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Abstract—Microwave irradiation effects ring-closing metathesis of electron-deficient and sterically conjested double bonds with a
drastic reduction in reaction time and reduced catalyst loading. © 2003 Elsevier Science Ltd. All rights reserved.

Ring-closing metathesis (RCM) has emerged as a
powerful synthetic method for the construction of
small, medium and macrocyclic ring systems.! The
development of second-generation air-stable Ru cata-
lysts such as 1 and 2** which exhibit higher thermal
stability, wider functional group tolerance and accom-
modate a higher density of substitution on the double
bond formed in RCM opened up new synthetic oppor-
tunities.” However, RCM has its limitations with
respect to substitution patterns on the double bond.
Formation of tri- and tetra-substituted cyclic alkenes
with  external electron-withdrawing  substituents
(CO,Me) via RCM normally results in low yields.®’
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Microwave irradiation, as opposed to conventional
heating, results in major rate increases due to instanta-
neous heating and there is no physical contact between
the energy source and the reaction vessel.® The tech-
nique thus facilitates the rapid exploration of ‘chemistry
space’. Tri- and tetra-substituted heterocyclic alkenes,
with electron-withdrawing substituents on the double
bond, are potential dienophiles/dipolarophiles for

Diels—Alder and 1,3-dipolar cycloaddition reactions.
Our ongoing interest in RCM in the synthesis of such
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compounds led us to explore the use of microwave
irradiation in RCM to access such heterocyclic alkenes.

Initially we studied the microwave-accelerated RCM of
3 (Scheme 1) which we prepared by a four-component
palladium catalysed cascade carbonylation/allenylation/
amination process.” DCM was the solvent of choice
owing to its microwave transparency'® thus allowing
the maximum uptake of irradiated microwave energy
by the substrate and catalyst. A target temperature of
100°C was set and the catalyst loading and concentra-
tion of 3 varied to find the optimum reaction condi-
tions. The results are summarised in Table 1.!!

The best set of conditions (Table 1, entry 3) furnished 3
in 86% yield. Next we studied the formation of a range
of 3-substituted five- and six-membered heterocyclic
alkenes via microwave induced RCM by varying the
aryl/heteroaryl acyl group (Table 2).'?

Microwave heating results in shorter reaction times and
lower catalyst loadings. Wilson et al. have recently
reported a closely related process.'?
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Table 1. Optimisation of reaction conditions

Entry* Time (min) Conc. (mM) Catalyst loading (mol%) Conversion (%)
1 5 15 5 100
2 1 15 5 100
3 1 15 2.5 100
4 1 30 25 90
5 2 30 1 88
6 1 30 1 88
7° 1 30 2.5 80

“ The temperature was set to reach a maximum of 100°C in all cases.
b Catalyst 2 used.
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a) Substrates 5-11 were synthesised via a cascade palladium catalysed carbonylation/allenylation/ amination process.’

b) Yields refer to isolated yields.

¢) Corresponding thermal reactions were carried out in toluene at 70°C for 2-5h using 5 mol% of 1 and resulted in
comparable yields. °
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In conclusion, we report an efficient method of acceler-
ating the RCM of electron-deficient, sterically encum-

bered dienes in DCM through microwave irradiation. 6.
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General proceedure for microwave RCM: Substrate (3,
5-11) and CH,Cl, (4 ml) were combined in a microwave
pressure vial, containing a small magnetic stirrer bar, to
afford solutions of either 1.5 or 3.0 mM. Catalyst was
then added to this solution and the pressure vial immedi-
ately sealed and subjected to microwave irradiation
(Smith Creator model). The solvent was then removed
and the product conversion measured by 500 MHz NMR
analysis. Passing the crude product through a small pad
of silica, eluting with ether/petrol, afforded the product.
All new compounds have been fully characterised ('H,
13C, IR, MS and elemental analysis).
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