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Catalysis of Siloxane Metathesis by 
Cyclometalladisiloxanes. Mechanistic Similarities 
to Olefin Metathesis Catalysis 

Sir: 

We wish to report that small-ring metallocycles of type 
I catalyze the disproportionation of 1,1,3,3-tetramethyldisi-

/ \ 
I 

loxane (TMDS) into dimethylsilane and higher siloxane oli
gomers (eq 1). 

(n + I)TMDS 

— Me2SiH(OSiMe2^OSiHMe2 + AtMe2SiH2 

WDnW
 [ ' 

In this reaction strong Si-O bonds are broken and re-formed 
at room temperature in a neutral milieu. To our knowledge, 
this represents the first observation of Si-O bond rearrange
ments under such mild conditions.12 

Eaborn et al.3 prepared the first complex of type I, 
L2Pt(SiMe2OSiMe2), by refluxing a benzene solution of 
TMDS with L2Pt(C2H4) (L = Ph3P). We have prepared the 
palladium analogue from TMDS and L2PdCl2. The metallo-
cycle, L2Pd(SiMe2OSiMe2), mp 142 0C dec, is obtained in 
20-30% yield following purification by column chromatog
raphy over Florisil (1H NMR 8 7.2 (15, Ph), 0.1 (6, Me)). The 
iridium metallocycle, L2Ir(CO)(H)(SiMe2OSiMe2) (II), was 
prepared by stirring a benzene solution of TMDS with Vaska's 
compound at room temperature for ~20 min. Complex II melts 
at 150 0C dec and exhibits VQO and eirH bands at 1950 and 
2030 cm -1, respectively. The methyl resonances of II occur 
as two equally intense singlets at 8 0.2 and 0.4, showing that 
the methyl groups are in nonequivalent environments in solu
tion. 

Wilkinson's catalyst, L3RhCl, also reacts readily with 

Figure 1. ORTEP drawing of the structure of hydrido-l,3-(l,l,3,3-tetra-
methyldisiloxanyl)carbonylbis(triphenylphosphine)iridium(III). 

TMDS to give a pale yellow solution, from which a bright 
yellow powder can be isolated. This substance is thermally 
labile and rapidly darkens at room temperature under a ni
trogen atmosphere. The powder decomposes at 135-140 0C 
and its 1H NMR spectrum shows a phenyl multiplet at 8 7.2 
(15) and a methyl singlet at 0.2 (6). No RhH peak is observed 
in the IR. The exact nature of this complex is not yet estab
lished, although the IR spectrum in the SiOSi region resembles 
those of the platinum and palladium metallocycles. 

The molecular structure of the iridium metallocycle (II) has 
been determined by x-ray diffraction.4 Figure 1 is an ORTEP 
drawing of the structure of the inner coordination sphere. The 
hydrogen presumably sits in the vacant coordination site below 
the basal plane. The IrSiOSi ring is folded along the Si-Si axis 
so that the displacements from the mean plane of the four 
atoms are Ir (-0.04), Si (+0.06), Si (+0.06), and O (-0.08) 
A. The iridium is also displaced 0.26 A out of the basal P2Si2 
plane toward the carbonyl group. The Ir-Si bond distances are 
essentially identical at 2.40 A and are just slightly longer than 
the Ir-P distance, 2.38 A. Hence, the Ir-Si distances appear 
to be normal, since the covalent radii of P and Si are within 0.04 
A of each other, as judged by a variety of P-X and Si-X bond 
lengths.5 The Si-O bond lengths are 1.67 and 1.70 A and ap
pear to be slightly longer than Si-O bonds in unstrained si
loxanes (av Si-O =* 1.63-1.65 A).5'6 

The angles associated with the IrSiOSi ring reflect the strain 
in this system. The internal angles are 99.6° (SiOSi), 97.5° 
(IrSiO), and 64.6° (SiIrSi). In an ideal octahedral complex, 
the SiIrSi angle would be 90°, so that the observed angle re
flects the small bite angle of the SiOSi chelate. The SiOSi 
angle is also greatly compressed. In linear and higher cyclic 
siloxanes, the SiOSi angle falls in the 130-160° range.5 The 
large SiOSi angle in siloxanes has been ascribed to the effects 
of (p-d) TT bonding, so that a decrease of this angle may reflect 
some loss of (p-d) T back-donation from oxygen. This in turn 
would lead to a weakening (and lengthening) of the Si-O bond, 
as observed. 

The catalytic effect of metallocycles I on excess TMDS is 
remarkable in that catalytic amounts of these metallocycles 
induce a disproportionation of TMDS into dimethylsilane and 
higher polysiloxanes, E'D„E' (eq 1). In addition, the rhodium 
complex gives cyclic, D3 and D4, oligomers. The platinum and 
palladium metallocycles are poor catalysts for eq 1. The rates 
are low and the catalytic effect diminishes after a few turn
overs. On the other hand, the iridium and rhodium catalysts 
seem to be indefinitely active, the reactions are clean and rapid 
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at room temperature, and the catalyst may be recovered as long 
as excess TMDS is present. 

To date, all the data which we have are consistent with a 
mechanism in which the cyclometalladisiloxane ring cleaves 
to form a coordinated dimethylsilylene and a coordinated 
S i = O double bond (Scheme I).7 '8 This step is analogous to the 
scission of metallacyclobutane intermediates in proposed 
mechanisms for the olefin metathesis reaction.9 A sequence 
of oxidative-addition reactions of Si-H bonds and reductive-
elimination of S i -O bonded species results in the initial for
mation of E'DE' and dimethylsilane as shown in Scheme I. As 
the concentration of E'DE' increases, this trimer may add to 
the iridium complex in place of TMDS, leading to the pro
duction of E'D2E' and dimethylsilane. The higher oligomers 
are then formed sequentially according to eq 2. 

E'D„E' + TMDS — E'D„+iE' + Me2SiH2 (2) 

The implications of our observations are several and im
portant. With proper control of rates, silicone polymers with 
perfectly alternating groups may be prepared. Stereochemi-
cally preferred configurations of the ring could lead to 
stereoregular silicone polymers in analogy with the Ziegler-
Natta catalyzed polymerization of olefins. Finally, our ob
servations represent the first demonstration that a well-defined, 
four-membered metallocycle can readily decompose under 
thermal conditions in the manner postulated for the olefin 
metathesis reaction.10 Indeed, our results suggest that such a 
decomposition mode may be general to four-membered met-
allocycles and opens the prospect of using multiple bond 

chemistry for elements which do not form stable multiple 
bonds. 
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Orbital Symmetry and the 
Benzene «=* Benzvalene Interconversion 

Sir: 

A recent review of the photochemistry of benzene1 has 
prompted me to try to clear up a misunderstanding regarding 
the application of the orbital symmetry arguments to some of 
the reactions. The particular case to which I will direct myself 
is the benzene-benzvalene interconversion. In this reaction a 
bicyclobutane entity is formed from two x bonds. Therefore 
it is of interest to consider first what can be said about this 
process in itself. 

On pp 31 and 34 Woodward and Hoffmann2 state that the 
butadiene —* bicyclobutane reaction is an example of the case 
where there is no symmetry element of the right type to analyze 
the reaction. Straightforward construction of a correlation 
diagram "can only lead to the conclusion—often false—that 
a reaction is symmetry allowed". On pp 75-78 they consider 
the reaction again. The bicyclobutanes are formed from bu
tadienes by irradiation and are found to be remarkably stable. 
The activation energy for isomerization to butadiene is 41 
kcal/mol. This thermal process is interpreted as an allowed 
[o^s+^a] reaction and the observed stereochemistry tallies. 
Apparently this conversion for which the correlation diagram 
would have shown allowed character in all modes will in fact 
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