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Organic diarylethene derivatives have received much attention
and have been extensively reported.1 They have been demonstrated
to possess outstanding fatigue resistance and thermally irreversible
photochromic behavior.1 Although a number of these compounds
are known, most of the studies are directed toward the molecular
design and synthesis of the organic framework of the diarylethenes,
while studies on the exploitation of these diarylethenes as ligands
to form metal complexes are extremely rare.2 The combination of
the diarylethene ligands and metal complex systems has shown
novel properties. Another possible advantage of incorporating them
into metal complexes is the possible extension of the excitation
wavelength to lower energies, which are usually less destructive.
The metal complex systems, with the various characteristic
electronic transitions, may also serve as photosensitizer for the
photochromic activity. We recently reported the photosensitization
of a photochromic spirooxazine moiety by the triplet metal-to-ligand
charge transfer (3MLCT) excited states of rhenium(I).3 We believe
that through judicious design, a new series of functionalized
diarylethene molecules capable of serving as versatile ligands could
be synthesized. This may open up new avenues for the discovery
of new classes of interesting ligands and metal-containing photo-
chromic materials, such that through the incorporation of different
metal centers, ready tuning of the excitation wavelength and
photochromic behavior may result, without the need for difficult
and tedious synthesis and preparation of elaborate organic molecular
framework. Herein, we report the syntheses, crystal structure, and
sensitized photochromic properties of a versatile diarylethene-
containing 1,10-phenanthroline ligand (L1) and its rhenium(I)
complex, [Re(CO)3(L1)Cl] (1), which unlike most other studies in
which the diarylethene ligands are derived from the attachment of
donor atoms or groups as pendants to the bis(thienyl)perfluorocy-
clopentene core,2a-d,g-i the present design involves the ligand itself
directly forming part of the diarylethene framework, which is
extremely rare.2e,f The luminescent behaviors of the open-ring and
closed-ring isomers are also reported.

L1 is synthesized by Suzuki cross-coupling reaction4 of 2,5-
dimethyl-3-thienyl boronic acid5 and 5,6-dibromo-1,10-phenanth-
roline6 using Pd(PPh3)4 catalyst in the mixture of 2 M aqueous
Na2CO3 and THF under reflux conditions (Scheme 1). Substitution
reactions of Re(CO)5Cl with L1 in anhydrous benzene under reflux
conditions afforded1. BothL1 and1 show two well-resolved sets
of 1H NMR signals, corresponding to the parallel and antiparallel
conformations, commonly found in diarylethene systems.7 The two
conformations, parallel (photochromic inactive)8 and antiparallel
(photochromic active),8 for most of the diarylethenes would undergo
very fast fluxional motion, resulting in only one set of time-averaged
1H NMR signals even at-90 °C.9 It is only for those diarylethenes
bearing substituents, which hindered the rotation of the aryl groups,
that two sets of NMR signals would be observed.10 It is likely that

the sterically demanding nature of the 1,10-phenanthroline ring, in
which the protons at the 4- and 7-positions hindered the rotation
of the thiophene moieties, would account for the observation of
the two sets of signals.

The structure ofL1 has been crystallographically characterized.11

The crystal ofL1 picked for the structure determination adopted a
parallel conformation, in which the methyl groups at the 2-position
of both thiophene rings were pointing in the same direction. Because
of the steric hindrance exhibited by the two thiophene moieties,
they tend to orient themselves perpendicular to the plane of the
phenanthroline moiety. The interplanar angles between the thiophene
rings and 1,10-phenanthroline in the crystal structure ofL1 were
determined to be 87.0 and 76.3°, which are essentially orthogonal.
As a result, theπ-conjugation between the thiophene rings and the
phenanthroline moiety is almost negligible in the open form.

L1 in its open form dissolved in benzene to give a colorless
solution, with intense absorption bands at ca. 300 nm, which are
ascribed to the intraligand (IL)π f π* and nf π* transitions of
the phenanthroline moiety, probably with some mixing ofπ f π*
and nf π* transitions of the thiophene rings. In addition to the
intense IL (π f π*) absorptions, in the UV region,1 in its open
form also shows a moderately intense band at ca. 400 nm, with
molar extinction coefficient (ε) in the order of 103 dm3 mol-1 cm-1,
which is typically observed in rhenium(I) tricarbonyl diimine
complex systems,3,12 and thus is assigned as a MLCT [dπ(Re) f
π*(L1)] transition. Upon UV excitation atλ ) 313 nm ofL1, an
intense absorption band at 366 nm and two moderately intense
absorption bands at ca. 510 and 540 nm, withε in the order of 104

and 103 dm3 mol-1 cm-1, respectively, emerged in the absorption
spectrum. These new absorption bands were ascribed to absorptions
of the closed form, generated by photocyclization of the open form.
Similar to the free ligand, three new absorption bands at ca. 390,
546, and 580 nm were formed when1 was excited atλ ) 313 nm.
The red shift of the absorption bands of the closed form in1 (390,
546 and 580 nm) versus that in free ligandL1 (366, 510 and 540
nm) is attributed to perturbation of the transitions by the metal center
in the metal complex. Apart from photocyclization with UV
excitation atλ e 340 nm, excitation into the MLCT absorption
bands of1 also resulted in the formation of the new bands (Figure
1a). This is indicative of the formation of the closed form with
MLCT excitation, probably via the3MLCT excited state as similar
suggestions have also been made in related systems.2g,3As a result,
the photochromism could be very much extended from the UV
region in the free ligand to the visible region up to a wavelength
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of ca. 480 nm, corresponding to the absorption tail of the MLCT
transition, in the complex (Scheme 2). Upon excitation into the
absorption bands of the closed form, absorptions due to the closed
form decreased in intensities, indicative of the regeneration of the
open form as a result of the photochromic backward reaction. The
quantum yields corrected for the active conformer for the photo-
cyclization were determined [L1, φ313 ) 0.33; 1, φ313 ) 0.52,
φ440 ) 0.65], which were found to be much higher than those for
photocycloreversion [L1, φ510 ) 0.012; 1, φ510 ) 0.009]. Such
trends are typically observed in other related systems.1,2

The closed forms would also undergo slow thermal backward
reaction with their half-lives estimated, from the absorption decay,
to be 143( 0.4 h at 20°C and 222( 0.3 min at 60°C for L1 and
78 ( 0.1 h at 20°C and 80( 0.1 min at 60°C for 1. It appeared
that the half-life for the closed form ofL1 decreases upon
coordination to the rhenium metal center in1, which may be
indicative of a decrease in the stability of the closed form relative
to the open form upon coordination to the rhenium(I) system.

Upon excitation atλ g 300 nm, the open form ofL1 in benzene
solution produced luminescence at 385 nm [τo < 0.1 µs,
φem(λex 330 nm)) 6 × 10-3]. This emission is tentatively assigned
as IL (π f π*) fluorescence in origin, most probably derived from
the phenanthroline moiety. On the contrary, the open form of1 in
benzene solution produced luminescence at 595 nm [τo ) 0.26µs,
φem (λex 470 nm) ) 2 × 10-2] upon excitation into the MLCT
absorption band atλ g 400 nm. With reference to previous
spectroscopic studies on the related rhenium(I) tricarbonyl phenan-
throline complex systems,12a this emission band is assigned as
3MLCT [dπ(Re) f π*(L1)] phosphorescence. Upon conversion
to the closed form in the photostationary state, the emission of both
L1 and1 changed. These emission changes are reversible even after
10 photochromic cycles. The closed form ofL1 in benzene solution
displayed red photoluminescence, with emission maximum at 644
nm [τo < 0.1 µs, φem(λex 470 nm)) 1 × 10-3] upon excitation at
λ g 400 nm. The red shift in the emission energies of the closed
form relative to that of the open form is in line with an increase in
the extent ofπ-conjugation upon photoinduced ring-closing reaction.
Besides, the emission spectrum of the closed form ofL1 in EtOH-
MeOH (4:1 v/v) glass at 77 K showed fairly well-resolved vibronic
structures at 577 nm (τo ) 5.2 µs) with vibrational progressional
spacings of ca. 1250 cm-1, typical of ν(C‚‚‚S) stretching modes.
The relatively long emission lifetime in the microsecond range is
suggestive of an assignment of a phosphorescence origin. Thus,
the emission is tentatively assigned as IL (π f π*) phosphores-
cence. Similarly, the closed forms of1 displayed photoluminescence

either in solution at 298 K or in EtOH-MeOH glass (4:1 v/v) at
77 K. The emission spectrum of the closed form of1 in EtOH-
MeOH (4:1 v/v) at 77 K (Figure 1b) also displayed fairly well-
resolved vibronic structures, similar to that found in the emission
spectrum of the closed form ofL1, at 620 nm (τo ) 6.4 µs). The
different emission band structure and the shorter emission lifetime
of the closed form of complex1 compared to its open form in
solution may be suggestive of a different emission origin. In view
of the close resemblance of the emission energies and the vibronic
structures of1 to that of L1 in their closed forms, an emission
origin of metal-perturbed IL character is suggested in1. It is likely
that in the closed form of1, the IL excited state became lower-
lying in energy than that of the MLCT excited state, rendering the
IL excited state the predominant emissive state, although one could
not completely exclude the possibility of some mixing of a MLCT
state into the emission origin. On the contrary, in the open form of
1, the MLCT state is lower-lying than the IL state and becomes
the predominant emissive state.

Extension of this work toward the incorporation of this ligand
into other transition metal complex systems is now in progress.
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Figure 1. (a) UV-vis absorption spectral changes of1 in benzene
(7.16 × 10-5 M) upon MLCT excitation at 440 nm. (b) Overlaid nor-
malized corrected emission spectra of the open (s) and the closed (- - -)
forms of 1 in EtOH-MeOH glass (4:1 v/v) at 77 K.

Scheme 2
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