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acid derivative 7, which slowly rearranges to the insertion product 
8a. 

Oxygen-substituted metallacycle 5b also undergoes insertion 
reactions. Addition of carbon dioxide to a benzene solution of 
5b leads to rapid insertion into the metal-oxygen bond, giving 
metallacarbonate 8b as the exclusive product by 1H NMR 
spectrometry (isolated as a yellow powder; 80% yield; vco = 1644 
cm"1). No intermediate analogous to that observed with 5a was 
detected. On treatment with tert-butyl isocyanide, 5b gives mainly 
insertion product 6b. The isonitrile reacts much less rapidly with 
5b than with 5a; the reaction requires heating at 45 0C for several 
days to reach completion. Reaction of 5b with fer/-butyl iso-
cyanate is more complex and leads to a mixture of products. 

Although insertion of organic molecules into the M-O and 
M-N bonds of metallacyclobutanes 5a and 5b occurs readily, our 
attempts to find conditions under which aziridine or epoxide are 
extruded have so far not met with success. However, there are 
many situations in which a given type of complex resists reductive 
elimination when it incorporates a third-row metal but is much 
more reactive when it incorporates a first- or second-row metal. 
We therefore plan to extend our studies of 2-oxa and 2-aza-
metallacyclobutanes to rhodium and cobalt, so that the chemistry 
of these materials can be compared with that observed with 
iridium. 

Acknowledgment. We are grateful to the National Institutes 
of Health for financial support of this work through Grant no. 
GM25459 (to R.G.B.) and through a NRSA postdoctoral fel­
lowship (to J.C.H.). We also thank the Johnson-Matthey Co. 
for a generous loan of iridium. 

Supplementary Material Available: Spectroscopic and analytical 
data for complexes 2a, 2b, 4, 5a, 5b, 6a, 6b, 7, 8a, 8b, and 9 and 
details of the structure determination for complex 4, including 
experimental description, ORTEP drawings showing full atomic 
numbering and packing in the crystal, crystal and data collection 
parameters, general temperature factor expressions (5's), root-
mean-square amplitudes, positional parameters and their estimated 
standard deviations, and intramolecular distances and angles (20 
pages); table of observed and calculated structure factors for 4 
(17 pages). Ordering information is given on any current 
masthead page. 

Rapid, Reversible Intramolecular C-H Oxidative 
Addition and Hydrogen Exchange in a Heterodinuclear 
"Early-Late" Transition-Metal Complex 

Eric N. Jacobsen, Karen I. Goldberg, and 
Robert G. Bergman* 

Department of Chemistry, University of California 
Berkeley, California 94720 

Received January 11, 1988 

Information about how C-C and C-H bonds are formed and 
cleaved by systems utilizing two transition metals having very 
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different electronic properties' should be obtainable by studying 
early-late dinuclear complexes having alkyl and hydride ligands 
attached to both metal centers. So far, however, very few com­
plexes of this type have been described.2 In this paper we wish 
to report the synthesis and chemistry of such a system involving 
tantalum and platinum (complex 3 in Scheme I). We have 
observed a transformation in which the methyl group bound to 
Ta undergoes intramolecular C-H insertion at an adjacent Pt 
center, leading to the new bis-^-methylene hydride (5). Mech­
anistic studies provide evidence that this insertion is stereospecific, 
rapid, and reversible. 

Bridging methylene complex 3 was synthesized3 in 71% yield 
by reaction OfCp2(CH3)Ta(CH2) (I)4 with (PMe3)2Pt(C2H4), 
and its geometry was unambiguously determined in a single-crystal 
X-ray diffraction study (Scheme I).5 The Ta-CH3 and Jt-CH2 
groups reside on the same side of the metal-metal bond. Addition 
of excess PMe3 to 3 in toluene at room temperature caused in­
stantaneous formation of Pt(PMe3)/ and regeneration of mo­
nonuclear methylene complex 1, as determined by 1H and 31P 
NMR analysis. To our knowledge, this is the first reported 
example of fragmentation of a /u-alkylidene complex to give an 
isolable mononuclear alkylidene complex.7"9 In the absence of 
added ligand, however, thermal decomposition of 3 occurred in 
benzene over several hours at 40 0C to give a mixture of 1, 
Pt(PMe3) 4, and a new bis-Cp-containing product in a 1:1:2 ratio. 
An identical mixture of products was obtained within an hour upon 
photolysis of 3. Spectrometric and X-ray diffraction studies5 (see 
Scheme I for ORTEP and line drawings) identified the new material 
as 5: a bis-^-methylene hydride complex formed by oxidative 
addition of a tantalum-methyl C-H bond across the platinum 
center. 1H NMR observations identified a terminal hydride ligand 
in 5, oriented cis to one of the bridging methylene groups and trans 
to the other. 

Kinetic and isotope labeling experiments revealed the following 
information about the interconversions of complexes 1, 3, and 5: 
(a) The thermal conversion of 3 to 5 is a smooth first-order process 
(A: = 3.3 X 10"4 s"1 in benzene at 40 0C), with AT/* = 23.4 ± 
0.4 kcal/mol and AS* = 0.4 ± 0.5 eu.10 (b) 1H NMR spin 
saturation transfer experiments" demonstrated that /U-CH2/ 
hydride exchange in 5 occurs,12 but interchange takes place with 
only the hydrogens on the CH2 group cis to the hydride. The 
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activation parameters for this process are 18.2 ± 0.4 kcal/mol 
and -0.1 ± 1.1 eu for AH* and AS*, respectively.10 We suggest 
an intermediate closely resembling 6 to account for this exchange.13 

(c) In C6D6 at 20 0C, complex 5 undergoes exchange of hydrogen 
with D2 at the hydride position and at a /U-CH2 position. However, 
as observed in the saturation transfer experiments, the CH2 group 
cis to the hydride undergoes exchange rapidly; deuterium is in­
corporated much more slowly into the trans CH2 group. We 
suggest that the rapid cis exchange occurs by incorporation of D 
into the platinum-hydride position via intermediate 7 followed 
by scrambling into the cis CH2 group via the 5/6 equilibrium, 
discussed above. The stereoselectivity of the M-CH2 exchange 
requires that the Pt-bound D and L ligands retain their stereo­
chemistry in 7.14 (d) The overall conversion of 1 to 5 is completely 
reversible. Thus, reaction of 5 with PMe3 proceeded smoothly 
at room temeperature over several hours, affording excellent yields 
of 1 (86%) and Pt(PMe3)4 (95%). Disappearance of 5 in the 
presence of an excess of PMe3 at -50 0C cleanly obeyed pseu­
do-first-order kinetics but was substantially faster than the S to 
6 interconversion whose rate was measured, as discussed above, 
using saturation transfer techniques.^5 A plot of the observed 
rate constant kobsi versus the concentration of PMe3 was linear 
and showed no evidence for saturation behavior at high [PMe3], 
indicating that the rate law for this process is second order overall: 
first order in [5] and first order in [PMe3]. 

Our observation that the PMe3-induced conversion of 5 back 
to 1 (which, undoubtedly, proceeds via the initial formation of 
3) takes place more rapidly than the conversion of 5 to 6 requires 
that intermediate 6, although in equilibrium with 5, is not the 
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lowest energy reaction pathway in the 5 to 3 interconversion. 
Instead, PMe3 adds initially, most likely16 leading to Pt-bonded 
phosphine adduct 4, and reductive elimination to 3 occurs in a 
second step. This conclusion is significant with respect to the 
mechanism of the "forward" reaction, the decomposition of 3 to 
produce 5. The principle of microscopic reversibility demands 
that because (in the presence of PMe3) the fastest 5 to 3 conversion 
proceeds via intermediate 4, the most rapid 3 to 5 conversion must 
also proceed by this route.17 Due to the stereochemical ar­
rangement of the ligands in 3, it is likely that an intramolecular 
isomerization step places the methyl group in the proximity of 
the Pt atom prior to the C-H oxidative addition. 

Work is continuing on the chemistry of ̂ -methylene complexes 
3 and 5 and on the reactions of tantalum alkylidene complex 1 
with other coordinatively unsaturated late transition-metal com­
plexes. 
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