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Metal-ligand electron transfer occurs as a fundamental step
in redox processes of complexed metal ions, but only in rare cases
has it been studied directly. Intramolecular charge separation
induced photochemically contributes to the activity of photo-
catalysts where oxidative and reductive centers result from transfer
of charge between localized metal and ligand electronic levels.
Ruthenium bipyridine and diimine complexes have been of par-
ticular interest in this context> and recent studies on o-quinone
complexes indicate even more facile electron-transfer properties.6
Quinone ligands’ chelated to metal ions as either semiquinone or
catecholate form complexes with quinone 7* electronic levels and
metal d-orbitals close in energy yet discrete in the molecular orbital
structure of the complex.® This has permitted studies on pa-
rameters which direct charge distribution within the metal-quinone
chelate ring.®

Air oxidation of Ru(bpy),(DBCat) yields the Rull(bpy),-
(DBSq)* cation with oxidation occuring at the catecholate ligand.*
This charge distribution has been determined from the structural
features of the cation'! and from electronic spectroscopic con-
siderations.!® Complexes containing two quinone ligands bonded
to ruthenium were prepared by treating Ru,(OAc),Cl with DBCat.
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Figure 1. ORTEP plot of the centrosymmetric Ru(#-Bupy),(DBQ), mol-
ecule. Standard deviations on Ru—O and Ru—N bond lengths are 0.003
and 0.005 A on C-O lengths.
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Figure 2. Near-infrared spectrum of Ru(1-Bupy),(DBQ), showing ab-
sorptions in the 1100-nm region and disappearance of these absorptions
upon coulometric oxidation of the complex.

Addition of excess 4-tert-butylpyridine gave Ru(z-Bupy),(DBQ),.!?
The results of a crystallographic molecular structure determination
on the complex show the quinone ligands are bonded strongly to
the metal in the trans structure of the molecule (Figure 1).!3
Ruthenium-oxygen bond lengths in this structure are 0.05 A
shorter than values found!! for Ru(bpy),(DBSq)* but are 0.02
A longer than the 1.974 (4) A length reported for trans-di-
chlorobis(triazene 1-oxidato)ruthenium(IV).'* Quinone C-O
lengths of the structure are intermediate between values expected
for a semiquinone ligand, 1.29 A, and a catecholate, 1.34 A. The
equivalence of the two quinone ligands and the absence of an-
isotropy in the oxygen thermal ellipsoids provide evidence that
the two quinone ligands are of the same charge, i.e., (DBCat)?
or (DBSq),, and not of mixed charge, (DBCat)(DBSq). More-
over, such mixed valence systems commonly show very broad,
relatively weak, near-infrared absorptions,®!> not evident here.
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Ru(z-Bupy),(DBQ), is diamagnetic and has a proton NMR
spectrum consistent with the trans structure.!® Cyclic voltam-
metry, in 1,2-dichloroethane (100 mV/s), shows four couples at
+0.62,-0.19, -1.12, and -2.00 (vs. Fc*/Fc), the most negative
being irreversible. Assignments will be discussed elsewhere.!2

The optical absorption spectrum consists of bands at 280 nm
(13000 M~ cm™), 325 (4060), 400 (3780), and 580 (1100) in
the UV and visible regions. The most interesting feature is a
remarkably intense, structured band centered at 1160 nm (35 300)
in the near-IR (Figure 2). It is surely significant that the species
Rull(bpy),(DBSq)* and Ru''py,(DBSq)* show similar, structured,
intense bands at comparable energies'® and assigned as Ru(II)
— DBSq metal to ligand charge-transfer (MLCT) transitions.!’

The photoelectron spectrum'® shows a ruthenium 3d;), signal
at a bonding energy of 280.8 eV, being the same as that found
for [Ru(bpy),(DBSq)]PFj.'

There are two limiting electronic structures for the title species,
Ru(z-Bupy),(DBSq), and Ru!V(¢-Bupy),(DBCat),. We favor
the ruthenium(II) formulation as the dominant (but not exclusive)
contribution to the structure for the following reasons: (a) the
near-IR absorption appears to be a MLCT feature, and its
presence therefore favors Ru(II); (b) the PES bonding energy is
appropriate for Ru(II), rather than Ru(III) (ca. 281.5-282 V)%
or Ru(IV) (ca. 282 eV).19520

In its Ru(Il) form, this would be the first structurally char-
acterized example of a complex in which two equivalent semi-
quinone ligands lie in the same plane. The diamagnetism observed
in this case must result from strong ligand-ligand coupling through
the ruthenium center.

The species Ru!l(bpy),(DBSq)* has a structure!®!! distorted
toward the electronic isomer Rul'!(bpy),(DBCat)*. We have
previously proposed!? that the existence of the low-lying, near-
infrared MLCT state is responsible, through mixing into the
ground state, for this distortion. The relatively long C-O bonds
observed in the title compound probably reflect similar mixing
and indicate that the complex has Ru(IV) character. Note that
the analogous complex Mn!V(py),(DBCat), has C—O bond lengths
(1.35 A) significantly longer than observed here, but that this
manganese(IV) complex electronically isomerized to Mn"(py),-
(DBSq), when cooled below about 250 K.® The title rutheni-
um(II) complex does not show similar temperature dependence.

In summary, the title compound, as a consequence of intra-
molecular electron transfer, shows properties of being both a
Ru(II) and a Ru(IV) species, but with the former dominant.
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There has been considerable interest in exploring local variations
in the structure of DNA along the strand and in developing small
molecular probes which, like DNA-binding proteins, may be
targeted to particular sites or sequences.! We have focused on
the use of chiral metal complexes in designing spectroscopic probes
and photoactivated DNA cleaving agents for DNA.2 In par-
ticular, a chiral tris(diphenylphenanthroline)cobalt(IIT) complex
has been useful in targetting specific sites in a left-handed con-
formation in supercoiled plasmids and viral DNA.> We report
here the design of a probe that is specific for the A conformation.*
Tris(3,4,7,8-tetramethylphenanthroline)ruthenium(II),
Ru(TMP),%*, binds preferentially to A-form helices, displays
enantiomeric discrimination in its binding, and upon irradiation
with visible light cleaves A-form helices preferentially.

Figure 1 shows the result of an equilibrium dialysis experiment?
using racemic Ru(TMP);2* and dialysis of poly(rI)-poly(rC) and
poly(rG)-poly(dC), two A-form polymers, or poly[d(GC)] and
calf thymus DNA, ostensibly in the B form, against the ruthenium
complex.®” As is evident in the plot of the ratio of bound metal
per nucleotide (ry) vs. the formal added ratio (r;) of metal per
nucleotide, the highest degree of binding is found with the dou-
ble-stranded RNA. DNA-RNA hybrids show also cooperative
binding by the ruthenium complex. In comparison, no binding
to poly[d(GC)] is detectable and for a native, heterogeneous calf
thymus DNA, at most a small level of binding is observed. Hence
Ru(TMP),?* is seen to bind cooperatively to the A-form polymer
under conditions where little binding to B DNA is detected.

Besides electrostatic considerations, the binding of the complex
to the polynucleotide may involve hydrophobic interactions of
ligands bound against the shallow groove of the A helix. We
earlier found that Ru(phen);>* binds to B DNA via two modes,
one intercalative, one surface bound.” Intercalative binding
through the major groove was characterized by an increase in
luminescence lifetime of the complex and the preferential binding
to the right-handed helix of the A-isomer. The hydrophobic
surface-bound mode showed no enhancement in luminescence and
a small preference in binding of the A-isomer. It occurred to us
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