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ABSTRACT

We have demonstrated that a dicobalt octacarbonyl catalyzed double [2 + 2 + 1] carbonylative cycloaddition reaction of triyne can be carried
out to yield a novel 5.5.5.6 tetracyclic di-enone system.

Recently, we have demonstrated1 that the generation and
stabilization of cyclopentadienones through the use of cobalt
carbonyl could be an attractive method for the construction
of five-membered ring systems. Reaction sequences starting
from dienyne or ene-diyne2 have successfully provided
[4.5.5.5] fenestrane (A) and [5.5.5.5]fenestrane (B), respec-
tively (Figure 1). These studies suggested that triynes (C)
might be appropriate precursors for the construction of
tetracycles possessing a fenestrane structure3 through two
sequential [2+ 2 + 1] cycloaddition reactions. However,
when a triyne was treated with dicobalt octacarbonyl in the
presence of CO, a 5.5.5.6 tetracyclic structure was obtained
as a sole product.

Herein we report a new cobalt carbonyl catalyzed double
[2 + 2 + 1]carbonylative cycloaddition reaction of triynes
yielding novel 5.5.5.6 tetracyclic compounds, which can be
utilized as versatile intermediates for polyquinane synthesis.

For the cyclization, a variety of triyne derivatives (com-
pound1, Scheme 1) were prepared, where X,Y) O, NR,
and CH2. Treatment of triyne1a with Co2(CO)8 (2.5 mol
%) in CH2Cl2 at 130°C for 1 day afforded the tetracyclic
compound2a in 75% yield.4
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Figure 1. Some tandem cyclizations for synthesis of polyquinanes.
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The product2a could provide a ready access to a variety
of substituted polyquinane structures, which belong to a
rapidly growing subgroup of terpene natural products and
are associated with a wide range of biological activities.5 It
is of a particular note that, in one operation, six carbon-
carbon bonds have been formed simultaneously, housing four
rings in a single molecule. As expected, the double bond of
the cyclopentadienone from the first cyclization has been
used as an alkene part of the second Pauson-Khand reaction.
However, as a result of the steric effect of the TIPS group,
the second reaction occurred in the intermediate between the
unsubstituted double bond and the triple bond. The structural
proof of the tetracyclic structure was obtained through an
X-ray study of2b (Figure 2).6

Encouraged by the formation of2aand2b, we have tested
a variety of triynes (Table 1). Cycloaddition reaction of1c-e
under the same reaction conditions gave tetracyclic dienone
2c,d in reasonable to high yields. However, treatment of1e
under the same reaction conditions gave2e in 10% yield. It
was expected that the yield of2e would be close to that of
2b since1e appears to be quite akin to1b except for the
dimethyl substituents on the carbon bridge. However, the
steric effect of the dimethyl group on the cycloaddition
reaction would be considerably larger than expected. A subtle

change in the steric environment appears to impose a
substantial effect on the reaction course. Despite the poor
yield, the formation of2e is still catalytic with a turnover
number of 4. Treatment of1f under the same reaction
conditions provided no detectable products. Instead, forma-
tion of an untractable polymeric material was observed.
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Scheme 1

Figure 2. X-ray stucture of2b.

Table 1. Double [2+ 2 + 1] Reaction in Triynesa

a Reaction conditions: 130°C, 18 h 30 atm CO, 2.5 mol % Co2(CO)8,
CH2Cl2. b Isolated yield.
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It is interesting to note that, in all cases examined, the
first cyclization occurred to form a bicyclic dienone contain-
ing a heteroatom in the ring system.

For compound1g, no reaction was observed under the
same reaction conditions as a result of the steric effect of
the substituents. Thus, it seems that the steric bulkiness helps
the cycloaddition reaction to afford tetracyclic compounds;
however, excess steric effect hinders the progress of the
cycloaddition reaction.

We have screened other triynes having an alkyl and benzyl
group at center alkyne that are sterically less cumbersome
than 1a-e. Instead of cycloaddition products, untractable
polymeric materials were obtained.

Thus, the steric effect of the substituent in the inner triple
bond plays an important role in controlling the destiny of
the reaction path. Thus, the dicobalt octacarbonyl catalyzed
double [2+ 2 + 1] carbonylative cycloaddition of triyne is
quite unique for triynes having a TIPS group in the inner
triple bond.

A plausible reaction mechanism is provided in Scheme 2.
In conclusion, we have demonstrated that by designing

triynes bearing a proper steric group, a dicobalt octacarbonyl
catalyzed double [2+ 2 + 1] carbonylative cycloaddition
reaction of triyne can be carried out to yield a novel 5.5.5.6
tetracyclic di-enone system. The experimental simplicity and

high conversion rate of the cycloaddition reaction are
noteworthy. The reaction described will doubtlessly be
further developed since the assembly of four rings in one
operational step makes it a worthwhile competitor to other
methods.
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