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A new series of discrete [(hfac);Ln(u-bpypz)Cr(acac),] di-
nuclear complexes has demonstrated the novel Ln™ ion size de-
pedent structural transformation around Ln™ as well as diaster-
eospecifically assembled chiral configuration along with the

unusual bending of the acetylacetonate chelate ring in Cr'™.

In general, isoleptic Ln'™ complexes exhibit the ion size de-

pendent change of the coordination number (CN) as found for
[Ln(hfac)s;(bpy or phen),] (hfac = hexafluoromethylacetylace-
tonate: from n =1 (Yb) to 2 (La)).' However, some examples
for the structural modification by the ion size in mononuclear
complexes with the identical CN have recently been reported.
Mizukami et al. postulated possibility of fine adjustment of hel-
ical structure of a series of isostructural Ln™ complexes by the
Ln ion size leading to intentional control of helices or sheets
in nanostructures.” Further Bombieri et al. demonstrated the
structural variations of macrocyclic Ln'(DOTA) complexes.’
We have found subtle polyhedral change in a series of
[Ln(hfac)3(IM2py)],4 but currently discovered polyhedral varia-
tion with CN change from 7 to pseudo 8 in a series of 4f—4f di-
nuclear complexes [(HBpz;)Ln(u-pba)sLn(HBpzs3)] (pba = S-
and R-phenylbutyrate).5 On the other hand, the 3d—4f heteropol-
ymetallic complexes6 have been extensively studied to improve
physicochemical properties with much interest. There seem to be
little Ln ion size dependent structural variations not only in ki-
netically inert optically active Cr''—Ln' self-assembled triple-
stranded podates,’ but also in the podate Fe'-Ln™ complexes
even associated with the fine control of the iron(Il) spin-state
equilibria.8 No significant structural change was found in our
three series of 3d-4f tri- and dinuclear [Ni(u-tdo or
-edo){Ln(HBpz3), }»]’ and [(acac),Cr(p-ox)Ln(HBpz3),].'" '

It could be invaluable to explore structural transformation
between different configurations along a series of 3d—4f dinu-
clear complexes, since it is expected to provide invaluable infor-
mation on integrated intramolecular interactions in relation with
physicochemical properties including chiroptical spectra.

This letter will report novel stereochemistry and emission
properties of new discrete bpypz bridged Ln—Cr dinuclear com-
plexes [(hfac);Ln(u-bpypz)Cr(acac),] (Ln = Ce (1), Er (2), Yb
(3)) which were prepared from [Ln(hfac);(H,0);] and a “com-
plex ligand” [Cr(acac)z(bpypz)].14 As shown in Figure 1, the X-
ray structural analysis15 of the complexes 1 and 3 demonstrated a
distorted six coordinate octahedral OC-6 Cr'" and an eight coor-
dinate bicapped trigonal prismatic TPRS-8 Ln™ configuration
comprising two caps (O5 and O10) on the lateral faces (O7—
08-06-09 and O7-09-N3-N4). One of three hfac chelates
(09-010) and bpypz chelate (N3-N4) occupy the almost same

Figure 1. ORTEP drawings and schematic views of the com-
plex 1 a (A form) and 2 b (B form) with the configuraional chi-
rality difinition.

positions in the TPRS for the complexes 1, 2, and 3, whereas
the connections of the remaining two hfac chelates in 1 are dif-
ferent from those in 2 and 3, demonstrating two kinds of the
TPRS-8 Ln™ configuration which are classified into the A and
B forms (schematic views in Figure 1). Although the four oxy-
gen ligators (05,06,07,08) of the two hfac chelates are located
at the same vertices of the TPRS, the chelations between the O5
and O8 are interchanged: O6-08 and O7-05 for two hfac’s in
the complex 1 (A form). O6—0O5 and O7-08 for two hfac’s in
the complexes 2 and 3 (B form). The preliminary X-ray analysis
revealed a mixture of two disordered A and B forms in the Sm'—
Cr'"" and Nd™-Cr'" complexes with medium Ln size.'® Thus, it
is seen that the smaller the Ln ionic radius becomes, the more
dominant the B form in the Ln"™-Cr'' complexes becomes. In
other words, there occurs an unique ion size dependent structural
transformation with configurational changes along the present
series of Ln—Cr complexes. As for the absolute configurations
around the Yb™ or Er'" and Cr'" of which the definitions
(Figure 1) are proposed for convenience assuming the pseudo
square antiprism and for the octahedron, respectively, each
two of four molecules in the unit cell have the Ap,—A¢, and
Apn—Ac, diastereomeric pairs, but not the (Ap,—Ac;) and
(ApLn—Acy) ones, indicating diastereospecific assembly with con-
figurational chilarity without asymmetric carbon as found for
(Ara—Acy)-[(acac),Cr(jt-ox)Ln(HBpz3),].'%'? The similar sit-
uation is encountered for the complex 1, though the definition
for the absolute configuration around the Ce ion is somewhat dif-
ferent from that around the Yb ion (Figure 1). It is anticipated to
synthesize inert chiral Ln moiety of the present Ln—Cr com-
plexes in solutions by using optically resolved [Cr(acac),-
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(bpypz)] as revealed for the Cr(f4-ox)Ln complexes.' "'

Another structural characteristic is found for stereochemis-
try around the acetylacetonate chelate ring. That is, one of the
two acac chelates around Cr bends away from the proximate hfac
chelate with an unusually larger torsion angle (Cr—-O1-C1-C2)
as compared with that(ca. 4°) for the other acac chelate (Cr—
03-C4-C5). The torsion angles are —21.1(10)° and
—21.9(8)° for the complexes 3 and 2, respectively, and
—29.4(11) ° for the complex 1, which is the largest to our knowl-
edge. In view of the bond distances and angles in the bent acac
chelate, the 77-conjugated system seems to retain. Moreover, it is
seen that the torsion angles become the larger with increasing the
Ln™ ion size in the Ln(u-bpypz)Cr complexes, suggesting to
synchronize the structural transformation from B to A form.
Such a large bending in the acac chelate or structural transforma-
tion may result from steric requirement in the bridging moieties
as inferred from shortening of nonbonding Ln---O1 distances
(from 3. 86 A (3) to 3.16 A (1)) and/or triangular van der Waals
contacts among O1, 06, and O9 or a m—7 stacking (C---C =
3.45-3.7 A) between the hfac and acac in complexes 2 and 3
of the B form. Since there is no 77 stacking in the complex
1 of the A form even with the largest acac bending, this stacking
does not necessarily bring about the bending. Therefore, the ster-
ic congestion due to shortening of the interatomic distances or
contacts plays an important role for such structural specificity
of the acac chelate and/or structural transformation. It is noted
that the Ln- - -O1 distance shortening reflects the increasing ten-
dency of the CN with increasing the Ln™ ion size as if there were
an attractive force between Ln and Ol as found for
[(HBpZ3)Ln(/j,-RS-pba)4Ln(HBpZ3)].5 More  understanding
must wait systematic X-ray and spectroscopic (NMR and chirop-
tical) examinations for a series of the Ln—Cr complexes, which
are in progress in our laboratory.

As presumed from the fact that the YbM-Cr™ distance
(4.65A) in the complex 3 is shorter than that (5.63 A) in
[(acac)2Cr(u-ox)Yb(HBp13)2],9 the luminescence behaviors
are different from each other. The complex 3 gives only the
strong 4f—4f emission near 1000 nm even at 10 K with the exci-
tation at 488 nm (Ar™ laser), showing the fast energy transfer, in
contrast to [(acac),Cr(-0x)Yb(HBpz3),] which exhibits the
low temperature simultaneous 3d-3d and 4f—4f emissions with
the energy transfer from Cr' to Y™ 1?

In conclusion, a series of the discrete Ln(-bpypz)Cr com-
plexes exhibits the Ln ion size dependent structural transforma-
tion and acac bending due to subtle interplay between the intra-
ligand interactions, leading to characteristic physicochemical
properties.

References and Notes

1 D. R. van Staveren, G. A. van Albada, J. G. Haasnoot, H.
Kooijman, A. M. M. Lanfredi, P. J. Nieuwenhuizen, A. L.
Spek, F. Ugozzoli, T. Weyhermiiller, and J. Reedijk, Inorg.
Chim. Acta, 315, 163 (2001).

2 S. Mizukami, H. Houjou, M. Kanesato, and K. Hiratani,
Chem.—Eur. J., 9, 1521 (2003).

3 F. Benetollo, G. Bombieri, L. Calabi, S. Aime, and M. Botta,
Inorg. Chem., 42, 148 (2003).

4 T. Tsukuda, T. Suzuki, and S. Kaizakai, J. Chem. Soc.,
Dalton Trans., 2002, 1721.

5 M. A. Subhan, T. Suzuki, A. Fuyuhiro, and S. Kaizaki,

10

11

12

13

14

15

16

1085

J. Chem. Soc., Dalton Trans., 2003, 3785

J.-C. G. Biinzli and C. Piguet, Chem. Rev., 102, 1897 (2002),
and the references therein.

M. Cantuel, G. Bernardinelli, D. Imbert, J.-C. G. Biinzli, G.
Hofgartner, and C. Piguet, J. Chem. Soc., Dalton Trans.,
2002, 1929.

C. Piguet, E. Rivara-Minten, G. Bernardinelli, J.-C. G.
Biinzli, and G. Hopfgartner, J. Chem. Soc., Dalton Trans.,
1997, 421.

T. Sanada, T. Suzuki, and S. Kaizaki, J. Chem. Soc., Dalton
Trans., 1998, 959.

T. Sanada, T. Suzuki, T. Yoshida, and S. Kaizaki, Inorg.
Chem., 37, 4712 (1998).

M. A. Subhan, T. Suzuki, and S. Kaizaki, J. Chem. Soc.,
Dalton Trans., 2001, 492.

M. A. Subhan, T. Suzuki, and S. Kaizaki, J. Chem. Soc.,
Dalton Trans., 2002, 1416.

M. A. Subhan, H. Nakata , T. Suzuki, J.-H. Choi, and S.
Kaizaki, J. Lumin, 101, 307 (2003); M. A. Subhan, R.
Kawahata, H. Nakata, A. Fuyuhiro, T. Tsukuda, and S.
Kaizaki, Inorg. Chim. Acta, to be accepted.

Preparation of [Cr(acac),(bpypz)]-C,HsOH: The reaction of
an equimolar mixture of [Cr(acac),(H,0),]Cl and Hbpypz in
ethanol at room temperature followed by adding acetonitrile
gave pink powder. Orange precipitate was obtained by the
addition of Et;N to the solution of the pink powder. Calcd
(Found) for Cp3Hy9OsN4Cr: C, 58.02 (57.53); H, 5.65
(5.52); N, 10.83 (10.88)%. Preparation of [(hfac);Ln(u-
bpypz)Cr(acac),](Ln = Ce (1), Er (2), Yb (3)) : To a chloro-
form solution (10mL) of [Cr(acac),(bpypz)]-CoHsOH
(0.2mmol) was added [Ln(hfac);(H,O);] (0.2 mmol) and
the mixed solution was stirred for a day. Slow evaporation
after addition of a small amount of hexane to this solution
gave violet crystals except for the brown complex 1. Calcd
(Found) for C3gHysN4O9F5CeCr: C, 37.03 (37.21); H,
2.13 (2.04); N, 4.55 (4.63)%. C33H6N4OoFgErCr: C,
36.23 (36.28); H, 2.08 (1.99); N445 (4.49)%.
C38H26N4010F13YbCr: C, 36.06 (3605), H, 2.07 (199), N,
4.43 (4.49)%.

All measurements were made on a Rigaku Mercury CCD
area detector with graphite monochromated Mo K« radia-
tion (4 = 0.71070) at 300 £ 1 K. Chemical formula, crystal
systems, space group, and No. of formula units in unit cell
for the 1, 2, and 3 complexes are all identical;
C33Hy6N4O1oF1gLn; Cry, monoclinic, P2;/c (No. 14), Z =
4, respectively. The other data as follows: for 1, M, =
1232.73, a = 12.289 (DA, b =17.472 (2)A, ¢ = 22.450
(2)A, B=95.020 (4)°, V =4801.9 (7)A3. 62643 reflec-
tions measured, 10893 unique used in all calculations. Final
Ry = 0.0669; for 2, M, = 1259.87, a = 12.4546 (9) A, b =
17268 (DA, ¢=22.126 (2)A, B=98299 (3)°, V=
4708.7 (6) A3, 62744 reflections measured, 10405 unique
used in all calculations. Final R; = 0.0445; for 3, M, =
1265.65, a = 12.4407 (8) A, b = 17.230 (1) A, ¢ = 22.013
@A, B=98.322 (3)°, V =4668.9 (5)A3. 62472 reflec-
tions measured, 10650 unique used in all calculations. Final
Ry = 0.0393.

Occupancies of the A and B forms were estimated to be
about 70% and 30%, respectively, for the Cr—Sm complex.
The 50% occupancy for both forms was found for the Cr—
Nd complex.
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