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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

powerful tool in organic synthesisThe development of
ruthenium carbene complexds? 11,3 I, 4 and IVS by

Grubbs’ and other groups is particularly notable because of
their availability, operational simplicity, and remarkable C[/fRuﬂ

functional group tolerance (Figure 1).

Enyne metathesis is a very interesting and useful way to

synthesize 1,3-dienésin an intramolecular version, the

alkylidene part of the alkene moiety migrates onto the alkyne
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Figure 1.

carbon. We were interested in using such a reaction to obtain

compound? from the conjugated alkenk (Scheme 1).
Unfortunately, this reaction failed even with highly active

catalysts such adl, Ill, or IV, probably due to the
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deactivation of the alkene moiety. To obtain compo@nd
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.

The metathesis reactions were effected with 3 equiv of
the CM partner as classically requirgdnd different solvents
and catalysts were used (Table 1). With catalysor Il

Table 1
COOMe
OTBS TBSO TBSO
A [Ru}
0™ A coome
3 3 equiv. 4EZ>955
ratio 4E:5
(isolated yield
catalyst solvent temp time of 4E)
Ilor 1l (5mol%) CHXCl, rt 5 days 0:100
CHxCl, 40°C 48h 0:100
toluene 80°C 48h 0:100
1V (5 mol %) CH.Cl, rt 5 days 80:20 (50%)
CH)Cl, 40°C 48h 80:20 (50%)
1V (10 mol %) CH.Cl, 40°C 12h 100:0 (67%)

we only obtained unsubstituted diebe No trace of CM
product4 was detected. The use of cataly¢t (10 mol %)
in dichloromethane at 4TC for 12 h leads to the best results.

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

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 B NMR.

Several enynes and unsaturated alkenes were screened for

this tandem reaction (Scheme 2).

In all cases, except for acrylonitrile, the conjugaté&g- (
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 tet-
butyldimethylsilyloxyallyl ether, only enyne RCM products
were formed, contaminated by alkene homocoupling com-
pounds. In the case of a substituted alkyne, we only observe
the RCM product even after 3 days at reflux in dichlo-
romethane (Scheme 3).
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To our knowledge, this reaction is among the first example
of a CM between a diene and an alkéne.

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 df (A) initial meta-
thesis occurs at the alkene giving rise to carbeifea 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 alkylider&'® and an intramo-
lecular process gives compouBgdwhich is engaged further
in a CM reaction with the conjugated alkene (Scheme 4).
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The formation of dien& observed all along the process

JSeems to confirm pathway B. Furthermore, we have
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demonstrated that diere could be re-engaged in a CM good partner for CM reactions. This method provides an
reaction simply by treating it with 3 equiv of methyl acrylate efficient one-step formation of conjugated (E)-1,3-dienes
in the presence of catalyb¥. under mild conditions.
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