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The construction of nanometre scale RulTPdIRu!!
m-conjugated molecular rods, A,A-1 and A,A-1, from
enantiomerically pure building blocks, provides a method
for obtaining enantio- and diastereo-merically pure
Rull-based molecular architectures.

Rigid m-conjugated molecular rods not only present a synthetic
challenge and an appealing architecture, but they also constitute
components for the construction of functional nanometre scale
devices, such as molecular wires of photonic and electronic
nature. Their extension into two or three dimensions makes
them suitable candidates for the construction of photochemical
antennas. The interest in molecular wires has resulted in a
variety of approaches to their fabrication.!-3

Linear architectures, ‘molecular wires’, containing photoac-
tive and/or redoxactive metal centres may present a range of
interesting features based on energy and electron transfer
processes involving communication along and between the two
ends of the wires. Such is the case for the actively studied
ruthenium(r)—diimine centres. However, structures containing
more than one octahedral metal ion coordinated to three
bidentate ligands give rise to diastereoisomers, as each metal
centre will have A- or A-configuration. This situation is
commonly encountered with ruthenium(u)-2,2-bipyridyl or
—1,10-phenanthroline based polynuclear complexes, molecular
wires, and photochemical antennae.?— It is of interest to obtain
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diastereomerically pure (dp) compounds, both for structural and
functional reasons. To this end, two main strategies can be
envisaged: (/) separation of the diastereoisomeric mixture
generated upon in situ formation of the metal centres,’ or (ii) the
use of enantiomerically pure (ep) building blocks containing the
desired metal centre. The latter strategy has been successfully
employed in the synthesis of ep and dp bimetallic ligand-
bridged ruthenium complexes using, for example, ep [Ru-
(bpy)2(py)2]**¢ and [Ru(phen),(CO)J>* (bpy = 2,2-bi-
pyridine, py = pyridine, phen = 1,10-phenanthroline).”

The condensation of aromatic o-diamines and o-quinones
provides a convenient entry to aromatic ligands suitable for
ruthenium coordination.?-9 Extended ligands of this type, with
two available coordinating sites, would be promising building
blocks for extended rt-conjugated multi-metal molecular rods or
wires.

We here report the application of the appealing synthon
strategy mentioned above for the construction of ep and dp Ru'l-
based molecular architectures by using ep building blocks
formed by the condensation of aromatic o-diamines and o-
quinones. We have thus synthesized ep and dp pure n-
conjugated molecular rods [Pd{LRu(phen),},][PFsls {L =
9,11,20,22-tetraazatetrapyrido[3,2-a:2’,3’-¢:3”,2”-1:2"" 3"'-n]-
pentacene} A,A-1 and A,A-1 from two ep building blocks
[Ru(phen),][PFs]l, A-2 and A-2, respectively (Scheme 1),
connected through a Pd" linkage.t The rods A,A-1 and A,A-1
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Scheme 1 Reagents and conditions: i, EtOH, 78 °C, 5 min; ii, deaerated MeCN-thf~HOAc (1:1:1), 90°C, 5 h; iii, [(PA(MeCN)4[BF,],, MeCN, ambient

temperature then NH4PFq
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each consist of two enantiomerically pure octahedral Ru!!
centres located at a distance of 35 Af and separated by a PdL,
unit containing a square-planar Pd site (Fig. 1).§

The synthetic sequence leading to A,A-1 and A,A-1 is shown
in Scheme 1.§ Diamine 3 was obtained from 1,10-phenanthro-
line-5,6-dione 4% and freshly prepared 1,2.4,5-tetraamino-
benzene 5|| in 79% yield after purification on a neutral Al,O,
column [MeOH-DMF(4: 1)]. The key ep building blocks A-2
and A-2 were constructed by condensation of 11,12-diamino-
dipyrido[3,2-a:2’,3’-clphenazine (dadppz) 3 and ep [Ru-
(phen),(phen-5,6-dione)][PFs], A-6 and A-6,%¢ respectively
[40% yield after purification on a Bio-Beads SX-1 size-
exclusion column, MeCN-toluene (1 : 1)]. The compounds A-2
and A-2 contain, in addition to the metal centre, a free
coordinating site, making them suitable building blocks for
stepwise construction of inorganic molecular architectures. The
molecular rods A,A-1 and A,A-1 were synthesized by stirring
2 equiv. of A-2 and A-2, respectively, and 1 equiv. of
[Pd(MeCN),4][BF,]; in MeCN at ambient temperature. They
were isolated in 55-65% yield by treatment with NH,PF and
repeated precipitation with MeCN-Et,O and MeNO,-Et,0. In
a MeCN solution of 2 equiv. of 2 and 1 equiv. of Pd" only the
dimer 1 is formed, giving a well resolved "H NMR spectrum **
The circular dichroism spectra of A,A-1 and A,A-1 as well as
of A-2 and A-2 (Fig. 2) are almost perfect mirror images with
the CD intensities of 1 twice that of 2. This means most
probably that A,A-1 and A,A-1 are ep as well as dp and that
there is no communication between the centres in the RullRull
state.

The ep and dp compounds A,A-1 and A,A-1 are promising
candidates for molecular wires due to their nanometer scale
dimension, rigid linear structure and extended s-system
possessing redox-active Rul! centres. The present methodology
may be extended to more elaborated molecular architectures

Fig. 1 Space-filling representation of the inorganic architecture 1 based on
the crystal structure geometries for [Ru(bipy)s]?+ and [Pd(phen),]?*
centres
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Fig. 2 Circular dichroism spectra of A,A-1, A,A-1, A-2 and A-2 in
MeCN
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opening new possibilities for the design of stereochemically
well defined inorganic superstructures.
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Footnotes

T Molecular rods have been constructed by coordination of tetrahedral Cul!
or Zn'! to phenanthroline appended porphyrins.1¢

T From an MM2 calculation using standard parameters and frozen metal
centres.

§ The PdL, unit is believed to be slightly twisted from planarity in analogy
with a X-ray structure analysis of [(Pd(phen),][PFg],.!!

1 Compounds 1 and 2 were characterised by 'H NMR spectroscopy,
elemental analysis, UV-VIS spectroscopy, and cyclic voltammetry. In
addition 1 was characterised by electrospray MS {major peaks: m/z 333.6 [1
— 6PF¢]o*+ ands 474.0 [2 — 2PF¢]?*} and 2 by FABMS (m/z 1093.1 [2 —
PF¢]* and 948.2 [2 — 2PF¢ + e]*}. Compound 3 was characterised by 'H
NMR spectroscopy and FABMS.

| Compound 5 was prepared by reducing 1,3-diamino-4,6-dinitrobenzene!?
with phenylhydrazine (120 °C, 1 h, then 160 °C, 4 h).

** I'H NMR titrations shows that peaks associated with L of 1 broaden upon
addition of an excess of 2. Thus, extensive ligand exchange takes place
when an excess of 2 is present, as expected for an associative exchange
mechanism.!3 Furthermore, within the detection limit of 'H NMR, all of 2
is coordinated to Pdf at 1 equiv. of 2, as well as at 2 equiv. of 2, thus forming
strong 1:1 and 2: 1 complexes (1), respectively.
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