Nanoscale molecular organometallo-wires containing diruthenium cores

Ken-Tsung Wong,2* Jean-Marie L ehn,*a2 Shie-Ming PengP and Gene-Hsiang L ee®

a9 S Université Louis Pasteur, 4, rue Blaise Pascal, Strasbourg 67000, France. E-mail: lehn@chimie.u-strasbg.fr
b Department of Chemistry, National Taiwan University, Taipei 106, Taiwan, R.O.C.

Received (in Cambridge, UK) 13th July 2000, Accepted 10th October 2000

First published as an Advance Article on the web

A conjugated linear molecule 3 of nanometric size contain-
ing two diruthenium units as redox active linkers has been
synthesised; its electrochemical properties indicate mol-
ecular wire-type delocalization.

Linear systems with extended mt-conjugation are of interest as
candidates for ‘molecular wires, which might operate as a
connector permitting electron flow to occur between different
elements of a molecular electronic system.r Among different
approachesto construct such entities, conjugated organic chains
capped with redox-active metals as their terminal groups allow
electron transfer aong the backbone2 In several systems, a
significant interaction between terminal groups has been
revealed by electrochemical data. Hybrid systemsincorporating
redox-active metal centersin the conjugated organic backbone,
could be useful models for potential molecular wires. For
example, a Ru(in) containing bis(acetylide) bridge (-C=C-Ru—
C=C-) has been found to enhance the ground state electronic
communication between terminal ferrocenyl groups.3 Electrons
delocalize through the Ru center over the whole system more
efficiently compared to the all-carbon butadiynyl bridge. It is
well documented that there is a barrier to efficient charge
transfer between the redox-active terminal groups if a dé metal
such as Pd is used as a bridging unit inside the conjugated
chain.# Proper selection of the metal center linkage may allow
the enhancement of the ground state electron delocalization
along the rt-conjugated organic system. Along these lines, it is
of interest to investigate the effect of introducing units
containing metal-metal bonds into conjugated chains. Organic
conjugated oligomers linked by Pt—Pt single bonds have been
reported.5 We describe herein some of our work on a new type
of carbon-rich molecular wire incorporating a redox-active
diruthenium unit as linker.

Treatment of 1,4-bistrimethylsilylbuta-1,3-diyne with 1
equiv. of MeLi/LiBr in THF at room temperature yielded
selectively the monolithium acetylide.® To the solution ob-
tained, a green powder of Rux(dpf),Cl (dpf = N,N’-diph-
enylformamidine, 0.045 equiv.) was added under argon. The
connection of the bisacetylide to the Ru—Ru core was completed
in 3 days. Subsequent oxidation with air gave 1 which was
isolated by chromatography on Al,Oz asareddish-black solidin
70% yield. Under carefully controlled conditions, removal of
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one trimethylsilyl group from 1 with K,CO3 in THF—MeOH
(3:1) in 3 h at 0 °C afforded 2 (51%), which was found to
decompose slowly even when stored at —4 °C. However, in the
presence of CuCl in pyridine,” homodimerization of the
terminal acetylene of 2 wasaccomplished, giving 3in 76%yield
as a black solid by chromatographic purification (Scheme 1).8

The crystal structure of complex 389 revealed a unit cell
containing four toluene molecules and two hexane molecules;
two of the toluene molecules have their methyl group directed
towards the main carbon chain and fill the empty space between
the two Ru—Ru cores.® The crystal structure shows that 3 is a
bent linear molecule of total length up to ca. 3.5 nm [C(9) to
C(9)] (Fig. 1). The diruthenium core bond lengths and angles
are comparable to those of Ruy(dpf)4(—C=CPh),,10 with a Ru—
Ru distance of 2.5586 A, which liesin the range of asingle Ru—
Ru o bond. Complex 3 possesses two different Ru—C distances,
Ru(1)-C(4) 1.939(12) A, Ru"M(2)-C(5) 1.977 A, both of
which are shorter than the Ru''-C bond (2.078 A) in Fc-C=C—
Ru(dppm).C=C—c (Fc = ferrocenyl),3 probably as a result of
the higher oxidation state of the Ru center. The molecular
structure deviates significantly from linearity with a Ru(2)—
Ru(1)—C(4) bond angle of 163.1°. The Ru-Ru coordination is

Fig. 1 Crystal structure of compound 3: (top) ORTEP representation;
therma ellipsoids drawn a 50% probability; (bottom) space-filling
representation.
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Scheme 1 Reagents and conditions: (8) 1. MeLi/LiBr 2. Ruy(dpf)4Cl; (b) K,COz, THF-MeOH (3:1), 0 °C; (c) CuCl, pyridine, O,; (d) K,CO3, THF—MeOH

(3:1), room temperature.
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basically octahedral, four equatorial dpf ligands with eight
phenyl rings extending helically over the rod-like carbon-rich
chain. A space-filling representation (Fig. 1, bottom) showsthat
these phenyl groups cover up the conjugated core, thus
providing an efficient insulating sheath protecting the wire type
chain.

Cyclic voltammetry measurements on 1 and 3 were per-
formed in 0.1 M NBu,ClO,4 (TBAP) in CH,Cl; using an Ag/
AgNO; reference (Fig. 2). Complex 1 undergoes two quasi-
reversible reductions at E;, = —1.68 V (AE = 0.18 V) and
—0.74V (AE = 0.12 V) and one irreversible oxidation at Eqc
= 0.72 V. Complex 3 also shows two reductions at the same
potentialsas 1, but two irreversible oxidations were observed at
Ecp = 0.50 and 0.81 V. The conjugation through the carbon rod
in 3 makesthefirst oxidation more accessible, and thelarge AE
(310 mV) demonstrates that thefirst radical cation is efficiently
delocalized over the system. However, 3 isnot stable during the
cyclic voltammetry experiment, the third cycle indicating that
the reduction at E;», = —0.74 V becomes irreversible.
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Fig. 2 Cyclic voltammograms of 1 (solid, scan rate 0.15V s—1) and 3 (first
cycle, dash-dot; third cycle, dot, scan rate 0.1 V s—1) in CH.Cl,, 0.1 M
TBAP at 25 °C (E/V vs. AQ/AgNO; 0.1 M in MeCN).

In order to synthesize a longer homologue of 3, freshly
prepared complex 4 was condensed with 2 (ratio: 4:2 = 1:6) in
the presence of a catalytic amount of CuCl in pyridine to afford
3 (58%) and 5 (46%) (Scheme 1). Attempts to characterize 5 by
FAB-MS were not successful. However, the 1H NMR spectrum
showstwo partially overlapping singlets at 6 8.23 and 8.22 with
integration ratio = 1:2, which may be attributed respectively to
the four protons attached to the formamidinate carbon of the
internal Ru—Ru core, and to the eight protons of the externa
Ru-Ru units. Species 5 has an overal length of ca. 45-50 A.
Further characterization is in progress.

In conclusion, complex 3 represents anew type of conjugated
molecular chain having atotal length of ca. 3.5 nm, in which a
Ru—Ru bond isinserted as aredox-active connector. The ground
state electronic delocalization was confirmed by the electro-
chemical properties. This represents an approach to the
construction of molecular wire type devices incorporating
dimetallic centers. It extends our earlier work on the designit
and transmembrane electron transfer properties'2 of purely
organic entities to the metallo-wire domain. Further efforts are
directed in particular towards derivatives of push—pull wire

type.
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