6316 J. Am. Chem. S0d.999,121,6316-6317

Metal-Directed Assembly of Triple-Layered Scheme 1
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Over the past decade, researchers in the area of supramolecular k""j

photochemistry have made impressive progress toward the 4cd

development of molecular sensors and light-harvesting materials.
This is due in part to the rapid growth of synthetic techniques, The new ligand, 9,10-bis[2-(diphenylphosphino)ethoxy]an-
which enable one to construct complex molecular architectures. thracene, was prepared in two steps by modifications of literature
The synthesis and study of cyclophanes has been a particularlyprocedures for alkylating quinorfeend nucleophilic substitutiofi.
active area of resear@hThese compounds allow one to align  The “condensed” rhodium macrocydéScheme 1) was prepared
and stack chromophores and redox-active groups within ain >99% vyield by reaction of 9,10-bis[2-(diphenylphosphino)-
macrocyclic cavity, which often leads to hegjuest structures  ethoxylanthracene with [RhCI(COF) (COT = cyclooctene}.
with novel photophysical properties. Considerable effort has been Upon addition of acetonitrile to a methylene chloride solution of
dedicated to the synthesis of cyclophanes that contain both1, the weak Rk-O linkages ofl are selectively broken resulting
electron donor (D) and acceptor (A) moieties so that/D in the quantitative formation of open macrocy@eScheme 1.
interactions can be explored in the context of a structure with Significantly, the conversion of the condensed macrocydteo
fixed and well-defined B-A orientations and distancéd.o date, 2 is accompanied by a 10-fold increase in the fluorescence inten-
advances in this field have involved impressive, but often tedious, sity of an emission band at 442 nm (excitation at 390 nm). The
low-yielding, covalent synthetic methods. increase in fluorescence is due to two factors: (1) the breaking
Our group recently reported a new high-yield approach for of the Rh—O bonds, which results in a large decrease in the
preparing binuclear metallocyclophanes from flexible ligands and through-bond communication between the metal center and the
readily available metal precursdtsThis synthetic strategy in-  anthracenyl fluorophores and (2) the “opening” of the macrocycle
volves two elementary steps, the initial preparation of a condensedwhich causes a decrease in the through-space interactions between
intermediate held together via weak metaekygen links followed the two fluorophores and the metal centers and fluoropHores.
by the expansion of that structure via its reaction with small  The coordinatively labile rhodium(l) centers Zfacilitate the
molecules that can break the metal-oxygen bonds, Scheme 1. Sincginding of a variety of A molecules with para-ligating moieties
all of the ligands that are used in this approach are derived from within the metallocyclophane cavity. Herein, we provide two
simple quinone precursors, a large number of binuclear macro- different examples involving aryl diisocyanides, and in principle
cyclic structures with synthetically tailorable chemical and this reactivity allows one to study many different acceptor mole-
physical properties can be prepared easily. Herein, we demonstrateules without complicated synthetic manipulation. For comparison
that the “weak-link” synthetic approach can be used to design purposes, the reactions between macrocgead several mono-
and prepare novel fluorescent metallocyclophanes with the appro-and diisocyanides have been explored by titration experiments,
priate cage dimensions and reactivity for sequestering and aligningScheme 1. Upon addition of 1 equiv of a para-substituted aromatic

bifunctional “A” molecules in virtually quantitative fashion.
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diisocyanide such as 1,4-phenylene- and 9,10-anthracenediiso-
cyanide to a CHCI,/CH;CN (100:1) solution of compound,

the “three-tiered” structures3a, b are formed inquantitatie
yields, respectively. BotBaand3b have been fully characterized

in solution, and the solid-state structurestfhas been determined

by a single-crystal X-ray diffraction studyFigure 1. This
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Figure 1. ORTEP drawing of comple®b with thermal ellipsoids drawn "

at the 50% probability level. Hydrogen atoms, solvent molecules, and 0.00 0

anions are omitted for clarity. Selected bond distances (A) and angles 400 500 600 400 500 600
(deg): Rh(1}»Rh(la)= 11.64(12), AreneArene= 4.197(5); Rh(1> Wavelength (nm)

P(1)= 2.3199(14), Rh(}}P(2)= 2.3422(14), Rh(£yN(1) = 2.034(5), Figure 2. Electronic absorption and emission specttaaton = 390
Rh(1)-C(7) = 1.884(5), P(1)yRh(1)-P(2)= 172.50(5), P(1)}Rh(1)~ nm) of compound? (—) and 9,10-anthracenediisocyanide (- - -), A and
N(1) = 88.18(13), P(LyRh(1)-C(7) = 90.68(15), P(2) Rh(1)~N(1) B, and compoundb, C and D.

1752'(2())(13)* P(2yRh(1}-C(7) = 95.71(15), N(IyRh(1)-C(7) = forming CT complexes with only one of the two donor moieties.

The remaining donor chromophore is left only slightly perturbed

and retains its characteristic electronic, fluorescence emission,
structure shows that the metallocyclophane fluorophores are gnq excitation spectra, Figure 2.

separated by 4.197 A from the sequestered aryl diisocyanide and " Finally, reactions betweedand eithetert-butylisocyanide or
aligned with it in a cofacial fashion. Monoisocyanides, such as 3 g_gimethylphenylisocyanide showed no appreciable change in
tert-butylisocyanide and 2,6-dimethylphenylisocyanide, form 2:1 {he fluorescence signal of the macrocycle as the 2:1 complexes
complexesic, d, with the concomitant release of acetonitrile; a 4, d were formed, demonstrating that the photophysical responses
cis to trans rearrangement of the phosphine ligands around theggggciated wittBa, b are not due to a steric shielding of the

Rh(I) centers accompanies this transformatfgh. , anthracenyl chromophores from one another or an electronic
Compound, 3a, b and4c, d have been studied by UWis, change at the metal centers brought on by their binding to
emission, and excitation spectroscopy. Macrocyzldisplays isocyanide ligands.

UV —vis spectra characteristic of 9,10-functionalized anthracene  Tpjs paper is significant for the following reasons. First, it

chromophore§(2): Ama= 390 nm ¢ = 37 200), CHCL/CH:CN demonstrates that one can use metal-directed assembly to prepare
(100:1)] and a broad structureless emission at 442 nm, Figure 5 pey class of fluorescent metallocyclophanes in fewer steps and
2A and B (-). Of the isocyanides explored (mentioned above) pigher yield than conventional methods based on covalent organic
only 9,10-anthracenediisocyanide absorbs and emits in the spectraky nthesis. Second, the ability to systematically introduce different
window studied (306:800 nm) fimax = 416 nm € = 16 100), acceptors into a BA—D triple-layered structure provides a
Amax €Mission= 420 nm, CHCI,/CH;CN (100:1)], Figure 2A synthetic flexibility that is a major advantage over covalent
and B (- - ,')- . ) synthetic methods. Third, the emission properties of these systems
Interestingly, the electronic spectra of the triple-layered met- gre striking as others have found that metal centers within the
allocyclophane8aand3b'® display both structured bands similar  qntext of such structures often completely quench the fluores-
to 2and broad, structureless charge-transfer (CT) baBajs366 cence associated with the organic chromophoric ligahdée
nm; 3b, 466 nm, Figure 2C) which are characteristic of B generality of this approach and the novel photophysical properties
containing cyclophane®. These broad absorption bands are of these metallocyclophanes will provide insight and some
attributed to intramolecular CT interactions between the donor exciting opportunities in the areas of electron transfer and
anthracenyl group and the sequestered acceptor arene becau%%/nthetic receptor design.
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