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The trans—cis photoisomerization behavior of azobenzene-bipyridine
ligand (dmpAB) was synchronized with coordination of the bipyridine
moiety to copper. The coordination reaction can be reversibly
controlled with reversible redox reaction of copper, to afford
[Cu(dmpAB),]* in Cu' state and free dmpAB in Cu" state. UV
irradiations to Cu' and Cu" samples form trans-rich and cis-rich
compositions, respectively. The results enable us to control the
trans—cis isomerization reversibly through Cu'/Cu' redox and a
single UV light.

The redox reaction of bis(diimine)copper complexes is
accompanied by a unique structural conversion of the favorite

Tokyo, 7-3-1 Hongo, Bunkyo-ku,

the trans-cis isomerization of azobenzene-attached bipyri-
dine was controlled by its binding/release reaction to copper
driven by a CU/CU redox change. This leads to a new
reversible transcis isomerization switching with a single
light source. Recently, we reported two systems showing
reversible photoisomerization controlled by a reversible redox
reaction between [Co(bpalf" and [Co(bpy)]®* (bpy = 2,2-
bipyridine)® or between ferrocene and ferrocenitinAl-
though the present system is the third to present reversible
isomerization with a single light source, it is the first example
to combine the dynamic motion of the metal complex with
that of the azobenzene ligand.

geometry from a 4-coordinate square planar or a 5- or i
6-coordinate structure of Cuo a 4-coordinate tetrahedral Ve N M“ge f,-\

of Cu.1? Recently, several molecular systems have been N\ CN cu NN N
developed that incorporate a copper complex unit to induce N M Y Me
molecular motions by electrochemical signaléthe struc- Wals

tural conversion causes a ligand exchange reaction, the
physical property of the ligand can be changed, depending

on thg coordination. Azobenzene, a repre;entative photo— The methyl-substituted ligand dmpAB was prepared using
chromic molecule, has been broadly applied to various g method similar to that of nonsubstituted pABA reaction
functional molecular systentsyhile its trans-cis structural ¢ dmpAB and [Cu(CHCN),]BF, yields [CU(dmpAB)]BF.,

conversion has been generally considered to be driven onlyas g deep-red powd@fCu' (dmpAB)](BF.), was prepared
photochemically. We previously reported that the tracis

isomerization of azobenzene derivatives is seriously affected (5) (a) Yutaka, T.; Kurihara, M.; Kubo, K.; Nishihara, thorg. Chem.

[Cu(dmpAB),]™ n=1,2

by coordination to transition metaldn the present study,
we constructed a molecularly synchronized system in which
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Figure 1. Cyclic voltammograms of [Cu(dmpAB](BF4)2 in 0.1 M

BusNBF4/CH,CI, without and with the addition of 2 equiv of bipyridine
for (a) and (b), respectively.

from dried Cu(BR), and dmpAB® *H NMR of the Cu(l)

complex and electronic absorption spectra of both complexes
have revealed that the azo moiety in these compounds take

the trans form in solution. Irradiation of ligand dmpAB at
365 nni! causes effective trans-to-cis isomerization of the
azobenzene moiety yielding 94% molar fraction of the cis
isomer at a photostationary state (PSS), on the basisl of

NMR spectra. On the other hand, the cis molar fractions at

365 nm at PSS for [C(dmpAB),]* and [CU(dmpAB),]>*
were 18% (fromtH NMR spectra) and 14% (from absorption
spectral chandé), respectively. This implies that the change

in the cis ratio at PSS by the redox change is less significant

than that for [Co(bpyg®*/2*.6
In a cyclic voltammogram of [Cl{dmpAB),]>" (Figure
1a) in dichloromethane, a reversible'@u redox wave is

observed at 0.37 V versus ferrocenium/ferrocene. The redox
potential is considerably more positive than that of nonsub-

stituted [CU(bpy)]BF4 (E* = —0.12 V), irrespective of the
introduction of electron-donating methyl groups. This posi-
tive shift can be attributed to the methyl groups in dmpAB

sterically protecting the copper center in the tetrahedral .

coordination structure, and preventing the formation of a
favorable square planar structure in the'' Gtate!3

Upon addition of 2 equiv of bpy to the solution of
[Cu'(dmpAB),]?*, the oxidation wave to Cuappears at 0.32

(9) Characterization data for [({dmpAB),]BF, follow. MALDI-TOF-
MS: mvz 819.4 ([M]"). Anal. Calcd for GoH4sBCuRNg-H,O: C,
64.90; H, 5.01; N, 12.11. Found: C, 64.99; H, 5.12; N, 1136.
NMR (CD.Clp): ¢ 8.44 (s, 1H), 8.33 (d, 1HJ = 8.0 Hz), 8.11 (d,
2H,J = 8.5 Hz), 8.07 (t, 1H,) = 7.8 Hz), 7.99 (d, 2H) = 8.5 Hz),
7.89 (d, 2HJ = 8.2 Hz), 7.76 (s, 1H), 7.52 (d, 1H,= 7.6 Hz), 7.38
(d, 2H,J = 8.1 Hz), 2.46 (s, 3H), 2.37 (s, 3H), 2.31 (s, 3H).

(10) Chraracterization data for [€(@mpAB),](BF ). follow. Anal. Calcd
for CsoHaaB2CuRsNg-H20: C, 59.34; H, 4.58; N, 11.07. Found: C,
59.76; H, 4.69; N, 10.90.

(11) The photoirradiation experiment was carried out using a 500 W super-

high-pressure mercury lamp (USHIO USH-500D) as a light source,
and 366+ 30 nm light was selected with a monochromator (Jasco
CT-10).
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V, similar to that without bpy, whereas the reduction wave
to CU at ca. 0.3 V disappears and a new wave is observed
at —0.30 V in a cyclic voltammogram (Figure 1b).

Judging from these potentials, the major species are
[Cu'(dmpAB),]*" and [CU (bpy)]?" at the Cliand CUl states.
This indicates that the facile ligand exchange reaction occurs

on the time scale of cyclic voltammetry. This consideration

was supported by the UWis spectral change of the com-
plex upon addition of bpy. When bpy was added to
[Cu'(dmpAB)]?* solution, a blue shift of the azo—x* band
(352 nm) occurred in the U¥vis spectra. When 5 equiv of
bpy was added, the shift was saturated at 345 nm, identical
to thez—a* band location of the free ligand, dmpAB. In
[CU'(dmpAB),] ", almost no azar—r* band shift occurs with

the addition of bpy. The driving force of this reversible ligand
exchange reaction may be the difference in coordination
geometry between Cand CU; the CU cation prefers the
tetrahedral geometry, which the methyl groups in dmpAB
stabilize? DmpAB also prevents nucleophilic attacks to the
copper center. On the other hand, wher Swxidized to
CU', the copper center prefers bpy. This is because the methyl
groups in dmpAB cause significant steric hindrance to the
coordination of the Clication in the favorite square planar
structure (Scheme 1).

Since the redox-controlled coordination reaction of dmpAB
is considered to affect an electronic structure of the azo
moiety, it enables us to convert photoisomerization behavior
through redox reaction. Thus, we investigated photoisomer-
ization behavior of copper complexes in the presence of bpy.
When mixed with bpy, absorption changes upon UV irradia-
tion to Cd and Cll complexes exhibited significant differ-
ence between these two complexes (Figure 2). From an
estimate of these spectra, a trans-rich composition was
achieved in a Cusample; on the other hand, a cis-rich
composition was formed in the €igample at PSS, despite
the same UV light irradiation.

Figure 3 shows the cis molar ratio at PSS (365 nm) versus
the amount of bpy added to the solution. In the solution of
[Cu"(dmpAB),]?*, the cis molar ratio was increased with
the addition of bpy, and saturated when ca. 2 equiv of bpy

(12) The cis molar ratio was estimated from the decrease ratio of the azo Was added. It is considered that the exchange reaction of

m—sm* band of the trans isomer (around 370 nm), becausecite
azobenzene moiety is known to show almost no absorption in this
region.

(13) Federlin, P.; Kern, J.-M.; Rastegar, Mew J. Chem199Q 14, 9—12.

the complex with bpy affords free dmpAB, which isomer-
izes efficiently to the cis isomer. On the other hand,
[Cu'(dmpAB),]* shows little increase of the cis form with
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Figure 2. UV—vis absorption spectral changes of [Cu(dmp4BJ4

(2.0 x 107> M) plus bpy (4.0x 105> M) (a) and [Cu(dmpAB(BF4)2

(2.0 x 1075 M) plus bpy (4.0x 10-5 M) (b) upon photoirradiation in
dichloromethane. Solid and dotted lines refer to the all-trans form and the
trans/cis mixture at PSS at 365 nm, respectively.
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Figure 3. Promotion of the cis molar ratio at 365 nm at PSS accompanied
by the addition of bpy in dichloromethane.

the addition of bpy, because bpy cannot outplace dmpAB
on copper. Thus, the cis molar ratios at PSS in'{Cu
(dmpAB)]?" and [CU (dmpAB)]?", which were 18% and

14% when they were present solely, converted to 25% and.

72%, respectively, when 2 equiv of bpy was added, achieving
drastic changes in the isomerization behavior with the
oxidation state of copper.

Finally, we tried to convert the oxidation state of'Cand
CU reversibly, and we did observe reversible photoisomer-
ization with a single UV light source. Photoisomerization
controlled by a reversible ligand coordination reaction was
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Scheme 2

performed chemically with oxidizing and reducing agents.
A mixture of [Cu(dmpAB)]" and 2 equiv of bpy in
dichloromethane was irradiated with 365 nm light, forming
32% of the cis isomer. Then, the same sample was oxidized
to the CU state by 1 equiv of [Fef-CsH4Cl),]PFs and
reirradiated with the same 365 nm light, further tranis
isomerization was observed, and the cis ratio reached 70%.
Then, the copper was reduced with 1 equiv of ©2eCsH.-
COCH), to the Clistate and reirradiated with 365 nm light.
The result was inverse cis-to-trans isomerization. These
results demonstrate that the isomerization behavior was
controllable with a single UV light and the ligand’s binding/
release reaction, which is reversibly performed with thé/Cu
Cu redox change (Scheme 2).

In conclusion, the transcis photoisomerization behavior
of the azobenzene moiety was synchronized with ligand
coordination of the conjugated bpy moiety to copper. The
coordination reaction can be reversibly controlled by chang-
ing the oxidation state of copper, leading to reversible trans
cis isomerization using a combination of single UV light and
redox reaction with a good yield of cis isomer.
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