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Abstract

The synthesis of isomerically pure multicentred species is an important task for preparative
chemists. Only stereochemically well-defined structures of polynuclear metal complexes lead
to photophysical results that are clearly interpretable. We have developed several strategies
to synthesise such compounds that have a predetermined chirality (A- or A-helix) at each
metal center. The approximate local symmetry of the described metal complexes is D
(octahedral, tris-bidentate). The methods are the following: (a) resolving a racemic building
block followed by substitution of the two labile monodentate ligands by a bidentate diimine

* Corresponding author.

0010-8545/97/832.00 Copyright © 1997 Elsevier Science S.A. Al rights reserved
PII S0010-8545(96)01303-3



2 P. Belser et al. | Coordination Chemistry Reviews 159 (1997) 1-8

ligand under total retention of configuration. (b) Synthesis of an optically pure precursor
complex in which two chelating bipyridine ligands are bridged and each contain an optically
active pinene unit. The remaining coordination sites are then replaced by a bidentate diimine
ligand. (c) Use of ligands that have sterically demanding substituents perpendicular to the
molecular plane. The use of such ligands leads direct to optically active compounds. Examples
of these methods will be given, while considering their photophysical application. © 1997
Elsevier Science S.A.

Keywords: Optically active compound; Photophysical properties; Chiral complex; Binuclear
metal complex

1. Introduction

Chirality has been of interest in inorganic chemistry and especially in coordination
chemistry since Alfred Werner [1]. Progress in many branches of organic chemisiry
was strongly connected with chirality and optical activity. In organic chemisiry we
often encounter long chains and also branched molecules with the possibility of one
or more centers of chirality. Many properties of such molecules, e.g. those of a drug,
depend on a well-defined stereochemistry. On the other hand, inorganic coordination
compounds are more often metal complexes with only one center of chirality, and
exhibit non-dis:inguishable properties between racemic and enantiomeric pure forms
of the compounds. Enantioselective synthesis, i.e., the creation of one and only one
helicity in a metal complex with local D; symmetry has been achieved only recently
in rare cases [2]. This is somewhat surprising, in view of the enormous literature
which exists on enantioselective synthesis in organic chemistry (leading to defined
C-chirality centers). Chirality at the metal center is of great importance in homogen-
eous enantioselective catalysis, where great progress has been made recently [3]. All
the reporis published so far show, however, that a full control of the chirality at the
metal center is difficult to achieve. With the mentioned development of metal-
catalyzed enantioselective reactions and the synthesis of polynuclear metal com-
plexes, we are in need of methods for the preparation of metal centers with well-
defined stereochemistry.

2. General aspects of chirality and complex formation

The formation of polynuclear metal complexes leads to a mixture of ditferent
isomers. For ecxample, the simple dinuclear . mplex [(phen),Ru-
(bipyrimidine)Ru(phen),)(PFq), with two racemic metal centers gives an isomeric
mixture of A,A:A,A:A,A-complexes in a ratio of approximately 1:2:1 (see Fig. 2). In
general, the upper limit for the number N of isomers, which can be obtained during
the formation of polynuclear complexes with » helical octahedral coordination units,
is given by N=:2" It is easy to see that the number of isomers increases enormously
with the number of metal centers. In order to prepare isomerically pure compounds,
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Fig. 1. The attachment of the second ligand determines the stereochemistry of the final octahedral
metal complex.

it is important to control the stereochemistry at each metal center. Therefore, we
must examine the complex formation with respect to their stereochemical behavior
(see Fig. 1).

The attachment of the second ligand determines the stereochemistry of the final
complex. The third ligand merely completes the coordination shell of the metal
center without change of their helicity.

In Section 3, three different strategies for control of the stereochemistry during
complex formation are presented.

3. Different strategies for the enantioselective synthesis of octahedral metal complexes
3.1. Methoda

Resolving of an appropriate racemate of a building block, and using the enantio-
merically pure precursor complex in suitable reactions to build up larger species, is
a quite successful method [4]. Several isomerically pure dinuclear species have been
synthesized in that way [5]. For example, with 2,2-bipyrimidine, as a bridging
ligand, all three isomers, the homochiral enantiomeric pair AA/AA and the hetero-
chiral meso-form AA, were prepared in pure form (see Fig. 2).

A problem is the use of these building blocks for the preparation of PMDs,
because the coordination centers can easily racemize in the excited state. An isomer-
ically pure sample will, therefore, become a stereochemically undefined system after
irvadiation with light.



4 P. Belser et al. | Coordination Chemistry Reviews 159 (1997) 1-8

A,A— and A,A-isomers of the compound
[(Ru(pheny),(bipym)]+*

20 $4 36 84 82 80 T8 76 14 Tipm
Fig. 2. The 'H-NMR spectra shows clearly the applicability of method a. (a) Corresponds to the racemic
mixture, (b) and (c) to the pure AA-, AA-form respectively of the compound [(Ru(phen),),(bipym)j**.

Fig. 3. Front view (a) and top view (b) of a substituted 2,2"-bipyridine ligand with bulky groups attached
perpendicular to the molecular plane. (¢) A real example of such ligands.
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3.2. Methodb

To avoid the problem of racemization, the second strategy is based on a precursor
in which the two bidentate ligands are linked by a chiral connecting group. Starting
from the chirai-pool molecule (+ or —)-et-pinene, which is available in high enantio-
meric purity, 4,5-pinenebipyridine can be synthesized [6]. The stereospecific deproto-
nation and the subsequent alkylation lead to a bridged bis-bidentate ligand that
forms, upon complexation with a metal, a pure sterecisomer [7]. The synthesis is
depicted in Scheme 1.
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Scheme 1.

Since these ligands predetermine the helical chirality (A/A) at the metal, we call
them chiragens. Since pinene is available naturally in cither of the enantiomeric
forms, both helical configurations of the Ru complexes can be obtained, without
the necessity to resolve a racemate.

3.3. Method ¢

The third method uses bidentate diimine ligands which have bulky substituents,
perpendicularly attached to the molecular plane (see Fig. 3). This substituent induces
a steric interaction that prefers only one of the two possible stereoisomers. Two
examples of such substituted ligands are given in Fig. 4. An optical induction of
75% ee of one of the isomers was obtained after complexation of Fe(Il) with the
bis-4,5-pinenebipyridine ligand.
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Fig. 4. A “supramolecular” binuclear metal complex as a model compound for energy- and/or electron
transfer reactions.

4. Applications

To demonstrate the versatility of the application of the above mentioned methods,
the following examples are given:

4.1. Preparation of polynuclear compounds with well-defined stereochemistry

The use of optically active building blocks, such as, for example (A or
A)[M(L),X,?* (method a) or (A or A)-[M(chiragen[B])X,] (method b), opens
the possibility of synthesizing pure isomers of polynuclear metal complexes.
Stereochemically well-defined compounds are important in the field of charge separa-
tion or energy transfer reaction on polynuclear complexes [8]. An example will
be given.

To study the fundamental phenomenon of energy transfer processes we have
mimicked that process by a model compound, depicted in Fig. 4.

The ruthenium complex acts as a sensitizer and reaches, after absorption of light,
an excited state. The energy can be transferred to the osmium unity under simulta-
neous excitation of the osmium center. The osmium complex acts in this case as an
internal quencher. Under emission of light the excited metal center loses its energy
and falls back to the ground state. Because the wavelength of the emissions of the
Ru- and the Os-centers, respectively, are different, that supramolecular, dinuclear
compound is ideal for collecting data about energy- and/or electron-transfer reactions
[9-11]. In the case that both metal centers have a well-defined chirality (AA, AA
or A,A) the system opens a deeper insight into the energy transfer process. Irradiation
of the Ru-center (in the A-form) with circular polarized light leads to an emission
from the Os-center (in the A-form). The important photophysical information is the
chirality of the emitted light (measured by the CPL properties). A change either of
the chirality of the Ru-center or the Os-center gives supplementary information
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about the nature of the energy transfer process. At this moment the key compounds
are being prepared and the photophysical measurements are under investigation.

4.2. Enantioselective catalysis on coordinatively unsaturated or labile optically active
metal centers

Enantioselective catalysis, e.g., reductive alkylation of aldehydes [12], is feasible
by using 4,5- or 5,6-bis-pinenebipyridine respectively, as chiral source in the labile
nickel, zinc or copper complexes.

4.3. Compounds for non-linear optics

Optically active compounds that crystallize in non ceniro-symmetric space groups,
are candidates for non-linear optical devices [13]. The easy access of compounds
with the above-mentioned properties open a wide field for applications.

4.4. Opticaily active metal complexes for DNA intercalation reactions

Transition metal complexes that can interact with nucleic acids, have become the
objective of intense research [ 14]. They define a new class of diagnostic and therapeu-
tic substances. In particular, ruthenium compounds are known for intercalation with
DNA. The emissive properties of this type of metal complexes can be exploited for
identification and site-specific cieavage of DNA. Two different modes of interaction
of metal complexes with DNA are known: intercalating interactions and groove-
bound mode. The A-isomer of the compound [Ru(phen);]** proceeds through the
intercalation mode, while the A-isomer interacts through the groove-bound mode.
With the presented methods, optically active emitting ruthenium complexes can be
prepared, capable of intercalation reactions.
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