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GRIGNARD-TYPE ALLYLATION OF CARBONYL COMPOUNDS IN METHANOL

BY THE ELECTROCHEMICALLY RECYCLED ALLYLTIN REAGENT.
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Abstract : An electrochemical allylation of aldehydes and ketones in methanol
was achieved by the electroreductive regeneration of diallyltin reagent in the
presence of a catalytic amount of tin, affording the corresponding homoallyl
alcohols in 72 - 91% yields.

Because of the potential usefulness of allylation of carbonyl compounds,
a variety of metals such as magnesium, lithium, zinc, boron, aluminium, sili-
con, manganese, titanium, chromium, zirconium, and tin has been employed for
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metallic allyl reagents. However, no study on the recycle use of these
metallic reagents in situ has appeared presumably because the reaction condi-
tions where three different reactions; generation of the organometallic rea-
gents, allylation of carbonyl compounds, and reductive regeneration of zero or
low valent metal have to be conducted in one batch system are not feasible.
Here we describe the first example on the electrochemical allylation of alde-
hydes and ketones in methanol by the use of a catalytic amount of tin.
In order to recycle the tin reagent, tetravalent tin produced after allylation
must be reduced to di or zero valent tin so that it becomes active enough to
react with allyl bromide for regeneration of the allyltin reagent.Z)
Electroreduction in an acidic methanol is an adequate choice for the purpose.
A typical electrolysis procedure is as follows: A mixture of benzalde-
hyde (7.5 mmol), allyl bromide (15 mmol), tin powder (0.75 mmol), and cyclo-
hexene (30 mmol)3) dissolved in methanol (3 ml) and acetic acid (0.75 ml) was
stirred at room temperature for 2 h and then was electrolyzed in an undivided
beaker type cell at 50 - 55 °C using platinum foil electrodes (2 x 1.5 cm2)
under a constant current (50 mA for 16 h, 3.9 F/mol), affording 1l (R=Ph, R'=H,
91%). On the other hand, only 11% of 1l was obtained when no current was
passed. Another interesting feature of this reaction is that after extrac-
tion of 1 with hexane, the residual methanol solution was used additional nine
times for the allylation to provide 1 in 90 - 95% yields by repeating extrac-

tion and electrolysis, demonstrating that the tin reagent is satisfactorily
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Br ¥ MeO(Br),Sn"~¢
4

-

[Sn(@) or Sn(0)]

cathode

recycled on this electrolysis system.
A simplified overall reaction process is illustrated in scheme 1.
Diallyltin dibromide 3 produced from a metallic tin and allyl bromide in metha-

4) to provide the corresponding adduct,

nol reacts immediately with benzaldehyde
allyldibromotin monoalkoxide which undergoes alkoxy exchange with methanol,
affording the desired homoallyl alcohols 1 and the monomethoxide 4. In con-

2a)

trast to the reaction in THF, the reaction rate of allyltin dibromide with

benzaldehyde in methanol is so fast as to avoid loss of the tin reagent by

electroreduction.5)

Meanwhile, 4 is susceptible to electroreduction so that
it can be converted electrochemically to di and/or zero valent tin,a) which
reacts smoothly with allyl bromide to regenerate diallyltin dibromide.

Cyclic voltammogram of 3 in methanol clearly shows a reduction peak (ca
-1.0 V vs, Ag/AgNO3), which upon adding benzaldehyde, disappears and shifts to
a new peak (ca -0.8 V).7) The newly appeared peak would correspond to a
reduction peak for 4 or its related alkoxide and is less negative than the

original, suggesting 4 is more easily reducible than 3.
The result of the allylation of aldehydes and ketones with the electro-

chemically recycled diallyltin dibromide is shown in Table 1. Both aliphatic
and aromatic aldehydes can be converted to the corresponding homoallyl alcohols
in excellent yields with 10 mol % of tin. a,B-Unsaturated aldehydes gave

cleanly 1,2 adduct (entry 4) by the use of a divided cell. Ketones also gave

the desired homoallyl alcohols in reasonable yields. Particularly noteworthy
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Table I. Homoallylation of Aldehydes and Ketones by the Electrochemically

Recycled Allyltin Reagent in Methanol,?

entry substrate F/mol product 1 yield (%)

1 @/CHO 3.9
CHO b
2 NN 4.0 \/\/\/t/% 87

b,e

R @/\CHQ - @/\(\/ P
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H
H
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8 H 5.0 HO 73
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CO,Me Me ,0C
H c
0., Me
2 2.8 MeZOC\/({\/\ 72

O
[\
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10

9

& gubstrate (7.5 mmol) in 4.5 - 3.75 ml of solvent at 50 - 55 °C. b 10 mol %

of Sn to substrate in MeOH (3 ml) - AcOH (0.75 ml). C 20 mol % of Sn to sub-
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strate in MeOH (3 ml) - AcOH (1.5 ml). d A two compartment cell divided with
a sintered glass was employed. € MeoH (3 ml) - HZO (0.3 ml). £ In MeOH
(4 ml) - AcOH (0.2 ml) - HZO (0.2 ml) at 20 °cC.

is the fact that (1) hydroxyketone provides diol in a good yield without pro-
tection of the hydroxyl group (entry 8), (2) glycelaldehyde for which allyl
Grignard reagent is not usable because of its insolubility in ether and THF
can be converted to the desired triol (entry 5), (3) an enolizable ketone
(entry 10) is reactive, and (4) the allylation proceeds chemoselectively
(entries 9 and 10).

The present electrochemical allylation is characterized by (a) an in situ
recycled use of allyltin reagent, (b) reaction in methanol under an open air,
and (c) the wide applicability to any substrates bearing hydroxyl, carbo-
methoxyl, and enolizable methylene groups.
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