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Self-Assembly Molecular Squares with Metal Complexes as Bridging Ligands
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Polynuclear transition metal complexes containing multichro-
mophoric units, such as metal polypyridyl complexes, are of
considerable current interéskiuch attention has be paid to the
synthesis of multicomponent systems that exhibit photoinduced

intercomponent electron and/or energy-transfer processes and to

their potential applications for photonic and electronic devices.
Systems incorporating Re(l)-, Ru(ll)-, and Os(ll)-based polypy-
ridyl chromophores are the most commonly studied because of
their favorable redox and spectroscopic characteristics.

Polynuclear metal complexes are usually synthesized through
tedious procedures to covalently link the individual compongénts,
whereas the self-assembly process provides an efficient way for
the spontaneous generation of multicomponent structivasous

square complexes have been prepared via the self-assembly

process over the past dec&dene majority of molecular squares
that have been assembled are based on the square planar met
centers involving Pd(Il) or Pt(ll) and linear bidentate ligands such
as 4,4-bipyridine. Self-assembly square complexes incorporating
other geometric metal centers are less common, howeler.
addition, only a few examples have utilized metal complexes as
bridging ligands In this communication, we combine the
concepts of self-assembly and “complexes as ligands” and report
the preparation of a series of molecular squares with the general
molecular formulafac-Br(COxRe(u-(pyterpyyM)] 4(PFs)s, where
pyterpy is 4-(4'"-pyridyl)-2,2:6',2"'-terpyridine and M= Fe, Ru,
or Os. The spectroscopic properties and a preliminary anion
binding study of these novel octanuclear molecular squares are'
also presented.

Self-assembly square complexs3 were prepared in quan-
titative yield by reaction between BrRe(GOand the metal-
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(Scheme 1). A variety of analytical methods were employed to
characterize the square structuté&and all obtained data confirm
the 1:1 stoichiometry between the Re metal and the metal-complex
bridging ligand. Direct evidence proving that completes3 are
square structures has been determined from electrospray ionization
(ESI) mass spectrd. Additionally, we have obtained a high-
resolution ESI mass spectrum for compfeutilizing the Fourier
transform ion cyclotron resonance (FTICR) technique. Figure 1
illustrates the ESI-FTICR mass spectrum as well as the calculated
and experimental isotopic distribution for complgxased on
[2—2PR]%", and the good agreement between the calculated and
experimental isotopic pattern clearly confirms the square struc-
ture® Attempts to obtain X-ray quality crystals were unsuccessful.
Although it was possible to grow very small crystals from slow
diffusion of ether into acetonitrile solution, we found that they
underwent solvent loss readily and collapsed to form amorphous
solids®

(9) See Supporting Information for characterization data of complex&s

(10) Four possible diastereomers with respect to the relative positions of CO
and Br may exist in our systems. Here, we do not imply any preferential
isomer, which will form during the self-assembly process.

(11) Electrospray ionization mass spectrometry (ESI-MS) has been success-
fully used for detection of supramolecular species in solutfofhe
efficient ionization process and the multiple-charging phenomenon
inherent in ESI mass spectra have provided high sensitivities and the
observation of high molecular weight species within a limited mass-to-
charge ratio observation window. On gentle ionization, even highly
charged intact species can be observed without undergoing frag-
mentatiorf122

(12) (a) Olenyuk, B.; Whiteford, J. A.; Fechtenkotter, A.; Stang, Rature
1999 398 796. (b) Przybylski, M.; Glocker, M. QAngew. Chem., Int.

Ed. Engl.1996 35, 806 and references therein. (c) Fujita, M.; Nagao,
S.; Ogura, K.J. Am. Chem. Socl995 117, 1649. (d) Vorm, O,
Roepstorff, P.; Mann, MAnal. Chem.1994 66, 3281. (e) Leize, E.;
Van Dorsselaer, A.; Kramer, R.; Lehn, J.-M. Chem. Soc., Chem.
Commun.1993 990.

(13) Several papers have suggested the coexistence of molecular triangle and
square structures in solution and their physical data (IR, NMR, and
elemental analysis) could be very similat* However, the lack of
detection of a molecular weight that corresponds to either the molecular
triangle or other higher order structures and the clean NMR spectra
confirm that the square complexes are the only products.

10.1021/ic991226+ CCC: $19.00 © 2000 American Chemical Society
Published on Web 03/10/2000



Communications Inorganic Chemistry, Vol. 39, No. 7, 2000345

luminescent in room-temperature deoxygenated solution, while
complexed and2 do not have any detectable luminescence under
identical experimental conditions. The lack of luminescence at
room temperature from complexédsand 2 is attributed to the

existence of metal-centered (MC) states lying in proximity to the
MLCT states. The distortion from perfect octahedral structure due
to the C,, symmetry in M(pyterpy) (M = Fe, Ru) results in a

+2 Charge State
hl relatively weak ligand field at the metal, and thus, the MC states
V. ‘ ‘ l A

580 2584

are at low energy’ The MLCT excited states appear to be
c deactivated through these low-lying nonemissive MC states via
2572 6 2 L . >
m/z an efficient nonradiative decay pathway. In contrast, the emission
Experimental intensity and position of comple® are similar to those of the
free metal-complex ligand and the emission is also independent
of the excitation wavelength. Here, the energy transfer from higher
energy states (Re-MLCT or—s*) to the lowest OSMLCT state
is relatively efficient, and consequently, luminescence is observed.
The highly positive-charged square compleXes3 are po-
100, 257844 tential host materials for anioA%The luminescence features of

3 provide a way other thaftH NMR spectroscopy to study the
host-guest chemistry. A preliminary binding study between
complex3 and BR~ anions was carried out in GBN solution.
751 The luminescence & was observed to increase with increasing
19 BF,~ anion concentration, although there was no change in either
};. the emission position or band shape. The binding mechanism is
@ ll h unclear at this stage, but we believe it is related to the greater
g S04 nlll | Il-ﬁ electrostatic stability imparted by the BFanion compared to
° 2575 " 2580 2585 the Pk~ counteranions associated with compBeXVe have found
2 “ there is no significant effect of adding excessP&nions on the
5 Calcutated . o> X
z !umlnes_cencg of c_om_pIeS. Work on elucidating th_e dete_ulec_i
2 inorganic anion _bln_dlng r_nechamsm as well as investigating
167051 aromatic anion binding is in progress.
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