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Summary: The reaction of ScCl3 with LLi (L ) Et2NCH2-
CH2NC(Me)CHC(Me)NCH2CH2NEt2) yields the com-
pound LScCl2. The unique electronic and steric features
of the ligand allow the formation of a very stable
multicyclic aggregate by reaction of the new halogeno
â-diketiminato complex LScCl2 with NaN(SiMe3)2.

Due to their ability to take part in various catalytic
processes involving C-H bond activation, the organo
complexes of the early transition metals and lan-
thanides have been actively investigated over the past
decade.1-8 Although many of the studied complexes are
metallocene derivatives, recent years have brought a
strong tendency to develop the nonmetallocene chem-
istry of these metals, replacing at least one of the
cyclopentadienyl groups with ligands of similar steric
and electronic demand.9-17 Herein, we report the syn-
thesis and characterization of a new dichloro â-diketim-

inato complex of scandium, 1, and the reaction of it with
sodium bis(trimethylsilyl)amide to form the double-
methylene-bridged dimeric compound 2.

For the preparation of complex 118 we used the
â-diketiminato ligand L (L ) Et2NCH2CH2NC(Me)CHC-
(Me)NCH2CH2NEt2), which was recently developed in
our group.19 The Lewis acid character of scandium is
diminished due to the donor abilities of the ligand, so
that the presence of basic solvent molecules in the
coordination sphere of the metal is not necessary. This
was confirmed by an X-ray structural investigation of
LScX2.

The structural analysis18,20 shows 1 as a monomeric
molecule in which the hexacoordinated scandium has a
pseudooctahedral geometry with all four nitrogen atoms
in the same plane and the two chlorine atoms in trans
positions (Cl(1)-Sc(1)-Cl(2) ) 166.71°). The Sc-Cl
bond lengths are in the range of those for previously
reported compounds17,21-23 (Figure 1).* To whom correspondence should be addressed. Tel.: +49-551-
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Compound 1 is quite resistant to metathesis reactions
using alkyllithium reagents but reacts with NaN-
(SiMe3)2 in a 1:2 molar ratio to yield the dimeric
compound 2 with two scandium ring systems connected
by two methylene bridges (eq 1).

For the formation of compound 2, a multistep mech-
anism can be proposed. The first step is the monosub-
stitution (A) of one of the chlorine atoms in 1 followed
by C-H bond-breaking and a dimerization step (Scheme
1). This assumption can be regarded as a result of both
the high nucleophilicity of (Me3Si)2N- and the strong
electrophilicity of scandium. Indeed, the â-diketiminato
ligand possesses hydrogen atoms of low electron density
on the methyl groups by virtue of the localized bond
resonance form B (see Scheme 1). Nevertheless, the
C-H bonds are even more polarized by the withdrawal
effect of scandium and the highly hindered base
((Me3Si)2N-) can easily deprotonate the ketiminato
fragment to form a scandium “enolate” that then
undergoes subsequent dimerization.

Monitoring the reaction on the NMR time scale was
not successful, due to the rapid formation of 2. Reaction
of LScCl2 with NaN(SiMe3)2 in a 1:1 molar ratio, using
the same procedure for obtaining 2, led to formation of
a yellow substance whose MS spectrum presents a
signal at m/z 520, which could be assigned to [LScClN-
(SiMe3)(SiMe2)]+. This finding supports the proposed
reaction pathway.

The X-ray single-crystal structural analysis20 shows
that 2 is a dimer with two toluene molecules retained
in the asymmetric unit. The Sc atoms in 2 are penta-
coordinated with a distorted-trigonal-bipyramidal ge-

ometry, where N(4) and N(2) (N(9) and N(7), respec-
tively) are arranged in approximately apical positions
(Figure 2). The toluene molecules can be partly removed
when compound 2 is subjected to vacuum. This is
confirmed by the elemental analysis and the NMR
spectra. One of the characteristics of 2 is the unique
arrangement of the scandium atoms, which are each
part of five cycles: an eight-membered ring (in a chair
conformation), two six-membered rings, and two five-
membered rings. The thermodynamically favored for-

Figure 1. Molecular structure of 1. Selected bond lengths
(Å) and angles (deg): Sc(1)-N(1) ) 2.151(2), Sc(1)-N(2)
) 2.174(2), Sc(1)-Cl(1) ) 2.453(1), Sc(1)-Cl(2) ) 2.440-
(1); N(1)-Sc(1)-N(2) ) 84.66(8), N(1)-Sc(1)-N(4) )
160.76(8), N(3)-Sc(1)-N(2) ) 163.91(8), N(3)-Sc(1)-N(4)
) 76.12(8), Cl(1)-Sc(1)-Cl(2) ) 166.71(3).

Scheme 1

Figure 2. Molecular structure of 2. Selected bond lengths
(Å) and angles (deg): Sc(1)-N(1) ) 2.130(2), Sc(1)-N(2)
) 2.121(2), Sc(1)-N(5) ) 2.124(2), Sc(1)-N(4) ) 2.468(2),
Sc(1)-C(27) ) 2.397(2); N(1)-Sc(1)-C(27) ) 111.88(8),
N(1)-Sc(1)-N(5) ) 120.12(7), N(5)-Sc(1)-C(27) ) 127.26-
(8), N(4)-Sc(1)-N(2) ) 158.67(7).

2C17H35N4ScCl2

1
+ 4NaN(SiMe3)298

-4NaCl

-2HN(SiMe3)2

[C17H34N4ScN(SiMe3)2]2

2
(1)
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mation of 2 and the conservation of its structure in
solution are indicated by the NMR spectrum in toluene.
In the temperature range 300-373 K we do not observe
any changes of the resonances. The Sc-C(bridge) bond
lengths are typical of those in other organoscandium
complexes.17,21-23,25 The Sc-N(SiMe3) distance is greater
than those in the tricoordinated Sc(N(SiMe3)2)3

26 but is
equal to the Sc-N(â-diketiminato) bond lengths of 2.
The ligand L is not symmetrically coordinated toward
Sc, with one dangling NEt2 group on each Sc atom in
the solid state as well as in solution. The 1H NMR

spectrum of 2 exhibits eight resonances (in the 2.4-4.15
ppm region) whose overall intensities render the an-
ticipated number of hydrogen atoms for the methylene
groups, except those of the bridges, which cannot be
assigned due to multiple interactions.27 Moreover, the
molecular asymmetry allows for observation of two
different resonances in the 1H NMR spectrum of the
bridging methylene groups; in the 29Si NMR spectrum
two resonances for silicon atoms are observed. The Sc
resonance in the NMR spectrum is shifted upfield in
comparison with 1 (423.6 to 286.2 ppm) as a result of a
lower coordination number and higher electron density
at Sc in 2.

In conclusion, new heteroleptic scandium(III) com-
plexes have been obtained. The discussion of the mech-
anism for the formation of 2 remains open; for instance,
the metathesis of the C-H bond and the Sc-N bond of
a Sc-N(SiMe3)2 unit can be invoked. Investigations of
the reactivity of 2 are in progress.
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(24) Synthesis of 2: toluene (25 mL) was added to a mixture of 1 (1
g, 2.43 mmol) and NaN(SiMe3)2 (0.9 g, 4.87 mmol). The resulting red
solution was stirred overnight and then filtered, concentrated, and kept
at -26 °C. After 3 days, crystals of 2 can be filtered off and dried under
a nitrogen stream. Yield: 0.2 g (19.1%) of 2‚0.74C7H8 (the composition
is due to the drying procedure). Mp: 193-195 °C. Anal. Calcd for
C46H104N10Sc2Si4‚0.74C7H8: C, 57.37; H, 10.37; N, 13.11. Found: C,
57.37; H, 9.98; N, 12.77. 1H NMR (200 MHz, C6D6, 300 K): δ 5.16 (s,
2 H, CH), 4.15 (m), 3.3 (m), 3.09 (m), 2.92 (broad signal), 2.81 (m),
2.65 (m), 2.55 (t), 2.4 (m), 2.24 and 1.93 (d, 1 H, CH2 bridge, overlapping
with toluene signal), 1.82 (s, 12 H, CHCCH3), 0.96 (t, 12 H, NCH2-
CH3), 0.85 (broad signal, 12 H, NCH2CH3), 0.59, 0.40 (2 s, 18 H,
N(SiMe3)2). 13C NMR (125.75 MHz, C6D6, 300 K): δ 156.19(CCH),
137.83 (CHCCH2), 101.34 (C), 55.12, 50.16, 47.00, 46.59, 22.37 (CCH3),
21.36 (CH2 bridge overlapping with toluene signal), 12.26 (NCH2CH3),
6.69, 6.26 (N(SiMe3)2). 45Sc NMR (121.49 MHz, referenced to [Sc-
(H2O)6]3+ in D2O, C6D6, 300 K): δ 423.64. 29Si NMR (100 MHz,
referenced to TMS, C6D6, 300 K): δ -7.93, -10.83. EI-MS (m/z (relative
intensity, %)): 499 (C17H34N4ScN(SiMe3)2, 7), 146 (NSi2Me5, 100).

(25) Thomson, M. E.; Baxter, S. M.; Bulls, A. R.; Burger, B. J.; Nolan,
M. C.; Santasiero, B. D.; Schaefer, W. P.; Bercaw, J. E. J. Am. Chem.
Soc. 1987, 109, 203.

(26) Ghotra, J. G.; Hursthouse, M. B.; Welch, A. J. J. Chem. Soc.,
Chem. Commun. 1973, 669. (27) Even the 2D-COSY experiments allow no reliable assignments.
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