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A series of dinuclear metal terpyridine (M-tpy; M = Ru, Os, Fe,
and Co) complexes with a photochromic dithienylethene bridge
were designed and synthesized through either a convergent or a
divergent approach. The open forms of the complexes containing
Ru' and Fe" centers were found to be inert to ultraviolet
photoirradiation but could be cyclized electrochemically as revealed
by a cyclic voltammetric study. On the contrary, the Co' complex
underwent efficient photochemical but not electrochemical cycliza-
tion. The corresponding Os'" complex was neither photochromic
nor electrochromic.

Figure 1. Dinuclear complexes studied.

functionalization at the'4oosition of the tpy ligand helps to
form a good connection between two electrodes. We are now
interested in introducing the photochromic dithienylethene
Stimulated by their potential application in molecular elec- unit into these structures by aiming to control the conductiv-
tronics and information storage, chemists have been devotedty of the molecular wire through both photo- and electro-
to the design and synthesis of smart materials that maychemical switching. The photochromic properties and con-
perform a molecular switch functionUpon response to ex-  ductivity switching of dithienylethene derivatives attached
ternal stimuli, these materials can exhibit both “on” and “off” on an electrode surface have been studied recehdyever,
states, which modulate both their chemical and physical prop-the incorporation of transition-metal complexes into these
erties. Among these materials, the photochromic dithienyl- devices to enhance electron transport remains unexplored.
ethene derivatives have received much attention as switch The prototype molecules for our purposes are the dinuclear
materials mainly because of their good fatigue resistance andM-tpy complexesl—4 bearing a dithenylcyclopentene bridge
thermal irreversibility? Simple irradiation with a specific ~ (Figure 1). Subsequently, anchoring groups such as pyridine,
wavelength of light can “switch” the molecule between a thiolate, or isocyanide will be attached onto the two distal
nonconjugated open form and a conjugated closed form. positions of the complexes, and the whole molecules will
Recently, wé have been involved in the development of be used in single-molecule devices. It should be noted that
single molecular electronic devices incorporating transition- a number of metal polypyridine complexes with a bridging
metal terpyridine (M-tpy) complexes designed so that or pendant dithienylethene unit have been reported in studies
electron transport occurs through well-defined charge statesof the luminescence switch, controlled electron transfer, or
of the metal center. The M-tpy complexes were selected meta-metal communicatiofi.However, the M-tpy com-
because of their appealing photophysical and electrochemicalplexes containing the dithienylethene unit have not been well
propertiest The reliable formation of a linear structure via investigated partially because of the synthetic difficulties and
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Scheme 1. Synthesis of Dinuclear Complexés-4 0.9
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their inferior photophysical properties relative to the metal
bipyridine complexes. On the other hand, for single-molec- %
ular device applications, the M-tpy complexes are particularly
attra'c:tlye begause of their Wel_l_defmed geometries, Whl(,:h Figure 3. UV/vis absorption spectra of (a) the monoruthenium complex
for 4,4 substituents ensure a linear assembly. We describeg and (b) bisruthenium complek at a concentration of & 10-5 M in

herein the synthesis, characterization, and preliminary studyacetonitrile.

of the photochromic and electrochromic properties of of the dithenylcyclopentene unit, respectively. After irradia-
complexesl—4. tion at 320 nm for 5 min, the colorless solution turned purple,
As outlined in Scheme 1, complexes4 were synthesized  anq a broad peak centered at 570 nm appeared. Such behavior
through either a convergent or a divergent strategy'-Ru s characteristic of the closed-form formation of dithienyl-
and O$-containing complexed and 2 were synthesized  ethene derivativés™because the closed form is more conju-
using a Suzuki coupling between a bisboronic ester generatedyated than the open form, with greater electron delocalization
in situ from bischloride8” and the corresponding mono- resulting in a red shift of the,S— S, transition. The corre-
nuclear complexe8 and7,° which were prepared from the  gponding!H NMR analysis confirmed a quantitative open-
known tpy derivative5® with Ru(tpy)Chk and Os(tpy)G. to-closed conversion (see the Supporting Information). After
Because of the fast ligand exchange rate of &d Cd jrradiation at 520 nm, decoloration of the solution occurred
complexes, we decided to run the metigand complexation  pecause of the reversible closed-to-open isomerization.
reaction in the last step through a divergent manner. In this  The monoruthenium complesand bisruthenium complex
approach, the bisterpyridine ligartwith the dithenylcy- 1 showed similar peaks below 340 nm (ligand-based transi-
clopentene bridge was first obtained after Suzuki coupling tions) and singlet metal-to-ligand charge-transtL(CT)
betweerb and the same bisboronic ester mentioned above. hands around 480 nm, while the molar absorption coefficient
Direct complexation of with 2 equiv of Fe(tpy)Gl and  of 1 was approximately twice that & (Figure 3). This
Co(tpy)Ch gave3 and4, respectively. suggests that no significant metahetal communication
The UVIvis absorption spectra of the above compounds petween two ruthenium centers exists. The clear shoulder at
were recorded. Th€,-symmetric ligand® in its open form 370 nm in1 is assigned to theS~ S, transition localized
showed two peaks at 292 and 340 nm (Figure 2), which was o the dithienylethene unit. Wheinwas irradiated with UV
assigned to the tpy-based transition and the-$, transition light (250, 300, or 350 nm) for at least 4 h, no distinct change
(6) (2) Jukes, R. T. F.. Adamo, V.. Hartl, F.. Belser, P, De Coldnbrg. in its absorption spectrum was evident. This indicated that
Chem2004 43, 2779. (b) Jukes, R. T. F.; Adamo, V.; Hartl, F.: Belser, 1 failed to undergo cyclization under UV irradiation. The
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Figure 4. UV/vis absorption spectral change 4&t a concentration of 1
x 1075 M in acetonitrile upon irradiation at 350 nm for 2 h. The spectra 11.0
were collected at 0, 30, 90, and 120 min, respectively.
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We also noticed that complexds-3 all have an intense 7.0
MLCT band in the visible region, which could quench the
S, excited state of the central dithienylethene unit and lead E or
to a failure to close. With this in mind, we turned to the

initial scan

bis-Cd' complex4, which only has very weak bands above il

450 nm. The open-to-cyclized photoisomerization of the bis- 0 P
Cd' complex4 did indeed take place, which was evidenced 04 02 00 02 04 06 08 10 12 14 16
by a significant decrease of the band at 370 nm and the E/Vvs.Ag/AgCl

emergence of a new absorption band between 460 and 75Gigure 5. CV of (a)1and (b)3 at a concentration of 0.3 mM in acetonitrile
nm upon irradiation at 350 nm (Figure 4). Because of the containing 0.1 M BuNCIO, as the supporting electrolyte at a scan rate of
paramagnetic properties of the 'Coomplex, it is difficult éog Qtvv/vsi;e;rhe working electrode is a glassy carbon; the counter electrode
to determine the relative ratio of the two forms by NMR '
analysis. When irradiated with visible light & 500 nm), by a simple change of the metal centers and peripheral
the complex did not undergo reversible photoisomerization. substituents. Initial studies showed that efficient photocy-
The electronic properties and isomerization reactions of clization occurred for the bis-Caomplex, while molecules
these complexes were further studied by cyclic voltammetric with two Ru' or Fé' centers were subject to electrochemical
(CV) analysis. A detailed electrochemical study of dithenylcy- but not photochemical cyclization. Noteworthy is the influ-
clopentene derivatives has been conducted by the Feringeence of different metal species for the cis/trans isomerization
group® They found that a proper combination of substituents in the azo-containing M-tpy complexes that have been
on the thienyl rings and experimental conditions could facili- demonstrated by the Nishihara grotpFuture work will
tate the electrocyclization and cycloreversion. In the initial focus on the preparation of complexes with anchoring groups
anodic scan of the bis-Rwomplexl (Figure 5a), an irrever-  in order to study them in break junctions and other deviées.
sible wave at-1.22 V (vs Ag/AgCl) slightly before the RU Acknowledgment. We thank the NSF/NIRT program
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