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Summary: The reaction of 2 equdf CgHe-1-SiMe-3-CH,CH,-
NCsHio (2) with the ytterbium(lll) amide [(MgSiyN]sYb-
(u-CI)Li(THF)3 produced a neel ytterbium(ll) complex with
an indenyl ligand bonded to the metah the benzo ring with
n* hapticity, i* 7% n*(CsH1oNCH,CH,CoHsSiMes)Li(u-Cl)] Yb-
(7%:p*-CsH10NCH,CH,CoHsSiMes) (1), as verified by a solid-
state structure determination and theoretical calculations.

the G ring with %, 2, 8, andy® hapticity? and to group 4 and
group 6 metals through the benzo ring asj@tigand*°> Most
recently, the;® bonding mode of indenyl with a transition metal
has been reportédin the reaction of (isopropylindenygNb-
(THF), with excess AlMeg an ytterbium(ll) complex having the
indenyl ligands bonded to the metals through the benzo ring in
7% hapticity has been proposédHowever, the structure of this

The chemistry of lanthanide complexes has long been of ytterbium(ll) complex remains to be elucidated. In this paper,
interest to chemists because of their unique structures andwe report the synthesis and the first structurally authenticated

potential applications as catalysts in organic transformatfiéns.
The indenyl ligand is known to bond to transition metals through
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Figure 1. Molecular structure of complekx Hydrogen atoms are
omitted for clarity.

Scheme 1

®,
2 + [(Me3Si),NIsYb(4-CILI(THF)3

Messi” H
toluene/80°C
2 HN(SiMes), + 3THF

+ 1/2 [(Me3Si)oN,

ligand#*-bonded through the benzo ring to the metal. This mode

of bonding has been confirmed by theoretical calculations.
The ytterbium(ll) complex#*:;2:71-(CsH1oNCH,CH,CoHs-

SiMeg)Li(‘u-CD]Yb(ﬂSZV]l-CsH10NCH2CH2C9H5SiMe3) (1) was
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X-ray analysis revealed thatis a neutral compound, which
means that the central ytterbium metal is in an oxidation state
of +2. This result suggests that the formation of the complex
takes place through a homolysis of the -Yi§ bond process,
consistent with our previous worRs.

The Yb—C(Gs ring) bond distances range from 2.733(6) to
3.221(6) A, and the corresponding ¥&(37) and Yb-C(38)
distances of 3.221(6) and 3.139(6) A are significantly longer
than the other YbC(GCs ring) distances. The YbC(39) and
Yb—C(42) distances of 2.903(6) and 3.010(7) A (with an
average of 2.956(7) A) found ihare comparable to the average
Yb—C distance of 2.973(9) A found in YKSAr), (Ar* = 2,6-
TripCeHz with Trip = 2,4,6!PrsCgH,) with Yb—arener-bond-
ing.!® They are also comparable to the ¥8 distances of
3.070(5)-3.421(6) A associated with* bonding in [Dmp(Tph)-
N3YbCgFs] (Dmp = 2,6-MesCgH3 with Mes= 2,4,6-MeCgH>;
Tph= 2-TripGsH,4 with Trip = 2,4,6!Pr;CsH>).1! The value of
3.104(5) A found in Yb(Dpp)l(th§ (Dpp = 2,6-PhCgHs) is
assigned to an Ybarenes-interactiort? when the change in
Yb2" ionic radius with different coordination numbers is
taken into account. The YBC(40) and Yb-C(41) distances of
2.733(6) and 2.772(6) A found it are comparable to the
Yb—C(u-C,H,) distances of 2.770(3) and 2.793(3) A found in
(MesCs),Yb(u-CoHa)Pt(PPR)2 and the Yb-C(y?-MeC=CMe)
distance of 2.65% 0.009 A in (M&Cs)2Yb(>-MeC=CMe) 14
Therefore, the ligand bonding ihis best described as ayt
bonding. This structure represents the first example of an
organolanthanide(ll) compound having the indenyl ligand
bonded to the metal through the benzo ring inigrfashion.

It is found that the € ring (C(34)>C(38)) and the gring
(C(37)-C(42)) in 1 are bent away from the lithium and
ytterbium atoms along the C(37L(38) line with a folding
angle of 5.9, to render possible the formation of theHCl,
Yb—CI, Li—C(35), and Li~C(36) bonds.

To get a better insight into the nature of the peculiar bonding
mode of Yb in compound, density functional theory (DFT)
calculations have been carried d2Eull geometry optimization
leads to a structure which is in very good agreement with the
experimental structure, as exemplified by the major optimized
metrical data given in Table 1. The agreement is particularly
satisfying for the Yb-C interatomic distances. This result

prepared as red crystals in 54% yield by treatment of 2 equiv confirms that the X-ray structure is also a minimum in the gas

of CgHe-1-SiMe;-3-CH,CHNCsH1g (2) with the ytterbium(lll)
amide [(Me&Si):N]sYb(u-CI)Li(THF); in toluene at 80°C

phase: i.e., the peculiar X-ray structurelds not the result of
crystal packing effects. Very small, but positive, ¥6(37) and

(Scheme 1). The compound was fully characterized by spec- —C(38) Mulliken overlap populations (Table 1) suggest a very

troscopic methods and elemental analysard its solid-state
structure was determined by single-crystal X-ray diffraction
(Figure 1). The complex is extremely sensitive to air and
moisture and is soluble in THF, DME, pyridine, and toluene.
IH NMR spectra of compound in pyridineds and in
benzenads show different chemical shifts for the ligands. In
benzeneds the indenyl ligands resonate in the range 9:871.8

weak attractive interaction. No YBH agostic interaction is
supported by the optimized structure, as the shortest contact is
3.32 A. The optimized L4+C distances show a more dissym-

(9) (a) Zzhang, K.; Zhang, W.; Wang, S.; Sheng, E.; Yang, G.; Xie, M.;
Zhou, S.; Feng, Y.; Mao, L.; Huang, Palton Trans 2004 1029. (b) Sheng,
E.; Zhou, S.; Wang, S.; Yang, G.; Wu, Y.; Feng, Y.; Mao, L.; Huang, Z.
Eur. J. Inorg. Chem 2004 2923. (c) Wang, S.; Zhou, S.; Sheng, E.; Xie,

ppm. Two sharp singlets (0.39 and 0.20 ppm) are observed forM.; Zhang, K.; Cheng, L.; Feng, Y.; Mao, L.; Huang, @rganometallics

the two silyl groups, indicating that there are two distinct
MesSi groups inl. However, in pyridineds the indenyl ligand
resonates in the range 8:16.47 ppm, and only one broad
singlet is observed for the two M®i groups. These results
suggested that the integrity of compléxis retained in a

nonpolar solvent such as benzene, whereas it differs in pyridine

due to coordination of Lfi and YIZ*. This could lead to disso-
ciation of LiCl from complexl. However, attempts to isolate a
compound without coordinated LiCl from pyridine failed.

(8) Experimental details for the preparationloénd2 can be found in
the Supporting Information.
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Table 1. Selected Bond Lengths (A) and Angles (deg) for the  shortening of the YbC(37) and—C(38) distances (Table 1)

DFT-Optimized Structure of 1 and Its Various Models in in such a way that the coordination mode is now intermediate
Comparison with the X-ray-Determined Values betweeny* and 6. A simplification of this latter model by
important (H2NCH,- changing SiMeginto SiH; and the GH1oN rings into NH units,
1 overlap CH,CoHs- i.e. optimizing (HNCH,CH,CgHsSiH3),Yb in the same local

pop.in  1-Li 1-LiCl SiHgs).Yb

“Xray DFT 1(x10% DFT DFT  DFT minimum, yielded a clea® coordination mode in which the

Yb—C(37) and—C(38) distances are, as expected, still some-

Yb—C(14) 2.771(6)  2.758 2.757 2.761  2.712 what longer than the distances of Yb to C{3®). Clearly, there
Yb—C(15) 2.683(6) 2.692 2.697 2.714  2.696 . L " 5 -
Yb—C(16) 2.680(6) 2.720 2718 2.705 2701 is a soft potential linking the* and»,°® coordination modes of
Yb—C(17) 2.755(6) 2.820 2.807 2.739 2.723 the G ring in 1. The stabilization of they* mode in1 is the
Yb—C(18) 2.826(6) 2.847 2.834 2774 2740 result of a subtle balance among strain, steric, and electronic
Yb—C(37) 3.220(6) 3.225 277 3.210 3.068 2.807 effects.
Yb—C(38) 3.139(6) 3.313 113 3.113 2.989 2.793 : : ;
Yb—C(39) 2.903(6) 2878 511 2889 2795 2750 In_conclusmn, the homoly5|s of the AN bon_d prov_ldes
Yb—C(40) 2.733(6) 2.729 762 2741 2659 2.697 the fIrS'[ example of ap yttgrblum(ll) complex havmg an indenyl
Yb—C(41) 2.772(6) 2.778 606 2.781 2.689 2.691 n* ligand. For the first time theoretical calculations on an
Yb—C(42) 3.010(7) 3.004 857 2996 2.884 2.752  ytterbium(ll) complex with the ligand have been carried out.
Yb=Cl 2671 2729 2675 This work suggests a new class of organometallic compounds
Yb—N(1) 2.626 2.692 2.710 2.716  2.603 : ; . - . :
Yb—N(2) 5.573 5.528 5.617 5.725 5.485 pOSSES§Ing an |ndeny| I|gand b.OUnd n ﬁfﬂfashlon V|a.the
Li—Cl 2.225 2.286 benzo ringt® There are strong hints that different substituents
Li—CE34; 2.882 2.896 or coordination of a salt may lead to a new bonding mode of
Li—C(35 2.302 2.362 i i i i ; i
Li—C(36) 5550 5533 thelllgar|1d. Further stltJldles Sxplorlng the chemistry of this unique
Li—C(37) 2797 2 699 molecule are currently under way.
Li—C(38) 3.151 3.082
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