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The development of new methods for the production of high
molecular weight materials that possess structural frameworks
composed ofσ-bonded arrays of group 14 heavy atoms (i.e.,
polysilanes, polygermanes, and polystannanes) remains a topic
of current interest given the unique optical/electronic/chemical
properties and potential applications that exist for these special
polymers.1-7 In this regard, new classes of two- and three-
dimensional hyperbranched and dendritic polysilane materials
have recently been synthesized that expand both the scientific
and technological horizons for the investigation of group 14
polymetallanes.5-7 For instance, it has been documented that
2- and 3-D polysilane materials possess photophysical properties
that are quite different than those of their linear counterparts.5

Furthermore, with respect to future use, it is known that, relative
to linear polymers, hyperbranched materials often possess
unusual viscoelastic properties, are more soluble at high
molecular weights, and due to a greater amount of free volume
that exists between the chains, can provide the basis for the
development of new classes of materials that can be utilized
for the size- or shape-selective inclusion of molecular species.8

Finally, as pointed out by Lambert and co-workers,6a,dbranched

or dendritic structures may offer a greater robustness of
polymetallanes to the chemical environment, and for optical
applications, redundant pathways forσ-delocalization through
the framework should photochemical cleavage of a metal-metal
bond occur. Against this backdrop, we have been interested
for some time in the synthesis and characterization of poly-
stannane materials, since the potential exists to discover new
properties or physical phenomena associated with these heavier
group 14 polymetallane structures that are absent in their lighter
polysilane or polygermane counterparts.9 However, for the
production of high molecular weight polystannanes, it has not
been possible to routinely utilize the alkali metal reductive
coupling of organometal halides that has been successfully used
previously for the silicon and germanium polymers.4 Indeed,
only very recently, have high molecular weightlinear poly-
stannanes been accessible through the dehydropolymerization
of secondary organostannanes (i.e., R2SnH2) that is catalyzed
by zirconocene-based catalysts, such as (η5-C5H5)2ZrMe2, or
the most active complex, Me2C(η5-C5H5)2Zr[Si(SiMe3)3]Me.4b,c,e

Herein, we now report the preparation and characterization of
the first example of a high molecular weight, highlybranched
polystannane that is produced from the same class of secondary
organostannane starting material and, more specifically,
Bu2SnH2 (1) through an unprecedented dehydropolymerization/
rearrangement process that is catalyzed by commercially avail-
able carbonyltris(triphenylphosphine)rhodium(I) hydride, HRh-
(CO)(PPh3)3 (2).
Following the Tilley protocol,4b,c our first attempt at dehy-

dropolymerization involved adding neat1 all at once to the
rhodium catalyst2 (2 mol %).10 While this satisfactorily
resulted in vigorous hydrogen evolution and the generation of
heat, detailed analysis of the crude product by119Sn NMR
spectroscopy and gel permeation chromatography (GPC) re-
vealed that only the cyclic oligomers (Bu2Sn)5 and (Bu2Sn)6 (3
and4, respectively)11 were produced together with other low
molecular weight material. Given that other late transition metal
complexes, such as dichlorobis(triphenylphosphine)palladium,
have previously been shown to serve as efficient cyclodehy-
drogenation catalysts for secondary organostannanes,11 this result
was not too surprising. What was quite unexpected, however,
was the discovery that a modification of the reaction conditions
could lead to such a dramatic change in product composition.
Hence, by slowly adding a solution of 0.1 mol % of the rhodium
complex2 in 7.5 mL of toluene, dropwise over a period of 1 h,
to a solution of 0.9 g (3.84 mmol) of1 in 6 mL of toluene,
noticeable hydrogen evolution was still observed, but now the
temperature of the reaction remained fairly constant at room
temperature. The mixture was stirred for 12 h, during which
time it became dark amber in color, and then the volatiles were
removedin Vacuo to provide 0.3 g of a gumlike material (5)
(31% yield).12 Subsequent spectroscopic and chemical analyses
of this product now revealed some interesting features when
compared side-by-side with the high molecular weight linear
polystannane, H-(Bu2Sn)n-H (Mw/Mn ) 33 430/14 800) (6),
that was produced by the published procedure which involves
dehydropolymerization of1 using (η5-C5H5)2ZrMe2 as the
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catalyst.4b,c To begin, as shown in Figure 1, GPC (THF,
polystyrene standards) confirmed that5 was indeed a high
molecular weight material that possessed a fairly narrow
polydispersity (Mw/Mn ) 50 240/35 130) and that contained very
little oligomeric or cyclic components. Both the1H and119Sn
NMR spectra of5 appear to support this conclusion, and quite
importantly, virtually no trace of the cyclic oligomers3 and4
were now observed in the latter.13,14 However, a direct
comparison of these spectra with those recorded for the linear
polystannane indicated that the two materials possessed different
structural frameworks.14 More specifically, the119Sn NMR
spectrum of the unpurified linear polystannane displays, along
with the resonances for3 and4, a fairly narrow single resonance
that is centered at-189 ppm for the high molecular weight
material. In contrast, the119Sn NMR spectrum of crude5
exhibits additional downfield resonances between-170 and
-180 ppm that do not change in relative intensity upon
purification of the material. In order to probe the nature of
this structural difference further, a comparative chemical analysis
of the two materials was conducted that involved (1) titration
of a diethyl ether solution of the polystannane with iodine at
-78 °C to effect exhaustive cleavage of the Sn-Sn bonds15

and (2) conversion of the resulting Bu4-xSnIx fragments into
the Bu4-xSnPhx products with phenylmagnesium bromide.
When this procedure was followed, a119Sn NMR spectrum of
the product obtained from the Tilley material6 revealed only
the presence of dibutyldiphenylstannane, which is the result
expected for a purely linear polystannane structure.14 When

the same chemical analysis is performed on either crude or
purified 5, however, in addition to Bu2SnPh2, the 119Sn NMR
spectrum now showed the presence of significant amounts of
butyltriphenylstannane and phenyltributylstannane, which is the
result expected for a structure containing a large number of
branch points but not one that is necessarily hyperbranched.1b

Having established this structural difference, it was now of
interest to compare the electronic spectrum of5 with that of
the linear polystannane material6. As Figure 2 shows,6
exhibits a low-energy transition at aλmax value of 378 nm that
is essentially identical to that reported previously (cf. λmax 380
nm). Although similar in shape, the absorption maximum for
5 is shifted to longer wavelengths (λmax 394 nm), and it now
extends further out to the visible. A similar red-shift in the
absorption maxima of hyperbranched and dendritic polysilanes
relative to their linear counterparts has also been observed.5,6

Finally, as with the linear polystannane6, solutions of5 are
very light sensitive, as characterized by a rapid photobleaching
that occurs with ambient light. Qualitatively, however, in the
solid state, the branched material5 is significantly more roboust
to both air-oxidation and light than in solution.
In summary, we present the first example of a high molecular

weight, highly branched polystannane that can be accessed in
a straightforward manner through the dehydropolymerization/
rearrangement of a secondary organostannane that is catalyzed
by a commerically available late transition metal complex. The
extents, limitations and mechansim of this overall process, along
with a detailed study of the physical and chemical properties
of this new class of polymetallane material, are now currently
under investigation.17
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Figure 1. A gel permeation chromatogram of the polystannane material
5.

Figure 2. A comparison of the electronic spectra (pentane, 25°C) for
the linear polystannane6 obtained from the dehydropolymerization of
1with (η5-C5H5)2ZrMe2 (Mw/Mn ) 33 430/14 800) (dashed-dotted line)
and the branched polystannane material5 (solid line).
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