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having the free coordination site and low steric hindrance 
that are presumably necessary for methyl exchange, leads 
to fast scrambling of the methyl labels.13 We suggest that 
this same intermediate is responsible for methyl exchange 
in the thermal decomposition of 2 .  Thus, 9 (and 3) may 
reasonably form in (or following) the rate-determining step 
in the thermal decomposition of 2, after which 9 can be 
trapped by triphenylphosphine to give 6. However, 9 
might also react with 8 (resulting in methyl exchange) prior 
to trapping by triphenylphosphine. If this hypothesis is 
correct, then reaction of 2 and 8-d3 (Scheme 11) ought to 
result in a high degree of methyl exchange between the 
carbyne decomposition product 6 and 8-d3. In fact, nearly 
a 1:l mixture of 6 and 8 was observed after 3 h at 65 OC. 
Thus while it will be impossible (at least in this particular 
system) to determine if methyl scrambling occurs during 
the migration from oxygen to iron, it clearly occurs among 
the products under the reaction conditions. 

Work is continuing in our laboratory to elucidate the 
details of the cis-trans isomerizations and the methyl ex- 
change and carbyne decomposition reactions described 
above, as well as to introduce the additional p-methylene 
moiety in place of the y-carbonyl ligand. 
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Summary: The preparation and isolation of the first ex- 
amples of three new types of cyclopentadienyl oxo alkyl 
complexes are described. The complexes ($-C,H,)W- 
(O),(CH,SiMe,), 1, (T~-C~H,)W(O)(CH,S~M~J,, 2, and 
(q5-C,H,)W(0)(CHSiMe3)(CH,SiMe,), 3, have been char- 
acterized by conventional spectroscopic methods, and 
the molecular structures of 1 and 2 in the solid state have 
been determined by single-crystal X-ray crystallography. 

Interest in molecules which contain both organic and oxo 
groups attached to a metal atom derives from the expec- 
tation that their characteristic chemistry will provide some 
insight into how metal oxides heterogeneously catalyze 
various organic transformations.' Recent reports con- 
cerning the preparation and characterization of diverse 
organometallic oxo complexes such as ( T ~ - C ~ R ' ~ ) R ~ O ~  ( R  
= H2 or Me3), (v5-C5H5)Re(0)Me2,2bb Re(0)I(MeC=CMe)2,4 

(1) Sheldon, R. A.; Kochi, J. K. "Metal Catalyzed Oxidations of Or- 
ganic Compounds"; Academic Press: New York, 1981. 
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and W203(CH2CMe3)65 suggest that these types of com- 
pounds may be more accessible than was previously be- 
lieved? Indeed, during our investigations of the chemical 
properties of (v5-C5H5)W(NO)(CH2SiMe3)2,7 we have en- 
countered the first examples of three new types of cyclo- 
pentadienyl oxo alkyl complexes. Consequently, we now 
wish to report the isolation and characterization of these 
compounds 1-3 depicted below (R = CH2SiMe3). 

1 2 3 

Compound 1 may be conveniently synthesized by ex- 
posing a hexanes solution of (v5-C5H5) W(NO)(CH2SiMe3!2 
to an atmosphere of O2 overnight, i.e., eq 1, and it is 

isolable from the final reaction mixture as analytically 
pure, white crystals in 65% yield by fractional crystalli- 
zation. Compound 2 is formed as a byproduct during the 
preparation of (v5-C5H5)W(NO) (CH2SiMe3)2 from [ (v5- 
C5H5)W(NO)12]27 if an excess of Grignard reagent is em- 
ployed. It is separable by chromatography of the dried 
reaction residue on Florisil with hexanes as eluant and is 
obtainable from the eluate as lemon yellow crystals in 3% 
yield (based on W) by subsequent crystallization. Com- 
pound 3 results from the thermal decomposition of solid 
(V~-C,H,)W(NO)(CH~S~M~~)~, Le., eq 2, and is isolable as 

(I~~-C,H,)W(O) (CHSiMe3)(CH2SiMe3) + other products 
(2) 

a crystalline, pale yellow solid in 40% yield by fractional 
crystallization of the final mixture from hexanes. Inter- 
estingly, the alkylidene compound 3 is also obtainable in 
virtually quantitative yields by the thermal decomposition 
of 2, i.e., eq 3. This is the first instance of an oxo alkyl 

(T~-C,H,)W(O)(CHS~M~,)(CH,S~M~~) + Me,& (3) 

complex converting to an isolable oxoalkylidene complex, 
a possibility previously envisaged by Pedersen and 
Schrock.8 

Single-crystal X-ray crystallographic analyses of l9 and 
2'O have confirmed their monomeric natures and have 

(2) (a) Henmann, W. A.; Senano, R.; Bock, H. Angew. Chem., Int. Ed. 
Engl. 1984,23, 383. (b) Herrmann, W. A.; Serrano, R.; Kusthardt, U.; 
Ziegler, M. L.; Guggolz, E.; Zahn, T. Ibid. 1984, 23, 515. 

(3) Klahn-Oliva, A. H.; Sutton, D. Organometallics 1984, 3, 1313. 
(4) Mayer, J. M.; Tulip, T. H. J. Am. Chem. SOC. 1984, 106, 3878. 
(5)  Feinstein-Jaffe, I.; Gibson, D.; Lippard, S. J.; Schrock, R. R.; Spool, 

A. J .  Am. Chem. SOC. 1984,106,6305 and references therein. 
(6) For a general discussion of complexes containing both saturated 

and unsaturated ligands me: Taube, H. Coord. Chem. Reu. 1978,26,33. 
(7) Legzdins, P.; Rettig, S. J.; Shchez, L.; Bursten, B. E.; Gatter, M. 

G .  J. Am. Chem. SOC. 1985,107, 1411. 
(8) Pedersen, S. F.; Schrock, R. R. J. Am. Chem. SOC. 1982,104,7483 

and references therein. 
(9) Crystals of 1 are monoclinic of space group P2Jn with a = 6.3178 

(7) A, b = 19.9826 (9) A, c = 9.6923 (11) A, /3 = 93.320 (5)O, and 2 = 4. 
The structure was solved by conventional heavy-atom methods and was 
refined by full-matrix least-squares procedures to R = 0.029 and R, = 
0.032 for 2220 absorption-corrected reflections with I > 30(0 collected 
at 22 "C with Mo Kn radiation on an Enraf-Nonius CADI-F diffractom- 
eter. Hydrogen atoms were fixed in idealized positions. 
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All three compounds are thus best viewed as being 16- 
electron species, formally containing tungsten in its highest 
oxidation state of VI. Consistent with this view is the fact 
that compounds 1-3 appear to be reactive toward both 
electrophiles and nucleophiles. This reactivity and the 
mechanisms of reactions 1-3 are currently being investi- 
gated. 
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Figure 1. Molecular structure of 1, hydrogen atoms having been 
omitted for clarity. Selected bond lengths (A) and angles (deg) 
are W-0(1) = 1.716 (51, W-O(2) = 1.723 (51, W-C(6) = 2.134 (6), 
W-C&Is(centroid) = 2.107 (6), Si-C(6) = 1.880 (7), Si-C(CH3, av) 

C(S)-W-0(1) = 99.1 (3), W<(G)-Si = 115.8 (3), and C(6)Si-C(7) 
= 109.3 (4). 

= 1.858 (6), O(2)-W-O(1) = 107.8 (3), 0(2)-W-C(6) = 99.5 (3), 

Figure 2. Molecular structure of 2, hydrogen atoms having been 
omitted for clarity. Selected bond lengths (A) and angles (deg) 
are W-0 = 1.664 (8), W-C(l) = 2.311 ( l l ) ,  W-C(2) = 2.238 (7), 
W-C&(centroid) = 2.131 (6), Si-CH,(av) = 1.862 (3), Si-CH3(av) 

CsH5(centroid) = 103.0 (4), W-C(1)-Si(1) = 119.0 (6), W-C- 
(2)-Si(2) = 118.9 (3), C(l)-Si(l)-C(7) = 108.5 (5), and C(2)-Si- 
(2)-C(10) = 108.0 (4). 

revealed their normal "piano stool" molecular structures 
with mirror symmetry at  the central tungsten atoms 
(Figures 1 and 2). The most chemically interesting fea- 
tures of both structures involve the tungsten-oxygen 
linkage3 whose bond lengths (1.720 (4) 8, (av) in 1 and 1.664 
(8) 8, in 2) are consistent with the existence of W=O 
double bonds.5 

Under ambient conditions, complexes 1-3 are diamag- 
netic solids which are freely soluble in common organic 
solvents, the solutions of 2 and 3 being moderately air- 
sensitive. Their spectroscopic properties" indicate that 
their molecular structures in solution are as depicted above. 

= 1.86 (l), 0-W-C(l) = 120.8 (3), 0-W-C(2) = 90.2 (2), 0-W- 

(10) Crystals of 2 are orthorhombic of space group Cmcm with a = 
18.6342 (11) A, b = 9.8767 (6) A, c = 13.1985 (8) A, and 2 = 4. The 
structure waa solved by conventional heavy-atom methods and was re- 
fined by full-matrix leasbsquarea procedures to R = 0.028 and R,  = 0.032 
for 1562 absorption-corrected reflections with Z 2 34') collected at 22 
OC with Mo Ka radiation on an Enraf-Nonius CAD4-F diffractometer. 
The molecule (which poeeesses exact C, symmetry) was found to be 
twofold disordered about a site having crystallographic Cpy (mm2) s p  
metry. No satisfactory refinement could be achieved in the noncentro- 
symmetric space group CmPl as the disorder persisted. Hydrogen atom 
were fixed in calculated positions. 
(11) Supplementary material. 
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Summary: Dimethylsilylene Me2Si: has been trapped by 
addition to lI3-dienes in the vacuum flow pyrolysis of 
l,ldimethyCl-silacyclopent-3-ene, 1 I 1,3,4-tetramethyl-l- 
silacyclopent-3-ene, and 1,1,2-trimethyCl-silacyclopent- 
3-ene. Intramolecular rearrangement products obtained 
in the pyrolysis of the last compound point to a stepwise 
extrusion mechanism via alkenylsilirane intermediates. 

Silylenes differ markedly from carbenes in the ease with 
which their carbene-like reactions can be reversed. a- 
Elimination, the inverse of insertion, is a standard route 
for the generation of silylenes, pioneered by Atwell and 
Weyenberg.1*2 

XYzsi-siXYz -it xzYzs i  + :siYz 
X = H, halogen alkoxy, alkyl, etc. 

Y, Z = H, halogen, alkoxy, alkyl, aryl, etc. 

Extrusion of dimethylsilylene from hexamethylsilirane, 1, 
another a-elimination that is the inverse of a-addition to 
an olefin, has been developed by Seyferth as a convenient 
and mild source of Me2Si:.3 

SiMo, 
/-\'-' - Me2C=CMe2 + :SiMe, 

Me&-CMe, 
1 

'Visiting scholar from the Chengdu Institute of Organic Chem- 
istrv. Chinese Academv of Sciences. Chenndu, China. 

fij Atwell, W. H.; Wiyenberg, D. R. Angiw. Chem., Znt. Ed. Engl. 

(2) Gaspar, P. P. React. Zntermed. (Wiley) 1978, I, 229; 1981,2,335; 
1969,8, 469 and references contained therein. 

1985, 3, 333. 
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