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Abstract—Potassium fluoride on alumina was used in palladium-catalysed reactions (Suzuki, Heck, Stille, Trost—Tsuji) without
solvent under mono-mode microwave irradiation. Some reactions took place in air. The organotin residue in the Stille reaction
remained on the solid support. © 2001 Elsevier Science Ltd. All rights reserved.

Potassium fluoride on alumina (KF-Al,O;) was used as Suzuki reaction. For eleven years we studied many
a base in various classical palladium-catalysed reac- reactions on KF-Al,O,* without solvents, Hallberg et
tions,! such as the Trost-Tsuji reaction,* in the synthe- al.* have shown that microwaves accelerate classical
sis of allylic thiol derivatives®® and more recently® the palladium reactions (Suzuki, Heck, Trost, Stille) in

Table 1. Suzuki reaction on KF-Al,O; under mono-mode microwave irradiation without solvent ((A/B/Pd(OAc),=1/1.1/
0.05; 1 mmol of A with 1 g KF-ALO5)
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solution or on supported polymers. So we have decided
to investigate a possible modification of these classical
palladium reactions under microwave irradiation. The
advantage of reactions using microwaves® is the sim-
plicity of the speed of synthesis. This report describes
the use of a ligand-free palladium catalyst® without the
use of solvent under microwave irradiation. The reac-
tion condition without use of solvent reduced toxicity
and flammability. To our knowledge classical palladium
reactions (Suzuki, Heck, Trost-Tsuji, Stille) under these
conditions have not previously been reported.”

The reaction of Suzuki with palladium acetate, as the
precursor of the catalyst, has produced good yields and
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has allowed us to obtain biphenyl derivatives (Table 1,
N° 1-6). However, in the case of the acidic diphenyl
derivative [with HOOCC-H,B(OH), as reagent], the
extraction with acetonitrile, the product, adsorbed on
the support, is not easy (the yield was 10% for
CcH;C,H,COOH with iodobenzene) and the reaction is
not of synthetic interest. The modified Suzuki reaction
is possible with aromatics and heteroaromatics (Table
I, N° 5, 6). The iodide compound gave the best results
but bromide and chloride can be used (Table 1, N° 5,
6).

We have used a Pd(IT) complex (Pd(OAc),) in the case
of the Suzuki (Table 1) and Stille reactions (see Table 2)

Table 2. Stille reaction on KF-Al,O; under mono-mode microwave irradiation without solvent. (A/B/Pd(OAc),=1/1.2/0.035;

1 mmol of A with 1 g KF-Al,05)

Ne° A B products yield conditions

7 cmo—@—l (CH;3),Sn CH3O@CH3 50 % | 10 min, 60W

8 CHao@I Buasn—/? CH;O@I 68 % | 10 min, 60W
anethole

Table 3. Heck and Trost-Tsuji reaction on KF-Al,O; under mono-mode microwave irradiation without solvent (A/B/

Pd,(dba);=1/1/0.025; 1 mmol of A with 1 g KF-AL,O,)

N° A B products yield conditions
9 .
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* 2 eq. of allylic acetate were used
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with an organometallic reagent in slight excess, in order
to reduce the palladium(Il) into palladium(0). In the
case of Heck and Trost reactions (Table 3), a stable
complex of palladium (0), [Pd,(dba);] was used. In the
Suzuki reaction and all solventless palladium-catalysed
reactions described, the most important factor, in order
to obtain a good yield, is to have a good dispersion of
palladium complex A on KF-Al,O;. This dispersion
was obtained by grinding the palladium catalyst with
KF-Al,O; before the reaction. In all palladium-
catalysed reactions performed without solvent under
microwave, we were unable to create reproducible
results using a domestic microwave oven. This result
was probably due to several factors: the small dimen-
sion of the sample irradiated (1-3 g of support), the
poor control of the power and the irregular distribution
of microwave irradiation. To eliminate these factors a
mono-mode microwave with accurate emission control
was used which gave reproducible results. We have
used a mono-mode Prolabo Synthewave 402 cavity.®

The Stille reaction, the reactions of Heck (Table 3, N°
9-10) and the Trost-Tsuji reaction (Table 3, N° 11-14)
were carried out and produced good yields under simi-
lar conditions.

The main advantage of this new methodology in the
case of Stille reaction, is that the organotin residue
remains adsorbed on the solid support (probably as
fluorotin polymer). An elution with acetonitrile pro-
duced pure Stille reaction product, so the classical
purification of the product (generally treatment with a
fluoride) before biological tests is not necessary in this
case.

The reactions were carried out under an inert atmo-
sphere (argon), however some of them (Suzuki, Stille)
may be carried out in air.’ In all the reactions a slight
decrease of the yield'! has been observed [e.g.: under air
the yields were respectively: N° 1 (95%), N° 2 (90%), N°
7 (50%), N° 12 (93%)]. The analyses of Suzuki, Stille
and Trost-Tsuji reaction products showed that prod-
ucts eluted with poorly polar solvent (toluene) resulted
in products free of metals (boron, tin or palladium).
However, with acetonitrile some traces of palladium are
observed. The comparison of yields with classical heat-
ing using a preheated oil bath has showed that reac-
tions under microwave were faster. However the yields
obtained were comparable only if the classical heating
was prolonged. The increase of speed under microwave
irradiation was attributed to a more direct transfer of
heat.

In summary, we have demonstrated that it is possible to
use KF-Al,O5 as a base without solvent under mono-
mode microwave irradiation in classical palladium-
catalysed reactions. The simplicity of experimental
conditions, the resistance shown towards oxidation in
the open atmosphere, the favourable safety aspects, the
significant yields, rapid reaction times make this an
ideal procedure for the preparation of small amounts of
products.
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