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The synthesis and isolation of compounds with multiple bonds
between heavier main group elements have attracted widespread
interest owing to their unusual properties, structures and bonding,
which differ markedly from those of their lighter congeners.1

Heavier element analogues of ethylene, H2CdCH2, have played
a leading role in the development of the field, and a complete
series of compounds of elements from the carbon group (group
14) of formula R2EdER2 (E ) Si,2 Ge,3,4 Sn,4,5 or Pb,6,7 R )
bulky hydrocarbon group) has been isolated in the solid state by
using various sterically crowding substituents. However, all
currently known compounds of the formulas R2SnSnR2 and
R2PbPbR2, as well as many R2GeGeR2 species, dissociate in
solution to the monomers: ER2 (E ) Ge, Sn, or Pb) indicating
that the bonding between these elements is weak.8 The corre-
sponding heavier element analogues of acetylene of formula
REER (E) Si, Ge, Sn, or Pb) have not been stabilized, although
theoretical data on the hypothetical silicon9-11 and germanium9,12

derivatives have described them as triple bonded. Experimental
data on the physical properties or bonding of heavier group 14
acetylene analogues are limited to gas-phase spectroscopy on
mono-13 or di14-bridged isomers of Si2H2. In addition, recent
attempts to synthesize ArEEAr (E) Ge and Sn) species via
reduction of the halide E(Cl)Ar by alkali metals have led only to
the isolation of reduced salts such as [K(THF)6][2,6-Trip2H3C6-
SnSnC6H3-2,6-Trip2].15 We now report the synthesis and char-
acterization of the neutral lead species 2,6-Trip2H3C6PbPbC6H3-
2,6-Trip2, which is the first formal heavier group 14 element
analogue of a substituted acetylene molecule.

The title species1 was synthesized16 in ca. 10% yield by the
reaction of LiAlH4 with Pb(Br)C6H3-2,6-Trip2. The mechanism
of this reaction is currently unknown, but it may proceed through
the hydride derivative Pb(H)C6H3-2,6-Trip2 which may then
condense to give the product 2,6-Trip2H3C6PbPbC6H3-2,6-Trip2

with hydrogen elimination as shown in eq 1:

Dichroic, amber-green crystals of1‚hexane were grown from
hexane and the molecular structure (Figure 1) was determined
by X-ray crystallography.17 It consists of noninteracting 2,6-
Trip2H3C6PbPbC6H3-2,6-Trip2 molecules which exist in a trans-
bent rather than linear form. There is a center of symmetry
midway along the Pb-Pb bond, as a result of which the two lead
atoms and the two ipso carbons of the aryl groups all lie in the
same plane. The central rings of the aryl ligands lie almost
perpendicular to this plane. It can be seen from the space filling
model (Figure 2) that the sterically crowding aryl ligands
effectively surround the Pb-Pb moiety thereby ensuring its
stability against decomposition.

The most important structural parameters of1 are the Pb-Pb
bond length, 3.1881(1) Å, and the Pb-Pb-C angle, 94.26(4)°.
The Pb-Pb bond distance is significantly longer than typical
values in diplumbanes such as Ph3PbPbPh3 (Pb-Pb ) 2.844(4)
Å)18 although it is shorter than the interatomic distance of 3.49
Å in metallic lead.19 The observed Pb-Pb-C angle, which is
relatively close to 90°, indicates little hybridization20 of the lead
valence orbitals as well as the presence of a lone pair at each
metal. In other words, each lead uses two of its 6p orbitals for
bonding to the ipso-carbon and the other lead atom, the remaining
6p orbital is unoccupied, and the lone pair is thus accommodated
in the lower energy 6s orbital. The use of almost pure p-orbitals
instead of more hybridized orbitals and the presence of lone pairs
at each lead may account for the length of the Pb-Pb bond.21,22

In addition the relatively long Pb-C bond of 2.303(2) Å (cf. av.
Pb-C ) 2.22(2) Å in Ph3PbPbPh3)18 is consistent with this view.

The strongly bent geometry of1 indicates that it exists in the
unique dimethylene form (b) instead of the acetylene like
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dimethylyne form (a) as shown in Figure 3. The fact that (b) can
be derived from (a) by the conversion of two bond pairs in (a) to
two lone-pairs in (b) does not necessarily imply weakness of the
Pb-Pb π-bonds, however. Indeed, it has been shown recently23

that π-bonding involving 6p orbitals can be quite important, as
in the doubly bonded species TbtBidBiTbt (Tbt ) C6H2-2,4,6-

{CH(SiMe3)2}3), which involves the neighboring element bismuth.
Thus, the preference for the valence isomer (b) is a consequence
of the decreased hybridization of the s and p orbitals in heavier
main group elements24 which in the case of lead is further
diminished by relativistic effects.25

The unique structure of1, which has an essentially empty 6p-
orbital and a lone pair at each lead, leads to the expectation that
it could behave as both a Lewis acid and base. Investigation of
this chemistry as well as attempts to synthesize germanium and
tin analogues of1 are in hand.
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Trip2}2 or {Pb(H)C6H3-2,6-Trip2}2, compounds which would also be of
significant interest. We think that the hydride is unlikely for a number of
reasons: (a) the1H NMR displays no peak attributable to Pb-H hydrogens;
(b) reduction of Pb(Br)C6H3-2,6-Trip2 with LiAlD 4 affords a product that has
an identical1H NMR spectrum to that of1; (c) the2H NMR spectrum of the
LiAlD 4 reduction product displayed no resonances other than those of solvent
C6D6; (d) the IR spectra of1 and the product from the reduction with LiAlD4
are essentially identical; (e) a cyclic voltammogram of1 displays a quasire-
versible reduction peak consistent with the presence of empty p orbitals in1;
(f) no stable compounds containing the Pb-H moiety are known to be stable
at present. In addition, a207Pb NMR signal could not be detected in
solutionspossibly as a result of large anisotropies in the chemical shift tensor.
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and that the definitive experiment would be a neutron diffraction study of1.
Attempts to grow sufficiently large crystals for this experiment are in progress.
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Figure 1. Thermal ellipsoidal (30%) plot of1. H atoms are not shown
for clarity. Selected bond distances (Å) and angles (deg): Pb(1)-Pb-
(1A) ) 3.1881(1), Pb(1)-C(1) ) 2.303(2), C(1)-C(2) ) 1.411(2),
C(1)C(6)) 1.406(2), C(1)-Pb(1)-Pb(1A)) 94.26(4), C(2)-C(1)-Pb-
(1) ) 114.02(11), C(6)-C(1)-Pb(1)) 127.69(12), C(2)-C(1)-C(6) )
118.17(15).

Figure 2. Space filling model of1 (viewed almost along the Pb-Pb
axis) illustrating the high steric protection of the Pb-Pb moiety.

Figure 3. Linear and bent electronic forms of1.
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