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Summary: The reaction of [2-PyLi] with [Cp2Pb] pro-
duces [Pb(2-Py)3Li‚THF] (1), containing the first example
of a low oxidation state group 14 tris(pyridyl) ligand.
The solid-state structure of 1 is that of a cage resulting
from the symmetrical complexation of the Li+ cation by
all the pyridyl-N centers of the [Pb(2-Py)3]- anion.

Neutral tris(pyridyl) ligands containing main group
14 [XC(2-Py)3; X) OH, H]1 and 15 [E(2-Py)3; E ) N, P,
As]2 bridgehead atoms have an extensive coordination
chemistry with transition metals. These species exhibit
acceptor behavior and thus have been observed to
stabilize low oxidation state transition metal ions.3 This
property appears to be an intrinsic feature of the pyridyl
groups themselves, and the coordination characteristics
are largely unaffected by interchanging the main group
bridgehead atom for another in the same group, imply-
ing that there is little charge transfer from or to the
coordinated metal ion to the bridgehead.1,2 However,
for the heavier (more metallic) main group elements,
where the “lone pair” (n - 2) oxidation state is more
accessible (n ) number of valence electrons), we rea-
soned that greater electrochemical participation of the
bridgehead atom may be possible. The latter appears
to be confirmed by synthetic and electrochemical studies
of [n-BuSn(2-Py)3], which (in contrast to [HC(2-Py)3]1h)
gives a stable Cu(I) complex on reaction with [CuCl2].4

We report here that the reaction of [2-PyLi] with [Cp2-
Pb] (3:1 equiv) at -78 °C in THF gives [Pb(2-Py)3Li‚THF]
(1), containing the first example of a low oxidation state
group 14 tris(pyridyl) ligand (Scheme 1).5
A low-temperature X-ray crystallographic study of 1

shows it to be composed of ion-contacted monomers [Pb-
(2-Py)3Li‚THF], formed by the association of the tris-
(pyridyl) lead(II) plumbate anion [Pb(2-Py)3]- with a
THF-solvated Li+ cation (Figure 1).6 The coordination
of the plumbate anion to Li by all three of the pyridyl-N
centers is highly symmetrical and results in little
distortion of the pyridyl groups, with the Li centers only
being ca. 6° out of the planes of the pyridine rings. This
can be compared to the situation in [n-BuSn(2-Py)3LiBr],
where distortion of the tris(pyridyl) Sn(IV) ligand occurs
in order to accommodate the Li+ cation.4 Despite the
very acute C-Pb-C angles present in 1 {C(Py)-Pb-
C(Py) average 91.8°; cf. C(Py)-Sn-C(Py) ca. 102° in
[n-BuSn(2-Py)3LiBr]4}, the presence of a larger bridge-
head atom results in a greater ligand bite than for the
[n-BuSn(2-Py)3] ligand. Thus, the Li+ cation is accom-
modated without significant re-orientation of the pyri-
dine rings and with nearly tetrahedral N-Li-N coor-
dination angles (average 106.7° in 1; cf. average 101.0°
in [n-BuSn(2-Py)3LiBr]4). The Pb‚‚‚Li distance in 1
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[3.42(2) Å] is far longer than the Pb-Li bond in [Ph3-
PbLi‚PMDETA] [2.85(1) Å],7 and it is unlikely, particu-
larly bearing in mind the typical pseudotetrahedral
geometry of the Li center, that there is any significant
bonding involved.
The pattern of C‚ ‚N and C‚ ‚C bond lengths in 1 can

be compared to that occurring in the related anions [E(2-
Py)2]- (E ) P, As,8a CH8b,c). In the latter the short
bridgehead E-C bond lengths and alternating pyridyl
C‚ ‚N and C‚ ‚C bond lengths suggest that there is

significant dispersion of the formal negative charge on
the bridgehead centers throughout the aromatic system.
In contrast, the uniform distances within the pyridyl
groups of 1 illustrate that there is little charge transfer
from the Pb to the pyridyl rings. Clearly, this is a
consequence of the inaccessibility of the (essentially 6s7)
lone pair on Pb which is of far lower energy than those
present in the lighter elements.
Complex 1 is a rare example of a structurally char-

acterized s block metal tris(organo) plumbate. To our
knowledge, only 2[(η3-Cp)3Pb]-[Mg(THF)6]2+, [(η5-Cp)2-
Pb(µ-Cp)Na‚PMDETA],9 and [Ph3PbLi‚PMDETA]7 have
so far been structurally elucidated. The title compound
is the only example containing a functionalized tris-
(organo)plumbate and the first example of a +2 oxida-
tion state tris(pyridyl) Group 14 ligand to be reported.
The investigation of the coordination chemistry of this
new class of ligand ([E(2-Py)3]-) is an interesting
prospect, particularly in view of the dual functionality
of the ligand and the potential of this system for
alternative modes of metal complexation (Figure 2).
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Figure 1. Molecular structure of 1. Hydrogen atoms have
been omitted for clarity. Key bond lengths (Å) and angles
(deg): Pb(1)-C(10) 2.35(1), Pb(1)-C(20) 2.34(1), Pb(1)-
C(30) 2.34(1), average (Py) C‚ ‚C 1.38, average (Py)
C‚ ‚N 1.34, average Li-N 2.04, Pb(1)‚‚‚Li(1) 3.42(2),
C(10)-Pb(1)-C(20) 91.9(4), C(10)-Pb(1)-C(30) 92.2(4),
C(20)-Pb(1)-C(10) 91.3(3), average N-Li-N 106.6, aver-
age N-Li(1)-O(1) 112.1, average Pb(1)-C(Py)-N(Py) 121.6,
average C(Py)-N(Py)-Li(1) 114.2, Pb(1)‚‚‚Li(1)-O(1) 175.1.

Figure 2. Potential modes of coordination of [Pb(2-Py)3]-
to metals (M).
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