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ABSTRACT

A simple yet powerful Ni catalyst can be used to promote direct arylations of r-halocarbonyl compounds, including a range of esters, amides,
and ketones, with various arylboronic acids under mild conditions. The method tolerates â-hydrogens and functional groups in the substrates
and offers reactivity and selectivity profiles that are complementary to those found in the well-established Buchwald −Hartwig approach.

R-Functionalization1,2 using readily availableR-halocarbonyl
compounds represents one of the most versatile and valuable
methods for organic synthesis. Direct arylation of these
compounds would lead to efficient syntheses of theâ-blocker
drug, avenolol, and a number of important nonsteroidal anti-
inflammatory drugs (NSAIDs) such as naproxen and ibu-
profen (Scheme 1). Since 1997, Buchwald and Hartwig have
pioneered palladium-catalyzed arylation of enolates of
ketone, ester, or amide using aryl halides as electrophiles
(Scheme 1, Path I).3,4 Their method has received much
attention because it could produce important synthetic
building blocks that are otherwise inefficient to prepare by
other technologies.5 However, those enolate nucleophiles
were usually generated from their corresponding carbonyl

compounds by deprotonation ofR-hydrogens with strong
bases, conditions that could jeopardize the method’s func-
tional group tolerance capability. Very recently, Hartwig et
al. reported a mild and efficient arylation protocol from Zn-
enolate, silyl enol ether, and other precursors.6-8 We
anticipated that an alternative arylation strategy employing
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Scheme 1. R-Arylation of Carbonyl Compounds and Its
Potential Applications

ORGANIC
LETTERS

2007
Vol. 9, No. 26
5601-5604

10.1021/ol702456z CCC: $37.00 © 2007 American Chemical Society
Published on Web 12/04/2007



R-halocarbonyl compounds as the electrophiles and ArM as
the nucleophiles might achieve the same goal while at the
same time offering a greater level of synthetic flexibility
(Scheme 1, Path II). Moreover, such ArM precursors as ArB-
(OR)2 are usually less toxic, fairly stable, readily available,
and broadly compatible with an array of functional groups.9-17

Goossen and Deng et al. had previously investigated the
reactions ofR-bromoacetic acid derivatives with ArB(OH)2

in the presence of palladium catalysts. The yields were
moderate to good in most cases, but the substrates were
limited to unsubstituted acetic acid derivatives.18-20 R-Bro-
mosulfoxides were also reported as suitable electrophiles to
react with ArB(OH)2.21 In 2007, we disclosedR-alkynylation
of R-bromoester or amides under mild conditions promoted
by some palladium catalysts.22 However, the substrates
employed in all the aforementioned transformations have
been limited toR-bromoacetic acid derivatives whereâ-hy-
dride elimination was not an issue in catalysis. Very recently,
Fu et al. reported an elegant approach of couplingR-halo-
carbonyl compounds with Csp3-Zn and ArSiF3 reagents, by
employing Ni-based catalysts23 ligated with pybox or amino
alcohols.24,25

In our continued efforts to investigate arylations of
R-halocarbonyl compounds bearingâ-hydrogen with ArB-
(OH)2, we found that homocoupling product biaryls were
predominantly obtained.26 In these cases,R-halocarbonyl
compounds seemed to serve as agents in promoting oxidative
homocoupling reactions,26-28 rather than function effectively
as coupling partners, which was in marked contrast to some

cross-coupling systems we uncovered recently.29 We pro-
posed that the complexity of the reactions involvingR-ha-
locarbonyl compounds likely arose from the tautomerization
between intermediatesIA and IB (Figure 1), which were

generated through oxidative addition ofR-halocarbonyl
compounds with the palladium catalysts. As illustrated in
Figure 1, among the several reaction pathways initiated from
oxidative addition and transmetalation intermediates, only
pathB to D offers the potential of arylatingR-halocarbonyl
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Figure 1. Possible reaction pathways involvingR-halocarbonyl
compounds.

Table 1. Arylation of R-Bromoesters with PhB(OH)2
a

a 1:2:catalyst) 2:1:0.05 (0.5 mmol scale); solvent 1 mL; additive 2
mmol; naphthalene 0.5 mmol. The yields were determined by GC.
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the formation of biaryl byproducts. Herein, we report a highly
efficient and versatile catalytic system that was shown to
differentiate well these competing pathways and lead to
arylations of a series ofR-halocarbonyl compounds bearing
â-hydrogens with various arylboronic acids.

Our initial efforts focused on the reaction ofâ-hydrogen-
bearingR-bromoester2 with phenylboronic acid using Pd-
(PPh3)4 as the catalyst precursor.30 As listed in Table 1, the
formation of the desired arylation product5 proved to be
rather fruitless under a variety of conditions (<10% yield,
Table 1, entries 1-13). The major byproduct was the
biphenyl derived from homocoupling of phenylboronic acid.
However, we were delighted to find that5 could be obtained
in 82% yield when Ni(PPh3)4 was used as the catalyst
precursor in the presence of K3PO4 in toluene (Table 1, entry
14).

This finding prompted us to explore the utility of Ni-
catalyzed arylations of a range ofR-bromoesters and amides
with phenylboronic acid. As summarized in Table 2, the Ni-
(PPh3)4 catalytic system proved to be broadly applicable as
in nearly all the cases the products were obtained in good to
high yields. Arylations with bromoacetates appeared to be
particularly efficient (Table 2, entries 1-3).31 ThoseR-bro-
moesters bearingâ-hydrogens were well-tolerated (Table 2,
entries 4-9). The arylation ofR-bromolactone formed the
product in 74% yield using anhydrous K3PO4 with only a
trace amount of biphenyl (<5%) detected by GC. It merits
a note here that the role of the base seemed to be critical as
no product could be isolated when the reaction was carried
out in the presence of K3PO4‚3H2O. The protocol could also
be extended toR-bromoamides to afford arylated derivatives
effectively (Table 2, entries 10-15). It is noteworthy that
the free NH of primary and secondary amides was fairly
compatible with these reaction conditions (Table 2, entries
12-15). Additionally, a substrate containing two Br atoms
at theR- andγ-positions displayed good selectivity (Table
2, entry 8).

Furthermore, as shown in Table 3, we found that the
method could be readily extended to substituted arylboronic
acids to generate arylated products in good to excellent
yields. For example, arylation ofp-chlorobenzenylboronic
acid with ethyl 2-bromohexanoate (Table 3, entry 1) afforded
the product in 95% yield. It is noteworthy that the ArBr
moiety was tolerated under these mild conditions, which may
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(31) Ten percent yields of the biphenyl was detected by GC in the
reaction of the methyl bromoester (Table 2, entry 1). The reactions of the
ethyl bromoester and thetert-butyl bromoacetate produced the biphenyl in
6 and 5% GC yields, respectively (Table 2, entries 2 and 3).

Table 2. Arylation of R-Bromoesters or Amides with
PhB(OH)2a

a Reaction conditions: refer to Supporting Information, isolated yield.
b GC yield.

Table 3. Arylation of R-Bromoacetic Acid Derivatives with
Arylboronic Acidsa

a Reaction conditions: refer to Supporting Information, isolated yield.
b At a 1.5 mmol scale, at 80°C.
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otherwise cause problems for its oxidative addition reactivity
as reported in Buchwald-Hartwig approaches. The reaction
produced the corresponding product in 75% yield (Table 3,
entry 2).

The R-haloketones are also viable substrates for this
process, as evidenced by the results compiled in Table 4.

The reaction of 2′-bromoacetophenone with phenylboronic
acid led to the formation of 1,2-diphenylethanone in 66%
yield. Both 2′-chloroacetophenone and 2′-bromopropiophe-
none bearing a methyl group at theR-position afforded
arylated products in high yields. Again, we observed that
the halide moieties (ArCl and ArBr) were well-tolerated
under these reaction condition.

Regioselective arylation using unsymmetric ketones such
as butan-2-one represented a major challenge in the Buch-
wald-Hartwig approach employing palladium catalysts
where the arylations tend to take place at less hindered sites
when the ketones have two enolizable positions. In our
system, remarkably, we found that the arylations could be
controlled regioselectively. As shown in Table 5, the

reactions of 3-chlorobutan-2-one took place smoothly at the
more hindered site to give the products in 60-67% yield,
which offered complementary results to those of the Buch-
wald-Hartwig method (Table 5).

In conclusion, we have discovered that Ni(PPh3)4 served
as a highly effective catalyst for the arylations of a wide
variety of R-halocarbonyl compounds with various aryl-
boronic acids. Compared to those Pd-catalyzed arylations
using aryl halides, the Ni-based catalysis approach is notably
more advantageous in that it is capable of bringing about
arylations with readily available substrates and offering more
robust profiles in such important issues as functional group
tolerance and reaction selectivity. This method is simple,
general, and practical and thus holds promise for the
preparation of structurally diverse arylated carbonyl com-
pounds. The mechanism is currently under investigation in
our laboratory and will be reported in due course.
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Table 4. Ni-CatalyzedR-Arylation of Ketonesa

a Reaction conditions: refer to Supporting Information, isolated yield.

Table 5. Arylation of 3-Chlorobutan-2-onea

a Reaction conditions: refer to Supporting Information, GC yield.
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