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The title dinuclear complex, (aqua-1kO)tetrakis(u-2,3-
diphenylprop-2-enoato-1:2k>0:0")bis(2,3-diphenylprop-2-
enoato)-1x0;2k0-(ethanol-2k0)bis(1,10-phenanthroline)-
1K*N,N':2k*N,N'-dilanthanum(III), [La,(C;sH;;0,)¢(Cy,Hs-
N,),(C,HsOH)(H,0)], contains two similar La'" centres with
distorted [LaOgN,] bicapped triganol-prismatic coordination
polyhedra formed by six phenylcinnamate (PCA™ or 2,3-
diphenylprop-2-enoate) ligands, two 1,10-phenanthroline (phen)
ligands, a coordinating ethanol molecule and a coordinating
water molecule. The two metal centres are bridged by four
u-PCA™ ligands, with the remaining two PCA™ ligands
coordinated in a monodentate fashion. The noncoordinated
carboxylate O atoms on the terminal PCA™ ligands form O—
H-:--O hydrogen bonds with the coordinated solvent mol-
ecules. Each La centre is also coordinated by a bidentate phen
ligand. The PCA™ ligands all adopt syn—syn orientations, with
the two phenyl rings presenting dihedral angles of about 70°.
The compound displays photochromic behaviour both in
solution and in the solid state.

Comment

Photochromism, a photoinduced reversible transformation
between two chemical forms having different absorption
spectra, i.e. different colours, is both of great basic interest and
of high application potential (Diirr & Bouas-Laurent, 2003).
Among all the photochromic families, diarylethenes are some
of the most efficient compounds used for photoswitching
applications because of their thermal irreversibility, high
fatigue resistance, and good photoconversion yield between
an open form and a closed form (Irie, 2002). For these reasons,
numerous recent advances focused on diarylethene photo-
chemistry have been reported (Tsuboi et al., 2009). Organic—

inorganic hybrids based on diarylethene moieties have
attracted particular interest for their varied structures, novel
photophysical and/or photochemical phenomena and fasci-
nating properties (Wenger et al., 2004; Busby et al., 2005; Yam
et al., 2004; Ko et al., 2006).

In our recent work, we have become interested in preparing
self-assembled organic-inorganic hybrid materials by dint of
either coordinate bonds or Coulombic interactions based on
organic templates (Chai et al., 2007a,b, 2009, 2010). With the
aim of constructing organic—inorganic hybrids in the field of
coordinate chemistry, carboxylate ligands are versatile candi-
dates which can adopt several chelating bidentate and/or
different carboxylate-bridging coordinate modes. Addition-
ally, a carboxylate group in a bridging mode provides an
efficient pathway that couples magnetic or luminescent metal
centres for ferromagnetic interaction or energy transfer
(Oldham et al., 1987; Faulkner & Pope, 2003). Phenylcinnamic
acid (PCA) is a monocarboxylic acid in which two arene rings
are connected by m-conjugated ethylene, and the diarylethene
unit could show a typical photochromic transformation (see
Schemel below) (Diirr & Bouas-Laurent, 2003). Previously,
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Kumagai and co-workers synthesized and characterized some
transition metal complexes using PCA™ as a ligand, but
neither photochromic nor luminescent properties were
reported (Kumagai et al., 2003, 2005; Oka & Inoue, 2004). In
this study, we have focused on the construction of novel

organic—inorganic complexes by utilizing PCA™ as a ligand
and rare earth ions as metal centres, and the title novel
photochromic dinuclear compound, (I), has been successfully
synthesized. Considering the photochromism derived from the
PCA™ ligand and the photoluminescence displayed by rare
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Figure 1

The molecular structure and atom-labelling scheme of (I). Displacement ellipsoids are drawn at the 30% probability level and H atoms have been

omitted for clarity.

earth ions, this novel hybrid may be endowed with new
functions, such as luminescence modulation by photochromic
switching.

The structure of (I) has been characterized as a dinuclear
cluster (Fig. 1), consisting of two La™ cations, six PCA~
anions, two 1,10-phenanthroline (phen) ligands, one ethanol
molecule and one water molecule. Each crystallographically
independent La'' cation adopts a distorted [LaOgN,]
bicapped trigonal-prismatic coordination geometry, with one
capping site occupied by a coordinating solvent (i.e. by O13
from water or O14 from ethanol) and the other occupied by
N2 and N3 from phen ligands (Fig. 2). The La—O [2.398 (5)—
2.620 (5) A] and La—N [2.722 (7)-2.772 (7) A] bond lengths
are similar to previously reported values (Khanjani et al., 2010;
Li et al., 2007; Gao, 2009; Zhu et al., 2005; Liu et al., 2008). The
two La centres are connected by four bridging PCA™ ligands
to form the dinuclear cluster. Each La coordination poly-
hedron is completed by one monodentate PCA™ ligand, one
bidentate phen ligand and one coordinated solvent molecule
(ethanol or water). Previous reports (Kumagai et al., 2003,
2005; Oka & Inoue, 2004) have described two coordination
modes for the PCA™ ligand, viz. bridging and tricoordinated.
In the dinuclear metal-carboxylate cluster of (I), the tricoor-
dinated mode means that one of the carboxylate O atoms is
coordinated to a single metal centre while the other is within
coordinating distance of both metal centres. The terminal
PCA™ ligands observed in (I) thus appear to be relatively rare
in this type of complex. The configurations of the PCA™
ligands in the complex are almost the same. All six atoms in
and around the C—=C bonds are essentially coplanar, while the
two phenyl rings are in a syn—syn mode with a dihedral angle
of about 70°.

Previously, some dinuclear La cluster compounds have been
synthesized from carboxylate and neutral ligands. Focusing on
the structural features of the cluster core, there are two modes
that have been observed to construct such clusters. In the first
mode, also seen in a dinuclear Nd cluster we reported recently
(Chai et al., 2009), two carboxylate groups bridge the La
centres to form a dinuclear La, cluster (Li et al., 2007; Gao,
2009) and the remaining coordination sites are occupied by
other anionic and neutral ligands. In the second mode, four
carboxylate groups bridge the La centres to form a dinuclear
unit, with two groups adopting a u,-bridged arrangement and
the other two adopting a tricoordinated mode (Lu ef al., 1996;
Shi et al., 2001; Zheng & Jin, 2003; Lu et al., 2001; Fu et al.,
2004; Zhu et al., 2005; Liu et al., 2008). Here, the structure of
the cluster core is notably different from the reported exam-
ples. The difference may be due to the large size of the PCA™
ligand and the steric crowding it creates around the cluster
core. Viewed along the Lal---La2 axis, this La,(PCA), unit

Figure 2

The two distorted bicapped trigonal-prismatic [LaOgN,| polyhedra in the
dinuclear cluster. The capping atoms are O13 or O14 from the
coordinated solvent and N2 or N3 from the phen ligand.
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Figure 3
The windmill-like structure of the La,(PCA), cluster core unit.

looks like a windmill (Fig. 3). The two remaining PCA™
ligands adopt a monocoordinated mode, with a phen ligand
and a coordinating solvent molecule completing the remaining
coordination sites on each side of the windmill-like unit. O—
H---O hydrogen bonding links the noncoordinated carbox-
ylate O atom of the monodentate PCA™ ligand to the solvent
molecule coordinated to each La centre [O13.--O1 =
2.600 (8) A and O14---012 = 2.653 (8) Al].

As the PCA™ ligand contains a feature of a potentially
photochromic molecule (Diirr & Bouas-Laurent, 2003), the
photochromism of (I) has been observed roughly. When a
colourless ethanolic solution of (I) is irradiated with UV light
for some minutes, a gradual colour change to yellow occurs.
Similar behaviour is shown by a powder sample of (I), though
the transformation is slower than that in solution. The corre-
sponding Eu®* and Tb*>* samples have also been synthesized
due to their expected luminescent properties. Detailed
analyses of their spectroscopic properties are ongoing.

Experimental

A mixture of La(NOs); (0.086g, 0.2 mmol), PCA (0.137 mg,
0.6 mmol), phen (40 mg, 0.2 mmol), NaOH (0.240 g, 0.5 M) and
EtOH/H,0 (10 ml, 4:1 v/v) was heated at 453 K for 50 h in a sealed
25 ml Teflon-lined stainless steel vessel under autogenous pressure.
The reaction mixture was then cooled slowly to room temperature,
whereupon colourless platelet-shaped single crystals of (I) were
obtained in a yield of 55%. IR (KBr, v, cm™"): 3609 (ms), 3427 (m),
3077 (m), 3055 (m), 3020 (m), 2925 (m), 1953 (w), 1885 (w), 1808 (w),
1757 (w), 1635 (s), 1587 (sh), 1543 (sh), 1517 (s), 1490 (s), 1394 (sh),
1349 (s), 846 (m), 709 (s), 693 (s), 630 (m).

Crystal data

[Lay(Ci5H1102)6(Ci2HsN),- B =189.01 (3)°
(C:Hs0)(H,0)] y=719403)
M, = 2041.74 V = 48879 (17) A®

Triclinic, PT Z=2

Mo Ko radiation
=093 mm!
T=293K

0.38 x 0.27 x 0.10 mm

a=13464 (3) A
b=18572 (4) A
¢ =20.490 (4) A
o = 7742 (3)°

Data collection

Rigaku R-AXIS RAPID
diffractometer

Absorption correction: multi-scan
(ABSCOR,; Higashi, 1995)
Tinin = 0.719, Tpax = 0.913

38229 measured reflections
17208 independent reflections
11202 reflections with I > 20(I)
Ri = 0.056

Refinement

R[F? > 20(F?)] = 0.059
wR(F?) = 0.169
S=116

17208 reflections

1226 parameters

960 restraints

H-atom parameters constrained
Appax = 136 € A3

Apmin = =122 ¢ A™?

All H atoms bonded to C atoms were added at calculated positions
and refined using a riding model, with C—H = 0.93 A and Uiso(H) =
1.2U.q(C). The O-bound H atoms of the coordinated water and
ethanol molecules could not be located reliably from the difference
Fourier map; they have therefore been omitted from the refinement
model but are included in the chemical formula and in all values
derived from it. The displacement parameters indicated the presence
of disorder, but a split-site model combined with restraints to the
anisotropic displacement parameters (ADPs) did not improve the
model. We therefore adopted a dynamic disorder model with extre-
mely strong restraints applied to the ADPs (ISOR and SIMU para-
meters of 0.004 Az; Sheldrick, 2008).

Data collection: PROCESS-AUTO (Rigaku, 1998); cell refine-
ment: PROCESS-AUTO; data reduction: CrystalStructure (Rigaku/
MSC, 2004); program(s) used to solve structure: SHELXS97 (Shel-
drick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008);
software used to prepare material for publication: SHELXTL.

The authors are grateful for financial support from the
National Natural Science Foundation of China (project No.
20803070) and the Natural Science Foundation of Zhejiang
Province (project No. Y4100610).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SQ3293). Services for accessing these data are
described at the back of the journal.

References

Busby, M., Matousek, P., Towrie, M. & VI¢ek, A. Jr (2005). J. Phys. Chem. A,
109, 3000-3008.

Chai, W.-X., Song, L., Shen, H.-Y. & Shu, K.-Y. (2009). Phosphorus Sulfur
Silicon Relat. Elem. 184, 3212-3220.

Chai, W.-X., Song, L., Shu, K.-Y., Qin, L.-S. & Shi, H.-S. (2010). J. Chem.
Crystallogr. 40, 448-452.

Chai, W.-X., Wu, L.-M,, Li, J.-Q. & Chen, L. (2007a). Inorg. Chem. 46, 1042—
1044.

Chai, W.-X., Wu, L.-M,, Li, J.-Q. & Chen, L. (2007b). Inorg. Chem. 46, 8698—
8704.

Diirr, H. & Bouas-Laurent, H. (2003). In Photochromism: Molecules and
Systems. Amsterdam: Elsevier.

Faulkner, S. & Pope, J. A. (2003). J. Am. Chem. Soc. 125, 10526-10527.

Fu, A.-Y., Wang, D.-Q. & Shen, Q.-J. (2004). Acta Cryst. E60, m1346-m1348.

Gao, X. (2009). Acta Cryst. E65, m59.

Higashi, T. (1995). ABSCOR. Rigaku Corporation, Tokyo, Japan.

Irie, M. (2002). Chem. Rev. 100, 1685-1716.

Khanjani, S., Morsali, A. & Retailleau, P. (2010). CrystEngComm, 12, 2173—
2178.

Ko, C. C., Kwok, W. M., Yam, V. W.-W. & Phillips, D. L. (2006). Chem. Eur. J.
12, 5840-5848.

Acta Cryst. (2011). C67, m293—-m296

m295

Yang et al. + [Lay(Cy5H1102)6(Cq2HgN,)2(CoHO)H,0)]


http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB1
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB1
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB3
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB3
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB5
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB5
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB6
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB6
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB7
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB9
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB10
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB11
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB12
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB12
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB13
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB13

metal-organic compounds

Kumagai, H., Akita-Tanaka, M., Kawata, S. & Inoue, K. (2005). Chem. Lett. 34,
526-5217. ~

Kumagai, H., Oka, Y., Kawata, S., Ohba, M., Inoue, K., Kurmoo, M. & Okawa,
H. (2003). Polyhedron, 22, 1917-1920.

Li, G-Q., Li, Y., Zou, W.-Q., Chen, Q.-Y., Zheng, F-K. & Guo, G.-C. (2007).
Chin. J. Struct. Chem. 26, 575-579.

Liu, C.-S,, Yan, L.-F, Chang, Z. & Wang, J.-J. (2008). Acta Cryst. E64, m15-
m16.

Lu, Y.-Q., Lu, W.-M., Wu, B. & Wang, L.-N. (2001). J. Coord. Chem. 53, 15-23.

Lu, W.-M., Shao, Z.-P,, Hu, J.-B., Luo, X.-Y., Dong, N. & Gu, J.-M. (1996).
J. Coord. Chem. 40, 145-155.

Oka, Y. & Inoue, K. (2004). Chem. Lett. 33, 402-403.

Oldham, C., Wilkinson, G., Gillard, R. D. & McCleverty, J. A. (1987). Com-
prehensive Coordination Chemistry, Vol. 2, p. 435. Oxford: Pergamon Press.

Rigaku (1998). PROCESS-AUTO. Rigaku Corporation, Tokyo, Japan.

Rigaku/MSC (2004). CrystalStructure. Rigaku/MSC, The Woodlands, Texas,
USA.

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.

Shi, Q., Hu, M., Cao, R., Liang, Y. & Hong, M. (2001). Acta Cryst. E57, m122—
m123.

Tsuboi, Y., Shimizu, R., Shoji, T. & Kitamura, N. (2009). J. Am. Chem. Soc.
131, 12623-12627.

Wenger, O. S., Henling, L. M., Day, M. W., Winkler, J. R. & Gray, H. B. (2004).
Inorg. Chem. 43, 2043-2048.

Yam, V. W.-W.,, Ko, C. C. & Zhu, N. (2004). J. Am. Chem. Soc. 126, 12734—
12735.

Zheng, X.-J. & Jin, L.-P. (2003). J. Mol. Struct. 655, 7-15.

Zhu, Y., Lu, W.-M., Ma, M. & Chen, F. (2005). Acta Cryst. E61, m2044-m2046.

M296 vYangetal. + [Lay(CysH;10,)6(Cr2HgN)H(CoHO)NH,O)]

Acta Cryst. (2011). C67, m293—-m296


http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB14
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB14
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB15
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB15
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB15
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB16
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB16
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB17
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB17
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB18
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB19
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB19
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB20
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB21
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB21
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB22
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB23
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB23
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB24
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB25
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB25
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB26
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB26
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB27
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB27
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB28
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB28
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB29
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sq3293&bbid=BB30

