Integrative Self-Sorting: Towards High Level Self-Assembly

Wel Jiang, Christoph A. Schalley*

Institut fur Chemie und Biochemie der Freien Universitat Berlin, Takustr. 3, D-14195 Berlin, email: schalley@chemie.fu-berlin.de

|. Introduction

Background: Most of synthetic self-assembled architectures repetitively use ever the same building
blocks thus severely restricting the implementation of functions. Complexity is achieved more in the sense
that large assemblies are built from multiple identical building blocks. However, different components are
needed to cooperate with each other for the achievements of complex functions.

Question: How can we incorporate many different building blocks into one assembly with precies
positional control to create a higher level of complexity and thus functions?

Possible Solution: Nature’s functional assemblies, such as DNA and ATP synthase, are often
constructed by integrating many different building blocks via self-assembly together with self-sorting to
obtain not only the structural complexity but also the resulting functions through the cooperation among
their subunits. We very recently coined this strategy, integrative self-sorting [1,2], and are convinced that it
will not only enrich the world of supramolecular architectures from the point of view of structural variability
but will also form the basis for the implementation of high-level functions in future assemblies.

Il. Self-Sorting

Self-sorting has been used to describe the property that only one or a few complexes out of
a larger number of potentially possible assemblies are formed in a mixture of the components.

A four-component self-sorting system consisting of C7, C8, 1-H-PF,, and 2-H-PF; has been
constructed. In their equimolar mixture, only two pseudorotaxanes out of four possible ones
are predominant, which was proved by ESI-FTICR-MS and *H NMR experiments.
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Characteristics of integrative self-
sorting can be summarized as follows: n=1, 4-2H-2PF,
n =3, 5-2H-2PF,
(@) Only one complex, in which more
than two different subunits are bound
In two or more recognition events with
positional control, is formed in a multi-

component mixture.

(b) As a prerequisite, more than one
binding site must be integrated in at
least one of the components
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Merging 1-H-PF, and 2-H-PF; into the

The design of appropriate integrative components, which bring all the other subunits into one final
complex with positional control, is the key for constructing integrative self-sorting complex. Many different
options for the construction of integrative components arise: (i) We can connect the 2 guests “linearly’. (ii)
The 2 crown ether hosts can be incorporated into dimers and—if connected through the anthracene core
chosen here—are coplanar with each other. (iii) One of the 2 guests can be cross-connected with the other

host. (Iv) Several reasonable combinations and repetitions of the first 3 strategies can be realized.
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sequential divalent guests allow the
overwhelming self-assemby of
hetero[3]-pseudorotaxanes from the
equimolar mixture of the corresponding
guest with C8 and C7.
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Sorting Strategies: Mutiple Pseudorotaxanes

Combining integrative self-sorting with other self- OH HO
assembly strategies could lead to more complex 13- 4H 4PF, ;
topological structures. (
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The structures of 15-4H-4PF;and 16-4H-4PF,
can be unambiguously proved by tandem MS
experiments. For example, [15-4H-2PF4]?%*
dissociates into two identical halves,
suggesting its highly symmetrical structures.

To further confirm the closed structures, 15-
4H-4PF, and 16-4H-4PF, are mixed with 2 equiv.
9-4H-4PF,. Self-sorting between 9-4H-4PF; and
them is observed from ESI-MS experiments,
providing evidences for them to be closed
structrues. Otherwise, the free binding sites in
15-4H-4PF4 or 16-4H-4PF, could interfere with
9-4H-4PF,.
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