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Summary:  The allylation reaction of a wide variety of 
carbonyl compounds with tetraallyltin was successfully 
carried out in aqueous media by using scandium triflu- 
oromethanesulfonate (scandium triflate) as a catalyst. 

Development of carbon-carbon bond-forming reactions 
that can be carried out in aqueous media is one of the 
most challenging tasks in organic synthesis.' 

The utility of aqueous reactions is now generally 
recognized. For example, it is desirable to perform 
reactions of unprotected sugars or peptides in aqueous 
media because of their solubility. Compounds containing 
water of crystallization or other water-soluble compounds 
require tedious procedures to remove the water. These 
steps are not necessary if the reactions can be successfully 
carried out in aqueous media. Moreover, aqueous reactions 
of organic compounds avoid the use of harmful organic 
solvents.2 

On the other hand, water often interferes with organic 
reactions. Although Lewis acids3 or organometallic re- 
agents4 have played important roles in modern organic 
synthesis, even a small amount of water stops reactions 
using these reagents because the reagents immediately 
react with water rather than the substrates. 

In order to realize aqueous reactions, we thought that 
new reagents which can be used in water were required. 
Recently, we have developed novel Lewis acids, lanthanide5 
or scandiums compounds, which can be used not only in 
organic solvents but also in aqueous media. In this paper, 
we report aqueous allylation reactions of carbonyl com- 
pounds' using scandium trifluoromethanesulfonate (scan- 
dium triflate, Sc(0Tf)g) and tetraallyltin.8 
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The allylation reactions of carbonyl compounds pro- 
ceeded smoothly under the influence of 5 mol % of 
S C ( O T ~ ) ~ ~ * ~  by using tetraallyltin as an allylating reagent.1° 
Some examples are shown in Table I. The characteristic 
features of the allylation reaction follow. (1) The reactions 
proceed smoothly in the presence of only a catalytic amount 
of Sc(0Tf)s under extremely mild conditions, and the 
adducts, homoallylic alcohols, are obtained in high yields. 
(2) Ketones can also be used in the reaction (entries 5-8). 
(3) In most cases, the reactions are successfully carried 
out in aqueous media. While most Lewis acids decompose 
or deactivate in water, Sc(0Tf)g is stable in aqueous media 
and efficiently activates aldehydes as a Lewis acid. 
Unprotected sugars react directly to give the adducts in 
high yields (entries 9-11). The allylated adducts are 
intermediates for the synthesis of higher sugars.7h More- 
over, aldehydes containing water of crystallization, such 
as phenylglyoxal monohydrate, react with tetraallyltin to 
give the diallylated adduct in high yield (entry 12). (4) 
Under the present reaction conditions, salicylaldehyde and 
2-pyridinecarboxaldehyde react with tetraallyltin to afford 
the homoallylic alcohols in good yields (entries 13 and 14). 
Under general Lewis acid conditions, these compounds 
react with the Lewis acids rather than the nucleophile. (5) 
Several kinds of solvents can be used. The reactions also 
proceed under nonaqueous conditions. Reactions with 
substrates prone to acid-catalyzed hydrolysis can be 
conducted in an appropriate organic solvent (entries 15 
and 16). (6) Stoichiometry of an aldehyde and tetraallyltin 
was investigated in aqueous media (H20:THF = 1:9); 
benzaldehyde:tetraallyltin = 1:1,89% yield; 2:1,94% yield 
(entry 2); 4:1,84% yield. These results indicate that four 
allyl groups can be transferred. 

Following are typical experimental procedures for the 
Sc(0Tf)s-catalyzed allylation reaction in aqueous and 
organic solvents. In aqueous media: To a mixture of Sc- 
(OTo3 (0.015 mmol, 5 mol 5% ) and D-arabinose (0.3 mmol) 
in H20/CH3CN (1:4,1.5 mL) was added tetraallyltin (0.15 
mmol) in CH&N (1.5 mL) at  rt. The mixture was stirred 
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Table I. Sc(0Tf')s-Catalyzed Allylation Reactions of Carbonyl Compounds. 
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a Carried out a t  25 "C except for entries 10 and 11 (60 "C). The products were isolated after acetylation (see the typical experimental 
procedure). Syn/anti = 28/12. Synlanti = 21/13. e Synlanti = 26/14. f Syn/anti = 50/50.8 Diastereomerratio = 88/12. Relative configuration 
assignment was not made. 

for 60 h at  this temperature. After the solvents were 
removed under reduced pressure, pyridine (3 mL) and 
Ac2O (1.5 mL) were added, and the mixture was stirred 
for 5 h. Cold 1 N HC1 was added, and the organic layer 
was extracted with Et2O. The crude product was chro- 
matographed on silica gel to afford the pentaacetylated 
adducts (93% 1. When the reaction was carried out a t  60 
"C for 3 h, almost the same yield was obtained. In organic 
solvent: To a solution of Sc(OTf)s (0.015 mmol, 5 mol %) 
in CH3CN (1.5 mL) was added a mixture of 3-phenyl- 
propionaldehyde (0.3 mmol) and tetraallyltin (0.15 mmol) 

in CH3CN (1.5 mL) at  rt. The mixture was stirred for 0.5 
h at  this temperature, and water was then added. The 
aqueous layer was extracted with CH2C12, and the organic 
extract was dried (Na2S04). The solvents were removed 
under reduced pressure, and the crude product was 
chromatographed on silica gel to afford the corresponding 
homoallylic alcohol (94 % ). 

In summary, we have developed an efficient allylation 
reaction of carbonyl compounds which can be successfully 
carried out in aqueous media. The reaction also proceeds 
in several kinds of solvents, even in organic solvents under 
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strict anhydrous conditions. The reaction strongly de- 
pends on the unique character of Sc(0Tf)s. Further 
applications to other synthetic reactions using Sc(OTf)a 
as a catalyst are now in progress. 
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