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ondary carbon.8 The stability of 1 and 3 may, of 
course, be partly due to their inability to dispropor
tionate to olefin and alkane. Our results demonstrate 
in a direct fashion that alkyl shifts in carbon radicals 
are slow (or they are disfavored at equilibrium), and 
our decay rates in those cases where they are first order 
may be interpreted as minimum values for this rear
rangement. Chemical evidence had previously sup
ported this contention.9,10 

The mechanism of decay of these radicals is not yet 
known. The obvious possibilities are inter- or intra
molecular hydrogen abstraction or methyl elimination. 
In a preliminary attempt to study the products from 1 
we treated J-Bu2CHCl with sodium. The reaction was 
slow and it required 90 min of refluxing in octane to 
produce a change in the vpc trace. After this time 
only a small portion of the chloride had reacted. A 
number of products had formed, some with short and 
some with long retention times. One product had the 
retention time of 2,2,4-trimethyl-3-pentene. One of 
three peaks with a long retention time had a mass spec
tral pattern consistent with the formation of a dimer 
of 1 or J-Bu2CH2C(Me2)CH2, though no parent ion was 
formed so the molecular weight could not be deter
mined. However, this product, along with some other 
products of similar volatility, was also formed when 
/-Bu2CH2 was allowed to react with tert-butoxy (from 
di-ferJ-butyl hyponitrite) at ambient temperatures and 
when chlorinated J-Bu2CH2 (primary:secondary, 6:1) 
was allowed to react with sodium. 

The rapid, bimolecular, decay of 2 appears anom
alous. Perhaps the methyl groups in 2 are better able 
to avoid each other when 2 dimerizes than when 1 at
tempts to do so, because of the larger size of the silicon 
atoms. We are actively studying these and other sim
ilar aliphatic radicals. 
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Preparation of Di-7r-cyclooctatetraene Complexes of 
Uranium, Thorium, and Plutonium by Direct Reaction 
of the Metals with Cyclooctatetraene1 

Sir: 
We report the practical preparation of the di-7r-cyclo-

octatetraene complexes of uranium, thorium, and 
plutonium by direct reaction of the finely divided metals 
with cyclooctatetraene. These organometallic sand
wich compounds have been prepared previously by 
reaction of cyclooctatetraene dianion with UCl4,
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ThCl4,
3 and [(C2Hs)4N]2PuCl6,

4 respectively, in accord 
with the common preparation of metallocene com
pounds by reaction of a ligand anion with a metal salt. 

Previous preparations of metallocenes from the free 
metal include the treatment of magnesium5 or iron6 

with cyclopentadiene at 300-600° to produce Mg-
(C6Hs)2 and Fe(C5Hs)2, respectively, in reactions that 
may require the prior formation of cyclopentadienyl 
salts with liberation of hydrogen. A more direct tran
sition metal analogy to our synthesis is the preparation 
of dibenzenechromium, Cr(C6He)2, in centigram 
amounts by the co-condensation of vapors of chromium 
and benzene onto a cold surface.7 

The present experiments made use of pyrophoric 
uranium prepared from uranium hydride as described 
by Seaborg and Katz.8 Several cycles of formation 
and decomposition of the hydride gave a finely divided 
reactive metal. 

Reactions were generally run in sealed Pyrex tubes 
with care taken to exclude air and water. Uranium 
hydride was formed and decomposed on a vacuum line, 
and dried and degassed cyclooctatetraene was con
densed into an intermediate volumetrically calibrated 
tube and then onto the uranium. The Pyrex tube con
taining the uranium-cyclooctatetraene mixture was 
sealed off and heated in a tube furnance. Yields of 
U(C8Hg)2 were determined by triturating the sample 
with tetrahydrofuran under an inert atmosphere and 
measuring the absorbance of the 615-nm peak. The 
presence of uranocene was established unambiguously 
by the characteristic cascade of bands in the 600-700-
nm region.2 The reaction could be run with either 
uranium or cyclooctatetraene as the limiting reagent. 
The highest yield observed, 57%, was obtained in an 
experiment with excess uranium at 150° for 2.5 hr. 
The product was also isolated by sublimation from the 
crude reaction mixture. 

An interesting and significant feature of this prepara
tion is the apparent catalytic effect of traces of mercury. 
Yields were low in the complete absence of mercury, 
the presence of a mercury manometer on the vacuum 
line is sufficient to provide the catalytic effect. One 
especially noteworthy feature of this effect is that pre
vious studies of the mercury-uranium system9 indicate 
that their mutual solubility is very small. 

The analogous thorium compound, di-ir-cycloocta-
tetraenethorium(IV) or thorocene3 was formed in the 
same fashion via heating finely divided thorium metal, 
prepared from thorium hydride, with cyclooctatetraene 
at 150°. Due to its relative insolubility the thorocene 
formed was characterized by placing the reaction prod
uct inside a quartz cuvette and subliming a thin film of 
thorocene on the walls of the cuvette. The thorocene 
isolated in this manner showed a uv spectrum identical 
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with that of a sublimed film of thorocene prepared from 
ThCl4 and K2C8H8 (Xmax at 275 and 333 nm). Yields 
were not determined in the thorium reaction although 
they appear to be generally lower than in the uranium 
reaction. 

A similar procedure was used with 1.5 mmol of 
plutonium, 239Pu. A single small chunk was con
verted to finely divided metal by several cycles of hy
dride formation and decomposition and was treated 
with 0.30 mmol of dried and degassed cyclooctatetraene 
at 160° for 15 min in the absence of mercury. A red 
sublimate resulted which had the spectrum reported 
for Pu(C8H8)2.

4 

The present preparations provide a dramatic demon
stration of the thermodynamic stability of the actinide 
cyclooctatetraene complexes. Treatment of pyro-
phoric uranium with cyclopentadiene under the same 
conditions used to form uranocene failed to produce 
any detectable amounts of the known compounds 
U(C5HO3

10 or U(C6Hs)4.11 

Further studies are under way concerning this direct 
reaction. Experiments are in progress employing other 
actinide metals and substituted cyclooctatetraenes. 
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Syntheses of Intermetallic Oligomers Employing 
Transition Metal Substituted Tin and 
Germanium Hydrides 

Sir: 

The eventual synthesis of linear polymers having 
backbones comprised entirely of covalently bonded 
metal atoms is a long range goal of our laboratory.1 

Our interest in such materials stems from the expecta
tion that a coaxially oriented solid derived from such 
substances would exhibit anisotropic electron transport 
properties which would be principally dependent upon 
the structure of the individual polymer molecules. 

Consequently, we are interested in preparing metal-
metal bonds by methods which avoid strongly basic 
conditions that might sever metal chains. Most of the 
known metal-metal bond forming reactions involve a 
nucleophilic metal anion reacting with another metal 
halide.2 The paucity of alternative methods for pre
paring metal-metal bonds is not surprising when one 
considers that the great majority of carbon-carbon 
bond forming reactions employ p—w orbitals which are 
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energetically disfavored for elements beyond the first 
short period. 

Group IVa (Si, Ge, Sn) hydrides are attractive inter
mediates for intermetallic syntheses in view of three 
reactions: (a) the widely reported, base catalyzed, 
self-coupling of Sn-H groups (eq I),3 (b) condensations 

base 
2R3SnH — > - R3SnSnR3 + H2 (1) 

between Sn-H and Sn-X groups (eq 2),3 and (c) the 

R3SnH + R3 'SnX —•>- R3SnSnR3 ' + HX (2) 
X = NR 2 " , NArCHO 

additions of group IVa hydrides to polynuclear metal 
carbonyls4 (cf. eq 3). Reaction c is the method of 

2Ph2SiH2 + Co2(CO)8 — > 2HPh2SiCo(CO)4 (3) 

choice for preparing silicon to transition metal bonds4a 

and a few cases have been reported for simple germa
nium415 and tin hydrides;40 however the latter afford 
low yields and complex mixtures.40 

We decided to study transition metal substituted 
germanium and tin hydrides as models for metal-metal 
bond forming reactions which might be employed in 
polymerizations of metallic monomers. At the outset 
of this work a few examples of transition metal sub
stituted germanium hydrides were known5 but the tin 
analogs were not. Reduction of the requisite tin 
and germanium chlorides6 with (/-Bu)2AlH afforded 
transition metal substituted tin and germanium hy
drides in good to excellent yields (eg., eq 4). Using 

hexane 
[(OC)6Mn]2SnCl2 + 2(/-Bu)2AlH >• H2Sn[Mn(CO)5]2 (4) 

this method the following hydrides were prepared and 
characterized:8 1, (OC)5MnSnPh2H (oil); 2, (OC)5-
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(6) Prepared by the metathetical reaction of the appropriate transition 
metal carbonyl anion with the corresponding tin or germanium chloride. 
Physical and spectroscopic properties were consistent with the formula
tions and agreed with those previously reported.7 

(7) R. D. Gorsich, J. Amer. Chem. Soc, 84, 2486 (1962); J. A. J. 
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(8) Characterization of the complexes by elemental analyses, mo
lecular weight measurements, infrared spectra in the >*co region, and 
pmr spectra was in agreement with our formulations. For example, 
the complexes H2Sn[Mn(CO)5I2 and HPh2GeRe(CO)5 show sharp 
singlets in the pmr spectra for the hydride protons at T 6.10 and 4.55, 
respectively. 
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