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The mechanistic basis for diastereoselectivity in the Matteson
rearrangement
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Abstract: The diastereoselective rearrangement of o,-dichloromethylboronate deriva-
tives of chiral 1,2-diols (Matteson rearrangement) can be understood readily in terms of a
bidentate interaction between the catalytic Lewis acid (ZnCly) and the substrate, leading
to favored transition states such as 4 and 5. © 1997 Elsevier Science Ltd

D. S. Matteson and coworkers have utilized boronate esters of chiral 1,2-diols for the enantioselective
synthesis of a variety of chiral compounds, for example, alcohols, y-lactones and B-hydroxy amines.!
A key reaction in this methodology is illustrated in Scheme 1. The rearrangement of the intermediate
1 to the o-chloro boronate ester 2 is highly diastereoselective (up to 50:1) and provides a facile route
to these versatile intermediates. The mechanistic basis for this remarkable diastereoselectivity, which
has not been adequately explained, forms the subject of this communication.
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Previous papers from this laboratory have provided a clear and logical explanation of some 20
different enantioselective addition reactions of aldehydes (aldol, Diels-Alder, allylation, cyanation,
etc.) under the influence of a variety of chiral Lewis acids.? An important feature of all these reactions is
the occurrence of a formyl C—H- - - O hydrogen bond between the coordinated aldehyde and an oxygen
ligand on the Lewis acid. Such a hydrogen bond is energetically favorable because the C—H of the
coordinated aldehyde possesses enhanced electrophilicity while the ligand on the coordinated Lewis
acid becomes more basic after substrate coordination. By the same principle, the Lewis acidic catalyst,
ZnCl,, for the conversion of 1 to 2 should be capable of binding to one of the two equivalent boronate
oxygens in 1 which should then facilitate coordination to one of the diastereotopic chlorines in 1 to
promote C—Cl heterolysis and rearrangement. This simple extension of the mechanistic arguments used
earlier® leads to a unique explanation of the high diastereoselectivity of the Matteson rearrangement
of 1 to 2 and also the preferred absolute stereochemical course.

Our analysis is summarized in Scheme 2. Coordination of ZnCl, to 2 will occur preferentially to the
lone pair of oxygen which is frans to isopropyl for obvious steric reasons. Chelation to either of the
diastereotopic chlorines of the dichloromethylboronate group is, in principle, possible. One chelation
mode, shown in 3, is clearly much less favorable than the other, shown in 4, again for steric reasons.
Reaction via the favored structure 4 in Scheme 2 leads to the observed predominating diastereomer
by a stereoelectronically favorable rearrangement of antiperiplaner methyl from boron to carbon with
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C—Cl cleavage. For a non-C;-symmetric diol, such as pinanediol, which also can provide contrel,! the
favored transition state (5, for pinanediol) is readily derived by our analysis.
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Our analysis did not reveal any transition state as favorable as 4. For example, the alternative shown
in 6'9 can be dismissed, since it involves the severe repulsions which are shown in Scheme 3 and is
clearly much less favorable than the arrangement shown in 4 of Scheme 2.
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Scheme 3. Example of a very disfavored transition state.

Our previous work in the significance of formyl C-H- - -O hydrogen bonding? and the analysis in
this paper make a strong case for the general importance of the bifunctional metal-ligand subunit (e.g.
metal=B, Al, Ti) in determining the stereochemical course of numerous asymmetric reactions.>*
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