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Transition metal-mediated -6C bond cleavage has received
much attention in recent yearsOxidative addition of a €C
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Cyclobutanone equipped with a phenoxymethyl side cHaa) (
was heated in refluxing xylene in the presence of [Rh(nbd)(dppe)]-
PR (2a, 5 mol % and diphenylacetylene (20 mol %). After

5 mol%
Me oPh [Rh(nb:j)dppe)PFs (2a) Me Me oph
Me‘t(\ 20 mol% Ph-=-Ph \
1a (6] 170 °C (bath temp), 24 h 0 3 (2)
Me i
-oxygen reductive
e?im?r?a?tion Me \ elimination Icl) Me Me
= Rh-OPh = pho-C X~
O 4 5a 88%

24 h,1awas consumed, and chromatographic isolation afforded
olefinic esterbain 88% yield® The production ofba can be

bond onto a transition metal provides a direct method to break a explained by assuming the pathway pictured in eq 2. Initially,

C—C bond? Catalytic reactions involving this elementary step,
however, are still limited due to the inertness of C o-bonds
toward transition metas?* On the other hand, while common
with alkali metal and alkali earth organometallics;-O bond

rhodium(l) inserts into the bond between the carbonyl carbon and
the a-carbon of 1a!' The resultant five-membered cyclic
acylrhodium intermediate8 undergoess-oxygen elimination,
rather tharB-hydrogen eliminatiot#21%to produce acylrhodium

cleavage by-oxygen elimination has been observed more rarely coordinated by a €C double bond4). Subsequent reductive

in late transition metal system$. We recently found that the
bond between the carbonyl carbon and thecarbon of a
cyclobutanone is catalytically cleaved by a rhodium(l) complex.

elimination gives rise to the olefinic estba and rhodium(l).
When the reaction was carried out in the absence of diphenyl-
acetylene, the yield dba decreased to 46%. It is assumed that

We envisaged that situating an ether linkage appropriately in the 5-oxygen elimination of3 to form 4 is reversible and that
substrate would lead to development of a new domino sequencediphenylacetylene coordinates to the rhodiun#db expel the

in which C—C and C-O bonds are sequentially cleaved.

M
-Cc,* o- -C—M o-
. N\ %
oxidative ©'C—C C—C" " B-oxygen
addition elimination @
— c=c i

We report herein successive cleavage oftCand 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.

olefinic moiety from the coordination sphere, thus promoting the
reaction forward.

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

5mol% 2a
OCH,Ph 20 mol% Ph-=-Ph R\Q/
——————— PhCH,0-C = 3
o) 170°C, 24 h
1b 5b 91%
Ph 5mol% 2a
(o]
OCH2Ph 14 mot% Ph-=-ph PhCH.O g\j:/
o n—b 2 (4)
170°C, 24 h 5c 83%

the corresponding olefinic est&b in 91% yield. The reaction
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ing, Okayama University, Tsushimanaka 3-1-1, Okayama 700-0082, Japan.also resulted in the formation of olefinic estsx.
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A surprising ligand effect was found during the course of a
detailed examination of the reaction conditions. The reaction
pattern of 1la was completely changed when the bidentate
phosphine ligand dppe was replaced with dppyhere 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)]Pscatalyzed
reaction oflafurnished cyclopentanori&in 81% isolated yield.

No formation of5awas detected by capillary GC analysis of the

(7) Cyclobutanone$a—d were readily prepared by [2 2] cycloaddition
of the corresponding allylic ethers with dichloroketene and the subsequent
dechlorination with zinc.
(8) nbd= 2,5-norbornadiene, dppe PhhPCHCH,PPh, dppp= PhP(CH,)s-
PPh, and dppb= PhP(CH,)4PPh.
(9) The hexafluorophosphate comple@es-c were prepared according to
a literature procedure for preparation of analogous tetrafluoroborate com-
plexes: Green, A.; Kuc, T. A.; Taylor, S. H. Chem. Soc. A971, 2334.
The details of the syntheses and crystal structures will be reported separately.
(10) Monitoring the reaction by capillary GC revealed that decarbonylated
cyclopropaneBa was formed as a sole side produst4(5%), and formation
of cyclopentanon&a was not observed.
(11) Whereas a less substituteebond is cleaved in the hydrogenolysis
of an ordinary cyclobutanorféthe more substituted-bond is cleaved in the
present case. It is likely that coordination of the ether linkage to rhodium
facilitates insertion into the more substituted but proxinmateond.
(12) Milstein, D.; Calabrese, J. Q. Am. Chem. S0d.982 104, 3773.
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reaction mixturé? It is likely that, as is the case with dppe, the
olefin-coordinated acylrhodium intermediatés initially formed
through successive cleavage of-C and C-O bonds. Then,
instead of undergoing direct reductive eliminatidniecyclizes
to a six-membered acylrhodiudt* by addition of the RRO
linkage across the €C double bon# in a 6-endo mode?®
Finally, reductive elimination forming a-€C bond affordsra.
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When an analogous reaction @& catalyzed by [Rh(nbd)-
(dppp)]PkK (2b) was carried out in the presence of diphenylacety-
lene (20 mol %), the olefinic esteb&) was produced (76%) in
preference t@a(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 b& was
identified when the bidentate diphosphine ligand dppp was
replaced with dppB. As reported previousl§? 1a having an
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(96%)1” 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 analogydeof the
cyclobutanonela as shown in eq 7.

5 mol% 2a
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9 Me Me

-
170°C,24 h 5d 81%
Me
Me
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R E———
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5mol% 2¢ Me
————————— Me OCHyPh
170°C, 12h
8d 80%

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

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-
butanonedla and 1d are affected enormously by the employed
bidentate diphosphine ligand. As the length of the carbon tether

ether side chain underwent simple decarbonylation when catalyzedyetween two phosphorus atoms was extended from ethylene to

by [Rh(nbd)(dppb)]PE(2¢).° Decarbonylated cyclopropaida,
keeping the ether side chain intact, was exclusively formed

Me 5 mol% Cco
Me OPh [Rh(nbd)dppb]PFg¢ (2¢) expulsion

| 3

o 170°C, 12h
1a (6)
Me reductive Me
Me OPh elimination

Ah —» Me OPh

|

Cco 8a 96%

(13) Decarbonylated cyclopropai@a was observed by GC as the only
side product £12%).
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(15) For addition of a RRO linkage across a €C double bond, see:
Evans, J. A.; Russell, D. R.; Bright, A.; Shaw, B. Chem. CommuriL971,
841.

(16) Alternatively, recyclization of by addition of the RkR-C linkage across
the C-C double bond in &-endomode followed by reductive elimination
forming a C-O bond is also conceivable for the production7at

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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(17) Neither5a nor 7a was detected by GC.

(18) The reaction oflb catalyzed by the dppb complec afforded the
corresponding decarbonylated cyclopropaie in 93% vyield, being in
accordance with other examples.




