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ABSTRACT

A [5 + 2] cycloaddition reaction of a new five-carbon unit was developed on the basis of a dicobalt hexacarbonyl propargyl cation species.
Under the influence of EtAlCl2, [5-benzoyloxy-2-(triisopropylsiloxy)-1-penten-3-yne)]dicobalt hexacarbonyl reacted with enol triisopropylsilyl
ethers to yield seven-membered dicobalt acetylene complexes in good yield. The reactions with cyclic enol silyl ethers as well as acyclic enol
silyl ethers exhibited remarkably high diastereoselectivity. The cycloadducts can be easily converted into various kinds of cycloheptanone
derivatives.

The development of an efficient method for constructing
highly substituted carbocycles continues to be a significant
subject in modern organic synthesis. Although a cycloaddi-
tion approach that produces two C-C bonds in one stage is
advantageous from the viewpoint of efficiency, the utility
of this type of reaction is critically dependent on regio-
selectivity as well as diastereoselectivity. In this regard, much
less attention has been given to the cycloaddition approach
in cycloheptane synthesis,1 whereas the Diels-Alder reaction
is recognized as a powerful method for the regio- and
stereoselective construction of six-membered rings.

There are two approaches giving rise to cycloheptane
derivatives, namely, a [4+ 3] and a [5+ 2] cycloaddition
reaction. Although [4+ 3]-type reactions have actually found
widespread use in organic synthesis,2 a relatively small
number of examples has been reported on [5+ 2]-type
reactions. Thus, although intramolecular [5+ 2] cyclo-
addition reactions have been employed for constructing

polycyclic carbon frameworks,3,4 there has been limited work
concerning intermolecular versions.5

Recently, we have reported an efficient method for
methylenecycloheptane synthesis via an intermolecular [5
+ 2] cycloaddition reaction using a hexacarbonyldicobalt
acetylene complex.6 In this transformation, the large bond
angles and the rigid conformation of the dicobalt acetylene
complex7 were quite effective for stereoselective cyclization
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to a seven-membered ring.8 The novel stereochemical
outcome of the [5+ 2] cycloaddition reaction, including
selective formation of atrans-fused bicyclic compound, led
us to develop a new method for highly regio- and stereo-
selective synthesis of cycloheptanone derivatives (Scheme
1).

Five-carbon units3a, 3b, and4a were easily prepared as
shown in Scheme 2. The [5+ 2] cycloaddition reactions of

3aand4awith several enol silyl ethers were examined under
the influence of EtAlCl2, and the desired cycloadducts were
obtained in good to high yields (Table 1). It should be noted

that only a slight amount of byproducts arising from homo-
coupling of 3a or 4a was detected, which allowed us to
perform the reaction with 1.1 equiv of the five-carbon unit.

Several stereochemical features of the present cycloaddi-
tion reaction are noted:9 (1) In the reactions of acyclic enol
silyl ethers, both of the geometrical isomers afforded the
same diastereomer as a major product (entries 1-4). (2) A
trans-fused bicyclic compound was obtained from the
corresponding cyclic enol silyl ether (entries 6 and 8), except
that the enol silyl ether of 2-methylcyclohexanone yielded
cis-fused cycloadduct9 (entry 7).

These results can be rationalized by the transition state
modes that correspond to the intramolecular cyclization step
of a silyloxonium ion intermediate (Figure 1).7

In these models, the antiperiplanar transition state (TS-1)
may be favored over the synclinal transition state (TS-2)
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Scheme 1

Scheme 2. Preparation of the Five-Carbon Units

Table 1. [5 + 2] Cycloaddition Reactions with Enol Silyl
Ethersa

a A mixture of an enol silyl ether and 1.1 equiv of the cobalt complex
in CH2Cl2 was treated with 2.2 equiv of EtAlCl2 at 0 °C. 2 Structures of
major diastereomers are depicted.3 Diastereomeric ratio determined by
proton NMR spectra.4 Minor diastereomers were not detected by proton
NMR spectra.

2218 Org. Lett., Vol. 4, No. 13, 2002



because of the greater orbital overlap between the oxonium
ion and the enol silyl ether moiety. It is noteworthy that the
conformations of bothTS-1 andTS-2 are controlled by the
sole stereogenic center having an equatorial R group and an
axial hydrogen. Consequently, the absence of a hydrogen at
the stereogenic center may lead to different stereoselection
in the cycloaddition reaction, which is consistent with the
exceptional result in entry 7. The validity of the transition
state models was further demonstrated by using3b, which
afforded cycloadduct11 in high stereoselectivity (Scheme
3).

The seven-membered products having a carbonyl group
as well as a dicobalt acetylene complex moiety show promise
for useful transformations (Scheme 4). Under the influence
of tributyltin hydride,10 cycloadduct5 underwent hydro-
genolysis of the dicobalt acetylene complex moiety to give
cycloheptanone12, and the corresponding cyanohydrin
derivative 13 afforded an olefin that was converted to
cycloheptenone14 in high overall yield. On the other hand,
treatment of13 with ceric ammonium nitrate effected clean
transformation into maleic anhydride derivative15.7,11A one-
carbon ring expansion reaction mediated by (trimethylsilyl)-
diazomethane was also examined,12 and cyclooctanone
derivative16 was obtained in good yield. The incorporation

of a methylene group predominantly occurred at the opposite
side of the bulky dicobalt acetylene complex moiety, which
contrasts with the observation that a Co-complexed alkynyl
group acts as an efficient migrating group in a 1,2-
rearrangement reaction.13

In conclusion, a new synthetic method for cycloheptanone
derivatives was developed on the basis of a [5+ 2]
cycloaddition reaction using a dicobalt hexacarbonyl pro-
pargyl cation species. It should be noted that there have been
few examples of an intermolecular cycloaddition reaction
that provides cycloheptane derivatives in high regio- and
stereoselectivity. The complete regioselection and high
diastereoselectivity of the present method coupled with the
novel transformation of the cyclization product show promise
for natural product synthesis.14
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Figure 1. Transition-state models of the cyclization reactions.

Scheme 3

Scheme 4
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