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Abstract

The reaction of a 1:1 mixture of ortho-alkenylbenzaldehydes 3 and their para-isomers 4 with Bu3SnH
(1 equiv.) in the presence of Me3Al (1 equiv.) resulted in very high (>10:1) to good (3.4:1) chemoselective
reduction of 3, giving the ortho-alkenyl benzyl alcohol 5 selectively. Similarly, the highly chemoselective
allylation of 3d in the presence of 4d was observed when the mixture was treated with allyltributyltin/
Me3Al. The chemoselectivities are most probably due to the bidentate chelation of the Lewis acid to an
olefinic p-bond and a lone pair of aldehydes. © 2000 Published by Elsevier Science Ltd.
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The Lewis acid mediated chelation control is one of the most fundamental and practically
important concepts in modern organic chemistry.1 It is well accepted that the chelating
controlled reaction proceeds through the coordination of a lone electron pair of heteroatoms,
such as an oxygen of an aldehyde or a nitrogen atom of an imine, to a Lewis acid. We recently
reported that chemoselective reduction and allylation of certain acetylenic aldehydes proceeded
through bidentate chelation of Lewis acids to p-electrons of C�C triple bonds and a lone pair
from an oxygen atom of the aldehydes.2 It was thought necessary to inspect whether the concept
of the chelation control between p-electrons and n-electrons is applicable to systems other than
the combination between C�C triple bonds and aldehydes. We wish to report here that
chemoselective nucleophilic attack of the aldehyde 1 takes place in the Lewis acid mediated
reaction of a 1:1 mixture of 1 and 2 (Eq. (1)); most probably the bidentate chelation of Lewis
acids between p-electrons of an olefinic p-bond and n-electrons of aldehyde is a key for this
chemoselective reaction.
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(1)

We examined the reaction of an equimolar mixture of the olefinic aldehyde 3 and its
para-isomer 4 with Bu3SnH (1 equiv.) in the presence of Lewis acids (1 equiv.) (Eq. (2)). The
results are summarized in Table 1. When we used BF3·OEt2 as a Lewis acid, no selectivity was
obtained in the reaction of 3a and 4a, and the corresponding reduced products 5a and 6a were
obtained in a ratio of 1:1 (entry 1). However, the reactions promoted by aluminum-based Lewis
acids afforded 5a as a major product (entries 2–4), and a good chemoselectivity was observed
when we used Me3Al in CH2Cl2; 5a was obtained in 74% yield along with the recovered 3a (12%
yield), and 6a was only obtained in 16% yield along with the recovered 4a (59%) (entry 4).3,4

Although higher chemoselectivity was obtained by using GaCl3 as a Lewis acid in the analogous
competitive reduction using ortho-alkynylbenzaldehydes and their para-isomers,2 a low selectiv-
ity was observed in the present reaction (entry 5). While the better selectivity (6.9:1) was
obtained with CuOTf·(C6H6)0.5, the reaction was heterogeneous due to the low solubility of
CuOTf·(C6H6)0.5 in CH2Cl2, resulting in low chemical yield of 5a (entry 7). The selectivity in the
Me3Al promoted reductions was improved to 5.3:1 by using toluene as a solvent (entry 8). The

(2)

Table 1
Lewis acid mediated competitive reduction of 3 and 4 with Bu3SnHa

YieldbYieldbSubstrateEntry Ratio

5 % 6 % 5:6R 3 4 Lewis acid Solvent

5a 41 6a1 42H 1.0:13a 4a BF3·OEt2 CH2Cl2
2.5:1226a565aCH2Cl22 EtAlCl24a3aH

5a 45 6a3 15H 3.0:13a 4a Et2AlCl CH2Cl2
H 3a 4a Me3Al CH2Cl24 5a 74 6a 16 4.6:1

2.9:1176a495aCH2Cl25 GaCl34a3aH
H 3a 4a Sc(OTf)36 3.3:1CH2Cl2 186a595a

CuOTf·(C6H6)0.5 CH2Cl2 5a 26 6a 4 6.9:17 H 3a 4a
3aH 4a Me3Al Toluene8 5a 84 6a 16 5.3:1

9 HexaneH 3a 4a Me3Al 3.3:1216a705a
4b3bMe3Si10 3.4:1186b625bMe3Al Toluene

725cTolueneMe3Al4c 6c3cCH311 9 8.0:1
5d 69 6d 5 13.8:112 Ph 3d 4d Me3Al Toluene

a The reaction was performed in the molar ratio of 3:4:Lewis acid:Bu3SnH=1:1:1:1 at −78°C.
b Isolated yield.
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selective reductions were also observed with the starting materials having other alkenyl groups
and the best selectivity was obtained in the reaction of 3d bearing a phenyl group at the terminal
olefinic carbon (entries 10–12). In all the above reactions, the material balance of substrates was
high. Accordingly, the selective activation of 3 is ascribed most probably to the preferred
formation of the bidentate chelation 7 rather than the monodentate coordination 8. In fact, the
competitive reaction with BF3·OEt2 (entry 1), which is believed to be a monodentate Lewis acid,
produced a 1:1 mixture of the reduced alcohols. On the other hand, the use of aluminum Lewis
acids which are able to act as a pentacoordinate Lewis acid predominantly gave, in general, 5.3–5

The strong chelation effect of Me3Al upon olefinic p-bond was found also in the allylation
with allyltributyltin. A 1:1 mixture of 3d and 4d was treated with 1 equiv. of allyltin in the
presence of 1 equiv. of Lewis acid under similar reaction conditions as above. The reaction
mediated by Me3Al gave the allylation product 9 exclusively, however, the chemical yield of 9
was quite low. The use of EtAlCl2, instead of Me3Al, gave 9 in higher chemical yield with high
chemoselectivity (Eq. (3)).6

(3)

The good to high chemoselectivities observed here are most probably due to the effective
bidentate chelation of alkenyl groups to Lewis acids. It is now clear that chelation between the
n- and p-electrons with certain Lewis acids is operative not only in the alkyne–aldehyde system2

but also in the alkene–aldehyde analogue. Further studies on this new type of chelation control
are ongoing in our laboratory.
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