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Polypyridine derivatives of Ru(ll) are the most widely studied
of all transition metal complexes. Interest in these systems stems
from the well-understood nature of their photophysical and
electrochemical properties as well as their ease of synthesis, leading
to the availability of a wide variety of substituted analogl€3.
the chelating polypyridines, Z;bipyridine (bpy) is the bidentate
prototype and 2,26',2"-terpyridine (tpy) is the tridentate. The next
higher homologue, quaterpyriding)( is well known but commonly
acts as a bridging ligand with Ru(ll), twisting about the central
bond to adopt a helical conformation which binds two Ru(ll) centers
in a bidentate fashioh® We reasoned that restricting the central
bond of this ligand by incorporating a phenanthroline subunit might
prohibit bridging and induce mononuclear coordination. This
Communication will describe the new tetradentate ligand 2,9-di-
(2'-pyridyl)-1,10-phenanthroline2f that promises to provide a novel
family of well-behaved Ru(ll) complexes.
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Figure 1. ORTEP drawings of the RgJ planar fragment (left) and the
cation (right) for [RuR)(4-NMexpy)2](PFs)2+(CsHeO).
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and 11%%C signals? indicating a symmetric structure. Treatment
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introduction of 4-dimethylaminopyridine (4-NMgy), 4-methylpy-

ridine (4-Mepy), or 4-trifluoromethylpyridine (4-GBy) gave a trans 0.0 ’ v ’ : r . .
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Figure 2. Absorption spectra of [R@j(4-X-py)2](PFs)2 in 5 x 1075 M
CHCl,, where X= CF; (red), Me (green), and NMgblue).

tively. The low yield for the 4-Cgpy system is attributed to the
much weaker coordinating ability of the pyridine such that
[Ru(@)(4-CRpy)(CD]* is the major product (52%). All three
complexes gave NMR spectra with the expected seven peaks for
as well as two 4H doublets for the pyridine protons. Particularly
characteristic was the resonance of 6 the distal pyridine rings

of 2, which was downfield shifted by 1.331.17 ppm. These protons ) . .
lie in the molecular plane & and are pushed close to one another, 90" ideal, while the adjacent NiRu—N26 and NZZ_RP_NZP’ are
explaining the strong deshielding effect. The complexes were further COMPressed to 76:and the outer N*Ru—N22 angle is expanded
characterized by MALDI-MS, IR, and elemental analyses. About 1©© 125.6. The result is that N1 and N22 are separated by only
5% of [Ru@),]2* was also isolated from all three reactions and 3.86 A,_ while in a planar conformation of uncomplex@da
identified by its MALDI-MS andH NMR (Supporting Informa- separation of 5.19 A is calculatédlhe complexes appear to be

but well organized. The exterior RN bonds are longer, averaging
2.17 A, while the interior RetN bonds measure only 1.94 A. The
central N23-Ru—N26 angle of 82.3is not too distorted from the

tion). stable to the reaction conditions of refluxing aqueous ethanol and,
A single-crystal structure analysis of [R)4-NMepy)](PFo).* in the presence of excess 4-X-pyridine, no other products were

C3HeO revealed that ligan@ coordinates in a tetradentate fashion, detected.

forming a well-behaved R@] plane (Figure 1§.The torsion angle Variation of the 4-substituent on the axial pyridines of the

of N1-N26—N23—N22 is only —0.2(2F, and the ruthenium is complex exerts a strong effect on spectroscopic properties. Figure
located just 0.0024(3) A away from this least-squares plane. The 2 shows the absorption spectra in the visible region, where four
cation hasC,, symmetry with the two auxiliary pyridines being major bands are readily discernible and summarized along with
approximately coplanar, bonding to ruthenium at a normal distance the UV bands in Table 1. Typically these bands are assigned to a
of about 2.10 A. The tetradentate coordination is highly distorted metal-to-ligand charge-transfer (MLCT) state involving a metal
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Table 1. Electronic Absorption Data for [Ru(2)(4-X-py)2](PFe)2?
X Zmax(l0g €)
NMe,  225(4.46), 259(4.71), 281(4.87), 313(4.78), 445(3.61),
479(3.67), 514(3.71), 580(3.81)
Me 226(sh, 4.53), 241(4.64), 279(4.81), 315(4.66), 332(sh, 4.59),
411(3.70), 456(3.58), 487(3.74), 544(3.91)
CR 224(4.47), 241(4.60), 277(4.77), 307(4.51), 338(4.56),

372(4.21), 437(3.56), 469(3.74), 516(3.89)

aRecorded in 5x 1075 M CH,Cl,; wavelength in nm and extinction
coefficient in M~ cm™L.

Table 2. Cyclic Voltammetric Data for 2 and
[Ru(2)(4-X-py)2](PFe)2*

Ei.™(AE) E1® (AE)
2 —1.07 —1.55"
X = NMe; 1.03(111) ~1.08(114) ~1.56'
X = Me 1.27(160) ~1.04(174) ~153
X =CFR 1.36(189) —0.97(169) —1.39

aRecorded in CKHCI;, containing 0.1 M NBuPFs; E12in V vs SCE and
AE in mV; scan rate= 100 mV/s; irreversible process estimated by
differential peaks.

d-orbital and ther*-orbital of a ligand. The long-wavelength bands
are consistent with MLCT to the more electronegative lig&nd
The energies of these bands are influenced by the axial ligands,
where electron-donating substituenis, & = 580 nm for NMe)
destabilize the d-level relative to electron-withdrawing substituents
(Amax = 516 nm for CEk). All four bands correlate well with
Hammetto, constants.

On the basis of AM-1 calculations, the LUMO and thereafter
higher energy orbitals for ligan® are estimated at1.50,—1.02,
—0.80, and—0.07 eV, while the LUMO for 4-NMgpy, 4-Mepy,
and 4-Chpy are estimated at-0.00, —0.11, and—0.51 eV,
respectively. While we argue that low-energy MLCT is due mainly
to dr(Ru)-towr"(2), the higher energy bands at 445, 411, and 372
nm likely involve the participation of the auxiliary pyridines, which
becomes most important in the case of 448k the bestr-acceptor.

The Hammett correlation further supports these assignments.

Cyclic voltammetric measurements in dichloromethane displayed
two one-electron, ligand-centered reductions as well as one metal-
centered oxidation, and the data are summarized in Table 2.
Oxidation involves the removal of an electron from a metal
d-orbital, while reduction involves the addition of an electron to

The complexes are not emissive at room temperature and 77 K.
This observation is most likely explained by a weak ligand field
associated with the highly distorted coordination geometry. These
distortions cause a lowering of the-d-states, which provides an
alternate pathway for depopulation of the excited state. A similar
argument has been set forth to explain the lack of room-temperature
luminescence for the less distorted [Ru(g3/).1°

In summary, unlike quaterpyridind, ligand 2 binds to a
ruthenium primarily as a tetradentate ligand, generating a planar
Ru(2) subunit which may be a useful building block for supramo-
lecular assembly, as demonstrated by the preparation of several
trans-bis-pyridine adducts. Further work will involve variations on
the central phenanthroline or the distal pyridine moieties to enlarge
this family of novel tetradentate ligands.
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