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Transition metal-mediated C-C bond cleavage has received
much attention in recent years.1 Oxidative addition of a C-C
bond onto a transition metal provides a direct method to break a
C-C bond.2 Catalytic reactions involving this elementary step,
however, are still limited due to the inertness of C-C σ-bonds
toward transition metals.3,4 On the other hand, while common
with alkali metal and alkali earth organometallics, C-O bond
cleavage byâ-oxygen elimination has been observed more rarely
in late transition metal systems.5,6 We recently found that the
bond between the carbonyl carbon and theR-carbon of a
cyclobutanone is catalytically cleaved by a rhodium(I) complex.4

We envisaged that situating an ether linkage appropriately in the
substrate would lead to development of a new domino sequence
in which C-C and C-O bonds are sequentially cleaved.

We report herein successive cleavage of C-C and C-O bonds
catalyzed by a cationic rhodium complex having a bidentate
diphosphine ligand. Furthermore, this study provides a striking
example wherein a slight modification of the tether length of an
employed diphosphine ligand completely changes the reaction
course.

Cyclobutanone equipped with a phenoxymethyl side chain (1a)7

was heated in refluxing xylene in the presence of [Rh(nbd)(dppe)]-
PF6 (2a, 5 mol %)8,9 and diphenylacetylene (20 mol %). After

24 h,1a was consumed, and chromatographic isolation afforded
olefinic ester5a in 88% yield.10 The production of5a can be
explained by assuming the pathway pictured in eq 2. Initially,
rhodium(I) inserts into the bond between the carbonyl carbon and
the R-carbon of 1a.11 The resultant five-membered cyclic
acylrhodium intermediate3 undergoesâ-oxygen elimination,
rather thanâ-hydrogen elimination5a,6a,12to produce acylrhodium
coordinated by a C-C double bond (4). Subsequent reductive
elimination gives rise to the olefinic ester5a and rhodium(I).

When the reaction was carried out in the absence of diphenyl-
acetylene, the yield of5a decreased to 46%. It is assumed that
â-oxygen elimination of3 to form 4 is reversible and that
diphenylacetylene coordinates to the rhodium of4 to expel the
olefinic moiety from the coordination sphere, thus promoting the
reaction forward.

Other examples of successive cleavage of C-C and C-O
bonds are shown in eqs 3 and 4. Spirocyclobutanone1b7 yielded

the corresponding olefinic ester5b in 91% yield. The reaction
of cyclobutanone having a hydrogen atom at the 3-position (1c)7

also resulted in the formation of olefinic ester5c.
A surprising ligand effect was found during the course of a

detailed examination of the reaction conditions. The reaction
pattern of 1a was completely changed when the bidentate
phosphine ligand dppe was replaced with dppp,8 where the two
phosphorus atoms are separated by a three-carbon tether instead
of a two-carbon chain. In contrast to when the dppe was used to
give the olefinic ester5a, the [Rh(nbd)(dppp)]PF6-catalyzed
reaction of1a furnished cyclopentanone7a in 81% isolated yield.
No formation of5a was detected by capillary GC analysis of the
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reaction mixture.13 It is likely that, as is the case with dppe, the
olefin-coordinated acylrhodium intermediate4 is initially formed
through successive cleavage of C-C and C-O bonds. Then,
instead of undergoing direct reductive elimination,4 recyclizes
to a six-membered acylrhodium614 by addition of the Rh-O
linkage across the C-C double bond15 in a 6-endo mode.16

Finally, reductive elimination forming a C-C bond affords7a.

When an analogous reaction of1a catalyzed by [Rh(nbd)-
(dppp)]PF6 (2b) was carried out in the presence of diphenylacety-
lene (20 mol %), the olefinic ester (5a) was produced (76%) in
preference to7a (9%). This result can be explained by assuming
that diphenylacetylene drives out the internal coordination of the
olefinic moiety of4 to disfavor recyclization.

A third distinct and exclusive reaction pathway of1a was
identified when the bidentate diphosphine ligand dppp was
replaced with dppb.8 As reported previously,4b 1a having an
ether side chain underwent simple decarbonylation when catalyzed
by [Rh(nbd)(dppb)]PF6 (2c).9 Decarbonylated cyclopropane8a,
keeping the ether side chain intact, was exclusively formed

(96%).17 The wider P-Rh-P angle with dppb may cause larger
steric repulsions to favor a four-membered rhodacycle rather than
a five-membered one, thus promoting expulsion of the carbonyl
group from the five-membered cyclic skeleton.

Similar discrete product selection dictated by the diphosphine
ligand was observed with the benzyl ether analogue1d7 of the
cyclobutanone1a as shown in eq 7.

Among the three pathways, however, the reaction that forms
cyclopentanone lacks generality. For example, olefinic ester5b
was obtained in 86% yield from cyclobutanone1b even when
2b was used as the catalyst.18

In summary, new rhodium-catalyzed domino sequences were
identified in which C-C and C-O bonds were successively
cleaved. A highlight is that the reaction patterns of the cyclo-
butanones1a and1d are affected enormously by the employed
bidentate diphosphine ligand. As the length of the carbon tether
between two phosphorus atoms was extended from ethylene to
trimethylene to tetramethylene, different compounds, ring-opened
olefinic ester, recyclized cyclopentanone, or decarbonylated
cyclopropane, were obtained respectively from the same reactant.
The mechanistic explanation for this unprecedented dramatic
divergence deserves careful study but could be very difficult to
work out. While the observed divergence presently requires
certain substitutions in the substrate, it clearly demonstrates the
possibility of controlling the reaction course itself by slight
modifications of the ligand of a transition metal catalyst.
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