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The Interrupted Pauson—Khand Reaction Table 1
Entry Enyne? Cyclopentenone Yield®©
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The thermal or amine oxide promoted Paus&mand 5 5 CNB 9 75 [15]
reactiort of a dicobalt hexacarbonyl complexed enyne normally 3 7 (CH2)20TBS 10 59
gives rise to bicyclic enones (eq 4j. During the course of g ; E‘H oh ‘1’1 %
our studies on the PauseKhand reaction we discovered a new 2
enone from the thermal reaction of dicobalt hexacarbonyl — Q
complexed enynel. Thermolysis of 1 under a nitrogen To-N > TS_N/JG\/\
atmosphere yielded not only the bicyclic en@ieut also enone R
31in 20—40% yields as a byproduct of the reaction. Inspection
of the unexpected monocyclic product revealed that oxygen had 12 13 55 [10]
been incorporated without carbon monoxide insertion and that o
cyclization to form the second ring had not proceeded in the — CgHq7
normal fashion. This presumably occurs via enyne cycloaddi- >@:U\08H17
tion and subsequent oxidation, via adventitious oxygen, generat- =
ing only one ring instead of the anticipated two. Metearbon 7 14 15 52
bonds formed in transition metal mediated insertions or cy-
cloadditions are generally functionalized to CKA\\/NS
give products resulting from carbonyl insertibrf, reduction? Z 3
B-elimination® or further cycloaddition reactions However,
fewer examples of subsequent oxidative functionalization of the 8 16 v oHs &
O— =——C3Hy o]
e T S
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metal-carbon bond have been reporfedt Herein we describe
the development of the interrupted intramolecular Patson
Khand reaction.
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2 Refers to the dicobalthexacarbonyl complexed enyiéelds in
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diene was also isolated, see ref 1830% of the corresponding diene
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The incorporation of oxygen without carbon monoxide
insertion strongly suggested that molecular oxygen could be
responsible for altering the anticipated outcome of the normal
intramolecular enyne cycloaddition. Following that assumption,
thermal cycloaddition ofl at 70°C in an open flask yielded
enone3 as the major product along with small amounts of
Pausor-Khand enone. Further refinement and modification
of the specific reaction conditions involved dilution of the cobalt
complexed enyne to 0.003 M in toluene, use of a rapidly stirred
heated oil bath, and an atmosphere containing controlled
amounts of oxyge#? One atmosphere (balloon) of com-
mercially available compressed gas mixtures were used, either
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air, 5% oxygen in nitrogen, or pure oxygen. Results from Scheme 1

reactions of a series of substituted enynes are listed in Table 1. N N

In entries +9 we have successfully inhibited the “normal” mo,\co . 2 co
Pauson-Khand process. However, the cobalt-complexed enyne oc” ~co — oc/c Q<CO
in entry 9 began to form the PauseKhand product even at 0C A €O oC g CO
ambient temperature. Consequently, subsequent heating of the

corresponding dicobatthexacarbonyl complex, under different ’ ‘

oxygenated atmospheres, further promoted the undesired Pau-

sorn—Khand cycloaddition resulting in the formation of a 3:1:1
mixture of interrupted PauserKhand enonel9:. Pausor-
Khand enone:1,3-dief&in 92% overall yield. As shown in

entries 10 and 11, we found that, regardless of the reaction
conditions used, substrates with 4 atom tethers between the

alkene and alkyne did not give rise to the interrupted Patson
Khand enone but rather gave the normal Pat$drand product
(40 and 30% vyields, respectively), and in the case of e2ghe
30% of the corresponding dielawas also observed.

The actual role of molecular oxygen in interrupting the normal
Pausor-Khand reaction is unclear. The generally accepted
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mechanistic hypothesis for the normal enyne to enone process
is outlined in Scheme 214 Initial ligand exchange A—C)
presumably occurs via a dissociative process. The following
metallacycle-forming stepd—D) is proposed to be both rate
limiting and product determining. Subsequent insertion of
carbon monoxide into a cobalt carbon bonD—E) and
reductive coupling generates the observed Pauktwand
bicyclic enone. While elaborating on the function of oxygen
in the process is not possible at this time, it seems plausible to
propose that both the normal and interrupted Pausdrand
products arise via a common metallacyclic intermediatep.e.
in Scheme 1. The interception @ by molecular oxygen,
perhaps at the metal center, could inhibit carbon monoxide
insertion, and therefore be responsible for driving the reaction
toward the observed enorfe

In summary, we have demonstrated that use of an oxygenated
atmosphere can cause a change in the normal Patdtand
reaction pathway leading to monocyclic enones instead of the

into a pressure equalizing addition funnel. To the receiving flask 10 mL of anticipated bicyclic ones from thermolysis of dicobalt hexa-

toluene was added and the entire apparatus was placed under an atmosphe,

of air at room temperature for 10 min. The receiving flask was then allowed
to come to 9C°C and the solution of the cobalt complex was added dropwise
over a period of 20 min. The reaction was then stirreddh at 90°C

under the atmosphere of air. The solution was allowed to cool, and the

&arbonyl complexed enynes. Further work on this reaction is
in progress and other results will be reported in due course.
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