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Iron(i)) complexes of Z- and E-2,6-di(1H-pyrazol-1-yl)-4-
styrylpyridine (Z-2 and E-2, respectively) exhibited visible light
photoisomerization from Z-2 to E-2, both in solution and in solid
phases. Z-2 occupied the high-spin state over the full temperature
range examined, whereas E-2 displayed a spin crossover
phenomenon between 100 K and 300 K.

Photomagnetic effects, which are magnetic effects produced by
photoinduction, have attracted attention for the development
of light-responsive single molecule devices.! The creation of
photomagnetic systems that operate in ambient environments
requires that photomagnetic effects be accessible at room
temperature. Nevertheless, many of these materials exhibit
magnetic bistability upon illumination at cryogenic temperatures
due to the absence of an activation barrier between the
magnetic states.” Bistability may be ameliorated by leveraging
the hysteretic properties of these materials® or by introducing
photoisomerizable molecules that exhibit bistability at room
temperature.4

Iron(r) complexed with 2,6-di(1H-pyrazol-1-yl)pyridine
exhibits spin crossover (SC) between the electronic high-spin
(HS) and low-spin (LS) states.’ Coupling this iron(ir) complex
to a stilbene moiety, which can act as an active photo-
isomerizable component in solution and solid states,® may
produce photomagnetic effects under ambient conditions
as a result of the ligand-driven light-induced spin change
(LD-LISC) phenomenon, which was first proposed by
Zarembowitch er al. in 19947 and has been observed mostly
in solution® and in thin polymer films.® However, in spite of
current great efforts, a quantitative change in magnetic
susceptibility before and after photoirradiation in crystalline
solid state has not been reported. It should be noted that solid
state photoisomerization of the iron styrylpyridine complex
was reported by Boillot er al.,'” while the magnetic properties
have not been indicated. In the present study of iron(i)
complexes with Z- or E-2,6-di(1H-pyrazol-1-yl)-4-styrylpyridine
(denoted Z-1 or E-1, respectively), we investigated the visible
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Scheme 1 Photoisomerization of Z-2 to E-2 by visible light
(>420 nm) irradiation. Counter anions are omitted.

light one-way photoisomerization of [Fe(Z-1),](BF,), (Z-2),
both in solid and in solution, and identified significant
photomagnetic effects in the solid state (Scheme 1). The novel
tridentate ligands Z-1 and E-1 were synthesized from
2,6-di(1 H-pyrazol-1-yl)isonicotinaldehyde as the starting
material (for details, see the ESIT). The reaction of Z-1 with
Fe(BF4),:6H,0 in acetone, Z-2 was obtained as yellow micro-
crystals, and following recrystallization from nitromethane/
diethyl ether afforded single crystals. Likewise, the reaction of
E-1 with Fe(BF,),-6H>O in acetone, followed by recrystallization
from propylene carbonate (PC)/ethyl acetate/diethyl ether,
afforded single crystals of [Fe(E-1),](BF4),-2PC (E-2-2PC).
The complexes were characterized by elemental analysis and
X-ray crystallography.

An ORTEP diagram of Z-2 is shown in Fig. 1. The torsion
angles around the alkenyl moieties, C6—C12-C13-C14 (7.55°)
and C25-C31-C32-C33 (—7.73°), assured the Z-configurations
of the ligands.® At a low temperature of 90 K, the average
Fe-L bond distance (2.170 A) and the 2 parameter (172.42°),
which is the sum of the 12 bite angles around the coordination
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Fig. 1 ORTEP diagram showing 50% probability and the pertinent
bonding properties of the cation molecule in Z-2 at 90 K. Hydrogen
atoms are omitted for clarity.
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Fig. 2 UV-vis spectral changes of Z-2 in acetone (0.106 mM) upon
irradiation with 436 nm light, and the spectrum of E-2 in acetone
(circles, 0.106 mM). Inset: time-course changes in absorbance of Z-2 at
450 nm.

sphere, suggested that the iron(i) center was in the HS
state.>'! In contrast, the average Fe-L bond distance
(1.935 A) and the X parameter (84.64°) for the E-2 complex
at 113 K (see the ESIt) suggested that the iron(i1) center was in
the LS state.>!! The different spin states of the Z-2 and E-2
compounds indicated that the spin state may be tuned via a
Z-to-E photoisomerization in the alkenyl moieties.

Photoisomerization of Z-2 in acetone upon photoirradiation
with 436 nm light, which corresponded to the energy of the
metal-to-ligand charge transfer (MLCT) band, was examined
by UV-vis spectroscopy (Fig. 2). In this experiment,
1.0 equivalent Z-1, which did not absorb light at this
wavelength, was added to the solution to avoid formation of
dissociated complexes (see the ESIf). The intensity of the
MLCT absorption band was observed to increase upon
photoirradiation. The spectral changes equilibrated to a
spectrum consistent with that of E-2, indicating a photo-
induced Z-to-E one-way isomerization of Z-2. On the other
hand, photoirradiation with 436 nm for E-2 in acetone caused
no photoreaction. It should be noted that the spectral changes
were absent in the dark, confirming that isomerization
occurred not by thermal activation, but by photoabsorption.

The one-way isomerization was thought to be derived from
the formal reduction of stilbene to stilbazole in the MLCT
excited state of Z-2, because -electrochemically reduced
stilbene'? and some MLCT-excited ruthenium(ir) complexes'>
have demonstrated the same photoisomerization behaviours.
The uniqueness of the one-way photoisomerization behaviours
of the iron(ir) complex was evident by comparison of its
wavelength-dependent photoisomerization with the properties
of the ligands and corresponding zinc(i1) complexes (see
the ESIY).

We found that the visible light one-way photoisomerization
of Z-2 was active also in the solid phase. Irradiation of Z-2in a
KBr pellet with 436 nm light produced gradual changes in
colour and in the IR spectrum (Fig. 3). A peak at 976 cm ™! in
the IR spectrum of Z-2, attributed to a C-H out-of-plane
bending mode of the alkenyl moieties,'* was shifted to 970 cm™!
upon photoirradiation. This energy decrease corresponded to
the difference in the peak positions of the non-substituted
Z-stilbene (966 cm™") and the E-stilbene (960 cm™"), suggesting
the occurrence of Z-to-E photoisomerization.'? These changes
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Fig. 3 Time-course changes in (a) the IR spectrum, (b) colour, and
(c) transmittance at characteristic peaks of Z-2 pelletized with KBr
upon irradiation with 436 nm light.
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Fig. 4 (a) Photographs and (b) temperature dependence of yy 7T for
Z-2 before and after visible light (>420 nm) irradiation for 115 hours.

equilibrated within 300 min to afford colour and IR spectrum
(see the ESIY) that were identical to those of E-2.

Photographs of the bulk microcrystalline compounds and
the temperature-dependence of y\7T for Z-2 are shown in
Fig. 4. Bulk crystalline samples of Z-2 exhibited a yy7 of
3.6 cm® K mol™! at 300 K, which was typical for iron(i)
complexes in the HS state.!" This value did not change
significantly as the temperature was decreased to 30 K. Below
30 K, ym 7 suddenly dropped due to zero-field splitting of the
HS iron(i1) complex in a distorted octahedral environment.
Thus, Z-2 occupied a HS state over the entire temperature
range measured.

In contrast, the product of Z-2 obtained after sufficient
visible light irradiation (>420 nm) for 115 hours displayed
thermal spin crossover. The irradiated sample exhibited a yy T
of 3.1 em® K mol~" at 300 K, which was smaller than the value
for Z-2 at the same temperature. y\ 7T gradually decreased to
2.2 cm® K mol ™! at 100 K due to thermal spin crossover. yy 7'
did not change significantly upon cooling to 30 K. Below 30 K,
ymT suddenly dropped due to zero-field splitting. IR and
UV-vis spectra of the irradiated sample indicate that nearly
all of the Z-2 species in the solid state were isomerized (see the
ESIt) as well as in the solution or in a KBr pellet. Therefore
HS signatures observed in the magnetic susceptibility
measurements after photoirradiation shown in Fig. 4 were
derived from E-2.
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In conclusion, we successfully demonstrated the photo-
chemical conversion of the magnetic properties of Z-2 using
visible light in both solution and solid states. Further efforts
toward identifying derivatives of Z-2 that exhibit more intense
photomagnetic conversions at room temperature are now
underway in our group.

Notes and references

1 For single molecule devices, see: (a) J. Park, A. N. Pasupathy,
J. 1. Goldsmith, C. Chang, Y. Yaish, J. R. Petta, M.
Rinkoski, J. P. Sethna, H. D. Abrufia, P. L. McEuen and
D. C. Ralph, Nature, 2002, 417, 722; (b) A. Zhao, Q. Li,
L. Chen, H. Xiang, W. Wang, S. Pan, B. Wang, X. Xiao,
J. Yang, J. G. Hou and Q. Zhu, Science, 2005, 309, 1542;
(¢) V. Iancu, A. Deshpande and S. W. Hla, Nano Lett., 2006, 6,
820.

2 (a) O. Sato, J. Tao and Y.-Z. Zhang, Angew. Chem., Int. Ed., 2007,
46, 2152; (b) J. M. Herrera, V. Marvaud, M. Verdaguer, J. Marrot,
M. Kalisz and C. Mathoniére, Angew. Chem., Int. Ed., 2004, 43,
5468; (¢) L. Capes, J.-F. Létard and O. Kahn, Chem.—Eur. J., 2000,
6, 2246.

3 S. Bonhommeau, G. Molnar, S. Cobo, D. Ostrovskii and
A. Bousseksou, Polyhedron, 2009, 28, 1610.

4 S. Kume and H. Nishihara, Dalton Trans., 2008, 3260.

5 (a) J. M. Holland, J. A. McAllister, Z. Lu, C. A. Kilner,
M. Thornton-Pett and M. A. Halcrow, Chem. Commun., 2001,
577; (b) M. Nihei, L. Han and H. Oshio, J. Am. Chem. Soc., 2007,
129, 5312.

6 (a) M. D. Cohen, M. J. Schmidt and F. 1. Sonntag, J. Chem.
Soc., 1964, 2000; (b) G. Kaupp, in Comprehensive
Supramolecular ~ Chemistry, ed. J. E. D. Davies and
J. A. Ripmeester, Elsevier, Oxford, 1995, vol. 8, p. 382; (¢) R. S.
H. Liu and G. S. Hammond, Chem.—Eur. J., 2001, 7, 4536,
(d) K. Tanaka, T. Hiratsuka, S. Ohba, M. R. Naimi-Jimal and
G. Kaupp, J. Phys. Org. Chem., 2003, 16, 905.

7 C. Roux, J. Zarembowitch, B. Gallois, T. Granier and R. Clsude,

Inorg. Chem., 1994, 33, 2273.

(@) M.-L. Boillot, S. Chantraine, J. Zarembowitch,

J.-Y. Lallemand and J. Prunet, New J. Chem., 1999, 23, 179;

(b) S. Hirose, S. Hayami and Y. Maeda, Bull. Chem. Soc. Jpn.,

2000, 73, 2059; (¢) Y. Hasegawa, S. Kume and H. Nishihara,

Dalton Trans., 2009, 280.

9 (@) M.-L. Boillot, C. Roux, J.-P. Audiére, A. Dausse and
J. Zarembowitch, Inorg. Chem., 1996, 35, 3975; (b) M.-L. Boillot,

S. Pillet, A. Tissot, E. Riviere, N. Claiser and C. Lecomte, Inorg.
Chem., 2009, 48, 4729.

10 A. Tissot, M.-L. Boillot, S. Pillet, E. Codjovi, K. Boukheddden
and L. M. L. Daku, J. Phys. Chem. C, 2010, 114, 21715.

11 Spin crossover in Transition Metal Compounds I-III, in Topics
in Current Chemistry, ed. P. Giltlich and H. A. Goodwin,
Springer-Verlag, Berlin, 2004, vol. 233.

12 (a) C. S. Johnson and R. Chang, J. Chem. Phys., 1965, 43, 3183;
(h) J. W. Happ, A. Ferguson and D. G. Whitten, J. Org. Chem.,
1972, 37, 1485.

13 (a) P. P. Zarnegar, C. R. Bock and D. G. Whitten, J. Am. Chem.
Soc., 1973, 95, 4367; (b) K. Takagi and Y. gata, J. Org. Chem.,
1982, 47, 1409.

14 (@) A. Bree and R. Zwarich, J. Mol. Struct., 1981, 75, 213;
(b) H. Hamaguchi and K. Iwata, Bull. Chem. Soc. Jpn., 2002, 75, 883.

oo

6848 | Chem. Commun., 2011, 47, 6846-6848

This journal is © The Royal Society of Chemistry 2011


http://dx.doi.org/10.1039/c1cc11850a

