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A binuclear samarium complex of azobenzene, [SmI(thf)s(u-
1n2:12-trans-PhNNPh),SmI(thf)3], prepared by treating metallic
samarium with azobenzene in the presence of iodine was
characterized crystallographically. Reaction of metallic ytterbium
with benzo[c]cinnoline, a cis-azo compound, gave Yb(bc)3(thf),
(bc = benzo[c]cinnoline) that is monomeric and adopts distorted
dodecahedral geometry, determined by X-ray analysis.

Metallic lanthanoids have been used as starting materials for
preparing a variety of lanthanoid compounds such as amide! and
organolanthanoid compounds® and are far superior to the use of
anhydrous lanthanoid halides. A pertinent example is a
tris(ketyl) complex of samarium prepared by the reaction of
samarium metal with fluorenone.* Similarly, an ytterbium(IT)
imine complex, [ Yb(n2-PhyCNPh)(hmpa);], was reported to be
derived from the direct reaction of ytterbium metal with N-
(diphenylmethylidene)aniline.® Recently we have developed the
direct reaction of metallic lanthanoid with organic disulfides to
give a series of thiolate complexes of divalent and trivalent
lanthanoids.510 We were interested in an analogous approach to
prepare lanthanoid complexes from metallic lanthanoids and azo
compounds. Herein we report the synthesis and crystallographic
characterization of lanthanoid complexes bearing azobenzene and
benzo[c]cinnoline.

Treatment of metallic samarium with equimolar amounts of
azobenzene and iodine in THF at 50 °C yielded a highly air- and
moisture-sensitive binuclear complex, [SmI(thf)3(u-12: 2-trans-
PhNNPh)>SmI(thf)3] (1), as orange-red crystals in 23% yield
(eq. 1).1' Hydrolysis of 1 gave hydrazobenzene (94% yield),
indicating the dianionic nature of the azobenzene ligand.
Similarly, the corresponding ytterbium derivative 2 was also
obtained as purple solids in 50% yield. Complexes 1 and 2
easily released THF and gradually became opaque in argon.
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Complex 1 crystallizes in a space group P21/n where two
binuclear molecules are crystallographically independent.!?
Figure 1 shows one of the two independent molecules. Complex
1 has two frans-azobenzene ligands bridging two SmlI(thf)3
moieties; each monomer unit is related by centrosymmetry. The
structural feature of 1 is quite similar to that of [Cp*Sm(thf)(u-

Figure 1. A drawing of 1 with a labeling scheme. Selected
bond distances (A) and angles (deg); Sm-I(1) 3.251(1), Sm-
N(1) 2.311(9), Sm-N(2) 2.705(10), Sm-N(1)* 2.655(10), Sm-
N(2)* 2.315(10), N(1)-N(2) 1.477(12), N(1)-Sm-N(2) 33.1(3),
N(1)-Sm-N(1)* 89.7(3), N(1)-Sm-N(2)* 88.6(4), Sm-N(1)-
Sm* 90.3(3), Sm-N(1)-N(2) 88.3(6), Sm*-N(1)-N(2) 60.4(5),
Sm-N(1)-C(1) 151.9(8), Sm*-N(1)-C(1) 112.1(7), Sm-N(2)-
C(2) 113.6(7), Sm*-N(2)-C(2) 152.6(8).

12:m2-trans-PhNNPh),Cp*Sm(thf)] (3).13 Each samarium atom
adopts distorted doubly capped trigonal prismatic structure where
two sets of atoms (03, N1, N2) and (02, N1*, N2*) occupy
triangles of a distorted trigonal prism and the trigonal prism was
capped by O1 and I1. The average distance of N-N (1.472 A) in
1 is comparable to that (1.44 A) found for 3. Each azobenzene
ligand is bonded to two samarium atoms by two single and two
donor bonds as found in 3.13

Treatment of metallic samarium and ytterbium with
azobenzene in the presence of a catalytic amount of iodine
presumably resulted in the formation of tris(azobenzene) adducts,
[Ln(azobenzene)s(thf)2]n (Ln = Sm (4), Ln = Yb(5)), whose
characterization is hampered by their extreme air- and moisture-
sensitivity. All attempts to obtain single crystals of 4 and 5
suitable for X-ray analysis have been in failure. For our
purpose, we used benzo[c]cinnoline instead of azobenzene.
Reaction of metallic ytterbium with benzo[c]cinnoline afforded
Yb(bc)3(thf); (6, be = benzo[c]cinnoline) (eq. 2),!! while the
samarium derivative could not be satisfactorily characterized due
to its higher air- and moisture-sensitivity.

The structure of 6 was determined by an X-ray analysis
(Figure 2).12 Complex 6 is a monomeric 8-coordinate complex
having distorted dodecahedral geometry where the plane defined
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Yb + 3.N=N.

50°C, 24 h

THF

Figure 2. A drawing of 6 with a labeling scheme. Selected
bond distances (A) and angles (deg); Yb-N(1) 2.262(9), Yb-
N(2) 2.309(9), Yb-N(3) 2.283(9), Yb-N(4) 2.340(9), Yb-
N(5) 2.297(8), Yb-N(6) 2.296(9), Yb-O(1) 2.359(7), Yb-
0(2) 2.362(6), N(1)-N(2) 1.37(1), N(3)-N(4) 1.39(1), N(5)-
N(6) 1.35(1), N(1)-Yb-N(2) 34.9(3), N(3)-Yb-N(4) 34.9(2),
N(5)-Yb-N(6) 34.1(3), Yb-N(1), Yb-N(1)-C(1) 161.5(7),
Yb-N(2)-C(2) 166.3(7), Yb-N(3)-C(3) 165.0(8), Yb-N(4)-
C@) 168.1(7), Yb-N(5)-C(5) 165.7(7), Yb-N(6)-C(6)
165.0(8). In the two THF molecules of 6, totally four
carbons were refined as disordered form, and one set of a pair
of the disordered carbons is shown.

by N1, N2, N3, and N4 is almost perpendicular (89.5°) to that of
N5, N6, O1, and O2. The distances of Yb-N1 (2.262(9) A) and
Yb-N3 (2.283(9) A) are longer by 0.05 A than the distances of
Yb-N2 (2.309(9) A) and Yb-N4 (2.340(9) A), while the
distances of Yb-N5 (2.297(8) A) and Yb-N6 (2.296(9) A) are
equal within a standard deviation. The average distance of Yb-N
(2.298 A) in 6 is longer by 0.06 A than that of
{Me;Si(OBuf)(NBu)}, Yb(u-Cl),Li(thf)s (2.236 A)!*4 and
significantly shorter than the distances of typical Yb-N donor
bond (2.4-2.5 A).315 The average distance of N-N (1.37 A) in
6 is comparable to that of Cp*;Sm(PhNNPh)(thf).13 These data
suggest that 6 is better formulated as a Yb3* complex having
three benzocinnoline radical anions rather than a Yb® complex.

In summary, we demonstrated that metallic lanthanoid
reacted readily with azobenzene and benzo[c]cinnoline giving the
dimeric complex 1 and the monomeric complex 6, whose
structures were revealed by X-ray analysis.
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