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Synthesis of dienynes from alkenes and diynes using
ruthenium-mediated ring-closing metathesis
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Abstract—This communication describes a novel ruthenium-mediated transformation, which converts molecules containing alkenes
and conjugated diynes such as 1-allyl-2-{[6-(2-allylphenoxy)-2,4-hexadiynyl]oxy}benzene into dienynes such as 3-[2-(2,5-dihydro-
1-benzoxepin-3-yl)-1-methylene-2-propenyl]-2,5-dihydro-1-benzoxepine instead of the expected product 3-[2-(2,5-dihydro-1-benz-
oxepin-3-yl)ethynyl]-2,5-dihydro-1-benzoxepine.
� 2003 Elsevier Ltd. All rights reserved.
Transition-metal mediated alkene–alkene metathesis has
grown exponentially in the last decade.1–3 Ene–yne
metathesis4;5 on the other hand is still fairly novel and
this arena of metathesis is steadily finding applications
in organic synthesis. The latter form of metathesis
entails the metal-mediated interaction of an alkyne with
1 or 2 equiv of alkene, generally resulting in the forma-
tion of a conjugated diene in the product skeleton. The
products formed can be derived from inter-6 (Eq. 1),
intra-7–9 (Eq. 2) or mixed intra- and intermolecular10

reactions (Eq. 3) as shown in Scheme 1.
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Scheme 1. Inter-, intra- and mixed inter- and intramolecular ene–yne

ruthenium-mediated metathesis reactions.
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Part of our ongoing research programme involves the
synthesis of benzo-fused bicyclic molecules.11–14 Our
approach has recently included the application of
ruthenium-mediated ring-closing metathesis (RCM) for
the synthesis of these molecules.15–17 Recently Chang
and co-workers have reported that the intramolecular
RCM of alkenyl enynes afforded triene systems in
moderate yields as depicted by Eq. 4 in Scheme 2.18 This
and the fact that the intramolecular metathesis of two
terminal alkene functional groups with an yne system
(Eq. 5) has been described before by Grubbs19 and
others8 has prompted us to disclose our results in this
area. In this communication we thus wish to describe a
new result from the intramolecular metathesis reaction
between two terminal alkenes and a conjugated diyne
system (Eq. 6) using catalyst 1.20 This reaction results in
the formation of a novel bicyclic system containing a
formally conjugated dienyne system.
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Scheme 2. Intramolecular ruthenium-mediated metathesis reactions

with alkenes and alkynes.
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In the initial stages of this work the first precursor for
this reaction, substrate 3, was synthesized by the copper-
mediated acetylenic coupling of propargyl ether 2
(Scheme 3).21 Reaction of 3 under commonly used
metathesis conditions did not afford the expected
product 4 but rather gave us the symmetrical acetylene
5.22 This intriguing result meant that the diene–diyne
system of the starting material had surprisingly been
converted into a dienyne system 5 rather than the tetra-
ene system 4 as would be expected from comparison
with the work of Chang and co-workers.18 The overall
reaction process for this conversion necessitates the
expulsion of ethylene gas. The mechanisms proposed for
metal-mediated metathetic reactions are often described
as being complex, with the ultimate product produced
being thermodynamically favoured. The loss of ethylene
should therefore entropically promote the formation of
product 5 over 4.23
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Scheme 3. Reagents and conditions: (a) CuCl, TMEDA, O2, acetone,

reflux, 53%; (b) 1 (6mol% · 2), toluene, 80 �C, ethylene atmosphere

(1 atm), 4, 0%, 5, 54%.
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Scheme 4. Reagents and conditions: All compounds were synthesized

according to the general procedure22 with the following variations a5 h,

0.013M; b15 h, 0.011M; c2· 15 h, 0.010M, 2 · 6 mol% 1, N2 (ethylene

gas gave a complex mixture of products); d16 h, 0.010M.
The structure of the product formed by this novel
ruthenium-catalyzed reaction was confirmed by a single
crystal X-ray determination (Fig. 1).24;25 We believe that
this reaction constitutes the first example of a metathesis
reaction, which leads to the overall conversion of alk-
enes and conjugated diynes into a diene–yne system.
Examples of the synthesis of conjugated yne–diene sys-
tems have been reported26 and a reaction forming the
same type of diene–yne product from two conjugated
diyne substrates has also been described, albeit by a
light-induced mechanism.27

Initial optimization experiments utilizing substrate 3 led
us to conclude that dilute conditions and shorter reac-
Figure 1. X-ray crystal structure of compound 5.
tion times promoted the formation of product in higher
yields. In particular, the use of an ethylene atmosphere
(1 atm) was beneficial. This phenomenon has also been
observed by other workers doing enyne metathesis
reactions.4 The reaction was then tested on several other
substrates and the results are listed in Scheme 4 below.
We found that acetylene-fused five- and six-membered
heterocyclic rings with nitrogen or oxygen as the hetero-
atom 7a–d could be accessed in variable yields from
6a–d using our methodology.
Unfortunately attempts to cyclize substrates 6e, 6f and
6g under the optimized conditions were unsuccessful
(Fig. 2). Reactions using these substrates either resulted
in complex product mixtures or returned the starting
material. We are currently investigating this phenome-
non in additional studies.
Of

Figure 2. Unsuccessful substrates.
Finally we also tested the intramolecular ruthenium-
mediated metathesis (of the type shown in Eq. 4) on
substrate 10, containing only one alkyne, which was
synthesized from 2-butyne-1,4-diol 8 and commercially
available 2-allylphenol 9 using Mitsunobu methodology
(Scheme 5). Standard metathesis conditions afforded the
expected bis(benzoxepine) 11 in good yield.
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Scheme 5. Reagents and conditions: (a) DEAD, PPh3, THF, rt, 16 h,

95%; (b) 1 (10%), toluene, 60 �C, 71%.
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A single crystal X-ray structure determination con-
firmed our proposed structure (Fig. 3).25;28 The central
core of the molecule is virtually planar as the alkene
proton Ha is positioned between the two hydrogen
atoms Hb adjacent to the oxygen atom on the opposing
benzoxepine. This structural feature suggests that the
monocyclized intermediate is preorganized to minimize
steric interaction and that the second metathesis then
traps the molecule in the preferred orientation as shown
in the crystal structure.
Figure 3. X-ray crystal structure of compound 11.
In conclusion, we have discovered a novel transforma-
tion, which converts conjugated diynes into diene–yne
systems. We plan to extend this research by investigating
the scope of this reaction and hope to synthesize a range
of interesting products with potential applications in
pharmaceutical and materials chemistry.
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