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Abstract: A  novel   carbonylative   decomplexation   of   alkyne-
dicobalt hexacarbonyls, i. e. hydrocarbamoylation of alkynes, was
carried out by reaction of the complexes with 10 equiv. of primary
and secondary amines.
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It is known that ‘hard’ Lewis bases, such as amines and al-
cohols, on low-valent organotransition metal complexes
make the existing ligands labile and reactive.1 We utilized
this effect for the promotion of the Pauson-Khand
reaction2 by treatment with primary amines and ammo-
nia.3 The intermolecular Pauson-Khand reaction of 1a
with a reactive alkene, such as norbornene, in the presence
of cyclohexylamine proceeded smoothly to give the de-
sired cyclopentenone 2 in a good yield. In contrast, an at-
tempted reaction of an allyl ether resulted in the recovery
of the starting material. It was, however, found that 1a
was converted to an a,b-unsaturated amide 3a in the pres-
ence of the amine (Scheme 1).

Scheme 1

This reaction corresponds to a hydrocarbamoylation of
alkynes, i. e. a novel carbonylative decomplexation of
alkyne-dicobalt hexacarbonyls.4 Hydrocarbamoylation of
alkynes has not been well developed and a major contri-
bution in this area is restricted to the nickel catalyzed re-
action.5 Usually, synthesis of a,b-unsaturated amide from
alkynes was carried out by hydrohalogenation followed
by carbonylative amidation catalyzed by palladium com-
plexes.6 There is no report that cobalt carbonyl complexes

mediate the hydrocarbamoylation of alkynes. Further-
more, except the Pauson-Khand reaction and the cyclotri-
merization of alkynes,7 there was no report to construct a
carbon-carbon bond on the alkynes complexed with dico-
balt hexacarbonyls directly. Therefore, we started to in-
vestigate this novel carbonylative decomplexation
reaction.  Results  of  the  reaction  of  1a  with   cyclo-
hexylamine under various conditions are summarized in
Table 1.

When 1.2 equiv. of the amine were used, the desired 3 was
produced in a low yield along with 1,2,4-triphenylbenz-
ene (Entry 1). Increase in the amount of the amine im-
proved the yield (Entries 1, 2, and 5), and use of more than
10 equiv. of the amine under argon atmosphere gave the
satisfactory result (Entry 5). Comparison of Entries 2-4
revealed that the employment of prolonged reaction time
and a carbon monoxide atmosphere did not have an influ-
ence on the reaction. While the decomplexation proceed-
ed at lower temperatures (Entry 6), the desired
hydrocarbamoylation took place at higher temperatures
(Entry 5). Solvents had an influence on the efficiency of
the reaction. Although the use of 1,2-dichloroethane,
which is the best solvent in the primary amine-promoted
Pauson-Khand reaction,3 and 1,2-dimethoxyethane
(DME) did not provide satisfactory results (Entries 8 and
9), the reaction underwent efficiently in aromatic solvents
such as toluene, benzene, and chlorobenzene (Entries 5, 7,
and 10). Since N-cyclohexylbenzamide was produced in
the reaction in chlorobenzene (Entry 10), the activated co-
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balt complexes formed from 1a and the amine oxidatively
added to the carbon-chlorine bond of the chlorobenzene.
The best conditions for the hydrocarbamoylation are as
the follow: 10 equiv. of amines in toluene at 110 °C. Since
formation of alkyne-dicobalt hexacarbonyls usually un-
dergoes in quantitative yields, the present reaction demon-
strates that alkynes can be converted into trans a,b-
unsaturated amides in good yields via two steps conver-
sions. We then continued investigation of the scope of the
reaction and the results are summarized in Table 2.

The reaction with primary amines having primary or sec-
ondary alkyl groups, such as benzylamine, (R)-1-phenyl-
ethylamine, and cyclooctylamine, proceeded smoothly to
give the corresponding amides in good yields (Entries 1-
3). In contrast, when tert-butylamine and diethylamine
were used, the products were obtained in moderate yields
(Entries 4 and 6). The steric bulkiness around the nitrogen
atom has an influence on the hydrocarbamoylation. Since
the reaction with aniline did not proceed (Entry 5), the
electron density on the nitrogen atom also played an im-
portant role. Complexes derived from alkyl substituted
alkynes could be converted into the corresponding amides
in good yields by treatment with primary amines (Entries
7-13).  The  reaction  of  the  complex  derived  from
diphenylacetylene was cumbersome and decomplexation
proceeded predominantly (Entry 14). When 4 was treated
with cyclohexylamine under the same conditions, 5 was
produced as a sole product with no sign of the formation
of 6 (Scheme 2). In the presence of alkenes at the suitable
position,  the  Pauson-Khand  reaction is faster than the
hydrocarbamoylation. 

The proposed mechanisms are shown in Scheme 3. The
first step of the reaction is considered as the ligand substi-
tution reaction of one of the CO in 1 with the amines fol-
lowed by liberation of the CO to produce the
coordinatively unsaturated complex 8. As shown in
Scheme 1 and 2, alkenes, if present and sufficiently reac-
tive, then occupy the vacant coordination site to produce
9, which undergoes the Pauson-Khand reaction. When re-
active alkenes are absent, a second amine coordinates to
the cobalt to produce 11. Since 11 is unstable due to the
electronic effects of the coordinated amines, the alkyne
ligand is liberated at the ambient temperature and finally
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the decomplexation occurs as shown in Entry 6 in Table
1. At higher temperatures, insertion of CO to the cobalt-
amine bond undergoes smoothly to yield 13, and then the
reaction ended up with the formation of the a,b-unsaturat-
ed amide 3. 

It is clear that the reaction underwent in regioselective
manner. In carbometallation and acylmetallation reac-
tions, it is known that metals usually prefer to be located
at the a-position of the phenyl group due to the metal-di-
recting effect of the phenyl susbtituent.8 Thus, the car-
bamoyl group might be transferred first from the cobalt to
the terminal alkyne carbon to produce 14, in which one of
the cobalt is located on the internal carbon. Subsequent
protonation and decomplexation gives the trans a,b-unsat-
urated amide 3. The mechanisms of reactions of alkyne-
dicobalt hexacarbonyls with amines are currently under
investigation.
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