
Selective Domino Ring-Closing
Metathesis−Cross-Metathesis Reactions
between Enynes and Electron-Deficient
Alkenes
Frédérique Royer, Claire Vilain, Laurent Elkaı1m, and Laurence Grimaud*

Laboratoire Chimie et Proce´dés, Ecole Nationale Supe´rieure de Techniques AVance´es,
32 Bd Victor, 75739 Paris Cedex 15, France

grimaud@ensta.fr

Received April 10, 2003

ABSTRACT

A selective domino ring-closing metathesis (RCM)−cross-metathesis (CM) process between enynes and electron-deficient alkenes is reported.
The conditions have been optimized for enynes 3 and methyl acrylate with catalyst IV. The scope and limitations of this reaction are described,
and a possible mechanism is discussed.

Over the past decade, olefin metathesis has emerged as a
powerful tool in organic synthesis.1 The development of
ruthenium carbene complexesI,2 II, 3 III, 4 and IV 5 by
Grubbs’ and other groups is particularly notable because of
their availability, operational simplicity, and remarkable
functional group tolerance (Figure 1).

Enyne metathesis is a very interesting and useful way to
synthesize 1,3-dienes.6 In an intramolecular version, the
alkylidene part of the alkene moiety migrates onto the alkyne

carbon. We were interested in using such a reaction to obtain
compound2 from the conjugated alkene1 (Scheme 1).

Unfortunately, this reaction failed even with highly active
catalysts such asII, III, or IV, probably due to the
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deactivation of the alkene moiety. To obtain compound2,
we envisioned another strategy. Herein, we wish to report a
tandem ring-closing metathesis (RCM)-cross-metathesis
(CM) reaction between an enyne and a conjugated alkene.7

The metathesis reactions were effected with 3 equiv of
the CM partner as classically required,8 and different solvents
and catalysts were used (Table 1). With catalystII or III,

we only obtained unsubstituted diene5. No trace of CM
product4 was detected. The use of catalystIV (10 mol %)
in dichloromethane at 40°C for 12 h leads to the best results.

If less than 10 mol % catalyst is used, some diene5 was
obtained, but it can be resubmitted to the same conditions
to furnish the desired product4E.

Such an amount of catalyst might be necessary because
of a possible chelation by the diene moiety, decreasing
ruthenium turnover. This reaction is very selective: only the
(E)-isomer was detected by1H NMR.

Several enynes and unsaturated alkenes were screened for
this tandem reaction (Scheme 2).

In all cases, except for acrylonitrile, the conjugated (E)-
dienes were obtained in moderate to good yields with only
traces of the homocoupling product. In the case of electron-
rich alkenes such as styrene, allyltrimethylsilane, ortert-
butyldimethylsilyloxyallyl ether, only enyne RCM products
were formed, contaminated by alkene homocoupling com-
pounds. In the case of a substituted alkyne, we only observed
the RCM product even after 3 days at reflux in dichlo-
romethane (Scheme 3).

To our knowledge, this reaction is among the first example
of a CM between a diene and an alkene.9

Regarding the deactivation of the conjugated alkene toward
metathesis, a mechanism starting with a CM process between
the acrylate and the alkyne is mostly improbable. In the case
of electron-rich olefins such as styrene, the dimerization ob-
served could result from such a mechanism. But in the case
of electron-deficient olefins, two distinct mechanisms can
be invoked to explain the formation of4: (A) initial meta-
thesis occurs at the alkene giving rise to carbene7 (via car-
bene6), which in turn undergoes CM with the electron-poor
alkene, and (B) the initial reaction site is the alkyne, leading
to the more substituted vinyl alkylidene8,10 and an intramo-
lecular process gives compound5, which is engaged further
in a CM reaction with the conjugated alkene (Scheme 4).

The formation of diene5 observed all along the process
seems to confirm pathway B.11 Furthermore, we have

(7) For a previous example of a tandem CM/RO/RCM, see: Randl, S.;
Lucas, N.; Connon, S. J.; Blechert, S.AdV. Synth. Catal.2002,344, 631.

Scheme 1

Table 1

catalyst solvent temp time

ratio 4E:5
(isolated yield

of 4E)

II or III (5 mol %) CH2Cl2 rt 5 days 0:100
CH2Cl2 40 °C 48 h 0:100
toluene 80 °C 48 h 0:100

IV (5 mol %) CH2Cl2 rt 5 days 80:20 (50%)
CH2Cl2 40 °C 48 h 80:20 (50%)

IV (10 mol %) CH2Cl2 40 °C 12 h 100:0 (67%)

Scheme 2
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demonstrated that diene5 could be re-engaged in a CM
reaction simply by treating it with 3 equiv of methyl acrylate
in the presence of catalystIV.

In conclusion, we have developed a very selective domino
RCM-CM process between enynes and conjugated alkenes.
We have also demonstrated that the butadiene moiety is a

good partner for CM reactions. This method provides an
efficient one-step formation of conjugated (E)-1,3-dienes
under mild conditions.
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