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EnantioenrichedR-aryl carboxylic acids are an important class
of target molecules, due in large part to their bioactivity.1 The
catalytic asymmetric cross-coupling of anR-halo acid derivative
with an aryl metal reagent represents a potentially attractive route
to this family of structures, but to date no progress has been
described toward the achievement of this objective. Indeed, until
recently there were virtually no examples of efficient arylations of
secondaryR-halo carbonyl compounds by a Group 10 catalyst to
generate evenracemicproducts.2 In this report, we establish that a
nickel/diamine catalyst accomplishes asymmetric Hiyama reactions
of R-bromo esters with aryl silanes to provideR-aryl esters in good
enantiomeric excess (ee) (eq 1).3,4

In 2007, we reported that Ni/norephedrine is an effective catalyst
for Hiyama arylations of a variety of secondaryR-halo carbonyl
compounds (e.g., eq 2).2 Unfortunately, the cross-coupling products
were essentially racemic (<5% ee).5

However, through adjustment of the reaction parameters, we
were able to develop a method that achieves stereoconvergent
asymmetric Hiyama couplings ofR-halo esters with organosilanes
(e.g., Table 1, entry 1). The chiral ligand, fluoride activator, and
silane each plays an important role in determining the efficiency
of the cross-coupling process (entries 2-5), as does the steric
demand of R1 (entries 6-10). A good, but decreased, yield is
observed when the catalyst loading is lowered, with little change
in the ee (entry 11).

An array of racemicR-bromo esters can be cross-coupled with
PhSi(OMe)3 with good enantioselectivity in the presence of NiCl2‚
glyme and diamine1 (Table 2). The highest ee’s are obtained with
smaller alkyl substituents (e.g., Mef i-Bu; entries 1-4). In the
case of a bulkyi-Pr group, relatively little of the desired product is
generated if a BHT ester is employed; use of a less hindered aryl
ester leads to cross-coupling, albeit in moderate ee (entry 5).
Functional groups such as esters, ethers, olefins, and unactivated
alkyl bromides are compatible with the reaction conditions (entries

6-10).6 It is noteworthy that both of the catalyst components are
air-stable and that the cross-couplings proceed at room temperature.

This method for catalytic asymmetric Hiyama reactions is not
limited tophenylationsof R-bromo esters. Substituted aryl silanes,

Table 1. Asymmetric Hiyama Reactions: Effect of Reaction
Parametersa

a The yield was determined by GC versus a calibrated internal
standard.

Table 2. Asymmetric Hiyama Reactions: Phenylations of
R-Bromo Estersa

a All data are the average of two experiments. Isolated yields are reported.
b The 2,6-diisopropylphenyl ester was used.
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including one that bears a benzylic chloride, undergo cross-coupling
in good ee (Table 3).7

Furthermore, the catalyst system can be applied without modi-
fication to highly enantioselectivealkenylationsof R-bromo esters
(Table 4). Thus, vinyltrimethoxysilane (entry 1), as well as more
substituted vinylsilanes (entries 2 and 3), can be employed as
coupling partners.8

The BHT ester can be reduced to a primary alcohol without
racemization (eq 3). If a carboxylic acid is desired, an oxidatively
cleavable aryl ester may be used (eq 4; see entry 10 of Table 1).9

In conclusion, we have developed the first catalytic asymmetric
cross-couplings ofR-halo carbonyl compounds with aryl metal
reagents, thereby generating synthetically usefulR-aryl carboxylic
acid derivatives in good ee; this method can also be applied
to enantioselective alkenylation reactions. To the best of our

knowledge, with regard to asymmetric cross-couplings of alkyl
electrophiles, there have been no prior reports of success with
organosilanes or with arylations/vinylations, nor have diamines been
employed as chiral ligands. Additional investigations are underway.
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Table 3. Asymmetric Hiyama Reactions: Arylations of R-Bromo
Estersa

a All data are the average of two experiments. Isolated yields are
reported.

Table 4. Asymmetric Hiyama Reactions: Alkenylations of
R-Bromo Estersa

a All data are the average of two experiments. Isolated yields are
reported.
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