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ABSTRACT

A catalyst generated from Pd(dba) 2 and the bulky electron-rich phosphine ligand 2-(dicyclohexylphosphino)-2 ′,4′, 6′-tri- i-propyl-1 −1′-biphenyl
is effective for the r-arylation of oxindoles. Generation of the potassium-enolates of a range of oxindoles allows coupling with aryl chlorides,
bromides, and triflates. Significant variation of the substitution pattern on both the oxindole and aryl halide is possible.

Oxindoles, specifically those with C-3 functionalization,
represent an important motif in a number of natural products1

and pharmaceutical targets. They display biological activity
against a variety of neurodegenerative disorders2 and exhibit
anti-tumor3 and anti-HIV properties.4 An important subclass
are the C-3 aryl oxindoles, which maintain an important role
in potassium channel modulation for the treatment of post-
stroke patients.5 Traditional methods for their preparation
include reduction of a parent isatin6 and palladium catalyzed
asymmetric intramolecular cyclization.7 However, such
protocols are unsuitable if the oxindole core is already present
in the substrate, and there remains a need for an efficient
process for intermolecular arylation of the C-3 position.8

Palladium-catalyzedR-arylations of carbonyl and related
compounds have been achieved with a range of nucleophiles
including enolates of ketones,9 aldehydes,10 malonates,9a

esters,11 silyl enol ethers,12 nitriles,13 and amides.7a,11b,14The
arylation of amide enolates represents one of the most
challenging of this group of compounds due to the high pKa
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of the substrates, necessitating the use of strong bases which
can limit the substrate scope. Elegant work utilizing trans-
metallation of lithium to the corresponding zinc enolates has
broadened the scope of the process;15 however, examples of
the direct arylation of cyclic amides remain rare,14a and
efficient catalyst systems are dependent on the individual
amide. Hartwig has demonstrated a tandem intra-intermo-
lecular palladium-catalyzed process for the preparation of
C-3 aryl oxindoles, in which the first arylation constructs
the oxindole core and the second installs the C-3 substituent.7a

As far as we are aware, no procedure for the palladium-
catalyzed arylation of an isolated intact oxindole has been
described; in this communication, we report an efficent
procedure for this transformation.16

We selected the coupling ofN-methyloxindole1 and
bromobenzene as our test system; our optimization study is
summarized in Table 1. Initial experiments were based on
those used by Hartwig in his two-step process for the
preparation of 3-aryl oxindoles. Unfortunately, the use of a
catalyst generated from PCy3 and Pd(OAc)2, employing
NaOtBu as base, failed to deliver any of the arylated product
(entry 1). Our attention then turned to systems that had been
used successfully for the arylation of amides and, impor-
tantly, were centered on the use of KHMDS as base;
employing the ligands BINAP, PtBu3, PCy3, or dppf in
combination with KHMDS was unsuccessful (entries 2-5).
The use of the electron-rich biphenyl-based phosphine
ligands317 and4 was more profitable;18 a reaction employing
ligand 3 delivered the expected arylated product in 20%
yield; however, a significant improvement was achieved
when the more sterically demanding ligand4 was employed,
and the product was isolated in 91% yield (entries 6 and 7).
We also established that the equivalents of base employed
could be reduced from 2.0 to 1.1 with only minimal effect
on reaction efficiency (entry 8). Given the increased acidity
of oxindole derivatives relative to simple amides,19 we
explored the use of weaker bases. However, a variety of
alternatives (Cs2CO3, K3PO4, NEt3, DBU) were all unsuc-
cessful and delivered only trace amounts of the product at
best. These observations suggested that the formation of a
formal alkali metal enolate was necessary for efficient
reaction. In addition to potassium, sodium enolates could
also be employed, although these resulted in lower yielding
reactions (entries 10 and 11). Finally, we established that
the reaction time could be reduced from the initial 3 h to

only 30 min, with the product still being isolated in an
impressive 95% yield (entries 12 and 13).

We next explored variations in both the oxindole and aryl
halide coupling partners (Table 2).N-Benzyl oxindole was
used as the standard oxindole substrate: Entries 1-3
demonstrate that in addition to aryl bromides, both aryl
chlorides and aryl triflates are also effective substrates. The
reactions also tolerate significant functionalization of the aryl
halide; both electron-donating and electron-withdrawing
groups can be accommodated, and substituentsortho,meta,
or para to the halide group can all be included (entries
4-13). When both bromo- and chloro-substituents were
present in the arene, selective reaction at the bromo-
substituent was always observed (entries 14 and 15). It is
notable that this selectivity was preserved when 1-Br-2-MeO-
5-Cl-benzene, which features a hindered Br-substituent, was
employed as a substrate, allowing the efficient introduction
of the 2-MeO-5-Cl-arene unit found in a number potassium
channel openers (entry 16).5b,dCompetition between a triflate
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Table 1. Reaction Development for the Coupling of
N-Methyloxindole and Bromobenzenea

entry base (equiv) ligand time (h) yield (%)b

1c NaOtBu PCy3 3 0
2 KHMDS (2.0) BINAP 3 0
3 KHMDS (2.0) PtBu3.HBF4 3 <2
4 KHMDS (2.0) PCy3 3 0
5 KHMDS (2.0) dppf 3 0
6 KHMDS (2.0) 3 3 20
7 KHMDS (2.0) 4 3 91
8 KHMDS (1.1) 4 3 90
9d KHMDS (1.1) 4 3 0

10 NaHMDS (1.1) 4 3 81
11 NaH (1.1) 4 3 44
12 KHMDS (1.1) 4 1 90
13 KHMDS (1.1) 4 0.5 95
a Conditions; oxindole1 (1.0 equiv), bromobenzene (1.1 equiv), 70°C.

b Isolated yields.c Pd(OAc)2 and dioxane used.d Reaction performed at 25
°C.
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and a chloro group resulted in selective functionalization of
the triflate substituent (entry 17). Variation of the oxindole
N-substituent to an electron-withdrawing group was also
possible, with theN-BOC derivative performing well (entry

18). The final five entries show that the introduction of
substituents around the benzene ring of the oxindole is also
viable under the present reaction conditions, with the last
three entries showing that it is possible to retain a syntheti-
cally useful aryl chloride group on the oxindole during the
coupling process (entries 19-23). Although reactions were
routinely performed on a 0.25 mmol scale, it was possible
to perform larger scale couplings. For example, the coupling
of N-Me oxindole and bromobenzene on a 20 mmol scale
(∼3 g of N-Me-oxindole) delivered the expected product in
85% yield.

When originally exploring the conditions needed to
achieve smoothR-arylation reactions, we observed small
amounts of products resulting fromR-oxidation of the
arylated compounds.20 This was conveniently remedied by
the use of degassed solvents. Conversely, if the C-3 oxidized
compounds were the desired products they could be isolated
in excellent yield by simply conducting the arylation as
normal, followed by opening the reaction flask to air for an
additonal 5 min (Scheme 1).21

In conclusion, we have shown that potassium enolates of
a variety of oxindole derivatives undergo efficient C-3
arylation under the action of palladium catalysis. Significant
variation of the aryl coupling partner is possible, with both
electron-rich and electron-poor substituents tolerated
well. Aryl bromides, chlorides and triflates are all viable
substrates. Finally, access to C-3 aryl/C-3-hydroxy-oxindoles
is possible via in-situ air oxidation of the C-3 arylated
products.
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Table 2. Scope of the Pd-CatalyzedR-Arylation of Oxindolesa

a Conditions; oxindole (1.0 equiv), arene (1.1 equiv), KHMDS (1.1
equiv), THF, 70°C, 30 min.b Isolated yields.c Product from coupling at
Br-substituent.d Product from coupling at TfO-substituent.e Reaction time
1 h. f Reaction time 2.5 h.

Scheme 1. Tandem Arylation-Oxidation
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