
Organometallics 1987, 6, 1811-1812 1811 

disproportionation of the radical pair to give tri-tert-bu- 
tylcyclopropene, 8, and ethoxymesitylsilylene. The silylene 
subsequently reacts with the ethanol which is present to 
give the diethoxysilane, 10.13 Similarly, we believe that 
the formation of the monoethoxysilane, 11, results from 
homolytic cleavage of the starting trisilane to give tri- 
tert-butylcyclopropenyl and mesityl(trimethylsilyl)silyl 
radicals. Since these radicals cannot undergo the same 
disproportionation reaction as does the previously dis- 
cussed radical pair, each of the radicals probably abstracts 
a hydrogen atom from the solvent system to give 8 and 
mesitylbis(trimethylsi1yl)silane. The silane may then 
photolyze to give mesitylsilylene which reacts with ethanol 
to give 11. Although we do not detect the mesityltrisilane 
in our photolysis mixtures, we have independently shown 
that this compound photolyzes much more efficiently than 
our starting trisilane. Considering the small amounts of 
11 actually formed in this photolysis (vide infra, minor 
pathway), it is possible that the steady state concentration 
of this intermediate would be too small to be detected in 
our experiment. 

Interestingly, we see little evidence for the trapping of 
valence isomers of the silylene 12. Only when 4b was 
photolyzed at  near ambient temperatures and at low 
concentrations of ethanol (0.25% v/v) can several isomers 
of the silylene-trapped product be detected. The overall 
yield of these products is less than 1 % . We believe that 
these products arise from the trapping of small amounts 
of valence isomers, and attempts to characterize these 
compounds are presently underway. 

In conclusion, the cyclopropenylsilylene 12 does not 
appear to undergo facile isomerization under conditions 
which would be favorable for the isomerization of the 
analogous carbenes and nitrenes. The origin of this dif- 
ference may lie in the relative stability of the silylene in 
respect to its closed-shell valence partners. Results of a 
recent ab initio molecular orbital calculation indeed suggest 
that cyclopropenylsilylene is nearly thermoneutral with 
silacyclobutadiene and over 30 kcal mol-' more stable than 
~i1atetrahedrane.l~ The presence of a significant activation 
barrier for the isomerization of the silylene would thus 
account for the apparent thermal stability of 12. 
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Summary: Bis(2,4,6-tri-tert-butylphenyl)germanium( I I )  
was characterized by extended X-ray absorption fine 
structure (EXAFS). 

Although germylenes R2Ge have received attention as 
reactive intermediates in synthetic chemistry and reaction 
mechanism,' there is no report on the direct observation 
of germylenes in solution. The technique of the direct 
observation of germylenes has been limited to the matrix 
isolation until now.2 In this communication, we report 
the first direct observation of germylene, bis(2,4,6-tri- 
tert-butylphenyl)germanium(II), in solution by extended 
X-ray absorption fine structure (EXAFS). 

The synthesis of bis(2,4,6-tri-tert-butylphenyl)germa- 
nium(I1) (1) was carried out similarly as described in lit- 
e r a t u r e ~ . ~ ~ ~  Thus, after the addition of germanium(I1) 
iodide (0.82 g, 2.5 mmol) to a solution of 2,4,6-tri-tert- 
butylphenyl bromide (1.63 g, 5.0 mmol) in tetrahydrofuran 
(THF) (20 mL) and n-butyllithium (5.0 mmol) in hexane 
at -78 "C, the resulting mixture was stirred at the same 
temperature for 2 h and then warmed to room tempera- 
t ~ r e . ~  

EXAFS measurements were performed by using the 
laboratory EXAFS spectrometer reported el~ewhere.~ The 
sample was transferred from a reacting vessel to a Pyrex 
flat cell (path length = 2 mm) in an argon atmosphere in 
order to avoid decomposition by moisture, and the cell was 
sealed after the sample was degassed. 

EXAFS is the most suitable method because it can tell 
the kinds of interatomic distances in the,first several co- 
ordination shells surrounding the absorbing atom in a 
multicomponent system.6 
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Figure 1. EXAFS spectra and the associated Fourier transforms 
of PhlGe (A), Ph3GeH (B), PhpGeHz (C), and Ph3Ge-GePh, (D). 

The effect of the number of phenyl rings and that of the 
Ge-Ge bond on the EXAFS spectra were studied for four 
reference materials: Ph,Ge, Ph,GeH, Ph2GeH2, and 
Ph,GeGePh,. EXAFS spectra and the associated Fourier 
transforms of the reference materials are shown in Figure 
1A-D. Extracted oscillations used to Fourier transform 
were taken over the same wave vector range of 2.8 C k < 
11 A-l. Therefore, the comparison of the coordination 
number of each Fourier transform can be done precisely. 
The peaks a, c, and d in Figure 1 correspond to the in- 
teratomic distances of Ge and the first, second, and third 
nearest carbon of the aryl ring, respectively. Indeed, a 
calculation including the phase factor shows that the peaks 
are a t  representive interatomic distances of 1.94-1.97 A, 
which agree well with the known Ge-C bond distance.7 
The heights of the peaks on the line change with the in- 
creasing number of aryl rings and serve as a ring number 
marker. The peak b is observed only for Ph,Ge-GePh,. 
It is certain that this peak at around 2.2 A corresponds to 
the Ge-Ge bond,'+ since after the correction for the phase 
factor, the interatomic distance is determined to be 2.43 

(6) For example: Lee, P. A.; Citrin, P. H.; Eisenberger, P.; Kincaid, 

(7) Rochow, E. G.; Abel, E. W. The Chemistry of Germanium, Tin, 

(8 )  Ross, L.; Drager, M. 2. Naturforsch., E Anorg. Chem., Org. Chem. 

(9) Tebbe, K. F.; Frohlich, R. 2 Anorg. Allg. Chem. 1983, 506, 27. 

B. M. Rev. Mod. Phys. 1981,53,769. 
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1983, 38B, 665. 

0276-7333/87/2306-1812$01.50/0 

Figure 2. EXAFS spectrum and the associated Fourier transform 
of 1. 

A, which coincides with the reported value of 2.44 A for 
a similar molecule. This peak is the strongest one in Figure 
lD ,  since the Ge atom has much stronger back-scattering 
amplitude than carbon. Therefore, if Ge==Ge bond exists 
in the product, the corresponding peak should appear 
prominently at around 2.2 A, in addition to those corre- 
sponding to Ge-C bonds. The number of aryl rings 
should be determined from the intensities of Ge-C peaks. 

Extracted oscillation and the associated Fourier trans- 
form of the EXAFS of the product is shown in Figure 2. 
From a comparison of extracted oscillation, the product 
is similar to that of Ph,GeH2; on the Fourier transform, 
the bond length and the intensity of the first and the 
second nearest peaks agree with those of Ph2GeH,. In 
addition, no peak is observed around 2.2 A, where the 
Ge-Ge bond is expected if it exists a t  all. Therefore, 
EXAFS results clearly show that the local structure around 
Ge atoms in the product has only two aryl groups and does 
not have Ge=Ge bond. Therefore, the structure of the 
product is concluded to be a carbene structure. 
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Summary: [Ti(NMe,),] reacts with [FeH(CO),(Cp)] to 
form [(NMe2)3TiFe(CO),(Cp)] (l), by the elimination of 1 
equiv of "Me,. This compound was spectroscopically 
characterized, and its structure was determined by sin- 
gle-crystal X-ray diffraction (R = 4.0%, R ,  = 4.4%). 
There is a direct, unsupported bond between iron and 
titanium in 1, with bond lengths of 2.567 (1) and 2.569 (1) 
A in two independent molecules. The relative orientation 
of the ligands on iron and titanium suggests that there 
may be a r-component of the metal-metal bond. Amide 
methyl groups distal to iron show unusually obtuse Ti-N-C 
angles of about 130'. Analogous complexes with alk- 
oxide ligands on titanium are more labile than 1. 
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