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Organic azo-compounds have been intensively investigated to Wavelength / nm
clarify the mechanism of isomerizatiband to understand their  Figure 1. UV—vis absorption spectral changetoéins-1 (1.26 x 10~
applications utilizing alteration of the chemical structlireterms mol dnT3) in acetonitrile under a nitrogen atmosphere upon photoirra-

of photoswitching and photon-mode high-density information diation with three bright linesigax = 365, 436, and 546 nm) from a

storage devicesThe molecular design of photochromic materials super high-pressure Hg lamp. The spectra are depicted at intervals of the

for practical use is highly dependent on the output energy of photoirradiation for 10 min. The irradiation with each bright line was

compact semiconductor lasers, and materials responding to lower-continued for 30 min in the order of 365 (dotted lines), 436 (solid lines),

energy light have been sought even while the durable short- and 546 (broken lines) nm, respectively.

wavelength compact laser capable of emitting violet light (400 Chart 1

nm) was being developgdThe isomerization of azo-bridged art

d-transition metal complexes would lead to a change of the ~

intrinsic properties (e.g., optical, redox, and magnetic properties) /N_é ﬂ/N:N &

originating from the d-electrons, which is valuable for new >N . K

functional molecular systems. However, to our knowledge, few )~

reports have cited the isomerization of azo-bridged metal com- trans-1 cis-1

plexes; although numerous publications on the isomerization and

its mechanism of organic compounds have appeéared. the n—a* transition of a photogenerategis-form of 1, cis-1. The
Azoferrocendl, is one of the simplest analogues of azobenzene intensity of this band is highly intense compared to that of

with two redox-active metal complex units. Synthesislofias azobenzene, suggesting that thew* transition incis-1 is allowed

initially reported by Nesmeyanov in 1965nd its related higher  to a larger extent than it is icis-azobenzerledue to more

oligomers were reported on recently by’ust no report on the significant steric distortion around the azo group in the former

isomerization reactions is currently available. Here we present (vide infra). The photoisomerization proceeded not only through

the first photoinduced isomerization bthroughsz—s* transition the z—ar* transition with a UV (365 nm) light but also through

of the azo-group with a UV light (365 nm) and metal-to-ligand MLCT with a green (546 nm) light, though the isomerization was

charge transfer (MLCT) transition with a green light (546 nm), slow with a blue (436 nm) light. This is the first reported

respectively. The low-energy isomerization is a different mode photoisomerization using the MLCT band at a much longer

from the isomerization of general organic azobenzenes using awavelength than that of the—s* band of the azo group. The

high-energy UV light. We also report a significant change of the quantum yields of the photoisomerization reaction at 365 and 546

Fe

redox property between theans- and cis-isomers. nm were estimated to be 0.002 and 0.03, respectiely.

The UV-vis absorption spectrum of thensform of 1, trans In the *H NMR spectrum oftrans-1 in acetonitrilees after
1, in acetonitrile shows intense bands at 318 and 530 nm, photoirradiation with the UV light or the green light, two triplets
ascribable tozr—s* transition of the azo group and-dr* due to the CpN=N—-Cp of cis1 appeared in upper-field
transition (MLCT) from an Fe(ll) d-orbital to a*-orbital of the positions shifted by 0.5 ppm in comparison with the triplets of

bridging ligand, Cp-N=N—-Cp (Cp = #°-cyclopentadienyl), trans-1.1* The upper-field shift is caused by the shielding effect
respectively.® Thexz—a* band decreased and a new band at 368 of the ring currents of the Cp rings, as they approach each other
nm increased in intensity, showing isosbestic points upon photo- in cis-1.*2 The IR spectrum of the product after the UV light-
irradiation with a super high-pressure Hg lghymder a nitrogen irradiation oftrans-1 showed a new band at 1552 chascribable
atmosphere, as shown in Figure 1. The new band is assigned tao the N=N stretch mode ofis-1.*® The photoisomerization was
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Figure 2. Cyclic voltammograms dfans-1 (a), and after photoirradiation
with UV light (365 nm) (b), in benzonitrile containing 0.1 mol df
BuNCIO,4 at 0.1 V st of scan rate under an argon atmosphere.

accelerated in polar solvents such as acetonitrile, benzonitrile
and DMSO, and greatly suppressed in less polar solvents suc
as toluené? This behavior is similar to azobenzene, in which
the quantum yield ofransto-cis photoisomerization increases
and that oftis-to-trans photoisomerization decreases with increas-
ing the polarity of the solveri® However, the thermal and
photoisomerization afis-1 to trans-1 was fairly slow in the above

polar solvents even at elevated temperatures, implying that the

cis-form is greatly stabilized in the polar medfaThe nearly
complete conversion tais-1 was achieved in the polar media by
the prolonged UV light or the green light irradiation wéns-1

at low concentrations{10* M). On the other hand, dilution of
the polar solution oftis-1 with less polar solvents caused the
prompt recovery of ther—a* band characteristic ofrans-1 in
both thermal and photochemical-{n* band irradiation) pro-
cesses.

The cyclic voltammogram ofrans1 in Buy;NCIO,—benzo-
nitrile exhibits reversible ITeoxidation waves aE? = 0.29 and
0.50 V versus Ag/Ag (Figure 2aY, indicating the formation of
a thermodynamically stable mixed-valence cafiéhAn ad-
ditional reversible oxidation wave appearedEét= 0.03 V in
the benzonitrile solution dfans-1 after the UV light-irradiation
(Figure 2b). This new reversible wave is originated frois1.
No distinct separation of the two 1€i.e., apparently one-step
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Figure 3. ESR spectra ofrans1 oxidized with 1 equiv of 1,
dichloroferrocenium hexafluorophosphate at 7.6 K (a), @sd. oxidized
with 1 equiv of the oxidizing agent at 6.3 K (b), in benzonitrile under a
nitrogen atmosphere.

valence cation ofrans1 are possibly due to coupling with the
'ring protons and nitrogen atoms of the bridging-@y=N—Cp

r"ligand. Theg-value largely deviating fronge = 2.0023 of a free

electron indicates the presence of spimbit couplings with a
large contribution of d-orbitals of the iron center and the
delocalization of unpaired electronic charge over the bridging Cp
N=N-—Cp ligand?° An ESR hyperfine-structure in relation to the
similar narrow hyperfine signals was not detected in benzonitrile
solution of cis-1 oxidized by 1 equiv of [FcG]PFs, and the
observed signal was ascribed to ferrocenium catigns=(2.99,

oo = 1.92), as shown in Figure 3b. This suggests that the chemical
oxidation ofcis-1 leads to the formation of the dioxidized form,
cis-1%*, possessing negligible exchange interaction between two
iron centers?

The molecular structure ofransl determined by X-ray
crystallography shows that the Cp rings and the azo group locate
nearly on a planéapposite to the effective internuclear electronic
interaction that occurs through the-conjugation. The same
structure as the X-ray structure éfans1l was obtained by
semiempirical PM3 minimization. The PM3 calculationai-1
showed a large deviation of Cp rings from the plane. The loss of
the planarity is deduced to be a dominant factor in the weakness
of the internuclear electronic interaction gis-1 and in the
electrochemical independence of the two iron centers. The 28
nm higher energy shift of the MLCT band ofs-1 verifies that

2e’) waves indicates that the mixed-valence state is thermo- yhe jow planarity raises the* orbital energy level, which is higher
dynamically less stable, due to the fact that the internuclear ynon that oftrans-1.

electronic interaction between the two iron centers, Fe(ll) and
Fe(lll), is significantly weak through the-conjugated linker of
Cp—N=N-—Cp in cis-1. This consideration is supported by the
result that no IT band was detected w1 was oxidized with
1 equiv of 1,1-dichloroferrocenium hexafluorophosphate ([F4ClI
PFs) with E® = 0.50 V versus Ag/Ag in Bus;NCIO,-benzonitrile,
trans-1 showed an intervalence transfer band (IT band) in the
near-IR region in the same oxidation conditidns.

The mixed-valence cation dfans-1 formed in benzonitrile
by 1e oxidation with 1 equiv of [FCG]PFs exhibits an ESR

In summary, we demonstrated novel photoisomerization of
trans1 leading to stable formation of theis-1 in polar media
through not only ther—x* transition but also through -€z*
transition (MLCT) with green-light irradiation. We observed that
the oxidation wave oftis-1 was shifted to have 0.3 V more
negative potential than the wavestodns-1 and that the mixed-
valence state ofis-1 was thermodynamically less stable. It is
concluded that the significant difference in redox properties
between thdrans andcis isomers ofl is caused by the change
of structure g-planarity) of the Cp-N=N—Cp ligand. The low-

spectrum characterized by the superposition of narrow signals energy photoisomerization mode using MLCT and the change of

(g = 1.9) and a broad signaly(= 3.0, gg = 1.9) due to a
ferrocenium Fe(lll) cation at 7.6 K (Figure 3&).A similar
unusual ESR spectrum was reported on a solid sample ¢f [Fe
(CsHy)4lls at 77 K by Hendrickson et al., indicating exchange

redox properties linked with the isomerization provide a new
strategy for molecular design of optically and electronically
functional materials.
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