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The transition state for the Lewis acid-assisted migration
of an alkyl group from boron to an R-dichlorocarbon in a
nonracemic boronic ester, RB(OR)2 (Matteson homologation),
has been investigated using ab initio calculations. It has
been postulated that the reaction involves a complexation
of a Lewis acid with one of the two oxygens of the boronic
ester and that the Lewis acid then assists one of the two
prochiral chlorine atoms in leaving.1 The results of the
calculations are contrary to the previously postulated transi-
tion state1 in that they suggest that the Lewis acid should
be placed on the opposite oxygen of the boronic ester.2
A widely used process in organoborane chemistry is the

construction of bonds via migration of a group from a
tetracoordinated boron atom to an adjacent atom bearing a
leaving group. One example is the asymmetric construction
of carbon-carbon bonds by treatment of a nonracemic
boronic ester (R′B(OR)2) with (dichloromethyl)lithium.3 The
use of diols such as pinanediol,4 1,2-diisopropylethanediol,5
1,2-dicyclohexylethanediol,6 and 2,3-butanediol7 can lead to
diastereomeric purities of greater than 100:1. The required
borate intermediate8 may be prepared by either treating an
alkylboronic ester with (dichloromethyl)lithium or treating
a (dichloromethyl)boronic ester with an alkyllithium reagent
as shown in Scheme 1.
The process is facilitated by a Lewis acid such as zinc

chloride. Selectivities are much lower without the Lewis
acid.
The overall process involves two migrations of alkyl

groups from boron to an adjacent chlorine-bearing carbon
atom. It is known that the migration of an alkyl group from
boron to an adjacent halogen-bearing carbon atom proceeds
with inversion of configuration at the migration terminus.9
Therefore, the stereochemistry of the process must be set
when one of the two prochiral chlorine atoms leaves during
the first migration. From the absolute configuration of the
final product it can be deduced that the reaction proceeds
as depicted in Scheme 2.
However, a rational explanation for this selectivity has

been lacking.

To rationalize the selectivity, model Lewis acid complexes
were examined using molecular mechanics.1 There are four
probable transition state complexes that are depicted in
Figure 1.
It was found that structure 1 was about 1 kcal/mol more

stable than 2. Structures 3 and 4 were not reported.10
Structure 1 leads to the correct product as does 3. The
results seemed to place the metal in a congested environ-
ment, being close to the R group of the diol and to the
nonparticipating chloride atom. Molecular mechanics pro-
grams are not well parametrized for structures of this type.
Therefore, we investigated this reaction using ab initio
methods.
Transition-state optimizations were performed using

Gaussian 9411 on structures 1-4 where R ) CH3 and M )
Mg.12 At the RHF/3-21G level, structures 1 and 4, in which
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the nonparticipating chlorine atom is syn to the metal, were
16.9 and 12.6 kcal/mol higher in energy than the lowest
structure, 3, and were therefore not considered further. At
the RHF/6-31G* level, structure 2 was 4.7 kcal/mol higher
than structure 3.13 The lowest energy transition state, 3,
is in agreement with the experimentally observed relative
configuration. The relative difference in energy between 2

and 3 is in agreement with the high selectivity observed for
these reactions but may exaggerate the selectivity.14 Ste-
reoviews of the calculated transition states are given in
Figure 2.
The calculated transition-state structure for the major

product indicates that there is considerable loss of bonding
between carbon and the leaving halogen (C-Cl distance 2.9
Å). Also, the new carbon-carbon bond is poorly formed
(C-C distance 2.29 Å), while the migrating methyl group
has not departed very far from the boron atom (C-B
distance 1.7 Å). The carbon-boron-carbon angle is 88.1°.
These measurements suggest that the Lewis acid assists the
halogen in leaving before the alkyl group migrates. Surpris-
ingly, the methyl groups of the diol are pseudoaxial.
The calculated transition state is in accord with the

experimental results. It is important to have the nonpar-
ticipating chlorine atom anti to the metal (2 and 3). This is
the opposite of what was previously suggested.1 The ste-
reoselectivity is then dictated by placing the metal on the
least hindered side of the oxygen, trans to the R group of
the ester. This combination places the Lewis acid in the
least sterically hindered position. Thus, the proposed
transition state provides a more rational explanation of the
stereoselectivities observed in the Matteson homologation
reaction.
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(14) There is some uncertainty in the selectivity with 2,3-butanediol (90%
de, ref 7) because of uncertainties with analytical methods and the purity
of the starting diol (ref 3e).
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