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Introduction

Ruthenium poly(pyridyl) complexes have been extensively
studied over the years because they enjoy a combination of

unique chemical, electrochemical, and photochemical prop-
erties[1] that have allowed the exploration of a wide variety
of fields including photochemistry and photophysics,[2] bio-
inorganics,[3] and catalysis.[4] Recently, the dynamic behavior
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of ruthenium poly(pyridyl) complexes has played a key role
in the understanding of artificial molecular-level machines[5]

as well as in the elucidation of the factors affecting their
binding to DNA.[6]

The generation, control, and induction of chirality is an-
other very important field for the scientific and technologi-
cal community.[7] Of special interest is atropisomerism, in
which chirality is generated by the formation of two or
more stable (non-interconverting) rotational isomers,[8] since
it is potentially applicable to many different fields such as
nanoscale information storage, chiral sensors, optoelectron-
ics, as well as biomimetic and asymmetric catalysis among
others.[9]

Considering this we have been working towards the
design of atropisomeric Ru complexes where the chirality
could be easily generated, controlled, and detected. Here,
we present the synthesis, spectroscopic, and structural char-
acterization of a new family of pure atropisomeric rutheni-
um complexes with general formula [Ru(Y)(trpy)(Phbox-
R)]n+ (Y = Cl, H2O, py, MeCN, or 2-OH-py; trpy is
2,2’:6’,2’’-terpyridine; Phbox-R is the chiral C2–symmetric bi-
dentate ligand 1,2-bis[4’-alkyl-4’,5’-dihydro-2’-oxazolyl]ben-
zene; and 2-OH-py is 2-hydroxypyridine; Scheme 1), which
signifies a step forward in our efforts to prepare new Ru
complexes containing N-heterocyclic ligands.[10]

Results and Discussion

Synthesis and solid-state structure : The synthesis strategy
followed for the preparation of the compounds described in
the present paper is outlined in Scheme 2. The chiral ligands

have been prepared following the synthesis developed by
Bolm et al.[11] In our ligand nomenclature, the capital letters
refer to the absolute configuration of the two carbon stereo-
centers of the ligand and the “c” subscript indicates in each
case that the stereochemistry is carbon-centered, to clearly
establish a difference with the chirality originating from co-
ordination of a ligand to the ruthenium center, denoted as
“a” (see below for the nomenclature of complexes).

In the ligand syntheses,
whereas the (ScSc)-b ligand is
obtained in high optical purity,
a mixture of two diastereoiso-
mers, (RcRc)-a/(RcSc)-a (4:1), is
obtained for the ligand a case.
These two isomers can be sepa-
rated by repeated recrystalliza-
tion of the [Ni(Phbox-Et)2]-
(ClO4)2 complex followed by
nickel-decomplexation.[12] On
the other hand, the syntheses of
complexes 2–6 have been car-
ried out following slightly modi-
fied methods, previously de-
scribed in the literature,[13] by
using the didentate chiral bisox-
azolinic ligands Phbox-R in-
stead of 2,2’-bipyridine.

As denoted above, the no-
menclature used for the com-
plexes displays, through the
first two letters, the absolute
configuration of the carbon ste-
reocenters in the ligand where-
as the other two letters indicate
the configuration of the rota-
tion axes originating upon coor-
dination of the oxazoline.Scheme 1. Ligands employed in this work.

Scheme 2. Synthesis strategy for complexes 2–6 and their nomenclature.
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Figure 1 shows the chiral rotational axes in the two potential
atropisomers, together with their nomenclature.

As displayed in Scheme 2, the Ru-aqua complexes
(RcRc,SaRa)-3a or (ScSc,RaSa)-3b, that are obtained from the
corresponding Ru-Cl complexes, (RcRc,SaRa)-2a and
(ScSc,RaSa)-2b respectively, can be used as starting materials
for the preparation of the Ru-MeCN ((ScSc,RaSa)-4b) and
Ru-pyridino ((RcRc,SaRa)-5a, (ScSc,RaSa)-5b and (ScSc,RaSa)-
6b) complexes. In the case of (RcRc,SaRa)-5a and
(ScSc,RaSa)-5b, the reaction must be carried out at room
temperature since higher temperatures induce the substitu-
tion of the oxazolinic ligand, besides the aqua ligand, yield-
ing the [RuII(trpy)(py)3]

2+ complex.[14] In the case of
(ScSc,RaSa)-6b, that contains the 2-hydroxypyridine ligand,

the reaction has to be carried out in the presence of molecu-
lar-sieves otherwise small amounts of water displace this
ligand to generate the initial (ScSc,RaSa)-3b Ru-aqua com-
plex due to the steric hindrance generated by the hydroxy
group.

Crystallographic data for complexes (RcRc,SaRa)-2a and
(ScSc,RaSa)-4b are presented in Table 1, whereas Figure 2
shows an ORTEP view of their cationic moieties. Further
crystallographic data are presented in the Supporting Infor-
mation.

Figure 1. Drawing of the two atropisomeric forms generated by the bisox-
azolinic ligand (Phbox-R) bonded to the Ru metal center. The chiral ro-
tational axes are depicted with broken lines.

Table 1. Crystal data for X-ray structures of (RcRc,SaRa)-2a and
(ScSc,RaSa)-4b.

(RcRc,SaRa)-2a (ScSc,RaSa)-4b

empirical formula C31H31ClF6N5O2PRu C70H76B4F16N12ORu2

formula weight 787.1 1650.81
crystal system orthorhombic triclinic
space group P212121 P1
a [T] 10.4726(6) 8.8020(5)
b [T] 13.0304(9) 11.0777(6)
c [T] 23.0450(13) 19.1883(11)
a [8] 90 88.844(3)
b [8] 90 82.570(2)
g [8] 90 79.829(2)
V [T3] 3144.8(3) 1826.10(18)
formula units/cell 1 1
1calcd [gcm

�3] 1.663 1.501
m [mm�1] 0.055 0.507
absolute structure
parameter

�0.03(3) 0.05(2)

R1
[a] (I>2s(I)) 0.0337 0.0551

wR2
[b] (all data) 0.0563 0.1282

[a] R1=� j jFo j� jFc j j /� jFo j . [b] wR2= [�{w(F2
o�F2

o)
2}/�{w(F2

o)
2}]1/2,

where w=1/[s2F2
o+ (m)2+nP] and P= (F2

o+2F2
c)/3.

Figure 2. ORTEP diagram (50% probability) for the cationic moieties of complexes (RcRc,SaRa)-2a (A) and (ScSc,RaSa)-4b (B).
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In the Ru-Cl complex (RcRc,SaRa)-2a, the Ru metal atom
presents a distorted octahedral coordination with the trpy
ligand tricoordinated with its N atoms in a meridional fash-
ion while the oxazolinic ligand coordinates also through its
N atoms in a chelate manner. The remaining sixth coordina-
tion position is occupied by the chloro ligand. The bond
lengths and angles involved in the first coordination sphere
between the RuII metal center and the trpy, oxazoline, and
Cl ligands are similar to related complexes previously de-
scribed in the literature.[15] The bis(oxazoline) ligand forms a
seven-membered chelate ring upon coordination to the Ru
metal center with a bite angle of 82.48[16] and with the two
oxazolinyl rings being nearly perpendicular to one another
(81.28). Finally the dihedral angle between the best-adjusted
planes defined by each oxazolinyl ring and the phenyl group
are 40.98 and 55.58 for the oxazolinic groups containing N5
and N4 atoms, respectively. The phenyl group is situated
over the N3 peripheral pyridyl group of the trpy ligand with
a dihedral angle between the best-adjusted planes defined
by these aromatic groups of 22.68. The other atropisomer
(RcRc,RaSa)-2a, can be potentially obtained through a partial
rotation around the chiral axes depicted in Figure 1 (see
below for a more detailed description of the different ste-
reoisomers). This involves a simultaneous inverse rotation
of two sigma C�C bonds (C29�C28 and C22�C23) that link
the phenyl group with the oxazolinic moieties, driving the
phenyl group of the (RcRc)-a ligand over the other N1 pe-
ripheral trpy pyridylic ring. It is interesting to note here that
the steric demands of the (RcRc)-a oxazolinic moiety situat-
ed over the N3 trpy pyridyl group produces a significant di-
hedral angle between the N3 peripheral pyridyl group and
the central N2 pyridyl group of 9.68. In sharp contrast, the
measured equivalent dihedral angle for the other pyridyl
group containing N1, that is not directly affected by the
steric demands of the (RcRc)-a ligand, is 4.48. This value is
comparable to other Ru-trpy complexes where no steric ef-
fects are exerted over the trpy ligand as is the case for the
[RuIIICl3(trpy)] complex, that shows a medium dihedral
angle between the peripheral and central pyridyl groups of
4.28.[14]

All F atoms of the PF6
� counter anions are interacting

with the C�H bonds of the trpy and (RcRc)-a ligands of the
[RuIICl(trpy)(Phbox-Et)]+ cation through extensive, moder-
ate-to-weak hydrogen bonding, forming a three-dimensional
network over the crystal. There are also relatively strong p–
p stacking interactions[17] within neighboring cations through
their peripheral pyridyl groups.

The crystal structure of complex (ScSc,RaSa)-4b presents
two independent but very similar molecules; only the mole-
cule labeled “A” will be discussed in the present paper. The
structures are very similar to that of (RcRc,SaRa)-2a except
for: a) the coordination of the monodentate ligand and b)
the fact that the other atropisomer is obtained due to the
opposite chiral configuration of the oxazolinic ligand.

Stereoisomeric analysis and DFT-calculated gas-phase struc-
tures : The C2-symmetric free ligands, (RcRc)-a and (ScSc)-b,

exhibit free rotation around the C�C bonds that link the ar-
omatic ring with the oxazolinic moieties. Upon coordination
to the metal center, the rotation is restricted leading to two
limiting orientations as shown in Figure 1, thus generating
two interdependent chiral axes that lead to atropisomerism.
For the case of the (RcRc)-a ligand one could potentially
obtain two diastereoisomers: the (RcRc,SaRa)- and the
(RcRc,RaSa)-[[RuII(Y) (trpy)(Phbox-Et)]n+ (Y = Cl, H2O, or
py). Experimental evidence, both in the solid state (X-ray
diffraction, vide supra) and in solution (NMR spectroscopy,
vide infra) indicates the existence of only the (RcRc,SaRa)
isomer in all complexes containing the (RcRc)-a ligand and
the other atropisomeric (ScSc,RaSa) complex for the case of
the (ScSc)-b ligand. In both cases, the atropisomer obtained
is the one that points the R groups of the oxazolinic rings
away from the trpy plane, as expected from steric argu-
ments. The fact that only one atropisomer is found in each
case is in agreement with the presence of a large rotational
barrier to interconvert the two atropisomers as can be fur-
ther inferred from molecular models.

DFT calculations for a series of complexes containing the
oxazolinic ligand (ScSc)-b were performed to deepen our un-
derstanding of the structure of these complexes and to
obtain energy-barrier information about the atropisomeric
interconversion.

Table 2 lists selected structural parameters obtained from
X-ray data for (RcRc,SaRa)-2a and (ScSc,RaSa)-4b, together
with the computed counterpart for (ScSc,RaSa)-4b. It also
contains the computed (ScSc,SaRa)-4b, TS-4b (the transition
state (TS) connecting the two isomers), (ScSc,RaSa)-5b, and
two different conformers of (ScSc,RaSa)-6b, labeled “in” and
“out” depending on the relative orientation of the hydroxy
group versus the phenyl group of the oxazolinic ligand (to-
wards N3 or N1 of the trpy ligand respectively, see
Figure 4).

As shown in Table 2, the experimental and theoretical
bond lengths and angles for (ScSc,RaSa)-4b differ by less
than 0.07 T and 3.08, respectively. The standard deviation
for the lengths is 0.043 T and for the angles 0.258.[18] These
results validate the adequacy of the theoretical method em-
ployed for the geometry optimization of these particular sys-
tems.

Density functional theory (DFT) calculations for the two
atropisomeric 4b complexes yield a 5.7 kcalmol�1 energy
difference in favor of the (ScSc,RaSa)-4b isomer in agreement
with the experimental findings. The calculated structures
(Figure 3) of the two isomers show that for the most stable
isomer, the oxazolinic alkyl groups have a lower steric hin-
drance with respect to the trpy ligand. Figure 3 depicts the
relative energies of the 4b isomers including the TS that can
be attained through the simultaneous inverse rotation of the
chiral axes (see Figures 2 and 3). The high computational
cost has prevented us from fully characterizing this station-
ary point as a TS by calculating the harmonic frequencies.
However, we have checked that geometry optimization after
a slight movement of the ring in both directions starting
from the TS leads to the two initial atropisomers, one for

Chem. Eur. J. 2006, 12, 2798 – 2807 N 2006 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 2801

FULL PAPERAtropisomeric Discrimination

www.chemeurj.org


each direction. The 26.0 kcalmol�1 energy barrier to inter-
convert the two atropisomers further agrees with the experi-
mental finding that no interconversion is taking place in so-
lution from one isomer to the other at room temperature.
The relatively large energy barrier is due to the highly ten-
sioned nearly planar seven-membered chelating ring that
the oxazoline ligand adopts in the TS as depicted in
Figure 3.

Drawings of the calculated gas-phase structures for the 2-
hydroxypyridine complexes out-(ScSc,RaSa)-6b and in-
(ScSc,RaSa)-6b are displayed in Figure 4A and B, respective-
ly (Cartesian coordinates of these complexes are given in
the Supporting Information). The most prominent difference
of the Ru-(2-OH-py) (ScSc,RaSa)-6b and the Ru-MeCN
(ScSc,RaSa)-4b structures is the fact that in the Ru-(2-OH-

py) complexes the trpy pyridylic rings are more coplanar
due to the steric hindrance generated by the perpendicular
pyridine ligand. The energy difference between the in-
(ScSc,RaSa)-6b and out-(ScSc,RaSa)-6b isomers is only
0.6 kcalmol�1 in the gas phase. We have found that this
energy difference remains almost unaltered (0.5 kcalmol�1)
when the solvent effect is considered in our calculations and
thus it can be inferred that in solution they will easily inter-
convert.

Solution structure and NMR spectroscopy: NMR data for
complexes 2–6 are listed in the Experimental Section and
the most significant chemical shifts and NOE contacts are
reported in Table 3. All the labels used with the NMR data
are keyed with regard to the labels used in the crystal struc-
ture of (ScSc,RaSa)-4b. The numbering scheme is given in
Scheme 1.

The absence of symmetry in the ruthenium complexes de-
scribed in the present work renders all their hydrogen atoms
to be magnetically different. It has been possible to assign

Table 2. Selected geometrical parameters for X-ray structures of (RcRc,SaRa)-2a and (ScSc,RaSa)-4b complexes, and for BPW91-optimized geometries of
(ScSc,RaSa)-4b, (ScSc,SaRa)-4b, TS-4b, (ScSc,RaSa)-5b, in-(ScSc,RaSa)-6b, and out-(ScSc,RaSa)-6b complexes.

(RcRc,SaRa)-2a
(X-ray)

(ScSc,RaSa)-4b,
A (X-ray)

(ScSc,RaSa)-4b (ScSc,SaRa)-4b TS-4b (ScSc,RaSa)-5b in-(ScSc,RaSa)-6b out-(ScSc,RaSa)-6b

Ru�N1 2.122(3) 2.057(4) 2.125 2.126 2.122 2.114 2.115 2.094
Ru�N2 1.947(4) 1.954(4) 1.991 1.986 1.981 1.985 1.978 1.977
Ru�N3 2.087(4) 2.100(4) 2.148 2.124 2.104 2.166 2.146 2.151
Ru�N4 2.180(4) 2.146(4) 2.191 2.184 2.230 2.218 2.215 2.208
Ru�N5 2.086(4) 2.083(4) 2.127 2.149 2.149 2.141 2.157 2.147
Ru�Z[a] 2.415(1) 2.018(4) 2.040 2.041 2.050 2.203 2.222 2.231

N3-Ru-N2 79.52(15) 78.64(14) 78.06 78.57 79.39 77.90 78.04 78.01
N3-Ru-N1 156.27(14) 156.13(14) 154.94 156.78 158.65 156.41 157.13 157.30
N2-Ru-N1 78.08(14) 79.62(14) 78.28 78.31 79.27 78.75 79.09 79.30
N2-Ru-N4 169.12(15) 167.30(14) 169.89 178.45 176.71 170.14 172.09 171.60
N4-Ru-N5 82.37(14) 83.25(14) 82.99 91.02 93.68 82.76 84.68 84.82
N3-Ru-Z[a] 87.22(9) 88.15(15) 88.63 88.51 90.55 88.65 91.38 86.29
N2-Ru-Z[a] 94.82(12) 95.42(16) 94.30 88.41 80.28 93.13 89.95 92.36
N1-Ru-Z[a] 86.95(11) 84.21(15) 85.01 88.72 85.30 89.31 88.52 94.51
N4-Ru-Z[a] 96.01(10) 96.62(16) 99.57 90.12 96.50 96.43 97.78 97.78
N5-Ru-Z[a] 177.89(12) 179.40(17) 178.35 178.05 168.99 178.86 177.55 175.39

[a] For (RcRc,SaRa)-2a, Z is Cl; for the other complexes, Z is N6.

Figure 3. Relative energy diagram for the two possible atropisomers,
(ScSc,RaSa)-4b and (ScSc,SaRa)-4b, and the transition state connecting
them, TS-4b. Energies are given in kcalmol�1.

Figure 4. BPW91-optimized geometries of the cationic moieties of two
(ScRc,SaSa)-6b conformers with relatively similar energy but with differ-
ent orientations of the 2-hydroxypyridine group; A) out-(ScSc,RaSa)-6b
and B) in-(ScSc,RaSa)-6b.
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all the resonances from the fine structure of their 1D and
2D NMR spectra. It is important to emphasize the impor-
tance of the chirality of the C2-symmetric Phbox-R ligands
in order to detect and characterize the atropisomeric com-
plexes through NMR spectroscopy. With R = H, the corre-
sponding achiral oxazolinic ligand, the two enantiomeric
atropisomers would have been magnetically indistinguisha-
ble.

The 1H NMR spectrum of the Ru-Cl complex, (ScSc,RaSa)-
2b, demonstrates that in solution the structure is very simi-
lar to the one obtained in the solid state, as is expected for
this type of Ru d6 complex. The most interesting feature of
the structure is the fact that one of the oxazoline groups of
the Phbox-iPr ligand, (ScSc)-b, containing the N5 atom and
referred to as Ox5 (see also Table 3 for the general terms
used to described the different groups of the ligands), is situ-
ated very close to the N3 peripheral pyridylic group and
thus suffers a strong anisotropic current-field effect produc-
ing a significant upfield displacement of all their resonances
(compare Ox5 with Ox4 in Table 3). The most affected reso-
nance corresponds to the CH group of the iPr substituent,
termed CH-iPr5, which is shifted by approximately 2.6 ppm
relative to CH-iPr4. Another important outcome of the
NMR study of complex (ScSc,RaSa)-2b is the interligand
NOE contacts observed between the H15 atom from the N3
peripheral pyridylic ring of the trpy ligand and the H31 and
H34 atoms from CH-Ox4 and CH-iPr4 respectively (see
Table 3), which also indicate the relative position of the Ox4
group with regard to the trpy ligand.

Table 3 shows that nearly all the resonances and NOE
contacts of complexes (ScSc,RaSa)-(2b–5b) are very similar,
and thus it can be concluded that they must exhibit the

same type of structure in solu-
tion. However some differences
are found; for instance it is
worth noting that for the Ru-
pyridine complex (ScSc,RaSa)-5b
the CH-iPr4 resonance is signif-
icantly shifted upfield with
regard to the (ScSc,RaSa)-(2b–
4b) complexes due to the cur-
rent field of the pyridine ligand.
The fact that the resonances for
the Me-iPr4 are not shifted as
expected suggests that the iPr4
group is not freely rotating but,
on the contrary, it remains rela-
tively frozen due to the steric
congestion due to the presence
of the pyridine ligand. This is
further supported by the fact
that the pyridine ligand is rap-
idly rotating along the Ru�N
bond as deduced from the mag-
netic equivalence of their
ortho- and meta-H atoms, under
the NMR experimental condi-

tions, given the asymmetry of the rest of the complex. Those
ortho- and meta-H atoms present NOE contacts with both
H1 and H15 atoms from the trpy ligand, further corroborat-
ing the previous statement.

Table 3 also shows that the solution structure of the 2-
OH-pyridine Ru complex, (ScSc,RaSa)-6b, is notably differ-
ent from the rest of the complexes. As mentioned in the pre-
vious section, DFT calculations show the existence of two
conformers with relatively close energies, suggesting again
that in solution, the 2-OH-pyridine ligand is also rotating
through the Ru�N bond. An interesting feature of the in-
(ScSc,RaSa)-6b and out-(ScSc,RaSa)-6b structures, and espe-
cially for the “in” case, is that the angle between the best-
adjusted planes that describe the two oxazolinic rings is sig-
nificantly increased with regard to the other complexes de-
scribed in this work including the Ru-py complex
(ScSc,RaSa)-5b (73.48 for (ScSc,RaSa)-5b, 89.68 for in-
(ScSc,RaSa)-6b and 78.98 for out-(ScSc,RaSa)-5b ; see the Sup-
porting Information for other angles between different
rings). This angle increase, with regard to the Ru-py case, is
due to the large steric hindrance produced by the OH group
of the 2-OH-py ligand against the iPr4 group that in turn
generates a slight rotation of the chiral axes to accommo-
date itself. This produces a synchronized inverse-rotation of
the oxazolinic rings taking the iPr4 group further from the
Ru center and the trpy ligand, and moving the phenyl oxa-
zolinic group closer to the peripheral N1 pyridylic trpy
group. The former effect is also corroborated by the non-
existence of the NOE contacts between H15–H34 in
(ScSc,RaSa)-6b (see Figure 5) in sharp contrast with the fact
that it is observed for all the other complexes described in
this work. The latter is also corroborated by the chemical

Table 3. Selected NMR data for (ScSc,RaSa)-2b, (ScSc,RaSa)-3b, (ScSc,RaSa)-4b, (ScSc,RaSa)-5b, and (ScSc,RaSa)-
6b complexes.

(ScSc,RaSa)-2b (ScSc,RaSa)-3b (ScSc,RaSa)-4b (ScSc,RaSa)-5b (ScSc,RaSa)-6b

trpy[a] H1 7.95 7.97 7.92 8.10 8.97
H15 9.41 (H31, H34, 9.46 (H31, H34, 9.35 (H31, H34, 9.32 (H31, H34, 9.00 (H31)

H32) H32) H32, H36) H36)

Ph-Ox H24 7.26 7.25 7.31 7.33 6.27
H25 7.57 7.58 7.60 7.65 7.22
H26 7.90 7.95 7.92 7.98 5.83
H27 8.13 8.20 8.21 8.20 6.12

CH-Ox5 H20 2.97 2.91 3.15 3.14 3.58
CH2-Ox5 H21a 4.31 4.29 4.43 4.39 3.91
CH2-Ox5 H21b 3.82 3.84 3.99 3.92 4.35
CH-iPr5 H32 1.11 1.06 1.18 1.03 1.50
Me-iPr5 H33a–c 0.28 0.25 0.28 0.28 0.67
Me-iPr5 H37a–c 0.53 0.57 0.58 0.55 0.70

CH-Ox4 H31 5.56 5.67 5.64 5.4 4.58
CH2-Ox4 H30a 5.16 5.20 5.14 5.20 4.54
CH2-Ox4 H30b 5.00 5.11 5.12 5.07 4.13
CH-iPr4 H34 3.72 2.88 3.04 1.51 3.54
Me-iPr4 H36a–c 1.13 1.18 1.30 1.02 0.85
Me-iPr4 H35a–c 1.18 1.21 1.30 1.20 1.17

[a] The most significant NOE contacts are indicated in brackets.
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shifts of the H26 and H27 atoms (Table 3) that no longer
tend to increase but decrease by roughly 2 ppm with regard
to their related pyridine complex, suggesting an anisotropic
influence of the trpy aromatic field towards these two hy-
drogen atoms.

In conclusion, the chirality of the 1,2-bis(oxazolinyl)ben-
zene ligand Phbox-R, either (RcRc) or (ScSc), allows us to
prepare and isolate pure atropisomeric complexes due to
the highly restricted rotation along the oxazolinic–phenyl
axes induced upon coordination to a Ru metal center. A
family of atropisomeric complexes has thus been isolated
and fully characterized in the solid state by X-ray diffraction
analysis, in solution by mainly NMR spectroscopy, and in
the gas phase by means of DFT calculations. This thorough
structural characterization yields a very complete and coher-
ent discription of these types of complex with a surprisingly
detailed description of mononuclear-ligand effects towards
both bis(oxazolinic)- and trpy-coordinated ligands.

Experimental Section

Materials : All reagents used in the present work were obtained from Al-
drich Chemical Co. and were used without further purification. Reagent-
grade organic solvents were obtained from SDS and high purity deion-
ized water was obtained by passing distilled water through a nanopure
Milli-Q water purification system. RuCl3·2H2O, was supplied by Johnson
and Matthey Ltd. and was used as received.

Instrumentation and measurements : IR spectra were recorded on a Matt-
son Satellite FTIR with KBr pellets or by using an MKII Golden Gate
Single-Refraction ATR System. UV/Vis spectroscopy was performed in a
Cary 50Scan (Varian) UV/Vis spectrophotometer with 1 cm quartz cells.
Measurements of pH were made using a Micro-pH-2000 from Crison.

Cyclic voltammetry (CV) experiments
were performed in PAR 263 A EG&G
or IJ-Cambria IH-660 potentiostats, by
using a three-electrode cell. Glassy
carbon disk electrodes (3 mm diame-
ter) from BAS were used as the work-
ing electrode, a platinum-wire elec-
trode was used as the auxiliary, and
SSCE as the reference electrode.
Cyclic voltammograms were recorded
at 100 mVs�1 scan rate under nitrogen
atmosphere. The complexes were dis-
solved in previously degassed solvents
containing the necessary amount of
supporting electrolyte to yield a solu-
tion of 0.1m ionic strength. (nBu4N)-
(PF6) was used as the supporting elec-
trolyte when using acetonitrile and di-
chloromethane solvents. All E1/2 values
reported in this work were estimated
from CV measurements as the average
of the oxidative and reductive peak
potentials (Ep,a+Ep,c)/2. Unless explic-
itly mentioned the concentrations of
the complexes were approximately
1 mm.

The 1H NMR spectroscopy was per-
formed on a Bruker DPX 200 MHz, a
Bruker DPX 250 MHz, or a Varian
VRX 500 MHz spectrometer. Samples

were run in [D6]acetone or deuterium oxide with internal references (re-
sidual protons and/or tetramethylsilane, or DSS respectively). Elemental
analyses were performed using a CHNSO Elemental Analyser EA-1108
from Fisons Instruments. The FAB mass spectroscopy experiments were
performed on a VG-QUATTRO spectrometer from Fisons Instruments.

X-ray structure determination : Suitable crystals of (RcRc,SaRa)-2a were
grown by slow diffusion of ether into a solution containing methanol as
dark red blocks and suitable crystals of (ScSc,RaSa)-4b were grown by
slow diffusion of ether into a acetonitrile solution as dark-red needles or
plates.

Data collection : Intensity data of complex (RcRc,SaRa)-2a were collected
at 193 K on a Stoe Image-Plate Diffraction System equipped with a f

circle, using MoKa graphite-monochromated radiation (l=0.71073 T)
with f range 0–1508, increment 18, 2q range 4.0–52.08, Dmin–Dmax 12.45–
0.81 T. Measurements of complex (ScSc,RaSa)-4b were made on a Sie-
mens P4 diffractometer equipped with a SMART-CCD-1000 area detec-
tor, a MACScience Co. rotating anode with MoKa radiation, a graphite
monochromator, and a Siemens LT2 low-temperature device (T=

�120 8C). Full-sphere data collection with w and f scans. Programs used:
data collection, Smart Version 5.060 (Bruker AXS, 1999); data reduction,
Saint+ Version 6.02 (Bruker AXS, 1999); absorption correction,
SADABS (Bruker AXS, 1999).

Structure solution and refinement : The structures were solved by direct
methods using the program SHELXS-97.[19a] The refinement and all fur-
ther calculations were carried out using SHELXL-97.[19b] Hydrogen
atoms were included in calculated positions and treated as riding atoms
by using SHELXL-97 default parameters (AFIX 137 for the methyl H
atoms). The non-hydrogen atoms were refined anisotropically by using
weighted full-matrix least-squares on F2. The absolute structure parame-
ters[20] were �0.03(3) for (RcRc,SaRa)-2a and 0.05(2) for (ScSc,RaSa)-4b in-
dicating that the coordinates corresponded to the correct absolute struc-
ture of the molecule in the crystals under study. The molecular structures
and crystallographic numbering schemes are illustrated in the ORTEP
drawings in Figures 2A ((RcRc,SaRa)-2a) and B ((ScSc,RaSa)-4b, molecule
A) (thermal ellipsoids were drawn at 50% probability). The asymmetric
unit in the crystal of (ScSc,RaSa)-4b contains two independent molecules
of the complex. Due to the similarities only molecule A will be consid-
ered for discussion. Its crystallographic parameters are shown in Table 1,

Figure 5. NOESY NMR spectrum of (ScSc,RaSa)-6b.
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and some selected bond lengths and angles can be found in the Support-
ing Information. CCDC-263477 and CCDC-263478 contain the supple-
mentary crystallographic data for this paper. These data can be obtained
free of charge from the Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Computational details : The reported DFT calculations were carried out
by using the Amsterdam density functional (ADF)[21] program system de-
veloped by Baerends and co-workers. The numerical integration scheme
employed was that of te Velde and Baerends.[22] An uncontracted triple-z
basis set[23] was used for describing the 4s, 4p, 4d, 5s, and 5p orbitals of
ruthenium. For carbon (2s,2p), nitrogen (2s,2p), oxygen (2s,2p), and hy-
drogen (1s), double-z basis sets were employed. Both basis sets were aug-
mented by an extra polarization function.[23] Electrons in lower shells
were treated within the frozen-core approximation.[21c] A set of auxiliary
s, p, d, f, and g functions,[24] centered in all nuclei, was introduced in
order to fit the molecular density and Coulomb potential accurately in
each SCF cycle. Both geometry optimizations and energy evaluations
have been fully carried out within a DFT generalized-gradient-approxi-
mation (GGA) functional that includes the GGA exchange and correla-
tion corrections of Becke,[25] and Perdew and Wang,[26] (BPW91) respec-
tively.

The solvent effect was included in the calculation of the relative energy
of complexes in-(ScSc,RaSa)-6b and out-(ScSc,RaSa)-6b through single-
point-energy calculations by the conductor-like screening model
(COSMO) of Klamt and SchZZrmann,[27] implemented into the ADF pro-
gram by Pye and Ziegler.[28] The radius chosen for the solvent (3.02 T)
was obtained with the GAUSSIAN98 package[29] from the calculated mo-
lecular volume of acetone (e=21.01),[30] that was the solvent used in the
NMR characterization. The radii used for C, O, N, H, and Ru were 1.53,
1.36, 1.48, 1.08, and 2.30 T, respectively.[31] Finally the dihedral angle be-
tween the best-adjusted planes defined by two groups of atoms was mea-
sured by the Spartan’02 program.[32]

Preparation : The Phbox-R (R = Et, (RcRc)-a ; iPr, (ScSc)-b ; see
Scheme 1) ligands[11] and the [RuIIICl3(trpy)] complex 1[33] were prepared
according to literature procedures. All synthesis manipulations were rou-
tinely performed under nitrogen atmosphere using Schlenck tubes and
vacuum-line techniques. Electrochemical experiments were performed
under either N2 or Ar atmosphere with degassed solvents.

The subsequent nomenclature used regarding the absolute configuration
of the complexes described is as follows: the first two letters refer to the
absolute configuration of the oxazolinic ligand whereas the other two let-
ters refer to the absolute configuration of the chiral rotational axes (see
Figure 1).

(RcRc,SaRa)-[RuIICl(trpy)(Phbox-Et)](BF4)·H2O, (RcRc,SaRa)-2a·H2O : A
sample of compound 1 (200 mg, 0.454 mmol) was added to a 100 mL
round-bottomed flask containing a solution of LiCl (27 mg, 0.645 mmol)
in EtOH/H2O (3:1 v/v) (40 mL), with magnetic stirring. Then, NEt3
(110 mL) was added and the reaction mixture was stirred at room tem-
perature for 30 min at which point Phbox-Et (123 mg, 0.454 mmol) was
added and the mixture was heated under reflux for 3.5 h. The hot solu-
tion was filtered through a frit and the solution was reduced to dryness in
a rotary evaporator under reduced pressure after the addition of an aque-
ous saturated solution of NaBF4 (1.5 mL). The solid obtained was then
dissolved in CH2Cl2 and washed several times with water. The organic
phase was then dried over MgSO4 and the solution was again reduced to
dryness. The solid obtained in this manner was then recrystallized from a
hot mixture of MeOH/diethyl ether (1:1 v/v). A black dust was obtained
that was captured on a frit, was washed with a small amount of cold
MeOH, and was dried under vacuum. Yield: 58.4% (198 mg,
0.264 mmol); 1H NMR (200 MHz, [D6]acetone, 25 8C): d=0.35 (t,
3J33a,32=7.6 Hz, 3H; H33a–c), 0.80 (m, 2H; H32a–b), 1.11 (t, 3J35,34=
7.4 Hz, 3H; H35a–c), 2.23 (m, 1H; H34b), 2.73 (m, 1H; H34a), 2.91 (m,
1H; H20), 3.91 (pt, J=8.8 Hz, 1H; H21b), 4.18 (dd, 3J21a,20=2.2, 2J21a,21b=
9.2 Hz, 1H; H21a), 5.11 (m, 2H; H30a–b), 5.35 (m, 1H; H31), 7.01 (dt,
3J14,15=

3J14,13=7.2 Hz, 3J14,12=1.2 Hz, 1H; H14), 7.40 (dd, 3J24,25=8.0 Hz,
3J24,26=1.2 Hz, 1H; H24), 7.65 (dt, 3J25,24=

3J25,26=8.0 Hz, 3J25,27=1.4 Hz,
1H; H25), 7.75–7.86 (m, 2H; H2, H13), 7.90–8.05 (m, 3H; H3, H8, H26),
8.24 (dd, 3J27,26=

3J12,13=8.0 Hz, 3J12,14=1.2 Hz, 3J27,25=1.4 Hz, 2H; H12,

H27), 8.39 (d, 3J15,14=7.2 Hz, 1H; H15), 8.48 (d, 3J9,8=7.8 Hz, 1H; H9),
8.64 (d, 3J7,8=8.0 Hz, 1H; H7), 8.72 (d, 3J4,3=8.2 Hz, 1H; H4), 9.35 ppm
(d, 3J1,2=6.8 Hz, 1H; H1); UV/Vis (CH2Cl2): lmax=282 (e=20360), 324
(26359), 370 (5617) 524 (5534) and 570 nm�1 (5202 dm3mol�1 cm�1); E1/2

(MeCN): 0.700 V; elemental analysis calcd (%) for C31H33BClF4N5O3Ru:
C 49.5, H 4.1, N 9.2; found: C 49.8, H 4.4, N 9.4.

(ScSc,RaSa)-[RuIICl(trpy)(Phbox-iPr)](PF6)·2.5H2O, (ScSc,RaSa)-
2b·2.5H2O : This compound was prepared in the same manner as that
above except that the equivalent amount of Phbox-iPr was used instead
of Phbox-Et and a saturated solution of KPF6 was used instead of
NaBF4. Yield: 75.0% (292 mg, 0.304 mmol); 1H NMR (500 MHz,
[D6]acetone, 25 8C): d=0.28 (d, 3J33ac,32=7.2 Hz, 3H; H33a–c), 0.53 (d,
3J37ac,32=6.8 Hz, 3H; H37a–c), 1.11 (m, 1H; H32)), 1.13 (d, 3J36ac,34=
7.4 Hz, 3H; H36a–c), 1.18 (d, 3J35ac,34=6.7, 3H; H35a–c), 2.97 (m, 1H;
H20), 3.72 (m, 1H; H34), 3.82 (dd, 3J21b,20=8.7 Hz, 2J21b,21a=9.3 Hz, 1H;
H21b), 4.31 (dd, 3J21a,20=2.5 Hz, 2J21a,21b=9.3 Hz, 1H; H21a), 5.00 (dd,
3J30b,31=4.9 Hz, 2J30b,30a=9.3 Hz, 1H; H30b), 5.16 (dd, 3J30a,31=4.9,
3J30a,30b=9.3 Hz, 1H; H30a), 5.56 (m, 1H; H31), 6.96 (ddd, 4J2,4=1.2 Hz,
3J2,1=7.2 Hz, 3J2,3=7.7 Hz, 1H; H2), 7.26 (dd, 4J24,26=1.2 Hz, 3J24,25=
7.8 Hz, 1H; H24), 7.57 (td, 4J25,27=1.2 Hz, 3J25,24=

3J25,26=7.8 Hz, 1H;
H25), 7.71 (td, 4J3,1=1.3, 3J3,2=

3J3,4=7.7 Hz, 1H; H3), 7.84 (ddd, 4J14,12=
1.2 Hz, 3J14,15=5.8 Hz, 3J14,13=7.2 Hz, 1H; H14), 7.90 (td, 4J26,24=1.2 Hz,
3J26,25=

3J26,27=7.8 Hz, 1H; H26), 7.93 (t, 3J8,7=
3J8,9=7.7 Hz, 1H; H8),

7.95 (d, 3J1,2=7.2 Hz, 1H; H1), 8.13 (dd, 4J27,25=0.9 Hz, 3J27,26=7.8 Hz,
1H; H27), 8.21 (td, 4J13,15=1.4 Hz, 3J13,14=

3J13,12=7.2 Hz, 1H; H13), 8.30
(d, 3J4,3=7.7 Hz 1H; H4), 8.44 (d, 3J7,8=7.7 Hz, 1H; H7), 8.60 (d, 3J9,8=
7.7 Hz, 1H; H9), 8.69 (d, 3J12,13=7.2 Hz, 1H; H12), 9.41 ppm (d, 3J15,14=
5.8 Hz, 1H; H15); UV/Vis (CH2Cl2): lmax=284 (e=23139), 322 (29822),
368 (6468), 530 (5342), 562 nm�1 (5585 dm3mol�1 cm�1); E1/2 (CH3CN):
0.71 V versus SSCE; elemental analysis calcd (%) for
C33H35N5O2RuClPF6·2.5H2O: C 46.08, N 8.14, H 4.69; found: C 46.25, N
7.96, H 4.73.

(RcRc,SaRa)/(ScSc,RaSa)-[RuII(trpy)(Phbox-R)(H2O)](BF4)2, (RcRc,SaRa)-
3a/(ScSc,RaSa)-3b : A sample of AgBF4 (64 mg, 0.329 mmol) was added to
a mixture of acetone/H2O (1:1 v/v, 30 mL) containing 2a·H2O or
2b·2.5H2O (0.200 mmol, 150 and 172 mg respectively) and was heated at
reflux for 2 h. AgCl was filtered off through a frit containing celite and
the volume was reduced in a rotary evaporator under reduced pressure
until the solution began to appear turbid. Then it was cooled in an ice
bath and the solid obtained was filtered on a frit, washed with a small
amount of chilled water, and dried under vacuum. For (RcRc,SaRa)-3a,
Yield: 57.6% (92 mg, 0.117 mmol); 1H NMR (200 MHz, [D6]acetone,
25 8C): d=0.32 (t, 3J33,32=7.5 Hz, 3H; H33a–c), 0.82 (m, 2H; H32a–b),
1.16 (t, 3J35,34=7.5 Hz, 2H; H35a–c), 2.22 (m, 2H; H34a–b), 2.87 (m, 2H;
H20, H31), 3.94 (m, 2H; H21a–b), 4.20 (m, 2H; H30a–b), 4.62 (s, 2H;
H2O), 7.90–9.7 ppm (m, 15H; H1–H9, H12–H15, H24–H27); UV/ Vis
(phosphate buffer pH 6): lmax=280 (e=21538), 316 (25538), 470 (sh),
518 nm�1 (4745 dm3mol�1 cm�1); UV/Vis (CH2Cl2): lmax=282 (e=20215),
318 (28681), 475 (es), 518 nm�1 (4935 dm3mol�1 cm�1); MS (70 eV, EI):
m/z (%): 626.4 (76), 606.4 (48), 508.6 (17), 369.3 (35), 351.1 (74), 334.6
(100); E1/2 (CH2Cl2): 0.98 V versus SSCE. For (ScSc,RaSa)-3b, Yield: 68%
(74 mg, 0.089 mmol); 1H NMR (500 MHz, [D6]acetone, 25 8C): d=0.25
(d, 3J33ac,32=7.0 Hz, 3H; H33a–c), 0.57 (d, 3J37ac,32=7.0 Hz, 3H; H37a–c),
1.06 (m, 1H; H32), 1.18 (d, 3J36ac,34=7.2 Hz, 3H; H36a–c), 1.21 (d,
3J35ac,34=11.1 Hz, 3H; H35a–c), 2.88–2.91 (m, 2H; H34, H20), 3.84 (dd,
3J21b,20=8.4, 2J21b,21a=9.3 Hz, 1H; H21b), 4.29 (dd, 3J21a,20=2.3, 2J21a,20=
9.5 Hz, 1H; H21a), 5.11 (dd, 3J30b,31=5.8, 2J30b,30a=9.5 Hz, 1H; H30b),
5.20 (dd, 3J30a,31=5.7, 2J30a,30b=9.3 Hz, 1H; H30a), 5.67 (dddd, 3J31,30a=
5.7 Hz, 3J31,30b=5.8 Hz, 3J31,34=6.7 Hz, 1H; H31), 7.05 (ddd, 4J2,4=1.2 Hz,
3J2,1=5.1 Hz, 3J2,3=7.9 Hz, 1H; H2), 7.25 (dd, 4J24,26=0.9 Hz, 3J24,25=
7.9 Hz, 3H; H24), 7.58 (td, 4J25,27=1.2 Hz, 3J25,24=

3J25,26=7.9 Hz, 3H;
H25), 7.83 (td, J= 4J3,1=1.2 Hz, 3J3,2=

3J3,4=7.9 Hz, 1H; H3), 7.95–7.97
(m, 3H; H26, H14, H1), 8.10 (t, 3J8,9=

3J8,7=8.0 Hz, 1H; H8), 8.20 (dd,
4J27,25=1.2 Hz, 3J27,26=7.2 Hz, 1H; H27), 8.33 (td, 4J13,15=1.2 Hz, 3J13,14=
3J13,12=7.8 Hz, 1H; H13), 8.40 (d, 3J4,3=7.9 Hz, 1H; H4), 8.55 (d, 3J7,8=
8.0 Hz, 1H; H7), 8.71 (d, 3J9,8=8.0 Hz, H9), 8.71 (d, 3J12,13=7.8 Hz, H12),
9.46 ppm (d, 3J15,14=5.1 Hz, H15); UV/Vis (phosphate buffer pH 6):
lmax=278 (e=17983), 316 (22759), 484 (3672), 518 nm�1

(3724 dm3mol�1 cm�1); UV/Vis (CH2Cl2): lmax=278 (e=28320), 318
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(29792), 486 (4989), 520 nm�1 (4950 dm3mol�1 cm�1); E1/2 (CH2Cl2):
0.98 V versus SSCE; elemental analysis calcd (%) for
C33H37N5O3RuB2F8: C 47.97, N 8.48, H 4.48; found: C 48.06, N 8.39, H
4.77.

(ScSc,RaSa)-[RuII(trpy)(Phbox-iPr)(MeCN)](PF6)2, (ScSc,RaSa)-4b : A
sample of the aquacomplex (ScSc,RaSa)-3b (100 mg, 0.152 mmol) was dis-
solved in acetonitrile (25 mL) and stirred at room temperature for 1 h.
The addition of an aqueous saturated solution of NH4PF6 (1 mL) imme-
diately produced a dark-brownish precipitate, that was filtered on a frit,
washed with water, and dried under vacuum. Yield: 95.39% (98 mg,
0.101 mmol); 1H NMR (500 MHz, [D6]acetone, 25 8C): d=0.28 (d,
3J33ac,32=7.2 Hz, 3H; H33a–c), 0.58 (d, 3J37ac,32=6.9 Hz, 3H; H37a–c), 1.18
(m, 1H; H32), 1.30 (d, 3J35ac,34=

3J36ac,34=1.4 Hz, 6H; H36a–c, H35a–c),
2.17 (s, 3H; H38), 3.04 (m, 1H; H34), 3.15 (m, 1H; H20), 3.99 (dd,
3J21b,20=8.3 Hz, 2J21b,21a=9.6 Hz, 1H; H21b), 4.43 (dd, 3J21a,20=2.5 Hz,
2J21a,21b=9.6 Hz, 1H; H21a), 5.12–5.14 (m, 2H; H30b, H30a), 5.64 (m,
1H; H31), 7.09 (ddd, 4J2,4=1.4 Hz, 3J2,3=5.8 Hz, 3J2,1=6.8 Hz, 1H; H2),
7.31 (dd, 4J24,26=0.9 Hz, 3J24,25 7.9 Hz, 1H; H24), 7.60 (td, 4J25,27=1.2 Hz,
3J25,24=

3J25,26 7.9 Hz, 1H; H25), 7.92 (m, 3H; H1, H26, H3), 8.00 (ddd,
4J14,12=1.2, 3J14,15=5.8, 3J14,13=7.8 Hz, 1H; H14), 8.21 (dd, 4J27,25=1.2 Hz,
3J27,26=7.9 Hz, 1H; H27), 8.28 (t, 3J8,7=

3J8,9=8.0 Hz, 1H; H8) 8.43 (td,
4J13,15=1.2 Hz, 3J13,14=

3J13,12=7.8 Hz, 1H; H13), 8.46 (d, 3J4,3=7.7 Hz,
1H; H4), 8.65 (dd, 4J7,9=0.7 Hz, 3J7,8=8.0 Hz, 1H; H7), 8.78 (dd, 4J9,7=
0.7 Hz, 3J9,8=8.0 Hz, H9), 8.86 (d, 3J12,13=7.8 Hz, H12), 9.46 ppm (d,
3J15,14=7.8 Hz, 1H; H15); UV/Vis (CH2Cl2): lmax=280 (e=19150), 315
(18540), 327 (17340), 383 (5970), 412 (5980), 541 (4730 dm3mol�1 cm�1),
567 nm�1 (sh); E1/2 (CH2Cl2): 1.32 V versus SSCE; E1/2 (CH3CN): 1.22 V
versus SSCE; elemental analysis calcd (%) for C35H40N5O2RuP2F12:
C 43.54, N 8.70, H 3.97; found: C 43.63, N 8.63, H 4.09.

(RcRc,SaRa)/(ScSc,RaSa)-[RuII(trpy)(Phbox-R)(py)](PF6)2, (RcRc,SaRa)-5a/
(ScSc,RaSa)-5b : A sample of neat pyridine (0.30 mL, 3.70 mmol) was
added to (RcRc,SaRa)-3a or (ScSc,RaSa)-3b (0.125 mmol, 100 and 103 mg
respectively) dissolved in an acetone/H2O mixture (1:1 v/v, 40 mL). The
resulting solution was magnetically stirred at room temperature for two
days and then a saturated solution of KPF6 (1.5 mL) was added. A solid
appeared in the solution immediately and was filtered, washed with a
small amount of cold water, and dried under vacuum. For (RcRc,SaRa)-
5a·0.5H2O, Yield: 36.5% (45 mg, 0.046 mmol); 1H NMR (200 MHz,
[D6]acetone, 25 8C): d=0.40 (t, 3J33,32=7.5 Hz, 3H; H33a–c), 1.00 (m, 2H;
H32a–b), 1.16 (pt, 3J35,34=7.5 Hz, 3H; H35a–c), 1.57 (m, 1H; H34a), 1.84
(m, 1H; H34b), 2.85 (m, 1H; H20), 4.03 (t, 3J21b,21a=

3J21b,20=8.5 Hz, 1H;
H21b), 4.31 (dd, 3J21a,21b=8.5 Hz, 3J21a,20=2 Hz, 1H; H21a), 4.94 (pt,
3J30a,30b=

3J30a,31=9 Hz, 1H; H30a), 5.39 (pt, 3J30b,30a=
3J31,30a=9 Hz, 2H;

H30b, H31), 7.0–9.4 ppm (m, 20H; H1–H9, H12–H15, H24–H27, H36–
40); UV/Vis (CH2Cl2): lmax=276 (e=22429), 318 (30269), 370 (sh), 475
(sh), 518 nm�1 (5162 dm3mol�1 cm�1); E1/2 (CH3CN): 1.15 versus SSCE;
elemental analysis calcd (%) for C36H36N6O2RuP2F12·1.5H2O: C 43.91, N
8.53, H 3.79; found: C 43.95, N 8.60, H 3.68. For (ScSc,RaSa)-5b, Yield:
55% (68 mg, 0.067 mmol); 1H NMR (500 MHz, [D6]acetone, 25 8C): d=
0.28 (d, 3J33ac,32=7.0 Hz, 3H; H33a–c), 0.55 (d, 3J37ac,32=7.0 Hz, 3H;
H37a–c), 1.02 (d, 3J36ac,34=7.0 Hz, 3H; H36a–c), 1.03(m, 1H; H32), 1.20
(d, 3J35ac,34=6.5 Hz, 3H; H35a–c), 3.14 (m, H; H20), 1.51 (m, 1H; H34),
3.92 (t, 3J21b,20=

2J21b,21a=9.5 Hz, 1H; H21b), 4.39 (dd, 3J21a,20=2 Hz,
2J21a,20b=9.5 Hz, 1H; H21a), 5.07 (t, 3J30b,31=

2J30b,30a=4.5 Hz, 1H; H30b),
5.20 (dd, 3J30a,31=5, 2J30a,30b=9.5 Hz, 1H; H30a), 5.40 (m, 1H; H31), 7.12–
7.16 (m, 3H; H2, H39, H41), 7.33 (dd, 4J24,26=0.9 Hz, 3J24,25=7.9 Hz, 3H;
H24), 7.65 (td, 4J25,27=0.9 Hz, 3J25,24=

3J25,26=7.9 Hz, 3H; H25), 7.70 (t,
3J40,39=

3J40,41=8 Hz, 1H; H40), 7.88 (d, 3J38,39/42,41=8.0 Hz, H38, H42),
7.92 (td, J= 4J3,1=1.2 Hz, 3J3,2=

3J3,4=7.9 Hz, 1H; H3), 7.98–8.00 (m, 2H;
H26, H14), 8.10 (dd, 4J1,3=1.2 Hz, 3J1,2=7.9 Hz, 1H; H1), 8.18–8.20 (m,
2H; H8, H27), 8.43–8.44 (m, 2H; H13, H4), 8.58 (d, 3J7,8=8 Hz, 1H;
H7), 8.78 (d, 3J9,8=8 Hz, 1H; H9), 8.87 (d, 3J12,13=8 Hz, 1H; H12),
9.32 ppm (d, 3J15,14=8 Hz, 1H; H15); UV/Vis (CH2Cl2): lmax=278 (e=
26080), 318 (35425), 370 (sh), 470 (sh), 512 nm�1 (5690 dm3mol�1 cm�1);
E1/2 (CH3CN): 1.18 V versus SSCE; elemental analysis calcd (%) for
C38H40N6O2RuP2F12: C 45.48, N 8.37, H 4.02; found: C 45.57, N 8.39,
H 4.10.

(ScSc,RaSa)-[RuII(trpy)(Phbox-iPr)(2-OH-py)](PF6)2, (ScSc,RaSa)-6b : A
sample of the aquacomplex (ScSc,RaSa)-3b (41 mg, 0.062 mmol) was dis-
solved in acetone (18 mL) containing molecular-sieves (700 mg). Then, 2-
hydroxypyridine (20.5 mg, 0.213 mmol) was added and the resulting mix-
ture was heated at 45 8C for 10 h. Addition of ether immediately generat-
ed a reddish solid that was filtered on a frit, washed with ether, and dried
under vacuum. Yield: 65.86% (30 mg, 0.030 mmol); 1H NMR (500 MHz,
[D6]acetone, 25 8C): d=0.67 (d, 3J33ac,32=6.8 Hz, 3H; H33a–c), 0.70 (d,
3J37ac,32=6.8 Hz, 3H; H37a–c), 0.85 (d, 3J36ac,34=7.0 Hz, 3H; H36a–c), 1.17
(d, 3J36ac,34=6.5 Hz, 3H; H36a–c), 1.50(m, 1H; H32), 3.54–3.58(m, 2H;
H34, H20), 3.91 (t, 3J21b,20=

2J21b,21a=6.9 Hz, 1H; H21b), 4.13 (t, 3J30b,31=
2J30b,30a=9.3 Hz, 1H; H30b), 4.35 (t, 3J21a,20=

2J21a,21b=6.9 Hz, 1H; H21a),
4.54–4.58 (m, 2H; H30a, H31), 5.83 (t, 3J26,25=

3J26,27=7.5 Hz, 1H; H26),
6.09 (d, 3J38,39=7.0 Hz, 1H; H38), 6.12 (d, 3J27,26=7.5 Hz, 1H; H27), 6.27
(d, 3J24,25=7.5 Hz, 1H; H24), 7.16 (t, 3J39,38=

3J39,40=7.0 Hz, 1H; H39),
7.22 (t, 3J25,24=

3J25,26=7.5 Hz, 1H; H25), 7.42 (t, 3J8,7=
3J8,9=7.7 Hz, 1H;

H8), 7.49 (t, 3J40,39=
3J40,41=7.0 Hz, 1H; H40), 7.55 (d, 3J41,40=7.0, 1H;

H41), 7.74 (d, 3J7,8=7.7 Hz, 1H; H7), 7.81 (m, 2H; H14, H2), 8.13 (t,
3J3,2=

3J3,4=8.4 Hz, 1H; H3), 8.18 (t, 3J13,12=
3J13,14=7.7 Hz, 1H; H13),

8.32 (d, 3J9,8=7.7 Hz, 1H; H9), 8.59 (d, 3J12,13=7.7 Hz, 1H; H12), 8.97 (d,
3J1,2=4.9 Hz, 1H; H1), 9.00 ppm (d, 3J15,14=4.7 Hz, 1H; H15); UV/Vis
(CH2Cl2): lmax=276 (e=26120), 316 (30050), 377 (sh), 494
(3920 dm3mol�1 cm�1), 534 nm�1 (sh); E1/2 (CH2Cl2): 0.755 V versus
SSCE; elemental analysis calcd (%) for C38H39N6O3RuP2F12: C 44.76, N
8.24, H 3.95; found: C 44.89, N 7.98, H 4.22.
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