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Partial resolution of the rac-[Ru(bpy)2(ppy)]+ monocation into
[∆-Ru(bpy)2(ppy)]PF6 (1∆) (ee = 44%) and [Λ-Ru(bpy)2-
(ppy)]PF6 (1Λ) (ee = 50%) enantiomers was achieved by an
unprecedented resolving process which involves the dia-
stereoselective preparation of optically active networks of
the type {[Λ-Ru(bpy)2(ppy)][Mn-Λ-Co(ox)3]}n (2Λ) and
{[∆-Ru(bpy)2(ppy)][Mn-∆-Co(ox)3]}n (2∆). In these optically
active inorganic polymers, the counter-monocation
[Ru(bpy)2(ppy)]+ of appropriate configuration occupies the
cavities while the excess [Ru(bpy)2(ppy)]+, of opposite config-
uration, remains in solution and is thus recovered. Anion

Introduction

The design and synthesis of networks possessing chiral
cavities aimed to resolve optically active molecules repres-
ents a big challenge in the area of supramolecular material
chemistry.[1] Ruthenium bis-bipyridine complexes
[Ru(bpy)2L]n1 (L 5 bpy, phen...) (bpy 5 bipyridine;
phen 5 phenanthroline) have been extensively studied for
many years for their properties in biology,[2,3] and photo-
and electrochemistry.[427] Most of these species have al-
ready been reported in the literature by several groups, with
emphasis on the preparation of pure enantiomers of such
propeller-like coordination complexes (∆ and Λ). Various
resolution methods have commonly been used such as dia-
stereomeric salt formation[8,9] or chromatographic separa-
tion techniques.[8,10] Another route to obtain optically
active [Ru(bpy)2L]n1 complexes is based on the use of
chiral precursors such as cis-[Ru(bpy)2(py)2]21 [11,12] (py 5
pyridine), cis-[Ru(bpy)2(CO)2]21 [8,13] or cis-[Ru(bpy)2-
(DMSO)Cl]1;[14216] subsequent treatment with nucleo-
philes (phen, bpy...) provides the target complexes with re-
tention of the configuration at the metal center. More re-
cently a stereoselective synthesis has been proposed by
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metathesis of the optically active [Ru(bpy)2(ppy)]PF6 (1∆)
(ee = 44%) and (1Λ) (ee = 50%) with [l-cinchonidinium]-
[∆-trisphat] [trisphat = tris(tetrachlorobenzenediolato)-
phosphate(V)] provides the related diastereomers
[∆-Ru(bpy)2(ppy)][∆-trisphat] (3∆) (de = 44%) and [Λ-Ru-
(bpy)2(ppy)][∆-trisphat] (3Λ) (de = 50%) in 60% yield. Their
diastereomeric excesses were assessed by 1H NMR analysis.
All products were fully characterized and the absolute con-
figuration was determined by circular dichroism techniques
in solution or in the solid state. Additionally the X-ray struc-
ture of [Ru(bpy)2(ppy)]PF6 (1) was determined.

Hesek[17] using the chiral ligand R-(1)- or S-(2)-methyl p-
tolylsulfoxide that leads to the corresponding ruthenium
bis-bipyridine complex with a diastereomeric excess of 50%.

In a pioneering work, Decurtins[18221] described the syn-
thesis of racemic bimetallic oxalate-bridged networks
{[M1(bpy)3][M2M3(ox)3]}n (M1 5 NiII, FeII; M2 5 LiI and
M3 5 CrIII or M2 5 M3 5 MnII) starting from racemic
materials. We recently reported the synthesis[22,23] of optic-
ally active homochiral polymers {[M1(bpy)3][M2M3(ox)3]}n

(M1 5 NiII, RuII; M2 5 LiI and M3 5 CrIII or M2 5 M3 5
MnII) and {[RuII(bpy)2(ppy)][MCrIII(ox)3]}n (M 5 NiII,
MnII, ppy 5 phenylpyridine) using the tris-chelate com-
plexes [Cr(ox)3]32, [M1(bpy)3]21 and [RuII(bpy)2(ppy)]PF6

described by Constable.[24] We have shown that the forma-
tion of these polymers is highly diastereoselective and that
the chirality control of only one type of building block leads
to the selective precipitation of the corresponding homo-
chiral enantiomeric polymer. Furthermore, the
{[MIIMIII(ox)3]2}n network presented magnetic properties
which can be tuned by modifying the nature of the MII-
MIII couple. As some of the [MIII(ox)3]32 cannot always be
resolved, we have to ensure the control of the chirality of
the polymer via an optically active [Ru(bpy)2(ppy)]1 com-
plex acting as a template. The separation of the latter into
its two enantiomeric forms has not been reported so far.
All attempts to resolve this [Ru(bpy)2(ppy)]1 complex by
conventional procedures have been unsuccessful. Therefore
we explored the possibility of employing the same resolu-
tion method that we have applied for [Ni(bpy)3]21. Previ-
ously,[22] we have shown that using resolved [∆-Cr(ox)3]32,
a twofold excess of racemic [Ni(bpy)3]21 and Li1, afforded
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an optically active insoluble polymer in which all the metal
centers possessed the ∆ configuration, leaving in solution
the unreacted enriched [Λ-Ni(bpy)3]21. Therefore the dia-
stereomeric formation of these polymers could be of general
use for the separation of the two enantiomers of tris-che-
late complexes.

In this paper, we describe the partial resolution of the
racemic [Ru(bpy)2(ppy)]PF6 (1) complex into [∆-Ru-
(bpy)2(ppy)]PF6 (1∆) (ee 5 44%) and [Λ-Ru(bpy)2(ppy)]PF6

(1Λ) (ee 5 50%) enantiomers via the formation of the poly-
mers {[Λ-Ru(bpy)2(ppy)][Mn-Λ-Co(ox)3]}n (2Λ) and
{[∆-Ru(bpy)2(ppy)][Mn-∆-Co(ox)3]}n (2∆), respectively.
Their absolute configuration was determined by circular di-
chroism. In addition we describe the preparation of the di-
astereomeric salts [∆-Ru(bpy)2(ppy)][∆-trisphat] (3∆) (de 5
44%) and [Λ-Ru(bpy)2(ppy)][∆-trisphat] (3Λ) (de 5 50%)
from [l-cinchonidinium][∆-trisphat] and the enriched
[Ru(bpy)2(ppy)]PF6 complexes 1∆ and 1Λ, respectively. Fi-
nally the optical purity of these species was determined by
1H NMR spectroscopy.

Results and Discussion

X-ray Structure of [Ru(bpy)2(ppy)]PF6

Single crystals of [Ru(bpy)2(ppy)]PF6 (1) were obtained
by diffusion of diethyl ether into a solution of 1 in acetone.
The crystallographic data and structure determination
parameters obtained by X-ray diffraction studies for [Ru-
(bpy)2(ppy)]PF6 (1) are given in Table 1. [Ru(bpy)2-
(ppy)]PF6 crystallizes in the space group C2/c with Z 5 8.
As depicted in Figure 1, we notice that the
[Ru(bpy)2(ppy)]1 cation is hexacoordinated and presents a
structure similar to that of the dication [Ru(bpy)3]21 [a C
atom (C31) replaces an N atom]. The C atom (C31) was
arbitrarily placed on the Figure 1 (in fact its distribution is
equal on the six atomic sites bonded to the Ru atom). The
bond lengths and angles for [Ru(bpy)2(ppy)]PF6 (1) and in
[Ru(bpy)3]Cl2 [22,25] are quite similar (Table 2). The sym-
metry of the monocation [Ru(bpy)2ppy]1 is formally C1.
However, as the external shell geometry is very close to that
of [Ru(bpy)3]21, one can assume that [Ru(bpy)2ppy]1 has a
quasi D3 symmetry.

Ideally, to differentiate a chiral cationic complex of D3

symmetry such as [Ru(bpy)2ppy]1, it is essential to choose
a chiral shift anionic reagent that also possesses a D3 sym-
metry. Therefore we choose the [∆-trisphat] anion (previ-
ously described by Lacour[26228]) to prepare the related
diastereomers of [Ru(bpy)2ppy]1; the results are shown in
the next section.

Resolution of the [Ru(bpy)2(ppy)]1 Cation 1∆ and 1Λ by
the Synthesis of the Optically Active Polymers 2Λ and 2∆

Treatment of [l-cinchonidinium][∆-trisphat] with a stoi-
chiometric amount of rac-[Ru(bpy)2(ppy)]PF6 (in acetone,
MeOH or acetone/MeOH in ratios 1:1 and 2:3) followed
by crystallization provided deep purple powders. Circular
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Table 1. Crystal data for [Ru(bpy)2(ppy)]PF6 (1)

[Ru(bpy)2(ppy)]PF6 1

Formula C31H24N5Ru·PF6

Fw (g.mol21) 712.60
Temperature (K) 295
Crystal system Monoclinic
Space group C2/c
a (Å) 23.749 (16)
b (Å) 13.715 (3)
c (Å) 19.334 (6)
α (°) 90
β (°) 114.16 (3)
γ (°) 90
V (Å3) 5745 (5)
Z 8
Linear abs coef µ (mm21) 0.672
Density ρ (g.cm23) 1.65
Crystal size (mm) 0.4 3 0.4 3 0.3
Color brown
Shape parallelepiped
Diffractometer Enraf2Nonius Cad 4
Radiation Mo-Kα (λ 5 0.71069 Å)
Scan type 2θ/ω
θ limits (°) 1226
Index range, h, k, l 0, 29; 0, 16; 223, 21
Secondary extinction coeff 505
Percent decay 0.063
Reflections measured 6034
Independent reflections 5626
Reflections used 2486
R 5 Σ||Fo| 2 |Fc||/|Fo| 0.0668
Rw* 5 [Σw(||Fo| 2 |Fc||)2/ΣwFo

2]1/2 0.0738
Weight coefficients[a] 3.11, 0.901, 2.45
∆ρmin (e/ Å3) 21.06
∆ρmax (e/ Å3) 1.77
σ(I) limit 3.00
Number of parameters 364
Goodness of fit 0.965

[a] w 5 w9{1-[(||Fo| 2 |Fc||)/6.σ(Fo)]2}2 with w9 5 1/ΣrTr(X) with three
coefficients for a Chebyshev series for which X 5 Fc/Fc(max).

Figure 1. X-ray molecular structure of [Ru(bpy)2(ppy)]PF6 (1) with
atomic number system



Enantioselective Recognition and Resolution of the Hexacoordinated Monocation [Ru(bpy)2(ppy)]1 FULL PAPER

Table 2. Selected bond lengths [Å] and angles [°] for [Ru(bpy)2-
(ppy)]PF6 (1) and [Ru(bpy)3]Cl2

[Ru(bpy)2(ppy)]1 (1) [Ru(bpy)3]21 [22]

N1[a]2Ru2N1 95.4 (6) 95.3 (2)
N12Ru2N2 78.0 (6) 78.9 (2)
N2[a] (C31)2Ru2N2 96.5 (0) 95.6 (2)
N1[b]2Ru2N2 90.6 (0) 90.7 (2)
Ru2N1 2.069 (4) 2.046 (4)
Ru2N2 (C31) 2.044 (1) 2.054 (4)

[a] 21/2 1 y, 3/2 2 z, 1 2 x. 2 [b] 1 2 z, 1/2 1 x, 3/2 2 y.

dichroism and 1H NMR spectroscopy showed that this mat-
erial is composed only of nonenriched [Ru(bpy)2(ppy)][∆-
trisphat] (3) (equal amounts of the two diastereomers, de 5
0%). Hence using the [∆-trisphat] anion, we were unable to
resolve the rac-[Ru(bpy)2(ppy)]1 complex by selective crys-
tallization of one diastereomer.

To resolve the rac-[Ru(bpy)2(ppy)]PF6 complex we finally
applied the ‘‘polymer formation’’ strategy. To ensure good
enantiomeric excess for the unreacted optically active
[Ru(bpy)2(ppy)]1, three conditions were required: i) A full
diastereoselectivity in the formation of the polymers. ii) A
rapid precipitation relative to the racemization rate of the
starting anionic brick [MIII(ox)3]32 to keep a good chiral
induction over the synthesized polymer and also on the ex-
cess cation left in solution. iii) A good yield for the reaction
(almost quantitative). These conditions are fulfilled in our
system. It should be noted that tris-oxalate cobalt
[Co(ox)3]32 was used instead of [Cr(ox)3]32 (as previously)
because its racemization rate is slower,[29] affording an en-
hanced enantiomeric excess for the resolved cation (ee 5
34% versus 44% or 50% according to NMR studies). Thus,
the use of resolved K3[Co(ox)3] {[α]D 5 11667 (∆ form)
or 21892 (Λ form)} (maximum rotation reported in the
literature:[30] [α]D 5 11928 or 21940), MnCl2 and racemic
[Ru(bpy)2(ppy)]PF6 (1) (twofold excess) in a DMSO/H2O
solution results, after five minutes, in the precipitation
of the respective polymers either {[∆-Ru(bpy)2(ppy)]-
[Mn-∆-Co(ox)3]}n (2∆) or {[Λ-Ru(bpy)2(ppy)]-
[Mn-Λ-Co(ox)3]}n (2Λ) (yield 5 90%), depending on the
configuration of the [Co(ox)3]32 building block. As a con-
sequence, the mother liquor phase is now enriched in the
opposite enantiomer of [Ru(bpy)2(ppy)]PF6 (either 1Λ or
1∆) and is thus recovered from the filtrate as a precipitate
by addition of diethyl ether (Scheme 1a). Scheme 1b shows
a schematic representation[22] of the anionic optically active
polymer 2Λ hosting the [Λ-Ru(bpy)2(ppy)]1 monocation
counter part.

Assignment of the Metallic Configurations in the Polymers
2∆ and 2Λ and in the Resolved Cations 1∆ and 1Λ by
Circular Dichroism

The absolute configuration of the Co and Ru centers in
the polymers 2∆ and 2Λ and in the enriched cations 1∆ and
1Λ was determined by circular dichroism by comparison of
their spectra with those of ∆ and Λ enantiomers of
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Scheme 1. (a) Preparation of the bimetallic optically active polymer
{[Λ-Ru(bpy)2ppy][Mn-Λ-Co(ox)3]}n (2Λ) along with the enriched
monocation [∆-Ru(bpy)2(ppy)]1 (1∆); (b) schematic representa-
tion[22] of the polymer 2Λ hosting the [Λ-Ru(bpy)2(ppy)]1 cation
counter part

[Co(ox)3]32 and [Ru(bpy)2L]. This is based on the principle
that two related optically active molecules have the same
absolute configuration if they give a Cotton effect of the
same sign in the absorption wavelength region of an elec-
tronic transition common to both molecules.[31] Due to the
extreme insolubility of the polymers, solid state circular di-
chroism was employed for all compounds. The circular di-
chroism curves of the polymers 2∆ and 2Λ are depicted in
Figure 2. They show optical activity and opposite signals
typical for two enantiomers. All bands (λmax 5 548, 493,
432, 376, 322, 311, 279 nm) are essentially due to intra-li-
gand or MLCT transitions of [Ru(bpy)2ppy]1. Indeed,
these bands are very strong in comparison with the weak
d R d bands of [Co(ox)3]32(in the monomer at λmax 5 618,
518, 415, 291 nm) which are totally masked. Therefore the
absolute configuration of the Co centers cannot be assigned
directly. However, it can be easily predicted from the config-
uration of the starting optically active [Co(ox)3]32 salt. The
Ru absolute configurations in 2∆ and 2Λ are assigned ow-
ing to the sign of the band due to the bipyridine ligand at
λmax 5 322 nm (a positive Cotton effect in the 3002330 nm
region is characteristic of the Λ configuration for the metal
center[8,9,11,13217,22]). The Co and Ru centers adopt the
same configuration in these polymers, as is the case in the
bimetallic polymers templated by [Ru(bpy)3]21 obtained
previously.[22]
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Figure 2. Circular dichroism spectra of 2∆ and 2Λ polymers in
KBr dispersions

As expected, the circular dichroism curves of the enriched
[Ru(bpy)2ppy]1 (1∆ or 1Λ) (Figure 3) display signals due to
the bipyridine ligands (λmax 5 598, 494, 390, 307, 259 nm)
opposite to that of the respective precipitated polymers 2Λ
or 2∆, confirming the partial resolution of the monocation.
The typical bipyridine band mentioned above again allows
the determination of the Ru absolute configurations. It is
worth noting that the dichroism spectra of the compounds
1∆ and 1Λ (in CH2Cl2 or acetone solutions) remain un-
changed after five hours, showing that the racemization of
[Ru(bpy)2(ppy)]1 is very slow in solution.

Figure 3. Circular dichroism spectra of 1∆ and 1Λ in KBr disper-
sions

Synthesis and Circular Dichroism of 3∆ and 3Λ

Even if circular dichroism in the solid state allows us to
assign the absolute configurations of metal complexes in the
optically active compounds, it cannot be used as a device to
measure the enantiomeric or diastereomeric excesses.[22]

The circular dichroism spectrum of pure [Ru(bpy)2(ppy)]1

(ee 5 100%) is still unknown, precluding a useful compar-
ison of the relative intensities. The very deep purple color
of the [Ru(bpy)2(ppy)]1 complex (due to the intraligand bi-
pyridine transitions) also wrecked all attempts to measure
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the optical rotation. For this purpose the optically active
enriched 1∆ and 1Λ [Ru(bpy)2ppy]1 salts were converted
into their enriched diastereomeric salts [∆-Ru(bpy)2-
(ppy)][∆-trisphat] (3∆) and [Λ-Ru(bpy)2(ppy)][∆-trisphat]
(3Λ) with [∆-trisphat] as the counter-anion. The diastereo-
meric excesses in these two species were determined by 1H
NMR spectroscopy.

Treatment of a solution of 1∆ (or 1Λ) with one equivalent
of [l-cinchonidinium][∆-trisphat] for 30 minutes in acetone
at room temperature afforded either 3∆ (or 3Λ). Subsequent
separation of the mixture by column chromatography on an
aluminum oxide column (10 cm, CH2Cl2) provided 3∆ (or
3Λ) as the less-polar purple band while the starting [Ru-
(bpy)2(ppy)]PF6 1∆ (or 1Λ) was then eluted as the more
polar fraction. We assume in this reaction that the
diastereomeric excess in 3∆ and 3Λ reflects exactly the en-
antiomeric excess in 1∆ and 1Λ for the following reasons:

2 the [l-cinchonidinium][∆-trisphat] salt is optically pure
(de 5 98%).

2 the [l-cinchonidinium][∆-trisphat] reacts equally (see
above and ref.[32]) with both enantiomers of [Ru(bpy)2ppy]1

even if the transformation of [Ru(bpy)2ppy]1 into the re-
lated diastereomeric salt [Ru(bpy)2(ppy)][∆-trisphat] is not
quantitative (yield: 60%).

Circular dichroism measurements of 3∆ and 3Λ were per-
formed in CH2Cl2 (Figure 4). The curves of the two diaster-
eomers exhibited two well-separated regions where the bor-
derline is centered at 270 nm. For the region λ . 270 nm,
the spectra present opposite signals due exclusively to the
optically active [Ru(bpy)2(ppy)]1. Below 270 nm, [∆-tris-
phat] bands are predominant exhibiting similar and nega-
tive Cotton effects.

Figure 4. Circular dichroism spectra of 3∆ and 3Λ in CH2Cl2 solu-
tions (c 5 7.529.1025 mol·L21)

Determination of the Diastereomeric Excess of [∆-
Ru(bpy)2(ppy)][∆-trisphat] (3∆) and [Λ-Ru(bpy)2(ppy)][∆-
trisphat] (3Λ) by 1H NMR Spectroscopy

The 1H NMR spectra of rac-[Ru(bpy)2ppy]PF6 (1),
[Ru(bpy)2(ppy)][∆-trisphat] (3) (de 5 0%) and enriched [∆-
Ru(bpy)2(ppy)][∆-trisphat] (3∆) and [Λ-Ru(bpy)2(ppy)][∆-
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trisphat] (3Λ) were recorded in acetone solution
(Figure 5a2d). These 1H NMR studies allowed us to deter-
mine the enantiomeric excess of the enriched complex [∆-
Ru(bpy)2ppy]PF6 (1∆) and [Λ-Ru(bpy)2ppy]PF6 (1Λ) by
measurement of the diastereomeric excess in 3∆ and 3Λ. As
a first approach, we measured the 1H NMR spectrum of
rac-[Ru(bpy)2ppy]PF6. The latter was previously studied by
Constable[24] in [D6]DMSO solution. Based on previous
studies, and on our own 1H-1H NMR homonuclear de-
coupling and 2D 1H-1H experiments, we assigned the mul-
tiplet centered at δ 5 7.57 to the proton H-10. The spec-
trum of [Ru(bpy)2(ppy)][∆-trisphat] in its nonenriched form
3 appears more intricate than that of the [Ru(bpy)2ppy]PF6

complex; some resonances split into two components be-
cause the two diastereomers exhibit different chemical shifts
in their 1H NMR spectra. The spectra of 3∆ and 3Λ clearly
show an enrichment in one of the two diastereomers. For
quantitative purposes we chose the well-resolved multiplet
H-10, which exhibits the most pronounced splitting in the
diastereomer formation. The appearance of this multiplet
in 1, 3, 3∆, 3Λ is shown in Figure 5 (a2d). We were able
to assign each peak to each of the two diastereomers by
examining and comparing the spectra of 3∆ and 3Λ. Thus,
the most and the least deshielded doublets of the multiplet
are assigned respectively to the [Λ-Ru(bpy)2(ppy)][∆-tris-
phat] and [∆-Ru(bpy)2(ppy)][∆-trisphat] diastereomers.
These signals are sufficiently well separated to afford a pre-
cise measurement of the respective ratio of the two diastere-
omers, and so of the diastereomeric excesses, by integration.
As can easily be seen, in the nonenriched product 3 they
appear of equal intensity whereas for the enriched com-
pounds 3∆ and 3Λ the ratio between the two diastereomers
(∆∆/Λ∆) is 72:28 and 25:75, respectively, providing an es-
timate of the diastereomeric excess in 3∆ and 3Λ, and so
the enantiomeric excess in 1∆ and 1Λ, to be 44% and
50%, respectively.

Conclusion

In this paper we described the preparation of optically
active bimetallic networks of the type {[Λ-Ru(bpy)2-
(ppy)][Mn-Λ-Co(ox)3]}n (2Λ) and {[∆-Ru(bpy)2(ppy)][Mn-
∆-Co(ox)3]}n (2∆) and showed for the first time that the
synthesis of these chiral polymers is a good strategy for re-
solving the [Ru(bpy)2(ppy)]1 complex. Furthermore, 2Λ
and 2∆ can be obtained via either the resolved tris-oxalato
[MIII(ox)3]32 anion or [Ru(bpy)2(ppy)]1 cation building
block, whereby each species can play the role of the chiral
template-inducer. This implies that an optically active form
of either tris-chelated brick (anion or cation) affords the
partial resolution of the other one owing to the matrix ef-
fect induced by the formation of the optically active poly-
mer. This feature opens new horizons in the resolution of
the hexacoordinated quasi-D3 monocations [Ru(bpy)2L]1

(L is a bidentate monocharged ligand such as the 8-
quinolate). Therefore, separation of enantiomers induced by
specific interactions between chiral molecules and optically

Eur. J. Inorg. Chem. 2001, 174521751 1749

active molecular frameworks appears to be one of the most
promising alternatives to the conventional procedures.

The use of the optically active and configurationally
stable [Ru(bpy)2(ppy)]1 complex will provide an important
control over chirality in the building of optically active
polymers with various tandems MII-MIII displaying inter-
esting magnetic behavior.

Experimental Section

Materials: The following compounds were prepared according to
literature methods: K3[Co(ox)3]·3H2O,[33] rac-[Ru(bpy)2ppy]-
PF6,[24,34] [l-cinchonidinium][∆-trisphat].[28] The resolution proced-
ure described previously was followed to obtain the ∆ and Λ
K3[Co(ox)3]·3H2O enantiomers.[30] The other reagents are commer-
cially available and were used as purchased.

General Procedures: The IR spectra were recorded on a Bio-Rad
IRFT spectrophotometer as KBr pellets in the 40002250 cm21 re-
gion. Elemental analyses were performed at the SIARE-UPMC,
Paris. Metal analyses were completed at the Service Central d’Ana-
lyse-CNRS, Vernaison. The specific rotations of the starting mat-
erials were measured at 20 °C, in a 1 dm-tube containing the solu-
tions, using the D-line in an Ameria AA5 polarimeter. The enanti-
omeric or diastereomeric excess was calculated by comparison with
the maximum specific rotation values found in the literature.[28,30]

Circular dichroism spectra were measured with a Jasco model J-
710 spectropolarimeter. Solid state measurements were made on
compounds 1∆, 1Λ, 2∆ and 2Λ as dispersions of 0.120.5 mg in
1002110 mg of oven-dried KBr. 13 mm-diameter disks were made
in a standard disk press. For 3∆ and 3Λ, measurements were car-
ried out in CH2Cl2 solutions (c 5 7.529.1025 mol·L21) in a 1 mm
cuvette. The baseline correction was performed with the spectrum
of a pure KBr disk or of CH2Cl2 prepared under the same condi-
tions. The displayed absorption spectra result from subtraction of
the spectrum of the standard KBr disk or of CH2Cl2. Spectra were
recorded in the wavelength range 7002200 nm for all compounds.
The 1H NMR spectra (300 MHz) were obtained at room temper-
ature in 5 mm o.d. tubes on a Bruker AC 300 spectrometer
equipped with a QNP probehead (solutions of [D6]acetone, c 5

0.014 mol·L21). Chemical shifts are given according to the IUPAC
convention with respect to SiMe4. The 31P NMR (121.5 MHz)
spectra were measured as for 1H spectra on the same tubes. The
chromatography separations were carried out on a 3 cm-diameter
column of alumina (10 cm; 0.0520.15 mm neutral aluminium ox-
ide; eluent: CH2Cl2).

X-ray Crystallographic Analysis: Accurate cell dimensions and ori-
entation matrix were obtained by least-squares refinement of 25
accurately centered reflections. The data were corrected for Lorentz
and polarization effects. Computations were performed by using
Crystals 2000 version. Scattering factors and corrections for
anomalous dispersion were taken from reference.[35] The structures
were solved by direct methods (SHELXS). All final refinements
were carried out by full-matrix least-squares using anisotropic dis-
placement parameters for all phosphorus, fluorine and non-hydro-
gen atoms. Hydrogen atoms were introduced in calculated positions
and only one overall isotropic displacement parameter was refined.
All crystallographic data and diffraction parameters are listed in
Table 1.

Crystallographic data (excluding structure factors) for the structure
reported in this paper have been deposited with the Cambridge
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Figure 5. 1H NMR spectra of 1 (5a), 3 (5b), 3∆ (5c) and 3Λ (5d) in acetone d6 solutions (c 5 0.014 mol·L21). Full spectra are shown
on the left side and enlargement of the signal H-10 on the right

Crystallographic Data centre as supplementary publication no.
CCDC-151418. Copies of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge
CB21EZ, UK [Fax: (internat.) 144-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].

Preparation of 1∆, 1Λ, 2∆ and 2Λ: In a hemolysis tube, an aqueous
solution (0.2 mL) of optically active K3[ΛCo(ox)3]·3H2O {39.4 mg,
0.08 mmol; [α]D 5 21892 (c 5 0.02 in H2O); maximum rotation
reported in the literature:[30] [α]D 5 21940} and MnCl2·4H2O
(15.7 mg, 0.08 mmol) was added quickly to a DMSO solution
(0.4 mL) of racemic [Ru(bpy)2ppy]PF6 (1) (100.2 mg, 0.14 mmol;
not completely dissolved. To ensure the complete precipitation of
the [Λ-Ru(bpy)2ppy]1 as a polymer we used less than two equiva-
lents of the [Ru(bpy)2ppy]PF6 complex). During 5 minutes, acetone
and H2O were successively added scratching continuously the walls
of the tube with a Pasteur pipette (the additions were made in this
order: acetone-H2O-acetone-H2O-acetone, 1.2 mL each time). The
purple precipitate was filtered off, washed with H2O (5 mL) and
acetone (until the filtrate became colorless) and air-dried leading
to the green {[Λ-Ru(bpy)2(ppy)][Mn-Λ-Co(ox)3]}n (2Λ) (68.6 mg,
0.0724 mmol; yield: 91%). The purple filtrate was concentrated by
rotary evaporator to remove acetone and, after precipitation by
addition of diethyl ether (200 mL), the purple enriched [∆-Ru-
(bpy)2ppy]PF6 (1∆) (43.7 mg, 0.0612 mmol) was filtered off and air-
dried. The same procedure was employed for the other enantiomers
1Λ and 2∆ using K3[∆Co(ox)3]·3H2O {[α]D 5 11667 (c 5 0.02 in
H2O); maximum rotation reported in the literature:[30] [α]D 5

11928}.
2Λ: C37H24CoMnN5O12Ru (945.56): calcd. C 47.0, H 2.56, N 7.41,
Ru 10.69, Mn 5.81, Co 6.23; found C 41.93; H 2.72, N 6.11, Ru
8.15, Mn 5.66, Co 5.87. 2 IR (KBr): ν̃ 5 1652s, 1629vs, 1600vs
(C5O), 1310m, 798m, 780m cm21.
1∆: 1H NMR (300.13 MHz, C3D6O, 300 K, TMS): δ 5 6.48 (d, 1
H), 6.85 (m, 2 H), 7.02 (t, 1 H), 7.36 (m, 3 H), 7.57 (t, 1 H), 7.70
(d, 1 H), 7.76 (t, 1 H), 7.91 (m, 6 H), 8.03 (d, 1 H), 8.12 (m, 3 H),

Eur. J. Inorg. Chem. 2001, 1745217511750

8.57 (pseudo-t, 2 H), 8.65 (d, 1 H), 8.73 (d,1 H). 2 31P NMR (121.5
MHz, C3D6O, 300 K, 85% H3PO4): δ5 2142.72 (sept).

Preparation of 3∆ and 3Λ: [∆-Ru(bpy)2(ppy)]PF6 (1∆) (128.3 mg,
0.18 mmol) and [l-cinchonidinium][∆-trisphat] ([α]D5-369 (c 5 0.1
in EtOH), de 5 98%)(1-fold) (191.3 mg, 0.18 mmol) were dissolved
in a minimum amount of acetone and stirred for about 30 minutes.
The product was first adsorbed on aluminium oxide and then chro-
matographed on a column of alumina (10 cm, CH2Cl2). The less-
polar fraction contained exclusively the deep purple diastereomer
3∆ (or 3Λ). Enriched [∆-Ru(bpy)2(ppy)]PF6 1∆ (or 1Λ) appeared
afterwards as a second fraction of the same color. [∆-Ru-
(bpy)2(ppy)][∆-trisphat] (3∆) (150.8 mg, 0.11 mmol; yield: 61%)
and [∆-Ru(bpy)2(ppy)]PF6 (1∆) (46.4 mg, 0.065 mmol) were recu-
perated after evaporation of the solvent on a rotary evaporator.
C49H24N5Cl12O6PRu (%): calcd. C 44.01, H 1.81, N 5.24; found C
44.26; H 2.03, N 5.61;IR (KBr): ν̃ 5 1451vs, 1421s, 1389s, 992vs,
825vs, 757s, 730s, 719m, 672vs, 650s, 620s cm21. 2 1H NMR
(300.13 MHz, C3D6O, 300 K, TMS): δ 5 6.48 (d, 1 H), 6.84 (m, 2
H), 7.00 (m, 1 H), 7.34 (m, 3 H), 7.55 (m, 1 H), 7.73 (m.2 H), 7.90
(m, 6 H), 8.03 (m, 1 H), 8.13 (m, 3 H), 8.55 (pseudo-t, 2 H), 8.63
(d, 1 H), 8.71 (d, 1 H). 2 31P NMR (121.5 MHz, C3D6O, 300 K,
85 % H3PO4): δ 5 279.14 (s).
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