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Olefin metathesis (from the Greek word metaqesiz, mean-
ing transposition) is an alkylidene exchange between two
reacting fragments mediated by transition-metal alkylidene
complexes.[1]

Recent decades have seen burgeoning interest in olefin
metathesis, resulting in a number of elegant applications.
Using this tool, chemists can now efficiently synthesize an
impressive range of molecules that only a decade ago required
significantly longer and tedious routes.[1] Several types of
olefin metathesis have been identified so far; among them,
ring-closing metathesis (RCM) and cross-metathesis (CM)
have been widely applied in the synthesis of biologically
active compounds (Scheme 1). Ring-closing metathesis oc-
curs when a diene undergoes intramolecular metathesis to
afford a cyclic olefin. Analogous intramolecular reaction of
an enyne is sometimes called enyne cycloisomerization or
enyne RCM.[2] Ring-closing metathesis of dienes and enynes

represent an attractive and powerful tool for the formation of
medium and large cycles (� 5-membered rings). However, it
is generally acknowledged that small (three- and four-
membered) and strained rings cannot be formed by RCM.[3]

In such cases, the ring-opening process can be far more
thermodynamically favorable than ring closing. Indeed,
various strained molecules, such as norbornene derivatives,
are well-known substrates for ring-opening metathesis poly-
merization (ROMP) reactions (Scheme 1).[4]

Cyclopropenes and cyclobutenes may be polymerized by
ring-opening in a similar fashion by the metathesis catalyst,
although there are fewer examples of such transformations
than for ROMP reactions of norbornenes.[4] The driving force
in these reactions is the relief of the enormous strain on the
three- and four-membered rings. Another possible trans-
formation for highly strained cyclic olefins is ring-opening
metathesis/cross-metathesis (ROM/CM). Michaut, Parrain,
and Santelli showed that the Grubbs ruthenium complex Gru-
I (Figure 1) efficiently catalyses ROM/CM of cyclopropenone
ketal 1 to afford 1,4-divinyl ketone derivative 2 in good yields
(Scheme 2).[5]

The opening of a strained cyclopropene ketal was later
used by Kozmin and co-workers to create key spiroketal
domains of some natural products, such as bistramide A,[6a]

Scheme 1. Selected examples of olefin metathesis.

Figure 1. Ruthenium catalysts commonly used in olefin metathesis.

Scheme 2. ROM/CM of cyclopropenone ketal 1. TMS= trimethylsilyl.
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spirofungin A,[6b] and routiennocin.[6c] An elegant asymmetric
ring-opening/cross-metathesis (AROM/CM) reaction of cy-
clopropenes catalyzed by a chiral ruthenium catalyst has
recently been described by Giudici and Hoveyda.[7]

In addition to cyclopropenes, some cyclobutenes have also
been used in ROMP and similar processes. One of the most
impressive applications involving a cyclobutene ring-opening
event is the total synthesis of (+)-asteriscanolide (3) by
Limanto and Snapper, who used the ROM/CM sequence
followed by divinyl cyclobutane rearrangement to fashion the
cyclooctane part of the core tricyclic structure of the natural
product (Scheme 3).[8a] A similar ROM/CM reaction between
substituted cyclobutene and gaseous ethylene was used by
Schrader and Snaper in the preparation of series of isopros-
tane analogues[8b] and by Harrity and co-workers in synthesis
of (� )-sporochnol A.[8c]

Hoveyda et al. reported on asymmetric ring-opening/ring-
closing metathesis (AROM/RCM) of substituted cyclobu-
tenes promoted by a chiral Mo–alkylidene catalyst.[9] This
tandem ROM/RCM reaction proceeds efficiently and with
good enantioselectivity, providing rapid entry to optically
enriched dihydrofuranes. The Nicolaou group utilized a
similar sequence to open a chiral cyclobutene-1,2-diol deriv-
ative with achiral ruthenium catalyst Gru-II.[10]

A notable example of ROM/RCM reaction of alkyne-
substituted cyclobutenes was reported by Mori and co-
workers. In the enyne[2] variant of a ROM/RCM cascade,
various isoquinolines, such as 4, were synthesized in good
yields from cyclobutene derivatives (5) using the second-
generation ruthenium carbene Gru-II under an ethylene
atmosphere (Scheme 4).[11]

The above (arbitrary) selection of examples demonstrates
that metathetical opening of strained three- and four-mem-
bered rings is a very useful transformation, which has been
used in numerous stereocontrolled total syntheses of natural
and bioactive compounds as well as in preparation of
polymers. At the same time, there are virtually no reports
on the formation of three- and four-membered carbo- or
heterocycles by metathesis reactions. In this regard, a new
communication by Debleds and Campagne[12] on the prepa-
ration of vinylcyclobutenes by enyne RCM is a real break-
through. In this report, the authors have shown that Grubbs-

and Hoveyda-type catalysts are able to promote enyne
metathesis[2] of 1,5-enyne substrates 6 leading to functional-
ized cyclobutenes 7 (Scheme 5).

To gain a closer view on this unprecedented transforma-
tion, the reaction leading to cyclobutene 7a was explored
under various conditions (Scheme 5). In the presence of Gru-I
catalyst, no cyclized product was observed, whereas the use of
more potent second-generation[1] catalysts Gru-II and Hov-II
led to the formation of the expected cyclobutene 7a in 20–
35% yield. Importantly, the use of microwave irradiation[13]

was found to be beneficial, leading to the formation of 7a in a
remarkable 58% yield. Unfortunately, all efforts to decrease
the amount of Hov-II catalyst used were unsuccessful, leading
to a substantial decrease in the yield. The reason why at least
20 mol% of the catalyst is necessary to achieve a reasonable
yield remains unclear. According to the authors, along with
the expected cyclobutene 7a, only small amounts of the
uncharacterized “CM dimers” (5%) and starting material 6a
(10–15%) were identified in the crude reaction mixture.
Interestingly, the formation of less strained cyclopentene 8, a
product of an alternative cyclization route,[14] was not
observed. Campagne tested also the effect of ethylene (so-
called MoriBs conditions for enyne reaction);[15] unfortunately,

Scheme 3. ROM/CM of a cyclobutene in the enantioselective total
synthesis of (+)-asteriscanolide (3).

Scheme 4. ROM/RCM of cyclobutene–yne 5. Ts= toluene-4-sulfonyl.

Scheme 5. 1,5-Enyne RCM. mW=microwave irradiation.
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extensive by-product formation was observed in this case.[16]

Finally, the use of PtCl2 as catalyst was probed, but no
reaction was observed (Scheme 5).[17]

Having the optimized reaction conditions, Debleds and
Campagne attempted to define the scope of this transforma-
tion. Various 1,5-enyne substrates were tested, providing
cyclobutene products 7a–7 l in yields up to 58%, as shown in
Figure 2. It was concluded that although the cyclobutene ring

can be decorated with various substituents (R1, R2), only alkyl
substituents are well-tolerated on the alkynyl part (R3). A
double cyclization of a bisenyne substrate was finally
attempted, leading to the bis(cyclobutene) 7 l in a modest
19% yield (Figure 2). The moderate yields observed in these
reactions were explained by the authors in part by incomplete
conversions (unreacted starting material was present in most
of the reaction mixtures) and by the formation of some
unidentified by-products. Furthermore, difficulties in the
purification of the sensitive highly strained cyclobutenes can
also be responsible for diminishing the yield.

These results open a convenient new entry to functional-
ized cyclobutenes, which are useful building blocks in organic
synthesis. The 1,3-diene unit present in 7 can be further used
in many transformations, such as Diels–Alder cycloaddition.
Indeed, as shown by the authors, product 7a reacts with
dienofile 9 at room temperature to give the expected tricyclic
compound 10 in a respectable 80% yield and as a single
diastereomer (Scheme 6).[12]

In conclusion, Debleds and Campagne have extended the
field of metathesis technology by demonstrating that strained
four-membered rings can be obtained by the enyne reaction.
The reaction currently suffers from rather mediocre yields
and high catalysts loadings. The scope of substrates amenable
for 1,5-enyne RCM should be broadened as well. Although it
seems that the reaction follows the established route of
metathetical 1,n-enyne cycloisomerizations,[2] it would be
important to provide some evidence as to the mechanism. It is
reasonable to expect that further optimization of the reaction
conditions or the application of more potent catalysts will
increase the reaction efficiency and scope.[18] The simplicity of
the transformation in combination with the synthetic impor-
tance of the obtained products suggests that this method will
find numerous applications. The preliminary results reported
by Debleds and Campagne are definitely worth further
investigation.[19]
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Figure 2. Products of 1,5-enyne RCM.

Scheme 6. Diels–Alder reaction of 7a.
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