
A Polymer-Supported Scandium Catalyst

Shuj Kobayashi* and Satoshi Nagayama

Department of Applied Chemistry, Faculty of Science,
Science University of Tokyo (SUT), Kagurazaka,
Shinjuku-ku, Tokyo 162, Japan

Received January 2, 1996 (Revised Manuscript Received
February 8, 1996 )

Use of polymer-supported catalysts offers several
advantages in preparative procedures. Simplification of
product workup, separation, and isolation as well as
reuse of the catalyst including use of flow reactions could
lead to an economical automation system. Although the
use of immobilized homogeneous catalysts is of continu-
ing interest,1 few examples are known for polymer-
supported Lewis acids.2,3 Our purpose is to combine the
advantages of immobilized catalysis and Lewis acid-
mediated reactions and to develop polymer-supported
Lewis acids for the efficient synthesis of diverse lower
molecular weight compounds. In this paper, we describe
a polymer-supported scandium catalyst, which is effective
in several useful synthetic reactions and can be used in
both organic and aqueous solvents.
Recently, scandium triflate (Sc(OTf)3) was found to be

stable in water and could successfully carry out Lewis
acid catalysis in both water and organic solvents.4 Sc-
(OTf)3 coordinates to Lewis bases under equilibrium
conditions, and thus, activation of carbonyl compounds
using a catalytic amount of the acid has been realized.
In addition, effective activation of nitrogen-containing
compounds such as imines, amino aldehydes, etc. has
been performed successfully.5 Encouraged by the char-
acteristics and the usefulness of Sc(OTf)3 as a Lewis acid
catalyst, we intended to prepare a polymer-supported
scandium catalyst.
We chose Nafion (NR-50)6 as the supporting frame-

work.7 Three equivalents of Nafion was treated with

ScCl3‚6H2O in acetonitrile under reflux conditions.8 After
40 h, 96% of the ScCl3‚6H2O was consumed, and the
polymer thus prepared (Nafion-Sc) contained 1.3% Sc,
according to ICP analysis. Choice of solvents is impor-
tant at this stage; only 27% of the ScCl3‚6H2O was
consumed when 1,2-dichloroethane was used as a solvent.
We then tested this Nafion-Sc catalyst in several

synthetic reactions. First, allylation reactions of carbonyl
compounds were investigated. Allylation reactions of
carbonyl compounds are among the most important
carbon-carbon bond-forming reactions, and the products,
homoallylic alcohols having hydroxyl and double bond
groups, are synthetically useful intermediates.9 More-
over, in our previous report on Sc(OTf)3-catalyzed ally-
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Table 1. Sc-Nafion-Catalyzed Allylation Reactions of
Carbonyl Compounds with Tetraallyltina

a The reaction was carried out at rt unless otherwise noted. b A:
H2O/THF (1:9). B: H2O/MeOH/toluene (1:7:4). C: CH3CN. c The
reaction was carried out at 60 °C. d The products were isolated
after acetylation. e Syn/anti ) 59:41. f Syn/anti ) 65:35. g Diaste-
reomer ratio ) 68:32. Relative configuration assignment was not
made.
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lation reactions using tetraallyltin,10 it was shown that
nonprotected sugars react directly to give the adducts,
which are intermediates for the synthesis of higher
sugars, in high yields. Nafion-Sc was also found to be
effective in the allylation reactions of carbonyl compounds
with tetraallyltin, and selected examples are listed in
Table 1.11 In every case, the reactions proceeded smoothly
in both organic and aqueous solvents to afford the desired
homoallylic alcohols in high yields. Not only aldehydes
but also ketones worked well. Moreover, use of aqueous
solvents enabled the reactions of nonprotected carbohy-
drates.12 Salicylaldehyde and 2-pyridinecarboxaldehyde
reacted with tetraallyltin to afford the corresponding
homoallylic alcohols in good yields. These compounds
react with the Lewis acids rather than the nucleophile
under general Lewis acidic conditions.
Following is a typical experimental procedure for the

Nafion-Sc-catalyzed allylation reaction in a batch sys-
tem. To a mixture of Nafion-Sc (250 mg) and benzal-
dehyde (0.5 mmol) in H2O/THF (1:9, 1.5 mL) was added
tetraallyltin (0.5 mmol) in H2O/THF (1:9, 1.5 mL) at rt.
The mixture was stirred for 2 h at this temperature and
then filtrated. The Nafion-Sc was washed with Et2O,
and the filtrates were combined. The solvent was
removed under reduced pressure, and the crude product
was chromatographed on silica gel to afford the corre-
sponding homoallylic alcohol (91%).
Nafion-Sc was found to be effective in some other

reactions (eqs 1-3). In these cases also, both organic and
aqueous solvents could be used. In typical Lewis acid-
mediated reactions such as Diels-Alder,13 Friedel-Crafts
acylation,14 and imino Diels-Alder reactions,5b,c Nafion-
Sc worked efficiently to afford the corresponding adducts
in high yields.
Nafion-Sc could be easily recovered and reused. The

catalyst was recovered simply by filtration and washing
with a suitable solvent, and the activity of the recovered
Nafion-Sc was comparable to the fresh catalyst: in the
reaction of benzaldehyde with tetraallyltin in H2O-
MeOH-toluene (1:7:4)15 at rt, (1) 91% (15 h); (2) 81% (48
h); (3) 93% (40 h); in the reaction of 3-acryloyl-1,3-
oxazolidin-2-one with cyclopentadiene at rt, (1) 92% (2
h); (2) 87% (2 h); (3) 91% (2 h).
Finally, Nafion-Sc was used in a flow system. Nafion-

Sc was packed in a glass tube, and substrates were

passed through the column using a motor pump.16
Results of the reaction of benzaldehyde with tetraallyltin
in aqueous solution are shown in Table 2. It is noted
that even higher yields were obtained in the second,
third, and fourth runs than in the first run.
In summary, the first polymer-supported Sc catalyst

has been prepared and the catalyst has been proved to
be effective in several useful synthetic reactions. The
polymer-supported Sc catalyst has all the advantages of
Sc(OTf)3 catalyst as far as we tested and has its own
advantages originating from its polymer base; the sim-
plification of product workup, separation, and isolation
as well as reuse of the catalyst including reactions using
flow reactors may provide an economical automation
system.
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Table 2. Nafion-Sc-Catalyzed Allylation Using a Flow
Systema

run yield run yield

1 75 3 84
2 93 4 84

a See ref 16.

Communications J. Org. Chem., Vol. 61, No. 7, 1996 2257


