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Electrophilic activation of carbonyl groups with certain Lewis
acids is a well-established method for enhancing their reactivity
and selectivity toward nucleophilic additidnThe two principal
modes of coordination of carbonyls to metals arestHgonding
(A) ando-bonding B8).2 The latter mode is generally preferred
with main group Lewis acids. In addition, simultaneous
coordination to carbonyl groups with two metals of ty@e
would alter the reactivity and selectivity of the carbonyl
substrated* Examples of such double coordination with two
main group metals are rare despite its potential importafice,
simply because of the high preference for a single-coordination

mode B) even in the presence of excess Lewis acids, and hence

the nature of such di~bonding C) remains an elusive
phenomenon8 In this context, we have been interested in the
possibility of designing a bidentate Lewis acid that is capable
of preferable die-bonding D) with two main group metals.

Among various main group elements, organoaluminums seem

to be the reagent of choice in view of their high affinity toward
an oxygen atorfl. Here we wish to disclose our initial results
on this study using the modified bis(organoaluminum) reagent
1 for the efficient simultaneous coordination toward carbonyls,
thereby elucidating the characteristics of the double electrophilic
activation of carbonyl substrates.

The requisite bidentate ligand 2,7-dimethyl-1,8-biphenylene-
diol (2) was synthesized according to the literature procedfure,
and the bidentate organoaluminum reagent (2,7-dimethyl-1,8-
biphenylenedioxy)bis(dimethylaluminum))(was prepared by
treatment of the biphenylenedlwvith MezAl (2 equiv) in CH-

Cl, at room temperature for 30 min. Initial complexation of
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5-nonanone with thé situ-generated. (1.1 equiv) in CHCI,

and subsequent reaction of #nH (1.2 equiv) at-78 °C for

20 min gave rise to the corresponding 5-nonanol in 86% vyield.
In marked contrast, however, reduction of 5-nonanone with Bu
SnH in the presence of monodentate organoaluminum reagent
3 (prepared from 2,6-xylenol and M&! (1:1 molar ratio)) under
similar reaction conditions afforded 5-nonanol in only 6% yield.
These results clearly demonstrate that the bidentate Lewis acid
1 strongly enhances the reactivity of ketone carbonyl toward
hydride transfer via the double electrophilic activation of
carbonyl moiety. It should be noted that reduction of excess
5-nonanone (2 equiv) with bidentat€1.1 equiv)/BySnH (2.4
equiv) in CHCI, at —78 °C for 20 min lowered the yield of
5-nonanol (47%), suggesting the intervention of the 1:1 ketone/
Lewis acid complex even in the presence of excess ketone.
Furthermore, use of exce8%2 equiv) resulted in formation of
5-nonanol in 10% yield, implying the favorable monocoordi-
nation complexB with excess Lewis acids.
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1) 1 or 3, CHuCl2 R1
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o

2) BugSnH, -78 °C OH

R'=R2=Bu : 86% with 1 (6% with 3)
R'=Ph,R2=Me : 91% with 1 (9% with 3)

A similar tendency is observed in the acetophenone carbonyl
reduction. Furthermore, the Mukaiyama aldol reaction of
1-trimethylsiloxy-1-cyclohexene and benzaldehyde was effected
by the bidentatd, giving the aldol productsefythro/threo=
1:3) in 87% yield, although its monodentate countergart
showed no evidence of reaction under similar conditions.

OSiMeg O OSiMes
1or3
+ PhCHO Ph
CH,Cl,
-78°C,3.5h
87% with 1
~0% with 3

Although double-coordination behavior of the bidentate
L/carbonyl complex is consistent with the above experimental
findings, more direct evidence was obtained by low-temperature
13C NMR spectroscopy using DMF as a carbonyl substrate.
Thus, the 75 MHZ3C NMR measurement of the 1:1 mono-
dentate3/DMF complexE in CDCl; at —50 °C showed that
the original signals of the DMF carbonyl 4t162.66 shifted
downfield to 6 164.05. In contrast, 1:1 bidentatd DMF
chelation complex under similar conditions undergoes a further
downfield shift for the DMF carbonyld 165.62), implying the
strong electrophilic activation of the DMF carbonyl by the
intervention of a double-coordination complex)( Addition
of 1 equiv more of DMF to the 1:1 bidentatéDMF complex
results in two signals at 163.71 andd 165.63 in a ratio of
about 1:1, suggesting an equilibrium between the coordination
complexG and the double coordination complé&x

Another interesting feature of the bidentate Lewis dacid
organic synthesis is the regio- and stereocontrolled Michael
addition of silyl ketene acetals t@,3-unsaturated ketones as
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a(:ceptoré.1 Reaction of benzalacetone and silyl ketene acetal

4 with dimethylaluminum aryloxides of typ® gave rise to a
mixture of Michael adducté and7 almost exclusively, where

the Z selectivity decreased with increase in the steric size of a

phenoxy ligand irb. Indeed, switching the phenoxy group to
2,6-xylenoxy, 2,6-diisopropylphenoxy, and 2,6tdit-butyl-
phenoxy groups, th& selectivity decreased from 80:20 to 70:

30, 67:33, and 33:67, respectively. Based on the experimental

findings, the stereochemical outcome of Bassomeric Michael
adduct6 is interpreted for by the preferrable compleid)(
formation of benzalacetone with sterically less hindesadr
3. With more hinderedb or 5c, the coordination complexJ)
is then favored rather than the sterically congested comp)ex (
thereby increasing the formation Bfisomeric Michael adduct
7. In the ultimate case, bidentafecan be utilized to obtain
E-isomeric7 as a major product via the compld«)formation
with s-transconformationt?

The high double-coordination ability of bidentate Lewis acid
1is, in principle, applicable to the activation of the ethereal

substrates as exemplified by the Lewis acid-promoted Claisen
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rearrangement of allyl vinyl ethers. Indeed, treatmeritaris
cinnamyl vinyl ether §) with bidentatel in CH,Cl, at 0°C for

1 h produced the rearrangememethylation produc® in 96%
yield1® With monodentate Lewis aciél however, the reaction

is very sluggish, resulting in almost total recovery of the starting
material under the comparable reaction conditions.
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