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Isomers of [Ru,"™(3,5-DTBCat),]*>~ (3,5-DTBCat>~ =
3,5-di-tert-butylcatecholate) were successfully characterized. It
is found that the isomerization from the kinetically stable cis,cis
form to the thermodynamically stable trans,trans form is caused
not only by heating but also by the cation exchange from Na™ to
n-BuyN*, revealing that the isomerization is regulated by the
specific cation—anion interactions.

Considerable attention has been paid for metal-metal bond-
ed diruthenium complexes because they afford not only a variety
of electronic properties' but also unique structures including iso-
mers.'2 On the investigations of the effect of isomeric forms,
paddle-wheel type complexes are particularly focused. Howev-
er, the structural rigidity ascribed to bridging ligands, restricts
the isomerization around a Ru—-Ru bond, reducing the degree
of freedom. It is useful to take advantages of ligand-unsupported
Ru-Ru bonded complexes for their less structural restriction on
isomerization and higher potential to form several isomers.
Thus, studies on such complexes would provide a great opportu-
nity to develop the molecular functional materials based on the
structural and electronic flexibility.

Recently, a novel type of diruthenium complex with a li-
gand-unsupported Ru—Ru bond, [Nay {Ru,™(3,5-DTBCat),4 } ]
(3,5-DTBCat?>~ = 3,5-di-tert-butylcatecholate), has been syn-
thesized and structurally characterized.>® This complex contain-
ing asymmetrical chelate ligands possesses two [Ru(3,5-
DTBCat);] units connected by a Ru—Ru bond, and could, in
principle, afford several isomers depending on the cis—trans
configuration of each [Ru(3,5-DTBCat),] unit. In fact, cis,cis-
[{Na(DME), },{Ru,(3,5-DTBCat)4}] (1-4DME; DME = 1,2-
dimethoxyethane), whose two 3,5-DTBCat chelate to each Ru
atom in a cis form, was selectively synthesized by the reaction
in THF (THF = tetrahydrofuran) at rt and isolated as single
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Figure 1. '"HNMR spectra of (a) 1, (b) 2, and (c) 2" in THF-dy at rt.

crystals.321 Furthermore, the selective formation of a cis,cis iso-
mer is independent on the size of the alkali-metal ions (Li™,
Na®, KT, and Rb") contained as countercations.’® However,
the trans,trans isomer would be thermodynamically stable since
mononuclear analogues free of interligand interactions are
known to be stabilized in a trans form.* This indicates that the
cation binding property is another important factor to control
the isomeric forms of the complexes that two asymmetric biden-
tate ligands coordinate to a metal ion in square-planar arrange-
ment, although the isomeric forms have been controlled by inter-
ligand 77—7 interactions® or hydrogen-bonding interactions.®
Here, we focus on the role of countercations to regulate the iso-
merization based on the cis—trans configuration of asymmetric
chelate ligands.

To improve the isolation yield of the cis,cis isomer in the
synthesis of 1-4DME at rt,3 the solution behavior of this sample
was investigated at rt. For the "HNMR spectrum of 1 in THF-ds,
two peaks at 6.52 and 6.31 ppm are assigned to the aromatic
protons of 3,5-DTBCat (Figure 1a). Heating a THF solution of
1 up to 50°C, the isomerization of 1 proceeded, and a mixture
of 1 and other compounds was obtained (See Supporting
Information). This isomerization was completed in a day, and
following evaporation to dryness afforded a violet sample (2)
whose '"HNMR spectrum is obviously different from that of 1
(Figure 1b). Complexes 1 and 2 maintained their original
'THNMR spectra for a week at rt. This indicates both of 1 and
2 rarely isomerize in THF at rt.

The recrystallization of 2 from Hex/THF (Hex = n-hexane)

Figure 2. Structures of dinuclear complexes in (a, b) 1-4THF-
2H,0 and (c, d) 2-:4THF-2H,0. Hydrogen atoms and cocrystallized
solvent molecules are omitted for clarity. Color code; Ru: green, Na:
blue; C: gray, O: red.
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at rt afforded single crystals of a trans,trans-[{Na(THF), },-
{Ruy(3,5-DTBCat)4 }] (2-4THF),” while the recrystallization
of a sample obtained by the reaction between Ru,(OAc)sCl
and 3,5-DTBCatH, under the same condition afforded a cis,cis-
[{Na(THF),(H,0)}, {Ru,(3,5-DTBCat)4 }] (1-4THF-2H,0).
This indicates that the cis,cis isomer (1) turned to the trans,trans
isomer (2) by heating. The structures of these compounds are de-
picted in Figure 2. Both Ru atoms in these compounds common-
ly have no ligands or solvents on the apical positions, demon-
strating distorted square-pyramidal coordination geometry. The
dinuclear complexes in 1-4THF-2H,0 and 1-4DME>* are iso-
structural while the structure of dinuclear complex in 2:4THF
with a twist angle of 40.9° is evidently different from those
of 1:4DME and 1:4THF:2H,O. The Ru-Ru bond distance
of 2-4THF, 2.1488(9) A, is shorter than those of 1-4DME
(2.1698(6) A)3* and 1-4THF-2H, 0 (2.1747(4) A), and compara-
ble to that of [{Na(THF),},Ru,(3,6-DTBCat),] (2.140(1) A)
with a twist angle of 50°.3% This indicates that the twist along
the Ru—Ru axis could decrease the repulsion between the O
atoms of 3,5-DTBCat, as previously reported for the rotational
isomers of [(OEP)MoRu(TPP)]™ (OEP = octaethylporphyrin,
TPP = tetraphenylporphyrin).® This twist changes the geometri-
cal relationship between the opposite 3,5-DTBCat rings in a di-
mer and, therefore, the chemical shifts affected by the magnetic
anisotropic effects of aromatic ligands® show considerable dif-
ference upon isomerization from 1 to 2 (Figure 1).

As shown in Figure 2, the Na™ cations in both complexes
bind to the O¢, atoms. In order to reveal the role of the Na™ cat-
ions on the selective formation of 1 and the isomerization from 1
to 2, 1-4DME was reacted with n-BuysNBr in THF at rt. Suc-
cessful cation exchange from Na® to n-BuyN* afforded (n-
BuyN),[Ru,(3,5-DTBCat),] (2/)'° whose 'HNMR spectrum in
THF-dg at rt shows two peaks derived from the aromatic protons
of 3,5-DTBCat at § = 6.96 and 6.32 ppm (Figure 1¢). The chem-
ical shifts of 2 are obviously different from those of 1 and 2. On
the other hand, the spectra of 2 and 2’ measured in DMF-d;
(DMF = N,N-dimethylformamide) are quite similar to one an-
other although the countercations of 2 and 2’ are different and
the cation exchange from 1 to 2" was achieved without heating
(Figures 3b and 3c). This could be due to the fact that the elec-
trostatic interactions between the countercations and [Ru,(3,5-
DTBCat),]>~ are extremely weakened in highly polar solvent,®
affording isostructural trans,trans-[Ruy(3,5-DTBCat)4]*>~. The
most important point is that the cation exchange at rt accompa-
nies the isomerization of [Ru,(3,5-DTBCat)4]*~ from the cis,cis
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Figure 3. '"HNMR spectra of (a) 1, (b) 2, and (c) 2’ in DMF-d;
at rt.
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to the trans,trans form. Additionally, the spectrum of 2’ shows
that the steric hindrance between two [Ru(3,5-DTBCat),] units
prevents the cis—trans equilibrium reaction found on the mono-
nuclear analogue with no intramolecular interligand interac-
tion.!!

In conclusion, the structural isomerization of the Ru—Ru
bonded complex was performed not only by heating but also
by the cation exchange from Na*t to n-BuyN™. This means that
the cation—anion interaction effects on the isomerization from
the kinetically stable cis,cis form to the thermodynamically
stable trans,trans form. Therefore, the cation—anion interaction
is regarded as an important factor to control the isomeric forms.
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