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The reaction of niobocene trihydride [Cp,NbH;} with
C1PbMej in the presence of amine affords the plumbido dihy-
dride complex [Cp,NbH,(PbMes)] (1). Compound 1 repre-
sents the first example of a stable complex with neighbouring

hydride and terminal plumbyl substituents. The structure of
this compound has been established by NMR and IR spec-
troscopy and confirmed by an X-ray structure analysis.

Group 14-substituted transition metal complexes are the
subject of general interest. Most of the work in this area
has been focused on silyl- and tin-substituted complexes,
whereas the plumbyl derivatives have received very little at-
tention, and their study is mainly confined to carbonyl
compounds.!"! Oxidative addition of silanes and stannanes
HER; to a metal center is a well established procedure to
make the hydrido complexes H-M—ER3.™! In contrast,
the plumbanes HPbR; are not very stable!!?IPl and the
analogous oxidative addition of plumbanes is unknown.
Only two hydridoplumbyl derivatives, prepared by different
methods, have been reported to date."°l One of these com-
pounds, [Fe(CO)(dppe)H»(PbMe;){Si(OEt),}], has a com-
bination of neighbouring hydride and terminal plumbyl
substituents, and is very unstable.l’] The usual synthetic
route to the lead substituted complexes involves the action
of metallates [L,M]~ on lead halides."*! We have been ex-
ploring an alternative approach to the synthesis of the
main-group element substituted complexes, based on the re-
action of halides X—~ER,, with the transition metal hydrides
L. .M—H.®l We report here an application of this methodo-
logy to the facile synthesis of the first stable plumbyl-substi-
tuted group 5 metallocene, [Cp,NbH>PbMes] (1), having a
unique combination of a metallocene moiety, a terminal
plumbyl group, and hydride ligands.

Bulychev et al. showed that Cl;SnMe and Cl.SnMe,
react with the d® complex [Cp,TaHi] to give
{Cp,TaH,(Cl,SuMe; )] (n = 1, 2), whereas ClSnMe; does
not give this reaction.!”l The highest yields were observed
when these reactions were carried out in the presence of
an amine to consume the HCI released. Inspired by these
findings, we allowed CIPbMe; to react with [Cp,NbHj3] in
THF in the presence of NEt; (Eq. 1).

The reaction starts immediately after thc reactants are
mixed and is accompanied by the formation of a flocculent
precipitate of Et;HN*Cl~. However, overnight stirring is
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required to complete the reaction. [Cp,NbH,(PbMes)] (1)
was obtained after filtration and removal of the solvent as
a greenish air and light sensitive crystalline material. Sur-
prisingly, complex 1 is thermally quite stable and decom-
poses only above 90°C, although it could be expected that
the presence of neighbouring plumbyl and hydride substitu-
ents would facilitate the reductive elimination of plum-
bane (HPbMe;). Moreover, 1 is even more stable than
[Cp>NbH;], which starts to decompose at about 50°C. This
observation parallels the thermal stability of the analogous
tin compounds [Cp,MH,(SnMe;)] (M = Nb, 4] Tal3b)) In
contrast, the bismuthido-substituted niobocene complex
[CpNbH,(BiPh,)] was found to be both light and ther-
mally sensitive.[!l The remarkable thermal stability of 1 is
also in sharp contrast to the extreme instability of
{Fe(CO)(dppe)H.(PbMe;) {Si(OEt);}], which was prepared
by the reaction of the anionic precursor complex
[Fe(COXdppe)H»{Si(OEt);}]~ with CIPbMe; and studied
only by spectroscopic methods. Decomposition occurs
when 1 is stored in solutions or as a solid exposed to light,
whereas complex 1 does not decompose significantly over
several months at —30°C in the dark. Thus 1 is the first
example of a stable transition metal complex with neigh-
bouring hydrido and terminal plumbyl substituents.

The 'H-NMR spectrum of 1 displays the resonance due
to the cyclopentadienyl protons at 8 = 4.82, a signal for the
methyl groups at & = 1.05 [2J(Pb-H) = 13.8 Hz] and the
hydride signal at 8 = —3.55 [2/(Pb-H) = 478.8 Hz]. The
value of the coupling constant between 2’Pb and the
methyl group protons in 1 is considerably lower than the
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value of 60—80 Hz observed for Me,Pb and Me;PbX (X =
Cl, Br, 1),'® which probably implies a decrease in the ‘s’
clectron character of the Pb—Me bonds and therefore an
increase in the ‘s’-character of the Nb—Pb bond. This de-
duction is further supported by the X-ray structure data for
1 (vide infra). An analogous trend has been documented
for trimethyltin-substituted niobocene and tantalocene hy-
drides.l®] The IR spectrum of 1 confirms the presence of the
Nb—H bond (band at 1742 cm™!). It is apparent thal com-
plex 1 is formed by an interaction between the Nb—H bond
of [Cp,NbHj;] and the Pb—Cl bond of CIPbMe,, although
the mechanistic aspects of this interaction are not quite
clear. It is interesting that the reaction of the anionic hy-
dride complex [CpVH(CO);]~with CIPbPh; gives the prod-
uct of the formal plumbyl for hydride exchange, i.e. the
anionic complex [CpV(PbPh3)(CO);]~, rather than the
simple  nucleophilic  substitution  product [CpV-
(PbPh3)H(CO)5]."’ An analogous exchange process is prob-
ably operative in the synthesis of the plumbio-bridged com-
plex [(Cp,MoH),{u-Pb(O,CMe),}] (2), which is obtained
by the reaction of [Cp;MoH,] with Me;Pb(O,CMe) (Eq.
2). It has been proposed that complex 2 was formed
through an alkane elimination reaction to initially give the
monomeric complex [Cp,MoH {PbMe,(O,CMe)}] (3).
Our results lead us to believe that the initial products of the
latter reaction could be [Cp,MoH(PbMes)] and HO,CMe.
Further protonolysis of the Pb—C bond would result in the
formation of the proposed complex 3 and eventually in 2.

(02CMe),

= H O MesPb(0:CMe) [ p.
M - > M- "M 2)
SN < W
M= Mo, W 2

Very few complexes with terminal plumbyl groups have
been structurally characterised.l''"1 Since complex 1 con-
tains the prcviously unknown combination of a terminal
plumbyl substituent and hydrido ligands, an X-ray structure
determination of 1 was undertaken. The molecular struc-
ture and selected bond lengths and angles of 1 are shown
in Figure 1. Complex 1 has a typical trisubstituted d°
niobocene geometry with a central position of the lead sub-
stituent. The cyclopentadienyl rings are in the eclipsed con-
formation due to the crystallographically imposed mirror
plane symmetry. The Nb—Pb bond distance is 2.8991(4) A,
which is about 0.19 A less than the calculated distance (3.09
A) obtained by adding the niobocene radius of 1.55 Al
to the Pb covalent radius of 1.54 A."? This bond shorten-
ing can be attributed to the higher Pb ‘s’ orbital character
in the Nb—Pb bond, which is a similar case to the high
contribution of the Sn and Sb ‘s’ orbitals in the M—E
bonds (E = Sn, Sb).l6:7.131 Both hydrido ligands were lo-
cated in the bisecting plane of the niobocene moiety and
could be refined isotropically to the distances of 1.62(5) A.
This Nb—H bond length is typical for the Nb—H distances
found from the X-ray diffraction experiments [for Cp.NbH;
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the average Nb—H bond length is 1.69 (4) A].U'4 The
H1—Nb—H2 angle of 119(4)° is close, within the limits of
experimental error, (o that in Cp,NbH; [126(3)°]. For the
rclevant complexes [Cp>NbH>AsEt;] and [Cp,NbH,SbPh,]
these angles were 112.1°164 and 122.6°,10 respectively.

Figure 1. ORTEP plot of a molecule of 1 with atomic-numbering
scheme. The thermal displacement ellipsoids are scaled to the 50%
probability level®!

@) Selected bond lengths [A] and angles [°]: Nb1—Pbl 2.8991(4),
Nbl—HI1 (Nb1—H2) 1.62(5), Nb1—Centl 2.066(2), Centl —Nbl —
Centla 140.7(3), H1-Nbl—H2 119.1(41).
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Experimental Section

All manipulations were carried out using conventional Schlenk
techniques. Solvents were dried over sodium or sodium benzo-
phenone ketyl. — NMR: Bruker AC-300 spectrometer (300 MHz
and 75.4 MHz, for 'H and '3C, rcspectively). For 'H NMR,
[Dg]benzence as solvent, TMS as internal standard. For 'C NMR,
[Dglbenzene as solvent. — FT-IR: Nicolet 501. — Elemental analy-
sis was pcrformed by the analytical division of the Fachbereich
Chemie der Philipps-Universitét Marburg. Cp,NbH; was prepared
by a modified procedure as reported earlier. %

1. Preparation of Cp;NbH(PbMes) (1): 0.570 g (2.52 mmol) of
[CpaNbH3] and 0.725 g (2.52 mmol) of Me;PbCl were mixed in
100 ml of THF. 3 ml of NEt, was added to this mixture. The mix-
ture was stirred overnight in the dark. The solution was filtcred
and all volatile components were removed under vacuum to give a
light-green powder. Recrystallisation from diethyl ether yielded
0.952 ¢ (1.99 mmol, 79%) of pure 1.

IR (Nujol): ¥ = 1742 cm™ ! (Nb—H). — 'H NMR ([Dg]benzene):
§ =482(s, 10 H, Cp), 1.05[s + d, 2J(Pb—H) = 13.8 Hz, 6 H,
CH;], —3.55[s + d, 2J(Pb—H) = 478.8 Hz, 2 H, Nb—H]. — *C
NMR ([D¢]benzene): & = 87.11 (s, Cp), —1.51 [s + 4, '/(Pb—C) =
167.2 Hz, CH;3]. — C,3H, NbPb (477.4): caled. C 32.71, H 4.43;
found C 32.46, H 4.54.

2. X-ray Crystullographic Study of 1: The crystals were grown
by cooling an ethereal solution of 1 at —30°C. A greenish-yellow
coloured specimen of 1 with dimensions of 0.19 X 0.14 x 0.13 mm
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was mounted onto a glass capillary and investigated using a Stoe
IPDS area detector system (Mo-K,,, graphite monochromator) at
-83°C. Crystal data: M = 477.4; orthorhombic, space group
Poma, a = 11.5537(7), b = 13.2056(7), ¢ = 9.1757(5) A Z =4,
V = 1409.51(14) A3, deeq. = 2.25 g cm 2. Data collection: ©-
scan, @ range from 0 to 240°, A® = |.1°, exposure time = 2 min;
@ range from 2.70 to 27.93°, ikl range —15to 15, —17to 17, —12
to 12, 9419 measured reflections, 1757 unique [R(int) = 0.0347],
analytical absorption correction based on face-indexing (u =
12712 mm~Y, Ty = 0.567, Trin, = 0.299) with the SHELXTL-
Plus programme package!'™ and Stoe IPDS software. Lorentz fac-
tors and polarisation effects were taken into account. Structure
solution was carried out by hcavy-atom methods with the
SHELXS-96 programme,!'® and refincment was performed by full-
matrix least squares on F? on the basis of all reflections with
SHELXL-96.0'71 All non-hydrogen atoms werc refined aniso-
tropically; the positions of the hydrogen atoms were located from
the difference Fourier-maps and were refined with common iso-
tropic displacement factors except for the hydrogen atoms of the
methyl groups and H(111) at the C(11) atom. The latter were in-
cluded as idealised contributions and refined using a riding model.
The positional parameters as well as the isotropic displacement fac-
tors of the hydrogen atoms at the niobium center were refined in a
restrained model with d(Nb—H1) = d(Nb—H2).

The position of the lead atom was found to be split between two
sites with occupations of 0.979 and 0.021 of the major and minor
component, respeclively. This disorder can be assigned either to the
incorporation of another isomer that possesses the trimcthyllead
group in the lateral position of the niobocene bisccting plane and
two hydridc ligands in the central and in the latcral position, or to
a positional disorientation of the molecules of 1. However, there is
no categorical evidence to support one explanation over the other,
although one could assume that the first possibility is less realistic
since the formation of latcral isomers of main-group clement sub-
stituted group-5 complexes has only been observed in the case of
silyl-substituted tantalocene hydrides where the reactions were car-
ried oul under forcing conditions.*® Furthermore, for heavier
main-group derivatives, e.g. [Cp.NbH,SnMes], no evidence for a
second isomer was found.!® In contrast, positional disorientation
is a common phenomenon which is associated with the crystallis-
ation conditions. Taking into account that the crystallisation of 1
proceeded at low temperature and the crystal growth was complete
within a few hours, the probability of such defect formation is
rather high. The positions of the carbon atoms of the minor site
could not be located due to the very low contribution of this com-
ponent. R1 = 0.0200 (only observed reflections), wR2 = 0.0441 (all
data), 99 parameters, GOOF = 1.001. Further details of the crystal
structure investigation may be obtained from the Fachinforma-
tionszentrum Karlsruhe, Gesellschaft fiir wissenschaftlich-techni-
sche Information mbH, D-76344 Eggenstein-Leopoldshafen (Ger-
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* Dedicated to Professor Jorg Lorberth on the occasion of his
60th birthday.
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