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ABSTRACT

When a CH2Cl2 solution of an enyne containing the cycloalkene moiety was stirred in the presence of ruthenium−carbene complex (10
mol %) at room temperature under ethylene gas (1 atm), ring-opening and ring-closing metathesis occurred to afford cyclized triene. The
reaction was carried out under argon gas, and no cyclized product was obtained. Enynes with a terminal alkyne gave good results.

Enyne metathesis is very interesting and useful in synthetic
organic chemistry, because carbon-carbon bond formation
occurs between alkene and alkyne carbons to afford a
cyclized product and the alkylidene part of alkene migrates
to the alkyne carbon.1 Thus, the initial double bond is cleaved
and the triple bond is converted into a single bond. We
recently developed this reaction using Grubbs’ ruthenium-

carbene complex1.2,3 Usually, olefin metathesis of cyclo-
alkene affords a polymer via the formation of ruthenacy-
clobutane i and then formation of ruthenium-carbene
complex ii (Scheme 1).4 The metathesis of an enyne
containing a cycloalkene moiety would also afford a polymer.
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Scheme 1. Metathesis of Enynes Containing a Cycloalkene
Moiety
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In this reaction, the alkyne part of enyne2 reacts with
ruthenium-carbene complex1 to give metalacyclobutene
iii . Ring opening ofiii gives ruthenium-carbene complex
iv, which reacts with the cycloalkene part intramolecularly
to give ruthenacyclobutanev, which is converted into
ruthenium-carbene complexvi. Thus, a polymer should
result from an intermolecular metathesis reaction with2.5

If this reaction were carried out under ethylene gas,
ruthenium-carbene complexvi reacts with ethylene to give
ruthenacyclobutanevii and, as a result, cyclized triene3
would be formed.

Here, we report the ring-opening and ring-closing met-
atheses (ROM-RCM) of enyne2 under ethylene gas (Scheme
2).6

When a CH2Cl2 solution of 2b and 10 mol % of1 was
stirred at room temperature for 24 h under ethylene gas (1
atm), we found that ROM-RCM occurred to afford the five-
membered ring compound3b in 56% yield along with the
starting material2b in 36% yield (Scheme 3). When this

reaction was carried out under argon gas instead of ethylene
gas, polymerization occurred and no cyclized product was

obtained. Formally, in this reaction, the double bonds of
ethylene and cycloalkene in2b are cleaved, and one alkene
carbon in2b reacts with an alkyne carbon to afford a five-
membered ring, while the other alkene carbon and alkyne
carbon react with the methylene parts of ethylene, respec-
tively.

The enynes2aand2cwith six- and eight-membered rings
were treated in a similar manner, and the desired ROM-RCM
products3a and3c were obtained in 15% and 22% yields,
respectively (Table 1, runs 1 and 3).

We have already reported that the metathesis reaction rate
of an enyne containing a terminal alkyne was slow because
the terminal alkene part of the cyclized product reacts with
the ruthenium-carbene complex.3a However, a remarkable
effect for metathesis of an enyne containing a terminal alkyne
was shown under ethylene gas, and the desired cyclized
product was obtained in high yield.3d Since this ROM-RCM
of enyne was carried out under ethylene gas, an enyne
containing a terminal alkyne should be applied to the ROM-
RCM of an enyne.

When a CH2Cl2 solution of enyne2d containing a
cyclohexene part and the terminal alkyne was treated with
10 mol % of1, surprisingly, triene3d was obtained in 78%
yield (run 4). The reason for the remarkably higher yield of
3d as compared with that of3a is thought to be the release
of the steric factor for the formation ofv in the reaction of
2a. The ROM-RCM of enynes2e and 2f containing a
cycloheptene or a cyclooctene ring was carried out in a
similar manner, and the desired trienes3e and 3f were
obtained in good yields, respectively (runs 5 and 6).
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the methylene part of the diene moiety ofvi, which reacts with2 to afford
polymer.
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Scheme 2. Our Plan for ROM-RCM of Enyne

Scheme 3. ROM-RCM of Enyne Containing a Cycloheptene
Moiety

Table 1. ROM-RCM of Enyne

run R ring size n time (h) yielda (%) 2 (%)

1 Me 6 1 2a 24 15 75
2 Me 7 2 2b 24 56 36
3 Me 8 3 2c 24 22 73
4 H 6 1 2d 4 78 0
5 H 7 2 2e 1 70 15
6 H 8 3 2f 1 75 20

a Yields were calculated from1H NMR.
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When enyne2g with cis-substituents on the cyclohexene
ring was treated in a similar manner, triene was obtained in
95% yield. Although the spectral data of triene (1H NMR,
13C NMR, and MASS) supported the structure of3g, the
result of the spectrum of HMQC did not agree with this
structure. Since this reaction was carried out under ethylene
gas, it should be considered that the formation of 1,3-diene
4gwould occur by intermolecular enyne metathesis between
the alkyne part of2gand ethylene,3e and all the spectral data
supported this structure (Scheme 4). It is likely that steric

hindrance between the ruthenium-carbene part and thetert-
butyldimethylsilyloxy group inix prevents intramolecular
enyne metathesis (Figure 1), and intermolecular enyne
metathesis of2g with ethylene proceeded to give4g. On
the other hand, when enyne2h with trans-substituents on
the cyclohexene moiety was treated in a similar manner, only

the desired product3h was obtained in 90% yield, and 1,3-
diene4h was not produced.

Desilylation of3h followed by Dess-Martin oxidation7

at room temperature afforded a mixture of ketone5 and
tricyclic compound6 in 86% yield (Scheme 5). When a

mixture of these compounds was allowed to stand at room
temperature for several days, it was converted into tricyclic
compound6, which was formed by intramolecular Diels-
Alder reaction of5. The stereochemistry of6 was determined
by an NOE experiment. The results indicated that, formally,
tricyclic compound6 was obtained from enyne2h and
ethylene gas.

Further studies on ROM-RCM of enyne under ethylene
gas are in progress.

Supporting Information Available: Spectral data of
enynes2a-h, trienes3a-f, 3h, 4g, and6. This material is
available free of charge via the Internet at http://pubs.acs.org.
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Scheme 4. Application of ROM-RCM of Enyne

Figure 1.

Scheme 5. Synthesis of Tricyclic Compound by Diels-Alder
Reaction
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