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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 Lewis acid toa lone pair
of heteroatoms, such as an oxygen of aldehydes and a nitrogen
atom of imines. To the best of our knowledge, there is no
precedent for a synthetically useful level of the chelation-
controlled reaction which proceeds via the coordination of Lewis
acids toπ-electrons of C-C multiple bonds.2 We wish to report
the first example for the regio- and chemoselective reactions which
are most probably controlled by the chelation toπ-electrons of
alkynes (eq 1).

The reaction of a 1:1 mixture of1a (1 equiv) and2 (1 equiv)
with Bu3SnH (1 equiv) in the presence of GaCl3 (1 equiv) in CH2-
Cl2 at -78 °C gave4a in 73% yield along with the 2-(phenyl-
ethyl)benzyl alcohol in 19%. The remarkable chemoselectivity
suggested that the bidentate chelation between the carbonyl
oxygen and alkyne of1a, as shown in eq 1, would enhance the
reactivity of the aldehyde of1a in comparison with that of2.
However, there is a possibility that the chemoselectivity is due
to the electronic effect of the alkyne group, since it is less sterically
demanding and more electron-withdrawing than the phenylethyl
group of 2. Accordingly, we next examined the reaction of an
equimolar mixture of1 and its para-isomer3 with Bu3SnH (1
equiv) in the presence of Lewis acids (1 equiv). It was thought
that the electronic effect of the alkyne groups upon the aldehyde
group of1 would be nearly equal to that of3 and sterically the
aldehyde of1 is more crowded than that of3 (eq 2). The results

are summarized in Table 1. High chemoselectivity was observed
in the Bu3SnH reduction of1aand3awith GaCl3; 4awas obtained
in 63% yield along with the recovered1a (32% yield), and5a
was obtained only in 2% yield along with the recovered3a (92%)
(entry 1).3 Utilization of Ph3SnH instead of Bu3SnH elevated the
selectivity up to 43:1 (entry 2). The reactions promoted by
aluminum Lewis acids also tended to afford4aas a major product
though the selectivities were lower than those of the GaCl3

mediated reactions (entries 3-7).4 The selective reductions were
also observed with the starting materials having other alkynyl
groups (entries 8-12). In all the above reactions, the material
balance of substrates was high; large amounts of3 (98∼60%)
were recovered, and small amounts (38∼8%) of1 was recovered
in the case where the yields of4 were not necessary high (for
example, entries 3-11). Accordingly, the selective activation of
1 is ascribed most probably to the preferred formation of the
bidentate chelation6 rather than the monodentate coordination
7.5-8

However, all of the reactivity data might be explained by a
strong electron-withdrawing effect of the alkyne: the ortho-isomer
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1, in which the alkyne is proximal to aldehyde, might be more
reactive than the para-counterpart3. The GaCl3-mediated reduc-
tion of a 1:1 mixture of1e and 1f under the same reaction
conditions as above gave a 1.9:1 mixture of4e (R ) Me) and4f
(R ) CF3) in 99% combined yield. If the electron-withdrawing
effect of the alkyne is operative,1f should be reduced preferen-
tially. Therefore, the reactivity difference observed in Table 1 is
not due to the inductive effect of alkyne.9

The strong chelation effect of GaCl3 upon alkyneπ-bond was
found also in the allylation with allyltributyltin. A 1:1 mixture
of 1a and3a was treated with 1 equiv of allyltin in the presence
of 1 equiv of GaCl3 under the same reaction conditions as
above. The allylation product8 was obtained in 68% yield
together with the recovered1a (29%), and3a was recovered
quantitatively (eq 3).

The above high chemo- and regioselectivities were obtained
for the aromatic aldehydes. To know whether the present chelation
effect can be extended to aliphatic aldehydes, we investigated
the reaction of a 1:1 mixture of 2-ethynyl-1-cyclohexanecarbox-
aldehyde9 and cyclohexanecarboxaldehyde10a with Bu3SnH

under the same reaction conditions as above (eq 4). Again,

extremely high chemoselectivity was observed; the reduced
alcohol11 was produced in 91% yield, and none of cyclohexy-
lmethanol, derived from10a, was detected at all. The starting
material10a was recovered nearly quantitatively. Furthermore,
we compared the reactivity of9 and 2-ethylcyclohexanecarbox-
aldehyde10b. Here also, the alcohol11 was obtained in 81%
yield and none of the 2-ethyl-1-(hydroxymethyl)cyclohexane was
detected at all.

Finally, the regioselective reduction of phenylethynyl-substi-
tuted terephthaldicarboxaldehyde12 was examined (eq 5). The

formyl group located on the ortho-position to the alkynyl group
was reduced with Bu3SnH selectively to give the reduction product
13 predominantly being accompanied with the alcohol14 and
the bis-reduction product15 in 2% and 12%, respectively. The
selectivity was improved when the reaction was reduced with Ph3-
SnH. The chemical yield of13 was increased to 77% and the
formation of15 was reduced to 4% yield.

The high chemo- and regioselectivities observed here are most
probably due to the effective bidentate chelation of Lewis acids
to alkynyl groups. We believe that the present finding will provide
a conceptual advance in chelation-controlled chemistry, and
further extension in this area is going on in our laboratories.

Supporting Information Available: Spectroscopic and analytical data
for 4a-f, 5a-d, 8, 11, and13-15 (PDF). This material is available free
of charge via the Internet at http://pubs.acs.org.
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(9) One referee mentioned the rate difference between1a and2: it is only
4:1, while the difference between1a and 3a is 32:1. The following results
clearly indicate that the presence of an electron-donating group at the ortho
position facilitates the reduction. Accordingly, the rate difference of1a/2 is
lower than that of1a/3a.

Table 1. Chelation-Induced Reduction of a Mixture of1 and3a

substrate yield yield

entry R 1 3 Lewis acid 4 %b 5 %b ratio4:5

1 Ph 1a 3a GaCl3 4a 63 5a 2 >30:1
2c Ph 1a 3a GaCl3 4a 85 5a 2 >40:1
3 Ph 1a 3a AlBr3 4a 40 5a 26 1.5:1
4 Ph 1a 3a MeAlCl2 4a 61 5a 16 4:1
5 Ph 1a 3a EtAlCl2 4a 64 5a 17 4:1
6 Ph 1a 3a Et2AlCl 4a 67 5a 9 7:1
7 Ph 1a 3a Me2AlOPh 4a 56 5a 6 9:1
8 H 1b 3b Et2AlCl 4b 61 5b 8 8:1
9 H 1b 3b GaCl3 4b 49 5b 7 7:1

10 C6H13 1c 3c GaCl3 4c 66 5c 18 4:1
11 SiMe3 1d 3d GaCl3 4d 59 5d 6 10:1
12c SiMe3 1d 3d GaCl3 4d 89 5d 7 13:1

a Equimolar mixtures of1 and3 were treated with Lewis acids (1
equiv) in CH2Cl2 at-78°C for 30 min, followed by addition of Bu3SnH
(1 equiv), except where otherwise indicated.b Determined by1H NMR
spectra of the reaction products usingp-xylene as an internal standard.
c A mixture of 1 and3 was reduced with Ph3SnH.
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