JIAIC

S

COMMUNICATIONS

Published on Web 08/24/2004

Constitutional Dynamic Self-Sensing in a Zinc

/Polyiminofluorenes System

Nicolas Giuseppone and Jean-Marie Lehn*

Institut de Science et d’lIrigéerie Supramdleulaires (ISIS), 8 Alle Gaspard-Monge, BP 70028,
67083 Strasbourg, France
Received May 10, 2004; E-mail: lehn@isis.u-strasbg.fr

Constitutional dynamic chemistry (CDEgxpresses adaptative
behavior, as its entities are in principle capable of responding to
external effectors via reorganization of their constitution through
incorporation, decorporation, and reshuffling of components. This
may occur on either the molecular or the supramolecular level, the
components being connected through reversible covalent dnds
or noncovalent interactioh&-2(or both), respectively. The resulting
constitutional plasticity generates dynamic (virfdabr real)

diversity and gives access to a range of properties that connectively

static entities do not present.

On the molecular level, CDC is implemented in dynamic
combinatorial chemistry that has been applied toward drug discov-
ery3 as well as in materials sciené&&>We have recently investi-
gated selection processes within constitutional dynamic libraries
(CDLs), induced by chemical and/or physical stimuli; indeed, proton

concentration or temperature markedly rearrange the composition

of equilibrating libraries of imine8.In particular, such a dynamic
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Figure 1. (Top) Constitutional dynamic library of iminofluorenes, CDL
I, with Zn(BF4)2:8H,O promoted component exchange and (bottdkh)

NMR spectra (400 MHz) of the CDL for different Zn(B)f-8H,O
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system may undergo constitutional reorganization in response toconcentrations at 298 K in CD€l(a) 0 M. (b) 3.10x 10-2 M. (c) 6.20x
an external effector so as to generate a signal due to that specied0 > M. (d) 8.68x 1072 M. (e) 1.24x 107 M). Initial concentration of

that is inducing the reorganization in the first place. This behavior
amounts to a $elf-sensing (or self-signaling) process, whereby
the effector induces the formation of that CDL constituent that

allows its own detection. It appeared reasonable to expect that metal

ions interacting with the library constituents could strongly affect
its composition.

We demonstrate here the ability of a set of oligo- and polyimine
species to undergo such a process in response to the effect of Zn

ions, whose presence is in return revealed by the appearance of a

spectral signal. Zinc ions were found to promote component
exchange within a set of imines as well as in polyimine dynaifiérs,
i.e., in dynamic polymers in which the monomers are connected

intensity and wavelength. Finally, as a result of the two distinct

effects of the metal ions (i.e., polymer selection and enhancement

of fluorescence), zinc ions induce a constitutional reorganization
within the CDL, leading to the selective formation of a polymeric

A:5.12x 1072 M.
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by reversible imine bonds. Furthermore, the interaction of zinc ions Figure 2. CDL of polymeric iminofluorenes, CDILI, with Zril-

with fluorescent polymers based on fluorene monomers connectedcomponent exchange and (bottom left) absorption spectra of the CDL
through imine bonds leads to marked changes in both emissionsrecorded at 298 K in CHGlfor various amounts of Zn(Bf:8H.0

promoted

solubilized in CHCN. [A] = 2.50 x 10°> M. D = Hexamethylhexacyclen.

of hexamethylhexacyclen, leading to quantitative regeneration of
1. The constitutional modifications observed may be attributed to
the preferential coordination of Znto the more basic aliphatic

structure whose optical properties are strongly affected by the ions gmine than to an aromatic amino group; as a consequence, the

themselves, so that it signals the presence of its own promoter.
A 1:2:2 mixture of 2,7-fluorenedicarboxaldehyfewith cyclo-
pentylamine and 2-aminofluorene (COL in CDCl; was found
by 'H NMR to contain mainly (70%) the expected diimirie
formed from the more nucleophilic aliphatic amine, together with
the mixed species (pale yellow solution). Addition of increasing
amounts of Zn(Bk),-8H,0 in CD;CN (Figure 1) led to fast and
total conversion of compound into the conjugated compourii
(orange solutiony. A quantitative selection of compoung is
obtained for 2 equiv of Zhwith respect toA, while 1 equiv leads
to a statistical mixture of, 2, and3 in a 1/1/2 ratio. Moreover, the
process can be fully reversed by trapping thé i&ms with 1 equiv
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former is engaged in coordination, allowing the latter to participate
in imine formation?

We then examined the exchange of components in the polymers
formed from a 1:1:1 mixture of\, trans-1,4-cyclohexanediamine
B, and 2,7-diaminofluoreneC (CDL Il) in ethanol at room
temperature (Figure 2§2°In principle, CDLII consists of the two-
component polymer4 and5 together with all possible intermediate
three-componen®/B/C mixed species. Polymer and 5 were
prepared independently in the same conditions as reference
compounds fotH NMR, UV —vis, and fluorescence spectral data.
The composition of the polymers generated fromAliB/C mixture
was characterized on the basis of the NMR signal of the imine

10.1021/ja0472883 CCC: $27.50 © 2004 American Chemical Society
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Figure 3. (a) Fluorescence spectra at 298 K in Ckl6f pure fluorene polyiminé& (c = 4.05 x 106 M) on addition of increasing amounts of Zn(BF

8H,0 (equivalent with respect to initid in 5) solubilized in CHCN; excitation at 350 nm. (b) Fluorescence spectra at 298 K in gbiGhe CDLII of
fluorene polyimines of Figure 2, on addition of increasing amounts of ZggB3H,O (equivalent with respect to initi&l in CDL 1) solubilized in CHCN,;
excitation at 320 nm. (c) Partial titration (0 to 4 equiv'Zin the same conditions as (b), illustrating the self-sensing occurring after the component exchange
process (sensor formation) is completed, i.e., beyond 2 equiv 'af Zn

protons of1—3 (Figure 1) and4 and5, as well as of the UV-vis generation in the first place. It embodiesahstitutional dynamic
electronic absorption bands (Figure 2) and the fluorescence emissiorself-sensingprocess that extends the range of self-processgsch

(vide infra). It contained mainly (80% of the mixture with a cis/ constitutional reorganization of a system is of special interest for
trans ratio of 25:75) the alternating fluorene/cyclohexane sequencethe design of dynamic “smart” materials, allowing the expression
4, incorporating the more nucleophilic diamiBeg and displaying and fine-tuning of a given virtual (latent) property and/or producing

a characteristic absorption band at 345 nm. Integration of the imino- an adaptative response under the pressure of external conditions.
CH and the remaining aldehyde proton NMR signals gave a degreeMoreover, the self-sensing behavior, where an effector induces the
of polymerization (DP) of about 9 (MW~ 5000)1°% On addition upregulation of its own detector, amounts to a further step in the
of Zn" to the CDLII, its color evolved from a pale yellow (without ~ emergence, at the molecular and supramolecular levels, of dynamic
zinc) to a red brown suspension (2 equiv of zinc comparedi)to systems of increasing complexity.

The change in composition was followed By NMR and UV
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