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Neutral 2,2'-bipyridine (bipy) has been used for decades in
coordination chemistry as a chelating N-donor ligand. In the
last few years, a number of interesting reactions of bipy
complexes of d-transition metals has been reported involving
electron and proton transfer processes. In these reactions the
bipy ligand is suggested to act as a kind of an electron
reservoir.[1] The formation of bipy.ÿ radical anions and also of
bipy2ÿ dianions from bipy and one or more equivalents of
lithium was briefly described in 1968.[2] Some lanthanide
complexes with bipy.ÿ radical anions as ligands have been well
characterized by spectroscopic methods and by structure
determination.[3] During the refereeing of our paper the first
sodium complexes of the 2.2'-bipyridine dianion were descri-
bed by Bock and Lehn.[4]

Here, we report the first lanthanide complex containing the
antiaromatic bipy2ÿ as a ligand. Trimeric [{Yb(m2-N2C10H8)-
(thf)2}3] (2) is formed by reduction of 2,2'-bipyridine with
ytterbium naphthalene [C10H8Yb(thf)2] (1),[5] as well as by the
reaction of [YbI2(thf)2] with [Li2(bipy)] in THF at room
temperature (Scheme 1). Complex 2 crystallized from the

Scheme 1. Synthesis of 2.

concentrated dark green solutions as large, almost black
crystals (70 to 80 % yield), which are extremely sensitive to air
and moisture and decompose without melting at 160 8C. The
solubility of 2 in THF is low at room temperature, but
increases significantly upon heating. The complex is insoluble
in toluene and diethyl ether. As expected the complex is
diamagnetic and does not display ESR signals.

[18] B. H. Lipshutz, J. Kozlowski, R. S. Wilhelm, J. Am. Chem. Soc. 1982,
104, 2305; 1H NMR spectroscopy (CDCl3) of the crude reaction
mixture showed a >8:1 ratio of 1,3-diol to 1,2-diol, as determined by
the integration of the methyl doublets at d� 0.89 and 0.99. The
mixture of diols was treated with NaIO4 to induce oxidative cleavage
of the undesired 1,2-diol in order to facilitate purification of 13.

[19] R. S. Johansson, B. Samuelsson, J. Chem. Soc. Perkin Trans. 1 1984,
2371.

[20] Lactone 7 was prepared from benzyl propargyl ether: a) nBuLi, BF3 ´
OEt2, (S)-1-tert-butyldiphenylsilyloxy-2-propene oxide (93 % yield);
b) H2, Pd(OH)2/C, EtOAc (78 % yield); c) PCC, 4 � MS, CH2Cl2

(75 % yield).
[21] S. F. Sabes, R. A. Urbanek, C. J. Forsyth, J. Am. Chem. Soc. 1998, 120,

2534.
[22] 7-Benzyloxy-15[21] was converted into a 7-deoxy-3,14-bis-desilyl de-

rivative (24) by a) 1. Li/NH3, EtOH, THF; 2. TBSCl, Et3N, CH2Cl2;
b) NaH, CS2, CH3I, THF; c) nBu3SnH, AIBN, toluene, 80 8C;
d) TBAF, THF; compound 15 gave the identical compound 24 by
a) TBAF, THF; b) DDQ, tBuOH, CH2Cl2.

[23] D. H. R. Barton, S. W. J. McCombie, J. Chem. Soc. Perkin Trans. 1
1975, 1574.

[24] S. V. Ley, J. Norman, W. P. Griffith, S. P. Marsden, Synthesis 1994, 639.
[25] M. A. Blanchette, W. Choy, J. T. Davis, A. P. Essenfeld, S. Masamune,

W. R. Roush, T. Sakai, Tetrahedron Lett. 1984, 25, 2183.
[26] E. J. Corey, R. Bakshi, K. S. Shibata, C.-P. Chen, V. K. Singh, J. Am.

Chem. Soc. 1987, 109, 7925.
[27] P. K. Freeman, L. L. Hutchinson, J. Org. Chem. 1980, 45, 1924.
[28] Synthetic 2 was obtained as an amorphous white solid after

purification by preparative TLC:[29] 1H NMR (500 MHz, CDCl3) d�
6.17 (br s, 1 H), 5.67 (dd, J� 15.5, 9.0 Hz, 1H), 5.46 (dd, J� 15.5,
8.5 Hz, 1H), 5.43 (s, 1H), 5.26 (s, 1 H), 5.04 (s, 1 H), 4.52 (q, J� 8.0 Hz,
1H), 4.07 (m, 3 H), 3.93 (d, J� 9.0 Hz, 1H), 3.38 (t, J� 10.0 Hz, 1H),
3.27 (br d, J� 10.0 Hz, 2 H), 2.22 ± 2.00 (m, 4 H), 2.00 ± 0.82 (m, 29H),
1.69 (s, 3 H), 1.34 (s, 3H), 1.03 (d, J� 6.5 Hz, 3H), 0.97 (d, J� 6.5 Hz,
3H), 0.90 (d, J� 7.0 Hz, 3 H); HR-FAB-MS: calcd for C45H68O12

[M�H]� 789.4789, found 789.4751; HPLC/MS[7] (C18 3.5 mm, 2.1�
150 mm, CH3CN/H2O/acetic acid, 70:30:0.05, 0.2 mL minÿ1, 40 8C;
ESÿ (Micromass Quattro, 70 eV): m/z : 787.5 [MÿH]ÿ) tR� 14.55 min,
co-eluted with naturally occurring 2. For HPLC traces and 1H NMR
spectra of synthetic (partial spectrum is shown in Figure 2) and
naturally occurring 2 see Supporting Information.

[29] TLC (E. Merck Silica gel 60 F254s, 0.2 mm, Art. 115696, hexanes/ethyl
acetate/acetic acid, 1:1:0.05): Rf data for compounds 2, 0.47; 23, 0.58; 1,
0.27; 7,24,27-tri-O-benzyl-1,[21] 0.69.

[30] a) M. Norte, R. Gonzalez, J. J. Fernandez, M. Rico, Tetrahedron 1991,
47, 7437; b) N. Matsumori, M. Murata, K. Tachibana, Tetrahedron
1995, 51, 12 229.

[31] Isolated from Halichondria okadai and kindly provided by Prof. D.
Uemura.

[32] K. Sasaki, M. Murata, T. Yasumoto, G. Mieskes, A. Takai, Biochem. J.
1994, 298, 259.

[*] Prof. Dr. M. N. Bochkarev, Dr. I. L. Fedushkin, T. V. Petrovskaya
G.A. Razuvaev Institute of Organometallic Chemistry of Russian
Academy of Sciences
Tropinin St. 49, 603600 Nizhny Novgorod GSP-445 (Russia)
Fax: (�7) 8312-661497
E-mail : mboch@imoc.sinn.ru

Prof. Dr. H. Schumann, Dipl.-Chem. F. Girgsdies, Dr. R. D. Köhn
Institut für Anorganische und Analytische Chemie der Technischen
Universität
Strasse des 17. Juni 135, D-10623 Berlin (Germany)
Fax: (�49) 30-314-22168
E-mail : schumann@chem.tu-berlin.de

[**] This work was supported by the Alexander von Humboldt Foundation
(I.L.F.), the Russian Foundation for Basic Research (Grant No. 97-03-
33112a), the International Center for Advanced Studies in Nizhny
Novgorod (Grant No. 98-3-01), the Deutsche Forschungsgemein-
schaft, and the Fonds der Chemischen Industrie.



COMMUNICATIONS

Angew. Chem. Int. Ed. 1999, 38, No. 15 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999 1433-7851/99/3815-2263 $ 17.50+.50/0 2263

The 1H NMR spectrum of 2 shows four well-resolved
resonances of equal intensity in the d� 6.6 to 4.0 region. The
significant upfield shift of these signals compared to the
positions of the resonances of free 2,2'-bipyridine (d� 8.8 to
7.3) confirms the dianionic nature of the ligand.

The single-crystal X-ray structure determination of 2[6]

reveals that the unit cell contains three cyclic molecules, each
consisting of three chemically equivalent subunits (Figure 1).

Figure 1. Molecular structure of 2 with a simplified labeling scheme. The
hydrogen atoms, as well as the carbon atoms of the THF ligands, are
omitted for clarity. Selected average distances [�] and angles [8]: YbÿO(1)
2.46, YbÿO(2) 2.45, YbÿN(1)' 2.47, YbÿN(2)' 2.47, YbÿN(1) 2.54, YbÿN(2)
2.57, YbÿC(1) 2.76, YbÿC(2) 2.77, Yb ´´´ Yb' 3.69; O(1)-Yb-N(1') 82, O(2)-
Yb-N(2') 91, O(1)-Yb-N(2') 123, O(2)-Yb-N(1') 130, O(1)-Yb-N(1) 97,
O(2)-Yb-N(2) 94, O(1)-Yb-N(2) 142, O(2)-Yb-N(1) 133, O(1)-Yb-C(1) 92,
O(2)-Yb-C(2) 85, O(1)-Yb-C(2) 111, O(2)-Yb-C(1) 102, N(1')-Yb-N(1) 94,
N(2')-Yb-N(2) 94, N(1')-Yb-N(2) 129, N(2')-Yb-N(1) 130, N(1')-Yb-C(1)
123, N(2')-Yb-C(2) 123, N(1')-Yb-C(2) 145, N(2')-Yb-C(1) 145, N(1)-Yb-
C(1) 31, N(2)-Yb-C(2) 31, N(1)-Yb-C(2) 54, N(2)-Yb-C(1) 54, O(1)-Yb-
O(2) 74, N(1')-Yb-N(2') 66, N(1)-Yb-N(2) 63, C(1)-Yb-C(2) 29.

Since the nine subunits are not related to each other by
crystallographic symmetry elements, the overall structure is
rather expansive. Therefore, only averaged values for bond
lengths and bond angles are used in the structure discussion.
Within each molecular unit, three ytterbium atoms are
bridged by three bipy2ÿ moieties in a novel m2-h2 :h4 fashion
forming a cyclic trimer. The three bipy2ÿ units are arranged
perpendicular to the plane formed by the three Yb atoms and
are orientated in a clockwise manner with their flat side
towards one of the two neighboring Yb atoms. Additionally,
each metal atom is coordinated by two thf molecules. The
mean distances of each ytterbium atom to the nitrogen atoms
of the two neighboring bipy units differ significantly due to
the formation of two chelating s bonds (YbÿN1' and YbÿN2'
2.47 �) and longer p bonds (YbÿN1 2.54 � and YbÿN2
2.57 �). The mean YbÿC1 (2.76 �) and YbÿC2 distances
(2.77 �) are somewhat shorter than the mean YbÿC(HC�CH)

distance in [(Me5C5)2Yb(HC�CH)] (2.85 �)[7] and similar to
the YbÿC(H2C�CH2) distances in [(Me5C5)2Yb(m-H2C�CH2)-
Pt(PPh3)3] (2.77 and 2.79 �).[8] Probably as a result of crystal

packing forces, the two thf molecules coordinated to the
ytterbium atoms are slightly twisted towards each other, thus
lowering the symmetry of the molecule from C3h to C3 and
thereby causing chirality. In two of the three molecules of the
unit cell, the THF ligands situated above the Yb3 plane are
displaced in a clockwise manner relative to their counterparts
below this plane. In the third molecule, the clockwise displace-
ment of the THF ligands occurs below the Yb3 plane. As a
consequence, one of the three molecules has an absolute
configuration opposite to those of the other two. If the bipy2ÿ

ligand in its h4-p-bonding state is regarded as a six-electron
donor occupying three positions in the metal coordination
sphere, a coordination number of seven may be assigned to the
ytterbium atoms. In this connection it should be noted that the
average YbÿYb distance in 2 (3.69 �) is significantly shorter
than in ytterbium metal (3.88 �). However, geometrical
restraints in cyclic molecules often produce short contacts that
are not necessarily of bonding nature.

A comparison of the bond lengths A to G in free bipyridine
(Figure 2, a),[9] in the neutral chelating bipy ligand in the
complex [Sm(bipy)(dad)ÿ(dad)2ÿ] (dad� tBuN�CHCH�N-
tBu)[3d] (b), and in the radical anionic bipy.ÿ in the complex

Figure 2. Comparison of averaged CÿC bond lengths [�] in differently
charged species of 2,2'-bipyridine: a) bipy0 (transoid), b) bipy0 (chelating),
c) bipy.ÿ , d) bipy2ÿ. See text for references.

[(Me5C5)2Sm(bipy)][3a] (c) with the averaged bond lengths of
the bipy2ÿ ligand in complex 2 (d) reveals that there are no
significant differences between (a) and (b), and that the
changes within the sequence (b)!(c)!(d) correspond to a
successive filling of the LUMO of neutral bipy (the LUMO of
bipy0 is antibonding for the bonds A and D and nonbonding
for bond B).[1] As expected there is a shortening of bond G
going from (b) to (d) (the LUMO of bipy0 is bonding for G);
however, the shortening is not as pronounced as in the sodium
complex [Na2(bipy)(dme)2]1 (0.11 �; dme� 1,2-dimethoxy-
ethane).[4]

Experimental Section

All manipulations were conducted in an inert gas atmosphere using
Schlenk techniques. Compound 1 was prepared according to reference [5].
Elemental analyses were performed on a Perkin-Elmer Series II CHNS/O
2400 Analyzer. IR spectra were recorded on a Specord M-80 spectrometer,
NMR spectra on a Bruker ARX 200 instrument.

2: Method A. A solution of 2,2'-bipyridine (0.843 g, 5.4 mmol) in THF
(20 mL) was added to a suspension of 1 (2.4 g, 5.39 mmol) in THF (25 mL)
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Magnetic anisotropy plays a central role in understanding
the properties of molecular magnetic clusters, which are often
characterized by large ground spin states. The zero field
splitting (ZFS) of the multiplets in fact gives rise to important
effects, which are now under investigation for many different
systems ranging from models for biological clusters to single-
molecule magnets.[1±4] In single-molecule magnets the interest
is associated with the fact that the magnetic anisotropy drives
the spin dynamics of magnetic clusters and leads to slow
magnetic relaxation which allows the observation of quantum
tunneling of the magnetization at very low temperature.[4]

From an experimental point of view it is necessary to
perform measurements on magnetic anisotropy, which so far
have been largely based on EPR spectroscopy[5] and inelastic
neutron scattering.[6] Direct measurement of the anisotropic
magnetization has been hampered by the need for relatively
large single crystals. Recently a new technique, cantilever
torque magnetometry, has become available, which allows the
use of microgram single crystals.[7] Applications of this very
sensitive technique in the field of molecular magnetism are
quite recent, but they certainly appear to be very promising.[8]

Torque magnetometry exploits the mechanical couple acting
on a single crystal of a magnetically anisotropic substance in a
uniform magnetic field. The couple can be precisely measured
by simply anchoring the sample to a tiny metal cantilever and
measuring the deflection by a capacitive method.[8a]

We report here on the magnetic anisotropy of the anti-
ferromagnetic iron(iii) rings [LiFe6(OMe)12(dbm)6]� (1) and
[NaFe6(OMe)12(pmdbm)6]� (2), where Hdbm� 1,3-diphenyl-
1,3-propanedione and Hpmdbm� 1,3-di(4-methoxyphenyl)-
1,3-propanedione (Figure 1). The strong tendency of the
Fe6(OMe)12 skeleton to encapsulate alkali metal ions[9] can
be exploited to drive the self-assembly of cyclic nanostruc-

to yield a dirty-brown mixture. After the mixture had been stirred for a few
minutes, 1 dissolved gradually and the solution changed color to dark
green. Complex 2 separated from the concentrated solution (10 mL) in
form of large black crystals. Yield 2.1 g (82 %).

Method B: A solution of [Li2(bipy)] in THF (20 mL), freshly prepared
from 2,2'-bipyridine (0.5 g, 3.0 mmol) and excess lithium, was added to a
suspension of [YbI2(thf)2] (1.7 g, 2.98 mmol) in THF (25 mL). The reaction
proceeded immediately and black colored, crystalline 2 separated from the
concentrated solution (15 mL). Yield 1.03 g (73 %). Decomposition:
160 8C; 1H NMR (200 MHz, [D8]THF, 20 8C, TMS): d� 6.54 (d,
3J(H,H)� 6.2 Hz, 2H; CH), 5.28 (d, 3J(H,H)� 9.7 Hz, 2H; CH), 5.02
(dd, 3J(H,H)� 9.7, 5.3 Hz, 2H; CH), 4.01 (dd, 3J(H,H)� 6.2, 5.3 Hz, 2H;
CH); IR(Nujol): nÄ � 1590, 1520, 1480, 1445, 1380, 1345, 1320, 1275, 1265,
1255, 1185, 1150, 1115, 1045, 980, 955, 890, 760, 710, 640, 625, 575, 495 and
425 cmÿ1; elemental analysis calcd (%) for C18H24N2O2Yb (473.44): C 45.67,
H 5.11, N 5.92, Yb 36.55; found: C 44.42, H 4.05, N 6.17, Yb 36.58.
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