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Organic diarylethene derivatives have received much attention Scheme 1

and have been extensively reportethey have been demonstrated BOH Br, Br S
to possess outstanding fatigue resistance and thermally irreversible /[&( )2+ e Pd(PPhs), U
photochromic behavidr Although a number of these compounds 8 N N THF/ 2MNa;COs ag) o)

are known, most of the studies are directed toward the molecular N

design and synthesis of the organic framework of the diarylethenes, the sterically demanding nature of the 1,10-phenanthroline ring, in
while studies on the exploitation of these diarylethenes as ligands which the protons at the 4- and 7-positions hindered the rotation
to form metal complexes are extremely rérehe combination of  of the thiophene moieties, would account for the observation of
the diarylethene ligands and metal complex systems has shownthe two sets of signals.
novel properties. Another possible advantage of incorporating them  The structure of 1 has been crystallographically characterized.
into metal complexes is the possible extension of the excitation The crystal ofL1 picked for the structure determination adopted a
wavelength to lower energies, which are usually less destructive. parallel conformation, in which the methyl groups at the 2-position
The metal complex systems, with the various characteristic of both thiophene rings were pointing in the same direction. Because
electronic transitions, may also serve as photosensitizer for theof the steric hindrance exhibited by the two thiophene moieties,
photochromic activity. We recently reported the photosensitization they tend to orient themselves perpendicular to the plane of the
of a photochromic spirooxazine moiety by the triplet metal-to-ligand phenanthroline moiety. The interplanar angles between the thiophene
charge transfeP{ILCT) excited states of rhenium(¥)We believe rings and 1,10-phenanthroline in the crystal structuré bivere
that through judicious design, a new series of functionalized determined to be 87.0 and 78,8vhich are essentially orthogonal.
diarylethene molecules capable of serving as versatile ligands couldAs a result, ther-conjugation between the thiophene rings and the
be synthesized. This may open up new avenues for the discoveryphenanthroline moiety is almost negligible in the open form.
of new classes of interesting ligands and metal-containing photo- L1 in its open form dissolved in benzene to give a colorless
chromic materials, such that through the incorporation of different solution, with intense absorption bands at ca. 300 nm, which are
metal centers, ready tuning of the excitation wavelength and ascribed to the intraligand (Il — &* and n— x* transitions of
photochromic behavior may result, without the need for difficult the phenanthroline moiety, probably with some mixingrof- 7*
and tedious synthesis and preparation of elaborate organic moleculaaind n— z* transitions of the thiophene rings. In addition to the
framework. Herein, we report the syntheses, crystal structure, andintense IL ¢ — 7*) absorptions, in the UV regior, in its open
sensitized photochromic properties of a versatile diarylethene- form also shows a moderately intense band at ca. 400 nm, with
containing 1,10-phenanthroline ligandll) and its rhenium(l) molar extinction coefficiente) in the order of 18dm?® mol-1 cm 2,
complex, [Re(COYL1)CI] (1), which unlike most other studies in  which is typically observed in rhenium(l) tricarbonyl diimine
which the diarylethene ligands are derived from the attachment of complex system312and thus is assigned as a MLCTrfdRe) —
donor atoms or groups as pendants to the bis(thienyl)perfluorocy- 7z*(L1)] transition. Upon UV excitation at = 313 nm ofL1, an
clopentene cor&¢9- the present design involves the ligand itself intense absorption band at 366 nm and two moderately intense
directly forming part of the diarylethene framework, which is absorption bands at ca. 510 and 540 nm, with the order of 10
extremely raré®f The luminescent behaviors of the open-ring and and 16 dm? mol~! cm™, respectively, emerged in the absorption
closed-ring isomers are also reported. spectrum. These new absorption bands were ascribed to absorptions
L1 is synthesized by Suzuki cross-coupling reactioh 2,5- of the closed form, generated by photocyclization of the open form.
dimethyl-3-thienyl boronic acfdand 5,6-dibromo-1,10-phenanth-  Similar to the free ligand, three new absorption bands at ca. 390,
roline® using Pd(PP¥), catalyst in the mixture o2 M aqueous 546, and 580 nm were formed whémwas excited at = 313 nm.
N&aCO; and THF under reflux conditions (Scheme 1). Substitution The red shift of the absorption bands of the closed forrh (890,
reactions of Re(CQEI with L1 in anhydrous benzene under reflux 546 and 580 nm) versus that in free ligalntl (366, 510 and 540
conditions afforded. BothL1 and1 show two well-resolved sets ~ nm) is attributed to perturbation of the transitions by the metal center
of *H NMR signals, corresponding to the parallel and antiparallel in the metal complex. Apart from photocyclization with UV
conformations, commonly found in diarylethene systémke two excitation atd < 340 nm, excitation into the MLCT absorption
conformations, parallel (photochromic inacti%@nd antiparallel bands ofl also resulted in the formation of the new bands (Figure
(photochromic active) for most of the diarylethenes would undergo  1a). This is indicative of the formation of the closed form with
very fast fluxional motion, resulting in only one set of time-averaged MLCT excitation, probably via theMLCT excited state as similar
IH NMR signals even at-90°C.2 It is only for those diarylethenes  suggestions have also been made in related sy$&s. a result,
bearing substituents, which hindered the rotation of the aryl groups, the photochromism could be very much extended from the UV
that two sets of NMR signals would be observédt. is likely that region in the free ligand to the visible region up to a wavelength

12734 m J. AM. CHEM. SOC. 2004, 126, 12734—12735 10.1021/ja047446q CCC: $27.50 © 2004 American Chemical Society



COMMUNICATIONS

a b’
(a) (b) 8
E=S
ey 1 A 8
I =
w124} P =
: A 5
£ 1 4 ]
g 08 1 \ =
o [ 1 £
2 | !\ w
i i Y o
TN AR E:
PRI ——— W /AU N -
3do " 4B0 500 " 60D~ 500 ~ 600 700 800 S

Wavelength / nm

Figure 1. (a) UV—vis absorption spectral changes bdfin benzene

(7.16 x 107> M) upon MLCT excitation at 440 nm. (b) Overlaid nor-
malized corrected emission spectra of the opeh &nd the closed (- - -)

forms of 1 in EtOH—MeOH glass (4:1 v/v) at 77 K.

Scheme 2
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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

either in solution at 298 K or in EtOHMeOH glass (4:1 v/v) at
77 K. The emission spectrum of the closed formlah EtOH—
MeOH (4:1 viv) at 77 K (Figure 1b) also displayed fairly well-
resolved vibronic structures, similar to that found in the emission
spectrum of the closed form &fl, at 620 nm €, = 6.4 us). The
different emission band structure and the shorter emission lifetime
of the closed form of complext 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 ofl to that of L1 in their closed forms, an emission
origin of metal-perturbed IL character is suggestedl.it is likely
that in the closed form of, 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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reaction with their half-lives estimated, from the absorption decay, 1, crystallographic data and perspective drawind.bf and emission

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 ofl decreases upon
coordination to the rhenium metal center In which may be
indicative of a decrease in the stability of the closed form relative
to the open form upon coordination to the rhenium(l) system.
Upon excitation af > 300 nm, the open form df1 in benzene
solution produced luminescence at 385 nm, [< 0.1 us,
Pemllex 330 NM)= 6 x 1073]. This emission is tentatively assigned
as IL (T — «r*) fluorescence in origin, most probably derived from
the phenanthroline moiety. On the contrary, the open forrh iof
benzene solution produced luminescence at 595mr¥ [0.26 us,
Pem (Aex 470 Nm)= 2 x 107?] upon excitation into the MLCT
absorption band af = 400 nm. With reference to previous

spectroscopic studies on the related rhenium(l) tricarbonyl phenan-

throline complex systenis? this emission band is assigned as
SMLCT [dz(Re) — z*(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 (4)

10 photochromic cycles. The closed formLdf in benzene solution

displayed red photoluminescence, with emission maximum at 644

nm [t, < 0.1us, per(Aex 470 Nm)= 1 x 10~3] upon excitation at

A = 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 ofr-conjugation upon photoinduced ring-closing reaction.
Besides, the emission spectrum of the closed forinloh EtOH—
MeOH (4:1 v/v) glass at 77 K showed fairly well-resolved vibronic
structures at 577 nmr{ = 5.2 us) with vibrational progressional
spacings of ca. 1250 crh typical of »(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 i« z*) phosphores-
cence. Similarly, the closed forms bflisplayed photoluminescence

spectra ofl after 10 photochromic cycles (CIF, PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.
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