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ABSTRACT

A complexation-initiated intramolecular Diels−Alder reaction was demonstrated for the first time. On adsorbing the alkyne−Co2(CO)6 complexes
having a diene and a dienophile on opposite ends of the alkyne on silica gel, the Diels−Alder reaction was accelerated and the equilibrium
was shifted toward the adduct formation to a greater extent compared to that in solution. Seven-membered ring formation was apparently
favorable in this system.

Complexation between transition metals and organic mol-
ecules such as alkenes and alkynes has widely been utilized
in organic synthesis to enable various types of useful
reaction; however, the change in structure of alkynes on such
complexation itself has seldom been employed for the control
of synthetic reactions. It is known that alkynes change from
a linear structure to a bent one with an angle of around 140°
between substituents on reaction with octacarbonyldicobalt
(Co2(CO)8) at room temperature to give alkyne-Co2(CO)6
complexes.1 We expected that complexation of an alkyne
having a diene and a dienophile unit on opposite ends with
Co2(CO)8 would bring the diene and the dienophile in close,
initiating an intramolecular Diels-Alder reaction. In this
Letter we describe a successful realization of this possibility
by using furan as the diene2 and a unique effect of silica gel
on the rate and the equilibrium of this Diels-Alder reaction.

When methoxycarbonyl derivative1a (R ) COOMe) was
treated with a 1.1 molar amount of Co2(CO)8 in toluene,
smooth formation of the alkyne-Co2(CO)6 complex2awas

observed by TLC within 15 min; however, formation of the
Diels-Alder adduct3a was not observed even after a few
hours at rt. Furthermore, heating this complex up to 100°C
gave a complex mixture of products, from which the double
bond-hydrogenated compound was isolated as an identifiable
complex. Since formation of this reduction product was
thought to be due to the presence of cobalt hydride species
generated by the decomposition of the small amount of
remaining Co2(CO)8,3 separation of the alkyne-Co2(CO)6
complex2a was performed by silica gel column chroma-
tography.

When the alkyne-Co2(CO)6 complex2a was subjected
to silica gel column chromatography under an argon atmo-
sphere, formation of an additional alkyne-CO2(CO)6 com-
plex was observed, and this and2a were separated by rapid
elution.4 The major complex was the starting alkyne-
Co2(CO)6 complex2a obtained in about 60% yield, and the
other, more polar complex, obtained in about 20% yield, was
found to be the desired intramolecular Diels-Alder adduct
3a obtained as a single diastereomer.5 Thus, the alkyne-
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CO2(CO)6 complex2awas found to undergo intramolecular
Diels-Alder reaction rapidly at room temperature on absorp-
tion on silica gel.6 The Diels-Alder adduct3a was stable
in CDCl3 for 1 day at 0°C, but at room temperature3a
underwent retro Diels-Alder reaction without decomplex-
ation. For example, the separated adduct3a gave an
equilibrium mixture of2aand3a (about 8:1) in CDCl3 within
1 day at room temperature (Scheme 1).

Such acceleration of the Diels-Alder reaction and equili-
bration to the adduct on adsorption of the complex on silica
gel were more explicitly seen in the following reaction of
the vinyl ketone derivative1b (R ) H). When1b was treated
with Co2(CO)8 and then subjected to silica gel column
chromatography, the Co2(CO)6 complex of the starting
material2b and that of the Diels-Alder adduct3b5 were
obtained in a 1:10 ratio in 91% yield. Thirty minutes of
adsorption on silica gel was sufficient for equilibration as
shown in Table 1. Furthermore, both the starting complex

2b and the separated Diels-Alder adduct3b underwent slow
equilibration in solution, with both giving a 7:3 mixture of
2b and3b after 2 or 3 days in CDCl3 at room temperature.
(Table 2) Thus, acceleration of the Diels-Alder reaction and

an equilibrium shift to the adduct were observed explicitly
in this case, and the equilibrium is much more in favor of
adduct formation when compared to that for the methoxy-
carbonyl derivative1a.

Furthermore, the hydrogenated complex4 would be
isolated as a stable complex in good yield by rapid treatment
of the eluted mixture of the alkyne-Co2(CO)6 complex
derived from1b with H2 and Pd/C as shown in Scheme 2.

As shown in Scheme 3, 5-methylfuran derivative5a and
dimethyl derivative5b also gave similar results. In particular,
almost complete equilibrium shift to the adduct6a was
observed in the case of the 5-methylfuran derivative5a.
Again 6a was obtained as a single diastereomer, but in the
reaction of5b, 6b was obtained as a mixture of stereoisomers
in about a 3:1 ratio.7

A noteworthy feature of this reaction is the facile formation
of a seven-membered ring by the carbon tether.8 This is

Scheme 1. Complexation Initiated Intramolecular Diels-Alder
Reaction of Methoxycarbonyl Derivative1a and Vinyl Ketone

Derivative1b

Table 1. Equilibrium of 2b and3b on Silica Gela

absorption time on silica gel 2a:2b

10 min 4:5
30 min 1:10 (91% isolated yield)
135 min 1:10

a After 1b was treated with Co2(CO)8 for 1 h in toluene, the mixture
was charged on silica gel. After the indicated time, the complexes were
eluted rapidly and the ratio was determined by NMR measurement.

Table 2. Equilibrium of 2b and3b in CDCl3 at Room
Temperature

2b:3b

time from 2b from 3b

0 h 1:0 0:1
6 h 9:1 1:4
22 h 4:1 1:1
47 h 3:1 7:3
72 h 7:3 7:3

Scheme 2. Preparation of Hydrogenated Cycloadduct4

Scheme 3. Complexation-Initiated Intramolecular Diels-Alder
Reaction of Methylfuran Derivative5a and Dimethyl Derivative

5b
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probably due to the rigid and planar structure of the alkyne-
Co2(CO)6 moiety with its substituent angle of ca. 140°,1
which makes seven-membered ring formation easier.9 Com-
bined with the simple preparation of the starting material
possible using the coupling reaction of alkynes, and the

possibility for the use of the alkyne-Co2(CO)6 complex part
for further transformations,10 this reaction should find
abundant use as a method for the construction of complex
polycyclic carbon frameworks containing a seven-membered
ring.
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