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A new chromogenic supramolecular sensor for transition metals is reported. It is based on a newly designed phenanthroline-containing
molecule that self-assembles via an organometallic “clip” into a supramolecular optical sensor for metals.

In recent years, chemical sensing has attracted the interesmental and the biomedical fieldsHerein we report the
of many research group€One of the most important areas design, synthesis, and evaluation of a supramolecular chro-
in contemporary sensor development is the design of matic sensor that is sensitive to micromolar concentrations
functionalized molecules that trigger a measurable responseof Ni?*, C#*, and CP*.
upon exposure to specific analyte®Vhile the technology Supramolecular metal-organic assemblies could have a
of electrical transducers in analytical instrumentation is significant impact in the areas of molecular sensing, as they
relatively advanced, well characterized chemoselective ma-can combine the properties of their organic and inorganic
terials are still needet. components in order to design receptor sites for chemical
One of the more attractive approaches in this field involves sensing. Several examples using this approach have been
the construction of optical sensor devises due to their previously reported.
potential for the rapid analysis of substratd3evelopment Recently, we reported that a 1,8-platinum-functionalized
of optical sensors for hazardous trace metals are of greatanthracene unit, which acts as a “molecular clip,” allows for
interest in this area and will have applications in environ- the preparation of complex supramolecular metallacyclo-
phaneg. Herein we built upon this design and extend that
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Scheme 1. Synthesis and Self-Assembly of Rectangular Chemosehsor
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work by synthesizing a new functionalized ligand, namely, [1,10]phenanthrolin@ (88%). This species was then treated
3,8-bis-pyridin-4-ylethynyl[1,10]-phenanthrolinBRP), that with K,CG; in methanol to give 3,8- diethynyl[1,10]phenan-
upon self-assembly with the molecular clip generates a throline3, as reported in the literatuiré95%), which in turn,
supramolecular rectangle that exhibits optical sensing func-was coupled with 2.3 equiv of 4-iodopyridine in the presence

tions toward various hazardous metals. of Pd(0)/Cul catalysts to provide the required ditopic pyridine
The ditopic pyridine linkeBPP was prepared as shown linker 4 (85%) (Scheme 1).
in Scheme 1. The 3,8-dibromo-1,10-phenanthrolihevas The self-assembly of the rectangular chemoseis®

coupled with (trimethylsilyl)acetylene in the presence of based upon a 1:1 stoichiometric combinatiordaind 1,8-
Pd(0)/Cul catalysts to give 3,8-bis-trimethylsilanylethynyl- bis(trans-Pt(PE)>(NOs))anthracene&® in an acetone/bD
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Figure 1. (a) Simulated isotope distribution for speci€s-f 2H,0]2" {m/z= 1439.0}. (b) Experimental isotope distribution fd&
2H,0]?* {m/z= 1439.3}. (c) Molecular structure @& (d) 'H NMR spectra of6 (e) 3P{'H} of 6.
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mixture and was isolated by precipitation with KRfyield
95%) (Scheme 1). Of particular diagnostic value for the
structure of6 are the3'P{*H} and'H NMR spectra. In the
former, the formation of a single, highly symmetrical species
is evident from the appearance of a sharp singlet peak with
concomitant®®*Pt satellites, shifted 5.7 ppm upfield-AJ)
relative to5 (A%Jppy = —2660 Hz). For theH NMR of 6,

two additional doublets appeared for the and S-pyridyl
protons that also exhibit a downfield shift (0.2—0.6 ppm)
due to the loss of electron density upon coordination, Figure
1. Further proof of compleg was obtained using elementary
analysi€ and electrospray ionization mass spectrometry (ESI/
MS). In the mass spectrum 08, peaks (isotopically
unresolved) attributable to the consecutive loss of hexa-
fluorophosphate counterion6-pPR]?*{m/z = 1566.5},
[6-3PR]*{m/z= 995.6}, and [64PR]**{m/z= 710.5}were
detected with good signal-to-noise ratio.

The supramolecular chemosen8avas also characterized
with UV —vis absorption spectroscopy. Methanolic solutions
of 6 exhibit several absorbance bands in the UV region, of
which the most prominent are 350 n= 3200), 280 nm
(5200), 230 nm (5900). These bands are diagnostic for
changes in the electronic structure of the macromolecule.

The addition of Ni(ll)(NQ).-6H,0 to a solution of6 in
methanol induced a dramatic change in the-tiié spectrum
(Figure 2). This optical response arises from the 1:
complexation of6 with the N#* ions to generate the Ni
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Figure 2. Titration of 6 in MeOH with Ni(NO3),-6H,0.

The binding constants fat—9 are shown in Table 1. The

observed equilibrium constants for complexes9 follow

the same trend of affinity as those observed for free 1,10-
phenanthroline with the same ions (i.e., foPNK; = 8 x

10, CP" Ky =5 x 10, Cr¥™ NA).2° However, comple
provides a supramolecular complexity that endows the
phenanthroline moiety with a preorganized architecture for
metal binding as well as new optical properties.

complex 7. Evidence from the job’s method and ESI/MS _

support this conclusion. For example, a peak corresponding

to [7-3PF6}*{m/z = 1084.3} is readily observed, see
Supporting Information. The generation of an isosbestic
point at 300 nm indicates that the complexation is clean and
takes place without disturbing the supramolecular structure
of 6. Titration of 6 with other transition metal ions of
environmental concern such as?dnd CP* showed a
similar effect to that of Ni" and generated the correspond-
ing Cd complex8 and Cr complex9, see Supporting
Information.
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Table 1. Binding Constangsfor 6 with Ni2*, Cd™?, and C#*

K =2.01 4+ 0.05 x 107
K =3.39+0.5 x 10*
K=753+04 x 108

Ni complex 7
Cd complex 8
Cr complex 9

a Equilibrium constants were obtained atZ5and 0.2 mM ionic strength
in methanol.

In summary, we have prepared the functionalized ligand
5 that undergoes self-assembly to form the supramolecular
rectangles that allows for the rapid optical sensing of Ni(ll),
Cd(ll), and Cr(lll) ions in solution.
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