Reversible Interconversion between

preparing a desired structure have been identified, topological the Triangular Macrocycle and the Helical Polymer (Inset:
analogues can be obtained in many different sizes and with different Coordination Environment of the Connecting Motif)2

functionalities through simple modifications of the building blocks.
Herein, we report a novel synthetic strategy for preparing a
triangular macrocyclic complex that can be spontaneously and
reversibly transformed into a homochiral helical polymer simply
through the addition of the appropriate solvent. The helicity of the
homochiral polymer is dictated by the macrocycle enantiomer used
to form it.

The chiral building block$)-H41 was designed to be a 66orner
in a molecular triangle2 formed via metal coordination to its
carboxylate groups (Scheme 1). To form such an angle, it is
imperative that metal centers wittians-coordination sites be
available for the assembly process.

(9-H41 was prepared in nearly quantitative yield by a one-step
imine coupling reaction with the enantiopu®-pinaphthyl diamine
and 4-formyl-3-hydroxybenzoic acid. Interestingly, wh&)-,1
and Cu(OAc)-6H,O were reacted in a mixture of pyridine and
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aConditions: (a) Cu(OAg)6H,O, MeOH/pyridine = 3/10; (b)

Cu(OAc)-6H,0O, MeOH/pyridine= 10/1; (c) MeOH; (d) pyridine.

pocket is occupied by a free pyridine molecule, and the three guest
pyridine molecules assume a clockwise chiral arrangement within

methanol at room temperature, either cubic- or rod-shaped crystalsthe macrocycle R,R,B-2 is shown as an example in Figure 1b].

were obtained, depending upon the solvent ratio. A 3:10 mixture
of methanol and pyridine gave the dark green cubic crystals (path
a), while a 10:1 mixture yielded similarly colored rod-shaped
crystals (path b). In both cases, crystals suitable for single-crystal
X-ray diffraction studies were obtained. The cubic crystals were
indeed the targeted triangular structieand both enantiomers
(S,S,$2and R,R,B-2 have been structurally characterized (Figure
1). In the crystal structures of each enantiomer, a 3-fold symmetry

Surprisingly, single-crystal X-ray analysis of one of the rod-
shaped crystals shows that it is structurally related to comp@und
(Scheme 1), but rather than a molecular compound, it is a helical
polymer 3. One can see how polymé& can easily form from
(S,S,$2 by breaking one of the Cucarboxylate interactions in
(S,S,$2 and twisting the structure slightly to re-form €u
carboxylate interactions with additional equivalents 2f The
enantiopure starting materig®)¢H,41 results in the formation of a

axis passes through the center of the supramolecule forming threeright-handed helical structure designake8. Interestingly, one not

identical asymmetric units. The GuCu distance between adjacent

only can rationalize the formation of these two structures through

1Cu centers is 16.77 A, and the distance between connecting metalthis sequential bond breaking and reforming process but also realize

centers is 11.80 A. The interconnecting Cu ions &ftdn (S,S,$2
and R],R,R-2 assume square pyramidal coordination geometries,

it as a reversible chemical process.
The major difference between the connecting metal centers in

and each of the axial positions on the Cu centers is occupied by athese two structures is a weakly coordinating axial ligand to the

pyridine ligand. There are three small binding pockets in the
molecular triangle, which are surrounded by four coordinating
pyridine ligands and a salen unit (Figure 1b). Each hydrophobic
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Cu ion that interconnects the carboxylate groups on the periphery
of the salen precursors. In the case of polyiethe axial ligand
is methanol, while in2, it is pyridine. This interconversion is a

10.1021/ja0716812 CCC: $37.00 © 2007 American Chemical Society
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{a) “I(b) structure and is possible only in the absence of an axial ligand on
& b _—— the 1°U metal center. The helical channel inside the helical polymer
H H | is filled with solvent molecules (four methanol molecules and one
§ g L""?‘W‘.W‘—,W"“ E °'°‘*,WWWW’*"‘ and a half water molecules per repeat unit). These guest molecules
* ol ' J 'l W = il ! 1' are helically aligned along the channel-forming double-helix-like
structure. The volume of solvent accessible voids is estimated to
= 9 be 35% of the total volume in the crystal.
10 15 20 25 30 35 40 10 15 20 25 30 38 40 . . .
2-Theta (deg) 2.Theta (deg) In conclusion, we have discovered an unusual solvent-induced

Figure 2. PXRD patterns: (a3 obtained frong by treatment of methanol, ~ transformation between a triangular macrocycle and a helical
(b) 2 obtained from3 by treatment of pyridine. Blue line, simulated from  coordination polymer. The chirality of the ligand precursors dictates
single-crystal structure; red line, PXRD pattern. the helicity of the resulting polymer. In addition to providing an
efficient synthetic route to topologically intriguing supramolecules,
this work demonstrates the subtle interplay between two energeti-
cally similar molecular and polymer structures. One has to wonder
why similar transformations have not been observed for dimers,
squares, and other supramolecules prepared by the directional
bonding approach. In all cases, one can make the analogous
transformation through a simple intramolecular bond breaking,
distortion, and intermolecular bond forming process. Efforts to
explore the breadth and scope of this phenomenon are underway.
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Figure 3. X-ray crystal structures of the helical polymers: (a, b) side view NWU 96

and top view ofP-3, (c, d) top view and side view dfl-3.

Note Added after ASAP Publication. An error was corrected

highly reversible process as evidenced by our ability to cycle in the last sentence of paragraph six on June 1, 2007.
between the molecular and polymeric structures five successive

times. In addition, although the low solubility of the macrocycles ~ Supporting Information Available: Detailed experimental pro-
and polymers made it difficult to analyze the conversion process cedures and X-ray crystallographic data f&%,%2 and R,R,B-2,

in the solution state, the clean transformation betw&and3 could P-3, andM-3. This material is available free of charge via the Internet
be easily followed and confirmed by powder X-ray diffraction @t http://pubs.acs.org.
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