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•Decarbonylative cyclization of terminal alkynals •Decarbonylative cyclization of 1,6-diynes
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We have recently described 
the Ru-catalyzed 
decarbonylative cyclization 
of terminal 5-and 6-
alkynals and 5-alkynones 1 
to cycloalkenes 2 in [Ru] H

NOE 7.2 %

When 1,6- terminal and monosubstituted diynes 4 were subjected to
the Ru/AcOH conditions, exo-alkylidenecyclopentane derivatives 5 were
obtained in moderate to good yields.3

( 2 )2, ( 2 )2, , 2
n = 1, 2
R = H, Me

to cycloalkenes 2 in 
moderate to excellent yields 
(Scheme 1).1

The likely mechanism of the cyclization involves the formation of Ru(II)
vinylidene species I,2 which upon nucleophilic addition of the acetic acid
affords the vinyl Ru species II. Next, an aldol-type condensation gives
the acyl Ru-hydride III, which after decarbonylation followed by
reductive elimination affords the observed cycloalkenes 2 (Scheme 2).

Scheme 1
X = C(CO2Me)2, C(CH2OR)2, NTs
R = H, Ph, CH2OMe, CO2Me, etc

XX
[Ru]

AcOH, 90ºC
28-74%

+ CO

R

R H

4 5

Scheme 4

The proposed mechanism starts with the formation of ruthenium vinylidene
V which undergoes nucleophilic addition of AcOH to afford vinyl Ru-
h d id VI hi h th h [3 2] t l dditi l d t li
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reductive elimination affords the observed cycloalkenes 2 (Scheme 2). hydride VI which, through a [3+2]-type cycloaddition, leads to cyclic
carbene Ru-hydride VII. Reductive elimination of AcOH to cyclic carbene
VIII, followed by another nucleophilic attack of AcOH gives acyl Ru-
hydride IX. Reductive opening of the ruthenacycle IX followed by
oxidative addition of AcOH with concomitant decarbonylation of X leads
to the Ru-hydride XI, which after reductive elimination affords the
observed cyclopentane derivatives 5 (Scheme 5).
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Cycloisomerization  of alkynals 
and alkynones 1 to α,β-

Scheme 2

•Cycloisomerization of terminal alkynals
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X = C(CO2Me)2, etc
n = 1, 2
R = H, Me
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unsaturated aldehydes 3 was 
achieved using CpRu(dppm)Cl as 
catalyst (Scheme 3).
In this case no decarbonylation 
takes place due to the bidentate 
nature of dppm ligand, being 
favored the reductive elimination 
of III’.

Scheme 3

Scheme 5

When disubstituted 1,6-
diynes 6a or 1,7-diynes 
6b were used, 
dienylacetates 7 were 
obtained by trapping 
rutenacycle-biscarbene4

intermediate XII with 
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