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An unusual metal–ligand binding motif is found in dimeric
cobalt(II) complexes coordinated by diamidoether ligands
that bridge the metals in a ‘serpentine’ fashion through the
ether donors of the ligand backbone rather than the amido
groups.

Chelating diamidodonor ligands have been shown to be
excellent ligands for high-valent metal centres.1–8 This is not
only due to their ease of steric and electronic modification but
more importantly due to their strong p-donating ability. Neutral
donors that have been incorporated into the ligand backbone
include amino,1 phosphino,2 thio3,4 or weaker ether donors.3,5

In general, the amido donors chelate the metal centre with the
neutral donor playing an important electronic role.6 The few
reported bimetallic diamidodonor complexes all contain amido-
groups that bridge the metal centres as expected.8,9 The neutral
donor in the backbone has not been observed to do so. In
particular, weakly basic ether donors rarely bridge metal
centres.10 The bridging role for THF, one of the most utilized
ether-type ligands, is very uncommon in the solid state.11–14

[Co(acac)2(PhHgOHgPh)(THF)]2,12 [(C5H4Me)TiF3]2·THF,13

and [Rh2(O2CCF3)4(THF)]14 are among the few known THF-
bridged transition-metal complexes. We have been exploring
diamido ligands incorporating a neutral ether donor, termed
[NON], as supporting ligands for paramagnetic first-row
transition metals.7,8 Through the use of a flexible [NON] ligand,
we hereby report an unusual dimeric cobalt(II) complex in
which the cobalt atoms of the dimer are bridged in a ‘serpentine’
fashion through the ether moieties of the ligand rather than the
stronger amido donors.

We have considered two [NON] ligand backbones: (1) a short
silicon-derived backbone, {[RN(SiMe2)]2O}22 (R = tBu,7–9

2,4,6-Me3Ph,8 and 2,6-iPr2Ph8) and (2) a more flexible carbon-
based framework, {[RN(CH2CH2)]2O}22 (R = 2,4,6-Me3Ph,15

2,6-iPr2Ph3). Reaction of the appropriate dilithio diamidoether
ligands with CoCl2 at 278 °C resulted in an immediate colour
change from aqua blue to dark green. From these solutions, the
paramagnetic and air-sensitive {Co[Me3PhN(SiMe2)]2O}2 (1),8
{Co[tBuN(SiMe2)]2O}2 (2),8 {Co[Me3PhN(CH2CH2)]2O}2 (3)
and {Co[iPr2PhN(CH2CH2)]2O}2 (4) complexes were isolated
in moderate to high yield.16

The single-crystal X-ray structures of 1 and 4 are shown in
Figs. 1 and 2, respectively.17 In the dimeric cobalt(II) complex
(1) with the short silicon-containing [NON] ligand backbone,
(Fig. 1) the cobalt atoms have a roughly trigonal geometry: each
cobalt atom is bound by one terminal and two bridging amido
groups. The tert-butyl substituted amido system (2) has a
similar structure.8 Both bridging and terminal amido bond
lengths are comparable to other cobalt–amido systems such as
Co(CH2Ph)[N(SiMe2CH2PPh2)2]18 and {Co2[N(SiMe3)2]4}.19

The cobalt atoms of the dimer are held in close proximity by the
bridging amido ligands with Co1–Co1* distances of 2.468(3)
and 2.5682(13) Å in 1 and 2, respectively, suggesting metal–
metal interactions. The dimeric cobalt(II) complex (4) with the
longer and more flexible carbon-based [NON] ligand backbone
has a remarkably different ligand coordination environment
(Fig. 2). The molecule is non-centrosymmetric with approx-
imate D2 symmetry. In this case it is the ether atom of the

diamidoether ligand that bridges the cobalt atoms of the dimer
rather than the more strongly basic amido group. Each cobalt
centre is four-coordinate and displays a distorted see-saw
geometry: each ligand binds via a terminal amido group, bridges
the cobalt atoms through the oxygen donor in the backbone and
finally swings around in a ‘serpentine’ fashion and binds to the
other cobalt atom through another amido group. The Co1–Co2
distance of 3.716(1) Å precludes any bonding interaction
between the metal centres.

The temperature (T) dependence of the magnetic susceptibil-
ity (cm) of 1–4 were measured from 2–300 K. Plots of meff vs. T
per cobalt atom for 1, 2 and 4 are shown in Fig. 3. Both 1 and
2 show a significant decrease in meff as T decreases, indicative
of antiferromagnetic coupling between the metal atoms of the
dimer.20 However, 4 shows a considerably smaller drop in meff
with temperature—there is much less coupling between the
cobalt atoms of the ether-bridged dimer. The greater coupling

Fig. 1 Molecular structure of 1 (ORTEP view, 33% probability ellipsoids
are shown; methyl groups on aryl ring excluded for clarity). Selected bond
lengths (Å) and angles (°): Co1–Co1* 2.468(3), Co1–N1 1.912(7), Co1–N2
2.007(8), Si1–O1 1.645(8), Si1–N1 1.720(9), Si2–O1 1.617(7), Si2–N2
1.780(9); N1–Co1–N2 120.0(4), N1–Co1–N2* 139.3(4), N2–Co1–N2*
95.0(4), Si2–O1–Si1 145.6(6). * = 2x, y, 2z + 1/2.

Fig. 2 Molecular structure of 4 (ORTEP view, 33% probability ellipsoids
are shown; isopropyl groups excluded for clarity). Selected bond lengths
(Å) and angles (°): Co1–Co2 3.716(1), Co1–N1 1.827(4), Co1–N2
1.832(4), Co2–N3 1.841(4), Co2–N4 1.850(4), Co1–O1 2.279(4), Co1–O2
2.423(4), Co2–O1 2.415(4), Co2–O2 2.306(4); N2–Co1–N1 162.83(17),
N2–Co1–O1 79.61(16), O1–Co1–O2 76.08(13), N1–Co1–O2 77.70(15),
N3–Co2–N4 158.42(16).
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observed in amido-bridged 1 and 2 vs. ether-bridged 4 is likely
the result of the much shorter metal–metal distances that are
supported by amido-bridges. Importantly, 3 shows minimal
coupling, implying that this carbon-containing [NON] ligand
system still appears to form an ether-bridged dimer as opposed
to an amido-bridged one, despite having the same amido R-
group as 1. Below 20 K, the sharp drop in meff is attributable to
zero-field splitting (ZFS) effects common in Co(II) systems.
The simultaneous presence of ZFS and antiferromagnetic
coupling impeded accurate modeling of the data.21

Why do rather similar diamidoether ligands give rise to such
different metal–ligand binding motifs? The length and rigidity
alterations in the ligand backbone provide a plausible explana-
tion. The silicon-containing [NON] backbone consists of a
short, five-atom chain that is sterically hindered around the
silylether donor. Alternatively, the carbon-containing [NON]
system is two atoms longer and is sterically unhindered at the
diethyl ether donor, yielding a more flexible ligand that may be
more apt to bridge metal atoms through the ether donor. The
stronger Lewis basicity of the latter may also assist in ether-
bridging. The size of the resulting metallacycle that is formed
could also account for the unusual ether atom bridging motif.
The silylamido-bridged cobalt system gives rise to stable six-
membered rings. An amido-bridged system featuring the
carbon-containing [NON] ligand would give rise to less stable
eight-membered metallacycles; ether-bridging allows for more
stable five-membered rings to form.

In conclusion, a series of dinuclear cobalt complexes
containing diamidoether ligands has been reported, in which an
amido-bridged system is favoured by the short, rigid silicon-
[NON] backbone whereas ether-bridging is favoured by the
longer, more flexible carbon-[NON] backbone. Further in-
vestigation of these [NON]-ligand systems with other metal
centres is underway. This new binding motif may have
implications for the use of diamidodonor ligands in alkene
polymerization catalyst design.3,5,22
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Fig. 3 Plots of magnetic moment (meff) vs. temperature (K) for 1, 2 and 4.
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