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Summary: Reaction of Me2Si(C9H7)(C2B10H11) with 4
equiv of NaNH2 in dry THF, followed by treatment with
1 equiv of LnCl3, gave unprecedented tetranuclear
clusters of the general formula [{(η5-µ2-C9H6SiMe2NH)-
Ln}2(µ3-Cl)(THF)]2(µ4-NH)‚THF (Ln ) Gd (1), Er (2))
in moderate yield. Their molecular structures have been
confirmed by single-crystal X-ray analyses, which rep-
resent the first organometallic clusters containing a
central µ4-imido group.

Imido-transition-metal complexes play an important
role both in biological processes such as nitrogen fixation
and in a series of industrial processes.1 Cycloadditions,
C-H bond activations, and ring-opening polymeriza-
tions can all be catalyzed by various imido complexes.1-3

Numerous imido-metal complexes have been reported;1-4

however, syntheses of organometallic clusters contain-
ing a central µ4-imido group have thus far remained
elusive. We report here unprecedented reactions be-
tween Me2Si(C9H7)(C2B10H11)5 and NaNH2, which led
to the isolation and structural characterization of the
first organolanthanide clusters containing a µ4-NH2-

group after treatment with LnCl3 in THF: [{(η5-µ2-C9H6-
SiMe2NH)Ln}2(µ3-Cl)(THF)]2(µ4-NH)‚THF (Ln ) Gd (1),
Er (2)).

Treatment of Me2Si(C9H7)(C2B10H11) with 4 equiv of
NaNH2 in dry THF at room temperature, followed by
reaction with 1 equiv of LnCl3, after workup gave 1 as
colorless crystals and 2 as light pink crystals in 51%
and 44% yields, respectively.6 Both 1 and 2 are soluble
in THF and pyridine, sparely soluble in toluene, and
insoluble in hexane. IR spectra exhibit the N-H ab-
sorption at about 3268 cm-1. No characteristic B-H
absorption at about 2600 cm-1 was observed in the IR
spectra, indicating that these clusters do not contain any
carboranyl groups.7 Due to the strong paramagnetism
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(6) Preparation of 1: To a suspension of NaNH2 (0.16 g, 4.1 mmol)
in THF (10 mL) was added a THF solution (5 mL) of Me2Si(C9H7)-
(C2B10H11) (0.32 g, 1.0 mmol), and the mixture was stirred at room
temperature for 20 h. The resulting purple solution was filtered into
a stirred suspension of GdCl3 (0.26 g, 1.0 mmol) in THF (8 mL) at
room temperature, and this reaction mixture was then stirred over-
night. After filtration, the clear purple solution was concentrated to
about 8 mL; hexane vapor diffusion resulted in 1 as colorless crystals
over days (0.21 g, 51%). IR (KBr, cm-1): ν 3267 (w), 3057 (w), 2954
(s), 2884 (s), 1406 (m), 1329 (m), 1243 (s), 1007 (vs), 870 (m), 839 (s),
777 (vs), 712 (m), 665 (m). 1H NMR (pyridine-d5): many broad,
unresolved resonances. Anal. Calcd for C50H65Cl2Gd4N5O1.5Si4 (1-
1.5THF): C, 38.19; H, 4.17; N, 4.45. Found: C, 37.82; H, 4.30; N, 4.25.
Preparation of 2: 2 was prepared in 44% yield as light pink crystals
in a manner analogous to that used for 1. IR (KBr, cm-1): ν 3268 (m),
3065 (m), 2955 (s), 2892 (m), 1328 (s), 1246 (s), 1143 (m), 1024 (m),
838 (vs), 813 (vs), 775 (vs), 747 (s), 662 (m). 1H NMR (300 MHz,
pyridine-d5, relative to pyridine-d5, 25 °C): δ 7.23 (ν1/2 ) 15 Hz, arene
C9H6), 7.05 (ν1/2 ) 15 Hz, arene C9H6), 6.67 (ν1/2 ) 17 Hz, arene C9H6),
6.23 (ν1/2 ) 17 Hz, arene C9H6), 3.04 (ν1/2 ) 30 Hz, η5-C9H6), 1.96 (ν1/2
) 30 Hz, η5-C9H6), 3.41 (ν1/2 ) 10 Hz, THF), 1.35 (ν1/2 ) 10 Hz, THF),
0.89 (ν1/2 ) 15 Hz, Me2Si), 0.54 (ν1/2 ) 15 Hz, Me2Si). Anal. Calcd for
C56H77Cl2Er4N5O3Si4: C, 39.09; H, 4.51; N, 4.07. Found: C, 38.76; H,
4.92; N, 3.96.
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Figure 1. Molecular structure of cluster 2 (the solvated
THF molecule is not shown). Selected bond distances (Å)
and angles (deg): Er1-N1 ) 2.431(4) [2.496(7)]; Er1-N2
) 2.330(4) [2.354(6)]; Er1-N3 ) 2.425(1) [2.495(1)]; Er1-
O1 ) 2.337(4) [2.431(7)]; Er1-Cl1 ) 2.762(1) [2.824(2)];
Er1-C1 ) 2.635(5) [2.654(9)]; Er1-C2 ) 2.684(7) [2.684-
(14)]; Er1-C3 ) 2.825(7) [2.787(10)]; Er1-C8 ) 2.753(6)
[2.811(9)]; Er1-C9 ) 2.881(6) [2.902(9)]; Er2-N1 ) 2.345-
(4) [2.391(7)]; Er2-N2 ) 2.473(4) [2.464(6)]; Er2-N3 )
2.386(4) [2.405(6)]; Er2-Cl1 ) 2.741(1) [2.805(2)]; Er2-
Cl1A ) 2.866(1) [2.927(2)]; Er2-C1′ ) 2.588(6) [2.639(10)];
Er2-C2′ ) 2.608(6) [2.668(10)]; Er2-C3′ ) 2.700(7) [2.787-
(11)]; Er2-C8′ ) 2.705(7) [2.724(9)]; Er2-C9′ ) 2.664(6)
[2.853(10)]; Er1-N3-Er1A ) 176.3(3) [174.9(5)]; Er2-N3-
Er2A ) 105.1(3) [107.1(4)]; Er2-N3-Er1A ) 91.5(1) [91.5-
(1)]; Er2-N3-Er1 ) 90.8(1) [91.6(1)]; Er1-N1-Er2 )
91.7(1) [91.8(2)]; Er1-N2-Er2A ) 91.6(1) [93.6(2)]; Er1-
Cl1-Er2 ) 77.0(1) [75.3(1)]; Er1-Cl1-Er2A ) 75.5(1)
[77.1(1)]; Er2-Cl1-Er2A ) 85.0(1) [84.9(1)]. Distances and
angles in brackets are those of cluster 1.
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of Gd3+ (µeff ) 8.0 µB) and Er3+ (µeff ) 9.5 µB),8 1H NMR
spectra are not very informative. Both 1 and 2 were thus
characterized by single-crystal X-ray analyses and
elemental analyses.

X-ray diffraction studies9 reveal that both 1 and 2 are
tetranuclear clusters and they are also isostructural and
isomorphous. As shown in Figure 1, the structure
contains a butterfly arrangement of four metals which
are connected by four doubly bridging µ2-NHSiMe2-
(indenyl) units over the edges, by two triply bridging
µ3-Cl atoms spanning Ln(1), Ln(2), and Ln(2A) and Ln-
(1A), Ln(2), and Ln(2A), respectively, and by a quadru-
ply bridging µ4-NH group located on the crystallographic
2-fold axis. The coordination sphere around each metal
is completed by either bonding to one indenyl group in
an η5-fashion or bonding to both η5-indenyl and one THF
molecule (for Ln(1) and Ln(1A)). As a result, each metal

has a distorted-octahedral geometry with a formal
coordination number of 8.

The N atom of the µ4-NH group adopts a distorted-
trigonal-bipyramidal geometry with Ln(1) and Ln(1A)
occupying the axial sites, the Ln(1)-N(3)-Ln(1A) and
Ln(2)-N(3)-Ln(2A) angles being 174.9(5) and 107.1-
(4)° for 1 and 176.3(3) and 105.1(3)° for 2, respectively.
The average Gd-N(3) (µ4-NH) distance of 2.450(6) Å is
0.045 Å longer than that of Er-N(3) in 2, which is
consistent with the 0.049 Å difference between Shan-
non’s ionic radii12 of Gd3+ and Er3+. These measured
values can be compared with the 2.350(2) Å Sm-N (µ5-
N2) distance in [(THF)2Li(OEPG)Sm]2(µ5-N2Li4) (OEPG
) octaethylporphyrinogen),13 the 2.500(9) Å Sm-N (µ3-
NHNH) distance in [(C5Me5)Sm]4(µ3-NHNH)2(µ2:µ-
NHNH2)4(NH3)2,14 and the 2.24(1) Å Yb-N (µ3-NPh)
distance in Yb4(µ-η2:η2-N2Ph2)4(µ3-NPh)2(THF)4.15 The
average Gd-N and Er-N (µ2-NHSiMe2(indenyl)) dis-
tances are 2.426(7) and 2.395(4) Å, respectively, which
are somewhat shorter than the relevant Ln-N(3)
distances. The average Ln-C distances of 2.751(14) Å
in 1 and 2.704(7) Å in 2 are comparable to those
normally observed in indenyllanthanide compounds.16

The average Gd-Cl distance of 2.852(2) Å is 0.062 Å
longer than that of Er-Cl, which is comparable to those
of Ln-Cl (µ3-Cl) distances found in the lanthanide
analogues.17 As far as we are aware, 1 and 2 are the
first organometallic clusters containing a central µ4-NH
group to be reported.

The reactions between Me2Si(C9H7)(C2B10H11) and
excess NaNH2 are very interesting. 11B NMR results
show that the Si-C(carborane) bond is completely
broken after the reaction mixture is stirred in THF for
2 h, indicating that NaNH2 serves as both base and
nucleophile in the reactions.18,19 It is therefore rational
to propose that NH2

- anions attack both the acidic
proton of the indenyl and the Si atom to generate
[H2NSiMe2(C9H6)]-, followed by reaction with another
1 mol of NH2

- to produce [HNSiMe2(C9H6)]2-, which
may then react with NH2

-, affording NH2-. Self-
assembly of LnCl3, [HNSiMe2(C9H6)]2-, and NH2- in
THF gives the tetranuclear clusters 1 and 2. The
reactions of other silicon compounds with NaNH2 are
under investigation.
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relative transmission factors in the range 0.837-1.24. A total of 10 116
reflections were collected and led to 3018 unique reflections, 3018 of
which with I > 2σ(I) were considered as observed; R1 ) 0.0631, wR2-
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(F2) ) 0.1124. Data were collected at 293 K on an MSC/Rigaku RAXIS-
IIC imaging plate using Mo KR radiation (λ ) 0.710 73 Å) from a
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